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Environmental Regulation, Firm Heterogeneity and Innovation

Minje Park - Byungchae Jin

Abstract : Since Michael Porter (1991) has proposed that environmental regulation can
help a firm increase its competitiveness by encouraging it to engage in more innovative
activities to meet the environmental regulation, a number of researchers have empirically
investigated the “Porter Hypothesis.” However, the empirical results still remain mixed.
Combining the perspectives of the behavioral theory of the firm and firm heterogeneity,
we argue that the levels of regulation stringency and time—pressure would differentially
influence a firm's innovative behavior depending on the firm's aspiration level,
performance feedback and technological capabilities. Using the U.S. Corporate Average
Fuel Efficiency (CAFE) regulation context, we empirically demonstrate that lagging firms
that do not meet the new regulation standard announced by the government tend to
search for more distant knowledge and that the impact of the patents they file for
decreases as the regulation becomes more stringent. In addition, we also find that as
time—pressure increases, lagging firms stand to apply for more patents than do leading
firms whereas the overall impact of the patents decreases. These results help us advance
our understanding of the nuanced causal relationship between regulation and innovation

and provide practical implications for policymakers.

Key Words : Environmental Regulation, Technological Innovation, Behavioral Theory

of the Firm, Firm Heterogeneity, Performance Feedback
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2006 2008 2010 2012 2014 2016

&SN U F4 AR B AR AFHAAT ofe] AHOE A o}
S g HA A AT Sith AT v, L AT Y F Fo AR HA
A7} ohyl AL (Inpu) TS SRS k7]l g A} oheks
Aol elvh Eat, Falol g AvpRol AFeE 55 At 2 53519 Aol s 4
5] 27] YE(Popp, 2005), 2 A L AGvitk 55 29 APl B 5 Ak

ZF Ak

(Griliches, 1990). o]2]3t G = &8l & Ao A= CAFE 34 5F Ao W83t
71959 gl EFd digt A xE A 7] ok 538 A5E Al
H thdzte] diolHE 47] 91, 2) &4
7FA 3 Qlar, 3) 543 Ve Eok2 A 72 5 7] "ol tH(Johnstone et al.,
2010). EjA] BAA 2] Hapel Hrido] oFgk okl A= & A
dojupA] =thes S 18 wl(Greve, 2003b), GRS A= 71€S EF& 24
st AL 7199 qrAll tig wheE oldete ]l =gl H F US Aot

A0l AHEE 53] dolH o]~ vlw 531 (USPTO)O A Al&sh= PatentsView
tlo]EjHlo] 225 7|uto 7 A E QI tE PatentsView Hlo|Ej o]~ nj= £ 4] F

2) PatentsView (www.patentsview.org) il
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=R FEE0eH, va i 1976 E 7HE 2ol dHolE Al7HA 9] 53] HolEE
A&t} oo wla NHTSAA +9sti= CAFE 1Al &34 RAEH(CAFE Public
Information Center)3)} 2524t & AH An]2=E A|3-8F= Marklinesd & ©]-8-3
o] F8 Asak Aabrlgoe] e 55 AR A ZF 7|4 A= o Ht
Anl, ZLejar Al grAVE AR B 79, A= A

olo] Ao Az ™ &} 1 IA 5T
Classification)ell #all A7 ¥ OECD A+ HiA &
¥ 7% BF 225 A THOECD, 2011). A5k 8] & #a 7] a4 <l
A FxE Ask= 7)1+ Improved Engine Design), g7 o] =
M &h= 714 (Adjusting Fuel Characteristics), 171 2] 7€} A5x}o] 25 /) Ash=
7] (Improved Vehicle Design), 22]3L {7] 2] fAIAEE &-&3l= 7] (Alternative

Fuel Vehicle)® 729tk dE 50 A3 73 7iA 7<= Hg 222 2 By

oY, vl e e FVIATS Eole AeA ¥ =y Brelo], B Al
A

7] A
S8 200495 20166d7HA] Hl=e] =8 ek a7 1 AFSjALe] A

N 7 dd 58] G ARE 4 7 Ao, 24 7Igels =25 2HFord
Motor Company), A & 2E2(GM), ¥ olE(Fiat), =L E &-52HToyota Motors), 2
A 25 % Hyundai Motor Company) 5] Z3= At 1 7|9-d= 5%

