@ _'t pISSN: 1226-7147, elSSN: 2383-9171
@_I, #(  hitps//doi org/1017208/jkpa 2023 12,58 7.156

Joumal of Korea Planning Association Vol 58, No.7 (2023)
HE=E - T AR "REAE], M58 HTS pp.156-176

‘ ") Check for updates ‘

ALY S0 whE EA| 7t 754 FATE A A O]

m|X]E Gl Bk A7

A Study on the Eftects of Functional Linkage between Cities on Urban
Economy by Urban Industrial Characteristics

}“I_le%*“ .

SEH
Shin, Jaeeun - Woo, Myungje

Abstract

With increasing interest in urban and regional economic growth strategies through functional linkage approaches
between cities, a number of studies have been conducted on the effect that functional linkage between cities has on the
urban economy. However, studies have not considered how this effect may differ according to the characteristics of the
urban industry. Therefore, this paper aims to analyze the effect of functional linkage between cities on the urban economy
by using a multiple regression model with interaction terms. The results show that in the case of cities specialized in
primary and manufacturing industries, active functional linkage of goods could lead to enhance urban economy. On the
other hand, in the case of cities specialized in tertiary industries (producer services), the study found that the functional
linkage of human capital, rather than the functional linkage of goods, could contribute to improving the city's economy.
These findings indicate that the functional linkage could have different economic effects depending on the industrial
characteristics of cities, and provide implications for policy establishment and operation in urban and regional linkages.
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R t=0] EAI9 ABAEsR=AlE Bl 4= Qe jigo]
oh B4 A AEAL 4] ) 2o P A
(2019) BFNA AR FEAE E83to] A F7HA WS
A 2267 At diste] olE AFESiiTh HEY A
(2019) BFolIA AMSRE B4 e 2 EAS FEJEA|S

o] BEUAS BP0 U 202 Y glol A4S B
AR BES 2 Theo] A% 715 H0E ARtk A
2 4 9k, £ Aol 49 golde Teist] 44
3 g BYol TS wehd BWY A4} §24E 2
EAPt OE EAE ooz duh chidoz aAskn g
2] shote 4= ek,

QO w;,; = (0, +Di,j)/Z:]1(0,-,j +D;;) 3)

W, jEAISHiEAlS] A OlE X4
O =Nl jEARO) B
D jAOlN jEA RS B

n 1 AR AEF267H) 4

1
2 T 2
(2) complexity; =
complexity;, : ;%A% E34 A5
O; 1 jEAG) AT o)A BEHAL
Wit iEA O] B O ER| 4 Hp

@ A& =32 nteraction: travel volume)

Z 2A19 716F AL b BEAE tido2 WAk 9l
A& et & Qs W B34 At 4 BAY A5 E
B W A WA SHEEA)Y A FEE F HE
Aleke] SHE(EE) BT HFE Bk 4 e #gol
o}, oA W3l Z Al A wARE A B bl g Al
T WollA] A i FaEE AQlet R 2] FHFE 53
T MR B TAQR] 7153 dAY FHQ 2718 Rl 4

= HSE Auiit), ofof digh AFE4l2 of] 4] (4)2} 2},

I =§f}1(qd+q,j) /zfll(qu%,,-) (5hi +5) @

LN AT

O = {EAO A §-& T =AW S3F 23
0,; = iEAJA jEAZ o] 53t THF

D,; = jEAPIA AR o &3 THF

n 1 A AlETH2267H)2] 4

4) TA|2| E2|H, AEIN B X7
AR 93 ARolls 7 Al AR EA o]
Y, ARG YA HH vl &%) W7t T olE2 =
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Al Yl 23t 7150] YR|FE fEAGolel= Al ZAAA
FEFE v|F ¢ 7] giEo] ZFSAHAE - oA - A4,
2013). ARA A|&ef= AT HIE(%), FAPFsQIT vlE
%), VTUE(F/km)E WrE TP A U AAES
9] 221 MATFsRITE A AAVIR Fa7 G v|F)
£ HeE o] HdFolr 8 9o, nggdret 9l
FUE E3H 24 9 Ao Aot A5 5o £4& Ao o
£ Zg513 JchAFTY 2, 2021; A18HA - £ A), 2020).

