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Abstract:

This paper focuses on import and export of goods of the Czech Republic. The
Czech Republic is very open country in European Union. Ratio of import and
export of goods and services to GDP is above European Union average. The goal is
to find explanatory variables, which have an influence on import and export of
goods and to build robust and economically interpretable models. Models are
created by cointegration analysis. The advantage of cointegration analysis and error
correction models is avoiding spurious regression and differentiation of short-term
and long-term relations. There will be used ARDL approach for building models.
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1 Introduction

The Czech Republic is a small open economy in the middle of Europe. Export and
import of goods are an important part of GDP and Balance of Payments.

Historically, there were quite many studies (Kreidl, 1995; Holub, 1996; Kapicka,
1997, Hlusek and Singer, 1999; Tomsik, 2000; Mandel and Tomsik, 2001;
Pankova, 2003) that tried to model export and import of goods (and services) in
the Czech Republic. These studies tried to find powerful explanatory variables for
export and import of goods (and services) supported by economic theory. The
problem was that during that time only short time series were at disposal. Also the
cointegration analysis was not typical tool, so there was a risk of “spurious”
regression. Utilization of real and nominal variables were not united, therefore
interpretation was sometimes difficult.

The most complex analysis was made by (Tomsik, 2000). He was aware of
“spurious” regression and used cointegration analysis for building models. Among
explanatory variables of import of goods (and services) in all these studies
belonged domestic GDP, price indices, prices of import, money stock, exchange
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rate, foreign direct investment and interest rate. For export of goods (and services)

the most used variables were foreign GDP, exchange rate, price indices, and prices

of export, unemployment and money stock.

Recently, only few studies were published (Havrlant and Husek, 2011; Tauser et
al., 2015). Regarding methodology both studies use cointegration analysis and
length of time series is sufficient. The explanatory variables are very similar as in
historical studies. For theoretical overview of variables that explain export and
import of goods (and services) see (Mandel and Tomsik, 2008) and (Krugman et
al., 2012).

For small attention and big importance | have decided to build models for export
and import of goods (further only export and import) for the Czech Republic. It
means to find explanatory variables, which has an influence on import and export
and to build robust and economically interpretable models | will use simple one-
equation ARDL (autoregressive-distributed lag) models. Every mentioned study
helped me to collect important variables and to understand economical
interpretation of variables influencing international trade.

The paper continues as follows: in chapter 2 | will describe the methodology and
data. The chapter 3 introduces the model of import, the chapter 4 the model of
export and the final chapter concludes.

2 Methodology and Data

2.1 Methodology

The empirical analysis has several steps:

e Description and preparation of time series,
o Tests of stationarity of time series and their mutual relations,
o Models, assessment of their quality and their interpretation.

The basis of the analysis is cointegration (Cipra, 2013; Hendry and Juselius,
1999). If the time series are cointegrated, they have equilibrium to which they
converge.

Simple ARDL models are used in this paper. These models help to cleanse
autocorrelation from residuals and the estimation of parameters can be done by
simple OLS (ordinary least squares) method. The assumption of exogeneity of
explanatory variables is set for simplification. The ARDL model will be then
rephrased to EC (error correction) form in case of cointegration. If there is no
cointegration, model with differenced variables is introduced.



European Financial and Accounting Journal, 2017, vol.12, no. 3, pp. 05-16.

This form is much more comfortable for interpretation. It enables to distinguish
short-term and long-term relations. The simplest form of EC model can be seen in
Eq.1:

A(Y,) = By AX) +7.(Yea — BXL) & 1)

The symbol X, denotes vector of variables, /,and / are vectors of coefficients.

The differenced terms can be interpreted as short-term relations, the absolute terms
as long-term relations. The gamma coefficient says how long-term relation is
powerful. When the gamma is negative and significantly different from zero, there
is with big probability cointegration among variables and the long-term relation
exists. First, cointegration is supported by stationary residual part of ARDL model
with no lagged variables.

2.2 Data

The analysis is made using quarterly data from 1996 to 2014. The time series are
expressed in real terms and transformed to index form with base of first quarter of
1996. This transformation allows comparing impact of particular variables. The
goal is not to explain absolute value of export and import, but to assess evolution
of export and import in relation on explaining variables (direction and power).
Because the quarterly frequency of data was used, time series are seasonally
cleansed when it is necessary (Census X12 methodology). The data is taken from
CNB-ARAD, EuroStat and CSU.

