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Investigating the Effects of Training Image Dataset’s Size and Specificity on
Visual Scene Understanding Al in Construction

ZEIQ* - R G

Jinwoo Kim** - Seokho Chi***

Abstract
Visual scene understanding Al, a pivotal factor for digital transformation and robotic automation in
construction, has primarily been researched under the hypothesis that the more training images, the higher the
model performance. Alternatively, one can hypothesize that prioritizing activity-specific training images
tailored to each construction phase would be more critical than merely enlarging the size of the dataset. This
approach is particularly vital in dynamic construction environments where visual characteristics undergo
significant changes across the construction phases, from earthmoving, foundation, and superstructure to
finishing activities. In this background, we investigate the effects of a training image dataset’s size and
specificity on visual scene understanding Al in construction. We build an all-in-one, universal training image
dataset as well as an activity-specific dataset, varying the number of training images. We then train
vision-based worker detection models using each dataset and assess their performance in activity-specific,
dynamic test environments. We analyze the optimal performance achieved in each test environment and how
the model’s performance varies depending on the dataset’s size over the entire test phase. Our findings will
help scientifically validate the dual hypotheses and lay a solid foundation for building and updating a training
image dataset when developing a visual scene understanding Al model in dynamic construction sites.

Keywords: Construction Site, Visual Scene Understanding, Al, Training Dataset, Activity-Specific
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Fig. 1. Training and Test Datasets used for Training All-In-One and Activity-Specific Worker Detection Models
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Fig. 2. Examples of Construction Worker Images included in the All-In-One and Activity-Specific Datasets

Source: MOCS Dataset by Xuehui et al. (2021)
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Table 1. Model Performance by Dataset’s Size and Specificity over the Entire Project Life Cycle
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All-in-one 60.30% 66.70% 60.70% 86.10% 68.45%
2000 Activity-specific ~ 61.90% 68.30% 62.40% 91.70% 71.08%
All-in-one 62.30% 70.80% 65.50% 89.80% 72.10%
4000 Activity-specific ~ 65.50% 73.00% 68.30% 94.30% 75.28%
All-in-one 63.90% 71.90% 67.10% 91.30% 73.55%
6000 Activity-specific ~ 68.50% 75.90% 71.40% 95.80% 77.90%
8,000 All-in-one 65.50% 72.50% 68.50% 93.40% 74.98%
Activity-specific ~ 70.40% 77.50% 74.10% 96.20% 79.55%
10,000 All-in-one 67.70% 74.40% 71.10% 94.10% 76.83%
Activity-specific ~ 73.50% 78.70% 74.60% 96.80% 80.90%
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Abstract

Building Information Modeling (BIM) is a key technology in the construction industry's digital transformation
and is increasingly being utilized in the planning, design, and construction phases. However, BIM application in

the maintenance phase remains limited due to various technical constraints. This study proposes a
methodology to activate maintenance BIM technology by conducting bridge condition assessments based on
standardized procedures utilizing BIM. Several new methods were proposed in the research, such as using an

integrated information model by inserting defect elements into a structural model, data linkage between

structural members and damage, constructing a database using COBie, and automated condition assessment
procedures. The effectiveness of the proposed methodology and the accuracy of condition assessment results
were verified by a proof test using a four-span PSC bridge with various types of over 250 damage.

Keywords: BIM, Integrated Model, COBie, Bridge Condition Assessment
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Table 1. Types and Properties of Defect Elements

Category Evaluation Factor Required Property Defect Element
Max crack width Crack type
Crack, Crack length ratio Crack width
Crazing Crack area ratio Crack length Cur s
Critical crack occurrence Cracking ratio
Scaling, Spalling, Damage area ratio Damage type @
Segregation, Damage length SengkSpling Segupain e
Efflorescence, Failure length
Deterioration, Damage width %
Failure Critical damage occurence Damage rate (%) Degun gl
Exposure length ratio Damage length
Rebar Exposure Exposure area ratio Damage width @
Rebar corrosion occurrence Damage rate (%) .
Degree of sediment accumulation
Water Leak Facility fault occurrence Comment

Wa a[e( Leakage
(WL)

Leakage occurrence

Damage type
Other Comments

Damage rate (%) Ee.

Bridge Group(XXX) + Component(XX)

Group Abbreviation Member Abbreviation
Superstructure sup Slab st
Main bridge (M) ,
Conne(tmg bridge(c), SubStructure SuB Girder GD
Ramp bridge (R)
Bridge name + Sequential numbering(00)
Bridge Component information Defect information i:lrfli‘:;::at:?:n
@ ® © @ ®© ®
—————— (= coocoooos - - - - T-- -~ (T oo —————T—— (- S-S o= A== S
If | i 1 I’ 0§ DL _ [N
i = |: ‘I—I = = AT 1T
_______ h IS i Vel S22 o)) = -2 | sty I —0) ===
£ £
| 1 |
Bridge Type Defect(D) Inspection Type (XX)
+ Sequential numbering(000) +Inspection Year(00)
Structural Type iati + Defect type (XX)
Span (S) Inspection Type Abbreviation
Arch bridge ARCH + Sequential numbering (000) Defect Type iati
PSC I-girde bridge Pscl + Part (P) Regular Safety RI
+ damage map numbering (000) Crack CR Inspection
Steel box girder bridge STBG p— . Precision Safety o
Inspection

Fig. 2. Identification Code for Bridge Components and Defects
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Development and Demonstration of an Integrated Digital Construction
Platform for LH Complex Development Projects
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Abstract
This study aims to enhance the efficiency and safety of construction sites by developing and implementing an
integrated platform, the Korea Land and Housing Corporation (LH) Digital Construction Open Platform
(LH-COP). This national pilot smart city project platform was implemented in the Sejong 5-1 living area to
evaluate its operational performance. The LH-COP system is designed to streamline data management and
analysis on construction sites by integrating loT-based safety management, real-time site monitoring, and
automated equipment control. The results confirmed that LH-COP significantly improves work efficiency and
safety at construction sites. Additionally, the platform enhances the interoperability of various smart
construction technologies and allows for flexible, customized system applications tailored to specific site needs.
The study also highlights the importance of developing operational guidelines and user manuals to further
improve the system’s stability and efficiency further. The findings suggest that LH-COP could become a critical
technological foundation for smart city development. This research underscores the inspiring role of integrated
digital platforms in advancing construction automation and creating safer, more efficient urban environments.

Keywords: LH-COP, [oT based Management, Digital Automation, Smart Construction, Smart City
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Fig. 1. LH Integrated Digital Construction Platform (LH-COP) Linkage Diagram
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Table 1. Results of the Survey on the Utilization of LH-COP Operation
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Adaptive Energy Management Technique for UGV-Mounted Multi-Sensors in
Monitoring Ground Subsidence Adjacent to Urban Excavation Sites

Jung Woo Kim** - Jinman Jung*** - Seoyoen Kim**** - Young-Hoon Jung***** . Hong Min****** .

Taesik Kim**#¥***

Abstract
This research proposes a monitoring system using Unmanned Ground Vehicles (UGVs) to address the issue of
ground subsidence in urban areas. In environments where Unmanned Aerial Vehicles (UAVs) face limitations
due to urban obstacles, UGVs offer an effective alternative. This research aims to equip UGVs with various
sensors, establish adaptive sensing management suitable for urban ground subsidence monitoring, and
evaluate their effectiveness. The study involves creating a risk map by identifying areas with a high likelihood of
subsidence and categorizing them into monitoring zones (M zones) that require frequent monitoring and
saving zones (S zones) that allow for energy saving. A strategy is proposed to adjust the sensing intervals of the
navigation sensor (NS), which detects the UGV's location, and the monitoring sensor (MS), which monitors
subsidence-related factors, according to these zones. Tests simulating typical urban deep excavation scenarios
confirmed that adjusting the sensing intervals of MS and NS reduces energy consumption substantially. The
study highlights the importance of optimizing energy consumption based on the UGV's monitoring path,
suggesting that this approach can enhance urban safety by effectively monitoring ground subsidence.

Keywords: Unmanned Ground Vehicle, Ground Subsidence, Multi Sensor, Energy Optimization, Adaptive Energy
Management
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Fig. 1. Ground Settlement Adjacent to Deep Excavation
Site
Source: Byun (2019)

Fig. 2. Unmanned Ground Vehicle Developed for

Ground Monitoring Purpose
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Residential Mobility Choices of Elderly Households in the Seoul Metropolitan
Area
: An Analysis of the Length of Residence
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b
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Chongmi Choi* - Kyounghee Kim** - Mihwa Lim***

Abstract
A super-aged society is expected in 2025, as the elderly population, aged 65 or older, living in the Seoul
metropolitan area will account for approximately 44.10%. The proportion of the elderly is expected to continue
to increase up to 48.7% by 2050. Hence, there is an urgent need to establish housing policies for elderly
households. This study aims to examine the effect of the length of residence of elderly households in the
metropolitan area on their choice of residential mobility, identify the characteristics of elderly households, and
provide policy implications. According to the analysis results of this study, elderly households in the
metropolitan area have less intention to move as the length of their residence in the current location increases.
Even if they intend to move, they decide to move within the current region. In particular, owner-occupiers’
intention to move decreases further as the length of their residence increases, indicating that residential
stability has a significant impact on the quality of life for elderly households. These results, in line with previous
studies, and this study suggest that the residential mobility of elderly households is closely related to the length
of residence and satisfaction with the residential environment, and should be taken into consideration when
establishing future policies related to housing for elderly households.

