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Effects of final expenditures on ICT goods and services
on the croatian domestic output and imports – the input-
output approach

Damira Ke�ceka, Valter Boljun�ci�ca,b and Marin Milkovi�ca

aUniversity North, Vara�zdin, Croatia; bJuraj Dobrila University of Pula, Pula, Croatia

ABSTRACT
Information and Communication Technology (ICT) has a signifi-
cant role in the growth and development of almost every
national economy. The aim of this paper is to estimate the overall
contribution of final expenditures on ICT goods and services on
the domestic output and imports of Croatia in terms of gross
value added (GVA) and employment. In order to quantify the dir-
ect, indirect and induced effects of final expenditures on ICT
goods and services to the overall Croatian economy, input-output
(IO) analysis is applied. The results of the empirical analysis show
that of all three categories of total final uses, the final consump-
tion expenditure on ICT goods and services recorded the highest
total contribution in terms of GVA and in terms of employment.
The final consumption expenditure of households had the most
important role in generating GVA and employment, while the
impact of government and non-profit organisations serving
households expenditures was limited. At the activity section level,
the majority of GVA and the number of jobs were generated in
the activity section J – Information and Communication. The total
number of employees induced by final expenditures on goods
and services produced by the ICT sectors is estimated at 2.8%.
The ICT sectors contributed to the total Croatian GVA in a range
higher than 4.5%.
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1. Introduction

The role of Information and Communication Technology (ICT) in economic develop-
ment is broadly explored in the economic literature. ICT is a driving force of eco-
nomic growth and sustainable development of modern economies (Pohjola, 2002),
and it is the key factor in competitiveness, productivity and innovation, both at the
national and international economic level (Dewan & Kraemer, 2000; Popova, Popov
& Dalin, 2005; Dedrick, Kraemer & Shih, 2013). Through its impact on productivity,
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ICT contributes to the strengthening of the national economy (OECD, 2004).
Moreover, ICT enables the creation of new and more effective models which induce
growth and economic development at the global level.

Through the transfer and usage of all kinds of information, from small to large
firms, ICT connects all the productive sectors of a national economy by increasing
their efficiency. At the firm level, intensive use of and investments in ICT accelerate
productivity growth (Bloom, Sadun & Van Reenen, 2012), which leads to output
growth (Brynjolfsson & Hitt, 2003). Both ICT and R&D investments are strongly
related to productivity and innovation (OECD, 2004; Hall, Lotti & Mairesse, 2013;
Statistics Netherlands, 2015, Chapter 7).

By providing the tools and infrastructure necessary to create and transfer new
knowledge, ICT enables innovation in productive sectors and fosters their growth
and development. A rapid expansion of information, corporate networking, connec-
tion between firms and customers, and increased communication efficiency are just
some of the innovative ICT activities. According to Vu (2011), ICT also affects eco-
nomic growth and development by encouraging the transfer of knowledge from the
developed to developing countries.

However, despite the opportunities that ICT offers, the strategy of economic
growth and development without the key elements such as political stability, human
capital, firm infrastructure, cooperation between political decision-makers, contractors
and citizens involved in social activities and the synergy between the mentioned ele-
ments, progress is not possible.

Cardona, Kretschmer & Strobel (2013) and Draca, Sadun & Van Reenen (2007)
provided an overview of the empirical literature dealing with ICT and productivity,
as well as the methodological approaches for estimating the impact of ICT. Authors
found that in most research, the productivity effect of ICT is positive and significant,
and that a methodological approach is very important to adequately estimate the
effects of ICT.

The most common approach of a quantitative macroeconomic analysis that quanti-
fies the direct, indirect and induced effects of a particular sector to the national econ-
omy, and which studies the interdependence between the productive sectors of the
national economy is the input-output (IO) analysis. Despite the numerous analytical
capabilities that the IO analysis provides, the number of empirical studies quantifying
and analysing the effects of ICT sectors on the growth and development of the
Croatian economy is relatively modest.

In Ke�cek, �Zajdela Hrustek & Du�sak (2016) the multiplier effect analysis of ICT
sectors is limited to a simple multiplier calculation for ICT sectors, i.e., to the calcula-
tion of relative indicators describing the total output in a national economy required
to deliver one unit of ICT output. In this paper, the effects of final expenditures on
ICT goods and services on the total economy in the absolute terms of GVA and
employment are examined for the Croatian economy for the first time. The contribu-
tion of this paper is the empirical analysis of the direct, indirect and induced effects
of final expenditures on ICT goods and services on the Croatian economy.

The remainder of this paper is organised as follows: after the introduction, a litera-
ture review on the indirect and induced effects of ICT sectors on the national
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economy is presented; section 3 describes the research methodology, section 4
describes the data sources, while sections 5 and 6 present the empirical results of the
overall contribution of final expenditures on ICT goods and services and the impact
of ICT sectors on the economic activities in Croatia; finally, in the conclusion,
remarks and recommendations for further research are provided.

2. Literature review

Detailed overview of the relevant research, discussed in this section, highlights that
only a limited number of international and domestic articles empirically explored the
economic impact of ICT on the national economy by using IO analysis. The most
common approaches in the analysis of the importance of ICT sectors in the overall
national economy are usually limited to the multiplier type I and multiplier type II1

calculations and the decomposition analysis. Analysing the role of ICT sectors in the
national economy was mainly performed for Asian countries and some of the
European countries.

According to the results of the output multipliers and the decomposition analysis
for several European countries, Rohman (2013) concluded that the multiplier effects
of the ICT sectors on other sectors were lower in the period 2000–2005 compared to
the period 1995–2000, while the decrease in the ICT sector production was a result of
the loss of export advantages and technological changes. The aim of the research con-
ducted by Di Carlo and Santarelli (2010) was to estimate the impact of the ICT sector
on the Italian economy. The results of the output multiplier calculation for 1995,
2000 and 2005 lead to the conclusion that the Italian ICT sector had a more signifi-
cant multiplier effect on the production system than the non-ICT sector, which classi-
fied the ICT sector as the key sector for economic growth and development of the
Italian economy.

In order to differentiate the role of the ICT sector from the viewpoint of the devel-
oped and developing countries, Irawan (2014) conducted a comparative analysis for
Indonesia, Singapore, Malaysia and Thailand based on the IO tables for the year
2005. The results of the analysis showed the significance of the total size, but also the
composition of the ICT sector for the economic performance of national economies.
Authors concluded that more developed countries will not always benefit more from
the ICT development than the less developed countries. Toh & Thangavelu (2013)
emphasised that the development and use of ICT are the key drivers in the trans-
formation from a traditional to a knowledge based economy. Authors explored the
influence of ICT on production growth in Singapore within the concept of intersec-
toral linkages captured by the IO model. The results of the analysis indicate that the
ICT sector is the key link for the expansion of manufacturing and electronics exports
in Singapore.

