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Abstract

This study analyzes the impact of subjective residential environment factors based on civil complaints data and
objective residential environment factors on housing prices. To this end, LDA topic modeling was utilized to factorize this
environment, and multiple regression analysis was also conducted. Based on the results, this study derives the following
conclusions. First, categorization of the civil complaints revealed occurrences of such complaints had an impact on
house sale and rent prices. In particular, not only traffic-related civil complaints but also traffic safety characteristics in the
objective residential environment exerted significant effects. This indicates that the civil complaints reflect the residents’
perception of the residential environment and housing price, which functions as a subjective residential environment
indicator. Second, based on a complex perspective that considers both objective and subjective aspects, the effect of
residential environment on housing sale and rent prices was identified at the microscopic level of the 100m grid. Lastly, in
addition to the subjective residential environment such as physical inconvenience, civil complaints affected housing prices
owing to a combination of prospects for future urban planning policy and other factors. The results suggest that when
a policy is established, the impact on the housing market can be proactively predicted and problems responded to by
analyzing the residential environment derived from civil complaints.

Keywords  Subjective Residential Environment, Objective Residential Environment, Civil Complaints, Housing Price,
LDA Topic Modeling
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| . Introduction lem of aging and inadequate housing both within and

outside cities. Consequently, urban redevelopment projects
1. Researel Background aiid Pu rpose were initiated in wornout areas (Yi et al., 2009). By the late
1990s, there was a significant increase in quantitative housing

Since the 1960s, rapid urbanization exacerbated the prob- supply, including the construction of new towns. Even in
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recent times, policies have predominantly focused on quan-
titative housing supply, evident in the construction of the
second and third generation new towns and the redevelop-
ment of first generation new towns (Ministry of Land, Infra-
structure and Transport, 2022). However, discussions about
the qualitative improvement of housing have been lacking.
Issues regarding qualitative residential welfare, specifically
the residential environment, have emerged as crucial social
concerns (Shin and Nam, 2012). In the field of housing
policy, there is a growing need for policies addressing how
housing supply can meet housing demands based on chang-
ing residential environments (Lee et al., 2022). The transfor-
mation of the residential environment manifests in the
value of housing, reflected through housing prices (Kim and
Hong, 2013). Understanding the relationship between resi-
dential environments and housing prices is crucial for
enhancing qualitative residential welfare.

Factors determining housing prices can vary depending
on the values of urban residents in the housing market
(Choi and Song, 2006). Recently, due to improvements in
living standards, urban residents worldwide have shown a
trend of preferring not only individual aspects of housing
but also various elements of the residential environment
(Hartig et al., 2016). This trend indicates that consumers in
the housing market are willing to pay extra for favorable
residential environment factors when choosing a residential
location (Benson et al., 1998). Consequently, research on the
impact of the residential environment on housing prices in
the housing market has been conducted from various
perspectives (Lee and Youn, 2013; Chun et al,, 2021). The
majority of these studies have utilized the hedonic price
model (HPM) to identify factors affecting housing prices
(Miranda et al., 2021; Oh and Seo, 2023). These studies have
used macro-scale objective (physical) residential environ-
ment characteristics, such as education levels and land use,
as variables to determine factors influencing housing prices.

However, the determinants for homebuyers’ decisions
cannot be fully explained solely by objectively measured
factors and often are influenced significantly by subjective
elements such as unique social experiences and residents’
perceptions (Ka.ng et al,, 2021). The consideration of subjec-
tive residential environment factors has led to research that
relies on surveys or interviews for data collection

(Buonanno et al.,, 2013; Yang et al., 2023; Yoon and Park,

122 =REAE, 59 M1 (2024)

2003). One drawback of surveys is the subjectivity arising
from individual perspectives and items, making data
processing less efficient in terms of time and cost (Zhang et
al., 2018).

Generally, studies on residential environment in the hous-
ing market have predominantly been conducted from the
perspective of housing suppliers. However, as the interest in
qualitative aspects has increased, researchers have expanded
their analysis to include the perspective of housing demand
(Ohand An, 2011). Understanding the opinions of residents,
who are the actual consumers of housing, is considered a
crucial factor in measuring subjective residential environ-
ment and its subsequent impact on housing prices (Zhang
et al., 2018; Jang and Go, 2021). Some studies have utilized
civil complaints as a proxy for subjective residential environ-
ment. Civil complaints contain detailed location informa-
tion, making them conducive for analysis, and they enable a
comprehensive evaluation of urban issues and neighbor-
hood environments through reports of physical discomfort
like illegal parking or violations in disabled parking spaces
(Kim and Kang, 2019). Moreover, dissatisfaction with resi-
dential environments is closely associated with civil
complaints and is reflected in residential satisfaction (Kim,
SJ. et al., 2020). Lower residential satisfaction can act as a
factor for residents to consider moving from their current
residences (Barreira et al., 2019), and such satisfaction levels,
depending on their degree, have influenced housing prices
positively or negatively (Ahmadi et al., 2022). Hence, areas
where civil complaints representing subjective residential
environments are frequent may signify lower residential
satistaction, potentially exerting a negative influence on
housing prices. While existing research related to housing
prices has identified the significant role of objective residen-
tial environment factors, few studies have considered both
subjective and objective residential environment factors in
determining housing prices.

Against this backdrop, the aim of this study is to empiri-
cally analyze the factors influencing housing prices based on
subjective residential environment factors, utilizing civil
complaints, and objective residential environment factors”
indicating physical living conditions. Specifically, it seeks to
categorize civil complaints as a representative proxy for
subjective residential environment factors and determine

which types of civil complaints are closely related to the
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housing market. The findings of this research are expected
to serve as valuable data for future policymaking in the

housing sector.

2. Scope of Research

The scope of the study is as follows: Temporally, it spans
the year 2020, and spatially, it covers Incheon’s Yeonsu
District. These temporal and spatial boundaries were set
based on the availability of key indicators such as civil
complaints data, allowing for the acquisition of residential
environmental factors. This period coincides with the period
of stabilized housing transaction price index (Korea Real
Estate Board, 2020)2), and includes all housing transactions
and civil complaints that occurred in Yeonsu District in 2020.
In addition, Incheon Metropolitan City ranks third in civil
complaints, following Gyeonggi Province and Seoul
(Anti—Corruption and Civil Rights Commission, 2023), and
within the Seoul metropolitan area, it has the highest civil
complaints per capita.s)

Furthermore, Incheon’s Yeonsu District has undergone
rapid changes in residential environments due to continu-
ous housing supply and development in Songdo Interna-
tional City. It is an area where the average housing price has
continuously fluctuated. According to Statistics Korea, the
average year of construction completion for apartments in
Yeonsu District is 17.4, suggesting no apparent issues.
However, in reality, the proportion of aged buildings in the
original city center exceeds 78%, indicating a ditference in
the physical residential environment between the vulnera-
ble original city center and the newly developed Songdo
International City, which belongs to the new city center.
Therefore, it was deemed a suitable region for identifying
determinants of housing prices based on differences in resi-
dential environments, even within a single area, from a

microscopic scale of the 100 m grid.‘i)

I1. Theory and Literature Review

1. Objective Residential Environment and
Housing Price

In cities, the residential environment encompasses the

entirety of the living environment surrounding residences

and activity areas. In a narrow sense, it refers to the physical
environment around housing, while in a broader sense, it
includes social, economic, and cultural aspects (Kang et al.,
2003). The meaning of residential environment has been
discussed extensively, ranging from the urban environment
at the regional level to the indoor and outdoor environ-
ments of houses. The term has various definitions depend-
ing on economic/social environments and physical/
non-physical aspects (Park, J.O. etal.,2009). While the defini-
tion of residential environment depends on the scope of
analysis and data, a more comprehensive approach is
needed. The value of the residential environment and satis-
faction among residents influence consumers’ willingness to
pay and choice in the housing market, thereby impacting
housing prices in that area.

