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ABSTRACT
The majority of empirical studies assume the symmetric effects of ex-
change rate development on the trade balance. However, we follow 
more recent studies to show that there are distinctions to be made 
between the directions of changes inthe exchange rate. In this study, 
we assume that the effects can be asymmetrical in certain branches 
of the agri-food industry. This paper aims to evaluate the asymmetric 
effects of the exchange rate on foreign trade in the agri-food sector in 
the Visegrad region. For this purpose, we employ a non-linear auto-re-
gressive distributed lag approach to incorporate the assumed asym-
metries of exchange rate changes in a model of the J-curve pattern 
in the case of Czechia, Hungary, and Poland.The dataset on the SITC 
two-digit level covers the period between 2000 and 2018. The paper 
shows that there is a clear difference in the effects of appreciation and 
depreciation. The difference is not only in the direction, but also in the 
intensity, of the effects of exchange rate changes on the trade bal-
ances of food and live animals, dairy products and birds’ eggs, and 
animal oils and fats in Czechia; meat and preparations in Hungary; 
sugar, sugar preparations and honey and beverages in Poland.
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The Visegrad Four (V4) region is a group 
of statesin the Central European Region 
that make strategic efforts to collaborate in 
several areas of common interest, especial-
ly within the process of European integra-
tion. They tend to adopt common positions 
even in some areasof agri-food policy, for 
instance in the application of the EU Com-
mon Agricultural Policy. All V4 countries 

– Czechia, Hungary, Poland, and Slovakia 
– became members of the European Union 
(EU) in 2004. This step was another im-

portant milestone in their economic trans-
formation, including the transformation in 
the processes of agri-food industries. As 
Szabo et al. (2018) state, transformation 
in the agriculture and food industry had 
an effect on its material and production 
base, ownership relations, the concentra-
tion of production, establishing new com-
panies with more effective organisational 
structures, the inflow of foreign capital, the 
refocusing of product specification, and  
a decline in the number of employees. The 
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V4 -except for Poland -previouslyhad large 
and strongly concentrated companies in 
the agri-food sector. Most of these busi-
nesses have been dismantled and the 
previously homogeneous agricultural pro-
duction sector has become fragmented  
(Szabo et al., 2018). According to Europe-
an Commission data, approximately 90% 
of food and beveragecompanies in Europe 
are currently small and medium-sized en-
terprises (SMEs).

V4 membership in the EU on one hand 
represents the opening of the new agri-food 
market, and on the other hand, increased 
competition. Kiss (2011) confirmed,by 
means of the analysis of data gathered 
between 2003 and 2006, that the agricul-
tural exports of the V4 to the old EU mem-
ber countries almost doubled within that 
timeframe. At the same time, agricultural 
imports also increased by 2.1 times. Fur-
thermore, Szabo et al., (2018) showed that 
even though EU agricultural production in-
creased by 10.2% between 2010 and 2013, 
Poland’s agriculture grew by 81.3%. The 
equivalent increase in Czechia was 38.3% 
and in Slovakia 26.9% respectively. Ac-
cording to arecent survey by the Visegrad 
Group (2018), the V4 - with a 5.7% current 
share of the total GDP of the EU - own 14% 
of the total EU agricultural area and 10% 
of EU forests. With these resources, the V4 
produce 9.6% of the total agri-food pro-
duction of the EU. The V4 countries take 
an important position in EU foreign trade of 
agri-food goods, with a 9.7% share of EU 
agri-food imports and a 10.1% share of EU 
agri-food exports. In general, these coun-
tries performed competitively after acces-
sion to the EU (Łukiewska, 2019; Szczepa-
niak, 2019).

According to Svatoš and Smutka (2012), 
agri-food trade in the V4 countries is sig-
nificantly concentrated, both in the struc-
ture of the commodities traded as well as 
the structure of the trading partners. 80% 

of V4 agri-food foreign trade is undertaken 
within the EU, while foreign trade with one 
another is also important. The majority of 
mutual V4 foreign trade is conducted by 
Czechia and Slovakia. Poland and Hun-
gary represent the most competitive coun-
tries operating in the V4 region. As Svatoš 
and Smutka (2012) state, the agri-food 
foreign trade of Czechia, Hungary, and 
Slovakia does not have any comparative 
advantages compared to the EU market as 
a whole. However, they can achieve com-
parative advantages on the bilateral level 
with individual EU member countries.