W, B9 28 AL B4 4] 4ol U B4 7715
AL EAI] HAA AelE Solulat JaFE vIAER] Sl
4 9k, B0l A8 AT 9 W4 (& 13 2o

[Model-1(2)]

Y1 (2)5 = Boi + 51 G+ Bod; + 33X
T 164Dummydustsr

+ Y1 Eq* mmmydustea) (5' 6)
+ Vo 1;* mmmycluster o €
5) BM oY
2 dFoMe oA A MeE 883t A Al Y'1(2); : 20194 1919 GRDP (1919 GRDP 4%+8)
20199 1919 GRDP, 2014 dj¥] 2019'92] 1919 GRDP 4% G 1 A%, 38 53 5314 Ae
B2 THUSE ke 2719 dsEHREE AAstsen o L 3259 33893
o] 4] (5), 4] (6)=} Atk 20199 1919 GRDPE F&HH42 3] X, 1 2e3, A5l4 54 BRI
© 29 12 ZAZH 71 AR B4l me} 7153 A7 =AY Dummy gy oter : AHI54 21 Hulis:
BAA £E0 o] o1 BA ZolE Hol=A] vl 24" 4= 9)L.
Table 1. Variables in the analysis
Classification Indicators Variables Calculation Formula Sources
Industrial diversi E:ZI;(&)]:.( 1 ]
ndustrial diversity P o b o
A Agriculture, forestry and fishing
B Mining and quarrying
C Manufacturing
D Electricity, gas, steam and air
conditioning supply
g Water supply; sewage, waste
management, materials recovery
F  Construction
G Wholesale and retail trade
H Transportation and storage
| Accommodation and food service D= Loy & ]
Hidiarehical activities e' E 'ﬂ;rao
clustering Industrial J  Information and communication e Integrated
a(';‘)'%’gas characteristics 1Q K Financial and insurance activities e;= regional employment inindustrys ~ Service
index | Regl estate activities e=total regional employment (MDIS)
\y Professional, scientific and technical %= national employment in industry 4
activities E-= total national employment

Business facilities management and
N business support services, rental

and leasing activities

Public administration and defence;
compulsory social security

P Education

Human health and social work

activities

services

Arts, sports and recreation related

Membership organizations, repair
and other personal services
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Dependent

Economic level of cities (million won)

GRDP per capita in 2019

variables
(2014,2019)

Economic growth rate (%)

GRDP per capita in 2019
/ GRDP per capita in 2014

Population with age 65 and over

Aging population ratio (%) . _(per_sons)
/ Population in city (persons) x 100 " Korea |
: R tatistica
Social . - _— Population with age 15~65 (persons) :
ST Working Age Population ratio (%) / Population in city (persons) x 100 mfst;)e”rzia:éon
V?ng%ﬁs E)c;;;:{l;ant;o)r{lk?ﬁgsity Population in city / Urban area (kosis)
: : . Commercial area (km?)
ren;:;‘:ts:gil:n — Commercial areas ratio (%) / Urban area (km?) x 100
: : : Industrial area (km?)
analysis )
ly Industrial areas ratio (%) / Urban area (k) x 100
i . Korea
Functional Corppleiy R o/ Transport
linkages n n Datab
% nteraction travel volume L= 2(0,+D.)/3:(0:+ D:y) (?(?DaEge
Insaeﬁaeggznt Dummy O (Cluster 0)
(2019) Dummy variables Dummy 2 (Cluster 2)
Dummy 3 (Cluster 3)
Interaction terms Tty DAY
Interaction x Dummy
IV, M zin} FEoH ol (79 3 ek, TAH 2 Avlnw 3ol
E SEAY uSEe AR EAL ZREE HoR ek
1.4 S8 AISH 2EEY 2t on] HGEHY FAEAIE 17 ZFHY) 53] AU

