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Temporal-spatial carbon emission patterns caused by fossil energy consumption at

the city level in Hunan Province, China and the factors driving their composition
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Abstract; To reduce carbon emission, there is a need to explore the spatio—temporal evolution patterns of carbon emissions
and the factors that influence this process. The terminal energy consumption data of industrial enterprises above a designated
size in 14 cities in Hunan Province, China, from 2008 to 2013, were used to study the temporal —spatial patterns and the
factors influencing carbon emissions, per capita carbon emissions, and carbon emission intensity at the city scale in Hunan
Province. These factors were analyzed using the reference approach provided by the IPCC and the Logarithmic Mean Divisia
Index (LMDI). The results showed that 1) from 2008 to 2013, different cities had different carbon emission growth trends,
which could be classified into three categories. The top three cities for cumulative carbon emissions were Loudi, Yueyang,
and Xiangtan, and their total cumulative carbon emissions accounted for 48.92% of the province's total carbon emissions

over the study period. In contrast, the total cumulative carbon emissions from Jishou, Zhangjiajie, and Huaihua accounted
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for only 2.59%. 2) The city—level carbon emissions and per capita carbon emissions in the eastern cities were higher than
those in the western cities of Hunan Province. Furthermore, carbon emissions and per capita emissions were strongly
correlated. The cities with high carbon emissions had higher per capita carbon emissions. However, carbon emission
intensities from each city in Hunan Province decreased over the period, and the number of cities classified as being in a low
—carbon—emission intensity region increased from four in 2008 to seven in 2013. The spatial distribution of carbon emission
intensity was related to the type of industry in the city. 3) The energy structure and energy intensity factors could reduce
carbon emission growth, but the energy structure contribution was very small and the reduction in carbon emissions was
mainly caused by energy intensity. Economic development had the strongest positive impact on carbon emissions, and its
cumulative contribution values were 74.285 and 27.579 during 2008—2010 and 2011—2013, respectively. Population size
had a small effect on carbon emission, and its cumulative contribution to carbon emissions was only 2.252 in 2011—2013.
The focus of current and future carbon emission reduction in Hunan is to accelerate the development of clean energy,
improve energy efficiency, promote the optimization and upgrading of energy and industrial structures, and, at a strategic

level, to enhance the coordinated development of the four regions in Hunan.
Key Words: fossil energy; carbon emission; temporal —spatial pattern; factors decomposition; city level in Hunan Province
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Table 1 Calculation parameters of carbon emissions from 8 main fossil fuels

RETRE JELIE e Jii R B eS| HOBHH PN/
Energy types Raw coal ~ Hard coke  Crude oil Gasoline Kerosene Diesel oil Fuel oil Natural gas

Yrow i I R #L Standard  coal
coefficient / ( 10*tce/10*1)
il HE i & %L Carbon emission
coefficient /( 10*1/10%tce)

0.7143 0.9714 1.4286 1.4714 1.4714 1.4571 1.4286 1.3300

0.7559 0.8550 0.5857 0.5538 0.5714 0.5921 0.6185 0.4483
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Fig.1 Variations in carbon emissions at the city-level in Hunan Province from 2008 to 2013
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Table 2 Cumulative carbon emissions caused by fossil energy consumption at the city-level in Hunan Province during 2008—2013
K PR ik 5 AREH B W KA #H HEIH A ik £ HH
7878.7  7853.9 13550.6 12951.1 2826.0 23637.9 7868.9  556.2  6698.7 13026.7 2567.3 2273.6 25941.3 521.2
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Fig.2 Spatial carbon emission patterns caused by energy consumption at the city—level of Hunan Province in 2008 and 2013
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Fig.3 Spatial patterns of per capita carbon emissions at the city-level in Hunan Province in 2008 and 2013
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Table 3 Carbon emission intensity at the city level in Hunan Province in 2008 and 2013
B Year KU BRUT MR @R HBMH MR W kEA & MM kM MME BE H
2008 0.84 1.41 2.99 1.80 0.96 3.28 0.95 0.42 1.70 2.38 0.63 0.73 6.42 0.43
2013 0.41 0.75 1.88 1.21 0.91 2.26 0.69 0.29 1.15 1.71 0.42 0.66 5.46 0.25
DA/% -58.11 -46.81 -37.12 -32.78 -521 -31.10 -27.37 -30.95 -3236 -28.15 -33.33 -9.59 -1495 -41.86
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MR 4T i i S HE s 1 A8 AL AR AE 1 8 2008—2013 4FR1143 7 2008—2010 4FH1 2011—2013 4E 4~
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KM o

