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ABSTRACT

Results for the Input-Output Matrix (IOM) of the Metropolitan Area of Maringá (MAM) for 1999 are provided. MAM has 8 municipal districts, a population of approximately 500 thousand inhabitants and is located in the state of Paraná, southern Brazil. Assembling Location Quotient Method is used in matrix. Basic data include Brazilian IOM, secondary data related to the area, and data collected in an economic census that is being carried out in the municipality of Maringá (a.k.a. the “Green City” due to its high number of trees per inhabitant, it is the largest in the Metropolitan Area, with approximately 62% of the population and 78% of the value added). IO methods of analysis, such as multipliers, forward and backward linkage indexes, key sectors and fields of influence, are used. Results will be used by a Development Council for impact analysis on new investments, growth planning and bottlenecks identification. 
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1 INTRODUCTION 


The Metropolitan Area of Maringá (MAM) includes the municipal districts of Ângulo, Iguaraçu, Mandaguaçu, Mandaguari, Marialva, Maringá, Paiçandú and Sarandi. Lying in the Northwest of the state of Paraná, in the southern region of Brazil, it may be said to be the last development pole within the Londrina-Maringá axis, towards the northwestern section of the state, actually its “natural” influence area. As may be seen in Table 1, MAM answered, in 1999, for 2.14% of the Value Added of the Primary Sector, 2.48% of the Secondary Sector, 5.60% of the Commercial Sector, 5.51% of the Services Sector, amount to a total of 3.42% of the Value Added in the state of Paraná. 
Table 1. Metropolitan Area of Maringá (MAM), population and value added by sector (R$ 1000 of 1999). 

	Municipal district 
	Population 
	Sector 
	Total 

	
	
	Primary 
	Secondary 
	Commercial 
	Services 
	

	Ângulo
	2,762
	7,909
	256
	446
	211
	8,822

	Iguaraçu
	3,500
	11,505
	2,124
	960
	331
	14,920

	Mandaguaçu
	16,970
	18,550
	3,619
	2,268
	2,033
	26,470

	Mandaguari
	28,687
	14,289
	42,815
	7,409
	5,651
	70,164

	Marialva
	26,399
	33,320
	14,524
	8,316
	4,535
	60,695

	Maringá
	280,634
	37,191
	357,304
	435,590
	194,601
	1,024,686

	Paiçandú
	29,519
	13,995
	10,501
	5,246
	1,635
	31,376

	Sarandi
	66,011
	6,420
	42,950
	12,675
	9,835
	71,879

	MAM
	454,482
	143,178
	474,093
	472,909
	218,832
	1,309,011

	Paraná
	
	6,690,030
	19,134,612
	8,441,680
	3,968,458
	38,234,780

	MAM/Paraná (%)
	
	2.14
	2.48
	5.60
	5.51
	3.42


Sources: Population: MARINGÁ, Opportunity of Investments - CD-ROM; Value Added: IPARDES. 

Economic-based concepts originated precisely from the need to predict the effects of new economic activities in cities or regions (Schaffer, 1999). For instance, a new city company employs a certain number of people. They will surely depend on others to supply them with food, home, clothing, education, security and other items. The question that economists and planners are urged to answer is: What are the indirect effects of this new activity on employment and income in the community? With the above estimates it is possible to plan the necessary social infrastructure to support those people. The input-output models, among other concepts, are a better source to obtain multipliers than models of multiple regression analysis, since the latter present limitations imposed by the number of available observations for significant coefficients in the estimates. Since economic-based models focus economy demand, they ignore supply or the productive nature of investments. They are thus merely short run approaches.

According to Schaffer (1999), the representation of transactions in matrix form allows a better perception on interaction between the sectors. 


It is possible to obtain from such information the amount of inputs that each sector demands from the other ones, generating a matrix of production coefficients. Numbers show the proportions in which enterprises combine goods and required products for the production of their products (these are fixed suppositions and a reasonable procedure for short run analysis). This matrix will help calculate the impacts of a change in the Final Demand over the economy as a whole, the so-called multiplier effect, as given in Shikida & Alves (1999). 

