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Abstract - This paper aims to examine the non-linear adjustments between exports and GDP in Croatia. This paper analyses 
quarterly data since the first quarter of 1997 to the second quarter of 2016 to support for export-led growth hypothesis in the 
Croatian economy. Unlike previous studies, the paper takes into account the possible nonlinear asymmetric effects of exports 
and GDP toward their long-run equilibrium. The results reveal a threshold co-integrating relationship between the two 
variables with significantly different error correction adjustments in normal and extreme regimes. The research results 
supported export export-led growth hypothesis in Croatia during the extreme regime only pointing on the seasonal effect on 
growth that may arise out of tourism activity. 
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I. INTRODUCTION 
 
The topic of exports and its effect on growth is one of 
the evergreen issues in economic literature. 
Moreover, the export-driven growth has gained 
considerable attention of scholars and professionals 
since the last global financial and economic crisis. It 
is increasingly seen in globalized world when 
domestic demand slowdown and the countries turn 
towards the markets of greater economic growth and 
greater demand for goods (Santos, Ribeiro and 
Carvalho, 2013). This topic is speciously important 
for small open economies since the domestic market 
is often not sufficient to obtain the economy of scale. 
Bilas and Bošnjak (2015) reported Croatia as labor 
abundant country and found Heckscher – Ohlin trade 
theorem as well suited to explain the merchandise 
trade flows between Croatia and other EU member 
countries. Bilas et al. (2015) applied Granger 
Causality tests and using Engle Granger linear error 
correction established and confirmed unidirectional 
causality from exports to growth in Croatia. But 
nonetheless, the results always depend on data 
selection and model specification. In line with the 
importance of the topic under consideration, there is 
an extensive literature from all over the globe 
questioning export led growth hypothesis.  However, 
the literature rarely takes into account nonlinearities 
in the relationship between exports and economic 
growth. Even though there are many rationales to 
take into account possibility of the relationship 
between exports and growth to be nonlinear. For 
example, exports might influence economic growth 
only after reaching some threshold or there might be 
some asymmetries in trade of small countries with 
rests of the world. Therefore, this research moves 
ahead in this direction use quarterly data and takes 
into account the possible nonlinear relationship 
between the variables under consideration. While 
bringing the Croatian case the paper questions the 
nature of the relationship between exports and 

economic growth and argues the suitability of 
empirical approach to apply for the topic under 
consideration. 
The remainder of the paper is organized as follows: 
section 2 summarizes existing contemporary 
literature related to the topic under consideration. 
Section 3 shows research data and methodology. 
Section 4 gives empirical results and discussion. The 
final section provides an overview of the main 
findings of the research. 
 
