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POPULATION DEPENDENCY AND INFLATION:
A STUDY OF HIGH- AND
UPPER-MIDDLE-INCOME COUNTRIES

Researchers often study whether demographic change brings about inflationary tendencies in recent
years. The decrease in the population at active working age and the dependency ratio that arises because
of the increasing old age show an area where there is no consensus on whether it causes an inflatio-
nary trend. In this context, we examined the trend of the young population dependency ratio, which
represents the population aging and demographic change, and the tendency of the elderly population
dependency ratio to affect inflation. The study conducted on 29 Upper Middle and High Income country
economies in the period covering 1980-2020 used panel cointegration, panel ARDL and panel causality
analysis methods. The main findings got from the study reveal that the elderly population dependency
ratio has a deflationary effect in the short term, and the young population dependency has an inflationary
effect in the long term.

When examining the empirical studies in the literature, findings that show that population aging
often leads to a deflationary process come to the fore. In other words, the fact that the age distribution
of the total population accumulated from the active working age population to the elderly population
shows the existence of a negative correlation between aging and inflation.

Key words: population dependency, inflation, cointgration, panel data analysis, Dumitrescu-Hurlin
panel causality.
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XaAbIKTbIH, TOYEAAIAIri XkoHe MH(PASLMSA: TabbICbl XKOFapbl
)K9He OpTallla A€HreMAEH XXOFapbl eAAEpAi 3epTTey

COHfFbl XKbIAAAPbI 3epTTeyLlirep AeMOrpaUsAbIK, 63repiCTepPAIH MHPASUMSABIK, TEHAEHUMSIAQPFa
OKEeAETIHIH Xui 3epTTeai. beaceHai eHOekke KaGIAETTI >KacTaFbl XaAblK, CaHbIHbIH a3alobl >KOHE
KAPTTbIKTbIH YAFAIObIHAH TYbIHAQMTbIH acblpayblHAAFbl aAaMAAPAbIH KO3 MULIMEHTI BYA MHPASILMSABIK,
TEHAEHLIMSIHbI TYAbIPATbIHbI TYPaAbl KOHCEHCYC XOK, alMakTbl KepceTeai. byA Typrbiaa 6i3 XaAbIKTbIH
KApTalobl MeH AeMorpadmsiAbIK ©3repicTepAi KOPCETETIH >KaC XaAbIKTbIH, TOYEAAIAIK KOI(PPULMEHTIHIH
TEHAEHLMSCBIH YKOHE erpe >KacTaFbl XaAbIKTbIH TOYEAAIAIK KO3 (UUMEHTIHIH MHASUMSFA ocep eTy
TEHAEHUMSCbIH 3epTTeAik. 1980-2020 XbIAAAPAbI KAMTUTbIH OpTallla >XOHe >KOofapbl Kipici 6ap 29
EAAE XKYPri3iAreH 3epTTey naHeAbAik KomHTerpaumsi, ARDL naHeAi xxeHe ceben-carAapAbik, MaHeAbAIK
TaAAQy BAICTEpPi KOAAQHBIAABL. 3epTTey HOTUXKECIHAE aAbIHFaH HEri3ri HoTMXKeAep erae >kacTafbl
XaAbIKTbIH, TOYEAAIAIK KO3(hDUUMEHTI KbICKa MepP3iMAI nepcrnekTnBasa AePASIUMSAbIK 8Cep eTeTiHiH,
AA XKAC XaAbIKTbIH, TOYEAAIAIr Y3aK, Mep3iMAi nepcrnekTnBasa MHPASLUMSABIK, 8cep eTeTiHIH KepCceTTi.

OAeOMeTTer  SMMMPUKAABIK, MOAIMETTEPAI 3epTTey Ke3iHAE XaAbIKTblH KapTatobl KebiHece
AEMPAILMS MPOLIECIHE SKEAETIHIH KepCeTeTiH TyXXblpbiIMaap OipiHWi opbiHFa WbiFaAbl. backatia
anTkaHAa, 6GeaceHal eHbOekke KaGIAETTI >KacTarbl MOMYyASUMSIAQH €rae >kacTarbl XaAblkKa AeMiH
SKMHAKTAAFaH >KaAMbl XaAbIKTbIH >KacblHA Kapar TapaAybl KapTaild MeH MHMASUMS apacbiHAQ Tepic
KOPPeASLMsIHbIH 6ap eKeHiH KepceTTi.

TyiiH ce3aep: AeMOrpadmsIAbIK, TOYEAAIAIK, MHPAILMS, KOUHTErpaums, AepekTepAi NMaHeAbAiK
TaAAdy, AYMUTPECKY-XEPAMH MaHEAIHIH ceben-caapaapAblK, GaiAaHbIChI.
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3aBMCMMOCTb HaCEAE€HUS U MH(b/\ﬂU,MfI: UCCAEAOBaHUE CTPaAH
C BbICOKMM U Bbillle CPeAHEro YypoBHemM A0OXOAad

