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Abstract

Malaysia's ageing population is inevitable following the increase in life expectancy

at birth and decrease in fertility rates over the last four decades (Mahari 2011).

As a result of these demographic changes Malaysia is expected to become an aged

nation by 2030�when the proportion of elderly people reaches 15% of the total

population (Goh & Lai 2013). The elderly are less healthy than the young, hence

an increase in the percentage of the elderly population will result in a greater

demand for long term care services (Mafauzy 2000). Currently, the public long

term care system in Malaysia is not up to such a challenge, given that policy

related to long term care is not developed and the entitlements for public long

term care programs are limited to destitute elderly people (Ong 2002). This

issue has been extensively debated by researchers and there is a growing sense of

urgency for public long term care policy action (Mafauzy 2000, Ong 2007, Dahlan

et al. 2010, Li & Khan 2012). Nevertheless, none of the researchers have estimated

the change in the Malaysian population structure, and the likely demand for long

term care in the future. Such detail is valuable for government and would be

useful in policy reform. This thesis aims to contribute to �lling this gap. Three

research papers have been prepared, each seeking in detail the changes in the

Malaysian population and its population components (mortality, fertility and net

international migration) over time. The last paper also examines how changes in

mortality and disability a�ect long term care demand and costs in the future.

The �rst paper examines mortality forecasting methods for the Malaysian pop-

ulation. The comparison of mortality forecasting models is vital for identifying

which of the models could provide more accurate forecasts. While the litera-

ture includes comparisons between independent and independent models (Lee &

Miller 2001, Booth et al. 2005, 2006, Shang et al. 2011) and independent and co-

herent models (Hyndman et al. 2013), no comparisons between coherent models

have been made. In this paper we include both the comparison between coherent

models, and coherent models with independent models. The out-of-sample fore-

cast errors of sub-populations' age-speci�c mortality rates and life expectancy

at birth are evaluated and compared across �ve di�erent projection methods,

including coherent models�Poisson common factor (Li 2013) and product-ratio

functional (Hyndman et al. 2013)�and their respective independent models�

Poisson Lee & Carter (Brouhns et al. 2002) and functional time series (Hyndman
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& Ullah 2007)�together with the original Lee & Carter (1992) model. We extend

the applications of coherent forecasting models using data from a less developed

country, Malaysia, where mortality trends are di�erent. In addition, we include

two types of coherency for Malaysian sub-populations, including gender as well

as ethnicity.

The second paper forecasts each of the Malaysian population components�

mortality, fertility and net international migration�in projecting the Malaysian

age-speci�c sub-populations by gender and ethnicity. The stochastic cohort com-

ponent projection framework from Hyndman & Booth (2008) is adopted for this

purpose. Each of the population components are forecast separately and jointly

between sub-populations using the functional independent model from Hyndman

& Ullah (2007) and the product ratio coherent model from Hyndman et al. (2013),

respectively. For the latter, in addition to gender coherence, we explored another

possible type of coherency�that of developed-developing countries. The fore-

cast of population components are then combined using the cohort component

method to obtain a variety of Malaysian population forecast series. Out-of-sample

sub-population forecasts are evaluated to determine the best model for long-term

Malaysian population projections by age and gender.

The �nal paper studies the impact of population change on the Malaysia's

government provided long term care programs. The number of people requiring

long term care in Malaysia is projected up to the year 2040 using the multiple

state method from Rickayzen & Walsh (2002). The method has been applied in

developed nations (Leung 2004, Hariyanto et al. 2013) and a developing country

(Bueno 2013). Rickayzen & Walsh's 2002 methods are extended in this paper

to allow the estimation of mortality improvement based on Malaysian historical

time-series data. The future long term care costs are also estimated, providing

valuable information to policy makers if the current policy continues unchanged.

In addition, the cost e�ectiveness of current programs is estimated and compared

with an Asian developed nation, Japan. We make use of WHS (2002) survey data

to estimate the health utility index for elderly living in public institutional care.
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Chapter 1

Introduction

1.1 Research Background

Given both a decline in mortality and a decline in fertility, the Malaysian pop-

ulation age-structure is undergoing major modi�cations�the percentage of the

working-age population will decrease while the percentage of elderly1 people will

grow substantially over time, leading to population ageing. A growing number of

elderly people poses a challenge to government, which has to adapt to meet their

needs.

The existing Malaysian long term care policy encourages children to be respon-

sible for their parents and provide informal care to them. Admission to public

institutional homes is restricted to the destitute elderly whose income lies below

a threshold2, the majority of whom do not have family members to provide them

with care. In 2012 about 0.09%3 of the elderly population resided in the institu-

tional homes provided under the public scheme. This percentage is minuscule in

comparison to Japan, the oldest nation, in which 3% of those aged 65 and above

were living in nursing homes (Mitchell et al. 2007).

1National Older Persons Policy (2011) de�ned elderly as people aged 60 years old and above.
This is consistent with the current minimum retirement age for public and most private sector
workers given in the Minimum Retirement Age Act (2012).

2Extremely poor with income less than MYR$499 (USD$123) per month (Economic
Planning Unit 2014). The conversion of Malaysian Ringgit to US Dollars is based on
http://www.xe.com/currencyconverter as at 23rd of September 2015. USD$1 is equivalent
to MYR$4.0497.

3The Operational Assistant Director, Social Welfare Department indicated in 2012 that 2,084
elderly people were living in public residential care, with 1,847 of them living in residential care
(Rumah Sri Kenanga) and 237 living in nursing home care (Rumah Ehsan) (Hargaemas 2012).
The total elderly population 2012 was 2,438,500 (Hassan 2012).

1
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Limited public long term care bene�ts together with a falling number of chil-

dren available to provide informal care giving has resulted in an increase in de-

mand for private nursing home care in Malaysia (Dahlan et al. 2010). At this

moment, the costs of long term care giving are usually paid using the personal

savings of the elderly (or their children) due to the absence of private long term

care insurance in the market and the restricted nature of public programs. With-

out enough savings, the need for long term care imposes a burden on the elderly

and their families. Similar situations arise in other developing countries, where

population ageing is now beginning to emerge. In China, for example, the de-

crease in family size, as a result of its one-child policy has restricted traditional

care giving by family members. This limitation, together with the risks associated

with providing for long term care�broadly known as `precautionary savings' by

economists (Hubbard et al. 1995)�leads to higher savings among family members

(Imrohoroglu & Zhao 2015). Too high a level of savings will a�ect productivity

growth, with ultimately deleterious e�ects on the national economy.

One of the most important inputs that can be used to inform policy change

in long term care is the estimate of the long term care demand. Kudrna et al.

(2013) have suggested there are two important aspects in estimating demand for

long term care�the uncertainty of the magnitude of change in the population

and the evolution of disability levels by age. In order to address this �rst chal-

lenge, stochastic population projection methods are invaluable. Such methods

use statistical models and historical data to measure the uncertainty of forecasts.

Hyndman & Booth's (2008) model, for example, provides a statistical modelling

framework that can forecast each of the demographic components (mortality, fer-

tility and net international migration) and estimate the uncertainties associated

with the forecast values. Each of the component forecasts with its future sample

paths can be combined using the cohort component method to obtain population

projections with prediction intervals. In order to deal with the second challenge,

the multiple state model of Rickayzen & Walsh (2002), which includes disabil-

ity improvement assumptions over the years in projecting the population with

disability levels�from mild to severe�would be e�ective.

In addition to the above two aspects, Li & Lee (2005) have pointed out the

importance of including other countries' demographic rates as a reference for

population estimates. There is a strong relationship between developed and de-

veloping countries in that the mortality rates and fertility rates of the majority
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of developed countries are consistently lower to some degree than those of de-

veloping countries. The recently developed coherent models, such as the Poisson

common factor model (Li 2013) and the product-ratio model (Hyndman et al.

2013), provide a �exible framework to allow the incorporation of two or more

sub-populations' demographic rates into the same model. Furthermore, these

coherent models maintain a particular structural relationship between the sub-

populations and produce non-divergent forecast values between sub-populations

in the long run. Such approaches open the possibility of coherently forecasting

a developing nation's demographic rates with those of a developed nation, in

addition to between males and females and between ethnic groups.

1.2 Contribution of the Study

This thesis is a combination of three substantive chapters, each written in the

form of a paper for publication. The overall aim of this thesis is to provide read-

ers with a greater understanding of the changes in the Malaysian population and

its demographic components (mortality, fertility and net international migration)

over time. In addition, the number of elderly Malaysian according to their dis-

ability level is projected. The objective of the thesis is met in the three research

papers and the contributions of each paper are outlined below.

1.2.1 Paper 1: Evaluating Extensions to Coherent Mortal-

ity Forecasting Models

We evaluate �ve di�erent mortality forecasting methods in seeking the best model

for Malaysia. Accurate mortality forecasts are crucial as mortality is one of the

demographic components used for population projections. Although a few papers

have treated mortality forecasting for Malaysia (Mohamed et al. 2012, Husin et al.

2015), none of them have included recently developed coherent models to estimate

the age-speci�c mortality rates for the Malaysian sub-populations by gender and

ethnic groups.

We employ the two coherent mortality forecasting models, the Poisson common

factor (Li 2013) and the product-ratio models (Hyndman et al. 2013) and their as-

sociated independent models, the Poisson Lee & Carter (Brouhns et al. 2002) and

the functional independent (Hyndman & Ullah 2007), as well as the original Lee
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& Carter (1992) model, to forecast Malaysian and Australian age-speci�c death

rates and life expectancy at birth for each sub-population. The coherent mod-

els were developed to model the mortality of sub-populations coherently, that is,

without having forecast values becoming divergent in the future (Hyndman et al.

2013, Li 2013). Although Hyndman et al. (2013) and Li (2013) were addressing

the same issue, several points of di�erence exist between these two methodologies.

Hence, this paper will evaluate the forecast accuracy of both coherent models.

The out-of-sample forecast errors of each sub-population of coherent models will

be estimated and compared to each other and to their respective independent

models and the Lee & Carter (1992) model.

While the literature includes comparisons between both�independent and in-

dependent models (Lee & Miller 2001, Booth et al. 2005, 2006, Shang et al. 2011)

and independent and coherent models (Hyndman et al. 2013)�no comparisons

between coherent models have been made. This research contributes to the mor-

tality forecasting literature by comparing the two coherent models from Li (2013)

and Hyndman et al. (2013). Moreover, the application of the Hyndman et al.

(2013) and Li (2013) models is extended in this paper to include ethnic coherence

in addition to gender coherence. These extensions may be useful for detailed

population studies or policy planning for a multi-racial nation like Malaysia.

The main results of this paper showed, in term of overall errors (average be-

tween males and females), the gender coherence models are less accurate than

their independent models for Malaysia (a high mortality country) but provide

more accurate results for Australia (a low mortality country). Nevertheless, fur-

ther investigation showed that coherent models can be more accurate than the

independent models for Malaysia if the �tting period is extended to include more

recent trends in which the male and female mortality rates were proportional to

each other.

The ethnic coherence models perform better than the independent models for

the majority of the Malaysian sub-populations as opposed to the gender coherence

models, suggesting the incorporation of lower mortality of the same gendered sub-

populations in the coherent model is more accurate than lower mortality of the

opposite gendered sub-population.

In this paper we focus only on one demographic component, which is mortality.

In the next paper we continue investigating the best forecasting model for other

components, such as fertility and net international migration. The forecasts of
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each of the demographic components will then be used to forecast the age-speci�c

Malaysian population.

The �ndings of this paper have been presented to the British Society Population

Studies Conference, University of Winchester, UK, in September 2014. This paper

is currently under review by the Journal of Population Research.

1.2.2 Paper 2: Coherent Stochastic Age-Speci�c Popula-

tion Forecasts by Gender and Ethnicity

This paper contributes to the literature by providing comprehensive stochastic

population forecasts for Malaysia in which changes in all population components,

morality, fertility and net international migration, are accounted for in the pro-

jections. We adopt a stochastic method from Hyndman & Booth (2008) so that

each of these components can be estimated using the same model. Furthermore,

the uncertainties associated with the forecast values can be estimated.

The Hyndman & Booth (2008) paper is extended in three ways. Firstly our

research demonstrates that the same product-ratio coherent framework can be

successfully applied to all vital rates, that is, we extend this approach beyond

mortality and net migration to include fertility. Secondly, we explore another

possible type of coherence, developed-developing countries coherence, to forecast

each demographic component of a developing country, Malaysia. This type of

coherency is used as global mortality and fertility convergence is widely observed

(McMichael et al. 2004, Moser et al. 2005). With this method, the application of

coherent modelling is extended for the �rst time to jointly forecast Malaysian vital

rates with reference to Australian rates. Thirdly, we use the coherent population

forecasting method to forecast the age-speci�c population by ethnicity.

As mortality forecasting techniques have been described in the �rst paper, we

advance to model Malaysian fertility and net international migration rates in this

paper. The age-speci�c Malaysian population by gender and ethnicity are forecast

up to year 2040. Our stochastic Malaysian population forecasts could provide

alternative estimates to the deterministic o�cial population projections from the

Department of Statistics Malaysia (DoSM ). In comparison to the DoSM, our

population forecasts include the uncertainty associated with the forecast values

represented by the estimated prediction intervals.

To identify the best population projection method for Malaysia, the Malaysian
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demographic components are forecast using three di�erent methods�the func-

tional independent model, the gender coherence model, and the developed-developing

coherence model. The forecast values of all components are then combined using

the cohort-component method to estimate age-speci�c population forecasts. The

out-of sample forecast errors of age-speci�c death rates, age-speci�c fertility rates

and age-speci�c population are estimated and compared across methods. The net

migration models are excluded from the evaluation as observed Malaysian net mi-

gration data are lacking. The number of out migrants has never been published

hence the net international migrants data are not available for Malaysia. This

paper �lls this gap by estimating the observed age-speci�c net international mi-

gration data for Malaysia from 1970 to 2009 using the population growth-balance

method (Hyndman & Booth 2008, Rowland 2003).

Our main �ndings suggest that the developed-developing countries coherence

model successfully out-performed the gender coherence model and the indepen-

dent model for Malaysian males and females. In addition, this model produced

the most accurate forecasts for three out of six Malaysian sub-populations by

ethnicity and gender�for Chinese males, Chinese females and Malay females.

These results indicate that Australian demographic rates can be good reference

rates for Malaysia. Nevertheless, careful attention must be given to choosing the

�tting period for Australian mortality. The accurate developed-developing coun-

tries coherence model is used for long-term population projections for Malaysian

males and females. In comparison to the medium variant population projection

by the DoSM, our mean Malaysian male forecasts are ageing considerably.

1.2.3 Paper 3: Malaysian Long Term Care: Future De-

mand, costs and e�ectiveness

In this chapter, we forecast the number of elderly in Malaysia who will require long

term care services and their associated costs. While the inadequacy of the current

Malaysia public long term care have been extensively discussed and debated in

the literature (Ambigga 2011, Ong 2007, Dahlan et al. 2010, Li & Khan 2012),

there is a paucity of modelling and estimation of the likely number of elderly

demanding public long term care services.

The lack of studies on the demand for Malaysian long term care could well

be due to data limitations. Malaysian disability prevalence rates segregated by
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severity levels have not been published, hence, this chapter �lls the gap by pro-

viding estimates of the observed and projected age-speci�c disability prevalence

rates by gender and disability levels for Malaysia. The estimation of these rates

are based on data from WHS (2002).

The number of disabled elderly Malaysian requiring long term care services

were projected using the multiple state model framework from Rickayzen &

Walsh (2002). Using this model, mortality and disability improvement were in-

cluded in the projections. Similar to Leung (2004) and Bueno (2013) we used

the reduction factor method from Continuous Mortality Investigation Bureau

(1999) in estimating mortality and disability improvement. In addition, we ex-

tended the methodology to include another type of mortality improvement�that

of developed-developing countries coherence. We use the results from the previ-

ous chapter which suggest that Malaysian female and male mortality rates are

best forecast using this method.

This chapter proceed to estimate the demand and future costs of Malaysian

public long term care programs under the existing policy settings. In order to

provide more detailed information about Malaysian long term care, we estimate

the cost e�ectiveness of the current program and compare its e�ectiveness with

Japan.

The �ndings of this chapter suggest that the population projection method that

used the developed-developing countries coherence model to estimate mortality

improvement provides slightly higher forecast values compared to the reduction

method. We see this when we constrain the disability improvement of both

methods to be the same rate, hence the change in population projection is merely

a�ected by the mortality improvement assumptions.

The cost e�ectiveness measure in term of costs per QALY indicated that low

level residential care is e�ective whereas high level care is not cost e�ective. While

these results must be quali�ed, they do provide a touchstone for future research.

1.3 Structure of Thesis

The structure of this thesis follows the Thesis by Publication format as recom-

mended by the Higher Degree Research Department, Faculty of Business and

Economics, Macquarie University. This �rst chapter introduced the research.

There are three research papers which constitute three chapters to the body of
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this thesis.

1. Chapter 2 - Shair, Purcal and Parr (2014), �Evaluating Extensions to Co-

herent Mortality Forecasting Models�.

2. Chapter 3 - Shair, Purcal and Parr (2015), �Coherent Stochastic Age-

Speci�c Population Forecasts by Gender and Ethnicity�.

3. Chapter 4 - Shair and Purcal (2016), �Malaysian Long Term Care: Future

Demand, Costs and E�ectiveness�.

The �nal chapter concludes the thesis and emphasises the key �ndings of each

research paper in the thesis. Limitations and recommendations for future research

are also outlined in this last chapter.



Chapter 2

Paper 1

Evaluating Extensions to Coherent Mortality Forecasting
Models

Syazreen Niza Shair1, Sachi Purcal2 and Nick Parr3

1, 2Department of Applied Finance and Actuarial Studies

Macquarie University
3Department of Marketing and Management

Macquarie University

Abstract

Coherent models were developed recently to forecast the mortality of two or more

sub-populations simultaneously and to ensure long term non-divergent mortal-

ity forecasts of sub-populations. This paper evaluates the forecast accuracy of

two recently published coherent mortality models�Poisson common factor and

product-ratio functional. These models are compared to each other and to their

corresponding independent models, and to the original Lee & Carter model. All

models are applied to age-sex speci�c mortality data for Australia and Malaysia

and age-sex-ethnicity speci�c data for Malaysia. The out-of-sample forecasts error

of log death rates, male to female death rate ratios and life expectancy at birth for

each model are compared and examined across groups. The results show that,

in terms of overall accuracy, the forecasts of both coherent models are consis-

tently more accurate than those of the independent models for Australia and for

9
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Malaysia but the relative performance di�ers by forecast horizon. Although the

product-ratio functional model outperforms the Poisson common factor model

for Australia, the Poisson common factor is more accurate for Malaysia. For

the ethnic groups application, ethnic-coherence gives better results than gender-

coherence. The results provide evidence that coherent models are preferable to

independent models for forecasting sub-populations' mortality.

Keywords: Coherent Mortality Forecasting Models; Lee & Carter model; Mor-

tality Forecasting Accuracy; functional data model

2.1 Introduction

Mortality and population estimates are becoming increasingly important for plan-

ning purposes, in particular, to ensure that social services and �nancial assistance

can support the needs of the elderly (Woods & Dunstan 2014).

Initially, mortality models tended to rely on subjective opinions of experts

about future trends (Pollard 1995). This bias in forecast results was eventually

reduced by extrapolative methods that make use of past data and assume that a

common historical pattern will continue in the future. Lee & Carter (1992) is a

signi�cant extrapolative model that accounts for population ageing in forecasting

mortality rates. The Lee & Carter model out-performed forecasts of US Social

Security and was deemed reliable for US mortality data. However, despite its

success in the US, Lee & Carter's model assumptions were invalid in some coun-

tries (Booth et al. 2002) and therefore needed further modi�cations. A number

of modi�cations have been implemented in the last two decades. Speci�cally, the

Lee & Carter model was adjusted to be more �exible with the addition of a vari-

ant age-component assumption (Lee & Miller 2001, Booth et al. 2002), and more

reliable with a linear decreasing time-component assumption made (Tuljapurkar

et al. 2000, Booth et al. 2002, Li 2010, Hyndman et al. 2013). In addition, Lee

& Carter methods were extended from a non-parametric model to a parametric

model that applies a Poisson distribution function to estimate deaths (Brouhns

et al. 2002, Renshaw & Haberman 2003). Another improvement to the model

included the use of a functional data approach to smooth the observed rates

which allowed for �ve-year-age interval forecasts (Hyndman & Ullah 2007). It is

noteworthy that the mortality forecasts of the modi�ed Lee & Carter model have

proven to be more accurate than those of the original (Booth et al. 2005, 2006,



CHAPTER 2. PAPER 1 11

Shang et al. 2011)

The Lee & Carter model and its extensions are classi�ed as an independent

model�a model that works well for single or combined population forecasts (Li

& Lee 2005). However, one of the disadvantages of independent forecasting is

that this model forecasts sub-populations (such as males and females) separately

and it fails to account for the relationship between groups Li (2013). Another

problem with this approach is that it produces divergent forecasts between two or

more sub-populations which may poorly represent the smaller populations within

the same larger region or country (Hyndman et al. 2013). These limitations sug-

gest that independent models may be inappropriate for multiple sub-population

forecasting.

In order to address the limitations of independent models, coherent models

were proposed. Coherent models are designed to forecast the mortality of two

or more sub-populations simultaneously and to ensure that the forecasts of these

sub-populations re�ect connection with each other. One of the �rst coherent

models was the augmented common factor model developed by Li & Lee (2005)

which extends Lee & Carter model in two ways. First, the model incorporates

the mortality reference (the aggregated death rates of sub populations) in the

base model to maintain the historic relationship between groups. Second, the

model restricted the sub populations' time-component to AR (1) forecasts which

guarantees non-divergent forecasts in the long run. This technique improved

on the divergent forecasts of the independent models over a variety of metrics.

Consequently, new coherent models have recently been developed. These include

the Poisson common factor model of Li (2013) and the product ratio functional

model of Hyndman et al. (2013). The details for both these coherent models'

methodologies are explained in section 2.

The comparison of mortality forecasting models (independent or coherent) is

vital for identifying which of the models could provide more accurate forecasts.

While the literature includes comparisons between both�independent and inde-

pendent models (Lee & Miller 2001, Booth et al. 2005, 2006, Shang et al. 2011)

and independent and coherent models (Hyndman et al. 2013), no comparisons

between coherent models have been made. Another gap in the literature is that,

the applications of coherent forecasting models have only been conducted using

data from developed countries ; and coherent models have not been tested in less

developed countries where mortality trends are di�erent.
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The purpose of this research is to evaluate the forecast accuracy of two recent

coherent models: Poisson common factor model and product ratio functional

model. The two coherent models will be compared to each other and to their re-

spective independent versions: the Poisson Lee & Carter model and the weighted

functional model. In addition, because all four models are the extensions of the

Lee & Carter model, we include Lee & Carter forecasts as a performance bench-

mark. We extend the application of coherent mortality forecasting to include less

developed nation, Malaysia, as well as Australia. In applying the coherent mod-

els, we use gender-coherence for Malaysian and Australian age-gender-speci�c

mortality data. Furthermore, we apply two types of coherency: gender-coherence

and ethnic-coherence on Malaysian age-gender-ethnic-speci�c mortality data. We

forecast death rates, male to female death rate ratios and life expectancy at birth

and compare the out-of-sample forecast with the observations from the o�cial

statistics.

This paper is organised as follows: Section 2.2 explains the coherent models

(Poisson common factor and product ratio functional models) and describes the

error measures that we use to estimate the out-of-sample forecast errors. Sec-

tion 2.3 discusses the observed mortality rates and their trend in Australia and

Malaysia. In section 2.4 and 2.5, we apply sex-speci�c data for Australia and

Malaysia and ethnic-speci�c mortality data for Malaysia to the coherent and in-

dependent models and report the forecast accuracy of death rates, male to female

sex ratios and life expectancy at birth. Finally, section 2.6 provides discussion

and a conclusion.

2.2 Coherent mortality forecasting

2.2.1 Poisson common factor model

The Poisson common factor model based on the Poison parametric distribution

function was developed by Li (2013) to estimate number of deaths directly. The

method extends an independent model, Poisson Lee & Carter from Brouhns et al.

(2002). The model formulation is as below.

log(mx,t,i) = ax,i + βxKt +
J∑
j=1

bx,i,jkt,i,j + εx,i,t (2.1)



CHAPTER 2. PAPER 1 13

In equation (2.1), mx,t,i is the age-speci�c death rate in year t for the ith sub

population. ax,i is the average of the log age-speci�c death rates for a ith group

over the years. βxKt is the product of an age-component and time-component

for the common factor and bx,i,jkt,i,j is the product of an age-component and a

time-component for ith sex-speci�c factor which include more than one additional

factors jth in the model. εx,i,t is the residual at age x and year t.

The equation (2.1) is identical to its independent version, Poisson Lee & Carter

model (Brouhns et al. 2002), if the value of βxKt is zero and just one sex-speci�c

factor is being considered. Clearly, without common factor variables, the model

does not account for inter-relationship between sub-populations.

In deriving parameters, Poisson common factor model adopted similar tech-

nique to its independent version using maximum log-likelihood function as follows

Dx,t,i = Poisson(Ex,t,i,mx,t,i) (2.2)

with

mx,t,i = exp(ax,i + βxKt +
J∑
j=1

bx,i,jkt,i,j) (2.3)

Deaths Dx,t,i are modelled directly from Poisson distribution function for ith pop-

ulation with Ex,t,i is its respective exposure. The age-speci�c mortality rates,

mx,t,i are considered as unknown values and are estimated using (2.3) subject to

the constraint
∑

tKt = 0,
∑

x βx = 1 and 2IJ constraint of
∑

t kt,i,j = 0 and∑
x bx,i,j = 1 where the number of factors I and J can be optimally determined

using either Bayesian Information Criterion (BIC) or the Akaike Information Cri-

terion (AIC).

Following Brouhns et al. (2002), parameters ax,i, βx, Kt, bx,i,j and kt,i,j are

estimated via iterative updating scheme which is explained in a systematic way

in Li (2013). The time-component of common factor is a non-stationary, a random

walk with drift is used to forecast the data. The sex-speci�c time-components

on the other hand are stationary hence a pth order autoregressive model AR(p)

is used. Finally, age-speci�c death rate forecasts can be retrieved by placing the

forecasted time-components and estimated age factors in the equation (2.3).
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2.2.2 Product-ratio functional model

Hyndman et al. (2013) extended the Hyndman & Ullah (2007) independent

method, functional time series model to model the two quantities known respec-

tively as the product px,t and the ratio rx,t,i functions. The product and ratio

functions are de�ned below

px,t =

[ I∏
i=1

fx,t,i

] 1
I

(2.4)

rx,t,i =
fx,t,i
px,t

(2.5)

Where i = 1, 2 . . . I are the number of sub-populations and ft,i,x the smoothed

age-speci�c mortality rates for the ith population. For a smoothing procedure,

Hyndman et al. (2013) use weighted penalized regression splines. A monotonic

increasing constraint over time is imposed on age x and above. The product

function pt,x is estimated as the geometric mean of the smoothed rates of sub

populations which represents the general trend or mortality reference of sub-

populations. rt,i,x is the ratio of one sub population's rates to the geometric

mean and this represent the mortality di�erence of a particular sub-population

to the general trend.