Research on the influence of the residential environment
on housing prices has primarily relies on the Hedonic Price
Model (HPM), utilizing objective residential environment
factors representing the physical residential environment of
houses and surroundings. The HPM is a model inferring the
determinants of housing prices for three main groups of
explanatory variables, describing the structure, location,
and neighborhood characteristics of houses using Ordinary
Least Squares (OLS) (Rosen, 1974). Park and Rhim (2010)
analyzed the factors affecting housing prices using HPM,
assuming differences in perception between buyers and sell-
ers regarding the value of homes. They distinguished
explanatory variables into household characteristics, estate
characteristics, location characteristics, school characteris-
tics, and environmental characteristics, utilizing actual
transaction prices of high-end and low-end apartments in
Seoul and Busan from 2006 to 2009. The results revealed
different factors influencing housing prices for different
regions and high-/low-end apartments, attributed to the
differing valuation standards for apartments in different
areas.

Furthermore, studies have been conducted using HPM to
elucidate the impact of residential environment factors on
housing prices (Lee and Choi, 2016). However, HPM
assumes spatial homogeneity of housing prices and price
invariance, making it difficult to fully reflect the structural
characteristics of housing prices (Chun, 2016). Additionally,
in South Korea, where apartments with a fixed structure

and group housing styles are prevalent, there is a possibility
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of spatial autocorrelation (Kim and Jung, 2010). To address
this, non-parametric methods like Geographically Weighted
Regression have been utilized. However, these methods
have limitations such as challenging hypothesis testing, the
need forincreased samples with additional explanatory vari-
ables, and minimal improvements in analysis results (Seo,
2019). As such, HPM, which also offers ease of interpretation,
is commonly utilized.

In relation, research has been conducted to ascertain the
factors affecting housing prices using spatial models for the
purpose of model comparison. Chun et al. o021) analyzed
the impact of the residential environment on housing prices
by comparing HPM with various spatial models across 25
autonomous districts in Seoul. Independent variables were
set to reflect physical residential environments as well as
social and economic residential environments. The analysis
of spatial autocorrelation revealed a positive spatial autocor-
relation of 0.460 in the house sale price index, with the GWR
modelidentified as the most superior based on the AIC eval-
uation criterion. However, the difference in AIC values was
less than 2, and the Spatial Autoregressive Model (SAR)
showed lower values compared to OLS.

While studies considering spatial autocorrelation have
been carried out, most have been predominantly performed
at a macroscopic analysis unit, such as administrative
districts, or have expanded the measurement range for
spatial autocorrelation analysis. However, other than
macroscopic regional factors, factors at the level of neigh-
borhood environments surrounding residences also play a
role in determining housing price (Kim and Kim, 2019).
Moreover, while past studies focused on regional elements
due to technological and data limitations, recent advance-
ments in big data technology, analytical models, and tech-
nological and social changes have increased interest in
micro-level neighborhood living environments.

Asaresult, studies involving observations at the neighbor-
hood unit have been conducted (Kim, J-N. etal., 2020, Gong
and Kim, 2022). Gong and Kim (2022) confirmed the influ-
ence of walkable neighborhood environments on housing
prices in Daegu Metropolitan City. The study analyzed
housing types separately, dividing them into apartments
and multi-family housing. The research indicated that
subway accessibility was an important factor for both hous-

ing types, and variables representing the safety of pedestrian
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environments such as streetlight density and crosswalk
density positively influenced housing prices, indicating that
housing prices reflected the value of pedestrian environ-
ments. Kim, JN. et al. (2020) investigated the polarization of
housing prices and the consistency between neighborhood
residential environments in Seoul. According to the analy-
sis, evaluations of the residential environment confirm a
long-term demand for residential environment improve-
ments, suggesting that improved conditions may allow
accurate estimations of housing prices and emphasizing the
need to consider qualitative indicators alongside quantitative

ones.

2. Subjective Residential Environment and

Housing Price

Reviewing the relationship between residential environ-
ment and housing prices in related studies confirmed the
significance of the residential environment as a critical factor
influencing housing prices. Additionally, it was found that
various external factors, not only internal or individual
factors of housing, exert a complex influence. Thus, previ-
ous studies hold significance in estimating housing prices
through objective residential environment indicators.
However, they overlooked the fact that housing price deter-
mination is significantly influenced by subjective factors
such as social experiences and residents’ perceptions (Kang
et al,, 2021). It is essential to consider not only objective
factors but also diverse subjective factors, such as expecta-
tions for redevelopment during that period, installation of
undesirable facilities, and social and neighborhood environ-
ments to fully comprehend the determinants of housing
prices.

Subjective residential environments have primarily been
studied through surveys and analyzed across various sectors.
In domestic research, Yoon and Park (2003) conducted a
survey based on the Likert scale regarding preferences for 29
subjective residential environment factors in the Bundang
and Ilsan areas. Using these results, they constructed inde-
pendent variables and established a housing price determi-
nation model. The outcomes revealed that preference
factors for street layout, communal spaces, property value,
outdoor environment, and neighborly relationships signifi-

cantly influenced housing prices. The housing price deter-
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mination model that incorporated subjective residential
environments exhibited superior explanatory power
compared to the existing models.

However, surveys measuring subjective perceptions of
residential environments have faced criticism for being
subjective based on individual evaluators and items, causing
inefficiency in terms of time and cost for data processing,
and posing difficulties in interpreting results (Zha.ng et al.,
2018). Consequently, in urban planning, there is an increas-
ing use of data to objectively reflect subjective residential
environment factors (Jang and Go, 2021). Both domestically
and internationally, research utilizing various data to
measure subjective residential environments has been
conducted.

In South Korea, studies utilizing civil complaints data (Kim
and Kang, 2019; Kim, S.J. et al., 2020; Park and Lee, 2022) and
research utilizing housing reviews on the real estate platform
Zigbang (Kim and Lee, 2020; Jang and Go, 2021) have been
carried out. Internationally, studies using Google Street
View's street landscape data and computer vision methodol-
ogies to assess the perception of street environments have
been conducted (Zhang et al., 2018; Verma et al., 2020).

These previous studies mainly investigated the correlation
between subjective residential environment factors and resi-
dential satisfaction. However, they were focused on the
macro level of administrative districts, and failed to analyze
the micro-scale neighborhood environments perceived by
residents. Other limitations include the exclusion of
non-apartment housing types and the utilization of only
male household heads as samples.

Moreover, residential satisfaction goes beyond mere evalu-
ation, acting as a factor that can cause residents to move
from their existing residences (Barreira et al., 2019). If the
factors determining satisfaction provide substantial value,
they can influence housing prices significantly (Ahmadi et
al., 2022). In South Korea, despite a tendency to equate resi-
dential satisfaction and the determinants of housing prices
(Choi and Min, 2008), subjective residential environment
factors were only considered as influencing residential satis-
faction.

