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Abstract 
This study empirically investigates the impact of ageing on equilibrium interest rate in 

Pakistan for the period 1982-2014. The study has used young age working population 

(YAWP) and proportion of middle age working population (MAWP) as indicators of ageing 

to determine the importance of age demographics on equilibrium interest rate. Based on unit 

root tests, the study has estimated Autoregressive Distributive Lag (ARDL) model. The 

findings of the study show that YAWP and MAWP have positive and negative impact on 

interest rate in Pakistan, respectively. The results are supported by standard diagnostic tests 

and signs of estimated coefficients are according to the expectations. Further, long run and 

short run estimation results are consistent with recent empirical evidence found for other 

countries. In case of Pakistan, no empirical study previously exists on the subject thus 

highlighting the contribution of this study in the literature. Based on findings of the study, it 

is obvious that age structure of working population along with traditional macroeconomic 

determinants of equilibrium interest rate must be considered for designing effective policies 

to bring equilibrium in interest rate in Pakistan. 
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Introduction 
The concept of “demographic change”2 refers to a population’s age structure adjusting to 

changes in living situations. Subsequently, changes in the alignment of a society’s age 

structure are the result of socio economic shifts (Linz, 2010). Literature suggested that 

working age population, growth in old age dependency, fertility rate, crude birth rate, crude 

death rates and population growth are frequently used indicators of demographic change 

(Weber, 2009)3. Demographic change is very significant determinant of future economic and 

social land scape. Many researchers have developed the link between the size and alignment 

of population age structure and macroeconomic out comes. The channels through which 

ageing affect an economy usually include savings and investment, labor market choices, 

aggregate demand and aggregate supply reactions. Demographic variables affect real 

variables like current account balance, growth in real per capita income, saving and 

investment, budget balance, inflation and interest rate. Life Cycle Hypothesis suggested that 

people in middle age working population 40 to 64 are net savers and tend to put negative 

pressure on interest rate while retires and youth are relatively more dis-savers and are net-

consumers and young age working population depend on their working wages and demand 

more money to create upward pressure on interest rate and create demand-pull inflation 

(Imam, 2013).  

Recent literature claimed that demographic changes have taken a vital place in 

macroeconomic implications. Besanger (2000) elaborated the impact of demographic changes 

on macroeconomic indicators like national saving, investment, employment participation, 

labor productivity and current account balance. Implications of demographics on inflation 

found mostly in developed countries. Lee et al. (2013) particularized that population in 
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developed countries like, Japan, USA, China, Korea and ERU is aging sharply. The portion 

of young population will shifted toward old age in next 50 years. And in Developing 

countries there is a big portion in child age population and this will increase the portion of 

working age population in next 20 to 30 years. 

Achieving equilibrium interest rate is one the most important macrocosmic goal of any 

economy’s policy authorities. Equilibrium in the interest rate provides health to the economic 

system and provides smooth working to macro machinery. Economists have determined 

several macroeconomic determinants of equilibrium interest rate which. There are many 

empirical studies conducted to find the impact of demographic changes on equilibrium 

interest rate. Young working age population are more inflationary and more expect high 

interest rate with compare to old working age population4 (Juselius & Takats, 2015). Some 

studies has empirically invested the Life Cycle Hypothesis like Lindh and Melmberg (2000) 

examined the hypothesis that net savers dump down interest rate and with empirical evidence 

of panel study they found that population aging leads toward net saving and low inflation and 

low interest rate, on the other hand youth population leads toward high consumption and high 

inflation. The same question is also addressed in recent studies which confirmed a significant 

relationship between Demographic Changes and macroeconomic indicators (Yoon et al., 

2014). 

 

Literature Review 
The effect of demographic changes on macroeconomic side is very rich in recent literature 

and this hypothesis is still very fruitful and workable to study further. Romer (1996)5 

elaborated two main approaches to test the impact of demographic changes on 

macroeconomic indicators. First, standard approach is related to constant age-specific 

behavior with respect to employment, earnings, consumption and savings with respect to 

different age groups6. The other approach includes institutional and behavior aspects in 

analysis and richer in flavor to the concept of aging induced price changes, policy changes 

and also international diversification. But this approach adds more complications in the way 

of channels compilation for the interactions between these concepts of demographic changes 

and macroeconomic indicators. Recently Callen et al (2004)7 determine that there is direct 

impact of population aging, declining, and growing on real GDP per capita and found 

positive and significant relationship between working age population and per capita GDP and 

negative relationship with aging population.  

