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 Abstract 

This paper investigates the relative importance of national, regional, and city- 
specific factors on explaining the movement of housing prices across Korean cities. For 
this purpose, I employ a dynamic factor model using the Bayesian approach proposed 
by Otrok and Whiteman (1998) to measure the contribution of each factor. The variance 
decomposition analysis illustrates that most of the movement of Korean housing prices 
are ascribed to the national factor which accounts for 56% of housing price variations 
on average and over 70% in 5 cities including Seoul and Pusan. This demonstrates the 
existence of the comovement of housing prices in Korean cities, which has been 
discussed in both academics and real estate industry without providing any solid 
evidence so far. This paper also finds that the contribution of city-specific factors 
ranges from 20% to 70%. However, the regional factors have negligible impacts on 
housing price fluctuations in all cities. 

I also study the effects of monetary policy shocks on national-level housing prices 
measured by the national factor. For this purpose, I use a structural VAR model to 
disentangle the structural monetary shocks. Based on this, I conduct a counterfactual 
exercise which restricts the structural monetary shocks equal to zero after 2003. This 
experiment finds that the effects of monetary policy shocks on national-level housing 
prices are trivial. This finding reveals that the hike in housing prices observed in recent 
periods are mostly likely attributable to macro fundamentals rather than mitigating 
structural monetary shocks.  
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1. Introduction 

House prices in Korea have been on the constant rise since 2001 due to the 
expansion of fluctuation and home-backed loans caused by low-interest rate policy, 
price deregulation, permit for the re-sale of new houses, and temporary exemption 
on the capital gains tax. The price of apartments in Kangnam (a part of Seoul located 
south of the Han River) rose more than 40 percent in 2002 compared with the same 
month a year ago. During the early stage of the Participatory Government, its real 
estate policy to regulate the reconstruction of apartments had contributed to 
maintaining stabilized house prices to some degree. However, the government 
strategy, which includes the creation of new administrative city, innovation cities, 
and enterprise cities under the umbrella of pursuing a balanced national 
development, brought severe consequences such as soaring land prices of local areas 
and weakening of the government’s reliability in sustaining the real estate 
stabilization. In addition, coinciding with the building of new apartments in Pangyo 
new town, the housing prices reversed its course and began to soar again in the 
second half of 2005. The prices continued to rise so dramatically that in 2006 there 
was even widespread disagreement over a possible real estate price “bubble” in 
Korea. Entering 2007, helped by the strengthened government regulations on 
taxation and finances, housing prices have shown signs of stabilization again, but a 
lock-in-effect had made the property transactions fall, leading to the overall 
sluggishness in the housing market.  

Looking into the trends in house prices by city, it shows that all the cities have 
experienced a sharp rise in prices. According to [Figure 1] showing the average 
growth rate of Korean house purchase price composite index by city from the first 
quarter of 2000 to the fourth quarter of 2007, the average growth rate of Seoul and 
Gyeonggi province recorded 9.8 percent, far higher than that of other cities. But, it 
shows that the house prices in other cities like Masan, Mokpo, and Sooncheon had 
dropped as well. This means that factors affecting house prices could be different 
across areas and cities. In other words, when house price changes are disintegrated 
by nationwide factors, local factors, and the city’s own factors, the recent steep rise in 
Korean house prices could be explained mostly by local or specific factors relating to 
respective cities. Therefore, when analyzing the recent data alone, it is possible that 
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the housing business cycle1 does not appear to exist in Korea. But, reasoning like this 
does not hold up in the long-term time series data.  

Among domestic studies regarding housing business cycle, Kim (1992) used the 
residential building permit as a proxy variable of housing business cycle. He 
classified elements affecting the housing business cycle of Korea into two variables; a 
macroeconomic variable, represented by the national income and the aggregate 
money supply, and a housing policy variable, represented by the regulation on home 
construction permit. His analysis finds that the house policy variable had more 
influence than the macroeconomic variable. According to Hur (1991), the changes in 
house purchase price were significantly affected by housing investment scale, 
inflation, land price, construction business, and income level, but not by the 
aggregate money supply. He analyzed that the government’s housing policy had the 
greatest influence on house prices. On the other hand, Lee (1992) used VAR model 
and analyzed that the changes in house prices were affected by the aggregate money 
supply in a short-term period and by inflation factors in a long-term period. Tcha 
(2004) finds that the house prices were insignificantly affected by income.  

A common feature in most preceding studies is that their analyses use the 
aggregate indicator relating to houses. This type of method does not take into 
account the heterogeneity of different areas and cities in the housing market, and 
only adopts the aggregate indicator of the national total, which would not fully 
consider heterogeneity and local characteristics in the housing market. A house 
needs to be considered differently from other assets in that it has expensive searching 
cost because of its high heterogeneity and that the geographic space is critical to the 
house price determination due to difficult mobility. Using the aggregate indicator 
means no consideration was taken on such characteristics, and also when totaling, 
the hosing indicators are likely to be determined by a few large housing markets in 
large cities with relatively large proportion. Therefore, it is highly likely that the 
empirical analysis based on the aggregate indicator will fail to reflect the true 
condition of the nationwide housing market.  

Understanding the housing business cycle is considerably significant not only in 
setting a model relating to the housing market, but also in establishing government 

                                            
1 Generally, business condition means the expansionary and contractionary phenomena that 
take place in the process of economic activity. The business cycle generally tends to have 
comovement between auto-correlation and other variables. In this report, housing business 
cycle refers to the business cycle of housing prices by city.   
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policy. If the sharp rise in house price in certain areas is attributable to the 
characteristics of the housing market of the area or city itself, justification for the 
central bank’s interest rate policy or the central government’s taxation policy in 
stabilizing the housing market would be hard. This is because the government’s 
policy on the interest rate, finances, and taxation is applied nationwide, which is not 
enough to control the rise of house prices in certain areas and cities. In order for the 
government’s housing policy to be rationalized and be applied to the whole nation, 
and not just to certain areas or cities, by applying macroeconomic variables, the 
house price swings of cities need to have some common features. To put it simply, 
finding out whether a housing business cycle exists or not is a one way to rationalize 
the government’s macroeconomic policy for a stabilized housing market through 
interest rates and taxation.  