Studies considering subjective residential environments as
factors influencing housing prices have been conducted
abroad (Buonanno et al., 2013; Qiu et al., 2022). Buonanno et

al. (2013) analyzed the influence of housing environment

factors, focusing on residential security, on housing prices in
Barcelona. They conducted surveys after controlling for
local characteristics such as local public spending and immi-
gration. Based on this, they divided residents’ perceptions of
security and crime into urban and non-urban areas, and
constructed variables. The analysis showed that perceptions
of crime induced additional increases in housing prices, and
regions perceived as less secure exhibited lower housing
prices.

Meanwhile, Qiu et al. (2022) surveyed Shanghai, China,
and used computer vision and machine learning alongside
surveys to analyze the impact of residential environments
on housing prices, and compared their performance. They
found that subjective residential environments had a greater
impact on explaining housing prices than objective residen-
tial environments, such as the individual characteristics of
housing and demographic/sociological features. However,
they highlighted that the correlations between subjective
residential environment factors were relatively high,
emphasizing the need for complementary relationships
between objective and subjective residential environment
factors, rather than solely relying on subjective factors for

analysis.

3. Distinctiveness of Research

Through the review of theory and prior research, it has
been confirmed that residential environment is a major
factor in determining housing prices. Asinterest in the qual-
itative aspects of housing increases, research has expanded
beyond the internal and individual factors of housing to
include external factors. Moreover, moving beyond macro-
level analysis based on administrative districts, data focusing
on micro-level neighborhood environments has become
available, enabling more detailed consideration of citizens’
living environments. While residential environment-related
research has traditionally been approached from the
perspective of housing suppliers, recent considerations of
housing as a residence rather than an investment highlight
the importance of a demand-oriented perspective, specifi-
cally focusing on actual homeowners. In most studies,
despite the emphasis on qualitative indicators like subjective
residential environments, their utilization has been limited

due to data acquisition constraints.
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Therefore, this study’s distinctiveness is framed as follows:
First, the characteristics of subjective residential environ-
ments have been shown to significantly influence housing
prices, reflecting residents’ actual perceptions and attitudes
in local areas. Yet, despite this understanding, prior studies
exploring determinants of housing prices have relied solely
on objectively constructed indicators using GIS or field data
collection, overlooking subjective residential environment
characteristics. This research aims to examine the impact on
housing prices by considering both objective and subjective
residential environments, thus standing out in its compre-
hensive approach.

Second, prior studies considering subjective residential
environments mainly reflected residents’ perceptions based
on evaluation scores derived from surveys and interviews.
However, surveys are subjective and can yield varied results
depending on individual characteristics of evaluators and
items. They are also limited in processing large volumes of
data due to time and cost constraints, and pose challenges in
result interpretation. In contrast, this study uses civil
complaints data reflecting actual residents’ opinions rather
than researchers’ subjective survey-based questions. This
dataset encapsulates not only physical inconveniences but
also the issues pertinent to that period, allowing for
comprehensive considerations. In particular, the use of
around 30,000 samples of civil complaints data supports
more refined interpretations compared to survey data.

Third, past research often focused on administrative
districts or output areas within the whole city of Seoul.
However, this only considered a macro approach from the
perspective of regional living areas, not explore micro-level
neighborhood aspects. Additionally, civil complaints
primarily occur near residential areas and exhibit spatial
clustering rather than evenly distributed patterns across
administrative districts, necessitating a micro-level
approach. This study distinguishes itself by investigating the
impact of micro-level residential environmental factors on
housing prices by subdividing the spatial scope into neigh-
borhood units, employing a grid-based approach based on

neighborhood living environments.
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lil. Analysis Methodology

1. Overview of Analysis

To achieve the research objectives, this study aims to
analyze the impact of subjective residential environment
characteristics based on civil complaints data and objective
residential environment characteristics on housing prices in
Incheon’s Yeonsu District in 2020. Housing prices were cate-
gorized into sale prices and rental prices, utilizing real trans-
action data provided by the Ministry of Land, Infrastructure,
and Transport.

The flow of the analysis is as follows (see (Figure 1). First,
the Latent Dirichlet Allocation (LDA) topic modeling tech-
nique is employed to categorize the occurrence data of civil
complaints and extract multiple topics. This is a statistical
technique used to discover latent topics within extensive
unstructured document sets (Park et al., 2017). Second, the
derived topics are structured as subjective residential envi-
ronment variables, while objective residential environment
variables are constructed based on residents’ primary
concerns identified from civil complaints. Third, multiple

regression models are applied with the constructed variables

| Method |

L LA 1

Python
Konlpy Package 1

Pv‘tHQn_
Gensim Package

Hesult }
Complaint Occurrence
'
¥
| Python, ArcGIS |-
Geocoding
Network Analysis

[ Multiple Linear Regression Analysis ]

Figure 1. Analysis flow
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asindependent variables and housing prices (sale and rental)

as dependent variables.

2. Categorization of Civil Complaints Data
through LDA Topic Modeling

1) LDA Topic Modeling

LDA topic modeling is one of the text mining techniques
used to extract meaningful topics from a collection of text-
based documents and identify subtopics related to these
topics. This model is a probabilistic algorithm that assumes
relatedness among words within the same document, itera-
tively identifying clusters of words that co-occur and defin-
ing topics based on this assumption. Topic modeling is
primarily applied in text analysis and other unstructured
data analysis, enabling data acquisition from various docu-
ments such as news articles and social media.

The topic modeling technique utilized in this study,
employing the LDA algorithm, is based on the hypothesis
that clusters of words share common topics, analyzing
topics present in documents based on the proportions of
words. Unlike clustering analysis assigning one word to only
one topic, this probabilistic method allows a single word to
relate to multiple topics, making it a useful technique
among various topic modeling approaches (Lim and
Hwang, 2022).

The LDA algorithm infers document structure and
hidden variables based on words within documents, gener-
ating a designated number of topics through the Dirichlet
distribution for the words in a document set. The process of
the LDA algorithm is depicted in (Figure 2>, a reconstruc-
tion of Ruozz's (2019) data. This represents the process of
finding latent variables through the appearance of a unique
observation: the nth word, wd n, in the dth document. Each

variable in the generation process carries specific meanings:

Dirichlet Per-word
parameter Topic assignment
Per-document Observed Topic
Topic proportion word Topics hyperparameter
a - Zan Wiin N By £
D K

Figure 2. LDA algorithm process

D refers to the total number of documents in the corpus, K
represents the total number of topics, and N signifies the
number of words in the dth document. f k is the vector corre-
sponding to the kth topic, having the length of the entire
corpus’s word count, while 0 and 1 are hyperparameters

directly specified by the user during the model configuration.

2) Process of Categorization of Civil Complaints Data

LDA topic modeling was employed for the categorization
of civil complaints in Incheon’s Yeonsu District, aiming to
identify subjective residential environment elements based on
the analysis results. The utilized data was the grid mapping
information of civil complaints in Yeonsu District in 2020.
Python’s Konlpy and Gensim packages were used for
frequency analysis and topic modeling. The total civil
complaints reported were 33,516, and for preprocessing,
special characters, foreign languages, spaces, and non-infor-
mative stopwords were removed. To maintain the reliability
of type analysis (Kim and Jeon, 2022), the tokenization process
focused solely on general nouns crucial for understanding
the context while eliminating less significant adjectives or
adverbs that could be extracted when considering all units.

