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Analysis of the Effective of Corporate Support for Environmental R&D
using Propensity Score Matching and Difference in Differences
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Abstract: In this study, a quantitative analysis was conducted by using propensity score
matching and difference-in-differences method to measure how much the government's
environmental research and development (R&D) support affects corporate management
performance. Based on corporate financial statements from 2011 to 2020, the average
treatment effect was analyzed for four years after companies received government support.
The analysis results confirmed that, although a time lag exists, the number of employees,
growth rate of R&D expenditure, sales growth rate, total asset growth rate, and return on
asset of government-supported companies had increased compared to companies that were
not receiving government support. These results are meaningful in that they confirmed the
justification for supporting environmental R&D projects as a complement to market failure,
and that they indicate that continuous government support, such as follow-up R&D, is
necessary for environmental companies to implement technological innovation.
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Azoz EAND 719e 229 AFH02 16677719 EATLE
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+ M3

A5 (PSM) Al F¥H(Covariate)E Aok A2 A HOE
SAIota wiA o] AS AHot= 533 dA o]t Heckman et al., 1997,
Smith and Todd, 2005). $tAl AASE 2R ZH4 7}7‘40 FZA1717]
AoliME S5 IFS vE 5 JE B2 THSE AAoto] A

Holg Folo} st UR Be BHHE 44T A9 25 949 7o)

1:1_{11~

FlF

i
>

o= OO o1

EA7F @ 4 dohHeckman et al.,, 1997; Bryson et al., 2002). watA]
SHF AP A7+l et x4 (Domain knowledge)oll <A 5t &

g 7 A= SAE oAl APATEo] 7]5tsto]
A =] ofof ghrh(e] AR, 2018).

£ AFoAEs oiF 5(2017), 258442019, 258-0]H &
(2014), &+ 3L G-2011), HHE-AFA20092 B Aol 71Hkst
of 719 4% 2 E Yedle W&, S4Y & 3 308 %
Al AbEE, RS, AdH], A8, A7 5 F N HSE SHS



M ELIE(PSM)ZE O|FAHEH(DID)S &85 27 Ia/W LAYl 7| &1t 24 » 15
), SsHEEAEYAE, SRR E, AR HE)Y 40
Haed Ay o] 18 FEEAY ) © FAZ(ANEESTHE)
T WE Hdtel & 144 A0 uee dgstac.

V. d5EM Ayt
1. 7IZEAHZ
H3) 7I=EHZE 2N
MR|EH(obs=128) | SHIEH(0obs=16,677) | B
SeEraoans Bo [ meer | me | aewd | oz
DHE K (e TH) 13,720.1| 20,785.1| 8,475.7| 14,7289 ***
EE () 476 81.8 30.9 44|
ZRpA(EHEHY) 13,665.0| 25,297.7| 7,270.3| 14,213.7| ***
a SEUMAAHEOR) |  4,862.2| 11,824.8] 12,7985 5,931.7| ***
AHES () 1,902.6| 7,902.5 644.1] 1,803.8] ***
SRS H(HOH) 6,893.1| 13,806.9] 4,116.5] 8,042.0] ***
£y G| () 643.7| 11,3835 186.6 610.6| ***
g FH(H) 20.3 7.9 17.8 7.8 **=
MEd 0.162 0.369 0.148 0.357
471 0.359 0.480 0.445 0.499| **
X =34 0.112 0.316 0.180 0.385| **
(o)) et 0.065 0.246 0.070 0.257
Eroye 0.029 0.453 0.141 0.349| ***
zed 0.013 0.112 0.016 0.125
Ig3E|  EHE 23) 47.6 81.8 30.9 44.0] *xx
MY | ANLHIET (%) 84.9 710.0 11.5 90.2| ***
IHEHETH2(%) 15.1 485 25.0 81.7
HEY | EREIRE%) 20.8 32.4 29.0 113.4
£=0|USTI2(%) -14.6 442 8 65.3 898.8
HH0|AUE(%) 1.7 19.5 3.7 28.8
it | 2248 | SXRE01U=2(%) 1.7 54.3 5.7 17.2| **
GiES X7 |RH20|2E(%) 11.0 51.7 24.5 7417
BRHHIE(%) 149.2 141.6 230.0] 1,827.5

Y | RIZYEZ(%) 34.1 24.1 38.4 250 *
O|KHEAHE(%) 8.4 22.8 -5.5| 2,651.8
IHEXEEIHE(%) 9.6 12.1 18.0 289.4

25y | EXRIEIHE(%) 1.3 0.9 15 11| ***
X7 |RHE S| (%) 2.9 2.2 4.8 27.4

F) *** p < 0.01;

**p <0.05; *p < 0.1
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AAAS 9 BANG] A9 AYUE 712 719 =, A9 5 54
Sob WA, 444 5 AT WSE) V2EA%S (& 33} P
o] it A 7 N25AF U t-test 23S AT nE A A
3} EA G0 ALY, 2, 29A Hu) 84S Agstnt 5
o2 Golst Zjo|S Mol A0 LheRtrt. 14Tk viek 2o] oK
E49] o]/} 2 5 YOS G wwshA Hw A o] BAVL wag

