
Abstract— Global fertility has been experiencing a significant 
decline, reaching towards the replacement ratio. This trend, 
coupled with increasing life expectancies, has led to the emergence 
of an ageing population. In this study, we aim to analyse fertility 
patterns among Malaysian women, considering both their 
childbearing age and ethnicities. A 63-year age-specific fertility 
dataset, from 1958 to 2020, were collected from the Department of 
Statistics Malaysia.  These data were fitted into the Lee-Carter 
model and its modified version, which is the functional data model. 
The models were evaluated using the out-sample forecast error 
measures. Results indicate that the third-order functional data 
model able to capture most of variation present in the actual data, 
consequently outperforming the Lee-Carter model in forecasting 
fertility rates among Chinese and Indian populations. There was a 
noteworthy shift in maternal ages of the highest births to older 
ages suggesting a trend towards delayed pregnancies among 
women. It is predicted that the Malay total fertility rates will likely 
fall to below the replacement level reaching 1.71 in 2040 whereas 
Chinese and Indian total fertility rates will substantially decrease 
to the lowest level in history below 1.0 which are 0.54 and 0.70 
respectively. 

Index Terms— Age-specific fertility rates, Fertility rates, 
Functional data model, Lee-Carter model.  

I. INTRODUCTION

he global fertility rates have seen a substantial decline over
the past few decades, with the average number of children 

per woman decreasing significantly by more than half, from 
5.068 in 1960 to 2.300 in 2021 [1]. This declining trend is 
particularly pronounced in certain developed countries, where 
fertility rates have fallen below the replacement level, reaching 
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historically low levels. For instance, Japanese total fertility 
rates dropped below the replacement levels as early as 1975 and 
hit their lowest point at 1.3 infants per woman in 2020 [2].  

In Malaysia, the total fertility rates have undergone a 
substantial reduction from average 6.4 infants per woman in 
1960 to 1.8 infants in 2020. It is noteworthy that, Malaysia's 
TFR exhibits a distinctive characteristic, with rates varying 
among ethnic groups such as Malays, Chinese, and Indians. 
Statistics show that Chinese and Indian total fertility rates have 
consistently been lower than that of Malays throughout the 
years. These variations in fertility patterns among different 
ethnic groups are likely be attributed to a multitude of factors, 
encompassing genetic predispositions, cultural backgrounds, 
and religious practices. 

A continuing decline in the fertility rate across many 
countries could have significant implications for long-term 
national social and economic development. A persistently low 
birth rate proves inadequate to sustain the existing population, 
potentially leading to a substantial imbalance between elderly 
dependents and the working-age population. Thus, without 
adequate preparation, this situation may ultimately impose a 
substantial financial burden on the nation. One way to address 
these changes includes conducting a rigorous analysis and 
estimations of fertility rates, understanding the underlying 
fertility pattern and modelling the data to estimate future 
patterns.  

While many polynomial models have been employed to 
model fertility rates by age groups, non-parametric models for 
predictive purposes have received relatively limited 
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exploration. This research contributes to the existing literature 
by exploring bi-factor regression models including the Lee-
Cater and its modified version, the functional Lee-Carter model 
to predict future Malaysian age-specific fertility rates in 
Malaysia. The predictions are extended to three different ethnic 
groups which are Malay, Chinese and Indian thus, providing 
significant knowledge about fertility differential among 
ethnicities. Therefore, this research aims to investigate the most 
accurate fertility prediction model for Malaysia, that capable of 
capturing fertility variations with respect to age and ethnicities. 
The two models will be evaluated using out-sample forecast 
error measures. 

 
This research paper is organised as follows. Section II 

discusses the development fertility models proposed in previous 
research, Section III describes data that we use for this study 
and explains the age-specific fertility projection models and 
error measures for model evaluation. Section IV discusses the 
research outcomes in detail. Finally, Section V concludes.  