MccaepoBaTeAM B MOCAEAHME TOAbI YAaCTO M3YYaloT, MPUBOAST AU AeMorpaduyueckme M3MeHeHMs
K MH(PASLMOHHDBIM TeHAeHUMaM. CoKpalleHne YMCAEHHOCTM HACEAEHNS B aKTUBHOM TPYAOCMOCOOHOM
Bo3pacte M KO3((UUMEHT MXKAMBEHLIEB, BO3HMKAIOWMIA M3-32 YBEAMYEHMS MOXKMAOIO BO3PacTa,
yKa3bIBalOT Ha 00AACTb, B KOTOPOM HET EAMHOIO MHEHMSI O TOM, BbI3bIBAET AWM 3TO MHMASILMOHHYIO
TEHAEHUMIO. B 3TOM KOHTEKCTe Mbl M3YUMAM TEHAEHUMIO KO3 pULIMEHTA MXKAMBEHYECTBA MOAOAOTO
HaceAeHUs, KOTOPbI OTpPaXkaeT CTapeHue HaceAeHUs U AeMorpadrueckme U3MeHeHus, U TEHAEHLMIO
KO3(hpULMEHTA UKAVMBEHUYECTBA MOXKMAOIO HACEAEHWS KOTOPbIN BAUSTb Ha MHASILMIO. B uccaepoBaHMY,
NMPOBEAEHHOM B 29 CTpaHax C AOXOAAMU Bblllle CPEAHErO U C BbICOKMM YPOBHEM AOXOAQ B MEPUOA,
oxBatbiBatowm 1980-2020 roAabl, MCMOAb30BAaANCb METOAbI MAHEAbHOM KOWMHTErpaumm, NaHeAbHOro
ARDL 1 naHeAbHOro aHaAm3sa NMpPUUYMHHO-CAEACTBEHHbIX CBSi3eil. OCHOBHbIE BbIBOAbI, MOAYYEHHblE B
pe3yAbTaTe MCCAEAOBAHMS, MOKA3bIBAIOT, YTO KO3(MMPUUMEHT 3aBUCUMOCTU MOXKMAOIO HaCeAeHus
OKa3sblBaeT AeASUMOHHbIA 3PeKT B KPAaTKOCPOUHOM MepcrekTnBe, a KoauUuMeHT 3aBUCUMOCTb
MOAOAOIO HAaCeAeHMsI 0Ka3blBAeT MHPASLUMOHHBIN 3(DeKT B AOATOCPOYHON MepcrekTUBe.

[Mpy M3yUYeHUU IMNUPUYECKMX UCCAEAOBAHUI B AMTEpAType Ha MepBblid MAAH BbIXOAST BbIBOAbI,
KOTOpble TMOKa3bIBAIOT, YTO CTAPEHWME HACEAEHWS 4YacCTO MPUBOAMT K AEPASIUMOHHOMY MpPOLIECCY.
Apyrmmun caoBamm, TOT (PaKT, YTO BO3PACTHOE PaCTpPeAEAeHMe OOLLEN YUCAEHHOCTU HACEAEHMS,
HaKOMAEHHOE OT HaCeAEHMSl aKTUBHOI O TPYAOCMOCOBHOr0 BO3pacTa A0 HAaCEAEHMS MOXKMAOIO BO3PaCTa,

NMoKa3blBaeT CylweCTtBOBaHNE OTpl/lLl,aTe/\bHOl;l KOppeAsaunn MexxAay CTapeHmnem m MHCbASIL],VIeVI.
KaroueBble croBa: AeMorpachquKaﬂ 3daBUCMMOCTb, l/IHCb/\ﬂLI,VISI, KOMHTErpauu4, MaHeAbHbIM aHaAU3
AAHHbIX, MPUYNHHO-CAEACTBEHHAA CBA3b lNMaHEAU IA,yMl/ITpeCKy—Xep/\l/lHél.

Introduction

The decrease in the rate of population growth
and the aging of the working population are two of
the major challenges confronting both developed
and developing countries in recent times.
Demographic change, which is defined as
transformations in the population structure, affects
the labor market, the size of the active and working
population, public spending, taxation, investment,
consumption and savings decisions of economic
units in both the short and long run, with its dynamic
structure (Broniatowska, 2019). Changes in the
population age structure can cause profound and
lasting impacts on the economy, with the intensity
of these effects becoming increasingly pronounced
as the populations age. In this context, the reflection
of demographic changes on macroeconomic
variables is one of the most important socio-
economic arguments that policymakers should
consider when planning policies for the future.

The size of economic growth varies according to
the different investment and savings decisions of
each age group. Young people will invest more in
health and education, older people will need health
care and retirement income, and adults will have

labor and savings. In this context, the active
working-age population comprising adults includes
young people who consume more than they produce,
as well as individuals with higher economic output
and savings than the elderly (Sundman, 2011). In
line with Sundman’s view, in countries where
inflation rates are low or the increase in inflation
rates is slow, as the age level of the total population
rises, economic units save. Analysis conducted
based on the intersecting generations theory reveals
that economic agents save during their old age when
they owe their youth, and they seldom deplete their
savings when their income is unstable and move to
a consumption level. The aging or decrease in
population leads to changes in consumption habits.
Upwards, they will prefer saving to consumption,
and ultimately, while aggregate demand will
decrease, inflation will remain at a lower level.
Thus, the decrease in total demand will decrease the
effective labor supply in the economy and increase
the downward pressure on inflation (Yoon et al.,
2014).