Accepting economical development as the restructuring of the production apparatus as a whole, there is a concomitant factor by which the input-output models constitute themselves analytical instruments capable of evidencing not merely the impact of change, but also of the direct and indirect effects resulting from the implantation of new industries. Total effect is the sum of both direct and indirect effects, while multipliers may be easily converted into household income and employment multipliers. 


Studies of regional input-output usually quantify the impact on the sectors of a certain region which has been caused by changes in the final demands by regional products. The first regional studies with input-output models (Isard & Kuenne, 1953; Miller, 1957) used a national matrix of technical coefficients with an adjustment process. They estimated the characteristics of certain regional economies, since no specific coefficients were extant for the analyzed areas. This adjustment process consisted of estimating supply percentages for each sector in a certain region (Miller & Blair, 1985). Henceforth, several authors have developed techniques to analyze inter-regional and international relationships from the basic input-output theory. 


According to Miller & Blair (1985), there are two basic items within a regional economy that affect the characteristics of a regional input-output study. The first item deals with the fact that, despite the national input-output matrix is a kind of data average on individual producers located in specific regions of the country, the production structure in a certain region may be either identical or largely different from that given by the national matrix. The second item refers to the fact that, the smaller the economical region, the more dependent its commercial economy is on foreign trade (for sales of regional products and purchases of necessary inputs for production). Consequently, the relative importance of export and import vectors will undergo alterations. 


The Leontief model, initially elaborated for studies on the internal relationships of the economy of a country, has been adapted for the analysis of a specific region and for studies on its relationship with others. A classification of inter-regional input-output models and their extension for international input-output models may be found in Montoya (1998, item 4.2). In fact, the above author developed an international input-output matrix of the Mercosur for 1990.


Concerning models of a single region developed for the entire Brazilian economy, matrixes for the North and Northeast regions of Brazil for 1980 and 1985, prepared respectively by Silva et al. (1994) and Silva et al. (1992), should be enhanced.


Another important experience in the building of matrixes for large regions in Brazil has been researched by Parré (2000) and Parré & Guilhoto (2001). These authors obtained the Brazilian inter-regional input-output matrix by the dis-aggregation of the IBGE national input-output matrix for 1985, 1990 and 1995 in 5 areas, according to IBGE classification (North, Northeast, Center-West, Southeast, South). The methodological basis adopted in the research was that by Crocomo (2000), who followed the inter-regional model developed by Isard (1951), and the techniques for obtaining inter-regional coefficients. 

2. AIMS 

The general objective of the present research is to evaluate aspects of the productive structure of the Metropolitan Area of Maringá. The following specific objectives will be met: 

· obtaining the Input-Output Matrix (IOM) of the state of Paraná for 1999; 

· building the Input-Output Matrix of the Metropolitan Area of Maringá for 1999; 

· calculating Linkages Indexes (Hirschman-Rasmussen and Pure) and Field of Influence for the Metropolitan Area of Maringá for 1999. 

A modification was deemed necessary with regard to this paper's initial objectives. Since the employment of data of the economic census occurred later than expected, the use of the RAS method was impaired. Then, census information has been merely used to verify the consistence of results. 

3 METHODOLOGY 


It should be emphasized that the Brazilian Institute of Geography and Statistics (IBGE) employs data collected from all regions to build aggregate data for the whole country.  In the state of Paraná data source is the Paraná Institute for Economical and Social Development (IPARDES). It has been observed, however, that there was no direct compatibility between IPARDES data and IBGE ones, since the latter had to make some adjustments when working out aggregations for Brazil. An intermediate stage became necessary to construct the IOM of the MAM, or rather, the building of an IOM for the state of Paraná. The “internal” consistence of IBGE data was thus possible. The 1999 Paraná IOM was exclusively obtained from IBGE data and regionalization done by Location Quotients. The Paraná IOM was henceforth used as a base for assembling the 1999 IOM of the MAM. In this case the regionalization and concomitant updating for 1999 was also done by the Location Quotient method with MAM data from IPARDES. 

