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Abstract: This study introduces multiplayer game in the modern pension market. Particularly, this
study claims that low earners and high earners have different interests when playing in funded
pension market scheme. This differentiating is enabled by avoiding the entire society as a single
earning cohort. This study using financial position, demonstrates a socio-economic anomaly in the
funded pension system, which is in favor of high-earning cohorts at the expense of low-earning
cohorts. This anomaly is realized by a lack of insurance and exposure to financial and systemic
risks. Furthermore, the anomaly could lead to a pension re-reform back to an unfunded scheme
system, due mostly to political pressure. This study found that a minimum pension guarantee is
a rebalance mechanism for this anomaly, which increases the probability of a sustainable pension
scheme. Nowadays when countries try to balance between social expenses and awaking financial
markets, one may find this theory highly relevant. It is obviously one of the cases where social
targets meat financial equilibrium and here they are in the same side. Specifically, it is argued that
implementing the guarantee with an intra-generational, risk-sharing mechanism is the most efficient
way to reduce the effect of this abnormality.
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1. Introduction

The coronavirus disease (COVID-19) pandemic—and the economic shutdowns im-
posed to contain the virus’ spread—have had disastrous impacts on worldwide economic
activity. Amid large-scale unemployment, rates of poverty, hunger and homelessness are
on the rise. Workers from marginalized groups have been disproportionately affected, and
as economies begin to reopen, the heightened risks of hiring discrimination stemming from
the downturn have the potential to widen social gaps further.

Over the last two decades, EU institutions grew more concerned with national retire-
ment systems. Whereas Barr and Diamond (2016) presented sound theoretical arguments
detailing why the Maastricht fiscal regime requires convergent and reformed European
pension systems, internal market Commissioner Bolkestein gave the rationale for greater
intervention in his 2001 speech on defusing the ‘pension time bomb’. Still, only with the
sovereign debt crisis, external political and market pressures started to outcompete national
politics regarding pension-related decisions (Guardiancich and Guidi 2020).

Nowadays the fiscal stress is not the only driver to pension reform, after two economic
turmoil in 13 years, risk protection for retirees has become one of the focuses of the debate
on how competent retirement systems can be organized (Orenstein 2013). The old question
of the extent of funded pension scheme comes again to the headlines in this period of
unstable economic landscape. Defined contribution (DC) plans are already the main source
of retirement income in Latin American and Central Eastern European (CEE) countries,
while it is expanding rapidly in other countries in Western Europe, where they are still
voluntary (Grech 2015). Who can guarantee that people save enough for their retirement
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or have enough accumulation to remain their standard of living or at least avoid poverty?
The financial crisis in 2008 and current economic downturn raise these questions again.

Correspondently, the vast majority of the literature has observed pressure toward
reversals and government insurance in countries which have been through radical funded
reforms (Wolf and Caridad y Lopez Del Rio 2021b; Altiparmakov 2018; Naczyk and
Domonkos 2016; Orenstein 2013). While the literature still studies the reasons for pension
reversals, some scholars argue that the unstable pension landscape is due to a lack of
risk-sharing mechanisms in these countries compared to developed countries (Fultz and
Hirose 2019; Ebbinghaus 2015). In the period when countries try to engage their economies
again after the COVID-19 financial crisis, this paper suggests balancing funded pension
schemes that are hedging from market turmoil and increasing trust in the central planning
operations. Indeed, according to the recent literature, after the rigmarole of the global expe-
rience and the subsequent debates, the implementation of a minimum pension guarantee
has become a key recommendation of global economic organizations as part of a modern
funded scheme (e.g., Hujo and Ralli 2014).

Using simple financial positions embedded as options, this theory implies a trade-off
between accumulation insurance and return in pension design. This perspective enables the
classic economic funding condition in Aaron (1966) to be enriched through the dimension
of risk. In addition, this perspective on financial standing allows for differentiation in
society. This theory shows that disappointment over a funded scheme may come from
low-earning cohorts, while high earners will benefit from the transition. After recognizing
the gap between financial positions, this paper offers an equilibrium satisfying multi player
game by intra-generational risk sharing. Thus, this paper may be included in the literature
on risks in pension schemes (Wolf and Caridad y Ocerin 2021; Wolf and Caridad y Lopez
Del Rio 2021a; Chen et al. 2014).

In the second part of this paper, the study focuses on the guarantee cost characteristics,
boundaries, constraints, and a favorable form of finance.

The next part characterizes different pension systems by the financial instrument of
options. Section 3 provides the results of the theoretical model, suggesting a new equation
to examine the relevance of pension transition and introducing the minimum pension
guarantee as a re-balance instrument that may increase the probability of avoiding cyclical
pension reforms. In Section 4, the study discusses the implementation and the main
consequences of the results found. Section 5 provides the conclusion.

