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Abstract 

This article employs panel methods that mitigate heterogeneity and cross-sectional dependence 
to determine the direction and sign of long run causality between exports and economic growth 
in the euro area economies from 2000 to 2014. The empirical evidence indicates that there is a 
unidirectional long run Granger causality relationship from exports to economic growth in the 
euro area countries. 
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1. Introduction 

Since the 1970s, many studies (Michaely 1977, Balassa 1978, and Feder 1982) have established 

exports as an engine of growth-driving in developing countries, applying correlation and 

regression techniques. The next wave of research (Jung and Marshall 1985, and Ahmed and 

Kwan 1991) focused on detecting the direction of the causal relationship between exports and 

economic growth. The launch of interest for the investigation of the export-led-growth 

hypothesis on developed country was mainly due to the work of Kunst and Marin (1989), Konya 

(2006), and Konstantakopoulou (2016) using causality and cointegration methods. Several 

theoretical arguments support the beneficial effects of exports on economic growth (Grossman 

and Helpman 1991, and Helpman and Krugman 1985), and advocate the exports-oriented 

policies (Bhagawati and Srinivasan 1978, and Bhagawati 1988).  

In this paper, we apply the Canning and Pedroni (2008) procedure (hereafter CP) to 

infer the direction and sign of the long run causality relationship between exports and 

economic growth for euro area economies. This methodology offers the following advantages: 

First, by exploiting the panel structure power is increased, and secondly heterogeneity and short-

run dynamics across countries are allowed, while it is robust to endogeneity and omitted 

variable bias. We apply this procedure because of the aggregate variables seems to be 

heterogeneous and cross-sectionally correlated. This methodology has not been applied in  

the literature and the sample period that includes the recent crisis in the euro area. It is 

therefore of interest to policy-making concerning the promotion of export-led policies. 

  The paper is structured as follows. Section 2 presents data and methodology. Our 

empirical results are reported in Section 3. Section 4 outlines the results.  

2. Data and methodology 

Annual data on real exports and real GDP are supplied by the World Development 

Indicators of the World Bank for the period 1970-2014. The sample includes the Euro Area 

countries (ΕΑ12): Austria, Belgium, Finland, France, Germany, Greece, Ireland, Italy, 

Luxembourg, Netherlands, Portugal, and Spain. All variables are in natural logs. 

 The implementation of the CP methodology includes several tests, such as panel unit 

root test, panel cointegration test, panel causality test, and the estimation of panel average 

elasticity through the common correlated effects mean group (CMG) estimator of Pesaran 

(2006).  
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2.1 Heterogeneous panel causality procedure 

Based on the Granger representation theorem, if exports and economic growth are 

cointegrated, then there exists a valid error correction representation (ECM) of the data. 

Hence, we construct a dynamic ECM. Having estimated the cointegrating equation for each 

country through the FMOLS estimator, we can estimate the following dynamic ECM: 
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where itex  is the real exports, ity  is the real GDP, K is a country-specific lag length, the 

subscripts i  and t denote country and the t-th time period, Δ is the first difference operator, i1λ

, i2λ  are the speeds of adjustment coefficients, and 1ˆ
−ite is the one period lag of the residuals (

ititiitt ybaexe 111
ˆˆˆˆ β−−−= , and ititiiti exbaye 222

ˆˆˆˆ β−−−= ) from the long-run 

cointegrating relationships. Given that all the variables in equation system (1) are stationary, we 

can apply standard hypothesis tests on the coefficients. To identify the existence, of any long run 

causal effects running from exports to economic growth for any one country, we should be test the 

significance of i2λ . Therefore, tests on i2λ ( i1λ ) in any given country can be interpreted, as 

tests of whether shocks to exports (economic growth) have a long run effect on economic growth 

(exports). The null hypothesis is that no panel Granger causality. They constructed two panel-

based statistical tests based on country-by-country ECM estimations, i.e. a group mean test (GM) 

and a lambda-Pearson based (LP) test. Specifically, the GM test is based on the average of each 

individual country i2λ tests and can be provide the ability to examine the direction of whether the 

long run causal effect is zero on average for the panel. Furthermore, the GM panel test has a 

standard normal distribution under the null hypothesis of no long-run causal effect from exports to 

economic growth. On the other hand, the LP panel test statistic uses a chi-square distribution under 

the null hypothesis of no long-run causal effect for the panel. When the GM test fails to reject, but 

the LP test does reject the null hypothesis (no Granger causality), we find evidence that Granger-

causality is heterogeneous in the panel. 

3. Empirical results 

3.1 Panel unit root tests   
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To test for stationarity, we apply two panel unit root tests (first generation PURTs) developed by 

Levin, Lin and Chu (2002) - hereafter the LLC test, and the IPS test of Im, Pesaran, and Shin 

(2003). These tests have non-stationarity as the null hypothesis. The results of the PURTs for 

each variable are shown in Table 1. We fail to reject the null hypothesis for all variables in  

levels, but we reject it for their first differences. However, these tests assumed that the 

individual time series in the panel were cross-sectionally independently distributed.  

 Pesaran (2007) proposed a simple PURT that allows cross-sectional dependence in the data. 