ZEALY 40 TE EA] 7 7153 AAZE =4 A B A
= B A8 S8t 22671 AlET-E tiAeE AR} £5)
21519702k 4 ThFd AR E AFESE £ o] F B85t
AZH EAREAE A

A A e 2 T g P Y ASEE
F4E k= Ward 2 8831%oH 24 7t A= 54 U
< FEHE AdE 8833l E3H ASH ZHEAE Al¥st
719 @A AT 279 5 8] At Ward HHE| &
A A&l Al(Silhouette Coefficient)E ZQ18FATHIE 2).
AR A -17E 1 Ale]9] & 7Y 19 77 s 2
F37H & o]Fol 7 B4 o)kl AT 4= UrHelot AA 3,
2011). AFA AGE FRIgE A 339 471 43 A7 AF
A A7k 71 Eot FFA 0= 20| 5 = A A
A R4S ¥

A F{EA A3 A= 22670 Al 2R B

Table 2. Silhouette coefficient by cluster

The number of clusters Silhouette coefficient
2 037
3 042
4 0.47

At A7159 B9 SAZ, ofFA, QHE T, vTEAS
A, A, BT 53 2L ol ASo] st AoE
v, 219 49 FH0R 45w HED A7t
ol o] TPH 02 velyieh, 2] 2P FES QA%
A71%9] AfEH A2 NG PET, FUA, A, BHY

| cluster 0
cluster 1
cluster 2
cluster 3

Figure 1. Results of hierarchical clustering
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HIGED FlH fUsH R4t S, SEBAE F71E
o B9 A, AFAE ZRY AOZ veliiet, B iR
H&e] AXTEo| PO B3] 420 354 7B 34
Aol St AT, M2, $317, T2 53} Zol 37 4
A Hul2eh)o] FFE NS AOZ ek},

(& 3y 2 A B4 BEg HolFu], 2 208 A
E40] JoITE AT 4 k. B3] TR 21 B A
Ariepy 47t Eom 3o 23 vlIA L g Ho|
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Table 3. Average of LQ and industrial diversity by cluster

cluster 0 cluster 1 cluster 2 cluster 3
A 5.27 0.68 1.00 0.00
B 7.26 1.1 0.67 0.00
65 038 0.08 1.67 0.00
D 3.09 042 0.67 0.00
E 140 034 1.15 0.00
E 0.82 055 0.15 047
G 0.20 0.64 0.09 0.87
H 019 0.66 0.30 0.33
| 0.82 0.82 011 013
J 0.01 014 0.00 2.80
K 0.07 057 0.02 1.33
i 0.01 067 0.00 0.87
M 0.02 024 0.07 1.33
N 0.06 041 011 1.47
0 1.98 072 024 013
P 0561 0.82 0.09 013
Q 0.78 0.88 011 0.00
R 072 0.92 017 013
= 075 0.89 0.09 0.20
ent 3.090 3110 3.285 3.248
(n) 89 76 46 15

*A: Agricufture, forestry and fishing / B: Mining and quarrying / C: Manufac-
turing / D: Electricity, gas, steam and air conditioning supply / E: Water
supply; sewage, waste management, materials recovery / F: Construction
/ G:Wholesale and retail trade / H: Transportation and storage / I: Accom-
modation and food service activities / J: Information and communica-
tion/ K: Financial and insurance activities / L: Real estate activities / M:
Professional, scientific and technical activities / N: Business facilities
management and business support services; rental and leasing activities
/ O: Public administration and defence; compulsory social security / P
Education / Q: Human health and social work activities / R: Arts, sports
and recreation related services / S: Membership organizations, repair and
other personal services / ent: Industrial Diversity

