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Abstract 

This paper investigates the impact of demographic shifts on house 

prices using 117 district-level data sources in Taiwan between 

2013 to 2021. The data are also grouped into urban and suburban 

areas to evaluate the impact of demographic structures in different 

regions. With several fixed-effect regressions, this paper came to 

the following findings. First, demographic structures affect house 

prices significantly. Second, a higher old-age dependency ratio 

tends to increase house prices in the suburbs, while a higher youth 

dependency ratio negatively affects house prices in urban areas. 

Third, the LTV policy is unlikely to affect elderly households and 

households with young children. The results suggest that 

demographic shifts are one of the essential determinants of house 

prices. 
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CHAPTER I. INTRODUCTION 

1. Study Background 

The Global Financial Crisis (GFC) in 2007-2009 affected many advanced 

economies through the linkages in global financial systems. The slump in the U.S 

real estate market and the sharp rise in mortgage defaults are believed to be the 

catalysts for financial instability (Acharya & Richardson, 2009; Calza et al., 2013; 

Noyer, 2014). Recent studies have also found that financial institutions greatly 

relaxed credit standards, resulting in a more significant expansion of mortgage 

credit to subprime and contributing to higher house price growth before the GFC 

(Mian & Sufi, 2009). After a large scale of mortgage defaults broke out, areas that 

are harmed the most are the ones experiencing higher house price growth rates. 

Therefore, after the crisis, policymakers in many advanced economies started 

implementing macroprudential policies along with other countercyclical buffers to 

avoid systemic risks and stabilize the economy (Jung et al., 2017). The 

macroprudential policy is characterized as a precautionary measure. Its purpose is 

to limit the excessive growth of credit and debt levels of financial institutions and 

prevent the formation of financial imbalances, pro-cyclical phenomena or systemic 

risks by improving the ability to absorb shocks in advance (Noyer, 2014). Among 

the various macroprudential tools, the loan-to-value (LTV) policy is most 

commonly used to constrain mortgage lending (Morgan et al., 2019). Besides 

macroprudential policy tools, understanding the determinants of house prices also 
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receives more and more attention worldwide.  

Numerous studies have investigated what fueled the housing market booms, 

suggesting that changes in demographic structure would significantly affect house 

prices directly and indirectly (Gevorgyan, 2019; Mankiw & Weil, 1989; Takáts, 

2012; Wang et al., 2015). As one of the first scholars to study the relationship 

between the two, Mankiw and Weil (1989) benchmarked the study on how 

demographic changes affect housing prices. They investigated housing market in 

the U.S. and concluded that the baby boom in the 1950s contributed to the 

accelerated rate of house prices growth in the 1970s. Mankiw and Weil (1989) also 

proposed an asset meltdown hypothesis projecting that negative population growth 

would influence the house prices negatively. These days, the demographic 

compositions of many countries have been very different from what it was in 1989; 

further studies on the relationship between demographic structures and house 

prices have become necessary for advanced and emerging economies.  

Talking about the Industrial Revolution, it has brought unprecedented 

economic growth as well as life expectancy growth. Over the past few decades, the 

demographic structure of many advanced economies has undergone a transition 

from a state of high mortality and high fertility to a new phase of low mortality and 

low fertility (Ranganathan et al., 2015). The demographic changes can be 

quantitively reflected using the old-age dependency ratio, calculated as the number 

of individuals aged 65 and above over those aged between 15 and 64. The larger 



7 

 

the number, the greater the burden on the working-age population to maintain the 

child-rearing and pensions of economically dependents. Many East Asian countries 

are expected to have a dramatic increase in this ratio. For example, Japan’s old-age 

dependency ratio will be tripled from 27.3 in 2000 to 77.8 in 2075, and Korea’s 

proportion is predicted to increase to 72.4 in 2050, increasing from 11.2 in 2000 

(OECD, 2017). Given the rapid demographic changes observed and expected to 

occur shortly in East Asian countries, many scholars investigated how population 

aging will affect house prices.  

 

2. Purpose of Research  

The spectacular economic development of many East Asian countries in 

the past three decades has been remarkable. At the same time, house prices and the 

aged population also experienced rapid growth. Mankiw and Weil (1989) suggest 

that house prices will fall eventually as the aging population increases. However, 

their hypothesis is not valid in some East Asian economies. Hashimoto et al. (2020) 

suggest that the decline in house prices due to population aging is limited in large 

Japanese cities such as Tokyo, Osaka, and Fukuoka regions. Wang and Kinugasa 

(2022) have studied the evidence of China, proposing that a rise in the old-age 

dependency ratio will push up house prices. Lee and Jung (2020) also find that 

changes in demographic structures will positively affect house prices. As one of the 

most developed economies and one of the four Asian Tigers, Taiwan, China 
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(Taiwan, hereafter), has also experienced rapid growth in its ageing population and 

house prices. However, research in this area is still relatively infrequent. This paper 

will investigate how demographic shift will affect Taiwan’s house prices and the 

effectiveness of its real estate policy. 

 

3. Demographic Shift and House Prices in Taiwan 

 According to Taiwan’s National Development Council (2018), Taiwan 

became an aging society in 1993, an aged society in 2018, and is expected to 

become a super-aged society in 2026. By 2065, the old-age population will rise by 

3.7 million, and the working-age population (15-64) will fall by 8.5 million, in 

which the old-age dependency ratio is projected to reach 82.9. The ageing 

population and the relative shrinkage of the labour force will adversely impact 

future economic growth, savings, investments, consumptions, labour markets, 

pensions, taxes, etc. Although Mankiw and Weil (1989) predict that house prices 

will decrease with more aged populations, evidence from other East Asian 

countries shows that the gravitational impact of the demographic shift on house 

prices may be limited. Figure 1. shows the changes in Taiwan’s demographic 

structure over the period from 1949 to 2021. The percentage of the working-age 

population has continuously declined since 1962, while the share of the elderly 

population has continued to increase since 1949. 
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Figure 1. Taiwan’s demographic shifts from 1949 to 2021. 

