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Abstract
Many countries have implemented a variety of pension reforms in response to the challenges posed by an
aging population.These reforms typically involve a trade-off between ‘refinancing’ (i.e., increasing contribu-
tions) and ‘retrenchment’ (i.e., reducing benefits). The primary question addressed in this study is whether
policymakers in the European Union (EU) possess the necessary capacity to sustain legislated pension
reforms, particularly given the growing political influence of the elderly. To examine this issue, we develop
a bargainingmodel designed to optimally allocate the economic burden of aging between successive cohorts
of workers and retirees, incorporating retirement incentives. In a scenario where bargaining power remains
constant, the optimal allocation rule dictates a fixed-contribution system, effectively shifting the full burden
of aging onto the elderly. However, when bargaining power is allowed to fluctuate in response to changes in
the relative size of the retiree population (i.e., the dependency rate), the optimal allocation rule involves a
compromise between increasing contributions and reducing benefits. In the empirical analysis, we compare
these theoretical optimal allocation rules with projections of pension benefit rates and dependency ratios
from the 2021 Economic Policy Committee. By calculating the implicit bargaining power required to align
projected pension benefits with the optimal sharing rule for each year, we demonstrate a growing diver-
gence between projected pension benefits and the optimal levels in many EU countries, as demographic
shifts progress. Furthermore, our findings indicate that for most countries, projected pension benefits are
increasingly falling below optimal levels when bargaining power adjusts in accordance with population
aging.
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1. Introduction
The financial sustainability of pension reform refers to the ability of the public pension system to
balance the contributions and the pension costs in the long run as the population is aging with the
number of retirees growing relative to the number of workers.1 For example, if the dependency rate is
projected to double in the next decades, the share of transfers from the working age population to the

1Heer et al. (2020) evaluates the impact of taxes in the United States and 14 European countries using an overlapping
generationsmodel and defines a threshold dependency rate to sustain the pension budget, highlighting the necessity of pension
reforms as a result of population aging.
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elderly must double over the next decades for future pensioners to maintain their relative living stan-
dard.The 2024 PensionAdequacy report predicts that, based on the pension policies recently enacted
in EU27 countries, the replacement rates (pension benefit relative to wage) are set to fall over the next
four decades in most countries (see Figure 3 for average-earner retiring at the standard pensionable
age). The focus on budget balance, as usually done, is important, but it should be complemented by a
specific attention on the political sustainability, which is the capacity of future governments to imple-
ment budget-balanced pension policies that are also politically difficult as the bargaining power of
retirees increases relative to the workers.

In this paper, following Barr and Diamond (2009), we consider that pensions are not inherently
sustainable or unsustainable, but they are rather dependent on political support for a successful
adjustment of pension parameters over time. In that sense, we shift attention to the political sus-
tainability of pensions subject to the budget balance constraint. We define the political sustainability
of pension reforms as the continued ability of policymakers and stakeholders to negotiate a coher-
ent set of pension scheme parameters capable of securing pension finance (Sorsa and van der Zwan,
2022). The key question we address is two-fold.

The first question is analytical.We study the optimal balance between benefit cut and contribution
increase using a static bargaining game between workers and retirees subject to the budget balance
constraint and retirement incentives. If bargaining power is fixed, the optimal sharing rule involves
fixed-contribution, so that the full burden of aging is shifted to the elderly. However, when bargaining
power varies with the share of retirees, the optimal sharing rule is a balance between contribution
increase and benefit cut. An important aspect of our bargaining model is the retirement incentive.
When bargaining over pension benefits and contributions, successive cohorts anticipate that a higher
pension benefit will reduce labor force participation, which will feed back on the contribution rate
via the budget balance requirement.2 As a result, retirement elasticity is a crucial part of pension
design (James (1998); Börsch-Supan (2000); Giesecke and Jäger (2021)). In our bargaining model,
the optimal pension benefit decreases with the retirement elasticity. There are two effects: (i) a direct
cost effect of the pension benefit via the budget constraint, and (ii) an indirect effect of the pension
benefit on early retirement and the resulting loss of income. As discussed in Appendix A, retirement
incentives can also be seen as a potential migration risk, with workers moving in response to the
pressures of an aging population and the corresponding contribution rates.

The second question is empirical. We calibrate the bargaining model to the 2021 Economic Policy
Committee (EPC) projections of pension benefits and dependency rates for the period 2020-2050.
From these projections, we deduce the implied bargaining power of workers and retirees that would
make this pension benefit optimal, and we compare these bargaining weights to their respective
demographic shares. The difference represents the democratic gap which we view as a political stress
test for pension reforms. It helps assess whether policymakers will have the future capacity to main-
tain the legislated pension reforms, given the increasing influence of the elderly in the bargaining
process. The strategy is similar to the inverse optimal tax approach, in which implicit social weights
are the social welfare weights that rationalize the observed tax schedule as maximizing the social wel-
fare function, given labor supply elasticities (Bourguignon and Spadaro, 2012). Our main finding is
that, in many countries, the democratic gap is increasing over the period 2020-2050, and the gap is
statistically significant. We complement the analysis from a different perspective with the benefit gap.
The benefit gap is the difference between projected pension benefits and the optimal pension benefit,
considering the evolution of bargaining power in relation to demographic shares. Our results show

2The argument is that higher pension benefits reduce incentives to work longer (Giesecke and Jäger, 2021). Gruber et al.
(1999) suggest that generous early retirement provisions are largely responsible for the drop in participation rates in the last
decades.Gruber et al. (1999) andBlondal and Scarpetta (1998) argue that individuals are often induced to retire early because of
the large implicit tax imposed on continuing to work after early retirement age, which has a direct impact on the dependency
rate. Conde-Ruiz and Galasso (2003) state that generous early retirement provisions account for a large proportion of the
decline in the participation in the labor force of elderly workers.
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considerable variation in the benefit gap across countries, with the gap generally widening over time
as the projected pension benefits fall below the optimal benefit in most countries.

We use a static bargaining model with no connection between workers’ contributions and their
future pension benefits. In each period, workers aim to minimize their contributions, while retirees
seek to maximize their pension benefits. This bargaining model highlights a key issue with pen-
sion systems: the lack of commitment. In theory, benefits are tied to past contributions, but in
practice, workers know their current contributions while remaining uncertain about their future
pension benefits. As suggested in Barr and Diamond (2009), the conflict of interest across cohorts
is compounded by a time-consistency issue with pension reforms. A policy that has been supported
today by the current demographic structure might not receive enough support in the future as
the demographic structure changes. Galasso and Profeta (2004) and Galasso (2008) have argued
that demographic dynamics may have opposite economic and political effects.3 On the other hand,
Automatic AdjustmentMechanisms (AAMs) andAutomatic BalanceMechanisms (ABM) are used in
two-thirds ofOECD countries. According to Börsch-Supan (2007), the intention is to secure financial
sustainability gradually and isolate pension from ‘disruptive’ political intervention. Unfortunately,
these automatic mechanisms do not provide guarantees against political intervention or reversal.
Some automatic adjustment/erosion mechanisms are now under electoral pressure in Sweden and
Germany. For instance, in Germany, the sustainability factor, which accounts for changes in the num-
ber of contributors relative to the number of pensioners, has been used to index the pension point
value since 2005. Following OECD (2021), the sustainability factor is now projected to be negative,
decreasing the adjustment of the pension point value by 0.5% per year until 2032.

There is a literature analyzing the importance of aging on election outcomes.4 Lindert (1994);
(1996), andPersson andTabellini (2003) find a significant positive relationship betweenpension share
and the share of the elderly by analyzing groups of countries. Lindert (1994) estimates an elasticity
of the pension share in GDP with respect to the share of the elderly larger than unity.5 We contribute
to existing research on political support for pension reforms focused on financial sustainability. This
paper presents a stylized bargaining model between workers and retirees, considering that current
cohorts negotiate pension contribution and benefit rates based on the dependency ratio, while being
subject to the budget constraint.

