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Abstract 
 
In Japan, there is concern about the impact of the growing stock of older condominiums on the buildings themselves and the surrounding environment, and 
immediate action is needed. While in other countries, repair, elimination, and retirement of aged condominiums are the mainstream methods, in Japan, 
reconstruction is sometimes used. This study proposes a new decision criterion using discriminant analysis to address the problem of the difficulty and long 
time required to build consensus for rebuilding older condominiums. Discriminant analysis used building attributes and other variables to differentiate and 
predict condominium properties that have been successfully reconstructed from those that were not. Simple and clear answers will enable non-expert 
judgment and aid in consensus building. Multiple discriminant formulas were obtained and compared for Tokyo and neighbouring cities, as well as by 
subdividing and adding up these subdivisions. At the same time, coefficients of variables were changed or added to increase the reliability of the equations. 
As a result, a new modified discriminant equation with a high degree of reliability that advances previous studies was obtained. In addition, through the 
process of creating the formula, we discovered a new option for determining whether or not to rebuild based on whether or not there is an excess floor-area 
ratio, which is generally considered to be the solution in Japan, by increasing the site area. 
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1.0  INTRODUCTION  
 
1.1  Significance of the Study 
 
This study expands on the research methodology and discussion in Hanazato (2017) (hereafter: previous paper) regarding the proposal of a 
new indicator that contributes to consensus building for condominium reconstruction. In this study, the amount of data used in the process 
of creating the model equation was expanded. At the same time, the sample range was expanded. Previous papers were limited to the 23 
wards of Tokyo. In this study, sample data from Saitama, Kanagawa, Chiba, and Ibaraki prefectures surrounding Tokyo were added. The 
reason for this re-examination is that the model equation changes depending on the range, amount, and timing of the sample selection. 
There is also an objective to expand the range to derive a more reliable equation. In Japan, there are differences in condominium building 
attributes between Tokyo and other prefectures. It is of great significance to develop model equations that include these differences, either 
separately or together, and to compare and verify them. Following previous studies, discriminant analysis, a type of multivariate analysis, 
was used as the research method. The reason and justifications for adopting discriminant analysis need not be based on the ease of 
understanding and interpretation. But rather, on the statistical suitability for the type of data and measurement scale, suitability to test 
hypothesis, answer research questions and achieve the research objectives. For instance, as discriminant analysis is often used to test for 
differences between two or more groups based on identified variables, it may be more meaningful to say that the reason or justification for 
adopting discriminant analysis lies on the fact that the study focuses on testing and analysing differences in re-constructability between 
two-groups of condominium (reconstructed and unreconstructed) based on identified attribute variables. In addition, the study hopes to 
identify the most important discriminant variables that explain or predict the re-constructability of the condominiums. Another justification 
could be that the dependent grouping variable (y-variable) is measured in nominal scale (represented in discrete form, 1 or 0). The 
uniqueness of this study lies in the fact that it proposes a new method of rebuilding condominiums by expanding the site area, as opposed 
to the conventional Japanese method of rebuilding condominiums by increasing the floor-area ratio, which relies on the profit from the sale 
of surplus area gained by the rehabilitated condominiums. This is a new finding. This will contribute to providing a more effective 
alternative to the difficult-to-consensus resolution for rebuilding. 
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1.2  Background of the study 
 
In recent years, the number of older condominiums has been increasing in Japan. There is no clear definition of "older condominiums" 
based on age or other factors. It refers to condominiums that have been completed for a considerable period of time. In the industry, the 
term generally refers to condominiums that are 40 years old. The increase in the number of older condominiums means that the industry is 
under pressure to respond to the aging of buildings. There are several possible solutions, including repair, reconstruction, and retirement 
based on the law. As of April 2021, there were 263 condominiums in Japan that had already been reconstructed. As of April 2021, there 
were 263 condominiums in Japan that had already been reconstructed, which is only about 26,000 units as of the end of 2018. This 
represents only 0.4% of the total condominium stock in Japan. 

In Japan, the approval of at least four-fifths of the condominium owners is required to rebuild a condominium. This is called a 
reconstruction resolution. The decision to rebuild is a difficult one. For example, it is difficult to determine whether there are future 
benefits for the unit owners. In addition, according to the Ministry of Land, Infrastructure, Transport and Tourism's 2016 survey on 
condominium revitalization methods and consensus building, the amount borne by compartmentalized owners at the time of reconstruction 
was approximately 3.4 million yen per unit in 1996, but this amount is increasing to approximately 11 million yen in 2016. As a solution to 
the economic problem, it is believed that a promising method is to utilize the reserved floor space (expected income) expected to be 
available in the reconstructed condominiums after reconstruction to cover the costs of reconstruction. However, it is questionable whether 
this method is equally effective for all properties under all conditions. For example, there are many cases where this method cannot be used 
for older condominiums because of differences in location between urban centres and rural areas, cases where it is difficult to achieve due 
to legal restrictions, and cases where the floor-area ratio becomes non-conforming to existing conditions due to urban planning revisions 
after construction is completed. In particular, this economic uncertainty is the reason why it takes a very long period of time to reach a 
consensus on rebuilding. It is estimated that it takes a minimum of 5 years and a maximum of 28 years, and an average of 8 to 10 years 
from the start of discussions on rebuilding to reconstruction. 

