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Abstract
The exchange rate affects the price of products through imported commodities consumed as intermediate input or final goods. The intermediate inputs consumed in production process affect the price indices through production costs. Whereas, the final commodities that are consumed by households, government, investors or those exported abroad, directly affect the price indices. Due to differences in the effects of these commodities, such differences would be taken into consideration while calculating the price indices. This paper attempts to modify the current input-output (I-O) price models to investigate the effect of an exchange rate variation on the price indices of products. To do so, an I-O Table Adjustment model in which the imported commodities are separated into intermediate input and final goods is expanded to meet different cases of the real world economy. An example I-O table is employed to examine the model in different cases. The proposed model has some advantages over the previous ones. For instance, one advantage of the new model compared with the previous ones pertains to the differences between the intermediate input and final goods effects of the imported commodities on the price indices.

Keywords: Exchange Rate Variation, Input-Output Price Model, Imports.
Introduction
The exchange rate in countries changes for different reasons. Irrespective of the causes, there are many evidences for variation of the value of exchange rate in countries. For instance, Haralambopoulos et al. (1996) refer to the policy reform on exchange rate in Australia, Li et al. (2000) in Mexico, Bahmani-Oskooee and Kara (2000) in Turkey, Zhang (2001) and McKinnon (2009) in China, and Mallick and Marques (2006) in India. 

The change in exchange rate influences the price of goods and services through imported commodities. The commodities are imported to a country for different purposes. In a general classification, these commodities are categorised into intermediate input and final goods. With respect to the role of each group of imported commodities in domestic economy, the changes in the value of these commodities have different effects on the price indices. 

The imported commodities that are consumed in production process form a part of the intermediate input. As a result, the fluctuation in exchange rate makes a shock in the prices of supplied commodities through domestic production process. This shock can motivate some or all of the primary factors’ components to strengthen the initial shock as well. The second part of the imported commodities is demanded as final goods and services that shape the other part of the commodities (that are) supplied in a country. Hence, the exchange rate variation affects also the prices of supplied commodities through imported final goods. 
The classification of imports influences the shape of I-O table and related relationships. One of these classifications is based on final goods and intermediate input. Since each group of these commodities has a different role in an economy, this classification allows the researcher to measure the effect of the change in imports more carefully.  

There are a few methods to measure the effects of exchange rate variation on price indices of products by input-output model. The imported commodities are considered as intermediate input in all of these studies. According to our findings, the first attempt returns to Leavy (1985) that employed a price model based on Standard Leontief Price (SLP) model to analyse the effects of exogenous changes in the exchange rate on the relative prices and the aggregate price level. Ajakaiye and Ojowu (1994) developed the SLP model for imported intermediate inputs, expatriate labour and foreign financial capital economy of Nigeria.  

Through modification of the I-O price model, this paper proposes a model to analyse the effect of exchange rate variation on price indices of commodities. To this end, the I-O Table Adjustment approach proposed by Sharify and Sancho (2011) is developed. The model is based on an I-O table in which the imported commodities are categorised into intermediate input, households’ consumption and other final goods. 
Compared with the previous studies, it seems there are two types of advantages. The first type of advantages is related to the modification of the model. One advantage of this type returns to dividing imports into two groups, which allows the researcher to consider the effects of exchange rate variation in final goods as well as intermediate input. Taking into account the imported final goods that are consumed by households would allow the researchers to consider them in aggregate Consumer Price Index (CPI) that is another advantage of this model. The model is able to consider any increase in the initial shock through primary factors components. 

The second group of advantages return to the I-O Table Adjustment model. One advantage of this model returns to its capability to consider several cases and different kinds of imports classification through one relationship. Having an adjusted I-O table with respect to exchange rate variation is another advantage of the I-O Table Adjustment model. 
This paper is organised in five sections. The next section provides an overview of the previous attempts on this area. The model of the research is developed in the third section. The empirical examples of the sectoral and aggregate effects of an exogenous shock in exchange rate are demonstrated in the fourth section. And finally, the conclusion of the research will end the paper.

