‘ ") Check for updates

EE pISSN: 1226-7147, elSSN: 2383-9171 Jourmnal of Korea Planning Association Vol 61, No.1 (2026)
1“ !| https://doi.org/10.17208/jkpa.2026.02.61.1.88 HEI=E - EAIAEEE X 2EAE, H61H M1 pp8s-104
b |

NIFA 7153 daFd Al- 3712 3} w8l v} 3ka 9l
B

Analyzing Spatio-temporal Dynamics and Influencing Factors in Sejong City’s
Functional Region

Exn 00 Oliéni . 0|¢7|ttt*4_;':-50

Byun, Eunjoo - Lee, Hojun - Lee, Sugie

Abstract

This study examines the differential spatio-temporal effects associated with establishment of Sejong City on its
surrounding areas from the perspective of Growth Pole Theory. This theory posits that a growth pole can simultaneously
generate ‘spread effects' and 'backwash effects’ on its periphery. Since its launch in 2012, Sejong City has experienced
rapid growth driven by the relocation of central government agencies, inducing significant changes in the population and
industrial structures of surrounding areas. Accordingly, this research assesses the sustainability of new city development
under the growth pole model by analyzing the spatio-temporal patterns of change within Sejong City and its functional
region. Methodologically, the study first defines the functional region using population migration and Origin-Destination
(O-D) travel data. It then employs a Space-Time Cube to identify spatio-temporal patterns of change in population and
employment. Finally, fixed-effects models are estimated, controlling for municipality-specific heterogeneity, to analyze
factors associated with these patterns. The analysis reveals a clear divergence in the spatial drivers of population
growth and employment growth. Population growth patterns were primarily explained by local endogenous factors,
such as proximity to new development sites and the ratio of deteriorated housing, while regional accessibility showed no
significant effect. Conversely, employment growth patterns were primarily driven by regional network factors (specifically
accessibility to KTX stations and distance to Sejong City) along with structural factors (like the existing manufacturing
base and aging levels). Notably, the importance of the KTX axis, rather than the traditional Gyeongbu axis, was highlighted
for employment growth. The significance of this study lies in its identification of these differentiated growth mechanisms
within the functional region, providing empirical evidence on how the effects of a growth pole interact complexly with
local characteristics and regional network structures. These findings provide an empirical basis for policies on balanced
national development and regional co-existence. Furthermore, they offer significant implications for future urban planning,
highlighting the need to simultaneously manage both the positive impacts and adverse side effects of growth pole
strategies.
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Table 1. Status of urban development by construction stage of the administrative city

Category Stage 1 (2007-2015)

FRR|IIs

: : Central administration
Main functions

Culture and education

Stage 2 (2016-2020) Stage 3 (2021-2030)

High-tech industry and healthcare

&7 o

Relocation of public 36 government ministries,

14 research institutes

6 government ministries,

National Assembly Sejong,

1 research institute Presidential Office (planned)

institutions
FEH O
"'EHE.E% 63,000 units 33,000 units 100,000 units (expected)
Housing supply
-2 A 4 routes toward 4 routes toward 11 routes toward Cheongju Airport,
Regional road network Daejeon, Cheongju, and Cheonan Cheongju and Gongju Gongju, and Buk-Daejeon (expected)
oA
lfg;; ulation 210854 365,831 396,867*

pop (114,793) (265,842) (309,428)

(within Dev. area)

Source: National Agency for Administrative City Construction (2017); Re-cited from Byun et al. (2023); Ministry of Data and Statistics (annually)

MNote: *denotes data as of 2024
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1) A% - AE| I8 2MAE7IFE 28)
B A= A3 AEe] Al-37HA ¥ ifEe BA4517] 9
3l ArcGIS Pro®lA A58l Ala7HEe}l =17 4] ShAgt B4

Analysis of migration and O-D data
[Defining the functional region of Sejong]

v

Space-time cube analysis R

[Categorizing growth and decline patterns] Deriving
dependent
v variable (Y)

Statistical modeling (Fixed-effects model) g

[Estimating determinants of growth and decline]