2. Theoretical Basis
2.1. The Difference between Defined Contribution Pension Scheme and Defined Benefit Pension
Scheme

In this section, the financial positions of different pension schemes are investigated
using the exchange option benefit theory.

Along with the defined contribution plan, the pension’s value is equal to the individ-
ual’s accumulations at the time of retirement (Romaniuk 2009). The final amount of the
funded capitalized pension fund can be expressed as the function of the funded asset accu-
mulations (AT) along with the participant’s career, during the working phase, capitalized
until death:

DC(TR) = τAT =
TR−1

∑
t=1

τwt

TD−1

∏
t=1

(1 + rt) (1)

where rt is the average rate of return earned by the DC plan on its portfolio of financial
assets at time t; TR is the participant’s retirement year; TD is the average age of death; t = 1
is the time of enrolment in the pension fund; T is the expected individual’s lifetime, as this
model avoids actuarial factors related to the probabilities of survival; wt is defined as the
equivalent gross earnings at the beginning of each year; and τ signifies the contribution
rate to pension from wage.



J. Risk Financial Manag. 2021, 14, 525 3 of 12

The defined benefit (DB) scheme, however, is the function of the participant’s wage,
working period, and age. The individual member is paid at the level of the fund obligations
independently from market (asset) performance. Hence, intuitively:

DBTR = τLTR (2)

where LT is the fund’s liabilities. Notably, CL and PL denote the call and put exchange
options, respectively, whose pay-offs at retirement are as follows:

CTR = max(τAT − LT , 0) (3)

PTR = max(LT − τAT , 0) (4)

The European put option on the fund assets includes liabilities as per the strike price
and a maturity corresponding to the retirement date. The put-call parity in future terms is
defined as follows:

CTR − PTR = τAT − LT (5)

Hence, one can describe the DB scheme as:

DBT = LT = τAT +
(

PTR − CTR

)
(6)

The investment in a defined benefit scheme, thus, can be replicated by a position
composed of three elements: a long position in the fund assets, A, a long put position, PL,
and a short call position, CL, at the same strike price. Figure 1 plots the options value as
function of the old age benefit. Consequently, one may point that a defined contribution
scheme’s benefits are equal to the investment in a defined benefit fund with the buying call
option as CL and selling put option as PL at the same strike price:

DC(T) = DB +
(
CTR − PTR

)
(7)

It can be noted that high-earning cohorts or, more precisely, those whose total old-age
pension accumulation exceeds the former strike price or the average replacement level
(W ∗ RR) are expected, on average, to benefit from the transition, as there is no longer a
cap on their old-age benefits. In contrast, those whose accumulations are expected to be
below this level will be worse off as they are no longer insured by a put option up to a
higher benefit level. One can add that low earners have less financial tools and knowledge
to hedge their old age accumulation then high earners have.
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2.2. Mix Pension Scheme

In this section, a mix/hybrid pension scheme with two pension pillars is defined:
pay-as-you-go (DB PAYG) and funded DC scheme. Here, τ is the total contribution rate
from the participant’s wage. The contribution is split into two components: γ as the portion
of funded DC from the pension contributions, and (1− γ) as the contribution share, which
finances the DB PAYG.

At retirement, the individual has the benefit position of a hybrid scheme (PNhy
TR

):

PNhy
TR

= τ
{

γATR + (1− γ)LTR

}
(8)

Integrating (8) with (6) gives the following:

PNhy
TR

= τ
{

γATR + (1− γ)(ATR + PTR − CTR

}
(9)

That can be reduced to the following:

PNhy
TR

= τ
{

ATR + (1− γ)
(

PTR − CTR

)}
(10)

From (10), it can be seen that, when the unfunded pillar’s contributions are positive,
the participant member is willing to pay an insurance premium of τ(1− γ)CLT against the
adverse accumulation outcomes on a level of τ(1− γ)PLT . Hence, an efficient insurance
effect in a hybrid pension scheme, relative to the DC scheme, accrues when:

0 < τ(1− γ) < 1 (11)

After the transition, social security benefits, L′T , are not correlated any more to the
former liabilities level, LT . They connect with the new social security contributions level,
which is a function of wage level, wage growth rate (marked by g), and the contribution
rate to the first pillar. Equation (10) describes the difference between the two unfunded
types of pillar benefits, before and after the pension transition:

LT =
N

∑
i=1

T

∑
t=1

wi,t(1 + g)t−1 ∗ RR (12)

L′T =
N

∑
i=1

T

∑
t=1

τ(1− γ)wi,t(1 + g)t−1(1 + n)t−1 (13)

where RR represents the average replacement rate level of the DB pension scheme. The
actual old-age benefit in a mixed scheme with the new social security level can be described
as follows:

PNhy′
TR

= τγATR + L′T (14)

The difference between the actual benefit after the transition in Equation (14) and
the individual’s benefit expectation is noted in Equation (15). This difference creates an
expectation gap, leading to an anomaly for pension benefits for low-earning cohorts. This
theory is discussed in the next subsection.

