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A3 AR H ATHHEHE

B FoMde Bdo 23t xael AFHHES AAS B

AT HESNZ 24 UHE

A(Gini  coefficient)®}  LISA(Local  Indicator  of  Spatial

Autocorrelation) & 283 ¥1t4 QS ST

HEAE A2%elX Asdlxel d¥9 x=Z(node)$t

(lnk)2 FEdEd. ==e HEHAIES A AE= HADs
= s ddse 24E Witk uEia AT

B

ofof gt & Aol A il AY 1 HE UEAA 9]
o] = [ 3-119 #Zrh 20114de H] 3]
ZF = 99 AFEs FaEFAR
ZZAA A el w= "9 ¥HHo Jigee Friekdd. 20204
|Eo 2 A A oF 45%9] Aol Aol FEFH 9l

(91 7H)
Exe 2011+ 20201
o Ao 216 211
T 7 ZAA G (A2 |94 99
oE| 112 138
l. ==

W HEINA mEE dukdo
Sog Aot A EAd wal =A
2 tH(Chang and Kim, 2022).
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Aapeb] e Aol Afde TAA Fkel Oclm=E A At
FE= MAA B

CE!

P w2 S ddste 24w Ja9 B3 EA 5
wel HEHA7E debd Qv MEY s WA BEE AAsks
Wakd  dEYA(directed network)9t  Wade]l gl A
UWE$ A(undirected network)® Y= 4 Qdtt. AL: U ESIAE
dutzow wr b Adtdles BEY dstem FUed U ES A
S4e veEkdoh

HWELNAE ®HA 7FeA 59 w2 od WEY A(binary
network) ¥ 7% UE9A(weighted network)® HF3w, X
A= 7k HESIAE  wEeR #AS gt oF
YEHAAdME EE a7t 4 fFHES /AR, ke
HEAAdAAE o 2 7teAE 7 33495 WEHACAA o &
= YAkt AA MEH IO E == e 34, S FAavn

=
1

ojdde HeER "I JsAE dAste Aol ¥ dHAA 4
=
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1) 71 A5+ FA 7t A

[ 3-2]ollA & & Sxeol wE HEHIE
S Y% AFELS U 845 3 AR HAsa Yk
Chang and Kim (2022)2 &3 % 89 M4 A x w4 &5 3
7V R AR Liu et al. (202009 Cats (2017)& S @A 7HS |
Cats (2017)> HHts}H] 8-S 48313t} Lee and Lee (2017), Soh et al.
(2010), Sun et al. (2019)°1M= & Ax 4 &5 AL 0
Chakrabarti et al. (2022)> &33A1H3 S3AHE 7 g6l

Chen et al. (2018)¢} #o] M 4=, AL, A4+ % 25 5 T9 T
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A 3d ATYHE
1. =5 FA4

== FAAHNode Centrality)> HESIZ 49 7] M9 <
sh = H]EHEL ol EAete= == He] $IAE H7tste] 2 ==
At A g eke S wE s HHH 20|t (Lin and Ban, 2013; Lange, 2019).
ALY o= migtE = Ao weh g 7] wde] AR AT
EAjo] wmel g ARE AAG + Aok dnbdoew p 4
AHEEE FAA A RS Freeman(1978)¢] AQbst AZAAHE FAA,
7 SAAE, 2 S+ FAAd ol
AAHE =X (Degree Centrality) c, & A=
AZA A (connectivity) S H7Fsh= AFEZ 24 (3-2)9F o] wrXo
A9 H3A NGFE Mg o R A4S 543 (Freeman, 1978).

0;

CD(l) = Eaij (3_2)

REAR = | 1
Jornz =t Co AAAE FAALL 47 Hvh Yy dEAA=
TAAAL olg HEYINAMT FdT & e ARBA ITAE

uela] B AGE TS EY A0 A 483 4 & Opsahl et al
(2020)9] AAZ = F4A(Strengthness Centrality) € & &3},
= i7F st e ==k " 7heA wy; & deke

2Hgstk, 24 (3-3)¢F o] YERdT
Cs(i) = EWU' (3-3)
=
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AARS Yugtr. webq QA= FAA
ke #AAA FH TS It & 7 Uk
nj 7] 5414 (Betweenness Centrality) Cgz o} o
Centrality) C. = #% 7 Z(shortest path)ZS ®lE o= A3} o]d
HE I A dst g == 7+ A (distance)E 7| o=
12 AAFAR, 7FFUESZA = Dikstra (19599 FHdt A=
agFe Mg oR HA7EAe 9471 AgZ AP HOpsahl et al.
2010). o2 o] EAT] NFXA ASol FalTo] PSFE Lr

AL Mg SRl AEFE At Agrt W o dadr.

