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ABSTRACT 

	Rapid globalisation creates growth opportunities, however, its environmental and distributional effects remain particularly uncertain for small developing economies with structural and institutional constraints. While trade is central to development strategies, many existing research examines economic, environmental and social outcomes separately, limiting policy relevance. This study analyses the impacts of trade on Sri Lanka’s economic growth, environmental quality and social equity from 1980 to 2023 using an Autoregressive Distributed Lag framework, providing the first country-level assessment integrating all three dimensions. The results show that trade liberalisation supports economic growth in the short run but does not generate sustained long-run effects due to structural constraints. Trade openness is not a significant driver of carbon emissions rather environmental outcomes are shaped mainly by domestic energy composition and industrial activity. Socially, trade openness is associated with higher income inequality, indicating an uneven distribution of gains across population groups and sectors. The overall findings reveal that trade’s impacts are asymmetric and policy contingent across the three pillars of sustainability. These results challenge growth-first development strategies that treat openness as an end in itself and highlight the need to align trade integration with energy transition policies and inclusive development strategies. This ensures that trade openness contributes to sustainable and equitable development outcomes in line with Sustainable Development Goals (SDGs) 7, 8, 9, 10, 12 and 13.
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The 2030 Agenda for Sustainable Development describes international trade as an engine for inclusive growth that contributes to sustainable development through innovation, job creation and poverty reduction (United Nations, 2024). By expanding market access, improving productivity and enabling technology transfer, trade has the potential to advance economic and social objectives while supporting environmental transition through the diffusion of cleaner technologies. However, these benefits do not occur without deliberate actions. Trade liberalisation can widen income gaps, heighten environmental pressures and expose economies to global shocks (Dupuy & Agarwala, 2014; Sheikh et al., 2020; Ssekibaala et al., 2022; Adão et al., 2022).

Contemporary sustainability research emphasises that economic, environmental and social systems are deeply interconnected and must be addressed through integrated approaches rather than isolated policy interventions (Raworth, 2017; Sachs et al., 2019; Xu et al., 2020). However, much of the empirical work focus on one sustainability dimension, either on the trade-growth, trade-environment or trade-inequality nexus (Le et al., 2016; Pavcnik, 2017; Maheswaranathan & Bhavan, 2022; Okere et al., 2022; Mustafa, 2023) producing fragmented insights that are difficult to translate into coherent sustainability strategies. This disconnect constrains the ability of policymakers to operationalise the SDGs within real-world socio-technical systems, a central concern of sustainability science and policy research.

For developing economies, the trade and sustainability relationship is particularly complex. Trade liberalisation is promoted as a pathway to SDGs 8, 9 and 17 (United Nations , 2015), however, it may conflict with SDGs 10 and 13.The net sustainability outcome depends critically on how trade interacts with domestic energy systems, production structures, labour markets and institutional quality (Antweiler et al., 2001; Ibrahim & Law, 2016).

Sri Lanka provides a compelling case in this regard. The liberalisation reforms of 1977 transitioned the country from a protectionist economy to an export-oriented economy characterised by trade openness, foreign investment and global integration (Athukorala & Rajapatirana, 2000; Weerakoon & Thennakoon, 2006; Athukorala P. C., 2017). While this shift supported moderate growth of about 5 per cent annually between 1980 and 2019, it also exposed the structural vulnerabilities the country possessed. Environmental pressures including deforestation and pollution intensified (Geekiyanage et al., 2015; Secretariat, 2020; Samaranayake, 2023) while inequality across regions increased over the past decades (Naranpanawa et al., 2011; Jayathilaka & De Mel, 2011; Dharmadasa, 2022; Ranawaka & Kotagama, 2023). 

Its climate vulnerability further compounds these challenges, with Sri Lanka ranked among the most climate-exposed countries globally (Eckstein et al., 2021; Adil et al., 2025). Without adaptation measures, climate change could reduce Gross Domestic Product (GDP) by 7.7 per cent by 2050 with economic losses exceeding US dollars (USD) 50 billion (Mani M. et al., 2018).

Theoretical perspectives explain why trade’s sustainability effects are uneven. Classical and neoclassical trade theories (Ricardo, 1817; Heckscher & Ohlin, 1933) predict welfare gains from specialisation, and the Stolper-Samuelson theorem (1941) suggests rising real wages for abundant labour. In developing economies, however, weak institutions, segmented labour markets and slow skill upgrading often prevent these gains from being broadly shared (WTO, 2024). Distributional theories such as the Specific Factors Model (Jones, 1971) and Skill-Biased Technological Change (Katz & Murphy, 1992) further show that trade can increase inequality without compensatory policies.

Environmental theories provide parallel insights. The Pollution Haven Hypothesis predicts relocation of polluting industries to countries with weaker regulation (Copeland & Taylor, 2003). The Environmental Kuznets Curve suggests an inverted-U relationship between income and pollution (Grossman & Krueger, 1995), while the Porter Hypothesis argues that well-designed regulation can promote innovation and reconcile trade with environmental objectives (Porter & Linde, 1995). Together, these frameworks highlight the interdependence of economic, social and environmental outcomes.

Empirical evidence remains mixed. In developing economies, trade tends to stimulate short-run growth but shows weaker long-run effects (Esaku & Wang, 2021; Okere et al., 2022). For Sri Lanka, short-run growth gains coexist with weak or negative long-run impacts (Sultanuzzaman et al., 2018; Wanigasuriya, 2022). Evidence on emissions is similarly divided, reflecting differences in energy composition and industrial structure (Athula, 2011; Maheswaranathan & Bhavan, 2022). Studies on inequality show that trade often raises income disparities, with uneven household and sectoral gains (Naranpanawa et al., 2011; Dharmadasa, 2022) while remittances may reinforce existing divides (Azizi, 2018).

Therefore, this study therefore addresses these gaps by conducting a unified assessment of trade’s effects on economic growth, environmental quality and social equity in Sri Lanka from 1980 to 2023 using an Autoregressive Distributed Lag (ARDL) approach. By distinguishing short-run dynamics from long-run structural relationships and linking results to SDGs 7, 8, 10, 12 and 13, the analysis advances an integrated understanding of how trade can support sustainable development in small developing economies.