[ RHRE X (0—0.801) I R E X (2.00—3.200)
[ HEREX (0.80—2.000) I @R EIX (3.20—6.501)

E 4 2008 F£F1 2013 F M EHIEEREERGEE S HIEH

Fig.4 Spatial patterns of carbon emission intensity at the city-level in Hunan Province in 2008 and 2013

BB, I (3) 6 1R A B B % 1T 3 A B HE JSOHS F2 A7 DR 3R 40, 10 ACO,,, IZAEXTHE S 1,135 ACO,, |
ACO,; \ACO,, Fll ACO,, 73+ fiff it YA X AR AL (AN 4.

Fz 4 2008—2013 E AR IS AR HE AL 2 F = 2 R

Table 4 Factors decomposition of carbon emission increment at the city-level in Hunan Province during 2008—2013

ik 2008—2010 2011—2013
City region ACO,; ACO,; ACO,, ACO,, ACO,; ACO,; ACO, ACO,,
Kb 0.322 -13.049 9.460 4.266 -0.080 -2.079 1.069 0.090
R -1.719 -29.662 30.999 1.382 -0.104 -2.359 1.369 0.094
btk -0.022 -0.997 2.513 -0.494 0.040 -2.405 1.287 0.078
kA 0.021 0.032 1.024 -0.077 -0.005 ~1.543 0.517 0.031
BRBA -0.017 -3.131 2.684 -0.536 0.003 0.717 0.262 0.018
& -0.078 -3.433 2.474 0.038 -0.363 -2.054 3.202 0.215
Wi -0.005 0.281 0.916 -0.192 -0.008 -2.077 1.021 0.064
kR -0.006 -0.055 1.477 -0.417 -0.009 -2.039 0.956 0.092
25 B 0.002 0.154 1111 -0.267 -0.005 -1.826 0.779 0.053
HSH -0.003 -0.177 1.289 -0.109 -0.056 -9.699 8.244 0.511
A 0.025 -1.239 3.179 -0.965 -0.302 -6.179 4.872 0.608
Nta 0.029 -7.366 7.818 -1.481 0.003 -1.727 0.670 0.053
HIK -0.038 -0.026 1.484 -0.420 0.030 -0.492 1.388 0.073
# 0.378 -7.031 7.857 -2.204 0.516 -3.731 1.943 0.272
A1t Total -1.111 -65.699 74.285 -1.476 -0.340 -37.493 27.579 2252
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2.3.1  REURSEHA N X B HE L ) 5