FAYe APHom Aty Yt wmsshe AdA,
: o e

o

2
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o>,
~ o_>|:
~
a
(@)
[0)]
(@]
5
[0)]
[0)]

- -1 E(node)

(2% 3-1] 7FUEH A oA
(19 3-1]12 7ISHIEY =AY droy, HA 7527 fle
olFUEN A  [29  2-119F ¥ HAA IrEAIE EAS
ZFSUEY A olFUEYTY == A9 B 7He] AEE vud Aye=
[ 3-3]1¢9 2t}

[ 3-3] A7 (distance) 2F& <A

A= d(4, B) d" (4, B)
(A,B) 1 1
(A,C,B) 2 4

71wl FAA o & HEYA Yo ==hE AYrteE b
¢+ 7 Z(weighted shortest past)9] 7/FS vlg o2 AE31, 4] (3-

4o ol SAT F Uk =, MEHT W 54 == vE ==
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Y (i) = i (3-4)

i =
oA el o u}% RE wE 7he i% NE Aw Ave] Fe

YEAA el 3= E}% 2E iziTEi 7}%} A

Ue Ae Yulstrg, UEAT | BRE === FHo] 7PE wEa
At As 9udd. wEsddAeE HASAS UEle AxR=
&-8-¥}(Bohman and Nilsson, 2021; Zhai et al., 2021). t}®}, o] 9]
A4S F == hs wE7) O]oo}b g oulstung, <3E 2-
1>l A8k = g7 3ol e Ao #FH= Zpol7k 2l
Levinson and King (2020)¢] Aol w2 A (accessibility) B.t}+=
o] %54 (mobility)ell 7}7+g A o] o] t}®,

N
Ce ) = [Z a* (i, /) (3-5)
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45 AFE A sE W oRE WolAl, AYAS, Bd A5
Sol  en, JpE dwtdoz AR EHE Hc}‘ﬂse AY A5 (Gini
Coefficient)o]t}. AYUAGFE= 03 14}o]9] #hs 7HAH, 00 7Mhe4=
Fe3t A, 1o 7Mhe5E B 5o A AEE 9wt

2w (3-6)

= A (Lorenz Curve)S H}EO 2 A s}, [

3=-2]oA IAMAL dd deAS ousta, I AMS 29
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3. LISA 4

A T3
¥ Global Moran's
AFE-E 31 QItH(Moran, 1950). 93 Ea&A|4¢=
=4 @Ay Py HoR Asdvds

m RAY R REH] EAE tehie Aot

—_ T

Positive spatial No spatial Negative spatial
autocorrelation autocorrelation autocorrelation

[ 3-3] &3H4 2713 ¥H(EA): Radil, 2011)

a8y, d94 2ex]92(Global Moran's D& 37559 F5%=
-1 1 Afo]9] o= T3 B olzlo] A AHom o' FiEH o
A=A HoFx] 3ok, 2 dATe FAAEY FEIF FFHe=
BEEo] JeEAE B4y Hue o= Add IFFTEIh
Ast=A5 dotsh= o Aol th. mebA HdJF EIRATFE

=
R 23k Anselin (1995)9] Local Moran's I A]5=(LISA; Local Indicator of
Spatial Autocorrelation)s HIE o2 FIHHAFTEE AHAHSY. X4
EAAsE E A9 G992 I JeEE gostes WHELER,
SHAAGI AHAGY] FAMES dHERITGIAES ¢, 2014). @D
M Global Moran's I A% (Moran, 1950)3 th2A Ag4
z =
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Fol vk 3 232 T & A9y ¥ ATt 5 s
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Abstract

Changes in spatial equity of
the Korean intercity rail network
in the 2010s

Sunhwa Kim
Department of Environmental Planning
Graduate School of Environmental Studies

Seoul National University

Korea has supplied railway networks mainly to the Gyeongbu axis
for a long time. Cost—efficiency was the predominant rationale for the
supply. However, the governmental policy of rail supply has changed
to support balanced regional developments. In order to build a railway
network based on regional equity, the supply level of the current
system should be assessed. Although there are many studies that have
dealt with economic changes before and after the opening of high-—
speed rail, few studies have explored equity changes over the past 10
years. In addition, previous studies mainly measured spatial equity
based on socio—economic factors such as land use and population.
Since there is an interaction between the structure of the railway
network and the travel patterns of people, this study focuses on the
characteristics of the transportation system, which is the fundamental
cause of regional imbalance.

