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Abstract 
 

The literature on growth dependencies increasingly calls for post-growth welfare states 

capable of functioning without reliance on GDP growth in order to remain within 

planetary limits. Yet empirical research on the relationship between welfare state 

arrangements and economic growth remains remarkably scarce, even in policy domains 

where growth dependence appears most plausible, such as pensions. Using panel data of 

20 OECD countries from 1971 to 2022, we examine the relationship between public 

pension spending per capita and replacement rates (i.e. benefit generosity) on the one 

hand, and GDP per capita on the other. We find that while pension spending per capita 

remains partially coupled to GDP, pension replacement rates have become decoupled — 

and in many instances negatively coupled — already at relatively modest income levels. 

This is consistent with the literature on the social limits to growth, where decoupling 

likewise occurs at modest income levels. We find that labor-market factors – especially 

labor participation – are consistently and strongly associated with higher pension benefits. 

These findings have important policy implications, highlighting that the sustainability of 

pension systems in post-growth contexts may depend less on infinite economic expansion 

than on institutional and labor-market policy choices. 

Keywords: welfare state, pensions, post-growth, degrowth, sustainable welfare, growth 

dependence, decoupling
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1. Introduction 

The welfare state is commonly viewed as the product of fossil-fueled industrialization 

and post-war economic growth (Wilensky 2002). Yet the possibility or even desirability 

of infinite economic growth has been questioned from different quarters for several 

decades now. Today, even mainstream economists diagnose an age of secular stagnation 

stemming from demographics, lagging productivity or climate effects (Gordon 2017; 

Summers 2015; Burgess et al. 2021). Others are even more explicitly critical of growth 

and advocate for ‘post-growth’ or even ‘degrowth’ strategies (Hickel and Kallis 2020; 

Kallis et al. 2020) to be able to stay within hard planetary boundaries (Rockström et al. 

2009; Raworth 2017). Here economic growth per se is in conflict with planetary needs 

(Wiedenhofer et al. 2020; Vogel and Hickel 2023) which is why efforts are being made 

to devise pathways to ‘decouple’ socio-economic policies and, ultimately, human well-

being from the necessity of continued growth. One reason why strategies like ‘planned 

degrowth’ are, nonetheless, often seen as undesirable or unrealistic, even by the Left, is 

that without growth generous welfare states could become unaffordable. So the crucial 

question is to what extent this is in fact a real risk. 

 

What would welfare states look like without economic growth? This question has been 

raised in the literatures on degrowth/post-growth and sustainable welfare (Walker, 

Druckman, and Jackson 2021; Koch 2022; Nenning et al. 2023; Hirvilammi et al. 2023; 

Bohnenberger 2023; Bailey 2015; Kongshøj 2023; Büchs 2021), but has so far not been 

discussed within mainstream welfare state scholarship, nor has it been subject to 

empirical research. Despite this lack of evidence, the expectation that economic growth 

is needed to sustain existing levels of welfare provision is extremely widespread, 

bordering on common sense. Indeed, a widely held view among policymakers is that 
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‘economic growth might be destabilizing for the Biosphere, but it is stabilizing for the 

welfare state’ (Laurent 2022: 58). This paper studies this commonsense expectation 

empirically for the first time, using pension systems as a ‘most-likely case’ of strong 

coupling, given their size, monetary nature and their deep links with economic 

production. With roots in industrial society, public pension schemes were greatly 

expanded during the post-WW2 economic boom and make up a substantial share of 

welfare state spending, today (in 2021, EU countries spent an average of 12.9% of their 

GDP on pensions, and between a fifth and a quarter of the population were pension 

beneficiaries (Eurostat 2024). Contrary to what could be expected, our results do not 

provide evidence of a historical growth-dependence of pension programs, at least once 

certain levels of GDP per capita have been reached. Other variables related to economic 

organization, such as labor participation, by contrast, seem to have played a much more 

central role in sustaining pension systems than GDP per se. 

 

The paper is structured as follows: After a discussion on how to think about the 

dependence and degree of coupling of welfare states and, particularly, pension schemes 

to GDP, we develop and test several theoretical hypotheses empirically, using panel 

regression analyses of pension spending and pension generosity for 20 OECD countries 

since the 1970s (or 1980s for spending). We conclude by discussing implications of our 

findings for post-growth policy pathways. 

 

2. Literature and Theory 

2.1 Economic growth, expansion and crisis of the welfare state: The functionalist legacy 

Economic development and GDP growth have played a huge role in the history of the 

welfare state, that much is clear. Yet the exact relationships are surprisingly murky. The 
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broad story is straightforward and seldom questioned: The modern welfare state is a child 

born out of industrialization and raised during the postwar boom. Comparative theorizing 

about the causes of its emergence and expansion hence also began with the notion of a 

‘logic of industrialism’ (Kerr et al. 1960). Functionalism, the oldest theoretical school of 

welfare state research, posits that economic development is at the root of the development 

of the welfare state since the nineteenth century (Wilensky 1975; Wilensky 2002; Pryor 

1968).a Briefly put, economic development has two sets of effects. On the one hand, 

economic development in terms of the structural and technological changes involved in 

moving from a traditional agrarian to an industrial society creates a range of problems for 

societies, including occupational hazards, mass unemployment, and a growing number of 

people reaching retirement age. On the other hand, economic development also provides 

the solution to these novel problems in the form of vastly increased material resources 

generating tax revenue. As a consequence, the state grows in size and increasingly takes 

on roles beyond domestic and international security and becomes a welfare state, a 

development already predicted by economist Adolph Wagner in the late nineteenth 

century (Wagner 1890). 

 

Naturally, Wagner did not use GDP growth to formulate his famous “Law of Increasing 

State Activities” – as GDP as an indicator was only invented during World War II –, but 

instead wrote more loosely about positive public spending trends in ‘progressive 

societies’ (Wagner 1893: 893). Nevertheless, his idea has been formalized in economics 

(see below). In welfare state research, functionalist authors like Harold Wilensky focused 

 
a Other versions of functionalism take a broader view of social development in terms of ‘modernization’ 
which includes democratization and political and social mobilization. 
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on GDP and GDP growth, but primarily as a proxy measure of the manifold structural 

changes producing welfare state reforms (Wilensky 2002: 3-4).  

 

There are further mechanisms potentially underpinning the growth-welfare nexus. For 

example, the demand for services such as healthcare and education tend to rise with 

income. However, Baumol’s cost disease (Baumol 1967, 2012) posits that the prices for 

services rise faster than income (hence the share of income devoted to services increases), 

because productivity advances are much harder to achieve (without losses in quality) 

compared to manufacturing. Relatedly, growth might fuel the development of and 

demand for health technologies (Marino and Lorenzoni 2019). Another path that has been 

studied, is the effect of GDP growth on demographic change, a link already explored by 

Wilensky (1975). 

 

Interestingly, the questioning of economic growth on ecological grounds, epitomized by 

the report The Limits to Growth (Meadows et al. 1972) almost coincided with the 

diagnosis of a Growth to Limits of the welfare state – the title of a landmark study (Flora 

1986) – and the ‘welfare state in crisis’ discourse after the Oil Shocks (Mishra 1984; 

OECD 1981). The connection was, however, rarely made at the time. Rather, we see 

neoclassical economists and conservative politicians portraying the welfare state not 

primarily as an outcome of economic development, but as an impediment to continued 

GDP growth. While not particularly well supported empirically (Lindert 2004), the idea 

still points to the importance of taking potential reverse causality between GDP and 

welfare states into account.  
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Only recently do we see a connection being made between economic growth, planetary 

limits and welfare state maintenance (Walker, Druckman, and Jackson 2021; Koch 2022; 

Walker, Druckman, and Jackson 2024). In line, albeit implicitly, with old functionalist 

theories, numerous authors in the post-/degrowth camp posit the continuing necessity of 

growth and the tight coupling between GDP and welfare state indicators. A lot of 

emphasis is typically put on the revenue side of the welfare state as well as on the relative 

cost of welfare (à la Baumol’s cost disease) (Walker, Druckman, and Jackson 2021). It is 

important here to acknowledge that, based on endogenous money theory, some post-

growth scholars have also de-emphasized the tax revenue growth dependence in countries 

with monetary sovereignty (Olk, Schneider, and Hickel 2023). However, even in these 

cases, Wagner’s law should hold, since even a state with monetary sovereignty would 

still depend on material resources growth (or surplus) from which to allow non-

inflationary redistribution and compensation (Kelton 2021). 

