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ABSTRACT ARTICLE HISTORY
This study investigates the relationship between demography and Received 17 June 2019
inflation using panel cointegration for 24 countries during Accepted 15 May 2020
1961-2014. It shows that the age structure of the population affects KEYWORDS

inflation. The answer to the question “is population aging inflation- Inflation; demographics;
ary or disinflationary?” depends on the stage of the demographic aging; panel cointegration
process and, particularly, on the consideration that the share of

mature workers is increasing or decreasing. The empirical results

support the existence of a long-run equilibrium function between

inflation and the changes in the shares of the population under

20 years of age, young adults (20-34), middle-age people (35-64),

and older-old people (75+). The panel least squares equations for

inflation with population age shares growth, GDP growth, M2

growth, exchange rate growth, labour costs and recession dummy

variables as exogenous regressors allow the identification of the

population shares that have positive significant impact on inflation,

and those that have negative significant effects on inflation.

1. Introduction

A considerable amount of literature exists that discusses the impact of aging on the economy,
particularly on macroeconomic performance. Some consensus has developed around the
difficulties that the advanced stages of population aging create for economic growth and fiscal
balance, although the scale of these difficulties is also subject to different evaluations. The
same degree of consensus does not exist with respect to other variables, such as the effect of
population aging on inflation. In this study, we analyse the main reasons identified in the
literature to verify the inflationary or disinflationary nature of population aging. Is population
aging responsible for low levels of inflation in many OECD countries, despite substantial
monetary policy stimulus? Population ages because the share of young people decreases, and
the share of older people increases with or without a change in the proportion of middle-aged
individuals. Can we really speak of one effect of population aging on inflation?

We investigate the relationship between population aging and inflation using panel
cointegration methods. Cointegration techniques (such as the Engle-Granger or the
Johansen approach) to test the presence of long-run relationships between population
aging and inflation for individual time series have only recently been used in the
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empirical literature (Bobeica, Lis, Nickel, & Sun, 2017). We apply the Pedroni, Kao, and
Fisher panel cointegration tests using unbalanced panel data of 24 OECD countries from
1961 to 2014 to examine the long-run equilibrium relationship between inflation and the
age structure of the population.

The paper proceeds in four sections. Section 1 introduces the topic. Section 2 reviews
the literature that relates demographics with pressure on inflation. Section 3 provides the
data, a brief description of the methodology, and reports the empirical findings. Finally,
section 4 presents the main conclusions of the research.

2. Demographics and pressure on inflation
2.1. The theoretical relationship between demographics and pressure on inflation

There are two types of arguments for the effect of population aging on inflation:
economic arguments and a political-economic argument.

The political-economic argument is simple: aging increases the share of older indivi-
duals, who favour price stability more than younger generations do to protect the real
value of their savings and fixed income securities holdings (Bullard, Garriga, & Waller,
2012; Davis, 2005; Fujiwara, Hori, & Waki, 2019; Katagiri, Konishi, & Ueda, 2014).
Therefore, this increasingly larger group of inflation-averse people will attempt to
influence the government to choose tax-financed public debt, which typically harms
younger people more, instead of allowing inflation. The fact that older generations tend
to have higher voter turnout rates reinforces their political influence.

The economic arguments are more diverse and complex, especially when one considers the
direct and indirect effects, and the potential interaction of mechanisms. The change in the age
structure of the population is linked in several ways with the evolution of prices or inflation.

The discernment regarding the effect of population aging on inflation can be blurred
by the different understanding concerning what population aging is. As it represents
a process which combines lower fertility rates with lower mortality rates and longer
longevity, the demographic transition goes through phases. Together with an unques-
tionable decrease in the proportion of young people and an increase in the proportion of
older people who are categorized as being in a typically inactive status with regards to
their participation in the labor market, there is some amplitude in categorizing aging in
terms of the respective share of prime-age workers and of older workers. Aging implies
that workers become older but only in an advanced phase, when individuals who become
workers are insufficient to compensate those who reach retirement age, does it lead to
a reduction in the total labor supply. In addition, when expressed as a proportion of total
population, the category of older workers can increase or decrease, which may modify the
conclusion regarding how population aging affects inflation.

We first present the main economic arguments that can be found in the literature to
justify a positive pressure of population aging on inflation, and next, we describe the
main economic arguments which justify the opposite.

