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1 2010 4 3 2017
. 2009 57 49 . 2017 710
2010  ~2017 112 169
15.77% .
1
Table 1 Annual distribution of strategic alliances and R&D alliances of listed companies in the ChiNext market
(%) (%)
2009 36 0 0 — 0 0 —
2010 153 4 3 1.96 4 3 1.96
2011 280 9 9 3.21 6 6 2.14
2012 354 14 11 3.11 4 4 1.13
2013 354 25 21 5.93 10 9 2.54
2014 404 78 57 14.11 13 12 2.97
2015 491 175 105 21.38 33 25 5.09
2016 569 157 105 18.45 42 35 6.15
2017 710 145 111 15.63 57 49 6.90
710# 607 261 36.76 169 112 15.77
D # (300186) (300372) .
2.3 v Py, i ¢ k
Kim * IPC P, i t
) 650
PG P, = ; P, .
“ o - - - 1
- 75 IPC 3  IPC
G06Q30/04 » B22F3/22. B22F1/00. C22C30/00
G 3 G06 4 B22F.C22C
G06Q “r” 2
G06Q30 G06Q30/04. IPC
8 A — B —
N ;60— N ;D — N ;
E — Fo— N N N IPC 4
N G — ' H — . ( LnBreakthNum)
IPC 4 “ ”
650 1 650 IpC ( )
(1) 1 ) ( 300008)
TechDiversity, = 6§ PSik,ln( 1 ) 2010 fre
=y PS,, (1) ( ) B63B.CO2F 2011
pPS, =P,/ P, IPC ( ) B63J
PS,, i t k (1300008) 2011 IPC ( )

1 BreakthNum =1.
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2.4 LnDesign = a + o, SA + ay,After +
( difference in differences) ;94 x After + a, X +
asYearFE + agFirmFE + ¢ (5)
( propensity score matching) TechDiversity = 3, + B8,SA + BAfter +
B;SA x After + B, X +
BsYearFE + B FirmFE + ( (6)
LnBreakthNum =y, + y,SA + y,After +
V394 x Afier + v, X +
vsYearFE +y FirmFE+{  (7)
PSM 18 16
®. ( LnPatent) . ( LnInvention)
(Industry) ( LnUtility)
( Age) . ( Assets) . ( LnDesign)
( LnPatent_Total) IPC Kim 2
( LnClassific_Total) . ( TechDiversity) ( LnBreakthNum)
{ (2012 )
v (A). SA 1
(B). (D). SA 0 . Afier
(E) . (F) . > After
(G) . > After 0
(n. (n. (L) . SA x After
(M) . N
(N) . (Q . :
(R) (2) ~ (5)
) (C) 2 Qs ;
: (6)
1 Bs ,
1 1 (7) Vs
1 .
X
16-18 38-40

LnPatent = oy + o, SA + ayAfter +
;54 x After + a, X +
asYearFE + a FirmFE + (2)
Lnlnvention = o + o, SA + c,After +
0 SA x After + o, X +
asYearFE + agFirmFE + ¢ (3)
LnUsility = o + 0;SA + a,After +
o, SA X After + a, X +
asYearFE + agFirmFE + ¢ (4)

( R&D/Assets; R&D/Revenue) .
( LnPatent_Total) . IPC
( LnClassific_Total) ( Tobin’ s Q) .

( Lev) . ( Incentive) .
( Duality) . ( Largest) .
( IndepDirector) ( YearFE)
( FirmFE) .
2.
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2

Table 2 Definitions of variables

LnPatent LnPatent =In( 1 + )

LnInvention Lnlnvention =1In( 1 + )

LnUtility LnUdlity =In( 1 + )

LnDesign LnDesign =In( 1 + )

TechDiversity (1)

LnBreakthNum LnBreakthNum =1In( 1 + IPC ( ) )

SA 1 0

After 1 0

R&D/Assets

R&D/Revenue

Age Age =( - ) /365

Assets

Lev = /

Tobin’ s Q

Incentive 1 0

Duality CEO 1 0

Largest

IndepDirector

Patent_Total

IPC IPC IPC
Classific_Total

YearFE 1 0

FirmFE

3.1

1% Winsorize . 3 S N N
( TechDiversity) ( BreakthNum)

