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Abstract

This paper explains the business cycle characteristics in the small open European
Union Countries during the COVID-19 pandemic. The panel cyclical components of
GDP and its components, labour, and average product of labour were computed. The
study adopts a real business cycle model with importable, exportable, and trade-
able products to explain the cyclical characteristics of small and big EU countries.
According to the results, the business cycle characteristics of the big EU countries
during the pandemic correspond to the findings from the papers worldwide. The pri-
mary shock was a decrease in the labour supply. An increase in the adjustment capi-
tal costs explains the unusual consumption volatility. Results related to the small EU
countries differ from those of the big countries and those obtained in other studies.
The primary source of macroeconomic changes during the pandemic was changes
in the terms of trade. Changes in the labour supply were also significant. The higher
capital adjustment costs explain the consumption volatility, and the higher debt ser-
vice costs explain the investment volatility.
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1 Introduction

The COVID-19 pandemic and the corresponding political regulations caused a
global economic crisis of unprecedented scale. The outbreak of the pandemic in
Europe and the Western world occurred in the second quarter of 2020. Shortly
after the pandemic outbreak, many scientific papers appeared worldwide identify-
ing the main macroeconomic shocks associated with the crisis and their short-
term and long-term consequences.

World studies dealing mainly with the impact of the pandemic on large econo-
mies assume that the main shock associated with the pandemic is a decrease in
labour (see Literature review in the second chapter). During global crises, the
responses of small open economies often diverge from those of their larger coun-
terparts, whose data typically dominate most analyses. The project Diick et al.
(2022) summarises analyses based on microeconomic principles. This paper aims
to extend the knowledge gained by these works to the characteristics of pandemic
responses in small open economies common in the European Union.

Trade shocks, in particular, wield significant influence in small, open coun-
tries, which are also more susceptible to financial frictions. This paper will
demonstrate that these characteristics persist even during a pandemic crisis. In
addition to the extensive global analyses of the macroeconomic aspects of the
pandemic crisis, there is a need for more in-depth examinations of the cyclical
characteristics of small open economies during such crises. Crucially, questions
about the unique shocks that the pandemic crisis presents to small open econo-
mies still need to be answered. Due to the pandemic, are small European coun-
tries grappling with higher debt costs, investment costs, and risks than their larger
counterparts?

This paper aims to explain the cyclical characteristics of the European Union’s
small open economies during the COVID-19 pandemic. The third chapter,
which focuses on the data used, presents the cyclical characteristics through the
moments of the cyclical components of GDP, its components, and the terms of
trade and labour. Different data filters calculate the cyclical components. We are
particularly interested in the standard deviation, correlation matrix, and serial
correlation rate of cyclical components in the small countries of the European
Union during the pandemic period. These values will be compared with the
values in the regular period in the European Union and with the values of the
large countries of the European Union during the pandemic period. The chap-
ter also provides detailed information on the data needed to calibrate the theo-
retical model so that the steady state corresponds to the long-term characteristics
of international trade in the studied countries. The choice of an adequate model
resulted from the results presented in the chapter (moments of cyclical compo-
nents). Therefore, the data chapter precedes the chapter describing the model.

Uribe and Schmitt-Grohé (2017) proposed a model to explain business cycles
in small open economies. The model distinguishes between the production
of importable (M), exportable (X) and non-tradable (N) goods (MXN model).
The next chapter presents the model. An importable good is either imported

@ Springer



Macroeconomic performance of European Union’s small open... 759

or produced domestically but is highly substitutable with a good that can be
imported. An exportable good is either exported or a sold domestically but is
highly substitutable with a good that can be exported. Unlike most pandemic mac-
roeconomic models, the SIR model is not used to simulate a pandemic outbreak.
It is assumed that the pandemic and the corresponding distancing policy affect the
labour supply and demand, consumption demand, total factor productivity, terms
of trade, adjustment investment costs and debt service costs. Therefore, adjust-
ing the model by the parameters shifting the labour supply and demand and con-
sumption demand is necessary. The pandemic outbreak is realised by a universal
shock that impacts these parameters, the total factor productivity and the terms of
trade. The values of these parameters are calibrated to match the pandemic cycli-
cal characteristics calculated in the third chapter of the paper. Even before that,
the values of the other parameters must be calibrated so that the model’s steady
state corresponds to the long-term characteristics of the studied countries derived
from the available international trade data.

The study results from calibrating the business cycles of the studied countries
during the pandemic are presented in the following chapters. These chapters provide
a detailed analysis of the results and a corresponding discussion, culminating in the
final chapter, which draws the paper to a close with a comprehensive conclusion.

2 Literature review

In their project, Diick et al. (2022) collected the most important works that used
mathematical dynamic models based on microeconomic principles to analyse mac-
roeconomic responses to the pandemic and the corresponding policy responses.
These models, known as dynamic stochastic general equilibrium models (DSGE),
play a crucial role in understanding the pandemic’s macroeconomic impacts. Most
papers use the mutual simultaneous connection of a pandemic SIR (Suspected,
Infected, and Recovered) model introduced by Kermack and McKendrick (1927)
and re-introduced by Atkeson (2020) with a macroeconomic model. The main
shock causing the crisis is the decline in labour supply, primarily due to frequent ill-
nesses and deaths, but mainly distance restrictions, thanks to limited work activity,
mainly in industries requiring personal interaction. According to the proposals of
some authors (Cardani et al. 2022; Eichenbaum et al. 2022b; Lepetit and Fuentes-
Albero 2022; Crucini and O’Flaherty 2020; Eichenbaum et al. 2021), the shock of
the decrease in consumer demand is also significant, which can explain the unusu-
ally excessive reaction of consumption compared to the reaction of investments.

In our later paper (Szomoléanyi et al. 2023), we proposed that financial market
frictions cause unusual volatility in consumption and investment during pandemics.
Some papers consider the friction in financial markets. Vo et al. (2022) found that,
on average, firms tend to adjust their capital structure more rapidly in the period
following the breakout of COVID-19. Financial frictions are essential to the new
Keynesian DSGE model, which Acurio Vasconez et al. (2023) used to evaluate
unconventional monetary policy. The MXN model of Uribe and Schmitt-Grohé
(2017) presented in the fourth chapter will, after our modifications, include the
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consumption demand reaction to a pandemic shock and the possibility of modifying
adjustment capital and debt service costs representing the market frictions.