 Starting from the 1960s, with rapid economic development and 

urbanization, Taiwan's real estate market entered a period of prosperity. Although 

the supply of houses keeps increasing, house prices remain high. The traditional 

belief that “land is wealth” makes Taiwan have the world’s highest average 

homeownership rates, with a percentage of over 87% in 2006 (Chen et al., 2011). 

At the same time, the relatively high population density in major cities and the 

limited land supply drive house prices higher. Chen et al. (2007) also believe that 

the money supply and the increase in income are the most critical factors 

contributing to house prices. With the growing aged population, Takats (2010) 

suggests the house price is likely to face a headwind, but it is unlikely to observe a 

house price slump, as projected by Mankiw and Weil (1989). Fluctuations in house 
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prices are correlated with volatility in financial markets. Therefore, Taiwan has 

called for LTV tool to ensure its financial stability since 2010.  

To illustrate the relationship between demographic transitions and house 

prices, this paper first uses an overlapping generation lifecycle model introduced 

by (Takáts, 2012) to access a theoretical approach to how demographic variables 

affect house prices. Second, this paper employs a panel data set for 117 districts 

covering seven major cities in Taiwan from 2013 to 2021 to investigate whether the 

theoretical hypothesis could be verified using fixed-effects regression models. 

Third, urban and suburban area data are divided into two groups to examine 

whether the impact of demographic structure transitions and LTV tools in urban 

areas is distinct from suburbs. Lastly, this paper also explores how the 

macroprudential policy tool (LTV) influences specific groups on house prices.  
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CHAPTER II. LITERATURE REVIEW 

The study of the determinants of house prices became even more critical 

after the Global Financial Crisis in 2008 because housing booms and busts are 

highly related to financial stability (Anundsen et al., 2016). Previous studies show 

that the increased population fueled the housing market booms (Gevorgyan, 2019; 

Mankiw & Weil, 1989; Takáts, 2012). The high population boosts the demand for 

housing, thereby pushing house prices up. These studies also project that if the 

population ages and shrinks, it will significantly negatively impact house prices 

(Gevorgyan, 2019; Green & Hendershott, 1996; Mankiw & Weil, 1989; Takáts, 

2012). Takáts (2012) and Gevorgyan (2019) use the overlapping generation model, 

the benchmark model, set up with lifecycle to examine the economic and 

demographic factors that drive house prices. However, the link between 

demographic change and house prices does not fit some countries. Green and 

Hendershott (1996) argue that non-demographic variables such as real interest rates 

affect house prices more. Hence, even if the ageing population increases over time, 

and house prices are not expected to drop. Engelhardt and Poterba (1991) also find 

that it is statistically insignificant, and, in most cases, there is a negative association 

between demographic demand and house prices in Canada. In many Asian cases, 

population ageing even has a positive effect on house prices. 

East Asian countries experienced a demographic shift later than the 

advanced western economies. In some East Asian countries, the result is also 
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different from previous estimates for the U.S. by Mankiw and Weil (1989). 

Countries such as China, Japan, and Korea observe the positive impact of an 

increasing population on housing booms (Gevorgyan, 2019; Mankiw & Weil, 1989; 

Takáts, 2012) predicted. However, as the first Asian country to experience a 

demographic shift, Japan has a different result from previous studies. Hashimoto et 

al. (2020) find that bigger sized cities experienced relatively minor price drops than 

other areas because of the migration to the larger cities. Lee and Jung (2020) even 

observe a rise in house prices in Seoul, although Korea follows a similar 

demographic structure as Japan. Neither Hashimoto et al. (2020) nor Lee and Jung 

(2020) use the overlapping generation model as previous studies did. Hashimoto et 

al. (2020) use a regression model, depicting a simple correlation between the 

changes in house prices and net migration flows. Meanwhile, Lee and Jung (2020) 

use a fixed-effect regression model to evaluate the relationship between 

demographic variables, macroprudential policies, and house price growth. Some 

studies use the overlapping generation model and conclude ageing population in 

China will lead to a drop in house prices and further influence financial stability 

(Guo&Wu, 2015; Hu&Yang, 2012), but Wang and Kinugasa (2022) suggest that if 

the old dependency ratio is increased by 1%, there will be a rise in housing prices 

by 0.368%. 

 Few works interpret the impact of the demographic shift on house prices 

and the effectiveness of macroprudential policy measures in Taiwan. Some studies 

investigate the determinants of Taiwan’s house price rise without including the 



13 

 

demographic variables (Chen et al., 2007; Tsai & Peng, 2011). Chen et al. (2007) 

suggest that income and money supply growth contribute to house price increases. 

Tsai and Peng (2011) further investigate that mortgage rate, money supply, 

inflation rate, economic growth rate, and homeownership rate are related to 

housing market booms. Although demographic factors are mentioned in neither of 

the articles, some studies evaluate the impact of demographic transitions on the 

macroeconomy. Mueller (1977) views the effects of demographic changes on 

Taiwan’s economy through the labour force channel, where Taiwan’s trade will be 

hurt as the labour force shrunken. Lee et al. (2000) argue that demographic 

transitions caused by the increased life expectancy increase the savings and 

demand for life cycle wealth to support consumption after retirement.  

Likewise, the Japanese and Korean studies, house prices in Taiwan may 

not fall. Therefore, more research needs to be done to examine the impact of the 

demographic shift in China on the effectiveness of macroprudential tools such as 

the loan-to-value ratio (LTV). 
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CHAPTER III. METHODOLOGY AND DATA 

1. Methodology 

1-1. Model and Hypothesis Development 

The following shows an overlapping generation life-cycle model that 

Takáts (2012) set up, with the utility function (U) represented below: 

U=ln(𝑐 ) + 𝛽 ln(𝑐 ) … (1) 

where ln is the natural logarithm, 𝑐  is consumption when young, and 𝑐  is 

consumption when old, β is the discount factor, and t is the time period index. 

Young households have work income, and they save to consume in old age. Saving 

is done through an asset that could be divided. 

