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Analysis of Functional Autocorrelation and Development of Functional Econometric
Model through Urban Interactions

—Focusing on Economic Growth of Small and Medium Sized Cities —
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Abstract

Korean government has implemented policies to strengthen the competitiveness of small and medium sized cities.
However, since it is often difficult to enhance the competitiveness through individual projects, many local governments in
metropolitan areas are working together to pursue local growth. On the other hand, small and medium sized cities that are
not included in metropolitan areas due to their spatial limitations have difficulties in implementing effective growth poli-
cies. Given this background, the purpose of this study is to identify the functional correlation based on urban interactions
and develop functional econometric model for the economic growth of small and medium sized cities.

This study uses spatial econometrics models and functional weight matrix to identify the effects of functional networks
on small and medium sized cities. The results show the effect of functional networks on the growth of small and medium
sized cities and provide policy implications for regional spatial planning that addresses effective management of small and
medium sized cities.
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fAo] REsh ABA, ZAA, 71 oE 2335 He AY
o919 Aol asirh= AL uRITHAQIE, 2017). £ F|
2o, FEH B3RS A6 Aol A Ak Q= A
AHA| i) AgEEo] ofd, 9 F4 A 5 SHUE Fol
A7 9 AR ] A2 Belet FaS 7hs s she =
A1l 919 Ego] ARt lek(mldeE, 2018).

A Aele] FAEA] Blof tht =0 theket AN A
L ok, LEuete] FAEA] gioks=rt 1970 o] FRE
AFAE AL glof olefdt FAaEAIES 2 s
913 =AIAIE AL Ao A Fart e A
&, 2016) °]¢t W] ¢ o} ATFTHE AAR & =AY
< AaAo] glon AutERt TAFE H471 Aasihs =9
7 A71E] L QeI EH, 2017). $HH FH A o] 20f WEH EA]
o] 7t} 7] Lt vl iAZ A Hsh=dl(Z15%, 2003), ©]
£ 7t 2 =AY QAT FAEAIEY oERT} B S T
SHA| B3t SO diEAIE AR o R g A q9le] /SR Al
3Jo] golghE ulshy F7HA A2lo] Ajo|= iAo EF
2] e EAE] diE welg3 2ajo] FastA ilzdE e
7 05-& ofm3i},

ol2|gt uj 7 slofl, A HHZ o|F A= EF AT
Z5 7189 T=A HRE gol ‘=AE g ez dgstalzl st
£ ol@o] FEAL Qlrt, PRHH O R AW} FAHEAY
A3, ZAAE, 715 R Q&SN viFA| o] BT g9
F Ao)EItHGreene et al., 2007). 12fu} oF2] =A]E2] 7 9
Aol digt o7t flom FAIE T} AWAAA Ayt
H A ZF BA7 2 927t Q7] wizell 24 A1 7 A
3] 3A| - 372 BA 2] S olalstal /I = AEF A
A Fa7} Yt Healey, 2009). &, AGT91] FAEA]
£ faiAME dlg TaEAIZE 461 stk viEY A
AE Ljstoiof o & 4= ik

oj¢} Fste] A2 VIEYA EA] gl AAE L gk,
EQA =A] /ol & =AZF ofd FY $1A19] o =A|
S| AR b2 B 7H L AR Ak o ® shy
O] AR EA7] 5ol FFE 4 Gl TAEAIE 7S
o2 71 AAAQ dolch (A& 2, 2013). =A 9 A
ZHUEA FA4L AR, AL T TR U4 AR
25 FAsH Hug 299 Mgt 9 A skt
AT ABE Z=tHAFT 9, 2009). 23y U] A5
< T2 EAAA T 2 A EARFEA sk A7t o
HEoly, AAxpYe] HEonE FoZAdA et =9 % 7]
9] Aol gt A7t APE o] fk(=5-4 9, 2012). F,
S7HFFEAS $1% A A FAEAE 2 olFofRA=
&t BA(15H) NEAIE B83 7158 4B £ 2 7]
TABAARY 5o g 7| 2A7 A ojok TS & &

