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Abstract
COVID-19 pandemics has led to unprecedented collapse of world economy, followed by
the supply and demand disruptions, fall in commodity prices, reduced manufacturing output
and disrupted operations in global value chains. The crisis also dealt a violent blow to the
international trade, with disruptive economic impact of lockdown measures taken. The goal of
this paper is to estimate the impact of COVID-19 on international trade in the case of
Croatia. The data for the analysis are provided on a monthly basis for the period from
January 2019 to February 2021. For the purpose of the analysis, eight panel regression
models will be constructed for Croatian bilateral trade with over 180 countries in the world.
In four panel regression models the role of dependent variable will have the Croatian exports
variable while in other four panel regression models the role of dependent variable will have
the Croatian imports variable. On the other side, the independent variables in the model will
be the new cases and new deaths due to the COVID-19 variables, the stringency index and
lockdown dummy variable. It is expected that all explanatory variables will have negative
effect on the value of Croatian bilateral exports and imports. This study can be important for
economic policy makers and trade related subjects in order to evaluate changes in trade flows
in the time of pandemics.
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1. INTRODUCTION
The COVID-19 pandemic has led to an unprecedented collapse of the world economy,
followed by the supply and demand disruptions. Like other spheres of an economic activity,
the international trade was also a victim of the COVID-19 pandemic, Zhang, et al. (2021).
There was a fall in commodity prices, reducing manufacturing output and disrupting
operations in global value chains, Escaith and Khorana (2021). COVID-19 pandemic has
reshaped the trade landscape. The crisis has dealt a violent blow to the international trade with
disruptive economic impact of lockdown measures taken, Jean (2020). World trade is being
severed by the COVID-19 pandemic. Barua (2020) identified five waves of COVID-19
impact on international trade. In the beginning of the pandemics there was localized direct
impact, following with the effects on trade activities and capital flows, having global
implications for the world market. The use of trade instruments to mitigate the health effects
of the trade collapse induced by COVID-19, such as wide-ranging links between trade, trade
policy and the determinants of health and health inequalities should be carefully considered,
Barlow et al. (2021).
Although economic theory and empirical research on the impact of coronavirus crisis on
the international trade is relatively new, related to the last one or two years, there is
considerable amount of papers on this subject. The previous investigation in this field of
research covered the resilience of trade to COVID-19, Bas et al. (2021), trade under
lockdown, Berthou and Stumpner (2021), heterogeneous impacts of COVID-19 on trade, Cai
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and Hayakawa (2020), lessons from the first wave, Espitia et al. (2021a), pandemic trade,
remote work and global value chains, Espitia et al. (2021b).
The goal of this paper is to investigate the impact of COVID-19 on international trade in
the case of small country, Croatia, which is the contribution of this paper in regards to the
previous research which was related to the case study of large countries, such as China and
United States, Zhang et al. (2021). The hypothesis of this paper states that all explanatory
variables included in the analysis (new cases and new deaths due to the COVID-19, the
stringency index and lockdown dummy variable) will have the negative effect on the value of
Croatian bilateral exports and imports, meaning that there is a negative effect of COVID-19
related variables on the bilateral trade flows in Croatia. The methodology of the paper is
based on the construction of panel data regression models for Croatian bilateral trade with
over 180 countries in the world. The determination of the appropriate panel data regression
model is made using three tests: Hausman test, F-test and Breusch-Pagan test.
Paper is structured in five chapters. First chapter is introduction, second chapter presents
literature review on the topic, in methodology and data section the descriptions of variables
and data sources are displayed as well as the methodology for construction of panel data
regression models. In results and discussion section descriptive statistics of data is shown,
after which the main results of the panel regression modelling for Croatian exports and
imports are displayed. The last section presents concluding remarks.
2. LITERATURE REVIEW
In this section the empirical research about the impact of COVID-19 related variables on
the international trade will be presenteed and elaborated. Bas et al. (2021) used COVID-19
deaths figures and lockdown stringency index variable throughout their analysis in order to