Pension reforms involve a conflict of interest across cohorts. It is difficult for policymakers to
design policies that can be agreed simultaneously by older and younger cohorts (Buti et al., (2010);
Leroux et al., (2011)). Kitao (2014) show that younger cohorts prefer options to reduce benefits, but
older cohorts prefer to finance the transition with payroll taxes. Baurin and Hindriks (2022) show
that younger cohorts prefer to limit pension benefits by restricting indexation, while older cohorts
favor increasing worker contributions by reducing accrual rates. While the indexation reform can
distribute the adjustment between workers and retirees (reducing the per capita cost), the majority of
the population favors the accrual reform over the indexation reform. As a result, the burden of aging
costs is shifted primarily onto the younger half of the population. (Baurin and Hindriks, 2022).

The structure of the paper is as follows. Section 2 introduces our static bargaining model between
workers and retirees, alongwith analytical results that provide a foundation for our empirical analysis.
Section 3 presents the EPC projections of the benefit rates and dependency rates, based on European
Union (EU)-wide pension reforms (where the country-specific changes in the pensionable age or
contribution period are reflected in changes to the dependency rate). Section 4 presents the polit-
ical stress tests based on the democratic gap. Section 5 introduces the benefit gap as an alternative

3Bello andGalasso (2021) finds thatmunicipalities with higher shares of individuals in their fifties were less likely to support
the reform policy of raising the retirement age in Switzerland. The political support for reforms passed in 1995 and 1998 has
failed for the 2017 reform.

4Demange (2005); Gonzalez-Eiras and Niepelt (2008), and D’Amato and Galasso (2010).
5see also Rogerson and Wallenius (2013).
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perspective on the political stress test. Section 6 offers an interpretation of the results, while Section
7 concludes with the main findings, limitations, and directions for future research.

2. The model
In this paper, we examine the political economy of pensions from a bargaining perspective. In an
economy with overlapping generations of workers and retirees, the political process surrounding
pension policy can be viewed as a bargaining process, where pension policy seeks to balance the
conflicting interests of both groups.6 In this context, we propose a model of generational bargaining
betweenworkers and retirees, based onNash (1950).7 Workers and retirees are assumed to be rational
and share the same preferences for consumption. They must agree on how to distribute the economic
surplus while adhering to the budget constraint. Our model captures the gradual shift in preferences
of each group regarding the pension benefit and contribution rate as the relative size of each group
changes.

2.1. Generational bargaining
At any time t, the economy consists of two groups: workers with a normalized population of size 1
and retirees of sizeDt (soDt stands for the dependency rate: the ratio of retirees to workers).Workers
at time t supply labor at wagewt and pay a contribution rate 𝜏t on labor income. The retiree receives a
pension benefit at rate 𝛿t of earnings wt .8 Time is discrete. We consider a representative agent in each
group.The equilibrium allocations are determined by a bargaining between the representative worker
and the representative retiree with different bargaining powers. The model is static in that there is no
connection (no commitment) between the current contributions of workers and their future pen-
sion benefits.(PAYG principles). Workers negotiate to reduce contributions, while retirees negotiate
to increase pensions (with no link between the two). We normalize the disagreement point to zero
surplus, and the existence of allocations that strictly Pareto dominate the disagreement point ensures
a motivation to bargain.9 The social security system is perceived as a social contract between gener-
ations that lasts as long as all generations participate. Sharing of the economic surplus is conditional
on a balanced social security budget in each period.

Workers and retirees utilities are, respectively,

UW = u((1 − 𝜏t)wt),

UR = u(𝛿twt)

and the pension budget constraint is

𝜏t = Dt𝛿t.

6It diverges from the traditional political competition perspective that uses the median-voter approach, which argues that
political competition drives pension parameters to align with the median preference within the population. (Hindriks and De
Donder, 2003)

7TheNash bargaining solution is themost commonly used cooperative game-theoretic approach, grounded in the principle
of maximizing the product of agents’ utilities. It lies ‘between’ the utilitarian and egalitarian social welfare functions, striking
a balance between fairness and efficiency, the key trade-off between egalitarianism and utilitarianism. (Rachmilevitch, 2019).

8We assume that the economy is closed and there is 100% depreciation of capital in each period so that workers cannot save
for future retirement. This creates a missing market that makes the PAYG agreement beneficial for each group (Hindriks and
Myles, 2013).

9In Appendix A, we introduce a non-zero disagreement point for the workers based on the potential risk migration. It is
shown to be equivalent on the equilibrium allocation to increasing their bargaining power, in proportion to their migration
elasticity.
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In a defined-benefit (DB) pension system, an increase in the dependency rate Dt — the ratio of
retirees to workers — raises the financial burden on workers, as maintaining a fixed pension ben-
efit requires higher contributions. Conversely, in a defined-contribution (DC) system, a rise in the
dependency rate reduces the pension benefits received by retirees in order to sustain a constant contri-
bution rate. Between these two extremes lies a spectrumofmixed policies, which balance adjustments
to both contribution and benefit rates to accommodate changes in the dependency rate. Musgrave
(1981) suggested to using the proportional sharing rule so as tomaintain theMusgrave ratio fixed.10 In
the following analysis, we use the Musgrave ratio,M = 𝛿t

1−𝜏t
, — defined as the ratio of the benefit rate

to the net wage — to illustrate how changes in the dependency rate are distributed between workers
and retirees. Besides those adaptation policies to aging, there are also attenuation policies. In response
to aging, many countries are changing the pensionable age or the contribution period. We interpret
this retirement policy as an attenuation policy, as it aims tomitigate the impact of aging on the depen-
dency ratio by requiring individuals towork longer. In the empirical section, country-specific changes
in the pensionable age are incorporated into the projections of the dependency rate.

We denote by 𝜃t the bargaining power of the workers seeking to maximize UW ; and 1 − 𝜃t is the
bargaining power of the retirees seeking to maximize UR. The two competing groups negotiate an
agreement on the allocation of the economic surplus wt .11 We assume that the outcome of this nego-
tiation is the Nash bargaining solution, where the solution depends on 𝜃t ,UW , andUR. We consider a
stylized static model where both agents have the same utility function defined over income. Adopting
different utility functions between retirees and workers would involve making an interpersonal util-
ity comparison. We treat individuals as if they were all identical, sharing the same preferences as a
representative member of society. This is a standard assumption in most analyses of optimal taxation
and pensions within the overlapping generations model. We assume the representative agent in each
group displays CRRA preferences.

u(x) =
⎧{
⎨{⎩

x1−𝛼

1 − 𝛼 for 𝛼 > 0

ln(x) for 𝛼 = 1
. (1)

The coefficient of relative risk aversion 𝛼 = −x u″(x)
u′(x)

is constant, which is consistent with the
empirical measure of risk aversion.12

Another important aspect of the bargaining process is the retirement incentive. Generous pension
benefits reduce incentives towork longer (Giesecke and Jäger, 2021).This is the ‘pensionwealth effect’.
When an individual decides to work onemore year, s/he gives up one year of pension benefits and has
to pay social security contributions for another year. If the pension benefits and contributory taxes are
high, the pension system encourages early retirement.13 To address these concerns, we consider that
the dependency rate depends on the pension benefit rate Dt(𝛿t). We assume that pension generosity
increases retirement incentives, D′

t (𝛿t) > 0.14 We are now ready to solve the bargaining model over
pension. We will distinguish between fixed and variable bargaining powers. Under fixed bargaining

10See Devolder and de Valeriola (2019); Schokkaert et al. (2020), and Devolder and de Valeriola (2020).
11Recall that the working population is normalized to 1.
12Under CRRA preferences, individuals take risky bet in proportion to their income. CRRA preferences are represented

by a family of utility functions that are unique up to monotone affine transforms. Any CRRA utility function has decreasing
absolute risk aversion.

13The ‘accrual effect’ of pension incentive is related to tightening the link between contribution and pension benefit,
which increases incentives to work longer (Andersen et al., (2019); French et al., (2022)). We do not consider the accrual
pension reform here because our continuous time-separable bargaining model excludes pre-commitment to linking cur-
rent contributions with future pension benefits. In this model, it is as if the benefit and contribution rates are continuously
renegotiated.

14The dependency rate depends indirectly on the contributions, through the budget constraint linking contributions to
benefits.
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weights, an increase in the dependency rate shifts the allocation of resources between workers and
retirees through the budget constraint and retirement incentives. With variable bargaining weights,
an additional effect emerges, as the retirement incentives link benefits to bargaining weights, through
the impact of benefit levels on the dependency rate.

