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The Effects of Environmental Regulations on Technology Innovation:
Focusing on the Technology Intensity and Firm Size
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Abstract: This research examines the effects of environmental regulation on technology
innovation, with particular focus on technology intensity and firm size. Our analyses show
that environmental regulations were less likely to affect innovation in the case of
medium-high technology intensity (e.g., electrics, chemicals, and vehicles) where there is
explicit market demand for low—-carbon and eco—friendly products. Results were also
statistically insignificant for firms with high technology intensity. Our results demonstrate
that due to the uneven effects of regulatory policies across firms, the patterns of innovation
vary. Regarding the interaction between firm size and technology intensity, the technology
innovation of medium- and large-sized firms with medium—-high technology intensity were
more likely to be affected by environmental regulations, unlike their counterparts with
different levels of technology intensity. These findings help distinguish between firms that
should continue innovating with existing regulations and those for which non-regulatory
measures are more effective.
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Els ﬂoﬂ A H UFOV} 2 Zol= 719 iﬁiﬂ %}% -"]'Xéoﬂ
A 178‘% asfop gtk HaF7F AAL It (Flammer, 2021
Jiang, Wang, and Zeng, 2020; Zuj/d-o]A&, 2021). & E°] BESG
(Environmental, social, and governance)® YZAo|X|+& o]EH} &7
HA A= 7|9ER otolw 4 Aol disf ALH o FEE FA
ofal AAESH A|AHE =T AS Q7S HConnelly, Certo, Ireland,
and Reutzel, 2011). AIZo|A 9 9 FA] 7|FE°] THES 18T Y
HA=E FEotal 9o, ojof Tety 7|2 tharet X g4l
FA6H et & e5d SHEA a9 FA= HA R4 7Y
2 H5lole= A HQltkBowen and Panagiotopoulos, 2020).
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Horbach, 2019), &34 &5 A% 9571 A= 7
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1. 372l 7= Lo et e

SAFA g3t 718 AFES A 7190l viAE 3-8
ot 28-S w1 tk(Horbach, 2019). 4P Al3)xoz 7
o] QR FIE THEolUf7] o] FH = 719EES ¥ F7 AActe
TAE FaoHA =1z, of2gt A= A3t 7199] FAAIA ] dATH
Hl-§ H| 882 %%E}(cOase, 1992; Kalt, 1985). &, &A= IAH4
o7 7119 45 Asfgtthe Aolth L2yt oje} g A7t 7]
EYAE A5 7199 A FRAI7IIL 718 BALAE o8 &

A= EHO 7Hdo] A|7|EHA|(Porter, 1991; Porter and van der
Linde, 1995), 47A17F 7199 AAA - 7142 Aalo] 2AHAY <= 9t
© =7F AR QI 1o TEW 8 @ A2 A A7 24 8tE] A o
of HAct= A9 JH|E DAL Sl FA 9] vl aE&Z gelst



ST 71230 0X|= G 7|8 TAEY 7|2 S SHCE « 91

1 JjAeHE, L AEE wiEA B ofgt $AEVMA T 7] £ itk
(Porter, 1991). 19| 7}4-& A&7t

WA AFE Aot U ofof thgt tfFEES] A5 AF E 4
AEopo] wet AvtEl= 23S UEhWim(Shao, Hu, Cao, Yang, and
Guan, 2020), ¥ 4&2 WA %52 ItkBlind, 2016; Horbach,
2019).

o714 5T FL2 o|fe AF=2 HAR LoHA SEHFATE BE
7190A @FEZ PIALL Y2 AAR ok Qok= Aolot. Iy dA
oA SFFAT 71ed4lE AT fRACE AESHA] Y= 7Ihol

4= It A AA R, 71eRoF 44, AAgol 719Fl S5
LAY (Flammer, 2021), LFEZ 8jEo] bju|sitbH(S. Wang, Tang,

Du, and Song, 2020: 41435}, 2014) 2HF41AS] F&F2 vlu|gt 5= Qlr}.
ZH = A7 A 0] BeAde wolal BAS Ao A
719870 384 FFE 71E Aot AT Porter and van der
Linde, 1995), €& &ofof qlo] ol=|gt vlag 7jAo] & 719449
A0 7 A= AL obYtHDosi, Riccio and Virgillito, 2021). &4,
ZH 9 AR SHHA stolA 71&FAE olFH AAFHE vHEA
o= ARt 7199 BS-E AL EAL of2jt Bole &o] 7Rl
SAFA7E flEEE o]2k= ARl AHAEY HA-AE FAISH] 9
St B 07 7|&¥AlS 7 4 AtHLi-Ying, Mothe, and Nguyen,
2018). AA|, SAAI7F 85t PR eEolY L dE4 HHZAZO o]
0] HELE 7] QA 2T 5= Atk o|AE A7 85 710l
719o] @A 7HA AL Q= 71 5 olstol HRXITHH 7] o] Q}ﬁ‘ﬁuﬂ
2 QA3f AEfof st FAIRIES EASHA] F=tHShao et al., 2020).
A A stol A 7ledAlol gt /12 71eFAle] 7|7k et A H|
gof wet F-5H+=H(Olmstead, 2018), oJAH AH]-&o] drAslA] &
=0 SAFA7E 71e84lol FF= 7IX]7|= ofHH
o|e} Zo|, 7199 B 11 YIS BTt B 7|dE0] A
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I Qloha At = %LQE%(Shao et al., 2020), olof thgt ARE A=
= B4 A7) HgFo g ojojA 4= Qlti(Becker and Egger, 2013; Hill,
Johnson, Greco, O'Boyle, and Walter, 2021). WatA & A= 7|&F
Alof gt SFAIY FFZ EAT Qlof 1 o] obd J3Fe] &4
ol 28L& 71, SBFA7E 71edAld] 9FE AR ge
A U= ° 1 5RE &

