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ABSTRACT

The paper analyses the impact of demographic ageing on age-related public expenditure in the
EU-27 over the period 1992-2024. The analysis covers healthcare, long-term care (LTC), and
pensions. The results reveal three patterns. First, demographic effects are heterogeneous across
countries, driven by short-run responses that vary by spending category—Ilimited in healthcare,
absent in LTC. Second, advanced ageing (80+) tends to be more important for long-run dynamics,
especially in healthcare. Third, Central and Eastern European economies show weaker or delayed
responses, while Western and Nordic countries exhibit stronger adjustments, more evident in
healthcare and LTC than in pensions, reflecting the decisive role of institutional design.
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1. INTRODUCTION

Population ageing is one of the principal drivers of public finance dynamics in
advanced economies. The combination of persistently low fertility rates, sustained gains
in life expectancy, and weak demographic growth, insufficiently offset by migration, has
led to a steady increase in the share of individuals aged 65 and over in the working-age
population. This demographic transformation has become a central concern for
policymakers and researchers alike, given its potential implications for the sustainability
of public finances and welfare systems.

The fiscal consequences of ageing operate through multiple channels. On the
expenditure side, it increases demand for pensions, healthcare services, and long-term
care. On the revenue side, demographic change tends to reduce labor-force participation
and weaken labor-based tax bases, thereby affecting governments’ tax revenues. The issue
is particularly relevant in the EU, where member states face broadly similar demographic
trends. However, countries differ in their institutional arrangements, welfare-state
models, and public policy frameworks, which may condition how demographic pressures
are translated into public expenditure. Consequently, similar demographic developments
may generate markedly different outcomes.

Understanding how demographic change translates into public expenditure pressures
across different institutional settings is essential for assessing the long-term implications
of ageing and designing effective policy responses. A substantial body of literature has
examined this relationship, generally finding that ageing increases pressure on public
expenditure, particularly through pensions, healthcare, and long-term care. However,
most studies focus on individual expenditure categories, specific countries, or limited
groups of countries, making it difficult to determine whether the fiscal consequences of
ageing follow common patterns across Europe or are largely shaped by national
institutional characteristics.

Therefore, the main contribution of this paper to the existing literature is twofold.
First, it adopts a cross-country comparative perspective, examining the impact of
population ageing on age-related public expenditure in the EU-27 countries over the
period 1992-2024. Second, the paper explicitly addresses cross-country heterogeneity
through a combination of dynamic Error Correction Models (ECM), mixed-effects
estimations, and cluster analysis. In doing so, it provides new evidence on the extent to
which institutional differences shape the expenditure consequences of demographic
ageing across European countries.

The remainder of the paper is organised as follows. Section 2 reviews the relevant
literature. Section 3 presents the data and variables. Section 4 describes the econometric
methodology. Section 5 discusses the empirical results. Finally, section 6 concludes and
outlines the main policy implications.

2. LITERATURE REVIEW

Population ageing has become a central structural determinant of fiscal dynamics in
advanced economies. A broad empirical consensus identifies demographic change as a
key driver of long-term fiscal imbalances, although the magnitude and transmission



mechanisms of these effects remain highly heterogeneous across countries and
methodological approaches (OECD, 2022a; European Commission, 2024; IMF, 2023).

The theoretical foundations of this literature are primarily grounded in life-cycle
theory and overlapping-generations (OLG) models (Auerbach et al., 1994; Auerbach and
Kotlikoft, 1999), which formalise the intertemporal distribution of fiscal contributions
and transfers across cohorts. In these frameworks, individuals are net contributors during
working ages and net beneficiaries in retirement, implying that increases in old-age
dependency ratios generate a structural deterioration in fiscal balances. OLG models also
emphasise broader macroeconomic channels, including changes in savings behaviour,
labour supply, productivity, and public debt dynamics under intertemporal budget
constraints (Beetsma et al., 2025; Ramos-Herrera and Sosvilla-Rivero, 2020).

The empirical literature identifies two primary transmission channels. On the revenue
side, population ageing erodes the labour tax base by reducing the working-age
population, lowering labour-force participation, and moderating wage growth. Given the
centrality of labour taxation in OECD and EU fiscal systems, this mechanism leads to a
structural weakening of revenue capacity. A substantial body of panel-data evidence
documents a negative association between ageing indicators and fiscal revenues or overall
budget balances (Filipovi¢ & Miljkovi¢, 2024; OECD, 2022a), although estimated effects
vary across institutional contexts. In contrast, consumption and capital taxation appear
less directly affected, reflecting differences in behavioural responses, tax design, and the
relatively low taxation of wealth (Benzarti and Carloni, 2019; Piketty and Saez, 2013;
OECD, 2021).

On the expenditure side, ageing is consistently associated with rising public spending,
particularly in pensions, healthcare, and long-term care. Pension expenditure exhibits the
most direct and robust relationship with demographic structure, especially in pay-as-you-
go systems where fiscal sustainability depends critically on the contributor-beneficiary
ratio (Verbi¢ & Spruk, 2024). Empirical evidence confirms a positive elasticity between
ageing indicators and pension spending, although parametric reforms, such as increases
in statutory retirement ages and adjustments to benefit formulas, have partially mitigated
these pressures (Aguilar-Segado, 2024; Szwarc, 2024). Healthcare and long-term care
expenditures are also expected to increase, driven by higher prevalence of chronic
conditions, end-of-life costs, and growing demand for care services, although their
dynamics are shaped by non-demographic factors such as technological progress,
institutional design, and efficiency (Cylus et al., 2022; OECD, 2024; Navarro-Garcia and
Sarria-Santamera, 2023).

