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1. Population Dynamics, Property Prices,
and the Effects of Nominal Interest Rates.

3

Motivations.
• Why is the recovery from collapse of the so-called property
bubbles inconsistent across countries?
– Casual observation shows that property prices are not recovering to the prebubble era in rapidly aging economies as fast as in other economies, and
their adjustment has taken very long (Crowe et al., 2013).

• Property Booms / Busts, Demography and Monetary Policy.
• Property prices, especially residential property prices are of major
concern of many countries (central banks) for many years
– Concern about rising property prices in some countries (bubble,
affordability, etc.)
– Concern about depressed property markets in other countries (abandoned
properties, declining tax revenues, etc.)

Property Bubbles and lost decades
• During the post-World War II rapid economic growth era, Japan
experienced the largest property bubble of the 20th century
(Shimizu and Watanabe, 2010).
– However, following the collapse of the bubble in 1990, the Japanese
economy faced an extended period of economic stagnation termed the “lost
decade.”

• From the global perspective, Japan and Sweden in the late 20th
century and various Western countries, including the United
States, in the early 21st century (after the global financial crisis of
2007) faced the formation of property bubbles and then longterm economic stagnation following the collapse of those
bubbles.

Credit Cycles and Property Prixes.
• There are several theoretical frameworks to explain Reinhart and
Rogoff’s (2009) findings. For example, Kiyotaki and Moore
(1997) provide a micro foundation theory of leveraging and deleveraging during credit cycles.
– When leverage is high for the economy, even a small adverse shock makes
economic conditions deteriorate sharply to induce accelerated deleveraging. During the de-leveraging process, many assets, including
property, are sometimes on “fire-sale,” causing lasting damage to property
markets.

Population Bonus and Onus in Japan.
• The post-war era of rapid economic growth was driven by the
generation born during the postwar baby boom reaching the
working age. This period is known as a “population bonus
phase” (Ito and Hoshi, 2020).
– Then, in the early 1980s, this baby-boomer generation became home buyers
and entered the housing market, generating the highest level of housing
demand since the war and triggering the formation of a property bubble.

• At that time in Japan, optimism was extremely high. Following
the collapse of the bubble in 1990, Japan’s working-age
population has continued to decline.
– In recent years, in conjunction with deflation and a low economic growth
rate, the property market has struggled with a high vacant house rate and
increase of land with relinquished ownership: It has entered the
“population onus phase.”

Questions.
• The literature review suggests that demographics and the property
market have a strong underlying influence on macroeconomic
fluctuations such as economic growth and length of recessions.
• We attempt to decipher this mechanism by focusing on the
relationship between the residential property market and
demographics.
– (1) Did changes in population composition influence the dynamics of
residential property prices?
– (2) Did changes in population composition amplify/dampen nominal
interest rates’ effects on residential property prices?
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2. The Empirical Model.
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Demographics and the property market:
Mankiw and Weil (1989)
• Mankiw and Weil (1989) examine the relationship between
demographics and the property market in their seminal work.
– They argue that in the 1980s, housing demand peaked due to the babyboomer generation in the United States; subsequently, over the next 20
years, till 2007, real residential property prices decreased by 47% due to
population decline. This so-called “asset meltdown hypothesis”
subsequently caused a considerable debate (Mankiw and Weil, 1989).

Supply elasticity and accuracy of projected
demographic changes.
• Two major issues were central to this debate: supply elasticity and
accuracy of projected demographic changes.
– Researchers argued that demographic changes take place at an extremely
slow pace, and, thus, they are accurately predictable.
– Therefore, if the housing supply is elastic, even in the event of a pessimistic
future population projection, no residential property price slump should
occur, since supply will be adjusted via stock adjustment (Hendershott,
1991; Hamilton, 1991).
– Engelhardt and Poterba (1991)’s empirical research reports no statistically
significant relationship between demographic changes and residential
property price changes in Canada.

Japan’s experiences in the most recent decade.
• However, Japan’s experiences in the most recent decade have cast
doubts about the elasticity of the supply of houses in an
increasingly rapidly aging society.
– Vacant houses and land with unknown ownership are increasing at an
unprecedented rate in Japan, raising doubts about how elastic the housing
supply is in a low-growth economy.
– Particularly, land, which is one of the essential factors determining housing
stocks, is a real, non-depreciable asset.
– The supply volume is rather limited (physically or by zoning), so that it is
inelastic rather than elastic.

