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Ecological Effects of Greenbelt Designation in Ulsan Metropolitan Area

752 Kim Donguk””

Abstract

Greenbelt was designated by Korean government to prevent indiscreet urban sprawling for 14 large cities in 1971.

Importunate claims on deregulation of greenbelt system was continued in these days. But, ecological role of greenbelt

as fundamental information for balanced decision making was not clarified sufficiently yet. In Ulsan metropolitan

area, we clarified the roles of greenbelt system and prepared the sustainable management and improvement plans

by analyzing ecological characteristics of vegetation established in Greenbelt and its surrounding area. Decrease of

forest cover in greenbelt was lower than that of exterior and interior of greenbelt. Fragmentation patterns of forest

cover corresponded with the pattern of forest cover. NDVI of greenbelt was higher than that of inner greenbelt

and similar to that of exterior greenbelt. Surface temperature showed similar trend to that of NDVI. In consequence,

greenbelt system has carried out well its primary roles. To mitigate negative effects from urbanization, we discussed

management and improvement plans to promote ecological quality of greenbelt and urban landscape.

Keywords: Greenbelt, NDVI, Surface Temperature, Urbanization, Landscape Change
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Figure 1_Location Map of Ulsan Area
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Figure 2 _Maps Showing the Land

Cover Change in GB Around the Ulsan Metropolitan Area
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Figure 3 _Areal Changes of the Major Landscape Elements in Ulsan
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Figure 4 _Maps Showing the Surface Temperature Change in GB Around the Ulsan Metropolitan Area
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Figure 5 _ Surface Temperature Diagram of Ulsan Metropolitan City Extracted Using Landsat TM Satellite Imagery
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Figure 6 _ Maps Showing the NDVI Change in GB around the Ulsan Metropolitan Area for about 20 Years since
GB Designation
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Figure 7 _NDVI Diagram of Ulsan Metropolitan City Extracted Using Landsat TM Satellite Imagery
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Figure 8 _Change of Landscape Index of Forest Cover in IGB, EGB and GB of Greenbelt around Ulsan Metropolitan
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Figure 10 _ Ordination of IGB, GB and EGB in Ulsan
Area Different in the Degree of Artificial Disturbances
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Figure 11_ Frequency Distribution of Diameter Classes of Major Tree Species of Forests in Ulsan
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Examining the Characteristics of Traffic Accidents Involving Elderly
Drivers in Seoul, South Korea

o]x]¢ Lee Jiwon™*, 7|3 Gim Tae-Hyoung Tommy""*

Abstract

This study aims to examine the characteristics of traffic accidents involving elderly drivers with regards to the urban
structure in Seoul, South Korea. To this end, this research analyzed the traffic accident data of the year 2015 collected
by the Korean Police Agency and Koroad(TAAS). The traffic accident records being collected in a spatial unit,
spatial heterogeneity and non-dispersion are prone to occur. In order to prevent this, this study employs ordinary
least squares regression(OLS), a conventional spatial model for analyzing accident data, and geographically weighted
regression(GWR), which is an alternative to the spatial econometrics model. It was revealed that the GWR model
has a better goodness-of-fit than the OLS model. According to the GWR model, the population aged under 20
ratio and the industrial area ratio are negatively associated with traffic accidents in which elderly drivers are at
fault. Meanwhile, employment density, commercial area ratio and the numbers of subway stations, bus stops, intersections,
and traffic islands are positively associated with the traffic accidents involving elderly drivers.

Keywords: Traffic Accident, Geographically Weighted Regression, Elderly Driver, Spatial Econometrics
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Table 1_ Previous Studies on Traffic Accident Involving Elderly Drivers
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South Korea
(National Wide)

Oh, Lee, Ryu and Cross-sectional
Lee(2015) Analysis

Age, At-fault’s Vehicle Type, Human Factors, Road Type, Accident Type

. o . South Korea
Jang, Choi and | Logistic Regression

it: M li
Gim(2017) Model (unit: Metropolitan

City, Province)

Age of Driver, Road Type, Drink Driving, Accident Type

Lee, Jeung and Ordered Logistic
Woo(2012) Regression Model Nam-gu)

Road-road Way, Median Strip

Accident Type, Vehicle Type, Physical Demage, Protective Equipment,
Daegu(Buk-gu, Speed, Drink Diving, Weather Condition, Road Surface Condition, Speed
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Boufous, Finch,
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Zhang, Lindsay,
Clarke and Robbins
et al.(2000)

Logistic Regression
Model

Vehicle Type, Vehicle Manoeuvre

Age of Driver, Sex of Driver, Driver Condition, Driver Action, Use of Seat
Belts, Ejection from Vehicle, Month, Day of Week, Hour of Day, Road
Ontario, Canada | Alignment, Roadway Configuration, Road Surface Condition, Speed Limit,
Weather Condition, Light Condition, Crash Type, Left-turn Collision,

MEAl o



2 o]ojd 7M5Ado] Erh(Ferguson and Braver 2002;
Braver and Trempel 2004; Boufous, Finch, Hayen and
Williamson 2008; Z|41/d 2018). J12v} 1= 242}
O] WAL A7 F= B4 A9 Ade ez
P ALY =S v o s APe= 397ttt
wolm, tvd #199] Al 2 B4d= et a9
A2 WEAAL A ofA7HA] BERE Aol
(<Table 1> FX). ol= WAL A4=2] £ ]
oE{o] Histod Afal A 2] 9] A B

Hrgsks d AP Q7] WiEos FAdnh

Ho F

Benekohal 1997; Yan, Radwan and Abdel-Aty 2005).
olo] Bl 53] 17} 7FittE(Count Data)9] 543
= HoH(09] gho] EAeta AamkS 71]) 2ot
Z(Poisson) S FEFOILt 20 Negative Binomial)
Sl o] AEETKEL-Basyouny and Sayed 2009;
Noland and Quddus 2004; Siddiqui, Abdel-Aty and
Choi 2012; 1913, LM, AAFT 2014). (47141 =

22 =ZEAT A1027(2019. 9)

ofet SFmEL Hols meo) 7p, = et HAL
o] Sstrhs 7o) Sl THALe] 2 Tiel

0] TV SR A9 oA Tl 57 A9
o HPgR LEAIE Qe wEARTSL Skt
+ Aot & WAL thEA|g o] EAIE FAshe
5 3 TS AP 4 Qv RS A9
T2 3 2Rl EA4S At vtdshr] ofdrh=
FAE HELITKQuddus 2008).

ol2gt 7oA T AR 2 (Spatial Econometric
Models)> 2 a7E FA5L7] wiell 5714 271

At vl ol ke AEsHA A2E 4 QL
+ AHoE WAkt Zol T 99w o A}
BE BAoks Aol AAet AoR AjtEo] gt
(Anselin 1988; Quddus 2008). 52 FHAFR GO
= FTHA AR (Spatial Lag Model), 27t 21R S
(Spatial Error Model), YWFE7I&(General Spatial
Model), 21212} 7152l AR Y 50| JoH, F7H A
W& ok 37 Helo] webA 24 AY9H
HRPEAAAETY, SR, AWEIhR )t
=A1A BHPRHA 7ISRlARR) R STkl
7ot 2016). EZ FARE B3-S 2= 1ol A2
HE welto =X FAE= w7 E5hdds
Agetes QFE AFA H|o]ZF 2 ¥(Bayesian
Hierarchical Model)= AF% HF 21T Augero-Valverde
and Jovanis 2006; Quddus 2008; Huang, Abdel-Aty and
Darwiche 2010; Siddiqui, Abdel-Aty and Choi 2012).
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Table 2 _ Data Description

Variable Description
Traffic Accid
e C4C1 ent Number of Traffic Accidents Involving
Involving Y, L
. Elderly Driver in TAZ
Elderly Drivers
Population X Number of Residents
Density ' (unit: thousands) / Area
Population e Number of Population Aged Over 64
Over 64 Ratio : Years Old / Population in TAZ
Population % Number of Population Under 20 Years
Under 20 Ratio ’ Old / Population in TAZ
M;,
Pop ulaicr;n;atio X, | Migrant Population / Population in TAZ
Basic Livelihood % Number of Basic Livelihood Recipients /
Recipients Ratio ’ Population of TAZ
Employee Number of Employees(unit: thousands) /
. X
Density Area
Road Length X, Road Extension in TAZ (unit: km)
Number of Elementary Schools, Middle
School X . .
Schools, and High Schools in TAZ
University Xy Number of Universities in TAZ
School Zone | X, Number of School Zones in TAZ
Apartment % Number of Apartment Complexes /
Ratio " Number of Houses in TAZ
Residential
et entlz-i X, Residential Area / Area
Area Ratio
C ial
ommérc1 X3 Commercial Area / Area
Area Ratio (M)
Green Area
. X4 Green Area / Area
Ratio
Industrial A
n ustrla‘ rea X5 Industrial Area / Area
Ratio
P: Occupied area ratio of
Mixed Land 2 pin (p)) land use type i
Xio| =270
Use J: The number of land use
types
Subway Station | X;;| Number of Subway Stations in TAZ
Bus Stop Xis Number of Bus Stops in TAZ
Traffic Island | X9 Number of Traffic Islands in TAZ
Intersection X0 Number of Intersections in TAZ




Table 3 _ Correlation

Table 4 _Descriptive Analysis

Variable X, | X, | X5 | X | X5 | X6 | X5 | Xo | X5 | Xip Variable | Min Max Mean SD
X ! Y, 0 48 8.47 6.65
. |o16]

2| e X, 0.72 64.17 24.82 12.42
-0.51
X; e | L X, 5.54 23.62 12.65 255
X 01610141 X, 6.04 30.16 16.89 4.06
X, 0561-041\-0.121 X; 6.96 70.52 15.63 4.49
x, |00 030 0.19 1 X 0.02 11.68 1.66 1.39
g * sk sk
0.10 X, 0.26 123.45 10.37 12.32
X, s 1
01013 X, 0.00 661.34 17.16 54.94
X‘K sk sk 1
or 010 X, 0 13 3.02 2.16
S i ! X, 0 3 0.16 0.450
X I I ! - : :
sk sk L L Xw 0 10 3.39 1'79
X -0.12] 0.21 [-0.13 021
! | R | R E Xy 0.00 100.00 53.83 30.20
x., |08 0.13 0.15
12| s ok sk X1, 0.001 0.90 0.46 0.21
X 0.12 [-034] 013 | 0.09 | 0.67 0.15
13 sk | ok | kwk | % | sekx stk X3 0.00 0.72 0.08 0.10
0.63]0.12]0.19 |-0.14 0. 0.14 | 0.08
Kig ***3 % >s>s2 ok **3*5 sk |k K 0.00 0.88 0.23 0.21
-0.09(-0.10[-0.0 031
X, |09|-010]-009 031 X5 0.00 0.66 0.01 0.05
<. |038 0.13 0.08 | 0.11 X6 0.02 0.97 0.49 0.18
16 sk P * sk
x.. |017]-0.12]0.09] 0.19 040 X, 0 6 1.20 1.08
17 3 *% * sk skekck
<. |02 0.08 008009 [ 0.15 [0.13 ] 0.26 Xis 2 110 26.08 14.97
18 EE * * * ks sk sk
< |03 20.10] 0.20 0.08 Xy 0 2 3.16 3.87
X, |032[-009(016 0.17 017 027 2 . i
20 ek * sk segsk sk sk

Variable| X, | Xj, X | Xig | Xis | Xie | X7 | Xig | Xig | Xoo

Xy, 1
o = =
x. |92] 1 . IV. 1% 2K DEAID S 24
X, el I
X4 01510181 1, OLS 2§ Ty}
X | Gl 0L 1
= = O 7 =] =)

Xi 01810201 0241025 | OLS 239] M-S westr| 916to] Gauss-Markov
NEEEEEEE A3 Atk <Table 5> WD, AF 2
R REEEEE Kocnker®P)2} Jarque Bera 54101 518137, o=

-031]0.18 0240271037 . - =

-035] 009 0.16] 0.16 | 0.25 | 0.30 | 0.64 | 0.56

Note: 1) p<0.1: * p<0.05: ** p<0.01: ***
2) The correlation coefficients of variables at the 0.1

significance level only remained in the <Table 2>.

o Z 9% AGE 54 AYHT S50
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Table 5 _Estimation of OLS Analysis

Categories Value
Number of Observation 424
Akaike’s Information Criterion (AICc) 2506.95
Multiple R-Squared 0.56
Adjusted R-Squared 0.54
Joint F-Statistic 26.78
Joint Wald Statistic 256.14
Koenker (BP) Statistic 83.61
Jarque-Bera Statistic 91.52

Figure 1_Spatial Autocorrelation

Significance Level Critical Value
(p-value) (z-score)
0.01 <-258

0.05 -2.68--1.96

0.10 -1.96 - -1.65

-1.65-1.65

010 =3 1.65-1.96

005 =3 1.96-258
001 mm >258

Moran’s Index: 0.098580
z-score: 5.181393 I
p-value: 0.000000
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Table 6 _ Comparing OLS and GWR Models