3.1 Obtaining regional coefficients 


According to Miller & Blair (1985), simple location quotient for sector i in region R is defined as: 
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where:

XiR
is total output of i sector in region R;

XiN
is total output of i sector in country N;

XR
is total output of region R;

XN
is total output of country N.

Quotient is interpreted as follows: the numerator is the participation of sector i (of area R) in total output of region R; the denominator demonstrates the portion of sector i (of country N) in the national total output. In other words, ratio LQiR compares the importance of sector i for a given region with the importance of the same sector for total country. 


Accordingly, if 
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, sector i is more localized, or concentrated, in area R than in the country as a whole; therefore this sector, in this specific area, may be export-oriented (Miller & Blair, 1985). On the other hand, when 
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, sector i is less concentrated in region R than in the country as a whole; therefore, a potential importer exists in this area. 


When overestimation of the value output for some sector exists, coefficients may have to be placed in equilibrium. In our study, such equilibrium was made for total Intermediate Consumption, since its data and their relationship to total output for Brazil were already available. 


Location quotient vector was obtained from data on Gross Value of Production for MAM and from IPARDES for the state of Paraná. 

3.2. Interindustry Linkages and Key Sectors 

Techniques of sector analysis are given below. 

3.2.1 Rasmussen-Hirschman linkage indexes

According to Leontief (1951), intersectoral flows in a given economy may be expressed by economic and technological factors from a system of simultaneous equations: 
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where X is a vector (n x 1) that denotes the value of the total output per sector; Y is a vector (n x 1) of the value of final sectorial demand; and A represents the matrix (n x n) of the technical production coefficients, or rather, the matrix of direct input coefficients of (n x n). Vector of final demand in this model is usually dealt with as exogenous, and thus the vector of total output is determined by the final demand vector: 
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where B is the matrix of direct and indirect inputs (n x n), or Leontief's matrix. In 
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 must be taken as total output of sector i that is necessary to produce a unit of final demand of sector j. 

Rasmussen-Hirschman Forward (FLI) and Backward Linkage Indexes (BLI) (Rasmussen, 1956 and Hirschman, 1958) may be calculated from the above model. In fact, indexes establish the sectors that would have the greatest linkage power within the economy. Key-sectors are sectors with indexes higher than 1. 

Backward Linkage Indexes (dispersion power) and Forward Linkage Indexes (dispersion sensitivity) are respectively obtained by: 
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where B is Leontief's inverse matrix; B* is the average of all elements in B; 
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 are respectively the sum of a column and of a typical line of B; n is the number of sectors in the economy.

Backward Linkage Index denotes the amount a sector demands from other sectors, whereas Forward Linkage Index denotes how much a sector is demanded by the others. 

3.2.2 Field of influence

Although the Rasmussen-Hirschman linkage indexes evaluate the importance of the sectors in terms of their impact on the system as a whole, they impair the visualization of the main connections inside the economy, that is, which coefficients, if altered, would have a larger impact on the system as a whole. Trying to overcome this problem and verify how the influence of each sector is distributed over the other sectors of the economy, the field influence approach developed by Sonis & Hewings (1989 and 1994) is proposed. 

The field of influence concept describes how changes in direct coefficients are distributed in the economic system as a whole. It determines which relationships among the sectors would be the most important in the productive process. The field of influence concept turns up to be a supplementary analysis to Rasmussen-Hirschman linkage indexes, since the main connection links in the economy will appear in the sectors that have the highest forward and backward linkage indexes. 

Calculation of field of influence requires direct coefficient matrix 
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 should also be defined. Corresponding Leontief's inverse matrixes are expressed by 
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. According to Sonis & Hewings (1989; 1994), if the variation is small and occurs in only one direct coefficient, or rather:
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the field of influence of this variation may be expressed by:
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where 
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 is a matrix (n x n) of the field of influence of coefficient aij.

