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ABSTRACT 
 
 

This study discovers and analyzes price premium (discount/surcharge) factors in the real estate auction market. 
Unlike existing bottom-up studies based on individual auction cases, a top-down time-series analysis is 
conducted, assuming that the price premium factor varies over time. To overcome limitations such as the 
difference between the court appraisal time1 and the auctioned time, and the difficulty of using external data on 
court appraisals and price premium factors, the Fourier transform is utilized to extract the court appraisals and 
price premium factors in reverse. The extracted components are verified to determine if they can play a role as 
each factor. The price premium factor is found to have a similar movement to the difference in past values of 
the auction sale rate, and, as it signifies the discounts/surcharges in the auction market compared to the general 
market, it is named the “momentum factor”. Furthermore, by leveraging the momentum factor, the price 
premium can be differentiated by region, and the extent of the price premium applied can be distinguished over 
various time periods compared to the general market. Given the clustering tendency, the momentum factor can 
be a significant indicator for auction market participants to detect market changes. 

 
 

1. INTRODUCTION 
 

The housing auction market in Korea is one of the real estate markets, and many stakeholders such as mortgage banks, 
arbitrage investors, and non-performing loan operators are deeply involved. In general, there is a perception that the 
auction market is surcharged or discounted compared to the general market. If the auction market is an efficient and fair-
trading market, it will not be different from the general market price, but most housing auction cases are implemented 
by default, so it is known that have legal issues and that applies as a discount factor. However, the bottom-up analysis 
based on individual auction cases, which is a method mainly used in previous studies on discounts and surcharges, is 
limited in time and space, and the time-varying effect cannot be considered, and the results of the analysis are limited 
and dependent on the data held by the researcher. 
 To overcome these limitations, it should be carried out the analysis from the market perspective, but the time series 
data Auction Sale Rate is unreliable as an indicator because the court appraiser price, which is the standard, is performed 
at the past rather than at the time of the auctioned price. It is difficult to specify the time of court appraisal as a variable 
in the model because it varies from case to case of individual auction how much it is in the past at the time of successful 
bid, and even if the time is known, the court appraisal price cannot be accurately estimated. Individual cases can be 
investigated in a bottom-up manner to return the point of view based on the general market price, but it is a very vast 
task and likewise a study limited to time and space.  
 The target of this paper is the apartment auction market, and to overcome the limitations of the auction sale rate, the 
auction sale rate is decomposed into three components in a top-down manner using Fourier transform. The proof of the 
decomposed each component is performed. And the price premium effect at the auction market is presumed and the 
reason is analyzed and the section discrimination in which the price premium effect acts is attempted. In addition, the 
time-varying beta through the Kalman filter is used to support the price premium effect, and the analysis of how the 
price premium effect differs in each region's market is also performed. 
 

2. LITERATURE REVIEW 
 

Shilling et al (1990) analyzed the apartment auction in 1985 in the baton lounge, Louisiana, USA, and found an auction 
discount rate of -24%, Forgey et al (1994) analyzed houses from 1991 to 1993 in the United States and found that they 
were traded at a -23% discount. Spring (1996) analyzed foreclosures in Texas from 1991 to 1993 and found a 4-6% 
discount, Clauretie and daneshvary (2009) analyzed the housing auctions from 2004 to 2007 and found that about 7.5% 
of foreclosures were discounted because of endogenous and autocorrelation.  
 Campbell et al (2011) analyzed about 1.8 million housing transactions in Massachusetts and found that the discount 
rates for foreclosures and deaths were different. Zhou et al (2015) found that on average, 16 cities in the United States 
were discounted by 14.7%, Arslan, Guler & Tasking (2015) analyzed that a 1% increase in risk-free interest rates led to 
a 27% drop in house prices and a 3% increase in foreclosure rates.Jin (2010) compared and analyzed the general sale 
price and the auction price of apartments in Dobong-gu, Seoul and Suji-gu, Yongin-si, Korea, and found that the auction 
price is more discounted than the general transaction price. Lee (2012) noted that the real estate market is not efficient 
and is one of the anomalies of the discount / surcharge phenomenon in the apartment auction market.  