164 TREAR, 58 H7S (2029)

o2 BRlc}, AAZ (¥ 2)9F Zol 4 Z3ol =3 A2+
A T SARRE BlE B vERd S AR AR
Tl =2 2o w39 AR Aol W 3o,
=13} vlaskE ) vlaA Ak S8 71E A Akdeel 2
A A2A FART EESHIL USE BT 4 U

ERF ARG thefdol w2 2R H2 280 44 S3E
Hol= ARwe A4 o & v B ot g,

ARdciddol ¥ #30, 2319 4 83 A4 Bd-& A
HEE 20 AGY, 9% 2 o), BEEY) § AdzlA
oS Holn] 219 39 BCEY), RO, 2X2 9 o7}
T AElAY) § AAZOIA B FE Hole A AT ¢
At

ojojA] ARdTteldol wliA w2 #32, F3E ATEYE &
229] 73¢ 2RI} Zo] AlsY. ¥ % 019 dd2e] A
£33 2471 wou C(HIRY) AT A &8 A7t HE
<A B wetEe w ol w2 AS2 vETE 2332 (3
H3AY), KES 2 289, MAEE, 33 9 71a Al¥l2¢)
AFdEelA 4k S3F A7t vl =2 2= UEth K&
£ 4 2EY), MAE, I3} 9 71& AHlAg) AT 34 At
Ao thEAQ WAL MulAago 2 (-8, 2022) SRt UF
AHE2| olFo] WS 421kl TRio] H2 AHTEo R U
A AHFEA, 2021). oF3e] 8L ST 2 A B4
< E ottt

2. 2HE 7[5H GA| ufE vl

e E2e a9 Y 715A 9A e Hluste] EA
7163 AA 19 HEo] EALEY S wet Aol g Hol=A]
B3kt (& 5w 4719 2E 7153 A4 BA@EE) §
AFe| Pt e Folo), AT FHFL &< FHA
o] 7153 AAE Qv B4 A o] BEAIE tide
2 WSk 7163 GAS] thi S odviRith mebA g2
EAER) B Aee SAEE) 4558%E Hole At
B4 23 1389 A% AAALAD Y] 58] iAol
559 37] Egt Ao E ATl ST 4 Qi

Table 4. Industrial characteristic by cluster

Specialization industry Industrial diversity

cluster 0  Primary industry

Mining and quarrying / Arts, Low
cluster 1 sports and recreation related

services
cluster2  Manufacturing

Tertiary industry High
SUSTEES (Producer services)
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m— (cluster) average of employees
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0 cluster
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KSIC 76 divisions

7 ™ BB

1 cluster

KSIC 76 divisions

Figure 2. Ratio of employees in industry by cluster(Based on KSIC 76 divisions)

Table 5. Characteristics of Functional Linkages and volume of traffic by cluster

cluster 0

cluster 1 cluster 2 cluster 3
Interaction(%) 048 070 0.60 086
Complexity 012 018 014 028
Travel  Outflow(%) 36 45 37 38
Inflow(%) 39 38 41 52
Internal traffic(%) 25 17 22 11
Interaction(%) 093 094 091 092
Complexity 054 045 042 043
Freight  Outflow(%) 54 38 50 38
Inflow(%) 42 57 43 56
Internal traffic(%) 4 5 6 7

T AR 53 A A des 74 24
3 7153 A9 B4& A= vlashy] 4AT, YR 53
< Al2fet e Fete) SRl ok FERE Skl )lo) #EF
I e BFE mefs7]of AZE EARG, ol 23 &
4 7153 GAE 8T wAol 2= 4 Al S3E