Because excess demand drives inflation up and excess supply leads to a decrease in
inflation, when aging is considered to be responsible for the creation of excess demand, it
is argued that aging is inflationary. In the economy, excess demand can arise for several
reasons.
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Firstly, according to the life-cycle hypothesis (Ando & Modigliani, 1963), individuals
use inter-temporal reallocations of the typically hump-shaped pattern of income to
smooth consumption over the lifetime. Consequently, their savings are below consump-
tion during younger years, and again so after retirement, and they peak during the
middle-age categories. If the aging process is in a phase when net savers become less
abundant, that is to say, when the reduction in the young categories is insufficient to
offset the reduction of middle-aged workers together with the increase in the share of
retirees, the propensity to save in the economy decreases, which corresponds to an
increase in the propensity to consume (Aksoy, Basso, Grasl, & Smith, 2015; Bruér,
2002; Juselius & Takats, 2016; Lindh & Malmberg, 1998, 2000). Excess demand is
generated in cases when frictions impede interest rates from automatically adjusting to
equalise investment to savings.

Secondly, even if the share of older workers has not yet started to decrease, these
workers tend to earn wages above their productivity levels (Ilmakunnas and Maliranta
2005; Lazear, 1979, 1981), and this enables them to consume more than they produce
(Skirbekk, 2004), which contributes to excess demand.

Thirdly, excess demand can be a result of a tighter labor market, where the aging
process is already reducing the proportion of the working-age population. Consequently,
this scarcity of labor can lead to an increase in wages by more than the respective
productivity gains (Serow, 1982), which then creates an increase in consumption
demand, as well as an increase in labor costs and supply side inflation (Spengler, 1972).

The fourth reason for supply being unable to accompany demand is the general
reduction in the productivity growth of the economy as a result of a change in those
industries that become more important. Service industries, where productivity gains are
frequently more difficult to achieve, are more stimulated by aging than manufacturing is
(Spengler, 1972).

Finally, the increase in public expenditures like pensions and healthcare, together with
a reduction in labor income tax revenue if the working-age population is already
shrinking, can possibly create or enlarge fiscal deficits and public debt. High debt levels
create incentives to use inflation as a means to reduce the real debt, which consequently
creates inflationary pressures if it is monetized, or is expected to be monetized
(Anderson, Botman, & Hunt, 2014).

Although all the above-mentioned mechanisms are inflationary forces exerted by
population aging, these forces can be neutralized by other opposing effects. In the first
place, it is possible that aging does not reduce aggregate savings in the economy, owing to
the fact that families can afford to save more, as a consequence of having less children,
and also because workers increase their savings to prepare for longer retirement periods
(Fedotenkov, 2016), or because people do not dissave that much when they retire
(Poterba, 1994). Additionally, a higher propensity to consume by a larger category of
retirees may not really stimulate demand if their purchasing power is low (Faik, 2012).
Furthermore, expectations can play a role, even before demographic changes justify the
onset of an economic slowdown. Because aging societies are associated with lower
economic growth prospects — due to a reduced growth (eventually negative growth) in
the labor supply, together with the potentially lower productivity levels which are
associated with older workers (Fujita & Fujiwara, 2016) and also a sectoral shift in
consumption patterns (Katagiri, 2012) - the forward-looking actors in the economy
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accordingly reduce aggregate demand (Shirakawa, 2012). In particular, the expected real
return on investments decreases, which generates a lower demand for private investment
(Carvalho, Ferrero, & Nechio, 2016; Eichengreen, 2015) and a lower natural interest
rate.' If monetary authorities fail to lower real interest rates accordingly, deflationary
pressure will then develop (Katagiri, 2012). The rise in fiscal deficits and debt, rather than
creating inflationary pressure, can justify the need for fiscal consolidation, which in turn
reinforces lower growth prospects (Anderson et al., 2014).

All the above-mentioned cases represent motives for the inoperativeness of the excess
demand effect, which is compatible with the so-called secular stagnation hypothesis
(Hansen, 1939; Summers, 2016) that emphasizes the negative effect on the growth
prospects of aged economies.

Therefore, in theoretical terms, the two views - that aging is inflationary and that
aging is disinflationary — are both reasonable. The problem is that population aging
affects many variables in many ways, and consequently, the result depends on the relative
size of the changes and also on the consideration of feedback mechanisms and of the
policy responses to these changes. That is why, for example, it is possible to cite a decrease
in the growth of labor supply as a reason for inflationary pressure, which leads to an
increase in aggregate demand - with a rise in real wages — and a decrease in aggregate
supply, but it is also possible to argue that this is as a reason for disinflationary, or even
deﬂationary2 pressure, reducing growth prospects, with a consequent negative impact on
aggregate demand. If both demand and supply decrease, the consequent effect on prices
must be a result of the relative forces, which is not obvious a priori.

