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Urbanization, Economic and N Emissions in China
— An Empirical Study Based on Panel Data and Granger Causality

LU Yue, CHEN Zhongqing
(School of Civil Engineering , Shaoxing University, Shaoxing, Zhejiang 312000, China)

Abstract; [ Objective] Studying the relationships among issues of urbanization, economic growth and nitrogen
emission in 31 provinces of China from 2001 to 2015, and to provide theoretical support for the sustainable
development of urban environment. [ Methods ] Co-integration test, panel unit root test, and Granger statis-
tical causality test were used jointly. [Results] (1) The urbanization of China, particularly of the western,
central and eastern areas, contributed to the economy development. The urbanization and the successive
economy development led to the increase of nitrogen emission. The urbanization in western area contributed
more proportional than it did in central and eastern areas. In contrary, the economy development in eastern
areas had lager contribution. (2) The panel causality results revealed that there were a long-run bidirectional
causal relationship among urbanization, economy development and nitrogen emission. Two unidirectional
links were found., one was from urbanization to economy development, another one was from urbanization
and economy development to nitrogen emission. For different region, the causal relationship exhibited differ-
ent direction traits. In eastern and central areas, the relationship between urbanization and economy develop-
ment was long-run bidirectional. While the link from urbanization to N emission, and the link from economy
development to N emission were both short-run and unidirectional. [ Conclusion] The government should re-
duce the amount of nitrogen by controlling the speed of economic growth and urbanization, and by adjusting
the industrial structure and increasing the utilization rate of energy.

Keywords: urbanization; economy; N emissions; Granger causality

I FS H#1:2016-10-26 f&E B H#E.2016-12-31

BEITUE - 47 241170 35 BEAR B W55 1R300 B o ok B8 8 A o 131 23 24 b [X 382 J2 0 1 b 3 139 1% R AT 987 (2015B70034) , “ Sl AR $i A 1 4 8 5
e 1 FHAIFSE 7 (2015B70035)

FE—1EE . BA982—) , L QUIE) LW ILA A% N YR, FENFABEW SR80 L B 5 . Email:53048830@qq. com,

WIRAESE PR (1984—) , B (BUIB) - WL A 8 2% AL W4 g, M F R TR LA HF5E . E-mail: chenzq@usx. edu. cn,



272 7K AR 3 4

537 &

W 28 1) BRI I v ] I 28 ) 3 DR ik T £
W RS AT A R VIAOG , A e
WA R HE R . BRI T AL TR g h &
R | WS S i =3 DR (B I (BNl e 7 S s
HOEZSALIE ISP A TEZS AR S 20 33 P M EW N
M DMER T A — 20— IR T B AR
BAE 3 AT @ KFF K AMMAT LR EHR . Chen
SFEUT IR E A 28 U R T R T AR A a0 SR 45 2R 5
T bl S5 A5 T o R VR A L RUHE R 28 U
B HRE R, @ WAL A AR R, &b
SEUT AT FE AR e I I Al A e AR O 3 Bl
SE R R KA E RIS T, © FTF A HE
TRCER DG FR o A PR A R IR 1] e ) i 3 W 22 5
BRI A Tl RAHE A B R

HANAFER A2 EZA . O RN AE =R
o AT R PR S E R AR =
RIMEE R © W5 H 20— A5 mAR >
B E N R R 22 5 R, b T A ST Ak gk
P VA EHE R R AHE I Z A A O R AT A B — 22 .
AR FE 0 H A e o AR B ST R 3T A
5 2001—2015 4F B3 ALK P 2 5 1Y L RUHR R =
WRMWMELR,