GWR
OLS
Variables Coefficients VIF
Mean Max Min S.D. Coef. t
Under 20 Years Old -0.22 -0.13 -0.29 0.03 -0.21 -3.59 1.22
Employee Density 0.12 0.20 0.06 0.03 0.13 4.77 2.40
Road Length 0.01 0.02 0.004 0.003 0.01 3.22 1.02
School Zone 0.23 0.37 0.02 0.07 0.22 1.68 1.18
Commercial Area Ratio 6.46 10.20 147 133 6.71 2.10 2.09
Industrial Area Ratio -10.86 1.49 -29.34 7.56 -13.75 -2.72 1.28
Subway Station 1.10 1.31 0.58 0.12 1.09 4.69 1.30
Bus Stop 0.05 0.12 0.02 0.02 0.04 1.98 1.80
Traffic Island 0.49 0.74 0.21 0.13 0.46 6.48 1.56
Intersection 0.17 0.30 0.03 0.05 0.14 3.90 2.44
R = 061 R =055
Goodness-of-fit Adjusted R' = 0.56 Adjusted R' = 0.54
AICc = 2,488.68 AlCe = 2,493.64
SHh A Ao wEALE tPdo= o v, Ojrlo] Y2 ofdlo|50] FHAE Wlo] 22 Hol7]
A, HH82(2017)9] AFeld= BEARLE HA of] FEEE of2t TS Aul= T FYE 71eo]
A fslom Uehtor), 18 £UAS diom  of sl Fellaiee] Aloks ek By 47 7
e & =RolldE Hitl= wsARLE ST, o Zoll iRt Tso] @ HTKEYLE 20172)
o] Ho o2 g 134] m]Tke] ofglo]o] QbR | 17 A= H|argAe] Hlsf] 7Hg Aol &
BUEFL Slojo] AHE Fololet webq WEAA v BWAgo] WARS v 2243l tigo] of
Figure 2 _School Zone Figure 3 _ Commercial Area Ratio
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Figure 4 _Road Length

Figure 5 _ Intersection
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Figure 6 _ Traffic Island

Figure 7 _Bus Stop

[ 0.210818 - 0.302086
[ 0.302087 - 0.380491
[ 0.380492 - 0.448909
[ 0.448910 - 0.518871
[ 0518872 - 0.587552
[ 0.587553 - 0.658125
[ 0.658126 - 0.743309

) P
b J.‘*’.’» ;:,;.s‘"ﬁi“
25 Gar) 7

'i'\t' :‘I:}%ﬂ AR

oy

e
Ay ‘#&ﬂw’.llp
e o
b S
% ex

i
L&or]
v

[ 0.016275 - 0.030719
[ 0.030720 - 0.040683
[ 0.040684 - 0.048585
[ 0.048586 - 0.059900
[ 0.059901 - 0.075390
[ 0.075391 - 0.096468
[ 0.096469 - 0.122753

9] ofzlo] Baelolx] A WA 7hso] k. of
o olglo] BEToo] S 1 gAAfe] 7 5
g Tefek i mkl W asge] APIER, 1A A

% Hlgo] e o] ofglo] B 7AL goR
Qb

Hayshg 248 915t 54 It a7t
[e]

AR HhEE AeA BAF) WEAT B
2 ZMPIe a9l Agsict S8 Bek, A
2T, R, 2R, AT 98 BPES A0
2 3% 9] WEAT WA] 2 9L nlx)

28 ZEXT X[1027(2019, 9)

Zog EEEQ) ARG FAR G A 1
27to] FQ Wy 2oz}, Baal U xjEpo] Eajo]
Zhe Frro R, 4 2018) 73 5 1

2 B=Agolct. ¥, F¢ A

[e]
——

ol
oL
rr
3
o
3

)

5i

a9o= 2GStk U AL 222 5
= 9%t 53] B3l FE olFE oI AiH e
B Al Fofgo] W 1Y 2] kE HETt
W@7] mholl ARG 1 2Rk wFARL



Figure 8 _Subway Station

Figure 9 _ Population Ratio Over 64 Ratio
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A Study on the Size of Encirclement Space According to Coastal of
Geographical Names and Terrain in Korea

4148 Seo Seonghyeok™, #ej¥ Jung Taeyeol ™"

Abstract

Recently, the harbor has lost its original landscape of the coast and its port-space identity due to the scale expansion
through landfill and uniform landscape planning. It also made it difficult for people to access. And the purpose
of this study is to provide a standard of spatial size for the development of hydrophilic space of harbor and comfort
and familiarity to users. According to the method proposed in the study, the size of the surrounding space was
40,000~150,000m”. In order to compare the spatial scale of the various natural villages, the result of the square
conversion was 200~400m. This result is a length giving intimacy according to the theory of distance segmentation.
It is difficult to simply define the attributes of the space that can be familiar with it. However, in a sense of space
where humans perceive space of a certain size as one space, it is judged that distance is directly related to the
recognition of scale. Therefore, if the results of the study are utilized, it will be helpful to create a traditional port

space considering human scale and create an attractive landscape.

Keywords: Gok(#) in Geographical Names, Surrounded Space, Space of Scale, Coast
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Table 1_Research Subject
Province Geographical No. | Province Geographical No.
Name Name
Sim-gok 1 Han-sil 27
Cho-gok 2 Ye-gok 28
Gangwon Gi-gok 3 Ga-gok 29
-do Wit-gol 4 Hoe-gok 30
Bu-gok 5 Geomu-sil | 31
No-sil 6 d " | Byeong-gok | 32
o
Song-gok 7 Mangyang-gol | 33
Sa-gok 8 Hang-gok | 34
an-gol 9 Gol-jang 35
Dap-gok 10 Na-sil 36
Cheong-gok | 11 Seok-gol 37
Du-mo-sil 12 Won-gok 38
Gan-gok 13 Su-gok 39
Dae-gok 14 Song-gok 40
Gok-chon 15 Seongju-gok | 41
Geum-gok 16 Sowu-sil 42
Gyeongang Galmanggae-gol | 17 Jeonla Wu-sil 43
-do Maligae-gol 18 _do Dae-gok 44
Keun-gol 19 Wol-gok 45
Dal-sil 20 Geum-gok | 46
Wol-gok 21 Samma-gol | 47
Uk-gok 22 Song-gok | 48
Jeong-gok 23 Yong-gok | 49
Ok-gok 24 Chung Jang-gok 50
Oksam-gol 25 | cheong Seol-gok 51
Cheondae-gol | 26 -do Gani-sil 52
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Table 2_ Origin of the Geographical Name

Geographical

Name Origin of the Geographical Name

Nagok-ri is also called ‘Na-sil’, and the village was
Nassil called ‘Seon-ra’ because she thought she was dancing
in a silk suit. After exploring the plains of the south,
it reminds her of a beautiful silk stream in her room.

Around 390 (Korea’s King Gongyang), Choe
Bok-ha pioneered a cozy village in a large field and

Gi-gok
named it ‘Muryeong’, but later called it ‘Gi-gok’.

Behind Mt. Pirae, a mountain stream extending west
and east stretches north and south, gently surrounding
the village. There is a village in a narrow, long valley
that is sunk toward the beach, and there is a muzzle.
‘Sim-gok’ is called “a village in a deep valley”.

Sim-gok

Source: hteps://www.ngii.go.kr; hteps://www.gn.go.kr (accessed
July 1, 2019).
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Table 3 _Type Classification of Geographical Name

Group of Kind of S Ho o7l HAM
Geographical | Type | Geographical | Classification Standard I Z(®)A X182 237t 2Y
Name Name
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- o
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Table 4 _Boundary and Scope of Surrounding Space

Geographical Name Sim-gok

Division

Boundary of Surrounded Space by Contour Lines Boundary of Surrounded Space by Slope

Boundary of
Geographical Name

=== Outline
—> Open Part

O Center of Town
0 0-9°

| More than 9°

=== Qutline
| = Opan Part
' 0 Center of Town

Scope of
Geographical Name G

ok 281 ST FFAfo] mE 91a-37te] | HH O] 2lol= gl & & Urk(<Table 5> HX).

A AlE Ato] 2Jolg UotH7| FIof ttest’E 285t 2 =rolie ukEe] FHiet ot ol EF’H

of FRE H|Ws3Ir. < Jefste] HlwA | AA| ASE o] dggt

ST At ThE WA 2lolE B AA BT Ve Salde] w9183k

Lol whE 91833t R HlwA A ASEHA E ARk

o, AAE0] WA= Sl wE 7t A7 SaAdol whE 91-F7F R FA 21,050m A
ASENSS lstaleh 18y fold HE 2t Z 271,490m*2] RS HP.0m, B 93,608m =

t=0.671, p=0.5052 ZAEZ o2 T 7}x| o] u}2 A& YTk <Table 6> FX).

Table 5_ Comparison of Areas According to the Method through Contour Line and Slope

Paired Samples Statistics

Division Average N Standard Deviation Std. Error Mean
Contour 93608.48 52 52335.154 7257.580
Slope 91790.15 52 59490.307 8249.821
Paired Samples Test
Paired Differences
Divisi 95% Confidence Interval of . G Sig.
ivision
Mean Std. Std. Error the Difference (2-tailed)
Deviation Mean
Lower Upper
Contour and
gl 1818.330 19551.684 2711.331 -3624.894 7261.554 0.671 51 0.505
ope

siieh F(W) A OE2E tideR & I3zt #2of 2t a7 M



Table 6 _Scale of Surrounding space of Geographical Names by Contour Line Method

No. | Area(m?) VA@m) | No. | Area(m? VAm | No. | Aream?) | Y Am) | No. | Aream?) | v Am)
1 56,515 238 14 78,647 280 27 88,043 296 40 122,831 350
2 62,322 250 15 72,370 269 28 125,512 354 41 58,042 241
3 92,140 304 16 42,081 205 29 54,931 234 42 30,666 175
4 76,310 276 17 43,015 207 30 125,986 354 43 136,184 369
5 192,621 439 18 47,994 219 31 233,719 483 44 127,760 357
6 52,777 230 19 59,850 245 32 96,618 311 45 147,205 384
7 132,856 364 20 75,373 275 33 21,049 145 46 117,420 343
8 42,948 207 21 140,187 374 34 121,603 349 47 84,331 290
9 42,059 205 22 93,919 306 35 43,819 209 48 76,806 277
10 59,343 244 23 65,566 256 36 105,759 32 49 96,187 310
11 55,119 235 24 117,633 342 37 145,532 381 50 271,489 521
12 144,545 380 25 68,810 262 38 76,309 276 51 129,343 360
13 64,403 254 26 26,255 162 39 86,861 295 52 53,024 230
TS SaAdef e T tRE A saA F H|wolr| flof g o= gHksle] 1 g Hlwst
46714(88%)7F 40,000~150,000m’®] EE3}AL QLo Gt 1 Ayt g ¥o] Zol= XA 145moflA] Fh

o, olgfet 7S 9l8-37e] Ha Mol o 4= 9l 521m& VFERET, Bt 295mo] FEE Hgow 9
C(<Figure 2> %), TA] AP AFo] BT o a-371e] o] M9k= 300mE A= 200~400me]]
TSt FEE 2501 QU whge]l 3] Aetrs  EZISI RS ¥ 4 Stk <Figure 3>

Figure 2 _ Area Distribution of Surrounding Space by Contour Line Method
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Figure 3 _Square Length of Surrounding Space by Contour Line Method
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Table 7 _The Length and Width of the Surrounding

Figure 5 _The Length and Width of the Surrounding

Space Space
No. | Lm) | Wm) | L/W | No. | Lm) | Wm) | L/W et
34| 276 | 913 | 03 | 40 | 370 | 246 | 15 Lt
28 | 338 | 68 | 049 | 20 | 617 | 407 | 151 1300
13| 236 | 439 | 053 | 499 | 526 | 346 | 1.2 1200
421 190 | 334 | 056 | 11| 390 | 254 | 153 1100
8 | 171 | 299 | 057 | 36 | 516 | 329 | 1.56 1000 1.0
2| 230 | 391 | 058 | 46 | 649 | 403 | 1.61 900
44| 369 | 566 | 065 | 4 | 643 | 398 | L6l 800
51| 371 | s12 | 072 | 14| 527 | 326 | 161 700 T
50| 530 | 699 | 075 | 22| 463 | 284 | 1.63 600 =+
36 | 362 | 455 | 079 | 32| 362| 219 | 165 500 i
411 280 | 3290 | 085 | 45| 463 | 271 | 17 400 ‘7 B '
52 | 288 | 320 | 087 | 44| 380 | 213 | 178 300 I
32| 395 | 448 | 088 | 21 | 480 | 257 | 1.86 200
43| 636 | 705 | 09 | 24| 844 | 426 | 1.95 100

48 | 323 340 0.95 3 585 | 299 1.95

12 711 725 0.98 12 518 | 248 2.08

0 ) , vy
0 100 200 300 400 500 600 700 800 900 1000
Width(m)

21 521 469 1.11 34 401 192 2.08

14 | 608 523 1.16 | 28 853 | 391 2.18

45 574 489 1.17 | 30 637 | 284 2.24

Figure 6 _ Perspective Compression of Form due to
Visual Angle of Incidence

6 443 351 1.26 | 51 498 | 222 2.24

3 595 445 1.33 7 1008 | 416 2.42

18 | 354 265 133 | 43 | 1275 | 516 2.47

24 | 644 484 1.33 | 37 602 | 229 2.62

7 574 416 1.37 31 552 | 168 3.28

38 | 362 264 1.37 5 706 | 206 3.42

[

T

17 | 274 194 141 | 50 324 69 4.69

(Vaux le Vicomte) oA = ZrolE &= Qlrt.
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Figure 7 _Perspective Compression of Form
Phenomenon(Vaux le Vicomte)
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Table 8 _ Surrounding Space Scale in Coastal Areas

Coast(unit) Province(unit) No. Average Area(m?)
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12
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Abstract

Flood damages are continuously growing in urban areas due to the increase of impervious sutfaces and the occurrence
of extreme rainfalls caused by climate change. While traditional drainage systems are still effective in controlling
stormwater runoffs, they are inefficient in terms of costs and performance since they are only used for stormwater
management. Low impact development (LID) practices, a comprehensive soft-engineering approach, provides multiple
benefits in diverse aspects, and has been recently adopted as a key concept for sustainable stormwater management
in many countries. By using the LIDMOD3 modelling tool, the present study simulates the hydrologic performance
of LID practices in three different scenarios and explores the cost effectiveness of LID measures compared to the
conventional sewer pipeline infrastructures. A flood-prone area in Bupyeong borough, Incheon, South Korea, was
selected as the study site. The findings show that the district’s total runoff volume and peak flow are reduced by
14-36% and 33-66%, respectively, in comparison with conditions without LID installation. Non-point source pollu-
tant loads diminish by 15-36%, depending on the LID designed scenarios. Upon the consideration of construction
costs, the results indicate that LID practices can be more efficient when they are partially developed rather than
when various LID practices are applied to an entire area. The study concludes by suggesting policy implications
as to how government agencies and local jurisdictions can more effectively adopt LID practices as part of sustainable

stormwater management planning and link with future urban regeneration projects.

