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Abstract. To live comfortably after retiring from work, it is important to have adequate saving. This can be achieved when the total retirement income (i.e., wealth) is equal or greater than the desired total retirement consumption (i.e., needs). This is known as wealth adequacy which can be gauged effectively using a wealth-need ratio. The ratio is projected based on two models, namely retirement wealth (which involves an estimation of a dividend rate) and retirement needs. A common practice is to estimate the dividend rate based on the sample mean which is known to fluctuate according to financial scenarios. Consequently, the wealth-need ratio may not be projected accurately which may lead to misinformation to the future retirees. Therefore, this study modified the projection wealth model using robust estimators, namely the trimean and trimmed mean estimators. Hence, enabling reliable projection of the retirement wealth despite fluctuation in the financial dataset. Several scenarios that are frequently encountered in real life were emulated to validate the performance of the robust wealth-need ratios. The finding shows smaller values of dividend rates via the trimean and trimmed mean estimators as opposed to using the sample mean. This concurs with the behavior of the financial dataset employed in this study (i.e., inconsistent throughout the years). As such, the robust wealth-ratios can provide more valuable information to the future retirees in planning their retirement. Indirectly, the robust projection models can be used to reduce wealth inequality among Malaysian retirees which is aligned with Sustainable Development Goal 10 (SDG10).
introduction
Adequacy of retirement income is very important to maintain a comfortable living standard over the retirement period. Under a life cycle model, assets are mainly accumulated during an individual’s work life to finance consumption after retirement. A generally accepted goal of retirement planning is to provide enough income during retirement to prevent the level of living from dropping much below the partial retirement level. Retirement wealth can be defined as adequate if the total retirement income is equal or greater than the desired total retirement consumption (or needs). If the retirement wealth is inadequate, the scenario will have a substantial impact on the country's social support system. Notably, the size of the elderly population in Malaysia is 3.6 million people in 2021 and is expected to increase to 4.4 million people in 2040, which is in line with a greater lifespan. As such, a robust model to project retirement wealth and needs is very important in ensuring comfortable lifestyle over the period of retirement.
In 2020, over 50% of EPF contributors aged 54 have savings of RM50,000 or less for retirement which is deemed insufficient due to longer life expectancy. This becomes a huge dilemma as retirees may not have adequate retirement wealth. Retirement wealth adequacy is generally determined based on two projection models namely the retirement wealth and retirement needs. These projection models made up a wealth-need ratio which is useful in determining wealth adequacy. Thus, answering question such as “Does he or she has an adequate saving upon retiring from work?”. One of the critical components in projecting the retirement wealth model is Employees Provident Fund (EPF) dividend rate which is known to fluctuate according to financial scenarios. Thus, it is important to determine an accurate dividend rate to be applied in projecting the retirement wealth model. Commonly, the dividend rate is computed based on the sample mean which is known to be susceptible to the effect of outliers. Hence, this study focuses on modifying the projection of the retirement wealth model by replacing the usual sample mean with a median-based estimator in obtaining the dividend rate of the EPF. Meanwhile, the second projection model was based on the retirement needs in Alaudin [1].
The goal of this study is to model the wealth-need ratio based on the robust EPF dividend rate among Malaysian retirees. To achieve the goal, the following objectives need to be accomplished:
To estimate the EPF dividend rate using a robust estimator namely trimean and trimmed mean of a sample.
To project retirement wealth based on the proposed robust EPF dividend rate.
To compare the adequacy of the retirement wealth based on the proposed robust EPF dividend rate with the existing retirement wealth model.
Literature
Retirement wealth can be defined as adequate if the total retirement income is equal to or greater than the total desired retirement needs [2]. The key idea of a life cycle hypothesis is that individuals desire to maintain the level of needs over their entire lifetime [3]. This key idea leads to the projection of the retirement needs.