SEO
IS 39
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71EA g2 71E94S 3t MAZHolH. Zawislak, Fracasso, and
Tello-Gamarra (2018)°f] W=, 7142 71€4 AZHinnovative performance
% technical performancel= 7|24 H=Htechnological capability)?} %3
A=K operational capability}s B0l B4T 4= Jt}. 7€ IJF2 R&D 5=
Sl SA% 7164 A4 YuiotH, &9 A PAF HA3) B AL &
A9} TAH RS SohtH(Zawislak et al., 2018). WeEkA], TR 27|
s, 71ed AhE 7H 7192 7egAlolA 915 A gE0] =
ATFAY] TN o3t 71&H AT AH LA WAISH ] flsh
s AE, & HAVES $E 7 Ue 84 T SR oFoldin
(Horbach, 2019; Olmstead, 2018; Porter and van der Linde, 1995). &
At A stollA] 71ed 71 AUe 7192 AAHIES B FAE A
AEBE 7H &= Q= Wh, 134 g2 7192 FASSE 98 5714
9l BEXE gfjof 17| wjEo]th(Coase, 1992; Gunningham and Sincalir,
2017: Olmstead, 2018). °]2{3t 7FAH-§ A2 T2 02 7]|&F 419
7172 #0171 "Zll(Olmstead, 2018), 719jo] Ad 7]&4 JF2
71&94 ATE A5 g AAl R0l @A 7ed4 R

ojojz]7] {5t JdZANFE & 4 UrH(Liao and Tsai, 2019).
=2 R&D 54, U5 R&D &5, 59 5
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4 = 2102 JAYTHBlind, 2016; Horbach, 2019). 7]& A+
SENEE A oE A= 7199 R&D FAF H E5ole
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=A| 3 HHorbach, 2019; Shao et al., 2020). °]+& 7|&9] A&

YAl Aol FaFZ v = A= AT, 71wk N 7L
o] theet Sl gk SR 127t nuigr] of
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HOIthRubim de Pinho Accioli Doria, 2010; Shao et al.,
2020). ololl Bot] 1w=3tE 7|9 AY, SAFAL ol He o
EZ4E &0l AT 9r] Hok= JE 185, o]Z2A 7|1&ed o]
£ 719=00A &3 HFA7F rliA= 0353:% oa)g 4= QUEHP. Wang, W,
Zhu, and Wei, 2013; S. Wang et al., 2020; Al4s}, 2014).

qkoF IE7} S H}ﬂ‘}‘ i}ﬁﬂ-xﬂﬂ 7] FAIZ Flsl 7199 Blm
&2 st FAHIES A RS 7T EHd(Porter,
1991; Porter and van der Linde, 1995), 71&4 92 2= 7192 4
A StlME ofH3s] 7|egAE =T o] FEL Aot} 1=y
Shao et al. (2020)9] A&} Zo], A oA ojv] LAEZ] Hi&
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o ]E}(Shao et al., 2020; Sun, Wang,
Liang, Cao, and Wang, 2021; M. Wang, Li, Li, and Wang, 2021). 7|&%
e TAREE 25 FAA JQAEHES} AALAE ATE 5 YR
g, ol EAFA9] 71EE 2A5te 71 & 7H 71Y9olA &4
A= 71E84 fU02 A5 ofEE # 1ﬂr(BliIld 2016;
Horbach, 2019; Shao et al., 2020). &, °l&9] 7|&gA4lol| 44147}
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(Carrillo-Hermosilla, Kiefer, and del Rio, 2019; Horbach, 2019).
7120) AolA oldiet 71do] £ dlRe F2 V|t HeE
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_1

2

rlo
=
>
o
>
2i

ol
1o
o
rl?l
oM,
o)

N r_E d

QJ Jdgow 7]%9"%4lﬂ HFs AgstAY 347 AlES AAA R
WA FAS] RS 2adtel= 1’—5*% E?i‘:}. SHARE o]e} HFth 2 4
TE 7149 B, &H451A stollA 7|€8412 2518 AR THAshford
and Heaton Jr, 1983; Blind, 2016; Horbach, 2016; Rubim de Pinho
Accioli Doria, 2010; Shao et al., 2020).

ojAd & AYS A= ttE 712 GAAH R Fite = AHE

of AloFEA] ¢kl 7|e4lE FASAY SR HA FiEE AFS &
Aol 7ledgAl WS HAFTHBlind, 2016; Rubim de Pinho Accioli
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Doria, 2010). 12t o] A%, 0|59 7|&F41Y A A A= &4
TAZ H7]= oy, 7|24 os ?Fxﬂ‘ﬂ]*‘lo] ol59 7l&gile I
AlokstA] ehQtal, ERL o5 iR 7|AES FAIE H¥ots YFE
71&€94e 7] gzl &3A7F 7]*"‘{% AkstAY A%
o HHS 2AE FEA gk 5] ojHihs 29 AT SHA
SATA Fol A SE 2= 7IdE0lA ol BEFAIY FFE 2 vl
ettty HiE Zo| © AFEsE Aol HokBlind, 2016; Love and

Ashcroft, 1999; Zawislak et al., 2018). THA| Edf] 0|52 A &F I
= 59 Q}ﬁ%xﬂ-/] 2 6]’_—‘4 T -4_1_9}0}74‘% °P°ﬂ g 4 9l
ong IAHA

Qo] £ gelE v ol Aol
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[PHE 2-1] 7271 2 71¢Ys= A7 7 Ieo) gas 01 &80| He
Z40|Ct,
71 2-2] 718X 917t =2 7IF0M, 7IEHRE EEAIL 7SN S

= 0 gEs HE A0|0.

