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Abstract 

Recent and relevant research indicates that national economies oriented towards the high-tech production and 

exports achieved faster economic growth and development compared to the economies in which growth is based 

on traditional industry and on domestic demand. The relations between the productive sectors of the national 

economy and the level of domestic producer’s involvement in international value added chains are the main 

success indicators in the speed of economic convergence. With the aim of better understanding the economic 

position of a particular productive sector in Croatian economy, and its competitiveness, a comparison of input-

output multipliers of productive sectors was performed. The comparison of type I and type II gross value added 

and employment multipliers of Croatian productive sectors was based on input-output tables for Croatian economy 

for the year 2010 and 2018. Although gross value added and employment multipliers in 2018 recorded higher 

values than gross value added and employment multipliers in 2010, the groups of sectors with the highest and 

lowest multipliers in both years are almost equal. 
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1. Introduction 

Input-output analysis has been adopted worldwide as a method for quantitative macroeconomic analysis of national 

economic development. As a powerful analytical tool, input-output analysis is of great importance to economic 

policy makers in developing short-term measures and long-term strategies to improve overall productivity and 

development of the national economy. Input-output analysis quantifies total effects of a certain sector of interest 

to the national economy (ten Raa, 2005; Miller and Blair, 2009; Mikulić, 2018). The input-output model is based 

on the existence of cross-sectoral relations that arise from the technological connection of productive sectors 

(Miller and Blair, 2009). The input-output model is represented by a system of linear equations showing deliveries 

between different sectors in the national economy. Each equation shows the distribution of the production of a 

certain activity into intermediate and final uses of the entire economy. Input-output model provides information 

on the production distribution of individual activities and on the structure of costs in the production process of 

each activity. Information on the structure of output and input is the basis for assessing the effect of final demand 

on output, gross value added and employment. A prerequisite for the application of input-output analysis is input-

output table. The input-output table is the statistical and informational basis of input-output analysis in which the 

entire production system of the economy is broken down into 𝑛 productive sectors. According to the Regulation 

of the European Parliament and of the Council of 21 May 2013 on the European system of national and regional 

accounts in the European Union (European Parliament, 2013) every European Union member is obligatory to 

produce input-output table in every five years (Eurostat, 2013). 

Review of recent and relevant literature indicates that studies concerning the total effects of sector of interest on 

the growth and development of the Croatian economy by using input-output methodology are mainly focused on 

ICT sectors (Keček, Boljunčić and Mikulić, 2019; Keček, Milković and Mikulić, 2019; Keček, 2019), 

transportation sectors (Vukić, Mikulić and Keček, 2021; Keček, Brlek and Buntak, 2021), energy buildings 

renovation (Mikulić, Keček and Slijepčević, 2021; Mikulić, Lovrinčević and Keček, 2020), and tourism (Mikulić, 

Keček and Lovrinčević, 2021).  
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This research is the continuation and extension of the research Keček, Milković and Boljunčić (2019) where output 

and employment effects of Croatian productive sectors for the year 2010 were quantified. The contribution of this 

paper is reflected in the comparison of input-output multipliers of Croatian productive sectors for 2018 with the 

results obtained for 2010 in order to determine whether the change in production technology under the influence 

of technical progress over time led to a change in technical coefficients. 

2. Research Methodology 

Input-output table for domestic production is composed of three parts (Table 1). First part of the input-output table 

shows deliveries of sector 𝑖 to sector 𝑗 (𝑋𝑖𝑗
𝑑 , 𝑖, 𝑗 = 1, . . . , 𝑛). The second part of the input-output table shows the 

structure of final uses (𝑌𝑖
𝑑 , 𝑖 = 1, . . . , 𝑛) and the third part represents the gross value added structure (𝑣𝑖, 𝑖 =

1, . . . , 𝑛). 

