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Estimating the Determinants of Economic Housing Independence for Young
Adults in their 20s and 30s
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Kwanghoon Hwang*

Abstract
This study empirically analyzes the determinants of young adults’ economic housing independence using data
from the 6th to 14th waves (2012-2020) of the Korea Employment Information Service Youth Panel 2007
cohort. First, an examination of the transition process from non-housing independence to economic housing
independence reveals an upward trend in the independence rate to increase over time. This pattern is
attributable to life cycle changes, such as income accumulation with age, employment experience, and
household formation through marriage. A panel logit model was employed to control for invariant individual
characteristics. The analysis results reveal that the likelihood of achieving economic housing independence is
higher among women, individuals with higher education levels, the employed, residents of non-metropolitan
areas, married individuals, and youths who do not receive financial support from their parents. Conversely, the
likelihood of independence is relatively lower among men, those with lower education attainment, residents of
metropolitan areas, the unemployed, unmarried individuals, and recipients of family financial support.
Furthermore, in the analysis separated by gender, factors related to the basis of economic activity such as age,
education level, employment status, and head of household status were identified as common key variables that
increase the probability of housing independence. These findings suggest that the economic and housing
independence among young adults is not a short-term event, but a process shaped by the complex interplay of
structural factors such as the foundation for economic self-reliance, marital status, and housing cost burdens. In
particular, the results that stable participation in the labor market and the establishment of an income base are
key prerequisites for housing independence. Accordingly, this study proposes that housing support policies
aimed at alleviating housing cost burdens be implemented in parallel with policies that strengthen young
people’s entry into the labor market and employment stability.

Keywords: Youth Panel, Residential Independence, Binary Logistic Regression, Panel Logit Model
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Table 1. Composition of the Sample under Analysis
at Periods t, t+3, and t+6

Table 2. Measurement Variables and Survey Ques-
tionnaire Items

Period t Period t+3 Period t+6
(3 Years Later) (6 Years Later)
2012 2015 2018
2013 2016 2019
2014 2017 2020
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Are you currently living with your parents?

(1) Currently living together.
— Economic and residential
non-independence

(2) Temporarily living separately without
being economically independent. (Living
apart due to reasons such as studies or
military service)

— Economic and residential
non-independence

(3) Currently not living together and is
economically independent. (Becoming
economically independent through
marriage or adulthood)

— Economic and residential independence
(economic self-reliance)

Source: Korea Employment Information Service (2025.
12.23) (in Korean)
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Table 3. Basic Statistics

(N=11,647) (N=11,147)
Mean, Standard Mean, Standard
Proportion Deviation Proportion Deviation
Housing Independence 0.53 0.50 0.68 0.47
Living with My Parents(t) 0.63 0.48 0.63 0.48
Male 0.47 0.50 0.47 0.50
Age 29.49 2.89 29.48 2.89
High School or Below 0.23 0.42 0.23 0.42
Junior College Graduate 0.25 0.43 0.25 0.43
Education Level
Bachelor’s Degree 0.47 0.50 0.48 0.50
Graduate Degree 0.04 0.20 0.04 0.20
Marital Status (Single) 0.67 0.47 0.67 0.47
Household Head Status (Head of Household) 0.21 0.41 0.21 0.40
Region (Seoul Metropolitan Area) 0.52 0.50 0.52 0.50
Clerical & Pro.fesswnal 0.18 0.39 0.19 0.39
Occupations
Service Jobs 0.25 0.43 0.25 0.43
Father’s - -
Occupation Construction &.Productlon 036 0.48 036 0.48
Occupations
Unemployed or Not in the 021 0.41 0.21 0.41
Labor Force
Clerical & Pro.fessmnal 0.07 0.26 0.07 0.26
Occupations
Service Jobs 0.21 0.41 0.21 0.41
Mother’s c on & Productl
Occupation onstruction . roduction 011 0.32 011 0.32
Occupations
Unemployed or Not in the 0.61 0.49 0.61 0.49
Labor Force
Receiving Financial Support (Yes) 0.13 0.33 0.13 0.33
Employment Status (Employed) 0.71 0.45 0.71 0.45
Source: Korea Employment Information Service (2025.12.23) (in Korean)
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Table 4. Transition Probabilities from Housing Dependence to Housing Independence (Unit: %)

t—t3 t—t6
t Housing Housing
(Housing Dependence) Dependence / Housing Dependence / Housing
Non-independent Independence Non-independent Independence
Housing Housing
Total 70.0 30.0 47.5 52.5
Male 71.4 28.6 49.4 50.6
Gender
Female 68.6 31.4 45.6 54.4
A Age 25-29 73.1 26.9 49.2 50.8
e
§ Age 30-34 64.9 35.1 44.7 55.4
High School or 77.6 22.4 59.7 403
Below
Education  Junior College 707 293 48.6 515
Level Graduate
Bachelors 67.2 32.8 431 56.9
Degree
Capital Region 73.0 27.0 49.6 50.4
Region -capi
8 Non-capital 66.7 333 45.3 54.7
Region
Source: Korea Employment Information Service (2025.12.23) (in Korean)
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Table 5. Determinants of Housing Independence (Logit Analysis, Total and by Gender): t —t3

All Male Female
. Standard . Standard . Standard
Estimate Estimate Estimate
Error Error Error
Constant -26.332** 3,397 -23.906*** 4903 -27.298** 4,902
Gender (Ref: Female) -0.150***  0.056 No No No*** No
Age 1.803***  0.236 1.591**  0.339 1.916**  0.343
Age Squared -0.030***  0.004 -0.027***  0.006 -0.032 0.006
Assodiate g 5gx 0,085 0117  0.124 0.069  0.122
Education Degree
(Refi High — Bachelor's = Jpue 0,076 0.731%* 0104  -0071  0.114
School or Degree
Below
) Graduate — cozex 0146 1.265%*  0.208 0032 0211
Degree
Unmarried (Ref: Married)  -1.590***  0.135 -1.077***  0.195 -2.007***  0.198
Household Head
0.772**  0.104 0.971**  0.133 0.577**  0.175
(Ref: Household Member)
Capital Region -0.260%**  0.054  -0293** 0077  -0.276"* 0.076
(Ref: Non-capital Region)
Clerical &
Professional ~ 0.201** 0.082 0.097 0.121 0.309**  0.112
Occupations
Father’s .
Occupation Construction
. & Production  0.103 0.071 0.009 0.105 0.156 0.099
(Ref: Service Occupations
Jobs) 4
Unemployed
or Notinthe -0.148* 0.085 -0.168 0.120 -0.195 0.123
Labor Force
Clerical &
Professional 0.028 0.114 -0.013 0.164 0.102 0.159
Occupations
Mother’s .
Occupation Construction
. & Production -0.017 0.105 -0.088 0.159 0.044 0.140
(Ref: Service Occupations
Jobs) 4
Unemployed
or Notinthe  0.020 0.068 0.058 0.101 -0.040 0.094
Labor Force
Receives Financial Support
-0.437**  0.109 -0.384***  (.156 -0.421**  0.158
(Ref: No Support)
Employed
0.275**  0.087 0.323**  0.133 0.334***  0.120
(Ref: Not Employed)
-2 LogL 8,987.82 4,451.39 4,529.39
LR Test Statistic 575.08%** 374.99%+* 268.50%**
N 7,359 3,720 3,639

Note: Asterisks (*, **, ***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 6. Determinants of Housing Independence (Logit Analysis, by Age Group): t —t3
Age 25-29 Age 30-34
) Standard . Standard
Estimate Estimate
Error Error
Constant 0.450 0.319 0.533** 0.225
Gender (Ref: Female) -0.082 0.073 -0.175** 0.088
Education Associate Degree 0.170 0.111 0.165 0.136
(Ref: High School Bachelor’s Degree 0.244** 0.098 0.658*** 0.120
or Below) Graduate Degree 0.615%* 0.212 0.952%** 0.206
Unmarried (Ref: Married) -1.9971%** 0.298 -1.464%*** 0.152
Household Head - -
(Ref: Household Member) 0.907 0.165 0.784 0.135
Capital Region ~ - ~ o
(Ref: Non-Capital Region) 0.298 0.069 0.204 0.085
Clerical &
Professional 0.193* 0.102 0.166 0.136
Occupations
Father’s -
Occupation Construction &
p' Production 0.085 0.091 0.115 0.116
(Ref: Service Jobs) .
Occupations
Unemployedor Not 0.121 ~0.293%* 0.120
in the Labor Force
Clerical &
Professional -0.073 0.140 0.202 0.195
Occupations
Mother’s :
Occupation Construction &
p_ Production -0.127 0.131 0.138 0.174
(Ref: Service Jobs) .
Occupations
Unemployed or Not ., ., 0.085 -0.013 0.112
in the Labor Force
Receives Financial Support 0.325%* 0136 0.758%* 0.192
(Ref: No Support)
Employed (Ref: Not Employed) 0.577*** 0.115 -0.089 0.138
5,374.78 3,558.49
256.16*** 240.38***
4,614 2,745
=3 24 Q91 27 AP (25~294], 30~34A4])
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Table 7. Determinants of Housing Independence (Logit Analysis, Total and by Gender): t —t6

All Male Female
. Standard . Standard . Standard
Estimate Estimate Estimate
Error Error Error
Constant -23.669*%* 3,070 -22.150%** 4,317 -28.441%* 4561
Gender (Ref: Female) -0.078 0.052 No No No No
Age 1.677***  0.214 1.497**  0.299 2.091**  0.321
Age Squared -0.029**  0.004 -0.025***  0.005 -0.036***  0.006
Associate ) ) agi 0,076 0.110 0.105 0.244**  0.116
Education Degree
(Ref: High  Bachelor's ) ) coue 067 0.589%* 0,090 0267  0.107
School or Degree
Below
) Graduate ) o) g 0,147 1.740%*  0.247 0.255 0.201
Degree
Unmarried (Ref: Married) -1.024***  0.145 -0.392%* 0.203 -1.637***  0.220
Household Head
0.579***  0.111 0.793***  0.143 0.283 0.187
(Ref: Household Member)
Capital Region
-0.139***  0.050 -0.177** 0.071 -0.130* 0.071
(Ref: Non-Capital Region)
Clerical &
Professional 0.206***  0.076 0.254** 0.111 0.190* 0.105
Occupations
Father’s .
Occupation Construction
. & Production  0.069 0.066 0.065 0.096 0.044 0.093
(Ref: Service Occupations
Jobs) 4
Unemployed
or Notinthe -0.190** 0.078 -0.187* 0.109 -0.247** 0.114
Labor Force
Clerical &
Professional 0.090 0.102 -0.116 0.145 0.331** 0.149
Occupations
Mother’s 3
Occupation Construction
. & Production  0.128 0.095 0.083 0.141 0.183 0.131
(Ref: Service Occupations
Jobs) 4
Unemployed
or Not in the 0.031 0.063 0.042 0.091 0.002 0.088
Labor Force
Receives Financial Support
-0.397***  0.093 -0.327** 0.131 -0.411***  0.137
(Ref: No Support)
Employed
0.308***  0.078 0.316***  0.116 0.341***  0.109
(Ref: Not Employed)
-2 LogL 9,736.75 4,936.08 4,790.57
LR Test Statistic 458.23%** 335.59%** 189.48***
N 7,036 3,561 3,475

Note: Asterisks (*, **, ***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 8. Determinants of Housing Independence (Logit Analysis, by Age Group): t —t6

Age 25-29 Age 30-34
Estimate Standard Estimate Standard
Error Error
Constant 1.147*** 0.355 0.111 0.225
Gender (Ref: Female) -0.145** 0.065 0.043 0.086
Education Associate Degree 0.193** 0.097 0.313** 0.125
(Ref: High School or  Bachelor’s Degree 0.360%*** 0.084 0.7571%*** 0.113
Below) Graduate Degree 0.751%** 0.204 1.294%** 0.215
Unmarried (Ref: Married) -1.440%** 0.341 -0.894%** 0.162
Household Head
(Ref: Household Member) 0.663*** 0.184 0.527%** 0.142
Capital Region (Ref: Non-Capital Region)  -0.164*** 0.063 -0.087 0.083
Clerical &

Professional 0.222** 0.092 0.154 0.135

Occupations

Father’s Occupation  Construction &

(Ref: Service Jobs) Production 0.000 0.081 0.189* 0.115

Occupations
lf:i}rzpi‘;ﬁi ;Zi‘;t -0.113 0.109 -0.212* 0.114

Clerical &

Professional -0.064 0.121 0.421** 0.193

Occupations

Mother’s Occupation  Construction &

(Ref: Service Jobs) Production 0.081 0.114 0.191 0.171

Occupations
If:iipi:ﬁ‘i EZFC? -0.016 0.077 0.154 0.108
Receé‘l’:esffl;r;a;:gﬁ:r‘g port ~0.449%%* 0.110 -0.409** 0.177
Employed (Ref: Not Employed) 0.363*** 0.096 0.282** 0.134

-2 LogL 6,148.50 3,574.58
LR Test Statistic 243.09*** 168.42%**
N 4,436 2,600

Note: Asterisks (*, **, ***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively.

of2| Z3}3E(Table 9, Table 10)0]= F 23 9] 5=
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Table 9. Determinants of Housing Independence (Panel Logit Analysis, Total Youth Sample)

Fixed Effects Random Effects
Estimate Standard Estimate Standard
Error Error
Gender (Ref: Female) - - -1.102%** 0.072
Age 0.669%** 0.079 0.777*** 0.055
Age Squared -0.008*** 0.001 -0.011%** 0.001
Education Associate Degree 0.886* 0.342 0.222** 0.095
(Ref: High School or  Bachelor’s Degree 1.107%** 0.217 0.405%** 0.084
Below) Graduate Degree 1.544%% 0.394 0.727%* 0.169
Unmarried (Ref: Married) —4.922%** 0.141 -6.858*** 0.099
Household Head
(Ref: Household Member) 2.806%** 0.073 4.585%** 0.070
Capital Region (Ref: Non-Capital Region) 0.237 0.162 -0.248*** 0.063
Clerical &

Professional -0.324* 0.176 -0.090 0.094

Occupations

Father’s Occupation  Construction &

(Ref: Service Jobs) Production -0.267* 0.159 -0.015 0.084

Occupations
lf:i}rzpi‘;ﬁ‘: ;Zi‘;t ~0.642%* 0.153 ~0.627%%* 0.088

Clerical &

Professional -0.316* 0.189 -0.021 0.115

Occupations

Mother’s Occupation  Construction &

(Ref: Service Jobs) Production 0.328 0.205 0.422%** 0.117

Occupations
If:;‘lpi‘;ﬁ‘: ;Z:;Zt 0.056 0.131 -0.079 0.077
Receé‘l’;sf:l:l;r;a;fgﬁ;‘gport ~1.067%+ 0.127 -1.623%+ 0.101
Employed (Ref: Not Employed) 0.339%** 0.084 0.037 0.066
Constant - - -10.363*** 0.844

LR-chi2/Wald-test 15,222.86*** 7,771.37***
Number of Obs 29,492 75,972

Note: Asterisks (*, **, ***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
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Table 10. Determinants of Housing Independence (Panel Logit Analysis, by Gender)

Male Female
Fixed Effects Random Effects Fixed Effects Random Effects
. Standard . Standard . Standard . Standard
Estimate Estimate Estimate Estimate
Error Error Error Error
Age 0.392**  0.115 0.323**  0.076 0.833***  0.110 0.653***  0.076
Age squared -0.004**  0.002 -0.004** 0.001 -0.011*** 0.002 -0.009** 0.001
Associate  ggoue 0536 0147 0127 0144 0459 0291 0125
. Degree

Education
(Ref: High — Bachelor's = gopus 0300 0445 0108 1144 0317 0554 0116
School or Degree
Below) Graduate

1.183**  0.527 1.011%*  0.216 1.489*  0.598 0.539**  0.231
Degree

Unmarried (Ref: Married) -3.253*** 0.191 -3.974** 0.114 -5.590** 0.209 -8.264*** 0.146
Household Head - ok ok -

(Ref: Household Member) 3.112 0.102 4.737 0.089 2.509 0.107 4.833 0.103
Capital Region (Ref: - sogus 0245 0205 0084 -0020 0221 -0.169%  0.084
Non-capital Region)

Clerical &
Professional -0.394 0.263 0.001 0.130 -0.285 0.243  -0.221* 0.126
, Occupations

Father’s

Occupation Construction
(Ref: & Production -0.482**  0.235  -0.052 0.115 -0.055 0.223  -0.058 0.112
Service Occupations
b
Jobs) Unemployed

or Notin the -0.451** 0.229 -0.688***  0.120 -0.858***  0.212 -0.677** 0.119
Labor Force
Clerical &
Professional -0.278 0.277 -0.047 0.156 -0.268 0.261 0.041 0.157
Occupations

Mother’s

Occupation Construction
(Ref: & Production  0.437 0.300 0.173 0.164 0.295 0.286 0.696***  0.154
Service Occupations
Jobs)

Unemployed
or Notinthe 0.217 0.191 -0.080 0.105 -0.053 0.187  -0.093 0.104
Labor Force
Receives Financial Support
-0.948** 0.209 -1.528** 0.180 -1.069*** 0.166 -1.420** 0.130
(Ref: No Support)
Emp]oyed kskok KKK kk
(Ref: Not Employed) 0.905 0.151 1.164 0.125 0.213 0.107 0.078 0.085
Constant - - -7.138***  1.153 - - -7.628** 1161
LR-chi2/Wald-test 7,318.44*** 3,910.14%** 8,046.68*** 4,403.56%**
Number of Obs 14,201 36,128 15,291 39,844

Note: Asterisks (*, **, ***) indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
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Determinants of Job Satisfaction among Young Workers and the Moderating
Role of Inter-Regional Mobility

Min-Ho Kim** - Hyun-Kyung Lee***

Abstract
This study investigates the determinants of job satisfaction among young workers in Korea and examines how
these relationships vary with inter-regional labor mobility. Using data from the Korean Youth Panel Survey
(2007-2020) and applying an ordered panel logit model with random effects, the analysis categorizes labor
mobility into non-movers (metropolitan and non-metropolitan) and inter-regional movers, specifically
non-metropolitan out-migrants (those moving from non-metropolitan to metropolitan areas) and non-
metropolitan in-migrants (those moving from metropolitan to non-metropolitan areas). The results indicate
that wages, job content, working conditions, welfare benefits, interpersonal relations, career development, and
future prospects are positively associated with job satisfaction, with job content exerting the strongest effect
across all models. The moderation analysis reveals differences by direction of migration. For non-metropolitan
out-migrants, the association with job content is relatively stronger. For non-metropolitan in-migrants,
working conditions exhibit a comparatively stronger effect. Overall, the relative importance of specific job
attributes differs between migrant and non-migrant groups. These findings suggest that youth employment
policies should move beyond wage-centered approaches and instead emphasize improvements in job quality

and working conditions, particularly in non-metropolitan regions.

