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Abstract: The world population is aging, which along with recent shifts in the labor force participation (LFP), 

is having a significant longevity influence on state pension programs across the board, including Canada, 

Finland, Japan, and Germany. Except Japan, these countries have set their statutory retirement age at 65, but 

the impact of aging workforce and declined fertility rates create wonders on the estimate future trends in the 

LFP, as well as the length of retirement. In this study, we fit the LFP rates of these countries, representing 

continents from Asia, Europe and North America among the OECD countries, using the Lee-Carter and Cairns-

Blake-Dowd (CBD) stochastic models. The estimates are then used for the projection of future LFP rates (1989-

2066), and by combining the mortality forecasts from the United Nations, we project the expected length of 

retirement (1989-2066). This study provided a novel comparison between the Lee-Carter and the CBD LFP 

models by fitting and forecasting the LFP rates of senior employees between 50- to 74-year-olds. The results 

revealed disparities between models that provided proof of the presence of model risk for longer retirement 

durations. The study findings emphasized the importance for decision-makers in pension industry to have 

awareness of potential risks and limits associated with the LFP models. The Lee-Carter model outperformed 

the CBD model even though the CBD model is known for its accurate prediction in higher ages. Population 

aging should be considered in any analysis of the long-term viability of pensions, together with the 

participation rate trends for a sustainable labor market future.  

Keywords: longevity; workforce; stochastic model; labor force participation; sustainable future 

 

1. Introduction 

Aging workforce is a circumstance whereby the labor force structure is affected by the aging 

population [1–3]. Due to the longevity risk of older people and low fertility rate, the composition of 

workers’ age groups has skewed. Shifting in age structure causes older people to work longer to 

sustain their remaining life without relying solely on pension income, as the pension fund is 

insufficient for most pension bodies. As a result, the statutory pension retirement age has risen to 

ensure that the economic growth and pension fund are sufficient once the older adults retire.  

This study focuses on the projection of labor force participation rate (LFP) and expected length 

of retirement (ELR). Aging workforce is one of the main components that affect this projection rate. 

Aging workforce is a circumstance whereby the labor force structure is affected by the aging 

population ([2–4]). Due to the longevity risk of older people and low fertility rate, the composition of 

different workers’ age groups has skewed. Shifting in age structure causes older people to work 

longer to sustain their remaining life, without relying solely on pension income, as the pension fund 
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is insufficient for most pension bodies. As a result, the statutory pension retirement age has risen to 

ensure that the economic growth and pension fund are sufficient once the older adults retire.  

According to the International Federation of Pension Fund Administrators (FIAP), the statutory 

retirement age should be increased once again due to insufficient fund by allowing more elderly 

people to contribute to the pension contributions and becoming less of a liability. Therefore, it raises 

several questions whether these older adults are willing to work in their golden ages regardless of 

their health status, productivity, [5–7] and social responsibilities ([8]). Several studies showed that 

the improvement in education level ([9]), and low wages workers were willing to stay in the 

workforce longer, while retirement preferences of others might vary. 

Despite demographic shifts and increases in life expectancy, pension reforms have been enacted 

in developed nations, including Canada, Finland, Japan, and Germany in recent years to keep their 

pension systems viable. The Canadian pension system has undergone multiple reforms, including 

the recent implementation of the Canada Pension Plan (CPP) Enhancement in 2019 that offers 

inducements for laborers to accumulate funds for their post-retirement period by means of private 

pension schemes and other savings mechanisms. In Germany, a defined benefit pension system was 

replaced by a defined contribution, as part of a pension reform that took effect in 2000 ([10,11]). The 

pension reforms in Finland have increased the average age, whereby employees leave their 

employment by 3.9 months ([12]). This is due to a large decline in disability pension enrollment 

beginning at the age of 58, and a reduction in the incidence of unemployment among young people. 

Japan managed to attain a fiscal stability with further pension reforms, a rise in the consumption tax, 

and an increase in the number of women in the labor market. Both the Canada Pension Plan and the 

Old Age Security program have undergone revisions to raise the minimum retirement age and 

benefit levels ([13]. 

Gender roles have historically played a significant role in determining LFP rates. In recent 

decades, however, there has been a shift toward greater gender equality in the labor force, with more 

women entering the paid workforce and challenging traditional gender roles. Despite these changes, 

there are still significant gender differences in LFP. In the majority of nations, male LFP remains 

higher than female participation. This is the result of a variety of factors, including discrimination, 

unequal access to education and training, and societal expectations regarding gender roles and 

responsibilities. In fact, informal care is unpaid care provided by family members, typically women, 

to ill or disabled children, elderly parents, or other family members. Informal caregiving has a strong 

correlation with female LFP [14–17] 

