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Abstract 

This paper explores the relationship between homeowner borrowing patterns from the 
government public housing loan corporation (GHLC) and house-price dynamics by 
estimating serial correlation and mean reversion coefficients from a panel data of 46 
prefectures for 1980 to 2004 in Japan. Our principal finding is that in prefectures where 
a greater fraction of homeowners are highly leveraged from GHLC –i.e. have high 
GHLC loan-to-value ratios (= low non-GHLC loan-to-value ratio)  – housing prices 
react less sensitively to prefecture–specific shocks. That is to say, the fitted values for 
mean reversion and serial correlation in all prefectures with high GHLC loan–to-value 
ratio lie in the convergent non-oscillatory ranges. In contrast, the fitted values for mean 
reversion and serial correlation in all prefectures with high non-GHLC loan-to-value 
ratio (= low GHLC loan-to-value ratio) (ex. Tokyo, Osaka) lie in the convergent, but 
oscillatory ranges. Real user costs (we used in the estimation) which capture the cost of 
homeownership consist of the weighted average of real mortgage rates, the effective 
property tax rate and the expected rate of real house price inflation. The weighted 
average of real mortgage rates consist of the multiplication of the GHLC borrowing 
interest rate by the share of GHLC loans and the multiplication of the non-GHLC 
interest rate by the share of non-GHLC loans. We assume the non-GHLC loan interest 
rate is equal to the individual’s opportunity cost of capital. This finding suggests the 
GHLC’s low subsidized interest rate policy has contributed to stabilize movements of 
real estate prices in Japan. 
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1. Introduction 

   Japan has seen a rise and fall in land and housing prices that rival that of any 

country in any period in modern history1. Asset prices began increasing in 1983, and 

then skyrocketed beginning in 1986. The rise in land prices spread from Tokyo to major 

cities such as Osaka and Nagoya and then later to other urban areas. Figure 1 

graphically presents real house price changes from 1980 to 2004 in high GHLC loan-to 

value ratio prefectures and other prefectures. Figure 2 presents prefecture average 

GHLC loan-to-value ratios throughout Japan.   

   Housing prices are much higher, due in large part to the much higher price of land 

compared to almost all other countries. The affordability problem is still serious in 

Japan. 

   The present Japanese housing finance systems involve an unusual combination of 

private and public sector lending.  

Government subsidized lending has played an important role in the Japanese 

housing finance system. The government-run GHLC is the largest single mortgage 

lender in the world and accounts for some 25 to 35 percent of housing loans in Japan. 

The GHLC was established in 1950 as a special public corporation that provides 

long-term capital at a low rate of interest for the construction and purchase of housing.  

About 79.7 % of public loans were allocated to construction and purchase of new 

owner-occupied housing, 6.0% to the purchase of second-hand owner-occupied housing 

and 6.1% to construct rental housing. The GHLC obtains funds from the Fiscal Loan 

and Investment Program, which mainly obtains funds from postal savings deposits. 

                            
1 See, Seko (2001) for details. 
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Housing loans offered by the GHLC were provided at subsidized rates, but have been 

phased out recently.      

Unlike other advanced industrial nations, Japan has no major private-sector 

institutions that specialize in housing finance, like the savings and loan associations in 

the United States and building societies in the United Kingdom. Moreover, until 

recently there has been no active secondary mortgage market.  

In financing housing purchases, Japanese consumers typically self-finance about 

40 percent of the purchase price, of which about 25-30 percent is from personal savings. 

About 40 percent of the purchase price is financed by government subsidized loans 

(mainly GHLC loans). For instance, if an individual acquires a newly-built wooden 

house in a large metropolitan region, the loan recipient can normally borrow a total of 

15.7 million yen from the GHLC, consisting of 8 million yen for the house and 7.7 

million yen for the land. This amount of money corresponds to 30-40 percent of the cost 

of the house and the lot, and the borrower must add funds on hand plus bank loans 

towards purchase of the house. The GHLC places limits on the amount and cost of its 

loans. The size of a GHLC loan is specified according to the floor space of the house. 

The interest rate is also calculated according to the size of the house. The repayment 

period is typically 25-30 years.  

The purpose of this paper is to explore the relationship between homeowner 

borrowing patterns from the government public housing loan corporation (GHLC) and 

house-price dynamics by estimating serial correlation and mean reversion coefficients 

from a panel data of 46 prefectures for 1980 to 2004 in Japan and to identify whether 

the GHLC’s low subsidized interest rate policy has contributed to stabilize movements 

of real estate prices in Japan or not. Although there are several studies about house-price 
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dynamics2 and homeowner borrowing patterns such as Stein(1995) and Lamont and 

Stein(1999), they do not take into consideration a combination of private and public 

sector lending. This is the first empirical study of the relationship between homeowner 

borrowing patterns from the government public housing loan corporation (GHLC) and 

house-price dynamics from a panel data of 46 prefectures in Japan.    

