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Assessment of carbon footprint size, depth and its spatial-temporal pattern at the

provincial level in China
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School of Urban and Environmental Sciences, Liaoning Normal University, Dalian 116029, China

Abstract: The relationship between carbon emissions and carbon absorption is unbalanced, and the carbon cycle system is
facing tremendous ecological pressure at present in China. In this paper, a carbon footprint size and depth measurement
model was firstly established based on the three-dimensional ecological footprint method. Then we used this model to
distinguish the natural capital flow and stock occupied by absorbing carbon emissions. Furthermore, the carbon footprint size
and depth of 30 provinces were calculated on the basis of energy consumption from 2000 to 2016. The spatial correlation of
carbon footprint size ( depth) was analyzed by spatial autocorrelation method. The results showed as follows: (1) The
carbon footprint size in China was affected by carbon footprint and carbon ecological carrying capacity. It showed an increase
from 0.173 hm®/person to 0.329 hm’/person and then decrease to 0.301 hm’/person. The high-value areas of carbon
footprint size were the northeast, northwest and southwest regions where the natural capital flow was not yet fully occupied.
The low-value areas were mainly distributed in the eastern coast and the central regions where the natural capital flow was
insufficient to compensate for carbon emissions. (2) The provincial carbon footprint depth has exceeded the natural length

of 1, and the depth increased from 1.04 to 1.42 and then decreased to 1.31 since 2008. The carbon footprint depth in
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10 provinces was always at the natural length of 1 from 2000 to 2016. The high-value areas of carbon footprint depth were
the eastern coast and the central regions where the natural capital stock was consumed by carbon emissions and the
ecological sustainability was weak, while the highest depth occurred in Shanghai with 298.83. There existed the regional
complementarity between natural capital flow and natural capital stock for absorbing carbon emissions. (3) Using the global
spatial autocorrelation analysis, we found that carbon footprint size and depth showed the positive correlation and significant
spatial agglomeration in all provinces of China. Through the local spatial autocorrelation analysis, the High-High
agglomeration areas of carbon footprint size were mainly distributed in the northeast and northwest regions, and there was a
tendency of number decrease of High-High agglomeration areas. Moreover, the High-High agglomeration areas of carbon
footprint depth were mainly distributed in the eastern coastal areas and there was an obvious spread trend toward the
adjacent regions. By introducing the two indexes of carbon footprint size and carbon footprint depth, the research methods of
carbon footprint are further improved, and the evaluation results are more accurate and reasonable than the results by the

traditional carbon footprint theory.

Key Words: carbon footprint size; carbon footprint depth; carbon footprint; natural capital; spatial autocorrelation;

spatial -temporal pattern
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Fig.1 The changing trend of carbon footprint and carbon ecological capacity in China from 2000 to 2016
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Fig.2 The average carbon footprint and carbon ecological capacity in 30 provinces of China from 2000 to 2016
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AHSE Moran’s 1 #5850 Z Geit AR Z A PSR IR 1, T BB 2, /0l s DR R 308 TR BEAR i, A il
TR S N4 5T A i A2 0 % R IO B A
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Table 1 The global spatial auto correlation index of carbon footprint size and depth in China

A5y Year Moran's 1 Z(I) P AEA Year Moran's T Z(I) P
2000 0.2009/0.3061 1.9567/3.4588 0.035/0.006 2009 0.2725/0.4849 2.7954/5.2319 0.006/0.001
2001 0.1750/0.3113 1.7636/3.5675 0.051/0.005 2010 0.3033/0.4905 3.0467/4.8408 0.004/0.001
2002 0.1814/0.3205 1.8475/3.6754 0.044/0.006 2011 0.2834/0.4898 2.9371/4.8569 0.005/0.001
2003 0.0747/0.3678 0.9029/3.7401 0.178/0.008 2012 0.3111/0.4892 3.1822/4.9203 0.003/0.001
2004 0.2644/0.4723 2.6069/4.5985 0.011/0.002 2013 0.3106/0.4973 3.1279/4.7493 0.004/0.001
2005 0.2846/0.4892 2.7986/4.9532 0.004/0.003 2014 0.3185/0.4920 3.1656/4.8233 0.004/0.001
2006 0.3054/0.4961 3.0189/4.8300 0.005/0.003 2015 0.2542/0.5005 2.9207/4.9065 0.007/0.001
2007 0.3259/0.4985 3.2212/5.0711 0.002/0.001 2016 0.2984/0.4866 3.0408/4.8817 0.006/0.002
2008 0.3014/0.4949 2.9248/4.6604 0.005/0.002

T« A% TR — T RIS — 50 53 5k R BRI 9 Moran's 1,2 (1) Fl P

MR 1 ATLAF B 2001.,2003 4E41, HoAAE AR Bk SR 78T BE 42 J&) Moran’s I 840/ T 0.1814—0.3259 Z
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e HAENFG G FEWF ST O, 2R I b [l A 0 ) 3 s [A) 4 SR ALN A5 T 3458 . 2000—2016 AF-flk A2 370 TR
42 J7) Moran's I 8504 F 0.3061—0.5005 22 [f] | i E KR 19 , b5 L 700 R S 300 (38 1) 2 1) TE AR SE4HAE
42 J5) Moran's [ T8 55U AAYE Bl 1T, FHH v Bl f2t 00 TR 185 25 B 4 SR 50N AN BT 5 5
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Fig.5 LISA cluster map of carbon footprint size in China
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