A7
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ek,

A & o] B A FAEAIE T olRoRE 7
A YEYA% 29497832 BAE welsh] fl8) FAEAS
O YIEQA 50 W 753 o] FAHLE fofRtA|of
tjste] mpetstal, olE HlgoR AFA SUABEA RG]
7175 EE A8 7S ATAARE S F55tAt jik
B o] 2z vobd 716 A e Fa4 7157
| Pz TAEA B E A A A L A2 B
off disto] AAFEE & 4= e ALR 7|cfdr

I, MAAL W O|=2H 13
1. BATA| S0t AW g

SEvehs 449 e dEAEE FHOE Tt B4
A4S Zoiieh. RHE FATAY] 79 A&AQA Agtaet &
7]oF G- TA|9] 79 27 AT A)71E L QeH YR G
2], 2018). T=rEAALE] A2(2014)2) A+A o] w2 20301
o]F BAZARI AL AR o]ojd Ao HYE L 9lo] F
AT SA 9 TR, Yot 7] digk At
oL FasHA 129 dart gk

el 1ol A AAIRE uie} Zho] FArEA] Tajof gt I
240 wet FA A 9 A7t et AP Qlot, die
Al 9] WAL F2H ZAY S grstr|of fE 4= 9l
o} Sy} 7o) AHlo] BESH Uehs & A A99] 44
glo] F-a351A alzjE|ofof sl FALEA: oj2fdt WA of
EAI9} FEEAIE A FUNARA T TS 49
ghefal 3 <= QITHEH, 2012).

FAEA SAof tigh At A FAEA E EA g2
Akl thgh Aot Pl FAEA L] 84 ol go]l We
g Ao R gt A& v 9lck, AFA- e
(2004)2 FAEA] A 283 = Y= AYFFS A
888, UEQIFLY, AR, =A% 43302 9717
FHoZ AAEIE o DU R o] = U] AAA
glo] t}zbzjo] 11 AjiE3he W a vt 93-S WojEalct, ofeh #A
ato] 280140 A FAEAIY $4L FEAle] Ayt
AR i =AQEE MUrks Ao g4 dasict
I Rt

adeu FAEA EEA ] 21 A E|Q] U= o]
7h Qo] Truske QAR A Sk AL o Agolchz
£oll, 2014; A, 2011). EF FAEAZE APAOR G
Aol S92 ZAY gt of2lg] ATA A3 A WAske A
gro] @A o]k =27t AZIACHARS 2, 2018; ZEHE,
2012). FAEA] Fejof] chdh A gek9le] HEE It 2A B
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oA AR FaEAEC] Ad A & 7)50] A= A E
o] Z|Ga1e] ZAAYE Fuah: Weto R s u(z]A,
2004), A A AAAL A=A} 1 Ao =A2HFQ 7
AE g4do] 7FsdsHA shal ¥ Al-Fo] LRFE EAAHIAE
THHLEA AGA HEE AL Y A F2EAY
71s& e = e AR FrHEH(EeF ol s,
2015). O1AH AGEY FAEA SA4ATE =4 H St
Aol vhg-S Tl g W FA4l Q1=Zete] 3 BYAIA Y 3
L8 AT NHAE =&shs deolzial & 4= AUTHE
2015).

2. HEHI Al 0|2

Ao FaEA] BElof tidt =ojot A T3 A
gk oy} =A@ A 7F A8k Qs theket 7154 Ul
EQA@ANE SAlol 28jsfof Frks YEYA ZAI o] E9]
AL Qlo), HIESA A A 7159 3, A9es
2 sho] YIEYA A 84 G 71 BAZE 7HA AL Qe §H4)

& FESIL A AA 9] S B2 4 s A =AIR
dlojch(71-8-%, 2011; Batten, 1995; Moulaert and Djellal,
1995).

EA] 7F A5R= 7164 A (Functional relation)g A S 1.
ARl BAE 53k Ao o] AAE GAskL 297
A 7ystel AL AIA 9], 2015). HEA|Hol| ZFEE =
AEo] B ZAIEC HIsl A&7EsA, olvA] £& WA § o
g ZHof A AR o] 2 4= AATHMarull et al., 2013, 2015)
HEA £A] o] 2 o|2jgt =AISIAILL Agle] 37+ 1%
S AAZ A= o AdA A THRE FAREAE 7
A st 7163 AAE BRI oA 9d] 1
2oz AAE AF=AIE FEEE /NdolchFHF, 2015,
AL, 2009).