2.2. The empirical relationships between demographics and pressure on inflation

On the empirical side, it is possible to analyse the effect of population aging by looking at
different demographic indicators: single value indicators (for example, average age, life
expectancy, or dependency ratios’), or age distributions (for example, the shares of
different age groups). According to the arguments that an advanced stage of population
aging has an inflationary effect, a decrease in the share of the working-age population -
particularly that of middle-aged individuals - should be inflationary, as well as the
increase in the share of retirees. Although the decrease in the share of youth (dependents
or young workers) should drive inflation down, this effect would probably be smaller
than the other effects when population aging is at a mature stage. This should also
correspond to an inflationary force which is associated with an increase in the depen-
dency ratios. If the opposite results are obtained, then the advance of population aging
should have a disinflationary effect.

Table Al, in the Appendix, summarizes some of the most relevant empirical studies,
the sample and methods that were used, and also their main results. It is possible to see

"The natural rate of interest is the real interest rate consistent with full employment of resources and the absence of price
pressure.

2Some studies, particularly those that focus on Japan, choose “deflationary pressure” as the opposite of “inflationary
pressure”, while others use “disinflationary pressure”, and still others use both terms. “Disinflationary” is a more general
term, referring to the effect of reduction of the inflation rate, which includes the possibility of a reduction to negative
levels, or deflation.

3Dependency ratios compare the number of people considered of nonworking age (youth and/or older people) with the
working-age population.
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that most of the studies find that an increase in the share of middle-aged people decreases
inflation (Aksoy et al., 2015; Andrews, Oberoi, Wirjanto, & Zhou, 2016; Broniatowska,
2017; Bruér, 2002; Farvaque, Héricourt, & Lagadec, 2010; Juselius & Takats, 2015, 2016,
2018; Lindh, 2004; Lindh & Malmberg, 1998, 2000; McMillan & Baesel, 1990). Only
Bobeica et al. (2017) find a positive long-run relationship between the growth of the share
of working-age population and inflation.

When analyzing the effect of having a higher proportion of older individuals, there is
a higher heterogeneity of conclusions. Yoon, Kim, and Lee (2018), Gajewski (2015), and
Broniatowska (2017) find that older individuals have a disinflationary role, while
McMillan and Baesel (1990), Juselius and Takats (2015, 2016, 2018), and Aksoy et al.
(2015) find that they have an inflationary role. Several studies divide the group of older
individuals into the young-old and the older-old, where the former are inflationary and
the latter are disinflationary if anything (Andrews et al., 2016; Bruér, 2002; Farvaque
et al., 2010; Juselius & Takats, 2016; Lindh, 2004; Lindh & Malmberg, 1998, 2000).

In terms of methodology, the study that is closer to ours is Bobeica et al. (2017).
However, we are interested in a potentially different effect of the young-old and of the
older-old on inflation, so we use age categories that allow us to observe that difference, in
case it exists. Bobeica et al. (2017) choose to look only at the effect of the proportion of
working-age population. Also, they employed the Johansen cointegration test for indi-
vidual time series to study the relationship between demographic change and inflation in
the euro-area countries. As noted by Pedroni (2004) among others, when the cross-
sectional dimension is large, theory suggests that cointegration tests are more powerful
when applied to pooled time series panels than to individual time series, so we apply the
tests to each country individually, but also to pooled time series panels. On the other
hand, some panel cointegration tests allow for heterogeneity across cross-sections.

3. Empirical specifications
3.1. Data and variables

Our data covers the period from 1961 to 2014 (54 years of annual observations) for 24
OECD countries: Australia (AU), Austria (AT), Belgium (BE), Canada (CA), Denmark
(DK), Finland (FI), France (FR), Germany (DE), Greece (GR), Iceland (IS), Ireland (IE),
Italy (IT), Japan (JP), South Korea (KR), Luxembourg (LU), the Netherlands (NL), New
Zealand (NZ), Norway (NO), Portugal (PT), Spain (ES), Sweden (SE), Switzerland (CH),
the United Kingdom (UK), and the United States of America (US).