Beyond these direct fiscal effects, a growing strand of literature highlights indirect
macroeconomic channels through which ageing affects fiscal sustainability. Demographic
change is associated with lower potential output due to reductions in labour supply,
declining productivity growth, and shifts in sectoral composition towards less productive
activities (Aksoy et al., 2019; Beetsma et al., 2025). These dynamics weaken fiscal
capacity by simultaneously reducing tax bases and economic growth. However, the net
effect remains ambiguous, as labour scarcity may induce capital deepening, automation,
and technological adoption, partially offsetting productivity losses (Acemoglu and
Restrepo, 2022).



A central insight of the empirical literature is the substantial heterogeneity in the fiscal
effects of ageing. Cross-country differences in pension systems, labour-market
institutions, tax structures, and healthcare organisation significantly mediate the impact
of demographic change (Brys et al., 2016; Petrucci and Margarito, 2025). As a result,
similar demographic trends can produce markedly different fiscal outcomes depending
on institutional configurations. This heterogeneity is reflected in empirical findings,
which range from strongly negative effects to statistically insignificant relationships once
macroeconomic controls and institutional variables are included (Twarowska and
Twarowska-Mol, 2024).

Methodological challenges further complicate empirical identification. Many studies
rely on aggregate demographic indicators that fail to capture heterogeneity in health
status, effective labour supply, or cohort composition. Moreover, endogeneity concerns
are pervasive, as fiscal variables and demographic dynamics are jointly determined
through feedback mechanisms, including those linking public expenditure, health
outcomes, and longevity (Ajovalasit et al., 2024; Tuga et al., 2024). While recent
contributions employ dynamic panel models, system-GMM estimators, and stochastic
projections, causal identification remains a central challenge.

Recent research has also incorporated additional moderating factors. Migration and
increased labour-force participation may partially offset demographic pressures, although
their long-term impact appears limited (OECD, 2020; Michalski and Stepien, 2021).
Improvements in population health may delay retirement and reduce expenditure
pressures (Iuga et al., 2024), while political economy constraints -particularly the
increasing electoral weight of older cohorts- may hinder the implementation of fiscal
reforms (Brosig, 2022; Barilari et al., 2024).

3. EMPIRICAL STRATEGY

Our empirical work is based on an unbalanced panel dataset covering 27 European
Union countries over the period 1992-2024. The main data source is Eurostat, ensuring
consistency in definitions and comparability across countries and over time. The analysis
focuses on the three main public expenditure categories related to ageing: healthcare (h),
long-term care (Itc), and pensions (p), as well as their aggregate (a = h + ltc + p). All of
them are expressed as a percentage of GDP.

The key regressors capture demographic patterns. We combine two variables: while
the share of the population aged 65 and over reflects the extensive dimension of ageing,
the share of the population aged 80 and over, relative to the elderly population, captures
the intensive one. The econometric specification also includes a set of standard
macroeconomic controls: real GDP growth, GDP per capita in purchasing power
standards, total government expenditure as a share of GDP, and the fiscal balance
(deficit/surplus). These variables account for cyclical and structural factors affecting
public spending dynamics. The last three are lagged by one period to avoid simultaneity
bias. A dummy variable is also introduced to capture the COVID-19 period (2020-2021),
which is expected to have had a substantial impact on public expenditure over GDP. First,
because of the drop in GDP in most countries. Second, the required additional healthcare
spending. A detailed description of all variables and their definitions is provided in Table
1.



Table 1. Variable definitions

Variable Description Measurement Source Period
a g}‘(’;aeln%‘ﬂrf f‘agi'fclafs] % of GDP Eurostat 1992-2023
h ;‘ézlllt;f;f;endlture O 9 of GDP Eurostat 1992-2024
Itc i‘;ﬁgfgﬁ%‘zﬁfe o 9 of GDP Eurostat 19922024
p E‘;E:if;:pendlture N o of GDP Eurostat 1992-2023
1 0
P65 Share of population aged % of tot.al Eurostat 1992-2024
65 and over population
Share of population aged % of aged
p80 80 and over relative to population aged Eurostat 1992-2024
population aged 65+ 65 and over
growth Real GDP growth rate ~ Pereentage Eurostat 1992-2024
point change
gdp GDP per capita in PPS EU27 =100 Eurostat 1995-2024
exp_gdp S{‘;ﬁgi tﬁfgemmem % of GDP Eurostat 1992-2024
def Ef;r:)e\;’ﬁgg / net % of GDP Eurostat 1995-2024

To capture both the persistence of public expenditure and the effects of
demographic ageing, public expenditure is modelled as a function of its own lagged value
and the variables listed above. We combine Error Correction Models (ECM) for Time-
Series Cross-Section (TSCS) data and mixed-effects specifications to account for
unobserved heterogeneity, dynamic adjustment, and cross-country differences in
responses.