demonstrate the resilience of trade to COVID-19. Berthou and Stumpner (2021) constructed a
measure for trade under lockdown for third-country stringency in a robustness specification,
although not for the COVID-19 incidence variables. Cai and Hayakawa (2020) investigated
the impact of COVID-19 on China’s province-level trade using monthly trade data from
January to August 2019 and 2020. A rise in confirmed cases of infection decreased exports
and imports, especially until March 2020. Using disaggregated export data for multiple
countries, Espitia et al. (2021a) showed that participation in global value chains increases
exporters’ vulnerability to foreign shocks, but it also reduces vulnerability to domestic shocks.
Using monthly bilateral trade data for 28 exporting countries over the period from January to
June 2020, Espitia et al. (2021b) studied how COVID-19 pandemic impacted international
trade. There was a strong evidence for a claim that sectoral characteristics such as the
feasibility of remote work, durability of goods and integration into global value chains play a
significant role in mitigating the trade effects of COVID-19 shocks. Baldwin (2020)
compared the 2020 trade collapse with the 2008-09 Great Depression trade collapse. COVID19 pandemic is both a demand and a supply shock while the 2008-09 collapse was driven
mostly by a demand shock, involving a disproportionate fall in demand for tradable goods,
inventory adjustments or postponement of durable goods purchases, Behrens, Corcos and
Mion (2013). Consequently, there was a danger of permanent damage to the trade system
driven by policy and firms' reactions, Baldwin and Tomiura (2020).
Evenett et al. (2002) introduce a new data set for trade policy interventions on a weekly
basis, from January 2 to mid-October 2020, in order to control for trade flows of food,
medical supplies and personal protective equipment. There was a big jump in trade policy
activism starting from February 2020. Consequently, countries responded to the COVID-19
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pandemic with different combinations of export controls and import liberalization measures.
Short-term consequences of the COVID-19 pandemic have been serious for international
trade but they do not appear to be unmanageable, Gruszczynski (2020). On the other side,
long-term consequences of the COVID-19 pandemic may be more profound than initially
anticipated, leading to structural changes.
Using monthly trade data between January and June 2019 and 2020, Hayakawa and
Mukunoki (2021a) quantified how lockdown policies affected international trade in the first
half of 2020. Stay-at-home orders did not have significant effect on trade while workplace
closures had significant negative effects on trade. Hayakawa and Mukunoki (2021b) provided
an evidence from the first shock of COVID-19 on international trade using monthly data on
worldwide trade from January to August 2019 and 2020. The main findings of the paper can
be summed up as: (1) there was a significant negative effect of COVID-19 on the
international trade of both exporting and importing countries, (2) the effects of COVID-19 in
importing countries tended to become insignificant since July 2020 and (3) there were
heterogeneous effects across industries. According to Liu, Ornelas and Shi (2021) the trade
impact of the COVID-19 pandemic is significantly mitigated for products with a higher workfrom-home share and durable consumption goods but weaker for capital goods.
Maliszewska, Mattoo and van der Mensbrugghe (2020) simulated the potential impact of
COVID-19 on GDP and trade. Their trade scenarios forecasted decline in GDP by 3.9%, with
developing countries hiting the hardest (4% on average, but for some countries over 6.5%).
The impact of containment policies imposed in China after the first reported outbreak of the
pandemic in Wuhan shown decline in exports. The economic impacts of COVID-19 are also
sensitive to the speed of lockdown restrictions, Verschuur, Koks and Hall (2021). The USA
showed a lagged response in exports decline relative to the moment when a lockdown was
imposed. Zhang, et al. (2021) examined the impact of COVID-19 on international trade using
monthly data for China and USA and Fourier causality test. The findings indicate direct
causal relationship between the COVID-19 related deaths and trade flows (exports and
imports) of China and United States. On the other side, COVID-19 cases did not have a causal
relationship with the exports and imports of China.
3. METHODOLOGY AND DATA
In this chapter the observed data will be described, alongside with the brief explanation of
research methodology applied in the analysis. The main focus of the research is given to
Croatian bilateral imports and exports and the COVID-19 related variables that affects it. The
full list of observed variables is presented in Table 1.
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Table 1. List of observed variables
Variable
Exports
Imports
New cases
New deaths
Stringency index