2.2. Fixed bargaining power
Let us define the consumption of workers as ct = (1 − 𝜏t)wt and the benefit of retirees as bt = 𝛿twt .
Under fixed bargaining power, 𝜃t = 𝜃 for some 𝜃 ∈ (0, 1), the generational bargaining problem can
be represented as;

max
𝛿t∈(0,1)

u(ct)𝜃u(bt)1−𝜃

subject to the budget constraint 𝜏t = Dt(𝛿t)𝛿t . The first-order condition yields:

𝜃
u′(ct)
u(ct)

(D′
t𝛿t + D(𝛿t)) = (1 − 𝜃)

u′(bt)
u(bt)

Defining the retirement elasticity 𝜖t := D′
t (𝛿t)

𝛿t

Dt
, and substituting it in the above equation, we

obtain:
u′(ct)/u(ct)
u′(bt)/u(bt)

= 1 − 𝜃
𝜃Dt

( 1
1 + 𝜖t

).

The optimal bargaining allocation of the economic burden of aging between successive cohorts
of workers and retirees ensures that the ratio of their relative utility changes is proportional to the
ratio of their bargaining power to their population share, and inversely proportional to the elasticity
of retirement. A striking feature of CRRA preference is that the ratio of their relative utility changes
is the inverse of the ratio of their consumption levels.15 Therefore, using CRRA preferences (1) and
defining the Musgrave ratio as Mt := bt/ct yield:

Mt = 1 − 𝜃
𝜃Dt

( 1
1 + 𝜖t

) (2)

The optimal Musgrave ratio is proportional to the bargaining power of the retirees relative to their
population share, and inversely proportional to the elasticity of retirement. It is noteworthy that with
CRRA preferences, the bargaining outcome is independent of the coefficient of relative risk aversion
𝛼. Using the budget constraint, the optimal benefit and contribution rates are:

𝛿t = 1 − 𝜃
Dt

( 1
1 + 𝜃𝜖t

)

𝜏t = 1 − 𝜃
1 + 𝜃𝜖t

The optimal contribution rate 0 < 𝜏t = 1−𝜃
1+𝜃𝜖t

< 1 decreases with the bargaining power
of the workers (𝜃), and with the retirement elasticity (𝜖t). The optimal contribution rate is inde-
pendent of the dependency rate. It implies that with fixed bargaining power, all the burden of an
increase in the dependency rate is shifted to retirees through a benefit cut. The optimal benefit is also
inversely proportional to the retirement elasticity, in line with the inverse elasticity (Ramsey) rule,
which advocates for allocating resources in inverse proportion to responsiveness in order to mini-
mize behavioral distortions. Therefore, the optimal solution with fixed bargaining power resembles

15Recall that CRRA preference with CRRA coefficient 𝛼 as in (1) involves u′(x)
u(x)

= 1−𝛼
x

.
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a defined-contribution system. We summarize our analytical results with fixed bargaining power in
the following proposition.

Proposition 2.1. Under CRRA preferences, with fixed bargaining power and constant retirement elas-
ticity, optimal pension bargaining entails a fixed contribution rate, and a benefit rate that varies inversely
with the dependency rate. An increase in the dependency rate (aging) leads to a reduction in the optimal
Musgrave ratio (pension benefit relative to net wage). An increase in retirement elasticity results in lower
benefit and contribution rates, as well as a decrease in the Musgrave ratio.

We do not assert that the fixed contribution rule applies universally, as it is specific to the family
of CRRA preferences and fixed bargaining power. However, we use it as a relevant policy benchmark
where the pension-to-GDP ratio remains constant. In this framework, if the dependency rate rises,
the proportion of transfers fromworkers to the elderly stays the same,meaning that the relative living
standard of the elderly decreases in proportion to the increase in dependency. What we demonstrate
below is that CRRA preferences may necessitate an increase in the share of transfers from workers to
the elderly in order to maintain their relative living standard, but only if bargaining power changes
with the dependency rate.

2.3. Variable bargaining power
With variable bargaining, the bargaining weights are related to the dependency rate. The increase in
the dependency rate translates into an increase in the bargaining weight of the retirees. The optimal
bargaining now has an additional effect, as increased pension generosity raises the dependency rate
(through retirement incentives), which, in turn, enhances the bargaining weight of retirees. Consider
that bargaining weight is related to population shares, 𝜃t(Dt), with 𝜃′

t (Dt) < 0, and that depen-
dency rate is related to benefit rate D′

t (𝛿t) < 0 through the retirement elasticity (𝜖t), then the Nash
bargaining problem can be represented as follows:

max
𝛿t∈(0,1)

u(ct)𝜃t(Dt)u(bt)1−𝜃t(Dt)

subject to the budget constraint 𝜏t = Dt(𝛿t)𝛿t . Using the log transformation, the first-order condition
yields:

𝜃′
tD′

t log( u(ct)
u(bt)

) − 𝜃t(Dt)
u′(ct)
u(ct)

(Dt + 𝛿tD′
t )wt + (1 − 𝜃t(Dt))

u′(bt)
u(bt)

wt = 0.

Using (1) gives:

𝜃′
tD′

t log( ct
bt

) − 𝜃t(Dt)(
Dt + 𝛿tD′

t
1 − Dt𝛿t

) +
1 − 𝜃t(Dt)

𝛿t
= 0

Using theMusgrave ratioMt = bt
ct

= 𝛿t

1−Dt𝛿t
and the retirement elasticity 𝜖t , after some rearrangement,

we obtain:

Mt = 1 − 𝜃
𝜃Dt

( 1
1 + 𝜖t

) − 𝜃′
t 𝜖t log(Mt) (3)

The optimal Musgrave ratioMt consists of two terms. The first term is the optimal Musgrave ratio
with fixed bargaining power as in (2). It is the product of the bargaining power of the retirees relative
to their population share, and the inverse retirement elasticity. The second term is the correction
for variable bargaining weight. When the bargaining weight 𝜃t(Dt) is linked to the dependency rate
Dt with 𝜃′

t < 0, the sign of the correction term depends on the sign of log(Mt). This term reflects
the marginal incidence of the benefit rate on the bargaining weight. Given the retirement elasticity
𝜖t > 0, higher benefit increases the dependency rate, shifting the bargaining weight by an amount
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𝜃′
t 𝜖t to the retirees. When Mt < 1 we have ct > bt and total utility u(ct)𝜃tu(bt)1−𝜃t is reduced by

inducing workers to retire earlier with lower income. When Mt = 1, income is equalized between
workers and retirees, this effect disappears and the correction term vanishes (log(M) = 0). Similarly,
when retirement elasticity tends to zero, this early retirement cost also tends to zero.

When the bargaining power is set equal to population share 𝜃t = 𝜃demt := 1

1+Dt
for all t, the

first-order condition (3) can be written as:

Mt = 1
1 + 𝜖t

+ 𝜖t
1 + 𝜖t

log(Mt)
1 + Dt

. (4)

The first-order condition implicitly defines M as a function of 𝜖 and D, where we drop the time
index for notation convenience. Let f (M, 𝜖,D) = (1 + 𝜖)M − 𝜖logM

1+D
− 1 = 0. Differentiating with

respect toM gives fM = 1+𝜖− 𝜖
(1+D)M

≥ 0 forM ≥ M0 := 𝜖
(1+𝜖)(1+D)

. The equation f (M, 𝜖,D) = 0
has in general two distinct real roots forM aroundM0. We considerM > M0. Total differentiation of

f (M, 𝜖,D) = 0 gives dM

d𝜖
= −

M− logM

1+D

1+𝜖− 𝜖
(1+D)M

< 0 for all M0 ≤ M ≤ 1 and dM

dD
= −

𝜖logM
(1+D)2

1+𝜖− 𝜖
(1+D)M

> 0 for all

M0 ≤ M ≤ 1. We illustrate in Figure 1 the optimal M as a function of the parameters 𝜖 and D. The
optimal Musgrave ratio is always less than one, and decreasing in 𝜃. The reason is that the retirement
incentive increases the marginal cost of the pension benefit. The Musgrave ratio is increasing in D
because when the dependency rate increases, the bargaining power of the retirees also increases. We
also indicate in Figure 1 the optimal M with fixed bargaining power as in (2) evaluated at the point
where the bargaining power is set equal to the population shares (𝜃t = 1

1+Dt
) for some t. We can

confirm that with variable bargaining power, the optimal Musgrave ratio is lower compared to the
case with fixed bargaining power, and that the gap widens with the retirement elasticity, as indicated
by the correction term in (4).

