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Abstract

The importance of any sector in the economy can be estimated by examining the inter​industry linkage effects. The sector uses inputs from other industries in its production process. This reflects the sector’s backward linkage. Again, a sector may supply inputs to other industries. This indicates the forward linkage of the sector with other industries to which it supplies inputs. Thus, industries with large backward and forward linkages are termed “key” sectors, and play an important role in the development strategy of a country.

The aim of this paper is to conduct both backward and forward linkage analysis to determine the key growth sectors of the Turkish economy. Applying traditional methods of Chenery-Watanabe and Rasmussen , key sectors are determined, using 1998 input-output tables. 

1. Introduction

“After 1941, when W. Leontieff introduced the first tables (for the American economy), the input-output analysis became an indispensable means for studying numerous views on mutual intertwinements of sectors of the economy. Consequently, the input-output tables began to be used quite early (Rasmussen (1956), Chenery and Watanabe (1958)) for establishing the linkages between sectors of the economy. These linkages were studied on the side of inputs (the side of supply) to individual sectors (backward linkages) as well as on the side of outputs (the side of sales) of an individual sector to other sectors (forward linkages). The former as well as the latter represent how an individual sector is woven into the structure of the economy and how important it is. As early as 1958 Hirschman (Hirschman (1958)) introduced the analytical concept of the key sector of the economy as a sector with forward and backward linkages above average” (9).”In the literature numerous modifications of the basic procedures for establishing the key sectors and their use on data on different economies can be found (Strassert (1968), Hazari (1970), Laumas (1975), Bharadway (1976), Jones (1976), Schultz (1970, 1977), Rao and Harmston (1979), Cella (1984), Hewings (1989), Clements(1990), Heimler(1991), Dietzenbacher (1992), Dietzenbacher and Linden(1997)” (9).
 “The analysis of  linkages analysis, used to examine the interdependency in the production structures, was introduced to the field of input-output analysis in the pioneering work of Chenery & Watanabe (1958), Rasmussen (1956) and Hirschman (1958) on the use of linkages to compare international productive structures, and since that has been improved and expended in several ways and  many different methods have been proposed for the measurement of linkages coefficient. The measures, including backward and forward linkages, have widely been used for the analysis of both interdependencies between economic sectors, and for the formation of development strategies (Hirschman, 1958)”(1). A key sector is a sector which, on the one hand, is largely dependent on other industries, that is, it utilizes the products of other sectors in its production process, and on the other hand, other sectors use its output as an intermediate product in their production processes. Investments in key sectors would thus initiate economic development due to the tight interrelations with other production sectors.”(14)
The purpose of this paper is to examine the production structure of the Turkish economy, using the 1998 input-output tables (Turkish Statistical Institute, 2004). The analysis is based on two methods. First, the mutual linkages between sectors are analyzed on the basis of the method that was developed by Chenery and Watanabe, then on the basis of the Rasmussen method.

Starting with a basic methodological background for the analysis, various linkage methods will be reviewed briefly, together with their merits, limits and refinements by later writers. These methods are those of Chenery and Watanabe, Rasmussen. Linkage indicators for the two methods have been calculated for Turkish sectors and the analysis of the results is given. The last section of this paper represents an overall presentation of the findings of the analysis and contains some concluding remarks.
2. Methodological background for the analysis

An input-output table is made up of rows and columns, rows representing sectoral output and the columns representing sectoral purchases. The figures entered in each column of the table describe the input structure of the corresponding sector, whereas each row shows what happens to the corresponding output sector. General framework of traditional Input-Output table is given in Table 1. 
“An input-output table also consists of final demand and value added sections. As in an economy there are sales to purchasers who are more external or exogenous to the industrial sectors that constitute the producers in the economy, e.g. households, government, and foreign trade. The demand for these units and the magnitudes of their purchases from each of the industrial sectors are generally determined by considerations that are relatively unrelated to the amount being produced in each of the units. The demand from these external units, since it tends to the much more for goods to be used as such and not to be used as an input to an industrial production process, is generally referred to as final demand (Miller and Blair 1985). Final demand covers total consumption (private or public), capital formation, and exports. The row sum of intermediate demand and final demand equals the gross value of production. Similarly, the column sums of intermediate demand plus value added also equal the gross values of production of an industry (16).
Input-output tables provide a complete picture of the flows of products and services in the economy for a given year, illustrating the relationship between producers and consumers and the interdependencies of industries. The IO tables provide a wealth of detailed information about the purchases made by each sector of the economy in order to produce their own output, including purchases of imported commodities and their contribution to Gross Domestic Product(3).