2. A general overview of the previous models
A modified version of SLP model was developed in Levy (1985) as shown in Ec. (1):
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where P refers to a row vector of per unit domestic prices, A to technological coefficient matrix, e to a scalar of exchange rate (domestic currency/ foreign currency), Pf to a row vector world prices for non-competitive imports expressed in the foreign currency,  Af(m,n) to a non-competitive import coefficients, in which 
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 is the requirement of non-competitive good i for per unit of domestically produced good j, w to a vector of wage payments per unit of output, b to a row vector of profits per unit of output, 
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 to a row vector of value added taxes and finally ^ to an operator to turn a vector into a diagonal matrix. 


In which: 
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x is a scalar the nominal wage rate, l is a row vector of labour/output coefficients and m is a row vector of profit mark-up rates.

In another study the effect of exchange rate depreciation under different pricing regimes in Nigeria was measured by Ajakaiye and Ojowu (1994). To this purpose, an extended SLP model was also developed.  
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where u is the rate of exchange rate variation, wh is row vector of wages per unit of output in respect of indigenous workers, wf is row vector of wages per unit of output with respect of expatriate workers, d is row vector of depreciation, rh is row vector of per unit profit accruing to indigenous investors, rf is row vector of per unit profit accruing to foreign investors, t is row vector of per unit indirect taxes and s is row vector of per unit subsidies. 


These models have some features in common. For instance, both of them are reached at from a development of the SLP model. Considering the imported commodities as non-competitive goods for intermediate inputs is another common characteristic of these models. Hence, the competitive imports goods that are demanded as final commodities are ignored in these models so just the price indices of domestic products are measured. Using technology matrix of imported intermediate inputs is another shared feature of these studies.
However, there are a few differences as well. The division of labour and capital endowment into domestic and foreign ones is a difference of these models. Since the payments are carried out in domestic currency, hence the exchange rate variation will not affect these components. The important difference of the models returns to tax revenue. Irrespective of taxes on value added or sail tax, since t has a fixed value in the price index, the level of tax revenue in per unit of commodities is independent of exchange rate shock in the model proposed by Ajakaiye and Ojowu (1994). In contrast, the tax revenue in per unit of commodities is adjusted with respect to the exchange rate shock through b (Eq. (3)) in the model proposed by Levy (1985).
3. The Model
Our study started with a case in which the imported commodities are classified into intermediate imported input and final goods consumed by households or used for other purposes. The effects of exchange rate shock in intermediate imported inputs are considered like value added components, whereas the imports of final goods are considered like other final commodities (Table 1). 

Table 1: The schematic I-O table 

	Intermediate 

Transaction
	Households Consumption
	Other Final Demand
	Total Output 
	Imported Final goods
	Total Supply

	Value Added Components
	

	Intermediate Imports 
	

	Total Inputs
	


To measure the effect of exchange rate variation on the price indices of commodities through intermediate imported inputs, modified Table Adjustment model proposed by Sharify and Sancho (2011) is employed. This model runs based on I-O Table Adjustment due to an initial shock in value added components through several iterations. 

It is assumed, 
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 stands for the price index of product j due to direct effect of exchange rate variation. It is equal to the ratio of the size of total inputs' value of the jth products after initial shock in exchange rate to the corresponding value before the initial shock. By multiplying this ratio by the corresponding row of I-O table, the change in the price of the product is considered in the value of this product in different sections. This change which can be strengthened by value added components causes a new shock in the value of total inputs for products.

Similarly, 
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is obtained by the ratio of the new value of total inputs for product j to the corresponding value after the initial shock. By considering the new shock through multiplying 
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 by the value of products in the corresponding row of the table, like the initial shock, the second shock is also considered in the table. This process will continue until 
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becomes close enough to one so that the result of the shock adjustment leads to ignorable. 


