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I. Introduction   

1. Background of Study

Housing price has been our society’s con-

stant interest in recent years, and has been 

recognized as an important economic factor 

that has a close relation to individuals, poli-

cy-making authorities, and financial institutions. 

First of all, housing assets form a great part 

(68%)1) of Korean people’s personal wealth. 

Mills (2008) showed that housing business 

is a critical factor in a close relation to a 

country’s economy from the viewpoint of 

policy-making authorities, citing that 20 

housing business recessions between 1970 

and 2000 led to 19 economic recessions in 

OECD countries. Crawford (1995) showed 

that housing price volatility is a major factor 

behind mortgage default and loan prepay-

ment, and is particularly very important to 

financial institutions heavily relying on 

housing mortgage loans. That is, it may be 

said that housing price is an important factor 

in terms of the stabilization of national econ-

omy at large and relevant policy-making, 

not merely in terms of housing economy.

Studies on housing price prediction has 

significance in that they reduce uncertainty 

about future housing price and derive related 

policy implications. Accordingly, a number 

of researchers and research institutions have 

suggested a variety of research models and 

methodologies, attempting to develop econo-

metric models that can reduce the error 

range by means of simpler structure. 

However, the VAR model and the ARIMA 

model, traditional econometric approaches 

used in the existing studies, have two struc-

tural limitations. First, because of the 

trade-off relation between forecasting per-

formance and analysis structure, if housing 

price prediction variables increase and are 

diversified, a problem occurs that while 

forecasting performance increases, the anal-

ysis structure becomes complicated at the 

same time. This not only makes analysis 

more difficult, but also can cause the over-

fitting problem that rather reduces analytic 

power. 

In addition, the existing methodologies 

have limitations in the improvement of fore-

casting performance because they can’t re-

flect the uncertainty of models themselves 

in advance. That is, in case of starting analy-

sis with a specific model in which a re-

searcher’s subjectivity is reflected, un-

certainty inherent in the model makes it dif-

ficult to make a more elaborate prediction. 

1) Statistics Korea, 2014.
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2. Objectives of Study

In consideration of the problems, this 

study has the following two main objectives. 

First, it intends to derive a research model 

capable of resolving the problem of model 

complexity and improving the forecasting 

performance, by using the Bayesian method-

ology, not the existing approaches. The 

Bayesian model selection (BMS) and the 

Bayesian model averaging (BMA), which 

are based on Bayesian theories, not only al-

low analysis that reflects the uncertainty of 

a model, but also have strengths in the im-

provement of forecasting performance be-

cause they use more information than the 

existing methodologies. Thus, this study 

will select a better prediction model after 

comparing actual measurement values with 

an apartment trade price index estimated by 

using the above Bayesian analysis method-

ologies and an apartment trade price index 

estimated with the AR model mostly used 

in the existing analyses.

In addition, this study intends to derive 

analysis results that reflect regional charac-

teristics, by selecting different regions as its 

analysis targets for the diversification of its 

analysis targets. The degree and size of 

changes in real estate prices such as the 

apartment price vary according to the envi-

ronmental factors of regions as well as the 

macroeconomic or policy factors of a nation. 

Like this, regional differences can be viewed 

as very important judgment factors in analy-

sis, and this study will select two regions 

of Seoul and Busan, and show analysis re-

sults suitable to each of them.

II. Previous Studies

1. Housing Price Determinants

The purpose of housing price studies is 

to explain causes of housing price fluctua-

Region selection

Selecting an analysis
region that can reflect
regional characteristics

Data collection

Collecting data on regional
variables and national
macroeconomic variables
that influence housing price

BMS / BMA

Apartment trade price forecasting

Comparative
analysis

Fig. 1. Research flowchart
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tion and analyze major determinants or to 

predict future housing price on the basis of 

the theoretical background. In particular, 

awareness about the importance of housing 

price and the fluctuation of housing price, 

which was formed after the United States 

sub-prime mortgage crisis, raised the neces-

sity for new understanding and approach to-

wards housing price; and a lot of studies 

have suggested alternatives, using diverse 

analysis methods.

Housing price is determined by the effects 

of diverse factors such as the hedonic char-

acteristics of individual houses, a country’s 

policies and macroeconomic factors, supply 

and demand conditions, and regional eco-

nomic factors. The hedonic characteristics 

of housing price refer to unobserved charac-

teristics inherent in housing; and the existing 

studies analyzed their correlations with 

housing price and their effects, using various 

factors such as right to site, geographical 

characteristics, the component ratios of land 

and building, floor area ratio, prospect right, 

southern exposure, and school district (Lim 

Byung-koon, 2006; Jung Sung-yong, 2009). 

The hedonic price models of housing price, 

however, have structural limitations in vari-

able category selection, model development, 

and model estimation as well as data acquis-

ition (Lee Young-man, 2008). Particularly, 

heteroscedasticity caused by regional char-

acteristics and the problem of omitted varia-

bles that may occur during variable selection 

can lead to distorted results, and thus careful 

analysis is required. On this, Youn Hoo- 

mug et al. (2013) have shown that the re-

gional characteristics of housing have great-

er influence than its individual character-

istics, compared with the past, by analyzing 

housing price in Seoul with a hierarchical 

linear model. 

In connection with housing policies, using 

quantified real estate policy as policy varia-

ble, Choi Cha-soon (2010) showed that the 

real estate policy has causal relationship 

with the fluctuation of real estate price, and 

that responses to the policy vary with re-

gions, apartment and lease markets, and land 

sales markets. And Ham Jong-young et al. 

(2012) emphasized the endogeneity problem 

of the policy variable, given that the real es-

tate policy and the market trends don’t form 

causality in the short term. From the multi-

ple regression analysis, Noh Young-hak et 

al. (2012) drew the conclusion that the hous-

ing price index is greatly influenced by mac-

roeconomic variables, particularly, the com-

posite leading index and the composite stock 

price index, rather than housing-related poli-

cies, but exposed the limitation of being 

rather unrealistic because they failed to re-

flect market instability that occurs during 

changes in government. On this wise, to an-
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alyze the effects of a housing policy prop-

erly, the problem occurs that various factors 

such as endogeneity as well as elaborate 

modeling considering time, region, and mar-

ket should be taken into consideration.