 
1 In Korea, private auctions are not permitted, and auctions are conducted through the court. When an auction case arises, the court performs an 
appraisal based on the market price at the time the auction is initiated. 



 Lee (2009) and Oh (2021) pointed out the limitations that occurred when the court appraisal price and the auctioned 
price were different and estimated the auction sale rate by correcting the court appraisal price to the auctioned time.    
 However, previous studies mainly focus on the analysis of variables in the bottom-up method along with the limitation 
of space and time based on individual auction cases. In addition, it is difficult to see the analysis in the same 
environment as Korea because the cases other than Korea adopt the open bidding system. 
 

3. MATERIALS AND METHOD 
 

3.1 Decomposition of Auction Sale Rate 
 

 Configuration of the auction sale rate defined as 
 

(1) 𝐴𝑢𝑐𝑡𝑖𝑜𝑛	𝑆𝑎𝑙𝑒	𝑅𝑎𝑡𝑒	! =
∑ 	! $%&!'()*+	,-'&*!"
∑ 	! $..-/'0/1	,-'&*!"#$

	 
 

(2) 𝐴𝑢𝑐𝑡𝑖𝑜𝑛𝑒𝑑	𝑃𝑟𝑖𝑐𝑒! = 	𝑀𝑎𝑟𝑘𝑒𝑡	𝑃𝑟𝑖𝑐𝑒! ± 𝑃𝑟𝑖𝑐𝑒	𝑃𝑟𝑒𝑚𝑖𝑢𝑚!	(= 𝑑𝑖𝑠𝑐𝑜𝑢𝑛𝑡	𝑜𝑟	𝑠𝑢𝑟𝑐ℎ𝑎𝑟𝑔𝑒)   
 

(3) 𝐴𝑢𝑐𝑡𝑖𝑜𝑛	𝑆𝑎𝑙𝑒	𝑅𝑎𝑡𝑒	! =
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(4) If 𝑃𝑟𝑖𝑐𝑒	𝑃𝑟𝑒𝑚𝑖𝑢𝑚! = 0	, 𝑀𝑎𝑟𝑘𝑒𝑡	𝑃𝑟𝑖𝑐𝑒! = 𝐴𝑢𝑐𝑡𝑖𝑜𝑛𝑒𝑑	𝑃𝑟𝑖𝑐𝑒!  

  
Where 𝑖 is each auction case, 𝑡 is each per month. If the auctioned price is discounted and surcharged compared to 

the general market price, the component can be separated as shown in (2), and if there is no discount and surcharge, it 
can be expressed as shown in (4). In order to estimate the price premium effect, which is the discount or surcharge, it 
can be defined in the Regression form as shown in (5), and it is assumed that the explanatory power of each component 
is as shown in (6). 

 
 In the Regression form in terms of effects,  

 
(5) 𝐴𝑢𝑐𝑡𝑖𝑜𝑛	𝑆𝑎𝑙𝑒	𝑅𝑎𝑡𝑒	! = 𝛽8!+𝛽9𝐸𝑜𝑀 + 𝛽:𝐸𝑜𝐴! +	𝛽;𝐸𝑜𝑃! + 𝜖! 

 
(6) Explanatory Power of Each Components :  

EoM (Effect of Market Price) > EoA (Effect of Appraisal Price) > EoP (Effect of Price Premium)  
 

3.2 The data 
 
 The empirical analysis in this paper is based on Auction Sale Rate and Market Price Index in nationwide 2012.03 
 ~ 2022.10 in month. The auction sale rate is calculated by collecting the sum of court appraiser prices and auctioned 
 prices nationwide announced by the court from 2012.03 to 2022.10. The Market price index is an index of general 
 market apartment prices nationwide and is provided by the Korea Real Estate Board. Log-Differencing is taken in the 
 Market price index to match the forms of both data equally then Standardization, which translates to mean 0 and 
 variance  1, take both data to match the same scale. 
 