Initially, frequency analysis was conducted to determine
the core keywords of frequently occurring civil complaints,
visualizing them through a word cloud (see (Figure »).
Frequency analysis is an effective method of comprehend-
ing the current status and trends. Keywords with high
frequencies in civil complaints represent focal points of
concern for residents. Among the grid-based civil
complaints, the most mentioned keywords were “illegal
parking-related reports”, which occurred 11,384 times.

"G

Other top keywords were “safety”, “crosswalk”, and
“library”.
Establishing the optimal number of topics is crucial to

ensure the study’s reliability during the model setup. An
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Figure 3. Frequency analysis and word cloud of complaint
occurrence
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insufticient number of topics can result in broad subject
matters, while an excessive number can lead to over-clus-
tering of data. To determine the optimal number of topics,
there are two primary methods: the researcher’s subjective
selection and an unsupervised learning-based approach
using machine learning. As the subjective selection method
may vary in determining the number of topics depending
on background knowledge and perspectives, this study esti-
mated the optimal topic number based on unsupervised
learning.

This method primarily utilizes coherence and confusion
concepts. A higher coherence score signifies that each topic
comprises coherent and interrelated words. Meanwhile, the
confusion score represents the probability of topic occur-
rence and word occurrence within a topic; a lower value
indicates a more appropriate model. Since the confusion
score mainly indicates the model’s adequacy in learning the
target documents, it is more appropriate to use coherence
(Cho, 2022). By prioritizing coherence and considering
confusion as a secondary factor, the optimal number of
topics was determined to be 9 (see (Figure 4).

The summary of topics derived from the categorization of

&

"". E \\

e
/

perplay scon
b
& B

tonerence wore

g

H 5 8 )

H 5 8 » o " :
mmber of topics

Number of topics

Figure 4. Process of setting the optimal number of topics
(left: coherence, right: perplexity)

Table 1. Results and top keywords for LDA

civil complaints is presented in {Table 1) and visualized in
<Pigure 5. A total of nine topics were identified, with the
topic having “Songdo™ as the top keyword addressing facil-
ity installations and direct administrative demands of the
residents. Other topics highlight issues like illegal parking
problems, inconveniences within residential complexes, and
demands for additional infrastructure. In (Figure 5), each
circle represents an individual topic, with the circle’s size
indicating the proportion it holds within the entire set of
topics. The distance between circles signifies the similarity
between topics (Chehal et al., 2021). That is, closer circles
denote more related topics.

Topic 1 revolves around civil complaints concerning the
division of Songdo 4-dong and 5-dong, as revealed through

LRI

keywords such as “Songdo”, “administration”, and “division
of Dong”. During the process of dividing Songdo 4-dong,
with over 50,000 inhabitants, into 4-dong and 5-dong, there
was a dispute between residents and Yeonsu District when a
newly proposed plan conflicted with the existing adminis-
trative district plan.

LRI

Topics 2 and 5 exhibited keywords such as “site”, “nation”,
“relation”, and “request”. Unlike other topics, these did not
explicitly present inconveniences within residential environ-
ments but were identified as complex civil complaints. Civil
complaints regarding daily life may indicate specific policy
demands or issues related to particular areas, resulting in
complex civil complaints, as noted in Lee and Kim's (2021)
study. Specifically, Topic 2 civil complaints were found to be
concentrated in Songdo-dong in terms of spatial distribu-

tion. While this tendency may not be directly linked to

Topic Top keywords

1 Eli?ﬁgf; fordivisionahadmniziatie Songdo Administration Division of Dong Opinion Yeonsu District
2 Other complaints Civil Complaint Site Nation Effort Report

3 Opposition to cargo yard Zone Cargo Coal yard Demand Gu office

4 llegal parking report Report lllegal Parking Safety Sinmungo

5 Other complaints Relation Request Yeonsu Review Policy

6 Disabled parking area vehicle violation Zone Boundary Resident Disorder Parking

7 Require additional bus station installation Bus Bus Station Region Progress Jurisdiction

8 Problems with wide-area express railways Build Incheon Tower Plan Tram Railroad network
9 Songdo beach bus request complaint Songdo Request Bus Remote area Sea

128 rREAE, 59 M1 (2024)



The Effects of Subjective Residential Environment Based on Civil Complaints Data and Objective Residential Environment Factors on Housing Price

Selected Topic: |0 ||_P-rev!ous Topic || Next Topic || Clear Topic |

Intertopic Distance Map (via multidimensional scaling)

Slide to adjust relevance metric:® =
=1 00 02 04 06 0B 10

Top-30 Most Salient Terms'

PC2
4 Report
Songdo

lllegal

Zone

Safety

Sinmungo

Parking and stopping

Administration
Request
Division of Dong
Bus

Shuttle

Remote Area
Complex

9 Boundary

8 Crosswalk

Sea

Opinicn

Yeonsu District

Bus Station

Original Plan

Civil Complaint

y Build
3 Site
Yeonsu

Resident

Library

Relation

Disorder

Parking

Marginal topic Sitribution

Overall term frequency
I Estimated term frequency within the selected topic

1. saliencyfterm w) = frequency(w) * [sum_t p(t | w) * logip(t | wi/pit))] for topics t; see Chuang et al (2012)
2. relevance(term w | topic t) = A * piw | 1) = (1 - A} * piw | tp(w; see Sievert & Shirley (2014)

Figure 5. Visualizing the results of an LDA

keywords, the region-specific complex civil complaints
could have had an influence.

Topic 3 primarily revolves around civil complaints
centered on the installation issue of the cargo yard within
Songdo Zone 9 in 2020. The installation of the cargo yard in
Zone 9 was planned back in 2006 to address the shortage of
hinterland areasin Incheon Port and facilitate smooth cargo
handling. However, contrary to the initial plans, the influx
of around 30,000 households into the adjacent Zone 8 led to
changes in the residential environment, triggering concerns
among residents regarding safety, traffic, and aesthetics.
Consequently, numerous civil complaints have been raised
within the affected area by the residents of Songdo to
protect their residential environment.

The most frequent Topic 4 presents keywords such as
“illegal”, “parking”, and “report”. This indicates that public
safety was significantly affected by illegal parking within
Yeonsu District at the time of investigation. A closer exam-
ination of civil complaints showed that there was a high
frequency of reports related to illegal parking at the cross-
roads within Yeonsu District.

