Paper to Be Presented at the 24th International Input-Output Conference, Seoul, Korea
July 4-8, 2016
 Shadow Prices of Energy in Economic Sectors of Iran

Nooraddin Sharify
Department of Economics, University of Mazandaran, 4741151167, Babolsar, Iran.

E-mail: nsharify@umz.ac.ir
Not Edited Version 
Abstract

Shadow price of production resources is employed for price policy analysis. This indicator lets the researchers/ policy makers to examine, especially in the regulated price for production resources. Using an input-output analysis, this paper develops an approach to examine the shadow price of energy for economic sectors of Iran. The input-output table of Iran for the year 2001 is employed as database of the research. The model is capable to be used for other production resources such as water as well.
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1. Introduction
The shadow price measures the effects of final unite of resources on objective function of a region or country in a ceteris paribus condition. In other word, it exhibits the final product value of resources in production process. To this end, it measures the effect of unit energy consumption in a sector on total products of the region or country. This characteristic allows the researchers to use shadow price for different purposes. 

The shortage in energy resources and/ or its consumption effects on environment lead to a particular consideration to energy consumption in economies.  It is also explores the maximum price that producers willing to pay for a resource. With respect to this characteristic, hence, it can be employed as an instrument to pricing the resources that are not generally priced in a sell in a free market. 

The scarcity in energy resources and/ or its consumption effects on environment and so on lead to a particular consideration to its consumption. Hence, several studies have been carried out to measure the shadow price of energy consumption in different countries. For instance, the demand for electricity was estimated with respect to electric tariff policy in Mexico (Henry and Glenn 2000). The energy loading system was examined by shadow prices in Benidris et al. (2011) study. Khademvatani and Gordon (2013) employed the energy shadow value to compare energy efficiency in different countries. Manzoor and Rezaee (2012) and Hashemlou et al. (2015) have calculated the electricity shadow price in Iran. 

Several methods are employed to measure the shadow price of production resources. A considerable number of these studies have been carried out through econometric approach. However, these studies differ from functions that are employed. For instance, a restricted profit function was used to measure shadow value of energy by Khademvatani and Gordon (2013). A hedonic function was employed in econometric model of Boltz et al. (2002) study on timber shadow pricing diversity in U. S. A Gauss-Newton nonlinear model using an econometric method was employed for water shadow price of different rivers of China by Liu and Chen (2008). The econometric model for a C-D production function was also employed to measure the shadow price of water for sugar beet production in Kerman Province of Iran (Pakravan and Mehrabi 2010). A data envelopment analysis (DEA) approach was employed by Nin-Pratt and Yu (2010) to estimate agricultural productivity by the Malmquist index for 63 developing countries. A Translog cost function was employed by Angulo et al. (2014) to estimate shadow price of water in tourism industry of Zaragoza (Span). 

A linear programming method was also implemented in another group of studies. Irrespective to the parametric or non-parametric approaches that are employed for objective function of the model, several studies have been carried out using linear programming method. Sharify (2000), He and Chen (2004), Jue at al. (2005), Liu and Chen, (2008), Shahnoushi et al. (2013).
To compare shadow prices of resources in alternative sectors in addition to the shadow price of resources in a sector, a number of studied have been carried out using Semi-Input-Output (SIO) model. The main advantage of this method compared with an econometric and linear programming models are related to the input-output characteristic that enables the researcher to measure the shadow price in different sectors simultaneously. However, in common with all input-output techniques, using a Leontief production function in SIO approach, different unit of energy consumption in different sector has a constant shadow price. In addition, using a linear function, the shadow price of resources are independent to the size of other resources in sectors.
Using a nonlinear input-output model, this paper proposes a method to measure the shadow price of primary factors such as energy. To do so, the energy resources are considered as primary factors. The nonlinear input-output model proposed by Sharify (2014) is employed.

The contribution of the paper to the current literature concerns to variability of shadow prices of different unit of primary factors. This is due to using a CD production function that is employed in this approach. In addition, the shadow price of resources is dependent to the use of other resources in sectors. Moreover, compared with the linear programming and econometric model, it enable the researches to measure the shadow prices of sectors simultaneously. 

This paper contains four sections. The proposed model in introduced in the next section. The implementation of the model allocated in the third section. The concluding section will ends the paper.   