This study conducts an empirical analysis on whether the Korea’s housing 
business cycle by city—which considers the characteristics in local areas—has the 
comovement and then it attempts to ponder which macroeconomic variable exerts an 
influence on this comovement. As a way to look into the comovement of the housing 
business cycle, the analysis disintegrates the factors behind the changes in the house 
purchase price by city and province into the nationwide, local, and city’s own factors. 
Then, the study adopts a factor model, taking into account the dynamic aspects of 
these factors and analyzes the each factor contribution in the housing business cycle 
by city through the impulse response analysis and variance decomposition. In 
addition, this study, by identifying which macroeconomic variable is good enough to 
explain a nationwide factor particularly, intends to improve the understanding of its 
relation with the house price. As mentioned earlier, macroeconomic variables mainly 
have an impact on the nationwide factors but limited one on local or city factors. 
Therefore, in order to closely look at the degree of impact of each macroeconomic 
variable of the policy authority, it would be appropriate to focus on the house price’s 
nationwide factor alone, excluding its local and city factors. To that end, the study 
uses the structural VAR and analyzes the effect of monetary policy in dealing with 
the recent house price swings, which will help to find out what kind of impact was 
made on the rise in house prices by the monetary policy.  

The remainder of the paper is organized as follows. Section 2 lays out the dynamic 
factor models and the choice of priors used in the Bayesean estimation. Section 3 
describes the data set and the empirical results followed by variance decomposition 
to disentangle the relative importance of the derived factors. Section 4 discusses 
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whether the monetary policy has any bearings on the recent hike in housing prices. 
Section 5 concludes. 

 

 [Figure 1] Housing Price Inflation by City 

5.1

4.4

5.4

6.2
6.5

5.2

6.7 6.6

2.5

3.4

2.2 2.2
2.0

2.5

3.0

2.2

3.5 3.5

7.0

3.2

4.8

0.9

2.4

1.7

-0.2
-0.5

-1.0

0.0

1.0

2.0

3.0

4.0

5.0

6.0

7.0

8.0

Se
ou

l

In
ch

eo
n

Su
w
on

Su
ng

na
m

An
ya

ng

Bu
ch

eo
n

Kw
an

gm
yu

ng

An
sa

n

C
hu

nc
he

on

W
on

ju

C
ho

ng
ju

C
hu

ng
ju

C
hu

na
n

D
ae

je
on

D
ae

gu

Po
ha

ng

Ku
m
i

M
as

an

C
ha

ng
w
on

Bu
sa

n

U
ls
an

Je
on

ju

Ik
sa

n

Kw
an

gj
u

M
ok

po

So
on

ch
eo

n

(%)

 

Note: Average House Price Inflation between 2000:Q1 ~2007:Q4. 
Source: Kookmin Bank. 

 

2. Model 

Let  be the variance-covariance matrix of  with the 
following structure:  

  

where  denotes a  matrix and  is a  diagonal matrix 
which has positive entries on the diagonal. This structure implies that  can be 
explained by  factors and idiosyncratic noise, i.e.: 

  

Representing in matrix form: 

          

where  represents a  coefficient or factor loading matrix,  
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imlies a  stochastic latent factor vector, and  is a  idiosyncratic noise 
vector with the following stochastic properties: 

  

Under this setting, the variance-covariance matrix of  takes the following form: 

  

where 

  

The dynamic factor model is composed of a -dimensional stochastic latent 
factors and noises. The factors and noises are generally modeled to be serially 
correlated to characterize the persistence of the series. The static counterparts of the 
dynamic factor models usually ignore the serial correlation hence, they are more 
popular in the cross-sectional analysis. In general, factor models identify latent 
factors which describe the best statistical properties of the data but they do not 
explicitly describe the causal relations between variables. Also, the derived factor in 
itself does not characterize any economic variables. To make any meaning out of the 
factor, one needs to find economic variables with statistical properties that are close 
to the factor.  

In this study, however, my interest lies more in finding the factor which affects the 
house price on national level rather than in characterizing the macroeconomic 
variables. More specifically, this paper decomposes housing prices explained by 
three factors: national, regional and city. The national factor is the global factor 
which affects housing prices across the country. The regional factor is the common 
factor influencing the housing prices in the same administrative region. Finally, the 
city factor is the unique factor associated with individual cities. Among those factors, 
the national factor can be considered as the main driving force to generate the 
comovement of housing business cycle.  

Consider the following dynamic factor model:  

  (1.1) 

where  denote the city,  the region, and  the average growth rate of house 
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price, which is allowed to differ across cities. One needs to note that the city-specific 
factors are not modeled explicitly in eq. (1.1) as the city factors are denoted by the 
error terms implicitly.  

Let the evolution of error terms be given by the following auto-regression of order 
: 

  (1.2) 

  

Notice that the innovations, , are assumed to have zero mean, serially 
uncorrelated. However, they are allowed to be heteroskedastic. Likewise, the law of 
motions of the factors are assumed to be governed by auto-regressions of order , 
and their innovations have the same stochastic properties described in the above 
equation, i.e.: 

  (1.3) 

  

where  implies both nation and region accordingly.  

Regarding to the identification of the model, one should note that neither the sign 
nor the size of the latent factors and the factor loadings are separately identified. In 
the literature, signs are identified by imposing one of the factor loadings to be 
positive in each factor. I follow this convention and require the factor loadings of 
each of the factors associated with Seoul metropolitan city to be positive. To fix the 
scale problem, each  is normalized to one.  

To estimate the dynamic factor models, most researchers choose one of the 
following two methods. The first method is the maximum likelihood employing 
either EM2 or Kalman filtering applied in Gregory et. al. (1997), Stock and Watson 
(1992, 1993). The alternative uses Bayesian technique via data augmentation process 
on the latent factors which are treated as missing data used in Kose, Otrok and 

                                            
2  EM process can be decomposed into two parts. First, given the initial guess of factors, 
estimate the factor loading to maximize the likelihood function (M-step). Second, given the 
estimated factor loading from the M-step, derive the factor via Kalman smoothing (E-step). 
These steps are repeated until the likelihood function is maximized.  
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Whiteman (2003).  

