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Introduction

New real estate curriculum development
— Real estate big data analysis, for the first time in Korea
Data driven research
— 40 million land lots for about 30 years
— Gwangjin district in Seoul, Korea
Smart phone application
— Pilot project
— GIS specialist + CE professor + myself
First paper in this kind
— Easy~~



Literature

McMillen (2003) studies changes in housing price gradients per h
ouse over time in the Chicago area to test the monocentric city
model of Chicago.

— the phenomenon of “Back to the City of Chicago” is evident by showing that t
he gradients estimated by a hedonic model decline by more than 8% with ea
ch mile of distance from the central business district (CBD).

Cosman and Davidoff (2015) test whether land rent gradients in la
rge metropolitan cities influence the levels and growth rates of ap
artment rents and housing prices (gradient as location premium).

— They conducted a metropolitan city—level analysis and therefore had to estima
te an average spatial gradient for a city by integrating the gradients across lo
cations within the city.

Heikkrila et al. (1989) use the housing price gradient per lot area.

In this paper we focus on only one district of a large city by calcu
lating assessed land value gradient measures per square meter.



Literature

« Retaill market area analysis



Literature

« Real estate price and transportation polic
y change



Mass appraisal in Korea

We use the tax-assessed value of each land lot, which is assessed
jointly by both property appraisers and government staff.

In Gwangjin District, two teams of certified property appraisers (t
wo on each team for a total of four) are appointed as assessors.
They appraise 919 representative land lots comprising roughly 3.1
% of all land lots in Gwangjin in 2015.

Then the government staff mass-assess the remaining non-repres
entative land lots.

As of 2015 there were 3,792 certified public appraisers, or 0.74
per 10,000 people in South Korea.
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Gwangjin district,
Tax assessment, 2015

<Table 1> Descriptive statistics; area size and assessed value

N | Min Max Mean STD | Skew | Kurtosis
Areasize(m?) | 250 Il 185,110 518 GO0 | BO| 99543

VRWIRY | ME0| ;00| 22800000 284777 LSOLT6| 26| W

o - m?isasquare meter, roughly 10 square feet.
o Value is measured in Korean Won (KRW), which is roughly USD 1/1000.

o  Thus, the average size of a land lot is 5,150 square feet, while the average value is USD 2,848 per 10

square feet, NTD = KRW 40,
NTD 70,000/M2




=Table 2= Zoning and Current Usage Mismatch+

Total .

Current Uzage .
- - m -
Besid | Comm, | Res Indn | Calim Faver
Zona - ertial - | ercial. | +Com.| stmal. @l | Woods.| FBoads.| =ide- | Park.| Others.
Residential | 10 |
18633 | 2755 | 3903 3 g 64| 2663 g| 17 42 | 28239
% of 1000 |
Zome | 659%.| o7l 13mee.| el me| 2% eame|  mel see| 1% -
tﬂtﬂl .
Commercy I .
al. o4 4] 78 ) ) ) T8 ) ] | osm
Yo of 1000 |
Zome | 159%. 577l 132%. ooeed ome.|  0oel| 13290 oueel| 0ueel| oes >
total o
(rean . L. _
22 63 _ _ 4 215 15 | 148 3 13| 760
o of y . - |
Zome | OB BIB npec | oo sml| 23| 20em| 0| | 24| 1000
tﬂa‘l ) 1 SO i B
Total. N. |
18,809 13 179 | 2066 | 156 | 1m 60 | 29.610
q_-'
;I'ﬂ | e e sl 100 5%l smel| e m”,;j{ |




Specification of assessment error

We constructed the following model of a given land lot’s assessed value:

where V is the assessed value and P is the true value of land lot 7 at time 7, and ¢ 1S an crror

term.

Our gradient measure is calculated by subtracting V.. fromV, , where j is another land lot in

the market area. Therefore, if =, . and =, . are iid, then the error will be canceled out in the

1"3 3 -
gradients. Also our return measure is calculated by ——, where s > 7. Thus there remains some
ut T 1

bias 1n our return measure



Gradients

How to and why?
Only the Center pt matters

calculation

Sense of community,

Bust station distance

< Table 4> Number of surrounding land lots used i gradient calculations +

Statistcs 10Me | 10~20M¢ | 20~30Me | 30~50M | S0~TOMe | T0~100M4e
Maxe 4 I 604 84 13
Mine 4 14 14 14 14 L4
Meanv 064 4% 63 19N N B
ST+ W23 34 8 11y 2y
Zero Gradient*s 8519 15174 89 308 184 Sl

*1f the land lot in question 15 too big to have surrounding land lots within the siven radius eriferion, 1t s

assigned a gradient of zero.#



Four groups

« we divide all the land lots in the retail market
area into four groups using both the assessed

value and the measured gradient of each land
lot:

— (HVHG) lots with higher assessed values and higher
gradients

— (HVLG) lots with higher assessed values but lower g
radients

— (LVHG) lots with lower assessed values but higher g
radients

— (LVLG) lots with lower assessed values and lower gr
adients, Ignored here and after



<Table 5> Descriptive Statistics: Year 1990

Unit: KRW

HVHG Value

HVHG_
Gradient

LVHG_
Gradient

LVHG Value

HVLG Value

HVLG_
Gradient

STD

Number
of data

2,700,000

1,400,000

237,042

1,365,173

435,532

643,091

162,665

869

1,400,000

594,000
660000 434858
1283586 4cq 499
100566 53 447
145 145

2,100,000

1,500,000
1,553,103
133,882

145

433,667

172,592

263,541

155,804

145



<Figure 2> Visualizing the HVHG group:
Year 1990
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Discussions

e Three Hypotheses

 First, the then mayor of Seoul changed the public bus
route in the market area in 2004.

« Second a new but third subway line was opened in 19

96 and this change can also be visualized and analyze
d.

« Third, assuming that four hypothetical investors purcha
sed whole land lots in 2010, in four land groups respe
ctively—HVHG, HVLG, LVHG, and LVLG—what will be t
he outcomes in 20157

— By analyzing annualized yields and standard deviations of five yearly
return series, we can test the mean variance theorem, or the “no risk,
no return” hypothesis by using both Sharpe ratio measure and statisti
cal test method.



Bus route change, 2004

s R 1
sterol S <l
o= Subway Line2 iy o s

o= Subway Line § o e

w{ )= Subway Line 7

e
\\ﬁ OE} J .y
+

Achasan Mountain

e TRy Aun
7/ - edhi
N g Aineaay \ F ¢
s A ﬂ:kn‘ Sinatoliaunmy g
ﬁ 5 ey s ':"_',-m“é
A ' ' uwy F
V. o o :ﬁ: \wmnﬂmuﬁ i Lot L
i Au o Ny >
S wuy Ny
- Ruiviiv e
— — ) —
» e CLLE s -"-"B'F' .'m\ ~
i aa i ’ vy ~
[ P f eal E
2 = Y »

Green dot: In the HVHG group in both years.
Red star: Shifted to the HVHG group in 2006 from not being in the HVHG group in 2003.
Black triangle: Falls out of the HVHG grouped in 2006 after being in the HVHG group in 2003.
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Green dot: Remains in the HVHG group from 1990 to 2001.

Red star: Shifts to the HVHG group in 2001 after not being in the HVHG group in 1990.
Black triangle: Falls out of the HVHG group in 2001 after being in the HVHG group in 1990.
Dotted line is subway line 7, which opened in 1996, while the three large circles are stations along
the line.



Investment analysis,
2010 to 2015

Transition probability, Risk adjusted Sharpe,
T-test Efficient frontier

m HVHG % of HVHG (1,177) HVHG (1,205%) 3.51% 1.56% 2.24

HVHG (1,205%) 1117 92.7% | HVLG (276%) 3.78% 1.88% 2.01
P HVLG (276%) 39 14.1%
LVHG (276Y) 21 76%  |LVHG (276%) 3.49% 1.68% 2.06

Mean Variance
0.0380

0.0378 *

Test of returns difference 0.0375

0.0370
HVHG & LVHG 11

0.0365
HVHG & HVLG D DT** 0.0360

1 0.0355

HVLG & LVHG 90*
HVIGELVHG I

0.0345
0.000 0.005 0.010 0.015 0.020




Change of market area,
from 1990 to 2001

Green dot: Is in the HVHG group in both years.
Red star: Shifts to the HVHG group in 2001 after being in either the HVLG group or the LVHG
group in 1990. This might be seen as something of an upgrade.
Black triangle: Shifts to either the HVLG group or the LVHG group in 2001 from the HVHG gro
up in 1990. This might be seen as something of a downgrade.



Change of market area,
from 1990 to 2015

1990 2015




From 2003 to present




Limitations

« Both the 70~100 meter radius used in gradient calcula
tion and the criterion of being in the top 5% in assess
ed value for grouping land lots into our four categorie
s are arbitrary choices.

« However, from the applicability point of view, these crit
eria provide flexibility.

« Secondly, regarding the applicability of the findings to
land investment, we fail to define the economic intuiti
on behind the HVLG, LVLG and LVHG categories as pre
cisely as possible.



Smartphone application

User can choose
Region
Distance for gradient

Sampling threshold
for 4 groups

Years for market area
change

Years for investment
analysis

e Problem

— Service delivery time
of map

* Tile map
— Server capacity



Beginning Is the answer.
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