These figures are based on examples of reconstructed properties. Thus, looking at past properties, much time and expense has been 
wasted in reaching a resolution to rebuild. Examining the individual specific problems of each property and carefully repeating repairs to 
keep the property inhabited for a long time is a highly valuable act in terms of creating a sustainable society. However, the study is aimed 
to be initiated at an early stage to prepare for the reconstruction or retirement of the property that will eventually occur. This study presents 
an evaluation method that adds economic characteristics to building attributes based on real estate data without specifics. This evaluation 
method can be used as a reference for decision making at the stage before entering the process of consensus building for rebuilding, or at 
the preparatory stage at the beginning of the rebuilding process, which will lead to a reduction in the time required to reach a resolution as 
a general solution. 

Based on the above, the following will be presented: Based on a case study of a rebuilding property that includes economic items, it 
is possible to provide a new decision-making tool that contributes to the rebuilding of condominiums by presenting a highly reliable 
formula that clarifies the items necessary for rebuilding. Since this formula requires clarity, versatility, and reliability, discriminant 
analysis is used in this study. 
 
1.3  International Positioning of Condominium Reconstruction 
 
In Japan, discussions on rebuilding condominiums due to high aging are widely recognized as one of the methods of condominium 
revitalization. On the other hand, internationally, it is not common in some areas at this time. According to an international comparison of 
condominium unit ownership legislation by Kamano (2022), when looking at Western European countries, the German Civil Code, the 
Law on Joint Relationships and Common Dwelling Places, the French Law on Laws Determining the Status of Building Unit Ownership 
and Management Regulations, and the British Law on Joint Ownership and Property Leasehold Reform, all have in Germany, 
reconstruction is not a common practice among unit owners. In Germany, reconstruction is subject to the agreement of all unit owners, but 
there have been few cases where reconstruction has been discussed in the first place. In France, several cases of expropriation by public 
expropriation have been confirmed, but there have been no discussions by the unit owners or the management association, which is the 
main management body. In the United States, under the Uniform Condominium Code and the Uniform Community Property Ownership 
Act, it is reported that rehabilitation and reconstruction of poorly managed condominiums and damaged buildings that have lost their 
market value are being promoted, but there have been almost no cases of resolution by aging or majority agreement alone. 

On the other hand, looking at Asia, there exist laws similar to Japan's condominium unit ownership laws, where a resolution for 
reconstruction by agreement of a certain number of condominium unit owners is legally established. In South Korea, in particular, the 
Urban Housing Act requires, as in Japan, the agreement of four-fifths or more of the unit owners to rebuild a building. However, in the 
case of apartment complexes, three-fourths or more of the owners must agree to the reconstruction of each building, making it more 
difficult than in Japan to reach a consensus. In China, the three-fourths agreement is lighter than in Japan and Korea. However, the 
direction of the reconstruction resolution differs significantly from that promoted by private management companies and management 
associations in Japan and Korea, because the land and building are divided as one, which is a characteristic of property rights law, and only 
the right of possession is recognized as to ownership. On the other hand, under Taiwanese law, although the land and building are traded 
independently, a resolution for rebuilding must be passed by unanimous consent, which promotes stability and active trading in the second-
hand market but is not suitable for building rehabilitation. In Singapore, the percentage of agreement required for a resolution varies 
depending on the age of the building, with 90% of agreement required for reconstruction if the building is less than 10 years old, and 80% 
for reconstruction if the building is 10 years old or older. The ownership structure in Singapore is similar to that of Japan's public 
corporations, and there have been few cases of reconstruction, particularly due to the large economic burden, such as relocation costs, from 
planning for rebuilding condominiums. As in the U.S. and Australia, the main method is to sell the site in one lump sum. 

Regarding the act of rebuilding, policies differ depending on the economic background and principles of each country, the frequency 
and scale of disasters, and the building structure. In Asia, there are laws and regulations similar to those in Japan, but there are few actual 
examples. In fact, most Western countries do not anticipate rebuilding due to deterioration. In fact, most of these countries sell the entire 
property at once. In Japan, the problem of aging is seen as one between the building and the owner, and research is underway to identify 
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this as a major factor preventing consensus building for rebuilding. It is hoped that the findings of this study will be used in the future 
when attempting to rehabilitate buildings that require the agreement of their owners to address issues beyond the scope of repair and 
renovation, such as advanced land use planning and aging populations in urban centres. 
 
1.4  Literature Review 
 
In a previous paper, Hanazato (2017) refers to the prediction of rebuilding from various previous studies, describes the uniqueness and 
importance of extracting objective data, and performs a discriminant analysis after selecting covariates. The study focuses on the increase 
or decrease in the floor-area ratio that will be available after the reconstruction from the previous value. The results showed that properties 
with a large increase in floor-area ratio indicated reconstruction, while properties with a small increase indicated repair or renovation. In 
summary, the study concluded that the likelihood of reconstruction increases with; 1) the impact of an increase or decrease in floor-area 
ratio, 2) the size of the building, 3) the size of the underlying land (referring to the increase or decrease in floor-area ratio, the previous 
total floor area, and the previous site area), and 4) the economic characteristics of the property, such as its high assessed value (referring to 
the assessed value of the land property per unit). There are few direct studies on this type of reconstruction of condominiums, and the 
studies are particularly concentrated in Japan. According to a discussion on aging of condominiums by Ohtani and Hanazato (2020), two 
things are going on in condominiums: the aging of the building and the aging of the owner. It states that the need for a certain number of 
people to approve the renewal of the building is a hardship unique to condominiums. In confirming the physical aging of a building, one 
can consider measuring the aging and durability of the building materials used. 