 

2.2 Degrees of coupling: How to think about growth-dependence 

Before being able to study the issue empirically, we need to clarify what we mean by 

growth dependence and (de)coupling. According to a recent overview article, a ‘socio-

economic system is growth-dependent if it requires a long-term positive growth rate in 

terms of a unit of economic measurement to maintain all its functions or properties that 

are relevant within the chosen normative framework’ (Janischewski et al. 2024). Yet the 

growth-dependencies literature is still not clear on whether growth dependencies can be 

studied at the level of specific sectors, relationships or policy areas (Keyßer, Steinberger, 

and Schmelzer 2025), or whether growth dependencies must be considered in a systemic 

sense, given the impossibility of classifying certain sectors as growth-independent when 

the institutional system that contains them would be deeply transformed under degrowth 
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(Driouich and Kallis 2025; Hofferberth 2025). In the present study we primarily aim at 

studying the historical relationship of GDP growth and pensions, and whether the former 

has been needed to maintain the latter. While a strong degrowth context could imply 

systemic and structural changes of unpredictable consequences, specific policy 

dependencies to GDP growth can still be explored in context of business cycles and 

occasional crisis, stagnation and steady-state systems 

 

This brings us to the analytical term of (de)coupling. The idea of the degrees of coupling 

traces back to a model originally developed for the transport sector (Tapio 2005), where 

coupling is measured in terms of elasticity, this is, the percentage change of a variable 

when another variable changes by one percentage point. The strength of the relationship 

then simply reflects the degree of coupling. In his seminal article, Tapio distinguishes a 

set of eight scenarios for the relationship of the transport sector and GDP growth that take 

into account both the elasticity between variables (the strength of coupling) and the 

direction of change of each variable (positive/negative coupling) (see also Infante-Amate, 

Travieso, and Aguilera 2025). For example, when speaking of GDP and emissions, we 

can think of a scenario when emissions rise to the same extent as GDP rises: The elasticity 

is 1 which means strong coupling. Under relative decoupling (or ‘weak’ decoupling), 

emissions still rise with GDP, but more slowly. Tapio defines this as having a positive 

elasticity of between 0 and 0.8 (2005: 139). Absolute decoupling only happens when GDP 

increases while emissions fall (i.e. elasticity between 0 and -1). When elasticity is above 

1, i.e. emissions rise faster than GDP we have ‘dirty growth’ (Infante-Amate, Travieso, 

and Aguilera 2025). This corresponds, in fact, to what is predicted by Wagner’s Law for 

GDP and public spending (where spending outpaces income). Changing elasticities play 

a role, for example, in the theory of the Environmental Kuznets Curve (EKC) according 
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to which, environmental degradation and GDP should follow an inverted U-shaped 

pattern. In the ascending part of the curve, elasticities should thus be positive, possibly 

above 1, before gradually approaching zero at the turning point and negative thereafter, 

as wealthier economies start investing in cleaner technologies and policies. It should be 

noted that the EKC is empirically contested and that an N-shaped instead of an inverted 

U-shaped curve is a common finding (Freire-González, Padilla Rosa, and Raymond 2024; 

Numan et al. 2022). For our purposes, similar nonlinear patterns are also plausible for 

Wagner’s Law and have indeed been shown empirically (see below). 

 

The implications for our issue of growth dependence of pension systems are clear: a 

descriptive analysis of elasticities over time can clarify if and to what extent key pension 

outputs – spending and generosity – are coupled to GDP and if this relationship changes 

over time, for example in a non-linear pattern. 

 

2.3 Existing empirical evidence: A welfare Kuznets curve? 

Empirical results for Wagner’s Law – typically tested with cointegration analyses and 

related tests – are surprisingly mixed. Durevall and Henrekson (2011), based on a review 

of 40 studies, show that only about a third support Wagner’s Law, while another third 

offer conditional support and the last third no effect. A similarly mixed picture is reported 

in a review by Piras and Marica (2018). There is also strong evidence that Wagner’s Law 

holds especially at earlier stages of economic development but disappears with increasing 

levels of GDP, much in line with the inverted U-shaped or ‘Kuznets curve’ pattern 

(Kuckuck 2014; Durevall and Henrekson 2011; Lamartina and Zaghini 2011; Karceski 

and Kiser 2020). As explained in the previous section, this alone does not necessarily 

mean that public spending is absolutely decoupled from GDP, however. It only means 
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that the elasticity falls below one (Piras and Marica 2018: 129) and onto a trajectory of 

relative decoupling. To our knowledge, no studies of the elasticity of pension spending 

or generosity exist, however.  

 

While decoupling is not a concept used in welfare state research, empirical studies suggest 

absolute decoupling in the sense that, over time, GDP ceases to have a positive effect on 

social spending altogether. Brady and Lee (2014), for example, report that the effect of 

GDP on social spending disappears after the mid-1980s. In fact, among prominent studies 

of welfare state spending post-1980s, almost all find that the effect of GDP growth on 

social spending (or changes in spending) is in fact negative (e.g. Garrett and Mitchell 

2001; Busemeyer 2009; Iversen and Cusack 2000; Haelg, Potrafke, and Sturm 2022; 

Armingeon, Guthmann, and Weisstanner 2016) while some find mixed or no result (Kittel 

and Obinger 2003; Huber, Mustillo, and Stephens 2008).  

 

In sum, the existing empirical literature in economics and welfare studies finds very 

mixed evidence at best of a growth-dependence of social spending (or public spending 

generally). What is lacking are analyses that go deeper into the dependencies and their 

drivers within specific welfare branches, including pensions, and that take a variety of 

system outcomes into account, not just spending measures.  

 

2.4 GDP dependencies of public pensions: some theoretical expectations 

In the next section, as a first attempt we will explore the relationship between GDP growth 

and public pensions. Public pensions are primary a political decision, and therefore the 

changing political economies in each territory and time are crucial. Nevertheless, the 

relationship between GDP growth and public pensions is also highly determined by 
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macroeconomic conditions. Contributory pensions – the dominant model in the OECD - 

are closely connected to wages via social contributions. Pension benefits are based on 

previous wages and commonly indexed to wages or prices, providing a direct link to 

market incomes. However, they have also been more recently indexed to demographic 

variables such as life-expectancy or the old-age dependency ratio. In a theoretical paper 

on the growth-dependence of pensions, Wiman (2024) hypothesizes on the importance of 

different pension designs, namely their funding arrangements and accounting rules (i.e. 

noncontributory, pay-as-you-go, notional defined contribution, defined contribution and 

defined benefit). Importantly, it turns out that the degree of growth-dependence of these 

systems should depend much less on the type of pension plan than on the exact 

macroeconomic scenario regarding overall interest rates, inflation and earnings as well as 

more detailed pension parameters such as benefit indexation. At the same time, one also 

needs to consider pension funding as a function of labor markets, including labor 

participation and productivity. These factors thus need to be controlled for in multivariate 

empirical analyses. 

 

When asking whether and to what extent pensions are growth-dependent, we need to look 

beyond a purely spending-based perspective. While spending is clearly important, people, 

including pensioners, do not care about ‘spending per se’, as Gøsta Esping-Andersen 

famously claimed (1990: 21). One of the things that pensioners presumably care most 

about is the generosity of pensions compared to average incomes, which is measured via 

pension replacement rates. Moreover, we can distinguish between the generosity of 

contributory pensions, based on a typical contribution record, and minimum pension 

generosity, which determines the level of security below which no pensioner is supposed 

to fall.  
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Functionalists typically focused on social spending, which is why we start with this aspect 

of pension systems, too. We expect total public pension spending per person above 65 

years old to have a strong coupling with GDP per capita in the long run (after controlling 

for demographic and labor market trends). Given that pension spending is connected to 

the overall economy in various ways, notably via contribution-benefit linkages and wage 

indexation and, in some countries, via the returns of central pension reserve funds, we 

expect strong coupling. Hence: 

 

H1. Public pension spending is strongly coupled to GDP per capita 

 

Note that while we do expect strong coupling (=elasticities around 1), our assumption is 

not that contemporary pension systems exhibit the dynamics of Wagner’s Law, with 

elasticities of above 1. The law should primarily apply to societies subject to rapid 

industrialization and the commodification and/or replacement of traditional social 

institutions, including traditional ways of supporting the elderly. Beyond a certain GDP 

level (and state size) we should not assume Wagner-style trends to just continue, as the 

empirical literature also indicates (see literature section).  

 

Our expectations regarding the policy design of pensions are more nuanced. We proxy 

generosity levels with pension replacement rates, defined as the average net pension 

benefit as a proportion of the average net wage. We distinguish between minimum (or 

basic) and contributory pensions. We expect minimum pension replacement rates to have 

a non-significant relationship with GDP per capita in the long run given their statutory 

nature and that entitlements are not related to previous income. They are, in Wiman’s 
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words, ‘the simplest case […]: there is no formal institutional mechanism that directly 

worsens pension outcomes when growth ends’ (Wiman 2024, : 4). Our second hypothesis 

is thus:  

 

H2. Minimum pension replacement rates (MPR) are not coupled to GDP per 

capita. 

