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Abstract

Based on the panel data of per capita GDP (Y, ) and SO; ( EP, ; ) emissions across 31 provinces of

China during the year 1998 and 2013, this paper improves the conventional regression model of
EKC and the variational exponential model is established. Testing the stationarity of panel data
according to the theory of cointegration analysis, results of Fisher-ADF test and PP-Fisher test
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show that the level sequences of Y; , Y7 and EP,, are non-stationary, and the first-order dif-

ferences of them are stationary, which means they are integrated variables with the order of
one (I (1)). Using pooled OLS, entity fixed-effect and entity random-effect techniques to fit the
model respectively, we find that when y =3, the sum of squared residuals (SSR) of the entity

fixed-effect model is the smallest, but the residual series are non-stationary, and the regression
equation does not reflect a cointegrating relationship. Conclusion dressed from this study implies
that the failure of cointegration of the conventional EKC regression in EKC literature is not be-
cause of the quadratic or cubic functional form itself, but because of the spurious relationship be-
tween the indicators of pollutants and income agent.
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1. 518

PEBEE BRI RE . A BRASHE, FREERE R I (EKC)HE B R 5] AV, EKC BB UCA YL R IEH|
B FIK2 S5, RERAL I R 2 22# . E Grossman A1 Krueger [1] & 42 EKC SEUFRFFT AR LK, 4
XTGP R R B SUE D Sl I IUE W ARV 2 5238 K R E AN R IR S FR AR AN 2 B FR AR FU A 5E
B ESFREZ KR, BRI EKC AU 7T 3 EE IR TR A AR & (%
RIS G ERR) B, AR N B FE[2] HOFRXIR[3]. ) B PR 2K [A) e M AR B ik . ANt 20 L, EKC
WF 50 B S 1) 106 B EKC A =k a3 5 FE A BRI ) 5 558 LA S 24t . Tenaw AT Beyene [5]15KFH#:T1%
ZEREIE AR [ BV 50 A i S LRI 7T T 1990 4F 3] 2015 4[] 20 /M iz DA T I R 548 T 1 4R P 1)
EKC HEZE N A SR B AR, RIL - HAFAER “U” B 5C R . Galeotti Z5[6]8 57 1 % JtIRZk I Weibull
HFE, BT SUEA 2T S8R R B OCED E 2 /) EKC #5547 T A ) GDP 16,587 3 tkAt.

Ji 46 EKC [EIA 7 PRI G THE A= 7 A, BESR EKC lid 12 25 KRR ERE Hh 1K 30
G, AEARIETVE 43 b 2 TR BT 38 H AR B 8] 7 51 4 ais BRI AR s AT AR e 56, ARt — DR E SR &
Z RSB IE L R . [ Granger [7] [8]H1 Weiss [9]#2 H! K6 56 AR 3 1 Engle A1 Granger [10]f#
TRNIRSBLSK, ¥F£ 243 Stock [11]. Phillips [12] [13] [14]EA & Johansen [15] [16] [17]125 )%t %m0k
SRR IR TS, Phillips [14] [18] [19]. Park [20] [21] [22]. Sims [23]LA K Johansen [24]4%5%+ [f]
V53 BT EhEE R 56 B SRR T R I FR IR ) 2. Perman A1 Stern [25]3&HX 74 AMEZK 31 4ENA] A SO,
Heg i fl GDP £d, N FH TR B SR AR KL 3G 5 R IFE A 7 7136 F A, EKC [RIA SRR, RIJE
G611 SO,-EKC # R A7 7 KA 9] U 1) B . Esteve A1 Tamarit [26] 5 F A2k 1 5 P 364636 7 V0 78 1 DA
N CO, HEBUR A ALY GDP Z M55 &, F8HIUHEF EKC <22 . Jiang [27]%: N HEH FH CO,
He il 5 79 R AE PR S R R AP AT EKC BUPpEESE R . Cheikh [28145 5% FH bR T3 3ok 5 A1V BE AL B 72 1
1980 43| 2015 4F[H] 12 M R ALAEE KA CO, R . AIYRRIEIEAEA NI GDP AR &R, 45
BRI AR FEXT N8 CO, HEmt i sem 25 “U” BB, G 7ERREHFES KB A B oL T,
A5 GDP #4235t A3 CO, HEMA .35 54 . Tiwari [29]81 Kanjilal [30]3430F B T BN (O BEUE W AE . &
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GrigK XA B SR 2 MAAE KA SE R . Shahbaz [31]Z5H 7t & I EL5E W 3H ¥ CO, HECE
REVRTHFE S A PP K 2 M AATE X R, JFHIBHAUEK S CO, Hitz IMZ/E R M LR . Wang
[32]i£H OECD [ %X 1870~2001 4F[d] () iRk £t , WA AR MR 1) EKC ik EA AR 8, R N JF9E
T RRIA B, T2 KA TS Y RN KT 2 TR FEAE D 8] U5 26 &R