Continuing to analyze the transition from an individual perspective, the change in the
pension benefit at retirement is as follows:

∆(Pension Financial Position) = PNhy′
TR
− DB (15)

∆(Pension Financial Position) = τγATR + L′T − LT (16)
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At the macro-economic level, the government’s net flow of old-age social transfers to
the public are summed to:

∆(Gov. Net Flow) = Expenditures− Revenues (17)

• The change in the government’s revenues from the transition is: −γτ
n+1
∑
i,

wt+1

• The change in the government’s expenditures from the transition is: L′T − LT

Hence, if the contribution rate is constant during the transition, one can determine the
following:

∆(Gov. Net Flow) = L′T − LT + γτ
n+1

∑
i=1,

wt+1 (18)

During the pension reform toward a funded-capitalized design, one can assume that
the participants’ total benefit from the transition (as described in Equation (16)) is higher
than the total government fiscal savings (as described in Equation (18)).

∆(Pension Position) ≥ ∆(Gov. net Expenditures Flow) (19)

Hence,

A(TR) >
n+1

∑
i=1,

wt+1 (20)

N

∑
i=1

T

∑
t=1

Wi,t(1 + r)t−1 ≥
n

∑
i

T

∑
t=1

Wi,t(1 + n)t−1(1 + g)t−1 (21)

From the central planner perspective, taking into account the society interests as one
unit, the transition is worth it if the following holds:

T

∑
i=1

(1 + r)t−1 ≥
T

∑
i=1

(1 + n)t−1(1 + g)t−1 (22)

Equation (22) represents the rationale of pension transitions from the economy level
and is similar to the condition in Aaron (1966), which considers the transitioning to the
funded scheme from PAYG (r > n). According to the analysis above, the rule is also true for
the transition to a mix/hybrid scheme as the condition does not depend on the contribution
rates of pension pillars.

Equation (22) corresponds to the former World Bank view and early macro-economic
literature on pension reforms in aging economies (Barr and Diamond 2016; Feldstein and
Ranguelova 2001), while ignoring risk and individual preference (Holzmann and Hinz
2005). The option model above was utilized to consider the interests of the different actors
through their financial position.

2.3. The Government Perspective

The government perspective considers two separate interests. Fiscally, as an active
actor in the field, the transition to a funded scheme is worthwhile as it liberates the
government from the fiscal and longevity burden of risk. These risks are transferred
individually or collectively to participants (Barr and Diamond 2016).

From a public perspective, or with the government as a central planner, the transition
is worthwhile only if the condition in Equation (19) is valid. In addition, the public
perspective might include social targets, such as income redistribution and a reduction of
the level of income inequality. These considerations might result in a push for changes in
the transition. From both government’s perspective, the transition might be worth, unless
the market returns are not high enough relative to the government yield. This scenario of
un satisfied yield is often related to undeveloped markets with high sovereign credit risk.
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2.4. The Individual’s Perspective

The individual’s financial position after the transition is given by Equation (14). The
individual benefits from the transition if:

τγA(TR) + L′(TR)−
(
τA(TR) + PTR − CTR

)
> 0 (23)

By reducing the total population indexation, one can determine that, on average, the
individual participant benefits from the transition if the following is valid:

τ(1− γ)wi,t

{
(1 + gt)

t−1(1 + nt)
t−1 − (1 + rt)

t−1
}
+ CTR − PTR > 0 (24)

The expression in the large curly brackets is negative, but should be very close to zero
as in the long-term: (1 + rt)

t−1 = (1 + gt)
t−1(1 + nt)

t−1. Consequently, one can determine
that the individual benefits from the transition if:

CTR − PTR > 0 (25)

In that case, only those whose long call option is “in the money” and whose short
put option position is “out of the money” will gain from the transition; in absolute terms,
their pension accumulation is above the average threshold level (WRR). They may gain,
on average, from the transition. Hence, the question of the individual’s gains from the
transition depends on his wage level, along with his career path and the market yield. If the
individual’s wage is relatively low, they must be extensively exposed to market risk to gain
from the transition. Although the compensation for market risk provides an expectedly
higher yield than the GDP per capita, participants who are averse to risk might avoid
significant exposure to market fluctuations (Wolf and Caridad y Lopez Del Rio 2021b).
That tendency is crucial when the individual’s accumulations are not high. Even if it is
assumed that all the participants share the same risk aversion coefficient, the total risk
appetite depends on total accumulations (Nelson et al. 2019 )

In further discussion, low and high earners are defined according to the absolute strike
price. It can be determined that the pension transition is biased in favor of high earners
compared to low earners. The extent of the bias depends on the dispersion of benefits
above and below the former strike price. The lower an individual’s accumulation is, the
worse their financial position would be after the transition, and vice versa.