The overall competitiveness of agri-food 
foreign trade can be affected by numerous 
microeconomic and macroeconomic fac-
tors alike, such as economic development, 
interest rates, inflation or the labour market. 
One of the most crucial such factorsis the 
exchange rate. The majority of empirical 
studies assume that exchange rate devel-
opments tend to have symmetric effects on 
the trade balance of the respective country. 
However, we follow more recent studies to 
show that distinctions should be made be-
tween the directions of changes inthe ex-
change rate (e.g. Bahmani-Oskooee and 
Kanitpong, 2019; Bahmani-Oskooee and 
Fariditavana, 2020; Šimáková, 2018). In 
this study, we assume that the effects may-
be asymmetrical in certain branches of the 
agri-food industry. This recent approach 
reflects the findings that the price elasticity 
of the traded goods is crucial in estimating 
the relationship between exchange rates 
and international trade, and simultaneous-
ly, the companies and consumers involved 
tend to have different reactions to the 
depreciation and appreciation of the cur-
rency. The behaviour of producers may be 
diverse in terms of the speed and means 
of managing the changing cash flows  
related to exchange rate development. 
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Hence, this paper aims to evaluate the 
asymmetric effects of the exchange rate 
on foreign trade in the agri-food sector in 
the Visegrad region. For this purpose, we 
employ the auto-regressive distributed lag 
(ARDL) approach. The dataset will cover 
the period between 2000 and 2018; as 
the Euro area (EA) covers the majority of 
total trade of each country, we will focus 
only on the impact of the development of 
the value of the respective home currency 
against the Euro. Since Slovakia is already 
a member of the EA, we will focus on the 
agri-food industry in Czechia, Hungary, 
and Poland. 

To this end, the next section reviews 
the relevant literature concerning the re-
searched area and provides a theoreti-
cal background and existing findings in 
the agri-food sector in the V4 region. The 
subsequent section introduces the meth-
ods, the empirical model used in empiri-
cal estimation, and data description. The 
following sections present and discuss the 
empirical results of the J-curvemodel em-
ployed inthe research. Finally, the last sec-
tion includesconcluding remarks pertain-
ing to theagri-food foreign trade in Czechia, 
Hungary, and Poland.

1. Literature review
The literature review is structured in ac-

cordance with the purpose of our research 
to evaluate the asymmetric effects of the 
exchange rate on foreign trade in the agri-
food sector in the Visegrad region. First, the 
theoretical background of the approach to 
research and its development is specified. 
Second, the specifics for the agri-food 
sector derived from existing studies are 
described.

1.1. Theoretical background
The economic theory concerning the 

effects of the exchange rate on trade bal-
ance generally assumes that on one hand, 

the depreciation of the domestic currency 
represents the driving force of exports 
from the home country, while on the other 
hand, it represents a disadvantage for im-
ports from abroad. Therefore, this circum-
stance should lead to the improvement of 
the country’s trade balance. However, em-
pirical testing shows that these theoretical 
assumptions cannot be applied in allcas-
es. One mayisolate several methodologi-
cal milestones in testing this relationship: 
(1) distinguishing between short-term and 
long-term effects; (2) distinguishing be-
tween trading partners; (3) distinguishing 
between goodstraded; (4) distinguishing 
between the effects of depreciation and 
appreciation. 

The idea of distinguishing between short-
term and long-term effects comes from 
Magee (1973), who described the devel-
opment of the trade balance after the de-
preciation of the domestic currency with 
the letter J. The logic of this phenomenon 
is derived from the initial short-term ef-
fect when the negative price effect of the 
exchange rate effect is dominantand fol-
lowed by apositive long-term effect when 
the volume effect prevails. The turning 
point in statistical testing was due to Rose 
and Yellen (1989), according to whom the 
J-curve is a combination of the negative 
short-term coefficients of estimation, fol-
lowed by the positive ones. However, the 
first such studies (e.g. Bahmani-Oskooee, 
1986; Mahdavi and Sohrabian, 1993) suf-
fered from aggregation bias, as they used 
both the aggregate export and import data 
and the effective exchange rate, which can 
lead to ambiguous results when a domestic 
currency appreciates against one currency 
and simultaneously depreciates against an-
other currency. Hence, Bahmani-Oskooee 
and Brooks (1999), Bahmani-Oskooee 
and Ratha (2004), and many others began 
to apply bilateral exchange rates and the 
bilateral trade balances of the respective 
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countries. Bahmani-Oskooee and Hegerty 
(2011) and Bahmani-Oskooee et al., (2016) 
developed an approach based on the dis-
aggregation of trade balance data atthe 
product level. As Bahmani-Oskooee and 
Hegerty (2011) explain, the significant cur-
rency effect on some commodities can be 
compensated for by insignificant currency 
effects on others, thereby resulting in an 
insignificant impact of the exchange rate 
on the trade balance as a whole.

Recent studies (e.g. Bahmani-Oskooee 
and Kanitpong, 2019; Bahmani-Oskooee 
and Fariditavana, 2020; Šimáková, 2018) 
argue that previous studies may still suf-
fer from statistical bias as they assume 
the symmetrical effects of the exchange 
rate on the trade balance. The symmetric-
ity means that they do not distinguish be-
tween the effects of depreciation and ap-
preciation. One may refer to the work of 
Bahmani-Oskooee and Baek (2016), who 
argue that traders can react differently 
when a currency depreciates than when it 
appreciates. Even producers tend to react 
more quickly to depreciation to satisfy the 
increased demand for exports. Contrary, 
producers do not react so quickly to ap-
preciation. Studies concerning the most 
recent approach to exchange rate effects 
on international trade employing the non-
linear ARDL approach are usually devoted 
to bilateral trade disaggregated to the in-
dustry level. 