We model the dynamics using an error-correction specification, even though the
estimated autoregressive coefficient on the lagged dependent variable is around 0.8. This
choice follows the general argument in the TSCS literature that error-correction
formulations are a convenient reparameterization of autoregressive distributed lag
models, allowing a transparent separation between short-run responses and long-run
equilibrium adjustment, even when the process is stationary but highly persistent.
Moreover, to assess the time-series properties of the data, we performed standard unit
root tests on the dependent variable. In most cases, the null of a unit root is rejected at
conventional significance levels, indicating stationarity, while in one specification the test
fails to reject the unit root only at the 10 per cent level, which we interpret as being
consistent with a highly persistent, near-integrated process. In this context, the error-
correction parameterization provides an interpretable summary of the speed of adjustment
and long-run effects without relying mechanically on binary unit-root classifications. This
is particularly useful in TSCS settings, where the substantive interest often lies in both
short-run responses and gradual adjustment over time (Beck and Katz, 2011).



The ECM is estimated using Least Squares Dummy Variables (LSDV) with
country-specific effects, insofar as it offers a parsimonious and interpretable way to model
persistence, long-run adjustment, unit-specific intercepts, and heterogeneous effects.!

The ECM specification is given by:
Aexpjr = a expjt—1 + B1PCc65it—1 + B2p80it—1 + A;Apc65;¢ +
+2,Ap80;; + §'AX;; + +8COVID; + ; + €j¢ [1]
where:

e exp;: denotes public expenditure (healthcare, long-term care, pensions, or total
expenditure) expressed as a percentage of GDP

e pc65;; is the share of the population aged 65 and over

p80;, is the share of the population aged 80 and over relative to the elderly

population

X 1s the vector of macroeconomic controls

COVID; is a dummy variable equal to 1 for the years 2020-2021?

U; captures unobserved country-specific effects

&;¢ 18 the idiosyncratic error term

The inclusion of the lagged dependent variable captures the strong persistence
typically observed in public expenditure. Fixed effects control for time-invariant country
characteristics such as institutional design or welfare state structure.

e [3 parameters capture long-run effects through lagged levels (it — 1)
e A parameters capture short-run effects through differenced variables (A)

However, a homogeneity test of slopes clearly rejects the null hypothesis of common
coefficients across countries for all expenditure variables. The homogeneous
specification would therefore be interpreted, at best, as an average effect across countries,
potentially masking important differences in the magnitude or even the direction of the
relationship. For this reason, the next step is to rely on econometric approaches that allow
the estimated coefficients to vary across countries. A mixed-effects (random-coefficients)

! The inclusion of a lagged dependent variable in a fixed-effects model generates the well-known Nickell
bias. Still, this bias is of order (1/T) and is therefore primarily troublesome in very short panels, when T is
3 or 4 (Nickell 1981). Since the average time dimension in our data exceeds 15, this concern is mitigated.
Moreover, Beck and Katz’s Monte Carlo evidence shows that, for the values of (T) typically encountered
in TSCS applications, roughly 20 or more, OLS/LSDV with fixed effects performs about as well as the
Kiviet correction and substantially better than the Anderson-Hsiao estimator (Beck and Katz 2011). This
supports the use of LSDV in our setting, especially because it remains flexible enough to accommodate
country-specific intercepts and slope heterogeneity. With only 27 countries, dynamic panel GMM is not an
attractive baseline estimator. Arellano-Bond and related GMM estimators are designed for large-N, small-
T panels. In our setting, the advantages of GMM are limited, while the risks of instrument proliferation,
weak specification tests, and loss of flexibility are substantial. We therefore prefer an LSDV-based dynamic
specification.

2 Alternative specifications with period fixed effects were also estimated, yielding qualitatively similar
results. We choose the COVID-19 dummy solution as a more parsimonious way to capture the exceptional
fiscal dynamics during the pandemic period.



model is estimated using restricted maximum likelihood (REML), which provides
consistent estimates of variance components (Baltagi, 2021). This approach enables the
recovery of country-specific coefficients that can subsequently be used in a clustering
analysis.?

The specification allows the coefficients associated with demographic variables
to vary across countries®:

Aexpir = o expje—1 + B1iPC65it—1 + B2ip80it—1 + Ay;Apc65; +
12, Ap80;, + 8'AX;, + SCOVID, + py + & 2]
with:

Bri = Bk + Vki Aki = Ak + Wy

Third, based on the estimated country-specific coefficients, a cluster analysis
identifies systematic patterns of heterogeneity. In particular, the vectors of random
coefficients (S1;, B2i, 411, A2i) are used as inputs in a k-means clustering algorithm, which
partitions countries into groups that minimise within-cluster variance and maximise
between-cluster differences. The number of clusters is selected based on an exploratory
hierarchical clustering analysis, by inspecting the corresponding dendrogram to identify
meaningful breaks in the data's similarity structure. This combined approach allows us to
determine an empirically grounded number of clusters while retaining the flexibility and
interpretability of k-means classification.

The final step consists of re-estimating the ECM, allowing for discrete
heterogeneity across clusters identified in equation [2]. This approach replaces continuous
random heterogeneity with a grouped structure that improves interpretability while
preserving the main patterns of cross-country differences.