Table 1. Data description 
 Auction Sale Rate MarketPriceIndex (Log) 

Source National Court Auction Korea Real Estate Board 
Periods 2012.03. ~ 2022.10 2012.03. ~ 2022.10 
Area Nation wide Nation wide 
Data Points 128 128 
Mean 0.89203 0.180 
Median 0.89340 0.100 
Standard Deviation 7.091 0.444 
Skewness 0.312 0.751 
Kurtosis 0.004 1.655 
Lev2 0.201 0.460 

 
 
 
 

 
 

 
2 Lev is correlation between the squared Auction Sale Rate at time t and the differencing value at time 𝑡 − 1 



Figure 1: Auction Sale Rate and Market Price Index 

 
 

Figure 2: Comparison of Standardized Auction Sale Rate and Market Price Index (Log-differencing) 

 
  

skewness and kurtosis reported in Table 1 shows AuctionSaleRate and MarketPriceIndex has different peaks and tails 
compared to normal distribution. and the Lev results in Table 1 show that it is different from the leverage effect (Black 
1976.) of the stock market. The auction market and the general sales market has a positive sign relationship with the 
future volatility. This means that volatility in the real estate market has a positive correlation with price. 

 
3.3. IDENTIFICATION OF VARIABLES 
 
3.3.1. The Effect of Market Price 
 
Auction sale rate can be decomposed into three components in the regression form as shown in (5), and log-differencing 
market price index is used as the first variable, EoM's proxy variable. As shown in Table 2 , EoM has the strongest  
explanatory power in auction sale rate.  
 
3.3.2. Component Identification 
 

(7) 𝑦! = 𝛽8 + 𝛽9𝑀𝑘𝑡! + 𝜖! 
 

Where 𝑦! is Auction sale rate at time t, 𝛽8 is intercept 𝛽9 is parameter of Mkt and Mkt is Log differencing Market Price  
Index. as define in (5), the remaining EoA and EoP components are in the residual as latent. To identify EoA, EoP  
components, a Fourier transform is used in 𝜖!	(7), and then two highest amplitude signals can be extracted, assuming that  
they are court appraisers and price premium effects as defined in (6). 
 
3.3.2.1. Fourier Transform 
 
Fourier transform is a mathematical transformation that decomposes a function into a frequency component, representing the  
output of the transformation as a frequency domain. In this paper, it is used to extract the orthogonal cycle of EoA and  
EoP as defined in (5). In terms of linear transformation, the orthogonal factor present in the signal can be extracted as a 
Forward and Inverse Discreate Fourier matrix, as shown in (9).  
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	 ,where 𝑊)⋅4 = exp ^−𝑗 :F4
<
𝑛` 

 
(10)  𝑋[𝑘] = 𝑥[0]𝑊8 + 𝑥[1]𝑊<×9 +⋯+ 	𝑥[𝑛 − 1]𝑊'×()=9) , where 𝑘 = 𝑠𝑖𝑔𝑛𝑎𝑙4 

 
where 𝑥 is vector of 	𝜖	in (7) 𝑥 = (𝑥8, 𝑥9…𝑥<)H N is length of vector and X is signal 𝑋 = (𝑋8, 𝑋9…𝑋<)H and  
𝐹< is Discrete Fourier Matrix. As shown (9), (10) time series data which cyclic can be decomposed to orthogonal signal by  
Discrete Fourier Transform as linear transformation. However, in practice, DFT calculation 𝑂(𝑁:) are replaced by Fast  
Fourier Transform (Cooley-Tukey algorithm, 1965) which is that performs fast calculations by dividing the DFT into odd  
and even two terms. 𝑂(𝑁𝑙𝑜𝑔	𝑁) (11). Figure 4 shows that two high amplitude signals were extracted by performing FFT  
on Residual in (7).  
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 where 𝑥:6 = (𝑥8, 𝑥9…𝑥)=:) is even-indexed part,  𝑥:6K9 = (𝑥9, 𝑥;, … , 𝑥)=9) is odd-indexed part. 