Significant population changes observed in the
world population in recent years have made it more
important that the long-term effects of demographic
change are manageable and predictable. (Carvalho
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et al., 2016). In particular, the rapid decline in birth
rates despite the increase in life expectancy and the
almost no increase in the retirement age in most of
the European Union countries in the last twenty to
thirty years have led to significant changes in
consumption and saving behaviors, making it
necessary to review macroeconomic policies
(Bobeica et al., 2017). The 2020 European
Commission Report predicts that the European
population will account for approximately 4% of the
total world population by 2070. As the report states,
they expected that the population over 65 will
increase 10% by 2070 compared to 2019, hitting
30.3%, and the population over 80 will be at 13.2%
for the same year. The expected decrease in the
share of the active working population in the total
population will cause the share of European Union
countries in the total world GDP to decrease
significantly (EU Commission, 2020). Experts
expect that the rise in the number of people above
65 and 80 in the total population will cause higher
inflation rates. We can understand the connection
between demographic structure and inflation when
we examine the difference between the number of
goods and services produced by certain age groups
and the number of goods and services they consume.
An increase in consumption by a particular age
group will lead to higher prices. Here, it looks like
the inflation rate has a positive relationship with the
growth of the dependent population of group
members who are not of active working age, such as
children, youth, and the elderly (Petersen and Lopez,
2019). The study examined the effect of
demographic change on inflation in 29 upper
middle-and upper income groups. After the
introduction, we present the relevant literature in the
second part. We present the data set following the
literature review. In the fourth section, we describe
the empirical methodology, and the empirical results
are in the fifth section. The study's conclusion were
included in the sixth chapter.

Literature Review

The literature has studied the relationship
between demographic change and inflation many
times, both theoretically and empirically. In
particular, deflation processes, which result from
both the global crisis and the consumption-savings
paradox of developed countries such as Japan, have
increased the interest in examining the effects of
aging and population growth on inflation. When
examining the empirical studies in the literature,

findings that show that population aging often leads
to a deflationary process come to the fore. In other
words, the fact that the age distribution of the total
population accumulated from the active working age
population to the elderly population shows the
existence of a negative correlation between aging
and inflation. This correlation makes demographic
change an important structural factor that defines
macroeconomic relations. This context presents the
current results of the relevant empirical literature
within different country groups, different variables
and analysis methods below.

Anderson et al. (2014) examined whether
population aging creates a deflationary effect in the
Japanese economy. The study, conducted on the
IMF’s globally integrated monetary model, analyzes
the deflationary pressures in the Japanese economy
resulting from falling growth rates and land prices,
and population aging. The results of the study,
which combines the current macroeconomic
structure of the Japanese economy with future
projections, show that aging creates deflationary
pressure through relative price changes. Yoon et al.
(2014) concluded that there is a positive relationship
between population growth and inflation for the
period of 1960-2013 for 30 OECD countries, but the
relationship between demographic change and
inflation becomes negative as the share of the
elderly population in the total population increases.
Juselius and Takats (2015) studied the effects of
demographic change on inflation for 22 OECD
countries from 1870 to 2016. The analysis reveals a
statistically ~ significant relationship  between
population age structure and low-frequency
inflation. The authors argue that the inflationary
pressure caused by the increasing share of the
elderly in the population does not have a strong
effect on reducing inflation because of the
decreasing share of the youth in the population.
Inoue et al. (2016) examined how the decline in birth
rates and the increase in the aging rate of the total
population will affect the goods and services
markets and asset markets. The findings of the
study, which sampled 23 developed countries,
including leading Asian countries, because of panel
data analysis, show that while the young age
dependency ratio has a positive effect on both
inflation and housing prices, the elderly dependency
ratio has a negative effect on these variables. Liu and
Westelius  (2017) examined the effect of
demographic change on total factor productivity and
inflation in Japan. In their study of the years 1990-
2007, the authors concluded that the increase in the
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population aging rate and the slowdown in
population growth created a deflationary pressure on
the Japanese economy, while the decrease in the
active population reduced the total factor
productivity. Vlandas (2017) examined the
relationship between aging and inflation through
electoral politics and institutions, different from the
general approach of the literature. According to the
study, which argues that aging leads to lower
inflation rates, that the elderly population group is
both dissatisfied with inflation and has a strong
political position in the total population in countries
with a higher rate of elderly forces political parties
to follow lower inflation rates. With another
approach, the study argues that the older
population’s  dissatisfaction ~ with  inflation
strengthens the possibility of punishing the political
authority during the election period. The study
empirically shows that there is a negative correlation
between the elderly population ratio and inflation in
a larger sample group comprising 21 developed
economies and 175 countries, and the increase in the
elderly population leads governments to pursue
lower inflation. Broniatowska (2017) examines the
connection between inflation and the age structure
of the population, and whether the increasing old-
age dependency ratio is associated with lower
inflation for 32 OECD member countries between
1971 and 2015. The study, based on panel data
analysis, argues that an increase in the dependency
ratio will create lower inflation. Emphasizing that
continued population aging will downward pressure
inflation, the findings show similar results with
some previous empirical studies that an increase in
life expectancy will create a deflationary tendency.
Andrews et al. (2018) studied the inflationary,
deflationary and dis-inflationary trends within the
different age groups of the population. The findings
of the study, which covers 22 OECD countries for
the period covering the years 1955-2010, show that
the increase in the share of the age group of 80 years
and older creates deflation. Han (2019) analyzed the
effect of demographic changes observed in Hong
Kong, Singapore and China economies on inflation
for the period 1991-2016 with the VAR analysis
method. The findings reveal that the increase in the
young population is inflationary, while the increase
in the elderly population has a dis-inflationary
effect. Kalafatcilar and Ozmen (2019) analyzed the
demographic transition and inflation relationship
over 14 developing countries, including Turkey, for
the years 1995-2015. The study is based on the view
that the demographic transition shapes the age