Keywords: Super-Aged Society, Residential Mobility, AIP, Bivariate Probit Model with Sample Selection
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Table 1. Variable Description

Division Variable Variable Description
Wlll_mgness to Move 1: Exists 0: None
Residence
Dependent Variable
Residential Movement 1: Moving between 0: Movement within
Planning Area regions the area
Period of Residence Continuous (years)
0: 65 1d
Age of Head of years or oder
Household 1: 55-4 years old
2: Under 54 years old
Family Gender of Head of
1: Mal 0:F 1
Characteristic Household ae emate
Head of Household 1: College graduate or 0: Less than college
Education higher graduate
Number of Household Continuous (persons)
Members p
Housing Type 1: Apartment 0: Others
T :
ype of Housing 1: Owned 0: Others
Occupancy
Independent SRati.siacti.orll with L Satisfiod 0. fed
: esidentia : Satisfie : Dissatisfie
Variable Residential .
.. Environment
Characteristics
Easy A to Publi
asy ccess. O FUDIC 1. Satisfied 0: Dissatisfied
Transportation
Public Security and
Crime Prevention 1: Satisfied 0: Dissatisfied
Status
Households Receiving
National Basic 1: Correspondin, 0: Not applicable
Livelihood Security ’ P g ’ PP
. Benefits
Economic
Characteristics Housing Cost Burden 1: Burdened 0: No burden

Gross Monthly Income

Monthly average total ordinary income
(10,000 won)

Real Estate Assets

Real estate assets (10,000 won)

WY F53E TS olg SIS Ao

VIF(Variance Inflation Factor)

™, 71 23} AF7 171 654 o) 119

2 7171 1.1482 o] = YHlAH o &2

7}9] VIF gt
a4 A

=

2 71Rsl= 7124191 108 IA e Ao g &

QIsHck. wrebs AT A%717E 219 A
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Table 2. Descriptive Statistics

Division Variable Mean S.D Min Max %
Willingness to Move Exists 0.11 031  0.00 1.00 10.52
Residence None 0.89 031  0.00 1.00 89.48
Dependent Variable Residential Movg’eg li’:l:‘:’ee“ 0.24 043  0.00 1.00 23.69
Movement Planning & hi
Area Movement within 0.76 043 0.00 1.00 76.31
The Area
Period of Residence Continuous 8.76 747 1.00 64.00 85.20
(Years)
65 Years or Older 0.30 0.00 0.00 1.00 30.34
Age of Head Of 55-64 Years Old 0.24 0.00  0.00 1.00 24.14
Household
Under 54 Years Old 0.46 0.00 0.00 1.00 45.52
Family Gender of Head of Male 0.78 041  0.00 1.00 78.51
Characteristic Household Female 0.21 0.41  0.00 1.00 21.48
11
College Graduate or 0.60 049  0.00 100 5970
Head of Household Higher
Education
Less Than College 0.40 049  0.00 1.00 4030
Graduate
Number of Continuous
2.44 1.14 1. X 43.
Household Members (Persons) 00 8.00 3.66
Apartment 0.50 0.50 0.00 1.00 49.98
Housing Type
Others 0.50 0.50 0.00 1.00 50.02
Type of Housing Owned 0.52 050  0.00 1.00 52.46
Occupancy Others 0.48 0.50 0.00 1.00 47.54
lndfzpendent Satisfaction with Satisfied 0.84 037  0.00 1.00 84.16
Variable Residential  Residential
Characteristics Environment Dissatisfied 0.16 037  0.00 1.00 15.84
Easy Access to Public Satisfied 0.84 036  0.00 1.00 83.92
Transportation Dissatisfied 0.16 0.36 0.00 1.00 16.08
Public Security and Satisfied 0.88 0.33 0.00 1.00 87.86
Crime Prevention L
Status Dissatisfied 0.12 0.33 0.00 1.00 12.14
Households Applicable 0.05 0.21  0.00 1.00 4.68
Receiving National
Basic Livelihood Not Applicable 0.95 021  0.00 1.00 95.32
Security Benefits
Burdened 0.63 048  0.00 1.00 62.90
Housing Cost Burden
Economic No Burden 0.37 0.48 0.00 1.00 37.10
Characteristics Monthly Average
Monthl Total i
Gross Monthly otal Ordinary 33680 23626  0.00 2250 59.86
Income Income
(10,000 Won)
Real Estate Assets
Real Estate Assets (10,000 Won) 34,895.40 53,564.23 0.00 675,000 147.51
4.2 1A FA 0l oAt Z2F 22 M Q1= B4R A}, i A o =Yl 1Yo
Table 301 AIAIE 418 o]¥ief Z2Hl RS AF A 7 AUTAE LeR= rho go] 5% 99
8310l D] 7 o NS FACIE A SEOIM BANOR G R0 ek o=
3 QA ) o5, A zolB)el thHAHL AR FA ol Alak-FA o) A Kol
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Table 3. Results of Bivariate Probit Analysis on the Determinants of Residential Mobility and Planning Areas of

Elderly Households
Intention to Move Housing Among Elderly Residential Movement Planning Area for
. Households Elderly Households
Variable (N=17,718) (N=1,807)
Est. S.E. Z P-value Est. S.E. Z P-value
Period of Residence -0.007** 0.003 -2.380 0.017 -0.004** 0.006 -0.630 0.025
Age of Head of
Household
Elderly Household -0.299*** 0.047 -6.300 0.000 0.064** 0.095 0.680 0.049
Pre-Elderly
-0.183%** .039 -4, X 049* .081 . 054
Household Households 0.183 0.03 650 0.000 0.049 0.08 0.600 0.05
Characteristics
Gender of Head of 0.060 0.039 1550 0122  0.014 0.079 0170  0.862
Household
Head of Household ) o0 035 2500 0013  0.122* 0.071 1730 0.083
Education
Number of Household g, 0.016 1810 0071  -0.038 0034  -1120  0.264
Members
Housing Type -0.042 0.032 -1.330 0.185 0.080 0.065 1.240 0.213
Type of Housing 0797+ 0041  -19.520  0.000  -0.620*** 0084  -7.420  0.000
Occupancy
Satisfaction with
. . Residential -0.180*** 0.040 -4.490 0.000 -0.125%** 0.080 -1.570 0.117
Residential R
- Environment
Characteristics
Easy Access to Public g, 0.042 1910 0056  0.108 0.087 1240 0213
Transportation
Public Security and
Crime Prevention -0.213%** 0.044 -4.870 0.000 -0.227%** 0.085 -2.660 0.008
Status
Households Receiving
National Basic -0.321%* 0083  -3860  0.000  -5.509 0.568 0.000  1.000
Livelihood Security
Economic Benefits
Characteristics  yoysing Cost Burden -0.063**  0.029 2150 0032  -0.071 0.059 1220 0.223
Gross Monthly Income 0.001*** 0.000 7.420 0.000 0.001*** 0.000 3.260 0.001
Real Estate Assets 0.001 0.000 1.050 0.292 0.000 0.000 0.390 0.694
Constant -0.880*** 0.068 -13.040 0.000 -2.036%** 0.136 -14.970 0.000
AthRho 2.499%* 5.369 0.470  0.642
Rho 0.987*** 0.143
Note.: *p<0.1, *¥p<0.05, ***p<0.01
o2 dH A ZAIE UNF ZE2Hl BYS 170 A o5 JARE BARE A 7 g
=] e =L A~ 2L =7
A8 A9 Y] BEAVNIGR £ 00R A B4 WeF ATIRE 5 99, 7k o
i e o[ Myl nygo] Aol Bgshe 9 brd 4 Wgvh-Soa Ao R ekt E3]
= = . = 5
MR, 2019) AZ712b0) Mg ()] o]l A2 37

2) WF p>00] 31 5% o] ol 4 BAH 0.2 §-ojulshet, Ply1]=Ply2]: AX|~E[P(y2=1)| (y1=1)]>E[P(y2=1)|(y1=0)]°] ™, p<0
0|11 5% o|fel A BAZ 22 Golulsietd, Ply1]#Ply2]: EUX|~E[P(y2=1)|(y1=1)]>E[P(y2=1)| (y1=0)], p 4to] BA=

o folu|stA] gkt EEAEH

b aAgs ke Ao BYHQ Y Ry B T,
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Table 4. Analysis of Interaction Term Effects