The product and ratio function have the advantage of being easy to use and

are uncorrelated with each other on the log scale. Both are then applied to the

functional time series model (Hyndman & Ullah 2007) as below,

log px,t = apx +
L∑
l

βx,lKt,l + epx,t, (2.6)

log rx,t,i = arx,i +
J∑
j

bx,i,jkt,i,j + erx,t,i, (2.7)

where apx and arx,i are the averages of the logs of the product and ratio functions

respectively. The time component Kt,l and the kt,i,j and the age component βx,l

and bx,i,j are estimated using a weighted principal component analysis from Shang

et al. (2011) which applies more weight to recent data. The weighting technique

is used to cater for change over time in βx,l and bx,i,j. In contrast to Li & Lee

(2005), who used only the �rst principal component, Hyndman et al. (2013)
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used up to six components. The time-component for the product function Kt,l

displays a linear decreasing trend and therefore is more appropriately forecast

using a non stationary series model, ARIMA(p,d,q). A non-divergent mortality

forecast is attained when kt,i,j is restricted to forecast using a stationary time series

model either an autoregressive moving average ARMA(p) or an auto-regressive

fractional integrated moving average ARFIMA(p,d,q).

The estimated average death rates and age factors as well as the forecast time

components are put into equations (2.6) and (2.7) to get the forecast values of the

product and ratio functions. Subsequently, the age-speci�c mortality forecasts for

each sub population are obtained by simply multiplying the forecast rates of the

product and ratio as follows

log fx,t,i = log[px,trx,t,i] = ax,i +
L∑
l

βx,lKt,l +
J∑
j

bx,i,jkt,i,j + ex,t,i (2.8)

Where ax,i = apx + arx,i and ex,t,i = epx,t + erx,t,i are the mortality average and

error term respectively for a particular group. Equation (2.8) is similar to that

of Li (2013) given in (2.1), when there is no additional component for βxKt. The

product-ratio functional and its independent model can be implemented using

the `demography' package in R (Hyndman 2013).

2.2.3 The forecast accuracy measurement

We divide t-year observations of a particular ith sub population into two parts.

First, the in-sample data which consists of the �rst n-year observations, yx,i,1,

yx,i,2, . . ., yx,i,n and are �tted into each model to estimate parameters. Second, the

out-of-sample data, comprising the remaining t−n years of data
{
yx,i,n+1, yx,i,n+2, . . . , yx,i,n+t

}
which are compared to the forecast rates {Fx,i,n+1,Fx,i,n+2, . . . ,Fx,i,n+t}.
From the out-of-sample data, the forecast accuracy of each model is estimated

using the following error measurements

MAFEi =

t∑
j=1

p∑
x=1

∣∣yx,i,n+j − Fx,i,n+j|n
∣∣

pt
, (2.9)
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MFEi =

t∑
j=1

p∑
x=1

(
yx,i,n+j − Fx,i,n+j|n

)
pt

, (2.10)

MAPFEi =

t∑
j=1

p∑
x=1

∣∣∣∣yx,i,n+t − Fx,i,n+j|n

yx,i,n+j

∣∣∣∣× 100

pt
. (2.11)

We use mean absolute forecast error (MAFEi) and mean forecast error (MFEi)

to evaluate the forecast accuracy of the log death rates and life expectancy for

ith sub-population. For male to female death rate forecasts, errors are estimated

using MAPFEi.

2.3 Mortality data

In this study, we use central age-sex-speci�c death rates for Australia and Malaysia

and age-sex-ethnic-speci�c death rates for Malaysia as well as their respective

mid-year exposures. The data for Australia are taken from the Human Mortality

Database (2014) from 1921 to 2009 for ages 0 to 110. Malaysian data from the

Malaysian Department of Statistics are available from 1965 to 2011 for ages 0 to

80. The mortality rates for the oldest ages �uctuate widely. Therefore, following

Li (2013), we exclude some of the oldest rates and include only data up to 90

years old for Australia.

In order to improve the forecast accuracy, an appropriate starting year for the

�tting period must be selected for the extension versions of the Lee & Carter,

to ensure mortality index is reasonably linearly decreasing. For the original Lee

& Carter model, the starting year for the �tting period is the earliest available

year (1921 for Australia and 1965 for Malaysia), regardless of whether or not the

mortality index has been subject to change over time. From Figure 2.1, major

shifts in the mortality index of the Lee & Carter model can be seen clearly in late

1960s for Australia and in the early 1970s and late 1990s for Malaysia.

Booth et al. (2002) suggested that 1968 and 1970 are the best starting year

for the �tting period for Australia males and females whereas Hyndman et al.

(2013) used 1950 to �t the age-region-speci�c death rates to the product-ratio

functional model. In this study, for comparative purposes, all models except for

the original Lee & Carter model will use the same starting years namely 1968

for Australia and 1975 for Malaysia. The selection of these starting year is based
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Figure 2.1: Mortality index or time component, Kt, estimated from
the Lee & Carter model for the Australian total population from 1921
to 2009 (left) and for the Malaysian total population from 1965 to 2011
(right).
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Figure 2.2: The rainbow age-speci�c log death rate plots for females
(right) and males (left) for Australian (above) and Malaysian (below).
The �rst few years are shown in red, followed by orange, yellow, green,
blue and indigo with the last few years plotted in violet.
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on the observation of the mortality index patterns over time in both countries.

From Figure2.1, a more linearly decreasing pattern with a profound change in

the mortality index structure can be seen approximately after 1968 for Australia

and 1975 for Malaysia.

The log age-speci�c death rates plots for males and females are as shown in

the Figure 2.2. The top panel is Australian death rates which clearly exhibit

similar pattern between males and females. The decreasing rates over the years

from red to purple (1968�2009) occur in all ages. However, mortality is decreas-

ing at a slower rate in recent years than in previous years. This as shown by a

small decrease from blue to purple (1990�2009) curves. The male accident hump

decreases more rapidly than female in recent years. According to Pollard (1996),

the disappearance of the accident lump among young males aged 14 to 24 and

early adult ages 25 to 40 since the late 1980s is due to a declining rate of mo-

tor accident fatalities from 1982, a results of the introduction of random breath

testing of drinker for alcohol and seat-belt regulation.

The bottom panel displays inconsistent pattern between Malaysian female and

male mortality especially for the accident hump ages. Female mortality has de-

clined consistently over the years (1975�2011) in all age groups with a thin ac-

cident hump can be seen in recent years. Mortality of males for accident hump

(aged 15 to 39) �uctuate in early years (1975�1997). However a decreasing pat-

tern can be seen in the later years starting from 1998. The inconsistent pattern

of change over time between the genders leads to the highest ratio of male to

female death rates in this age group from 1975 to 1997 (Mohamed et al. 2012).

2.4 Application to Australian and Malaysian mor-

tality

Our forecasts are based on �ve di�erent mortality forecasting models which in-

clude two coherent models, the Poisson common factor and the product ratio

functional models, and their independent versions, the Poisson Lee-Carter and

the weighted functional models. These four models are the extensions of the Lee

& Carter (1992) model hence the original model is included as the performance

benchmark.

This section reports the forecast error of log age-sex-speci�c death rates, male
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Table 2.1: Mean Absolute Forecast Error (MAFE) of log death rates
for males and females by method, sex and country.

MAFE 1

Australia Malaysia
Male Female Overall Male Female Overall

20-year forecasts
Poisson Lee & Carter 0.184 0.162 0.173 0.118 0.100 0.109
Poisson common factor 0.175 0.156 0.166 0.152 0.089 0.120
Weighted functional 0.171 0.135 0.153 0.123 0.111 0.117
Product-ratio functional 0.163 0.134 0.149 0.170 0.077 0.124
Lee & Carter 0.472 0.333 0.402 0.150 0.179 0.164

to female death rate ratios and life expectancy at births for �ve di�erent mortality

forecasting methods (coherent and independent) in Australia and Malaysia.

2.4.1 Log death rate forecast

Table 2.1 presents the mean absolute forecast errors of log death rates for di�er-

ent methods averaged over age and year for male and female mortality rates in

Australia and Malaysia. In comparison to the independent models, both coherent

models are more accurate for three out of four sub-populations: Australian males

and females and Malaysian females, while the independent models perform better

than the coherent models for Malaysian males. In term of the overall accuracy

(averaged over male and female errors), the coherent models perform better than

the independent models for Australia but underperform for Malaysia. The prod-

uct ratio functional model (coherent) performs the best for Australia, while the

Poisson Lee & Carter model (independent) performs the best for Malaysia.

Between the two coherent methods, the product ratio functional model is more

accurate than its counterpart Poisson Common factor and proved to be the best

model for the three out of four sub-populations: Australian males and females

and Malaysian females. When taking the average over genders the product ratio

functional model performs better than the Poisson common factor model for Aus-

tralia but less well than it for Malaysia. Among the �ve models, all Lee & Carter

extensions perform signi�cantly better than the original model for both genders

in Australia and for females in Malaysia. It is noteworthy that for Malaysian

male mortality, the Lee & Carter model is more accurate than coherent models

but under performs the other independent models.
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Table 2.2: Mean Forecast Error (MFE) of log death rates for males
and females by method, sex and country.

MFE 1

Australia Malaysia
Male Female Overall Male Female Overall

20-year forecasts
Poisson Lee & Carter -0.094 -0.024 -0.059 0.072 0.060 0.066
Poisson common factor -0.087 -0.031 -0.059 0.120 0.006 0.063
Weighted functional -0.094 -0.036 -0.065 0.087 0.094 0.090
Product-ratio functional -0.070 -0.030 -0.050 0.157 0.039 0.098
Lee & Carter 0.148 0.142 0.145 0.102 0.122 0.112

Table 2.2 summarises the corresponding mean forecast errors1. The Lee &

Carter model overestimates Australian male and female mortality rates substan-

tially in contrast to the other four models. For Malaysia, all models consistently

overestimate both genders' mortality with the Lee & Carter model being the

least accurate model for Malaysian females. Consistent with Table 2.1, in term

of overall accuracy, the product ratio functional model is the most accurate for

Australia while the Poisson Lee & Carter is the most accurate for Malaysia.

Figure 2.3 shows the mean forecast errors by age. Clearly, the original Lee

& Carter model provides signi�cant errors for Australia and underestimates the

mortality for people under 40 and overestimates the mortality of those who are

aged above 40. However, for Malaysia, Lee & Carter forecasts are fairly similar to

the other four methods especially for males. The errors for the coherent (dashed

lines) and the independent (solid lines) models are generally similar in pattern

for both countries. As can be seen from Figure 2.3, there is an extreme point of

error for the Poisson-based methods around age 12 for both genders in Australia.

However, no outlier is detected for the functional-based methods, which indicates

the ability of the functional models to minimize the e�ect of extreme forecast

values.

2.4.2 Male to female death rate ratio forecast

The forecast error of male to female death rate ratios is presented in Table 2.3.

The overall error shows that coherent models are more accurate than independent

models for Australia but less accurate for Malaysia. Table 3 shows substantial

1Mean over age groups and years. overall refers to average of male and female errors
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Figure 2.3: Mean Forecast Error (MFE) by age and methods for
Australia (top panel) and Malaysia (bottom panel).
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errors at younger ages (1 to 39) for all methods in both countries. This indicates

the di�culty in estimating the childhood mortality and the accident hump. Shang

et al. (2011) concluded the same for the log death rates forecast over the 14

countries.

As for Australia, the coherent models have lower forecast errors than the inde-

pendent models for the infant, children, young adult and the oldest old groups.

Although coherent models have higher errors than the independent models for

the Australian middle-age and old groups, the di�erence insigni�cant and the co-

herent models perform better than the independent models in overall terms. For

Malaysia, the coherent models have lower forecast errors than the independent

models for the infant, child, old and oldest old groups and signi�cantly higher

errors for the young adult and middle-age groups. For example, the errors of

the young adult group increase from 14.67 to 22.32 (by 52%) for Poisson com-

mon factor model and from 16.91 to 24.92 (by 54%) for product ratio functional

model. The high percentage error from this Malaysian young adult group causes

the coherent models to perform less accurately than the independent models.

The comparisons between the two coherent models show that the product ratio

functional model is consistently more accurate than the Poisson common factor

for all age groups in Australia and for the age group 40 and above in Malaysia.

Similar to results reported in Table 2.1, the overall errors show that the product

ratio functional model (a coherent model) is the best model for Australia while

Poisson Lee & Carter (an independent model) is the best model for Malaysia.

Figures 2.4 and 2.5 present the forecast of male to female death rate ratios

for Australia and Malaysia. As can be seen from both Figures 2.4 and 2.5,

the coherent models (left panel) produce constant forecast ratios for all ages

in contrast to the diverging rates under the independent models (right panel)

especially for the 15 to 39 age groups.

2.4.3 Life expectancy at birth forecast

Next, we evaluate each model's accuracy using life expectancy at birth as the

outcome measure. The overall errors in Table 2.4 appear to be consistent with the

log death rates and male to female death rate ratios forecast errors in two ways.

Firstly, the coherent models are more accurate than the independent models for

Australia but are less accurate for Malaysia. Secondly, the errors from the Lee
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Table 2.3: Mean Absolute Percentage Forecast Error (MAPFE) of
male to female death rate ratios by age, method and country.

Australia MAPFE1

0 1�14 15�39 40�54 55�69 70�90 Overall

infant child young adult middle-age old oldest old

20-year forecast

Poisson Lee & Carter 4.60 62.07 30.21 11.64 9.41 8.90 21.14

Poisson common factor 3.74 55.31 23.15 11.65 11.46 6.21 18.59

Weighted functional 4.40 31.24 18.94 8.05 7.96 8.16 13.13

Product-ratio functional 3.67 30.36 15.93 8.46 10.00 5.13 12.26

Lee & Carter 45.78 41.39 45.23 14.45 26.22 10.89 30.66

Malaysia MAPFE1

0 1�14 15�39 40�54 55�69 70�90 Overall

infant child young adult middle-age old oldest old

20-year forecast

Poisson Lee & Carter 3.24 8.35 14.67 7.67 5.20 6.20 7.55

Poisson common factor 2.28 4.71 22.32 10.61 4.32 5.32 8.26

Weighted functional 2.25 12.32 16.19 7.28 3.99 4.36 7.73

Product-ratio functional 3.71 6.35 24.98 10.58 3.25 4.14 8.84

Lee & Carter 6.79 10.18 18.70 7.66 4.20 7.54 9.18
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Figure 2.4: Australian observed and forecast male to female death
rate ratios from 1968 to 2009.
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Figure 2.5: Malaysian observed and forecast male to female death rate
ratios from 1975 to 2011.
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& Carter extensions are reasonably similar. However the error from the original

Lee & Carter model is signi�cantly higher for Australia.

From Table 2.5, all models underestimate life expectancy at birth for both

Australian males and females, with the forecast errors among males being more

than twofold greater than among females. In other words, the methods used

in this research tend to underestimate the rapid increase in life expectancy for

Australian males which has occurred in recent years. In contrast, all the models

overestimate the life expectancy for Malaysian males, with the original Lee &

Carter model providing the least error. The result for Malaysian females are less

consistent.

As can be seen from Tables 2.4 and 2.5, the Lee & Carter model is the most

accurate model for Malaysian males. This suggests that in some cases, such

as in a developing country like Malaysia, where the available observed data is

not extensive (available only since 1965), the original Lee & Carter model may

still be reliable. In addition, consistent with Booth et al. (2006), results provide

further empirical evidence that the most accurate model for mortality rates is not

essentially the best model for life expectancy.

Figure 2.6 shows that the Lee & Carter model signi�cantly underestimates the

life expectancy at birth for both genders in Australia. Conversely, this model out-

performs the other models for Malaysian males. The signi�cant underestimation

of Lee & Carter model for Australian life expectancy maybe due to the fact that

this model includes structural changes in time-component that have happened

since 1921. For Malaysia, there was no major structural change in the data af-

ter 1965, hence the Lee & Carter model performs at least as well as the other

methods. Furthermore, the coherent forecasts (dashed lines) display proportional

rates between males and females whereas the independent forecasts (solid lines)

tend to diverge and generally produce a bigger gap between the genders.

2.4.4 The potential of coherent mortality forecasting for

future in Malaysia

From 1998 onwards (turquoise to purple curves from the Figure 2.2), Malaysian

male mortality for the accident hump group no longer �uctuates but rather it

decreases consistently over the years. This observation raises the question of

whether this trend will continue in the future and increases the chance of the
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Table 2.4: Mean Absolute Forecast Error (MAFE) of life expectancy
at birth by method, sex and country.

MAFE 1

Australia Malaysia
Male Female Overall Male Female Overall

20-year forecasts
Poisson Lee & Carter 1.289 0.567 0.928 0.466 0.213 0.339
Poisson common factor 1.202 0.521 0.861 0.724 0.295 0.509
Weighted functional 1.123 0.290 0.706 0.660 0.371 0.516
Product-ratio functional 0.945 0.355 0.650 0.945 0.223 0.584
Lee & Carter 2.044 1.201 1.622 0.289 0.302 0.296

Table 2.5: Mean Forecast Error (MFE) of life expectancy at birth by
method, sex and country.

MFE 1

Australia Malaysia
Male Female Overall Male Female Overall

20-year forecasts
Poisson Lee & Carter -1.289 -0.567 -0.928 0.460 -0.035 0.213
Poisson common factor -1.202 -0.521 -0.861 0.724 -0.203 0.261
Weighted functional -1.123 -0.290 -0.706 0.660 0.372 0.516
Product-ratio functional -0.945 -0.335 -0.650 0.938 0.131 0.534
Lee & Carter -2.044 -1.201 -1.622 0.269 -0.187 0.041
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Figure 2.6: Observed and 20-year forecasts of Australia (top) and
Malaysia (bottom) life expectancies at birth for males and females.
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Table 2.6: Mean Absolute Forecast Error (MAFE) and Mean Forecast
Error (MFE) of log death rates for males and females by method and
sex for Malaysia.

MAFE 1

MAFE MFE
Male Female Overall Male Female Overall

10-year forecasts
Poisson Lee & Carter 0.072 0.082 0.077 -0.017 0.030 0.007
Poisson common factor 0.059 0.059 0.059 0.022 -0.002 0.010
Weighted functional 0.111 0.076 0.093 -0.049 0.012 -0.018
Product-ratio functional 0.071 0.060 0.065 0.024 -0.007 0.009
Lee & Carter 0.100 0.161 0.130 0.019 0.109 0.0.064

coherent models outperforming the independent models. For this section we

extend the �tting period for Malaysia data to include the recent decreasing trend

among males. About two thirds of the observations (i.e., from 1975 to 2001) are

used for the estimation, and the remaining ten years (from 2002 to 2011) are left

for the evaluation of forecasts. Tables 2.6, 2.7 and 2.8 present the 10-year forecast

errors of mortality rates, male to female death rates and life expectancy at birth.

Interestingly, the results show that when a longer estimation period is used,

the coherent models are more accurate than the independent models for both

Malaysian genders and give similar results to the Australia 20-year forecasts.

The error from independent models for people aged 15 to 39 is reduced sub-

stantially from 22.564 to 5.491 or by 76% and from 23.367 to 6.743 or by 71%

(Table 7). These results con�rm that the improvement in male mortality rates

for people aged 15 to 39 plays an important role for the accuracy of coherent

forecasts and consequently outperforms independent models. Nevertheless, the

life expectancy forecasts show that the coherent models are still under performing

the independent models for Malaysia.
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Table 2.7: Mean Absolute Percentage Forecast Error (MAPFE) of
male to female death rate ratios by age and method for Malaysia.

Malaysia MAPFE 1

0 1�14 15�39 40�54 55�69 70�90 Overall

infant children young adult middle-age old oldest old

10-year forecast

Poisson Lee & Carter 4.228 7.158 22.564 5.291 2.928 9.599 8.628

Poisson common factor 3.622 4.572 5.491 5.565 3.209 6.700 4.860

Weighted functional 17.614 15.948 23.367 4.108 2.754 8.973 12.127

Product-ratio functional 3.502 4.121 6.743 6.762 4.683 6.646 5.409

Lee & Carter 5.231 11.907 35.384 3.070 4.483 8.778 11.475

Table 2.8: Mean Absolute Forecast Error (MAFE) and Mean Fore-
cast Error (MFE)of life expectancy at birth for males and females by
method and sex for gender.

MAFE 1 MFE 1

Male Female Overall Male Female Overall
10-year forecasts

Poisson Lee & Carter 0.092 0.315 0.203 -0.073 -0.315 -0.194
Poisson common factor 0.191 0.272 0.232 0.183 -0.268 -0.043
Weighted functional 0.190 0.320 0.255 -0.188 -0.320 -0.254
Product-ratio functional 0.238 0.341 0.290 0.237 -0.342 -0.053
Lee & Carter 0.076 0.268 0.172 0.029 -0.246 -0.109
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2.5 Application to Malaysian ethnic group mor-

tality

Malaysia is a multicultural country which consists of three main ethnic groups:

Malay and Indigenous groups, Chinese and Indian. Chinese mortality is consis-

tently lower than the Malays and Indians for both genders. This leads to Chinese

has the highest life expectancy at birth (Figure 2.7). In view of the diversity of

Malaysian population, we investigate the suitability of the coherent models to

forecast the mortality rates of these ethnic groups. Gender-coherence is applied

separately on Malay males and females, Chinese males and females, and Indian

males and females. Meanwhile ethnic-coherence is applied on Malay, Chinese and

Indian males and Malay, Chinese and Indian females. We report the impact of

applying di�erent type of coherence in this section.

2.5.1 Gender-coherence

Table 2.9 presents the log death rates forecast error of di�erent methods. We

exclude the Lee & Carter model for this application. The patterns of error of the

Malay and indigenous population forecasts are consistent with those of the na-

tional forecast: both coherent models are more accurate than independent models

for females but less accurate for males, leading to the coherent forecasts having

less accuracy than the independent forecasts overall. This may be due to Malay

being the majority of the Malaysian population. For Indian, the coherent models

are less accurate than the independent models for both males and females. For the

Chinese, the forecasts generate results that are di�erent from national forecasts

but similar in patterns of error to those of a low mortality country, Australia, for

which both the coherent models are more accurate than the independent mod-

els for the overall forecasts. The comparison between the two coherent models

for Chinese indicates that the Poisson Common factor model outperforms the

product ratio functional model in the overall forecasts.

The results for male to female death rate ratios tend to be consistent with the

log death rates forecasts in term of overall accuracy: the coherent models are less

accurate than the independent for Malay and Indian but are more accurate than

the independent for Chinese. However, the life expectancy at birth forecasts show

that the coherent models are less accurate than the independent models for all
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Table 2.9: Mean Absolute Forecast Errors (MAFE) according to eth-
nic groups and sex in Malaysia. Gender-coherence imposed on coherent
models for Malay, Chinese and Indian.

Malay
Male Female Overall

20-year forecast
Poisson Lee & Carter 0.157 0.182 0.133
Poisson common factor 0.229 0.129 0.179
Weighted functional 0.150 0.161 0.156
Product-ratio functional 0.238 0.094 0.166

Chinese
Male Female Overall

20-year forecast
Poisson Lee & Carter 0.144 0.136 0.140
Poisson common factor 0.150 0.111 0.131
Weighted functional 0.138 0.185 0.162
Product-ratio functional 0.165 0.120 0.142

Indian
Male Female Overall

20-year forecast
Poisson Lee & Carter 0.155 0.187 0.171
Poisson common factor 0.173 0.260 0.216
Weighted functional 0.166 0.183 0.174
Product-ratio functional 0.198 0.199 0.198

ethnic groups.

2.5.2 Ethnic-coherence

The application of coherent mortality forecasting models is extended to apply

ethnic-coherence on male and female sub-ethnic populations and compare results

with the gender-coherence models. Past data has suggested that Chinese mor-

tality is consistently lower than Malay and Indian. Therefore, we attempt to

incorporate Chinese data to forecast Malay and Indian mortality and report the

impact of di�erent type of coherency on the accuracy of coherent forecasts.

The overall errors (the average of Malay, Chinese and Indian) in Table 2.10

shows that the association of lower mortality groups of the same gender in the sub-

population's model can improve the forecast of high mortality groups better than

the association of lower mortality group of opposite gender. For example, coherent
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Figure 2.7: Malaysian observed life expectancy at birth by ethnic
groups from 1975 to 2010 for males (a) and females (b)



CHAPTER 2. PAPER 1 35

models that account for Chinese male mortality as part of the mortality reference

for Malay male and Indian male (ethnic-coherence) can generally improve the

forecasts of Malay males and Indian males. As can be seen from Table 2.10,

the use of coherent rather than independent models reduces the error of Malay

females from 0.182 to 0.142 and from 0.161 to 0.156. Similarly, the forecast errors

of independent models are reduced from 0.187 to 0.152 and from 0.183 to 0.129

for Indian females. It is noteworthy that these improvements are attained at the

expense of accuracy for Chinese female mortality, for example as indicated by

the increase of errors from 0.136 to 0.179. Though coherent models consistently

increase the forecast error of independent models for Chinese males, results for

Malay males and Indian males are mixed, resulting in the ethnic-coherence models

underperforming the independent models in terms of overall errors.

In addition, the results show that the association of lower mortality groups of

the same gender in the sub-population's model can improve the forecast of high

mortality groups better than the association of lower mortality group of opposite

gender. For example, ethnic coherence models (that account for Indian female,

Malay female and Chinese female mortality as part of the mortality reference)

for Indian females, outperform independent models, whereas when using gender

coherence, coherent models underperform independent models. Based on these

�ndings, we suggest that the ethnic-coherence models are more accurate than the

gender-coherence models for forecasting the mortality of Indian females.

2.6 Discussion

2.6.1 Coherent mortality forecasts for gender sub-populations

in Malaysia and Australia

2.6.1.1 The comparison between coherent and independent models

The comparison of mortality forecasts of coherent models (Poisson common fac-

tor and product-ratio functional) and their independent versions (Poisson Lee &

Carter and weighted functional), shows that the coherent models are more ac-

curate than the independent models for both genders in Australia. In contrast,

the coherent models are less accurate than the independent models for Malaysian

males, but produce better results for females. In term of overall accuracy, the
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Table 2.10: Mean Absolute Forecast Errors (MAFE) by ethnic and sex
in Malaysia. Ethnic-coherence imposed on coherent models for Males
and Females.

Malaysian males Malay Chinese Indian Overall
20-year forecasts

Poisson Lee & Carter 0.157 0.144 0.155 0.152
Poisson common factor 0.148 0.187 0.169 0.168
Weighted functional 0.150 0.138 0.166 0.151
Product-ratio functional 0.162 0.167 0.150 0.160
Malaysian females Malay Chinese Indian Overall

20-year forecasts
Poisson Lee & Carter 0.182 0.136 0.187 0.168
Poisson common factor 0.142 0.179 0.152 0.157
weighted functional 0.161 0.185 0.183 0.176
Product-ratio functional 0.156 0.185 0.129 0.157

coherent models perform less well than independent models for Malaysia. The

better performance of the coherent models for Australia is in line with the �nd-

ings of Hyndman et al. (2013) which show that coherent models tend to be more

accurate overall than independent models for Swedish data. It may be that co-

herent models perform better than independent for developed countries, and are

less accurate for developing countries like Malaysia. For future works, it might

be possible to include a large number of developed and developing countries so

that a generic relationship between developed and developing countries can be

estimated.

It is noteworthy that the accuracy of the coherent models for Malaysian fe-

males is achieved at the expense of accuracy of Malaysian male mortality. Sim-

ilarly, Hyndman et al. (2013) found coherency improved the accuracy of the

mortality forecast of Swedish males at the expense of accuracy of Swedish fe-

male mortality. According to Yasmeen (2010) this trend is related to the �rst

age-component of the mortality reference (βx,l) that might be consistent with the

�rst age-component of one group than another. Thus, future research is needed

to further investigate the accuracy of coherent models for other less developed

countries.

