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The Historical Landscape Change of Jeju Mid-mountain Area
and Human Activities, and Implications of Oreums
for the Environmental History of Jeju Island

Jungjae Park* - Jongheon Jin**
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BAEe] .88 AFES] HEATO R SIASIRS], I AFNENAE 05 150) A 2 FFS

Abstract : Based on paleolimnological records from Mulyeongari swamp, Jeju Island, we reconstructed the
history of landscape change in Jeju mid-mountain area. Before agriculture, the mid-mountain area of Jeju
Island was mostly forested land, unlike the present situation. At that time, grasses were scattered only on some
oreums (small volcanic cones in Jeju dialect). Because barren soils of Jeju did not allow immigrant farmers
from the peninsula to produce enough food for household, they seem to have turned their attention to the
livestock farming using oreum grasses. Since then, intensive horse raising continued through the period of
Goryeo and Joseon Dynasties in Jeju Island. Our pollen and charcoal records indicate that the size of pastures
began to increase rapidly ca. AD 1100 when the Goryeo Dynasty annexed the Tamra Kingdom. By the end
of the 13th century, pastures of Tamra Ranch established by the Yuan Dynasty, were extensively expanded

to have a similar size to the present grassland. These artificial landscapes of the mid-mountain area have
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The Institute for Korean Regional Studies, Seoul National University), jungjacp@snu.ac kr
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remained largely unchanged until now due to continuous livestock activities during the Goryeo and Joseon
Dynasties. Thus, it is likely that the presence of grassy oreums led to a unique herding culture in Jeju Island.
As the current residents and visitors of Jeju Island perceive the oreum as the representative landscape of Jeju

Island, to the past residents the oreum was a major landmark that had a great influence on their real life.

Key Words : Jeju Island, mid-mountain area, oreum, landscape change, livestock farming, pollen, charcoal
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Analysis of Local Variables’ Influence on the Conversion Rate to the
Monthly Rent of Key Money Deposit of Apartments in Seoul

Hyemi Kim* - Jinhong Park** - Jinmu Choi***

20F: A 7271 §AE T BERUA vlgo] Z7ISHAN AUAALE X Eo] B A7) FRAo] F7)
sl gle}. e, AYAIASE AT T Eo] AAEIRA AR e WA £} o Ao o
AT, SRR o]05] AYA AT Taol Bk AYATOIAE Ao iso] Ftste] HASIgom, Theel
AN ATRSE TR AUA IS 72 WAL FRsteet, bl £ A7odE 7|12 A8
g 0] o) A WSS 712 mefekin, B2 B9l B AUAATE AFRS BAs, a9
Q1 HAL glste] WY ARG GWR HAE BEoHGOR, 2 maat 33h B9lol upel chA ek
LAATHE A\ A40] Gl S SIS A4 1T AYAASL ] e W42 BEohE
A9 AYAATHE: Ago) 7V e Aolch

ZR0{: A4, A, A8HE, TARIEF, GWR, 9 dole], Aous

Abstract : As the low interest rate trend is maintained and the guaranteed rent ratio increases, the importance
of research on the conversion rate of key money deposit to monthly rent is increasing. In addition, the law on
the upper limit of the conversion rate is expected to increase the legal compliance with the upper limit. How-
ever, previous studies on the conversion rate structure have analyzed only with the global variables and em-
phasized the necessity of the conversion rate structure including local variables in many studies. Therefore, in
this study, local variables are additionally considered for the conversion rate structure, and the determinants
of the conversion rate by spatial unit are analyzed. The fixed effect model and the GWR analysis were used
for the determinants analysis. The influence of the local variable of the conversion rate, which varies accord-
ing to each model and spatial unit, was confirmed. Using the local variables for the conversion rate confirmed

in this study, it will be possible to set the conversion rate of key money deposit to monthly rent at local areas.

Key Words : Conversion Rate, Key Money Deposit, Monthly Rent, Fixed Effect Model, GWR, Panel Data,
Local Variable
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Politics of Affects in Shipbuilding Industry Cities
- Focusing on Affective Urbanism -

Jinsook Shin*
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Abstract : This article discusses the way in which affects as transpersonal bodily capacities and changes be-
come a invisible part of constituting landscapes, focusing on representations of shipbuilding industry cities.
Emphasizing on the fact that affects can mediate and be mediated by apparatuses, encounters and condi-
tions, this paper traces a specific forms in which affective life is imbricated with representations. The ques-
tions of this paper is how the various sensory modes of being in the industrial area is imbued with relations
of social/geographical power, but is irreducible to power’s effect and how affects and emotions act as part of
assemblage constituting and landscaping industrial cities. Especially, it highlights the industrial affective
community associated with the liquid fears. By developing the perspective of affective urbanism, this paper

can contribute to understand the spacial politics of affect within industrial cities in post-industrial era.

