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I-1. Problem of “Vacant Housing” in Japan
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(Source: MLIT)

<Examples of possible problems>
Deterioration of disaster resistance
- Collapse, collapse, fall of roof/exterior walls, possible fire
Decrease in crime prevention capability
- Inducement of crime
Illegal dumping of garbage 
Deterioration of sanitation, generation of bad odor
- Mosquitoes, flies, rats, stray cats, concentration
Deterioration of scenery and landscaping
Other
- Overgrowth of tree branches, weeds, scattering of fallen leaves

Forecasting the housing vacancy rate in Japan using dynamic spatiotemporal effects models
Japanese Journal of Statistics and Data Science (JJSD), Vol. 6, 21–44, (2023),  with S. Sugasawa and M. Suzuki

I. Forecasting Regional Economic Statistics 



In the 2008 Housing and Land Survey, the "vacant house rate" was released, and it became a hot topic 
of conversation among those concerned that the national figure fell far short of the prediction, coming 
in at 13.6%, compared to the previously well-known estimate by Nomura Research Institute (16.1%).

I-2. Data regarding "Vacant House Rate” in Japan

Total number of housing units, number of vacant housing units, and actual 
and projected vacancy rates

Vacancy Rate

In its June 2019 report following the 
release of the Housing and Land 
Survey, Nomura Research Institute 
attributed the error in estimating the 
vacancy rate to the fact that the 
projected number of removals 
deviated from the actual.

2



The so-called "vacant house" rate includes those that are vacant as houses for rent or sale, vacation 
homes, etc., and of policy importance are the so-called "other" vacant housing units (also called 
"other vacant" housing units).

“Housing” in National Survey of Housing and Land Statistics

Housing

Residences with inhabited households

Residences without inhabited households

Housing with temporary residents

Vacant housing

Housing in construction

Secondary Housing (Vacation homes, etc.)

Housing for Rent or Sales

Other housing
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Increase of “Other Vacant Housing” 
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The "vacant house rate" is higher in Nagano and Shizuoka, where there are many vacation homes, 
etc., while the Rate of "other” vacant housing is in western Japan. 

(In any case, they are geographically unevenly distributed.)

「その他空き家」率

Source: Housing and Land Survey (MIC, Japan), 2018
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Rate of Total Vacant Housing (2018) Rate of “Other” Vacant Housing (2018)
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Transition of the Rate of “Other” Vacant Housing 

Source: Housing and Land Survey (MIC, Japan), 2018

2008 2013 2018
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Role of Inheritance and location of Vacant housing (Japan, 2018)

Acquisition history of vacant houses Location and distance between vacant housing 
and ownersʼ residence

Source: MLIT

Inheritance: 
Approx: 55%

Donation
: 3.3%

Unknown: 4.0%

Newly Built, 
Rebuilt: 
18.8%

Purchased New 
housing: 5.3%

Purchased Existing 
housing: 14.0%

Inheritance: 
54.6%

More than one hour to 
access:
Approx.: 30%

More than 3 
hours by Car, 
Train, etc.: 
12.5% 

1-3 hours by Car, Train, 
etc. : 15.7%

Within 1 hours by Car, 
Train, etc. : 35.6%

Walking 
distance : 
35.6%



I-2. Analytical Strategy
Build a model to forecast the "other vacant house rate" in each prefecture based on future population 
estimates, etc.
Explanatory variables that may affect the occurrence of “other” vacant houses
i) Age cohort in each region
a. Number of changes in the number of elderly (65 years old and over, 75 years old and over) 

in each prefecture 
→ The increased probability of mortality and gives away or inherits the house.

b. Population aged 18 and under 65 in each prefecture 
→ Possibility of inheritance (including inheritance in absentia)

 

When the balance between a and b is disrupted in a prefecture 
(a>>b), the number of other vacant houses will increase.

a. and b. occur in the same prefecture 
→ Likely to be used as housing with 
residence

a. and b. occur in distant prefectures 
→ High probability that the house will be used 
as other vacant house

ii) Other attributes (May be spatially correlated)
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I-3. Spatial Econometrics and Geostatistical Model

Ø Spatial Autocorrelation (Spatial Durbin)

Ø Spatial Autocorrelation (Geostatistics）

Spatial Durbin Model LeSage and Pace (2009), Elhorst
(2014)
Kawabata and Abe (2018)

𝑦 = 𝜌𝑊𝑦 + 𝑎𝑖! + 𝑋𝛽 + 𝑊𝑋𝜃 + 𝜖

𝑦 = (𝐼! + 𝜌𝑊)"#(𝑎𝑖! + 𝑋𝛽 + 𝑊𝑋𝜃 + 𝜖)
𝜀~𝑁(0, 𝐼! )