However, the insights of industry are very 
limited in this case, as they are predomi-
nantly focused only on the mutual trade 
flows between the two countries. Although 
the results of these studies are beneficial 
for the development of economic theory 
and the implications of economic policy, 
this approach limits the foundation of its 
basis – the basis of the J-curve pattern. 
Said pattern is based on the elasticity ap-
proach derived from the Marshall-Lerner 
condition, which is not usually fulfilled in 

the short run, but only in the long run. This 
condition states that the sum of export and 
import demand elasticity has to be at least 
1, at which point currency depreciation is 
followed by animprovement in the trade 
balance. As currency depreciation means 
a reduction in the price of exports, the de-
mand for them will increase. At the same 
time, the price of imports will rise and their 
quantity will decrease. Therefore, as we as-
sume that elasticity is based more on the 
specific product than on the country spe-
cifics of the trading partner, it is necessary 
to focus on one product category in order 
to isolate the unbiased effects of the ex-
change rate. 

1.2. Review of studies on the agri-
food sector 
This paper is concerned with the agri-

food sector. The majority of the previously 
published studies concerning agricultural 
foreign trade were devoted to the effect of 
the exchange rate on agricultural export 
and import volume (e.g. Bradshaw and 
Orden, 1990; Gardner, 1981), although we 
can find some studies on the J-curve phe-
nomenon as well. For example, in his study 
of Turkey, Yazici (2006) indicates that the 
agricultural trade balance initially improved 
after the depreciation of Turkish lira, then 
worsened, and then improved again. Turk-
ish agricultural trade remained free of the 
J-curve effect. Godwin (2009) empirically 
confirmed that the J-curve didnot even 
exist in the Nigerian agri-food sector. The 
pattern of the effects of currency on the 
trade balance resembleda horizontal S in 
this case. Yazdani and Shajari (2009) pub-
lished a study ofthe agri-food sector in Iran, 
whereby the ARDL approach confirmed 
that real depreciation of the Iranian rial had 
a positive impact on the agri-food trade 
balance. The agri-food sector in the USA 
was researched by Baek et al., (2009) and 
Gong and Kinnucan (2015), both with the 



The exchange rate as a determinant of the development of foreign trade... �

application of the dynamic ARDL approach 
and the error correction model. Said stud-
ies have not confirmed the J-curve effect, 
but they have confirmed the crucial role 
of the exchange rate in agri-food foreign 
trade development, as the depreciation of 
the domestic currency is positively linked 
to the U.S. agri-food sector trade balance.

V4 agri-food foreign trade and the re-
spective J-curve have been estimated in 
a very limited number of studies. Some 
consequences for the agri-food sector can 
be found in papers concerning overall for-
eign trade disaggregated at the product 
level. For instance, Šimáková and Stavárek 
(2015) verified the positive effects of the 
depreciation of the Czech koruna on agri-
food foreign trade in Czechia. However, 
agri-food trade remains free of the J-curve 
effect. Šimáková (2014) confirmed the 
same conclusions in the case of Poland. 
Acomprehensive study ofV4 agri-food for-
eign trade was performed by Šimáková 
(2017), proving that foreign trade in food, 
live animals, beverages, and tobacco com-
modities has a long-term relationship with 
exchange rate development. However, the 
effects of depreciation are inconsistent. Al-
though the majority of particular trade bal-
ances were positively affected by currency 
depreciation, the J-curve for Czechia was 

estimated only in the foreign trade of food 
and live animals with Italy and Poland. This 
leads to the need for research into theo-
pen question on the ambiguous effects of 
exchange rates on the agri-food sector in 
V4 countries. Therefore, compared to other 
papers, this paper not only tests the latest 
available disaggregated foreign tradedata, 
but also follows the main criticism of pos-
sible biases in estimation and assumes the 
asymmetrical effects of depreciation and 
appreciation. As a result, this study can fill 
the gap in the empirical estimation of the 
foreign trade of the V4 countries.

2. Methodology and data 
description

2.1. Methodology
To estimate the effects of the exchange 

rate on the agri-food trade balances in 
selected V4 countries, we follow Bahmani-
Oskooee and Fariditavana (2016) in bas-
ing the model of the J-curve on the bilat-
eral reduced form of the trade balance 
model for the long term (Equation (1)). The 
trade balance is the dependent variable of 
domestic income (a proxy for import de-
mand), foreign income (a proxy for export 
demand), and the exchange rate.

(1)

In Equation (1), TBpstands for a measure 
of the trade balance in period t expressed 
as the ratio of the export volume of the se-
lected domestic country d to foreign coun-
try f over its import volume from country 
f in a selected product category p. Yd is  
a measure of domestic income, and Yf  is 
a measure of foreign income, both meas-
ured in GDP and set in index form to make 
them unit-free. We suppose that growth in 
foreign income should lead to a higher de-

mand for exports from domestic country d. 
Therefore, an estimate of γ is assumed to 
be positive. On the other hand, growth in 
domestic income Yd should lead to a higher 
demand for imports from abroad. Hence, 
an estimate of β is assumed to be negative. 
ERf is the bilateral exchange rate quoted in 
a direct manner; consequently, an increase 
thereinl eads to the depreciation of the do-
mestic currency, which should lead to in-
creased exports and decreased imports 
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represented by the positive parameter λ.εt 

stands for an error term.
Following Bahmani-Oskooee et al. 

