KIEAE Journal, Vol. 26, No. 1, Feb. 2026, pp.45-54. M) Check for updates

KIEAE Journal 1 37

Korea Institute of Ecological Architecture and Environment

LY 712 mAjo] Y Qlmet St ol Histe| HEE =4

Examining the Structural Linkages Between Settlement Infrastructure and Population Dynamics in
Industrial-Based Urban Systems

o] T’—]-\—l°§* . 2‘6],191.\:]** . §_].R-xJ kkk .o %%%****
Daniel Lee* - Uemee Jung** + Kyujin Choi*** - Dong-wook Sohn****

* Main author, Ph.D. Student, Dept. of Architecture &Architectural Engineering, Yonsei Univ., South Korea (daniel@yonsei.ac.kr)
** Coauthor, Ph.D. Candidate, Dept. of Architecture &Architectural Engineering, Yonsei Univ., South Korea (junguemee@yonsei.ac.kr)
*** Coauthor, Ph.D. Student, Dept. of Architecture &Architectural Engineering, Yonsei Univ., South Korea (choikj331@yonsei.ac.kr)
**%% Corresponding author, Professor, Dept. of Architecture &Architectural Engineering, Yonsei Univ., South Korea (sohndw@yonsei.ac.kr)

ABSTRACT KEYWORD
Purpose: This study aims to examine how the spatial configuration and balance of industrial, residential, and A/ F= LA
. . . . . N . o AFQICER
urban service—cultural infrastructure influence changes in the working-age population in industrial-based cities. By E‘;i oim 2}

moving beyond employment-centered interpretations, it seeks to identify planning-relevant infrastructure
compositions that support long-term population retention and urban sustainability. Method: Using data from 392 Balanced Regional Development
general industrial complexes nationwide, the study analyzes changes in the working-age population between 2020  Industrial Complexes

and 2024 through a Random Forest model incorporating industrial, housing, and urban service—cultural indicators, ~ Urban Infrastructure
SHAP-based interpretation and K-means clustering are then applied to classify cities by infrastructure impact Random Forest

patterns and to reveal spatially differentiated population dynamics. Result: The analysis reveals that the

configuration of residential, lifestyle, and cultural infrastructure is more strongly associated with changes inthe A CCEPTANCE INFO
working-age population than the absolute scale of industrial infrastructure. In particular, clusters with a higher  Received Dec. 16, 2025
proportion of lifestyle and cultural amenities exhibit relatively greater population growth, whereas those  Final revision received Jan. 7, 2026
characterized by imbalances—such as an overconcentration of residential facilities—show pronounced population ~ /ccepted Jan. 13,2026

decline.
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Research Problems & Questions
« Despite industrial complexes being developed

to disperse population and support regional
growth, non-metropolitan Korean cities q
continue to experience declines in the Materials & Methods > R .
working-age population. Results Discussion Conclusion

Literature Review

« Industrial Complex Development & Regional
Balanced Development

» Working-Age Population Dynamics & Urban
Infrastructure

Data Cleansing

Data Collecting

(1) Dependent Variables
« Change rate in working-age population (15-64)
from 2020 to 2024

(2) Independent Variables

+ Industrial Indicators

« Housing Indicators

+ Cultural / Urban Service Indicators

Machine Learning K-means
(ML) Clustering

Random Forest (RF) + SHAP

« Interpretation of predictive performance

Correlation analysis for

variable selection rate prediction

Fig. 1. Research Framework
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- Population retention in
industrial-based cities is driven
more by the combined quality of
residential and cultural
infrastructures than by industrial
scale, and housing-focused
strategies alone often replicate
the decline patterns seen in
smaller provincial cities.

« Therefore, industrial complexes
must evolve from production-
centered zones into integrated
living—cultural environments to
achieve sustainable population
stability and balanced regional
development.

« Industrial factors alone have limited
explanatory power.

« The configuration and balance of residential
and cultural infrastructures show much stronger
associations with working-age population
change.

 Factors influencing working-age population
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Table 1. Summary of literature on working-age population and regional balanced development

Category

Key research findings & analysis Ref.

Budgetary support for industrial complexes and infrastructure for the productive population
positively affects GRDP, employment, and exports.

Kwon & Choi (2014)
[14]

investment and GDP.

A 0.1%p decrease in the productive population share leads to a concurrent decline in

Kim & Hwang (2017)
[15]

Economic value and | Expansion of the economically active population and the 30~49 age bracket significantly

growth drivers enhances economic growth rates.

Kim & Kwak (2007)
[16]

12% of regional income disparity.

Productive population growth accounts for approximately 20% of GDP per capita growth and

Zhang et al. (2015)
[17]

productivity growth rates.

A higher proportion of the core age group (30~44) is associated with rising regional

Brunow & Hirte (2006)
[18]

Skilled labor

Cities with higher concentrations of high-skilled labor experience smaller increases in
unemployment and faster economic recovery during recessions. [19]

Lee (2014)

agglomeration and . . .
£5 the innovation capacity of firms.

Poor working environments and labor supply imbalances in aging industrial complexes hinder

Yang (2018)
[20]

resilience

role in the decline of industrial complexes.