According to a study by Ohnuma et al. (2009), which focused on condominium reconstruction and capitalization rates, the authors 
analysed how the likelihood of reconstruction varies with land prices and construction costs, which are affected by economic factors. In 
this study, Ohnuma et al. (2009) calculated the rate of return for each year based on the fluctuating values of land prices and construction 
costs from 1980 to 2007, and analysed land prices, construction costs, surplus area, and the rate of change in these factors. The conclusion 
of the study is that it is basically difficult to establish a project that assumes a 100% rate of return and no burden on residents. The 
rebuilding project is more likely to be realized when; 1) the property faces a road with high road value, 2) the site area is small, there is 
excess floor space, and the dwelling unit area is small. The floor-area ratio is calculated based on the site area and the total floor area, and 
the smaller the site and the smaller the total floor area, the smaller the floor-area ratio will be, and as a result, the easier it will be to secure 
surplus floor area after reconstruction. 

In a study by Ohki (2014), in describing the relationship between transaction prices and rebuilding, contract prices were compared 
with and without surplus floor-area ratio, and found that from an economic perspective, condominiums without surplus floor-area ratio are 
more likely to be very difficult to rebuild. The study also states that appropriate disclosure of information will increase the appropriateness 
of transaction prices, resulting in an increase in the stock of quality condominiums and progress in the rehabilitation process itself. The 
report states that it is important to take action on an individual property basis, such as expanding the contents of the Important Matters 
Explanation. It can be said that widely disclosing and providing information on these matters is also an act of informing owners of the 
current status of their buildings and can be said to provide a push for resolution. Whether the condominium is to be sold as a used 
condominium or to be rebuilt or retired, an accurate understanding of the current status of the property and a common understanding 
among condominium unit owners is necessary to form the basis for making a decision. 

Both studies discuss the importance of excess floor-area ratio, reduction ratio, and reserved floor space, and state that the most 
important point for the establishment of a condominium reconstruction project is the creation of economic benefits. However, there is a 
strong possibility that environmental degradation caused by an excessive increase in floor-area ratio and disadvantages caused by larger 
and taller buildings will surface in the future. Whether increasing the floor-area ratio is the only solution to this problem must also be 
examined in this paper. 

Previous studies have shown that one of the factors that make the decision to rebuild condominiums difficult is economic issues and 
have focused on the rate of return as a solution. The study states that one of the factors that make the decision to rebuild condominiums 
difficult is economic issues, and the rate of return is the amount of floor space that can be increased when the condominium is 
reconstructed. This means that the floor-area ratio should be increased under the assumption that the site remains the same. However, 
increasing the floor-area ratio requires meeting legal requirements and regulations, and depending on the site, the floor-area ratio may 
rather be reduced. In addition, a policy of increasing the floor-area ratio in a blanket manner is likely to have a negative impact on the 
surrounding environment. 

There are few existing studies abroad due to the paucity of condominium reconstruction cases; Webb and Webber (2017) described 
long-term planning for condominiums through an interview survey. The study warns that revitalization of city blocks requires a change in 
stakeholder perceptions. The study stated that the ownership of subdivided city blocks (anti-commons) is an obstacle and hinders activities 
for long-term collective revitalization. These anti-commons obstacle is partly applicable to this study because the form of land ownership 
by condominium unit owners in Japan is proportionate to their exclusive area. Since a long-term perspective from dissolution to 
reconfiguration is considered, it is undeniable that extreme subdivisions are a concern in terms of consensus building. In addition, due to 
the aging of unit owners, etc., the anti-commons increase the possibility of falling into ownerlessness, and in this respect, too, it can be an 
obstacle to consensus building. Munneke and Womack (2015) examined partial renovation and retirement of older condominiums. It is 
similar to this study in that it refers to prior activities as a determinant of the resolution at the general meeting of the management 
association. It stated that price fluctuations due to large-scale repair work are highly correlated with land prices. At the same time, 
depending on the nature of the large-scale repair work, it may also be a cause of lower prices in existing transactions. When this 
verification is applied to reconstruction, it can be hypothesized that some activities leading up to the resolution of reconstruction may have 
the potential to affect the price of rehabilitated condominiums. Although refurbishment is not the topic of this study, the possibility of a 
favourable impact on prices cannot be ruled out in terms of activities during the preparation period and in terms of aiming to support the 
reduction of the required timeframe. The study by Yamazaki and Sadayuki (2017) has similarities to this study as an examination of the 
point where the decision-making of condominium unit owners hinders redevelopment. The study stated that the large number of units in 
any given condominium has a negative impact on the price in terms of rent. This suggests that building size may be one of the factors that 
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negatively affect the economic issues in deciding to rebuild, for example. This study also uses building attributes as variables and describes 
the differences due to size, especially the impact of lot size. 
 
1.5  Objective of the Study 
 
This study uses discriminant analysis, a type of multivariate analysis. A model equation was created by adding "properties that have been 
reconstructed (hereafter referred to as "reconstructed properties")" and "properties that have not been reconstructed (hereafter referred to as 
"unreconstructed properties")" as objective variables, and building attributes and economic items as explanatory variables, in order to 
determine which group a given property is closer to and to provide decision-making information that may help in making a reconstruction 
decision. The purpose of this project is to provide a decision-making tool that can help in the decision to rebuild. At the same time, new 
possibilities for condominium reconstruction based on the findings obtained in the process of validating the equation will be considered. 
 