Socioeconomic variables in housing price 

studies usually consist of economic varia-

bles on the national level such as GDP, the 

unemployment rate, the consumer price in-

dex, and the market interest, and economic 

variables on the regional level such as the 

fluctuation rate of land price and trade 

performance. First, in connection with mac-

roeconomic variables, Dolde and Tirtiroglu 

(2002) showed that housing price is related 

to the variables of revenue increase, in-

flation, and interest rate. And Kim Hyun- 

jae (2011) suggested the findings that varia-

bles like unemployment also have effects on 

housing price. That is, socioeconomic fac-

tors are very important in housing price 

analysis; and thus, in studies of more diverse 

regions, socioeconomic variables on the na-

tional level or the regional level are mainly 

used.

The effects of macroeconomic variables, 

however, appear differently according to 

time and regions. In analyses with periods 

divided into before and after the currency 

crisis and the financial crisis, Kim Yun- 

yeong (2012) showed that macroeconomic 

variables have significant effects on housing 

price. And Han Kyung-soo (2011) derived 

the results that the effects of macroeconomic 

variables on housing price vary with 

regions. This implies that in housing price 

analysis, macroeconomic variables and re-

gional factors should be considered over 

various periods, and that such differences in 

effects cause difficulty in analysis and mod-

el selection.

2. Housing Price Forecasting

Housing price forecasting studies predict 

future housing price, using time series anal-

ysis, on the basis of the fact that housing 

price fluctuates depending on past prices. 

Thus, in the existing studies, attempts were 

made to derive models that show better fore-

casting performance by comparing the error 

ranges of models such as VAR and ARIMA 

(Case and Shiller, 1989; Lee Young-soo, 

2014). In a study that comparatively ana-

lyzed ARMA and VAR, Son et al. (2003) 

compared and analyzed a VAR model and 

an ARMA model, real estate price pre-

diction models that considered the real GDP 

growth rate and the rate of return on corpo-

rate bond, and showed that the forecasting 

performance the VAR is excellent. Son 

Jung-shik et al. (2002) constructed a VAR 

prediction model with macro variables that 

were theoretically consistent and were found 
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to be significant in causality analysis, and 

attempted to analyze a new real estate price 

prediction model that reflected changes in 

market conditions; and as a result, they drew 

the conclusion that the VAR model is com-

paratively excellent than the ARMA model. 

A study on apartment housing price index 

forecasting models, a similar study carried 

out by Korea Housing Finance Corporation 

(2012), found that ARMA is better than 

VAR in terms of the minimization of pre-

diction error, whereas VAR, which reflects 

macroeconomic variables, is better during a 

period of a sharp fluctuation in the housing 

business.

Like this, it was found that the existing 

models had their own advantages and dis-

advantages according to circumstances, but 

still showed limitations in forecasting 

performance. Hence, new forecasting mod-

els were proposed to remedy the problem. 

First, as for housing price forecasting studies 

using ARMA, Kim (1998) and Yoon Ju-hy-

un et al. (2000) compared and analyzed the 

results of ARMA models and state space 

models, models for the short-term prediction 

of housing price, and drew the conclusion 

that the state space model is better than the 

ARMA model in terms of forecasting 

performance. Lee and Lee (2009) analyzed 

the housing price index of Seoul Metropolitan 

City by using ARMA and artificial neural 

network models, and found that there was 

no statistically significant difference be-

tween the two models, but the artificial neu-

ral model was better than the ARMA model 

in terms of predictability. Findings of a 

study, which compared the housing price 

forecasting performance of univariate time 

series models including an ARMA model, 

an IGARCH model, a regime-switching 

(RS) model, and an unobserved-component 

(UC) model, showed that in the case of 

out-of-sample forecasts, the forecasting per-

formance of the unobserved-component 

model was far lower than that of the re-

gime-switching model (Lee Young-soo, 2014). 

Further, Bayesian Model Selection (BMS) 

and Bayesian Model Averaging (BMA), 

which are based on Bayesian theories, not 

traditional statistical approaches, are attract-

ing attention as methodologies that im-

proved the problem of uncertainty in model 

selection. BMS and BMA models were first 

introduced by Bates and Granger (1969), 

and their predictability has since been 

proved by a variety of studies. In particular, 

the BMA model was used in time-series 

analysis studies to forecast inflation (Engle, 

Granger and Kraft, 1984; Wright, 2008), 

money supply (Figlewski and Urich, 1983), 

the exchange rate (Bilson, 1983), and the 

GDP growth rate (Fernández et al., 2001). 

And in connection with housing price fore-
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casting, it was used in a variety of empirical 

analyses on the United States (Dua et al., 

1999), Switzerland (Stadelmann, 2010), South 

Africa (Gupta et al., 2008), and so on.

Hence, this study intends to derive a hous-

ing price prediction model, using BMS and 

BMA that consider uncertainty in model 

selection. 

III. Data and Analysis

1. Data

1) Dependent variable

As an indicator for the prediction of hous-

ing price, this study selected the apartment 

sale price index for Seoul and Busan, which 

is prepared and published every month by 

the Korea Appraisal Board on the basis of 

apartment sale price data. The apartment 

sale price index is a value of volatility calcu-

lated based on data on the sale prices of the 

same apartments that reported two or more 

transactions during a period of index calcu-

lation, with January 2006 as the reference 

period (100). It is widely used in that it pro-

vides exact information on market trends by 

investigating the level and volatility of 

apartment trade prices; fundamentally, how-

ever, it has two serious problems in its cal-

culating method. First, there is a problem of 

inefficiency in data use that occurs in case 

the sale price of the same apartment is not 

observed repeatedly. If the sale price of the 

same condition is not observed repeatedly, 

the relevant data is excluded from index cal-

culation, which may result in negative ef-

fects on the stability of the price index. 