3. Minimum Pension Guarantee as a Balance Mechanism
3.1. The Demand for Guarantee in Funded Pension Schemes

For sustainable funded pension design we identify two accumulate conditions. If the
average market yield is high enough, according to the condition illustrated in Equation
(19), there is a chance of actual transition. However, the sustainability of the transition
depends on political pressure. If most people benefit from the transition, according to the
condition described in Equation (21), the new system may be sustainable. Alternatively, if
a critical mass of participants is worse off after the transition, political pressure might push
toward pension reversals (Orenstein 2013; Ebbinghaus 2019).

In an attempt to reduce the probability of pension reversal, governments have an
incentive to increase pension accumulations to the lower accumulation distribution tail. If
more people benefit from the transition, the probability of keeping the transition sustainable
would be higher (Wolf and Caridad y Lopez Del Rio 2021b). That can be achieved by any
means of intergenerational risk sharing or financial transfer. The focus on minimum
pension guarantee is for calibration these means to a social threshold. To this consideration,
one may add public social targets of poverty alleviation and income redistribution. In the
Appendix A, we introduce only the most funded markets of pension schemes. According
to Mercer report (Mercer Global Pension Index 2021) these funded schemes are high ranked
in the list of the best pension systems. The funding for it self does not make the system
adequate and sustainable but the balance those countries found. That may include high
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public expenses and implementing minimum pension guarantees in one way or another.
According to the OECD reports (OECD 2019), the sustainability of the American and the
Israeli pension systems depend in future strengthening these social transfers’ mechanisms.
Funded schemes with low public pillar are in convergence process toward finding the
minimum guarantee, which satisfies critical mass of participants. Over the last decade, the
reversal wave in CEE countries and Latin America may reflect the public demand for risk
sharing in their pension systems and some protection of benefits (Natali 2018).

In the U.S., U.K., Ireland and Israel, the liberal economy agenda is dominant with
minimum government intervention (Giorno and Adda 2016). We believe this agenda has
lowered the expectations of benefits, compared to other OECD countries. In addition,
in these countries, as the poverty rates and income inequality levels are high, we find it
challenging for the government to increase the guarantee levels. Such an increase would
be quite expensive according to the above model.

3.2. The Finance Question

The central planner may finance the guarantee by increasing the contributions to
the working population, and levying the cost on the younger generation, or by financing
the same generation (Intra-generational risk sharing). As the financial position of a high-
earning cohort would be better than a low-earning cohort after the transition, determining
an intra-generational compensation (minimum guarantee) would be straightforward. This
type of “externalities” solution was discussed in Wolf and Caridad y Lopez Del Rio (2021a),
which included welfare and preferences among cohorts.

Naturally, in the era of aging societies, it is not advisable for the market to rely solely
on financing by a younger cohort. Economically, it would be efficient for every generation
to compensate according to its poverty rate and income dispersion.

3.3. The Guarantee Cost

The model presented above implies further characteristics of the minimum pension
guarantee mechanism. The guarantee is attributed as a long put option on behalf of the
individual. While holding this position, the lower the pension accumulation, the higher
the insurance effect. Consequently, the cost of the guarantee is simply the discounted value
of the benefits from the option, discounted at the government’s risk-free rate (Grande and
Visco 2010). An overview of the main parameters influencing the guarantee cost exchange
option perspective is as follows.

A. The Underlying Asset

After the transition, the social security pillar and the funded pillar replace the former
DB PAYG pension scheme. Hence, the underlying asset is defined the total pension
accumulations from both pillars. Consequently, it is argued that any insurance must be
examined and related to the overall benefits and in absolute terms. An example of this kind
of guarantee relative to total pension accumulation is implemented in Denmark (Jensen
et al. 2019). The relative rate of return guarantees, which are implemented widely (Antolín
et al. 2011), may provide sufficient protection for some periods, but not against risks such
as the market risk of GDP per capita, the labor risk, and the systemic risk.1

B. Guarantee Line

As discussed above, the economic rationale of the guarantee serves the condition in
which enough participants must gain from the transition to avoid political pressure for
another pension reform (Orenstein 2013). Similar to the put option, when the exercise
price is higher, the guarantee cost increases. In the edge case, when the guarantee line is
determined at the average “RR” level, the pension system is virtually back to a DB pension
scheme. Hence, it is assumed that the exercise price of the guarantee cannot pass that line.

Finding the minimum effective strike price is challenging as it depends on a variety
of parameters. Due to social concerns, some countries may mark the poverty line as a
minimum that ensures a proper standard of living in old age (Grande and Visco 2010;
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Pennacchi 1999). The poverty line might be high enough to keep the transition sustainable,
but it also depends on other variables that change from time to time, such as the dispersion
level and the market yield. Hence, it can be claimed that the government must react to
macro-economic changes. For example, the permanent reduction in the average rate of
return should lead to the consideration of an increase in the strike price of the guarantee.