 
Figure 4-1. Transformed to Frequency Domain and Filtered by Amplitude 

 
Figure 4-2. Transform Residual in (7) to FFT and extract signals 

 
 
 
 
 
 
 
 
 



3.3.2.2 Regression analysis 
 

Table 2. Result 
 [1] Stage 1 [2] Stage 2 [3] Stage 3 [4] Difference 

Regressor Parameter P-value Parameter (b) P-value Parameter (B) P-value (B) – (b) 
Intercept -2.42e-16 0.000 -2.42e-16 0.000 -0.2438 0.000 -0.2438 

Mkt 0.7333 0.000 0.6564 0.000 0.6474 0.000 -0.009 
SIG1 - 0.000 1.0171 0.000 0.9949 0.000 -0.021 
𝑆𝐼𝐺2f  - 0.000 - 0.000 0.4954 0.000 - 

Adj.Rsquared. 0.534 0.883 0.944 - 
 

(12) 𝑌! = 𝛽8 + 𝛽9𝑀𝑘𝑡! + 𝛽:𝑆𝐼𝐺1! + 𝜇! <Stage 2 >  
 

(13) 𝑌! = 𝛽8 + 𝛽9𝑀𝑘𝑡! + 𝛽:𝑆𝐼𝐺1! + 𝛽;𝑆𝐼𝐺2!f +𝜔! <Stage3> 
 
(14) 𝑆𝚤𝑔2!f =𝜎(𝑆𝑖𝑔2!) , 𝜎 = 9

9K*#(')
 , > 	0.5	 = 	1		, < 0.5 = 	0 

 
where SIG1 is highest amplitude signal in residual in 𝜖! (7) and SIG2 is highest apmplitude signal residual in 𝜇! (12)  
 
Table 2 shows the results of using the extracted signals as a variable of regression by performing FFT in 4.3.2.1. Sig 2 is a   
component of EoP, and to distinguish price premium effects clearly, it is transformed into categorical data  
(0/1) through Sigmoid function as shown in (14). The Difference result in Table 2 show that the parameter has hardly  
changed, demonstrating that the two signals found are almost orthogonal components, and do not make omitted variable bias  
(Wooldridge, 2009). and the adj. R-squared supports the order of explanatory power assumed in (5). Lastly, the residual 
ACF/PACF plot in Figure 5 indicates that no further patterns exist in the residuals following the exclusion of the three 
components. (13) This supports the assumption outlined in 3.1 (5) that the auction sale rate is composed of three main 
components.  

 
Figure 5. ACF/PACF plot of Residual 𝝎𝒕	(13)  

 
 
3.3.3 Proof of The Effect of Appraisal Price  
 
Based on Table 2 and according to the assumption of (5), SIG1 is EoA (Effect of Appraisal Price in Auction Sale Rate). The  
court appraisal time is in the past rather than the Auctioned time (1). The difference between the two points makes it difficult  
to define the court appraiser effect variable in terms of time series analysis. Since correcting the price difference that occurred  
in time for all auction cases is a very difficult challenge, the Fourier transform (4.3.2.1) is used. In this paper. Proving that  
SIG1 is EoA, 2,762 individual auction cases occurred between 2016.04 and 2018.03 in Seoul and Busan are empirically  
analyzed (Table 3, Table 4.) 
 

Figure 6. The difference of time between Court Appraisal time and Auctioned time. 

  
The analysis is conducted in two main aspects: 
 

1. Time interval between the time of court appraisal and the time of Auctioned (Table 4) 
2. Regression with the general market price at the time of court appraisal price (Table 4) 

 
(15) 𝐶𝑃! =	𝛼8𝑑𝑢𝑚𝑚𝑦! + 𝛼9𝑀𝑃! + 𝛾! 

 



where 𝐶𝑃	! is price at time of court appraisal (Figure 5), MP is housing price, 𝛼83 is dummy variable 𝛼9is parameter of 
housing price. 

 
Table 3. Data Description 

 Description 

Data 
Periods 2016.04. ~ 2018.03. 
Cases  2,762 
Area Seoul (1775), Busan (985) 

Variable 

Auctioned_date the year/month in which the auctioned each case 
Court appraisal_date the year/month in which the court appraisal each case 
Court appraisal_price the price in which the court appraisal each case 

KB_price4 housing price each case at Court appraisal date 
 

Table 4. Result of analysis 
 

Time 
Difference5 

Descriptive statistics (days) 

Price 
Difference6 

Regression (15) 
mean 292 (a) 𝛼8(std) -424.697 (144.177) 
std 206 (b) 𝛼9(std) 1.0320 (0.002) 
min 64 t-statistic (a) -2.946 
max 2372 t-statistic (b) 429.240 
25% 183 P-value (a) 0.003** 
50% 237 P-value (b) 0.000** 
75% 320 adj.R-Squared 0.991 

