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Introduction

Container shipping plays an essential role in international trade, facilitating the
efficient, secure, and standardized cargo movements between countries.
Container throughput, typically measured in Twenty-Foot Equivalent Units
(TEU), is the volume of cargo transported in containers through ports, including
inward, outward movements, re-stowing, and transshipments. It is an important
indicator to measure port efficiency and competitiveness (World Bank, 2025).

Previous studies show that container throughput is closely associated with
macroeconomic conditions. GDP and GDP per capita are positively correlated
with container demand, as economic growth stimulates both production and
consumption (Matczak, 2020; Rashid, 2021). Inflation rate, exchange rate, and
GDP have significant relationships with throughput, with GDP being an
especially strong predictor (Iwu, 2021). While population growth contributes to
containerized trade by increasing consumption and production (Rashid, 2021),
foreign trade also has a very strong correlation with container turnover (Matczak,
2020).

As an island economy, Sri Lanka depends heavily on its seaports for international
trade (Weerakoon & Perera, 2014). As such, this study specifically focuses on
understanding the impact of domestic macroeconomic variables on direct
container throughput. In this study, for clarity, container throughput refers to
direct inward and outward container movements in Sri Lanka. Transshipment
volumes, which involve containers handled in Sri Lanka that are destined for or
arriving from other countries, are excluded from the analysis, as they are
primarily influenced by external regional factors rather than Sri Lanka’s
macroeconomic indicators. The general objective of the study is to investigate

this dynamic relationship between container throughput and macroeconomic
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variables, while the specific objectives include identifying which
macroeconomic variables significantly influence container throughput, analysing
the long-run effects of these variables, and assessing their short-run impacts.

Methodology

This study employs a time series analysis using the Autoregressive Distributed
Lag (ARDL) model to examine the relationship between macroeconomic
indicators and container throughput in Sri Lanka. This research is based on
annual time series data from 1994 to 2023. The data were gathered from the
Central Bank of Sri Lanka and the World Bank. All real-valued macroeconomic
indicators and inward/outward container movements were log-transformed to
make the data more normal, stabilize the variance, and improve the accuracy of
the model. Before model estimation, the stationarity of each variable was tested
using the Augmented Dickey-Fuller (ADF) unit root test. The results indicated
that some variables were stationary at level form (I(0)), while others became
stationary after first differencing (I(1)), satisfying the precondition for the ARDL
model.

In this study, inward and outward container throughput in Sri Lanka is modelled
as the dependent variable using the ARDL (2,2) framework. The ARDL model
includes two lagged values of container throughput and two lagged values of each
of the explanatory variables: exchange rate (LKR/USD), GDP per capita growth,
inflation, population growth, and trade balance. The trade balance is measured as
the trade deficit, with positive values indicating a deficit. The augmented ARDL
(», ql, q2, q3, g4, ¢5) model can be specified as follows:

ININWARD_OUTWARD_THROUGHPUT, = f, +
YP_ Bi; ININWARD_OUTWARD_THROUGHPUT,_; +

Y& Byln EXCHANGE_RATE,_; +
Y% Bs; GDP_PER_CAPITA_GROWTH,_; + %2 B,; INFLATION,_; +
Y9 Bs;POPULATION_GROWTH + %72, Bs; In TRADE_BALANCE,_; + &,

(1)

The ARDL Bounds Test was conducted to test for the existence of a long-run
equilibrium relationship among the variables. Once cointegration was
established, the Error Correction Model (ECM) was estimated to quantify short-
run adjustments. To ensure model validity, diagnostic tests were carried out. The
Breusch-Godfrey LM Test was used to detect autocorrelation in the residuals of
a regression model. The Breusch-Pagan-Godfrey Test was used to check
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heteroskedasticity, where residual variance depends on predictors. The Jarque-
Bera Test was used to check if residuals follow a normal distribution. CUSUM
test and CUSUMSAQ test were used to check the stability of the model over time.
A VIF test was conducted to detect multicollinearity.