A better overall performance of coherent models compared to independent

models for Australia is further con�rmed by male to female death rate forecast
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ratios. However, the data suggests that the accuracy of the coherent models

varies between di�erent age groups. This might be due to the fact that coherent

models were designed to produce non-divergent sub-populations forecasts, and

therefore they tend to perform better than the independent models if the dif-

ferentials between male and female mortality in particular groups are within a

de�ned constant. For example, coherent models outperform independent models

for Malaysian infant, children, old and oldest old age groups and at the same

time signi�cantly under perform independent models for the young adult and

middle-age groups. A poorer performance for young adult and middle-age groups

might be due to a diverging gap between male and female mortality, which con-

tributes to the larger errors for the overall accuracy in Malaysia. Furthermore, the

life expectancy forecasts show that coherent models tend to produce a smaller

forecast gender gap which is in contrast with recent trends in Malaysia and is

aligned with recent trend in Australia. Indeed, Malaysian life expectancies for

males and females in recent years have been diverging due to a slow increase

in male life expectancy that may be explained by the �uctuations in death rates

among young male adults. Therefore, the short-term accuracy of coherent models

appears to be strongly in�uenced by the constant di�erential of mortality rates

between sub-populations. In other words, if some signs of dissimilar patterns

are discernible: male and female mortality, coherent models may not be the best

models to forecast those sub-populations.

There is some evidence from our research that indicates the constant di�eren-

tial between male and female mortality is achievable through a careful choice of

�tting period. Although coherent models are less accurate than independent for

Malaysia in 20-year forecasts, our results show that these models perform better

than independent models in 10-year forecasts. A shorter forecast period extends

the �tting period to include more recent linear decreasing rates in male mortality

hence the rates tend to be proportional to female rates. In this case, the non-

divergent forecast from coherent models is more consistent with the observation.

This �nding suggests that coherent models may in the future be better suited

to the sub-populations of Malaysia, provided that the recently observed decreas-

ing pattern of death rates for males, which is consistent with that for females

continues in the future.
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2.6.1.2 The comparison between two coherent models

To the best of our knowledge, the comparison of the forecast accuracy between

the coherent models has not been documented in the literature before. This re-

search �lls the gap by comparing two most recent coherent models called product

ratio functional and Poisson common factor. These two models adopt di�erent

statistical procedures that may impact the accuracy of forecasts in di�erent ways.

This study �nds that product ratio functional model produces slightly better

forecasts than Poisson common factor for Australia in all forecast components:

log mortality rates, male to female mortality ratios and life expectancy at birth.

One of the possible reasons why the product-ratio functional model might be

better is that the model was developed based on the weighted functional method

framework that combines the non-parametric smoothing and geometrically decay-

ing weight procedures. The smoothing procedure allows the observational error to

be treated separately from the time series forecast while the weighting technique

gives a greater weight to more recent than earlier data. Prior research con�rms

that that this weighted functional model successfully reduced the forecast error

from other independent models for many developed countries including Australia

(Shang et al. 2011). Our �ndings support and complement this result by showing

that the use of weighted functional method in the product ratio functional models

can provide the most accurate forecast for coherent models in Australia.

Nonetheless, this weighted functional technique does not seem to be suitable

for Malaysian mortality and results in a less accurate performance of the product

ratio functional model compared to Poisson common factor model for overall

accuracy. This might be because the observed Malaysian male mortality in the

forecasting period is inconsistent with the most current trend in the �tting period.

Thus, applying greater weight on the most current trend may wrongly estimate

the forecast trend. On the other hand, Australian male and female mortality and

Malaysian female mortality are in line with the recent trends hence, weighting

procedure is tended to work more e�ectively for this population.

2.6.1.3 The comparison between the Lee & Carter model and its ex-

tensions

Our �ndings support previous studies by Booth et al. (2002), Booth et al. (2006)

and Shang et al. (2011) in several ways. Firstly, the original Lee & Carter model
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is substantially less accurate than all the Lee & Carter extensions we consider

in forecasting mortality. This may be due to the limitation of the Lee & Carter

model which requires a long data series for �tting hence it violates the invariant

age-component and linearly decreasing time-component assumptions. Longer �t-

ting periods produce age-component estimates that are di�erent from the age

rate of change in the forecasting period and provides structural changes for the

mortality index. Therefore the Lee & Carter model may be invalid especially for

a majority of developed countries.

Secondly, when forecasting life expectancy the Lee & Carter model does not

necessarily produce larger errors than its extensions. For example, we �nd that

Lee & Carter forecasts produce the highest error for Malaysian overall log death

rates and that conversely it produces the least error for overall life expectancy.

According to Booth et al. (2006) the life expectancy estimate involves two types

of transformation of log death rates, namely exponentiation and the life table.

There will be some cancellation of errors and implicit weights during the process

which eventually could provide a di�erent degree of accuracy for this measure.

Therefore, it is insu�cient to evaluate the accuracy of mortality forecasting model

merely based on life expectancy error, the error in log death rates is essential to

gain a comprehensive understanding of the forecast error. Thirdly, this study

found that the weighted functional Lee & Carter extension is consistently more

accurate than Poisson Lee & Carter model for independent forecasts in a devel-

oped country, Australia. This �nding supports results from Booth et al. (2006)

that found functional-based models produced the most accurate forecasts of log

death rates. Shang et al. (2011) shows that functional methods are better than

the Lee & Carter method; they found that the weighted functional version is

the best among the 10 models they consider for male and female log mortality

forecasts.

2.6.2 Coherent mortality forecasts for gender and ethnicity

sub-populations in Malaysia

The application of coherent models to smaller sub-populations, Malay and In-

digenous groups, Chinese and Indian may be advantageous to forecasters as it

provides additional information and results that are speci�c to these particular

sub-populations. For gender-coherence applications, Malaysia's mortality fore-
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casts indicate coherent models are less accurate than independent models for

overall accuracy. This result is applicable to the Malay population, which is the

majority of the population. However, for Chinese, we found that coherent models

are more accurate than independent models, following the results for Australia.

Therefore preference between forecasting methods may di�er between speci�c

sub-populations.

Over recent decades, the life expectancy of the Chinese sub-population has

been increasing and consistently higher than Malay and Indian for both gen-

ders. Our results suggest that ethnic-coherence models are more accurate than

independent models for the majority of sub-populations as opposed to gender-

coherence models. This suggests that the incorporation of a lower mortality of

the same gender sub-population in the coherent model is more accurate than a

lower mortality of opposite gender sub-population.

For the Chinese, ethnic-coherence models cause less accurate forecasts than

gender-coherence forecasts. This indicates that the association of higher mortal-

ity population with lower mortality sub-populations in the model might jeopardize

the accuracy for lower mortality groups. While Chinese female mortality is better

forecast using gender-coherence, Chinese male mortality is better forecast indi-

vidually or independently. Thus, it seems that Chinese males is the only group

for which the best mortality reference is unavailable within the country.

Our �ndings suggest that coherent models have the potential to be more accu-

rate than independent models even when applied to high mortality populations

provided an appropriate type of coherency is chosen. Further investigations need

to be done to establish the best mortality reference for the sub-populations. Other

types of coherency such as urban and rural coherence or developed and developing

countries coherence, would make good topics for future research.
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Abstract

This paper incorporates both the functional independent and the product-ratio

coherent models in the cohort component population projection framework to

forecast age-speci�c sub-populations by gender and ethnic groups. In the product-

ratio model, each sub-population's demographic component rates, including mor-

tality, fertility and net international migration, will be jointly forecast to ensure

that forecast values do not diverge between sub-populations over the long run.

In addition to gender-coherence, we explore another type of sub-population co-

herency, which is developed-developing countries coherence, where we use Aus-

tralia's demographic component rates as the reference rates for Malaysia. Out-

of-sample forecasts of demographic component rates and population forecasts of

the di�erent methods are evaluated. Results show that the developed-developing

countries coherence model is more accurate than that of the independent and

41
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the gender-coherence models for a majority of sub-population forecasts. Devel-

oped countries with low mortality and fertility, then, have the potential to be

good demographic component references for developing nations. The new coher-

ent models are then used to develop long-term stochastic age-speci�c population

forecasts. In comparison to the deterministic population projections of the De-

partment Statistics of Malaysia, these coherent forecasts are ageing at a more

rapid pace. Mean age-speci�c population forecasts for the male population aged

60 and above will reach 15% of the total population by 2034, �ve years earlier

than that of the medium variant of the o�cial projection.

Keywords: Stochastic Population Forecasts; Product-ratio model; Mortality

Forecasting; Fertility Forecasting; Net-migration Forecasting; Cohort-component

Method; Malaysia population

3.1 Introduction

Accurate age-speci�c population forecasts are necessary for government to imple-

ment economic and social provisions. It is crucial for demographers to understand

the historical patterns of each demographic component (deaths, births and net

international migrants), as they may directly in�uence the population forecasts.

In addition, the uncertainty associated with forecast values is increasingly recog-

nised as important in assessing the accuracy of population estimates.

This growing recognition of the uncertainty surrounding population forecasts

has resulted in changes to population forecasting techniques: from deterministic

to stochastic. In dealing with the uncertainty of forecasts, deterministic methods

use forecasters' prede�ned high, medium and low future value of vital rates. There

is no clear indication how these ranges are set, which has resulted in bias and un-

der predicted forecast values in some low mortality countries (Keilman 2005, Lee

& Tuljapurkar 2000). Rather than using human judgment, stochastic approaches

use statistical models to measure the uncertainty of forecasts. Probability dis-

tribution functions are assigned to demographic components' time series data,

hence, prediction intervals of forecast values can be estimated. Consequently,

stochastic population forecasting methods have rapidly gained recognition and

have been used in many developed countries including Australia, the UK, Italy

Norway and the US (Hyndman & Booth 2008, Rowan & Wright 2010, Corsetti

& Marsili 2012, Keilman et al. 2002, Lee & Tuljapurkar 1994).
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Stochastic population forecasting methods have advanced considerably over

the last two decades. Lee & Tuljapurkar (1994) were among the �rst to pro-

pose a stochastic population forecasting model. The methodology is based on a

stochastic Leslie matrix (also known as the cohort component method), in which

vital rates are modelled as stochastic time series. This method was extended by

Hyndman & Booth (2008) using the functional independent model to forecast

mortality rates, fertility rates and net migrants for Australia. The functional in-

dependent model had been initially developed by Hyndman & Ullah (2007) and

provides a more �exible Lee & Carter (1992) framework to forecast vital rates.

Moreover, the functional model was proven to be more accurate than the original

Lee & Carter model and its extensions for mortality forecasts (Booth et al. 2006,

Shang et al. 2011).

Although stochastic population forecasting methods have been successfully de-

veloped by researchers, methods that account for the relationship between sub-

populations have been lacking. The importance of simultaneous, or coherent

forecasting, between sub-populations has been discussed in the literature in the

context of reducing a mortality forecast divergence (Hyndman et al. 2013, Li

2013, Li & Lee 2005, Woods & Dunstan 2014). While coherent forecasting has

been used widely for mortality projections, to the best of our knowledge only

Shang et al. (2013) and Hyndman (2014) use coherent methods to forecast male

and female populations for the UK and Australia, respectively. Hyndman (2014)

has successfully combined the stochastic population forecasting framework from

Hyndman & Booth (2008) and the product-ratio coherent technique from Hyn-

dman et al. (2013) to coherently forecast age-speci�c populations by gender. In

Hyndman (2014) only mortality rates and net migration were forecast using the

gender-coherence model and an independent model was used to forecast fertility

rates. These forecast values of vital rates were then integrated using the cohort

component method to get population forecasts.

In this paper, we adopt the coherent stochastic population forecasting method

from Hyndman (2014) to forecast the age-speci�c Malaysian population. We ex-

tend Hyndman's (2014) model in three ways. Firstly, our research demonstrates

that the same product-ratio coherent framework can be successful applied to all

vital rates, that is, we extend this approach from mortality and net migration

to include fertility rates. Secondly, we explore another possible type of coher-

ence, developed-developing countries coherence, to forecast each demographic
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component. This type of coherency is used as global mortality and fertility con-

vergence (Wilson 2001, Wilmoth 1998, Moser et al. 2005, Garbero & Sanderson

2012, Norheim 2014) is widely observed. Thirdly, we use the coherent population

forecasting method to forecast age-speci�c population by ethnicity. Population

forecasts by ethnic groups are important for a multi-racial country like Malaysia

in order to evaluate ethnic di�erences in vital rates in the future population com-

position (Rees et al. 2008).

Each demographic component�mortality and fertility rates and net interna-

tional migration�will be forecast using di�erent stochastic methods, including

independent, gender coherence and developed-developing country coherence. For

developed-developing country coherence, we use Australian demographic rates

as the reference. We choose Australia because Malaysian mortality and fertility

has been converging towards lower values which most developed countries, in-

cluding Australia, have experienced in previous years. Moreover, Australia and

Malaysia share some common characteristics, as both are multi-racial countries

located in the same Southeast Asian region and members of the Commonwealth

of nations. Out-of-sample forecast errors are evaluated and compared across the

independent model, gender coherence model and developed-developing countries

coherence model. The developed-developing countries coherence models provide

the least forecast errors for Malaysian males and females, and four out of six

ethnic sub-populations. The most accurate out-of-sample forecasting models are

used for the future long-term age-speci�c population forecasts. The long-term

stochastic population forecasts are compared with Malaysia's deterministic o�-

cial population projection from the Department of Statistics Malaysia (DoSM )

from 2010 to 2030.

The paper is structured as follows. Section 3.2 discusses observed and cur-

rent trends in Malaysian demographic components�mortality, fertility and net

migration. Section 3.3 explains the data we use to forecast demographic compo-

nents and populations. Methods for stochastic coherent population forecasting

are described in Section 3.4. In Section 3.5 we evaluate the accuracy of the

out-of-sample demographic components and population forecasts of the di�er-

ent methods. Section 3.6 illustrates the long term stochastic forecasts of the

Malaysian age-speci�c population by gender and ethnicity. Section 3.7 discusses

our �ndings and section 3.8 concludes.
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3.2 Population and demographic components of

Malaysia

Malaysians aged 60 and above represented 5.4% of the total population in 1970,

and this �gure increased to 8.0% in 20101. Malaysia is predicted to become an

aged society by 2030, that is when the percentage of older persons reach 15% of

total population (Ambigga 2011, Mahari 2011, Forsyth & Chia 2009, Ong 2002).

An increase in the size of the older population will have a profound impact on

economic and social provisions, particularly on pension bene�ts and long term

care services.

Figure 3.1 shows some evidence of changes in the Malaysian population age-

structure from 1970 to 2010. Total population size more than doubled, from 10.9

million to 28.6 million over that period, and follows from an increase in population

size at each age group. The biggest change in Figure 3.1 is the increase (up to

four fold) in the working age groups between 15 to 59 years old. The proportion

of this group is greater than that of the older age groups, indicating Malaysia

is still a young nation. This trend re�ects the approximately triangle shape of

the population pyramid in Figure 3.1(b). The large proportion of young adults

aged between 15 to 29 is due to high fertility in past years. Nevertheless this

proportion is expected to shrink as a result of low fertility rates in more recent

years. The fact that there is a tendency for the Malaysian population to live

longer, and with low fertility rates, indicates that the population of the elderly is

expected to grow sharply. The population pyramid is expected to shift upward,

so that the proportion of younger people decreases while the proportion of the

older group increases�the evidence of population ageing.

An increase in life expectancy at birth along with a tremendous decrease in

total fertility rates contribute to the population ageing process. If these trends

continue in the future, Malaysia is expected to receive an increasing number

of international migrants in order to overcome the shortage of young workers.

According to Li et al. (2009), a low number of international immigrants entering

an aged country may speed up the pace of population ageing. Therefore, we

include the three important demographic components (mortality, fertility and

1The cut-o� age for Malaysian older persons is an age of 60, which is based on the de�nition
of elderly described in the National Older Persons Policy (2011). Age 60 is also the current
pension age for government and most private sector workers(Minimum Retirement Age Act
2012).
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Malaysian population 2010
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Figure 3.1: The observed Malaysian population structure in (a) 1970 and

(b) 2010 in thousands, segregated by gender and quinquennial age groups.

The population size has increased tremendously over the periods for each

age group and for both genders. Signi�cant increases, up to 400%, can be

seen among the working age groups between 15 to 59 years old. As at 2010

Malaysia is still considered a young nation due to the approximately triangle

shape of the population structure.

net international migration) in estimating the age-speci�c population. We discuss

each of Malaysia demographic components throughout the remainder of section

3.2.

3.2.1 Mortality

The general level of Malaysian mortality has decreased considerably over recent

decades. The life expectancy at birth increased from 61.45 (1970) to 71.45 (2010)

for males and from 65.33 (1970) to 76.41 (2010) for females. According to Hock

(2007) the long term decline in Malaysian mortality was due to medical tech-

nologies advancement, living condition enhancement and the e�ective controls of

many tropical diseases, especially malaria.

Nevertheless, it is noteworthy that mortality decreased at di�erent rates be-

tween ethnic groups. Chinese mortality declined faster than that of Malays or

Indians. The reason why Chinese mortality was lower compared to other ethnic
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groups is that they earn the highest average monthly income2, thus increasing

their access to health care and medical services. In addition, di�erent social and

cultural backgrounds could also play a role. As a result of low mortality, Chi-

nese life expectancy at birth was consistently higher than the Malay and Indian

population (refer to Figure 3.2).

The increase in life expectancy shows no sign of abating in the majority of

developed and developing countries. Malaysian life expectancy at birth is no ex-

ception, and is expected to continue increasing in the future. Figure 3.2 shows the

observed life expectancy at birth of each ethnic group increased over the years,

except that of Malay males�whose life expectancy at birth was almost constant

since 2000. In comparison with developed countries, in this case Australia, both

Malaysian life expectancy at birth for males and females were proportionally be-

low Australia. Nevertheless, the future life expectancy at birth in Malaysia is

expected to continue increasing and could reach the current Australia life ex-

pectancy level. Thus, it seems that using Australia mortality as the reference

rates for Malaysian mortality is not inappropriate. Furthermore, Shair et al.

(2015) found that the association of lower mortality of the same gendered sub-

populations in a coherent model is more accurate than an association with the

lower mortality of the opposite gendered sub-populations. Therefore, in this pa-

per we will coherently forecast Australian males together with Malaysian males

and Australian females with Malaysian females.

3.2.2 Fertility

Malaysian total fertility rates (TFRs) have decreased tremendously from 6.28

children for every woman (aged 15 to 49) in 1958 to 2.33 children in 2013�see

Figure 3.3. One factor which contributed to this change was the introduction of

a national birth control program in 1966 (Mahari 2011). The objective of the

policy is to reduce population growth, thereby increasing income per capita.

Similar to mortality, the rate of change in fertility varied by ethnicity. In

1958, Indians had the highest total fertility rate (7.3), followed by Chinese (6.3)

2Mean monthly income was obtained from Economic Planning Unit (2014), The Mean
Gross Household Income by Ethnicity, and State, Malaysia, 1970�2014. The report showed
that, in 2014, Chinese earned on average MYR$7,666 (USD$1,893) compared to MYR$5,548
(USD$1,370) and MYR$6,246 (USD$1,543) for Malays and Indians respectively. The conver-
sion of Malaysian Ringgit to US Dollars is based on http://www.xe.com/currencyconverter

as at 23rd of September 2015.
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Figure 3.2: The observed Malaysian, Malaysian ethnic groups and Aus-

tralian life expectancy at birth, from 1970 to 2010, for (a) males and (b)

females. Life expectancy at birth has increased substantially over the years

for each group. Australian life expectancy is consistently higher than that

of Malaysia. Between Malaysian ethnic groups, Chinese life expectancy is

the highest compared to Malays and Indians.
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and Malays (5.8). These rates decreased and converged towards the replacement

fertility ratio (2.0) by 2006. Indian and Chinese fertility has declined at faster rate

than that of Malays and reached slightly below the replacement ratio at 1.9 and

1.8, respectively, in 2006. Malay fertility, on the other hand, decreased at slower

rates and remains above the replacement ratio at 2.7 children by 2006. High

fertility among Malays was attributed to low acceptance of birth control policy

(Hock 2007), which was related to their religious and cultural backgrounds.

Malaysian TFR is expected to continue decreasing and will fall below replace-

ment rates, a level currently experienced by many developed countries. The o�-

cial population projection (under the medium variant) assumed that Malaysian

TFR will reach 1.8 babies per woman by 2040 (Hassan 2012). This assumption

is consistent with UN projections in which the high TFRs among developing

countries are expected to decrease towards below the replacement ratio by 2050.

The majority of developed nations experienced a decrease in TFRs. Once

fertility reached the replacement ratio or lower, the rate �uctuated around that

value for decades. For example, Figure 3.3 shows that the Australian TFR de-

creased and reached below the replacement ratio value at 1.9 by 1980, then the

TFR �uctuated around the same value after that. In 2013 Australian TFR was

1.88 babies per woman, which is approximately the same as the targeted TFR

for Malaysia by 2040. Hence, using the Australian observed TFR as the reference

rate to forecast Malaysian fertility seems reasonable.

3.2.3 Migration

Malaysia is a receiving and sending country for international migrants. Accord-

ing to data from the Department of Immigration Malaysia, international immi-

grants consist of expatriates, skilled workers, semi-skilled and unskilled workers,

international students and foreign elderly (under the Malaysia My Second Home

(MM2H) program). In 2006, there were a total of 2,044,805 immigrants (about

8.3% of total population). Out of these immigrants, the semi-skilled and unskilled

foreign workers were the majority (91%), who came from neighbouring countries,

such as Indonesia, the Philippines and Myanmar (Kanapathy 2008).

Data for Malaysian migration is also available from the census, which estimated

non-Malaysian citizens who stay for six month or more in Malaysia. Nevertheless,

at present, data for international migration out�ows are not collected, hence the
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Figure 3.3: The observed Malaysian, Malaysian ethnic groups and Aus-

tralian total fertility rates per woman at reproductive ages (15�45) from

1958 to 2006. Total fertility rates of each group show a decreasing pattern

converging towards the replacement ratio (2.0) over the years. In 2006, Chi-

nese and Indian total fertility rates reached slightly below the replacement

ratio at 1.8 and 1.9 respectively, whereas Malaysian and Malay total fertility

rates are still above the replacement ratio, at 2.3 and 2.7. Australian total

fertility rates decreased and reached below the replacement ratio at 1.9 in

1980 (27 years earlier than Chinese and Indians), remaining approximately

constant thereafter.
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net international migrants (in�ows-out�ows) cannot be estimated. In addition,

the historical pattern of this component is less clear, which makes forecasting

net migration di�cult. In order to overcome this problem, following Hyndman

& Booth (2008), we use the demographic growth-balance method to estimate

the time series data of Malaysian net international migration. This demographic

growth-balance method is explained in Section 3.3.1.

3.3 Data

Malaysian and Australian data required for this research included age-speci�c

mortality rates, age-speci�c fertility rates, age-speci�c exposure to risk and age-

speci�c population numbers.

Malaysian mortality, fertility and population data were collected from the De-

partment of Statistics Malaysia (DoSM ). Australia's mortality, exposures and

population data were retrieved from the Human Mortality Database (2014); fer-

tility data were obtained from the addb package for R (Hyndman 2010)3. Table

3.1 summarises the notation used for population variables throughout this paper.

It is noteworthy that Malaysian data are available only in quinquennial age

intervals from 1958 to 2010. Earlier data has shown that there is some incon-

sistency in data coverage�before 1963 the eastern part of Malaysia (Sabah and

Sarawak) are not included in death counts. Hence, we use data from 1970 to

2009, yielding 40 years of time series data. We include Australian data also from

1970 onwards, to be consistent with the Malaysian data. Moreover, according to

Hyndman & Booth (2008), a later starting point for the �tting period is valuable

to avoid the outliers and major structural changes over time.

Deaths and births can be estimated using the data noted as above. That is,

Dv
t,i (x) = mv

t,i (x) × Ev
t,i (x) and B

v
t,i (x) = f vt,i (x) × Ev

t,i (x), respectively. These

deaths Dv
t,i (x) and births Bv

t,i (x), together with population P v
t,i (x), are necessary

for the net international migration calculation.

3Note that in order to use data from addb package, one should also install the demography

package developed by Hyndman (2013).
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Table 3.1: Summary of notation adopted

Notation Description

mv
t,i (x)

central mortality rates of ith sub-population aged x in
calendar year t for vth population.

f vt,i (x)
central fertility rates of ith sub-population aged x in cal-
endar year t for vth population.

Ev
t,i (x)

exposure to risk of ith sub-population aged x at 30 June
in calendar year t for vth population.

P v
t,i (x)

population of ith sub-population aged x as at 1 January
in calendar year t for vth population.

Dv
t,i (x)

deaths of ith sub-population aged x in calendar year t
for vth population.

Bv
t,i (x)

birth of ith sub-population age x in calendar year t for
vth population.

Gv
t,i (x, x+ 1)

net international migration of ith sub-population aged x
in the beginning of calendar year t for vth population.

v
v = 1 for Malaysia, v = 2 for Australia, v = 3 for Malay,
v = 4 for Chinese and v = 5 for Indian.

i i = 1 for males and i = 2 for females.
x x = 0, 1, 2, . . . , p−1, p+ where p+ is the oldest age group.
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3.3.1 Estimation of migration data

Since out-migration data for Malaysia are unavailable, we use the growth-balance

method to estimate the age-speci�c net international migration numbers for

Malaysian males and females4.

The growth-balance method calculates net migration as the residual between

the populations in consecutive years by taking into account deaths or births that

occurred in each year as follows,

Gv
t,i (B, 0) = P v

t+1,i (0)−Bv
t +Dv

t,i (B, 0)

Gv
t,i (x, x+ 1) = P v

t+1,i (x+ 1)− P v
t,i (x) +Dv

t,i (x, x+ 1)

Gv
t,i

(
p− 1+, p+

)
= P v

t+1,i

(
p+
)
− P v

t,i

(
p+
)
− P v

t,i (p− 1) +Dv
t,i

(
p− 1+, p+

)
where Gv

t,i (B, 0) refers to migration of those born in year t, Gv
t,i (x, x+ 1) refers to

migration in calendar year t of persons aged x = 0, 1, 2, . . . , p−2 at the beginning

of year t and Gv
t,i (p− 1+, p+) refers to migration in calendar of year t of person

age p − 1 and older at the beginning of year t. Similar de�nitions for deaths

Dv
t,i (B, 0), D

v
t,i (x, x+ 1) and Dv

t,i (p− 1+, p+) apply. Births (Bv
t ) are divided by

sex using the sex-ratios at birth. We use the sex-ratio at birth of 1.07 and 1.05

for Malaysia and Australia respectively throughout the years.

Figure 3.4 shows the estimated age-sex speci�c net international migration for

Malaysia and Australia, calculated using the growth-balance method. The net

international migrants �uctuate around zero for most of the age groups except for

the young working-age group between 18 to 30 years old. For this young working-

age group, signi�cant positive values can be seen in both countries, indicating

these countries received more immigrants than sending out migrants in order

to meet labour market shortages. As Malaysia is recently ageing and moving

towards high income status, an increasing number of overseas immigrants can be

seen, noticeably starting from 2000 to 2005 (violet lines).

4See, for example, Rowland (2003) or Hyndman & Booth (2008).
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Figure 3.4: The observed net international migration in absolute num-
bers from 1970 to 2005 for Malaysia and Australia. The graphs were
produced using the demography package from Hyndman (2013), in which
the rainbow color palette was used to represent data for each year. The
�rst few years are shown in red, followed by orange, yellow, green, blue
and indigo with the last few years plotted in violet. We can see from
the graphs, the number of migrants �uctuated around the zero value
for most of the age groups. Signi�cant positive values of net migrants
are apparent only for the young working-age group between 18 to 30
years old in both countries. This pattern can be seen as early as 1970s
(red lines) for Australia but started in later years, since 2000s, for
Malaysia (violet lines).
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3.3.2 Interpolation of quinquennial-ages into single-aged

data

3.3.2.1 Interpolation of population data

We adopt a well known interpolative four-term third-di�erence solution (the

Karup-King method) to interpolate Malaysian quinquennial-aged population data

to yield single-aged population data5. Bijak & Kupiszewska (2008) recently used

this method in estimating the populations of 31 European countries.

