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Fig.2 Spatial distribution of relative length of the LISA time path
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KL, Teie M HE B i & N B 5 ) R L 78
] 2 USG5 A DX R AR HH B 22 1
WHEDHT . IWEDB I E , v A S ik
OB L PG A6y R 8y, 3T 20 4F R RS B B A
71.111 km, HA1,1995-1997 4%, .0 [6] FE L 5 1] i
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M ORI, T 20 ARk 044 | 52 3
VN A EY, B e N 1995 4E 11 31.217°14 fin %] 1997
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Tab.1 Spatiotemporal transition matrices of Moran scatterplots

I HH LH LL HI
1995-2001 4F- HH IV EEE LR B 15) I(#) I 1

LH I & IV (i ) 3B 11 (1) |

LL I il IV (RS 3 198 I

HL Il Il I G IV RSB

2002-2014 4 HH IV G SIS TR) I I 1

LH I IV (ot P i D) I Il

LL Il ICRT) IV GRS SHECH ) INE D)

HL 1T (#) I L IV (565,

*2 PHEEEHEHMIREERES TR
Tab.2 Change of standard deviation ellipse model parameters of provinces in China
g T L S Kk Ml
ZRE HifEr Jrln] HE S /km R /(km/a)

1995 114.326 34.781 1115.813 828.860 31.217
1997 114.201 34.829 [iiE| 14.878 7.439 1125.253 842.417 31.662
2000 114.324 34.707 ] 19.249 6.416 1106.473 852.441 28.085
2003 114.031 34.475 i) 41.525 13.842 1064.669 841.258 25.710
2006 114.226 34.493 el d 21.759 7.253 1072.872 822.912 25.655
2009 114.018 34.600 [iiiE]4 25.990 8.663 1064.949 851.448 25.156
2012 113.940 34913 [iitE] 35.841 11.947 1068.673 898.957 23.081
2014 113.739 35.036 (5[4 26.183 13.092 1061.124 965.540 24.076
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Fig.5 Carbon emissions standard deviation ellipses of

provinces in China
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Spatiotemporal dynamics of carbon emissions by energy consumption
in China from 1995 to 2014

GAO Changchun', LIU Xianzhao"*', LI Chaokui’, ZHANG Yong', YU Guanghui',
SU Qing’, TIAN Yanlin'

(1. College of Architecture and Urban Planning, Hunan University of Science and Technology, Xiangtan 411201,
Hunan, China; 2. National-Local Joint Engineering Laboratory of Geo-Spatial Information Technology, Hunan
University of Science and Technology, Xiangtan 411201, Hunan, China; 3. College of Life Science, Hunan
University of Science and Technology, Xiangtan 411201, Hunan, China)

Abstract: Global warming due to greenhouse gases (such as CO.) emissions posts serious challenges to the
sustainable development of the human society. Based on the reference method provided by the
Intergovernmental Panel on Climate Change, this study calculated the CO, emissions of energy consumption in
30 provinces of China (excluding Tibet) from 1995 to 2014. Using exploratory spatial data analysis (ESDA),
LISA time path, spatiotemporal transitions, and standard deviation ellipse analysis methods, the authors analyzed
the spatiotemporal dynamics of carbon emissions of energy consumption. The results show that: (1) there was a
significant positive spatial correlation of carbon emissions of energy consumption in China’s provinces during
1995-2014. The inter- provincial carbon emissions differences first decreased then increased; (2) by means of
LISA time path analysis, this study found that the majority of the Chinese provinces had a stable spatial structure
of carbon emissions. Eighteen provinces had shorter than average time path lengths in 1995-2001 and 2002-
2014. The majority of the southern provinces showed a fluctuating spatial dependence with increasing amplitude
over time, while most of the northern provinces showed a relatively stable trend; (3) according to the directional
Moran scatter plot, the number of provinces that showed the same trend decreased from 13 in 1995-2001 to 10 in
2002-2014, indicating that the spatial coherence of carbon emissions change at the provincial level had weakened;
(4) spatial correlation patterns and clustering of carbon emissions by energy consumption at the provincial level
were relatively stable and showed certain degree of path-dependence or lock-in character; (5) carbon emissions
gravity center was between 113.739°~114.324°E, 34.475°~35.036° N and was moving to the northwest. The
spatial distribution of provincial emissions presented a northeast- southwest pattern, and had the tendency of
shifting to a north- south pattern. The focus of carbon emission reduction in China is to accelerate the
development of clean energy, improve energy efficiency, promote the optimization and upgrading of energy and
industrial structures in all provinces, make differentiated carbon emission reduction policies for different
provinces, and establish carbon trading market.

Key words: carbon emissions; spatiotemporal dynamics; LISA time path; standard deviation ellipse;

spatiotemporal transitions