C. Pension Pillar Sizes

Increasing the weight of the funded pillar within the pension system increases the
individual’s exposure to financial risk. Consequently, two contradictory factors influence
the return and risk of the guarantee cost:

• The rate of return of the funded pension: naturally, as the average pension return
is higher, there is more probability that the individual’s old-age benefit exceeds the
guarantee threshold and there are less chances that the put option would be exercised.
Hence, intuitively, when the average return is higher, the expected pension guarantee
cost is lower.

• The volatility influence: with a higher funded pillar weight, the portfolio accumulation
of pension benefits and the standard deviation increases as σA > σW . Following
the Black–Scholes option pricing model, the volatility of a higher pension portfolio
increases the guarantee cost. Hence, the “financial” position of the state, as the writer
of the option, is under more stress.

• Naturally, the above conclusions are opposite if the weight of the unfunded pillar
increases. Summing the return and the volatility influences, there is no clear conclusion
as to whether the guarantee cost will increase when the funded scheme is increased.
This is in line with Barr and Diamond (2009), who argued against the pension literature
strand during the 1990s, which pushed to implement funded pension funds to decrease
fiscal burdens.

D. Market Yields

A higher rate of return, r, increases the value of the underlying asset and respectively
reduces the put option value/cost. On the other hand, the GDP per capita does not
influence the guarantee cost, since both the strike price and the underlying asset are
indexed to the GDP per capita.

E. Income Dispersion

With high-income inequality, statistically, there is a higher probability of individuals’
put options to be exercised at retirement. As a consequence, the total guarantee cost in the
market will be higher. In a theoretical case where there is a flat dispersion of accumulation
around the RR level, flows from high-earning cohorts to low-earning cohorts can imitate the
DB pension scheme, bringing all participants to the RR average point in absolute financial
terms. In the common case with income inequality, the burden of the guarantee cost is
distributed among fewer participants and, naturally, its exercise price is lower than the
average RR level. In Figure 2, in the market B with smoother or equal income distribution
than market A, the minimum pension guarantee can be higher, as more participant from
high earning cohorts share the finance burden. Alternatively, with moderate distribution,
for a given guarantee level, the call strike price can be higher, meaning less participants
will share the finance burden. Indeed,
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F. Average Age

In line with the Black–Scholes pricing model, the value of the put option decreases
when the exercise date approaches. Therefore, it is determined that there is a negative
correlation between the average dependency ratio in society and the total guarantee cost at
a given point in time.

Table 1 summarizes the correlation between the guarantee cost and the above parame-
ters.

Table 1. Influence on Guarantee Cost.

Parameter Correlation

The guarantee line

J. Risk Financial Manag. 2021, 14, x FOR PEER REVIEW 9 of 14 
 

 

financial terms. In the common case with income inequality, the burden of the guarantee 
cost is distributed among fewer participants and, naturally, its exercise price is lower than 
the average RR level. In Figure 2, in the market B with smoother or equal income 
distribution than market A, the minimum pension guarantee can be higher, as more 
participant from high earning cohorts share the finance burden. Alternatively, with 
moderate distribution, for a given guarantee level, the call strike price can be higher, 
meaning less participants will share the finance burden. Indeed,  

 
Figure 2. Income Distribution and the Minimum Pension Guarantee Level. 

F. Average Age 
In line with the Black–Scholes pricing model, the value of the put option decreases 

when the exercise date approaches. Therefore, it is determined that there is a negative 
correlation between the average dependency ratio in society and the total guarantee cost 
at a given point in time. 

Table 1 summarizes the correlation between the guarantee cost and the above 
parameters. 

Table 1. Influence on Guarantee Cost. 

Parameter Correlation 

The guarantee line  
The funded pillar’s size ? 

The market’s rate of return  

GDP per capita rate of return  

Income inequality level  

Dependency ratio  

4. Discussion 
Pension reversals have accelerated in recent years, mainly since the 2008 crisis and 

the recent COVID-19 financial crisis (Fultz and Hirose 2019; Gerard et al. 2020; Wolf and 
Caridad y Lopez Del Rio 2021b). As there are different reasons for the evolution of the 
pension in each country, global experience confirms that the demand for redistribution 
mechanisms or a minimum pension guarantee are common motives in the latest design 
of pension reforms around the globe. These mechanisms can address the form of pension 
top-ups, such as those in Argentina and Poland, or, for instance, a zero pillar in places 
such as Chile, Hungary, and Kazakhstan (Borzutzky and Hyde 2016).  

A. Minimum 
pension guarantee Pension Accumulation

Population Distribution

A

B

B. Minimum 
pension guarantee

The funded pillar’s size ?