Keywords: Stormwater Runoff, LID, Green Infrastructure, LIDMOD3, Flood, Incheon
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I. Introduction

The average precipitation of Incheon, South Korea, for the last 10 years (2009~2018) was around 1,195mm (KMA
Open Weather Data PortalD), which was not significantly different from previous years. However, flood damages
within urban areas kept increasing over the years due to the frequent occurrence of local torrential rainfalls, which
increased the intensity of precipitation. Particularly, damages caused by inland inundation are rapidly increasing because
of the limited capacity and storage of urban sewer systems. This eventually resulted to an overflow which exacerbated
the flood damage, especially during the heavy rain (Lee 2013). I nland inundation is mostly affected by three major
causes: sediment deposits within the sewage conduit, tangled underground facilities and sewer pipes, and overflow
from the sewer line due to increased river / stream stage. Climate change, which altered the precipitation pattern
and increased the occurrence of natural disasters, has aggravated these three causes all over the world (IPCC 2007).
To properly adapt and minimize impacts from these climatological changes, environmentally friendly urban storage
and drainage approaches are required in the long-term.

The concept of low impact development (LID) techniques was first introduced in the mid-1990s by the Department
of Environmental Resources of Prince George’s County, Maryland in the U.S., to address solutions for sustainable
and cost -effective stormwater management (USHUD 2003). LID refers to various practices regarding infiltration,
detention, treatment, and flow control of stormwater close to its source in order to minimize runoff and prevent
the deterioration of water quality (UACDC 2010; USEPA 2018). The overall goal is to mimic the site’s natural
hydrological functions as pre-developed conditions (Benedict and McMahon 2006). Currently, more than 30 techniques
have been developed and adopted to collect and treat stormwater runoff. The USEPA broadened the concept of LID
and included these practices for key green infrastructure planning (USEPA 2018). Since 2013, when the Ministry
of Environment (ME) in South Korea adopted the LID manual for environmental impact analysis, a number of agencies
in South Korea started to actively control non-point pollution sources through implementing LID practices (ME 2013).
To recover the urban water circulation system, various countries are now using a similar concept of LID, while its
terms vary: Water Sensitive Urban Design (WSUD) in Australia, Sustainable Urban Drainage (SUD) in England,
Low Impact Developments Urban Design (LIDUD) in New Zealand, and Sound Water Cycle on National Planning
(SWCNP) in Japan (Kang, Lee, Koo and Cho et al. 2011). China is also paying numerous attentions in green
infrastructure planning by pursuing the concept of “Sponge City”. Since 2015, the government has been requiring
30 pilot sponge cities to retrofit at least 20% of lands serving a pervious function (Chan, Griffiths, Higgitt and
Xu et al. 2018). While the terms were used differently in diverse countries, the replacement of impetrvious pavements

with various eco-friendly alternatives, making places more resilient to floods and bringing back the natural water

1) https://data.kma.go.ke/stcs/grnd/grndRaList.do?pgmNo=69 (accessed on January 13, 2019).
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circulation systems, is a common characteristic.

Increase of impervious surfaces induces much more amounts of peak flow and reduces the time to peak, which
eventually increases the total flood volume, decreases groundwater storage, and minimizes the baseflow of urban
streams (Kim and Li 2016; Choi and Shin 2002). One of the major goals of LID is to capture the first 1-inch (25.4mm)
of rainfall, which contains the most harmful substances that remain on the roads or impervious surfaces, in order
to minimize the pollutants flowing into the sewerage systems. Although various drainage techniques have been
continuously introduced to rapidly reduce the initial rainfall, the past sewerage systems have failed to manage the
quality of stormwater outflows. Particularly, major limitation still exists during the heavy downpours with the frequent
occurrence of back flow from sewer grates. LID practices are not only efficient in controlling and capturing the
stormwater at the initial stage, but also effective in managing both quality and quantity of runoff (USEPA 2018;
ME 2013). Several studies identified that the construction of LID practices is more cost-effective compared to retaining
the traditional sewer lines and detention facilities (USHUD 2003). Considering the environmental and economic aspects
of LID, more active technical and political efforts should be paid for restoring the hydrologic and ecological functions
of urban watershed in the long-term.

This study examines the reduction effect of LID practices in stormwater runoff by adopting the LIDMOD3. A
district prone to floods in Bupyeong borough, Incheon, was selected for the study area. This paper is constructed
according to the following sections. First, previous studies that used multiple modeling approaches to examine the
impact of LID practices are reviewed and the gap of existing studies is identified. Second, research methodologies,
including study area, modeling technique, scenario setting, and analyzing method are presented. Third, runoff reduction
effects of LID, as well as installing costs for both traditional drainage systems and LID practices, are compared and
analyzed. The study concludes by suggesting policy alternatives for the effective and sustainable management of

stormwater runoffs.

II. Previous Studies on Examining the Effects of LID Practices

LID practices have been introduced to minimize the runoff and increase the water quality that flows into the existing
sewer lines. Several studies have adopted different types of LID by using various rainfall-runoff simulation models,
for estimating the runoff reduction effects (Rosa, Clausen and Dietz 2015). The US Environmental Protection Agency
(USEPA)’s Storm Water Management Model (SWMM) and System for Urban Stormwater Treatment and Analysis
Integration (SUSTAIN) are the most typical simulation models that have been employed to examine the runoff
reduction effect of LIDs (Gao, Wang, Hunag and Liu 2015; Jeon, Park, Park and Kim 2014; Luan, Fu, Song and
Wang et al. 2017; Nam, Kim, Kim and Kim et al. 2017; Park, Yoo, Park and Yoon et al. 2008; Rossman 2010;
Suh and Lee 2013; Jeon, Park and Lee 2013; Jang, Mun and Yang 2013). However, other tools, such as the
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Long-Term Hydrologic Impact Assessment-Low Impact Development (L-THIA-LID) model (Liu, Bralts and Engel
2015), LIDMOD2&3 (Kim, Kim, Choi and Jeon 2011; Jeon, Yoon, Lee and Cho et al. 2015; Jeon and Seo 2018),
Soil and Water Assessment Tool (Woo, Ryu, Moon and Jang et al. 2012), and the improved Soil Conservation Service
Curve Number (SCS-CN model) (Cronshey, Roberts and Miller 1986; Roehr and Kong 2010) were also often used
to measure the effects of LIDs in specific regions.

By using the SWMM, Park, Yoo, Park and Yoon et al. (2008) applied porous pavements and green roofs in
the Geo-du district (25.2ha) of Chuncheon, South Korea, and identified that runoffs have been reduced by 32.7%
in 44.44mm (2-yr design storm) rainfall and 23.6% in 73.16mm (10-yr design storm) precipitation. With the same
method, Suh and Lee (2013) simulated the effect of infiltration trench and chamber in three different cities’ residential
areas in South Korea and found that stormwater runoff reduced from 19.4% to 23.7%, while infiltration amount
increased by up to 20%. Luan, Fu, Song and Wang et al. (2017) simulated five different LID scenarios in the
mountainous Fragrance Hills region of Beijing, China. All LID practices had a positive effect on runoff reduction,
but the results showed that the concave greenbelt was the most effective in controlling the storm events with the
runoff reduction percentages ranging from 5.2% to 57.3% for 1, 2, 5, and 10-year rainfall events, whilst the vegetative
swale provided the least reduction effect, ranging from 0.3% to 3.0%. Jeon, Park and Lee (2013) applied porous
pavements and rainwater detention tanks in Towoul stream basin, Changwon, and discovered that peak runoff reduced
by 1.2~6.2% for porous pavements, while the reduction effect of detention tanks ranged from 2.1~11.7%, depending
on the size of a tank. Jang, Mun and Yang (2013) also found that porous pavements near the Mokgam stream
basin (5,569ha) minimized the maximum daily rainfall runoff up to 9.5%.

Gao, Wang, Hunag and Liu (2015) used the SUSTAIN to find out the impact of five different best management
practices (BMPs; green roof, wet pond, vegetated swale, porous pavement, bioretention basin) in an industrial site
located in Ma’anshan, Anhui Province, China, and discovered that approximately 41% of total runoff volume was
reduced after running the simulation. Employing both SWMM and SUSTAIN, Nam, Kim, Kim and Kim et al.
(2017) analyzed the runoff reduction amount, as well as the mitigation effect in relation to construction costs for
different LID scenarios (mix of permeable pavement, infiltration ditch, and ecological detention pond) in Oncheon
Creek Watershed in Busan, South Korea. The results showed that there were 31.7-49.1% of runoff volume reduction
through LID measures, while infiltration ditch was most cost-effective. Jeon, Park, Park and Kim (2014) applied
the SUSTAIN while evaluating four LID practices (e.g., bioretention, infiltration trench, rainwater harvesting, and
porous pavement) near the Andong city bus terminal site. The study found that a site’s surface runoffs have diminished
by up to 14-28% on average during the 550 simulations.

The LIDMOD model was often performed for measuring the runoff reduction effect of LID practices in South
Korea. With the LIDMOD?2, Kim, Kim, Choi and Jeon (2011) demonstrated that the bioretention was the most

effective means of controlling runoff compared to the artificial wetland and wet pond in a residential district of Yongin,
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South Korea. A study from Jeon, Yoon, Lee and Cho et al. (2015) revealed that the annual stormwater runoff volume
was reduced by 23% while the annual infiltration rate increased by 23.1% when porous pavement, green roof, and
bioretention was developed in a site near the Andong city hall, in South Korea. Jeon and Seo (2018) recently updated
the previous LIDMOD2 into LIDMOD3 and used them for assessing the function of permeable pavement and
bioretention in an apartment complex in Seoul, South Korea. The results of runoff analysis revealed that the discharge
volume decreased by a maximum of 37% with the 64% increase of infiltration rate. Roehr and Kong (2010) used
the improved SCS-CN model to examine the effect of green roofs and identified that the annual rooftop runoff was
minimized by 29% in Vancouver, Canada, and 55% in Shanghai, China.

To summarize the previous studies, simulation analyses that had relatively large study sites tended to construct
porous pavements, which comparatively had less spatial restrictions. In addition, a majority of studies were likely
to simulate LID practices, such as bioretention, permeable pavement, and green roof, while their runoff reduction
effects were mostly 10% higher compared to other LID measures (Jeon and Jung 2019). However, most of the study
sites were located in a relatively small municipality that did not have severe flooding issues in the past whereas only
a limited number of LID techniques were introduced during the simulation processes. Moreover, the USEPA’'s SWMM
and SUSTAIN could not sufficiently integrate Korea’s geographical conditions while running the simulation. By
employing the LIDMOD3 and choosing the flood prone area for the study site, this research attempts to fill the

previous literature gaps and determine the practical runoff reduction effects of diverse LID practices.

ITI. Research Methods

1. Study Area

Bupyeong borough has the third highest impervious surface proportion (63.3%) in the entire 10 boroughs of Incheon
(i.e., overall impervious surface ratio of Incheon: 19.9%; Kim and Park 2017). Among 31 flood prone zones, eight
areas are located in Bupyeong and the number of accumulated flooded areas was 1,250 as of 2017, which was the
highest among the overall boroughs. The study area is located within the Shipjung-1 district of Bupyeong borough
in Incheon, with the total size of 42,690.6m” (see <Figure 1>). It mostly consists of single-family housings with
some commercial buildings at the edge of streets and a small park on the southeast. Most of the land uses are
classified as 2nd class general residential zone and overpopulated constraint district. The target area has historically
suffered from floods due to it s high impervious ratio (97.3%) and low-lying location. Since the slope near the study
area is falling from the northeast to south-west side, runoff flows at the same direction, following the impervious
surfaces. This has triggered more flood damages on the southern part of the study area. In addition, dwelling units

in the study area stand close together and roads are fairly small, which prevent the construction of large-scale
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Figure 1_Study Area Surrounding Environments and Slope
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Table 1_Land Cover and Size of the Study Area

(unit:n0)
Classification Pervious Surface Impervious Surface

ive- 5 ing- - Total Size

Land Cover Barren Lawn Rooftop Drive Walk Parking Play Others

way way lot ground

Area Size by 0 0 1870.2 224.0 0 0 0 670.0 2,764.2
Each Hydrologic| C 199.6 9275 | 18,1458 | 74778 988.0 | 2,567.4 1780 | 63845 | 36,868.6
Soil Type 0 224 1,262.9 148.3 0 497.3 0 1,126.9 3,057.8
Total Size 199.6 927.5 20,016 | 1,701.8 988.0 | 2,567.4 178 | 7,0545 | 39,632.8

stormwater detention or mitigation facilities. Thus, the study area can be a suitable modeling site for investigating

the implementation effect of small-scale, soft-engineering approaches, such as LID practices. <Table 1> shows the

detailed land cover and size of the study site.