Imam (2013) analyzed empirically the relationship between demographic changes and 

monetary policy. The study elaborated the interest rate, wealth, risk taking and expectation 

channels to estimate the implications of demographic changes on monetary policy. Using 

panel data set of 22 countries and theoretical channels, it found that, increase in older age 

population will lead toward weakening the monetary policy effectiveness.  

Besanger et al. (2000) investigated the impact of demographic changes on optimal saving 

rate. They provided empirical evidence from five Asian economies over the period of 1997 to 

2050. They used the simulation approach by using population to employment ratios for 

demographic change to show the sensitivity of empirical results, and found that, simulation 

disclose with demographic changes across the economies are considerably causing patterns in 

                                                           
4 Age group 0f 5-34 are found inflationary because they consume more and 35 to 79 are deflationary because 
they save more. 
5 Text book on advanced macroeconomics by David Romer 1996 
6 In Standard approach different age groups are treated equally, this will leading toward ambiguities in the 
analysis because of neglection of different consumption behaviors in different demographic dynamics of 
population. 
7 Chapter 3 in world economic outlook 2004. 
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optimal saving rates. They concluded that by controlling investment and current account 

balance, economies with aging population are leading towards low saving rates.  

Batini et al. (2006) elaborated the impact of demographic changes on saving, investment, 

asset prices, capital flows and global trade balance in next 80 years. An and Jeon (2006) 

found that with higher portion of working age population, high young and old dependency 

ratios, Korea grew sharply in the period. And in future Korea will be shifting toward aging 

economy that may cause the slowdown in per capita growth. Faruqee (2002) concluded that, 

population aging does not guarantee a large and unvarying reduction in saving rate, but 

different age experiences with demographic shocks can affect consumption, saving, capital 

accumulation and growth patterns in the economy. 

Lee et al. (2013) investigated the relationship between population aging and saving behavior 

in China by using Life Cycle Hypothesis. They determined that in future China’s population 

will be more aging and that increase in aging population may lead towards decrease in 

savings behavior and negative current account balance. They also included impact of 

demographic changes on growth, labor market, and pension system and on policy dilemma. 

Jaffri et al. (2012) captured the impact of population growth on current account balance in 

Pakistan by using time series data for the period of 1984-2010. They elaborated comparative 

worsen demographic rankings of Pakistan among Islamic and Asian countries. They also 

elaborated trends in current account balance deficits in Pakistan. They used Autoregressive 

distributive lag (ARDL) to capture long run empirical relationship and concluded that in case 

of Pakistan, increase in population growth is negatively and significantly affecting current 

account balance.    

Other literature on the importance of demographic change in macroeconomic performance 

Muto et al. (2012), Shirakowa8 (2012), G. Nishimura (2011) and Lisenkova et al. (2007) 

provided similar results, that population aging leading toward slow growth, low inflation, low 

saving, and negative current account balances. On the other hand increase in working age 

population and high population growth is leading towards boost in growth and other 

economic indicators 

Macroeconomic implications of demographic changes are taking vital place in recent 

macroeconomic literature. Researchers suggested that economies with different age structure 

behaves differently as theories like Life Cycle Hypothesis and Overlapping Generation 

Model are well known used theories in the literature. As people in different age group have 

different saving and consumption behaviors which may lead toward changes in the 

macroeconomic factors. Like Kara & Thadden (2010) examined the theoretical relationship 

between demographic change and interest rate. To examine long-term relationship study 

developed a closed economy frame-work for monetary policy analysis which embedded a 

tractable demographic structure within standard New-Keynesian dynamic stochastic general 

equilibrium (DSGE)9 model and they also build on the non-monetary overlapping generation 

model.10 This theory also revealed that underlying overlapping generation structure, the 

dynamics of the model critically affected by fiscal policy and the model offers New-

Keynesian plate form, which can be used to investigate in a closed economy set-up, the 

response of macroeconomic variables to demographic shocks similarly to monetary policy 

shocks. The study’s main finding was that demographic changes contributing slowly 

                                                           
8 Opening remarks by governor of the bank of japan, based on impact of macro-economic impact of 
demographic changes. 
9 The canonical New-Keynesian DSGE framework which is widely used for monetary policy analysis is based on 
the assumption of an infinitely lived representative household, thereby abstracting from realistic population 
dynamics, heterogeneity among agents, and individual life-cycle effects. 
10 In life Cycle Hypothesis behavior, by allowing for two subsequently reached states of life of new born 
persons, working age and retirees.  
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overtime to a decline in the equilibrium interest rate are not visible enough within the shorter 

period relevant for monetary policy making to require monetary policy reactions.   

