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Panel VECM approach to examining differences in labour, capital and

total factor productivity on large companies’ export revenue and

export intensity

In order to answer how increases in total factor productivity, labour productivity

and capital productivity affect equilibrium export growth and export intensity

growth, a panel vector error correction model (VECM) is applied onto a firm

level data of Croatia’s 300 largest exporters in the period 2006-2015. Significance

of this study is twofold. Firstly, VECM approach determines short and long run

responses to shocks in total factor productivity, labour productivity and capital

productivity. Results show that shocks in total factor productivity affects export

growth but not export intensity growth. Labour productivity shocks do not affect

export or export intensity growth, while capital productivity shocks have an effect

on both export and export intensity, whereby the system takes longer to go back

to equilibrium after capital productivity shocks than total productivity shocks.

Secondly, managerial and policy implications of short-term and long-term effects

of total factor productivity and labour productivity on export and export intensity

growth are discussed.

Keywords: total factor productivity; labour productivity; export; export intensity;

vector error correction model (VECM); impulse response function; large

companies.

JEL classification codes: D24; F10; F17.



1. Introduction

Although international economic theory studies the effects of productivity connected to

national comparative advantage, many contemporary studies reverse the roles to

examine the effects of exports on productivity increase, i.e., export-led growth

hypothesis (e.g., Benkovskis et al., 2020). Productivity can be led by international

investment; it can result from technology spillover or innovation, whereby productivity

gains depend on a share of technology contained in exporting products or services

(Benkovskis et al., 2020). As productivity increases with exporting, trade liberalisation

becomes more valuable (Bai et al., 2017), and has a faster effect on productivity

increases (Diao et al., 2005). Having in mind productivity increases from trade

liberalisation, this paper turns its focus toward the neo-classical theory’s model of

comparative advantage (Fadinger & Fleiss, 2011) to answer the research question: How

total factor productivity, labour productivity and capital productivity influence

equilibrium export and export intensity growth? Furthermore, this paper deepens our

understanding of the main research question by explaining the magnitude of shocks to

total factor productivity, labour productivity and capital productivity on export revenue

and export intensity. Panel vector error correction model (VECM), impulse response

function and variance decomposition show how shocks in total factor productivity,

labour productivity and capital productivity affect export growth and export intensity

growth of Croatian largest exporters in the long run.

Empirical research is set in the context of Croatian economy. Croatian economy

underwent a transition from centrally planned to a capitalist market system in the early

1990s, and accessed into the European union in 2013. Its trade restrictions were

increasingly liberalised as Croatia joined the World Trade Organisation in 2000.



Changes in institutional transformation that allowed accession into the European union

had been occurring for a decade before the date of accession, which enabled firms to

adapt to new institutional settings. Croatia therefore provides an interesting research

setting based on its institutional transformation, that enabled changes in its equilibrium

export revenue and export intensity. In this paper, changes in export revenue and export

intensity are studied in the context of productivity increases, especially with respect to

changes in total factor productivity, labour productivity and capital productivity of a

small open economy (of Croatia). Ricardian and Heckscher-Ohlin models are

theoretical models used in this paper to explain how total factor productivity, labour

productivity and capital productivity influence equilibrium state of Croatia’s export and

export intensity growth with partner countries from the rest of the world.

The paper is structured as follows. Subsequent section of the paper provides a

literature review of the international trade theories, followed by explanation of the

research model of the effects of total factor productivity, labour productivity and capital

productivity on export revenue and export intensity growth. Influence of labour

productivity, capital productivity and total factor productivity are placed within Croatian

economy’s setting. Third section depicts methodology and data used for the empirical

analysis, while fourth section portrays results of the empirical analysis followed by

discussion containing managerial and policy implication, with which the paper

concludes.

2. Literature Review

2.1.Theoretical Approaches

When economies are inefficient proper allocation of resources could increase efficiency,

i.e., induce productivity growth (Baqaee & Farhi, 2020; Bontemps et al., 2001; Aoyama



et al., 2015). As total factor productivity is not inseparable from labour productivity,

capital productivity or resource productivity, concentrating on only one of the

mentioned factors of production can induce deceptive conclusions (Le Van & Pham,

2021). Employees are the most important firm and national assets (Oyeranti, 2000;

Miroslav & Trstenjak, 2012), whose satisfaction contributes to productivity (Nahod &

Knezović, 2017). The optimal combination of capital, labour and other resources to

production (Le Van & Pham; 2021) is subject to assumptions regarding the production

function and matching technologies. Incorrectly posed assumptions hinder the search

for an optimal combination of resources required to achieve greater competitiveness

(Cardullo, 2009).

A difference between short-run and long-run equilibrium examined by Berndt

and Fuss (1986) found that a large portion of measured productivity decline was

attributed to long-run equilibrium, when actually a short-run equilibrium was taking

place. Neo-classical economics’ view of technological change contributes to that notion

(Pasinetti, 1959). In order to ameliorate challenges originating from the difference

between short-run and long-run equilibrium, modern approaches use various statistical

methods (Aoyama et al., 2010) or build models that incorporate inflation-targeting

policy, Keynesian policy regime and equilibriums in which only fiscal policy is

effective (Carlin and Soskice, 2018). The third group depicts productivity shocks to

measure their effects on macroeconomic aggregates (Medeiros, 2020). In this paper the

latter approach is used to examine how shocks in total factor productivity, labour

productivity and capital productivity affect export revenue growth and export intensity

growth of the largest Croatian exporters.