Considering the number of parameters in the model, I employ Bayesian method 
which is regarded to have comparative advantage in estimating models with a large 
set of parameters. The dynamic factor analysis can be thought of as a statistical 
specification of a joint density for the data  conditional on a set of parameters and 
a set of latent factors. The Bayesian method is a sequential process of estimating a 
certain set of parameters given the rest of parameters or factors. The typical 
processes of applying the Bayesian method to dynamic factor models are the 
following. The first step is to estimating the conditional probability density of the 
parameters given the starting values of factors and data. The second step is to 
generate a set of factors from the conditional distribution of the parameters and data. 
Repeating this procedure, it is possible to generate random samples from the joint 
posterior distribution for the unknown parameters and factors using a MCMC 
(Markov Chain Monte Carlo) method.  

Detailed procedures to implement the estimation are in order. Given initial values 
of the parameters and factors, I first sample the posterior distribution of parameters 
conditional on the factors. Then, the country factors are drawn from the distribution 
conditional on the parameters and regional factors. Taking the distribution 
conditional on the parameters, country factors and regional factors are sampled. This 
completes one step of the Markov chain. It is well known that the joint posterior 
distribution of the parameters and latent factor from this sequential sampling 
converges to its limiting distribution under regularity conditions satisfied in the 
above model.  

The prior distributions used in the model are similar to those employed in Kose, 
Otrok, and Whiteman (2003). The lag orders for the error term and latent variables 
are set to three. The priors for the factor loadings ( ) are , and the 
priors for the latent factors are , where  takes the following form:  

  

The variance of house price of each city ( ) has the inverse gamma distribution of 
the form , where 3. These priors are regarded quite standard in 

                                            
3 Relating to Bayesian estimation, it is quite standard to assume that the prior of parameters 
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the literature. The total number of parameters to be estimated is 209. , , 
, and  should be estimated for 26 cities, 3 autoregressive coefficients for the 

national factor4, 3 autoregressive coefficients for the regional factors for 8 regions  
( ), and 3 autoregressive coefficients for the error terms for 26 cities 
( ). Estimating this size of parameter using the classical statistical 
techniques is quite a daunting task. However, one can easily do such a task using the 
appropriate Bayesian technique. To assure the convergence of the posterior 
distribution, I first derive the posterior distribution after 5,000 repetitions of Monte 
Carlo sampling. Then, I extend the length of repetitions to 10,000 and compare this 
posterior with the previous one to see any significant differences between the two. 
No major differences between these distributions are found after the chain lenghth 
becomes 50,000, hence the empirical results reported in this paper are based on the 
sampling size of 50,0005.  

 

3. Emprical Results  

3.1. Data 

The housing price data is collected from the Kookmin Bank website 
(http:\\est.kbstar.com). Despite the criticism on the bank’s data for its construction, 
it is publicly available and most widely quoted in Korea. The Kookmin Bank, then 
the Housing Bank, began to collect the house price data of 26 cities in 1986 on a 
monthly basis. It also publishes House Purchase Price Composite Index (HPCI) 
based on the collected city-level data. Since September 2003, more cities have been 
added to the Index totaling around 150 cities. In the empirical work, I convert the 
data into quarterly frequency to mitigate the volatile feature of original data. Due to 
the limitation on the length time series, I include only 26 cities. Hence the sample 
ranges from 1986Q1 to 2007Q4. The data is then transformed into growth rates over a 

                                                                                                                                
takes beta distribution when the parameter values are confined between 0 and 1, and gamma or 
inverse gamma when the parameter values are bigger than 0.  
4 To test robustness of the model, I employ different lag orders, 2 and 4, and still find the 
similar results.   
5 For further discussion regarding Bayesian estimation, see Kim and Nelson (1999). 
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year ago. <Table 1> reports selected statistics for the sample. The average growth of 
house prices during the sample period records 4.2%. The house prices of Gyunggi 
province including Seoul metropolitan city exceed the national average, reflecting 
that the majority of price hikes in the country are led by this region. In the case of 
other cities, they are well below the national average except for Changwon and 
Ulsan. In particular, for Mokpo and Sooncheon, the average house prices have even 
decreased. In order to examine the comovement of house prices in all cities, simple 
correlations across the cities are reported in <Table 2>6. By reviewing this table, one 
can witness the correlation between cities within the same region classified by the 
administrative areas. For example, the correlations between any two cities in 
Gyunggi province are higher than 0.7, while most of the correlations between these 
cities and any other cities outside this region are far below 0.7. One can infer from 
this finding that the regional factor has a significant influence on explaining the price 
comovement within the region. However, this may not always be the case when one 
takes into account the global factor. Suppose all the cities in a certain region are 
strongly affected by the global factor, then the correlations among those cities 
become large not because of regional influences but because of the global factor 
which affects the house prices in a similar manner.  

To clarify the above argument, consider the following factor model: 

  

where  impies national factor ,  regional factor, and  city factor. Then, the 
correlation between two cities  with the same region can be expressed as 
follows:  

  

If the correlation between two cities is explained mainly by , regional 
factors will have a limited power in characterizing the comovement of house prices 
with the region. One needs to come up with sophisticated tools to disentangle the 
mixed effects from the national and regional effects. In the following, the growth of 
house prices is decomposed into three factors: national, regional and city, and 
relative contributions of each factor on price growth will be discussed in due course.  