 

In contrast, we expect contributory pension replacement rates (pensions that are linked to 

previous earnings) to have a significant correlation with GDP per capita through higher 

productivity and, therefore, higher capacity to sustain higher contribution rates out of 

wages. In a standard no-growth scenario with lower earnings per hour worked, the most 

common public pension systems (i.e. traditional pay-as-you-go and notional defined 

contribution systems) cannot sustain the same level of contributions, limiting pension 

benefits with respect to wages in the long-run (in the short-run a recession and a 

subsequent decrease of wages can increase pension replacement rates by decreasing the 

denominator). Hence:  

 

H3. Contributory pension replacement rates (CPR) are strongly coupled to GDP 

per capita through productivity levels. 

 

Since the 1990s, pension systems in the OECD have undergone significant reforms. Many 

countries have introduced some form of multi-layered system, with public PAYG still at 

the heart, but supplemented with mandatory and/or voluntary occupational and private 

provision for most core workers. Countries, however, vary greatly in the extent to which 

this is taking place (OECD 2023). This may, to some extent, also influence the growth-
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dependence of the first-pillar public pay-as-you-go pensions that are at the center of this 

article. In a context of extensive private pension provision, we would expect the 

remaining public pillar to be less dependent on GDP growth, partly because some of the 

burden to keep track with the surrounding economy is shouldered by the private pillar – 

and vice versa. We hypothesize: 

 

H4: In countries with a small share of private pension spending, public pension indicators 

should be more strongly coupled to GDP per capita.  

 

3. An empirical analysis of pension programs 

3.1 Data  

For pension spending, we analyze public pension expenditures over the total population 

above 65 years of age. These figures were sourced from the OECD Social Expenditure 

Database (SOCX), covering 23 countries for the period from 1980 to 2019 (OECD 

2024b). We do not use the more common spending as a percentage of GDP because we 

are interested in the effect of GDP. To avoid the effects of exchange rate changes, we use 

spending in national currencies at constant prices instead of constant US dollarsb. This 

does not allow us to make cross-country comparisons, which is irrelevant for our analysis 

given that we must use the fixed-effect estimator which only takes into account within 

country changes.  

 

 
b OECD data provides pension spending and GDP per capita data in different price base levels. For this 
reason, we have extracted a deflator by dividing the GDP per capita data in current prices by the GDP data 
in chain values and multiplied the deflator with pension spending data in current prices.  
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For minimum (MPR) and contributory pension replacement rates (CPR) we utilize data 

from the Comparative Welfare Entitlements Dataset (CWED), which encompasses 

comprehensive annual records from 1970 to 2011 for 33 countries (Scruggs, 2017). This 

calculation exclusively considers public/mandatory (first and second pillar) pensions. The 

minimum rates are derived based on the eligibility for a pension at retirement age, 

assuming no prior contributions. In contrast, contributory pension replacement rates  

(labeled as standard pension in the CWED database) presuppose retirement at the 

statutory age after earning the “average production worker wage” from age 20. The 

“average production worker wage” represents a hypothetical figure for a 40-year-old in 

the manufacturing sector, using data from the OECD. 

 

The database provides replacement rates for single households and families, assuming the 

presence of a spouse (either male or female) and two adult (non-dependent) children. For 

reasons of simplicity and coherence, we opted to focus solely on the single replacement 

rates for both pension categories. This choice reduces the need for assumptions about 

average family income, particularly concerning the spouse, thus providing a more reliable 

indicator of actual pension replacement rates in each country. All countries have data for 

MPR, with different types of basic pension provision. For both spending and generosity, 

to have a balanced panel for the whole period we end up with a panel of 20 countriesc due 

to data availability constraints. In the case of countries without a mandatory public 

pension system (either private PAYG or private funded), we have replaced CPR with a 

missing valued. 

 

 
c The countries included are: Australia, Austria, Belgium, Canada, Switzerland, Germany, Denmark, Spain, 
Finland, France, United Kingdom, Ireland, Italy, Japan, Netherlands, Norway, New Zealand, Portugal, 
Sweden and United States.  
d These are Australia, New Zealand, Denmark and the Netherlands. 
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Our independent and control variables predominantly come from the OECD Explorer 

database (OECD 2024a). We calculated GDP per capita using 2015 constant prices and 

national currencies, normalized by annual population figures. Other variables include the 

population ageing ratio, represented by the percentage of the population over 65 relative 

to those aged 20 to 65, to account for demographic shifts; government financial capability 

was proxied with general government debt as a percentage of GDP; and labor market 

trends, including labor productivity (calculated as GDP divided by total annual hours of 

paid employment), labor utilization (measured by hours worked per capita), and labor 

participation (defined as the working population aged 15 to 65 as a percentage of the total 

population in this age group).  

 

To capture the contextual effect of a country having a large private pension share, we 

measure the weight of overall of private pension spending – included in the OECD 

database – over total pension spending in a country. Data limitations on private pensions 

make it impossible to perform a more thorough analysis of the private pension 

component. 

 

3.2 Descriptive trends of the main variables and their elasticities 

 

In panel A in Figure 1, we display the time series of log pension spending and MPR and 

CPR alongside log GDP per capita for each country. On the left, we display the averages 

for the whole sample and the whole period. Our time series show a continued increase of 

public pension spending along GDP per capita. This seems to suggest a tight coupling, 

but it is important to remember that these are average values. Figure A1 in the Appendix 

displays country-specific trends, which are less uniform. Regarding average MPR and 
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CPR replacement rates panel C in Figure 1 also shows a steep upwards trend between 

1971 and the mid- 1980s. Since then, average replacement rates have remained stagnant 

around 38% for MPR and 65% for CPR while GDP has increased (except during global 

economic crises). We only see a significant “bump” in replacement rates during the 2008 

Great Recession, probably due to the fall in average wages and the countercyclical nature 

of minimum and PAYG pension systems. 

 

To explore the potential growth dependence of our pension variables more deeply, we 

calculated the median elasticity and semi-elasticity of our by decade, i.e. from 1971 to 

1981 (only for MPR and CPR), 1981 to 1991, 1991 to 2001, 2001 to 2011, and 2011 to 

2020 (only for public pension spending). Elasticity is calculated by dividing the pension 

spending change in percentage terms in each decade by the GDP per capita change for 

the same period for each country: 

ε!,# =
Δ𝑌!,#/𝑌!,$
Δ𝑋!,#/𝑋!,$

 

where 

• 𝑌!,#is pension spending (in logs or levels, depending on the variable), 

• 𝑋!,#is GDP per capita, 

• 𝑌!,$and 𝑋!,$denote initial values at the start of decade d, and 

• Δ𝑌!,# = 𝑌!,% − 𝑌!,$, Δ𝑋!,# = 𝑋!,% − 𝑋!,$. 

The difference with semi-elasticities is that the numerator is in percentage point changes 

instead of percent, given that minimum and contributory pension rates range from 0 to 

100: 
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𝑆𝐸!,# =
Δ𝑌!,#

Δ𝑋!,#/𝑋!,$
 

We use the median to smooth the presence of outliers, since elasticities are sensitive to 

slow-growth periods and therefore very small denominators, which can lead to very high 

figures.  

 

Recall that Wagner’s Law expects elasticities of above 1 and that generally, in the growth 

dependence literature (Tapio 2005), elasticities between 1.2 and 0.8 are considered 

‘absolute’ or ‘strong coupling’, with ‘relative decoupling’ between 0.8 and 0 and 

‘absolute decoupling’ below 0. As can be seen in the panel B of Figure 1, public pension 

spending shows strong coupling with GDP per capita in the 1980s and an apparent de-

coupling in the next decades, with the exception of the 2000s (exhibiting values above 2) 

which was, however, marked by the Great Recession. In the 2010s, elasticity returns to 

its downward trend and reaches the zone of relative decoupling. In the case of pension 

generosity, we find relative de-coupling for MPR and CPR in the 1970s, although CPR 

elasticities are considerably higher (see panel D in Figure 1). However, the 1980s and 

1990s are periods of further de-coupling, reaching absolute decoupling (elasticity around 

0) in the 1990s. The 2000s saw a weak uptick, but elasticity remains low. 