International economics uses both Ricardian comparative advantage theory and

Heckscher-Ohlin’s theory to explain national comparative advantages based on either



total factor productivity or labour and capital productivity. Heckscher – Ohlin’s theory

states that factor abundance decreases the relative price of the abundant resource and

enables economy to use that resource more efficiently and export more products that

incorporate relatively abundant resource(s). Therewith, Heckscher-Ohlin’s theory

incorporated neoclassical price mechanism in international trade theory (Subasat, 2003).

Ricardian comparative advantage theory explicates comparative advantages based on

differing labour factor productivities (Morrow, 2008), while Heckscher-Ohlin’s theory

incorporates both labour productivity and capital productivity to explain comparative

advantages. Morrow (2010) found that both factor abundance and relative

productivity-based models explain each other. However, in terms of short-run and

long-run differences in equilibrium models, Beckham Gramm (2004) found that

Heckscher-Ohlin theory is unsuitable in explaining short-run dynamics of trade,

confirming that productivity is extremely important in the long run (Krugman, 1990;

Dhiman & Sharma, 2019).

This paper adds to previous studies by using vector error correction model that

incorporate both short-run and long-run effect of independent on dependent variable.

Tripathy et al. (2021) used vector error correction model’s Granger causality tests and

confirmed the existence of long-run causality between productivity and export, while

Dhiman and Sharma (2019) used a vector error correction model to inspect the

influence of labour productivity on export competitiveness of Indian textile industry, not

finding neither long-run nor short-run causalities. Therefore, this paper applies panel

vector error correction model to identify how changes in total factor productivity, labour

productivity and capital productivity influence equilibrium state of export revenue and

export intensity growth for Croatian largest exporters.



2.2.Transition Economy as a Research Setting

Transition from planned to capitalist market system induces changes relating to

technological developments (Kornai, 2000). Planned economies are characterised by

economic institutions and production technologies under state ownership (Lavigne,

1999). Agreements on industry strategy were made between representatives of, usually

one political party, trade unions, firms and other organisations, and included agreements

on: prices, income distribution, employment and foreign trade (Estrin & Uvalić, 2008).

Years of under-investment, weak institutional environment, over-indebtedness and

market concentration of public firms during planned economic period contributed lower

productivity (North, 1991). Namely, Croatia’s firm productivity is 26.3 % below the

European union’s 28-member states’ average (Bauer et al., 2020).

Many of the former planned economies underwent a period of structural change

characterised with long recessions, private sector growth, expansion and contraction of

some sectors, a decrease in firm sizes and regional differentiation (Gerber, 2002).

Transition processes have often been fast with long term consequences that required

careful planning in order to avoid and amend mistakes done in previous periods (Truong

et al., 2010). Hence, a transition of former planned economies to capitalist market

required an increase in productivity and investment (Sanfey & Milatović, 2018). On the

other hand, Croatia’s accession into the European union started in the beginning of 21st

century and finalised in 2013. Hence, it enabled a long transition period for Croatian

companies and enabled them to adapt to the new, European union, institutions.

Effects of innovation on productivity align with increases in export probability

(Ardent & Grabowski, 2017; Mai et al., 2019). Firm productivity can be increased

through: labour productivity, capital productivity and material productivity, all of which

contribute to firms’ total factor productivity. Overall, productivity gain’s most important

factor is labour productivity, i.e., educated labour force (Skorupinska & Torrent-Sellens,



2017; Mulliqi et al., 2019), which occur through both intra-sectoral and structural

changes (Levenko et al., 2019). Even in capital intensive sectors, labour tends to be

more important measure of productivity than capital (Lieberman et al., 1990). Current

convergence in labour productivity between European regions occurs in services sector

(Martino, 2015). As Croatia is a labour abundant country (Bilas & Bošnjak, 2015),

whose economic survival depends on tourism, which forms more than 25 percent of its

gross domestic product, service sector exports are important in increasing national

comparative advantage, especially in terms of their constant transition and overall

structural changes. Efficient human resources and management of human resources

contribute to labour productivity (Marengo, 2019; Thang & Quang, 2005). However,

this is often not the case.

Labour productivity alone cannot increase firms' profitability (Csordas, 2021).

Capital productivity and total factor productivity form prerequisites for successful

production and export. Productivity gains from exports add value to global value chains

and enable more competitive economic output and, hence, more competitive economy

(Benkovskis et al., 2020; Okafor, 2020).

Therefore, this paper attempts to answer the research question: How total factor

productivity, labour productivity and capital productivity influence Croatian export and

export intensity growth?