The interpolated values for population data are computed by multiplying a

given quinquennial-aged value and its neighboring ones by a set of corresponding

coe�cients c(i, j). Then, these products are accumulated. The set of coe�cient

values is obtained from Bijak & Kupiszewska (2008), and is given in Appendix

3.A. For example, if we want to split one of the middle quinquennial-aged popu-

lation values, Ni, into �ve single-age populations n1, n2, n3, n4 and n5 then:

n1 = c1,1 ×Ni−1 + c1,2 ×Ni − c1,3 ×Ni+1,

n2 = c2,1 ×Ni−1 + c2,2 ×Ni − c2,3 ×Ni+1

...

n5 = c5,1 ×Ni−1 + c5,2 ×Ni − c5,3 ×Ni+1

Suppose the Malaysian female population who are in the middle age group

(25 to 29 years old) in 2006 is 1,062,700. And suppose we want interpolated the

value to single ages 25, 26, 27, 28 and 29. Further, suppose the population before

and after the 25 to 29 group (which are the 20 to 24 and 30 to 34 groups) are

1,278,600 and 955,400 respectively. Hence, from the above equations, the 25, 26,

27, 28 and 29 years old female population can be calculated as follows,

n25 = 0.064× 1, 278, 600 + (0.152)× 1, 062, 700− (−0.016)× 955, 400 = 258, 647

n26 = 0.008× 1, 278, 600 + (0.224)× 1, 062, 700− (−0.032)× 955, 400 = 278, 846

n27 = −0.024× 1, 278, 600 + (0.248)× 1, 062, 700− (−0.024)× 955, 400 = 255, 793

n28 = −0.032× 1, 278, 600 + (0.224)× 1, 062, 700− (0.008)× 955, 400 = 189, 486

n28 = −0.016× 1, 278, 600 + (0.152)× 1, 062, 700− (0.064)× 955, 400 = 79, 927
5The details of this method can be found in Siegel & Swanson (2004), for example.
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Note that the population numbers that we used here are from the observed

Malaysia population data that we gathered from the Department of Statistics

Malaysia.

3.3.2.2 Interpolation of abridged life table and vital rates

Malaysian vital rates and life tables from the DoSM are available only in abridged

form. However, single-age mortality and fertility rates are necessary, especially to

perform developed-developing country coherent forecasts. Both countries' data

must be consistent in order to be able to combine and �t it into the same model.

We used the interpolation method from Li & Chan (2004) to estimate the

complete life table and single-age vital rates. The �ve-year age rates are treated as

the single-age rate of the mid-point of its corresponding age group. For example,

for the middle age group, we set mv
t,i (7) as 5M5, m

v
t,i (12) as 5M10 . . . and m

v
t,i (77)

as 5M75. For the open age group 80 and above, M88 is set as a single-age rate as

we assume the last age is 100. For infant and child mortality, mv
t,i (0), is treated as

1M0 andm
v
t,i (1) is taken as 4M1. The remaining interpolation scheme is described

below6.

mv
t,i (x) =



1
5
(5M5 −4 M1)(x− 2) +4 M1, for x = 2, 3, 4, 5, 6

1
5
(5Mk + 3−5 Mk − 2)(x− k) +5 Mk − 2, for x = k, . . . , k + 4

where k = 7, 12, 17, . . . , 72,

1
11
(20M80 −5 M75)(x− 72) +5 M75, for x = 73, 74, . . . , 87

1
12
(1−20 M80)(x− 88) +20 M80, for x = 88, 89, . . . , 100.

where jMk is the �ve-year age vital rates for persons in age group k to k+ j − 1.

3.4 Stochastic coherent population forecasting

We produce three di�erent type of models to forecast each demographic com-

ponent: an independent model, a gender coherence model and a developed-

developing countries coherence model. While independent and gender coher-

ence models apply only to Malaysian data, developed-developing countries co-

6Note that for fertility rates, only middle age group equations are applied; the �rst and last
equations are inapplicable.
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herence models utilises both Australian and Malaysian data. For the gender and

developed-developing countries coherence models, we use the product-ratio model

framework from Hyndman et al. (2013) described in the next section. For the

independent model, we adopt the functional method given in the Hyndman &

Booth (2008) and Hyndman & Ullah (2007) papers.

The sample paths of forecast demographic rates are simulated using Monte

Carlo simulation, giving the forecast distribution for all ages in future years.

These simulated rates are used to estimate the number of births, deaths, net

migrants and population, which are then combined using the cohort-component

method to obtain the age-speci�c population forecasts with prediction intervals.

3.4.1 Product-ratio coherent model for mortality, fertility

and net migration

Let Y v
t,i (x) represent either the observed mortality rate mv

t,i (x), fertility rate

f vt,i (x) or net migration number for Gv
t,i (x, x+ 1). These observed values are

smoothed using the following equation,

Y v
t,i(x) = svt,i(x) + σvt,i(x)εt,i,x, (3.1)

where svt,i(x) is the underlying smooth function over ages for demographic com-

ponent rates and εt,i,x is the standard error, which allows the variance σvt,i(x) to

change over age and time. For smoothing, non-parametric penalised regression

splines are applied. Mortality data are constrained to be monotonically increasing

at age x > c. On the other hand, fertility data are constrained to be concave.

The smoothed vital rates svt,i(x) are then transformed into product and ratio

functions as in equations (3.2) and (3.3), respectively,

pt(x) =

[ n∏
i=1

svt,i(x)

]1/n
, (3.2)

rt,i(x) =
svt,i(x)

pt(x)
, (3.3)

where pt(x) is the geometric mean of n sub-populations (i = 1, 2, . . . , n) and

rt,i(x) is the ratio function of the i
th sub-population which measures the di�erence

between the ith sub-population's vital rates and the geometric mean.
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We illustrate the product function for the gender coherence model of the

Malaysian population and the product function for the developed-developing

countries coherence model of the male sub-population in equations (3.4) and

(3.5).

pt(x) =

[
s1t,1(x)× s1t,2(x)

]1/2
(3.4)

pt(x) =

[
s1t,1(x)× s2t,1(x)

]1/2
(3.5)

Following Hyndman & Booth (2008), these product and ratio values were trans-

formed to p∗t (x) and r
∗
t,i(x) using the Box-Cox transformation as follows.

p∗t (x) =

 1
λ
([pt(x)]

λ − 1) if 0 < λ ≤ 1;

ln(pt(x)) if λ = 0

r∗t,i(x) =

 1
λ
([rt,i(x)]

λ − 1) if 0 < λ ≤ 1;

ln(rt,i(x)) if λ = 0

The Box-Cox family of power transformations optimises the normality of variables

and stabilises variance. One advantage of this method is it eliminates the need

to randomly test di�erent kinds of transformations in determining the optimum

transformation (λ) for the data (Osborne 2010). If λ = 1, then no transformation

is needed. This kind of transformation is suitable for any variable which includes

negative values. Following Hyndman & Booth (2008), we use no transformation

for net migration data. For mortality, we adopt a common type of transformation

used widely in the mortality forecasting literature, which is the natural logarithm

(λ = 0). Fertility transformation is uncertain and varies between 0 < λ ≤ 1.

We adopt the fertility transformation used by Hyndman & Ullah (2007), which

is λ = 0.4.

The transformed product and ratio functions were then incorporated into the

independent functional model of Hyndman & Ullah (2007), giving equations (3.6)

and (3.7)

p∗t (x) = ap(x) +
L∑
l=1

βl(x)Kt,l + ept(x) (3.6)
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r∗t,i(x) = ari(x) +
L∑
l=1

bi,l(x)kt,i,l + ert,i(x) (3.7)

where βl(x) and bi,l(x) are the age-components of the product and ratio func-

tions and Kt,l and kt,i,l are the corresponding time-components that change over

time. These time-components are sometimes known as the mortality, fertility

or net migration index. Parameters of both the age and time components are

estimated using the principal components decomposition of [p∗t (x)− ap(x)] and[
r∗t,i(x)− ari(x)

]
respectively. The ap(x) and ari(x) are the means taken over

time for p∗t (x) and r
∗
t,i(x), respectively, while ept(x) and ert,i(x) are the indepen-

dent and identically distributed errors. The variable L is the required number of

decomposition components, which is not �xed and is speci�ed before modelling.

According to Hyndman & Booth (2008), a model with an L of six is good enough

to explain variation in data and provides more accurate forecasts than a model

with L less than six.

For the independent model, the smoothed vital rates svt,i(x) will be used in

a functional data model, without transforming the rates into product and ratio

functions

svt,i(x) = µi(x) +
L∑
l=1

φi,l(x)γt,i,l + et,i(x) (3.8)

where φi,l(x) and γt,i,l are the age-components and time-components of either

mortality rates, fertility rates or net migrants. Both parameters are estimated

from the principal components decomposition of
[
svt,i(x)− µi(x)

]
. The µi(x) is

the mean taken over time for svt,i(x) and et,i(x) are errors.

3.4.1.1 Mortality, fertility and net migration forecasts

Next, we forecast only the time-component of the product (Kt,l) and ratio (kt,i,l)

functions for each demographic component: mortality, fertility and migration.

Due to non-stationarity patterns, the time-components of the product func-

tions, Kt,l, are best forecast using non-stationary autoregressive integrated mov-

ing average, ARIMA(p, d, q), models. The time-component, on the other hand,

of the ratio functions kt,i,l, is forecast using any stationary autoregressive moving

average, ARMA(p, q), or autoregressive fractionally integrated moving-average,

ARFIMA(p, d, q), process. These stationary models are used to ensure the de-

mographic rate forecasts are coherent between sub-populations. For two or
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more sub-populations, the ratio functions will also satisfy the constraint that

rt,1(x)rt,2(x) . . . rt,n(x) = 1.

The time-component forecasts were then multiplied by the corresponding age-

components, giving forecasts of the product and ratio function of the demographic

components. If K̂n+h|n,l and k̂n+h|n,i,l are the h-step forecasts of the product and

ratio functions' time-components, then the h-step forecasts of the product and

ratio functions are estimated using the following

p̂∗n+h|n(x) = ap(x) +
L∑
l=1

βl(x)K̂n+h|n,l (3.9)

r̂∗n+h|n,i(x) = ari(x) +
L∑
l=1

bi,l(x)k̂n+h|n,i,l (3.10)

Age-speci�c values of each of mortality, fertility and net international migration

forecasts for the ith sub-population are estimated by multiplying the p̂∗n+h|n(x)

with r̂∗n+h|n,i(x). It should be noted that up to this stage the forecasts were

transformed rate�for example, in natural log values for mortality. Hence, in

order to estimate the forecasts in the original scale, forecasts require inversion

(such as exponentiating the mortality forecasts).

3.4.1.2 Forecast Variances

All terms in equations (3.9) and(3.10) are uncorrelated, hence the variance of

each term can be added together such that

V ar
[
p̂∗n+h|n(x)

]
= σ2

ap
(x) +

L∑
l=1

βi,l(x)
2υn+h|n,l + Sep(x) (3.11)

V ar
[
r∗n+h|n,i(x)

]
= σ2

ari
(x) +

L∑
l=1

bi,l(x)
2δn+h|n,i,l + Seri(x) (3.12)

where υn+h|n,l is the variance of K̂n+h|n,l and δn+h|n,i,l is the variance of k̂n+h|n,i,l,

which are both retrieved from the forecast time series models of time components.

Values σ2
ap
(x) and σ2

ari
(x) are the variances of the smoothed means estimated from

the smoothing method and Sep(x) and Seri(x) are calculated by averaging ept(x)

and ert,i(x), respectively, for each x.

The observaed variance was added to the forecast variances respecting the
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nature of the data. Here, both deaths and births are assumed to have a Poisson

distribution. For migration, non-parametric error estimates were used.

3.4.2 Stochastic cohort component population forecasting

method

Population forecast uncertainties were simulated using the Hyndman & Booth

(2008) cohort-component projection method described below.

A large, N = 1, 000 random sample path of the time-component of the prod-

uct, Kt,l, and ratio, kt,i,l, were generated from the time series model using a

Monte Carlo simulation approach. The random values of the errors of ept(x) and

ert,i(x), were also generated using the bootstrap method in which the estimated

values are randomly re-sampled from the model. The forecast and random sam-

ple of product and ratio functions were multiplied to get either mv
t,i (x), f

v
t,i (x)

or Gv
t,i (x, x+ 1).These forecasted demographic component rates random sample

paths are used to estimate deaths, births and net-migration.

We began the age-speci�c cohort-component population forecasts by, �rst,

adjusting the population with migration, so that the calculation of births and

deaths will account for migrants. The simulated Gt,i(B, 0), Gt,i(x, x + 1) and

Gt,i(p − 1+, p+) were assumed to spend half a year exposed to death or birth.

Thus, half of the simulated Gt,i(x, x + 1) was added to the population aged x

on 1 January of year t, and the other half to the population aged x + 1 at the

end of year t, giving the population adjusted for the �rst half of migration. For

Gt,i(B, 0), half is added to the birth population in year t and half to the popula-

tion aged 0 at the end of year t. At the open-ended age, Gt,i(p−1+, p+) is equally

divided between migrants aged p − 1+ and p+. After the population has been

adjusted for migration, we turned to the question of simulating the mortality to

determine the random number of deaths.

We used a simulated sample path of mortality mv
t,i (x) and the mid-year popu-

lation at calender year t to determine deaths. However, the mid-year population

at calender year t depends on the number of deaths. To deal with this circu-

larity, the expected number of cohort deaths was obtained using the simulated

values of mv
t,i (x) and the population adjusted for the �rst half of migration at

year t. These deaths were used to estimate the population adjusted for the �rst

half of migration at year t + 1 year and hence the mid-year population. The
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multiplication of the estimated mid-year population and mv
t,i (x) gives deaths in

year t. Population on 1 January of year t minus deaths plus the second half of

net-migration, yields the population on 1 January of year t+ 1, Pt+1.

Next, we estimated births using the simulated age-speci�c fertility rates f vt,i (x)

and the population adjusted for half a year of net migration. These age-speci�c

births were accumulated to give the simulated total births in calender year t. The

segregation of newborns according to gender is done by applying the estimated

total births with the male to female ratio at births. Then mortality was also

applied to birth using the same procedure described in previous paragraph to

obtain deaths for this infant group.

Finally, we combined simulated deaths, births and migrants to generate the

population on 1 January for the next year, Pt+1. This procedure was repeated for

the entire h forecast years (t = n+1, n+2, . . . , n+h) and for each sample path7.

The cohort-component method estimates population for the following year (t+1)

by adding births and net migration that occur between (t, t+1) to the population

in year t. Deaths within the interval will be deducted from the population at t.

Population forecasting is done separately for each ith sub-population and age

group8. Thus we have

Pt+1,i(B, 0) = Bt,i −Dt,i(B, 0) +Gt,i(B, 0)

Pt+1,i(x) = Pt,i(x, x+ 1)−Dt,i(x, x+ 1) +Gt,i(x, x+ 1)

Pt,i(p
+) = Pt,i(p

+) + Pt,i(p− 1)−Dt,i(p− 1+, p+)−Gt,i(p− 1+, p+)

3.5 Evaluation of out-of-sample population fore-

casts

In this section, we illustrate the age-speci�c mortality, fertility and net interna-

tional migration forecasts using the independent functional model, gender coher-

7With thousands of sample paths for each demographic component, computation requires the
use of computer software. In order to perform such stochastic population forecasts, Hyndman
(2013) developed the pop.sim function in the demography package using the R programing
language. The pop.sim code is based on pre-speci�ed models. For example, the coherent
product-ratio model can be applied only for mortality and migration but not fertility. For
fertility, pop.sim uses an independent functional model. To overcome this limitation, the code
was modi�ed.

8For a more comprehensive description of the method, refer to Hyndman & Booth (2008).
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ence model and developed-developing countries coherence model. These di�erent

demographic component forecasts of di�erent methods were then combined using

the cohort component method to estimate the age-speci�c population by gender

and ethnicity.

The out-of sample age-speci�c sub-population forecasts were evaluated and

compared across methods by gender (section 3.5.1) and ethnicity (section 3.5.2).

In order to perform forecast evaluation, the 40-year Malaysian observation rates

from 1970 to 2009 were divided into two parts: an estimation part and an evalu-

ation part. The �rst consisted of 25 years in-sample data from 1970 to 1994 and

latter included the remaining 15-year out-of-sample data from 1995 to 2009. Data

were �tted to the models in the estimation part, while the comparison between

forecast values and the observed rates was done in the evaluation part.

Australian and Malaysian demographic component rates are combined only in

the developed-developing countries coherence model. The Malaysian males and

Australian males, and Malaysian females and Australian females were jointly

forecast in this model. In addition, apart from using the same estimation period

from 1970 to 1994, the Australian estimation period is also lagged by 10 and 20

years. We label these lagged model as developed10-developing countries coherence

and developed20-developing countries coherence, respectively9. The estimation

periods of the di�erent models are summarised in Table 3.2.

The out-of-sample forecast evaluation was performed purposely to identify the

most accurate model to be used for the long-term population forecast described

in section 3.6.

3.5.1 Out-of-sample population forecast accuracy by gen-

der

The accuracy of the out-of-sample population forecasts were evaluated using the

mean absolute forecast errors (MAFE s) measurement10 from equation (2.9). We

include several combinations of demographic forecasting models to produce eight

forecast series for both Malaysian males and females. These forecast series and

9Periodically we abbreviate the developed-developing countries coherence model as �de-
veloped", the developed10-developing countries coherence model as �developed10" and the
developed20-developing countries coherence model as �developed20".

10Means are taken over the absolute di�erence between the mean of the future sample path
of forecast values and the observed out-of-sample data.
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Table 3.2: The �tting periods of di�erent demographic component
models in performing the 15-year Malaysia population forecasts.
The estimation periods of Australia are lagged by 10 and 20 years
for the developed10-developing countries coherence and developed20-
developing countries coherence models, respectively.

Model
Estimation period

Australia Malaysia
Independent - 1970�1994
Gender coherence - 1970�1994
Developed-developing countries coherence 1970�1994 1970�1994
Developed10-developing countries coherence 1960�1984 1970�1994
Developed20-developing countries coherence 1950�1974 1970�1994

their population forecast errors are presented in Table 3.3.

The comparison between the independent population model (series 1) and the

gender coherence population model (series 2) shows the gender coherence model

outperformed the independent model for males but underperformed for females.

Note that the accuracy of the gender coherence model for males was achieved at

the expense of the accuracy of the female population (Hyndman et al. 2013).

Interestingly, results show that the accuracy of Malaysian male and female pop-

ulation forecasts can be further improved using the developed-developing coun-

tries coherence models (series 3 to 8). It is noteworthy that, for these type of

models, the demographic component rates of Australia males and females was

combined with Malaysian males and females, respectively, to coherently forecast

each Malaysian male and female vital rate. Without using Australia lagged data,

forecast series 3 performed better than series 6, indicating that the Malaysian

population is best forecast using the developed coherence model for mortality

and net-international migration, with an independent model for fertility.

We explored the possibility of using Australian lagged in-sample data to im-

proving Malaysian population forecast accuracy. The 10-year lag and the 20-year

lag model appear in series 4, 5, 7 and 8. As can be seen in Table 3.3, the lagged

Australia data models outperformed other models. For instance, forecast series 7

is the most accurate for males whereas series 5 is the most accurate for females.

In terms of the overall11 results, forecast series 7 substantially reduces the fore-

cast error relative to the other models, providing the least forecast errors. The

11In the overall case, the average is taken over male and female errors.
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Table 3.3: Out-of sample mean absolute forecast errors (MAFEs) of
the Malaysian males and females arising from di�erent methods: the
independent, gender-coherence and developed-developing countries co-
herence models. The developed-developing countries coherence model
outperformed the independent and gender coherence models for males
(series 7) and females (series 5).

Series Models MAFEs
Mortality Fertility Migration Male Female Overall

Independent model
1 independent independent independent 6510 5400 5960

Gender coherence model
2 gender independent gender 6390 5870 6130

Developed-developing countries coherence model
3 developed independent developed 5690 5030 5360
4 developed10 independent developed10 5510 4820 5170
5 developed20 independent developed20 5640 4260 4950
6 developed developed developed 8560 6810 7690
7 developed10 developed10 developed10 5050 4320 4690
8 developed20 developed20 developed20 6210 5680 5950

major accuracy improvement in series 7 indicates that the Malaysian popula-

tion is best forecast using the Australian 10-year lagged data for all demographic

components: mortality, fertility and net international migration.

3.5.1.1 The accuracy of mortality and fertility models

In order to identify an appropriate accurate demographic component model, the

accuracy of age-speci�c death rates (ASDRs) and age-speci�c fertility rates (AS-

FRs) was evaluated across di�erent methods and summarised in Table 3.4 and

Table 3.5. The net migration models are excluded from this evaluation as ob-

served Malaysian net migration data are unavailable.

Table 3.4 shows that the gender-coherence mortality model outperforms the

independent model for males, and vice versa for females. A broad comparison

shows the developed10 model is the most accurate model, outperforming the

independent and gender coherence models for males and performing best overall.

Using this developed10 mortality model for population forecasts resulted in the

most accurate population forecast for males and overall, as in Table 3.3. This

would seem to indicate that an accurate mortality model plays an important role
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Table 3.4: Out-of sample mean absolute forecast errors (MAFEs)
for Malaysian age-speci�c death rates (ASDRs) from the indepen-
dent, gender-coherence and developed-developing countries coherence
models for Malaysian males, females and overall. The developed10-
developing countries coherence model was the most accurate model
for male mortality while the independent model was the most accu-
rate for female mortality. For overall, the the developed10-developing
countries coherence model outperformed other models.

Series Mortality
model

MAFE
male

MAFE
female

MAFE
overall

1 independent 0.00104 0.00069 0.00087
2 gender 0.00081 0.00071 0.00076
3 developed 0.00171 0.00100 0.00136
4 developed10 0.00010 0.00122 0.00066
5 developed20 0.00084 0.00078 0.00081

in producing accurate population forecasts.

Extra attention must be given when integrating data from di�erent countries

into the modelling. As can be seen in Table 3.4, the ASDR forecast error of the

developed model (series 3) is substantially higher than the rest of the models for

males and overall. The reason for the high forecast error for this developed model

is because during the estimation period (1970�1994) Australian males mortality

declined at a faster rate than that of Australian females, which has resulted in

a reduced the life expectancy gap. This trend, however, contradicts Malaysia

where during that particular period male mortality decreased at a very slow rate,

hence increasing the life expectancy gap between males and females. Therefore,

using Australian male mortality as reference rates for Malaysian males jeopardises

the accuracy of Malaysian male death rate forecasts. This problem also a�ected

life expectancy at birth estimation. Figure 3.5 clearly shows that the developed

model has signi�cantly over estimated the Malaysian male life expectancy at

birth. Nevertheless, this problem can be �xed using the 10-year lagged �tting

period for Australia, which resulted in the develop10 model outperforming other

models.

Turning to the forecast performance of fertility models, where Table 3.5 shows

the developed model (no lagged Australian fertility) is the most accurate model

for Malaysian fertility. This developed fertility model does not, however, con-
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Figure 3.5: The observed and 15-year out-of-sample life expectancy at
birth forecasts for (a) males and (b) females using di�erent methods.
Male life expectancy from the developed model is signi�cantly higher
than other methods. This forecast error can be reduced using the
developed10 and developed 20 methods. For females, the developed
method produces the most accurate life expectancy at birth forecast.
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Table 3.5: Out-of sample mean absolute forecast errors (MAFEs) for
Malaysian age-speci�c fertility rates (ASFRs) from the independent,
gender-coherence and developed-developing countries coherence mod-
els. The developed-developing countries coherence model is the most
accurate followed by the developed10-developing countries coherence
model.

Series Fertility
model

MAFE

1 independent 0.00900
2 developed 0.00626
3 developed10 0.00725
4 developed20 0.00966

tribute to the most accurate population forecasts. The out-of sample population

forecasts in Table 3.3 show that the most accurate female population forecast,

series 5, used the independent model for fertility while the most accurate male

population forecast, series 7, used the developed10 model. Thus, even though an

accurate mortality model appears to a�ect the accuracy of population forecasts,

an accurate fertility model does not necessarily seem to a�ect population forecast

accuracy�or if it does, the impact will be minimal.

The complexity of fertility forecasting has been highlighted in the literature.

Hyndman & Booth (2008) pointed out that fertility has proved di�cult to forecast

due to its structural changes over the years. Time series forecasting will produce

long run fertility forecasts that converge to the sample mean. However, the actual

rate of fertility may decline slower or faster than that of the sample mean (Lee

& Tuljapurkar 1994). Thus, the fertility model is sometimes adjusted to use the

most recently observed age-speci�c fertility rates as the model's baseline, rather

than the average so that the forecasts begin from the most recent rates, hence

capturing the recent pattern (Li et al. 2004). In addition to historical time series

data, it should be noted that total fertility rate forecasts may also greatly in�uence

by the economic �uctuation and public policies such as wage compensation and

better access to childcare (Glowaki & Richmond 2007).

We �nd the long-term Malaysian fertility forecasts were improved using the

developed-developing countries coherence model. Figure 3.6 shows how the long-

term independent TFR forecast (green line) appears to be too low, reaching

1.08 in 2040. This value seems unreasonable as it is signi�cantly lower than
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the DoSM 's low variant assumption, which is 1.5 for the same year. For the

developed-developing countries forecast (blue line), we see that, by integrating

the low fertility rates of Australia to the model, the Malaysian total fertility

forecast was successfully constrained to be slightly higher than that of the in-

dependent forecasts. In addition, the long-term TFR forecast can be further

improved using the developed10 fertility model (blue long dashed line). This de-

veloped10 fertility model successfully moves the TFR forecast upwards, closer to

the DoSM 's low forecast values. Therefore, in performing long-term Malaysian

age-speci�c population forecasts, the developed10 fertility model seems a better

choice than that of the independent model.

It is noteworthy that Australia was chosen as a reference country to Malaysia

due to two main reasons. First, the observed Malaysian total fertility rates are

converging towards replacement ratio, which most developed nations including

Australia, have experienced in previous years (Figure 3.3 depicts the changes in

total fertility for Australia and Malaysia over time). These changes in fertil-

ity rates describe world vital rates are going towards low values. According to

Corazziari et al. (2014), the convergence in vital rates has been associated with

the theories of modernization, which assumed that developing countries would

follow a path of economic and social progress similar to that of developed coun-

tries. The convergence theory however does not account for other drivers such as

government policies and family cultural background, although they may in�uence

the future estimates. Second, Australia is a developed country located in the same

region as Malaysia� Southeast Asian, and share some common characteristics:

both are multi-racial countries and members of Commonwealth nations.

3.5.2 Out-of-sample population forecast accuracy by eth-

nicity

We used the mean absolute percentage error (MAPFE ) measurement to evaluate

the out-of-sample sub-population forecasts for each ethnic group (Malay, Chinese

and Indian) by gender.

For Chinese and Indians, the comparison between the independent model and

the gender-coherence model showed consistent results with the total population

forecasts, in which the gender-coherence model was more accurate than the inde-

pendent model for males, and vice versa for females (refer to Table 3.6 and Table
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Figure 3.6: The observed and long-term forecasts of total fertility
rates per one thousand women up to year 2040. The forecast of the
independent model is signi�cantly lower than that of DoSMmedium
variant projection (black lines). The developed (blue lines) and devel-
oped10 models (blue dashed) produce forecast values that are closer
to the DoSMprojection range (grey shaded area).
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Table 3.6: Out-of sample mean absolute percentage forecast er-
rors (MAPFE) of the Chinese sub-population using the independent,
gender-coherence and developed-developing countries coherence mod-
els for Chinese males and females. The developed-developing countries
coherence model outperforms the independent and gender coherence
models for males in forecast series 7 and females in forecast series 8.

