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Table 1 Definition of key variables
eni ratio4
eni01 1 0 size
Penalty_01 1 0 roa
Penalty_In +1 TQ
Penalty_% sales /
Penalty_b ( big) lev
Penalty_s ( small) mfr
Penalty_h ( heavy) ind_%
Penalry_l ( light) age
Penaliy_r ( report) state 1 0
Penaliy_n ( no report) 4 p)
HP
HHI 1 0
2.2 (1)  Heckman probit
2.2.1
probit i t :

(2) Heckman

probit(eni0l, =0 1) >0 eni

OLS (2)
IMR
Heckman *' IMR 0
probit Heckman . (1) 1
eniOl,_,
1 (2)
eni,_,
probit(eni0l, =0 1) = o, + o, Penalt v,, +
o,eni0l,, | +os Penalty,, , + Penalty IND
FundamentalFactors, + IndDummies + Penalty_ In
YearDummies + g, (1) Penalty_%. Penalty_01 i t
eni = B3, + B, Penalty_ind + 3, eni, , + FundamentalFactors
B;Penalty 01, + B,IMR + . 1 (1) B, B

FundamentalFactors, + IndDummies +

YearDummies + g, (2)
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ratio4 11.8%
. Penalty_IND Penalty_In
Penalty_% ~ Penalty_b < Penalty_s < Penalty_h - Penalty_ind
Penalty_l « Penalty_r Penalty_n .
probit( eni0l, =0 1) =, + a,Penalty_IND +
o,eniOl, | +as HHI + o Penalty_ind* HHI +
asPenalty 01, + FundamentalFactors, +
IndDummies + YearDummies + &, (3) 4 5 Heckman
eni = 3, +B,Penalty_ind +pB,eni,_, +B,HHI + Probit 0LS
BiPenalty_ind* HHI + 3;Penalty 01, +
B.IMR+FundamentalFactors, +IndDummies + Penalty_In  Penalty_%
YearDummies + &, (4) eniOl  eni
0.01
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Table 2 Descriptive statistics: Grouped by eniO1
eni0l =0 eni0l =1
variable mean pS0 sd max min mean p50 sd max min
eni 0. 000 0.000 | 0.000 | 0.000 0.000 | 16.505 | 16.740 | 2.347 | 25.529 | 8.007
Penalty_In 1.961 2.079 1.019 | 4.078 0. 000 2.266 2.398 | 0.889 | 4.078 0. 000
Penalty_% 0.135 0.093 | 0.119 | 1.000 0.000 0.205 0.172 | 0.149 | 1.000 0.000
Penalty_b 0. 096 0.071 0.085 | 0.500 0. 000 0. 146 0.128 | 0.100 | 0.500 0. 000
Penalty_s 0.038 0.024 | 0.047 | 0.667 0. 000 0. 059 0.040 | 0.078 | 1.000 0. 000
Penalty_r 0.013 0.000 | 0.031 | 0.750 0. 000 0.028 0.000 | 0.051 | 0.500 0. 000
Penalty_n 0.122 0.090 | 0.104 | 1.000 0. 000 0. 176 0.151 | 0.128 | 1.000 0. 000
Penalty_h 0. 109 0. 081 0.093 1. 000 0. 000 0. 157 0.145 | 0.116 | 1.000 0. 000
Penalty_l 0. 026 0.000 | 0.054 | 0.500 0. 000 0. 048 0.000 | 0.073 | 0.385 0. 000
Penalty_01 0.128 0.000 | 0.334 1. 000 0. 000 0.352 0.000 | 0.478 | 1.000 0. 000
