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Abstract: The link between trade openness and environmental quality has become one 
of the most debated topics in recent years. Yet, limited empirical investigations have 
been carried out in this area. This paper examines the relationship between trade 
openness and carbon emissions in the case of Sri Lanka. The Autoregressive 
Distributed Lag (ARDL) bounds testing approach and the Johansen-Juselius maximum 
likelihood approach are employed to detect cointegration relationships over the period 
1960 to 2006. The results suggest neither a long run equilibrium relationship nor a long 
term causality exists between trade openness and carbon emissions for Sri Lanka. 
However, there exists a short run relationship between trade openness and carbon 
emissions.  
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1.  Introduction 
 

The contribution of globalisation, particularly trade openness, towards greenhouse gas 
emissions has been an important issue within the context of human induced climate 
change. Yet, limited empirical investigations have been carried out in this area (Khall and 
Inam, 2006; Baek et al., 2009; Managi et al., 2009; Halicioglu, 2009; Chebbi et al., 2010 
for some recent empirical investigations).  
 

As individual countries vary according to income levels as well as the composition of 
traded commodities, which have different emission intensities, the relationship between 
trade openness and greenhouse gas emissions can be considered as an empirical question 
which depends on country specific variables (Baek et al., 2009). Hence, country-specific 
case studies can shed more light in understanding the nexus between trade openness and 
greenhouse gas emissions.   
 

Sri Lanka has been taken as a case in point since it was one of the first countries in South 
Asia to liberalise its trade way back in late 1970s. It is still considered to be one of the 
most open economies in the South Asian region. As noted by Bandara and Jayasuriya 
(2009, p.418), “despite periods of slow progress and occasional backsliding, the trend in 
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overall policy has been toward progressive liberalization, and the country now perhaps the 
most open regime in South Asia”.  
 

The main objective of this study, therefore, is to examine the empirical relationship 
between trade openness and greenhouse gas emissions using Sri Lanka as a case study. 
The results of the analysis will help to address some of the policy questions such as 
whether Sri Lanka can pursue policies such as utilising clean technologies and measures to 
increase energy efficiency and conservation to reduce carbon emissions, without 
sacrificing economic growth.   
 

In order to meet the above objective the remainder of this paper is arranged as follows. 
Section 2 presents a brief literature review of existing studies on the linkage between trade 
openness and green house gas emissions. Section 3 presents a theoretical framework and 
Section 4 presents the empirical methodology. Section 5 discusses the results and the final 
section presents the concluding remarks. 
 
2.  Brief Literature Review 
 

There has been a growing body of empirical literature on the energy and economic growth 
nexus (for a detailed survey see Ozturk, 2010). Empirical investigation of the link between 
economic growth and carbon dioxide (CO2) emissions has been a recent phenomenon 
which has captured the attention of few researchers (for examples of country specific 
studies, see Ang, 2008; Jalil and Mahmud, 2009; Change, 2010; Ghosh, 2010; Menyah 
and Wold-Rufael, 2010; and for some multi-country and panel data investigations, Lee et 
al., 2009; Bhattacharyya and Ghoshal, 2010; Narayan and Narayan, 2010). However, there 
have been few empirical investigations carried out on the nexus between CO2 emissions 
and trade in general or trade openness in particular.  
 

Halicioglu (2009) examined the dynamic causal relationship between carbon emission, 
energy consumption, income and foreign trade for Turkey using cointegration analysis and 
found that income is the most significant variable explaining CO2 emissions in Turkey, 
followed by energy consumption and trade.  
 

Managi et al. (2009) have investigated the relationship between trade openness, economic 
development and environmental quality using the instrumental variables technique for 
OECD and non-OECD countries. The study has found that trade is beneficial for 
environmental quality in OECD countries and having a negative environmental effect in 
non-OECD countries when the pollutants are sulphur dioxide (SO2) and CO2.  
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Others who have investigated the link between trade and CO2 emissions found a positive 
relationship between the two (Khalil and Inam, 2006) for Pakistan and (Chebbi et al., 
2010) for Tunisia. 
 

Baek et al. (2009) have examined the dynamic relationship among trade, income and 
environmental quality i.e., emission of sulphur dioxide (SO2) using cointegration analysis 
for a sample of developed and developing countries. The results suggest that trade and 
income growth increase environmental quality in developed countries and the reverse is 
evident in most developing countries. 
 