Chinese
Series Mortality

model
Fertility
model

Migration
model

MAPFE
male

MAPFE
female

MAPFE
overall

Independent model
1 independent independent independent 6.19 5.77 5.98

Gender coherence model
2 gender independent gender 5.24 5.80 5.52

Developed-developing countries coherence model
3 developed independent developed 8.40 8.06 8.23
4 developed10 independent developed10 7.82 6.12 6.97
5 developed20 independent developed20 8.24 6.16 7.20
6 developed developed developed 10.95 7.23 9.09
7 developed10 developed10 developed10 4.10 4.95 4.53
8 developed20 developed20 developed20 5.35 3.90 4.63
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Table 3.7: Out-of sample mean absolute percentage forecast errors
(MAPEs) for the Malay population using the independent, gender-
coherence and developed-developing countries coherence models. The
developed-developing countries coherence model outperformed the in-
dependent and gender coherence models only for females (series 6). For
males, the ethnic-coherence model signi�cantly outperformed other
models.

Malay
Series Mortality

model
Fertility
model

Migration
model

MAPFE
male

MAPFE
female

MAPFE
overall

Independent model
1 independent independent independent 4.22 4.25 4.24

Gender coherence model
2 gender independent gender 3.65 3.65 3.65

Developed-developing countries coherence model
3 developed independent developed 3.79 3.83 3.81
4 developed10 independent developed10 3.53 3.80 3.67
5 developed20 independent developed20 3.54 3.76 3.65
6 developed developed developed 3.25 3.38 3.32
7 developed10 developed10 developed10 3.36 3.42 3.39
8 developed20 developed20 developed20 4.39 4.96 4.68

Ethnic coherent model
9 Chinese independent Chinese 3.18 3.79 3.49

3.8). However, for Malays, the gender-coherence model is better than independent

for both genders (Table 3.7). In terms of overall accuracy, the gender-coherence

model was more accurate than the independent model for all ethnic groups. When

comparing across all methods, results showed that the developed-developing coun-

tries method outperformed the independent and gender coherent methods for the

majority of the sub-populations, including Chinese males, Chinese females and

Malay females.

From the Table 3.6 we can see that series 7 and 8 were the most accurate fore-

casts for Chinese males and females; series 7 is the best forecast overall. Series 7

indicated the Chinese group is best forecast using the developed10-developing

countries coherence model for all demographic components, whereas series 8

adopted the developed20-developing countries coherence model for all compo-

nents.

For the Malay groups we include another forecast (series 9) which applies the

ethnic-coherence model for mortality and migration and the independent model
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for fertility. This ethnic-coherence method adopted the low mortality of the

Chinese population as reference rates. Table 3.7 shows that the ethnic-coherence

population model substantially improves the forecast accuracy of the Malay male

population, outperforming the developed-developing countries and other models.

On the other hand, this ethnic-coherence model did not improve the forecast

accuracy of Malay females. Results indicated that series 6 yielding the most

accurate forecasts for Malay females, resulting in all demographic components of

this sub-population being forecast using the developed model.

Table 3.8 shows that the ethnic-coherence model also did not improve the ac-

curacy of the Indian population forecast; it signi�cantly underperforms other

models. Indian females were best forecast using the independent population

model (series 1) in which all demographic components were forecast using the

independent model. Coherent models did not work better than that of the inde-

pendent model for Indian females because Indian female mortality signi�cantly

decreased at a more rapid rate than other sub-populations including Australia

females. Figure 3.2 (b) shows Indian female life expectancy at birth increased

dramatically over the observed years. It surpassed Malay females and reduced life

expectancy gap with Chinese and Australian females. On the other hand, Indian

males were best forecast using the gender-coherence population model (series 2),

which combined the gender coherence model for mortality and net migration, and

the independent model for fertility.

Based on these out-of sample forecast errors for ethnic groups we conclude

that the variation of demographic characteristics between ethnicities resulted in

a variety of good population forecasting methods for each sub-population. We

note that the developed-developing population forecasting models successfully

improved the forecast accuracy of three out of the six ethnicity sub-populations.

Our long-term sub-population forecasts in the next section acknowledge these

di�erences and use the most accurate models as identi�ed above.

3.6 Age-speci�c long-term population forecasts

3.6.1 Age-speci�c long-term population forecast by gender

In this section we report on the long-term age-speci�c Malaysian population fore-

casts to 2040 made for males and females. The methods that produced the most
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Table 3.8: Out-of sample mean absolute percentage forecast errors
(MAPEs) for the Indian population using the independent, gender-
coherence and developed-developing countries coherence models. The
developed-developing countries coherence models underperformed the
independent and gender coherence models for both males and females.
For males the gender coherence model was the most accurate while for
females the independent model was the most accurate.

Indian

Series Mortality

model

Fertility

model

Migration

model

MAPFE

male

MAPFE

female

MAPFE

overall

Independent model

1 independent independent independent 7.28 5.40 6.34

Gender coherence model

2 gender independent gender 6.35 5.78 6.07

Developed-developing countries coherence model

3 developed independent developed 11.71 5.94 8.83

4 developed10 independent developed10 10.52 6.92 8.72

5 developed20 independent developed20 13.57 20.64 17.11

6 developed developed developed 11.20 5.87 8.54

7 developed10 developed10 developed10 6.70 5.82 6.26

8 developed20 developed20 developed20 9.38 15.97 12.67

Ethnic coherence model

9 Chinese independent Chinese 15.52 12.97 14.25
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accurate out-of-sample forecasts for each sub-population, described in section

3.5.1, were used. It is notable, for the overall case, forecast series 7 had the least

out-of-sample forecast error, and so this method is adopted for Malaysian male

and female long-term forecasts. The method includes each of the demographic

component rates (mortality rates, fertility rates and net-international migration

numbers) in the same developed10-developing countries coherence model.

It is noteworthy that our forecast series provide better or at least as accurate as

the Department of Statistics Malaysia (DoSM) population forecasts, which cur-

rently used three forecast variants, based on high, medium and low assumptions

for fertility, mortality and net international migration. The DoSM's approach

is purely deterministic in which statistical distributions are not incorporated in

the forecasting model. In contrast, the stochastic population forecasting models

used in this study estimate population size not as single number but as a whole

range of probability distributions or prediction intervals. According to Keilman

et al. (2002), the user of a probabilistic forecasts is better informed about the

magnitude of the errors, and how these errors vary by age groups and gender.

The mean stochastic forecasts of total population, population by major age

group and life expectancy at birth, together with the corresponding DoSM 's

medium variant projection are presented in Figure 3.7. Figure 3.7a and 3.7b

show the total population mean coherent forecasts are higher than the of o�cial

medium projection for males and females. This maybe due to our assumption

that the mortality rates of Malaysian males and females will continue decreasing

towards Australia mortality level, hence it is expected that Malaysian people will

live longer. Figure 3.7c and 3.7d show the population forecasts of the working

age group are substantially higher than DoSMprojections, i.e., the mean coherent

forecasts of children aged 0�14 are lower than the DoSMprojections. Again, this

may follow from our fertility model assuming Malaysian total fertility rates will

continue decreasing towards the Australia's low fertility level. Our mean coherent

forecasts indicate the life expectancy at birth for Malaysian males and females

will continue increasing in the future and reach 76.70 years and 81.70 years in

2040, respectively. These estimates are, however, lower than the DoSM 's forecasts

which the life expectancy at birth for males and females will be 78 years and 83

years in the same year. The DoSM assumes that the life expectancy at birth

increases by 0.2 years constantly every year since 2010. On the other hand,

our forecasts do not apply an assumption directly on the life expectancy at birth.
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Figure 3.7: Observed and long-term forecasts of the Malaysia's total
population and population by major age groups, for males and females.
The mean coherent forecasts (coherent.mean) are presented as blue lines
and its prediction intervals show as in the shaded region. These fore-
casts are compared with the DoSMmedium variant in black line. The
coherent.mean higher than the medium variant population projection
(DoSM ) for total population and working-age group for both genders.
However, the mean coherent forecasts of children are lower than that
of the DoSM.
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Rather, the life expectancy at birth is calculated using the life table method which

is based on the forecast values of mortality rates. This approach has resulted in

our life expectancy at birth forecasts increasing on average 0.15 per year.

Complete age-speci�c Malaysian male and female population forecasts (in ab-

solute numbers), together with the DoSMpopulation projections, are attached in

Appendix 3.B.1 and Appendix 3.B.2, respectively. Population ageing indicators

such as the old-age dependency ratio, the percentage of older people (aged 60

and above) and life expectancy at birth, are calculated and appear in Appendix

3.B.3. In comparisons of each projection with the DoSM, our male population

is expected to age at a more rapid pace due sustained low fertility and increas-

ing life expectancy assumptions. For example, the percentage of mean coherent

forecasts for elderly Malaysian males will reach 15% of the total population by

2034, �ve years before than that of the DoSM. On the other hand, the coherent

population forecast of females reaching that 15% level by 2030, the same year as

the DoSMprojection. Furthermore, since the female population reaches the 15%

level earlier than that of males, the forecast indicates a feminisation of ageing.

The Malaysian mean coherent forecasts of the old-age dependency ratios (OADR)

are expected to double, from 12% to 25% and from 13% to 27% for males and

females over the forecast years 2010�2040. One older person is likely to be de-

pendent on the support of �ve working age people (20%) by 2030 for males and

by 2024 for females. Nevertheless, the Malaysian old-age dependency ratio is still

low compared to the oldest nation, Japan, whose ratio already reached 35% of

the total population in 2010 and is forecast to increase to 74% by 2050 (United

Nations 2011).

The Malaysian population pyramid forecasts by gender are given in Figure 3.8.

There is not much di�erent between theDoSM (black lines) and the mean coherent

(blue lines) forecasts for 2020 apart from the coherent forecasts producing larger

populations than the DoSM between ages 25 to 50 for males and between ages 24

to 40 for females. In 2030, coherent mean population forecasts are larger than the

DoSM for people aged 15 to 75 and 10 to 50 for males and females, respectively.

In addition, children aged 0 to 10 years in our mean coherent forecasts reduce

more rapidly than the DoSM from 2020 to 2030 for both males and females.

Consequently, these results change the 2030 pyramid shape to more rectangular

than its shape in 2020, indicating the Malaysian population is rapidly ageing.
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(a)

(b)

Figure 3.8: Malaysian long-term age-speci�c population forecasts by
gender in absolute numbers. In year 2020 (a), the mean coherent fore-
casts (blue lines) are slightly larger than that of the medium variant
projection from the DoSM (black lines) for both genders in most of the
age groups. In year 2030 (b), the mean coherent forecasts are clearly
larger than the DoSMwith the number of children in the mean coher-
ent forecasts substantially lower than the DoSM. There is signi�cant
change in the Malaysian population structure from approximately tri-
angle in 2020 to a more rectangular shape in 2030, showing a clear sign
of population ageing.
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3.6.2 Age-speci�c long-term population forecast by ethnic-

ity

The age-speci�c sub-population forecasts by ethnicity and its population ageing

indicators are given in Appendices 3.B.4 to 3.B.12. Not a great deal of di�erence

appears between our mean coherent forecasts and the medium variant of the

DoSMprojections for each ethnic group.

Population pyramids for each ethnic group, and by gender are presented in

Figure 3.9. There is no signi�cant di�erence between the DoSM (black lines) and

the mean coherent methods (blue lines) for forecast years 2020 and 2030. We

found that the medium variant of the o�cial projection will fall within the coher-

ent forecast high and low prediction intervals in the majority of sub-populations:

Malay males, Chinese females, Indian males and Indian females.

The national ageing benchmark indicates Malaysia will become an aged country

by 2030, with the elderly constituting 15% of the total population (Ambigga

2011, Forsyth & Chia 2009, Ong 2002). However this indicator does not re�ect

the ageing of ethnic groups. Each ethnicity has unique demographic component

characteristics. The Malay elderly population is expected to grow at signi�cantly

slower rate than that of the Indian and Chinese elderly. This result re�ects the

higher observed mortality rates among Malays especially those in the accident

age group. Based on our forecast, the Malay male elderly will only reach the

aged population status (15% of Malay male population) in 2040 whereas for

Malay females, the percentage of elderly attains only 13% of the Malay female

population in the same year.

In contrast to Malays, the Chinese population is ageing rapidly. The Chinese

have reached the aged population status in 2016 for both genders. In 2040, this

percentage increases substantially to 23% of the total Chinese population. The

rapid pace of population ageing among Chinese can be clearly seen in Figure

3.9c and 3.9d. The Chinese population pyramids appear to be more rectangular

compared to the Malay's population pyramids in Figures 3.9a and 3.9b. These

results are mainly due to he Chinese having the lowest mortality level among

the three ethnic groups, as well as their total fertility rates having decreased

and reached below the replacement ratio since 2006. The Indian population also

ages at a more rapid pace than Malays but slower than Chinese. The Indian

population is expected to reach 15% of its population by 2028 and 2022 for males
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and females. In 2040, the percentage of Indian male elderly will constitute 19%

of the male Indian population and the Indian female elderly will represent 23%

of the Indian female population.

Population forecasting by age, gender and ethnic groups is crucial in providing

more detailed information about future population structure. In the context of

long term care, di�erent ethnic group may require di�erent amounts or levels of

care. For example, because the Chinese population will attain ageing status in

2016 and have a longer life expectancy at birth, extra resources are needed to

cater for the demand for long term care from this group.

3.7 Discussion

In this paper, we developed independent and coherent stochastic age-speci�c pop-

ulation forecasts for Malaysia. Each of the demographic components�namely

mortality rates, fertility rates and net international migration numbers�are fore-

cast independently and coherently between sub-populations using the indepen-

dent functional model and the product-ratio coherent model. In addition to

gender coherence, we explored another type of coherency: developed-developing

countries coherence.

There is no clear indication how sub-populations should be treated in the same

group or coherently forecast between each other. Li & Lee (2005) suggested popu-

lations can be grouped together when they have similar socioeconomic conditions

and close connections and geographic proximity. These criteria are usually met

by genders in the same region. Nonetheless, the application of coherent models

has been successfully extended to more than just between genders. Hyndman

et al. (2013) treat coherency between states, Shang et al. (2013) and Li & Lee

(2005) treat coherency between countries and Shair et al. (2015) treat coherency

between ethnicity. One advantage of a coherent model over an independent model

is that it will ensure the forecast of sub-populations in the same group maintains

certain structural relationships�for example, male mortality remains proportion-

ally higher than female mortality�continuing the observed patterns (Hyndman

et al. 2013).

To the best of our knowledge the application of the product-ratio coherent

model between developed and developing countries has not been documented

in the literature before. This paper �lls the gap by coherently forecasting the
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(a) (b)

(c) (d)

(e) (f)

Figure 3.9: Malaysian long-term age-speci�c population forecasts by
gender and ethnicity in absolute numbers. In 2020, there is no signif-
icant di�erence between the mean coherent forecasts (blue lines) and
the DoSMmedium variant projection (black lines) in all ethnic groups.
However, in 2030, signi�cant di�erences can be seen between these two
forecasts for Malay females, Chinese males and Chinese females. The
Chinese population is ageing more rapidly than that of the Malays and
Indians, as evidenced by its more rectangular population structure.
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demographic component rates of a developing country's sub-populations with a

developed country's sub-populations. This type of coherency is motivated by

global mortality and fertility convergence, that is, the mortality and fertility of

developing countries are expected to continue decreasing towards the low levels

that are currently experienced by most developed countries. Further, Li & Lee

(2005), argue it is improper to prepare mortality forecasts for individual national

populations in isolation from one another. Past data have also suggested that

there is strong relationship, between developed and developing countries in that

the mortality rates and fertility rates of the majority of developed countries are

consistently lower to some degree than those of developing countries. Moreover,

Shair et al. (2015) suggest the incorporation of a lower mortality, but same gender,

sub-population in a coherent model is more accurate than a lower mortality, and

opposite gender, sub-population. As a result, we combined the demographic

component rates of Malaysian males with Australian males and Malaysian females

with Australian females to forecast Malaysian males and female rates.

In order to forecast the age-speci�c population that accounted for all the

three demographic components, the independent functional population forecast-

ing framework from Hyndman & Booth (2008) was adopted. This method is

preferable to other methods because the �exibility of the model allows di�erent

characteristics of the three demographic components through the use of the Box-

Cox transformation. The functional independent model was proposed by Hyn-

dman & Ullah (2007), which extended the original Lee & Carter (1992) model.

This model allowed for more than one principal component variable compared

to Lee & Carter (1992) which included only one variable of decomposition. The

use of more than one component is crucial, especially when the �rst component

explains only a low percentage of variation. The additional number of principal

components leads to more accurate forecasts.

In this paper, Hyndman & Booth (2008)'s framework was extended to the case

of fully coherent stochastic forecasting. The coherent stochastic population fore-

casting model adopted used the product-ratio model from Hyndman et al. (2013)

to forecast Malaysian sub-populations' mortality, fertility and net migration. Our

developed-developing coherence modelling employed Australian data as the refer-

ence country with lower mortality and fertility�possible extensions of this work

include incorporating other countries' sub-populations with lower mortality and

fertility, especially those within the same Asian region.
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The out-of-sample population forecast errors reported in section 5 indicated

the developed-developing countries coherence model worked well in forecasting

Malaysian male and female demographic components. The model outperformed

the independent and gender-coherence models for both genders. Nevertheless, al-

though Australian demographic rates served as good reference rates for Malaysia,

we found that careful attention must be paid as to how the mortality or fertility

trends of both countries changed over time. For instance, when we used unlagged

data in the developd-developing countries coherence model with all three demo-

graphic components we obtained the highest forecast errors for both males and

females and signi�cantly over estimated the life expectancy at birth for males.

Such errors were due to an increasing mortality di�erential between Australian

males and Malaysian males over the �tting period�the coherent model works

best when the di�erence is constant. Indeed, the application of a lagged series

of Australia data resulted in a substantial improvement in forecast accuracy over

the no lagged data model. It is apparent that, although low reference mortality

and fertility rates may be useful in forecasting Malaysian sub-populations, accu-

rate population forecasts are achievable only through careful choice of the �tting

period.

Our �ndings suggest the developed-developing countries coherence population

models also worked well for three out of six Malaysian ethnic sub-populations:

Chinese males, Chinese females, and Malay females. For the other ethnic sub-

populations their unique demographic component characteristics render what is

suitable for one group not suitable for another. Even though the developed-

developing countries coherence model produced the most accurate forecasts for

Malay females, it did not produce the same result for Malay males. For Malay

males, it seems that Chinese male mortality is more suitable than that of Aus-

tralian males to act as the reference mortality rates given that the ethnic co-

herence model outperformed the developed-developing countries model for Malay

males.

Our �ndings support the view that an accurate mortality model plays a big role

in producing accurate population forecasts�the mortality model that produced

the most accurate ASDR forecast eventually will also produce the most accurate

population forecast. On the other hand, the impact of fertility modelling on the

population forecast was less crucial as we found that the most accurate fertility

model did not necessarily yield the most accurate population forecast. Although
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in this instance the accuracy of the fertility model was less important, careful

attention must nevertheless be given to how the fertility structure may change

in the future. That is, in addition to the observed time series pattern, experts'

opinions and judgments about the future fertility trend are also important. For

instance, although the independent model was used to produce the most accurate

forecast for Malaysian females, this model produces linearly decreasing forecast

values which are substantially lower than that of the low assumption of the of-

�cial projection. The time series independent model was unable to predict such

structural changes as they occur outside the estimation period. However, our re-

sults suggest that this problem can be minimised using the developed-developing

countries coherence model. This model produces long-term TFR forecasts that

are closer to the o�cial projection range. Indeed, a useful future research task is

to develop a fertility model for Malaysia which captures structural change over

the years.

The results in this paper show that the net international migration of Malaysia

can be modelled coherently with reference to the net international migration

of Australia. We found that the most accurate out-of-sample Malaysian male

and female forecasts used the developed10 and developed20 coherence models in

forecasting Malaysian male and female net international migrants. Australian and

Malaysian net international migration numbers can be coherently modelled for

two reasons. First, both countries are receiving and sending out migration nations

with the observed number of immigrants exceeding out migrant for working-age

groups (Figure 3.4). Second, the Malaysian and Australian population is expected

to continue ageing as a result of a decrease in mortality and fertility. Hence it is

reasonable to conclude that these countries will open their doors to immigrants

to avoid the labour shortages amongst the working-age population.

Applying the developed10-developing coherence model in forecasting the future

Malaysian male and female population resulted in our mean coherent stochastic

population forecasts ageing at more rapid rate than those of the DoSM medium

variant population projections. For instance, in comparison with the DoSM our

forecasts show that Malaysian older males aged 60 years and above will reach 15%

of the male population �ve years earlier�in 2034. The forecasts of working age

population is higher, while the number of children is lower than that of the DoSM

projection. The forecast life expectancy at birth in 2040 is 81.7 years for females

and 76.7 for males. This is equivalent to the life expectancy at birth of Australian
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females and males in 1998 and 2000, respectively. Although the out-of sample

forecast evaluation indicated that the developed10-developing countries coherence

population model outperformed other methods, it is impossible to say that the

same model will be more accurate than that of the DoSM for these long-term

population forecasts. Future work monitoring the performance of our long-term

coherent population forecasts against that of the DoSM would be useful.

3.8 Conclusion

In this research we jointly forecast Malaysia's sub-populations with reference to

Australian sub-populations using the developed-developing countries coherence

model. The demographic component rates, including mortality rates, fertility

rates and net-international migration numbers, of Malaysian males and females

and Australian males and females were coherently forecast using the product-ratio

method from Hyndman et al. (2013). The forecast values of each component were

then combined using the cohort component method of population projection, to

obtain age-speci�c Malaysian male and female forecasts.

Results showed that the developed-developing countries coherence model suc-

cessfully out-performed the gender coherence model and the independent model

for Malaysian males and Malaysian females. This result con�rms Shair et al.

(2015)'s �ndings that coherent models have the potential to be more accurate

than independent models, provided an appropriate type of coherency is chosen.

In this case we found that developed-developing countries coherence was better

than gender coherence. In addition, the developed-developing countries coher-

ence model produced the most accurate forecasts for three out of six Malaysian

sub-populations by ethnicity and gender�for Chinese males, Chinese females and

Malay females.

Nevertheless, careful attention must be given to choosing the �tting period

for Australian mortality, given that the short-term accuracy of coherent models

appear to be strongly in�uenced by the constant di�erential of mortality rates

between sub-populations. That is, it was found that the developed-developing

countries coherence with no lag estimation period for Australia mortality data

produced the highest ASDR forecast errors for Malaysian males compared to

other models and substantially over estimated the life expectancy at birth of

Malaysian males. This error, however, reduced signi�cantly when 10-year lagged
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data was used in the developed10-developing countries coherence model. Thus,

Australian sub-populations can be good reference rates in forecasting Malaysian

sub-populations, but careful attention must be paid how the structure of the

demographic components of both countries change over time.

We leave to future work the exploration of using other countries, preferably

low mortality and fertility countries, to determine the best reference rates for

Malaysian sub-populations. The task of exploring for which countries Malaysian

demographies could serve as a worthwhile reference, too, remains.
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3.A Interpolation coe�cients for the Karup-King

four-term third-di�erence formula

Table A1: Subdivision of quinquennial group into �fths. Source: Bijak
& Kupiszewska (2008)

First group N0

N0 N1 N2

�rst �fth +0.344 �0.208 +0.064
second �fth +0.248 �0.056 +0.008
third �fth +0.176 +0.048 �0.024
fourth �fth +0.128 +0.104 �0.032

last �fth +0.104 +0.112 �0.016
Middle group Ni

Ni−1 Ni Ni+1

�rst �fth +0.064 +0.152 �0.016
second �fth +0.008 +0.224 �0.032
third �fth �0.024 +0.248 �0.024
fourth �fth �0.032 +0.224 +0.008

last �fth �0.016 +0.152 +0.064
Last group Nk

Nk−2 Nk−1 Nk

�rst �fth �0.016 +0.112 +0.104
second �fth �0.032 +0.104 +0.128
third �fth �0.024 +0.048 +0.176
fourth �fth +0.008 �0.056 +0.248

last �fth +0.064 �0.208 +0.344
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3.B Malaysian age-speci�c population forecasts

3.B.1 Malaysia female population forecasts



CHAPTER 3. PAPER 2 89

3.B.2 Malaysian male population forecasts
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3.B.3 Malaysian female (a) and male (b) population ageing

indicators

(a)

(b)
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3.B.4 Malaysian Malay female population forecasts
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3.B.5 Malaysian Malay male population forecasts
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3.B.6 Malaysian Malay female (a) and male (b) population

ageing indicators

(c)

(d)
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3.B.7 Malaysian Indian female population forecasts
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3.B.8 Malaysian Indian male population forecasts
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3.B.9 Malaysian Indian female (a) and male (b) population

ageing indicators

(e)

(f)
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3.B.10 Malaysian Chinese female population forecasts
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3.B.11 Malaysian Chinese male population forecasts
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3.B.12 Malaysian Chinese female (a) and male (b) popu-

lation ageing indicators

(g)

(h)
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Abstract

This paper projects the number of elderly Malaysians who are disabled and require

long term care up to the year 2040. The transition probabilities of lives becoming

disabled and the extent to which they are disabled is estimated using the approach

of Rickayzen & Walsh (2002). We extend this model to include an alternative

method for mortality improvement�the so-called developed-developing countries

coherence model�in projecting the Malaysia elderly by disability levels. Results

indicate that in comparison to 2010, the projected number of disabled elderly

Malaysian by gender and disability levels will be more than triple by 2030. The

associated costs of public long term care relative to 2012 are projected to double

in real terms by 2030. In addition, the cost e�ectiveness of public residential care

and nursing home care is evaluated and compared with an older nation, Japan.

Results suggest that the public nursing home care program in Malaysia may not

be cost e�ective.

100
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4.1 Introduction

Population ageing a�ects long term care systems, particularly in terms of demand

and its associated costs. Malaysian mortality and fertility is projected to decrease

over the next few decades, exacerbating population ageing. Goh & Lai (2013)

argues Malaysia will become an aged society by 2030�that is, when older adults

aged 60 years and above reach 15% of the total population. This benchmark,

has, however, already been met by the Chinese population; it is forecast to be

aged in 2016 (Hassan 2012, Shair et al. 2016). These population changes, and

the fact that the ageing process varies by ethnicity, pose great challenges to the

government in implementing prompt and adequate provision of long term care.

An increasing proportion of older people may translate to more demand for

long term care due to the higher prevalence of disability amongst the elderly

(Goh & Lai 2013, Pollard 1996). Although more than two-thirds of the elderly

Malaysian receive care from their family members, this form of care may no

longer be su�cient in the near future (Vanzo & Chan 1994). The availability

of traditional family care for the disabled elderly is shrinking due to a constant

decline in births and urbanisation (Ong 2007, Dahlan et al. 2010). This issue has

been extensively debated by researchers, with many of them demanding changes

in Malaysia's current long term care programs (Ambigga 2011, Mafauzy 2000,

Dahlan et al. 2010, Li & Khan 2012). However, the Malaysian government has

yet to design a national policy exclusively on long term care (Ong 2002).

The provision of long term care is costly. Hence, accurate estimates of the

number of people who are likely to need long-term care are important (Rick-

ayzen & Walsh 2002). To the best of our knowledge, no such number exists for

Malaysia. This paper seeks to �ll the gap and aims to provide some answers to

the following two broad research questions. Firstly, what is the likely number of

elderly requiring long term care in the future and what are their associated costs?

Secondly, how e�ective are the current public long term care programs provided

by the Malaysian government?

In order to estimate the likely number of people in Malaysia requiring long
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term care over the coming decades, we follow Rickayzen & Walsh (2002) to de-

termine the transition probabilities of disablement and its extent. Leung (2004)

used similar methods for Australia. We extend both Rickayzen & Walsh (2002)

and Leung (2004) by using an alternative method for mortality improvement�

a developed-developing countries coherence model. In addition, we include an

economic evaluation of long term care programs provided by the Malaysian gov-

ernment and compare its e�ectiveness with an Asian developed country, Japan.