( Patent) ( Invention) (37.007 >
0 ( 52.409.25. 451, 24.481;21.907 >15.848; 11.533 >7.278;1.949 >

28.325;36.060.16. 438.24. 642) 1.135;1.209 > 1. 043; 2. 320 > 1. 696)
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3
Table 3 Descriptive statistics
N 25 75
428 37.007 52.409 0 281 8 19. 500 39.500
Patent 1901 17.766 25.451 0 144 2 8 22
237 24.481 28. 325 0 153 4 16 35
428 21.907 36. 060 0 178 4 8 21.500
Invention 1901 10. 436 16. 438 0 92 1 4 12
237 15. 848 24.642 0 151 2 7 18
428 11.533 16. 747 0 81 1 5 16
Utility 1901 5.852 10. 814 0 65 0 1 7
237 7.278 11. 306 0 81 0 2 10
428 1. 949 4.192 0 26 0 0 2
Design 1901 1. 098 3.176 0 19 0 0 0
237 1. 135 3.817 0 26 0 0 0
428 1.209 0.751 0 3.439 0. 642 1. 240 1.705
TechDiversity 1901 0.939 0.782 0 3.279 0 0.950 1.555
237 1. 043 0.728 0 2.654 0.562 1. 086 1.561
428 2.320 3.293 0 21 0 1 3
BreakthNum 1901 1.398 2.132 0 18 0 1 2
237 1. 696 2. 340 0 15 0 1 3
428 0. 026 0.018 0.002 0. 145 0.015 0.020 0.030
R&D /Assets 1901 0.027 0. 020 0 0. 186 0.015 0.021 0.033
237 0. 025 0.017 0.001 0. 109 0.011 0.021 0.033
428 0.075 0.076 0.011 0. 627 0. 034 0. 048 0. 085
R&D/Revenue 1901 0. 069 0. 068 0 0.984 0. 035 0.051 0. 080
237 0.061 0. 046 0. 003 0.330 0. 034 0. 046 0.077
428 14. 143 4.149 5.951 30. 104 11.136 13.679 16. 601
Age 1901 14. 545 4.108 5.682 31.008 11. 545 14. 068 16.942
237 14. 300 3.597 6. 685 25.337 11.564 14. 167 16. 616
428 21.579 0.818 19. 677 24.196 20. 998 21.512 22.156
Assets 1901 21.178 0.768 19. 544 24.616 20. 626 21.074 21. 643
237 21. 605 0.818 19. 886 24.544 20.977 21.524 22.082
428 0.332 0.178 0. 040 1.037 0. 194 0.303 0.452
Lev 1901 0.273 0. 163 0.011 0. 861 0. 141 0.247 0. 382
237 0. 305 0.192 0.016 0. 839 0. 140 0. 258 0.458
428 3.523 1. 830 1.072 11. 283 2.222 3. 100 4.256
Tobin’ s Q 1901 4.243 2.827 1. 075 29.277 2.333 3.535 5.137
237 3.431 1. 878 1. 141 11. 289 2. 148 2.911 4. 254
428 0.357 0. 480 0 1 0 0 1
Incentive 1901 0. 360 0. 480 0 1 0 0 1
237 0. 388 0.488 0 1 0 0 1
428 0. 404 0.491 0 1 0 0 1
Duality 1 901 0. 426 0. 495 0 1 0 0 1
237 0.371 0. 484 0 1 0 0 1
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3
Table 3( Continue) Descriptive statistics
N 25 75
428 0. 335 0.128 0. 044 0. 694 0.224 0.319 0.439
Largest ( ) 1901 0.315 0.123 0.041 0.752 0. 225 0.299 0.392
( ) 237 0. 275 0.116 0. 066 0.521 0. 199 0.254 0. 351
428 0.376 0. 053 0. 250 0.571 0.333 0. 333 0.429
IndepDirector ( ) 1901 0.382 0. 057 0.273 0. 600 0.333 0.375 0.429
( ) 237 0.378 0. 059 0.333 0. 600 0.333 0.333 0.429
428 103 162. 357 0 995 23 55 108. 5
Patent_Total ( ) 1901 62. 382 84. 665 0 482 9 33 78
( ) 237 98. 114 156. 784 0 995 20 44 118
428 11. 832 11. 325 0 57 5 10 14
Classific_Total ( ) | 1901 | 8.791 7.933 0 39 3 7 12
( ) 237 9.755 7. 856 0 36 4 7 14
4 2009  ~2017
4 6
. (D). ( TechDiversity)
(C38) . (C35) (n (2)
N (C39) ( R&D/Assets; R&D/Revenue)
33.31.24 23 SA X Afier
0.278  0.282 1%
(1) SA x After 0.278
Robinson * 1
3.2 27.8%.
5
(. (2. (4 (5) .
(6).  (8)
( R&D/Assets; R&D/Revenue) ( LnBreakthNum)