BETRZE A B HE R MBI N £ 22—, 32 4 Bon,2008—2013 4F RE I 25 b %007 %o i HE i 4 B8 5 B — 2
B sh i, o RKvb EBH 25 PH A A5 T 38 1 TR 4t 255 g e A R %) S T PR 2008—2010 4F A 1 [ B 3y
BRAE S 2011—2013 AFERY G 1 K2l , WHTE AR EH 2K 0 H (]300 0% £ 1) 3K 2y 8 720 o T ) 3K 5 5 Tk 35 1 P T
B REVRZE A X ARG A R IE VR T e iU A 2 R T 1 3K 3, R IR A5 R R0 X B HE i 4 19 52 ) 5 4%
TS SR AR IR T FE (SR AR R T b e IR, R HEBCR Eoe & T B R IR ) of THFE RE IR G i i 22 3 Ll
5 ;s BEVRZS A RIUN Sk 1E B, A AR 1) R R BB VR IT o7 A9 EE SE B AR A BT T R Z URRAR (2 5) o BRTRBFH 5K &5
WM KM SRS e AT FF Gk — U, HEAh, 3R 4 S8 TT LU 1, 90 e 25 i1 3ol 78 15 235 4 2080 nir % ik 2>
BRHEIVE FHAS K, 76 2008—2010 4E5 2011—2013 4F AN B A 231 5Tk 4351 - 1.111 F1-0.340, 3X 7]
AE 55 1 R 45 RE TR 2 25 A 30 LUK AT BRE R T (2008—2013 4 JFHHE T 24 78 RE IR T AE S vh (9 - 34 [ E ik 63.
78%) i i AR IR AL B BB N Bl 56 R, B T L e A R R A A A R, I 2 X A G Ak A BE TR A 3
e IR BB

R 5 2008—2013 F AR I S RAETR & S AL TR E F AL B

Table 5 The ratios of high carbon energy in total energy consumption at the city-level in Hunan Province during 2008—2013

Tk Tk
City 2008 2010 A, 2011 2013 A, City 2008 2010 A, 2011 2013 A,
region region

Ky 0.862 0.903 0.041 0.911 0.865  -0.046 || TKFKA  0.995 0.996 0.001 0.997 0.992  -0.005
B 0.914 0.866  —0.048 0.895 0.853  -0.042 || %M 0.989 0.995 0.006 0.997 0.992  -0.005
T 0.986 0.983  -0.003 0.983 0.992 0.009 || HEHM 0.994 0.996 0.002 0.994 0.992  -0.002
A 0.958 0.969 0.011 0.972 0.959  -0.013 || AKJH 0.992 0.991  -0.001 0.990 0.989  -0.001
AR A 0.983 0.986 0.003 0.976 0.992 0.016 || ik 0.993 0.991  -0.002 0.972 0.970  -0.002
EH 0.400 0.376  -0.033 0.389 0.307  -0.082 || %JE  0.998 0.998 0.000 0.998 0.998  —0.000
WiE  0.988 0.986  -0.002 0.986 0.983  -0.003 || HH  0.705 0.774 0.069 0.776 0.905 0.129
A J2 2010 455 2008 AF B AR 7 L RRIE Y 2% L G109 22 5 A, 02 2013 4R 2011 AF BRI SRR IR Y 2% Lo i 22

2.3.2 FB YRR EE AR XA HE R 1) 5

e IR0 B 30N X A 4 22 85T Sl HE IO A% A8 A 5 AT B S A A /R |, 2008—2010 4 A1 2011—2013 4EfE
VB X BRHE AR A Y BT STRRE S ) —65.699 F1-37.493 (3 4) , # B RE VR 5 1 2 52 Wi il TR 2 Bk HE i
AR EER R, TR R 25 P 3 T REVR Y 2 R 0 R A HE O R (A BH 612.59%10% ¢ H il
421.80x10* t 25 A 313.42x10* v) G, i 75 B V58 F8E 450 17 o = 2 B it 2 AR 2t A 52 R 7 2008—2010 4F 3¢
BRI [ T T S U R A F 5 30 P B4 e B R RS A AR (36 4) |, 3k R4 25 T (W) 300 08 i 4 sk 4
PR CH B Tl Ak AR B AR B (A5 Talb 38 1T A RE VR P RICR B e b it 5 S5 HE O i 2 250
4, 1F 2008—2013 4F, Rl T 5 2500 Wit HE e 28 Ak 1 4 P s i R R DI, FLUCR VD MBI PRk
FACH TR PR A VD BRI 90 Fe 44 e BTG 71 -5 480 S5 0 B o I A R TR IR T B A% 00 XIS [ 5% 7 AR 4
ST AR X, < A — 07 A U S A T R R Tl AR AR AT BE R FE R R el , K
W AR AR R VAL T P 5 R HE AR B, B VT 2 3 %L B A 2010 415 43 T R, DA T el e el 4 4 I ik
G2 MM BRI I AR 7. T RS T A AR AR 28 0% R R XS REBE S A 5 /1, GDP B e iR T
AT RE TR DR 3R AURE 5 TSN A T 50 T BR B Rt B s BRI 42, &8 T B ik, N B3l A58 =7 R T et
KA BERE | 75 Y Al Bl 5657, 3 SRR RS BE i T B4, AT X B HIE J =24 W Sl Ay P sl PR 7
2.3.3  ZUR ROV AT RRHE 5 R