This paper is organised as follows. Section 4.2 provides a review of the litera-

ture on Malaysia's currrent long term care programs, the methods to estimate the

likely number of people requiring long term care, the economic evaluation of long

term care programs. Section 4.3 describes the data used for this research. Meth-

ods used in the multiple state modelling and cost utility analysis are described in

section 4.4. Section 4.5 provides results and analysis. Section 4.6 concludes.

4.2 Literature Review

4.2.1 Malaysian long term care

Malaysia's public long term care is a safety net program that provides welfare for

very poor older people (income below a speci�ed threshold). The public programs

include both formal and informal care, which are summarised in Table 4.1.

In 2012 the formal care programs included 11 care institutions for the elderly

which comprised nine residential homes and two nursing homes. Residents of

these institutional homes are elderly age 60 and above, the majority of whom do

not have family members or caregivers to provide care. While residential homes

accept only those who are independent enough to take care of themselves, nursing

homes provide care intensively around the clock to more severely disabled older

adults.

For informal care, monthly cash payments are given to caregivers or family

members of poor elderly with income below a threshold. In addition, day care

centres may exist within the community to provide temporary care services for

elderly parents while their children are at work. Up until 2016, there has been no

formal funding for Malaysian long term care. Nevertheless the costs of receiving

care from these public institutions are fully subsidised by the government1.

1 All information regarding the Malaysian public long term care system were obtained from
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Table 4.1: Existing Malaysian public long term care programs which
include formal care (residential care and nursing home care) and in-
formal care (home care and community care).

Type of care Description
Residential formal care
(�Rumah Sri Kenanga�)

Provides a home for elderly who are
aged 60 years and above, below the in-
come threshold and have no family to
provide care. Must be independent or
require low level of care to perform the
activities of daily life.

Nursing Home formal care
(�Rumah Ehsan�)

Provides a home and extensive care for
elderly aged 60 years and above, below
the income threshold and have no fam-
ily to provide care. Patients have high
levels of disability and are dependent
on care around the clock.

Cash payment for home
care

Provides a monthly cash allowance to
caregivers among family members to
poor elderly who have income below the
threshold.

Day care centre in the
community

A community care setting which pro-
vides temporary care during the day-
time.
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Data indicates that the availability of public care is very limited covering up

to only 0.09%2 of the total elderly population nationwide. This low level of

coverage was meant to only provide bene�ts for the destitute group3. Current

government policy on long term care puts strong emphasis on family members

being responsible for older people. There is some economic motivation in the

form of a tax deduction of MYR$1,000 (USD$247)4 for medical expenses incurred

by ones parents and MYR$3,000 (USD$741)4 deduction for the purchase of any

necessary basic supporting equipment for disabled parents (Vanzo & Chan 1994).

This is clearly consistent with the government's stand on encouraging family

support for the elderly�the government steps in mainly when family support is

not feasible.

Despite the informal care incentives, the demand for formal or institutional

care from the private sector has grown substantially over the years. The number

of private nursing homes has increased from 50 in 2005 to 209 in 2007, an increase

of 108% per year. The average monthly cost per person for private nursing home

care ranges from MYR$2,000 (USD$493)4 to MYR$5,000 (USD$1,235)4 (Dahlan

et al. 2010). Relative to the restricted coverage of public long term care, together

with a decrease in births and an increase in labour force participation rates among

females, the demand for these private nursing home care places is expected to

continue increasing sharply into the future (Choo et al. 2003, Li & Khan 2012).

In addition, �ndings from Vanzo & Chan (1994) suggest that the number of

children signi�cantly and positively a�ect the choice of living arrangement of an

elderly parent�a decrease in the number of children reduces the likelihood of

an elderly parent co-residing with his or her adult children, hence decreasing the

the Ministry for Women, Family and Community website at http://kpwkm.gov.my. The Social
Welfare department under this ministry is responsible for providing all public social programs
for the elderly.

2The report from the Operational Assistant Director of Social Welfare Department in 2012
indicate 2,084 elderly people were living in public institutions in total which 1,847 of them
were living in residential care and 237 were living in nursing home care. Out of the 2,084
elderly, 1,247 were males and the remaining 837 were females (Hargaemas 2012). The age-
speci�c population estimates from the Department of Statistics Malaysia indicate that the
total population of the elderly in 2012 was 2,364,300 with 1,153,500 being males and 1,210,800
being females (Hassan 2012). Hence the total number of residents (2,084) divided by total
number of elderly (2,364,300), yields 0.09%.

3Extremely poor with income less than MYR$499 (USD$123)4 per month (Economic Plan-
ning Unit 2014)

4The conversion of Malaysian Ringgit to US Dollars is based on
http://www.xe.com/currencyconverter as at 23rd of September 2015.
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chance of getting informal care from them. Therefore, pressure is likely to emerge

in the future for policy changes to increase public provision of long term care.

Private long term care insurance does not currently exist in Malaysia. While

the poorest elderly depend on public long term care bene�ts, the middle and

high income elderly can obtain care from private nursing home care services at

their own cost. Otherwise, elderly parents may get informal care from their

children�but its availability has reduced over the years. This informal care is

also costly, given that all medical and care costs are borne by the elderly or

their children. Juggling full time work and care is also a di�cult task. In some

cases, children have to quit their permanent job or convert it to part-time in

order to provide care for elderly parents. Carers Australia (2015) found that for

Australia, the cost of replacing the care provided by unpaid family carers with

services supplied by formal care providers would be more than AUD$30.5 billion

each year. Thus, availability of private long term care insurance in the market

may reduce the cost burden of long term care. Although private long term care

insurance does not exist in Malaysia and is underdeveloped in most countries, it

has been successfully implemented in France (Browne 2011). Alternatively, other

funding methods used internationally such as social insurance in Japan (Mitchell

et al. 2007, Ihara 2011), or savings from annuities like in Singapore (Choon 2008)

may provide good examples for Malaysia.

4.2.2 Disability modelling

Estimating the number of people who will require long term care faces two main

challenges, namely the uncertainty about the magnitude of demographic change

and the evolution of disability levels by age (Kudrna et al. 2013). In order to

address the �rst, demographic assumptions about the future population�such

as low, medium or high fertility, survival and net immigration�can be applied.

Alternatively, stochastic approaches which simulate the future sample paths of

each of fertility, survival and net immigration, based on the past time series data

distributions, can be adopted (Hyndman & Booth 2008, Shair et al. 2016). As for

the second challenge, the transition rates from healthy to disabled or from mild

disability to more severely disabled can be estimated using the multiple state

model (Haberman & Pitacco 1998)

The estimation of transition probabilities across disability states (for example,
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healthy person becoming disabled or a moderately disabled person becoming

severely disabled, and so on) requires national longitudinal data, which records

the disability status of an individual at two points in time using two consecutive

surveys (Hariyanto et al. 2013). Since we are most interested in estimating the

probabilities of transition from one year to the next, ideally the survey should be

taken annually. Nevertheless, longitudinal data is often unavailable, or limited to

a smaller population, in many countries�including Malaysia. One may use other

countries' longitudinal survey data, such as National Long Term Care Survey

in the U.S. but it may well misrepresent the disability status of the Malaysian

population.

In order to address such data limitations, Rickayzen & Walsh (2002) developed

a method for estimating the transition probabilities of disablement using cross

sectional data which measures the disability status of individuals only at one

point in time. They built a functional form for the transition probabilities in a

multiple state model. Parameters in the model are estimated in such a way that

the initial prevalence rates are replicated over a one year period. This model

was used to project the number of people in a variety of disability categories to

indicate the future long term care needs of the U.K. population.

Leung (2004) used the Rickayzen & Walsh (2002) model to project the likely

number of people requiring long term care using Australia's data and proposed

some modi�cations. Instead of using age 20 as the beginning age, his model covers

all ages to allow disabilities that may have arisen at earlier ages. Leung (2004)

also proposed di�erent functions for mortality and disability improvement using a

method from the Continuous Mortality Investigation Bureau (1999). In addition,

the application was extended to estimate associated long term care costs.

Hariyanto et al. (2013) also adopted the same model framework to estimate

the transition probabilities across levels of disability for Australia. As opposed to

Leung (2004), who used 1998 data, Hariyanto et al. (2013) used more recent 2003

data. Interestingly, the model made use of two consecutive available disability

prevalence rates in 1998 and 2003 to obtain the prevalence rates in every year

from 1999 to 2002. Bueno (2013) showed that the same model is applicable

to a developing country, Brazil. However, several formula and parameters were

adjusted to accommodate Brazilian disability data.

This paper will implement a similar Rickayzen & Walsh (2002) multiple state

model, but for the case of Malaysia. Transition probabilities across disability
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levels for those who are aged 60 and above will be estimated. Model outcomes

are then used to project the number of elderly Malaysian according to four dis-

ability states�able, mild, moderate and severe. Similar to Leung (2004) and

Bueno (2013), we use the reduction factor method from the Continuous Mortal-

ity Investigation Bureau (1999) report of the Institute and Faculty of Actuaries

to project mortality improvement for future years. However, we extend the pro-

jection method to include another version of mortality improvement by using

the developed-developing countries coherent model. This model is based on the

product-ratio coherent model from Hyndman et al. (2013) which is an extension

of a well known method in the mortality literature, the Lee & Carter (1992)

model. This method incorporates both Malaysian male and Australian male (or

Malaysian female and Australian female) mortality rates in the same model and

coherently forecasts the sub-populations' mortality rates. The reason why we

make use of Australia's mortality rates in estimating Malaysia's mortality im-

provement is because Malaysian mortality is decreasing and expected to reach

the low levels which most developed countries, including Australia, have already

experienced. Furthermore, this method was found, under certain circumstances,

to be more accurate than a variety of other mortality forecasting models for

Malaysia (Shair et al. 2016). To achieve such results, Australian male and female

mortality rates were lagged by 10 years before �tting the model. That is, if the

Malaysia �tting period is from 1970 to 1990, then Australian observed data from

1960 to 1980 are used.

4.2.3 Economic Evaluation of Long Term Care

Changes in demographic characteristics, social structure and economic status

have shifted the direction of care of the elderly people in Malaysia away from

the family (Dahlan et al. 2010). According to Dahlan et al. (2010) elderly people

living in institutions experience negative e�ects on health and well-being as the

institutional environment creates dependency and o�ers less privacy. Thus, the

estimation of the level of life satisfaction or quality of these elderly and its cost

is important in evaluating the e�ectiveness and e�ciency of modes of long term

care.

While Dahlan et al. (2010) used the Satisfaction with Life Scale (SWLS) to

measure the average life satisfaction of elderly people in public long term care in-
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stitutions, this paper will use a generic health-related measurement method, EQ-

5D, to measure the quality adjusted life years (QALYs) of the elderly Malaysian

living in institutions. In addition to QALYs, cost utility analysis is also important

to identify how e�cient current programs are in improving the quality of life of

the elderly.

Drummond et al. (2005) pointed out that economic evaluation is a family

of analytic techniques which are designed to compare two or more alternative

courses of actions in terms of costs and outcomes. In the health care �eld, the

most common form of economic evaluation method is cost-e�ectiveness analysis

(CEA) which compares standard care with alternative care in terms of costs and

e�ects. E�ects are not expressed in monetary term as in cost-bene�t analysis

(CBA), but forms such as life years gained. Long term care di�ers from health

care because of the nature of the need it meets. Rather than treating acute health

problems, it encompass personal and nursing care. Quality of life of older adults

improves if intervention can improve the disability or physical impairment (Eisen

& Sloan 1996)

Cost utility analysis (CUA) is another type of economic evaluation that mea-

sures the bene�ts gained in terms of improved health or quality of life and, as

such, is a narrower approach than CEA. This quality of life improvement can

be estimated using a well known tool, namely QALYs (Makai 2014). QALYs are

arrived at by adjusting the length of time a�ected by the health outcome with a

health related quality of life (HRQoL) or health utility index, ranging from 0 to

1. This HRQoL index can be measured using EQ-5D: a generic measuring pref-

erence instrument based on individuals' health attributes. Section 4.5 discusses

the EQ-5D measure in detail.

Bulamu et al. (2015) suggest the most commonly applied generic instrument

in both community and residential care among older adults aged 65 and above

was EQ-5D. Makai et al. (2014) found that the most useful instrument for eco-

nomic evaluation in services aimed at older people is ASCOT, which measure

the well-being and elements of the health status of the elderly. However, in or-

der to capture the full health dimension of participants, ASCOT must be used

along with EQ-5D. The EQ-5D instrument is available for many countries�Yusof

et al. (2012) developed the EQ-5D value set for Malaysia. Thus, this paper will

adopt the EQ-5D instrument as the tool to measure the HRQoL index of elderly

Malaysian in residential care and nursing home care.
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The results of CUA are typically expressed in term of costs per QALY gained

by taking one program instead of another. Alternatively, the costs per QALY of

one program can be compared with societal willingness to pay (WTP) for health

care interventions. One program or intervention is considered e�ective if the cost

for a QALY falls within the WTP range (Sha�e et al. 2014)

4.3 Data

The multiple state model used to estimate the number of elderly Malaysian in

need of long term care requires disability single year data by gender and disability

levels. Malaysian disability data can be obtained from the National Health Mor-

bidity Survey (NHMS ) which is conducted once every 2 years. Unfortunately, at

the time when we conducted this research, data according to disability severity

levels were not available from this survey. These data were necessary to estimate

the transition probabilities across disability levels, for example, from the able to

mild, from mild to severe, etc. To overcome the limitations of the NHMS data,

we used the WHS (2002), conducted by the Word Health Organization (WHO),

to estimate the age and gender speci�c disability prevalence rates segregated by

severity levels.

The WHS survey was carried out in all states of Malaysia in 2002. This survey

is part of a larger project of the World Health Organization (WHO), in which

many other member countries were included. The WHS (2002) sample consists

of 6,037 Malaysians over the age of 18. There are nine main sets of questions,

however we gather data from only question 2, which refers to the individual's

health state description. There are �ve possible answers for every question: 1

is very good, 2 is good, 3 is moderate, 4 is bad and 5 is very bad. We recode

the answer to represent disability levels such that 1 is �able�, 2 is �mild�, 3 is

�moderate� and as data for 5 are very small, we combine these with 4 and recode

as �severe�.

To estimate the prevalence rates of disability for Malaysia, we collected data

primarily from the following three questions,

� q2010: �Overall in the last 30 days, how much di�culty did you have with

moving around?�,

� q2020: �Overall in the last 30 days, how much di�culty did you have with
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Table 4.2: Malaysian age-speci�c disability prevalence rates calculated
from WHS (2002) data per 1,000 males. The able prevalence rates
decrease as age increases, whereas the severe prevalence rates increase
as age increases.

Age Able Mild Moderate Severe

18 904.42 81.15 11.52 2.91
25 878.04 100.75 18.24 2.98
30 868.32 101.59 22.95 7.14
35 875.40 104.21 18.78 1.61
40 882.74 97.52 13.46 6.27
45 873.57 88.92 27.88 9.63
50 834.10 130.95 29.12 5.83
55 801.19 140.03 42.38 16.73
60 772.90 153.17 53.66 20.27
65 659.21 233.69 76.51 30.58
70 594.94 258.81 114.01 32.24
75 569.10 275.37 90.16 65.36
80 476.61 290.14 122.96 110.29

self care, such as washing or dressing yourself?�,

� q2050: �Overall in the last 30 days, how much di�culty did you have with

concentrating or remembering things?�.

The above three questions were chosen so that our disability data describes people

in need of long term care services. Following Chan et al. (2004), people requiring

long term care are those with mobility and self-care limitations or with cognitive

impairment. Leung (2004) used the core activity restrictions (CAR), including re-

strictions relating to mobility, self-care and communication, to generate disability

data.

Data for each question were aggregated according to age group, gender and

disability level and then divided by the total exposure to estimate the prevalence

rates per 1,000. The prevalence rates of the three questions were then averaged

to obtain the prevalence rates for Malaysia by age and severity levels for males

and females as in Tables 4.2 and 4.3, respectively.

In order to establish the reliability of the calculated WHS (2002) disability

prevalence rates, we compared the rates with the published prevalence rates from

the disability study of Chen et al. (1983) conducted in a small district area in
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Table 4.3: Malaysian age-speci�c disability prevalence rates calculated
from WHS (2002) data per 1,000 females. Similar to males, the able
prevalence rates decrease as age increases, whereas the severe preva-
lence rates increase as age increases.

Age Able Mild Moderate Severe

18 906.70 83.01 7.95 2.74
25 899.42 84.58 13.48 2.52
30 866.23 103.57 26.32 3.88
35 870.77 101.09 26.09 2.05
40 876.73 105.11 11.59 6.57
45 881.22 74.44 32.36 11.97
50 809.04 143.37 43.89 3.70
55 778.81 146.48 51.87 22.85
60 716.96 196.36 67.15 19.53
65 583.61 279.21 89.73 47.45
70 553.53 264.12 147.65 34.71
75 466.40 345.16 133.00 55.44
80 518.25 238.10 101.65 142.00

Malaysia called Kuala Langat in 1981. See Figure 4.1 for the comparison between

WHS (2002) and the Kuala Langat prevalence rates. The two prevalence rates

are broadly similar for ages 50 years and below. For ages above 50, Kuala langat

disabled rates increased more rapidly than WHS (2002) and intersect the able

rates at the age of 60, compared to WHS (2002) estimates that intersect at a

later age, which is at age 75. We suggest two possible reasons why Kuala Langat

disabled and abled prevalence rate increased and decreased at more rapid rates

than that of the WHS (2002). First, the Kuala Langat survey was conducted in

1981, 22 years before the WHS (2002) survey. We know the mortality of earlier

years was higher than recent years. And, as disability and mortality are usually

positively correlated, one would expect disability in 1981 to be higher than that

2002. Second, the Kuala Langat respondents were restricted to a small rural

area, which may lead to higher disability compared to the WHS (2002) survey

that covers the nationwide population. It seems reasonable, then, to adopt the

calculated WHS (2002) prevalence rates in the multi-state model to project the

number of elderly Malaysian according to their disability categories.

The calculated WHS (2002) prevalence rates from Tables 4.2 and 4.3 show that

the able rates decrease as age increases and the disability prevalence rates gen-
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(a)

Figure 4.1: A comparison between the estimated WHS (2002) dis-
ability prevalence rates (solid lines) and the published Kuala Langat
disability prevalence rates which conducted in year 1981 (dashed lines).
We can see that both prevalence rates are approximately similar for
people age 50 and below.

erally increase as age increases. These trends appear in both males and females.

The increase in disability prevalence rates for both males and females is consid-

erable for the severe group. For example, the rate more than triples between 50

to 55 and 75 to 80. In comparison to males, female prevalence rates for mild,

moderate and severe categories are higher for age 50 years and above, but lower

for ages below 50.

Next, we will describe data used to perform the economic evaluation of long

term care programs. This paper adopts cost utility analysis, which measures costs

per QALY. Costs data from the budget announced by the minister were used in

the numerator5. For calculating QALY, in order to be consistent with the EQ-5D

instrument, we use the same WHS (2002) data but include more questions. The

EQ-5D is a generic measurement of health-related quality of life which includes

�ve dimensions: mobility, self-care, usual activities, pain and discomfort and

anxiety and depression. Each of the dimensions has three levels including �no

problems�, �some problems� and �major problem�. Questions that we chose to

represent the corresponding �ve dimensions are as below.

5We used the report from the minister of Women, Family and Community, Datuk Heng Kai
See, in 2012, government spent MYR$26.79 millions (USD$6.49 millions) for public residen-
tial care for elderly and MYR$5.8 millions (USD$1.41 millions) for public nursing home care
(Bernama 2012).
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� q2010: �Overall in the last 30 days, how much di�culty did you have with

moving around?�,

� q2020: �Overall in the last 30 days, how much di�culty did you have with

self care, such as washing or dressing yourself?�,

� q2060: �Overall in the last 30 days, how much di�culty did you have with

personal relationship or participation in the community?�,

� q2030: �Overall in the last 30 days, how much of bodily aches or pains did

you have?�,

� q2090: �Overall in the last 30 days, how much of a problem did you have

with feeling sad, low or depressed?�.

All �ve answers were combined to get an individual's EQ-5D health state. For

example, if someone answered 1 for all questions, then his EQ-5D state was

11111�that means he was in a full health state with no problem for all �ve

dimensions. A person with health state 21111 had some di�culties with mobility

but otherwise no problems. The �ve dimensional health state is then transformed

into an index referred to as the health related quality of life (HRQoL) or health

utility score. This score acts as a direct measurement of an individual's overall

health and referred to as QALYs. The method to calculate the health utility score

will be described in detail in section 4.5.

4.4 Projection of elderly Malaysians by disability

category

4.4.1 Multiple state model

The estimation of transition probabilities between several disability states fol-

lowed the multiple state modelling framework from Rickayzen and Walsh (2002).

Some formula and parameters were adjusted accordingly to suit Malaysian data.

The model was applied to Malaysian prevalence rate of disability segregated ac-

cording to age, gender and disability levels.

We included four disability states, namely able, mild, moderate and severe,

and one absorbing state, death, in the model. Each disability state was denoted

by j : j=0 to 3, where 0 represented the able/healthy state, 1 was mild, 2 was
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No restric-
tion/able
(j = 0)

Mild (j = 1)

Moderate
(j = 2) Dead

Severe (j = 3)

Figure 4.2: The multiple state model of disability for the Malaysian
population. The model includes four disability states, including able,
mild, moderate and severe, and one absorbing state, which is dead.
Deterioration from current disability state is allowed to any state as
shown in the diagram, whereas improvement from a current disability
state is allowed to the next less severe category.

moderate and 3 was severe. There were three types of transition probabilities

in the multiple state model, including death probabilities, deterioration proba-

bilities (probabilities of moving to any worse disability state) and improvement

probabilities (probabilities of recovering to a less disabled state or able state).

Similar to Rickayzen & Walsh (2002), Leung (2004) and Hariyanto et al. (2013),

the following assumptions were adopted in the model: 1. Deterioration to any

worse disability state was allowed over a year, 2. Improvement was only allowed

by one category, 3. Only one transition was possible over a one year period. The

probabilities of transitions between the four states which occur within a year are

described in Figure 4.2, the values of those probabilities are given in Appendix

4.A.
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4.4.2 Model �t

The multiple state model comprises three types of probabilities: death, deterio-

ration and improvement. The deterioration probabilities required the estimation

of unknown parameters, whereas death and improvement probabilities were de-

termined separately and included as an input in the �tting process (Hariyanto

et al. 2013).

The deterioration probabilities were split into two parts. The �rst part is

the probability that a healthy person becomes disabled and the second is the

probability that a disabled person deteriorates to a more severely disabled state.

See Section 4.4.4 for the formulation of deterioration probabilities. It is note-

worthy that, the parameters of the deterioration probabilities were estimated

through the �tting of the functional deterioration probability models, in which

the model's prevalence rates were assumed to match the estimated WHS preva-

lence rates reported in Tables 4.2 and 4.3, as well as possible. We assumed sta-

tionary population characteristics when deriving transition probabilities. Similar

to Leung (2004), the optimisation procedure available in Excel's Solver function

was adopted for the �tting process. The sum of the squared di�erence of the

WHS prevalence rates and the model's prevalence rates were minimised. Tables

4.4 and 4.5 present the di�erence between the two sets of prevalence rates which

are expressed in percentage terms.

We can see from the Tables 4.4 and 4.5 that the percentage errors for males

and females appear relatively small across almost all ages and disability states.

Higher errors can only be seen for females aged 70 years old and above. This

result is consistent with Leung (2004) who found poor �t for age 85 and above

for Australian data. Figure 4.3 presents further comparison between the data

and the �tted model. The model prevalence rates and the data prevalence are

generally close to each other, particularly for the able, mild and severe categories.

For the moderate level, we can see that the model's rates could not match the

�uctuating observed trends that occurs at later ages.

Note that the model's prevalence rates in Figure 4.3 are obtained after we

�tted the model and determined parameters. The mathematical formulae used

to estimate the probability of death, probability of deterioration and probability

of improvement are discussed in the next section.
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Table 4.4: The di�erence between the calculated WHS (2002)
Malaysian disability prevalence rate and the model's prevalence rates
for males, (data minus model as a percentage). The model provides a
good �t for males with the percentage of the di�erences between the
two rates being relatively small, less than 5% for all age groups and
disability levels.

Age Able Mild Moderate Severe

18 3.42% �1.91% �0.99% �0.52%
25 �0.78% 1.27% �0.12% �0.38%
30 �1.65% 1.25% 0.34% 0.05%
35 �0.06% 0.83% �0.22% �0.55%
40 2.19% �0.97% �1.04% �0.18%
45 3.29% �3.29% �0.01% 0.01%
50 0.70% 0.00% �0.22% �0.48%
55 �0.08% �0.77% 0.52% 0.37%
60 2.77% �3.09% 0.25% 0.07%
65 �2.23% 1.44% 0.66% 0.12%
70 �1.67% 0.83% 2.04% �1.20%
75 3.56% �0.04% �3.29% �0.22%
80 0.19% 0.01% �2.32% 2.05%

Table 4.5: The di�erence between the calculated WHS (2002)
Malaysian disability prevalence rates and the model's prevalence rates
for females, (data minus model, as a percentage). The percentage dif-
ference between the two sets of rates is relatively small, less than 5%
for all age groups and disability levels, except for the oldest old age
group.

Age Able Mild Moderate Severe

18 4.89% �2.14% �2.11% �0.60%
25 1.87% �0.39% �1.03% �0.45%
30 �1.31% 1.35% 0.26% �0.30%
35 0.33% 0.22% 0.00% �0.55%
40 1.81% �0.01% �1.65% �0.15%
45 3.39% �3.89% 0.17% 0.33%
50 0.56% �0.01% 0.29% �0.84%
55 2.60% �2.89% �0.29% 0.59%
60 1.63% �0.90% �0.37% �0.36%
65 �6.10% 4.53% �0.01% 1.59%
70 �2.90% 0.58% 3.40% �1.08%
75 �4.32% 8.29% �1.18% �2.79%
80 6.87% �0.44% �6.43% 0.00%
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Figure 4.3: The comparison between the calculated WHS disability
prevalence rates (dashed red lines) and the model's prevalence rate
(solid blue lines). The model produces prevalence rates that are gen-
erally close to the data prevalence rates, especially for able, mild and
severe disability levels for both genders. For the moderate level, the
model overestimates rates, compared to the data, at the oldest old
ages.
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4.4.3 The probability of death

The probability of death can be divided into two categories, overall mortality,

Overallmort together with additional mortality, Additionalmort. The overall mor-

tality assumes that people who are in the same age group and gender will ex-

perience the same mortality, regardless of their level of disability. Additional

mortality imposes an extra rate on those who are in the severe disability category

(j = 3), that means the mortality rates of disabled people gets higher as disability

status becomes more severe. The probability of death is given as follows,

Mort(x+ 0.5, j) = Overallmort(x+ 0.5) + Additionalmort(x+ 0.5, j), (4.1)

where Mort(x, j) is the one-year death probability that applies to an individual

aged x in disability state j (j = 0, 1, 2, 3). The Overallmort(x) is the one-year

death probability which applies to any individual aged x regardless of his/her

disability status. These probabilities were obtained from the Department of

Statistics Malaysia (2002). The Additionalmort(x, j) is the one year additional

probability imposed on people who are in the severe disability state j = 3 and is

given by,

Additionalmort(x, j) =
M

1 + 1.150−(x+05)
× max(j − 2, 0)

2
. (4.2)

where M is the maximum additional annual mortality imposed on severely dis-

abled persons. There is a little known about the impact of disability on mortality

in Malaysia throwing up some uncertainties regarding M . Rickayzen & Walsh

(2002) usedM = 0.2 for the UK population whereas Leung (2004) usedM = 0.15

for Australia, followed the value suggested by Society of Actuaries Long-Term

Care Valuation Insurance Methods Task Force (1995). Due to the limited infor-

mation regarding the relationship between the disability and death in Malaysia

we used M values from Hariyanto et al. (2013) for Australia which are M of 0.11

for males and 0.08 for females. Nonetheless, the M values from Hariyanto et al.