Lockdown

Source: authors.

Variable description

Source

Exporting value in thousands of US dollars

International Trade
Centre (2021a)
International Trade
Centre (2021b)
World Health
Organization (2021)
World Health
Organization (2021)

Importing value in thousands of US dollars
New COVID-19 cases, on monthly level
New COVID-19 deaths, on monthly level
Stringency index is a composite measure based on
nine response indicators, including school closures,
workplace closures and travel bans, rescaled to a
value from 0 to 100 (with 100 being the strictest).
If the value of stringency index is larger than 0, the
lockdown dummy variable equals 1. If the value of
stringency index is equal to 0, the lockdown
dummy variable equals 0.

Our World in Data
(2021)
Authors, based on Our
World in Data (2021)

For all observed variables the monthly data from January 2019 to February 2021 are
collected and used in the analysis. As mentioned, the focus is given to Croatian bilateral
exports and imports. The variable Exports represents the bilateral exporting value from
Croatia to other countries worldwide. On the other side, the variable Imports represents the
bilateral importing value from other countries from the world to Croatia. In the observed
period Croatia exported to 195 countries and imported from 184 countries in the world. The
changes in Croatian exports and imports during the COVID-19 pandemic will be modelled by
using different COVID-19 variables and COVID-19 impact measures.
The variables that describe the level of COVID-19 infection in Croatia are the New cases
and New deaths variables. The New cases variable shows the population of newly infected
people by the COVID-19 disease in a certain month. For the purpose of the analysis, the
number of new COVID-19 cases will be observed separately for Croatia and for Croatian
trade partner countries. The same approach will be than applied for the New deaths variable.
The monthly number of new deaths cases due to the COVID-19 infection is also separately
observed for Croatia and other trade partner countries. As a way of fighting against COVID19 infection during the COVID-19 pandemic the countries have introduced different measures
related mainly to restrictions on population movement and economic activities. The level of
such restrictions is measured with the Stringency index variable. The Stringency index takes
into account different restriction measures according to which the value of index is calculated.
It can have a value from 0 to 100, where the value 0 means that there are no restrictions
whatever whereas the value of 100 represents the maximum restriction level. The Stringency
index is daily calculated. The monthly values are calculated by averaging daily values for
each month separately. Again, the Stringency index variable will be observed twice, firstly for
Croatia and then separately for other trade partner countries.
Based on the Stringency index variable, additional dummy variable, Lockdown, will be
introduced. The Lockdown dummy variable is equal to zero if the Stringency index is also
equal to zero. This refers to the situation when there are no COVID-19 restrictions in the
observed country in the certain month. Opposite to that, when there are some COVID-19
restrictions in the certain month and country, the value of Stringency index is larger than zero,
with maximum value of 100. In such cases, the Lockdown dummy variable will have the
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value of 1. Therefore, the Lockdown dummy variable points out whether there are some
COVID-19 restrictions or not.
In the first step of the analysis, basic descriptive statistics of the observed variables will
be conducted. After that the panel data regression modelling will be made. Due to the fact that
data are available for all observed countries and time periods, balanced panel regression
models will be applied. Overall, eight balanced panel regression models will be estimated. In
four panel regression models the role of dependent variable will have the Croatian exports
variable while in other four panel regression models the dependent variable will be the
Croatian imports variable. Due to the fact that Croatia exports goods and services to uneven
number of countries than it imports it from, the balanced panel models will be of different
sizes.
Table 2. The list of panel data regression models
Model
code

E1

E2

E3

Panel data regression model
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸�,� = 𝛽𝛽�� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,���
+ 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,���
+ 𝛽𝛽�� × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,� + 𝛽𝛽�� × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,�
+ 𝜀𝜀�,�
𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸�,� = 𝛽𝛽�� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,���
+ 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,���
+ 𝛽𝛽�� × 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,� + 𝛽𝛽�� × 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,� + 𝜀𝜀�,�

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸�,� = 𝛽𝛽�� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,���
+ 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,���
+ 𝛽𝛽�� × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,� + 𝛽𝛽�� × 𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,�
+ 𝜀𝜀�,�

E4

I1

𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸𝐸�,� = 𝛽𝛽�� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,���
+ 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,���
+ 𝛽𝛽�� × 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,� + 𝛽𝛽�� × 𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿𝐿_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,� + 𝜀𝜀�,�

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼�,� = 𝛽𝛽�� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖�,���
+ 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,� + 𝛽𝛽�� × 𝑁𝑁𝑁𝑁𝑁𝑁_𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐_𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒�,���
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In panel regression models where the dependent variable will be the Croatian exports
variable, the balanced panel will be consisted of 195 countries and 25 monthly values, total of
4,875 observations. On the other hand, in the panel models where the dependent variable will
be Croatian imports variable, the balanced panels will be comprised of 184 countries and 25
monthly values, total of 4,600 observations. The independent or explanatory variables will be
the same for all panel regression models because the intention was to compare different trade
flows (exports and imports). The full list of panel data regression models which will be
estimated is presented in Table 2.
In order to select appropriate panel data regression model, three statistical tests will be
conducted (Hausman test, F-test and Breusch-Pagan test) which will decide what panel
regression model will be estimated (pooled OLS, random effects or fixed effects models).
4. RESULTS AND DISCUSSION
In this section the main findings of the paper and discussion of results will be displayed
and elaborated.
4.1. Descriptive statistics results of the observed variables
In Figure 1 the values of exports and imports for Croatia, in period from January 2019 to
February 2021, are shown. It can be noticed that the monthly values of imports are higher
than the monthly values of export in the whole observed period. According to the Figure 1, it
seems that the absolute difference remained about the same in the whole observed period. The
exports and imports variables have also the similar direction of their change. This statement is
supported and confirmed by the value of Pearson coefficient of correlation which amounts to
0.82.
Figure 1. Croatian exports and imports in the period from January 2019 to February 2021, in
thousands of US dollars
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The Figure 2 is consisted of three figures, each presenting one measurement of COVID19 level of pandemics in Croatia, in the period from January 2019 to February 2021.

Figure 2. The observed COVID-19 variables in Croatia in the period from January 2019 to
February 2021
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Due to the fact that the first COVID-19 cases in the world were confirmed at the very end
of 2019, all observed COVID-19 variables related to Croatia, are equal to zero in 2019.
However, as the aim of the paper is to inspect the changes in Croatian exports and imports
due to the COVID-19 pandemic, it was necessary to include into the analysis the pre-COVID19 periods, as well. According to the new COVID-19 cases and the new COVID-19 deaths
figures, it can be concluded the most severe form of COVID-19 pandemics in Croatia was
during the last quarter of 2020. However, according to the stringency index, the highest
restriction level in force in Croatia was in April 2020. The basic descriptive statistics results
for the observed variables, except for the Lockdown variable, are given in Table 3.
Table 3. Basic descriptive statistics results of the observed variables, from January 2019 to
February 2021
Statistics
Average
Standard deviation
Coefficient of variation
1st quartile
Median
3rd quartile
Minimum
Maximum

Source: authors.

Exports
1,438,545
190,520
13%
1,329,144
1,427,284
1,538,972
1,050,474
1,853,612

Imports
2,280,944
249,269
11%
2,147,591
2,259,526
2,471,187
1,602,051
2,659,923

Variable
New cases
New deaths
9,345
213
22,622
516
242%
243%
0
0
3
0
4,376
56
0
0
84,225
2,208