II. LITERATURE REVIEW 
 

Understanding fertility trends requires specific models 
tailored to age-specific fertility analysis. In literature, there are 
a variety of parametric fertility models used to explain the 
behavior of the fertility patterns by age. The class of these 
polynomials models includes widely recognized models such as 
the Hadwiger model, Hadwiger mixture model, Coale–Trussell 
model Beta and Gamma models, Pearson Type curve models, 
the scaled Weibull model, logistic model, Skew logistic model 
and Gompertz model [3]. These parametric models have their 
advantages and work as best fit under different patterns for 
given age groups. Nonetheless, careful attention must be given 
as parametric models require the specification and assumptions 
of age parameters, to present an accurate representation of 
actual fertility data [4-5]. Additionally, a limitation of 
parametric models lies in their inability to fully capture 
temporal changes in fertility, as they primarily consider age as 
the sole variable in the modeling process.  

 
In contrast to parametric models, non-parametric methods 

offer greater flexibility and do not necessarily adherence to 
specific assumptions regarding parametric model form. The 
non-parametric models involve the use of smoothing techniques 
such as kernel smoothing, loess, B-splines and splines, known 
as graduation technique which dependent on historical data and 
solely focuses on removing random fluctuations in the data [6]. 
Despite being flexible, non-parametric models are not 
particularly popular due to their parameters are sometimes not 
interpretable. In addition, the spline models entail the 
estimation of a higher number of unknown parameters, which 
can potentially result in overfitting issues. 

 
The work by Lee and Carter represents a significant 

milestone in the field of demographic modelling. The Lee-
Carter model improves the existing polynomial model by 
having not only age as the factor but also time. This bi-factor 

model effectively extrapolates long-term mortality data as a 
stochastic time series and was proven accurate for US mortality 
data [7]. Building on this foundation, [8] extended the 
application of the Lee-Carter model to fertility modeling and 
predictive. The model's unique advantage in the context of 
fertility data lies in its incorporation of both age and time 
components, enabling it to not only account for fertility 
variations by maternal age but also capture fertility transitions 
over time. Leveraging principal component analysis (PCA) and 
time series analysis as its underlying framework, the Lee-Carter 
model has been adopted to predict future age-specific fertility 
rates by [9]. Its application to Malaysian fertility data has been 
documented in the work of [10]. However, it is noteworthy that 
a comprehensive comparative evaluation between the Lee-
Carter model and other fertility models is yet to be undertaken, 
leaving the determination of the most suitable model for 
Malaysian fertility data an open question.   

 
Numerous expansions and variations of the Lee-Carter 

model have been proposed in the existing literature. For 
instance, the Lee-Carter model has been extended into a 
functional data framework. Functional data is defined as 
recorded data that arise in a continuum such as time or space, 
represented by functions. Curves are the physical form of 
functional data. Functional Data Analysis (FDA) is a branch of 
statistics that analyses functional data [11]. FDA is one such 
approach to modelling time series data that has started to 
receive attention in the literature.  In a particular context, 
modelling time series with functional data has a greater 
advantage compared to conventional point data.  The benefit of 
the FDA is that it produces models that can be described by 
continuous smooth dynamics, which then enables accurate 
parameter estimation for use in the analysis phase, efficient data 
noise reduction through curve smoothing, and applicability to 
data with erratic time sampling schedules [12]. In addition, 
some useful justifications are also provided by [13] for taking 
into account functional data which include; it is more natural to 
think through modelling problems in a functional form, 
smoothing and interpolation techniques can produce functional 
representations of a finite set of observations, and analysis goals 
can be functional in nature, as would be the case if finite data 
were used to estimate an entire function, its derivatives, or the 
values of other functionals. 