Key Words : Shipbuilding industry cities, Affects, Liquid fears, Affective community, Affective urbanism,
Spatial politics of affects
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Abstract : This paper aims at highlighting the multi-dimensional, complex and hybrid nature of the bor-
derland in the Korean peninsula. Relying on the post-territorialist view to the territory and border, it sug-
gests to see the borderlands as a social product that has been created and re-produced through complicated
interactions among, and dynamic practices of, various forces and actors who have been living and operating
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The Semantic Encounter between Representationess and

Non-representationess of Landscape: Cultural Geography of
Ahn’go’ri-Bak’go’ri Folk Housing Landscape of Jeju Island

Wonseob Song*

9F: o] =it Puld ZFIHAAA| et Fto] A1 7HA] T, Aol A T uAA g €] e
EA 290 gt FAS fI9h =1toltt, o] fIste], Al bA R -wIA 2] e 9] 334 31 Al
U5 54 A (B i i, bodily affect) 241 9] A-5-52014 F-5215-9]7F 212t AH © 2 A1 9] AN o} ]
A o2 A9 Feid ol A-8HS =Fednt, o Yozt & 8] Ay Eol AR AZE ] Q1SS HolE
O 2 HAro] EAel= AAH Hol= = /N o] v E A (FESEitk, suprasegmental feature)S 513 U] il
A} gt

Q0] 1 Z3E W, AEA e A, v, A RE), =2 SR 56

Abstract : The main purpose of this paper is to explore the semantic encounter between representationess and
non-representationess of landscape in cultural and historical geography. By giving empirical buoyancy to the
reciprocal relationship between the spatial form of Ahn g0 ri-Bak go’ri folk housing and liberal communitari-
anism as the bodily affect of Jeju haenyeo(women divers), this paper demonstrate that representationess and
non-representationess of landscape are inter-locked in cultural landscape of Ahng6 ri-Bak g6 7i folk housing.

Through this, finally, the suprasegmental feature of the concept of landscape is emerged.

Key Words : Cultural landscape, Landscape geography, Representationess, Non-representationess, Affect,

Bodily affect
LAZ ARS AT et BoixA ol mEohe A
ot Al SHAR WA R FAZ T tigt w3}
2 =28 Hite, FWUGREL landscape) o] AE A A HF& Aledh= 78 olf= AFE oA
3 (FHHE, representationess) 2} HI A &4 (G B 2]-trA e AgTAR W AT iLst el S
P, non—representationess) F 7112] &3}x] 2] 4] 7l A2 E5}o] Zalx|g)st ATl 1] Z=a QAR
ol 238w, ATk A -wA dAe oA} {i 2olal & 4= Q= Aol et AE A Ht

* ESFAARR| 8} AL, A=A Al AATE] A ARESHATAT 52 (PhD in cultural and historical geography, Manager

of World Cultural Heritage Studies, Centre for Jeju Studies, Jeju Research Institute, South Korea), culturalgeo@gmail.com
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ol E3leh= Aolnt, o17]A HIEA] ZrzE|ofof g
AP, WE I Zolehs A A e AT
HAES] A A8 v O & S A=A O A
—7——047‘4 TeAFY g A AsdeE Sl
3 (BT, manifestation)= 4= A ATH= AFAlolT}
X}O FO)A FEATF 7} Xﬂ—rsﬂ"ﬂéﬂ =4
S e & 3t AR SR 5tk A2, 240
|5=al = Atole] A4 A of] thgh 2t 1
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T4 627t ks ol =
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I EHS 018 =

ATl XYt bR YOl op|EN ZR(EB)

Ei(20004ICH_95)
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AAEZT A i Q1 S Ao A= 578 AR A

AE] Hol7F oW 11 Aol w-5A| 9] A 1)

T = s Abgolgt EXjete, Yo7t Wk
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Abstract : This study explored ways to improve the contents framework of elementary geography education
by applying the five big ideas of geography education presented in the 2015 revised national curriculum.
First of all, the author diagnoses that the contents framework of the current elementary geography is an
ambiguous combination of the classification of geography as a discipline and the expanding environments
sequence, and that there is a lack of clear educational grounds and logic. The author notes that the 2015
revised national curriculum specifies five big ideas of geography education for the first time in the history of
geography education in Korea and summarizes their educational significances and that, but, five big ideas
of geography education present in the curriculum have some problems which do not fully correspond to the
contents framework of elementary geography. The author proposed two ways of interworking between the
five big ideas and curriculum framework: one is to reflect in contents framework of the current elementary
social studies from a conservative point of view and the other is to reconstruct the contents framework of
the geography education. Finally, the author mentions that it is major research themes to research on the
contents organizer of geography education, to develop the contents framework compatible with the contents
organizer, and to research on how to correspond to the contents framework of history and civics as two other

areas of social studies.

S w2 H 7 A9 (Korea Institute for Curriculum and Evaluation, Research Fellow)
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Estimating Housing Prices through a Spatial GAMLSS
Modeling Approach
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Abstract : Estimation of housing prices is of great importance in various sectors, including property tax assess-
ment and collateral valuation. The multi-household house (MHH) is an emerging property type for the appli-
cation of the automated valuation method in South Korea. Thus we choose Seoul, the capital of South Korea,
as our study area, and apply the hedonic price model to MHH, a common tool in property valuation. We
suggest an alternative approach to estimate housing prices — generalized additive models for location, scale, and
shape (GAMLSS) — in order to overcome the limitations inherent in the traditional hedonic price model, those
limitations being: lack of theoretical background for a functional form, assumption of a linear relationship
between the explanatory and response variables, and little account of spatial autocorrelation in model building.
We employ the GAMLSS with the spatial autocorrelation of the data being taken into account. We show that
a non-normal distribution could give a better fit for house prices and illustrate nonlinear effects of the explana-
tory variables, as well as the spatial effect of house locations on the price of MHH. We hope that the spatial

GAMLSS modeling approach in this study will lead to better property tax assessment and collateral valuation.