HEYA EA0]&F Hgo R g A FUR BsHA
o]Foj| 1L rt, FellAl= FE A SR At 2y
EQa B4 Z3ste] digt A+ BE71, 2010), T3,
SHEEET 6% B85 A FFAS =E5F A1
4997, 2016, A2 -2, 2012) o] o]FoA il =
Qo= HehE3t 71F4 HloleE B8 7163 WY 4R
THHirst, 1975), A 7t ol gFE 7I9to R FAlx|eke] AF+
25 T3t A H(Brown et al., 1970) 5 tFFst dt7) AP
o] et

Ty dijhd SAMPY BEEA | EQA RAZE SR
W= E8lal FAEAL 7153 HEYAE gt A+
T P53 Aol FAEAY 749 Y A vt oy
& Ae nE (Y 2, 2018 EE, 2012), FAEA] &

Agpgetel e A5 TR 7158 BAE BRA B U
oPh %A 1 4EA GO T A R 715 A ATl
Q77 Agsiolof T & 4 ek,

3. SUAZBHZE A 7158

i

FAA o R £33l Qs B 9 ARRIAY 52 31
AFTTE 11 54 B FAMIS 7HIA Ho ol @
Z¥A171/3 8 (Spatial autocorrelation)®]2}al &tHAnselin and
Bera, 1998). 3HAp71480] A& 79- 71&9] OLS(Ordinary
Least Squares)'$¥& o83 342 5% 2E Yepd
tHGillen et al., 2001).

Anselin(1988)2 o]2{§t 37 A HSpatial effect)s ¥A87]
Siste] FUARFAARE S AX St FAZEA =G of
st 7Hg QA PR SRS 28 SR
HF(SLM: Spatial Lag Model)¥} 37t A2 (SEM: Spatial
Error Model) 22 thFgt A-tof| 4] &85 o] 2ict,

T = S o WE AvE HAS] fj8) 5
A B2 2199 AAERl dste] FUAZEA LGS &
8% A7} o= AgEfo] Sk A4A012)L 7199 A8
A F A A9 A 8] 3l SARF T A A
2lof 4 IS E S BESAct A2, A A
F) 2717F FAA LR f-of7t 0.988%= YR, Ao {lA]
3719 viEE S 0.988% FE2] G W Ao sjAEk
t}, FoE- o= (2006)= A&Al W ITARIS] A A avks 2
5t7] Sl FUARAA RG-S B3I, oJFRQ016)= =
d SUES 7180 A AAANE SABEARE S
Soto] atefstaict.

oA T thFRt EopollA thefdt W o R FUAFAA R0l
ARgElo] fEout e 71&E dtEel 73l diste &
AZz a8 R GISOIA AlE8hz %4 (Contiguity) -2 57t
A QAT 7180 R sk 7P S B8kl Aol 42
Z-gof o3t At AAA o R DA FstRon], d+E ¥
= Aol et A 9 P9 A|2eH 275 WER blo]
Elo] g FolA I Al EASkL AcHHEa- B,
2003).

o213t A= FUAFEA LG5 7S HES A8l
oAl Z)2)F AFA, Aol e SR FEY & T ol
3 3743 BikE Addste] 288 A7t thigt ZAllA 7]
A Aoz siAEct 2449 BA42010) ol AFS
7302 slo] 5 YARHS 7I1€e R = 7Y, 1/AE
83 7Y, 1/A9 9] gk B-wE3R 7Y, A
91 FYES 123 7IFHER 7S 5] vl
A stk A2 474 713l weh AREAR g 4

ot
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e zpo)7k EAstgon, ARt s ko] whet cheygt 7t
TYAE AEStA A g3toiof & 7=t