1. CIOJE] 2

2 3= 20204 HE7|Fd¥ Al ZAKKorea Innovation Survey, KIS
202009 Az B2 o8 E He7|e A AT U2 RE Ao} A
&5kt KISe SAIZAIRAL 7ho]E 2RIQ1 OECD &2 viwdo
(OECD & Eurostat, 2018) 7|9tste] == 71 &9 £ARo|t of=et
KIS= 8070 o1 =71olA 209 o) A= #d A7t 5] 534
%] Qlof(Biscione, Caruso, and de Felice, 2021), ZF £3}9] Aole} =
3 & AAL dato] digt FEL oot A5l o]FoiZl HolE o]t
ESE S7HEE 99 Aol7t Q71 sHAW, CO2MiE, <844, ¢4
A 59 o] HEs] 2o o] FXE} FAIS sk Tl
T Wo] ARZ-E| 1 QIch(Biscione et al., 2021).

KIS 2020 2017~2019% 3t 71985 S A-EZL=AF 109 ol
O] AZAAE AL E 20209 8~10€0 2H 7|AFALFo| A3t
E& SHATHEIS et al, 2020). KIS 20209 £ 5 E49] 74
7t GAEES SAPEA, A=A B TPV & A9 F83% 2
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TAE LAGAIAAELY AP HlE= SHTFo=H EA o vhds] &
HGrover, 2017; Huang and Liu, 2019; Rubashkina, Galeotti, and
Verdolini, 2015; Y. Wang, Sun, and Guo, 2019). 184 o]= A=
dHglo] g Al EUsHAY EUSHA] g 7S RS & 9l
ALY e Bete] BA HFS £ 9271 Uth(Huang and Liu,
2019; Jaffe and Palmer, 1997). WetA & AFolM = SiEQE L2 &
Het A A8 WA Y= 719 AlQste] 71E A4EY] AR
A71=o] P HIFZ £o]11A} 5Tk

T2 S e AAPEAE AGS 2= A== SHPAT, <A89=

l(ordered logit)®] 7Fg3 Zo](Long and Freese, 2014; Powers and
Xie, 2008) o =< 7t HF=0] ©det AYU(single dimension)ofl A
St AEE Z=thal B7] ot} SAAI7E 71& gl 40 - A5
Stz Hloll= W&, R&D FAFR}; 22 A Aol £ ofyzt, 7]9do] &3t

0

1) FE23] okl 719 S E BB Z 4 Uk FAZ SHER ANT A
A 3A7H2017~20199) o] FA7E F14He] HA1B5-& £5 AL U7E of
o Ashel S U7 1 ake] Wt 222 Wokstel 440" F BN A
A FZS A8
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2o A& zpo] IA] ZA517] wjEo|thBlind, 2016; Horbach, 2019). T
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SHHPE 7oA 7|, 181 o] & ¥go] Aot
Foltt. 71&F = (technology intensity)=3) & A7-ollA 2]l 7]

£ Whdsh= M=, OECD 7ho|=gfelof 7]utsto] At R717}
H| R&D H]&-S FESH Galindo-Rueda and Verger (2016)°] wh2}
ATMEY ARHEARIEFIEE WAsto] AR 7leddes
HEY HLE FA(medium/low), S(medium), F3(medium/high), L
(high) | IF0 2 FEET & HAR, 7|74 Es A7 |AHEE &
Stk HAZIAFEESA7|47IEH .5 e HEC U 55 AT

ZIEor 2719, 3719, FA7IY, V1L

2, 7 o ATALICIEHAE x 7 dR)E ARSI ols 87

2) WA (1)REE HEACIAE £4E 2= HeE 5t AP Z A (ordered
i 5= o2 Al © 2 (multinominal

logit) 243 Z3t £ 29 dZufjdlo] oo FHYP HE FEOZ ‘HE/Y
TS N A WA ol /oA o [Tk A E K /o] 9= 21} SHA &7} Aok YRt
‘FEFUT FFUS" ol FEE A

3) - Medium/low (A &&, S8, AFAE, I5, 7I5/7P/AE, B4/ UFAE, 9=/
ZOo|AE, Q4712 H, FIAA/A/ASAHAE, 71
- Medium: 15, EA 8 vF&/FEAE, (A5, 257HAF, 718HAE, 4
J-&71A /7|4
- Medium/high: 3Fet/318A1%, A=/ /F87171/AA, A717H], 715 714]/3
H), A5/ EH L, 716 =531
- High: 98 854/9%F, AARER/AFE/IY/=F £ 543



