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Abstract

This study calculates agglomeration indices of manufacturing specialization and diversification in
different regions of South Korea. Two types of agglomeration indices are introduced into the spatial
durbin model (SDM) to analyzes the effects of manufacturing agglomeration in Korea on CO,
emission intensity. The subjects of this study are 17 regions of South Korea , and the research period
is from 2013 to 2019. This study also uses partial differential to analyze the direct and spillover
effect of specialization and diversification agglomeration on CO, emission intensity. From the
perspective of direct effect, the results reveal that specialization agglomeration is an important factor
contributing to Korea's CO, emissions. However, diversification agglomeration has an obvious CO,
emission reduction effect. From the perspective of spillover effect, this study finds that specialization
agglomeration in one region can also contribute to CO, emissions in nearby regions. However, the
development of diversification agglomeration in one region can have CO, emission reduction
spillover effect on neighboring regions.
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Table 1. Descriptive Statistics

Variable Mean Std.Dev. Min Max
Carbon emission intensity, % 0.2346 0.27123 0.0037 1.1336
Specialized agglomeration index, % 4.9226 7.6453 0.1428 36.0495
Diversified agglomeration index, % 8.2347 2.9512 3.4163 16.7599
Population size in districts, people 3034869 3194480 122153 13239666
GDP per capita, won 3.41e+07 1.10e+07  1.88e+07  6.53e+07
The proportion of Bs, MA and PhD graduates, % 0.0088 0.0043 0.0027 0.0244
Foreign Direct Investment, 106dollar 791.4538 1653.827 0 8339
The proportion of Secondary Industry, % 0.3931 0.0745 0.2221 0.5878
Note: ZE H|O|ElE KOSIS 27tSAHZE https://kosis.kr)oll 2HEL.
Table 2. Manufacturing Specialization Concentration Index
Reg 2013 2014 2015 2016 2017 2018 2019
SEL 3.05669 3.13319 3.23999 3.12467 3.20168 3.1891 3.26907
BUS 2.34408 2.2027 2.09607 2.18995 2.11086 2.05565 1.98275
DAE 1.48464 1.43708 1.41222 1.39603 1.35951 1.36687 1.34024
INC 2.51589 2.25265 2.32725 2.40188 2.24922 2.24779 2.13706
GWJ 0.35226 0.389182 0.329301 0.331018 0.33236 0.318631 0.311478
DAJ 36.0495 34.8938 34.0334 33.5598 34.1924 33.8683 15.3879
USN 11.052 10.6768 10.688 10.88 11.4456 11.877 11.5607
SEJ 0.422774 0.308643 0.306428 0.2776 0.247459 0.219898 0.234674
GYG 10.8899 11.0915 11.1758 11.2437 11.3847 11.2765 11,1963
GAW 0.644732 0.642349 0.702335 0.808436 0.820488 0.782995 0.828497
CCB 2.81907 2.81747 3.05387 2.94054 2.98222 3.17202 3.21947
CCN 3.16732 3.12405 3.22516 3.2979 3.2939 3.34979 3.33804
JLB 1.09399 1.07392 1.04884 1.002 0.98835 0.937574 0.945895
JLN 2.54784 2.52498 2.50636 2.42792 2.38443 2.39963 2.45227
GSB 3.19609 3.16823 3.04797 3.08132 3.01596 3.08572 5.17884
GSN 5.97062 5.89606 6.19579 5.98543 5.89581 5.69767 5.82629
JEU 0.142806 0.167401 0.188083 0.180738 0.199938 0.20051 0.179816
op,— 2 P,/ P, ap O EER ek S8 A i
= pr p/P & g FAP
s7He] Aol W7t o] ATt EIFEHATH
) A, o] ATE A ATE ALgEle] AT T
DI =— 12 E(P)E Z3I B4, 197 =4 RRE
Y|Pyl P;— PPl (4)& 199 A% GDPE Z3dck. A, &
e 2= WhZo] Ao old ARz} go] k= A
< HAFtHAng, 2009; Han, 2018). £ <

FolAE Q18 A (EDU) 24l 84},
AL wpE 2GR W g

Ry

LS|
~

AREBEIT. UA,
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Table 3. Manufacturing diversification Concentration Index

