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MULTIPLIERS OF ROMANIAN ECONOMIC STRUCTURE:

AN ANALYSIS IN TERMS OF INPUT-OUTPUT MODEL’

This paper analyzes the structure of Romanian economy in 2006 and 2008 to identify the eco-
nomic sectors for investment using the European structural and cohesion funds. Thus, we calculate
the values of multipliers for intermediate consumption, gross value added, compensation of employ-
ees, final consumption, gross fixed capital formation, export and import. For this analysis we use
the input-output model on the aggregate structure of Romanian economy with 15 sectors for which
we recommend to invest European structural and cohesion funds.
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1. Introduction. The Cohesion Policy represents the EU's main instrument to
achieve harmonious development of the European Union. This is based on a broad
vision that encompasses not only economic development of poor regions and support
for vulnerable social groups, but also environmental sustainability and respect of ter-
ritorial and cultural characteristics of different parts of the EU. This wide vision is
reflected in the variety of programs, projects and partners receiving support based on
this policy.

The European structural and cohesion funds, as it was demonstrated by the
experience of member states that joined the EU in the '80s (Spain, Portugal, Greece
and Ireland), had a strong impact on their EU economies. For Central and Eastern
Europe countries that joined the EU, Popa (2012) presents an overview of the litera-
ture regarding the impact of the structural and cohesion funds, as well as the factors
that influenced the absorption rate. How European structural and cohesion funds
were absorbed and the distribution depending on destination — for infrastructure,
human capital development or direct for economic actions — have produced a dis-
tinct impact in each member state receiving these funds.

The Cohesion Policy influences the economy through a combination of the
demand and supply channels. The demand short-term effects occur as a consequence
of political decisions to increase the revenues and expenditures related to cohesion
policy initiatives. Through multiplier effects, these will propagate in all components
of the domestic consumption (e.g., total investment, private consumption, imports
etc.) and internal output and national income, too.

Romania can not report performance in terms of European funds absorption.
What remains to do for the programming period 2007—2013 is the implementation of
the priority measures concerning the administrative capacity, communication and
human resources (Popa, 2011), leading to a genuine "leap of absorption" and an
effective use of these resources. Regarding the next programming period 2014—2020,
it is necessary to identify the economic sectors for investment using European struc-
tural and cohesion funds and to elaborate the National Reform Plan that has to rep-
resent the master plan of economic and social development of Romania in the men-
tioned period.

Given these goals, the objective of this paper is to analyze the structure of
Romanian economy in order to establish the economic sectors for investment using
European structural and cohesion funds. Thus, we calculate on the aggregate structure
of Romanian economy with 15 sectors the multipliers for intermediate consumption,
gross value added, compensation of employees, final consumption, gross fixed capital
formation, export and import. For this we used the input-output model.

The paper is structured in 5 chapters.

The second chapter briefly describes the input-output model and the represen-
tative applications of this model in Romanian economy.

The third chapter presents the methodology and the data used with the focus on
specific components of the aggregated structure used.

The fourth chapter is reserved for the analysis of the results obtained by calcu-
lating the multipliers for intermediate consumption, gross value added, compensa-
tion of employees, final consumption, gross fixed capital formation, export and
import.
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The last chapter is reserved for conclusions.

2. Overview of the model. The input-output model allows among others to esti-
mate the cumulative impact (direct and indirect or induced) of various components
of final demand on the productive sector. The propagated effects of final demand can
be determined starting from the so-called technical coefficients matrix or Leontief
matrix (named after the Nobel laureate for economics), who used it for the first time
in the economic analysis of inter-branch connections).

Also, the input-output model can find resolution for a very complex theoretical
and practical problem, namely the interdependencies between the compartments
structures within the national economy. In addition, the structural economic models
try to quantify, using some coefficients, the intensity of flows between the branches of
national economy, and to catch the trend of the economic structural changes. These
analyses provide valuable elements to determine the conditions required to comply
with the rational proportions of normal functioning of the economic complexity.

We can use several ways to calculate the multipliers by input-output model. In
this study we use the version applied by L. Voinea et al. (2010). According to them,
the estimation of the propagated effects is made through the inverse matrix resulted
from the solution of the intersectoral relations system, built in turn on the technolog-
ical coefficients matrix. The basic equation of this system, that has to be solved, writ-
ten in a matrix form, is as follows:

Ax +y =X, (1)
where A is the technical coefficients matrix; x is the column vector of branches total
production, and y is the vector of final demand. By algebraic transformation we
obtain:

(I-Ax =y, (2
where / is the unit matrix.

