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ABSTRACT
The present article aims to analyse wage-labour productivity cau-
salities in Croatia and Slovenia using cointegration methods based
on monthly time series data of variables for labour productivity
and real gross wages in tourism industry during the period
December 1999–January 2020. The data vector is integrated by
chain indices with the constant base January 2000¼ 100. A sto-
chastic trend and shocks are covered in the analysis. Shocks are
linked to the European Union accession, and economic crisis fol-
lowing with overwhelmed tourist arrivals. The contribution of the
research is two-fold. First, the equations for at most normal dis-
tributed variables of labour productivity and real wages in tourism
are exposed. Three spatial cointegration relations confirm labour
productivity integrity of the regional tourism market. Second,
pair-wise causalities indicate one cointegrated vector for labour
productivity, which drives real gross wages in tourism sub-indus-
tries. These results suggest that for a higher non-seasonal assess-
ment of real gross wage, the labour productivity should rise, i.e.
less workers, more robotization or more tourist arrivals with better
quality solutions. These findings are at most important to be
implemented after the COVID-19 infection crisis with expected
restructurings and digital transformation in the tourism industry.
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1. Introduction

Tourism is a key sector with its deterministic influences on national economies in
almost all Adriatic countries. Therefore, tourism and service sectors should seek for a
better understanding on macroeconomic relevant issues, for example on labour prod-
uctivity and real gross wage, rather than zigzag microeconomic “hair in the egg” find-
ings. In tourism, there is a specific need to understand that macroeconomic
environment can have an important external influence on each company as seen in
March 2020 hereafter. This applies not only for tourism, but on all spatial and
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borderless (export) services. Provenzano and Baggio (2019) proposed simple meth-
odological step(s) in quantitative analysis of tourism and hospitality industry, while
Juselius and Drehmann (2020) warn of data puzzles. For example, based on macro-
economic data Gri�car (2019) predicts decline in tourism industry for the hot spot
tourism destination, i.e. Slovenia (Warren, 2019). The decline in 2020s is predicted
on a grade of 20% and is silenced to a prediction of UN World Tourism
Organisation (2020).

Successful and efficient analysis of tourism, one of the leading economic sectors in
exports and employment, requires specific and adequate quantitative methods in
modelling and forecasting of the future trends and key market determinants. In this
paper applied comparative analysis between Croatia and Slovenia is motivated by the
lack of adequate empirical analyses in the field of tourism industry. The service econ-
omy represents more than 60% of total gross domestic product (GDP) in both
Croatia and in Slovenia, respectively. Both countries are known by the increasing role
of tourism in the national economy. In 2017, the Slovenian tourism contributed 5.3%
of total GDP (SORS, 2020), whereas in Croatia, one of the leading tourist destina-
tions, the tourism sector is even more important in the structure of the national
economy as it counts 19.6% of total GDP (Guli�c, 2018).

These two neighbouring countries shared a common history in 20th century and
become independent from the Yugoslav federation in 1991. Both countries have
made its own economic path and growth (Gri�car et al., 2019). They are positioned at
the Adriatic Sea and are members of the European Union (EU). Contrarily to
Croatia, which is expected to enter into the European Exchange Rate Mechanism II,
Slovenia adopted euro as a national currency in 2007 as a first post-socialistic coun-
try. In 2018, Croatia attracted 16.6 million of international tourist arrivals, while
Slovenia had 4.4 million of international tourist arrivals (World Bank, 2020). The art-
icle closes the gap in literature regarding comparisons of real gross wage and labour
productivity in tourism industry in Croatia and Slovenia. More specifically, the paper
aims to answer whether there are similarities and differences between the two coun-
tries in tourism labour productivity and real gross wage. To do so, we conduct coin-
tegration tests on time series data for labour productivity and real gross wage in the
tourism sub-industry (accommodation and food and beverage services). The first aim
is to analyse previous empirical researches on the causalities between real gross wage
and labour productivity. The second aim is to develop empirical models for Croatia
and Slovenia on real gross wage and labour productivity using secondary time ser-
ies data.

The next section provides brief literature review. In the third section the data vec-
tor and methodology are explicated. Empirical results are presented in the fourth sec-
tion followed by the discussion in the fifth section. Contemporary research is
concluded by implications, restrictions and conclusion sections.

2. Literature review

Gri�car and Bojnec (2019) recognised that the perception of the security of stable pri-
ces for customers could play more important role than prices alone, because it
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implies that price stability determines hotel competitiveness. Gross wage could be an
important element of the price, as well as for causality between gross wage and labour
productivity. The problem of how to ensure the growth of labour productivity in
tourism is especially relevant in developing economies (Dua & Garg, 2019; Silva &
Guimar~aes, 2017; Stundziene & Saboniene, 2019).