We implement the cross-sectionally augmented IPS (CIPS) test that is known as second-

generation PURT. The null hypothesis of CIPS test is the non-stationarity. The results of CIPS 

test for lag orders p = 1, 2, 3, 4, (Table 2) indicate that the variables in levels are non-stationary, 

while in first differences are stationary.  

Table 1. The IPS and LLC PURTs 

Notes: Boldface values indicate rejection of the null hypothesis of I(1) at the 1% significant level. Lags are selected 
according to the Schwarz criterion.  

Table 2. The CIPS PURTs  

 
Real GDP  Real exports 

 
Levels FD Levels FD 

 Intercept Intercept 
and trend 

Intercept Intercept and 
trend Intercept 

Intercept and 
trend Intercept 

Intercept and 
trend 

p=1 -1.971 -2.502 -3.533* -3.869* -2.228** -2.230 -3.990* -4.106* 

p=2 -2.184 -2.533 -2.892* -3.138* -2.070 -2.050 -3.246* -3.414* 

p=3 -2.097 -2.437 -3.144* -3.172* -2.28** -2.233 -3.144* -3.386* 

p=4 -2.047 -2.142 -2.116 -2.474 -2.215** -2.068 -2.717* -2.774** 

Notes: *, ** indicate rejection of the null hypothesis of I (1) at the 1% and 5% significant levels, respectively.  

3.2 Panel Cointegration  

We apply the panel cointegration tests that have been suggested by Pedroni (1999, 2004). 

These tests allow for heterogeneity in the slopes of the cointegrating equation. He proposes 

seven tests in which four are within-dimension (panel) and three are between-dimension 

(group). In all seven tests, the null hypothesis is of no cointegration. Pedroni's seven statistics 

are based on the estimated residuals from the panel cointegration regression. The results in 

Table 3 show that panel cointegration statistics provide evidence to support the existence of a 

long-run relation between exports and economic growth. 

 Real GDP Real exports 
 

Levels FD Levels FD 
 

Intercept 
Intercept 
and trend Intercept 

Intercept 
and trend Intercept 

Intercept 
and trend Intercept 

Intercept and 
trend 

LLC -7.0785 0.261 -11.9354 -15.6484 0.792 0.2840 -16.4738 -15.6484 

IPS -1.2855 -1.4483 -13.2852 -11.6421 -2.7324 -1.5483 -13.2839 -11.6421 
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Table 3. Pedroni’s results  

 Panel cointegration 
statistics 

Group-mean panel 
cointegration statistics 

Variance ratio 4.2193*  

PP  rho-statistics -4.3117* -4.3126* 

PP t-statistics -4.7107* -4.2403* 

ADF statistics -4.6498* -2.2697* 

Note: * indicates rejection of the null hypothesis of no cointegration at the 1% level of significance. 

In addition, we conduct four panel cointegration tests that have been developed by Westerlund 

(2007). These tests are designed to test the null hypothesis of no cointegration by testing 

whether the error correction term in a conditional ECM is equal to zero. This procedure is able 

to handle cross-sectional dependence. The results of the Westerlund (2007) panel cointegration 

test are reported in Table 4. The results provide strong evidence of cointegration. 

Table 4. Westerlund’s (1999) panel cointegration tests  

 Value Robust p-value 

ititiiiit uexty +++= 210 βββ  

TG  -2.401 0.090 

αG  -14.515** 0.013 

TP  -8.638** 0.035 

aP  -13.637* 0.005 

Note: *, ** indicates rejection of the null hypothesis of no cointegration at the 1%, 5% level of significance, 
respectively. Bootstrap replication of 800 is used to correct for cross-sectional dependence. 

3.3 Heterogeneous panel causality  

Table 5 displays the CP panel long-run causality test results. The GM based test reject the null 

hypothesis of no long-run Granger causality run from exports to economic growth at 10% 

significance level, as well as the LP test indicate the same result. Therefore, according to the 

results arising from the implementation of the PC methods, there is a panel long run 

Granger-causality run from exports to economic growth in Eurozone countries. 

Table 5. Results for panel long-run causality tests for exports and economic growth 

 
2λ : exports→economic 

growth 
1λ : economic growth→

exports 

Euro zone Estimate Test p-value Estimate Test p-value 

Group Mean -0.0507 -1.5115 0.0915 -0.703 -1.2886 0.3029 

Lambda-Pearson  73.601 0.000  41.991 0.087 
 
Ho: No long-run causality relationship. 
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To infer the sign, we estimate the long-run relationship by applying a heterogeneous panel 

estimator. The CMG estimator has developed by Pesaran (2006). This estimator is robust to 

nonstationary, cointegrated variables, and to cross-sectional correlation. Table 6 shows that the 

panel elasticity estimation is positive. 

Table 6. Sign and coefficient (Perasan 2006). Exports independent variable and economic growth 

dependent variable 

 
Coefficient 95% C.I. 

Exports 0.209* [0.018     0.33] 

Notes:  C.I.: confidence interval. * at the 1% level. Statistical significance p<0.001. 

4. Conclusions 

This paper investigates the direction of long run causal relationship between exports and 

economic growth, emphasizing on heterogeneity and cross-sectional dependence. The empirical 

results derived from group-mean based test and lambda-Pearson based test indicated that there is 

positive long-run causal link running from exports to economic growth. Finally, no Granger-

causality was determined to run from economic growth to exports. 
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