World research provides detailed answers to vital questions about the pandemic’s
macroeconomic impacts and the corresponding restrictive policies (Cardani et al.
2022). Some papers evaluate various public policy strategies to stop the pandemic’s
spread with minimal economic disruptions (Bodenstein et al. 2022; Eichenbaum
et al. 2022c; Kriiger et al. 2020; Garcia-Vicuifia et al. 2022; Angelov et al. 2023;
Kuvvetli 2023). Moser and Yared (2022) consider aspects of time consistency of
public pandemic policy. Some papers analyse the fiscal (Faria-e-Castro 2021;
Eichenbaum et al. 2022a; Chopra et al. 2022; Crucini and O’Flaherty 2020; Eichen-
baum et al. 2021) and monetary (Brzoza-Brzezina et al. 2022; Eichenbaum et al.
2022b; Lepetit and Fuentes-Albero 2022) policy reactions during the pandemic
period. Other papers deal with international economic interaction regarding the
spread of the pandemic. Acharya et al. (2022) aim to determine optimal pandemic
containment policies when the governments of the two countries do not coordinate
(Nash equilibrium) and when both governments coordinate (risk-sharing equilib-
rium). Rubini (2020) evaluates the effects of COVID-19 across countries by extend-
ing a canonical SIR model with various countries’ parameter values.

Fewer works answer the question of the pandemic responses of small open econ-
omies. At the same time, small countries’ usual cyclical behaviour is often subject to
shocks resulting from their dependence on the surrounding world, and trade shocks
are a frequent source of economic fluctuations. Garcia et al. (2023) and Boschemeier
and Mau (2023) confirm the statement. Calibrating the various versions of their
model for Ireland, Luxembourg, the Netherlands and Slovenia, Garcia et al. (2023)
showed that a very significant fraction of the 2020 decline in economic activity in
those small open economies resulted from foreign factors related to either trade or
fiscal policies. Boschemeier and Mau (2023) used econometric research to confirm
that about half of the total import contraction is attributed to foreign supply-side
disruptions.

3 Data

The study uses a panel data structure for 27 European Union countries (EU27). We
consider Germany, Spain, France, Italy and Poland to be large countries, and Bel-
gium, Bulgaria, the Czech Republic, Denmark, Estonia, Ireland, Greece, Croatia,
Cyprus, Lithuania, Latvia, Luxembourg, Hungary, Malta, Austria, Portugal, Slo-
venia, Slovakia, Finland and Sweden to be small countries. We do not classify the
Netherlands and Romania as large or small countries. Based on the work of Uribe
and Schmitt-Grohé (2017) (whose model we modified), the global classification
of countries used in our study distinguishes large, medium and small countries by
population. When we apply analogous classification to the European Union, we
find a significant number of tiny countries (up to 12 million) and a small group of
large countries (over 35 million). To distinguish their cyclical characteristics, we
decided to create only two groups. The group of medium-sized countries consists of
only two states, Romania and the Netherlands, which is not enough to examine the
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cyclical characteristics. However, from the perspective of our paper’s focus on Euro-
pean small open economies, this classification is sufficient for our purposes.

Data characterising cyclical characteristics in the European Union’s countries are
GDP and its components, terms of trade, and hours worked at a quarterly frequency.
Cyclical components were calculated from these data, expressing cyclical character-
istics in the examined countries in the whole time sample and during the pandemic,
with a distinction between small and large European countries.

The quarterly panel data includes GDP, consumption, investment, exports,
imports, and labour. Labour is measured in the number of hours worked. From the
data, we computed the net exports (the trade balance) as the difference between
exports and imports; the average product of labour (labour productivity)' is the
share of GDP and labour. We obtained all available data of the EU27 countries from
the first quarter of 1995 to the fourth quarter of 2022 from the Eurostat (2023) data-
base. In the database, data on the GDP components of the Czech Republic, Italy and
the Netherlands are only available from the first quarter of 1996, and data on hours
worked are only available from the first quarter of 2009.

The available data of GDP components are seasonally and calendar-adjusted;
labour is seasonally adjusted. At the time of the paper’s completion, hourly labour
data in Germany in 2020 was not available. Therefore, we used the time series of all
working people for the German labour.

The following is a calculation of the cyclical components of the time series. Dif-
ferent papers prefer different methods. With the following robust analysis, we adopt
the arguments of Uribe and Schmitt-Grohé (2017), according to which, in the analy-
sis result, the critical moment ratios do not differ depending on the choice of differ-
ent methods. The authors also applied a similar analysis (Szomoléanyi et al. 2017).
We used the Hodrick and Prescott filter (1997) (HP) with the lambda parameter
for quarterly data set to 1600 by default to calculate the cyclical components. Flaig
(2015) remarks that "it is well known that the HP filter is an optimal filter under
some restrictive assumptions, especially that the cycle is white noise", as in our case.
He showed that the HP filter with a much higher smoothing parameter than com-
monly used is preferred for the autocorrelated cyclical components. In our analysis,
the low autocorrelation coefficient is computed during the pandemic period.

Before the calculation, we logarithmised all time series besides net exports, which
we divided by the trend component of output. We calculated the standard deviations,
the correlation coefficient with the series of the cyclical component of GDP and the
autocorrelation coefficients (ser. corr.) of the series. Table 1 calculates the moments
of various samples of the examined panel data cyclical components. In addition, we
calculated the given moments of the cyclical components of the studied time series
using various other methods. Calculations for small and big countries during the
pandemic are in the Appendix, Table 5. Hamilton (2018) states that the HP filter
produces series with spurious dynamic relations that have no basis in the underlying
data-generating process; filtered values at the end of the sample are very different

' In common economic discourse, the concept of labour productivity is often used. Macroeconomic
models distinguish between immeasurable (labour or capital) factor productivity and average factor prod-
uct, which is measured as the ratio of output to input. This is why we also employ this term in our paper.