Households maximize their utility function subject to the budget 

constraint: 

𝑐 +  ≤  𝑦  … (2) 

where 𝑟  represents the interest rate and 𝑦  represents the working income when 

young. The budget constraint shows that the consumption when young and the 

discounted value of consumption when old should be less or equal to the working 

income when young. The income (𝑦 ) can be rewritten as follows: 
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𝑦 =  𝑐 + 𝑝 𝑎  … (3) 

where 𝑝 𝑎  represents the young households buying a 𝑎  share of the asset at a unit 

price𝑝 .  

Households trade in the asset markets, and assuming households are 

identical to ensure that the equilibrium aggregate output and aggregate 

consumption are equal. The individual savings of the young are shown as follows: 

𝑦 =  𝑐 + 𝑝  … (4) 

where individual young household savings are equal to the value of assets (𝑝 𝐾) 

divided by the size of the current young generation (𝑛 ). At time t+1, the old 

household sells the asset at price 𝑝  and their consumptions depend on initial 

savings and return on these savings as shown below:  

𝑐 = 𝑝  =  = (1 + 𝑟 )  … (5) 

The demographic changes and economic growth can be shown as follows: 

𝑛 = (1 + 𝑑 )𝑛  … (6) 

𝑦 = (1 + 𝑔 )𝑦  … (7) 

where, 𝑑  represents the demographic change as the ratio of the current (t) young 

generation to the current elder generation. 𝑔  represents the exogenous economic 

growth. 
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First-order conditions are solved as follows: 

𝑐 = 𝛽 (1 + 𝑟 ) 𝑐  

𝑐 =  … (8) 

Equilibrium individual savings and investments: 

𝑦 1 − =  … (9) 

where the left-hand side shows savings of the young as the difference between 

exogenous work income and consumption as determined in Eq. (8). The right-hand 

side shows equilibrium investment when young, as Eq. (4) determined. The next 

period (t+1) can be delivered as follows: 

𝑦 1 − =   

By substituting the demographic growth from Eq. (6) and the real 

economic growth from Eq. (7), we have the following equation: 

(1 + 𝑔 )𝑦 1 − =
( )

 … (10) 

Finally, we can get the asset price evolution in terms of real 

economic and demographic growth by dividing Eq. (10) by Eq. (9): 

1 + 𝑟 = = (1 + 𝑔 ) (1 + 𝑑 ) … (11) 
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1-2. Hypothesis  

Hypothesis 1. There will be a house price depreciation as the old-age dependency 

ratio increases and the youth dependency ratio decreases.  

The overlapping generation model has a similar result as Mankiw and Weil 

(1989) suggest, where the asset will be valued more if the next generation 

population is larger and well off. On the other hand, if the population shrinks, the 

asset price will fall. An increase in the old-age dependency ratio and a decrease in 

the youth dependency ratio indicates a population shrink. Therefore, house price is 

expected to decrease.  

 

Hypothesis 2. The growing old-age dependency ratio will lower the effectiveness 

of the macroprudential policy measures on stabilizing house prices. 

As the old-age dependency ratio increases, the negative effect of 

macroprudential policy (LTV ratio) is expected to be lowered because the old-age 

dependency ratio will also have a adverse impact.  
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2. Data 

2-1. Data Sources 

One hundred seventeen district-level data on house prices and house price 

index in Taiwan’s seven major cities are obtained from the Ministry of the Interior 

Real Estate Information Platform. Average house prices for each district are 

calculated, and the logged value of average house prices is used as the dependent 

variable. To promote the transparency of information on real estate transactions and 

the development of a sound housing market, Taiwan promulgated the Equalization 

of Land Rights Ordinance, the Lands Act, and the Real Estate Brokerage 

Regulation on 30 December 2011 and officially implemented a real price 

registration system since 2012. More than 3 million real estate transactions for sale, 

purchase, lease, and pre-sale have been made available for enquiry. Quarterly data 

for macroprudential measures such as LTV ratios and mortgage rate ratios are 

collected from the Joint Credit Information Center (JCIC). Demographic data are 

collected from the Department of Household Registration, Ministry of the Interior. 

Macroeconomic data such as GDP, GDP per capita, CPI, and M2 are collected 

from the National Statistics. 
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Variables Comment Data Source 

Measured at district level 

Average house price: 
ln(HP) 

Logged value of the average 
house prices for each district 
(measured in NT$) 

Author’s calculation 

Demographic 
variables: 
average age: AGE 

The average age for each 
district 

Author’s calculation 

Dependency ratio: 
DEPENDENCY 

The percentage of those aged 
between 0 and 14 and over 65 
among the working population 
(those aged 15 to 64) 

Department of 
Household 
Registration, Ministry 
of the Interior. 

Old-age dependency 
ratio: ELDERLY 

The percentage of those aged 
over 65 to the working 
population  

Department of 
Household 
Registration, Ministry 
of the Interior. 

Youth dependency 
ratio: YOUTH 

The percentage of those aged 
between 0 and 14 to the 
working population  

Department of 
Household 
Registration, Ministry 
of the Interior. 

Macroprudential 
policy measures: 
LTV ratio: LTV 

Average of the loan-to-value 
(LTV) ratio for each district  

Joint Credit 
Information Center  

Mortgage rate: 
MORATE 

The average mortgage rate for 
each district 

Joint Credit 
Information Center 

Measured at national level 

Monetary aggregate:  
dlnM2 

Log changes of M2 National Statistics 

GDP: dlnGDP Log changes in GDP National Statistics 
CPI: dlnCPI Log changes in CPI National Statistics 
Table 1. Variable description  

 

 

 

2-2. Basic Statistics 
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Variables Obs Mean Std. dev. Min Max 

All areas      
houseprice (NTD / 
square meter) 1,053 68813.14 48241.18 10206.67 280068.1 