2. Model
To measure the shadow price of resources such as energy in different production sectors, these resources are considered as primary factors. To do so, the energy sources consumed by different sectors are considered as primary factors. The nonlinear supply-driven input-output model proposed by Sharify (2014) is developed to meet this affair. Hence, a Cobb-Douglas (CD) production function is employed. Considering the energy sources as primary factor of production, leads the value of these elements be considered as well as value added components of sectors. 
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 is the transaction between sector i to j and qi is to total product of sector i.

Hence, the CD model of the first sector is developed as follows: 
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refer the share of capital, labour and energy sources in total inputs of sector 1, respectively. k1 , l1 and e1 refer the size of capital, labour and energy in sector 1, respectively. y1 refers to the level of products of sector 1 that is defined by the inputs. 


Dividing q1 by y1, u1 the undefined part of production in sector 1 is calculated:
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The equations (2) and (3) can be written as logarithm form:
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To link among equations of sectors, the horizontal relations of sectors are introduced as follows: 
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bij exhibits the share of transaction of sector i that is consumed by sector j. 
Thus, equation (4) is rewritten with respect to equation (5):
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Equation (7) shows the extension of equation (6) for other sectors: 
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The matrix form of equation (7) is as follows:
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Thus:
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where 
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Equation (9) can be written as CD function:
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Equation (10) can be summarised as follows:
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According to CD function characteristic, hij displays the elasticity of products of sector i with respect to energy that is consumed in sector j. Hence, the shadow price of energy that is consumed by sector j on the products of sector i can be calculated as follows:
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where 
[image: image24.wmf]i

j

Sp

refers to the shadow price of energy consumed in sector j on the products of sector i. Pi refers to the normalized price of products of sector i.  
In addition, according to equation (11), any production factor may affect on the level of production of several sectors. Hence, the shadow price of energy consumed by sector j on an economy can be measured through:
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Equation (13) can be extended with respect to equation (11): 
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As it can be seen, the size of shadow price of energy in sector j is dependent to ej, the volume of energy consumption by sector j and the size of other production factors.  
3. Implementation of the Model 
The supply and consumption tables for the year 2001, prepared by the Statistics Centre of Iran were employed as database of the research (Input–Output Table for the Year 2001–2002, 2006). The energy sources of use and make matrices are moved to the final demand and value added parts, respectively. These matrices are employed to make a symmetric sector by sector table as database of the related model.  
According to the results of calculation in table 1, the sectors of Trade and Repairment; Extraction of crude petroleum & natural gas; and Rent of Properties, Work services have the most products, respectively. In contrast, the Other Industries; Other Mining; and Wood and Paper Industries Products sectors had the least products in this year, respectively. In addition, Transportation and Communication; Electricities Water and Gas; and Trade and Repairement had the most payment for energy consumption, respectively. The consumption of these three sectors in 2001 was over 58% of all energy consumption in production activities of the economy. Whereas, Rent of Properties, Work services; Wood and Paper Industries Products; and Hotel and Restaurant sectors paid the least amounts for their energy consumption in 2001, respectively. 
A comparison in the volume of energy consumption and total products of sectors reveals a low relative dependence between these variables.  So the correlation coefficient is a little bit more than 0.25. To show the situation of sectors, the share of energy expenditures in total expenditure of sectors are calculated. According to our findings, these shares form a considerable part of total expenditures in some sectors such as Electricities, Water and Gas; Non metal product; and Transportation and Communication sectors, in which are more energy intensive sectors. In contrast, it is insignificant in Rent of Properties, Work services; Extraction of crude petroleum & natural gas; and Construction sectors, respectively.

	Table 1. Total Products and Energy Consumption of Sectors in the Year 2001 (2001 Billion Rials) 

	Row
	Sectors
	Total Products
	Energy Consumption
	Energy in Products 

	
	
