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ABSTRACT

Changes in government policy such as current reform of energy subsidies in Iran and other countries in which energy per capita consumption is very high, would have two positive impacts: to increase government’s income and the other reduce pollution due to decrease energy consumption. This paper would investigate the latter. For this purpose a link will be provided between energy demand functions by using econometric models  and the other environment input-output model to estimate environment improvement and reduction on pollutions due to removing subsidy. Two types of energy demand functions are considered for gasoline, and gas. Pollution impacts cover different types of air pollutions.  
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1. Introduction
Energy subsidy in any form keeps energy priced below market levels, or energy producers above market levels. Energy subsidy has different types. Some subsidies may have direct impact on prices, whereas others affect on prices or costs indirectly and holds prices below the full economic cost of supply and cause the energy sector to state-owned in which state companies are usually treated as public service entities and are not required to maximize profits. The majority of subsidies are aimed at consumers. According to the economic theory, social welfare is maximized when the price of each good and service is determined freely in the competitive markets. In practice energy services do not work under free markets, especially they do not take account of any environmental and social benefits which is associated with different types of energy activities. 

The energy market in Iran is a monopoly market. The government, as the sole supplier, sets the prices of energy types, which has historically set prices lower than market prices. According to the UNEP report all types of energy subsidies in Iran cause inefficient energy use, are a major burden on public finances and have resulted in poor energy-sector performance. The stated objectives are to protect the poor and vulnerable part of community, including households headed by women. However subsidy coverage is much wider, mainly due to the difficulties of identifying/differentiating between the poor and vulnerable and targeting subsidies. Direct subsidies are paid to many different goods such as; all energy types, foods, basic non foods, medicine, and etc. the most costly subsidy is allocated to energy carriers mainly benefit higher income groups, which consume larger amounts of energy subsidies. But eliminating subsidies would have a dramatic impact on household budgets but positive effects on different types of air pollution emissions (UN 2003). Excessive energy use has aggravated local and regional pollution and major public health issues. Capturing and quantifying the type of economic and environmental effects of removing subsidy begins with a fiscal “incidence analysis”. This involves identifying the ultimate recipients –sectors or groups– of the subsidy under investigation, and assessing how subsidy reform would affect prices, the quantity of energy produced and consumed and incomes (the composition and level of production in the economy) and the quantity of air pollution. 
 Environment impact of removing two types of energy subsides (gasoline and diesel) on air pollution is the main aim of this paper. To do so, this paper is organized in six parts: in the following section consumption, price, subsidy of gasoline and gas oil in Iran will be investigated. In the third part literature review and the theoretical framework of the study will be reviewed. In the fourth part development of the integrated econometrics and input-output models are described. Fifth part deals with estimation of the econometric and input-output environmental models. Last part provides summary and conclusions.  
2. Energy Consumption, Price and Subsidy

In the past four decades, total final energy consumption has growing at a rapid pace: from 1967-77, during the industrialization transformation period of the country, total final energy consumption grew at an annual rate of 14.2%. Just prior to the Revolution and during the Iran/Iraq war (1980-88), the rate of growth slowed to 5.2%. From 1990 to 2003, growth has continued at an average annual rate of 5.3%. The energy mix has been evolving towards cleaner energies. From 1966- 2003, the share of natural gas increased sharply from 1.3% to 36.3% and share of final consumption electricity has more than doubled from 4.1% to 8.9%. The share of oil products in domestic consumption has dropped from 84.3% to 53.4%. 