SHAHZE 7|23 M0) 0|X|= FE: 7Tz 7|gHEE F4oE 1 99

TrAsEelA 71 kol wet Z|FHFETt 71ed Al nAs T
Wi AEsjelen) shelsls) fig Aol

o|go] & A= FAFAZE 71edAle vX= ¥ BAE V<Y
9] 7\e7 ek A 83t e
S35 AHHow BAL o
= 4(Cainelli, D'Amato, & Mazzanti, 2020; Colombo, Foss, Lyngsie,
& Lamastra, 2021), 2T =% G99 ZAAY Y oBE SAH
THHorbach, 2016, 2019; Liu, Shadbegian, & Zhang, 2017; 443} & 7
FL, 2016). FHACE FAY ZSHA = FRALAE && 75
S, AAAR 5 AAA A AT SANAHARL, 2014 4
F4]-0133%, 2014; Aehe, 2012, Eojgk-254d, 2016, 287 5,

2018).

= = o=
I ENERD) FEEESC] H D
B4 SEARI Tl Al 360K(17-19) BAYC FA A S B 000 o
H4 0Of CHEE F8K(impact) S0 FEkS OIFEX] S2(YERUS= 0, FEAS=1) =
EHX] 7| = o oOo(=. = Z=79.
=2 7|28 (size) ué;I._:.ﬁEE SATYH RRF-A7|¥=0, A =36
tho1=1)
SaEorE 7199] 7|&7eE
A (tegc;nglo ) 1. Medium-low(=1) 3. Medium—-high(=1) KSICZE 04X
gy 2. Medium(=1) 4. High(=1)
1. Medium-low(=1) x size(=1)
ASELE} 2. Medium(=1) x size(=1)
(size x technology) 3. Medium-high(=1)  x size(=1)
4. High(=1) x size(=1)
=x Rich 32H(17-'19) 2R LKAz 4
;A HEX|E(gov) * DMK, OXZXIH, O=8XIH, @AHX|H, 222
=T ®7|=2X¥, GRASKIH, @OFOHXIH
Rlct 382K 17-'19), ZHE A s 92
(EHZ9S=0, dg=1)
4 | & ’ 293-
(%’X“IH)I“ * SXTRI0| OJst 2R Hsl/7HRIS TN T2
ecoreg HIA BIZHRIQIR/E A7 [ xaelE Hr/2gAls U@
TRt 2422
xaxy K|k 3AZH(17-"19) SMEES 28 K X2
== EN=PN[=IES 219
(financing)

* OFAAH, @ASA/HZEM, @2 & §/8
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A, @FALY, @SIMALY, @FATZ 742/

o, OSYER, OXMAMAIH

Rt 3E7H 17-"19) AFS T=h

* D71E ME/MBIA Y, QUYE EA, @714
H2f(strategy) Y, OSHEYE, O4EHYE, @Y EH 21

=

S

BZ3, 012 ¥5E 4E
YROIR(stock) A AEOIR(IE=1, E9IS=0) 236
ZEQR(nion) A% NJRY| =58 RR(R=1, £=0) 239

ofF (& 2)= 7t HFEol et 7IeSA Aotk & A EA0f
Z8H MEY 36.2%7t S FAI7E 7Ieg Aol FF= vFHL &
g3om, 28.9%Y 719e] S -7kl &3, 71.1%7F FS471h0l
qEths d5 & & Ak 71EHAEE B, F(medium-high) 7]
SGEE 2= 7ol 48%F 7P Wi, FA(medium/low)-F

(medium)-2(high)7F 2+ 19.38%, 20.64%, 11.96%% YEFETH

Ol

(B2) 71284

Variable ~ Obs Mean(%) Std.dev. Min Max |
impact 1,739 0362 0481 0 1 SHFHAKyes=1)
size 1,739 0.289 0454 0 1 7|1Y42(SMEs)=1)
e (%)
1. mlow 19.38
technology 1,739  2.526 0.936 1 4 2.m 20.64
3. mhigh 48.02
4. high 11.96

gov 1,739 0665 0472 0 1 HEXEMZHE(yes=1)
ecoreg 1,739 0809 03% 0 BHIETH SRR (yes=1)
financing 1,739 16568 1.608 0 NESEE A R+
strategy 1,739 7713 3165 0 10 AR ML

stock 1,739 0217 0412 0 HEFR(ves=1)

union 1,739 0223 0416 0 1 LERP(yes=1)

EQE B AATE 71ed Aol FE mIFEA o F-(impact) EE
ZIeSAE 2R, F47I4T S -A7IdY] 2XEE FARITE
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A2 & 4 Utk 71SWE WRE FTmedium-high)®] WFNAT
SAFAL HAE GFS WAA ok B 7199 HFo]
Ak g AwG5.450 B 34T, 19 T
R WRAAE 3 49 A7 71$HA0] FFL vl Bk Sl
o A ek

impact Size
0.no 1.yes total 0.SMEs 1.)SMEs total
J|aTore 1. mlow 17.84% 22.10% 19.38% 70% 30%  100%
(Technology) 2. m 15.50% 29.73% 20.64% 73% 27% 100%
3. mhigh 55.14% 35.45% 48.02% 74% 26% 100%
4. high 11.53% 12.72% 11.96% 58% 42% 100%
718 0. SMEs 70.72% 71.70% 71.08%
(size) 1. )SMEs 29.28% 28.30% 28.92%
Total Obs 1,110 629 1,739 1,236 503 1,739
% 63.83% 36.17%  100% 71% 29%