1 BF5E 07 IR IR

L1 #HiEkiE

e TN BT AR L N34 GDP R AU HE L
it O3 VR S A N T ST A | s T AR 28 T R ER
BeAgbn . BAROH R T B WA O SCRRL7—8 .
1.2 iHERE

iz FH T A B, AR A 30 R A B3 L Granger 831 PR AR
K61 96 FH 45 G SR A 7 Il T A KT | 28 5 1 AN R AR IR
ZHBEHR ., MRS ESEARE. (D) sS85
HAR LLC Al PS8 JF 25 45 AE S8R A MR Fisher-
ADFY" " 1 Fisher-PP-" ik, it i A7 48 1) 5 037 AR F
A, DABA 2 T AR A AR AR AE . (2) TR
AL — A BARIAR L LT SR Pedronit ™! 5 5 1T AR
P PE A 56 K 1 e 6 &R (Pedroni 55 1 A P 4%
B 45 & B T 4 B VL Ok B B A 50 S A T AR V. RHO,
PP, ADF FlJE T ROf v Up % A6z 9 4 i1 Al RHO,
PP,ADF), (3) FMOLS #1 DOLS, i i3 4% 22 25 [’ 19
AR — DA A B 2 Wy KRR E G &R . 3T
NN W

W,-,:kﬁ}( (05X +e (D

AW, —NEZR; o BRI B —— W B

ARG i— A0 o — WRIGEG) X, — R AL
iy K— i a Bk e BEPLIR 2T, FIH,

N T o T
mmm=$éytz<x”—xwﬂj”-<2wz—x}<m

Q..
o N—— A RE A B s X, —— A 4 0 75 [
—AE N R B s T—WE W A—
H 3By 22 AR Q°—— Wy 2%,

DOLS WU 32 T 25 43 i A4 U G 2 DA% 0 725
el EA MK GE B SR A

1 T T
0T)()LS:NV§[(§ZI‘.1)71 ° (;Wi.z)il] 4

Yi=Xoau =0 ¢ Q22 T0202.0) (3

ﬁrl—':Z;.f:X;,z S AX et AX,-.MV[EJ%Q

(4) K H] VECM (J) 15 22 & IEATAL) |, H ST IE AR

AR
K

Ay :EIA(%.H —xi,1) TuQ, (5
A A—x Ml y A Z W Y 280, K—
JE B A e — 1 — W R IR EEIET; o =
EREG Q— Bk,

Horpr, (1) T [ 5 2007 T Al B AL, S5 5 T A
Granger I 43 Hr » ifF — 25 56 UF 3k 7 Ak L 28 9% 3 K Al
AARCZ B B B Granger IR HR .

yl,zﬁﬁfk)+§efk)+e,, (6)
k=1 k=1
Ky —RBEL R g —HIHS5G o [u]
HRE R,

(2) #F HNC, X H Granger JEHFE LR, KiE

K Granger PIIRC R,

N
WHNC:%[ZIWI-I 7

AW, —— AR R R R B2 ¢ A
AR Wald G2t 4.

2 vpE bk AR L 28 5 B K R HE TR

(SFAI PRI 4

20012015 4F- [& {1 4 Hb 3k 77 fk L A 1 3k T 4k
GDP MAEHe A LI 1 iR . wp FE T 2 AR X i
FEM 2001 4E (4 3. 29 X 10" km® %] 2015 4E /Y
6.81>X10* km?, 3 1li A FI A\ 2001 4EfY 4. 71 X107 A
W 2015 A9 9. 12107 Ao v [ B 1 i iy
GDP M 2001 4E (¥ 107. 14 {2 7054 fin 3| 2015 4F (1)
367. 33 4470 s K HLBL (Y Tlk £k A3 s Ak 2F 72 ol rp [
B CHE B TR EE — DA 2001 4F A9 1. 05X 10" ¢t
HINE] 2015 4E (4 2. 97X 10" ¢,