For 𝜖t = 0 and any bargaining power 𝜃 (possibly different from the population share), the optimal
Musgrave ratio in (3) is:

Mt = 1 − 𝜃
𝜃Dt

. (5)

In other words, the Musgrave ratio is given by the bargaining power of the retirees relative to
their population share. In particular, when their bargaining power equals their population share, the
Musgrave ratio is 1, and the ‘democratic’ bargaining model results in equal consumption between
workers and retirees ct = bt . This corresponds to the utilitarian recommendation of smoothing con-
sumption across groups in the absence of tax distortions (𝜖 = 0). Combining equation (5) using
Mt = 𝛿t

1−Dt𝛿t
, with the budget constraint 𝜏t = Dt𝛿t gives the following benefit and contribution rates:

𝛿t = 1
1 + Dt

𝜏t = Dt
1 + Dt

It follows that 𝜕𝛿t

𝜕Dt
< 0 and 𝜕𝜏t

𝜕Dt
> 0.Thus, neither fixed-benefit nor fixed contribution are optimal.

We summarize our findings in the following proposition.

Proposition 2.2. Under CRRA preferences, when bargaining power is variable and set equal to the
population share, optimal pension bargaining requires both contribution and benefit rates to adjust with
the dependency rate. An increase in the dependency rate (aging) raises the Musgrave ratio. Conversely,
an increase in retirement elasticity results in a decrease in both benefit and contribution rates, as well as

https://doi.org/10.1017/S1474747225100103  Published online by Cam
bridge U

niversity Press

https://doi.org/10.1017/S1474747225100103


Journal of Pension Economics and Finance 9

Figure 1. Optimal Musgrave ratio with bargaining power equal to population share.
Source: EPC Ageing Report 2021 and authors’ calculations.
Notes: Evolution of the optimal Musgrave ratio as a function of D and ε when the bargaining power is assumed to equal the population
share, , based on equation 4 (red, green and blue lines) and equation 2 (orange line).

the Musgrave ratio. As retirement elasticity approaches zero, the optimal Musgrave ratio tends toward
one.

3. Data on EU-wide pension reforms
The EPC produces a set of long-term budgetary projections on the basis of population projections
provided by Eurostat. These pension projections provide a detailed image of the institutional fea-
tures of the pension systems in each country, and the most recent legislated pension reforms using
national models (to accommodate for country-specific institutional pension features) under certain
demographic and macroeconomic assumptions. The core of the pension projection exercise con-
cerns government expenditure on public pension schemes. Pension expenditures cover pensions
and equivalent cash benefits granted for a long period (over 1 year) for old age, early retirement,
disability (including pension-type benefits granted because of reduced work capacity or because of
labor market conditions), and survivors. The aim is to cover those pension schemes that affect public
finances.16 Theprojections also include the quasi-mandatory occupational pension schemes that play
a role equivalent to social-security schemes in pension provision.17

Pension systems differ across EU countries. In many European countries, public pay-as-you-go
schemes follow a general DB format. Private occupational DB schemes are mandatory or quasi-
mandatory in the Netherlands and Switzerland. There are points schemes (PS) in France, Estonia,

16The pension scheme can be financed, either partially or fully, by general taxes in addition to social security taxes. Thus,
ultimately, the government bears the financial cost and risk attached to the scheme.

17These schemes can be quasi-mandatory in the sense that, based on a nation- or industry-wide bargaining agreement, the
employers are obliged to provide a private occupational pension scheme to their employees (EPC, 2021).
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Germany, Lithuania, and the Slovak Republic. In PS schemes, workers earn pension points based
on their earnings, which are converted to a monetary value upon retirement. Italy, Latvia, Norway,
Poland, and Sweden have notional defined contribution (NDC) schemes. Additionally, Greece has a
small supplementary component, which is the NDC. In NDC schemes, each worker’s contributions
are recorded in a notional individual account, and at retirement, pension benefits are determined
from the accumulated notional capital based on life expectancy at the time of retirement.

Countries also differ in how they address aging and budget balance. Several countries, such as
Germany, Spain, Lithuania, and Sweden, have introduced automatic balancing mechanisms. These
mechanisms reduce pension indexation to secure future budget balance. Another adjustment mech-
anism found in several countries is the sustainability factor that determines the initial pension benefit
as a function of life expectancy. Many countries also extend the contribution period or the pension-
able age. Finland links the retirement age to life expectancy improvements through the life expectancy
coefficient. In France, the gradual increase in the contribution period for a full pension is decided to
cope with increasing longevity without modifying the replacement rate, while in Denmark, Estonia,
Greece, and Italy there is a one-to-one link between statutory retirement age and life expectancy (EPC,
2021). Considering these observations, countries implement a range of reforms to adjust pension ben-
efits and contributions, and to reduce the impact of population aging by increasing the contribution
period and the pensionable age.

3.1. Dependency rate projections (EPC 2021)
The standard metric used to measure the burden of aging on pension systems is the (total) economic
dependency rate. It is defined as the ratio of total inactive individuals to the working individuals in
the population above 21 years old. Unlike the old age ratio (number of individuals aged 65 and over
per 100 people of working age), this dependency rate takes into account the change in labor force
participation, life expectancy, and pension eligibility conditions, which are key for the coverage of
pension systems (see Sanderson and Sherbov (2016)).18 Our dependency rate also includes the feature
that many countries provide early retirement paths and pay early retirement or auxiliary benefits
before 65. Interestingly, the dependency rate varies quite a lot across countries, both in terms of initial
level and projection. Italy and Greece start with a large initial dependency rate, and they will face a
large dependency increase until 2050. On the other hand, countries like France and Germany start
with a similar dependency rate as Spain, but the dependency rate in Spain will grow faster. Similarly,
the dependency rate in Poland will grow much faster than in the Netherlands or Sweden.

3.2. Benefit rate projections (EPC 2021)
Akey projection parameter is the pension benefit rate, which is defined as the average pension benefit
including all its components (i.e., contributory and non-contributory), divided by an economy-wide
average wage. Changes in the benefit rate reflect the characteristics of the pension framework, includ-
ing recently legislated reforms such as the (new) rules for calculating and indexing the pension
entitlement, changes in the pension formula, and changes in the contribution periods.

The EPC projections are based on common macroeconomic assumptions and country-specific
projection models, along with several sensitivity checks for the underlying assumptions. The labor
force projections are produced using a cohort simulation model, under the assumption of no policy

18In OECD countries, the average labor force participation rate is already 28% between 65 and 69 in 2020 (OECD Stat-LFS
by sex and age), so the employment rate above 65 is increasingly relevant. Change in labor force participation is central to the
EPC projections, with many countries implementing policies to work longer as well as increasing the pensionable retirement
age. For example, in Belgium, the old age ratio is predicted to increase by 50% over the period 2020-2060, while the economic
dependency ratio increases by 33% over the same period (Baurin and Hindriks, 2022). In Germany, the old-age dependency
ratio is forecast to increase by 49% from 2013 to 2030, but the economic dependency ratio increases by 26% over the same
period (Sanderson and Sherbov, 2016).
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Figure 2. Dependency rates in Europe.
Source: EPC Ageing Report 2021.
Notes: Dependency rate is the ratio of the inactive population to the employed population in the population above 21 years old. It corre-
sponds to Dt in the model of Section 2.

changes beyond legislated pension reforms. The budgetary projections are based on national pro-
jection models, which capture the basic parameters of pension structure, as well as the degree of
heterogeneity across countries. Across the EU, state pension spending constitutes more than a fifth of
total government outlays (EPC, 2021). Public pension systems can be classified into different groups
based on the funding source and the specific risks they cover. The funding source of pensions can be
contributions, general taxes, or other sources, and the risks covered can include old age and early pen-
sions, disability, survivor, and minimum pensions. The EPC projections for public pensions reflect
this diversity and are based on an exhaustive definition of public pensions, which allows comparability
across countries (EPC, 2021).