The ECM with clusters is then specified as:

Aexpi = aexpir_1 + X¢ Dic B1cPC65it—1 + e Dic B2cp80it—1 + Xc Dic A1 Apc65; +
+ Y. Dic A Ap80;; + 6'AX; + SCOVID, + s + &;¢ [3]

Where:

e D, are cluster dummies (equal to 1 if country i belongs to cluster c).

e [3. are cluster-specific parameters capturing long-run effects through lagged levels
(it—1)

3 The results of those instrumental estimates are not reported in the paper.

4 We allow slope heterogeneity only for the theoretically central variables to avoid overparameterizing the
model. Given the limited cross-sectional dimension of the panel, estimating random slopes for all covariates
would require many additional variance-covariance parameters and could lead to unstable estimates. This
restricted mixed-effects specification provides a compromise between a fully homogeneous model and a
fully heterogeneous one: it allows the key effects to vary across countries while maintaining a parsimonious
structure for the remaining controls.



e ). are cluster-specific parameters capturing short-run effects through differenced
variables (A)

Countries within the same cluster share similar adjustment patterns; differences in
expenditure dynamics are captured at the group level rather than the individual level; the
ECM structure ensures a consistent distinction between short-run shocks and long-run
equilibrium adjustment.

4. ECONOMETRIC RESULTS

Table 2 presents the main summary statistics for all the variables. The data reveal
substantial cross-country heterogeneity in both fiscal outcomes and demographic
structures. Total public age-related expenditure averages around one-fifth of GDP,
although the dispersion is considerable across countries and over time. Among the
individual components, pensions represent the largest share, followed by healthcare,
while long-term care remains comparatively small but is increasingly important in more
advanced ageing contexts. Demographic indicators also exhibit notable variation. The
share of the population aged 65 and over has increased steadily across all countries, while
the proportion of individuals aged 80 and over within the elderly population shows even
greater heterogeneity, reflecting differences in longevity and population structure.
Macroeconomic variables exhibit significant variability as well, particularly in economic
growth and fiscal balances, which are strongly influenced by business cycle fluctuations
and major economic events, including the global financial crisis and the COVID-19
pandemic. Overall, the descriptive statistics highlight both cross-sectional and temporal
variation.

Moreover, Figure 1 displays the estimated relationship between expenditure and
the share of the population aged 65+ and 80+. The graphical evidence confirms
heterogeneity across countries. While some of them show a strong positive association
between ageing and expenditure, others display flatter or even weak relationships. This
heterogeneity is observed in both the broader elderly population (65+) and for the oldest
cohorts (80+), although the latter tends to show stronger associations in certain
expenditure categories, particularly healthcare and long-term care.



Table 2. Descriptive statistics

N Average-T  Mean Std. Dev. Min Max

Total public age-related
expenditure (% of GDP) 451 17 20.58 4.70 11.19 30.14
Public expenditure on
Healthcare (% of GDP) 461 17 8.59 1.81 4.47 12.70
Public expenditure on
Long-Term Care (% of | 456 17 1.13 0.83 0.01 3.20
GDP)
Public expenditure on
Pensions (% of GDP) 744 28 10.37 2.80 3.66 18.17
Share of population | gg, 33 16.56 3.09 10.30 24.30
aged 65 and over
Share of population
aged 80 and over

. . 881 33 23.75 3.93 12.98 33.33
relative to population
aged 65+
Real GDP growth rate
(percentage point | 793 29 2.56 3.73 -16.04 24.62
change)
GDP per capita in PPS | 810 30 24,884 13,638 4,477 97,689
General  government
expenditure (% of GDP) 798 30 45.47 7.05 20.70 64.90
Net lending 7 net| gng 30 265 | 349 3210 | 6.90

borrowing (% of GDP)




Figure 1. Slope heterogeneity
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To test for unit roots in the left-hand variables, we rely upon a Fisher-type panel
test based on augmented Dickey—Fuller regressions (Table 3). This approach is
appropriate for our unbalanced TSCS panel because it allows for heterogeneous dynamics
across countries while remaining parsimonious in a short time dimension. In all cases
except for p, the test statistics lead us to reject the null of a unit root at conventional
significance levels, indicating stationarity. For p, however, the evidence is weaker and
compatible with a strong persistent, near-integrated process (the unit root null cannot be
rejected at the 10 per cent level), which further supports the use of an error-correction
specification to model both short-run dynamics and gradual adjustment toward a long-
run equilibrium relationship.

Table 3. Unit Root test results

ADF-Fisher a h Itc p
p-value 0.0001 0.0000 0.0217 0.1067
Statistic 3.7107 5.5875 2.0200 1.2444

Notes: Fisher-type panel unit root tests based on ADF regressions with 1 lag. Null hypothesis: all panels
contain a unit root. Modified inverse Chi-squared statistics and p-values are reported. Panels are
unbalanced.

Table 4 reports results for equations [1] and [3] and the four expenditure categories.
Figure 2 shows the corresponding dendrograms for all the expenditure functions
analysed, using Ward’s hierarchical method based on the coefficients from the non-
reported mixed-effects model in equation [2]. Finally, Figure 3 displays the resulting
EU27 maps and Table 5 groups countries by cluster and expenditure category.
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Table 4. Estimation results