Key Words : Housing prices, Multi-household house, GAMLSS, Spatial autocorrelation, Non-normal distri-

bution, Nonlinear effects

of: FAIF7), GEB7 5 FEIIA L] 2 AR o2 ZLofllA] T8 o) Zhett, ofrhEe] el AE
O AT R AR 0] 79 H ARSI o A8t o2 RISk it o] @t A4S uket
FE7FA g0l B S ARSEE Y RS A-8-8k0] A& A eAITlFE 2 7HA S sk ok
FEfO] o2 A A HA, g} SEH BA IS AR 7MY, A A7) Ay 5 AEA sl
H 1go] zh= AE 58] flal 2 AFolAlE 31 GAMLSS 23S AIEkGIch, 2 APE Foll 87}
AL A o]9]9] 25 7Pshe Zlo] Hu A8 4= 9, Ao} S5 vAdE B0 FElR
AAEo] Bhgsie, miAlEro R e o] X]e] A 93] of upE ¥ AR et A2 gle Bl $1t

GAMLSS % Z-8-5 53l BAIE 7 g2 71l glo] 8714 324 9] Aehdo] AlaLE7] & 7|ttt

* Associate Research Fellow, Korea Institute of Local Finance, Researcher, Institute for Korean Regional Studies, spatialstat@naver.com

** Professor, Department of Geography, Seoul National University, Researcher, Institute for Korean Regional Studies, khp@snu.ac.kr

=-271-



Changro Lee - Keyho Park

1. Introduction

A residential building built for sale in units is generally
referred to as ‘a multi-unit house’ in South Korea. The
multi-unit house has several unique characteristics, such
as the option of co-owning a site and forming a residen-
tial community composed of inhabitants in the build-
ing. The housing type obverse of the multi-unit house is
the detached house, which is generally composed of one
building and its corresponding site. The multi-unit house
has enjoyed great popularity in South Korea in the past
due to the scarcity of urban land available for buildings,
and has taken a firm position as a representative hous-
ing type in urban areas. The multi-unit house comprises
an apartment and a multi-household house (hereafter,
MHH). According to the Building Act in South Korea, if
the floor area of the multi-unit house is over 660m?, then
itis classified as an apartment; otherwise it falls under the
category of MHH.

The valuation of housing is of great importance for
both public and private sectors. Accurate assessment of
properties is key in enhancing the taxation equity, and
reliable estimation of housing collateral by financial in-
stitutions plays a core role in keeping the collateral loans
undoubtful. Since the apartment is the most standard-
ized property type, it is relatively easy to apply an auto-
mated valuation method and obtain a reliable estimate
of the apartment market value. In contrast, the detached
houses vary in terms of location, site characteristics,
construction workmanship, etc. Thus, their valuations
remain a realm for single-property appraisal, which is
usually conducted by a licensed expert, and thus it would
be premature to apply the automated valuation method.

MHH is situated between the apartment and the de-
tached house in terms of applicability of a quantitative
valuation technique, since it is a standardized property in
part, but also shows unique characters such as location.

From the perspective of financial banks, they tend to

invest as little resource as possible to estimate the market
value of MHH, since they think it is easy to evaluate
the price of MHH. However, MHH is not the perfectly
standardized property product, and has considerable risk
that its estimated price deviates from its market value
severely. Recently, methods such as the hedonic price
model have slowly begun to apply to them in the South
Korean real estate market. Therefore, the application of
the automated valuation method to MHH is of great is-
sue in valuation practices. We decide to choose MHH as
a target property for applying the hedonic price model in
this context.

‘The hedonic price model is generally used in property
valuation, and is usually fitted by using regression analy-
sis. Property price is broken down into its constituents
such as land area, building area, presence of elevators,
and others under the hedonic price model framework,
and it produces estimates of the contributing value of
each constituent, ultimately providing the whole value
of the property by summing up each contributing value.
Although the hedonic price model is the most commonly
used method in a quantitative property valuation, it has
its own limitations and criticisms. The oldest and most
severe criticism is that the appropriate functional form
cannot be guided on theoretical grounds (Halvorsen and
Pollakowski, 1981). In practice, the Gaussian distribu-
tion is commonly assumed for the response variable,
and a linear relationship between the explanatory and
response variables is implicitly presumed in specifying
the hedonic price model, leading to inefficiency and inac-
curacy in price estimation.

We explore various functional forms for the response
variable and try to specify an optimal form for the he-
donic model. In addition, we step from the practice of as-
suming a linear relationship between the explanatory and
response variables, and instead try to capture the non-
linear relationship between variables in the model speci-
fication. In order to achieve these goals, we estimate the

price of MHH under the framework of generalized addi-
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tive models for location, scale, and shape (GAMLSS).