Table 1  Framework of a Traditional Input-Output Table 
	
	Intermediate Demands
	Final

Demands
	Total output

	
	Sectors
	
	

	
	1, 2,……, n
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	Intermediate Inputs
	Sectors
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	Total Inputs
	
	
	Xj
	
	


General equations of Input Output Tables are:
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	Xn
	=
	 Xn1
	+
	 xn2
	+
	. .
	+
	 xnn
	+
	Yn 


	where:
	x
	=
	Input

	
	Y
	=
	Final demand

	
	X
	=
	Total output


For each sector i the value of total production (Xi) is the sum of the intermediate demand (xij) and final demand (Yi):

       
          n

Xi    = ∑xij +Yi ;
i= 1,….,n.
(1)

               
             j=1

The input coefficients form the basis of any input-output model and can also be seen as the actual flow of products from and to the different industries. A part of the input coefficient represents the total inputs that a specific industry purchases to be absorbed in the production process. The rest of the input coefficient will show the inputs for a specific product to be available in the economy. The input coefficients can be presented as follows:
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The input coefficients give valuable information on what the input structure is for a specific industry or product. Although the input coefficient matrix contains restricted information, it still serves as a basis for analysis by means of an input-output model.

The input coefficient can also be written as follows:
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(3)
	Where:
	 i 
	=
	1, . . . . , n

	
	 j
	=
	1, . . . . , n

	
	aij
	=
	Input coefficient ij

	
	xij
	=
	Input ij

	
	Xj
	=
	Total output j


Equation 3 is substituted into general equation, and the result is presented as follows:

	
	X1
	=
	a11 X1
	+
	a12 X2
	+
	. .
	+
	a1n Xn
	+
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	X2
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	+
	Y2 
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	Xn
	=
	an1 X1
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	an2 X2
	+
	. .
	+
	ann Xn
	+
	Yn 
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(4)
Equation (4) can be expressed in the fallowing matrix form
X=AX+Y



(5)

Transfer all the X’s in equation to the left-hand side. The result can be re-grouped as follows:

	
	Y1 
	=
	(1 – a11)X1
	-
	a12 X2
	-
	. .
	-
	a1n Xn

	
	Y2 
	=
	-   a21 X1
	+
	(1 - a22)X2
	-
	. .
	-
	a2n Xn

	
	. .
	
	. .
	
	. .
	
	. .
	
	. .

	
	. .
	
	. .
	
	. .
	
	. .
	
	. .

	
	Yn
	=
	-   an1 X1
	-
	an2 X2
	-
	. .
	+
	(1 - ann)Xn


This form can be written in a matrix format as follows:
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Equation 6 can also be written as follows:

X=(1-A)-1Y



(7)
	Where:
	
	
	

	
	(I – A)-1
	:
	Leontief inverse

	
	Y
	:
	Final demand

	
	I
	:
	Unit matrix

	
	A
	:
	Input coefficient matrix

	
	X
	:
	Total output


The inverse of technology matrix (I - A)-1 is called Leontief inverse or total requirements matrix. Let denote this matrix by matrix  L=(lij). 

A change in final demand causes ramification throughout the system. Equation 7can then be written as follows:

ΔX = (1-A)-1 ΔY



(8)

	Where:
	(Y
	=
	Change in final demand

	
	(X
	=
	Change in output / production


Ghoshian Allocation system
“Supply-driven model relates sectoral output to primary inputs and was first formulated by Ghosh (1958). The primary inputs consist of value added components. The core assumption of Ghoshian allocation system is that output distribution patterns of interindustry flows are proportionally fixed by sectoral origin. It is an alternative analog to the Leontief demand-side input-output model and widely is used in order to find forward linkages of the sectors of the economy. Let Vi represents the total value added payments of sector i. Knowing that the following input-output identity holds”(14):
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where Xi is the output of sector i and 
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 is the amount sector i supplies to all sectors in the economy for use of its output as inputs in their production process. With the assumption of fixed output coefficients the output coefficient matrix can be calculated as:
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(10)
The element of bij denotes the share of the output of sector i that flows to sector j. bij  is also known as technical output coefficients. Matrix form of the equation 9 is:
XT=XTB+VT



(11)
The solution of the equation (11)  with respect to sectoral output is:

XT ( I-B ) = VT
XT=VT ( I-B ) -1


(12)
Equation (1) says that for every nonnegative value added components there exists the vector of output XT . The matrix ( I - B )-1 = (gij) is called the Ghoshian inverse or the output inverse matrix. The exogenous variable in Ghoshian system is primary (value added) components of the economy, whereas the exogenous variable in Leontief system is final demand components.

2.1. The Analysis of Intersectoral Linkages

The methods dealing with intersectoral linkage measures may be summarized by two main categories. One refers to a traditional measurement based on the input (or output) coefficients and Loentief inverse (or Ghosian inverse) coefficients. The other is the hypothesis extraction method which mainly measures what happens to overall production when a sector is extracted hypothetically from the economy. 
2.1.1. Chenery-Watanabe Method

“In the field of linkage analysis, the most common method is based on both the Leontief demand-driven model for which the basic formula is known as: x = A x + y, and the supply-driven model for which the basic equation is as: x' = x'B + v. On the basis of the two models, the first attempts to supply quantitative evaluation of backward linkage and forward linkage were made by Chenery and Watanabe (1958) in their studies on the international comparison of productive structures. They suggest using the column sums of the input coefficient matrix A as measures of backward linkages. The strength of the backward linkages of a sector j is defined as”(1):
                        BLCj=
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           Where:

 BLCj denotes the backward linkage of sector j for the Chenery-Watanabe

 aij denotes the input coefficient matrix
The CW forward linkage is the sums of rows of matrix of the output coefficients that show the share of the production of an individual sector used in the production of all sectors. The strength of the forward linkages of sector i may be defined as: 
FLCi= 
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Where 
         FLCi denotes the forward linkage of sector i, 
         bij is the output coefficient of sector i to sector j.