Gasoline is one of the most important products of crude oil and transport sector is the greatest users by almost 99 percent. In the last decade demand for car has been increased and increase in the age of cars, resulted reduction of their efficiency, demand for gasoline has been increased rapidly. According to the Power Ministry data, during last 10 years annual consumption growth rate has been 5.4% (Power Ministry 2009). At the same time, annual consumption growth of gas oil was 3.5% and the transport sector is the greatest gas oil consumer (Power Ministry 2009). According to the International Energy Study Institute Energy prices (includes gas oil and gasoline) in Iran have been very below market price levels. High ratio of energy prices are paid by government as energy subsidy. From 2000 to 2005, the price of gasoline and diesel have increased from 150 Rials per liter 10% each year according to the Third Economic Development Plan (2000-2005) which did not reflect a considerable change in consumption. Since, conservative came to the power, according to their promise, keep energy price fixed. So, the prices of energy carriers are too low by any standard; at the current exchange rate of around 10500 Rials for 1US$, gasoline at less than 15 US cents and diesel  less than 2 US cents (in 2005 price). Economists believe that the low energy price is the main reason for high consumption and high energy intensity that figure shows energy intensity in Iran is twice of world energy intensity (Ministry of Power 2009). Environmental impact of such policy is very terrible and makes Iran to be one of the highest carbon emission-intensive countries in the world. Total CO2 emissions in 1990 were 201.8 MMT, which has increased rapidly at an average annual rate of 5.7% to 372 MMT by 2003. Per capita carbon emission in 1990 was 1010 Kg, 10.6% less than the global average of 1130 Kg. This figure increased to 1514.5 Kg by 2003, 4.5 times higher than the global objective of 339 Kg/capita of carbon emissions The high emission rates are partly due to: increasing wealth; to the low energy efficiency of many sectors; and to the over-consumption of energy as the result of cheap energy prices. 
Table 1- Subsidy Payment to Gasoline and Diesel in 1998-2008 (billion Rials)
	Year
	gasoline
	Growth rate
	Gas oil
	Growth
rate

	1998
	8646
	
	14220
	

	1999
	13869
	60
	22469
	58

	2000
	22417
	62
	33798
	50

	2001
	15313
	-32
	27455
	-19

	2002
	24945
	63
	33760
	23

	2003
	35309
	42
	37082
	10

	2004
	57871
	64
	66667
	80

	2005
	86159
	49
	101815
	53

	2006
	82320
	-4
	128638
	26

	2007
	87704
	7
	170219
	32

	2008
	91328
	4
	178728
	5


Source: International Energy Studies Institute, Energy Management, Hydrocarbon Balance 2008
 
As table 1 shows, subsidy payment to three energy types have been increased rapidly (exception for 2001 the first year of the Third Five Year Plan in which the prices increase 10% each year). Although the international prices were increased in this period each year about 18.5% for gasoline and 22.5 for diesel, real prices were declined in Iran (energy balance 2006, 2007, 2008).  As figure in table 2 shows 
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 emission has been increased 3.7% yearly, is bigger than population growth rate (1.5%) and mostly based on consumption growth. This is also true for 
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 with 3.79% annual growth rate. If such policy continues it will create hard harmful condition, as we observed high pollution in the big cities in the winter season. 

Table 2- Types of Air Pollution Emission- Per Capita (kg)
	Year
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	1998
	20
	4395
	27
	11
	21
	4

	1999
	20
	4599
	28
	11
	21
	4

	2000
	22
	4799
	29
	11
	22
	4

	2001
	22
	4903
	30
	11
	23
	4

	2002
	24
	5119
	31
	11
	25
	4

	2003
	26
	5269
	32
	10
	27
	4

	2004
	27
	5489
	33
	10
	28
	4

	2005
	29
	5728
	35
	10
	30
	5

	2006
	31
	5905
	36
	11
	32
	5

	2007
	28
	6064
	35
	11
	29
	5

	2008
	29
	6318
	36
	12
	30
	5


Source: International Energy Studies Institute, Energy Management Group, Hydro carbon balance 2008

3. Theoretical Framework and Literature Review
Economic and environment impacts of removing subsidies can be measured in two methods. The first, based on a partial equilibrium approach, looks at the net gains in consumer and producer ‘surplus’, which broadly measure the net benefits of consuming and supplying energy. In this approach the inter-sectoral linkages and changes in the distribution of income do not take account and have to be addressed separately.  The second, uses a more general equilibrium approach, taking account of how markets are linked, so that the effects of energy prices changes on other product markets in the economy are accounted for. In the second approach the measured effects of the changes in subsidies are usually calculated in terms of changes in energy production and other goods linked to the energy. This approach does address inter-sectoral linkages but not, generally, the income distribution issue and considerably more complex and the data demanding to use. To understand the complexity of what happens with energy subsidies, it starts with energy-subsidy price reform to result eventually in higher market prices to consumers. This, in turn, would normally result in lower demand for the energy source in question and, therefore, lower energy consumption. This fall in consumption result lower different types of air pollution.