:.:, il

% ik, web HFESNYPMS B3 AAWEH SAKE AL A
Ut H8s SAUGS FAste] A8 Bolg Hasky "ast ok

St A= HZEQX} o=
DHE (TR, 232 -0.086 0.024]  *=*
T (Y, 233 -0.064 0.024  *==
EXpA(EEH, 2370 0.081 0.039 *x
20 SYUHRAHHILY, 233D -0.028 0.009|  ***
RE2(dor, 233 0.163 0.016
SRS AH(EHer, 2370 -0.259 0.026
HTIHH|(HEr, 233 0.076 0.004|  ***
() 0.008 0.002]  ***
471 0.138 0.043 *rx
x| =33 0.200 0.051
o Mt 0.096 0.066
(e 257 013 0052
B 0.155 0.116
A3 -3.206 0.126|  ***
Log Likelihood -4,009.061
Pseudo R2 0.111
LR chi2(p) 1,003.70(0.000)

_7'<_) *H% p < 0.01; ** p <0.05; * p =< 0.1
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AT APMe et 22 Z40A e A B2 HrE &
§otol AFHeE F45hs Aol Fxrol7] mEo] 24 Alof ®a 2 A
AU 5544 2AE s gfor Zzil 4 23k 414
o2 sj4stAl= EmHEF 5, 2017).

WA £S5 HFE4E ENE YD 2o @& 5% 2k 0 3
Aol AW 719 G PN Bstel HEHOZ 124409 4
A 71900 472709) BARG 71900l WA=om, IS B2 gl
371 9Itol t-iest B EES ol g stk

(2 5) I3 & HE 2H WA HlL I t-test 24 2t

SR MR H(obs=124) SXEHobs=472) | T=xIO|
o U7 | BREXY | B2 | =Fpm | 2@
D E ol (o) 12,376.1| 18,883.5| 10,495.6| 14,568.9
ZH () 441 78.2 43.0 57.8
EXAH(HDHR) 10,727.6| 14,754.0,  9,062.9| 13,038.4
am REDHRAH(HHDH) 3,500.1 56106/ 3,5285| 5,761.4
KR (H2Hed) 1,051.1 1,476.3 7555 12289 **
SRHENH (D) 55029 82211 51942 81957
I H| (2RhR) 548.1 1,082.9 2555 572.4| *xx
() 19.9 7.3 19.1 76
ASH 0.153 0.362 0.176 0.381
471 0.452 0.500 0.301 0.459| ***
x|ef SHH 0.169 0.377 0.144 0.352
(E101) M2t 0.073 0.260 0.572 0.232
Zu 0.137 0.345 0.309 0.463| ***
U 0.016 0.126 0.013 0.112

_7'<_) e p < 0.01; ** p <0.05; * p <01

G 5)olA] Lpetd viof o), hE 3 19042, 2719, Mok, 4
A ) WS ARt LA Fudold iy duc BgH o] Aol
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HAEH H30H HM22

i BES}A0| St
e Raw Matched Raw Matched
SYH =+ 0.261 0.029 1.041 0.965
SRR 0.365 0.024 1.234 1.175
FADER L 0.238 -0.025 0.775 0.949
=2 N 0.629 -0.071 0.855 0.982
2XEA 0.298 0.030 1.031 0.984
S| 1.070 0.133 0.392 0.871
P 0.300 -0.096 0.930 0.776
4714 0.193 -0.040 1.087 0.994
=& 0.168 -0.057 1.435 0.908
A4 et 0.030 0.032 1.118 1.115
443 -0.382 0.030 0.577 1.067
P v 0.029 0.016 1.276 1.141

4. SF7ISNEME X1 51t 2

FF71ENEAY AYe] £aIHATTIE 43517 Yste] AFHS
APSMLeE =& AP SAFEE 8ot o|FA=(DID) &
g AASHEL (E DEE (E 127H9] $31= HA - g3 SA-S
o] A & 195 4@71A 7t JapAsE R o] Aol A A9
o] ¢AIHATT)O SHF3tet,
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[h]

N1g %

1 FES Uehdie S99 o diet AAE £aHATD= (E
I 2ot ?‘_}%715711‘2‘:_“\}% A D72 B[R]0l Hlsto] A N
A o] 24¥ F5H 39 374 SAHCE {9 aAE Hol
L Aoz v,

Aoz FATA LAY z1%4719;
2 gAY 97 olg9] oA MEARAS &
s JdAnE QWOP‘* A5 7 98 18T go] A7]H, o]

o
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(B 7) SF7IEMWLAY X1 =5 IHATT): 18 E=

g1t pig Ho g | 14 285 | 343 [ aas
S 0.053 0.116 0.169* 0.157* 0.140

) ***p < 0.01;** p <0.05; *p < 0.1

@ 87} 2}, BA7IEALA A °J71?4£ “A8719e] Ao A}fg
o] galdmo] foat (1] A7 ekt Fof 39 ol
% 29 ATkE ®ol= Acw ekt