@ Springer



762 K. Szomolanyi et al.

Table 1 Cyclical characteristics of the EU countries

GDP Cons Inv Lab Aver. prod. of lab Net exp

The whole sample Std. Devs 2.69% 3.03% 11.94% 2.93% 2.19% 3.55%
Cor.w.GDP 100 082 041 062 021 0.05
Ser. Cor 062 055 022 029 027 0.15

Pandemic Period Std. Devs  4.40% 5.05% 12.30% 6.39% 4.24% 3.72%
Cor.w.GDP 1.00 079 033 075 —0.09 0.26

Ser. Cor —0.13 —038 —0.08 —021 0.03 —0.07

Big countries in the pan-  Std. Devs 544% 5.63% 8.44% 1.94% 3.42% 1.19%
demic period Cor.w.GDP 100 093 065 094 —0.59 0.64
Ser. Cor —024 —-042 0.18  —0.09 0.02 0.34

Small countries in the Std. Devs 4.25% 5.06% 13.42% 6.15% 4.48% 4.27%
pandemic period Cor.w.GDP 1.00 074 027 069 00l 0.25

Ser. Cor —0.09 -035 —0.13 -028 0.0l -0.07

Eurostat (2023), https://ec.europa.eu/eurostat and own processing

from those in the middle and are also characterised by spurious dynamics; a statisti-
cal formalisation of the problem typically produces values for the smoothing param-
eter vastly at odds with standard practice. The parameters of the proposed Hamilton
filter are a time horizon that we are likely to predict incorrectly (#) and a number
of lags in filter regression (p), H(h,p). For seasonal data, p and % should be inte-
ger multiples of the number of observations in a year. For quarterly data, #=8 and
p=4 are recommended. When p is not included, a random walk process is assumed.
Hamilton suggests 2=35 if a debt cycle described by Jorda et al. (2017) is supposed.
The generalised band-pass filter is a Christiano-Fitzgerald (2003) filter (CF) with an
assumed business cycle length of 6-32 quarters.

The results in the first panel from the top in Table 1 correspond to the total data
sample, the second to the pandemic period sample, the third to the large countries
during the pandemic period sample, and the fourth to the small countries during the
pandemic period sample.

The total data sample results (the first three lines under the heading in Table 1)
do not deviate from standard cyclical observations (Uribe and Schmitt-Grohé 2017).
Consumption and investment are more volatile than GDP. The high consumption
volatility corresponds to the fact that the EU27 consists of many small open coun-
tries. As the size of the countries does not weigh the data, the importance of small
countries in the result is more significant than it is actually. The components of GDP
and labour are positively correlated with GDP. Compared with other studies (Uribe
and Schmitt-Grohé 2017), the relatively low value of the correlation coefficient of
investment corresponds to the fact that private and public investments are included
in investment in the European national accounting system. The value of the correla-
tion coefficient of the average product of labour and GDP is surprisingly low.

The pandemic corresponds to higher economic (GDP) volatility, but the share of
investment and GDP volatilities is smaller than in the total data sample. Frequent
changes in political and social restrictions can explain high economic volatility. It is
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also associated with the cyclical components’ low to negative serial correlation coef-
ficient. The correlation coefficient between the average product of labour and GDP
was lower during the pandemic than in the entire period.

We also performed moment calculations for big and small EU27 countries. In
big countries, investment was even less volatile during the pandemic period. The
average product of labour was negatively correlated with GDP. Interestingly, the
economic volatility of small countries was lower than in big countries. Conversely,
investment was highly volatile in small countries. The investment/GDP volatility
ratio was similar to that in the total period sample. The serial correlation coefficient
of investment was the lowest in the sample of small countries during the pandemic
period.

Similar results also result from the cyclic components calculated by other meth-
ods. The differences are in the estimation of the total economic volatility. According
to the results, small countries were less volatile in the pandemic than large ones.
According to the H(8,4), H(5,4) and CF, this proportion was approximately the
same. In small countries, the share of volatilities of consumption and output was
approximately 1.1 times. According to the HP filter, this ratio was approximately
1.2, and according to the CF filter, approximately 1. In big countries, this proportion
was 1-1.05 (the CF filter calculates it at 0.9). The volatility of investments in small
countries was approximately three times that of output. All data filtering methods
confirm the unusual volatility of investments in large countries during the pan-
demic period. The ratio to output volatility is estimated to be only 1.4—1.8. Labour
is weakly positively correlated with output in small countries while firmly in large
ones. This results in a low but positive correlation between the average product of
labour and output in small countries and a stronger negative correlation in large
ones. The trade balance is more positively correlated in large countries than in small
ones.

A model explaining the economic impacts of the COVID-19 pandemic and the
corresponding policy responses in EU27 countries should correspond to the moment
values from this analysis. The construction of the model should consider these facts
observed in the pandemic period.

The correlation coefficient of the average product of labour with GDP is low or
negative. A likely explanation for this observation is that the shock of the pandemic
outbreak is associated with frequent changes in labour demand and supply. The risk
of the pandemic’s spread and restrictive political reactions limited the possibilities
of carrying out regular business and work activities.

Investment, compared to GDP, is low volatile. The peculiarity of investment
behaviour in pandemics was already noticed by Eichenbaum et al. (2022b), who
pointed out that in the first wave of the pandemic, investment fell by about the same
amount as GDP and consumption, a shallow fall compared to other economic cri-
ses. The authors explained this fact by reducing consumption. The reduction in con-
sumption also results from the high risk of the spread of the pandemic and restric-
tive political reactions. Cardani et al. (2022); Eichenbaum et al. (2022b); Lepetit and
Fuentes-Albero (2022); Crucini and O’Flaherty (2020); Eichenbaum et al. (2021)
consider a decrease in the consumption demand as a reaction on the pandemic.
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Economic performance during the pandemic was different in small and large
countries. In small countries, on the other hand, investment was highly volatile. Such
a result corresponds to the normal non-pandemic cyclical behaviour of small econo-
mies. It can be concluded that during the pandemic, small economies faced shocks
similar to those in other periods. A frequent source of economic volatility is shocks
in terms of trade (the share of export and import prices), which are interpreted as
trade shocks in current macroeconomic models. Therefore, we conclude that the
economic reactions of the population and restrictive measures such as closures of
factories, causing supply chain disruptions in small countries, were manifested not
only by a reduction in labour, total factor productivity, and consumer demand but
also by the mentioned trade shock. It makes sense to examine the shocks associated
with the outbreak of the pandemic in the small open economies of the European
Union.

Most similar analyses of the impacts of the COVID-19 pandemic so far have
focused on the reactions of macroeconomic indicators in different waves of the pan-
demic in economies of global importance. The advantage of examining data in the
European Union countries is that each country has separate economic statistics. This
contribution brought a systematic statistical view of macroeconomic principles char-
acteristic of the short pandemic period.