Flows of goods and services between 𝑛 productive sectors in the IO model are described with following equations: 

𝑋𝑖 = ∑ 𝑋𝑖𝑗
𝑑 + 𝑌𝑖

𝑑𝑛
𝑗=1 = ∑ 𝑎𝑖𝑗𝑋𝑗 + 𝑌𝑖

𝑑𝑛
𝑗=1 , 𝑖 = 1, … , 𝑛              (1) 

where 𝑋𝑖 represents total production of sector 𝑖, 𝑌𝑖
𝑑 represents final uses of sector 𝑖 satisfied with domestic goods 

and services, ∑ 𝑋𝑖𝑗
𝑑𝑛

𝑗=1  represents intermediate consumption, the sum of the goods and services produced by the 

sector 𝑖 used as intermediate consumption in the production of goods and services of sector 𝑖 and all other sectors. 

Technical coefficient 𝑎𝑖𝑗 =
𝑋𝑖𝑗

𝑑

𝑋𝑗
 is defined as a ratio of a product from sector 𝑖  that is required by sector  𝑗 in order 

to produce one unit of its product. In the matrix form, the system of equations (1) is: 

𝑋 = 𝐴𝑋 + 𝑌                (2) 

where 𝑋 = [
𝑋1

⋮
𝑋𝑛

] is column vector of outputs, 𝑌 = [
𝑌1

⋮
𝑌𝑛

] column vector of final uses and 𝐴 = [

𝑎11 ⋯ 𝑎1𝑛

⋮ ⋱ ⋮
𝑎𝑛1 ⋯ 𝑎𝑛𝑛

] is a 

square 𝑛-by-𝑛 matrix of technical coefficients, called technology matrix. Vector 

𝑋 = (𝐼 − 𝐴)−1𝑌               (3) 

is the solution to the system (2), where 𝐼 is an 𝑛-by-𝑛 identity matrix. Elements 𝛼𝑖𝑗 of Leontief inverse matrix 

𝐿 = (𝐼 − 𝐴)−1 represent total direct and indirect output of sector 𝑖 per one unit of final demand in sector 𝑗. They 

are crucial in the type I multipliers calculation. Input-output model that enables type I multipliers calculation is 

called open input-output model.  

Expanded technology matrix 𝐴 with one more row and one more column in matrix �̅� enables direct, indirect and 

induced effects quantification. Indicators showing these effects are called type II multipliers and model that 

includes these effects is closed input-output model. A square 𝑛-by-𝑛 matrix 𝐿11
̅̅ ̅̅ , a sub-matrix of matrix 

�̅� = (𝐼 − �̅�)−1 = [
𝐿11
̅̅ ̅̅ 𝐿12

̅̅ ̅̅

𝐿21
̅̅ ̅̅ 𝐿22

̅̅ ̅̅
], is used for the multipliers type II calculation (McLennan, 2006; Miller and Blair, 

2009). Elements 𝛼𝑖𝑗̅̅ ̅̅  of matrix 𝐿11
̅̅ ̅̅  represent direct, indirect and induced effects on the increase in sector’s 𝑖 

production as a result of the unit growth of final demand by the sector 𝑗. Unlike the open input-output model where 

final consumption is considered as an exogenous variable, in closed input-output model some components of final 

consumption, mainly households, are considered as an endogenous variable. 

Type I GVA multiplier for sector 𝑗 equals to the GVA in the total economy which is directly and indirectly 

conditioned by the unit of final demand of sector 𝑗 and GVA directly realized in sector 𝑗: 

𝑚(𝑣)𝑗 =
∑ 𝑣�̃�𝛼𝑖𝑗

𝑛
𝑖=1

𝑣�̃�
, 𝑗 = 1, … , 𝑛             (4) 

Coefficients 𝑣�̃� =
𝑣𝑗

𝑋𝑗
, 𝑗 = 1, … 𝑛, represent the share of GVA in output of sector 𝑗, 𝑗 = 1, … , 𝑛. 