2. Scenario setting

This study analyzed the runoff reduction effect of LIDs by applying three different LID scenarios in one of the flood

prone areas in Bupyeong borough, Incheon. Each scenario is constructed as LID-friendly design (Scenariol),

LID-partially adopted design (Scenario 2), and LID- conservative design (Scenario 3). Scenarios have adopted LID

practices by balancing the three types of LID functions (vegetated facility, retention facility, and infiltration facility),
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Table 2_LID Techniques Adopted in Each Scenario

Scenario LID Type Practice Installation Location Size(m®)
Vegetated Facility Rain Garden Walkways in the southwest part 380.0
Retention Facility Bioretention Two bare lands 459.5
Scenariol Porous Pavement Walkways in the southwest part 608.0
Infileration Facility Infiltration Chamber Rooftops in the study area 2,135.0
Porous Pavement Entire roads, walkways within park, and parking lots 11,405.1
Vegetated Facility Rain Garden Walkways in the southwest part (within flood prone area) 250.0
Retention Facility Bioretention Bare land located in the West side 165.1
Scenario2 Porous Pavement Walkways in the southwest part 738.0
Infiltration Facility Infiltration Chamber Rooftops within flood prone area 1,450.0
Porous Pavement Two large roads and walkways within park 3,660.4
Vegetated Facility Tree Box Filter 50 tree box filters in the southwest part 200.0
Porous Pavement 50% of walkways in the southwest part 304.0
Scenario3
Infilcration Facility Infileration Chamber Rooftops within northwestern side (two blocks) 558.0
Porous Pavement Central road (middle part) and walkways in the park 1,852.9

which have been listed as the key LID elements in the Korean ME and Korea Environment Corporation’s LID
Implementation Manual. Appropriate LID practices for multi-family housing complexes, roads, parking lots, and
rooftops were determined through considering the previous projects that adopted LID facilities in practice. <Table
2> shows the type, installed facility, location, and size of LID techniques for each scenario.

Scenario 1 adopted the most numbers of LID practices, while Scenario 2 concentrated the installation of LID facilities
within the flood prone area. Scenario 3 included a limited number of LID techniques in certain places that could
minimize the flood damage. Specifically, LID practices were installed based on the geographical characteristics of site
and features of each measure. The overall size of LID facilities for each scenario was 35% (14,988m?), 15% (6,263m>),
and 7% (2,915m°), respectively, out of total drainage area.

In Scenario 1, rain gardens and porous pavements replaced the existing walkways, which were located on the
southwest part of the study site. Since the slope of this area flows from northeast to southwest, two practices, which
have a high efficiency in capturing stormwater runoff within the limited space, are the most suitable approaches
in this site. Bioretentions were created in two empty bare lands, where their locations allowed to efficiently collect
the northeast side of stormwater and provide a rest area for residents. Every driveway, walkway within a park, and
parking lot was designed as permeable pavers, while infiltration chambers were installed to receive runoffs from the
rooftops. Since the major purpose of bioretention and infiltration chamber is to collect the first 25.4mm runoff, which
contains the significant portions of non-point pollutant, the size of those facilities was calculated based on collecting

the first inch (25.4mm) of stormwater (Jeon and Seo 2018; Prince George’s County 1999). In Scenario 2, rain gardens
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Figure 2 _Applied LID Technigues for Each Designed Scenario
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and infileration chambers were preferentially implemented where they over-lap with the flood prone area. Two major
driveways that pass through the study area were replaced to permeable pavement, whereas walkways within a park
and located on the southwest part of the study area were transformed into porous pavers. Major driveways that
penetrate the east-west side of site can be relatively installed with low construction cost and they can intersect
the runoffs in phases at the middle. Installing porous pavements in narrow alleys are likely to be inefficient in
economic and environmental aspects. Bioretention was only installed on the west side of the existing bare land.
This is due to the slope, which falls from Ship-jung park induces the runoff in western area. Bioretention may
capture some of these runoffs and delay the peak time. Lastly, Scenario 3 employed the least amount and type
of LID facilities. Instead of installing rain gardens above the walkways in the southwest area, 50 tree box filters
were implemented, following the main road. Porous pavements were only given to 50% of existing southwest side
walkways, walkways within a park, and a driveway located on the center, which penetrates from east to west. Since
the slope flows from the northeast to southwest side, infiltration chambers were mainly installed on two blocks of
the northwest corner to cover the rooftop runoffs. <Figure 2> shows the locations and adopted LID techniques

for three different scenarios.

3. Data Acquisition and Analysis

The data in this study have been analyzed in two phases. First, LIDMOD?3, a site evaluation tool (Tetra Tech 2005)
that has been recently co-developed by the Korea National Institute of Environmental Research and Andong University
(Jeon and Seo 2018) was used to assess the runoff reduction effect of LID practices. This modeling tool was
continuously updated from 2010 in order to estimate the runoff depth, infiltration depth, peak flow, and annual

loadings (e.g., BOD, SS, T-N, T-P). The significant update of its recent version (2018) includes the runoff curve
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Table 3 _ Data Sources number (CN) being re-established based on a more

Data Source detailed Korea soil map, which enabled the calculation
Building Footprint, Road, Korea Ministry of Land, of the direct amount of runoffs from specific land uses
Land Use Infrastructure and Transport

and LID practices (Jeon and Seo 2018). Since the
X . Korea Rural Development
Soil, Elevation

Administration storage capacity of LID practices are calculated based
Precipication Korea Meteorological on the Ministry of Environment’s LID Facility Design
Administration
] ] Guideline and the infiltration capacity was computed on
Flood Prone Area Incheon Metropolitan City
Digical Elevation Mode _ ‘ ' the basis of domestic case study’s soil drainage
DE National Geographic Information
(DEM) conditions, the simulation results of LIDMOD3 may

estimate the runoff characteristics precisely as similar to
other sophisticated simulation tools for Korea (Jeon and Seo 2018; National Institute of Environmental Research 2019).
Because modelling tools, such as SWMM and SUSTAIN, estimate the runoff with the consideration of various drainage
systems and land-use conditions, their assessments may work better in a complicated urban area than LIDMOD3,
which mostly rely on hydrological soil group for the simulation. However, SWMM requires diverse variables (e.g.,
pervious level for each sub-basin, Manning’s roughness coefficient, etc.), while LIDMOD3 has relatively simple
modelling process with small number of variables. Thus, local governments may readily manage the impervious
surfaces, prepare flood mitigation plans within a short-time, and concisely check the runoff reduction effect of LIDs
during the environmental impact assessment.
To run the model, basic data, such as building footprint, road, land use, soil, elevation, precipitation, and flood
prone area were needed (see <Table 3>).
By using the ArcGIS v10.6, locations, as well
Figure 3 _Monthly Precipitation in 2018 as sizes for each data were calculated. While

(mm) building footprint, road, and land use data were
s acquired from the Korea Ministry of Land

200 Infrastructure and Transport (MLIT), soil and

_— elevation data were gathered from the Rural
: 1488 e
150 144 Development Administration. Other data, such as

1122
100
50
27
0 ® || (DEM) data from the National Geographic

1 2 9 10 1 12(Month)

1162 precipitation data for 2018 were obtained from

the Korea Meteorological Administration (see
666
<Figure 3>), flood prone area from the Incheon.

I e Metropolitan City, and digital elevation model

Information Institute.
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Second, costs for LID practices that have been applied in each scenario were mostly estimated using the LID
Practices Costing Tool developed by the Toronto and Region Conservation Authority and University of Toronto (2013).
The costs for tree box filter, however, were not allowable for the calculation in the tool. Thus, the cost was drawn
by adopting the LID manuals from the Korea Land and Housing Institute (2015), as well as previous projects that
have recently constructed the best management practices in South Korea.

The cost efficiency of LID approaches was then shown by comparing the simulated construction costs of conventional
drainage systems and LID practices. Two assumptions were made for installing the sewer pipes within the study
area. First, it was hypothesized that all existing pipes (total length: 1,767.26m) would be replaced by 600mm-diameter
pipes. This is because the current sewer pipes are old enough to be replaced by new ones. According to Lee, Kim,
Park and Kim et al. (2016), a pipe diameter size less than 600mm was ineffective to control the urban runoff in
South Korea. For this reason, sewer pipes that had a diameter of less than 600mm were replaced and calculated.
Since sewer lines were generally replaced by stages, the entire pipeline replacement costs were not considered in this
study, which may significantly increase the b/c ratio of LID practices. Target pipelines were determined by using
the drainage system spatial data obtained from the City of Incheon.

The installation costs for sewer pipe were calculated based on the Korean ME’s Subsidy Compilation and Execution
Management Guideline for Sewer System (ME 2018). The guideline provides a detailed average fee for sewer pipe
per l-meter, including construction, basic design, construction document, and supervision expenses. Depending on

the pipe type (e.g., concrete, steel, plastic, and cast iron) and diameter, the estimated price was different.

IV. Result and Discussion

1. Hydrological Performances of LID Practices

Hydrological performances of the three LID development scenarios were simulated based on the uniform storm event.
The annual rainfall of Incheon in 2018 was 1,134mm. The results show the runoff/infiltration depth, as well as peak
flow rate and time, and annual loadings for three circumstances (‘pre-development,” ‘development without LID,” and
‘development with LID’). Study area slope was determined by adopting the average slope, which was about 11.3%.
Considering that there were no developments in the study area, runoff and infiltration depths were 280.0mm/yr and
364.6mm/yr, respectively (see <Table 4>). In current condition (development without LID), the runoff depths of
each scenario were fairly different. Scenario 3 had the most amount of runoff and Scenario 1 produced the least
runoff depth. Even though the runoff depths for each scenario were different, infiltration, peak flow and time to
peak were same with the values of 140.9mm/yr, 8.14m”/sec. and 0.68 minute, respectively.

With the application of LID practices, Scenario 1, which applied the most numbers of LID technologies, had
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Table 4 _Hydrological Characteristics of the Three
Designed Scenarios

Circumstance | Scenario 1 ‘ Scenario 2 | Scenario 3

Runoff Depth (mm/year)

Pre-development 280

Development without LID | 610.62 798.11 869.98

Development with LID 389.64 570.81 744.15

Infiltration Depth (mm/year)

Pre-development 364.57

Development without LID 140.87

Development with LID 604.19 ‘ 421.81 | 267.33

Peak Flow (m’/second)

the largest impact on reducing runoff depth (—36.2%)
and increasing infiltration depth (329.9%). The peak
flow was also diminished significantly from 8.14 to
2.80m’/sec., while the peak time was delayed for about
1.29 minute.

The peak flow was also diminished significantly from
8.14 to 2.80m’/sec., while the peak time was delayed
for about 1.29 minute. Even though the reduction impact
was relatively lower than Scenario 1, the overall runoff
depth and peakflow rate of Scenario 2 declined by about
28.5% and 51.1%, respectively, while the infiltration

Pre-development 1.29
) depth and time to peak increased by approximately
Development without LID 8.14
Development with LID 2.80 ‘ 3.98 | 5.46 199.4% and 0.71 minute. The overall reduction effect
Time to Peak (minute) of Scenario 3 was relatively low compared to other
Pre-development 4.30 scenarios as the LID technologies were partially installed
Development without LID 0.68 within the study site. Runoff depth decreased by only
Development with LID 1.97 ‘ 1.39 | 1.01 about 14.5% and the infiltration depth increased by
89.8%. While peak flow reduced by more Figure 4 _ Unit Hydrolograph for Each Scenario
than 2.68m’sec, peak time was delayed for pre-development
10
only about 20 seconds. <Figure 4> compares = 81\ Current Condition
Scenario g 61| (Development w/o LID)
the unit hydrolograph for three scenarios. 1 5 a1 = evelopmentiiiD
Considering that the study site’s pre- 0 = ‘
0 5 10 5 20
development runoff depth was 280mm/year, ime (i)
Scenario 1’s runoff increased only about o
: s’ g6\
110mm/year, while the two other scenarios m— 1)
. o |
runoff exceeded more than two times the 2 2
o >
pre-development condition. Despite the fact ° ° ... . ® »
that a significant portion of LID practices
10
were planned in Scenario 1, the results g %]/
2 61/)\
L S i T [
demonstrate that the potential impact of Cer;ano s .
2
LID techniques are fairly high and they can i ‘
(o] 5 10 L 20
. . .. Time (min.)
be a suitable option to replace the traditional .
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drainage systems (Ahiablame and Engel 2012; Martin-Mikle, Beurs, Julian and Mayer 2015). Typical low-rise
residential complexes in South Korea lack green areas, with a majority of the space covered by impervious surfaces
and surrounded by multiple small alleys. This physical feature had eventually promoted more inundations during
the heavy rainfall due to the reverse flow from the traditional sewer system. Locations like the study site, where
the old low-rise residential blocks are clustered, will be particularly appropriate to employ LID practices not only
to have beneficial effect on the environmental side, but also on the economic (e.g., saving sewer infrastructure budget)
and social sides (e.g., improving overall landscape without a massive re-development) (Li, Deng, Li and Li et al
2017). Further, many regeneration projects are currently implemented in South Korea to revitalize the old
neighborhoods without demolishing the previous structures entirely. Because the present sewer pipeline infrastructures
are insufficient to control stormwater runoffs and spaces are limited for large-scale drainage pumps and facilities’
placement, LIDs can fit properly in these types of communities with the deployment of relatively small spaces while

maintaining the neighborhood’s own identity.