3. Data and Methodology

In order to answer the research question, data were extracted from the Orbis (2016)

database. Orbis database offers financial microdata on firms. The largest three hundred

firms measured by their export revenue in the period 2006-2015 were extracted. The

average share of the largest 300 exporters from 2006 to 2015 is 44% in total exports of

the Republic of Croatia. Specifically, in 2006 the share of the largest 300 exporters in



total exports was 46%, in 2007 42%, in 2008 40, in 2009 51%, in 2010 43%, in 2011

40%, 2012 40%, 2013 40%, 2014 37%, while in 2015 33%. It can be noted that the

share of the largest 300 exporters in total exports decreased. Annual firm level data is

used for the purpose of this paper. Five variables are of interest for this analysis: (1)

total factor productivity, (2) labour productivity, (3) capital productivity, (4) export

revenue and (5) export intensity (please see Table 1 for more detail).

- Insert Table 1 here -

Empirical study employs the formula for total factor productivity (TFP1)

employed by Dvoulety and Blažkova (2021) that deduces all cost of resources from the

sales turnover. Alternative measures of total factor productivity are also used to test the

robustness of results (van Beveren, 2008). Some to inspect differences in TFP indices as

imply constant, increasing or decreasing returns to scale (Diewert & Fox, 2010). Hence,

total factor productivity 2 (TFP2) deducts labour cost and total fixed assets from value

added, and total factor productivity 3 (TFP3) deducts labour costs and capital from

value added; whereas value added is calculated as total sales minus material costs and

inventory (Bournakis & Mallick, 2018). TFP measures are estimated based on the

production function coefficient estimates, calculated by fixed effects panel model (Table

2), which were than used to calculate respective total factor productivities (Olley &

Pakes, 1996; Levinsohn & Petrin, 2003; van Beveren, 2008; Bournakis & Mallick,

2018).

- Insert Table 2 here –

- Insert Table 3 here –



Table 3 portrays correlation matrix of three different measures used. All correlation

coefficients are statistically significant at the 5% significance level. TFP1 is based on

sales revenue, while TFP2 and TFP3 have higher bi-correlation than both of those

variables have with TFP1 as they are based on value added. All TFP measures imply

decreasing returns to scale as the sums of coefficients is less than 1. Small correlation

coefficients between TFP1 on one side and TFP2 and TFP3 on the other side are

attributed to diverging TFP measure from 2009 recession, where TFP1 is reversed-U

shaped and TFP2 and TFP3 measures are U-shaped (Figure 1). The reason is

inventories that increased after 2009 recession that are accounted in the value added

measures in TFP2 and TFP3, but not in TFP1.

Labour productivity is measured as output per worker (Sharp, 2000). Orbis

database did not contain data on quantity produced, so this paper uses the approach used

in Dimitrić et al. (2019) that explicates labour productivity as the ratio of turnover to

employment confirms. This measure is found to be more useful herein than measuring

the value added per employee as the latter measure would imply the concept of

innovativeness which wanted to be avoided herein. Similarly, capital productivity is

measured as the ratio of turnover of tangible fixed assets to turnover. All variables are

used in logarithmic form to avoid discrepancies in values that might distort the value of

causal effect. Additionally, all variables are deflated based on annual average producer

price for Croatia with a base year 2015 to portray values in real terms, which enable

meaningful comparison of firm productivity measures (Bournakis & Mallick, 2018).

Producer price indices were extracted from Croatian National Bank database (Croatian

National Bank, 2022). Table 4 shows descriptive statistics of the variables presented in

the model. All variables are calculated for each firm separately per annum. All variables

are in a log form to minimise discrepancies between various measures.



- Insert Table 4 here -

There are total of 2870 observations, i.e., data which are observed in our study.

Panel data incorporated 287 companies (N = 287) across 10 years (T = 10), as some

companies had a lot of missing data, they were dropped from a model, as the goal was

to preserve consistency. All variables presented in Table 4 are calculated by the authors

based on the formula presented in Table 1 and 4 are based on the previously confirmed

studies in the literature. In case of missing values, firms that lacked the value of variable

being tested, were dropped from the model. TFP1 is smaller than the mean level of

labour productivity as TFP1 deducts material and labour costs from sales revenue, while

labour productivity is calculated as log of sales per employee, TFP2 and TFP3 are

greater than the measure of labour productivity and differ from TFP1 as they deduct

cost of employees and cost of capital or fixed assets from value added, not per

employee.

The following figure depicts the trends of the data with plotted means with one standard

deviations for each variable from which cointegration between variables can be

observed.

- Insert Figure 1 here -

Croatia’s transition from socialist to market economy in the 1990s, then to

joining the European union in 2013 has brought about changes to firms’ behaviour.

However, this study did not control for the year of joining the EU, i.e., 2013, because

when system GMM was employed to test the period dummy variables of the

regressions, the data has not shown significance of 2013, but rather periods of 2008



recession (Bašić, 2022). The rationale is that accession into the European union lasted

for a long time and companies had time to re-organise themselves. Nonetheless, Figure

1 shows smaller variance of export intensity and export revenue after Croatia’s

accession into the European union in 2013 implying that firms might be focusing on

exporting into the EU single market with less economic fluctuations (Jošić and Bašić,

2021). Labour productivity, capital productivity and total factor productivity that depend

on sales experienced gradual increase, but in terms of total factor productivity indicators

that rest on value added, such change cannot be observed. After vector autoregression

(VAR) model has been tested on a larger number of variables (Sims, 1980), we choose

to follow established procedures for vector error correction model (VECM). Firstly,

causal relationship between total factor productivity, labour productivity and capital

productivity on one side and export and export intensity growth on the other side, using

a Granger causality test, and examining Johansen cointegration test (Johansen, 1995).