The IO methodology for the Croatian economy was used for the first time, to ana-
lyse the multiplier effects of ICT sectors, in Ke�cek, �Zajdela Hrustek & Du�sak (2016).
A comparison between the strength of backward linkages in two different periods
was made based on the IO tables for the Croatian economy for the years 2004 and
2010. Simple output multipliers and value added multipliers were calculated for the
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ICT and non-ICT activities for both years. The results of the conducted analysis indi-
cated that there was no significant difference between the simple output multipliers
and value added multipliers in the ICT sectors and other productive sectors of the
Croatian economy. Moreover, significant changes in the values of simple output mul-
tipliers and value added multipliers for ICT sectors in 2004 and 2010 were not
observed. Simple output multipliers and value added multipliers of ICT sectors were
also calculated for the group of long-standing and new European Union member
states. Based on the multiplier analysis, authors concluded that the long-standing
European Union member states better utilised the potential of the ICT sectors for the
purpose of economic growth and development.

While Ke�cek, �Zajdela Hrustek & Du�sak (2016) concentrated only on multipliers as
relative indicators of the integration of ICT sectors into the national economy, in this
paper the impact of final expenditures on ICT products on domestic output and
imports is analysed in terms of the most important economic indicators of the suc-
cess and competitiveness of the national economy, i.e., in terms of GVA and employ-
ment. In order to quantify the total effects of final expenditures on ICT goods and
services on the Croatian economy, the IO analysis is applied. As a main data source,
symmetric IO tables for domestic production and imports for the year 2010 are used.

3. Research methodology

IO is a practical method of the quantitative macroeconomic analysis for the analysis
of the economic structure and growth and the development of a national economy.
The IO analysis, as a powerful analytical tool, is mainly used to calculate the direct,
indirect and induced effects of a certain productive sector on the overall national
economy in order to determine its significance and to examine the interdependence
between the sector of interest and all other sectors of the national economy. The stat-
istical information base of the IO analysis is the IO table in which the production
system of an economy is decomposed to a certain number of productive sectors
showing the flows of goods and services between them (ten Raa, 2005; Miller & Blair,
2009). The main equations describing the flows between n productive sectors in the
IO model are:

Xi ¼
Xn
j¼1

Xij þ Yi ¼
Xn
j¼1

aijXj þ Yi; i ¼ 1; :::; n (1)

where Xi is a sector’s i total output, Xij is the output from sector i which is used as
an intermediate input by sector j, and Yi is the final demand for products in sector i.
Technical coefficient

aij ¼
Xij

Xj
(2)

is defined as the ratio of the product from sector i that is required by sector j in
order to produce one unit of its product. The system of equations (1) in the matrix
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form can be written as:

X ¼ AX þ Y (3)

where X ¼
X1

..

.

Xn

2
64

3
75 is the column vector of outputs, Y ¼

Y1

..

.

Yn

2
64

3
75 the column vector of

final demands and A ¼
a11 � � � a1n
..
. . .

. ..
.

an1 � � � ann

2
64

3
75 is the square n-by-n matrix of technical

coefficients, called the technology matrix. The solution to the system (3), where I is
the n-by-n identity matrix, is:

X ¼ I�Að Þ�1
Y (4)

More details about the conditions for the matrices I � A and X can be seen in
Peterson & Olinick (1982). The matrix L ¼ ðI�AÞ�1 is known as the multiplier
matrix or the Leontief inverse matrix. The elements of the matrix L, represented as
aij, represent the total direct and indirect output of sector i per one unit of final
demand in sector j.

The total effect of each productive sector on the national economy is defined as
the sum of direct, indirect and induced effects of the observed sector. To quantify the
direct, indirect and induced effects of each productive sector on the overall economy,
the IO model is used. There are two types of the IO model, the open and closed IO
model. In the open IO model, final consumption is considered to be an exogenous
variable. The open IO model is used to quantify the direct and indirect effects. The
indicators that determine those effects are called multipliers type I, and for their cal-
culation the Leontief inverse matrix L ¼ ðI�AÞ�1 is used.

In the closed IO model, some components of final consumption, mainly house-
holds, are considered to be endogenous variables. Apart from the quantification of
direct and indirect effects, the closed IO model enables the quantification of induced
effects. The indicators that, besides direct and indirect effects, involve induced effects,
are called multipliers type II. In the closed IO model, the technology matrix A is
expanded in matrix A with one more row and one more column. The additional
row represents the compensation of employee coefficients and the additional
column represents the household consumption coefficients. The matrix

L ¼ ðI�AÞ�1 ¼ L11 L12
L21 L22

� �
, the square ðnþ 1Þ-by-ðnþ 1Þ matrix, except the direct

and indirect effects, also indicate the induced effects which are the results of the pro-
duction to satisfy the additional household consumption induced by an increase in
the income. Namely, the household sector spends the earned income on final goods
and services. The growth in the demand for the final goods and services of the house-
hold sector induces growth of household consumption, which induces growth of the
production of all sectors involved in the production chain of the goods and services
intended for final consumption of households. This effect of production growth
related to the additional demand financed by increased wages and salaries is called
the induced effect. When interest is on the calculation of direct, indirect and induced
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effects for the original n sectors, the square n-by-n matrix L11 is used (McLennan,
2006; Miller & Blair, 2009; Burrows & Botha, 2013). The elements aij of the matrix
L11 show the direct, indirect and induced effects on the increase in the sector’s i pro-
duction as a result of the unit growth of the final demand by sector j. According to
Grady & Muller (1988) and Miller & Blair (2009), multipliers type I underestimate
the economic effects because households are not included in the effects calculation,
while multipliers type II overestimate the economic effects because of the strict
assumptions about labour incomes and attendant consumer spending. The real effect
is generally located in the middle of the interval where the multiplier type I is lower
and the multiplier type II is upper bound (Oosterhaven, Gerrit & Stelder, 1986).

Once the total effect on domestic production is evaluated according to equation
(4), it is also possible to estimate the total effects of a certain sector in terms of GVA
and employment.

The value added coefficient vi
� ¼ vi=Xi

; i ¼ 1; :::; n represents the value added of
sector i (vi) per unit of its output (Xi). If the column vector of the value added coeffi-

cients is noted as V
� ¼

v1
�

..

.

vn
�

2
664

3
775; then in order to evaluate the total effects of final

expenditure in terms of GVA, it is necessary to multiply V
� s

with the total domestic
output induced by final demand. Therefore, the total effects of final expenditure in
terms of GVA in the open IO model can be, in the matrix form, expressed as:

V ¼ V
� s

� I�Að Þ�1 � Y (5)

while the total effects of final expenditure in terms of GVA in the closed IO model
can be expressed as:

V ¼ V
� s

� L11 � Y (6)

The employment coefficient ei
� ¼ ei=Xi

; i ¼ 1; :::; n represents the ratio of the
number of employed persons (ei) in the sector’s i output (Xi), and the column vector

E
� ¼

e1
�

..

