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Abstract. The ageing of populations is one of the main factors 

contributing to financial unsustainability of pension schemes worldwide, 

particularly pay-as-you-go schemes. Morocco is not immune to these 

ageing trends, which have changed the shape of its age pyramid over time. 

This paper focuses on the pension system for salaried workers in the 

private sector in Morocco. It presents the results of actuarial modelling of 

this pension scheme using the "ILO-PENS" model. Developed by 

International Labour Organisation, this model relies on the cohort 

simulation method to estimate the future cost of financing pension benefits. 

The results of actuarial projections based on 2021 confirmed the scheme’s 

short-term financial unsustainability. From 2027, the scheme's resources 

will no longer be sufficient to cover its expenditure. However, thanks to 

the accumulated reserve funds, the viability horizon extends to 2040. These 

results are close to the official ones published for the same year 2021[1], 

which validates the use of the model for assessing the impact of the reform 

options to be examined. In a context of pronounced ageing trends, 

reforming the national pension system is imperative, given that the rate of 

pension coverage for the elderly is among the lowest in the region, 

standing at 23.4%[2].   
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1 Introduction

Debates concerning socioeconomic development, particularly the social protection 

component and its relationship with demographic changes, have been the focus of several 

research studies since the inception of political economy [3, 4, 5, 6]. This dynamic is 

currently being disrupted by demographic transition, which poses a threat to the structural 

balance of pension systems around the world.  

The Moroccan pension system is currently facing financial fragility, a situation that has 

been exacerbated by many factors, especially the demographic transition because system's 
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constituent pension schemes are predominantly managed on a pay-as-you-go basis. 

Consequently, the sustainability of these schemes is directly impacted by demographic 

changes. Several demographic studies have highlighted the issue of demographic ageing 

and its consequences for the Moroccan pension system [7, 8], other studies have 

demonstrated the short-term horizon for its financial viability such as official reports [9, 10] 

and the recent study by El Anbari A. and al. 2025 [11]. In addition, national consultations 

are ongoing regarding the reform of the various schemes within the system. 

The primary research questions guiding our study is as follows: what is the real 

financial issue of the pension scheme for salaried employees in the private sector in 

Morocco? And how this situation can be addressed? To answer these questions, it is 

appropriate to assess the long-term financial situation of the pension scheme and its ability 

to meet its commitments and pay pensions to current contributors. This analytical 

perspective involves the actuarial modelling of the studied scheme, which allows to 

evaluate how the scheme's financial position will develop in the future if no reform 

measures are adopted.  

The actuarial modelling of the pension scheme studied is based on the ILO-PENS 

model developed by the Social Protection Department of the International Labour 

Organisation (ILO)
1
.  A meticulous protocol for adapting the model to the specific features 

of the scheme was necessary to produce credible results regarding certain particularities of 

the Moroccan situation. This model uses the cohort simulation method to estimate the 

future cost of financing pension benefits. It produces year-by-year projections of possible 

changes in the various populations covered according to their status and the various 

financial flows generated. 

Before we proceed with the modelling and evaluating financial sustainability, we 

present the ILO-PENS model, its operating logic and its constituent modules. This is 

followed by a description of the data used to feed the model and project the main financial 

flows of the pension scheme under study.  

Adapting the ILO-PENS model to the Moroccan macroeconomic context and to the 

pension scheme for private sector employees in 2021 confirms the scheme's short-term 

financial unsustainability, with a technical deficit appearing in 2027 when resources will no 

longer be sufficient to cover expenditure. However, the viability horizon extends to 2040 

thanks to the accumulated reserve funds used until they are exhausted. These results align 

with those of the official studies conducted for this scheme based on 2021 financial data. 

This work therefore involves the initial step of preparing an actuarial tool that will enable to 

simulate the impact of the reform options to be defined on the viability of the modelled 

pension scheme. 

2 Method: adaptation of the ILO-PENS model for evaluating 
private-sector employees’ pension scheme in Morocco 

The approach adopted in this paper is to develop a macro model to assess the financial 

viability of the scheme in its current configuration, in a status quo scenario. This work is a 

preliminary step to evaluate the impact of possible reform options on its financial 

sustainability.  
 

2.1.  ILO-PENS actuarial valuation model 

                                                 
1
 It should be noted that the ILO-PENS model is the property of the ILO, which holds all copyright. However, 

its use, through its adaptation to the system studied and its input of data collected by the authors, as well as the 
results derived from it, are in no way binding on the ILO and are the sole responsibility of the authors of this paper 
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Our macro modelling of the scheme is based on the "ILO-PENS" actuarial pension model. 

