
		
			[image: Cover image]
		

	
    
      
        
          	
          	
        

        
          	
        

        
          	
            [ Article ]
          
        

        
          	Journal of Environmental Policy and Administration - Vol. 28, No. 1, pp.143-162
        

        
          	ISSN: 1598-835X			
					(Print)
				2714-0601			
					(Online)
				
        

        
          	Print  publication date  31 Mar 2020

        

        
          	Received  02 Feb 2020
Revised  06 Feb 2020
Accepted  26 Feb 2020

        

        
          	
            KEPAS_2020_v28n1_143

            DOI: 
            https://doi.org/10.15301/jepa.2020.28.1.143
          
        

        
          	
            The Impact of the Diesel Tax Reform on Air Pollutant Emissions in Korea Using a Time-Varying Parameter Model
          
        

        
          	
            Byung Min Soon** ; Dong Won Shin*** ; Seung Yub Lee****


          
        

        
          	**First Author, Research Fellow, Korea Rural Economic Institute.

        

        
          	***Corresponding Author, Research Fellow, Korea Environment Institute.

        

        
          	****Co-author, Researcher, Missouri Department of Health and Senior Service, USA

        

        
          	
            시간가변계수 모형을 적용한 대기오염물질에 대한 경유세 인상 효과
          
        

        
          	
            순병민** ; 신동원*** ; 이승엽****


          
        

        
          	
        

        
          	
        

        
          	
        

        
          	
        

        
          	
            

            

          
        

      

      
        
          	
          	
        

      

      
        
          
            Abstract
          
        

        
          This study examines the impact of the increase in the diesel tax on air pollution reduction using a constant elasticity of substitution (CES) function. A time-varying parameter model is used to vary the elasticity of substitution between diesel and gasoline over time. The result s showed that diesel and gasoline were strongly substituted from 2013 to 2017, but their substitution was weaker in 2018. In a scenario in which the diesel tax increased by 40%, diesel consumption decreased by 2,308 thousand tons. In terms of air pollutant emissions, nitrogen oxide, CO, and PM2.5 decreased by 50,501tons, 8,495 tons, and 1,268 tons, respectively. These results provide policy suggestions for reducing air pollutant emissions and encouraging environmentally friendly vehicles.

        

        
          
            초록
          
        

        
          본 연구는 경유세 인상이 대기오염물질 저감효과가 있는지 CES 함수를 통해 나타낸다. 또한 시간가변계수(Time-varying parameter)를 함수에 포함시킴으로써 시간의 흐름에 따른 경유와 휘발유의 대체관계를 나타낸다. 그 결과 2013년부터 2017년까지 경유와 휘발유의 대체관계가 높았다가 2018년 두 연료의 대체관계는 다소 작아진 것으로 나타났다. 경유세 40% 인상 시나리오 분석 결과, 전체 경유 소비량의 10%인 230만 톤의 경유 소비량이 한 해 동안 감소하는 것으로 나타났다. 대기오염물질은 질소산화물(NOx) 5만톤, 일산화탄소(CO) 8천톤, PM2.5 1천톤이 감소하는 것으로 나타났다. 본 연구 결과는 대기오염물질 저감 정책 및 친환경 자동차 전환 정책에 도움이 될 수 있다.
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      I. Introduction
      South Korea has serious air pollution problem. One of factors increasing air pollution is from diesel uses (Shin et al., 2019). Air pollutants such as PM2.5 and NOx from vehicle using diesel is about 70% among air pollutants from all vehicles (National Air Pollutants Emission Service, 2019). Recently, the increase in diesel tax is proposed to reduce air pollution. The average price ratio of gasoline to diesel in the EU is 1.09 in 2018 (European Automobile Manufacturers Association, 2019). The price of gasoline relative to diesel in Korea is 1.11 in December 2018, indicating that the diesel price in Korea is lower relative to in the EU. In the case of the tax ratio of gasoline to diesel in EU members, Germany is 1.39, France is 1.20, and the UK is 1.00. Most of the tax ratio in the EU is lower than the tax ratio, 1.41, in Korea. The price and tax ratios in Korea and the EU can provide policy implication that it is likely to increase diesel tax. South Korea’s government also consider increasing diesel tax to reduce air pollution. Therefore, it is necessary to analysis how much raising diesel tax reduces air pollutant emissions.