Since the hedonic price model has been sophisticated
in economics since its proposal, the spatial component in
model specification often went unnoticed in many previ-
ous studies. However, it is well known that house prices
are not distributed independently over space, but rather
tend to show similar values in neighboring areas, which
is often referred to as spatial autocorrelation (Basu &
Thibodeau, 1998; Tu ez /., 2007). It indicates that even
identical houses can be sold for vastly different prices de-
pending on location, and thus the house price cannot be
estimated reliably without careful consideration of house
locations. It is the first law in property valuation, though
it is frequently ignored when modelling house prices. We
try to incorporate the spatial effects into the GAMLSS
model specification in the study.

This study is organized as follows. The second section
reviews the GAMLSS and relevant literatures, and the
third section explains the data used and model specifica-
tion. Model calibration and main results are provided in
the fourth section, and finally, we present a discussion on

the results and our conclusions.

2. Literature review

Literary volumes on the hedonic price model are vast
in number, ranging from the seminal paper of Rosen
(1974) to more recent studies (Mei ez al., 2018; Michelson
and Tully, 2018), but most of them bear the limitations
given above: the conventional assumption of the Gauss-
ian distribution for property price without the due atten-
tion to the functional form, the presumption of linear
relationships between the explanatory variables and
property price, and the absence of explicit accounts of the
spatial effects on the property price.

GAMLSS could be a suitable tool to overcome these

traditional limits inherent in the hedonic price model.

GAMLSS were developed by Rigby and Stasinopoulos
(2005) to deal with non-normally distributed data: for
example, a highly skewed distribution. They also have
a flexible statistical framework to capture the nonlinear
relationship between variables (e.g. as non-parametric
smoothing functions of explanatory variables).

GAMLSS have been applied in various areas, from
medicine to the prediction of annual precipitation. Rigby
and Stasinopoulos (2006) provided two examples to
show the flexibility of GAMLSS. The first example mod-
eled the blood flow measured by tomography, which has
been estimated frequently by a normal and a t family
distribution. They fitted the blood flow by using a log
power exponential distribution, which is proven to be a
substantially better fit than the traditional distributions.
The second example in their study estimated the head
circumference of males with explanatory variable age,
in which the box-cox t distribution provides the best fit
to head circumference, indicating that the traditional
distribution such as a t family distribution is not efficient
to model the data in the study. Gilchrist ez /. (2009) con-
sidered the possibility of being admitted to a hospital as
following a Beta binomial distribution, and the length of
stay in hospital was modelled by using a series of continu-
ous distributions, such as Gamma, generalized Gamma,
inverse Gaussian, and generalized inverse Gaussian. De
Castro et al. (2010) described the GAMLSS framework
to the fitting of long-term survival models assuming that
the survival rate follows the negative binomial distribu-
tion.

In the field of ecological science, Kiffner ez al. (2011)
applied the GAMLSS assuming a negative binomial
distribution, and analyzed whether body mass and host
sex affected individual tick burdens. Hudson ez /. (2010)
investigated the relationship between flowering intensity
of four eucalypts and air temperature, and the GAMLSS
were used in the study assuming that the flowering series
follows Poisson counts with lagged dependencies of cur-

rent with past flowering considered as auto-regressive
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lags.

Hu et al. (2015) used GAMLSS for the analysis of
speech intelligibility tests and proposed an alternative
distribution: a zero-and-one inflated Beta distribu-
tion to model the data. Zhang ez al. (2015) developed a
GAMLSS-based framework to estimate the annual max-
imum daily precipitation records in the Beijing-Tianjin-
Hebei region of China. They employed cubic spline
functions to capture the non-linear effects of explanatory
variables, and utilized six widely used distributions to
model the precipitation: Gumbel, Lognormal, Weibull,
Gamma, Logistic, and generalized Gamma.

All the studies given above showed that GAMLSS
could provide a flexible model for non-normally distrib-
uted response variables, especially with highly skewed
distribution data. In addition, these studies concluded
that various distribution parameters such as scale and
skewness could be modeled efficiently through non-lin-
ear smoothing functions of explanatory variables. These
findings provide a good insight for modeling a response
variable > 0 with highly right-skewed distribution (posi-
tive skewness), the good example being a house price.

In the field of property valuation, the application of
GAMLSS is rare, with an exception being the study of
Florencio ez al. (2012) and Cajias (2018). Florencio ez al.
performed land appraisal using GAMLSS and showed
that the models are more appropriate for estimation of
land price rather than the conventional regression mod-
els. Cajias (2018) showed that the asking rents were more
accurately predicted by the GAMLSS than the ordinary
GAM. The two studies introduced property valuation
based on the GAMLSS, but their models did not take
into account the spatial autocorrelation of land prices or
rents explicitly. We try to augment this deficiency in their
studies. There are huge volumes in studies that tried to
incorporate the spatial autocorrelation of property prices
into the model specification under the framework of the
ordinary regression approach, and a few studies employ-

ing the GAMLSS to predict property prices were already

reported. However, this is the first study to the best of the
authors’ knowledge to specify the spatial autocorrelation
under the GAMLSS approach to predict property prices
in applied real estate research area.