Topic 6 is characterized by keywords like “zone”, “disor-

der”, and “parking”, suggesting civil complaints primarily
related to violations of parking in areas designated for
disabled individuals. Topic 7 encompasses issues concerning
the addition of bus stations, highlighted by keywords such
as “bus”, “bus station”, and “facility”. It also addresses illegal
parking problems in the vicinity of bus stations. Topic 8
revolves around civil complaints related to the wide-area
express railway system in Yeonsu District, indicated by
keywords like “build”, “tram”, “railroad network”, and
“wide-area express railway”. Topic 9 primarily involves
requests concerning a circular bus service along the coast-

line in Songdo-dong,

3. Analysis Data and Variable Setting

The dependent variables consist of the price per square
meter for both sale price and rent price, forming two sepa-
rate models (see {Table 2)). To construct these dependent
variables, transaction data for actual sales and monthly
rents” occurring in Yeonsu District, Incheon in 2020 were
utilized. Individual transactions were spatially aggregated

based on the analysis unit of 100 m grids. Eventually, the
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Table 2. Variables for analysis

Variables Unit Explanation Source
Dependent variable
Unit housing price Unit housing sale price 10k Housing price divided by housing size
Unit housing rent price won/m*  was averaged in grid
Objective housing environment Molit Korea
Housing size m? Average exclusive area in grid
Housing - : S
b Housing year Year Average housing year in grid
Floor Floor Average floor in grid
Number of households Number  Number of households in grid
] Rate of old age Rate The elderly/total population in grid SGIS
Regional =
characteristics Number of house Number  Number of house in grid
. New city center=1
Type of city center Dummy 0ld city center=0 LH COMPAS
T I Number of grid center points within Smart Incheon
Safety 500 m System
characteristics Car ownership ratio N Number of cars/household in the grid
_ — LH COMPAS
Number of police reports Number of reports in grid
Shortest distance to park
Shortest distance to library Shortest distance based on walking Public Data
:
Accessibility Shortest distance to bus station network Portal
characteristics - .
Shortest distance to hospital
Commercial facilities within 500 m Number GandalestalEnisan convetisiice
stores only
Subjective housing environment
1) Request for division of
administrative districts
2) Other complaints
— LH COMPAS
. 3) Opposition to cargo yard
Complaint i Number  Number of complaints in grid
occurrence 4) lllegal parking report

6) Disabled parking area vehicle
violation

8) Problems with wide-area express
railways

* ArcGIS Network Analysis was used to calculate the shortest distance from the center point of the grid where housing transactions occurred to the target.

average sale price and average rent price for each grid were
used in the final analysis.

Since the deposit amounts vary widely for monthly rent, a
standardized conversion can be used to facilitate comparison
between monthly rent and lump-sum deposit rent. Hence,
the monthly rent was converted into lump-sum deposit
rent using the rental conversion rate” by housing type in
Yeonsu District for 2020. The rental conversion rate, publicly
disclosed annually by the Korea Real Estate Board, has been

used to standardize variables in past research using rent as a
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dependent variable (Ha and Jin, 2021; Kim and Yoo, 2022).
The independent variables were categorized into objective
residential environment and subjective residential environ-
ment (see {Table 2). For the subjective residential environ-
ment variables, the frequency of civil complaints by topic
type at the grid level was used. Utilizing the nine topics
derived from the categorization of civil complaints data,
topics with Variance Inflation Factor (VIF) values exceeding
10 were removed to address multicollinearity. The selected

variable was the frequency of civil complaints for six civil
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complaint topics: 1) request for division of administrative
districts, 2) other civil complaints, 3) opposition to cargo
yard, 4) illegal parking report, 6) disabled parking area vehicle
violation, and 8) problems with wide-area express raitway.

In constructing the objective residential environment
variables, the criteria were based not only on the literature
review but also on the key concerns identified in the catego-
rization of civil complaints by residents. As a result, 15 vari-
ables were developed, classified into housing characteristics,
regional characteristics, safety, and accessibility.

The variables under housing characteristics comprised the
average area, average housing year, and floor within the
grid. The area and housing year are significant factors affect-
ing housing prices, and different studies have shown varying
outcomes depending on researchers’ analyses (Gong and
Kim, 2022). Moreover, the floor of a house is known to posi-
tively influence the residential environment, as higher floors
tend to provide better privacy and a sense of openness (Bae
etal.,2018).

The variables under regional characteristics consisted of
the rate of old age within the grid, the number of house-
holds, the number of houses, and the type of city center
(new or old city center). According to the housing filtering
theory, as housing ages, its quality deteriorates, leading to an
influx of lower-income populations and ultimately result-
ing in a decline in housing prices (]un and Jung, 2021).
However, in the case of Yeonsu District, there is an ongoing
increase in housing prices and an upward trend in the rate of
old age, as reported by the Ministry of the Interior and Safety
of South Korea in 2020. Therefore, the outcomes may not
necessarily align with theory.

The number of households and number of houses gener-
ally have a positive impact on housing prices. However, in
the case of Incheon, particularly in Songdo-dong, due to the
increase in housing supply within the new city center, there
may be a different trend in household and housing counts
compared to the original city center, where housing supply
has stabilized. The type of city center is a variable that distin-
guishes between the old and new city centers in Yeonsu
District. Itis a dummy variable coded as 1 for the presence of
anew city center. The city center status is expected to have a
positive impact on housing prices as it reflects ongoing
development in Songdo New City.

Safety-related variables include the number of crosswalks,

car ownership ratio, and the number of police reports
within the grid. These variables reflect elements related to
traffic safety, such as “safety” and “crosswalks”, which were
identified as focal points of interest for residents during the
categorization of civil complaints.

Particularly in Yeonsu District, there are frequent civil
complaints demanding additional installations of bus
stations and transportation facilities. This indicates that resi-
dents place significant importance on pedestrian environ-
ments, and thus, the density of crosswalks is deemed an
important variable. Gong and Kim (2022) also mentioned in
their research that the presence of crosswalks is a crucial
factor in terms of traffic safety and has a positive impact on
housing prices.

The car ownership ratio is based on the ratio of cars per
household within each grid. This, along with the number of
police reports, was adopted considering the occurrence of
numerous civil complaints related to traffic issues like illegal
parking and violations in disabled parking areas during the
categorization of civil complaints. While Lee (2011) specu-
lated that a higher car ownership ratio might indicate aftlu-
ent residents and positively influence housing prices, this
observation was not statistically significant. Nonetheless,
given the prevalence of civil complaints related to cars in
Yeonsu District, the results of this study may be different.

Accessibility-related variables include the proximity to
parks, libraries, bus stations, shortest distance to hospitals,
and the number of commercial facilities within 500 m from
the grid center. This selection aligns with the categorization
and frequency analysis of civil complaints, where requests
for library construction and various traftic-related civil
complaints were prominent. Furthermore, prior research
suggests that open spaces like parks provide a pleasant envi-
ronment for residents, positively impacting housing prices.
Commercial facilities, limited to convenience stores and
general restaurants located near residential areas, were also

considered.

4. Analysis Model

Multiple regression analysis was conducted as shown in
Eq. (1) to examine the influence of the frequency of civil
complaints by type, a surrogate for subjective residential

environment factors, along with objective residential envi-
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ronment variables on housing prices. Here, Y represents the
dependent variable, X denotes the explanatory variables, €i
stands for the stochastic disturbance term, and i represents
the ith observation. The coefficient  represents the partial
regression coefticient, indicating the net effect of a one-unit
change in the explanatory variable on the mean value of Y
(Park and Hong, 2009).

In this study, a multiple regression model with 21 inde-
pendent variables was constructed to explain the dependent
variable (average transaction price of housing per unit area).
Multiple regression analysis, commonly used in economic
and social science analyses, offers the advantage of accu-
rately assessing the effect of individual independent variables
by controlling for the influences of other variables (Park and
Han, 2015). Furthermore, the analysis was conducted for
both sale prices and monthly rent prices. Rental prices
reflect the demand for housing services, representing the
use value. Sale prices, on the other hand, encompass both
use and investment values, acting as a composite indicator
that reflects both aspects (Sung and Park, 2014). Therefore,
in this study, the aim is to explore how subjective residential
environment factors based on civil complaints data and
objective residential environment factors aftect both rent

and sale prices.