SA x After (3) (4) SA x After
0.550.0. 581.0.277; 0. 554, 0.342  0.343 1%
0.581.0.287. (1. (2) (4) (3) SA x After
SA X Afier 0.550.0. 581 0.342 1
0.277 1 34.2%.
55.0% \58. 1%
27.7% IPC
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4
Table 4 Industry distribution of R&D alliances
(%)
NEEN A 6 1 1 16.67
B 4 1 1 25.00
C13 4 0 0 —
Cl4 3 3 1 33.33
C17 2 0 0 —
C18 1 0 0 —
N C19 1 0 0 —
C21 2 0 0 —
N C24 3 0 0 —
C26 48 4 2 4.17
Cc27 54 4 3 5.56
C28 1 0 0 —
€29 22 5 4 18.18
C30 19 0 0 —
C32 7 2 1 14.29
C33 5 1 1 20.00
C34 31 14 6 19.35
C35 72 24 18 25.00
C36 12 1 1 8.33
N C37 8 1 1 12.50
C38 58 31 14 24.14
N C39 110 23 17 15.45
C40 28 8 5 17.86
C41 5 0 0 —
N D 2 2 1 50.00
E 7 3 1 14.29
F 5 0 0 —
G 2 0 0 —
I 128 33 28 21.88
J 1 0 0 —
L 10 0 0 —
M 18 2 1 5.56
N N 13 3 3 23.08
Q 3 3 2 66.67
N R 15 0 0 —
710 169 112 15.77
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Table 5 Post-alliance patent output: R&D alliance companies vs. non-R&D alliance companies
(1 (2) (3) (4) (5) (6) (7) (8)
LnPatent Lninvention LnUtility LnDesign LnPatent Lninvention LnUtility LnDesign
St ir 0. 550 ** 0. 581 0. 187 0.277 ™ 0. 554 0.581 0. 190 0.287
(0. 000) (0. 000) (0.229) (0.018) (0. 000) (0. 000) (0.222) (0.014)
. -0.129 -0.142 0. 102 -0.127 -0.126 -0.142 0. 104 -0.120
Aer (0. 443) (0.349) (0.572) (0.351) (0. 454) (0.351) (0. 564) (0.379)
R&D/ 3.571 2.404 6.652 1. 444 — — — —
Assets (0. 358) (0. 491) (0. 110) (0. 645) — — — —
R&D/ — — — — 0.175 0.399 0.937 -1.178"
Revenue — — — — (0. 838) (0. 605) (0.309) (0. 089)
-0.134 -0.216 0. 478 -0.151 -0.157 -0.229 0. 440 -0.167
b (0.729) (0.538) (0.251) (0. 632) (0. 687) (0.512) (0.290) (0.594)
Tobin's 0 -0.068™ | -0.065"" | -0.061"" -0.005 -0.067™ | -0.064™ | -0.058"" -0.009
(0.014) (0. 009) (0. 039) (0.822) (0.015) (0.010) (0. 049) (0.700)
A 0.169" 0.135" 0.133 0.229 0.177 ™" 0. 144" 0.156 0.216 "
Incentive 174 057) (0.091) (0. 161) (0.001) (0.048) (0.073) (0. 104) (0. 003)
_ 0. 108 0. 065 0. 106 0.303 ™** 0. 109 0. 069 0.116 0.286
Duality 75 330) (0. 559) (0.422) (0.003) (0.379) (0.534) (0.383) (0.004)
-0.766 0.282 -2.265™" -1.4027 -0.758 0.286 -2.254™ -1.3917
Largest (0.378) (0.718) (0.015) (0. 046) (0.383) (0.714) (0.016) (0. 047)
Indep -1.024 -1.755" 1.673 -1.571" -0.985 -1.754" 1. 690 ~1.445
Director (0.373) (0. 090) (0. 174) (0.091) (0.392) (0. 090) (0.171) (0. 120)
LnPatent | 0.199 0.276 0. 008 0.072 0.198 0.275 0. 007 0. 069
Total (0.002) (0. 000) (0.912) (0. 176) (0.003) (0. 000) (0.922) (0. 193)
LnClassific |  —0.113 -0.101 -0. 164 0. 096 -0.116 -0.100 -0.162 0. 080
Total (0.319) (0.322) (0. 178) (0.295) (0.307) (0. 330) (0. 185) (0. 386)
3.041 2,254 7 1.613* 0.799 31147 2.279 1.697 0.934
(0. 000) (0. 000) (0. 033) (0.162) (0. 000) (0. 000) (0. 025) (0. 100)
YearFE
FirmFE
R’ 0.258 0.356 0. 098 0.112 0.257 0.356 0. 095 0.117
F- 9. 877 15. 688 *** 3.089 ¥ 3.594 9.817 15. 670 2.995 *** 3,762
> F 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000 0. 000
N 665 665 665 665 665 665 665 665
r oo 10% 5% 1%