Despite the mentioned data deficiencies, some crucial facts characteristic of the
pandemic period in the EU27 countries can be roughly deduced from the results.
The pandemic manifested increased economic volatility in the European Union, but
the investment was unusually less volatile than in the standard period. The average
product of labour and the wage rate were negatively correlated with GDP. The per-
formance of small and large EU27 economies varied. Investment volatility was high
in small economies.

These results form an essential starting point for constructing the DSGE model,
which can explain the observed facts in the pandemic period in the EU27 econo-
mies. The following chapters focus on constructing and verifying the MXN model
(Uribe and Schmitt-Grohé 2017), in which pandemic shocks are formulated by a
joint shock affecting labour demand and supply, consumption and world price rela-
tions. The model allows for setting various parameters for investment adjustment
and debt service costs.

4 Model

To analyse the impact of shocks in small open economies, a model that can quan-
tify the impact of shifts in the terms of trade should be chosen. This impact var-
ies according to the share of production of exportable, importable and non-tradable
goods. We consider the MXN model proposed by Uribe and Schmitt-Grohé (2017)
to be such a model. In the first part of the chapter, we briefly introduce the model.
In the next section, we present our modifications of the model that correspond to
the reactions of economies to the shock caused by the pandemic and the subsequent
distancing policy.
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The model studies interactions between households and firms. We assume that a
large number of identical households is present. The firms produce final, tradeable
composite goods and importable, exportable, and nontradeable goods. To simplify
notation, let us create a notation for the first partial derivatives in the sense:

afi(x)

0x;

fix) =

where X is a vector with size n, X = (x},%,, ..., x,).
We present the model in a general form. The specific functional forms are
adopted from the Uribe and Schmitt-Grohé (2017).

4.1 Households

The following utility function form expresses the households’ preferences.

—_ o 13 m X n
where i, k7, and h? denote labour in the importable, exportable, and nontrade-
able sectors; ¢, is consumption, f is the discount factor, and E, means expectations
according to the information set available at time 0. The time is denoted by subscript
t. The specific function form assumes the constant degree of relative risk aversion
o, and its reciprocal, 1 /o, measures the intertemporal elasticity of substitution. The
utility function form (1) corresponds to the GHH (named after the authors’ sur-
names) proposition of preferences (Greenwood et al. 1988). According to the form,
the sectors’ labour supply (the marginal rate of substitution between consumption
and leisure) is independent of consumption. The wage elasticity of the jth sector’s
labour supply equals 1/(w; — 1); @; > 0.
The households’ budget constraint is:
i i+ i+ 0, (KL = K) + @ (K = K) + @, (K — ) + pid,
prd 2
= S W W+ W K w4 @
1 +r t ot tt tt tt tt

tt’
t

where i;”,i;‘, l:' are investments® in all three sectors, k;”kf k:’ are capital stocks,
w;”, w;‘ w:’ wage rates, and u:” u;‘ , u:’ rental rates of capital. The variable pf denotes
the relative price of the tradable composite good in terms of final goods, d, denotes
the debt stock in period ¢ (in units of the tradable composite good), and r, denotes
the interest rate on debt held from period ¢ to £+ 1. Consumption, investment, wages,

rental rates, debt, and capital adjustment costs are all expressed in units of final

goods. The adjustment capital costs are presented by the functions ®; (ki N k;) By

the quadratic form of the function, the adjustment cost parameters are denoted as

2 The household budget contains the investment Since the households own the firms.
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O, Oy- , > 0. The capital dynamics depends on investments and capital deprecia-
tionrate 0 < d < 1.

ki, =1 =0k + i, 3)
ki =1 -8k + 1, @
k', = (1 =98k +1i7. 5)

The households maximise the utility function (1) subject to the constraints (2)-
(5). According to the study’s assumptions, the pandemic period is associated with
shifts in labour supply and consumption demand expressed by the first-order condi-
tions of the problem. Therefore, we present them.

Gy

¢, — o + o, + o, =X, 6)

() = wr ™

()™ = w; ®

()7 = ©)

Moy =B(1+7)ENapyy, (10)

M [l b (K = k)] = BEd [, +1=8+ 0, (K, = KL,)] ()

A1+ b (K = k)] = BE i [“f+1 +1 =8+ (K, — kf+1)] (12)

[1 + ¢’n< t+1 kn)] - BE }‘t+1 [”t+1 6+¢n( +2 k:l+1)] (13)

In the Egs. (6), and (10)-(13), A, denotes the Lagrange multiplier. The conditions
(6-13) consider the mentioned functional forms. The first condition (6) specifies the
consumption demand; the following three (7-9) specify the labour supply in all the
sectors. The following (10) is the Euler equation for the debt, and the final three
(11-13) are the Euler equations for the capital in all the sectors.
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4.2 Firms

The inputs in final goods production are non-tradable goods a and a composite of
tradable goods a7. The corresponding production function B, = B(af,af) is in the
form of constant elasticity of input substitution.

M., > 0, and the tradeable input share 0 <y, < 1. The firms choose a7, a} to
maximise their profit.

B(a",a’) — pta® — p'a". The input prices are p’, p’.

The production function of the firms producing the tradeable compos-
ite goods is also in the form of the constant elasticity of input substitution
Mo > 0,07 = A(a;",ax). The inputs are importable and exportable goods af", ay;
the importable input share is 0 < x,, < 1. Denoting the input prices as p7", p;, the
firms maximise the profit A(a;”, ax) —pal — pja;.

The technology of the firms producing exportable, importable, and non-trade-
able goods corresponds to the production function:

)= g'F (k" "), (14)
v = 5 F (k. b)), (15)
Y} =g/ F(k 1), (16)

where z',z,7, are total factor productivities in the sectors. The production func-
tions (denoted by F) are in the Cobb—Douglas form with the capital shares (capital
elasticity of output) «,,, @,, a,. The capital shares are between 0 and 1, and the non-
tradeable sector’s capital share differs from the other two. The firms maximise the
profit functions pjziF <k’ W ) - m/,hi - w/zkﬁ Since the first-order conditions include

ot
the labour demand subject to shifts during the pandemic, we state them. We present
them after considering the Cobb—Douglas production function form.

P,z (k)™ () =, (17
P (L= e )z (k)™ () = (18)
pra (k) () T = (19)
i1 =a )5 (k)™ ()™ = wy, (20)

Pl (k)" (1) =

1

2L
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pr(1 =) (k)™ ()™ = wr 22)

Since the production functions are homogenous with order 1, the firms’ prof-
its are always zero.