AGE 1,053 41.03861 2.943241 34.72504 52.96183 

DEPENDENCY (%) 1,053 0.374207 0.055608 0.259186 0.621505 

YOUTH (%) 1,053 0.174475 0.037723 0.063821 0.303121 

ELDERLY (%) 1,053 0.199732 0.065771 0.084679 0.462635 

LTV (%) 967 69.62416 2.637397 56.15 77.57 

MORATE (%) 967 1.82348 0.217568 1.375 2.36 

      

Urban      
houseprice (NTD / 
square meter) 396 92661.48 58461.49 23198.55 280068.1 

AGE 396 41.06994 3.050108 34.72504 52.96183 

DEPENDENCY (%) 396 0.37739 0.062502 0.259186 0.594766 

YOUTH (%) 396 0.17674 0.037131 0.063821 0.303121 

ELDERLY (%) 396 0.20065 0.070997 0.084679 0.462635 

LTV (%) 377 69.52124 2.5655 59.68 74.775 

MORATE (%) 377 1.826596 0.22717 1.375 2.36 

      

Suburbs      
houseprice (NTD / 
square meter) 657 54438.79 33523.84 10206.67 188648.7 

AGE 657 41.01972 2.879107 35.35666 49.49809 

DEPENDENCY (%) 657 0.372289 0.050959 0.265896 0.621505 

YOUTH (%) 657 0.17311 0.038039 0.072959 0.287927 

ELDERLY (%) 657 0.199179 0.062459 0.091901 0.420494 

LTV (%) 590 69.68991 2.682416 56.15 77.57 

MORATE (%) 590 1.821489 0.211376 1.3925 2.305 

      

Macroeconomic conditions    
GDP (NTD) 1,053 1.81E+07 1808899 1.53E+07 2.17E+07 
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CPI 1,053 100.7889 2.035231 97.76 104.32 

M2 1,053 5.412222 1.986244 2.65 9.36 
Table 2. Summary statistics 

Table 2 provides statistical information about demographic ratios, house 

prices, LTV ratios, mortgage rates, and macroeconomic measures of 117 districts 

from seven of Taiwan’s major cities. Data are also grouped into urban areas and 

suburban areas. In urban areas, the average house prices are 170% higher than in 

suburban areas. The dependency ratio, old-age dependency ratio, and youth 

dependency ratio are higher in urban areas than in suburban areas. There is only a 

slight difference in average age, LTV ratio, and mortgage rate for both regions. 
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CHAPTER IV. EMPIRICAL RESULTS 

1. Empirical Results 

 

Figure 2. Urban land price index changes in Taiwan over the period from 2013 to 

2021. 

Urban land price index data is obtained from the Ministry of the Interior. 

The indexes for all cities, counties, and towns in Taiwan were compiled by 

calculating the weighted average land prices of urban areas every six months. It 

shows a good view in observation of land values changes over time. The urban land 

price index was set to be 100 on March 31, 2018, as the base period. Urban land 
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prices and house prices have a significant positive endogenous relationship (Wen & 

Goodman, 2013). Hence, urban land price growth trends can also reflect how house 

prices grow. In Figure 2, the urban land price index increases over time. 

 

1. Demographic Variables and House Price Level 

The correlation between demographic variables, macroeconomic variables, and 

house price level is represented by the following regression model.  

log (𝐻𝑃) = 𝛽 + 𝛽 𝐴𝐺𝐸 + 𝛽 𝐴𝐺𝐸 + 𝛽 𝑀𝑂𝑅𝐴𝑇𝐸 + 𝛽 𝑑𝑙𝑜𝑔𝑀2 +

𝛽 𝑑𝑙𝑜𝑔𝐺𝐷𝑃 + 𝛽 𝑑𝑙𝑜𝑔𝐶𝑃𝐼 + 𝜀  (1) 
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Figure 3. Graph showing the quadratic prediction of house price using age and 

age2. 

 (1) 
VARIABLES lnHP 
  
AGE 0.130** 
 (0.0401) 
AGE2 -0.00101* 
 (0.000462) 
MORATE -0.135*** 
 (0.0365) 
dlnM2 -0.0362** 
 (0.0127) 
dlnGDP 0.535*** 
 (0.146) 
dlnCPI -1.425* 
 (0.668) 
Constant 7.644*** 
 (0.915) 
  
Observations 868 
Number of id 112 
R-squared 0.447 
Adj. R-squard 0.361 

Standard errors in parentheses 
*** p<0.001, ** p<0.01, * p<0.05 

 
Table 2. Interaction between demographic variables and house price  

Figure 3. shows that house prices grows with an attenuated rate of age. 

Table 2 shows that the regression coefficient on average age (AGE) is positive and 

significant, and the coefficient on AGE2 is negative and significant, indicating an 

inverted U shape of the function. The function has its highest point at 64.03 

(0.13/(2*0.00101)), which shows that the direct effect of age is to increase house 

price growth to about age 64. After 64 years old, it appears to be invariant or even 



25 

 

decline.  

The regression coefficient for MORATE is negative and significant. A 

decrease in the mortgage will have a positive effect on house prices. Households 

tend to invest less in real estate when the mortgage rate is high. Macroeconomic 

variables have a significant impact as well. M2 and CPI growth are negative and 

significant. The result is consistent with recent studies, which suggest that CPI 

growth and higher inflation lower households' tendency to own a house and, hence, 

negatively affect house prices (Tsai et al., 2020). The coefficient on GDP is positive 

and significant, showing that an economic boom will increase house prices.  

