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1.1 Rl
BRE - k- /N F U A (ESG) DI IEE BT, (E3EDFFHGE rIREZLPHYE FEE (SDGs) 23K S 72Dl RIRTHY | 71—

Ry =a— NV EIRDET S BESG YA DEEDIL, ABZEOR = g% Corporate Financing Performance (CFP) HLxD
TS5, FI2HNZ T ESG Zhiifil= 9 F+ESG #xiii{ ko> Neo Corporate Performance (NCP) [ZAZRSE2 ([21.[31,[10)s

ZHUE, IREDIZ, R&D ZHEICHEE LB 23> TETZ R&D REDOHIEEARIEN LA X DT LIT/8Y R&D
T NVOEEIERERGRET D (41,161, [12D)0

ESG VAZIZ, HTLWA /_R—2ar D ED)0IC72)  R&D & &i556 L. SDGs ([R5 7 7 RfifiiZz Al H
T2, 7> LT, ESG VUAZ DAl -R&D DO ¥« 77 RIE DA DO Dt b2 SDGs D#EE725,

ARaE, [FOHARBE FTO R&D EFVOER | ZIidihe 42 BROWE @8122) Z2 FEiz, 5o R&D
7" 100 fHA2 38U T, 4L ESG YAY K ONT ZU Rilfiez BT 57T — 2218 HL T, 3 HFOILHEL A FIX L

EEHEMNINTOHTL T ESG 1255 R&D EF /VERD HaE AL T AL T2,

1.2 ESG AN Zxd B DX ILERE — F 1T
NYU Stern (22—3—) KFEFATAT7 VeV %A H—)
1%, 2015 FE0°5 2020 DI FE R S 4172 1,000 DL 1
DO FE AL E2—L T, ESG EMBEEMOMICIED
BRI DD LA, DR v REMEA = T F
TN VAV EBOUESCA /X —Tar O E
W28, MBS FEEE GEL QWD IR 51
Atzetal. (2019) 1%, 4231 ~ULTEiSN5 SDGs ik
W&IE . AR 2@ C Th BW B A et
HZEMNARE, BB IV ZL DA/ R_R—Tar L&
VEH R, K0 B W RSB N BV
FREDOFHg \TREMER T A /R — L2 B2 L2654 (1),
Vishwanathan et al. (2019) i%. 344 DAfFFEEL E2—1L
EEEOFRH O L AT—7RVE =L DR b, 2
DYVAY DR, A /= a BESJDEETREVN) 4 DD
AR AS L IR B 2 e~ &2 525 [10],
Watanabe et al. (2020) &, A7—/RVE =& AR T D
JEDGEET2 DT LR T T OFUNEEIRE 4],
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2. S OBHEAH 2.2 ESG VR, T5 2 MiifE
2.1100 4'O—/\)L R&D 1b% (1) ESG V&7

E 1 r% N p
F+ ESG ORRBENEIICIL RED R AR Emile o a0 ESG I
SLIAILC, %@xﬁ'ﬁ{ﬁj%ﬁmv—/\‘ﬂ/ R&D UP—&‘V—K*?‘ BEL TV A0 &M E L7z Company ESG Risk
(o). 15D R&D |7 100 # (ICT 53, B 19, PRH Ratings (Sustainalytics,2021) (Z{&KHL,

28) @ ESG UR7| \—X‘_J-j_}:) R&D )d-J/_.L;L\—H\E\ ﬁo https://www.sustainalytics.com/esg-ratings?industry=&currentpage=2
1. Amazon 42.7

5 e (2) 7T RAiifE
5. sansong. 194 ESG VAZ[HlkEZ U CAIH S DR, 5
5 Faccoook i B, AANNT p—< U 2 JRIER7E G HELE
Vel e MOt LA SORL BT - fh - T 82 2D
(10 lni] | p— 3 6 JBYED 3 LA Ra e & T oL ARsnsg
Global Brand Value Report (Brand Finance, 2007-