External conditions, such as demographic structure and residential environments, play a decisive

Jin & Hur (2014)
[21]

Concentration of the productive population in the Seoul Capital Area weakens the growth
foundation of local industrial cities, constraining balanced national development. [22]

Heo et al. (2025)

“Creative Class” Theory: Urban environments rich in culture and arts are critical factors in

Florida (2002)

attracting top talent. [23]
Amenity and regional | Historical cultural assets attract high-skilled talent and lead to an overall increase in regional Falck et al. (2018)
growth wages. [24]
Empirically demonstrated that cultural infrastructure contributes to regional growth through the Cerisola (2019)
mediation of creativity and innovation. [25]
Regions with abundant cultural heritage tend to exhibit higher GRDP growth rates. Kostakis 8L[2Ié;) los (2024)
= P5H & FA5(Q007)E ZAREAT L 30~494 AT HIF AL TFF AF-TZ B4 Dol QN A4 FAF
Sj7t FALZES FoloHA Aek-g Harslr16]. =19 A o 244 e It He AARIT. we2bA 29 9] 2% 715t
TFAAE frAket A7t Q15 ™, Zhang, Zhang & Zhang (2014) A AT GAlS RSP ffeiMe - d s E I 7Y
2 AAPEAT ST 1909 GDP AR 9k 20%, 4G H A5 TS FET 5 9 AL TEI, ol Beld qmep
A7) 1298 ABTLT ANSFAHT. GHAT AGS W ohle 93 A Aure] AF Aeko 2 Y Wt ik
© 2 8 Brunow & Hirte (2006) 2] -l 4= 30~444] F3 A AT A 3t ZEE =7 AA Y AL 4 E
50| HF0] B24E A WA F7HR0l ASFHe AR WA Ao WA oltTable 1), 127, ¥4 & 0] £9(2025)2 A
starHIg). olelst A5 A e Ag) FAAHY AZA FH A FS EFG A AT SEA BET A §E0] A A
Aol A FHe AT A7 A A *UH HAYH 7oz 2 EA O] AR 7S oFeRA 7, AabA o =7t g et
S WA, AGFFLAS AT APTLE Ao Ged FEH AFS 2ejdrin AHSATH2). £ Q79 SR B
27 o]4-2 4 z&ﬂ%&ﬁaﬂziﬂlﬂﬂﬁﬂgqﬂ@q. F AW /199 A FBE YA WETL, 2844 7|3 o
=3 AT H 4 (agglomeration)> A9 4TYH 2] 414 SHAA F71A S AG A9 ofeete] 28 7. Florida
o ol BRE A Aetshs Y a9l or A-83tth(Table 1), Lee (2002)+= ¢ ZA1H (creative class)’ 0125 Foll Z2F-o&- {7} 7]
(2014)9) @72 w5, 2008~2000d 271G GR0NE o] £A SAo] AR 9o AR G F ATy Agsgo
AE e 24 A s Qo] e mAYe S AY o, 22 EA B A = A A& 45k TRt B4 of
S7F Fo] A4l A o5 £kt it QT 4ol tit Fd=e] YEZF aehe-alsdl QAo 4] AdElo] 3y gQle s Agets
Ath= A& ASHOZ AA o}‘ﬁﬂr[l9] P, 53 8] A& 73z ee}[23]. tHEH S 2 Falck et al. (2018)2 5¢ HIS oH2t
FEW LGP Aot E A G2 71 AT B el Ba S8 AR, A Eobtte] s A Fde ol A
& % ol ofshsiol A1 ASlel o] olATk, FHEL AV EIAE B A% 4 AW 45U BAeHstch
(2018)2 k=% ATFEA] Aol M ot 22 e o5 = [24]. Cerisola (2019)= =2} dZ2t7F o4 Sils Wizl = A
TZ0] 7149 JUHHFE Aofigtth= AML-& 2S4S 2 A A6F3] o 7ol 7151, Kostakis & Lolos (2024)& &3-4to] 545
oH20). ]9} kP AT & SALQ01HY ATEAF U @ AA4E GRDP 57hge] Erhe A€ 47 Ak
AAHAE ez & 24004 772 FASH 5 A7 A [25~26]. wetA Ai7be ol 4 24he Asid e gt o
2ol AR A|5o] Fag GFL WAkE A0S BEAATt 7Y Hol, 4ol A3t 4AY Hx $e A A4 ]
[21]. oleie ATHe SE A5 T Samoteh A o] ¥ PES WasHs £ Hekol Wad Ao wuH,
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Table 2. Summary of variables