Based on our analytical model, we are interested in identifying the country-specific responses to
the dependency rate increase (Dt), in terms of benefit rate change (𝛿t) and contribution rate change
(𝜏t). The EPC projected pension benefit rates (𝛿t) are defined as average pensions relative to average
wages (EPC, 2021). This definition is independent of the country specific pension structure, this is a
general definition that covers average transfers made to an average retiree within the social security
system, regardless of the specific source. Figure 3 compares the benefit rates in 2020 and 2050 based on
the EPC projections. We clearly see the predicted benefit cut in most countries, with a few countries,
such as Belgium and Ireland, where the benefit rate is constant.

Across countries, we find European catching up of pension benefits: there is a negative correlation
between the change in benefit rate and the initial benefit rate (𝜌 = −0.36, p = .046).

3.3. Sharing rules

In our analysis, we use theMusgrave ratioMt = 𝛿t

1−𝜏t
tomeasure from the enacted pension reforms (as

of 2019) the change in the income of the retirees relative to the net income of the workers. Combining
the benefit rate 𝛿t and the dependency rate Dt with the budget constraint, we can retrieve the con-
tribution rates as 𝜏t = 𝛿tDt . A central issue is how to share the cost of aging across cohorts. The
Musgrave rule introduced by Musgrave (1981) proposes a proportional sharing rule. Under a fixed
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Figure 3. Projected pension benefit rates.
Source: EPC Ageing Report 2021.
Notes: Benefit rate is the pension benefit relative to wage. It corresponds to δt in the model of Section 2.

Musgrave ratio, the ratio of pension benefits to the net wages stays constant over time, implying that
as the population ages, the consumption levels of retirees bt and workers ct evolve at the same rate.19

To compare the projections of the Musgrave rates, consider two hypothetical polar cases. The first
case is the hypothetical Musgrave rate if countries adopt the fixed-benefit rate, and change the con-
tribution rate (𝜏t) in response to the dependency rate (Dt), so as to maintain budget balance. The
second case is the hypothetical Musgrave rate if countries adopt the fixed-contribution rate, and
change the benefit rate (𝛿t) in response to the dependency rate, to maintain budget balance. Figure 4
shows the evolution of the Musgrave ratio from 2019 to 2070 under the projected policy frameworks
(EPC-2019 and EPC-2070, respectively) and indicates the ‘hypothetical’ Musgrave ratio in 2070 if
the countries were to impose either a purely DB (Fixed Benefit Rate-2070) or a purely DC scheme
(Fixed-Contribution rate-2070) as a adjustment rule. The countries are sorted based on the level of
public pensions in the baseline from left to right (the leftmost country has the smallest benefit rate
in 2019, and the rightmost country has the highest benefit rate). Comparing the EPC ratio in 2070
with the hypothetical DB or DC ratio reveals that no country, except Ireland, is expected to adopt a
pure DB adjustment rule, whereas France appears to be close to a DC rule, even though its pension
system is based on DB structure (EPC-2070 ratio is close to the Fixed Contribution Rate 2070 ratio).

The Musgrave rate is the average gross pension relative to the average wage net of social security
contributions.We use this ‘gross’Musgrave rate throughout the analysis. In Appendix B, we show that
our results are based on the ‘net’ Musgrave rate taking into account both social security contributions
and income taxes (with differential tax treatment of wages and pension benefits). It is shown that in
most countries, the net Musgrave rate is higher than the same gross Musgrave rate.

4. The political stress test: the democratic gap
We now assess the sustainability of the pension reforms implemented by EU countries by examining
the disparity between the democratic bargaining power, represented by population shares, and the
implicit bargaining power required tomaintain the projected pension benefits as the optimal outcome

19See Schokkaert et al. (2020) for more details on the various sharing rules.
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Figure 4. Musgrave ratio in 2019 and 2070.
Source: EPC Aging Report 2021 and authors’ calculations.
Notes: The Musgrave ratio is the average pension relative to average net wage ( . The fixed benefit rate in 2070 is obtained with a
fixed replacement rate δt and the fixed contribution rate in 2070 is obtained with a fixed contribution rate τt given the budget constraint

, where Dt is the dependency rate.

of the bargaining problem discussed in Section 2. The strategy is similar to the inverse optimal tax
approach in which the implicit social weights correspond to the solution to the ‘inverse-optimum’
program in the optimal tax literature: they are the social welfare weights that rationalize the status
quo tax schedule as optimal given the labor supply elasticity (Bourguignon and Spadaro, 2012). This
approach was used in Jacobs et al. (2017) to estimate distributive preference of Dutch political parties
by using the proposed tax systems, and assuming that Dutch political parties optimize the tax system
according to their political preferences. It was also used in Hendren (2020) to evaluate income dis-
tributions across countries based on the implicit social preferences. In our approach, we estimate the
bargaining weights that would rationalize the projected pension benefits given the retirement elas-
ticity 𝜖t . We then compare these bargaining weights to the population shares of workers and retirees.
The deviation measures the stress on the political sustainability of the projected pension benefits
(i.e., political stress test). It is important to note that this analysis of revealed social preferences relies
on three conditions: (i) the government selects an optimal policy while ensuring budget balance,
(ii) the policy accurately reflects individual preferences, and (iii) the government correctly predicts
labor supply responses (Saez and Stantcheva, 2016). We refer to this stress test as the ‘democratic
gap’, which measures the deviation of implicit bargaining power from population share over time.
In the next section, we conduct the same test from a different perspective, using the ‘benefit gap’ to
measure the deviation over time between the optimal benefit and the projected pension benefit. For
each approach, we performed a statistical test to determine, for each country, whether the median
deviation over time is statistically significant. To account for data that may not follow a normal dis-
tribution, we use the non-parametric Wilcoxon signed-rank test as an alternative to the Student’s
t-test. We begin our empirical analysis by using the fixed bargaining model in Section 2.

4.1. Fixed bargaining power
Assume that initially, each country determines the benefit rate and contribution rate based on the
demographic share of the population. In other words, the bargaining power of workers is represented
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Figure 5. Deviation of workers’ implicit bargaining power from their demographic share.

Notes: The figure shows the deviation of the implicit bargaining power of workers from the demographic share of work-

ers, , where Dt andMt are obtained from the Aging Report 2021, is computed based onMt for t = 2019.

by 𝜃0 = 1

1+D0
, and the bargaining power of retirees is 1 − 𝜃0 = D0

1+D0
. Using the optimal Musgrave

ratio condition (2), the country-specific retirement elasticity is given by:

𝜖f0 = 1 − M0
M0

This represents the country-specific retirement elasticity that sustains the initial Musgrave ratio in
each country as optimal. Assuming that the retirement elasticity is constant over time, we can estimate
the implicit bargaining power ̃𝜃ft as a function of dependency rateDt and the EPCprojectedMusgrave
rate Mt :

̃𝜃ft = 1
1 + DtMt(1 + 𝜖f0)

So, ̃𝜃ft is decreasing with the Musgrave ratio Mt for any given Dt . That is, a higher Musgrave ratio
reveals a lower bargaining power of the workers relative to their population share. To capture cross-
country variation in the evolution of the implicit bargaining power, we plot the deviation of the
implicit bargaining power from the population share below.

In many countries, we observe a growing gap over time between population shares and the bar-
gainingweights implied by the projected pension benefits.The deviation is positive inmost countries,
indicating that changes in the projected pension benefitswould require the bargaining power ofwork-
ers to be increasingly higher than their population share. There are a few exceptions in countries
such as Belgium, Ireland, the Netherlands, and Luxembourg, where the gap is always negative. Some
countries, such as Italy and, to a lesser extent, France, exhibit a U-shaped deviation, starting with
a negative gap followed by a growing positive gap between the implicit bargaining power of work-
ers and their population share. The following table provides the statistical test for the significance
levels of those deviations relative to random variation alone (null hypothesis). The Wilcoxon signed-
rank test is applied as a repeatedmeasurement on two separate country-specific samples (the implicit
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Table 1. Statistical test for non-zero deviation – fixed bargaining power

Country p-value Country p-value
AT 0.0768 IE 0.0426
BE 0.0118 IT 0.0086
DE 0.4065 LU 0.0139
EL 0.1947 NL 0.1923
ES 0.0852 PL 0.1287
FI 0.0373 SE 0.0294
FR 0.3904

Notes: P-values of the Wilcoxon signed-rank test for H0: The deviation from the demographic share is different than zero.

bargaining power sample and the demographic share sample) to evaluate whether themean ranks dif-
fer, by ranking the absolute values and ignoring the sign. We find that except for Germany, Greece,
France, the Netherlands, and Poland, all other countries deviate from zero at a significance level of
10%. (See Table 1).