 
                                            
6 To save the space, I report only 15 selected cities. 
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<Table 1> Selected Statistics on House Price Growth in 26 Cities 

 (YOY, %) 

Region(8) City(26) Average Std. Dev Min Max 

All nation  4.20 7.84 -12.80 20.81 

Seoul 5.07 9.09 -14.23 23.97 
Incheon 4.36 8.60 -12.86 23.82 
Suwon 5.40 11.04 -18.37 33.50 

Sungnam 6.16 11.26 -14.93 29.20 
Anyang 6.47 9.98 -17.78 35.15 
Bucheon 5.20 9.41 -10.74 31.37 

Kwangmyung 6.74 11.68 -14.37 34.37 

Kyunggi 

Ansan 6.57 12.11 -16.72 44.60 
Chuncheon 2.46 9.41 -16.34 33.21 Kwangwon 

Wonju 3.44 9.44 -15.00 31.63 
Chungju 2.18 6.53 -11.57 16.17 Chungbuk 
Choongju 2.23 7.12 -14.95 28.56 
Chunan 2.00 8.87 -12.35 23.13 Chungnam 
Daejeon 2.54 6.14 -10.42 19.73 
Daegu 3.01 9.16 -15.35 38.67 
Pohang 2.21 7.89 -9.58 34.60 

Kyungbuk 

Gumi 3.48 9.36 -13.68 33.41 
Masan 3.46 11.35 -12.69 50.26 

Changwon 7.05 11.85 -18.72 55.39 
Busan 3.24 9.42 -13.08 29.93 

Kyungnam 

Ulsan 4.81 9.69 -15.55 31.98 
Jeonju 0.91 5.84 -14.34 15.33 Jeonbuk 
Iksan 2.39 7.64 -8.38 34.78 

Kwangju 1.67 7.58 -15.67 29.85 
Mokpo -0.16 7.28 -9.49 33.24 

Jeonnam 

Sooncheon -0.46 6.90 -13.20 19.28 
Note: The sample period is 1987:Q1~2007:Q4. 
Source: Kookmin Bank. 
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<Table 2> Correlation among Selected Cities 

 

   All A B C D E F G H I J K L M N O 

 All 1.00                

A 0.96 1.00               

B 0.93 0.92 1.00              

C 0.85 0.89 0.80 1.00             

D 0.82 0.89 0.79 0.77 1.00            

E 0.80 0.86 0.78 0.75 0.88 1.00           

F 0.87 0.93 0.88 0.93 0.81 0.79 1.00          

G 0.83 0.88 0.83 0.84 0.79 0.71 0.84 1.00         

Gyunggi 

  

H 0.89 0.84 0.91 0.73 0.70 0.76 0.79 0.68 1.00        

Kwangwon I 0.72 0.61 0.57 0.63 0.50 0.37 0.55 0.66 0.52 1.00       

Chungbuk J 0.72 0.67 0.67 0.54 0.61 0.51 0.49 0.74 0.51 0.78 1.00      

Chungnam K 0.69 0.69 0.63 0.69 0.69 0.47 0.65 0.73 0.51 0.58 0.54 1.00     

Kyungbuk L 0.80 0.66 0.68 0.45 0.51 0.58 0.50 0.44 0.75 0.55 0.57 0.44 1.00    

Kyungnam M 0.89 0.75 0.77 0.64 0.55 0.51 0.66 0.61 0.80 0.71 0.63 0.60 0.87 1.00   

Jeonbuk N 0.80 0.67 0.66 0.63 0.55 0.54 0.58 0.54 0.76 0.74 0.58 0.47 0.75 0.81 1.00  

Jeonnam O 0.73 0.58 0.61 0.47 0.51 0.53 0.41 0.49 0.71 0.72 0.68 0.32 0.74 0.75 0.84 1.00 

Note: To save space, we use the following abbreviation: S(Seoul), B(Incheon), C(Suwon), D(Sungnam), E(Anyang), 
F(Bucheon), G(Kwangmyung), H(Ansan), I(Chuncheon), J(Chungju), K((Deajeon), L(Daegu), M(Busan), 
N(Jeonju), O(Kwangju). 
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3.2 Dynamic Factors 

The median and 10th and 90th percentiles of the posterior distribution of the 
autoregressive coefficients of the national factor are presented in <Table 3>7. The 
median value of the coefficient on the first lag marks 0.87, indicating high persistence 
of the national factor. [Figure 3] plots the median of the national factor along with the 
national house sales price composite index. The dotted lines show the 80 percent 
posterior confidence band.  

One can see that the confidence band gets wider at the peak or trough of the 
national factor, while the band is quite tight in other periods. This implies that the 
growth of house prices becomes more volatile around turning points. The national 
factor seems to track well at both the up-period when the housing prices increase 
across the nation in 1987~1989, 2001-2002, and 2006, and the down-period in 
1992~1993, and 1998. 

 

<Table 3> Autoregressive Coefficients on National Factor 

 

    

10% Median 90%  10% Median 90% 10% Median 90% 

0.75  0.87  0.97   0.14  0.21  0.27  -0.22  -0.18  -0.13  

 

Another feature observed in [Figure 2] is the similar moving patterns of the 
growth rate of the national house purchase price composite index and the national 
factor. Given the fact that the national index is the weighted sum of the nationwide, 
local, and city’s own factors, the gaps between these indicators are mostly the ups or 
downs driven by the local and city’s own factors. Based on this figure, the periodical 
trends in house price changes caused by housing factors can be described as follows. 
In 1987, due to a series of bullish factors, such as the “three low periods—the low oil 
price, the low value of the US dollar, and the low interest rate,“ the increased money 
supply, and 1988 Seoul Olympic, the house prices across the country had climbed 
sharply. After 1988, as several regulations and the plan for the supply of 2 million 