Figure 1： Persistently Optimistic Predictions of the Total Fertility Rate by
Government Experts at the Unfavorable Time of Declining Rates (Japan)
Source: National Institute of Population and Social Security Research. Various issues.

The accuracy of projections of demographic changes.
• Population statistics experts’ predictions of the total fertility rate
(TFR) starting in 1975, when the fertility rate dropped
noticeably, to 2012, when the drop was reversed.
• This figure has several notable features of persistent projection
errors at the unfavorable time of declining TFRs:
– 1) the recent unforeseen changes are considered temporary,
– 2) the level will eventually revert to a presupposed long-term level that is
close to the “old normal” of the previous period, and
– 3), most importantly, even if the current period figure is constantly lower
than the long-term level considered in the previous projection, the
downward revision of the projection is very slow.

The perfect foresight PVR.
• This study empirically investigates the demographic dynamics’
effects on property prices.
• We elucidate that long-term nominal residential property prices
are determined by the perfect foresight PVR.(Campbell and
Shiller (1989))
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The nominal residential property price index (𝑃𝑃𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 ), consumer price index (CPI)
(𝑃𝑃𝑐𝑐𝑐𝑐𝑐𝑐 ), real rent (R)，nominal interest rate (𝑖𝑖), and nominal expected rate of change in
housing rents (𝑔𝑔𝑒𝑒 ).

The benchmark specification derived by performing a
logarithmic transformation on the long-term PVR.
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• The subscript j represents the country, and t represents the time point.
• Economic theory expects the following restrictions in the coefficients: 𝛽𝛽1 = 1
(absence of money illusion)，𝛽𝛽2 > 0 (an increase in housing rents raises residential
property prices), and 𝛽𝛽3 < 0 (an increase in the nominal rate of interest lowers
residential property prices), as will be verified below.
• Increases in the younger generation’s population will result in higher real residential
property prices (𝜷𝜷𝟓𝟓 > 𝟎𝟎). Conversely, it is expected that increases in the older
generation’s population will have a deflating effect on residential property prices
(𝜷𝜷𝟔𝟔 < 𝟎𝟎).

The expanded long-run equilibrium relation(1).
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• Estimated coefficient of i incorporating the interaction term to see whether the
population bonus period’s coefficient is significantly different from that of the onus
period.

The expanded long-run equilibrium relation(2).
The difference between the actual and predicted number.
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• Explore the type of impact there will be on residential
property prices if the population prediction at a given time
turns out to be wrong in a future period.

• Examine how expectation errors change results of the benchmark case
Equation (2) and the extention case Equation (3) .
𝑦𝑦𝑦𝑦𝑦𝑦
• To do this we decompose the young population ratio 𝑛𝑛𝑗𝑗𝑗𝑗 used in the
𝑦𝑦𝑦𝑦𝑦𝑦
regression analysis in terms of the ratio 𝑛𝑛�𝑗𝑗𝑗𝑗 at time t predicted z
years before (in the empirical analysis, z = 5) and the expectation error
𝑦𝑦𝑦𝑦𝑦𝑦
𝑦𝑦𝑦𝑦𝑦𝑦
𝑛𝑛𝑗𝑗𝑗𝑗 − 𝑛𝑛�𝑗𝑗𝑗𝑗 , which is the difference between the actual and predicted
number.

The long-run relation is modified by plugging the
difference between the actual and predicted number.
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3. Data and Methodology.
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3.1. DATA
The study covers the 17 countries.
Table I Complete List of Countries/Regions in Our Sample.

Residential Prices and Population etc.
• Residential Prices:
– We use the Residential Property Price Index (local currency denominated in
nominal terms) published by BIS.
– For nominal interest rates, the main source is long-term interest rates from
OECD.Stat and the.
– For real GDP, we use the real GDP (local currency unit) published in the
World Bank’s World Development Indicators (WDI).
– The CPI is likewise obtained from the WDI.

• For population-related variables, we aggregate population data by
country and age cohort (obtained from the United Nations’ World
Population Prospects database) .
– Three generations, young (ages 0–14), working-age (15–64), and old
(65+) for each country, and calculate the population ratios with respect to
the total population.

Two panel unit root tests.
𝑝𝑝𝑖𝑖

∆𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜌𝜌𝑖𝑖 𝑦𝑦𝑖𝑖,𝑡𝑡−1 + � 𝜃𝜃𝑖𝑖𝑖𝑖 Δ𝑦𝑦𝑖𝑖,𝑡𝑡−𝐿𝐿 + 𝛼𝛼𝑖𝑖 𝑑𝑑𝑡𝑡 + 𝜀𝜀𝑖𝑖𝑖𝑖 .
𝐿𝐿=1

•
•
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𝐻𝐻0 : 𝜌𝜌𝑖𝑖 = 0 for all 𝑖𝑖 vs 𝐻𝐻1 : 𝜌𝜌𝑖𝑖 < 0 for at least one i.

