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A Study on the Effect of Agglomeration Economies on Patent Applications

in the Bio Industry
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Abstract

The purpose of this study was to determine the impact of agglomeration economies (specialization, urbanization, and
competition) on patent applications in green, red, and white bio industries, as well as to investigate how specialization
influences patent application change. In terms of the analysis method, spatial panel regression analysis was performed
due to spatial autocorrelation in the patent application. In green and red bio industries, the effects of the localization
economy (specialization) on patent applications, which were mentioned in the MAR model as well as the Porter
model were initially negative but changed to positive. In addition, as argued in the Jacobs model and the Porter model,
competition among small companies was also found to have a positive effect on patent applications. However, the
diversity of industrial structures (urbanization) that was argued for in the Jacobs model was significant only in white bio

industries.
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ol 714e AHRA| 71Tt AR E o183 4% $8% 2
A AL 71 ulsh, Holo AL bl 7|4S
7jgko 2 QA 5T AuE B AE L AulAS A
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A3t 2] 2013).

Porter(2000)0l WEW, Fe|AE= 54 AdolAM &Fdh=
719E THoE B dAlEe] AT EN FAE: AYH
2ros FHojg & QUot. ol X2A WAL HABAIE ¥
Aoz Z92H W MEL AAFS %S 1
(Livanis and Lamin, 2016). 3H8, S22 9} Zro] FF7]Y0]
A2 she] o] WS A A AR oby e} Akl thgFAd el
et s FARA, o415 7|99 ez dse FE
A & ot AARA 2= AR 9 AT
(Glaeser et al., 1992). oA ¥ toFst shasol| o A 73A)|
7t AR oEHA AHAA Y avtE AFEoz FF3EE o
2] A7} Qlgk=t], o2t el 35S Au Y HAAA
o] adtg FAHAHCE 2L Y= Ao|tH(Acs and
Audretsch, 1989; Caballero and Jaffe, 1993; Lim, 2004).

H 5T wE7)Ee] WACE JAFAHA Y avkE 5]9)F
o= Highs A4k F7IskaL Qrh, SEAIHE, Hio]e. 4kgiofA]
784 vio| 2o E31E A|A1E B4l (e dFAE 3t
o AAmE, AA, TE TH3= INA o] FoiA7] 2
of, 4ol thgt BRE ATk dish, A4 2] A)2E 24
S o FHAHE 245 ARAAY aE =
& ofF] AP & 4= QrHE3A €], 2018). thA] Half vt
o] Hool|x 9] 7|&7ie B Hopo] A4S B digl,
719, @Fas0] FZEE 78 AGofA o]Fo)x]7] wiEof, Bt
o2 AtlolA il 24E 3 AAAAY £ FE=
& o3| S8 BF el

I FF718E0] BHs vEHTE FAshe E52H
O AABA| adt= B 3HAY £dF Hole Ao| oh+ 4
At AEeh= Wake] E4E EQIth(Audretsch and Feld-
man, 1996; Nesta and Mangematin, 2002; Kim and Park,
2015; Potter and Watts, 2011; Park and Kim, 2016). °l:= 3
A} 71ag4le] AFBA7L of HAFBAR Yepd
F g oJullc), 53], Hio] 2 AR diate A2 71& %
A7} o] RO IL Bl A2 A|4]0] kR FEEE He
EET I olf= 98, A, T4, oUA] 53 22 AES
AR ASE Futeln A2 x40 FEEI7A et 2
A Aj7to] A7) wiEolrt, HEo] FA97I¢ 22 FEH
Hstol| e FaFS WS = ATHA AR 9, 2013).

T vlo] e AH F3E AHER 19979 MHA7|Y SAel
W3 S-RAY o] A EUA] Hio| 2 Zref Fo| YEhgton,
71 A} ol 2 A F43 AAIE Elh SRl 20029
o]F uatt #& Baje} 3 WAl B A 0157 Al
L, Iag AR R B 9 o3k Hiol 2 Aljle
HAAAZTE, 22420040 WA 7| Y ZAI3 o2 23, 222k A
HaetaAl7EAlE 240 FE el Z1aat Ak ARke
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e AEES Y € AFsiglen, ol FAlel 200595 =
Y vjol 2 FeAEE A7) AFSIGCHAASE 2, 2013;
2314 9, 2018).

o3t uiF oA £ AT Hio| L A4S e R HAHA|
7t §81& 9] njX= AE AFA o EA3) T91 5F
ARje] 71Qlo] YHsto 2 WAtk HAAA Y BdEd A
7 AFBA7L opd HAFHAR Uept=A] £431, ol
B3l =i vpol 2. Akl o] JA A0t E3lE 11e] FAle] g
AFH FAES AT AL 5H R 3,

1. O|EX 1
1. X ALt x|ATR=

327 Al(Agglomeration economies)= 55 X °olF4HY
o] ERA| el AT =N Uehh: YAl | A4 e 2
< 344 RAaNE Wi}, FFANe] FAFC =N e
£ A= A3 A (Specialization)o| ™, olE4kde] A
Ao ZH vehts QA= LAI8} 44| (Urbanization)©]
THBeaudry and Schiffauerova, 2009; 12& ¢, 2005). 5%
A o] FF4tdo] HAF| wleh WAsk= A 93t BAl= 2
o] A\t To] o, EHA| Qo] o]FAt¢io] FAjle] whzt
HHshs =AS Al 7]s S50 22 49 ZAg B0
ATHEAE - 9821, 2009; £4E, 2011). ER, Glaeser et
al.(1992)= HAAAL} AAREY] BAE AYshaA x93}
BA A 2t 7|9 E) AL ZhEsaL Qi

A3} Ao}t =13 AAE TRA7I= YRaTe AEHE
9|25 7HStatic externalities)2} 5|2 QJFE3HDynamic
externalities)2 428 4= 3tHHenderson, 1997). A&4 ¢
RaME I, 2, ASTRe} Zo] 7IgEe] S4AFdl
YA ZN dS 4 Sl A A - G w9 SZHHR]] A}
& W, v, FEA A= 8% FA| 1 AEEg 7]
otz A A AR FRE MR s, XAusg
(Knowledge spillover)ell w2 &3k E712 02 HAsh= A
o] ojje}t @7l AI7RS AA YEPdtHAudretsch and Feld-
man, 1996 Nesta and Mangematin, 2002; Potter and
Watts, 2011), T3}, FE13] R A= 241S FHF 71HE9
R&DEFO| WE A|A|uFoz /E7|1Y9E AAE oA v
|44, A71E g 59 a3E A7 diiel g4le ¢
HA(externalities of innovation)22x A= Ut
(Johansson, 2004).