Variables Description Unit Source
hi te i king- lati d 15~64) i tatisti
Dependent | Change rate in working-age population Change rate in \;vg; 4 r;goriizrgzpla;g;o(age ) in percent S]z(;:elacs
Designated area Industrial Complex Designated Area thousand m?
Share of Firms Located in Each Industrial Complex .
Total number of firms units
(out of all firms)
Industrial Production efficiency per Total production of the industrial complex / million KRW per |Industrial land
indicators tenant firm Number of tenant firms unit information
Production efficiency per | Total production of the industrial complex / Number of million KRW per system
employee employees person
Production efficiency per Total production of the industrial complex / million KRW per
unit area (Number of employeesxIndustrial land area) (person-thousand m?)
Number of detached -Nl‘.lmbel" of (i‘etfiche(.i houises- per -1,000 residents
houses within the administrative district (city/county) of the number
industrial complex
. Number of multi-family | Number of multi-family housing units per 1,000 residents ..
Housing . . o S o . . number Statistics
L housing units within the administrative district of the industrial complex
indicators Number of 1,000 resid thin_th Korea
Independent Number of apartment units un e% ? aparnne?nts. per % . rest c?nts within the number
administrative district of the industrial complex
Number of row houses per 1,000 residents within the
Number of row houses S o . . number
administrative district of the industrial complex
Number of general Number of general hospitals per 1,000 residents within the
. L o . . number
hospitals administrative district of the industrial complex
Number of large retail/commercial facilities per 1,000
Number of large-scale . i . o
. o residents within the administrative district of the number
commercial facilities . .
Urban industrial complex Mini ;
services & | Number of museums and | Number of museums and art galleries per 1,000 residents 1n1.stry'0
. o S o . . number the interior
cultural art galleries within the administrative district of the industrial complex and safety
infrastructure | Number of performance | Number of performance halls/theaters per 1,000 residents
o S . . . number
venues within the administrative district of the industrial complex
Number of comprehensive Num?)er of c9n‘14prehens1ve AS]‘)OITS-fa(lel.tle? per 1,000
e residents within the administrative district of the number
sports facilities . .
industrial complex
3. 17 HHY & bR} Aele] A4 AR 2|d4A F5E
59 840 SH Ao, AT o2t AT 47 Ao A
3.1, #4 49 T3 75}l 71odsh= A2 71N AP dA R 715 & A
D 47 di% . =
O, o 2) %4 W4 AATAT NS (2020~2024)
L IER ISy =AYy 2] BA == ZAX B
LT I A G A e, 2 e 2 ¥ 179 B4 WA 202098 20245744 22 5971 4
7R o] ‘LubAA TR E < Aoz HAAT . AAEA] = = _ =
I TRATEA R OF s SO I TARIE ga7 ases 9909nTable 1), ok 42195 14 A7
A 7 S S S _ _ _
e e e P SRt ol FR7h 3 eI 3 e, 4 et 3129 s
2 AT, 120 s E AR A 47122 BREt) 159 sos ,
A A I R R
gl pul A — A i R A Al 2 k] A = S| 11 =] kel
s - r e molerlE e T T of irg == A= AetsiA stetstr] figtelnt.
S AU 2, AU S B AN FE A 0] 4787
A7 715k g fsks A & Qle AdeA] folth 3) 59 W4 AY-F A B3N A E
UURAFA R = 2| 0] Ab] Fxof L2 FAlol HekA SH WP AV HER U, D AGAR, 2) FAAE, O
7 B2 A 94 QUAGEA ) AL A AATR 23 3) A2 A A E2 FAHHTable 2.
A8 O] 41% o1/] W2 7HAIAL glof A= AF 714t A €] HA], A A B A=A dEA TR WA EA
14 545 Wdote 24 DRIRA 7t An27]. e o 2, d ol A Zote A A &4 doleE FA0 g AAstA
A = e2d Ae AT A= Ao gt S ot g BA Amoll A= g & 1) AR WA, 2) A HA W
HESHL lof, AAdat 7, 1] 25} Qlmete] 4 Aol AR, 3) AFAE A W RS AL 4) 2FE, 5 A
7FAY QA et v A= Y¥S ATHz ABE A= TR A 719 4, 6) FAAAE(E, |, o), 222 7) A (L) 8)
e 24 SRS AS 28] viA o2 ARl = =7t SEZF(GETY) So] AzHt dYg A2 suroz A
G713l ofsf 29 R T HE TSR L 2, 7 A ARA] QI Hstete] g Ade esto] A4 7Y 24 545 Wy
gl ) 2 AR B A o] olel 29 B w7t ol 2olKIk, o] gt A
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& Qe ARE SR WS AAsklth ¢4, e A 474 aQoz A-GJrH35]. 2o tit i FPAIAL AH] 7|9
AUAL AATA ] 224 RS vehlle A 22 &85l T A O] F YA el tEet, e d-vedd FAE2 A Y
EEE A 719 e AAHTA W A5 7199 S vE o, o] B FEF o7} e HYdth Fdekad, %R
A 3 AR FES UElE AR E8FSH el s, ot e} A PAAF AT BFge At Ao ZAY
g AeE v er AT dF7199 AdEeT FAAT SEole U TR AL 2] AR, A7 A O] 9
A EEE AIEE A2 F71Y 9 FAA R Urol A2 T H5E ZAA Fad qTe P ofd & dFe AT
stglov], &9l 719 9 FAREE AdAdE i gshe W e Aot 1,000% & i@ &, it APAE 5, dad 3 nsd 4,
Ack mpA e & WA YA E 8- AFAHA e gt g TAE T, AL FFLEZAE 5 R FEotlon, P4
TRE AT THA a8 ARE, TS T Fok A FAFAA AlFste 8] 7} dloElE o] &st 3t
AE FT gor ro] AEsHl). olHd A S 2 AT A7
A% ZA) L a8 719 Aol 7)efshs Hrg ZHs), 4] 7] 3.2. 24 ¥4
HF 2 7F A g 1 HSte] ot miAf A 25 Tl dFE 1) B4 9 A4
MIAEAE Aok H et AR E S e i B 7o B WSS mEsly] 95t dabe thea) gk WA,

theo®, FAAEE AADATE AT AT AT 392712] ARHAITHA] Flo]E FoflA oA & A7 321719 H]
1,000%8% 7 8 T8 5 7122 et Fe9+9 olE]2 &5t} o] Abelo] FRUF A 8T 1 ol
T3] Aol7k A1 A2 AFHE 2 FofmFt I T 7)ube] whE A @ Qe-23} ol mal Wi ol5h A 24 A
|21, o7b B AR o] Fgo] A9 o] /IS vt T2 Rt 7Hs A4S Hastely] ot thg o2 o] At
otal, ARl A A TS IR 4 itk AT AR A A E A BT} B4 el E5) 20244 71F 1) AIAE, 2)
2 QHH29~30]. ol et A AE HiF e & Ao e B ZAAE, 187 3) -5} olmat A ® Z YAl Hshe
T, oAt T8, obtE, e g2 ] 7HA] £ e 5 o APIA S FHA WAL, B 7H AT 7L WS w2 147
AARE AAstglon, SAHNA Agste ARE o8t 2 #2402 445t cHTable 2.)
o A Ao Fale] 57 e 23 45 kS dgste o
A 842 AT 53] kA FH 77 72 G 2) Random Forest
To] §7t A7 A A AAS A= Fag AT oA o 4t = Gl A = AT Al W AF 7R A 2] ]l et 7o)
78t mA 9] o1 HEtE Awats o] F gk wdolt), o]o} e £ A9 A7 Al vAE FFE ASs] f9) Random
FAA RS F84L 71E AL s, A F-s A Forest(RF) 295 AHg-atAt.
(2014)9] A= ARHAIITER] AR Ao A= AHieka] 4|57} 4 Random Foresti= of 2] 4] 274 E&| & 204 Y422 44
A2 Y52 @RI ofyet Al B =% A HE 22 vl§ st o] 5 A o & &-gaf A 5e wole tad 5 U
T 95A golo] oS HE 27| gL uh A 0 @ el ©]tH36]. Random Forest EA] 7 E 2] (tree)= A= oHE
[31]. o] Arelthz]| o] A&7} A3} o1 97 8-S F4l 5= o Q) 29t M 235 7|HEo & S5 E| 7] wizol, shto] E]of Tk
o] FA-TA AT 7o AL 7d @47t WEHAS A AT} SHA S ESHH A WA ol A A E AAAH A Heletn], B
ohebA] 2 dFollds A E AT Weke] 22 29l nofs o AN o5 e =2 4 9o B9 Random Forest= 7
7] 98] A9 Z7] FA 9] thopA It A F 7]uko] ok AL vl s F7F B o] A5 el 71olste A=E AFSote] AlAlsh=
T 4P 7 ARE 555 Zidoigih o, of2let M S8 & APy 752 Bt 291 IF PAE oA st