By embedding trade analysis within a broader sustainability systems perspective, this research challenges orthodox assumptions that promote that openness alone can deliver sustainable development. It demonstrates that sustainability outcomes depend on how trade is governed, how energy systems evolve and how social policies distribute economic gains. The Sri Lankan case thus serves as an implementation-oriented example of how the SDGs can be operationalised within a real-world socio-economic and environmental systems.

The paper is organised as follows. Section 2 covers the data and the various ARDL models estimated are presented. In Section 3, the results are interpreted, and Section 4 offers the discussion of findings. Finally, Section 5 concludes the paper with policy implications and areas for future research.

2. Materials and Methods

The study adopts a quantitative, post-positivist approach to assess the long-run and short-run impacts of international trade on economic growth, environmental protection and social equity in Sri Lanka using ARDL cointegration approach (Pesaran et al., 2001). Annual time series data is used for Sri Lanka from 1980 to 2023, covering post-1977 trade liberalisation and up to recent years. This captures 44 years, which is sufficient for ARDL estimation with moderate lag lengths. Three separate econometric models are developed, each corresponding to one pillar of sustainability. These are: (1) Economic Growth Model: GDP growth rate as the dependent variable; (2) Environmental Protection Model: CO₂ emissions per capita as the dependent variable; and (3) Social Equity Model: Gini coefficient as the dependent variable.

ARDL is particularly suited to analysing trade-sustainability relationships in Sri Lanka because it is suitable for small samples and allows variables to be I (0) or I (1). It also yields separate short-run dynamics from long-run equilibrium effects, offering a clearer understanding of how trade liberalisation effects in the short and long run. The inclusion of the Error Correction Term (ECT) quantifies the speed of adjustment following shocks, providing valuable insight into system stability and policy responsiveness.

Furthermore, it allows flexible lag structures across variables, reflecting the reality that trade, energy and social indicators adjust at different rates. It produces consistent estimates even in the presence of limited endogeneity, provided residuals are serially uncorrelated (Pesaran et al., 2001; Nkoro & Uko, 2016). Compared with Johansen cointegration or Fully Modified Ordinary Least Squares (FM-OLS), ARDL imposes fewer data constraints and mitigates small-sample bias. The absence of I (2) variables in the dataset (refer Table 2) confirms its suitability. Hence, ARDL offers an efficient and policy-relevant framework to assess how trade openness affects economic growth, environmental outcomes and income distribution, supporting the study’s objective of informing strategies to achieve SDGs through sustainable trade policy.

2.1 Data and Variables
Annual data for Sri Lanka from 1980 to 2023 was compiled with primary sources being the World Bank, World Development Indicators (WDI) and World Inequality Lab. Further details are provided in Table 1. 

[bookmark: _Toc201159367]Table 1. Summary of Variables and Data Sources

	Variable
	Description (units)
	Source

	GDP Growth (GDPG)
	Annual percentage growth rate of real Gross Domestic Product (GDP) (2015 USD base) 
	World Bank, WDI

	Trade Openness (TO)
	Exports of goods and services (EXP)
Imports of goods and services (IMP)
Sum of Exports and Imports (TT)
	World Bank, WDI  

	Carbon per capita (CE)
	Carbon emissions (metric tons) per person 
	Our World in Data 

	Gini index (GINI)
	Income Gini coefficient  
	World Inequality Lab

	Foreign Direct Investment (FDI)
	FDI net inflows (USD)
	World Bank, WDI  

	Inflation (INF)
	Annual percentage growth in inflation rate 
	World Bank, WDI  

	Electricity (ELEC)
	Electricity consumption (kWh per capita)
	World Bank, WDI  

	Personal Remittances (PE)
	Personal remittances, received as a percentage of GDP
	World Bank, WDI  

	Renewable Energy (RE)
	Renewable energy consumption as a % of total energy use
	World Bank, WDI  

	Industry Value Add (IN)
	Industry value added as a percentage of GDP
	World Bank, WDI  

	Gross Capital Formation (CAP)
	Gross fixed capital formation (percentage of GDP)
	World Bank, WDI  

	Unemployment (UNE)
	Unemployment, as a percentage of labour force
	The Central Bank of Sri Lanka


Source: Authors' compilation

The primary explanatory variables, total trade (TT), exports (EXP) and imports (IMP) are analysed separately to examine their distinct effects, consistent with empirical studies that highlight how export- and import-led trade pathways may yield different developmental and environmental outcomes (Belloumi & Alshehry, 2020).

2.2 Model Specification

The study employs the ARDL cointegration approach (Pesaran et al., 2001) separately for each pillar model (economic, environmental and social). It involves three key steps. (1) the stationarity of the variables is assessed using standard unit root tests such as the Augmented Dickey-Fuller (ADF), Phillips-Perron (PP) and the DF-GLS test proposed by Elliott, Rothenberg and Stock. (2) if all variables are found to be integrated at level or first difference, the existence of cointegration is tested using the bounds approach developed by Pesaran et al, (2001). (3) if cointegration is confirmed, the model proceeds to estimate both short-run and long-run coefficients through the Error Correction Model (ECM).

2.2.1 Economic Growth Model

The dependent variable is GDP growth rate (GDPG) in this model. The independent variable is captured by log of total trade (TO). In addition to log of TO, the model using the log of exports (EXP) and the log of imports (IMP) are also separately estimated to examine their distinct effects. Controls are log of inflation (INF), log of FDI, log of electricity consumption (ELEC) and log of Gross Fixed Capital Formation (CAP). These controls are widely used to capture price stability, investment dynamics, energy demand and capital accumulation in ARDL-based growth and sustainability models (Shahbaz et al., 2013; Belloumi & Alshehry, 2020; Pujiati et al., 2023). We expect trade, FDI, electricity and capital to positively affect growth while high inflation may dampen it.
 ............................... (1)
where log denotes the natural logarithm,  represents the time variable covering the years of 1980 to 2023 and  refers to the error term. For robustness, equation (1) is re-estimated by replacing  with  and , respectively.