.

en
�

2
664

3
775 contains those employment coefficients. To provide the total effects of

final expenditure in terms of employment, it is necessary to multiply E
�s

with the total
domestic output induced by the final demand. Thus, in the open IO model, the total
effects of final expenditure in terms of employment can be expressed as:

E ¼ E
�s

� I�Að Þ�1 � Y (7)

and in the closed IO model as:

E ¼ E
�s

� L11 � Y (8)

It is important to emphasise that the column vector of the final demand Y ,
included in the calculation of the direct, indirect and induced effects of final
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consumption expenditures on ICT goods and services, contains the inputs only for
ICT products, while the inputs for other products are set to zero.

Similarly as for GVA and employment, the import content of the final demand
can in the open IO model be expressed as:

U ¼ U
� s

� I�Að Þ�1 � Y (9)

and in the closed IO model as:

U ¼ U
� s

� L11 � Y (10)

where the import coefficients ui
� ¼ ui=Xi

; i ¼ 1; :::; n of the column vector U
� ¼

u1
�

..

.

un
�

2
664

3
775 are defined as a share of imports (ui) in the sector’s i output (Xi).

Import content includes the imports of the final ICT products contained in the
final demand, here marked as Y , and the imports directly and indirectly connected to
the domestic ICT producers.

4. Data sources

The main data source for analysing the impact of final expenditures on ICT products
on the domestic economy and imports was the Croatian symmetric IO table for the
domestic production and imports for the year 2010 (Croatian Bureau of Statistics,
2017), where the entire Croatian economy is separated into 64 mutually exclusive
productive sectors. The data of the number of employees are downloaded from the
Eurostat National accounts employment data by industry (nama_10_a64_e)
(Eurostat, 2017).

The total final uses of each productive sector are decomposed on three main com-
ponents: final consumption expenditure, gross capital formation and total exports.
The final consumption expenditure includes the following components: final con-
sumption expenditure of households (HOUSEHOLDS), final consumption expend-
iture by non-profit organisations serving households (NPISH) and final consumption
expenditure by the government (GOVERNMENT).

The definition for the identification of ICT economic activities (industries) accord-
ing to the OECD (2011, p. 59) is as follows: ‘The production (goods and services) of
a candidate industry must primarily be intended to fulfil or enable the function of
information processing and communication by electronic means, including transmis-
sion and display’. The International Standard Industrial Classification of All
Economic Activities, ISIC Rev. 4 (United Nations, 2008) identifies ICT economic
activities and arranges them into three main groups: ICT manufacturing industries,
ICT trade industries and ICT services industries. According to the 2007 National
Classification of Activities, the productive sector that complies with

1. the ICT manufacturing industry is
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� sector code C26 - Computer, electronic and optical products2

2. the ICT trade industry is
� sector code G46 - Wholesale trade services, except for motor vehicles and

motorcycles
3. the ICT services industries are

� sector code J58 - Publishing services
� sector code J61 - Telecommunications services
� sector code J62_J63 - Computer programming, consultancy and related serv-

ices, information services
� sector code S95 – Repair services of computers and personal and house-

hold goods.
The sector codes G46, J58 and S95 do not exclusively produce ICT goods and

services.3 Therefore, for these sectors a part of final expenditures and imports for
ICT goods and services has been extracted according to the secondary source
Eurostat Structural Business Statistics (2017).

Table 1 presents the structure of the domestic and import final expenditures on
ICT goods and services by ICT sectors. The final consumption expenditure (which
consists of HOUSEHOLDS, NPISH and GOVERNMENT) has a dominant share of
46% in total final uses. The final consumption expenditure is the most expressive in
the sector code J61 and makes 58% of the total final consumption expenditure on
ICT. The least expressive final consumption expenditure has the sector code S95 with
only 2.4% of the total final consumption ICT expenditure. Gross capital formation is
the most important component of final expenditures in the sector code J62_J63,
where the expenditures of the domestic ICT goods and services (87%) prevail, fol-
lowed by the sector code C26, where the imported ICT goods and services (96.4%)

Table 1. Structure of final expenditures on ICT goods and services by sectors, in millions of HRK.
Sector codes Final consumption expenditure Gross capital formation Total exports Total final uses

C26 2,424 2,841 1,149 6,415
G46 277 157 216 650
J58 103 0 35 138
J61 4,668 0 1,228 5,896
J62_J63 384 3,104 937 4,426
S95 197 0 0 0
Total 8,052 6,102 3,565 17,523
of which domestic ICT goods and services
C26 130 103 169 402
G46 277 157 216 650
J58 94 0 13 107
J61 4,668 0 1,228 5,896
J62_J63 384 2,712 937 4,033
S95 197 0 0 0
Total 5,749 2,971 2,564 11,088
of which imported ICT goods and services
C26 2,295 2,738 980 6,013
G46 0 0 0 0
J58 9 0 21 31
J61 0 0 0 0
J62_J63 0 392 0 392
S95 0 0 0 0
Total 2,304 3,130 1,001 6,436

Source: Authors’ calculation.
Note: Numbers in Table 1 do not sum up due to rounding.
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are dominant. Total exports dominate in the sector codes C26 and J61, with around
85% and 62% share of the imported ICT goods and services in total expenditures,
respectively.

5. Empirical results of the overall contribution of final expenditures on
ICT goods and services to the national economy

This section presents the estimates of the total contribution of final expenditures on
ICT products on the domestic economic activity and imports in terms of GVA and
employment. In order to quantify the total contribution of final expenditures on ICT
products, the methodology and data sources described in the previous section
are applied.

Figure 1 presents total contribution, as well as the decomposition of total contribu-
tion on the direct, indirect and induced effects of final expenditures on ICT products
in terms of the Croatian GVA. It should be noted that in terms of GVA, total effects
are equal to the sum of the direct effects (determined by ICT producers), indirect
effects (determined by all domestic units directly or indirectly included in the value
added chain of ICT producers) and induced effects (related to the household con-
sumption achieved by employees in the entire value added chain of ICT sectors).

The direct, indirect and induced effects of total final uses, as well as of each com-
ponent of the total final uses in terms of the Croatian GVA are calculated according
to the formulas (5) and (6) and detailed explanations about this calculation that are
given in the appendix.

Of all three categories of total final uses, final consumption expenditures on ICT
products noted the highest total contribution in terms of GVA, approximately one-
half of the total final uses contribution. The final consumption expenditure of ICT
sectors induced approximately 6.3 billion of HRK in terms of GVA, of which
approximately 3.4 billion of HRK was generated directly in terms of GVA, while
approximately 1.4 billion of HRK was generated via indirect effects and was induced
by household consumption. It can also be observed that in terms of GVA, direct

Figure 1. Total contribution of final expenditures on ICT goods and services in terms of the
Croatian GVA, in millions of HRK.
Source: Authors’ calculation.
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effects generated by gross capital formation are almost equal to the sum of indirect
and induced effects in terms of GVA generated by gross capital formation.
Furthermore, it can be noted that induced effects are slightly higher than indirect
effects. The same conclusion may also be adopted for total effects in terms of GVA
generated by total exports.

