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Abstract; Increasing carbon emission, which has been recognized as one major reason for enhanced global warming, is
influenced by complex interactions between natural and anthropogenic processes. The terrestrial ecosystem has been reported
as a carbon sink during recent decades; However, this carbon sink has been largely offset by the carbon emission from
human activities such as land use change and fossil fuel consumption. An accurate quantification of the carbon fluxes in

natural ecosystems in response to human activities is of critical importance for global change study. Using a carbon footprint
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model, this study characterized the spatiotemporal carbon patterns in the coupled system of nature-society. Specifically, we
firstly calculated the net primary productivity ( NPP), carbon emission from energy consumption, carbon footprint, and
carbon deficit in China during 2001—2009 based on MODIS and statistical data; Then we applied spatial auto-correlation
analysis method to quantify spatiotemporal patterns of carbon emission and carbon footprint; Furthermore, we made an eco-
economic regionalization of China based on the carbon deficit variation. Four conclusions can be drawn as follows. (1) The
mean NPP was 3.32 Pg C/a during 2001—2009 in China (1 Pg = 10" g), with small annual variations and obvious
spatial heterogeneities, ranking as the southwestern > the southeastern coastal region > the central and the eastern > the
northeastern and the northern > the northwestern parts of China. (2) The carbon emission from energy consumption in China
increased from 1.52 Pg C/a (2001) to 3.53 Pg C/a (2009) with an annual rate of 16.7% and an average value of 2.53 Pg
C/a. Geographically, carbon emission decreased from east to west. (3) Carbon footprint in China increased from 4.46x10°
km?®(2001) to 9.69%x10° km*(2009) with an annual rate of 14.7% and an average value of 6.98x10° km®. Positive carbon
deficit was found in Shanxi, Bohai Economic Zone, Yangtze River Delta and Guangdong, while negative carbon deficit
existed in most provinces of the central and the western China. On the national scale, carbon deficit showed a significantly
positive spatial autocorrelation; On the regional scale, however, the eastern China had a high-high clustering, the western
China had a low-low clustering, and the northern China had a high-low distribution; Carbon deficit of adjacent provinces
influenced each other, suggesting that interprovincial and interregional cooperation could contribute to a positive diffusion
effect from the “hotspot” of carbon deficit to the surroundings. (4) China can be divided into four eco-economic zones
based on spatiotemporal patterns and local spatial auto-correlation of carbon deficit. The first was the central-eastern region,
which was in urgent need of low-carbon development mode considering its rapid economic development and limited
availability for ecological resources. The second was the southern region, which had experienced fast economic development
in past decades and a provincial cooperation is needed to strengthen the positive ecological effect diffusion in future. The
third was the northern region, having unbalanced eco-economic development, where were required resources
complementation among different provinces. The fourth was the western region with slow but accelerated economic
development, which should stabilize ecological benefits and improve the economic effectiveness. Overall, our integrated
modeling framework presented a spatial statistic method for assessing carbon uptake/ release patterns and dynamics in the
coupled system of nature-society over large areas, which may help integrate biophysical and socioeconomic processes for

sustainable development in different regions.

Key Words: the coupled system of nature-society; MODIS; carbon emission; carbon footprint; spatial autocorrelation
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