H pul

Aol A4 iAo o, FoAedE EFol = BF HS 1Y
o] v|we} sfjAo] 5K Breen, Karlson, and Holm, 2018; Franzese
and Kam, 2009; Hayes, 2017). TtetA] 2 dt= 2ALFS ARESHE, 0]
o} HEo] AFLEEF = WA AAG £, BP9 B4 IHF
s7] el 2A LY EAZAIS SHA 7N average marginal effects)2t
A AASHL, APEERFY o] F4MS S| o 223 eAt
(robust standard error)& AH&-sHTE.

obhe] Al B ool 28T BFS Mol FAHOR B Y o
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AL 71€gAlol 9 v SEY SYHSERY] AFTAE 7H
St olE 7l&yotwel 7|9t o= Aistalat silth. AHA 1Y
2 719G Ee} 7eHGEE it 7|20l TR B2 7|ATE
o} 7| oA gE 2T HPolnt. olnff Vet Y
W2 FA(medium-low=1, otherwise=0), %7Hmedium=1, otherwise=0),
Z1(medium-high=1, otherwise=0), 1(high=1, otherwise=0)Z &%,
71 PHEE A9 71l E ke HulHsrt S8E AT (F4719=0,
SA/A719=1).

(1)E(Y|X)=B0+81xSize+f2xTechnology(medium)+2
3 x Technology(medium-high)+84 x Technology(high)++2 7jx Controlsj

(2)E(Y|X)=B0+81x%xSize+B2xTechnology(medium)+4
3xTechnology(medium-high)+84XxTechnology(high)+A
5x Size X Technology(medium)+86xSizex Technology(medium-high)+
87 xSize x Technology(high)+2 7jx Controlsj

FRIA ol ZAE A= 85, 86, BT A Ve A x| UL
F2AEFY Arz, 71EdFol vs] 24 2E0] 719EE s 7HA

XARPAOZ F7Hmedium) 71&-FE F, B1+p2+65 S
(medium-hihg) 7|EFF == A1+ 83+ 86, T(high) 71EHFE=41+4
4+ p7 ot
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1. 71228
G HE AT 71t AT G BT %S 7%
239 24230l ZAH O FEAZYY B Anz 2d
(D BANSE TG Aol 5D G} ()= AFRBRGY 24
%9

7345 E‘“(@ I EAESE 235t Axjo|tt. ol (E 4o &
PR FolA ||t W4t 1 B2 FASH
UrE}‘;i"«}.

(B 4) 7122 gH=2Y 2

Logit LPM
(1) 2) ®) @)
b(se) ME b(se) ME b(se) b(se)

71 size(=1) -0.075 -0.017  -0.197 -0.041  -0.017 -0.042

= (0.114)  (0.025) (0.159)  (0.033) (0.025)  (0.031)
712 medium 0435  0.096"  0.405 0.085°  0.108"  0.095"
o= (=1) (0.153)  (0.033) (0.158)  (0.033) (0.038)  (0.036)

kK s Fres *xx Xk s

m/high(=1) -0.659 -0.145" -0.658 -0.138 -0.146 -0.140
(0.136) (0.029) (0.141)  (0.029) (0.031) (0.031)

high(=1) -0.107 -0.024  -0.169 -0.085  -0.026 -0.036
(0.181) (0.040) (0.205)  (0.043)  (0.043) (0.045)

Controls No Yes No Yes

Constant -0.331" 0.582" 0.418™  0.626™
0.116) 0.178) (0.028) (0.040)

Observations 1739 1739 1739 1739

R-squared 0.034 0.064 0.044 0.091
(Pseudo) (Pseudo)

AIC 2209.712 2209.712 2317.710 2242.157

BIC 2237.018 2237.018 2345.015  2302.228

Il -1099.856 -1099.856 -1153.855 -1110.078

VLRI AT, A2EY, M2 L XQE ANODS EXE

2 MEsEas( PM)OIAS BEZLARXKRobust standard erron2 At23t

9 QA= * 0(0.05, ** p(0.01, *** p¢0.001
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A1) 7ISTATE SFAHTL IS SSS 01 &5

~
2y
| o
o
i
X
w
72t w
7|
A
Al L
o
™ -
g "
g |
=
=
ﬂ.! -
gl
Xl
=
&
= T
=
Q -
T T T T
1. mlow 2.m 3. mhigh 4. high

JEEYE
" 2ot olM SETAD} IS Qe 0 2
(SRS=0, FHRUS=1), M2 95%2| Hzlnzt

M 1014 & ATt gAel 7168 S92 g, o) o) 7|40
OFErt e 71AYSE BATFAL 714 B FEFL vIAA gS Ao

of

A5 22y B0l & 5= AR, S1Hmedium) 71E&Ht e+
AFA7E 71eg Al dFE vl FEo] S (medium/low, ©ALF)
71&X e 1] 9.5%p =31(p<0.01), FL(medium/high) 71&-IF=
+ 14%p RTHp<0.001). &, S 7|SHIEE 2= 7192 E49
TA7E 71840l FFE PIAA] @2 el =3tk (O™ D2 &
Heee BT 24709 gatoll G714, 2t 71ed el S AI7t
71&gile] FFe v GEFTFUS0, FFUS=1: predicted
probability)& 95% A2 77 confidence interval)@} $HA YEFH o2,