Results and Discussion

Table 1. ADF Test Results

Level 1st Difference

Variable Intercept Trend & Intercept Trend &

Intercept Intercept
Inward/Outward 0.0830 09598  0.0002%*  0.0001%**
Throughput
GDP per Capita Growth 0.8043 0.9226 0.0000**  0.0214*
Inflation 0.0032*%*  0.0158* 0.0000**  0.0000%**
Population Growth 0.0211* 0.0082**  0.0000**  0.0000%**
Exchange Rate 0.9892 0.9297 0.0002**  0.0008**
Trade Balance 0.5801 0.9584 0.0003**  0.001%**

Source: Author generated
Note: P values are represented in table. * denotes statistical significance at 5% level and **
denotes statistical significance at 1% level.

The ADF unit root test results included in Table 1 shows that the null hypothesis
of the time series having a unit root was rejected for some variables. The
combination of I(0) and I(1) variables justifies the application of the ARDL
model approach.

The F statistic of the bound test of 6.0037 exceeds the upper bound critical value
at the 1% significance level. This result provides strong statistical evidence to
reject the null hypothesis of no level relationship among the variables.

To assess the multicollinearity among the explanatory variables, the Variance
Inflation Factor (VIF) was calculated. All VIF values were below the accepted
threshold 5, indicating that multicollinearity is within acceptable limits.
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Table 2. Cointegration results

Dependent Variable: INWARD OUTWARD THROUGHPUT

Variable coef t-Stat  p-values

C 6.41 6.56 0.00
Exchange rate 0.86 6.60 0.00
GDP per capita growth 0.06 3.22 0.01
Inflation -0.02 -2.89 0.01
Population growth 0.16 3.16 0.01
Trade balance 0.14 2.22 0.04

Source: Author generated

As shown in Table 2, the cointegration test results show the long-run estimation
of the ARDL model which provides valuable insights to understand how
macroeconomic variables influence container throughput in Sri Lanka over time.
The results show that the exchange rate, GDP per capita growth, inflation, and
population growth are statistically significant at the 1% level. The trade balance
is significant at the 5% level. The positive and statistically significant coefficient
on foreign exchange implies that a unit increase in the exchange rate is associated
with a 0.86 unit increase in container throughput in the long run. The depreciation
of the Sri Lankan Rupee tends to make exports more competitive because Sri
Lankan goods become cheaper for foreign buyers. This encourages more exports,
boosting outbound container volumes. A one unit increase in GDP per capita
growth corresponds to a 0.06 unit increase in container throughput. It indicates
that rising income levels stimulate trade and container activity. The results show
that one unit increase in inflation leads to a 0.02 decrease in throughput. A
possible explanation is that an increase in prices leads to a loss of purchasing
power, so when inflation rises, the cost of trade and shipping increases, reducing
container volumes. A one-unit increase in population growth leads to a 0.16
increase in container throughput. A growing population typically causes higher
consumption and demand for goods, which leads to higher imports, and it may
also increase the labour force, companies, and businesses, which can lead to
higher exports, affecting container throughput. The trade balance variable has
been interpreted in the context of Sri Lanka’s continuous trade deficit. It shows
that a one-unit increase in the trade deficit causes a 0.14-unit increase in the
container throughput. Since most imported goods, including consumer goods and
raw materials, are transported in containers, higher imports increase
containerized cargo traffic.
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Table 3 shows the Error Correction Model results, which represent the short-run
relationships between container throughput and macroeconomic variables. The
error correction term is significant and negative. The value implies that
approximately 56.95% of disequilibrium from the previous period is corrected in
the current period, indicating a relatively fast speed of adjustment towards the
long-run equilibrium. The current GDP per capita growth and current population
growth have significant positive effects on container throughput. Lagged
inflation is positively significant, suggesting that past periods of high inflation
may lead to increased container throughput in the short term. This may occur
because past domestic inflation levels encourage people to import more goods to
avoid higher future costs, as they expect prices to continue rising. However,
according to the cointegration results in Table 2, inflation has a negative and
significant long-run impact on container throughput. It can be because rising
domestic prices cause higher production and operational costs which discourage
exports, making domestically produced goods less competitive in the
international market. On the other hand, high inflation usually weakens the
currency, discouraging imports of goods. Hence, the first lag in the trade balance
is highly significant and negative, indicating that a higher trade deficit in the
previous period is associated with a reduction in container throughput in the
current period, possibly due to adjustments in imports and exports or constraints
on foreign exchange. Moreover, current inflation, current trade balance and
exchange rate are not significant, indicating that their movements do not have an
immediate impact on container throughput.