apzjaro 2 geh-7 et Al 2 Hs AT YDA 7 91218 A1 0] o 1A o o] Ql= WS AEste | f-8sitH371.
AR QERAT Batd HIA S drdste WaER A9 Random Forest o5 28 453 QP44 E-S flsiAl= 24
2 ALE A HISE P WS §E7 AH] 7]ut ofs}rt 2] o sto]sjutetn]E S FE0] sttt ofof B Aol A 2=
7HEFIL AstA) 7= A4 99102 25T 9lon, olaet 5 = oha 8 A8 2 801200 Wl R 28 7, R d5<
Zoll= A 7]t oldU g o] fZo] 3 Mo g vt Aok A 8490 oyt ntree®] FRGE AAH 2 HASH
Lol gt Ul o2 Z-23TH22] B JdZ o] Ao ME @ of 22 292 =& o & el o2 stolmufetu]E ot
A& ZAT PH7(2023) 9] AFolA e 22t 3 B0 4Y-1 sl HhE okt o S-& A5k, A5 dlo]E o] RMSE-MAE:
& 7|uat A A9 A5 el 71098 7HsAdol A7) vt 9 SMAPER'gE SHH 02 vl st it
TH32). E3H 2ot 2 14| 0ehe A f-4)& FX15kH 219

iy e ot 3) A% A 95} SHAPEA 9 235}
BT QAAE ZH o] 344 FFe nAE 2dew FelH
7]8}h it ons) BEAS E5 W
QItH33~34], o] &5k 0| A2} 5} ol meb} 017 £.2]-9.9] RF 7|5t SHAP (Shapley Additive Explanations) 242 53l H

S8 QS Ao AT T, o]t AE mndz
ool AATA7} G123 EAS K-means A0 2§33kt

th. SHAP 42 RFeF 22 male]d e 7o) B34t o=
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Table 3. Descriptive statistics
Variables Mean Max Min SD
Dependent Change rate in working-age population 0.006 0.239 -0.131 0.073
Designated area 726.040 3,329.000 48.000 689.290
Total number of firms 79.044 1,034.000 3.000 143.727
Industrial indicators Production efficiency per tenant firm 23,941.440 715,205.714 20.896 55,523.185
Production efficiency per employee 417.895 1877.125 0.992 364.480
Production efficiency per unit area 2.039 13.258 0.004 2.663
Number of detached houses 105.360 394.635 8.170 78.073
Ind dent | Housine indicat Number of multi-family housing units 21.124 76.627 0.225 16.272
fidependent | Housig indicators Number of apartment units 267343 396.038 55.905 56.022
Number of row houses 9.569 21.695 2.195 4.832
Number of general hospitals 0.113 0.565 0.000 0.120
Ut ces & Number of large-scale commercial facilities 0.044 0.252 0.000 0.051
roan SErvices Number of museums and art galleries 0.024 0.088 0.000 0.019
cultural infrastructure
Number of performance venues 0.017 0.050 0.000 0.010
Number of comprehensive sports facilities 0.005 0.026 0.000 0.006
ZE sjHshe ol A EE siA garE]Eolth SHAP 32 2 s ot ol AR A=A & Aqp i AR FAH 2O o
7H A o5 Bl Jlefst HEE PG AL, AAGl Z VAT ThR FUA AAUE 245 0] $3L ol Et
5 g W7t AS Agchs bl ¥ 2 H5E A= 9 A 719 ot FAR 7 GA 2 S Holw, A 7|Hhe] %2
| gheH(38), 4 AT Q12 Rk Adutet M AL BT 5 glck, At
gt SHAP 7]9F K-means w8 3H= T8 2| # 59 vl g & B AX(QJAF7T AT HAT A4 G8)= B
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Table 4. Model performance

Category Item Value
mtry 6
Parameter niree 300
RMSE 0.031
Metric MAE 0.020
SMAPE 60.658
R? 0.874

Table 5. Mean SHAP values and rankings of features

Variables Type of indicators Mean_abs_shap
Number of detached Housing indicators 0.018
houses
Number of apartment L
et . apartiety Housing indicators 0.010
units
Number of comprehensive | Urban services & cultural 0.010
sports facilities infrastructure )
Number of multi-famil L
umber O. m 1 amty Housing indicators 0.007
housing units
Number of museums and | Urban services & cultural 0.006
art galleries infrastructure )
Number of performance | Urban services & cultural 0,004
venues infrastructure )
Number of row houses Housing indicators 0.004
Number of general Urban services & cultural
. . 0.003
hospitals infrastructure
Production efficiency per R,
Industrial indicators 0.003
tenant firm
Number of large-scale | Urban services & cultural
. e . 0.002
commercial facilities infrastructure
Total number of firms Industrial indicators 0.002
Productlon'efﬁmency pet Industrial indicators 0.001
Unit area
Designated area Industrial indicators 0.001
Production efficiency per Industrial indicators 0.001
employee

42. 242 4% 2 4 7

RF 45 2 A5 24 A3, mtry=6, ntree=8000] 7H4 9-4=3t
Ao Hole 2o I o =d2 RMSE 0.031,
MAE 0.020, SMAPE 60.658, R? 0.8742 & L}ehi} Mubd o2 1=
2 a5 Aot A S FEGHITHTable 4.).