[13



2019 11
6 : vs.
Table 6 Post-alliance technological diversification and innovative breakthroughs: R&D alliance companies vs. non-R&D alliance companies
(1) (2) (3) (4)
TechDiversity TechDiversity LnBreakthNum LnBreakthNum
0.278 ** 0.282* 0.342™* 0.343 ™
SA x After
(0.004) (0.003) (0.009) (0.008)
-0.126 -0.123 -0.234 -0.233
After
(0.260) (0.273) (0.121) (0.122)
2.873 3. 040
R&D/Assets — _
(0.264) (0.381)
-0.010 0. 530
R&D/Revenue — —
(0.986) (10.490)
0.292 0.273 0. 153 0.136
Lev
(0.257) (0.289) (0. 660) (0.695)
-0.045 ™ -0.045™ -0.042" -0.041°
Tobin’ s Q
(0.013) (0.014) (0.086) (0.099)
0.114° 0.118™ 0. 059 0.070
Incentive
(0.053) (0.046) (0.459) (0.378)
-0.041 -0.042 -0.154 -0.148
Duality
(0.618) (0.608) (0.163) (0.182)
0. 146 0. 154 -0.726 -0.722
Largest
(0.799) (0.789) (0.350) (0.353)
-0.651 -0. 606 -1.762" -1.763"
IndepDirector
(0.393) (0.427) (0.087) (0.087)
0. 035 0.034 -0. 006 -0. 006
LnPatent_Total
(0.419) (0.435) (0.919) (0.916)
-0.1827 -0.186™" -0.639 ™ -0.637
LnClassific_Total
(0.016) (0.014) (0. 000) (0.000)
1.709 " 1.780 3.408 3.438 ™
(0. 000) (0. 000) (0. 000) (0.000)
YearFE
FirmFE
R? 0. 142 0. 140 0.114 0.114
F- 47117 4.630 " 3.656 3.638
> F 0. 000 0. 000 0. 000 0. 000
N 665 665 665 665
po TR 10% 5% 1% ;

3.3

41
Atanassov

LnPatent = 8, + 8,Before2 + §,Beforel +
8;Current + 5,Afterl + 55After2 +
SsAfter3 + 8;X + S After +
-33 SyYearFE + 8, FirmFE + {
(8)

Bertrand ~ Mullainathan *
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Lnlnvention = §, + 8, Before2 + §,Beforel + . (1) ~ (8) Before2
6,Current + 5,Afterl + Beforel
SsAfter2 + SAfter3 + 8,X + . (1. (2)
SsAfter + 8yYearFE + (5) . (6) Afterl \After2  Afier3
S, FirmFE + ¢ (9) . (1) (2)
LnUtility = 8, + 8, Before2 + 8,Beforel + 0. 446. 0. 580. 0. 473;
8, Current + 8,Afterl + 0.383.0. 505. 0. 391
8, After2 + S,After3 +8,X + 1 .
SsAfter + 8,YearFE +
8, FirmFE + ¢ (10)  44.6% 38.3%;
LnDesign = 8, + 8,Before2 + 8,Beforel +
6;Current + §,Afterl + 5;After2 +

SsAfter3 + 6,X + SAfter + 2 0.580  0.505 1%
SoYearFE + 8, FirmFE + ¢ (11)
TechDiversity = 6, + 0,Before2 + 6,Beforel + 3 0.473
0,Current + 6,Afterl + 0.391.

