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Abstract

This work proposes a design of an alternative pension plan based on collectivity with the characteristics of hybrid plans. Based 

on actuarial methods and financial modeling of some of the variables involved, numerical modeling of collective plans is 

performed to achieve this objective. Then, various scenarios were carried out to simulate a pension fund based on an institution 

database. At the end of each period, the replacement rate value for each plan member is calculated with a target of 30% of the 

last salary. As the plan works collectively, surpluses and deficits are distributed uniformly among the plan members. The results 

are that it is possible to achieve a replacement rate of 70% in the form of a life annuity due with 30 years of service, a 

contribution rate of 15% of the salary, and an investment portfolio of 60% of assets invested in equities and 40% in bonds.

JEL code: J32

Keywords: Public Sector, Intellectual Property, Research Development and Innovation, High Education Institutions.

Resumen

Este trabajo propone un diseño para un plan de pensiones alternativo basado en la colectividad con las características de los 

planes híbridos. Con base en métodos actuariales y modelización financiera de algunas de las variables involucradas, para lograr 

este objetivo se realiza la modelización numérica de los planes colectivos. Luego, se realizaron diversos escenarios para simular un 

fondo de pensiones a partir de una base de datos de una institución. Al final de cada período, se calcula el valor de la tasa de 

reemplazo para cada afiliado al plan con un objetivo del 30% del último salario. Como el plan funciona de forma colectiva, los 

superávits y déficits se distribuyen uniformemente entre los miembros del plan. Los resultados son que es posible alcanzar una 

tasa de reemplazo del 70% en la forma de una renta vitalicia con 30 años de servicio, una tasa de contribución del 15% del salario 

y una cartera de inversiones del 60% de los activos invertidos en acciones y 40% en bonos.

Código JEL: J32

Palabras clave: pensiones, planes de pensiones colectivos, simulación numérica, tasa de reemplazo.
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INTRODUCTION

There is a growing concern about the future of pensions that is wider than a single country. It is mainly 

due to the aging of the population or the Risk of longevity, which is why the governments of several 

countries have been forced to look to the future and seek reforms in the pension systems to guarantee their 

financial sustainability. These reforms are focused on ensuring that the number of pensioners continues to 

grow slowly, making it unsustainable to be able to pay pensions. Some strategies have been to increase the 

retirement age and eligibility rules or reduce the size of pensions by adjusting benefit formulas (Amaglobeli 

et al., 2019).

Even with various projections made with Permanent Plan Balance (PPB), Constant Contribution Rate 

(CCR), or Constant State Effort (CSE), the deficit measurements are between 8 and 20 billion euros (166 

and 415 billion Mexican pesos). For Spain, Cordoba-Bueno et al. (2016)  propose a model that assumes 

that between 2019 and 2050, the effect on the public deficit will be overwhelming for the Spanish 

economy unless measures such as a combination of raising the retirement age, a constant benefit, tax 

increases, and higher contributions; are taken.

Further reforms may be needed, such as reducing benefit ratios in Argentina and Brazil and reducing 

early retirement benefits in Russia. The reforms also involve creating additional funds for workers and 

migrating from defined benefit schemes to defined contribution schemes (Amaglobeli et al., 2019).

The design of a pension plan that guarantees an adequate pension to workers without compromising its 

financial sustainability for the institutions is of greater importance in these times of financial crisis in the 

pension field. For example, various media have published for several years that public universities in 

Mexico are in technical bankruptcy due to the lack of financial solvency to meet their labor liabilities or 

pension payments (Blancas Madrigal, 2018; Mendoza, 2017; Martínez, 2010).

In 2004 alone, the actuarial liabilities of the 32 public universities amounted to MXN $250 billion 

(USD $12 133 million), representing 3% of GDP (ANUIES, 2004). A similar situation can be observed in 

other countries, for example, in France, which is expected to have a deficit of 12 billion euros (USD $13 

700 million) by 2027 (Consorci d'Estudis, Mediació I Conciliació a l'Administració Local, 2019).

For Spain, it is assumed that between 2019 and 2050, the effect on the public deficit will be 

overwhelming for the Spanish economy unless measures such as a combination of raising the retirement 

age, a benefits freeze, tax increases, and higher contributions are taken (Córdoba-Bueno et al., 2016).

Various types of hybrid pension plans have been adopted to counteract the abovementioned situation of 

financial unsustainability. In recent studies, Fu (2023) explores the optimal investment in a hybrid pension 

plan; this analysis considers intergenerational risk-sharing and longevity trends.