L5V R TR ASONE X T8 B % T I RE R 2 B HE R Y G R I H AR SR I E 1 3K SIVE (3R 4) , WU R M A HE
TR BN Y B T N R, H BT BRI AE 2008—2010 4F 1 2011—2013 4543514 74.285 F127.579, MUEA I
F,2008—2013 4G4 6 4F-[8) GDP SZPrif K 85.43% , A\ GDP SZFRi K 87.05% , 4 T 52 PR GDP 14K )
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£ 50.29% ) | PR ) 26 eI ol T 2ty B R T B e A TV AT o S I 0 R D R A HE R R 1 K S
TR I R 5 b By 7 LEEE K (R 2008 A1 43.5% L T2 2013 AR 47.0% ) |, 77k S5 18 R K Rl fig
VR A FHRCR BSOS 3, AE 2CORDRL O 26 3K 32 SRS T R K 1 A BB R, AT 5 328 0% & ik HE
HCAE WIS B BEAR LA B R B IE 8O 4 NG 2 R Xt 45 T Sl HE A8 A B SR Bh AR 7, 2008—2010 4F, K
b RN 255 2 ot R HE Bl L AT 8 AR I T VR, 3 2 B e R sy 5 e A sk HE 5 iR (B3 9.460 AT 30,999,
ST ETERY 10.3 £5F0 33.8 18 (3R 4) , DR R VD RN T2 T B 4 48 5% 55 01 e v A BRI T A% 0
DI, AT X P A 2 DR [ R A B AR T X =K & B S 5K T ik i i A 1 5 e
TG T 280 B R B TR S VERT . 7€ 2011—2013 4F | 225017 345 3% % J8 % e HE e 184 1 174 3K 20 46 FH
IEES , X AT BESE3Z 2011 AFELORIRE 2355 F A7 R (2011—2013 442 [ GDP 34344351 K 10.4% .7.8% .
7.7% ) VAL RSB0 < 55 Tk T SR BB I8 2 OB 2 5 R s 5 it 1 s o 2\ 3800 R 42 5 R R R, (LA 6T
YA, TEACIDIA] G B MBI KM 3 T A28 T A R BRI/ ] i 35 1S 5 (3R 4) |, H s R I B 7 A1) e 31
RURAFEIE LK, 76 SO B ) X B o W g e et & B R B 5 | 8 vh ¥R AT S BRI VE D, th by 8h Tz & 0%
PR 5 AR A 2 R R I SR B L e B i X RO 3T, 2R = SR G LSS AR R
FART 22 F A R TR AP 7 B R B | B S SR B 5 - 5 L R SRR, A R U VS R B HE R e R R
R

2.3.4 A EHUBOT R 15 )

N T BRARL AN XoF B HE A 1 5 i A 32 A /N ARVE RO I IR R GR 2  IE (3£ 4) . 2008—2010 4, (LK 1 Bk
B BE 3 T U BRHER™ A 1E 1V, A s g 4 1 V6 T, A RS BRI 1 ik B R il
Kb, xSRI 57 5 AL FE A T BN D PN B A, PRSI, 2010 4R K VD BRI L FH
N 2008 4F 40 HI3E I T 9.1% 1.2%F1 0.4% , KD b 3848 w173 7.0% , i A B i sl N ARG 4,
NI (1 T o R ER G S T b — T (R Y Sl A A S i ke, e RS R VR T B A3 50 — D, i el
A5 Jag B A 7 5 ORI SR ) B 42 i BRR 2% 2 35 I, DTS e HE R Bt 2011—2013 4, R4 451
BN RO e HE TR %) 5 e 350 5 T 1) 28007, ARG B HE SO I 9 s kAT 38 /0N , 424 SRR STHRAE B 2252,
AT I A TS ARSI R B IR RN (<1% ) B G,

