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Abstract: Urbanization is closely related to urban energy consumption and associated carbon emissions. The process of
population urbanization and industrial structure adjustment in urban development are the main drivers of changes in carbon
emissions. Based on the panel data of 158 prefecture-level cities in China from 2006 to 2015, this study analyzes the urban
development characteristics and energy carbon emission characteristics of China from total volume and spatial variation. The
study uses panel measurement to analyze the driving characteristics of urban development factors on total urban energy
consumption, total carbon emissions, and carbon emissions per unit energy consumption. The results show that for every
0.095% increase in urbanization, the total energy consumption increases by 1%. Although the total urban energy
consumption and carbon emissions are decreasing, the carbon emissions per unit energy consumption are increasing. The
total energy consumption of secondary and tertiary industries is also increasing. The development of tertiary industries in the
city is beneficial for the optimization and adjustment of the energy structure. Based on the findings, some policy suggestions

are proposed.
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consumption
S-H4{H Mean -0.829 15.386 15.784 14.055 15.432 16.773 1.341
HF{E Median 0.788 15.250 15.767 14.179 15.367 16.700 1.398
KA Maximum 0.000 19.027 18.623 16.229 20.601 21.433 1.960
#z/IME Minimum 2.230 12.349 12.902 9.781 12.391 13.425 0.718
FrUfEfR 25 Std. Dev. 0.442 1.091 0.953 0.897 1.189 1.192 0.213
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Table 2 CO, emission factors for all types of energy

PR e Pt 2% . N TR ARBRHE R EL
s AR A VPRI R A A % L

Folding standard ) L CO, emission
Energy type Average low heat . Tons of carbon/TJ Carbon oxidation rate .

coal coefficient coefficient
SR Coal 20908 kJ/kg 0.7143 kgee/kg 26.37 0.94 1.9003 kg-CO,/kg
FEIR Coke 28435 kJ/kg 0.9714 kgce/kg 29.50 0.93 2.8604 kg-CO,/kg
JEGH Crude oil 41816 kJ/kg 1.4286 kgee/kg 20.10 0.98 3.0202 kg-CO,/kg
J53M Gasoline 43070 kJ/kg 1.4714 kgce/kg 18.90 0.98 2.9251 kg-CO,/kg
M Kerosene 43070 kJ/kg 1.4714 kegce/kg 19.50 0.98 3.0719 kg-CO,/kg
53 Diesel 42652 kJ/kg 1.4571 kece/kg 20.20 0.98 3.0959 kg-CO,/kg
JREHH Fuel oil 41816 kJ/kg 1.4286 kgee/kg 21.10 0.98 3.1705 kg-CO,/kg
KRS Natural gas 38931 kJ/m? 1.3300 kgee/m? 15.30 0.99 2.1622 kg-CO,/m*

A & 45T 29307 T-AEMREE, B 1 T rabruElt; L 3RaIBIgR IR T Z5A BEFETT B ) (GB/T 2589—2008 ) J&i ISR IR T & Sl
FEMIE R THFE ) (KA 2011]1041 )
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Table 3 Average CO, emissions per unit of power supply in China’s regional power grid

LI 44 R A X R R B
Power grid Provinces and cities (kg kw™' h™")
1EJL X North China dbmtmr RET WA ILFEE ILARE NSl 1.246
ZALHIX Northeast W74 HME BIRTLAE WS RRHIX 1.096
1EA M IX East China T TLINE WA ERE WA 0.928

AErp X the Central of China TR WALE WIFE VP W EmRT 0.801
PEHEHIX Northwest BEPEA A HAE TE HE 0.977

R J7 South IHRE T mEEE RN 0.714

17 Hainan 3Ky 0.917
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Fig.3 CO,emission for unit energy consumption & CO,emission for total energy consumption
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Fig.4 The shift of spatial weight for total energy consumption(a) and its CO, emission(b)
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Fig.6 The shift of spatial weight for Chinese urbanization rate
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Fig.7 The change of Chinese GDP and its structure
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Fig.8 The shift of spatial weight for Chinese GDP
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Table 4 The fixed effect model estimate of the model

Vdrld})le Coefficient Std. Error t-Statistic Prob.
SEFE C 12.378 0.346 35.751 0.000
iR UR 0.095 0.032 2.921 0.004