The GVA multiplier type II, apart from the direct and indirect GVA changes,
includes both the induced effects, i.e., it includes the GVA resulting from the pro-
ducers who supply goods and services to meet additional household consumption
induced by the growth of economic activity. It can be noted that the GVA multiplier
type II for total final uses is approximately 1.9, which means that if the demand for
ICT products increases for 1 HRK, GVA in the total economy will increase by 1.9
HRK. According to the categories of total final uses, the lower GVA multiplier type
II of approximately 1.8 is detected for final consumption expenditures, while gross
capital formation has the largest GVA multiplier type II of approximately 2, which
can be explained on the basis of a higher share of equipment, where there are some
stronger links between domestic producers. When interpreting the multiplier type II,
it is necessary to keep in mind that the multiplier type II could overestimate eco-
nomic effects as explained in section 3.

According to the formulas (7) and (8) and a similar explanation as in the calcula-
tion of direct, indirect and induced effects on GVA in the appendix, the total contri-
bution of final expenditures on ICT products in terms of employment and its
decomposition on direct, indirect and induced effects are calculated and shown in
Figure 2.

In 2010, direct, indirect and induced effects of the total final uses of goods and
services produced by ICT sectors were approximately 46,800 jobs (Figure 2). In order
to satisfy the final demand for ICT products, direct suppliers need to engage approxi-
mately 16,400 employees. Almost 12,000 jobs are indirectly created in the supply
chain, i.e., in the firms which deliver intermediate inputs to ICT producers, and

Figure 2. Total contribution of final expenditures on ICT goods and services in terms of employ-
ment, in the number of jobs.
Source: Authors’ calculation.
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additional 18,500 jobs are induced by the household demand financed by an increase
in wages and salaries related to ICT sectors. In terms of employment, induced effects
were relatively higher than indirect effects in all three categories of the total final uses
of ICT sectors. The indirect and induced effects of the final consumption expenditure
of ICT sectors were approximately 14,500 jobs, while the indirect and induced effects
of total exports were approximately half the amount, 7,000 jobs. The gross capital for-
mation of ICT sectors generated approximately one-third of the total number of jobs
induced by final expenditures on ICT products.

The employment multiplier type II is defined as the ratio between the total employ-
ment growth, which includes the direct, indirect and induced effects of the changes in
the final demand, and the ratio of the number of employees and the output of each of
the productive sectors reflecting only the direct needs for the labour factor production.
The employment multiplier type II is even bigger than the GVA multiplier type II and,
for total final uses, it amounts to approximately 2.9. This means that if the demand for
ICT products increases and the ICT producer who delivers goods and services directly to
the final user hires one employee, the total number of employees in the whole economy
will increase by 2.9 persons. Such an amount of the employment multiplier type II that is
higher than the GVA multiplier type II can be explained through higher productivity in
the ICT sectors. Because of the higher productivity, the ICT sectors do not need a signifi-
cant number of employees per unit of output, but induce 2.9 times employment in the
overall value added chain. Suppliers of intermediate goods and services used in ICT sec-
tors, as well as the producers who produce for household consumption, are less product-
ive and need a larger number of employees per unit of output.

According to the formulas (9) and (10) and a similar explanation as in the calculation
of direct, indirect and induced effects in terms of GVA in the appendix, the direct, indir-
ect and induced effects of import content are calculated and shown in Figure 3.

In all three categories of total final uses, the ICT directly consumed by final users
is relatively higher than the indirect effects. Total final uses induced approximately 10

Figure 3. Import content of ICT sectors, in millions of HRK.
Source: Authors’ calculation
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billion of HRK in imports Approximately 6.4 billion of HRK in imports was directly
consumed by final users, while approximately 3.4 billion of HRK was achieved in
imports by ICT producers and their suppliers. The final consumption expenditure
and gross capital formation related to the goods and services produced by ICT sectors
induced approximately the same value of 4 billion of HRK in imports, while the total
export of ICT sectors involved around 18% of the total imports. A relatively high
import dependence of ICT exports is to be noted. To export approximately 3.5 billion
of HRK in ICT goods and services (Table 1), exporters need to induce a total import
of 1.8 billion HRK, which is more than 50% of export value. This is a result of a
weak connection between the domestic ICT exporters and other domestic producers.

By analysing the total contribution of final consumption expenditures on ICT prod-
ucts in terms of GVA and employment solely, it can be noted that HOUSEHOLDS
have the most important role in generating GVA and the number of jobs.

Related to the total effects of each of the components of final consumption expen-
ditures on ICT goods and services, it may be noted that HOUSEHOLDS generated
most of the total GVA, almost 97%. GOVERNMENT generated 3% of the total GVA,
while the share of GVA generated by NPISH is negligible (Table 2).

Similar conclusions can also be made about the importance of each component of
final consumption expenditure in terms of employment (Table 3). HOUSEHOLDS
generated the majority of total jobs, more that 95%, GOVERNMENT almost 5%,
while NPISH generated only 11 jobs in the total number of jobs generated by the
final consumption expenditure.

6. Empirical results of the impact of ICT sectors on economic activities

In order to present the results of the conducted IO analysis as more readable, 64 pro-
ductive sectors of the national economy are often, according to the National
Classification of Activities – NCA 2007, aggregated in 11 levels, as presented in Table 4.

Table 2. Total effects of the components of final consumption expenditures on ICT goods and
services in terms of the Croatian GVA, in millions of HRK.
Effects HOUSEHOLDS NPISH GOVERNMENT Final consumption expenditure

Direct 3,350 1 81 3,431
Indirect 1,395 0 47 1,443
Induced 1,371 1 61 1,433
Total 6,116 2 189 6,307
Share 96.97 0.03 3.00 100

Source: Authors’ calculation.

Table 3. Total effects of the components of final consumption expenditures on ICT goods and
services in terms of employment, in the number of jobs.
Effects HOUSEHOLDS NPISH GOVERNMENT Final consumption expenditure

Direct 6,389 5 431 6,825
Indirect 5,740 3 236 5,979
Induced 8,151 4 364 8,519
Total 20,280 12 1,031 21,323
Share 95.11 0.05 4.84 100

Source: Authors’ calculation.
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Approximately 58% of the total GVA induced by final expenditures on ICT prod-
ucts is related to the activity section J (Table 5). The goods and services included in
the information and communication industry generated 7.28 billion out of 12.65 bil-
lion HRK of the total GVA induced by final expenditures on ICT products. Most of
the 7.28 billion HRK generated by the activity section J creates direct effects (84%).
Besides the activity section J, the most intensive impact of final expenditures on ICT
products is recorded for the activity sections B,C,D,E and the activity sections G,H,
where indirect effects prevail in all the components of total final uses.

In relative terms (Table 7 in the appendix), almost 54% of GVA generated in the
activity section J is induced by final expenditures on goods and services produced by
ICT sectors, out of which around 27% is generated by final consumption expenditure,
around 15% by the gross capital formation and around 12% by total exports. Final
expenditures on ICT products induced only a limited share of GVA in the activity
section F and activity sections O,P,Q.