Second, there is a problem of sampling error 

that occurs because price data on apartments 

of the perfectly same size in the same apart-

ment complex can’t be obtained at every 

time period. Consequently, sampling bias 

caused by differences in the frequency of 

apartments observed at every period occurs, 

and can act as a factor that lowers the reli-

ability of the index. In this connection, Lee 

Chang-moo et al. (2008) re-calculated the 

apartment sale price index, which reflects 

sale price data excluded by the existing 

methods of repeat sales index calculation, in 

order to solve the above problems by using 

both transaction prices and asking prices that 

represent apartment value; and as a result, 

showed that the improvement of about 

18.6% in data utilization was possible. 

However, although this approach showed 

great effects in terms of the efficiency of 

data utilization, it was found that it failed 

to show any great difference in the changes 

of the apartment sale price index. Therefore, 

this study did not re-calculate a separate 

apartment sale price index, but used the 
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apartment sale price index disclosed by the 

Korea Appraisal Board, as it was, without 

any modification.

2) Independent variables

As for independent variables, a total of 

11 macroeconomic indicators and real es-

tate-related indices provided by the Statistics 

Korea and the Bank of Korea from January 

2007 to December 2014, including the fluc-

tuation rate of land price, the employment 

rate, the apartment construction perform-

ance, the apartment trading status, the con-

sumer price index, the market interest, the 

mortgage rate, GDP (real and nominal), the 

index of all industry production, and the CD 

rate, were used. The above independent vari-

ables largely consist of supply variables and 

demand variables. First, the supply variables 

are variables that influence the apartment 

sale price from the side of apartment supply; 

and include the apartment construction per-

formance, which reflects the effects of con-

struction business, and the fluctuation rate 

of land price, which reflects the price vola-

tility of land needed for apartment 

construction. On the other hand, the demand 

variables are variables that influence the 

apartment sale price from the side of apart-

ment demand; and the apartment trading sta-

tus, the unemployment rate, the consumer 

price index, the market interest, the mort-

gage rate, GDP (real and nominal), the index 

of all industry production, and the CD rate 

were selected as them. Overall, GDP, the 

consumer price index, the index of all in-

dustry production, the unemployment rate, 

and the CD rate were used to reflect the ef-

fects of income or the movement of market 

interest; and the mortgage rate was addition-

Name of variable Publishing agency Period and region of published data

Apartment sale price index MOLIT Jan. 2007 ~ Dec. 2014 (Seoul, Busan)

Fluctuation rate of land price KAB Jan. 2007 ~ Dec. 2014 (Seoul, Busan)

Unemployment rate KOSTAT Jan. 2007 ~ Dec. 2014 (Seoul, Busan)

Apartment construction performance MOLIT Jan. 2007 ~ Dec. 2014 (Seoul, Busan)

Apartment trading status KAB Jan. 2007 ~ Dec. 2014 (Seoul, Busan)

Consumer price index BOK Jan. 2007 ~ Dec. 2014 (National)

Market interest BOK Q1 2007 ~ Q4 2014 (National)

Mortgage rate BOK Q1 2007 ~ Q4 2014 (National)

GDP (real/nominal) BOK Q1 2007 ~ Q4 2014 (National)

Index of all industry production KOSTAT Q1 2007 ~ Q4 2014 (National)

CD rate BOK Q1 2007 ~ Q4 2014 (National)

Note: MOLIT = Ministry of Land, Infrastructure, and Transport; KAB = Korea Appraisal Board; KOSTAT = Statistics of Korea; BOK 
= Bank of Korea

Table 2 Dependent variables and independent variables
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ally used on the basis of the findings of a 

study on positive relationship between 

house prices and bank lending (Park Yun- 

woo et al., 2012). Among the above varia-

bles, the fluctuation rate of land price, the 

unemployment rate, and the apartment trad-

ing performance were constructed at the re-

gional level in order to reflect regional dif-

ferences, and the other variables were set at 

the national level.

2. Analysis

Bayesian theory, a statistical approach 

that infers the probability of a specific event 

on the basis of prior experience and present 

information, differs from the frequentist ap-

proach in the interpretation of probability. 

While the frequentist approach focuses on 

the objective probability of a specific event 

based on observation, the Bayesian ap-

proach lays emphasis on the subjective 

probability of a specific event based on rele-

vant information.

Bayesian inference based on the Bayesian 

approach follows the algorithm that updates 

prior knowledge (or prior probability) about 

an object to be estimated ( ) with new in-

formation ( ), and generates a new proba-

bility distribution (or posterior probability) 

about the object. The BMS and BMA mod-

els used in this study conducted analysis that 

also considered an initial model selection, 

and predicted the apartment sales price in-

dex for Quarter 17 through Quarter 32 on 

the basis of data on Quarter 1 through 

Quarter 16 among 32 quarters in total. And 

their overall analysis structure was or-

ganized to be three steps of posterior proba-

bility computation, model selection, and 

prediction.

1) Posterior probability computation

Each model may be viewed as a kind of 

individual mathematical scenario constructed 

through the combination of variables. The 

BMS and BMA models in this study use the 

posterior probability calculated for    , 

that is, 2,047 models that are possible com-

binations with a total of 11 explanatory 

variables. Basically, this was carried out in 

two-stage analyses. First, the likelihood 

probability values of   for the 2,047 models 

were calculated on the basis of data from 

Quarter 1 to Quarter 16 (Eq. (1)). In this 

study,   denotes the parameter of the hous-

ing price prediction model, M a model, and 

D data used for updating it. 

  (1)

  
  (2)

Then,  , the posterior probability 
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of the model, was estimated by using the 

likelihood probability of each model ob-

tained at the first stage (Eq. (2)). The poste-

rior probability of the model means the 

probability that the particular model is true, 

given data, and can be rewritten as the prod-

uct of  , the likelihood probability 

value, and , the prior probability 

value. Here, the prior probability  is 

a probability in which a researcher’s sub-

jective information is reflected, and each 

model may be given a different probability 

according to information possessed by the 

researcher.