After testing the order of integration of labour productivity (LP), capital productivity

(CP), total factor productivity (TFP), a panel cointegration test is used to examine the

long-run relationship between the variables. Regressing only one variable onto another,

the maximum number of cointegrating vectors must be 1, implying that one linear

independent combination of a non-stationary variables is stationary. As cointegration

exists between the variables, a long run equilibrium relationship also exists between the

variables. Moreover, in case of a negative long-run coefficient short-term fluctuations

between the variables enable long-run stability. Dynamic panel causality test is also

used to assess the short-term cointegration and the direction of causality between the

variables. VECM allows us to examine both short-term and long-term dynamics

between the variables.

VECM equation is as follows:
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Herein, is the magnitude by which y was above or below its long-runε
^

𝑡−1

equilibrium value in the previous period. In the economic sense of this study, ε
^

𝑡−1

represents the value by which export revenue or export intensity in year t is the result of

previous years export revenues or export intensities, i.e. in year t-1. indicates a speedπ

of adjustment to equilibrium state or the amount of corrections of period t-1

disequilibrium to period t (Sims, 1980). If , then decreases as a result ofπ < 0 𝑌
𝑡

deviation from equilibrium state. If , then increases as a result of deviationπ > 0 𝑌
𝑡

from equilibrium state. The process of adjustment to or from equilibrium state is the

result of the cointegration of the two variables, which disables that error terms increase

in the long run.

4. Results

Panel vector error correction model (VECM) is used to test how labour productivity,

capital productivity and total factor productivity affect Croatian export and export



intensity growth. Unit root tests for all variables show that variables have unit roots at

level, hence, are not stationary at level but become stationary when differenced once.

We used ADF-Fisher χ2 test and ADF Choi Z-statistic. Hence the order of integration of

variables is I (1). Results of the effect of total factor productivity on Croatian export

growth and export intensity growth are shown first and followed by the effect of labour

productivity and capital productivity on Croatian export growth and export intensity

growth. VECM allows us to inspect both short run and long run effects of one standard

deviation shock in total factor productivity, labour productivity and capital productivity

on export growth and export intensity growth, thereby depicting the answer to a posed

research question.

4.1. Total Factor Productivity’s Effect on Export and Export Intensity Growth

Results of the VECM of effects of three measures of total factor productivity are

displayed in Table 5.

- Insert Table 5 here -

Lag lengths were estimated using VAR lag order selection criteria according to AIC,

Schwarz information criterion and Hannan-Quinn information criterion. All unit roots

satisfied the stability condition. The results depict the Johansen panel cointegration test

with an assumption of no deterministic trend at 5% significance level. Lagrange

multiplier used to test for autocorrelation up to 8th lag was not significant; hence,

hypothesis of autocorrelation cannot be accepted. Although White tests showed signs of

heteroskedasticity, VECM could be used as it is robust to the problem of



heteroskedasticity. Significant short-run and long-run causalities are tested with Wald

test that shows whether both, one or neither short-run and long-run causalities exist.

The system of equations determined by the lags of the VAR model and VECM

Granger causality are presented in Table 6.

- Insert Table 6 here –

Granger causality from all three TFP measures confirms that change in TFP Granger

causes change in export revenue. The results are fairly consistent with negative long run

coefficients, showing that after on standard deviation shock in total factor productivity

the whole system is getting back to equilibrium at the speed of 22.39% annually

(TFP1), 24.51% (TFP2) and 24.41% (TFP3). In approximately 4 to 5 years the effect of

one standard deviation shock in total factor productivity will have no effects on export

revenue growth.

VECM’s display of the effect of TFP on export intensity states that only changes in

TFP1 Granger cause changes in export intensity (Table 5). However, the Wald test has

shown that the long run coefficient is not statistically significant at the 5% significance

level, but only short-run. Hence, it cannot be stated that the whole system is getting

back at equilibrium after one standard deviation shock in TFP1 (Figure 3). This measure

is consistent with measures TFP2 and TFP3.

4.2.Labour Productivity’s Effect on Export and Export Intensity Growth

Labour productivity does not Granger cause changes in exports nor changes in export

intensity. Although Wald long run coefficients are significant for the effect of the



change in labour productivity on the change in export revenues and export intensity

(Tables 7 and 8).

- Insert Table 7 here -
- Insert Table 8 here -

Hypothesis that a change in labour productivity Granger causes the change in export

intensity cannot be accepted.

4.3.Capital Productivity’s Effect on Export and Export Intensity Growth

Results of the VECM of the effects of one standard deviation shock in capital

productivity on change in export and export intensity are shown in Tables 9 and 10.

- Insert Table 9 here -

- Insert Table 10 here -

Change in capital productivity Granger causes change in export and export

intensity. In terms of the effect of one standard deviation shock in capital productivity,

the whole system is getting back to equilibrium at the speed of 21.97% annually, i.e., in

approximately 5 years, while the effect of a shock on export intensity lasts longer

whereby a speed of adjustment is 15.48% annually, i.e. in approximately 7 years.