2.2.2 Environmental Protection Model

Dependent variable is CO₂ Emissions per capita (CE) in this model. The explanatory variable is log of TO. Furthermore, log of EXP and the log of IMP are separately analysed to examine their individual effects. Control variables include log of renewable energy consumption (RE), log of industry value add (IN), GDPG and log of FDI. These controls are widely used in the environmental and sustainability literature to capture the roles of energy transition, industrialisation, macroeconomic conditions and capital inflows (Urszula et al., 2022; Dimian et al., 2025; Chen et al., 2025). Trade’s effect could be positive (scale effect), renewable share should have a negative effect on emissions, industry share and GDP growth may likely increase emissions through energy use, FDI (often in infrastructure or manufacturing) is expected to be positive. 

 ............................... (2)
where log denotes the natural logarithm,  represents the time variable covering the years of 1980 to 2023 and  refers to the error term. For robustness, equation (2) is re-estimated by replacing  with  and , respectively.

2.2.3 Social Equity Model

The dependent variable is the Gini coefficient where higher values indicate greater income inequality. The explanatory variable is the log of TO.  The log of EXP and log of IMP are separately examined for their distinct effects as well. Controls are log of unemployment rate (UNE), log of personal remittances (PE) and GDP growth (GDPG). Remittances and labour market conditions are widely used in analyses of poverty and distributional outcomes (Adams & Page, 2005; Ratha et al., 2023; Ngubane et al., 2023), while GDP growth is commonly included to account for broader macroeconomic conditions (Ngubane et al., 2023). Trade openness might raise the Gini coefficient as per Dharmadasa (2022), unemployment could widen it while remittances would tend to reduce it (Azizi, 2018). GDP growth’s effect on Gini is ambiguous as some Kuznets effect could exist.

 ............................... (3)
where log denotes the natural logarithm,  represents the time variable covering the years of 1980 to 2023 and  refers to the error term. For robustness, equation (3) is re-estimated by replacing  with  and , respectively.

Lag lengths were selected using the Akaike Information Criterion (AIC) or the Schwarz Information Criterion (SIC), depending on the specification that produced the most stable model. Residual diagnostics were conducted to ensure that each estimated equation met standard assumptions. In each case long-run ARDL coefficient estimates are reported and short-run coefficients for differenced variables along with the ECT (speed of adjustment). The estimated regressions represent standard ARDL specifications and the resulting coefficients are broadly consistent with established empirical findings. 

3. Results and Interpretation

Using the ARDL cointegration approach, the study explores the effects of trade, disaggregated into TT, EXP and IMP, on GDPG, CE and GINI. Control variables such as TT, EXP, IMP, INF, REN, ELEC, CAP, IN, PE, UNE and FDI are transformed into natural logarithms (prefixed as L). The main purpose of applying a log transformation is to reduce skewness in data distributions. This improves interpretability and supports the validity of statistical inference by aligning the data more closely with underlying model assumptions.

3.1 Descriptive Statistics

Table 7 (provided in Appendix) reports descriptive statistics for all variables, providing a baseline assessment of their distribution and comparability. It includes measures of central tendency, dispersion and distribution shape. CAP has a mean of 24.04 and a standard deviation of 2.13, with slight left skewness (–0.15). ELEC has a mean of 282.09 and a standard deviation of 93.38, with marginal right skewness (0.21). Exports average USD 5.93 billion with a standard deviation of USD 2.25 billion and skewness of 0.20. FDI has a mean of 1.27 and a standard deviation of 0.56. GDPG averages 5.13 with a standard deviation of 1.94. Gini has a mean of 0.57, a standard deviation of 0.03 and skewness of –0.14.

Table 8 (provided in Appendix) presents pairwise correlations. Exports are positively correlated with electricity consumption and total trade is negatively correlated with unemployment. Imports show a very strong positive correlation with total trade, reflecting their mechanical linkage.

3.2 Stationarity and Bounds Testing

Timeseries data often contain unit roots that can lead to spurious regressions if not addressed. Therefore, stationarity was assessed using 3 unit root tests for the findings to be robust. These were Augmented Dickey-Fuller (ADF), Dickey-Fuller (DF) GLS and Phillips-Perron (PP) tests (refer Table 2). Results indicate that variables are integrated in the order of I (0) or I (1) and none are I (2). This justifies the use of the ARDL bounds testing approach proposed by Pesaran, Shin and Smith (2001), which is valid when regressors are a mix of I (0) and I (1).

The presence of long-run relationships among variables was examined through the F-statistic for bounds testing (refer Table 3). In all models, calculated F-statistics exceed the upper critical bounds at conventional significance levels, confirming cointegration between trade and the respective sustainability indicators.


[bookmark: _Toc201159368]Table 2. Results of the Unit Root Tests

	Variable 
	ADF
	DF (GLS)
	PP
	Order of Integration

	
	Level
	First Difference
	Level
	First Difference
	Level
	First Difference
	

	LELEC
	-2.73
	-5.05***
	-3.72**
	-4.95***
	-3.290*
	-10.37***
	1(1) or 1(0)

	LFDI
	-0.80
	-4.61***
	-4.48***
	-5.91***
	-3.83**
	-9.46***
	1(1) or 1(0)

	LEXP
	-3.30*
	-5.84***
	-2.02
	-5.4***
	-1.61
	-5.86**
	1(1) or 1(0)

	LIMP
	-1.38
	-5.85***
	-1.79
	-5.88***
	-1.40
	-5.84***
	1(1)

	LTT
	-2.62
	-5.65***
	-1.84
	-5.43***
	-1.35
	-5.65***
	1(1)

	GDPG
	-1.11
	-11.96***
	-1.15
	-11.73***
	-3.81***
	-13.29***
	1(1) or 1(0)

	LINF
	-4.76***
	-9.66***
	-3.46***
	-8.59***
	-4.76***
	-11.20***
	1(1) or 1(0)

	LCAP
	-2.76*
	-4.34***
	-1.82*
	-3.93***
	-2.48
	-6.86***
	1(1)

	LRE
	-2.48
	-5.83***
	-2.56
	-6.00**
	-2.53
	-5.99***
	1(1)

	LIN
	-2.65
	-5.22***
	-2.08
	-4.15***
	-2.81
	-3.82**
	1(1)

	LPE
	-3.294*
	-7.40***
	-2.66
	-4.54***
	-3.43*
	-7.99***
	1(1) or 1(0)

	LUNE
	-1.0033
	-4.89***
	-1.38
	-3.55**
	-1.13
	-4.88***
	1(1)


Source: Authors’ compilation
Note: The asterisks ***, **, and * denote significance at the 1%, 5% and 10% level, respectively. 