2) Model selection

Based on the above, as for the BMS meth-

odology, computation was carried out with 

the model of the highest posterior proba-

bility among the values of posterior proba-

bility,  , of the models given all the 

combinations of the variables; and as for 

BMA, the method of selecting a number of 

models of high posterior probability and de-

riving their weighted average. Here, in the 

case of BMA, the weighted average of best 

models selected among dozens of or hun-

dreds of models requires fixed logical cri-

teria, and this study applied Occam’s 

Window suggested by Madigan and Raftery 

(1994). Occam’s Window consists of two 

steps in total; at the first step, models above 

probability value C based on the model of 

the highest probability were selected, and 

models of posterior probability that did not 

fall under the conditions of the equation be-

low were excluded from consideration (Eq. 

(3)). Constant C, which refers to a criterion 

value of upper probability distribution, may 

vary with a researcher’s intuition; Jeffreys 

(1961), however, recommended a number 

between 10 and 100, and thus this study set 

three cases (10, 20, 30) frequently used in 

the existing studies, and identified sensi-

tivity to value C.

 ′ 


≤ (3)

At the second step of the Occam’s 

Window, sub-models that have more varia-

bles within them were excluded from the 

models that were selected at the first step. 

That is, models of high probability were pri-

oritized, and then more complex models that 

included the same variables were excluded; 

and thus the final top-ranked models were 

constructed with simple models of higher 

probability (Eq. (4)).

   ∃∈ ′  ⊂


 (4)

Using information on the best model de-

rived earlier and top-ranked models derived 
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by Occam’s Window, the expressions of 

BMS and BMA were constructed as in Eq. 

(5) and Eq. (6). In equations below, k de-

notes models that satisfy the Occam’s 

Window, and   used in BMS denotes the 

best model of the highest posterior probability. 

 

BMS:     
′    (5)

BMA:  
 



  
′      (6)

3) Forecasting

Using the above information derived from 

data on 1Q 2007 to 4Q 2010 and the 

Karman filter, information was updated ev-

ery quarter from 1Q 2011, and the apartment 

sale price index was predicted. The Kalman 

filter is a linear statistical forecasting meth-

od frequently used in the areas of navigation 

and control, and largely consists of two 

phases of prediction and update. At the 

phase of prediction, a state variable of inter-

est and the covariance of the state variable 

are estimated, which may be expressed as 

Eq. (7) and Eq. (8). The values of     

and     estimated on the basis of data 

of Quarter t-1 undergo the phase of update 

where they are changed to   and  , and 

after then Quarter t becomes Quarter t+1, 

and the same algorithm is repeated.

State estimation: 

          (7)

Covariance estimation: 

        
  (8)

For example, to predict the apartment sale 

price index for 1Q 2011, at the first stage 

of prediction, the state variable and the co-

variance for 1Q 2011 were estimated, using 

the apartment sale price index and macro-

economic variables for 4Q 2010, the pre-

vious quarter. Then, at the update stage, the 

above state variable and covariance were up-

dated, using the apartment sale price index 

for 1Q 2011 actually observed; this algo-

rithm was repeated every period to calibrate 

the prediction model, which was used to pre-

dict 16 observed values in total.

4) Comparison of forecasting perform-

ance

To compare the forecasting performance 

of the model developed by applying BMS 

and BMA, an ARIMA (Autoregressive 

Integrated Moving Average) model was 

used. The ARIMA model uses past observed 

values and the error term for its explanatory 

variables, and is mainly used to analyze 

non-linear time-series data. In studies of 

housing price prediction as well, it was used 

for short-term prediction thanks to the con-

venience and accuracy of the model (Guo, 
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2012), and is also frequently used for com-

parison with other prediction models 

(Vishwakarma, 2013; Kouwenberg and 

Zwinkels, 2014; Bork and Moller, 2015). In 

this study, the ARIMA model was derived 

from data on Seoul and Busan from 1Q 2007 

to 4Q 2010, as in BMS and BMA.

First, the multiple comparisons and the 

Region Quarter Number of data Mean Variance

Seoul

1Q  4 132.27 71.24

2Q  4 134.87 49.68

3Q  4 136.25 43.71

4Q  4 133.15 60.08

Total 16 134.14 47.47

Busan

1Q  4 107.98 98.52

2Q  4 110.43 127.94

3Q  4 112.85 155.36

4Q  4 115.80 236.05

Total 16 111.76 132.52

Table 2 Quarterly mean and variance for Seoul and Busan (1Q 2007 - 4Q 2010)

Region Factor Sum of squares
Degree of 
freedom

Mean square F-value p-value

Seoul

Factor (quarter)  37.8996075 3 12.6332025  0.22  0.8773

Error  674.203701 12  56.1836418

Total  712.103309 15

Busan

Factor (quarter)  134.16473 3 44.7215765  0.29  0.8322

Error  1853.66738 12 154.472282

Total  1987.83211 15 132.522141

Table 3 Variance analysis table for Seoul and Busan (1Q 2007 - 4Q 2010) 

07 Q1 07 Q2 07 Q3 07 Q4 08 Q1 08 Q3 09 Q1 09 Q2 09 Q3 10 Q1 10 Q3 10 Q4

-20

-15

-10

-5

0

10

5

15

08 Q408 Q2 10 Q209 Q4

Fig. 2. Results of 1st difference for Seoul 

07 Q1 07 Q2 07 Q3 07 Q4 08 Q1 08 Q3 09 Q1 09 Q2 09 Q3 10 Q1 10 Q3 10 Q4

-2

-1

0

1

2

4

3

5

08 Q408 Q2 10 Q209 Q4

Fig. 3. Results of 2nd difference for Busan



A Study on Forecasting Model for Apartment Housing Price Index Reflecting Model Uncertainty