¢
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SA7|EHAE 7ol B 7] Hore tin] AL 7|eS 4ol JF
< & gEo] A5 ¥ AL HolErh ¥, (high) 71ed{ =
FA IE(medium/low) THH]| X} 17} S-olu]atA] o, 7|AFEE S-9]
osHA WetA] 4Tt

olggt FEHAE = 5, HlEH AYTA & dARIELT}

E ot ZtE o] vk AARAEE AdME S At
Az, 71e94l fIet Arlet 3789 A BAE7EE =o017] |
2ol o2t FXIEAAEE Ad 7199 71&T4l fe2 Z2 Hof
43ItH(Leon-Gonzalez and Tole, 2015). B&o| £ofo] E4 A A& <+
BE717F A1 APY] Wsh Aol 71edAl 9e/4d A Woh 13y

ole} FAlo] AAE A Y Fol YAt LAEH #iEsFol =ot
(Fahad, Bai, Liu, and Baloch, 2022; Song, Peng, Shang, and Zhao,
2022), SGHAI7E HiEH] & A2 ARt 7legAle] I vl AL
T HRIth AR 7|& AFoAE AdulEe] aaido] et ¢
et 7142 @AFA0] AAA R dgetthe FS A& skl 9loH
(Lepak, Smith, and Taylor, 2007; Song, Peng, Shang, and Zhao, 2022;
Teece, 2014), &3 7Al= AFY71HHA A (resource-based industry)2] 7]
=343 {Fougt BAE 2= ACE Uehd v SlthSong et al,
2022). M SATFATE 71E94E S ALY BeAdn B il
7198 4= tk= ZE 9] 7Hd(Porter and van der Linde, 1995)°] €5t
7] feiM e 712A o r Aot AAaARET YA A4 o] a3 7
dolofof st=d], ol#et F7IEHAEE ZAE 7|dE0] HIE L AR
2t o 0”3} ChA] 'l 7149 jlVﬂ%xﬂoﬂ ot A1 421 tf-go] ®E
AlgE & QAT (Shao et al,
2020) 5‘4 St @Al AHEe el F8% 7IdEY 7IedAl

Fe F= AR YEHYL =

O]Oﬂ H|3} %3 (medium-high) 7]1&3
Aol A9 dFol fl= 7ol



F 9= 717, A1), A5 2 EA U, 21T Alek 247

7 B, 052 H S2FUT A7 RHOR I3 AL

87 %87} WFHIL Y Boo|Hrorbach, 2019). olefst 29, o1

o Sl AMSI TERAE oUAY, LAk MEAZ 5 AR
(o]

80| Hgsk7] fgt Al U= 71eF4le] T2 mzol AAA L
2 A% A& F7 Qo] A3t vhH(Liao and Tsai, 2019), A5l
pan

ofgt At 22 R U2 FYulotA] k& 4 AUTHLi-Ying et
al., 2018). 7|& AolA GA] sid EoHH7] E F8H7]7], 2573H], 7]
Argu)elA 719 HEE BAA o]} gAE A7t 7]ofs] Y
o APg=g0] 715kt g g 4lo] 71443l Fastt= dS A A5t
I QITHS. Wang et al., 2020). oJAH F1L 7|&Htr o] 4, HeA
et AR =87} FFE= ool At A 7]& g4l tigt 3

F2 st JE, ¥ A £ Slo] & AXKE At
A0 & =2 7ESHNEY AY, JIE, AAREAFEH T
%49 §

O

Al o] L}, o] Eofo] AL, 7|&Wste] £t w4
A3} ol E |AJskE Zo] AgolA 9] AA-AE AFotERE AA A
Al E9lo] 735FchGilbert, 2020; Wu, 2012). T3t HoF EAA 0
Hj&4320] WS S 7MSHHP. Wang et al., 2013; S. Wang et a
2020; A1A3t, 2014) 71€541S B3 AHS A7 a4 FA] | 1
ol §ItHOlmstead, 2018). ThA] E3f| o]& 7| GolA qlo] T 41Al=
71€84l AAolA F8% 12 Aol o] wjEof(Liao & Tsai,
2019), A1AILE 71€84l Zholl §ouigt BAZE HokA 2 4 3
th= Aot

Zi
re

i
mol' B o

ofd (I 5) 7| ATFREA TG, B 2719009 71k
NoASYS B LYo ATt UG (2 2ALYY
34232 RdE0] SAUSE EPT A, () @S 43S
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u!
of
1o
£
1%
rjui
Fu
!
e
>
o
of
Y
L

3
il
He
o
Sk
i)
i)
0,
v}
N
re
a!
ofl
i)

ojulg Waeh 1 WL FAHA Led,

I 5) 7|PAR x 7| &Y : ASXR0S S|HEM AL

Logit LPM
()] ®) @) ®)
b(se) ME b(se) ME b(se) b(se)
71 size(=1) -0.480 -0.015 -0.701" -0.042 -0.113" -0.154"
T2 (0.248) (0.025) (0.281) (0.033)  (0.057) (0.060)
71%  medium 0.389 0.094"  0.341 0.083* 0.097*% 0.081
FoF  (=1) (0.180)  (0.033) (0.187)  (0.033)  (0.045) (0.044)
T m/high -0.881""  -0.142"" -0.911"" -0.135" -0.196" -0.193"
(=1) (0.161) (0.029) (0.166) (0.029)  (0.037) (0.037)

high(=1) -0.192 -0.021 -0.346 -0.037  -0.047 -0.076
(0.228)  (0.040) (0.257)  (0.044)  (0.055) (0.055)