Intention to Move Housing among Elderly

Residential Movement Planning Area for

. Households Elderly Households
Variable (N=17,718) (N=1,807)
Est. S.E. Z P-value Est. S.E. z P-value
Period of Residence ~ -0.007**  0.003 2380 0017  -0.004**  0.006 0.630  0.025
Age of Head of
Household
Elderly Household ~ -0.299%%  0.047 6300 0000  0.064**  0.095 0.680  0.049
Pre-Elderly o «
Household Homseholds 0.183 0.039 4650  0.000  0.049 0.081 0.600  0.054
Characteristics
f Head of
Gender of Head o 0.060 0.039 1550 0122 0.014 0.079 0170  0.862
Household
Head of Household o nozu (35 2500 0013  0.122* 0.071 1730 0.083
Education
Number of Household — - o, 0.016 1810 0071 -0.038 0034  -1.120  0.264
Members
Housing Type -0.042 0.032 1330 0185  0.080 0.065 1240 0213
Type of Housing 20.797%* 0041  -19520  0.000  -0.620"* 0084  -7.420  0.000
Occupancy
Satisfaction with
_ Residential -0.180%*  0.040 4490  0.000  -0.125%*  0.080 -1570  0.117
Residential R
. Environment
Characteristics
Easy Access to Public o, 0.042 1910  0.056  0.108 0.087 1240 0213
Transportation
Public Security and
Crime Prevention 0.213%%  0.044 4870 0000  -0.227**  0.085 2660 0.008
Status
Households Receiving
National Basic 0321%* 0083  -3860  0.000 -5.509 0.568 0.000  1.000
Livelihood Security
Economic Benefits
Characteristics  goysing Cost Burden  -0.063** 0.029 -2150  0.032  -0.071 0.059 -1.220 0.223
Gross Monthly Income 0.001**  0.000 7420 0000  0.001%*  0.000 3260  0.001
Real Estate Assets 0.001 0.000 1.050  0.292  0.000 0.000 0390  0.694
- - ,
Period of Residence 0.013**  0.006 2370 0018  0.010 0.012 0.850  0.395
Type of Housing Occupancy
Constant -0.841%* 0068  -12.090  0.000 -2.009** 0136  -14.260  0.000
AthRho 2526 5369 0470  0.642
Rho 0.987%*  0.164
Note.: *p<0.1, *¥p<0.05, ***p<0.01
A QIoros, of ARvIZle] o] olaftt & 8 ARoR B o) Bl HAL 059 o]
Q1=0l ol A et A] Y-S o[l & AAE et WEE AW 2 o] I gt
2~ 5 Z [e]
PR USSE AR IR TALY 4 Gk oL B0 A2E DA 2 15

88 3ol7] Sl 39 o 4 Helg 21
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The Regulation Effects of the Nature Preservation Region on the Distribution
of Industrial Sites

BT 0[BT

Sung-Koo Park* - Chang-Soo Lee** - Goog-I1 Byun***

Abstract
This study examined various industrial location regulation policies applied to the metropolitan ‘nature
preservation region’ and analyzed the impact of regulations in each region on the creation of planned industrial
locations (via binary logistic analysis). Secondly, the characteristics of industrial location distribution by region
were analyzed (via multiple regression analysis). As a result of the analysis, the probability of a factory being
located in an industrial complex was 74.9% lower in the ‘nature preservation region’ than in the 'growth
management region’, and 90.5% lower in the ‘special measures area (zone |l )’ than in areas outside the ‘special
measures area’. The industrial location in the ‘nature preservation region’ shows a stronger pattern than other
regions, in terms of the individual location of medium-sized enterprises and type 4 and 5 small-scale
wastewater discharge facilities in non-urban areas. In fact, the nature preservation region has been maintained
for 40 years to preserve water quality and the environment. An abnormal industrial structure was formed with
a ratio of factories outside the industrial complex, reaching 98.5% in 2020. This study is significant as it
analyzed the characteristics of planned locations in depth, using 30,393 factories in Gyeonggi Province. Lastly,
to effectively manage the environment for water quality within the ‘nature preservation ‘'region and secure
industrial competitiveness, we must urgently establish a policy to expand industrial complexes that treat
wastewater while suppressing the proliferation of small-scale factories.

Keywords: Nature Preservation Region, Site Regulations, Industrial Sites, Binary Logistic Analysis
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Table 1 & Table 29] w2} AAEAAG U 8
PATA HE2 HEAGH,, TREARNGY A
7 9 Helof Wt EFRAY,, A A &5}
4 27 ol TR HE(olsH AR A ), T4t

UA| B 7ol Tt ME(O]sh A YA,
=R, R, SRR Sl L

o, 53] AT HBEs e dgH A
o, REA /i R A Sl

I HE (oI5t eEA) o] Utk

Table 1. The Major Industrial Location Regulations According to Land Use Laws in Seoul Metropolitan Area

Categoty Laws Methods

Seoul Metropolitan Area Total amount
Readjustment Planning Act Limit

Contents

Restrict the total mount of new and expanded factory
construction area by 3 cities and provinces in Seoul

Over metropolitan area
Concentration Industrial Cluster Restrict the area of a factory based on the size, location,
Region Development and Factorv  Area Limit and industry of the factory (Provided, a factory
EstabliShment Act y established in industrial complexes shall be excluded
herefrom)
Seoul Metropolitan Area Total amount Restrict the total mount of new and expanded factory
Read'ustmerl:t Plannine Act Limit construction area by 3 cities and provinces in Seoul
Growth ) 8 metropolitan area
Management Industrial Cluster Restrict the area of a factory based on the size, location,
Region Development and Facto Area Limit and industry of the factory (Provided, a factory
Establils)hment Act y established in industrial complexes shall be excluded
herefrom)
Area Limit Restrict the area of a factory(a industrial complexes) to
60,000 m? or less
Restrict the total mount of new and expanded factory
Seoul Metropolitan Area Total amount . i . .
Read'ustmerl:])t Planning Act Limit construction area by 3 cities and provinces in Seoul
Nature ] & metropolitan area
Preservation
Region Development Restrict the total area of all factories develoment in
Limit conjunction to 60,000 m? or less

Industrial Cluster
Development and Factory  Area Limit
Establishment Act

Restrict the area of a factory based on the size, location,
and industry of the factory

Act on Special Measures for
Development Designation and

Restriction Management of All Unable
Zone Development Restriction
Zones
Restrict on the industry, building-to-land ratio and
floor area ratio by special purpose areas
- (Unable) exclusive residential, circulative
. . . L. commercial, green conservation, conservation
Special National Land Planning and Industry Limit g . .
I IR control, and natural environment conservation area
Purpose Area Utilization Act Density Limit

- (Limited allowed) general residential, commercial,
green natural, green production, production control,
and planned control, agricultural and forestry area

- (Fully allowed) industrial area
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Table 2. The Major Industrial Location Regulation According to Environmental Laws in Seoul Metropolitan

Area
Category Laws Methods Contents
zvater S,OHrXe Al Unable
rotection Area Water Supply and
Factory Waterw?rks
Establishment Installation Act All Unable
Restriction Region
Act on the
Improvement of
Wat lity and
Reparian Zone ater Quality an All Unable
Support for

Residents of the
Han River Basin

* Prohibit wastewater discharge facilities larger than
200 m*/day

* Prohibit development of facilities that emit specific
noxious substances

Industry Limit

* Restrictions on the creation of industrial complexes
(industrial areas) in agricultural site (production green
Zone [ areas, production management areas, agricultural and
Development forestry areas) and conservation site (natural
Limit of environment conservation areas)
Industrial » Companies moving into new industrial complexes are
Complexes limited to existing factories (prohibition on change of
industry) within the same special zone
* Prohibition on relocation of individual factories in Zone
II to industrial complexes in Zone |

Special ————Framework Act on
Mesures Environmental * Restrict wastewater discharge facilities larger than
Area Policy 200m’/day
(Provided, a facilities that send wastewater to public
disposal facililties shall be excluded herefrom)
« Restrict development of facilities that emit specific
noxious substances
(Provided, a facilities that send wastewater to public
disposal facililties shall be excluded herefrom)

Industry Limit

Zonell

* Restrictions on the creation of industrial complexes
(industrial areas) in agricultural site (production green
Development areas, production management areas, agricultural and

Limit of forestry areas) and conservation site (natural
Industrial environment conservation areas)
Complexes * Companies moving into new industrial complexes are

limited to existing factories (prohibition on change of
industry) within the same special zone

* Restrict development of facilities that emit specific
noxious substances
(Provided, a facilities that send wastewater to public
disposal facilities shall be excluded herefrom)

Discharging Facility Water
Installation Environment Industry Limit
Restriction Area Conservation Act
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Table 3. Distribution of factories by Region in Gyeonggi-do

The Seoul

Area of

Manufacturing

Metropolitan  Industrial Sites I\;}:;l;iirezf (%) Factories (%) (n‘:zg) Facility Area (%) (An‘l,zg)
Area (1,000m?) (1,000 m?)