Reg 2013 2014 2015 2016 2017 2018 2019
SEL 5.88734 5.85726 5.96909 6.06002 6.12767 6.29975 6.43045
BUS 141754 14.5902 15.01 15.5012 15.9636 16.6626 16.7599
DAE 9.60635 9.63988 9.55219 10.2216 10.5254 10.958 10.9568
INC 9.3605 9.61241 9.72713 9.62173 10.1277 11.0339 11.9392
GWJ 11.3875 11.4433 12.1735 12.6778 12.9988 13.8859 14.2614
DAJ 9.57864 9.62108 9.79889 9.93318 10.2002 10.5841 10.6954
USN 3.41638 3.45621 3.60377 3.78397 3.79282 3.93702 3.98782
SEJ 4.48516 5.95907 6.76387 7.5266 8.32685 9.17517 9.97372
GYG 9.84676 9.82707 9.60767 9.98074 10.0616 10.7072 11.2237
GAW 6.75466 6.7917 6.97147 6.98775 7.10462 7.3761 7.56659
CCB 7.11481 7.05558 7.15026 7.13984 7.10165 6.9245 7.15998
CCN 5.57815 5.69053 5.85873 5.81734 5.99391 5.95147 6.21124
JLB 8.68321 8.5514 8.82802 8.818 8.84492 9.0668 9.2255
JLN 5.82783 5.69638 5.7197 5.97511 6.09281 6.2473 6.52222
GSB 6.54457 6.48547 6.71886 6.88275 7.1589%4 7.5346 7.92016
GSN 4.9546 5.04628 5.13869 5.39009 5.53698 5.84394 6.0092
JEU 6.1566 6.1511 6.30021 6.47928 6.5626 6.85727 6.99983

slo] AHTA (FDI) o) =9 dukdoz A
o Aol A A} dApelE At &
o] APFAE |Eold 2 ke @Al

AR I, ol A FAEIL ©@4 HH
= #4E gAs] 93 Ve dadel=
=8 F tH(Bwalya, 2006). wWebA] E Oﬂ?oﬂ
NE del AHFEAT CO, WE 2ol 11
= g selesc e, B dvt
A T2 24E gt d4ede FE
TP HA oA HEEE AT EAA U

o] AT IND)E 221 kAR
=& AFg3cH(Poumanyvong, 2010; Han,
2018).

2 AT HEH HEFE 2013WRH
20197hA] FFE Ul 177 F2 PFFH
SHA 17, FA] 7, = o7/DE 7Hke s
st} 2 HoJEE KOSIS Z7EAZE ] &
Al dlolE & &83l3th. BE M4 AR A
2 (Table 1) o] AA= o] it} A H A&
zk, Hdigke] Zol7l =& Aoz yEton
Jdidez e 9 2 Hapl E Aes
Elytth 7 A9 s Ao A9} ghi v &
o7t dE RS AARSITE

z N

jad

B d7e Sl 177l Fa AT Alx
i XL-E—‘ YA ot st JAATE =5
sk7] S8l 21113 2(12)5 &-83t}. (Table
2)2] 177] A9l dwst JHATE YEsid
Azd dEest JHA57F =& A9 diA,

;\]_ ;17] 7:]:,1_ 2 Ad x]e39] 74_§ et
o o]E AYelle 7 Az AL AdeA
7b 249 o] &4k X}Ex}*&%ﬁ A= ek
Te AEs} AGEATE o] FagEo]
AFAe AFEe Ay dest 257t
Hog e ZoR Yehyitt, o5 A9 A
z24 A o] Yol UiitR AxY HHel
FAEA B A gt o= AlFAleh
AFrme] 4 gl A i Heke] Fadiey,

(Table 3)2 177) A|fe] vrest HA A
£ udsl Az teks AHAe7r =2 A
Ao| Bk B3 77| Q1A e
gt} ol= 015 Aol Az TtFst FEol

=i Az T ddsite de wdd
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Table 4. Correlation Analysis

SP DI P A EDU FDI IND
SP 1
Dl 0.017 1
P 0.115 0.114 1
A 0.035 —0.646 -0.041 1
EDU 0.150 0.131 -0.183 0.047 1
FDI —0.031 -0.159 0.644 0.169 0.032 1
IND —0.155 -0.287 —0.206 0.448 0.182 0.071 1
VIF 1.12 1.97 2.30 2.05 1.25 2.14 1.42

o 2rkel Az vekst FA AT P v
Aoz Vepdth 1 o7t Asxl B4 2k
< AR AdEA v FFY Axd
S S AAE bl fle AR E
Hoh 24k AblE Sal & Aol dE
st JA Aok ohekst JH Aol digk v