FHA i a= MAR ZH(MAR model), Jacobs 2%
(Jacobs model), Porter 2% (Porter model) 22 T8 4= 9}
L r(Glaeser et al., 1992), Z}z}9] 25L& X|AujFo| P
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uX= AARAL 847 Aold 4= USS FAR. WA,
Marshall, Arrow, Romer®] 2J3] 433t MAR 232 A
o3t ZAe] whE A Aubgol FEEch AAuES A4 2 &
A7h 2kl = 7390 A4S HAS QA AR o] wgE] = B
B REEE g e, ou$ FEjolEA MAR E#ollA 2|4]=)
T Aol AAste] 2193} A7 el o) SdiskE o=
ATk, Porter ZF A= 2| K3} AA|7F A Ajuhgo] 3 v3l
The oA MAR 233} Wiehe o] g}, §H, Jacobs 23
A AAahge] A U7} of et Ak} etollA WAiEh=
Ao g H7| wfie], | W Abgdo] E3HH A3t FA|H k=
theFgt Akdo] A9 W) A3 Sl EAI3 BAE AEg, ¢
Al 53 371 BEE XAk QoA =ut AR F o=
Zo] Aauge] FA8A Y FeAE Ak FL
MAR E3oAE A1) A4l FEIHM S40] 41 &
&2 Aol Asiar FRct, ¥, Porter 2% Jacobs 2
oA AA0] MEL 716S APt NIEl=sE f=dhs
ol 544 B3-S FohaL FE Porter 2 Jacobs &
FolA === A2 A WA AskE ofeldole] B
oJuigtc}, &5t 7|olA AAE WS 915 Aol dn A
3HE A7|UE AbololA ZR|3kE "4l A o] SR HA|
N EE A4o] FEErhH(Batisse, 2002; Feldman and
Audretsch, 1999; Gustavsson, 2003; Runiewicz— Wardyn,
2017; Sharma, 2017; o8 24+, 2012; YAE- %A,
2003; 21 £, 2008).

2. A Hoj=7| o2

22|2E BHE AWEd Ao E O H22 JBEH
oA Z2jAE AolF7]o] thigt o9 (Menzel and For-
nahl, 2010; Martin, 2010; Martin and Sunley, 2011), ©|&
T ol8H == HAAA Y B7L AFe] ofd = U2 T
3ItHVan Klink and De Langen, 2001). 222€ Aoj7|¢
24 SEEH HE7R] AA A RS o= o] ol
Pouder and John(1996)& E2|AE= AojF7]E 2H=ttal
Aohztl, 1 W8-S A Y AZo= S22t 7|99 ad
A& F7HIZIA, AlRte] Aol et 7|96 B&A gE 7]
SHEE AZF0EN 71E S LHTT = BEAS AR A
& 4 Uohe Aofth, &, SRj2E7t o] E wan agat
o ARIA| F7t Y At ¥slshe o]f= SelAHo YRR
71950] 2ELE Y O 7199 deoll 93 7] hiEolth

Van Klink and De Langen(2001)-2 7HXA&9] £4), Ak
2 oA, 221259 A4, g9 99, deolels 2384
7158 B8t SeaEH ARFIE F 4DAEA, 2, 4
%, Ao 23t Aol wh=w S22E o] HAH Ayt

= F73Y FHagle] Ex| Zah, g3 ane] ads5e
A7k #ste] weh Zhagictar AEcHjacobs, 1970; Martin
and Sunley, 2006). Martin(2010)-> AF' 82 Z]2E{ 2] AJof
F717} - oAl vreld 4= qlokal AWEshA, A Ee
g/t A, 2|53 H3let Wy Y oA, A +3EY
FAIAZ FB31L 9lek Menzel and Fornahl(2010)% AJof
F7NE F 1A, 4%, 74, )2 HEdte] At
UG A = 2520 27140l F7F 2 2L 7[& el u
£ o]Z4o] 571sh= dAlolt), ARl 185719 2|49
o[Z/dol & 7|&8Ale] Yehts 9ARIY|, 53] 2]4]9] o]F
AL 2eLEH7) A&, #4 842 IRt debA A
4]9] o]dAJo] A|&EA] Fald S AE = A=, o]Re] ot
A F7V8HH SeiAE = v A2E ARdA ) Z9dgi, ol
gk 0|24 F7h= Eo4H7E F48 wt FHUFH R o]F
ol 4= glom, 7|eHRqA 2L XA ST LER FRA
719 ol AL FAAZIL, fAGA A= ol=E 7159 oA
o] Aasie, AEIdA N = SAH7} 3E- o] At
Shin and Hassink(2011)2] &7ellA = AJelizE7|E 4THA| (24,
3, A%, Aol FEgit o]#g 742 Van Klink and
De Langen(2001)2] S2]2E o7 2F AAH},

FHH, Swann(1998) ANt ARAA | Ataof HFdte] &
2 AE Q] AofF715 AAISIAL SlTt. Swann(1998) Ee]AH
o] GAE § 6BAR FEsk=t, ol & o TAHeR
Agshd AT718oA M2 71as HEske 9, a1
oA 71&S AFL R ThEe] A83lsh: BA, = o] 383t
H 7S EY= 7|90l 7] Aldtehe @A, A3l
A ¥71He] SR STLEY FS AT AHIAE 247
o2 AF3P7| AAshs B4, 71dEe] AR AAF s
AE ARsh= T, 71dS0] WS 453l 248 ARlY o
Z13lo]| LA = Aol

3. -2 X2y

2 e Hiol 2 AIE Ao Z miol e Aigle] AHAA 7L
S81&ddl 9% vAH, AABA F A9 FAY fik=
BlAR Y Aol 2hs da7Md S AAsa, s Mol A
ARRE = AR oPdAIE AT st WY, 7|1E
AroME FH A e EsEdte] AAHA S AFHoR F
HRANE, 223 A o] BAFIAA] AHE A 75
sitt, o2t Hojlx & @7t Welaat she A RA mtet
B AgHAE AAEA ol AolF7] o8 AFE + Yot
© HoA AE4EE Bl
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, Hedd A 1z Y
1. HO|2 M= M} 7| BR