 

In sum, while we see that some pension indicators show signs of being coupled to GDP, 

over time, this descriptive analysis suggests relative, if not absolute de-coupling, in line 

with the literature on Wagner’s Law cited earlier. There are, however, clear limitations 

with such a highly aggregate analysis. Clearly, it does not control for other factors, 

including demographics and labor market variables. Also, as the case of the 2000s shows, 

short-term economic shocks complicate the picture since pension levels are slow to adapt 
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to changes in income and the resulting picture can be misleading and missing long-term 

trends. 

 

 

Figure 1 – Evolution of our dependent variables and GDP per capita, and decade 

elasticities and semi-elasticities

A. Evolution of average GDP per capita and 
pension spending per capita (+ 65 years 

old), in natural logarithms. 
 

 

C. Evolution of average GDP per capita (in 
logs) and minimum and contributory 

pension replacement rates 

 

B. Elasticities between GDP per capita and 
pension spending per capita (+65 years 

old), median by decade 

 

D. Semi-elasticities between GDP per capita 
and minimum and contributory pension 

replacement rates, median by decade 

Source: own elaboration based on the full panel of the 20 OECD countries.

 
3.3 Multivariate panel data analysis 
 

To drill deeper into the dependencies of pension systems, we conduct multivariate 

analyses. To conduct our panel regression analysis, we estimated the coefficients for the 

following base fixed-effects model: 
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Y&' = β$ + ρ Y&,'(% + β% GDPcapi,t-1 + 𝛽- 𝐺𝐷𝑃𝑐𝑎𝑝!,.(%- 	+ γ′𝒁!,.(% + 	α_i	 + 	τ_t	

+ 	u_{it} 

 

where e is the error term, Y our pension dependent variables, GDPcap our main 

independent variable, Z a set of our control variables, 𝛼 unit fixed effects, and 𝜏 time 

effects captured with year dummies. All continuous variables – except pension 

replacement rates, the ageing ratio and labor participation, which take values from 0 to 

100 – have been logarithm-transformed.5 All our variables present unit roots of order 1 

(see Table A4), so it is convenient to take their first difference when running the within-

group estimator6. However, by conducting the first difference these estimators will only 

take into account the yearly short-run effects, whereas in theory, if a relationship exists, 

we expect medium- and long-term effects of GDP per capita on public pension variables. 

In the case of existence of cointegration (see Table A5)7, we can conduct an error-

correction model which allows us to account for long-term trends. In this case, our base 

model is an error correction model (ECM): 

 

 

 
5 We first inspected the kernel density of each variable to confirm approximate log-normality and ensure 
that applying log transformations was statistically appropriate. 
6 In order to test for unit roots we have used the Augmented Dickey-Fuller test for each panel and variable 
and the Im-Pesaran-Shin for each variable as a robustness test. The Augmented Dickey–Fuller (ADF) test 
examines whether a time series contains a unit root by estimating an autoregressive model with lagged 
differences to control for serial correlation (Dickey and Fuller 1979). Rejecting the null hypothesis indicates 
that the series is stationary. The Im–Pesaran–Shin test extends unit-root testing to panel data by allowing 
each cross-section to have its own autoregressive coefficient and then averaging the individual ADF 
statistics (Im, Pesaran, and Shin 2003). Rejecting the null hypothesis suggests that at least some panel units 
are stationary. 
7 We test for cointegration performing the Pedroni (Pedroni 1999, 2004) test for cointegration, with and 
without panel-specific time trends. Compared to other tests, the modified Phillips-Perron t-statistic 
performs more robustly under serial correlation, heteroskedasticity, and small T (Wagner and Hlouskova 
2009). We use this test as our main test and the rest as robustness tests. 



20 
 

Δ𝑌!. = ϕ 𝐸𝐶!,.(% + ψ Δ𝑌!,.(% + δ% ΔGDPcapi,t-1 + λ/Δ𝑍!. + τ. + ε!.	

𝐸𝐶!,.(% = 𝑌!,.(% − θ$ − θ% GDPcapi,t-1 − 𝜽′𝒁𝒁𝒊,𝒕(𝟏 − α! 

 

where EC is the error correction equation and 𝜙 an estimator of the adjustment toward 

the long-run equilibrium. An ECM allows us to take into account the estimated effects of 

short-term shocks while estimating a long-run relationship between our independent and 

dependent variables. Our main estimator is the Pooled Mean Group (PMG), which 

constrains long-run coefficients to be homogenous across panels while allowing 

heterogenous short-run coefficients (Blackburne and Frank 2007). As robustness we also 

run the Dynamic Fixed Effects and the Hausman test comparing both model’s estimator. 

In the absence of cointegration – and as a robustness test – we conduct three additional 

models intended to capture medium-term estimated effects of the independent variables: 

a model capturing the 5-year lagged cumulative effect, the distributed lags and the 

cumulative multiplier, and a 5-year moving average8. If there is cointegration, we show 

the PMG model in the main results, if not, the medium-term models can be found in the 

Appendix, including the fixed-effects with the variables in levels, first-difference, and a 

lagged dependent variable. 	

 

3.4 Multivariate Results 

Public pension spending per person over 65 years old is cointegrated with the system of 

independent variables for all models in Table 1 (see Table A5 for cointegration tests), 

 
8 For all models we use the high-dimensional fixed-effects estimator (HDFE) (reghdfe command in Stata). 
The HDFE estimator extends classical fixed-effects methods by efficiently absorbing multiple high-
dimensional fixed-effect structures simultaneously, eliminating several sources of unobserved 
heterogeneity (in our case for clustres of countries and years). It is based on the algorithm developed by 
Correia (2023), which iteratively partials out fixed effects using within-transformation and alternating 
projections. 
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making the ECM a reliable estimation model. In the following, we focus on the long-term 

coefficients in the top half of Table 1, since we are less interested in the effect of short-

term GDP on pension system indicators. Since some of the control variables, such as 

productivity, can be drivers of GDP per capita and therefore correlated between each 

other (with the risk of multicollinearity), we always run a bivariate model first (Models 

P1, M1, S1). The coefficients in both the model with only GDP per capita and the model 

with additional controls are significant. In the bivariate model, GDP per capita shows a 

decreasing non-linear relationship (Model P1). This also holds for the multivariate model 

(Model P2), for which we estimate a positive value of 11.2 for the coefficient of GDP per 

capita in logs and a negative value of 0.65 for the coefficient of its squared term. Again, 

this represents a non-linear relationship where pension spending grows with GDP per 

capita up to a certain level, after which it decouples. 

However, we need to test whether the decoupling of public pension spending from GDP 

per capita is due to a higher weight of private pension spending, which could act as a 

substitute to guarantee income in retirement and reducing pressure on public systems to 

keep up with the overall economy. To control for this potential effect, we split the sample 

into countries with a low weight of private pension spending over total pension spending 

(e.g. Spain and Portugal) and those with a high weight (e.g. United States and United 

Kingdom). We re-estimate our ECM models spending for countries with an average 

private pension spending below 25% of total pension spending (Model P3 in Table 1). 

Due to the smaller sample size (N=13 countries), the models showed collinearity issues 

between GDP per capita and productivity, with very high positive values in the former 

and very high negative values in the latter. We therefore estimated the models with GDP 

per capita only, dropping the productivity variable.  
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We find that the pension spending results found in Model P2 are not robust for the sub-

sample of predominantly public pension systems: there is an increasing coupling 

relationship of GDP per capita and pension spending per capita. Interestingly, the 

coefficients for public debt levels have a negative sign and are highly relevant and 

statistically significant for this sub-sample of countries. This could suggest that highly 

indebted countries with revenue constraints face greater pressure to introduce policies to 

curb pension spending. The rest of the economic variables are highly significant and 

positive, including productivity, labor participation and labor utilization, indicating their 

relevance for explaining pension spending. The demographic old-age dependency ratio 

has a predicted negative coefficient. It is also important to note that in the medium-term 

models (see Table A1), the coefficients for productivity levels are highly relevant and 

show strong significance. 

Turning to pension generosity, MPR is cointegrated with the system of independent 

variables for all models in Table 1 and the ECM is therefore a reliable estimation model 

(see Table A5). As with spending, the estimation results indicate statistical significance 

of GDP per capita and its squared term, and a non-linear relationship of diminishing 

effects (see Models M1 and M2 in Table 1). In other words, MPR grows to the extent that 

GDP per capita grows but up to a certain level. In the multivariate model, the exact 

coefficients are 50.5 for the logarithm of GDP per capita and −2.65 for its squared term. 