 KAB Real Estate Research Institute  39

1 2 3 4 5 6 7

Lag

8 9 10 11 12

-0.5

0AC
F

0.5

1 2 3 4 5 6 7

Lag

8 9 10 11

-0.5

0

 P
ar

tia
l A

C
F

0.5

Fig. 5. ACF and PACF for Busan region

ARIMA model (Seoul) AIC ARIMA model (Busan) AIC

ARIMA(0,1,0) 110.0207 ARIMA(0,2,0) 63.56566

ARIMA(0,1,1) 112.4087 ARIMA(1,2,0) 64.18054

ARIMA(1,1,0) 114.3707 ARIMA(0,2,1) Inf

ARIMA(1,1,1) 115.8491 ARIMA(1,2,1) Inf

ARIMA(2,1,2) Inf ARIMA(2,2,2) Inf

Table 4 Results of ARIMA model identification for Seoul and Busan
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Fig. 4. ACF and PACF for Seoul region
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analysis of variance (ANOVA) were con-

ducted to identify the seasonality of the data. 

As a result, in the case of Seoul, it was found 

that quarterly differences in mean and var-

iance were slight, and in the case of Busan, 

it was found that the mean and the variance 

became increasingly high from 1Q to 4Q 

(Table 2). However, it was found that differ-

ences in the quarterly index were not sig-

nificant (p-value = 0.8773 (Seoul), 0.8322 

(Busan)) (Table 3).

Next, the stationarity of the data was 

identified. The stationarity is the basic con-

dition of ARIMA analysis, and is charac-

terized by that the mean is constant, that var-

iance of a constant should exist, and that au-

tocovariance between two time points 

should depend on a time lag alone (Song 

Kyong-jae et al., 2005). As a result of esti-

mating the trends by a unit root test, It was 

found that there were trends both for Seoul 

and Busan (p-value = 0.7478 (Seoul), 

0.9145 (Busan)). To remove the trends from 

both regions, differencing was applied 

sequentially. In the case of Seoul, a sta-

tionary time series could be obtained from 

the first difference (Fig. 2), and in the case 

of Busan, a stable time series could be ob-

tained from the second difference. (Fig. 3).

Lastly, the auto-correlation function (ACF) 

and the partial auto-correlation function 

(PACF) were used to identify the ARIMA 

model. As shown in Fig. 4 and Fig. 5, both 

ACF and PACF for Seoul and Busan show 

sinusoidal waves of decreasing amplitude, 

and showed no significant lag. As also 

shown in the results of Table 4, the p and 

q values of the ARMA (p, q) model for both 

regions represent 0.

After taking all the above results into con-

sideration, ARIMA (0, 1, 0) model was se-

lected for Seoul, and ARIMA (0, 2, 0) mod-

el for Busan, respectively.

The root mean square prediction error 

(RMSPE) value and the average rank value 

were used to compare the forecasting per-

formance of the BMS model and the BMA 

model, together with the ARIMA models 

obtained above. The RMSPE value is the 

standard deviation of differences between 

observed values and predictive values, and 

was used to compare the accuracy of the 

models. And the average rank value is a val-

ue obtained by ranking the most excellent 

model at every forecasting time point and 

averaging them, and was used to derive and 

compare the most preferred models during 

the forecasting period. In addition, it was 

used as objective data in evaluating derived 

models by calculating the optimum number 

of variables used in the BMS model and the 

BMA model.
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IV. Results of Analysis

1. Results from BMS and BMA Analyses

1) Seoul

In Seoul, it was found that the probability 

was the highest when about 6.3506 variables 

on average were used in the posterior model 

(Fig. 6). As for the posterior model that sat-

isfies Occam’s Window, a total of five were 

selected when the C value was 10, and a 

total of 7 were selected when the C value 

was 20 and 30. Among them, model 400, 

which used as its variables the fluctuation 

of land price (Seoul), the consumer price in-

dex, the market interest, the mortgage rate, 

and the CD rate, was selected as the best 

forecasting model with the probability of 

5.64% (Table 5). Besides, in the other 

top-ranked models were included the combi-

nations of the fluctuation of land price 

(Seoul), the consumer price index, the mar-

ket interest, the mortgage rate, GDP 

(nominal), and GDP (real); and particularly 

in the case of Seoul, it was found that varia-

bles of demand play an important role in the 

prediction of the apartment sale price index. 

The results of the out-of-sample pre-

diction of the apartment sale price index for 

Seoul from 1Q 2011 to 4Q 2014 are plotted 

on a graph, as shown in Fig. 7. To look at 

the apartment sale price index of Seoul dur-

ing the period of analysis, basically, it is 

found that the range of fluctuation in the in-

dex value is relatively great between 2006 

and 2013. It can be seen that the fluctuation 

is particularly severe from 3Q 2008 to 4Q 

2010, and it represents the effects of the 

United States subprime mortgage crisis from 

2008, which seems to have also influenced 
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Fig. 6. Analysis results of Seoul region model
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Korea’s recession and the shrinkage of con-

sumer sentiment, and have in turn had a bad 

influence on the real estate market. It may 

be said that this phenomenon agrees with the 

above results of this study that variables of 

demand were used as variables of major 

models. As a result of comparing the fore-

casting performance between BMS, BMA, 

and ARIMA (0, 1, 0) by means of the root 

mean square error (RMSE) value, it was 

found that BMS and BMA of 0.747 and 

0.967 (0.937), respectively, forecasted with 

small ranges of error, compared with ARIMA 

(0, 1, 0), which showed the value of 2.021, 

and that BMS showed the most excellent 

forecasting performance among them (Table 

6). In addition, as a result of comparing the 

forecasting performance of the three models 

by means of the average rank value, BMS 

with the value of 1.3 was selected as the 

best model over all the intervals. From these 

results, it was seen that BMS having five 

values is a more suitable model than BMA, 

which considers eight values, on the basis 

of the above results that the optimum num-

ber of variables is 6.3506.