The Im–Pesaran–Shin (IPS) test and
The Fisher–type augmented Dickey–Fuller (ADF–Fisher) test (Im et al.,
2003).

Table II Panel Unit Root Tests.

3.2. METHODOLOGY.
• The procedure for panel cointegration relation testing and
estimation.
– A panel cointegration test based on residuals by checking the stationarity of
the residuals and testing the presence of a cointegrating relation, where the
null hypothesis is the “absence of a cointegrating relation.”
– The Kao test and Pedroni test as representative tests (Kao, 1999; Pedroni,
1999, 2004). The Kao test assumes that all cointegration vectors are
common to each country.

• The long-run relationship based on the panel ARDL approach
(Pesarn et al., 1999).

Typical ARDL(p,q) model and a mean group (MG) model.
𝑝𝑝

•

𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜇𝜇𝑖𝑖 + �

𝑗𝑗=1

𝑞𝑞

𝜆𝜆𝑖𝑖𝑖𝑖 𝑦𝑦𝑖𝑖𝑖𝑖−𝑗𝑗 + �

𝑗𝑗=0

′
𝛿𝛿𝑖𝑖𝑖𝑖
𝑋𝑋𝑖𝑖,𝑡𝑡−𝑗𝑗 + 𝜀𝜀𝑖𝑖𝑖𝑖 .

Eq (7)

A typical ARDL(p,q) model, where p is the maximum lag length of
dependent variable 𝑦𝑦𝑖𝑖𝑖𝑖 , and q is the maximum lag length of explanatory
variables 𝑋𝑋𝑖𝑖,𝑡𝑡 .

𝛥𝛥𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜃𝜃𝑖𝑖 𝑦𝑦𝑖𝑖,𝑡𝑡−1 −

𝛽𝛽𝑖𝑖′ 𝑋𝑋𝑖𝑖,𝑡𝑡−1

𝑝𝑝−1

+�

𝑗𝑗=1

𝜆𝜆∗𝑖𝑖𝑖𝑖 𝛥𝛥𝑦𝑦𝑖𝑖𝑖𝑖−𝑗𝑗
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+�
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∗′
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𝛥𝛥𝑋𝑋𝑖𝑖,𝑡𝑡−𝑗𝑗 + 𝜇𝜇𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖,
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• The parameters in Equations (7) and (8) are associated as: 𝜃𝜃𝑖𝑖 = −(1 −
𝑝𝑝
∗
∑𝑝𝑝𝑗𝑗=1 𝜆𝜆𝑖𝑖𝑖𝑖 ), 𝛽𝛽𝑖𝑖 = ∑𝑞𝑞𝑗𝑗=0 𝛿𝛿𝑖𝑖𝑖𝑖 /(1 − ∑𝑞𝑞𝑘𝑘=0 𝜆𝜆𝑖𝑖𝑖𝑖 ), 𝜆𝜆∗𝑖𝑖𝑖𝑖 = − ∑𝑚𝑚=𝑗𝑗+1
𝜆𝜆𝑖𝑖𝑖𝑖 , and 𝛿𝛿𝑖𝑖𝑖𝑖
=
𝑞𝑞
− ∑𝑚𝑚=𝑗𝑗+1 𝛿𝛿𝑖𝑖𝑖𝑖 .

The pooled mean group (PMG) model.
(Pesaran et al., 1999)
𝑝𝑝−1

𝛥𝛥𝑦𝑦𝑖𝑖𝑖𝑖 = 𝜃𝜃𝑖𝑖 𝑦𝑦𝑖𝑖,𝑡𝑡−1 − 𝛽𝛽′𝑋𝑋𝑖𝑖,𝑡𝑡−1 + �
•

𝑗𝑗=1

𝜆𝜆∗𝑖𝑖𝑖𝑖 𝛥𝛥𝑦𝑦𝑖𝑖𝑖𝑖−𝑗𝑗

𝑞𝑞−1

+�

𝑗𝑗=0

∗′
𝛿𝛿𝑖𝑖𝑖𝑖
𝛥𝛥𝑋𝑋𝑖𝑖,𝑡𝑡−𝑗𝑗 + 𝜇𝜇𝑖𝑖 + 𝜀𝜀𝑖𝑖𝑖𝑖

Eq (9)

A non-linear model in terms of the parameter imposing the
restriction of homogeneity on the cointegration coefficients
(𝛽𝛽𝑖𝑖′ = 𝛽𝛽𝛽), maximum likelihood estimation is used.

