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. 73 9]. Bt el thal Al 7he] S5l whel IS5F HolH.
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A e GDP(Z ¥)

2020 1,800

2021 1,920

2022 2,050

2023 2,156

2024 2,435
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39 g 9] (Panel Data)
- Ao 2 O dE oAY Al Hol AA HbEA o 2 A=3 do|H = W HolH e} Al AL
do|H & 233 & H.
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oAl

719 q= w2 (9] )
A7 2020 100

A7 2021 120

B71 2020 90

B71 < 2021 95
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Wide Format (71238 &
Al 7ol whet Wst= Hes = A

A)

o =
T3

Aoz g @ 34

71 41D mj| = 22018 mj| = 242019 A 71 2HH] 2018 A 71 EHH] 2019
A 5,000 5,200 300 350
B 6,000 6,100 400 420

413; shbe] o] shube] AR S hekn], A 7ko] WM4r o] £ of 912

A7 Akl B0 A gk ol a, o ol A Bl E ) e
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711D A ] = <4 A7)
A 2018 5,000 300
A 2019 5,200 350
B 2018 6,000 400
B 2019 6,100 420
. A shto o] slbe] WA A 7 23S LHERY

B4 xreg 5 MY A7 BA, RAET/ T A BT 2 480 AHEo 38
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3 919 d|o]H (Balanced Panel Data)

- Ao BE AR AR, 719, A, S 7h7E B L@ 71 E
AR 7L 5 D3 529 Al Hol B & 7 AL U

7| 41D A% j = ot
A 2018 100

A 2019 110

B 2018 90

B 2019 95
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B3 919 d|o]H (Unbalanced Panel Data)

A9 AAArhe 5 A H 57 B2 AL AR A Holert A58 9)d doE &
o 719 & 5 B, oW 719 33w BEH AL F U

41D A= =

A 2018 100
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B 2019 95
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Ao 29 d)9]H (Long Panel Data)
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o A KD o] &AL, B ER(N)= B2 vlolH

— 5, B2 FY NJAEE 7
3

A
. | Al 100070 714 & 3xd 7 &5 (N=1000, T=3)



15

SR

d 2.3 (Model 1)
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3} @ 2 3 (Model 2)

Yie = Bo + B1X1ie + B2Xoir + B3Xsie + - + BnXnir + Ui + v + 6;¢ Model 2

£

. wrok 71 A isk A A o 4] A E A 9L Q10] EATA B Ay = v, = 0

« Pooled OLS E.& (Model3) ==
Y = Bo + f1X1i + B2X2i + B3X3; + - + BrXni + 6; Model 3
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1A g3} 3 A (Model 3)

Yie = Bo + B1Xyit + BaXoir + B3 X3ie + -+ + BuXnir + i + v + 6 Model 3
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Yit = Bo + BiX1it + LoXoie + B3Xzie + -+ + PnXnir + Hi + v + 6; ¢ Model 4
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Least square dummy variable(LSDV)

- A& Y

Yie = Bo+ P1X1ie + BoXoie + B3Xzi¢ + -+ BnXnic + 1 + 05t

oooooooooooooooooooo



Yit = Bo+ B1X1it + B2Xoi¢ + B3X3it + -+ PnXnic Hiti + 6t

Yi,t = Po + .81X1i,t + .82X2i,t + B ittt ,Bani,t + IB,ulDul + IB,uZDMZ + et .Bui—lDui—l

o714 D A H v =<

NZr et 2

Yie = Bo+ P1X1i¢e + P2Xoit + B3Xzie + -+ BnXnie HVe +6;¢

Yi,t = Bo + leli,t + BZXZi,t + ,83X3i,t + et ,Bani,t + By1Dy1 + ByaDyy + -+ + Byi—1Dypr—1

7] D At E A =<

+ 0; ¢

+ 0; ¢
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Al Rk ) A &t B

* Yt = Bo+ PiXiit + BoXoie + PB3X3ir + o+ BrnXnir Hi F0e|+0; ¢

» Yie = Bo+ P1Xuir + BoXoit + B3Xzie + -+ BpnXnir +

Bu1Dy1 + BuzDyz + -+ + Bui—1Dyi—1 + BviDy1 + Bu2Dyy + - + Byr—1Dye—1

+ 0 ¢
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MA LA &7}
Vie = Bo + BiX1ie + BoXaie + BaXsie + o+ BuXnie + i + 8¢ A1)