The dependency ratio is an age-population ratio of those typically not in the labor force (ages 0 

to 14, and 65+) and those typically in the labor force (ages 15 to 64) and is likely influenced by the 

number of people actively looking for work. A high dependency ratio indicates a large number of 

dependents per person of working age, which can burden the economy. A high labour force 

participation rate indicates that many people are employed or actively seeking employment, which 

can stimulate economic growth. In general, a low dependency ratio and a high LFP rate are regarded 

as indicators of an economy's health. The dependency ratio is likely influenced by the number of 

people actively looking for work. Employment participation rates in ASEAN countries are found to 

be favorably affected by the Old-Age Dependency Ratio [18] The likelihood of being employed in 

Bangladesh is lower in households with an older person or a large dependency ratio [19] If disparities 

in education and LFP among demographic groups in the European Union (EU) were eliminated, the 

expected size of the labor force and labor force dependency ratio would change dramatically. The 

rise in the economic reliance ratio may be slowed by future increases in LFP ([20]). Without 

considering variations in the labor market participation, traditional reliance ratios for the elderly can 

be deceptive. However, a higher dependency ratio can strain pension systems, as fewer workers 

contribute to support a larger number of retirees. 

Predicting the size of the working population is important. One of the methods is a stochastic 

forecasting model, whereby it incorporates population forecasting with LFP forecasting, while also 

considering the epidemiological factors. For example, the prevalence and economic implications of 

absenteeism in an aging population in Germany were projected using a unique stochastic forecasting 
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approach [21]. In another study, [22] projected the Brazilian LFP rates using a stochastic model. 

Comparative analyses of labor force forecasting methods were also conducted [23] using the naïve 

prediction, balancing model, and forecasting based on the number of employed people in the 

economic sectors. Germany’s population and labor supply were also predicted until 2060, using a 

stochastic model [24] To illustrate the difficulties in anticipating LFP rates, [25] showed that a random 

walk model could predict the short-term aggregate LFP rates, as well as complex econometric 

models. 

In this study we fit the LFP rates using the stochastic models of Lee-Carter and Cairns-Blake-

Dowd (CBD). We then forecast the ELR using the better model. Thus, using and comparing stochastic 

models for the projection of LFP rates is an important contribution of this paper. To the best of our 

knowledge, there is no study that compares the Lee-Carter and the CBD models for the LFP rates 

since the CBD can be adapted to the higher ages of workers. 

Several research suggested tweaks to the Lee-Carter model that would make it more effective at 

modeling and forecasting rates. Some examples of these adjustments are using a Bayesian method 

[26] incorporating randomness or an error term into the model [26,27], or employing a state-space 

model to get around the biodemographic constraint. Moreover, Lee-Carter model has been contrasted 

with other models, including the neural networks ([28]), autoregressive integrated moving average 

(ARIMA) model ([29]), and modified Lee-Carter model with bias-corrected estimators ([30]). 

Although several improvements have been made, the Lee-Carter model is still commonly used for 

predictions.  

The CBD model and the Lee-Carter model were employed in various research to identify which 

best fits the data. CBD model with a cohort effect was found to provide the greatest fit for males in 

England and Wales ([31]), whereas the quadratic CBD model showed the best fit to mortality data in 

other studies ([32]). However, other research indicated that variants of Lee-Carter model better suit 

their data ([27,33]). Generally, selecting a model requires looking at multiple options, and deciding 

which one works best with the facts at hand. For simplicity of this research, the standard Lee-Carter 

model and CBD model were utilized to compare the LFP forecast for higher ages. 

The phenomenon of older people engaging in the labour market at higher rates may indicate a 

propensity for extended employment. However, it is essential to distinguish between the factors of 

financial obligation and individual will. The presence of economic uncertainty, inadequate savings, 

and the escalating expenses associated with healthcare often serve as motivating factors for older 

people to prolong their participation in the workforce. Hence, the rise in labour market participation 

may not always signify a deliberate choice for delayed retirement, but rather a compulsion driven by 

economic circumstances. The implementation of policies that include older employees in the labour 

market, so extending the statutory retirement age, serves as a barrier to early retirement. [8,9,34,35] 

Research indicates that individuals belonging to low-income groups often engage in longer working 

hours in order to meet the demands of their living standards. [35] The policy of raising the statutory 

retirement age was not well viewed by older employees due to its failure to examine factors such as 

income level and employment preferences among this demographic [36]. In the event of a substantial 

labour force participation rate, especially among the elderly population, governmental entities may 

exhibit a greater propensity to provide incentives for individuals to postpone their retirement. 

Potential strategies to promote extended working lives may include modifications to pension 

schemes, tax incentives, or other retirement perks.  