S—7lk GDP FI -0.260 0.037 -7.127 0.000
%k GDP ST 0.132 0.030 4.448 0.000
=7k GDP TI 0.307 0.025 12.174 0.000
R* 0.986 Mean dependent var 30.813
PSR R* Adjusted R* 0.985 S.D. dependent var 20.495
M9 S.E. of regression 0.340 Sum squared resid 164.066
F K56 F-statistic 634.711 Durbin-Watson stat 1.222
R? 0.000

M EFn 0 AR HLE PR R 0.986, T FERY F A5 P {E/NT 0.05, Ui [0 4 2 3 A ST =
o BT BN R B 5% 8 E K Wik UR B9 EIE RECH 0.095, B35 K0 4% , 15
B3 T AL K5 B RERE Z [ A7 AR IEAH O, RIS T b /K SRR T 1 A4S 40 0, RLREFE S ARG N 0.095 4~ H 4
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Fig.9 The shift of spatial weight for the value—added of Chinese three industries

Ko Ml FTEY R REON-0.260 , 3 E K0 0% , BB S — 7l = B9 SRR Z IR A7 78 DU G,
RIS — P=b = (E RGN 1 AN 40 a5, BEBEFEAH R 082D 0.260 AN 43 s, 88 b = (E AR = 7= b = B =1 5
FEUT 1R 0.132 F110.307, W EHKFI50 0% , B SE — Ml 26 = Ml B 5 S REFEZ [ A7 7E i & 1F
AHOG, BIES Pk P8 565 =k ™ (A B 3G i 2 S BUR REFE R G
3.4 T R SR R ST S REAE R 5 e R

iz HF RGN RS R A A E A AN, HEA T ARG 36, 45 SR 3R B HE 2 % TR & T AR S Y 138 W A 4 v
SRRSO Ry T 200 1 S [ 2 20500 A FR S 2 B AL A 7Y , WAL 35T Hausman #:36, Hausman
R g 45 RN 7E 5% 1) 7KV FE A B AL SO0 A A | Scase P 11 7 Rni A A

x5 BeEBHENEESMERGITER
Table 5 The fixed effect model estimate of the model

At ES S W ¢ K B

Variable Coefficient Std. Error t-Statistic Prob.

REAERHERL C 11.886 0.309 38.530 0.000
Wik UR 0.043 0.029 1.488 0.137

55—l GDP FI -0.222 0.030 -7.445 0.000
%k GDP SI 0.135 0.025 5.345 0.000
% ="l GDP TI 0.384 0.022 17.254 0.000
R? 0.989 Mean dependent var 35.249
P R % Adjusted R? 0.987 S.D. dependent var 25.006
[ElJH S.E. of regression 0.316 Sum squared resid 141.124
F K56 F-statistic 761.735 Durbin—Watson stat 1.268

MR AR AR R 0.989 , 5 BE iy F &5 P ME/NT 0.05, Ui B ) 5 i BA B & 4 it
S, YT AEAKSE UR B9 IRNE R ECH 0.043, 8 KT8 13.7% (KT 5%) , Ua B3 T AL AKCE AN 2 Bk HE i Y 2.
N E B FT R R B0 -0.222, KR 0% , 6 A — 77 Ml = (i 5 B HE ik 2 1] i
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PEER EHE R B8 0.135 Fi10.384, B PR30 0% , U A SE 7 Mk {8 56 =k (8 5 s HE il 1]
BB EARDG  BIER g E B =M ARG N2 S SRR TR AR HE A
3.5 T R I BT BEAERRHEL Y R A RRAE

T EIE F F ORS00 T MR AR B2 5 A A I AR RON A TR 5, 5 R R IR 446 SR FH TR & T AR 76 AR 7R v i i
FEREAREEON o R T E— 200 2 1 000 A B A 2 AL N AR Y XA B AT Hausman K556, 2558 % M,
TE 5% 0 E KT FE 2 BEALBONV AR | B FH R B4 A5 A4S F FN Hausman A5 56 25 S 647 [ 5 200
BRI G 25 RN (£ 6)
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Table 6 The fixed effect model estimate of the model

At EX i R t R R
Variable Coefficient Std. Error t-Statistic Prob.
REFERRHERGY R C -0.439 0.154 -2.854 0.004