4.3 Market clearing

The general equilibrium requires that all markets clear. Namely, the final produc-
tion supply equals the demand,

Co i iy 1+ by (K — ) + (K -

k) + @, (ki —K7) = B (23)
Demand for non-tradeables equal the production of non-tradeables,
a; =Y. (24)
Imports are defined as the difference between the domestic absorption of
importables, @', and the importable output, y7",
m, = p" (2" - ¥7"), (25)

where imports m, are expressed in units of final goods, whereas importables a;" and
importable output, y", are expressed in units of importable goods. Similarly, exports
are defined as the difference between the exportable output and the domestic absorp-
tion of exportables,

x =pi(y —a), (26)

where exports x, are expressed in units of final goods.
The economy-wide resource constraint is

P,Tdt+1

— T
T+r, _ptdt+ml—xt.

To ensure a stationary equilibrium process for external debt, we assume that
the country’s interest-rate premium is debt-elastic (Schmitt-Grohé and Uribe
2003)

r=r+ w(edm_a - 1), 27

where r* denotes the sum of the world interest rate and the constant component of
the interest-rate premium. The second term of (27) is the country’s interest-rate pre-
mium’s debt-elastic component. It equals O if the debt equals its steady-state value,
d. = d. The parameter of debt service costs is y > 0, and it plays an essential role
in the study.
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4.4 Observables

The study needs to compare the short-term model economy with the actual one.
Therefore, it must derive the observable variables as real output and its components.
Following the Uribe and Schmitt-Grohé (2017), observables are expressed using the
Paasche GDP deflator. In the model, the real GDP is expressed as

W= p"y"+ py 4+ pyr, (28)

where y,0 is the real GDP, p/, j = m, n, x, denotes the steady-state value of the rela-

tive price of good i in final consumption good units. Real consumption, investment,

and trade balance at constant GDP prices denoted c?, i, x” — m? is given by

S Py Py + Yy
B VR A A

s 29)

0_ Py +ptyf +p"y§'i
SRR R

(30)

o o PP +phyy
xt _mt = m.,m n n('xt—ml‘)' (31)
iy Py + Py

4.5 Model modifications

Let us modify the model to apply the changes induced by the shocks of the pan-
demic outbreak and the public policy responses. Assume that during the pan-
demic period, labour supply and demand shift. The shifts are caused by illness
deaths of workers and by the distance restrictions. The restrictions force consum-
ers to postpone consumption. Introduce the parameters shifting the functions.
Rewrite the consumption demand into the form:

B X\Oy n\w, 1 ~°
(n™) + (n) + (h")
Q) (O] Q)

Y€ — =M. (32)

m X n

The y parameter equals 1 in the steady state, shifting the demand for consump-
tion. Substituting 1.01 for the parameter decreases the consumption demand by
1%.

The shifts in the labour supply are formed by rewriting (7-9):

(v, ) ) = gy, (33)

(vi) 7D = e (34)

t°
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-1
(vh") ) =y, (35)
where the parameter shifting the labour supply is v,; in the steady state v = 1.
Increasing the parameter by 1% decreases the labour supply by 1% in all three
sectors.

The shifts in the labour demand are formed by rewriting (18, 20, and 22):

P (1= a, ) (k)™ (g hr) = wr, (36)
pr(1 =)z (k)™ (¢hr) ™ = wr, (37)
pr(1 =) (k)™ (ghr) ™™ = wr. (38)

The parameter shifts the labour demand £=1 in the steady state. A 1% increase in
the parameter causes a 1% decrease in labour demand in all three sectors.

All shift parameters v,,v,, {, together with the total factor productivity parameters
z/",z;,z and the terms of trade defined as py/p}" are up to the AR (1) process in the
form:

+ KK (39)

+ K, Ky, 41)

g’é: ‘ ) + KK, (40)

t—1 "
— = | T KK 42
' p,_lp"> P “2)
ZI"
In <i =pln <’;1> + k4K (43)
" Z
z
In <ﬁ =pln <’;1> + k4K (44)
el Z

Zn
ln<Z—;> =p1n<’;1> + k4K, (45)
Z Z

The terms without a ¢ index are the values in the steady state. The variables reacting
to the pandemic shock denoted as k,, which is white noise with zero mean and standard
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error s. The parameters «,, Kes Kys Kps and x, are the pandemic elasticities. The serial
correlation coefficientis p € (—1,1).
Besides, we add the following observables: the labour N

N, =h"+h; + h?,

and the average product of labour y? /N,

5 Methods

To verify the effect of pandemic shock k, we need to compute the competitive equi-
librium by solving all the equations, including all first-order conditions of the firms
and consumers. The model consists of a system with many nonlinear equations. It is
approximated to the linear state space form to solve it. Therefore, we need to evalu-
ate the parameters and approximate the model equations.

5.1 Calibration

By model calibration, we must choose the coefficient values so that the primary
model economy characteristics in the steady-state correspond to the observed char-
acteristics of the countries studied. Log-linearisation is applied to transform the
model into a linear form.

From the set of parameters {f, o, ,,, ®,, ®,, 1, Prs Dus 05 Heps Hops Xo» Xoms O
a, a,, ", 7, 7", red, v, . Vs Ky Ky Ky Kys p5 ), @ subset is calibrated using existing
RBC literature. Another subset is calibrated based on the production and interna-
tional trade characteristics of the studied economies gained from the various world
databases. A subset of parameters is computed using the parameters from the first
two subsets so that the economy corresponds to the steady state. The rest of the
parameters play a role in equilibrium dynamics. Our task is to set their values so that
the model moments of observables match those of the published data series during
pandemics.

We adopt a value of inverse Frisch elasticity o; — 1 from Uribe and Schmitt-Grohé
(2017), particularly, o; = 1.455,Vi € {m, x,n}. Following the example of the litera-
ture using GHH preferences, we set the intertemporal elasticity of consumption sub-
stitution 6 = 2 (Mendoza 1991). The elasticity of substitution between importables
and exportables p,,. = 0.85. Akinci (2011) states that the studies for estimating the
elasticity of substitution between tradeable and non-tradeable goods using the cross-
section data estimate the parameter in the interval (0.43, 0.74). We setp,,, = 0.5.