(2016), we incorporate the dynamic adjust-
ments into Equation (1) through a modifi-
cation to the error-correction model (Equa-

tion (2)), where differentiated short-term 
variables and static long-term variables are 
in the same model. The J-curve pattern is 
confirmed if the estimated short-term co-
efficient π is negative and the normalised 
long-term coefficient θ is positive.

(2)

Assumed asymmetries of exchange rate 
changes are incorporated into the model 
by applying the nonlinear ARDL approach 
(as in Bahmani-Oskooee et al., 2016). The 
initial step to test the potential asymmetric 

effects of exchange rate changes is to cal-
culate a time series, representing the ap-
preciation (POS) and depreciation (NEG) 
of the home currency as expressed in 
Equations (3) and (4). 

(3)

(4)

The nonlinear ARDL model is as follows 
(Equation (5)):

(5)

We assume adjustment asymmetry if the 
number of lags in the variable POS is dif-
ferent from the number of lags in the vari-
able NEG. Furthermore, if the sign and/or 
size of coefficients estimated for POS and 
NEG are different, short-term asymmetric 
effects will be proven.

2.2. Data description
Data used for the estimation of the rela-

tionship between exchange rates and agri-
food trade balance are at a quarterly fre-
quency and cover the period from Q12000 
to Q42018. All data series are obtained 
from the Eurostat statistical database. Be-
cause the EA covers the majority of total 

trade of each Visegrad country, we focus 
only on the impact of the development of 
the value of the respective home currency 
against the Euro. Since Slovakia is already 
a member of the EA, we will focus on the 
agri-food industry in Czechia, Hungary, 
and Poland. 

Data for domestic income are repre-
sented by the GDP of Czechia, Hungary, 
and Poland, dependingon the estimated 
agri-food trade balance. The income of 
the foreign partner is represented by the 
GDP of the entire Eurozone. GDPs for re-
spective individual countries and the Euro-
zone are weighted to current prices and in 
real terms. Exchange rates are also given 
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in real terms. They are quoted in a direct 
manner, which means that an increase 
represents a depreciation of the domestic 
currency against the Euro and a decrease 
represents an appreciation of domestic 
currency (CZK, HUF, and PLN) against the 
Euro. Therefore, we apply the exchange 
rates of CZK/EUR for all partial trade bal-
ances of Czechia, HUF/EUR for all partial 

trade balances of Hungary, and PLN/EUR 
for all partial trade balances of Poland, re-
spectively. Estimated product categories 
representing the agri-food foreign trade in 
selected countries with the EA are based 
on the Standard International Trade Clas-
sification (SITC) one- and two-digit level as 
stated in Table 1.

Table 1. Agri-Food Products Tested According to SITC 1-and 2-Digit Classification

T0  Food and live animals 
 T00 Live animals chiefly for food
 T01 Meat and preparations
 T02 Dairy products and birds’ eggs
 T03 Fish, crustaceans and mollusks, and preparations thereof
 T04 Cereals and cereal preparations
 T05 Vegetables and fruit
 T06 Sugar, sugar preparations and honey
 T07 Coffee, tea, cocoa, spices, and manufactures thereof
 T08 Feeding stuff for animals (not including unmilled cereals)
 T09 Miscellaneous edible products and preparations
T1  Beverages and tobacco
 T11 Beverages
 T12 Tobacco and tobacco manufactures
T4  Animal and vegetable oils, fats and waxes
 T41 Animal oils and fats
 T42 Fixed vegetable oils and fats
 T43 Animal and vegetable oils and fats, processed, and waxes

Source: Own elaboration based on Eurostat data.

The importance of individual SITC one  
digit agri-food categories, measured as  
a ratio of particular trade flows to the to-
tal foreign trade of Czechia (CZ), Hungary 
(HU), and Poland (PL), can be seen in Fig-
ures 1, 2, and 3.

The product category of food and live 
animals accounts for the highest share 
of agri-food in Czech foreign trade (see 
Figure 1). The average share of these 
products is 3.94% for the entire period, 
while the value of this share was 4.38% 
in the last observed period. The high-
est share of this product category was 
detected after the global financial crisis 
when the total volume of Czechforeign 

trade decreased. The agricultural sector 
is generally considered to bean anticycli-
cal sector ofthe economy; therefore, the 
volume of agri-food foreign trade was not 
as significantly affected by the financial 
crisis. This led to a higher share of food 
and live animals in total foreign trade. The 
shares of the foreign trade of beverages 
and tobacco in total foreign trade are less 
than 1%. The average share of beverages 
and tobacco products for the period as  
a whole is 0.75%, while the share in the last 
observed period was 0.78%. The share of 
animal and vegetable oils, fats, and waxes 
is very low, culminating in avalue of 0.19% 
over time.
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Figure 1. Shares of Agri-Food Products in the Total Foreign Trade of Czechia

Source: Own elaboration based on Eurostat data.