                                            
7 The estimates of factor loadings are presented in Appendix. 
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houses during the Roh Administration’s kick-off, the house prices driven by the 
nationwide factor began to fall, but as shown in the case of the overheated 
subscription for new houses in the five new towns including Bundang and Ilsan in a 
capital region, the upward trend driven by local or city’s own factors had continued, 
pushing the national house purchase price composite index up to over 13 percent. 
Later, as the public concept of land ownership8 was carried out on a full scale, house 
price dropped rapidly. Considering the movement of the national house purchase 
price composite index and the nationwide factor, it is assumed that the public 
concept of land had a nationwide influence. After the Kim Young-sam 
Administration in 1993, the house prices across the country had continued to 
stabilize. It seemed that the effect of supply of 2 million houses, in particular, 
contributed to the downward stabilization of house prices in certain areas. During 
this period, the gap between the growth rate of house prices driven by a nationwide 
factor and the national house purchase price composite index in real terms had 
widened, which seemed because of the expanded explanatory power driven by the 
local factor of supply of 2 million houses. In 1998, with the launch of Kim Dae-jung 
Administration, the government encouraged the revitalization of the real estate 
business as a way to help the Korean economy recover from the financial crisis. Then, 
the house prices began to recover. A number of policies implemented in the early 
stage of the Kim Administration include the deregulation of the price ceiling policy, 
a temporary exemption on the capital gains tax, the elimination of the period limit on 
re-acquiring the right to buy new apartments offered by the private sector, and the 
alleviated requirements for rental housing business. These policies served to slow 
down the downward trend in the house prices, which can be explained by a 
nationwide factor. The rise in house prices after 2002 led by the reconstruction of 
apartment complex in Kangnam is largely attributable to the city’s own factor rather 
than by a nationwide factor. This could be presumed from the fact that since 2002 the 
gap between the growth rate of the national house purchase price index and the 
nationwide factor has widened. The house prices fell again in 2003, as the new Roh 
Administration pushed for strengthened real estate regulations, including heavier 
capital gains tax, the newly launched Comprehensive Property Tax (CPT), and the 

                                            
8 Systems related to the public concept of land ownership include the residential land ceiling, 
the excessively increased valuable land tax, and the contribution system for development. The 
residential land ceiling was abolished in Dec. 1998, and the excessively increased valuable land 
tax was also abolished in Dec. 1998, after the Constitution Court ruled it unconstitutional. The 
contribution system for development was suspended in 2004, but reinstated in 2005 after the 31 
August 2005 package was announced.  
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loan-to-value (LTV) and the debt-to-income (DTI) regulations. However, in 2006, the 
house prices turned to rise again due to the overheated purchase orders for new 
houses in new towns including Pangyo and the soaring prices of local lands and the 
land compensation cost’s reflux into the capital region, brought by the plan for 
creating new administrative city, innovation cities, and enterprise cities. But, the rise 
of house prices during this period is considered to be driven by bullish factors of 
certain areas and cities, not by a nationwide factor.  

 [Figure 3] is made by the growth rates of house prices by the city, nationwide, 
and local factors. One thing that needs to be pointed out here is that local factors 
have made almost no contribution to the growth rate of house prices. For instance, 
with the local factor of province, there are few to explain the rise of house prices in 
Daegu, Pohang, and Gumi in the northern province of Gyeongsang. This means that 
since these cities are located far from each other, there is no appreciable mutual effect 
on the house prices. If a phenomenon like this is observed in one particular area, this 
could be considered as the characteristics of the house prices in that area. However, 
given the fact that such trend is observed in all subject areas, it can be analyzed that 
when it comes to the rise in house prices, its comovement by city within each eight 
province is insignificant. 

Along with that, [Figure 3] suggests a high possibility that the soaring house prices 
observed in 2006 was probably a local bubble, not a nationwide one. During the 
same period, the growth rate of the house price in the cities of Gyeonggi province 
rose above a nationwide factor, while most other cities showed a similar pattern or 
fell. This means that the house price rise in cities of Gyeonggi province was largely 
driven by the city’s own factors.  
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 [Figure 2] National Factor and Housing Price Composite Index 

 

Note: The bold line indicates the median values of the posterior distribution of the national factor, 

the dotted lines are 80% of the confidence band and the thin line is the growth rate of 

housing price of composite index.  

 

[Figure 3] National, Regional Factor and Growth of House Price by City 

 

Note: The bold line indicates the national factor, the dotted line is regional factor and the thin line 
is the growth rate of house price of individual city. 
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3.3 Variance Decomposition 

To measure the relative contributions of the national, regional and city factors to 
variations in the growth rate of house price, the shares of the variance of each factor 
to the house price are estimated. I decompose the variance of house price into the 
fraction of each factor. With orthogonal factors, the variance of the growth of house 
price of city  can be decomposed as follows:  

  

Then, the variance contributions due to the national and regional factors can be 
written: 

  

and the fraction of variance explained by city specific factors will be defined as: 

  

<Table 4> displays the variance shares of each factor in 26 cities. The average 
median share of the national factor stands at 56 percent, indicating the existence of 
comovement of housing business cycle in Korea. Especially, the fraction of 
volatility due to the national factor on Seoul, Incheon, Ansan, Busan and Ulsan is 
more than 70 percent, accounting for the high correlation observed in [Table 2]. 
Note that the contribution of the national factor to house prices in Daejeon is 
relatively small compared to other big cities. Looking at [Figure 3], the house 
prices of Daejeon tend to be isolated from the national factor in periods after 2003. 
In particular, house prices of this city increase while the national factor points to 
decline in 2004. This might be related with the construction of new administrative 
city under which project a total of 49 government institutions are planned to be 
relocated near Deajeon area. While the variance shares attributable to the regional 
factors are minuscule, the contributions from the city specific factors range from 20 
to 70 percent. This suggests that housing-related policies of local governments 
have a significant influence along with those of the central government.   

Identifying the sources of changes of house prices is quite important in the 
following sense. When house price hikes are caused by the policy imposed by the 
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local government, macroeconomic policies by the central government to unwind 
the course of the house prices will have limited effects. Macroeconomic policy 
interventions to fend off soaring house prices could be rationalized only when the 
changes in house prices are nationwide.  