The results are that postponing retirement can help alleviate the stress of an aging population. Also, 

Kilgour (2021) discusses hybrid plans from the perspective of shifting from defined benefit to defined 

contribution pension plans, highlighting the increasing importance of hybrid cash balance and pension 

equity plans. Perlman (2021) examines the shift to alternative retirement plans based on well-funded 

pensions. Kilgour (2021) discusses funding, financial status, and congressional and national efforts to save 

these plans for state single-employer pension plans.

Other studies promote and analyze pension plans that are alternatives to traditional ones(Gómez & 

Demmler, 2023). Some examples are the collective defined contribution (CDC) plans, tontine, and 

tenuity pension plans. The Collective Defined Contribution Scheme (CDC) is considered a solution for 

this type of institution that suffers financial insolvency to meet its actuarial liabilities. According to the 

British House of Commons (2017), a CDC scheme has the following main characteristics:

"1. Collective: the risks associated with any pension scheme (e.g., longevity, investment, and inflation 

risk) are shared collectively among scheme members rather than being absorbed individually. 2. Defined 

contribution: Employee and employer contribution amounts are defined in advance, with no obligation to 

contribute to the plan".
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That is why it is mentioned that CDC plans offer their members the possibility of better pensions, 

compared to a traditional defined contribution scheme, through the absorption of collective risks. In that 

sense, these plans are attractive for workers who want an adequate income at retirement and attractive for 

institutions that want to offer decent pensions but are not willing to assume potentially high labor 

liabilities as in defined benefit plans.

According to the Melbourne Mercer Global Pension Index (2018), CDC pension plans ranked first and 

second in the last four years because this is considered a robust and first-class pension system, as well as 

offering good benefits, and these benefits are sustainable and have a high level of integrity. It is why several 

countries around the world have adopted these plans. For example, in the Netherlands, the CDC plan is 

mandatory, and the Central Bank regulates it; and in Denmark, the CDC plan is complementary to the 

mandatory state pension.

Furthermore, according to Aon (2015), the average pension of a CDC plan is higher than that of 

defined contribution plans; on average, the CDC pension is up to twice that of a defined contribution 

plan. Likewise, the CDC plan pension only varies between 20% and 30% of salary. It avoids large 

fluctuations from one period to another, while in a defined contribution plan, it varies between 15% and 

up to 50% of salary.

It is worth mentioning that, in the case of the United Kingdom, it is suggested that it is feasible to design 

plans of this type because the members collectively assume the risks associated with the investment (among 

others). They can expect a higher average pension than a defined contribution plan. Also, the accumulated 

pensions are more stable and predictable for members of such plans (British House of Commons, 2017).

There are also other types of pension plans called Tontines (or tontines in English), which have also 

been explored by various authors (Sabin, 2010; Milevsky & Salisbury, 2015, 2016; Gründl & Weinert, 

2016; Bams et al., 2016) and which seek to counteract longevity risk as well. Tontines comprise a collective 

asset pool, where pension plan participants contribute a fixed amount of money and whose returns are 

distributed among the group survivors. When a participant dies, his or her contribution is distributed 

among the rest of the surviving group (Vega, 2021).

One of the disadvantages of these collective plans is that the payments become uncertain payments that 

depend on the number of survivors in the group and that the fluctuations of these payments are higher at 

advanced ages, which is not desirable. Also, a new pension plan called Tonuity, a combination of an 

individual annuity scheme and a tontines scheme, is proposed. That is, up to a certain age, the 

demographic group will rely on a tontine so that after which (and which is considered the optimal age) the 

group can obtain a deferred annuity.

The tenuity scheme can offer tailor-made pension products since the age at which the demographic 

group will enjoy one or the other schemes can be optimized (Chen et al., 2018).

Therefore, this paper aims to propose an alternative pension plan design to the traditional ones based on 

the characteristics of the previously mentioned hybrid plans and through numerical modeling of collective 

plans. To achieve the objective of this paper, section 2 shows a review of the literature, section 3 the 

methodology defined to perform the numerical modeling, section 4 the results of this modeling, section 5 a 

proposal for the design of a collectively defined contribution plan and section 6 the conclusions of the 

paper.

LITERATURE REVIEW

Hybrid pension plans

Hybrid pension plans combine defined benefit and contribution elements and have become popular 

worldwide. Also, these plans have been studied extensively by several authors, including Boelaars and 

Broeders (2019) and Booth et al. (2005), who explore these plans' valuation and risk-sharing aspects. 