We can estimate the production vector through y multiplier, as follows:

x*=(1-A)"y, (3)
where (/ — A)” is the inverse matrix of (/ — A) matrix. The condition that the system
can be solved and accordingly the multiplier has real values, is the determinant of the
later to be non-zero.

The structure of the input-output model has been incorporated into national
accounts in many developed countries. Also, it has been used to study the regional
economies within a nation and to measure the economic impacts of events, invest-
ments or public programs.

Several authors have used the input-output model, as A. Matei (2007)
approached the problem of local development using the public utility services within
the general framework of the input-output analysis, as vectors of development. The
empirical application carried out by Braila Municipality refers especially to the mul-
tiplying effects of some activities or services within local economic development, as
well as the studies of impact and forecast on short or medium term.

L. Voinea et al. (2010) estimated the values for the final demand multipliers and
for its main components (household consumption, public consumption, investments,
exports) and they examined various correlations between indicators, using an aggre-
gated sectoral structure with 43 sectors, for the period 2000—2007.
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V. Gaftea, A. Popa (2012) also analyzed the intersectoral relations, the stability
of each sector and established the sectors with the highest driving effect on an aggre-
gated sectoral structure with 15 sectors for 2006 and 2008.

To pursue these studies and to analyze the structure of Romanian economy to
establish the economic sectors which we recommend for investment of European
structural and cohesion funds, the paper aims to determine the values of multipliers
for intermediate consumption, gross value added, compensation of employees, final
consumption, gross fixed capital formation, export and import, for an aggregate sec-
toral structure with 15 sectors of Romanian economy.

3. The methodology and data. Basing on the data from the input-output table,
published annually for 105 branches of the national economy by the National
Institute of Statistics, we calculated the values of multipliers for intermediate con-
sumption, gross value added, compensation of employees, final consumption, gross
fixed capital formation, export and import for 2006 and 2008. We choose the years
2006 and 2008 because these are the reference years for Romanian economy, namely
2006 is the pre-accession year and 2008 is the first year after accession, as well as a
reference year before the economic crisis.

To achieve this study, 105 branches of the national economy were aggregated into
15 sectors deemed representative for the current configuration of Romanian econo-
my (Dobrescu, 2009). Table 1 explains the correspondence of the initial classification
(105 branches) with the new more aggregated classification (15 sectors).

Table 1. The aggregated sectoral structure

sector Branch codes (of the classification based on
Code sector name 105 branches) included in the respective sector
1 Agriculture, forestry and fishing 1....
2| Mining 7..17
3 | Food, beverages and tobacco 18...27
4 | Strong labor intensive sector 28..32, 77
5 | High energy intensive sector 33, 35...40, 43...59
6 Machinery, equipment and complex 60...65
technological lines
7 High-tech sector 34, 67...71
8 Transport sector 72...76
9 Production and distribution of electric 79. 89
and thermal power
10 | Other industry sectors 41, 42, 66, 78
11 | Constructions 83
12 | Trade and business 84, 96...97
13 | Tourism 85, 86, 93
14 | Transports, post and telecommunications 87..92, 94..95
15 | Public services 98...105

The aggregated sectoral structure takes into account the main features of the
respective sectors. Thus, the first group includes the branches that significantly
depend on the climate conditions. The production of the second one uses unskilled
human resources and advanced medium technology, its production being essentially
influenced by the peculiarities of mineral deposits. All industries linked to agriculture
are integrated into the third group. The fourth comprises a large variety of labour
intensive sectors — textiles, leather, pulp and paper, wood processing, furniture. The
next one includes the industries that use a very high level of energy resources (signif-
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icantly higher that the national average). The sixth group covers the machine build-
ing branches, the seventh brings together the electrical and optical equipment indus-
tries, as well as publishing houses, polygraphy, recording and copying, and the eighth
includes the industries for increasing the speed and/or the security of transportation.
This group of sectors has a crucial role in the investment process and modern civi-
lization. The ninth group represents the quasi-generally used energy utilities. The rest
of manufacturing, characterized by a great heterogeneity, constitute the seventh
group. All infrastructures, productive and civil constructions are included in the next
group. The twelfth aggregates the service activities. Travel services are reflected sepa-
rately in the thirteenth group. The fourteenth one is dedicated to transport and
telecommunications. Finally, the fifteenth group aggregates the public service activi-
ties.

4. The results regarding the multipliers of the national economy sectors. The mul-
tipliers for intermediate consumption, gross value added, compensation of employ-
ees, final consumption, gross fixed capital formation, export and import were
obtained based on the ratio of the weight of the analyzed indicators in production and
inverse matrix (/ — A)”’ from input-output model.