The Chenery-Watanabe method, based on direct input (or output) coefficients, measures only the first round of effects generated by the inter-relationships between sectors. So, these indices can also be called direct backward and forward linkages. Although this method has been used until recently, it has gradually been set aside, mainly because of its neglect of indirect effects”(1).
“However, CW method has some disadvantages. “First, they take into account only the direct repercussions of an increase in the output of a given industry and ignore the indirect repercussions which may be very significant in many cases. Second, they are only average measures and do not bring out the extent of skewness in the input or the deliveries pattern of industries. Third, these are unweighted indices, which imply that all industries are of equal importance in an input-output table. As a matter of fact, different industries occupy different degrees of importance in bringing about a structural change in the economy. Therefore, in an effort to identify the key sectors in an economy a weighting structure is needed to bring out the relative strength of various industries in the economy” (14).

“The third deficiency in CW method may be corrected if we use weighted input (or output) coefficient instead of unweighted ones. For this reason the direct input coefficients are weighted in accordance to the importance of each sector in the final demand, and output coefficients are weighted in accordance to the importance of each sector in the total value added. In the demand-driven input-output model final demand is an exogenous variable that is why the share of sectors’ final demand to total final demand will be a good weight for identifying the relative strength of backward linkages of various industries in the economy. In the supply-driven input-output model value added (primary inputs) is an exogenous variable, thus a good weighting measure would be the share of a given sector’s value added to total value added in the economy, which highlights the relative strength of forward linkages of various sectors in the economy”(14). 
2.1.2. Rasmussen Method

Rasmussen (1956) proposed to use the column (or row) sums of the Leontief inverse, (I - A)-1, to measure intersectoral linkages. The backward linkage, based on the Leontief inverse matrix, is simply defined as the column sums of the inverse matrix, i.e.,

        BLRj=
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Where lij is the ij’th element of Leontief inverse matrix that is denoted by L, i.e., 
L = (I - A)-1. Sector j’s backward linkage, BLRj , reflects the effects of an increase in final demand of sector j on overall output; in other words, it measures the extent to which a unit change in the demand for the product of sector j causes production increases in all sectors.

Similarly, the corresponding forward linkage can be defined by reference to the rows of the Leontief inverse matrix. Thus a measure of forward linkage of sector i is as:

FLRi=
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It measures the magnitude of output increase in sector i, if the final demand in each sector were to increase by one unit; in other words, it measures the extent to which sector i is affected by an expansion of one unit in all sectors.
“Jones suggests using the row sum of the output inverse matrix derived from the output coefficient matrix (i.e., intermediate sales as share of total sales including final demand) to measure total forward linkages. This concept of forward linkage based on an output inverse matrix was introduced earlier by Augustinovics (1970)” (1,14). 
FLi = 
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Where gij is the ijth element of matrix G, FLi denotes the forward linkage of  sector i; it measures the extent to which a unit change in the primary input of sector i causes production increases in all sectors (1).
2.2. Index of overall intersectoral interdependence
For the Chenery-Watanabe method and the Rasmussen method, a feasible scheme is to weight the backward linkage indicators (or forward linkage indicators) by using the share of sectors in final demand (or primary inputs). The basic idea of a weighting average was proposed by Laumas (1976). Considering the relative importance of each sector in terms of final demand or primary inputs, indices of overall intersectoral interdependence are defined as:
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Where TOL are the index of overall intersectoral interdependence for the Chenery-Watanabe method and the Rasmussen method; α, is the share of sector j in final demand, β is the share of sector i in primary inputs. Khayum (1995) uses this type of indicator to examine the overall intersectoral interdependence in the United States. He argued that “this indicator measures the combined effect of all sectoral linkages that is attributable to an exogenous change in a unit’s worth of output or value-added. It also allows for a proper comparison of the overall backward or forward stimulus experienced by an economy over time since the backward and forward linkage indexes are weighted according to the relative importance of each sector in the economy” (Khayum, 1995, p35).
2.3. Key Sectors
The key sectors, that are the most important sectors for the economy, are the sectors, whose values of both backward linkage and forward linkage are above the corresponding average. For simplicity, the linkage indicators are normalized, such that their average is equal one. The normalized values of backward and forward linkages will be calculated on the basis of the following formulas:
NBL =nBLj/∑BLj
(20)
NFL = nFLi/∑FLi
(21)
The symbols stand for:
NBL = {BLj } - vector of normalized values of backward linkages;
NFL = {FLi} - vector of normalized values of forward linkages;
n - number of sectors in the input-output table.
“According to the size of the various linkage indicators all sectors of an economy may be grouped into four categories. If the values of both backward linkage and forward linkages of sector are all above the corresponding average (that is the normalized values of both backward and forward linkages is greater than 1), the sector is called as key   sector. If only the backward linkages of sector are greater than the average (only the normalized value of backward backward linkages is greater than one), the sector can be termed a strong backward linkages sector. Similarly, if only the forward linkages of sector are greater than the average (i.e. only the normalized value of forward linkages is greater than one), the sector is called a strong forward linkages sector. The fourth group refers to the weak linkages category. This is the case where a sector’s backward linkages and forward linkages are less than one”(14).
3. Data
The various measures of linkages discussed above have been computed for the Turkey 1998 Input-Output and Supply and Use Tables. The 1998 table were realeased by Department of National Accounts and Economic Indicator from Turkish Statistical Institute (TURKSTAT).The main source of data is the 1998 Input-Output and Supply and Use Tables in 97 sectors detailed according to International Standard Industry Classification (ISIC) revision 3. The 97*97 input-output table is aggregated into 29*29 level. The table’s 97 sectors were regrouped into 29 sectors to make it more manageable and amenable to mathematical software package available. 1998 IOT are available at basic prices and hence not effected by taxes. Some aggregation has been performed on the original data. 29 sectors/products from the original data arranged according to the two digits ISIC rev3. disagrregation level and resorting to the correspondence of sectors.
4. Emprical Results