Boelaars and Broeders (2019) focus explicitly on valuing liabilities in hybrid pension plans, incorporating 

equity and interest rate risk.
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Booth et al. (2005) propose a risk-sharing model for these plans, demonstrating that these plans are 

efficient in controlling investment risk. Goodman (2014) provides a historical perspective, discussing an 

example of a successful hybrid co-operative pension plan.

Some recent studies, including Kilgour (2021), highlight the increasing importance of cash balance and 

pension equity plans. These plans offer a mix of defined benefits and contribution features, providing 

employees with more flexibility and security. Similarly, Owadally (2021) discusses the potential benefits of 

a hybrid plan called Collective Defined Contribution (CDC) schemes, which are prevalent in the 

Netherlands and are being considered in the UK.

These plans pool retirement savings and share investment and longevity risks, potentially offering higher 

income replacement rates and less uncertainty. D'Amato (2021) proposes a unique contractual scheme 

that allows individuals to obtain an immediate life annuity by transferring real estate rights to an insurer, 

addressing the need for structural changes in the pension sector.

These studies highlight the importance of hybrid pension plans in meeting the diverse needs of retirees. 

The studies on this kind of pension plan provide an alternative to retirement security concerning 

traditional ones. A range of hybrid pension plans have emerged in response to the evolving retirement 

landscape and the switching from defined benefit schemes to a combination of these and defined 

contributions.

COLLECTIVE DEFINED CONTRIBUTION (CDC) PENSION PLANS

The collective defined contribution pension plans are a hybrid plan that is becoming popular mainly in 

Europe. Lans and Raymond (2015) mentioned that occupational plans were being reformed from defined 

benefit (DB) to defined contribution (DC) designs and that the case of Netherlands is an example of a 

country that explored an alternative type of pension plan such as collective individual DC plans that are 

actuarially fair and that it is mentioned that these schemes maintain important strengths of collectivity, 

such as mandatory saving, collective procurement, and pooling of biometric risks.

These collective plans eliminate intergenerational conflicts about risk management through adequate 

individual property rights on financial assets and tailor-made risk profiles in individual accounts. However, 

Barajas-Paz and Donnelly (2023) mention that the design of a CDC scheme can have significant financial 

implications, with higher benefits for earlier generations and lower benefits for later generations. It 

underscores the need for careful analysis and regular review of contributions in such schemes.

Some of the countries that have opted for the implementation of these collectively defined contribution 

plans are the Netherlands, Denmark, and the United Kingdom. The latter is of particular attention 

because it has already been studied whether collective defined contribution (CDC) plans could operate. In 

this regard, authors such as Wesbroom et al. (2013) and Arends et al. (2015) have used models to analyze 

the use of these plans in the UK. These authors have found that if investment policies and control 

processes are correctly designed, CDC pension schemes for the UK case could be successful.

However, the primary support, and the reason why the process of creating legislation in the UK for 

these schemes was initiated, is the trade unions. Two unions that have promoted Collective Defined 

Contribution (CDC) pension plans in the United Kingdom are the Royal Mail and the Communication 

Workers Union (CWU). These organizations emphasize that these types of plans are perfectly adapted to 

their purposes, among them to provide sustained, accessible, and secure future retirements for their 

workers.

They also consider that collective defined contribution (CDC) pension plans are better designed than 

Individual Defined Contribution (IDC) plans. Thus, these organizations committed to working together 

to petition the government to introduce the necessary legislation to enable the introduction of Collective 

Defined Contribution (CDC) pension schemes through the House of Commons and the Work and 

Pensions Committee (Thurley & Davies, 2020; Royal Mail Group and Communication Workers Union, 

2018; House of Commons and Work and Pensions Committee, 2018). Thus, the agreement between the 

CWU and the Royal Mail was formalized in November 2018 and has two essential elements: the use of a 
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CDC pension scheme and a defined benefit sum in retirement. This pension plan used by both 

institutions is supervised and operated by the trustees as set out in the trust deed and rules.

In this regard, the pension section of the CDC shows that workers will be granted a pension when they 

retire. This section contains the legal definition of the CDC plans, which are approved and registered by 

the pension regulator. Also, trustees must submit an actuarial plan to advise on the valuations used to set 

annual pension increases and show the options available to scheme members (Thurley & Davies, 2020; 

Royal Mail Group and Communication Workers Union, 2018).

Another issue is that Royal Mail Group (RMG) workers are automatically enrolled in the pension plan 

after 12 continuous months of working for the institution. On the other hand, it is established that the 

contributions of the CDC plan are 15.2% of the salary, divided into a contribution of the RMG of 11.2% 

and the active worker with 4%.