FUBAE - P E SR AL L2 TR IS B E R 273

54
1000r o wprmEs
A D&
800+ ——GDP
-o-NHF R &
g 600f
jm
¥ 400/
200}

2001 2003 2005 2007 2009 2011 2013 2015
F 4y

B1 dE2001—2015 FEEX @R 10> km?) FHAOQ
2107 .GDP(zim) A H M E (10° O T

TE AT DX 43 ik o 4 T 25 08 T S A L
X VA GDP MR R 3h 572 46 (B 2) R T4k
[ )3k 7 A b [ 31 A48 £y 2001—2015 4F B 8l »
Sy BT A SR AT ) AR VL L ZR AR g AR G A T i Al
N ESE AR 5 AL AR L AR VL 50 7 Y e A i DX
FRB 4 AL s IR A RO R R by ORI E L Y
St VLI LA g M X

3 gkl . Ut B ROM SRR G &
3.1 ERKEELRER

B T A AL B AR A7 A . 2 T AR 0 T Al B (0 AR
K i 45 R R R At AL AR R RS (AR i
— B 2200 IR A AR REAE 500K BAR TRE IR

CINHEBE/(10"t » ™)

: CIGDP (10*5E/(A + a))

o B 5 A O B/(10° A - )
I R X TH B/ (km? - a™)

0 50 100 150 200 250 300 350

PR K R
BOPANLAR = A AT M R AE AT TR T 2015 £ i T iK%
®1 EWBAMCRKIEER
9 A K
AR LLS IPS Fisher-ADF Fisher-PP
78 A X 1 A —2.79" " 4.01 18. 66 25.56
) AN —4.58""" 1.19 60. 09 109. 98" *
B ,
A GDP 5. 74 12.19 8.99 4,46
N HE & 1.65 7.29 8.10 6.67
7 A X T AR —1.47 —1.45 45. 87 52.88
TN —8.99" "~ —0.29 66.21 27.71
B -
GELRIEE A GDP —10.12" " —1.65" 99.21% " 68. 89
N HE = —6.29 —2.39" 89.88" " 76. 89
N AT
5 A B 22 43
AR LLS IPS Fisher-ADF Fisher-PP
78 A X 1 A —6.26" "~ —4.67"" 116.09* ** 221.32° "
y W A H —11.09" "~ —6.65" "~ 150.01°*~ 219.56" "~
I T B _
AN¥J GDP 4. 41 0.35 56. 56 50. 99
N HE & —5.99"" —4.11" 106. 65 * 196,89 *
R X 1 A —5.43" " —1.59 74.35% " 201,65~
Wi A A —18.62* " —9.33" 210.09" ** 308.21" "
- 4
H I AE S A¥ GDP —2. 147" 0.45" 60.99* " 106,35 "
N HE —2.62"" 0.12% "~ 52.61" 160.01° "~

JE: LLS, IPS, Fisher-ADF Fl Fisher-PP {5 5% Fl T A i JERA R AS s % »

3.2 EEHEHELE
PR R SR L W X B RO ATAG . ® 25

x % Fllx AN 1%,5%F 10% B3, FHE.

AL T T FMOLS fil DOLS il 8 45 5 (fu 45 4& 4
o E S AR E R . N DT Ak 5 ACHE i A A



274 7K AR 3 4

537 &

Z PP R W, 3R X T AR B AT AR D A 2 BT 45 4% B
L.z FMOLS fil DOLS ¥ ek A5 4 A 1 P &
. WEFERUL TR EWE . SR GDP,
GRCHE SR A2 ok DX TR Ay R AR B T A A AR R B
SHIERON (1 Y0 K583 o RT3k ) v ] 8 5 44
FVEHER™ £ T B Zm, MR, &K SHRT

ST B X R RN IR TN B HE , DU e B T
REAE. W) A TH Z M AH &, BRI R ik
BT A A XAy PR AR e SR T @ X K 100,
Bk 2 AT AE B 2 0. 81% ~0. 94% 5 Ak A
BRI 100, WA B F T R X P K 0. 662 ~
0.93%.,