To generalise the adjustment from one product to all others, a matrix form is required. To this end, the adjustment process of the table is shown as Eq. (5): 
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where 
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refer to partitioned matrices of I-O in the k-1th  and kth iteration of adjustment process, respectively. They are included the intermediate demand, final demand, and value added items as Eq. (6). 
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 concerns a diagonal matrix of the kth iteration of the adjustment in which its elements 
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s are associated with the jth product intermediate input adjustment. Ak, Bk, and Ck are three additional adjustment coefficients related to W, wages, S, operating surplus, and X, taxes, the value added items of products, respectively. 


For instance, in the case in which the wages are adjusted with respect to Consumer Price Index (CPI), Ak the adjustment coefficients for the kth iteration of adjustment is calculated through the Laspeyres price index:

	
[image: image19.wmf]å

å

å

=

=

=

´

+

´

´

=

n

i

n

i

f

i

c

i

i

c

i

n

i

i

c

i

P

M

P

Q

P

Q

g

1

1

0

1

0

0

0



[image: image20.wmf]å

å

å

å

å

å

å

å

=

=

=

=

=

=

=

=

´

-

+

´

=

´

´

´

-

+

´

´

´

=

n

i

m

i

n

i

m

i

n

i

i

n

i

i

n

i

f

i

c

i

n

i

f

i

c

i

n

i

i

c

i

n

i

i

c

i

C

C

g

e

C

C

g

P

M

e

P

M

g

P

Q

P

Q

g

CPI

1

1

1

0

1

1

1

1

0

1

0

0

0

0

0

)

1

(

)

1

(


	(7)


g and (1-g) denote the share of households consumption expenditure in domestic and imported products before exchange rate shock, respectively. 
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 refers to the quantity of domestic product i in households consumption. Pi and 
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indicate the price of product i after and before exchange rate shock, respectively. 
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 shows the world price index for the ith imported final goods expressed in the foreign currency. 
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 denotes the quantity of imported final goods i in households consumption. Ci and 
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 refer to the households expenditures on domestic products i after and before exchange rate shock, respectively. 
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indicate to the households expenditures on imported products i after and before exchange rate shock, respectively.
Bk the adjustment coefficients of operating surplus can be replaced by Producer Price Index (PPI). To this end, the Laspeyres price index to measure PPI is as fallows:
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refer to the quantity and the level of the total products value for the ith products before any exchange rate shock happened, respectively. 
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 denotes the total value of the ith products after the exchange rate shock took place.
Ck the adjustment coefficient for indirect tax is calculated to meet the ad-valorem tax policy.
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here 
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 denote indirect taxes, subsidy, intermediate imported input, operating surplus, wages and total domestic intermediate input for products j in the kth iteration of the table adjustment process, respectively. 
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 iteration of the table adjustment process, respectively.
 However, in the case wherein one or other value added items are not adjusted with respect to price shock, the related adjustment coefficient would be equal to one. It is notable considering one for Ck, leads the model to be fit for unitary tax policy. 

The result of adjustment process of the table leads to Tt the adjusted I-O table with respect to price exchange rate shock in Eq. (10).
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T0 refers to initial I-O table, I1 to It the diagonal matrix of adjustment coefficient of products and value added components in the 1st to tth iteration of the adjustment, respectively.   
Hence, the value of the price index of products, CPI and PPI that changes as a result of any variation in exchange rate are computed through multiplying the size of these components by corresponding coefficient in different iteration of adjustment. For instance, the price index for the jth product, Ij, yields through Eq. (11). 
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In addition, in a similar method to CPI calculation, using Eq. (12), the Domestic Supply Price Index (DSPI) of commodities consisting of domestic products and imported final goods are measured. 
	
[image: image48.wmf]å

å

å

å

å

å

å

å

=

=

=

=

=

=

=

=

-

+

=

´

´

´

-

+

´

´

=

n

i

m

i

n

i

m

i

n

i

d

i

n

i

d

i

n

i

f

i

f

i

n

i

f

i

f

i

n

i

i

f

i

n

i

i

f

i

F

F

y

e

F

F

y

P

M

e

P

M

y

P

Q

P

Q

y

DSPI

1

1

1

1

1

1

1

0

1

0

0

0

0

0

0

).