Planned Sites 12,991 255 44,6110 281 3,434 21,7112 411 1,671

Gyeonggi-do  Unplanned Sites 37,905 74.5 113,869.3 719 3,004 31,155.9 589 822
Total 50,896  100.0 158,480.4 100.0 3,114 42,867.1  100.0 1,039
Planned Sites 3,060 32.6 22507 256 736 1,711.5 342 559

Over Unplanned Sites 6,315 67.4 6,534.3 74.4 1,035 3,285.7 65.8 520

Concentration

Region Subtotal 9,375  100.0 8,785.0 1000 937 4,997.2 1000 533
(Subtotal/Total) 18.4 5.5 9.5
Planned Sites 9,836 281 41,7886  32.7 4249 19,8145 455 2,014

Growth Unplanned Sites 25,143 719  85833.8 67.3 3,414 23,7242 545 944

Management

Region Subtotal 34,979  100.0 127,622.4 100.0 3,649 43,5387  100.0 1,245
(Subtotal /Total) 68.7 80.5 82.4
Planned Sites 95 1.5 571.7 2.6 6,018 185.1 43 1,949

Nature Unplanned Sites 6,447 985 21,5012 97.4 3,335 4,146.0 95.7 643

Preservation

Region Subtotal 6,542 1000 22,0729 100.0 3,374 43311 1000 662
(Subtotal/Total) 129 13.9 8.2

Source: Gyeonggi-do Province (2020) (in Korean)
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Table 4. Distribution of Factories by Special Mesures Area within Nature Preservation Region

The Seo.ul - Number of Area 9f Av Mam.lfacturing .
Metropolitan  Industrial Sites Factories (%) Factorleg (%) (m?) Facility Arzea (%) (m?)
Area (1,000 m?) (1,000 m?)
Total 6542 22,0729 4,331.1
Planned Sites - - - - - - -
Zone | Unplanned Sites 3,433 100.0 7,542.3  100.0 2,197 1,645.7 100.0 479
Subtotal 3,433 100.0 7,542.3  100.0 2,197 1,645.7 1000 479
(Subtotal/Total) 52.5 34.2 38.0
Planned Sites 8 0.5 56.0 0.9 7,000 8.3 0.6 1,041
Zone II Unplanned Sites 1,635 99.5 6,509.7 99.1 3,982 1,325.3 99.4 811
Subtotal 1,643 100.0 6,565.7 100.0 3,996 1,333.6 100.0 812
(Subtotal /Total) 25.1 29.7 30.8
Planned Sites 87 5.9 515.7 6.5 5928 176.8 13.1 2,032
Non-Special ~ Unplanned Sites 1,379 94.1 7,449.2 93.5 5,402 1,174.9 869 852
Measures Area Subtotal 1,466 100.0 7,9649  100.0 5433 1,351.7 1000 922
(Subtotal/Total) 22.4 36.1 31.2

Source: Gyeonggi-do Province (2020) (in Korean)
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Table 5. Variable Description

Category (Number of Variables) Variables (22) Description Measure
Location of Industrial ~ Planned Estates Factory in Industrial complex Dummy
Industrial @)
Dependent .
. Site Feature .
Variables ) According to Unplanned Estates Factory out of Industrial complex Dummy
‘Industrial Sites and
Development Act’
Size of Factory (2) Area of Factory The area of the registered factory site 1,000 m?
Dependent According to . . Al .
] ) T]
Variables Industrial Cluster Manufacturing Facility .e s.um ° oor. areas 0, all Hoors ot a 2
Development and Area building for the installation of 1,000 m
Industrial  Factory Establishment manufacturing facilities
Scale Act’
Feature . R o
) Size of Enterprise (3) Large Co. Non-‘small and medium enterprises Dummy
Classification by average sales according to
Independent According to Medium Co. ‘Framework Act on Small and Medium Dummy
Variables ‘Framework Act on Enterprises’
Small ar?d N{edlum Small Co Among medium enterprises, below a Dumm
Enterprises : certain average sales v
. The area that transfer out of which, or
Over Concentration . Lo
Reoi readjustment of which, is deemed Dummy
The Seoul Metropolitan egton necessary
A 3
rea (3) The area for which proper management of
Growth Management . : .
. . the accommodation of industries and of Dummy
According to Region urban development is required
‘Seoul Metropolitan P i
Area Readjustment The area in which preservation of the
Planning Act’ Nature Preservation  natural environment, such as the water of Dumm
Region the Han River system and green belt areas, Y
Land Use is required
Feature Industrial Site Industrial area Dummy
9
©) Neighboring Site Residential area, commercial area Dummy
Industrial Standards S.emi-Conservational Green natural area Dummy
Land Use (6) Site
Semi-Industrial Site  Planned control area Dummy
Independent According to Agricultural and f
‘P ‘National Land Planning Agricultural Site gricu t-ura an orestry‘area, green Dummy
Variables e , production area, production control area
and Utilization Act
Green conservation area, conservation
Conservational Site control area, natural environment Dummy
conservation area
Special Measures Area  Zone I Areas that directly affect the water source ~ Dummy
() Zone 11 Areas that indirectly affect the water Dummy
source
W According to
ate'r ‘Framework Act on Non-Special Measures Areas that do not fall under special
Quality . - Dummy
. Environmental Policy’  Area measures areas
Environ-
Mental Size of Wastewater Large Business establis};ment which discharge Dummy
fg)ature Discharge (3) (Type1-2-3) more than 200 m®/day
Medium - Small Which discharge wastewater less than Dumm
According to (Type 4+5) 200 m*®/day Y
‘Water Environment Non-Discharge
Conservation Act’ g Which do not discharge wastewater Dummy

Wastewater
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Table 6. Result of Binary Logistic Regression Analysis about Planned Estates Feature in Gyeonggi-do

(Model 1)
Model 1 95% CI
Independent B SE sig. Exp (8)
Variable LLCI ULCI
Area of Factory -
- . . . 929 949
(1,000 mz) 063 005 000 939 9
Area Manuf o Facil
Industrial anufacturing Facility 228 014  .000* 1256 1223  1.289
Scale Feature Area (1,000 m®)
Size of Large Co. 336 247 174 1399 862 2271
Enterprise Medium Co. 826 .059 .000** 2.284 2.033 2.567
Over Concentration
. 156 .037 .000** 1.168 1.087 1.255
Land Use The Seoul. Region
Feature Metropolitan N b -
Area ature Preservation 1384 135 .000% 251 192 327
Region
) Special Measures Area
Special (Zone 1) -18.237 756841 .981  .000  .000
Measures Soecial M A
Area peclal Measures Area - 5357 432 .000%* 095 041 221
(Zone 1I)
Water Quality .
Environmental Wastewater Discharge  )oc 158 oo 3509 2576 4780
Large (Type 1:2-3)
Feature Size of
Wast ter Disch
Wastewater oA CTDISCNATEE 5036 170 .000**  7.663 5490  10.695
. Medium (Type 4)
Discharge
Wastewater Discharge 5, g5 gooe 1408 1265  1.567

Small (Type 5)

Note 1: Dependent Variable : Planned Estates

Note 2: Reference Category : Small Co., Growth Management Region, Non-Special Measures Area, Non-discharge

Note 3: *sig.<0.05, **sig.<0.01, sig.>0.05
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Table 7. Result of Multiple Regression Analysis about Factory Size Feature by Regions (Model 2)

Model 2 (Regions in Seoul Metropolitan Area)
2-1. Gyeonggi-do 2-2. Over 2-3. Growth 2-4. Nature
Concentration Management Preservation
adj. R2=.207 adj. R2=.404 adj. R2=.172 adj. R2=.228
D-W=1.914 D-W=1.949 D-W=1.917 D-W =1.891
Independent p<0.01 p<0.01 p<0.01 p<0.01
Variable N=30393 N=7199 N=18057 N=5137
B VIF B VIF B VIF B VIF
Industrial Scale Size of Large Co. 347%  1.029 A52% 1.077 .346%  1.027 149%  1.014
Feature Factory (Medium Co.) .241**  1.034
The Seoul Ove'rConcentratlon 166 1.656
X Region
Metropolitan Nature P i
Area al'xre reservation 031% 1147
Region
Land Use Industrial Site 124%% 2.844 .048*  1.231 .120%* 1785 .085*%*  1.417
Feature Neighboring Site .027**  1.877 -015* 1.131 .033*  1.265
Industrial Semi-Conservational
Standards Lo COMSEIVAHOMAL - goger 1599 022¢ 1102 050" 1375  121% 2679
Site
Land Use
Semi-Industrial Site .109*%* 2577 .041*% 1143 .098**  1.901 237*  3.400
Agricultural Site .032**  1.201 .009 1.013 .024** 1132 .097**  1.611
Special Zone | -318**  1.654
Measures
- Kk
Water Quality Area Zonell 111 1.619
Environmental Large - Sk o -
Feature Size of (Type 1:2:3) 135 1.037 317 1.082 116 1.039 .078 1.021
Wastewater Medium-Small
Discharge ediumroma 101% 1030 .129%* 1005 086 1.024 149" 1.045
(Type 4-5)

Note 1: Dependent Variable: Area of Factory
Note 2: Reference Category: Small & Medium Co.(or Small), Growth Management Region, Conservational Site, Non-Special Measures Area, Non-discharge
Note 3: *sig.<0.05, **sig.<0.01, sig.>0.05

Table 8. Result of Multiple Regression Analysis about Factory Size Feature by Zones of Special Measures
Area in Nature Preservation Region (Model 3)

Model 3  3-1.Zone [ 3-2.Zone 11 3-3. Non of
adj. R2=.113 adj. R2=.195 adj. R2=.189
D-W=1.927 D-W=1.884 D-W=1.893
Independent p<0.01 p<0.01 p<0.01
Variable N=2801 N=1130 N=1206
8 VIF 8 VIF 8 VIF
Industrial  Size of Large Co. 129 1018  .185* 1021  .179* 1.015
Scale Feature Factory (Medium Co.) 231 1.003 308" 1049 244" 1.040
Industrial Site 034 1349 151 1421  .078* 1.443
Industrial  Neighboring Site 015 1492 -006 1322 004  1.070
;:ZSufese Standards  Semi-Conservational Site  .040  4.010  .057  3.052  .063* 1.250
LandUse  Semi-Industrial Site 078% 5000 175" 3359  .299%* 1.920
Agricultural Site 047* 1660  .074* 1818 128" 1.406
Water quality ~Size of Wastewater Discharge - - 039 1079  .098** 1.019
Environmental Wastewater Large (Type 1 2:3)
Feature Discharge ~ \vastewater Discharge 182% 1023 .119%* 1047  .162** 1014