The shares of respective partial agri-food 
trade balances of Hungary can be seen in 
Figure 2. As in the case of Czechia, the 
highest share of agri-food in foreign trade 
is represented by the product category of 
food and live animals. However, the aver-
age share of these products is 5.51% for the 
entire period, while the value of this share 
was 6.27% in the last observed period. 
The importance of this product category is 
higher by two percentage points in com-
parison to Czechia. The major shift in this 
product category can be observed after 

the global financial crisis even in this case, 
but the duration of this share was more 
long-term-oriented. Furthermore, one can 
see that internationally traded products in 
this product group are seasonal. The aver-
age share of beverages and tobacco prod-
ucts amounts to 0.35% for the entire period, 
while the share in the last observed period 
was 0.54%. The share of animal and veg-
etable oils, fats, and waxes isslightly higher 
than that of Czechia, culminating in a value 
of 0.33% over time.

Figure 2. Shares of Agri-Food Products in the Total Foreign Trade of Hungary

Source: Own elaboration based on Eurostat data.

In the context of the V4 economies, agri-
food production is most important in the 
case of Poland. As can be seen in Figure 

3, the product category of food and live 
animals returns figures twice as high as 
those of Czechia and higher by almost two 
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percentage points in comparison to Hun-
gary. An interesting fact is that theshare 
of this category intotal foreign trade dou-
bled in the testing period, and this trend 
is still present in this economy. Positively 
increasing trends can be seen also in the 
time series data of foreign trade in bever-

ages and tobacco. The average share of 
this product category is 0.83%, while the 
most recent data shows a share of up to 
more than 1.5%. The share of the animal 
and vegetable oils, fats, and waxes cat-
egory is comparable to that of Hungary, 
culminating in avalue of 0.32% over time.

Figure 3.Shares of Agri-Food Products in the Total Foreign Trade of Poland

Source: Own elaboration based on Eurostat data.

3. Research results
3.1. Results of long-term estima-
tion
To estimate the long-term relationship 

between exchange rates and respective 
agri-food trade balances, we apply the non-
linear ARDL approach to Equation (5). This 
approach can be employed for both the 
stationary data series on their levels and 
the stationary first-differenced (I(1)) varia-
bles. This assumption is generally held by 
all macroeconomic variables and by data 
series in this paper as well. We estimate 
the model using bilateral data between the 
selected V4 countries and the Eurozone as 
such trade covers the majority of all inter-
national trading flows in the V4 countries. 
By applying Akaike’s information criterion, 
a maximum of four lags are selected on 
the I(1) variables. The results for long-term 
relationships from each model are report-
ed in Table 2. If no long-term relationship is 
proved in the specific agri-food trade bal-

ance, we do not report the results. We also 
state the adjusted R2 coefficient of deter-
mination of the models, referred to as Adj. 
R2 in Table 2.
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Table 2. Results of long-term
 estim

ation
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8.14
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T05
13.88

-3.08
8.62*

0.23
0.04**

0.39
6.34

-5.96**
-8.22
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-

-
-

-
-

-
-

-
-

-
-

-
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T08
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3.16

2.34
2.95**

1.01*
-0.98

0.53
-1.88**

-4.16**
10.01

0.05*
-1.08

0.14

T09
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-

 T1
-

-
-

-
-

-
-1.27*

-3.27*
8.83

-0.05
-0.54

0.41
-

-
-

-
-

-

T11
-10.80

5.56*
9.81

0.10
0.52

0.35
-5.26

-0.91**
2.67

0.94
0.01**

0.44
3.40

-5.26
-6.12

0.00**
-0.99*

0.80

T12
11.17

-7.15*
-4.80

-0.19**
-1.01

0.43
6.45

-8.26
5.15*

0.31
-0.34

0.39
3.58*

-8.11
11.13

0.01*
-0.34

0.43

 T4
-

-
-

-
-

-
-

-
-

-
-

-
-2.17

11.20
3.23**

-0.22
-0.45

0.37

T41
6.38

-1.44
6.92

0.91*
-0.20**

0.51
2.94

-5.19*
-3.03**

0.20*
0.68

0.52
9.16*

-5.23
-2.57*

5.79
0.74

0.33

T42
-

-
-

-
-

-
3.16**

0.58
2.25*

-0.04*
0.00

0.59
-

-
-

-
-

-

T43
1.55**

0.95*
3.41

-0.62
2.11

0.46
-

-
-

-
-

-
-10.11

-7.19*
7.91*

0.18
0.02

0.17

Source: Own elaboration.
Note: * indicates a significant statistic at the 10%

 level, ** indicates a significant statistic at the 5%
 level, *** indicates a significant statistic at the 1%