II. BRIEF OVERVIEW OF THE RELATED 
LITERATURE 
 
Sathyamoorthy (2018) examined the influence of 
institutional quality on the export-led growth using 
fixed and random effects panel data models on a dana 
sample of 119 countries and found significant 
positive role of Institutional quality in mediating 
export led growth relationship. Botella-Rodriguez 
(2018) examined Costa Rica and found that trade 
liberalization had diversified agriculture and 
increased the levels of export production. 
Furthermore, Botella-Rodriguez (2018) reported the 
negative effects from trade liberalization on food 
security. Shafiullah et al (2017) examined export led 
growth hypothesis at the sectoral level for Australia 
and its regions. The results revealed unique growth 
path of each region.  Francis (2017) examined the 
export-led expansion of Argentina in the first half of 
the nineteenth century and found price incentives for 
export-led growth while explaining the phenomenon 
as the response to globalization. Abad and Junquera 
(2017) found different influence on inequality out of 
difference in international trade strategy. While, 
export-led growth strategy does not necessarily imply 
a rise in inequality, import-substitution strategy might 
be related to the inequality of income distribution. 
Schroder (2017) examined the role of build-up the 
reserve during 1998Q4-2011Q4 in supporting export-
led growth in China and found other factors as the 
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dominant determinants of China's international 
reserves. Blahova and Bruna (2017) found positive 
influence from growing export to investments in 
production capacity financed by equity of foreign 
holders. Bayudan-Dacuycuy andLim (2017) pointed 
on need for governments to take a more active role in 
promoting more appropriate economic policies in the 
selected Association of South East Asian Nation 
(ASEAN). Tang et al. (2017) supported the tourism-
led growth and export-led growth in Malaysia. Pam 
oil is found to contribute to the Masesian export-led 
growth pattern. Baccaro and Benassi (2017) found 
Industrial relations changes as the one that supported 
export-led growth and reduced the relevance of 
domestic demand in Germany. Kristjanpoller (2016) 
examined Latin American and Caribbean economies 
and found that manufacturing exports had a positive 
effect on economic growth. However, the influences 
out of some commodities were negative. 
Konstantakopoulou (2016) reported bidirectional 
Granger in Spain and Greece, unidirectional causality 
from exports to economic growth for Portugal and no 
causality relation for Italy. Konstantakopoulou and 
Tsionas (2017) employed panel data approach and 
supported exports led growth in the euro area 
countries. Trost and Bojnec (2016) examined the 
Slovenian and Estonian case and found the export-led 
growth pattern in both of the considered economies. 
Baccaro and Benassi (2016) examined Germany, 
Italy, Sweden, and the United Kingdom over the 
period 1994-2007 and found that export led growth 
and consumption based growth have different 
implications for distributive conflict. Tsitouras and 
Nikas (2016) employed panel cointegration approach 
and examined the causal relations between exports, 
inward FDI and GDP for fifteen European transition 
economies over the period 1995-2014. The results 
supported export led growth hypothesis for the 
economies that entered the European Union in 2004. 
Pasten et al (2015) employed panel data with annual 
frequency from 16 Latin American countries over the 
period 1971-2001 and reported energy driven growth 
hypothesis. Agrawal (2015) provided the evidence to 
support export led growth for India in the phase  of 
trade liberalization. All of the presented 
contemporary studies rely on the assumption of 
linearity in the relationship between exports and 
economic growth and literature gap is evident. 
Therefore, the paper aims to provide estimates out of 
nonlinear approach and illustrate the suitability of the 
approach on the Croatian example.  
 
III. RESEARCH DATA, EMPIRICAL 
STRATEGY AND CORRESPONDING 
METHODOLOGY  
 
The research is based on the quarterly data on exports 
and gross domestic product from the first quarter of 
1997 to the second quarter of 2017 gathered from the 

Croatian Bureau of Statistics (Figure 1). The 
observed series are taken in log values.  
 
Firstly, the time series under consideration are 
examined using usual unit root tests (ADF, PP, 
KPSS) followed by Johansen cointegration tests and 
Engle-Granger Cointegration Test. Stationarity 
diagnostic is provided by usual unit root tests (ADF, 
PP, KPSS). Diagnostic results pointed that exports 
and gross domestic product time series are integrated 
of the same order (I(1)). Next, we implement the 
linear Johansen cointegration tests and results 
indicated the presence of bivariate cointegration 
between exports and gross domestic product. 
Furthermore, Engle-Granger cointegration approach 
is employed and results do not support the 
cointegration relationship between the variables 
under examining in Croatia. Afterwards, linear 
VECM is estimated. Following linear cointegration 
approach, the speed of adjustment towards the long-
run equilibrium is the same in every time period. 
Since the assumption may not hold in export-led 
growth hypothesis, we consider tests that allow for 
the joint consideration of nonlinearity (threshold) and 
nonstationarity (unit roots) assuming that the 
presence of error correction is threshold dependent. 
Eventually and following Hansen and Seo, (2002) the 
two-regime model of threshold cointegration between 
exports and gross domestic product in Croatian is 
estimated and tested. The short-run dynamics involve 
two regimes, depending on the size of the lagged 
error correction term (threshold). In case of two or 
more underlying time series have a long-run 
stochastic trend the usual research strategy starts from 
a vector error-correction model (VECM). 
Furthermore, this paper employs the approach from 
Hansen and Seo (2002) and argues the appropriate 
one for the topic under consideration. Threshold 
cointegration model Hansen and Seo (2002) is 
presented in equation (1): 
 