A EKC W RS FE ST AN R : B4, 2T Perman 1 Stern [25]104 K Wang [32] (1 577 2 A,
IRIESL 77 TS EKC [HJH 7 FE, By -EKC B8R, ok, FETIHBESHIEE, E8EEFY
NI BRI RTHE T, A TR A G TR AL L AN ] 5 RORIAS Y DL R ARV AR Y, F R E R
Hausman 56 & W12 y e (2, 3] I AMABSAE RIS R B iR 2y =3I, FRZEEFIrRldR ), BRZEFH19E
PR, BEUATRRIEYEE . ARSI RS IR, E EKC BUARF T A TR 4G —IRE =R EKC [E]
AT BT AR B, FEAEBRUN RN REAR S, TAE T35 G AR Z B ) “ R EE” K &R
2. BIEKIE

SCREWERIET (PESOHES) G BR800 BENC ) L2 (P ERRIRG RS (1
1998 1| 2003 4F- SO, HEE G T Bl s Je, 2B KHE b B G vk A7 S b Tl HEOR AR VS HE 0 A5 210) o
SCH I R XN ) B P9 AR VB DL 1998 AEAE N % GDP ~FIRIRHCT . R ChE S5 1)
43, SCRRF BT I XA AR AT . ARy . PEET, JRES 31 NMAEL, IRTRIE, BuETTECR
PEERE. HHRHOTE W E 1-3 fis.
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Figure 1. Per capita GDP in the eastern region (yuan/person)-SO, (ton/10,000 people)
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Figure 2. Per capita GDP in the central region (yuan/person)-SO, (ton/10,000 people)
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Figure 3. Per capita GDP in the western region (yuan/person)-SO, (ton/10,000 people)
& 3. ARt AL GDP (JT/A)-SO, (/75 N) Bl

3. y-EKC =8 R H X8
3.1. y-EKC t&8Y

T Perman 1 Stern [25]LL & Yi-Chia Wang [32] (B 502 A, ASCHBESL T U % EKC R4
JiFE, By -EKC A,
AL ]

ER =0+ AY, + BYi + BY + BiZi + & 1=120 Nt =12, T @)

Ht, o B(1=2234) ARIARE, ER AY, 2HZRE | MXAE t SRR SRR (577 A SO,
HEBCE) 2RI (N GDP),  Z, FoR AR REAL B, 28y (23], &, RRIRED
3.2. EARBAIRIEIE

TP REIRG, SRR R RS, AR [0 7 R T S EU TR VARG 2 T RR R AR BT
FAthERIEs, ffRAC &P A1) S R A B PP 4 B BE I RO ) B A et — b AR 3R [33] [34]. & 1 A1 2
PRI T Y v Y LUK ER, KPR BRI B 243 541 i¥) ADF-Fisher £ PP-Fisher HIHR i fibiS I8 44 R 7T
W Yy~ YA LK ER, JFHIRBEED M E0 G A SN FRTA, RIS B 750N 1 (2).