<Table 4> Variance Decomposition 

 

  National Regional City 

  10% Median 90% 10% Median 90% 10% Median 90% 

Seoul 0.689  0.715  0.738   0.001  0.002  0.003   0.258  0.281  0.307  

Incheon 0.702  0.729  0.748   0.001  0.002  0.003   0.248  0.268  0.294  

Suwon 0.535  0.560  0.581   0.002  0.003  0.004   0.413  0.435  0.459  

Sungnam 0.504  0.530  0.551   0.002  0.003  0.005   0.443  0.464  0.489  

Anyang 0.465  0.488  0.507   0.002  0.003  0.005   0.487  0.506  0.529  

Bucheon 0.536  0.563  0.587   0.002  0.003  0.004   0.408  0.431  0.458  

Kwangmyung 0.533  0.559  0.580   0.002  0.003  0.004   0.414  0.435  0.460  

Ansan 0.705  0.729  0.747   0.001  0.002  0.003   0.249  0.267  0.292  

Chuncheon 0.542  0.563  0.579   0.002  0.004  0.006   0.411  0.428  0.448  

Wonju 0.608  0.629  0.646   0.002  0.003  0.005   0.346  0.362  0.383  

Chungju 0.391  0.411  0.427   0.002  0.004  0.006   0.564  0.581  0.600  

Choongju 0.496  0.513  0.526   0.002  0.003  0.005   0.468  0.481  0.497  

Cheonan 0.497  0.516  0.532   0.002  0.004  0.006   0.458  0.473  0.492  

Deajeon 0.380  0.397  0.411   0.003  0.005  0.007   0.578  0.592  0.608  

Daegu 0.613  0.639  0.660   0.001  0.002  0.004   0.335  0.356  0.382  

Pohang 0.403  0.426  0.446   0.002  0.004  0.006   0.545  0.565  0.589  

Gumi 0.613  0.637  0.656   0.001  0.002  0.004   0.339  0.358  0.381  

Asan 0.364  0.389  0.410   0.003  0.004  0.007   0.578  0.600  0.624  

Changwon 0.638  0.661  0.680   0.001  0.002  0.004   0.315  0.334  0.357  

Busan 0.744  0.772  0.792   0.001  0.002  0.003   0.204  0.225  0.252  

Ulsan 0.669  0.704  0.734   0.001  0.002  0.004   0.261  0.290  0.324  

Jeonju 0.669  0.695  0.713   0.002  0.003  0.006   0.277  0.294  0.319  

Iksan 0.572  0.596  0.615   0.002  0.004  0.006   0.374  0.393  0.417  

Kwangju 0.600  0.624  0.645   0.002  0.003  0.005   0.347  0.367  0.392  

Mokpo 0.258  0.275  0.291   0.003  0.006  0.009   0.694  0.711  0.728  

Sooncheon 0.300  0.322  0.344  0.003  0.006  0.009  0.639  0.660  0.683  
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3.4 National Factor and Macroeconomic Variables 

Because the factors are unobservable and extracted based on the statistical 
relationships to time series I observe, it is hard to describe what the factors are. 
However, one can rightly conjecture that the national factor should be related with 
underlying macro variables. In factor models, it is more of a rule rather than an 
exception to track the seemingly related economic variables with derived factor to 
characterize the economic contents of the factor. In the same vein, I try to relate a set 
of underlying macroeconomic variables to the national factor. Simple regressions 
with different lags are employed to characterize the factors with proper 
macroeconomic variables. The regression equations are modeled as:  

  

where  denotes growth rates of monetary bases, interest rates and incomes and 
 is the lag order of explanatory variables.  

<Table 5> presents the regression results. Among monetary bases,  and   
have low correlation with the national factor in terms of determination coefficients 
( ). The highest  is 0.08 and the lowest is 0.04 in all lags. However, , measure 
of total liquidity, has a higher correlation with statistically significant coefficients at a 
1% significance level.  is the measure of liquidity including deposits from non-
bank financial institutions. This finding can be interpreted to mean that a significant 
portion of construction sectors’ financing are channeled through those non-bank 
financial institutions. Overall, the determination coefficients are relatively smaller 
than other macroeconomic variables.  

Once the interest rates are used, we have a different picture. Among the interest 
measures, call, CD and 3-year Treasury bond rates have higher correlations with the 
national factor. The determination coefficients range from 0.08 to 0.40. One can notice 
that lagged interest rates have higher correlations with the national factor, 
suggesting national housing prices response to the change in interest rates one or 
two periods later. The signs of coefficients are negative which is exactly what we 
expect. What is interesting is that 1-year Treasury bonds have insignificant 
coefficient and low ’s compared to those of 3-year treasury bonds. As 3-year 
treasury bonds are the benchmark issues, prices reflect market conditions due to 
high transactions on these bonds. On the contrary, the market transactions on 1-year 
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Treasury bonds are not frequent and their prices are less affected by underlying 
macroeconomic situations. Also, the interest rate on corporate bonds with credit 
rating of AA- turns out almost no correlation with the national factor. This can be 
understood as the interest rate levied on corporate bonds reflects more of the credit 
availability of a firm rather than the general economic activities.  

The s when a set of income measures are used as regressors are distributed 
between 0.08 and 0.17. In contrast to the case of interest rates, contemporaneous 
measures of income show higher  than lagged ones except for the real GDP. This 
indicates that the contemporaneous relations between nominal GDP and the national 
factor are convoluted by GDP deflator, suggesting the contemporaneous correlation 
between general price and the national factor.   

Summing up, the growths of house prices explained by the national factor are 
characterized better by lagged macroeconomic variables than contemporaneous ones. 
It is widely known that asset prices are regarded as leading indicators. However, it is 
not the case when the asset is a house. This might be caused by the different nature 
of housing asset which is not shared by many other assets: high transaction costs, 
non-divisibility of the asset, minimum holding period to avoid heavy sales taxes, etc9.  