The following improvements in the hedonic price
model are worth noting in our study. First, we try to find
a functional form more appropriate than Gaussian distri-
bution to describe the property price, which is character-
ized by highly right-skewed distribution. Second, we try
to capture the nonlinear relationships between property
price and the explanatory variables such as property age
in the model building process. Third and most notably,
we take into explicit account of the spatial effects on
the property while specifying the GAMLSS model.
GAMLSS could provide an efficient environment to
achieve these improvements, and we take full advantage
of the flexibility of GAMLSS to better predict the prop-

erty price.

3. Data and model specification

1) Data

We estimate the price of MHH in Seoul, South Korea.
The total housing stock in Seoul is made of 2,830,857
units as of 2016, with 815,552 MHHs making up about
29 percent (Korean Statistical Information Service,
2016).

The data were sampled in a random manner be-
tween January and December of 2015 from the Real
estate Transaction Management System (RTMS). The
government-operated RTMS discloses the sale prices of
houses on a monthly basis. The basic characteristics of the
samples are provided in Table 1 and Figure 1.

As shown in Table 1, a typical MHH in Seoul has a
room area of 54 m” and an allocated site area of approxi-

mately 33 m”. The average distance to the nearest subway
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Table 1. Descriptive statistics” (n=3,254)

Variables Min. Mean Median Max.
Room area (m?) 12 54 51 238
Allocated site area (m?) 4 33 29 268
Distance to subway station (m) 50 649 559 3,493
Age (year) 0 15 13 47
Unit price sold (million KRW per room area) 1.0 6.4 6.0 12.0

Figure 1. Bar chart for floors and elevators

station is about 649 meters, and the typical property age
of MHH is about 15 years. The average unit price of sold
MHHs is 6.4 million KRW per room area (m?), and
thus, the total price sold is roughly 345.6 million KRW
(6.4 million KRW multiplied by 54 m?). As indicated in
Figure 1, the floor level of MHH goes from the basement
to the fifth floor, and units on the second floor are the
most common in the MHH sales market. As for the pres-
ence of elevators, 12% of the samples (377 out of 3,254
houses) are elevator-equipped MHHs. Finally, Figure 2
shows the administrative map of Seoul with sample loca-
tions. The spaces where samples are not distributed are

business districts or mountainous areas.

Figure 2. Multi-household house locations (samples)
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2) Explanatory variables

Variables affecting the house price could be enumer-
ated endlessly. From the perspective of housing demand,
some important variables could include purchaser’s in-
come, mortgage interest rate, and credit regulations. For
housing supply, land zoning and construction costs could
have a strong influence. Therefore, selecting explanatory
variables must be a compromise between theory and data
availability.

We employ the area of each unit which is referred to
as room area (barea), the area of the site allocated to the
unit (/area), the floor on which the unit is located, age of
the house, the month on which the unit is sold, a dummy
variable of whether an elevator is equipped in the house,
and the distance to the nearest subway station as explana-
tory variables (seven variables total). We believe that we
include relevant variables affecting house prices in the
model specification under the constraints of data collect-

ability.

3) GAMLSS models

With response vector Y, and sample size 7, the linear

model is defined as

Y~N(u, 6*) )
u=Xp

where X is the nxp design matrix, § is the coefficient
vector, # is the mean vector and &” is a vector of constant
variance.

The generalized linear model (GLM) was introduced
by Nelder and Wedderburn (1972), and the normal
distribution for the response variable is replaced by the
exponential family of distributions (denoted here as D). It
includes many important distributions, such as the nor-
mal, Poisson, Gamma, inverse Gaussian, etc. The GLM

can be written as:

Y~D(u, ) ()
n=g(u)=Xp

where @ is the dispersion parameter, # is the linear
predictor and g(*) is the link function. The normal dis-
tribution, used frequently to fit empirical data, might be
replaced by more flexible distribution, and in our study is
replaced by the exponential Gaussian distribution, which
has a characteristic positive skew, and thus, is suitable
for modeling the positively skewed data such as property
price. The selection of optimal distribution for the re-
sponse variable from different distributions is explained
insection V.

Smoothing techniques can be incorporated within the
GLM framework, resulting in the term generalized addi-

tive models (GAM). The GAM can be written as:

Y~D(u, @) (©)
n=g(u)=Xp+s1(x)+ = +ss(x,)

where s; is a non-parametric smoothing function ap-
plied to explanatory variable x;, for j=1...., J. The advan-
tage of the non-parametric smoothing is that the data de-
termines the relationship between the predictor y=g(u)
and the explanatory variables, rather than enforcing a
linear relationship. Examples of different smoothers are
numerous, and we implement a P—splines smoother in
GAM.