structure of developing countries and causes great
fluctuations between the working age and the
dependent population. The study shows that the
dependent population positively relates to
inflationary pressures, while the working age
population relates to deflationary pressures.
Albuquerque et al. (2020) examined the relationship
between population aging and inflation for 24
OECD countries in the years 1961-2014. The study
used the panel cointegration method to analyze the
long-term effects of inflation and the age structure
of the population for the period under consideration.
The findings show that there is a long-term
cointegration relationship between inflation and the
growth rates of young and middle-aged population
groups. As the panel least squares estimates show,
an increase in the younger working-age population
reveals explicit inflationary pressure, while an
increase in the older working-age population reveals
the existence of lagged inflationary pressure. The
authors argue that the decrease in the working-age
population and the high aging trend of the
population create an inflationary situation. Kaygisiz
and Ezanoglu (2021) examined the effect of
demographic change on inflation using OLS and
GMM panel data analysis techniques for 23
emerging economy countries (they performed the
analysis on 18 country groups because of the
imbalance of the data set) for the period 1995-2017.
The results got by the authors are that the increase in
the rate of the young population in the total
population decreases inflation, while the elderly
population increases inflation. Isa (2021)
investigated the relationship between inflation and
demographic effects with a linear regression based
on the Phillips curve for the period 1996-2016 over
the sample of Japan. Findings from the study reveal
that population aging creates inflationary pressure,
while the decreasing population causes deflationary
pressure. Mousavian et al. (2022) examined the
effect of population aging on inflation in developed
and developing countries in the period 2001-2018
using a panel data analysis method. The results got
from the study show that population aging has a
negative and significant effect on the inflation rate
in both developing and developed country groups.
Rahman (2022) examined the possible effects of
active and elderly population on real GDP growth
and inflation in Japan using ARDL and VECM
analysis methods. In the study, the results got from
the ARDL boundary test point to the existence of a
cointegration relationship between the variables,
while the VECM results emphasize that the elderly



H. Kaya, Y. U. Uzun

population has a counteracting effect on real GDP
growth, and the active age population has an
expanding effect on real GDP growth. He et al.
(2022) examined the relationship between
population aging, inflation, and economic growth in
the People’s Republic of China using the BVAR
analysis method. In the study, which examines the
period covering the years 1961-2020, the main
results indicate that population aging has a negative
effect on inflation and economic growth.

Data and Model

In this study, the effect of population aging on
inflation between 1980 and 2020 was examined. The
sample of the study covers 29 economies
determined as upper income and high income
according to the World Bank classification. The
country and time period of the sampling were
determined within the availability of data. These
countries are presented in the appendix. The study,
in which annual data is used, has a balanced panel
structure. In the study, the inflation variable (INF,
%) was taken as the annual rate of change in the
consumer price index. Population dependency
variables are defined in two different ways, similar

to the studies of Juselius and Takats (2105) and
Broniatowska (2017), based on the young
population dependency ratio and the elderly
population dependency ratio. The young population
covers the age range of 0-14, the elderly population
65+ and the working age population 15-64. In the

study, (ADPY; = (n"" / n;”"ki"g”g" )) was obtained

by dividing the youth dependency ratio of the young
population (0-14) by the population of working age.
Similarly, the elderly population dependency ratio is
(ADPO, = (n;"" / n)""™**))by  dividing  the

elderly population by the working age population. In
the study, the annual growth rate of real gross
domestic product (GDP, %), base monetary growth
rate (M, %) and trade openness (TOT, %) control
variables were added to examine the relationship
between population aging and inflation. All
variables in the study were taken from the World
Bank database.

The relationship between inflation, population
aging and control variables was defined by the
INF = f(ADPO, ADPY ,GDP, M ,TO) function.
Based on this function, the basic empirical model
defining the relationship in question was constructed
as in equation (1):

INF, = B, + p,,ADPO + B,, ADPY + , GDP + f M + B, TO + ¢, (1)

In model (1), i represents the country in the
model, t represents the time dimension of each

b is

Bois Bais Bais Psi» B are the slope coefficients and

country, constant parameter,

€, 1s the error term.

Empirical Methodology

The first step in panel data analysis is to test the
slope homogeneity of the series. The slope
homogeneity test is ignored in the literature and it
is assumed that the sample forming the panel has a
homogeneous distribution. However, defining the
distribution structures of the series in panel data
analysis is important to determine the test
procedure to be applied. For this reason, the slope
homogeneity of the series forming the panel
sample was tested via the delta and delta-ad;j tests
developed by Pesaran and Yamagata (2008). In the
method in which the cross-sectional distribution of

the individual slopes of the countries forming the
panel is used, the null hypothesis, which assumes
that the slope coefficients are homogeneous, is
compared with the alternative hypothesis, which
assumes that the slope coefficients are not
homogeneous. The results got present the
distribution structure of the panel. After testing the
slope homogeneity, the cross-sectional dependence
was investigated for the individual series and the
entire panel. Cross-sectional dependence is
important in several ways. The cross-section
dependency test allows to determine whether a
shock that will occur in one subgroup of the sample
under consideration will have the same effect on all
subgroups whether the reflection of the said shock
on the subgroups differs. The cross-section
dependence is important in the selection of the unit
root test to apply to the series. The stationarity of
the series should be investigated with first
generation unit root tests with cross-sectional
dependence, and second generation unit root tests
if there is no cross-sectional dependence. In this