3 Wit

FIRTSC T REVRTH S i HE AT, 2 AR e [R5 XA 88 3 122 1T, DA SRR RE SR HE B A 5%
HOEE D ASCE ] IPCC S 275 J5 11 LMDI P2 3 A5 B0 Tl Ak -5 388 i Al PRk 4 4 1 980 v T e
ETH BB HE O 23 4 Sy SO RRHE IR I AE Sh b AT T 3R 0

(1)2008—2013 4] B T I BRI Ble e HE T it v 17 L2 AN [5] F) A28 AR 38, 56T 18 R TR R HE R 22 AL Y
ZESE TN AL 3 FHIEY . iR R (5 BH ) R R (ML R RBBH ) RS TS RS IR A B
I D BRUH 8 AR SRR DKM o 6 A1) RARBRHERCE JE T 3 A28 TR ORI FHAHIE,
= BRI 5 44 R0 48.92% ; BBURHEBCRERRAY 3 ATy 5 B R RIAE, R
BRAHERCE 511 3351.0x10° 1 {05 & 19 2.59% , A REIIN D HERUE AL Z RN O 225 K BRIt
A FIREIRI DR A5 A 25 2 P N R O ZR B 50, (B —E R RE B, RE RN e Rl HR i i 5 7 L Z5 A B TR G . e
11,2008—2013 AR B 448 7 L A BE IR B o5 424 19 85% LA L, HLT MV BE IR 2% (e REVRH AE S i vh L 48
XPHLAL, A AR T A ih B K JEEER S AU FERE TR B 22, 1T EL e HE i Bt de s (20 4RI BE R 2%
(¥ 34.9 4) 2, G PH IR NIV 3 T2 7 LA SR BB B | NI BRHE B A SR A R A R KO
55 R 5 r 22 O R BRHERG ™  BE A mT 2 GRS HEA T M o 63% , 18 i T4 36% f9°F- 21K F) | T sk K
PO E S MEZ AR AERE AR S HERR S — R 0l 2T A RS FERE M B AN, DR TR HE
JRCREASEARR o 3ot DA T 356 P 90 P 2 ok R 1) R A e A X, T AN AR HR A IX
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(2) W T BRI SR i HE O AR E W I 1 2 B) 25 57 ) VIR SR I AR S PRI AR =y o 2008 4, Bk HE L
BRENEE(3492.3x10% 1), HR IR0 (3390.0x 10% t) IHITE (1959.6x10% ) HMEIH (1849.6x10* t) 4 BH
(1804.3x10* t) KV (1318.0x10* t) BEY (1104.8x10* t) .5 FH (970.6x10* t) . H# 1% (960.2x 10* t) BB FH
(537.8x10* t) FF1K(469.8x10* t) A (372.6x10* t) 5 (96.9x10% t) , I ABHER i B (76.9%10% 1) ;
2013 4[5 U BRHE A T BB AN AR A R BRI A T B 2008 410 7 AN T RER] 5 A4S, ERURFERL L Y
sl 1 2008 4E1Y 14.3% F T3 26.6% , 3% AT G5 11 FE H i 1AL T30 710 A0 Tl A PR 4 3 B B LA K8 43
RS 7l e R R 6 SR 28 B3 e A s FE MO T FE KRR UR S B m i HE A 0GBt i — 20 Hil
TG T 4 i Bl S B I R AR — B T A RS A D ) 0 S [ A 30 e i Sl N S8l HE i o A D S 1) X
B2 S 628 (A Ry b 2RI 55 T S HE AR B O AR B AR, RIRRHE A 5 1 T s, A B HE s i — et 4%
v, A0 P SRS CNIE 3 T B TRRHR R () SEARLIX g TR AR () X, 3 1 T R 2 i
b Tk A B3k T, AR AR i 5 N SRR HE A A B B AR G, 2008—2013 4% i) e T S s HE ik
SR R JE TARSR B X A TS 2008 4R 4 ASBEINE] 2013 4R 7 A, 2 BT R P B 4 25 R RHIR AR
R T RUR A HEShVE T (E R HE o B 1 2 ) 22 SRR N B &, 2008 4 B HE O BE H K30 /MR YR =& 2%
JIE(6.42 t) FEFH(3.28 t) TR (3.28 t) MBI (2.38 t) FAGFFH(1.80 t) i FH(1.70 t) BRI (1.41 ) ARFH(0.96
1) H(0.95 1) KD (0.84 1) ME(0.73 1) KM (0.63 1) T E (0.43 1) FITKF F(0.42 1), BRHE R EE 2
[i4] 4 A 55 T 8™ M 2548 HAT — 5 I OCHEE | 2008 AR 2SI R BH IR MBIN 4 T Z i LSO BHERC () =5
JEX R HAEF e B DAL G Tl 3, 265 & X T R FERE M MM A K 3t g 7R 2 b X
ST R A8 AR IV 7 B R B4 DX 5 T A I B DX Ak M 5 1 L A 4 T 4 R 2 8RR B Tt i
RIS, 205 & JEXFRERE = b AR /N, W T S X, 10— 254 R R DR RSO A 58 = 7= b 2 42 i e
TR TH b HE ORI E 2GRS e 6 T (K VD R BRI A BH | 25 BHAIER BH ) DA i B DX e HE s ot J3
A5 A - E T Ab R 5 B ) PR A e U X