Diminishing effects are also present in the short-term models with first differences and a 

lagged dependent variable (see Table A2). In the sub-sample of low private pension 

spending countries (Model P3), we do not find significant coefficients, indicating 

decoupling and therefore robust results (in contrast to the spending models). As for the 

rest of the variables, labor participation again has a positive and highly significant effect 

in the ECM model. In M2, it is estimated that a 1 percent increase in labor participation 
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is associated with a 0.57 percentage point increase in minimum pensions, whereas in M3 

the coefficient reaches 1.58, a very high and relevant value. The coefficient for debt levels 

is also significant and relevant in Model M3, indicating the importance of fiscal capacity. 

The other significant variable is the old-age dependency ratio, which is negatively 

associated with replacement rates, suggesting that population ageing leads to policies that 

constrain minimum pension rates. 

In the case of contributory pensions (CPR), the cointegration test produced mixed results 

(see Table A5), rejecting the null hypothesis of no cointegration for our main test – the 

Modified Phillips–Perron t-statistic – in the case of the bivariate model (Model S1), but 

not in the multivariate model (Model S2) nor in the low private spending sub-sample 

(Model S3). Starting with the bivariate model, CPR also shows a significant coupling 

relationship with GDP per capita. As with MPR, however, there is evidence of 

progressive decoupling. The rest of the models (S2 to S3) also show decoupling or a lack 

of relationship, but the results are not reliable given the potential absence of cointegration. 

Moving to the short-term and medium-term models, we find only a low significance 

levels in the cumulative effects model, which again shows a decoupling trend as income 

rises (see Table A3). 
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 Error Correction Models with the Pooled Mean-Group estimator 

Dependent variable 
Public pension 

spending per capita 
(+65) (FD) 

Public pension 
spending per capita 

(+65) (FD) 

Public pension 
spending per capita 

(+65) (FD) 
MPR (FD) MPR (FD) MPR (FD) CPR (FD) CPR (FD) CPR (FD) 

Model P1 P2 P3 M1 M2 M3 S1 S2 S3 

Sample Whole sample Whole sample <25% private 
pension spending Whole sample Whole sample <25% private 

pension spending Whole sample Whole sample <25% private 
pension spending 

 Long-term coefficients 
Log. GDP per capita 17.76*** 11.191*** -5.987** 278.24*** 50.428** -2.145 230.517*** 298.3*** 29.15 
 [1.985] [2.746] [-2.334] [49.014] [22.629] [14.21] [51.68] (63.58) (35.68) 
Log. GDP per capita 
(squared) -0.833*** -0.645*** 0.326*** -13.261*** -2.654*** -0.214 -10.823*** -13.52*** -2.367 
 [0.096] [0.136] [0.109] [2.312] [0.777] [0.590] [2.44] (3.057) (1.550) 
Log. Debt level  -0.212 -0.249**  0.235 5.487***  0.509 19.63*** 
  [0.075] [0.099]  [0.557] -1.089  (1.987) (3.412) 
Ageing Ratio  -0.022*** -0.00956  -0.208*** -0.668***  -0.0718 -0.173 
  [0.001] [0.006]  [0.072] [0.155]  (0.300) (0.280) 
Log. Productivity  3.041***   -2.927     
  [1.215]   [15.117]     
Labor Participation  0.037*** 0.0258***  0.575*** 1.518***  -1.419*** -0.587** 
  [0.009] [0.009]  [0.092] [0.164]  (0.282) (0.283) 
Log. Labor utilization  3.016*** -0.453  -9.273 -30.64***  -65.76*** 57.97*** 
  [1.242] [0.422]  [15.004] [-6.609]  (13.72) (19.85) 
 Short-term coefficients 
Error Correction 
Coefficient (Dependent 
variable) 

-0.096*** -0.104*** -0.102*** -0.211*** -0.330*** -0.203** -0.139*** -0.217** -0.187** 

 [0.023] [0.026] [0.0351] [0.057] [0.062] 0.0804] [0.0381] (0.0901) (0.0944) 
Log. GDP per capita 
(FD) 5.751 3.064 12.86 -122.2 12,370.017 277.5 373.44 524.9 352.1 
 [6.836] [3.99] [14.00] [220.98] [12,855.604] [518.1] [677.402] (872.3) (1,195) 
Log. GDP per capita 
(squared, FD) -0.27 -0.188 -0.491 4.168 25.984 -13.75 -23.797 -32.49 -26.60 
 [0.299] [0.24] [0.544] [10.346] [18.133] [24.66] [32.687] (42.71) (57.82) 
Log. Debt level (FD)  0.17 0.205  5.940** 5.072*  1.978 -0.278 
  [0.11] [0.141]  [2.413] [-2.993]  (2.624) (3.892) 
Ageing Ratio (FD)  -0.001 0.000710  0.556 0.500  -0.408 -0.0285 
  [0.006] [0.009]  [0.627] [0.568]  (0.694) (0.627) 
Log. Productivity (FD)  2.03   -12,961.647     
  [2.927]   [12,819.365]     
Labor Participation 
(FD)  0.000 -0.000724  0.253 0.301  0.547*** 0.604** 
  [0.004] [0.005]  [0.218] [0.192]  (0.182) (0.280) 
Log. Labor utilization 
(FD)  1.863 -0.0757  -12,960.645 7.962  4.261 -18.00 
  [2.933] [0.174]  [12,817.655] -8.193  (10.96) (17.32) 
Constant -8.085*** -7.728*** 3.995*** -298.451*** -52.810*** 36.99** -159.458*** -221.5** -67.79* 
 [1.952] [1.813] [-1.366] [80.692] [10.002] [14.80] [44.07] (92.14) (36.08) 
Observations 809 774 503 737 663 449 573 498 378 
Number of countries 20 20 13 20 20 13 16 16 12 
Note: Robust standard errors in Brackets (*** p<0.01, ** p<0.05, * p<0.1). FD: First-Difference 
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As a further exercise to measure precise coupling values, we calculate the estimated 

elasticities and semi-elasticities at each part of the distribution of GDP per capita across 

countries and their historical data. However, given that our GDP per capita variable is 

based on national currencies, we can only compare countries with the same currency 

throughout the period. This is the case for the 10 European countries in our sample that 

adopted the Euro, all of which had their local currencies converted prior to its adoption.

 

Table 2. Predicted elasticities and semi-elasticities values at different GDP per capita 

levels with currency denominated in euros. 

Distribution 
in 

percentiles 

GDP per capita  
(in euros and 

constant prices) 

Elasticities of public pension 
spending per capita (+65 old) 

with respect to GDP per capita 

Semi-elasticities of 
MPR with respect to 

GDP per capita 

Semi-elasticities 
of CPR with 

respect to GDP 
per capita 

Model 
P1 

Model 
P2 

Model 
P3 

Model 
M1 

Model  
M2 

Model  
S1 

Min 8,270 2.73 -0.45 -0.1 0.39 0.03 0.35 
P20 18,717 1.36 -1.49 0.43 0.17 -0.02 0.17 
P40 23,465 0.99 -1.79 0.57 0.12 -0.03 0.12 
P60 27,803 0.71 -2.01 0.68 0.07 -0.04 0.09 
P80 34,366 0.36 -2.29 0.83 0.01 -0.05 0.04 
Max 56,109 -0.44 -2.92 1.14 -0.12 -0.07 -0.06 

Source: own calculations based on models in Table 1; strong coupling (elasticity e>0.8) 
in bold, relative decoupling (0.0≤e≤0.8) in italics.
 

 

As we can see in Table 2, public pension spending in Model P1 departs from a level of 

strong coupling at low GDP per capita levels and decouples progressively. At the 3rd 

quintile of the income distribution, at 27,803 euros per capita, elasticity falls below 0.8, 

while in the fourth quintile, at 34,366 euros per capita, it reaches 0.36, before reaching 

negative coupling. Model P2 shows a strong negative decoupling, potentially driven by 
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multicollinearity, whereas in P3 – the subsample of ‘primarily public’ countries – 

variables are decoupled at low GDP per capita levels but increasingly couple as GDP per 

capita rises. 

Results for pension generosity are less ambiguous. In the case of MPR, we predict a semi-

elasticity of 0.39 for the bivariate model M1 and 0.03 for the multivariate model M2. This 

indicates decoupling at historically low levels of GDP per capita of just 8,270 euros and 

further decoupling thereafter. MPR decouples even further as income rises, even reaching 

negative values. We observe a very similar process for CPR in the bivariate model S1, 

with a semi-elasticity of 0.35 at the lower end of the distribution and decoupling 

thereafter. 

