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Abstract : Housing market area (HMA) is a concept to reflect the spatiality of housing markets which are locally
operated. Delineating HMA is required in order to analyze the dynamics of housing markets and to establish
systematic plans for supply and demand of houses. The purpose of this study is to develop a spatial optimization
model for delineating HMA in terms of mixed integer programming (MIP). The most important criterion for
delineating HMA is the self-containment which means the internal cohesion of HMA delimited. In the MIP
model, global self-containment evaluated for all delineated HMAs is considered as an objective function and local
self-containment for individual HMA is considered as constraints. The developed MIP model was applied to
migration between GUs of Seoul. 3 HMAs were delineated when supply-side and demand-side self-containments
are 0.70 and 4 HMAs when both values are 0.65. MIP results were compared with those of Intramax. First,
in MIP approach, HMAs were not organized hierarchically in contrast to the results of Intramax. Second, while
Intramax found local optima, MIP approach always found the global optima when feasible solutions exist. Third,
maximizing the global self-containment does not guarantee the improvement of local self-containment in all
HMAs. These findings demonstrate that MIP approach is necessary to more clearly understand the structure
of HMAs and Intramax as a HMA delineation approach has a clear limitation.
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0.65 Infeasible 18,131,124 1,083,126 3471.90
P 0.60 533,215 9,150,532 73,034 584.10
0.65 Infeasible 29,496,380 1,006,150 4609.61

-58 -



3 1. Intramax0fl 2lsiA FEIE 5742 HMAR}
(20101H)

g &AM

S = ol 285 Al oS & 4= Atk
m=3,y=070%1 %5 HAs}E 2=vl 6.3227F 28
m=6, y=0,600] 7% 584 1027} A Q%] ch E3
7} Y5 34 A = o] 715-8l(feasible solution) 7} Z4)

= A5, EABHE 7ol Hlste] EAlEhE =20
4, RHE =8 Sl 9l A|7ho] SA| Z71kS = Slek &
LT A0 4= o] AAH, ARSI 0] HolA|A|
o dapr| oz Falg 9] o= mglo] Y 2 A5
AF L 430,504 s 7F EASHA] 9 A| Flek FakehH
2 Aol A AAIE HMA 21 917 57t 2218} g
FO1 X HMA 7li=ol| A A&t 4= ol WIsHA Bhg-3t

> b

&O

3. Intramax Zze}o| H|w

ENO

o
MIP ALL- EXL

48 Ealo] AL a0 4 sjolal] gistol
7]& HMA 7-8-& $J5te] de| -85 o] Intramax
Tt B wsFITh Intramax= Masser and Brown(1975)3}
Hirst(1977) 9] =9joll Bt S = S22 71 AlSA 3
o duPjEo g HMA T8 (BT 5, 2013; Goetgeluk
and de Jong, 2006; Brown and Hincks, 2008; Mitchell and
Watts, 2010; Jaegal, 2012)80} ol g} BLX] (LG &,
2012; Hincks and Wong, 2010) --5-of 2] -85 7|H
oJth(o]ldd &, 2012). Intramax 755 $I8}9] de Jong
and Vaart(2013) 2] Flowmap 7.4.25 ©]-83s}ct 19 1
2 HMAS] 475717 w74 ] Intramac 2291 2]

-59.