(B 8) EZIIZTNLAIY XIZ 2EIATT): 8214
g1t pig goigaez| ws [ 243 [ 343 | 493
AN E7ts 69.039** -46.754 -29.071 | -70.557** | -29.302
F) *** p < 0.01; ** p <£0.05; *p < 0.1
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=39 23 IPRTAY AL/ 19e] Fol Fejelse] At
A 5 et 271 A3 YL, A7 2lo] F7191 o
g 95 Sqelt 297 g vz AT 4 glon, B



At A[o] 7149 A7EE] FAE sk Yl E¥HCrowding-in
effect) 7} Y& HojErt. 28 AR oR 7|}do] A7 |Hd 4F ¢4
Hl&9] 9zt i HETE 8457] wizel X474 AN S
3t AT e Q. SPAIRE A=Al 2] AndR|Et el
A Aol e 71 AR S e I = AU

Hhd, of 39 Solle 23] AN kel AR gadt

Aog yehgon], fA7|e/NEAY] AYY £ adE A&HAE 5
NEZ F71 71&7Md, 71E0) A A} & A7iE B 55 XPS
AT 1% g7t Yot

9874< Hetdle WEds7he, 34571, &clds7He H
A Z]% cAHATD= (& 9 2ot

rst

E 9) SF7IELAY X =5 HATT): 984

g} g B e 19 245 =k 4=
HEAUS7IE 8.649 2.444 10.751 21.122%** 2.228
EASItE 9.976 15.626%* -0.012 1.374 1.875
=0|A57ke 13.606 98.600 -63.884 | -58.049 | -63.942

) ***p £0.01; ** p <0.05; *p < 0.1

WA, fEAZ7HEo] lolA 7SN IAY AD7|dL HIA Y]
Aol Hlsto] AbQ] ol 39 Sof §-9J5t F(HY] A7t YErEth =71A
TAEAE Aol w2 tiEH Jib= A7 Aifol digt 7j&old

= AYgstE 53 WiEd 5o AEEA, 3geNEAd Y 1Y
F37E w2 Aol o|27|71A] <F 3| 9] A|zto] Fasiths RS 9]
gttt ol A7FATANIALY A AR ATE 19 ~3H 08 EET 7
& AFIFE, 2013; ALH-A71F, 2016, A9-F-H-24, 20109 H
AP o 71 7|7kl &5hH, ol#st Aib= $HE4Re] EAog Qlsh

i

rlot



HSHHZ(PSM)2t 0|SXZH(DID)SE 233 H7I27/HLAYC| 7|HRIH &1t 24

FAAHS YelgE JholdE, FAAIE0]|E, A7|AHo|Eq o
gt AFGAY SEIHATT= E 1003 2t

(B 10) SF7|127HLAE X1

"o
At Aol Fold=| 193 282 3|2 442
A0S 0.308 5.585 12.035 10.224 19.861
SM=09E 3.589 4.761 4.857 4.908 7.840*
AP IAHE0ISE 35.124 50.779 72.153 41.823 480.676
) *** p < 0.01; ** p <£0.05; *p < 0.1

A, Aol lolM BV EAN A1

714l wlsto] AR o] 4 o] SAH 2= Fo7 A(

A7]900] Ak} ol 49 Fol HrhA
Ait 28 BEAo] EoHASE ekt W, G0l Bt ArlAp
ool BAMCE SO At mEHA Ui




22 . Y HB0H M2

b) ¢rHd

(E11) 37|20 LAY X3 &FIHATT): 2y

—

g3 eg mogedz] 195 | ods | 3ds | aus

xS -34.710 -93.820 | -255.006 | -288.232 |-7,258.893
AUFAEE 0.325 0.816 -0.080 1.646 -0.709
ORI At -670.104 | -731.735 | -736.321 | -724.293 | -730.550

Z) #0p < 0.01; ** p <0.05; *p < 0.1
A4S Uetdis FAHE, AdToEE, O]Z}E*Jﬂﬁ-grcﬂl gt Ard
A SEIHATTE B 1D Zor, Al 3} e 25 A 310 24
sAHeR ot A3t =EHA| okt

6) &34

S5 Uetdl= EAdsdE, SAHEAE, A7AES -S|
gt AGAE £ATHATTE (E 12)9F 2oy, kAT upzvixz =
+ a7t SAHCE fofet A3 ZEHA Fd

1

E 12) SE7120EMY XIE 2 FIHATT): 25Y

51 s mojgsidz] 1% [ 298 [ 398 [ ads
hEMHEI TS 1.840 7.271 7.587 3.418 -bb.543
BN 0.024 0.052 0.036 0.027 0.029
A7 X231 e 2.551 2.727 1.254 -0.460 -72.656

) *** p < 0.01; ** p <0.05 *p < 0.1

—_—

O] S 7IEANEA A2lo] 7199 B gte] |
2oz AWE I} 5130t olE fsf A=eFA &
Z5le A7 MEAY AETA F 20119
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