size 21.699 | 21.569 | 1.265 | 26.885 | 18.848 | 23.264 | 23.081 | 1.507 | 26.885 | 19.670
roa 0.038 0.037 | 0.063 | 0.228 | -0.244 | 0.046 0.040 | 0.053 | 0.228 -0.244
TQ 3.174 2.305 | 2.769 | 18.330 | 0.595 2. 006 1. 598 1.342 | 18.330 | 0.595
sales 0.772 0.606 | 0.656 | 4.272 0.031 0. 898 0.748 | 0.632 | 4.272 0. 061
lev 0. 457 0.448 | 0.239 | 1.303 0. 044 0.511 0.516 | 0.190 | 1.292 0. 044
mfr 0. 108 0.079 | 0.116 | 0.864 0.010 0. 069 0.061 | 0.044 | 0.526 0.010
ind_% 0.370 0.333 | 0.054 | 0.800 0.091 0.375 0.333 | 0.064 | 0.667 0.250
age 2. 140 2.398 | 0.760 | 3.296 0. 000 2.423 2.639 | 0.597 | 3.219 0. 000
state 0. 406 0.000 | 0.491 1. 000 0. 000 0.735 1.000 | 0.442 1. 000 0. 000
HP 0. 681 1.000 | 0.466 | 1.000 0. 000 0.816 1.000 | 0.388 | 1.000 0. 000
3
Table 3 Descriptive statistics: Grouped by Penalty_01
Penalty_01 =0 Penalty 01 =1
variable mean pS0 sd max min mean pS0 sd max min
eni 0. 560 0.000 | 2.974 | 25.529 | 0.000 2.055 0.000 | 5.667 | 23.350 | 0.000
eni0l 0.035 0.000 | 0.184 1. 000 0. 000 0.118 0.000 | 0.323 1.000 | 0.000
Penalty_In 1.888 1.946 | 1.019 | 4.078 0. 000 2.513 2.485 | 0.804 | 4.078 | 0.693
Penalty_% 0.121 0.087 | 0.109 | 0.769 0.000 0.246 0.250 | 0.143 1.000 | 0.008
Penalty_b 0. 087 0.063 | 0.079 | 0.500 0. 000 0.171 0.176 | 0.093 | 0.500 | 0.000
Penalty_s 0.034 0.020 | 0.041 | 0.500 0. 000 0.075 0.059 | 0.074 | 1.000 | 0.000
Penaliy_r 0.011 0.000 | 0.026 | 0.500 0. 000 0. 030 0.012 | 0.055 | 0.750 | 0.000
Penalty_n 0.110 0. 081 0.096 | 0.769 0. 000 0.216 0.214 | 0.123 | 1.000 | 0.000
Penalty_h 0.099 0.072 | 0.086 | 0.548 0. 000 0. 186 0.164 | 0.108 | 1.000 | 0.008
Penalty_l 0.022 0.000 | 0.047 | 0.385 0. 000 0. 060 0.000 | 0.082 | 0.500 | 0.000
size 21.621 | 21.507 | 1.223 | 26.885 | 18.848 | 22.712 | 22.551 | 1.499 | 26.885 | 18.848
roa 0. 040 0.039 | 0.064 | 0.228 | -0.244 | 0.032 0.029 | 0.059 | 0.228 |-0.244
TQ 3.263 2.368 | 2.835 | 18.330 | 0.595 2.219 1.705 1.694 | 18.330 | 0.595
sales 0.762 0.598 | 0.654 | 4.272 0. 031 0.872 0.706 | 0.654 | 4.272 | 0.031
lev 0. 447 0.434 | 0.240 | 1.303 0. 044 0.535 0.552 | 0.200 | 1.303 | 0.044
mfr 0.111 0.082 | 0.119 | 0.864 0.010 0.075 0.060 | 0.072 | 0.864 | 0.010
ind_% 0.370 0.333 | 0.054 | 0.714 0.091 0.369 0.333 | 0.059 | 0.800 | 0.231
age 2.111 2.303 | 0.770 | 3.296 0. 000 2.418 2.565 | 0.592 | 3.296 | 0.000
state 0.389 0.000 | 0.487 1. 000 0. 000 0.621 1.000 | 0.485 1.000 | 0.000