Our variable of interest is the yearly inflation rate measured as the annual percentage
change in the consumer price index (INFL). We gathered data on inflation for most
countries from the World Development Indicators database. Data for Germany were
taken from Worldwide Inflation Data, and for the United Kingdom, from the World
Economic Outlook (IMF dataset).

Demographic data were obtained from the 2015 Revision of World Population
Prospects (United Nations, 2015). We considered the growth rates of 5 age categories
that approximately match the different phases of life from the life cycle perspective: share
of children and youth under 20 years old (P19-), share of young adults from 20 to
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34 years old (P20-34), share of middle-aged people from 35 to 64 (P35-64), share of
young-old people (P65-74), and share of older-old people (P75+).

M2 growth data, defined as being the average annual growth rate in money and quasi
money, were based on WDI database and extended in terms of time coverage, by using the
IMF International Financial Statistics, the Economic Research Division of Federal Reserve
Bank of St. Louis, Data Market, the National Bank of Greece and the Knoema data platform.
GDP growth corresponds to the annual percentage growth rate of GDP converted at Geary
Khamis PPPs,* which were obtained from The Conference Board Total Economy Database
(TED). Exchange rates are the price of the US dollar in national currencies, taken from the
OECD database. Labor costs were obtained from the AMECO database (European
Commission).

Figure 1 depicts the evolution of inflation and the growth rates of each age share for
each country. All countries experienced substantially higher inflation rates during the
first half of the sample period than during the second half. The pattern of changes in the
weights of different age categories varies considerably by country, but it is common to
observe a negative growth rate in the youngest shares during a sizeable part of the period.
Also common is the decrease in the growth rate of the share of middle-aged people in
recent years, frequently turning negative.

3.2. Methodology: panel unit root and panel cointegration

We are interested in testing the long-run relationship between inflation and the age
structure of population, given that demographic changes are slow-moving processes.
This is possible using cointegration techniques. We overcome the low power of many
cointegration tests using time series data, by applying them to panel data. Before applying
this methodology, we must first test the stationarity properties of the data and the order
of integration of the variables.

3.2.1. Panel unit root tests

We use the three-step procedure of Levin, Lin, and Chu (2002) to implement the panel test.
They recommend using their panel unit root test for panels of moderate size. Maddala and
Wu (1999) and Choi (2001) propose an alternative approach to panel unit root tests based
on a Fisher-type test, which combines the p-values from unit root tests for each cross-
section to test for a unit root in the panel. We computed both the asymptotic x* and
standard normal cumulative statistics using ADF and PP individual unit root tests.

Table 1 reports the estimates of the probabilities for both the individual and panel unit
root tests for inflation and population growth (P19-, P20-34, P35-64, P65-74 and P75+).
We performed all unit root tests with a constant intercept and trend in the test equation,
except for inflation, which included an individual intercept only.

Based on the ADF unit root tests for individual cross-sections, the null hypothesis of
a unit root for inflation is not rejected at the 1% level for all countries in the sample, and it is
also not rejected for the demographic variables for most countries. The P75+ seems to be
stationary for FI, LU, IE, JP, PT, and the UK at the 5% level. Based on the panel unit root

“A hypothetical unit of currency that has the same purchasing power parity as the U.S. dollar for a given year, in this case
1990.
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Figure 1. Inflation and population growths (P19-, P20-34, P35-64, P65-74 and P75+) time series in the
period 1961-2014.

tests, the PP statistic also supports the null hypothesis at the 1% level of a common unit root
for INFL and demographic variables P19-, P20-34, P35-64, and P65-74 in the country
panel. Based on the ADF test, we reject the null hypothesis that the panel demographic
series P65-74 and P75+ exhibit a unit root (or are nonstationary) at the 1% level.

3.2.2. Testing for panel cointegration
We apply the group and panel ADF and PP statistics of the Pedroni panel cointegration
test (Pedroni, 1999, 2004) and the Kao panel cointegration test (Kao, 1999; Kao &
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Table 1. Individual (ADF) and panel (LLC, ADF and PP) unit root tests.

