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Delineation of Metropolitan Regions Using Markov-chain Model and
Analysis of Their Changes: Focused on Five Metropolitan Areas
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Abstract

As many planning issues in transportation, environment, and the economy transcend
beyond existing political boundaries, regional planning at the metropolitan level has become
more important than ever. We do not have clear metropolitan boundaries within which
regional planning is developed and implemented. Although there have been existing studies
that delineated city-regions using commuting data and other variables, most authors used a
cut-off method that is somewhat arbitrary and requires local knowledge by authors. The
purposes of this study are to delineate functional regions with  mathematical methods,
specifically Markov-chain model and cluster analysis, and analyze the regions in terms of
changes of boundaries. The results show that the identified functional regions are wider than
those identified in previous studies, effectively addressing the influence of central city and
thoroughly incorporating sprawled regions.
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Table 1. Summary of Existing Studies

Cut-off Values of Variables

Geographical Job - -
Studies Case study areas| scope of | Commuting |dependency Ee:lth o Population FE)atIOIOf q
impact areas flows & Job ull-time density | 2" 4N
farmers uses
share
Seoul Commuting
Kwon(2001) metropolitan | Gyeonggi-do rates - Average | Average | Average
area (average)
Seoul, Busan,
Kwon and Daegu o Commuting | ,
Chung(2007) metropolitan within 50km rates(5%) 5%(each)
areas
Commuting
O,
Busan-Ulsan, rates(S@)
Commuting
Daegu,
Daejeon rates+
Kim et al.(2010) Kwan ul - Reverse - Average | Average | Average
metro gljitan commuting
aré)as rates(10%)
Daily traffic
rates(20%)
. Jinju and the Distance of .
Kim and east part of 30 minutes Commuting ) ) . )
Ha(2001) Gyeongsangnam-| rates(10%)
by car
do
. ) Commuting o ) . )
Noh et al.(2012)| the nation rates(10%) 10%(sum)
within 60km
Busan of Commutin
shim and metropolitan road-network rates ’ - Average | Average | Average
Cho(2011) P distance 9 9 9
area R (average)
(service area
analysis)
Scoring Scoring Scoring
Lee and Seoul and ) through ) through | through )
Song(1995) Gyeonggi-do standardi- standardi- | standardi-
zation zation zation
Busan, Daegu,
Daejeon, Commuting
Jang and Kwangju within 50km rates - - - -
Moon(2012) 9
metropolitan (average)
areas
Daegu Distance of | Commuting
Joo et al.(2014)| metropolitan | 60 minutes rates - Average | Average | Average
area by car (average)
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Table 2. Result of Cluster Analysis for Seoul
Metropolitan Area

it Functional Distance Counts of
Avg. Std. Samples

1 1307.15 126.56 55

2 2657.71 218.72 25

3 3374.72 209.05 22

4 4756.21 378.50 19

5 5654.40 156.94 34

6 6367.69 176.56 32

7 6941.73 80.04 36

8 298679.93 13241 2

10 I T=EAZ, ®51H 7= (2016)

Legend

- Cluster 1
- Cluster 2
- Cluster 3
- Cluster 4
|:| Cluster 5 N
l:! Cluster 6

‘:] Cluster 7
l:l Cluster 8 .

Fig 1. Result of Cluster Analysis for Seoul
Metropolitan Area
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Fig 2. Seoul Metropolitan Area
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Table 3. Result of Cluster Analysis for Daejeon
Metropolitan Area

Functional Distance Counts of
Clusters Samol
Avg. Std. SIS
1 8023.18 967.28 27
2 10282.18 251.09 142
3 11698.06 259.83 74
4 196019.67 8275 2

Legend

- Cluster 1
I:l Cluster 2
: Cluster 3
l:l Cluster 4

Fig 3. Result of Cluster Analysis for Daejeon
Metropolitan Area
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Fig 4. Daejeon Metropolitan Area
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Clusters Functional Distance Counts of
Avg. Std. Samples
1 7832.68 964.50 14
2 11197.38 703.15 52
3 16427.90 644.84 63
4 18583.83 377.85 111
5 315581.13 132.40 2
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Table 5. Result of Cluster Analysis in Kwangju
Metropolitan Area

