131

Croatian Operational Research Review
CRORR 10(2019), 131-140

Hypothetical extraction approach for measuring total economic
effects of Croatian ICT sector
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Abstract. The aim of this paper is to estimate total effects of the ICT sector to the growth and
development of the Croatian economy. Direct, indirect and induced effects for the period 2010-2015
are expressed in terms of output, gross value added and employment. Output, gross value added and
employment of ICT sector is estimated by using hypothetical extraction method. Empirical results of
conducted analyzes show that the share of Croatian ICT sectors’ total effects in terms of output, gross
value added and employment during the recession period 2010-2013 was decreasing. In the period of
economic recovery 2014-2015, related to the accession process of Republic of Croatia to the European
Union, total effects of ICT sector in terms of output, gross value added and employment increased.
In 2015 the share of the total effects of the ICT sector in terms of output, gross value added and
employment in total Croatian economy amounted to 7.37%, 7.74% and 5.58% respectively.
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1. Introduction
In the classical input–output (IO) approach, the final-demand components are treated as exogenous variables. In that context, changes of factors outside the model, induced the changes
in domestic production of final goods and services and through inter-sectoral deliveries of intermediate inputs. If contribution of certain economic sector is central question of the research, a
different contextualization of the model is required. In that case a mixed type of input–output
model is more appropriate. The most common approach that is used to determine the significance of particular sector of interest on whole economy and to calculate total effects of the
specific sector, with IO tables applied, is hypothetical extraction method (HEM).
Nowadays, information and communication technology (ICT), takes the key role in productivity growth of modern economies [22] ICT is the key factor at the national and international
economic level in innovation, competitiveness and productivity [6, 7, 23]. The significance of
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ICT sector is usually explored on the sample of technologically developed economies. In comparison to previous studies, the subject of interest in this study is the role of ICT sector in
Croatia, as an economy which lags behind in the application of technologically advanced production processes. The research question is whether the ICT sector is significant in deindustrialized
economy specialized in activities belonging low and middle technology.
The role of the ICT sector in domestic literature is insufficiently explored. Therefore, the
goal of this paper is to empirically quantify direct, indirect and induced effects of ICT sector by
using hypothetical extraction method. Results will contribute to a widespread understanding
of the impact and importance of the ICT sector for Croatian economy.
The paper consists of several sections. After the introduction, review of the relevant literature in which HEM is applied in the analysis of the importance of different sectors is presented
in Section 2. Methodology is presented in Section 3 and data sources in Section 4. Section 5
presents estimation of total effects of ICT sector for Croatian economy. Last section (Section
6) summarizes conclusion and provides basis for future research.

2. Literature review
The powerful analytical tool of quantitative macroeconomic analysis that estimates total effects
of a certain sector of interest is the input–output (IO) analysis [19, 20, 23]. Total effects
quantified by IO analysis are defined as a sum of direct, indirect and induced effects. The
statistical–information base with analysis are IO tables. In its basic form, IO model represents
a system of linear equations that in detail show the relationship between different activities in
the national economy. Each equation shows the production distribution of a certain activity
to intermediate consumption and final use of the total economy. The scope of the classical IO
approach is multipliers type I and type II calculation, i.e. the calculation of indicators that are
interpreted as effects of the change in final demand on overall economic activity.
The review of the relevant literature indicates that HEM is applied in the effects and importance analysis of many sectors of national economies. The importance of the Iranian ICT
sector was analyzed in [2] by using HEM. Both on the demand and on the supply side ICT
sector was positioned on fourth place with regard to the sector’s importance. Economic effects
of real estate sector of OECD member countries were analyzed [26]. Results of the provided
analysis indicated increasing trend of total effects and backward and forward linkages and real
estate sector growth. On the other hand, in [28] a new model for backward and forward linkages
calculation, based on HEM, was developed. Authors concluded that in research [26] linkages of
real estate sector were underestimated. Similar results and conclusions were made in the paper
[29]. Increasing impact of real estate-construction sector for 30 provinces in China was showed
in [24]. According to the obtained results, weighted average impact of the analyzed sector in
2002 accounted to 21% of total output and 14% of all jobs, while in 2007, accounted to 23%
of total output and 22% of all work places. The importance of construction sector of OECD
countries was analyzed in [27]. Total, backward and forward linkages declined which lead to
the conclusion that importance of construction sector in observed economies is reduced. In
[14], the relationship between the energy and non-energy sectors and radiation levels in Spain
for the year 2004 was investigated. Authors concluded that electricity sector had the highest
average impact and the lowest variability of all energy sectors. The importance of services in
New York State was analyzed in [17]. Results of analysis indicate that importance of services
sector in New York State was crucial.
HEM is not only used for analyzing the importance of specific sector of interest or effects
calculation. HEM is also applied for key sectors identification. A combination of traditional
IO methods and HEM is applied in [15] to identify key sectors for electricity generation and
distribution. It was found that electricity sector affects other energy sectors almost the same as
some manufacturing sectors. In [30, 31] following key sectors crucial for more efficient water use
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and reduction of CO2 emissions in Australia were identified: beef cattle and electricity, dairy
cattle and water supply, sewerage and drainage services. Dependence of agriculture sectors on
urban sectors in Beijing was evaluated in [35]. Identified key urban sectors that were related
with development of agriculture were: food processing and food services, construction, pharmaceutical, tourism, hotels, information and technology services, business services, finance and
health care sector. By using HEM, following key sectors were identified for China: agriculture,
textiles, chemicals, building materials, primary metals, machinery, commerce and other services
[1].
Despite the numerous analytical possibilities that can be performed by IO model, the number
of relevant and recent domestic and international research quantifying and analyzing economic
effects of ICT sector is relatively modest. Multipliers of ICT sectors for Croatian economy
were estimated in [18]. Between multipliers of Croatian ICT and non–ICT sectors there was
no significant difference, while significant difference was noticed in observed indicators of new
and old European Union (EU) members. ICT sector had greater impact on the economic
growth and development of the long-standing European Union member states. Significance of
Italian ICT sector was quantified by using output multipliers [8]. In [25] IO methodology was
applied to quantify multipliers effects of ICT sector for some European countries. Obtained
results indicate reduced production of the ICT sector. In [16] the importance of ICT sector was
analyzed by using IO method for four Southeast Asian countries. According to the results of
intersectoral linkages, ICT sector is recognized as a key sector for export expansion in Singapore
[33].