 
Research from [14] employing a non-parametric approach to 

the original Lee-Carter model to facilitate smooth age functions 
and robust modeling of age-specific fertility rates. This 
functional data methodology has found application in 
forecasting fertility trends in Australia [15] and Malaysia [16-
17]. While [18] have explored both models using Malaysian 
mortality data, a comparative analysis between the functional 
data method and the original Lee-Carter model concerning 
Malaysian fertility data remains unexplored. Thus, this research 
aims to predict Malaysian age-specific fertility rates using both 
the Lee-Carter model and the functional data model and predict 
future ASFRs according to different ethnic groups such as 
Malay, Chinese and Indian, using the most accurate model. The 
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significance of estimating ASFRs across ethnicities lies in its 
relevance to formulating more effective policies, as each ethnic 
group is experiencing a distinctive fertility transition. 

III. METHODOLOGY  

A. Data Preparation 

The fertility data utilized in this study was obtained from the 
Department of Statistics Malaysia (DOSM) through a formal 
request submitted via the eStatistik online platform, accessible 
at https://newss.statistics.gov.my/. The dataset comprises age-
specific fertility rates categorized into distinct age groups: 15-
19, 20-24, 25-29, 30-34, 35-39, 40-44, and 45-49. These 
fertility rates have been recorded for more than six decades 
from the year 1958 to 2020, segregating into Malaysia's primary 
ethnic groups--- Malay, Chinese, and Indian populations. 
Notably, this dataset exhibits exceptional data quality, with no 
instances of missing values. The data is presented in the form 
of [age x year] matrices, which have been subsequently 
transformed into .txt file format. To extract meaningful insights 
and conduct comprehensive demographic analyses, we 
employed the R software and its package namely Demography. 
The collected data were fitted into the two selected models 
described in the next sections. 

B. The Lee-Carter Model 

The Lee-carter model comprises age and time factors describe 
as follows: 
 

𝑙𝑛(𝑓𝑥,𝑡,𝑖)  =  𝑎𝑥,𝑖  +  𝑏𝑥,𝑖𝑘𝑡,𝑖  + 𝜀𝑥,𝑡,𝑖 (1) 
 
where 𝑓𝑥,𝑡,𝑖 is the age-specific fertility rate for the mother’s age 
group 𝑥 in year 𝑡 for 𝑖𝑡ℎ ethnic group. The 𝑎𝑥,𝑖  is the average 
age-specific fertility over 𝑡 years, 𝑏𝑥,𝑖 is the age-component 
that describes deviation in fertility by mothers age 𝑥 due to 
changes in 𝑘𝑡,𝑖  where 𝑘𝑡,𝑖 is the time-component or fertility 
index in t year. The 𝜀𝑥,𝑡,𝑖 is a random error of the model. 

The 𝑏𝑥,𝑖  and 𝑘𝑡,𝑖  parameters were estimated using the 
singular value decomposition of matrices [𝑙𝑛(𝑓𝑥,𝑡,𝑖) − 𝑎𝑥,𝑖]where 
the sum of 𝑏𝑥,𝑖  is set as one whereas the sum of 𝑘𝑡,𝑖 is set as 
zero. The estimation of 𝑏𝑥,𝑖 is distinguished by the sensitivity 
of 𝑙𝑛(𝑓𝑥,𝑡,𝑖) to changes in the fertility index, 𝑘𝑡,𝑖. The error 
term, 𝜀𝑥,𝑡,𝑖 includes all remaining variances and the calculation 
of  𝑎𝑥,𝑖 is defined by: 

 𝑎𝑥,𝑖 =
1

𝑇
∑ 𝑙𝑛(𝑓𝑥,𝑡,𝑖)  

(2) 

After that, the time-varying component is predicted using 
the univariate time series model. The forecasted fertility index 
is as follows: 

�̂�𝑡,𝑖 =  𝑘𝑡−1,𝑖  + 𝑐 + 𝑒𝑡,𝑖 (3) 

where �̂�𝑡,𝑖 is the forecasted fertility index in year t, c a drift 
term, and 𝑒𝑡,𝑖 is the forecasting deviation. The forecasted �̂�𝑡,𝑖 
in this formula is dependent on the drift term and is predicted 
to decrease approximately linearly over time. Using these 
forecasted time component parameters and the estimated age 
component parameters, the forecasted age-specific fertility 

rates are defined as below: 

�̂�𝑥,𝑡,𝑖  =  𝑒𝑥𝑝(𝑎𝑥,𝑖  +  𝑏𝑥,𝑖�̂�𝑡,𝑖) (4) 

 

C. The Functional Data Model 

The functional data model is a mix of functional time 
series analysis and principal components decomposition. 
defined in this study as follows. 
 