Small (Type 4-5)

Note 1: Dependent Variable: Area of Factory
Note 2: Reference Category: Small Co., Conservational Site, Non-discharge

Note 3: *sig.<0.05, **sig.<0.01,

sig.>0.05
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Mitigating Urban Flood Risk with Green Infrastructure
: A Case Study of Gurye-gun, Jeollanam-do
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Jisoo Sim** - Hyeongsu Koo***

Abstract
Urban flooding and its associated damages are increasingly prevalent due to the rising frequency of extreme
weather events. This study empirically analyses the effectiveness of green infrastructure in mitigating risk in
urban flood-prone areas. Using Gurye-gun in Jeollanam-do, South Korea, as a case study, the research identifies
risky areas and evaluates the pre- and post-deployment effects of green infrastructure on reducing risk through
the InVEST analytical tool. Rainfall scenarios were categorized into current, low-carbon, and high-carbon
emission scenarios, under which the extent of risk improvement through green infrastructure was assessed.
The findings identified Baekryeon-ri, Naengcheon-ri, and Woljeon-ri as high-risk areas within Gurye-gun. The
deployment of green infrastructure not only mitigated risk in these regions but also contributed to an overall
reduction in urban flood risk across Gurye-gun. This study serves as foundational research, empirically
demonstrating the role of green infrastructure in enhancing urban flood resilience.

Keywords: Climate Change, Urban Flooding, Green Infrastructure, Nature-Based Solutions, In'VEST Model
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StaL o] 8] TA] QIESHHE, =2 U 5),

=2 =%
E'_‘l"

1) REiA A u| A Q17| A AZEE
-S4, 2024).

P WMol w3t 33

Al 5 g vogelol EAI) 34 FHoPIS 24
5}99tH(Kadaverugu et al., 2022).

InVESTZ} Al&5h= o8] 7|5 SolA =A8
L L4SHUFRM, Urban Flood Risk Mitigation) &
9 7 gato] FALe 9L Wrleh AT
31t} Bose and Mazumdar(2023)= Q1% E7}Eh
Al (Kolkata City) 2] =A| &4 A3HS AES Y T Q.
ot 3} HQkS 27] 915fl InVEST-UFRM K9S A
B35}, o152 Fhe} Al2] B4 B 3] 2
3A]0jo] Fom 749 wslo] 2t o] of
71% S7lok= A DHL, T4 A9 U3l
7] 913l 23 = A4, 7= A ERE5ol tiFo]
g Q35S XA Bose and Mazumdar, 2023).
Leta and Adugna(2024)-2 oft] Q si]o}2] o}u}r} A]
(Adama)E o= A 72 B 919 Al ‘/m
LE FABEL Y| 7HA] AlUE] QoA Al S
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3. 47

3.1 Aol He

o] A7 EAIN40] SIS Pk 1
2o 2go] EA1H42] 18 A7io] Auht oS
S| A7 ks, ol 9% 87k Mol

re
rO
[H

- 278 X 20k A 20] 1] 7] 2 TR A o)

https://Ihrilhorkr | 85



e Lo 2 shgsict el 2020 8Y

S22 el M5 sfi7h EAget A o 2 XA
B7A] 699ha7} ASE| T A U] 27T R Eo]
A7 5 31,8079 4o A3 wafdo] LAzt
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=L UK, 2023a).
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9 9], 2021). P EE HEAIHoE Hw A

22 A1 Fo|ut =7 b (717 9 ARfsko] Xl
o< st 6}% & SAHOE A=
R UWSEAGS HED 5= Q= A o] IEE}E}.

s 1‘41%1] ATt A2 AS S -2 Qlsh
a7} F45] S71E 2olA}, HlEA ARGHIE &
Bl w HFH 02 thg-g Al Eslu Y oe I
Alzeto] &8 gato tigt HEERt oyt A
ofl tht AAE = A5 5= 7] WiZoltt. -84
HARE ARG 9IS 2F 1000 A RIERE 3
Esta 9l IR -85t -9of TAXS9] ¢
9o] drht H3lsl=R & HESH= 2 0 & gttt

32 2M &7
o] AT EAINS0) S19E Wheka TRleln

eho) A1 94 ket m A Al i Ao A
I L L L EREECECEE:
= B7}51= InVEST®?) HellS 293t B £
= BEjgIct. o714 A 2 B Shfel B
4= 918 &SHUFRM, Urban Flood Risk Mitigation)

%, A, TAIS 5= 11Efste] ZA
Ao ol tisf FEA 5 SH R Brtst
1| 3} = A= 3} (Natural Capital Project, 2024).
INVEST-UFRM 2212 4] 70 H33t A4
T AYEE TEok= HHo|A B AAHIAE 7]
Hko 2 5131 Q7] w20l AR S AT Tl
21o] &8 595 A5 ok Hl Hdoli
INVEST-UFRM 20| 2= 9le]= choa} 2t}
A, 2Rl F EX01E 13 EF 50 o
2 =55 S5 FEAT Q) Ol Tt EA
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T U= A
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L:lo

1.0
yu
{EaYe)
_l_

zd
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%
[

of wh2A] =gshe T2 T (4 (1)

(PNt i psy e g

Qp,i — —P+( /\)S max, i

max, ¢
0 otherwise

M

= e A=A Son® 5
T 2HARESH EX|o]- 83}
EQF9] EAJS 11 $H--E=41(CN, Curve Number)
gt e @ oV 91 2 44

(3)°ﬂ et AR 1E} FE3H-5-Ze0] ﬁm%q
(4)°f w2} Aokl

25400
max,i CN. 254 (2)

i

2) Natural Capital Project, “InVEST Software”, Accessed August 1, 2024. https://naturalcapitalproject.stanford.edu/software

/invest.
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A, 7 EYIE(G59), ME=ETSH R (Bi-
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of Agriculture, USDA)7} AA|SE E-50] ujet EQF
I%= & 470(A B, C, D)= FE3tth SEARE 92
Ueke] 5 dyetelo] Algshes EYREAIE
HireES & 66322 ot Atk wEbA
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Table 1. Land Cover Re-Classification System

Land Cover Classification in Korea Land Cover Classification InVEST-UFRM
Clai(s:g:;:)tlon Subclassification Code Classification Code
Residential 110 Medium Intensity Developed 3
Industrial 120 Medium Intensity Developed 3
Urbanized Commercial 130 High Intensity Developed 2
égeg\) Recreational Facilities 140 High Intensity Developed 2
Transportation 150 Open Space Developed 5
Public Facilities 160 Low Intensity Developed 4
Rice Paddies 210 Cultivated Land 6
Agricultural Fields 220 Pasture/Hay 7
Area Greenhouse Cultivation 230 Cultivated Land 6
(200) Orchards 240 Cultivated Land 6
Other Cultivated Land 250 Pasture/Hay 7
Deciduous Forest 310 Deciduous Forest 9
For(e;('; é&)rea Coniferous Forest 320 Evergreen Forest 10
Mixed Forest 330 Mixed Forest 11
Grassland Natural 410 Grassland
(400) Artificial 420 Grassland
Wetlands Inland 510 Palustrine Scrub/Shrub Wetland 14
(500) Coastal 520 Estuarine Scrub/Shrub Wetland 17
Bare Land Natural Bare Land 610 Bare Land 20
(600) Artificial Bare Land 620 Bare Land 20
Water Inland 710 Water 21
(700) Marine 720 Palustrine Aquatic Bed 22

Table 2. Soil Drainage Re-Classification System

Soil Drainage Classification in Soil
Environment Maps Fairly Slightly Very
Soil Classification System Excellent  Good Good  Poor Poor Poor Others
in InVEST-UFRM

Soil with High Saturated Hydraulic
A Conductivity, Allowing for Rapid Water O
Absorption

Soil with Medium Saturated Hydraulic
Conductivity, Providing Good Drainage

Soil with Low Saturated Hydraulic
C Conductivity, Resulting in Less Efficient O O
Drainage

Soil with Very Low Saturated Hydraulic
Conductivity, Leading to Poor Drainage
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Fig. 2. Green Infrastructure Deployment
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Fig. 3. Comparison of Urban Flood Prone Areas before and after Green Infrastructure Deployment
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Diagnosing Regional Imbalances and Implications for Balanced Development
: A Case Study of Sejong City
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Abstract
This study examines the concept of balanced development by tracking the levels and patterns of regional
balance within Sejong City. It explores how the notion of balanced development has evolved in South Korea,
reviews its interpretation in key international contexts, and develops indicators to diagnose and analyse
regional imbalances in Sejong City. At the city’s inception in 2012, the indicators were concentrated in Type 1
(balanced with favourable conditions of inequality and polarization), reflecting an overall state of balance.
However, by 2019, the indicators exhibited a gradual upward trend with noticeable disparities, indicating a
shift toward an imbalanced state characterised by inequality and polarization. By 2023, the indicators revealed
a steep upward trajectory, suggesting the persistence of imbalances, though with a partial alleviation of
polarization. The findings highlight two key implications: 1. The interpretation of regional balance and
imbalance must account for historical and contextual shifts reflected in indicator analyses. 2. There is a pressing
need to establish a localised framework for balanced development tailored to regional characteristics.