2. Storage Capacity of Each LID Practice Table 5_LID Storage Volume in Each Scenario
Size Storage
Scenario | LID Type Practice (@ Volume
Storage volume for each LID practice was computed by ()
. . . Vegetated
using the coefficient of BMPs in order to compare the ;g:_lie Rain Garden 380.0 240.2
acuity
efficiency of LID types. Since vegetated facilities and Retention | __ )
. Bioretention 459.5 290.4
. . . . Scenario Facility
retention facilities generally had a high unit storage ) o
. . i o 120131 768.8
volume, reduction widths were not so significant Infileration | Pavement
. . e o Facility | Infileracion
compared to the infiltration facilities when its size ' 2,135.0 469.7
Chamber
hrunk in different scenari <Table 5>). % d
shru different scenarios (see able 5>) ;ge.tl‘jite Rain Garden 2500 158
. . . . . . acuity
While the size of typical infiltration facility, such as -
Retention . .
. . Bioretention 165.1 104.3
porous pavement, was relatively larger than other Scenario |  Facility
ices in Scenarios 2 and 3, th I ? Forous 4,398.4 2815
ractices in Scenarios 2 an the storage volume was ,398. .
b ’ & Infileration | Pavement
substantially low. Particularly, the size of porous Facility | Infileration
1,450.0 319.0
. Chamber
pavements was about 10 times larger than tree box
Vegetated | Tree Box
) . - . 200.0 1264
filters, but the storage capacity had no significant Facility Filcer
. . . Scenario Porous
difference. Infiltration chambers also had low unit ) 2,156.9 138.0
3 Infiltration | Pavement
storage volume compared to other practices. This Facility | Infiltration
558.0 122.8
finding indicates that infiltration facilities are likel Lo
inding indicates that infiltration facilities are likely to Note: Coefficient by LID Practices
. . . . . . . 3 2
be inefficient in capturing runoff flows, and thus, 1) Bioretention and tree box filcer: 0.632 m’/m
2) Porous pavement: 0.064 m’/m’
suggests that retention and vegetated facilities-centered 3) Infiltration chamber: 0.220 m’/m’
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installation should be mainly conducted with the Table 6 _ Capital Costs of Implemented LID Practices

infiltration facilities locating in a proper place. Scenario LID practice Size(m®) | Capital Cost($)
Rain Garden 380.0 8,206.6
.. . Bioretention 459.5 21,303.7
3. Cost Efficiency of LID Practices Scenatio
1 Porous Pavement 12,013.1 1,097,901.3
Infiltration Chamber 2,135.0 136,558.4
The cost efficiency of LID practices was investigated Total Gost 1.263.970.0
by comparing the cost of conventional sewer system Rain Garden 250.0 7,467 4
with LID techniques implemented in each scenario. Bioretention 165.1 15,661.1
Scenario | b rous P 4,398.4 431,663.0
Regarding the costs for LID practices, each scenario’s 2 orous Favement ,398 31,663.
. . Infiltration Chamber 1,450.0 95,713.3
capital costs were calculated based on the size of the
Total Cost 550,504.9
< > i i
LIDs (see <Table 6>). Given that the costing tool Tree Box Filter 00,0 18,0345
showed the 2010-dollar value for the pricing, an Scenario | Porous Pavement 21569 234,750.0
inflation rate of 11.32% was employed to change it into 3 Infiltration Chamber 558.0 45,257.1
a 2018-dollar value. Total Cost 298,041.6

Among LID practices, porous pavement had the
highest unit(m’) cost, followed by tree box filter, infiltration chamber, and bioretention. Rain garden relatively had
a lower construction fee compared to other techniques. While Scenario 1 had the highest LID costs with $1,263,970,
the total cost of Scenario 2 was only 43.5% of Scenario 1, albeit there was only an 8% difference in runoff reduction
efficiency between both scenarios. This evidence demonstrates that the strategic installment of LID practices can be
a better approach in the cost effect perspective rather than covering the entire area with LID controls. The number
of LID techniques included in Scenario 3 was relatively small and the total capital cost was about $298,041, which
was more than two times smaller than Scenario 2.

A construction cost (per 1-meter) of 600mm-diameter sewer pipe was different based on the pipe materials and
by the following order: steel, plastic, concrete, and cast iron (see <Table 7>). The overall installment price included
the construction fee, as well as the basic design, construction document, and supervision expenses.

In Assumption 1, the costs of replacing all the

Table 7 _ Overall Construction Costs for Sewer Pipe
in Each Assumption

existing pipe with steel was about $2.3 million, while

cast iron took only 62% ($1.45 million) of its cost. The

: . Opverall Construction Cost($)
Pipe material ; ; length of sewer pipes under the 600mm-diameter
Assumption 1 Assumption 2
Cast Tron 1.456,101.9 619.504.8 was 707.2m. Replacement fees for these pipelines
Concrete 1,748,075.8 743,726.3 (Assumption 2) ranged from $0.6 to 1 million, depending
Steel 2,361,262.6 1,009,323.1 on the materials.
Plastic 1,899,185.5 820,586.7 <Figure 5> illustrates the percentage of LID costs
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Figure 5 _ Proportion of LID Costs to Conventional Sewer Pipe Costs
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to conventional sewer pipe costs for three different scenarios. In Assumption 1 (replacement of entire sewer pipelines
within the study area), all scenarios’ LID costs were lower than the pipe replacement costs. Particularly, LID costs
were only 11.9~86.8% of pipe prices, with respect to the scenarios. Cast iron, the most commonly adopted pipe
material in South Korea, had the cheapest price, with the costs of LIDs being even lower than their pipe costs by
about 13.4% in Scenario 1. However, when the LID costs were compared with partially replacing pipe costs
(Assumption 2), their costs in Scenario 1 were more expensive than with the pipeline replacement, no matter what
the materials were. Except in the Scenario 1 case, the two other scenarios’ LID construction costs were relatively
lower than the sewer pipeline costs, ranging from 27.7% to 88.9%. In sum, the establishment of LIDs was financially
effective compared to the pipeline replacement, except in a very conservative development case (Scenario 1 in
Assumption 2). Particularly, Scenarios 2 and 3 were costeffective in all assumptions. Considering the runoff reduction
effects of LID scenarios, there were only 7.7% runoff depth difference between Scenarios 1 and 2, whereas the costs
difference was about $713,465 (56%); that is, Scenario 2 can be more cost-effective in terms of runoff attenuation.
A combination approach to conventional drainage systems and LID measures is necessary because one may not solely
rely on LID practices in controlling the stormwater runoff; thus, Scenario 2 can be a practical approach in reality
compared to Scenario 1. To fully address the cost-effectiveness of LID practices, life-cycle costs should be examined
in future research. The findings from previous literatures revealed that the maintenance charges for LID practices
are substantially low for long-term compared to fully re-constructing the whole pipeline infrastructure (Joksimovic
and Alam 2014; Lee, Kim, Pak and Jang et al. 2010). From this view, LID measures can rise as a sustainable

alternative in mitigating future flood damage.
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V. Conclusions

This study simulated the hydrologic performance of the three LID designed scenarios under an identical storm event
using the LIDMOD3 in a flood prone area, the Ship-jung district in Incheon, South Korea. While the runoff reduction
effect was fairly different in each scenario, LID installments attenuated stormwater runoff volume from 14% to 36%
and increased infiltration depth by 90-329% in comparison with conditions prior to the LID. This result corresponds
with the previous simulation studies, which demonstrated that the LID controls typically have a reduction effect by
about 30%, even though the degrees and levels of LID practice were dissimilar in each case (Ahiablame and Engel
2012). With consideration to construction costs, a blend drainage system that combines both traditional pipeline
infrastructures and LID measures should be constructed to more effectively manage the stormwater runoff. As Scenario
1 was revealed to have inefficiency in reducing the runoff compared to the costs invested for the construction, local
planners and decision-makers should identify appropriate places where LID practices can function the most rather
than adopting all areas using LID techniques. Albeit this study considered the slope and other geographical features
of a site to install appropriate LID measures where floods could be controlled the most, future research should further
conduct spatial analyses (i.e., location analysis), in order to identify optimal sizes and places for each distinct LID
practice.

One of the major concepts that the Korea ME is currently promoting for sustainable urban flood management
is “Smart Water City.” The government is pursuing to upgrade the conventional sewer systems using various
flood-resilient measures, such as up-to-date hard engineering approaches, LID techniques, and environmental land
use policies. Until now, the pilot projects have been mostly given to new towns and cities, where there were no
initial land uses, buildings, and infrastructures. Of course, LID practices may better perform and be well managed
in a new planned city. However, existing cities are getting old and rapid industrialization during the 1960-70s in
South Korea made various disruptive asphalts and concretes with a massive amount of impervious surface in the
inner city. This eventually limited green spaces in the city center. Inland Incheon, the 2nd highest impervious surface
ratio city in South Korea, is experiencing significant damages from stormwater runoff and losing valuable ecosystem
functions due to the conventional urban settings. LID approaches can be more appropriate in these hard-engineered
infrastructure—based cities by providing aesthetically pleasing places and enhancing the overall urban ecosystems. The
study results, thus, may provide valuable insights to local decision-makers whilst redeveloping the old inner city and
may successfully link these LID practices with the current urban regeneration projects for achieving sustainable urban
water/stormwater management systems in the long-term.

Although this study provides several noteworthy insights in demonstrating the potential reduction effects of various
LID practices, some limitations need to be acknowledged. First, calibration for the flow modeling could not be

conducted since there were no available monitoring data. By adopting monitoring devices at the site, calibration should
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be checked in future studies to increase the reliability, as well as the validity, of research. Second, the study area
of this research was focused on a specific plot in order to clearly identify the effects of LID practices within a
residential-centered area. For a more accurate investigation of runoff reduction, further research is suggested in
simulating the model at the watershed-level; thus, it may better estimate the generated runoff with the consideration
of various hydrological and geographical features that may impact on final outlet. Third, this study may not fully
consider various designed storms in estimating the produced runoff. With the actual past precipitation data, diverse
designed storms as well as rainfall characteristics (e.g., heavy/average/limited water year) should be applied and
classified for further study to predict the runoff in multiple meteorological conditions. Fourth, green roofs have not
been applied during the simulation due to the current conditions of housings within the study site. Since the runoff
reduction effect of green roofs has been proven effective in many previous literatures, further research is needed to
better understand the influence of green roofs on attenuating stormwater runoff. Fifth, albeit this study applied a
LID modeling tool in an attempt to discover the stormwater reduction, further study should focus more closely on
the diverse water quality aspects with the usage of other simulation tools in order to discover more positive impacts
and cost-efficiency in implementing LID practices. Finally, LIDMOD3 was widely adopted for the runoff estimation,
but its usage is still limited to Korea. The benefit of this tool, which allows simple operation for users, was lacking
in terms of considering the complex hydrological factors while running the simulation. Thus, further research is in
need to expand this approach with the employment of other verified LID modeling tools (i.e., SWMM-LID) that
may fully consider the complexity of urban drainage system and other geographical factors. In addition, modeling
approaches that may consider the runoff efficacy of both LID controls and traditional drainage systems should be

developed in the near future for a better estimation.
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A Study on Classification and Characterization of Water-Friendly Space for
the Smart River Space Management Using the Mobile Big Data

s

0]&4 Lee Jongso™", ©JA& Lee Sangeun™

Abstract

For national and local policies related to urban development and regeneration, welfare, culture and tourism, it is
very important for river managers to designate and operate water-friendly river spaces in accordance with residents’
demands. Using mobile big data verified by the previous study (Lee, Lee and Choi 2019), this study aims to propose
scientific ways to characterize water-friendly river spaces. First, it suggests clear criteria regarding how frequently
a river space is visited by residents: river spaces are classified to five grades over the log-normal distribution in
the number of visits per area. Second, it infers residents’ purposes to visit a river space: the purposes are characterized
to five groups, which largely depends on whether a river space is used as a place for neighborhood-convenience facilities,
or as one for culture and tourist facilities for regional revitalization. Third, this study suggests a step-wise method
for determining water-friendly hub spaces deliberately using all results. This study concludes that river managers
should apply more scientific ways to designate and operate water-friendly river spaces while monitoring residents’
visits closely with mobile big data.

Keywords: Water-Friendly River Space, River Space Characterization, Mobile Big Data, River Management
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Table 1

_ Definition of Water—Friendly Space Indicators Source

Characteristics Indicator Definition Use in This Study
Number of Visitors per Area(people/m’) | Number of Visitors per Water-friendly Space Area(people/m’) v
Peak Visit Rate(%) Maximum Number of Visitors/Minimum Number of Visitors v
Maximum Use Month(-)* Month with the Most Visitors
Spatial Use
Weekly Visit Rate(%) Weekly Visitors/Weekend Visitors v
Residents’ Visit Frequency(times) Average Number of Visits of Residents
Travel Distance per Visitors(km) Travel Distance per Visitors v
Gender Ratio(%) Ratio of Male/Female Visitors
Visitors
Maximum Age Group(-)* 10s or Less, 20s, 30s, 40s, 50s, 60s or More

Source: Lee, Lee and Choi 2019.
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< 1l 202 AR HAY o] 87 5 FUS o] 2.928%/m? 0.950%/m> 0.2078/m>, 0.0338/m>]
WA s7he] Prhom o8 RNES PRI T BRIES 9glow, SPEw of so7fe) AT
A WA o}87 42 U, <Table 2>9F Z & TR o2 BAsgL,
FAER E o it A9 A, 46709] R
Table 2 _ Criteria for Grade of Water—friendly Space
able 2_ Criteri enaly sp AT 748 157H(32.69) A1 77} o[ =7} wle HZ
Grue Grade Criria & VS TR BREglon] 4117 47 oA
I (Very High) (people/m®) > 2.928/m” _
| : : : 5729499 A7} V5 1] BRE AL &
I (High) 0.950/m* < (people/m”) < 2.928/m
I[(Normal) 0.207/m’< (people/m® < 0.950/m’ g ﬁ'\— 2}3@]\:}(<Table 3> 7‘9'-}) ;ﬂiﬂ;ﬂ,ﬁ 9‘-%70}
V(Low) 0.033/m” < (people/m’) < 0.207/m’ FHet a9, T FRA(<Figure 3> =), LF-
2, 2
ey Lo (peoplem) = DOV EAF7] ke B4R TE0] ol Hlg- gt
Table 3 _Grade of Water—friendly Space by River Basin
Basin Grade I Grade I Grade II Grade IV Grade V Total
Han River 16(22.9%) 14(20.0%) 12(17.1%) 13(18.6%) 15(21.4%) 70(100%)
Nakdong River 22(23.4%) 13(13.8%) 23(24.5%) 20(21.3%) 16(17.0%) 94(100%)
Geum River 11(15.7%) 22(31.4%) 13(18.6%) 15(21.4%) 9(12.9%) 70(100%)
Yeongsan River 8(17.4%) 7(15.2%) 10(21.7%) 6(13.0%) 15(32.6%) 46(100%)
Seomjin River 2(11.8%) 3(17.6%) 2(11.8%) 5(29.4%) 5(29.4%) 17(100%)
Total 59 59 59 60 297