1

(

.

).

1

(

.


	(12)


y and (1-y) indicate the weight of domestic and imported final goods in total final goods before exchange rate variation, respectively. 
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denote the quantity of domestic and foreign final goods, respectively. 
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 are the nominal value of domestic final demand before and after exchange rate variation, respectively. 
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 are the nominal value of imported final goods before and after exchange rate variation, respectively.

Finally, the model is also capable of being used for the case in which the imported commodities, for any reason, are classified as intermediate input only. To do so, putting zero instead of 
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in Eq. (7) and (12), respectively, the model would be suitable for this purpose. This capability is one of the advantages of this model.

Implementation of the model 
[image: image57.wmf]
The model is implemented for different cases. To do so, a simple symmetric interindustry table with 3 products is used to test the results of the model in different cases (Table 2). The effect of a 20% increment in the price of exchange rate is examined for different cases.

Table 2. The base table for studying the model in different cases

	 
	Com. 1
	Com. 2
	Com. 3
	Int. Con.
	Hou. Dom. Con.
	Other F.D.
	Total output
	Hou. Im. Con.
	Other Im.F.D.
	Supply

	Com. 1
	200
	300
	60
	560
	140
	300
	1000
	50
	150
	1200

	Com. 2
	230
	430
	870
	1530
	170
	300
	2000
	100
	200
	2300

	Com. 3
	120
	450
	344
	914
	186
	400
	1500
	150
	250
	1900

	Int. Exp.
	550
	1180
	1274
	
	
	
	
	
	
	

	Wages
	100
	222
	60
	
	
	
	
	
	
	

	Op. Sur.
	150
	300
	90
	
	
	
	
	
	
	

	Ind. Tax.
	50
	61
	16
	
	
	
	
	
	
	

	Val. Add.
	300
	583
	166
	
	
	
	
	
	
	

	Imports
	150
	237
	60
	
	
	
	
	
	
	

	Total Input
	1000
	2000
	1500
	
	
	
	
	
	
	

	Int. Exp.: Intermediate Expenditures
	
	Val. Add.: Value Added
	Ind. Tax.: Indirect Tax

	Int. Con.: Intermediate consumption
	
	Op. Sur: Operating Surplus
	Com.: Commodity

	Hou. Dom. Con.: Households Domestic Consumption 
	
	F.D.: Final Demand
	
	

	Hou. Im. Con.: Households Imported Consumption
	
	Im.F.D.: Imported Final Demand
	
	



Table 3 demonstrates the effect of a 20% increment in the exchange rate value on the price indices of products, PPI, CPI and DSPI in a unitary tax policy. Putting one instead of Ak, Bk and Ck in Eq. (5), the effect of the exchange rate increment in a unitary tax policy on the price indices of the products are displayed. The middle column, vj, shows the share of imported intermediate input for products. As it is expected, the products with greater proportion of imported input have relatively higher price indices, so the correlation coefficient between these variables is about 0.83. In another words, the price indices of the products with more dependency on imported input are more dependent on exchange rate variation.


The exchange rate variation influenced PPI, CPI and DSPI as well. Compared with CPI and DSPI, since imported final goods were not considered in PPI in this case, the exchange rate variation has less effect on this index. However, due to the importance of the direct effect of exchange rate variation, the effect on CPI and DSPI to some extent is related to the share of imported intermediate, 1-g, and imported final goods, 1-y, in households’ consumption and supply, respectively. 
	
	Table 3. The effect of an increment in exchange rate on the price indices of products, PPI, CPI and DSPI in unitary tax policy

	
	Products
	vj
	Prices Indices

	
	1
	15.00
	106.31

	
	2
	11.85
	105.89

	
	3
	4.00
	105.80

	
	PPI
	-
	105.95

	
	CPI
	-
	111.26

	
	DSPI
	-
	108.29


The Eq. (5) is employed to measure a change in exchange rate in an ad-valorem tax policy. To this end, Ak and Bk are substituted by one and Ck is calculated by Eq. (9). The right column of Table 4 displays the effect of a 20% increment in exchange rate on price indices of products. A comparison between the price indices of products, PPI, CPI and DSPI in two different tax policies indicates that the level of indices in ad-valorem tax policy is greater than the corresponding one in the unitary tax policy due to tax adjustment with respect to production expenditures.  