 
Figure 1 Classification 

 
 

 
Figure 2 Schema of discriminant analysis 

 
1.6  Research Methodology and Data 

 
The data comprising the two groups were condominiums existing in Tokyo and nearby cities (Saitama, Chiba, Kanagawa, and Ibaraki 
prefectures). These were divided into two groups: reconstructed properties and unreconstructed properties. Reconstructed properties were 
selected based on data posted on the website of the Condominium Revitalization Council of Japan (Tokyo n=57, suburban cities n=21). 
Unreconstructed properties were selected as those older than 1982, when the Building Standard Law, the main building code in Japan, was 
revised regarding earthquake-resistant structures. In Japan, properties older than 1982 are treated as a special category of old earthquake-
resistant properties. The selection criteria were chosen because they are close to 40 years old, which is the general age of older 
condominiums. Since many properties meet this selection criterion, 15% of these properties were selected using the random function 
(RAND) in Excel (Tokyo n=291, suburban cities n=36). This was obtained after several trials and is the rate that ensures the lowest 
number in the population n. Unreconstructed properties were checked against the property names listed in the Condominium Revitalization 
Council and confirmed that they had not been reconstructed as there were no duplicates. 
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Discriminant analysis was calculated by MAC Multivariate Analysis ver. 3 from Esmi. At the same time, a JMP trial was conducted 
using the same data. Variable selection using the stepwise method was based on the variable increase/decrease method, and variables were 
selected by inserting and removing variables based on the 2in2out principle. Based on Kawakami (1986), the distribution of variables was 
compared between real and log-corrected variables, and a normal distribution was assumed based on the judgment that they were similar. 
This method has the potential to produce different solutions depending on the population, population group, sample characteristics, sample 
range, and other factors. In this study, the formula was varied by dividing and combining various ranges, including Tokyo, Tokyo 
subdivided by cluster analysis, suburban cities, and the Tokyo metropolitan area, which is the sum of Tokyo and suburban cities. 

In this paper, the research methods of the previous papers were critically inherited, changed or added the number of data, population, 
covariates, and range of coverage, and compared and discussed the results with the previous paper. Figure 3 shows the differences between 
the previous paper and this paper, and Table 1 shows the 12 covariates and the basis for their calculation referenced previous paper. All 
covariates obtained here are limited to those objectively available. 

The study is conducted using the following methodology; 
(1) The sample size is expanded from n=132 to 291 for Tokyo and 36 for suburban cities for properties that have not been 

reconstructed. The sample range was expanded by adding suburban cities to Tokyo. 
(2) Discriminant analysis was conducted for Tokyo after variable selection using the stepwise method. Subsequently, Tokyo was 

subdivided by cluster analysis, and only suburban cities were added together to form the Tokyo metropolitan area, and then a 
discriminant analysis was conducted again. 

(3) To the 12 covariates, five additional covariates that represent the environment surrounding the building were attempted. 
(4) For the coefficient portion that assumed the floor-area ratio after reconstruction, the mean value, median value was substituted, 

and publicly indicated value, which are similar to the sample, and observe changes in these values as the reliability of the 
equation improves. 

(5) Using the most reliable discriminant equation obtained from (1) to (4), discrimination using new property data picked up at 
random was performed, which is different from the time when the equation was created. At the same time, calculation of specific 
ideal values for these results was performed by changing variables and discuss the possibility of new reconstruction based on the 
findings obtained. 

For the coefficient portion, the previous paper uses 1.282 as the coefficient for assuming the post-reconstruction floor-area ratio of 
un-reconstructed properties (i.e., by multiplying the previously used floor-area ratio by a coefficient, the post-reconstruction floor-area 
ratio is assumed), but this coefficient has no solid basis. Based on previous research (coefficient of 1.282) to determine the impact of 
changes in variables on the formula was used, and the coefficients (mean and median) were changed to those derived from the sample 
picked up this time and verified the results. In addition, two types of modified discriminant formulas with higher reliability are created 
using proxy coefficients based on the ratio of floor-area ratio in use before and after the 2010s, as shown in the reconstruction case study 
by the Ministry of Land, Infrastructure, Transport and Tourism. 

 

Parameter 405 coefficient1.74 Formura 1.74

Covariances 12 (+5) coefficient2.972 Formura 2.972

coefficient3.749 Formura 3.749

Parameter 132

Covariances 12

Sample Range 23 wards of Tokyo

Modified Discriminant
Formura 1

Verification by change
of Floor-area Ratio

Verification by change
of Site Area

Modified Discriminant
Formura 2

Modified Discriminant Formura 2Previous paper

This Study

Sample Range
 Tokyo, suburbs,

Metropolitan Area

Stepwise method (coefficient 1.282)

verification
of coefficient

Add 5 common variables
Verification of 
Re-qualification Formura

 
Figure 3 Structure of this study 

 
 
2.0  RESULTS OF DISCRIMINANT ANALYSIS OF CONDOMINIUM RECONSTRUCTION IN TOKYO, SUBURBS AND  

 METRO-POLITAN AREA  
 
2.1  Selection of variables in Tokyo 

 
Variable selection was conducted for the explanatory variables in Tokyo using the stepwise method of variable increase/decrease. The five 
covariates listed in Table 3 were selected: "Increase/decrease of floor-area ratio," "Former floor-area ratio," "Former site area," 
"Architectural area/dwelling units," and "Age of a building at rebuilding". The variables " Increase/decrease of floor-area ratio" and " 
Former site area" were similar to those in the previous paper. The fact that "Increase/decrease of floor-area ratio" was selected indicates the 
rate of return that is considered important for rebuilding. In addition, the age of the building at the time of reconstruction, which was 
selected this time, indicates aging, but was not selected in the previous paper, and the selection of this variable increased the certainty of 
the background. 
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Table 1 Calculation Method of 12 Common Variables Referenced Previous Paper (Explanatory Variables) 
 

 
 

Table 2 Outline of 12 Common Variables 
 

 
 

Table 3 Stepwise Method Results of Tokyo 
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2.2  Creation of Modified Discriminant 
 
The equation obtained by discriminant analysis is shown below. Discriminant coefficients are used as coefficients. 
 