V; = Bo+ BiX1; + BoXoi + BaXay + o+ BuXng i + 6 2Q)
AD-21(2)

Yie=Y) = f1(X1ie—X10) + P2 (Kzie—X2,0) + -+ + P (Xnie—Xni) +(8ic —6;)



Yie = Bo + B1X1it + BaXair + B3Xzie + -+ 4 BnXnie + ve + 65 21(1)

Y, = Bo + BiX1s + BaXog + BsXze + -+ BnXne +vp +8,  A0)

2A1(1)-2(3)

(Yie=Y) = B1(X1i =X ) + Bo(Koie—Xo ) + -+ B (Xnie—Xnt) +(6it —6¢)
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Az A 2 Z 5T
Yie = Bo + BiX1ie + BoXaie + B3Xzip + -+ + BuXnie + i + e + 6. 21(1)

Y; = Bo + PiXe; + BoXoi + BaXai+ -+ BnXni + i + U+ 5;21(4)
Ve = Bo + BiXie + BoXor + BaXar + -+ + BnXnFi + v + 6.2 (5)

Y = Bo + B1X1 + B2 Xy + BsXs + - + BpXy + i + T + 521(6)
A (13-4 (4)-2 (5)+21 (6)
Yie—Yi =V +V) =01 Ky — X1, —Xae + X))+ + BnXnie — Xy — Xne + Xn
)+(5i,t_gi_(§t+(§)




Yie = Po+ b1X1it + B2Xoie + P3X3i¢ + o+ PnXnie + i + 0 ¢

e = i+ 8y QAT AR ENE TR T A5

[-4\:1

Fa DA =R

cov(Xie i +6;¢) #0 WA TA EA

cov(Xippti +6;¢) =0 WA TA EATA L&

Pooled OLS 7}A: @ =2}t s Alo| ] 2} 7| Abdo] &2 38)#] =1},



. Pooled OLS 7}d: @ 2}&+=

A7) pe TR R B Abo] B EE FAT A A T A1 vlolE ¢ A5 o

cov(ui + Oi ¢ i + 5i,s) + 0

o] 2% Pooled OLS 7} =

rlo
olr
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Hausman A4
- Hausman 4 A& 314 § 3} (Fixed Effects, FE) 2. ¥} & & ¥ (Random Effects, RE) &
o= Ao o HARA Beet/] A% EAH A

. g do]E B4 A FES} RE T o] ¥ A3 A
LA ZIRORA 5A4) Abololl FadA 7 A=A & 2laloF ¢

33 A3 23
A AR DR e g 517 £ 7H(FE)
Aot AR D e gl % 2 7HRE)
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« In Pantent

it = Po + P1Al; ¢ + BrFirmsize; + P3ROA; + + fyLlev; + PsLabor;, +

Pelar;; + u; + vy + 6;;



Al 2=
o =219

use "C:\Users\USER\Desktop\M & o 4 d o H .dta"

xtset Panel ID year
panel variable: Panel ID (unbalanced)
time wvariakle: wyear, 2018 to 2022, but with gaps
delta: 1 unit

xtdes
Panel ID: 102634, 122035, ..., 9.959e+09 n = 15585
year: 2018, 2019, ..., 2022 T = 5
Delta(year) = 1 uanit
Span (vear) = 5 periods
(Panel ID*year uniguely identifies each observation)
Distribution of T i: min 5% 25% 50% T5% 95%
1 1 3 5 5 5
Freq. Percent Cum. Pattern
10189 65.38 65.38 11111
853 6.11 T71.49 ..111
09 5.83 77.32 11...
675 4.33 81.66 -
581 3.73 85.38 1....
552 3.54 88.93 L1111
531 3.41 92.33 111..
435 2.79 95.12 1111.
130 0.83 95.96 A R
630 4.04 100.00 (other patterns)
15585 100.00 200000

max
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winsor2 AI dommy CLOUD dommy BIGDATA dommy firm size leverage laborcost 7 d3 % 4 H & ROA In pantent, cmt(l 39) replace
logout, save (C:\Users\user\Desktop\?l # & A .dta) word replace :tabstat ///