HP 0. 659 1.000 | 0.474 1. 000 0. 000 0. 863 1.000 | 0.344 1.000 | 0.000
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3.2 ( N )
3.2.1
6 (1) (2)
Heckman
Penalty _IND:
Penalty_In Penalty_%.
1%
6
Table 6 The deterrence test of environmental regulation
eni0l eni eniOl eni eni0l eni eniOl eni
Penalty_In/ 0.033 0.417 *** 0.013 0. 458 *** 0.312 4.305 %% 0.289 3,359 ***
Penalty_% -1.03 -3.47 -0.45 -4.59 -1.31 -5.34 -1.55 -5.73
, 1. 571 %% 1. 483 %% 1. 567 *** 1. 480 ***
L. eni01 ~23.02 -26.9 -22.94 -26.82
, 0. 167 *** 0. 203 *** 0. 129** 0. 186 ***
L. eni -3.29 -5.89 -2.57 -5.41
0.099%* | 0.557%* 0. 081 0. 388 **
Penalty 01 ~1.98 ~3.67 ~1.58 _2.48
_ 0.261% | 0.889%* | 0.252* | 0.870* | 0.261%* | 0.806*** | 0.251*** | 0.813%**
sze -10.26 -5.94 -12.24 -8.13 -10.26 -5.48 -12.23 -7.67
1. 669 *** 1.738 1.737** 0.517 1,726 2.374 1. 8057 1. 681
roa -2.88 -0.7 -3.55 -0.27 -2.97 -0.96 -3.68 -0.88
—0.025 | —0.195* | -0.027 | —0.229%* | -0.025 | —0.187** | -0.028 | —0.246***
e (=1.31) | (=219) | (=1.60) | (=2.94) | (=1.29) | (=2.13) | (=1.61) | ( =3.19)
-0.031 0. 398 ** 0. 009 0. 386 *** -0.03 0. 436** 0.01 0. 382 %**
sales ( -0.72) -2.25 -0.25 -3.02 ( -0.70) -2.5 -0.27 -3
~0.202 0. 664 ~0.3117%* -0.335 -0.2 0. 749 ~0.312%* ~0.261
fev ( -1.25) -1.01 | (-2.23) | (-0.65) | (-1.24) -1.16 | ( -2.25) | ( -0.51)
—1.483 % -1.998 -0.823" -2.13 -1.372** 0.831 -0.731" -0.431
mfr (-2.73) | (-0.73) | (=1.93) | (-1.18) | ( -2.53) -0.3 (-1.72) | ( -0.24)
0.208 2.14 0.263 2.755** 0.224 2.273 0.284 2.745**
ind_% -0.5 ~1.49 -0.76 ~2.46 ~0.54 -1.6 ~0.81 ~2.46
0.099 ** -0.378™* | 0.082** -0. 141 0. 098 ** -0.387** | 0.080** -0. 164
age -2.16 ( -2.03) -2.07 ( -0.96) —2.12 | ( -2.11) -2 (-1.13)
0. 260 *** 0.23 0. 292 *** 0. 390" 0. 260 *** 0.122 0.291 *** 0. 345"
state —4.62 ~0.94 ~5.98 ~1.88 ~4.62 -0.5 ~5.95 ~1.67
0.073 -0.483 0.178 -0.549 0. 067 -0.773 0.129 -0.386
ap -0.27 ( -0.44) -0.69 ( -0.52) -0.25 | ( -0.72) -0.51 ( -0.37)
1.818** 2. 450 *** 1.337" 2. 182 %%
MR -2.57 —4.61 -1.91 —4.12
—8.210%* | -9.605" | -8.106™** | —11.209™** | —8.225*** | -6.726 | —8.107** | -9.196**
(-13.13) | ( -1.90) |( -15.28) | ( =2.96) | ( -13.15) | ( =1.35) | ( =15.30) | ( -2.44)
N 16 364 882 13 775 568 16 364 882 13 775 568
R 0.322 0.338 0.303 0.28 0.322 0.342 0.303 0.298
F 15.032 8.105 15.294 8.777
i R (1 Pseudo R? (2 Adjusted R2; ™ [ [ xx*

