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Abstract

This study offers in-depth knowledge of the socio-economic characteristics of funded 
pension projects. It is based on the financial position of pension market actors dur-
ing the transition of the pension system to a more funded capitalized scheme, mainly 
through the option benefit model. This is possible due to the fact that the economy is 
not viewed as a single earning cohort. The study analytically 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 due to lack 
of insurance and exposure to financial and systemic risks. Furthermore, the anomaly 
might lead to the pension re-reform back to an unfunded scheme, mainly due to po-
litical pressure. A minimum pension guarantee was found to be a rebalance mecha-
nism to this anomaly, which increases the probability of a sustainable pension scheme. 
Specifically, it is argued that implementing a guarantee with an intra-generational, 
risk-sharing mechanism is the most effective way to reduce the impact of this abnor-
mality. Moreover, the paper shows the convergence process toward implementing a 
minimum pension guarantee in many countries that have capitalized their pension 
systems during the last three decades, in particular in Latin America and Central and 
Eastern Europe. 
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INTRODUCTION

The latest financial crisis, including the current COVID-19 pandemic, 
has highlighted the uncertainty of retirement income derived from 
funded pension plans. Risk protection for retirees has become one of 
the focuses of the debate on how retirement systems can be organ-
ized (Orenstein, 2013; Hacker, 2006). Defined contribution (DC) plans 
are already the main source of financial retirement in Latin American 
and CEE countries, while it is expanding rapidly in other countries of 
Western Europe, where they are still voluntary (Grech, 2015).

Correspondently, the vast literature has observed pressure toward re-
versals and government insurance in countries that have gone through 
radical funded reforms (Wolf & Caridad, 2021b; Altiparmalov, 2018; 
Naczyk & Domonkos 2016; Orenstein, 2013). Since the 1990s, devel-
oped countries are gradually taken reforms that separate pension sys-
tems from the fiscal budget, moving from the public pay-as-you-go 
(PAYG) defined benefit (DB) model to individual accounts in a mul-
ti-pillar architecture. While the literature still studies the reasons for 
pension reversals, some scholars argue that the unstable pension land-
scape is due to a lack of risk-sharing mechanisms in these countries, as 
compared to developed countries (Fultz & Hirose, 2019; Ebbinghaus, 
2015; Grech, 2018). Indeed, according to the late literature, after a rig-
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marole of global experience and debates, the implementation of a minimum pension guarantee has 
become a key recommendation of global economic organizations as part of the funded modern scheme 
(e.g., Heneghan, 2019). Moreover, funded pension schemes such as in the Netherlands, Australia and 
Denmark with strong income redistribution mechanism we witness of sustainability and high adequacy 
(OECD, 2019).

Using simple financial positions embedded in exchange options, this theory implies a tradeoff between 
insurance and return in pension designs. This perspective enables the classic economic funding con-
dition of Aaron (1966) to be enriched through the dimension of risk. In addition, this perspective of 
financial standing allows for differentiation in society. This theory shows that disappointment from 
the funded scheme may come from low-earning cohorts, while high earners will benefit from the tran-
sition. By that, this study confirms Hinrichs (2021), which conclude that fiscal sustainability has the 
cost of missing the pension purpose of poverty relief. After understanding the gap between financial 
positions, this paper offers an equilibrium array by providing a minimum pension guarantee financed 
by intra-generational risk sharing. Thus, one may include this paper in the literature strand of risks in 
pension schemes (Wolf & Caridad, 2021a; Chen et al., 2014; Knell, 2010).

The second part of this study focuses on the guarantee cost characteristics, boundaries, constraints, and 
a favorable way of finance. The challenge of financing the risk-sharing mechanism has become one of 
the priorities on the agenda of policymakers during the global economic crisis.

1. THEORETICAL BASIS

The financial positions of different pension 
schemes are described using the financial posi-
tions of exchange options. After describing the 
pension market using options, the interests of 
players are introduced, trying to find an equilibri-
um point for a sustainable pension design.

1.1. The pension market

The final amount of a funded capitalized pension 
fund can be expressed as a function of the funded 
asset accumulations ( )TA  along with the partic-
ipant’s career, during the working phase, capital-
ized until death.