C value Model name Variable used Probability

10

400 FOLP (Seoul), CPI, MI, MR, CD rate 0.056491

432 FOLP (Seoul), MR, GDP (nominal), CD rate 0.053872

438 FOLP (Seoul), MR, GDP (nominal), GDP (real) 0.026132

42a FOLP (Seoul), MR, GDP (real), CD rate 0.024684

4a2 FOLP (Seoul), CPI, MR, CD rate 0.015931

20, 30

400 FOLP (Seoul), CPI, MI, MR, CD rate 0.056491

432 FOLP (Seoul), MR, GDP (nominal), CD rate 0.053872

438 FOLP (Seoul), MR, GDP (nominal), GDP (real) 0.026132

42a FOLP (Seoul), MR, GDP (real), CD rate 0.024684

4a2 FOLP (Seoul), CPI, MR, CD rate 0.015931

4a0 FOLP (Seoul), CPI, MR 0.005472

426 FOLP (Seoul), MR, IOAIP, CD rate 0.003849

Note: FOLP (fluctuation of land price); CPI (consumer price index); MI (market interest); MR (mortgage rate); IOAIP (index of all 
industry production)

Table 5 Results of Occam’s Window for Seoul

BMS BMA ARIMA(0,1,0)

C=10
RMSE 0.747 0.967 2.021

Average Rank 1.3 2 2.7

C=20, 30
RMSE 0.747 0.937 2.021

Average Rank 1.3 2 2.7

Table 6 Comparison of predictive values for Seoul
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2) Busan

In the case of Busan, it was found that 

the posterior probability of models consist-

ing of 2.9169 variables, which are com-

paratively fewer than Seoul, was the highest 

(Fig. 8). In case that C value was 20 and 

30, it was found that a total of two models 

satisfied the Occam’s Window, and that of 

the two, model 10, which used GDP 

(nominal), was selected as the best forecast-

ing model (Table 7). The other model 448 

included the fluctuation of land price 

(Busan), the market interest, and GDP (real). 

In case that C value was 10, it was found 
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that only model 10 satisfied the Occam’s 

Window.

Similarly, the results of the out-of-sample 

prediction of the apartment sale price index 

for Busan, using the above models, are plot-

ted in Fig. 9. In the case of Busan, it is found 

that fluctuation in the apartment sale price 

index during the same period is not severe, 

compared with Seoul, but increases steadily; 

and that the forecasting results also pre-

dicted the actual value better than the results 

for Seoul. As a result of comparing RMSE 

for the comparison of respective forecasting 

performance, it was found that, unlike Seoul, 

the forecasting performance was most ex-

cellent in BMA (2.054 (2.051)), followed by 

BMS (2.054), and ARIMA (0, 2, 0) (2.350). 

In terms of the average rank value, it was 

C value Model name Variable used Probability

10 10 GDP (nominal) 0.2424471

20, 30
10 GDP (nominal) 0.2424471

448 Fluctuation of land price (Busan), market interest, GDP (real) 0.0167098

Table 8 Comparison of predictive values for Busan

BMS BMA ARIMA(0,1,0)

C=10
RMSE 2.054 2.054 2.350

Average Rank 1.6 1.6 1.4

C=20, 30
RMSE 2.054 2.051 2.350

Average Rank 1.9 2.3 1.8

Table 7 Results of Occam’s window for Busan
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found that the forecasting performance of 

ARIMA(0, 2, 0) was the most excellent with 

the value of 1.4 (1.8) over all the intervals 

(Table 8). In Busan, it was found that BMA 

consisting of four variables was a more suit-

able model than BMS consisting of only one 

variable, also on the basis of the fact that 

the optimum number of variables is 2.9161.

V. Conclusion

1. Results and Implications

This study suggested the best analysis 

model for each region through the BMS and 

BMA methodologies that reflected the prob-

lem of uncertainty arising from the use of 

the existing methodologies, and showed that 

they can improve forecasting performance 

by comparative analysis with the AR model 

that has been used as the existing 

methodology. As a result of analyzing by re-

gion the posterior probability of 2,047 mod-

els consisting of the combinations of 11 var-

iables, based on data from 1Q 2007 to 4Q 

2010, it was found that for Seoul, the model 

using the fluctuation of land price (Seoul), 

the consumer price index, the market inter-

est, the mortgage rate, and CD rate showed 

the highest probability, while for Busan, the 

model consisting of GDP (nominal) showed 

the highest probability; and a group of 

top-ranked models for each region were de-

rived by using the Occam’s Window.

As a result of forecasting the apartment 

sale price index for a total of 16 quarters 

from 1Q 2011 to 4Q 2014, using models se-

lected through BMS and BMA, it was found 

that their forecasting performance was more 

excellent in Busan that showed a relatively 

small range of fluctuation. As a result of us-

ing the average rank and MSE between the 

actual apartment sale price index and pre-

dicted values, the forecasting performance 

varied with the regions. First, in the case of 

Seoul, both RMSE and the average rank 

show the same results in the order of BMS, 

BMA, and ARIMA. In the case of Busan, 

there was differences between RMSE and 

the average rank; as for RMSE, the forecast-

ing performance was most excellent in 

BMA, followed by BMS and ARIMA, while 

as for the average rank, the forecasting per-

formance was most excellent in ARIMA, 

followed by BMS and BMA. This implies 

that basically, BMS and BMA are superior 

in the medium-and long-term prediction of 

the apartment sale price index for Seoul that 

shows a wide range of fluctuation, and that 

they are also excellent in the short-term pre-

diction for Busan that shows a small range 

of fluctuation. In the case of Busan, it was 

found that the longer the period of pre-
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diction, the more excellent the ARIMA; 

which seems to be because the BMS model 

and the BMA model selected from data on 

the first 20 quarters are advantageous to 

short-term analysis, but fail to reflect in-

formation agreeing with a prolonged period 

in the long-term analysis.