4.2. Variable bargaining power
To enhance the calibration of our model, we now incorporate the feedback effect of pension benefits
on bargaining power through the early retirement incentive (the second term in (3)). We repeat the
previous exercise using the variable bargaining powermodel from Section 2.The retirement elasticity
that generates the initial Musgrave ratio M0 as optimal is:

𝜖v0 = 1 − M0

M0 − log(M0)
1+D0

Considering that the country-specific retirement elasticity is constant for each country, we estimate
the implicit bargaining power ̃𝜃vt as a function of Dt and Mt :

̃𝜃vt = 1

1 + DtMt + Dt𝜖v0(Mt − log(Mt)
1+Dt

)

The gap between the implicit bargaining power and the population share is illustrated in Figure 6.
Interestingly, only Belgium shows a negative gap throughout the period from 2020 to 2050. Italy
exhibits a pronounced u-shaped gap, while most other countries display a positive and growing gap
for the majority of the period. It is also worth noting that the magnitude of the gap has decreased
for most countries compared to the fixed bargaining model. This is because the variable bargaining
power model introduces a new effect through the income loss associated with early retirement (the
second term in (3)). As a result, the optimal benefit is lowered in all countries, bringing it closer to
the projected benefit.

The magnitude of the gap has decreased for most countries, but the statistical significance of the
gap has increased, as shown by the statistical test in Table 2. Comparing Table 1 with Table 2, we
observe that the p-values have decreased for almost all countries, with the largest reductions seen
in Germany (p-value dropping from 0.40 to 0.10) and France (p-value dropping from 0.39 to 0.15).
Except forGermany,Greece, France, theNetherlands, andPoland, all other countries show significant
deviations from zero at a 10% significance level.

5. The political stress test: the benefit gap
In this section, we present the political stress test in a different way by measuring the benefit gap
between the projected pension benefits and the optimal pension benefit derived from the Nash
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Figure 6. Deviation of workers’ implicit bargaining power from their demographic share.
Notes: The figure shows the deviation of the implicit bargaining power of workers from the demographic

share of workers, , where Dt andMt are obtained from the Aging Report 2021, is computed based onMt and Dt

for t = 2019.

Table 2. Statistical test for non-zero deviation – variable bargaining power

Country p-value Country p-value
AT 0.1774 IE 0.0328
BE 0.0129 IT 0.0087
DE 0.1015 LU 0.0714
EL 0.1948 NL 0.0126
ES 0.0842 PL 0.0902
FI 0.0310 SE 0.0263
FR 0.1490

Notes: P-values of the Wilcoxon signed-rank test for H0: The deviation from the demographic share is different than zero.

bargaining model, assuming a retirement incentive (𝜖t > 0) and that the bargaining power is equal
to the population share.

We fix the retirement elasticity at the level estimated for the initial year 2019 (𝜖0 = 𝜖2019). Using the
first-order condition (3), the implicit retirement elasticity that sustains the pension benefit in 2019 as
optimal is:

𝜖0 = 1 − M0

M0 − log(M0)
1+D0

(6)

The retirement elasticity for each country is reported in Figure C1 in Appendix C. It is worth
noting that there is significant dispersion across countries.This reflects the cross-country variation in
the initial benefit levels and dependency rates. For instance, in 2020, Italy and Greece displayed high
benefit rates relative to their dependency ratios, meaning their implicit retirement elasticity must be
low to achieve the optimal bargaining outcome. In contrast, Germany and France have lower benefit
levels relative to their dependency ratios in 2020, necessitating a higher implicit retirement elasticity
to reach the optimal bargaining outcome.
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Table 3. Statistical test for non-zero deviation of the projected Musgrave ratio from the optimal Musgrave ratio

Country p-value Country p-value
AT 0,0025 IE 0,0423
BE 0,0429 IT 0,0419
DE 0,6150 LU 0,0018
EL 0,1260 NL 0,1830
ES 0,1180 PL 0,1860
FI 0,0362 SE 0,0456
FR 0,5550

Notes: P-values of the Wilcoxon signed-rank test for H0: The deviation of the Projected Musgrave Ratio from the Optimal Musgrave Ratio is
different than zero.

Figure 7 illustrates the projected benefit rate and the optimal benefit rate when the bargaining
power is equal to the share of the population (with statistical test in Table 3). In most countries, the
optimal benefit rate appears to be higher than the projected benefit rate. In Poland and Sweden, which
have NDC pension systems, this gap grows over time. This is because NDC pension schemes func-
tion primarily as defined contribution plans, placing most of the aging burden on the elderly. This
allocation of the aging burden would only be optimal if the bargaining power of the elderly remained
unchanged over time (as demonstrated in Proposition 1). The implication is that to reduce the polit-
ical resistance of the elderly, the NDC system should combine elements of both defined benefit and
defined contribution. In Austria, France, Germany, and Italy, the projected benefit rate is initially
above the optimal benefit rate, but the gap later reverses. This may suggest a growing level of ten-
sion regarding pension schemes in the future. In the Appendix, available upon request, we provide
the same comparison of optimal and projected benefit rates for a larger set of 25 EU countries. The
vast majority of countries show future benefits that progressively fall below the optimal benefit when
bargaining power changes with aging.

OECD (2021) reports that only Germany, Luxembourg, the Netherlands, and Sweden apply auto-
matic balancing mechanisms in Europe, while Denmark, Finland, Greece, Italy, the Netherlands, and
Portugal link the retirement age and/or benefits to life expectancy. Austria, Belgium, France, Ireland,
and Spain do not impose any link between pension parameters and life expectancy, nor any bal-
ancing mechanisms (see Appendix D). In Figure 7, the smallest gap between projected and optimal
benefit rates is observed in Germany and Luxembourg. This suggests that balancing mechanisms in
those countries’ pension systems are more effective in eliminating tensions between different genera-
tions, whereas in NDC pension schemes like Sweden and Poland, the gap between the projected and
optimal benefit grows over time regardless of their different balancing mechanisms.

6. Discussion of the results
It is useful to connect our two stress tests, as they represent two sides of the same coin. The implicit
weights in Figure 5 reveal a growing gap between the workers’ population share and their implicit
bargaining weight required to sustain the projected pension benefit. In the context of bargaining over
the allocation of the aging burden between workers and the elderly, this result implies that workers,
aiming to limit pension benefits in order to reduce their budget-balanced contribution rate, end up
with pension benefits (and contribution rates) that are lower than what they would obtain if their
bargaining power matched their population share. The benefit gap in Figure 8 translates that very
same idea in terms of a growing gap between the projected pension benefit and the optimal pension
benefit that would result if the bargaining power were tomatch the population share.We consider the
two tests as two different perspectives on the same issue. That issue is our concern about the political
sustainability of the enacted reforms and their resulting projected benefits.

The reference to ‘automatic balancing mechanism’ may be confusing because our background
model considers budget balance throughout the period for each country. In this context, it is
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Figure 7. Projected benefit rate vs. optimal benefit rate.
Source: EPC Ageing Report 2021.
Notes: The projected benefit rate comes from the EPC 2021 Aging report. The optimal benefit rate is estimated based on the bargaining
model with democratic bargaining power based on equation 3 and the definition of the Musgrave ratio, , where the

retirement elasticity is assumed to be constant over time and fixed at the country-specific value of 2019, that is, .

important to clarify the key differences in the implicit adjustment mechanisms across countries. (see
Table D1 in Appendix) Many pension systems use demographic factors as part of their automatic
adjustments. As the population ages and the proportion of retirees increases, the government may
adopt adaptation policy adjusting pension levels, or contribution rates in response to the increasing
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Figure 8. Deviation of the projected Musgrave ratio from the optimal Musgrave ratio.
Source: Aging Report 2021 and authors’ calculations.
Notes: The benefit rate is the pension benefit relative to net wage (Musgrave ratio). The projected benefit rate comes from the EPC 2021
Aging report. The optimal benefit rate is estimated based on the bargaining model with democratic bargaining power, . The
retirement elasticity is assumed to be constant over time and fixed at the country-specific value of 2019.

burden of aging. Government may also adopt attenuation policy adjusting the age at which pensions
can be drawn or the contribution period.This seeks to ensure that the ratio of working years to retire-
ment years remains balanced. In our analysis, the attenuation policy is best seen in Figure 2 from the
projected changes of the dependency rates. For instance, Poland, Spain, and Italy displaymuch higher
increases in their dependency rates, than Sweden, Germany, Belgium, and France. The latter group
has a more effective attenuation policy.