BRI oH, o] T Ar] JiA s B4 557 U9 358 = 1270

3) CAFE Public Information Center (one.nhtsa.gov/cafe_pic/CAFE_PIC_Home.htm) 331
4) Marklines (www.marklines.com/portal_top_en.html) a2
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<E 1> 98 M 7|2 B BA S35 27 =S5
=5 A
T 25F ifi 7l BF e i‘;_
FOIM  Crankcase ventilating or Breathing 13
Gas flow silencers or exhaust apparatus for internal 03, 05
FOIN . .
combustion engines 09, 11
FO2B .Intemal combustion piston engines, combustion engines 47, 43
in general
19, 21,
FO2D  Controlling combustion engines 41, 43,
45
Improved Engine
Design 03, 21,
FO2M Supplying combustion engines in general with 23, 25,
combustible mixtures or constituents thereof 27, 31,
39, 67

Ignition, other than compression ignition, for internal
FO2P  combustion engines; testing of ignition timing in 05
compression ignition engines

Testing static or dynamic balance of machines or

GO1IM 15
structures
AdJustmg- Fgel CIOL  Use of additives to fuels or fires 10
Characteristics
B60C  Devices or arrangements related to vehicle tires 23
B60G  Vehicle suspension arrangements 13
Arrangement or mounting of propulsion units or of 01, 06,
B60K . . .
Improved transmissions in vehicles 16, 31
Vehicle Design Conjoint control of vehicle sub—units of different type or
B60W . . 30
different function
B60T  Vehicle brake control systems or parts thereof 01
B62D  Motor vehicles and trailers 35, 37
. . . 07, 08,
B60L  Propulsion of electrically—propelled vehicles 1115
Electric or fluid circuits specially adapted for vehicles
B60R . . 16
Alternative Fuel and not otherwise provided for
Vehicle B60S  Servicing, maintaining, repairing, or refitting of vehicles 05
B60W  Control systems specially adapted for hybrid vehicles 10, 20
HOIM Processes or means, e.g. batteries, for the direct 08, 10

conversion of chemical energy into electrical energy

5) OECD (2011), “Invention and Transfer of Environmental Technologies” il

dATrA, 7190 ol @A, ZEla 71]le) gl sl tid e A 39
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V. ARy A3
<3 2>¢F <3 >elle E Aol AREE o] 8oF A #H(Summary Statistics) %
A5 b AHAAIE UERRI o] Fe] Aol = A A Y et =5 7] gkl mE
A A Qg o] 27t Ak 713 3 711e S, T B AR, 2 g4l Y E
ZHol| ojw AFA JFS ZEeAE =8 Bz} gt
<E 2> J|x=SAHZ
T At EFAA) = E S gk
53 &4 & 34.33 102.73 0 760
71 "4 A 91 10 45 141
= A8 A 127.40 269.08 0 1333
A= -1.23 5.59 -31.10 14.70
AIHA e 1.61 1.33 0 3
2121719k A7) (log) 270 2.95 0 8.65
ol A2k (log) 11.84 1.98 7.16 14.32
T 5 192
<E 3> F W Zh daad 24
T 1 2 3 4 5 6
53 &4 & 1
71 "4 A -067 1
= A8 A5 542 -039 1
A= -162 -174 -.227 1
AIHA b 115 -.054 -.346 218 1
A2 719k A7) (log) 828 -016 A73 -181 048 1
ol A2k (log) 299 203 290 -299 055 282
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‘iﬂi *
i T g 1140+ .0901 1880+ 0907 1930
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A2 714k 7]
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© (log, t-1)
A [.072] [-.568] [.995] [-.588] [.950] [-.568] [.995]
ki B 10920 1470 0766 1440 1150 1470 0766
2 o A2k 2
T (log. t-1) (0340) | (0966) | (1130) | (.0972) | (0847) | (.0966) | (.1130)
oo t-
e [.333] [.879] [.414] [.864] [.617] [.879] [.414]
#H= 5 481 298 183 298 183 298 183
7149 % 50 40 29 40 29 40 29
719 A5} YES YES YES YES YES YES YES
A7+ A&7 YES YES YES YES YES YES YES
e B -10280 | -595.3 -339.4 -59%5 -3395 -59.3 -3394
EEQAE 285 <o, FARTAE OBF ol EIEAAE