(3) REVRIH DR AR AR fh e N VBRI, | 285 & SR | I TR 235 440 20 7 0 i TR e B 200 7 2 45 A FH A 485
o o RRURSE PN AR 5 AN, X e HE SRS T 1) 4 Y, AH T STBRAR /S, #E 2008—2010 4 5 2011—
2013 AFEPIANBT B BT DTERE AU - 1,111 F1-0.340 , SicHEACRE 19 B 32282 il B R 0 B 2000 7 [ 1Y 5 28 0% & R
BN A A HE I K ) I T e PR 2R, SRR T MR AE L3R BB B 4333 Oy 74.285 1 27.579, TN 1RSSR R
XPRHE G 3R S/, 2011—2013 4FH R DTERE AN 2,252, LR&5 IR, &5 kR Ehi s &
B HE AR 1 e SR L P 2R T R R B T A DU B skl e HE A S 2 8l it e bR 22 B B K S R
(i) B4) 2 i 2 W0 P 2 B A 2 IR A R A G 7 L LA, DA v sk R R Ry = 10 BB TR 9% 445 4 0 3 RO 3
(2008—2013 4F-i ra 44 B0 2 A e IR FE S it T 1 T EL B 36 63.78% ) , I BEXT B AR HE 0™ A5 B ik i) 412
AR, RIS 1) P 2 30 e 00 v e 8 77 o 35 ) AR e e A 3 A il D e HE s ) 23 TR K

BT UL EE5E Wm 8 eI HE B B ST AR TAE . — RO T ge 43 X, B D) RE 2 0, I 2
TR S 90 g DU R DX 3 B i 5 AR A BB VR T 9 45 4, DR & JR R T R VR 5 B = AR RO T R, A XL G
AT RIS 9% s —J2 AL T R M Rt e R HER T 0 E B R B AR R Il A B IR 55l
TR I T 2 7 I A6 ) DR R e, DA B b, 2 7 b 55 R 255y AR HE T VR
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