Countries INFL P19- P20-34 P35-64 P65-74 P75+
Australia 0.237 0.668 0.164 0816 0.154 0.445
Austria 0.169 0.169 0.150 0.743 0.021 0.523
Belgium 0.239 0.075 0.116 0.023 0.031 0.657
Canada 0.361 0.118 0.502 0.994 0.538 0.907
Denmark 0.388 0.185 0.341 0.987 0.888 0.941
Finland 0.251 0.932 0.499 0.701 0812 0.000
France 0.662 0.065 0.268 0.001 0.002 0.483
Germany 0.042 0.278 0.055 0.552 0.028 0.873
Greece 0.410 0.363 0.844 0.408 0.195 0.089
Iceland 0.200 0.134 0.704 1.000 0.015 0.221
Ireland 0.185 0.878 0.864 0.999 0.862 0018
Italy 0.582 0.489 0.385 0.112 0.194 0.320
Japan 0.103 0.706 0.153 0392 0.004 0.011
Korea 0.049 0.793 0.693 0.800 0.672 0.554
Luxembourg 0.056 0.310 0.587 0.118 0.348 0.002
Netherlands 0.349 0.411 0.163 0813 0.906 0.808
New Zealand 0.297 0.330 0.242 0.643 0.885 0.430
Norway 0.163 0.575 0.478 0.988 0.001 0338
Portugal 0.461 0.736 0.725 0.270 0.005 0.006
Spain 0.592 0.191 0.999 0428 0.000 0.489
Sweden 0.297 0.001 0.143 0.998 0.554 0.675
Switzerland 0.181 0.103 0.434 0.924 0.659 0.400
United Kingdom 0.279 0.473 0.349 0.879 0.774 0.024
United States 0278 0.255 0.854 1.000 0.846 0417
Panel 0.142 0.060 0.416 0213 0.852 0.778
LLC 0314 0.097 0.029 0.662 0.007 0.000
ADF 0.040 0.328 0.978 0.971 0.857 0.000
PP

Note: Probability values for the ADF and the PP-Fisher tests are computed using an asymptotic chi-square distribution;
probability values for the LLC test assume asymptotic normal distribution; automatic lag length selection based on the
Schwartz Bayesian information criterion.

Chiang, 2000) to the residuals of the pooled regressions. The Pedroni and Kao tests are
based on the Engle & Granger (1987) framework.

Both cointegration tests (Pedroni and Kao) include an individual intercept (no trend)
in the test regressions. Table 2 provides the results. Both panel statistics (ADF and PP)
reject the null hypothesis of no cointegration for all panels at the 5% level (except the
panel ADF-statistic for panel INFL and P65-74), and the Kao statistic suggests rejecting
the null hypothesis of no cointegration for all panels at the 5% level.

Following Johansen’s (1995) methodology, Maddala and Wu (1999) proposed a Fisher-
type test for cointegration in panel data by combining tests from individual cross-sections.
In our study, we apply Maddala and Wu’s (1999) approach to examine the existence of
cointegration relationships for the whole panel and for each individual country.

Table 2. Pedroni and Kao panel cointegration tests.

Test INFL and P19-  INFL and P20-34  INFL and P35-64  INFL and P65-74  INFL and P75+

Pedroni —5.78% -2.87% —2.25%* 2.53 —-9.58*
Panel ADF-statistic —5.20* —2.37** —2.32%* -2.81* —9.54*
Panel PP-statistic —-6.36* —3.28* -0.90 5.58 —-9.20*
Group ADF-statistic —4.21* -1.04 -0.96 -0.99 —-9.20%
Group PP-statistic

Kao statistic -6.83* —6.75* —4.84% -8.16* —4.52%

¥, ** and *** indicate rejection of the null hypothesis of no cointegration at the 1%, 5% and 10% level, respectively;
automatic lag length selection based on the Schwartz Bayesian information criterion; Newey-West automatic band-
width selection and Bartlett kernel.
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Table 3. Johansen panel cointegration tests: number of cointegrating relationships.

Null INFL and INFL and P65-
hypothesis  INFL and P19- P20-34 INFL and P35-64 74 INFL and P75+
Trace test r=0 98.47* 92.29* 110.21* 51.08 101.23*
r<i 45.01 34.92 28.21 3143 40.36
Max-Eigen test r=0 94.72% 102.90* 126.42* 47.21 103.32*
r<i 45.01 34.92 28.21 3143 40.36
Countries with one BE, CA, FR, DE, KR, BE, FR, DE, BE, CA, FR, DE, IS, AT, BE, FR, DE, DK, Fl, GR, KR,
cointegrating relationship LU, NO, CH, UK, GR, KR, IT, KR, LU, CH, KR NL, NZ, PT,
us NL, UK, US UK,
us

*, ** and *** indicate rejection of the null hypothesis of no cointegration at the 1%, 5% and 10% level, respectively. The
test includes intercept (no trend) in cointegration equation. Probability values of trace and maximum eigenvalue tests
for panels are computed using asymptotic chi-square distribution. r is the number of cointegrating relationships.