7
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direction, the cross-section dependence of the
individual data of the countries and the whole panel
was investigated with the Breusch-Pagan Lagrange
Multiplier (LM), Bias-corrected scaled LM and
Pesaran cross section dependence (CD) tests
(Kaya, 2022:224). After the slope homogeneity and
cross-sectional dependence tests, the stationarity of
the series was investigated by second generation
unit root tests. There are many unit root tests in the
literature that allow unit root testing under cross-
sectional dependence. The most used of these tests
are Levin et al. (2002) and Im et al. (2003). These
tests produce erroneous results due to cross-
sectional dependence and slope homogeneity
(Voumik and Akter, 2022). For this reason, in the
study, cross-sectional augmented IPS (CIPS) and
covariate-augmented Dickey Fuller (CADF) test
methods, which are second generation unit root
tests, were used to determine the stationarity of the
series under cross-sectional dependence and slope
heterogeneity. The CADF test is calculated with
the help of the cross-sectional averages of the

Pi
Ay, = 5idz tay,,;t ;Lixi,x—l + Z%’A'xi,t

J=0 J=1

In equation (2), d, = (1,¢)'is the deterministic

components, &, =(3,,,5,,) 1s related parameters

vector and (ZI. error correction parameter. In the
Westerlund cointegration test four different panel
cointegration test statistics (G,, G, P veP)
G, ve G,

test statistics define group mean test statistics, while

depending on the diestimation values.

P ve P test statistics define panel cointegration

statistics for the whole panel. In this context, the
mean test statistics for the group are established

usine G =— =—
& (1) ZSE( )’

whereas the panel cointegration test statistics are

A

calculated through £ =————and P =Ta

SH (&)
equations (Westerlund, 2007).

After the cointegration test, the short- and long-
run relationship between the series was investigated
by the ARDL-PMG method developed by Pesaran
et al. (2001). The ARDL method establishes a long-
term relationship between the series determined to

delayed values of the ADF regressions and the
model in which the first differences of the
individual series are included. In the CADF unit
root test, the difference between cross-section and
time dimensions is not significant, and the test
produces consistent results under T>N or N>T
conditions (Pesaran, 2007). After determining the
degree of stationarity of the series, whether the
series move together in the long run was examined
with the Westerlund (2005) cointegration test.
Westerlund (2005) cointegration test allows to
investigate the cointegration relationship in cross-
section dependence and slope heterogeneous panel
data models. Westerlund (2005) investigates the
existence of a cointegration relationship by testing
whether the series in the panel has their own error
correction, under the assumption that the error
terms show an asymptotic distribution. Under the
condition that the series are stationary of the same
order, the cointegration relationship is tested by
estimating the equation in equation (5) using the
least squares method:

pi
i+ Z aAy,,  +e&, )

be stationary at different degrees. The ARDL model
allows the investigation of the long-term
cointegration relationship in models in which the
variables are 1 (0), I (1) or both. Including the lag
length in the model in both internal and external
variables in the ARDL method eliminates the
internality problems and provides consistent
estimations (Pesaran et al., 2001). ARDL, ARDL-
PMG and ARDL-MG techniques are used to
estimate the panel. The PMG technique is an
advancement of the MG technique. The MG method
assumes that the slope coefficients and error
variance are heterogeneous for the entire sample,
both in the short and long run. Taking this
assumption into account, the mean values of slope
coefficients and slope variance are used for each
country in the sample in the estimation process. The
PMG method, unlike the MG method, shows that the
long-term coefficients are homogeneous for each
country, but the heterogeneous structure should be
considered when calculating the short-term
coefficients. The most suitable technique among
PMG and MG techniques is determined according
to the Hausman homogeneity test results. When the
long-term  parameters of the model are
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heterogeneous, MG is the most suitable approach
and if homogeneity exists, the PMG technique will
be more appropriate (Attiaoui and Baufateh,
2019).

AINF, = ay; + b, INF,

it-1

J=

In equation (3), p and q the optimal lags of the
model, @;is constant term, B, ... B are the long

term coefficients, 51,...,56 are the error correction

dynamics, ¢&,is the white noise error correction and

Ais the lag operator of the dependent and
independent variables. Optimal lag lengths in
ARDL model estimation were determined according
to Akaike Information Criteria (AIC). The
cointegration relationship in the ARDL model is
tested by comparing the null hypothesis of

H,:0,=0,=0,=0,=0,=0,=0, which states

p-1
A]NEI = ali + thA]NF
J=1

it=j

q-1 q-1
+> 7,AADPO,_ +Y 3, AADPY,
i=0 i=0

i it—j

Equation (4) (1={1,2,3,4,5,6}) defines the
residues got from the long-term results. &, 1is
independent and normally distributed with zero
mean and constant variance. The FECT, term

(1={1,2,3,4,5,6}) is the error term defined by the
long-run relationship. The 4, parameter shows the

rate at which the short-term imbalance is adjusted to
the long-term equilibrium level (Attiaoui et al.,

2017). In the ARDL model, the term ECT, ,is

expected to have a negative sign and be statistically
significant.