( ) ( )
11

1 1

1 ,
DR TT

R T t t

t t

DC T A w rτ τ
−−

= =

= = +∑ ∏  (1a)

where tr  is the average rate of return earned by 
the DC  plan on its portfolio of financial assets 
at time .t  RT  is the participant’s retirement year, 

1t =  is the time of enrolment in the pension 
fund, and T  is the expected individual’s lifetime 
as this model avoids actuarial factors related to 
the probabilities of survival. tw  is defined as the 
equivalent gross earnings at the beginning of 
each year.

The defined benefit (DB) scheme, however, is the 
function of the participant’s wage, working pe-
riod, and age (Romaniuk, 2009). The individual 
member is paid at the level of the fund obligations 
independently from market (asset) performance. 
Hence, intuitively:

( ) ( ) ,R T RDB T L Tτ=  (1b)

where, TL  is the fund’s liabilities. Notably, LC  
and LP  denote the call and put exchange options, 
respectively, whose payoffs at retirement are as 
follows:

( ) ( )( )max ,0 ,
RT

C A T L Tτ= −  (2a)

( ) ( )( )max ,0 .
RT
P L T A Tτ= −  (2b)

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

( ) ( ).
R RT TC P A T L Tτ− = −  (3)

Hence, one can describe the DB  scheme as:

( ) ( ) ( ) ( ).
R RT TDB T L T A T P Cτ= = + −  (4)
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The investment in a defined benefit scheme, and 
thus, can be replicated by a position composed of 
three elements: a long position in the fund assets, 

,A  long put position, ,LP  and a short call posi-
tion, ,LC  at the same strike price.

Systematically, the defined contribution’s benefits 
are equal to the investment in a defined benefit 
fund with the buying call option as LC  and sell-
ing put option as LP  at the same strike price.

( ) ( ).
R RT TDC T DB C P= + −  (5)

One can note that for high-earning cohorts or, 
more precisely, those who have their total old-age 
pension accumulation exceeding the former strike 
price or the average replacement level ( ) ,W RR⋅  
the transition is expected to be beneficial on av-
erage, since there is no more cap for 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.

The mix/hybrid pension scheme includes two pen-
sion pillars: pay-as-you-go (DB PAYG) and a fund-
ed DC scheme. Here τ  is the total contribution 
rate from the participant’s wage. The contribution 
is been split into two components: γ  as the por-
tion of funded DC  from the pension contribu-
tions and ( )1 γ−  as the contribution share, which 
finances the DB  PAYG. 

At retirement, the individual has a benefit position 
of a hybrid scheme ( ) :

R

hy

TPN

( ) ( ) ( ){ }1 .
R

hy

T RPN A T L Tτ γ γ= + −  (6)

Integrating (6) with (4) results in the following:

( ) ( ) ( )( ){ }1 .
R R R

hy

T R R T TPN A T A T P Cτ γ γ= + − + −  (7)

That can be reduced to the equation given below:

( ) ( )( ){ }1 .
R R R

hy

T R T TPN A T P Cτ γ γ= + − −  (8)

Equation (8) shows that when the unfunded pil-
lar’s contributions are positive, the participant 
member is willing to pay an insurance premium 
of ( ) ( )1 LC Tτ γ−  against the adverse accumu-
lation outcomes in a level of ( ) ( )1 .LP Tτ γ−  

Hence, efficient insurance effect in a hybrid pen-
sion scheme, relative to the DC  scheme, accrues 
when

( )0 1 1.τ γ< − <  (9)

After the transition, social security benefits, 

( ) ,L T′  are not correlated anymore to the for-
mer liabilities level, ( ).L T  They connect with the 
new social security contributions level, which is a 
function of wage level, wage growth rate (marked 
by q ) and the contribution rate to the first pillar. 
Equation (10) describes the difference between the 
two unfunded types of pillars’ benefits, before and 
after the pension transition:

( ) ( ) 1

,

1 1

1 ,
N T

t

i t

i t

L T w q RR
−

= =

= + ⋅∑∑  (10a)

( ) ( ) ( ) ( )1 1

,

1 1

1 1 1 ,
N T

t t

i t

i t

L T w q nτ γ − −

= =

′ = − + +∑∑  (10b)

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:

( ) ( ).
R

hy

T RPN A T L Tτγ′ ′= +  (11)

This multi-pillar scheme is in line with the World 
Bank model (1994). The difference between the 
actual benefit after the transition (11) and the in-
dividual’s benefit expectation is noted in (8). This 
difference creates an expectation gap, leading to 
an anomaly for pension benefits for low-earn-
ing cohorts. This theory is discussed in the next 
subsection.