Elderly employees often possess a substantial reservoir of knowledge and specialised skills, 

making them very advantageous resources for businesses. If organisations acknowledge and 

incentivize this behaviour, it is possible that older employees may be more motivated to postpone 

their retirement, so indicating a sincere inclination towards prolonging their careers. There exists no 

discernible correlation between an augmentation in labour market engagement and a preference for 

delayed retirement among elderly individuals [37,38] Indeed, there exists a correlation between an 

augmentation in labour market engagement and the occurrence of early retirement among 

individuals in the older demographic. The early retirement of elderly employees has been prompted 

by the influx of new participants into the labour market. The adverse view of older employees, 
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coupled with the belief that they exhibit lower levels of performance in comparison to their younger 

counterparts, may also serve as a contributing factor to the decision of early retirement [39] which 

may lead to age discrimination.  Furthermore, it is worth noting that several circumstances, 

including both physical and mental health issues, have the potential to contribute to the occurrence 

of early retirement. [39–41]. 

The retirement choices made by elderly individuals may also be impacted by social interactions 

and the retirement patterns shown within their social circle. There is a higher probability that 

individuals will choose to retire if their family, friends, colleagues, or acquaintances choose for 

retirement at a younger age [42] The retirement choices of individuals may also be influenced by the 

retirement age of their spouse. For instance, individuals of the male gender who are approaching 

retirement age may exhibit a preference for retiring just if their significant other likewise chooses to 

retire. The influence of marital status and spousal work on retirement behaviour has been shown to 

be substantial. The presence of spouses in the labour market has the potential to impact the process 

of transitioning out of work, especially in cases when retirement is not a deliberate decision [43]. 

Retirement choices might be influenced by changes in pension schemes and retirement 

incentives as well. The transition from defined benefit (DB) to defined contribution (DC) retirement 

plans has had a role in the increase of labour market participation among older individuals [37,38]. 

The correlation between the time of retirement and wealth accumulation differs between defined 

benefit (DB) plans and defined contribution (DC) plans. In DB plans, retirement timing is often 

influenced by the accumulation of wealth, but in DC plans, wealth accumulation does not exert 

comparable incentives for retirement timing [37]. Retirement patterns may be influenced by several 

factors, including changes in Social Security regulations, modifications in pension schemes, and 

fluctuations in wages. For instance, research has shown that changes in the Social Security system 

have had an impact on the patterns of retirement seen in recent times. 

This research aims to fit the stochastic models of Lee-Carter and CBD to LFP rates for individuals 

aged 50 and above using the data (1989-2021) from four OECD countries. These countries are 

considered because they have/will set their statutory retirement age at 65 in the pay-as-you-go 

(PAYG) system and represent the continents of Asia, North America and Europe. The goodness-of-

fit of the two models and the forecasted LFP rates for these four countries were then compared. The 

attained value was then combined with mortality estimates from the United Nations to forecast the 

ELR for each gender, respectively. This study contributes in terms of providing a novel comparison 

between the Lee-Carter and Cairns-Blake Dowd (CBD) models, using the data from four OECD 

countries. 

2. Materials and Methods 

We used the OECD data [44]for years 1989 until 2021, provided in 5-year age groups. We divided 

the data into training set (1989-2016) and test set (2017-2021). The training and test sets were used 

respectively to estimate the parameters and to obtain the prediction errors (RMSE and MAPE). The 

labor force age groups considered in this study were 50-54, 55-59, 60-64, 65-69 and 70-74 years. To 

obtain single age data, the age group data was transformed into cubic spline data. Interpolation and 

forecasting with a cubic spline can be accurate and may assist in forecasting and interpolation for a 

wide range of disciplines [45–49] The LFP were fitted and forecasted using StMoMo R package by 

[50] 

The Lee Carter model formula is as follows:                               𝐥𝐨𝐠൫𝒎𝒙,𝒕൯ = 𝑨𝒙 + 𝑩𝒙𝒌𝒕 + 𝜺𝒙,𝒕  (1) 

Where 𝒎𝒙,𝒕 is the LFP rate at age x and year t; 𝑨𝒙is the age pattern; 𝑩𝒙 is the sensitiveness in the 

movement of parameter 𝒌𝒕; 𝒌𝒕 measures the general level of LFP rates at year t; and 𝜺𝒙,𝒕 is the 

error term with mean 0 and variance 𝝈𝟐. 
The parameters were estimated using Ordinary Least Square (OLS) and Single Value 

Decomposition method. Time series index 𝒌𝒕  was modeled with ARIMA technique, which was 

predicted via a random walk with drift. 
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Cairns-Blake-Dowd Model 

The Lee-Carter model estimates the parameters using the central rate〖𝒎𝒙,𝒕 while the CBD 

model estimates the parameters using the probability rate 𝒒𝒙,𝒕. In this study, adjustments were made 

to allow for a valid comparison between these models. Two assumptions were proposed; firstly, the 

central rate remained the same from age x to age x + 1 as well as from one year to the next, and 

secondly, the population remained stationary [51] The CBD formula is 𝐥𝐨𝐠 ൬ 𝒒𝒙,𝒕𝟏ି𝒒𝒙,𝒕൰ = 𝒌𝒕(𝟏) + (𝒙 − 𝒙ഥ)𝒌𝒕(𝟐)
 (2) 

where 𝒒𝒙,𝒕is the proportion of the population at age x and year t that is actively engaged in the labor 

market; 𝒌𝒕(𝟏)
)is the intercept of the model (it affects every age in the same way, and it represents the 

level of remaining in labor force at time t); and 𝒌𝒕(𝟐)
) is the slope of the model (every age is differently 

affected by this parameter). 