There are rare studies concerning spatial labour market activities in neighbouring
Central European countries (CEC). While labour productivity has been widely studied
for manufacturing activities, this has been largely neglected for service activities,
including for the tourism sector (Sunanda & Dinabandhu, 2019; Yildirim, 2015).
Such studies can contribute to better understanding the drivers of gross wage forma-
tion and links between gross wage and labour productivity (Assaf & Tsionas, 2018;
Chatzimichael & Liasidou, 2019; Kim & Jang, 2019; Liu & Wu, 2019; Pham, 2020;
Walmsley et al., 2019).

Even scarcer are studies concerning Croatia and Slovenia regarding causalities
between real gross wage and labour productivity in tourism industry. In the past,
Weinschenck (1979) found development problems of labour-managed market
economies with ‘mixed’ structures consisting of large labour-managed firms.
There is only one study on tourism productivity in two neighbouring Adriatic
countries using panel data (Tkalec & Vizek, 2016), but not for applied unit root
tests in a time series. Ili�c and Petrevska (2018) discuss statistical methods for
measuring efficiency in the Slovenian and Croatian tourism sector, whereas �Zigo
et al. (2017) discuss questions on immigrant workers in Slovenia using interviews
as a method.

The results in previous studies confirmed some similarity in patterns of develop-
ment of wages and labour productivity levels. Bojnec (2003) argued that wages in
Slovenia were higher than in other transition post-communist countries and higher
than labour productivity. Labour productivity and competitive pressures in firms’ out-
put markets were not found important for wage formation. Moreover, Bojnec (2004)
reported that the increase in labour productivity only partly explains real wage
increases in Slovenia, suggesting an important role of other, unexplained factors in
wage formation.

Kump and Novokmet (2018) analyse income inequality in Croatia and Slovenia
based on long term time series, not only from Yugoslav long history (1918–1991),
but also from the earlier period from 1898 to 1918 within the Austro-Hungarian
Monarchy. They argue that substantial importance of the state ownership of the cor-
porate sector in Slovenia and foreign and state ownership in Croatia have made the
concentration of private capital income less pronounced on the top of the income
distribution. They show new inequality series for Croatia and Slovenia as a contribu-
tion to assessing the importance of policies and institutions in shaping inequality.
The ownership structures emerging from the various privatization programmes in
Slovenia have not led to a higher performance of growing sustainability
(Lahovnik, 2019).

Kotarski and Petak (2019) claim that the political economy of Croatia’s transition
represents the case of partial reform equilibrium where winners represent the biggest
threat to successful long-term transition. In addition, comparative political economy
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analysis of five key areas (product market competition, collective bargaining, financial
sector, social protection and education) shows that Croatia developed a typical vari-
ation of capitalism, which is in its attributes closer to South European capitalisms
than to capitalisms prevalent in CEC EU member states.

Grulja et al. (2013) show that Croatia and Slovenia differ not only in level of aver-
age gross wage, but also in the overall taxation of wages. In 2018 Slovenia recorded
87% of the EU average GDP per capita in purchasing power standards (PPS), while
in Croatia it was only 63% (Eurostat, 2020). Those countries are also part of the
Alps-Adriatic working community and the difference in this region on gross wages
are considerable. In 2010 the average gross wage in Slovenia was slightly more taxed
than in Croatia: the overall tax wedge in former represented around 42% of labour
costs and 40.6% in the latter (Grulja et al., 2013).

The Croatian and Slovenian economies have faced complex and interrelated polit-
ical and economic problems with delays in improvements of labour market condi-
tions. Gligorov et al. (2008) argued that lower rise in GDP in the Western Balkan is
not transmitted to causality between wage and labour productivity. The main reasons
are structural: low export capacity, skill mismatches, and problems with competition
in the product markets. Except for wages in the public sector, wages were not found
to grow faster than labour productivity.

Kersan-�Skabi�c (2015) conducted research on macroeconomic data using panel
method including labour productivity for new EU member states. It was recognised
that in the pre-crisis period labour costs rose faster than labour productivity, while
that was not the case in the EU-28 average. In the period 2010–2014 most of the
countries experienced growth rates of labour productivity, but significantly slower
than in the pre-crisis period.

The Adriatic region, where both countries belong, has a substantial deficit of scien-
tific research. One of the reasons is shortcoming of the available secondary data in a
long term. Table 1 summarises the previous empirical researches on labour productiv-
ity and wages in general and especially in the tourism sector.

The size of the informal sector activities, irrespective of the method used indicates
a considerable share of the unofficial or shadow economy (Nastav & Bojnec,
2007). Arandarenko and Vukojevic (2008) stated that formality and informality do
not appear as binary choice, but rather along a spectrum of statuses, from full
informality through semi-formality (tourism industry with sharing services, self-
employment, double payrolls in many small private firms), to full formality most
typically in the public sector. The availability of secondary data can represent limi-
tations for research (Badshah & Bulut, 2020; Dogru & Bulut, 2018; Guli�c, 2018;
Hall, 2002; Yalçinkaya et al., 2018). Finally, quality in tourism services cannot be
measured merely by the number of stars, or by investment in infrastructure. The
highest contribution to the quality or deficiency of any service in tourism relates
to the employees (Zanini Gavrani�c & �Sugar, 2019). Therefore, labour productivity
and wages are of highest importance for the overall quality of service in tourism
sub-industries. The overall quality could be measured by income, output, loyalty
and complain equations indicators. Following the previous literature, the hypoth-
esis is defined as follows:
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The null hypothesis H_0: there is no-causal-cointegrated relationship between
labour productivity and real gross wage.