Konishi & Ueda (2013) examined the relationship between demographic change and interest 

rate in fiscal and political perspective. They embedded the fiscal theory of the price level 

(FTPL) within the framework of an overlapping generation (OLG) model by considering the 

assumption of consequences of the policy choices by successive short-lived governments. 

The theory explores the dynamics of government’s policy making under the OLG model and 

provided a standard explanation behind the model with infinitely lived representative 

households involves the wealth effect as a future tax reduction increase the value of the 

representative household’s net real assets and increase consumption which generate excess 

demand in the current goods market. To clear the goods market the current price level must 

increase. They concluded that population aging stemming from an increase in longevity 

causes deflation by increase in the political influence of the older generation (which 

mechanism through increase in income tax rate to avoid increase in prices). Population aging 

stemming from a decline in the birth rate generate inflation by shrinking the tax base though 

mechanism of increase in fiscal expenditures.     

From the above listed literature it is found that demographic change has multi-dynamic 

effects on macroeconomic variables. Literature also suggested some theoretical links between 

demography and macro economy like, Life Cycle Hypothesis, Solow Swan growth model, 

standard New Keynesian frame work, exchange rate channel, monetary and fiscal channels 

and through overlapping generation model are the main founded theories to capture the 

implications of demographic change on economic analysis. 

 
Model Specification 
The study developed model by following Ikeda & Saito (2014) and Yoon et al. (2014).  

𝐼𝑁𝑇𝑅𝑡 = 𝛽1 + 𝛽2𝑌𝐴𝑊𝑃𝑡 + 𝛽3𝑀𝐴𝑊𝑃𝑡 + 𝛽4𝑅𝐺𝐷𝑃𝑡 + 𝛽5𝑇𝑂𝑇𝑡 + 𝛽6𝐹𝐷𝑡

+ 𝜀𝑡 … … … … … … . . . (I) 

This study divided the working age population into two groups; Proportion of young age 

working population aged 15-39 (YAWP) and middle age working population proportion in 

total population aged 40 to 64 (MAWP). The study takes yearly real interest rate to calculate 

equilibrium interest rate. Control variables in the study are real GDP growth (RGDP), terms 

of trade (TOT) and fiscal deficit (FD).  

In this precise study about demographic changes and interest rate, time series data has been 

used with reference to Pakistan, spanning from 1982 to 2014. The data sources are World 

Development Indicators (WDI) and looked into Pakistan Bureau of Statistics for national data 

source confirmation. The study takes data for population growth rate and adult working age 

portion from United Nations World Population Prospect (2105 revised).   
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Results and Discussion  
The time analysis starts with a unit root test to check the stationarity of the variables used in the model 

Table 1 Unit root test results 

Variable 

At level At first difference  

Intercept 
Trend and 

intercept 
Intercept 

Trend and 

Intercept 

Decision 

INTR -2.377[0] 

(0.157) 

-2.317[0] 

(0.411) 

-6.256[0] 

(0.000)*** 

-6.144[0] 

(0.000)*** 

I(1) 

RGDP -4.251[4] 

(0.003)*** 

-2.939[4] 

(0.027)** 

 

----------- 

 

---------- 

I(0) 

TOT -1.133[0] 

(0.598) 

-2.087[0] 

(0.528) 

-6.221[0] 

(0.000)*** 

-6.307[0] 

(0.000)*** 

I(1) 

FD -2.556[0] 

(0.131) 

-2.491[0] 

(0.328) 

-6.963[0] 

(0.000)*** 

-6.903[0] 

(0.000)*** 

I(1) 

YWAP -2.129[6] 

(0.597) 

-4.161[6] 

(0.019)** 

 

--------- 

 

--------- 

I(0) 

MWAP -2.759[3] 

(0.079)* 

-2.636[5] 

(0.269) 

 

---------- 

 

---------- 

I(0) 

  

In the first step of ARDL approach of co-integration there is need to check the optimal lag 

selection for the further analysis. The study applied unrestricted VAR model and followed 

AIC to select lags in ARDL model. The results for optimal lag selection criterion under VAR 

model are given in table 2.  