(2013) are increased by 40% as we assume death in the severe disability category

in Malaysia is higher than Australia. Thus, the M values adopted for Malaysia

are 0.154 for males and 0.112 for females.
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Table 4.6: The estimated parameters for Newdisabled(x) formula for
males and females

Parameter Males Females

α 0.7888 0.8153
A 0.0097 0.0007
B 1.0598 1.0452
C 98.1510 109.3219
D 0.5382 0.6472
E 52.0239 42.9881

4.4.4 The probability of deterioration

Deterioration is de�ned as the transition from any current state to any worse dis-

abled state. The estimation of deterioration probabilities includes two types of de-

terioration. First, a healthy person becomes disabled, denoted asDeteriorate(x, 0, j)

and second, a disabled person deteriorates to a more severely disabled state, de-

noted as Deteriorate(x,m, n).

The formula for the �rst, which is the probability a healthy person (j = 0) aged

x deteriorates to any disability category j (j = 1, 2, 3), comprises two components,

expressed as below

Deteriorate(x, 0, j) = Newdisabled(x)× Severity(x, j). (4.3)

The �rst component, Newdisabled(x), represents the probability a healthy person

aged x becoming disabled for the �rst time, which can be estimated as follows

Newdisabled(x) = α

[(
A+

D − A
1 +BC−x

)
×

(
1− 1

3
exp

(
−
(
x− E

4

)2
))]

(4.4)

For Malaysian data, we apply the same formula for both males and females.

According to Rickayzen & Walsh (2002), A is the limit of probability of becoming

disabled at young ages and D is the limit of probability of becoming disabled

that would apply at extremely old ages. Parameters B and C determine how

rapidly the probabilities change between the two extreme values, A and D. Age

E identi�es the kink in the new disabled rates after which disability rates increase

dramatically. The estimated parameters for equation (4.4) are given in Table 4.6.

The second component, Severity(x, j), is the probability that a healthy person

aged x deteriorates to a particular disabled state given that he becomes disabled
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Table 4.7: The estimated parameters for Severity(x, j) formula for
males and females

Parameter Males Females

F 0.4110 0.4221
G 1.0824 1.5060
H 81.5673 78.2006

W (1) 0.9654 0.9621
W (2) 0.3741 0.4287
W (3) 0.3342 0.2566
I 2.0998 3.7592

over the year. The formula for Severity(x, j) is

Severity(x, j) =
W (j)× f(x)j−1

Scale(x)
(4.5)

f(x) = P +
1− P

1 +QR−x (4.6)

Scale(x) =
3∑
j=1

W (j)f(x)j−1 (4.7)

where W (n) are category widths designed to allow for some categories having

more people than others. Variables P , Q and R re�ect the age-dependence of

disability and Scale(x) ensures the probabilities sum to one.

The second type of deterioration probability, after that discussed in equation

(4.3), is Deteriorate(x,m, n), which is the probability that a disabled person in

disability state m becomes more severely disabled�moves to state j, j > m�as

follows,

Deteriorate(x,m, j) = Deteriorate(x, 0, j)× Im. (4.8)

Equation (4.8) shows that the probability of a person at disability level m dete-

riorating to level j (j > m) is Im times the probability of that person from the

healthy state deteriorates to disability level j. The parameter values for severity

are presented in Table 4.7.
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Table 4.8: Improvement Rates

Improvement from
mild to

able
moderate
to mild

severe to
moderate

Recovery rate 15.0% 15.0% 12.50%

4.4.5 The probability of improvement

As in Rickayzen & Walsh (2002), Leung (2004) and Hariyanto et al. (2013), our

multiple state model includes the probability that a person who is disabled can

improve his disability condition to a less severe state or the able state. A simple

assumption has been adopted in which the improvement in disability is allowed

to only one less severe category over a year�if and only if he survives and does

not deteriorate to a more severe disability state.

Rickayzen & Walsh (2002) used a constant of 10% as the improvement rate

for every disability category over the period of a year. This paper, however,

follows Leung (2004) in allowing a variable chance of improvement from di�erent

disability states as in Table 4.8.

4.4.6 Projection method

Once the transition probabilities for the model were estimated, the Malaysian

population including disability categories (that is, able, mild, moderate and se-

vere) were projected up to year 2040. Of particular interest were the results for

2030, when Malaysia is expected to become an aged nation (Goh & Lai 2013,

Mahari 2011).

The Department of Statistics Malaysia DoSM has produced o�cial population

projections up to year 2040 (Hassan 2012). However, none of those projections

are segregated according to disability levels and so the initial numbers in each

disability category are lacking. In order to begin the projections, the initial

number of population in each category is estimated in such that the male and

female disability prevalence rates of the model year 2002 are multiplied by the

DoSM age-group total of males and females of the same year. Although the

model prevalence rates are not fully consistent with the data prevalence rates,

the di�erences are assumed to be minimal (Leung 2004).
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4.4.6.1 International migration

We adopt the DoSM ± projection assumptions regarding international migration

in projecting the Malaysian population by disability levels. According to Hassan

(2012), Malaysian population projections from 2010 to 2040, do not account for

in-migration and out-migration of Malaysian citizens due to data limitations.

Therefore, for consistency with this o�cial projection, no migration component

will be included in our projection model.

4.4.6.2 Mortality improvement

The mortality rates used in this projection are based on Malaysian life tables

2002. However, in estimating the mortality improvement over the years, this

paper extends the Leung (2004) projection method to account for two di�erent

types of mortality improvement as follows.

Method 1: Reduction Factor

The �rst method is similar to Leung (2004) and Bueno (2013) which adopt the

reduction factor formula from the Continuous Mortality Investigation Bureau

(1999) of the Institute and Faculty of Actuaries, given as

q(x, t) = q(x, 0)×RF (x, t), (4.9)

where RF (x, t) is the reduction factor for age x at time t. This reduction factor

decreases the mortality rates exponentially towards a limiting value,

RF (x, t) = α(x) + [1− α(x)]× [1− f(x)]
t
20 , (4.10)

where

α(x) =

c for x ≤ 65

1 + (1− c) · (x−125)
65

for x > 65
(4.11)

and

f(x) =

h for x ≤ 65

(125−x)·h+(x−65)·k
65

for x > 65
(4.12)

The parameters c, h and k are estimated based on the death component's as-
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Table 4.9: The estimated parameters of the mortality reduction factor
for males and females

Parameter Males Females

c 0.175 0.176
h 0.441 0.428
k 0.391 0.391

sumption of the DoSM ± projection in which life expectancy at birth of males and

females increases by 0.2 years per year. Thus, the parameters are calculated such

that the mortality rates decrease to reach a certain value which will result in the

life expectancy at birth of 78 years and 83 years for males and females in 2040.

The estimated parameters are shown in Table 4.9. Note that the complete life

expectancy at birth is estimated using the standard life table approach as follows

ex =
1

lx
·

{∑
y≤x

ly −
lx
2

}
. (4.13)

Method 2: The product-ratio coherent approach

Another way to estimate mortality improvement is to use the product-ratio

coherent model from Hyndman et al. (2013). This model evolved from the original

Lee & Carter (1992) modelling framework which makes use of observed time-series

data in estimating future mortality improvement or trends. The product-ratio

model has been successfully applied to both Australia and Malaysia and was

shown to forecast these countries' mortality more accurately the Lee & Carter

(1992) model and other independent models (Hyndman et al. 2013, Shair et al.

2015). Using this approach, two or more sub-populations' morality rates are

combined and jointly forecast to generate non-divergent forecasts between sub-

populations over the long run. Sub-populations can be grouped together by

gender, ethnicity, state and countries.

We use a developed-developing countries coherence to estimate mortality im-

provement for elderly Malaysian. This type of coherency is applied to Malaysian

mortality data due to past data has suggested that the mortality rates of high-

mortality nations have been converging towards lower values at which most low-

mortality countries have experienced in previous years (Wilson 2001). None of the
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mortality forecasting models so far has accounted for this developed-developing

countries coherence. Thus, it is of interest to this study to use this method to

estimate the mortality improvement among disabled elderly Malaysian, using a

low-mortality country, Australia, as reference.

Thus, Australian male and female mortality should be good reference rates for

Malaysian male and female mortality. The two sub-populations' mortality rates

were combined using the product and ratio functions below,

px,t =

[ I∏
i=1

fx,t,i

] 1
I

(4.14)

and

rx,t,i =
fx,t,i
px,t

, (4.15)

where i = 1, 2 . . . , I are the number of sub-populations under consideration

and ft,i,x the smoothed age-speci�c mortality rates for the ith population. As

a smoothing procedure, Hyndman et al. (2013) use weighted penalised regres-

sion splines. A monotonic increasing constraint over time is imposed at age x

and above. The product function px,t is calculated as the geometric mean of the

smoothed rates of the sub-populations which yields the general trend of the sub-

populations. The ratio rt,i,x of one sub-population's rates to the geometric mean

and itself represents the mortality di�erence of a particular sub-population with

the general trend. The details of the method are given in Hyndman et al. (2013).

4.4.6.3 The projection model

Below we outline the method used to project the age-sex-speci�c population by

disability levels. We use Rickayzen & Walsh (2002), but omit the migration

component.

De�ne Lives(x, t, n) as the number of lives aged x in year t in disability category

n. Then,
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Lives(x,t,n) = [Lives(x− 1, t− 1, n)]

× [1−Mortality(x− 1, t− 1, n)]

× [1−Deteriorate_From(x− 1, t− 1, n)]

× [1− Improve_From(x− 1, t− 1, n)]

+Deteriorate_To(x, t, n) + Improve_To(x, t, n)

(4.16)

where Mortality(x, t, n) is the probability that a person aged x at time t and

with disability category n dies in the following year de�ned as below

Mortality(x, t, n) = q(x, t) + Additional_Mortality(x, t, n), (4.17)

and Deteriorate_From(x, t,m) is the probability that a person aged x at time

t and with disability category m makes a transition to a more severe disability

category. Thus,

Deteriorate_From(x, t,m) =
3∑

n=m+1

Deteriorate(x, t,m, n). (4.18)

Also Improve_From(x, t, n) is the probability that a person, who does not de-

teriorate to a more severe disability category, improves by one category. Thus,

Improve_From(x, t, n) =

0.15 for n = 1, 2

0.125 for n = 3.
(4.19)

Further, Deteriorate_To(x, t, n) is the number of persons aged x at time t who

make a transition to disability category n from a less severe disability category.

Thus,

Deteriorate_To(x, t, n) =
n−1∑
m=0

[Lives(x− 1, t− 1,m)]

× [1−Mortality(x− 1, t− 1,m)]

×Deteriorate(x− 1, t− 1,m, n).

(4.20)

Finally, Improve_To(x, t, n) is the number of persons aged x at time t who makes
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a transition to disability category n from a more severe disability category n+1.

Thus,

Improve_To(x, t, n) = [Lives(x− 1, t− 1, n+ 1)]

× [1−Mortality(x− 1, t− 1, n+ 1)]

× [1−Deteriorate_From(x− 1, t− 1, n+ 1)]

× Improve_From(x− 1, t− 1, n+ 1).

(4.21)

4.4.6.4 Disability improvement

In addition to mortality improvement, the projection method is also developed to

allow improvements in disability over the years. In line with Leung (2004), three

types of disability improvements will be included in the model�improvement in

the incidence of disability, improvement in severity and deterioration.

Improvement in the incidence of disability

The improvement factor for the incidence of disability will be estimated using

the same method of the �rst type of mortality improvement we consider which

is the reduction factor method. The second method of mortality improvement

could not be applied to disability due to the absence of time-series of disability

data for Malaysia. The reduction factor formula for disability is de�ned as follows

New_disabled(x, t) = New_disabled(x, 0)×RF (x, t), (4.22)

where RF (x, t) is the reduction factor for age x at time t. This reduction factor

decreases the disability rates exponentially towards a limiting value.

RF (x, t) = α(x) + [1− α(x)]× [1− f(x)]
t
20 , (4.23)

where

α(x) =

c for x ≤ 65

1 + (1− c) · (x−110)
65

for x > 65
(4.24)

and

f(x) =

h for x ≤ 65

(110−x)·h+(x−65)·k
65

for x > 65
(4.25)
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Table 4.10: The scenarios and parameters for the improvement in the
incidence of disability for males

Scenarios
Maximum Reduction
in Incidence at 2040

for age 65
c h k

low 5% 0.257 0.076 0.391
medium 10% 0.224 0.148 0.391
high 15% 0.205 0.223 0.391

Table 4.11: The scenarios and parameters for the improvement in the
incidence of disability for females

Scenarios
Maximum Reduction
in Incidence at 2040

for age 65
c h k

low 5% 0.241 0.070 0.300
medium 10% 0.212 0.146 0.300
high 15% 0.110 0.197 0.300

The α(x) and the f(x) formula are slightly di�erent to that of mortality im-

provement due to the assumption that improvement in the incidence of disability

is less likely to be as great as mortality improvement (Leung 2004). Due to un-

certainty on the magnitude of improvement in the incidence of disability, three

scenario are tested for sensitivity. Refer to Tables 4.10 and 4.11 for the scenarios

and their corresponding parameters for males and females respectively. It is ap-

parent that, under the low scenario, the probability of new incidence of disability

at age 65 reduces gradually until year 2040, the time when the probability of

transition is reduced by 5% from the probability in 2002.

Improvement in severity and deterioration

Another type of improvement that is accounted for in projecting the number

of people according to their disability levels is severity improvement. This type of

improvement will reduce the probability of transitions to higher disability states

from an initially able state. The formula is as below

f(x, t) = f(x, 0)× βt, (4.26)
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Table 4.12: The scenarios and parameters for improvement in severity

Scenarios β

low 0.999
medium 0.998
high 0.997

Table 4.13: The scenarios and parameters for improvement in deteri-
oration

Scenarios α

low 0.99
medium 0.98
high 0.97

where f(x, t) is as per equation (23) with time dependence. The scenarios for

improvement in severity is presented in Table 4.12.

The last type of improvement is the improvement in the deterioration from one

disability level to any one of the more severe levels. This type of probability need

to be accounted for due to improving medical technologies and resources over the

years, which has resulted in reducing the severity conditions of individuals who

are already disabled. Similar to Rickayzen & Walsh (2002), the formula that was

used for the improvement in deterioration was as follows,

I(t) = 1 + [I(0)− 1]× αt. (4.27)

The α values are given in Table 4.13 to represent the scenarios of improvement

in deterioration.

Our projection of elderly Malaysian which include disability categories will

account for a range of improvements in mortality, incidence of disability, severity

and deterioration, and leads to the series of projections described in Table 4.14.
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Table 4.14: The population projection scenarios

Scenarios
Mortality

Improvement

Incidence of
disability

improvement

Severity
Improvement

Deterioration
Improvement

A method 1 low low low

B method 1 medium medium medium

C method 1 high5 high high

D method 2 medium medium medium

E method 1 constant constant constant

F method 2 constant constant constant

4.5 Cost utility analysis of Malaysian public long

term care for the elderly

We extend Leung (2004) to include an economic evaluation of the Malaysian pub-

lic long term care programs. The economic evaluations of the two di�erent types

of institutional care are performed to identify the e�ectiveness of the programs

in improving the quality of life of residents. We use a cost utility analysis (CUA)

approach to achieve this objective,

CUA =
Costs

QALY
(4.28)

where Costs is the average yearly government expenditure spent for a stay in

either residential care or nursing home care. Because these public long term

care institutions are fully funded by government, the average yearly costs of the

programs such item as beds, medicines, food, activity of daily livings include

assistance, and much more. The denominator of the formula, QALY , represents

the average quality adjusted life year which is a preference-based health measure

comprising both length and health-related quality of life (HRQoL). Speci�cally,

QALYs is de�ned as

QALY s = Life time spent in the current health state × HRQoL (4.29)

Since the QALY s of the elderly living in the institutions are measured during

their stay in a year, the Life spent in current health status for each individual

is set to one year, reducing the formula of QALY s to just the HRQoL. The
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HRQoL is an index, which is a single number representing the overall level of

an individual's healths. This index ranges from 0 (the worst health status) to 1

(perfect health status)

One well known instrument to construct HRQoL index is EQ-5D. The EQ-5D

is a generic based instrument which was originally developed in Europe by the

The EuroQol Group (1990). This instrument is now used worldwide. The EQ-5D

focuses on �ve dimensions that describe the HRQoL, including mobility, self-care,

usual activities, pain or discomfort and anxiety or depression. Each dimension

has three levels: �no problem�, �some problems� and �major problems�. The three

levels in each of the �ve dimensions yield 35 = 243 possible health states, which

are identi�ed by a �ve digit code. For example, the EQ-5D state 21111 would

mean an individual is having some problem in mobility and no problem with

self-care, usual activities, pain and depression. We can see easily from this �ve-

digit indicator that a person with state 21111 is experiencing worse health than

a person with state 11111, because the �rst has some problem with his mobility

whereas the second is in the perfect health. Nonetheless, it is sometimes di�cult

to judge the health status between two di�erent states. For instance, it is hard

to say that 21111 state is better than 12111, or vice-versa because the later has

some di�culties in self-care instead of mobility. Therefore, an index is required

to represent the overall level of health of an individual.

There are three methods that are frequently used for eliciting the index, namely

a visual analogue scale (VAS), a standard gamble (SG) or time trade-o� (TTO).

We chose the EQ-5D value set elicited using the TTO approach, as in Yusof et al.

(2012). The TTO elicitation equation developed by Yusof et al. (2012) was based

on a Malaysian sample and is de�ned below

HRQoL = 0.863− 0.039×Mobility level 2− 0.08×Mobility level3

− 0.061× Self-care level 2− 0.083× Self-care level 3

− 0.03× Usual activities level 2− 0.04× Usual activities level 3

− 0.09× Pain level 2− 0.14× Pain level 3

− 0.051×Depression level 2− 0.043×Depression level 3

− 0.13×N3

(4.30)

The regression equation above was estimated using levels 2 and 3 in each of the

EQ-5D dimensions as a dummy variable, taking the value of 1 if they exist and 0



CHAPTER 4. PAPER 3 131

otherwise. The N3 variable takes the value 1 if the health state consists of level

3 in any of the dimensions. For example, the health state 11213 would translate

to 0.863− 0.03− 0.043− 0.13 = 0.66.

We did not directly conduct an EQ-5D survey to obtain the �ve-digit health

state of the elderly living in public institutional long term care�this would in-

volve a large survey study. Instead, we employed the WHS survey data, choosing

questions that were relevant to the EQ-5D and assumed these responses were

representative of those residing in the government sponsored long term care fa-

cilities. Further details on how we derived the �ve-digit health state were given

in section 4.3.

4.6 Findings

4.6.1 Future elderly Malaysian by disability levels

The following results present six di�erent population projection scenarios (A to

F) of the elderly Malaysians according to their disability levels. See Table 4.14

for the assumptions used in each scenario.

Scenarios A, B and C of the population projections are based on low, medium

and high assumptions of mortality improvement, incidence of disability improve-

ment, deterioration and severity improvement. We added scenario D, which ap-

plied a di�erent method of estimating mortality. Hence, the e�ect of using the two

di�erent methods of mortality improvement can be estimated if we compare Sce-

narios D and B. For Scenarios E and F, we assume that there is no improvement in

disability, therefore the projections are merely based on mortality improvements.

The results of the projected elderly Malaysian by gender and disability cate-

gories are discussed next. In term of overall (average between six scenario pro-

jections), Table 4.15 shows the projected mildly and moderately disabled elderly

will increase substantially, 2.8 times the 2010 value for males and 2.5 times for

females by 2030. This group of people will further increase to more than triple the

2010 value for males and females by 2040. At the time that Malaysia is expected

to become an aged nation, in 2030, the number of disabled elderlies with mild

and moderate disability levels will represent 29% and 31% of the Malaysian male

and female elderly, respectively. These elderly are assumed to require low levels

of long term care in the future. Table 4.16 shows the projected elderly Malaysian
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in the severe category. This group of people is assumed to be those needing high

level of care or nursing home care. In overall term, the severely disabled male

elderly are projected to increase more substantially than the mild and moderate

disabled elderly, that is, to increase 3.1 times from 23,206 in 2010 to 71,946 in

2030 for males. For females, the severely disabled increase 2.5 times from 29,731

in 2010 to 73,620 in 2030. By 2040, the number of severely disabled elderly swells

to more than quadruple for males and triple for females, respectively. These

severely disabled elderly will represent 3% of the elderly population for both gen-

ders in 2030. In short, these overall results suggest the Malaysian disabled elderly

is expected to signi�cantly increase for all disability categories: mild, moderate

and severe, and for both males and females. One factor contributing to this

change is the improvement in the observed Malaysian mortality. As disability is

profound among older aged people, an increase in the elderly population results

in a growing number of the disabled elderly.

Next, comparisons between the six projection scenarios are made. Comparing

scenarios A, B and C (low, medium and high disability improvement assump-

tions) shows that the low assumption of disability improvement in Scenario A

yields a higher number of disabled male and female elderly than that of Scenarios

B and C. This outcome indicates that the projection model has successfully cap-

tured the e�ect of disability improvements on the change in the disabled elderly

population. Scenarios A, B and C are based on the same mortality improvement

assumption (method 1), thus the change in population projection is a�ected by

disability improvement, including the incidence of disability improvement and the

deterioration and severity improvements.

The e�ect of di�erent mortality improvement assumptions on the projection of

disabled elderly can be identi�ed if we compare scenario B with D. While we use

the reduction factor approach (method 1) in scenario B, the time-series extrapo-

lation method that accounts for the coherency between developed and developing

countries (method 2) is adopted in scenario D. Results show scenario D consis-

tently produces slightly higher projection numbers than that of scenario B for

males and females and for each of the disability categories: mild, moderate and

severe. The reason why the method 2 approach to mortality improvement pro-

duces higher population projections than that of method 1 is because the method

is in�uenced by Australian male and female mortality in estimating Malaysian

male and female mortality. Hence, the improvement in Malaysian mortality is
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Table 4.15: The projected number of mildly and moderately elderly
Malaysian aged 60 years and above. The projection numbers increase
over the forecast years. Scenario C produces the least projection num-
bers for both genders. Scenario F produces the largest population for
males, whereas scenario E does this for females.

Male
Scenarios 2010 2020 2030 2040

A 221,233 404,336 620,494 803,976

B 220,197 396,963 600,914 768,068

C 201,496 362,729 548,944 694,192

D 220,259 397,856 606,265 778,859

E 222,435 412,688 643,236 846,904

F 222,506 413,677 649,016 858,504

Average 218,021 398,042 611,478 791,751

Female
Scenarios 2010 2020 2030 2040

A 282,272 492,337 748,236 948,723

B 281,281 482,727 720,396 897,370

C 274,739 391,065 512,552 610,534

D 282,132 490,745 738,041 932,197

E 283,762 507,211 792,355 1,034,099

F 283,687 505,991 782,875 1,018,626

Average 281,312 478,346 715,743 906,925
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Table 4.16: The projected number of severely disabled elderly
Malaysian aged 60 years and above. The projection numbers increase
over the forecast years. Scenario C produces the least projection num-
bers for both genders. Scenario F produces the largest population for
males, whereas scenario E does this for females.

Male
Scenarios 2010 2020 2030 2040

A 23,574 44,604 73,129 98,934

B 23,027 41,636 65,733 86,315

C 21,163 37,024 57,404 74,160

D 23,036 41,726 66,342 87,721

E 24,223 48,588 84,923 122,158

F 24,213 48,478 84,142 120,216

Average 23,206 43,676 71,946 98,251

Female
Scenarios 2010 2020 2030 2040

A 29,703 46,446 67,446 82,372

B 28,410 40,911 55,996 66,058

C 25,345 29,756 35,794 42,583

D 29,668 46,126 66,136 80,371

E 32,622 61,913 107,279 154,068

F 32,637 62,225 109,067 157,252

Average 29,731 47,896 73,620 97,110
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expected to follow Australian mortality�that is, continue decreasing and con-

verging towards a low level. Unfortunately we cannot compare whether method

2 is more accurate than method 1 because, to the best of our knowledge no pro-

jection by disability status has been published by the DoSM or other agency.

Nevertheless, the �ndings from Shair et al. (2016) indicate that method 2 can

outperform other methods when forecasting the Malaysian male and female pop-

ulation.

Moreover, we include control scenarios E and F in which disability is assumed

constant throughout the forecast years. We use the same disability prevalence

rates from 2002. Mortality improvement is included in these control models by

adopting method 1 and method 2 in scenarios E and F, respectively. As a result

of these assumptions, the change in the future population is solely based on

mortality improvement. The results in Tables 4.15 and 4.16 show that these two

projection scenarios lead to a considerably higher number of disabled elderly males

and females for all disability categories. This result highlights the importance of

medical innovation and advancement, particularly in reducing the incidence of

disability and the chance of disabled elderly deteriorating to a more severely

disabled status. Reducing the likely number of disabled elderly indirectly will

reduce the demand and, ceteris paribus, the costs of providing long term care.

Although we cannot compare our projected population by disability levels with

an o�cial projection from the DoSM we can compare our results with those of

the DoSM in the case of the total elderly population�which is the summation of

the projected elderly in the able, mild, moderate and severe categories. Table 4.17

presents this comparison. The projected total number of elderly increase over the

forecast years for all scenarios, males and females, and the DoSM projection falls

within the scenario ranges for years 2030 and 2040.

4.6.2 Future demand and costs of long term care

The Malaysian public long term care is a fully funded government program con-

sisting of both residential care (RC) and nursing home care (NH). Residential

care provides care and services only for those elderly who are independent and

require low levels of care, whereas nursing home care is for those who are severely

disabled and dependent on professional care most of the time.

The percentage of the elderly population who are entitled to the Malaysian
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Table 4.17: The projected total number of elderly Malaysian aged 60
years old and above, which is the aggregated number of elderly in all
states�able and mildly, moderately and severely disabled.

Male
Scenarios 2020 2030 2040

A 1,456,597 2,193,969 2,832,532

B 1,457,282 2,195,565 2,834,350

C 1,326,575 2,034,735 2,635,198

D 1,461,165 2,214,879 2,868,354

E 1,459,651 2,211,146 2,863,830

F 1,455,772 2,191,869 2,829,912

Average 1,436,174 2,173,694 2,810,696

DoSM 1,535,100 2,085,100 2,765,800

Female
Scenarios 2020 2030 2040

A 1,586,849 2,424,004 3,114,457

B 1,588,243 2,426,794 3,117,164

C 1,468,888 2,156,667 2,736,479

D 1,583,985 2,398,007 3,072,497

E 1,580,470 2,398,691 3,062,867

F 1,583,331 2,415,569 3,104,627

Average 1,565,294 2,369,955 3,034,682

DoSM 1,620,300 2,324,200 3,099,800
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Table 4.18: The percentage of elderly living in public residential care
(RC) and nursing home care (NH) in 2012 under the existing long term
care policy. The percentage of RC and NH coverage was extremely
small for both genders.