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

( )  

,
R

hy

T

Pension Financial Position

PN DB
′

∆ =

= −
 (12)

( )
( ) ( ) ( )

  

.R

Pension Financial Position

A T L T L Tτγ

∆ =

′= + −
 (13)

At the macro-economic level, the government’s 
net flow of old-age social transfers to the public is 
summed up to:
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( ).  

Re .

Gov Net Flow

Expenditures venues

∆ =

= −
 (14)

• The change in the government’s revenues from 
the transition is the following:

1

1
,

n

t

i

wγτ
+

+− ∑  

• The change in the government’s expenditures 
from the transition is as follows:

( ) ( ).L T L T′ −  

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

( )

( ) ( )
1

1

.  

.
n

t

i

Gov Net Flow

L T L T wγτ
+

+

∆ =

′= − + ∑
 (15)

During the pension reform toward funded-capi-
talized design, one can assume that the individuals’ 
total benefit from the transition (as described in 
equation (13)) is higher than the government fiscal 
savings (as described in equation (15)). Otherwise, 
the central planner would not reform the pension 
system in the first place, due to political pressure 
(Grech, 2018; Holzmann & Hinz, 2005).

( )
( )

 

.   .

Pension Position

Gov Net Expenditures Flow

∆ ≥

≥ ∆
 (16)

Hence, according to (13) and (15),

( )
1

1
.

n

R t

i

A T w
+

+>∑  (17)

( )

( ) ( )

1

,

1 1

1 1

,

1

1

1 1 .

N T
t

i t

i t

n T
t t

i t

i t

w r

w n q

−

= =

− −

=

+ ≥

≥ + +

∑∑

∑∑
 (18)

From the central planner perspective, the transi-
tion is worth right if the following holds:

( ) ( ) ( )1 1 1

1 1

1 1 1 .
T T

t t t

i i

r n q
− − −

= =

+ ≥ + +∑ ∑  (19)

Equation (19) represents the rationale of pension 
transitions from the economy level and is sim-

ilar to Aaron’s (1966) condition, considering 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 pen-
sion pillars’ contribution rates. 

Equation (19) corresponds to the former World 
Bank view (2004) and early macro-economic lit-
erature on pension reforms in aging economies 
(Feldstein, 1997, 2001; Disney, 2000) while ignor-
ing risk and individual preference. The option 
model above was utilized to consider the different 
actors’ interests through their financial position. 

1.2. The government perspective

The government considers two separate interests. 
Fiscally, as an active actor in the field, shifting 
from a PAYG pension design to individual ac-
counts is worth it as it liberates the government 
from fiscal and longevity risks burden. These risks 
are transferred individually or in collective pools 
to the participants.

From a public perspective or the government as 
a central planner, the transition is worth only if 
the condition in equation (19) is valid. In addition, 
the public perspective might include some social 
targets such as income redistribution and reduc-
tion of the income-inequality level. These consid-
erations might push for changes in the transition.

1.3. The participant’s perspective

The individual’s financial position after the transi-
tion is given by equation (12). An individual bene-
fits from the transition if:

( ) ( )
( )( ) 0.

R R

R R

R T T

A T L T

A T P C

τγ

τ

′+ −

− + − >

 (20)

By reducing the total population indexation, one 
can determine that, on average, the individual 
participant gains from the transition if the follow-
ing is valid:

( ) ( ) ( ) ( ){ }1 1 1

,
1 1 1 1

0.
R R

t t t

i t t t t

T T

w q n r

C P

τ γ − − −− + + − + +

+ − >
 (21)
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The phrase in the large curly brackets is negative 
but should be very close to zero as in the long term: 

( ) ( ) ( )1 1 1
1 1 1 .

t t t

t t tr q n
− − −+ = + +  Consequently, 

one can determine that in average, the individual 
benefits from the transition if: 

0.
R RT TC P− >  (22)

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 ( ).W RR⋅  They 
may gain in average from the transition. Hence, 
the question of the individual gains from the tran-
sition depends on their wage level along with their 
career and the market yield. If the individual’s 
wage is relatively low, he must be extensively ex-
posed to market risk to gain from the transition. 
One can think of the funded transition that two 
components were abolished: for lower earners the 
insurance component and for high earners the cap 
for benefits. Although the compensation to mar-
ket risk provides an expectedly higher yield than 
the GDP per capita, participants averse to risk 
might avoid high exposure to market fluctuations 
(Wolf & Caridad, 2021b). That tendency is crucial 
when the individuals’ accumulations are not high. 
Even if it is assumed that all the participants share 
the same risk aversion coefficient, the total risk ap-
petite depends on total accumulations (Rappaport, 
2016; De Menil et al., 2006; Masten & Thogensen, 
2004). 