Our chosen distribution, the exponential Gaussian
distribution, has three parameters: £, the mean of the
distribution; o, a scale parameter which is related to the
variance; and v, a shape parameter which is related to
the skewness of the distribution. Up til now we have
modelled only x as a function of the explanatory vari-
ables, but there are occasions in which the assumption
of a constant scale parameter is not appropriate; on those
occasions, modelling o as a function of the explanatory
variables could be a good option. It is also true of other
parameters including v. With enough data at hand, a

model with more flexibility to deal with variance and
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skewness would be preferred. Thus, we can now consider
a GAMLSS model and model (3) can be extended as fol-

lows:

Y~D(u, 6,v, 1) 4)
i=g1()=XiprtsuCen)+ - +s15,(x1s)
112=22(6)=Xoffots21(x21)+ - +525,(X2.)
73=23(v)=Xaf3ts310031)+ -+ +537,(x3.)
W=u@ X5~ s (car)

where D(p, 6, v, 7) is a four-parameter distribution
and where 7 is a shape parameter related to the kurtosis
of a distribution. In the case of the exponential Gauss-
ian distribution, there is no parameter 7, and thus it is
defined as a three-parameter distribution, D(u, o, v). As
for parameter link functions of the exponential Gaussian
distribution, the identity function for x and the log func-
tion for o and v are generally utilized, and thus we follow
this practice in the study.

Spatial phenomena, such as house price, cannot be
analyzed accurately without due attention to property
location. Identical houses can be sold for different prices
depending on their specific locations. Location is the first
element that comes into appraiser’s mind when valuing
properties, though it is frequently ignored or underesti-
mated when modeling the house price. In order to incor-
porate locational elements into the model specification,
we use the strategy employed by De Bastiani ez 4/. (2016)
in which relevant models for £ and other parameters
are selected first without taking into account the spatial
structure of the data, and then we fit the intrinsic autore-
gressive model (IAR) for u. The IAR model is suitable for
explaining house prices observed in geographical areas.
When we model a house price, we expect that neighbor-
ing areas are priced at more similar price levels than areas
further away. The IAR model captures this expectation
by bringing the fitted prices of neighboring areas closer to
each other.

A pure IAR model with no explanatory variable can be

written as:

y=Zyte ®)

where Z is an incidence matrix (Z=1 if data point i be-
longs to area j and Z;=0 otherwise), y is a vector of spatial
random effects for the areas, and where p~N(0, 67G ™)
for a precision matrix G and e~N(0, 6ZW ') where W
is a diagonal matrix of prior weights (De Bastiani ez al.,
2016). The precision matrix G can be made by using the
geographical coordinates of the areas. The effect of the
matrix G is to bring fitted values from neighboring areas
closer together. Formula (5) is incorporated additionally
into the GAMLSS formula (4) to estimate g, the mean of
the distribution (a linear predictor #1), more accurately.
The spatial random effects y can be calculated by using

the weighted penalized least square solution
I=(ZWZ\G) ' Z'Wy, where \=c/ci ©)

For further details, see De Bastiani ez /. (2016).

4) Fitting algorithms

Rigby and Stasinopoulos (2005) suggested two basic
algorithms for fitting GAMLSS. The first, the CG algo-
rithm, is a generalization of the Cole and Green (1992)
algorithm, and the other is the RS algorithm, which is a
generalization of the algorithm used by Rigby and Sta-
sinopoulos (1996). The RS algorithm is generally faster
and far more stable, so it is used in this study to find rel-

evant parameters in the model.

4. Model calibration and the results

1) Model Selection

We start from a simple model; that is, a Gaussian
linear model with the seven explanatory variables men-

tioned above (M1 in Table 2). Then we specify a non-
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Gaussian distribution for the response variable. We com-
pare the fitted models with no explanatory variable from
different distributions, and the distribution with the
lowest Akaike information criterion (AIC) score, in this
case the exponential Gaussian distribution, is chosen. We
specify the exponential Gaussian distribution with the
same seven explanatory variables and the fitted model is
notated as M2 in Table 2. We refine M2 by introducing a
non-parametric smoothing function applied to explana-
tory variables (M3). Up til M3, we have modelled only p
as a function of explanatory variables, but other distribu-
tion parameters such as a scale o and a shape v can also be
modelled efficiently under the framework of GAMLSS.
Thus, we can now consider a full GAMLSS model, M4.
And finally, we arrive at M5 in which the spatial autocor-
relation is taken into account additionally. The response
variable is the unit price (million KRW per room area),
and all the candidate models are defined by the same
seven explanatory variables.

The models are fitted by the RS algorithm, and we
choose the generalized R* and the AIC as model selection
measures. The generalized R* is defined as:

L(0) );

rRe=1-(, B0

L(fitted) @

where L(0) is the null model (only an intercept is in-
cluded in the model) and L(fitted) is the current model.
A model with the highest R* is usually chosen as a better

model. Models can also be compared by selecting the

model with the lowest generalized Akaike information
criterion: GAIC=—2/+k-df, where [ is the fitted log-
likelihood function, dfis the effective degrees of freedom
used in the fitted model, and k is a required penalty, e.g.
k=2 for the AIC. Table 2 shows the values of the general-
ized R* and AIC for each model.

As we go from the simple model to the spatial
GAMLSS model, the generalized R? goes up, and AIC
values continue to drop. This is demonstrated visually in
Figure 3 where the goodness of the fit improves as it goes
from M1 to M5. Therefore, we choose M5 as our final
model, the specifications of which are provided in for-
mula (4) to (6) of the section II1.