In this study two approaches partial and general equilibrium for this type of policy measure to be investigated separately. In partial equilibrium approach the energy demand with regard to elimination of price increases is estimated. There are considerable studies in this approach such as: Baltagia and Griffina (1983) gasoline demand for the OECD, Johnson and Tutu (1983) demand for OPEC petroleum (Ecuador, Indonesia, Iran, Saudi Arabia and Venezuela), Elton and Al-Mutairi (1994) gasoline demand For Kuwait, Alves and others (2003) demand for gasoline and alcohol for Brazil, Ni (2003) gasoline demand for the two countries: Canada and America, Vita and others (2006) demand for gasoline, electricity and diesel for the country, Namibia. All these studies show that the income elasticity of gasoline demand suggests that it is necessary goods and also has low price and income elasticity in the most of studies and price elasticity is not significant.
In addition, number of study on gasoline demand function estimation in Iran is significant. Such as Nasre-Esfahani (1996) estimates of gasoline demand during 1968-1993 period, he concludes that gasoline demand function in the short -term is inelastic and price, and income elasticity in the long term are higher than short term. In another study of Javan (1997) found that the income and price elasticity in long-term are receptively (1.034) and (-0.72). Also Khany (1999) estimated demand for transportation fuels in the transportation sector (roads and railways, air ways) using a simple OLS method, results indicate very low income and price elasticity for gasoline, but diesel income elasticity is relatively higher. Another study by Esmeel Nia (1999) estimated demand for gasoline and diesel in the road transportation sector; he found also low elasticity for gasoline. Khataee and Eghdami (2005) also show that price elasticity of gasoline demand is low. While, Jalal-Abadi and Derakhshan (2005) in their study showed that energy consumption in Iran is not affected by its price on long term. Chit Nice (2005) found that the gasoline demand function is inelastic in both in the short term and long term. Zara’nezhad and Ghapanchy (2007) also found that  the gasoline is inelastic too. Shakeri et al (2009) estimate the gasoline demand for the transportation sector, they found very low price elasticity, but high income elasticity. 
If we classify Iranian studies according to the method estimation, we notice that three  methods have been used for estimating the demand function: OLS method includes Khany  (1999) and Esmail Nia (1999), VAR method includes Javan (1997), Zara’nezhd and  Qpanchy (2007), Abounouri and Shiveh (2006), Motevasseli and Mazreaty (1999), Jalal-Abad and Rakhshan (2005), and structural time-series Chit niz (2005), Khatayee (2005), Shakeri (2010), Ismail nia (2000). Third method in which is possible to consider imperceptible changes in the demand price elasticity for gasoline or diesel is preferred, so we followed the third method in this paper. 
In the general equilibrium approach, many studies are carried out the relationship between energy use and the air pollution levels emissions. But little is observed on subsidy elimination and its environmental impacts. One of the studies in the field of environmental impact is the United Nations Environment Program study, in cooperation with the IAEA in 2002, which investigates and compares the removal of subsidies in China, Russia, India, Indonesia, South Africa, Iran, Venezuela and Kazakhstan (UNEP 2004). Among the countries, Iran has the most subsidized energy carriers with above average rate of 80 percent of the price. UNEP concludes if energy subsidies remove in Iran, energy consumption decrease 47.5 percent and carbon dioxide also decrease 49.5 percent. There is also other study i.e. Atabi and others (2007), they investigated impact of reducing energy subsidies on energy consumption and pollution in the transportation sector. They concluded air pollutant 14.75 percent reduced and efficiency increases. Present study is continuation of the previous studies, the difference relates to more types of air pollution and more economic sectors. Moreover, a link between environmental input-output model and econometric demand functions (gasoline and diesel) is established. 
4. Methodology