Finally, the Dumitrescu-Hurlin (2012) panel
causality test was used to study the long- and short-
term connection between the series. Dumitrescu-
Hurlin (2012) panel causality test is an improved
version of Granger causality test. Considering panel

+ﬂ2iADPOit—1 + ﬁ3iADPYit—l + ﬂ41GDP

it—j

The ARDL (p, q) model where the dependent
variable is INF and the explanatory variables
ADPY, ADPO, GDP, M and TO is defined as in
equation (3):

+ ﬁSiMit—l + ﬂ6iTO

(RN C)

it—1

it—j

D 9 q 9 9 q
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that there is no cointegration relationship between
the series, and the
H,:6,#0,# 0, # 0, # 05 # 05 # 0 hypothesis,
which states that there is a cointegration relationship
for at least one (Pesaran et al., 2001). After
determining the long-term relationships between the
variables, the short-term relationship between the
variables is estimated with the error correction
model (ECT). The ECT model is calculated over the
lagged value of the residues got from the long-term
relationship. The ECT model is defined by equation
(4):

q-1 q-1 q-1

+ Z YAAAGDPM—/ + Z yS[AMiz—j + Z yﬁiATOH—j +uw,ECT, , +¢, (4)
i=0 i=0 i=0
heterogeneity and cross-section dependence,

Dumitrescu-Hurlin (2012) panel causality test tests
the effects of past observations of a variable defined
as X on current observations of variable y, as in
Granger causality analysis. The results got for the
hypotheses that there is no Granger causality
relationship between the variables and that there is a
Granger causality relationship between the variables
are compared with the Wald statistical values and
the causality relationship between the variables is
tested. Dumitrescu-Hurlin panel causality test,
which allows to investigate causality over stationary
series, k is represents the optimal lag number, « is
the constant parameter, [ and yare the coefficient

vectors, and ¢ is the error term. Equation (5) of the
Dumitrescu-Hurlin panel causality test is formed as
in the equation:

K K
Vi, =a,+ Z ﬂikyi,t—k + Z VaXir T €, (5)
= =1
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In the DH panel -causality analysis,
homogeneous and heterogeneous structures are
tested through equation. Under the assumption
that the null hypothesis is homogeneous and the
alternative hypothesis is heterogeneous. By
comparing the statistical results from the analysis
to the F statistical values, the causality
relationship between the variables can be
determined.

Empirical Results
Table 1 shows the results of the panel slope
homogeneity test. The null hypothesis slope

coefficient is homogeneous and the alternative
hypothesis slope coefficient is not homogeneous

Table 1 — Slope Homogeneity Test Results

(heterogeneous). Delta and delta-adj results show
that the null hypothesis claiming that the panel is
homogeneous is rejected at the 1% significance
level and that the panel is heterogeneous.

Table 2 shows the panel cross-section
dependency test results. The null hypothesis that
determined the cross-sectional dependence was that
there is no cross-section dependency, and the
alternative hypothesis was that there is a cross-
section dependency. According to the test results
got, the null hypothesis stating that there is no cross-
sectional dependence for the individual series and
the entire panel was rejected at the 1% significance
level, and it was concluded that there was a cross-
sectional dependence between the countries that
made up the panel.

Statistics p-value
~ 27.594 0.0000
A
" 30.302 0.0000
A
Table 2 — Cross-Sectional Dependence Test Results
INF ADPO ADPY GDP M TO PANEL
Breusch-Pagan 4076.05%** | 11181.64*** | 12532.49%** | 1813.08*** | 1278.74*** | 3876.65%*** 1189%%* (0.000)
LM (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) )
Bias-corrected 128.43%%%* 377.78%** 425.19%** 49.01%** 30.26%** 121.43%%%* 84.13%**
scaled LM (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Pesaran CD 56.44%%* 80.99%*** 109.42%*%* 34.82%** 20.79%** 24.59%** 17.47%%*
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

*#% ** and * show statistically significance at 1%, 5% and 10% level, respectively. p-values are shown in parentheses.

Tables 3a and 3b present the CIPS and CADF
unit root test results. As seen in Tables 3a and 3b,
all variables were found to be stationary as a result
of both tests, except for the TO variable. The
variable TO becomes stationary at the first

Table 3 — CIPS and CADF Unit Root Test Results
Table 3a — CIPS Test Results

difference. In the light of the findings, it was
determined that some series became stationary at
the (0) level and some series became stationary at
the (1) level, but none of the series were stationary
at the (2) level.

Variables Level First Difference
Without trend With trend Without trend With trend

Zt-bar p-value Zt-bar p-value Zt-bar p-value Zt-bar p-value
INF -13.015 0.000%** -10.802 0.000%%** -21.621 0.000%** -19.941 0.000%**

ADPO -5.654 0.000%** -5.326 0.000%%** -2.476 0.007%** 0.617 0.731
ADPY -7.677 0.021%* -3.879 0.000%** -3.286 0.000%** 4.506 0.000%**
GDP -14.915 0.000%** -14.176 0.000%%** -18.617 0.000%** -16.355 0.000%**
M -15.815 0.000%** -16.436 0.000%%** -17.062 0.000%** -14.513 0.000%**
TO 1.723 0.958 2.288 0.989 -7.145 0.000%** -5.696 0.000%**
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Table 3b — CADF Test Results

Variables Level First Difference

t-bar Z[t-bar] p-value t-bar Z[t-bar] p-value
INF --3.593 -10.442 0.000%*** -5.544 --21.621 0.000***
ADPO -2.757 -5.654 0.000%** --2.202 -2.476 0.007**

ADPY --3.110 -10.523 0.000%** -1.820 0.506 0.694
GDP -3.607 -7.200 0.000%** -5.749 -22.794 0.000%**
M -2.305 -3.064 0.001*** -5.785 -23.000 0.000%**
TO -1.513 1.474 0.930 -3.017 -7.145 0.000%**

**x % and * show statistically significance at 1%, 5% and 10% level, respectively

In the CIPS test, the critical values were
compared with the table values determined as -2.08,
-2.16 and -2.3 for 10%, 5% and 1% significance
levels, respectively.