ERF SHAP Hatdigh 24 23, A4 ¥ 5 571 1159} ¢
125} 2| H7} L FHe HYtH(Table 5.). 1 o)A 37 A&
GHEFE ol E, 2|3 FEF o] £2 SHAPEE Hyle ‘:‘1

3 5

B AT TY 02 AU TR L DI, 72
Aol SHAPGE 49182 Astect. oleig 2ake 712

AN 1 AR, AT 0] chep £ 9] 2]
HAAR A A e AA S AL A 949 S
% oleh, g 0] Ao TR} Qlmet fo] v
ol o]k A4 0] £A) o157k AT A o] 5 9 A& Al A

T At A& 22 B, diAlE E2 SHAPg HA
(Table 5.). o3t A= 7| 25 AFNA Beld AAH AT A&

o 2 WA} o9 2T ]t elo| T BT, 41l 75 A
7 A7 A0 vl 20l GeFe AFHol e AL AAHRE

Table 6. Silhouette coefficient for K

K Silhouette Rank
2 0.406 1
3 0.374 4
4 0.392 2
5 0.377 3
6 0.359 5

o} &, A e o A4 g oy RO 2= A Qo) AFA S
Sh7)oll= RHAZE glom, AE-2at 9 4 7]5Ee] A A o
& o A9 AT f2] B HREE FEYS Bl

T3F RF 7|9k SHAP 742 Fofl 71 AdaA7 9128 2A19E
D2t E FASt k-means w3 A A5 Silhouette &
A AT HH +H F= k=28 ‘/]'E]";;\I'BL]'( Silhouette value:
0.406), 225 4 TF s jA T A4S Qo) L ohpo s
=2 AR Zh& 12, k=4 (Silhouette value: 0.392)F 48513
tHTable 6.).

RE 7]13} SHAP = 21198 283 K-means 343} 23, 4l A
J(Cluster A, B, C, D)2 At A- 4235} Qlmahrt A4t
)

e N
(Table 7). ool Hsl 2t 4 2|9 ot 2744 jeto] ujet 4
ofg £2} 917 W%} AL HATHTable 8). 53] ol2]e 24
2k Aol AARITI A4 2% Sl A Ao el
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Table 7. SHAP values by clusters

Change rate in Shap-type of indicators‘
Clusters| working-age | Industrial | Housing Urban services
population | indicators | indicators | & cultural | Total

infrastructure

A 0.025 0.105 0.339 0.556 1

B -0.022 0.057 0.716 0.228 1

C 0.020 0.116 0.534 0.350 1

D -0.034 0.274 0.310 0.416 1

Table 8. Changes in the working-age population by urban
classification and clusters (including non-industrial cities)

Change rate in Clusters
Region working-age
population A & c L
Metropolitan city -0.023 25 19 34 3
Regional - -0.063 18 1 2 | 4
metropolitan city
Regional small and 20036 6 | 62 | 7 8
medium-sized city
Total -0.041 79 82 135 25
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% 6271), o2t A 94 £xE= 79 B0 A R Ee= A
A 22137 AA5HA A3E 7Hs/d2 AAREHTable 8.). AAI= A
W FALA ] Pt AT H3Eo] -0.039-2 sk, AT
FALA] H[F0] =2 Cluster B HS}E —0.022= o] A1 G A
TR AR A ) v A Bl o= A4 913
o ol Qlme} shEuto 2= AARITY] f-&S HASH] o HL
g AP Fol A&H o g ojFd AL AH Y AA 4% 7He A
3 EgEA o] oSt 4 QIS HolEtt

Cluster C= F7(0.534)9F &£} 21zak(0.349)7F v
TFH & Yehh= F3o|th(Table 7.). o] &4 9] A+ ’0—7}
£20.02002, EA olxglo] HEE| 2] ke Bala LA LofA
QI HEol Hlw A ety A o & FhahH Ty, 1357]9] 2] o] o] 4

4 o
'_1\_.
ofl 3l ATQB A 24 Aol Al ek A9 5l 02 4

y L H

=

52 ol
>

e p
o I

ro rr
iy
a2

A

He

o

=)

Jm

o,

=l

st

10

H‘]

>~

oo

=

>

ofN

i)

o

o R
[t
N

3

o)

U‘

('D

OO

2

H

rol‘

Hm

1‘[!‘

N

N

N,

R

i)

o

ie]
o

o
N
N
4

H
)
%

o,
T

do
to n

Eﬁo?.i
o

ZOV}QJ’E% ]
gttt J1euy olEo] AR A9+ B
g, Cluster C=0.0209] 7182 Yetdict.
C7t A RV 2|94 szt H o) Q1
I B A e e Y-S
3} 715to] AFAE A9 A7
=& AR
upz]eto 2 Cluster D% Ar4(0.274), 71(0.310), A<

TEH0.416)7F BE AA HZS Aote FEY 122 Mol
(Table 7.). Al O]J-LE]' Q4713 7] 7] od5t= o]a{@- 5k 7
B4 A AA o A At o2 EEA VEr oxom =

é
R
Jo
_>|:
2 el
of
odk
4
BN
N
S

oz o Ao
%

=l
I T SRV
b i
gt

)

24
K3

i

Jz
)
s

to]