[bookmark: _Toc201159370]Table 3. Results of ARDL bounds test models

	Model
	Sub Model
	Max Lag
	ARDL Lag Order
	F-Statistic
	k
	Case 2: Restricted Constant and No Trend

	
	
	
	
	
	
	Level of Significance
	1(0)
	1(1)

	Economic Growth
	Model Total Trade
	2
	1,0,0,2,0,1
	10.641
	5
	10%
	2.08
	3

	
	Model Export
	2
	1,0,1,2,1,1
	8.816
	5
	5%
	2.39
	3.38

	
	Model Import
	2
	1,0,0,2,0,1
	8.224
	5
	1%
	3.06
	4.15

	Environment Protection
	Model Total Trade
	2
	2,02,0,0,0
	8.679
	5
	10%
	2.08
	3

	
	Model Export
	2
	2,0,2,0,0,0
	8.491
	5
	5%
	2.39
	3.38

	
	Model Import
	2
	2,0,2,0,0,0
	8.858
	5
	1%
	3.06
	4.15

	Social Equity
	Model Total Trade
	2
	1,2,2,1,1
	6.207
	4
	10%
	2.2
	3.09

	
	Model Export
	2
	1,2,2,1,1
	5.801
	4
	5%
	2.56
	3.49

	
	Model Import
	2
	1,2,2,1,1
	5.481
	4
	1%
	3.29
	4.37


Source: Authors’ compilation

[bookmark: _Toc197101165]3.3 Model Diagnostic and Stability Tests

Model reliability was evaluated through a series of diagnostic checks for serial correlation, heteroskedasticity and normality of residuals. The Breusch-Godfrey LM test, Breusch-Pagan-Godfrey test and Jarque-Bera test all returned statistically insignificant results, confirming well-specified models (refer Table 4). The stability of the models is checked using the Cumulative Sum of Recursive Residuals (CUSUM) and the Cumulative Sum of the Square of Recursive Residuals (CUSUMSQ) tests. The results are shown in Figure 2 (included in the appendix). The coefficients of the nine models appear to be stable as the blue line typically falls between both red lines. Therefore, the estimated models can be considered stable.

[bookmark: _Toc201159369]Table 4. Results of Diagnostic Tests 

	
	
	Economic Growth
	Environment Protection
	Social Equity

	
	
	Model Total Trade
	Model Export
	Model Import
	Model Total Trade
	Model Export
	Model Import
	Model Total Trade
	Model Export
	Model Import

	Normality test 
	Jarque-Bera stat. (p-value) 


	1.17 (0.56)
	1.44 (0.49)
	0.89 (0.64)
	0.90 (0.64)
	1.00 (0.60)
	0.84 (0.66)
	2.00 (0.37)
	0.72 (0.70)
	2.52 (0.28)

	Breusch-Godfrey Serial Correlation LM Test 
	F-stat. (p-value) 
	0.36 (0.70)
	0.03 (0.98)
	0.39 (0.68)
	0.11 (0.99)
	0.01 (0.996)
	0.013 (0.97)
	0.42 (0.67)
	1.75 (0.20)
	0.22 (0.80)

	Breusch-Pagan-Godfrey Heteroskedasticity Test 
	F-stat. (p-value) 
	1.51 (0.22)
	0.94 (0.53)
	1.40 (0.26)
	0.77 (0.64)
	0.64 (0.75)
	0.84 (0.59)
	0.37 (0.95)
	0.43 (0.93)
	0.36 (0.96)


Source: Authors’ compilation

3.5 Short Run and Long Run Findings

3.5.1 Economic Growth Model

The short-run results indicate a positive and statistically significant relationship between trade openness and economic growth. Total trade records a coefficient of +12.66 (P = .001), while exports and imports show coefficients of +10.33 (P = .01) and +9.01 (P = .02), respectively (refer table 5). Electricity consumption, inflation and foreign direct investment are not statistically significant in any of the short-run specifications. Capital formation is significant only in the export model, with a coefficient of +10.53 (P = .05). The error correction term is negative and statistically significant across all models, ranging from −1.09 to −1.10 (P = .000), indicating rapid adjustment to long-run equilibrium (refer table 5).

In the long run, trade openness does not exhibit a statistically significant relationship with economic growth. The coefficients for total trade, exports and imports are −1.88 (P = .41), −1.91 (P = .34) and −1.82 (P = .53), respectively (refer table 6). All control variables, including electricity consumption, capital formation, inflation and foreign direct investment, remain statistically insignificant in the long-run specifications.

3.5.2 Environmental Protection Model

In the short run, trade openness does not have a statistically significant effect on CO₂ emissions. The estimated coefficients for total trade, exports and imports are −0.26 (P = .53), −0.00 (P = .84) and −0.03 (P = .40), respectively (refer table 5). Renewable energy consumption exhibits a statistically significant negative relationship with emissions across all models, with coefficients ranging from −0.87 to −0.92 (P = .00). Industrial value-added, GDP growth and foreign direct investment are not statistically significant in the short run. The error correction term is negative and significant in all specifications with values between −0.66 and −0.67 (refer table 5).

In the long run, trade openness remains statistically insignificant across all measures, with coefficients of −0.04 (P = .54) for total trade, −0.01 (P = .84) for exports and −0.05 (P = .41) for imports (refer table 6). Renewable energy consumption continues to display a strong negative association with CO₂ emissions with coefficients between −1.30 and −1.40 (P = .000). Industrial value-added is positive and statistically significant, with coefficients ranging from +1.10 to +1.26, while GDP growth and foreign direct investment remain statistically insignificant.