The best fit model was then utilized to estimate the duration of retirement [52]. Assuming for 

simplicity that the starting age of retirement is 50, to calculate the expected length of retirement (ELR) 

[53], the simplified version [52]is as follows: ELR = 𝜌ଶ଴ିହ଴ ∑  ଼ଽ௫ୀହ଴ 𝑆௫𝑇௫𝛾௫ሾ1 − (0.5 × ଵ 𝑞௫)ሿ ቂ(௘ೣା௘ೣశభ)ଶ ቃ  (3) 

where 𝝆𝟐𝟎ି𝟓𝟎 is the probability of surviving from age 20 until age 50; 𝑺𝒙  is the probability of 

surviving until age x; 𝑻𝒙is the probability of remaining in the labor force until age x, assuming the 

worker survived to that age; 𝜸𝒙 is the likelihood of retiring at age x if the worker is still employed 

at that age,  𝟏𝒒𝒙 is the proportion of deceased people that is determined by the mortality rate 

within the age range; 𝒆𝒙  is the expectancy of life at age x; and 𝒆𝒙ା𝟏 is the expectancy of life at age 

x+1. We used the LFP rates to calculate 𝜸𝒙, whereas the survivorship and mortality estimates are 

calculated from the mortality forecasts of the United Nations. 

3. Results 

3.1. Results for Lee Carter Model 

3.1.1. Time index 𝑘௧ and Period effect, 𝐵୶, 

The parameter estimates under the Lee Carter estimation for LFP male and female are shown in 

Figures A1 and A2 shows the parameter estimates under the Lee Carter estimation for LFP male and 

female respectively. The 𝑩𝒙 values indicate the sensitivity of the rate to changes in the underlying 

factors captured by parameter 𝒌𝒕. The higher the 𝑩𝒙 value, the more responsive the rate is to the 

changes in 𝒌𝒕. 
The 𝑩𝒙 values peaked at 0.08 (age 67), 0.06 (age 63), 0.06 (age 63) and 0.10 (age 67), respectively 

for Canada, Finland, Germany and Japan, indicating that Canada and Japan had higher sensitivities 

to the changes in 𝒌𝒕 at age 67. All four countries reached the minimum at around 0.00 (age 74). These 

differences suggested that country-specific factors may influenced the rate, and the underlying 

factors were captured by the 𝒌𝒕 parameter of Lee-Carter model. 

We also estimated the parameters of Lee Carter model for female LFP rate (age 50-74) and the 

parameters are shown in Figure A2. The 𝐵௫ values peaked at 0.06 (age 67), 0.06 (age 63), 0.07 (age 63) 

and 0.10 (age 67), respectively for Canada, Finland, Germany and Japan, showing almost similar 

trend with the male LFP rate. However, all four countries reached the minimum value at different 

ages. Canada reached its minimum at 0.03 (age 73), Finland at 0.00 (age 74), Germany at 0.02 (age 66) 

and Japan at 0.02 (age 74). 

The difference in the sensitiveness of 𝐵௫ values between male and female LFP rates implied that 

there might be gender-specific factors influencing the rates. It also suggested that changes in 

economic, social, or demographic conditions captured by the 𝑘௧ parameter had a stronger influence 

on female LFP rates compared to male. Therefore, the findings indicated that there were gender 
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disparities in the LFP rates, with females being more responsive to the changes captured by the 𝑘௧ parameter. These disparities could be influenced by several factors, including societal norms. 

3.1.2. Forecasted k୲ 
Both male and female LFP rates in Canada, Finland, Germany and Japan demonstrated 

improvements. The 𝑘௧ values for both genders generally increased, indicating an upward trend in 

the LFP rates. This suggested that more individuals, irrespective of gender, have been actively 

participating in the labor market in these countries. 

For female, all four countries reached the minimum value at different ages in Figure A4. Canada 

reached its minimum at 0.03 (age 73), Finland at 0.00 (age 74), Germany at 0.02 (age 66) and Japan at 

0.02 (age 74). Both male and female LFP rates in Canada, Finland, Germany and Japan demonstrated 

improvements. The 𝑘௧ values for both genders generally increased, indicating an upward trend in 

the LFP rates. This suggested that more individuals, irrespective of gender, have been actively 

participating in the labor market in these four countries. 