10% 5%

1%

(

)
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Table 7 The influence factors on deterrence effect of environmental regulation
Panel A?
eni01 eni eni01 eni eni01 eni eni01 eni
Penalty_b/ 0. 647 ** 3.983 %% 0.782" 5.993 7% 0.497 8. 186 0. 403 11.302 %
Penalty_s -2.02 -4.28 -1.92 -4.21 -0.79 -4.17 -0.48 -4.08
R? 0.322 0.33 0.303 0.284 0.322 0.334 0.303 0.287
F 14. 567 8. 261 14. 808 8.364
Panel B®
Penalty_h/ 0. 598 ** 4. 467 *** 0. 645 5. 495 %% -0. 361 0.992 -0.539 1.826
Penalty_L -2.57 -6.18 -2.23 -5.53 (-0.98) -0.88 ( -1.006) -1.08
R? 0.323 0. 342 0.304 0.298 0.322 0.324 0.303 0.269
F 15.297 8.78 14.213 7.747
Panel C©
Penalty_r/ 0.012 0. 443 *** 0. 047 0. 458 *** -0.022 0. 026 -0.018 0. 063
Penalty_n -0.39 -4.29 -1.23 -3.43 (-0.89) -0.28 (-0.63) -0.57
N 16 364 882 13 775 568 16 364 882 13 775 568
R? 0.299 0.289 0.28 0.238 0.299 0.276 0.28 0.228
F 26.556 14.629 24.973 13.908
t R? (D Pseudo R? (2) Adjusted
R, T e 10%.5% 1%
@ N
+1
+1
© +1
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Table 8 The influence of industry competetion

Panel A
eni0l eni eni01 eni eni01 eni eni0l eni
Penalty_In/ -0.009 | 0.576™* 0.003 | 0.563** 0.198 | 4.187™* 0.183 6.373
Penalty_% (-0.27) -4.88 -0.08 -4.06 -0.87 -6 -0.58 -5.83
- -0.345| 1.610™* -0.422| 1.712" -0.24 0.007 -0.37 1.750**
(-1.29) -2 (-1.42) -1.86 |( -1.01) -0.01 |( -1.33) -2.01
Penalty_In x HHI/ | 0.259 —1.4357 | 0.214 -0.857 0. 526 -3.699* | 0.789 | -20.712**
Penalty_% xHHI | -1.32 | ( -2.27) -0.94 | (-1.10) -0.64 | (-2.02) -0.41 | ( -2.66)
R 0.322 0.345 0.303 0. 286 0.322 0.346 0.303 0.308
F 14.633 7.891 14.707 8.631
Panel B

Penalty_b/ 0.627° | 8.137% | 0.545 | 8.468™* | 0.057 | 7.474™ | -0.376 | 15.598***

Penalty_s -1.77 -7.05 L2 -5.38 -0.11 -4.92  |(-0.45)| -5.07
. -0.01 1.359° -0.32 1.584" -0.277| -0.617 | -0.39% 1.242
(-0.04)| -1.96 |(-1.17)| -1.83 |(-1.28)| (-0.90) |( -1.55)| -1.54
Penalty_b xHHI/ | —=1.806 | =26.072** | 0.3 | -26.198** | 1.58 —4.232% | 2.449 | -56.285"*
Penalty_s xHHI |( -1.12)| ( -5.46) | -0.13 | ( -2.81) | -1.22 | (-1.78) | -0.44 | ( -2.29)
R 0.322 0.354 0.304 0.297 0.322 0.342 0.303 0.308
F 15.198 8.267 14. 471 8. 662
Penalty_h/ 0.437 | 5.592% | 0.472 | 8.075™* | 1.052 | 11.408™* | 1.032 | 12.973%
Penalty_r -1.54 -6.37 -1.23 -6.2 -1.17 -4.27 -0.87 -3.42
il -0.266| -0.165 | -0.351| 1.821* | -0.081| -0.266 | -0.318| 0.308
(-111)] (-0.22) |( -1.25) 2.1 |(-0.39)| (-0.42) |(-1.32)| -0.39
Penalty_h x HHI/ | 0.918 | -3.643" 115 | =25.106™ | -3.89 | —24.026™ | —1.348 | -19.655
Penalty_r xHHI | -0.91 | ( -1.87) 0.5 | (-2.87) |(-1.59)| ( -3.40) |( -0.35)| ( —1.50)
N 16 364 882 13775 568 16 364 882 13 775 568
R 0.323 0.347 0.304 0.309 0.322 0.333 0.303 0.278
F 14.76 8.692 13.926 7.622
: R () Pseudo R? (2 Adjusted R;