4.4.Impulse Response Functions and Variance Decomposition of Total Factor

Productivity and Capital Productivity on Export and Export Intensity Growth

Impulse response functions for the Granger significant effects was added to the

analysis to graphical show the results of the VECM (Figures 2, 3 and 4). Figures 2, 3



and 4 show the response of one standard deviation shock using a Cholesky degrees of

freedom adjusted factors of total factor productivity on equilibrium export growth

(Figure 2), total factor productivity on equilibrium export intensity growth (Figure 3),

and capital productivity on equilibrium export revenue and export intensity growth

(Figure 4).

- Insert Figure 2 here –

- Insert Figure 3 here -

- Insert Figure 4 here -

Impulse response functions show similar results as variance decompositionsm

which follow a rather conservative approach according to which a shock is attributed to

an endogenous variable first. Total factor productivity has a long-term effect, as

displayed in the VECM, while the effect of a shock in TFP shows that the speed of

reaching equilibrium both in case of export revenue growth and export intensity growth

is faster than in case of capital productivity.

- Insert Table 11 –

Based on variance decomposition (Table 11) a long run shock to export revenue

account for 63.58% of variation in export revenue, while shock to TFP1 can cause

36.42% of variation in export revenue. Secondly, a long run shock to export revenue

accounts for 91.80% of variation in export revenue, while a shock in TFP2 can account

for 8.20% of variation in export revenue. Thirdly, a long run shock to export revenue

accounts for 92.34% of variation in export revenue and a shock of TFP3 accounts for

7.66% of variation in export revenue.



In terms of variance decomposition, a long run shock to export intensity

accounts for 98.57% of variation in export intensity, while shock to TFP1can cause

1.43% of variation in export intensity. Herein, only a short-run causality is evident, not a

long-run.

In the long run, shock in export revenue accounts for 99.79% of variation in

export revenue and capital productivity accounts only for 0.21% of variation in export

revenue. In terms of export intensity, shock in export intensity accounts for 99.17% of

variation of export intensity and capital productivity accounts only for 0.83% of

variation in export intensity.

Discussion and Conclusion

This study used a theoretical Ricardian model and Heckscher-Ohlin’s models as a

starting point to describe the effect of total factor productivity, labour productivity and

capital productivity on equilibrium export revenue and export intensity growth of the

largest Croatian exporters. Microfinancial data of 300 largest exporting firms from

Croatia’s economy were used in the empirical research. Panel vector error correction

model’s (VECM) was applied to determine how total factor productivity, labour

productivity and capital productivity influence equilibrium export revenue and export

intensity growth. Herein, short-run and long-run responses to shocks in total factor

productivity, labour productivity and capital productivity were examined. Results

showed that shocks in total factor productivity exhibit significant effects on export

growth. Shocks in labour productivity do not exhibit a statistically significant Granger

effect on export or export intensity growth, while shocks to capital productivity induce

effects on both export and export intensity growth. Impulse response function and



variance decomposition show that reaching equilibrium in slower for shocks in capital

productivity than for shocks in total factor productivity.

This study confirmed the importance of total factor productivity in both

short-run and long-run for export revenue growth, and only in the long-run for export

intensity growth. TFP measures based on value added are more reliable in this sense as

they are composed of more indicators, thereby being more specific with respect to the

Cobb-Douglas production function. However, in order not to confuse the reader a

decomposition of a short run causality based on TFP1 is depicted in the paper (as it is

the only significant short run TFP measure). Labour productivity’s effect on export

revenue growth and export intensity growth are insignificant, while effects of capital

productivity have an effect on both export revenue and export intensity growth. Hence,

productivity is extremely important in the long run (Krugman, 1990; Dhiman &

Sharma, 2019).

There are several limitations of this study. Firstly, it uses annual firm level data

for the period 2006-2015. Although insights have been gained from this analysis, future

studies would benefit from a longer time periods and quarterly data. Secondly, only one

country data and the largest exporters of that country are analysed. Future studies would

benefit from multiple country data, especially data from transition economies. Thirdly, it

would be good to compare the data with the macroeconomic studies to gain a greater

understanding into the connection between total factor productivity, labour productivity

and capital productivity by using only value added. In this respect shocks in capital and

labour productivity are only comparable to shocks in TFP1, which is based on sales

revenue. Fourthly, this study does not provide information about bilateral sectoral flows

to test the classical Ricardian and Heckscher-Ohlin’s theory because of the lack of data,

but is based on a single country study. Future studies should inspect bilateral sectoral



flows. Fifth, in order to examine Heckscher-Ohlin’s theory in more detail information

on labour intensity and capital intensity is necessary which was not the focus of this

study, but might contribute to future studies. Sixth, industry sectors should be examined

to inspect differences in total factor productivity, labour productivity and capital

productivity across industry sectors to arrive at sector specific recommendations.

Seventh, the results of the study cannot be generalised to small firms as only the largest

300 exporters were inspected in the study.

The value this research holds for managers incorporates the impact the total

factor productivity, labour productivity and capital productivity have on export growth.

The study shows that there is a value coming from increasing capital productivity in the

long run, but that all inputs must be increased as well to achieve faster long-run growth.

Labour productivity did not provide statistically significant long-run effects in this

analysis. However, without educated workforce capital productivity is superfluous.