WA 2AT 5 gE A T F A

2 2 flo -

[

2. SUTASHEA

oy &
(g

iy

o

v

ol

ol

~

rJ
a=)
b
I
1
o o
ol >
o, >,
2 o o o

= g
% A7, (Table -
Wy ke e 46 85714 &
7} gl FEoR deten nEgaA 2
SIAE Sl e Aoz et
AAIE dlolE] Aol v W] A
A A AR 5 gl ARE A
WASHE o] Fasith 1A Ane] A1z
AL Felshr] f18l #id @42 7 (Panel
Unit Root test) & AAISH}, B AFox] ARE-
gk 3'd dlo|E o] A§ TYNo|EZ HT &l
A7 (Harris and Tzavalis, 1999)& X|&i3ic}
w9l A5 A0 felaRol 0,05 o2 v}
U RE wde] 2ol welZol Zakt
A o WE WAt el Wl AL B

213tk

RS

¢

mlm huin)

?2) 37t g HAKSpatial
correlation test)

B ATolA, Wa wFe) B7bH JEU)
£ gX317] 93k ov] At H2EZ Moran’s
IA]4=(Moran 1950; Ansel 1988)7} AF&E At}
F-S At TS ES 2= Moran's |

A ggel Aow AN & o,

E E ln] —InJ) (ln] nJ)

Moran's [= =11 (13)
Z (Inf, —In7)?
i=1

A71A Inf= A
dERy, Infe 1770 A ejeire] g vl
Fro] BaEgs vehdie, W 3t
48 ofugith

B ATx e R ES 7Ive R g
o HH@ A329] 3d Moran’s 1 %k—% Akt
(Table 5)& W, W, 2 W5l 2JgF Moran’s
I gkol Z+Z} 0.447, 0.492 E 0.558°]1, 0.0000
o] &5 yEhdth, webA] ©ha v Skl of
3t Moran’s 1 ZHe AFF3s oFe] F7HaaA
(spatial Correlanon)E Ueht=d, 5 Az
B EFo] =2 A 9Eo] B e AH
e = s —}F AT,

(Table 5) o w2} Wil ofgh F3H4 &
A7 W, 2 WoET} f25H) 7
Hojgr}, webA g e 338 A3

1
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Table 5. Panel Moran's | values

2013-2019 Wy 12 Wws
Moran's | values 0.447* 0.492"* 0.558"*
Observations 19 19 119
Note: *p<0.1, “p<0.05, ***p<0.001
Table 6. Model fit verification
Equation 6
Contents Methods W, W, W,
LM-lag test 50.371** 26.506™ 25919
R-LM-lag test 1.625 0.545 0.291
SAR and SEM
LM-err test 84.930 41,648 46.288*
R-LM-err test 36.184"* 15.688"** 20.659*
LR-lag test 14911 140,12 140.08™*
Simplified test of Wald-lag test 35218 287.09" 293.65
SDM LR-err test 132.40* 140.14"* 142,73
Wald-err test 174,18 24019 27421
Hausman test Hausman test 1376.70* 1992.50"** 394,94
Spatial 13.30 10.37 10.06
LR test
Temporal 434 141 445 45 442 22
Note: *p{0.1, **p{0.05, ***p<0.001
Al A, BAA 23485 &z Foll =24 X mF ol AAE S ol= SEM
Wt Az @i & IHA ds & 2y AREA EFRAEE R 3o, 33t
£ I FHAe AHeE ¢t A Ae He o g gl o] sDM A&
Adoz AT Ao o] YT Aol bR BT Bt ol Lesage, 2009),
= AL AAE Wald % LR(Likelihood Ratio) AA& 3 4

7 dd 2o 2ulE AMES $3hd,
LM(Lagrange Multiplier) 7783} Robust LM 7]
§-& AHgsto] 37t By ded /& HAE
3o} 3Fch(Anselin, 2008). (Table 6) el wz}
A7) 3 A58 (Spatial Autoregression: SAR)
o] IM TAVE BE ¥ o4 AHE F
ZF3FARE Robust LM $A1E 53314 &35+ A
o2 Yyehtor, F7Fe xR (Spatial Error
Model: SEM)¢] LM % Robust IM B4+ 23

T8 RIE NG > Ao RE FolEol
A SDM®] Wald B! LR SAEI} frofgh 2o
2 e} SAR 9 SEM 9]¢ SDM< A €t
2 B4 AME-EFAT