The market’s rate of return

J. Risk Financial Manag. 2021, 14, x FOR PEER REVIEW 9 of 14 
 

 

financial terms. In the common case with income inequality, the burden of the guarantee 
cost is distributed among fewer participants and, naturally, its exercise price is lower than 
the average RR level. In Figure 2, in the market B with smoother or equal income 
distribution than market A, the minimum pension guarantee can be higher, as more 
participant from high earning cohorts share the finance burden. Alternatively, with 
moderate distribution, for a given guarantee level, the call strike price can be higher, 
meaning less participants will share the finance burden. Indeed,  

 
Figure 2. Income Distribution and the Minimum Pension Guarantee Level. 

F. Average Age 
In line with the Black–Scholes pricing model, the value of the put option decreases 

when the exercise date approaches. Therefore, it is determined that there is a negative 
correlation between the average dependency ratio in society and the total guarantee cost 
at a given point in time. 

Table 1 summarizes the correlation between the guarantee cost and the above 
parameters. 

Table 1. Influence on Guarantee Cost. 

Parameter Correlation 

The guarantee line  
The funded pillar’s size ? 

The market’s rate of return  

GDP per capita rate of return  

Income inequality level  

Dependency ratio  

4. Discussion 
Pension reversals have accelerated in recent years, mainly since the 2008 crisis and 

the recent COVID-19 financial crisis (Fultz and Hirose 2019; Gerard et al. 2020; Wolf and 
Caridad y Lopez Del Rio 2021b). As there are different reasons for the evolution of the 
pension in each country, global experience confirms that the demand for redistribution 
mechanisms or a minimum pension guarantee are common motives in the latest design 
of pension reforms around the globe. These mechanisms can address the form of pension 
top-ups, such as those in Argentina and Poland, or, for instance, a zero pillar in places 
such as Chile, Hungary, and Kazakhstan (Borzutzky and Hyde 2016).  

A. Minimum 
pension guarantee Pension Accumulation

Population Distribution

A

B

B. Minimum 
pension guarantee

GDP per capita rate of return

J. Risk Financial Manag. 2021, 14, x FOR PEER REVIEW 9 of 14 
 

 

financial terms. In the common case with income inequality, the burden of the guarantee 
cost is distributed among fewer participants and, naturally, its exercise price is lower than 
the average RR level. In Figure 2, in the market B with smoother or equal income 
distribution than market A, the minimum pension guarantee can be higher, as more 
participant from high earning cohorts share the finance burden. Alternatively, with 
moderate distribution, for a given guarantee level, the call strike price can be higher, 
meaning less participants will share the finance burden. Indeed,  

 
Figure 2. Income Distribution and the Minimum Pension Guarantee Level. 

F. Average Age 
In line with the Black–Scholes pricing model, the value of the put option decreases 

when the exercise date approaches. Therefore, it is determined that there is a negative 
correlation between the average dependency ratio in society and the total guarantee cost 
at a given point in time. 

Table 1 summarizes the correlation between the guarantee cost and the above 
parameters. 

Table 1. Influence on Guarantee Cost. 

Parameter Correlation 

The guarantee line  
The funded pillar’s size ? 

The market’s rate of return  

GDP per capita rate of return  

Income inequality level  

Dependency ratio  

4. Discussion 
Pension reversals have accelerated in recent years, mainly since the 2008 crisis and 

the recent COVID-19 financial crisis (Fultz and Hirose 2019; Gerard et al. 2020; Wolf and 
Caridad y Lopez Del Rio 2021b). As there are different reasons for the evolution of the 
pension in each country, global experience confirms that the demand for redistribution 
mechanisms or a minimum pension guarantee are common motives in the latest design 
of pension reforms around the globe. These mechanisms can address the form of pension 
top-ups, such as those in Argentina and Poland, or, for instance, a zero pillar in places 
such as Chile, Hungary, and Kazakhstan (Borzutzky and Hyde 2016).  

A. Minimum 
pension guarantee Pension Accumulation

Population Distribution

A

B

B. Minimum 
pension guarantee

Income inequality level

J. Risk Financial Manag. 2021, 14, x FOR PEER REVIEW 9 of 14 
 

 

financial terms. In the common case with income inequality, the burden of the guarantee 
cost is distributed among fewer participants and, naturally, its exercise price is lower than 
the average RR level. In Figure 2, in the market B with smoother or equal income 
distribution than market A, the minimum pension guarantee can be higher, as more 
participant from high earning cohorts share the finance burden. Alternatively, with 
moderate distribution, for a given guarantee level, the call strike price can be higher, 
meaning less participants will share the finance burden. Indeed,  

 
Figure 2. Income Distribution and the Minimum Pension Guarantee Level. 

F. Average Age 
In line with the Black–Scholes pricing model, the value of the put option decreases 

when the exercise date approaches. Therefore, it is determined that there is a negative 
correlation between the average dependency ratio in society and the total guarantee cost 
at a given point in time. 

Table 1 summarizes the correlation between the guarantee cost and the above 
parameters. 

Table 1. Influence on Guarantee Cost. 

Parameter Correlation 

The guarantee line  
The funded pillar’s size ? 