As any actuarial model of social security pensions, the ILO-PENS model has two main 

objectives: to assess the financial viability of the scheme over the long term in order to 

anticipate any concerns about financial unsustainability, and to examine the financial 

impacts of reform options in order to help decision-makers design and make the best 

choices for reforming social security pension systems [12]. 

The ILO-PENS model estimates the future cost of financing pension benefits using the 

cohort simulation method; it enables "year-by-year" projections of the possible 

development trajectories of the various populations covered according to their status (active 

contributors, inactive, retired, disabled, deceased, etc.). ILO-PENS also assesses the 

associated financial profiles, in particular average salaries and the various benefits 

provided. To do this, the model uses demographic and financial assumptions based on the 

specific context of the scheme, as well as modelling of operating parameters and other 

assumptions specific to the scheme [13]. This model is adjustable and flexible, allowing its 

adaptation to several country contexts and different pension schemes. 

The calculation of the annual benefits of the scheme is expressed as follows [13]: 

                          (1) 

Where: 

    Annual expenditure on benefits. 

     Cost of retirement benefits. 

     Cost of survivors’ benefits. 

    Cost of death benefits. 

     Cost of disability benefits. 

Consequently, future expenditure is determined year by year, by applying to the 

expenditure for the current year (T) the survival rates of beneficiaries and the adjustment 

factors in the case of pension revaluations. In addition to this, the cost of new pensions 

projected to be paid in (T+1) is added. The formula can be expressed as follows: 

                        (2) 

Where: 

     Expenses for year T+1 ; 

   Expenses for year T ; 

   Survival rate: this is the probability of survival pensioners between year T and T+1 

according to the mortality tables used. 

  Pension adjustment factor: This generally refers to the systematic revaluation of 

pensions to consider inflation or any other mechanism for revaluing the amounts of 

pensions paid under the legislation of the scheme concerned. 

      Cost of new pensions in year T+1. 

 

Secondly, to estimate the scheme's resources, it is necessary to determine the annual 

contributions base. This estimate is determined by multiplying the number of contributors 

by the average insurable income and by the rate of contributions’ collection according to 

the following equation: 

                          (3) 

Where:  

         The base of insurable income on which the rate of contribution is applied to 

calculate pension contributions. 

        The number of active contributors covered by the scheme in year T. 

        average insurable income in year T per active contributor to the scheme. 
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    Contributions’ collection rate: this is the proportion of active contributors who pay 

their contributions to the scheme in year T. 

Finally, the three equations above represent the core of most actuarial pension models, 

particularly the ILO-PENS model. To apply them, we need to identify their various 

components.  

Consequently, the actuarial projection of the scheme requires starting with the 

projection of the future macroeconomic environment. This is mainly related to the country's 

demographic context, the employment situation and economic growth. Then, the projection 

of the scheme's contribution bases is conducted by estimating the development of the 

insurable wages in the scheme under study. Finally, the model is adjusted to incorporate the 

specific features of the scheme, in particular conditions of eligibility for the various benefits 

provided and their calculation formulas. 

The specification of the model's entire system of equations involves other actuarial sub-

models designed and developed by the ILO [13]. These include the ILO-POP demographic 

projections model, which is based on assumptions relating to mortality, fertility and 

population migration flows [14]. Similarly, the ILO-LAB employment projections model is 

used to project the working population and the employed labour force, based on 

assumptions about the unemployment rate. The ILO-ECO model is used for purely 

economic projections. This simulates the trajectory of certain key variables, such as GDP, 

inflation, etc.  Finally, the ILO-SAL model is used to project insurable wages based on 

demographic assumptions, employment and other economic variables [15]. The outputs of 

all these sub-models interact with each other and are used to feed the ILO-PENS model. 

In addition to projecting the various demographic and financial flows by age, gender 

and type of benefit provided, ILO-PENS project also the scheme's income and expenditure 

account over the projection period and calculate several indicators to assess financial 

sustainability of the scheme under study.  

 

2.2. Data used 

In seeking to adapt the ILO-PENS actuarial model to the CNSS pension scheme, the effort 

consists of mobilising a considerable amount of data at a very fine granularity, since most 

of the data used must be disaggregated by age and sex.  