12.]& ] |ee—— 2.2
13. Bristol-Myers |—— ] 1.1
2020) (ZRHL,

14. Toyota  |—— (.2
15, Plizer |—— |
https:/brandfinance.com/wp-content/uploads/I/brand_finance global

~500_2020_preview.pdf

16. Texas [
17. Novartis |E————— O
18. Bayer p— 3 7

19. Alibaba  |—— 7 O

20. Daimler |— 7.5

T m— 2.3 AT L—L

L ET= 0 R&D ICREERABIEL THIREY —R 57 r— L R&D U—F — 4%, @ <
N, e €5 TOAEFEFRIZ ICT BT S 10T #2I2B T, ® ESG YAZEGEA &ML T

27.1BM  |— .3
2 O P 63 R&D (242 ESG YAZMAFITHEHEL . @ TNARITIHG (4) Rostation i
3L Onacle | 62 Errshaa), BSG VAZ[BIREIZLD R&D 3 1% (6) NTHHAI (111, 117)),

32.ElL Lilly |— .1
33. AstraZenecn [EES—
34. EXOR  |e— 5.7 S = o = G =
55 s o <6 7T MEEAIHIZ LD R&D 7R BIRIER,
. 54
37. Dell |j———— .3
38. Siemens |— 5 2
39. Gilead Sciences |— 5

40. Nokia 5
Company ESG risk (£) is a function of corporate financial performance (CFP: Y) depicted as follows:

41. Nissan |[EE— 5
42, Continental |—— 4.9

43. Broadconm |19
s oy [ 14 E=FD)
46. Boehinger Sohu = 4.7 While Y can be depicted by the following equation in which technology (centered on ICT)
DAl m—— incorporates into all production factors in an IOT society, it should be transformed into new CFP
B ',;'f.','f;?.: — (neo corporate performance: NCP) by means of technology substitution for production factors for
5:2553:\;%:%% :55 ESQG risk avoidance in global R&D leaders, it can be developed as follows:
36, Renmit. e 14 Y=FX,T) ~ FX(T) ~ KT) ~ FR) )

57. China Railway s 3 2

where X: production factors (labor, capital, materials and energy): T: technology stock; and R:

58 Foxconn | 3.]

50.7F | 31
60. Baidu  f— 1
50 Baidn e R&D investment.
Thus, equation (1) can be approximated as follows in global R&D leaders toward beyond CFP

62. Regeneron [ 2.7
63. ASML e 2.7
64. Canon e 2.7 . .
65. Media Tech fmmmm 26 structure for ESG risk avoidance :
66. Micron Tech. ju— 26
67. Raytheon [ 2.6
68. General Sééf“'c' p— 2 6 E = F(R) (3)
69. Bas{ [m— 2.5
7o Boeing == 23 Translog (transcendental logarithmic) expansion on the first term is as follows:
72. Medtronic ju—7 4
73. Abbott Lab. | 2 4 = =
pr o mboulab - 24 InE=p+qgInR, ImR=a+bInE 4)
75. Phillips |23 . .
76. LG Elecionics fmm 23 where p, ¢, a, and b: coefficient.
L VMware je—— 23
T Applied e o 23 In case of the significant correlation between E and R as depicted in equation (4), effect of R
o e e o 22 inducement by E can be analyzed by differentiating R by E as follows:
82, Adobe jum—m 22

83. Astellas Pharma [ 22
B4 ZTE | 2.1 dlnR OR E b (5)
85. Valeo pum 2.1 —_— ==
K6 Volvo jmmm 2 dlnE  8E R
87. Otsuka Holdings [me—2
B8. Netfi 2 .. . . o .
89, Advanced Micro Dovioes | 3 In examining the effect of strategies of R&D leaders on ESG risk, how much R&D is induced when
e = ESGrrisk is increased by 1 unit, that is, marginal inducibility of ESG risk to R&D (MIER) is essential.
 92. Hewlett Packard jumm 1.9 MIER is similar to the marginal propensity to consume in the consumption and can be depicted as
93. Vertex Pharmaceuticals [ 1.8
94 Nestle mmm 18 follows:
95, NXP Semiconductors s 1.7
96. Workday e 1.7 OR R
97. Electronic Arts jumm 1.7 o] b = (6)
98. Deere & Co jmm 16 OE E
99. HP jpmm 15

100. STMicroelectronics jum 1.5

X 2. R D R&D hy7" 100 #D R&D #¥ (2020) - USS bil.
Sources: Global innovate on leaders in 2020 - Top 100 publicly listed companies by annual R&D expenses (fDi Intelligence, 2021).