age-related expenditure [a] Healthcare expenditure [h] Long-term-care expenditure [ltc] Pension expenditure [p]
ECM Clustered ECM ECM Clustered ECM ECM Clustered ECM ECM Clustered ECM
1] [3] 1] [3] 1] 131 1] [3]
Lag -0.170 -0.225 -0.253 -0.297 -0.133 -0.159 -0.124 -0.139
(-6.77)  xx* (-8.07) oAk (-6.35)  x*x* (-6.45) oAk (-5.26)  Fx* (-6.45) oAk (-6.30)  wwx* (-6.18) Ak
Apc65 0.404 0.118 -0.018 0.236
(2.04) * (1.46) (-0.70) (2.02) *
Ap80 0.040 0.034 -0.005 0.023
(0.95) (1.27) (-0.71) (0.73)
L.pe6s 0.018 0.020 0.003 -0.026
' (0.56) (1.15) (1.26) (-2.39) ok
L p80 0.024 0.020 0.003 0.000
’ (1.85) * (2.30)  ** (1.22) (0.03)
h -0.172 -0.171 -0.054 -0.054 -0.009 -0.009 -0.108 -0.109
growt (-18.73)  xxx (-18.31) oAk (-7.79)  *** (-7.14) HAx (-4.16)  *x* (-5.01) oAk (-16.16)  *** (-16.31) HAx
L gdp -0.000 -0.000 -0.000 -0.000 0.000 0.000 -0.000 -0.000
’ (-1.81) * (-2.23) ok (-0.66) (-0.99) (1.04) (1.21) (-0.66) (-1.01)
L.exp_gdp -0.007 0.014 0.010 0.006 0.001 0.001 0.004 0.001
T (-0.35) (0.57) (0.93) (0.49) (0.43) (0.39) (0.43) (0.09)
L def 0.013 0.032 0.021 0.011 0.004 0.004 0.007 0.001
' (0.71) (1.41) (2.31)  ** (1.13) (1.75) * (1.40) (0.67) (0.19)
covid 0.692 0.727 0.560 0.543 0.016 0.014 0.115 0.123
(7.74)  xEx (8.03) oAk (8.07)  H** (7.37) Ak (1.42) (1.24) (2.53) ok (2.90) HAH
L.pc65 by clusters
1 0.775 0.162 -0.003 0.131
(2.76) ok (1.27) (-0.11) (2.10) Hok
) 0.701 0.022 0.043 0.485
(1.69) (0.11) (0.66) (4.18) HAx
3 0.076 0.155 -0.078 0.628
(0.41) (0.71) (-1.66) (5.12) HAH
4 -1.090 0.058 -0.010 -0.487
(-3.90) oAk (0.29) (-0.20) (-3.19) HAx
L.p80 by clusters
1 0.061 0.077 -0.011 -0.049
(1.50) (3.24) HAx (-2.21) ok (-2.97) HAx
2 -0.165 -0.116 -0.045 0.115




age-related expenditure [a] Healthcare expenditure [h] Long-term-care expenditure [ltc] Pension expenditure [p]
ECM Clustered ECM ECM Clustered ECM ECM Clustered ECM ECM Clustered ECM
1] [3] 1] [3] 1] 131 1] [3]
(-0.96) (-4.38) oAk (-4.00) oAk (3.58) oAk
3 0.112 0.154 -0.113 -0.137
(1.19) (2.71) o (-1.35) (-2.57) o
4 0.223 -0.071 0.028 0.088
(1.73) * (-3.90) HAH (7.19) oAk (1.18)
Apc65 by clusters
1 0.064 0.038 0.004 -0.031
(1.82) * (2.02) * (0.90) (-2.97) HAH
) -0.067 0.009 -0.020 -0.018
(-0.90) (0.53) (-1.13) (-1.11)
3 0.005 0.070 -0.013 -0.015
(0.13) (2.71) ok (-0.76) (-0.99)
4 -0.001 -0.023 0.005 0.000
(-0.02) (-0.71) (1.90) * (0.01)
Ap80 by clusters
1 0.065 0.046 0.002 0.014
(1.79) * (3.65) oAk (0.75) (0.93)
) 0.038 0.015 0.007 0.005
(1.24) (0.95) (1.07) (0.43)
3 0.035 0.016 -0.040 -0.005
(2.12) ok (1.19) (-0.51) (-0.66)
4 -0.022 0.031 0.007 -0.005
(-0.26) (2.46) o (1.41) (-0.14)
cons 3.639 3.347 1.081 1.266 -0.014 0.056 1.836 1.914
- (4.52)  kax (3.25) oAk (2.21)  ** (2.46) o (-0.11) (0.27) (5.48)  wH* (5.80) HAx
N 421 421 431 431 426 426 686 686
Countries 27 27 27 27 27 27 27 27
Average T 15.59 15.59 15.96 15.96 15.78 15.78 25.41 25.41
Max VIF 3.49 3.49 2.21 2.21 1.91 1.91 2.77 2.77
R? within 0.75 0.77 0.64 0.66 0.30 0.36 0.64 0.67
R? overall 0.04 0.13 0.05 0.17 0.02 0.00 0.00 0.01
R? between 0.36 0.23 0.27 0.16 0.02 0.01 0.47 0.49

Notes: t-statistics in parentheses. *** p<.01, ** p<.05, * p<.1. Max VIF excludes the lagged dependent variabl
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Figure 2. Dendrogram based on mixed-effects ECM coefficients
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Figure 3. Maps of clustered countries
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Table 5. Country clusters by expenditure category

Aggregate (A)

Healthcare (H)

Long-Term-Care (LTC)

Pensions (P)