Y=-2.524X1 +1.039X2 -0.00028X3 -0.033X4 -0.108X5 +10.412     (1) 
 
[X1 = Increase or decrease in floor-area ratio (%), X2 =Former floor-area ratio (%), X3 = Former site area (m²), X4 = Architectural area / 
dwelling units (m²/unit), X5 = Age of a building at rebuilding (years)]. 
 
 

Table 4 Result of discriminant analysis 
 

 
 

Regarding the reliability of the equation, the results of the equal-variance and box M test in Table 4 confirmed that the p-value was 
less than the significance level of 0.05. Also, in the Wilks' Lambda test, the null hypothesis was rejected because the p-value was less than 
0.01, which is below the significance level of 0.05. From these results, it can be assumed that the mother variances of the two groups 
(rebuilt and unbuilt properties) are different. Therefore, a discriminant analysis using the Mahalanobis distance was conducted in this 
study. When Y (the objective variable) is positive, the group is considered to be "close to the group that has not been reconstructed," and 
when it is negative, the group is considered to be "close to the group that has been reconstructed. The accuracy of the analysis is high at 
94.5%, which is higher than the general frequency of 75%. The correlation ratio also exceeds the general frequency of 0.5. (The above test 
results and statements regarding the significance level have the same value in the discriminant analysis to be conducted later, unless 
otherwise noted.) When looking at the importance of each variable to the equation using the standard discriminant coefficients, the one that 
contributes the most to the result of negative discriminant scores is the increase or decrease in the floor area ratio. This is followed by the 
age of the building at the time of reconstruction and the total floor area/number of dwelling units. The higher these values are, the closer 
the property is to the group where the reconstruction took place. On the other hand, since the coefficient of the floor-area ratio for previous 
use is positive, the larger the value, the closer the property is to those that have not been reconstructed. In other words, the larger the excess 
floor-area ratio, the higher the reduction ratio, and the older the property is, the more likely it is to be identified as being close to a group 
that has been reconstructed. If there is already no room in the floor-area ratio at the time of considering rebuilding, the property is judged 
to be close to a group that has not been rebuilt. 

 
2.3  Problems with Cluster Analysis and Inclusive Coverage 
 
A cluster analysis was conducted on the properties that had not yet been reconstructed. The properties were divided into four groups (d1 to 
d4), which were classified according to location, and a discriminant analysis was conducted for each group. The purpose of this analysis 
was to confirm the reliability of the formula, given the inherent bias in the number and type of properties in each ward of Tokyo. Cluster 
analysis was performed on the subject properties using 36 variables, and after obtaining a tree diagram, the properties were classified by 
the most likely group (Table 5). 

The results of the classification showed that the overall accuracy was low, with a result of 70.8% for group d3, which is lower than 
the typical 75%, indicating that this group is not appropriate as a discriminant formula. d3 is located in the relatively peripheral area of 
Tokyo and is characterized by large size but low prices. In addition, the d2 group has a higher rate of misclassification than the d1 group, 
even though the target and predicted values are higher in the d2 group. Thus, it was found that the number of n as the denominator was less 
than 20 cases, and the bias of the variables made the discrimination difficult and reduced the accuracy (Table 6). 

 
Table 5 Result of Cluster analysis 
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Table 6 Result of discriminant analysis of each Cluster 

 

 
 
2.4  Discriminant Analysis in Suburban and Metropolitan Area 
 
Discriminant analysis was performed for only the suburban cities (Saitama, Chiba, Kanagawa, and Ibaraki prefectures) and as the 
metropolitan area, which is the sum of Tokyo and the suburban cities. Table 7 shows the ranking in the equation using standard 
discriminant coefficients for the selected covariates. The only common variable among the three regions was an increase or decrease in 
floor-area ratio. The Age of a building at rebuilding was selected only for Tokyo, but not for other regions or categories, suggesting that 
the importance of the age at time of reconstruction will decrease as the target area moves away from the urban centre and toward the rural 
areas. On the other hand, in the Tokyo metropolitan area, the most important factor is the assessed value of land per unit, and the sign of 
the coefficient indicates that the larger the assessed value of the property, the closer it is to the group that has not been rebuilt. This means, 
for example, that properties built on sites where land is highly valued are difficult to rebuild, a result that is generally difficult to consider. 
Aggressively expanding the scope of inclusion may distort the analysis and may not ensure statistical reliability. 

 
Table 7 Comparison the results of each discrimination analysis 

 

 
 
2.5  Adding Covariates 
 
In addition to the 12 covariates used so far, data quantifying the surrounding conditions are used to see changes in the discriminant 
equation. Previous paper has treated as covariates information sufficient to describe a building, such as building size, economic aspects, 
and legal aspects, but the influence of actual buildings in the surrounding area have not been taken into account. The surrounding 
conditions are related to "convenience," which is actually handled in the sale of condominiums, and compensates for commercial facilities, 
public facilities, parks, and other aspects related to daily life in the surrounding area. The Walkability Index is a joint study by the 
University of Tokyo and Nikken Sekkei Research Institute, Inc. that quantifies the convenience of nearby commercial facilities, public 
facilities, parks, and other amenities that are relevant to daily life. A walking range (15-minute radius) based on pedestrian routes centred 
on the property was calculated, and each facility within that area is evaluated as a score according to its proximity. In addition to the major 
categories given for each property, facility fulfilment and convenience of large commercial facilities, which are facilities of high 
importance, a total of five additional covariates were employed: distance (minutes) from the property to the nearest station. 