https://www.fdiintelligence.com/article/79672
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3. /' B—/\L RD J—H—DESG 1) XY I
3.1 ESG YR DR FEH

(3) ESG URZ D R&D FHF

B m 6 Microsoft |
(1) %ﬁﬁ%ﬁﬁ @ 1. Amazon |1
100 £ ESG VA7 &2 x4 % R&D OFHERIER 3, % 1, @2 Alphabet | 101
@ 4. Apple | 0.95
4.00 o 3. Huawei | 0.91
~ _— ol
£ 350 ////‘ @itRoche | osl
3.00 6 o i :i 1-g /) o Merck .
A 1 :/’/ ® 5 Samsung 0.71
T 10 L3 3.9,—//
2.50 —= »)7‘,_,_1771- = 3 @i dntel | Joe7
2.00 = g = N brg @20 23 ,6.1 '2’1/ d ao 17 Novartis 0.66
36+ 38 |40 348 '7,_,’?, TS S S T an 13 Bristol-Myers 0.61
150 T 5408 %, a5 5‘;"’ $ sle S i '\48 = b an7 Facebook 0.55
1.00 55 ST gebi—— 7%6 53;::6;7&.6]“71 . . ,77;3: =< an12.J & J 0.53
% Blg» ® 'xs . 70 i 2
beo & e, :7 BEI T  de— cots Piizer = oas
9 — 0D —— aszs. Cisco 0.47
0.00 as27.IBM | o036
2.00 2550 3.00 350 4.00 wn 22 GlaxoSmith [ 03
nk ass Volkswagen | ] 032
3. 100 *j:o) ESG JA7& R&D 0)1:5% (2020). apis.Bayer [ o031
E: ESG ny‘ R: R&D. ea31. Oracle 0.28
&K1 100 t:D ESG J27& R&D DFABE (2020). [ 4. ESG VA7ic L% R&D BEHRR
InR=a+b;D;nE+bsDylnE+bs DsIn E+ by Dy In E+ cs Ds+ cs Ds+ e1Ds b7 20 #(2020).
VAT TPy T IRWT, T,
a bi b2 by bi s e c7  adiR®  Dummy TNT 7y Ty T, 2O 4 %, &
it u(\ [ESG VAZIZLD R&D BEEFHH )
2:12-37;
3566 Marginal inducibility of ESG to R&D:
0404 0914 0582 0359  0.125 -0.549  -0295  -0.246 Pt y
(12) (1333) (802)  (499) (L92%) (459)  (-293)  (2s0) 09 PeIR MIER) %W,

Dyg: 12-14, 18-26;29-35,37
D7 138-39,41,43-44, 46-48, 50,5561, 6466,

Figures in parentheses are t-statistics: all are significant at the 1% level except *5%.

IhHE R&D i ARER. BB

R: R&D investment; E: ESG risk; D: dummy variables; a-c: Coefficients.

ESG VA2 13 & T DT R&D % #FHF, 100 t13 R&D L~

JGLTC, 4 77 AX—%EH, & R&D L _L7 7R X —|3&
I_Juﬁ%ﬁ‘
R&D F v 77 11 %k (ers. @S 1, 85k 2) APEE 7t R&D 5.

(2) FEEHALIT
ICT, HEhHL, [E3KD 3 HERENLOSHHEFRIL, &K 2.
#£2 3EMEDESG V27 R&D DFEE (2020).

InR=a+b;DimE+b;D;InE+b;DsInE+ by Dyln E+cs Ds

a by bs b; by cs adj. R* Dummy
N Dri1,2,3,4.5.6,7,10
ICT 0514 0841 0471 0285 0042 0294 g Dy16,19,27,28,29,31, 35,36, 37
- Dy 38,40, 43, 45, 48, 49, 52-54, 57, 58, 60, 63-66
[47] (2.19)  (10.53) (5.55) (3.46) (159%) (-3.54) Dy 68,71,72, 76-78, 81, 82, 84, 88, 89,92, 97, 99
Ds: 57, 60, 65-66, 68, 71, 84, 88-89, 9799
Automobile 0766 0563 0331 0177 0,350 Drs 14,20
0.924 Dx21,23,24,30,34, 41,42, 44
[17 227) (537 (.10 (166" (-3.62) Dy 5556, 59, 67, 70, 85
Ds: 14,20, 41, 56, 59, 67, 70, 85
Druglbio  -1436 1269 1011 0815 20299 D9 AL 15,17
0.940 Dy 18,22, 2526, 32-33, 39, 46, 47, 50, 51
[25] (205 (555) (1447 (3.46) (-3.95) Dy 6162, 69, 747579, 83,90