	B. Rials
	(%)
	B. Rials
	(%)
	(%)

	1
	 Farming and Forestry
	80394601
	7.0
	932019
	3.63
	1.16

	2
	Husbandry
	54664271
	4.7
	404053
	1.57
	0.74

	3
	Extraction of crude petroleum & natural gas
	114625638
	9.9
	258551
	1.01
	0.23

	4
	Other Mining
	5882345
	0.5
	219132
	0.85
	3.73

	5
	Food processing Industries products
	81826514
	7.1
	518009
	2.01
	0.63

	6
	Textile Industries Products
	23964604
	2.1
	438002
	1.70
	1.83

	7
	Wood and Paper Industries Products
	7169793
	0.6
	169585
	0.66
	2.37

	8
	Chemical Products
	51555489
	4.5
	1263849
	4.92
	2.45

	9
	Non metal product
	19718960
	1.7
	1601877
	6.23
	8.12

	10
	Metal product
	41042468
	3.5
	1943810
	7.56
	4.74

	11
	Manufacture of machinery 
	70495289
	6.1
	511410
	1.99
	0.73

	12
	Other Industries
	4882291
	0.4
	63029
	0.25
	1.29

	13
	Electricity, Water and Gas
	27846465
	2.4
	5516728
	21.46
	19.81

	14
	Construction
	87527042
	7.6
	394816
	1.54
	0.45

	15
	Trade and Repairement 
	134738166
	11.6
	3708836
	14.43
	2.75

	16
	Hotel and Restaurant
	13421964
	1.2
	174099
	0.68
	1.30

	17
	Transportation and Communication
	83189153
	7.2
	5726596
	22.27
	6.88

	18
	Bank and Insurance
	17813278
	1.5
	199313
	0.78
	1.12

	19
	Rent of Properties, Work services
	100968170
	8.7
	105796
	0.41
	0.10

	20
	Public Services
	65535701
	5.7
	615336
	2.39
	0.94

	21
	Education
	33349253
	2.9
	393950
	1.53
	1.18

	22
	Health
	26553491
	2.3
	369052
	1.44
	1.39

	23
	Other Activities
	9393504
	0.8
	182204
	0.71
	1.94


Resource: Findings of the research

Table 2 displays the shadow prices of energy in different sectors.  As it can be seen, since units of energy consumption in different sectors have different effects on an economy, the shadow prices of energy in these sectors are dissimilar. Hence, the Other Mining; Wood and Paper Industries Products; and Metal product sectors, in which the energy has more effect on total products of the country, have the highest level of shadow prices, respectively. In contrast, the shadow prices of energy in Health; Education; and Public Services sectors have the lowest value of shadow prices, respectively. On the other hands, the energy consumption in these sectors has the lowest effects on the total products of economy in this situation.

	Table 2. The Shadow Price of Energy in Different Sectors             (Billion Rials & Giga Joule) 

	Row
	Sectors
	S. P.
	Row
	Sectors
	S. P.

	1
	 Farming and Forestry
	1.97
	13
	Electricity, Water and Gas
	1.60

	2
	Husbandry
	2.27
	14
	Construction
	1.20

	3
	Extraction of crude petroleum & natural gas
	1.20
	15
	Trade and Repairement 
	1.13

	4
	Other Mining
	6.59
	16
	Hotel and Restaurant
	1.26

	5
	Food processing Industries products
	1.59
	17
	Transportation & Communication
	1.37

	6
	Textile Industries Products
	2.12
	18
	Bank and Insurance
	2.21

	7
	Wood and Paper Industries Products
	4.37
	19
	Rent of Properties, Work services
	1.18

	8
	Chemical Products
	2.64
	20
	Public Services
	1.06

	9
	Non metal product
	2.81
	21
	Education
	1.04

	10
	Metal product
	3.84
	22
	Health
	1.04

	11
	Manufacture of machinery 
	1.95
	23
	Other Activities
	1.32

	12
	Other Industries
	1.81
	13
	Electricity, Water and Gas
	1.60


S.P.: Shadow Prices 

Resource: Findings of the research

4. Concluding Remarks

The shadow prices of resources are calculated for different reasons. To this end, several methods have been proposed to measure the shadow price of resources. Among them, a group of these methods such as econometric and linear programming models fail to measure the shadow price of resources in alternative sectors simultaneously to compare them. 

To remove these deficits, the Semi-Input-Output model was employed. However, due to the linearity and Leontife function structure of this model, SIO method fails to meet the real cases in which the shadow price of different units of resources may differs. To this end, the proposed model enables the researchers to work for the case the shadow price of resources varies for different unit of resources. In addition, using a Leontife function structure in SIO, the level of shadow price for energy is independent to the level of other variables, whereas using the CD function in the proposed model, the level of shadow price of energy is dependent to the level of other production factors.

The proposed approach was employed for the year 2001 in Iran. According our findings, the shadow price of sectors had different value in that year. However, the size of shadow price of energy in all sectors is greater than one. On the other hand, a one unit payments for energy in production sectors leads to more than one unit increment in total products of the country.
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