Chenery-Watanabe method and Rasmussen method are used to calculate backward and forward linkages. Input coefficients  and output coefficients matrix as well as weighted input and output coefficient matrix are used for  Chenery-Watanabe method. Leontief inverse matrix, Ghoshian inverse matrix and also weighted Leontief inverse and weighted Ghossian  inverse are the base of Rasmussen method.  Normalized values of unweighted and weighted backward and forward linkages are the basic indicators.
4.1. The Linkage Analysis based of the Chenery-Watanabe method
The Chenery-Watanabe (CW) backward linkage is simply the sum of the appropriate column of a matrix of technical coefficients A, since its elements show where the production materials for the production of this sector come from. The CW forward linkage is the sums of rows of matrix of the output coefficients that show the share of the production of an individual sector used in the production of all sectors. Table 2 shows the normalized values of forward and backward linkages of 29 sectors in the economy of Turkey. Direct input and output coefficients as well as weighted directed input and output coefficients matrices were constructed. Table 1 also shows four groups of sectors according to CW method The letters in this table indicate which category a sector belongs to. The letters K, B, F and L denote key sector, strong backward linkages, and strong forward linkage and weak linkage categories, respectively.

In 1998 in Turkey according to CW method there were eleven key sectors. The sector is defined as the key sector if one of the weighted linkages or unweighted linkages or both of them show the strong backward and forward linkages. These key sectors are: Agriculture, hunting and forestry(1), manufacture of food products; beverages and tobacco(5), manufacture of wood and wood products(8), manufacture of pulp, paper and paper products; publishing and printing(9), manufacture of chemicals, chemical products and man-made fibers(11), manufacture of rubber and plastic products(12), manufacture of other non-metallic mineral products(13), manufacture of basic metals and fabricated metal products(14), wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods(21), transport, storage and communication(23), real estate, renting and business activities(25).

The sectors with strong backward linkages are  manufacture of textiles and textile products(6), manufacture of leather and leather products(7), manufacture of machinery and equipment n.e.c.(15), manufacture of electrical and optical equipment(16), manufacture of transport equipment(17), manufacture of transport equipment, manufacturing n.e.c.(18), construction(20), hotels and restaurants(22), education(27). Manufacture of textiles and textile products (6), construction(20), hotels and restaurants(22) are defined as strong forward linkages in both unweighted and weighted cases. 
The sectors with strong forward linkages are  mining and quarrying of energy producing materials(3), mining and quarrying except energy producing materials(4), manufacture of coke, refined petroleum products and nuclear fuel(10), electricity, gas and water supply(19), financial intermediation(24). Manufacture of coke, refined petroleum products and nuclear fuel(10), financial intermediation(24) are defined as strong forward linkages both weighted and unweighted case.
Table 2 also shows the four industries sectors, fishing(2), Public administration and defence; compulsory social security(26), Health and social work (28), Other community, social and personal service activities(29), have  weak linkages indicators.

Table 3 shows the ranking of backward and forward linkages. Manufacture of wood and wood products (8) has the highest unweighted backward linkages but this sector has also the lowest sixth weighted backward linkages.  The second ranking in both weighted and unweighted  is manufacture of food products; beverages and tobacco(5). The third ranking in unweighted backward linkages has manufacture of leather and leather products (7), while for weighted linkages it is transport, storage and communication (23). The lowest rankings of weighted and unweighted backward linkages have education (27). Mining and quarrying of energy producing materials (3) has the largest unweighted forward linkages. The weighted forward linkages in the first three ranking places agriculture, hunting and forestry(1), wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods(21), transport, storage and communication(23). The lowest rankings of weighted and unweighted forward linkages have education(27). 
	Table 2. Backward linkages and forward linkages for Chenery-Watanabe method

	
	
	Sectors
	Unweighted Linkages
	Weighted Linkages
	

	
	
	
	Backward linkages
	Forward linkages
	Backward linkages
	Forward linkages
	Results

