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ABSTRACT – Our present paper proposes to give snapshot views on the status-quo of the Romanian 

economy at the level of development regions. From a methodological perspective, the study is based on 

the construction of an aggregated national Input-Output table from the more detailed one of the 

National Institute of Statistics, followed by the derivation of regional tables using the non-survey GRIT 

technique. Quantitative sectoral interrelationships are going to be analysed based on multipliers, 

backward and forward linkages in order to identify key sectors within regional economies. This could 

serve as a baseline for assessing the impact of several policies of the European Union on the Romanian 

economy, such as the Cohesion Policy and the Common Agricultural Policy. The lower territorial 

approach – i.e. the construction of regional Input-Output models – used within the present study is in 

accordance with the European Union’s NUTS2 level policy design and planning philosophy on the one 

hand. On the other hand, this analytic direction makes possible the use of the results as a base for 

regional economic development strategy design, highlighting structural specificities and discrepancies 

among regions of the same country.  

 

Keywords: Input-Output methodology, regionalization, NUTS2 regions, GRIT technique, output 
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INTRODUCTION 

In terms of regional policy design, a “closer-than-national” view is absolutely necessary in 

order to depict local specificities, to identify specific economic structures, to highlight possible 

disparities on NUTS2 level that can occur in the structure of a nation’s economy. Examination of 

sectoral interrelationships within a region’s economy is essential when trying to capture the economic 

performance of the regional economy. Insight into the economic performance of the Romanian 

development regions are going to be given within the framework of present study by presenting 

quantitative sectoral relationships in every Romanian region’s economy. The paper consists of three 

main parts. Firstly, methodological aspects of Input-Output Analysis are discussed applied to the 

Romanian national economy for the year 2008. Secondly, regionalization procedure of the National 

Input-Output Table is being applied, using the non-survey GRIT method. In the third part of the study, 

output backward and forward linkages are derived from the regional models in order to identify the 

key economic sectors within each development region of Romania. Results obtained within the 

framework of the present paper could serve as a starting point for improved policy design, as well as 

for assessing the impact of several policies of the European Union on the Romanian economy, such as 

the Cohesion Policy and the Common Agricultural Policy.  
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INPUT-OUTPUT FRAMEWORK 

 At the base of Input-Output analysis stays the general equilibrium theory – this condition 

being fulfilled with supply equals demand – studying the national economies through a series of 

indices, using as a starting point the matrix of sectoral relationships. Input-Output methodology was 

introduced to the scientific public by Wassily Leontief in the year 1936 by his pioneer work in the 

field entitled “Quantitative input-output relations in the economic system of the United States”. In one 

of his later works, he referred to his prior work in the following way: “An attempt to apply the 

economic theory of general equilibrium – or better, general interdependence – to an empirical study of 

interrelations among the different parts of a national economy as revealed through covariations of 

prices, outputs, investments and incomes” (Leontief, 1941). The Input-Output approach treats the 

national economy as an interdependent system of various sectors.  

The last decade was characterised by growing interest in the field of economic analysis 

regarding Input-Output modelling. The method was mainly used as a methodological tool in the 

following broad research areas: 

 to rank sectors and/or subsectors in the view of determining their particular roles as well as to 

identify key or leading ones in within a national economy (Andreosso-O’Callaghan and Yue, 

2004; Bekhet, 2011; San Cristóbal and Biezma, 2006), the role of agriculture in the Romanian 

national economy (Vincze et al., 2004; 2006a; 2006b) 

 to analyse the particular characteristics of a specific sector and its role in a national economic 

context: e.g. construction sector (Kofoworola and Gheewala, 2010), forestry sector (Dhubháin 

et al., 2009), tourism (Beynon et al., 2009), real estate (Song and Liu, 2007); business process 

outsourcing sector (Magtibay-Ramos, 2008), to capture structural characteristics (Tzimos et 

al., 2007) as well as changes of structure over time on macroeconomic level (Bekhet, 2010; 

Andreosso-O’Callaghan and Yue, 2004) 

 to analyse production structure on the international level, making possible the comparison of 

similar sectors in different countries (San Cristóbal and Biezma, 2006),  

 to analyse interindustry linkages on the regional level: for identification of key sectors on the 

regional level, for regional strategic planning (Dhubháin et al., 2009; Midmore et al., 2006; 

Vincze et al., 2004; 2006a; 2006b)  

 as well as for economic planning and to measure different kinds of policy impact analyses, 

such as tourism impact analysis (Cai et al., 2006), effects of water supply restrictions 

(González, 2011), informing regional development policy (Midmore et al., 2006), measuring 

the impact of Structural and Cohesion Funds as well as of those of the Common Agricultural 

and Rural Development Policies (Vincze et al., 2004; 2006a; 2006b).  