• This restriction may, at first glance, seem strong. However, for the 17
countries covered in the analysis, we believe that we can assume that
the financial conditions are homogenous based on the effects of noarbitrage because of international capital flow.
• Econometrically, suppose the true long-run equilibrium coefficients
are common among the sample countries. In that case, the PMG
estimates will be more efficient than the MG estimates, making them
preferable for the estimation.

4. Estimation Results.
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Estimations:
• The benchmark model (Equation 2), the two panel cointegration
tests, and
• Various panel ARDL specifications.
• Report the empirical results based on the interaction between
demographic composition and interest rate and its effect on the
residential property price (Equation 3) and
• The impact of persistent demographic expectation errors on the
residential property price (Equation 5).

4.1. LONG-RUN EQUILIBRIUM RELATION
ESTIMATION: STATISTICALLY SIGNIFICANT
DEMOGRAPHIC FACTORS.
Table III Panel Cointegration Tests.

Table IV Estimation Results of Baseline Model, Equation

4.2. LONG-RUN EQUILIBRIUM INTERACTION
BETWEEN DEMOGRAPHIC COMPOSITION AND
NOMINAL INTEREST RATES.
• We perform a PMG estimation of Equation (3), based on the
ARDL specification.
– The interest rate coefficient is insignificant, but the interest rate and old
population ratio interaction term coefficient is significant.

• Due to the interaction terms in Equation (3), the impact of interest
rate cuts on residential property prices depends on the population
composition conditions.

Table V Estimation Results for Model Including Interaction Terms, Equation.

• Define the average marginal effect of interest rate change on residential
property price of country j over time such as Eq (10).
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

𝜕𝜕 log 𝑃𝑃𝑗𝑗
•

𝑦𝑦𝑦𝑦𝑦𝑦

𝑛𝑛𝑗𝑗

𝜕𝜕 𝑖𝑖𝑗𝑗

𝑦𝑦𝑦𝑦𝑦𝑦

= 𝛽𝛽3 + 𝛽𝛽7 𝑛𝑛𝑗𝑗

− 𝛽𝛽7 + 𝛽𝛽8 𝑛𝑛𝑗𝑗𝑤𝑤𝑤𝑤𝑤𝑤 + 𝛽𝛽8 𝑛𝑛𝑗𝑗𝑜𝑜𝑜𝑜𝑜𝑜 ,

Eq (10)

, 𝑛𝑛𝑗𝑗𝑤𝑤𝑤𝑤𝑤𝑤 , and 𝑛𝑛𝑗𝑗𝑜𝑜𝑜𝑜𝑜𝑜 are the historical averages for each population ratio in

a given country j.

•

The total marginal effect of interest rate change on residential property price:
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

𝜕𝜕 log 𝑃𝑃𝑗𝑗𝑗𝑗
𝜕𝜕 𝑖𝑖𝑗𝑗𝑗𝑗

=

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

𝜕𝜕 log 𝑃𝑃𝑗𝑗

𝜕𝜕 𝑖𝑖𝑗𝑗

𝑦𝑦𝑦𝑦𝑦𝑦
�
𝑤𝑤𝑤𝑤𝑤𝑤
𝑜𝑜𝑜𝑜𝑜𝑜
+ 𝛽𝛽7 𝑛𝑛�
− 𝛽𝛽7 + 𝛽𝛽8 𝑛𝑛�
+ 𝛽𝛽8 𝑛𝑛
𝑗𝑗𝑗𝑗
𝑗𝑗𝑗𝑗 ,
𝑗𝑗𝑗𝑗

𝑘𝑘
𝑘𝑘
𝑘𝑘
𝑛𝑛�
=
𝑛𝑛
−
𝑛𝑛
𝑗𝑗𝑗𝑗
𝑗𝑗𝑗𝑗
𝑗𝑗 for 𝑘𝑘 = 𝑦𝑦𝑦𝑦𝑦𝑦, 𝑤𝑤𝑤𝑤𝑤𝑤, and 𝑜𝑜𝑜𝑜𝑜𝑜

Eq (10a)

�
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝜕𝜕 log 𝑃𝑃𝑗𝑗
𝜕𝜕 𝑖𝑖𝑗𝑗

𝑦𝑦𝑦𝑦𝑦𝑦

= 3.949 − 8.526𝑛𝑛𝑗𝑗

− 19.765𝑛𝑛𝑗𝑗𝑤𝑤𝑤𝑤𝑤𝑤 + 28.291𝑛𝑛𝑗𝑗𝑜𝑜𝑜𝑜𝑜𝑜

Table VI Effect of 1% Nominal Interest Rate Increase.