The pensions of this plan are a function of the amounts of the assets, which could be affected negatively 

or positively, depending on the pension adjustment mechanism, which is annual. Thus, the pensions are 

automatically rebalanced. It is also indicated that an actuarial valuation is performed each year to 

determine the increase in pensions for that year. Also, a reserve fund is created for the operating expenses 

of the pension plan (Royal Mail Group and Communication Workers Union, 2018).

This example of a pension plan is designed such that in the event of early or early retirement, the 

pension would be reduced and should be actuarially equivalent. However, when a member had health 

problems, the CDC plan would be paid early with no reduction. Moreover, the investment portfolios 

divide the fund's assets into instruments that seek adequate returns but with low Risk. Determining the 

investment portfolio profile can be done in two ways: the first is based on the actuarial valuation of 

liabilities, and the second is based on the decisions established by the trustees and an investment advisor 

(Royal Mail Group and Communication Workers Union, 2018).

For this kind of plan to be considered, the actuarial plan must consider some assumptions, rules, and 

requirements. One of these is that the actuarial plan must value actuarial liabilities using estimation 

assumptions that do not contain intentional biases of prudence or optimism. Another rule is that the 

actuarial plan must consider the opinions of the plan's investment advisors, the actuary nominated by the 

unions, subject matter experts, and others. Finally, a justification for each actuarial assumption considered 

in preparing the actuarial plan must be provided to the trustees (Royal Mail Group and Communication 

Workers Union, 2018).

As previously stated, all plan members will have their pension adjusted either negatively or positively 

each year, that is, by the adjustment mechanism. This pension mechanism in summary form is as follows. 

First, the current amount of assets is analyzed and compared with the cost of financing the payment of the 

pensions accumulated during the lifetime of the pensioners, assuming that there are no pension increases.

If the fund is above its obligations and there is a positive margin, then the pensions increase according to 

the rate of increase decided. In the opposite case, i.e., if the fund is below or does not have enough to pay 

the pensions, the pensions are reduced. There are several mechanisms; for example, one is to apply a 5% cut 

to pensions or less in a single exhibition (Royal Mail Group and Communication Workers Union, 2018).

The administrators of the CDC pension plan (trustees) must report the increase or decrease in pensions 

annually to the plan members. Also, they must explain the possible changes pensions could have in the 

future: pensions can change positively or negatively. Finally, pension plan members should receive their 

pension statement and be reminded that their pension may change (Royal Mail Group and 

Communication Workers Union, 2018).

TONTINE AND TENUITY PENSION PLANS

Another plan that has been explored as a viable option is Tontines (Milevsky & Salisbury, 2015; 2016). 

Multiple annuity products have been designed as part of a pension plan to Reduce longevity risk. They 

propose a scheme where a portion of the fund is allocated to everyone who functions as a shareholder of 
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the fund, thus sharing either dividends or losses of the fund among members, which is based on age and 

contribution amount.

The tenuity pension plan creates a collective fund with the participant's contributions. At the time of 

retirement, a tontine-type benefit is granted to the participant up to a certain age so that, after that age, the 

tontine is replaced by a contingent annuity. In a previous work done in Gómez-Hernández and Demmler 

(2023), a summary of some of the research done by several authors related to tenuity and tontine pension 

plans is found.

The most recent ones are by Chen et al. (2020) mention that these products can be combined to form a 

retirement plan that is cheaper than an annuity but provides a less volatile retirement income than a 

tontine. However, it is also mentioned that subjective mortality beliefs influence the optimal choice 

between annuities and tontines, with tontines being preferred by those who underestimate average life 

expectancy.

In previous work, Chen et al. (2018) optimized an age (switching time) to maximize the expected utility 

function, assuming constant risk aversion. It allows the authors to measure the relationship between 

longevity risk and the expected utility function and quantify it. Also, Chen and Rach (2019) mention that 

the volatile payouts with a tontine pension plan are replaced with secure payouts through annuities to 

create the tonuities plans.

Another study by Fullmer and Forman (2020) mention that state-sponsored pensions for private-sector 

workers can be enhanced through pooled annuities and tontines, which offer low-cost lifetime assurance 

funds. Hence, it can be said that tonuities plans combine the benefits of each of these products (annuities 

with tontines plans) because these plans reduce the capital solvency provision, assure payments or income 

at advanced ages, and each plan member can choose their optimal tenuity product with its corresponding 

switching time depending on their longevity risk, risk aversion, fund size and their cost of capital ratio.
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Tabla 1

Principal advantages of pension plans tonuities

General With respect to annuities With respect to tontines

The tonuities plans are a 

combination of two financial 

products: annuities and 

tontines. Due to the nature of 

the investment portfolios of 

these plans, members obtain 

higher levels of returns that 

translate into higher levels of 

retirement income. The 

insurance institution provides 

different types of customized 

retirement products that can 

vary depending on the risk 

aversion and liquidity needs of 

plan members.