Besides the direct effects of producers, the development of the ICT sectors results
in strong indirect and induced effects, and consequently all domestic producers bene-
fit from the growth of final demand.

Table 6 and Table 8 in the appendix present the contribution of final expenditures
on the goods and services produced by ICT sectors in terms of induced employment.

It may be noted that in the year 2010, more than 46,000 jobs in Croatia, or in rela-
tive terms (Table 8 in the appendix) 2.76% of jobs, are induced by final expenditures
on the goods and services produced by ICT sectors.

In the activity section J, almost 17,000 jobs (or approximately 31% of jobs) in
Croatia were generated by the final demand for ICT products. Except in the activity
section J, the largest number of people who were employed due to the final expendi-
tures on ICT goods and services was noted in the activity sections G,H (more than
8,000 jobs, or 2.28% of jobs) and the activity sections B,C,D,E (around 7,000 jobs, or
2.25% of jobs). The smallest number of people employed was noted in the activity
section F, activity section L and activity section K.

7. Conclusion

In modern and globalized society, the effects of ICT are crucial for continuous eco-
nomic growth and development of almost every national economy. ICT enables

Table 4. Definition of the NCA 2007 activity sections.
Activity section codes Description

A Agriculture, forestry and fishing
B,C,D,E Manufacturing, mining and quarrying and other industries
F Construction
G,H Wholesale and retail trade, transportation, storage
I Accommodation and food service activities
J Information and communication
K Financial and insurance activities
L Real estate activities
M,N Professional, scientific, technical, administrative and support service activities
O,P,Q Public administration and defence, education, human health and social work activities
R,S,T Other service activities

Source: Croatian Bureau of Statistics (www.dzs.hr).
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greater production efficiency in ICT sectors, but it also enables productivity growth
in all other productive sectors and throughout the entire economy. This research
analyses the effects of final expenditures on ICT goods and services on Croatia’s

Table 5. Total GVA induced by final expenditures on ICT goods and services, in thousands
of HRK.
Activity
section codes Effects

Final consumption
expenditure

Gross capital
formation

Total
exports

Total final
uses

A Direct effects 0 0 0 0
Indirect effects 14,603 7,293 8,541 30,437
Induced effects 88,706 59,626 44,055 192,388
Total effects on the activity section A 103,309 66,919 52,596 222,825

B,C,D,E Direct effects 54,248 43,168 70,875 168,291
Indirect effects 285,128 119,821 125,042 529,992
Induced effects 275,780 185,373 136,964 598,117
Total effects on the activity sec-
tion B,C,D,E

615,156 348,362 332,881 1,296,400

F Direct effects 0 0 0 0
Indirect effects 7,672 5,621 4,305 17,597
Induced effects 12,898 8,670 6,406 27,975
Total effects on the activity section F 20,570 14,291 10,711 45,572

G,H Direct effects 137,562 77,708 107,260 322,529
Indirect effects 237,511 108,703 109,398 455,612
Induced effects 242,426 162,953 120,399 525,778
Total effects on the activity sec-
tion G,H

617,499 349,364 337,057 1,303,919

I Direct effects 0 0 0 0
Indirect effects 2,634 3,610 2,003 8,247
Induced effects 165,338 111,137 82,114 358,590
Total effects on the activity section I 167,972 114,747 84,117 366,837

J Direct effects 3,116,659 1,654,086 1,325,413 6,096,158
Indirect effects 513,211 289,572 226,057 1,028,840
Induced effects 70,224 47,204 34,877 152,305
Total effects on the activity section J 3,700,094 1,990,862 1,586,347 7,277,303

K Direct effects 0 0 0 0
Indirect effects 21,545 11,793 10,992 44,330
Induced effects 69,366 46,627 34,450 150,444
Total effects on the activity section K 90,911 58,420 45,4412 194,774

L Direct effects 0 0 0 0
Indirect effects 112,711 47,580 46,371 206,662
Induced effects 267,519 179,820 132,861 580,200
Total effects on the activity section L 380,230 227,400 179,232 786,862

M,N Direct effects 0 0 0 0
Indirect effects 187,044 122,454 95,276 404,774
Induced effects 94,609 63,594 46,987 205,191
Total effects on the activity sec-
tion M,N

281,653 186,048 142,263 609,965

O,P,Q Direct effects 0 0 0 0
Indirect effects 19,097 13,322 9,473 41,893
Induced effects 85,408 57,409 42,417 185,233
Total effects on the activity sec-
tion O,P,Q

104,505 70,731 51,890 227,126

R,S,T Direct effects 122,419 0 0 122,419
Indirect effects 41,902 16,831 10,704 69,438
Induced effects 60,543 40,696 30,068 131,308
Total effects on the activity sec-
tion R,S,T

224,864 57,527 40,772 323,165

Overal
economy

Direct effects 3,430,887 1,774,963 1,503,548 6,709,397
Indirect effects 1,443,059 746,601 648,161 2,837,821
Induced effects 1,432,822 963,109 711,598 3,107,528
Total effects on the overall economy 6,306,768 3,484,673 2,863,307 12,654,746

Source: Authors’ calculation.
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domestic economy and imports by using the IO methodology. An analysis of direct,
indirect and induced effects of each component of total final uses on ICT products
on domestic economic activities and imports in terms of GVA and employment
was performed.

Table 6. Total employment induced by final expenditures on the goods and services produced by
ICT sectors, in the number of jobs.
Activity
section codes Effects

Final consumption
expenditure

Gross capital
formation

Total
exports

Total final
uses

A Direct effects 0 0 0 0
Indirect effects 265 133 156 554
Induced effects 1,572 1,057 781 3,410
Total effects on the activity section A 1,837 1,189 937 3,964

B,C,D,E Direct effects 184 146 240 571
Indirect effects 1,430 586 623 2,638
Induced effects 1,784 1,199 886 3,869
Total effects on the activity sec-
tion B,C,D,E

3,398 1,931 1,749 7,078

F Direct effects 0 0 0 0
Indirect effects 50 37 28 115
Induced effects 85 57 42 183
Total effects on the activity section F 135 94 70 299

G,H Direct effects 510 288 398 1,196
Indirect effects 1,593 764 748 3,104
Induced effects 1,899 1,276 943 4,118
Total effects on the activity sec-
tion G,H

4,001 2,328 2,089 8,418

I Direct effects 0 0 0 0
Indirect effects 19 26 15 60
Induced effects 1,206 811 599 2,616
Total effects on the activity section I 1,225 837 614 2,676

J Direct effects 5,307 5,432 3,034 13,773
Indirect effects 1,115 764 536 2,415
Induced effects 214 144 106 464
Total effects on the activity section J 6,635 6,340 3,676 16,652

K Direct effects 0 0 0 0
Indirect effects 59 35 30 123
Induced effects 163 110 81 354
Total effects on the activity section K 222 144 111 478