The contributions made by this study can 

be viewed largely in three respects. First, the 

methodologies suggested by this study im-

proved the problem of the uncertainty of 

model selection arising in the existing 

studies. As for the existing econometric ap-

proaches, they can improve forecasting per-

formance according as they consider more 

variables, but at the same time they may be 

faced with the problem of overfitting, and 

should undergo separate testing procedures 

to identify correlations between variables. In 

contrast, this study has the advantage that 

all variables can be considered without the 

overfitting problem and separate testing be-

cause each probability and uncertainty aris-

ing from variable selection are basically re-

flected in advance.

Further, it did not rely on one model 

alone, but considered all models probabilisti-

cally, and thus improved forecasting perform-

ance, compared with the existing approaches. 

In the existing studies, information loss oc-

curs because they select and consider one 

model consisting of specific variables among 

numerous factors that influence housing 

price. In contrast, the Bayesian framework 

suggested by this study can conduct analysis 

with more information than the existing ap-

proaches and derive forecasting results with 

a narrower range of error because it probabil-

istically considers all models consisting of the 

combinations of every variable in its analysis.

In addition, this study suggested analysis 

models and results that reflect regional char-

acteristics, by comparing and analyzing BMS 

and BMA according to regions. According to the 

existing studies, it is very important to consid-

er regional characteristics in developing an 

analysis model, for regional factors have great 

effects on housing price. On this, this study 

was able to derive and select models suitable 

for individual regions by comparatively ana-

lyzing Seoul, which showed a relatively great 

range of fluctuation, and Busan, which 

showed a relatively small range of fluctuation.

2. Limitations

This study has significance in that it de-

rives a more improved model of housing 

price analysis, using the Bayesian approach 

that reflects the uncertainty of model selection. 

However, it has some limitations in other 

respects. First, it failed to reflect the empiri-

cal analysis of effects on actual housing 

price, for it focused only on macroeconomic 
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factors, not a number of hedonic factors that 

have immediate effects on housing price; 

which led to the result that the models se-

lected for Seoul and Busan did not represent 

their regional characteristics well. But this 

study preferentially considered the use of 

macroeconomic variables that enable easy 

data collection and generalization, for the 

primary objective of this study was to sug-

gest a new forecasting model given model 

uncertainty and to show its superiority in 

forecasting performance to the existing 

approaches. It is deemed that future studies 

may be able to improve this problem by 

more practical housing price forecasting 

through BMS and BMA analysis using he-

donic factors at the levels of “gu” and 

“dong” and macroeconomic factors.

In addition, the problem may occur that 

the best models derived in this study do not 

best fit actual prediction. As for BMS and 

BMA, the kind and number of their best 

models vary according to the number of vari-

ables used by a researcher and the period of 

analysis. Therefore, in case of forecasting the 

apartment sale price index at this point in 

time, the future price should be predicted 

with all available data; however, this study 

used a few random data for comparative 

analysis, and thus there occurs differences 

between the models of this study and the best 

models in actual prediction. That is, models 

selected by this study may be viewed as best 

models derived for a specific period to show 

the improvement of forecasting performance 

due to reduction in model uncertainty, and 

models suitable for actual prediction can be 

selected by adjusting the period of analysis.
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Appendix

Model FOLP
(Seoul)

ATP
(Seoul)

UR
(Seoul)

CPI MI MR
GDP

(nom.)
GDP
(real)

IOAIP
CD
rate

ATS
(Seoul)

PMP (Exact)
Occam’s 
Window

1 4.00E+02 1 0 0 1 1 1 0 0 0 1 0 0.056491 *

2 432 1 0 0 0 0 1 1 0 0 1 0 0.053872 *

3 433 1 0 0 0 0 1 1 0 0 1 1 0.0314

4 438 1 0 0 0 0 1 1 1 0 0 0 0.026132 *

5 42a 1 0 0 0 0 1 0 1 0 1 0 0.024684 *

6 633 1 1 0 0 0 1 1 0 0 1 1 0.024157

7 4.00E+03 1 0 0 1 1 1 0 0 0 1 1 0.021036

8 42b 1 0 0 0 0 1 0 1 0 1 1 0.020054

9 62b 1 1 0 0 0 1 0 1 0 1 1 0.01861

10 632 1 1 0 0 0 1 1 0 0 1 0 0.016534

11 4a2 1 0 0 1 0 1 0 0 0 1 0 0.015931 *

12 478 1 0 0 0 1 1 1 1 0 0 0 0.013961

13 472 1 0 0 0 1 1 1 0 0 1 0 0.013082

14 43a 1 0 0 0 0 1 1 1 0 1 0 0.012938

15 733 1 1 1 0 0 1 1 0 0 1 1 0.011733

16 6.00E+02 1 1 0 1 1 1 0 0 0 1 0 0.010787

17 436 1 0 0 0 0 1 1 0 1 1 0 0.010401

18 5.00E+02 1 0 1 1 1 1 0 0 0 1 0 0.009406

19 532 1 0 1 0 0 1 1 0 0 1 0 0.009406

20 4b2 1 0 0 1 0 1 1 0 0 1 0 0.008992

21 473 1 0 0 0 1 1 1 0 0 1 1 0.008903

22 4.00E+06 1 0 0 1 1 1 0 0 1 1 0 0.008813

23 476 1 0 0 0 1 1 1 0 1 1 0 0.008775

24 4ea 1 0 0 1 1 1 0 1 0 1 0 0.008507

25 4f2 1 0 0 1 1 1 1 0 0 1 0 0.008451

26 638 1 1 0 0 0 1 1 1 0 0 0 0.007604

27 62a 1 1 0 0 0 1 0 1 0 1 0 0.007573

28 4aa 1 0 0 1 0 1 0 1 0 1 0 0.007015

29 673 1 1 0 0 1 1 1 0 0 1 1 0.00693

30 4a6 1 0 0 1 0 1 0 0 1 1 0 0.006552

31 439 1 0 0 0 0 1 1 1 0 0 1 0.006483

32 47a 1 0 0 0 1 1 1 1 0 1 0 0.006289

33 437 1 0 0 0 0 1 1 0 1 1 1 0.005917

34 43c 1 0 0 0 0 1 1 1 1 0 0 0.005878

35 4b8 1 0 0 1 0 1 1 1 0 0 0 0.005787

36 477 1 0 0 0 1 1 1 0 1 1 1 0.005545

37 6.00E+03 1 1 0 1 1 1 0 0 0 1 1 0.005518

38 4a0 1 0 0 1 0 1 0 0 0 0 0 0.005472 *

39 72b 1 1 1 0 0 1 0 1 0 1 1 0.005395

Results of the 1st step of Occam’s Window for Seoul
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Model FOLP
(Seoul)