T
_8,
N
A

>

o

2w
s
N

X,
N,
2
i
nek
> gk
30,

4
Jo
)
=

52 KIEAE Journal, Vol. 26, No. 1, Feb. 2026

Jeut ARG B2 -0.0342 Y 7
A Ve, Q1Eeke] 3 AT e 2= B
A7HE Q1AL -rOTZ %— te A9sh] olfr= A2 HojErh

7P A8 128 714 Cluster D= A H A AU RH EA4A L
Al 5 HEEd g 2 Fx3H(Table 8.). ol2dt A=
P2t = 39 EA0] A94 21} =2 A

= AR &, HISE Y L2 A, A

13}4 Ford, a1 ﬂ% 194 wigto] qlme} 144 o] A& 4
St Ao 2 Si4E 4 Qirh

o)

)
c
4
@
=
j'ci
o
o:

[
£ e

2 AT = AAEAE Dt A 18-0] FEO R HigtE = Y]
EAHE Ho A9 FA, 22 -2 dmeprt AgtE =
Alo] 219 Q14 FA g oW FF 12 AFS TEoHEAE
AZH o2 Fgstnat sttt o8 H5f 2020~2024F A= Lut
AADAE e g 97347 8-gAdF-dFdA 384
3 IS A= A7HEATY #EHEE 245k, Random
Forest 7/|[ft - 59 &

ﬂ'@:‘q’ SHAP-7]4t K-means 73 §1._E_ 5
L olmet 74 ] §
H%HJOm aq1e] 9erel RES 4

A% o vehe B3] W 24

fo
o
2
R
e
~N
rE
H-T
>
_45
m
E
Il
)
L
r

o9l

ﬂﬂﬂﬂ%zg%

24 2}, 4 7|ure] Al FREcFA @ YR} olxet
o 74 WAlo] PAFAHAT Wake} B BHSH AAHo] U
o] Sels|oick. 53] AF-2ot Axet vlFo] B 27 G

| 4ga-2ot
©5]8] AT
4o, St dnets] o shaztohd 4
2 2 B A 29 B@ge] 97 4A2S s

%9 299€ RojEch

olefat A AT AT} o o4 Aol At FA AR ozat

75 % glom, A9 A7 7R L SR L A

29 7]4ke] B elmet A A0 2 AshA Elolof G ATt

ohee G5 AT B AU/ A ALE HE 42 A5 =

A ARA Be 2GS AAL A2k ok 218 B} glov,

ol AR Hito] BF M Aotz A2 4 e HolE
A

i@?hﬂmﬂa A€] QAT 47 o] gt 41e] 715
st el B2 52 S et 4ol WA

@H#ﬂﬂﬂﬂfﬁ
ot 2t
A, Ake] ol makel S AH| A



OlCHIY - RO

]

Fal -

k>

o
5

RO
R
i
ol
ol
_>|~I_v‘

£ X ol
rL o ofd
fu

2
oo XX

N
o e 0

rrdel g

=

of
ek

[
e ml

&)
=4, 974

2
ol
olN
[
H—1
>
i
=
o
o
-

2o

2/ oV
X

b

=2

1o

il

o
jint

e o
=

=

lo

oo nE U
odn ok

o g
ox
filo
14 o
i
o

L E
R}

& A=l

SE:ER!

2
R
I
tlo

o
=)
e
%

O
9,
&
a
o

T )
[
i~
re
b
o
o
ol
fz
_O|L
rr
-
N

= olo
i
ST
0.

et

]
N
fu

e
o2 2o

o [{E
rd
)
o=
am e
ne N o
o do H» 2

ot MN it
o,

ng

=2
ro,
=]
Lorr
o, 1o
ol X oX
A = ol
o md
rH
ox ffu
o
e {z |o
ol

D)
s
= o\ &
ol
ol

=
3
N
N
30
i

ol
re.
|H
)
19
rh
2L
)
-z
=
3
il
o
ol ofN Rl of o

ol
ol
rlr
ool
=
[>
1o,
.,
o,
i
>
= =L
18 =
lo &
oo
o2k
A,
i
H
12
ol
el
>

IR
™

foh
I
ol
QL
fin)

ox
2
S = Nl
o,
El
N
ofo
sk
4
0,
K

o mll
fﬁi
O ofN |
o, MU g
Rl
mg‘r: o rlr
)
H 2NN
£ W1 o

&
o
4
o
:-_I‘

2
By
rlr
2 Mo
iie]
r
r
o
O
>
il
)

ol

LU o —{olv

Mr X

ro, i 1o
+H 2 oo
o,
nj
-

Hy
=)

A > o
i

LW N 1x

o
—-

=
o
OB, offl

ol
QL
£

o H0 rl ook

f
R
L o,
El
o,
S
=l
o,

ol

i)

fo
N

L %0,
il
-
_—>|il“
o
lo
rr
)
)

ot
o i
lo =
o 2
ol)lv “:|
2 =
o, EZ\“L Ml
x H o
RS
it} Z
Mo 0>4
N =
> 2]
a1
5 H
< =
o
o H
U
X

op
L

Wl ox |m X

rid
fu
>
o o= A [ S W r O}

oN mn M fHr -

>

rr

lo o

i of o,
=
i
[
o
o
i
)
ri,

o
N
=
I
F
=
Al
N
filo
n

ol
1B
2
=
ek
i1l=]
fo
N
%0
o

References

(1] 249, o, =7HIgaAe Uze] Faol dFe vAe FAH
f]le WRE AT, I=AGAESEA, Apid ARET,  2009.06,
pp.121-143. // (SK. Kim, W.B. Lee, A study on finding economic
factors of employment growth in a national industrial complex: A case
of Changwon National Industrial Complex, Journal of the Korean
Regional Development Association, 21(2), 2009.06, pp.121-143.)