3.2. Results for Cairns-Blake-Dowd Model 

3.2.1. Time index k୲(ଵ)
 and k୲(ଶ)

 

Figure 1 shows the time-varying parameter of CBD model for male LFP rates (1989-2016) in four 

countries; Canada, Finland, Germany and Japan. The time index 𝑘௧(ଵ)
 is the model intercept, 

therefore it affects all ages equally. Specifically, if 𝑘௧(ଵ)
 decreases over time, it indicates that people of 

all ages are entering the labor force at an increasing rate. The slope of the model is represented by the 

time index 𝑘௧(ଶ)
, which affects each age in a unique way. For male laborforce, The 𝑘௧(ଵ)

 and 𝑘௧(ଶ) values for Canada, Finland and Germany showed declining trends in 1989-2000 and increasing 

trends in 2000 onwards. In Japan, the 𝑘௧(ଵ)
 and 𝑘௧(ଶ) values showed declining trends in 1989-2005 and 

increasing trends in 2005 onwards.  

For female workers in Figure 2, the 𝑘௧(ଵ)
 and 𝑘௧(ଶ) values showed increasing trends. The 

increasing trend of 𝑘௧(ଵ)
 values indicate that workers at all ages entered the labor force at a decreasing 

rate. The increasing trend of 𝑘௧(ଶ)
 values indicate that the rate of labor force entrance is higher at 

higher ages (older workers) which are shown in Figure 2.  
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(a) (b) 

  
(c) (d) 

Figure 1. Parameter estimates of male LFP rate for CBD model in four countries; (a) Canada (b) 

Finland (c) Germany (d) Japan. 

3.2.2. Forecasted k୲(ଵ)
 and k୲(ଶ)

 

The forecasted 𝑘௧(ଵ)
and 𝑘௧(ଶ)

 are shown in Figures A5 and A6 for male and female LFP rates 

(ages 50-74) respectively for years 2017-2066 in four countries (Canada, Finland, Germany and Japan). 

The 𝑘௧(ଵ)
 values for all countries and both gender (except for male workers in Finland) showed a 

general pattern of increasing rates over time. On the contrary, the male LFP in Finland showed a 

decreasing rate. As for the 𝑘௧(ଶ)
values, all countries and both genders showed a general pattern of 

increasing rates over time. The relatively stable values of 𝑘௧(ଶ)
 for all countries, which were close to 

zero, suggested consistent improvements in the LFP rates across different age groups. The 

improvements were not skewed toward specific age cohorts but were spread evenly across different 

age groups. 

3.3. Labor Force Participation (LFP) rate  

The training and test sets were used respectively to estimate the parameters and to obtain the 

prediction errors (RMSE and MAPE). We select the better model between Lee-Carter and CBD by 

comparing the AIC, BIC, RMSE and MAPE using the test data (2017-2021). Table 1 shows the out-of-

sample results for male and female LFP rates for all four OECD countries. 

The AIC and BIC of CBD model were higher than Lee-Carter model, indicating a poorer fit to 

the data. The RMSE and MAPE for CBD model were also higher than Lee-Carter model, indicating a 

lower accuracy in forecasting the LFP rates. Based on these measures, the Lee-Carter model 

outperformed the CBD model. 

Table 1. The in-sample and out-of-sample results (male and female) for all four OECD countries. 

  Male Female 

  

Canad

a 

Finlan

d Japan 

German

y 

Canad

a 

Finlan

d Japan 

German

y 

Preprints (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 24 October 2023                   doi:10.20944/preprints202310.1540.v1

https://doi.org/10.20944/preprints202310.1540.v1


 8 

 

Lee 

Carter 

AIC 4004 2628 5790 4449 3485 2271 5954 4005 

BIC 4350 2974 6136 4795 4350 2974 6136 4669 

RMSE 0.16 0.17 0.24 0.17 0.12 0.16 0.16 0.13 

MAPE 0.22 0.26 0.31 0.24 0.54 0.24 0.24 0.21 

Cairns 

Blake 

Dowd 

AIC 5691 2918 27531 14993 4501 2758 10562 10365 

BIC 5946 3173 27786 15248 4756 3012 10817 10620 

RMSE 0.17 0.18 0.34 0.22 0.13 0.20 0.24 0.19 

MAPE 0.35 0.36 0.38 0.70 3.59 1.52 0.51 1.20 

Figures 2 and 3 illustrated the observed vs. fitted LFP rates (in logarithmic scale) for years 1986-

2016 based on Lee-Carter and CBD models respectively for male and female workers at age 65. Both 

Lee-Carter and CBD curves demonstrated increases in LFP rates for male and female workers at age 

65 in all four countries and both genders. Overall, the Lee-Carter curves are closer to the actual LFP 

rates, making it more reliable for forecasting. Although the figures are not shown here, the Lee-Carter 

curves for ages 55 and 75 demonstrated an acceptable degree of convexity, making them preferable 

compared to CBD curves. 