The alternative hypothesis H_1: there is uni-directional-causal-cointegrated rela-
tionship between real gross wage and labour productivity in the tourism sector in
Slovenia and Croatia. The tested model is expressed in Equation (8), i.e., productivity
precipitates wages. This main empirical model follows the salient theoretical model
presented in Equation (7) appearance of data vector which is dispensed in
Equation (10).

Table 1. Overview of recent previous empirical researches on wage-labour productivity.
Author(s) Method(s) Main conclusion / determinant

Productivity in tradable and non-tradable sectors
Veselinovi�c et al. (2020) Ordinary least squares Gross wages rise when education of

employee match employer’s
expectations

Lin and Weng (2019) Equilibrium model of
comparative analysis

Two markets have critical points of
choosing export and demanding
productivity

Stundziene and Saboniene (2019) Granger Causality, vector
autoregressive (VAR) model

Investment in tangible goods
provides rise in productivity

Yian (2019) Panel analysis Avoiding labour mismatch could
increase labour productivity
by 41%

Gabrielczak and Serwach (2018) Olley–Pakes algorithm Firms in particular region do not
gain productivity regarding
international trade or investment

Jar�zemskis and Jar�zemskien _e (2018) Data envelopment analysis The productivity for selected
airports on a set of factors was
not confirmed

Noja (2018) Clusters – standardisation method Analysing productivity in EU
Member States in Central and
Eastern Europe on flexicurity

Uruena et al. (2018) Qualitative Comparative Analysis Software development od Android
system to productivity
measurements for workers

Bale�zentis and Bale�zentis (2016) Bootstrapped Malmquist
productivity index

The productivity in farming
has decreased

�Skufli�c and Dru�zi�c (2016) Static panel analysis Higher level of market dynamics in
deindustrialisation increases
productivity

Yildirim (2015) Granger causality test Productivity, wages and inflation
are analysed

Dragos et al. (2014) Ordinary least squares The bibliometric analysis reflects on
productivity in renovated journals

Productivity in tourism industry
Dimitriou and Aparicio (2018) Multi-objective unweighted analysis Productivity effect is on mobile,

connectivity and region
attractiveness costs

Mody et al. (2018) Case study Productivity based on the
researches in tourism and
hospitality industry management

Zuo and Li (2018) Sequential data envelope analysis Allocation is a factor to tourism
quality and productivity

Li (2014) Feasible generalized least squares Human capital and knowledge do
support productivity in tourism
and hospitality industry. The case
of Canada

Peypoch (2007) Luenberger productivity indicator French tourism sub-industry sector
of beds is analysed

Source: authors.
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3. Data and methodology

Tourism can be a key to economy growth (Fonseca & S�anchez-Rivero, 2020) in the
most of the Adriatic countries. It seeks for new techniques that are more stable in its
proficiency and prediction. Some analyses regarding ordinary least squares (OLS) in
tourism are spurious.

While the time series approaches to unit root and stationarity testing appear very
similar on the surface, in fact a valid construction and application of the test statistics
is much more complex for time series than for single OLS series. A difficulty arises
since different asymptotic distribution for the test statistics may result depending on
whether the number of all observations (N) is fixed and T (as much time series data
as possible) tends to infinity, or vice versa, or both T and N increase simultaneously
in a fixed ration.

Hence, it would be easier to increase the number of observations by simply
increasing the length of the sample period. However, this data may not be available.
There is a reason more, because of structural breaks in the time series, e.g. seasons,
policy maker decisions, economic crisis, adverse weather conditions and other unex-
pected events.

3.1. Data

Time series data of four variables are obtained from the national statistical offices; for
Croatian data, the Croatian Bureau of Statistics (CBS, 2020), and for Slovenia,
Statistical Office of Republic of Slovenia (SORS, 2020). December 1999 is a first
period month, which links relatives of current month:

In�1, n ¼ In
In�1

� 100, (1)

where In is nominal value of current month, In�1 is nominal value of previous month,
and December 1999 is first observed month. Therefore, the chain index taking
January 2000¼ 100 as the base month is:

I0, t ¼ It � It�1

100
, (2)

where It is the current month linked to relative, and It�1 is the previous month
linked to relative.

The following four variables have been used in the empirical analysis: i) gross
wage (W), which is deflated by constant base harmonized, ii) consumer price index
(CPI) to obtain real gross wage, and iii) tourist arrivals (ARR) divided by the iv)
number of employees (EMPLOY) in the tourism sub-sector to obtain labour
productivity.