Functional Distance Counts of
Clusters
Avg. Std. Samples

1 6986.29 | 1599.93 19

2 1277079 | 123196 18

3 17994.67 781.95 26

4 19858.62 314.25 180

5 205783.10 8272 2
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Fig 7. Result of Cluster Analysis for Kwangju
Metropolitan Area
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Table 6. Result of Cluster Analysis for Busan
Metropolitan Area
Clusters Functional Distance o af
Avg. Std. Sample
1 23011.30 2775.88 18
2 32473.00 217943 35
3 39769.64 1415.81 50
4 44751.65 897.26 36
5 47255.55 385.58 93
6 640130.36 264.79 2
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Legend

- Cluster 1
- Cluster 2
I:I Cluster 3
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Fig 9. Result of Cluster Analysis for Busan
Metropolitan Area
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Table 7. Comparison of Descriptive Statistics
among Five Metropolitan Areas

Central Functional Distance Numfber
City Avg. Std. Sar:ples
Seoul 1,307.15 126.56 55
Daejeon 8,023.18 967.28 27
Daegu 7,832.68 964.50 14
Kwangju 6,986.29 1,599.93 19
Busan 23,011.30 2,775.88 18
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GRDP for Five Metropolitan Areas

Cer)tral Area(im) Population Employees of Business GRI?P
City (2010) (2010) (2011, million won)
Seoul 12,815 (12.8%) | 21,217,034  (43.7%) 9802175  (44.2%) 581,249,393  (43.7%)
Daejeon 14,693 (14.6%) 4,825,241 (9.9%) 2234933  (10.1%) 155,340,380  (11.7%)
Daegu 10,923  (10.9%) 3,769,972 (7.8%) 1,689,483 (7.6%) 89,862,863  (6.8%)
Kwangju 11,044 (11.0%) 6900419  (14.2%) 1,159,958 (5.2%) 90,519,380  (6.8%)
Busan 6444  (64%) 2,543,590 (5.2%) 3,032,081  (13.7%) 334,484,273  (25.1%)
Total (55.8%) (80.8%) (80.7%) (94.0%)

(00%) : Percentages of national area, population, employees, and GRDP
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Fig 12. Changes of Boundaries for Five
Metropolitan Areas between 2005 and 2011
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Table 9. Comparison between This Study and Previous Studies

Study areas

Cases / Indices and Methods

. Noh, Sim, and " Kwon and
This Study Lee(2012) Kim et al.(2010) Chung(2007)
Commuting
Functional Distance rates(5%) +
(Markov-Chain Commuting Reverse Commuting Commuting
Model) rates(10%) Rates(10%) & rates(5%)

+ Cluster Analysis

Daily Traffic
Rates(20%)

Seoul
Metropolitan
Area

Daejeon
Metropolitan
Area

Daegu
Metropolitan
Area

Kwangju
Metropolitan
Area

Busan
Metropolitan
Area

Journal of Korea Planning Association Vol51 No.7 (2016) |



23H

A=A JEA] 22

Ao 7] st 4 )
ool whet Frol ke 4= o, thal Xol o)
St 715 K]Al(local knowledge)o] g AL HA
slst 7)1ExR7 HgeE 997 YU McMillen &
McDonald, 1998). =M, AGAISIAQl ZHoA],
4ct AY dF2 VIs8oR 1T oo k= 9
Zx|o] AgFAolA RQEN QAR FA
g5 R QIst FAIAZE NS o8 =
AOH, B RFH9 ZAPZIEAIAE Aol AoA =

7 ASRES TN Bk 0RE ¢

0l

SEAE
ol Hrt ABEQl gEs AA
Z10%2 7ot

Y1E BATAI A8 AToNE ZIENS AMS
ol Bl OlgEol from, o= ol
A

i od

TR ek JlERl At Ad8E Aol
& ek 7IRsd gl 1 7IERE AREY
ol 9ol WAl Sho) ofgrks 2ol
A0l gk olo] B Gl -l
RET 715 AR, ZERA 5 HD ABE)