As indicated in the two bottom panels of Figure 3,
fitted values in M5 do not show a noticeable divergence
from observed values, and the residuals of M5 appear to
have no striking pattern. Therefore, we believe that we
have no serious problem in leading a discussion based on

the results of our final model.

2) Model results

We present in Table 3 the parameter estimates result-
ing from the final model, jointly modeling the location
(), variance (o) and skewness (v), as well as the spatial
structure of the data.

The response variable (the unit price of MHH) follows
the exponential Gaussian distribution with parameters s,

o and v. Parameter link functions for i, o, and v are iden-

Table 2. Model selection and criteria

Model name Response variable distribution | Generalized R* AIC
Ml Linear model Gaussian 0.32 11,234
M2 Generalized linear model Exponential Gaussian 0.38 9,768
M3 Generalized additive model Exponential Gaussian 0.45 9,389
M4 Foctdon, st and e ddiive Exponential Gaussian 0.47 9,333
M5 Spatial GAMLSS Exponential Gaussian 0.80 6,493
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Figure 3. The goodness of the fit from M1 to M5

tity, log, and log, respectively, and hence the final model

can be represented as

1=Potpb(barea)+pilareat+pb(floor)+pb(age)
+B.month+fselevator+fdist_to_subway

log (6)=yo+ yibarea+y.dist_to_subway

log (V)=80+ d1age+d2dist_to_subway

The p coefficients depend on seven explanatory vari-
ables ranging from room area (barea) to distance to the
nearest subway station, and the pé in front of barea, floor

and age represents a P-splines smoother. These smoothing

terms were employed to capture a nonlinear relationship
between the response variable and the explanatory vari-
ables, and their validity and meaning will be discussed in
the next section. Contrary to the p coefficients, the o co-
efficients are explained by only two explanatory variables
— the room area (barea) and the distance to the nearest
subway station — to relax the assumption of constant scale
(variance). The v coefficients are modelled with the help
of the age of the house and the distance to the nearest
subway station to describe the skewness of the distribu-

tion.
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Table 3. Results from the final model

Estimate Standard error tvalue p-value
u coefficients
Intercept 5.0585 0.0424 119.4 0.0000
pb(barea) -0.0365 0.0005 -66.4 0.0000
larea 0.0214 0.0006 36.0 0.0000
pb(floor) 0.0554 0.0071 7.8 0.0000
pb(age) -0.0656 0.0012 -53.5 0.0000
month 0.0126 0.0026 4.8 0.0000
elevator 0.3611 0.0253 14.3 0.0000
dist_to_subway -0.0003 0.0000 -16.7 0.0000
o coeflicients
Intercept -0.0477 0.0462 -1.0 0.3019
barea -0.0153 0.0005 -30.4 0.0000
dist_to_subway -0.0001 0.0000 2.1 0.0403
v coefficients
Intercept -0.7370 0.0392 -18.8 0.0000
age 0.0166 0.0016 10.4 0.0000
dist_to_subway -0.0003 0.0000 -6.6 0.0000

5. Discussion and conclusion

1) Linear effect

As shown in Table 3, the intercept for u is 5.0585,
which can be roughly interpreted as the average unit
price sold of MHH in Seoul being about 5 million
KRW. The coefficient for the allocated site area (larea)
is estimated at 0.0214, which means that as the site area
increases by one square meter, the unit price increases by
about 0.02 million KRW. The coefficient for the month
is estimated at 0.0126, indicating that there existed an
upward trend in the sales price of MHH in 2015. The co-
efficient for the presence of an elevator is 0.3611, denot-
ing that the MHH equipped with an elevator commands
0.36 million KRW premium for the unit price. As for
the distance to the nearest subway station, the coefficient

is estimated at -0.0003, meaning that the unit price de-

creases by about 0.3 million KRW as the distance to the
nearest subway station increases by about one kilometer

(1,000 meters).

2) Nonlinear effect

We employ a P-splines smoother for some of the ex-
planatory variables (the room area, the floor on which a
unit is located, and the age of the house) in describing the
location parameter 1. We utilize these three smoothing
terms to capture a nonlinear relationship between the
unit price and the given explanatory variables. Degrees
of freedom for a smoothing term represent a level of non-
linearity in relationship, and those degrees of freedom
for pb(barea), pb(floor) and pb(age) are 12.9, 5.4, and 9.4,
respectively. When the relationship between variables is
relatively linear, then degrees of freedom for a smooth-
ing term are close to the value of 1.0; otherwise, degrees

of freedom increase as the relationship becomes more
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nonlinear. Thus, degrees of freedom close to 1.0 indicate
that the model does not need a smoothing term to reflect
anonlinear relationship, and the linear effect is enough to
model the response variable. In our study, degrees of free-
dom for the three variables are high enough, and hence it
is essential to employ smoothing terms for modeling the
location parameter .