AHAA L} A4S 7he] BAE AulEo 9lojA], 2 At
A= 71& A} npaZ A 2 A)4]9] dizjiisg 5318 &85t
tHFeldman, 1999; Martinus et al., 2020; Sonn and Park,
2011; ©13] 4, 2010). 8, ¥4L $Jalxi= vl At £3
g AT Lot et o8 8 531%8(2019)2 BuA([P
HeFA AFE A% 8 PHE A 9 AA| - vlo] )0l A A
A= KSIC-IPC FAES 2835t & BuAoAs 19
Hlo| @, #|= Hio] o, 3}o|E Hlo]e B PR3l KSICE AAIS)H
1 glen kSICet AAR IPCE §7 AlFsla Qlot? oo u}
2} KSICO] dB3hs AR AR ARIA7|2EAZAL AR
€ Bg3tglen, 1pCol ddshes AEE 5339 X gE £3
Y148 S8t ARy e o (3" p 2
o},

g "poleo] gk ARYLS C1000(A1EF A=),
C1100& Al24), C20203H 15 4 EekaE 2 A=),
C2041(92, HIAE, THA B FAHAIE AzY)oln, oo
ke IPCREE A23(AEF Ex AEE), C13KE 39,
C12C, C12G(RA38E; W; 45 =3 A% njEsh &
43}), C05B, CO5C, COSF(RIE; L AZ), AOIN(YY: &4k
+9; Z3; ofd)olth. HE uHlo]d Pt AU
C2100(%)=-8 &2 9 9orE Al24), C2710(9 &4 717] A=
%), C2720(5%, A8, 30, Aol & 7|et A 7)7] Al=Y; F
8} 7]7] AlLf)olw, olof aiFeh= IPCEEE A61K($AE 2
8t = 25}, A6IL(SISEL 93 E= 98}, CO7K(H77]
3}8)), C12N(A¥3ls}, o|AE3}, a4sh Edwe] T 447

KSIC “ IPC
of bio-industry of bio-industry
r A " Patent application
Statistics Korea's data by region of
National Business the Korean
Survey Intellectual
— . Lollirgﬂﬂ—kﬂ /
. -
. v _ v _
Number of  Number of patent
‘ employees by ‘ applications by
industry in the industry in the
region region

Figure 1. Method of collect patent and employment data
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338}, A61B($1A8Y; 2J8t = 4=08)), ClaM(Astst; &
8}, f4sh 9w B 43R, GOINEA; Ald)eldt,
3lo|E vlo| 2.0 FFah= A2UL C1300(4-7A1E A=Y 9
5 A9)), C2043(AIA, 3 E FEA A=), C2049( 2
71ek BHAIE AZ), C2300(813% FEAE AR,
C2919(7]e} Uxt HA8 7]A A=), olo] 3|Feh= IPC
FE3= DO6LAIR), A61Q($1A83); &J8t E= 4=9J3}), C14C(YH
m}; vm); An; 99), BRLESA), BoIDEH ¥, 35t
2 W E= A2)U6h), F4FCHE; #1145 g7k, ZpAfg
e @& DI

2, Heol 1Y

2 Ao &3 T EHS = E DE T &
Qg 4= 9lt}, FHHeE 53EY A-E TR e vl
o], £ AAFA 2 AFE Uehli= BFER 74
o] gict.

A7 A ] a3t F A3 A (Specialization)= 1% ¥
2, FE Hio]e, Blo]E Hio|2 A2Y LQAFET ofe},
HAGHAE A K7| 98t ZF LQAIY AlEakE E38t%
o}, E3E A0S ARl S LQAISRE EjEIY £
71 o= A&elA AasigiRol A Hlol2 AloAE 873
o] He}stHAl AE2 QL APt 7]& o=, ICT, Al NT
T 9 71E Bopete] §fto] Fleke FA4017] el o}
2hA] o] gt Ak o] AMu|AE dEE 4= Gl AFNE AulAY
9] LQAISE E3lY £4& #3315l JA3A a5 =
A3t ZA|(Urbanization)x= 31419 3199 A|=(HH)Y d4+E
ARESHET, HHIE 247 7|49 2 AlRelA AR JF5=E
H7lske © 7-83817] "ol 71E Aol = HHIASY] 94

Table 1. Classification of KSIC and IPC in the
bio-manufacturing industry

Type of bio KSIC IPC
C1000 A23 (Except for A23N A23P), C13K
) C1100 C12C,C12G
Green bio
C2020 CO05B, CO5C, CO5F
C2041 AQTN
C2100 ABTK, AB1L, CO7K, C12N, C12P
Red bio C2710 AB1B, C12M
C2720 GO1N
C1300 DOs6L
C2043 AB1Q
White hio
C2049 c14C
C2300 B32L

Source: Korean Intellectual Property Office (2018)
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Table 2. Variable description

Variable Formula
\E)aerpi)aeglgent Knowledge production (pa) Application of patent F;
; s : : B,/ E;
(Ig_bi_a) Specialization of bioranufacturing
E/E
Specialization
(lg_bi_b) Square of Ig_bi_a (MJ2
- E}/E
e e Eyl E;
Independent Specialization (lg_rd) Specialization of R&D EJE
variable ]
1
Urbanization (di_bi) Urbanization of biomanufacturing i (&)z
j=1 Ea
o u as 2 3 FT;)/ Eij
Competition (co_bi) Competition of biomanufacturing 7/E

E;: Number of employees in region i / E,; Number of employees of industry j in region i / F;: Number of biomanufacturing companies in the country /

E;: Number of biomanufacturing employees in the country

& 88319 4Hde] b AeE mefstal YtHChoi and
Park, 2020; Livanis and Lamin, 2016; 32 785, 2021).
wHebA] £ Aol s HHIS 48 88310 vio|2 414 o] ot
A AE ALtste] Ao 83igict, npAete s HAAHA|
9] &3t F &qtE 71¢ 749 AR (Competition) vl 2 A=
A FAFE = tin] Hlol2 AR ARAA 9 HIES ARoR
X Aste] ARSI CHGlaeser et al., 1992).