As a result of the analysis, the added covariates were not selected at the stepwise stage, and the differences between the 12 covariates 
and the five covariates added this time were observed in the gap between each variable and the range of values between the rebuilt and 
unrebuilt properties, which were small and large. Therefore, if the gap between the covariates and the objective variable is not large 
enough, the covariates are not appropriate for discriminant analysis. However, since the surrounding environment is assumed to be an 
important variable in terms of purchase motivation and evaluation, we believe that the addition of a variable that satisfies the conditions 
will be important for the purpose of increasing the reliability of the equation in the future. 
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Table 8 Additional covariances 

Added Covariances (5) the basis for calculating

Facilities enhancement degree (a) Convenience of the life: Supermarket, CVS, Postoffice, Clinic, Police box, etc.

Facilities enhancement degree (b) Improvement of store: Shopping center, Bakery, Café, restaurants, etc.

Facilities enhancement degree (c) Education: school, Child care facilities, etc.

Convenience of Commercial complex The number of the facilities mainly on the article of radius 50M (area on foot)

Distance to the station Minutes from an article to the nearest railroad station on foot

 
 

3.0  MODIFICATION  OF  THE  ASSUMED  FLOOR-AREA  RATIO  COEFFICIENT  AFTER  RECONSTRUCTION  OF  
 CONDOMINIUMS AND CREATION OF A MODIFIED DISCRIMINANT FORMULA  

 
The coefficient used in the previous paper for the assumed post-reconstruction floor-area ratio for un-reconstructed properties is 1.282, but 
this coefficient has no solid basis. Therefore, it is necessary to provide a credible background for the coefficient. The mean and median 
values of the coefficients for each of the target coefficients were calculated for the rebuilt properties in Tokyo, suburban cities, and the 
Tokyo metropolitan area that were selected. At the same time, based on the data presented by the Subcommittee on Condominium Policy 
of the Subcommittee of the Council for Social Infrastructure Development conducted by the Ministry of Land, Infrastructure, Transport 
and Tourism in February 2020, the coefficient of 1.74 for the 2010s was determined to be appropriate as a reference value. A discriminant 
analysis using these three coefficients was conducted and compared. In the 23 wards of Tokyo, the increase or decrease in floor-area ratio 
was most important when the coefficient was 3.749, the largest, but as the coefficient decreased, the increase or decrease in floor-area ratio 
was not selected, and the previously used floor-area ratio was selected when the coefficient was 1.74. However, the difference in the 
standardized scores is small, and the floor area ratio is considered to be of similar importance compared to other variables. Since the sign 
of both coefficients is negative, the floor-area ratio is close to that of the group where reconstruction took place due to a large increase in 
the floor-area ratio. 1.282 was used to select both the previous-use floor-area ratio and the increase or decrease in the floor-area ratio, and 
the increase or decrease in the floor-area ratio was more important than the other two variables. The results using 1.282 show that both the 
floor-area ratio in the previous use and the increase/decrease in the floor-area ratio were selected. 

In suburban cities, the most important factor was the increase or decrease in floor area ratio when the coefficient of 1.282 was used, 
while the results using a coefficient other than 1.282 varied between site area and age of the building. A larger site area is discriminated as 
being closer to the group where the reconstruction took place, and the choice of age confirms the importance of the value related to aging. 
This confirms the difference from other ranges when more reliable publicly based figures were used. 

Looking at the Tokyo metropolitan area, the increase or decrease in floor-area ratio and the floor-area ratio of previous use were 
picked up in both cases. The Tokyo metropolitan area has its own sample, with the Tokyo metropolitan area and the suburban area each 
having their own sample. This makes the importance of the reduction ratio increase due to the influence of the increase in floor-area ratio 
conditioned by the Tokyo sample data. At the same time, since the sample data includes urban and suburban areas, it is affected by the area 
of the existing lot and the age of the building. The results indicate that rebuilding becomes more difficult when the existing site area is 
large, or the age of the building is young. In any case, the results for the Tokyo metropolitan area are not reliable for this discussion, 
because the over-inclusive scope of the metropolitan area is too large and leads to unforeseen results. The numbers in Table 9 rank the 
importance of the variables to the equation when creating the discriminant equation, using standard discriminant coefficients. Changing the 
coefficients is the act of changing the assumed value of unbuilt properties while leaving the actual number of rebuilt properties unchanged. 
This trial will increase the likelihood of being selected as a significant variable because the gap between reconstructed and unreconstructed 
properties in terms of increase or decrease in floor-area ratio will be large or small. On the other hand, it is interesting to note that the 
results of this study differ from those of previous studies in that they show the importance of variables other than floor-area ratio by 
moving the focus away from the urban centre and toward the rural areas. Based on these results, we will again attempt to create the most 
reliable modified discriminant equation. The coefficient of the floor-area ratio after reconstruction was 1.74, as indicated by the Ministry of 
Land, Infrastructure, Transport and Tourism. 
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Table 9 Comparison as the rank of the results of each discrimination analysis with different coefficient number 

Covariances coefficient
3.749

coefficient
2.972

coefficient
1.74

coefficient
1.282

Former site area (㎡) 4 2 4 5

Former architectural area (㎡)

Former floor area ratio (%) 4 1 4

Legal floor area ratio (%) 5 3

Floor area ratio after rebuilding (%) 2

Increase or decrease of floor area ratio(%) 1 1

Former total number of dwelling units

Architectural area / dwelling units 3 5 3

Site area / dwelling units

peripheral land price

Land price of each dwelling units

Age of a building at rebuilding 3 1 2 2

Tokyo

 
 