Type II GVA multiplier includes, beside direct and indirect changes in GVA, GVA that is provided during increase 

in household consumption by income increase. Type II GVA multiplier of sector 𝑗 is defined as a ratio of direct, 

indirect and induced GVA growth stimulated by the unit increase of final demand in sector 𝑗 and GVA in the 

output of sector 𝑗: 

http://www.rsepconferences.com/
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�̅�(𝑣)𝑗 =
∑ 𝑣�̃�𝛼𝑖𝑗̅̅ ̅̅̅𝑛

𝑖=1

𝑣�̃�
, 𝑗 = 1, … , 𝑛            (5) 

Table 1 Input-output table for domestic production 

Sectors Intermediate consumption Total Final uses Total use 

Delivery of 

domestic sector 
𝑋11

𝑑 … 𝑋11
𝑑 … 𝑋11

𝑑

𝑋21
𝑑 … 𝑋2𝑖

𝑑 … 𝑋2𝑛
𝑑

⋮
𝑋𝑛1

𝑑
⋮

… 𝑋𝑛2
𝑑 …

⋮
𝑋𝑛𝑛

𝑑

 

∑ 𝑋1𝑗
𝑑

𝑗
 

⋮

∑ 𝑋𝑛𝑗
𝑑

𝑗

 

𝑌1
𝑑

𝑌2
𝑑

⋮
𝑌𝑛

𝑑

 

𝑋1

𝑋2

⋮
𝑋𝑛

 

Total ∑ 𝑋𝑖1
𝑑

𝑖

… ∑ 𝑋𝑖𝑖
𝑑

𝑖

… ∑ 𝑋𝑖𝑛
𝑑

𝑖

 ∑ ∑ 𝑋𝑖𝑗
𝑑

𝑗
𝑖

 ∑ 𝑌𝑖
𝑑

𝑖
 ∑ 𝑋𝑖

𝑖
 

Use of imported 

products 
∑ 𝑋𝑖1

𝑢

𝑖

… ∑ 𝑋𝑖𝑖
𝑢

𝑖

… ∑ 𝑋𝑖𝑛
𝑢

𝑖

 ∑ ∑ 𝑋𝑖𝑗
𝑢

𝑗
𝑖

 ∑ 𝑌𝑖
𝑢

𝑖
 ∑ 𝑈𝑖

𝑖
 

Gross value 

added 

𝑣1 … 𝑣𝑖 … 𝑣𝑛 ∑ 𝑣𝑗
𝑗

 
  

Output 𝑋1 … 𝑋𝑖 … 𝑋𝑛 ∑ 𝑋𝑗
𝑗

 
  

Source: Miller and Blair (2009) 

Type I employment multiplier of sector 𝑗 is defined as the ratio of total employment increase that includes direct 

and indirect effects in final consumption and ratio of number of employees and output of sector 𝑗: 

𝑚(𝑒)𝑗 =
∑ 𝑒�̃�𝛼𝑖𝑗

𝑛
𝑖=1

𝑒�̃�
, 𝑗 = 1, … , 𝑛         (6) 

where coefficients 𝑒�̃� =
𝑒𝑗

𝑋𝑗
, 𝑗 = 1, … 𝑛, represent the share of the number of employees of sector 𝑗 in its output. 

Type II employment multiplier of sector 𝑗 equals to the ratio of total employment growth in the sector 𝑗 which 

includes direct, indirect and induced effects in the change of final demand and the ratio of the number of employees 

and output of sector 𝑗: 

�̅�(𝑒)𝑗 =
∑ 𝑒�̃�𝛼𝑖𝑗̅̅ ̅̅̅𝑛

𝑖=1

𝑒�̃�
, 𝑗 = 1, … , 𝑛         (7) 

3. Data sources 

The main data source used in this research is Eurostat database. Croatian IO tables for domestic production for the 

year 2010 and 2018 were downloaded from the Eurostat (2022a). Those input-output tables represent Croatian 

economy divided into 64 mutually exclusive productive sectors. Eurostat National accounts aggregates by industry 

(Eurostat, 2022b) provided GVA data for type I and type II GVA multipliers calculation. Eurostat National 

accounts employment data by industry (Eurostat, 2012c) provided data of the number of employees per productive 

sector. 