 
Figure 6. Residual Distribution in (15) & Time difference between Court Appraisal and Auctioned time (days) 

 
As shown in Table 4, the time difference distribution has a right skewed shape and the range of 25% to 75% is about 7 to 11  

months. Price difference has a long-tailed distribution, and it can be estimated that the court appraisal price and the  
housing price at the time of the court appraisal have a very high correlation and are almost the same value. To  
summarize the results of the two analyses, the court appraisal price is the lag variable of the housing price. In terms of  
the component (5) EoA can be assumed to have a lag relationship with Mkt and the results are shown in Table 5. 

 
Table 5. Regression of analysis (SIG1 vs Mkt) 

[1] SIG1(t-n) vs Mkt [2] Mkt(t-n) vs Auction Sale Rate [3] SIG1 vs Auction Sale Rate 
Regressor Parameter P-value Regressor Parameter P-value Regressor Parameter P-value 
Intercept -0.0815 0.213 Intercept -0.0653 0.441 Intercept -2.42e-16 0.000 
𝑆𝐼𝐺1!=M -185.617 0.007 𝑀𝑘𝑡!=M 0.6639 0.002 𝑆𝐼𝐺1! 1.1626 0.000 
𝑆𝐼𝐺1!=N 674.558 0.010 𝑀𝑘𝑡!=N 0.0017 0.995 - - - 
𝑆𝐼𝐺1!=O -958.554 0.013 𝑀𝑘𝑡!=O -0.0250 0.931 - - - 
𝑆𝐼𝐺1!=98 631.454 0.015 𝑀𝑘𝑡!=98 0.0752 0.795 - - - 
𝑆𝐼𝐺1!=99 -61.08 0.017 𝑀𝑘𝑡!=99 -0.5650 0.005 - - - 

Adj.Rsquared. 0.545 0.208 0.457 
 
 

 
3 The price of apartments in Korea is divided into low and general floors. Low floors are generally traded at a discounted price compared to the 
general floor, and low floors mean three or more floors. 
4 KB price refers to the real estate price service provided by KB Financial Group in Korea. 
5 Appraisal price at the time of court appraisal vs Housing price at the time of court appraisal. 
6 Price at Court appraisal vs Auctioned Price. 



Table 5 [1] shows the relationship between the lag variable of SIG1 and Mkt. SIG1 extracted by Fourier transform is  
compared with lag variable and Mkt of SIG1 because it is a signal indicating the past influence of the present time rather than  
the past price itself. In addition, the order of the Lag of the comparison target is set from 7 months to 11 months, which  
ranges from 25% to 75% of Table 4 As a result of the analysis, it was confirmed that the lag variable of SIG1 has a  
significant relationship with Mkt. 
Table 5 [2] is a confirmation of whether Mkt's lag variable can replace the court appraiser if the court appraisal price has a  

time lag relationship with the 𝑀𝑘𝑡	according to the results of Table 4 As a result of the analysis, there is a significant  
relationship. 
Table 5 [3] confirms the relationship between SIG1 and Auction sale rate. If the court appraiser can be replaced by Mkt's lag  

variable only, as in Table 5, the SIG1 variable is not meaningful, but the results of the analysis show that Table 5 [3] is  
superior to Table [2]. The reason for this is that, as in Figure 6, there is no special depreciation factor in each auction case,  
which can be explained by Mkt's lag, but there is an unidentified area that has a large gap with Mkt, such as legal  
issues, equity auctions, or the time difference does not fall between 25% and 75%. 
 

Figure 7. Lag of Mkt can be only represented to part of identified. 

 
 

To sum up with Result of Table 5, in Table 4 mkt and SIG1 have lag relations with Mkt and are superior to the lag variables  
of Mkt according to the limits of Figure 7. therefore, SIG1 can be presumed in terms of EoA, as assumed in (5). 
 
3.3.4 Proof of The Effect of Premium Price 
 
Based on result of Table 2 and according to the assumption of (5), SIG2 is EoP (Effect of Price Premium in Auction Sale  
Rate). For the analysis, SIG2 is transformed to categorical value through sigmoid function to assume Price premium on/off as  
in 4.3.2.2. In this paper, two aspects support that SIG2 is an EoP. 
 