To determine which coefficients will have the greatest field of influence, the association of a value to each matrix 
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 is necessary. Value is represented by:


[image: image22.wmf]ij

k

n

l

n

kl

ij

S

f

=

å

å

=

=

1

1

2

[

(

)]

e


(9)

where Sij is the value associated to the matrix; therefore, direct coefficients with the highest Sij values will be those with the greatest field of influence in the economy as a whole. 

3.2.3. Pure Linkage Indexes

According to Guilhoto, Sonis & Hewings (1996) and Guilhoto, Hewings & Sonis (1997), the pure index of forward, backward and total intersectoral linkages measure the importance of a given sector for the rest of the economy in terms of its output value. 

Let's analyze a matrix of direct input coefficients A representing an input-output system for a given sector j and for the rest of the economy: 
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where  Ajj  and  Arr  are squared matrixes of direct inputs of sector j and of the rest of the economy (economy minus sector j), respectively; Arj and Ajr are rectangular matrixes showing, respectively, the direct inputs bought by the sector j from the rest of the economy and the direct inputs bought by the rest of the economy from sector j.

From equation (25) the following expression may be formulated: 
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whose elements are: 
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From equation (26) the production process in the economy may be verified and a set of multipliers/linkages represented by the matrixes may be derived. 

From equation (26) together with Leontief's formulation given as: 


[image: image29.wmf](

)

Y

A

I

X

1

-

-

=

,
(16)

a set of indexes may be derived that may be employed not only to classify sectors in terms of  importance in output value but also to verify how the production process occurs in the economy. 

From (26) and (31), the following expression is obtained: 
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from which the definitions of Pure Backward Linkage Index (PBL) and of Pure Forward Linkage Index (PFL) may be derived: 


[image: image31.wmf]j

j

rj

r

Y

A

PBL

D

D

=


(18)


[image: image32.wmf]r

r

jr

j

Y

A

PFL

D

D

=


(19)

PBL is the pure impact of total output value of sector j over the rest of the economy 
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PFL is the pure impact of total output value of the rest of the economy over sector j,
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. Since PBL and PFL are expressed in current values, Pure Total Linkage Index (PTL) of each sector in the economy may be obtained by their sum:

PTL  = PBL + PFL
(20)

Values of pure linkage indexes may be normalized by mean value of the economy's sectors in such a way that index values indicate the number of times a given sector is more or is less important than the average of all sectors of the economy. Pure indexes may be used for a direct comparison of the relative importance of the economy's sectors with different sizes and money. Normalized pure indexes are also employed for long-period comparisons in economies with inflationary condition or in which their monetary standard has been altered. 

4. Results 
4.1– Linkage Indexes 


Linkage Indexes reflect the interactions among sectors of the economy as demanding factors of products from other sectors (Backward Linkage Indexes) or as demanded by other sectors (Foreward Linkage Indexes). Rassmussen-Hirschman's Indexes and Pure Indexes are now given. Basic difference between the two is that the latter are given in monetary values. 

Table 2 and Figure 1 present the Rasmussen-Hirschman Forward and Backward Linkage Indexes for the 22 sectors of MAM in 1999. Since the economy's key sectors are those in which both indexes are greater than 1 (McGilvray, 1977), Chemical Industry (11), Food Products (16), Textiles (14), Industrial Services of Public Utility (ISPU) and Communications (18), Commerce (20) and Cargo Transportation (21) are key-sectors in the economy of the Metropolitan Area of Maringá. 

If the relaxation hypothesis for this criterion is employed, as suggested by Guilhoto & Picerno (1995), in which a sector is considered an economy's key-sector if it has, at least, one of its indexes greater than 1, an individualized reading for each type of linkage index may be undertaken. When the backward linkage index that represents the power of linkage of a sector as the demanding factor from other sectors is considered, 11 out of the 22 sectors form key-sectors. Food Products (16), Plastic Industry (13), Wood and Furniture (8), Textiles (14), ISPU and Communications (18) are the most prominent. 

When a similar analysis is undertaken for the FLI, nine sectors have been considered key-sectors in MAM: Chemical Industry (10), Commerce (34), ISPU and Communications (18), Services (22) and Agriculture (1) had the highest values. This boils down to the fact that they form the sectors with a higher linkage as "input" suppliers for other sectors.