[
o
_?L
2
-
ok

19 2= MIP F3 Intramax F42 0]8
M&Ao HMAS] B7H BES
A&z} 3 BolFa glck 1

4>
ko
SO ||\0

o el

o M

weo ooy HUA o

o}, A4, Intramax 0] Aol A= HMAZ} A1 S
AJ )= v, Mip 2] Ak= T1917) ok Intramax
U5 594 FEH A= AS Ao R 24
ghof| itk & HMAL =7} SolEHA a2 A
SR - go] 2 N2 & Agsto] A=
& A ohAl Al AEAl B E e o]
o] 5= -8 Qb 8] DL Hek Intramax H2] 3
2] agellA] o] 7|2 712 31 9] |l
A E 7o & o 7o) o285 Brieict
olc}, 71 10f AJAJH Intramax T oA oA Hi=
, 4R DA A AeEE7E 2ol ARE S
, ORA ThA|of| A ARE7 L upazatol] A9l =tk
Aol A5 2Rg-0] FrF =2 7| 7 Thglolc) 169
A DA O AT 2 A T 2 mpaE B A
o] AgtEl=t], o] tii= o] T2 A5 ARgo] HrhE 9l
o}, 28 g S Aok BE S T EEA]
Ak T P w2 R Ao A Sk A of
Ut} Intramax®] 73-9- m=59] 58] Aol A HjFHols
Hl&-269.120%0 |t} LU} 9re] ool A BARLe} 238
A TR AL0] 9] Q10 E-2 4,659, A4
Z-F AR B F R Ae]€] QIol s 5,756
ot} &ANLE TAe} AR 49 UiHols H&
69.12%0114 69.33%E F7 Vst ek, vlssHA| @52+t
= e e L A A =
T Y O R o] FAI A9 Yol vl
2 69.1206001 4] 69.25% 2 Z715HA] Hrt. o]t Apale
ol vlg& SSHE HAFRR sto] HMAS 2%
of Qlof o 7je] 718 F7H9j o] Tl ‘T Tyt
o et/ 7|2 Fhe tiF o 2 A5 Ahg- e 7t
afjof 3-& ofu|git}, EgE o]2fgh AR HMAS] F7HA
Z A3} Al A 0] 7] otk A AS3iet Intramax 7Y
Tk g R 7R S S E TR o' s ARG o
7 = MIPO] 7 88 HMAS] 7427} Eol EHA]
713 77 AFolgt L of] ERTE|HA] A|1ZA A
7F =8| oottt

EA), Mip 2] Aik= 9% 22 3l(global optima) 31H]

1o

o

0

o

)

2

¢

B e 12 rlo
2
rE ool

L



MP H
A Intramax &

LHHo = H|S =
Fo|5 & = 76.30% YHol% H|E =79.24%

YHo|E H|& = 70,8
Fol5 H& = 70.85% WHolE Hl& =73.49%

]_Hl:lo Z Hle =
Fol5 H& = 69.47% Yol Hl& = 69.12%

D - 67.08

Holx H|L =
WHolE Hl& = 63.63% YHol% H|& =064.85%




HFste] Intramax @] A= 4] 2] 2| 2gfjo]c}, & MIp2|
A% A2 AR o U2 dle EXekA] Y= wh,
Intramax ] 74-¢- A A1 et o 2 a7k 2T 4= ¢
t}. Intramax”} 52| 4] fjo]] W] = o] fi= o] THA| ol A]
hH A9 712 SR EelEe] o) % mgellA] A &2
=) 2] 7] wjolct. ShAl 7|t vk Lo} Y A
#|7} Intramax7} =X 2 2 A sfjo] Wzl oot} o]el=&
2] MIP F20] 97l 7|2 s HRIE Ve s 54
T4 ergol| w2 FFE BrIsto] A AR 229 23t
= Fropirh

A, A HMAA 29 U o] F Bl&-2] =thalrt vt
Al s Fol 4] Fa-5H 9 = 8-SH AEE 7%
SEAT = AL ot} 27 2004 LE R FAJE
A= SR AZSEO G Fo-SHAZED)E Y
&= LR Zlolo}, A2 og H7hE Yol ulE
AZ = Aok zdo] A=A ¢k Intramax AiFof| 4]
Chas =T}, A 9JH 02 m=5%] 749 MIP Fe] ol
H]&o] Intramax FLET =0t m=49] 738 MIP
9] YH o] H]E0] 70.85%2 Intramax 2] 73.490% 5
oh ek Zeju M g Fato] 8l 47) Hvao)
54 9 F0-SH AZEe BT %S He WY,
Intramax 9] - F 7l ol A 4= 8-5H A5 =7}
65%E A =tk Intramax @] %-9- HMAS] =7} 47} ]|
A 370 & SHA Wil HlE-2 73.49%0014 79.24% =
&3t 13H| 65% AT AF e 5 Hol= 7
TSI o] LR AR olA THE F 7R By
o] AE A FF-FH Y $2-FH AFH e HEoA
83% o/ Hol= o] FJE Uz, 7L A A A<l

Folg Hl&o] mobx|A| B Gt AR F 71<] 519
Tl A Lol ATt TS X - S AFE
o] o] FolRt), & HEFHY FF-SHE 8-
ALY R flol= YR FA O AF L TF STHA o
2 oA HA AA A Q1 U o) HlEo] ol Aol

fo fz > o |n

ZeA AR TEe 9lat

b 4] AE 27 HMA 81] 814 7)2o] ka1 8

o) & A9 Fehskshs Inramax - 72
S 20 2 BAS 71 5 gl gl o]oks 2 M
0] A9 AEAL Boto] F-EU % a5
A5Es YAHow nefelgl] i) TiE nE
HMAL APo] A4S A5 728