Dy: 12,15, 32, 69, 74-75, 79, 83. 90

R&D &L, ESG UAZD BN 77
A=A APl ZE 7RI Y (e S N N )
T SDGs DEERA RS 5H 77814 /X
—YarE AR T I EICEAREOCHRE,

5.3 313, 100 055 ESG ) A7 L%t
ISLTCT 2V NI AN EE G B R HII T &
% 25 #LAK BT, ESG YARZ LT TR
EAIH & OFBIZ 34T, [T (3 \ AR
P, 1T BFC 4 fHi3, SRR,

6.00

In BV

2.00

InE
X 5. 25 %D ESG VAZET IV NREDAEEE (2020).

Figures in parentheses are t-statistics: all are significant at the 1% level except *10%.
Number of square bracket indicates samples analyzed as some lower R&D level firms with irregular performance i 3 25 *i@ ESG 1);(9&7'?‘/]\'{@1'['50)1:& % (2020).
are excluded from the analysis.

BRI D ety v VO R

mBV=a+b;DimE+b:D:mME+b;DsInE

o ICT, HENEAZIUZIRS,

. B T b1 b> bs adj. R*? Dummy
— A .
% h:% *Lf: 4, 3 @ 7 ‘7‘ * ﬂ — %ﬂ:/ﬁk =% 1.159 1.290 0.825 0.503 0.815 g_:.'l!:SZ.:r';.?U.lfi.ZJ,Z‘I.
WEADFER&D LAY T AR =3 E SR, (137) (452  (298)  (2.00) D19, 21,35 41 60, 7

ICT ® + v 7 8% (GAFAM, 77-V14, $LAv, 4v7V)
X, ICT fitd: % JEfE,

BV: Brand value: E: ESG risk: D: Dummy: a,b: Coefficient.
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3.2 I35 FIl{E®D R&D FHH
DFED 5
FERIZ, & 6, F 4 1%, 25 fLOTZ U Rffifi R&D @ B 8 13 4 HEOREOMBEE B, RN,

FHBEBILRZ 24T 024

:@ﬁ%&‘i%ﬁ%‘l‘ﬁ/\ja:ﬁﬁf%o\ 7\]:1_/{/1/ R&D U § Q[)Zz Amazon
—4 —@ ESG MR 572D R&D FylLv 53
VEREFMEELTLIUCE Ak, 75 ES0w Aiphaber
NIEFEDAIHAS R&D HEEZFHIET DL [AT—IE EEI
ME—EREFRG 41,117 EHEE, Es
200 E % 0.16
= 3.50 ; 0.14
3.00 10 20 30 40 50

Extent of Stakeholder capaitalization (PFCRs)

8. 4 fLDORT— I —EATZRET T/ M A Z XD
R&D BEEHFEREOFERE (2020).