Figure 4 shows relationships between the unit price
and the seven explanatory variables used for the location
parameter 1, and especially, the nonlinear effects for the
three smoothing terms are apparent. As shown in the first

panel of Figure 4, the unit price shows a downward trend

as the room area pb(barea) goes from 0 m” to 200 m”*, but
it rises abruptly after 200 m”. Diminishing unit prices for
increasingly larger houses are a well-known phenomena
in the property sales market, and we can see that the unit
price shows a decreasing pattern until the house reaches
aroom area of 200 m*. When an MHH’s room area is
over 200 m” in Seoul, it is highly probable that the MHH
is not an ordinary house but rather a luxurious one, and
hence the unit price jumps up sharply after an MHH’s
room area surpasses 200 m”.

The third panel of Figure 4 shows a nonlinear effect of

the floor on the unit price. A unit located at the basement

Figure 4. Relationships between the unit price and the explanatory

variables

* The shaded areas are the 95% confidence bands.
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generates a considerable discount in the sales price, and a
unit on the first floor shows a slight discount in sales price
compared to those at the higher floors than the first floor.
There is little variation in the sales price among MHH3s
located between the second and fifth floor, though the
units on the fifth floor show a slight downward trend. We
suspect that this trend at the fifth floor might be due to
5-story MHHs that lack elevators.

The fourth panel of Figure 4 indicates a nonlinear
effect of the house age on unit price. It shows an accel-
erating depreciation in sales price over the first 10 years,
and then a relatively gentle downward trend after that.
It denotes that MHH experiences a drastic decrease in
market value over the first period since construction, and
a gradual decline in value after about 10 years. In Figure
4, the rest panels not mentioned up til now show a linear

effect of each explanatory variable on the unit price.

3) Spatial effect for u

We added a spatial effect into the final model (M5)
for estimating x, the mean of the response variable dis-
tribution. As indicated in formula (5) and (6), the pure
error effect is notated as 0., and estimated at 32.38 in our
analysis. The spatial random effect is represented as os,
and estimated at 1.07. The spatial effect might be inter-
preted more intuitively by visualizing the fitted spatial
effect, rather than inspecting random effect variances.
The fitted spatial effect for 4 in the final model is demon-
strated visually in Figure 5. The southeastern region of
Seoul shows relatively high values of the fitted spatial ef-
fect, which is consistent with a general expectation in the
property sales market, since those areas correspond with
Three Gangnam districts, an area of real estate known to
be extremely expensive.

GAMLSS is well known for its capacity of not only

Figure 5. Fitted spatial effect for x for the model M5
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modeling the expected mean but also every distribution
parameter (ex. scale, skewness and kurtosis) to a set of ex-
planatory variables. However, Figure 5 showed that con-
siderable part of property prices still remain unexplained
even after modeling all the distribution parameters. The
remaining component is the spatial effect, and this was

efficiently captured in the spatial GAMLL model.

4) Concluding remarks

Since MHH is an emerging property type for the ap-
plication of the automated valuation method in South
Korea, we chose MHH as a target property for applying
the hedonic price model. The hedonic price model is a
common tool in estimating the property price, but it has
limitations such as the lack of theoretical background for
choosing a functional form, the assumption of a linear
relationship between variables, and little account of spa-
tial autocorrelation in model building. We suggested an
alternative approach, a spatial GAMLSS model, to over-
come these deficiencies in the hedonic price model fitted
by regression analysis.

Our study area is Seoul and the samples obtained are
3,254 MHHs sold in 2015. We employed the room area,
the allocated site area, the floor, the age of the house, the
month on which the house is sold, the presence of an
elevator, and the distance to the nearest subway station
as the explanatory variables. We specified a GAMLSS
model with the exponential Gaussian distribution for the
response variable. The exponential Gaussian distribution
used has three parameters i, o and v, and each of them
was modelled as a function of some or all the explana-
tory variables given above. We also utilized a P-splines
smoother for some of the explanatory variables including
the room area, the floor, and the age of the house. Finally
we incorporated the IAR structure into our GAMLSS
model specification in order to take into account the spa-
tial autocorrelation inherent in the house price. Using the

generalized R? and AIC values, we confirmed that all the

measures we took served to improve the model fit to the
data. The interpretation of the effects of the explanatory
variables on unit price were provided in terms of three
aspects: linear, nonlinear, and spatial effect.

This study examined the prices of MHH in Seoul, and
three contributions are worth noting. First, we showed
that a non-normal distribution could give a better fit to
the data, indicating that choosing an optimal functional
form in the hedonic price model can be a quantified task
free of subjective judgment. Second, we graphically illus-
trated the nonlinear effects of the explanatory variables
on the price of MHH, and thus suggested that capturing
the nonlinear relationships in model building could give
rise to a substantial benefit in the model fit results. Third,
we included the TAR structure in a GAMLSS model
specification, and thus proved that accounting for the
spatial effect is an essential step in estimating the house
price. We hope the spatial GAMLSS modeling approach
provided in this study will be accepted on a wider scope,
including property assessment and collateral valuation

sectors, in the near future.

Note

1) The population of MHHs are 815,552 units as of 2016, and the
3,254 samples represent about 0.4% of the population. The
data from the RTMS were matched with the building registry
data to obtain additional information such as elevators, and
illogical records (ex. an MHH unit located on the 10th floor)

were removed.
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