ATP
(Seoul)

UR
(Seoul)

CPI MI MR
GDP

(nom.)
GDP
(real)

IOAIP
CD
rate

ATS
(Seoul)

PMP (Exact)
Occam’s 
Window

40 42e 1 0 0 0 0 1 0 1 1 1 0 0.005328

41 533 1 0 1 0 0 1 1 0 0 1 1 0.005302

42 42f 1 0 0 0 0 1 0 1 1 1 1 0.005268

43 46a 1 0 0 0 1 1 0 1 0 1 0 0.005232

44 43b 1 0 0 0 0 1 1 1 0 1 1 0.005221

45 732 1 1 1 0 0 1 1 0 0 1 0 0.005198

46 4b3 1 0 0 1 0 1 1 0 0 1 1 0.004978

47 773 1 1 1 0 1 1 1 0 0 1 1 0.004955

48 46f 1 0 0 0 1 1 0 1 1 1 1 0.004834

49 538 1 0 1 0 0 1 1 1 0 0 0 0.004713

50 46b 1 0 0 0 1 1 0 1 0 1 1 0.004585

51 52a 1 0 1 0 0 1 0 1 0 1 0 0.004427

52 672 1 1 0 0 1 1 1 0 0 1 0 0.004275

53 4ab 1 0 0 1 0 1 0 1 0 1 1 0.004266

54 4.00E+08 1 0 0 1 1 1 0 1 0 0 0 0.004213

55 66b 1 1 0 0 1 1 0 1 0 1 1 0.004085

56 6b3 1 1 0 1 0 1 1 0 0 1 1 0.004033

57 63a 1 1 0 0 0 1 1 1 0 1 0 0.004005

58 4a3 1 0 0 1 0 1 0 0 0 1 1 0.003956

59 678 1 1 0 0 1 1 1 1 0 0 0 0.003943

60 4a1 1 0 0 1 0 1 0 0 0 0 1 0.003942

61 637 1 1 0 0 0 1 1 0 1 1 1 0.003858

62 426 1 0 0 0 0 1 0 0 1 1 0 0.003849 *

63 63b 1 1 0 0 0 1 1 1 0 1 1 0.003818

64 4eb 1 0 0 1 1 1 0 1 0 1 1 0.003633

65 62f 1 1 0 0 0 1 0 1 1 1 1 0.003587

66 4f3 1 0 0 1 1 1 1 0 0 1 1 0.003578

67 5.00E+03 1 0 1 1 1 1 0 0 0 1 1 0.003541

68 639 1 1 0 0 0 1 1 1 0 0 1 0.003502

69 52b 1 0 1 0 0 1 0 1 0 1 1 0.00339

70 4.00E+07 1 0 0 1 1 1 0 0 1 1 1 0.003359

71 677 1 1 0 0 1 1 1 0 1 1 1 0.003351

72 7b8 1 1 1 1 0 1 1 1 0 0 0 0.003349

73 479 1 0 0 0 1 1 1 1 0 0 1 0.003221

74 6ab 1 1 0 1 0 1 0 1 0 1 1 0.00318

75 578 1 0 1 0 1 1 1 1 0 0 0 0.003148

76 6a2 1 1 0 1 0 1 0 0 0 1 0 0.003069

77 636 1 1 0 0 0 1 1 0 1 1 0 0.003024

78 46e 1 0 0 0 1 1 0 1 1 1 0 0.002993

79 66f 1 1 0 0 1 1 0 1 1 1 1 0.002965

80 6b2 1 1 0 1 0 1 1 0 0 1 0 0.002825

Note: FOLP (fluctuation of land price); ATP (apartment trading performance); UR (unemployment rate); MI (market interest); MR 
(mortgage rate); IOAIP (index of all industry production); ATS (apartment trading status)
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Model FOLP
(Busan)

ATP
(Busan)

UR
(Busan)

CPI MI MR
GDP

(nom.)
GDP
(real)

IOAIP
CD
rate

ATS(Busan) PMP (Exact)
Occam’s 
Window

1 10 0 0 0 0 0 0 1 0 0 0 0 0.2424471 *

2 94 0 0 0 1 0 0 1 0 1 0 0 0.08691029

3 56 0 0 0 0 1 0 1 0 1 1 0 0.04925425

4 50 0 0 0 0 1 0 1 0 0 0 0 0.03341011

5 90 0 0 0 1 0 0 1 0 0 0 0 0.02969107

6 30 0 0 0 0 0 1 1 0 0 0 0 0.01918778

7 448 1 0 0 0 1 0 0 1 0 0 0 0.0167098 *

8 95 0 0 0 1 0 0 1 0 1 0 1 0.01400002

9 14 0 0 0 0 0 0 1 0 1 0 0 0.01392349

10 0f4 0 0 0 1 1 1 1 0 1 0 0 0.01382742

11 110 0 0 1 0 0 0 1 0 0 0 0 0.01369924

12 18 0 0 0 0 0 0 1 1 0 0 0 0.01148302

Note: FOLP (fluctuation of land price); ATP (apartment trading performance); UR (unemployment rate); MI (market interest); MR 
(mortgage rate); IOAIP (index of all industry production); ATS (apartment trading status)

Results of the 1st step of Occam’s Window for Busan
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