      Various empirical economic studies related energy broadly use a constant elasticity of substitution (CES) function. For equilibrium models, a global trade analysis projection (GTAP) uses the CES function that is called an Armington function (Hertel and Tsigas, 1997; Armington, 1969). The Armington function generates the elasticity of substitution and the country of origin bias in the import section. Moreover, GTAP-E is developed to study CO2 emission and the greenhouse effect (Truong, 2007). A common agricultural policy regionalized impact (CAPRI) analysis developed by the University of Bonn develops a multi-commodity model based on CES function (Britz, 2008). The CES function is used to estimate the elasticity of substitution in the energy field. Kemfert (1998) estimates the elasticity of substitution between capital, energy, and labor for the German industry using a nest CES production function. Zha and Zhou (2014) use CES function to estimate the elasticity of substitution between energy and non-energy for the Chinese industrial sectors. Therefore, we use the CES function to estimate the elasticity of substitution between diesel and gasoline.

      One possible question might be whether the estimated elasticity of substitution are fixed. Traditional estimation methods generate fixed estimates. However, actual estimates can fluctuate over time if unobserved factors tend to vary over time (Becker, Enders and Hurn, 2005). Lim (2019) estimates the city gas demand in Korea using a Kalman filter method to vary price and income elasticities over time. The results show that a Kalman filter method generates more accurate information. However, the Kalman filter model requires a specific functional form and priors from expert knowledge (Harvey, 1989). Depending on functional form or priors, the results could be changed. To avoid selecting a specific functional form and priors, Chang et al. (2014) estimate electricity demands in Korea using a smooth time-varying coefficient cointegration approach by a flexible Fourier functional form. Park and Zhao (2010) estimate U.S. gasoline demand using a smooth time-varying cointegration approach. These authors use a different method to vary parameters over time, but emphasize that actual estimates can fluctuate over time.

      The objective of our study is to examine the impact of diesel tax on air pollutant emissions in Korea. We set the CES utility functional form to estimate the elasticity of substitution and impose a flexible Fourier functional form to vary a key parameter over time. To the best of our knowledge, we use the Fourier series approximation to estimate the elasticity of substitution between gasoline and diesel in Korea. Using the time-varying elasticity of substitution, we then simulate a scenario what air pollutant emissions would be if the diesel tax increases by 40%. The 40% increase in the diesel tax makes that the ratio of tax between diesel and gasoline is almost one and the ratio of price is 1.07 that is similar to ratio in the EU.

      The article is structured as follows. The following section introduces the empirical method. The data is in the third section. The fourth section represents the results in terms of model results and experiment results. The last section summarizes our findings and draws some conclusions.

    

    

  
    
      Ⅱ. Empirical Method
      
        1. Demand Equation
        A CES utility function is used to estimate the elasticity of substitution. CES utility function is assumed to be weakly separable in the types of fuel. In our representation, consumers can choose between gasoline and diesel. The utility function is represented as follows:
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        where G and D represent gasoline and diesel consumption, respectively. Prices at the pump for gasoline and diesel consist of price without tax, PG for gasoline and PD for diesel, and tax, TG and TD . Since CES utility function is separable from consumption of other commodity, changes in fuel consumption do not affect other consumption. σ represents the elasticity of substitution between gasoline and diesel.

        The demand equations can be derived through an optimization process. As following the first-order condition, we derive the demand equation as follows:
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        The ratio of gasoline to diesel consumption is determined by the ratio of prices at the pump of diesel to gasoline. Taking the logarithms, the demand equation becomes
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        The equation is consequently
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        where (4.1) yt = log (G/D) , (4.2) β0 = σlog (δ/(1 - δ)) , (4.3) β1 = σ, (4.4)pt = log ((PD + TD )/(PG + TG)).

      

      
        2. Time-Varying Parameter Model
        Unknown factors are likely to cause parameters to fluctuate over time. For example, seasonality and unexpected oil shock can change parameters. Hence, our study is designed to vary parameters with a function of time as a proxy variable for unobservable factors. A Fourier-series approximation is used to vary parameters (Becker, Enders and Hurn, 2005; Chang et al., 2014; Park and Zhao, 2010). An approach developed by Soon and Thompson (2019) is applied to impose a trigonometric function on β1 in Equation (4) as a function of time. With the time-varying elasticity of substitution, β1 , the model can have time-varying parameters as follows:
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        where β1,t = β (t/T) , t represents the period with T as the total number of observation. Mt is monthly dummy variables. To make β1,t a function of time, we use a Fourier-series approximation as follows:
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        We estimate two sin and cos frequencies so that β1,t approximates the changing parameter of consumer utility and demand. Imposing Equation (6) into Equation (5), the demand equation becomes
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        We conduct a linear function with new variables to approximate the non-linear function given by Equation (7). Finally, our linear functional form is given by
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        where (8.1) pt,sin1=sin⁡2πtTpt  , (8.2) pt,cos1=cos⁡2πtTpt  , (8.3) pt,sin2=sin⁡4πtTpt  , and (8.4) pt,cos2=cos⁡4πtTpt  . We then estimate λi for i = 0 to 4 in Equation (8). If λ1^=λ2^=λ3^=λ4^=0, then the TVP model shrink to the fixed parameter model. If not, then we get time-varying elasticity of substitution, β1,t , with estimated λi^≠0 for 1, 2, 3, or 4 (Chang et al., 2014).

