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ABSTRACT 

 
Population ageing is an universal phenomenon and it is expected to be among the most 

prominent global demographic trends of the 21
st
 century. In Sri Lanka there was a rising trend 

of ageing population throughout the past years and has recorded the highest number of agers 

within South Asia. However, no sound statistical or mathematical models were developed to 

project ageing population in Sri Lanka. Using the population aged 60 years and above in Sri 

Lanka during 1950-2016, three types of statistical models: (i) ARIMA (0, 2, 1), (ii) growth 

model, and (iii) double exponential smoothing model were developed. The models were 

compared using various statistical indicators and some statistical diagnostics tests. The 

comparison was done for both training set as well as validation set. Among these models the 

double exponential smoothing model was found as the best fitted model.  According to the 

forecast derived from the best fitted model, it was found that the increasing trend of ageing 

population in the country will continue in the future and there will be approximately 

2,936,000 ageing population in Sri Lanka in 2020.  The information obtained in this study is 

beneficial for planners and decision makers in the government sector and other relevant 

organizations to cater to the needs of the increasing agers in the future of Sri Lanka. 

 

Keywords: Ageing Population, ARIMA, Demographic, Exponential Smoothing 

 

 

 

 

 

 

 

 

 

 

 

 

 

  



iv 

 

TABLE OF CONTENTS 

 

DECLARATION i 

ACKNOWLEDGEMENT ii 

ABSTRACT iii 

TABLE OF CONTENTS iv 

LIST OF FIGURES viii 

LIST OF TABLES ix 

LIST OF ABBREVIATIONS xi 

LIST OF APPENDIXES xii 

CHAPTER ONE: INTRODUCTION 1 

1.1. Definition of Ageing Population 1 

1.2. Growth Rate of Ageing Population 2 

1.3.  Demographic Factors which Cause Population Ageing 2 

1.4.  Positive and Negative Impacts of Population Ageing 3 

1.5.  Common Methods Used for Population Projection in Sri Lanka 4 

1.6.  Projection of Ageing Population in Sri Lanka 4 

1.7.  Objectives of the Study 5 

1.8.  Significance of the Study 5 

1.9.  Chapter Organization 5 

CHAPTER TWO: LITERATURE REVIEW 7 

2.1. Overview about the Ageing Population from Various Parts of the World 7 

2.2. Demographic Factors which Affected the Rise of the Ageing Population 10 

2.3. Demographic and Economic Impact of Ageing Population 11 

2.4. Social and Economic Implication for Population Ageing 12 

2.5. Population Projection Methods 12 

2.6. Population Projection Method in Sri Lanka 15 

2.7. Ageing Population Projections via Cohort Component Method 15 



v 

 

2.8. Population and Ageing Population Projections 16 

2.9. Use of Time Series Models 18 

2.10. Other Studies Related to Ageing Population 19 

2.11. Summery of the Review 19 

CHAPTER THREE: MATERIALS AND METHODS 21 

3.1.  Materials 21 

3.1.1. Research Methodology 21 

3.1.2. Unit of Analysis 21 

3.1.3. Time Horizon 21 

3.1.4. Secondary Data 22 

3.2. Statistical Analysis 22 

3.2.1. Trend Analysis 22 

3.2.2. Exponential Smoothing 23 

3.2.2.1. Single Exponential Smoothing 23 

3.2.2.2. Determination of the Exponential Smoothing Constant 24 

3.2.2.3. Double Exponential Smoothing (DES) 25 

3.2.3. Box- Jenkins Approach for ARIMA Methodology 25 

3.2.3.1. Autocorrelation Function (ACF) and Sample Autocorrelation Function 

(SACF) 27 

3.2.3.2. Partial Auto Correlation Function (PACF) 27 

3.3. Stationary and Non Stationary Time Series 28 

3.3.1. Augmented Dickey – Fuller (ADF) Test 28 

3.3.2. Removing Non – Stationarity in a Time Series 28 

3.4. Basic Description of ARIMA (p,d,q) models 29 

3.4.1. An Autoregressive (AR) Process of Order p 29 

3.4.2. ACF of AR (1) Process 29 

3.4.3. A Moving Average (MA) Process of Order q 30 

3.4.4. ACF of MA (1) process 30 

3.4.5. ARMA (p,q) Process 30 

3.4.6. Theoretical Patterns of ACF and PACF 31 

3.4.7. Criteria for Model Comparison 31 

3.6. Diagnostics of Errors (Assumptions on Error Terms) 31 

3.6.1. Normality of Error Terms 32 

3.6.2. Serial Correlation 32 

3.6.3. Constant Variance of Errors 32 

3.6.4. Autocorrelation of Errors 32 

3.7. Forecasting Types to Developed ARIMA Models 33 

3.8. Accuracy of the Fitted Model 33 



vi 

 