The employees in crafts, trades, and freelancers are not included in the analyses.
For the latter the main reason of such a decision is that Croatia provides data for this
kind of employment only from 2010 onwards. Therefore, if we include total employ-
ment, we lose the pre-crisis and crisis periods. The analyses showed that employees
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in paid employments by legal persons represent most of the employees in both coun-
tries; in Croatia 64.4% and in Slovenia 63.7%, respectively. Therefore, in the paper
the importance of degrees of freedom is respected.

3.2. Methodology

The data used in levels are presented in Figures 1 and 2 to become familiar with their
time series properties and comparisons between the countries. In addition to check
whether there are some similarities and differences in collected variables, it is also
computed labour productivity (PROD) for Croatia and Slovenia. In Figure 1 there is
a dispersion of time series for Slovenia and in Figure 2 for Croatia. Second, the calcu-
lated variables PROD and real W (Wr

t ) in Equation (4) are presented in Figures 3–6.
Figures 1 and 2 indicate that in both countries CPI is relatively low and under

control. ARR and W experienced seasonality in Slovenia whereas EMPLOY and CPI
look more stable (Figure 1). In Croatia, ARR, W and EMPLOY experienced obvious
seasonality (Figure 2). Therefore, the data are in a seasonal manner and a large part
of the change in scale is determined by a seasonal pattern that is parsimoniously
modelled by cubic spline. Harvey and Ito (2020) report seasonal pattern in time series
assumed to be fixed.

The volatility of all variables except for CPI is high and therefore we can estimate
with no normal and no stable model if variables in levels are included in the finite
model. Therefore, variables have been transformed into the real ones; computed as
expressed by Equations (3) (4) and (5) to obtain distributed residuals for the equa-
tions that provide real gross wage and labour productivity for both countries in a reli-
able empirical model.

For a credible result, we employ Equation (3) relative of gross wage to CPI:

Wr
t ¼

WHR, SI
t

CPIHR, SIt�1

, (3)

where CPI measures inflation (Gri�car & Bojnec, 2019). For the exact analysis equa-
tions of the labour productivity in tourism industry are performed, where labour
productivity is analysed as output measured by ARR divided by EMPLOY in the
tourism sub-industry (3). In the case of this research, the number of tourist arrivals
are divided by the number of employees in tourism industry for Croatia and Slovenia
(4). The equations are listed in a form:

PROD ¼ OUTPUT
EMPLOYMENT

, (4)

PRODt ¼ ARRHR, SI
t

EMPLOYHR, SI
t

, (5)

where abbreviations used are: HR for Croatia, SI for Slovenia, t for time series.
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Figure 1. Dispersion of time series in levels for Slovenia.
Notes: ARR_SI – Number of tourist arrivals in Slovenia, W_SI – Gross wage in tourism sub-industries in Slovenia,
EMPLOY_SI – Number of employees in tourism sub-industries in Slovenia, CPI_SI – Harmonized consumer price index
for Slovenia.
Source: SORS (2020).

Figure 2. Dispersion of time series in levels for Croatia.
Notes: ARR_HR – Number of tourist arrivals in Croatia, W_HR – Gross wage in tourism sub-industries in Croatia,
EMPLOY_HR – Number of employees in tourism sub-industries in Croatia, CPI_HR – Harmonized consumer price index
for Croatia.
Source: CBS (2020).
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Figure 3. Dispersion of labour productivity and real gross wage in logs for Slovenia.
Notes: l_PROD_SI – logarithm of labour productivity for Slovenia, l_W – real gross wage for Slovenia.
Source: SORS (2020); authors.

Figure 4. Dispersion of labour productivity and real gross wage in the first differences for Slovenia.
Notes: d – first differences in time series.
Source: SORS (2020); authors.
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Finally, the cointegration is foreseen:

yt ¼ b1 þ b2 � x2t þ ut, (6)

where yt is dependent variable, x2t is independent variable, b long-term coefficient,
and ut are residuals; adjustment coefficient. Some authors discussed about the cointe-
gration, e.g. Brooks (2019). There are several possible steps to get generalisation on
cointegration in the literature such as for example Tang (2010, 2012, 2014).

Testing for cointegration using the residuals following these extensions of Engle
and Granger (Brooks, 2019) is also possible, although in general more complicated
than to use a generalisation of the Johansen technique by Tang (2010). This approach
is simple alternative for each group of series separately, collecting the p-values for the
trace test and then take two times the sum of their logs. A fully approach based on a
vector autoregressive model (VAR) model:

xt ¼ lo þP1 � xtþ1 þ . . .þPk � xkþ1 þ et; t ¼ 1, . . .T, (7)

where et is i.i.d. (0,X) and x0, . . . x�kþ1 are assumed fixed. Thus, even when the
observations xt are strongly time dependent, the conditional process (xtjX0

t�1) is inde-
pendent and OLS estimates of P1, . . .Pk, lo,Xf g are Maximum Likelihood esti-
mates; and error correction model (ECM):

Dyt ¼ b1 � Dxt þ b2 � yt�1 � c � xt�1ð Þ þ ut , (8)

are possible but with considerable additional complexity.