NN 10%-5% 1%
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5. Table 9 The test of OLS
Panel A
ent ent ent ent
Penalty_b/ | 0. 434 | 0,370 %% | 2. 921 *** | 4, 004 ***
Penalty_s | (4.35) (3.11) (4.99) (4.93)
R? 0.280 0.336 0.298 0. 341
F 8.101 14. 944 8.782 15.232
Panel B
4 eni eni eni eni
Penalty_b/ | 3.913*** | 4,853 *** | 3,994 *** | 9 870 ***
Penalty_s | (4.17) (4.03) (4.01) (5.15)
R? 0.335 0.288 0.334 0. 301
F 14. 870 8.407 14. 808 8. 883
Panel C
Heckman . Penalty_h/ | 3- 5587 | 4.824™ | 1.584 2.470
Penalty 1 | (5.07) | (4.97) | (1.43) | (1.50)
R? 0. 341 0.299 0.323 0.270
F 15.268 8. 801 14.138 7.756
9 10
Panel D
Penalty_r/ | 0-593 7 10509 | 0.383 | 0.339"
Penalty_n | (4.88) (3.27) (1.77) -2.19
N 882 568 882 568
—
R? 0.326 0.274 0.319 0.270
F 14. 761 8.120 14. 298 7.980
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Table 10 The test of industry competition with OLS
Panel A
2SLS
eni eni eni eni ( )
Penalty In/ | 0-566™% | 0.554%*% | 4.135**% | 6.373*** "
Penalty_% | (4. 74) (3.98) (5.87) (5.82)
1.987** 2.232%F 0.310 2.098 **
HHI
(2.45) (2.47) (0.41) (2.45)
Hausman test
Penalty_In x ) N
—1.861*** -1.160 | —4.7177%* |-21. 166 ***
HHI/
Penalty_% x 1 28Ls
i (-2.94) | (-1.50) | ( -2.58) | (-2.72) Table 11 The test with 2SLS
R? 0.328 0.278 0.334 0.304
F 14. 042 7. 831 14. 417 8.734
eni eni eni eni
Panel B
— — , 0.577* 0. 486 |5.0127* |5.971***
Penalty_b/ | 7.4687** | 8.089™* | 7.962*** |16.690***
Penalty s | (6.47) | (5.15) | (5.20) | (5.52) (5:07) | (3.47) | (6.05) | (5.92)
1.294" | 1.888** | -0.250 | 1.649** N 770 491 710 491
HHI
(1.85) (2.20) ( -0.36) (2.11) R? 0. 366 0.287 0.370 0.319
Penalty_b x ‘ ‘
—23.708 ***|-25. 707 ***| 6. 933 | —62. 112*F
HHI/
Penalty_s x
(-4.95) | (=2.75) | ( =3.00) | ( -2.54)
HHI
R? 0.341 0.292 0.330 0. 305
F 14. 818 8. 321 14. 137 8.787 7
i i , +1
Penalty_h/ | 5: 1847 | 7,699 110,252 | 11,872 %%
Penalty r | (5. 90) (5.95) (3.81) (3.14) +1
0. 165 2.146** -0.211 0.611
HHI
(0.22) (2.51) | (=0.33) | (0.78)
Penalty_h x
—5. 113 |=25. 666 ***|-19. 870 ***| -15.038
HHI/
4
Penalty_r x HHI X
(-2.64) | (-2.93) | (-2.81) | (-1.15)
HHI
N 16 364 13 775 16 364 13 775 ( ratio4)
R? 0.335 0.305 0.319 0.272 8 Pen—
F 14. 455 8.767 13. 486 7.620 .
alty_ind
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Table 12 The influence of industry competetion with ratio4