L Direct effects 0 0 0 0
Indirect effects 184 78 76 338
Induced effects 51 34 25 111
Total effects on the activity section L 235 112 101 449

M,N Direct effects 0 0 0 0
Indirect effects 832 573 425 1,830
Induced effects 458 308 228 994
Total effects on the activity sec-
tion M,N

1,290 881 653 2,824

O,P,Q Direct effects 0 0 0 0
Indirect effects 133 95 67 294
Induced effects 636 428 316 1,380
Total effects on the activity sec-
tion O,P,Q

769 523 383 1,674

R,S,T Direct effects 825 0 0 825
Indirect effects 299 117 76 492
Induced effects 450 303 224 976
Total effects on the activity sec-
tion R,S,T

1,574 419 300 2,293

Overal economy Direct effects 6,825 5,867 3,672 16,364
Indirect effects 5,979 3,206 2,779 11,964
Induced effects 8,519 5,726 4,231 18,476
Total effects on the overall economy 21,323 14,799 10,682 46,805

Source: Authors’ calculation.
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Table 7. Percentage of GVA induced by final expenditures on goods and services produced by
ICT sectors, in %.
Activity
section codes Share of GVA

Final consumption
expenditure

Gross capital
formation

Total
exports

Total final
uses

A Total GVA induced by ICT
expenditure

103,309 66,919 52,597 222,825

GVA in the activity section A 12,344,172 12,344,172 12,344,172 12,344,172
Share of GVA in the activity section

A (%)
0.84 0.54 0.43 1.81

B,C,D,E Total GVA induced by ICT
expenditure

615,157 348,362 332,881 1,296,400

GVA in the activity section B,C,D,E 50,956,753 50,956,753 50,956,753 152,870,258
Share of GVA in the activity section

B,C,D,E (%)
1.21 0.68 0.65 0.85

F Total GVA induced by ICT
expenditure

20,571 14,291 10,711 45,572

GVA in the activity section F 18,455,800 18,455,800 18,455,800 18,455,800
Share of GVA in the activity section

F (%)
0.11 0.08 0.06 0.25

G,H Total GVA induced by ICT
expenditure

617,499 349,364 337,057 1,303,920

GVA in the activity section G,H 50,602,675 50,602,675 50,602,675 50,602,675
Share of GVA in the activity section

G,H (%)
1.22 0.69 0.67 2.58

I Total GVA induced by ICT
expenditure

167,973 114,747 84,117 366,837

GVA in the activity section I 16,054,126 16,054,126 16,054,126 16,054,126
Share of GVA in the activity section

I (%)
1.05 0.71 0.52 2.28

J Total GVA induced by ICT
expenditure

3,700,094 1,990,862 1,586,347 7,277,304

GVA in the activity section J 13,596,816 13,596,816 13,596,816 13,596,816
Share of GVA in the activity section

J (%)
27.21 14.64 11.67 53.52

K Total GVA induced by ICT
expenditure

90,912 58,419 45,442 194,773

GVA in the activity section K 14,607,849 14,607,849 14,607,849 14,607,849
Share of GVA in the activity section

K (%)
0.62 0.40 0.31 1.33

L Total GVA induced by ICT
expenditure

380,230 227,400 179,232 786,862

GVA in the activity section L 27,783,018 27,783,018 27,783,018 27,783,018
Share of GVA in the activity section

L (%)
1.37 0.82 0.65 2.83

M,N Total GVA induced by ICT
expenditure

281,654 186,048 142,263 609,965

GVA in the activity section M,N 22,552,426 22,552,426 22,552,426 22,552,426
Share of GVA in the activity section

M,N (%)
1.25 0.82 0.63 2.70

O,P,Q Total GVA induced by ICT
expenditure

104,505 70,731 51,890 227,126

GVA in the activity section O,P,Q 45,063,185 45,063,185 45,063,185 45,063,185
Share of GVA in the activity section

O,P,Q (%)
0.23 0.16 0.12 0.50

R,S,T Total GVA induced by ICT
expenditure

224,864 57,529 40,772 323,164

GVA in the activity section R,S,T 8,448,054 8,448,054 8,448,054 8,448,054
Share of GVA in the activity section

R,S,T (%)
2.66 0.68 0.48 3.83

Total Total GVA induced by ICT
expenditure

6,306,768 3,484,672 2,863,307 12,654,747

GVA of the Croatian economy 280,464,874 280,464,874 280,464,874 280,464,874
Share of GVA in the overall econ-

omy (%)
2.25 1.24 1.02 4.51

Source: Authors’ calculation.
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Table 8. Percentage of total employment induced by final expenditures on goods and services
produced by ICT sectors, in %.
Activity
section codes Share of employment

Final consumption
expenditure

Gross capital
formation

Total
exports

Total final
uses

A Total employment induced by ICT
expenditure

1,837 1,189 937 3,964

Employment in the activity section A 214,671 214,671 214,671 214,671
Share of employment in the activity

section A (%)
0.86 0.55 0.44 1.85

B,C,D,E Total empl. induced by ICT
expenditure

3,398 1,931 1,749 7,078

Employment in the activity sec-
tion B,C,D,E

315,164 315,164 315,164 315,164

Share of employment in the activity
section B,C,D,E (%)

1.08 0.61 0.56 2.25

F Total employment induced by ICT
expenditure

135 94 70 299

Employment in the activity section F 120,917 120,917 120,917 120,917
Share of employment in the activity

section F (%)
0.11 0.08 0.06 0.25

G,H Total employment induced by ICT
expenditure

4,001 2,328 2,089 8,418

Employment in the activity sec-
tion G,H

369,447 369,447 369,447 369,447

Share of employment in the activity
section G,H (%)

1.08 0.63 0.57 2.28

I Total employment induced by ICT
expenditure

1,225 837 614 2,676

Employment in the activity section I 117,138 117,138 117,138 117,138
Share of employment in the activity

section I (%)
1.05 0.71 0.52 2.28

J Total employment induced by ICT
expenditure

5,307 5,432 3,034 13,773

Employment in the activity section J 43,800 43,800 43,800 43,800
Share of employment in the activity

section J (%)
12.12 12.40 6.93 31.44

K Total employment induced by ICT
expenditure

222 144 111 478

Employment in the activity section K 32,005 32,005 32,005 32,005
Share of employment in the activity

section K (%)
0.69 0.45 0.35 1.49

L Total employment induced by ICT
expenditure

235 112 101 449

Employment in the activity section L 9,235 9,235 9,235 9,235
Share of employment in the activity

section L (%)
2.55 1.22 1.10 4.86

M,N Total employment induced by ICT
expenditure

769 523 383 1,674

Employment in the activity sec-
tion M,N

106,772 106,772 106,772 106,772

Share of employment in the activity
section M,N (%)

0.72 0.49 0.36 1.57

O,P,Q Total employment induced by ICT
expenditure

769 523 383 1,674

Employment in the activity sec-
tion O,P,Q

305,415 305,415 305,415 305,415

Share of employment in the activity
section O,P,Q (%)

0.25 0.17 0.13 0.55

R,S,T Total employment induced by ICT
expenditure

1,574 419 300 2,293

Employment in the activity sec-
tion R,S,T

63,996 63,996 63,996 63,996

(continued)

ECONOMIC RESEARCH-EKONOMSKA ISTRA�ZIVANJA 547



The multiplier effects of final consumption expenditures on ICT goods and serv-
ices, including the induced effects on Croatian GVA and employment are significant,
and amount to approximately 1.9 for GVA and 2.9 for employment. An increase in
the final demand for ICT goods and services creates almost double value of GVA in
the overall economy, while the impact on employment is even higher. However, a
high share of imported ICT goods and services of approximately 40% of total final
uses limits the potential for the spill-over of the multiplier effects onto the domestic
economy. Development of the domestic ICT sectors could significantly improve prod-
uctivity of the overall economy. Each directly employed person in ICT sectors induces
three additional jobs in the overall economy and therefore helps in reducing
unemployment.