∆x = A′ x (β) + u , w (β) ≤ γ
A′ x (β) + u , w (β) > γ

(1) 

 
Where: 
A  and A  – coefficient matrix for regime one and 
two respectively 
x  - p-dimensional I(1) cointegrated time series with 
p x 1 cointegrating vector β 
w (β) = β′x  - error-correction term that needs 
to be stationary 
γ – threshold parameter 
 
This paper observe bivariate (p =  2) case of exports 
and gross domestic product in Croatia ∆x =
[∆log(EXP) ∆log(GDP)]. All of the coefficients in 
equation (1) except β are allowed to switch between 
the regimes. Threshold effect only has content in case 
of 0 < P(w (β) ≤ γ) < 1, otherwise we have form 
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of linear cointegration. It is assumed that π <
P(w (β) ≤ γ) < 1 − π  where π  is triming 
parameter set to 0.05. The model estimates are 
obtained using maximum likelihood (ML) method as 
an estimator holding the assumptions that the 
residuals are iid Gaussian. The threshold 
cointegration between the exports and GDP is tested 
using Hansen and Seo (2002). Hansen and Seo (2002) 
test the presence of linear versus threshold 
cointegration. The lag length selection basedon the 
AIC and BIC applied to the threshold vector error-
correction model (VECM) leads to the value of l = 2. 
The threshold cointegration estimates are obtained 
following procedure of Hansen and Seo (2002). The 
model with the lowest value of log|∑(β, γ)| out of 
grid-search algorithm is used to provide maximum 
likelihood estimation ( MLE(β, γ)). Taking A =
 A (β, γ) and A =  A (β, γ), with MLE(A , A ) out 
of grid-search algorithm parameter estimates are 
obtained and the results are summarized in Table 5.  
 
IV. EMPIRICAL RESULTS AND DISCUSSION 
 
Firstly, the unit root tests results are obtained. The 
unit root tests are well known to be biased towards 
null hypothesis, so ADF, PP and KPSS tests are 
employed. ADF and PP test under null hypothesis 
assume nonstationary series while KPSS test under 
null hypothesis assumes stationary series. Therefore, 
to minimize the bias ADF, PP and KPSS test results 
are summarized in Table 1. 
 

Table 1: Unit root test results 
Vari
able 
&tes
t 

Levels First difference 

Constan
t 

Constant 
and trend Constant 

Constant 
and 
trend 

ADF 
test t-stat. 

log(EXP

-
0.95691
9 

-
1.378363 

-
4.97430
2 

-
5.11007
3 

log(GDP

-
2.68522
2  

-
1.114815 

-
2.45158
8 

-
4.45355
0 

PP 
test Adj. t-stat. 

log(EXP

-
5.66271
5 

-
11.72685 

-
22.5457
1 

-
22.6264
3 

log(GDP

-
2.60382
1 

-
8.912251 

-
9.38568
9 

-
14.8059
7 

KPS
S 
test LM-stat. 

log(EXP
1.13554
1 0.132359 

0.09887
5 

0.07844
4 

log(GDP1.07424 0.299208 0.37868 0.14140

5 5 6 
 
The results in Table 1 reports series integrated of 
order one following all of the used tests.  So the paper 
proceeds with test of cointegration between the 
variable under consideration. Firstly, Johansen (1995) 
cointegration test results are provided in Table 2. 
 