> AT dummy CLOUD dummy BIGDATA doummy firm size leverage ///
> laborcost & ¥ % # H & ROA ln pantent, s(count mean sd min max) £(%12.3f) col(s)

wvariable ol mean =d min max . logout, save(C:\Users\nser\Desktop\¥ # # A =2 4 .dta) word replace : pwcorr a ///
> AT dummy CLOUD dummy BIGDATA dummy firm size leverage laborcost £ ¥ % & H & ROA In_pantent
AI_dummy 64472.000 0.031 0.173 0.000 1.000 AT dummy CLOUD ~y BIGDAT~y firm s~e leverage labore~t = ¥ ~2
CLDUD_dammy 64472 .000 0.052 0.223 0.000 1.000
BIGDATA du-~y 64472 .000 0.044 0.205 0O.000 1.000 AT dummy 1.000
firm size 64472.000 10.748 1.593 7.290 15.937 CLOUD_dummy 0.340%*=  1.000
leve 64472 .000 0.535 0.343 0.045 2.282  Cooogwy 0.a63%ry 0.4sowaw 1000
Everage ) ) ) ) ) firm size 0.127%%% [,122%%% [,166%%% 1,000
laborcost 64425 .000 8.928 1.1&7 6.258 12.508 leverage —0.010%% —0.008% O.008%% —0.153%%% 1.000
=8 T i oH & 64472 .000 0.015% 0.054 0.000 0.373 laborcost 0.137T%&% [, 132%%% [.174%%% ([.635%%*% -0, 085%%x*% 1,000
ROL 64472 .000 1.257 1.116 0.047 6.215 28 % M4H S 0.082%%% [,075%%% [ . 079%%% —0.060%%* [O,066%%* -0, 048%%+ 1,000
1n pantent 64472.000 1.178 1.456 0.000 5. 602 ROR -0.042%%% 0 027T%%% —0 036%%% -0 402%%% [ 262%%% [, 115%%% - 028%*%
— 1ln pantent 0.156%%% [0,106%%% [,133%%& [ 326%%& 0, 118+%4& 0. 2096%%% [, 0T4&%%
ROA 1n pan~t
Ci:hwUzsershuser\Desktoph? & & 3 .rcf
dir ROR 1.000
1n_pantent -0.205%%% 1.000

C:\Users\user‘\Desktop' ¥ & & 3 £ 4 .rtf
dir



A%(3)

reg 1ln pantent AT dummy CLOUD dummy BIGDATA dummy firm size leverage laborcost 7 ¥ % & H & ROA

Source 55 df MS Humber of obs = 64,425
F({8, ©64416) = 1598.44
HModel 22626.7254 8 2828.34068 Prok > F = 0.0000
Residual 113980.231 64,416 1.769435%75 R-squared = 0.1656
BRdj R-sguared = 0.1655
Total 136606.956 64,424 2.1204358 Root MSE = 1.3302
1n pantent Coef. S5cd. Err. t Pxlt| [95% Conf. Interwal]
AI_dummy 6998208 .0347467 20.14 0.000 6317172 7679244
CLOUD dummy 1047458 .0268322 3.90 0.000 .0521547 157337
BIGDATA dumnmy 1261434 .0311432 4.05 0.000 .0651028 .187184
firm size 0641572 0054536 11.77 0.000 0535082 0748863
leverage -.16759706 .0160188 -10.49 0.000 -.1993675 -.1365737
laborcost .321054 0069097 46.46 0.000 .307511 .334597
S B = 2.150133 .0991801 21.68 0.000 1.95574 2.344527
ROR -.2475758 0062375 -39.69 0.000 -.25598014 -.2353502
_cons -2.045316 .0462468 -44.31 0.000 -2.139959 -1.958672
estat vif
Variable VIF 1/VIF
firm size 2.74 0.364481
laborcost 2.37 0.422622
ROR 1.76 0.566696
BIGDATA du-~y 1.48 0.675635
BRI dummy 1.32 0.759943
CLOUD dummy 1.30 0.768454
leverage 1.10 0.908973
2ot ¢ g 1.03 0.974834
Mean VIF 1.64