The cost is lower than that of 

annuities, due to the lower 

capital requirement. Longevity 

risk is shared among plan 

members. Provides a better level 

of risk sharing between plan 

members and the insurance 

institution. Drastically reduces 

the conditional expected loss of 

income than an annuity.

Provides retirement income 

with less volatility. Provides 

greater utility for the life 

expectancy of plan members.

Own elaboration (Chen et al., 2018; Chen & Rach, 2019; Chen et al., 2020).
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Table 1 summarizes the advantages found in the literature regarding annuity pension plans. The 

characteristics of both pension plans (tonuities and collective defined contribution) can be considered 

innovative because they combine the characteristics of other plans to optimize their operation in the sense 

of providing higher retirement income for plan members and reducing costs for financial institutions and 

insurers. Thus, collectively defined contribution plans propose a shared fund of plan members' assets in 

which financial and longevity risks are shared and financially self-managed to reduce costs and obtain 

better retirement income.

The tonuities plan also proposes a shared fund of assets that works as a tontine plan at the beginning, 

and at a particular time called "switching time," the plan changes to an annuity. These plans aim to 

optimize the period when the change is made from one product to another. The results of these plans are 

that they provide higher retirement income with less volatility.

METHODOLOGY

This section shows the methods used to simulate the numerical example of a collective pension plan. 

The methodology is based mainly on Nederlandsche Bank (2019), Aon (2015), and Royal Mail Group and 

Communication Workers Union (2018). This work is a continuation of the work done by Gomez and 

Demmler (2022), where a numerical simulation with a group of individuals was shown to determine the 

financial and actuarial feasibility of a collectively defined contribution pension plan.

This paper extends the results obtained previously, using a complete database of individuals from an 

organization, performing several numerical scenarios to finally propose a pension plan design based on a 

collective pension fund that is financially and actuarially sustainable in the long term.

Define a methodology to simulate the accumulated value of the fund through the time for each member 

of the plan; the description found in Nederlandsche Bank (2019), Royal Mail Group and Communication 

Workers Union (2018), and Aon (2015) are used; similar than previous work in Gómez and Demmler 

(2022). The following methods will be described based on the methodologies of these authors.

A collective pension fund must be accumulated with a market value in a given period Royal Mail Group 

and Communication Workers Union (2018). Then, to accumulate the pension fund, the methodology 

found in Booth et al. (2005) is used, as shown in equation (1).

(1)

Where:

f(T) the value of the fund at period T

c(t) the value of the contribution at period (t)

T the years of service at retirement age

i the rate of return

the commission rate.

Equation (2) shows the accumulation model, based on equation (1)  but by adapting it to the 

characteristics of collective defined contribution pension plans described in Royal Mail Group y 

Communication Workers Union (2018) and Nederlandsche Bank (2019), where it is mentioned that the 

level of pension is a function of the assets, which could be affected positively or negatively, depending on 

the adjustment mechanism of the level of pensions annually.

As ecuación (1) shows the value of the fund at period T, in this work, equation (2) is defined to calculate 

the value of the fund fi(t) for each i and at a period t (adapted from previous work in Stewart and Gomez-
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Hernandez, 2008). Also, no commissions of any type are assumed (e1=0), the initial value of the fund is 

assumed to be zero (f0=0) for all individuals, and the rate of return is assumed to be variable over time 

(i=jt). Many of these assumptions are made for the sake of simplicity.

(2)

Where:

(t) the value of the fund for an individual 

the rate of contribution for an individual i at the period t

the rate of return at the period t

Each member of the plan receives a benefit according to the retirement age. The level of payments must 

be given in the form of a lifetime annuity with no beneficiaries, and the fund needs to contemplate all 

pension payments to be made in the future, assuming the above benefit levels are constant (Royal Mail 

Group and Communication Workers Union, 2018).

At the end of the pension fund accumulation period, the projected actual pension shown in equations 

(3)  and (4) is calculated, which corresponds to the conversion of the final fund value to an annuity to 

determine the pension benefit due to the individual or employee and which were adapted from Booth et al. 

(2005) and Organization for Economic Cooperation and Development (2017).