IV, SAEHH
1. A|ZHe 2715 2489

A7HA 1S 2006'37E 2019E7HA| 2 g o]f-= Hlo] o Wil
2 9] B2 1990t SHHEE AJRFE| QAT 200060 &8 HA
71€ A%, 20009 FRERE ohA] EAd3tE7] Al2ksl7] W&
olct, Azt upo] & FHAEE 20054 o] FHE Wo| RAE]
A2, E e ol f= AFJERIE(KSIC)7F 82l A] 92k=
200656 M= I}, ofeh AWHAQ] A% nE o, &
9] A]ZHE W91E 200695 E Ask= Ao] HAsiche wet
ataict, 124 20065 AjRbete] ARYA7| 2 EAIRA] 2
T AE7T AFEIL = 201997 2 A7 YHlE A5
o, B40] 37H4 W= 227709 Al 2R RS

2. SUEEY

SR Yo FH BE PSR adEs T4
o) 2o, HRHL STt GRS gk A

BZAo] izt i F0] 7FsstER HEE vopd 4= gl
o, 53 A77} 7hssiths F3o) Uk ohit, F5uet 24t
FollA T4 27| gEaAZ et o]8 Ry =3 9
870] =, ol A% HEY Byo] FdE gl ¥
ZHd ey olsfslr] fsiMe SRS Lafd 304
Ap7)gaaA et sid 2ol ikt ofsi7h Tasict,

1) 3V IEEn 32 1P|y

3 ARt BAA FERY S EAY g Had 212
g 7t FEHSpo) I A FHEAE 25 Qlojok i, ¥
M A7)REAE AR AsiMe 3EsdE e W
# g Fav} Qct, o714 W= NxNe A Ee] Jeis
A, 21 68wy iAG3 A A 0] 4B AR =S et
W}, X Gt jR| Fo] FIHE 02 AP wi =101, A3t
) ko™ wy=00|ch, ot A4te) Te3lel Wig=sA o] go]4d
= 918l Z o] AL 10] HEE Bt PHES ARSI
(Anselin et al., 2008: 628). 37738 e S 2
716kt A7)k 2712] whlo] ARt AR e
o] A} AE g-83le] sk A5 1= 75, Aj7]ety

$ o3, AHF FAES 7N E B AYE A5t
Ag ¢l Y= AL 12 7P 2 dtolAl= A—7vE
2g3l710 o|&H, FEE 2AE0| SRR AN &
83l 7S ThEeH, JAA7IRAE AEeE ofy gt
e FH3hs 35 dHAY L2 7HF3k= QueenA S &8
skgict.

RS E83te] 3 A7 0] Moran's 1E
4F&8h 4= Qltk, Moran's I+ A9 3 23HA]92(Global Moran’s
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D¢t =218 B#A]4(Local Moran's )& -8 4= Qlt}, WA,
A998 R e 0 AW BAAS L o]
o, AEAE (DT 2}y A9 B34y 299 85
2, e BEGS B, w, FWHEEE Wl Aol o] A
T WSR3 2R3N AESE 19 77k, B
T2 AR ol HHAH R REUFE -19] 7RI
N N
NY: Y wily—y)y;— y)
=—== (1)

(E 2 Wi; ) _;il(yﬁ - 5)2

i=lj=1

A A Bl FAA 2408 wefshe v 2850, A=
A2 )2 2o 5AF 2R 2R A (+)e] g 7HA
= A3 239 Bole T A A A9 BE3kol =
F %AW High-High) 25 2A YerdtHLow-Low). 12|
I FA A BERG7E R0 ()2 g s FA1F 37t
oY Sl diF AH A A9 BEgko] Lo WA
WAU(High-Low), RoWA ¥& E5E UEPITHLow-
High').

5= —Sm @)

2) 3ZHE=2E

S AS AL e g AEAFI ARG 4 (3)
2t} 4 B)elA e AYE YR, = AIRE YeRd
wakA y = iR A BEEE FH5ERY L xa iR
o (AAA Y S TS fe AT A¢E vehd,
2218} e, = THA] u 2t g, TEE 5= ed, 9714 pE A2
e} Wk o= WasiAIEAS YeEbY, g4 Td Al ot
2 Wghs £ QA1S oujditt, ohA] W9, pis SRR
A Bl Xgtu)R] ok BE Al W4 E FAISIL 4REel
Ao ] whaieh 4= 9l A WIS Ak 9
£ 3, gz A E AI-OA ] 2R o2 A jidE wErh
(Elhorst, 2014: 38), x5 798k Whie] wet Fgnge] &
2=, DY AN BN uE g AXER 1 B
2 sjMein], SEAT YA = uE FERLE EETE
B2 A,

Yir = B+ tey 3)
B ABAES FaUE, SUNS, oxjRel 27k 4

122 "REAE, Hs57H M55 (2022)

U=l 3 ATAE-E ool 23sh=1fo] wel FIkAAL
% (spatial lag model, SLM), 3722 (spatial error
model, SEM), ¥R F (spatial durbin model, SDM)2-
2 5 Qi

4] (3)9] AP HRFNA FHH FEAEE 1Bd F
TR E(SIM) 4] (@2 BEF 4= qlct, o] oA 3
F A99] FEHTE SR ofyzl QI Ao FEH
ol oA FaFE W2 4= Aokl 7R pi= FHAP1E]
AR AHAGL FHE71 AT AH F50] v]A]
= 9% A=E ou|gltHAnselin et al., 2008).

N
Yir = PE w it 2Bt p ey @
F=1

FLHLAEF(SEM)-E 4] (5)2+ o] kdE 4= 9], o] &2
FollAe FE5U7} AF NG BAJQ FaS wor, oxE
o] FZHH 2 AE|o] Qloka 78It v, & 37 A7
Q2E onhy, A FHAIBASE YerdtHAnselin
etal., 2008).