Eq (10b)

•

The key takeaway is that divergence from historical averages further enhances
the impact of the above monetary measures on the property market. Using the
estimates reported in Table V, Equation (10a) is re-written as:
�
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝜕𝜕 log 𝑃𝑃𝑗𝑗𝑗𝑗
𝜕𝜕 𝑖𝑖𝑗𝑗𝑗𝑗

=

�
𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝜕𝜕 log 𝑃𝑃𝑗𝑗
𝜕𝜕 𝑖𝑖𝑗𝑗

𝑦𝑦𝑦𝑦𝑦𝑦
�
𝑤𝑤𝑤𝑤𝑤𝑤
𝑜𝑜𝑜𝑜𝑜𝑜
− 8.526 𝑛𝑛�
− 19.765 𝑛𝑛�
+ 28.291 𝑛𝑛
𝑗𝑗𝑗𝑗
𝑗𝑗𝑗𝑗
𝑗𝑗𝑗𝑗

Eq (10c)

• Equation (10c) implies that an increase in the young age population ratio
𝑦𝑦𝑦𝑦𝑦𝑦
(𝑛𝑛�
> 0) enhances the interest rate effects (since 𝛽𝛽7 = −8.526 < 0), while an
𝑗𝑗𝑗𝑗
�
𝑜𝑜𝑜𝑜𝑜𝑜
> 0) reduces the interest rate effects
increase in the old age population ratio (𝑛𝑛
(since 𝛽𝛽8 = 28.291 > 0).

𝑗𝑗𝑗𝑗

4.3. PERSISTENT DEMOGRAPHIC EXPECTATION
ERRORS AND LONG-RUN EQUILIBRIUM.
Table VII Estimation Results for Model Including Population Prediction
Errors, Equation.

•

Equation (5) implies that marginal effect of interest rate change on
residential property price of country j is:

𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟

𝜕𝜕 log 𝑃𝑃𝑗𝑗𝑗𝑗
𝜕𝜕 𝑖𝑖𝑗𝑗𝑗𝑗

𝑦𝑦𝑦𝑦𝑦𝑦

−413.758 𝑛𝑛𝑗𝑗𝑗𝑗
•

𝑦𝑦𝑦𝑦𝑦𝑦

= −1.886 − 33.013𝑛𝑛�𝑗𝑗𝑗𝑗
𝑦𝑦𝑦𝑦𝑦𝑦

− 𝑛𝑛�𝑗𝑗𝑗𝑗

𝑤𝑤𝑤𝑤𝑤𝑤
𝑜𝑜𝑜𝑜𝑜𝑜
− 7.001𝑛𝑛�𝑗𝑗𝑗𝑗
+ 40.014 𝑛𝑛�𝑗𝑗𝑗𝑗

𝑤𝑤𝑤𝑤𝑤𝑤
𝑤𝑤𝑤𝑤𝑤𝑤
𝑜𝑜𝑜𝑜𝑜𝑜
𝑜𝑜𝑜𝑜𝑜𝑜
− 105.990 𝑛𝑛𝑗𝑗𝑗𝑗
− 𝑛𝑛�𝑗𝑗𝑗𝑗
+ 519.748 𝑛𝑛𝑗𝑗𝑗𝑗
− 𝑛𝑛�𝑗𝑗𝑗𝑗
.

Eq (11)

Marginal effect of interest rate change has seven parts: constant, three
𝑦𝑦𝑦𝑦𝑦𝑦
𝑤𝑤𝑤𝑤𝑤𝑤
𝑜𝑜𝑜𝑜𝑜𝑜
predicted population ratios 𝑛𝑛�𝑗𝑗𝑗𝑗 , 𝑛𝑛�𝑗𝑗𝑗𝑗
, and 𝑛𝑛�𝑗𝑗𝑗𝑗
, and three prediction
𝑦𝑦𝑦𝑦𝑦𝑦
𝑦𝑦𝑦𝑦𝑦𝑦
𝑤𝑤𝑤𝑤𝑤𝑤
𝑤𝑤𝑤𝑤𝑤𝑤
𝑜𝑜𝑜𝑜𝑜𝑜
𝑜𝑜𝑜𝑜𝑜𝑜
errors 𝑛𝑛𝑗𝑗𝑗𝑗 − 𝑛𝑛�𝑗𝑗𝑗𝑗 , 𝑛𝑛𝑗𝑗𝑗𝑗
− 𝑛𝑛�𝑗𝑗𝑗𝑗
, and 𝑛𝑛𝑗𝑗𝑗𝑗
− 𝑛𝑛�𝑗𝑗𝑗𝑗
.