Table 3 presents the trace and the maximum eigenvalue statistics for the Johansen
Fisher panel cointegration test for entire panels. The test strongly rejects the null
hypothesis of zero cointegrating vectors at the 5% level in the panel, except for the
INFL and P65-74 panel cointegration. In short, we can conclude that two panel coin-
tegration tests (Pedroni and Johansen Fisher tests) provide evidence of a long-run
equilibrium function between panel series INFL and P19-, INFL and P20-34, INFL and
P35-64, and INFL and P75+.

3.2.3. Panel estimation

We estimate an unbalanced panel least squares model assuming the presence of cross-
section heteroskedasticity (see Baltagi, 2008, for further discussion) for inflation (INFL)
using population age share growth (P19-, P20-34, P35-64, P65-74, P75+), GDP growth
(GDP_GROWTH), M2 growth (M2_GROWTH), exchange rate growth
(EXCHRATE_GROWTH), labor costs (LABOR_COSTS) and three time-dummies
for 1975 (DUM_1975), 1980 (DUM_1980) and 2009 (DUM_2009), associated with
deep recessions, as explanatory variables. The specification of the panel equation is as
follows:

INFLy = a+ 0; + y, + Xi— '+ uyp, fori =1, ... ,23,t =1961,..,2014,

where y is the overall constant, §; and y, represent cross-section and period-specific
effects, 8 is the vector of slope parameters, X;;_; is the vector of current and lagged values
of exogenous variables and u; is the disturbance term.

We compute robust standard estimates using the white period as the coefficient
covariance method (Arellano, 1987; White, 1980). We perform an F-test using the
residual sums of squares and a likelihood ratio Chi-square to test the joint significance
of the cross-section effects. Additionally, we perform a redundant variable test to
examine the redundancy of demographic variables in each panel equation. Table 4
reports the results.

From the estimated panel equations, we conclude that P20-34, P65-74 and P75+ have
a positive significant impact on inflation, whereas P35-64 have negative significant effects
on inflation. However, the population share growth of middle-age (P35-64), young-old
(P65-74), and older-old (P75+) only affect inflation after two or three years. The infla-
tionary effect of the 65-74 age category was an expected result. On the one hand, the



478 P.C. A. M. DE ALBUQUERQUE ET AL.

Table 4. Panel least squares estimates for the entire panel of countries. Dependent variable: inflation.

Variable Model 1 Model 2 Model 3 Model 4 Model 5
Constant —22.358* —18.385* —21.135* —25.113* —24.472*
P19- —-0.329
P20-34 0.459*
P35-64(-2) —0.523*%*
P65-74(-3) 0.164***
P75(-3) 0.348**
GDP_GROWTH -0.172* -0.232* -0.167* -0.172* —0.165*
M2_GROWTH 0.095% 0.090* 0.093* 0.089* 0.089*
EXCHRATE_GROWTH 0.085* 0.089* 0.086* 0.077* 0.086*
LABOR_COSTS 0.241* 0.205* 0.237* 0.267* 0.254*
DUM_1974 6.769* 6.456* 6.271* 6.104* 5.971*
DUM_1980 5.389* 5.505* 5.291* 4971% 4.999%
DUM_2009 —3.837% —4.387* —3.943* —3.966* —3.995%
Adjusted R? 0.580 0.593 0.593 0.608 0.597
LR fixed effects test 15.563* 14.028* 15.138* 16.925* 16.273*
Redundant variable F-test 8.033* 38.001* 11.772*% 5.599*%* 15.742*%
Countries with the same AU, BE, CA, DK, FI, FR, All except SE All except  All except BE, All except
sign of the age IS, IT, LU, NZ, NO, SE, JP, KR FR, GR, IS, IE, AU, DE,
coefficient in the panel CH, UK, US and PT KR and LU GR, IE and
P

Includes 928 unbalanced panel observations (23 cross-sections and 53 periods). The t-statistics (in parenthesis) are
computed using robust standard error estimates to serial correlation (white period specification). The likelihood ratio
(LR) test is the fixed effect test for joint significance of the cross-section effects (see Baltagi, 2008). *, ** and *** indicate
significant at 1%, 5% and 10% level, respectively.

regression coefficient is significant only at the 10% level and, on the other hand, coin-
tegration tests with inflation did not allow for a completely unequivocal conclusion.