 

                                            
9 Tax policies have a huge impact on house prices inarguably. But, I omit this line of study for 
two reasons. First, the national factor is a continuous variable while tax policies are discrete. 
Second, the timing of the effect of tax policies are obscure. Besides, even within the same policy, 
minor changes have been made time to time to make it difficult to measure the impact of the 
original policy.  
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<Table 5> National Factor and Macroeconomic Variables 

 

Lag ( ) 

0  1  2 

  

      

 0.09* 0.04   0.12** 0.08   0.12** 0.07  

 0.10* 0.04   0.12** 0.05   0.13** 0.06  

Money 

 0.18*** 0.10   0.20*** 0.12   0.20*** 0.12  

Call -0.21** 0.08   -0.33*** 0.23   -0.43*** 0.40  

CD -0.22** 0.10   -0.33*** 0.24   -0.42*** 0.39  

TB(1 year) -0.32 0.02   -0.37 0.02   -0.39 0.03  

TB(3 year) -0.43*** 0.19   -0.54*** 0.29   -0.61*** 0.37  

Interest 

rate 

CB(AA-) 0.08 0.01   -0.03 0.00   -0.11 0.01  

GDP 0.30*** 0.16   0.27*** 0.13   0.22*** 0.08  

GNI 0.31*** 0.17   0.28*** 0.15   0.23*** 0.10  

Income 

 

Real GDP 0.37*** 0.13  0.43*** 0.18  0.42*** 0.17  

Note: The sample period is 1990:Q1~2007:Q4. *, **, and **** indicate the statistical significance at 10%, 5%, 
and 1%, respectively.  
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4. House Prices and Monetary Policy 

Of macroeconomic variables, the fact that the explanatory power of the interest 
rate indicator is high on a nationwide factor means that the interest rate policy of the 
central bank which has the right to make decisions on short-term interest rates is 
closely related to the rate of the house price rise. The central bank’s interest rate 
policy can be divided into two parts: one equivalent to the reaction function that is 
determined depending on the market condition; and the other equivalent to a pure 
monetary shock. What brings our attention here is the actual effect that the pure 
shock, one of the low interest rate policies of the central bank, has made on house 
prices nationwide. The preceding studies on house prices and the interest rate mostly 
focused on knowing the relation between the two through regression analysis. 
However, these analyses have a problem of not properly considering the response 
function that exists in the interest rate. Besides, since the response function is 
endogenous, a problem could occur in the econometrics side as well, and the 
coexistence of endogenous and exogenous functions makes it difficult to accurately 
analyze the effect of the interest rate policy which is recognized as an external shock.  

In this regard, this study uses the structural vector auto-regression model and 
attempts to identify a pure monetary shock. Based on the identified monetary shock, 
the study intends to answer the following question: 

Question: If there had not been an exogenous monetary shock of the central bank, what 
would have happened to the growth rate of the house prices which are explained by a national 
factor after the second quarter of 2003? In other words, to what degree does the central bank’s 
exogenous monetary policy had contributed to the rise in house prices represented by a 
national factor after the second quarter of 2003? 

In order to find the answer to this question, a counterfactual historical simulation 
needs to be conducted. This simulation is carried out by making the central bank’s 
monetary policy determined purely by the endogenous function, after eliminating 
the structural monetary shock later than the second quarter of 2003. In this case, the 
difference between the growth rate of house prices by a national factor and the 
counterfactual historical simulation can be understood as the growth rate of house 
prices caused by a purely exogenous monetary shock. The reason for using the 
growth rate of house prices by a national factor instead of the national growth rate of 
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house prices is because the growth rate of house prices driven by the local and city’s 
own factors has no significant relation with the monetary policy since the effect of 
monetary policy occurs across the nation.  

To answer this question, I construct the following 4-variable structural VAR: 

  

where  [real GDP growth, CPI inflation, national factor, Call rate]. To identify 
monetary shocks, I employ sign restriction methods introduced by Faust (1998), 
Uhlig (1999), Canova and De Nocolo (2002). In many structural VARs, the 
identification problems are tackled either by introducing restrictions on covariance 
matrices or imposing zero restrictions on contemporaneous relations. Under sign 
restrictions, identification problems are tackled by letting impulse responses 
restricted to match the stylized facts under a given structural shock. To be concrete, I 
simulate impulse responses from a multivariate normal random draw based on the 
covariance of the residuals estimated after Bayesian VAR. Then, I record the draw to 
be structural when the corresponding impulse responses meet the sign restrictions 
and discard it otherwise. I repeat this process for 10,000 times to identify 
technological and monetary shocks.  

The sign restrictions imposed to identify technological shocks are as follows: real 
GDP growth should be non-negative and CPI inflation should be non-positive at 
least after the first 2 quarters after the shock.10 [Figure 4] exhibits the impulse 
responses up to 20 quarters after technological shocks. Here, I show the median as 
well as the 10% and the 90% quintiles for the sample of impulse responses. The 
technology shock drives up house prices denoted by the national factor for 3 quarters, 
its impact seems to be limited considering confidence bands, though. Call rate 
declines after the shock which is consistent with earlier findings.  

In order to identify monetary shocks, I impose the following sign restrictions: real 
GDP growth and CPI inflation should be non-positive at least for 2 quarters after the 
shock.11 The impulse responses as well as the 10% and the 90% confidence bands are 
presented in [Figure 5]. The results show that contractionary monetary shocks affect 
the house prices explained by the national factor negatively for around 8 periods and 
lower inflation for about 5 periods. The results are fairly reasonable in that they 

                                            
10 Regarding the lag structures on sign restrictions, I adopt those used in Uhlig (1999). 
11 These restrictions are considered to avoid price puzzle problems known as perverse in VAR 
literature. Directed by AIC, the time lag is set to 3. 
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confirm the stylized facts illustrated in undergraduate textbooks.  

 

[Figure 4] Impulse Responses to Technology Shocks 

 

 
Note: The dotted lines denote the 10% and the 90% confidence bands. 

 

[Figure 5] Impulse Responses to Monetary Shocks 

 

Note: The dotted lines denote the 10% and the 90% confidence bands. 
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Based on the monetary shocks identified under the sign-restricted VAR, [Figure 6] 
presents the results of a historical counterfactual exercise to answer the question laid 
out at the beginning of this section. According to results, the house prices would 
have lowered by around 1 percentage point during 2003:Q2~2003:Q3, had there not 
been an exogenous monetary shock of the monetary authority. Afterwards, its 
impact on house prices becomes weak until the mid 2006. During this period, the 
house prices under the counterfactual experiment moves almost in tandem with the 
historical prices, suggesting monetary policy shocks have little contribution on the 
house prices.  