Ys‘=23jxfj+eé (1)
i=0

IV. Analysis Results

L. Descriptive Statistics Analysis

The multiple regression model was categorized into sale
and rent models based on the dependent variables, and
before conducting the analysis, descriptive statistics were
performed for each model (see {Table 3)).

The average of the dependent variables was observed to be
KRW 3.65 million per square meter for sale price and KRW
2.36 million for rent price.

In housing characteristics, the floor and average area
exhibited relatively high standard deviations, likely due to
differences in housing types.

Under regional characteristics, instances where the

number of households and number of houses had a mini-
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mum value of 0 indicated partially missing data in the grid
statistics. The maximum value of 1 for the rate of old age,
meaning a grid where the entire population consists of
elderly individuals, was observed. Areaswith a rate of old age
of 0.5 or higher were mostly located in the old city center,
indicating a probable association with housing prices.

Regarding safety aspects, the number of police reports
displayed an extremely high standard deviation, hinting at
potential law enforcement blind spots in vulnerable areas.
Meanwhile, the car ownership ratio showed a higher mean
value in the sale price model compared to the rent price
model, accompanied by a substantial standard deviation.

In terms of accessibility, significant standard deviations
were evident across all variables. This likely indicates certain
blind spots in accessibility due to limited infrastructure
supply compared to the continuous supply of new housing
in Songdo New City.

Regarding the occurrence of civil complaints by type, the
mean value in the sale price model was notably higher than
in the rent price model. Additionally, there was a substantial
difference between the maximum and minimum values.
The original data suggests that for some types of civil
complaints, certain individuals consistently filed similar
complaints, leading to the clustering of multiple reports in

specific areas.

2. Analysis of Housing Price Determinants

The analysis results, as shown in {Table 4, reveal an
Adjusted R-squared of 0.882 for the sale price model and
0.720 for the rent price model. Factors influencing housing
price in the objective residential environment indicated
significant individual characteristics in both models. In
regional characteristics, variables such as the number of
households, number of houses, and type of city center were
consistently significant across both models. In the rent price
model, the rate of old age emerged as an additional signifi-
cant factor. Regarding safety, the number of crosswalks was
consistently significant across both models, while for the
rent price model, the number of police reports stood out
significantly. In terms of accessibility, distance to park was
consistently significant, and in the sale price model, the
number of commercial facilities showed significance. As for

subjective residential environment factors, different signifi-
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Table 3. Descriptive statistics

Sale price model (249 grids)

Rent price model (270 grids)

Parameter Unit - -
Min Max Mean SD Min Max Mean SD
Dependent variable
Unit housing price w;r?fmz 12288 1,076.00 365.68 20455 &0 524 236.04 103.37
Objective housing environment
Housing size m? 2213 19683 74656 2987 12 186 64.79 2933
Housing 4 sing year Year 0 40 2013 997 O 41 1720 993
characteristics
Floor Floor 0 2952 7.20 598 0 31 583 6.20
Number of households Number 8 911 14525 10554 0 911 9436 9990
Regional Rate of old age Rate 0 1 028 0.15 0 1 0.22 019
characteristics Nymber of house Number 11 928 12715 9726 O 928 6202 8097
Type of city center Dummy 0 1 0.25 0.43 0 1 0.26 044
Number of crosswalks 0] 97 3482 2194 0 97 3770 2369
Safely car ownership ratio Number 001 1154 111 085 0 488 086 070
characteristics
Number of police reports 2 284 4797 4178 0 1,362 61.650 11218
Shortest distance to park 8156 194196 23018 21465 039 257339 37081 31367
Shortest distance to library 711 270113 40142 39344 5481 392223 608156 50030
: m
Aesesstly  oovestdsmEnceInbos 438 55049 14382 8539 236 76289 21413 14207
- - station
characteristics
Shortest distance to hospital 10.30 1,09793 22781 160.67 0 164253 32746 25658
ggg”rr:em'al facilitieswithin -\ ber 62 3441 05258 56708 O 3441 112351 72590
Subjective housing environment
Ty Heguestice diasion of 0 653 298 4146 O 6 020 068
administrative districts
2) Other complaints 0] 21 092 245 0 23 0.64 204
3) Opposition to cargo yard 0] 35 1.44 422 0 22 0.69 2.50
Complaint : s
occurrence*  4) lllegal parking report umber g 307 1338 3557 0 1,172 1244 7356
&) Disahletl partdng atea 0 39 136 408 0O 29 087 299
vehicle violation
8) Problems with wide-area 0 19 101 272 0 19 0.52 197

express railways

*\ariables with a VIF greater than 10 have been removed to solve the multicollinearity problem.

cant variables appeared depending on the model.

The variables in individual characteristics significantly
impacted both models. The average area showed a negative
influence, indicating that smaller areas correlated with
higher average housing prices per square meter. This trend
likely stems from the recent increase in single-person
households, retirement among baby boomers, and
increased demand for smaller homes due to escalating price

burdens on larger residences. Indeed, according to KB Real

Estate (2020) and Statistics Korea (2020), comparing the first
and fourth quarters of 2020, Incheon Metropolitan City
experienced more significant price increases for small-
er-sized properties, with a substantial surge in the average
price per square meter for smaller homes. However, for
homes exceeding 102 square meters, the change was
comparatively minimal.

The average housing year had a negative influence on

both sale and rent prices. Despite the tendency in Yeonsu
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Table 4. Analysis results

Sale price model (249 grids)

Rent price model (270 grids)

Parameter - -

B SE Sig VIF B SE  Sig VIF

(intercept) 459273 34.876 0.000** 253.308 20.685 0.000***

Objective housing environment
Housing size -0.688 0205 0.00T™* 1891 -0.503 0.132 0.000™* 1342
g'ﬁ:g{';‘%nsﬂcs Housing year 5155 0791 0.000"* 3135 -1888 0469 0.000™* 1953
Floor 17575 1634 0.000™* 4798 9244 0.844 0.000** 2468
Number of households -0.370 0101 0.000™ 5744 -0120 0.064 0.060* 3.633
BTl Rate of old age -43423 42972 0313 1947 -36756 21.598 0.090* 1527
characteristics  Numpber of house 0272 0104 0.009** 5119 0134 0080 0.093* 3738
Type of city center 131.268 18.699 0.000™* 3279 55228 12917 0.000** 2.885
Number of crosswalks 0679 0356 0.058* 3069 0518 0261 0048 3447
Eﬁ;‘??{;tensﬂcs Car ownership ratio 8988 58150124 1235 -5331 5205 0307 1187
Number of police reports -0110 0131 0402 1500 -0068 0032 0035 1172
Shortest distance to park 0070 0032 0.032* 2421 -0049 0.018 0.006™* 2715
Shortest distance to library 0017 0017 0327 2336 0002 0010 0865 2391
’é}f‘a’fjcst'é’r'igcs Shortest distance to bus station 0097 0066 0139 1582 -0020 0029 0498 1565
Shortest distance to hospital 0010 0037 0777 1768 0022 0019 0250 2105
Commercial facilities within 500 m -0.058 0013 0.000™* 2833 -0.005 0008 0542 3362
Subjective housing environment