The other exogenous variables (including the recession dummy variables) are also
statistically significant at the conventional significance levels and have signs consistent
with economic theory. The p-value associated with the cross-section F-statistic values
strongly rejects the null hypothesis of no cross-section effects. For all panel equations, we
reject the null hypothesis that including the demographic variables is redundant in the
unrestricted specifications.

Although most of the countries have individual demographic effects similar to the
effects obtained for the panel, there are some exceptions. For example, the strong result of
an inflationary age category P20-34 is not valid for Sweden. The negative effect of P35-64
is not observed for Japan, Korea, and Portugal.

4. Discussion and conclusion

The association of population aging with deflationary pressure, or at least disinflationary
pressure, has gained prevalence in the public debate. Nevertheless, there are multiple
channels through which population aging can influence inflation, some of which have
opposite or ambiguous effects, which results in the need for empirical research to
discover whether the change in the structure of the population associated with aging
really does have a significant effect on inflation, and if so, in which direction.

This study addresses the empirical problem using a panel cointegration analysis. We
show that the existence of long-term cointegration relationships between inflation and
the growth rates of the younger and middle-age categories is generally confirmed,
whereas our results differ regarding the relation between inflation and the older age
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categories. In particular, some of our tests did not reject the hypothesis of no cointegra-
tion between the P65-74 age category and inflation. The panel least squares estimates are
particularly interesting in that they supply information about the sign of the effects of the
changes in the age categories on inflation. We reveal the clear inflationary pressure of an
increase in the proportion of the younger category of working-age population and the
existence of inflationary pressure with a time lag also in the case of the older categories.
We also find that growth in the 35-64 age category creates disinflationary pressure, with
a certain time lag.

These results are in agreement with the view that an advanced stage of population
aging, where working-age categories are decreasing in importance and the older cate-
gories gain weight, is inflationary. They also provide suggestive support to the life cycle
hypothesis, which leads to the prediction that the population aged between 20 and 34,
who typically starts a family and buys a house and other durables, by consuming more
than they produce should be inflationary, whereas the middle-aged population, which is
typified by high savers who consume a smaller share of their incomes, should create
disinflationary pressure. The inflationary role of the older individuals is also consistent
with the life cycle hypothesis.

The other justifications for the positive impact of aging on inflation also predict that
an increase in the share of individuals in retirement-age is inflationary, but they do not
explain why young workers are also inflationary. We find no evidence of a political-
economic effect, neither of a demographically motivated secular stagnation effect, on
inflation.

The inflationary pressure of the older-old is a result that is more solid than the
inflationary effect of the young-old, because the coefficient of the oldest age group in
the panel estimation has a higher significance level and also because the existence of
a long-run correlation with inflation looks undisputable. The propensity to consume is
higher for the older-old, who are much more likely to dissave, due to the fact that health
expenditures and social care expenditures tend to become a significantly larger part of
their income.

The signs of the age coeflicients are generally preserved across countries in each of the
panel regression models, although there are some exceptions. It is outside the scope of
this work to discuss the source of these deviations from the general pattern, although it is
possible that cultural factors or differences in the protection level of welfare states or in
financial systems exert an influence.

In conclusion, this study shows the existence of a clear relation between demographic
structure and inflation which is a positive result, not only because it helps clarify the
forces that drive long-term inflation, but also because demographic variables are easier to
forecast than most economic variables. The variables included in the reaction function
used in the conduct of monetary policy should be reassessed in the light of demographic
developments. Considering this, what can we identify as being the effect of population
aging on inflation according to our results? It is necessary to understand the dynamics of
aging in the economy and which age groups are changing more. For example, a faster
reduction in the proportion of youths acts as a disinflationary element, as does a more
rapid increase in the proportion of middle-aged people, whereas if population aging is
marked by an accentuated increase in the older ages - particularly the group of over
75 year olds - and there is already a reduction in the middle-aged groups, then the effect
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is inflationary. It should be taken into account that the extension of the retirement age in
many OECD countries may contribute to gradual changes in the contribution of the
30-64 and 65-74 age groups to both negative and positive effects on inflation.
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Appendix

Table A1. Econometric models (not simulation-based) relating to demographics and inflation.