Table 1. EKC variable panel ADF-Fisher unit root test
& 1. EKC T2 ADF-Fisher BAIRIGTE

SRR =
Y, Y? EP,
ADF-Fisher £ 36 4t it i 6.42220 6.25757 58.8852
Pl 1.0000 1.0000 0.5926
ghig BB &t BB B[t
—Br %5
AY,, AY? AEP,
ADF-Fisher £ 36 4t it i 193.174 163.680 286.053
P 0.0000 0.0000 0.0000
ghig AR P T
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Table 2. EKC variable panel PP-Fisher unit root test
< 2. EKC ZTE MR PP-Fisher BRI

JEIAAR
Y, \& EP,
PP-Fisher far 4% 4t it & 6.01335 6.13573 62.9156
P fE 1.0000 1.0000 0.4439
ghig B[ ! [ e[
—Br %5
AY,, AY? AEP,
PP-Fisher f& 404t i1 & 294.780 278.554 288.004
P 0.0000 0.0000 0.0000

BFok, ASOHY (ye(23], 7 Bh 0.0 MB KT AR Y. 3 4k T AR y FHY, Rt
A R AR I B, B, My e (23]M, —HEMEN Y TR, WY, 35%41(1).
R, My e(23]M, Yo Y2 YIRIER, BRI (1), My RsEsl. Wik, SRS L

AR H EKC BV 7 R FT e A2 B BT R o

Table 3. Unit root test of Y and AY/}
F 3. Y FIAY BIBAIRIGIE

Yix
y=21 y=22 y=23 y=24 y=25 y=26
ADF-Fisher i it & 6.22879 6.25506 7.06539 7.10076 7.13184 6.97563
PP-Fisher Ziit & 6.17229 6.19846 6.23577 6.29211 6.34686 6.41731
P14 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
y=27 y=28 y=2.8 y=3
ADF-Fisher 4iit & 7.01520 7.05716 7.10166 7.14858
PP-Fisher Ziit & 6.47671 6.53948 6.59247 6.66576
P14 1.0000 1.0000 1.0000 1.0000
AY/,
y=21 y=2.2 y=23 y=24 y=25 y=26
ADF-Fisher 4iit & 169.175 168.565 167.942 161.459 160.646 154.537
PP-Fisher Zit & 276.703 274.604 272.580 271.134 269.320 268.231
P14 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
y=27 y=28 y=2.8 y=3
ADF-Fisher 4iit & 153.623 152.707 151.792 146.476
PP-Fisher 4iit & 266.454 265.434 263.507 261.794
P14 0.0000 0.0000 0.0000 0.0000
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4. REUETT S5

4.1 BREMHT

411 BAMIHER

BT y-EKC B, ASCESIREMGTHES, EIEAL I,

A 11

ER, =a+AY, +ﬂ2Yi,2t + Y e
Cov(Yy, &

)#0

@

Hri=12. 315 FREE 31 MEEL, t=1998,1999,--,2013 R REM (K CFH), R4 R

*R A4 FTR.

Table 4. Estimation results of mixed estimation model under different »

* 4. TRy TREMITREMITER

7 A B, B, a B2 77 Fl SSR WA E R
2.1 0.082181 —4.32E-05 1.47E-05 0 7,612,920 0.005962
2.2 0.078792 —2.26E-05 2.63E-06 0 7,612,531 0.006012
2.3 0.07592 -1.57E-05 6.31E-07 0 7,612,426 0.006026
2.4 0.073454 -1.23E-05 1.71E-07 0 7,612,613 0.006002
25 0.071312 -1.02E-05 4.97E-08 0 7613,101 0.005938
2.6 0.069434 —8.85E-06 1.51E-08 0 7,613,893 0.005835
2.7 0.067771 —7.86E-06 4.72E-09 0 7,614,993 0.005691
2.8 0.066289 —7.13E-06 1.51E-09 0 7,616,402 0.005507
2.9 0.064958 ~6.55E-06 4.93E-10 0 7,618,118 0.005283
3 0.063755 ~6.09E-06 1.63E-10 0 7,620,140 0.005019
4.1.2. MEBEEHMER
BTy -EKC A, ARSI AMA ] e N AR, BB 1.
FEAY I
31
ER, =C+ Zaiei +BYi + IBZYi,Zt +B:Y e,
= ©))
E(git l o, Y ) =0
Horft g FRAO-1)70 . B4 6 5 BT
4.1.3. MABEH B AER
BTy -EKC B, A SCHSIAMABENIBN A, EIERL 1V,
R IV
31
ER, =C+ Zaiei +AYi + :BzYi,zt + Yt e,
= 4)
E(er |Yy)=a
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Table 5. Individual fixed-effect model estimation results under different »