Figure 3 _Water—friendly Space Grade: Han River Basin Example
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Figure 5 _ Optimization of Number of Clusters
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Figure 6 _Result of Clustering Analysis: Location of Principal Components U and V

> o
> o 2 .
u
Table 4 _Result of Independent Sample t—test: Peak Visit Rate
Independent Sample t-test 95% Confidence Interval Equal Variance
Test Object .
t-value p-value(Two Side) | Mean Difference Lower Upper Assumption(Levene)
Type I X Others -2.175 0.031 -0.934 -1.782 -0.086 -
Type II X Others -6.116 =0 -2.470 -3.261 -1.671 -
Type III X Others -4.490 =0 -1.602 -2.304 -0.899 -
Type IV X Others 5.990 =0 3.593 2412 4773 v
Type V X Others 21.797 =0 11.041 9.973 12.110 -
Table 5_Result of Independent Sample t—test: Weekly Visit Rate
Independent Sample t-test 95% Confidence Interval Equal Variance
Test Object .
t-value p-value(Two Side) | Mean Difference Lower Upper Assumption(Levene)

Type I X Others 6.3185 =0 0.180 0.124 0.236 -
Type 11 X Others 9.942 =0 0.441 0.353 0.529 -
Type I X Others -11.881 =0 -0.352 -0.411 -0.294 -
Type IV X Others -8.324 =0 -0.288 -0.357 -0.220 -
Type V X Others -4.880 =0 -0.207 -0.295 -0.119 -

Table 6 _Result of Independent Sample t—test: Travel Distance per Visitors

“Test Object Independent Sample t-test 95% Confidence Interval Equal .Vadmce
t-value p-value(Two Side) | Mean Difference Lower Upper Assumption(Levene)
Type I X Others -15.532 =0 -25.020 -28.192 -21.848 -
Type II X Others 3.226 0.001 7.608 2.958 12.259 -
Type I X Others -3.690 =0 -7.901 -12.117 -3.685 -
Type IV X Others 11.502 =0 36.745 30.327 43.164 -
Type V X Others -1.281 0.201 -7.299 -18.521 3.921 v
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Table 7 _Result of Discriminant by Logistic Regression Analysis

Variable Estimate Std.Error z value Pr(> |z])
Intercept -14.48008 3.10618 -4.662 =0
Peak Visit Rate(z;) 0.98376 0.19453 5.057 =0
Weekly Visit Rate() -5.87905 137154 -4.286 =0
Travel Distance per Visitors(1;) 0.16981 0.03685 4.609 =0
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Figure 7 _Decision Tree for Classification of Water—friendly Space
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A Study on the Comparision between Age-Friendly Index and Age-Friendly
Policy in 7 Metropolitan Cities

0]3& Lee Kwanghyun"

Abstract

This study developed and analyzed the age-friendly city index which is composed of objective indicators including
physical environment considering the situation in Korea and identified and analyzed the age-friendly indexes of 7

cities in the metropolitan area. The results of this study are expected to help local governments prioritize age-friendly

city policies. Although it is difficult to make a comprehensive comparison because of the geographical characteristics

and the local environment, it is necessary to analyze the results of the indices in each region to find causes and

remedies. In addition, after analyzing the current status of age-friendly policies in each region, there has been a

comparative analysis with the current index and a diagnosis about the direction of the current progress. Of course,

not all regions need to establish and implement the same age-friendly policies, but equal attention and efforts must

be made in the 4 areas.

Keywords: Age-Friendly Indicator, Age-Friendly Index, Age-Friendly Policy, Age-Friendly City, Physical Environment
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Table 1_ Definition of Age—friendly City

Table 2_ Age—friendly Indicator Studies

Definition

A city where it is not convenient for you to get

o older, a city where everyone of all ages can live,

2007) and a city where elderly people can actively

participate in society so that they can live a
healthy old age.

A city that recognizes the characteristics of the
Seoul Welfare | elderly population and the diversity of needs,
Foundation | respects the choice and decision-making of the
(2010) elderly, and considers it not to be excluded as an
“age” in the whole living environment.

A city that aims to create a good environment
Kim for all citizens, not just an elderly-friendly city for
(2010) the elderly, and a city that flexibly copes with
the changing needs of citizens as they age.

A community where everyone in an individual's
Park community secures autonomy and independence
(2016) and supports active life in a variety of physical,

Precedent Research S
and Item
Global Age-friendly Cities: A Guide 8 areas/
(WHO 2007) 84 items
Best Cities for Successful Aging 8 areas/
(Chatterjee, King and Irving 2014) 84 items
Age-Friendly Cities Performance Assessment 3 areas/

Indicators System Validation(Pinheiro, Diogo, 10 sub-areas/

Gois and Paul 2015) 36 items

Assessment of the City’s Elder-Friendliness in Seoul 10 areas/
(Kim, Kim and Kim 2008) 49 items

Study on the Development of Age-friendly Cities 8 areas/
in Gyeonggi-do(Kim, Nam and Ko 2011) 61 items
A Study on the Evaluation of Aging in Busan 10 areas/
(Lee and Lee 2011) 59 items

Development of Detailed Guidelines for the 5 areas/

Design of Health and Welfare Models for the | 15 sub-areas/

social, economic and cultural areas. Elderly Area(Jeong, Lee, Lee and Yoo 2008) 34 items
Source: Park 2016, 17. Developing Indicators for Building Elder-Friendly 4 areas/
Communities in Korea 10 sub-areas/
. oy b o - s ! (Kim, Chang, Oh and Choi 2014) 29 items
Hog B o] A ol slAo] ZF=o]Xx] 3lo
- = %i ] 2T MRS ] KT(H =N ] Development of Age-friendly City Indicators 4 areas/
WS

in South Korea
(Lee and Kim 2017)

12 sub-areas/

52 items

Source: Lee and Kim 2017, 53-54.
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Table 3 _Number of Revised Indicators by Area

Arca Lee and Kim(2017) Iﬁ;‘,";‘::r
Physical Environment 22 items 18 items
Health/Welfare 11 items 10 items
Social 9 items 6 items
Economic 10 items 8 items
Total 52 items 42 items
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Table 4 _Age—friendly Indicators with Weighted Value

Area Sub-area Indicator Measurement and Coding W‘e;aglzzed
Urban Park Space Area of urban park per 1,000 people 0.83
Bicycle Track Extension of bicycle tracks per unit area 0.77
Osl;i:r Negligent Accidents™ Negligent accident experience over 65 years old 0.78
Crime Rate* Number of crimes per 1,000 people 0.72
Air Pollution* Fine dust in the atmosphere 0.77
Buildings Accommodation Accessibility ratio at buildings with accessibility obligation 0.83
Public Toilet Number of public toilets per 1,000 people 0.73
Transportation Fare Satisfaction Survey 0.69
Kindness Satisfaction Survey (Kindness of bus drivers and station personnel) 0.72
Facilities for the Mobility Impaired Satisfaction Survey 0.81
. P_hySiC"’l Congestion Satisfaction Survey (Public transportation congestion) 0.63
Environment | Tyansporcation Low-floor Bus Rate of low-floor buses 0.74
Elderly Traffc Accident N 00 peorie v e g 074
Preference of Public Transportation wl}{igi)ur;t;:i; lﬂ;c}ﬂ:axgm:;go& 0.73
Homeownership Rate Homeownership rate of people over age 65 0.71
House Price* Average home sales price 0.68
Housing Convenience of Living Percentage of residences of peopl§ over age 65 that have elderly 075
care equipment
Housing Welfare Facility for the Number of h ousing welfare facilities for 081
Elderly the elderly per 10,000 people over age 65
Number of Hospitals Number of hospitals per 1,000 people 0.75
Number of Doctors Number of doctors per 1,000 people 0.74
Medical Services Satisfaction with medical services 0.81
Health Medical Welfare Facility Number of medical welfare facilities for the elderly per 1,000 people 078
for the Elderly over age 65
Healdh/ General Health Condition Percentage of people over 65 who think they are reasonably healthy 0.70
Welfare Checkup Rate Checkup rate of people over age 65 0.78
Exercise Rate Exercise rate of people over age 65 0.80
Social Welfare Budget Social welfare budget ratio by city and province 0.75
Welfae Number of Government Employees Number of welfare rca\p:;r;;sepgr gt(})::r:lﬁ?; employee in charge of 0.65
Residential Care Welfare Facilities | Number of residential care welfare facilities for the elderly per 1000 people 073
for the Dlderly over age 65 i
Group Participation Rate Group participation rate of people over age 65 0.61
Social Relationship with the Community Percentage of positive relationships with friends and community of people 071
Participation over age 65

Use of Senior Citizen Community e L .
Social Center Utilization rate of senior citizen community center over age 65 0.65
Respect Elder Abuse* Abuse reporting rate for elder abuse per 1,000 people over age 65 0.74
Contact with Family Frequency of visiting to and from a non-living child 0.76
Educatign/ Lifelong Education Number of lifelong education facilities per 10,000 people over age 65 0.68

Information ?
) Economic Condition Rate of economy condition more than quartile of people over age 65 0.69
ECE:‘(:;?[C Public Assistance™ Recipient rate of national basic livelihood security of people over age 65 0.61
Employment Rate Percentage of the elderly with jobs over age 65 0.60
Jobs Created Number of jobs created per 1,000 people over age 65 0.64
Economic Financial Investment Money invested per person over age 65 (KRW 1,000) 0.66
Employment Participants Number of participants OVf?l’ z‘tge 65 for élderly jobs. 0.65
Help Services Supporting Organization Number of local govle(x;r(l)x’r('n)z:)t ;re‘(g):rlléza:)t\lf;:sasguep%(;rtlng elderly jobs per 0.66
Job Fulfillment Institution Number of msntuat(lg(;ns6 Sful(ili:ﬁ dierllgerrlr)i uizl;sp ﬁftriesl)0,000 people over 0.65

Source: Lee and Kim 2017, 57-58; Lee and Kim 2019, 6-7.
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Figure 1_Age—friendly Spidergram by City
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Table 5 _Age—friendly Index by Area in 7 Cities
Area Sub-area Seoul Busan Daegu Incheon Gwangju Daejeon Ulsan
Outdoor Spaces 0.579 -3.726 -0.115 3.424 -0.653 -1.840 2.331
Phvsical Buildings -2.324 -0.292 0.674 -1.391 -0.417 1.372 2379
sical
S Transportation 6.777 2.348 1759 -1.129 -2.490 0.373 -7.638
nVir n
Housing -4.223 -0.357 0.305 2.609 -1.557 0.667 2.556
Sum 0.807 -2.027 2.623 3.513 -5.116 0.573 -0.372
Health/ Health 2.633 -1.377 2.059 -1.209 1.242 3.073 -6.421
Welft Welfare 1311 0.344 -0.718 -1.032 1.852 1.427 -3.184
elfare
Sum 3.944 -1.033 1.341 -2.241 3.094 4.500 -9.604
Social Participation -1.212 -2.617 0.179 -1.994 1.981 2437 1.226
Social Education/Information 1.855 -0.674 -0.531 -0.617 0.406 0.550 -0.988
oce Respect 0903 0.253 1536 -0.888 2271 -0.988 1322
Sum 1.545 -3.038 1.184 -3.500 0.116 2.133 1.560
Economic Level 1.684 -2.906 -1.132 -1.237 1.180 1.225 1.185
Economic | Employment Help Services -7.314 -1.107 -2.181 0.903 4.926 1.892 2.881
Sum -5.630 -4.013 -3.313 -0.334 6.106 3.117 4.066
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Table 6 _ Comparison between Policy and Index
below Average in Seoul

Area Indicator Index | Reflection
Negligent Accidents -0.304 O
Crime Rate -0.612 -
Accommodation -0.952 -
Public Toilet -1.373 O
Physical -
Environment Congestion -1.514 -

Homeownership Rate -1.888 -

House Price -2.250 -
Housing Welfare Facility
-0.41 O
for the Elderly 3
Medical Services -0.473 -
Medical Welfare Facili
edical Welfare Faclity | 653 o
Health/ for the Elderly
Welfare Social Welfare Budget | -0.310 -
Residential Care Welfare 0.355
Facilities for the Dlderly e
Group Participation Rate | -0.457 O

. Use of Senior Citizen
Social . -1.055
Community Center

Contact with Family -0.434 -

Economic Condition -0.165

Employment Rate -0.178
Jobs Created -1.602

Economic Financial Investment -1.723 O
Participants -1.837

Supporting Organization | -1.896

Job Fulfillment Institution | -0.256
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Table 7 _ Comparison between Policy and Index
below Average in Busan

Area Indicator Index | Reflection
Urban Park Space -0.637 -
Bicycle Track -1.832 -
Crime Rate -1.396 -
Air Pollution -0.549 -
Physical Public Toilet -1.255 -
Environment Transportation Fare -0.408 -
Low-floor Bus -0.404 -

Convenience of Living -0.115 -

Housing Welfare Facility

-0.772 R
for the Elderly 7

Medical Welfare Facility

for the Elderly 1312 ©

Health/ General Health Condition | -1.639 -

Welfare Exercise Rate -0.362

Residential Care Welfare

-0.6
Facilities for the Dlderly 37

Group Participation Rate | -0.256

Relationship with the

-1 R
Community 797
Social Use of Senior Citi
OCi se o er‘nor itizen 0.565 o
Community Center
Contact with Family -0.179 B
Lifelong Education -0.674 O
Economic Condition -0.789
Public Assistance -0.794
Employment Rate -1.323
Economic O
Jobs Created -0.525
Financial Investment -0.657
Participants -0.666
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Table 8 _ Comparison between Policy and Index
below Average in Daegu