0sAfter2 + O:After3 + 6.X +
OsAfter + Oy YearFE +

0, FirmFE + [ (12) 8
LnBreakthNum = 6, + 0, Before2 + 0,Beforel + . (1) ~ (4)
0,Current + 6,Afterl + Before2  Beforel
O After2 + O, After3 + 6,X +
OsAfter + 0, YearFE + (1) (2) Current After \ After2  After3
O FirmFE + ¢ (13)
(8) ~ (13) ( TechDiversity) (1)
3 . Before2. Beforel \ Current- 0.204.0.398.0.481  0.439
Afterl | After2 After3 . Before2
Beforel 2 .1 20. 4%
5, 8(6, 6,
. Current- Afterl 2 0.398
After2  After3 1% 2
4 . 0.481
| N 3 3
1 0 . 0.439.
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Table 7 Dynamic analysis of impact of R&D alliance on corporate patent output
(1) (2) (3) (4) (5) (6) (7) (8)
LnPatent LnInvention LnUnlity LnDesign LnPatent LnInvention LnUnlity LnDesign
~0.024 -0.056 0.121 0.024 -0.025 -0.054 0.112 0.039
Before2
(0.878) (0.692) (0.463) (0.854) (0.874) (0.700) (0.499) (0.759)
-0. 140 -0.110 -0. 140 0.021 -0. 154 -0.112 -0.171 0.030
Beforel
(0.382) (0. 449) (0.409) (0. 876) (0.333) (0.438) (0.313) (0.820)
0.177 0.128 0.020 0. 086 0.170 0.127 0.005 0.091
Current
(0.310) (0.420) (0.915) (0.554) (0.329) (0.423) (0.980) (0.526)
e 0. 446" 0.383 ™ 0.349 0.263" 0.435™ 0.381 ™ 0.326" 0.269"
ter
(0.010) (0.015) (0.057) (0.067) (0.012) (0.015) (0.076) (0.059)
A2 0.580 " 0. 505 0.4527* 0.257 0.582 7 0. 506 0.453™ 0.265"
ter.
(0.002) (0.003) (0.024) (0.102) (0.002) (0.003) (0.025) (0.089)
Air 3 0.473™ 0.391° 0.352 0.413™ 0.476 ™ 0.393" 0.351 0.427™"
er
(0.034) (0.054) (0.137) (0.026) (0.033) (0.053) (0. 140) (0.021)
i ~0.080 -0.059 -0.132 -0.057 -0.075 -0.058 -0.122 -0.058
er
(0.643) (0.708) (0.471) (0.689) (0.664) (0.713) (0.505) (0.682)
R&D/ 4.730 1.027 8.830™ -0.458 - - - -
Assets (0.247) (0.782) (0.042) (0.893)
R&D/ _ _ _ o -0.284 -0.246 0.223 -1.57137
Revenue (0.723) (0.736) (0.794) (0.018)
0.038 0.058 0.592 -0.028 ~0.004 0.043 0.538 -0.076
Lev
(0.925) (0.874) (0.165) (0.933) (0.992) (0.906) (0.208) (0.820)
s 0 -0.038 -0.028 ~0.009 -0.020 -0.034 -0.027 ~0.001 -0.022
Tobin’ s
(0.109) (0.194) (0.721) (0.320) (0. 146) (0.199) (0.973) (0.260)
0.155" 0. 147" 0.128 0. 140" 0.158" 0. 146" 0.139 0. 126"
Incentive
(0.088) (0.075) (0.185) (0.065) (0.084) (0.078) (0.151) (0.095)
i 0.028 0. 036 -0.033 0.168 0.022 0.032 -0.034 0.147
uality
(0.833) (0.767) (0.815) (0.127) (0.871) (0.792) (0.809) (0.181)
W -0.411 0.574 ~1.854** ~1.758** -0.417 0.567 L8t —1.808™
rgest
(0.629) (0.458) (0.040) (0.013) (0.625) (0.464) (0.043) (0.010)
-1.423 -2.131* 2,403 -0.742 -1.304 -2.078™ 2.514™ -0.516
IndepDirecto
(0.211) (0.040) (0.047) (0.433) (0.255) (0. 046) (0.039) (0.585)
InPatent_| 0115 0. 194 *** -0.048 0.105" 0.114 0.193*** -0.048 0.102"
Total (0.112) (0.003) (0.534) (0.081) (0.115) (0.003) (0.535) (0.088)
InClassific| ~ —0.080 -0.018 -0.173 0. 064 ~0.089 -0.023 -0.180 0.043
Total (0.516) (0.868) (0.184) (0.529) (0.471) (0.837) (0.170) (0.670)
3.213 2.299 *** 1.428" 0.585 3.340 2,342 1.599 0.710
(0.000) (0.000) (0.054) (0.314) (0.000) (0.000) (0.031) (0.217)
YearFE
FirmFE
R 0.182 0.271 0.075 0. 093 0.180 0.271 0. 067 0.103
F- 4.708 7.863 1.703™* 2.168 " 4,644 7.866 " 1.513 2,438
>F 0. 000 0. 000 0.023 0. 002 0. 000 0. 000 0. 061 0. 000
N 645 645 645 645 645 645 645 645