Figure 1. Research flow chart

Figure 2. Spatial scope of the study
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9] gho] FHo H3f BAH R Fo3HA F2AIGAT) EE
FEA(FEATHE WIS

Ewifxf_Xwa;
/ﬂ_ i~ (S, (1
. =1,

G Getis—Ord ¢ statistic for spatial unit ;

X;! Attribute value for spatial unit ;

wi ! Spatial weight between spatial units ; and ;
(K-nearest neighbors applied)

. Total number of spatial units

X Mean of attribute values for all spatial units

5% Standard deviation of attribute values for all spatial

units

2 dFolA AlFFE 715 EHSAE 8%t o= §
A g9 W37t YAIA @dA] ob i §AZ s F% S
7HA 3L A& = fEARIE ER1s7] Yigtelth EHSAE 4 Al
ol digt Getis-Ord G8AFS] AI7H ¥3HE Mann-Kendall
AR R Brste] fouidt FA17F EAskAE BEdT
(Mann, 1945). ©]@ Mann-Kendall 7732} 2|5 2391 54
Z3K(Trend Z-Score)} A|7to] up2 ¥iste] ekt 3414 7=
g HoF= A Rolt], o] X &= YAIF W] opd 23 4
- HEA S AEsle o 78351, & 2 FRR 44
B sjglo} 2A7} Hr, ol= & g9 E3 o Fghslke 34 A

<

Figure 3. Conceptual diagram of the space-time cube model
Source: Esri (ArcGIS Pro)

Table 2. Types and definitions of space-time patterns

Pattern
Type Definition —_—
Hot Cold
Al Statistically significant only . .
New at the final time step
ey Significant in a continuous
IC_o_r'1 saciitive  un of less than 90% of time .
steps, including the final step
o= Significant in = 90% of time
2z
i:rllﬁi:gsifyin steps, with increasing D .||
9 intensity over time
Xas Significant in = 90% of time
p e_r'si . steps, with no discernible .
trend in intensity
2tA8 Significant in = 90% of time
Sl steps, with decreasing
Ditiishing intensity over time
A Significant in < 90% of time
Sporadic steps, including the final step
RIS Significant in < 90% of time
ascilla tin steps, with a history of being
9 a significant opposite spot
= Significant in = 90% of time
Ini =13
t'}izlt;%"ﬁ steps, but not significant at
the final step
Bl gl .
I[NH (I)_pii‘gem Does not fall into any of the
detected above patterns

Source: Esri (ArcGIS Pro); Re-cited from Ha et al. (2021)
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A HSE B FFeRA SHETQEA). o1 sAeR ®
sl 4 2)e 2t

Y = B0 Buocat Kuoeat, ij + 0 Xpgp i+ ; + € @)

Y;; : Dependent variable (Trend z-score) of eup,
myeon, or dong ; within si, gun, or gu;
Xiear i; - Independent variables for the Step 1 baseline
model
Byt - Regression coefficients for the baseline model
variables
Xyup.ii - Independent variables for the Step 2 hypothesis
model
0! Regression coefficients for the hypothesis model
variables
;: Fixed effects (unobserved time-invariant character-
istics) for si, gun, or gu ¢
€;- Error term
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Table 3. Definitions and data sources of variables

Variables Definition Type Year Datasource
Bava  2Hg050| NEAEE . , ‘ ) Calculated
Dependent  Growth and decline patterns TeHSacene O stae Hin: Ube AR S (ArcGIS)
Population density (Population model)
QIFTE EN Employee density (Employee model) In 2012 MOIS
Demographic (persons/km?’) (KOSIS)
Elderly ratio (Population aged 65 and over) logit 2012
Location quotient for the manufacturing - 2012
yumey  deRESd industry MODS
Local Industrial Location quotient for the knowledge service (SGIS)
s : - 2012
characteristics industry
Ratio of apartments to total housing units (% - 2015*
sais E ok MODS
Independent %hf"’%@ !Eéi Ratio of housing units older than 30 years (%) - 2015* (SGIS)
Physica ; MOLIT,
Shortest network distance to new n 2012 Calorilatad
development areas (km) (QGIS)
HIEA EZA Shortest network distance to Sejong City Hall 2012
Dist. to Sejong (km)
DOy &
g’}iﬁnfﬁ ASRnACR HAN Shortest network distance to the nearest IC n 2012 Calculated
accessibility Dist to Gyeongbu IC  on the Gyeongbu Expressway (km) (QGIS)
KTX 24 Shortest network distance to Osang or _ 2012

Dist. to KTX station

Cheonan-Asan KTX Station (km)

Note: As the Population and Housing Census providing district-level housing data is conducted every 5 years, data from 2015 was utilized considering the

analysis period.