The values regarding the weight of the analyzed indicators in production for the
two years, 2006 and 2008, are presented in Tables 2 and 3, namely: the weight of inter-
mediate consumption, gross value added, compensation of employees, final con-
sumption, gross fixed capital formation, exports and imports in total production of
each branch (x).

Table 2. The weight of the analyzed indicators in output for 2006, %

sector CI/Q GVA/Q | Comp empl/Q| FC/Q | GFCF/Q| Exp/Q Imp/Q
1 50.00 49.49 12.24 48.74 0.30 312 333
2 65.00 34.90 2515 0.39 0.00 3.45 133.08
3 62.00 37.64 11.00 98.88 0.00 2.35 14.22
4 59.00 41.05 30.53 43.54 4.70 97.23 61.78
5 75.00 25.00 14.29 39.60 0.00 51.02 54.80
6 60.00 40.18 25.82 8.78 75.82 43.61 101.65
7 57.00 42.67 17.85 4719 59.85 54.85 120.81
8 58.00 42.14 15.84 58.58 94.34 38.21 83.54
9 79.00 20.62 11.86 25.09 0.00 1.42 1.37
10 57.00 42.81 20.80 188.43 0.00 35.40 170.87
11 54.00 45.62 15.86 5.70 73.60 1.35 1.28
12 38.00 62.09 17.03 3491 0.00 0.62 094
13 54.00 45.66 13.47 85.72 0.00 13.44 15.26
14 43.00 56.43 21.83 27.61 0.00 21.35 6.22
15 46.00 5417 36.41 66.58 3.28 3.00 5.10

Source: Authors’ own computations.

To determine the inverse matrix (/ — A)™' from input-output model, first we cal-
culate the values of the matrix A (the data would be provided by the authors upon a
request). The analytical valences indicated by the matrix A is limited to direct inter-
dependencies between the branches of the national economy, and the inverse matrix
(I = A)" add the indirect interdependencies.

In the case of inverse matrix (/ — A)™', the coefficients on the vertical, expressed
in prices can be summed up. In fact, they approximate the output of all industrial
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branches induced by one unit of final demand addressed to the sector relative to the
vertical in question. Thus, in the inverse matrix (/ — A)™', the coefficients on the main
diagonal have over unit values. The vertical sums of the inverse matrix (/ — A)™" are
called output multipliers.

Table 3. The weight of the analyzed indicators in output for 2008, %

sector CI/Q GVA/Q | Comp empl/Q| FC/Q | GFCF/Q| Exp/Q Imp /O
1 48.00 47.00 14.44 46.90 0.28 5.73 5.73
2 42.00 38.00 37.90 0.53 0.00 4.67 200.78
3 53.00 37.00 13.61 98.63 0.00 3.07 14.99
4 41.00 42.00 35.79 44.79 10.08 88.28 53.84
5 55.00 27.00 17.21 34.40 0.00 48.76 57.05
6 43.00 41.00 30.46 7.27 85.64 41.27 104.06
7 43.00 42.00 22.16 47.49 59.20 60.53 120.87
8 32.00 43.00 16.70 44.34 104.26 39.90 79.71
9 49.00 20.00 12.89 22.58 0.00 1.94 2.33
10 30.00 44.00 25.63 216.04 0.00 32.60 162.10
1 23.00 47.00 14.81 7.22 73.87 1.01 1.27
12 23.00 59.00 17.50 34.49 0.00 1.48 1.15
13 34.00 46.00 1515 86.02 0.00 14.09 11.34
14 12.00 57.00 23.49 27.87 0.00 20.88 9.87
15 17.00 55.00 38.77 63.33 3.32 4.76 3.04

Source: Authors’ own computations.

The output multipliers express the driving effect of that sector in the economy.
The higher is the indicator value the greater is the driving effect. Thus, both in 2006
and 2008, among the sectors with the highest driving effect are: sector 9 — production
and distribution of electric and thermal power, sector 5 — high energy-intensive sec-
tor, sector 2 — mining and sector 6 — machinery, equipment and complex technolog-
ical lines.

According to the results, based on the inverse matrix (/ — A)™', we calculated the
values of the multipliers for intermediate consumption, gross value added, compen-
sation of employees, final consumption, gross fixed capital formation, export and
import. The figures below present the absolute values of the results.

Analyzing the results we find that the sectors with the higher value of the inter-
mediate consumption multiplier are: sector 2 — mining, sector 5 — high energy-
intensive sector, sector 9 — production and distribution of electric and thermal power.