Keywords: Labor Mobility, Young Workers, Job Satisfaction, Moderating Effect, Balanced Regional Development
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Table 1. Variable Definitions

Category Description Prior Studies
B Y 2023) (in K
Dependent . . - - . . ae an‘d ang ( O- 3) (in Korean),
Variable Job Satisfaction Overall satisfaction with the current job Kim (2023) (in Korean),

among others

Hwang et al. (2022a) (in Korean),
Wage Level of wage compensation Woo etal. (2018) (in Korean),
among others

Hwang et al. (2022a) (in Korean),
Job Security Level of employment stability Woo etal. (2018) (in Korean),
among others

Bae and Yang (2023) (in Korean),

Job Content Quality of job tasks (major-related) Woo et al. (2018) (in Korean)

Choi et al. (2018) (in Korean),

Self-development Opportunities for self-development at work Woo et al. (2018) (in Korean)

Bae and Yang (2023) (in Korean),

Physical ki iti f th
ysical working conditions of the Zhang et al. (2023),

Independent ~ Work Environment

Variables office/workplace Kim et al. (2024)
Interpersonal Communication and interpersonal relationships Bae and Yang (2023) (in Korean),
Relationships with colleagues Woo et al. (2018) (in Korean)
. . Bae and Yang (2023) (in Korean),
Welfare Benefits Level of welfarei/vl;ir])(efllsz:rov1ded by the Kim et al. (2024),
P Woo et al. (2018) (in Korean)
B dy 2023) (in K
Degree to which the job is perceived as ae ar.l ang ]. (in Korean),
Career Prospects romisine creative and challenein Choi et al. (2018) (in Korean),
P & ’ ging Woo et al. (2018) (in Korean)
e Proximity and commuting distance to the Bae and Yang (2023) (in Korean),
Accessibility workplace Zhang et al. (2023),
P Woo etal. (2018) (in Korean),
Gender 0 =Male, 1 = Female
. 0 = High school or less, 1 = College, Bae an.d Yang (2023] (in Korean),
Education > . Kim (2023) (in Korean),
2 = University, 3 = Graduate school or above X
Hwang et al. (2022a) (in Korean),
Firm Size 0 = Small (1-49), 1 = Medium (50-99), Park and Jung (2019) (in Korean)
2 = Mid-large (100-999), 3 = Large (1,000+)
Control
Variables Bae and Yang (2023) (in Korean),
. . . Kim (2023) (in Korean),
Firm T =P 1 = Publ
frm Lype 0 = Private, ublic Hwang et al. (2022a) (in Korean),
Park and Jung (2019) (in Korean)
Financial Crisis 0 = Pre-2008 period, 1 = 2008 and afte
Minimum Wage Change 0 = Pre-2016 period, 1 = 2016 and after
0 = No mobility (non-metropolitan),
1 = Non-metropolitan — Non-metropolitan,
Moderating . 2 = Non-metropolitan — Metropolitan, Kim (2023) (in Korean),
b Mobility T
Variable Job Mobility Type 3 = Metropolitan — Non-metropolitan, Park and Jung (2019) (in Korean)

4 = Metropolitan — Metropolitan,
5 = No mobility (metropolitan)

Note 1: All variables are measured on a five-point scale (1 = very dissatisfied, 5 = very satisfied).
Note 2: Based on 14 panel waves; multicollinearity was tested using GVIF. Final variables were selected accordingly.
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Table 2. Construction of Job Mobility Variables

Job Mobility Type

Origin

Change in Change in Change in

Destination
Firm Location Firm Type Firm Size

No Mobility
M li -
(Metropolitan) etropotitan
X X X
No Mobility Non- ~
(Non-Metropolitan) Metropolitan
Wlthm-Reglon_Moblllty Metropolitan ~ Metropolitan
(Metropolitan) o o
X
Within-Region Mobility Non- Non-
(Non-metropolitan) Metropolitan Metropolitan
. . Non-
Non-Metropolitan Inflow  Metropolitan .
Metropolitan
O - -
. Non- .
Non-Metropolitan Outflow . Metropolitan
Metropolitan
Table 3. Model Specification
Category Reference Group Comparison Group
No Mobili Non-M litan —
Non-Metropolitan Outflow Model © Mobi lt},, on etropo. itan
(Non-Metropolitan) Metropolitan
No Mobilit Met litan —
Non-Metropolitan Inflow Mode oMo 1,1 y etropott an.
(Metropolitan) Non-metropolitan
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Table 4. Descriptive Statistics

Non-Metropolitan Metropolitan
vy N N Overall
o 6}
Mean
Total Mobility Outflow Total Mobility Outflow
Number of Observations 28,252 22,958 268 7,810 6,242 236 6,010
Job Satisfaction 3.62 3.61 3.64 3.70 3.69 3.61 3.66
(0.66) (0.66) (0.60) (0.60) (0.61) (0.71) (0.64)
Job Content 3.66 3.65 3.69 3.76 3.75 3.63 3.71
(0.69) (0.69) (0.68) (0.66) (0.67) (0.71) (0.68)
Wage 3.30 3.29 3.39 3.45 3.43 3.27 3.38
g (0.81) (0.80) (0.77) (0.77) (0.78) (0.87) (0.79)
Self-Development 3.49 3.48 3.61 3.61 3.60 3.55 3.57
p (0.75) (0.75) (0.71) (0.72) (0.73) (0.74) (0.73)
Interpersonal Relationshins 3.68 3.68 3.69 3.75 3.75 3.64 3.71
P p (0.67) (0.67) (0.59) (0.61) (0.62) (0.65) (0.64)
Welfare Benefits 3.62 3.62 3.66 3.73 3.73 3.56 3.66
(0.71) (0.71) (0.65) (0.67) (0.68) (0.74) (0.69)
Work Environment 3.57 3.55 3.62 3.68 3.66 3.56 3.62
(0.71) (0.71) (0.68) (0.66) (0.67) (0.74) (0.69)
Job Securit 3.66 3.65 3.69 3.76 3.75 3.64 3.71
Y (0.75) (0.75) (0.76) (0.73) (0.72) (0.72) (0.74)
Career Prospects 3.44 3.45 3.39 3.62 3.62 3.33 3.47
p (0.91) (0.90) (0.87) (0.82) (0.81) (1.00) (0.89)
Accessibilit 3.44 3.45 3.39 3.62 3.62 3.33 3.47
y (0.91) (0.90) (0.87) (0.82) (0.81) (1.00) (0.89)
Gend Male 44.9% 42.5% 52.6% 45.6% 43.7% 43.6% 45.8%
ender
Female 55.1% 57.5% 47.4% 54.4% 56.3% 56.4% 54.2%
High School or Less  18.8% 21.3% 14.2% 15.8% 16.4% 15.7% 15.8%
College 26.3% 27.6% 24.6% 28.8% 29.4% 29.2% 27.4%
Education University 49.4% 46.8% 54.9% 52.4% 51.8% 48.3% 51.8%
Graduate Schoolor o oo 400 639 30%  24%  68% 5.0%
Above
Small (1-49) 58.3% 61.8% 54.1% 57.5% 61.0% 55.9% 52.4%
Medium (50-99) 13.6% 10.4% 13.4% 14.9% 11.2% 14.4% 15.7%
Firm Size Mid-Large
0, 0, 0, 0, 0, 0, 0,
(100-999) 22.3% 20.0% 20.9% 21.6% 20.2% 20.3% 22.7%
Large (1,000+) 9.5% 7.8% 11.6% 8.2% 7.6% 9.3% 9.2%
Private 85.2% 88.0% 83.6% 81.6% 85.7% 78.0% 81.7%
Firm Type
Public 14.8% 12.0% 16.4% 18.4% 14.3% 22.0% 18.4%

Note: Independent variables are reported as means with standard deviations in parentheses, while control variables
are reported as percentages.
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Table 5. Results of the Baseline Model

Category Coefficient Standard P-value = Odds Ratio GVIF
Error
Job Content 1.30%** 0.02 0.00 3.66 1.30
Wage 0.86**  0.02 0.00 2.36 1.28
nd 4 Self-Development 0.67*** 0.02 0.00 1.96 1.40
ndependent
Varables oo ogee 002 o0 1ss 126
(Re‘f:re;ce: Welfare Benefits ~ 0.38**  0.02 0.00 147 1.28
Dissatisfied) Work Environment 0.35%** 0.02 0.00 1.42 1.35
Job Security 0.34%** 0.02 0.00 1.41 1.23
Career Prospects 0.25%** 0.02 0.00 1.28 1.39
Accessibility 0.10%** 0.02 0.00 1.10 1.22
Gender
(Reference: Female 0.05° 0.03 0.08 1.05 1.02
Male)
Education College -0.20%** 0.04 0.00 0.82
_(Reference: University -0.18%** 0.04 0.00 0.84 1.02
ngth :js(;m or Grai;‘i‘;ﬁj\f:o‘)l -0.14° 0.08 0.08 0.87
Firm Size Medium (50-99) 0.02 0.05 0.73 1.02
(Reference:  Mid-Large (100-999) 0.00 0.04 091 1.00 1.03
Small Firms) Large (1,000+) -0.07 0.05 0.20 0.93
Firm Type
(Reference: Public 0.25%#* 0.04 0.00 1.29 1.06
Private)
Within-Region
Mobility 0.07 0.05 0.16 1.08
b Mobility (Non-Metropolitan)
](; Iype Non'lz)/[s:frl‘:)s\?htan 0.10 0.17 0.53 111
eference:
W(ithin-Region Non-Metropolitan | ; 0.17 0.53 0.90 102
Mobility Inflow
(Metropolitan)) _ No Mobility 0.07 0.04 0.07 1.07
(Non-Metropolitan)
No Mability -0.07 0.08 0.41 0.93
(Metropolitan)
Financial Crisis -0.25 0.05 0.00 0.78
Year Dummy Mlnlglt;rg?age -0.32 0.06 0.00 0.73 Lot
McFadden R? 0.3246
Log-Likelihood -21267.19
Degrees of Freedom 29

Note 1: * p<0.1, * p<0.05, ** p<0.01, *** p<0.001.
Note 2: Values between 0.2 and 0.4 indicate a good model fit (McFadden, 1974).
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Table 6. Results of the Moderation Analysis

Non-Metropolitan Non-Metropolitan
Outflow Model Inflow Model
Categor ici ici
= (Eg:;g;frlzit Od‘_is Cluster P (ngzfrf':cclfrrg Odqs Cluster P
i) Ratio ] Ratio
Job Content 1.24 (0.03)***  3.46 1.25 (0.06)*** 3.48
Wage 0.83 (0.03)***  2.28 0.92 (0.05)***  2.50
Self-Development  0.61 (0.03)*** 1.84 0.73 (0.06)*** 2.07
Interpersonal o (g g3yess 164 0.23 (0.06)** 126
Independent Relationships
Variables Welfare Benefits ~ 0.39 (0.03)*** 1.47 0.23 (0.05)*** 1.25
Work Environment  0.35 (0.03)*** 1.42 0.20 (0.06)** 1.22
Job Security 0.32 (0.03)*** 1.38 0.33 (0.05)*** 139
Career Prospects ~ 0.19 (0.03)*** 1.21 0.34 (0.06)** 1.41
Accessibility 0.09 (0.02)*** 1.10 B 0.11 (0.04)** 1.12 B
Gender Female 0.07 (0.03)* 1.07 0.04 (0.06)** 1.04
College -0.19 (0.05)*** 0.83 -0.29 (0.09) 0.75
Education University -0.19 (0.04)*** 0.83 -0.21 (0.09) 0.81
Grai‘:itsos‘feh“l -0.17 (0.09)* 084 0.05(0.22)*  1.06
Medium (50-99)  0.08 (0.06) 1.08 -0.11 (0.10)* 0.89
Firm Size (I\qi:;;;%‘; 0.00 (0.04) 1.00 -0.05 (0.08) 0.95
Large (1,000+) -0.13 (0.06)* 0.88 0.05 (0.12) 1.05
Firm Type Public 0.24 (0.05)*** 1.27 0.32 (0.10)* 1.37
Job Content 0.50 (0.28)° 1.65 0.12 0.10 (0.29) 1.10 0.76
Wage 0.14 (0.25) 1.15 0.67 -0.10 (0.24) 0.91 0.71
Self-Development -0.23 (0.30) 0.79 0.50 -0.50 (0.29) 0.61 0.12
Interpersonal 3¢ 30y 0.70 0.25 0.10 (0.30) 1.10 0.76
Interaction Relationships
Effect Welfare Benefits  0.49 (0.25)* 1.63 0.10° 0.09 (0.25) 1.09 0.75
Work Environment -0.16 (0.29) 0.85 0.64 0.57 (0.28)* 1.77 0.06°
Job Security -0.33 (0.26) 0.72 0.32 -0.09 (0.23) 0.92 0.72
Career Prospects ~ 0.09 (0.27) 1.09 0.76 0.14 (0.29) 1.15 0.68
Accessibility 0.02 (0.18) 1.02 0.93 0.01 (0.18) 1.01 0.95
McFadden R 0.3785 0.3679
Log-Likelihood -14070.73 -3629.22
Degrees of Freedom 33

Note: * p<0.1, * p<0.05, ** p<0.01, *** p<0.001.
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Table 7. Comparative Analysis Across Models
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Baseline Model

Non-Metropolitan

Non-Metropolitan

Category Outflow Model Inflow Model
Coefficient Rank Coefficient Rank Coefficient Rank
Job Content 1.30%** 1 1.74%** 1 1.25%** 1
Wage 0.86*** 2 0.83*** 2 0.92%** 2
Self-Development 0.67*** 3 0.61*** 4 0.73%** 4
g‘;zrt‘:jgﬁ?:; 0.46%* 4 0.50%* 5 0.23%* 7
Welfare Benefits 0.38%** 5 0.78*** 3 0.23%** 7
Work Environment ~ 0.35%** 6 0.35%** 6 0.77** 3
Job Security 0.34%** 7 0.32%** 7 0.33%** 6
Career Prospects 0.25%** 8 0.19%** 8 0.34** 5
Accessibility 0.10%** 9 0.09*** 9 0.11%* 9

Note 1: Based on total effects.
Note 2: * p<0.1, * p<0.05, ** p<0.01, *** p<0.001.
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Spatial Heterogeneity in the Determinants of Regional Extinction Risk

Yun-Seo Jung** - Da-Won Lim*** - Changhyo Yi****

Abstract
This study comprehensively examines the determinants of regional extinction driven by low birth rates and
rapid aging, empirically demonstrating how these factors vary across regions. Using the Regional Extinction
Risk Index as the dependent variable, the analysis examines four dimensions: Demographic and Economic Base,
Fiscal and Welfare Systems, Living Environment and Welfare Infrastructure, and Regional Sustainability. The
findings reveal that regional extinction is shaped not only by population decline but also by economic
foundations, fiscal capacity, welfare systems, and the quality of local infrastructure. Notably, demographic
structural shifts, such as the net migration rate of the youth population, emerge as a critical determinant of
regional sustainability. These results suggest that policy responses must move beyond traditional
fertility-focused approaches. Instead, a multifaceted strategy is required, integrating the expansion of
employment opportunities with qualitative improvements in living infrastructure and essential services. This
research provides a foundational framework for local governments to develop tailored, evidence-based
strategies that mitigate extinction risks and foster long-term regional resilience.

Keywords: Regional Extinction Risk, Demographic Change, Living Environment Infrastructure, Regional
Sustainability, Spatial Heterogeneity
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Table 1. Dependent and Explanatory Variables Applied in the Empirical Analysis

Division Category Variable Abbr. Unit Source
Dependent Korean Statistical Information
Vgriable Regional Extinction Risk Index RE_INDEX - Service
(2025.9.14) (in Korean)
Korean Statistical Information
Number of Population POP Person Service
(2025.9.12i) (in Korean)
i . Population Statistics Based on
Youth Population Rati
ou (AOEI:)san 110:) atlo YOUTH_R % Resident Registration
g (2025.9.12b) (in Korean)
- - - Population Statistics Based on
D h Elderly Popul R
Chemofra.p t.l ¢ (i;r Y B 22” a;lg" jno ELDER R % Resident Registration
aracteristics ged o> and Lver (2025.9.12a) (in Korean)
K Statistical Inf ti
Net Migratil;): lﬁgzs;nong Youth Y_MIG_R % orean >ta ;Serl‘cjcen ormation
P (2025.9.13¢) (in Korean)
Population Statistics Based on
Crude Birth Rate CBR % Resident Registration
(2025.9.12¢) (in Korean)
Number of Establishment EST Number Korean Statistical Information
. Service
Economic Number of Employment EMPLOY Number (2025.9.13b) (in Korean)
Characteristics Local Fi 365
ocal Finance
Fi ial Ind d Rat: FIN_IND 9
inancial Independence Rate | % (2025.9.13) (in Korean)
. . Korean Statistical Information
Social Welfare Facilities WEL FAC Number per 100,000 Service
100,000 Peopl - 1 .
per eope people (2025.9.12f) (in Korean)
. Balanced Development Statistics
0,
Social Social Welfare Budget Share WEL_BUD % (2025.9.15b) (in Korean)
Characteristic  Ratio of Recipient of National Basic NBL R o Balanced Development Statistics
Explanatory Livelihood - 0 (2025.9.15a) (in Korean)
Variable Korea Social Security Information
Retirement Pension Coverage Rate PEN_COV % Service
(2025.9.13) (in Korean)
Korean Statistical Information
Vacant Housing Rate VAC_H_R % Service
(2025.9.13a) (in Korean)
K istical Infi i
Physical Ratio of Aging Housing Stock orean Statlstl@ nformation
Characteristic (Over 30 Years 0ld) OLD HR % Service
(2025.9.12a) (in Korean)
Korean Statistical Information
Road Pavement Rate ROAD_PV % Service
(2025.9.12¢) (in Korean)
Number of Cultural Facilities Number per 100,000 Korean Statlstlczlal Information
er 100,000 People CULT_FAC eople Service
p ’ P peop (2025.9.12¢) (in Korean)
K Statistical Inf ti
Number of Private Academies ACAD Number per 1,000 orean >ta ;Serl‘cjcen ormation
per 1,000 People people (2025.9.12g) (in Korean)
K istical Infi i
Urban Services Number of Childcare Facilities Number per 1,000 orean Statlstlg nformation
Characteristic er 1,000 Children CHD_FAC children Service
per (2025.9.12d) (in Korean)
Number of Hospital Beds Number per 1,000 Korean StatlSth.al Information
1,000 Peopl BED ) Service
per LULD Feople people (2025.9.12h) (in Korean)
Korean Statistical Information
Green Space Ratio GREEN_R % Service

(2025.9.12b) (in Korean)

Note: The temporal scope of the data is as of 2022.
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Table 2. Descriptive Statistics

Division Category Variable Min. Max. Ave. S.D.
Depe'ndent Regional Extinction Risk 0.23 3.02 155 0.52
Variable Index
Number of Population 11,225 9,428,372 280,846 652,781
Youth Population Ratio
1,74 95,41 24 18,91
(Ages 0~14) , 746 5,410 ,706 8,916
Demographic Elderly Population Ratio
4,201 170,9 4 2 4
Characteristics (Aged 65 and Over) 20 70,968 3,98 33,848
Net Migration Rate_among 010 6.20 1.42 107
Youth Population
Crude Birth Rate 1.20 8.60 4.12 1.32
Number of Establishment 1,108 310,998 34,437 42,337
E .
conormie Number of Employment 3,771 2,114,206 260,066 304,960
Characteristics
Financial Independence Rate  14.20 77.30 42.38 12.52
Social Welfare Budget Share  16.40 91.20 4591 13.79
Social Welfare Facilities
. 129 . 2.1
) per 100,000 People 0.30 0 3.87 0
Social - —
Explanatory Characteristic R_atlo of R(.ec1p_1en’F of 1.32 11.98 5.32 1.81
Variable National Basic Livelihood
Retirement Pension 2515 8894 7114  10.67
Coverage Rate
Vacant Housing Rate 0.20 14.80 4.87 2.93
Physical Ratio of Aging Housing Stock
3.70 68.90 30.53 13.52
Characteristic (Over 30 Years Old)
Road Pavement Rate 62.70 100.00 95.60 6.63
Number of Cultural Facilities
0.00 10.10 2.36 1.71
per 100,000 People
Number of Private 0.10 9.40 1.56 1.25
Urban Academies per 1,000 People
Services Number of Childcare
Characteristic Facilities per 1,000 Children 3.30 45.60 16.74 7.24
Number of Hospital Beds per
1,000 People 96.00 15,174 2,264 2,346
Green Space Ratio 0.00 92.62 64.46 21.17

Note: The temporal scope of the data is as of 2022.