2) A4 BH% o) SAED) FUF, 42F, WE 5P
3 g7 ulasto] Ake] B4l uet 7154 AAY 9 ol
W3 EAsIA Bk,
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A FHF F el 2R 2 Ao e i &
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oA F&8& 7L Jlout B3 Hol= Aol lol& Z
£t 53] FEAE, AR B S5AE, BikE S0l
e B8 55 5 7P 9 A RlTt Erhe AL A
< EHIA-EE, 2013) 121 R B}l u-¢- B8 Hole
09| 735 ole} A2 A B4 o U3 o] EAIE B
o2 A5to] olFo] WAL Ao HAlrh, Wi WS AJH|A
(), de, 222 W o7} A Au|2AR) 5o & Hole
w319 St= AA FRF T Ul FEFED Bol AN
The A2 BF Aol A A4k AShE 4nls)7] f1-E S2< Af

T Al 2 Z o= M,

ohe 389 AuE i 54 Aevt ulnE] w2 25t
T3S F AT ol w2 wReE #7129 Ffol= Al
29 3lof 22 535 Holu] 332 R7I7HA 9] 33} 4HY]
AL Aulag))o] B8H8 Hol= 2ol B Alez 2
oh olF 32 thE A2 A2} o) Fo] B|uA g E|olzt
3 ATk ey ARl B9 30, w1 vlast
B o H2 S BolaL Q1o 479 2Ho) BR AT ST
gho] vlsRt Foleh= HollA 2ok A3 deF ol
ATkl A7) o] 27 2] kil wekEn, mEbA 230t
32 2252 7153 AV ] A tiAdeR BAYs)
i glow 559 YA 27 ERF E2 52 obd #AU A
o= AT Ut

w2 e A S F ETOl AUBEG w2 W
o 2332 ATl B2 A= yeRT 232 419 23
7hed AEY kol vl w2 w52 538 Hloks S0
A olef Z2- Ak FAdo] thE EAR] B2 ¥ As} o5l
FE2 mA Aoz Holr 2439 35 3= T iR %
Fol 4l 23 F 7P =2 A= BRlEi=H o= T 23
o] 32 AR Aul )t ot o W 2uA(G) A
Yol & E3HE BRlvhe el 7190% 232 2eloh



EAMY SHol| WE A ZH7ISE QAP =AIZHof DlXEs STl 2E S

3) MESUUT 2TY KIS0l 2]

Q4] Bhelgt uho} o] AR, Ate] BBy B
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olo]l S4(8H2) Ao B B A40] WAS A7)
S18) ABEAE AW AIE G 63 L} (T o] B
A(BHe) AEFA B4 A Gelulet oK) yan
A% 2 Aoz etk Je AR HEE Avug
22 590) st B34 2140 (2] AueAE o)
2 599 JoBYa 24 A4 PR 48 o=
Uehgtow] ol QAA0] 7154 QAL el BAIE A
o2 WA A FHY 37] EF F HsAo] Fohe Aoz
SR 4 Slck. Th Wl A A2TE R wgshe 7]
4 9 3 AR 7154 QAL o] EAE oz
WAEES P FYF BT 5 5 o Astel 715H @
Al 297 9 4 912 ol

4) 24

olFe] Wig-2 Fstel wAE 7153 QAE vl Be
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Table 6. Correlation analysis of travel (freight) functional link-
ages indicators

1 2
1. Interaction 1
Travel :
2. Complexity 0.865™* 1
) 1. Interaction 1
Freight :
2. Complexity 0.488** 1

*rn<0.01; ®*p<0.05; *p<0.1

Table 7. Comparison of functional linkages by cluster

cluster 3 > cluster 1 > cluster 2 >

oy cluster 0
Travel
Interaction cluster 3 > cluster 1 > cluster 2 >
cluster 0
i cluster 0 > cluster 1 > cluster 3 >
. Compley cluster 2
Freight
[Fiersetion cluster 1 > cluster 0 > cluster 3 >

cluster 2

wEhA 2332 AR o)F EF0f o] HlwA tpd =
Aot FH o g FA) 72 o8 AASIAL kAl Eltk, FAf
Azt ofF B35 oAM= 248 EAE LR V)53l
2 gAsRL Qo BE AEedFEel e w3 HasE
m BlaA SR s Holil flou 49 3 e AT E
dgo) vt E0lEhe AN Z7le BE sEE Bole A
S = sjAE,