There are several existing approaches for determining a sufficient level of retirement needs. The most common approach is to identify the replacement rate which can be defined as the percentage of pre-retirement wealth that represents the desired level of needs during retirement. Previous researchers have set a range of adequate replacement rates. Palmer [4, 5] suggested replacement rates which range from 65% to 85% depending on income level and Duncan et al. [6] suggested replacement rates ranging from 70% to 90%. Several studies applied Palmer’s replacement rates to determine the retirement needs [7, 8]. Besides the replacement rates, other approaches have been used to calculate the retirement needs such as Yuh [9] who applied Consumer Expenditure Survey to predict spending for households where the dataset is considered as a proxy for the retirement needs. Yuh et al. [10] and Yao et al. [11] also used the same approach in estimating the retirement needs in their studies. Meanwhile, Binswanger and Schunk [12] used a calibration method where information on individual preferences is taken into account when computing the retirement needs.
A comprehensive measure of retirement wealth requires all possible resources of retirement wealth to be considered concurrently. Empirical measures of retirement wealth normally focus on income from financial assets as well as benefits from a pension plan, Social Security and personal savings [13]. Previous researchers also consider non-financial assets, specifically housing wealth, as resources of retirement wealth [9, 10, 11, 14]. However, Brady [15] suggested that housing wealth is not a significant resource to increase retirement wealth. On the other hand, the replacement rate values above 100% may be required because retired individuals could find that their health-related expenses are increasing with age and that precautionary saving is, therefore, necessary [16].
Most studies on the retirement wealth adequacy have compared the retirement wealth to the retirement needs, which is, wealth-need ratio. A number of studies were summarized in Yuh et al. [11] ,  Yuh [9] and Yuh et al. [14] used the data from the 1995 Survey of Consumer Finances (SCF) to estimate the adequacy of the retirement wealth and found that slightly more than half of the households in the sample have adequate retirement income and maintain the pre-retirement level of living during retirement. The important determinants related to the retirement wealth adequacy in their studies were planned retirement age and household spending behaviors. Therefore, Yuh et al. [14] focused on the accumulated retirement wealth at planned retirement age rather than random retirement age. On the other hand, Moore and Mitchell [7] specified the retirement age as 62 and 65 for projecting the retirement wealth. Denton et al. [17] found that the adequacy of the retirement wealth increases with the retirement age.
To compare the retirement wealth to the retirement needs, Yuh et al., [14] proposed the conceptual framework as follows:
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where  is the total asset accumulated upon retirement at age ,  is the pension income at age , is the consumption at age ,  is the retirement age and  is the age at death. According to Equation (7), retirement wealth is adequate if the left-hand side that represents the sum of accumulated assets plus the present value of pension income at retirement age is equal or greater than the right-hand side which denotes the present value of retirement consumption at retirement age. Here, the term retirement consumption is equivalent to the retirement needs.
The left-hand side of Equation (1) which is the accumulated assets includes one critical component namely the EPF dividend rate. Commonly, the rate is determined based on the average of historical dividend rate via the sample mean. For examples, see Alaudin et al. [18, 19] and Alaudin [1]. Nonetheless, a study by Rashid and San [20] shows that the dividend rate of EPF in Malaysia typically fluctuates based on the economic scenario in the country. While the rate climbed after the Asian crisis in 1997, the most recent data shows a decline for the past six years as attested by the authors. Therefore, the rate may be overestimated or underestimated with persistent use of the sample mean. This issue, however, has yet to be explored in any retirement wealth adequacy literature, to the best of our knowledge.
Methodology
In projecting the retirement wealth adequacy among Malaysian retirees. Four phases (a - d) were involved whereby data analysis was executed via the R programming.