    In this study, prefectures, analogous to states in the United States, are units of 

observation. The data encompasses 46 of 47 prefectures and spans 24 years from 1980 

to 2004 in Japan. The panel data includes all Japanese prefectures for which annual data 

on the prices of single-family detached owner occupied housing, annual household 

income, population, construction costs, ratio of residential and nonresidential land area, 

assessment values for property tax purpose, total floor space of the average house and a 

local consumer price index are available.  

    The organization of the remainder of this paper is as follows: Section 2 presents 

the model; Section 3 presents a hypothesis and an overview of the data ; Section 4 

presents empirical results, and Section 5 offers some concluding remarks.  

 

2. Model 

    We assume in each area there exists a fundamental value of houses *
jtP  in each 

prefecture j at time t which is determined by economic conditions reflecting both 

demand and supply factors of housing stock and flow markets.  

              

                            
2 Seslen, Wheaton and Pollakowski(2005) analyzed the house price movements at the Zip code 
level in the U.S. and Seko and Konno(2005) analyzed the house price movements across 
metropolitan areas from panel data in Japan. 
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      )Plog( *
jt   )( jtXp=                               (1) 

 

where jtX  is a vector of exogenous explanatory variables which can be derived from a 

standard dynamic urban asset market model such as the real user cost of capital, the size 

of a prefecture and the real construction cost of converting land from agricultural use to 

new residential use. It is a long-run equilibrium steady state price. (See, for example, 

Capozza and Helsley(1990), DiPasquale and Wheaton(1996)3).   

     We assume, following Capozza, Hendershott and Mack(2004), that short-run 

dynamics in real house prices in each area are explained by:  

 

Δ )Plog( jt = )Plog( 1t,j −Δδ  +η  (( )Plog( *
1t,j − - )Plog( 1t,j − ) + Δλ )Plog( *

jt + jtε    (2) 

 

where )Plog( jt  is the log of actual real house price levels in prefecture j at time t, Δ  

is the difference operator and jtε  is a random error. δ  is the serial correlation 

coefficient while  η  is the mean reversion coefficient. That is to say, η )10( <<η  is 

the rate of adjustment to fundamental value and λ  is the adjustment coefficient to 

fundamentals.  

      We further assume, following Capozza, Hendershott and Mack (2004), that in 

each area the serial correlation coefficient δ  and the mean reversion coefficient η  

may vary among prefectures, because the dynamic response of prefectures to shocks to 

their local economy may differ. In this case, short-run dynamics in real house prices in 
                            
3 Himmelberg, Mayer and Sinai(2005) explains how to assess the state of house prices in a way that 
is grounded in economic theory. Leung(2004) surveys the research efforts focused on interplay 
between the housing markets and macroeconomy. 
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each area are explained by : 

 

Δ )Plog( jt = )Plog( 1t,jjt −Δδ + jtη  (( )Plog( *
1t,j − - )Plog( 1t,j − ) + Δλ )Plog( *

jt + jtμ    (3)  

 

where  )( *ii
jt

i

i
jt YY −+= ∑δδδ  and )( *ii

jt
i

i
jt YY −+= ∑ηηη .  

 

Here i
jtY , which may include a subset of jtX ( i.e., i-th component of jtX ) , are 

independent variables, and *iY  is the mean value. jtμ  represents random error.  

 

3. Hypothesis and Data  

3.1 Hypothesis    

  In each area variation among prefectures of the serial correlation coefficient δ and 

mean reversion coefficient η  in equation (3) are assumed to reflect variation in 

information costs, construction costs and real user costs among prefectures.   

    As for information costs, as higher real income growth stimulates higher housing 

transactions volume and lower search costs, it is expected to cause faster mean reversion. 

(See Wheaton(1990) and DiPasquale and Wheaton (1996).)  

    As for construction costs, as higher real construction costs dampen the builders’ 

response to shocks, it is expected to cause lower mean reversion. 

    It is expected that higher population growth correlates with more serial correlation 

as it may reflect backwards-looking expectations of market participants as Case and 

Shiller (1988, 1989) and Shiller (1990) suggest. It means buyers in booming housing 

markets have greater anticipated price appreciation. Higher real user cost may also 
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correlate with more serial correlation, because buyers in a booming market (and thus 

higher real user cost market) may wish to buy houses as an investment and purchase 

them before a rapid increase in real user cost. Strong market conditions should correlate 

with more serial correlation.         