oje} Zho| 7hE3™ Aol it =0l HEAR FUHAFS
Aol FAAS Hekalal 4 oL & ks St Ao
2 sfjAjEc, oje} wAste] Z|T Aol 22HU A Ag] & o}
Ut 334913 zolg ety 7HsYdES AESAVHIIAS,
A4, 2010), A7 T2 =] FEE et 7HEEE
o] 7K A& 2T A9 ¢, 2017) 522 ol AP &
MATE 7] 5t 37— tigt chekst A7t o]
oA glr}, o]Eg AlEES HEYA kA] o]2& ujgoR
EA] 7 3 e Tk 715 A YE AL 7R EA
2849 4= ASS AXRI,

kA & Aol A YIEYA EA] o2& upgo R A5 A
A FAF ARG 7153 YEYAE 7O R h= V)%
MR E S Tt VAT AARE S EeA gt E
gt FAwAY] ZAF Al tete] 71 AR AR R AE
A FUAFAA RG] EAAE vt oyt 757k
P ] L2743 AA B gt

a.2Z

A2 Q4] A)7|9F FAEA Q] HEZA7E =0 EA
Ao F7HREEEEE R S Al . 7189 <
TE7HE AR 3 FAEA] THMTFS AL 42 =2
st7]0] ol o] Wol FAaEA 9] B4 = 43 9 ¥
gbel] it A7t theFstAl Ao k. 2y 71E9 F
AEA] ARo] it s e =AY AHe] At B2 0l 8
A 73S B O R FAEA] WS AN A+ 5o A
o] grou) FAEA ZH P = st HEYA B4
of ME 7163 8 B4 R AGBARY 5ol digt A7t
ujEskgct wWebA 2 Aol FAEAE I T 4 3
© 7153 HEYAE 7NeR 757 S sl ol

€ 7163 o] EAsh=A] stefeict, E3F FAEA|L] A
A ARE THUSR o BYS 4 50t 7189 S

Table 1. Definition of small and medium sized cities

Local autonomy act law

WA 7571 ERES A8 TsARAARYo] o
o) & Moli=x] EAJskaA e,

. gel He W U
1. 97 84

B s A= FAEAE S MR sk AIZHA Yl
201590 % gk, FAEA|f digt Fo= (& 1)} o] A=}
HE A5 wet ggetA AAEL ot & Atde
oldt A Aot AR YL aste] BEA], FAA A 5
HAAALE A 2RE Q5 501t 1 ule] Al g FAEAIR A
At =A R A 271 SHEYD WA 24 At ARR
S7HLEDBAIA AlFeh= 20159 528 U 3HEEY ARE
B850, SAaFol o3t YEHA 2-8o] AIjtE= A=A R
AFAZA], S5 B4 diolA AR, =3 2 A2 &
Zo] FAEA] 2 P4k v EYA WA it 716A A o
ol 1LY AFAARF TS YSEE djiEA|ee] FYo
ohd A W FAEA] 7He] FHBA LS Wi

2, G4 4

1) 7Is7t582 75

Ao R Fxshal Q= HlolE o] 24& sl A=y A
A& 7180 R e AEAY S E (Spatial weight
matrix)°] 25 o] it

2 Atofre WA S RE gl 42U F
YEE NI V7 dE S FE8haAL sy, SRR
et FEE S At 7Y, SEde R Ve dd
& TSI ER AENE vlalsly] fis) AR, 1/A2,
/A 9] Q] FWSYES A 5310 vlag A &
act.

AFE 7182 R sk 7I5qELS BAAE Thdhe B+
of 18] 71AE Fofstal 27| of2 9ol 09 71EAE #

Definition

Article 175: Large cities with a population of at least 500,000 people

Park, Jo, and Song (2017)

Population 50,000~500,000, Non-capital region

Heo & Park (2016) Less than 500,000 population

Yoon & Lee (2015) Population 50,000~500,000

Choi (2009) City with over 50,000 population, excluding metropolitan cities with a population of over 1 million
Kim and An (2007) Based on the administrative area, ‘Si' is a small city, 'Gun'is a rural

Ha and Kim (1995) Population 50,000~1,000,000
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3ok 4 3o go] o] H=E -3t FHIE vt
ot QRS 7IE0R T 7S SUAY HiES R o=
Hhgshs Quizt 9hs Wi 2 A37ke) ARlE 2 e A
AZE ol &3 7H5 8 EE AT 4= AUHAnselin, 1988).