Yir = BB+ pi t vy

N
U =A Elm v 1€y ©)
i=

ijvjt

FUNRYEDMIS S8} ST Aede] S4mat of
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LeSage and Pace(2010)0]] W=W HEAAE BEalo] F3F
o] =& el AL ARE ZE2 WE = Yok T ol
7] A2 aeshe B ARF A shte] S
o] SYWHSE A FHEHY TS FFRHNADS
o2l Zo] ozt o FHele] FEHHE YFFIRA
e v 4= 7] gZolot, AFATE T AHY F5Ur
of et SYH2 HMsFHE SAsHHA, ol2F MslFFo]
PHAGE AA B0t 549 AWAE E3RIc, Wi,
HRRIE A Y S diFt JHAY AEe] 37
A o ans 2% gukao e, T aaks el of
| 54 a4 Hald o ofE 2E 099 $4515e v
£ FF 22 FAEHElhorst, 2014: 21). S AARE SLMT
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SDMS| Ale 2 astol 7y £ 3HE 7heret e Urehjel o
o} gro] WFE 4= Yk

v =2, I—pW) Bz, +(I—pW) (p+e,) @

lys

E
o

|Maq

Y= {I—pM"(ﬁk+W9;,)EH+(I-PW}"1Ut+fa)

k=1

SIME] (I-pW)'B, 2 SDME] (I-p W) (B + W6, ol A djzt
Y FHanE vggddas Hans yepdch, o|FA
A3 9 et FUPNEE dEA YEUAEL LeSage
and Pace(2010)= °1& BNE 27} U] 8oF =42 (one
summary indicator)= Y= WS A8 cHElhorst,
2014: 21).

V. 24z
1. 55 % 10| 371 Ex

2006, 20124, 20199 3A17]2 o] S3l&97ie¢t 1Q
A|4=2] F7HA R o] WSk A E ekt 20069 201992 #
A9 Al B2 oujgict, 3HH, EA 9J(018)o14= =
y AiEEAEH AYASIE 194 A7), 294 (R837)), 3¢
A(s7)E FESI=], 9AE A7 AHEY, 194= 2005
V5 20094, 29H41= 20109578 20129, 3941 201395+
H 201792 oujgit}, & Ateae olggt 7leS E83td
200633 20198 of 2} 25| 2] wiA]at A|7]Ql 2012 =&
Z33te] F4H0] B 3 RagistE Amugto
o 1 A= ohga 2ok

19 vpol 2 EFEe] B A9 1071 A =E AT EY,
200612 2012490 Al ARo| 7MY Wekew, 20194 9=
7719 ARoA B3|EHo| 7P Wkt $=H o)) HEofA]
7 vpole E3j&Uo] W2 olf+= 3 AEAdER A 2
Aol w2 YR & 4 AUtk weba] I7 vhe] 2.0] LQAIST}
7V =& 891 107)] BN =M= S ATt AEofA
A VrERaL Qlodct

ZE vo] 2. E3|&-Uo] T2 ¢ 107] FAA=E AT EY,
2006, 2012, 2019 25 7)<k Aol A] A YeRdaL 9l
don, thgo 2= qiH FEolA E3& ] B o]F
oJA|aL At o]23t o] fi= =l A FR|ARZ Eo] B
emn, 11 9] FR= efnolegeAE, o o &
F7)3o] W= Q7] fiEoR B 4 ook, 1 A3 1QATE
7371, 25, A&A o] A vrehta glqich

3lo|E Hlo]Q EFEUO] w2 A 107 FIA=E AR

W, A7), B8, ASA A BA Heks 2E 31T 5 2
o, 30| E o] 2= AEse AL 30 883 AL
24, vole ARE B-gsle] JBY SAE AEshes Aol
2] SEHAME A2 Y] 2Rt B E3EHe] 7}
A B olFoAE Zle FAT 4 Utk FT A
&= 3J0|E Hlol 2 S2|AE R4S AXslglet], ol2d W
Al olsE = ot R, LQAIE B7IRET ohet BEH 3
SE 57 dei

2. SUH Xp7 A

FARR tiv] 5515 Hl&9] F3HA ArdaaAE Ane
W oheat gt

Y94 2ek [A93(Global Moran’s 1)2] 275 AwHH,
2006\ 0l= 74 A7 dHEAE A GATE AlZte] g
E A% FoAe A2 % o= Ut A F 2et 129 (Local
Moran’s 1)9] Z3+5 A EH ohga} o) HA, vlo]e Az
A AAE o= AHEE, 200600 FAKE g8 E31E¢
7479] Hot spot A|¥o] S==@Eq o}t S, tit, A&
A2 vl A e 2 A% 4= QU shA|T
A)Zto] Aol Wt Hot Spot A %0] HlgE=dof| A= YA
gton, 93|28 o o] v Uit A7 W
42 A5, Al7lo] A g5 vlole A2 E3EH &F
9] =@ FYF@A o] Al dehdes AS ER1F 4= 9l o]
25 AR vlo| @ A=YS FrEste AmuolE GAISH ZF¥
& HojFa1 Qi

3. SZhl2EA dnt

1) 22! Hjo|

2y AFEE 97 LR Test B3 (& 3)7} 2t} sDMI}
SLM®] LR-TEST® A= Algte o] {83tk F57Hdo]
7|Z}=]EA], SDMo] B2 3t By os My}, i
SDM} SEM®] LR-TESTOl|A %= AF7Hd o] 712t = HAl SODM
o] o g%t Aor MEE|Qirt, o]t ANE viFo R 2F

Table 3. LR test (Green bio)

SLM SEM SDM
Log-likelihood 113549 11354.3 11364.2
AIC -22695.7 -22694.5 -22704.5
BIC -22653.8  -226526 -22632.6
SLM vs SDM chi2(5)=18.81

Prob >chi2=0.0021

test chi2(5)=19.99
SEMVsSDM  brop 5chi2=0.0013
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Table 4. Result of spatial panel model (Green Bio)
Spatial Lag Mode (SLM)

Spatial Error Model (SEM)

Spatial Durbin Mode (SDM)

Estimate Std. Err Estimate Std. Err Estimate Std. Err
lg_gr -0.0055"** 0.0008 -0.0055%** 0.0008 -0.0055*** 0.0008
lg_gr_sq 0.0004*+* 0.0007 0.0004*+* 0.0001 0.0004*** 0.0001
Ig_rd 0.0007 0.0005 0.0007 0.0005 0.0008 0.0005
di_bio -0.0013%** 0.0003 -0.0013%* 0.0003 -0.00712%** 0.0003
co_gr 0.0074%+* 0.0004 0.0014%+* 0.0004 0.0012* 0.0004
W*lq_gr -0.0023 0.0016
W*lq_gr_sq 0.0003 0.0002
W¥lq_rd -0.0011 0.0008
W*di_bio -0.0013* 0.0005
Wco_gr 0.0019 0.0007
P 0.0788"** & 0.0720*
A = 0.0758** =