3. Research methodology
3.1. Methods
According to [4] HEM is based on the hypothetical extraction of one or more productive sectors
and evaluation of the impact of extracted sector to other sectors in the economy. By using
HEM, total effects of extracted sector to other sectors or to the whole economy can be quantified
[9]. In general, total effects are calculated in terms of output, gross value added (GVA) and
employment. Direct effects of particular sector are determined by direct deliveries of goods and
services of that sector to final consumers. Indirect effect of an observed sector relates to output,
GVA and employment in value added chain of that sector. Induced effects are effects that arise
with personal consumption growth.
The original idea of HEM is quantification of hypothetical reduction in output created in
the overall economy if a certain sector of interest is extracted from the economic system [21].
Let matrix A be square n × n matrix


a11 a12
 a21 a22

A= .
..
 ..
.
an1 an2


. . . a1n
. . . a2n 

. 
..
. .. 
. . . ann

(1)

Xij
.
Xj
The certain sector, for example sector j, is extracted from the economic system by deleting
the row and the column belonging to sector j in the matrix A. Let AE be (n − 1) × (n − 1)
matrix obtained by deleting j-th row and j-th column in A. Furthermore, let X be a column
vector of outputs and Y a column vector of final demands:
where elements aij are called technical coefficients, i.e. aij =
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y1
 y2 
 
Y= . 
 .. 




x1
 x2 
 
X= . 
 .. 

(2)

yn

xn

By extraction sector j, the element yj in the column vector Y is also deleted. Let YE be
be the column vector obtained by deleting element yj in the Y.
In the IO model where n sectors are observed, total production of the economy can be
calculated according to matrix equation:
−1

X = (I − A)

Y

(3)

where I is n × n identity matrix. Matrix L = (I − A)−1 is known as Leontief inverse
matrix. More detailed description of IO model can be found in [19, 20, 32]. For matrix AE
and column Y , total production of the economy where n − 1 sectors are observed, equals to
X = (I − AE )−1 YE where I is (n − 1) × (n − 1) identity matrix. The difference:
iτ X − iτ X

(4)

where iτ is row vector of appropriate dimension units, i.e. the difference of total production
before and after extracting of sector j. Thus, X measures the economic loss generated by
extraction of the sector j. The difference in eq.(2) measures the importance of the sector j
to the whole economy [10, 20]. In [20, 21] authors represented a method of the j-th sector
extracting not by deleting the j-th row and j-th column in matrix A, but by replacing the j-th
row or j-th column in matrix A with zeroes. A detailed overview of all six possible ways of
extracting the certain sector or more of them is provided in [21]. This approach of extracting
sector by replacing a certain row with zeroes is applied in this paper and explained in more
detail below.
Suppose that n − k sectors are being extracted. Then, in the matrix A all last n − k rows
are replaced with zeroes. It needs to be emphasized that the order of the sectors does not affect
the total effects calculation of the observed sectors. In this paper the order as presented in the
referenced papers has been used. By replacing last n − k rows with zeroes, matrix A now has
the following form:


Ak,k
Ak,n−k
Ã =
(5)
On−k,k On−k,n−k
where Ak,k is (k × k) sub-matrix, Ak,n−k is (k × n − k) sub-matrix of matrix A and O is
null matrix of appropriate dimension. Leontief inverse matrix now has the form:


−1
−1
(I − Ak,k )
(I − Ak,k ) Ak,n−k
−1
L̃ = (I−Ã) =
(6)
On−k,k
In−k,n−k
Furthermore, let XK be a column vector of outputs of the first k sectors and XN−K a
column vector of outputs of remaining n − k sectors:
 


x1
xk+1
 x2 
xk+2 
 


XK =  . 
XN−K =  .  ,
(7)
 .. 
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and YK the column vector of final demand of the first k sectors and YN−K a column vector
of final demand of remaining n − k sectors:
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(8)

yn

Then, equation:
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(9)

represents the total output of n − k sectors. In this context, total effects in terms of output
equals to sum of direct and indirect effects. To calculate the total effects of sectors of interest
in terms of GVA, following formula is used:


YK
Ṽ = V L̃
(10)
YN−K
where V is diagonal matrix, containing value added coefficients on the main diagonal, i.e.
vi
, i = 1, 2, ..., n.
ṽi =
Xi
Direct and indirect effects of sectors of interest in terms of employment can be calculated
according to formula:


YK
Ẽ = E L̃
(11)
YN−K
where E is diagonal matrix with employment coefficients on the main diagonal, i.e. ẽi =
ei
, i = 1, 2, ..., n. Besides direct and indirect effects, to calculate also induced effects, the
Xi
procedure described above remains the same, only that instead of initial matrix A, expanded
matrix Ā with one more row representing compensation of employees coefficients and one more
column representing household consumption coefficients is applied.

3.2. Data
The main data source in this research is Croatian IO table for 2010 [5]. According to the
European standards for publishing the IO tables, Croatian IO table for the year 2010 is made
on the basis of 64 productive sectors which are linked to the NCA 2007 classification sections.
Products classification used in the IO table for 2010 preparation is the CPA 2008. The IO
table for 2010 is made with separated domestic production and import. The IO table for the
year 2010 is expressed in basic prices including the purchaser’s price transformation. Nowadays, it is last published IO table for the Croatian economy. According to the definition for
the identification of the ICT economic activities [34], ICT sector includes ICT manufacturing
industry, i.e. sector code CPA-C26 - Computer, electronic and optical products; ICT trade
industry, i.e. sector code CPA-G46 - Wholesale trade services, except for motor vehicles and
motorcycles and ICT services industries, i.e. sector code CPA-J58 - Publishing services, sector
code CPA-J61 - Telecommunications services, sector code CPA-J62-J63 - Computer programming, consultancy and related services, information services and sector code CPA-S95 – Repair
services of computers and personal and household goods. Sector codes CPA-G46, CPA-J58
and CPA-S95 besides ICT activities include also activities which do not have features of ICT.
Therefore, the application of the IO table for the total effects calculation purposes of the ICT
sector requires the transformation of original data. Transformation is based on the integration
of IO tables and data from [13].
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Economic aggregates used in this research are output, GVA and employment. The mentioned aggregates definitions are taken from the ESA 2010. Output is defined as market value
of all produced goods and services. The gross value added equals to the difference between
gross value of production and intermediate consumption. Intermediate consumption shows the
value of all intermediate goods and services used in the production process. Employment equals
to number of jobs in an economy. The required data for the calculation of total effects in terms
of GVA and employment of ICT sector are downloaded from [11] and [12].

4. Research results
This section provides results of the direct, indirect and induced effects calculation of the ICT
sector in terms of output, GVA and employment. Also, the share of the ICT sector in total
Croatian output, GVA and employment for the analyzed period 2010-2015 is presented.
Table 1 represents total effects of ICT sector on the total Croatian economy in terms of output, GVA and employment in the period 2010-2015, with the composition on direct, indirect
and induced effects. Direct effects in terms of output and GVA of ICT sector on the Croatian
economy are relatively higher than the sum of indirect and induced effects. In comparison to
2013, in 2014 and 2015 direct, indirect and induced effects in terms of output and GVA are
growing and for the future period indicators’ stabilization is expected. Unlike the specificity of
direct effects of ICT sector in terms of output and GVA, sum of indirect and induced employment effects of ICT sector is significantly higher. It is obvious that the number of employees
significantly increased in the period after 2013. In 2015, with the total output of approximately
42 billion kuna, ICT sector in the Croatian economy generated approximately 22 billion kuna
of GVA and almost 89 thousand of work places.
OUTPUT
Direct effects
Indirect effects
Induced effects
Total effects
GVA
Direct effects
Indirect effects
Induced effects
Total effects
EMPLOYMENT
Direct effects
Indirect effects
Induced effects
Total effects