 
4. Discussion 

The results of our analysis provide strong evidence for a cautionary approach regarding 

the benefits to pension outcomes from continuous GDP per capita growth. In the case of 

public pension spending per person aged 65 or older, GDP per capita growth is estimated 

to decouple from pension spending – and to be even negatively coupled. This runs counter 

to our first hypothesis (H1). However, these results are not robust when focusing on the 

countries with low private pension spending. For these cases, we estimate initially low 

elasticities but an increasing coupling as GDP per capita rises. Besides, the results of all 

spending models, including the medium-run cases, show that productivity levels are 

highly relevant. However, pension spending per capita only captures a raw measure of 

pension benefits that includes both very high-earning pensioners and pensioners living in 

poverty. Therefore, our results could be driven by high earnings and pension benefits 

among workers in highly productive sectors. A more detailed analysis should examine 

whether pensioners would be differently affected along the pension income distribution, 
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including low- and high-earners (see Walker et al. 2025 for a post-growth simulation with 

different pension inequality outcomes). 

 

In the article, part of this is captured by analyzing minimum and contributory replacement 

rates, reflecting the generosity of benefits. We find that minimum replacement rates are 

only weakly coupled with GDP per capita at relatively low levels of GDP per capita and 

decouple as income rises. Even more, there is a negative coupling relationship thereafter. 

In other words, increased levels of GDP per capita since the 1970s have not only failed 

to contribute to better pension outcomes but are also associated with worse outcomes. In 

the case of minimum pension rates, results are robust to model specification and to the 

sample with low levels of private pension spending. As for contributory pension rates, 

the multivariate model results also show decoupling, but they are not reliable due to a 

lack of cointegration. Moreover, we could not find medium-term effects either. In light 

of these results, we can partly reject the second and third hypotheses (H2 and H3): 

minimum pension rates are only coupled at low GDP per capita levels, and both minimum 

and contributory replacement rates decouple thereafter.  

 

Decoupling is estimated to have happened during the neoliberal period, marked by post-

industrial transformations, welfare retrenchment, a lower priority of full-employment 

policies, increased within-country inequality and new modes of sustaining economic 

growth (Driouich and Kallis 2025). And while decoupling in pension spending is 

sensitive to context conditions – i.e. the presence of sizeable private pension provision –

, for pension generosity it does hold across countries with low and high private spending. 

We therefore partly reject our fourth hypothesis (H4). 
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The additional value of our results lies in showing through historical data that public 

pension replacement rates are estimated to be strongly coupled with labor participation 

and that full-employment policies beyond GDP growth can be crucial. Therefore, the 

good functioning of labor markets is not only necessary to provide stable wage incomes 

but also to create the necessary conditions for adequate safety nets. However, our results 

also show that beyond replacement rates, overall spending could be negatively affected if 

potential falls in productivity levels are not prevented or compensated for.  

 

The results presented here should be taken with caution. We do not estimate causal effects 

and must remain vigilant regarding potential bias in our estimators due to reverse 

causality, particularly when considering pension spending as a dependent variable. For 

instance, higher proportions of pension spending may act as significant macroeconomic 

stabilization and counter-cyclical tools by boosting aggregate demand (in the short run) 

or, conversely, incur ‘deadweight losses’ on growth (in the long-run). Controlling for 

reverse causality would require different research designs such as instrumental variables. 

And, as mentioned previously, further research should include a range of other pension 

variables and institutional characteristics. Relevant variables include pension sufficiency 

in terms of the cost of living and intra-generational and intergenerational inequalities 

between workers and pensioners (Walker et al. 2025). One important factor is how public 

pension entitlements for workers are calculated and managed (OECD 2023: 135; Wiman 

2024). Moreover, an empirical investigation of historical private pension dependencies is 

fundamental, as we have only been able to scratch the surface on the many links between 

public and private/occupational pension pillars and private pensions and GDP. Given the 
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direct effect of GDP growth on pension assets and thereby benefits in fully funded 

pensions, we can expect much stronger GDP dependence coupling. 

  

5. Conclusion 

Economic growth in rich countries is more questionable and questioned than ever before, 

not least given the apparent limitations of turning growth ‘green’ and making it consistent 

with the Paris climate goals. What are the consequences for the future of the welfare state? 

Our results, based on historical data, do not support the widespread idea of a historical 

growth dependence of welfare states, and pensions in particular (Walker, Druckman, and 

Jackson 2021; Hirvilammi et al. 2023; Koch 2022; Bailey 2015). A more nuanced picture 

emerges, in which especially contributory and minimum pension benefits, once a certain 

(relatively low) level of GDP is reached, have been decoupled from GDP growth. Our 

historical analysis doesn’t allow us to claim that benefits could not be affected in a context 

of prolonged economic contraction, especially if labor participation and productivity 

worsens. In this sense, our results indicate a strong association between labor market 

variables and pension benefits while keeping other variables within each case constant, 

including GDP per capita. Therefore, our results suggest that sustainable pension systems 

in a post-growth economy could depend more on full-employment policies rather than 

GDP per capita growth.  

This already points to the conundrum of systemic dependencies. Showing that the pension 

system can be – or in important ways already is – decoupled from GDP does not imply 

decoupling in a systemic sense. Public pension insurance schemes are embedded in labor 

markets, systems of production, consumption and private savings which most likely are 

much more tightly coupled to economic growth than welfare systems. The fact that 
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productivity and labor market participation show up as significant in our models 

illustrates this point. Public pension spending depends on productivity levels, suggesting 

that potential reductions in GDP per hour worked could negatively affect general pension 

levels, especially at the high end of the pension distribution. Maintaining productivity 

levels, alongside working-time reductions, would therefore be beneficial not only for 

sustaining labor incomes but also for maintaining average public pension levels. In cases 

of income loss among pensioners, governments could pursue redistributive measures to 

compensate for welfare losses and provide substitute public services for the reduced 

access to market-based services, including universal public provision in long-term care 

and health. Post-growth pension pathways cannot ignore these complementarities 

(Driouich and Kallis, 2025; Keyßer et al., 2025). 

Another important caveat to our analysis is that pension decoupling does not necessarily 

imply that post-growth pension systems will always be adequate or sufficient to meet 

society’s – and particularly pensioners’ – needs. Decoupling of pension replacement rates 

could be driven either by a lack of relationship between GDP per capita and pension 

benefit rights and/or by the effect of relatively rising average wages compared to pension 

benefits. Distinguishing both effects is crucial, as the former case would mean stagnant 

incomes for pensioners, whereas the latter could mean an improvement for pensioners in 

a context of rising intergenerational inequality.  

In this sense, our results also connect with the social limits to growth literature. Ecological 

and development economics have pointed to the ecological and social problems of 

pursuing endless economic growth to meet social needs, especially once a certain level 

of economic development has been reached (Victor, 2008; Daly, 2014). Research shows 

that several indicators decouple or do not benefit from GDP per capita growth beyond a 
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certain income level, including in areas such as health, happiness and a wide range of 

Sustainable Development Goals (Vogel et al. 2021; Kubiszewski et al. 2013; Kallis et al. 

2025). Even more, this research points to the possibility of reducing energy and material 

consumption in high-consumption countries without reducing decent living standards 

(Steinberger, Lamb, and Sakai 2020; Millward-Hopkins et al. 2020). To what extent 

existing welfare states are able to convert the input of social spending into beneficial 

outcomes that satisfy both human and ecological needs, and how these outcomes may in 

turn relate to economic growth is beyond the scope of this paper. Adding information on 

welfare state programs to such an analysis could help distinguish between channels of 

needs satisfaction that rely heavily on welfare provision and those that can also operate 

without it or through welfare ‘by other means’ (Seelkopf and Starke 2019). 