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 dis-
persion of benefits above and beneath the former 
strike price. The lower an individual’s accumu-
lation, the worse his financial position after the 
transition, and vice versa. 

2. RESULTS

The theory studied above points out a clear finan-
cial interest that is pushing toward a funded-cap-
italized transition. If the average market’s yield 
is high enough, according to the condition illus-

trated in (19), there is a chance of actual transi-
tion. However, the sustainability of the transition 
depends on political pressure. If most of the peo-
ple benefit from the transition, according to the 
condition described in (21), the new system may 
be sustainable. Alternatively, if a critical mass of 
participants is worse off after the transition, polit-
ical pressure might push toward pension reversals 
(Grech, 2018; Orenstein, 2013; Ebbinghaus, 2019). 
This study discusses the re-reforms pension wave 
of the last two decades back toward the PAYG 
scheme, mainly in the CEE and Latin American 
countries. 

In an attempt to reduce the probability of pen-
sion reversal, the government has an incentive to 
increase pension accumulations to the low tail of 
accumulation distribution. If more people bene-
fit from the transition, the probability of keeping 
the transition sustainable would be higher (Wolf 
& Caridad, 2021b; Zaidi, 2010). To this considera-
tion, one may add public social targets of poverty 
alleviation and income redistribution. In reality, 
the government is a central planner and mediator 
that enables financial transactions by implement-
ing a minimum pension guarantee (also called the 

“zero pillar”).

The central planner may finance the guaran-
tee by increasing the contributions to the work-
ing population, levying the cost on the younger 
generation, or by financing the same generation. 
Since, after the transition, the financial position 
of a high-earning cohort would be better than a 
low-earning cohort, determining an intra-genera-
tional compensation (minimum guarantee) would 
be straightforward. The solution to this kind of 

“externalities” was discussed in Wolf and Caridad 
(2021a), which included welfare and preferences 
among cohorts. 

In addition, in the era of aging societies, it is not 
advisable to lean on younger cohort financing. 
Economically, it would be efficient for every gener-
ation to compensate according to its poverty rate 
and income dispersion.

The model presented above implies further char-
acteristics of the minimum pension guarantee 
mechanism. The guarantee is attributed as a long 
put option on behalf of an individual. While hold-
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ing this position, the lower the pension accumula-
tion, the higher the insurance effect. Consequently, 
the guarantee’s cost is simply the discounted val-
ue of the benefits from the option, discounted at 
the government’s risk-free rate (Grande & Visco, 
2009). An overview of the main parameters influ-
encing the guarantee cost exchange option per-
spective is as follows: 

A. The underlying asset

After the transition, the social security pillar 
and the funded pillar substitute the former DB 
PAYG pension scheme. Hence, the underlying as-
set changes from wage level to total pension ac-
cumulations 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 rela-
tive to total pension accumulation is implemented 
in Denmark (Jensen et al., 2019). 

B. Guarantee line

As discussed above, the guarantee economic ra-
tionale serves the condition in which enough par-
ticipants must gain from the transition to avoid 
political pressure toward another pension reform 
(Orenstein, 2013). Similar to the put option, when 
the exercise price is higher, the guarantee cost in-
creases (Lachance & Mitchell, 2003). At the edge 
case, when the guarantee line is determined at the 
average “RR” level, the pension system is practi-
cally back to the DB pension scheme. Hence, it is 
assumed that the guarantee’s exercise price cannot 
pass that line.

Finding the minimum effective strike price is chal-
lenging as it depends on a variety of parameters. 
Due to social concerns, some countries may mark 
the poverty line as a floor that ensures a proper 
standard of living in old age (Grande & Visco, 
2010; Pennachi, 2009). 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’s 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 con-
sidering an increase in the guarantee’s strike price.

C. Pension pillar sizes

While increasing the funded pillar’s weight within 
the pension system, the individual’s exposure to 
financial risk increases. Consequently, two contra-
dictory factors influence the guarantee cost’s re-
turn and risk:

• Funded Pension’s Rate of Return: 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 lesser chances that the put option 
would be exercised. Hence, intuitively, when 
the average return is higher, the expected 
guarantee cost is lower. 