2010
22.26
6.71
9.95
38.92

2011
22.43
6.75
10.02
39.20

2012
22.57
6.77
10.18
39.52

2013
21.91
6.53
9.97
38.41

2014
22.15
6.74
10.23
39.12

2015
23.67
7.21
11.15
42.03

13.04
3.19
5.20
21.43

12.49
3.22
5.14
20.06

12.29
3.20
5.20
20.69

11.91
3.11
5.13
20.15

11.98
3.23
5.27
20.48

12.59
3.48
5.76
21.83

33672
17613
31852
83137

33913
16307
29653
79872

31252
16084
28921
76257

33083
15023
27258
75364

36838
16586
28253
81677

39623
18752
30553
88928

Table 1: Output, GVA and employment induced by ICT sector (output and GVA in million
kuna; employment in number of employees)
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Figure 1: Share of ICT sector in total Croatian output, GVA and employment

In Figure 1 share of output, GVA and employment of ICT sector in total Croatian output,
GVA and employment in the period 2010-2015 is shown. During the observed period, oscillations
of share of output, GVA and employment of ICT sector in total output, GVA and employment
in Republic of Croatia were recorded. Oscillations of those values are the result of different
processes and changes in certain sectors. The share of ICT sector, measured in output, gross
value added and employment, decreased in period 2010-2013 as a result of a decrease of real
income of households. Revival of domestic economy, coupled by growth in employment and
household income induced rise in the share of ICT sector.
Therefore, it can be concluded that the elasticity of demand for ICT goods and services to
income is above unity. In 2015, the share of ICT sector in total Croatian output, GVA and
employment recorded largest values and amounted to 7.37%, 7.74% and 5.58% respectively. It
is interesting to note that the share of ICT sector in terms of GVA is significantly higher than
share in terms of employment. It is result of higher productivity of ICT activities in comparison
to the average national productivity. Having in mind favorable economic conditions and stable
economic growth in recent period, it could be expected that current share of ICT sector is even
higher, but unfortunately official data on direct effects are still not available.

5. Conclusion
ICT sector is recognized as a significant sector that has the role of leader sectors in economic
growth and development of modern economies. This research analysis the impact of ICT sector
on Croatian economy by using HEM. Direct, indirect and induced effects for the period 20102015 are calculated. The long-lasting recession, that lasted until 2014, marked observed period
with a low demand for ICT goods and services. By accession of the Republic of Croatia into the
EU, the quality and scope of ICT goods and services was improved due to different adaptations
to European regulations in the ICT sector.
In comparison to the previous studies which primarily includes the more developed economy
[8, 25, 33] it can be concluded that the role of ICT is less pronounced in the Croatia. Croatia
lags behind primarily in the manufacturing industry producing ICT goods. While application of modern technological processes generally present main factor of export competitiveness
in more developed economies, in Croatian case, the contribution of service sector including
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telecommunication and computer programing is more important. However, results points to
the conclusion that ICT sector is to be treated as one of the key economic sectors, even in an
economy lagging behind regarding application of the modern technologies. If compared to the
official national accounts data, the total contribution of ICT sector in Croatia is above some
traditionally important economic sectors such as agriculture or transport.
Practical implications of this research can be summarized in the analytical basis for a whole
range of complementary research, such as research concerning economic growth and productivity. The empirical results on trends of ICT sector could be valuable for academic and general
public, because they provide overall assessment of total effects of ICT sector in Croatia based on
the sound methodological framework. Based on the analytical basis, arising out of the research
results more efficient economic policy measures for stimulating ICT sector could be formulated.
The main limitation of this research is the inability to monitor changes in technical coefficients due to the lack of a new IO table for the year 2015. The assumption of the constant
technical coefficients is acceptable in a short period and the results obtained are more relevant
when the year in which the analysis was conducted is closer to the year in which the IO table
was compiled.
For future research it is expected to evaluate total effects for more recent period. New
calculations will be based on the IO table for the year 2015, which is expected to be published
presently. Except the possibility of comparing the impact of the ICT sector on the basis of two
IO tables for different reference periods, the calculation and analysis of the effects of ICT sector
for other EU economies would be of great importance. Apart from the national level, such an
analysis would allow consideration of the importance of the ICT sector internationally.
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