P

L Kk kkk
~ ~

10% 5% 1%
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Table 8 Dynamic analysis of impact of R&D alliance on technological diversification and innovative breakthroughs

(1 (2) (3) (4)
TechDiversity TechDiversity LnBreakthNum LnBreakthNum
2 0.154 0. 166 0. 063 0. 069
Before!
(0.154) (0.122) (0.648) (0.618)
; 0.173 0.178 0.147 0.148
Beforel
(0.118) (0.104) (0.301) (0.294)
G 0.204" 0.207" 0.188 0.189
urrent
(0.093) (0.086) (0.227) (0.223)
e 0.398 0.400 ™" 0.373™ 0.374™
ler
’ (0.001) (0.001) (0.015) (0.015)
o2 0.481 0.488 ™" 0.479 " 0.482 7
Ler.
(0.000) (0. 000) (0.004) (0.004)
Afer 3 0.439 0.450 0.304 0.310
ler
(0.005) (0.004) (0.125) (0.118)
i -0.169 -0. 169 -0.213 -0.212
After
(0.157) (0.155) (0.165) (0.165)
0.351 0.523
R&D/Assets - -
(0.902) (0.885)
-1.279™ ~0. 641
R&D/Revenue - —
(0.021) (0.367)
L 0. 079 0. 036 -0.237 -0.261
4
(0.776) (0.897) (0.506) (0.463)
b’ 0 -0.024 -0.025 -0.028 -0.028
Tobin’ s
(0.148) (0.123) (0.186) (0.177)
Ieenti 0.157™ 0. 146 ™ 0.136 0.131
ncentive
(0.013) (0.021) (0.092) (0.105)
z 0.044 0. 027 -0.098 -0.107
Duality
(0.629) (0.769) (0.404) (0.364)
0.119 0. 079 -0.734 -0.754
Largest
(0. 840) (0.893) (0.331) (0.318)
—1.357" -1.162 —-1.845 -1.742"
IndepDirector
(0.086) (0.141) (0.068) (0.086)
0.084" 0.082 0.071 0. 070
LnPatent_Total
(0.094) (0.101) (0.269) (0.276)
~0.239™* ~0.256™ -0.857" ~0.866™
LnClassific_Total ) ' ) )
(0.005) (0.003) (0.000) (0.000)
C 1.897 2,015 3.750 " 3.816 ™
Lonstant
(0.000) (0.000) (0.000) (0.000)
YearFE
FirmFE
R 0. 136 0. 145 0. 150 0. 151
F- 3.326 " 3.595 3.725 3.766 "
>F 0. 000 0. 000 0. 000 0. 000
N 645 645 645 645

o * kk o kkk
N N

10% 5% 1%
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( LnBreakthNum) (3)
(4)  Afierl  Afier2
After3 (3) s
0.373.0.479  0.34
22
37.3% 5%
2 0.479 1%
3 4.2
169 29
140
4
PSM
VS.
9 10
4.1
Williamson * 9
(1) ~ (4)
(5) ~  (8)
4
: (5) ~ (7) SA x After
0.765.0.690  0.406
1% 5% (1) ~ (3)
44 SA x After X
( ) (8) SA x Afier
( ) (4) (0.474 >0.333) .
9
10
(1) (3)
(1 SA x After