※(𝐼! + 𝜌𝑊)"# = 𝐼! + 𝜌𝑊 + 𝜌$𝑊$…

W (Weight Matrix) as explanatory variable and introduce spatial correlation as 
a coefficient 𝜌

It cannot be solved analytically and 
estimated with the Bayesian MCMC

𝑌 = 𝑋𝛽 + 𝜔 + 𝜀,

where 𝜀 ∼ 𝑁 0, 𝜏$𝐼! and 𝜔 ∼ 𝑁 0, 𝜎$𝐻 𝜙
(𝜀 and 𝜔 are mutually independent)

or
𝑌|𝛽, 𝜎, 𝜙, 𝜏 ∼ 𝑁 𝑋𝛽, Σ , where Σ = 𝜎$𝐻 𝜙 + 𝜏$𝐼!

Generates spatial autocorrelation in 
the error term
→ Provides flexibility to fit to data
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I-4. Estimation Model

𝑌 = 𝑋𝛽 + 𝜔 + 𝜀, 

where 𝜀 ∼ 𝑁 0, 𝜏$𝐼! and 𝜔 ∼ 𝑁 0, 𝜎$𝐻 𝜙
(𝜀 and 𝜔 are mutually independent )

or
𝑌|𝛽, 𝜎, 𝜙, 𝜏 ∼ 𝑁 𝑋𝛽, Σ , where Σ = 𝜎$𝐻 𝜙 + 𝜏$𝐼!

𝑋 =
𝑃𝑜𝑝 (𝐴𝑔𝑒 0- 29)
𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑝

,
𝑃𝑜𝑝 (𝐴𝑔𝑒30- 64)

𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑝
,

𝑃𝑜𝑝 (𝐴𝑔𝑒65 − 74)
𝑇𝑜𝑡𝑎𝑙 𝑃𝑜𝑝

,
𝑃𝑜𝑝 (𝐴𝑔𝑒 75 𝑎𝑛𝑑 𝑜𝑣𝑒𝑟)

総⼈⼝ , 𝑥%

𝑥%: Prefectural Fixed Effect Dummy

𝑦: The rate of “Other Vacant Houses”

𝐻 𝜙 = 𝐼! ⊗ ℎ 𝜙 ： Location matrix (based on longitude and latitude information)
Matrix is developed thourgh (𝑖, 𝑗)element of ℎ(𝜙) to be exp(−||𝑠& − 𝑠'||$/2𝜙)

Denoting the data point as n, 𝐻 𝜙 is n✕n matrix, where n= 47 prefectures

Prefectural（Current Period・1 term (5 years lag))

ℎ 𝜙
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1) Basic Structure



2) Introduction of time correlation and the Dynamic Spatiotemporal Effects (DSE) model
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3) DSE-AR model and DSE-RW model
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4) Complete Conditionals for Bayesian MCMC

We draw 𝛽 and 𝜔 from complete conditionals:

𝛽 | 𝜔, 𝜎, 𝜙, 𝜏, 𝑦 ∼ 𝑁 𝐷(𝑑( , 𝐷( ,

where 𝐷( = (𝑋Σ"#𝑋) + 𝑉(
"#)"#, 𝑑( = 𝑋Σ"#𝑦 + 𝑉(

"#𝛽%
𝛽*+&,+ = 𝑁(𝛽%, 𝑉()

𝜔 | 𝛽, 𝜎, 𝜙, 𝜏, 𝑦 ∼ 𝑁 𝐷-𝑑- , 𝐷- ,
where 𝐷- = (Σ"# + 𝑉-"#)"#, 𝑑- = Σ"#(𝑦 − 𝑋𝛽) + 𝑉-"#𝜔%

𝜔*+&,+ = 𝑁(𝜔%, 𝑉-)

Then, we execute Metropolis Hasting algorism using joint posterior density to obtain 𝜎, 𝜙 𝑎𝑛𝑑 𝜏,

Posterior density of 𝜎, 𝜙, 𝜏: 𝑝 𝜎, 𝜙, 𝜏|𝛽, 𝑦 ∝ 𝑝(𝜎)𝑝(𝜏)𝑝(𝜙)𝑝(𝑌|𝛽, 𝜎, 𝜏)

where log(𝑝 𝑌; 𝛽, 𝜎, 𝜙, 𝜏 ) = const. -
#
$
log Σ − #

$
𝑦 − 𝑋𝛽 )Σ"#(𝑦 − 𝑋𝛽)
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I-5. Monte Carlo Experiment
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Scenario I 
Without serial correlation