As the house prices rebounded at the end of 2005, the monetary authority became 
more contractionary and started to raise benchmark interest rates, rendering the 
actual prices move below the counterfactual prices. Despite the continued 
contractionary policy of the central bank, its impacts are contrary to what we expect 
under purely exogenous monetary policy shocks after the second half of 2006. If the 
contractionary monetary policy shocks had been exogenous apart from the feedback 
from the underlying economic conditions, the actual prices should have been below 
the counterfactual prices. This finding gives a weak footing on the argument that the 
monetary tightening observed after 2006 is purely exogenous. Rather, it seems to be 
more reasonable to claim that the contractionary policy in this period is based on its 
feedback rule of the central bank, i.e. endogenous responses to the underlying 
macroeconomic fundamentals such as CPI inflation, real estate taxes, and real GDP, 
etc. Rounding up, the counterfactual experiment reveals that the tightening of the 
monetary policy witnessed since 2006 is the result of accommodating the economic 
status rather than purely exogenous monetary shocks.  



 25

[Figure 6] Actual and Counterfactual House Prices induced by the National Factor 

 

Note: The dotted lines indicate the 10% and the 90% confidence intervals. 

 

5. Conclusion 

Of the national wealth, the proportion of the real estate such as houses is 
significantly larger than that of stocks, bonds, or foreign reserves. In particular, the 
house price has potentially much higher ripple effect than general macroeconomic 
policy since it directly exerts an influence on the resource allocation within the 
national economy and people’s quality of life through the residential service. In this 
regard, looking into which macroeconomic variable brings the most significant 
impact on the determination of house prices, and making efforts to identify whether 
the changes in house prices are local phenomenon or nationwide are of great 
importance in terms of establishing a real estate-related model or policy stance.  

This paper investigates the relative importance of national, regional, and city-
specific factors on explaining the movement of housing prices across Korean cities. 
For this purpose, I employ a dynamic factor model using a Bayesian approach to 
measure the contributions of each factor. The variance decomposition analysis 
illustrates that most of the movement of Korean housing prices are ascribed to the 
national factor which accounts for 56% of housing price variations on average and 
over 70% in 5 cities including Seoul and Pusan. This demonstrates the existence of 
comovement of housing prices in Korean cities, which has been discussed in both 
academics and real estate industry without providing any solid evidence so far. This 
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paper also finds that the contribution of city-specific factors ranges from 20% to 70%. 
However, the regional factors have negligible impacts on housing price fluctuations 
in all cities. 

The analysis on specifically which economic variable affects the nationwide factor 
out of latent factors deducted from a dynamic factor model shows that the interest 
rate and the incomes are closely related. Lastly, according to a counterfactual 
historical simulation on the effect of the low interest rate since 2003 on the house 
price, which uses the structural VAR, it is found that the exogenous monetary shock 
in the late 2003 affected the rise in house prices, but later until the late 2005 the 
monetary shock had not made a notable impact on house prices. In particular, it is 
found that the high interest rate situation after 2006 was driven more by the response 
function of the interest rate determined based on the economic status at that time 
than by the central bank’s exogenous monetary tightening policy. Therefore, it is 
concluded that the changes in house prices at that time were more affected by other 
macroeconomic variables, such as CPI inflation, real estate taxation, and real GDP 
than by exogenous monetary shocks.  
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<Appendix> Estimation Results of Dynamic Factor Model 

Model:  

 

   
  

10% Median 90% 10% Median 90% 10% Median 90% 

Seoul 0.41  0.65  0.89   0.48  0.60  0.73   0.03  0.04  0.05  

Incheon 0.57  0.81  1.04   0.30  0.38  0.46   -0.01  0.00  0.02  

Suwon 0.38  0.63  0.89   0.16  0.26  0.37   -0.01  0.00  0.02  

Sungnam 0.22  0.46  0.72   0.53  0.67  0.80   -0.02  0.01  0.04  

Anyang 0.42  0.68  0.94   0.56  0.70  0.85   -0.02  0.01  0.04  

Bucheon 0.52  0.75  0.99   0.36  0.45  0.55   -0.01  0.01  0.02  

Kwangmyung 0.35  0.60  0.85   0.56  0.69  0.83   -0.02  0.01  0.04  

Ansan 0.39  0.65  0.90   0.58  0.73  0.89   -0.02  0.01  0.03  

Chuncheon -0.12  0.12  0.36   0.24  0.29  0.36   -0.02  0.01  0.04  

Wonju 0.07  0.32  0.56   0.22  0.27  0.33   -0.03  0.01  0.06  

Chungju 0.23  0.44  0.65   0.11  0.15  0.19   -0.02  0.00  0.04  

Choongju 0.11  0.32  0.52   0.36  0.44  0.53   -0.04  0.01  0.07  

Cheonan -0.02  0.22  0.45   0.18  0.23  0.29   0.00  0.00  0.01  

Deajeon 0.22  0.44  0.67   0.23  0.29  0.36   0.00  0.00  0.02  

Daegu 0.15  0.38  0.61   0.40  0.49  0.58   -0.03  0.01  0.05  

Pohang 0.14  0.36  0.58   0.20  0.25  0.31   -0.02  0.01  0.04  

Gumi 0.06  0.28  0.52   0.40  0.50  0.60   -0.06  0.01  0.08  

Masan -0.07  0.16  0.42   0.41  0.50  0.61   -0.03  0.01  0.05  

Changwon 0.44  0.69  0.93   0.67  0.83  0.99   -0.05  0.02  0.09  

Busan 0.06  0.29  0.52   0.36  0.45  0.54   -0.02  0.01  0.04  

Ulsan 0.06  0.29  0.53   0.10  0.15  0.21   -0.03  0.00  0.03  

Jeonju -0.19  0.02  0.22   0.15  0.19  0.23   -0.02  0.02  0.08  

Iksan 0.20  0.41  0.63   0.15  0.20  0.25   -0.04  0.02  0.08  

Kwangju -0.07  0.14  0.36   0.15  0.19  0.24   -0.03  0.01  0.06  

Mokpo -0.51  -0.29  -0.08   0.17  0.23  0.29   -0.04  0.02  0.09  

Sooncheon -0.42  -0.19  0.03  0.14  0.19  0.24  -0.05  0.02  0.09  

 

 

 