	01
	AA
	Agriculture, hunting and forestry
	0.8432
	0.9681
	2.5331
	4.1436
	K

	02
	BB
	Fishing
	0.5036
	0.5770
	0.0570
	0.0901
	L

	03
	CA
	Mining and quarrying of energy producing materials
	0.7984
	2.4826
	0.0025
	0.4036
	F

	04
	CB
	Mining and quarrying except energy producing materials
	0.6321
	1.9620
	0.0280
	0.3824
	F

	05
	DA
	Manufacture of food products; beverages and tobacco
	1.6614
	0.6748
	4.2787
	1.0902
	K

	06
	DB
	Manufacture of textiles and textile products
	1.4011
	0.7963
	2.1775
	0.8769
	B

	07
	DC
	Manufacture of leather and leather products
	1.6209
	0.9139
	0.2375
	0.0738
	B

	08
	DD
	Manufacture of wood and wood products
	1.7782
	2.0214
	0.1172
	0.2543
	K

	09
	DE
	Manufacture of pulp, paper and paper products; publishing and printing
	1.2063
	1.8132
	0.1859
	0.5737
	K

	10
	DF
	Manufacture of coke, refined petroleum products and nuclear fuel
	0.2764
	2.0833
	0.0581
	2.2465
	F

	11
	DG
	Manufacture of chemicals, chemical products and man-made fibres
	1.1958
	1.1793
	0.6708
	0.5432
	K

	12
	DH
	Manufacture of rubber and plastic products
	1.2990
	1.0219
	0.4250
	0.2362
	K

	13
	DI
	Manufacture of other non-metallic mineral products
	1.2007
	2.0707
	0.1620
	1.0311
	K

	14
	DJ
	Manufacture of basic metals and fabricated metal products
	1.3586
	1.8629
	0.6438
	1.3639
	K

	15
	DK
	Manufacture of machinery and equipment n.e.c.
	1.2225
	0.5169
	0.8813
	0.2609
	B

	16
	DL
	Manufacture of electrical and optical equipment
	1.0560
	0.4641
	0.5886
	0.1707
	B

	17
	DM
	Manufacture of transport equipment
	1.2466
	0.2910
	0.8842
	0.1248
	B

	18
	DN
	Manufacturing n.e.c.
	1.0051
	0.1173
	0.7117
	0.0473
	B

	19
	E
	Electricity, gas and water supply
	0.6367
	1.8399
	0.1727
	1.5705
	F

	20
	F
	Construction
	1.2328
	0.0576
	4.7383
	0.1467
	B

	21
	G
	Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods
	0.5202
	0.7617
	1.7943
	4.0261
	K

	22
	H
	Hotels and restaurants
	1.2731
	0.5843
	1.4880
	0.5926
	B

	23
	I
	Transport, storage and communication
	0.8305
	0.7564
	3.2416
	3.3519
	K

	24
	J
	Financial intermediation
	0.8696
	1.4286
	0.9923
	3.2822
	F

	25
	K
	Real estate, renting and business activities
	0.7393
	0.8541
	1.0527
	1.7606
	K

	26
	L
	Public administration and defence; compulsory social security
	0.0000
	0.0000
	0.0000
	0.0000
	L

	27
	M
	Education
	1.0802
	0.2402
	0.1405
	0.0271
	B

	28
	N
	Health and social work
	0.5782
	0.0659
	0.2848
	0.0335
	L

	29
	O
	Other community, social and personal service activities
	0.9335
	0.5944
	0.4517
	0.2955
	L

	
	
	
	
	
	
	
	

	Table 3. Ranking of  backward and forward linkages for  1998



	
	
	Backward linkages
	Forward  Linkages

	
	Sectors
	CW
	Rasmussen
	CW
	Rasmussen

	
	
	UBL
	WBL
	UBL
	WBL
	UBL
	WBL
	UBL
	WBL

	01
	AA
	Agriculture, hunting and forestry
	    19
	    4
	    19
	    4
	    12
	    1
	    12
	    1

	02
	BB
	Fishing
	    27
	    26
	    27
	    26
	    21
	    24
	    21
	    24

	03
	CA
	Mining and quarrying of energy producing materials
	    21
	    28
	    22
	    28
	    1
	    15
	    1
	    15

	04
	CB
	Mining and quarrying except energy producing materials
	    24
	    27
	    24
	    27
	    5
	    16
	    5
	    16

	05
	DA
	Manufacture of food products; beverages and tobacco
	    2
	    2
	    3
	    2
	    18
	    9
	    18
	    9

	06
	DB
	Manufacture of textiles and textile products
	    4
	    5
	    4
	    5
	    15
	    11
	    15
	    11

	07
	DC
	Manufacture of leather and leather products
	    3
	    19
	    2
	    19
	    13
	    25
	    13
	    25

	08
	DD
	Manufacture of wood and wood products
	    1
	    24
	    1
	    24
	    4
	    19
	    3
	    19

	09
	DE
	Manufacture of pulp, paper and paper products; publishing and printing
	    11
	    20
	    11
	    20
	    8
	    13
	    4
	    13

	10
	DF
	Manufacture of coke, refined petroleum products and nuclear fuel
	    28
	    25
	    28
	    25
	    2
	    5
	    2
	    5