Table 2 VAR Lag Order Selection Criteria 
Endogenous variables: INTR YAWP MAWP GDP FD TOT  

 Lag LogL LR FPE AIC SC HQ 

0 -338.8194 NA   387.9392  22.98796  23.26820  23.07761 

1 -99.03326  367.6722  0.000514  9.402217   11.36389*  10.02977 

2 -46.29333   59.77192*   0.000231*   8.286222*  11.92934   9.451685* 

3 -12.58066  24.72262  0.000728  8.438711  13.76326  10.14208 

 * indicates lag order selected by the criterion    
 

The results of VAR model suggested that lag selection criterion of AIC indicated two lags as 

optimal lags to incorporate in the ARDL model. In the second step in ARDL the study 

applied the following model for bond testing to check co-integration among the variables.  

𝐷𝐼𝑁𝑇𝑅𝑡 = 𝛽1 + 𝛽2𝑖 ∑ 𝐷𝐼𝑁𝑇𝑅𝑡−𝑖

2

𝑖=1
+ 𝛽3𝑖 ∑ 𝐷𝑌𝐴𝑊𝑃𝑡−𝑖

2

𝑖=0
+ 𝛽4𝑖 ∑ 𝐷𝑀𝐴𝑊𝑃𝑡−𝑖

2

𝑖=0

+ 𝛽5𝑖 ∑ 𝐷𝑅𝐺𝐷𝑃𝑡−𝑖

2

𝑖=0
+ 𝛽6𝑖 ∑ 𝐷𝐹𝐷𝑡−1

2

𝑖=0
+ 𝛽7𝑖 ∑ 𝐷𝑇𝑂𝑇𝑡−1

2

𝑖=0

+ 𝛽8𝐼𝑁𝑇𝑅𝑡−1 + 𝛽9𝑌𝐴𝑊𝑃𝑡−1 + 𝛽10𝑀𝐴𝑊𝑃𝑡−1 + 𝛽11𝑅𝐺𝐷𝑃𝑡−1 + 𝛽12𝐹𝐷𝑡−1

+ 𝛽13𝑇𝑂𝑇𝑡−1𝜀𝑡 … … . (𝐼) 
In model I there are two kinds of coefficients in the equation which includes short run as well 

long run coefficients. For testing the existence of co-integration the study applied Wald test 

on following hypothesis. 

𝑯𝟎:  𝛽8 = 𝛽9 = 𝛽10 = 𝛽11 = 𝛽12 = 𝛽13 = 0  
(No co-integration exists between variables) 

𝑯𝟏:  𝛽8 ≠ 𝛽9 ≠ 𝛽10 ≠ 𝛽11 ≠ 𝛽12 ≠ 𝛽13 ≠ 0              
(There is Co-integration) 
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The results of Wald test determined that Ho is rejected in favor of existence of co-integration 

among the variables. F-statistics is 4503.71 and probability value is 0.0114 which is 

significant at 5% level of significance. The F-statistics is compared with F-critical from 

Pesaran et al. (2001). 

Long run results suggests that proportion of yang working age has positive and significant 

impact on interest rate and middle age working population has negative and significant 

impact on interest rate. Long run results are given in table 3.  
 

Table 3 Long run results 

Dependent Variable: INTR   

Variable Coefficient Std. Error t-Statistic Prob.   

C 41.05*** 10.31 3.98 0.0005 

YAWP 1.00*** 0.33 3.06 0.0049 

MAWP -3.69*** 1.01 -3.64 0.0011 

RGDP -0.65*** 0.16 -3.94 0.0005 

TOT -0.14*** 0.03 -5.51 0.0000 

FD 0.54** 0.20 2.64 0.0137 

Diagnostics 

R-squared 0.73     F-statistic 14.82 

Adjusted R-squared 0.68     Prob(F-statistic) 0.0000 
 

Table 3 shows that YAWP and MAWP are significant at 1% which indicates that younger 

part of the working age has positive and significant impact on interest rate in Pakistan. This 

technically means that young cohorts require more capital investment to enhance more 

business activities which may cause in upward pressure on interest rate. On the other hand 

Middle age working age group has negative and significant impact on interest rate. As LCH 

suggested that people in middle age before retirement are tend to save higher proportion of 

their income which may lead toward decrease in the interest rate. Other factors like RGDP 

and TOT also have negative and significant relationship with interest rate. Increase in FD 

leads to increase in INTR.    
 

Table 4 Short run ECM model 
Dependent Variable: DINTR 

Variable Coefficient Std. Error t-Statistic Prob.   