Austria (AT),
Belgium (BE),

Austria (AT), Belgium
(BE), Bulgaria (BG),

Austria (AT),
Germany (DE), Spain

Cyprus (CY), Spain Austria (AT), Cyprus (CY), Czechia .
(S5, Pl )y el (50, (), Demmede (D), oo (G (B,
France (FR), Italy Germany (DE), Croatia (HR), Hungary Ll ey (L))
Cluster 1 . . : Malta (MT),
(IT), Lithuania (LT),  France (FR), Malta (HU), Italy (IT), Latvia Netherlands (NL)
Latvia (LV), Malta (MT), Netherlands (LV), Poland (PL), Sweden (SE) ’
(MT), Netherlands (NL), Sweden (SE) Portugal (PT), Romania Slovenia (SI)7
(NL), Romania (RO), (RO), Sweden (SE), Slovakia (SK’)
Sweden (SE) Slovenia (ST)
Belgium (BE),
Denmark (DK), Cyprus (CY), Estonia
Spain (ES), Finland . (EE), Greece (EL),
Cluster 2 Esetrérrllliiﬂ((E(]]E))K), (FI), Ireland (IE), ?Esgmﬁe(llz ]1?()1’ ((I}gece France (FR), Italy
Portugal (PT), ’ (IT), Poland (PL),
Slovenia (SI) Portugal (PT),
Romania (RO)
Bulgaria (BG),
Germany (DE), Cyprus (CY),
Greece (EL), Croatia  Czechia (CZ), Denmark (DK),
Cluster 3 (HR), Ireland (IE), Croatia (HR), Italy Luxembourg (LU), Malta Finland (FI),
Luxembourg (LU), (IT), Lithuania (LT), (MT) Lithuania (LT),
Poland (PL), Portugal Latvia (LV), Poland Latvia (LV)
(PT), Slovenia (SI) (PL), Romania (RO),
Slovakia (SK)
. Germany (DE), Spain .
Bulgar.la (BG), Estonia (EE), Greece  (ES), Finland (FI), Bulgayla (BG),
Czechia (CZ), . . Czechia (CZ),
Cluster 4 (EL), Hungary (HU), France (FR), Lithuania
Hungary (HU), Luxembourg (LU) (LT), Netherlands (NL) Hungary (HU),
Slovakia (SK) ’ ’ Ireland (IE)

Slovakia (SK)

Note: Clusters are derived from hierarchical clustering (Ward’s method) applied to
country-specific coefficients extracted from the mixed-effects ECM model.

Age-Related Expenditure aggregate (a)

The baseline ECM results confirm that public expenditure displays a high degree of
inertia, as reflected in the negative and highly significant coefficient on the lagged
dependent variable (—0.170). In the short run, increases in the share of the population
aged 65 (Apc65;;) exert a positive effect, while the impact of the 80+ population is not
statistically significant. Long-run effects are weaker, with only the 80+ variable showing
significance (p-value<0.10). Overall, these findings suggest that demographic pressures
operate gradually, with limited immediate effects and a strong role for fiscal inertia.
Looking at differences across countries, four clusters of countries emerge:

e Cluster 1: Austria (AT); Belgium (BE); Finland (FI); Cyprus (CY); Latvia (LV);
Romania (RO); Italy (IT); Netherlands (NL); Spain (ES); Lithuania (LT); France
(FR); Malta (MT); Sweden (SE). The clustered ECM results show a strong and
statistically significant short-run effect of ageing (65+), indicating that increases
in the elderly population are rapidly translated into higher expenditure. The short-
run effect of advanced ageing (80+) is not statistically significant, suggesting that
the composition of ageing does not play a relevant role in immediate expenditure
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dynamics. In the long run, both demographic variables also display positive
coefficients but are only weakly significant (p-values < 0.10). Hence, this cluster,
which includes the largest number of countries, would follow the patterns detected
for the whole panel.

Cluster 2: Denmark (DK) and Estonia (EE). Neither demographic variable is
statistically significant in either the short or long run, indicating that ageing,
regardless of its intensity, has no consistent or stable association with expenditure.
Cluster 3: Germany (DE); Croatia (HR); Poland (PL); Portugal (PT); Slovenia
(SI); Greece (EL); Ireland (IE); Luxembourg (LU). The clustered ECM reveals no
short-run effects for either demographic variable. In contrast, the 80+ population
shows a positive and statistically significant long-run effect, suggesting that
advanced ageing gradually shapes expenditure dynamics. No such long-run effect
is found for the broader 65+ population.

Cluster 4: Bulgaria (BG); Czechia (CZ); Slovakia (SK); Hungary (HU). The
clustered ECM results reveal a distinctive and asymmetric adjustment pattern. In
the short run, a higher share of the elderly population is associated with
significantly lower expenditure, suggesting that demographic pressure may
induce fiscal restraint. The effect of advanced ageing is positive but only weakly
significant. In the long run, neither variable is statistically significant.

Healthcare Expenditure (h)

Short-run effects of demographic variables are not statistically significant in the
baseline ECM. In contrast, long-run effects for the 80+ population are positive and
statistically significant. Macroeconomic variables behave as expected, with growth
exerting a negative effect and the COVID-19 dummy capturing a strong and significant
increase in spending. Four groups of countries are detected:

Cluster 1: Austria (AT); Malta (MT); France (FR); Belgium (BE); Netherlands
(NL); Sweden (SE); Germany (DE). The clustered ECM results reveal a clear and
consistent role for advanced ageing. In the short run, the effect of the 65+
population is not statistically significant, whereas the coefficient on Ap80;; is
positive and highly significant. Again, the coefficient on the 65+ population is
smaller and only weakly significant, but the lagged 80+ population shows a
positive and statistically significant impact.