3.  Theoretical Framework 
 

This section develops a conceptual framework to describe the relationship among trade 
openness, income and greenhouse gas emissions based on the previous work by Back et 
al. (2009). First, the income (Y) can be defined as a function of trade openness (TO) and 
other exogenous factors (EX1): 
 

)1EX,TO(fY =         (1) 
 

Trade openness can be considered to stimulate economic growth of a country which leads 
to an increase in income. Thus, having a positive relationship with income, 

where 0
TO
Y

>






∂
∂ .  Then, the greenhouse gas emissions (G) can be defined as a function 

of income (Y) and other variables such as production technologies (EX2):  
 

)2EX,Y(fG =        (2) 
 

The theory of Environmental Kuznet Curve (EKC) postulates that a quadratic relationship 
exists between income and greenhouse gas emissions. A positive correlation can be 
observed between per capita income and emissions in the initial stage of economic growth, 

where 0
Y
G

>






∂
∂ , and the  reverse can be observed when income reaches a threshold level, 

where 0
Y
G

<






∂
∂ . As per capita income reaches a higher level, households tend to demand 

a cleaner environment. As a result, emissions would reduce over time, where more 
stringent environmental regulations and cleaner technologies will come into operation. 
Finally, by substituting Eq. (1) into Eq. (2) the following relationship can be defined: 
 

)2EX,1EX,TO(gG =       (3) 
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4. Data and Empirical Methodology 
 

Data used in this paper are annual figures covering the period 1960 to 2006 and variables 
of the study are real per capita Gross Domestic Product (GDP), total trade as a % of GDP 
(trade openness), per capita CO2 emissions (Mt) and per capita real gross fixed capital 
formation as a proxy of capital stock. The data are taken from World Bank Development 
Indicators (World Bank, 2010) and except CO2 emissions all are in constant Sri Lankan 
rupees. Table 1 presents the summary statistics of variables used in the analysis. Fig.1 
presents the time series plots of per capita GDP, per capita CO2 emissions and trade as a % 
of GDP constructed as an index using 1960 as the base year for easy comparison.      
 

Figure 1: Trends of Real Per Capita GDP, Trade as a % of GDP (TRD) and Per 
Capita CO2 Emissions (before taking logarithms, 1960=100) 
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The ‘bounds testing’ approach of Pesaran et al. (2001) also known as the Autoregressive 
Distributed Lag (ARDL) approach has been applied in this study to detect the presence of 
any long run equilibrium relationships among trade openness, per capita real income, per 
capita CO2 emission and per capita capital stock for Sri Lanka.  
 

As suggested by Halicioglu (2009) there are some econometric advantages of the ARDL 
method compared to other cointegration methods: (1) it can test cointegration of variables 
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with I(0) or I(1); (2) the endogeneity problem of Engle-Granger (1987) method can be 
avoided; (3) long-run and short-run parameters can be estimated simultaneously; (4) 
according to Narayan (2005) small sample properties of this test are superior to that of 
multivariate conintegratoin procedures. 
 

In order to check the robustness of the estimation method the ARDL method is 
complemented by Johansen and Juselius (1990) maximum likelihood procedure. 
 

ARDL models have been specified with lags of first difference of dependent variable and 
lagged and contemporaneous values of the first difference of independent variables, which 
capture the short-run effects. The lagged levels variables included in the model indirectly 
capture the long-run equilibrium relationship. Accordingly, the following conditional 
autoregressive distributed lag models were specified: 
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where LCt is per capita CO2 emissions, LGDPt is per capita real income, LTRDt is foreign 
trade as a % of GDP, which represents the trade openness, LINVt is per capita capital 
stock, ∆ is the first difference operator, ε is the error term. All variables are in their natural 
logarithms.  
 

The null hypothesis of no cointegration among variables in eq. (4) can be tested as:  
 

0 1 2 3 4: 0LC LC LC LCH β β β β= = = = , against the alternative hypothesis of  

1 1 2 3 4: 0LC LC LC LCH β β β β≠ ≠ ≠ ≠ . 
 

In the same way for the eq. (5 )  0 1 2 3 4: 0LGDP LGDP LGDP LGDPH β β β β= = = =  and 

1 1 2 3 4: 0LGDP LGDP LGDP LGDPH β β β β≠ ≠ ≠ ≠ .  
 

The F test used in this procedure has a non-standard distribution which depends on factors 
such as (a) whether the variables in the ARDL model are I(1) or I(0); (b) the number of 
explanatory variables; (c) the size of the sample; (d) the presence of an intercept and/or 
trend in the model. In this study, Pesaran et al. (2001) critical values have been used. 
 

If the computed test statistic value falls outside the upper or lower bounds critical values, a 
clear conclusion can be made about the long run equilibrium relationship among variables. 
If the computed value is below the lower bound, then H0 is not rejected while if the 
computed value exceeds the upper bound, H0 is rejected. If the computed value falls within 
the two bounds the test becomes inconclusive. 
 