  
(a) (b) 

  
(c) (d) 

Figure 2. Observed versus Fitted Rates (Male) of Lee Carter and CBD at Age 65. 

  
(a) (b) 
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(c) (d) 

Figure 3. Observed versus Fitted Rates (Female) of Lee Carter and CBD at Age 65. 

3.4. Duration of retirement 

Working life expectancy and expected length of retirement (ELR) are two related concepts that 

are important when considering employment and retirement planning. Working life expectancy is 

the projected number of years an individual is expected to be actively participating in the labor force, 

while the ELR is the projected number of years an individual is likely to spend in retirement after he 

(or she) exit the labor force. The percentage of working life spent by men and women in Canada and 

Finland is quite similar, but different in Germany and Japan. Women in Japan have lower working 

life expectancy than men. [54]. 

The life expectancy at age of 20 can be used as an indicator for the working life of a worker. In 

this study, age 20 is chosen as the mean age of entry into the job market [55]. Figure A5 shows the life 

expectancy at age 20 for female populations in Canada, Finland, Germany and Japan ([56] 

The significance of demographic transitions and prospective shifts in retirement habits is shown 

by the projections from 2026 until 2066 in Table 2 and Table 3, which shows a continuous increase in 

the ELR. There has been a steady growth in the retirement age in Canada throughout the years. 

People in Canada are living in retirement for longer periods of time, and this trend is anticipated to 

continue. Retirement age has been rising steadily in Finland during the past several decades. 

According to the projections for the future, this pattern of longer retirement age seems likely to 

continue. In Germany, the average retirement age is rising rapidly.  

Table 2. Forecasted ELR (Male at age 50). 

Year Canada Finland Germany Japan 

1989 11.05 10.70 16.10 11.26 

1996 12.36 12.11 13.32 12.60 

2006 12.97 12.81 14.07 12.63 

2016 13.54 13.63 13.10 12.76 

2026 14.19 14.53 15.36 12.36 

2036 14.84 15.18 16.64 12.35 

2046 15.44 15.76 18.07 12.96 

2056 16.07 16.35 19.73 14.22 

2066 16.77 17.00 21.60 16.06 

Table 3. Forecasted ELR (Female at age 50). 

Year Canada Finland Germany Japan 

1989 13.20 16.10 13.91 11.56 

1996 14.23 17.59 15.44 13.74 

2006 15.04 17.97 16.19 14.27 

2016 16.01 18.34 18.90 15.34 

2026 16.84 19.06 18.75 14.91 

2036 17.71 19.96 22.27 15.26 
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2046 18.67 21.07 20.56 15.63 

2056 19.73 22.31 19.70 16.02 

2066 20.87 23.64 18.61 16.57 

The ELR from 2026 until 2066 show that all countries were forecasted to have higher ELR, where 

the increments were higher for female workers. These results show that even though the LFP rate 

increased over the years, the decline in mortality rates and the increase in life expectancy were larger. 

The decrease in LFP rate for old ages may also contribute to the rise in the ELR. The results 

demonstrated that across all four countries, female retirees were expected to spend more time in 

retirement than in the past. Among the countries examined, Finland regularly displayed the longest 

ELR for female retirees, while Japan consistently showed the lowest. 

This demonstrated a lengthening of retirement ages. There has been a little change in the typical 

age of retirement in Japan during the past few decades. In the years ahead, retirement age is predicted 

to rise. In light of the sustainability issues of pension scheme, several studies recommended the 

transition to define contribution plan for public servants, rather than revising on changes in 

retirement age, coverage, pension benefits, and contributions, especially in OECD countries [57]. 

 

Figure 4. Life expectancy at age 20 (EL20) and expected length of retirement at age 50 (ELRP) for 

female populations in Canada, Finland, Germany and Japan (1989-2066). 
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4. Discussion 

The projections of LFP trends showed an overall upward trend over time. The stochastic 

mortality models provided a more complete picture of the future LFP patterns by using a 

probabilistic framework that accounts for inherent uncertainties. Both Lee Carter and CBD models 

use random fluctuations to provide a variety of potential outcomes, in contrast to deterministic 

models that generate a single set of outcomes based on fixed assumptions.  

In mortality forecasting and analysis, the Lee-Carter and Cairns-Blake-Dowd (CBD) models 

were both widely utilized. While both models have advantages and disadvantages, the Lee-Carter 

model is superior to the CBD model for several reasons. The Lee-Carter model has been extensively 

researched and applied in a variety of contexts, demonstrating its robustness and adaptability. It has 

been used to forecast mortality rates for various populations and has demonstrated its ability to 

capture mortality trends [58–61]. The model permits the estimation of age-specific mortality levels 

and rates of change, thereby shedding light on mortality patterns.  