      Input-Output modelling was introduced by Wassily Leontief, and has become a powerful tool 

in economic planning since then (San Cristóbal and Biezma, 2006). There are three basic components 

of the Input-Output Table: the Transactions Table, the Direct Requirements Table and the Total 

Requirements Table. We considered as a starting point the Romanian national Input-Output table 

referring to the year 2008 (from the National Institute of Statistics), that served as a base for the 

derivation of the regional Input-Output tables referring to the economies of each Romanian 

development region. The 89 industries of the National Input-Output Table for 2008 (in its most 

disaggregated form according to NACE Rev.2) had been consolidated into ten sectors. 

 

 REGIONALIZATION OF THE NATIONAL INPUT-OUTPUT TABLE 

In order to provide insight into the economic performance of the Romanian NUTS2 level 

regions, quantitative relationships between sectors of regional economies have been identified. From a 

methodological point of view, regional Input-Output models have been derived from the national one 

by applying the non-survey GRIT (Generation of Regional Input-Output Tables) technique (Mattas et 

al., 2006). This method was used to assess output, income and employment implications of pre- and 

post-accession EU funds in the Romanian rural economy, at the level of the North-West development 

region (Vincze et al., 2004; 2006a; 2006b). Afterwards it was used to capture climate change impact 
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on the Romanian economy – focusing on the analysis of the crop production of the North-West region, 

within the framework of the EU FP 6 CLAVIER project (Vincze et al., 2007; Bíró and Szőcs, 2009; 

Szőcs and Bíró, 2009a, 2009b, 2009c; Szőcs, 2011; Szőcs and Vincze, 2011). The GRIT technique 

was originally developed at the Department of Economics of Queensland University Australia by 

Jensen and others (Jensen et al., 1979; Hewings and Jensen, 1986). 

When constructing a NUTS2 level regional Input-Output Table one should follow the next 

five broad steps: aggregate the sectors of the national economy; compute the aggregated National 

Input-Output Table (NIOT); compute the Regional Direct Requirements Matrix (AR); calculate the 

remaining parts of the regional IO table (other than the elements of AR); finish computation of the 

complete RIOT.  

 

Aggregation of the sectors of the national economy 

The aggregation process is first of all grounded on the lack of further additional data regarding 

employment, income and GVA values at the 89-levelled disaggregated form. Additional data needed 

in the forthcoming regional modelling process – existing on different levels justifies the necessity of 

setting the degree of aggregation at ten sectors (Table 1.). The ten sectors were defined in the view of 

additional data availability needed in the Input-Output modelling process, including data need of 

specific steps of the regionalisation procedure. 

 

Table 1. The aggregation procedure applied to the sectors of the Romanian economy 

 

Sectors before aggregation 

(NACE classification rev. 2) 

Sectors after aggregation 

01-03 Agriculture, forestry and fishing 

05-09 Extracting industry 

10-33 Processing industry (light, heavy) 

35-39 Energy industry 

41-43 Construction 

45-47 & 55-56 Commerce, hotels, restaurants 

49-53 & 58-63 Transport, communication 

64-66 Financial intermediation and insurance 

68 Real estate activities 

69-99 Public administration and public services 
Source: own elaboration 

 

 Computation of the aggregated National Input-Output Table 

Computation of the aggregated National Input-Output Table (NIOT) has been made along the 

aggregation procedure indicated in Table 1, resulting the ten sector dimensioned National Input-

Output Table from the more detailed (89 sectors) one, referring to the year 2008. Elements of the 

National Direct Requirements Matrix (AN) were calculated as: 

 

 
where: 