Paper Sample Aging measures Methods Conclusions

McMillan and Baesel ~ US; Quarterly data  Ratio of middle-aged OoLS Larger ratio of middle-aged to
(1990) 1949:i to 1986:iv adults to young and young and old and total

old adults, adult population growth decrease
population growth inflation.

and total population Adult population growth
growth increases inflation.

Lindh and 20 OECD countries; Five age shares OLS and IV Children and young retirees are
Malmberg (1998, annual data inflationary. Working age
2000) 1960 to 1994 and oldest-old are

disinflationary.

Bruér (2002) Sweden; monthly  Six age shares AR models,  Economically active groups

data OLS and dampen inflation whereas
1961:3 to 2000:8 Age- economically passive groups
GARCH increase inflation. However,
the largest negative effect is
that of 75+.
Lindh (2004) Sweden; Six age shares OLS and SUR  Young retirees are inflationary.
annual data 1946 Working age (specially the
to 1998 50-64) and oldest-old are
disinflationary.

Farvaque et al. (2010) 20 OECD countries; Five age shares 25LS The young and the young-old

annual data (65-74) are inflationary.
1960 to 1994 The 30-49 and the oldest are
disinflationary.

Faik (2012) Germany; annual  Old-age dependency OoLS Nonlinear association between

data 1984 to ratio the old-age dependency
2010 ratio and inflation. Aging

slightly disinflationary in
Germany, during the
observed period.

Juselius and 22 OECD countries; (1) Dependency ratio  Several panel Polynomial U-shape: young and
Takats' (2015, annual data (1) and population estimation mature workers decrease
2016 and? 2018)° 1955 to 2010 polynomial techniques inflation, retirees and

(2) 1955 to 2014 (2) 7 age categories (depending on the
(3) 1870 to 2016,  (3) Population specification) older workers
and 3 sub- polynomial and 7 increase inflation, becoming
periods age categories disinflationary as they turn
very old.

A larger share of dependents
(young and old) is
inflationary, whereas a larger
share of working-age is
disinflationary.

Gajewski (2015) 34 OECD countries; Young dependency Fixed effects Young dependents are
annual data ratio, old- and panel- inflationary.
1970 to 2013 dependency ratio, corrected  Old dependents are
(4-year working population SE disinflationary and the over
averages: as 15+ or 20+ and 80s are significantly more so.
11 periods) share of population
80+
Aksoy et al. (2015) 20 OECD countries; 8 Shares of 10-year Panel VAR Short-term: working-age
annual data groups, starting in decrease inflation, whereas
1970 to 2007 0-9, and ending in the younger and older (60+)
70 +. Alternatively, 3 increase inflation.
groups: 0-19, 20-59 Long-term: the young increase
and 60+ inflation. The effect of the
other 2 groups is not
significant.

(Continued)
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Table A1. (Continued).

Paper Sample Aging measures Methods Conclusions
Bobeica et al. (2017)  Quarterly 1975(1)-  Share of working-age ~ Cointegration There is a positive long-run
2016(2) population (growth relation between inflation
Euro-area, US, rate). and the growth rate of the
Germany share of working-age
population.
Broniatowska (2017) 32 OECD countries; Old-age dependency OLS, Fixed Total dependents are
annual data ratio, youth effects, inflationary but, when
1971 to 2015 dependency ratio, Random separated into young and old
total dependency effects dependants, the young are
ratio inflationary, whereas the old

are disinflationary.
Yoon et al. (2018) 30 OECD countries  Shares of working-age Fixed effects Increase in the share of old (65

Japan; annual and old, life +) decreases inflation.
data 1960 to expectancy, and Increase in the share of
2013; detrended 15-64 also decreases
population growth inflation, particularly for
Japan.

Increase in life expectancy
increases inflation.




	Abstract
	1. Introduction
	2. Demographics and pressure on inflation
	2.1. The theoretical relationship between demographics and pressure on inflation
	2.2. The empirical relationships between demographics and pressure on inflation

	3. Empirical specifications
	3.1. Data and variables
	3.2. Methodology: panel unit root and panel cointegration
	3.2.1. Panel unit root tests
	3.2.2. Testing for panel cointegration
	3.2.3. Panel estimation


	4. Discussion and conclusion
	Disclosure statement
	Funding
	Notes on contributors
	ORCID
	References
	Appendix