s p<O0.01, *=* p<0.05, * p<0.10
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)} (2) 3 4 ®) 6) (7)
- TARE -.0010 -0060 | 0128 -0060 | 0128k
21 t-1 (0035) | (.0039) | (.0038) (.0039) | (.0038)
H
Hf A4 o 0111 .0006 -.0186 0029 -.0216
o t-1) (.0116) (.0180) | (0171) | (.0178) | (.0185)
= X716 Z7] | 0215+« | 0096 | —.0275%x | -.0128 -.0231 -0096 | —.0275%x
A (log, t-1) (0124) | (0146) | (0127) | (0185 | (.0158) | (.0146) | (.0127)
tf Shof| 2k 2k 0119 0234 0231 0186 -.0014 0234 0231
o (log, t-1) (0204) | (0269 | (0161) | (0264) | (0196) | (0269 | (.0161)
#H= 5 192 115 77 115 77 115 77
R-AF 3t 109 122 328 110 291 122 328
719 4 25 19 15 19 15 19 15
719 nAFE I} YES YES YES YES YES YES YES
A7+ A&7 YES YES YES YES YES YES YES
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7He 3o M = AR SUESE S 7] gl AHEE AR 7Ry
ol ot Ao AZAAT. <E 6>ol4 FRAT 5 A FARES) FF olojAE
Al AdHEE= A% 7oA F23HA] &S AASE HAAR T3 Vo= oFsl &
o ol4g nalth ¥ 15 1k ASe] Totest 3 95% 418 oA 71 38 A%
St AN tA] AT EUste 3 559 F 118 A gl Vet Al g A
Fu 719014 o AT ANl BE7 Impg S71HE, 4 7190] EAs 5
sol & Telg AT oF 11N FARAW, AE /14 49 folA e sl
A odd bk 23e Rt 3 A% 9ut $3 71904 FARE 571
st EU3lE 5519 JdHEE ¢ Hol #AsiY, old 74 32 A A
<E 6> 7H SMI} sl olmeo] e Solg B7EA Zf
we | D) o 3
FEET Gl A= = A= = A= L
ZF 18 X4 XE 714 714 714 714 714 714
(1) @) 3 @) ®) ®) @)
I ~ 004 022 | —137% 02 | -137
= ) (0200 | (03D | (067) (03D) | (067
2 [-008] | [056] | [-1.100] [056] | [-1.100]
E‘:; o e | A0 — TAssn | — 932 | — Tdwos | — Gl
% ) (105) (140) | (14D | (1400 | (139
[-1.502] [-1.856] | [-6.082] | [-1.866] | [-7.661]
14l | 098 | 202+« | 106 167 098 | 292k
A7)k =171
| e D (065) | (0=3) | (1400 | (08 | (123 | (083) | (140)
Al 8 [287] | [246] | [2343] | [264] | [1089] | [246] | [2.343]
H _ _ _ _ _ _
U 087 042 121 035 129 042 121
Ul A 082 | (115 | 18y | 13 | ) | 1) | us3)
og t
e 1771 | =105 | [-970] | [-088] | [842] | [-108] | [-970]
wE 5 192 115 77 115 77 115 77
719 & 25 19 15 19 15 19 15
719 1485 YES YES YES YES YES YES YES
A7F A&7 YES YES YES YES YES YES YES
2 % 7253 | 4307 | 2141 | 4310 | -2161 | 4307 | -2141

FEAE 2T o, SAEI= dED <t F7]8HE
sk p<0.01, ** p<0.05, * p<0.10
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