Residential Care (RC) Total
Male
(60%)

Female
(40%)

Number of elderly in RC 1,847 1,108 739

DoSM total elderly projec-
tions

2,262,800 1,111,500 1,151,300

% of RC coverage under cur-
rent long term care provi-
sion

0.082% 0.100% 0.064%

Nursing home care
(NH)

Total
Male
(60%)

Female
(40%)

Number of elderly in NH 237 142 95

DoSM total elderly projec-
tions

2,262,800 1,111,500 1,151,300

% of NH coverage under
current long term care pro-
vision

0.010% 0.013% 0.008%

public long term care programs was extremely small. According to the report from

the Social Welfare Department, in 2012, there were 2,084 elderly people living in

public institutions in total which 1,847 of them were living in the residential care

and 237 were living in nursing home care. Out of these recipients, approximately

60% of them were males and 40% were females. As calculated in Table 4.18, these

reported numbers have resulted in a small percentages of coverage for the public

institutional care programs in Malaysia�0.082% of the aged for residential care

and 0.010% for nursing home care. These percentages of coverage are assumed

constant each year in estimating the demand for Malaysian public long term care,

meaning no reform or modi�cation of current provision is made throughout the

forecast years.

The percentage of coverage of the public long term care programs (Table 4.18)

multiplied by the overall6 projected disabled elderly in Table 4.17, yield the likely

number of elderly Malaysian requiring public long term care either residential

6The overall projected total elderly males and females were calculated as the mean of the
six scenario projections.
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Table 4.19: The projected number of elderly receiving residential care
(RC). The expected number of people living in residential care is in-
creasing over the years, with male residents consistently higher than
that of female residents.

Male 2020 2030 2040

The overall projected el-
derly

1,436,174 2,173,694 2,810,696

Projected RC residents
(0.100% of the projected
overall elderly)

1,436 2,174 2,810

Female 2020 2030 2040

The overall projected el-
derly

1,565,294 2,369,955 3,034,682

Projected RC residents
(0.064% of the projected
overall elderly)

1,002 1,517 1,942

care or nursing home care�presented in Tables 4.19 for residential care and 4.20

for nursing home care. If we compare these two tables with the initial value

in 2012, as in Table 4.18, we can see that the likelihood of residential care and

nursing home care residents are expected to double by 2030. For example, the

2012 reported elderly Malaysian living in public residential care will increase from

1,108 to 2,174 and from 739 to 1,517 for males and females, respectively. Similarly,

for public nursing home care, the number of severely disabled elderly requiring

the service is also expected to increase from 142 to 263 for males and from 95 to

190 for females.

Given the estimated elderly requiring public residential care and nursing home

care doubling by 2030, the future costs of these public programs are expected to

increase accordingly. The costs of public long term care programs are calculated

by multiplying the expected demand for public institutional care as in Tables

4.19 and 4.20 with the average costs per person staying in that institutions.

It is noteworthy that comprehensive data for Malaysian long term care costs

are not published and hence not available for public use. We use the reported

total government spending on the public long term care programs in 2012�

MYR$32.59 millions in which MYR$26.79 millions were spent on residential care

and MYR$5.80 millions on nursing home care. Hence, in 2012, the average annual
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Table 4.20: The projected number of elderly receiving nursing home
care (NH). The expected number of people living in nursing home care
is increasing over the years with male residents consistently higher than
that of female residents.

Male 2020 2030 2040

Projected total elderly 1,436,174 2,173,694 2,810,696

Projected NH residents
(0.013% of the projected
total elderly)

174 263 340

Female 2020 2030 2040

Projected total elderly 1,565,294 2,369,955 3,034,682

Projected NH residents
(0.008% of the projected
total elderly)

125 190 243

costs per person for residential care ACRC and nursing home care (ACNH) are as

below,

ACRC =
LTCCRC∑

PRC
=

26, 790, 000

1847
= MYR$14, 504 (4.31)

ACNH =
LTCCNH∑

PNH
=

5, 800, 000

237
= MYR$24, 472 (4.32)

where LTCCRC and LTCCHH are the total annual long term care costs for

residential care and nursing home care. The PRC and PNH are the total number

of resident who are living in residential care and nursing home care in 2012. The

calculation above show that the average costs for nursing home care is signi�cantly

higher than that of residential care due to the greater intensity of care needed

by those living in nursing home care compared to residential care. Furthermore,

the majority of those living in nursing home care are su�ering chronic illnesses,

hence require extra medical care and assistance in daily living.

The total projected costs of public long term care programs: residential care

and nursing home care are presented in Table 4.21. The average long term care

costs per person, ACRC and ACNH are assumed constant throughout the projec-

tion years, hence the aggregate costs are dependent only on the projected number

of elderly receiving public long term care. Results from Table 4.21 show the pro-

jected Malaysian public long term care costs are expected to double for both

residential care and nursing home care by 2030. For instance, the total govern-
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Table 4.21: The projected costs of elderly receiving residential care
and nursing home care. Costs are in MYR$ millions. The costs of both
public institutional care programs increases over time. Cost for male
group is higher than female

Total public residential care costs
2020 2030 2040

Males 20.83 31.53 40.76

Females 14.53 22.00 28.17

Total 35.36 55.53 68.93
Total public nursing home care costs

2020 2030 2040

Males 4.26 6.44 8.32

Females 3.06 4.65 5.95

Total 7.32 11.09 14.27
Total public long term care costs

2020 2030 2040

Males 25.09 37.97 49.08

Females 17.59 26.65 34.12

Total 42.68 66.62 83.20

ment spending on residential care increases from MYR$26.79 millions in 2012

to MYR$51.99 million in 2030. For nursing home care, the costs increase from

MYR$5.8 millions to MYR$11.19 millions over the same years. It is noteworthy

that these projected costs are in real terms without taking into consideration

in�ation. In addition, we assume that existing government policy remained the

same, that is, the same percentages of coverage as in Table 4.18 are applied in

each year.

In terms of share of GDP, in 2012, the government spent MYR$32.59 millions

on public institutional long term care, which represented 0.0035 per cent of GDP.

This percentage is miniscule compared to the 4 per cent7 spent on health care in

the same year. By 2030, the projected public long term care costs are expected

to increase twofold to MYR$66.62 millions, yielding 0.0029 per cent of GDP7.

This 2030 percentage is relatively small compared to a developed country like

Australia�the government expenditure on aged care in term of share to GDP is

7 In 2012, Malaysian GDP was USD$314.442 billion or equivalent to MYR$943.326 billion.
With 4.9% of GDP growth (average annual growth of GDP between 2006 to 2014), the expected
GDP in 2030 is MYR$2, 232 billion. The Malaysian total health care expenditure as share a
per GDP was recorded 4% in 2013. Source: http://data.worldbank.org/country/malaysia
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estimated at 1.38 per cent in 2031 (Madge 2000). Thus, the amount of government

spending on Malaysia public long term care costs is extremely low.

4.6.3 An economic evaluation of Malaysia public long term

care

As the projected costs of Malaysian public long term care are expected to double

by 2030, it is important to measure how e�ective these program are. Shiroiwa

et al. (2013) suggested that costs per QALY is a good measurement for cost e�ec-

tiveness in an economic evaluation. Therefore, we used the same measurement to

examine the cost e�ectiveness of the Malaysian public residential care and nurs-

ing home programs. To perform this measure, we need the following data: long

term care costs data, and the QALY of the elderly under each of the public long

term care programs.

As for the �rst, the average annual costs per person for each Malaysian public

institution were obtained in the previous section�MYR$14,504 for residential

care and MYR$24,472 for nursing home care. Whereas for second, a QALY is

measured based on an elderly's responses to the WHS (2002) questions that are

related to the �ve dimensions of the EQ-5D�mobility (q2010), self-care (q2020),

usual activities (q2060), pain or discomfort (q2030) and depression (q2090)�were

collected, yielding the health state for each individual. Using the time-trade-o�

regression model from Yusof et al. (2012), the �ve digit code was reduced to a

single index known as an HRQoL index. The HRQoL index is usually normalised

to lie between 0 (death) and 1 (representing full health). Each of the elderlys'

HRQoL indices are reported in Appendix 4.B.

The elderly who responded with a 3, or �major problem", in the mobility

question are assumed to have some chronic condition, and are likely to need

care in a nursing home. Whereas respondents with no, or minor, problems are

assumed to be suitable for residential care. The average of respondents' HRQoLs

allocated to each of these two groupings represents the mean score of the EQ-

5D�the QALY for the groupings. In the calculations, shown in Appendix B, the

QALY of those living in residential care and nursing home care were 0.632 and

0.423, respectively. The QALY of those living in nursing home care is, reasonably,

lower than those in residential care due to their worse chronic health conditions

with the majority being categorised as severely disabled. Nevertheless, it should
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Table 4.22: Cost utility analysis of Malaysian public long term care
programs. Cost values are in MYR$. Results show that nursing home
care is not cost e�ective as costs per QALY fall outside the WTP per
QALY threshold.

Residential Care Nursing Home

Average Costs 14,504 24,472

Average QALY 0.63 0.42

Costs/QALY 22,948 57,822

WTP/QALY 19,929�28,469 19,929�28,469

E�ectiveness of the program E�ective Not e�ective

be noted, due to data limitations, the QALY for the elderly requiring nursing

home care�based on a small sample size (n=30). Thus, this QALY value may

well not accurately represent the QALY for those living in nursing home. As this

research is likely the �rst to study the e�ectiveness of Malaysian long term care,

we will continue with this calculated value. However, we point out that future

research is needed to conduct a rigorous EQ-5D survey of the elderly Malaysian

living in public institutions.

The cost e�ectiveness of Malaysian public long term care is summarised in

Table 4.22. The cost e�ectiveness of residential care program is MYR$22,948 per

QALY, lower than the cost e�ectiveness of nursing home care�MYR$57,822 per

QALY. These results re�ect positively on the residential care program: it has the

best (lowest) cost-e�ectiveness ratio, compared to nursing home care. It takes

MYR$22,948 to generate an additional QALY in the residential care program;

for nursing home care, the costs are MYR$57,822�more than double residential

care costs.

For further analysis of the cost e�ectiveness of these programs the costs per

QALY of each program were compared with Malaysians willingness to pay (WTP)

for a quality adjusted life year (QALY). A study by Sha�e et al. (2014) has

estimated the WTP per QALY threshold for Malaysia lies between MYR$19,929

and MYR$28,469. In comparison to the WTP per QALY threshold, the costs

per QALY of residential care program lies within the threshold, while the costs

per QALY for nursing home care lies considerably above the cost e�ectiveness

threshold. Hence, it would appear residential care is e�ective whereas the nursing

home program is an ine�ective option for Malaysian long term care.
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Finally, we cast our net wider to compare the e�ectiveness of Malaysian public

long term care programs with that of Japan. Results are summarised in Table

4.23 and for comparison purposes, all costs are converted to US dollars4. The

average costs of long term care per person and the QALY values for Japan were

obtained by an examination of the literature, as described below.

The average cost values for Japan were obtained from the study of Ihara (2011).

The Japanese government provides full subsidies only for those who are below an

income threshold. The Japanese social long term care insurance provides a level

of bene�ts which varies among categories. The monthly bene�t payment is about

USD$2,300 per person (USD$27,600 per annum) for the most severe and about

USD$500 dollars (USD$6,000 per annum) for the mildest. The estimated QALYs

for elderly requiring low and high levels of care and the WTP threshold were

obtained from Shiroiwa et al. (2013). This paper investigated the relationship

between severity of health status and monetary value of a QALY. The study

used 2,400 respondents from an online panel to obtain the Japanese willingness

to pay for an additional QALY. The typical WTP per QALY threshold in Japan

was viewed at the time as lying between USD$50,000 and USD$60,000. However

Shiroiwa et al. (2013) argued that this threshold is not comprehensive and ignored

the correlation between willingness to pay and disability status�severely disabled

people do tend to pay more than less severely disabled people for an additional

QALY. Hence, based on the survey, they develop a newWTP per QALY threshold

in Japan which accounts for disability levels. This threshold ranges between

USD$25,000 and USD$100,000 (Shiroiwa et al. 2013). The cost e�ectiveness of

the Japanese public long term care insurance programs, together with Malaysian

public long term care are summarised in Table 4.23

The results from Table 4.23 show that while Malaysian residential care is cost

e�ective, as the cost per QALY value falls within the willingness to pay threshold,

Japanese residential care is extremely e�ective as the costs per QALY value lies far

below the minimum traditional WTP threshold. On the other hand, results show

nursing home care in both countries are ine�ective due to the costs per QALY

values lie outside the traditional WTP range. One reason for this outcome is

that the costs associated with nursing home care are far more expensive than

residential care�double in Malaysia and more than quadruple in Japan. The

high costs of nursing home care re�ects the extensive care and medical attention

needed to treat the severely disabled elderly. Shiroiwa et al.'s 2013 new version of
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the WTP per QALY threshold for Japan, in which the WTP per QALY is higher

for worse health status than for better health status, included in Table 4.23 as

`Revised WTP/QALY'. Using the new threshold for Japan, nursing home care in

Japan is now an e�ective long term care program; results for Malaysian nursing

home care using such a metric are not available.

Further research is needed to developed both provide rigorous QALY values for

Malaysian long term care programs and investigate the WTP per QALY threshold

in this context.

Table 4.23: Comparative cost utility analysis between Malaysia and
Japan's long term care programs. Nursing home care in Malaysia is
not a cost e�ective program as the costs per QALY values fall outside
the WTP thresholds. The long term care programs for Japan, low and
high are both cost e�ective.

Country Malaysia Japan

LTC programs
Residential

Care
Nursing
Home

Residential
Care

Nursing
Home

Average Costs 3,562 6,009 6,000 27,600

QALYs 0.63 0.42 0.77 0.34

Costs/QALY 5,654 14,286 7,792 81,176

WTP/QALY
(4,894�
6,991)

(4,894�
6,991)

(50,000�
60,000)

(50,000�
60,000)

Cost
e�ectiveness

E�ective
Not

e�ective
E�ective

Not
e�ective

Revised
WTP/QALY

(N/A) (N/A)
(25,000�
100,000)

(25,000�
100,000)

Revised cost
e�ectiveness

(N/A) (N/A) E�ective E�ective

4.7 Conclusions

Population ageing is a topical issue in Malaysia. The proportion of older people

has increased at rapid rate, resulting a greater demand for long term care. The

sustainability of current long term care models in the country has been debated

by researchers, together with suggestions for change and reform. Nonetheless,

none provide quanti�able research about future demand and costs for Malaysian

long term care. Therefore this paper seeks to contribute in this area of research.
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The number of elderly Malaysian requiring long term care was projected up to

2040 using the multiple state method of Rickayzen & Walsh (2002). We extended

an aspect of the methodology to include a di�erent method for incorporating mor-

tality improvement in projecting the number of elderly according to disability lev-

els. The mortality improvement model that we used is the developed-developing

countries coherence model which is based on Hyndman et al. (2013). Results

indicated this method produced a slightly higher number of elderly in all dis-

ability categories for males and females compared to the reduction method used

in Leung (2004) and Bueno (2013). This likely due to the developed-developing

countries coherence model employing past time-series data to extrapolate future

trends. In addition, using Australian mortality as the reference rate in the model,

has resulted in Malaysian mortality improving better than that of the reduction

factor method.

The number of elderly mildly and moderately disabled Malaysians have been

projected to double from 2010 to 2030 for males and females, respectively. By

2040, the values are projected to triple for both genders from their 2010 levels.

The increase for the severely disabled elderly is even more substantial than mildly

and moderately disabled groups. By 2030 the severely disabled elderly will triple

and by 2040 the amount will be quadrupled. These projected values indicated

an increase in the demand for Malaysian public long term care. The number of

people requiring residential care and nursing home care is expected to double the

2012 levels by 2030, when Malaysia is expected to become an aged nation. The

total costs associated with the programs also double from MYR$32.59 millions in

2012 to MYR$66.62 millions in 2030�providing the existing policy remains the

same throughout the projection years, i.e., the percentage entitled to public long

term care remains constant.

An economic evaluation of each of the public long term care suggests that the

residential care program is cost e�ective, while nursing home care for severely

disabled people is not e�ective�but these latter results must be quali�ed. An

international comparison of cost-e�ectiveness of long term care programs was

made with Japan. Both low and high level residential care in Japan is cost

e�ective, provided the WTP threshold accounts for the severity level of health

states.

Worthwhile future research could address the better modelling of Malaysian

disability trends. This, however, requires rich national disability data�currently
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not available. In addition, careful research to provide robust QALY values for

Malaysian long term care programs, and the associated WTP per QALY thresh-

old, would be valuable.
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4.A Malaysia disability transition probabilities

(a)
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(b)
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4.B The estimation of QALY for elderly in public

residential care and nursing home care

(c)
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(d)



Chapter 5

Conclusion

As the Malaysian population ages, issues surrounding long term care, particularly

concerning institutional or nursing home care, are coming more into focus (Dahlan

et al. 2010). These issues have yet to be recognised in policy, which currently

encourages children or family members to provide informal care giving to elderly

parents. Although informal care has been long practiced by family members, this

tradition is weakening over time due to a falling number of children, urbanisation

and a higher percentage of labour force participation among women (Mafauzy

2000). Commentators suggest there is a degree of urgency for policy change

or reform (Goh & Lai 2013, Ambigga 2011, Li & Khan 2012, Forsyth & Chia

2009). Nevertheless, little research has been done so far in estimating the expected

change in the Malaysian population and the demand for long term care. Such

information is crucial for the government to implement informed changes in long

term care provisions.

This thesis �lls the gap by providing comprehensive forecasts of the change

in the Malaysian population and demand for long term care in the future. A

variety of forecasting methods for Malaysian demographic components (mortal-

ity, fertility and net international migration) were carefully evaluated and chosen

for this task. Demographic components were also stochastically forecast so that

the uncertainty about the magnitude of change in each of the components could

be estimated. Kudrna et al. (2013) suggested the estimation of the number of

people requiring long term care should account for the uncertainty surrounding

demographic change as well as the evolution of disability levels by age. Hence,

in estimating the demand for public long term care services in Malaysia, the

improvements in mortality, as well as disability, are accounted for. These in-

151
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vestigations were divided into three separate papers. Each of the papers are

summarised below, together with their main �ndings.

5.1 Summary and �ndings

5.1.1 Paper 1

The �rst study investigated various mortality projections, including two recently

published coherent models�Poisson Lee & Carter (Li 2013) and product-ratio

(Hyndman et al. 2013)�and their independent versions�Poisson Lee & Carter

(Brouhns et al. 2002) and functional independent (Hyndman & Ullah 2007)�as

well as the original Lee & Carter (1992) model.

The out-of-sample forecast errors of age-speci�c death rates, male to female

death rate ratios and life expectancy at birth of the di�erent methods were esti-

mated and compared to each other. As far as we are aware, the comparison of the

forecast accuracy between the two new coherent models has not been documented

in the literature before. This paper �lls the gap by comparing the coherent mod-

els as well as the coherent models and independent models. The application of

coherent models is extended to account for two types of coherency, gender as well

as ethnicity. For gender coherence, for example, Malay males were jointly fore-

cast with Malay females, whereas ethnic coherence jointly forecast Malay males

together with Chinese males and Indian males.

While coherent models outperformed independent models for both Australian

males and females, coherent models performed less well than independent mod-

els for Malaysian males�which, at the same time, performed well for Malaysian

females. Further investigation found that coherent models outperformed indepen-

dent models for Malaysian males when using a longer �tting period�by extending

the �tting period, the constant linear decreasing pattern of male mortality that

occurred in more recent years can be captured.

Among the coherent models this study found that the product ratio mod-

els produced slightly better forecasts than the Poisson common factor model

for Australian males and females and Malaysian females. These models, how-

ever, performed less accurately for Malaysian males. The product ratio method

uses the weighted functional technique that applies geometrically decaying weight

procedures�giving a greater weight to more recent, rather than earlier, data.
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This weighting seems not suited for Malaysian males because observed Malaysian

male mortality in the forecast period is inconsistent with the most recent trend

in the �tting period due to recent structural change in male mortality. Thus,

applying greater weight to the most current trend leads to poor estimation of

the forecast trend. Again, if a similar extended �tting period was applied to

Malaysian male mortality, it turned out that the product ratio model outper-

formed the Poisson common factor model.

The application of coherent models to Malaysian sub-populations by ethnic

groups suggested the ethnic coherence models are more accurate than both gender

coherence and independent models for four out of the six sub-populations. This

suggests that the incorporation of lower mortality of the same gendered sub-

population in the coherent model is more accurate than lower mortality of the

opposite gendered sub-population.

5.1.2 Paper 2

Growing concern about the uncertainty surrounding population forecasts moti-

vated this research�to provide long term stochastic population projection for

Malaysia as opposed to the existing o�cial projections by the DoSM, which are

based on deterministic scenarios.

Paper 2 adopts the coherent stochastic population forecasting model of Hynd-

man (2014) and Hyndman & Booth (2008) to forecast the age-speci�c Malaysian

population by gender and ethnic groups. This method provides a �exible frame-

work for population projections which allows each population component (mor-

tality, fertility and net international migration) to be modelled and forecast using

the same methodology. The forecast values of each component are then combined

using the cohort component method to obtain age-speci�c population forecasts.

Coherent models have been shown to produce more accurate out-of-sample fore-

casts than the independent models and the Lee & Carter model (Hyndman et al.

2013, Shair et al. 2015). Thus, the coherent stochastic population forecasting

model from Hyndman (2014) was adopted and extended to treat Malaysia mor-

tality rates, as well as fertility rates and net international migration.

This approach requires age-speci�c time series data for each component. While

such data are available for mortality and fertility, net international migration

data for Malaysia have never been published. This paper �lls the gap by esti-
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mating age-speci�c Malaysian net international migration over the observation

period from 1970 to 2009 using the growth-balance method. Moreover, follow-

ing Li & Lee's (2005) suggestion, in addition to gender coherence, we explored

the possibility of jointly forecasting Malaysian demographic rates with Australian

rates using the proposed type of coherency known as developed-developing coun-

tries coherence. Paper 1 suggested the association of lower mortality of the

same gendered sub-population in the coherent model provided more accuracy

in out-of-sample forecasts than the lower mortality of the opposite gendered sub-

population. Hence, this paper jointly forecasts the vital rates of Malaysian males

with Australian males and Malaysian females with Australian females.

The out-of-sample forecasts of the population component are evaluated and

compared between various models: the independent model, gender coherence

model and developed-developing countries coherence model. The main �ndings

suggested the developed-developing countries coherence model worked well in

forecasting Malaysian male and female demographic components. The model

outperformed the independent and gender-coherence for both genders. Neverthe-

less, careful attention must be paid as to how the mortality or fertility trends of

both countries changed over times. We found that di�erences in mortality struc-

tural changes between the two countries may lead to higher forecast errors. The

developed-developing countries coherence population models also worked well for

three out of six Malaysian ethnic sub-populations: Chinese males, Chinese fe-

males and Malay females. In comparing each projection with that of the DoSM

under its medium variant, our mean coherent forecasts are expected to age at

a more rapid pace due to sustained low fertility and increasing life expectancy

assumptions. In coherent forecasts, elderly Malaysian males will reach 15% of

total population (aged status) by 2034, �ve years before than that of the DoSM

medium variant forecast.

5.1.3 Paper 3

In Paper 3 we projected the number of elderly Malaysians who are disabled and

require long term care�up to 2040. The transition probabilities of lives becoming

disabled and the extent to which they are disabled were estimated using the

multiple state model from Rickayzen & Walsh (2002).

The transition probability from one disabled state to a more or less severely
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disabled state is best estimated using longitudinal data in which the change in

health status of each respondent can be monitored over one or more years. Such

data are limited in Malaysia, typically covering only a smaller area of the nation1.

Alternatively, comprehensive longitudinal survey data from other countries can

be adopted, but these data may not represent the real disability experience of

Malaysians (Hariyanto et al. 2013). In order to avoid the use of longitudinal

data, Rickayzen & Walsh (2002) have developed a model that requires single year

cross-sectional disability prevalence rates. Such data are commonly available from

national statistical or health departments. Unfortunately, cross sectional disabil-

ity data for Malaysia are scarce. The Malaysian disability prevalence rates can be

obtained from the National Health Morbidity Survey, however data according to

disability levels (for example, mild, moderate and severe) are not available. We

resort, instead, to WHS (2002) data which yield estimates of Malaysian disability

prevalence rates segregated by age, gender and disability categories.

The Rickayzen & Walsh (2002) model has been applied in several countries,

including Australia (Leung 2004, Hariyanto et al. 2013) and Brazil (Bueno 2013).

We adapt the model to Malaysia, however, we extend the projection component

of the model to include another type of mortality improvement. In addition to

the Continuous Mortality Investigation Bureau (1999) method, we also included

a method that could predict the improvement in mortality using past time series

data�developed-developing countries coherence. This method proved successful

in Paper 2 in application to Malaysian mortality and population forecasts.

The projected elderly Malaysian population according to disability levels is

useful to estimate the likely number of the population requiring public institu-

tional long term care programs�residential care and nursing home care. The

total expected costs for the public long term care programs are estimated based

on the disabled population projections. In addition, we include a cost utility anal-

ysis for each program in term of costs per QALY. This measurement is important

to determine whether the current public long term care programs provided by

government are cost e�ective or otherwise. The cost e�ectiveness of the public

long term care programs were compared to those of a more developed country,

Japan.

The �ndings of Paper 3 suggested that multiple state model's prevalence rates

replicated the Malaysian prevalence rates quite well, indicating that the parame-

1See, for example, Chen et al. (1983).
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ters of the probability of deterioration had been estimated sensibly. The e�ect of

using di�erent mortality improvement assumptions on projection methods showed

that the method that accounts for coherency between developed-developing coun-

tries consistently produced a higher projected number of people in each category

compared to the Continuous Mortality Investigation Bureau (1999) method. Re-

sults show that the projected number of disabled elderly Malaysians are expected

to increase substantially for each of the disability categories in the future. By

2030, the mildly and moderately disabled elderly will increase to more than dou-

ble the 2010 observations, whereas the severely disabled elderly will increase to

more than three times the 2010 values. The increase in the disabled elderly pop-

ulation will result in the expected demand for public residential care and nursing

home care to double by 2030, given that the current percentage of entitlements

for the programs remains the same throughout the projection years. Accordingly,

the total costs of public long term care is expected to grow from MYR$32.59

million to MYR$66.62 million in 2030 and to MYR$83.20 million in 2040.

In addition, the cost utility analysis results showed that residential care pro-

grams provided by the government appear cost e�ective as the costs per QALY

value for this program fall within the Malaysian willingness to pay threshold. On

the other hand, the nursing home care program seems not cost e�ective�but

these results must be quali�ed as they are based on a small sample.

5.2 Recommendations for future research

Paper 1's �ndings suggest coherent models have the potential to be more accurate

than independent models for Malaysia, provided the right �tting period and type

of coherency are chosen. Other types of coherency, such as urban and rural

coherence should also be considered.

In Paper 2, although the out-of-sample forecast evaluation indicated that the

developed-developing countries coherence population model outperformed other

methods, it is impossible to say that the same model will be more accurate than

that of the DoSM for such long term population forecasts. Future work moni-

toring the performance of these long term coherent population forecasts against

those of the DoSM would be useful. Furthermore, we leave the possibility of using

other countries, preferably low mortality and fertility countries, to determine the

best reference rates for Malaysian sub-populations to future work. In a similar
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vein, another task is to explore for which countries Malaysian demography could

serve as a worthwhile reference in such coherent forecasting.

In Paper 3 an alternative method for mortality improvement based on ob-

served Malaysian time series data was proposed in the context of the Rickayzen

& Walsh (2002) model. This method, however, cannot be applied to disability

due to the limited availability of Malaysian disability prevalence rates. For this

paper, the improvement in disability was based on pre-determined assumptions

that the rates will be exponentially decreasing at a certain percentage. Should

richer national disability data become available, it would be interesting to de-

velop a method that could estimate disability improvement based on Malaysian

past experience. Further, the paper calculated the QALYs of disabled elderly

Malaysian in public long term care programs using a proxy EQ-5D survey, which

generated only quali�ed results. Another possible extension to Paper 3, where it

could include an EQ-5D survey for elderly Malaysian living in public residential

care and nursing home care. Also of the same interest would be to work on the

WTP per QALY threshold for Malaysia suitable for use with long term care or

disability policy.
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