The Penn World Tables (PWT) (Feenstra et al. 2015) help find the economies’
production characteristics. We set the capital depreciation rate & = 0.01 for big
and small countries. This value corresponds to the value gathered from the PWT
considering that our quarterly data is used to compute the cyclical characteris-
tics. Using the PWT, we estimate the labour share to be 0.55 in the small coun-
tries and 0.58 in the big ones. We calculated the average shares by averaging for

me
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small and large countries in the last 5 and 10 years before the pandemic outbreak.
We selected suitable values according to the dynamics of the shares. The non-
tradeable sector’s labour share must not be equal to that of the other two sec-
tors. Considering that the labour share estimate based on the compensations of
employees (as estimated in the PWT) is underestimated (Gollin 2002) and assum-
ing that the non-tradeable is work-intensive, we set a,, = a, = 0.45,a, = 0.35 in
the small countries, and a,, = a, = 0.42, a,, = 0.32 in the big countries. Consider-
ing the quarterly data frequency and the PWT data, the world interest rate equals
r* =0.02.

The steady state implies the following values of the parameters:
= =pprt=v=y=C0=1Lp0+r)=1

The procedure of Uribe and Schmitt-Grohé (2017) is used, to calibrate the param-
eters characterising the international trade. We need the following characteristics:

The average value-added export share s,

The average share of exportable output in GDP s,
The average share of non-tradable output in GDP s,
The average value-added trade balance share GDP s,

We used data from the UNCTADstat (2023) database. We obtained annual
panel data on sectors’ value-added shares in the 27 countries studied. The data-
base distinguishes three main sectors: "Agriculture, hunting, forestry, fishing",
"Industry"”, and "Services". We consider the last of the sectors non-tradable. The
shares in services thus represent the average share of non-tradable output in GDP
e
’ The Merchandise trade matrix database from the UNCTADstat (2023) data-
base (Data/Trade in Merchandise) provides annual panel data on the exports
and imports of the surveyed countries in various manufacturing sectors. Since
the sectoral breakdown is more detailed in the database, following the example
of Uribe and Schmitt-Grohé (2017), we included the subsectors All food items
(SITC 0+ 1422 +4) and Agricultural raw materials (SITC 2 less 22, 27 and 28)
to the agricultural sector. In industry, we classify Fuels (SITC 3), Manufactured
goods (SITC 5 to 8 less 667 and 68), Memo: Ores, metals precious stones and
non-monetary gold (SITC 27428+ 68 +667+971).

The last database is the annual panel data on the export and import of services
in the studied countries.

In all three main sectors of each country and each year, we calculated the prod-
uct of the sector’s value-added share with the exports/(exports + imports) ratio.
By adding up these shares in agriculture and industry in each country and each
year, we obtained the value-added export share s,.

If we sum these shares each year and country in all sectors, including services,
we get the share exports in tradable products. Let us denote it by s,,. The share of
exportable output in GDP is calculated as the product of the share of exportable out-
put in tradable with the share of tradable output in all products, s, = s, (1 — s,,,).
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We obtained data on the share of the trade balance in GDP from the database
The External Wealth of Nations (Lane and Milesi-Ferretti 2018 and Milesi-Fer-
retti 2022). We calculate the indicator as

r
Stb = 1_b,

+r
where r is the country’s interest rate, and b is the share of the net international
investment position in GDP.
We use those calculations to compute the following parameters. The share of
importables is computed as

oo )
Xm = ETRE (46)
1+ [Y(px/pm)(um—l)]
where
X X S -
Y= = — 47
pra l_syx_sy11+sx_stb
Table 2 Model calibration
Small Big Small Big Small Big
0.01 0.01 Sy 0.1400 0.1300 Xom 0.9705 0.9500
. 0.48 0.45 Sy 0.1540 0.1512 X< 0.9583 0.9400
' 0.48 0.45 Syn 0.7200 0.7200 p 0.9804 0.9800
a, 0.38 0.35 Sy -0.0070 -0.0050 z 1.0350 1.0300
r 0.02 0.02 d -3.1627 -1.1859
[T 0.85 0.85 b, * *
[T 0.5 0.5 o, * *
c 2 2 b, * *
o, 1.455 1.455 s * *
®,, 1.455 1.455 p * *
®, 1.455 1.455 s * *
" 1 1 K, * *
z 1 1 K * *
p/p" 1 1 K, % *
v 1 1 K, * *
Y 1 1 K, * *
¢ 1 1

Uribe and Schmitt-Grohé (2017), Feenstra et al. (2015), Akinci (2011), Mendoza (1991), European
Commission (2017), Lane and Milesi-Ferretti (2018), UNCTADstat (2023) https://unctadstat.unctad.org/
datacentre/, and own processing
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Fig. 1 Model Calibration: pandemic shock impulse response functions in small countries. Source own
processing

Table 3 Calibration of the b

s K, X K K K
Reactions to Pandemic Shock hd P °

Small 181 0005 0 00277 1 0 0 =19 0
Big 0.4 0001 O 01041 1 O O -065 O

Own processing

is the steady-state exportable-to-importable absorption ratio. Having Y and y,,, we
can compute the a*/a™ and a* /a" ratios implying y.. All parameters needed to com-
pute the steady state are disposable.

Table 2 summarises the calibrated coefficients (the left panel), data restrictions
(the middle panel), and the implied coefficients (the right panel). The coefficients
denoted with asterisks are calibrated so the model replicates observed cyclical
characteristics. Their obtaining is to be explained at the end of the chapter.