3.5.3 Social Equity Model

In the short run, trade openness is associated with higher income inequality. Total trade and exports record statistically significant positive coefficients of +0.06 (P = .012) and +0.07 (P = .01), respectively, while imports show a smaller and marginally significant effect of +0.04 (P = .09). Personal remittances are positively and significantly associated with inequality, with coefficients ranging from +0.06 to +0.07 for total trade and export models (refer table 5). Unemployment exhibits a statistically significant negative relationship with inequality, with coefficients between −0.07 and −0.08. GDP growth is negative and statistically significant across all short-run models. The error correction term is negative and statistically significant, ranging from −0.54 to −0.60 (P = .000) (refer table 5).

In the long run, trade openness variables are generally not statistically significant, except for imports, which display a negative and marginally significant coefficient of −0.05 (P = .05) (refer table 6). Personal remittances remain positive and highly significant, with coefficients ranging from +0.19 to +0.28. Unemployment is not statistically significant in the long run, while GDP growth remains statistically significant across specifications.






[bookmark: _Toc201159371]Table 5. Short-term Elasticities and Error Correction Term Estimates

	Economic Growth (GDPG)
	Environment Protection (CE)
	Social Equity (GINI)

	Variable
	Model Total Trade
	Model Export
	Model Import
	Variable
	Model Total Trade
	Model Export
	Model Import
	Variable
	Model Total Trade
	Model Export
	Model Import

	Coefficients (p-value)
	Coefficients (p-value)
	Coefficients (p-value)

	LELEC
	4.52 (0.20)
	5.20 (0.12)
	4.30 (0.33)
	LREN
	-0.90 (0.00)
	-0.87 (0.00)
	-0.92 (0.00)
	LPE
	0.06 (0.02)
	0.07 (0.01)
	0.04 (0.11)

	LCAP
	4.31 (0.19)
	10.53 (0.05)
	4.50 (0.24)
	LIN
	0.20 (0.48)
	0.19 (0.50)
	0.21 (0.46)
	LUNE
	-0.07 (0.02)
	-0.08 (0.01)
	-0.07 (0.02)

	LINF
	-0.59 (0.22)
	-0.79 (0.16)
	-0.15 (0.78)
	GDPG
	0.00 (0.41)
	0.00 (0.50)
	0.00 (0.36)
	GDPG
	-0.00 (0.00)
	-0.00 (0.00)
	-0.00 (0.00)

	LFDI
	0.19 (0.76)
	0.30 (0.67)
	0.13 (0.85)
	LFDI
	-0.02 (0.18)
	-0.02 (0.81)
	-0.02 (0.17)
	
	 
	 
	 

	LTT
	12.66 (0.00)
	-
	-
	LTT
	-0.26 (0.53)
	-
	-
	LTT
	0.06 (0.01)
	-
	-

	LEXP
	-
	10.33 (0.00)
	-
	LEXP
	-
	-0.00 (0.84)
	-
	LEXP
	-
	0.07 (0.00)
	-

	LIMP
	-
	-
	9.01 (0.02)
	LIMP
	-
	-
	-0.03 (0.40)
	LIMP
	-
	-
	0.04 (0.09)

	ECT (-1)
	-1.10 (0.00)
	-1.09 (0.00)
	-1.10 (0.0)
	ECT (-1)
	-0.67 (0.0)
	-0.67 (0.00)
	-0.66 (0.00)
	ECT (-1)
	-0.58 (0.00)
	-0.54 (0.00)
	-0.60 (0.00)

	R-squared
	0.73
	0.73
	0.66
	R-squared
	0.99
	0.99
	0.76
	R-squared
	0.90
	0.90
	0.89

	Adjusted R-squared
	0.59
	0.54
	0.49
	Adjusted R-squared
	0.98
	0.98
	0.73
	Adjusted R-squared
	0.85
	0.85
	0.84


[bookmark: _Toc201159372]Source: Authors’ compilation

Table 6. Long-term Elasticity Estimates

	Economic Growth (GDPG)
	Environment Protection (CE)
	Social Equity (GINI)

	Variable
	Model Total Trade
	Model Export
	Model Import
	Variable
	Model Total Trade
	Model Export
	Model Import
	Variable
	Model Total Trade
	Model Export
	Model Import

	Coefficients (p-value)
	Coefficients (p-value)
	Coefficients (p-value)

	LELEC
	4.13 (0.21)
	4.79 (0.13)
	3.91 (0.34)
	LREN
	-1.37 (0.00)
	-1.30 (0.00)
	-1.40 (0.00)
	LPE
	0.24 (0.00)
	0.28 (0.00)
	0.19 (0.00)

	LCAP
	3.94 (0.17)
	4.63 (0.17)
	4.08 (0.22)
	LIN
	1.21 (0.01)
	1.1 (0.02)
	1.26 (0.01)
	LUNE
	-0.02 (0.56)
	0.01 (0.71)
	-0.05 (0.17)

	LINF
	1.03 (0.19)
	0.89 (0.28)
	1.434 (0.12)
	GDPG
	0.00 (0.43)
	0.00 (0.51)
	0.00 (0.39)
	GDPG
	0.01 (0.00)
	-0.01 (0.00)
	-0.01 (0.00)

	LFDI
	0.17 (0.76)
	-0.46 (0.59)
	0.12 (0.85)
	LFDI
	-0.03 (0.19)
	-0.03 (0.19)
	-0.03 (0.19)
	
	 
	 
	 

	LTT
	-1.88 (0.41)
	-
	-
	LTT
	-0.04 (0.54)
	-
	-
	LTT
	-0.03 (0.19)
	-
	-

	LEXP
	-
	-1.91 (0.34)
	-
	LEXP
	-
	-0.01 (0.84)
	-
	LEXP
	-
	-0.01 (0.66)
	-

	LIMP
	-
	-
	-1.82 (0.53)
	LIMP
	-
	-
	-0.05 (0.41)
	LIMP
	-
	-
	-0.05 (0.05)


Source: Authors’ compilation


4. DISCUSSIONS OF FINDINGS

4.1 Economic Growth: Short-Run Stimulus, Long-Run Stagnation

The empirical findings indicate that trade openness delivers a strong and statistically significant boost to economic growth in the short run. This outcome is consistent with classical and neoclassical trade theories, which emphasise efficiency gains, expanded market access and improved allocation of resources as immediate benefits of liberalization (Ricardo, 1817; Heckscher & Ohlin, 1933). In Sri Lanka, these short-run growth effects likely reflect export expansion, increased availability of imported intermediate inputs and higher utilisation of existing productive capacity following greater integration into global markets.