TAE AE g¥e Sol A= 5 BYxAlEE
AEBIQOM, 20063 2011H9] BOTAIA 2

B mdsl 71E ddisiel Ho BAg B
ol Al A8 B A=) AAPEE MBSt st
AL

18 | "2EAZ, HM51A 7= (2016)

2 oo Ay B AAREE TRt 2t A,
5 BAEAE BT SHEAPE AReE = AAE

I
HolMe S Helel d9o] dE8EIRITE o=

STEde] HEoA AT Ak o
SHEAIS] g0l dddEe HolFm, 7IE &
T TR A=le Holds R9A=] Aol

st =97t O "Qshe AAISITE
=M, 2005E3 201199 BALEAIHS AR
HoE ANHHEEH hREE ZTAJHO] REFoR
A, FABATAAOAE AEE oHos
Olel 718 Zh2 SFEo] LRt HHH thAZY LA
HolA= 7F & AglE gdo] dolLt 5Fo=
= ASZYTAIAT Q5o (RSl QT
St 2005E0= THTZ Al BARY EATA
o] QIFs] AQUOLE 2011 AlFHol= ARES 5
MELATAH, EZATAI,
FARZALAIHO] ARFoR QIEsH H7t
Sdstal QAtk olfsh AHSkE BATARA
Z10] ohe} ApEEoR
QAOZT oSt Helo] A
oF oFEH, SEHEHIAE U SESE
Al a1 ojoF HQ7F QT
ATEIS] Hw A GHE L
b 2 OEA UEkton, 53l
Q9] ZYrAlHEol A
At ZYTAIE Hert $HE e olfe
Z17] tiEA A8E K79 71EXIeH ¢t AlFo
B Lo AEE
Ao Higl HInA IA
LIERE Zi2 Aolst OJFL Aol W TAIAZE
i Fwof ROt Ag 4= V] mEoIH, A
S [EAIZE ARIQ] EAIATE
SIAl ol QuES HOELE olo
Mol & ddFtoA] DdliE "Qvt

SR QL

L2
|
fud

>~ 9
Lr‘ﬁ
=)

J

g

o =
I
0

2

SO oororo

o oE

o M
2
10
gg
oo
ox
rﬂ

ot
el
o

.
1%/

g
O
s
L7
N

i

it

2
-
=2
z
g
£l
2
i
)
rlo
n_l%

|

%)
o
Hu
(I}
ox
ri
Pa)
kRl
1o
N

3 5o

ral

- O‘l}{'
M

=2 ol
i

ML 02
o)

=



R =-iff RYE O|8 FH=AIH o

gk g7 57 HEAIRE Yoz

Z1. Rstudio®| NbCluste= G| MAESH 279 =+
FE81= R TY7IR/0ICE 3 30749 ol

o= 3i0 4% MBS 2T +2 AYHFD, 0f
2HY 48 Eff2 2 4B2 ZHE 2H A
2 2ES ZWE FAR ECt

=
lo
re

AEEA
References

1 #8% 2001 “F=d ZATAIH AF7
EAZ, , 36(7):197-219.

Kwon Y.W., 2001. “The Delineation of the
Seoul Metropolitan Region in Korea”. Journal

e

of Korea Planning Association,

36(7):197-219.

L9, 2006, “RSE S} g 2aE g
3 Cheuer, raEwele] ol A, FA

d Q| Mg SAIESIAL
2006. “Ch.3:
Territory and Its

Kwon 1., Inequality of the

National Responding
Strategies in Korea.” in Theories and Practice
of Growth Management, edited by Choi et al.,

342-387, Seoul: Dongseo Munhwa Press.

3. HEV-EHS, 2007, “THEAl ZO=AlAE 28

o H9E
52(3):39-58.
Kwon C. H, Chung H. W, 2007. “A
Comparative Study on the Role of the

2 54

Hlal", I=EAT

Primate City in a Metropolitan Region in

Korea”, The Korea Spatial Planning Review,

52(3):39-58.

4. As5-494]- - 20206, 2010. =
2E TAE |4 9ot 350, , 87 2EA

T

Kim D. J, Kim H. S, Koo J. E, Kang M. K,

& Cheoi I. H, 2010. A Study On Global

City-Regions in Korea (1), Gyeonggi: Korea

Research Institute for Human Settlements.