O2 A4E 7| 2R /fHF R 7o 1 AvE Bluls)
= WAeE SEE FAHCRE o Al 7Y 7HEE
AF317] A3 = /g8,

AR, AR A4 7HEE A7) Asl AFAILHY
A2 AgE Yetls Mg FYsiale), AdAde] £
A A2 vgane] 3704 ME 445k d4 2oy
(Friedmann, 1966: 7734, 2007, A¢18), olofl A% e] 7]
E2Ql A2 A ANE FQIs7] T HA o= At

B4, 71E 4350 344 7S 53] fal 5349
A IHQ AR uSER o] HIAE Uehi= HeE
FUsigt. ol ARAEERICeIS] A B8
o, AlFHEE B4 oA HEE 4% 4E dglo] Ted) 71E
A0 AFAlofA 7]elgt AJRE B8] {15t 2ol
o] W= RO QHYE A3l =1 285t

A, 71& ARSas OE 393 94 7Fs48E d5sI
A8l A =TT H2E Uehls Mg FYsHt o]
= AFA S @A S0 F2bE KTX 2592 #et-of
AR e] A2 45 B85l o, AEALt AAE F9 1
Fo] a7t 28 AR ES F4sks H 7193=R] ERlst
7] 913t SAolt}, Al 7HA] H2A W= BF QGISE &85
AR =29 7150 YIESE DA E AREsto] ARESHGIT

v. 24 &t

1. EMcidx|e] 7|1=&7

MEANQ 7153 A W FU= 20129 3955 FejlAl
2022 9279 L2 8.2% F7I5I5it. ol Z& 7|7t dA -5
A AR AFF7H6.0%)1S ot A2, AlFA &4 o]
9] Q1470] 7158 YA olFoFE 7Hs/dE AA
gk, §H, o] & Al- R JHEsto] A EH 29 7he] AP E
¢l R3S I 4= ok, (A" 49} Zo) AlFAl= 21 o1F
1087F AF7H A vl o) FZRATHLLT H=385F 1), Q1%
HAFAA S AEHQ AF0E FAIE BATH1525 F=144
o 9). AR} SHEEE SR FTHAIE AR A
TN AAEE & AE BRI olA| Al- = TlolA]
& et HETT R FAFOR vFo] Kol 11 819 T
A 5 9-F T s v EEQ gdo] Yepd ACE o
i,

=19 AAE 718k Y 234K 4= 2012 1399
gellAl 2022 1835F o2 F715k9ict. 2019'd 014 20209 A
ool COVID-199] FFOE YA FAaglon, oy 3EE ]
A 717olA oF 31.8%2] 371 7123t ot o] =gk &
7R T 717 AR - 3R W AA Y $7H8(3.1%) ok o
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Figure 4. Population trends in the functional region (2012-2022)

Source: Ministry of the Interior and Safety, Resident registration population
(2012-2022)
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&3o] AFEAE SH3IT. (F 9+ 24 ARE SHH
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Figure 5. Employee trends in the functional region (2012-2022)

Source: Ministry of Data and Statistics, Census on Establishment (2012-
2022)

06 rZEAE, M1 M1S (2026)

Table 4. Descriptive statistics of independent variables

Independent variables = Mean  Min Max  Std. Dev.

s
Population density 6.83 287
(In, persons/km?)

10.63 231

SMAIEE
Employee density 559 101 967 237
(In, persons/km?)