1)2{3%%;2{&";?52 gs 0231 0158 0144 2153 2867 Q528 0764 3772
2) Other complaints 13664 4987 0.007* 7517 4251 4021 0292 6.040
Complaint 3) Opposition to cargo yard 1247 2073 0548 3858 3384 2337 0149 3063
pecHrence 4) lllegal parking report -0.045 0269 0867 4595 -0173 0094 0.068* 4.344
6) Disabled parking area vehicle violation 9108 2615 0001™* 5722 -0384 2756 0889 6124
8) Problems with wide-area express railways  -0214 37161 0946 3713 -6371 3563 0.075* 4146

*k0.20.01, *#p<0.05, *p<0.1

District for the rate of old age to increase with housing price
(Ministry of the Interior and Safety of South Korea, 2020),
the analysis results support the conventional housing filter-
ing theory. Furthermore, this aligns with preferences
among consumers, as lower housing years generally ensure
better living environments (Kim and Yoo, 2022), which
aligns with Kim and Kim’s findings in 2019. Additionally,
within the regional context, distinctions between Yeonsu
District’s new city center and old city center can be identi-
fied. In particular, the new city center primarily received
newer residences with a lower building-to-land ratio and
higher comfort, whereas older housing concentrated in the

old city center, characterized by lower housing prices per
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square meter, exerting a negative impact on housing prices.
Housing floor showed a positive impact on both sale and
rent prices. This is consistent with the findings of Bae et al.
(2018), indicating that higher floors secure better views and
privacy, positively influencing the residential environment.
Overall, housing characteristics have proven to be signifi-
cant factors in previous studies conducted at the administra-
tive district level. However, this study, which examined the
micro-level characteristics at a 100 m grid scale, also verified
their significance. This underscores the continued impor-
tance of individual factors in influencing housing prices.
Regional characteristics showed significance in the sale

price model for variables excluding the rate of old age, while
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in the rent price model, all variables were significant. The
number of households had a negative impact on both sale
and rent prices, contrary to the findings of Chang et al.
(2021). This inconsistency may be due to the clear differences
in the spacing and building-to-land ratio between the new
city center and old city center within Yeonsu District
(National Geographic Information Institute, 2020). Spatially
uneven distribution is likely to have led to these results. The
grid-based number of households reflects population
density and is presumed to be associated with the pleasant-
ness of the residential environment.

It was only in the rent price model that the rate of old age
showed a significant negative impact. This aligns with the
findings from Hong (2015), where both sale and rent prices
exhibited a reverse U-shaped trend concerning age, with a
notable decline in rent among the elderly. This similarity
suggests that aging populations might lead to decreased
economic activity (Seong, 2009). Elderly individuals tend to
avoid residential relocations, leading to relatively infrequent
housing transactions. Indeed, transaction frequencies within
grids with a high rate of old age were predominantly low.
Therefore, the infrequent housing transactions arising from
the elderly’s reluctance to move may reflect a negative
impact on housing pricesin those areas (Lee, 2011).

The type of city center exhibited a positive influence, indi-
cating that sale and rent prices were higher in the new city
center compared to the old city center. This aligns with
previous research indicating that city centers with higher
functional roles in commerce or business tend to have
higher land and housing prices (Park and Kim, 2019). In real-
ity, this area shows a clear distinction between the declining
old city center and the growing new city center. Therefore,
this highlights the need for analyses at the individual hous-
ing and complex level to identify differences based on the
type of city center, even within the same administrative
district.

In terms of safety characteristics, some variables showed
significant effects. The number of crosswalks exhibited a
positive impact on both sale and rent prices. Crosswalks not
only contribute to walkable residential environments but
also, numerous complaints have been filed regarding addi-
tional supply of transportation and infrastructure facilities
like bus stops (Lee and Kim, 2021). Some instances of damage

were observed due to illegal parking near crosswalks. As

such, the presence of crosswalks is considered a significant
factor in housing prices.

The number of police reports showed a negative impact
solely on rent prices, aligning with the findings of
Buonanno et al. (2013), indicating that security vulnerabili-
ties and crime rates aftect the decrease in housing prices. In
addition, it correlates with the focus areas identified through
civil complaints, which revealed numerous reports of traffic
accidents and illegal activities within the target region. In
Songdo International City, many intersections have widths
exceeding 1.5 times that of standard intersections, meaning
that vehicles have to wait for 3 to 4 minutes if they miss a
signal (Cha, 2019). This leads to instances of speeding vehi-
cles passing through, increasing the risk of accidents. It can
thus be inferred that areas prone to accidents, leading to
multiple reports, can influence rent prices negatively.

Under accessibility characteristics, shortest distance to the
park exhibited a negative impact on both sale and rent
prices. This aligns with the findings of Lee, ].S. et al. (2013),
indicating that better accessibility to parks leads to an
increase in housing prices. This can be attributed to the
growing significance of natural elements such as parks and
rivers in housing selection, evident from the emergence of
terms like “supsegwon”, which literally means “forest adjacent
housing” (Kim and Jang, 2020).

The number of commercial facilities within 500 m exhibited
anegative impact on sale prices. This aligns with the findings
of Youn and Jeong (2013). Generally, better accessibility to
commercial facilities tends to increase housing prices.
However, commercial facilities can also lead to problems
such as parking issues or disruptions in the educational envi-
ronment (Lee, 2007). In the case of apartment complexes,
the presence of commercial facilities within the complex
might lower the attractiveness of accessibility to nearby
commercial facilities when it comes to housing selection
(Gong and Kim, 2022).

This study’s key variable, the occurrence of civil
complaints by type, resulted in two significant variables each
for the sale price model and the rent price model. Regardless
of statistical significance, both positive and negative impacts
were mixed, indicating a complex relationship between civil
complaints and housing prices.

Among the significant variables, “other civil complaints”
was the only one that exhibited a positive impact. This signifies
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the multifaceted nature of civil complaints. Typically, civil
complaints are associated with a negative perception,
suggesting a potential negative influence on housing prices.
However, civil complaints manifest not only as expressions
of discomfort in the residential environment but also
encompass policy demands and specific regional issues (Lee
and Kim, 2021). Even in the categorization of civil
complaints by type using keywords and spatial distribution
analysis, “other civil complaints” appeared to be related
more to policy and regional issues than discomfort in the
residential environment. While residents may not have
explicitly expressed discomfort, their subjective perceptions
reflect policy-related factors that could influence the resi-
dential environment. This is evident in the distribution of
civil complaints across specific areas.

In the sale price model, “disabled parking area vehicle
violation” civil complaints showed a negative impact. These
violations often occur in areas with insufficient parking
spaces, leading to traffic congestion in nearby regions and
prolonged time spent finding parking facilities, thus deterio-
rating the residential environment and reducing residential
satisfaction (Kim, S.J. et al,, 2020). Incheon Metropolitan
City ranks sixth among seven metropolitan cities with a low
parking availability rate relative to registered vehicles, and
this was more so in residential areas (Park, 2023). This
outcome is presumed to be a consequence of the insufficient
parking spaces in the residential environment, leading to
violations that, in turn, degrade the quality of the residential
environment in a vicious cycle.