Although Croatia is a service-based economy, awaiting structural changes present in the

global economy stress the need for increased labour productivity and recombination of

factors of production for realising comparative advantage.

Policy recommendations for achievement and maintaining comparative

advantage include support for firms to quickly adopt new technological and production

trends, and education of employees in a form to enable the usage of capital and material

resources in production more efficiently, but also to innovate and increase firm’s

productivity. For this to occur, public educational policy needs to be aligned with

structural market changes. Finally, total factor productivity is to be increased by

cooperation of different sectors, leading to innovation and ultimately greater

competitiveness, i.e. export and export intensity growth.
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Table 1. Description of variables

Variable Description
Source from the

literature

Total factor productivity

(TFP1)

Logarithm of TFP = log(sales) - β1log

(tangible fixed assets) - β2log(costs of

employees) - β3log (material costs)

Dvoulety and Blažkova

(2021)

Total factor productivity

(TFP2)

Logarithm of TFP = log(value added) -

β1log (cost of employees) - β2log(fixed

assets)

Bournakis and Mallick

(2017) based on

Levinsohn and Petrin/

(2003) and Olley and

Pakes (1996)

Total factor productivity

(TFP3)

Logarithm of TFP = log(value added) -

β1log (cost of employees) - β2log(capital)

Labour productivity (LP)
Logarithm of the ratio of turnover to

employment

Dimitrić, Tomas

Živković and

ArbulaBlechich (2019)

Capital productivity (CP) Logarithm of the ratio of turnover to capital

Value added (VA)
Logarithm of sales minus material costs

minus inventory

Bournakis and Mallick

(2017)

Export revenue (EX) Logarithm of export revenue -

Export intensity (EI)
Logarithm of the ratio of export revenue to

operating revenue
-

Source: Author.



Table 2. Production function estimates for Croatian largest 300 exporters
y1 y2 y3

constant
0.13**

(0.05)

2.87***

(0.14)

2.99***

(0.13)

cost of employees
0.29***

(0.02)

0.26***

(0.03)

0.28***

(0.03)

material costs
0.76***

(0.02)

tangible fixed assets
0.01

(0.00)

fixed assets
0.04***

(0.01)

capital
0.28***

(0.03)

Number of observations 2494 2038 2038

Number of firms 284 266 266

R2 0.93 0.90 0.90

Adjusted R2 0.92 0.88 0.88

S.E. of regression 0.32 0.30 0.30

Log likelihood -532.81 -276.69 -279.54

Probability (F-statistic) 0.00 0.00 0.00

Akaike info criterion 0.66 0.53 0.54

Schwartz criterion 1.33 1.27 1.28

Hannan-Quinn criterion 0.90 0.81 0.81

Durbin-Watson statistic 1.49 1.21 1.22

Note: *** p < 0.001, ** p < 0.01, * p < 0.05, †p < 0.1
Fixed effect OLS. Dependent variables: y1 sales revenue, y3 and y4 value added. All
variables are deflated and in log form.
Source: Orbis database. Author’s calculations.



Table 3. Correlation matrix of different TFP measures for Croatian largest 300 exporters
1 2 3

TFP1 1

TFP2 0.05 1

TFP3 0.05 1.00 1

Note: Ordinary covariance analysis. All correlations are significant at 5% significance
level.
Source: Orbis database. Author’s calculations.



Table 4. Descriptive statistics of the variables in the model
TFP1 TFP2 TFP3 LP CP EX EI

Mean 0.13 2.87 2.99 2.86 0.83 4.15 0.19

Median 0.11 2.99 3.12 2.96 0.61 4.95 0.22

Maximum 3.66 4.55 4.73 5.97 5.56 6.54 0.83

Minimum -5.05 -1.68 -1.60 0.00 0.00 0.00 0.00

Std. Dev. 0.35 0.62 0.64 1.02 0.78 1.85 0.10

Skewness -4.58 -1.12 -1.09 -1.04 2.26 -1.43 -0.54

Kurtosis 85.54 5.18 5.03 4.96 9.44 3.59 2.94

Jarque-Bera 716709.8
830.46 749.74

885.25
6722.6

1
1025.81 129.62

Probability 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Sum 335.14
5843.4

6
6090.62

7476.33
2163.0

5
11903.76 503.06

Sum Sq.
Dev.

301.67
795.47 831.84

2695.13
1580.8

8
9782.35 25.82

Observatio
ns

2494
2038 2038

2610 2605 2870 2649

Note: All variables are in a log form.
Source: Orbis database. Author’s calculations.



Table 5. Panel VECM estimation: Total factor productivity
LM

Autocorrelation

test at lag 8

Granger

causality
Lags White test

Johansen

cointegration

test

Short run

causality

(Wald test)

Long run

causality

(Wald)

Long run

coefficient

∆TFP1->∆ EX 4.04 84.88*** 5 899.48*** 1 99.72*** 184.59*** -0.2239***

∆TFP1->∆ EI 1.70 22.30** 6 1207.93*** 2 31.63*** 1.41 -0.0001

∆TFP2->∆ EX 1.68 7.38* 2 672.95*** 1 8.11* 148.88*** -0.2451***

∆TFP2->∆ EI 3.47 4.31 3 258.52*** 1 2.37 66.09*** -0.1567***

∆TFP3->∆ EX 1.80 8.50* 2 671.04*** 1 9.47** 148.30*** -0.2441***

∆TFP3->∆ EX 3.09 5.10 3 281.14*** 1 3.15 66.53*** -0.1572***

Note: *** p < 0.001, ** p < 0.01, * p < 0.05, †p < 0.1
Short run and long run causalities depict the results of Wald F-statistic.
Johansen cointegration test indicates a number of equations with no trend and no
intercept in VECM.
LM autocorrelation tests are at lag 8 for all VECM estimations apart from TFP2 on EI,
where it is at lag 9.
Lags are based on VAR lag order selection criteria AIC, SC and HQ.
Source: Orbis database. Author’s calculations.