 

2. Dependency Ratio, Macroprudential policy, and House 

Price  

Fixed-effect regression includes the relationship between dependency ratio, 

macroprudential policies, macroeconomic variables, and house price growth.  

log (𝐻𝑃) = 𝛽 + 𝛽 𝐷𝐸𝑃𝐸𝑁𝐷𝐸𝑁𝐶𝑌 +𝛽 𝐿𝑇𝑉 + 𝛽 𝑀𝑂𝑅𝐴𝑇𝐸 +

𝛽 𝑑𝑙𝑜𝑔𝑀2 + 𝛽 𝑑𝑙𝑜𝑔𝐺𝐷𝑃 + 𝛽 𝑑𝑙𝑜𝑔𝐶𝑃𝐼 + 𝜀   (2) 

 (1) 
VARIABLES lnHP 
  
DEPENDENCY 0.991*** 
 (0.268) 
LTV -0.00724*** 
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 (0.00200) 
MORATE -0.295*** 
 (0.0327) 
dlnGDP 0.476** 
 (0.150) 
dlnM2 -0.0350** 
 (0.0130) 
dlnCPI -1.524* 
 (0.679) 
Constant 11.69*** 
 (0.204) 
  
Observations 868 
Number of id 112 
R-squared 0.430 
Adj. R-squard 0.341 

Standard errors in parentheses 
*** p<0.001, ** p<0.01, * p<0.05 

 
Table 3. Interaction between dependency ratio and house price. 

DEPENDENCY is the ratio of those aged between 0 and 14 and over 65 to 

the working population. The ratio is positive and significant, which contradicts 

what is commonly believed. The more the amount of dependents supported by the 

working population, the fewer money people will invest in the housing market, 

thereby, causing the house price to fall. However, the positive relationship between 

the dependency ratio and house price indicates 1. Either the old-age dependency 

ratio or youth dependency ratio has a positive impact on house prices. 2. Both the 

old-age dependency ratio and youth dependency ratio have a positive impact on 

house prices. To investigate the effect of the old-age dependency ratio and youth 

dependency ratio, DEPENDENCY is decomposed into the old-age dependency 

ratio (ELDERLY) and youth dependency ratio (YOUTH) for the following 
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regressions.  

2-1. Demographic Ratios, Macroprudential Policy, and House 

Price  

Fixed-effect regression includes the relationship between the elderly dependency 

ratio, youth dependency ratio, macroprudential policies, macroeconomic variables, 

and house price level.  

log (𝐻𝑃) = 𝛽 + 𝛽 𝐸𝐿𝐷𝐸𝑅𝐿𝑌 +𝛽 𝑌𝑂𝑈𝑇𝐻 + 𝛽 𝐿𝑇𝑉 + 𝛽 𝑀𝑂𝑅𝐴𝑇𝐸 +

𝛽 𝑑𝑙𝑜𝑔𝑀2 + 𝛽 𝑑𝑙𝑜𝑔𝐺𝐷𝑃 + 𝛽 𝑑𝑙𝑜𝑔𝐶𝑃𝐼 + 𝜀   (3) 

 (1) 
VARIABLES lnHP 
  
ELDERLY 1.738*** 
 (0.294) 
YOUTH -1.642** 
 (0.535) 
LTV -0.00612** 
 (0.00197) 
MORATE -0.138** 
 (0.0425) 
dlnGDP 0.482** 
 (0.147) 
dlnM2 -0.0333** 
 (0.0128) 
dlnCPI -1.129 
 (0.669) 
Constant 11.63*** 
 (0.201) 
  
Observations 868 
Number of id 112 
R-squared 0.453 
Adj. R-squard 0.367 
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Standard errors in parentheses 
*** p<0.001, ** p<0.01, * p<0.05 

 
Table 4. Interaction between demographic ratios and house price. 

ELDERLY is the old-age dependency ratio, while YOUTH is the youth 

dependency ratio. In Hypothesis 1, an increase in the old-age dependency ratio is 

expected to lead to a decrease in house prices. In contrast, increasing the youth 

dependency ratio will increase the house price. However, from the table above, the 

regression coefficient for ELDERLY is positive and significant, and the coefficient 

for YOUTH is negative and significant. The result rejects Hypothesis 1 and 

contrasts what  Takáts (2012) argued in the life-cycle model. Even though in 

equation (1), there is a diminishing increase in house prices when the population is 

64 and above, retired households still lead to a rise in house prices. Elderly 

households do not sell their assets immediately at period t+1, as predicted in the 

life-cycle model. This result supports what Hashimoto et al. (2020), Lee and Jung 

(2020); Wang and Kinugasa (2022) suggest in their studies that a higher old-age 

dependency ratio will increase house prices. One of the reasons for the proportional 

relationship between housing prices and the elderly population is that elderly 

households invest in the real estate market and delay their sale as their life 

expectations extend (Gong & Yao, 2021; Lee & Jung, 2020). Another reason is that 

elderly households tend to sell financial assets instead of non-financial assets in 

emergency situations such as a health shock (Berkowitz & Qiu, 2006). Compared 

with the working-age population, elderly households are wealthier because they 
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have more savings due to higher life expectations (Lisack et al., 2019). Conjointly, 

because of the high cost of childcare, many households may have a hardship in 

housing purchasing, which leads youth dependency ratio that has a significant 

negative effect (Lee & Jung, 2020). Without facing the high child-rearing cost, the 

elderly population is more likely to invest in the housing market.  

The coefficient of LTV is negative and significant. An increase in LTV 

indicates a loosening in macroprudential regulation. Typically, an increase in house 

prices is expected if the LTV ratio increases. Although a contrary result is observed 

in the case of Taiwan, the result is still compatible with some studies. Wang et al. 

(2017), in their central bank report, find that the overall housing prices in Taichung 

and Taiwan rose significantly for a short period of time. Several reasons can 

explain why implementing the LTV tool has a positive effect on house prices: First, 

LTV is less effective for large banks (Morgan et al., 2019). Most mortgages 

provided in Taiwan come from 5 major banks (Bank of Taiwan, Taiwan 

Cooperative Bank, Land Bank of Taiwan, Hua Nan Commercial Bank, and First 

Commercial Bank). Second, only some districts in Taipei and New Taipei City 

have limits on LTV, and investors will invest in other towns or districts when the 

LTV ratio decrease in those areas (Wang et al., 2017). Hence, house prices in 

neighbourhoods without LTV limits tend to increase. Finally, LTV may have a 

different influence in urban and suburban areas. Therefore, urban areas and 

suburban areas are separated in the following regression to compare whether the 

LTV tool has different impacts in different regions.  
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2-2. Demographic Ratios and House Prices in Urban Areas, 

and Suburbs 

 (1) 
lnHP (ALL) 