ATt

% 32472

4. A|7I€ HMA 12| Zut H|w

3 2= MIP FH-E 5510 201097} 20144 Q1] H|
OBl E HFE- .2 2% HMA o ThE Hjto| 5 Hl&a}
S-S Y TR-SHASKE o5 WIS Hoja 9l
T} 20101 9] A1&A] - Abo] 9] Fo]5-2 1,199,708 0| A]
2014 607,415T8 0 2 49960| A} ZFABIAT) TE n0]) T
Slo] ol Hlgo] Wolgl o, m=331 -5 A 2ls}
TH-EE Y -39 ASE ) QALE Wol

& = Qltk. o]= F A7) Bt ol 5 A = Ak uE
Tols Al Ao g Hrt Fo3t HgleS on|et
AA| 2 5 A7) Abolofl Al 58] YitolE BlE
£ 2010 43.37%0)| 4] 20143 40, 11% = 7FA48F WHE ) -
£ 71808 QA7 SkmE de Qo] s HIES
20104 9.43%0]1 4] 2014 10.74%= F7}sFST

1% 32 20149 HlolHE o|-8-5ke] 23 HMA 5
2010 Axpe} 74 W97 e A5 A w3 Zlo]
ok WA m=32 H, 20108 9] B9 EAS U= Y
ol whebd HMAZF -2l REA(TLE 2), 2014 0fl= &
FollA FA 2 7HEA 2 R0 2 HMAZF &4 = 8L
o}, m= 4ol vl a7k el 20108 S
TS Sl HMAOA GARZL S £ o8, 33057}
PR 50 2 YA HMAY] F7H W97t Eol &
ST}, 3F29F 17 32 HMAE 1% Zlo] ofuf ) A1l
et R R g R B P R SRS AR ) o e

POV
o o

> 2

Ry a:)

H 2. 20101} 2014H9] HMA 2 & LIE0|S HIg U XIEE 10| ti3}
HMAS] 2=
e o 4=
3 4 5 6
y 0.70 0.65 0.60 0.60
2010
WHolg H&%) 76.30 70.85 69.47 063.63
y 0.70 0.60 0.55 0.55
2014
WHolg H&%) 73.53 67.33 65.48 60,46

-61-



m=3

m=4

MO
HT =

a8 3. MP

SJuigtt}, & HMAZR: 715428 A9 71
ol 2Js A Az 4= ks s,
2011),

Q1]

=
(e}
2011; 2UF 5

2ol 4 25, o]

o3
1
4 1 op

ol
o2
o oX
12 1a A
o ox
o

flo

L
=2 oo =

2

2
&
b
N
olr
)
. 1o
=)
H1 ol
> (
O—H‘ o=
o
ok
fr
o 5{*10-4
SN
ofl —ﬁ

1z

£ d

4 eh )
Ao o4
2l A7) 49
S 8% Bart ol ofefat v slolq £ Aol
= HVA 722 913 Mp Fele] B7 25 me e
shaz} soick

HMA] 7818 A1 A o)) Bt} Aok o] uh
o} k0] 7] B2 TH9)S Bk AL 420 VAR S
Qo) PolRAE, FARAES Sfsto] 70 AN
4o} RS MO R ARe B ST A
T2 SR 7P St HvA Yol U S e e
ofulsh A5 AolT}, AEA-E F01%E ol 4 HVA UR

-62 -

023510 7&Igt HMA(2014)

o]F0| 2HA|Sh= HI&<] H 94 A5} /i HMA HE
SHE = FAH 2S5 02 R TR F ASA S
A 3-S5 AT - SH ASHOR Us &
Uk 2 Aol M A A4S 52N FHIE, &
-5 2 -S| =R A4S Aok FH
2 skl

AEA] T Q10|53 A = MIP
& ARES A3 20109 9] ¢
AZ L 4220]0.70 o)A A wj 37), 0,65 wj 47}, 0.60
o] 2 6719 HMAZF -2 =] T, 712 51 91 o) ¢}
T2 HMAL] p7F AR AU AL YAIGo] ok
£ MIP Tl A G E 2k o) o] W2 Al7to] £ E]
o} MIP -5 Foko] A sl A4S wofsl| flst
o] Intramax 2] Z3}e} B3kt 1 A7} AAY, Intramax
Ol= g MIP Y& Folo] Q2 HMAE ASH R £
2 =] 2] ottt o= Intramax7} 7142 791 o] F3<l
T 919 28-S skt whsto], MIP 2
7N B2t o] HE A AE-S Bl wielth &
A, Intramax ] 74-¢- 2] AvpE e} of U2 a7t 24
= Sl A A Q1 2| A8l Q) whsto], MIP Ak A YA
2l HA |G} Intramax7} =124 2 A5l g =& olf
= T T2 AL BUFsHHA Ad Aol 4
A 7|5 F2E S0 o5 B ol AL e E|R] ¢
7] wj&olct, A, Intramax F1e] ¢ AFA AS=
O] Fjap7F HEEA] = HMAO|| A 2] 2] 2151 0] 4}
= 7HA 2= ot AR, o] o]FolR] Lol At