A2 E 287 S HEL 7 AH Aol9] Ao we} 7}
FA7} Wk E = FElR ofel 4] (13 2ol A ejdt.

1
W= 7 (@=1234,) (1)

W Adle] e 3
d; - i2hjre1e] Az

r ol

ARE S FWFHYS F0H A1l At @
oJA4E AHE gekgo] Aoirhs A& HAZ #e a) Zlol
AR4E 7hgA0) vhulel) Ao s Al-2o) Qake Wit
48HA] FtHDubin, 1988).

Aot 22 TR ES A8 7 Aol et x4 ¥ 7t
FA7E FLE 2715 7A=Y, ol AA ARl aig
2] & Ao st b At vehd 4= gl oldt
225 #1257 Y8l A )¢ 2ol FEESHRow-standard-
ization)¥l FEHE 754 H5HH A9 71527} g A A
o BHAOZ A= FIFS ABI T 4= Aok BAA,
2010; 14 2], 2006; 284 €], 2003).

WE = Y = o

i =ZWU -
J

£ gt UIEYA 0|84 B R ARE 7|80 R 8
© WEYE dite R 7153 YEAIE 285 7s
PSSR 71s 7R A Al T 4
(3)3 Zro] =] % 7t Sl thsto] A EEohel P = o] = v
B 717t dEE ol8ste] 71eA AR 24 U 715ATH
ARG F5& AR,

e 0,.J.+Di,.

S _
" Y0,+D)’ 9 z,:W" -l ®
mg:jll‘—‘i"ﬂ gt iz g2 1757k
O, iA%olA] jA]| o o2 o] FafaF
D, jA|oolA] A& 0.2 0] FaPeF

4 0)9] e 53 717 EL EAd S
E ol A 30l obd AEF TS utgsto] 53
FHE vt A2E 83 TSP A glol Eol

ASGE AUBAPL FotAle A AAsE7] ol J42] e
2 AgHed, 7157538 45 Sl gers BA
b AEAGol AA Yehal S-S QulstEE 949 FHE
FaHA] Q=

EZH Z; A 2o] F STl 2] hhzel S8 AdAd
A7) 1A Wart gloy o] A9 ME Y- fEFl &
1} ¥ STl B Al-2olA FLY 7HSA7 A EHA| =
= 3-wEhe = =55t

2) 7ISAZZM=ZEe| 74

2 A= 7158 YEAA(@FA)E L2’ 7153 gy &
Aoj5-e}t o] 7|5 ARG E AL F o Agsl7] Y7t A= F
2 A7) 8E £A3M= Moran's 19 A9 W FAAHGRDP)S
FTEHUPR 8k BHE 531 Moran's I= 45322 88
Eo] & T A7) SRR -1914 +174A]9] &
F3ic}, -1 PARE §Lo] AJuA|, +1& SAgH o) A
7F 98-8 9ugtck(Moran, 1950).

7163 3348 1188 Moran's 19] 3 AP ALEF
Z-A), 2017)E Farste] ok 4] (4)9h Zro] AAJgE, ofuf
FEESHE Wapo] tisto] Fotrck AAY A uf High - Low®
WirolAH djg BAZE AR foljt AR AFEHA
Hoh, 7129 Moran's 19} 24| 7153 459E HAE ¥19
gk Global Moran’s I 373 23 3jglo] ofd 7|53 4%
A i Ao 2 oJw| = th5at 2] At Globalgk
o] E45F 71ed AVt & AYE 1 AAufdo] 2, &
S5 A QRS 7= A0 R Y o]z 3 Y
o] AT 79 A5 E BA A B A E3H A A
the 2 o3,

) -
Local Moran's I,=z, Z w,z,
J

Global Moran's [= Zli/ szz @

z; BEIE HRUsY
w,: A0 chet i) 745
n: AA A5 4

7163 AdE )& gt A7 weldt ohy o] E gt
71 A7 A % (Functional Econometric Model)& 5%t
ot 71 AREARY S FUAF ARG Y FLH 715A
‘o] EAE ) o] F wHdsty] 913t KPP o & FEHSo| st
o] ZEA] ZH B Ao A FFS AR 4 vk ovlE
Zh=t