Table 9 _ Comparison between Policy and Index
below Average in Incheon

Area Indicator Index | Reflection Area Indicator Index | Reflection
Urban Park Space -1.366 - Accommodation -1.320 -
Bicycle Track -0.146 - Transportation Fare -0.211 -
Negligent Accidents -0.162 - Kindness -0.485 -
Physical
. P?ysical Kindness -0.190 - Environmene | Facilities Ifor t'hedMobility 0677 )
fvironment Elderly Traffic Accident | -1.036 - mpaire
Convenience of Living -0.115 - Congestion -0.905 ‘
Housing Welfare Facility 0517 Low-floor Bus 0977 .
for the Elderly e } Number of Hospitals -1.431 -
Checkup Rate -1.653 - Medical Services -0.415 -
Social Welfare Budget -0.124 O General Health Condition | -0.398 -
Healch/ Number of Government Health/ Social Welfare Budget -0.373 -
Welfare Employees -0.135 - Welfare
Number of Government
S -0.159 -
Residential Care Welfare 0.460 o Employees
Facilities for the Elderly Residential Care Welfare 0500 o
Use of Senior Citizen 0.886 Facilities for the Elderly |
Social Communicy Cencer Group Participation Rate | -1.864 -
Lifelong Education -0.531 Use of Senior Citizen 0595
Public Assistance -0.486 Social Community Center e )
Employment Rate -0.855 Elder Abuse -1.255 -
Jobs Created -0.741 Lifelong Education -0.617 O
Economic O
Financial Investment -0.396 Economic Condition -1.273
Supporting Organization | -0.109 Economic Public Assistance -0.931 O

Job Fulfillment Institution | -0.895

Job Fulfillment Institution | -1.679
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Number of Hospitals -1.203 -
Number of Doctors -1.332 -
Table 11 _ Comparison between Policy and Index Medical Services -1.397 -
below Average in Daejeon Medical Welfare Facilicy
-0.593 O
for the Elderly
Area Indicator Index | Reflection
General Health Condition | -0.258 -
Negligent Accidents -2.004 - Health/
Welfare Checkup Rate -1.099 -
Air Pollution -1.972 -
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Elderly Traffic Accident | -0.977 - A
Physical Social Welfare Budget -1.657 -
Environment Preference of F’ubhc -0.741 - Number of Government
Transportation -0.897 -
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Homeownership Race 0182 - Residential Care Welfare 0.630 o
Convenience of Living 0418 - Facilities for the Elderly |
Medical Services -0.281 - Relationship with the
Health/ Community -0.197 O
Welfare Number of Government 0,693 ) Social
Employees Elder Abuse -0.192 -
Social Contact with Family -1.290 - Lifelong Education -0.988 -
Economic Employment Rate -0.595 O Economic Economic Condition -0.446 O
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Analyses on the Characteristics in the Distribution of the Concentration of
the Vulnerable Groups and the Residential Areas in Seoul
: Focusing on Residents of Private Rental Housing

3}gol Hwang Jong-A", A% Koo Jahoon™

Abstract

The aims of this study is to measure the concentration of the vulnerable groups and analyze the characteristics
of the concentrated area using a spatial autocorrelation analysis. The study is focusing on the dwelling areas of
vulnerable groups considering financial conditions. For this, the analysis targets were set as residents of private rental
housing except those living in public rental housing in Seoul. The results showed that the spatial density of vulnerable
groups was derived and shown to increase over time. In addition, the results of the spatial correlation is increasing
between dense areas and deteriorated low-rise residential areas. Moreover, it was confirmed that the areas concentrated
around the city center which are recognized as representative residences for vulnerable groups; these results show
that both spatial polarization and economic polarization are occurring, which is an area of concern for our society.
In housing policy, it is necessary to supply rental housing that satisfies the local space needs of vulnerable groups.
Also, it is necessary to secure sufficient affordable housing for vulnerable groups because low-cost housing can be
demolished as a result of the urban redevelopment project, so they can be concentrated in deteriorated areas. Although
based on traditional theories, the segregation of residences is inevitable because of socioeconomic differences and
the allocation of resources. However, if these trends prevail, they can accelerate regional imbalances and cause social
conflicts, which will incur policy efforts at both the urban and spatial level.

Keywords: Concentration of the Vulnerable Groups, Residents of Private Rental Housing, Spatial Autocorrelation,
Deteriorated Low-rise Residental Area, Spatial Polarization

I M2 253, 42557} FepAEol WA Bk 99 Az
E2ol} FopFo] AT Aoow Hetsiy,

1. ol i U 28 Ze) 5 F745 o] e 2P o)t

7} ZoVSA |, ok thi] F7187 lslel 244
el FANGE AIo] AR FHeEZ0] & olnA] AR ofolAl okgho R ololIt e

* QRFisty TA|T S BRAER (A AZY | Ph.D. Candidate, Graduate School of Urban Studies, Hanyang Univ. | Primary Author
| jonga0607@naver.com

o QIOfTiel TAIHSR W ATARD | Prof.,, Graduate School of Urban Studies, Hanyang Univ. | Corresponding Author | jhkoo@hanyang.ac kr

MEA| FAIE LR 22t FHX| E8 24 99



T2 2016, 255).

oj2fet dye] o] M A= FHeHAISo
4 Aoz WM =, ARl AlS: 7Fe] g3t

2 B2 o]ojd 4= Qltt o= A IF FAFE
FE3E SRt 4= o, Alst 31 AeElE
S7)31, AFH19] ALe)A v Fat A2 ARRA 4
< TEAZ = Stk HollA] A oF ks e/l
thdZA 2017, 62; 5T 2014, 20).

T2 SAG oA Hltgo] B A Yol ok

I W2 ARA e e o1 o st

1o

1 2] A5k Duncan and Duncan 1955; Jargowsky
1997; Massey and Eggers 1990; Sampson, Raudenbush
and Earls 1997).

Apze] Aol 4540
Qe ol 4 Gl RIS Aol A o)
A M Ao 22 Aok 38 =APTe] At
o7& iRt 7| EA 0 2 F}FE] Ix] AL 7}
7o) 2holAlo] oJa) A=A & % AchFs
A 2015, 2; BlikeA, 441 2006, 192).

HH, Ul Rt B 559 54

e Sldll sEAHFEC] SEEUH. dte &

2 77 24

4 Qe AAsS0] A Foxjeks Al
B QAL HEsle] iR FEOR gt 4
AEZ0] Feslo] o wlsl, ALl uA|, 2]
B4 5] A1814 BAIZ op IStk B2 Moty
Tkl 2004, 1), olefet ALsl BAIE ghstsp]
Stal QliEe] tiero R thl mjee Eat At

o
A
%
Rl
il
iy
30
T
=
M
it}
o
o,
24
S
K
g

=2

FH o7 ZAstaat gik o, F-5 g o] oJs) 3
ol T HtoRtE Thx]e} vl lrsee] #5
St AT AFAE AleRkezs, HeHAS:

50l
Z8AA e SJsf AdEst FAAE TR $7

o] 24 e AR R Fer Aol
B 5 Qe I 248 B EAS gite s &)
o

ek B BA WSl ASAE R Y §

1) MAUP(Modifiable Areal Unic Problem)y= ‘3FeH?] 44 71s/d9] A1 e 7HHA] XY G9EA! 522 AT 4 glor, 19794
Openshaw®} Taylor®]l 2J3l] A/d% 8014, Aol ol8&le 7919 AEl2 71220 = 29133919 44 7Fs/d)olH a+2
e ol Y] A7lef G ot A 2k o ] WEeldFE, F2A 2004), FHTY AE Lol B3t
P AR 550 whet Helele] £9Eet 3t AR 293 2APT AT 4 AHLFY 2002, 191).

100 =ZEHT H[1027(2019. 9)



o) 47} 424702 22 T AIFRI 2010493 201539
Wl 25l

2 Rl 2RSS dgoR o,
A, 501 A, =, vidAdFE 5
oA FFe diFEell 7AFshe #aAE Allst

k. olF Tl 55 FHell ot Fd= viAlstaAr

T gl=AE Tetsl] S19l 30
d ob AR B C T, A, e o
W 1T AZFARIN AAYD FAA TR
2 o) wal RIS BAs

I, 0|2x J&t

= L=
1. EASZe 22y

EA] Helde] ASE FA9] ]l daliAs 1734
YA IR AYEfeRA] yhlat Aol Z3AekA
A, ¥ oz tro] B 4 qlojeilieA],
A 2006, 192; 814 2015, 13; F53 2014, 10).

AT 7ro] FAR] 2ol sl AJeieta ol
Park(1921)= FAA 2= =A7F Fsts
o AAAHA Uehhs Aehdos Hytow,
Burgess(1924)= 1A B@-2 &l AHel, BA14 4
2= Qs Exjo]gof whe WAL sy, TS
FAoZ gt FAY FEiZ 2 o] Eslxlo] AlF 7h
FAA Bt @iy Bk Az 2017, 39).

A0 ZAISH ol Ao s R E F
AR O] wEHlge] ofs A7t AP ERE 24

S204% WUSE BAT B4 Qo] AT,
TAESURE =] Sf2te] Yo Felo] AT

A5t Miron 1982; HllseA], HAIA] 2016, 193).
A AR TAAYEeR Rt Al sEo] A
ofxle] Lol ArhH,

S 2R TA] A A7

= IPgollA A TS

o] A 7MAE T3l 593 AFEuRke] dks o}

Al =, FA2] Zefele ddEE Rt Hoktt

AlskA P FH 42 Ze

ﬁ
ol
Y
2
i)
©
L
ol
O_A.. r—lE

) _I
2
e
&

%17;1(2017)% HEAI% tﬂ*&i 3ol e
Wt BAS slolom, ol el 51724y

g 17} gl 71 4= TAE B8ttt =414
B VSEAE Bl FAA] A @l I

o

o

-

o,
o
o

Al QAL HIESe] vlgo] A | A E AL

3.
o
il

(

ey
&
rlI
rfd
(o]
L
o
X oot
ful
&
%0,
i)
&l
nx
H,
_O‘L
38,
i)
_pI.
o
rl

R
1o
lI
_Ui
o
H—T
|
le
O_u
ol
xR
o
=)
Hl
2
N,
id
ICT
N

O:

>
[
ﬁ
3
:
b N
N

_>,i
- 4
_>,i
{m
bo
_o'L
38,
41
e,
oX,
=
At)
sl

.

H
i F
m U

i o
ol
K
fr o
o
ol

H
o
é\t

&
)
12

0

oA 2 oo x om
' r_El Mo ofN mu
ot o % H oox 2 o U o
L o X o oox o
Mo oo B u:f”‘oﬂ“
T
AR O gt
o £ 2
dr J2 RO EL
%NHENE‘H}IOEEL
I R fu
_\me-"mmlm I X
o o b h_;'i(ﬁﬁ_&l'ﬂ
S Ew L
ﬁ%xﬂﬂ%mﬁmtﬂ
o@i%i{ér‘rf# £
Szﬁogot]oﬁr_&
EOOJH_U
e TS o)
E—}FSL;‘LL_E‘OW
£ = N oJo o=
- O

o
HT
T
ol
R
i)
J
4
oflt
]
3
Mo o
)
%
N
)
!
i
i)

NBA| HepiiEs 2Rl 2ot Fo4x| S4 24 101



)
Ea
L
it E{Zi
o wx ©
ol
4
o o
I
2 Mo
o ofl
% o
4
e ﬁ)>
oy
Mo ofm

iy
of
ol
Py
X
=
j>
AN
N
d
N
o N
o
o>
WE
tlo
i)
El
ol
W&

r%%ﬁNog?otJ%rshﬁ
AT o LT > 0N
T ) f@ =
10 = W O >~ o
o o & 1o
o (L 3y L e
ghs S 12 & _‘__f o
i S e fo-t G
P o fi -\:—‘
=2 flo 0. nidh
P R
L og By >
o M g 1o e fil‘ .
o, F‘E #ﬁl g, _\E
ftlo E 2o
LS g fooog ol
—1 Ob =, FE
il s A
O =
SRR I
o 2 > Ho

t
ol
2

|

~

T

[

2 ot Zo] 71 QT FE WEE B
SA59 B4 RS ol HepABe B0
Fo BASAL Golat 2] Aol 24

WSS AAE 5T A 2

N X
e oo B q

rel

o

o

ML

T

ol
ol

ol
P
ol
2

njf
p

ofl
=

o
o,
o
){U
;&7
o

r
p
[
’
?
o
o)

oz
0
ok
o
12
A

|
&
i
M
oL
uk
rr
=
>,
o

ooy &

F

re
ON
¥
5
|
o
=
N
1
re
7

©

(2017)2] Ao} 7}
A 7\ ZAE
ol Il AAFls EE BE Tl

t}. o] wiEof =24 Moran’s I 4 A3} HH 7
o

N

F 73

O

3
i
)
o
o
ML
b
_O'L
&
)

it [

]
9] siglo] GPYThFo] YAIG At A<] F
U5t Lrebgth F7dhs tirfte oftE T2
SuEH, shte] PAFl 2~371] DR7E YRR
78, BA AV ohE A9l vl =72
& a0 WAt vl 2A| AshAA g
tohrtET7} A2l UX|=he F7b4] Rurt vpeht

A 2 atell gl

2) Local Moran’s I 75 O HH(High-High): %= o] &2 gt QIF9l 13 @ LL(Low-Low
LH@ow-High): 22 #fo] &2 2t sl $h& @ HLHigh-Low): & &0l W 3l

_9_[5
R
=
o
o
My
rlo
i

M
i,
i)
rir
ok
)
X,

0,
Y
f
it
2

L& =A5h, QAT 2|Ho] HIEE EAJo] 9)S =
(A, T E440] eH (—)akE 7HAA =k
“:_]', Moran’s I A|5= 3

o)
Ve g 4 o, oAvte =

ojgt 2 BAIE 2Astol7] 1ol Anselin(1995)
SR B Pd T Local Indicator of Spatial Association:
Lisa) B4/ 1S AT FA2 2ol
Moran’s D= 31H] ATIE Y] 722 2ot

9o grol e 2t 9 4L @
el kg, A Ao 2744
A2

o =

T2 FE HH, ILF3& TS, LH, HL2 33H] ofF] Aol & 4 3ka°18]Y, s 2012).