Table 2 - Rasmussen-Hirschman's Backward Linkage Index (BLI) and Forward Linkage Index (FLI) for the Metropolitan Area of Maringá, 1999. 

	
	Sectors 
	BLI 
	Order 
	FLI 
	Order 

	1 
	Agriculture 
	0.972
	13
	1.132
	5

	2
	Mining 
	0.850
	21
	0.703
	22

	3
	Non-metallic Minerals
	0.968
	15
	0.779
	13

	4
	Metallurgy 
	0.933
	18
	1.020
	8

	5
	Mechanical Industry 
	0.888
	20
	0.754
	15

	6
	Electric Materials 
	0.964
	16
	0.750
	17

	7
	Transport Parts
	0.935
	17
	0.723
	18

	8
	Wood and Furniture 
	1.110
	3
	0.847
	11

	9
	Cellulose, Paper, Print 
	0.979
	12
	0.754
	16

	10
	Rubber Industry 
	1.011
	10
	0.768
	14

	11
	Chemical Industry
	1.004
	11
	2.503
	1

	12
	Pharmaceutical Industry
	1.036
	9
	0.704
	21

	13
	Plastic Industry
	1.116
	2
	0.887
	10

	14
	Textiles
	1.107
	4
	1.002
	9

	15
	Clothes and Shoes 
	1.042
	7
	0.718
	19

	16
	Food Products 
	1.208
	1
	1.053
	7

	17
	Other industries 
	0.971
	14
	0.715
	20

	18
	ISPU and Communications 
	1.085
	5
	1.478
	3

	19
	Civil Construction 
	0.907
	19
	0.788
	12

	20
	Commerce 
	1.041
	8
	1.557
	2

	21
	Cargo Transportation 
	1.044
	6
	1.123
	6

	22
	Services 
	0.830
	22
	1.238
	4


Source: Results from research. 
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Figure 1: Rasmussen-Hirschman Backward Linkage Index (BLI) and Forward Linkage Index (FLI) for the Metropolitan Area of Maringá (MAM), 1999 


Table 3 gives results in terms of Pure Indexes. Since index is built in terms of monetary values, the Pure Backward Linkage Index (PBL) may be added to the Pure Forward Linkage Index (PFL) to obtain the Pure Total Linkage Index (PTL) for each sector. For visualization sake, Table 3 presents Pure Indexes as averages and their respective classification. In relative terms the most prominent sectors for PBL are Food Products (16), Commerce (20), Services (22), Civil Construction (19) and Cargo Transportation (21). In the case of PFL the highest values are associated to the Chemical Industry (11), Agriculture (1), Commerce (20), Services (22) and Cargo Transportation (21) sectors. Finally, the outstanding sectors for PTL are Food Products (16), Commerce (20), Chemical Industry (11), Farming (1) and Services (22). 

Table 3 - Normalized Pure Backward Linkage (PBL), Forward (PFL) and Total (PTL) Indexes, for the Metropolitan Area of Maringá, 1999 