%2 HB FMOLS #1 DOLS HHE W EEmRhE R

H7AF & . A5 GDP

IR A8 i« 8 IX

A5 7 i
DLOS(1,1) DOLS(2,2) FMOLS DLOS(1,1) DOLS(2,2) FMOLS
2 IX 0.99" " 0.89" " 0.96""" A¥ GDP 0.71%"* 0.27 0.99" " "
(—26.99) (—20.91) (—29.01) (—0.91) (—0.4D) (—41.34)
s PR A% i« N - A7 . N R &
DLOS(1,1) DOLS(2,2) FMOLS DLOS(1,1) DOLS(2,2) FMOLS
A GDP 0.99" " 0.61""" 0.91""" - 1.18" "~ 1,11~ 1.12° "~
(—15.21) (—2.09) (—60.0D (—33.79 (—28.66) (—34.1D)
URIRTER 333 276 401 RURIIREED 339 276 401
TE A5 PR ¢ A R 20 R L SR PRI R 2K TR B0 2R T A IR e 3 O Ok A B R IR
#3 1 FMOLS #1 DOLS it EM R it R @R h B R
- N4z & . A3 GDP - A AR o X
o DLOS(1,1) DOLS(2,2) FMOLS = DLOS(1,1) DOLS(2,2) FMOLS
- 1,017~ 0.99" " 1.o1" " L GDP 0.65""" 0.44 1.09" "
(—50.01) (—6.66) (—37.2D) (—9.66) (—0.56) (—25.09)
s [A 725 i - N o - [R5 o N
' DLOS(1,1) DOLS(2,2) FMOLS ' DLOS(1,1) DOLS(2,2) FMOLS
. 0.91" " 0.59" "~ 0.99" " " ‘ 0.99" "~ 0.99" " 0.96" "~
A% GDP (—19.0D) (—0.76) (—41.33) RAK (—73.36) (—9.99) (—44.33)
L) {E 121 99 140 pURIIE( 121 99 140
&4 ©H FMOLS 71 DOLS i+ &/ h & b X E AR th 22 R 8%
. H 75 & . A ¥ GDP - PR A g 3 X
' DLOS(1,1) DOLS(2,2) FMOLS DLOS(1,1) DOLS(2,2) FMOLS
1.18" " 1.90" " 1.187 "~ 0.917" "~ 0.29 0.89"""
X (—25.25) (—50.01) (—25.91) AH GDP (—8.33) (—1.2) —23.23
- A AR . N HE = - [H A8 . N i
DLOS(1,1) DOLS(2,2) FMOLS DLOS(1,1) DOLS(2,2) FMOLS
A GDP 0.61" " 0.35" " 0.81""" K 0.99" " 0.98" " 0.98"""
(—9.9 (—4.33) (—27.27) (—37.34) (—28.1D) (—23.2D)
RURIIREER 90 75 106 RURIIREED 90 75 106
& 5 1 FMOLS #0 DOLS it & i) F & ith X E R 1 & R 4%
- M A5 & . A3 GDP - A AR g X
' DLOS(1,1) DOLS(2,2) FMOLS ' DLOS(1,1) DOLS(2,2) FMOLS
1.21" " 1.36% " 1.28" " 0.56" " 0.29 0.71" "
LR (—31.66) (—47.11)(—28.99) A¥ GDP (—5.01) (—1.89 (—23.23)
.- PR 75 N HE i - IR 7 . N i
DLOS(1,1) DOLS(2,2) FMOLS DLOS(1,1) DOLS(2,2) FMOLS
0.65" " 0.63" " 0.99" " ‘ 1.28" " 1.28" " 1.267 "~
ABGDP g o) (—1.33) (—27.99) ELS (—40.01) (—41.01) (—26.99)
S A1 88 75 100 RURIIREED 88 75 100