After the stationarity levels of the series were
determined and the non-stationary series were made
stationary by taking the difference, the long-term
cointegration relationship between the series was
investigated. The results got from the study in which
the Westerlund (2007) cointegration test was
applied are shown in Table 4. Westerlund
recommends using bootstrap values with cross-
section dependency. For this reason, the

Table 4 — Westerlund Cointegration Test Results

cointegration test was iterated with 100 bootstraps.
G, and G, group panel cointegration test results,

P and Ppanel cointegration results. In the

a

cointegration test results, three of the four test
statistics were significant. This result shows that
panel cointegration tests have a long-term
cointegration relationship on the sample, while
group cointegration tests show that there is a long-
term cointegration relationship, but this relationship
is in a weak form. The cointegration test applied in
this context reveals that there is a long-term
cointegration relationship between the variables.

Statistic Value Z-value P-value
Gt -12.654 -0.044 0.082*
Ga -5.648 6.094 1.000
Pt -34.432 -20.032 0.000%**
Pa -37.772 -17.097 0.000%***

*xk #% and * show statistically significance at 1%,5% and 10% level, respectively.

The long-term and short-term relationship
between the variables was determined using PMG
and MG estimators. According to the PMG long and
short-term estimation results presented in Table 5,
ADPY, M and TO variables have positive signs in
the long term. A 1% increase in the youth
dependency ratio increases inflation by 0.0939
percent in the long run. While a 1% increase in
money supply increases inflation by 0.1130 percent
in the long run, a one-unit increase in openness
increases inflation by 0.3636 percent in the long run.
When the short-term relationship of the variables is
examined, it is seen that the young population
dependency ratio is statistically insignificant in the
short-term. ADPO and GDP variables were
statistically significant in the short run. In the light

of these findings, a 1% increase in the elderly
population dependency ratio reduces inflation by
24,040 percent in the short term, while a 1% increase
in national income reduces inflation by 0.0501
percent. When the long- and short-term estimation
results of the MG model are evaluated, it is
concluded that the GDP and M variables are
statistically significant at the 1% significance level
in the long term, while the other variables are
statistically insignificant. According to this result, a
1% increase in national income in the long run will
reduce inflation by 1.7541 percent. A 1% increase in
money supply will increase inflation by 1.2688.
When the short-term estimation results of the MG
model are evaluated, it is seen that the ADPY, GDP,
M and TO variables are statistically significant. A
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1% increase in the young population dependency
ratio in the short term increases inflation by 1.9493.
Similar to the long-term results, a 1% increase in
national income will decrease inflation by 1.7703
percent, and a 1% increase in money supply will
increase inflation by 0.9216 percent. When we look
at the openness rate, a 1% change in openness will
reduce inflation by 0.2982 percent in the short run.
When the short-term error correction coefficient
results in PMG and MG models are examined, it is

seen that the ECT, , parameter is negative and

statistically significant at the 1% significance level
in both models. Its value was founded to -0.4462 in
the PMG analysis. This result shows that a one-unit

Table 5 — PMG and MG Estimation Results

deviation (1/-0.4462=2.24) that will occur in the
short term will be corrected by 44% in the long term
and converge to the balance again after

approximately 2.3 periods. Similarly, the ECT|,

value found as 0.0486 in the MG analysis shows that
a one-unit deviation (1/-0.0486 = 20.57) in the short-
term will be corrected by 0.4% each year in the long-
term and will converge to the balance again after
approximately 20 periods. Hausman test results
applied to find the most suitable estimator between
PMG and MG methods indicate that MG model
estimations are stronger. This finding is consistent
with the fact that the long-term parameters of the
model are heterogeneous.

PMG MG
Variables Coeft. Std. Error z-Statistic p-value Coeff. Std. Error z-Statistic p-value
Long-Run Results
ADPO 0. 0088 0.0278 0.32 0.752 0.2399 0.2758 0.87 0.384
ADPY 0.0939 0.0322 2.91 0.004*** 0.0105 0.0649 0.16 0.871
GDP 0.0498 0.0616 0.81 0.419 -1.7541 0.2192 -8.00 0.000%**
M 0.1130 0.0207 5.46 0.000%** 1.2688 0.0040 316.40 0.000%**
TO 0.3636 0.0403 9.01 0.000*** 0.1411 0.1232 1.15 0.252
Short-Run Results
ECT (-1) -0.4462 0.0442 -10.09 0.000*** -1.7748 0.0486 -36.51 0.000%***
D.ADPO -24.040 | 12.8612 -1.87 0.062* -10.079 7.9856 -1.26 0.207
D.ADPY 0.6033 2.4189 0.25 0.803 4.0751 1.9493 2.09 0.037**
D.GDP -0.0501 0.2963 -1.69 0.091* -1.7703 -0.3217 5.50 0.000%***
D.M 0.0391 0.0412 0.95 0.342 0.9216 0.0568 -16.21 0.000%**
D.TO -0.7701 0.7622 -1.01 0.312 -0.2982 0.1538 -1.94 0.053*
Constant 4.4214 3.6211 1.22 0.222 -8.4732 8.9834 -0.94 0.346
Hausman Test
Ho: PMG 0.137
Hi: MG

wxx % and * show statistically significance at 1%, 5% and 10% level, respectively. D defines the difference operator.