Keywords: Balanced (Unbalanced) Development, Regional Disparity, Gini Coefficient, Quintile Ratio
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Table 1. Balanced Development Policy by Administration

Administration Major Strategy Key Features

* Established institutional foundations
* Construction of Multifunctional Administrative City (Sejong)
* Formation of regional cooperation networks

Roh Moo-hyun National Balanced
(2003-2008) Development

* Strengthened national competitiveness

Lee Myung-bak Metropolitan . . .
yung p * Strengthened economic cooperation between local regions and

(2008-2013) Economics .
metropolitan areas

* Implemented tailored policies for improving quality of life in
Happiness Sphere  various regions
* Supported regional specialized industries and startups

Park Geun-hye
(2013-2017)

* Pursued decentralized balanced development
* Balanced regional development led by local areas
* People, space, and industry cultivation strategy

Moon Jae-in  Inclusive Balanced
(2017-2022) Development

* Institutional linkage between decentralization and balanced

Yoon Suk-yeol Local Era development
(2022-present) * Proactively promoting regional revitalization through the
special zone system
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Table 2. Final Indicators
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Vitali Asine Index (Population aged 65 or older + Population 2012,2019,
v ging aged 0-14) x 100 2023
. (Number of births + Annual population) x 2012, 2019,
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Local I Tax P 2012,2019, Lor% 201
ocal Income Tax Per
i - i ’ »2022,2023
Capita Local income tax + total population 2022 )
Number of Businesses (Number of businesses + Number of 2012, 2019,
Local Economic Per Thousand People population) x 1,000 2021
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Per 1,000 People x 1,000 2021 (2024b)
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0Old Building Ratio ( ur,lr,lotzrl iurrllll;erlrcl)%i)s‘i/lfizn s)yia;f)(c)) 2019,2022 Architecture
& Data (2024)
. (water supply population + total 2012, 2019,
Settlement  Water Supply Ratio population) x 100 2021
Environment S Iation - | 2012 2019
Sewer Service Ratio (Sewage treatment ?rea population + tota , §
population) x 100 2022 Sejong City
. Number of parking spaces + Number of (2012, 2019,
Parking Lot Area registered cars 2023 2022,2023)
Number of Childcare (Number of childcare facilities + Number
. . . 2012, 2019,
Facilities Per 1,000 of infants (0-5 years old) population) x
2023
People 1,000
Ministry of
Total Floor A f 1
oFa oor re.a.o. (Total floor area of public sports facilities 2012, 2019, Culture,
Public Sports Facilities + total population) x 1,000 2021 Sports and
Per 1,000 People ' pop ! Tourism
Basic Living (2024)
i Total Floor A f
Services otal Floor Area o (Total floor area of cultural infrastructure 2012, 2019,
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*Sejong City data for 2023 uses unpublished internal data.
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Table 3. Analysis Results

Gini Coefficient

Quintile Ratio

Indicators
2012 2019 2023 2012 2019 2023
Population 0.47 0.45 0.39 2.58 5.77 4.57
Resident Vitality Aging Index 0.30 0.56 0.62 196 22.14 21.20
Crude Birth Rate 0.20 0.31 0.36 1.93 3.48 4.18
Local Income Tax 0.42 0.55 0.61 6.64 4.69 6.34
Local Economic Number of Businesses  0.18 0.29 0.33 1.40 3.56 3.51
Power Number of Employees  0.23 0.39 0.42 2.10 4.16 5.47
Youth Ratio 0.06 0.13 0.13 1.11 1.55 1.45
0ld Building Ratio 0.61 0.62 55.93 45.80
Ei‘:’tﬁsﬁf:ﬁt Water Supply Ratio ~ 0.39 010 0.04 540 124  1.04
Sewer Service Ratio 0.39 0.11 0.07 4.55 1.27 1.17
Childcare Facilities 0.31 0.39 3.40 3.31
Basic Living  Public Sports Facilities  0.59 0.65 0.66 1194 2941 21.59
Services Cultural Infrastructure  0.68 0.62 0.66 281.47 6.76 8.85
Hospital Beds 0.36 0.59 0.75 249 25.25 11.68

Note: Excludes indicators such as number of parking lots

difficult to analyze changes.
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A Comparative Analysis on the Effect of Housing Funds Special Deductions
and Monthly Rent Tax Credit on Housing Ownership for Non-Homeowning
Wage Earners
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Sung Tai Kim** - Min-hye Jo*** - Byung In Lim****

Abstract
Using the National Survey of Tax and Benefit from 2008 to 2021, this study examines the effects of special
deduction for housing funds (debt service payment of housing rental loans and long-term mortgage interests)
and tax credits for monthly rent on home ownership of salaried workers without homeownership. The results
indicate that, others being constant, households in metropolitan areas exhibit a lower probability of
homeownership compared to non-metropolitan counterparts, with this probability rising as household size
increases. Among housing types, apartments show the highest homeownership likelihood, followed by
townhouses and single-family homes. The two special income deduction schemes reduce the user cost of
homeownership through price and wealth effects, facilitated by housing fund accumulation, thereby enhancing
homeownership probability. Conversely, tax credits for monthly rent reduce homeownership likelihood via
price effects. These findings suggest that income deductions and rent tax credits exert distinct and contrasting
influences on home purchase decisions.

Keywords: Special Deduction for Housing Funds, Special Deduction for Repayment of Principal and Interest on
Housing Rental Loans, Special Deduction for Long-Term Mortgage Interest Deduction, Tax Credit for
Monthly Rent, National Survey of Tax And Benefit
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Table 1. Trends in the Number of Applicants for Special Deductions and Tax Credits

Special deduction

Special deduction

Housing Long-Term Housing Rental Long-Term
Rental Loan Housing Tax Credits Loan Housing  Tax Credits
Year Principal and Mortgage Loan For Monthly | Year Principal and Mortgage Loan for Monthly
Interest Interest Rents Interest Interest Rents
Repayment  Repayment Repayment Repayment
Amount Amount Amount Amount
467,921 1,210,782 244,763
2010 132,947 713,679 11,954 2016 (9.8) (14.2) (19.5)
2011 183,425 747,209 11,821 2017 517,044 1,328,370 293,694
(38.0) (4.7) (-1.1) (10.5) (9.7) (20.0)
2012 239,103 613,761 85,350 2018 614,294 1,459,748 339,762
(30.4) (-17.9) (622.0) (18.8) (9.9) (15.7)
2013 273,305 708,552 107,416 2019 755,985 1,586,728 400,265
(14.3) (15.4) (25.9) (23.1) (8.7) (17.8)
2014 381,314 886,313 162,484 2020 877,662 1,702,853 537,064
(39.5) (25.1) (51.3) (16.1) (7.3) (34.2)
2015 426,000 1,059,893 204,873 2021 1,008,976 1,797,273 580,173
(11.7) (19.6) (26.1) (15.0) (5.5) (8.0)

Note: ( ) year-on-year change rate, Source: National Tax Service (2023)
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Table 2. Trends of Residence Type by Year (2006~2019)

Long-Term Guaranteed  Monthly

Year Income Class House Rental Monthly Rent W/ Monthly Free
Owned . . Rent
Deposit Rent Deposit
Total 55.6 22.4 15.3 2.1 1.6 3.1
High 49.66 18.79 20.31 4 3.14 4.1
2006 Middle 55.29 26.46 14.15 0.83 0.72 2.54
Low 66.97 23.19 7.19 0.22 0.25 2.18
Total 56.4 22.3 14.8 1.9 1.5 3
2008 High 51.9 16.84 20.48 3.83 2.71 4.25
Middle 54.7 27.75 13.42 0.88 0.82 2.43
Low 69.36 22 6.28 0.29 0.27 1.8
Total 54.25 21.66 18.16 1.97 1.3 2.66
High 46.85 16.78 25.76 4.06 2.81 3.74
2010 Middle 54.02 25.05 17.13 0.96 0.55 2.3
Low 69.5 22.96 5.61 0.32 0.19 1.42
Total 53.75 21.79 18.6 2.71 0.31 2.83
High 50.45 13.79 26.43 4.87 0.66 3.79
2012 Middle 51.83 26.89 16.94 1.6 0.09 2.66
Low 64.57 27.69 5.94 0.55 0.04 1.22
Total 53.64 19.6 21.83 1.35 0.73 2.84
High 47.52 14.24 29.43 2.92 1.68 4.21
2014 Middle 52.17 23.29 21.43 0.58 0.24 2.29
Low 69.46 20.81 7.72 0.21 0.18 1.63
Total 56.8 15.5 20.3 2.7 0.7 4
High 46.2 12.9 28.7 5.2 1.4 5.6
2016 Middle 59.4 18.1 17.8 1.1 0.3 3.4
Low 73.6 15.9 7.6 0.6 0.1 2.2
Total 57.7 15.2 19.9 2.6 0.8 3.9
High 47.5 11.5 28.9 5.3 1.6 5.1
2017 Middle 60.2 18 17 1 0.2 3.6
Low 73.5 17.1 6.9 0.2 0.1 2.3
Total 57.7 15.2 19.8 3.3 - 4
2018 High 47.2 11.6 29.1 6.6 - 5.4
Middle 60.1 18.1 16.9 1.5 - 3.5
Low 75.2 16.1 6.2 0.4 - 2
Total 58.0 15.1 19.7 3.3 - 3.9
2019 High 46.4 10.9 29.5 7.2 - 5.9
Middle 59.6 18.7 17.4 1.2 - 3.2
Low 76.1 15.3 6.2 0.4 - 1.8