Aol oA 7 SR8 Hole aiwe] Az
l 2729 ¢ 52 AR 51 A7t Hok a9
EAIE teR AR ol Fo] WAk AL YT,
T AlE A FRE Bole A v At ol glo]
A 2420 EAIE O R B2 g2 Az} ofFo] WAshs 2L
2 2RI= T,

Ardheidel 7FE W2 789 280 2312 A2 7)1
A GA7} 8| tae] AL A 02 HA AAIBIAL 9= A
OS2 YERITE I8y o 9 isAE|IAY SollM S3E 7t
A 2310 52 FEqF0 5344 A7t w2 55 2ol
= A di22 o2 12 4k ol SRk 2302 A 54 A%
TAF EHA Aae W2 A2 YEyT,

olA™ 41l 54 Aol mEt 53 (3E) 54 At AT
FAZFo) Aolst vehts Aike 7163 QA7E EA1S] A
off BlAE G0l B B0 LA 28HA & 5 U2
ofwjgit,

3. ZE TAIZH| g H|

A FRIgE v} o] ;A2 Ay B0 wE 7153 AAl9
e Aol g EAFA N AR OE SRl FFE =
U Yujstng z+ 4 19979 GDRP, 1219 GRDP 4%
E9| B Aw 1A} Sk §),

A BEARA Y AE] ZHE weld 4= Al AR 5
AEEY 204 P 199 GRDPY 74 201493 20199
vl w3l HoLS of AAA o] 22 s Mo g AR
Yk, 201449 7P w2 AAA 58 7H 233220199
o= ok 3} 8| w3 uff 3uf o4 2jo] L= AR B9l
Ht IZoR 52 A £EE 7 L FRE Y

Table 8 Comparison of Urban Economic Status by cluster

Cluster 0 1 2 3
GRDP per capita growth 195 129 117 131
rate (%)

GRDP per capita (2019) 35625 27.03 4921 9447
GRDP per capita (2014) 2869 2141 4294 7643

*average growth rate: 1.25 (%), average of GRDP per capita(2014): 32.27,
average of GRDP per capita(2019). 39.26
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Table 9. Results of Multiple regression analysis

BE 33 oo R AA Bt ol Asfdths HllAl 3E
139 EARAE FEH 08 Prislr] oyt

ufeba] 7 w2 EARA AAET A S B 13
39 EAIAAE 3HH R W1 = S ACE siMEY, 1
2 1919 GRDP 473E°] A4 B AFE o3l 230, &
19 AAA ££2 20144, 20199 =25 HA| W ol3ke] W
2 2 Bolok= FollA g ol E3HE= B4 AAE =
ofst=d] Fo7H Yo ¥ 208 Kt}

4. CksElH 24 2

£ Ao BAQ 41 540 g TA] 71 7153 QA =
AR vl B3-S B4 S18te] Al 20199 1209
GRDP¢} 1813 GRDP AFES 4 40 3k 53]
FHEAE ARt 4] dif= (R 9y 2t