After looking at both long- and short-term
estimations, the Dumitrescu-Hurlin panel causality
test was used to assess the relationship between the
variables. The causality analysis was performed for
three lags. In the DH analysis, the null hypothesis
was defined as there is no Granger causality
relationship between the variables, and the
alternative hypothesis was defined as there is a
Granger causality relationship between the
variables. Probability values got as a result of the
test were compared with 1%, 5% and 10%
significance levels. Accordingly, the null hypothesis
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suggesting that there is no causality relationship
from ADPO, ADPY, GDP and M variables to
inflation at all three lag values was rejected at 1%
significance level. The null hypothesis, which
claims that there is no causality relationship from the
TO variable to inflation, is rejected in the model
estimated only for the first lag at 1% significance
level. Considering the relationship between
population dependency and inflation, which is the
main subject of the study, it has been determined
that the results of the DH causality test support the
results of PMG and MG.
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Table 6 — Dumitrescu-Hurlin Panel Causality Test Results

Null Hyphotesis p-value(lag=1) p-value(lag=2) p-value(lag=3)
ADPO #> INF 3.E-12%%** 6.E-11%** 2.E-13%%**
ADPY #> INF 9.E-11%** 0.0000*** 1.E-13%%**

GDP #> INF 0.0000*** 0.0000*** 0.0000%**
M #> INF 0.0000%*** 0.0000%** 0.0000***
TO #> INF 2.E-09*** 0.6176 0.4602

respectively. Causality analysis was estimated for three lags.

**% *% and * indicate rejection of the null hyphotesis of no Granger causality at the 1%,5% and 10% significance level,

Conclusion

In this study, the effect of population aging on
inflation was investigated using annual data for the
1980-2020 period. Westerlund (2007) cointegration
test, panel ARDL model and Dumitrescu-Hurlin
(2012) panel causality tests were applied in the study
conducted for 29 countries classified as upper
middle income and high income by the World Bank.
In the study, first, slope homogeneity was
determined, then it was examined whether there was
cross-sectional dependence for individual country
groups and the whole panel. Because of the
heterogeneity of the panel structure and cross-
section dependence, second generation unit root
tests were applied and whether there was a long-
term relationship between the series that were
stationary at different degrees was investigated by
cointegration test. After detecting long-term
cointegration between the series, long- and short-
term predictions were examined by ARDL-PMG
and ARDL-MG methods. After determining the
long- and short-term relationships between the
variables, the causality relationship between the
variables was investigated.

In the results of the cointegration test applied in
the study, we found that there was strong
cointegration in the entire panel sample and weak
cointegration between the groups. The long-term
results of the ARDL-PMG model, which was
applied after it was determined that the variables act
together in the long-term results show that the young
population dependency affects inflation positively
in the long run, while the elderly population
dependency affects inflation negatively in the short
run. These results are compatible with Yoon et al.
(2014), Juselius and Takats (2015), Inoue (2016),
Liu and Vestelius (2017), Vlandas (2017),
Broniatowska (2017), Andrews (2018), He (2022),
Mousavian (2022)’s conclusions. The ARDL-MG
model results show that the elderly population
dependency has no effect on inflation in the long

run, while the increase in the young population
dependency ratio has a positive effect on inflation in
the short run. The results pointing to the opposite
result of the ARDL-MG model in the short term are
in line with the studies of Andrews (2018), Han
(2019), Albuertuque (2020), Rahman (2022). When
the optimality of PMG and MG model results was
evaluated according to the Hausman test result, it
was found that the PMG estimator produced more
consistent results compared with the MG estimator.
Therefore, in this study examining the relationship
between population dependence and inflation, the
heterogeneity of the panel structure, the stronger
effect of the panel cointegration relationship as a
result of the Westerlund cointegration test, and the
Hausman test results reveal the PMG model is more
consistent. Therefore, the validity of the results for
PMG analysis is considered being higher. In this
context, the findings got from the long- and short-
term results show that the dependence on the young
population is inflationary in the long term, and that
the dependence on the elderly population is
deflationary in the short term. The signs of the
control variables used in the model estimation were
compatible with the theory. According to the results
of the control variables, the increase in the money
supply affects the inflation positively. Openness
affects inflation positively in the long run and
negatively in the short run, as stated in the
literature. Finally, the causality relationship
between the variables was examined in the study.
The causality relationship results show that there
is a Granger causality relationship at all three
levels of lag, from the young population
dependency ratio and the elderly population
dependency ratio to inflation. When the control
variables are evaluated, it has been determined
that there is a Granger causality relationship from
money supply and national income to inflation at
all three lag levels, while there is a Granger
causality relationship from the openness variable
to inflation only in the first lag.
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Appendix
List of countries examined in the study
Upper-Middle Income Countries High-Income Countries
Algeria Botswana Costa Rica Dominican Australia Chilie Denmark
Rep.
Ecuador Fiji Guatemala Gabon Japan Norway Korea, Rep.
Jamaica Jordan Malaysia Mauritus Sweden United United States
Kingdom
Mexico Paraguay Peru South Africa Uruguay
SriLanka Thailand Turkey
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