Scenario II
Moderate serial correlation

Scenario III
Strong serial correlation

i) Scenario Setting



ii) Monte Carlo Experiment Result
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I-6. Estimation Results



Comparison of the distribution of the difference in actual values and predicted values
between the ordinary the geostatistical panel estimation
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Performance of Future Value Forecasting 
(DSE-AR)

Performance of Current Value Prediction
(DSE-RW)



I-7. Conclusion

What the Geostatistical Panel Model brings to regional economic analysis

* There is nothing (much) surprising in the estimates of the coefficients, etc.

If the root causes of the regional structure (mainly those that are difficult to measure) continuously 
affect the explained variables, it will lead to a significant improvement in the current model fit 
(Prediction) as well as in the future predicted values (Forecast).
*Possibility of minimizing the consideration of regional (spatial) dummy variables that have no clear 
theoretical underpinnings, etc.

Therefore, it may be useful to construct various forecasting models for variables affected by region 
and space.

In situations where spatial correlation is always assumed, such as "real estate prices," geostatistical 
model including the DSE, which can explicitly estimate the correlation of spatial error terms, can be 
used to create data-efficient estimation models, especially in situations where there is not a large 
number of data. 
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8. Expected Application Areas of DSE models

Estimation and Forecasting of:

ØRegional economic and social analysis using panel data with a small number of time points and 
locations

e.g. utilizing regional demographic forecast as explanatory variables where the national forecast is 
available.

ØReal estate prices in areas without a large number of data points

ØVariables for which spatial correlation and direct effects can be mixed (e.g., external economic 
effects of vacant houses)
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II. Geostatistical Model for Real Estate Price Estimation 
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Journal of Spatial Econometrics Vol. 4, 10, (2023), with S. Sugasawa, M. Suzuki

Improve the accuracy of forecasting for hedonic pricing models with a transparent method

<Major Limitation>
Large price forecast errors, especially where rural areas where transaction data is limited

Zestimate (Zillow Estimate (50 U.S. states)): 115.5 million data (2020)

Median error (off-market transactions) 7.5％
（Zestimate error rate for homes on the market is 1.9％）

Hedonic real estate price estimation with the spatiotemporal geostatistical model

II-1. Motivation for research



Ordinary regression analysis model
→ In regions with a large sample size, a certain level of 

performance can be achieved, but in regions with a small 
sample size (region A), it is difficult to improve 
forecasting accuracy.

Considering spatial autocorrelation
→ By introducing the spatial correlation that "region A has a 

close relationship with neighboring regions," can we make 
highly accurate forecasts not only for regions with a certain 
sample, but also for regions where the sample is scarce?
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Numbers: # of Transaction

What model should we employ?
(Ordinary AI price estimation: Blackbox)
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II-2. Strategy for Modeling

1) Why Considering Spatial Autocorrelation



Spatial Correlation

Temporal Correlation

Space * Time:  Spatio-Temporal Correlation

2) Spatio-temporal Estimation model
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Current Sample Data is almost fully explained by the model.
3) Performance of the Estimation Model

Is it performing good enough for “forecasting”? 
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Slightly better performance than throwing in 
all the district dummy variables! 



II-3 “Byproducts” of  the model

i) Real Estate Price Surface
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Hillside Area (Yato) 

Upscale Housing Area

Source: Kanagawa Newspaper (Kanaroko)

Source: Google Street View

ii) Real Estate Price Distribution
(Bayesian Posterior Density)
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iii) Spatial Decay Function 
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II-4. Limitation

Computing requirements of M-H algorithm

“Data scale sensitive” (good for less than about 1,000)

→ We need to employ other methods for larger data  sets:

Predictive Gaussian process
(Banerjee et al. 2008 and Latimer et al. 2009) 

Nearest-neighbor Gaussian process
(Datta et al. 2016).
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nWhen considering data on local economies, real estate, etc., it is useful to take geographic 
and spatial relationships and correlations among specific points in time.

nIn theory, such an understanding may not have been rare, but until recently, at least, the 
calculations have been impossible or very time consuming.

nNowadays, the theory and practice of spatial econometrics and spatio-temporal 
Geostatistics, as well as improvements in computer performance, have made such 
analyses possible.

nHowever, such computational techniques are seemed to be quite limited, at least in 
Japanese practitioners, and their correct understanding and application can greatly 
improve analytical techniques.
(More and more customized code will be available by R, Python, etc.)
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Conclusion