      

      
        3. Experiment Approach
        We conduct an experiment to examine the impact of the diesel tax on diesel consumption. To do that, we estimate time-varying parameter values up to the period we observed. Time-varying parameter estimates in that period, β1,t=βtT+h , are extended to forecast parameter values for the future period, β1,t=βt+hT+h , where h is the future period. Here, we forecast diesel demand for one year, which h is 12. The forecast parameter values is used to estimate diesel demand quantities for one year.

        We assume that gasoline and diesel prices in the future year is the price in the last observation for the baseline. For the scenario that diesel tax is increased by 40%, we add the diesel tax into diesel price that we use for the baseline. We choose 40% of the increase in diesel tax because the ratio of diesel to gasoline tax is close to one. We then compare the estimate of diesel demand between the baseline and scenario results.

        We calculate how much air pollution emissions could be reduced per year based on the increased diesel tax for CO, NOx, and PM2.5.
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        where E and D represent emissions and diesel consumption, respectively. EF is emission factor that is related to the quantity of each pollutant released to the air with diesel use. These factors are calculated as the weight of pollutant divided by a unit volume of diesel from the recent emission data (USEPA, 2019; National Air Pollutant Emission Service, 2019).

      

    

    

  
    
      Ⅲ. Data
      Monthly gasoline and diesel consumption and prices from January 2000 to December 2018 are used. Consumption data are obtained from Korea Energy Economics Institute. Price data are consisted of the price without fuel tax, fuel tax, value-added tax, and the price at the pump and obtained from Opinet developed by Korea National Oil Corporation.2) Pollutant emission data are gathered from National Air Pollutant Emission Service and the most recent available data is 2016.

      <Figure 1> shows the historical gasoline and diesel consumption and price ratios. Figure 1.a. shows that Diesel consumption has been larger than the gasoline price as the ratio of gasoline to diesel consumption is less than 1. Diesel consumption falls sharply in 2012 because of diesel scandal that air pollution emission of Volkswagen is miscalculated. This diesel emission scandal results in a reduction in Volkswagen diesel cars and an increase in distrust of diesel car that people believed it as environmentally friendly car. Overall, diesel consumption in Korea is about 63% in 2018 among total fuel consumption.

      
        
        

        <Figure 1> 
				
        

        
          Consumption, price and tax ratio
          Source: Korea Energy Economics Institute, Korean National Oil Corporation

        
        

        

      

      Figure 1.b. indicates that the ratio of diesel to gasoline. The diesel price at the pump has been increased, implying that the ratio of diesel to gasoline is close to one. However, comparing the ratio of diesel to the gasoline tax, the ratio is much lower than one and below the ratio taking the price at the pump into account, implying that diesel tax is lower. If the diesel tax rate is increased, then the diesel price at the pump is likely to be above the gasoline price at the pump.

      Diesel tax, especially energy tax, is lower than gasoline tax <Figure 2>. The diesel price without tax is higher than the gasoline price, but after tax, the diesel price at the pump is lower than the gasoline price. This lower diesel price can lead to an increase in diesel consumption. This implication is based on the model results, even though other factors such as the increase in the use of SUV vehicles can results in the increase in diesel consumption.

      
        
        

        <Figure 2> 
				
        

        
          Fuel tax
          Source: Korean National Oil Corporation

        
        

        

      

    

    

  
    
      Ⅳ. Results
      
        1. Model Results
        We first explore the fixed parameter model estimation. <Table 1> shows that the fixed parameter model generates statistically significant parameter estimates. The elasticity of substitution between gasoline and diesel is 0.19 and statistically significant at the 5% level. D98 and D08 are dummy variables for the IMF crisis in 1998 and financial crisis in 2008, respectively. The R-square and the adjusted R-square are 0.43 and 0.40, respectively. The results of the fixed parameter model can be reliable. However, the fixed parameter model cannot show that actual elasticity of substitution can fluctuate over time if various factors affect parameters and tend to vary over time (Becker, Enders and Hurn, 2005).