X1 9 | XZ OFHEADOHERA-1BRIE, 3R 6 | I HBIRSRA AR,

-1.2

! 002.00 2.50 3.00 3.50 4.00 4.50 5.00 5.50 6.00 g -1.4
In BV = 16
6. 25} D7 7V fifEE R&D DOFABE (2020).
% 425 $_|J:0)7“7.‘/]“"fﬂﬁ’fﬁk R&D ®$E% (2020) . 20 25 30 35 40 45 50 55 60
InR=a+b; DyIn BV+by Dy In BV + bs D3 In BV + by Dy In BV R -
a b 1 b] bj b¢ adj.R-’ Duimimy InPFCR
14
Dil.2, § 16 ~ A7y Tk
5 Dx4,6
3354918) (1714761) (lﬁl;g (16*063) (1554278) 0.738 Da:.w;.:.;x;;o; ;4.8:!;4.21:5. E -1.8
Di: 19,21, 38, 41, 60 20
Figures in parentheses are t-statistics: all are significant at the 1% level. 22 -
P EELEIC, 51T 407 TURMEIZL D R&D 24
PEBRFEHA LT (Cross fimm 0047703 25 LRSI TOBOT, 222420 28 30 52 a4 a0
2008-2020 ORERFIHAZLHMEFLITY O, PO R TEHR), InPFCR
F 5 4 LT FUNHEIZELD R&D FHEHRER (2020) 9. AT—IdNVE—EARTERET T/ NEIZ LD
| I, | cmstmorn | s RAD EFIERLO ar-n.
Bo§ b b b R 6 A7V —EARERLT T/ MEEIZES
Amazon | 1161 0207 0240 | LI71 0.193 0226 0.233 R&D ?W&@*HEEJ (2007-2020)
Alphabet | 1206 0.165 0200 | 1171 0.173 0202 0.201 In MIBR=a + bIn PFCR D,
Apple | 1566 0097 0152 | 1146 0139 0.159 0.156 ]
Microsoft | 0.759 0.169 0.128 | 1.146 0.165 0.189 0.159 a b c aaj'.R-’ DW Dummry
TS T TN RAVBIT Ty T MSAUTHS, A e He W s e owmenna
o _ (-1021) (248) (475) : ' B
3. 3 X7_-_7 #\)ba‘_ﬁ*I%@ R&D Eﬁ% Microsoft 0806 038 0209
‘7“5\/]\‘\ {ﬁﬂ 1% R&D Eﬁéﬁ%\é AT — Rl & - (380 10 (359 0.692 154 Dy:20014,2007, 20191
BRSO Ik, 7 1% 4 FEOHE R Ht, | -
60 - FCR: Price free cash ratio; /BR: Marginal inducibility of brand value to R&D.
é’ﬁ 50 ¢ 2015-2020 -4 613, 2—7%7271/7%0\)%575?77‘/“‘/0)7“7‘/F‘
S| {1255 R&D FHRARMEL TS — 1T, v A/
501 VTN TR T D LR T,
F o0l ZHUL, TR IAT — RS — R R R
N L CAT— 7N E —iph R&D #8253 DR
2 BIBEETVDLDICKLT, v 27aY 7D AT —
0 FVE —X R&D HE IR T HITIEELT, Reffifd
T TAVTIpNyh 7"77 N =Ayad7h RO MNA R G H R E WIZ RO TWAZ a5
7. 4 FLDAT IRV —EAR ERERE. RIS,

1 A7=I8VE =B AR L FROMER T, BB R0 IO EBEIRHAZ R THRER N ORESTRIN, ZAUTHKMEKK DT D7)+
yYa7a=OE|E (Sp/(FCEIN) = MCIFCF) \ZRCWE [14], Sp:#kffi, FCF: 7)—%yyya7u— N: JEFTH S, MC: Wefifa s
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4. FEITRZTHME —7IVYVITHMOIRAT—IOHRILT —EREE
4.1 R&D ') —4&— ESG U R XIS DIF*THER
R&D UV—#"—4 0 BESG VAZ %3 7. [ 10 145,

# 7 R&DY—&—D ESG URZR}itr (2020) - US$ bil.

ESG U7y ES;;;;;E’E? B | o0 b |77VME| s ﬁi%ﬁ R&D Z;;;;j R;;;giﬁiim
TS 30.9 1.16 1,711.8 | 386.1 | 2208 | 21.3 0© 42.7 40.6 0.23
TAZ7_yN  22.9 1.01 1,5389 | 1825 159.7 | 403 | 310 | 27.6 272 0.20
TyIn 17.2 0.95 22523 | 2745 140.5 | 57.3 | 86.7 asee | 195 14.9 0.15
~A7uy7h| 133 1.22 1,966.6 | 143.0 117.1 | 443 | 31902 | 193 224 0.16

*May 2021, ** Total propensity reduce, ***Price free cash ratio (MC/FCF): average 2015-2020.