In addition to being a favored choice for mortality modelling, the CBD model has some 

limitations. The CBD model posits a two-factor structure for mortality rates, with one factor affecting 

all ages and another factor predominantly influencing older ages. This assumption may not hold true 

for all populations, limiting the model's ability to capture more complex mortality patterns [33,62] 

The retirement outlooks in the selected OECD countries differ for each country. As for Canada, 

the retirement age was raised from 65 to 67-year-old, but the government also took steps to lessen the 

impact. on weaker groups like women. To assist women who need to take time off from work to care 

for family members, or who may not have accrued enough pension contributions, the government 

provided an optional option to defer collecting the benefits from the Canada Pension Plan until the 

age of 70. This option may provide larger total pension income in comparison to those who begin 

collecting benefits at an earlier age [63]. Significant progress in Finland has been made in promoting 

gender equality and work-life balance, which has contributed to the high levels of female LFP in the 

country. Regarding familial outcomes, majority of research were focused on the connection between 

child-care availability and mothers’ labor supply [64]. The emphasis on work-life balance is one of 

the main factors that contribute to Finland's high LFP. The nation has made work-life balance a policy 

priority, which has had a positive effect on the society ([65]. This has enabled women to partake in 

labor force while also fulfilling their responsibilities as carers. The availability of institutional 

childcare has also been a significant factor in Finland's high LFP. [66] ranked the nation highly in 

terms of excellence of its formal childcare provision. 

In terms of gender gap role, women in the workforce in Germany might be impacted by the 

country’s pension reform, which made people work longer to qualify for retirement benefits. One of 

the key problems was that As a result of caring obligations and gender pay inequalities, women might 

frequently have shorter careers and lower salaries than men. Women might find it more challenging 

to accrue the required pension contributions and be eligible for a respectable pension when they 

retire. Therefore, raising the retirement age may disproportionately impact women, particularly 

those who hold part-time or low-paying occupations regardless of education attainment [67,68] 

Countries with ageing populations, particularly Japan and Germany, may exhibit varying LFP 

rates among older individuals compared to countries with younger populations, as shown from the 

forecasted results in this study. This can be attributed to the need to sustain pension systems and the 

demand for experienced labour, as elucidated by the variability observed in the forecast results. After 

the implementation of pension system reforms, the projected retirement age in Germany has 

increased. Consequently, many older workers have expressed their willingness to extend their 

retirement [69,70]. However, evidence suggests a growing disparity in social inequality during the 

transition from work to retirement. High-skilled workers tend to retire at a later age, while low-

skilled workers who typically prefer early retirement may be expected to work longer to secure 

adequate pension [69]. 

It is important to note that the rise in the statutory retirement age in Japan could potentially 

impact the LFP and retirement decisions [71] .In addition to gradually raising the retirement age, 

Japanese government has also taken steps to encourage women to stay in the workforce, including 
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encouraging equal pay, expanding access to childcare, and offering tax breaks to firms who recruit 

women. The decline in fertility rates and the ageing of Japan's population may have implications for 

the trend of LFP [24,72]. 

The consequences for the Pay-As-You-Go (PAYGO) system and the financial viability of social 

security systems may be influenced by the old-age dependence ratio. Elevated levels of old-age 

dependence ratio may impose burdens on the working-age demographic and require modifications 

to the PAYGO system. When a nation experiences a high old-age dependence ratio, the working 

population is confronted with an increased responsibility to financially support the living costs of the 

older populace [73]. This scenario may have ramifications for the PAYGO mechanism. The alterations 

in the old-age dependence ratio may have significant repercussions for fiscal sustainability and 

economic development because the financial support for present retirees' benefits is reliant on the 

contributions made by the existing workforce [74,75]. 

The challenge of balancing work and family obligations has long been a persistent struggle, 

primarily by women workers. Despite the global labor market experiencing an increase in women's 

participation, they continue to bear a disproportionate burden of caregiving duties. This 

phenomenon is of utmost importance in influencing women's decisions regarding employment, 

career paths, and retirement possibilities. There is a positive and significant relationship between 

women's age and their LFP especially among older women (Majumder and Dey, 2021). However, it 

is worth noting that it is common for women to decrease their working hours and subsequently 

experience a decline in their incomes due to caregiving responsibilities (Alcover et al., 2022). Among 

other factors are the intensity of caregiving responsibilities, the compatibility between individuals 

and their job, and the level of conflict between work and personal life (Noone et al., 2018; boer Vuuren 

2021). The caring responsibilities of women have a substantial impact on their ability to participate 

in the labor market and on their eligibility for early retirement.  