*#+(P<0.001), *(p<0.01), *(p<0.1)

o= Aed 232 SpMoltt,

& 9+ 13 vlo]2of idt SLM, SEM, SDMS] 235 &
Alef det 2 Qict, SLM e Aakg A EE, LQAIS(g_gre=
9 FEE VA= 2o YA, LQAISE] Al (g gr_
sqr Fo FHE v|XE Ao BAE g, vlo] 2 Az
% ook A(dibio)s &9 S nlAle AR Yo
o, 25718 719 2F AR (co_gr)e ¥ FFE WAE AL
2 velgdh SEM2] Zih= sSLMe] A} SASH vl
otk SDMQ| 23k A Ew, SIMI vR7 A 2 LQAI(g_
go)7h 199] 5718w, -0.00559HE &) ¥ MR AR
epdth, 28y LQAISE] AlFg_gr_sq) 0.00045H32) oF
o] 3k A= A2 EAEYY. o= LQAISt &Y
o &2 g AL, QAT Fto] 7S E3&d
of Tt 29| A RTR= FHA} WolAo}h ¢ Atz stk A

< pedie

Figure 2. Changes in marginal effects between
specialization and patent applications (Green bio)
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& oJulgith, XZolle LQAISS g YEole lgxpltlg’ < 2
o] k& A g3to] TR Vep | (1| 2) 9 Zet

Hlol2 A|299] thef A4x(di_bio)e -0.00127F &2 %
B v )lgeH, ARG co_gr= 0.00128H ] B3
£ R A2 EAEAY 37 & AR(WHelAE o
¥4 Aa=(di_bio)Tt FroJHRt &2 PSR Aoz e
ek

SDM®] A}, P an, FaAM= (& 5y 2ot AHa
1 EA443 1QA12] Alg_gr_sq), S+ AulAY LQ
A4(g_rd), ARG (co_gr)7h o] HHAH FFE A=
Zo® vyt 2]at LQAI(q_gnet Hiole A2y ook
A Aa(di_bio)e 59 A FFE A= Ao et
o}, @4, LQAIF(g_gnd ARAT A7t SDME] ARt
9 57} o 73 dehged, ols 53 HelA 28t
ZAI7} 19 Hiol 2. E8 &) £AH a2 n|AA|T, £43]
A ENE ZAaAT)E F9 g Gk vepta 93-S ofn]
g}, 7P avt A3E A EY, LQAISq_gn@t vlel 2 A=
A thFd A4(di_bio)e &9 HHATE v|X1L glon, B4

Table 5. Direct and indirect effect (Green bio)

Direct Indirect Total
lq_gr -0.0056™* -0.0022* -0.0077%*
lg_gr_sq 0.0004*** 0.0002* 0.0007%*
Ig_rd 0.0008* -0.0009 0.0000
di_bio -0.0072%* -0.00171* -0.0023%**
co_gr 0.0072%* 0.0016** 0.0029*+*

#*(P<0.001), **(p<0.01), *(p<0.1)
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A%(co_gr)et 0] THUATE mIAE Aow Uepdr), ol
Eg7)e0] QA o] At Hhole Az 71QiE0] Bl o)
A8 A Eaj2do] 2HH e 2= AL oujaht, &
a3te) AToALE 1QA4, 1QAES) AIF, A7} 2]
3 £3kS Fi ow BAuglon] thpy A4t Rl
R3HE tehis 202 Yehge,

2) g|= Hio|

g = vlo] Qo Mk LR-TESTE Adsten, 1 Fike=
(& 63+ 2, SDMIF SLME] LR-TESTO|A AR7HE 712
3t A, SDMo| o A3et mgo AMeE gy, spMmIt
SEM 9] LR-TESTOIA %= HAF7HdE 7]ZF6Hd A SDMe| & &
At Aoz AeE it o|zFt AuE vpgoR 2F Mgt
22 SpM Rgo|ct,

& 7)ol Y= vio]of tigh 3/ mEe] AnE AuE
ek, SIMS S AR Y, LQAF(Ig_re)e & ¥FE 1|
A= Ao el AR LQATY AlF(g_re_sq< ¥ 9F
& A AoE EAEgon Hole A2 g Ae(di

Table 6. LR test (Red bio)

SLM SEM SDM
Log-likelihood 77228 77173 77399
AIC 154316  -154207  -154558
BIC 153807  -153787  -153839
chi2(5)=34.35
SLMVsSDM b0 schi2=0.0000
test P
SEMvsspM  Chi2(6)=45.46

Prob >chi2=0.0000

Table 7. Result of spatial panel model (Red bio)
Spatial Lag Mode (SLM)

Spatial Error Model (SEM)

bio)= &9 FE A= Ao Yepgt} o] 17 vio| 2.9}
AR Astoltt, eyt 117 ulo] 29ke] Xjo|H-L AN A
v]2gje] YAo] E3]E Y] v F¥HL vjFch= Zoj
SEM®] A= SLM 2o} & &po|7} 2] ¢kt girt, ShMm e
AE AHEH, LQAF(q_re)7t 199] F718 i, —0,0124%t
F 29 9 vAE AoE YA QAT AF1q_
re_sq)<= 0.00139-39] 9] S njA|= AoF Yeigth, o
Y nio] @9t na7IA R = Hio] Lol A= Q|7 B3l&Y
o &9 9 v 2o vehyr), AT LQAIS: kol
71842 E5|Eo] gk LQAIFe) &9 A A= As)
Th7} ko] AdtE W3lehs BgS HojFal 9t I3 HlolL
o} 22 W oz QA SVl I E3l&Y wiskE 17
Z2 AR (I9 3 A,

vro] @ A=Y theFA A4 (di_bio)= —0.00185HE 2] I8
2 vl %o, AR co_re)= SIMEHT} SEME

4 e o

Figure 3. Changes in marginal effects between
specialization and patent applications (Red bio)

Spatial Durbin Mode (SDM)

Estimate Std. Emr Estimate Std. Err Estimate Std. Err
Ig_re -0.0127% 0.0019 -0.0098*** 0.0019 -0.0124** 0.0019
Iq_re_sq 0.0013*** 0.0003 0.0017%+* 0.0003 0.0013*** 0.0003
lg_rd QOTI2%* 0.0017 0.0123*** 0.0018 0.0127%+* 0.0018
di_bio -0.0018* 0.0011 -0.0022* 0.0011 -0.0018* 0.001
co_re 0.0017 0.0016 0.0023 0.0016 0.0030* 0.0016
W*lq_re -0.0174%* 0.0031
W*lq_re_sq 0.0010%+* 0.0004
W*lq_rd -0.0056* 0.0026
W*di_bio 0.0036* 0.0016
W¥co_re -0.0066* 0.0028
p 0.3844%* 0.3776**