IFRHIE

Elderly ratio (logit) A7 8% 027 079

HzY Sl

LQ in manufacturing ol B =50 L

KA M AN Sl

LQ in knowledge service a3 Hop 22 ak

OIIE H|E

Apartment ratio (%) 35.50

41.63 0.00 100.00

L% Hlg
Ol Foiising rats ) 3132 000 7890 2001

A xIRte] A2
Dist. to new dev. areas 233 059 385 083
(In, k)

MIZAleto] 42

Dist. to Sejong (km) 3742 1086 7214 1568
snacz|cefol M2
Dist to Gyeongbu IC 264 048 443 0.9]
(In, km)
inits]
KTXeizi2| 7f2] o o mes 1ema

Dist. to KTX station (km)

F2A aQlos nEHE 1A HE(EF) A BEHEA
(0.79)7F #, 313} =F0] AHER o|Fhg AARt, AFAF
29| B9, A2 SI=(BE 0.9 AAAHIAAY S3l=
(B 0.93) 25 FFLo] 19 77k ARz £ Al
A BFEA Eey, EEHUHAZ 1.06, 0.45)5 LT 1)
A% ZHAIA7IRE Aol 7 RS & < SlT.

ET83 SHlA olE ul&2 BEUAH35.50)7 Bgk
(41.53)0 ZHE AR A FAPE Q| UAE BofF, =35
B W12 31 2% HA| 92 2 UERIT EIE, A 214
9| NEEE wgshy] A ARty AZ(ET) A
#5:2H0.59)7 HTH(3.85) 7] MA7E 24, & FE=
MEArde] A Fgol thEA verd 4= Qe ALE Tet
la

FA2 A Wl B AlALR] ARy KTX e
Aele BEH o2 fARE o BEUAHZZ 15,68, 19.13)
7t A, BHEESI] HIAol AQER IA e HAFE
o}, BH 71E0] 2 JH5H0 R T FARAEE2IC})
A (EID)= diF oz MEHe] FoH0.91) 71& B85
A7 Bl A] A e & 4 ok

7|12FAE SAA T & 90 SRR TR, A
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A7IRE Eeiehd 9 A A2 SHoA v oAl &
& 2 S-S BAE ol B4 A9 A3 HEE Al
FA FHolEhs B 8Rlo= Asp| of2)eu, TRt Wi
2] 5459 394 8U5S YA OR ueor T Wl
SUERIRIRaL & < ok

2, 8- 2lEle] A|-SZHH ofE

1) £

(1™ 60 ArcGIS Pro8] AlF{HFE BA =5 &85}
595 QRiglof oist EHSA AXE UEehd Zloj), 2
A AL AF57E ARE, FEA AL ATHLE EEAR
& Uehlin, 2t S8 AJ7H] S| RA|&Ad 0 73eo]| whet
4o, Fa 542 o33 2

AR, 7163 FFA W A7 BE A Qo)A a2A U
Rt Ao oflel, B4 A9E Ao AR 4E7 WS
e B S8 Fol BEHEY. &, Ui A7 55
AFA FEAREFET) 23 3 HGAL} ofiA] F AlEA]
A A=A UF A GofA o] FEHFY FEF H2
ol5 AR o] AlFAIL} AT Bk ohe}, ARZo 8

Hot Spot

Cold Spot

KTXSTHE Q8] Sleke Rolct, olejer 3744 sjele A1
580} EHSARRO 2 x|%j0] Aao] A o] BE &
TR, Ze 712 4ol A4EE AUANS Beks| FEY
% gl Bk,

A, AAAA] HEL ‘A48 (Consecutive) T 72}
(Intensifying)’ StA3to] 78 olgr}, ol g x|of5o] 712
o= 4% A S Basta lom, A 24 ol 14
A7 SAEAL 7148kl gl e ojulgtet, 2t ol A
E)0] HEA ‘Yo she Aol Fateh A
do] B Uoirhs B FEE Wask ek 5, 449 7]
7} ARl WD Y-S Ao AREE Xy
2 AJao] WAE Zloltt, Yokt ol F8 4] tRe] 7%
FAo] o 53k FEA AH 7HAE AR