𝛾𝑡,𝑖(𝑥)  =  𝑓𝑡,𝑖(𝑥)  +  𝜎𝑡,𝑖(𝑥)𝜀𝑡,𝑖,𝑥 (5) 

Where𝛾𝑡,𝑖(𝑥) is the observed fertility rates for age 𝑥 in year 
𝑡 and for ethnic group 𝑖. The smoothed fertility rate is given 
by 𝑓𝑡,𝑖(𝑥). The 𝜀𝑡,𝑖,𝑥  is an independent and identically 
distributed random error and 𝜎𝑡,𝑖(𝑥) is the age-dependent 
error. A non-parametric technique is used to estimate the 
smoothed rate of 𝑓𝑡,𝑖(𝑥), which is a median smoothing B-
spline bound to be concaved. The smoothed age-specific 
fertility rates will then be fitted into the functional data model 
as indicated in (6). 

𝑓𝑡,𝑖(𝑥)  =  𝜇𝑖(𝑥)  +  ∑ 𝛽𝑡,𝑖,𝑘𝛿𝑖,𝑘(𝑥)  +  𝑒𝑡,𝑖(𝑥)

𝑘

  
  

(6) 

The 𝑘 variable denote the 𝑘𝑡ℎ order of the principal 
component analysis (𝑘 = 1,2,3). The  𝜇𝑖(𝑥)  is the average 
of 𝑓𝑡,𝑖(𝑥) for each age over the years. The age-component 
𝛿𝑖,𝑘(𝑥) and the time- component 𝛽𝑡,𝑖,𝑘 are estimated using 
principal component decompositions of 2 × 2 matrices of 
[𝑓𝑡,𝑖(𝑥) −  𝜇𝑖(𝑥)]. The age and time components are 
equivalent to the functions and coefficients of the primary 
components. The model errors are represented by 𝑒𝑡,𝑖(𝑥). 
Using the fitted time series models, the coefficients 𝛽𝑡,𝑖,1             
𝛽𝑡,𝑖,2 and 𝛽𝑡,𝑖,3 are forecasted for future. The ‘Auto-arima’ 
function from the R programming forecast package will be 
used to select the most accurate time series model for each 
coefficient. To estimate the forecast of smoothed fertility rates, 
the forecast of coefficients will be multiplied              by the estimated 
principal components functions.  
 

D. Model Evaluation 

The 63-year age-specific fertility data were segmented into 
two distinct intervals: the fitted interval covering data from 
1958 to 2009 and the evaluation interval data from the years 
2010 to 2020. Both the Lee-Carter and functional data models 
were employed to fit the fitted interval data. Model parameters 
were estimated, and subsequently data predictions were made 
for a 10-year horizon. To assess the accuracy of both models, a 
comparative analysis was conducted by comparing the out-of-
sample forecast values with the evaluation interval data. 
Evaluation was carried out using error measures including 
Mean Squared Error (MSE) and Root Mean Square Error 
(RMSE). The out-performing model was then selected for 
predicting Age-Specific Fertility Rates (ASFRs) and Total 
Fertility Rates (TFRs) from 2021 to 2040. The specific 
formulations of the chosen error measures are detailed as 
follows.: 
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𝑀𝑆𝐸𝑖 =
∑ ∑ (𝑓𝑥,𝑡,𝑖 − 𝑓𝑥,𝑡,𝑖)27