(2) 
lnHP (URBAN) 

(3) 
lnHP (SUBURB) 

ELDERLY 1.738*** 
(5.91) 

0.124 
(0.31) 

2.584*** 
(6.71) 

YOUTH -1.642** 
(-3.07) 

-2.439** 
(-2.96) 

-0.896 
(-1.32) 

LTV -0.00612** 
(-3.11) 

-0.00483 
(-1.33) 

-0.00500* 
(-2.13) 

MORATE -0.138** 
(-3.24) 

-0.188** 
(-3.23) 

-0.144* 
(-2.56) 

dlnGDP 0.482** 
(3.28) 

0.939*** 
(5.34) 

0.155 
(0.75) 

dlnM2 -0.0333** 
(-2.61) 

-0.00201 
(-0.13) 

-0.0562** 
(-3.18) 

dlnCPI -1.129 
(-1.69) 

0.0605 
(0.08) 

-2.134* 
(-2.29) 

_cons 11.63*** 
(57.98) 

12.36*** 
(38.47) 

11.10*** 
(44.44) 

N 868 339 529 
Standard errors in parentheses 

*** p<0.001, ** p<0.01, * p<0.05 
 

Table 5. All areas, urban areas, and suburbs. 

Interestingly, the significance level for the old-age dependency ratio and 

youth dependency ratio differentiate for urban and suburban areas. In urban areas, 

the regression coefficient on ELDERLY is insignificant, while the coefficient on 

YOUTH is negative and significant. On the other hand, the regression coefficient 

on ELDERLY is significant and positive in the suburbs, but the coefficient on 

YOUTH turns out to be insignificant. The impact of demographic shifts on house 

prices in the suburbs is different from the Japanese case by Hashimoto et al. (2020). 
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The direction of migration is not only from suburban areas to urban areas but also 

from urban areas to suburbs. The construction of new urban areas and the 

development of new towns have a positive effect on housing prices in suburban 

areas. At the same time, because the natural environment of the suburban regions is 

better than that of crowded cities, many elderly people choose to move out of the 

city center and invest in suburban real estate after their retirement (Lucas, 2002). 

As a result, house prices in the suburbs increase. For instance, in Tamsui District, a 

district of New Taipei City, the total population and elderly population continue to 

grow. At the same time, house price also shows a positive growth trend, as shown 

in Figure 4.  

 

Figure 4.  Population and house price growth in Tamsui District.  
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 MORATE remains negative and significant for both urban and suburban 

areas. GDP growth becomes insignificant in the suburbs, and M2 change becomes 

insignificant in urban areas. CPI growth is only negative and significant in 

suburban areas.  

The LTV ratio is insignificant for urban data but remains negative and 

significant in suburban areas. The result shows that a tightening in macroprudential 

measures will significantly boost house prices in the suburbs and the overall 

regions. Still, the macroprudential measures do not significantly affect house prices 

in urban areas. The consequence prove that macroprudential policies in Taiwan 

positively impact increasing house prices (Wang et al., 2017). 

 

2-3. Demographic Ratios and House Price Growth in Urban 

Areas and Suburbs 

Fixed-effect regression includes the relationship between the elderly dependency 

ratio, youth dependency ratio, macroprudential policies, macroeconomic variables, 

and house price growth.  

dlog (𝐻𝑃) = 𝛽 + 𝛽 𝐸𝐿𝐷𝐸𝑅𝐿𝑌 +𝛽 𝑌𝑂𝑈𝑇𝐻 + 𝛽 𝐿𝑇𝑉 + 𝛽 𝑀𝑂𝑅𝐴𝑇𝐸 +

𝛽 𝑑𝑙𝑜𝑔𝑀2 + 𝛽 𝑑𝑙𝑜𝑔𝐺𝐷𝑃 + 𝛽 𝑑𝑙𝑜𝑔𝐶𝑃𝐼 + 𝜀   (4) 

 
VARIABLES 

(1) 
dlnHP (ALL) 

(2) 
dlnHP (URBAN) 

(3) 
dlnHP 
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(SUBURBS) 

ELDERLY -0.102 
(-0.29) 

-0.367 
(-0.80) 

-0.0222 
(-0.05) 

YOUTH 1.266*   
-1.97 

0.031 
-0.03 

1.445 
-1.7 

LTV 0.00332 
-1.4 

0.0156*** 
-3.72 

0.001 
-0.34 

MORATE 0.0528 
-1.04 

0.160*   
-2.38 

0.0221 
-0.31 

dlnGDP 1.066*** 
-6.04 

1.075*** 
-5.29 

1.050*** 
-4.08 

dlnM2 0.0138 
-0.9 

0.0610*** 
-3.43 

-0.0168 
(-0.76) 

dlnCPI 0.399 
-0.5 

3.324*** 
-3.59 

-1.441 
(-1.23) 

_cons -0.528*   
(-2.19) 

-1.339*** 
(-3.61) 

-0.336 
(-1.07) 

N 868 339 529 
Standard errors in parentheses 

*** p<0.001, ** p<0.01, * p<0.05 
 

Table 6. Interaction between demographic ratios and house price growth for urban, 

suburban areas. 

 This time, the regression is set to test the impact of demographic shifts and 

macroprudential measures on house price growth instead of the house price level. 