Figure 5. Dispersion of labour productivity and real gross wage in logs for Croatia.
Note: l_PROD_HR – logarithm of labour productivity for Croatia, l_W – real gross wage for Croatia.
Source: CBS (2020); authors.
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4. Empirical results

4.1. Empirical settings

In Tables 2 and 3 are presented three variables in levels. First, ARR as tourism indus-
try output (Gholipour et al., 2020). Tourist is sustaining in a transformation process
as a coherent output. Second, PROD in a wage-labour productivity manner requires
two-time series variables to calculate labour productivity as a ratio between ARR and
EMPLOY in the tourism sub-industry, which are obtained from the statistical sources;
EMPLOY is the number of persons in paid employment in legal entities. The last
variable is W in tourism sub-industry. The later was deflated by CPI. Therefore, the
data vector analysed in this research is two-fold. First, the data vector of variables in
levels Ið0Þ :

I(0)
T ARR EMPLOY W½ �i, j

t
ex
T CPI½ �i, j

t , t ¼ 1, . . . , 242, (9)

where i and j are Slovenia and Croatia, respectively, ex is exogenous variable, t time
series and T length of time series. Second, the data vector in differences:

I(2)
T lnWrlnPROD½ �i, j

t�1, t ¼ 1, . . . ,T, (10)

which are included in cointegration analysis, ECM and VAR model; and variables are
at most � Ið2Þ: Therefore, the empirical part includes data sets from Equation (9)
presented in four steps: first, summary statistics and visual inspection; second,
Granger Causality test; third, ECM; and fourth, VAR and VECM following theoretical

Figure 6. Dispersion of labour productivity and real gross wage in the first differences for Croatia.
Notes: d – first differences in time series.
Source: CBS (2020); authors.
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considerations (Brooks, 2019) and empirical approaches (Badshah & Bulut, 2020;
Tang, 2010, 2012, 2014).

4.2. Summary statistics

Summary statistics of the collected secondary data for Croatia and Slovenia during
the period December 1999–January 2020, i.e., for 242 observations, are presented in
Tables 2 and 3, respectively.

In the case of Croatia (Table 2), a large maximum value in the number of tourist
arrivals (ARR) is recognised. Its index is 4,171.90 for August 2019. This confirms
rapid increases in ARR in Croatia to an overwhelmed nominal number of almost five
million of tourist in a month; Croatia has a bit less than four million of inhabitants
(Gri�car et al., 2019). The result is scary having in mind of that public infrastructure,
transportation and other facilities needs to be in a function for such a process output.
Contrary, when lockdown due a sudden pandemic shock, it is a challenge for higher
unemployment in tourism sector (Yu et al., 2020). The EMPLOY was the lowest in
January 2003 and the highest in August 2019. On the other hand, W in Croatia was
on the lowest level in February 2000 and the highest in January 2020 when a person
earns 7.5 thousand Croatian kuna, which is a bit more than one thousand euro.

The data for Slovenia (Table 3) shows that ARR is the most volatile variable with
its standard deviation of 159.04. W (210.00) rose faster than EMPLOY (155.47). The
lowest index of EMPLOY is 97.89 for January 2000 and of W for February
2000 (99.83).

The misspecification tests of ADF and normality test (Lilliefors test) for the varia-
bles in levels (Equation 9), and relative variables (Equations 3 and 5) confirmed unit

Table 2. Overview of monthly data and misspecification tests, Croatia, T¼ 242.

Time series Number of tourist arrivals
Gross wage in tourism

sub-industries
Number of employees in
tourism sub-industries

Variable Name ARR W Employ

Break: Min;
Emerging economy

January 2000:
87,282 (77.28)

February 2000: 3,585.00
HRKa (99.58)

January 2003:
33,060 (92.09)

Break: Max;
Overwhelmed economy

August 2019:
4,712,039 (4171.90)

January 2020: 7,527.00
HRK (209.08)

August 2019:
101,312 (282.21)

SD; Seasonal roots 1,061,259.20 (939.61) 1,020.00 HRK (28.33) 15,680.72 (43.68)
Mean; to achieve in low

season (goal)
965,283.72 (854.63) 5,955.78 HRK (165.44) 52,623.94 (146.58)