Comparing more closely Poland and Sweden, both start out with similar dependency rate, but
Poland faces a much higher rise in its dependency rate. Poland has an automatic adjustment for
pensions. Under this system, if the ratio of retirees increases, pension benefits might be adjusted
downward, to ensure that the pension system remains financially viable over the long term. Sweden
displays a more effective attenuation policy (due to work incentives embedded in their NDC system).
Notional contributions ‘keep track’ of how much the worker earns and how much is contributed dur-
ing their working years, and the conversion rate effectively discounts pension for early retirement.
However, Sweden shows a high benefit gap in Figure 8. The reason is that the benefit formula in
Sweden incorporates a ‘balance ratio’ that is automatically adjusted, based on the financial health of
the pension system. If the system’s finances are under strain (due to lower-than-expected contribu-
tions or higher-than-expected payouts), the balance ratio can be adjusted downward.This adjustment
impacts howmuch people will receive in pensions, ensuring that the total expenditures of the pension
system remain in balance with the income generated from worker contributions. This might involve
freezing pension increases for a period or reducing benefits if necessary.

A second relevant comparison is between Spain and Italy. Both countries face a sharp increase
in their dependency rates, suggesting ineffective attenuation policy. However, the benefit gap is
greater in Spain than in Italy. In Spain, since 2013, the annual increase in pensions has been tied
to the Consumer Price Index (CPI), with some conditions on how much the increase can be. The
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Sustainability Factor implies that the amount of pension benefits is to be adjusted according to the
ratio of pensioners to contributors. It reduces the future pensions of individuals who retired as this
ratio increases. Italy uses a sustainability factor (fattore di sostenibilità) adjusting both benefit and
contribution rates. Indeed, since Fornero Law (2011) automatic, contribution rate increases (and
contribution period increase) can occur if the ratio of retirees to workers becomes unsustainable.

A third comparison is betweenGermany and Belgium. Both countries display similar dependency
rate increase (Figure 2), and a small benefit gap (Figure 8). However, the drivers are quite different.
Germany combines rather effectively attenuation policy with attenuation policy balancing contribu-
tion and benefit rates adjustment. In Germany, the sustainability factor is a key mechanism designed
to ensure the financial sustainability of the pension system. The factor adjusts the annual pension
increase to reflect the ratio of contributors to retirees. In addition, the German pension system has
an automatic contribution rate adjustment mechanism designed to keep the system financially bal-
anced. If the system faces financial pressure due to an imbalance between income from contributions
and pension payouts, the contribution rate may be adjusted automatically. In Belgium, there is no
AAM. CEV (2024) estimates that the expansion of the employment rate will absorb about one half
of the population aging. The benefit and contribution rates are fixed, and the growing gap between
income from contributions and pension payout is covered by alternative financing (VAT and income
tax revenue). Belgium is the only country where the pension-to-GDP ratio continues to increase
throughout the period.

It is tempting to try to relate benefit gaps to countries’ characteristics of the pension systems in
order to draw from our analysis some general features of pension systems and adjustment mecha-
nisms that can better resist the increasing power of the elderly. However, the substantial variation
across countries makes it both premature and potentially risky. What our preliminary cross-country
analysis suggests is that there is no magic solution, since different countries face similar political
tensionwith different pension systems, various adjustmentmechanisms (AAMs or ABMs) and atten-
uation policies of pensionable age and contribution period. It is certainly worth in future research to
delve deeper into country characteristics to try to find out empirical regularities (if any). This will
require a full econometric analysis that is beyond the scope of this cross-country stress test analysis.

7. Conclusion
According to EPC (2021), in most EU countries, the projected pension benefit rate decreases over
time in response to population aging. In a democracy, policies require electoral support for imple-
mentation, andmore represented cohorts typically push policies toward their preferred outcomes. As
older populations grow larger and become more politically influential, implementing certain policies
will become increasingly challenging. As a result, aging may gradually increase public resistance to
gradual pension cuts.

The aimof this paper is to provide an analytical framework to assess whether the projected pension
policy allocates the aging burden in accordance with a democratic bargaining process between the
working and retired populations. In this context, we propose aNash bargaining solution to determine
the optimal allocation between workers and retirees through a combination of gradual contribution
increases and benefit cuts. Our model is straightforward yet effective, incorporating the incentive
effects of pension policies to account for retirement elasticity. Our findings show that when the bar-
gaining power of retirees is fixed, the bargaining outcome follows a defined-contribution rule. The
contribution rate is fixed, and the pension benefit is reduced to adjust to the aging cost and the retire-
ment elasticity. All the burden of aging is shifted to the elderly. Conversely, when the bargaining power
of retirees increases with population aging, the Nash bargaining outcome results in a Musgrave ratio
(pension benefit relative to net wage) that decreases with the retirement incentive and increases with
the dependency rate.
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To assess the political sustainability of the legislated pension reforms, we used the projected pen-
sion benefits of EU countries to derive the implicit bargaining weights of different cohorts, assuming
that the projected pension benefit is determined optimally through our bargaining process. The
implicit bargaining power will evolve both with aging (via the dependency rate) and the projected
pension benefit. By calibrating the projected benefit rates and dependency rates to our fixed bargain-
ing power model, we conclude that a growing democratic gap exists in many countries, measured by
the disparity between implicit bargaining power and the population share of each group. The implicit
bargaining power of workers, which sustains the projected pension benefit, increases faster than their
population share.This suggests a growing political resistance among retirees to the projected pension
benefits. However, when considering variable bargaining power, we arrive at a different conclusion.
In several countries, the implicit bargaining power of workers is approaching their population share,
although the gap continues to grow over time in most countries. The variation in the gap across
countries underscores that some nations may face greater challenges than others in dealing with the
increasing resistance of retirees to projected cuts in pension benefits. Then, we approach the analysis
from a different perspective by comparing the projected pension benefits to the optimal benefit when
bargaining power evolves in line with population share. We find that in most countries, the projected
pension benefits fall below the optimal benefit, primarily driven by the growing bargaining power of
the elderly.

What do we learn from our empirical analysis? In some countries adopting AAMs, the gap is
widening over time, suggesting a growing resistance to some forms of AAMs. But this is not a gen-
eral finding. Germany, for example, uses an automatic balancing mechanism via the sustainability
coefficient, but the benefit gap is smaller than in other countries. Our cross-country empirical anal-
ysis reveals a widespread and growing tension between workers and the elderly regarding the future
distribution of the aging cost. While countries employ different pension systems, adjustment mech-
anisms (AAMs or ABMs), and policies to manage pensionable age and contribution periods, they all
face similar political tensions.

In future research, we aim to explore country-specific characteristics more thoroughly to identify
empirical regularities or common patterns. This will involve a comprehensive econometric analysis,
which goes beyond the scope of our current cross-country stress test analysis. Additionally, we plan
to update our analytical model to better accommodate these country-specific characteristics. One
area we find particularly interesting is modeling the variable migration threat from workers as the
aging burden increases. We provide a preliminary model in Appendix A showing that the migration
risk enhances the ‘effective’ bargaining power of workers, allowing the model predictions to better
align with benefit projections. Another avenue for future research is to extend the analytical model to
explicitly incorporate bargaining over attenuation policies, such as retirement policies that extend the
contribution period and pensionable age. So far, these policies have been incorporated implicitly into
the countries’ projected dependency rates. However, we do not have an analytical model to compute
the optimal balance between refinancing (contribution increases), retrenchment (benefit cuts), and
retirement policies (working longer) to address the aging pressure on pension systems.