For this reason, data was collected from several national and international sources, to 

guarantee the reliability of the model's inputs and provide a solid basis for the projections 

(see table 1).  

Table1 : Data collected by authors and their sources 

Data collected Data Sources 
Demographic data: 

Population, Mortality, Life expectancy, 

Migration 

- Office of the High Commissioner for Planning 

- Demographic data from the United Nations Population 

Division 

Employment data 
- Office of the High Commissioner for Planning 

- ILO statistical data (ILOSTAT) 

Macro-economic and financial data: 

GDP, inflation & interest rates 

- Office of the High Commissioner for Planning 

- Central Bank: Bank Al Maghrib 

-Trading Economics 

Data specific to the pension scheme: 

Covered population, Contributions, 

Benefits, Reserves, Administrative 

costs….  

- Statistical and demographic reports, National Social 

Security Fund 

- Annual reports of the social security sector: Insurance 

and Social Protection Supervisory Authority 
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In order to determine the future macro-economic environment in which the pension scheme 

for private sector employees is evolving, several demographic and economic assumptions 

had to be formulated. All the assumptions used were formulated primarily by calibrating 

demographic and economic data based on our statistical sources. In addition, specific data 

covering more than 10 years was used to formulate assumptions regarding the future 

evolution of the pension scheme under study. 

The time horizon chosen is 100 years, as this is an actuarial study of a long-term 

benefits branch. This projection horizon is usually used in actuarial models and is well 

suited to long-term simulation exercises on the development of pension schemes. However, 

it poses a whole series of problems, particularly among economists and econometricians. 

This is because assumptions about very long-term trends in economic and financial 

variables may turn out to be unrealistic. Even over a medium-term or even short-term 

horizon, it is well known that forecasting models can be subject to considerable margin of 

error, particularly in the event of various shocks (the 2008 financial crisis, pandemics and 

climate changes, etc.). The reliability of the long-term projections made by actuarial models 

can be contested despite their frequent utilisation due to the nature of pension provision, 

involving long-term commitments [16]. 

Finally, it should be noted that the base year chosen for the projections is 2021. This is 

the most recent year from which the data required for the scheme studied to feed the ILO-

PENS model is available. 
 

3. Results: Analysis and discussion 

 
3.1. Demographic and macro-economic projections 

According to the adopted assumptions for the evolution of the country's demographic 

context, the results of the projections obtained by the ILO-POP sub-model confirm the 

overall trends of those emanating from national (HCP) and international (UN) institutions 

[17]. They predict a continuation of population ageing trends, with an increase in the 

proportion of the population aged 60 and over and a fall in the proportion of children, due 

to lower fertility rates. 

In addition, based on the economic calibrations of the model and the base year data 

feeding the ILO-PENS sub-models, the main projections of the macro-economic 

environment regarding employment, in particular the labour force and the employed 

persons, are broadly similar. They show a continuous upward trend until the middle of the 

projection period, when growth stabilises and then adopts a downward trend. This trend is a 

consequence of the demographic transition characterized by the ageing population, which 

has an impact on the labour market, with a decline in the active population over the long 

term. 
 

3.2. Projections of the scheme’s covered populations  
 

By adjusting the ILO-PENS model to the specific characteristics of the scheme studied, the 

projection of the scheme's active contributors and pensioners was conducted. The results 

show that the population covered by the scheme is ageing, since the growth rate of the 

number of pensioners receiving benefits from the scheme exceeds that of contributors. In 

addition, the number of active contributors will stagnate over the next two decades, while 

the number of pensioners will continue to rise over this period. 

As the scheme is financed on a partially funded basis, the demographic factor is 

important to monitor, particularly the demographic ratio. This indicator, defined as the ratio 
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of the number of active contributors to the number of pensioners, enables the monitoring of 

changes in the number of contributors who finance each pension paid by the scheme.  

As the following graph shows (figure 1), the projections for the scheme studied show that 

its demographic ratio is declining sharply. It falls from 5 contributors/pensioner in the base 

year to around 1 contributor for each pension paid over the projection horizon. This trend 

indicates a serious demographic problem that poses a major risk to the financial 

sustainability of the scheme. 