However, the disappearance of trade effects in the long run reveals a critical limitation of trade-led growth in the absence of deeper structural change. Despite repeated episodes of liberalisation, Sri Lanka has been unable to convert short-term trade gains into sustained productivity growth. This pattern aligns with other empirical evidence where trade-induced growth tends to plateau without diversification, technological upgrading and institutional strengthening (Rahman, 2009; Sultanuzzaman et al., 2018; Belloumi & Alshehry, 2020). The negative long-run coefficients suggest that openness alone does not alter the economy’s underlying growth trajectory.

A key explanatory factor lies in Sri Lanka’s export structure, which remains concentrated in labour-intensive and low-technology activities. While such sectors are effective in generating employment and foreign exchange in the short term, they offer limited scope for hands-on learning, innovation and value addition. As a result, trade expansion reinforces existing production patterns rather than driving transformation toward higher-productivity activities. This structural rigidity constrains the long-run growth dividends of openness.

The rapid speed of adjustment indicated by the ECM suggests that Sri Lanka’s economy responds quickly to trade-related shocks but repeatedly converges back to a low-growth equilibrium. This dynamic highlight that the constraint is not macroeconomic responsiveness but the absence of structural upgrading. Without targeted investments in skills, innovation and productive capacity, trade-led expansion remains cyclical rather than transformative.

Therefore, this study empirically demonstrates that trade openness can generate short-run growth without long-run transformation in a small developing economy. By distinguishing between short-run expansion and long-run stagnation within a unified sustainability framework, the analysis challenges growth-first interpretations of trade liberalisation and highlights the necessity of embedding trade policy within broader strategies of structural transformation. This is directly relevant for achieving SDG 8 (Decent Work and Economic Growth) and SDG 9 (Industry, Innovation and Infrastructure).

4.2 Environment: Neutral Trade Effects and Energy Composition Matters

The environmental findings show that trade openness does not exert a statistically significant impact on CO₂ emissions in either the short or long run once domestic energy composition and industrial activity are considered. This result contributes to the long-standing theoretical debate in the trade-environment literature, which emphasises that openness can influence emissions through competing scale, composition and technique effects (Antweiler et al., 2001). In Sri Lanka’s case, the absence of a statistically significant trade coefficient suggests that these effects may offset each other or that trade is not the dominant driver of emissions dynamics once domestic structural factors are accounted for.

This finding also challenges simplified interpretations of the Pollution Haven Hypothesis, which predicts that openness shifts pollution-intensive production toward developing countries with weaker environmental regulation (Copeland & Taylor, 2004). The results indicate that Sri Lanka’s emissions trajectory is more strongly shaped by domestic socio-technical conditions, consistent with empirical work showing that institutional quality, energy composition and industrial structure facilitate environmental outcomes in developing economies (Ibrahim & Law, 2016).

Renewable energy consumption emerges as the key determinant reducing emissions in both the short and long run. This aligns with evidence that expanding renewables lowers carbon intensity and supports decarbonisation pathways in Asian economies (Le et al., 2020; Nawaz et al., 2025). The consistency of the renewable energy effect reinforces the interpretation that environmental sustainability is driven primarily by energy transition rather than trade. From a theoretical perspective, this also aligns with Porter’s Hypothesis, which argues that environmental innovation and cleaner technologies can improve environmental outcomes without necessarily undermining competitiveness (Porter & Linde, 1995).

At the same time, the positive long-run association between industrial value-added and emissions reflects Sri Lanka’s stage of industrialisation, consistent with the early phase of the Environmental Kuznets Curve where emissions rise with industrial expansion before cleaner technologies and stronger standards eventually reduce pollution (Grossman & Krueger, 1995). The simultaneous negative relationship between renewable energy and emissions indicates that decarbonisation is feasible alongside industrial activity but depends on accelerating the shift toward cleaner energy systems. This includes improving industrial energy efficiency rather than constraining trade.

This study empirically disentangles trade effects from energy-system and industrial-structure effects within an integrated sustainability framework. By showing that trade openness is environmentally neutral while renewable energy and industrial activity are decisive, the analysis reframes the trade-environment question in operational terms. The progress toward SDG 7 (Affordable and Clean Energy), SDG 12 (Responsible Consumption and Production) and SDG 13 (Climate Action) depends on aligning trade integration with domestic energy transition and cleaner production strategies, not just relying on openness alone to deliver environmental outcomes.

4.3 Social Equity: Unequal Distribution of Trade Gains

The empirical results indicate that trade openness is associated with rising income inequality in the short run, particularly through total trade and export expansion. This finding is consistent with a large body of literature showing that the gains from trade in developing economies are often unevenly distributed across population groups, sectors and regions (Jaumotte et al., 2013; Dunuwila et al., 2023). Rather than generating broad-based income gains, trade liberalisation appears to initially favour groups and locations that are already better positioned to participate in export-oriented activities (Naranpanawa et al., 2011).

In the Sri Lankan context, export-oriented production is predominantly skill-intensive and spatially concentrated in the Western Province particularly within major export processing zones such as Katunayake and Biyagama. These zones are closely integrated into global value chains in garments and services, sectors that demand relatively higher skills and capital compared to agriculture or informal activities. As a result, the short-run gains from trade accrue disproportionately to skilled workers, capital owners and urban households, while rural and agricultural regions experience limited spillovers. This spatial and sectoral concentration amplifies pre-existing income disparities.

This trend contrasts with the Stolper-Samuelson theorem, which predicts that labour-abundant economies should experience declining inequality as trade raises real wages for unskilled labour (Stolper & Samuelson, 1941). The divergence observed in Sri Lanka suggests that key assumptions underlying Stolper-Samuelson such as perfect labour mobility, competitive factor markets and costless sectoral adjustment, do not hold in practice. Labour mobility across regions and sectors remains constrained by skills mismatches, information gaps and structural rigidities, limiting the equalising effects of trade.