C -16.51* 9.44 -1.75 0.0964 

DYAWP 0.46* 0.26 1.76 0.0949 

DMAWP -9.68 6.34 -1.53 0.1431 

DMAWP(-1) 6.28 10.23 0.62 0.5465 

DMAWP(-2) 11.48 11.94 0.96 0.3483 

DMAWP(-3) -20.41** 9.31 -2.19 0.0409 

DTOT -0.11*** 0.02 -4.56 0.0002 

DRGDP -0.47*** 0.12 -3.77 0.0013 

DFD 0.49** 0.19 2.62 0.0167 

ECM(-1) -0.73*** 0.21 -3.52 0.0023 

Diagnostics  
R-squared 0.76     F-statistic 6.51 

Adjusted R-squared 0.64     Prob(F-statistic) 0.0003 
 

Short run results in table 4 shows that lagged ECM term has negative and significant 
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coefficient which reconfirms the long run estimates are true. The relationship between 

YAWP and MAWP also hold same and significant in short run and control variable; RGDP, 

TOT and FD also found with similar signs and significant in short run.  So it is confirmed 

that the age structure has implications of interest rate in the long run as well as in the short 

run.  

Diagnostics tests for short run ECM model 
Diagnostics tests which are applied on the short run ECM model one are, Breusch-Godfrey 

Serial Correlation LM Test, Heteroskedasticity Test of Breusch-Pagan-Godfrey, Jarque-Bera 

Test of Normality, and Ramsey RESET Test. The results of the diagnostics tests are given in 

the following table 5.      

 

 

Table 5 Diagnostic tests for ECM Model One  
Breusch-Godfrey Serial Correlation LM Test 

F-statistic 1.14 Prob. 0.3418 

Obs*R-squared 3.44 Prob. Chi-Square 0.1790 

Heteroskedasticity Test: Breusch-Pagan-Godfrey 

F-statistic 1.37 Prob. 0.2656 

Obs*R-squared 11.45 Prob. Chi-Square 0.2464 

Jarque-Bera Test of Normality 

Jarque-Bera 2.39 Prob. 0.3020 

Ramsey RESET Test 

t-statistic 0.35 Prob. 0.7295 

F-statistic 0.12 Prob. 0.7295 

 

Table 5 shows that in the probability value of Breusch-Godfrey Serial Correlation LM Test is 

0.3418 which is more than 0.05, which determine that there is no serial correlation in the 

model and Breusch-Pagan-Godfrey test for Heteroskedasticity confirms that there is no 

heteroskedasticity in the model with probability value of 0.2656 which is greater than 0.05. 

Jarque-Bera test for normality also indicates that results are normalized and Ramsey test is 

also in favor of the results there probability values are more than 0.05. These diagnostics 

confirmed that the results of the model one have satisfied the conditions of technical 

justifications and can be considered highly significant. Stability test results are giving in 

Figure 1.  
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Figure 1 Stability test of CUSUM and CUSUM squared 

 
Models stability in tested through CUSUM and CUSUM squares test. The graphical 

representation of the results shows that model is stable at 5% level of significance, CUSUM 

line and CUSUM squares lines are within the limits of 5% level of significance. 

 

Conclusion  
The study has examined the relationship between ageing and equilibrium interest rate in 

Pakistan applying ARDL approach of cointegration for the period of 1982 to 2014. The study 

developed model for two indicators of ageing (YAWP and MAWP) following Yoon et al. 

(2014) and Ikeda & Saito (2014). The study used GDP growth, TOT and FD as control 

variables in both models.  

Estimation results show that YAWP and MAWP have positive and negative effects on 

interest rate respectively, negative and significant coefficients of lagged ECM terms in short 

run model confirmed the long run estimates as true. Validity of empirical results has 

confirmed through applying standard diagnostic tests. The results of the study are consistent 

with recent studies (Yoon et al. (2015), Ikeda & Saito (2014), Anderson et al. (2014), Imam 

(2013). This yields that people react differently to policies in different age groups and there is 

need to develop active policy for specific age groups. Theorists confirmed that less 
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effectiveness in equilibrium in interest rate is seen where young proportion of working 

population is high. Anderson et al. (2014) suggested that there is need of strong fiscal 

consolidation with aggressive and active monetary policy and there is need to make age 

specific policies. The study concludes that the age structure of Pakistan is significant in 

effecting equilibrium interest rate so accordingly there is need of age specific policy reforms 

to reach at equilibrium interest rate in Pakistan.  
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