The significant increase in life expectancy has a profound impact on the LFP and fundamentally 

alters the dynamics surrounding late retirement options. The perception of "old age" has led people 

to consider planning for longer careers. The LFP’s age is projected to increase in the future for both 

genders. Therefore, individuals need to consider not only their financial needs but also their 

intellectual and emotional engagement with work. The pension reform to implement retirement age 

around 65-67 may be achievable. This is in line with the changes in Social Security regulations 

between 1992 and 2004 which resulted in a two-percentage-point increase in the proportion of 65- to 

67-year-olds working full-time [25,76]. The availability of health facilities and improved access to 

health services can also have an impact on women's life expectancy and their participation in the 

labor force [77] 

Social Security and pension benefits provide individuals with a financial safety net, and thus, 

allowing them to extend their working years beyond the traditional retirement age. Increasing 

statutory retirement age may be achievable as the LFP forecast until 2066 is expected to rise for higher 

age. Thus, the presence of social security programmes can significantly influence retirement decisions 

as individuals tend to delay their retirement when they have access to these benefits [78,79] 

In OECD countries, there is a significant relationship between socioecological measures of 

wealth such as salary and pension, income inequality, education, and employment, and health 

outcomes such as life expectancy, healthy life expectancy, and adolescent health [80] especially since 

the life expectancy of male is lower than female [81]. The improvement in life expectancy does not 

necessarily indicate an overall enhancement in health conditions for older workers. Factors 

contributing to early retirement include illness and hazardous behaviour. The presence of chronic 

diseases and psychological disorders was associated with a higher probability of early retirement [82] 

and poor adult health has been shown to negatively impact wages, LFP, and ultimately earnings [83–

85]). The effects of health such as the onset of chronic conditions like cardiovascular disease [86,87]in 

later life may disrupt the LFP, earned income, and wealth.  

Predicting LFP rates can be difficult due to behavioral changes over time [25]. Without more 

specific data and analysis, it is difficult to provide an accurate forecast for LFP. The variations in 

retirement prospects and rates of engagement in the workforce among elderly adults, including the 
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OECD nations, have noteworthy consequences for economic development, social fairness, and the 

long-term viability of public pension schemes.  

5. Conclusions 

The objective of this study was to fit the LFP rates for several OECD countries using the Lee-

Carter and Cairns-Blake-Dowd (CBD) stochastic models. The results showed that the Lee-Carter 

model performed better than the CBD model in terms of forecasting the LFP rates. Generally, both 

men and women were projected to have higher LFP rates in the later years (2066) compared to the 

earlier years (2016), and therefore were more likely to be actively seeking employment in the later 

years. 

The estimates of the LFP rates from the Lee-Carter model were then used for the projection of 

the future LFP rates and the expected length of retirement (ELR) for the years 2026 until 2066. The 

results showed that Germany is anticipated to experience the highest increase in the ELR for male 

workers (15 to 22 years), followed by Japan (12 to 16 years), Canada (14 to 17 years), and Finland (15 

to 17 years). As for female workers, Finland is expected to have the highest increase (19 to 24 years), 

followed by Canada (17 to 21 years), Japan (15 to 17 years) and Germany (19 to 20 years in 2056). 

The trends and changes in retirement age, the life expectancy at the age of 20, and the percentage 

of life spent working differ between nations. The life expectancy at the age of 20 was rising, the 

fraction of people who were expected to actively work fluctuated slightly, and the number of years 

expected to spend in retirement period increased or remained the same. For male workers, Germany 

was expected to have the highest working life expectancy. The average age for starting retirement is 

increasing or remaining the same in most countries, indicating that people are living longer in their 

retirement years.   

Female workers tend to be varied when it comes to retirement preference depending on their 

social responsibilities, family responsibilities and financial outcomes. Predictions show that the 

female participation rate will increase in the future especially when the life expectancy has improved 

over time. As mentioned by [22] mortality improvement will influence retirement outcome. The 

elderly would rather work than retire and relax during their golden ages and offer their invaluable 

skills and wisdom. 

The results showed that even though the LFP rate is expected to increase, the ELR is projected 

to increase as well. The LFP after the age of 64 will still be a real concern, and raised the question of 

whether the old age workers should work or retire at such golden ages. Other factors such as 

demography, social and economic should also be considered in the LFP model to better forecast the 

future needs for the PAYGO system. To cater for the improved fertility and life expectancy, there are 

certainly other options to consider in pension reform other than increasing the retirement age. 

institutional heterogeneity and highlighted policy changes, education levels, and personal wealth as 

the factors that drive the increase in retirement age; therefore, it is crucial to predict whether the 

OECD countries' LFP will follow the same pattern as in more developed economies [88], [89]. For 

future research, cohort effect and wider age span would really help in forecasting the LFP rate. In 

fact, by looking into other factors such as educational level, performance of labor demand, and level 

of informality within the labour market in the pension program will help to better understand the 

trends of LFP rate in the sustainable future. 
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