(3)

Where:

 the projected rate of pension benefit for an individual i at the period T

 the projected life annuity due at the age of retirement R of an individual i

 the salary function for an individual i (which may be a function of final salary, an average of the last 

number of salaries, etc.)

(4)

Where:

 the accumulated fund value for an individual i at the period t

 the value of the deferred lifetime annuity due at the period T - t at a current age x at the period t for 

an individual i

T - t the number of years for the individual i to reach retirement age.

Equation (3) corresponds to calculating the actual projected pension for a worker who has reached his 

final accumulation period, while equation (4) corresponds to a worker who has not yet reached his final 
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accumulation period. The formulas for calculating annuities are obtained from Bowers et al. (1997) and 

are defined in equations (5) and (6).

(5)

(6)

Where:

the value of the life annuity due for an individual at age x

the value of the n years deferred life annuity due for an individual at age x

the discount factor to calculate the certain annuity and that is calculated as  with an annual rate 

of return i

the probability that an individual at age x survives at age x+k taken from the mortality table EMSSA 

09

Several assumptions are defined to perform the simulations of the value of fund  in equation (2) which 

are adapted from Aon (2015) and that are listed as follows:

· All plan members obtain a pension after working for 30 consecutive years in the company, independent 

of the individual's age.

· The plan contributions are 10% of the participant's yearly salary, paid only by the employer. However, 

this last part does not make a difference in the model since the individual could contribute a part of this 

percentage.

· The plan's target benefit is based on 1% for each year of service of the participant's current salary, i.e., 

the target replacement rate for all individuals is 30% of the final salary.

· This work assumes the salary in real terms, i.e., that it increases in line with inflation.

· A fund investment policy of 60% of the assets invested in equity and the remaining 40% in long-term 

government bonds is assumed.

The value of the rates of return jt is assumed stochastic simulated under the bootstrap sampling method 

(Forsyth & Vetzal, 2019) with 1,000 simulations and assuming a vector of historical returns of the 

Mexican IPC index for equities and long-term government bonds over a period from 2004 to 2021. Also, 

according to CONSAR (2022), a discount rate of 2.5% is assumed for the calculation of the value of the 

lifetime annuities.

Finally, and this is the part that defines the collectivity of the fund, at the end of each period t, the 

following process to calculate the value of the replacement rates for everyone is necessary, based on Aon 

(2015) and Royal Mail Group and Communication Workers Union (2018):

Suppose the replacement rates obtained are more excellent than 30%. In that case, the surplus is 

distributed equally or linearly among plan members with a replacement rate lower than this value 

(collectivity that characterizes these CDC plans). The surplus is added directly to the fund value of each of 

the individuals on a proportional basis, i.e., the surpluses are added to everyone to reach the 30% stipulated 

in the plan rules. If there is a case in which the surplus is insufficient to reach the target value of 30%, this 

needs to be reduced according to the fund's value.

If the replacement rates obtained are not greater than 30%, the surplus of the individuals who are not 

ready to retire is shared with those who are so that they reach the stipulated percentage of 30%. If there is 

no surplus or the surplus does not reach the 30% replacement rate, then the individuals who retire will do 

so with the replacement rate obtained, even if it is lower.

Through this process described above, each period t, which in this work is assumed an annual period, 

the individuals who retire stop accumulating funds, so they start their decumulation period, and a pension 
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is granted in the form of a life annuity without beneficiaries according to equation (3). The following 

section shows the results of this process described above.

RESULTS

A database of 1,990 workers of an institution with the characteristics of current age, current salary, year 

of entrance, and gender was obtained. All these data are effective as of 2015. We can mention that this 

database is gender equitable, given that 55% are men and 45% are women. It is also observed that 90% of 

the workers are between the ages of 17 and 44, and the majority are in the age range of 25 to 33.

Salary distribution is skewed since 12 workers receive a considerably higher salary than the rest. The 

majority receive an annual salary between MXN 33,000 and MXN 63,000, while the rest earn up to MXN 

813,000. These characteristics are considered adequate, given that a database with heterogeneous worker 

characteristics is desirable for the results to be considered robust.

To show whether the objective of this paper is met, the value of the replacement rate at which workers 

retire after accumulating their funds for 30 years and with the characteristics described above is shown. 

Each result is shown by year of retirement in aggregate and starting in 2015 (the year the information is 

adequate). Graph 1 shows the results in the first scenario with the calculation of the replacement rate in 

equations (3) and (4), where the function for gi(s) is assumed to be the last salary received. However, this 

assumption needs to be clarified since the salary increase is assumed in real terms.