𝑥=1
10
𝑡=1

70
 (7) 

 

𝑅𝑀𝑆𝐸𝑖 = √
∑ ∑ (𝑓𝑥,𝑡,𝑖 − 𝑓𝑥,𝑡,𝑖)27

𝑥=1
10
𝑡=1

70
. (8) 

 

IV. RESULTS 
 Fig. 1 illustrates the observed fertility trends from 1958 to 
2020. During early years from 1958 to 1962 (depicted by the 
red curves), Indian women aged 20 to 24 exhibited the highest 
peak with a fertility rate of 4.07 children per woman. Whereas, 
for Chinese and Malay ethnicities, the highest number of births 
occurred among women aged 24 to 29, with rates of 3.69 infants 
and 20 to 24 with 3.34 infants, respectively. Over the 
subsequent years, these age-specific fertility rates experienced 
a gradual decline in which the fertility rates of Chinese and 
Indian populations decreased at a faster rate compared to 
Malays, evident in the greater divergence between the red and 
purple curves for Chinese and Indians in contrast to Malays. 

The analysis of recent age-specific fertility data from 2010 to 
2020 (represented by the purple curves), indicates that the 
maternal ages of the highest births have shifted to later ages. 
The peak of the curves not only displayed a reduction but also 
delayed to later maternal ages, signifying that women today 
tend to give birth at older ages and have fewer children 
compared to women in earlier years. For instance, in 2020, 
Indian women had the highest number of births among those 
aged 30 to 34 with only 0.72 babies, as opposed to those in 
1960, the highest number of births occurred among younger 
Indian women aged 20 to 24 with 4.07 babies, a decrease by 
560% over the 60 years duration. This substantial fertility 
evolution can be documented with access to long-term data. 
According to [19], Malaysian women's marriages at later ages 
were the primary cause of these postponed pregnancies. 

Fig. 1. Rainbow plots of age-specific fertility rates by childbearing age and 
ethnic groups including Malay (right), Chinese (centre) and Indian (left) from 
1958 to 2020. The colours of the curves differentiate fertility rates according to 
years--- red (1958-1962), orange (1963-1968), yellow (1969-1972), green 
(1973-1988), turquoise (1989-1998), blue (1999-2009) and purple (2010-
2020). 

 
Fig. 2 demonstrates the trends of Malaysian total fertility 

rates according to three major ethnic groups--- Malay, Chinese, 
and Indian. The TFR trends show that Malaysian family size 
continued to decline across the generations from 1958 to 2020. 
In 1958, Indian women had the highest number of children with 
7.3 children per woman on average, followed by Chinese 6.3 
children and Malay 5.7 children. The TFRs of Indians and 
Chinese showed a sharp decrease afterwards, reaching every 
4.8 children in 1970 while Malay’s TFR declined steadily and 
surpassed Indian and Chinese with 5.0 children. The fertility 
trends continue declining with Malay laying slightly above the 
replacement level with 2.28 children in 2020, whereas Chinese 
and Indian TFRs were reaching towards below the replacement 
level in the same year with 1.17 and 0.98 children respectively. 
The replacement level of 2.1 children is commonly used as the 
benchmark for fertility level in one country as it refers to the 
point at which women give birth to babies just enough to sustain 
the population level. 
 

A. Parameter Estimations 

The interval data from 1958 to 2010 were fitted into the Lee-
Carter and the third-order functional model for each ethnic 
group--- Malay, Chinese and Indian. The values of 𝑎𝑥, 𝑏𝑥 and 
𝑘𝑡 were estimated from the Lee-Carter Model for each ethnic 
group. There is some constraint imposed when using the Lee-
Carter model which the assumption of the summation of 𝑏𝑥 
equal to 1 and summation of 𝑘𝑡 equal to 0 must be followed.  