102 =ZEHT H[1027(2019, 9)



RIS} ERE 4 9108, ol Bol TUH T B2 ] RRIRALE S AR A
o) opr £ AR 2E % U ol el WiTe] 04 UFE 240k 1 6

] Wasl TAE el BOEAL A%, & st o ol o Fag ojelg Adriet
o=k FA7 | AFTHE A (Bivariate Moran’s )©] A& 351 r=to)

013, 489). =7 2SR +EAt=
=

2
ek, ol FH TR Ao 4 PR o et BAE 220 vgE 3

LLE e [ W

N
B

TS AHE LIsAoA] o|fgoR melg 8 B AP} IR AAaEF0R oA A oF,
o 283t ZolthTee 2001). T, 1%, 7] @2 A LE T2 Ao, 45 2l
Lee(2001)2 O 3 AvHdS S5k Sl Alo] F9145 30~50% olsk= 2#] gAMle] 1

HZ7F AARAISQ] Pearson’s r1F B 1T AlS A& Foke FHASE sk A|3olot
o
=

) Moran's 1 24P Agsto] ulg7it 22 00T HeS003e Bz B
B ek A48 sk ol o] B SEAS NEEoR Holsh A kel 20
22T} ol3i Qo] Ot MAS i) 94 HelaAle AWels AEE Bgslon], 174,
EL HIQAE SR Zoln], o BAT ol AelY, TS0l 4] A5 Arg
W 2 7, A <A 1>3) go] Hojdnkda mefsh] $lsl S| 2Ag R $3A 5 Q-
5 =8, 76 200 795 2010 A8le] HEA|ER B sk o4 2
N2ABEA A BANEE ALENDES
PR ) Y C 2] i Uehel, 4] el Aleliste Aeshe tEsel
Sl - il g, AR B ol 2 EReE FalzaE
BTG SIS 719 Aol LR 4 gl

B eRog Aod T TEAS GAls  AopAEos Aojsky BAos Bas,
of Moruris 1 A48 5o A2 FOPAE 0 A B4e) B8sb] SIgh dlolel T5e 94 B0
o} 1 WshE st oel, S FEPT RES vielel] 916 Su 28 a4
24 Sof MG He] A0S FHOR T0A Wekl  ABS 37b A90E psle] Adugit WA
9o BAskA Gk B AOPIE SN = B9 BES Bi o FeplEel A7 A
$A% FANAT) PAS ol FHPITE  Aow e S Telal 4 gk, SR o] %)
g o) Aol A7 wske] AolS BAs 9o AT At Be A9, Febze] Balsle] 9]
4 ik ok 27] G5t B4, WS B o) FeA

.

MEA| FAAIE LEXE B2 F4X| E4 24 103



JIhH] HAS QI HlER FXHHoR iy ol flol FFdFE| Ak 22 AldiE
FIARY] A=E mefet &4 Qltk o= A|H9 ¢+ =2 a7t ook SEWSE FAREhe] ot 7}
T oiE] FAIF] QI HleS UEhd o2, o A dohse] Az Aol W=, A2l T
AE oiE] FeAE] 9y A=S vEhd 4 QL T5 HE JUFEe 20109 7[F0F E 159,614
E}. olo]] & E=ZollM= ARIA Q1] AT TF Ate] to]H, 20159 7102 F 200,227AHH= UHERE,
= WL o QS QI E RS HeAge] o) 3 FARER 2ot 20108 7IE LHZE
B A=E 24 HlolE=z A5l e, FEle] A 22.3%, SH7} 77.7%% TRt om, 2015\ d0lh= LH7F
T HNE AT 4= A 7 S D AN HIES 213%, SHZL 78.6%E XISk ZoE vt <l
g5t FU0] 498 ATFE B, ] G o
2 =29 78 V2 S 2R 592t %—J—O‘EH—Zr o] 20104 o] FEEUe= &
T 55 Tl Aol Fshs EAE ARl 1, 2010~2015'A Ale] 5% TRt i Al
S e
4 gI7iRItFeof| AFsl= 3RS ti o2 St E)11 Ql2-g HoJETH<Table 1>, <Figure 1> Zx).
Table 1_ Public Rental Housing in Seoul
(unit: households, %)
2010 2015
Year Note
Total LH SH Total LH SH
Permanent Lease 45,998 23,628 22,370 46,592 23,920 22,672
Public Rental Including Number
A 20,269 2,837 17,432 20,191 2,759 17,432 | of Redevelopment
Housing i
50 Housing by LH
Yeares Redevelopme
nt/ 51,802 - 51,802 58,763 58,763 | Local Government
Renewal
National Rental | Construction 14,942 595 14,347 22,636 1,908 20,728
Housing Purchase 11,127 8,315 2,812 21,423 11,054 10,369
Happily Housing - - 847 40 807
Ecc. 15,473 229 15,244 30,622 2,962 26,613
35,604 124,007 42,643 157,384
Total 159,611 200,227
22.3% 77.7% 21.3% 78.6%

Note: Etc.(10 years, 5 years, Employees, Long-term Rental Housing).
Source: http://stat.molit.go.ke/portal/cate/stat View.do?hRsIld =37&hFormld=840&hDivEng=&month_yn=(accessed September 13, 2019).
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Figure 1_Public Rental Housing in 2015

¢« 1-100 LH
® 101-500 ® SH
@ 5011000
. 1001 - 2634
Unit:Housing

Source: https://www.myhome.go.kr/hws/portal/sch/selectRentalHouselnfoList View.do, Modifed.
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&S A8olE, 7 So] Qe FAXGE U 7 duiFEel AFsla Sl o= uehdtt
fo

ER] STl Btk Thel, AR oy

(<Table 3> &X).

2 ohe L3 ASTE HE-S sl 285 doiFEle] Fu Aol F7keka drhisEe]
19| &AL <Table 2>9}F 2Tt AFshe At 7HE Eolual Sl sHAITE 7%
g2t 717t A S71Rtel w2t 20104, 2015
IV. FAIS HFELUHEN o] gizkeleiee] ASshe pEAe 22 67.7%,
69%°1 St o152 o7s] ZAAA el gh=
1. Fl2AIE HEER gt HERE FAA ol AFE Zog ASHrh

SgAre) 3708 2ok WstE wetst] 91sl

5 BASNE AZsligin ExHo] As)

20109 71, ASAl Z1EA8gESEA TS
123,8582.0]t}. o] F 39,8397 M= UTiFEo] AF =

Sk Qlom ol= A a7 F 32.34%01 iRt F=2 AMRE= Natural Breaks Aoy 5 7H4
o} 20159 7|0 R 7RG RAAPEA; T F T4 Fa

163,1072.2 A4 =5 71 5 31.02%%] 50,5957+ AE AL QIL}. ol B E=RoME TEGRS [

Table 2_Index and Calculation Formula

Classification Calculation Formula

Rate of Vulnerable Groups Total Vulnerable Groups / Total People Administrative District X 100

(Total Vulnerable Groups Households — Total Public Rental Housing Households) /

Rate of Resid: f Pri Rental Housi
te of Residents of Private Rent: ousing |, Households X 100

Rate of Deteriorated Low-rise Residental Area | Over 30 year and Low-rise Housing / Total Households X 100

Source: http://data.seoul.go.kr; https://www.myhome.go.kr; http://stat.molit.go.kr; http://kosis.kr

Table 3 _ Statistics of Variables
(unit: households, %)

Vaulnerable Groups Public Rental Housing Residents of Private Rental Housing
N Household Ratfe of Residents .of Vulnerable Groups Households Bate of Residents l:‘)f
(person) Public Rental Housing Total households (A-B) Private Rental Housing
A B/A*100 B ) (A-B)/A*100
123,196
2010 ’ 2.34 117,111%* 8 8 67.66
(201.871) 32.34% 7, 39,839 3,357 7.66%
163,107
201 1.02 1 25 %% 112,512 X
015 (246,580) 31.02% 68,925 50,595 ,5 68.98%

Note: * 2010: Permanent Lease(40,946), Public Rental Housing(17,195), Redevelopment/renewal(38,754), National Rental Housing_
Construction(8,753), Purchase(11,463).

#% 2015: Permanent Lease(44,124), Public Rental Housing(20,043), Redevelopment/renewal(59,501), National Rental Housing
Construction(23,439), Purchase(21,818).

8) A2 ST $FAE $A AR F AFAe} Tk BRuo] B Fo] BrR5E e Al 201049)
WL, P, FEET, F970 BB FAYo] reivlol T FS /1RO 20119 YT TAF v1&L Hgslel
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Figure 2 _ Spatial Distribution of the Vulnerable Groups
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Figure 3 _ Spatial Distribution of the Residents of Private Rental Housing
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Figure 4 _ Spatial Distribution of the Deteriorated Low-rise Residental Area
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FFASSI Aoz merel 4= it o]Qlof] JFEE A% FHo] 62.1%2 7P B2 AR vehyitt
7 711 Ao 3gE doiFEo] A9 gl A ol9lof HA4E5(37.9%), 7t1E5(35.1%), F3lE
o2 Hol uizkItiFelof] ASsl= 32 B2 (32.9%), A18(32.7%), 358(30.7%) 5 EAHO

21921 Ao wotEr) AN FEE s SR AT R0l

HH, AE3Et AR SaE driFEel A E2 AHom UEth B3t g4, dEET,
Fohe FatldE ALldaolE S5l 73] of APt A= &2 ZS & 4 /1o, 2015
B2 AR YEHO =M, Fig 2] vzl e v% 7k Ze & 4 ok 240 284
FEol| #2327 Bol AT d5s WIHE 5+ 7IZ2EAE <Table 4>2F 2t

AT F5AG= Al A& Aelstal, 4] 2. SIAP ISEEME Set FoPiIE TRl Hat B

=2 o=

TH il

L SE R} ohg AP AT QTE 9 A slel o), 1] Sael MaeiE
wEAEEE Hgo] RO AR UAE TAR o ATSHE 2349 Blge] HudRe A

of =] lom, IF A8E2 20154 7l =¥ Uebdou, SAE R fomlet R oFdeds ot

Table 4 _Descriptive Statistics

(unit: %, percent)

Variables Year Num Mean STD Min Max
2010 424 2.941 2.591 0.000 22.990

Rate of Vulnerable Groups
2015 424 3.920 3.026 0.050 25.014
Rate of Residents of Private 2010 424 2.046 2.956 (25.803) 12.706
Rental Housing 2015 424 2.781 3.254 (24.912) 17.188
Rate of Deteriorated Low-rise 2010 424 8.562 8.632 0.000 66.541
Residental Area 2015 424 9.767 9.049 0.000 62.186
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o5z flofl XA VdT A4S AAlSHITh Table 5 _Univariate Moran’s | Statistics of the

‘?1_11, PR E2=i DRSS RERESC PARS - AR Residents of Private Rental Housing
g welely] o], 334 Hling Slol B FHe — =0 =

Moran's 1 0.126 0.207

o ddo= By ExE Ak old|, folet 7. score 4643 7.419
S AR 21 Slell HAIA SR VIR P-value 0.001 0.001
A& AXstg e, Ait= <Figure 5>2F At

A g2 o= g s 24 2 ZAos Yehton, ®E g2l 37H Ak
h HHARE 0= Uehd 292 oA st vie 2 Zhe 108 Uit SAX SR E f2/2HE 0.001
o], ZXTe] 71, 5E3%F, 7193 et A= FollA] zvalue Fhol 22} 4.643, 74192 25 2

79| ¥z, GARES HIRt g, el 41 o TS UYERISITK<Table 5>, <Figure 6> ).
o & = FTATEAEA7F GAGE A Hxk A B PEE] HEE LS Moran's T 2147k
o] Az|gjo] EREY 928 & 4= 9lom, 201087 ISk Qs Ao = Hof RITRQIthSEe] ASs)
201599 H| W& FAE wie fARE BEE LEt £ AT E3 BT A s FHOE FHHS
Wict. = =] 9lom, 11 @] t& A3letr Q=
ol 58l ot tht AeiFEitz]e] <] Aoz Mg 4= Qlok
gF ggko] whe- FA Ul §l3S owRitt. o] TR FIA VIR A2 YeRd <Figure
2 =2odile AT JFS ATo=H, 5>9F o] 1A EaafelS AmHEH, HHG- o
ZAAIA ool olef Hiztdeieie)] Ak FHH| Aol 2010Wdell= e} -84 AN f1gh
S WdoR A O3 @A) WA O Axs SAET s dUiE AR YehH, B4
AT < ot JE5C] EF 9 Aits ddiE oo
WA, M4 3RV B4 AT 201099] Ttk B AEEG o2 RO AdE o
Moran’s I 2 0.126, 201519 0.2072 F71861= = HIESI] S92 E4ks, ASE Uiz oo

Figure 5 _LISA Analysis of the Vulnerable Groups
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Figure 6 _Univariate Moran's | and LISA Analysis of the Residents of Private Rental Housing
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Table 6 _Bivariate Moran’s | Statistics of the
Residents of Private Rental Housing and Deteriorated
Low-rise Residential Area

Classification 2010 2015
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Figure 7 _Bivariate Moran’s | and LISA Analysis of the Residents of Private Rental Housing and Deteriorated
Low-rise Residential Area
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