4% medium 0.137 0.191 0.028 0.039
A8 +gsize(=1)  (0.344) (0.358) (0.082) (0.078)
m/high 0.789" 0.891" 0.176" 0.187"
*size(=1)  (0.302) (0.311) (0.067) (0.066)
high 0.325 0.563 0.077 0.122
*gize(=1)  (0.381) (0.396) (0.089) (0.085)
Controls No yes No yes
Constant -0.214 0.731™ 0.447""  0.658™
0.131) (0.191) (0.033) (0.043)
Observations 1739 1739 1739 1739
R-squared 0.0374 0.0689 0.049 0.096
(Pseudo) (Pseudo)
AIC 2206.838 2133.727 2314.504  2237.716
BIC 2250.527 2210.182 2368.193  2314.171
Il -1095.419 -1052.863 -1149.252 -1104.858

U HEXY, ZRETA, A2EY, B, LERF, ANRTE SHE

2 M3E2 D3 ( PM)OIA= BE LXK Robust standard erron2 At23!
9 QEAZ *5(0.05, ** p(0.01, ** p¢0.001
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(O3 2) 719720 M2 7ISTATE SEA7L 7ISM0)| F&3S 012 »E
I"--. -4
% T
8 @A I
1 I
i ?
7t 0| 1
a9 "
% | '
& =l :
H ¢
o R
I
™ -
= i =
& i |
= 1
t\! =
gj
x]
=
g|+ —
=
=
O -4
T | | T,
1. miow 2.m 3. mhigh 4. high
=Sl
-1 BAT|0| 2 i yaEu SEaEL ] SUE OY 58

BT, S S0l et
0

| 2t FpeotelA SADHI} TS FHE A uE
ES0I2=1). M2 95%8] Alzim7h

B A 7 A 7oA, @A 7194l 9% vE &E
< 271 H¥l /A7l § ¥ AeHH2-1), 7Ie =Tt

s 7Y EE o] EE £ Zeu|dS 7H Ao E e
1y EAA=E 4) 719 E(size)7F F-2l9|sHA
UERLA] 2ttt 12y 7|t et 7|ed o] e Ag e et
19727 509 FoE Fu|5ke(p<0.01), 71
7199 AFE &AL 71edAle B 7hsAde W
F= Ao 7|& AFETet 23t YeRdth(Ashford and Heaton Jr,

~
)
e
>
A2

S K2
o
N
r

4
1%
)
>
Eli
|
rw
N, N
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1983; Blind, 2016; Horbach, 2016; Rubim de Pinho Accioli Doria,
2010).

a8y 74 2-290= b2 74T x7EHF Y] A5 EEe S
I (medium/high) 7]&Q AT F(+)2] B3 E 7HA= A2 YE
FoHp<0.01). A @®)°A F2(medium/high) 71&-JAEE 2= T4

7192, EALF HRlEA 7IeddEE A= $4719) S474A7E 7
4o JFE "E 2E0] 19.3%p HR*2H(p<0.001), T4 - 7]
3% 18.7%p2 (+)2] mEu|dE 7HA(p<0.01) EBAI7F 7€ 4l
F= " 7S = 1 9 $Hmedium)? E2(high) 2
SAFLO M= 7|tk o A-EF o] foH|skA] EuTt.
9] RAANE(REY) TH s Yehlid (1™ 29 &tk A (L
g DI IRRAR o] e tE WeES BF 7479 Bdo] 14
AIZ13, 71eq o] et 7| A EEE SRFAI7E 71edAalo] %=
u]2 SE(FFA=0, FFUS=1: predicted probability)= 95% % E]—TL
ZHconfidence interval)@ 74 YRl Aojth F3 7|&HALE 2=
IF00A, Sa71U(size=0)2 S -7 A(size=1)2] AlZ]F7to] A7 4
A A9, SFFA7E 54719 71eFAl0] FF= v FEo] T4 -
71QET 2ot B 7|[EFArEete Aot AuE HojFal ik

Tl ]/\ﬁokE HoFo] 7%, oA Arggt Hiel Zo, ek} ofehA s,
]E} X}H] e 11*7}“—“}

N
B
11',
_ﬁ
_>|~l_,
)
Im
é
1o
D

o} EA 2o BEH O]Eﬂ"} ,\}gxq dg S F= Z/\ﬂﬁ—”i‘:}— qﬁL
2 7140 I A e Ao FE HAtt 747 Y(environmental
management)2] 2730 tiet A T o] F BT A 86k
A9 FFEE Fa7Idel Ble] 2 Z]dolA B F7] iz
(Altmann, 2015; Hoejmose, Brammer, and Millington, 2012), ©
dglo] ol& F%5H7] At =¥ 7| &ofofRt gttt E3L o gt 1%
of et AR A Fo] EAfst= A, FE7t 2 719 Sa7IH