	Sectors 
	PBL 
	Order 
	PFL 
	Order 
	PTL 
	Order 

	1
	Agriculture 
	1.275
	6
	4.429
	2
	2.845
	4

	2
	Mining 
	0.000
	22
	0.000
	22
	0.000
	22

	3
	Non-metallic Minerals 
	0.090
	16
	0.219
	13
	0.154
	14

	4
	Metallurgy 
	0.321
	12
	0.623
	8
	0.471
	10

	5
	Mechanical Industry
	0.084
	17
	0.157
	14
	0.120
	16

	6
	Electric Materials 
	0.136
	14
	0.125
	15
	0.131
	15

	7
	Transport Parts
	0.099
	15
	0.042
	19
	0.071
	19

	8
	Wood and Furniture 
	0.871
	7
	0.236
	12
	0.555
	9

	9
	Cellulose, Paper and Print 
	0.072
	18
	0.120
	16
	0.096
	17

	10
	Rubber Industry 
	0.063
	19
	0.088
	17
	0.075
	18

	11
	Chemical Industry 
	0.807
	9
	5.136
	1
	2.963
	3

	12
	Pharmaceutical Industry
	0.007
	21
	0.002
	21
	0.005
	21

	13
	Plastic Industry
	0.266
	13
	0.561
	9
	0.413
	13

	14
	Textiles
	0.451
	11
	0.413
	10
	0.432
	11

	15
	Clothes and Shoes 
	0.824
	8
	0.016
	20
	0.421
	12

	16
	Food Products 
	7.627
	1
	0.704
	7
	4.179
	1

	17
	Other industries 
	0.044
	20
	0.048
	18
	0.046
	20

	18
	ISPU and Communications 
	0.656
	10
	1.502
	6
	1.077
	7

	19
	Civil Construction 
	1.510
	4
	0.372
	11
	0.943
	8

	20
	Commerce 
	3.667
	2
	3.441
	3
	3.555
	2

	21
	Cargo Transportation
	1.419
	5
	1.685
	5
	1.552
	6

	22
	Services 
	1.710
	3
	2.082
	4
	1.895
	5


Source: Results from research. 


The difference between the classification results of the pure indexes and those of Rasmussen-Hirschman indexes is that the former take into account monetary values which are weight factors of the sectors' linkage power. 


Influence field complements the analysis of linkage indexes in so far as it identifies relationships between the key-sectors of the economic structure under analysis. According to Hewings et al. (1989), changes in certain coefficients may cause greater alterations than if these changes occur in other sectors. The concept of the field of influence becomes useful for the identification of these sectors in so far as it verifies which coefficients, when altered, would have a greater impact on the system as a whole. 

Results for the Metropolitan Area of Maringá in 1999 are given in Figure 2. They show that the variations causing the greatest changes in the region's economy belong to sectors 11 (Chemical Industry), 18 (ISPU and Communications), 16 (Food Products) and 14 (Textile Industry). 
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Figure 2: Field of Influence. Metropolitan Area of Maringá, 1999. 

Source: Results of research. 

5. CONCLUDING REMARKS

The first point to highlight is that, although difficulties are still extant, there has been an improvement in the kind of information available to researchers, without which it would not have been possible to build input-output matrixes at regional level. Another point is the employment of a two-step procedure, or rather, national and state data for IOM of the state of Paraná, and state and municipal data for IOM of the Metropolitan Area of Maringá. 


Another interesting point is that the municipality of Maringá, the main one in the Metropolitan Area, is just over 50 years old. Nevertheless, results show that, in spite of its insertion in an agricultural environment, the sector Farming has a relatively lower importance than expected. Indeed, a greater development of other activities exists, such as commerce, services and industry that are prominent in the Metropolitan Area's productive structure. The Chemical Industry, Food Products, Textile Industry and Commerce are extremely vigorous sectors. Such results are associated to the fact that the Metropolitan Area of Maringá assumes a condition of “regional pole”.

Finally, it may be verified from the results of the economical census of November and December 2001 that, in the context of enterprises in the Metropolitan Area, 47.2% are services, 42.6% are commerce and a mere 10.2% form the industrial sector. Although the size of the above enterprises is not given, data indicate that results of our study may contain an underestimation of the service sector. A deeper analysis of the census data will surely improve these results. 
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		13		15		12,735

		10		13		12,732

		12		21		12,717

		21		5		12,715

		3		20		12,707

		3		22		12,697

		10		3		12,677

		4		5		12,667

		2		1		12,664

		2		4		12,632

		21		17		12,630
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		13		5		12,559
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		4		2		12,493

		20		3		12,481

		1		15		12,480

		13		17		12,475

		3		10		12,446
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		13		12		12,412

		9		20		12,399

		9		22		12,389

		13		2		12,386

		3		13		12,354

		10		9		12,345

		3		3		12,326

		1		5		12,307

		22		10		12,299

		19		20		12,298

		2		21		12,288
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