 - denoted the value of input i required to produce 1 unit of value of good j (or: the share of the 

product of sector i that is used as an input by sector j); 

 - represents the production of sector i for sector j;  

 - represents the total production of sector j. 
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Computation of the Regional Direct Requirements Matrices (based on Mattas et al., 2006) 

When starting the computation of a Regional Input-Output Table, we used as a starting point 

the national direct requirements matrix, which is also called matrix of the technical coefficients. Thus, 

intermediate flows of the regional tables have been calculated based on the national intermediate 

flows. Then, there are two types of quotients, namely: Cross-Industry Location Quotient (CILQ) and 

Flegg and Weber Location Quotient (FLQ), the computation of which was a prerequisite for the 

construction of the Regional Input-Output Tables (RIOT).  

First, we calculated CILQ values as follows: 

 
where:   

 – is a nxn matrix containing  values; 

 – denotes the Gross Value Added of selling sector i in the region; 

 - denotes the Gross Value Added of selling sector i on national level; 

 - denotes the Gross Value Added of purchasing sector j in the region; 

 - denotes the Gross Value Added of purchasing sector j on national level. 

 
 

We mention here that several studies – this was the situation in the Romanian case studies 

within the REAPBALK (Vincze et al., 2004; 2006a; 2006b) and CLAVIER (Vincze et al., 2007; Bíró 

and Szőcs, 2009; Szőcs and Bíró, 2009a, 2009b, 2009c; Szőcs, 2011; Szőcs and Vincze, 2011) project 

as well – use the regional and national employment shares for the calculation of the CILQ. We 

constructed the CILQ statistical indicator based on GVA shares instead of employment shares –as we 

consider GVA superior to employment when reflecting the relative size of a region and as these data 

(GVA) were available on Romanian NUTS2 and sectoral level for the year 2008. We shall mention 

here that the complete regionalization procedure has also been accomplished using employment shares 

for the computation of the CILQ values, and this did not lead to significantly different results. 

 Secondly, we calculate FLQ using the CILQ calculated in the previous step: 

 

 

 
 

 
where: 

- is the nxn matrix of FLQij values;    

 - is a weighting factor reflecting the relative size of the region within the national economy; 

 – is the weighting parameter based on the size of the region using GVA shares, reflecting the 

relative importance of the economic activity in the region. 

 

As remaining at the GVA based estimation, the relative size of each region, values have 

been used for the computation of FLQij values. As a result, we obtained an nxn matrix of FLQ 

coefficients. We adjusted FLQij values where necessary, i.e. in cases where FLQij was larger than 0 but 
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less than 1 between any two selling and purchasing sector, we concluded that local demand cannot be 

covered by regional production, thus imports are needed in order to make up for this deficiency. 

Consequently, the respective technical coefficient had to be reduced by multiplying the one from the 

National Direct Requirements Matrix with the appropriate FLQij, thus eliminating the overestimation 

of regional inter-industry transactions. On the other hand, in cases when FLQij was larger than unity, 

we faced a situation when the supply offered by sector i is sufficient to meet the demand of purchasing 

sector j in the region, thus the national coefficient equals the regional coefficient in such cases. From a 

computational perspective this means that if FLQij>1, then FLQij has to be set as equal to 1. This way 

the multiplier – that of a unity – will enable national technical coefficients to keep their value in the 

regional coefficients’ matrix. 

 Thirdly – after adjusting FLQij where necessary – we calculated the elements of the Regional 

Direct Requirements Matrix in the following way: 

 

 
 

where: 

denotes the element of AR (nxn Regional Direct Requirements matrix) from the row i and 

column j; 

 
- denotes the element of AN (nxn National Direct Requirements matrix) from the row i and column 

j; 

- is the nxn matrix of adjusted FLQij values. 