1‘5
H
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Hsf Ao A2l Bato] ofshd ffl4do] B AH=E SHFEA] B =4
o7 Y5 "7l AHJohnson and Schaltegger, 2016). AA| A&+
NAE FAZE A AP =E5E0] B2 R 7|92 ESG 2 F,
IFRAEAE Y T 52 AAFe=E 13 (Verheyden,
Bccles, and Feiner, 2016), &5+ & Clo|@AXZHE Q] &4 st U &
AMEEE FA5H] o EBAESE R AFS EUcHFlammer,
2013, 2021; FHiAg oA, 2021). ol& 1T W, & A7 24 EH=
AetaZe 9 Qhgo] =2 SR AL Hofo] AL SEHA=
27 2 7199 71egAlel fouet 932 BARITE A HojEth
I8y S dEl S47|99 AS, A7 7184l 3
T v 7hsAol B 71ed et tEA SA U7 AR 2okt oF
JFEo] o HA A

b= A2 1P, ol=et &4 A3t S5ARE(supply chain) ¥4
oA Aztel & " a7t lth(Altmann, 2015). AFsRkeE 57404], SlsHA|
£ 52 AR BE HAENA dHH o2 B 35725 7HA
=8, &R 7192 IRt oE S5 A F(upstream)ol {7
(Stekelorum, Laguir, and ElBaz, 2020). &2 20| dist Q142 34T
o] 7ot st BF FF= PIAATHAltmann, 2015), ©] Y&
B 7143 R 7|dolA EYoHA ¥t & ol R 7
I} FA7|HOEEE A0 et Y3 W, 1 o]F o
- AA o] Ads}7]ol(Jaiswal, Samuel, and Ganesh, 2019; Namagembe,
Sridharan, and Ryan, 2016), &7 14]0] Tzt Sa7|&AtE 2ofat
AT F47|99 7Ieg4le] FEFAVE nX = T2 AFHL=E
o|FA A ¢ 4= Urh= Aotk ET FA7|UE tFE 7ol Hls)
7182 0] 2} Yo| BZ=3}7] wiZo||(El Baz, Laguir, Marais, and Stagliano,
2010), 71&€94ly} 22 A7 Eos H-E a9 33 WA
FOAE QTARIES &55te H $82 F= Aol AHShibin,

Gunasekaran, and Dubey, 2017; Stekelorum et al., 2020). ©2tA 273

2 o
(o]

ofl & B
R
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N = J,:}EJQ} &3 74311 Y gFo g FAlZ XI5,
U7HEZo] 714AA oA F Q5 HGalindo-Rueda and Verger, 2016;
Zawislak et al., 2018). WetA] 0]E9] 7]&TA FAL Agjxozg &
SATE, di 7|19 FRY FAE ST vEARY 2¥9F S
oA F47|AET A5 T ER, S FA7E 71E8 4l = Pl
2] S 7ol =8 2 ot}
W, S71EA0ES} =2 7% 7dTRete] Ao Akagtol
FouIsHA] okt 9FA 712 EY BAoA, S et es dAE A5
SH0E QI Aoz ed=d HiEo] =ot FHAITE 71w 4l
F= E FE0] =3Uth 9= A E At e 349 S 5Vt
£ 7190] 17} 7Hof| §-2]5hHGalindo-Rueda and Verger, 2016; Zawislak
et al., 2018), &<, ETHAE T9 Eok= 7A1Y Hapt mlnjs F47] A
ot 7149] HHAl=-golA 9 Apol= foulshA] gk o Utk EJL &2
|&AtE Fofe] 9= ke e AP W3l Qls AAF Al 520l
7(} ot 7150 2(Gilbert, 2020; Mohannak, 2007; Wu, 2012), 94 7]E1g
A A9} o] g qA|eF Z2 2§ arlo] ZIedAlol FFe HIAIA] ¢
| wzoll, 719+ 2] Afe F-o|oHA] EA YEhd Ao E Helth
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= SEATE BE 7199 7IedAle] S8 99= VAR gdette
718 stll, 71ed 919t dFe Z4E 7192 AP 7IesAlel 9%
2 & 7FsAdol ¥ Zlolhe 7HdE AL ol F A s EARH
AAggol Hiet 127k 714Gl F/5HA AU, dEHor 0HE
A HEo] Yol fAHgo] 24 kv, SgHAlE ZIeHAllA s

L~

oF o} W=7} obd 4= QItKFlammer, 2021). 71&4 $-9IE 2
ABLS Aoz A7st 4= 9 (Olmstead, 2018), TF+=7

A3 A% 5 7% 9419 £ ol 7|asto] 71484l

N
e ol

A
de do 4 rlo fo
39

_H
ru e
N

ZIEN

o
ol
2}
ek

l T Eof|(Zawislak et al., 2018), ¥ ﬁxﬂﬂ 7|&E A0 n]H e gk 7]
&2 919 7| gl whet mju]gh =50 138 4 ok Aotk £ A
T BAATE 2T 7MES AT i JEE olal Qi 712 R

N

A 4y AA o2 =2 7|E] %% (medium/low HH] medium)] 71
2 A 259 71eg4l0] JFE v gEo] Woron(® 4), 4
SAEYS TR HYOIACR 5) A WYL A7IFET A

7 71edAlel 992 vl el Wit 13y SaeddEe e
Zlegiofeet g2 &44HAE 259 7legAle] 93= vId #El W
ke, FHH7IY0] S47|PEH A9 FF= T2 7HsAdel BT

b % wolq R ojulsiy ot
olefat BA9] Aake FATFAC 71@9%011% 390 2E 719

o rie
re
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