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Overview
This study investigates the long-run relationships between economic growth and carbon emissions during the period 1980-2011 in Taiwan. We argue that the growth and emissions pattern could be different for sectoral analysis. We apply bounds testing approach and use Autoregressive distributed lag model (ARDL) to identify the cointegration relationships between economic growth and carbon emissions for industry, transport, agriculture, service sectors, as well as on the macro level. Our empirical results show that there exists uni-directional causality running from GDP toward carbon emissions for transport and service sectors, while this causality is weak for macro and industry sector. In addition, we find “Simpson paradox” that the cointegration relationship is found in sectoral analysis instead of sector aggregated data. Finally, we also decompose the industry sectors into three sub-sectors: energy-intensive, electronics and other industries; however, the cointegration relationship is only found in the energy-intensive sub-sector.[footnoteRef:1] [1:  The energy intensive industry includes Manufacture of Textiles, Pulp, Paper and Paperboard, Chemical Material, Cement and Cement Product and Basic Metals.
] 

Methods
For implementing the bound test (Narayan, 2005), we specify the multivariate unrestrict error correction model(UECM) for the ARDL (p, q, r) bounds approach with two regressors as:
               (1)


Where is the first-difference operator and the residual term  is a white-noise disturbance.  
lnEt = CO2 emission in log
lnY = real GDP in log
lnY2 = real GDP square in log

The subscription t denotes the time while the subscription i represents for macro, industry, transport, service and agriculture sectors, respectively. The parameters  are coefficients to be estimated.The cointegration relationship can be identified by joint test the null hypothesis . 

When the long run relationship is confirmed, the following long run model is established to estimate Environmental Kuznet curve. 
                                                                                    (2)

Following the ARDL approach (Pesaran and Shin, 2001), the dynamic model is defined in log difference form. The short term relationship can be estimated by including residuals or ECT obtained from long term relationship in Eq.(3).
                                                                (3)
The coefficient  measures the speed of convergence and how fast this economic system returns to equilibrium.
Results
Our empirical results are as following. 
1. We find that the industry, transport, service and energy-intensive sectors are presented in inverted-U shape of EKC. This result indicates that CO2 emission in sectors mentioned above will decrease with economic growth in the future. 
2. The speed of dynamic adjustment is similar across sectors. We find any deviation from the long-run equilibrium between variables is corrected by 24% in a period and it takes about 4.2 periods to return to the long-run equilibrium. 
3. Our empirical results show that there exists uni-directional causality running from GDP toward carbon emissions for transport and service sectors, while this causality is weak for macro and industry sectors.
[image: ]
Figure 1. the relationship between economic growth and CO2 emission for different sectors
Conclusions
After Fukushima nuclear disaster, the issues of energy security, energy mix, and economic development have attracted many attention and need for more rational discussion. Our analysis provides several insights and implications for the trend of CO2 emissions in Taiwan.
1. The deferred turning point of EKC: The estimated turning point of EKC in macro level is 18.5 trillion, however the GDP in 2012 is approximately 14.9 trillion. This implies that we need 3.6 trillion GDP more to reach the turning point and then the CO2 emissions will decrease with economic growth in Taiwan.
2. The change of future energy mix: The carbon emissions are closely related to the energy mix. Since the base load in Taiwan mainly depends on nuclear power plants, the coming decommission of nuclear power plants will result in electricity supply gap. Therefore, this gap should be covered by power generation either by nature gas or coal with higher CO2 emission factors. Therefore, this scenario may lead to increased CO2 emissions, and this may cause the estimated EKC turning point delayed in the future. 
3. We find that there is a uni-directional causality running from real GDP toward carbon emissions in our analysis, especially for transport and service sectors; although this causality is insignificant for industry sector and macro level analysis. As a result, our empirical result supports the “Conservation hypothesis” and the implement of conservation policy may not hurt the economic growth.
4. [bookmark: _GoBack]Efficiency improvement and rebound effect: the efficiency improvement and rebound effect may play an important role in carbon reduction; however the impact direction on carbon emissions remains unclear. Since the significant progress has been made in energy technologies such as the improvement of fuel efficiency, this may change user’s behavior and induce more energy consumption. Therefore, the upgrade technologies could actually increase more carbon emissions.
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