B4l

FUBAE - P E SR AL L2 TR IS B E R 275

3.3 Granger it E R

3.3.1 X F VECM @# & Granger % it B £ 4 5
R X T E . 4 T A CEE R X TE R
) (L & ' (GDP) AR X R i) L HE R =2 18]
FEAEAL PR OC & . & T P & & (GDP) #
A Hb IR T A CRlE R DX T B ) L 48 T 1 R R R HE T
- Hb 3 T A Gl DX T AR R D) R R T Dy B )
TP R OC 2R o A b 3l T Ak L 28 T 38 RN ACHE i =2 1R 1Y

KEWME 3 P,

3.3.2 F /i@t Granger Rt AR X 24% £ 6
PEAE T R A v [ R HAR R v R DX Y SR B TET B
Granger SR C R I 45 R . BRI . & 0F
b U O A R A o A I A = G e
R CHE ik =2 8] FY) B [a] 0T DR 2R G R AR AE TR
Ja VARG fE 2 Wb, WSk — 20 A B 7E R A M
DX, b 3 T AR R B TR K AR R
(1) 287 77 A B o] JC S PR IR 2R 7 VG 9 el DX, kT
b A HE R 2T K Z F 8 Granger IR G R

F6 HERERMMPHBEXNFRER Granger it R X RIG K

Wi H X THI AR JE A ERE S Wald ¥ J5 11 Zbar #if J5 1 HE R
¥ GDP K lagl ¢ 2.03 lagl : 2. 06 0.03
A lag2 : 5. 33 lag2 : 3. 31 0.01
A ] lagl  3.73 lagl : 6. 41 0.11
RARK A ¥ GDP lag2 : 3.21 lag2 ¢ 0.56 0.59
‘ ‘ lagl £ 10. 12 lagl : 22. 99 0. 01
. 5 AR Ny R lag? : 10. 21 lag?  10. 41 0.01
N HE B HX lagl = 1.55 lagl = 0. 75 0.33
lag2 : 3. 36 lag2 : 1. 21 0.22
¥ GDP N R lagl = 7. 12 lagl : 15.16 0. 00
c lag2 : 12. 31 lag2 : 12.51 0. 00
N HE R ¥y GDP lagl + 1. 79 lagl : 1. 35 0.19
lag2 : 4. 36 lag2 : 2. 09 0.01
b GDp . lagl : 1,71 lagl ¢ 0. 81 0. 35
D lag2 : 3.03 lag2 ¢ 0. 19 0. 89
‘ ) lagl : 3.63 lagl 3. 66 0. 00
RAK A% GDP lag2 t 7. 59 lag? t 3.71 0. 00
X N HE R lagl : 9. 5? lagl : 0. 34 0. 00
- - lag2 ¢ 7.73 lag2 ¢ 0. 56 0. 00
N . lagl : 1.55 lagl : 0. 46 0.71
N B R lag? © 3.56 lag? 0. 68 0.58
¥ GDP N lagl ¢ 0. 99 lagl & 7.55 0. 66
E lag2 : 3. 29 lag2 : 10. 19 0.47
N by GDp lagl : 6. 01 lagl t 7.55 0. 00
lag2 ¢ 15. 91 lag2 : 10. 19 0. 00
] ] lagl © 2.01 lagl ¢ 0. 99 0.33
. A¥y GDP RAK lag? : 5. 31 lag2 * 1. 65 0.11
. . lagl : 4.56 lagl : 4.29 0. 00
R A¥ GDP lag? : 5. 35 lag2 : 1. 65 0. 00
‘ - lagl ¢ 7.91 lagl : 8. 89 0.00
S N lag? : 11. 19 lag2 ¢ 5. 66 0.29
S H
N . lagl ¢ 1. 56 lagl ¢ 0. 41 0.71
N R R R lag2 t 1.31 lag2 t 0. 01 0.22
by GDp N lagl ¢ 1. 61 lagl ¢ 0.56 0. 00
I lag2 : 4.61 lag2 : 1. 29 0. 00
- ) lagl = 8. 81 lagl ¢ 9. 88 0.01
NH#HR A# GDP lag2 t 13. 56 lag2 : 7.13 0.35