A, HER S % shxe) Eateh Bk sjelo® Uept
o, $4, 34 Hokzolt R, 38 95E 5 AIEA A
27k 9 SEA Ao 73K (ntensifying) SSA%k0] H4
18P BRE, ol g A|olN ATAATt 2AEF A
25908 Wt oo, 1 Ak HeAa YUeg ool
HE0191 2EA0) AL HEA(EE ARAH)t A
o WS ApsEn), 53 A}t B gl UFane

: A
- New B rersistent 8 Oscillating . New B Pesistent S Oscillating
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Figure 6. Emerging hot spot analysis of total population by eup, myeon, and dong within the functional region (2012—-2022)
Source: Ministry of the Interior and Safety, Resident registration population (2012-2022); Analyzed using ArcGIS Pro
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Cold Spot
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2) EBMKL 4
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Figure 7. Emerging hot spot analysis of the total employees by eup, myeon, and dong within the functional region (2012—2022)
Source: Ministry of Data and Statistics, Census on establishment (2012-2022); Analyzed using ArcGIS Pro
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Table 5. Regression results on the determinants of growth and decline patterns

Population model Employee model
Variables
Base Sejong Gyeongbu KTX Base Sejong Gyeongbu KTX
A 8628 QQ06™ 7170 9578  2010™* 3581**  3585™* 48971 **
Constant (1843) (1874)  (1.694) (1758)  (0829)  (0874)  (1.338) (0.936)
olpee
= : . 0786 -0788™ -0763™ 0797
gr?)p”'a“o” density 901  (0202) (0272  (0285)
EY =l
Em}:(Itl:EeEe Al 0364  0366™ 03647  -0374™
(In)p Y y (0102)  (0101)  (0.104)  (0.108)
IHQTHIB -0.624 0673 -0.725* -0.532 0894  -0814™ -0848* -0.696™
Elderly ratio (logit) (0.477)  (0.464)  (0.393) (0453)  (0.350)  (0370)  (0.351) (0.347)
HES
iig?:‘ S3= 0241 -0.235 -0223 -0.241 0310* 0.326™ 0.307* 0323*
L £ AT (0260)  (0.248)  (0.266) (0267)  (0.154)  (0.143)  (0.154) (0.153)
Local
characteristics  AIAAHIAY
Esiz -0.228 0217 -0222 -0.230 0.050 0.083 0.054 0.0567
LQinknowledge  (0578)  (0579)  (0.570) (0587)  (0303)  (0302)  (0.309) (0.316)
service
OlItE H|E 0.007 0.008 0.005 0.008 -0.003 -0.002 -0.003 -0.002
Apartmentratio  (0.014)  (0.013)  (0.013) (0013)  (0.006)  (0.006)  (0.005) (0.005)
LSZE HIZ -0032* -0032* -0033* -0.032* -0.007 -0.006 -0.007 -0.007
Oldhousingratio  (0.017)  (0.017)  (0.016) (0017)  (0.008)  (0.008)  (0.008) (0.008)
FNE= BT el 0]
Eigtjﬂ;fﬁ_{jej\ia -16566™  -1526%  -1574% -15610* 0.055 0.108 0.064 0.151
areas © (0661) (0.681)  (0.669) (0715)  (0271)  (0258)  (0.265) (0.282)
HIZAI2L] 2 -0.014 -0.026*
Dist. to Sejong (0.034) (0017)
= o
AN E=d §i;*-tl(t:§l (gigj)?gbu gl iz
Regional c {Ih) (0.650) (0.308)
accessibility
KTXH2te| 742 -0.016 -0.035™*
Dist. to KTX : '
g (0.033) (0.013)
Obs. 273 273
Adj-R* 0678 0677 0677 0677 0.583 0.591 0.684 0594
Durbin-Watson 1436 1.427 14562 1434 1.788 1817 1.796 1828
F-statistic 274312 263.801 262714 351838 59.893 64121 97.425 78.652
(Prob (F-stat)) (0.000)  (0.000)  (0.000) (0000)  (0.000)  (0.000)  (0.000) (0.000)

Notes: 1. * ** *** ndicate statistical significance at the 10%, 5%, and 1% levels, respectively. Standard errors are in parentheses.
2. The regression sample consists of 273 eup, myeon, and dong, excluding 14 units located within Sejong City.
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