What is more, the political economy of the welfare state should be understood within the 

broader political economy of decarbonization and climate change. An important path 

forward in the discussion on the ecological footprint of the welfare state is to directly 

estimate the relationship between social spending and its distribution on the one hand, 

and CO₂ emissions, energy use or ecological footprints on the other. Here, the efficiency 

and decarbonization levels of different economies should be a relevant mediating f
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Figure A1. Evolution of pension spending per capita (+65 years old) and GDP per capita, 
in natural logarithms 

 
 
Figure A2. Evolution of contributory and minimum pension replacement rates, and GDP 
per capita (in natural logarithms) 
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Table A1. Regression results of the short and medium-run models with public pension spending per capita +65 as dependent variable 
 

Note: Robust standard errors in Brackets (*** p<0.01, ** p<0.05, * p<0.1). HDFE: Linear Models with Many Levels of Fixed Effects.  FD: First-Difference. L_N: N-year lagged variable. MA5: Five-year moving average 
 

 HDFE HDFE - LDV  HDFE - FD HDFE – FD and 
LDV 

HDFE - 
Cumulative  HDFE – 

MA5 
Log. GDP per capita -1.909* -0.132 Log. GDP per capita (FD) -0.300 -0.200 0.007 Log. GDP per capita (MA5 FD) -0.373 

 [0.958] [0.238]  [0.631] [0.588] [0.616]  [1.489] 
Log. GDP per capita (squared) -0.009 -0.007* Log. GDP per capita (squared) (FD) 0.001 -0.004 -0.009 Log. GDP per capita (MA5 FD) -0.056 

 [0.047] [0.004]  [0.024] [0.023] [0.024]  [0.048] 
Log. Debt level 0.096 -0.020*** Log. Debt level (L1 FD) -0.003 -0.001 0.014 Log. Debt level (MA5 FD) 0.002 

 [0.064] [0.006]  [0.019] [0.019] [0.025]  [0.058] 
Ageing Ratio -0.011 -0.002 Ageing Ratio (L1 FD) -0.000 0.000 -0.000 Ageing Ratio (MA5 FD) -0.016* 

 [0.010] [0.001]  [0.001] [0.001] [0.001]  [0.009] 
Log. Productivity 3.050** 0.352 Log. Productivity (L1 FD) 0.255 0.254 0.183 Log. Productivity (MA5 FD) 1.868*** 

 [1.260] [0.238]  [0.238] [0.225] [0.240]  [0.588] 
Labor Participation -0.007 0.002 Labor Participation (L1 FD) 0.004 0.004 0.003 Labor Participation (MA5 FD) 0.016 

 [0.009] [0.001]  [0.003] [0.003] [0.003]  [0.011] 
Log. Labor utilization 2.301 0.250 Log. Labor utilization (L1 FD) 0.064 0.089 -0.062 Log. Labor utilization (MA5 FD) 1.499** 

 [1.440] [0.233]  [0.242] [0.243] 0.007  [0.541] 
Log. Pension Spending (L1)  0.930***       

  [0.019]       
Log. Pension Spending (L1 FD)     0.053 [0.279]  0.029 

     [0.075] 0.040  [0.066] 
Log. Pension Spending (L2 FD)     0.044 [0.078]  0.034 

     [0.057] 0.034  [0.052] 
Constant 5.781 0.083  0.013*** 0.011*** 0.007  0.010** 

 [7.109] [0.809]  [0.002] [0.003] [0.004]  [0.004] 
Inclusion of GDP per capita and GDP per 

capita squared lagged dependent 
variables from L1 to L4 

     x   

Observations 797 782  767 741 741  720 
Country clusters 20 20  20 20 20  17 

Year clusters 43 42  42 40 40   

R-squared 0.993 0.999  0.124 0.124 0.143  0.152 

Wooldrige test for serial correlation (p-
value) 0.000 0.000  0.725 0.000 0.000  0.000 

Joint significance GDP per capita 
variables (p-value) 0.162 0.131  0.398 0.339 0.000***  0.0319** 

Joint significance of lagged GDP per 
capita values      0.280   
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Table A2. Regression results of the short and medium-run models with minimum replacement rates (MPR) as dependent variable 
 

 FE FE - LDV  FE - FD FE – FD and 
LDV FE - Cumulative  FE – MA5 

Log. GDP per capita -22.289 6.692 Log. GDP per capita (FD) 0.611** 0.605** 0.615** Log. GDP per capita (MA5 FD) 0.380 
 [45.647] [12.118]  [0.231] [0.269] [0.284]  [0.663] 

Log. GDP per capita (squared) -0.792 -0.077 Log. GDP per capita (squared) (FD) -0.026** -0.025** -0.027* Log. GDP per capita (MA5 FD) -0.010 
 [1.172] [0.258]  [0.009] [0.011] [0.013]  [0.022] 

Log. Debt level 5.894** 0.909* Log. Debt level (L1 FD) 0.008 0.016 0.020 Log. Debt level (MA5 FD) 0.045* 
 [2.270] [0.478]  [0.012] [0.011] [0.015]  [0.023] 

Ageing Ratio 0.340 0.046 Ageing Ratio (L1 FD) 0.000 -0.000 0.000 Ageing Ratio (MA5 FD) -0.002 
 [0.319] [0.083]  [0.000] [0.000] [0.000]  [0.002] 

Log. Productivity 44.142 -1.467 Log. Productivity (L1 FD) -0.089 -0.102 -0.094 Log. Productivity (MA5 FD) -0.222 
 [45.346] [10.772]  [0.071] [0.068] [0.081]  [0.262] 

Labor Participation 0.151 0.050 Labor Participation (L1 FD) -0.000 0.000 -0.000 Labor Participation (MA5 FD) 0.004 
 [0.411] [0.064]  [0.001] [0.001] [0.002]  [0.004] 

Log. Labor utilization 81.211 1.784 Log. Labor utilization (L1 FD) 0.037 0.041 0.098 Log. Labor utilization (MA5 FD) 0.034 
 [51.634] [10.400]  [0.087] [0.096] [0.077]  [0.149] 

Log. MPR (L1)  0.870***       
  [0.050]       

Log. MPR (L1 FD)     -0.161* -0.158  -0.164* 
     [0.084] [0.092]  [0.082] 

Log. MPR (L2 FD)     0.016 0.023  0.014 
     [0.045] [0.059]  [0.057] 

Constant -368.256* -74.197  0.004*** 0.003*** 0.004  0.003 
 [197.569] [49.954]  [0.001] [0.001] [0.003]  [0.002] 

Inclusion of GDP per capita and GDP 
per capita squared lagged dependent 

variables from L1 to L4 
     x   

Observations 692 676  651 624 616  584 
Country clusters 20 20  20 20 20  20 

Year clusters 41 40  40 38 37  37 

R-squared 0.843 0.960  0.148 0.161 0.177  0.161 

Wooldrige test for serial correlation (p-
value) 0.000 0.000  0.876 0.000 0.000  0.000 

Joint significance GDP per capita 
variables (p-value) 0.569 0.859  0.023** 0.043** 0.000***  0.756 

Joint significance of lagged GDP per 
capita values      0.879   

Note: Robust standard errors in Brackets (*** p<0.01, ** p<0.05, * p<0.1). HDFE: Linear Models with Many Levels of Fixed Effects.  FD: First-Difference. L_N: N-year lagged variable. MA5: Five-year moving average 
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Table A3. Regression results of the short and medium-run models with contributory replacement rates (CPR) as dependent variable 
 

 FE FE - LDV  FE - FD FE – FD and 
LDV FE - Cumulative  FE – MA5 

Log. GDP per capita 117.129 21.642 Log. GDP per capita (FD) 0.294 -0.003 0.378* Log. GDP per capita (MA5 FD) 0.634 
 [101.032] [20.002]  [0.236] [0.320] [0.207]  [0.757] 

Log. GDP per capita (squared) -0.981 0.053 Log. GDP per capita (squared) (FD) -0.012 0.002 -0.018* Log. GDP per capita (MA5 FD) -0.030 
 [1.428] [0.099]  [0.009] [0.016] [0.009]  [0.026] 

Log. Debt level 5.949** 0.046 Log. Debt level (L1 FD) 0.004 0.005 0.010 Log. Debt level (MA5 FD) 0.028 
 [2.655] [0.557]  [0.013] [0.014] [0.019]  [0.020] 

Ageing Ratio 0.090 -0.113* Ageing Ratio (L1 FD) -0.000 -0.000 -0.000 Ageing Ratio (MA5 FD) -0.005* 
 [0.375] [0.059]  [0.000] [0.000] [0.000]  [0.002] 

Log. Productivity -86.040 -22.849 Log. Productivity (L1 FD) -0.081 -0.098 -0.012 Log. Productivity (MA5 FD) -0.067 
 [85.491] [18.373]  [0.079] [0.101] [0.043]  [0.166] 

Labor Participation 0.231 0.143 Labor Participation (L1 FD) -0.000 -0.001 -0.001 Labor Participation (MA5 FD) 0.005* 
 [0.482] [0.105]  [0.002] [0.001] [0.001]  [0.003] 

Log. Labor utilization -92.250 -27.734 Log. Labor utilization (L1 FD) -0.073 -0.102 0.046 Log. Labor utilization (MA5 FD) -0.193 
 [83.259] [19.334]  [0.154] [0.137] [0.096]  [0.260] 

Log.CPR (L1)  0.855***       
  [0.043]       

Log.CPR (L1 FD)     -0.065 -0.052  -0.076 
     [0.074] [0.077]  [0.070] 

Log.CPR (L2 FD)     0.044 0.046  0.048 
     [0.039] [0.053]  [0.055] 

Constant -220.837 24.955  0.006** 0.005** 0.007***  0.005 
 [239.359] [31.712]  [0.002] [0.002] [0.002]  [0.003] 