Based on the literature review, as well as results presented in this paper, it may be
noted that in comparison with the developed European Union member states,
Croatia is lagging behind in the adoption of modern technologies. Consequently, high
import dependence is evident, particularly in the ICT manufacturing industry (i.e., in
the sector code C26 – Computer, electronic and optical products), where more than
90% of total final uses are satisfied by imported ICT goods. On the other hand,
according to Ke�cek, �Zajdela Hrustek & Du�sak (2016), for most European Union
member states, the multiplier effects are the greatest for the sector code C26 –
Computer, electronic and optical products, where Croatia shows the largest gap and
the highest import dependence. The ICT services industries are slightly better posi-
tioned, especially the sector code J61 – Telecommunications services. The income
elasticity of ICT products is usually found to be higher than one and an increase of
the share of ICT goods and services in the final demand is expected in the future
period. Strengthening of Croatian ICT producers through more intensive inclusion in
domestic and global value chains could provide an additional stimulus toward a sus-
tainable development of the Croatian economy.

Guidelines for future research should move towards the comparison of data and
trends for several years, which at this time is not possible, since the latest available
IO table for Croatia is for the year 2010. A more recent IO table could also be used
in the decomposition of the impact of various final demands for ICT goods in a lon-
ger period. For future research, it is also recommended to apply a described method-
ology to analyse the effects of final expenditures on ICT goods and services of other
European Union economies. A comparative analysis of the total contribution of final
expenditures on ICT products of the European Union member states would enable

Table 8. Continued.
Activity
section codes Share of employment

Final consumption
expenditure

Gross capital
formation

Total
exports

Total final
uses

Share of employment in the activity
section R,S,T (%)

2.46 0.66 0.47 3.58

Total Total employment induced by ICT
expenditure

21,323 14,799 10,682 46,805

Employment of the
Croatian economy

1,698,560 1,698,560 1,698,560 1,698,560

Share of employment in the overall
economy (%)

1.26 0.87 0.63 2.76

Source: Authors’ calculation.
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an overview of the impact of the ICT sectors and a widespread understanding of the
importance of the ICT sectors not only at the national, but also at the inter-
national level.

Notes

1. Multiplier type I is defined as the ratio of total effects (direct and indirect effects) and
direct effects. Multiplier type II is defined as the ratio of total effects (direct, indirect and
induced effects) and direct effects. Multipliers type I and type II are in more detail
explained in section 3.

2. The following industries of ISIC Rev. 4 at group level are grouped into the ICT
manufacturing industry: 261 - Manufacture of electronic components and boards, 262 -
Manufacture of computers and peripheral equipment, 263 - Manufacture of
communication equipment, 264 - Manufacture of consumer electronics and 268 -
Manufacture of magnetic and optical media.

3. Due to the protection of data confidentiality, the disaggregation of C26 activity at a
group level in Croatia for 2010 is not complete. The recent SBS surveys show that the
share of ICT manufacturing industries in the total C26 activity is about 80%. For this
reason, in the empirical analysis using the IO table for 2010, the whole C26 activity
is used.
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Appendix

Appendix: Calculation of the direct, indirect and induced effects of each
component of total final uses

Total final demand (Y) could be decomposed in the final demand for a different component
of the final demand: final consumption expenditures (Y_F) , gross capital formation (Y_I) and
total exports (Y_E) . Each of those categories is described as a vector with positive elements
for the sectors which deliver ICT goods and services to final users and 0 for other sectors.
Equations for the estimates of direct, indirect and induced effects in the continuation of this
appendix are presented for the component final consumption expenditures. The calculation of
direct, indirect and induced effects for other components of total final uses is identical as pre-
sented for the component final consumption expenditure, except the column vector of the
exogenous final demand is different, i.e., it is inherent to a particular component of total final
uses (Y_I or Y_E). In the calculation of the direct, indirect and induced effects of total final
uses, the column vector of the exogenous final demand of total final uses is equal to the sum
of the column vectors of the exogenous final demand of final consumption expenditures, gross
capital formation and total exports, i.e., Y¼Y_FþY_IþY_E.

1. Direct effects
If the column vector of the exogenous final demand of final consumption expenditures on

ICT products is noted as YF ¼
YF1
..
.

YF64

2
64

3
75 , where YFi ¼ 0 for non-ICT sectors and a certain

value of the final demand for the production of ICT sectors, then the direct effect of final con-
sumption expenditures on the Croatian economy is equal to the sum:

Direct effect on output ¼ isYF ¼
X64
i¼1

YFi (AP1)

where is represents a row vector of 1’s (of an appropriate dimension, here 64).

If the column vector of value added coefficients is noted as V
� ¼

v1
�

..

.

v64
�

2
664

3
775; then the direct

effects in terms of GVA present the sum of the value added coefficients per sector multiplied
by the output of ICT sectors which is delivered to the final users:

Direct effect on GVA ¼ V
� s
YF ¼

X64
i¼1

vi
�
YFi (AP2)

If the column vector of employment coefficients is noted as E
� ¼

e1
�

..