Table 2: Johansen test for non cointegration 
Hypothesized Trace 0.05  

No. of CE(s) Eigenvalue Statistic 
Critical 
Value p-value

None *  0.503277 62.46552  15.49471  0.0000
At most 1 * 0.068964  5.788046 3.841466  0.0161

Hypothesized 
Max-
Eigen 0.05  

No. of CE(s) Eigenvalue Statistic 
Critical 
Value p-value

None *  0.503277  56.67747 14.26460  0.0000
At most 1 *  0.068964  5.788046 3.841466  0.0161
 
Following the results in Table 2, Johansen 
Cointegration test easily rejected the null hypothesis 
of no cointegration. Johansen cointegration test 
employs maximum likelihood estimation (MLE) as 
the estimator while Engle Granger Cointegration test 
relies on the Ordinary least squares (OLS). So, the 
results out of Engle-Granger Cointegration Tests are 
provided in Table 3. 
 

Table 3 Engle-Granger Cointegration Test 

 
Unlike the results from Johansen cointegration test, 
the results out of Engle-Granger Cointegration Test 
support the null hypothesis of no cointegration 
between exports and growth in Croatia. However, 
Table 4 illustrates Granger (1969) causality test 
results. 
 

Table 4: Pairwise Granger Causality Tests 

 Null Hypothesis: Obs
F-
Statistic 

p-
value 

 log(EXP) does not Granger 
Cause  

log(GDP)  80 37.2257 6.E-12 
 log(GDP)does not Granger 
Cause  

log(EXP)  51.7343 8.E-15 
  
The results in Table 4 repot bidirectional causality 
between exports and economic growth in Croatia. So 
relaying on Johansen cointegration test, the paper 
firstly estimates VECM. The lag length selection 
based on the AIC and BIC and HQ points on lag one 
(l=2).  The linear VECM estimates are summarizes in 
Table 5. 

 

Dependent tau-statistic p-value z-statistic p-value 
log(GDP) -1.953740  0.5550 -4.732777  0.7472 
log(EXP) -1.025922  0.8972 -3.660501  0.8314 
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Table 5: Linear VECM estimates 

 
Notes: Estimations are performed using the 
Maximum Likelihood (ML) estimator; standard 
errors are in brackets; ***, **, *, . denote 
significance at the: less than 1%, 1%, 5% and 10% 
significance level, respectively. 
 
The results in Table 5 show that there exists a 
statistically significant error-correction term in both 
of the illustrated equations, which ensures the 
adjustment towards the long-run equilibrium for the 
two variables in the system. Furthermore, the results 
revealed over - adjustment in the exports equation 
since the error correction term in its absolute value is 
higher than one. Like presented in Table 5, 
Diagnostic tests report that all of the requirements are 
met. Nonetheless, the paper proceeds with estimates 
of threshold model specification to examine the 
relationship between variables under consideration. 
The lag length selection based on the AIC, BIC and 
HQ points on lag two (l=2). The threshold model in 
the equation (1) has two regimes, defined by the 
value of the error-correction term in relation to some 
threshold γ. It is reasonable that the error-correction 
may occur in one regime only, or that the error-
correction occurs in both regimes but at different 
speeds of adjustment on the side of log(GDP) 
orlog(EXP). The estimates for threshold model 
specification in equation (1) are summarized in Table 
6. 
 

Table 6:Threshold VECM exports –growth estimates 

 

1st regime - (73.5% obs) 
w (β) ≤ γ
= 0.3030897 

2nd regime - (26.5% 
obs) 

w (β) > γ
= 0.3030897 

Variables ∆log(EXP) ∆log(GDP)  ∆log(EXP) ∆log(GDP)  

Intercept 
0.3395*
** (6.9e-

35) 

0.0483*** 
(7.0e-07) 

-
0.5967*

** 
(0.0003) 

-0.2957*** 
(0.0029) 

w  

-
0.3986*

** 
(0.0001) 

-0.0472 
(0.4340) 

-0.4625 
(0.1110) 

-0.7227*** 
(8.8e-05) 

∆log(EXP) 0.9066*
** (8.7e-

0.0902** 
(0.0207) 

-
1.0116*

-0.2177 
(0.2842) 

23) * 
(0.0033) 

∆log(GDP)

-
0.7606*
** (1.4e-

09) 

-0.1266* 
(0.0600) 

2.8594*
* 

(0.0477) 

1.3258 
(0.1278) 