reg ln pantent AT dummy firm size leverage laborcost 7 ¥ % # 4 & ROA i.year
Source 55 df M5 Number of oks = 64,425
F(l0, €4414) =  1280.22
Model 22649.0477 10 2264.50477 Prob > F 0.0000
Residual 113957.909 64,414 1.76914814 R-sguared 0.1658
Adj B-squared = 0.1657
Total 136606.956 64,424 2.1204358 Root MSE = 1.3301
ln pantent Coef. 5td. Err. T Pxlt] [95% Conf. Intervall]
AT dummy . 794785 .030819 25.79 0.000 .T343798 .8551903
firm size 0654626 0054486 12.01 0.000 .0547834 .0761419
leverage -.16733928 .0160139 -10.45 0.000 -.19878 -.1360057
lakorcost . 3231546 0068962 46.86 0.000 . 309638 3366713
7 ® % ¢ dH g 2.215112 0989687 22.38 0.000 2.021134 2,409091
ROR -.247214 0062391 -39.62 0.000 —-.2594427 —.2349854

year
2019 .D653845 0166221 3.93 0.000 .0328053 .0979638
2020 0765003 0165724 4.62 0.000 .0440183 .1089822
2021 .0905525 .0165786 5.46 0.000 .05B0585 .1230465
2022 1262779 0167426 7.54 0.000 .0534624 .1550935
_cons -2.1472591 0469501 -45.74 0.000 -2.239313 -2.055269




-

xtreg 1ln pantent AT duommy firm size leverage laborcost & ¥ % # H & ROA, fe
Fizred-effects (within) regression Humker of obks = 64,425
Group wvariable: Panel ID HNumker of groups = 15,577
RB—=q: Cks per group:
within = 0.0369 min = 1
between = 0.1213 avg = 4.1
overall = 0.1188 max = 5
Fi6,48642) 311.62
corr(u i, Xb) = 0.0744 Prok = 0.0000
1n _pantent Coef. 5td. Err. t P>t [95% Conf. Interwval]
AT dummy 1125612 0118684 9.47 0.000 0852598 1358626
firm =ize 1766069 0079757 22.14 0.000 .1609745 1922394
leverage 063125 0117864 5.36 0.000 0400236 0862264
laborcost .1382459 0075653 18.27 0.000 .1234178 .153074
G E = .0305167 0724086 0.42 0.673 -.111405 1724383
ROA .0061868 .0051982 1.19 0.234 -.0040018 .0163754
_cons -1.996678 07593219 -25.20 0.000 -2.15415 -1.643206
sigma u 1.3062304
Sigma e 339303768
rho .93688363 (fraction of wariance due to u i)
F test that all u_i=0: F({15576, 48842) = 60.57 Prok > F = 0.0000



-

o
1%

w(3)

xtreg ln pantent AT dummy firm size leverage laborcost % ¥ 7 4 H & ROA i.year, fe

Fixed-effects (within) regression HNumber of obs 64 425
Group wariable: Panel ID Humber of groups = 15,577
B-sq: Cks per group:
within = 0.0641 min =
between = 0.1237 avyg = 4.1
overall = 0.1205 max =
F(10,48838) = 334.73
corr(u_i, Xb) = 0.1567 Prok > F = 0.0000
1n pantent Coef. S5td. Err. t Bx|t| [85% Conf. Intexrwal]
AT dummy .07849 .0117568 6.68 0.000 .0554466 .1015335
firm size .1032486 . 0082215 12.56 0.000 .0871343 .1193629
leverage .0355069 .0116475 3.08 0.002 .0126777 .0583361
lakborcost .1300858 .0074708 17.41 0.000 .1154429 .1447287
Sl B - . 1898347 .0715205 2.65 0.008 .0496537 .3300158
RCR .0034183 .0051516 0.66 0.507 -.006679 .0135156
vear
2019 . 0962709 . 0042707 22.54 0.000 .087%002 1046415
2020 .1171599 . 004365 26.84 0.000 1086044 1257154
2021 .12859602 . 0044577 28.67 0.000 1201446 1377758
2022 1676432 . 0046788 35.83 0.000 .1584727 1768138
_cons -1.223212 . 0828958 -14.76 0.000 -1.385689 -1.060735
sigma_ u 1.3172664
sigma e 33421661
rho . 93551959 (fraction of variance due to u i
F test that all u i=0: F(15576, 4883B) = 62.36 Prok > F = 0.0000
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« Deng, H., Zhang, W., & Liu, D. (2023). Does carbon emission trading system induce enterprises’
green innovation!. Journal of Asian Economics, 86, 101597.
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