ADF test �0,06 �2,22� �0,73
Real time series ADF test Lilliefors normality test
Wr

t 1.50� 27.85���
PRODt 0.76 46.41���
Differenced ðPRODt ¼ 0:49þ 2:84��� �Wr

t Þ���
OLS
lnWr

t�1 �2.08�� (constant) 19.61��
lnPRODt�1 �6,88��� (constant) 17,29���
Note: Nominal values in italics and (chain indices, January 2000¼ 100 in brackets), ADF – Augmented Dickey Fuller
test; OLS –regression on cointegrated variables.
aLong term-exchange rate of a euro is equal to 7.4345 Croatian kuna (EUR 1 ¼ HRK 7.4345) (ECB, 2020).���1% significance.��5% significance.�10% significance.
Source: CBS (2020).
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root and proposed cointegration between analysed variables. The appropriate strategy
for econometric modelling in this case would be to form and estimate an ECM on
three steps procedure. First, to obtain misspecification test for the stability of the pro-
cess, second, to import cointegration regression (Equation 6) for a long-term, and
third, to employ causality relationship using Granger Causality technique for a short-
term. Additionally, Johansen cointegration in a VAR is foreseen. The VAR is a nat-
ural framework for analysing some types of nonstationary processes and cointegration
turns out to be a natural concept to describe long-term relations in economics and
other fields, i.e. tourism.

In the case, there are two differenced variables (Equations 3 and 5) in an Equation
(6); say there can be at most only one linear cointegration of yt and xt that is station-
ary, i.e., at most one cointegrating relationship. The results of cointegration regression
in Tables 2 and 3 show that there could be only one stationary relation for each spa-
tial equation. The relation PRODt is dependent variable and Wr

t is independent vari-
able. The speed of adjustment of PRODt in Croatia is at below mean level and
therefore has upward trend of 0.49 in a long-term. The beta coefficient for Croatia
confirms that increase in Wr

t of one produce better labour productivity of 2.84 in a
long-term (Table 2). On the other hand, results for Slovenia indicate slower speed of
adjustment on a level of 0.48 and has negative trend in a long-term. The beta coeffi-
cient for Slovenia confirms that increase in Wr

t of one produce better labour product-
ivity of 1.66 in a long-term (Table 2).

4.3. Visual inspection for Slovenia

The comparison of Slovenian W and PROD in logs are plotted in Figure 3. It can be
concluded that W after 2013 did not follow the PROD in tourism sub-industries
(accommodation and food and beverage services).

Table 3. Overview of monthly data and misspecification tests, Slovenia, T¼ 242.

Time series Number of tourist arrivals
Gross wage in tourism

sub-industries
Number of employees in
tourism sub-industries

Variable Name ARR W Employ

Break: Min;
Developing economy

January 2001:
103,629 (98.00)

February 2000:
612.94 euro (99.83)

November 2001: 15,942
January 2000: (97.89)

Break: Max;
Overwhelmed economy

August 2019:
1,067,416 (1,009.46)

November 2019: 1,289,37
EUR (210.00)

October 2019:
25,653 (155.47)

SD; Seasonal roots 168,170.47 (159.04) 161.94 EUR (26.38) 2,516,43 (15.25)
Mean; to achieve in low

season (goal)
286,754.33 (271.19) 980.30 EUR (159.66) 19,823.40 (120.14)

ADF �0.17 2.24 �2.89
Real time series ADF test Lilliefors normality test
Wr

t 1.53 17.81���
PRODt 2.78 194.58���
Differenced ðPRODt ¼ �0:48þ 1:66��� �Wr

t Þ���
OLS

lnWr
t�1 �1.81�� 15.03��

lnPRODt�1 �3.48��� 26.23���
Note: Nominal values in italics and (chain indices, January 2000¼ 100 in brackets), ADF – Augmented Dickey Fuller
test; OLS –regression on cointegrated variables.���1% significance.��5% significance.
Source: SORS (2020).
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On the other hand, variables are highly volatile and therefore additional calculation
is needed. For more accurate further analysis, variables are transformed in the first
differences (Figure 4, Table 2). From Figure 4 we can obtain that Wr

t�1 after 2013
have some specifics in most volatile months. This could lead to the conclusion that
managers in tourism industry and policy decisions managers need to find the way to
prolonged season with more employment during the whole year. Better quality service
during the entire year can contribute to a lower volatility. Among the most optimal
years for tourists, tourism enterprises and employees in Slovenia were 2015 and 2016
(Figure 4).

4.4. Visual inspection for Croatia

The comparisons of Croatian W and PROD in logs are plotted in Figure 5. We can
recognise that the results for Croatia differ more than this is the case for Slovenia.
Because of high (summer) seasonality, Croatian tourism sub-industry suffers volatil-
ities in PROD and W, and therefore do not match optimal measure (Figure 5).

High seasonality and volatility require that all variables should be transformed into
at most first differences (Table 3, Figure 6). For Croatia, Figure 6 reports that Wr

t�1 is
not optimised; W is largely dispersed and obviously not under control in the
Croatian tourism sub-industry. The latter is obvious for all the analysed periods and
Wr

t is more stable only after 2015. Similar for Slovenia, but at a slightly higher sea-
sonality could be seen for pattern in development for PRODt�1 variable. The latter is
due to very high summer output and lower output in the rest of the year. The differ-
ence between the summer and autumn periods is 9:1.

Figures 4 and 5 show that the average level of labour productivity in Croatia is
much higher than in Slovenia. This can be explained by some new developments in
the tourism and sharing economy markets such as Airbnb, Booking.com and similar
platforms providing tourist accommodation without employment in the hotel indus-
try, as an issue for further research (Vinogradov et al., 2020).