7V AR AR LGS LA FUHAZAA 2 F 2] FeE vt
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Fog FANARYI Frheapgo] 757 de] E3H
£ = 54, 715 A A2 (Functional Lag Model)2] &
Hi= 4] (5)2 3L 75222 8 (Functional Error Model)2] &
gz A (63 2ot 71 e AR NS 7L SHES
o 3= p7t 7152 A9 FFHES e, 715t
HZE expto] 7153 BAE Eeh= AL 7HE%I,

y=pWiy+XB+e 5)
€~ N(O,UZI,,)

y=XB+u ©)
u=/\VV'~§u+e
e ~ N(0,021,)

GRDPO] 4418 F4u42 sht mao] Anust A3
T uigom A8A B4, AAA B4, e BHo= 74
shgom ApATE wido] FALS (29 e,

GRDP,=F(S,E,P)
S;: iEA9] b7 B4
E;: iEA12) %A)7] 54

P;: i=A19] &3 B4

B ojoLof| A FLH4E 883 GRDP A% 4= =419 4
AR 7S dEshs AER oekst Atola 851 gloy

Table 2. Measurement index

ARBIA Wpas e AHlEdt A, sk 58 A
ottt =8} s EA Y ZARE e wd Hege
2 ZAIGA BAgste] F3S v 4 e (Bloom et al.,
2010), AHLE=L] 7S =A9] APt BAEo] AFFAE
I 4 e HeE 2y ZFHUCHA - A,
2015).

AR HeRs 19T ARIA =2 4 AR FAR HlE
o] ZRFE L}, 10F ARIA = A W ARIAIS] Bt FARE
ol thet Me& o] W9 gho] Ark= A2 A9 Uf ARiA2
BFAA7E Atk Aolw 22 o] ARIAZF gk 9
ulole}, &, shte] ARIAG AiHdo] Wk 2S 2u|ste |
o Y A2 E BAT RN B-gE o] (AR
AR, 2010). AFYE FARG HlES 2A] ARt H
&t A QA mA GO B A ¢ e MR U &
=)o} gtcH(Bontje and Musterd, 2008).

o4 Ygas 371 HE, =35EeE B8t 7Y
& A9 F8 g asoln ANHAR] =AY 9 AEE &
Ag7 o] Mgt} Futsto] YepdtHAE2d 2, 2016). oo &
dsto] 371 uleS AR W 9l FAu =Y 74 <l
TiE RS HolFes A RE 88 5 oy, kFE ¥
T 199549 o] Aol x|oj7 FE o] =2 2] E2F 2 U
¥ e 5& Aulshs WR R ZYSHATH=AAAPAR
o, 2010).

TEE 7S ARA R o] AvkE AEA QA FAHEY 9 51
A7 A LG} vl asl7] $jste] Al AAEE 5719) 7HERE(E
<53, ETY, WA, /A, /Al Hate] Moran's I
4 9 IM(Lagrange Multiplier) 273 AA5HY, °o]F F3
7P A WS AAStaL 2 A vlaE A st

Variables Calculation
Dependent Variable GRDP growth GRDP in 2015/ GRDP in 2005
Ratio of 65 and over population Population with age 65 and over / population in 2015
Social Population density Log(population in 2015 / km?)
Lagged population Log(population in 2005)
Change rate of population Population in 2015 / population in 2005
Businesses per employees Businesses in 2015 / employees in 2015
Explanatory Primary industry Primary industry employees in 2015 / employees in 2015
Variable Economy Manufacturing Manufacturing employees in 2015 / employees in 2015
Wholesale and retail trade Wholesale and retail employees in 2015 / employees in 2015
Accommodation and food service ér?wcpc?g/?e%di?\t?g]asnd food service employees in 2015 /
) Ratio of empty dwellings Empty houses in 2015 / dwellings in 2015
Physical

Old dwellings

Log(houses built before 1995)

68 "REAZ, X547 H3Z (2019)
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1.7|§xﬁ O

>

]
0x
AL
il
[N
1]

FAEAL ZA| A A7t wste] s7)9) 7HEE (5,
SHEES, A, /A, /AP & Moran's 1 4% &
3 7 716 A AR E B4R At (& )t P