During research more variables were tested. Due to saving space only final
variables that were chosen in the models are present. In Tab. 1 there is description
of variables (abbreviation and name) in model of import, information about
seasonal adjustment and tests of stationarity. As can be seen three variables will be
explaining import. Each of these variables is integrated by order one (condition for
cointegration analysis). Attention must be paid to interpretation of REERpp;. This
variable is quoted indirectly. The rise means real appreciation, fall means real
depreciation. Domestic real absorption (domestic demand) is represented by
consumption, government expenditures and investments.
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Tab. 1 Description of variable in model of import

ADF test
Variable Name SA . .

orig. diff.
IMg Import of goods in real terms yes 0.5263  0.0000
AR Absorption in real terms (domestic) yes 0.9968  0.0000
EXg Export of goods in real terms yes 0.2889  0.0000
REERpp,  Real effective exchange rate deflated by PPl no 0.6156  0.0000

Source: Authorial computation.

Note: SA is seasonal adjustment, ADF test is Augmented Dickey-Fuller test. For original
IMg and EXg the ADF test with constant and trend was chosen, for REERpp; ADF test with
constant and for Az ADF test without constant and trend.

In Tab. 2 there are the same information, but for variables in the model of export.
Compared to variables in model of import, model of export will use only two
explanatory variables. Again, each of these variables is stationary in the first
differences.

Tab. 2 Description of variables in model of export

ADF test
Variable Name SA ) )

orig. diff.
EXg Export of goods in real terms yes 0.2889  0.0000
Yg Real GDP of Germany yes 0.1257  0.0000
REERpp; Real effective exchange rate deflated by PPl no 0.6156  0.0000

Source: Authorial computation.
Note: SA is seasonal adjustment, ADF test is Augmented Dickey-Fuller test. For Yg ADF
test with constant and trend was chosen.

Evolution of import and export can be seen in Fig. 1." From the graph it is clear
that the evolution was from the beginning very similar, but since 2004 export has
started rise more rapidly.

In the second figure (Fig. 2) evolution of remaining variables is shown. Exchange
rate (represented REERpp)) is characterized by long-term real appreciation.

It can be stated that IMg, EXg, Ar and Yg follow very similar manner (with
different dynamics). Sudden jump between years 2008 and 2009 (financial crisis)
in all four variables demonstrates similarities.

! For more explosive character import and export are shown in separate figure. For

seasonally adjusted variables the first value does not have to be necessarily 100.
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Fig. 1 Evolution of IMg and EXg
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Source: CSU; authorial computation.

Fig. 2 Evolution of A, Y and REERpp,
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Source: CNB-ARAD, EuroStat and CSU; authorial computation.

3 Model of Import

I will start with model of import, then introduce model of export. The description
and preparation of data should be followed by testing of mutual relations among
variables. This step enables to recognize direction (positive or negative) and power
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of relations between explained and explanatory variables and can indicate possible
multicollinearity among explanatory variables.

The mutual relations are tested with help of correlation coefficient. This is
calculated on differenced time series, because calculation of correlation coefficient
on non-stationary data leads to spurious correlation (due to common systematic
part). Tab. 3 shows these correlation coefficients. There is no indication of
multicollinearity® and import is positively dependent on each explanatory variable
in accordance with theory.

Tab. 3 Correlation coefficients of (differenced) variables in model of import

IMg Ar EXr REERep
IMg 1 0501 0922 0.257
Ag 0501 1 0.302 0.297
EXR 0922 0302 1 0.271

REERsp 0.257 0297 0271 1

Source: Authorial computation.

The best model (according to Akaike information criterion and Schwarz criterion
and economic theory) can be seen in EC form in Eq. 2:

A(IM ) =-19.338 + 0.579A(EX ) +1.985A(A 5 ) - 0.199A(REER ,,, )
+12.263D ?)
-0.369(IM - , - 0.558EX p,, -1.523A , +0.539REER 4, ;)

The original ARDL model® had all parameters statistically significant on the 5%
level of significance and also stationary residual part of model with no lagged
variables supported cointegration. The cointegration is proved by high and
negative gamma. All tests of residual part say that autocorrelation (Breusch-
Godfrey test) and heteroscedasticity (Arch test) are not present and residuals have
normal distribution (Jarque-Bera test). The Chow test indicates that the model is
robust for predictions. The adjusted R-sq* is slightly above 93 %. All statistical
results are shown in Tab. 4.

2 Multicollinearity would be indicated by high correlation coefficients among explanatory

variables.

® The estimation of ARDL model is not showed here due to saving space. After request
the results can be sent. Generally, more models of import and export were built.

* The coefficient of determination is not only adjusted by number of parameters, but also
to stationary form.
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Tab. 4 Statistical result of model of import

Test P-values/values
Autocorrelation 0.2992
Heteroscedasticity 0.9803

Normality 0.6795
Chow test 0.6959
AIC 4.9866
SC 5.2338
Adjusted R 0.9416

Source: Authorial computation.