CHAPTER FOUR: DEVELOPMENT OF ARIMA MODEL 34 

4.1. Trends of Ageing Population 34 

4.2. Stationary of the Series 35 

4.3. ACF of the Stationary Series 38 

4.4 PACF of the Stationary Series 39 

4.5. Identification of Parsimonious Models 40 

4.6. Comparison of Significant Parsimonious Models 42 

4.7. ARIMA Model 44 

4.8. Testing Model for an Independent Set 44 

4.9. Forecasted Ageing Population in Sri Lanka from 2017-2020 45 

4.10. Comparison Forecasted and Actual Ageing Population with Relevant 

Confidence Intervals 45 

4.11. Summary of Chapter Four 46 

CHAPTER FIVE: GROWTH MODEL FOR AGEING POPULATION 47 

5.1. Growth Model 47 

5.2. Comparison of the Percentage Errors 49 

5.3.  Accuracy of the Fitted Growth Model 50 

5.4. Forecasted Ageing Population in Sri Lanka from 2017-2020 from the 

Growth Model 50 

5.5. Summary of the Chapter Five 50 

CHAPTER SIX: DEVELOPMENT OF DOUBLE EXPONENTIAL SMOOTHING 

MODEL 52 

6.1. Determination of Smoothing Constant 52 

6.2. Fitting Double Exponential Smoothing Model 54 

6.3. Comparison of the Percentage Errors of the Validation Set 55 

6.4. Accuracy of the Fitted Double Exponential Smoothing Model 56 

6.5. Short-Term Forecasting of Ageing Population (2017-2020) 56 

6.6. Confidence Intervals for the Predicted Values (2013-2020) 57 

6.7.  Comparison of Three Models 58 

6.7.1.  Percentage Errors 58 

6.7.2. Accuracy Measures 58 

6.8. Summary of the Chapter Six 59 



vii 

 

CHAPTER SEVEN: CONCLUSIONS AND RECOMMENDATIONS 61 

7.1. Conclusions 61 

7.2. Recommendations 61 

7.3. Suggestions 62 

REFERENCE LIST 63 

BIBLIOGRAPHY 69 

Appendix – A: Ageing population dataset 70 

Appendix – B: Theoretical autocorrelation and partial autocorrelation plots for AR(1), 

MA(1) and ARMA(1,1) 71 

Appendix – C: Diagnostic checks of residuals of ARIMA(0,2,1) model 72 

Appendix – D: Calculating initial values for level and trend in double exponential 

smoothing using Minitab 74 

Appendix – E: Percentage Errors for training dataset (DES model) 75 

Appendix – F: Percentage Errors for training dataset (Growth model) 76 

Appendix – G: Percentage Errors for training dataset (ARIMA 0,2,1) 77 

 
 

 

 

 

 

 

 

 

 

  

 

 



viii 

 

LIST OF FIGURES 

 

Figure 3.1: The Box – Jenkins methodology 26 

Figure 3.2: Theoretical ACF and PACF for AR (1) 29 

Figure 3.3: Theoretical ACF and PACF for MA (1) 30 

Figure 4.1: Ageing population in Sri Lanka from 1950-2012 34 

Figure 4.2: Sample ACF of ageing population in Sri Lanka from 1950-2012 35 

Figure 4.3: Sample ACF of the second differenced series of ageing population 39 

Figure 4.4: Sample PACF of the second differenced series of ageing population 40 

Figure 4.5: Comparison of forecasted and actual ageing population in Sri Lanka with 

related confidence intervals from 2013-2016 46 

Figure 5.1: Graphical representation of the fitted growth model for the ageing 

population in Sri Lanka 49 

Figure 6.1: Double exponential smoothing curve for the ageing population in Sri 

Lanka 55 

Figure 6.2: Forecasted, actual, upper and lower confidence intervals for the ageing 

population (2013-2020) through DES model 57 

 