 level
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In the case of Czechia, there is no long-
term relationship between domestic GDP, 
GDP in the Eurozone, and changes in 
exchange rates in the case of the trade 
balance of T03 Fish, crustaceans and 
mollusks, and preparations thereof; T07 
Coffee, tea, cocoa, spices, and manufac-
tures thereof; T1 Beverages and tobacco; 
T4 Animal and vegetable oils, fats and 
waxes; and T42 Fixed vegetable oils and 
fats. For Hungary, there is no proof of long-
term relationships in the case of T07 Cof-
fee, tea, cocoa, spices, and manufactures 
thereof; T1 Beverages and tobacco; and 
T43 Animal and vegetable oils and fats, 
processed, and waxes. In Poland, there is 
no long-term relationship for the trade bal-
ances of T04 Cereals and cereal prepara-
tions; T1 Beverages and tobacco; and T42 
Fixed vegetable oils and fats. Even though 
some one-digit SITC product trade balanc-
es remained free of long-term equilibrium, 
after disaggregating data on the two-digit 
SITC level, this is proven in the case of T11 
Beverages and T12 Tobacco and tobacco 
manufactures in Czechia and Poland, and 
in the case of T41 Animal oils and fats 
and T42 Fixed vegetable oils and fats in  
Hungary.

This study employed the bilateral ex-
change rate quoted in a direct manner; an 
increase therein leads to a depreciation of 
the domestic currency. We separately ac-
cumulated all positive (domestic currency 
depreciation) and negative changes (do-
mestic currency appreciation), so as to-
compare both the direction and the mag-
nitude of the effects of exchange rates on 
particular agri-food trade balances. From 
the perspective of the effects of positive 
changes, one may observe that those sta-
tistically significant coefficients reflect the 
growth of the majority of agri-food trade 
balances following depreciation of the do-
mestic currency. Depreciation, in this case, 
leads to increased exports and decreased 

imports represented by positive parame-
ters. The only exceptions are T12 Tobacco 
and tobacco manufactures in Czechia, T42 
Fixed vegetable oils and fats in Hungary, 
and T01 Meat and preparations in Poland. 
Almost all statistically significant coef-
ficients indicate a worsening inparticular 
trade balances after appreciation. Only 
T00 Live animals chiefly for food in Czechia 
and T11 Beverages do not hold to the stat-
ed expectations. 

Comparing the effects of positive and 
negative exchange rate changes on the 
respective product-level trade balances 
brings crucial results. Differences not only 
in the direction, but also in the intensity, of 
the effects of exchange rate changes can 
be observed in the trade balances for T0 
Food and live animals, T02 Dairy products 
and birds’ eggs, and T41 Animal oils and 
fats in Czechia; T01 Meat and preparations 
in Hungary; and T06 Sugar, sugar prepara-
tions and honey and T11 Beverages in Po-
land, respectively. These results confirm 
assumptions pertaining to the different re-
action of agri-food market participants to 
currency appreciation and depreciation.

3.2. Results of short-term estima-
tion 
The estimated short-term effects of ex-

change rate changes can be found in Ta-
ble 3. As can be seen, the statistical sig-
nificance of the short-term coefficient for 
positive and negative changes in tested 
exchange rates is very limited. Neverthe-
less, several important patterns concern-
ing the J-curve issue may be observed.

As explained in Section 2, the J-curve 
pattern is confirmed for a particular trade 
balance if the estimated short-term coef-
ficients of depreciation are negative (Table 
3) and the normalised long-term coeffi-
cient is positive (Table 2). This pattern can 
be observed in four cases. The short-term 
worsening of the trade balance followed 
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by its long-term growth after depreciation 
of the domestic currency against the euro 
can be seen in the caseof T0 Food and 
live animals in Czechia, T00 Live animals 
chiefly for food in Czechia and Poland, and 
T03 Fish, crustaceans and mollusks, and 
preparations thereof in Poland. Hungary 
remained free of any form of J-curve pat-
tern for every trade balance tested. 

The proven J-curves follow the short-
term worsening of the respective product-
level trade balances as a consequence 

of the dominance of the price effect over 
the volume effect. After producers and 
consumers adapt to the new level of the 
depreciated home currency, the trade bal-
ance begins to improve as a consequence 
of the domination of the volume effect over 
the price effect. These results indicate the 
changing elasticity of the respective agri-
food products. Their elasticity is lower in 
the short term but tends to rise from a long-
term perspective.

Table 3. Results of Short-Term Estimation for Exchange Rates

Czechia ∆POSt ∆POSt-1 ∆POSt-2 ∆POSt-3 ∆NEGt ∆NEGt-1 ∆NEGt-2 ∆NEGt-3

T0 0.02 -0.14* -0.16** -0.03** -0.35 0.01* - -
T00 0.06 -0.38 -0.09* - 0.00 0.19 - -
T01 0.04 - - - 0.07 0.11 -0.05 -
T02 -0.06 0.01 - - 0.00 - - -
T03 - - - - - - - -
T04 0.19 0.20* -0.62 - 0.24 0.08 - -
T05 -0.02 -0.41 0.16 - 0.16 - - -
T06 -0.54 0.09 - - 0.01* -0.03* - -
T07 - - - - - - - -
T08 0.13* 0.07 - - 0.15 - - -
T09 - - - - - - - -
T1 - - - - - - - -
T11 -0.28 - - 0.06 0.14 - -
T12 0.33 -0.05 - - 0.11 -0.00 -0.06 -
T4 - - - - - - - -
T41 -0.10 -0.08 - - 0.32 - - -
T42 0.29 0.16 -0.22 - 0.46 -0.13 - -
T43 0.03 0.04 - - -0.01* 0.70 - -