22480] BYHE, A4 Qolowt AYA  AF FFES AYSIAL, B4 Qo v
5B 4 AAYES AASAT A & W1, 300 o g HlR, B mgES Be
RS S ok ot U7 UL FYAS Sl SO, A alost A
AN 4 ARG I 1L, 712 AN RS S, A7 H B A S R
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Lo A= 2 207 A HE B-L510] A Htad
A 8R0Z =&517] 91l FA4 2 Q1E4|(EFA)
S 23519t QQ1EA B o] Ak A= A}
KMO |47} 0.878= Q.91 A 3 7H] =2 434
= YEL, Bartlett®] 794 478 JA SAX L
2 8915} tH(«? 3t 5,110.63). 891 &= H A
A A 83t on, a.Qlo) s A 1S e
A1 (Varimax) 313-& A-85131ck 221 7= 1L
XZk(Eigenvalue)9] £ 2} _ﬂﬂE_-E(Scree plot)
£ AESHIL, Aol etsiA|= TEA|(Elbow)
ARE FHH o7 st ﬁ%ﬁ.i 471 821
S &39It} (Fig. 1).
A QoI A} HFHoE =2 4 8

Eigenvalue
4 6 8 10
| | | | |

2
|
t

e

0
|

2 4 6 8 10 12 14
Principal Component

Fig. 1. Results of the Elbow Analysis

2l Table 33+ 2tk 991 1(F1_DE) Q17+ A4
714k 821, 891 2(F2_FW)= A - 2] A= 89,
891 3(F3_LINS A2ehg - 4] 9lzal 89l 92l
4(F4_RS):= 2|92 7|8k 99102 s|4=ch
0|9} Zo] E&%F Q=L xurAd 97} Hst
A 9] 24 AT o171 HAHdZ o & o5
240l A5

22 AR

42 I 1P| 4 2
AAE 919 9 29159 74 3 wfiEl v
&sto], 2] Moran's Ig12 &8t 3714 A17]

B EA| RS FESISATE Moran’s 182 &
o Ao AR 24 57 gglo] FTH0.
2 25k Be FARI R SRS EA1E B
= EA A% 5 U, -1014 1714 Hes
Zhett 10 7Ph24E QIR B2 991 2k ghol
A¥sted ()& T2 A7) o] 7AeHE ojn|s)
m, -10] 7P124E Q1ge W] 7k glo] Aolstel
()2 B3 A7) Aol 2 trehith
T 2003). gXo] 00f| FHstaL A 0= RF-OJ5HA|
orom, B7HA 7] o] BAg Ao A
g,

A2} Moran’s I 24 23}, A4 9 29
o8 =2H 47 8912 BF FAH R [ol5Y]
TH(Table 4). Q1% A 7|4  Q1(F1_DE)2] Moran'’s
1352 0.212(p<0.01) 2 YERGE O H, vl w2 kst
$Z0] AA 7 A7 AL H9t) o] = Q-
ZAA| 7]dF @ Qlo] A=A 0 7 YA 0] FLRAHL
AR, 1 7 A A0 R T eS o)
St} A - BA] A= 8 Q1(F2_FW)-2 Moran’s 1%}
o] 0.461(p<0.01) LreL} 57k 53 o]32] 37
2 2] g2 Bk ol 51 9lo] B
o2 U MY 7F fARE FS B/t v]mA
et 24 %S FIOHL UL AR 4

a7 24 2l

et

o
?

IL:
o oi
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K
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Table 3. KMO and Bartlett Test

Variable Communality Factor
F1_DE F2_FW F3_LI F4 RS
POP 0.961 0.899 0.222 0.173 0.267
YOUTH_R 0.954 0.885 0.118 0.225 0.323
ELDER_R 0.882 0.870 0.289 0.062 0.191
BED 0.791 0.838 0.252 -0.059 0.146
EST 0.957 0.833 0.242 0.446 0.065
EMPLOY 0.926 0.751 0.264 0.539 -0.029
ACAD 0.411 0.453 0.268 0.246 0.268
WEL_FAC 0.444 -0.239 -0.562 -0.246 -0.101
VAC_H_R 0.554 -0.383 -0.525 -0.214 -0.291
ROAD_PV 0.351 0.222 0.493 0.143 0.195
WEL_BUD 0.926 0.355 0.826 -0.086 0.329
GREEN_R 0.383 -0.042 -0.608 -0.079 0.076
CULT_FAC 0.515 -0.405 -0.441 0.021 -0.394
PEN_COV 0.761 -0.303 -0.402 -0.651 -0.289
FIN_IND 0.855 0.459 0.269 0.700 0.284
NBL_R 0.639 -0.202 0.101 -0.650 -0.405
CHD_FAC 0.027 0.005 -0.019 -0.163 -0.016
OLD_H_R 0.750 -0.338 -0.183 -0.388 -0.671
CBR 0.630 0.227 0.168 0.416 0.614
Y_MIG_R 0.458 0.113 0.343 0.380 0.427
Living
Demographic Fiscal and Environment Regional
Category and Economic Welfare System  and Welfare Sustainability
Factors Factors Infrastructure Factor
Factors
et
Approximate z* 5,110.627
Bartlett's Test of Sphericity 190
P-value 0.000%**

#p<0.1, **p<0.05, **p<0.01

0.664(p<0.01) 2 H| 7}4] 821 5 7H 2 @& H
o}, ol e8] QIe} oizlo] FRFH e
7517 1% Ejo] ef iz S40] 98- ol
A G-5-A] 719t 3 Q1(F4_RS) 2] Moran’s 32 0.272
(p<0.01) 2 UeptoH, =40 ot o
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Table 4. Results of Moran’s I Analysis

Category Moran'’s I Expected SD p-value
F1_DE 0.212 -0.005 0.002 0.000%**
F2_FW 0.461 -0.005 0.002 0.000%**
F3_LI 0.664 -0.005 0.002 0.000%**
F4_RS 0.272 -0.005 0.002 0.000%**

RE_INDEX 0.618 -0.005 0.002 0.000%**

#p<0.1, **p<0.05, **p<0.01
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Table 5. OLS Estimation Results for the Regional Extinction Risk Index

OLS (R% 0.878, F-value: 411.787)

Division
Estimate Std.error t-value p-value VIF
Intercept 0.000 0.023 0.000 1.000 -
F1_DE 0.450 0.024 19.077 0.000%** 1.003
F2_FW 0.437 0.025 17.788 0.000%** 1.003
F3_LI 0.469 0.024 19.323 0.000%** 1.005
F4_RS 0.547 0.025 21.450 0.000%** 1.006
Non-Stationarity 27.551

*p<0.1, **p<0.05, ***p<0.01
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Table 6. Results of GWR for the Regional Extinction Risk Index

GWR (R% 0.904, AICc: -54.023)

Pivision Mean Min Max SD
F1_DE 0.290 0.253 0.338 0.019
F2_FW 0.265 0.193 0.349 0.016
F3_LI 0.307 0.205 0.406 0.070
F4_RS 0.376 0.290 0.430 0.020
JHE AoloHA Al Yt @422, 0L} Aoz ERIFQU=T, o= A4 Hgo] Tt
22 YA 3 BP0 2= FH Aol & F 7|A &2 A= A] Fom XA BT HeAgt g1t
5] Awgs}7] ot olof whe, thZ HAol A= = 2] o] &/ o) wtdo] B e ghS ERIsteirh
A2 3] B (GWR)= 28510, 7 819 JF GWRE] A4 3] AlG= A8 HAP7H 56}
o] F7HH 0 & oju gt H5/dE AU A &4l of, A1HAd {1l mlA= F3F 8219] XA o]
Ak ol= AGH BP9 FHAE E%}L 11 3 Z/do] ERI=|GIc &3], e - 54 Qlet g
ES WG AAE 1Y 8 RS =S5k QI(F3_LIZ 2AAIG2] 5114 Zpo|7} 71 =A
o] Hoh-Romet AR & A S S 4 ‘21% &4014 Ueh, A9 R A A ES AYchs 93
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4.4 XA A 2010 IX|H 2 A% 8RI(F2 FW) o8 o g #43t g
A4 g9 ZPoA fojet WieR =EE 9 Eol=AAE 97 8217k Ko7 ERIE 9t
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Table 7. Cluster Analysis Results of GWR Analysis of Regional Extinction Risk Index

Group N

A01

7

F1_DE

F2_FW

F3_

LI

F4_RS

MIN
0.29

MAX
0.31

AVE SD MIN

0.30

0.01

0.29

MAX AVE SD

0.32

0.30

0.01

MIN
0.25

MAX
0.28

AVE
0.26

SD
0.01

MIN
0.39

MAX
0.40

AVE
0.39

SD
0.01

A02

0.28

0.28

0.28

NA

0.35

0.35

0.35

NA

0.27

0.27

0.27

NA

0.29

0.29

0.29

NA

A03

11

0.29

0.32

0.30

0.01

0.19

0.23

0.22

0.01

0.21

0.24

0.22

0.01

0.38

0.38

0.38

0.00

A04

7

0.28

0.30

0.28

0.01

0.25

0.26

0.25

0.00

0.32

0.37

0.35

0.02

0.26

0.28

0.27

0.01

A05

11

0.29

0.32

0.31

0.01

0.26

0.28

0.27

0.01

0.24

0.30

0.27

0.02

0.38

0.42

0.40

0.01

A06

17

0.30

0.34

0.32

0.01

0.24

0.27

0.26

0.01

0.24

0.27

0.26

0.01

0.37

0.40

0.38

0.01

A07

14

0.30
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Note: The A02 group consists of a single administrative district (Ulleung-gun), and therefore the standard deviation
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Abstract
This study examined how high academic achievement influences rental housing choices among homeowners.
An empirical analysis was conducted using a panel fixed-effects binary logistic regression model with 14 years
of data (2009 - 2022) from the Korea Labor and Income Panel Study (KLIPS), combined with national-level
academic achievement data provided by the EduData Service System (EDSS) of the Education Data Platform.
The main findings are as follows. First, a positive effect was identified in the middle-achievement group
nationwide. Second, in Seoul metropolitan areas, a positive effect was observed in the upper-middle
achievement group, whereas a negative effect was identified in non-Seoul metropolitan areas. Third, the
interaction term related to educational factors showed a positive effect in the upper-middle group in Seoul
metropolitan areas and a negative effect in non-Seoul metropolitan areas. Based on these findings, this study
suggests the need for policy approaches that differentiate between Seoul metropolitan and non-Seoul
metropolitan areas and emphasizes the importance of balanced housing policies that take educational
environments into account.

Keywords: Home-Owning Renters, National Level of Academic Achievement, Panel Fixed-Effects Binary Logistic
Regression Model
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Table 1. Variable Description

Category Variable Description
Dependent Tenure Type Self-Owned Households with Jeonse or
Variable yp Monthly Rent=1, Otherwise=0
Academic Achievement
Academic Achievement (Lower Group=1, Middle Group=2, Upper Group=3)
(Reference=Lower Group)
Main Variable
Percentage of Students  Percentage of Students Performing Above the Average
Performing Above the (Lower Group=1, Middle Group=2, Upper Group=3)
Average (Reference=Lower Group)
Age Age (19-39=1, 40-59=2, 60 or Higher=3)
g (Reference=19-39)
N fH hol
umber of Household Number of Household Members (Persons)
Demographics Members
Characteristics Education Education (Bachelor’s Degree or Higher=1, Otherwise=0)
Marital Status Marital Status (Yes=1, No=0)
Children . . _ _
(High School or Below) Children (High School or Below) (Yes=1, No=0)
Housing Apartment Apartment (Yes=1, No=0)
Characteristics Detached House Detached House (Yes=1, No=0)
Financial Household Income Logged Household Income
Characteristics Housing Prices Logged Housing Prices
Resi ial
eslldentla . . . Overall Life Satisfaction (Very Satisfied=1, Satisfied=2,
Environment Overall Life Satisfaction . e . -
.. Neutral=3, Dissatisfied=4, Very Dissatisfied=5)
Characteristics

Regional Dummy

Metropolitan=1, Non-Metropolitan=0

Control Variable
Year Dummy

2009-2013=1, 2014-2018=2, 2019-2022=3
(Reference=2009-2013)
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Table 2. Hausman Test

Model Hausman Test
Model 1 . _ o
: Baseline Model (National Sample) chi2(16)=292.83 Prob>chi2=0.000 FE
Model 2
hi2(15)=128. P hi2=0. FE
: Metropolitan vs. Non-Metropolitan Model chi2(15)=128.93 rob>chi2=0.000
Model 3 chi2(15)=126.73  Prob>chi2=0.000 FE

: Interaction Model
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Table 3. Descriptive Statistics

Home-Owning Non-Home-
Total .
Category Variable Renter Owning Renter
Mean  SD Mean  SD Mean  SD

Academic Achievement

0.339 0.474 0.290 0.454 0.342 0.474
_Lower Group

Academic Achievement 0333 0.471 0383 0486 0330 0.470
_Middle Group

Academic Achievement 0328 0.469 0326 0469 0328 0.469
_Upper Group

Percentage of Students
Main Variable Performing Above the 0.338 0.473 0.298 0458 0340 0.474
Average_Lower Group

Percentage of Students
Performing Above the 0.333 0.471 0.392 0488 0.330 0.470
Average_Middle Group

Percentage of Students
Performing Above the 0.329 0.470 0.310 0.463 0.330 0.470
Average_Upper Group

Age 19-39 0.220 0.414 0196 0.397 0221 0.415
Age 40-59 0.525 0.499 0.587 0.493 0.521 0.500
Age 60 or Higher 0.255 0.436 0.217 0.412 0.258 0.437
gs:sgcgtzi’ifs Number of Household Members 2.765 1345 3.110 1216 2745 1.349
Education 0.265 0.441 0.437 0.496 0.255 0.436
Marital Status 0.634 0.482 0.824 0.381 0.623 0.485
Children (High School or Below) 0.406 0.491  0.502 0.500 0.401 0.490
Housing Apartment 0.486 0.500 0.507 0.500 0.485 0.500
Characteristics Detached House 0.187 0.390 0.141 0.349 0.190 0.392
Financial Household Income 7904 1.240 8302 1.150 7.882 1.241
Characteristics Housing Prices 9.292 0.959 9.601 0.844 9.274 0.962
Residential
Environment Overall Life Satisfaction 2.712 0.617 2.499 0.585 2.724 0.617
Characteristics

Metropolitan 0.585 0.493 0.712 0.453 0.578 0.494
Non-Metropolitan 0.415 0.493 0.288 0.453 0.422 0.494
Control Variable Year 2009-2013 0.444 0.497 0.594 0491 0.435 0.496
Year 2014-2018 0.356 0.479 0.283 0.451 0.361 0.480
Year 2019-2022 0.200 0.400 0.123 0.329  0.204 0.403

N 20,330 1,103 19,227
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Fig. 1. Spatial Analysis for Home-Owning Renters,
Academic Achievement, Percentage of Students
Performing Above the Average
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Table 4. The Effect of Educational Factors on Rental Choice among Homeowners (National Sample)

Total

Percentage of Students

Category Variable Academic Achievement  Performing Above the
Average
Coef S.E Coef S.E
Academic Achievement
Middle Group 0.273** 0.128 - -
Acadj?;l; (icé‘:;‘l’:;ment 0.206 0.145 - -
Main Variable Percentage of Students
Performing Above the - - 0.236** 0.119
Average_Middle Group
Percentage of Students
Performing Above the - - 0.184 0.141
Average_Upper Group
Age 40-59 -0.125 0.185 -0.119 0.185
Age 60 or Higher —-0.942%** 0.324 -0.936*** 0.324
Demographics Number of Household Members  -0.006 0.112 -0.006 0.112
Characteristics Education -0.384 0.847 -0.345 0.844
Marital Status 0.188 0.352 0.206 0.352
Children(High School or Below) 0.608*** 0.186 0.602%** 0.187
Housing Apartment -0.875%** 0.168 -0.878*** 0.168
Characteristics Detached House -0.677%** 0.193 -0.673%** 0.193
Financial Household Income 0.017 0.053 0.014 0.053
Characteristics Housing Prices -0.838%*** 0.110 -0.840%** 0.110
Residential
Environment Overall Life Satisfaction -0.023 0.093 -0.019 0.093
Characteristics
LR chi2 319.170 318.580
Log Likelihood -1283.4071 -1283.703
Prob>chi2 0.000 0.000
Number of Obs 20,330

Note: *P<0.1, **P<0.05, ***P<0.01. Controlled by year and regional dummies.
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Table 5. The Effect of Educational Factors on Rental Choice among Homeowners by Regional Area

Seoul Metropolitan Area

Non-Seoul Metropolitan Area

Percentage of

Percentage of

Catego Variable Academic Students Academic Students
sory Achievement Performing Above Achievement Performing Above
the Average the Average
Coef SE Coef SE Coef SE Coef S.E
Academic Achievement .
Middle Group 0.276 0.148 0.035 0.300
Academic Achievement 0.304* 0173 _ B -0.250 0305 B B
_Upper Group
Main Variable Percentage of Students
Performing Above the - - 0.193 0.136 - - 0.045 0.291
Average_Middle Group
Percentage of Students
Performing Above the - - 0.274 0.172 - - -0.184 0.293
Average_Upper Group
Age 40-59 -0.057 0.213  -0.059 0.213  -0.728* 0.434 -0.714 0.436
Age 60 or Higher -0.995**  0.392  -1.008*** 0.392  -1.235* 0.658 -1.226%* 0.656
N fH hol
umber of ousehold _; 5) 0141 -0064 0141 0311 0.205 0319 0.205
Demographics Members
Characteristics Education -0.683 0.968  -0.639 0.968 -12.109 695.507 -12.639 904.259
Marital Status 0.174 0.424 0.194 0.423  -0.677 0.727 -0.681 0.727
Children . - N N
(High School or Below) 0.978 0.234 0.983 0.233 0.187 0.341 -0.206 0.342
Housing Apartment -0.815** 0.204 -0.825** 0.204 -0.969**  0.331 -0.980**  0.333
Characteristics Detached House -0.922%* 0240  -0.924** 0240 -0.199 0393 -0.201 0.394
Financial Household Income 0.038 0.065 0.035 0.065 0.022 0.107  0.022 0.107
Characteristics Housing Prices -0.857*%* 0.140  -0.857** 0.140 -1.008%* 0212 -1.024**  0.211
Residential
Environment Overall Life Satisfaction  -0.105 0.111  -0.096 0.111 0.144 0.192 0.146 0.192
Characteristics
LR chi2 263.250 262.100 92.410 92.480
Log Likelihood -883.259 -883.839 -336.548 -336.513
Prob>chi2 0.000 0.000 0.000 0.000
Number of Obs 11,895 8,435
Note: ¥*P<0.1, **P<0.05, ***P<0.01. Controlled by year and regional dummies.
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Table 6. The Effect of Educational Factors’ Interaction Variables by Regional Area on Rental Choice among