Cluster 2: Denmark (DK); Finland (FI); Ireland (IE); Spain (ES); Portugal (PT);
Slovenia (SI). The clustered ECM results reveal a highly selective and asymmetric
response to demographic change. In the short run, the coefficient on Apc65;; is
not statistically significant, the effect of Ap80;; is negative and highly significant.
In the long run, no statistically significant relationship is observed for either
demographic variable.

Cluster 3: Bulgaria (BG); Czechia (CZ); Cyprus (CY); Croatia (HR); Slovakia
(SK); Italy (IT); Lithuania (LT); Latvia (LV); Poland (PL); Romania (RO). Results
show a differentiated response to demographic change across time horizons. In
the short run, the coefficient on Apc65;; is not statistically significant, while the
effect of advanced ageing (Ap80;;) is positive and significant. In contrast, the
long-run adjustment follows a different pattern. The coefficient on the lagged 65+
population is positive and statistically significant, whereas the coefficient on the
80+ variable is not.
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e Cluster 4: Estonia (EE); Hungary (HU); Greece (EL); Luxembourg (LU). The
clustered ECM results reveal a clear but asymmetric response to demographic
change. In the short run, the coefficient on Ap80;; is negative and statistically
significant, but it changes to positive in the long run. By contrast, no significant
effect is observed for the broader 65+ population in either the short or long run.

Unexpected negative coefficients for Cluster 2 and Cluster 4 could reflect different
mechanisms. For Cluster 2, the negative short-run effect on the 80+ population suggests
that countries with more developed public healthcare systems have greater capacity to
implement efficiency measures as demographic pressure increases, preventing public
expenditure from rising in proportion. In Cluster 4, the negative-to-positive sign would
reflect a delayed adjustment: short-run fiscal constraints temporarily prevent the
expenditure response to demographic pressure, but long-run equilibrium converges to the
expected positive relationship as institutional adjustments overcome financing
constraints.

Long-Term Care Expenditure (Itc)

In the baseline ECM, demographic effects are not statistically significant in either the
short or long run. Things change slightly when the analysis is broken down into country
groups.

e Cluster 1: Austria (AT); Romania (RO); Belgium (BE); Hungary (HU); Bulgaria
(BG); Slovenia (SI); Denmark (DK); Croatia (HR); Portugal (PT); Cyprus (CY);
Czechia (CZ); Poland (PL); Italy (IT); Latvia (LV); Sweden (SE). In the short run,
the coefficient on Ap80;; is negative and statistically significant, indicating that
increases in the oldest population are associated with immediate expenditure
restraint. In the long run, neither demographic variable shows a statistically
significant effect, suggesting no stable structural link between ageing and LTC
expenditure.

e Cluster 2: Estonia (EE); Ireland (IE); Greece (EL). In the short run, the coefficient
on Ap80;; is again negative and highly significant, but much larger than in the
case of Cluster 1. In the long run, neither demographic variable has a statistically
significant effect.

e Cluster 3: Luxembourg (LU); Malta (MT). In the short run, the coefficient on the
65+ population is negative and marginally significant. The short-run effect of
advanced ageing (Ap80;;) is also negative but statistically insignificant. In the
long run, neither demographic variable displays a statistically significant
coefficient.

e Cluster 4: Germany (DE); Finland (FI); France (FR); Spain (ES); Netherlands
(NL); Lithuania (LT); Slovakia (SK). In the short run, the coefficient on Ap80;; is
positive and highly significant. In the long run, evidence of demographic effects
is weaker. The coefficient on the lagged 65+ population is positive but only
marginally significant, while the 80+ variable is not statistically significant.

Pension Expenditure (p)
Results for the baseline ECM indicate limited short-run effects, with only the 65+
population showing a weak positive effect (p-value <0.10). In the long run, the coefticient

on 65+ is negative and statistically significant. Results for clusters are the following:
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e Cluster 1: Austria (AT); Netherlands (NL); Croatia (HR); Sweden (SE); Spain
(ES); Germany (DE); Slovakia (SK); Luxembourg (LU); Malta (MT); Slovenia
(SI). In the short run, the coefficient on Apc65;; is positive and statistically
significant. In contrast, the effect of advanced ageing (Ap80;,) is negative and
significant. In the long run, the dominant result is a negative and highly significant
coefficient on the lagged 65+ population. This indicates the presence of structural
containment mechanisms, whereby pension systems adjust over time to offset the
fiscal impact of population ageing. No significant long-run effect is observed for
the 80+ population.

e Cluster 2: Belgium (BE); Portugal (PT); Poland (PL); Cyprus (CY); Estonia
(EE); France (FR); Italy (IT); Greece (EL); Romania (RO). T. Both Apc65;; and
Ap80;; exhibit positive and statistically significant coefficients, indicating that
increases in both general and advanced ageing are immediately translated into
higher pension expenditure. This suggests a high degree of short-term
demographic responsiveness, with limited buffering through institutional
mechanisms. In contrast, no statistically significant long-run effects are observed.

o Cluster 3: Denmark (DK); Finland (FI); Lithuania (LT); Latvia (LV). The
coefficient on Apc65;; is large and highly significant, indicating that increases in
the elderly population are rapidly and substantially reflected in pension
expenditure. At the same time, the coefficient on Ap80;; is negative and
statistically significant, pointing to offsetting pressures between different
segments of the ageing population. In contrast, no significant long-run effects are
observed for either demographic variable, indicating the absence of a structural
adjustment mechanism linking ageing to expenditure over time.

e Cluster 4: Bulgaria (BG); Czechia (CZ); Ireland (IE); Hungary (HU). The
clustered ECM results reveal a distinct and asymmetric adjustment pattern. In the
short run, the coefficient on Apc65;; is negative and highly significant, indicating
that increases in the elderly population are associated with immediate expenditure
restraint rather than expansion. By contrast, the short-run effect of advanced
ageing (Ap80;;) is not statistically significant, suggesting no clear role for the
oldest population in short-term pension dynamics. In the long run, neither
demographic variable displays a statistically significant effect, indicating the
absence of a stable structural relationship between ageing and pension
expenditure.