5.2 Log-linearisation and linear state space

The model consisting of nonlinear equations can be written in the form
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Fig.2 Model Calibration: pandemic shock impulse response functions in big countries. Source own pro-

cessing

Table 4 Model and observed cyclical characteristics of EU27 Countries

GDP Cons Inv Lab Aver.prod.of lab Net exp
Small countries in the Std. Devs 4.25% 5.06% 13.42% 6.15% 4.48% 4.27%
pandemic period Cor.w.GDP 1.00 074 027 069 001 0.25
Ser. Cor -0.09 -035 -0.13 -0.28 0.01 -0.07
Model Std. Devs 4.25% 5.06% 13.42% 3.65% 1.62% 13.64%
small countries Cor.w.GDP 1.00 093 055 093 0.53 0.25
Ser. Cor 091 093 0.87 0.63 0.64 -0.10
Big countries in the pan- Std. Devs 544% 5.63% 8.44% 1.94% 3.42% 1.19%
demic period Cor.w.GDP 100 093 065 094 —059 0.64
Ser.Cor -024 -042 0.18 —-0.09 0.02 0.34
Model big countries Std. Devs 544% 5.63% 13.58% 7.01% 2.83% 10.29%
Cor.w.GDP 1.00 0.99 0.59 093 -0.38 0.64
Ser. Cor 049 064 090 0.16 0.18 -0.05
Own processing
f(Yv Y10 Xeo X1 ) =0 (48)
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Fig.3 The impulse response of a 10% decrease in labour supply in small countries. Source own process-
ing

where the vector of control variables is denoted as y, and state vari-
ables as x, a nonlinear vector function is f. The state variables in our model are
k;”, kf, kf, V252, zf,pj‘/p;", Ys Gy d,, x,. The rest are control variables.

The steady-state [y, x] solves

f0.y,x,x)=0 (49)

Using the computations of Uribe and Schmitt-Grohé (2017) and applying the log-
linear approximation based on the first-order Taylor expansion around the steady-
state point, we gain

Fy¥ +F ¥ +FoX +FX =0 (50)

F, are the gained

where 3,, %, denote deviations from the steady state, and F,, F,, F,,,

matrices.

We adopt the computations of Klein (2000), Sims (2002) and Uribe and Schmitt-
Grohé (2017) to apply generalised Schur matrix decomposition, obtaining the linear
state space form of the model.

X1 = HX, + Ciey (51
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Fig.4 The impulse response of a 10% decrease in terms of trade in small countries. Source own pro-
cessing

¥i = G X (52)

where H, is the transition matrix, C is the volatility matrix, and G, is the output
matrix. The state space form allows us to apply the Lyapunov equation to compute
stationary distributions of both control and state variables. Uribe and Schmitt-Grohé
(2017) provide the needed computations. In this way, we can compute the covar-
iance-variance matrix of the state and control variables conditional on pandemic
shock with standard error s, the autocorrelation p, pandemic elasticities x,, Ke, Ky, Ky
and x,. The observables’ theoretical cyclical characteristics (moments) are com-
puted from the variance—covariance matrices. We need to set the values so that the
theoretical moments fit the observed characteristics. We change the values in itera-
tions. We start with the small countries, followed by the big ones.

5.3 Pandemic calibration
Replicating the observed cyclical characteristics with the MXN model takes work.

The graphs of impulse-response functions help identify the main manifestations of
pandemic shock (see Figures 3, 4, 5, 6, 7, 8, 9, 10, 11 and 12 in Appendix). After
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Fig.5 The impulse response of a 10% decrease in consumption demand in small countries. Source own
processing

more extended experimentation, we concluded that the pandemic shock was mainly
associated with shifts in labour supply kv, terms of trade x, and an increase in
parameters characteristic of financial market imperfections, capital adjustment costs
o, §,,,» ¢, and the price of debt service .

According to Cardani et al. (2022), Eichenbaum et al. (2022b), Lepetit and
Fuentes-Albero (2022), Crucini and O’Flaherty (2020), Eichenbaum et al. (2021),
the decline in consumption demand was supposed to explain the unusual volatility
of consumption and investment in large countries. Demand for consumption may
have been temporarily reduced by the postponement of consumption forced by the
lockdown. However, according to the impulse-response function of the shift in con-
sumption demand (Figures 5, 10), the trade balance will increase after the reduction
in consumption demand, contrary to observations. Investments will not decrease
immediately but will fall sharply later. Therefore, the change in the parameter xy
does not contribute to the explanation of the low volatility of investments. It turned
out that by changing the values of capital adjustment costs ¢,, ¢,,. ¢,, the share of
volatilities between consumption and output can be better replicated.

Shifting the total factor productivity helps to set the investment volatility in big
countries, but at the expense of the volatility of international trade. Moreover, the
labour and the average product of labour changed in the opposite direction as output
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Fig.6 The impulse response of a 10% decrease in total factor productivity in small countries. Source
own processing

as a reaction to the total factor productivity shock (Figures 6, 11). Therefore, we set
K, =0.

After several attempts to adapt the input values so that the model reliably explains
the macroeconomic performance of the EU countries during the pandemic, we
needed to prioritize some of the output values. We focused on the output and con-
sumption volatility and the correlation between trade balance and output. In the case
of small countries, we found the correct investment volatility using changes in .
We chose the following iterative procedure.

e With a positive standard deviation s, we determine the labour supply elasticity
K,=1.

¢ Set the elasticity of terms of trade k, so that the value of the correlation between
GDP and trade balance fits.

e Set standard error so that the output volatility fits.

e Set the capital adjustment cost parameters ¢ = ¢, = ¢
ratio between output and consumption.

e Set the debt service parameter y so that the investment volatility fits.

= ¢, to fit the volatility

m

Steps 2-5 are done simultaneously so that all set values match the target ones.
We choose the HP filter computation of the moments as the target values (see Data
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Fig.7 The impulse response of a 10% decrease in labour demand in small countries. Source own pro-
cessing

chapter). Table 3 shows the final parameter values for the small and big countries.
Since all previous steps are repeated after each step, changing the order of individual
steps does not affect the result. Impulses on pandemic shock in small and big coun-
tries are in Figs. 1 and 2.

The corresponding theoretical moments are in Table 4. Unlike in big countries,
we successfully replicated the investment volatility in small countries using the
debt service costs y. Impulses on pandemic shock in small and big countries are in
Figs. 1 and 2.

6 Discussion

According to the observed cyclical characteristics during the pandemic, small open
economies in the EU differ from large ones and the characteristics stated in other
studies. The overall volatility of economic activity is relatively small; the volatility
of investments and consumption does not significantly differ from cyclical charac-
teristics in other periods.

By examining the model responses in the pandemic period, we find that European
small open economies were subject to different shocks compared to large countries
but also compared to the considerations of the existing literature dealing with the
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Fig.8 The impulse response of a 10% decrease in labour supply in big countries. Source own processing

responses of economies in the pandemic, whose research did not use small open
economies’ data.