	11
	DG
	Manufacture of chemicals, chemical products and man-made fibres
	    13
	    13
	    12
	    13
	    10
	    14
	    10
	    14

	12
	DH
	Manufacture of rubber and plastic products
	    6
	    17
	    7
	    17
	    11
	    20
	    11
	    20

	13
	DI
	Manufacture of other non-metallic mineral products
	    12
	    22
	    13
	    22
	    3
	    10
	    8
	    10

	14
	DJ
	Manufacture of basic metals and fabricated metal products
	    5
	    14
	    5
	    14
	    6
	    8
	    7
	    8

	15
	DK
	Manufacture of machinery and equipment n.e.c.
	    10
	    11
	    10
	    11
	    22
	    18
	    22
	    18

	16
	DL
	Manufacture of electrical and optical equipment
	    15
	    15
	    15
	    15
	    23
	    21
	    23
	    21

	17
	DM
	Manufacture of transport equipment
	    8
	    10
	    8
	    10
	    24
	    23
	    25
	    23

	18
	DN
	Manufacturing n.e.c.
	    16
	    12
	    14
	    12
	    26
	    26
	    26
	    26

	19
	E
	Electricity, gas and water supply
	    23
	    21
	    23
	    21
	    7
	    7
	    6
	    7

	20
	F
	Construction
	    9
	    1
	    9
	    1
	    28
	    22
	    28
	    22

	21
	G
	Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods
	    26
	    6
	    26
	    6
	    16
	    2
	    17
	    2

	22
	H
	Hotels and restaurants
	    7
	    7
	    6
	    7
	    20
	    12
	    20
	    12

	23
	I
	Transport, storage and communication
	    20
	    3
	    20
	    3
	    17
	    3
	    16
	    3

	24
	J
	Financial intermediation
	    18
	    9
	    18
	    9
	    9
	    4
	    9
	    4

	25
	K
	Real estate, renting and business activities
	
	
	
	
	
	
	
	

	26
	L
	Public administration and defence; compulsory social security
	    22
	    8
	    21
	    8
	    14
	    6
	    14
	    6

	27
	M
	Education
	    29
	    29
	    29
	    29
	    29
	    29
	    29
	    29

	28
	N
	Health and social work
	    14
	    23
	    16
	    23
	    25
	    28
	    24
	    28

	29
	O
	Other community, social and personal service activities
	    25
	    18
	    25
	    18
	    27
	    27
	    27
	    27


4.2. The Linkage Analysis based of the Rasmussen Method
Table 4 shows the normalized values of backward and forward linkages and also normalized weighted backward and forward linkages of industries of Turkey for 1998 based on Rasmussen method. The key sectors have been defined in the same way as in previous section. There are ten key industries for Rasmussen method. Manufacture of rubber and plastic products (12) is no longer a key sector according to Rasmussen method and is defined as a sector with strong backward linkages. It may be the result of insignificancy of indirect effects in this sector. This is because that these sectors contributed small effect to the economy final demand and value added. This share of the economy final demand are 1,07 percent. Accordingly the share of total primary inputs are equal to 0,65 percent. Strong forward linkages and weak linkages sectors, using Rasmussen method, are the same as strong forward linkages and weak linkages sectors of Chenery- Watanabe method.

Although Manufacture of wood and wood products (8), manufacture of pulp, paper and paper products; publishing and printing(9), Manufacture of chemicals, chemical products and man-made fibers (11), are defined as the key according to unweighted Rasmussen indicators, Agriculture, hunting and forestry (1), Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods (21), transport, storage and communication (23), real estate, renting and business activities (25) are founded as key sectors for weighted Rasmussen method. Both unweighted and weighted linkages show that manufacture of coke, refined petroleum products and nuclear fuel (10), financial intermediation (24), electricity, gas and water supply (19) are defined as strong forward linkages. 

Manufacture of textiles and textile products(6), construction(20), hotels and restaurants(22) are defined as strong forward linkages in both unweighted and weighted cases. manufacture of coke, refined petroleum products and nuclear fuel(10), Financial intermediation(24) are defined as strong forward linkages both weighted and unweighted case.
In Table 3 summurized the ranking of backward and forward linkages. Agriculture, hunting and forestry(1)has the highest weighted forward linkages. The second and third ranking in weighted forward linkages are  wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods(21), transport, storage and communication(23).  The first two ranking in unweighted forward linkages have mining and quarrying of energy producing materials(3), manufacture of coke, refined petroleum products and nuclear fuel(10). The lowest rankings of weighted and unweighted forward linkages have education (27). Ranking of the weighted Chenery-Watanabe forward linkages and weighted Rasmussen forward linkages are the identical.