The joint results for healthcare, long-term care (LTC), and pension expenditure reveal
three main patterns. First, demographic effects are markedly heterogeneous across
countries and are largely driven by short-run responses, although their intensity varies by
spending category, being more limited in healthcare and virtually absent in LTC,
underscoring the rigid or structural nature of these systems. Second, advanced ageing
(80+) emerges as the key driver of long-run dynamics, although its impact is uneven and
more pronounced in countries with more developed welfare systems, particularly in LTC
and, to a lesser extent, in healthcare, while its relevance in pensions is more diffuse.

Third, the cluster analysis points to a certain geographical and institutional structure:
Central and Eastern European economies tend to exhibit weaker or more delayed
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responses,’ whereas Western and Nordic countries tend to show stronger and more
persistent adjustments.® This pattern is more evident in healthcare and LTC than in
pensions, where expenditure shows greater persistence and heterogeneity in adjustment
patterns, reflecting the decisive role of institutional design in shaping public spending
responses to ageing.

5. CONCLUSIONS

A central result of this paper is that the fiscal impact of demographic ageing is highly
heterogeneous across expenditure categories, demographic dimensions, time horizons,
and countries. Rather than following a uniform or mechanical pattern, the results reveal
a set of distinct and sometimes opposing adjustment mechanisms, reflecting differences
in institutional design, policy frameworks, and fiscal capacity.

A first robust finding across all specifications is the strong persistence of public
expenditure. This persistence is particularly pronounced in pensions and healthcare,
where expenditure is shaped by legal commitments and structural entitlements. By
contrast, long-term care exhibits weaker, less stable dynamics, consistent with a more
heterogeneous and evolving institutional structure.

A second key result concerns the differentiated role of demographic variables. The
65+ population is primarily associated with short-run dynamics, especially in pensions.
In contrast, the 80+ population captures advanced ageing and care intensity. It is a key
driver in healthcare, often affecting both short- and long-run dynamics, while in long-
term care and pensions, its impact is more fragmented and frequently limited to the short
run. By comparison, its effects on long-term care and pension expenditure are
considerably weaker, less systematic, and highly dependent on country -specific
institutional arrangements. These findings suggest that the composition of ageing matters,
although its fiscal implications vary substantially across expenditure categories.

Third, the clustering analysis identifies several differentiated expenditure-response
patterns, ranging from expansionary and reactive responses to more constrained or
weakly responsive trajectories. These results suggest that demographic pressures are
filtered through heterogeneous institutional and fiscal contexts rather than producing
uniform expenditure outcomes. Despite this heterogeneity, some regularities emerge.
Several Western and Northern European countries consistently cluster together across
healthcare, long-term care, and pension expenditure, reflecting broadly similar welfare-
state structures and stronger institutional capacity to respond to demographic pressures.
In contrast, many Central and Eastern European countries tend to form a distinct group
characterised by weaker or more delayed expenditure responses, consistent with more
limited fiscal capacity and less consolidated welfare arrangements. However, this
structural stability is only partial. Cluster membership varies substantially across
expenditure categories, particularly in long-term care and pensions, where institutional
designs differ more markedly across countries. Smaller states, transition economies, and

5 Bulgaria (BG), Czechia (CZ), Hungary (HU), Slovakia (SK), and, in an outer, less cohesive circle: Latvia
(LV), Lithuania (LT), Poland (PL), Croatia (HR), and Romania (RO)

¢ Austria (AT), Belgium (BE), Denmark (DK), Finland (FI), and, in a second, more permissive circle, France
(FR), Germany (DE), the Netherlands (NL), and Sweden (SE).
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countries with hybrid welfare configurations exhibit the highest cluster mobility,
frequently shifting across groups depending on the expenditure category considered.

Our results challenge the view of ageing as a uniform fiscal burden. Instead, they
show that demographic change operates as a conditional and institutionally mediated
driver whose impact depends on the capacity of public systems to absorb, adjust to, or
offset demographic pressures. In this sense, fiscal sustainability under ageing emerges as
a fundamentally institutional outcome, rather than a purely demographic one.

Understanding the divergent patterns presented in this paper requires moving beyond
aggregate analyses and working with microdata employing more sophisticated
econometric techniques, such as regression discontinuity designs. It would be particularly
valuable for identifying whether the practice of using universal cut-off points, such as
ages 65 and 80, is meaningful or whether they vary systematically across country groups
and expenditure functions. Moreover, future research should delve into identifying the
specific policy mechanisms, such as pension indexation rules, healthcare financing
models, or the degree of formalization of long-term care, that reinforce these different
adjustment regimes and explain the observed cross-country heterogeneity. However, a
more fundamental step is to recognize and systematically analyze the diversity across
country groups shown in this paper.
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