The market’s rate of return  

GDP per capita rate of return  

Income inequality level  

Dependency ratio  

4. Discussion 
Pension reversals have accelerated in recent years, mainly since the 2008 crisis and 

the recent COVID-19 financial crisis (Fultz and Hirose 2019; Gerard et al. 2020; Wolf and 
Caridad y Lopez Del Rio 2021b). As there are different reasons for the evolution of the 
pension in each country, global experience confirms that the demand for redistribution 
mechanisms or a minimum pension guarantee are common motives in the latest design 
of pension reforms around the globe. These mechanisms can address the form of pension 
top-ups, such as those in Argentina and Poland, or, for instance, a zero pillar in places 
such as Chile, Hungary, and Kazakhstan (Borzutzky and Hyde 2016).  

A. Minimum 
pension guarantee Pension Accumulation

Population Distribution

A

B

B. Minimum 
pension guarantee

Dependency ratio

J. Risk Financial Manag. 2021, 14, x FOR PEER REVIEW 9 of 14 
 

 

financial terms. In the common case with income inequality, the burden of the guarantee 
cost is distributed among fewer participants and, naturally, its exercise price is lower than 
the average RR level. In Figure 2, in the market B with smoother or equal income 
distribution than market A, the minimum pension guarantee can be higher, as more 
participant from high earning cohorts share the finance burden. Alternatively, with 
moderate distribution, for a given guarantee level, the call strike price can be higher, 
meaning less participants will share the finance burden. Indeed,  

 
Figure 2. Income Distribution and the Minimum Pension Guarantee Level. 

F. Average Age 
In line with the Black–Scholes pricing model, the value of the put option decreases 

when the exercise date approaches. Therefore, it is determined that there is a negative 
correlation between the average dependency ratio in society and the total guarantee cost 
at a given point in time. 

Table 1 summarizes the correlation between the guarantee cost and the above 
parameters. 

Table 1. Influence on Guarantee Cost. 

Parameter Correlation 

The guarantee line  
The funded pillar’s size ? 

The market’s rate of return  

GDP per capita rate of return  

Income inequality level  

Dependency ratio  

4. Discussion 
Pension reversals have accelerated in recent years, mainly since the 2008 crisis and 

the recent COVID-19 financial crisis (Fultz and Hirose 2019; Gerard et al. 2020; Wolf and 
Caridad y Lopez Del Rio 2021b). As there are different reasons for the evolution of the 
pension in each country, global experience confirms that the demand for redistribution 
mechanisms or a minimum pension guarantee are common motives in the latest design 
of pension reforms around the globe. These mechanisms can address the form of pension 
top-ups, such as those in Argentina and Poland, or, for instance, a zero pillar in places 
such as Chile, Hungary, and Kazakhstan (Borzutzky and Hyde 2016).  

A. Minimum 
pension guarantee Pension Accumulation

Population Distribution

A

B

B. Minimum 
pension guarantee

4. Discussion

Pension reversals have accelerated in recent years, mainly since the 2008 crisis and
the recent COVID-19 financial crisis (Fultz and Hirose 2019; Gerard et al. 2020; Wolf and
Caridad y Lopez Del Rio 2021b). As there are different reasons for the evolution of the
pension in each country, global experience confirms that the demand for redistribution
mechanisms or a minimum pension guarantee are common motives in the latest design
of pension reforms around the globe. These mechanisms can address the form of pension
top-ups, such as those in Argentina and Poland, or, for instance, a zero pillar in places such
as Chile, Hungary, and Kazakhstan (Borzutzky and Hyde 2016).

The model introduced above argues that the question of pension reform sustainability
is linked to the economic gain/loss of participants and not necessarily to the rate of
return and the population coefficient growth, as was the case in the traditional economy
research (Aaron 1966). The model asserts that the Aaron–Samuelson rule is valid in an
economy with identical consumers or, at least, almost homogenous savers. In reality, the
question of pension reform depends on statistical/political considerations. According to
the above model, if a significant mass of participants will be negatively affected by the
transition, the probability of reversal is higher. Accordingly, a financial crisis may result
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in political pressure to revert to more government intervention in the pension market.
The option model above clearly shows that, economically, for low-earning cohorts whose
old-age benefits are below the average, the replacement rate is negatively affected by
the pension transition. According to the model above, The lower their average pensions
accumulate below the former average replacement rate and/or the more the number of
participants there are below the average replacement, the more the sustainability of the
funded pension reform is at stake. To implement pension guarantee signals, all the earning
cohorts must trust the pension system at retirement, despite the various risks of burden.
According to this model, the central planner has to improve the financial benefit status of
enough participants to maintain the pension scheme. Hence, the guarantee’s strike price, if
implemented, should be below the former average replacement rate.

To lower the guarantee cost, it was shown by the analog that to short put the option
position, the central planner has to alleviate the level of inequality in society. Only then,
can the guarantee strike price be increased and its cost be distributed among a larger group
of participants.