Hungary ∆POSt ∆POSt-1 ∆POSt-2 ∆POSt-3 ∆NEGt ∆NEGt-1 ∆NEGt-2 ∆NEGt-3

T0 0.16 0.01** -0.03 - 0.01 0.06** 0.12* -
T00 -0.06 -0.07 0.07 - 0.03* 0.13* -0.10 0.04
T01 0.00 - - - -0.21 - - -
T02 -0.06 -0.01 - - 0.81* - - -
T03 0.28 - - - 0.36* 0.07 - -
T04 0.37 - - - -0.15 0.03 - -
T05 -0.69 -0.08* 0.03* 0.09 -0.09 0.08 - -
T06 -0.04 0.01 - - 0.07 0.06 - -
T07 - - - - - - - -
T08 0.08 - - - 0.00 0.18 0.33 -
T09 - - - - - - - -
T1 0.17 -0.02 0.11 - -0.09 0.21 -0.00* -0.02
T11 -0.11* 0.46 - - 0.26 0.13* - -
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T12 -0.31 -0.57 - - 0.11 0.03 - -
T4 - - - - - - - -
T41 0.22 0.09 - - 0.00 - - -
T42 -0.03* - - - -0.13** 0.04 0.12 -
T43 - - - - - - - -

Poland ∆POSt ∆POSt-1 ∆POSt-2 ∆POSt-3 ∆NEGt ∆NEGt-1 ∆NEGt-2 ∆NEGt-3

T0 0.11 0.23 -0.16 - 0.15 -0.32 - -
T00 -0.12* -0.07 - - 0.21 - - -
T01 -0.64 0.08 -0.13 - 0.17 - -
T02 0.37 0.24 - - -0.01 0.05* 0.07 -
T03 -0.17** 0.01* - - 0.07* -0.02* - -
T04 - - - - - - - -
T05 -0.33 -0.08** -0.21* - 0.14 -0.19 - -
T06 -0.19 - - - 0.08 0.07 0.08* -
T07 0.03 0.09 -0.25 - 0.04 - - -
T08 0.02 -0.14 -0.31 - -0.03 0.00 0.04 -
T09 - - - - - - - -
T1 - - - - - - - -
T11 -0.10 -0.36 -0.12 - 0.21 - - -
T12 0.18 -0.41 -0.07 - 0.05 -0.08 - -
T4 0.04 - - - 0.15* -0.16** 0.04 -
T41 -0.03* -0.03 - - 0.06 0.13 0.01 -
T42 - - - - - - - -
T43 0.00 -0.13 0.17 - -0.03 - - -

Note: * indicates a significant statistic at the 1% level, ** indicates a significant statistic at the 5% level,  
*** indicates a significant statistic at the 10% level

Source: Own elaboration.

4. Discussion
The estimated models show the long-

term co-movements between the majority 
of tested agri-food trade balances, GDPs 
and bilateral exchange rates. The results 
showed that even though some one-digit 
SITC product trade balances remained 
free of long-term equilibrium, after disag-
gregating data on the two-digit SITC level, 
this is proven in the case of more product 
categories. Furthermore, none of the test-
ed V4 countries offered proof of any long-
term relationship in the case of the product 
category of miscellaneous edible products 
and preparations. We assume that data 
inconsistency and different elasticities of 
traded products maybe the cause of these 
results. This points to the importance of 
disaggregating data to consistent product 

categories which tend to have similar price 
elasticities.

The comparison of variables employed 
in the model shows that the sizes of the 
coefficients of exchange rates are lower 
than the coefficients of GDPs, but they do 
matter in the development of agri-food in-
ternational trade. From the perspective of 
the long-term effects of exchange rates, 
one may observe that those statistically 
significant coefficients reflect the growth 
of the majority of agri-food trade balances 
following the depreciation of the domestic 
currency. Depreciation, in this case, leads 
to increased exports and decreased im-
ports. The product categories in which the 
depreciation of local currencies causes the 
worsening of respective trade balances are 
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highly isolated. This phenomenon can oc-
cur in trade affected by the use ofhedging 
instruments or trade which is highly import-
intensive. The estimated coefficients of 
the appreciation of local currency against 
the Euro predominantly corresponds with 
theoretical assumptions. Almost all sta-
tistically significant coefficients indicate  
a worsening of particular trade balances 
after appreciation. 

The main contribution of these results is 
made through the comparison of the mag-
nitude of the effects of depreciation and 
appreciation. As Bahmani-Oskooee and 
Baek (2016) argue, this can be explained 
by the different reactions of traders, pro-
ducers, and consumers to appreciation 
and depreciation. Producers tend to react 
quicker and more enthusiastically to the 
depreciation of the domestic currency, tak-
ing the opportunity to increase exports with 
more favourable prices for business part-
ners or end consumers. On the other hand, 
the reaction to domestic currency appreci-
ation is slower, which is usually affected by 
existing contracts and the time needed for 
consumers and business partners to find 
cheaper substitutes on the market.