1. Verify that 𝑆𝐼𝐺2f  can distinguish between discount and surcharge points. (Figure 9) 
2. Track what variables SIG2 is, name it, and verify it makes sense. 

 
3.3.4.1. Distinguish to Price Premium Effect in Auction Sale Rate 
 
The 𝑆𝐼𝐺2f  parameter of Table 2 [3] is about 0.49 with a positive sign Figure 9 is based on the baseline predicted by Table 2  
[2], and the auction sale rate points are clearly distinguished up and down by 𝑆𝐼𝐺2f  1/0 of Table [3]. The righthand side of  
Figure 9 shows a distribution of different means and variances. Therefore, SIG2 can be presumed in terms of EoP, as  
assumed in (5). 
 

Figure 9. Surcharge and discount points that can be distinguished by 𝑆𝐼𝐺2f  

 



3.3.4.2. Momentum Factor 
 
In 4.3.4.1, it is confirmed that SIG2 is a component that can explain the price premium effect, but it is meaningless if it can  
not be explained by any variable in practice. In this paper, SIG2 confirms which variables can be compared, verifies  
whether it makes sense, and finally names it. First, SIG2 is likely to be a variable of the auction market itself because it is  
likely that EoM and EoP already has the effects of macro in almost. In fact, no significant correlation was found between  
comparable macroeconomic variables. According to the Lev result of Table 1, the future volatility of the auction market  
has a positive correlation with the auction sale rate, The EoP component also has a positive correlation according to table 2  
[3]. So, the variable that can be compared as a component of the auction market itself is volatility (16)(17). The results of  
the verification of this hypothesis is shown in Table 6. 
 

(16) 𝑆𝐼𝐺2! =	𝑐8 + 𝑐9𝑣1! + 𝑐:𝑣2! + 𝜂! , 𝑣1! = (𝑦! − 𝑦!=9)! , 𝑣2! =	 (𝑦!=9 − 𝑦!=:)! 
 

(17) 𝑆𝐼𝐺2! =	𝑐8 + 𝑐9(𝑦! − 𝑦!=9)! + 𝑐:(𝑦!=9 − 𝑦!=:)! + 𝜂! 
 
where 𝑐8 is intercept, 𝑦 is auction sale rate, 𝑣 is volatility as differencing of auction sale rate.  
 

Table 6. Regression result 
Regressor Parameter P-value Adj.Rsquared 

𝑐8 -2.585e-07 1.000 
0.505 𝑐9 5.5744 0.000 

𝑐: -4.0891 0.000 
 

Figure 10. Compare to between SIG2 vs 𝑪𝒕w
𝑻𝑽𝒕 (16) 

 
Figure 11. Surcharge and discount points that can be distinguished by 𝝈(𝑪𝑻w𝑽𝒕) 

 
In Table 6, the volatility variable is significantly related to SIG2, and in Table 6, the value described by  
the volatility variable (16)(17) and SIG2 show similar movements. Figure 11 shows that the volatility variable can  
distinguish between the surcharge and discount points well and has different distribution like Figure 9. 
In summary, the volatility variable of Auction sale rate can be explained as the main factor that creates the Price premium  

effect, and in particular, the reason why volatility causes the price premium effect can be interpreted as the reason that the  
volatility of the auction market has a positive correlation with the Auction sale rate. As a result, the volatility component can  
be named the momentum of the auction market. 
 
3.3.5. Time Varying Beta to Capture Price Premium Section 
 
In 4.3.4, it was confirmed that SIG2 extracted through Fourier transform is a price premium effect and verified that it is  
a momentum factor. However, the analysis period of this paper is about 10 years, and it would be more reasonable to  
assume time-varying than parameter between the market and the Price Premium variable has a fixed constant. It means that  



the 𝛽s (18) is not stable over time. Sensitivity of beta can be used to capture the section where momentum works in the  
market, beyond simply distinguishing the effect of price premium. In this paper, a Kalman filter is used to estimate the   
time-varying beta and Kalman filter is used to estimate the time-varying parameter. 
 