5. Discussion: Demographics, Residential
Property Prices, and Credit Conditions.
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Main discussion points.
• Focusing on residential property, which, as a means of wealth
accumulation, represents the largest share of household assets
regardless of the country, we empirically clarify the relationship
between changes in demographics (including the aging of the
population), nominal interest rates determined by monetary
policy and residential property prices.
• The importance of demographic expectation formation:
considerable difference exists between expected and unexpected
change in demography.

Findings (1).
• Population factors are key variables for a PVR for long-term
changes in residential property prices, based on long-term panel
data covering a diverse range of circumstances in 17 countries
over 46 years.
– The ratio of the young population to the total population rises by 1%,
residential property prices will increase by 5.579%, while, conversely, if
the old population ratio increases by 1%, residential property prices will
fall by 5.705%.
– The effect of monetary easing measures, such as lowering of nominal
interest rates, is severely restricted during population onus (aging) periods
and in countries facing them.

Findings (2).
• Expand the model to include the effect of the difference between
population predictions and the actual populations (i.e., surprise)
in various countries on the residential property price inflation rate
(deflation rate).
– Unforeseen increases in the young population ratio amplify the effect of
interest rate cuts and raise residential property prices.
– Meanwhile, the sign for prediction errors relating to the old population ratio
in Equation (11) implies that the aging of the population, which advances
faster than expected, will curb the effect of interest rate cuts in boosting
residential property prices.

Findings (3).
Table VIII Marginal Effect of Nominal Interest Rate i

6. Conclusion.
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Population bonus and onus.
• The “population bonus period,” when the population and the
proportion of the working-age population increased, residential
property prices soared as housing demand increased.
– This tendency is strengthened further when credit conditions are loose with
low nominal interest rates. Moreover, if demographic changes are
unanticipated, then the credit conditions’ effects become larger.

• The “population onus period”, when the portion of old population
is increased substantially, residential property markets are
stagnated, and looseing of credit conditions do not have as strong
positive effects as in the case of population bonus period.

Monetary policy.
•

The interaction varies across countries between demographic
factors and credit conditions (nominal interest rates) determined
by monetary policy.
– This result has an important implication for policies: different countries
should have different policies to counter undesirable effects of
demographic changes and credit conditions on property prices.

Future works.
• Population has become heterogeneous as immigration/emigration
is increasingly important. As population becomes heterogeneous,
its compositional effect may change over time.
• Bipolarization in residential property markets is under way: some
parts of urban areas (so-called superstar cities) experience rapidly
rising residential property prices while the rest of a country
suffers declining prices in regional property markets.
• There has been growing concern about the effective lower band of
nominal interest rates, and central banks have been increasingly
relying on quantitative easing.

Appendix.
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(a) G7 Countries.

(b) 10 Non-G7 Countries (Excluding Switzerland)

Figure A1： Accumulated Responses of a Positive One Unit Shock to 𝐥𝐥𝐥𝐥𝐥𝐥( 𝒀𝒀/
𝒑𝒑𝒑𝒑𝒑𝒑𝒘𝒘𝒘𝒘𝒘𝒘 ) on Own 𝐥𝐥𝐥𝐥𝐥𝐥 𝑷𝑷𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 .

(a) G7 Countries.

(b) 10 Non-G7 Countries (Excluding Switzerland)

Figure A2： Accumulated Responses of a Negative One Unit Shock to 𝒊𝒊 on Own
𝒍𝒍𝒍𝒍𝒍𝒍 𝑷𝑷𝒓𝒓𝒓𝒓𝒓𝒓𝒓𝒓 .

Figure A3: Predictions for Australia’s 0- to-14-Year-Old Population Ratio
in Five-Year Intervals by Update Year.

Figure A4: Predictions for Australia’s 65-and-Over Population Ratio in
Five-Year Intervals by Update Year.
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