The sectors with the highest GVA multiplier, which shows a high economic effi-
ciency of these sectors, are: sector 2 — mining, sector 5 — high energy-intensive sec-
tor, sector 9 — production and distribution of electric and thermal power, sector 12 —
trade and business, sector 14 — transport, post and telecommunications, sector 15 —
public services.

The results concerning the compensation of employees multiplier indicates that the
following sectors have the highest values: sector 2 — mining, sector 5 — high energy-
intensive sector, sector 9 — production and distribution of electric and thermal power,
sector 14 — transport, post and telecommunications, sector 15 — public services.

The sectors with the highest values for the final consumption multiplier are: sec-
tor 3 — food, beverages and tobacco, sector 5 — high energy-intensive sector, sector
15 — public services.
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Source: Authors' own computations.
Figure 1. Output multipliers

Regarding the gross capital formation multiplier, the sectors with the highest val-
ues are: sector 5 — high energy-intensive sector, sector 6 — machinery, equipment and
complex technological lines, sector 7 — high-tech industries, sector 8 — means of
transport industries, sector 11 — constructions.

In terms of export multiplier, the following sectors have the highest values: sec-
tor 2 — mining, sector 4 — strong labor intensive industries, sector 5 — high energy-
intensive sector, sector 7 — high-tech industries, sector 9 — production and distribu-
tion of electric and thermal power; in terms of import multiplier, the sectors with the
highest values are: sector 2 — mining, sector 5 — high energy-intensive sector, sector
7 — high tech industries.

Analyzing the data we can observe the key appearance of sector 2 — mining, sec-
tor 5 — high energy-intensive sector, sector 9 — production and distribution of elec-
tric and thermal power, which means, unfortunately, that Romanian economy con-
tinues to be in a loop of underdevelopment. At this point, we consider that Romania
is currently at the technology assimilation stage, rather than in the technology cre-
ation stage. However, no matter the wish to "burn" the development stages, we must
take into account the structural gap that separates us from European model. The
direct effect of the development level of Romanian economy is the extension of the
period necessary to become comparable with European model. Basically, the leap
favored by the insider condition of Romania will not be at the expected size and con-
sequences on citizens' welfare. Romania's structural persistence in the periphery of
the EU is a serious challenge for European model of integration and an historical
emergency for Romanian people and their status in the pre-global world of tomorrow
(Dinu, Socol, 2007).

Considering European model which assumes economic growth, social cohesion
and convergence, Romania needs to channel the resources from European structural
and cohesion funds for the operation on the trinomial "growth — development —
modernization". Thus, we consider appropriate to invest European structural and
cohesion funds in the following economic sectors: sector 6 — machinery, equipment
and complex technological lines, sector 7 — high-tech industries, sector 8§ — means of
transport industries, sector 12 — trade and business, sector 13 — tourism, sector 14 —
transports, post and telecommunications.
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Source: Authors' own computations.

Legend: The abscissa represents the 15 sectors of the aggregate structure of the national econ-
omy; The ordinate contains the absolute values of the multipliers.

Figure 2. Multipliers of the structure of Romanian economy
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5. Conclusions. We analyzed the structure of Romanian economy in 2006 and
2008 to identify the economic sectors for investment using European structural and
cohesion funds Thus, we calculated the values of multipliers for intermediate con-
sumption, gross value added, compensation of employees, final consumption, gross
fixed capital formation, export and import. For this analysis we used the input-out-
put model.

In the years under analysis we find no significant differences regarding the evo-
lution trends of the multipliers, which shows a relative stability of Romanian econo-
my in 2006—2008.

Also, analyzing the results we can observe the key appearance for sector 2 — min-
ing, sector 5 — high energy-intensive sector, sector 9 — production and distribution of
electric and thermal power, which means, unfortunately, that we have an economy
that continues to be underdeveloped.

Considering European model which assumes economic growth, social cohesion
and convergence, Romania needs to channel the resources from European structural
and cohesion funds for the operation on the trinomial "growth — development — mod-
ernization". For the next programming period, we consider that the absorption of
European structural and cohesion funds must rely on endogenous growth of human
capital, knowledge, research development and innovation. Thus, we consider appro-
priate to invest European structural and cohesion funds in the following economic sec-
tors: sector 6 — machinery, equipment and complex technological lines, sector 7 —
high-tech industries, sector 8§ — means of transport industries, sector 12 — trade and
business, sector 13 — tourism, sector 14 — transports, post and telecommunications.
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