5.    Empirical Results and Analysis  
5.1. Unit Root Tests 
 

The standard Augmented Dickey–Fuller (ADF) test (Dickey and Fuller, 1981) and the 
Phillips–Perron (PP) test (Phillips and Perron, 1988) have been conducted to detect the 
existence of unit roots and to identify the order for each variable. All variables appear to 
contain a unit root in their levels but are stationary in their first differences. This suggests 
that all series are integrated of order one or I(1). Table 2 presents the results of unit root 
tests. 
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Table 1: Statistical Properties of Data 
 
 Real GDP 

(million rupees 
per capita) 

CO2 Emissions 
(metric tons per 
capita) 

Real Gross Fixed Capital 
Formation (millions 
rupees per capita) 

Trade 
(% of 
GDP) 

Mean 52424.0 0.31 10144534 66.0 

Median 47187.4 0.26 10708818 64.0 

Maximum 105127.4 0.61 27454239 88.6 

Minimum 27336.1 0.19 2368795 43.0 

Standard Dev. 22261.0 0.13 6677961 12.5 

Skewness 0.7 1.32 0.565092 -0.2 

Kurtosis 2.4 3.35 2.593351 2.0 

 
Table 2: Results of Unit Root Tests 
 
Variable ADF PP Variable ADF PP 
Level (Constant and Trend) First Difference (Constant and no Trend) 
LCO2 -1.4024 -1.3612 DLCO2 -7.0700* -7.0698* 

LGDP -1.6355 -1.6873 DLGDP -4.8405* -4.8040* 

LTRD -2.3520 -2.5226 DLTRD -6.1091* -6.0947* 

LINV -1.8236 -1.9254 DLINV -6.1031* -6.1370* 
 

Note: * denotes the test statistic significance at the 1% level. 

5.2. Cointegration tests  
 

The cointegration test under the ARDL approach involves the comparison of the computed 
F-statistics value against the critical values presented by Pesaran et al. (2001). The results 
of the bounds test for cointegration are given in Table 3. Based on the AIC model selection 
criteria and a set of diagnostic tests results, which tested for serial correlation, 



The Empirical Economics Letters, 10(10): (October 2011)     980 

heteroscedasticity, normality and model miss-specification, the optimum number of lags 
was found to be 2 in the ARDL models. 
 

The bounds test results reveal that when CO2 emission is the dependent variable, the 
calculated F-statistics are 3.0558 and 2.9638 under a constant without time trend and 
constant with time trend, respectively. Both the values are lower than the lower bounds of 
critical values at 5% significance level, 3.23 and 4.01 respectively. These results suggest 
that the null hypothesis of no cointegration cannot be rejected when CO2 emissions is the 
dependent variable.  
 

When trade as a % of GDP, which represents the trade openness, is the dependent variable, 
the calculated F-statistics are 3.9544 and 5.3144 under constant no trend and constant with 
trend respectively. The calculated F-statistic value of 5.3144 is higher than the upper 
bound critical value of 5.07, thus the null hypothesis of no cointegration can be rejected 
when trade openness is the dependent variable. This suggests that there is a cointegration 
between trade openness and other variables. As the results suggest that all other equations 
except trade openness do not have any cointegration, we could conclude that there is only 
one cointegrating relationship among the above variables.      
 

Table 3: Bounds Tests for Cointegration 
 

F-statistics Without a time trend With a time trend 

FLCO2(LCO2|LGDP,LTRD,LINV) 3.0558 2.9638 

FLGDP(LGDP|LCO2,LTRD,LINV) 1.9054 3.6705 

FLTRD(LTRD|LCO2,LGDP,LINV) 3.9544 5.3144 

FLINV(LINV|LCO2,LGDP,LTRD) 1.0574 3.1727 

F-critical at 5% level*      

Without time trend 3.23 4.35 

With time trend 4.01 5.07 

 
Note: * critical values are based on Pesaran (2000) for k=3 and n=45 at 5% significance level. 
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The findings of the ARDL models can be further verified by conducting the Johansen and 
Juselius (1990) multivariate cointegration procedure. The optimum lag length of the 
underline multivariate Vector Auto Regression (VAR) model was found to be 2 based on 
the AIC criteria. The results of the Johansen and Juselius cointegration procedure are 
presented in Table 4. According to test statistics, trace statistic and maximum eigenvalue 
statistic, null hypothesis of no cointegration, i.e., cointegration rank, r = 0, can be rejected 
at 5% significance level. However, both tests fail to reject the null hypothesis of r ≤ 1, at 5 
% significance level. These results further confirm that there is only one cointegrating 
vector among the above variables. 
 