[e]
AL
171 =
To-59

Q]
=2



24 A Z ] Ggo] ol Rol ek, 1 Azt A HvA
oA ARSI 7S A7 |A] Eohe B9tk
HPAYsEGITh WEH 522 Ao thek T AR Q1 Al ofx
A 7P Mip o] A, = ol e
HMA«= A4 39 AL 5 WHLAIZIT o] HMA
7218 gisto] RAH AFEE BAHOR Lok 7
= omeitt. 2FH 201093720143 Q1HolE H|oJE & o]
8319 9% HMAS ¥ 3t 23} 1] 54 W 31
91 Azl wet QKo Wt

HMA 2o thek MIP {5 551 HMAZ} 2h= 5%
& W} etepA eta 2 I, 712 Intrama 4
AE B T 4= AUlehs Aol 2 AF-E F5to
7V 2 kel @ 4= Gl et B ATtelA] map
o, MIP 28] 4 712 B2 2h912) S0} T HMA
o) 47} E71al%, el A QAo A1
|H5E A0l tiEt SiE 2= Ao] o H YA ol
A0 R 6)E 3 tleby Fol Bage oju]
g ey 712e] E o] 28 Intramax ] 749~ L 31|
7H e U o2 P E R 48 eheAol 913
2013), Hed 719
(Simulated annealing)(ZJTg %, 2012), EF-A]X|(Tabu search)

L

el

S 12 rHd J
Wiorle 1o o

H(Lagrangian relaxation)(7EL,

(Glover, 1989a; 1989b) 2-2- of&] 7H4] 7|kl A%t 1
o et frelAY Aare|S(Kim eral, 20160) 5o =

Shol HMA 7312 13k theialel Frel el /e
247} qlek

7N

i
rar

ng

THE, 2012, “PAE AZH o] PUE ol8F AL
Al 71 Ao T, aAEskEi, 12(2),
25-35.

2709 A - ol ash AT, 2009, Ao el

T2 Sfak g ol o A B
2%, g 2]skE]A), 44(6), 813-832

A, 2012, N2 A A ES o8 o3
AT o] Tt FPlAE AL, B wats
A, 12(3), 81-94.

2% 2013, “Aojm AR AN BAS Slet
agel Ay QR amAmsEl, 13(1),
143-153.

-63 -

A28l FhteAl x| 2feta] A, 14(3), 87-99.

A7 - A, 2012, “AezFE ol ol 9

o AR Y] A vt o] A

8,7 AR e A, 15(3), 59-75.

e T A9, 201,

EAGYPOR B FEH Atz 3L T
A A 2|ata] A, 14(1), 49-66.

FEAGAY, 2010, AR Fakat Boh, (LR
2010-2.

31444t 2010, e R, SR 47, AL ghgAk

Alvanides, S., Openshaw, S., and Duke-Williams, O.,
2000, Designing zoning systems for flow data, in
Atkinson, P. and Martin, D. eds., GIS and
Geocomputation, New York: Taylor & Francis,
115-134.

Brown, P.J.B. and Hincks, S., 2008, A Framework for
Housing Market Area delineation: Principles and
Application, Urban Studies, 45(11), 2203-2223.

Coombes, M.G., Raybould, S., and Wymer, C., 2006,

Housing Market Areas across the North East

(<3|

“E 1. E3F}). H_\?_

o1 o0

Region: Draft Report, Newcastle upon Tyne:
Centre for Urban and Regional Studies, University
of Newcastle.

de Jong, T. and Vaart, N.V., 2013, Manual Flowmap
7.4.2, Faculty of Geographical Sciences, Utrecht
University, The Netherlands, http://flowmap.geo.
uu.nl.

DTZ Pieda, 2004, Housing Market Assessment Manual,
London: Office of the Deputy Prime Minister.

Duque, J.C., Anselin, L., and Rey, SJ., 2012, The Max-
p-regions problem, Journal of Regional Science,
52(3), 397-419.