Figure 1: Projected demographic ratio for the scheme under study by ILO-PENS Model

The demographic projection for the populations covered by the scheme confirms the 

ageing trends in Morocco's population. The deterioration in the demographic ratio is a 

consequence of the population ageing over the coming decades. Also, the results of the 

projection of the evolution of the demographic ratio of the CNSS salaried workers' scheme 

according to the ILO-PENS model are aligned with the official actuarial study carried out 

by the ACAPS model [1]. 

3.3. Cash-flow projections 

The model was adjusted to the context of the scheme studied to consider the eligibility 

conditions for the various benefits and the formulas used for calculation. Projection of the 

various financial flows representing the scheme's resources are composed of employers' and 

employees' contributions and the financial income generated by the investment of the 

scheme's reserve funds, net of investment expenses. As for the scheme's expenditure, it 

includes the various pension benefits paid out, as well as administrative costs. 

The results of all these financial flow projections (figure 2), show that benefit expenditure 

is increasing at a higher pace than the scheme's resources.  
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Figure 2: Projected resources and expenditure for the CNSS scheme for employees by ILO-

PENS model



 

This situation is a direct consequence of the population ageing, which is leading to an 

increase in the number of elderly people receiving pensions, with a slower growth in the 

population of active contributors. As a result, if no corrective measures are taken in the 

future, the scheme's resources will no longer be sufficient to cover its expenditure. 

The results of the actuarial projections in the central scenario forecast a technical deficit 

by 2027, when the scheme's resources will no longer be sufficient to cover its expenditure. 

However, the scheme's viability horizon is extended to 2040, where the accumulated 

reserves, supposed to cover the deficit generated, are exhausted. These results are aligned 

with those of the actuarial study carried out by ACAPS for the same base year of 2021 for 

the CNSS scheme, which estimates that the deficit will occur by 2026 and that reserves will 

be exhausted in 2038 [1]. 

Also, some sensitivity tests were carried out by applying shocks to demographic, 

economic and financial variables. The purpose of these tests is to check the robustness and 

consistency of the model's results, subject to changes in these variables. The results of these 

tests are consistent in terms of changes in the scheme's financial viability indicators.  

3.4. Main limitations of the model 

The modelling of the system studied in ILO-PENS encountered several constraints which 

can be considered as limitations of the version of the model used. For example, the validity 

of long-term projections for several economic variables, such as inflation, may be subject to 

considerable margin of error due to their volatility and the difficulty of predicting their 

long-term evolution.  

Also, several adjustments were made to adapt the available data to the requirements of 

the model used, or in the expression of formulas for calculating benefits provided and 

eligibility conditions. In some specific cases, adjustment required simplifications which 

resulted in the loss of certain information and the non-inclusion of certain specific features. 

However, the impact of these specific cases is relatively limited in the global context 

4. Conclusion and prospects

In the context of the country's demographic situation, which is characterised by 

increasingly pronounced ageing trends and the many limitations of the national pension 

system, reform is becoming imperative. In addition, the pension coverage rate for the 

elderly is one of the lowest in the region. In fact, only 23.4% of people in retirement age 

have pension benefits in Morocco [2].  Therefore, this situation calls for appropriate reform 

to facilitate the extension of pension coverage in the country. 

Modelling the pension scheme for private sector employees in Morocco under ILO-

PENS has produced results that are broadly consistent with those of official studies of this 

scheme. Projections of the central scenario confirm that the scheme is facing significant 

financial sustainability issues. The main factors contributing to the scheme's financial 

fragility are the demographic ageing of the covered population and the way the pay-as-you-

go scheme operates. 

The actuarial modelling discussed in this paper, while providing a useful framework for 

analysis, has limitations that should be highlighted. These issues mainly emerge at two 

levels: the adaptation of the model to the country's macroeconomic context and its capacity 

to fully integrate the specific features of the scheme under study. Regarding the initial 

aspect, the calibration of the model is based on assumptions that could be the subject of 
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discussion and criticism. Moreover, it is imperative to acknowledge the necessity of 

simplification to capture the fundamental characteristics of the scheme under study. These 

methodological choices, which are inherent in all modelling, represent areas for 

improvement in future research.  

Indeed, this version of the model represents a preliminary step in our future research on 

the issue under study. This model is designed to provide a macro-level assessment of the 

present situation of the pension scheme in the absence of reform measures, confirming the 

issue of its financial unsustainability in the short-term. Its purpose is to serve as a means of 

subsequently carrying out simulations to assess the impact of possible reform scenarios on 

the scheme's financial equilibrium and to provide a basis for comparison with the results of 

the central scenario. 
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