 
Fig. 2.  Malaysia's total fertility rates (TFRs) according to ethnic groups from 
1958 to 2020 

Fig. 3, Fig. 4 and Fig 5 shows the trends of the estimated 
parameters of the Lee-Carter model which are 𝑎𝑥,𝑖, 𝑏𝑥,𝑖 and 𝑘𝑡,𝑖 
respectively. The parameter 𝑎𝑥,𝑖 describes the general shape of 
fertility against the age of the mother of each ethnic group. The 
overall trend shows a bell-shaped distribution, in which the 
highest number of children occurred among the mid-aged 
women between 25 to 30 years old whereas the lowest number 
of children were recorded among the youngest and the oldest 
women. This pattern is almost similar for all ethnic groups.  

The  𝑘𝑡,𝑖 is a time index of the general level of fertility, showing 
an almost linearly decreasing pattern over the years reflecting 
the overall declining trends of fertility for all three sub-
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populations. The 𝑘𝑡 of Chinese and Indian decrease more 
steeply than that of Malays. Finally, the 𝑏𝑥,𝑖 parameter describes 
the extent to which fertility at age 𝑥 changes given the overall 
change in the general level of fertility. The greater values of 𝑏𝑥,𝑖 
are associated with faster fertility change. 

 
Fig. 3.  The estimated parameters of the Lee-Carter model include 𝑎𝑥,𝑖  for 
Malay (right), Chinese (center) and Indian (left). 

 
Fig.  4.  The estimated parameters of the Lee-Carter model include 𝑏𝑥,𝑖  for 
Malay (right), Chinese (center) and Indian (left). 

 
Fig. 5.  The estimated parameters of the Lee-Carter model include 𝑘𝑡,𝑖(for 
Malay (right), Chinese (center) and Indian (left). 

The estimated parameters of the third-order functional data 
model for Malay, Chinese and Indian include 𝜇𝑖(𝑥), the 
coefficients which are time components (𝛽𝑡,1,𝑖 , 𝛽𝑡,2,𝑖 , 𝛽𝑡,3,𝑖)  and 
the associated basis functions which are age components 
(𝛿𝑖,1(𝑥), 𝛿𝑖,2(𝑥), 𝛿𝑖,3(𝑥)), were displayed in Figure 6, Fig 7 and 
Fig 8 respectively. The main effects represent the 𝜇𝑖(𝑥) which 
is the average bell curve of age-specific fertility rates for each 
sub-population over the years The first-order time components 

(𝛽𝑡,1,𝑖) depicted a decreasing pattern in all ethnic groups 
indicating that the fertility rates are declining over the historical 
period while the first order of age components (𝛿𝑖,1(𝑥)) reflects 
how the fertility rates by age change as fertility rates decrease 
over time. The second and third orders of coefficient basis 
functions explained the remaining data variation. 

The total percentages of variation explained by each model 
are displayed in Table 1. The first-order functional data models 
explain less variation for Malay and Chinese compared to the 
Lee-Carter model indicating the parameters of the functional 
data model are not sufficient to represent the actual data 
variation. However, the second and third-order functional 
model shows that the percentage of variation improved and was 
higher than the Lee-Carter for all ethnic groups. This indicates 
that the third-order functional data model is able to capture most 
of variation representing in the actual data. The fourth and 
higher order of functional data models were not considered in 
this study due to the additional percentages of variation being 
minuscule and too many parameters may result in complex and 
overfitting modelling. 

Once the data were fitted into the functional data model, only 
the coefficient values will be forecasted using the time series 
models. We used the R program to run the analysis and adopted 
auto. arima function to predict the coefficient values. For 
example, the first-order coefficients for Malay data were 
forecasted using the ARIMA (1,1,0) with drift, whereas the 
second and third orders coefficients were forecasted using the 
ARIMA (0,2,1) and ARIMA (1,0,1), respectively. The 
forecasted coefficients with 95% confidence intervals (yellow) 
are shown in Figure 4. The fitted bases and the forecasted 
coefficients will be used to predict the 10-year out-sample age-
specific fertility rates from the year 2011 to 2020 using the 
equation (6). Subsequently, the TFRs out-sample forecast 
values were calculated based on the predicted ASFRs.  