23 13 29 204 ARS8 SRS E 7165 AA W, 7

Model 1 Model 2
Y = GRDP per capita in 2019 Y = GRDP per capita growth rate
B STDV B STDV
Intercept 1.739 19.834 0512 0.165
Interaction (freight) -86.120™ 39673 0.5630 0.330
Functional . o
linkages Complexity (travel) 223 436 59 699 0774 0497
Complexity (freight) 35935* 18.453 -0.287* 0.154
Aging population ratio (%) -0.045 0210 0.004** 0.002
Social Working Age Population ratio (%) 0.429* 0.260 0.010%* 0.002
Population density (persons/knm) -0.003* 0.000 0.000 0.000
] Commercial areas ratio (%) 3185 03256 -0.005 0.003
Physical . :
Industrial areas ratio (%) 0277 0.205 0.000* 0.002
Dummy: Cluster 0 1.221 5614 -0.0562 0.047
Doy Dummy: Cluster 2 13,5197 5.080 -0.104* 0.042
variables
Dummy: Cluster 3 -16.381 16.467 0.100 0137
Cluster 0 * Interaction (freight) 101.218** 44272 -0.269 0.369
Cluster 0 * Complexity (travel) -348 749*%** 115647 -0579 0963
Cluster 0 * Complexity (freight) -54.036™* 22072 0201 0184
Cluster 2 * Interaction (freight) 141 035** 53916 -0.185 0.449
'tgt‘?;icuon Cluster 2 * Complexity (travel) -286.338™ 119.403 0460 0.994
Cluster 2 * Complexity (freight) 72 519** 28881 0.510™ 0.240
Cluster 3 * Interaction (freight) -1368 779 276.676 -1.106 2303
Cluster 3 * Complexity (travel) 412.919%* 134772 -0.097 1122
Cluster 3 * Complexity (freight) 9751 61.411 -0.099 0511
Adjusted-®® 0.597 0134

*20.01; #*p<0.05; *p<0.1
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Table 10. Descriptive analysis of variables

AR= 34.20(8%k)) o 2 pERt o m 2lgglat 2 Tighele] |zt
2 AOE Hot 7 EAI BAIA 40| A F2ofl ot A
7} Sle 202 A, jhdof 1919 GRDPE] 8= 35
A} 2shigho] 2ulf o)A eI} Y= o2 YEhgion; A4
S )W ge o A= A2 A0 ALY, o)
= EAZEE U S E AYBAY ] et = E 2
of th& A 7t BA1H A= % Bz F4E,
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Ale] sjgolA Ao viel YAJshs Aoz SRIEGI. WA,
Aol 3 EAIE] Ak 7153 dAle] A7t b 2 2
A2 ooz vept), #4802 3k Aa 5w 3 53
7 Ao gt =283 2EEATT O E AT ¥l alshgl
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T A ZHASE 7153 QA St A olEhal s,

= AR 7E] QAIE Quishke wAE 52 53
A A SR BEUAE AvEy 20 32
0.02% 338} Bl WAL 1 W2 525 Hol= 2oz BRlE

N Min Max Mean std.
GRDP per capita (2019, million won) 909 411.00 3926 3420
GRDP per capita growth rate (%) 078 208 125 019
Interaction (freight) 070 0.07 0.00 011
Complexity (travel) -0.08 0.20 0.00 0.06
Complexity (freight) -041 048 0.00 0.20
Cluster 0 0.00 1.00 0.39 049
Cluster 2 0.00 1.00 0.20 0.40
Cluster 3 0.00 1.00 0.07 0.25
Aging population ratio (%) 383 7727 2105 9656
Working Age Population ratio (%) 4274 129 47 68.50 804
Commercial areas ratio (%) 0.00 4424 310 512
Industrial areas ratio (%) =P 0.00 5138 7.01 876
Population density (persons/knt) 240.48 26226.40 4652 25 563717
Cluster 0 * Interaction (freight) 070 0.07 0.00 0.09
Cluster 0 * Complexity (travel) -0.08 0.05 -0.01 002
Cluster 0 * Complexity (freight) 04 048 002 015
Cluster 2 * Interaction (freight) -055 0.06 0.00 0.05
Cluster 2 * Complexity (travel) -0.06 0.05 0.00 0.02
Cluster 2 * Complexity (freight) 037 0.30 001 0.08
Cluster 3 * Interaction (freight) -0.05 0.04 0.00 0.01
Cluster 3 * Complexity (travel) 0.00 020 0.01 0.03
Cluster 3 * Complexity (freight) -029 011 0.00 0.03
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Figure 3. Interaction effects(Interaction terms) graph of functional linkages by cluster
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