0.3856**

*5(P<0.007), **(p<0.01), *(p<0.1)
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oM fou|ska] eigtAIRt, SDMEE A= 0.00037HS %2
FHZ VA= AR Yeulth 37 A& Al (w)e] Hat
£ AuRY, BE Hprt foug kS ma|Ae, 37t o9&
A AlE 1E3HA] ok Al Bl g o, A Au)ag e
LQAISq_rd)%+ AAA(co_re)e AltE: ATHE Hol3n
ct,

SDMQ| AR aw, A FAE £ 2= E 8
1} 2}, AP avtelA LQAe) AFq_re_sq)at A7 A
H|A299] LQAIS(1q_rd)7H %] AH A YL A E FeR
Hergten], LQAIE(g_re)= &9 AF4Q J3 vjAle A
o2 yehgtt, §H, a4 LQAIS(q_re)2t LQAIG2
AlEq_re_sq)°l E3l&Hel v|A|= Gk 2 ane] e
FYsit, ot Hhol e AlzY tgA A4(dibio)= A AT}
oA frelulatA] ektAIR, ZH AR A E fojulstAl Yert
}. o]= QA Y9 F = Hlol e, 117 ulo] 2, Slo]E Hle] Q9]

AAlE AL Wit Fadde LQA, LQASY AE, 4
'

T ABlAY LQAIS7E frolulgt G F= A 02 7AH

Ak,

Table 8. Direct and indirect effect (Red bio)

Direct Indirect Total

Ig_re -0.0148%** -0.0177%* -0.0325%**
lg_re_sq 0.0016™** 0.00717%** 0.0033***
Iq_rd 0.0128%** -0.0010 0.0118%*
di_bio -0.0014 0.0034* 0.0020
co_re 0.0024 -0.0050 -0.0026

*%(P<0,007), *(p<0.01). *(p<0.1)

Table 10. Result of spatial panel model (White bio)
Spatial Lag Mode (SLM)

Spatial Error Model (SEM)

3) 3}0|E Hio|R

SLM, SEM, SDM % ojmgt mgo] A§}st=] wetalr| $ia}
o LR-TESTE #8153, 1 A= & 99 Zt}, ShMT
SIM€] LR-TESTOIA = SDME A8} 1L, SDM SEM2)
LR-TESTAA%= SDM®| ©] 233t Hg o g gt

(I 10)2 3}o|E vfo] @ F o] tjgt SDM, SEM, SLM®] Z
g HojEnth SIM9] ZaolA LQAIE(q_wh)E T2 vlol e
o} vRRZIA R o] FFS vAANE LQAISE] AlFlg wh_
sq)2 ¥ S VA= AR BAESI 7R 1QA]
71 B35l 9 9% 1AL AARE, LQA2] gkel 4
T8EE 39 SAENTL A} At oke] AntE wiEs)
£ BG5S HojEr ol (1 98 5o #1g 4= 9t

AL HulAY LQAI(g_rd)E= &9 F3E m)H= AL
2 Uetded), ol #lE vlo] oo} AtE = Aijolt}, SEM2)
A3M= SIM Aatet f-Apsie, SDMe] A3HE SIMS] Zxfe) H]
W, AR Ao Algo] f-oulido] Zhashe BegE Holil
At LQAIE(g_wh)7t 1549] 718k o, —0.0033%H #44
A FEE A AR Yehgen, 1QAIFY] AlFlq wh_

Table 9. LR test (White bio)

SLM SEM SDM
LogHikelinood 90411 90407 90574
AIC 180683 180674  -180909
BIC 180263  -180255  -18019.0
chi2(5)=32.82
g OMVSSDME b ochin=0.0000
test e
sevvesoy  Chi2(5)=3369

Prob >chi2=0.0000

Spatial Durbin Mode (SDM)

Estimate Std. Err Estimate Std. Err Estimate Std. Err
lg_wh -0.0037** 0.0017 -0.0037** 0.0017 -0.0033* 0.0017
lq_wh_sq 0.0005* 0.0002 0.0005* 0.0002 0.0004* 0.0002
lg_rd -0.0026** 0.0011 -0.0024** 0.0011 -0.0005 0.0012
di_bio 0.0006 0.0007 0.0005 0.0007 0.0004 0.0007
co_wh -0.0011 0.0012 -0.0011 0.0012 -0.0009 0.0012
W¥lg_wh -0.0017 0.0029
W*lq_wh_sq 0.0001 0.0004
W¥lq_rd -0.0094**+* 0.0017
Wdi_bio 0.0019* 0.0010
W*co_wh 0.0006 0.0020
p 0.0503* 0.0486*
A 0.0447*

*+(P<0.001), *(p<0.01). *(p<0.1)
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Figure 4. Changes in marginal effects between
specialization and patent applications (White bio)
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ehgch, o, ge GakE aesle 2 an A4t SoMo
A Atolof] & 2jo]7} EASEA] Qgron], FaT|A f2oJnst
A] ok ATE HoFIL e}, TP el AT Auls
A LQA(1q_rd)= 2RI 29 93 Hlole Az o
F/3(di_bio)= 2T o] WL v = ACE ept

4) Zn 29

I Hlo] 2.9} #| = Hie] e o] AAA F N3} FAE e
Y LQAIS¢} 535124 719 BAE A9 Ed, LQAIsS} 57
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Table 11. Direct and Indirect effect (White bio)

Direct Indirect Total
lg_wh -0.0033* -0.0014 -0.0047
lg_wh_sq 0.0004* 0.0001 0.0005
lg_rd -0.0006 -0.0077%* -0.0083%**
di_bio 0.0004 0.0016* 0.0020%
co_wh -0.0009 0.0005 -0.0004

*5(P<0.007), **(p<0.01), *(p<0.1)
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Figure 5. Number of venture companies in bio technology
Source: KIM, SK. etal, 2013,p.6
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Table 12. Result of the effectiveness of agglomeration

economies
Agglomeration economies
Specialization* Diversity =~ Competition
Green bio -—+ - +
Red bio -—+
White bio -+ +