Homeowners
Seoul Metropolitan Area Non-Seoul Metropolitan
Category Variable Area
Coef S.EE Coef S.E
Academic
X
Suadonts erforming Above 0291 01380011 0289
Main Variable the Average_Middle Group
Academic
i X
Students perorming Abgve 03647 0173 0118 0292
the Average_Upper Group
Age 40-59 -0.059 0.213 -0.740* 0.435
Age 60 or Higher -1.003** 0.392 -1.256* 0.656
Number of Household
Demographics Members -0.067 0.141 0.318 0.205
Characteristics Education -0.651 0.966 -12.644 905.301
Marital Status 0.175 0.424 -0.691 0.726
Children
(High School or Below) 0.981*** 0.233 -0.197 0.342
Housing Apartment -0.825%** 0.204 -0.966*** 0.333
Characteristics Detached House -0.916*** 0.240 -0.197 0.393
Financial Household Income 0.033 0.065 0.026 0.107
Characteristics Housing Prices -0.859*** 0.140 -1.021%%* 0.211
Residential
Environment Overall Life Satisfaction -0.103 0.111 0.143 0.192
Characteristics
LR chi2 264.970 91.690
Log Likelihood -882.403 -336.909
Prob>chi2 0.000 0.000
Number of Obs 11,895 8,435

Note: *P<0.1, **P<0.05, ***P<0.01. Controlled by year and regional dummies.
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Nonlinear Effects of Urban Structure and Green Space on Land Surface
Temperature: An Explainable Machine Learning Approach

O AS{* *%
Fa*- 032

So Hyun Yoo* - Dong Kun Lee**

Abstract
Although the importance of urban green spaces for mitigating the urban heat island effect is widely
recognized, understanding their relationship with surrounding urban environments is crucial in densely
developed areas. This study examined the nonlinear effects of urban structural elements and green space
characteristics on land surface temperature (LST) in Incheon, South Korea. Using the XGBoost machine
learning model and SHAP interpretation technique, the research analyzed the relative importance,
nonlinear relationships, threshold points, and interaction effects among variables, including green coverage,
landscape metrics, building coverage, and building height. Results showed that building area ratio exerted
the strongest positive influence on LST, while water body ratio, ground elevation, and green space ratio
were the main contributors to temperature reduction. A clear nonlinear relationship was identified for
green space ratio: its impact shifted to a cooling effect once it exceeded 36% at the 500m grid scale. In areas
below this threshold, building height and height diversity showed a complementary interaction that helped
reduce LST. These findings confirm a synergistic relationship between green spaces and urban structure
elements. This study provides quantitative evidence of the critical green space threshold and key
interactions in high-density urban settings, offering valuable insights for spatial planning and urban thermal
environment improvement.

Keywords: Urban Structure, Urban Green Space, Building Height, Land Surface Temperature, Explainable
Machine Learning
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Fig. 1. LST (Land Surface Temperature), Land Cover, Land Use Zoning of the Study Site
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Table 1. List of Explanatory Variables

Variables

The proportion of the impervious surface area

Description Unit

. . o
Impervious Surface Ratio in the grid area %
Building Surface Ratio The proportio.n of the l')uilding surface area %
in the grid area
I.eran Building Ground Height Grid average of building ground height m
Environment
Building Height Grid average of building height m
Standard Deviation Standard deviation of building heights within m
of Building Height the grid
Water Area Ratio The proportion of the water area in the grid area %
NDVI Normalized Difference Vegetation Index -
. The proportion of the green space area o
Green Space Quantity in the grid area %
Green Space Shape Index The ratio _ofjche perlrpeter lengt_h oftbe green _
Green spaces cover within the grid to the grid perimeter
Green Space Uniformity Standard deviation ofgre.en space area within .
the grid
. Grid mean of the area-weighted Euclidean
Green Space Connectivity m

neighborhood distance of green space
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Fig. 2. Spatial Distribution of the Explanatory Variables (From the Top to Left, Impervious Area Ratio, Building
Area Ratio, Building Ground Height, Building Height, Standard Deviation of Building Height, Water Area
Ratio, NDVI, Green Space Quantity (Green Area Ratio), Green Space Shape Index (LSI), Green Space
Uniformity (Standard Deviation of Green Space Area), Green Space Connectivity (NEAR DIST))

84 | Landand Housing Review Vol. 17, No. 2



SN 2L =XIZ7H0] XNEH2E0 DXz v g 24 MY Jistt 7)sks 2¥s E8510
Holo, £=99] v &2 5f¢t} shd QlollA =2 % 9 17}= Python E7J0]lA] “xgboost” T7| X5
= Uit 57 WA Hl&-2 A QI A|9o] Z-8oto] FH= Ut
AR wom, A% WA vlgt ik 3 B2
£ Holal itk =4 Y| B dides 2.4.2 SHAP
EAA GO AN =2 g2 WE AL it = XGBoost 3 2= sj45}7] 9Ja) A 753t
A i 2] 9] UG AR 7R A G U E =2 QIFAS(XAD S A 1<l SHapley Additive
e UE L gloH, =2]9] A2 w3t =2 4 exPlanations(SHAP)

A=) 3T

o AR R A o)A R IR EA
oA = grSo] 1A Fasti ek

H3H 02 151 A4 99l HoleAe B4
A RERLE, AEsel B4 $3 54
S WS LA, oS 748G BY 7

24 B4 qy
2.4.1 XGBoost

XGBoost(eXtreme Gradient Boosting Tree) &
Fo 24 Edoh FAg /N ER AL 2TR
HFog, EFE o|d Kol Aot o5 %t
A8 5510] £AL MBI HHo 5P T
Z35H(Friedman et al., 2000). F| A5k 1122 Q1
3 2 E2] = 7|9 7 Aoy RPEG ALt &
&730] F3L A5Y E3 FHojd A o= FrHEM
(Fan et al,, 2018), £3] A EH2 T FgF 321 7H9]
B2 AsS HE
Wiz Qlo] 2 e A7of Es] &8 Qi
(Sun et al,, 2019; Ma et al,, 2024; Huang et al,,
2025; Jeong et al., 2025).

& AFoAE BE 752 fIs AA glelE Y
B0%E TAEOE, 20% = HIAEGOR TR
Belgon, HH iasg £2517] 99 53
WA} HZ(5-fold cross validation)S -85}t
HH 52 B TANRS 2HE HF RPOR
A5t o, 22 45 HIAE Hlo[eilS &

&) ARAS(RY) S 71208 WrlEQiek mE

AR T 28-S 2k ol

A4S A5l B A
B AR = 7| AlsRE 24 TS salstel w3 2
o] A= g 75tz {15 HH O 2 SHAP 24
2 | et ool 7] -85 11 Qlrh SHAP
A2 7 g7t B9 al&o] 7ok
Foot7] o A ol &2 v O & 3t Shapleygk
S AASH= 9 (Lundberg and Lee, 2017)2.&,
Shapleygt=> th2 4 (11)°]] 54 809 8=
gt oS ket s arEsHA| =

7o) g Aol 2 Ateick

A= !

0}O.

SEA
B Figa

LSIHCAI= | sl =1)!
| F|!

D, = E

SEN
svi(ma,) = fslzg)]

(11

(2,: Contribution of the variable 4, S: The set of
all input variables excluding i, F: The set of all
input variables, f: Prediction function model, z:

Value of the input variables)

~
5
b
op

H

2

&<

e rlo

I:‘olt —{ﬂ
rE
P

o)
i

i,
w

i
5
>
=

e

B

THYuan et al,, 2024).
492 915l Python 30114 “shap” 7|1 X & &
AEof| tgt SHAP gk 9hAls
Heo1o] LSTO] ciet 7 e
Uepsck ool 4 %44

-

o HrE IS
7104 =9 ARHA 1 A

T

https://Ihrilhorkr | 85



EF08 A3 7]el=o] vliYA Jet IAR
st 5 wide] dgte] 1wy Ajo] 7%
el JAS B TS BAslch

3.1 LSTet A3t ZF HEEA

Ty 5 YR Ao A=) gt s e e
A1717] §13l W= 7o v5-3-41/d2 57 Fetal 1 of
&3 EA S ARE S| LSTE 3 e RS- 7F
A BAE 05}6 ‘zit} "E*d*é% e

FAREEAE 7 1L S UrEHH_E 100 7F7t
& =2 gho] o= Wg= AlQlok= Zlo] " ast
= XGBoostﬁ}%—%E 718 2 gL o5 Al Ao
FiA 0= d g, ol A A = A E Y
FES Fasetal Byl BRAE 017 sl
(Lin et al., 2025) VIF 3} 7|20 2 ¥42 A4}
Atk 1171 g4 S VIF gfo] 10 oJAto & =7
Yehd M= S5 HIE, & WA HlE, NDVI,
=2] HA H]&o|th Yuan et al.(2024)2 A& WA
H] &3 B=sm 08-S A MR oJgke Bals)

_L4

G, A2 WA 180 FQ T BES WA v

|

29| Fa =T 6 7 ekt BESEE A5
ChHES oA 212 A3 o] 2 YFE
o AwhaoR Agshe e etk ol
At} £ AFAHE AR W ulg3 Pust

e H1 2 AS1esick. NDVI

A A vl A L 0] 713 = Ak 7]
o] oAbk, ATAE] S S 7 g
W47 o] 2745 A 0 2 H71ETH(Yao etal., 2020).
olF A3}, & AN e =] B A EeF A
Astel 432 golstl 5] il =7 W vl
2 B MAE AYSIITE RS BRI NDVI
= A0]5t T 7] W] VIF ES 10 ofal 5
/99 Aot 24 982 Ao E UERY BF 24

of &g a1eirk

AR £4 2y, RS dEsHA vle
(BLD_RATIO)°] 733t F Q] A-tA S Uehlar, v
HA 52 B 0] S YERItHFig.
3). AZHA B8] AWA S 0.67=, o= A3
AL F=11, 2012; Wu et al,, 2023; Zhu et
al,, 2025)0| 4] E45 AFAS= ¥ 97} 0.5~0.7 5=

=Y X E% o off B A S Yehdie A
o7 Herd

itk 7H e 20 JuEAS

-

G_RATIO -
G_AREA_SD
BLD_MN

G_NEAR_DIST 4

None

BLD_BV_MN_SD 4
BLD_BV_MN 1

G_LSI 4 |

LsT 1Uri1-0.07 -0.08 W0.0Z m

BLD_RATIO - pR0] -0.03 0.01 -0.02 Quksyj-0.13 Koic]

!

BLD_MN -| -003 pN0[]-0.10 -0.11 0.35 -0.18 0.30 0.30
BLD_BV_MN --0.07 0.01 -0.10 117/1-0.10 0.18 -0.07 -0.10 -0.05

BLD_BV_MN_SD -008-002-011 -0.09 0.29 -0.10 -0.12 -0.13

GRATIO«MOBS -0.10 -0.09 pHVY 0.04 |:) 0.45 117 |
G_LSI --0.02 -0.13 -0.18 0.18 0.29 0.04 -007@-007
GAREASDWO30-OO7010 H|~007015-017
G_NEAR_DIST - I:OBO-OIO-OIZ 045@015 pEIE-0.09

WRATIOmﬁ % @-005-013 \'007-017-009@
T

-0.4 -0.2 0.0 0.2 0.4 0.6

BLD_RATIO
BLD_MN
G_RATIO

6L
W_RATIO

G_AREA_SD -

BLD_BV_MN
G_NEAR_DIST

BLD_BV_MN_SD -|
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Analysis of the Impact of Spatial Heterogeneity in Architectural Design
Micro-Indicators on Apartment Prices

O o
ORI QEAN

Janghyun An* - Jungsuk Yu**

Abstract
This study aims to analyze the effects of architectural design micro-indicators on actual transaction prices of
large-scale apartment complexes and to identify their spatial heterogeneity, thereby suggesting directions for
improving housing policy. The research utilized 633 actual transaction records from 2023 to 2025 for the Park
Rio Apartment complex in Jamsil, Songpa-gu, Seoul. OLS, Moran’s I, SEM, and GWR analyses were conducted.
The OLS results showed that exclusive area, floor level, number of bathrooms, cross-ventilation availability, and
structural type had statistically significant effects on apartment prices. Distance to the nearest subway station
exhibited a negative effect. Moran’s I test confirmed significant spatial autocorrelation in the residuals.
However, the SEM model showed low significance in the spatial error term, resulting in limited improvement in
explanatory power. In contrast, the GWR analysis effectively captured spatial non-stationarity, revealing that
the influence of architectural design micro-indicators varies significantly by building, unit, and line within the
same complex. The GWR model achieved the highest explanatory power with a Quasi-R* of 0.931, representing
an improvement of approximately 1.6 percentage points over the OLS model. Based on these findings, the study
proposes several policy measures: introducing design indicator adjustment coefficients in the housing price
screening system, revising public housing design standards, implementing floor area ratio incentives linked to
design quality, and mandating the disclosure of design indicators for each household unit. This research
provides empirical evidence to support a shift toward design quality-oriented housing policies.

Keywords: Apartment Price, Architectural Design Micro-Indicators, Spatial Econometric Model, Geographically
Weighted Regression, Housing Policy
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Table 1. Descriptive Statistics of Key Variables (n=633)

Variable Mean Std. Dev. Median Min Max Skewness Kurtosis
Sale Price
(KRW) 2,127,717,000 476,435,600 2,170,000,000 800,000,000 3,220,000,000 -0.85 1.05
Nithz;ea 82.05 25.76 84.79 35.24 144.77 0.52 0.58
Floor 16.11 9.37 16.00 1.00 36.00 0.25 -0.94
Distance
Subway 489.57 269.11 500.00 100.00 1,000.00 0.21 -0.91

(m)

Bay 3.14 1.15 3.00 1.00 4.50 -0.27 -1.18
ToiletCnt 1.92 0.27 2.00 1.00 2.00 -3.11 7.71
CrossVent - - 0.00 0.00 1.00 0.48 -1.77
Structure - - 1.00 0.00 1.00 -1.13 -0.73

oA 583 HE S Uehdth T3 M40 e -8 (Net Area), Z<(Floor), A5 A3ko] A=)

A Aol Bl5of & o, th-2e] Hee B4
7Hgell A =R o, Sl Agtet
9 Hlolg £2F Helt. o= & A&7} 819
EFEehob et S AF g A 2P (SAR, SEM, GWR
23) A= At vt

3.2 OLS(HMYX M3s|HDY) LSSl Hat
2 FojA= 20239 5ERH 20259 597149

633 AAIAEE v =, Al b 2 ot

2|2 olfES] vuj7}AS SEHeR A5,

Table 2. Summary of OLS Regression Coefficients

(DistanceSubway), H|o| 4(Bay), -4 x(ToiletCnt),
WE=Z o] X (CrossVent), 7393 (Structure), Tl wj]
ALk (Year) 5 & 8712 SHHSFE Z51o] OLS
1Y 242 6tk SR 23, 28A
(RH)E=0.9174, 545 AAA%(Ad). R)=0.9163
2 Yeht, 474 9 dx]8Qlo] AA ufjufz}A 2]
°F 92%E Agshe - =2 A EE Eal ]
£ &5to] A AA] 8Rlo] ol E wiwi7}A A%
of MRl Yol A= AS & 4= Ut HA| 2
o] fod A= FI% F-5 A2 1,031(p<0.001)

Variable Estimate Std. Error t-value p-value Significance

(Intercept) -12,840,000,000 480,200,000 -26.74 <0.001 ok
Net Area 13,270,000 397,800 33.36 <0.001 ok
Floor 3,476,000 551,000 6.31 <0.001 ok
DistanceSubway -148,100 22,760 -6.51 <0.001 rokok
Bay 12,510,000 9,845,000 1.27 0.204 ns
ToiletCnt 446,300,000 57,990,000 7.70 <0.001 ok
CrossVent -98,150,000 21,300,000 -4.61 <0.001 ok
Structure 114,100,000 26,380,000 4.33 <0.001 ok
Year 7.53 0.28 27.14 <0.001 ok

***p<0.001, **p<0.01, *p<0.05, ns=Not statistically significant
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Regression Coefficients by Key Variables (Log Scale)

(Intercept)

ToiletCnt

Year

Structure

CrossVent

Variables

NetArea

Bay

Floor

DistanceSubway

1e+02

16405
Coefficient Size (Log Scale)

Fig. 1. Regression Coefficients by Key Variables (Log
Scale)

Source: Analysis based on the MOLIT (2026.3.15) Actual
Transaction Database (2023-2025) (in Korean)
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Table 3. Spatial Variability of Key Variables

63371))2] °F 25.5%01| 3iF o= Bt 161.2712] °]
0] Z} 213 9] =22 3] A= F7g ol wEF = A
&9 Quasi-R%= 0.931F, OLS &3 thy] ok
L6%p TAIE AL BT o) = B0l A4S
HEget 715 s ARl AA viui A B2 A
o8 WEHS wrt JUsHA Leh o 9k Alce
(Corrected AIC)+= 25,4652, OLS2 & 2 SEM 29
tiu] L=A] AP E|QIch Table 304 Hi= 1o} Zo]
Z1-8H %] (Net Area)2] 3] AAG7t EA] S47
A A b 242, 5 A o 5 B4R A
the] e A7 g Ak S
GWR A= A4 mf=12].@ T4 Wi et
F2) B2 A (Spatial Nonstationarity)o] Z4|
P53t 5L ASHA A A HEH e 5
1x]o] whe} 7o thgt FaFe o] AolstA
o, of2f3h T2 ©A|9] A1A HiR|TE,
WL Y, TeT A5 39 o] 2y
o 2go Avtz SfHEc)
4 Hele el Bl Bl ggos
HE A Jol = E6kL, WA C 2= 3
u| A& 71X 9] €)A|(Micro-Spatial Value Hierarchy)
7t @4H o] ok SR 1FES AT AN £

T 59 H2o] 2gE AAer &2 3

™

Lo ok o

BN oL o

iy

=

ot

Variable Min Median Max Spatial Interpretation
Net Area 9,600,000 11,300,000 14,900,000 Stronger effects observed near the
central blocks of the complex
Floor 2,000,000 3,600,000 4,200,000 Frice effects are more pronounced
in higher-floor building clusters
DistanceSubway ~ -186,000 -109,000 ~56,800  Higher sensitivity in northern
blocks located closer to the station
Stronger effects in premium units
ToiletCnt -73,000,000 880,000,000 1,140,000,000 located in specific high-end
buildings
Pronounced premium observed in
Structure -159,000,000 -63,700,000 283,000,000 southern blocks dominated by

tower-type structures
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=

gH&o|Qick BHH, GWR 232 Z7to|ddS 11
gto 22X 71 =& A8 (Quasi-R*=0.931)S
Art. ol2fet A= ©A] 29| FE7HA B4
A GAR FAFE 7o A SR PR
o}, 37H HEd= S1-8-5k= =414 I P(Local
Regression)o] @42 B & §tgokE Yehdch &
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Table 4. Comparison of Spatial Regression Models