The MXN model (Uribe and Schmitt-Grohé, 2017) reliably explained the volatil-
ity of output, consumption, investment and the relationship between net exports and
output. The model volatility of labour and the average product of labour is smaller
than the actual values, and the model volatility of net exports is higher. The correla-
tion coefficients between the variables and the output match the observations at least
qualitatively: the investment-output correlation coefficient is smaller than the con-
sumption-output and the labour-output correlation coefficients. According to obser-
vations, the average product of labour was not correlated with GDP. Its low value
using European data is surprising. Usually, the average product of labour is procycli-
cal. In the full sample, the study computes the correlation coefficient between output
and the average product of labour to be only 0.21.

The observed cyclical characteristics in large countries coincide with the results
of other studies in the literature. The peculiarity of the pandemic period is the rel-
atively high volatility of consumption and low volatility of investments, which is
more persistent than consumption and output. The model reliably explained volatili-
ties, output, consumption and the relationship between net exports and output. The
model values of labour and the average product of labour volatilities are close to the
observed values. Even though the correlation coefficients of the variables with the
output were not among the priorities, their theoretical values are, with exceptions,
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Fig.9 The impulse response of a 10% decrease in terms of trade in big countries

close to the observed ones. Let us repeat the suspicion that the data underestimate
the correlation coefficient between the average product of labour and output. The
serial correlation values do not match, but the model at least assumes a higher per-
sistence of investments; consumption persistence is higher than GDP.

The shock’s autocorrelation coefficient is used to determine the individual auto-
correlation coefficients of variables and the volatilities of consumption output and
investment. Let us recall that the more persistent shock assumes greater consump-
tion volatility and lower investment volatility. After unsuccessfully experimenting
with p, we concluded that the pandemic period was not characterised by a regular
recurrence of equally intense and persistent shocks. Pandemic waves and political
responses varied in intensity across states and over time. Therefore, we set p = 0.
Cardani et al. 2022; Eichenbaum et al. 2022b; Lepetit and Fuentes-Albero 2022;
Crucini and O’Flaherty 2020; Eichenbaum et al. 2021 addressed unusual volatility
in consumption, investment, and a decline in consumer demand (deferred consump-
tion). By experimenting with the MXN model, the change in consumer demand «,
did not produce the desired result. Analogously, changes in total factor productivity
did not help. We solved the volatility of consumption by changing adjustment capital
costs ¢. For small countries, we successfully replicated the volatility of investments
using debt services costs. Those results indicate that pandemic shock is associated
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Fig. 10 The impulse response of a 10% decrease in consumption demand in big countries. Source own
processing

with higher financial costs due to market frictions. Using an international sample
of publicly listed firms, Vo et al. (2022) found that, on average, firms tend to adjust
their capital structure more rapidly in the period following the breakout of COVID-
19. Financial frictions are essential to the new Keynesian DSGE model, which Acu-
rio Vasconez et al. (2023) used to evaluate unconventional monetary policy.

Changes in the labour supply caused the main macroeconomic changes in the
pandemic period in large countries. This result corresponds to research worldwide.
The model volatility of labour supply is around 10%. However, trade shocks also
played a significant role. The increase in capital adjustment costs explains the high
consumption volatility.

In small countries, the research results in surprisingly low volatility in labour
supply (approximately 3%). The rest of the fluctuations are attributed to trade shocks
and uncertainty in financial markets. The high cost of debt service explains the low
volatility of investments. The consequence of increasing y was the necessity to
increase capital adjustment costs in order to replicate the values of consumption and
output volatilities.
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Fig. 11 The impulse response of a 10% decrease in total factor productivity in big countries. Source own
processing

7 Conclusion

The study deals with macroeconomic responses in small open countries of the Euro-
pean Union during the COVID-19 pandemic. Quarterly panel data on GDP, invest-
ments, consumption, net exports, labour, and the average product of labour in the
EU27 countries were used to express the cyclical characteristics. The cyclic com-
ponents of the series were calculated using the Hodrick and Prescott filters (1997).
Due to the robustness, other methods were used to compute the cyclical components
in the small and big EU countries during the pandemic. Different filters vary by
different calculated economic volatility. In big countries, consumption was unusu-
ally more volatile than GDP; conversely, investment was unusually low-volatility
compared to output. These specifics have not been shown in small countries. The
low correlation of output with labour and the average product of labour indicated
that the pandemic was less associated with fluctuations in labour demand and sup-
ply in small countries. According to the results, during the pandemic period, the
cyclical characteristics of small countries differed significantly from those of large
countries, as did the results of other studies worldwide. The cyclical characteris-
tics of the pandemic period were not significantly different for small countries com-
pared to other periods. Therefore, there was an indication that the primary source of
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Fig. 12 The impulse response of a 10% decrease in labour demand in big countries. Source own pro-
cessing

macroeconomic changes in small countries is trade shocks and changes in financial
markets.

The cyclical characteristics of large countries during the pandemic period were
consistent with current research. Economic volatility was higher than in other peri-
ods; investments had unusually low volatility, while consumption was unusually
highly volatile.

The paper used the MXN model from Uribe and Schmitt-Grohé (2017) to explain
the observed cyclical characteristics in the EU27 countries. In addition to regular
shocks, trade shocks can be formulated in the model, the impact of which is refined
due to the existence of a sector producing non-tradable products. The modification
of the model consisted of the formulation of the pandemic shock, which affected
the supply and demand of labour, consumer demand, total factor productivity, and
terms of trade. Calculating variance—covariance matrices of state and control vari-
ables conditional on the pandemic shock made it possible to calculate the theoretical
cyclical characteristics of the investigated variables. The iterative method was used
to determine the values of the calibrated parameters so that the theoretical cyclic
characteristics were closer to the observed ones.

In small countries, economic activity changed mainly due to changes in terms
of trade, followed by labour supply. Volatility ratios of consumption output and
investment correspond to higher capital adjustment and debt service costs. In large
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countries, the primary macroeconomic source of change was labour supply, fol-
lowed by trade shocks. The capital adjustment shock explained the low volatility of
consumption above.

The study’s results do not attribute the unusual volatility of consumption to
changes in consumer demand but to an increase in capital adjustment costs. In small
countries, the volatility of investments can be explained by an increase in debt ser-
vice costs.

This work argues that small European countries responded to the outbreak of
the pandemic differently than large countries. In small countries, labour supply
also changed, but trade shocks and uncertainty in financial markets were much of
the source of macroeconomic change. Capital adjustment and debt service costs
increased.

Appendix

See Table 5
See Figures 3, 4,5,6,7,8,9,10, 11 and 12
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