Panel A

eni0l eni eni0l eni eni0l eni eni0l eni
Penalty_In/ -0.062 | 0.735*** | -0.058 | 0.791*** | -0.161 | 6.311** | -0.617 | 8.847***
Penalty_% (-1.09)| -3.76 |( -0.89) -3.5 |(-0.37)| -436 |(-1.00)| -3.93
i -0.309 1.204 -0.3719 | 1.712" -0.156| -0.049 | -0.356" 0.97
(-1.28)| -1.46 |(-1.43)| -1.8 |(-0.87)| (-0.08) |(-165| -1.23
Penalty_In x ratio4/ | 0.171 -0.581" 0.178 -0.636" 0.831 | -5.425** | 1.775 | -9.437*F
Penalty_% xratiod | -0.84 | (-1.83) | -0.67 | (-1.69) | -1.13 | ( -2.37) -1.6 | (-2.20)
R 0.322 0.342 0.303 0.287 0.322 0.352 0.304 0.305
F 14. 488 7.902 15. 104 8.551
Panel B
Penalty_b/ 0.1 11.687*** | —0.345 | 12.070™* | -0.616 | 11.327™* | -2.343 | 23.773***
Penalty_s -0.15 -5.49 |( -0.41) -3.8 |(-0.61)| -3.9 |(-1.39)| -3.8
_ -0.082| 0.569 -0.287 | 0.802 -0.115| -0.55 | -0.316 | 0.8%4
rotiot (-0.45)| -0.94 |(-1.37)| -1.04 |(-0.76)| (-1.15) |(-1L64)| —1.28
Penalty b x 0.557 | —13.472°% | 1772 | —12.914** | 1766 | —-8.750%* | 4.467 | -28.746™*
ratiod/
Penalty_s x
ok -0.51 | (-3.79) | -1.23| (-226) | -115| (-2.35) -1.45 | (-2.43)
R 0.322 0.352 0.304 0.295 0.322 0.348 0.303 0.31
F 15.077 8.194 14.822 8.715
Penalty_h/ -0.199 | 8.875** | —0.415| 12.125*** | 0.976 | 18.998*** 1.222 | 22.396**
Penalty_r (-0.34)| -503 |( -0.55) -4.6 -0.63 -4.01 -0.57 2.9
i -0.19| 0.177 -0.315| 1.429" 0.005 | -0.740" | -0.114 | -0.274
(-1.05) -029 |(-1.42)| -18% -0.04 | (-1.70) |[( -0.74)| ( -0.50)
Penalty_h 1464 | —7.307%% | 2,002 | —13.383°% | —1.43 | —19.350% | —0.734 | —21.240"
ratiod/
Penalty_r x
s “1L5 | (-267) | -149 | (-2.70) |( -0.75)| ( -3.33) |(-0.25)| ( -1.92)
N 16 364 882 13775 568 16 364 882 13775 568
R? 0.323 0.355 0.304 0.309 0.322 0.34 0.303 0.281
F 15.275 8.677 14.333 7.719
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Can the penalty for environmental violation act as a deterrent to peers?. The
evidence from the peer effect of environmental regulation

WANG Yun' LI Yan=i' MA Zhuang® SONG Jin-bo'

1. School of Economics and Management Dalian University of Technology Dalian 116024 China;
2. School of Accounting Hangzhou Dianzi University Hangzhou 310018  China

Abstract: Environmental regulation is a main driver for corporate environment strategies. Applying the deter—
rence theory the mechanic of how environmental regulation plays its governance role is analyzed and the im-
portant channel of peer effect for the deterrence of environmental regulation is testified empirically. The empir—
ical results derived by using the data of listed companies in 2007 — 2015 and adopting the Heckman model
show that government environmental regulation has adeterrent effect of increasing the environmental protection
investment of the peer firms. Firm size severity of penalty and media reportall affect the deterrence effect of
environmental regulation: the larger the penalized firm the more severe the punishment and the larger the
effect of media report the stronger the deterrence effect on peer firms. The industrial competition can strength—
en the deterrence effect. Therefore it can be concluded that by improving the certainty typicality and strict—
ness of punishments with the media coverage and competition the deterrence of environmental regulation can
be strengthened.

Key words: environmental regulation; deterrence theory; peer effect; industrial competition