The results are more consistent with the Specific-Factors Model, which allows for factor immobility in the short run and predicts that trade gains accrue disproportionately to owners of sector-specific capital and skilled labour employed in export-oriented sectors (Jones, 1971). In developing economies with uneven access to capital and skills, this mechanism implies that trade liberalisation can initially widen income disparities rather than reduce them.

Remittance inflows further reinforce these distributional dynamics. The positive and persistent association between remittances and income inequality suggests structural segmentation in access to overseas employment opportunities. As shown by Azizi (2018) households with greater initial financial resources are better able to finance migration and secure higher-paying employment abroad, allowing them to capture a larger share of remittance income. As a result, remittances act as a structural channel through which globalisation deepens income disparities rather than mitigating them.

These findings demonstrate that the social outcomes of trade are shaped not only by trade flows but also by labour-market institutions, education systems and access to mobility. The contribution of this study lies in showing that trade-induced inequality is not a temporary adjustment cost but a structural feature in the absence of inclusive policies. Achieving SDG 10 (Reduced Inequalities) therefore requires complementary interventions in skills development, regional integration and social protection to ensure that the gains from trade-led growth are more equitably distributed.


4.4 Interlinkages among Sustainability Pillars

The three models collectively show that trade affects sustainability pillars in interconnected but divergent ways. Trade openness stimulates short-run growth but increases inequality while its environmental impact remains neutral. Without complementary green and inclusive policies, gains in one pillar, risks undermining others.

A narrow growth-first approach cannot secure sustainability. A more balanced strategy that integrates environmental and social safeguards into trade policy is essential. This multidimensional alignment embodies the Triple Bottom Line approach (Elkington, 1997; Purvis, 2018), which calls for simultaneous progress in economic prosperity, social inclusion and environmental responsibility.

5. CONCLUSION AND POLICY RECOMMENDATIONS

The results show that trade liberalisation raises growth only in the short run and has no significant long-run effect, challenging growth-first strategies that treat openness as sufficient for development. Trade openness does not directly affect CO₂ emissions where outcomes are shaped by domestic energy use and industrial activity. Renewable energy reduces emissions while industrial expansion increases them. Socially, trade openness particularly through exports widens income inequality in the short run, indicating uneven distribution of gains, reinforced through personal remittances. GDP growth plays an equalising role with marginal effect. Hence, the findings show that trade’s impacts are asymmetric and policy contingent. It can, however, be a powerful enabler of the SDGs but only when paired with broader economic, environmental and social policies. Through a coordinated approach, trade openness can shift from a source of imbalance to a mechanism that advances multiple SDGs at once.

5.1 Policy Recommendations

5.1.1 Reorient trade strategy toward structural transformation

Short-run growth gains from trade openness can only translate into long-term sustainability if Sri Lanka builds productive capacity and moves up the value chain. Trade policy should prioritise sectors with technology spillovers such as renewable manufacturing, green logistics and digital services. Export incentives must reward diversification, innovation and resource efficiency rather than volume alone. Establishing linkages between export industries and local suppliers can strengthen backward integration and broaden participation in global value chains. This structural focus directly advances SDG 8 and SDG 9 by promoting resilient, technology-driven growth.

5.1.2 Integrate environmental standards into trade agreements

Although trade openness did not increase emissions, future growth in manufacturing and infrastructure could heighten environmental stress without regulatory foresight. Incorporating environmental clauses and sustainability benchmarks into trade and investment agreements would mitigate this risk. Bilateral and regional trade deals such as with the European Union, ASEAN or India, can include incentives for green certification, low-carbon production and technology transfer. Aligning trade policy with environmental regulation ensures progress toward SDG 12 and SDG 13 while improving market access in environmentally conscious export destinations.




5.1.3 Accelerate the renewable energy transition

The strong negative elasticity of renewable energy consumption with CO₂ emissions highlights its centrality to decarbonisation. Public investment and concessional financing should prioritise renewable infrastructure, grid integration and supporting technology. Trade policy can support this by reducing tariffs on renewable energy inputs, attracting clean technology FDI and facilitating knowledge partnerships. Such measures advance SDG 7 and SDG 17 by embedding sustainability into Sri Lanka’s global economic engagement.

5.1.4 Promote inclusive trade benefits through labour and social policy

To mitigate trade-induced inequality, policy must enhance labour mobility and human capital. Expanding technical and vocational education aligned with export sector demand would enable more equitable access to trade-driven employment. Fiscal reforms should ensure that gains from trade are redistributed through progressive taxation and targeted welfare transfers. Regional development programmes can bridge the urban-rural divide by linking rural economies to export hubs. These measures support SDG 4 (Quality Education) and SDG 10 by ensuring that openness strengthens social cohesion rather than fragmentation.

5.1.5 Strengthen macroeconomic and institutional resilience

The insignificance of long-run trade effects on growth points to structural vulnerabilities such as volatile capital flows, inflationary pressures and external shocks. Strengthening macroeconomic management and institutional quality will therefore be vital. Transparent trade facilitation, stable investment rules and efficient customs procedures can enhance confidence and attract sustainable FDI. Integrating trade policy into a coherent national development strategy will ensure consistency across fiscal, industrial and environmental objectives. This cross-sectoral coherence contributes to SDG 16 (Peace, Justice and Strong Institutions) and highlights the implementation of all other goals.