3o oJ3hH FAEAIS] GRDP A4 34H4] At A &
FFol| e 7153 4B = FouiRt gre s vEith 3
& X838 Moran's I 701 0.1252 71 & §-2J8 fLo2 et
%L, olojx] ArtElE-S A83F Moran's 19] 7o) 0.114%
UERET, o]t Aih= F4%EA19] GRDP A4 A3HE A1Y
of gt 3713 B A 7163 g o] FAlel Ex)st
I S-S 9t} &, GRDP 44| 3i3A| Gt 71523 B4
7} 733t 71t 213t @A) sk FElE vEhdal )i, 37t
2o QAT Ao A= FAlol Aol sk Ak
1349l

2. 7ISAZBH=ES| 1=
ore] 4jo] oJ3hal 712e] 718 A7t A 715 4

Table 3. Result of Moran's | analysis

W= foulatA] SRR, o]’ Ak 71573 E S 28
g 7S AREARG 0l 5 4= ASS Auidt 7S AZS
AL ES el 9A 71 AR 2 o] FeHE 2] 9
3 OLs= o] g IMARS AASHA e, I Aik: GE 9%
2k,

IMAA A FLEFFS Weight2 k= 29 IM! lag,
IM: error®] Z}e] 242} 0.952, 2.753.0.& LM: error?] gko] £-2]
aHA| A E0L, SRS WeightE & 79 IM! lag, IM:
error] Ztol 27} 4,564, 3.57108 27 {-2l5H4 yepdt}, &
W] 7S AgE 883 715l 2% gkel
UERGAL IM: lag, LM error®) Z53.003, 3.209%2 LERTE

IMAA 2o} A Tl 752 A E4Z29E
FTHeto] Wdeld RS ALY Ay Ve ARG S
Z3h= Zlo] vigZg Ao R wowe EFY W ALE &
|8 75 ES A8 A ARG ey F 2P A}
7t s BES B85k Aol vigAd Ao s U,

olgjgt BEAANE vhFer & dFdNE F4EAY
GRDP “d7%f thste] SLeaply, sHagPAIaE Y, $7HA
2) ety il ARHA]l O1S2E-S 47 A|A|gte] 1 At
£ BRI 2 Aol A B8 W] 7|25 A 4
ANz (GE 59 2L, FAEA|2] GRDP A4l tiste] 7164

Table 4. Result of LM(Lagrange Multiplier)

Moran's|  Std.dev  P-value LM-lag(P-value) LM-error(P-value)
Wy Commuting 0.111 2.048 0.020 Wy Commuting 0.952(0.329) 2.753(0.097)
w; Freight 0.125 2.393 0.008 Wy Freight 4.564(0.033) 3.571(0.059)
w 1/Distance 0114 2277 0.011 w 1/Distance 3.003(0.083) 3.209(0.073)
W 1/Distance’ 0.095 1.790 0.037 W 1/Distance’ 0.572(0.450) 1.815(0.178)
W, Contiguity 0.075 1.709 0.044 W, Contiguity 0.747(0.387) 1.370(0.242)
Table 5. Descriptive analysis of variables
Variables Number Mean Std. D Min Max
GRDP growth 137 1.717 0.3854 1.0519 3.6146
Ratio of 65 and over population 137 02176 0.0773 0.0720 0.3659
Log(population density) 137 4.9810 1.3363 2.8830 9.0350
Log(lagged population) 137 11.2324 0.8097 9.7776 13.0990
Change rate of population 137 0.9996 0.1513 0.7976 1.6943
Businesses per employees 137 0.2255 0.0441 0.111 0.3201
Primary industry 137 0.0132 0.0196 0 0.1992
Manufacturing 137 0.2105 0.1391 0.0110 0.5854
Wholesale and retail trade 137 0.1352 0.0322 0.0662 0.3065
Accommodation and food service 137 0.1200 0.0448 0.0516 0.2874
Ratio of empty dwellings 137 0.1140 0.0451 0.0052 0.2151
Log(old dwellings) 137 9.7283 0.6630 8.4136 11.4984
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FA LR FAF ARG ] EHETR= (F 6)3 AT,
Ty EF WS A8 7 SAREARF o B4 AL,
TIEAEY] A} B EAEe Akp)7t FolstA
Lttt of2fdt 27z GRDP Al 7152 o2 Aoahg-8t
T TAEAIEY Aol stk AL ulshy] ofdt
HEHAS 55 F 4FAF 0] AT 4Bl %=
& 4 ae uidich, B3 WS A FUATEA 2R3t 2ol
OLs Bgxc} drgejo] F7pslaict, 12 7/ s3] o
gAY A =y AE, L8AT T ARIAIAAM T