	
	
	Table 4. Backward linkages and forward linkages for Rasmussen method

	
	
	Sectors
	Unweighted Linkages
	Weighted Linkages
	

	
	
	
	Backward linkages
	Forward linkages
	Backward linkages
	Forward linkages
	Results

	01
	AA
	Agriculture, hunting and forestry
	0.9308
	0.9700
	1.0179
	1.0357
	K

	02
	BB
	Fishing
	0.8201
	0.8090
	0.9891
	0.9897
	L

	03
	CA
	Mining and quarrying of energy producing materials
	0.9015
	1.8971
	0.9885
	0.9933
	F

	04
	CB
	Mining and quarrying except energy producing materials
	0.8445
	1.3693
	0.9888
	0.9930
	F

	05
	DA
	Manufacture of food products; beverages and tobacco
	1.2365
	0.8504
	1.0385
	1.0010
	K

	06
	DB
	Manufacture of textiles and textile products
	1.1684
	0.9064
	1.0137
	0.9985
	B

	07
	DC
	Manufacture of leather and leather products
	1.2791
	0.9549
	0.9912
	0.9895
	B

	08
	DD
	Manufacture of wood and wood products
	1.3468
	1.3822
	0.9898
	0.9915
	K

	09
	DE
	Manufacture of pulp, paper and paper products; publishing and printing
	1.0580
	1.3801
	0.9906
	0.9952
	K

	10
	DF
	Manufacture of coke, refined petroleum products and nuclear fuel
	0.7387
	1.4007
	0.9891
	1.0143
	F

	11
	DG
	Manufacture of chemicals, chemical products and man-made fibres
	1.0514
	1.0777
	0.9962
	0.9948
	K

	12
	DH
	Manufacture of rubber and plastic products
	1.1065
	0.9945
	0.9933
	0.9914
	B

	13
	DI
	Manufacture of other non-metallic mineral products
	1.0447
	1.2220
	0.9903
	1.0002
	K

	14
	DJ
	Manufacture of basic metals and fabricated metal products
	1.1367
	1.2980
	0.9958
	1.0039
	K

	15
	DK
	Manufacture of machinery and equipment n.e.c.
	1.0887
	0.7881
	0.9986
	0.9916
	B

	16
	DL
	Manufacture of electrical and optical equipment
	1.0186
	0.7703
	0.9952
	0.9906
	B

	17
	DM
	Manufacture of transport equipment
	1.1061
	0.7147
	0.9986
	0.9901
	B

	18
	DN
	Manufacturing n.e.c.
	1.0424
	0.6560
	0.9966
	0.9892
	B

	19
	E
	Electricity, gas and water supply
	0.8543
	1.3614
	0.9904
	1.0064
	F

	20
	F
	Construction
	1.0887
	0.6397
	1.0428
	0.9904
	B

	21
	G
	Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods
	0.8215
	0.8974
	1.0091
	1.0340
	K

	22
	H
	Hotels and restaurants
	1.1084
	0.8272
	1.0058
	0.9955
	B

	23
	I
	Transport, storage and communication
	0.9115
	0.9033
	1.0258
	1.0266
	K

	24
	J
	Financial intermediation
	0.9330
	1.1572
	0.9999
	1.0260
	F

	25
	K
	Real estate, renting and business activities
	0.9043
	0.9436
	1.0006
	1.0086
	K

	26
	L
	Public administration and defence; compulsory social security
	0.6511
	0.6192
	0.9884
	0.9887
	L

	27
	M
	Education
	1.0054
	0.7228
	0.9901
	0.9890
	B

	28
	N
	Health and social work
	0.8400
	0.6414
	0.9917
	0.9891
	L

	29
	O
	Other community, social and personal service activities
	0.9623
	0.8455
	0.9936
	0.9921
	L

	30
	P
	Private households with employed persons
	
	
	
	
	

	31
	Q
	Extra-territorial organisations and bodies
	
	
	
	
	

	
	
	
	
	
	
	
	


5.  Conclusion
This study has investigated the production structure and the intersectoral linkages of Turkish economy for 1998. The analysis was undertaken at the relatively disaggregated level of industries for which data are available. These are twenty nine production sectors. This work is an attempt to empirically identify key sectors. Indices of backward and forward linkages based on Chenery-Watanabe, Rasmussen methods were calculated. Backward and forward linkages show how much each industry buys from and sells to other industries, directly and indirectly caused by the unit increase in final demand and primary inputs. So for the development strategy it is very important to determine which industries posses high backward and forward linkages. Then stimulating final demand or primary inputs namely of these industries could positively influence the economic activity of the country.
The ten top ranked industries in relation to backward and forward linkages are represented on Table 5.  This table also indicates those industries which feature as key sectors in both backward and forward linkages. Ranks of weighted Chenery- Watanabe backward linkages are the same as ranks of weighted Rasmusen backward linkages. Also, ranks of weighted forward linkages are identical according to these methods.
In relation to backward linkages,  the following five industries among the ten strongest backward linkage industries in both the weighted and unweighted cases. These are  the manufacture of food products; beverages and tobacco(DA), the construction(F), the manufacture of transport equipment (DM), hotels and restaurants(H), manufacture of textiles and textile products(DB).  The agriculture sector (AA), transport, storage and communication (I), wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods(G), public administration and defence; compulsory social security (L), financial intermediation(J) are ranked among the top ten backward linkages in the weighted but not in the unweighted case.
The forward linkage industries are manufacture of coke, refined petroleum products and nuclear fuel (DF), manufacture of basic metals and fabricated metal products(DJ), manufacture of other non-metallic mineral products (DI), electricity, gas and water supply(E), financial intermediation(J). These four sectors are included among the six strongest forward linkage sectors in both unweighted and weighted cases. mining and quarrying of energy producing materials (CA), mining and quarrying except energy producing materials (CB), manufacture of wood and wood products(DD), manufacture of pulp, paper and paper products; publishing and printing(DE) sectors are ranked as a forward linkage industries in the unweighted case, while transport, storage and communication (I) is the third most significant forward linkages in the weighted case.
Table 5.  Top 10 Ranking of Backward and Forward Linkages
	 