Sri Lanka’s four decades of trade liberalisation show both its promise and pitfalls of openness. Trade has proven to be a powerful catalyst for short-term expansion, however, its sustainability depends on how the country leverages on it. The evidence shows that economic, environmental and social outcomes can coexist positively if guided by coherent policy (refer Figure 1). With deliberate alignment between trade, energy and social strategies, Sri Lanka can convert trade into a genuine pathway for achieving the 2030 Sustainable Development Agenda.
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Fig. 1. Policy Framework for Achieving SDGs with Trade as an Enabler
Source: Authors’ Compilation
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Table 7. Results of Descriptive Statistics
	 
	CAP
	CE
	ELEC
	EXP
	FDI
	GDPG
	GINI
	IMP
	INDV
	INFLA
	PE
	RE
	TT
	UNE

	Mean
	        24.04 
	          0.46 
	      282.09 
	      5,930,000,000.00 
	          1.27 
	          5.13 
	          0.57 
	      7,650,000,000.00
	        27.73 
	        10.99 
	          6.78 
	        66.18 
	    13,600,000,000.00 
	          9.84 

	Median
	        24.13 
	          0.50 
	      276.81 
	      5,750,000,000.00 
	          1.16 
	          5.55 
	          0.57 
	      6,810,000,000.00 
	        27.34 
	          9.80 
	          6.93 
	        63.85 
	    12,500,000,000.00 
	          8.85 

	Maximum
	        28.04 
	          0.63 
	      420.05 
	    10,100,000,000.00 
	          2.85 
	          7.67 
	          0.60 
	    15,700,000,000.00 
	        30.64 
	        22.57 
	          8.10 
	        78.10 
	    25,800,000,000.00 
	        15.90 

	Minimum
	        20.04 
	          0.22 
	      152.52 
	      2,420,000,000.00 
	          0.43 
	         (1.55)
	          0.53 
	      3,060,000,000.00 
	        25.85 
	          3.47 
	          4.91 
	        60.10 
	      5,480,000,000.00 
	          5.40 

	Std. Dev.
	          2.13 
	          0.14 
	        93.38 
	      2,250,000,000.00 
	          0.56 
	          1.94 
	          0.03 
	      3,310,000,000.00 
	          1.54 
	          5.04 
	          0.98 
	          5.95 
	      5,530,000,000.00 
	          3.25 

	Skewness
	         (0.15)
	         (0.32)
	          0.21 
	                           0.20 
	          1.00 
	         (2.03)
	         (0.14)
	                           0.79 
	          0.51 
	          0.84 
	         (0.40)
	          0.97 
	                           0.54 
	          0.44 

	Kurtosis
	          2.62 
	          1.55 
	          1.68 
	                           2.15 
	          4.41 
	          8.13 
	          1.46 
	                           3.01 
	          1.95 
	          3.21 
	          2.04 
	          2.50 
	                           2.56 
	          1.95 

	Jarque-Bera
	          0.20 
	          2.11 
	          1.60 
	                           0.74 
	          5.00 
	        35.63 
	          2.04 
	                           2.07 
	          1.79 
	          2.37 
	          1.31 
	          3.37 
	                           1.11 
	          1.57 

	Probability
	          0.91 
	          0.35 
	          0.45 
	                           0.69 
	          0.08 
	              -   
	          0.36 
	                           0.36 
	          0.41 
	          0.31 
	          0.52 
	          0.19 
	                           0.57 
	          0.46 

	Sum
	      480.87 
	          9.19 
	   5,641.74 
	  119,000,000,000.00 
	        25.30 
	      102.61 
	        11.33 
	  153,000,000,000.00 
	      554.58 
	      219.81 
	      135.49 
	   1,323.50 
	  272,000,000,000.00 
	 196.700  


Source: Authors’ compilation

[bookmark: _Toc201159374]Table 8. Results of Matrix of Correlation
	
	CAP
	CE
	ELEC
	EXP
	FDI
	GDPG
	GINI
	IMP
	INDV
	INFLA
	PE
	RE
	TT
	UNE

	CAP
	1.000
	-0.124
	0.024
	0.088
	0.196
	0.277
	0.207
	0.148
	-0.052
	-0.179
	-0.119
	0.001
	0.125
	-0.080

	CE
	-0.124
	1.000
	0.945
	0.911
	0.225
	-0.069
	0.865
	0.832
	0.862
	-0.200
	0.961
	-0.918
	0.688
	-0.965

	ELEC
	0.024
	0.945
	1.000
	0.977
	0.254
	0.104
	0.746
	0.944
	0.954
	-0.073
	0.907
	-0.839
	0.962
	-0.939

	EXP
	0.088
	0.911
	0.977
	1.000
	0.343
	0.120
	0.705
	0.974
	0.920
	-0.023
	0.859
	-0.850
	0.928
	-0.953

	FDI
	0.196
	0.225
	0.254
	0.343
	1.000
	0.334
	0.211
	0.350
	0.234
	0.070
	0.219
	-0.285
	0.349
	-0.291

	GDPG
	0.277
	-0.069
	0.104
	0.120
	0.334
	1.000
	-0.109
	0.183
	0.271
	0.044
	0.068
	0.064
	0.157
	0.060

	GINI
	0.207
	0.865
	0.746
	0.705
	0.211
	-0.109
	1.000
	0.604
	0.888
	-0.082
	0.847
	-0.876
	0.651
	-0.810

	IMP
	0.148
	0.832
	0.944
	0.974
	0.350
	0.183
	0.604
	1.000
	0.887
	0.100
	0.757
	-0.756
	0.997
	-0.864

	IN
	-0.052
	0.862
	0.954
	0.920
	0.234
	0.271
	0.888
	0.887
	1.000
	-0.055
	0.832
	-0.762
	0.905
	-0.841

	INF
	-0.179
	-0.200
	-0.073
	-0.023
	0.070
	0.044
	-0.082
	0.100
	-0.055
	1.000
	-0.268
	0.211
	0.050
	0.166

	PR
	-0.119
	0.961
	0.907
	0.859
	0.219
	0.068
	0.847
	0.757
	0.832
	-0.268
	1.000
	-0.888
	0.800
	-0.901

	RE
	0.001
	-0.918
	-0.839
	-0.850
	-0.285
	0.064
	-0.876
	-0.756
	-0.762
	0.211
	-0.888
	1.000
	-0.798
	0.926

	TT
	0.125
	0.688
	0.962
	0.928
	0.349
	0.157
	0.651
	0.997
	0.905
	0.050
	0.800
	-0.798
	1.000
	-0.923

	UNE
	-0.080
	-0.965
	-0.939
	-0.953
	-0.291
	0.060
	-0.810
	-0.864
	-0.841
	0.166
	-0.901
	0.926
	-0.923
	1.000


Source: Authors’ compilation
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Fig. 2. Results of Cumulative Sum of Recursive Residuals (CUSUM) and CUSUM of Squares
Source: Authors’ compilation
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POLICY FRAMEWORK FOR ACHIEVING SDGs WITH TRADE AS AN ENABLER
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