4. Research results 

In the continuation, the comparison of type I and type II GVA for Croatian productive sectors for the year 2010 

and 2018 is provided. Type I and type II GVA multipliers are calculated according to the formulas (4) and (5). 

Instead of employment multipliers, productive sectors with the highest and lowest number of jobs related to 

deliveries of final products worth 1 million HRK in the open and closed input-output model in 2010 and 2018 are 

presented. In 2010, the highest type I GVA multiplier was detected for sector code CPA_C30 - Other transport 

equipment and amounted to 2.48 (Table 2). Type I GVA multiplier indicates that if the final demand for the 

http://www.rsepconferences.com/
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products of this sector increases by 1 HRK, the GVA in the Croatian economy increases by 2.48 HRK. High type 

I GVA multipliers are also detected for sectors Advertising and market research services, Air transport services, 

Chemicals and chemical products and Travel agency, tour operator and related services. With slightly higher 

values, in 2018 the group of sectors with the highest type I GVA multipliers is almost identical to the group of 

sectors with the highest type I GVA multipliers in 2010 (Table 3). 

Table 2. Productive sectors with the highest type I 

GVA multipliers in 2010 

Table 3. Productive sectors with the highest type I 

GVA multipliers in 2018 

Code Description Value 

CPA_C30 Other transport equipment 2.48 

CPA_M73 

Advertising and market 

research services 
2.33 

CPA_H51 Air transport services 2.24 

CPA_C20 Chemicals and chemical 

products 

2.18 

CPA_N79 Travel agency, tour 

operator and related 

services 

2.13 

 

Code Description Value 

CPA_N79 Travel agency, tour operator 

and related services 

3.47 

CPA_C30 Other transport equipment 2.83 

CPA_H51 Air transport services 2.32 

CPA_C17 Paper and paper products 2.21 

CPA_C20 Chemicals and chemical 

products 2.17 
 

Source: Authors’ calculation.       Source: Authors’ calculation. 

 

The inclusion of induced personal consumption affects a higher level of GVA that is related to the deliveries of 

final goods and services. With induced consumption included, the group of sectors with the highest type II GVA 

multipliers is almost identical to the group of sectors with the highest type I GVA multipliers (Table 4 and Table 

5).  

Table 4. Productive sectors with the highest type II 

GVA multipliers in 2010 

Table 5. Productive sectors with the highest type II 

GVA multipliers in 2018 

Code Description Value 

CPA_C30 Other transport equipment 4.05 

CPA_H51 Air transport services 3.53 

CPA_M73 

Advertising and market 

research services 
3.48 

CPA_N79 Travel agency, tour 

operator and related 

services 

3.35 

CPA_C20 Chemicals and chemical 

products 

3.23 

 

Code Description Value 

CPA_N79 Travel agency, tour 

operator and related 

services 

4.89 

CPA_C30 Other transport equipment 4.72 

CPA_C16 
Wood and of products of 

wood and cork 
3.30 

CPA_C20 Chemicals and chemical 

products 

3.26 

CPA_H51 Air transport services 3.09 
 

Source: Authors’ calculation.       Source: Authors’ calculation. 

 

In both analyzed years, the lowest type I GVA multipliers are detected for the entire set of service activities given 

that these sectors use a limited set of intermediate products of other domestic sectors (Table 6 and Table 7). 

Table 6. Productive sectors with the lowest type I 

GVA multipliers in 2010 

Table 7. Productive sectors with the lowest type I 

GVA multipliers in 2018 

Code Description Value 

CPA_L68A 
Imputed rents of owner-

occupied dwellings 
1.08 

CPA_K66 

Services auxiliary to 

financial services and 

insurance services 

1.18 

CPA_H53 Postal and courier 

services 
1.19 

CPA_L68B 
Real estate services 

(exluding imputed rent) 
1.19 

CPA_P85 Education services 1.19 
 

Code Description Value 

CPA_T 
Services of households as 

employers 
1.01 

CPA_L68B 
Real estate services 

(exluding imputed rent) 
1.07 

CPA_H53 Postal and courier 

services 
1.15 

CPA_P85 Education services 1.19 

CPA_ K64 

Financial services, except 

insurance and pension 

funding 

1.24 

 

Source: Authors’ calculation.       Source: Authors’ calculation. 
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Figure 1. Productive sectors with the highest number 

of jobs related to deliveries of final products worth 1 

million HRK in the open IO model in 2010 

 

Figure 2. Productive sectors with the highest number 

of jobs related to deliveries of final products worth 1 

million HRK in the open IO model in 2018 

  

Source: Authors’ calculation.       Source: Authors’ calculation. 