AR Z3A 2R fr2) =7 k2 A vrebg,

AL, - 4] ¥]-&0] 739 OLSE A i 3=
%S Holn| FUAFHARG N 715 AZEA LA TY
B Yo = AgerAgo] o] FojA|al Qlut, AHSLE ZHoA
£ OLSEF A f) 24 ¥|0] 7|5 AZEARY X AT
Az A Alg=2] ddigho] ZolA|= FHE Vet 12y
7182t =35 o] disiie SR B
HzFsHA| MEstal StEAIAR Y W SHAFAA RGN A 28]
2 OLSERH} A)4=2] Auigio] Zopzl= Fef= el 9]

Table 6. Results of model for GRDP growth in small and medium sized cities

. . . - Multiple Regression
Functional Econometric Model Spatial Econometric Model A
Classification Analysis
Coeff St.Error P-value Coeff St.Error P-value Coeff St.Error P-value Coeff St.Error P-value
Dependent
Variable GRDP growth
Obs 137
Model Functional error model Functional lag model Spatial error model Linear Regression (OLS)
Weight Matrix Commuting weight Freight weight 1/ Distance -
0 ; 01837 40917 0,039 -
A 01836 4103 00752 - 02341 (1086 0.027
Intercept 02273 08001 07763 00861 07879 09130 -0.066 0828 0937 03494 08372 0.6772
Ratioof 65and  -1.4941 -1.4422
over population + 08167 00673 T5I%C 08002 00715 1042 0838 0214 14145 08543 01003
‘&gﬁg‘i’t‘;‘)’“'am” 01119 40408 00062 01006 00391 00103 -0103* 0041 0013 9999 0oa18 00236
Loglagged 04009 1751 o199 03905 (1604 00204 0356% 0173 0040 0399 (1800 00282
population) ek
gg;ggiigan‘“f 17499 59364 00000 1990 02348 00000 /82 0235 0000 1995 02486 00000
Businesses per R _ R
employees 19617 12775 01246 -17921 12610 01552 -2.143* 1295 0098 -1.7961 1.3470 0.1848
Primaryindustry 1.4879 15568 0.3392 14839 15299 03321 1605 1561 0304 13344 16345 04158
Manufacturing  0.5641* 03237 00814 04872 03181 01256 0605 0325 0062 04834 03386 0.1509
whoesaieand 27996 13972 00455 27230 13842 00467 2925% 1389 0035 25171 14792 00913
Accommodation
s 11992 00585 02109 09522 09282 03049 1347 0961 0161 10425 09869 02929
mﬁiﬁ;gmpw 03187 07870 06855 05154 07703 05034 0212 0796 0790 04601 08212 05763
I&SV%(I(IJiIr?gs) 05008 1683 00029 04072 (1635 00043 %254 0168 0006 047 01746 00075
Log-likelihood -23.2968 226112 -22.8452 24,7401
AIC 74594 73.222 73.69 75.480
RMSE 0.2855 0.2838 0.2838 0.2899
AdjR? 0.4421 0.4477 0.4458 0.3801

*k n<0.01; % p<0.05; * p<0.1
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oL Aok, 22y A TAEAE - 1 AdlE
B 737t ol 297 WAL A2 ATHAR 18] H
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AFANE T FAEAY] PR i A= T4
CAZE AT 4= s vk YIER B9} 7153 A
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Algtct, oluf ] Global Moran's I 82 573 f3jufglo] ofd
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ol Sl AR eyt
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olojA] FAEAIS] GRDP A4S FEHWSE Sk OISEE
of diste] 7163 g 13t 7| AFEARE S 55170
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