 

3-2 Data 

    We split the 46 prefectures into 2 areas, - i.e. prefectures where a greater fraction 

of homeowners are highly leveraged from GHLC (have high GHLC loan-to-value ratios 

= low non-GHLC loan-to-value ratios) and prefectures with low GHLC loan-to-value 

ratios( = high non-GHLC loan-to-value ratios). The names of the prefectures are listed 

in Appendix 1. 

The owner-occupied housing purchase price, annual income per household data 

and average floor space data are taken from the Annual Report on the Borrowers Survey 

of House for Installment Sale issued by the Government Housing Loan 

Corporation(GHLC). The housing price data reflects the prefectural average purchase 

price for ready-built houses purchased by those who borrow funds from the GHLC. The 

household annual income is based on those borrowers’ reported average income. The 

survey comprises 46 prefectures and spans 25 years from 1980 to 2004. It does not 

cover Okinawa prefecture due to a lack of relevant data. Although using price series 

such as this is subject to criticism on the grounds that it does not control for quality 

improvements in the housing stock (see for example, Case and Shiller(1990) and 

Gyourko and Voith (1992), footnote 2), quality-adjusted price data for the vast majority 

of prefectures in Japan are not available. We use this GHLC data because it is available 

and provides broad cross-section time-series data. Although this price series is not 
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quality-adjusted price data in the strict sense, the owner-occupied housing in this data 

must meet some housing construction standards. Housing financed by the GHLC must 

conform to not only the Building Standards Law and related ordinances, but also to the 

housing construction standards established by the GHLC. The GHLC enforces these 

requirements through design and on-site inspections conducted by local government 

inspectors, thus ensuring that borrowers purchase quality housing.   

     To estimate construction costs, we use total floor space and total approximate 

estimation of construction costs for residential buildings in each prefecture from the 

Construction Statistics Yearbook issued by the Ministry of Land, Infrastructure and 

Transport. We divide total approximate estimation of construction costs by total floor 

space, and finally obtain a measure of construction costs by dividing it by a construction 

deflator. 

    The CPI index on interregional (prefectural) differences and time-series differences 

are taken from the Japan Statistical Yearbook and the National Survey of Prices.   

    Population data are taken from the Japan Statistical Yearbook . 

    Real housing price data is constructed by dividing the unit GHLC housing price 

data by the combined CPI index. The combined CPI index is constructed from the 

regional difference index of consumer prices in every year and the general time-series 

consumer price index as follows: the regional difference index of consumer prices are 

available in every year for every prefecture by setting the national average CPI at 100. 

By adjusting the national average CPI in every year to the general time-series CPI, it is 

possible to calculate a time-series adjusted regional difference index of consumer prices 

by combining the regional difference index of consumer prices to the time-series 

adjusted national average CPI.  
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   Real income data are constructed by dividing the GHLC income data by the 

combined CPI index. 

   The ratio of nonresidential land area, a measure of the percentage of the land around 

the prefecture that is available for development, is constructed from total privately 

owned land area and total residential area of each prefecture from the Summary Report 

on Prices, etc. of Fixed Assets (Land) issued by the Ministry of Public Management, 

Home Affairs, Posts and Telecommunications. We first divide total residential area by 

total privately owned land area, obtain its ratio and finally obtain the ratio of 

nonresidential area by subtracting this ratio from unity. 

   Real user costs in Japan, which capture the cost of homeownership, consist of 

weighted average of real mortgage rate m, property tax rate th and expected rate of real 

house price inflation 
P
PΔ  as follows. As depreciation, maintenance and repair 

expenditures are assumed to amount to a constant fraction of the house value, they are 

excluded. The income tax rate is also not included in Japan, because mortgage interest 

payments are not tax deductible.      

    User cost UC= m + th - 
P
PΔ                            (4) 

The weighted average of real mortgage rates consists of the multiplication of the GHLC 

borrowing interest rate by the share of GHLC loans and the multiplication of the 

non-GHLC interest rate by the share of the non-GHLC loans. The non-GHLC mortgage 

interest rate is taken from average interest rates on loans and discounts of domestic 

banks from the Finance and Economic Statistics Monthly of the Bank of Japan. 