∆log(EXP) 0.0665 
(0.1553) 

-0.0550* 
(0.0540) 

0.2283 
(0.5453) 

0.0192 
(0.9332) 

∆log(GDP) -0.1851* 
(0.0587) 

0.0076 
(0.8965) 

6.4212*
** (7.0e-

08) 

7.7625*** 
(9.7e-19) 

SSR: 0.7072407 AIC: -
891.339 BIC: -830.868 

Threshold Value (γ):  0.3030897 
Cointegrating vector: (-1, 0.9046627) 

Test of linear versus threshold cointegration of Hansen and Seo 
(2002): 

Test Statistic:  53.70092 (Maximized for threshold value: -
1.799231) 

P-Value:  0.0000  (Fixed regressor bootstrap) 
 
The results in Table 6 presets Threshold VECM 
estimate for the relationship between exports and 
economic growth in Croatia. Test of linear versus 
threshold cointegration of Hansen and Seo (2002) 
indicate threshold cointegration relationship between 
variables under consideration. Diagnostic checking 
indicates proper model specification. The 
cointegrating long –run relationship between variable 
under consideration is given in the equation (2): 
log (EXP) − 0.9046627 ∙ log(GDP)  (2) 
Following the results in Table 6, in 73.5% the 
adjustment is governed by exports so Croatia 
experienced growth led exports while in 26.5% only 
the relation is found to be export led growth. 
Furthermore, the faster adjustment towards the long –
run equilibrium is found during the export led growth 
periods. Disequilibrium in export led growth period 
will be adjusted in less than two quarter while the 
adjustment in growth led exports period takes lasts 
almost the whole four quarters. Deeper insight into 
model showed that third quarter each year is 
characterized as export led growth. Taking into 
account that Croatia is tourist country it is reasonable 
to believe that the effects come out of income from 
tourism activity.  So, Threshold cointegration 
approach provides deeper insights than the linear 
error correction model and needs to be considered 
when examining export led growth hypothesis. 
Recalling the results from Bilas et al. (2015), the 
annual data frequency indicates export led growth 
hypothesis in Croatia. However, the quarterly data 
and threshold model specification revealed the 
threshold dependent nature of the relationship 
between the exports and economic growth and export 
led growth hypothesis is supported during third 
quarter only. 
 
CONCLUSIONS 
 
There are several conclusions that can be drawn out 
of the research presented in this paper. Firstly, the 
reviewed literature points that examining export led 
growth hypothesis worldwide rely on linear model 

Variables ∆log(EXP)  ∆log(GDP)  

Intercept -2.9586***  
(0.4553) 

-0.4456*  
(0.2294) 

w  -1.7256*** 
(0.2653) 

-0.2607* 
(0.1337) 

∆log(EXP)  0.6065*** 
(0.1923) 

0.1055 
(0.0969) 

∆log(GDP)  -0.7565**  
(0.3546) 

-0.2299 
(0.1786) 

∆log(EXP)  0.0288 
(0.1461) 

-0.0286 
(0.0736) 

∆log(GDP)  -0.5923* 
(0.3120) 

-0.0221 
(0.1572) 

SSR: 7.307548 AIC: -571.6518 BIC: -
540.2069 
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specifications. This paper aimed to fill the literature 
gap and provided the estimates out of threshold 
model specification. Secondly, the results from 
nonlinear threshold cointegrating model presented in 
this paper provided deeper insight into relationship 
between exports and economic growth in Croatia. 
The relationship between exports and economic 
growth is found to be threshold dependent. Unlike 
previous studies, the paper revealed that export led 
growth hypothesis in Croatia holds only in 26,5 % of 
quarters. Rests of the time growth led exports is on. 
Most of the time, the equilibrium is governed by 
exports. Since Croatia is a tourist country, the income 
from tourism activity increase during the third quarter 
and the relationship between exports and growth 
becomes exports driven. The paper clearly points on 
nonlinear model specifications when examining the 
relationship between exports and economic growth at 
least when country under examining is a small 
economy.   
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