Hd dlofe] A ollA] -1t A (Hausman
Test)& 1A E I} (Fixed Effect) % AFFH}
(Random Effect) = 28 AelS |3} AFE-
"o}, 71E vpH e R ARl Z1ZEW AL
A E3g Aol kvl RS AeAsA
Hod dgEy 2y deEs|op gt
(Greene, 2008). webr] £ AF-oA= sk
Tk A (Hausman Test) S AFE-3le] 2E o] g
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a8 WA sersn shean 94 A
0.001 oJste] fo|&E= AF7Hd o] 71ZHE]
o meb] 3Es RRE Hesen, o
LR 7ol we} oA AR ngas
(Time-Fixed Effects)qt E3s}sof 3= Zo

et (Elhorst, 2014).
4 B2 T 2E g

Alzq dwst 7 9 odst J4 244
o} Az gh S, A FA WEE
&-8-3to] SDM #2415 G333t (Table 7)
o IS EY A Az ©@A wEdE
gk sbme] 74 A3E HolFEnt Al 7HA
Vi@ Eel o8 F7A718AASF 6 kel
st ol 2 YElTth &5

#e B 2HR N 7 U e
W, ol ¢J3k SDMe] § Fro] -0.705% ol
o] Az &x wE Aot 1% S/
) T A 9] AlxY w©a viE Fdt A=t
oF 0.705% T4 4 J5S vERdT ¢ Z
= T A9 A=y HH
= JFS vHH A= A
steh Whe] FREAE A ASTL

(-1.364)& A Aoz gl AA Bd #=5
o] Hlx=gk A 7+ Az @avlE Aot A
2 Y 2 9L vAE o= e o8
o] Az wHolA o F3s S Hol

™

N Lo kool 2

12 2 o 4

I JEEs HoFEr

I AR YA 3T ES TAA
o° 2 FAS 4 glth(Leenders, 2002), wahA]
3 A" BA BEL2 oA Y s
9 Agste] 24 Aueh Axshen 4F
3te] B3 o] g (Elhorst, 2010)E HH 4=
Ut B Aol 33 Ad 2y W, W,

9 Wyol 374 Aol wpet F zpol7} vehd
A e Ao yehst dutres 37}
Ao wge] R} log-likelihood

Zholl wg} 24wt 23] R29} loglikelihood
Z Ftsdds H4 33

718 Holgtkar #dsr 4= 9ok (Elhorst, 20105
Stakhovych, 2009), 2 dF-ollA] Wyol <A

23 R9) loglikelihood ko] BF 714 &
Aoz Yeht Wyt dlolHE Bt & 3t
I A9 F7F BAE 1o ZEsH vk

F AeS AAKSH
B AFtolx AR 1A A5 ZH= ARk b
g B¥x FAYT Aol wet dEs HF
o] &4 WiE AT v dFS Fo=
(0.035), thFst A o] & W& A=ol A
[e]

= JFL F22(-0.01DE YEFST, E=gE <l
T R} 191 GDP7} ©AHE Ao w1l
T ¥ 2T oz yere HiA
STIRTPAT =3 o] 7P} dx|giet, A-AE
3 FDIT BavlE Aol 29 d3s FaL
22} A v gaulE ARd o] JFE
FaL, BF ool REeE 2o 2 et
H]F 7 d 28 (Non-Spatial Panel Model)2
FA Ayt Fout A 2 I3 #AAVE L
HEA| o} =4 Aol A} A& 4 T
sk v Fed R el R?F log-likelihood
Zkol FHAERF o v]3] vl o} 7

i

T

239 $4E WIT F QU

37 A7) BAAG 6 3ol FrelFEAA 0
o Umz 1wy FAT A4 ALEste] %
g gk 72t S| oA dFs o
sk AL HAsEA| gt} Elhorst(2014) 9]
FAEE 7IRke 2 2 W] ks Hrtst
7 Slal B Aol AvEe Agste] 2t
2ol SR Sausol Vs GFE
HEs, PES 9 % AR Eoshel 24
stoack, 2 =Qusel A4, LdED 2 5
EETET

Az dwst FA Ao A aves Al
7 Vs B mF SAHSR &
ok o] WFo T Yrsith. olE 5o Wl
ogk Alzs] HEst JA Ao A ade
0.0332 23t Aoz Yeyth o]z [
st A A7t 1wz F7rE A @A e
FE7h oF 0.033% S7kehs AL ovlditt A
o g4 v Aol tigh st JA Ao
Hades gt & B vsith
B0l Wyl o Alxq A3}t 4 A4
A BENE 0.0730% Fofdt o vehg
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Table 7. SDM Estimation Result