        
          <Table 1> 
				
          

          
            Fixed parameter model estimates
          
          

        

        
          
            
              	Variables
              	Values
            

          
          
            	
              β
              0
            
            	-0.66***
          

          
            	
              β
              1
            
            	0.19**
          

          
            	D98
            	0.21**
          

          
            	D08
            	0.02
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                            0
                          
                        
                      
                      
                        
                          
                            β
                          
                          
                            1
                          
                        
                      
                    
                  
                
              
            
            	-3.47
          

          
            	
              R
              2
            
            	0.43
          

          
            	ADj.R2
            	0.40
          

        

        
          
            Note: *, **, and ***denote significant at the 10%, 5%, and 1% levels
          

        

        

        Comparing to the fixed parameter model estimate, the TVP model results can be more reliable and are used to estimate diesel demand by the diesel policy change. <Table 2> illustrates the coefficients. λi for i=0 to 6 are coefficient for variables including sin and cos frequencies. Monthly dummy variables from January to November are used to capture the seasonal effect of gasoline and diesel demand (Kawashima and Sari, 2010). The R-square and the adjusted R-square are 0.62 and 0.58, respectively. These R-square in the TVP model is greater than the value in the fixed parameter model, implying that the TVP model fits well relative to the fixed parameter model. F-statistic shows that we can reject the null hypothesis, which all λi are equal to zero. Especially, λ0 , λ1 , λ2 , and λ6 are statistically significant, implying that they are not equal to zero. These coefficients are used to estimate the time-varying elasticity of substitution between gasoline and diesel.

        
          <Table 2> 
				
          

          
            Time-varying parameter model estimates
          
          

        

        
          
            
              	Variables
              	Values
              	Variables
              	Values
            

          
          
            	
              β
              0
            
            	-0.59***
            	Jan
            	0.09***
          

          
            	
              λ
              0
            
            	0.49***
            	Feb
            	0.09***
          

          
            	
              λ
              1
            
            	-0.39***
            	Mar
            	0.01
          

          
            	
              λ
              2
            
            	-0.13*
            	Apr
            	0.01
          

          
            	
              λ
              3
            
            	0.05
            	May
            	0.02
          

          
            	
              λ
              4
            
            	-0.04
            	Jun
            	-0.07**
          

          
            	
              λ
              5
            
            	0.01
            	Jul
            	0.12***
          

          
            	
              λ
              6
            
            	-0.07**
            	Aug
            	0.10***
          

          
            	D98
            	0.15**
            	Sep
            	0.07**
          

          
            	D08
            	-0.02
            	Oct
            	-0.01
          

          
            	
            	
            	Nov
            	0.01
          

          
            	
              R
              2
            
            	0.62
            	F-statistics
            	7.55***
          

          
            	ADj.R2
            	0.58
            	
            	
          

        

        
          
            Note: *, **, and ***denote significant at the 10%, 5%, and 1% levels
          

        

        

        Based on TVP estimates, we can calculate time-varying elasticity of substitution in equation 6. <Figure 3> shows the elasticity of substitution between gasoline and diesel over time. From 2013 to 2017, the elasticity of substitution is high, implying that gasoline and diesel are strongly substituted. Then, after early 2018, they are less substituted. The results imply that the change in the relative price is likely to change fuel consumption during the period from 2013 to 2017 because the elasticity of substitution is high. After then, the changes in the relative price does not cause fuel consumption as much as the change in fuel consumption from 2013 to 2017 because the elasticity of substitution is relatively lower to pre-2018. One of possible reasons is that fuel consumers can concern of increasing fine dust generated by diesel cars. The TVP model shows the time-varying elasticity of substitution over time that the fixed parameter model cannot generate.

        
          
          

          <Figure 3> 
				
          

          
            Time-varying elasticity of substitution
            Source: authors’ calculations

          
          

          

        

      

      
        2. Scenario Results
        We conduct a scenario that diesel tax is increased by 40%. Recently, Korea government announces that they consider increasing diesel tax by 40% to reduce air pollution emissions. The increase in diesel tax by 40% makes the ratio of diesel to gasoline tax close to one. The tax increase by 40% also might be reasonable if we compare the EU and U.S. air pollution policy in terms of the diesel tax regime. We estimate the potential reduction of diesel consumption and air pollutant emissions by diesel tax policy change.

        There are several assumptions to simulate the scenario. The gasoline and diesel prices are assumed to be the price at the last observation period. The model here uses the prices in 2018 December. The total consumption of gasoline and diesel is constant, which the change in the relative price does not cause the total consumption. We presume that vehicle types are not taken into account.