Inclusion of GDP per capita and GDP 
per capita squared lagged dependent 

variables from L1 to L4 
     x   

Observations 548 535  513 494 489  462 
Country clusters 16 16  17 17 17  17 

Year clusters 41 40  40 38 37   

R-squared 0.920  0.985  0.225 0.196 0.215  0.161 

Wooldrige test for serial correlation (p-
value) 0.000 0.000  0.857 0.000 0.000  0.000 

Joint significance GDP per capita 
variables (p-value) 0.527 0.142  0.105 0.908 0.000  0.101 

Joint significance of lagged GDP per 
capita values      0.791   

Note: Robust standard errors in Brackets (*** p<0.01, ** p<0.05, * p<0.1). HDFE: Linear Models with Many Levels of Fixed Effects.  FD: First-Difference. L_N: N-year lagged variable. MA5: Five-year moving average 
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Table A4. Augmented Dickey-Fuller and Im-Pesaran-Shin unit-root tests for each variable and panel (including a trend and one lag) – p-value for Z(t) 
 

Panel 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 Im-Pesaran-Shin  
 

Ln.GDP capita 0.787 0.876 0.768 0.337 0.879 0.647 0.630 0.666 0.622 0.685 0.941 0.677 0.4 0.868 0.392 0.004 0.868 0.553 0.735 0.730 0.2132 
 

Ln.GDP capita 
(FD) 0.0001 0.0000 0.0001 0.0001 0.0002 0.0004 0.0000 0.0000 0.0347 0.0000 0.0001 0.0008 0.0010 0.0021 0.0002 0.0000 0.0001 0.0001 0.0043 0.0001 0.0000 

 
Ln. Pension 
Spending 0.9579 0.3964 0.3276 0.9739 0.9703 0.0599 0.9416 0.1418 0.6644 0.2085 0.7653 0.3816 0.9622 0.3872 0.9817 0.5450 0.9326 0.9958 0.7681 1.0000 0.8014 

 
Ln. Pension 
Spending (FD) 

0.0135
. 0.1601. 0.0000. 0.0006. 0.0165. 0.0078. 0.0939. 0.0000. 0.2699. 0.0012. 0.0089. 0.0015. 0.0000. 0.0024. 0.0000. 0.0712. 0.0007. 0.0862. 0.0847. 0.0003 0.0000 

 
MPR 0.1100 0.982 0.235 0.984 0.9903 0.0675 0.3416 0.0658 0.7352. 0.6842. 0.1673. 0.7527 0.0099. 0.6727 0.8422. 0.9102. 0.5934. 0.7749. 0.6635. 0.5648 0.644 

 
MPR (FD) 0.0053

. 0.0473. 0.0099. 0.1515. 0.0366. 0.0775. 0.0004. 0.0006. 0.0133. 0.0065 0.0044. 0.0359. 0.0000. 0.0012. 0.0073. 0.0532. 0.0209 0.0028. 0.0079. 0.0000 0.0000 
 

CPR  0.4984. 0.9730. 0.9782  0.5883. 0.4102. 0.9800. 0.7459. 0.2105. 0.0120.   0.6809. 0.6335. 0.5740. 0.4746. 0.0680. 0.3175. 0.1734 0.9998 
 

CPR (FD)  0.0000. 0.0055. 0.1790.  0.0364. 0.0000. 0.0010. 0.1410. 0.0006. 0.0054.   0.0003. 0.0035. 0.0162. 0.0002. 0.0373. 0.0000. 0.9816. 0.0000 
 

Dependency65 1.0000
. 0.4419. 0.1325. 0.9932. 0.0079. 0.1880. 0.6813. 0.0681. 0.9823. 0.2131. 0.5563. 0.2641. 0.9958. 0.8575. 0.0101. 0.7341. 0.9322. 0.9962. 0.4822. 0.9940. 0.9953 

 
Dependency65 
(FD) 

0.5093
. 0.0151. 0.0249. 0.5894. 0.6695. 0.4121. 0.0000. 0.0693. 0.5975. 0.0004. 0.2691. 0.3205. 0.2102. 0.0000. 0.4924. 0.5179. 0.1579. 0.8182. 0.4568. 0.1330. 0.0110 

 
Ln. Debt 0.5273

. 0.4117. 0.7777. 0.6377. 0.4534. 0.0542. 0.5085. 0.7551. 0.2635. 0.8124. 0.7307. 0.8141. 0.8850. 0.0552. 0.6392. 0.7536. 0.5257. 0.3534. 0.5475. 0.4235. 0.6372 
 

Ln. Debt (FD) 0.0706
. 0.0001. 0.1801. 0.0040. 0.0127. 0.0002. 0.0001. 0.0002. 0.1473. 0.0003. 0.0121. 0.0500. 0.0772. 0.0028. 0.0145. 0.0736. 0.0091. 0.0088. 0.0018. 0.0002. 0.0000 

 
Ln. 
Productivity 

0.8119
. 0.8338. 0.6951. 0.1045 0.8657. 0.9944. 0.9820. 0.7240. 0.1747. 0.3472. 0.9759. 0.0090. 0.2491. 0.9712. 0.7468. 0.0372. 0.9937. 0.7119. 0.4800. 0.3562. 0.9708 

 
Ln. 
Productivity 
(FD) 

0.0000
. 0.0017. 0.0001. 0.0000. 0.0002. 0.0000. 0.0000. 0.0003. 0.0000. 0.0000. 0.0004. 0.0175. 0.0001. 0.0012. 0.0019. 0.0000. 0.0000. 0.0018. 0.0311. 0.0000. 0.0000 

 
Labor Part. 0.2224

. 0.0693. 0.4277. 0.0648. 0.0648. 0.4901. 0.9521. 0.3408. 0.4759. 0.2188. 0.8986. 0.1771. 0.0009. 0.2975. 0.1929. 0.0391. 0.3608. 0.4255. 0.6061. 0.6597. 0.0304 
 

Labor Part. 
(FD) 

0.0006
. 0.0006. 0.0042. 0.0825. 0.1252. 0.0000. 0.0001. 0.0002. 0.0529. 0.0010. 0.0021. 0.0002. 0.0006. 0.0091. 0.0098. 0.0019. 0.0368. 0.0575. 0.0183. 0.0137. 0.0000 

 
Ln. Labour 
Utilisation 

0.0338
. 0.0107. 0.5605. 0.0837. 0.2033. 0.3028. 0.8583. 0.1617. 0.4278. 0.3062. 0.3575. 0.0982. 0.7408. 0.0075. 0.0316. 0.0197. 0.1347. 0.3868. 0.4909. 0.5174. 0.0004 

 
Ln. Labour 
Utilisation 
(FD) 

0.0000
. 0.0000. 0.0000. 0.0000. 0.0195. 0.0100. 0.0000. 0.0000. 0.0189. 0.0000. 0.0006. 0.0071. 0.0146. 0.0008. 0.0000. 0.0032. 0.0001. 0.0000. 0.0720. 0.0011. 0.0000 
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Table A5. Cointegration test results for the models in Table 1 
 

 Modified Phillips-Perron t Phillips-Perron t Augmented Dickey-Fuller t 
Pension spending 

Model 1 in Table 1 0.2330 0.4462 0.1515 

Pension spending 
Model 1 in Table 1 (with trend) 0.0428 0.2357 0.0198 

Pension spending 
Model 2 in Table 1 0.0067 0.0477 0.0876 

Pension spending 
Model 2 in Table 1 (with trend) 0.0014 0.0071 0.0139 

Pension spending 
Model 3 in Table 1 0.0067 0.0477 0.0876 

Pension spending 
Model 3 in Table 1 0.0014 0.0071 0.0139 

MPR 
Model 4 in Table 1 0.0642 0.0041 0.4500 

MPR 
Model 4 in Table 1 (with trend) 0.3013 0.0034 0.4984 

MPR 
Model 5 in Table 0.0659 0.0000 0.0009 

MPR 
Model 5 in Table (with trend) 0.0159 0.0000 0.0000 

MPR 
Model 6 in Table 0.0659 0.0000 0.0009 

MPR 
Model 6 in Table (with trend) 0.0159 0.0000 0.0000 

CPR 
Model 7 in Table 0.0334 0.0082 0.4877 

CPR 
Model 7 in Table (with trend) 0.1107 0.0020 0.2253 

CPR 
Model 8 in Table 0.3472 0.0030 0.0250 

CPR 
Model 8 in Table (with trend) 0.2890 0.0000 0.0004 

CPR 
Model 9 in Table 0.3190 0.0036 0.0392 

CPR 
Model 9 in Table (with trend) 0.2072 0.0004 0.0067 
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