5. Conclusions

This study analyzed old-age benefits during the transition from a DB PAYG pension
scheme to a funded design. The results of the theoretical model demonstrate that the tran-
sition is beneficial, mainly for high-earning cohorts at the expense of low-earning cohorts.
Moreover, implementing a minimum pension guarantee was revealed as an efficient way to
increase the probability of the pension system’s sustainability. The particular characteristics
of the guarantee boundaries and their costs were studied in this research.

In addition to the public and the government, the traditional actors, we map another
major actor—the individual. We claim that as a function of the income distribution in
the market, the individual might gain political power and may influence the pension
mechanism. Consequently, any pension scheme equilibrium must consider the individual
interest. Individuals’ financial position is not homogenous. Some benefit from the transition
and some may lose. Seeking equilibrium in the funded pension scheme, we find two
junctions of decisions. The first is at the public society level and the second is among
different earning cohorts.

Moreover, in agreement with the emerging literature on pension reforms and re-
reforms, it was claimed that in a funded pension scheme, the central planner has an
incentive to implement a minimum pension guarantee, avoiding cyclical pension reforms
and fiscal risks while relying on unfunded pillars.

From this perspective, implementing the guarantee through intra-generational risk
sharing can efficiently reduce the anomaly stated earlier. This kind of guarantee can be
considered as a “collar” transaction, where the underlying asset is the total old-age benefit
at retirement. Economically, this transaction compensates low earners for their lack of
insurance against low benefits and high exposure to financial risks with a low ability to
diversify them.

The theory introduced here follows the classic literature strand of consideration of
funded and unfunded pension schemes and adds the dimension of risk and expectation of
insurance as being key to sustainable schemes.

We find this study highly relevant in the current times when governments seek
exit strategies from the Corona-virus pandemic-related financial crisis. Policymakers are
moving somewhat beyond the narrow interpretation of pension system sustainability
adopted in the previous decades. The link between the financial position of individuals
and political pressure might be a novelty in the existing literature but has been proven
true in the case of pension reversals in CEE countries and Latin America. Countries which
implement funded pension schemes must ensure periodically that pension guarantee
schemes are adequate and consistent with the income distribution level. Additionally,
as financial and systemic shocks are accelerating public reaction, it will be interesting to
examine the pension system design sometime after the corona-virus crisis.



J. Risk Financial Manag. 2021, 14, 525 11 of 12

For further research, empirical analysis of the implementation of minimum guarantees
in additional countries with different kinds of pension schemes is suggested. Specifically,
it would be interesting to examine the inter-cohort balance in the notional defined con-
tribution (NDC) form, which is increasing in popularity across Europe. Socio-economic
research can be conducted in tandem with this paper by investigating the utility function
of different cohorts while imposing a minimum pension guarantee.
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Denmark Mandatory occupational DC 74% High first tier. Minimum (36% AW) High coverge in funded pension scheme 8.1% 58.40%

U.S DB (0.91%)+DC 39.4%
Full career-50% Basic 7% 95.80%

Switzerland Dominant DB+Mandatory 
occupational DC

42.4%
Full career-44% Minimum (22% AW)

High coverge in funded pension scheme.
2019 - increasing public pillar contributions
Risk for self employed.

6.6% 149.10%

U.K Dominant DB (fixed benefit) 
+Mandatory personal DC

21.7%
Full career-30% Basic Funded-1993

50% cpverage on funded pension schemes. 5.6% 118.50%

Netherlands DB (1.75% + 0.77%B)+ 
Mandatory occupational DC

70.9%
Full career-80%

Minimum (1250 Euro a month) + Social 
Assitance High coverge in funded pension scheme 5.4% 210.30%

Canada DB (0.63%+0.3%5B)+DC 39%
Mnimum (32% AW)
Social Assitance + Holistic model basic 
pension

4.9% 95.50%

Israel Mandatory personal DC 50.10% Basic + rate of return subsidy (from the 
1970s)

Funded-1995; transiton from DB.
High coverage in funded funds. 4.6% 69.80%

Australia Mandatory occupational DC 30.90% Minimum (Fltat rate) + Target (27.7% 
AW) High coverge in funded pension scheme 4% 128.70%

Ireland Mandatory personal DC 27%
Full career - 35% Minimum (34% AW) Less than 60% coverage in funded pension 

schemes.
3.70% 34.40%

Chile Mandatory personal DC 31.20% Basic Social Assitance means tested Funded-1981; Reversal- 2018
High coverage in funded pension schemes. 2.8% 75.80%

Iceland DC 70% Social Assitance 2.6% 194.30%

Mexico DB+ Mandatory personal DC 25.70% 2013 - Minimum (MW)
Funded-1997; 
High coverage in funded pension schemes. 2.3% 20.40%

Notes
1 During the COVID-19 crisis, a global systemic risk was witnessed which includes a high unemployment rate and financial

turmoil.
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