The results of this study even show the 
importance of distinguishing the time per-
spective. Especially in the short term, when 
international trade is affected by existing 
business contracts, it is important to con-
sider proper hedging strategies. Exchange 
rate risk hedging should be applied espe-
cially in the agri-food business, with the 
estimated negative effects of changes to 
the exchange rate. Effective hedging can 
decrease the negative aspects of currency 
development in this case. This is important 
primarily from the perspective of SMEs. 
Their hedging instruments for decreasing 
exchange rate risk are very limited, and the 
estimated relationships are critical in terms 
of their international trade efforts.

Hence, this study systematically con-
tributes to research into the relationship 
between exchange rates and V4 agri-food 
foreign trade. We confirmed that, in com-
parison to previously published studies 
on the V4 countries, which remained free 
of the J-curve effect (e.g. Šimáková and 
Stavárek, 2015; Šimáková, 2014) or found 
limited examples of this phenomenon (e.g. 
Šimáková, 2017), disaggregating data on 
the bilateral level and adjusting the meth-
odology with the assumption of asymmet-
rical exchange rate effects can lead to less 
biased results.

Conclusions
This paper aimed to evaluate the asym-

metric effects of the exchange rate on 
foreign trade in the agri-food sector in V4 
countries. For this purpose, we employed 
the non-linear ARDL approach to incorpo-
rate the assumed asymmetries of exchange 
rate changes into the model of the J-curve 
pattern. The dataset covered the period 
between 2000 and 2018 and, because the 
Euro area covers the majority of total trade 
of each country, the paper was focused 
only on the impact of the development of 
the value of the respective domesticcur-
rency against the Euro in Czechia, Hungary, 
and Poland. The estimated models show 
the long-term co-movements between the 
majority of tested agri-food trade balances 
and the variables incorporated in the test-
ing. Furthermore, the results showed that, 
despite the fact that some one-digit SITC 
product trade balances remained free of 
long-term equilibrium, after disaggregat-
ing data on the two-digit SITC level this 
was proven in the case of T11 Beverages 
and T12 Tobacco and tobacco manufac-
tures in Czechia and Poland, and for the 
case of T41 Animal oils and fats and T42 
Fixed vegetable oils and fats in Hungary. 
The domestic income growth of the tested 
economies predominantly tends to worsen 
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the agri-food trade balances, as it has  
a tendency to increase the level of imports 
from the Eurozone. On the other hand, an 
increase in the GDP of the Eurozone is 
generally followed by an improvement in-
the tested agri-food trade balances, as it is 
considered the driving force of V4 exports. 

The results of the paper confirmed that 
the depreciation of the domestic curren-
cies of the V4 countries against the Euro 
leads to an improvement in the tested agri-
food trade balances. The only exceptions 
are T12 Tobacco and tobacco manufac-
tures in Czechia, T42 Fixed vegetable oils 
and fats in Hungary, and T01 Meat and 
preparations in Poland. The estimated 
coefficients of appreciation of the local 
currency against the Euro predominantly 
correspond to theoretical assumptions as 
well. Almost all statistically significant co-
efficients indicate a worsening in thepar-
ticular trade balances after appreciation. 
Only T00 Live animals chiefly for food in 
Czechia and T11 Beverages do not hold to 
the stated expectations. However, the main 
contribution of these results is through the 
comparison of the magnitude of the effects 
of depreciation and appreciation. The dif-
ference not only in the direction, but also 
in the intensity, of effects of exchange rate 
changes can be observed in the trade bal-
ances of the following categories: T0 Food 
and live animals, T02 Dairy products and 
birds’ eggs, and T41 Animal oils and fats 
in Czechia; T01 Meat and preparations in 
Hungary; T06 Sugar, sugar preparations 
and honey and T11 Beverages in Poland, 
respectively. 

Furthermore, this paper proved the short-
term worsening of the trade balance fol-
lowed by its long-term growth after the de-
preciation of the domestic currency against 
the euro, known as the J-curve pattern, in 
the trade of T0 Food and live animals in 
Czechia, T00 Live animals chiefly for food 
in Czechia and Poland, and T03 Fish, crus-

taceans and mollusks, and preparations 
thereof in Poland. Hungary remained free 
of any form of J-curve pattern forevery 
trade balancetested.

This paper contributes to the empirical 
economics of the agri-food sector in that 
the effects of exchange rates have to be 
considered by applying appropriate meth-
odological approaches, distinguishing be-
tween traded goods and trading partner 
countries. Furthermore, this paper sup-
ports the assumption that there is insuf-
ficient information in the aggregate trade 
data to enable the full comprehension 
thereof. As proven in this paper, exchange 
rate changes can have asymmetric effects 
on the trade balance as a consequence of 
differing reactions of traders and consum-
ersto appreciation and depreciation. The 
results of this study are important primarily 
from the perspective of SMEs. Their hedg-
ing instruments to bring down exchange 
rate risk are very limited, and the estimated 
relationships are critical in terms of their in-
ternational trade efforts.
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