Research methodology consists of two parts: Part one includes the methodology of partial equilibrium approach that includes gasoline and diesel demand functions. In the second part explains the relationship between changes in demand for two types of energy carriers and environmental effects caused, by using the general equilibrium model in the form of input - output model. This relationship is described by integrating econometric and input-output environment models. 
According to the microeconomic theory and the literature reviewed in the section 3, general form of demand function for gasoline and diesel, where have the highest consumption in the transport sector, is a function of its price, income, and other variables. Thus, gasoline demand function can be introduced as follows:
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In equation (1), gasoline demand (CB) is a function of the gross domestic product (GDP) which represents the income variable, the number of vehicles burning gasoline (KHB), and the real price of gasoline (PBR). It is expected that the gasoline demand is related to price indirectly and other variables are related directly. Demand function of diesel also is introduced as follows: 
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In equation (2), diesel demand (CGG) is a function of the gross domestic product (GDP), the number of diesel-burning vehicles (KH), real price of diesel (PG), and load carried (BK). In two equations (1) and (2), Logarithmic of price variable is considered as price elasticity of demand. Since the elimination of subsidy energy causes price increase, so change the amount of gasoline and diesel demand due to such price increment can be obtained:
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If energy demand decreases, the air pollutions will be reduced definitely. But since the energy use as input through various forms and levels of economic activity are different so, the amount of pollution emissions by economic activities are also different. Considering the difference between levels energy consumption and pollution abatement, we need a departure from partial equilibrium model to general equilibrium. For this purpose we use general equilibrium in the form of environmental input-output model, in which production activities under linear function of production and lack of substitution between inputs.  Environmental input-output model works not only under the general assumptions of conventional input-output model but also additional assumption. The additional assumption is: the production activities produce not only goods and services but also pollution in the production process. The amount of pollution depends on the nature of productive activity and level of energy use as input (Miller and Blair 2009).  In the prototype model, households involve indirectly in pollution emission. Their role being indirectly in pollution through the consumption of goods that pollution is created for their production.
According to the mentioned assumptions on the environmental input-output model, we introduced   
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 as a matrix of total environmental pollution caused by certain types of energy consumption. The dimension of the 
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 matrix describes the total pollution produced by energy type in each sector. If showing the emission coefficient matrix by
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, in this case each element describes the type of contamination for a unit output. Relationship of these two matrices is:
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5. Data Base
In this study a variety of statistical sources are used to estimate demand functions as well as environmental impacts of removal gasoline and diesel subsidies. To estimate gasoline and diesel demand functions data collections are as follows: consumption of gasoline and diesel from Ministry of Oil (2008),  price of gasoline and diesel from energy Balanced Sheet of 2006, GDP from website Central Bank of Iran, and the number of types of motor vehicles Statistical Yearbook of the SCI  in different years, and six types of air pollution 
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  for gasoline and diesel from Balanced Sheet 2004. Other main data base is 2004 input-output table at the 56 sectors is collected from Central Bank of Iran website. Energy goods in this input-output table are considered separately. 
Before estimating demand functions, all variables related to the first two models (1) and (2) have been tested for reliability. Reliability test shows all variables are stable at 1 percent.   Then the Kalman Filter technique used to estimate state space models. Estimations are as follows.
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In both models (5 and 6), 
[image: image27.wmf]1