(18) 𝑦! = 𝛽8	+𝛽9𝑀𝑘𝑡! + 𝛽:𝑆𝐼𝐺1! +	𝛽;	𝑆𝐼𝐺2f ! + 𝜖! , 𝜖!~𝑁(0, 𝜎:) 
 
3.3.5.1. Kalman Filter 
 
The Kalman filter is a model for describing dynamics based on measurements and recursive procedure for computing the  
estimator of the unobserved component or the state vector at time t.  
 

(19) 𝜉! = 𝐹!𝜉!=9 + 𝑞! , 𝑞!~𝑁(0, 𝑄	) <State Model> 
 

(20) 𝑦! = 𝐻!𝜉! + 𝑟! , 𝑟!~𝑁(0, 𝑅	) <Observation Model> 
 

Table 7. Description 
Notation Description 

𝑦 auction sale rate 
𝜉 Time Varying Beta (𝛽8, 𝛽9, 𝛽:, 𝛽;) 
𝑞, 𝑄 State noise with covariance 𝑄  
𝑟, 𝑅 Observation noise with covariance 𝑅 
𝐻 Observation matrix 
𝐹 State Matrix 
𝑃 Covariance of 𝜉 
𝐾 Kalman gain 

𝑡|𝑡 − 1 t-1 conditional at t time (prediction) 
𝑡|𝑡 at time t (observation) 

 
<Predict Step> 
 
Calculate the optimal parameter of 𝜉!|!=9, based on available information up to time 𝑡 − 1, 
 

(21) 𝜉�!|!=9 = 𝐹!𝜉�!=9|!=9 
 

(22) 𝑃! = 𝐹!𝑃!=9𝐹!H + 𝑄	 
 

(23) 𝐹! = 𝐻!𝑃!=9𝐻!H + 𝑅 
 

 <Update Step> 
 
Calculate the optimal parameter of 𝜉!|! , based on available information up to time 𝑡, 
 

(24) 𝐾! = 𝑃!|!=9𝐻H𝐹!|!=9H =9 
 

(25) 𝑃!|! = (1 − 𝐾!𝐻!)𝑃!|!=9 
 

(26) 𝜉�!|! = 𝜉�!|!=9 −𝐾!	𝑟!|!=9	 
  

The random walk effect is considered by assuming that Q, R is the initial value near 0 (= diffuse prior) and F is the  
diag (1,1,1,1) unit matrix and the Kalman gain (K) determines the weight for the new information using the information of  
the error between the prediction and the observation.   
 

Table 8. Compare to Kalman filter 
 𝜷𝟑 Confidence Interval (𝜷𝟑) MSE MAPE 

OLS 0.4954 0.412 | 0.578 0.054 0.174 
KF Figure 12 0.010 0.054 

 
 
 
 
 
 
 
 



Figure 12. Beta (OLS) vs Beta (Kalman Filter) & Beta (𝑴𝒌𝒕) vs Beta (𝑺𝑰𝑮𝟐f) 

 
 

Figure 13. The Sensitivity points of EoP to the Auction Market 

 
Table 8 shows that Time varying betas with Kalman filter performs better than the OLS with stable parameters. Figure 12  
compares the change of the parameters of 𝑆𝐼𝐺2f  and the change of the parameters of Mkt at the same time. In Figure 13, if  
the parameter of 𝑆𝐼𝐺2f  exceeds the upper confidence interval of OLS, it is set to 1 and plotted. In Figure 12, the area where  
𝑆𝐼𝐺2f  exceeds the beta of Mkt and the area 1 of Figure 13 are the same, indicating that the price premium effect of the  
auction market is more sensitive than the market price effect. This can be assumed to be an momentum interval, and the price  
premium effect is a sensitive interval.  
 
3.3.5.2. Experiment  
 
It is necessary to confirm whether the logic constructed so far works in the auction market in the region other than the whole  
country. Furthermore, when the model is performed by region, the characteristics of each region can be confirmed. The target  
areas of the empirical analysis are Seoul and gyeong-gi area where the auction market is most active. 

