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Overview

The recent growth of China's automobile industry has been tremendous. Due to the pressure from climate change and dependence on fossil fuel, in 2004, China adopted a passenger vehicle fuel consumption standard (Chinese Fuel Economy Standard, CFES) and promulgated a tax reduction policy to the cars whose displacement are less than 1.6 Liters (Tax Credit to Small Displacement Cars, TCSD). The CFES establishes maximum allowable fuel consumption limits for vehicles divided into 16 weight classes. Phase 1 was implemented on July 1st, 2005, for new models, and July 1st, 2006, for continued models; Phase 2 was implemented on January 1st, 2008, for new models, and will be implemented January 1st, 2009, for continued models.  The TCSD reduced the consumption tax rate for small displacement cars to 5% in 2009 and the rate raise to 7.5% in 2010. In 2011, the tax rate for small displacement cars raise back to normal rate, which is 10%.

In this paper, following Knitall’s theoretical framework, we use a unique data set to empirically study the effects of these two policies on the possible technology frontiers (PTF) of  Chinese car market. There are various possible technologies can be improved for increasing a car models’ performance in energy efficiency.  We examined which types of technologies were efficiently encouraged by the two policies.

Because the Chinese car market has a very special structure, in which the joint ventures play dominant roles and technologies most transformed from abroad, it is important to understand how technology sources vary the companies strategies for responding to the policies.  In the markets such as U.S. and E.U., the PTFs mainly behave endogenously and are determined by consumers’ preference. In contrast, in Chinese, market, because most technologies are transferred from abroad to China, the technology sources play an important role in determine the PTF of Chinese market. Hence, we focused on how models with technologies from different sources differentiate their response to the two policies.

Using a model level panel data set of about 1000 car models from 2005-2009, we aim to answer the following research questions: 1) How did the technological attributes, including fuel economy, weight and engine power, evolve from 2005-2009 and how were these attributes influenced by the CFES and TCSD? 2) How did the CFES and TCSD affect the sales of cars with different technological attributes? This dataset is unique. To the best of our knowledge, this is the first data set in which all detailed technology information is included.

This paper is organized as follows: After the introduction, the theoretical and empirical models are presented in second 2; Section 3 includes the description of data source and basic statistics; In section 4, we discusses empirical strategies and econometric models. Section 5 presents summarizes all the papers.
Methodology
Following Knittel (2009), we use 
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 to represent the PPF of model i at time t. Here,  is the average curb weight of model i at time t; 
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hp

 is the average engine power; 
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transm

is transmission technology; 
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alter

 is technologies for alternative fuels; 
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lphk

 is fuel economy (Liter per hundred Km). 
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cfes

is the status of China’s fuel economy standard; 
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tcsd

 represent the TCSD; 
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techsour

 is technology source of model i in time t.
Then, we can derive the relation between fuel economy of a model and other characteristics from above information as follows:
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By solving above function, we gen get the relation between fuel economy and other factors:
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In this paper, we consider that the improvements in technologies of weight, engine power, transmission and fuel type as inputs for promoting performance of the fuel economy of a model. We assume this technological progress is in Cobb-Douglas form. In addition, the policies and technology sources might vary the PPF also; therefore, our empirical models are express as follows: 
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We use fixed effects panel regressions to estimate the above models. 
Results

1.Phase 2 of the CFES policy fails. It even decreased energy efficiencies in the market by providing companies incentives to produce heavier and more powerful cars. In fact, the failures of are caused by a slack setting in standards to heavier cars. Lacks of regulations to regulate energy performance based on engine power also aggravate the failures. 
2.TCSD successfully encouraged advanced energy-efficiency technologies transfered from abroad into China. As a result, the average energy consumption of car models dramatically decreased after implementing this policy. For instance, the average fuel consumption for driving 100 Km of car models with technologies from UK decreased more than 21 liters. 
3.We found before the implementation of TCSD, the fuel consumption of car models with technologies from U.K., Japan, German and France were not significantly efficient than the models with Chinese own technologies. After the TCSD are promulgated, the energy efficiency of models with technologies from these four countries significantly improved. 
4.We also find that the companies with technologies from different sources have various strategies to respond to the TCSD.  From the view of whole market, TCSD encourages the technologies in controlling the increasing rate of energy consumption with curb-weight raises. However, if we focus car models with technologies from particular countries, such as Japan, the path by which the TCSD impacts on the companies’ decisions are quite different. 
Conclusions

Because the standards to heavier cars in CFES are too loose,  Phase 2 of the CFES policy fails in encourages energy efficiencies but provides companies incentives to produce heavier and more powerful cars. As results, the implementation of CFES decreased the average energy-efficiency performance of cars sailed in Chinese market. Lacks of regulations to regulate energy performance based on engine power also aggravate the failures. In contrast to failures of Phase 2 of CFES, TCSD successfully promotes the average energy efficiency of cars. In addition, this policy significantly encouraged the technology transferred from abroad to China. However, because there is no policy regulate fuel efficiency based on the horse-power of a model, both these two policies push the distribution of car models towards (larger power, lower fuel efficiency). We suggest China to stringent its standards for heavier cars and design policy tools to regulate the energy efficiency by engine power.
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