Stringency index
23
28
118%
0
7
47
0
95

According to the descriptive statistics results it can be concluded that the values of
exports and imports for Croatia have low variability level. On the other side, according to the
coefficient of variation, the COVID-19 variables have much higher variability level. This was
partially expected due to the fact that the values from 2019, when those variables where equal
to zero (as Figure 2 reveals), have been taken into analysis as well.
4.2. Panel analysis of Croatian exports
In Table A1., in the Appendix, the results of the statistical tests (Hausman test, F-test and
Breusch-Pagan test) for determination of appropriate panel data regression models, in which
the dependent variable was Croatian exports, are displayed. According to the results of
aforementioned statistical tests, the fixed effect model was the most appropriate for all panel
data regression models. The results of estimated panel data regression models are presented in
Table 4.
Table 4. Estimated balanced panel data regression models, dependent variable Croatian
exports, 195 trade partner countries in the period from January 2019 to February 2021
Explanatory variables
Constant
New_cases_exporter
New_cases_exporter (𝑡𝑡 𝑡 1)
New_cases_importer
New_cases_importer (𝑡𝑡 𝑡 1)
New_deaths_exporter
New_deaths_exporter (𝑡𝑡 𝑡 1)
New_deaths_importer
New_deaths_importer (𝑡𝑡 𝑡 1)
Stringency_index_exporter

Panel data regression model
E2
E3
7490.74*
7563.90*
0.0246*
−0.0094
0.0047*
−0.0012
1.0161*
−0.3773
0.0449
0.0034
−26.9122*

E1
7533.45*
0.0216*
−0.0057
0.0046*
−0.0013

−21.8433*
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E4
7490.74*

1.0076*
−0.4851
0.0419
0.0171

Stringency_index_importer
Lockdown_exporter
Lockdown_importer

6.9115

Mean dependent variable
7,408.982
LSDV R-squared
0.9500
Log-likelihood
−49,258.46
Rho
0.1922
S.D. dependent var
26,465.62
Akaike criterion
98,918.91
Durbin-Watson
1.5814
Observations
4,875
Note: * statistically significant at 0.05 level.

−267.640
−358.470
Diagnostics
7,408.982
0.9498
−49,265.97
0.1939
26,465.62
98,933.93
1.5782
4,875

13.1385*

7,408.982
0.9495
−49,280.76
0.1974
26,465.62
98,963.52
1.5712
4,875

−230.655
−233.997
7,408.982
0.9493
−49,291.91
0.2002
26,465.62
98,985.82
1.5659
4,875

Source: authors.

According to the results from Table 4, when the time lag of one month was introduced,
there was a significant and negative impact of New cases variable, both for exporter and
importer countries, on the value of Croatian exports. Similar can be said for the lagged new
deaths variable; the number of monthly new death cases in Croatia had negative effect on the
bilateral exports of Croatia. The stringency index of Croatia had negative impact on the value
of exports while the stringency index of importer countries did not have significant negative
effect on exports meaning that Croatian exports strongly reacted on restriction in a country
and less on restrictions from abroad. Lastly, the lockdown dummy variable had significantly
negative impact on the bilateral exports in Croatia which was the result expected according to
the economic theory.
4.3. Panel analysis of Croatian imports
In Table A2., in the Appendix, the results of the statistical tests for determination of
appropriate panel data regression models, in which the dependent variable was Croatian
imports, are given. According to the results of aforementioned tests, in panel data regression
models I1, I2 and I4 the random effect model was chosen as the most appropriate model
whereas for the panel data regression model I3 the fixed effect model was chosen as the most
appropriate one. The results of all (eight) estimated panel data regression models are
presented in Table 5.
Table 5. Estimated balanced panel data regression models, dependent variable Croatian
imports, 184 trade partner countries in period from January 2019 to February 2021
Explanatory variables
Constant
New_cases_importer
New_cases_importer (𝑡𝑡 𝑡
1)
New_cases_exporter
New_cases_exporter (𝑡𝑡 𝑡
1)
New_deaths_importer
New_deaths_importer (𝑡𝑡 𝑡
1)
New_deaths_exporter
New_deaths_exporter (𝑡𝑡 𝑡
1)
Stringency_index_importer

I1
12878.0*
0.0182*
0.0034

Panel data regression model
I2
I3
12746.1*
12889.2*
0.0213*
−0.0027

0.0013
−0.0027

I4
12746.1*

0.0013
−0.0026

−29.5615*

0.9351*
0.1162

0.8890*
−0.0447

−0.2158*
−0.0076

−0.2258*
0.0080

−34.1546*
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Stringency_index_exporter
Lockdown_importer
Lockdown_exporter
Mean dependent variable
Sum squared resid
Log-likelihood
Rho
S.D. dependent var
Akaike criterion
Durbin-Watson
Observations

3.4813

−424.208
−507.200
Diagnostics
12,426.90
12,426.90
9,09e+12
9,10e+12
−55,757.63
−55,759.46
0.2932
0.2935
44,462.40
44,462.40
111,529.3
111,532.9
1.3813
1.3811
4,600
4,600

Note: * statistically significant at 0.05 level.