 

Calculation of the remaining parts of the regional IO table (other than the elements of 

AR) (based on Mattas et al., 2006) 

In order to make possible the derivation of the remaining “output” (total output, final 

consumption expenditure and export values) and “input” sections (regional total inputs, compensation 

of employees and import values) and of the RIOT from the NIOT, above all we had to calculate the 

Simple Location Quotient (SLQ). SLQ values were calculated by multiplying the nxn diagonal matrix 

containing elements of regional sectoral GVA values with the inverse of the nxn diagonal matrix of 

national GVA values. Multiplying the result of the above procedure with the nx1 unity vector (i.e. a 

column vector which contains only elements of 1) we got the SLQ vector. After having calculated 

values of the SLQ vector (nx1), we executed a correction procedure. If the computed SLQij was larger 

than unity for any given sector, then we can assume that the shares used depict in a realistic way the 

regional situation regarding output. Thus, they shall be adjusted to 1. On the other hand, in cases when 

SLQij was less than unity, one can assume that the economic activity of the given sector is low in the 

region’s economy, consequently its sectoral output should be adjusted. In such cases, SLQij values are 

being used as they are, while SLQij values larger than one are reduced to 1. After correcting SLQij 

values along with the procedure presented above, by obtaining the diagonal matrix, we can 

compute using multiplication the values of regional sectoral inputs and outputs, final consumption 

expenditure, export and import, compensation of employees. 

 

Computation finalization of the complete RIOT  

The final step of the regionalization procedure is to calculate the intermediate flows among 

sectors of the regional economy, based on the regional technical coefficients’ or direct requirements’ 

matrix (as presented in step 3.). The values of the above-mentioned AR matrix shall be multiplied with 

the nx1 vector of total output values of each sector. After this, we shall construct the whole RIOT by 

putting the additional rows (compensation of employees, import, total input) and columns (final 

consumption expenditure, export, total output), down, respectively right next to the nxn intermediate 

flows’ matrix. Row-wise and column-wise “Other” vectors shall be calculated by a simple substraction 
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of 1xn total intermediate flows from total input row, and by the substraction of nx1 total intermediate 

flows from total output column.  

 

REGIONALIZATION OF THE NATIONAL INPUT-OUTPUT TABLE 

As direct result of the regionalization procedure, we obtain the regional Input-Output tables 

for each Romanian development region. Every RIOT has the same structure with the NIOT, i.e. 

contains the regional (in case of RIOTs) transactional matrix, with primary inputs below and final 

demand components right next to intermediate flows. The last row and the last column of the RIOT 

contain the regional total input values and the total regional output (production) values by sectors. The 

equilibrium of the IO tables is ensured by the fact that these values are sector-wise equal (e.g. total 

input value of the agriculture, forestry and fishing sector equals its total output value expressed in 

million lei current prices). This statement is valid both within the framework of the NIOT and within 

the framework of every constructed RIOT, separately. 

 

 
 

Figure 1. Total production of regions by economic sectors, 2008, million lei, current prices 
Source: own calculations based on RIOTs 

 

The first, obvious similarity of regional structures when analyzing Figure 1 and the associated 

Table 2 is that in the internal structure of every region, the third processing industry sector has the 

largest share in the creation of goods and services in regional economies. The highest shares of the 

above sector are noticeable in the regional economic structure of Centre (58.67%) and South-Muntenia 

regions (56.97%). Regarding the role of the agriculture, forestry and fishing sector in regional 

economies, its variable shares from 7% to 12% can be observed, with the exception of the capital city 

region: Bucharest-Ilfov, where the primary sector obviously has an insignificant share in the regional 

economic structure (agriculture, forestry and fishing sector has a 0.02% share, and extracting industry 

a 0.01% one). 
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Table 2. Production structure of regions by sectors, 2008 (%) 

 

  

North-

East 

South-

East 

South South-

West 

West North-

West 

Centre Bucharest- 

Ilfov 

1 Agriculture, forestry 

and fishing 12.26 10.75 8.66 8.46 6.91 7.91 6.80 0.02 

2 Extracting industry 3.24 0.80 8.63 10.95 3.31 2.06 1.37 0.01 

3 Processing industry 

(light, heavy) 36.07 44.83 56.97 39.64 51.31 51.33 58.67 27.30 

4 Energy industry 2.93 6.47 1.63 10.66 4.99 1.38 3.34 4.83 

5 Construction 9.51 9.95 5.63 8.25 6.97 8.17 7.00 17.54 

6 Commerce, hotels, 

restaurants 2.56 2.32 1.42 1.56 2.25 3.08 2.90 5.47 

7 Transport, 

communication 7.04 7.24 4.84 4.59 7.77 7.10 3.57 14.39 

8 Financial 

intermediation and 

insurance 0.72 0.52 0.31 0.39 0.47 1.10 0.83 5.38 

9 Real estate activities 5.55 3.69 3.85 3.14 4.56 4.39 4.28 6.34 

10 Public 

administration and 

public services 20.12 13.43 8.06 12.36 11.45 13.48 11.24 18.72 
Source: own calculations 