*Green bio and red bio are the total effect results, and white bio is the result
of SDM
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Appendix

Appendix 1. Global Moran's | & Local Moran's | (Green bio)
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2012(Green bio)

2019(Green bio)
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Appendix 3. Global Moran's | & Local Moran's | (White bio)
2006(White bio) 2012(White bio) 2019(White bio)
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Appendix 4. Top 10 of region about LQ and patent application (Green bio)

2006 2012 2019
Region Region Region
(Top 10) - (Top 10) La (Top 10) La
Wando-gun, Goheung-gun, Jincheon-gun,
Jeollanam-do F58T Jeollanam-do &am Chungcheongbuk-do 7.8
Goheung-gun, Cheongyang-gun, Hoengseong-gun,
Jeollanam-do BT Chungcheongnam-do e Gangwon-do 7o
" eolabicdo. 636 ilnamde "1 Crungehengmamdo  09%
Chungenemgramdo 52 Gungmeonaoiede 7% Chungenengamdo 887
oaerggn g Smewan  gpp  YewpEggn o
N oar 588 Parisstiol G4 e b
Imsil-gun, Eumseong-gun, Eumseong-gun,
Jeollabuk-do Bf2B Chungcheongbuk-do 6.342 Chungcheongbuk-do 682l
Jeolabakdo 5.660 eclabisico 6181 ol 6477
Haenam-gun, Haenam-gun, Haenam-gun,
Jeollanam-do 5353 Jeollanam-do 6.037 Jeollanam-do 6222
Jincheon-gun, Seocheon-gun, Buan-gun,
Chungcheongbuk-do BA8T Chungcheongnam-do 6063 Jeollabuk-do B2
Region Patent Region Patent Region Patent
(Top 10) Application (Top 10) Application (Top 10) Application
Gwangsan-gu, Jeonju, Jeonju,
Gwangju L Jeollabuk-do 162 Jeollabuk-do L
Yongin-si, 85 Wanju-gun, 80 Seongnam-si, 85
Gyeonggi-do Jeollabuk-do Gyeonggi-do
Yeongdeungpo-gu, 69 Cheongju, " 71 Yuseong-gu, 84

Seoul Chungcheongbuk-do Daejeon
oggpan 3 B 7
Cheongju, 57 Chuncheon, 48 Cheongju, 77

Chungcheongbuk-do Gangwon-do Chungcheongbuk-do
Jeolabukdo 55 e 47 o 70
Wanju-gun, Gangnam-gu, Chuncheon,
Jeollabuk-do 52 Seoul 46 Gangwon-do 61
Nam-gu, Yongin-si, Suwon-si,

Ulsan b Gyeonggi-do a8 Gyeonggi-do 50
. .
Yuseong-gu, Gwangjin-gu, Changwon-si,

Daejeon 44 Seoul 43 Gyeongsangnam-do 52
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Appendix 5. Top 10 of region about LQ and patent application (Red bio)

2006 2012 2019
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Appendix 6. Top 10 of region about LQ and patent application (White bio)

2006 2012 2019
Region Region Region
(Top 10) - (Top 10) La (Top 10) La
Yangju, Seongju-gun, Pocheon-si,
Gyeonggi-do a.081 Gyeongsangbuk-do Bila Gyeonggi-do L
Seo-gu, Pocheon-si, Sec-gu,
Daegu TazT Gyeonggi-do BERS Daegu (e
Pocheon-si, Yangju, Goryeong-gun,
Gyeonggi-do AE8 Gyeonggi-do R Gyeongsangbuk-do 2R
Seongju-gun, Seo-qu, Seongju-gun,
Gyeongsangbuk-do £ Daegu 5209 Gyeongsangbuk-do 15198
Goryeong-gun, Goryeong-gun, Yangju,
Gyeongsangbuk-do o228 Gyeongsangbuk-do Al Gyeonggi-do B
Danyang-gun, Danyang-gun, Danyang-gun,
Chungcheongbuk-do k208 Chungcheongbuk-do 6230 Chungcheongbuk-do Boeh
Dalseong-gun, Eumseong-gun, Eumseong-gun,
Daegu L Chungcheongbuk-do hINe Chungcheongbuk-do R0
Yeoju, Dalseong-gun, Boeun-gun,
Gyeonggi-do H0e8 Daegu A48 Chungcheongbuk-do L0
Eumseong-gun, Goesan-gun, Yeoncheon-gun,
Chungcheongbuk-do 4451 Chungcheongbuk-do 4489 Gyeonggi-do 4604
Yeoncheon-gun, Yeoncheon-gun, Goesan-gun,
Gyeonggi-do 4033 Gyeonggi-do 4383 Chungcheongbuk-do AT
Region Patent Region Patent Region Patent
(Top 10) Application (Top 10) Application (Top 10) Application
Yeongdeungpo-gu, Yeongdeungpo-gu, Yeongdeungpo-gu,
Seoul o Seoul L Seoul 460
Suwon-si, Yuseong-gu, Yuseong-gu,
Gyeonggi-do s Daejeon 134 Daejeon 13
Gwangsan-gu, Gumi-si, Suwon-si,
Gwangju 166 Gyeongsangbuk-do 1o Gyeonggi-do 127
Yuseong-gu, 59 Gongju-si, 08 Hwaseong, 126
Dagjeon Chungcheongnam-do Gyeonggi-do
Seocho-gu, Suwon-si, Seongnam-si,
Seoul fe Gyeonggi-do 18 Gyeonggi-do 1%
Cheongdo-gun, 53 Seongnam-si, 58 Bucheon, 74
Gyeongsangbuk-do Gyeonggi-do Gyeonggi-do
Pohang, Seocho-gu, Yongin-si,
Gyeongsangbuk-do 45 Seoul o4 Gyeonggi-do b4
Hwaseong, 45 Hwaseong, 53 Cheonan, 63
Gyeonggi-do Gyeonggi-do Chungcheongnam-do
Seongnam-si, Yongin-si, Gimpo-si,
Gyeonggi-do 2 Gyeonggi-do a4 Gyeonggi-do 60
Gongju-si, 44 Pohang, 44 Pyeongtaek-si, 57
Chungcheongnam-do Gyeongsangbuk-do Gyeonggi-do
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