The regression coefficients on the old-age dependency ratio (ELDERLY) is not 

significant in column (1), (2), and (3), indicating there is no significant relationship 

between the old-dependency ratio and house price growth. Loan-to-value ratio 

(LTV) is positive and significant only in urban areas. It suggests that in urban areas, 

a loosening in LTV will have a significant positive effect on house price growth.  
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3. Macroprudential Policies and House Price 

Fixed-effect regression how LTV regulation affects the relationship between 

demographic variables and house prices. 

log (𝐻𝑃𝐼) = 𝛽 + 𝛽 𝐸𝐿𝐷𝐿𝑇𝑉 + 𝛽 𝑌𝑂𝑈𝐿𝑇𝑉 + 𝛽 𝑀𝑂𝑅𝐴𝑇𝐸 + 𝛽 𝑑𝑙𝑜𝑔𝑀2 +

𝛽 𝑑𝑙𝑜𝑔𝐺𝐷𝑃 + 𝛽 𝑑𝑙𝑜𝑔𝐶𝑃𝐼 + 𝜀   (5) 

 
 
VARIABLES 

(1) 
lnHP 

(ALL) 

(2) 
lnHP  

(ALL) 

(3) 
lnHP 

(URBAN) 

(4) 
lnHP 

(URBAN) 

(5) 
lnHP 

(SUBURB) 

(6) 
lnHP 

(SUBURB) 
ELDERLY 3.950***                

(5.39) 
 1.868                   

(1.45) 
 4.401*** 

(4.97) 
 

YOUTH  -0.123 
(-0.12) 

 -1.790                   
(-0.99) 

 0.336 
(0.26) 

ELDLTV -0.0304*** 
(-3.34) 

 -0.0228 
(-1.36) 

 -0.0252* 
(-2.32) 

 

YOULTV  -0.0237*                    
(-2.06) 

 -0.0114   
 (-0.61) 

 -0.0192 
(-1.34) 

MORATE -0.165*** 
(-4.07) 

-0.334*** 
(-12.59) 

-0.213***                 
(-3.82) 

-0.183*** 
(-4.86) 

-0.160** 
(-3.03) 

-0.439*** 
(-12.06) 

dlnGDP 0.469** 
(3.15) 

0.617***                  
(4.16) 

0.916*** 
(5.01) 

0.930*** 
(5.34) 

0.152 
(0.74) 

0.405 
(1.92) 

dlnM2 -0.0367** 
(-2.87) 

-0.0278*                 
(-2.14) 

-0.00761 
(-0.49) 

-0.00321 
(-0.21) 

-0.0581** 
(-3.30) 

-0.0460* 
(-2.50) 

dlnCPI -1.350* 
(-2.01) 

-1.402*                    
(-2.05) 

-0.190 
(-0.23) 

0.000950 
(0.00) 

-2.293* 
(-2.47) 

-2.509* 
(-2.57) 

_cons 10.95*** 
(84.57) 

- 11.93***                
(149.82) 

11.61*** 
(65.60) 

12.06*** 
(102.71) 

10.61*** 
(63.23) 

11.82*** 
(115.56) 

N 868 868 339 339 529 529 

Standard errors in parentheses 
*** p<0.001, ** p<0.01, * p<0.05 

 
Table 7. Interaction between demographic ratios and house price growth for urban, 

suburban areas. 

 ELDLTV represents the conjunction term between the old-age dependency 

ratio and the LTV ratio. YOULTV defines the interaction term between the youth 
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dependency ratio and the LTV ratio. Colum (1) and (2) are for all districts, columns 

(3) and (4) are for urban areas, and columns (5) and (6) are for suburban 

neighbourhoods. For all districts, the regression coefficient on ELDERLY has a 

positive and significant relationship with house prices. The coefficient of ELDLTV 

is negative and significant, indicating that the positive effects of the old-

dependency ratio on house prices become weaker with an eased LTV regulation. In 

urban areas, neither ELDERLY nor ELDLTV has a significant relationship with 

house prices. In the suburbs, the coefficient on ELDERLY has a positive and 

significant relationship with house prices. The coefficient of ELDLTV is negative 

and significant, indicating a similar result as in all districts. The result is consistent 

with Lee and Jung (2020) that districts with a higher old-dependency ratio will 

observe a slowed increase in house prices when the LTV ratio is loosened.   

The regression coefficient on YOUTH has an insignificant negative 

relationship with house prices, the coefficient of YOULTV is significant and 

negative, indicating the youth dependency ratio will decrease house prices more 

when the LTV regulation is loosened.   

 Overall, the elderly population and working population with children do 

not follow the desired direction of macroprudential policy. LTV policy tool is 

unlikely to effectively affect households when buying houses in urban and 

suburban areas. The failure of the LTV policy may be because elderly households 

save enough money to purchase a home without making any loans. Young 
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households may just rent a house instead of purchasing a house in major cities due 

to the high living costs. 

 

4. Reverse Causality 

The following regressions check the possibility of reverse causality with 

demographic variables as dependent variables.  

ELDERLY = 𝛽 + 𝛽 log (𝐻𝑃) +𝛽 log (𝐻𝑃) + 𝛽 𝐿𝑇𝑉 +

𝛽 𝑀𝑂𝑅𝐴𝑇𝐸 + 𝛽 𝑑𝑙𝑜𝑔𝑀2 + 𝛽 𝑑𝑙𝑜𝑔𝐺𝐷𝑃 + 𝛽 𝑑𝑙𝑜𝑔𝐶𝑃𝐼 + 𝜀   (6) 

YOUTH = 𝛽 + 𝛽 log (𝐻𝑃) +𝛽 log (𝐻𝑃) + 𝛽 𝐿𝑇𝑉 + 𝛽 𝑀𝑂𝑅𝐴𝑇𝐸 +

𝛽 𝑑𝑙𝑜𝑔𝑀2 + 𝛽 𝑑𝑙𝑜𝑔𝐺𝐷𝑃 + 𝛽 𝑑𝑙𝑜𝑔𝐶𝑃𝐼 + 𝜀   (7) 

 
VARIABLES 

(1) 
ELDERLY 

(2) 
YOUTH 

1 year lagged of HP -0.00558 
(-0.25) 

0.0206 
(1.53) 

2 years lagged of HP 0.0119 
(0.54) 

-0.00436 
(-0.33) 

LTV -0.00266* 
(-2.49) 

-0.000236 
(-0.34) 

MORATE -0.0213 
(-1.00) 

-0.0198 
(-1.38) 

dlnGDP 0.428*** 
(3.61) 

-0.0973 
(-1.34) 

dlnM2 0.0577*** 
(4.92) 

-0.0194* 
(-2.50) 

dlnCPI 2.595*** 
(4.27) 

-0.999* 
(-2.49) 

_cons 0.327** 
(2.60) 

0.0558 
(0.68) 

N 769 769 
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Standard errors in parentheses 
*** p<0.001, ** p<0.01, * p<0.05 

 
Table 8. Reverse causality. 