(3) (0.438 >0.289) .
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Table 9 Impact of R&D alliance-governance on patent output
(1 (2) (3) (4) (5) (6) (7) (8)
LnPatent LniInvention LnUtility LnDesign LnPatent LniInvention LnUtility LnDesign
-0.505 -0.253 -0. 403 0.333" 0.765 " 0. 690 0. 406 0.474
SA x Afier
(0.151) (0.420) (0.286) (0. 096) (0. 000) (0. 000) (0.020) (0.001)
1.008 ** 1.078 0. 606 0.189 -0.456 -0.403™* -0.206 —0. 447
Afier
(0.013) (0. 003) (0.161) (0.404) (0.013) (0.017) (0.312) (0.009)
R&D/ 15.935 10. 041 16. 828 12. 308" 5.366 2.455 12. 458 ** 1. 260
Assets (0.191) (0.357) (0.200) (0.076) (0.225) (0.545) (0.012) (0.760)
0.922 0. 662 0.222 0. 681 -0.094 0.036 0. 410 -0.495
Lev
(0.306) (0.412) (0.818) (0.183) (0.816) (0.922) (0.364) (0. 190)
-0. 064 -0.095 -0.023 0.025 0. 064 ** 0.048 0. 030 0. 005
Tobin’ s Q
(0.491) (0.256) (0.819) (0. 635) (0.047) (0. 106) (0. 405) (0.864)
-0.061 -0.078 -0.378 0. 140 0.163" 0. 086 0.189" 0.259
Incentive
(0.794) (0.710) (0.134) (0.288) (0.084) (0.322) (0.074) (0.003)
-0.592 -0.453™ -0.438" -0.195 -0.062 -0.025 -0.109 0.088
Duality
(0.014) (0.034) (0.087) (0.147) (0.691) (0.861) (0.532) (0.547)
-3.227 -4.062 -1.534 -1.871 -0.735 -0.613 -0.546 -0.105
Largest
(0.365) (0.205) (0. 689) (0.354) (0.393) (0.438) (0.569) (0. 896)
Indep 1.983 3.227 ~2.050 -0. 940 -2.988 " -2.719** 0. 449 -2.561""
Director (0.482) (0.205) (0.501) (0.557) (0.011) (0.012) (0.732) (0.020)
LnPatent_| 0.464 0. 423 0. 426 -0.088 0.287 0.365 -0.010 0. 160
Total (0.002) (0.002) (0.009) (0.295) (0. 000) (0. 000) (0. 885) (0.008)
InClassific.| ~ 0.155 0.123 0.262 0.279" -0.080 -0.046 -0.162 0.031
Total (0.577) (0.623) (0.382) (0.079) (0.505) (0.674) (0.226) (0.780)
-0.036 -0.356 -0.049 0. 046 3.052 2.105 1.5617° 0. 888
(0.983) (0.811) (0.978) (0.961) (0. 000) (0.001) (0.048) (0.179)
YearFE
FirmFE
R 0.479 0. 564 0.306 0. 340 0.276 0.386 0. 068 0.124
F- 4.036 " 5.674 % 1.937 2.260 8. 4747 13.978 1. 626" 3.153 7
>F 0. 000 0. 000 0.024 0. 007 0. 000 0. 000 0.051 0. 000
N 123 123 123 123 528 528 528 528