 

DERIVING MULTIPLIERS FROM THE REGIONAL INPUT-OUTPUT TABLES 

Intersectoral relationships in an Input-Output framework can be detected with the use of 

various linkages. The term multiplier is frequently used as a synonym to linkages. One of the most 

frequently used multipliers is the one measuring the effects of exogenous changes on output of the 

sectors in the economy (Bekhet, 2011). They measure the total change in output resulting from a unit 

change in a sector’s output. It shows the overall increase in the economy’s production that is needed to 

satisfy a unit increase in the final demand of the sector under examination. Especially for a sector j, the 

multiplier estimates the total value of output that is needed by all sectors of the economy to cover a 

monetary unit increase in the final demand of sector j.  

Over time, several researchers (among them pioneers: Chenery and Watanabe, 1958; 

Rasmussen, 1956; Hirschmann, 1958) suggested different approaches on how the above three linkages 

should be calculated using the Input-Output table as a starting point. Rasmussen-Hirschmann type 

linkages use as a starting point the Leontief inverse of the direct requirements matrix. If B denotes the 

Leontief inverse of the A matrix, then formally B = (I – A)
-1

. Sectoral interdependence relations in the 

view of Rasmussen and Hirschmann can be captured using the specific column and row-wise 

multipliers. 

 

Output backward (OBL) and forward linkages (OFL) have been calculated as follows:  
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where: 

denotes the Rasmussen-Hirschmann type output backward linkage coefficient of sector j 

denotes the Rasmussen-Hirschmann type output forward linkage coefficient of sector i 

B is the nxn Leontief inverse of the direct requirements matrix A, i.e. B = (I – A)
-1 

 

bij denotes the element from row i and column j of the B matrix 

 

CONCLUSION 

Hirschmann (1958) was the one, who introduced the notion of key sectors. In his view, for the 

grounding of appropriate policy and development strategy formation, it is essential to identify leading 

sectors, i.e. those that have the potential to create above-average impact in an economy. We 

considered as a starting point the Romanian national Input-Output table referring to the year 2008 

(from the National Institute of Statistics). The 89 industries of the National Input-Output Table for 

2008 (in its most disaggregated form according to NACE Rev.2) had been consolidated into ten 

sectors. For the derivation of the RIOTs, the non-survey GRIT technique had been used – as suggested 

by the literature. As a result of the regionalisation procedure, eight regional input-output tables 

(RIOTs) have been obtained, each reflecting the economic structure of the Romanian development 

regions as they were in 2008. Afterwards, for each sector of each region: output backward (OBL) and 

forward linkages (OFL) have been calculated in the view of identifying key sectors in local 

economies, as well as capturing intersectoral relationships.  

 

Table 3. Regional output backward and forward linkages and associated sector rankings for 2008 

 

 
Source: own calculations based on RIOTs 

 

Each region has its specific sector-wise set of push and pull capacity, i.e. output backward and 

forward linkages. For each regional linkage set, rankings were associated in within every region. In 

addition, in the case of absolute values, and regarding their positions in the ranking list, differences 

among regions are noticeable, meaning that a specific sector has different output backward and 
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forward capacity in different regions. However, one can also notice similarities: in all development 

regions the first position is occupied by the commerce, hotels, restaurants sector and the 10
th
 position 

by the extracting industry according to OBL values. On the other hand, taking OFL rankings, the first 

position is occupied by the processing industry sector and the 10
th
 by real estate activities – just as in 

the case of the national OFL ranking values. Significant difference is noticeable in the OBL position 

of the energy industry in the South-East region that – compared to other regions’ 2
nd

 position – here it 

is placed on the 6
th
. 
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