Graph 1 shows the relationship between the year of retirement (x-axis) and the value of the replacement 

rate in decimal value (y-axis). For each year of retirement, a box plot is shown corresponding to the 

number of workers retiring in that year and their respective replacement rates. The results show that all 

workers reach the target replacement rate of 30% of their last salary after 30 years of service and with a 

contribution from the employer or institution of 10% of their salary.

This result shows that collectively defined contribution plans under the proposed characteristics are 

viable, financially, and actuarially sustainable in the long term. It should be noted that, given that a pension 

plan is closed to new members, the last years of retirement results are unrealistic outliers. For the last 

workers in a position to retire under this scheme, the replacement rate they would reach would be 

extremely high given that the surplus accumulates in their accounts.

Graph 1

Replacement rate per year of retirement (target of 30% and 10% contribution)

Own elaboration.

Although the results in Graph 1 show the feasibility of these plans, from an economic point of view, a 

replacement rate of 30% of the last salary the worker receives needs to be an adequate income at 
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retirement. According to the Organization for Economic Cooperation and Development (2016, 2017, 

2019), an adequate replacement rate is at least 60 or 70% of the worker's salary, so it was considered to 

increase the value of the replacement rate in the simulations. Graphs 2  to 4 show the results under the 

same scenario above but considering a target replacement rate in the plan of 50, 60, and 70% of the 

worker's last salary.

The results show that as the target replacement rate in the plan increases, the values on the y-axis 

decrease, as expected. The higher the replacement rate, the lower the extreme values decrease as the 

contribution rate remains fixed. Thus, with an employer contribution of 10%, reaching a target 

replacement rate of 50% is possible, but not 60% or 70%. It is because, in Graphs 3 and 4, for some of the 

values of the y-axis, a value of 0.60 and 0.70, respectively, is not reached. It is possible to grant the workers 

of this collective defined contribution pension plan a replacement rate of 50% of their last salary after 30 

years of work in the institution, with the employer contributing 10% of the salary.

Graph 2

Replacement rate per year of retirement (target of 50% and 10% contribution)

Own elaboration.

Graph 3

Replacement rate per year of retirement (target of 60% and 10% contribution).

Own elaboration.
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Graph 4

Replacement rate per year of retirement (target of 70% and 10% contribution).

Own elaboration.

Under the same statement above, a replacement rate of 50% could still be considered insufficient, so 

increasing the employer contribution rate is considered to increase the target replacement rate. Graphs 5, 

6, and 7 show the results for a 15% contribution and replacement rates of 60, 70, and 80%, respectively.

Graph 5

Replacement rate per year of retirement (target of 60% and 15% contribution).

Own elaboration.
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Graph 6

Replacement rate per year of retirement (target of 70% and 15% contribution).

Own elaboration.

Graph 7

Replacement rate per year of retirement (target of 80% and 15% contribution).

Own elaboration.

The above results show that with a contribution of 15%, it is possible to reach a target replacement rate 

of up to 70% of the last salary received by the individual (see Graph 6). The target rate of 80% is not 

achievable because some plan members would obtain a lower rate in some of the retirement years (see 

Graph 7). However, this result may seem extremely attractive to those institutions that want to set up this 

collective defined contribution pension plan. A proposed plan design with these characteristics is shown in 

the following section.

PROPOSAL OF A COLLECTIVE PENSION PLAN DESIGN

Several authors have proposed and analyzed diverse hybrid pension plan designs (Kilgour, 2021; 

Perlman, 2021). Melbourne Mercer Global Pension Index (2018) mentions that collective pension plans, 
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such as the collective defined contribution pension plans, are among the most robust and first-class 

pension plans. Chen et al. (2018) propose hybrid plans based on a combination of individual pension 

schemes and the so-called tontines.

According to the methodology proposed in Nederlandsche Bank (2019), Aon (2015), and Royal Mail 

Group and Communication Workers Union (2018), the accumulation of a collective fund is based on 

allocating an amount of assets to each individual (equation (2)), calculating the value of the benefits based 

on the value of these assets (equation (3)) and by assuming that if the value of the fund is below a 30% 

replacement rate lifetime level, then the "deficits" are collectively shared.