Note: For the first three row null hypothesis says no autocorrelation, homoscedasticity and
normality of residuals. P-values higher than 0.05 confirms white noise of residuals. Null
hypothesis in Chow test says that model is stable.

Except above mentioned variables, there is another term D which stands for
explanation of sudden increase of import in the second quarter of the year 2004.
This corresponds with entrance of the Czech Republic to European Union in the
beginning of 2004 (the entrance “opened” borders). This dummy variable
improves all built models.

Interpretation of real absorption and export is straightforward. Short-term and
long-term relation is positive in accordance with theory. More impact has real
absorption. The presence of real export is not surprising. The Czech export can be
characterized as highly import demanding. The problematic is real effective
exchange rate. According to the model depreciation of exchange rate leads to
increase of import, which is in opposition to theory. Even if this effect can be
justified in short-term period, it cannot be justified in long-term period.

In general, effect of exchange rate on international trade in transition economies is
not easy to model. Usually long-term real appreciation of exchange rate proceeds
in transition economies, but without negative impact on international trade. This
phenomenon is called as Balassa-Saumelson theorem (Balassa, 1964 and
Samuelson, 1964).

4 Model of Export

In this chapter, the model of export will be presented. Tab. 5 shows correlation
coefficients of variables in model of export. There is no indication of
multicollinearity. The direction of dependence between export and exchange rate
is against theory. As | mentioned above the interpretation of exchange rate can be
very problematic in transition economies.
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Tab. 5 Correlation coefficients of (differenced) variables in model of export

EX: Yo REERep,
EXg 1 0632 0271
Yo 0632 1 0.172

REERpp; 0271 0172 1

Source: Authorial computation.

When building model for export, the first analysis seemed to show cointegration
among variables (stationary residuals of regression with no lagged variables). But
very low gamma coefficient in EC form of model said that the relation is not
strong enough. Statistically, it means that EC term does not bring extra
information to a model. Therefore | use simple model with differenced variables
(Eq. 3). This form allows analysis of short-term relations only.

A(EX ) = 3.547 +9.098A(Y, )-1.319A(REER , , ) +55.465D 3)

All parameters are statistically significant on the 5% level of significance and all
tests supports statistical quality of model. Autocorrelation and heteroscedasticity
are not present and residuals are normally distributed. The Chow test informs
about robustness of a model. The adjusted R-sq is slightly above 63 %. All
statistical results can be seen in Tab. 6.

Tab. 6 Statistical results of model of export

Test P-values/values
Autocorrelation 0.5390
Heteroscedasticity 0.5369

Normality 0.0797
Chow test 0.2337
AIC 7.4105
SC 7.5351
Adjusted R 0.6322

Source: Authorial computation.

Moreover, the model is in accordance with the theory. The increase of real
German GDP and depreciation of real exchange rate lead to increase of real
export. Correlation between export and exchange rate showed opposite direction,
but in model this variable works well. More logical would be to use real GDP of
European Union. More than 80 % of Czech export ends in countries of European
Union. But in the model real German GDP worked better. It still means
approximately one third of Czech export which ends in Germany. Further,
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Germany is the biggest economy in European Union and our neighbour. It is
straightforward that Czech export is very closely linked to performance of German
economy. The dummy variable for the second quarter of the year 2004 improves
estimation of the model too.

5 Conclusion

The goal of this analysis was to build robust and economically interpretable
models. The main inspiration was existing Czech research and general economy
theory explaining movements of export and import.

In import analysis it was found out, that the most powerful explanatory variables
were real export, real absorption (both with right signs) and real effective
exchange rate (deflated by PPI). The influence of exchange rate was problematic.
With real depreciation real import rises. This direction is possible to justify in
short-term period, but not in long-term period. Concerning statistical quality the
model was excellent. Residuals showed normally distributed white noise. The
adjusted R-sq was high and the model was robust according to Chow test. The big
advantage of this model is confirmation of cointegration by high and negative
gamma coefficient.

In export analysis | faced a possible issue of low cointegration. Therefore,
| introduced only a model with differenced variables. This model included real
German GDP and real effective exchange rate (deflated by PPI). Both parameters
of these variables had right signs, with rise of both the increase of real export
follows. The model was powerful from the statistical point of view and fulfilled all
important statistics. The adjusted R-sq was above 63 %. It is lower than for model
of import, but model of export was better to interpret, mainly the effect of
exchange rate.

In both models the dummy variable for the second quarter of the year 2004 was
included. There was enormous increase of international trade due to entrance of
the Czech Republic to European Union. The dummy variable improved statistical
quality of both models.

The goal of this analysis was fulfilled. The only issue that has arisen was with the
interpretation of real exchange rate effect on real import.
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