Source: Korea Housing Survey (2006~2019) (Ministry of Land, Infrastructure and Transport, 2023), excerpt from
general house
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Table 3. Summary Statistics (Unit: Korean Ten Thousand Won)
Sex of Number of HOTRC e Dummy of

Year HO;ZZ}:;)M Family Single Family Metropolitan

(Male=1) Members House Apartment  Townhouse (Metropolitan=1)
2008 0.825 3.018 0.366 0.445 0.113 0.383
2009 0.826 3.071 0.358 0.453 0.126 0.382
2010 0.818 3.075 0.357 0.460 0.116 0.382
2011 0.813 3.067 0.357 0.477 0.113 0.382
2012 0.810 3.046 0.363 0.484 0.113 0.382
2013 0.803 3.007 0.356 0.488 0.117 0.382
2014 0.795 2.949 0.356 0.491 0.114 0.381
2015 0.787 2.888 0.346 0.503 0.118 0.381
2016 0.778 2.836 0.337 0.510 0.119 0.381
2017 0.773 2.787 0.332 0.512 0.123 0.379
2018 0.764 2.738 0.328 0.515 0.124 0.378
2019 0.759 2.704 0.322 0.520 0.127 0.378
2020 0.751 2.651 0.321 0.530 0.121 0.377
2021 0.745 2.596 0.319 0.535 0.117 0.377

Current il;nzﬂi?‘;? gy
Year Income/ Asset Debt .

Month SPeCI_al 25~34 35~44 45~54 55~64 65~

Deductions

2008 269 5,115 3,442 6 0.116 0.252 0.258 0.178 0.196
2009 270 5,023 3,703 15 0.092 0.249 0.264 0.186 0.209
2010 280 5,642 2,165 25 0.076 0.238 0.264 0.198 0.224
2011 302 7,295 4,134 36 0.059 0.224 0.273 0.201 0.242
2012 313 7,169 4,140 48 0.048 0.211 0.264 0.216 0.261
2013 324 7,129 4,480 58 0.036 0.199 0.266 0.221 0.279
2014 330 7,595 4,306 68 0.024 0.186 0.269 0.221 0.301
2015 339 7,572 4,323 77 0.022 0.165 0.269 0.231 0.314
2016 347 7,596 4,381 88 0.016 0.143 0.269 0.244 0.329
2017 357 8,285 4,719 100 0.011 0.128 0.261 0.255 0.345
2018 370 8,783 4,659 111 0.008 0.107 0.260 0.262 0.363
2019 395 8,971 4,863 126 0.005 0.087 0.257 0.271 0.380
2020 394 9,464 4,744 142 0.002 0.078 0.244 0.273 0.404
2021 395 10,208 5,304 157 0.002 0.063 0.231 0.280 0.425

Source: Korea Institute of Public Finance (2023)
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Table 4. Description of Explanatory Variables

Classification Details Variable Name

Current Income/month Y,

log (current income)xAge Dummy Y, x agedumimy,

Economic Factor

Asset asset
Debt debt
Variable Related to User Cost of Owning a House e

Dummy for Housing rental loan
principal and interest repayment amount

Institutional Factor ~ Dummy for Long-term housing mortgage loan fsddum
Interest repayment amount
Dummy for Tax Credits for Monthly Rents rtedum
log (Cumulative Amount of Special Deductions) cdeductions

Age Dummy agedummy,
Sex of Household Head (Male=1) male
Household :
Characteristics Factor Number of Family Members members
Dummy for House Type hhtype
Dummy for Metropolitan (Metropolitan=1) metrodum
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Table 5. Estimation Results of Determinants of House Ownership

Variables

log (current income)

Total Period

Pooled OLS
0.096*** (7.088)

Fixed Effect Model
0.241*** (6.217)

Random Effect Model
0.205*** (5.945)

log (current income)xAge Dummy (25~34)

0.191** (2.039)

-0.152 (-1.135)

-0.090 (-0.647)

log (current income)xAge Dummy (35~44)

0.070** (2.029)

-0.142** (-2.014)

-0.069 (-0.982)

log (current income)xAge Dummy (45~54)

0.297***(10.021)

-0.101 (-1.508)

-0.007 (-0.117)

log (current income)xAge Dummy (55~64)

0.066** (2.782)

-0.184*** (-3.152)

-0.144%%* (-2.626)

log (Financial Asset + Other Asset)

-0.085%** (-14.715)

-0.450%** (-24.695)

-0.441%** (-25.554)

log (Total Debt)

0.118** (36.545)

0.176%* (25.234)

0.199** (28.157)

Variable Related to User Cost of Owning a House
(7,¢)xhsddum

0.083* (3.897)

0.057* (2.592)

0.069*** (3.009)

Dummy for Tax Credits for Monthly Rents

-2.830*** (-10.768)

-1.238%** (-2,735)

-1.744*%* (-3,765)

log (Cumulative Amount of Special Deductions)

0.108*** (12.793)

0.265*** (10.459)

0.282*** (11.639)

Age Dummy (25~34)

-3.630%** (-7.004)

-1.800%* (-2.384)

-3.400%** (-4.340)

Age Dummy (35~44)

-2.422%%* (-12.596)

-1.484*** (-3.578)

-2.905%** (-7.140)

Age Dummy (45~54)

-3.068*** (-18.965)

-0.756* (-1.954)

-2.020%** (-5.507)

Age Dummy (55~64)

-0.824%* (-6.808)

0.820*** (2.619)

0.228 (0.784)

Sex of Household Head (Male=1)

0.836*** (26.486)

1.028** (7.910)

1.516*** (12.601)

Number of Family Members

0.241% (18.472)

0.661%* (15.817)

0.711%* (17.758)

House Type (Single Family House=1)

0.583** (9.648)

0.964* (5.901)

1.158*** (7.237)

House Type (Apartment=1)

1.063*** (17.781)

1.936*** (11.994)

2.203*** (13.826)

House Type (Townhouse=1)

0.388% (5.924)

1.498** (8.565)

1.550*** (8.988)

Dummy for Metropolitan (Metropolitan=1)

-0.590%** (-22.739)

-0.809*** (-3.488)

-1.374% (:9.217)

Constant -0.300*** (-3.511) 1.737*** (6.326)
log likelihood -2.10e+04 -4794.556 -1.06e+04

chi? 8613.952 3317.520 2620.859

N 41,782 15,951 41,782
Hausman test chi® - 318.93***

Note: *, **, *** means 10%, 5%, 1% significance level of t-value, respectively.
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A Study on the Impact of Crime Rates and Perceived Safety on Housing Prices
using a Panel Model
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Abstract
This study investigates the impact of crime and perceived safety on housing prices using panel data for 17
metropolitan cities and provinces in South Korea from 2013 to 2022. The housing price index serves as the
dependent variable, while independent variables include crime categories—violent crime, theft, and assault—
as well as perceived safety as a psychological factor. Results indicate that violent crime exerts a significant
positive impact on housing prices, whereas theft and assault crimes show significant negative effects, with
assault crimes exhibiting a stronger influence than theft. Perceived safety positively correlates with housing
prices, suggesting that regions with higher theft and assault crime rates experience lower housing prices, while
lower perceived safety among residents also depresses housing values. These findings offer valuable insights
for policymakers in formulating regional safety initiatives and real estate policies to enhance local housing
market stability.

Keywords: Crime Rate, Perceived Safety, Housing Prices, Panel Model
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Table 1. Descriptive Statistics on Violent, Theft, and Assault Crimes

Division N Minimum Maximum Mean Stal}da}rd
Deviation
Violent Crime 170 2.00 8.40 4.84 1.004
Theft Crime 170 24.62 98.13 41.32 12.520
Assault Crime 170 23.31 94.75 54.73 10.945
Table 2. Descriptive Statistics on Perceived Safety
Division N Minimum Maximum Mean Stal}da}rd
Deviation
Overall Perceived 170 63.34 82.21 72.17 4.617

Safety data

Note: The National Police Agency's Overall Perceived Safety data for the first and second half of the year was

converted into an annual average for processing

Table 3. Descriptive Statistics of the Housing Purchase Price Index

Division N Minimum
Housing Sales

Price Index 170 65.95

Maximum Mean Star?da!rd
Deviation
105.99 92.10 9.63

Note: The monthly time series data from the Korea Real Estate Board was converted into an annual average for

processing)
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Table 4. Crime Panel Model

Division Pooled Fixed Group Random Group Two-Way Random

Intercept 55207 6.010" 5.838"" 5.153"

(29.33) (36.18) (38.88) (26.54)
log (Violent Crimes per 0.125" 0.220™ 0.212™ 0.160™
10,000 People) (2.09) (3.94) (3.94) (3.02)
log (Theft Crimes per -0.079" -0.155™" -0.150™ -0.142™
10,000 People) (-2.28) (-6.01) (-5.92) (-3.21)
log (Assault Crimes per -0.227™ -0.279™ -0.276™ -0.091
10,000 People (-3.9) (-5.46) (-5.54) (-1.59)
R 0.1502 0.7211 0.3779 0.0916
MSE 0.0106 0.0039 0.00308 0.0027