5. UY-5kEE, 2001, “BYTAAEHEHE et

6.

7.

8. 0|5|H-£ES

10.

A Hst A, BT =T2A)
1:11-20.
Kim Y. & Ha C. H, 2001. “A Study on the
Metropolitan Region Delineation Analysis for
Metropolitan Urban Planning Establishment”,
Journal of Engineering Research Institute,
1:11-20.
CSE-AAE o8, 2012, K1Y T 1A
AAM ZIESt TAH AY EHE A9
S AIRIZIERSIA] |, 15(3):23-43.
Noh S. C, Sim J. H, & Lee H. Y, 2012. “A
Study on the Delimitation of City-Regions
Based on Inter-Regional Functional Linkages
in korea”, Journal of the Korean Urban
Geographical Society, 15(3):23-43.
AR 2N, 2011, “UEHD SA71#e O
85t YAl Ao, SRS
Ry, 19(6):75-86.
Sim J. H. & Cho Y. H., 2011. “The Boundary
Delimitation of Busan Metropolitan Area
using Network Analysis’, Journal of Korea
Spatial Information Society, 19(6):75-86.
199. “AEStHEAIAYS] gyt
ISt ES, iSRElstElA)

1= OO Oy

R +70
30(1):35-56.
Lee H Y. & Song J. H, 1995. “A Study on
the Establishment and Regional Structure of
Seoul Metropolitan Region”, Journal of the
Korean Geographical Society, 30(1):35-56.

9. ZeA-ZEIS, 2012, “OIAE0] mE A BY

TAIES Adur 9 9gr, I9EAE)
47(1):5-18.

Jmg H Y. & Moon T. H, 2012
“Establishing  City-Region ~ based  on
Connectivity and Their Development
Directions”, Journal of Korea Planning

Association, 47(1):5-18.
ZEn-FRs - AES 2014, “GIS UEYT &
Mg 225t tiTZB9A] ZATAIHY FAEE

Journal of Korea Planning Association Vol.51 No.7 (2016) | 19



11.

12.

13.

20

o|MZ - 29K
of st M, TeFERRESIA]) ,  14. McMillen, DP. & McDonald, J.F, 1998.
12(3):85-95. “Suburban  subcenters and employment

Joo S. M, Choi J. H, & Kim B. J, 2014. “A
Study on Boundary Set-up of Metropolitan
Areas in Dae-gu using Network Analysis in
GIS", Journal of the Korean Cadastre
Information Association, 12(3):85-95.

Brown, LA, Odland, J., & Golledge, R. G,
1970. “Migration, Functional Distance, and
the Urban Hierarchy”, Economic Geography;,
46(3):472-485.

Hirst, M.A, 1975. “Telephone Transactions,
Regional Inequality and Urban Growth in
East Africa”, 7ijdschrift voor economische
en sociale geogratie 66(5):277-295.

Kemery, J.G. & Snell, JL, 1960. Finite
Markov Chains: With a New Appendix
"Generalization of a Fundamental Matrix',
New York, Berlin, Heidelberg, Tokyo:
Springer-Verlag.

| TZEAE, H51H 73 (2016)

15.

16.

density in metropolitan Chicago’, Journal of
Urban Economics, 43:157-180.
CL. & Woo, M, 2009.
in the US:
Investment,

Ross, Identifying

Megaregions Implications for
CL
Megaregions: Planning for Global
pp. 53-80, Washington,
Covelon, London: Island Press.

Ross, CL, Woo, M, & Wang, F., 2016.
“Megaregions and Regional Sustainability”,
International Journal of Urban Sciences,
20(3): 1-19.

Infrastructure
(Ed),
Competitiveness,

In Ross,

Date Received 2016-09-29
Date Reviewed 2016-11-02
Date Accepted 2016-11-02
Date Revised 2016-11-29
Final Received 2016-11-29



	마코프-연쇄 모형을 이용한 광역도시권 설정 및 권역 변화 분석에 관한 연구
	Abstract
	Ⅰ. 연구의 배경 및 목적
	Ⅱ. 국내 선행연구 동향
	Ⅲ. 연구의 범위 및 방법
	Ⅳ. 분석 결과
	Ⅴ. 결론
	인용문헌References