, 25017, A2 52 w7 2] A

Q1 a2 mlA 70 Rolow Agat

344 FQ H0| ME slHARel ST EX
30 240 PUEE SR A 2o 1}
2 0RE WAjEl] giolol 2 A7 A9l 2
(WGS84)E U[El(m) D12] FF=HA EPSG:5179
(Korea Central Belt) 2 ®H3lo}o] 49-& 45519
ot olE &3 vt EA W & T AS AR E AR
3] HkgstRlon, 259 #d=s 9l AkEd A

= 2F 1617]9] o]-x)o] A= A B4

|
oj|A] Hin}e} Zo] X4 0.76594 Hof 0.9779]
EIE Yepfjo] A94 372 (0LS, R*=0.917)
o] AE RS Bk 3 B A4S 4

HEE, G2 A5 FHAUTY A A S

Model Key Indicators Results
R’=0.9174, .
Adj. R*=0.9163, AIC=21,554 Very high explanatory power
Significant variables:
OLS Net Area (+), Floor (+),

(Ordinary Least Squares)

Distance to Subway (-),

Number of Toilets (+), -
Cross-Ventilation (-),
Structure (Tower-type (+)),

Year (+)
Moran’s I _ _ Significant positive spatial
(OLS Residuals) 1=0.0781, p=0.00030 autocorrelation
SAR Model did not converge

(Spatial Autoregressive Model)

(matrix singularity)

SEM A=-0.9397, p=0.559, Spatial error term not statistically
(Spatial Error Model) AIC=21,552 significant
GWR Higher explanatory power

(Geographically Weighted
Regression)

Quasi-R?*=0.931,
AlCc=25,465

than OLS; reflects spatial
heterogeneity
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Analysis of Residential Mobility Patterns and Factors Affecting Relocation
Distance of Corporate Private Rental Housing

K|t
Kyuhyun Ji*

Abstract
This study aims to identify residential relocation patterns and determinants of migration distance for tenants in
corporate private rental housing, using actual contract data from 18 projects (10,845 units). The dependent
variable is the logarithm of the straight-line distance between the previous residence and the current project,
computed from geocoded coordinates using the Haversine formula. Explanatory variables include demographic
characteristics (age, gender), contract attributes (deposit, monthly rent, unit rent per area, rent level), and
project characteristics (project size, regional dummies), estimated within a mixed-effects regression framework.
The results show that 51.1% of moves occur within 5km, revealing a short-distance dominant pattern with clear
distance decay, whereas long-distance moves over 30km account for 15.4%, especially in projects located in
Seoul and major metropolitan cities. The mean migration distance among tenants aged 20 or below is 28.7 km,
suggesting pronounced long distance relocation associated with education and employment opportunities. In
the mixed effects model, age dummies for older cohorts are negative and statistically significant relative to the
youth group, while unit monthly rent per area is positively and significantly associated with migration distance.
This suggests that higher rent projects draw tenants from broader catchment areas. The full model R? is 0.2305,
which is substantially higher than that of the fixed-effects-only specification, highlighting the importance of
project level heterogeneity in explaining migration distance. This finding also suggests that corporate private
rental housing operates as a housing platform that accommodates both local and wider area relocation demand.

Keywords: Corporate Private Rental Housing, Residential Relocation Patterns, Migration Distance, Distance
Decay
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Table 1. Trends in Registered Rental Business Operators

255t0] YAl BA o2 EE3 A4S A5t
o, £4) 93} AUZE 9 Q3 5 £3E, 1)
3 U3t e QA 55 ool 2
ok 393 AL W 297 P44 24 Y
o} B AAA o] 52 ghadl Feigio] WX 15 Y
TAIZEA] ¥ 5 Sk Ao R, o= 52
Fepau SR Tk ) 7|20l

QIThALIAE BAI0IA 20234 W 712 Fjl Qe

AFAR}= oF 26.21F 1, §Q12 551570, 20204
o8] S Holi ik 53] 7148 UThAIAr
7F ZFE ¥Rl SEAUARIA = Y87
L A29] 74920204 1,77671°14 20234 1,378
N2 39871 TrAasto] 9F 22%2] FATH HAES U
ERTh A20] Hel AHARIAL s A= 30|

o wjete 7o ek, 20204 ThH] 347 A Al

Number of Individual Landlords

Number of Corporate Landlords

2020 2021 2022 2023 '23-20 2020 2021 2022 2023 '23-20
Seoul 140,000 129,570 113,494 104,461 -35539 1,776 1,555 1,409 1,378 -398
Incheon 19,817 17,664 15,204 12,685 -7,132 198 171 192 208 10
Gyeonggi 126,947 115,040 96,199 84,208 -42,739 1,341 1,333 1,371 1,396 55
Busan 20,669 18,390 15,300 13,576 -7,093 542 551 590 636 94
Daegu 9,101 7,456 5,928 5327 -3,774 134 118 115 119 -15
Gwangju 6,139 5,302 4,592 4,192 -1,947 585 415 425 401 -184
Daejeon 6,536 6,007 4,834 4,227  -2,309 131 127 130 130 -1
Ulsan 4,757 3,777 2,935 2,157 -2,600 57 63 65 70 13
Sejong 2,807 3,041 2,756 2,453 -354 34 24 29 29 -5
Gangwon 6,002 5,546 4,627 4,060 -1,942 91 94 94 87 -4
Chungbuk 4,505 3,833 3,035 2,640 -1,865 96 81 91 97
Chungnam 7,214 6,324 5171 4,593 -2,621 162 153 166 169
Jeonbuk 4,619 4,231 3,592 3,310 -1,309 132 120 131 135
Jeonnam 4,973 4,557 3,931 3,601 -1,372 239 192 212 217 -22
Gyeongbuk 5991 4,688 3,776 3,262 -2,729 150 114 125 128 -22
Gyeongnam 8,981 7,130 5,326 4,492  -4,489 190 152 156 159 -31
Jeju 3,850 3,474 3,081 2,742  -1,108 130 111 144 156 26
Nationwide 382,908 346,030 293,781 261,986 -120,922 5,988 5,374 5,445 5,515 -473

Source: Ministry of Land, Infrastructure and Transport (2025.2.1) (In Korean)
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Table 2. Housing Types and Rental Categories Status

Public- Long-Term Short-Term Semi-

Housing Type Total
£y Supported  General Private Public
Single-Family / Multi-Unit House 896 156,360 272 3,446 184,434
Multi-Family / Row House 5,478 203,405 3,646 4,117 253,199
Semi-House (Urban- Lifestyle Housing) 10,935 185,209 2,831 8,085 242,874
69,619 93,714 83,140 5,455 291,503
Apartment
(80.10%) (14.70%) (92.50%) (25.80%) (30.00%)
Total 86,928 638,688 89,889 21,103 972,010
Source: Public Data Portal, “MOLIT_Registered Rental Housing Data” (2024.10.15) (In Korean)
Rental Housing Act ‘ Special Act on Private Rental Housing
94.09. 05.09. 13.12. 14.05. 15.1216.03 18.07. 20.08 24.08
| | | [ | | |
[ | | | | | |
3 Purchase Rental Housing Purchase Rental Housing | Short-term purchase rental housing Aboﬁshed
Surciace 3years ‘ Syears | 4years
type
Semi-public Rental Housing Long-term General Private Rental Housing
10years 8years 8years 10years
Construction Rental Housing
Syears
Construction Semi-public Rental Housing Long-term General Private Rental Housing
Type 10years 8years 8years | 10years
N Youth-Housing in Station Influence Area
8years | 10years -
Corporate Newstay Abolished Public-supported Private Rental Housing
Type(Purchase, —>
Construction) 8years 8years 10years

Fig. 1. Summary of Private Rental Housing Legal System Changes
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~5 km ~10 km ~20 km ~30 km 30 km~
S 1,746  10.6% 537 3.3% 246 1.5% 208 1.3% 898 5.5%
E 3,599 21.9% 517 3.1% 680 4.1% 247 1.5% 152 0.9%
N 1,028 6.2% 447 2.7% 568 3.4% 340 2.1% 795 4.8%
w 2,045 12.4% 755 4.6% 546 3.3% 423 2.6% 687 4.2%
Total 8,418 51.1% 2,256 13.7% 2,040 12.4% 1,218 74% 2,532 15.4%
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Table 4. Descriptive Statistics of Travel Distances for Residents by Project Site

Proj_No Project Site Count 80 pct Distance (km)
(km) Median Mean Min. Max.
1 Gimpo Hangang OOO 3272 222 5.5 17.7 0.2 491.4
2 Hwaseong Gisan OOO 1413 111 3.9 15.8 0.2 302.6
3 Sindang OOO 1163  14.5 49 22.4 0.1 481.9
5 Gwangju Hyocheon OOO 168 10.0 5.1 15.3 0.1 293.4
6 Daegu National Industrial Complex OOO 353  29.3 5.4 21.4 0.2 250.0
8 Daegu Innovation City OOO 665 12.5 49 11.9 0.2 284.2
12 Pyeongtaek Station OOQO 1295 253 49 18.4 0.1 411.0
13 Yangwon Station OOO 368  20.6 8.8 14.5 0.3 272.0
18 Goyang Samsong OOO 513 184 9.7 18.0 0.7 488.4
19 OOO Changdong 818 313 10.5 40.0 0.1 468.4
22 Dangjin Daedeok Sucheom Jung OOQO 186 214 3.3 229 0.7 374.2
25 Creative Innovation OOQO 126 22.5 16.2 243 0.2 462.8
Table 5. Resident Travel Distances by Site Location, Age, and Gender (km)
Variables Count Median_d_km Mean_d_km Min_d_km Max_d_km
Age_group
<20s 2,023 7.3 28.7 0.1 488.0
30s 3,926 5.9 17.4 0.1 462.8
40s 2,182 4.4 15.9 0.1 491.4
50s 1,368 5.2 17.1 0.1 488.4
>60s 841 7.1 21.7 0.1 489.9
Gender
Male 5,561 5.9 19.0 0.1 491.4
Female 4,779 5.5 20.4 0.1 489.9

Rtk 93k 7|1& 0 2= 7]el x| 9o] 3.0kmE 7}
A7, AR 7} 7.7kmE 7 ATk o= 3o
A A YA A7) Bk 2 g HollA 5

AE F5gthe AS AR ARdiEEE 20
tff o|a}e] 3t o] %A 2] 28.7km, 293t 7.3km, 30
o] W 17.4km, 40| 15.9km, 50t] 17.1km, 60t
o4} 21.7km= LreltTh(Table 5).
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Table 6. Descriptive Statistics of Deposit and Monthly Rent by Age Group (KRW 10,000)

Count Mean SD Min Max

Deposit 10,340 10,701 6,623 500 28,000
<20s 2,023 8,143 6,531 500 28,000
30s 3,926 11,273 6,681 500 28,000
40s 2,182 11,439 6,382 500 28,000
50s 1,368 11,318 6,303 500 28,000
=60s 841 11,263 6,220 500 28,000
Monthly Rent 10,340 40.3 211 3.6 128.8
<20s 2,023 44.7 22.5 3.6 128.8
30s 3,926 37.3 20.7 3.6 128.8
40s 2,182 40.9 20.5 9.0 92.0
50s 1,368 41.4 20.4 12.1 113.0
=>60s 841 40.6 20.4 12.1 128.8
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Table 7. Mixed-Effects Regression Results

Variales Estimate Std. Error t-value p-value
(Intercept) 1.66 0.35 4.75 ok
30s -0.24 0.04 -5.38 ok
40s -0.35 0.04 -8.37 ekx
50s -0.26 0.06 -4.17 ok
60s~ -0.02 0.15 -0.11
Female -0.66 0.34 -1.93 *
Proj_size -0.03 0.06 -0.42
Deposit_area 0.19 0.12 1.61
Rent_area 1.85 0.31 5.95 ok
R? (Fixed Only) 0.1021
R? (Full Model) 0.2305

#% 520,01, ** p<0.05, * p<0.1.
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Spatial-Temporal Dynamics of Regional Spillover Effects in Seoul Office
Market Vacancies during the Covid-19 Pandemic

Ut e

Gaeun Kim** - Wonseok Seo***

Abstract
This study examines the dynamic interrelationships of office markets between Seoul and major regional areas
before and after the COVID-19 pandemic. Using quarterly office vacancy rate data for Seoul and five national
regions from the first quarter of 2013 to the second quarter of 2025, we employ a Vector Error Correction
Model (VECM). The main findings are as follows: First, the long run equilibrium relationship between the Seoul
office market and regional office markets persists both before and after the pandemic. Second, the spillover
structure of vacancy rate fluctuations changed markedly after the onset of the pandemic. Third, as
pandemic-induced shocks affected regions asymmetrically, the dynamic volatility linkage between the Seoul
office market and regional markets is reconfigured. Fourth, spillover effects from Seoul varied with physical
distance, with geographically proximate regions exhibiting shorter spillover lags. Fifth, shocks from Seoul
propagate to more distant regional office markets with a clear time delay. Overall, the findings suggest that
post-pandemic changes in social conditions and work environments have not strengthened independent
demand bases in regional office markets; rather, they have reinforced a structure in which regional dynamics
increasingly depend on fluctuations in Seoul’s office market. Based on these results, the study provides three
policy implications: regional office markets should develop demand bases tailored to local industrial
structures, vacancy risks in Seoul should be continuously monitored, and macro-level policy responses should
be coordinated across regions.

Keywords: Office Market, Vacancy, Spillover Effect, Covid-19, Pandemic, Time-Series Analysis
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Fig. 2. Trends in Office Vacancy Rates by Region
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Seoul Office vacancy rate in Seoul region
Gyeongin Average office vacancy rate in Gyeonggi, Incheon
(GD regions
Chungcheong Average office vacancy rate in Daejeon, Chungnam,
(cq) Chungbuk regions KoreaReal 2013.1Q
Gangwon . . . % Estate ~
(GW) Office vacancy rate in Gangwon region Board 2025.2Q
Gyeongsang Average office vacancy rate in Daegu, Gyeongnam,
(GS) Gyeongbuk, Ulsan, Busan regions
Honam-Jeju  Average office vacancy rate in Gwangju, Jeonnam,
(H]) Jeonbuk, Jeju regions
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o2 E3THEAlol WEX THE AhH oz
Stk AT B AolA] A Bl A 7170
78ko 2 7] FHE A WA o] ol Hrke
AHolA] 290 Qe ke sl gicky W

o

£ dol E'BH ) 2L )% 5

2 Aol B8 A ZTH 7| AAE R E 7
A3 k= oA Akmof gk Y-S I
4= Q1= A A4 (Stationarity) HEZF 4507 o
851t} o] & YoMl 24 AR (M) 9] A4 o
H= A% z‘sﬂo]c Sl=d, Al A€ o] Z2<X(Unit Root)

el o1y FAU AE/g o & Qlsf 574 3]
A7} ”““%‘—’F W Wil tH 7R 494,
2025; 0|47 9], 2009; 931, 2025). A A} H]
A} 0] q-E]-q-U% Z]——.—(Difference)%%ﬁﬂ A4

il

) rqu

=
A& 7_7ﬂ]7P—E—1H3}1_%7114?_ T UAS 125
of sh=t|, o|uf] QA}4= K F-S VAR(Vector Auto
HER7| 9N Y) FE= o
A3t VECM (Vector Error Correction Model; H/E
QAAEE)S S8 AEI AZA, 2025;
ALA, 2025).

olo] & Ao A= TH9I 71 o] A TH:B
A}

)
b
=
o
r
2
)
>
=

oX
o
>

Regression Model;

HA7 (Johansen’s Cointegration Test)<
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I

4 7H A E 27 o] B2 Folslg) B4 2
8 AlA| o] 1] g H ool ek WsEe] MY
Aebo] A S 7= B+ A7 1A 3 BAE
S A5l= Ao FAT 4= oY - AY4,
2017). 7% A3} ZHE BA7} BRI o] VECMS
Fgsto] A 7+ o34 FAE) o] S

HAE 245
VECME] 712 7192 thg 4 (1)3h 2o 2]
A UA, 2024).

o

NET)
~

p—1
4Y,=a(B'Y, )+ Y LAY, ; +et )
=1

oA71M Y= AR 9] AGE SHEE HEOM, o=

B7NHH 2 A BY, = AR BAE HE
2
=

Wiek [ 9] 5 f o = 94 $AS o
sk
cheoz o o3 FAE I AT

AS AESH| 98] 1884 olx}aA A (Granger
Causality Test)-S AA|5}9IT). o] AL U ¥
oF Ay} M| Wi go] 29t 49, W 7l

AU 25 Sk
ol A< It 71 AN A vha 2
219 -A94, 2017; ARG -GSk, 2024).

2 s 5

b q
Z/f:CJFZ@i%ﬂJFZa;IHJFGt--- (2)
J=1

i=1
m n
2, =CHY Az, + ) 0w, e 3)
i=1 j=1
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A A A7) A% ASE et ek o,
7HEAIA = Folsitd 78t Y F-AEo] A
SAEN 1A QIS Z=rhal A E 4 Qi
Hi = 4] (3)2 718t 89 SAEC] A2 IF=
= 7355 uleith

0]% VECME 7[dto g ZZAURS-EA (Impulse
Response Analysis) ¥} AHE3]| E-4 (Variance De-
composition Analysis)< A5 A&} 71Ek
oje] A5 olef 75 Pohusieh 32
Hojo] galgo] o F7o] YANS
)

o] ZUgo] Azke] 5] wfet o]

o

2 r
o
[
=}

Table 2. Basic Statistics Result

"
o
©
o
¢
R
o
X,
oX
K
of

CeCELEEERIER

2]
451, @714 w3t F- 3714 SHAdE 2]l

5. A58

5.1 7|=8A ¥ =™
o, 718 AAE Ame AEAE 8119 9F
Suke- S QlomF (dEhe]Y 9], 2021), X-13 ARIMA
S g8sto] Ad 249 34E 42 9=
(Level) 2 285131t o5 &3l WHE-2Ql AEH
= AAs Y euA FAES T2 W}
£ Hot ges] gofstaral shgich 1Al 13 AR
A} (Difference (1))= 35 A4 A-A QA=
o} 3HA ARE-5H3iTH(Table 2).
7NZEA AT HHHSEd HQo FHE S
=

ol seI=dof vl dvta oz w7 UeRht

Level Difference (1)
Variable

Max Min Mean S.D. Max Min Mean S.D.