*kk

10% 5% 1%
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10
Table 10 Impact of R&D alliance—governance on technological diversification and innovative breakthroughs
(1) (2) (3) (4)
TechDiversity LnBreakthNum TechDiversity LnBreakthNum
‘ 0.438" -0.022 0. 289 *** 0.410 ™
SA x After
(0.054) (0.934) (0.005) (0.004)
0.233 0. 169 -0.224" -0.230
After
(0.364) (0.585) (0.062) (0.170)
20.729 ™ 17. 168" 0.192 0.895
R&D /Assets
(0.009) (0.071) (0.947) (0.825)
B 0. 485 1. 062 0.591*" 0.570
v
(0.402) (0.130) (0.026) (0.125)
0.001 -0.132° -0.035 -0.015
Tobin’ s Q
(0.988) (0.070) (0.101) (0.607)
-0.017 -0. 060 0.1227 0. 055
Incentive
(0.909) (0.741) (0.050) (0.529)
-0.4737 -0.479" 0.041 0.054
Duality
(0.002) (0.010) (0.688) (0.706)
~2.779 ~3.433 -1.177 -1.948™
Largest
(0.226) (0.215) (0.037) (0.014)
0.236 3.754" -0.102 -1.884"
IndepDirector
(0.896) (0.089) (0.895) (0.081)
0.033 0.053 0. 000 -0.024
LnPatent_Total
(0.733) (0.645) (0.991) (0.685)
-0.220 -0.681™ 0. 025 -0.525 "
LnClasstfic_Total
(0.219) (0.002) (0.751) (0. 000)
1.229 1.297 1.537" 3.346
(0.250) (0.314) (0.001) (0.000)
YearFE
FirmFE
R? 0. 345 0.310 0. 146 0. 101
F- 2,312 1.975* 3.795 % 2.493
>F 0. 006 0. 021 0. 000 0. 001
N 123 123 528 528
poo 10% 5% 1%
(2)
(4) (4) SA x 9 10
After 0.410 1%
(2) SA x After

-0.022
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Investment strategy of carbon emission reduction of coal-fired power firms
considering revenue floors

ZHANG Xin-hua', GAN Dong-mei' , HUANG Shou~un’, YE Ze'

1. School of Economics and Management, Changsha University of Science & Technology, Changsha 410114,
China;

2. Lingnan ( University) College, Sun Yat-sen University, Guangzhou 510275, China

Abstract: Assuming that both theon—grid electricity volume of power generation companies and carbon price
follow Geometric Brownian Motion, two real option models for carbon emission reduction investment consider—
ing revenue floors are proposed for the two cases of with no operating cost and with operating cost respectively.
Then the optimal revenue floor and the implementation duration for emission reduction are discussed. The re—
sults of the empirical analysis show that: 1) The revenue floor can incentivize power generation companies to
invest in carbon emission reduction, but the optimal implementation duration may be less than the operating
life of the equipment; 2) The optimal revenue floor is consistent with the lowest investment threshold of carbon
emission reductions of power generation companies; 3) In the absence of operating costs, the revenue floor
policy can save subsidy funds compared with the direct subsidies policy. However, whether subsidies funds
can be saved depends on factors like on-grid electricity volumes in the case of operating costs.

Key words: revenue floor; real option; carbon emission reduction investment; policy analysis; power market
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R&D alliances and Chinese corporate innovation

XU Xin', ZHENG Guo—ian® , ZHANG Teng-ao’

1. School of Accounting and Finance, Zhongnan University of Economics and Law, Wuhan 430073, China;
2. Sun Yat-sen Business School, Sun Yat-sen University, Guangzhou 510275, China;
3. Financial Management Department, Hangzhou Financial Investment Group Co., Ltd., Hangzhou

310016, China

Abstract: Under the guidance of the national strategy of innovation-driven development, there have been a
number of R&D alliances among Chinese companies in recent years. Taking as the research object the compa—
nies of the ChiNext market that are both active in R&D alliances and innovation activities, the paper analyzes
the mechanism of R&D alliances and their impact on innovation. Our results, derived from propensity score
matching method and difference-in-differences regressions, show that R&D alliances have a positive effect on
technological innovations. Companies that have R&D alliances are better than companies that have not meas—
ured in different indicators that reflect innovation capability: The patent, the invention, technological diversifi—
cation and innovative breakthroughs metrics all show a positive and robust effect of a R&D alliance on innova—
tion capability. Moreover, R&D alliances have a lagging effect on technological innovation which increases
first and then decreases with time. In addition, the governance structure of the R&D alliance has a moderating
effect. Compared with joint ventures, non—joint ventures have a greater role in promoting innovation. This pa—
per provides theoretical and empirical evidence for the synergies of R&D alliances in Chinese companies, as
well as meaningful policy implications for the government and firms to enhance innovation capability.

Key words: R&D alliances; patents; technological diversification; innovative breakthroughs