 
Fig. 6.  Fitted coefficients and basis functions of the third-order functional data 
model for Malay data. 
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Fig. 7.  Fitted coefficients and basis functions of the third-order functional data 
model for Chinese data. 

Once the data were fitted into the functional data model, only 
the coefficient values will be predicted using the time series 
models. We used the R program to run the analysis and adopted 
auto. arima function to predict the coefficient values. For 
example, the first-order coefficients for Malay data were 
forecasted using the ARIMA (1,1,0) with drift, whereas the 
second and third orders coefficients were forecasted using the 
ARIMA (0,2,1) and ARIMA (1,0,1), respectively. The 
forecasted coefficients with 95% confidence intervals (yellow). 
The fitted bases and the forecasted coefficients will be used to 
predict the 10-year out-sample age-specific fertility rates from 
the year 2011 to 2020 using (6). Subsequently, the TFRs out-
sample forecast values were calculated based on the predicted 
ASFRs.  

Fig. 8.  Fitted coefficients and basis functions of the third-order functional data 
model for Indian data. 

TABLE 1  

THE TOTAL PERCENTAGE OF FERTILITY VARIATION EXPLAINED 
BY LC (LEE-CARTER) AND FD (FUNCTIONAL DATA) MODELS 

Ethnicity LC FD 
(𝐾 = 1) 

FD 
(𝐾 = 2) 

FD 
(𝐾 = 3) 

Malay 92.40% 91.60% 97.65% 98.55% 
Chinese 95.70% 94.50% 98.47% 99.26% 
Indian 92.70% 95.40% 98.56% 99.17% 

 

Subsequently, the out-sample ASFR forecast values from the 
Lee-Carter model and the third-order functional data model will 
be evaluated and compared with the observed values of the 
same year. The error results are shown in Table 2 and Table 3. 
The third-order functional data model consistently out-
performed the Lee-Carter model in predicting both Chinese and 
Indian ASFRs due to the out-sample errors of the functional 
data model were lower than the Lee-Carter model for these 
ethnic groups. In contrast, the Lee-Carter model work better to 
predict Malay ASFRs than that of the functional data model. 
One may use different model to predict the fertility rates of 
different ethnic groups to get more accurate results. However, 
by taking average errors from the three sub-populations, results 
indicate that functional data is the most accurate model to 
forecast the Malaysian fertility rates by ethnic group. 

 

TABLE 2  

THE COMPARISON OF OUT-SAMPLE MEAN SQUARED ERROR 
(MSE) OF ASFR FROM LC AND FD MODELS 

Ethnicity Malay Chinese Indian Overall 
LC 0.0086 0.0342 0.0357 0.0262 

FD (𝐾 = 3) 0.0129 0.0213 0.0276 0.0206 
 

TABLE 3  

THE COMPARISON OF OUT-SAMPLE ROOT MEAN SQUARED 
ERROR (MSE) OF ASFR FROM LC AND FD MODELS 

Ethnicity Malay Chinese Indian Overall 
LC 0.0929 0.1849 0.1891 0.1556 

FD (𝐾 = 3) 0.1134 0.1458 0.1662 0.1418 
 

In this research, we produced a 20-year age-specific fertility 
rate projection from 2021 to 2040 using the third-order 
functional data model, which is the most accurate model for 
overall Malaysian fertility rates. As shown in Fig. 9., Age-
specific fertility rates continue to decline from 2021 to 2040, 
which is substantial for Chinese and Indian women between the 
ages of 15 and 30. Results show that, Malay women aged 28 
will be having the highest number of children in 2040 which is 
1.410 children per woman, whereas Chinese and Indian women 
would give the highest number of birth to 0.634 and 0.691 
children each at the age of 32. These results indicate that 
fertility rates of Malaysian women continue declining for each 
women childbearing age in the future which is in line with 
research from [10] that found a decline in Malaysia fertility 
curves over the years occurred to mothers ages 20s and 40s.  
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Fig. 9.  The 20-year forecast values of age-specific fertility rates from the third-
order functional data model for Malay (right), Chinese (centre) and Indian (left) 
for the year 2021 to 2040. 