	
	Table 4. The effect of an increment in exchange rate on the price indices of products, PPI, CPI and DSPI in ad-valorem tax policy

	
	Products
	Prices Indices

	
	1
	106.98

	
	2
	106.41

	
	3
	106.31

	
	PPI
	106.50

	
	CPI
	111.61

	
	DSPI
	108.75


The third case concerns the exchange rate variation in an ad-valorem tax policy when the wages are adjusted. Using Eq. (5), the size of Ak and Ck are replaced by associated value calculated by Eq. (7) and (9).  As it is demonstrated in the right column of Table 5, due to wages adjusted with respect to CPI, the size of price indices of products, PPI, CPI and DSPI associated with this case are greater than those of the above cases. 
	
	Table 5. The effect of an increment in exchange rate on the price indices of products, PPI, CPI and DSPI in ad-valorem tax when wages are adjusted

	
	Products
	Price Indices

	
	1
	111.46

	
	2
	110.55

	
	3
	113.33

	
	PPI
	111.68

	
	CPI
	114.92

	
	DSPI
	113.07



In the next step, the operating surplus is adjusted with respect to price indices as well. Using Eq. (5), wages and operating surplus are adjusted in ad-valorem tax policy. For this purpose, Ak, Bk and Ck are calculated by Eqs. (7, 8, and 9), respectively. The right column of Table 6 displays the price indices of products, PPI, CPI and DSPI due to 20% increase in the exchange rate. Due to operating surplus adjustment with respect to Eq. (8), the size of price indices are greater than those of the previous cases. 
	Table 6. The effect of an increment in exchange rate on the price indices of products, PPI, CPI and DSPI in ad-valorem tax with wage and operating surplus adjusting

	Products
	Indices

	1
	120.52

	2
	120.54

	3
	120.54

	PPI
	120.53

	CPI
	120.33

	DSPI
	120.45


Finally, the model is implemented for the scenario in which all imported commodities are used as intermediate input only. In other words, although the condition of intermediate imported inputs of two scenarios are the same, there is no imported final goods in this scenario. To this end, the value of 
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in Eqs. (7) and (12), respectively, are considered equal to zero in this scenario. The result of calculation for the cases corresponding to Tables 3 to 6 are displayed in Table 7.


By making a comparison between Table 7 and the corresponding Tables 3 to 6, it is demonstrated that the result of a 20% increment in exchange rate value on price indices of products and PPI is the same for unitary and ad- valorem tax policy cases in which wages and operating surplus are not adjusted, whereas the value of CPI and DSPI indices will decrease in the latter scenario. However, all price indices of products, PPI, CPI and DSPI are lower in the latter scenario compared with those of the first one.
	Table 7. Simulation of the effect of an increment in exchange rate on the price indices of products, PPI, CPI and DSPI in different cases when all imports are implemented as intermediate input 

	Products
	Table 3
	Table 4
	Table 5
	Table 6

	1
	106.31
	106.98
	110.11
	120

	2
	105.89
	106.41
	109.15
	120

	3
	105.80
	106.31
	111.93
	120

	PPI
	105.95
	106.50
	110.29
	120

	CPI
	105.97
	106.53
	110.47
	120

	DSPI
	105.95
	106.50
	110.29
	120


Concluding Remarks
To measure the effect of exchange rate variation, the imported commodities were classified as intermediate input and final goods. A modified I-O Table Adjustment price model was proposed to meet this matter. It was demonstrated the model enables the researchers to measure the effect of exchange rate variation on the price indices of products, PPI, CPI and DSPI for different cases. In addition, it was also shown that the model is capable of being adapted to meet the case in which there are no final goods for any reason. Moreover, compared with previous studies, some advantages of the proposed model were highlighted. 
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