        We impose 40% of tax into diesel price to examine how much diesel consumption decreases based on estimated parameters <Figure 4>. The monthly average reduction in diesel consumption is about 192 thousand tons. The increase in the diesel tax by 40% reduces 2,308 thousand tons per year, illustrating that 10% of diesel consumption is reduced a year. The decrease in diesel consumption by the increase of the diesel tax might affect gasoline and diesel prices. However, as we mentioned before, fuel prices are not changed as exogenous. The time-varying elasticity of substitution we estimate causes the fluctuation of diesel consumption for the projected year.

        
          
          

          <Figure 4> 
				
          

          
            Diesel consumption by 40% diesel tax increase (thousand tons)
            Source: authors’ calculations

          
          

          

        

        <Table 3> shows calculated values of emission reduction due to the diesel tax. Nitrogen oxide is the largest pollutant from diesel and 50,501 ton of NOx can be reduced. Also, reduction of diesel use can decrease emission of CO and PM2.5 by 8,495 and 1,268 ton, respectively. By the construction, all amount of pollutant emission is reduced about 10%. We calculate social benefit (reduced social costs) based on Ministry of Environment of Korea (as cited in Kang et al., 2016). It shows NOx is the most reduction of social costs with more than 2 million won. Social cost reduction of PM2.5 is 0.6 million in respect of urban area.

        
          <Table 3> 
				
          

          
            Air pollution reduction by 40% diesel tax increase
          
          

        

        
          
            
              	
              	Emission factor (ton/toe)
              	Emission (ton)
              	Reduction (ton)
              	Social benefit
(1,000 won2018)
            

            
              	Before tax
              	After tax
            

          
          
            	NOx
            	21.88
            	465,056
            	414,555
            	50,501
            	2,424
          

          
            	CO
            	3.68
            	78,226
            	69,731
            	8,495
            	246
          

          
            	PM2.5
            	0.51
            	11,673
            	10,405
            	1,268
            	597
          

        

        
          
            Note: Social costs (won/ton) from Kang et al. (2016)
          

          
            Source: authors’ calculations
          

        

        

      

    

    

  
    
      Ⅴ. Conclusions
      The diesel use for vehicles can generate air pollution as well as the gasoline use. Recently, old vehicles using diesel seriously increase air pollutant emission in Korea. Therefore, energy policy, which increases diesel tax, is proposed to decrease the diesel use and encourage to increase the use of electric car. Our study is to examine the impact of diesel tax on air pollutant emissions. The CES function is used to estimate the elasticity of substitution between diesel and gasoline. Since we assume that the elasticity of substitution is not fixed, we vary that estimate over time using the Fourier-series approximation. Given estimate results, we make scenario results.

      The result indicates that diesel and gasoline are strongly substituted from 2013 to 2017. In 2018, the substitution between diesel and gasoline are weaker. The possible reasons are that the gap between diesel and gasoline is smaller and the policy for electric and hybrid cars is instituted. The results imply that recent energy policy change that imposes tax into diesel use less causes to diesel consumption relative to pre-2018. This time-varying parameter model demonstrates how the estimates move over time that the fixed parameter model cannot generate.

      The increase of diesel tax by 40% results in the decrease of diesel use by 2,308 thousand tons. Given estimate results that we use the time-varying parameter model and price ratio and consumption in 2018, we estimate the impact of 40% diesel tax increase on not only diesel consumption but also air pollutant emission. Based on air pollutant emission factor gathered from National Air Pollutant Emission Service (2019), NOx, CO, and PM2.5 reduced by 50,501, 8,495, and 1,268 tons, respectively. These amount is about 10% of total air pollutant emission before tax. In addition, social benefits (reduced social costs) of reduced pollutants are 2.4 million (NOx), 0.2 million (CO) and 0.6 million (PM2.5).

      There are some limitations. We assume that the historical price and consumption ratios are used to estimate our scenario. If we endogenize the price in the model, then we can estimate our scenario more approximately. We refer to emission factor assumed that all diesel uses generate the same air pollutant emission, even though air pollutant emission can be different depending on vehicle type. However, our study shows the amount of reduction in diesel consumption and air pollutant emission by 40% diesel tax increase based on economic theory and the TVP. These results suggest that the government is likely to make a policy that increases the use of electric car and hydrogen fueled car, and provides infrastructures for electric car. Hence, this approach helps policy makers or applied economists who want to estimate air pollutant emission.

    

    

  
    
      Acknowledgments
      This work was supported by Korea Environment Institute as 「A study on Enhancing social Acceptance of Tax Reform for Conversion of Transport Energy (WO 2018-11)」 and 「Collaborative research on the green economy (GP2020-15)」.

    

    

  
    
      Notes
      
        2) Opinet, http://www.opinet.co.kr/user/main/mainView.do.
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