4.5. Granger causality test comparisons, ECM, VAR and forecast

Pair-wise differences on both countries are analysed using Granger Causality test
(Table 4). Results at lag two for both countries cannot reject H0 that there is no causal
relationship between Wr

t�1 and lnPRODt�1:

Value of strong significance at zero % (or less than 1%) level confirms that
lnPRODt�1 causes lnWr

t�1 in Croatia. On the other hand, lnWr
t�1 does not cause

lnPRODt�1 in Croatia by p value of 0.59. Therefore, lnWr
t�1 does not provide any

increases of lnPRODt�1, which can be explained by relatively low real gross wage
close to their minimum value as demanded by Croatian tourism trade unions, while
managers might seek for prolonged seasons, but keeping W low to reduce costs.

The result at lag two for Slovenia rejects H0 that there is causal relationship
between lnPRODt�1 and, lnWr

t�1 but not vice versa. Considering the alternative
hypothesis, this confirms that there is a strong uni-directional causal relationship
between lnPRODt�1, and lnWr

t�1 for Slovenia. On the other hand, lnWr
t�1 does not
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cause lnPRODt�1 in Slovenia by p value of 0.95. Therefore, lnWr
t�1 does not provide

any increases in lnPRODt�1,
Results of ECM in Table 4 corresponds to the intuition of one cointegration vector

between the variables. We found that two series are cointegrated in a linear form
since the residuals are weakly normally distributed. Note that we have calculated
residuals in differenced data, whereas the data in levels do not confirm any uni-
dimensional Engel and Granger cointegration. Therefore, residuals are attached to the
data vector and lag them by one period to estimate ECM out of Equation (8), as:

DWr
t ¼ aþ b̂i j � DWr

t�i þ ci j � DPRODt�i6 q̂ � êt�1, (11)

where q̂ is estimated long-term relationship coefficient and ê is the deviation of from
long-term relationship in the previous period. It is vital to note that q̂ is negative and
an ECM is appropriate. The lagged residuals from the linear regression represent the
deviation from the long-term relationship in the previous period.

The intuition is if real gross wage is above its long-term equilibrium with the mar-
ket (PROD), the negative coefficient pulls it back down. This is a case for Slovenia. If
it is below the long-term equilibrium, the negatives disappear and become positive
pulling the gross wage back up. That is the magic of the ECM for Croatia. The coeffi-
cient can be interpreted as the proportion of disequilibrium that dissipates by the
next period. Therefore, the results significantly confirm our statements that there is a
decline in real gross wages in Slovenia, and no changes in real gross wages in
Croatia. The new equilibrium for Slovenia is a bit more than a month, and for
Croatia is a half of month. Croatia has two times faster productivity change that cor-
responds to the real gross wages.

Additionally, spatial autoregressive model (Equation 10) with four variables, 2 lags,
rank of three, one stochastic trend, and one deterministic shift dummy for August
2019, as a contrast to the ECM, is estimated. Based on the in-sample results, the pair-
wise ECM seems to have inside country explanatory power and the VAR model has
spatial power on three cointegrated vectors. Nevertheless, testing the VAR the whole
vector ECM (VECM) output is performed in cointegration relations, restrictions on
beta and p values, which are in parenthesis:

Table 4. Granger Causality test for Croatia and Slovenia and ECM.
Direction of Causality Number of lags F value Decision Remarks

Croatia; v2 ¼ �4:59���; lnWr
t ¼ 1:00 � lnWr

t�1
168:0ð Þ���

þ 0:00 � lnPROD t�1
0:24ð Þ

� 0:47 � et�1
�7:75ð Þ���

lnPRODt�1 ! lnWr
t�1 2 12.95��� Reject strong significance

lnWr
t�1 ! lnPRODt�1 2 0.54 Cannot reject no significance on q ¼ 2

Slovenia; v2 ¼ �2:98�; lnWr
t ¼ 1:03 � lnWr

t�1
1:91ð Þ��

� 0:03 � lnPRODt�1
�3:25ð Þ���

� 1:10 � et�1
�2:02ð Þ���

lnPRODt�1 ! lnWr
t�1 2 9.88��� Reject strong significance

lnWr
t�1 ! lnPRODt�1 2 0.06 Cannot reject no significance on q ¼ 2

�10% significance level.��5% significance level.���1% significance level.
Source: author’s calculation.
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ec1tDPRODHR t ¼ 0:509 � DPRODHR t�1