Glover, ., 1989a, Tabu search-Part I, ORSA Journal of
Computing, 1(3), 190-206.

Glover, F., 1989b, Tabu search-Part II, ORSA Journal



of Computing, 2(1), 4-32.

Goetgeluk, R. and de Jong, T., 2006, Dynamic clusters
in migration patterns: Intramax-analyses of inter-
municipal migration flows between 1990 and 2004,
ENHR International Conference Housing in an
Expanding Europe: Theory, Policy, Participation
and Implementation, July 2-5, Slovenia.

Goodman, J.L., 1998, Aggregation of local housing
markets, Journal of Real Estate Finance and
Economics, 16(1), 43-53.

Hakimi, S.L., 1964, Optimal locations of switching
centers and the absolute centers and the medians
of a graph, Operations Research, 12(3), 450-459.

Hess, S.W., Weaver, ].B., Siegfeldt, HJ., Whelan, J.N,,
and Zitlau, P.A., 1965, Nonpartisan political
redistricting by computer, Operations Research,
13(6), 998-1006.

Hincks, S., 2012, Daily Interaction of Housing and
Labour Markets in North West England, Regional
Studies, 46(1), 83-104.

Hincks, S. and Baker, M., 2012, A Critical Reflection
on Housing Market Area Definition in England,
Housing Studies, 27(7), 873-897.

Hincks, S. and Wong, C., 2010, The Spatial Interaction
of Housing and Labour Markets: Commuting
Flow Analysis of North West England, Urban
Studies, 47(3), 620-649.

Hirst, M.A., 1977, Hierarchical aggregation procedures
for interaction data: A comment, Environment
and Planning A, 9(1), 99-103.

Jaegal, Y., 2012, Delineating Housing Marker Areas in
the Seoul Metropolitan Area Using a Geo-computational
Approach, Master’s Thesis, Department of Geography
Education, Seoul National University.

Jones, C., 2002, The definition of housing market areas
and strategic planning, Urban Studies, 39(3), 549-
654.

Jones, C., Coombes, M., Dunse, N., Watkins, D., and
Wymer, C., 2012, Tiered Housing Markets and

- 64 -

their Relationship to Labour Market Areas, Urban
Studies, 49(12), 2633-2650.

Jones, C. and Watkins, C., 2009, Housing Markets and
Planning Policy, West Sussex, United Kingdom:
Wiley-Blackwell.

Kaplan, D.H., Holloway, S.R., and Wheeler, J.O., 2014,
Urban Geography, 3rd edition, Hoboken, NJ:
Wiley.

Kim, H., Chun, Y., and Kim, K., 2015, Delimitation of
functional regions using a p-regions problem
approach, International Regional Science Review,
38(3), 235-263.

Kim, K., Dean, DJ., Kim, H,, and Chun, Y., 2016,
Spatial optimization for regionalization problems
with spatial interaction: a heuristic approach,
International Journal of Geographical Information
Science, 30(3), 451-473.

Masser, 1. and Brown, P.J., 1975, Hierarchical aggregation
procedures for interaction data, Environment and
Planming A, 7(5), 509-523.

Meen, D. and Meen, G., 2003, Social behaviour as a
basis for modelling the urban housing market,
Urban Studies, 40(5-6), 917-935.

Mitchell, W. and Watts, M., 2010, Identifying Functional
Regions in Australia Using Hierarchical Aggregation
Techniques, Geographical Research, 48(1), 24-41.

ODPM, 2005, Factsheet 3: planning: draft planning
policy statement3: housing, London: ODPM.

O'Sullivan, T., Young, G., Maclennan, D., et al., 2004,
Local Housing System Analysis; Good Practice
Guide, Edinburgh: Communities Scotland.

Royuela, V. and Vargas, M, 2009, Defining housing market
areas using commuting and migration algorithms:
Catalonia (Spain) as a case study, Urban Studies,
46(11), 2381-2398.

Young, G., O'Sullivan, A., and Gibb, K., 2010, Northern
Ireland Housing Market Areas, Belfast: Northern

Ireland Housing Executive.



AL 7, 41566, el B ool s0, 73Sk
T ALK oY kamyoungkim@knu,ac. kr)

Correspondence: Kamyoung Kim, Department of Geography
Education, 80 Daehak-ro, Buk-gu, Daegu 41506, Republic
of Korea (Email: kamyoungkim@knu, ac.kr)

£ 1 920161 03F 259
AAgteg: 2016 048 08
FaspEel: 20161 049 13

-65-