 

 

 

 

 

 

 

 

 



ix 

 

LIST OF TABLES 

 

Table 1.1: Percentage of population over 60 years of age in South Asian countries 2 

Table 2.1: Percentages of the elderly (65+ years) in selected regions and countries of 

the World: 1950 and 2000 7 

Table 2.2: Growth of ageing population in Sri Lanka during the census years from 

1953 to 2012 8 

Table 2.3: Changes of the age structures of the population in Sri Lanka during the 

census year from 1953-2012 8 

Table 2.4: Distribution of elderly by age 1971-2012 (As a % of total elderly) 9 

Table 2.5: Sex ratio of the elderly population in Sri Lanka 1971-2012 9 

Table 2.6: CBR, CDR, and TER during the census years of 1946 to 2012 11 

Table 2.7: Standard elderly population projections 16 

Table 3.1: Theoretical Patterns of ACF and PACF 31 

Table 4.1: Results of ADF test of the original ageing population data (1950-2012) 36 

Table 4.2: Results of ADF test of the first differenced ageing population series 37 

Table 4.3: Results of ADF test of the second differenced series 38 

Table 4.4: Parameter estimation of ARIMA (1, 2, 0) 41 

Table 4.5: Parameter estimation of ARIMA (0,2,1) 41 

Table 4.6: Parameter estimation of ARIMA (1,2,1) 42 

Table 4.7: Comparison of randomness of the errors of the parsimonious models 43 

Table 4.8: Further diagnostic checks 43 

Table 4.9: Percentage errors for the validation data set 44 

Table 4.10: Accuracy of the fitted model 45 

Table 4.11: Forecasted ageing population in Sri Lanka from 2017-2020 45 

Table 5.1: Analysis of Variance of the fitted model 47 



x 

 

Table 5.2: Parameter estimation of the fitted trend model 48 

Table 5.3: Percentage errors for the validation dataset 49 

Table 5.4: Accuracy of the fitted growth model 50 

Table 5.5: Forecasted ageing population in Sri Lanka from 2017-2020 50 

Table 6.1: MAPE for different values of smoothing constants (α and β) in DES model

 53 

Table 6.2: Percentage errors for the validation dataset 55 

Table 6.3: Accuracy of the fitted double exponential smoothing model 56 

Table 6.4: Forecasted Aging Population in Sri Lanka from 2017-2020 56 

Table 6.5: Comparison of the percentage errors of three models for the validation set

 58 

Table 6.6: Comparison of the accuracy of the models through training set and 

validation set 59 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



xi 

 

LIST OF ABBREVIATIONS 

 

Abbreviation     Description  

 

ACF     Autocorrelation Function 

AIC      Akaike‟s Information Criteria 

ARIMA(p,d,q)    Autoregressive Integrated Moving Averages of order p, 

d, and q,  

ARMA(p,q)  Autoregressive of order p and Moving Averages of 

order q 

AR     Autoregressive components 

MA     Moving averages components 

BIC      Schwarz Information Criterion 

CBR    Crude Birth Rate 

CDR    Crude Death Rate 

DDT     dichloro diphenyl trichloroethane 

DES     Double Exponential Smoothing  

k       Autocorrelation function of lag k 

 kk
             

Partial autocorrelation function for lag k 

MAPE     Mean Absolute Percentage Error 

SACF      Sample Autocorrelation Function 

TFR    Total Fertility Rate     

 

  

 

 

 

 

 

 

 



xii 

 

LIST OF APPENDIXES 

 

Appendix – A: Ageing population dataset 70 

Appendix – B: Theoretical autocorrelation and partial autocorrelation plots for AR(1), 

MA(1) and ARMA(1,1) 71 

Appendix – C: Diagnostic checks of residuals of ARIMA(0,2,1) model 72 

Appendix – D: Calculating initial values for level and trend in double exponential 

smoothing using Minitab 74 

Appendix – E: Percentage Errors for training dataset (DES model) 75 

Appendix – F: Percentage Errors for training dataset (Growth model) 76 

Appendix – G: Percentage Errors for training dataset (ARIMA 0,2,1) 77 

 

  

 

 

 

 

 