ð0:00Þ
� 0:538 � DPRODSI t�1

ð0:00Þ

þ0:02 � DWHR t�1

ð0:00Þ
þ 0:01 � DWSI t�1

ð0:05Þ
þ et�1, (12)

ec2tDPRODSI t ¼ �1:68 � DPRODHR t�1

0:00ð Þ
� 1:64 � DPRODSI t�1

0:00ð Þ

þ0:01 � DWHR t�1

0:58ð Þ
� 0:04 � DWSI t�1

ð0:02Þ
þ et�1, (13)

ec3tDWHR t ¼ 2:96 � DPRODH t�1

ð0:00Þ
þ 0:56 � DPRODSI t�1

ð0:22Þ

�1:57 � DWHR t�1

ð0:00Þ
� 0:14 � DWSI t�1

ð0:01Þ
þ et�1, (14)

where eigenvalue of lag reduction test (LR) for cointegration rank (trace test statistics)
is 51.93. The rank of three r ¼ 3, has p-value 0.000 (trace test statistic is 16.22), while
one unit root is clearly accepted. This result confirms three cointegration relations at
1% significance level as well as that there is no autocorrelation. Three cointegrated
vectors confirm spatial development between Croatia and Slovenia, whereas there is

Figure 7. Prediction of labour productivity (PROD) for Croatia and Slovenia.
Notes: PROD_HR_lpg_d1 – forecast for Croatia; PROD_SI_lpg_d1 – forecast for Slovenia.
Source: author’s calculation.
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no significant determination to national real gross wages from the neighbour coun-
tries on PROD (14).

The one-year forecast, that includes health COVID-19 crisis as two and half month
lockdown (0.5 of March, April, May), based on VECM model for PROD presented in
Figure 7, seems to be negative for Croatia for next 12months. Slovenia would start a
slow recovery in May 2020.

5. Conclusion

Econometric modelling refers to the relevant macroeconomic time series and develop-
ments in the tourism market of the two neighbouring EU Member States, Croatia
and Slovenia. The specific focus is on tourist arrivals, gross wage in tourism sub-
industries, and employment in lodging industry. Inflation is applied as external vari-
able. Selection of specific variables is made based on the set hypothesis and previous
empirical research (e.g., Dimitri�c et al., 2019).

This research is relevant for tourism facing missing strong links between labour
productivity and real gross wages. Findings of the paper are three-fold. First, the data
vector includes long-term and promote several transitory shocks, e.g., EU accession,
and economic crisis period. Second, analysis proposes possible scenario to tourism
after pandemic crisis. Third, this research prompts the calculus for real gross wages
and productivity, without producing autocorrelation in the econometric modelling.

Croatia and Slovenia tend to increase the level of tourism output outside the sum-
mer season. The tourism managers should be aware that low paid employees could
not be sufficient for high demand and tourist output with a high quality of services.
Increase in a labour productivity with higher quality of services could improve cus-
tomer satisfaction and the whole year employment. Policy makers tend to increase
the aberrance for tourist destinations in Slovenia and Croatia for the whole year as a
part of strategies of sustainable tourism development.

The results show that labour productivity in Croatian and Slovenian tourism sub-
industries have uni-directional causal relationship on real gross wage in tourism sub-
industries. Labour productivity drives real gross wage, consistent with alternative
hypothesis. The ECM predicts a decrease in labour productivity in Slovenia and
decline in real gross wages in a next one-month period. Due to the COVID-19 crisis
the prediction of VECM model confirms a decline in labour productivity for Slovenia
up to May 2020.

On the other hand, ECM does not suggest any statistically significant change in
labour productivity for Croatia. The change in labour productivity, if occurs in a
short-term as proposed by Granger causality results, dissipates in a half of month.
Due to the COVID-19 crisis, the prediction of VECM confirms decline in labour
productivity for Croatia, mostly to its ARR and it lasts up to at least a year.

Tourism industry comprises of a wide variety of products, services and destina-
tions involving various stakeholders, external and internal. These activities are sensi-
tive to numerous shocks. In the last decades the tourism industry generated self-
managing services based on information-communication technology which also
enabled employees to generate new knowledge and skills.
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5.1. Limitations and practical applicability

Among study limitations, the empirical analysis was conducted at aggregated tourism
level and would be useful to apply at disaggregated levels such as transportation, and
for new developments in the tourism and sharing economy markets (Airbnb,
Booking.com and other possible tourist accommodation providers). The analysis is
based on linear cointegration methods and in the future research would be useful to
apply panel cointegration. Moreover, the transitory, permanent and blip shocks could
be specified in the model to avoid non-normality.

The empirical approach has defined practical applicability to study various shocks,
particularly the COVID-19 crisis in 2020s. Tourism labour market in both countries
is less developed and under researched. Moreover, labour productivity in tourism ser-
vice sector is challenged by application of new digital technologies, including robots
and artificial intelligence. However, employees still play a crucial role in supply of
tourism services. The new technologies could be issues for the future research, i.e.
self-moving chair to avoid transmission of bacteria by chair.

To sum up, the research provides in-depth analysis and gives information and
knowledge to managers for better understanding the causalities between real gross
wage and labour productivity in tourism sub-industry. A spatial analysis between the
two neighbouring countries offers answer to the question why policy makers and
managerial decisions could be important for management of labour productivity and
wage formation.
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