SV

 and 
[image: image28.wmf]2

SV

 Coefficients are described price elasticity of gasoline and diesel changes during the estimation period. Price elasticity of gasoline and diesel in each period are obtained from 
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). While their income elasticity are 0.629 and 0.221, reflect low elasticity, and both goods can be considered as necessarily goods. These results are consistent with other studies we mentioned earlier in the literature. 
If total gasoline and diesel subsidies are removed from their prices, then the price of both gasoline and diesel would increase (based on 2004 data) 326.2 and 1477 percent respectively. If we pose this price increases to the equations (5) and (6), gasoline and diesel demand would decrease 27 and 39 percent respectively. Pollution coefficients for six air pollutions are calculated and shown in table (4). Demand reduction above with the help of pollution coefficients for the six types of air pollution due to removing subsidy from each 56 sectors are shown in Table (5). As noted earlier, such policy affects not only on energy consumption of production activities (industries) but also on final consumers such as households. To this end, and make operational, direct and indirect pollution coefficients matrix for gasoline and diesel and reduced 27 and 39 percent in final demand figures which are shown in Table (5) Columns (4) and (5). Summary results in Table (5) show a substantial reduction in six types of air pollutions. These air pollution reduction is organized in columns (2) and (4) for diesel and (3) and (5) for gasoline. As we see  carbon dioxide reduction is the most, and SPM has the lowest decrease among other pollutants. 
Table (4) Pollution Coefficients (kg/liter)  
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	Air pollution type


	0/013489
	0/001499
	2/321044
	0/349705
	0/062988
	0/001299
	Gasoline

	0/019004
	0/015865
	2/553063
	0/004659
	0/014239
	0/008839
	Diesel


       Source: Balanced Sheet 2004 and author’s calculations  

Table (5)- Total air pollutions emission and reduction by gasoline and diesel (ton)

	pollution reduction due to gasoline

household consumption
(5)
	pollution reduction due to diesel household consumption
 (4)
	pollution reduction due to gasoline  consumption (industries)
(3)
	pollution reduction due to diesel consumption (industries)
(2)
	Total pollution reduction

(1)

	Total pollution

In 2004
(6)


	Total pollution reduction

(6)/(1)

(%)
	Air pollution type

	112/231
	179/484
	79680
	202166
	282137
	818616
	34
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	12/470
	149/842
	8853
	168779
	177794
	467101
	38
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	19312/084
	24112/799
	13710855
	27160027
	40914306
	121254121
	34
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	2909/698
	43/997
	2065777
	49558
	2118288
	7876547
	27
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	524/089
	134/478
	372084
	151473
	524215
	1784246
	29
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	10/807
	83/477
	7673
	94027
	101794
	270502
	38
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    Source: Author’s calculations   
6. Conclusions
Economists have been highly regarded the relationship between energy consumption and environmental pollution in the sustainable development, in recent years. Because energy consumption has been increased due to high growth rate for developing economy and increased air pollution emissions on the environment have huge negative effects of human biology. So, economic policy in this regards is very important and the effect of economic policy has always been considerable. Many studies have been conducted on impact of removing subsidy on economic growth and inflation rate, but it works less environmental biology. The environmental aspect of such policy has not evaluated very much and few studies can be found. This may because of irrelevant or lack of information on environmental variable or methodology. In recent years, relatively complete information on types of air pollutants were available and provide conditions for researchers to design a comprehensive model. This paper try to be one of this models and able to evaluate positive aspect of subsidy removing. 
In the theoretical aspect this article introduced an integrated partial equilibrium demand functions of both gasoline and diesel to general equilibrium environmental input-output model. In the experimental side two demand functions are estimated by using the model of State Space and Kalman Filter method. The results of estimating the demand functions are combined with a 56 direct pollution coefficients matrix in 2004, changes in the amount of air pollutions were measured. The results of calculations indicate that removal of subsidies on gasoline and diesel, gasoline and diesel consumption in each economic sector decrease to approximately 27 percent and 39 percent.  This reduced the six types of air pollutants. .According to the results, 
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have allocated the highest reduction between other pollutants (38%). And 
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have the lowest reduction (27% and 29%).  
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also decreased 34% percent. Therefore, there is no doubt that if gasoline and diesel subsidy remove, a significant reduction in pollution will follow.
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