#5 ANEy TMEEERM MR ITER

7 A B, B a B2 77 Fl SSR WERE R
2.1 0.079842 ~3.40E-05 1.15E-05 ~71.57413 950,990.8 0.875827
2.2 0.076025 -1.75E-05 2.02E-06 ~67.94703 949,984.1 0.875958
2.3 0.072767 ~1.20E-05 4.78E-07 ~64.52159 949,012 0.876085
2.4 0.06995 -9.28E-06 1.28E-07 -61.2791 948,076 0.876207
25 0.067485 ~7.63E-06 3.65E-08 -58.20381 947,177.3 0.876325
2.6 0.06531 ~6.53E-06 1.09E-08 ~55.28231 946,316.6 0.876437
2.7 0.063373 ~5.75E-06 3.36E-09 ~52.50299 945,494.5 0.876544
2.8 0.061637 ~5.16E-06 1.06E-09 ~49.85575 944,711.4 0.876647
2.9 0.06007 ~4.70E-06 3.41E-10 -47.33164 943,967.3 0.876744
3 0.058648 ~4.33E-06 1.11E-10 ~44.92268 943,262.2 0.876836

Table 6. Individual random effects model estimation results under different »

6. ARy TMEREIN SRR 4R

7 B B, B, a B Z V75 M SSR BAME R
2.1 0.08919 —3.93E-05 1.33E-05 —80.60901 1,018,781 0.11465
2.2 0.084572 —2.02E-05 2.33E-06 —76.0987 1,017,387 0.115823
2.3 0.08063 —1.39E-05 5.47E-07 —71.8626 1,016,043 0.116952
2.4 0.07722 —1.07E-05 1.46E-07 —67.87362 1,014,752 0.118039
25 0.074238 —8.79E-06 4.16E-08 —64.10889 1,013,514 0.119081
2.6 0.071605 —7.51E-06 1.24E-08 —60.54892 1,012,330 0.120077
2.7 0.069262 —6.60E—06 3.81E-09 —57.17694 1,011,201 0.121028
2.8 0.067162 —5.92E-06 1.20E-09 —53.97831 1,010,126 0.121934
2.9 0.065266 —5.38E-06 3.85E-10 —50.94018 1,009,105 0.122794
3 0.063547 —4.95E-06 1.25E-10 —48.05113 1,008,138 0.12361

HIE LTS5 R 4~6 W RAB H, y (23], IRAMTHER A MARENL SR &I B 2z
AN 8 OSSR AN A A PG

4.2. BB

42.1. EATZREFH

P Tk 257 5 R L T 4 AR A8 e A 5 A T 2 IR e A8 22, DRk 221 D R e /M 7T DA
AT BRI R i) y o BETTSRAG THARZR M GDP-SO, % R MIVEI o FTP 4 WA, AH BU T H At o e
B, My e(2,3] CEKA0.0)N, AN 52 MUSAALA N 5R 26707 AN A da I s et A i s A
M, My=30, FEEKRETV RGN, AR,
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Figure 4. The sum of squares of the log residuals corresponding to the least square estimation under different »