Thus, this research assesses the supply and demand of the current
state of rail service for each region using the network analysis. The
extent of the inequality was analyzed spatially. A node centrality
analysis as one of the methodologies of network analysis was used to
reflect the properties of the transportation system. For the centrality
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index, the strength centrality, betweenness centrality, and closeness
centrality, and each index represents connectivity, transferability, and
mobility, respectively. The change in spatial equality was analyzed
based on the centrality value derived for each region. For this purpose,
non-spatial statists and spatial statistics were both used. The changes
in rail service unbalance in South Korea over 10 years were identified
through the Gini coefficient, and the spatial distribution was observed
based on spatial autocorrelation. The Local Moran’s I index was used
as the spatial autocorrelation analysis. The concentrated extent of
supply and demand of regions were analyzed. Also, the correlation
between supply and demand was determined through the bivariate
Moran index.

The following summarizes the main results of this paper. First,
Gini coefficient analysis results shows that the degree centrality and
betweenness centrality values were both 0.8 before and after, and the
closeness centrality was about 0.6. It could be identified from the Gini
coefficient being between O and 1 that the railway service levels of
regions were unbalanced in South Korea. Despite the expansion of the
rail infrastructure during the past 10 years. the spatial balance had not
improved. This also proves that the improvement in spatial balance is
not easy only through physical railroad line supply. Secondly, the
Moran index analysis shows that the supply level and demand of
railway service remains significantly higher in the Gyeongbuk and
Chungcheong regions than in other regions in 2011 and 2020. In
particular, the betweenness centrality analysis that identifies the
transfer hubs shows that the impact of the Chungcheong region had
increased over the past 10 years. Transfer hubs refer to nodes with
significant control within transportation networks. Therefore, a node
which has higher betweenness centrality value could incur problems
for the entire network when the corresponding region have falls under
danger. On the contrary, the railway supply state and demand of the
north of Gyeonggi—do, Jeollanam—-do, and some areas of Gangwon—-do

were low.
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The results of this study can be used during investment decision-—
making for the balanced development of regions in the future. In
particular, regions with low supply levels relative to the demand can
be sorted as investment—priority regions. However, the impact of the
Seoul metropolitan region could have been underestimated due to the
elimination of the metro from the scope of analysis. Additionally, a
complementary method must be considered for the actual balanced
development of regions because the land properties within each region
differ.

Keywords : network analysis. spatial equity, node centrality, Gini
coefficient, spatial autocorrelation
Student Number : 2021-29161

64



	제 1 장 서론
	제 1 절 연구의 배경 및 목적
	제 2 절 연구의 범위 및 방법
	1. 시공간적 범위
	2. 철도 분석 범위
	3. 연구의 방법 


	제 2 장 이론 및 기존 연구 고찰
	제 1 절 철도 네트워크의 형평성
	1. 사회적 형평성
	2. 공간적 형평성 

	제 2 절 철도 네트워크의 중심성
	1. 네트워크 이론
	2. 노드 중심성 

	제 3 절 기존 연구 시사점 및 본 연구의 차별성

	제 3 장 자료 및 연구방법론
	제 1 절 자료
	1. 노드
	2. 링크 

	제 2 절 연구방법론
	1. 노드 중심성
	2. 지니계수 
	3. LISA 분석 


	제 4 장 분석결과
	제 1 절 노드 중심성
	1. 지역별 중심성 분석 결과
	2. 공급중심성과 수요중심성의 상관관계 

	제 2 절 공간적 형평성 변화
	1. 비공간 통계량
	2. 공간 통계량

	제 3 절 소결

	제 5 장 결론
	참고문헌
	부록
	Abstract


<startpage>11
제 1 장 서론 1
 제 1 절 연구의 배경 및 목적 1
 제 2 절 연구의 범위 및 방법 2
  1. 시공간적 범위 2
  2. 철도 분석 범위 2
  3. 연구의 방법  6
제 2 장 이론 및 기존 연구 고찰 7
 제 1 절 철도 네트워크의 형평성 7
  1. 사회적 형평성 7
  2. 공간적 형평성  8
 제 2 절 철도 네트워크의 중심성 10
  1. 네트워크 이론 10
  2. 노드 중심성  11
 제 3 절 기존 연구 시사점 및 본 연구의 차별성 13
제 3 장 자료 및 연구방법론 14
 제 1 절 자료 14
  1. 노드 18
  2. 링크  22
 제 2 절 연구방법론 18
  1. 노드 중심성 18
  2. 지니계수  22
  3. LISA 분석  23
제 4 장 분석결과 26
 제 1 절 노드 중심성 26
  1. 지역별 중심성 분석 결과 26
  2. 공급중심성과 수요중심성의 상관관계  39
 제 2 절 공간적 형평성 변화 39
  1. 비공간 통계량 40
  2. 공간 통계량 41
 제 3 절 소결 51
제 5 장 결론 52
참고문헌 54
부록 60
Abstract 62
</body>