Mortgage interest rates are a national series. We assume the non-GHLC loan interest 

rate is equal to the individual’s opportunity cost of capital. The effective property tax 
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rate is calculated as follows. Although the standard property tax rate is 0.014, the 

effective property tax rate is much lower than 0.014, as the property tax assessment 

value is lower than the market value. As the Summary Report on Prices, etc. of Fixed 

Assets (Land) of the Ministry of Public Management, Home Affairs, Posts and 

Telecommunications reports the unit property tax assessment price per square meter of 

both land and structure for each prefecture in every year, we obtain the unit property tax 

assessment price per square meter of house by summing them up. We obtain the unit 

market price of the house per square meter of floor space from the GHLC data. Finally, 

we obtain the effective housing property tax rate by multiplying the ratio of the unit 

property tax assessment price to the unit market price of the house by the standard tax 

rate 0.014. The effective housing property tax rate thus varies by prefecture and year. 

As for the expected rate of real house price inflation 
P
PΔ , we assume it is equal to the 

expected rate of real CPI increase. As for the expectation formation mechanism, we 

assume rational expectations. That is to say, the expected inflation rate at time t is equal 

to the actual inflation rate that happens from time t to t+1 (see DiPasquale and 

Wheaton(1996)). The expected inflation rate thus also varies by prefecture and year. In 

sum, in each region real user cost which is constructed based on equation (4) varies by 

prefecture and year. It is quite different from Capozza, Hendershott, and Mack (2004) in 

which user cost is mainly a time-series variable.      

Table 1 presents summary statistics for those data. Figure 3 presents real house 

prices and their long run determinants in the low GHLC loan-to-value ratio prefectures. 

Figure 4 presents real house prices and their long run determinants in the high GHLC 

loan-to-value ratio prefectures. While the demographic variable increased steadily and 
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the ratio of nonresidential area decreased steadily in relatively more densely populated 

urban regions, the other variables have fluctuated more. Figures 5(1)-(3) graphically 

present average real house prices, real family income, real construction cost, real user 

cost, population and ratio of nonresidential area in the high and low GHLC 

loan-to-value ratio prefectures. 

       

4. Empirical Estimation 

4-1  Long-run Steady State Regression 

    First, we estimate the long run steady state price equation (1) based on panel data 

in each area. The long-run equilibrium real house prices in each area are a function of 

the real user cost, the real construction cost of converting land from 

non-residential(and/or agricultural use) to new residential use, and the size of the 

prefecture which is measured by population and real average income. All variables 

except real user costs are measured in logs.  

    Table 2 presents estimation results of equation (1). It is estimated using a one-way 

fixed effects panel model by incorporating prefecture fixed effects in each region.  

    It is expected that real house prices are positively related to real income, population 

and real construction costs while being negatively related to real user costs and 

nonresidential land ratio.  

The coefficients on real income have the expected sign and are significant in every 

area. The coefficients on real user cost have the expected sign and are also significant in 

each area. The coefficients on construction costs have the expected sign and are 

significant in each area.    
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4-2  Short-run Dynamic Adjustment Equation 

    Next, we estimate equation (2) using the estimates of P* from the first stage 

regression. In equation (2), δ  is the serial correlation coefficient, η  is the mean 

reversion coefficient and λ  is the contemporaneous adjustment of real prices to 

current shocks. Figure 6 presents real house prices and long-run equilibrium house 

prices from 1980 to 2004 in some prefectures. 

    Model A in Table 3 presents the estimation results of equation (2). The estimation 

was done by OLS, because the significance of the fixed effects for prefectures are 

rejected based on the F-test. Real house prices show a positive serial correlation in 

prefectures with low GHLC loan-to-value ratios, but prefectures with high GHLC 

loan-to-value ratios show a negative serial correlation. In prefectures with high GHLC 

loan-to-value ratios, real house prices converge to their long-run fundamental values 

faster than in prefectures with low GHLC loan-to-value ratios. Mean reversion is lower 

and serial correlation is positive in relatively low GHLC loan-to-value ratios areas 

(Chiba, Saitama, Tokyo, Kanagawa, Aichi, Siga, Kyoto, Nara and  Osaka). Mean 

reversion is higher and serial correlation is negative in relatively high GHLC loan- 

to-value ratio areas. 

   Finally, we estimate equation (3) using the estimates of P* from the first stage 

regression. As explained in 3-1, population growth and real user cost changes (due to 

expectations about the housing market) , real construction cost (supply side factors) and 

real income (search costs) are hypothesized to correlate with serial correlation and mean 

reversion coefficients. That is to say, in this equation, serial correlation and mean 

reversion in each region are allowed to vary both by prefecture and by year.   

   Models K and K2 of Table 3 present the estimation results of equation (3). All of 
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them are estimated using OLS. It is expected that faster growth in population and real 

user cost are associated with greater autocorrelation. An increase in real construction 

cost is expected to lower mean reversion. Faster growth in real income is associated 

with higher mean reversion. All explanatory variables have the expected sign and 

almost all are significant only in the relatively high GHLC loan- to-value ratio areas.              