.

e64
�

2
664

3
775 then the direct

effects in terms of employment present the sum of the employment coefficients per sector
multiplied by the output of ICT sectors which is delivered to the final users:

Direct effect on employment ¼ E
�s
YF ¼

X64
i¼1

ei
�
YFi (AP3)
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2. Effects in an open I-O model
The open IO model includes the effects on units which directly deliver ICT goods or services
to the final user, and the indirect effects on producers included in the value added chain of
ICT producers.
Direct and indirect effects on the output of domestic producers
The output of domestic producers included in the value added chain of ICT sectors could be
estimated by the general formula, where final demand includes only the demand of final con-
sumption expenditures on ICT goods and services:

X ¼ I�Að Þ�1
YF (AP4)

X is the column vector whose elements present the output of all domestic sectors and the
matrix ðI�AÞ�1 is the Leontief Inverse matrix. The total value of the output of all domestic
producers, which includes the production of final goods and services directly delivered to final
users and the production of intermediate goods and services that are used in the production
processes of ICT sectors and other domestic producers included in the ICT value added chain
can be calculated by summing up the output of all producers:

Direct and indirect output ¼ is I�Að Þ�1
YF (AP5)

where is represents a row vector of 1’s (of an appropriate dimension, here 64).
The direct and indirect effects in terms of GVA present the sum of value added coefficients

per sector multiplied by the output of all domestic producers included in the supply chain of
ICT sectors:

Direct and indirect effects on GVA ¼ V
� s

I�Að Þ�1
YF (AP6)

The direct and indirect effects in terms of employment present the sum of employment
coefficients per sector multiplied by the output of all domestic producers included in the sup-
ply chain of ICT sectors:

Direct and indirect effects on employment ¼ E
�s

I�Að Þ�1
YF (AP7)

Indirect effects as presented in Figure 1 and Figure 2 are derived as a difference of total
effects estimated by an open IO model and direct effects. Indirect effects in terms of GVA are
equal to the difference between the results of the equation (AP6) and the equation (AP2),
while indirect effects in terms of employment are equal to the difference between the results of
the equation (AP7) and the equation (AP3).

If one is interested not only in the total effects in terms of GVA induced by the final
demand for ICT goods and services, but also in the sectoral breakdown, instead of a vector
which presents value added coefficients, the diagonal matrix V

�
is to be used. For the diag-

onal matrix

V
� ¼

v1
�

0 � � � 0

0 v2
�

..

.
0

0 � � �

0 ..
.

. .
.

0
0 v64

�

2
666664

3
777775

containing the value added coefficients vi
�
; i ¼ 1; :::; 64 on

the main diagonal, the Leontief Inverse matrix L ¼ ðI�AÞ�1 and the column vector of the
exogenous final demand of final consumption expenditures on ICT products YF ¼

YF1
..
.

YF64

2
64

3
75,

the column vector VF ¼
VF1
..
.

VF64

2
64

3
75 whose elements VFi; i ¼ 1; :::; 64 represent the total
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contribution of final consumption expenditures in terms of GVA of each productive sector
i; i ¼ 1; :::; 64 is equal to the:

VF ¼
VF1
VF2
..
.

VF64

2
6664

3
7775 ¼

v1
�

0 � � � 0

0 v2
�

..

.
0

0 � � �

0 ..
.

. .
.

0
0 v64

�

2
666664

3
777775
�

a11 a12 � � � a1;64
a21 a22
..
. ..

.

a64;1 a64;2

� � � a2;64
. .
. ..

.

� � � a64;64

2
6664

3
7775 �

YF1
YF2
..
.

YF64

2
6664

3
7775

¼
v1
�
a11YF1þ v1

�
a12YF2þ � � � þ v1

�
a1;64YF64

v2
�
a21YF1þ v2

�
a22YF2þ � � � þ v2

�
a2;64YF64

..

.

v64
�
a64;1YF1þ v64

�
a64;2YF2þ � � � þ v64

�
a64;64YF64

2
66664

3
77775 ¼

X64
j¼1

v1
�
a1jYFj

X64
j¼1

v2
�
a2jYFj

..

.

X64
j¼1

v64
�
a64;jYFj

2
66666666666664

3
77777777777775

(AP8)

The same set of equations could be used to estimate the total effects in terms of employ-
ment, but instead of the matrix of value added coefficients (V

�
), a matrix which presents

employment coefficients is to be used (matrix E
�
).

3. Total effects in the closed I-O model
Furthermore, total effects in the closed IO model are equal to the sum of direct, indirect and
induced effects (an increase in the output related to the additional household consumption
financed by wages and salaries earned in the ICT value added chain). The key matrix used in
the closed model is the matrix L11 , the sub-matrix of the matrix

L ¼ ðI�AÞ�1 ¼ L11 L12
L21 L22

� �
,where matrix A is the expanded matrix A (the matrix of input

coefficients as defined above) with an additional row with coefficients for wages and salaries
and an additional column presenting the structure of household consumption.

In the simpler form, when only the total activity of all production sectors is measured, the
following expressions are used:

Total output induced by demand for ICT products ¼ isL11YF (AP9)

where isrepresents a row vector of 1’s (of an appropriate dimension, here 64).
Total effects in terms of GVA present the sum of the value added coefficients per sector

multiplied by the output of all domestic producers included in the supply chain of ICT sectors
(V
�
is the column vector of the value added coefficients):

Total GVA induced by demand for ICT products ¼ V
� s

L11YF (AP10)

Total effects in terms of employment present the sum of employment coefficients per sector
multiplied by the output of all domestic producers included in the supply chain of ICT
sectors:
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Total employment induced by demand for ICT products ¼ E
�s
L11YF (AP11)

Induced effects as presented in Figure 1 and Figure 2 are derived as a difference of total
effects estimated by the closed IO model and total effects estimated by the open IO model.
Induced effects in terms of GVA are equal to the difference between the results of the equa-
tion (AP10) and the equation (AP6), while induced effects in terms of employment are equal
to the difference between the results of the equation (AP11) and the equation (AP7).

However, if not only the total economic effects in terms of GVA, but also the effects for
each individual sector are estimated in the closed IO model, a diagonal matrix containing
value added coefficients (V

�
) is to be used. Items aij are elements of the L11 matrix. The total

contribution of final consumption expenditures in terms of GVA of each productive sector
i; i ¼ 1; :::; 64 in the closed IO model is equal to the:

VF ¼
VF1
VF2
..
.

VF64

2
6664

3
7775 ¼

v1
�

0 � � � 0

0 v2
�

..

.
0

0 � � �

0 ..
.

. .
.

0
0 v64

�

2
666664

3
777775
�

a11 a12 � � � a1;64
a21 a22
..
. ..

.

a64;1 a64;2

� � � a2;64
. .
. ..

.

� � � a64;64

2
6664

3
7775 �

YF1
YF2
..
.

YF64

2
6664

3
7775

¼
v1
�
a11YF1þ v1

�
a12YF2þ � � � þ v1

�
a1;64YF64

v2
�
a21YF1þ v2

�
a22YF2þ � � � þ v2

�
a2;64YF64

..

.

v64
�
a64;1YF1þ v64

�
a64;2YF2þ � � � þ v64

�
a64;64YF64

2
66664

3
77775 ¼

X64
j¼1

v1
�
a1jYFj

X64
j¼1

v2
�
a2jYFj

..

.

X64
j¼1

v64
�
a64;jYFj

2
66666666666664

3
77777777777775

For estimating the total effects in terms of employment, the same set of equations could be
used, but instead of the matrix of value added coefficients (V

�
), a matrix which presents

employment coefficients is to be used (E
�
).

The calculation of direct, indirect and induced effects described in terms of GVA and
employment can also be applied for calculating the direct, indirect and induced effects for the
import content of the final demand, but instead of the column vector V

�
(in the case of GVA)

or column vector E
�
(in the case of employment), the column vector U

� ¼
u1
�

..

.

u64
�

2
664

3
775 is used.
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