12 116 ESG U27-kD R&D 0
WFEIE (MIER) 020

1.01 018

0.95 0.16

014

TS TNTrN9h TeZN o 24pny7b

10. R&D J—4"—D ESG VA%t 1.

~ AUy 7 hDEED MIER (ESG VAZD R&D #%
P I, RIS (797 Mok 2 D), Lol

77Vl &S R&D 50
02 B (MIER)

TRV TAIeNgh Ty?N ={hm)7h

160
140
120
100
80
60
40
20
0

ZF-TENE - R
ERERE

T TATINYh Ty7W 34ymy7h

TSy TAIpNgh Ty?'N o ={yui7b

43 7=V VETNOES
T/ FZEH CCCARET, 4 EDOTA=NNyIFAIVEREEE (8)o

MIBR (770> R&D #5640 [ HERL ~ LD EET e |+ (BR[| EE R | [ e
Y. R&D [HELIL, ZHUL, TPR Geiichi = @
W ERRRED /BRI & KL UL O PEE F AN L | |
Sk !
T DEED MIBR (77NED R&D %Mk pocrsein l
6i\ ﬁ%yjb\f: R&D %%ﬁo :ﬂljﬁ\‘%ﬂ//\oﬂ/@ fdwvina:;’anmmﬁm‘ “!ll:lll_snfoaﬂsuﬂm ~
BEZARFIL TPR 7)) — DL R AEF L H ST | vt e i

! o Increase in ) = .

4.2 PRIV ERAHYOY T FOFXE e | — | .| |2
£ 8 1L tEOE VARSI LB (71, 13D, | S l 2
# 8 T/ eAJuY I DOV R AR e B

T S A- VA ™ P a

BEH R, 2F -1 )7 /N ey | i — i ——

RERICHE L, T_RTOMERE | Fio, V—F—v v e

FHCTHE D . BE TR, T LN T — LHpE

s . | e LT Bl
ﬂg%%{/ﬁ%@gﬁﬂ ?:éiém i’WIQ e

<. SRDRHEET A= vy REA N

TAb (79 % 4 AR, %gé’% R&D P47

o

X 11 ilﬂ?ﬁ”iiél\ T'VVV!i%Hjbfl CCC (cash

conversion cycle) 770K —E A AWS (Amazon web service)

TU—K, ~A7aY 7 NISEE (81, 167,

4 %L CCC DN /F(2015-2021)

Days

X 12. 7=/ D 4 BEIA—NNYIFLIMERS.
AWS ZHUX R&D, AWS, 77Nt
/ \ P YEREMEZ PN A9 5 B CHETEEERE
S I% R&D 1215 ESG VARSI IE
u (15D
13. R&D. AWS. 77/ NiifE D i,

HEREIEZ S (16), AWS DRKE
e T BATF kA — D B [ % R
# 9 R&D. AWS. 77Nl IS

ITINATTHI =T (2019)

a0 P — ___— Alphabet
w0 WS ImY=a+bnX+cD where X, ¥: R&D, AWS, and BW: D: Dummy variable.
Microsoft Others
v Xto¥ a b c adj.®R’ DWW Dummy
-20 R&D to AWS -4.04 1.44 0.999 253
e & ADple (-56.78)  (159.46)
PRI R S Amazon
~—— 3 . 120 0.60 0983 153
...... AWS to BV
" i Microsoft Azur -6.12, (26.00]
2015 20016 20017 2018 2019 2020 2021 Google Cloud o ¢ ! )
BW to R&D -2.28 1.16 -0.27 0993 218 2008, 2019, 2020
(-21.96)  (41.10) (-3.35)

X 11. 7~ DZEH L= CCC. J7UN =2,

s: all are significant at the 1% level.

Figures in | are t-stat
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5. ¥ @

=R =a— TN aibhdld % ESG VAZDEED
E . AR % O E BB &~ Corporate Financing
Performance (CFP) @ il sl 7> & Neo Corporate
Performance (NCP) (T4,

ZHUE, MAREGIC, R&D ZHEI TR E LB AT & Tt o
TX/ZR&D DMK AZIRIENSEZ 52 L7220,
R&D EF /OGN E R E R ARELT 5,

AFElE, [TV HURRFE FTO R&D T VDL
ERA T ORI OFEE T HXIZLT, RO
R&D ~r 7 100 4ED ESG YA 5t Z EFEAIIZ Hi
ST,
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