Before Pandemic
Seoul 11.989 6.168 9.988 1.535 1.401 -2.127 0.121 0.760
GI 14.235 9.179 11.476 1.505 1.576 -1.580 -0.073 0.821
ccC 20.582 11.230 17.066 2.536 2.153 -4.414 0.332 1.296
GW 21.807 13.072 17.329 1.924 2.607 -4.308 0.163 1.662
GS 19.075 9.595 14.957 2.751 1.575 -2.701 0.344 0.830
HJ 18.858 11.641 14.022 1.970 1.500 -2.426 0.206 0.808

After Pandemic
Seoul 9.074 4.987 6.781 1.394 0.498 -0.624 -0.171 0.302
GI 13.934 8.574 11.953 1.425 1.246 -2.001 0.187 0.744
ccC 22.960 18.384 20.603 1.524 3.163 -2.290 -0.074 1.085
GW 26.614 18.809 22.702 2.318 4.413 -2.088 0.233 1.603
GS 19.500 16.515 17.830 1.027 0.397 -0.737 -0.135 0.311
HJ 16.563 14.647 15.649 0.640 1.601 -1.068 -0.042 0.625

Note: S.D.=Standard Deviation
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3] ZLAGW)TH 233A(CC), AAAGS)NA 2
F(Mean) FAET} WEA0] BE o} Ao
2 A% Qg Ajo] W £ moith uh A2

(Seoul) T AIAGN) S Bt SUFO] i WA

[e]
E AFA 02 el £ 2 05| AAge] 0
Z|gto] B4 QFY A 0 2 RA| =S SIS =
9lck

W9 o] & 7]7toll= Bl d T dHollA 5

AE FEo]| Aodhe ol HEE U dd
A

Afo|7h £AIRHS HolFm, B3] HiSEd AR X
ol BAE 52} AE o] FAO] S 7

o] Lpete g XAt

52 AMAE HdY ¥ W7 dY
A7 A z0) B Sl Sisl exizel
ZHEZL= 0] et ADF(Augmented Dickey-Fuller)
2} PP(Phillips-Perron) 7472 A A5t Table 3).
27 23, Wee) o) A7) AR Aol o

F-20] FHoA 5 W40l E9IZ(Unit Root)©]

UER fid 9] o] $of e A EQHE /o] A&H A ZARITHE AF7HEE 71251 ol AlA 2o H]
o= mtF et vhd M2Ee W Bt TAE A A= LR oof] B= Ho] Hisf 1
TgthA oz 22 HEde FA5HH 71 Qg 4] A} A2 283t A3}, BE Pl A] Thejto] A
Al H52 H itk A3 2 g AIFAH]) A B 750 B dol EEE Aoz SlE Tt
AR Fof] vl v A QHg 2191 M5 d-Z H ik TR0 2 WO A4 ARFE AASIL A AE |
ol5 B3l Y vl d A9 ©7]4 4 vt T 2H78714 % BAE A785I3ih AR HLag) A
Ao] =98 =43} 2= 9t} RS Akaike A1 7]Z(AIC), Schwarz X 7]Z(SC),
olgo] 71254 A3k W9 o] HTk ol $E 8 Hannan-Quinn 7| Z(HQ) 5 8 YB 7|FL T8
2o} SR ISR 2 euaAge] 22Y  Sloirk(Table 4). FE A3t MelH ol A)7]of
Table 3. Unit Root Test Result
ADF PP
Period Region
Level Difference (1) Level Difference (1)
Seoul -2.765 -4.722% -2.783 -4.762*
GI -0.202 -3.889* -0.937 -7.831*
Before Pandemic cC -1.980 -4.667* -1.959 -4.656*
(2013.1Q~2019.4Q) GW -3.164* -5.182* -3.241* -5.182*
GS -1.422 -4.623* -1.439 -4.667*
HJ -2.336 -4.867* -2.320 -4.897*
Seoul -0.486 -4.640* -0.429 -4.671*
GI -2.687 -3.723* -2.687 -3.723*
After Pandemic cC -1.633 -4.614* -1.841 -4.608*
(2020.1Q~2025.2Q) GW -1.979 -4.201* -2.014 -4.201*
GS -1.224 -3.810* -1.238 -5.577*
HJ -0.634 -7.502* -2.493 -3.636*

Note: P<0.05(*)
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Table 4. Lag Order Test Result

Period Lag LR FPE AlC SC HQ
0 NA 6.168 18.846 19.137 18.930
Before Pandemic 1 146.362 0.048 13.912 15.945* 14.498
2 51.399* 0.025* 12.728* 16.502 13.815%
0 NA 0.442 16.210 16.508 16.274
After Pandemic
1 120.048* 0.003* 11.063* 13.152% 11.517*

Note 1: P<0.05(*)

Note 2: LR, likelihood ratio; FPE, final prediction error; AIC, Akaike information criterion; SC, Schwarz criterion; HQ,

Hannan-Quinn criterion; NA, not available.

Table 5. Johansen’s Cointegration Test Result

Period Hypothesized No. of CE(s) Trace Statistic Max-eigenvalue Statistic
None 220.022* 97.502*
Atmost 1 122.519* 45.559*
At most 2 76.961* 37.058*
Before Pandemic
At most 3 39.903* 27.011*
At most 4 12.892 10.367
At most 5 2.526 2.526
None 257.150* 107.863*
At most 1 149.286* 72.210*
At most 2 77.077* 40.591
After Pandemic
At most 3 36.486* 19.552
At most 4 16.934* 10.709
At most 5 6.225% 6.225*

Note: P<0.05(*)

SCE ALt H= A H 7|0l A AR} 27} 24 A=}
= AE=lon, fgy] o]F Al7]ol= B FE
7120 A AR} 10] 2| AgLo & YR T

52 & (Cointegration) 752 HGH TAE Al
|Bo] Z7|H o2 A3t &

1}o}sh=t| ARE-5H=H(Kitamura, 1998), & %1+

I FAISH=A

)

Z B AX(Johansen’s Cointegration

= 83 3R
Test) FHS o83 2 A SHES A7IHE &

Al EA o 55 ZRI5H{TH Table 5).
A7 A3}, We g o] Al7]ofli= Trace AT
Max-Eigenvalue A% LFol|A T E TA 7L &

W) o} A7) FUSHA AT7Hdo] 712}5]

o] U 1+ O34 FAE AAGo] A4 7Y B

AS AL 9ol HHIs gt
ogulFoE B ATNNE B FHFS £G

¢
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S VECMZ 74510, 99 1t Qul A SAE B
&) SHA BAE EASHAH

5.3 JXQIaRA| EMZu}

TRANTTA G AL 3 A0 A gro| ThE
0] gk Al Sk ol SAA C= Fomt F R

A TSR=AE AA5H=HlHo]cHGranger, 1969).
Aol A TAE Hee B EY 34
| diet QIS A= ASEA SRS
HeHA 0 g B U A& I A AESIA
T}(Table 6).

24 A3, WY o] d Al7]ol= AEd SAHE
WL A SAE Bl disf et 29 A
S 7= Ao E e ol Aed 23
2P HEo] AR AW AH O] FAE oS0 A
A0 7 7| ARSIttt vhH S AT ©
AT dofirls AEe] Mg do] BAHCRE
SJ}4) gro, Wele] o] Aol AL 5 R
o 72U W5e] AYHl AAo] FsHA
QU9ES-2 HojZeh 3 Al Hat 7]
WIS} .27 A8 W] sk TV

(e mlru

Ol

@

1 IAE

oy
op
lat

Table 6. Granger Causality Test Result

sl Before. After .
Pandemic Pandemic
Seoul > GI 0.4487 0.969
GI > Seoul 0.0001 0.592
Seoul > CC 0.2951 0.000
CC > Seoul 0.5072 0.871
Seoul > GW 0.3063 0.969
GW > Seoul 0.0883 0.622
Seoul > GS 0.0531 0.385
GS > Seoul 0.4482 0.299
Seoul ~> HJ 0.2807 0.028
HJ > Seoul 0.3882 0.653

Note: Statistically significant results at the 10% level
are marked in bold
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Note: The x-axis represents periods after the shock, and the y-axis represents changes in the response variable
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Fig. 3. Impulse Response Analysis Result
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30| A YR o|F vl w2 e e FH e Skl tke A HolFes Adetal
Z2 ISR BES Bl SAA AL AIRMAR] T & e, @A 0 R M QUAAIRE R
S35 Elnh A aEAFE A AEde] 4 Erke WA 1550 Qs SdECl 2
SHE F40] tish F(+) < whEol e HHY ks e ouiitt SR 7Aoo = Uy
O|F A& uAAPFe] Wso] A=A o SHtE 2t xAo] FA s A AL 9] o] ol
TR S ERlek it = 202 BRItk AR S5 et dHl =, o=
8 S719 22 Hl8 dEfe.= Q18] B ol ik
5.6 EAFIELESN EAEL o2 Z-235PHA 427} e P9 QuAA|A] S
AR A4S FH AR E THEHEIARE Aol I Aot o] % A&2] vlg At
o] Tl w2t B G} ofut FAE ol A= o] Lol thA] A& o] ARF o] o FofAaL o]
F/J5=A1E HESIAH Table 7). O HHEE| A 122 Al28] a3} 2R5ste A

el o d A)7] 24 A3 B, el 2] O 2 HhETh
& FAE HES D71F o= A 8100 o) Q3 AT L tiRt A2 7 =Tt A
F2 AgGEE Ae & 5 Al o AR 550 Z¥o) 73] w2t F7tohs Bgol ERAHAH. o
wEh et g Ao Yoz SiHeFY =AM AE Ao At gL AL
< BT ol Aol fEuet a1 7] 7] B2 ME U 2AgTe] 22 A/ ) et

Table 7. Cholesky Decomposition Analysis Result (Unit: %)
Period GI cc GW GS H]J Seoul
Before Pandemic
1 4.573 0.372 30.628 0.496 0.106 63.825
2 5.263 8.318 27.312 1.885 6.593 50.629
3 7.346 20.786 20.123 1.672 7.600 42.473
4 6.725 36.001 12.101 2.335 13.289 29.549
5 14.462 24.768 13.294 7.122 22.693 17.662
6 19.638 18.296 17.861 9.892 21.767 12.545
7 26.033 13.893 19.892 11.138 19.392 9.653
8 27.112 12.271 22.277 11.317 18.564 8.460

After Pandemic

1 31.789 22.427 0.295 4.731 5.699 100

2 11.174 17.701 0.167 6.656 4.251 96.087
3 9.735 9.245 1.743 12.704 12.189 96.919
4 8.405 4.871 1.358 36.718 19.585 97.161
5 7.627 2.815 3.482 43.196 22.806 96.641
6 7.666 2.313 3.833 40.536 24.427 96.741
7 7.344 2.141 3.704 40.153 24.862 96.865
8 6.800 1.875 3.642 41.848 25.845 97.058
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Price Characteristics and Determinants of Project Withdrawal for Row and
Multi-Housing in Seoul’s Moa-Town
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Su-Jeong Lee** - Seung-Han Ro***

Abstract
This study examines the sale and rental price characteristics of row and multi-housing and identifies the
determinants of project withdrawal across 64 Moa-Town sites in Seoul using hedonic price and probit models.
The result from the hedonic price model shows that the sale price effect is strongest during the management
planning stage, whereas the rental price effect is strongest in sites facing project withdrawal. Public institution
participation positively affects both sale and rental prices, whereas site area has a positive effect only on rental
prices. Building age shows a U-shaped relationship with price, indicating that prices for highly deteriorated
units reflect redevelopment expectations. Prices increase with distance from elementary schools but decrease
with distance from subway stations. The result from the probit model indicates that larger site areas increase
the probability of project withdrawal, consistent with greater coordination challenges, whereas greater
distances from subway stations and schools reduce the likelihood of withdrawal. This suggests that areas with
lower accessibility have a stronger need for small-scale housing improvement projects, which helps sustain
project participation. These findings provide foundational evidence for designing policies and improving the
effectiveness of future small-scale housing improvement management area projects. They show that market
values and project sustainability are shaped by distinct but interrelated factors.

Keywords: Small-Scale Housing Improvement Management Area, Small-Scale Housing Improvement Management
Plan, Small-Scale Housing Improvement Project, Moa-Town, Public Support
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Table 1. Current Status of Moa-Town Project Areas

Region District (Gu)

Progress

Yongsan-gu

Management Plan in

Withdrawal
Requested or
Completed

Management Plan
Approved and
Notified

1

Downtown

Sphere Jongno-gu 1

Jung-gu

Gangnam-gu 1

Southeast Gangdong-gu 1

Sphere Seocho-gu

Songpa-gu

Gangbuk-gu

B IN| -~

Gwangjin-gu

Nowon-gu

Northeast
ortheas Dobong-gu

Sphere
Seongdong-gu 1

Seongbuk-gu

Jungnang-gu

Gangseo-gu 1

Gwanak-gu

Guro-gu 1

Southwest

heon-
Sphere Geumcheon-gu

Dongjak-gu 1

Yangcheon-gu

Yeongdeungpo-gu

Mapo-gu 1

Northwest
Seodaemun-gu

Sphere
Eunpyeong-gu

N R[S |R([NMNRr[AN]| RO R[N

Total 8

51 5

Note: Compiled and reorganized by the author based on Seoul Metropolitan Government (2025.8.25) (in Korean).

HoleRe A& A7 o] o] FE7HAZ &
A517] I8 20229 197E 2025 6E7HA] A
- oA 9] wiju 7} 1 H A7 HE 2 55l
olg| LY oA AlFst= AAH AEE EE5I9]
O (P HAE, 2023.8.31), YA AFEL= KOSIS
F7FSAEEA AlFots AL AGE A-LA
AekeS sl A Aol BEgsto] AN HE5F2
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2 A3kt (=7 olE %, 2025.9.7).

2 AT AZA] Hoteke thAR| 9] ThAd -

e ujui7bd 2 AdirbEE 45 el
Table 22} 30| H4=5 -/3519]Tt.

TEHSE oA - A vl E Ao A
Ad7HAE A& (m*) 02 e DHAT A
7402 Hgotom o gk Ad= 12 ¥



MSA| 2Ot CHYAIQ| THMICH- HIEZREd OHof & UCH7HA S4at Af

1%
s
ton
N
¥
o
(e}

Table 2. Variable Definitions and Descriptions

Category Variable Description
LN Unit Area Logarithm of transaction price per exclusive-use floor area
Dependent . ) ) L .
Variable Transaction Price of row and multi-housing, including both sales and rental
(10,000 KRW/m?) transactions
Approved and  Moa-Town management plan approved
Notified and officially notified (reference category)
. Management 1 if management plan is under
Moa-Town Project . . .
Plan in Progress formulation, O otherwise
Status
With 1
Moa-Town ithdrawa 1 if withdrawal was requested or
. Requested or ]
Characteristics completed, 0 otherwise
Completed
Public Agency 1 if the Moa-Town area involves public agency participation,
Participation 0 otherwise (reference category)
Moa_’gg‘gi?)r ea Designated Moa-Town area size divided by 1,000
Exclusw(er;zl;) or Area Exclusive-use floor area of the transacted housing unit
Land and Building Building Age 2025 (current year) - year of completion + 1
Characteristics Centered Squared
f ildi - ildi
Building Age Square of [(building age) - (mean building age)]
Floor Level Floor level of the transacted housing unit
Distance to Subway  Straight-line distance from the housing unit to the nearest
Station (m) subway station
Distance to . . . . .
Straight-line distance from the housing unit to the nearest
Elementary School
elementary school
(m)
Southwest Gangseo-gu, Gwanak—gu,. Guro-gu,
(Reference) Geumcheon-gu, Dongjak-gu,
Locational Yangcheon-gu, Yeongdeungpo-gu
Characteristics
Northwest Mapo-gu, Seodaemun-gu, Eunpyeong-gu
. Gangbuk-gu, Gwangjin-gu, Nowon-gu,
Region
Northeast Dobong-gu, Seongdong-gu, Seongbuk-gu,
Jungnang-gu
Southeast Gangnam-gu, Gangdong-gu, Seocho-gu,
Songpa-gu
Downtown Yongsan-gu, Jongno-gu, Jung-gu
2022 Reference year
2023 1 if transaction occurred in 2023, 0 otherwise
Transaction Year
2024 1 if transaction occurred in 2024, 0 otherwise
2025 1 if transaction occurred in 2025, 0 otherwise
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Table 3. Variable Statistics

Sales (n=4,904)

Rental (n=17,046)

Variables
Mean SD Min Max Mean SD Min Max
LN Unit Area 663 048 464 844 626 053 267  7.62
Transaction Price
Moa-Town Area 7474 1920 719 9972 7441 1988 7.9  99.72
Exclusive Floor Area  39.61 1538 1152 16443 3934 1606 7.84 177.73
Building Age 1772 1201 100 6000 1735 1239 200  58.00
CenteredSquared /) 09 15272 008 178722 15353 16771 012 165234
Building Age
Floor Level 292 177 -100  14.00 298 161 -1.00  14.00
Distance to Subway ¢\ 13 29866 4637 205021 52086 287.62 4637 2075.74
Station
Distance to Elementary ;o0 07 14612 5654 108849 36485 15533 5583 1092.13

School

7AEAso) vlAg A a3k ASo] Sl ASE
ZBaASo| A HA| 20| HtghS wl SAISIe gt
< A HASE ol om s 0] Wtk
2 ufjuf 144.09, Yo 153.53.0.2 Bkl 9Tk

559) B2 vl 2.92%, A 2.985- 22 FAL
SkA Yebg o Xgigko] 145 0= Yeht Hole}
& 3ol 23 153 oA - dEFEY] =
AE 1T 5= Ut ol Kotk A H 2 A (T
A T2 109tm’ ]3], ke EFAZE H & 1/2 0]
‘ol vrgE A= 7 A HojlAf= olw] S
B3 1557t XY= of i dA] Woll =& o] Sl
< oJu]gith

PAEA B4 -9 Astd G729 Wt 2 A
A= wjuf 540.13m, Uof 520.86m= LFERGS.
o, 258t71A] 9] Wt Agl= vl 355.07m, 9
o 364.85m= YR A {3 1F 2pol= 34 &
Pl

i

4.2 HEEN
B AN TET WY W] MR Azt
£ Table 42} 2t}
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Gobehg: Aelo] oY AShE HE Al nel v

9] 83.0%, ATH2] 76.5%7 LA 511 114
4= F9o| sigoty A=A +H 52 47
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Table 4. Frequency Analysis

Variables

Sales (n=4,904) Rental (n=17,046)

Freq. Percent Freq. Percent
Approved and Notified 4,071 83.0 13,041 76.5
Moa-T;)twtn Project Management Plan in Progress 622 12.7 2,566 15.1
e Withdrawal Status 211 43 1,439 8.4
Public Agency Non-Participation 3,918 79.9 14,206 83.3
Participation participation 986 20.1 2,840 16.7
Southwest 2,420 49.4 7,190 42.2
Northwest 549 11.2 2,273 13.3
Region Northeast 1,346 27.5 5,086 29.8
Southeast 473 9.7 1,855 10.9
Downtown 116 2.4 642 3.8
2022 2,054 419 5,420 31.8
Transaction Year 2023 1,145 23.4 4,778 28.0
2024 1,055 21.5 4,749 27.9
2025 650 13.3 2,099 12.3
22 SRl o) A9 20228 A3L8% o] F B B FEuS WSS Ko Ay
R0H, 20231 28.0%9} 2024 27.9%= FARE k= AR UEROH, I Hepo| ZAbgRR|

Szo R Uergth (VIF)7} 3 ols} theh} 3414 9] A1 24
e Ao shelxelt
43 9=4 JEe E4dY 5otehe: takA] SA0IA ARIST A mwt

2 ARE AHEAofA 20220] AT 6474
Ioteh2 A O] hA o - A8 A7 S A
£ (m*) 02 W gu g 7Hzof Az
(LN)E H-8oto] TR AAotor 29
7 Z3H=Table 52} 2t}3) 2 A4>(R-squared)
Lofjof 2 o]l A 0.62, AT EFNA] 0.65F AEE]