Covariances coefficient
3.749

coefficient
2.972

coefficient
1.74

coefficient
1.282

Former site area (㎡) 2 2 1

Former architectural area (㎡)

Former floor area ratio (%) 2

Legal floor area ratio (%)

Floor area ratio after rebuilding (%)

Increase or decrease of floor area ratio(%) 1

Former total number of dwelling units

Architectural area / dwelling units

Site area / dwelling units

peripheral land price

Land price of each dwelling units

Age of a building at rebuilding 1 1 2

Suburban
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Covariances coefficient
3.749

coefficient
2.972

coefficient
1.74

coefficient
1.282

Former site area (㎡) 2 2 3 2

Former architectural area (㎡)

Former floor area ratio (%) 1 1

Legal floor area ratio (%) 3 3 5

Floor area ratio after rebuilding (%) 4

Increase or decrease of floor area ratio(%) 1 2 3

Former total number of dwelling units

Architectural area / dwelling units 4 4 4 5

Site area / dwelling units

peripheral land price

Land price of each dwelling units 1

Age of a building at rebuilding

Metropolitan Area

 
 
 

Y=-0.00024X1 -0.16X2 -0.03X3 +0.93X4 -0.56X5-0.62X6 +10.85     (2) 
 
[X1 = Former site area (m2), X2 = Age of a building at rebuilding (years), X3 = Architectural area / number of dwelling units (m2/unit),  

X4 = Former floor-area ratio, X5 = legal floor-area ratio, X6 = increase or decrease in floor-area ratio] 
 

Table 10 Result of discriminant analysis 2 
 

Square χ 10878.21 Wilks's Λ 0.643 Unreconstructed 93.6% Distinction hitting ratio 90.5%
Variance 21 Statistic 15.49 Reconstructed 73.1% misjudgment ratio 15.8%

P value 0.0001 Variance 1 12 Mahalanobis's Square distance 4.0288

Decision  ** Variance 2 335 Unreconstructed 95.2% correlation ratio 0.357
n.s. : p≧0.05、* : p＜0.05、 ** ; p＜0.01 P value 5.6×0.1-26 Reconstructed 66.7%

decision  **
n.s. : p≧0.05、* : p＜0.05、 ** ; p＜0.01

  

predictive value cross tabulation

  

estimated frequency

 
 
 
4.0  DISCRIMINANT ATTEMPTS USING ARBITLARY DATA  
 
4.1  Input Results 
 
To validate the equation using arbitrary property data, the data from 20 randomly selected condominiums completed before 1982 (T-1 
through 20), covering the new Tokyo metropolitan area was used. Each variable was substituted into the equation, and five properties (T-1, 
2, 3, 10, and 13) were negative and close to the group where reconstruction took place, while the remaining 15 properties were close to the 
group where reconstruction did not take place (Table 11). 
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Table 11 Result of the discriminant analysis with formula 2 and sign-reversing coefficients by the change of floor-area ratio 
 

 
 

4.2 Discussion of the Results of the Variation in the Increase or Decrease in the Floor-area Ratio 
 
In Sections 4.2 and 4.3, the result of the 15 cases obtained in Section 4.1 from "close to the group that has not been reconstructed" to "close 
to the group that has been reconstructed" was changed. Among the variables that make up the equation, the increase or decrease in floor-
area ratio is assumed to be the floor-area ratio after reconstruction by multiplying the previous floor-area ratio by a certain coefficient. 
Since it is possible to intentionally change the result by changing this coefficient, the result was reversed by changing the increase/decrease 
portion of the floor area ratio. 

From the coefficient of X6 in the modified discriminant Equation 2, the discriminant result for each property was divided by 0.62 to 
obtain the additional value of the increase or decrease in floor area ratio required to make the result negative. The obtained Z was referred 
to as the "addition to increase/decrease in floor area ratio. This value was added to the increase/decrease in floor area ratio to obtain the 
"ideal value of increase/decrease in floor area ratio (a). This (a) was substituted into the discriminant equation, and it was confirmed that all 
results were less than 0. As a result, it was found that a sign reversal occurs with an increase in the floor area ratio of approximately 343% 
to 834% only within the range of data used in this study. 

Next, the coefficient of increase or decrease in floor area ratio that reverses the sign of the discriminant result was examined. The 
following equation was developed to calculate the ideal coefficient for each property. 

 
b=y÷0.62x+1.74           (3) 

 
The coefficient (b) was obtained by the discrimination result (y) and the previously used floor area ratio (x). Table 11 shows the 

results of the "ideal coefficient" for the 15 cases that were determined to be difficult to rebuild. In order to reverse the result of the 20 cases 
used for this verification, the 15 cases that were determined to be close to those that had not been reconstructed to be close to those that had 
been reconstructed, the post-use floor area ratio would need to be approximately 1.8 to 3.6 times the pre-use floor area ratio, or on average 
2 to 2.5 times the pre-use floor area ratio. It can be understood that the required floor-area ratio increases in the 1970s was 434%, which is 
very high, and that the present results are within that range. While the verification results indicate that rebuilding plans that are contingent 
on securing excess floor-area ratio are still an effective means, the tendency of the figure to decrease with each passing year can be read 
from the same figure, suggesting that the excess floor-area ratio required in the future will tend to decrease. 
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4.3 Discussion of the Results of the Variation in the Increase or Decrease in the Area of the Existing Site 
 