The results are that assuming an initial value of the fund of cero, 30 years of service with a 10% salary for 

the contribution rate, and an investment portfolio of 60% in equities and 40% in bonds, the replacement 

rate level is reached at retirement age for every individual at a maximum of 50% of final salary. If the 

contribution rate increases to 15%, the replacement rate reached is as high as 70%. Then, the proposal for a 

collective pension plan design is shown in Table 2.
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Table 2

A proposal of a collective pension plan

Contribution rate Portfolio investment Level of benefit Form of payment

10% of salary

60% in equities and 

40% in bonds

50% of final salary

Lifetime annuity with 

no beneficiaries

15% of salary

60% in equities and 

40% in bonds

70% of final salary

Lifetime annuity with 

no beneficiaries

Own elaboration.
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Both proposals can be implemented by an institution that wants to provide an additional benefit to its 

employees and either pay for the entire contribution rate as an ancillary benefit or propose to divide the 

contribution rate between the employer and the employee. Both scenarios are viable for the institutions 

that are willing to provide a pension benefit in addition to the mandatory one that governments provide.

CONCLUSIONS

This paper presented specific characteristics of a new collective pension plan as an alternative to the 

traditional plans and based on the so-called collective defined contribution (CDC) and annuities, which 

have emerged in other countries as a response to the financial and actuarial problems faced by traditional 

pension plans, such as the defined contribution (DC) and defined benefit (DB) plans. However, it was also 

explained that these plans have yet to be fully explored, given that they are already being used as a novel 

plan design in some countries, although their results have not been proven. Their plans are relatively new 

in the countries where they are being explored, and it has yet to be proven that plan members receive a 

target replacement rate, as proposed in the plan rules.

The growing financial crisis faced by pension plans worldwide is a problem various authors address in 

the actuarial, financial, and economic literature. One of the solutions to this problem found in this 

literature is the design of mixed plans that combine the characteristics of various existing plans. Two 

recently created and analyzed plans are tonuities and collectively defined contribution plans.

Collective defined contribution (CDC) and annuities plans have specific characteristics that make them 

innovative. First, neither plan defines a retirement benefit; they propose a shared pool of assets among plan 

members, which allows for collective management with multiple benefits, one being that longevity risk is 

shared (Balter et al. 2018). Also, the Risk or uncertainty for the plan sponsor decreases because there is no 

promise in the retirement benefit; however, for the plan members, the retirement income is less volatile.

The differences are that the CDC plans to define a guaranteed minimum pension amount and that the 

fund is self-administered by plan members to reduce costs. In the tonuities plans, the difference is that 

there is a "switching time", which is not defined at the beginning but is optimized according to the specific 

characteristics of each plan member. Then, these two plans promise to solve the crisis faced by pension 

plans without compromising the amount of income received by plan members or increasing the financial 

Risk that plan sponsors may face. Finally, the design of a pension plan can be customized according to one 

or another plan, depending on the members' characteristics or the sponsors' needs and possibilities.

For this reason, this paper presents actuarial methods proposed by some authors for the simulation of 

the accumulation of a pension fund, as well as the formulas used in the literature to calculate the 

replacement rate obtained by the worker at the time of retirement. To achieve the objective of this work, 

the formulas found in the literature are adapted to the assumptions under which collectively defined 

contribution plans operate and which are mentioned in the literature.

Since this work explores the financial and actuarial viability of these schemes as an alternative to 

traditional pension plans, several scenarios were developed for the simulation of a collective pension fund 

and to analyze whether, under the collectivity that characterizes them, they can solve the heterogeneity in 

the replacement rates received by the members of the plan at the time of retirement that is found in other 

pension plans. In other words, we sought to construct a methodology adapted to the traditional 

methodology of defined contribution (DC) plan accumulation but with the characteristics of collective 

plans found in the literature.

The results were that it is possible to reach a target replacement rate of 70% of the individual's last salary 

in the form of a life annuity due after accumulating a fund for 30 years and with an employer contribution 

rate of 15% of the individual's salary. The assumptions considered to obtain this result are that the initial 

value of the fund is MXN 0, that there is no commission of any kind, and that the investment portfolio of 

the fund is 60% of the assets invested in variable income instruments and 40% in fixed income 

instruments.
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This result is the proposal for a collectively defined contribution pension plan design. However, suppose 

the employer or the institution is unwilling to assume the fixed contribution of 15% of the individual's 

salary because it is considered a high contribution. In that case, achieving a target replacement rate of 60% 

is possible if this contribution were 10%. Both scenarios are viable and sustainable proposals in the long 

term and represent an alternative to traditional plans.

This paper needs to explore the process for implementing this type of plan in Mexico, which is also a 

topic of study in pension plan design. As mentioned in several publications, including Van Hekken et al. 

(2022), the success in implementing reforms to existing traditional pension plans depends mainly on how 

participants react to and accept these proposed changes. Therefore, further studies could explore the 

participants' opinions of existing pension plans in Mexico and their reactions to a proposal for a new plan.
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