10.4355

12,426.90
3,22e+11
−48,074.92
0.2924
44,462.40
96,529.84
1.3830
4,600

−418.683
−316.161
12,426.90
9,12e+12
−55,764.72
0.2930
44,462.40
111,543.4
1.3820
4,600

Source: authors.

The results displayed in Table 5 are similar to the ones presented in Table 4. There is a
significant and negative impact of new cases of COVID-19 both for the importer and exporter
countries on the value of Croatian bilateral imports. The same conclusion can be brought for
the New deaths variable. The results for the stringency index and lockdown dummy variables
are similar as in the case of exports; there is a significant and negative impact of lockdown
measures on the value of Croatian bilateral imports. The results obtained from this analysis
are in the line with previous investigation, Cai and Hayakawa (2020) and Hayakawa and
Mukunoki (2021b); a rise in confirmed cases and deaths due to COVID-19 infection decrease
bilateral exports and imports. Thereby, the time lag is very important, that is the time required
for COVID-19 measures to have impact on the value of bilateral trade flows.
5. CONCLUSIONS
The goal of this paper was to investigate the impact of COVID-19 disease on the value of
bilateral trade flows in Croatia. The main findings of this paper can be summed up as: (1)
there was a significant and negative effect of the lagged New cases variable in most of the
panel regression models, both for importer and exporter country, (2) the stringency index for
Croatia (in both cases when Croatia was exporting and importing country) pointed out to
negative impact of lockdown measures on the bilateral trade flows, and (3) the lockdown
dummy variable, both for exporting and importing countries had negative impact on bilateral
trade flows. Therefore, the hypothesis of the paper which stated that all explanatory variables
in the model will have negative impact on the value of Croatian bilateral exports and imports
can be validated as true.
The limitation of the paper is related to the quality of COVID-19 data obtained, that is
new cases and new deaths due to COVID-19. This data did not include all actual cases and
deaths due to COVID-19 infection, it included only the official data confirmed and reported
by the official authorities. Recommendation for future research is to observe the impact of
lockdown measures on the value of international trade for other countries, differentiate
between various time periods by observing various waves of infection and estimating the
resilience of trade to the pandemics.
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APPENDIX
Table A1. The results of the statistical tests for determination of appropriate panel data
regression models in which the dependent variable was Croatian exports
Test

F test
BreuschPagan test
Hausman test

Statistics

Panel data regression model

E1

E2

E3

E4

Emp. value

450.27

448.816

444.311

442.153

p-value

<0.0001

<0.0001

<0.0001

<0.0001

Emp. value

51633.2

51569.9

51120.9

51019.1

p-value

<0.0001

<0.0001

<0.0001

<0.0001

Emp. value

10.1644

10.2627

11.133

11.4596

p-value

0.0377

0.0362

0.0110

0.0095

Source: authors.

Table A2. The results of the statistical tests for determination of appropriate panel data
regression models in which the dependent variable was Croatian imports
Test

F test
BreuschPagan test
Hausman test

Statistics

Panel data regression model

I1

I2

I3

I4

Emp. value

647.705

645.307

649.069

646.222

p-value

<0.0001

<0.0001

<0.0001

<0.0001

Emp. value

50516.3

50544.8

50229.3

50212.4

p-value

<0.0001

<0.0001

<0.0001

<0.0001

Emp. value

7.36781

6.71153

7.91533

7.50929

p-value

0.1947

0.2430

0.0478

0.0573

Source: authors.
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