Table 4: Johansen and Juselius's Maximum Likelihood Cointegration Results 
 
Hypothesized no. 
of cointegrating 
vectors 

Trace 
Statistics 

95% 
Critical 
Value 

p-
value 

Max-
Egen 
Statistics 

95% 
Critical 
Value 

p-value 

None * 68.4955 63.8761 0.0194 36.4883 32.1183 0.0137 

At most 1 32.0072 42.9153 0.3881 14.3589 25.8232 0.6914 

At most 2 17.6484 25.8721 0.3680 10.4813 19.3870 0.5675 

At most 3 7.1671 12.5180 0.3274 7.1671 12.5180 0.3274 
 

Note: * denotes rejection of null hypothesis at 5% significance level. 

According to the bounds tests results presented in Table 3, there appears to exist only one 
cointegrating relationship in the form of LTRD|LCO2, LGDP, LINV. Therefore, short run 
and long run Granger causality tests with Error Correction Modelling (ECM) framework 
were carried out for the equation with LTRD as the dependent variable. For all other 
equations only the short run Granger causality test was implemented. The results of 
Granger causality tests are given in Table 5.   
 
According to Granger causality test results, in the short run, trade openness was found to 
be statistically significant at 10% level in the CO2 emission equation, implying that trade 
openness Granger causes CO2 emissions in the short run. It further reveals that real GDP 
and capital stock are insignificant in the CO2 emissions equation. Trade openness appears 
to be statistically significant at 5% in the real GDP equation, thus suggesting that trade 
openness stimulates growth in the short run. In capital stock equation, real GDP and trade 
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openness were found to be statistically significant at 10% and 5% respectively. In the trade 
openness equation only capital stock appears to be significant at 5% level while real GDP 
and CO2 emissions are statistically insignificant. Overall, short run Granger causality 
results suggest that there is unidirectional causality running from trade openness to CO2 
emissions, trade openness to real GDP and real GDP to capital stock. Furthermore, there 
appears to be a bi-directional Granger causality between trade openness and capital stock. 
 

Table 5: Results of Granger Causality F-tests 
 
Dependent variable DLCO2 DLGDP DLTRD DLINV ECM(t-1) 

DLCO2 - 0.4755 2.2639* 0.6421  

DLGDP 0.7723 - 3.1906** 0.3369  

DLTRD 1.3100 1.0219 - 2.8382** -3.5053*** 

DLINV 0.8141 2.1862* 3.4306** -  

 
Note:  *, ** and *** denote 10%, 5% and 1% significance levels respectively. 

The long run Granger causality results suggest that the lagged error correction term, 
ECM(t-1), is statistically significant at 1% level in the trade openness equation, implying 
that there is unidirectional Granger causality running from real GDP and capital stock to 
trade openness in the long run. 
 
Finally, the estimated error correction model of Equation 6 is selected for stability testing. 
Figure 2 and 3 present the plots of cumulative sum (CUSUM) and cumulative sum of 
squares (CUSUMSQ) statistics respectively. All appear to be within the 95% critical 
bounds, implying that all coefficients in the error correction model are stable over the 
sample period. 
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Figure 2: CUSUM Graph for the Model 
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Figure 3: CUSUM Squares Graph for the Model 
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6.  Conclusions 
 

This study has investigated the long run equilibrium and short run dynamic relationship 
between CO2 emissions and trade openness for Sri Lanka using the ARDL bounds testing 
approach and the Johansen and Juselius cointegration procedure within a multivariate 
setting. This study has incorporated per capita real GDP and per capita real gross fixed 
capital formation as additional variables in the multivariate framework. 
 

The study has found a long run equilibrium relationship among the variables. However, 
the study could not establish any long run causality between trade openness and CO2 
emissions. In contrast, there appears to be a short run uni-directional causality running 
from trade openness to CO2 emissions, implying that increase in trade would boost CO2 
emissions in the short run. The study has also found short run causality running from trade 
openness to real GDP and real GDP to capital stock. Furthermore, there appears to be a bi-
directional Granger causality between trade openness and capital stock. 
 

The results show that Sri Lanka can adopt stringent environmental management policies to 
curb CO2 emissions without sacrificing economic growth in the long run. As there appears 
to be non causality between real GDP and CO2 emissions in the long run, Sri Lanka can 
pursue policies that encourage cleaner technologies that allow for an increase in the 
adoption of more renewable energy and an increase in energy conservation and energy 
efficiency. These findings are in line with Ghosh (2010) for India. 
 

Moreover, it is evident that in contrast to the study by Halicioglu (2009) for Turkey, which 
establishes a long-run relationship between trade and CO2 emissions, trade liberalisation in 
Sri Lanka, which has been happening for the last two decades or so, has not significantly 
contributed to generation of CO2 emissions. This further demonstrates that the main trade 
intensive industries in Sri Lanka, such as Tea, Rubber, Coconut and Garments industries 
are less emission intensive. Hence, Sri Lanka can continue its effort in trade liberalisation 
without contributing to climate change.  
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