• The Volatility Influence: With higher funded 
pillar weight, the portfolio accumulation of 
pension benefits and the standard deviation 
increases as .A Wσ σ>  Following the Black-
Scholes option pricing model, a higher pen-
sion portfolio’s volatility increases the guar-
antee 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 unfunded pillar’s weight increases. Summing 
the return and the volatility influences, there is no 
clear conclusion whether the guarantee cost will 
increase when the funded scheme increases. This 
is in line with Barr and Diamond (2009), who ar-
gued against the pension literature strand during 
the 1990s that pushed to implement funded pen-
sion funds to decrease fiscal burdens.

D. Market yields

A higher rate of return, ,r  increases the underly-
ing asset’s value and, accordingly, 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 

Statistically, with high-income inequality, there is 
a higher probability that individuals’ put options 
will be exercised at retirement. As a consequence, 
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the total guarantee cost in the market will be high-
er. In a theoretical case where there is a flat disper-
sion 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 dis-
tributed among fewer participants, and naturally, 
its exercise price is lower than the average RR level. 

F. Average age

In line with the Black-Scholes pricing model, the 
put option’s value decreases when the exercise date 
approaches. Therefore, it was found that there is a 
negative correlation between the average depend-
ency 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. The influence on the guarantee cost

Parameter
Influence on the 
guarantee cost

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 –

3. DISCUSSION

Pension reversals have accelerated during the last 
years, mainly after the post-2008 crisis and the re-
cent COVID-19 financial crisis (Fultz & Hirose, 
2019; Wolf & Caridad, 2021b). As there are dif-
ferent reasons for the pension evolution in each 
country, global experience confirms that the de-
mand for redistribution mechanisms or mini-
mum pension guarantee are common motives 

in the late design of pension reforms around the 
globe. These mechanisms can address the form of 
pension top-ups, such as in Argentina and Poland, 
or for instance, a zero pillar in places such as Chile, 
Hungary, and Kazakhstan. 

The model introduced above argues that the 
question of the pension reform sustainability 
is linked to the economic gain/loss of partic-
ipants and not necessarily to the rate of return 
and the population coefficient growth, similar 
to what used to be addressed in the traditional 
economy (Aaron, 1966). The model asserts that 
the Aaron-Samuelson rule is valid in an econo-
my 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 nega-
tively affected by the transition, the probability of 
reversal is higher. The option model above clearly 
depicts that, economically, for low-earning co-
horts whose old-age benefits are below the aver-
age, the replacement rate is negatively affected by 
the pension transition. The lower their average 
pensions accumulate below the former average 
replacement rate and/or the more the number of 
participants below the average replacement, the 
more the sustainability of the funded pension re-
form is at stake. To implement pension guaran-
tee 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 ben-
efit status of enough participants to maintain the 
pension scheme. Hence, the guarantee’s strike 
price, if implemented, should be necessary below 
the former average replacement rate. 

To lower the guarantee cost, the central planner 
must alleviate the inequality level in society. Only 
then can the guarantee strike price be increased 
and its cost distributed among a larger group of 
participants.

CONCLUSION

This study aimed to provide extensive knowledge on the socio-economic characteristics of funded pen-
sion projects. This was done through an analysis of the old-age benefits offered during the transition 
from the DB PAYG pension scheme to the funded design. The results of the theoretical model demon-
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strate that the transition 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 special characteristics of the guarantee boundaries and 
their cost were explored in this study.

The results show that the consideration of the validity of pension transition as the function of aging and re-
turn is limited. It was claimed that a sustainable funded pension scheme is a function of the participants’ eco-
nomic benefit level in old age and not necessarily of the market’s rate of return. 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 leaning on unfunded pillars.

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

Countries that impose funded schemes with low public pillar and insufficient social protection, such as Israel, 
Ireland, and the U.K. can utilize this study to implement social protection while considering the experience 
of most other countries. According to the insurance expectation theory described above, the timing of ex-
pected re-reforms in these countries is correlated to the timing of the first waves of retirees under the new 
pension scheme. The last financial crisis, including the recent COVID-19 pandemic and poor performance of 
funded pension funds, might foster new pension reforms. It is worth investigating this process in the future.
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