 

Figure 1 and Figure 2 graphically present the highest number of jobs directly or indirectly related to deliveries of 

final products worth 1 million HRK in 2010 and 2018. In 2010, 1 million HRK of output of each sector directly 

or indirectly generates up to 12 jobs in sector Products of agriculture, hunting and related services, followed by 

sector Social work services and sector Postal and courier services with 8 jobs (Figure 1). The group of sectors with 

the highest number of jobs directly or indirectly related to deliveries of final products worth 1 million HRK is very 

similar in 2018, with a slightly lower number of jobs (Figure 2). 

 
Figure 3. Productive sectors with the lowest number 

of jobs related to deliveries of final products worth 1 

million HRK in the open IO model in 2010 

Figure 4. Productive sectors with the lowest number 

of jobs related to deliveries of final products worth 1 

million HRK in the open IO model in 2018 

 
 

Source: Authors’ calculation.       Source: Authors’ calculation. 

 

The group of sectors with the lowest number of jobs directly or indirectly related to deliveries of final products 

worth 1 million HRK is very diverse, but in both analyzed years, the same sectors mostly prevail (Figure 3 and 

Figure 4). 

With induced effects included, in 2010, 1 million HRK of output of a particular sector directly and indirectly 

generates the highest number of jobs in sector Products of agriculture, hunting and related services, Postal and 

courier services and Social work services (Figure 5). In 2018, the highest number of jobs related to deliveries of 

final products worth 1 million HRK in the closed input-output model was detected in sector Services of households 

as employers, Other transport equipment and Social work services (Figure 6). For most productive sectors, a lower 

number of jobs generated per 1 million HRK of output of a particular sector was recorded in 2018 compared to 

2010. 
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Figure 5. Productive sectors with the highest number 

of jobs related to deliveries of final products worth 1 

million HRK in the closed IO model in 2010 

Figure 6. Productive sectors with the highest number 

of jobs related to deliveries of final products worth 1 

million HRK in the closed IO model in 2018 

 
 

Source: Authors’ calculation.       Source: Authors’ calculation. 

 

5. Conclusion 

The contribution of this paper is reflected in the creation of a quality basis for future scientific research on the 

economic growth of Croatia. Research results analysis is particularly significant in the conditions of increasing 

globalization and specialization of economies in certain economic sectors. It will also contribute to the analysis of 

the impact of the COVID-19 pandemic on certain production sectors included in the added value chain of other 

production sectors in Croatia. 

Both in 2010 and 2018, the productive sectors with the highest GVA multipliers are sectors that have high share 

of domestic intermediate products. The following sectors are highlighted: Other transport equipment, Air transport 

services, Chemicals and chemical products and Travel agency, tour operator and related services. Productive 

sectors with the lowest GVA multipliers include entire set of service activities given that these sectors use a limited 

set of intermediate products of other domestic sectors. In 2018, slightly higher GVA multiplier values were 

recorded. The multipliers differences are result of structural changes in the analyzed period, both in the structure 

of final demand and due to changes in technical coefficients, i.e. production processes. Compared to 2010, in 2018 

the group of sectors with the highest number of jobs directly or indirectly related to deliveries of final products 

worth 1 million HRK is very similar, with a slightly lower number of jobs. 

A comparative analysis of the most important productive sectors in Croatia and other countries, especially similar 

economies of the new European Union members, would enable a broader understanding of the importance of 

individual productive sector not only at the national, but also at the international level.  
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