276 7K AR 3 4

537 &

1
«
&
[«

ZTRE
(N\¥JGDP)

AL
(& A% X T )

B3 w2 FEKNEkEnEzm
BN ERPMAREHERX R

4 WG

ABIE ST w31 A48 1Y T AR B L R FH P
Fl Granger 5381, B3 T 2001—2015 A E R R
JEE RN DX 3R BE (%) R T AL L 28 5 K L RUHE R 2 ) Y
KFR., HREVEEZZE ELF, WA 565 b =
PR A EHERO™ A T R, M, 4R T
KSECT O ER XY AT A RE, N
DI )2 1 . 20 1S K A BE T I T A R X
i o 2R R TR RN A X T AR KA X SR | R
#E TR AR . Granger Gi i1 K R A 5 45 S R W, 2 Al
DR — 22 5 — Al — A AE AU & AR OC & 5 T4 oF
R RN A b R T Ak L b 3R T TR R ZCHE L 28 T
FVEHE I =3 53 50k S O R OC &R, LIRSS R
U, vl [ 2R R | AN T R A 3 T A AT B T & T
B T AR TR I I T HE A . PEER M IX
3T A X ECHE TR S e K T AR A, &R K
XA HE R R K, AR R R R T =
BRI A R SC R I TT Ahx ] 2 0 S KA TR R
KR A MAET R K AHA HR R, 40
JIT A, v A B T Ak R 28 B K R HE AR T
FRUR R B 2 1) 52 I, 3 BR A 7R Y T 48 U 1S KRR X
T R I 2 4 ] 8 U R I R R T Ak
PR S B 5 3 ok A R 7l 5 A L B R AR R R R A
AR PRI DR AP T B ok B AR U HE A .

[1]

[2]

[3]

[4]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[ & % xx & |
Bai Xuemei, Shi Peijun, Liu Yansui. Realizing China’s
urban dream [J]. Nature, 2014,509(9):158-160.
R , kR R T 30, AFL AL B O R 2001—
2015 SEF ALY HE AL LT . B 245 4, 2012, 57 (16)
1446-1453.
Chen Mingxing, Huang Yongbin, Tang Zhipeng, et al.
The provincial pattern of the relationship between urban-
ization and economic development in China [ J]. Journal
of Geographical Sciences, 2014,24(1) :33-45.
it IV L o B R R VR AL T SR 0 b R TR T 2 A
AT LT . PRI R 227 iz, 2014, 34 (10) 1 2684~
2693.
e SR L, S A B T T A 2 Bl i AU e A
# (NANDIFAG [T, b a0 R 224 A SR B2 IR, 2014, 50
(5):951-959.
B0 b E AR B TR, S, o B Tl ZE P
MR 3 1 K )], h E R (D) sk R 4=, 2013,
43(3):469-477.
Shi Yun, Xia Yinfeng, Lu Bihong, et al. Emission in-
ventory and trends of N for China, 2000—2020 [ J].
Journal of Zhejiang University ( ScienceA): Applied
Physics & Engineering, 2014,15(6) :454-465.
BB E TR R A A ) 43 A v S A HE R
WEFELT]. AR ER BT 241, 2013, 22(3) 1 494-497.
Im K S, Pesaran M H, Shin Y, Testing for unit roots in
heterogeneous panels [J]. Journal of Econometrics,
2003,109(7):,53-74.
Maddala G S, Wu Shaowen, Comparative study of unit
root tests with panel data and a new simple test [ J].
Oxford Bulletin of Economics and Statistics, 1999, 61
(5):631-652.
Choi I. Unit root tests for panel data [J]. Journal of
International Money and Finance, 2001, 20 (9) . 249-
272.
Pedroni P. Fully modified OLS for heterogeneous coin-
tegrated panels [J]. Advances in Econometrics, 2000,
15(6) :93-130.