Variabl Equation 6
ariables
Non-spatial panel model Wi W, W

P 0035 0.044"" 0.110" 0.070"*
(6.06) (2.447) (4.898) (3.540)
DI 0,011 ~0,053"** ~0.069"** ~0.058"*
(-6.68) (-6.970) (-7.721) (-6.824)
P 0.024 0,181 0.136" 0.159"*
(162) (4.279) (2.804) (3.360)
" 0.208" 0.230°* 0.285"" 0.330"
(4.00) (2.044) (2.188) (2.615)
HEDU 0,140 0,216 -0.308" ~0.256""
(-8.70) (=6.207) (=7.467) (=6.597)
D) ~0.026" 0,033 0,087 0,031
(-2.37) (-3.664) (-3.491) (-3.063)
D 0,669 0.510" 0433 0.304"
(23.63) (6.056) (4.348) (3.939)
) 0.201"** 0.250" 0.179"
WinSP (3.682) (3.799) (2.943)
. ) ~0.182"** ~0.198"** 0176
WinDl (-7.213) (~6.888) (~6.092)
. ) 0,364 ~0.476" ~0.505""
WinP (~4.871) (=5.384) (-5.715)
. ) 1,480 1,538 1,006
WinA (=6.320) (=5.702) (=3.675)
) ~0.454" 0,558 0,481
WnEDU (=7.068) (~7.354) (~6.664)
. B 0,073 ~0.058" ~0.052"
WinFDI (~2.667) (~1.861) (~1.735)
. ) 1.488"" 0.954°" 0.738
WiniND (3.629) (2.058) (1.617)
5 ) 1,364 ~0.652"** ~0.705™*
(-5.914) (~4.396) (-4.334)
R-square 0.41 0.79 0.75 0.83
log-1ik 25,0539 96.4300 95.7936 102.6211

Note: *p€0.1, *p<0.05, **p<0.001

o} ol AYoA Az AEst JH A7t 2 Uelsdeh. wiell ojg & adtel #usty,
1o g7k wubet 304 dadgs S8l )l 54 A0l 1% AEst FF A5 S
A A Az "2 E FHw A= sw AA B2 Axg w@x wE: B} o
0.073% A& 7= AE orjgitt, & 0.106% Z7}sl= AL oln|3it}

2E nF BAZHOR FXEA ool W
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Table 8. Direct Effect, Indirect Effect, Total Effect

_ Equation 6
Variables Affect W, W, W,
. 0.033" 0,091 0.048™
Direct (1.731) (4.514) (2.454)
. 0,073 0127 0101
InSP Indirect (3.483) (3.415) (2.604)
ol 0.106™ 0,218 0,149
(3.708) (4.949) (3.429)
et 0,045 0,053 ~0.036™
(-5.617) (~6.165) (~3.738)
. ~0,056" ~0.108* ~0.102*
InDI Indirect (~3.549) (~4.356) (-4.194)
~0.100" 0161 ~0.138"
Total (~5.919) (~6.504) (=5.237)
. 0,238 0,212 0,272
Direct (4.401) (3.344) (3.320)
. ~0.318" ~0.418" 0475
InP Indirect (=5.287) (=5.099) (~4.967)
~0,080" ~0.206"* ~0.004
Total (~2.690) (-4.779) (~4.931)
Direct 0,390 0,505 0,568
(3.131) (3.387) (3.571)
. 0,925 1258 10207
InA Indirect (~8.662) (£7518) (25.753)
ol 053" 0753 0453
(~3.637) (~3.193) (~1.804)
Direct —0.204° ~0.004 ~0.206"
(~5.639) (~6.926) (-5.172)
. ~0.081* ~0.238" ~0.206™
InEDU Indirect (~1.874) (=3.704) (-3.874)
~0.285" 0,533 0432
Total (~6.053) (~8.086) (~6.244)
. ~0.031 ~0.034 ~0.026"
Direct (~3.246) (-3.132) (~2.399)
. ~0.014 0,004 0,023
InFDI Indirect (-1.057) (=1.086) (~1.064)
ol ~0.045" ~0.058" ~0.050"
(-3.449) (-2.628) (-2.376)
Direct 0,443 0,355 0.311"
(3.850) (2.496) (1.906)
. 0.414° 0.493 0.371
IniND Indirect (1.826) (1.464) (1.052)
0.856™ 0,848 0,683
Total (5.269) (3.197) (2.567)

Note: *p<0.1, *p£0.05, ***p{0.001
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Fig. 1. Regional indirect effects of manufacturing diversification
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