F-statistic 19.19
(p<.0001)
2.48
Housman Test (p=0.4798)
Breusch-Pagan 280.15 280.15
(One-way) (A) (p<.0001) (p<.0001)
Breusch-Pagan 285.31
(Two-way) (B) (p<.0001)
5.16

B-A (p<.0231)

Note: 'p<0.1, "p<0.05, ""p<0.01
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Table 5. Overall Perceived Safety Panel Model
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Division Pooled Fixed Group Random Group Two-Way Random

Intercept 0.258 1.005™ 0.885™" 1.149°

(0.55) (2.97) (2.63) (1.67)
log (Overall Perceived 0.996™ 0.836™ 0.849™ 0.788™"
Safety data ) (9.14) (10.59) (10.82) 4.9
R? 0.3321 0.7301 0.4106 0.1252
MSE 0.0082 0.0037 0.0037 0.0028

F-statistic 14.01
(p<.0001)
Housman Test (ng:ii&})
Breusch-Pagan 222.14 222.14
(One-way) (A) (p<.0001) (p<.0001)
Breusch-Pagan 228.05
(Two-way) (B) (p<.0001)
591

B-A (p=.0151)

Note: "p<0.1, "p<0.05, ""p<0.01
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Investigation on the Acoustic Conditions of Active Classrooms in Accordance
with the Students and Classroom Activities

B R

Young-Ji Choi**

Abstract

The present study investigates the acoustic conditions of active classrooms based on the speech and noise

levels. The speech and noise levels were measured in 29 classrooms during 57 actual classes in Korean schools.

The effects of occupants and classroom activities on the speech and noise levels in occupied classrooms were

examined. The present results indicate a general trend of decreasing noise levels by 6 to 12 dBA with increasing

age of the students. Additionally, the noise levels in the classrooms were found to be closely related to the type

of classroom activities. The results indicate that the acoustic standards should recommend reducing the

unoccupied noise levels in order to minimize noise levels in active classrooms.

Keywords: Acoustic Conditions, Active Classrooms, Speech Levels, Noise Levels, Speech-to-Noise Ratios
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Table 1. Summary of Previous Acoustic Survey on the Occupied and Noise Data in Active Classrooms

Previous Study / School Results
Brz;ize(r}tzgs) / * Background noise levels 38~45 dBA in 10 quietly occupied classrooms
Hodgson (1999) / * Mean background noise levels 30~50 dBA in 30 unoccupied classrooms
University * Predicted noise levels 47~64.4 dBA in classrooms with 50% occupancy
Hodgson etal. (1999) /  * Mean speech and noise levels are 50.8 dBA (s.d.=3.9) and 44.4 dBA
University (s.d.=3.5), respectively, in 11 occupied classrooms during 18 lectures
Shield and Dockrell (2004) / * Mean lesson noise levels 65 dBA LAeq for typical classroom activity
Elementary » Background noise level closely related to the classroom activity
Sato and Bradley (2008) / < Mean speech and noise levels are 60.1 dBA (s.d.=4.4) and 49.1 dBA
Elementary (s.d.=4.3) in 30 active classrooms

* Mean background noise levels and RTs are 33.6 dBA, and 0.64 s in 185
unoccupied classrooms in 13 high schools
* Mean active noise levels and unoccupied levels are 64 dBA, and 35 dBA

Shield et al. (2015) /
High School

Puglish et al. (2015
uglish etal. ( )" Mean background noise levels 46.5 ~52.1 dBA in 6 active classrooms

High School
* Mean room RT is 0.96 s and 0.67 s for unoccupied and occupied 12
Choi (2016) / classrooms
University * Mean background noise level, and STI value is 41.2 dBA and 0.63 in

quietly occupied classrooms

Sala and Ranrala (2016) / * Mean activity noise levels 69 dBA LAeq and 42 dBA LA90 in 29 active
Elementary classrooms

* Mean room RT is 0.64 s in occupied 12 university classrooms
* Mean background noise level, and STI value is 43.8 dBA and 0.55 in
active classrooms

Choi (2020) /
University

3RS 9t 2= Qi) whabA], 2 - 9] A4l 25F Alef 7} 35dBA%} 64dBAE °F 30dBA 20|58 B L, &
=74 Aol 45 #8224 SNR>15dBA 7] A9l HH%&:QEL} ZFFA|Z0] A A] A28 e
e R NS R d Atk Il dist HAolehet] F83 A ®EkaL BAlstitt(Shield
Aol ST AN A ALof ot FEC2 etal, 2015). WEAIEO] 2T 7SO Q1T Sy
FFAZIo] Eo18, 9 B ot wid s S AW S AdEE of 26 AR kAL Bl
o] Z7tetel 54 HRE AR GO JFE vIHE BkATh o] 2 AT Ao I wSAEL =%
& <= ATH(Choi, 2016; Choi, 2020). = -2l A 7|& FA7F S shes A3 =0l S0 9=
LFALN AL ST S A+ S 8T U 5 US2 AARIT Fig. 10] o] 34 %
24 tff £3H](Speech to Noise Ratio, SNR)&= Z¢ A7} AR} D B ko) o)&) f Al 25F Abef
7} 7.9dBA%} 11dBAR g2}t /lo] W= 913t 4 of B X e 8 oksto] okt

A3t 59 9 A o] 2/do] s 87Tk =Y 233l Ao 3 SFAH S A
Y=ro] sl = A STHEH A=A of T2 4R 37 AFAI<0.658 THEo},
AR ol mhE A W Bt v S EEe 4 3271 7k Al &3<37dBAE TSIl
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Fig. 1. Effects of Occupants and Classroom Activities on the Acoustical Conditions in Active Classrooms
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Table 2. Data on Speech and Noise Level Measurements in Korean Schools

Age 8~10 12~15 21~27 20~25
Junior high
School Eleme?tary High University University
Special .
Special
No. of Classrooms 4 10 3 12
No. of Classes 6 21 15 15
169 (s.d.=22.5) 165 (s.d.=2.3) 247 257
R 1 }
oom Volume, m 122 (-)* 145 (s.d.=2.3)* (s.d.=54) (s.d.=58)
No. of Occupants 23 (s.d.=2.0) 28.8 (s.d.=1.6) 22 41
(Including Talker) 5(-)* 5.3 (s.d.=1.5)* (s.d.=4) (s.d.=12)
Occupancy, % 100 100 50 65
4 plenary 17 plenary
1 plenary+
1 plenary+
Classroom group work
L group work 15 plenary 15 plenary
Activities 1 plenary+
1 plenary+ . -
watching video watching video
2 individual work
Time / Class 40 min 40~50 min 50 min 50 min
Mask on Talker 4 (67%) 8 (38%) 15 (100%) 0(0%)
Me;‘)i‘;irsg;e“t March-April, 2023 March-April, 2023 March-April, 2022 March-April, 2017

Note: * for special school
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Table 3. Mean Speech Levels, Noise Levels, and Speech to Noise Ratios in 57 Active Classes (Values Where
Specifications Are Exceeded Are Highlighted in Bold Italic Font)

Age
Parameters
8-10 12-15 21-27 20-25
Speech Levels,dBA  68.5 (s.d.=6.0) 64.1 (s.d.=4.6) 54.9 (s.d.=5.4) 57.2 (s.d.=2.9)
Noise Levels, dBA 54.9 (5.d.=6.6) 48.6 (s.d.=5.4) 42.4 (s.d.=3.8) 488 (s.d.=2.1)
SNR, dBA 13.6 (s.d.=3.5) 15.5 (s.d.=3.3) 12.5 (s.d.=3.8) 84 (s.d.=2.7)
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Fig. 3. Mean and Standard Deviations of (a) Speech Levels, (b) Noise Levels, and (c) SNR Values Averaged from
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Abstract
As floor impact sound in apartment building has become a social issue, the government is strengthening the
standards and management regarding this matter. To address floor impact sound, it is necessary to understand
the vibration characteristics of the floor slab and derive reduction method based on this understanding. This
study was conducted to investigate the effect of slab vibration by performing modal test on two sites with similar
floor plans, differing only in the presence of bearing wall, and examined the influence of floor impact sound of
that through computational analysis. The results of the modal test showed differences in modal frequency and
mode shapes depending on the presence of bearing wall, as well as variations characteristics. The computational
analysis of floor impact sound indicated that the presence of bearing wall resulted in lower vibration magnitude
and sound pressure level. Additionally, an analysis of the influence of the impacting points showed that when the
point of application is located at the driving point in the mode shape, the impact sound tends to be greater.

Keywords: Modal Test, Bearing Wall, Vibration, Computational Analysis, Impacting Points
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Table 1. The Comparison between Area With /With-
out the Kitchen

Table 2. Equipment List For Modal Test

Equipment Manufacturer Model Quantity
Type Constitution Width ~ Length Areza DAQ NI SCM205V 1
m (m) () mpact
L+K 508 17.88 Hammer PCB 086D20 1
TypeA————— 352 ———
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Fig. 6. Receiving and Impacting Point on Analysis
Model for Verification of the Effect of Im-
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