a. Phase 1: Data Selection
In this study, cross sectional data from the Household Income and Expenditure Survey (HEIS 2019) were used. Originally obtained from the Census, the pertinent cross-sectional dataset was retrieved from the Department of Statistics Malaysia (DOSM) and contains information on income, demographic and socioeconomic characteristics of each household. Upon retrieving the dataset from the DOSM, data selection was performed. There is a restriction of household selection, where only households with stable income were taken into account. Firstly, the data with households aging outside the range of 30 and 54 years old were excluded to ensure that the salary projections are reasonable. In addition, part-time employees were not considered in this study because household incomes would not be able to be projected accurately due to unstable or inconsistent salaries. Finally, only households with income level above the poverty threshold were selected.

b. Phase 2: Retirement Wealth Projection
The projection of retirement wealth was formulated based on three (3) main variables: EPF dividend rate, EPF contribution rate and salary increment rate according to the proposed retirement wealth model by Alaudin [1]. The projection of retirement wealth is illustrated as follows:
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where
 – contribution rate (employer and employee)
 – the first annual salary
 – salary increment rate
 – dividend rate
 – future service year at the start of working year
and
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It should be noted that Equation (2a) contains  which is the main component in projecting the jth year of retirement wealth. The usual practice is to compute  based on the usual sample mean . It is widely known that  is easily perturbed by extreme values and thus, may lead to overestimation or underestimation of the computed value. From financial perspective, this situation may create misinformation for Malaysian retirees. As such, the wealth-need ratio gauged from the retirement wealth model may not be accurate.
To mitigate the effect of extreme values on the calculation of wealth-need ratio in projecting the retirement wealth, this study employed two robust location estimators in place of the  for computing . They are listed in Table 1.
TABLE 1. Robust location estimators.
	Estimator
	Notation

	Trimean
	

	Trimmed mean
	



The first estimator, , is the weighted average three quartiles as defined in Equation (2b):
	
	(2b)


where  denotes one of the three quartiles. 
Meanwhile, the sample trimmed mean is defined as:
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where  is the trimming proportion and  is the ith order statistics in a random sample of size . In other words, trimmed mean is an adjusted mean whereby the average is calculated after removing the  smallest and the  largest observations. In this study,  was set at 20% in order to attain a small standard error for the said robust estimator [21].
Notably, Equation (2) can be rewritten in a more detailed form if the dividend rate and the salary increment rate are assumed to be random and change annually as shown in Equations (3a) – (3c). In this study, three (3) different scenarios were considered in projecting the retirement wealth. The scenarios are:
Model 1: No partial withdrawal,
Model 2: Partial withdrawal to purchase house,
Model 3: Partial withdrawal to purchase house and partial withdrawal at age 50.
Specifically, the projected EPF's accumulated amount at retirement age, based on annual contributions multiplied by accumulated dividends can be classified and described as follows:

Model 1: No partial withdrawal
	
	(3a)


where
 – accumulated EPF savings
 – contribution rate
 – salary in year jth
 – EPF dividend rate in year jth
 – the future service years from age at first year salary to age at retirement
 – the first year salary

Model 2: Partial withdrawal to purchase house


(3b)

Model 3: Partial withdrawal to purchase house and partial withdrawal at age 50

(3c)
where
 = percentage of first withdrawal
 = percentage of second withdrawal

c. Phase 3: Retirement Needs Projection
Following Phase 1 and 2, the retirement needs was projected in Phase 3. The following formula based on Alaudin [1] model was used as shown in Equation (4) below:
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where
 – the retirement needs (or present value of total consumption during retirement)
 – the expected annual salary prior to retirement
 – the replacement rate
 – the estimated real interest rate from retirement age to expected age of death
 – the retirement period (or the number of years from retirement age to the expected age of death)

d. Phase 4: Construction of Wealth-Need Ratio
Following Phase 1, 2, and 3, the ratio of retirement wealth adequacy was projected as follows:
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The wealth-need ratio is considered as adequate if the computed value is greater than or equal to 1. Otherwise, the computed value is deemed as inadequate.
Results and Discussion
In this study, the retirement wealth adequacy, i.e., whether the future retirees can maintain the consumption and saving during the retirement period, was computed and compared based on two approaches. The two approaches are:
1. The classical retirement wealth-need ratio which is based on the sample mean.
1. The robust retirement wealth-need ratio which is based on the trimean and 20%-trimmed mean estimators.
Three (3) scenarios frequently encountered in real life were employed to illustrate the usage of wealth-need ratio in determining the wealth adequacy of future retirees. The first column of Table 2 displays the scenarios.
TABLE 2. Percentage of retirement wealth adequacy.
	Model
	Classical Retirement Wealth Adequacy Based on Sample Mean, 
	Robust Retirement Wealth Adequacy Based on Trimean, 
	Robust Retirement Wealth Adequacy Based on Trimmed Mean, 