Here, instead of increasing or decreasing the floor-area ratio as done in 4.2, a sign reversal by changing the value of the site area in light of 
the possibility of a consolidation, joint project, or site sale was attempted. When the value of the former site area is changed, the floor-area 
ratio of the former use (former total floor area divided by the former site area), which is calculated using the former site area, and the 
increase or decrease in the floor-area ratio (floor-area ratio after reconstruction - floor-area ratio of the former use) also change 
simultaneously. The other variables, excluding these three, are assumed to remain unchanged, and the discriminant equation is organized 
as follows; 
 
Discrimination result (Y) = -0.00024 ×previous site area (X1) + 0.93 (previous total floor area / X1) - 0.62 (previous total floor area / X1 × 
1.74 – previous total floor area / X1) + C         (4)  
 
[C is the age of a building at rebuilding (years), Architectural area / dwelling units (m2/unit), and the legal floor-area ratio portion in the 
modified discriminant formula]. 
 

Select a solution where X1 by Equation 4 is greater than or equal to 0. 
 
These results indicate that sign reversal requires an increase of approximately 1.0004 to 7.7 times the previous site area for the range 

of data used in this study. The average is 2.8 times, and Table 12 shows that in 8 out of 15 cases, the sign is reversed by a factor of about 
1.5 to 2. In other words, this result can be expected to promote rebuilding through joint projects with neighbouring condominiums of about 
the same size. In addition, since the change in site area is a change in the fundamental part of the building, it has no small impact on areas 
other than those verified in this study. The benefits are significant, including the increased possibility of meeting floor-area ratio mitigation 
requirements, such as securing open space and wall setbacks, and maintaining a good relationship with the surrounding environment by 
keeping a good distance from neighbouring properties. 
 

Table 12 Result of the discriminant analysis with formula 4 and sign-reversing rate by the change of site area 
 

 
 
 
5.0  CONCLUSION  
 
With the aim of providing support for the decision to rebuild condominiums, an analysis using discriminant analysis, a type of multivariate 
analysis was conducted. A discriminant equation with the highest reliability at present was created, and the possibility of a new rebuilding 
was presented with its validation. The process of creating the equation revealed that in addition to the importance of floor-area ratio, which 
complements previous studies in Tokyo, the age of the building was selected to further increase the reliability of the equation. In the future, 
when the number of properties over 40 years old will increase, it will be necessary to consider rebuilding based on the age of the building 
as soon as possible. The formula is also affected by the area of the previous site, which also makes up the entire formula. This confirms the 
usefulness of a wider range of decision-making materials, rather than a centralized solution based on the reduction ratio. On the other hand, 
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as for the reliability of the formula, the discriminant analysis by cluster and the results for the metropolitan area showed that it is important 
to set an appropriate inclusionary range. In the suburban cities with different ranges, the importance of variables related to floor-area ratio 
was lower than in Tokyo. Rather, the age of the building had a negative impact, making rebuilding more difficult as the number of years 
increases. 
 
(1) The inclusion of covariates for increase/decrease in floor-area ratio in the discriminant equation suggests the importance of profit 

from the sale of surplus floor space (expected income) in previous papers and previous studies. 
(2) The contribution based on the standard discriminant coefficient to the discriminant equation indicates that the age of the building 

plays a significant role in rebuilding in Tokyo. The older the building is, the more it should be rebuilt. 
(3) In suburban cities, no change in the importance of the floor-area ratio was observed in response to trials from various angles, such as 

changing or replacing coefficients of variables related to the floor-area ratio. The floor-area ratio in suburban cities is less important 
than in Tokyo. The age of the building affects it in a negative way, making rebuilding more difficult as the number of years increases.  

(4) From the creation of the equation when inclusive as the metropolitan area and the creation of the equation when subdivided by cluster 
analysis, it was found that a moderate inclusive range and a certain number of population or more were necessary for the analysis. The 
influence of an excessive or insufficient number of populations cannot be ignored in the ranking of covariates using standard 
discriminant coefficients and in the results of discriminant analysis with different volume ratio assumption coefficients. 

 
     The importance of the increase or decrease in floor-area ratio as an economic aspect, regional differences due to the length of the 
building's age, and the updating of coefficients in consideration of actual cases, etc., indicate that a certain answer was obtained to the 
tentative question, Based on a case study of a rebuilding property that includes economic items, it is possible to provide a new decision-
making tool that contributes to the rebuilding of condominiums by presenting a highly reliable formula that clarifies the items necessary 
for rebuilding. Formulate a practically applicable discriminant equation for the future reconstruction of condominium. It is hoped that the 
two modified equations formulated from this study have practical significance as both can form good and effective decision support for 
future reconstruction of condominiums in Tokyo. 
     As a new finding obtained through the process of the provisional demonstration, the verification of the modified discriminant equation 
based on changes in the floor-area ratio and site area revealed that reconstruction can be promoted by changing more realistic numerical 
values, especially in the verification of the sign reversal caused by site area expansion. While encompassing the argument that the rate of 
return should be increased in the previous study, we believe that we were able to develop an argument for site expansion that can be 
expected to have more multifaceted effects. There are numerous secondary benefits such as securing public open space and wall setbacks, 
which will have a positive effect on the surrounding environment. It is important to start the study early and to unify the will to reach a 
consensus for the continued residence of the residents on their beloved land. The project has achieved a certain level of success in 
presenting the possibility of reconfiguration through a review of the use of the site and joint projects as a way of shaping the future of the 
town unit. As the number of properties to be reconstructed increases, it is hoped that a more reliable and reliable formula will be 
established and made known to the community and used in the future. 
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