There is no one-size-fits-all approach to achieving the political sustainability of pension reform, as
different countries face unique contexts and constraints. However, two general factors can enhance
the political sustainability of pension reform. The first factor is the level of consensus and consulta-
tion among the key stakeholders in the reform process, including political parties, social partners,
civil society, and experts. A broad and inclusive dialogue can foster trust, legitimacy, and ownership
of the reform, while also helping to identify and address potential conflicts and grievances. This solu-
tion directly addresses the commitment issue, which is central to our static bargaining model. The
second factor is the design and timing of the reform, including the scope, pace, sequencing of changes,
and the distribution of costs and benefits across generations. A well-designed, progressive, and care-
fully timed reform can help distribute the burden of aging across multiple cohorts, smoothing the
transition and mitigating the negative effects of the reform.
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Appendix A. Non-zero disagreement point for workers
There is a fundamental asymmetry between workers and retirees in the bargaining process, driven by the migration threat.
Labor mobility within the EU can impact the issue of sharing the aging burden. By comparing the pension policies of neigh-
boring countries, workers could gain significant leverage by setting their threat point at the average level of consumption they
could achieve in other countries if they were tomigrate. To incorporate themigration risk, we can extend ourmodel by assign-
ing a non-zero disagreement point for workers, while keeping the threat point for retirees at zero. Suppose the outside option
for workers is represented by a fraction k ∈ (0, 1) of their domestic gross wage w (we drop the time index for simplicity).
This more advantageous threat point for workers will shift the bargaining outcome in their favor. The generational bargaining
problem, with an outside option for workers, can be represented as follows:

max
𝛿t∈(0,1)

[U((1 − Dt𝛿t)w) − U(kw)]
𝜃t

[U(𝛿tw)]
1−𝜃t

subject to participation (nomigration) constraint 1−Dt𝛿t ≥ kwith k ≥ 0. An interior solution to this program is characterized
by the following;

𝜃t[U(w(1 − Dt𝛿t) − U(wk)]
𝜃t−1

[U(w𝛿t)]
1−𝜃t

U′(w(1 − Dt𝛿t))(−wDt)

+(1 − 𝜃t)[U(w(1 − Dt𝛿t) − U(wk)]
𝜃t

[U(w𝛿t)]
−𝜃t

U′(w𝛿t)w = 0

𝜃t[U(w𝛿t)]U′(w(1 − Dt𝛿t))(−Dt) + (1 − 𝜃t)[U(w(1 − Dt𝛿t) − U(wk)]U′(w𝛿t) = 0

Using the CRRA utility function,

𝜃t[
w𝛿t

1 − 𝛼 ][w(1 − Dt𝛿t)]
−𝛼

Dt = (1 − 𝜃t)[
(w(1 − Dt𝛿t))1−𝛼

1 − 𝛼 − wk1−𝛼

1 − 𝛼 ]

Dividing by w(1 − Dt𝛿t)1−𝛼 yields:

𝜃t[
w𝛿t

w(1 − Dt𝛿t)
]Dt = (1 − 𝜃t)[1 − ( wk

w(1 − Dt𝛿t)
)1−𝛼]

Using Mt = 𝛿t
1−Dt𝛿t

gives:

Mt = [ 1 − 𝜃t
𝜃tDt

][1 − ( k
(1 − Dt𝛿t)

)
1−𝛼

] (A.1)

Note that equation (A.1) is similar to (5) with a correction term ( k
1−Dt𝛿t

)
1−𝛼

which reflects the value of the outside option
for workers. The marginal cost of pensions rises when tax capacity is constrained by the threat of worker mobility (note that
there is no retirement incentive in this version of the bargaining model). The higher the value of k, the lower the equilibrium
level of the Musgrave ratio Mt . This result aligns with our expectations: a better outside option for workers is essentially
equivalent to stronger bargaining power. Additionally, in the equation, we observe the impact of risk aversion. An increase in
relative risk 𝛼 aversion shifts the bargaining outcome in favor of the workers.

Appendix B. Gross vs. net Musgrave ratios
In our analysis, we have excluded income taxes and focused solely on an economy with social security contributions. One
could argue that what truly matters in sharing the aging cost is after-tax income. The Musgrave ratio based on net income
differs from that based on gross income due to progressive taxation and the different tax treatments of pension benefits and
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Figure B1. Musgrave ratio (gross vs. net).
Source: EPC Aging Report 2021 and authors’ calculations.
Notes: Benefit rate is the average amount of pensions relative to average net wage.

Figure B2. Initial deviation of retirees’ implicit bargaining power from their population share (gross vs. net).
Source: EPC Ageing Report 2021 and authors’ calculations.

labor income. The net income of retirees, relative to the net income of workers, is generally higher than the corresponding
gross income ratio. To offer a more realistic comparison of pension schemes across countries and distinguish between gross
and net income ratios, we reproduce the Musgrave ratio, the initial implicit bargaining power of retirees (baseline), and the
deviation from this baseline. We extract income tax rate information for workers at average earnings and pensioners at the
gross replacement rate of average earnings from the OECD.20

20Pensions at a Glance 2019, https://doi.org/10.1787/888934041535
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(a) (b)

Figure B3. Deviation of the implicit bargaining power of retirees from the baseline (gross vs. net) (a) Net Deviation.
(b) Gross Deviation.
Source: Aging Report 2021.
Notes: The baseline is the initial deviation of the implicit bargaining power of the retirees from their population share as in Figure B2.

Let us denote the income tax rate of workers by 𝜏W , and the income tax rate of retirees by 𝜏R, then the net consumption of
workers can be written as cnet = w(1 − 𝜏 − 𝜏w), while it is represented by bnet = w𝛿(1 − 𝜏R). Under this formulation, the net
Musgrave ratio is defined as the ratio of the net consumption levels between the two generations, thatis, Mnet = (1−𝜏−𝜏w)

𝛿(1−𝜏R)
.

Figure B1 compares the net and gross Musgrave ratios. We observe that except for Ireland, Sweden, and the Netherlands, the
netMusgrave ratio differs significantly from the grossMusgrave ratio.When examining the initial deviation of retirees’ implicit
bargaining power from their population share, we observe that for Austria, Belgium, Greece, Spain, and Italy, the sign of the
deviation changes between net and gross income. Below, we present a comparison of the stress test with inelastic retirement.

Figure B2 shows that the initial implicit bargaining power of retirees is higher relative to their population share when
using net income compared to gross income. In Germany and France, retirees’ initial implicit bargaining power is close to
their population share only when net income is used. In Ireland, the Netherlands, and Sweden, the results are the same for
both gross and net income. To estimate how the implicit bargaining power of retirees evolves over time, we calculate the
deviation from the baseline of retirees’ implicit bargaining power (with inelastic retirement). The evolution of this deviation,
both in gross and net values, is shown in Figure B3. We observe a similar pattern for both gross income (left panel) and net
income (right panel). The same grouping of countries emerges based on the sign and magnitude of the deviation from the
baseline. Therefore, the stress test of the political sustainability of pension reforms across different countries is not sensitive to
the choice between net and gross income.
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Appendix C. Implicit elasticity
The following figure demonstrates the implicit elasticity derived based on the variable bargaining power model under the
assumption that the pension benefit in 2019 is the optimal solution in all the sample countries and elasticity is constant over
time.

Figure C1. Implicit elasticity.
Source: EPC Aging Report 2021 and authors’ calculations.
Notes: The underlyingmodel is the Nash Bargaining with variable bargaining power. The retirement elasticity is assumed to stay constant

over time and fixed at the value of 2019 that sustains the pension benefit in 2019 as optimal,
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Appendix D. Automatic adjustment in the OECD
The table below outlines the types of AAMs implemented in the public pension schemes of various OECD countries.

Table D1. Types of automatic adjustment mechanisms in the OECD

Funded
Defined
Contribution

Notional
Defined
Contribution

Retirement
age linked
to life
expectancy

Benefits linked to life
expectancy, demo-
graphic ratios, wage
bill or GDP

Balancing
Mechanism

Austria
Belgium
Czech Republic
Denmark A S
Estonia A A A
Finland A A A
France
Germany A
Greece a A A
Hungary
Ireland
Italy A A
Latvia A A
Lithuania A
Luxembourg S
Netherlands A A
Norway A A
Poland A
Portugal A A
Slovakia
Slovenia
Spain
Sweden A A A

Source: OECD Pensions at a Glance 2021.
Notes: A = fully automatic adjustment; S = semi-automatic adjustment (adjustment requires political approval each time in order to be
activated). a = The NDC scheme in Greece applies to auxiliary pensions, which account for 12% of total public pension expenditure.
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