	Model 1: No partial withdrawal
	51.68
	51.72
	51.71

	Model 2: Partial withdrawal to purchase house
	47.13
	47.83
	47.83

	Model 3: Partial withdrawal to purchase house and partial withdrawal at age 50
	20.16
	18.71
	19.39



The first scenario is named as Model 1 where the projection of wealth-need ratio disregards any pre-withdrawal before the retirement age. Meanwhile, Model 2 focused on purchasing the first house in projecting the wealth-need ratio. The third model, i.e., Model 3, considered common practices which are purchasing house and making pre-withdrawal at age 50.
The finding obtained by comparing the columns in Table2 shows that the robust and classical retirement wealth-need ratios for Models 1 and 2 are comparable. Table 2 shows that the robust approaches, namely  and , yield a slightly higher percentage in the two scenarios. The finding also indicates that if the future retirees are not making any partial withdrawal, they will have adequate saving in their retirement period. This is supported by a significantly large percentage (i.e., > 50%) of the wealth-need ratio obtained in both approaches.
It is imperative to note that a slight decrease in the percentage value of the wealth-need ratio can be seen in Model 2 when compared to Model 1. However, the slight drop in the percentage value of the ratio is expected as future retirees will be making less contribution to the saving in Model 2.
Notably, the percentage of wealth-need ratio differs significantly between the two approaches in projecting scenario in Model 3. A lower percentage of wealth-need ratio is obtained using the robust approaches based on trimean and trimmed mean, i.e., 18.71% and 19.39 respectively, as compared to 20.16% which is given by the classical approach. While both approaches indicate inadequate EPF contributors in the case of purchasing house as well as making partial withdrawal at age 50, the much lower percentage obtained via the robust approach emphasizes the severity of the situation. In addition, the results imply that with more partial withdrawal scenarios (i.e., more withdrawals), significance differences among the proposed methods can be observed.
CONCLUSION
The rising cost of living has been a huge concern especially for those in the B40 category as it will impact future retirement plan. As emphasized in Malaysia Now, majority of the government retirees do not have sufficient pension and hence, facing financial issues due to several commitment [22]. Such commitments involve an extension of house loan period due to the rising house price. Apart from that, retirees still need to spend on daily necessities, while some may still have to pay children’s education expenses. With more than 10% increment in prices of food items, including chicken and vegetables, Malaysian retirees find it difficult to keep up with daily expenses [23]. As such, it is a huge concern if the wealth (i.e., income) can support the needs during the retirement period.
Wealth-need ratio is useful to project if the wealth (or income) accumulated in working years is adequate to support the total needs (or consumptions) in retirement years. It is crucial that the computed ratio is unbiased and able to deliver accurate information to the future retirees. It is important to note that the ratio depends on the dividend rate estimation which is known to fluctuate according to financial scenarios. Estimating the dividend rate via the sample mean, for instance, may yield a larger value of projected 
wealth and hence, suggesting an adequate wealth. In this case, individuals may perceive their wealth as greater than its true value.
To produce a reliable wealth-need ratio that is able to gauge retirement wealth adequacy, the use of a robust estimator instead of the usual sample mean is recommended in this study as the HEIS 2019 dataset shows severe fluctuation. In this study, the use of the trimean estimator produced a smaller value of dividend rate than the usual sample mean. Three scenarios employed in this study showed a plausible retirement wealth adequacy based on the robust approach. Therefore, the robust wealth-need ratio can be used to gauge the retirement wealth adequacy confidently, especially when future retirees are making more partial withdrawals such as illustrated in Model 3 in this study.
For future studies, it is recommended to consider various cases of partial withdrawals in determining adequate retirement saving and later, compared them with the results attained in Model 3.
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