   Figure 7 plots the fitted values for the autocorrelation and mean reversion 

parameters for the 2 areas based on Table 3. The realizations are spread over two of the 

four ranges and encompass both oscillatory and non oscillatory behavior. Four ranges in 

Figure 7 are described based on the difference equation rewritten from equation (3). 

(See Capozza, Hendershott and Mack (2004) for details.) In Figure 7, only prefectures 

with high GHLC loan-to-value ratios lie in the non-oscillatory range. The realizations in 

all regions lie in the convergent range.    

 

5. Conclusion      

     This paper has explored the relationship between homeowner borrowing 

patterns from the government public housing loan corporation (GHLC) and house-price 

dynamics by estimating serial correlation and mean reversion coefficients from a panel 

data of 46 prefectures for 1980 to 2004 in Japan. Our principal finding is that in 

prefectures where a greater fraction of homeowners are highly leveraged from GHLC 

–i.e. have high GHLC loan-to-value ratios (= low non-GHLC loan-to-value ratio)  – 

housing prices react less sensitively to prefecture–specific shocks. That is to say, the 

fitted values for mean reversion and serial correlation in all prefectures with high GHLC 

loan–to-value ratio lie in the convergent non-oscillatory ranges. In contrast, the fitted 

values for mean reversion and serial correlation in all prefectures with high non-GHLC 
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loan-to-value ratio (= low GHLC loan-to-value ratio) (ex. Tokyo, Osaka) lie in the 

convergent, but oscillatory ranges. Real user costs (we used in the estimation) which 

capture the cost of homeownership consist of the weighted average of real mortgage 

rates, the effective property tax rate and the expected rate of real house price inflation. 

The weighted average of real mortgage rates consist of the multiplication of the GHLC 

borrowing interest rate by the share of GHLC loans and the multiplication of the 

non-GHLC interest rate by the share of non-GHLC loans. We assume the non-GHLC 

loan interest rate is equal to the individual’s opportunity cost of capital. This finding 

suggests the GHLC’s low subsidized interest rate policy has contributed to stabilize 

movements of real estate prices in recent Japan. 
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Figure1:Real house prices from 1980 to 
2004 in high GHLC loan-to-value ratio 

prefectures and other prefectures
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Figure2. Prefecture average GHLC 

loan-to-value ratios
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Figure 3 Real House Prices and their Long Run determinants in the low 
GHLC loan-to-value ratio prefectures
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Figure 4 Real House Prices and their Long Run determinants in the 
high GHLC loan-to-value ratio prefectures
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Fig 5(1):Statistics for Japanese Data
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Fig 5(2):Statistics for Japanese Data
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Fig 5(3):Statistics for Japanese Data
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• Figure 6: Real House Prices and Long-run Equilibrium 
House Prices from 1980 to 2004 in some prefectures.
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Figure 7: The fitted values for the mean reversion and serial 

correlation parameters for high GHLC loan-to-value ratio 

prefectures and low GHLC loan-to-value ratio prefectures in 

Japan

Type a: Low GHLC loan-to-value ratio prefectures 

(Chiba, Saitama, Tokyo, Kanagawa, Aichi, Shiga, Kyoto, Nara, Osaka, Hyogo)

Type b: High GHLC loan-to-value ratio prefectures (36 remaining 

prefectures)
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Table 4:Japanese prefectures and regions(1)

Prefectur
e name

Prefectur
e number

GHLC LTV 
ratio is low

Hokkaido 1

Aomori 2

Iwate 3

Miyagi 4

Akita 5

Yamagata 6

Fukushim
a

7

Ibaraki 8

Tochigi 9

Gunma 10

Saitama 11 ○

Chiba 12 ○

Tokyo 13 ○

Kanagawa 14 ○

Niigata 15

Toyama 16

Ishikawa 17

Fukui 18

Yamanashi 19

Nagano 20

Gifu 21

Shizuoka 22

 
 
 

Table 4:Japanese prefectures and regions(2)

Aichi 23 ○

Mie 24

Shiga 25 ○

Kyoto 26 ○

Osaka 27 ○

Hyogo 28 ○

Nara 29 ○

Wakayama 30

Tottori 31

Shimane 32

Okayama 33

Hiroshima 34

Yamaguchi 35

Tokushima 36

Kagawa 37

Ehime 38

Kochi 39

Fukuoka 40

Saga 41

Nagasaki 42

Kumamoto 43

Oita 44

Miyazaki 45

Kagoshima 46
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