4. FESH y TR ERONHIZRETHM

4.2.2. LRy F X Hausman #3%

LR A5 56 T FH SR ) 1) THI B B8 8 A5 A vh S A RO 5 AL, F AR AT SR A ) LSRR N TR B AR LI 2
AN ] 5 RS, 1T Hausman 56 AT SR i) L SRS JA A AR B AL 50 A TR s S A [ 5 20K 7 A 2R
[35]. My =30, FHRLRSS R 7 Fios:

Table 7. LR and F test results
FTLREFRIEER

g B G- 4 i P
TR F R 108.058288 —30,462 0
TR LR A5 1032.441776 30 0

Hausman 1556 47.7546 3 0.0189

SRR SHLINRRAL, RO LA A 8 RS A
4.3. MEEER MR ER

Gl e L S M i SR S AN SR AR PR AR P9, B ML 4751 PR
Ve, PRI RS SR I M, Pedroni [33]4% BHER 40 (S FR BE T BUACHE P, I TR MR )
BRI R IR R, R BT A, T T AT P B I R T DR R o
ESCOBT, My (23], Yo Y2 Y] FIER, BRI RS, KA SR y -EKC B
TR A B Wl R A 2 [T A KR e R, 5 4.2 BRG0S0t 7 = 3T 12
BRI IR 0, 7 8 Sl IBR 2 MO AR I . 172 8 T UL, SRS RS, PR A
[ 52 SR

M
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Table 8. Unit root test of residual series

3 8. REFFIBMRGL

[ 165 58 25 1 WL L P 7Eip
ADF-Fisher ¥4 58.5794 0.5998 B[
PP-Fisher ¥4 72.7211 0.1657 B[

5. FEREMMRE

AR EKC AU 5T ) 2 ZE otk an T

1) BT Perman A1 Stern [25]LA %% Yi-Chia Wang [32]FRF 78 JLfill, $REHEL T A4 » -EKC
B, Xf 1998~2013 4 [E) H [E 31 ME I A GDP 5 SO, HFs i Bl BEAT AR A AR KR SR, S5 R BIR A
BJGDP (Y, ) Vi Y4 LA N SO, HECE( EP, ) A—Br BT FI(1(1)).

2) HT y-EKC B, il A TIRA Al T A AR ] 5 RS AR S AMABE LN AR AL, RIW y =3
B, AN ] B [ A 5% 22 P 7 Rl de /), ISR e

3) y =3, AN E R AR BB ZE Y AR AR, R AR AR . RSO A R R A,
DAL T R AR RS =R EKC IR FE 2 BT LA AR RS, FRAERDNRNA G FE AR B, TAE T35 G Faui
NIKSEZ BB “ AR ENE” K&

ARSI FAS /& W REA QT P 5 TH -

1) RIFRT-GevhHE i) S0 USRS AR SR IR N, AR SO R SO, HE EAE A SR ACE AR & .
K HAh 2 SR B IEFR(SO,. SPM. NO,. Lead. CO. VOC 1 CO)¥tdlE . /KFTaFr0wIEAE. HEE.
I AL ) B B PR B 48 b 22 Ak R /KBS« 7T S AR R 2R P HE TSRO « AR MR £ R 25080 25 [36]
RETS 13 BAH [F) 45 1010 Rt — B F . 3 FHAS [F] PR B IR A AR B AR B L 28 25 S BUF 9T 45 18 KARAERE[36],
D FEEA [R) PR SRR A ARER AR B AN T 20 BE AL ) R, AR SR IE 70 AT 5 Rl i S RSB A R R B, T O
Ak B RS Qe ok .

2) ROKAFEHAMFRAL R Z, X ER W52, T — 2R BT VAR £, SVAR #5484 D
J VECM BRI DL & o

E&WE

AR FAFHRN T “2020 VLR CRFRAAE SHARBEE K TOIRE” (WH%RS:
2020JDKTO032) LA 2 “2021 T.758 K AR OGN Zaat RIE S — I E FET 1-0 F12 B AR AL (1)
LA WIAE SRR 7 (M HMS: 202110300099Y) %, H5bE0! .
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