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Overview
In November 2014, GOSC (2014) announced “China’s Energy Development Strategy Action Plan (2014-2020)”, which provides the guidliens for China’s energy developments in the 12th and 13th Five Year Plan. As the largest energy consumer and CO2 emitter in the world, China plays an important role in saving the energy and reduing the CO2 emissions. Recent COP21 conference in Paris has made big progress that the world countries made agreements to limit the incerase of temperature below 2°C. However, based on the national climate actions plans (INDCs) submitted by the world countries before COP21, these actions are not sufficient to achieve the targets.
Since 1990, due to globalization, the merchandise trade value (exports plus imports) has increased more than four times (WTO, 2015), while the embodied emissions in world international trade also doubled (Peters et al., 2011). One of the largest CO2 exporters is China, who exports more than 20% of its total CO2 emissions to world countries after year 2000. China’s energy efficiency improvements, especially in the 11th Five Year Plan (2006-2020) helped reduing a lot of those embodied emissions in China’s exports. However, the demands of China’s products keep increase. Thus it becomes important for China to monitor these demand from world countries and how they affect China’s energy use and resulting CO2 emissions. 
There ia an interesting feature in China’s international exports that around half of China’s exports are processing exports. Processing exports refers to the exports of the end products of assembling/processing imported intermediate inputs exempted from Chinese tariff which will be enventually sold overseas. The embodied embodied in per dollar of processing exports are found to be much lower than emissions embodied in per dollar of normal exports (Su et al., 2013). Differentiating the normal and processing exports in embodied emissions and understanding their contributions to China’s total CO2 emissions are the main objectives of this paper.
Methods

Most of the embodied emission studies are based on the environmental input-output (I-O) framework. Differentiating the normal and processing exports requires the construction of the “new” extended input-output tables and models. Such analysis is more complicated than the national and multi-regional embodied emission analysis reported in the literature.
The main I-O tables used is the 2007 Chinese I-O tables with 135 sector classification. We follow the procedures of minimizing the information loss function in the diaggregateion proposed in Su et al. (2013) to construct the extended I-O tables. The extended I-O tables for 2007 are firstly constructed and then updated based on other available data to estimates the time-series (2006-2012) dataset deflating to the constant 2007 prices. 
China’s CO2 emissions embodied in normal and processing exports are estimated using the time-series of extended I-O tables for China. The structural decompostion analysis (SDA) is further applied to investigate the driving forces to the embodied emission changes (Su and Ang, 2012). The driving factors include the emission intensity effet, Leontief structure effect, export structure effect, and total export effect.
Results
Both traditional and extended I-O models show that China’s carbon emissions are main driven by investment (around 40%) and exports (around 26%). From consumtion categories, rural household consumption accounts for more than 9% while urban household consumption accounts for more than 16% of total CO2 emissions. If using the traditional I-O model, the emissions embodied in processing exports are over-estimated by more than 70% while the rest embodiments are under-estimated.
The overall trend of embodied emisisons in both normal and processing exports increase first (2006-2008), then drop during the financial crisis (2008-2009), and increase again after 2009. The amount of embodied emissions in normal exports is around 1,000-1,300 Mt CO2, while that embodied in processing exports is only around 250-350 Mt CO2. When comparing with these embodiment with national total CO2 emissions, the percentage is quite stable before and after the global financial crisis.
Among the four factors in SDA analysis for period 2006-2012, emission intensity effect plays the major role in reducing the embodied emissions, while the total export effect contributes the most to the increase of embodied emissions. Particually, the drop of embodied emissins in 2009 is mainly due to the decline of total exports during the financial crisis. 
Conclusions
This paper contructs the time-series of extended I-O datasets (2006-2012) to analyze China’s embodied emisisons in both normal and processing exports at detailed sectoral level and applies the SDA analysis to understand the driving forces to the changes of their embodiment over the whole time period. The empircal results confirm the importance of using the extended I-O model for analyzing the trade-related embodiement, especially for the processing exports. For the whole period, energy efficiency plays the important role in reducing the emissions and offsetting the increasing demands from world countries from China’s exports.
Globalization makes the relationships among world countries closer than before through international trade. The phenomenon of “carbon leakage” through embodied emissions in trade will remain and even increase in absolute volume. It becomes important to evaluate the benefit and loss from such leakages, especially when setting upt the national redution tarts in the INDCs. For example, the emisson efficiency improvements in China in the whole analyzing period (2006-2012) help to reduce around 2,500 Mt CO2 embodied emissions in exports.
Emission efficency improvements mainly come from improving energy efficiency, optimizng the energy mix through using more renewable, and carbon capture and storage. The detailed sectoral direct and embodied emissino results can give an overview of the situation for the whole economy. Our analysis also indicates that China’s demand is driven by investment and internatonal exports. It is important to restructure the industry to reduce exporting energy/emission intensive products. At the same time, the investment in green industry shall be encougaged.
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