Wi fbFE UR -0.020 0.014 -1.376 0.169
$—r=lk GDP FI 0.065 0.017 3.757 0.000
%=\ GDP SI -0.013 0.013 -1.018 0.309
FE=r=\ GDP TI 0.069 0.013 5.393 0.000
R? 0.903 Mean dependent var 1.341
JE Adjusted R? 0.892 S.D. dependent var 0.213
[E )3 S.E. of regression 0.070 Akaike info criterion -2.383
5% 255 F Sum squared resid 6.950 Schwarz criterion -1.832
TSR Log likelihood 2043.157 Hannan-Quinn criter. -2.178
F K56 F-statistic 82.244 Durbin-Watson stat 1.188
HEZ Prob ( F-statistic) 0.000

M AT AL AR RO/ 0.903, Y F R 56 PEH/NT 0.05, Ui [l 3y R B B E it &
o BETTAAKT UR RIS — P P A B9 a1 R BUTE 5% 1Y 535K N AR B35, Ui B it Ak K S A — 7l
AR RS R IRRCR M R E R R B —r ™l F1 R RIE R 0.065, W& MK 0% , i 5 — ™
b {E 5 AR IR AR Z ] S 2 TE AR OG5 — 7l PR E ARG N 1 AN 4 A, RR IR AH L HE I 0.065 4~ A 43 45,
W5 =L PHE T BB 0,069, 5 EPE KR 0% , A AE = 7= P8 5 R TR A% 2 ] 1 8 1F A OGBS
S PEEE N 1A S, RETEACRA G I 0.065 4N H 43 .

4 WREM

4.1 SRTTREVRIH 28 -5 RETR AR R UL AL

WFFEI ST S A RE TR B Sz BBV AE ™ A i) — S BRAHR 1 2 BT Bt 3 (H2 B RE RN 2 5 1 2 Y
AR B TR S BEIRI B R IR AR A e HE A s 1 O S B 1] U7 1S AR B AR AL 5 T RE IR
SEACBRHE OSBRI BA R A TR . 3Bt ], BT 2 B  RETRBR AR 2 P AR (R R 3
R AR T, RIVERLA BRSO i HE R B0 T AL T R B R B ) O B AE T R T T BE IR
el
4.2 SRS Tl A R AR AL A

BTSS0S ) 38T A K P S B g D 3 3 (s i T AR T SR R AR 5 S =l R
F14 B T R G B T g T — 7l LB = D e T T, AK R R M XA 7 R T T AR X
3ol S 7l e R B A A 225 (] _E A AN 5 TS =7l B8 M A 2 P e DX A R B et vy T LA M X
4.3 AR S REIRIHAERRE G KR

LS BERE N B R AL i, e BT A K 85 b (B R 2 =7k )™ (-5 S BEAE Z AP AR IEAH G &
A — Pl (B 5 S REFE Z AAFE TR OCOC R o SRS LABETRBRHF R A i B o | R S T A/ AN S 5 i
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(1) 3T IO s o vy B A Al 55 oMb A S s BE VR B HE AR 0%

TS = AN 1 AN A 23 a5, BEIRUSCRAR RIS A 0.065 A1 70 st , B AT 17 25 Jnsk 28 =57 Ml
K S s {85 —J5 T ALK ST 2 ISV BERE , 5 = AR AR A T SRR R 7l 23 3 T nk vl e
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TR R UR =L A= L TR i i s S e 1 7 (40 O A =00k

(2) 3okl g T S AR T =7l ) RERR 8%

T =L AR RE LE R, REVRIM AR S REFEBI HR S 7 E 2 LB ARG i BGE 1 — = b 2 il e 2 e
i BERAR iy v FERE A O BE DS AR A | ) BE AR Al 3 RE 5 T T R R OB 22 3, OB Al o Jl AR ) A0
PR 5 B — = B IRV SR BOR  JT BB R ; Slih — =7 B 57 M o] By 7l i A SR IR R &
el BE S AR, LUK BRI SR H 84,

(3) 3 A D DAL =R Ik BE I 45 4

T T2 b A S B P AR, R SR ARG W T LASE 7l RE TR AN R 1R BB, X8 =
b HAESS TR, AR FHE A BT LA SR AN 2577 3, PRAm Al T 8 FH RE AR, DAFALL 30 5 ik
T A RER 1) 5 B IR A BE DR e, W TR — ol —J7 I S A UL 2238, AR Ry Se A BILRE % 5
— 7 TN T AR R AME AR R T I REBE 4 , SRR XURE A BHRE S nl 20 Ai 20N T B PR e, 3 58 =™l
AR IRTEIR e 55 oMb 14 P RESS A I8 | AL i D BE A T, 8 f5 o R AR A B A 5 Bl A IR PR RE DAL s AR T Lk 2
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