Illegal parking-related civil complaints exhibited a nega-
tive impact on rent prices. Keywords such as “report”,
“illegal”, “parking”, “safety”, “fire hydrants”, and “sidewalks”
dominated these complaints reported through the
Sinmungo. Particularly, Okryeon-dong and Cheonghak-dong
experienced numerous cases, where the presence of large
business vehicles illegally parked at fire hydrants and side-
walks has endangered the safety of citizens and disturbed
the residential environment. In a similar study utilizing civil
complaints data, Kim, SJ. et al. (2020) empirically demon-
strated that the shortage of parking spaces in residential
areas exacerbates illegal parking problems, leading to a
decline in the residential environment and satisfaction. In
the case of the old city center, the 1,172 recorded civil

complaints occurred in areas concentrated with low-rise
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housing and commercial facilities, where illegal parking
threatens vehicular and pedestrian movement.

The issues related to wide-area express railways showed a
negative impact on rent prices. Keywords such as “construc-

EL RS

tion”, “tram”, “railway network”, and “wide-area express
railway” highlighted concerns regarding the Songdo Tram
and stations for the wide-area express railway B within Yeon-
su-gu. Incheon city aimed to address transportation prob-
lems within the Songdo International City by initiating the
Songdo Inner Loop Tram project, intending to incorporate
it into the second phase of the Incheon Metropolitan Rail-
way Network. During this process, residents from the origi-
nal city center within Yeonsu-gu raised objections, claiming
that the tram route was favoring the new city center. They
requested additional stops for the wide-area express railway
in the original city center, but these requests were not
acknowledged (Kim, 2020). Directly affected regions saw
civil complaints due to concerns about development plan
delays. This ongoing dispute has resulted in conflict between
the new city center and the original city center.

Generally, the introduction of a wide-area express railway
brings positive effects on urban infrastructure formation
and housing prices. In the metropolitan area, regions within
the influence of the railway enjoyed an increase in housing
prices upon its opening (Kim and Han, 2020). This is
attributed to the broader housing choices for consumers
due to the introduction of new regional transportation
options. As a result, areas previously lacking efficient trans-
portation witnessed an increase in housing consumption.
Similarly, Yeonsu-gu, where the new city center is experi-
encing a concentration of the wide-area express railway Line
B, has become the subject of numerous civil complaints.
This indirectly indicates issues with the transportation infra-
structure, contributing to a negative impact on housing

prices.

V. Conclusion

This study analyzed the factors influencing housing prices
in terms of sale prices and monthly rent prices based on
housing transactions in Yeonsu District, Incheon Metropoli-
tan City, in 2020. To achieve this, a detailed spatial analysis
was conducted using a 100 m grid unit. Both objective resi-

dential environment factors and extensive civil complaint
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data were considered as subjective residential environment
factors to emphasize their impact on housing prices. The
key findings and implications of this research are asfollows.

First, it was observed that the occurrence of civil
complaints by type in Yeonsu District, Incheon Metropoli-
tan City, had an association with housing prices. Despite
controlling for the influence of objective residential environ-
ment characteristics, certain types of civil complaints
showed significant impact. Particularly, there was a statisti-
cally consistent alignment between transportation-related
civil complaints and variables describing transportation and
safety within the objective residential environment. This
suggests that the data on civil complaints utilized as subjec-
tive residential environment characteristics reflect residents’
perceptions of the residential environment or housing
prices. Consequently, future housing policies aiming at
enhancing qualitative residential welfare may utilize infor-
mation on the occurrence of civil complaints as a subjective
indicator of residential environment.

Second, the impact of residential environment factors on
housing prices was examined from a comprehensive
perspective taking into account the micro-level objective/
subjective residential environment. Previous studies have
typically focused on the influence of objective residential
environment factors at the level of administrative districts
or neighborhoods. However, this study examined the rela-
tionship between the residential environment and housing
prices at the microscopic scale of 100 m grids. The findings
revealed variations among regions within the same admin-
istrative area, an aspect that was not identifiable in models
based on administrative boundary divisions. In addition, the
subjective residential environment factors used in this study
concentrated densely in residential areas, rather than being
uniformly distributed across administrative divisions.
Hence, the localized analysis method using grid units
employed in this study is deemed valuable for measuring
housing prices. Particularly, it can be useful in tailoring poli-
cies for improving residential environments by government
agencies and local authorities, targeting micro-level charac-
teristics. This signifies that urban residents can efficiently
benefit from customized residential welfare, and policy-
makers, by devising and implementing policies tailored to
local characteristics rather than administrative boundaries,

can save time and economic resources. This approach is

anticipated to contribute not only to stabilizing housing
prices in the region but also to enhancing the quality of life
for residents.

Third, it was found that civil complaints not only repre-
sent subjective residential environment characteristics such
as immediate physical inconveniences and reports, but also
influence housing prices through a complex interplay of
future urban planning prospects and other factors. Apart
from factors directly impacting the current residential envi-
ronment, civil complaints encompass demands and dissatis-
faction related to specific regional issues and future urban
planning elements, including the wide-area express railway
B line and Songdo Tram. Particularly noteworthy is that
empirical analysis has confirmed the influence in certain
areas, which were expected to be directly impacted. This
implies that residents’ expectations or perceptions regarding
urban planning elements serve as factors shaping housing
prices. In the future, the impact on the local housing
market can be predicted when planned policies are imple-
mented, allowing for preemptive responses to issues arising
from the housing policy-making process.

This study aimed to identify the factors influencing hous-
ing prices in Incheon’s Yeonsu District, focusing on various
factors, including the subjective residential environment
reflecting residents’ perceptions. However, there are certain
limitations to this research. First, it did not account for
differences in housing types where transactions occurred,
implying that future studies considering both regional
factors and differences in housing types in analyzing hous-
ing price influences may yield more accurate results.
Second, while the consideration of subjective factorsin addi-
tion to objective factors improved results, the high correla-
tion among subjective factors was not fully reflected. The
civil complaints data used in this study can be constructed
on a monthly and yearly basis, suggesting that subsequent
time-series research incorporating panel models may
provide insights into housing policies for qualitative

improvements in residential welfare.

Note 1. Quantitatively measured residential environment factors were
defined as physical and objective factors, and civil complaint-
based environmental factors as non-physical and subjective
factors.

Note 2. The distributions of lump-sum deposit price index and sales price
index in Yeonsu District, Incheon are as shown below.
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Note 3. The civil complaints per unit population are 0.175 cases in Seoul,
0.236 cases in Gyeonggi, and 0.392 cases in Incheon, indicating
a higher frequency of occurrences in Incheon.

Note 4. The 100 m grid units utilized in this study were based on grids
provided by SGIS and the National Geographic Information
Institute. The grid's origin (starting point) is defined as 300 km
west and 700 krn south from the UTM-K projection origin.

Note 5. Actual transaction data was obtained for detached multi-unit
housing, multi-family housing, and apartments as classified in
the nationwide population and housing census.

Note 6. The conversion rate was used to convert the monthly rent into
the lump-sum deposit for detached multi-unit housing, multi-
family housing, and apartments in Incheon's Yeonsu District

Note 7. The number of transactions occurring in grids with a rate of old
age above 0.5 were mainly in the low range of 1 to 5, except for
one grid with 78 transactions.
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