Table 6. Panel VECM estimation equations: Total factor productivity

∆TFP1->∆ EX

∆EX = -0.2239(EXt-1 + 8.3058 ×TFP1t-1 – 5.7689) - 0.2289×∆EXt-1 - 0.0519 ×∆EXt-2 - 0.0558 ×∆EXt-3 - 0.1108 ×∆EXt-4 -

0.0653 ×∆EXt-5 + 1.3042 ×∆TFP1t-1 + 1.1572 ×∆TFP1t-2+ 1.2779 ×∆TFP1t-3+ 0.1940 ×∆TFP1t-4 - 0.0941 ×∆TFP1t-5 +

0.1249

∆TFP1->∆ EI

∆EI = -0.0007(EIt-1 + 34.8405 ×TFP1t-1 – 4.2688) - 0.5527 ×∆EIt-1 - 0.2752 ×∆EIt-2 - 0.2153 ×∆EIt-3 - 0.1864 ×∆EIt-4 -

0.1350 ×∆EIt-5 +0.0632 ×∆EIt-6 + 0.0049 ×∆TFP1t-1 + 0.0032 ×∆TFP1t-2+ 0.0421 ×∆TFP1t-3 – 0.0226 ×∆TFP1t-4 - 0.0159

×∆TFP1t-5 - 0.0015 ×∆TFP1t-6 + 0.0169

∆TFP2->∆ EX
∆EX = -0.2451(EXt-1 – 1.1041 ×TFP2t-1 – 1.3814) - 0.2242×∆EXt-1 - 0.0578 ×∆EXt-2 - 0.2254 ×∆TFP2t-1 + 0.0398

×∆TFP2t-2+ 0.0727

∆TFP2->∆ EI
∆EI = -0.1567(EIt-1 -0.0455 ×TFP2t-1 – 0.0680) - 0.4193 ×∆EIt-1 - 0.1419 ×∆EIt-2 – 0.0102×∆EIt-3 - 0.0085 ×∆TFP2t-1 -

0.0011 ×∆TFP2t-2 + 0.0053 ×∆TFP2t-3 + 0.0089

∆TFP3->∆ EX
∆EX = -0.2441(EXt-1 – 1.0512 ×TFP3t-1 – 1.4076) - 0.2242 ×∆EXt-1 - 0.0584 ×∆EXt-2 - 0.2328 ×∆TFP3t-1 + 0.0636

×∆TFP3t-2+ 0.0729

∆TFP3->∆ EI
∆EI = -0.1572(EIt-1 -0.0438 ×TFP3t-1 – 0.0674) - 0.4197 ×∆EIt-1 - 0.1408 ×∆EIt-2 – 0.0110×∆EIt-3 - 0.0097 ×∆TFP3t-1 -

0.0002 ×∆TFP3t-2 + 0.0061 ×∆TFP3t-3 + 0.0089

Note: *** p < 0.001, ** p < 0.01, * p < 0.05, †p < 0.1
Source: Orbis database. Author’s calculations.



Table 7. Panel VECM estimation: Labour productivity
LM

Autocorrelation

test at lag 8

Granger

causality
Lags White test

Johansen

cointegration

test

Short run

causality

Long run

causality

Long run

coefficient

∆LP - >∆ EX 1.00 2.66 2 1181.54*** 1 2.13 275.36*** -0.2762***

∆LP - >∆ EI 5.83 2.74 3 379.89*** 1 1.92 124.54*** -0.1797***

Note: *** p < 0.001, ** p < 0.01, * p < 0.05, †p < 0.1
Short run and long run causalities depict the results of Wald F-statistic.
Johansen cointegration test indicates a number of equations with no trend and no
intercept in VECM.
Source: Orbis database. Author’s calculations.



Table 8. Panel VECM estimation equations: Labour productivity

∆LP->∆ EX
∆EX = -0.2762(EXt-1 – 0.6120 ×LPt-1 – 2.7918) - 0.2084 ×∆EXt-1 - 0.0553 ×∆EXt-2 + 0.0680 ×∆LPt-1 - 0.0554 ×∆LPt-2+

0.0933

∆LP->∆ EI
∆EI = -0.1797(EIt-1 -0.0332 ×LPt-1 – 0.0988) - 0.3668 ×∆EIt-1 - 0.1694 ×∆EIt-2 – 0.0104×∆EIt-3 + 0.0002 ×∆LPt-1 - 0.0079

×∆LPt-2 - 0.0032 ×∆LPt-3 + 0.0086

Note: *** p < 0.001, ** p < 0.01, * p < 0.05, †p < 0.1
Source: Orbis database. Author’s calculations.