2] A%, 9E4, A4RsT BgAdd Adss =5 U A§
AREA EART|estel =7, A4l AT, 2013.08,
pp.4058-4067. // (JW. Sung, D.S. Oh, An analysis of planning
elements and case study of sustainable mixed-use industrial park,
Journal of the Korea Academia-Industrial Cooperation Society, 14(8),
2013.08, pp.4058-4067.)

B] X7, S AW, AR EARE AN
= GABAATE, A3 A3, 2015.12, pp.87-103. // (Y.K. Ko, JW.
Hur, Problems of overdevelopment and policy directions in
population-declining era, Journal of Korea Regional Economics, 13(3),
2015.12, pp.87-103.)

[4] A9, A, i 2 A Ede vt Hieed J9RE 9T
891 BA mAgste, A36H AlE, 2023.06, pp.47-66. // (M.S.
Kim, M.G. Kang, An analysis of individual and regional factors
influencing youth outflow from non-capital regions, Journal of the
Korean Urban Management Association, 36(2), 2023.06, pp.47-66.)

[5] BAY, A93], AT 79 % 255 AT AT S2=A ZYF
Ago]A o]g AeREA ZEATL A1173, 2023.06, pp.45-60. //
(S.W. Kyung, N.H. Kim, An analysis of the actual conditions of using
coworking spaces for youth activities in small and medium-sized cities,
The Korea Spatial Planning Review, 117, 2023.06, pp.45-60.)

[6] #BE 9 49, AYFTLEEAY ZASFE AASPEt AT, FEDT,

A1193, 2023.12, pp.121-141. / (BH. Yun et al, A study on city
size optimization plans for local small and medium-sized cities, The
Korea Spatial Planning Review, 119, 2023.12, pp.121-141.)

M 29w, £4E 3930 L5A% A4 9 Aol fEad
ST HEEEE SHCR, AGARAT, ARsY, Al2E, 2017.06,
pp.165-187. // (Y.M. Moon, J.P. Hong, Young generation’s labour
market gap and local brain drain: Focusing on metropolitan and
non-metropolitan areas, Journal of Regional Studies, 25(2), 2017.06,
pp.165-187.)

8] Hel&, AL F2EAY F2UT AF 54 v4, FEDT, Al0sT,
2021.03, pp.3-18. // (Y.S. Choi, The analysis of occupational
characteristics of emigrants from small- and medium-sized cities in
non-metropolitan areas in Korea, The Korea Spatial Planning Review,
108, 2021.03, pp.3-18.)

9] olthi<l, e, FaEA T deke A% Ul AT FF 24 -
719 HEQZ BHE MR - dRIAEsel=Ed, A4d

A8%, 2025.08, pp.49-60. / (D. Lee, D.W. An, Exploring research
trends and development strategies for small and medium-sized cities
through keyword network analysis, Journal of the Architectural Institute
of Korea, 41(8), 2025.08, pp.49-60.)
[10] F. Lan et al, How do population inflow and social infrastructure
affect urban vitality? Evidence from 35 large-and medium-sized cities
in China, Cities, 100, 2020, 102454.
olAE 9] 3¢1, AFAEA] AFole] WIF FARO WEE EAL
=2 GAEEtE)A], A30d AlLE, 2018.03, pp.215-236. // (J.S. Lee
et al, A study on satisfaction of the workers about the settlement
conditions of industrial complex: Focused on industrial complexes in
Gijang-Gun, Busan, Journal of the Korean Regional Development
Association, 30(1), 2018.03, pp.215-236.)
44, AP HiFAGY] AFqio] APAEEA] ZYE
A3A AT, 2017.11, pp.77-92. /I (S.C.

(1]

12
. oAE &, FEEA,
Cho, Detecting the effects of settlement environments on the sales
rate of industrial facility real estates, Journal of Real Estate Analysis,
3(2), 2017.11, pp.77-92.)

C. Diebolt, R. Hippe, The long-run impact of human capital on
innovation and economic development in the regions of Europe,
Applied Economics, 51(5), 2019, pp.542-563.

VA, M, Z2ARA AR Aol AddA] a9l
AGQZA vlAe FFEA, AP, A ABE, 201411,
pp.551-583. // (G.H. Kwon, Y.T. Choi, An analysis of effect of local
government’s budgetary support to industrial complex on regional
economic growth and industrial complex performance, The Korean
Journal of Local Government Studies, 18(3), 2014.11, pp.551-583.)
A, L4, AE-19ate] BAA IF 24, A4, Al
AZ, 2017.12, pp.108-135. // (WK. Kim, W.S. Hwang, Assessing
the impact of low fertility and aging society on the economy, Journal
of Industrial Economics and Trade, 1(1), 2017.12, pp.108-135.)

Az, Bas, gl ApAt AAE-dgTE dste
Aoz, AAALE, A5H A4Z, 2007.01, pp.125-144. // (HB.
Kim, S.H. Kwak, Demographic transition and economic growth in
Korea: Focusing on changes in age structure, Journal of Economics
Studies, 25(4), 2007.01, pp.125-144.)

H. Zhang et al, Demographic age structure
development: Evidence from Chinese provinces,
Comparative Economics, 43(1), 2015, pp.170-185.

S. Brunow, G. Hirte, Age structure and regional economic growth,
Jahrbuch fiir Regionalwissenschaft, 26(1), 2006, pp.3-23.

N. Lee, Grim down South? The determinants of unemployment
increases in British cities in the 2008-2009 recession, Regional
Studies, 48(11), 2014, pp.1761-1778.

FEE, =AER9 B FAg T 2 Aol w3t a,
TEATE, A993, 2018.12, pp.3-25. // (W.T. Yang, Development and
application of the composit competitiveness index of old industrial
complexes, The Korea Spatial Planning Review, 99, 2018.12, pp.3-25.)
A, SAG,  AdEAl AEae] gt AFAT A=
YA E tifoz, ZEAE, A49H AT, 2014.12, pp.49-61.
// (JK. Jin, JW. Heo, An empirical study on the factors of industrial
parks decline: focused on the industrial parks developed by local
government, Journal of Korea Planning Association, 49(8), 2014.12,
pp-49-61.)