Fig. 10. illustrates the projected values for Malaysia's total 
fertility rate by ethnicity would continue to decline by 2040. 
Chinese TFRs are declining on average by 3.14% annually, 
which is more rapidly than Malay and Indian TFRs.  The TFRs 
of Malay will likely fall from 2.28 in 2020 to below the 
replacement level to reach 1.71 in 2040. In addition, it is 
projected that by 2040, the TFRs of Chinese and Indian women 
will have substantial decrease to a level below 1.0 which are 
0.54 and 0.70 respectively. This finding is consistent with 
research from [20] that concluded Chinese and Indian 
Malaysians will be having an “ultra-low fertility level”.  

Fertility trends that below 1.0 already occurred in few 
countries recently such as South Korea, Hong Kong and Japan. 
It is a high time for the Malaysian government to benchmark 
these nations and take lessons from them to improve the current 
birth related policy. The future population structure of Malaysia 
will be affected by the alarmingly low birth rate. It is important 
that the government establish policies for preventing or 
reversing the declining trends. For instance, in order to address 
this issue, the Korean government has put into place a number 
of action programmes from the early 2000s. All infants will 
receive a allowance per month in the first year after birth as part 
of the plans, while pregnant parents will receive a cash bonus 
to aid with prenatal expenses [21]. 

 
Fig. 10.  The Malaysian total fertility rate (TFR) forecasts for every ten women 
of Malay (a), Chinese (b) and Indian (c) from 2021 to 2030 

 

V. CONCLUSIONS 
Our study extended the application of two demographic 

forecasting models, the Lee-Carter model and the functional 
data model to 63-year Malaysian age-specific fertility rates 
(ASFRs) from 1958 to 2020 segregated by ethnic groups. The 
access to this long-term data provides evidence of significant 
fertility rates change among Malaysian women. The trends 
observed by ASFRs provides evidence that Malaysian women 
tend to postpone their pregnancy in which the maternal age of 
the highest births has shifted to later ages over the years. In 
addition, this study proves that the Malaysian total fertility rates 
(TFRs) have decreased substantially over the observation 
period to fall below the replacement level by 2020, particularly 
among Chinese and Indians. The Malay TFR laying slightly 
above the replacement level by 2020, whereas Chinese and 
Indian TFRs were reaching towards below the replacement 
level in the same year. 
 

This study provides empirical evidence that Malaysian sub-
population fertility data by ethnicities can best be fitted into the 
third-order functional data model as the model could explain up 
to 99% of data variation, higher than total variation of the Lee-
Carter model. The out-sample forecast errors of ASFRs and 
TFRs showed that the third-order functional data model 
outperformed the Lee-Carter model overall. The 20-year 
forecasts indicate that Malay total fertility rates will likely fall 
from 2.28 in 2020 to below the replacement level reaching 1.71 
in 2040. Chinese and Indian total fertility rates will have 
substantial decrease to a level below 1.0 which are 0.54 and 
0.70 respectively by 2040.  

 
The evolution in Malaysian fertility rates is an alarming fact 

as, together with low mortality rates, it may impact the 
Malaysian population structure such as smaller number of the 
young generation with larger number of elderlies, will increase 
the old-age dependency ratios. The Malaysian government need 
to change views and policies on fertility to increase and 
encourage more births. Thus, it is recommended that future 
works to analyse Malaysian fertility using other Lee-Carter 
extensions and consider government policy that impacted 
fertility rates by looking at the effectiveness of policies 
implemented from other countries. 
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