Table 9. Panel VECM estimation: Capital productivity
LM

Autocorrelation

test at lag 8

Granger

causality
Lags White test

Johansen

cointegration

test

Short run

causality

Long run

causality

Long run

coefficient

∆CP - >∆ EX 0.86 7.04* 2 623.15*** 1 6.80* 239.09*** -0.2197***

∆CP - >∆ EI 3.63 5.16† 2 441.93*** 1 5.64† 127.87*** -0.1548***

Note: *** p < 0.001, ** p < 0.01, * p < 0.05, †p < 0.1
Short run and long run causalities depict the results of Wald F-statistic.
Johansen cointegration test indicates a number of equations with no trend and no
intercept in VECM.
Source: Orbis database. Author’s calculations.



Table 10. Panel VECM estimation equations: Capital productivity

∆CP->∆ EX
∆EX = -0.2197(EXt-1 + 0.1700 ×CPt-1 – 4.6176) - 0.2100 ×∆EXt-1 - 0.0649 ×∆EXt-2 + 0.1471 ×∆CPt-1 + 0.0702 ×∆CPt-2+

0.1093

∆CP->∆ EI
∆EI = -0.1548(EIt-1 + 0.0295 ×CPt-1 – 0.2131) - 0.3092 ×∆EIt-1 - 0.1197 ×∆EIt-2 + 0.0085 ×∆CPt-1 + 0.0009 ×∆CPt-2 +

0.0080

Note: *** p < 0.001, ** p < 0.01, * p < 0.05, †p < 0.1
Source: Orbis database. Author’s calculations.



Table 11. Variance decomposition
Expo
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intensity
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1
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00

0.00 100.00 0.0
0

100.00
0.0
0

100.00
0.00 100.00 0.00 100.00 0.00

2
97.0

0
3.00 99.99 0.0

1
100.00

0.0
0

99.73
0.27 99.86 0.14 99.96 0.04

3
94.8

6
5.14 99.49 0.5

1
99.44

0.5
6

99.51
0.49 99.85 0.15 99.93 0.07

4
93.7

6
6.24 98.91 1.0

9
98.91

1.0
9

99.22
0.78 99.86 0.14 99.90 0.10

5
82.9

2
17.08 98.14 1.8

6
98.21

1.7
9

98.45
1.55 99.87 0.13 99.85 0.15

6
75.9

4
24.06 97.12 2.8

8
97.27

2.7
3

98.54
1.46 99.87 0.13 99.77 0.23

7
71.0

6
28.94 95.96 4.0

4
96.19

3.8
1

98.50
1.50 99.86 0.14 99.66 0.34

8
67.3

6
32.64 94.67 5.3

3
95.00

5.0
0

98.53
1.47 99.85 0.15 99.52 0.48

9
65.7

1
34.29 93.27 6.7

3
93.70

6.3
0

98.64
1.36 99.83 0.17 99.36 0.64

10
65.5

8
36.42 91.80 8.2

0
92.34

7.6
6

98.57
1.43 99.79 0.21 99.17 0.83

Note: All variables are in a log form.
Source: Orbis database. Author’s calculations.



Figure 1. Plots of means of each variable for a given year
LP                                                                              CP

TFP1                                                                              TFP2

TFP3                                                                              All TFP measures

EX                                                                              EI



Source: Orbis database. Author’s calculations.

Figure 2. Impulse response functions
(a) IRF TFP1->EX (b) IRF TFP2->EX

(c) IRF TFP3->EX

Note: Impulse response function of one standard deviation shock in total factor
productivity (TFP) on export using Cholesky (d.f. adjusted) factors.
Source: Orbis database. Author’s representation.



Figure 3. Impulse response functions
(a) IRF TFP1->EI

Note: Impulse response function of one standard deviation shock in total factor
productivity (TFP1) on export intensity using Cholesky (d.f. adjusted) factors.
Source: Orbis database. Author’s representation.



Figure 4. Impulse response functions
(a) IRF CP->EX (b) IRF CP->EI

Note: Impulse response function of one standard deviation shock in capital productivity
(CP) on export and export intensity using Cholesky (d.f. adjusted) factors.
Source: Orbis database. Author’s representation.
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摘  要 

為了檢驗廠商的總要素生產力、勞動生產力、資本生產力對於其出

口值與出口密集度的影響，本研究運用追蹤資料向量誤差修正模型(panel 

VECM)分析 2006-2015 年間克羅埃西亞前三百大出口商的廠商層級資料。

本研究的重要性有以下兩層面。首先，VECM 決定了廠商在總要素生產

力、勞動生產力、資本生產力之衝擊下分別會所產生的長、短期反應。總

要素生產力的衝擊會影響出值口成長，但不影響出口密集度的成長。勞動

生產力的衝擊對於出口值成長與出口密集度的成長皆沒有影響。然而，資

本生產力的衝擊對於出口值成長與出口密集度的成長都會造成影響。此

外，相較於總要素生產力的衝擊，資本生產力造成衝擊之後整個系統回復

到均衡所需的時間較久。其次，本文亦探論了生產力對於出口值與出口密

集度成長造成的長、短期效果之政策意涵與管理意涵。 
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