 
Table 9. Result of Seoul and Gyeong-gi 

 [1] Seoul [2] Gyeong-gi 
Periods 2012.03~2022.10 (128) 

Regressor Parameter P-value Parameter P-value 
𝐼𝑛𝑡𝑒𝑟𝑐𝑒𝑝𝑡 -0.3719 0.000 -0.3236 0.000 
𝑀𝑘𝑡' 0.4572 0.000 0.6435 0.000 
𝑆𝐼𝐺' 1.0034 0.000 1.1838 0.000 
𝑆𝐼𝐺2f ' 0.6800 0.000 0.5917 0.000 

Adj.Rsquared. 0.916 0.905 
MSE (OLS) 0.082 0.095 



MSE (KF) 0.010 0.009 
MAPE (OLS) 0.224 0.198 
MAPE (KF) 0.068 0.058 

 
 

Figure 13. (Seoul) Mkt vs Auction Sale rate in seoul (Left) Distingushed auction sale rate by EoP (Right) 

 
 

Figure 14. (Seoul) Beta (OLS) vs Beta (Kalman Filter) & Beta (𝑴𝒌𝒕) vs Beta (𝑺𝑰𝑮𝟐f) 

 
 

Figure 15. (Seoul) The Sensitivity points of EoP to the Seoul Auction Market 

 
 
 
 
 
 
 
 
 
 



Figure 16. (Gyeong-gi) Mkt vs Auction Sale rate (Left) Distinguished auction sale rate by EoP (Right) 

 
 

Figure 17. (Gyeong-gi) Beta (OLS) vs Beta (Kalman Filter) & Beta (𝑴𝒌𝒕) vs Beta (𝑺𝑰𝑮𝟐f ) 

 
 

Figure 18. (Gyeong-gi) The Sensitivity points of EoP to the Seoul Auction Market 

 
Table 8 and Figure 13 to Figure 18 are the results of the analysis of Seoul and Gyeonggi Province. Table 8[2] Beta of SIG2  
shows that Seoul is a more sensitive area than Gyeonggi-do in terms of price premium, and Figure 13-15 shows these results  
well. In particular, Seoul's Beta of EoP has far exceeded Mkt's Beta since early 2020, supporting the general perception that  
overheating sentiment is forming in the Seoul area in the apartment auction market. On the contrary, the effect of EoP is  
relatively low in Gyeonggi-do. In addition, through the above results, it can be distinguished whether the outlier points  
existing in the auction sale rate of each region are the influence of EoP. 
 
 
 
 
 
 
 
 



4. CONCLUSTION  
 

The previous auction market studies using bottom-up method mainly analyzed the variables affecting the Auction sale rate or 
had the disadvantage that the space and time were limited to the data they had. In this paper, time series analysis was carried 
out from the market perspective, and the top-down method using Fourier transform was attempted to solve the problem that the 
court appraiser price could not reflect the general market price at the time of the auction, and the price premium effect could be 
specified through the proof of each component. 
In addition, it was found that the reason for making the price premium effect in the auction market is the momentum effect, 

and the time varying beta (Kalman filter) supports the above logic showing that the price premium effect can be divided by 
region. It is practically impossible to analyze a vast amount of auction cases for the analysis of the auction market, and this 
paper was very encouraging in that it provided many participants in the auction market with indicators that can be viewed from 
a market perspective. 
However, it requires a deep understanding of the momentum factor. The sensitive activity of the momentum factor signifies 

not just market rises or falls, it indicates shifts in the price relationship between the auction and the general markets. Intuitively, 
when the real estate market heats up, high demand narrows the gap between general market prices and auction prices. 
Therefore, the role of the momentum factor can be interpreted as representing the 'popularity' of the auction market compared 

to the general market. To elaborate further, it can serve as an indicator to judge whether the market is overheating or cooling 
down in comparison to the general market. 
The additional insights of this study are as follows: Korea's apartment auction market has only momentum factors except for 

market prices under court appraiser control. Macro factors such as government regulations and interest rates are in the market 
price, so the third variable of the auction market is only the momentum factor, which can be very important information for 
many participants in the auction market. 
This paper can be more rigorous if the following limitations are resolved. Since the monthly auction sale rate data may not be 

enough to support the rigor of the analysis, a wider analysis period or more time will further support the rigor of the analysis. 
In addition, the rigor of the analysis will be supported if more data on the unidentified area can be obtained in the process of 
proving the appraiser component of the court. 
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