3) 2 AL ol AR 94 T2E Defstel AY YW B

= AER 23, LR Fe 5 WA +&2

A EH A0z FofaHA vl FA o tigt
FFE2 BHAL - SR AFONA 7P 24
uergton, izt it g2 d3 a4 o
A3] &7 A oA 7P A 1= ATk 74| 4]
oz Hofeke WAE SU-2A WA 7I&
oz g A a1 FA AF] A=

o123 A

402 §ofgh Yok v ATAR(CC)S HISSch 2 Hausman 2901 oo e 19 v} of 285 202 Lheh
oLk, Qe g e SBavkE 7143 SA7 SR1uA) ele et AR B 48T A9, wotehe thiA|o] 4

FolA] BHEkE W7t oA ALl TAVE ock olo] B A7 wolehe Al EAol FEpbAd vAE FS
BYE 712004 v - A4Sk A AAEE 1] Qo) oAV O R Q1% HE QA -2 Aol A RTA}
(Robust standard errors)S Z-8-3 OLS ¥ 2|5 A3 0 & A &5t

4) Boteke A1) 2UYol TE A1 0] RolS AZo7] FIo) ALEAHLE(ANOVA)TH AFFEH (Scheffe) 2 A4
S}t ANOVA 443}, o 1 3 (F=71.76, p<0.01)7} LTI 3 (F=241.14, p<0.01)°ll A AFY 2135 714 9] Ajo]
7} EAA 2 FoloHA Urelth ES AREA Aalol Al miule} It Y oA E3] 2 T dE-TeAE 8
S>UEAY 52U TA =22 P7H (Mean)o] F-25HA =4 = 0] 3= IRl
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Table 5. Results of the Hedonic Price Model

Sales Price Rental Price

Dependent Variables Robust Robust
et Std. Err. Cect Std. Err.
Management Planin o 135001 001690 0.08965**  0.00756
Progress
Moa-Town Withdrawal Status 0.06624**  0.03013 0.13923**  0.01066
Characteristics
Public Agency Participation 0.04143***  0.01112 0.01268** 0.00645
Moa-Town Area -0.00031 0.00029 0.00021* 0.00013
Exclusive Floor Area -0.00917*** 0.00037 -0.01154*** 0.00022
Land and Building Age -0.02278**  0.00054  -0.02438***  0.00034
Chaﬁglﬁﬁfﬂcs Centered Sq:gered Bullding 5 50086+ 0.00004  0.00049%*  0.00002
Floor Level 0.02777**  0.00298 0.03883***  0.00178
Distance to Subway Station -0.00009***  0.00002 -0.00005***  0.00001
D‘Stancest:hii)imentaw 0.00006* 000003  0.00015**  0.00002
Locational Northwest  0.35364***  0.01656 0.15498***  0.00782
Characteristics
_ Northeast ~ 0.12959*%*  0.01013  -0.01570**  0.00607
Reglon Southeast  0.43982***  0.01825 0.21795%**  0.00933
Downtown  0.52868***  0.04327 0.20520%**  0.01187
_ 2023 0.04849%*  0.01051  -0.06929***  0.00636
Trar;:itm" 2024 0.10814**  0.01125  -0.05452***  0.00639
2025 0.12862%*  0.01461  -0.04048***  0.00786
Constant 7.03123*%*  0.03327 6.85926%**  0.01694
N 4,904 17,046
F-statistic 408.44 1847.95
R-squared 0.6292 0.6526
Note: Significance levels are indicated as p<0.1, p<0.05, and p<0.01.
ujuf7FACA 0.132, 74 0.089E 5 Al B7== 94 EAdo] BigH A= sjAT
B FFS EoH, F3]e% 4 A3 &g A T 3loH, o]= Aol E Mook T8 A4
9] Ala= wiHi7F4 o] 0.066, AT7FH°] 0.139 S0 FH|Ad 9] X1 of Flof] B A1 FakS 1|2

2 §Ol3t (1)) go2 ek o) 473}

9l Zobehe: Tl AL 49 Sl S o
S TP ARIZA 7]k} s wd
eg AVFRITE E8 Fola @ e A

oY R

R
o
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Table 6. Probit Regression Results for Moa-Town Withdrawal

Variables

Moa-Town Area

Robust Delta-method

et Std. Err. CE Std. Err.

0.04627*** 0.00380 0.00572%** 0.00046

Exclusive Floor Area

-0.02322%** 0.00531 -0.00287*** 0.00064

Building Age

0.02127** 0.01018 0.00263** 0.00124

Centered Squared Building Age

-0.00378*** 0.00071 -0.00047*** 0.00008

Floor Level

0.03524 0.04699 0.00435 0.00578

Distance to Subway Station

-0.00587*** 0.00077 -0.00073*** 0.00008

Distance to Elementary School

-0.00265%** 0.00035 -0.00033*** 0.00003

Sales . 2023 -0.21698 0.19600  -0.02658 0.02358
Trar;izcrtlon 2024 -0.21588 020629  -0.02645 0.02438
2025 0.15906 0.19957 0.02089 0.02697
Constant 0.61382 0.55808
N 833

Wald X* (7) 373.61

Prob>X* 0.000

Pseudo R? 0.5956

Moa-Town Area

0.01280*** 0.00117 0.00274%** 0.00025

Exclusive Floor Area

-0.01633*** 0.00223 -0.00350*** 0.00046

Building Age

-0.01686*** 0.00344 -0.00361*** 0.00073

Centered Squared Building Age

-0.00078*** 0.00026 -0.00017*** 0.00006

Floor Level

0.07892%** 0.01886 0.016971*** 0.00403

Distance to Subway Station

-0.00735%** 0.00028 -0.00157*** 0.00004

Distance to Elementary School

-0.00074*** 0.00013 -0.00016*** 0.00003

Rental _ 2023 0.05836 0.06557  0.01257 0.01412
Trar;sezt’o“ 2024 -0.02617 0.06964  -0.00556 0.01479
2025 0.04203 0.08427  0.00903 0.01816
Constant 2.66515%** 0.21334
N 4,005
Wald X? (7) 1102.53
Prob>X? 0.000
Pseudo R? 0.4147

Note: The dependent variable is a binary indicator of the Moa-Town project status, where 1 denotes Withdrawal
Requested or Completed and 0 denotes Management Plan in Progress. Significance levels are indicated as

*p<0.1, **p<0.05, ***p<0.01.
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G-SEED in General Buildings
: Category-Level Score Attainment and Analysis, 2017-2024
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Abstract

This study analyzes the current status of G-SEED (Green Standard for Energy and Environmental Design)
certifications for non-residential “general buildings” in Korea that obtained preliminary certification between
2017 and 2024, aiming to provide foundational data for future revisions of the system through statistical
analysis of score attainment by specialty category. During this period, 3,538 newly constructed general
buildings were selected from a total of 5,881 non-residential certifications. The analysis focused on seven
evaluation categories—Land Use and Transport (LT), Energy and Pollution (EP), Materials and Resources (MR),
Water Management (WM), Operation and Maintenance (OM), Ecological Environment (EN), and Indoor
Environment (IE). The results revealed that the EP category had the strongest influence on overall certification
levels, followed by MR and IE. In contrast, the OM category exhibited uniformly high achievement rates across
all certification grades, indicating limited differentiation. Conversely, several items such as daylight rights (LT),
rainwater management (WM), natural ventilation, and traffic noise assessment (IE) recorded zero-score rates
exceeding 85-90%, highlighting challenges in feasibility and institutional implementation. Particularly, item 2.2
“Testing, Adjusting and Balancing (TAB) and Commissioning” showed a zero-score rate of 85.7%, and among
the scored cases, 96.6% performed only TAB. This reflects the limited adoption of commissioning due to the
absence of legal requirements, insufficient institutional support, and low awareness. These findings emphasize
the need to strengthen criteria for easily attainable items and to revise or replace those with low feasibility,
thereby enhancing both the effectiveness of the certification framework and the environmental performance of
non-residential buildings.

Keywords: G-SEED, General Buildings, Specialty Evaluation
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Table 1. Weighting by Specialty

Category LT EP MR WM oM EN IE

Score 13 23 15 14 7 14 12

Weighting 10 30 15 10 7 10 18
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Table 2. Average Score by Certification Grade
Category LT EP MR WM oM EN IE ID Total
Green 1 6.28 23.12 13.63 8.08 6.69 7.01 12.05 3.88 80.74
Green 2 5.94 2191 12.12 7.26 6.63 4.28 10.23 2.46 70.83
Green 3 4.93 19.41 10.28 6.07 6.55 3.19 8.95 1.86 61.23
Green4  5.08 18.78 6.95 3.12 6.38 2.90 7.69 0.85 51.75
Average  5.24 19.51 8.39 4.30 6.45 3.27 8.38 1.32 56.87
Table 3. Contribution to the Total Score per 1 Raw Point by Specialization
Category LT EP MR WM oM EN IE
Score (A) 13 23 15 14 7 14 12
Weighting (B) 10 30 15 10 7 10 18
Contribution to the Total Score (A+B) 0.769 1.304 1.000 0.714 1.000 0.714 1.500
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Table 4. Average Score by LT Certification Items

Certification Item 1.1 1.2 1.3 1.4 1.6 1.7 Total

Allocation Points 2 3 2 2 2 2 13
Greenl 1.26 1.12 1.72 0.69 1.45 1.91 8.16
Green2 1.05 1.41 1.50 0.66 1.36 1.74 7.72
Green3 0.77 1.20 1.08 0.55 1.27 1.55 6.41
Green4 0.81 1.83 1.04 0.61 1.09 1.22 6.60
Total 0.86 1.67 1.14 0.61 1.17 1.36 6.81

1.1 = Assigned Points

1.4

- ==Green1
-+ = Green2
Green 3

Green 4

Fig. 1. Average Score Acquisition Ratio by Certification Item (LT)
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Table 5. Average Score by EP Certification Items

Certification Item 2.1* 2.2 2.3 2.5 2.6 2.7 Total
Allocation Points 12 2 2 3 1 3 23

Greenl 11.56 0.48 0.97 2.48 0.64 1.61 17.73

Green2 11.63 0.19 0.76 2.14 0.59 1.49 16.80

Green3 10.81 0.16 0.64 1.32 0.51 1.43 14.88

Green4 11.11 0.04 0.48 1.29 0.36 1.12 14.40

Total 11.18 0.09 0.56 1.47 0.43 1.23 14.96

*Mandatory Item
2.1 = Assigned Points

- ==Green1
-+ = Green2
Green 3

Green 4

Fig. 2. Average Score Acquisition Ratio by Certification Item (EP)
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Table 6. Average Score by MR Certification Items

Certification Item

3.1 3.2 3.3 3.4 3.5 3.6* Total
Allocation Points 4 2 2 2 4 1 15
Greenl 3.73 1.83 1.83 1.85 3.46 0.93 13.63
Green2 3.49 1.68 1.60 1.64 2.89 0.82 12.12
Green3 3.08 1.51 1.38 1.42 2.17 0.72 10.28
Green4 2.23 1.16 1.01 1.05 0.97 0.53 6.95
Total 2.58 1.31 1.17 1.22 1.50 0.61 8.39
*Mandatory Item
3.1
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Aok

B4 A3 BEQIF
52 3 EH4T) TE5] 271610
= ZJo] & H| 1A 7-5-9]
of 9Jo] MR AFEEo}7 51
2 BAE) &3] 19 1532
A1 80% Weolo] w2 g 5HES

gsulg wApt A9 g

shg, 721 45 ol M= 135 =S A
ule’ B o] PEH|go] 242065 F75tel, 5

Q
[e]
9 oA Hid oz FeRt g=o] EAdE 2

S
L=

o

=T
L.OO]:]O

oA

W E91 3.6 AL s AU B A
2 E3 13(31.3%) 7 43(61.296)°1 F5 ¥1&o]
AEEe gaske REs Holr,

UukASE0] A8 = HR(WM) d2

https://lhrilhorkr | 179




Table 7. Average Score by WM Certification Items

Certification Item 4.1 4.2 4.3* 4.5 Total

Allocation Points 5 4 3 2 14
Greenl 3.94 3.63 2.54 1.19 11.31
Green2 3.35 3.44 2.37 1.01 10.17
Green3 2.68 2.85 2.07 0.90 8.50
Green4 0.89 1.20 1.68 0.60 4.37
Total 1.60 1.84 1.86 0.72 6.03

*Mandatory Item

4.4

— Assigned Points
- ==Green1
-+ = Green2

Green 3

Green 4

Fig. 4. Average Score Acquisition Ratio by Certification Item (WM)
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Table 8. Average Score by OM Certification Items

Certification Item 5.1 5.2* 5.4 Total
Allocation Points 2 2 3 7
Greenl 1.70 2.00 2.99 6.69
Green2 1.65 2.00 2.98 6.63
Green3 1.61 1.99 2.95 6.55
Green4 1.46 1.96 2.95 6.38
Total 1.52 1.97 2.96 6.45

*Mandatory Item

5.1
100%

e Assigned Points
- ==Green1
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Green 3

Green 4

Fig. 5. Average Score Acquisition Ratio by Certification Item (Left: OM, Right: EN)
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Table 9. Average Score by EN Certification Items

Certification Item 6.2 6.3 6.4 Total
Allocation Points 4 6 4 14
Greenl 3.20 4.45 2.16 9.81
Green2 2.40 2.76 0.84 5.99
Green3 2.02 2.01 0.44 4.46
Green4 2.27 1.71 0.09 4.06
Total 2.28 1.99 0.31 4.57

— Assigned Points
- ==Green1
-+ = Green2

Green 3

Green 4

6.3

Fig. 6. Average Score Acquisition Ratio by Certification Item (Left: OM, Right: EN)
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Table 10. Average Score by IE Certification Items

Certification Item 7.1%* 7.2 7.3 7.5 7.8 7.10 Total

Allocation Points 3 2 2 2 2 1 12
Greenl 2.85 0.37 1.37 1.69 0.88 0.88 8.03
Green2 2.81 0.17 1.09 1.80 0.30 0.65 6.82
Green3 2.77 0.11 0.75 1.70 0.17 0.46 5.96
Green4 2.65 0.07 0.44 1.71 0.05 0.22 5.13
Total 2.69 0.10 0.61 1.73 0.12 0.34 5.59

*Mandatory Item

7.1 e Assigned Points
- ==Green1
-+ = Green2

Green 3

Green 4

Fig. 7. Average Score Acquisition Ratio by Certification Item (IE)
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Table 11. Certification Items with an Average Achievement Rate of 70% or Higher

. Average
o Allocation Average .
Certification Item . . Attainment
Points Points .
Ratios

54 Provision_ofIInformzflt_ion_Related to 3 296 98.7%
Green Building Certification

%5 9 Provision of Operation and Maintenance ) 1.97 98.5%
Documents and Manuals

*2.1 Energy Performance 12 11.18 93.2%

*7 1 Use of Low-Er.mttmg.Interlor Products 3 269 89.8%
(For Indoor Air Quality)

7 Installation Pevel of Automatic Temperature ) 173 86.3%
Control Devices

51 Environmental Management Plan for 2 152 75.8%

Construction Sites

*Mandatory Item

Table 12. Certification Items with a Zero-Score Rate of 20% or Higher

Certification Item

Indoor and Outdoor Noise Levels from

Allocation Points

No Point Ratios

. 2 1.39
78 Transportation Sources (Road and Rail) 91.3%
7.2 Ensuring Natural Ventilation Performance 90.3%
6.4 Biotope Creation 4 87.9%
29 Testing, A'djlllsting, and Balancing (TAB) and ) 85.7%
Commissioning
14 Validity of Countermeasures for 2 65.5%
Solar Access Interference
4.1 Rainwater Management 5 59.4%
1.1  Ecological Value of the Existing Site 2 55.7%
7.3  Design of Outdoor Air Intake and Exhaust Systems 2 52.1%
Aol, QEEH 7 o] e ROz T Table 125 AHAEE oulQlE B0l FE
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Development and Performance Evaluation of a Multi-stage Orifice Balancer
for Mitigating Flow Imbalance in Residential Heating Systems
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Abstract

This study aims to develop a Balancer, a compact flow-balancing device designed to be inserted between

heating manifolds and coils, to achieve hydraulic equilibrium in residential heating systems without structural

modifications. The Balancer was engineered using multi-stage orifice flow equations, featuring a simplified

structure that alternates between single-hole and multi-hole orifices to provide precise flow control. To verify

its effectiveness, experiments were conducted using a 4-port manifold connected to heating coils of

significantly different lengths (70 m and 7 m), measuring flow distribution uniformity and pressure drop under

various flow conditions. Experimental results showed that without the Balancer, the relative flow distribution

error reached up to 26% due to the resistance imbalance caused by differing coil lengths. However, with the

Balancer installed, this error was significantly reduced to within +3% range. This confirms that creating a

device-induced pressure drop greater than the coil’s inherent resistance effectively minimizes the impact of coil

length variations on the overall system.