[22] SIET, °IE%, HUA, +3Ed

[13

[14]

[15]

[16]

and economic
Journal  of

(21]

25 24

\=] =
A4 BAOF

B\
Jim

(©2026. Korea Institute of Ecological Architecture and Environment all rights reserved. 53



g

HE

23t A9 Y 2

=
e

Qlme

t

dm

=

I} 917 wato| Rty B4

W 2t B4 SH0R, A9at, A41E AL, 2025.03, pp.15-29.
/I (M.G. Heo, 1.Y. Lee, M.S. Park, Measurement and characteristics
analysis of regional balanced development inequality: Focusing on
within-group and between-group analysis, Journal of the Korean
Regional Science Association, 41(1), 2025.03, pp.15-29.)

R. Florida, “The creative class”: From the rise of the creative class:
And how it’s transforming work, leisure, community and everyday
life, In The city reader, Routledge, 2002, pp.175-181.

O. Falck et al, Music in the air: Estimating the social return to
cultural amenities, Journal of Cultural Economics, 42(3), 2018,
pp-365-391.

S. Cerisola, A new perspective on the cultural heritage-development
nexus: The role of creativity, Journal of Cultural Economics, 43(1),
2019, pp.21-56.

I. Kostakis, S. Lolos, Uncovering the impact of cultural heritage on
economic growth: Empirical evidence from Greek regions, 2000-2019,
The Annals of Regional Science, 73(3), 2024, pp.1209-1239.

o7, MAE, Mgt ATHYTAY Fasgy W
BA 719 EAAT, A48 A3S, 2025.09, pp.79-93. // (JH. Oh,
S.H. Park, A comparative analysis of total factor productivity between
national and general industrial complexes, Journal of Corporation and
Innovation, 48(3), 2025.09, pp.79-93.)

AEH, 71470, 9A gelo] dukidgA|e] ZoF &ko mAE
qF, FASA, AW AT, 2024.06, pp.135-145. // (D.B. Shin,
S.J. Ki, The impact of location factors on sales velocity of general
industrial complexes, Residential Environment: Journal of the
Residential ~ Environment Institute of Korea, 22(2), 2024.06,
pp-135-145.)

AR, 4%, 598 FHFE] Q79 Ay T4 AL 9,
B2 s A9d ABZ, 2023, pp.111-129. / (S.R. Jang, S.J. Hong,
The effect of housing supply by type on age composition of
population, Journal of Real Estate Analysis, 9(3), 2023, pp.111-129.)

S. Kim, D. Kim, P. Bekkers, Multi-family housing development in
suburban communities: Does it contribute to housing affordability and
socioeconomic diversity?, Cities, 163, 2025, 106035.

A, Sl e AEQde] iRt AFdT A=
AT E difor: dx TIIEAE dqides. SEAE,
A498 AI8Z, 2014.12, pp.49-61. // (JK. Jin, L.W. Hur, An empirical
study on the factors of industrial parks decline - Focused on the
industrial parks developed by local government, Journal of Korea
Planning Association, 49(8), 2014.12, pp.49-61.)

A7, A9 Hadedol adTadel miAle gl uet
A FEUHEREE o HugAs FHoR, AUPYAL,
A378 A4S, 2023.12, pp.197-220. / (TK. Lim, Impact of the
regional specialization within the high-technological industries on net
inflow of young people aged 20-39, The Korea Local Administration
Review, 37(4), 2023.12, pp.197-220.)

(23]

[24]

[25]

[26]

(27]

[28

=

[29

—

(30]

(31]

(32]

[33] O. Falck et al., Music in the air: Estimating the social return to
cultural amenities, Journal of Cultural Economics, 42(3), 2018,
pp-365-391.

[34] M. Backman, P. Nilsson, The role of cultural heritage in attracting
skilled individuals, Journal of Cultural Economics, 42(1), 2018,
pp.111-138.

[35] N.I. Nazem, M.A. Hossain, Strategic infrastructure supporting the

quality of life in Dhaka, InMultidimensional approach to quality of
life issues: A spatial analysis, Singapore: Springer Singapore, 2019,
pp-209-220.
[36] L. Breiman, Random forests, Machine Learning, 45(1), 2001, pp.5-32.
[37] A. Liaw, M, Wiener, Classification and regression by randomForest, R
News, 2(3), 2002, pp.18-22.
0.0. Bifarin, Interpretable machine learning with tree-based shapley
additive explanations: Application to metabolomics datasets for binary
classification, PloS ONE, 18(5), 2023, €0284315.
M. Louhichi et al., Shapley values for explaining the black box nature
of machine learning model clustering, Procedia Computer Science, 220,
2023, pp.806-811.

[40] S. Wang, H. Peng, Multiple spatio-temporal scale runoff forecasting
and driving mechanism exploration by K-means optimized XGBoost
and SHAP, Journal of Hydrology, 630, 2024, 130650.

54  KIEAE Journal, Vol. 26, No. 1, Feb. 2026

1) ARAFEZNAA S (1892~1991), hehal=tA 1,

2) At )2 9 Fdke] Tt Mg, HE A210655, 2025.

3) BAA JFZAHFUSZS) o] whEH, 2020~2024 Ato] AR H
SHge A -0.04(F=H: -0.02, AHF: -0.06, A4 -0.03) 02
sl =

1981.12.31.



	산업 기반 도시의 정주 인프라 특성과 인구 변화의 연관성 분석
	ABSTRACT
	1. 서론
	2. 이론적 고찰
	3. 연구 방법
	4. 분석 결과
	5. 논의 및 결론
	References