	Backward linkages
	 
	Forward linkages

	 
	CW
	Rasmussen
	CW and Rasmussen
	CW
	Rasmussen
	CW and Rasmussen

	 Ranks
	Unweighted
	Unweighted
	Weighted
	Unweighted
	Unweighted
	Weighted

	1
	DD
	DD
	F
	CA
	CA
	AA

	2
	DA
	DC
	DA
	DF
	DF
	G

	3
	DC
	DA
	I
	DI
	DD
	I

	4
	DB
	DB
	AA
	DD
	DE
	J

	5
	DJ
	DJ
	DB
	CB
	CB
	DF

	6
	DH
	H
	G
	DJ
	E
	L

	7
	H
	DH
	H
	E
	DJ
	E

	8
	DM
	DM
	L
	DE
	DI
	DJ

	9
	F
	F
	J
	J
	J
	DA

	10
	DK
	DK
	DM
	DG
	DG
	DI


In order to find out the key sectors of Turkey the results of CW, Rasmussen, methods are presented together in the Table 6. It had been found out that in 1998 in Turkish economy there were ten sectors that belonged to the category of key sectors. The sector is defined as the key sector if one of the weighted linkages or unweighted linkages or both of them show the strong backward and forward linkages. In 1998 in Turkey, there were eleven key sectors.  These key sectors are: Agriculture, hunting and forestry(1), manufacture of food products; beverages and tobacco(5), manufacture of wood and wood products(8), manufacture of pulp, paper and paper products; publishing and printing(9), manufacture of chemicals, chemical products and man-made fibers(11), Manufacture of other non-metallic mineral products(13), manufacture of basic metals and fabricated metal products(14), wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods(21), transport, storage and communication(23),real estate, renting and business activities(25). Although manufacture of rubber and plastic products (12) is founded as a key sector according to Chanery and watanabe method, it is defined as strong backward linkages according to Rasmussen method. Strong forward linkage and weak linkages indicators of the two methods are also consistent each other.

	Table 6. Key sectors (K), sectors with strong backward linkages (B), sectors important to forward linkages (F) and sectors with low linkages (L) in Turkish economy for 1998


	
	
	Sectors
	CW 
	Rasmussen
	Results

	01
	AA
	Agriculture, hunting and forestry
	K
	K
	K

	02
	BB
	Fishing
	L
	L
	L

	03
	CA
	Mining and quarrying of energy producing materials
	F
	F
	F

	04
	CB
	Mining and quarrying except energy producing materials
	F
	F
	F

	05
	DA
	Manufacture of food products; beverages and tobacco
	K
	K
	K

	06
	DB
	Manufacture of textiles and textile products
	B
	B
	B

	07
	DC
	Manufacture of leather and leather products
	B
	B
	B

	08
	DD
	Manufacture of wood and wood products
	K
	K
	K

	09
	DE
	Manufacture of pulp, paper and paper products; publishing and printing
	K
	K
	K

	10
	DF
	Manufacture of coke, refined petroleum products and nuclear fuel
	F
	F
	F

	11
	DG
	Manufacture of chemicals, chemical products and man-made fibres
	K
	K
	K

	12
	DH
	Manufacture of rubber and plastic products
	K
	B
	KB

	13
	DI
	Manufacture of other non-metallic mineral products
	K
	K
	K

	14
	DJ
	Manufacture of basic metals and fabricated metal products
	K
	K
	K

	15
	DK
	Manufacture of machinery and equipment n.e.c.
	B
	B
	B

	16
	DL
	Manufacture of electrical and optical equipment
	B
	B
	B

	17
	DM
	Manufacture of transport equipment
	B
	B
	B

	18
	DN
	Manufacturing n.e.c.
	B
	B
	B

	19
	E
	Electricity, gas and water supply
	F
	F
	F

	20
	F
	Construction
	B
	B
	B

	21
	G
	Wholesale and retail trade; repair of motor vehicles, motorcycles and personal and household goods
	K
	K
	K

	22
	H
	Hotels and restaurants
	B
	B
	B

	23
	I
	Transport, storage and communication
	K
	K
	K

	24
	J
	Financial intermediation
	F
	F
	F

	25
	K
	Real estate, renting and business activities
	K
	K
	K

	26
	L
	Public administration and defence; compulsory social security
	L
	L
	L

	27
	M
	Education
	B
	B
	B

	28
	N
	Health and social work
	L
	L
	L

	29
	O
	Other community, social and personal service activities
	L
	L
	L

	30
	P
	Private households with employed persons
	
	
	

	31
	Q
	Extra-territorial organisations and bodies
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