Keywords: Flow Distribution Uniformity, Balancer, Multi-Stage Orifices, Water Distribution Manifolds, Hydraulic

Equilibrium
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Fig. 1. Balancer for Flow Uniformity
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Table 1. Specification of the Experimental Apparatus

Nomenclature Model Specifications
Water Header 4 Zone Man Pipe: 25 A / Branch Pipe: 15 A
Pump HG-915-6500 Max. 108 L/min / Max. Head: 4.5~5.0 m
Pressure Transmitter P116 +1.0% F.S. / Max. 1.0 MPa/ 4~20 mA
Pressure Gauge 7ADF1044 +1.5%F.S./ @50 mm /< Max. 60°C
Flow Sensor WFK2-020 +2.5%F.S. /Max. 1.0 MPa / 4~20 mA
DAQ Board cDAQ-9171 24-bit resolution / 8 Channel
Reservoir W1.8xL2x1.5m Self-Made
Table 2. Pump Performance Test Results
Power [W] Flow rate [10™*xm?/s] Head [m]
13 1.33864 1.439
19 1.452 1.737
25 1.66338 2.036
31 1.77626 2.266
37 1.87511 2.524
43 2.00279 2.711
49 2.1313 2.889
55 2.20874 3.069
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Fig. 11(a) 1.24 0.48 0.77 - 23 23
Fig. 11(b) 1.68 0.62 1.00 18,574 82 194
Fig. 11(c) 2.00 0.78 1.20 22,313 21 20
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Table 4. Experimental Results with the Balancer

Flow Rate [10™*xm?/s] Pressure Drop [Pa] Relative Error [ = %]
Q. Qg of #1 Qg of #4 AP, #1 #4
Fig. 12(a) 1.02 0.496 0.528 16,451 2.75 3.53
Fig. 12(b) 1.23 0.598 0.636 26,511 2.76 3.42
Fig. 12(c) 2.38 0.671 0.713 35,114 2.75 3.33
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A Comparative Study on the Performance of Machine Learning-Based EUI
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Abstract
As carbon neutrality policies gain prominence, green remodeling has become increasingly important for
improving the energy performance of aging public buildings. However, ECO2-OD-based energy performance
evaluation, which is widely used in practice, requires numerous input variables, thereby limiting the rapid
comparison of alternatives in the early decision-making stage due to the burden of data collection and the
complexity of the input process. This study used real-world data from public facilities for the elderly and
children collected through the 2020-2021 Regional Hub Platform Project for Green Remodeling of Public
Buildings to compare machine learning-based surrogate models for approximating annual energy use intensity
(EUD). Linear models, tree-based models, and deep learning models specialized for tabular data were evaluated
under identical conditions. The results showed that tree-based models generally outperformed the others, and
CatBoost was selected as the representative algorithm in terms of predictive accuracy and stability after
hyperparameter optimization and multi-seed evaluation. In addition, a supplementary analysis of pre- and
post-remodeling EUI changes showed that the selected model generally captured the direction of energy
performance changes consistently. These findings provide practical criteria for selecting algorithms for
surrogate model construction based on real project data and serve as a foundation for the future development
of lightweight surrogate models with reduced input requirements.
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Fig. 1. Overall Research Workflow for Machine Learning-Based EUI Prediction Using ECO2-OD Green Remodeling
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Table 1. Summary of Previous Studies on Machine Learning-Based Surrogate Models for Building Energy
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Table 2. Model Input Features Used in This Study

Category Input Features
Region Region, Sub-region
Gross floor area, Conditioned floor area, Gross floor area (above and below
Area grade), External Wall Area, Gross window and door area, Total of top floor roof
and ground floor
Geometry Floor height, Ceiling height, Number of stories (above and below grade)

Average U-Value Ground floor

Weighted Average U-Value, External wall, Windows and doors, Top floor roof,

Heating Syst
eating systems Heating system type

Heating capacity, COP, Heating pump power, Electric heating capacity ratio,

Cooling Systems

Cooling capacity, COP, Electric cooling capacity ratio, Chilled water circulation
pump power, Condenser water circulation pump power, Cooling system type

Domestic Hot Water DHW capacity, Water heater efficiency, DHW pump power, Electric DHW

(DHW) Systems

capacity ratio, DHW system type

Supply air flow rate, Exhaust air flow rate, Supply air fan capacity, Exhaust air

Air Handling Units fan capacity, Supply air fan power, Exhaust fan power, Heating heat recovery
efficiency, Cooling heat recovery efficiency
Lighting Systems Luminaire type, LED power, Habitable room power, Habitable room area,

Lighting power density

Renewable Energy
Systems

Module type, Module area, Module tilt angle, Module orientation

Note: The target variable is the annual energy use intensity (kWh/m? - year).
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Table 3. Performance Comparison of Various Baseline Models Categorized by Architecture (Linear-Based,
Tree-Based, and Neural-Based)

Model RMSE MAE R? CV(RMSE) NMBE
Lasso 41.8674 29.7312 0.6582 23.4763 1.0226
Linear-based
Ridge 43.9561 30.5907 0.6232 24.6474 0.3736
Random Forest 38.0007 27.4563 0.7184 21.3081 1.1960
XGBoost 38.7968 27.2673 0.7065 21.7545 5.0287
Tree-based
CatBoost 35.5383 25.5278 0.7537 19.9274 0.8665
LightGBM 37.1922 26.3772 0.7302 20.8548 1.7534
TabNet 40.4622 29.1117 0.6807 22.6883 0.1927

Neural-based
FT-Transformer  38.4213 27.4400 0.7121 21.5439 0.5858

Note 1: RMSE and MAE Are Reported in kWh/m?-year, and CV(RMSE) and NMBE Are Reported as Percentages (%)
Note 2: All models were trained and evaluated under identical preprocessing conditions to ensure a fair comparison.
The best-performing results are highlighted in bold, and the second-best results are underlined.

Table 4. Multi-Seed Evaluation Results for the Top-Performing Models Identified in Table 3 Following
Hyperparameter Tuning

Model RMSE MAE R? CV(RMSE) NMBE
CatBoost 34.1131#3.32  23.5668+1.53  0.7811%0.03  19.0092+1.79  1.0333%0.90
LightGBM  34.7504#3.53  23.9439+1.73  0.7728:0.04  19.3640+1.90  1.0577+0.62

Note 1: RMSE and MAE Are Reported in kWh/m?-year, and CV(RMSE) and NMBE Are Reported as Percentages (%)
Note 2: Hyperparameters were optimized using a representative seed and subsequently applied to five independent
runs. The values represent the mean and standard deviation (g¢+o¢).
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Fig. 2. Building-Level Comparison of Actual and Predicted EUI Reduction due to Green Remodeling (The Left
Panel Shows Actual Versus Predicted EUI Reduction for All Buildings in the Test Set, While the Right
Panel Shows Pre- and Post-Remodeling EUI Values for 30 Sampled Buildings Spanning a Broad Range of
Pre-Remodeling EUI Levels)
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Fig. 3. Regional Comparison of Actual and Predicted Mean EUI Reduction for Buildings with Paired Pre- and
Post-Remodeling Data (Regions Are Ordered by Sample Size, and the Absolute Difference between Actual
and Predicted Mean Reduction Is Annotated for Each Region)
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A Comparative Study on the Accuracy of Object Segmentation Algorithms for
Lifecycle Utilization of 3D Models
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Abstract
While the use of 3D models during the design phase is increasing, their usefulness throughout the lifecycle is
diminished due to the differences in the Level of Detail (LoD) compared to the 3D models used in the
construction and maintenance phases. To utilize 3D models created during the design phase for construction
schedule management and maintenance damage information management, segmentation of the 3D model is
necessary. This study compares vertex data-based methods, BSP and K-D tree algorithms for 3D model
segmentation. The accuracy of the each segmentation method is verified and an appropriate segmentation
methodology is proposed. The research targeted a bridge pier model and extracted cylindrical, rectangular
column, and coping objects. These were then segmented into appropriate divisions using each methodology,
and the accuracy of the segmentation methods was evaluated by comparing volumes before and after
segmentation. As a result, the vertex data-based segmentation method showed the smallest error in the
cylindrical sections and the lower coping, and the next smallest error in the rectangular columns and upper
coping, confirming its suitability as a segmentation methodology for 3D models.

Keywords: Vertex-Data, BSP, K-D Tree, 3D Model Segmentation
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= 28.843615 18750000  39.062504
Column 28843618 18750000  39.062500
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28.843609 18750000  39.062500

28.843615 18750000  28.901646

Rectangular 28.843618 18750000  28.901646
28.843607 18750000  28.901648

28.843609 18750000  28.901646

Table 3. K-D Tree Algorithm Based Object Seg-
mentation Result

Column (m®) Rectangle (m®) Coping (m?)

28.843615 18.750002 39.062500
28.843618 18.750000 39.062504
28.843607 18.750002 39.062500
28.843609 18.749998 39.062500
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28.843618 18.750000 28.901648
28.843607 18.750002 28.901644
28.843611 18.749998 28.901646
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Table 4. Column Segmentation Experiment Result Error
C011u/rg:2(§.z%2; fnr3TI3) Vertex Error BSP Error K-D Tree Error
1 28.863381 0.001119 28.843615 0.020885 28.843615 0.020885
2 28.863374 0.001126 28.843618 0.020882 28.843618 0.020182
3 28.863390 0.001110 28.843607 0.020893 28.843607 0.020893
4 28.863383 0.001117 28.843609 0.020891 28.843609 0.020891
5 28.863381 0.001119 28.843615 0.020885 28.843615 0.020885
6 28.863374 0.001126 28.843618 0.020882 28.843618 0.020882
7 28.863390 0.001110 28.843607 0.020893 28.843607 0.020893
8 28.863383 0.001117 28.843609 0.020891 28.843611 0.020889
Table 5. Rectangle Segmentation Experiment Result Error
Re(it/zglfie&(; 55 ?;;13) Vertex Result BSP Result K-D Tree Result
1 18.749998 0.000002 18.750000 0 18.750004 0.000004
2 18.749994 0.000006 18.750000 0 18.750004 0.000004
3 18.750005 0.000005 18.750000 0 18.750006 0.000006
4 18.750005 0.000005 18.750000 0 18.749998 0.000002
5 18.749998 0.000002 18.750000 0 18.750004 0.000004
6 18.749994 0.000006 18.750000 0 18.750004 0.000004
7 18.750005 0.000005 18.750000 0 18.750006 0.000006
8 18.750001 0.000001 18.750000 0 18.749998 0.000002
Table 6. Coping Segmentation Experiment Result Error
Coping (262.404 m?)
Top (156.25 m?) Vertex Result BSP Result K-D Tree Result
Bottom (106.154 m®)
1 39.062497 0.000003 39.062504 0.000004 39.062500 0.000006
2 39.062505 0.000005 39.062500 0 39.062504 0.000004
3 39.062494 0.000006 39.062504 0.000004 39.062500 0.000005
4 39.062502 0.000002 39.062500 0 39.062500 0.000004
5 26.564400 0.025900 28.901646 2.363146 28.901644 2.363144
6 26.498253 0.040247 28.901646 2.363146 28.901648 2.363148
7 26.498358 0.040142 28.901648 2.363148 28.901644 2.363144
8 26.564369 0.025869 28.901646 2.363146 28901646 2.363146
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Abstract
With the expansion of urban redevelopment and reconstruction projects, the importance of demolition work has
continued to grow. Demolition activities present unique challenges, including structural uncertainty, risks to
surrounding buildings and infrastructure, and heightened safety and environmental concerns, which require
systematic planning, monitoring, and professional oversight. In Korea, a demolition supervision system has been
implemented under the Building Management Act; however, limitations remain in the qualification requirements
for supervisors, deployment criteria, and supervision fee estimation, particularly for small-scale projects, for which
supervision costs may be disproportionately high.. This study identifies the structural limitations of the current
demolition supervision system and proposes improvement measures from a construction management perspective.
The study reviewed relevant laws and institutional frameworks and employed questionnaire surveys and case
studies to investigate existing supervision practices and cost structures. The results suggest that uniform
supervision criteria increase the cost burden in small-scale projects, and that supervision fees are more closely
related to project duration and demolition contract amount than to gross floor area. Scenario analysis further
suggests that integrated supervision within the same project site may reduce supervision costs by about 65-70% as
an upper-bound estimate. In comparison, a fixed-cost plus variable-cost model indicates a more realistic reduction
of around 50%. These findings support the need for flexible qualification standards, risk-based deployment criteria,
integrated site-level supervision, and a more rational framework for estimating supervision fees.

Keywords: Demolition Work, Demolition Supervision, Supervision Fee Estimation, Integrated Site-Level Supervision
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Analysis of Demolition-Related Laws and Regulations

(]

-
Questionnaire Survey Analysis

(Architects, Public Officials, and Demolition Contractors)
\

&

Case Study Analysis of Demolition Supervision Practices
(Supervision Manpower, Duration, and Cost)

(

Identification of Key Issues
(Comparison with Overseas Practices and Domestic
L Supervision Systems in Other Construction Sectors)

-

Proposal of Improvement Measures

Fig. 1. Research Procedure Flow
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Table 1. Legal Criteria for Demolition Notification and Demolition Permit

Category
Legal Basis

Demolition Notification
Building Management Act

Demolition Permit
Building Management Act

Basic Classification

Buildings subject to demolition
notification

Buildings subject to demolition
permit

Gross Floor Area

Less than 500 m®

500 m? or more

Number of Stories

Less than 3 above-ground stories

3 or more above-ground stories

Structural Type

Simple structures allowed

No restriction on structural type

Presence of Basement

No basement

Buildings with a basement

Impact on Adjacent Buildings or
Facilities

No explicit criteria specified in
the Act

No explicit criteria specified in
the Act

Submission of Demolition Plan

Required

Required

Obligation of Demolition
Supervision

Generally not required

Demolition supervision required

Designation of Supervisor

Not applicable

Designated by the permitting
authority

Administrative Procedure

Construction may commence
after notification is accepted

Construction may commence
after permit approval

Table 2. Qualification Requirements for Demolition Supervision Personnel (Current System)

Category

Supervision at Mandatory
Inspection Points

Scope of Supervision Duties

Verification of critical processes
related to structural stability
and safety

Qualification Requirements

Architect or senior engineer
qualified to perform construction
management (CM)

Supervision at Non-Mandatory
Inspection Points

General construction processes
and auxiliary supervision tasks

Architect, assistant architect, or
construction engineer
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Table 3. Comparison of Supervision Systems across Construction Sectors

Demolition Building Fire Protection Electrical
Category Works Construction Works Works
Supervision Supervision Supervision Supervision
Governing Building Fire Facilities
N Building Act Construction Electric Utility Act
Legislation Management Act .
Business Act
Safety assurance  Quality and safety  Fire prevention  Safety and quality
Primary Objective in demolition management and safety assurance of
works during construction assurance electrical facilities

Criteria for

Primarily based Gross floor area,

Gross floor area

Supervision on demolition area number of stories, and number of Project cost
Applicability (e.g. 3,000 m?) and building use stories
. Mandat ) . .
Grading System . a-n 2 o.ry Tiered system Tiered system Tiered system
- inspection-oriented, o e . .
for Supervision . - from junior to from junior to from intermediate
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Supervision supervision characteristics
Characteristics of Primarily Architects and Fire protection Electrical
Qualification architects and assistant engineers and engineers and
Requirements senior engineers architects technicians technicians
. Combination of
Supervision Fee . . . . . .
. actual cost plus Primarily Primarily Primarily
Calculation )
fixed fee and rate-based rate-based rate-based
Method
rate-based method
Designated by the
Method of permitting Contracted Contracted Contracted
Supervisor authority directly by the directly by the directly by the
Designation (procedural client client client
involvement)
Potential imbal . Risk-based . .
. orentiat imbatance Relatively stable |seebase Rational linkage to
Key Limitations between cost and management well :
. system ) project cost
effectiveness established
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Table 4. Comparison between the Korean Demolition Supervision System and the Japanese Demolition Management

Framework
Korean Demolition Supervision Japanese Demolition
Category
System Management Framework
Construction Business Act and
Legal Basis Building Management Act occupational safety and

health-related regulations

System Characteristics

Supervision-oriented management
system

Industry segmentation combined
with on-site responsibility-based
management

Professional Specialization in
Demolition Works

Centered on supervisor
qualification requirements

Demolition works classified as a
separate specialized industry

Supervision (Inspection)
Functions

Review of demolition plans and
inspection at mandatory
checkpoints

Verification of compliance with
design and construction plans

Responsibility For On-Site
Safety Management

Primarily based on supervisory
inspection

Centered on designated on-site
work supervisors

Risk Management Approach

Uniform application based on
area thresholds

Differentiated according to project
scale and risk level

Workforce Deployment
Structure

Potential requirement for
continuous presence of senior
personnel

Combination of specialized
personnel and designated on-site
managers

Cost Structure

High cost burden for small-scale
projects

Cost structure differentiated by
project scale

Operational Characteristics

Emphasis on administrative
procedures and public control

Emphasis on on-site responsibility
and specialization

Implications

Institutional rigidity in system
operation

Balance between efficiency and
accountability
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Table 5. Survey Respondents Overview

Qoo Number of Percentage
Respondents (%)
Total 204 100.0
Location
Seoul 70 34.3
Gangwon 11 5.4
Chungcheong 19 9.3
Daegu-Gyeongbuk 44 21.6
Honam 23 11.3
Southeast 34 16.7
Jeju 3 1.5
Job Category
Public Official 100 49.0
Architect 63 30.9
Professional Engineer 6 2.9
Demolition Contractor 32 15.7
Others 3 1.5

7he- 239 9 KE 119714 o] Foi5{th. Table 5
oflA] B o] 707(34.3%) 02 7HE 52 1]
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d 349(16.7%), 39 239(11.3%), 23 A 19
3(9.3%), 3 HE 1179(5.4%), AFH 373(1.5%)
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Supervisor Restrictive Inappropriate Excessive Others
designation qualification area-based supervision fees
procedure requirements criteria

Fig. 2. Key Issues in the Demolition Supervision System
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Fig. 3. Current Level of Demolition Supervision Fees
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Table 6. Perceived Major Issues in the Demolition Supervision System by Respondent Group
Public Architects  Professional Demolition
Issue Category Officials (n=63) Engineers Contractors
(n=100) (n=6) (n=32)
Supervisor Designation Procedure 13 (13.0%) 12 (19.0%) 1(16.7%) 13 (40.6%)
Designation of Architects as Supervisors 27 (27.0%) 3 (4.8%) 3 (50.0%) 19 (59.4%)
Inapporopriate Area-Based Criteria 23(23.0%) 30(47.6) - 6 (18.8%)
Excessive Supervision Cost 57 (57.0%) 6 (9.5) 2 (33.3%) 27 (84.4%)
Other 3(3.0%)  16(25.4) 1(16.7%) 3 (9.4%)
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Engineer

Fig. 4. Suitable Technical Grades for On-Site Super-
visors
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Fig. 5. Suitable Professionals for On-Site Supervision
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Fig. 6. Improvement Measures for the Current
Supervision Fee Calculation
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Fig. 7. Improvement Measures for the Supervisor
Designation Process
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Table 7. Basic Characteristics of the Re-selected 10 Small-Scale Demolition Projects

Case Gross Flozor Cons-truction Demolitior-l (.:ontract Snpereion Fee

No. Area (m”) Duration (Days)  Amount (million KRW)
1 588 16 62.0 5.0
2 433 10 68.0 3.3
3 1,171 30 183.6 17.6
4 1,599 45 311.0 25.0
5 508 10 55.0 9.8
6 1,374 16 99.0 1.8
7 2,669 7 66.0 7.0
8 826 14 95.0 8.0
9 1,160 40 3225 14.8
10 900 17 370.0 20.0

Average 1,122.8 20.5 163.21 11.23

Note 1: Cases were selected based on complete data availability, a gross floor area between 400 and 3,000m?,
exclusion of IQR-based outliers, and a construction duration of at least 7 days.
Note 2: Monetary units follow the notation used in the original attached dataset (Kim et al., 2023) (in Korean).
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Table 8. Comparison of Building-Level Supervision Fees and Complex-Level Supervision Fees

Estimated Complex-Level

Estimated Complex-Level

Case Actu.al- Supervision Fee upder the C(?st Supe.rvision F.ee under the Cqst
No. Supervision Input-Proportional Savings Fixed-Variable Cost Savings
Fee (A) Adjustment Model (A-B) Decomposition Model (A-C)

(B=Ax0.35) (C=Ax0.50)

14 5.0 1.75 3.25 2.50 2.50
15 3.3 1.16 2.15 1.65 1.65
16 17.6 6.16 11.44 8.80 8.80
20 25.0 8.75 16.25 12.50 12.50
21 9.8 3.43 6.37 490 490
22 1.8 0.63 1.17 0.90 0.90
23 7.0 2.45 4.55 3.50 3.50
27 8.0 2.80 5.20 4.00 4.00
28 14.8 5.18 9.62 7.40 7.40
32 20.0 7.00 13.00 10.00 10.00
Total 112.30 39.31 73.00 56.15 56.15
Average 11.23 3.93 7.30 5.62 5.62

Note 1: The input-proportional adjustment model represents an upper-bound estimate based on the assumption
that total supervision input is reduced from 20 person-days to 7 person-days under complex-level operation.

Note 2: The fixed-variable cost decomposition model is a simplified policy estimate reflecting the average reduction rates
derived from the regression models based on construction duration (51.7%) and contract amount (49.6%).

Note 3: Monetary units follow the notation used in the original attached dataset.

Source: Prepared by the author based on the attached raw data (Kim et al., 2023) (in Korean).
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