Old-age dependency ratio and youth dependency ratio become the 

dependent variables, while the one and two-year lagged house price variables 

become the independent variables in the equation. The regression coefficients on 

lagged house prices are insignificant for ELDERLY and YOUTH. The results 

suggest that it is unlikely to have a reverse causality in the previous findings. 

Therefore, it is possible to predict the effect of future changes in demographic 

components on the trend of housing prices with the regressions estimated before.  
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CHAPTER V. CONCLUSION 

 In conclusion, the demographic structures would significantly influence 

house prices. Better health care, healthier lifestyle, improved medical care, and 

increased income contribute to rapid growth in life expectancy worldwide. The 

transformation of the demographic structure in many advanced economies can be 

characterized by low fertility and low mortality. In other words, there is an 

increasing trend in the old-dependency ratio and an attenuation in the youth-

dependency ratio. After the global financial crisis, understanding how demographic 

shifts affect house prices is arousing more attention. An expansion in population 

leads to a rise in demand for housing, which drives up house prices. Conversely, 

one infers that if the population decreases, housing prices should also decrease 

(Gevorgyan, 2019; Mankiw & Weil, 1989; Takáts, 2012). The overlapping 

generation life-cycle model indicates that a shrink in population brings about a fall 

in house prices. However, the results of the regressions show that the changes in 

investment portfolios of the elderly and working-age population have a more 

significant influence on house prices.  

 This paper estimates a panel dataset based on house price data, 

demographic ratios, LTV ratios, and macroeconomic variables collected from 117 

districts in Taiwan over the period from 2013 to 2020. This study has a main 

contribution that the data is separated into two groups: urban area data and suburb 

data, to investigate the different impacts of demographic shifts on house prices in 
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different parts of the city. With this data, how demographic structure influenced 

house prices could be summarised as follows. 

 First, there is a diminishing rate of increase in house prices caused by 

average age growth. After the age of 64, the propelling effect of age on house 

prices appears to level off. Second, the total dependency ratio has a positive and 

significant influence on house prices, and its decompositions also have different 

effects. A larger old-age dependency ratio tends to increase house prices, while a 

growing in the youth dependency ratio will reduce house prices. The result is 

consistent with Lee and Jung (2020) in their case of Korea. Elderly households are 

considered wealthier and have more savings than working-age households. 

Therefore, they suppose to invest in the real estate market instead of selling houses 

after retirement. Moreover, a higher youth dependency ratio leads to a drop in 

house prices. The explanation to this phenomenon is that working-age households 

have to spend for the expensive upbringing cost and have less money to purchase 

houses. Third, the old-age dependency ratio is insignificant in increasing house 

prices in urban areas but significantly increases house prices in the suburbs. The 

rapid development of transportation and a better natural environment in the suburbs 

may attract elderly households to move out of the city centre and buy houses in 

suburban areas, thus driving up house prices (Lucas, 2002). Fourth, although LTV 

policy is designed to lower house prices and stabilize financial markets. In this 

paper, the implementation of the LTV policy tends to boost house prices, and a 

loosening in the LTV ratio will decrease house prices. Nevertheless, a loosening in 
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LTV is likely to significantly increase the house price growth rate in urban areas. 

According to Wang et al. (2017), LTV tools only have a significant effect on 

lowering house prices in Taipei and New Taipei City for a short-term period. In this 

paper, the LTV ratio is collected as annual data. Therefore, the significant negative 

effect of macroprudential policy may not be observed. Lastly, this paper finds that 

elderly households or working-age families with children are unlikely to act in the 

desired direction of macroprudential policies. 

 In summary, the impact of demographic changes on housing prices varies 

across countries. In most East Asian countries, an expansion in the elderly 

population and a shrink in the young dependency ratio results in a positive impact 

on housing prices (Hashimoto et al., 2020; Lee & Jung, 2020; Wang & Kinugasa, 

2022). Combining the two effects, we can predict that even if the population 

shrinks, house prices will not be reduced in the future. Another point of interest is 

that with the development of planned towns or smart cities in many suburbs in East 

Asia, the population may move from downtown to the suburbs. This will also cause 

people to shift their attention from investing in downtown real estate to the suburbs. 

Furthermore, this paper suggests that Taiwan implements LTV tools in a broader 

range in more districts to drive down house prices.  
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Abstract in Korean 

본 연구는 인구 통계학적 변화가 주택 가격에 미치는 영향을 탐색하는 것을 

목적으로 한다. 해당 연구를 위해 2013년부터 2021년까지 대만의 117개 

구 단위의 데이터를 이용하였으며, 동 데이터를 도시 및 교외 지역으로 

구분하여 인구 통계학적 구조가 각 지역에 미치는 영향을 평가하였다. 또한 

고정 효과 회귀 분석(fixed-effect regressions)을 이용하여 다음과 같은 

세 가지 분석 결과를 확인하였다. 첫째, 인구통계학적 구조는 주택 가격에 

유의미한 영향을 미친다. 둘째, 노년 부양비가 높을수록 교외 지역의 주택 

가격이 상승하는 경향이 있으며, 유년 부양비가 높을수록 도시 지역의 

주택가격은 하락하는 경향을 보인다. 셋째, 담보인정비율(LTV) 정책이 

고령 가구와 어린 자녀가 있는 가구에 영향을 미칠 가능성은 낮다. 이러한 

분석 결과는 인구 통계학적 변화가 주택 가격의 중요한 결정 요인이 될 수 

있음을 시사한다. 

Keyword: 인구 구조, 주택 가격, 거시건전성 정책, 노령인구, 담보대출, 
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담보인정비율(LTV) 

학번: 2020-29280 
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