Table 3. Error Correction Model Results
Dependent Variable: INWARD OUTWARD THROUGHPUT

Variable coef t-Stat p-values
D(Exchange rate) -0.0751 -0.63 0.54
D(GDP per capita growth) 0.0172 4.96 0.00
D(Inflation) -0.0008 -0.65 0.53
D(Inflation(-1)) 0.0043 3.06 0.01
D(Population growth) 0.0581 5.55 0.00
D(Trade balance) 0.0312 0.85 0.41
D(Trade balance(-1)) -0.1543 -5.23 0.00
CointEq(-1) -0.5695 -7.75 0.00

Source: Author generated
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To check the ARDL model validity, diagnostic tests were conducted. The Jarque
Bera test was conducted to identify whether the residuals of the model are
normally distributed. Since p value (0.918) is greater than 0.05, the null
hypothesis of normally distributed residuals cannot be rejected. It indicates that
residuals are approximately normally distributed, satisfying one of the key
assumptions of regression analysis. Serial correlation was tested using Breusch
Godfrey test. The p value of F-statistic is higher than 0.05, while the p value of
nR? is less than 0.05. Since this study involves a small sample size, the F statistic
is considered more reliable. Therefore, it can be concluded that there is no strong
evidence of serial correlation among residuals. The Breusch Pagan Godfrey test
was conducted to examine the presence of heteroskedasticity. The p values of
both the F-statistic and nR? are higher than 0.05 so the null hypothesis of
homoskedasticity cannot be rejected.

Fig. 1. CUSUM test results Fig. 2. CUSUM of squares test results
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Both CUSUM (Figure 1) and CUSUM of Squares (Figure 2) tests were
conducted to test the stability of the ARDL model. The CUSUM test results
confirm that the cumulative sum of recursive residuals remains within 5%
significance boundaries while the test statistic approaches the upper bound once.
The CUSUM of squares test provides stronger evidence of stability at 5%
significance level.

Conclusion

This study has analysed the impact of macroeconomic variables on container
throughput in Sri Lanka using time series annual data from 1994 to 2023. The
Autoregressive Distributed Lag (ARDL) model is employed. Using Augmented
Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests, all variables were
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tested for stationarity. The ARDL Bounds Test confirms the existence of a long-
run relationship among the selected macroeconomic variables and container
throughput. Long-run estimation results indicate that GDP per capita growth,
exchange rate, inflation, and population growth are statistically significant at the
1% level, while trade balance is significant at the 5% level. Exchange rate,
population growth, GDP per capita, and the trade balance have positive impacts,
while inflation shows a negative effect on container throughput. The Error
Correction Model (ECM) results indicate that in the short run, GDP per capita
growth, population growth, and lagged inflation show positive and significant
effects on container throughput, while the lagged trade balance is significantly
negative. The error correction term indicates that approximately 57% of
disequilibrium from the previous period is corrected in the current period. The
model's validity is supported by diagnostic tests, including normality, serial
correlation, heteroskedasticity, stability, and multicollinearity. Findings suggest
that domestic macroeconomic performance plays a significant role in
containerized trade in Sri Lanka.

These findings have important policy implications, suggesting that economic
growth strategies, population-driven infrastructure planning, and price stability
measures can enhance trade efficiency and port performance. The study has
several limitations. Direct container movements were estimated by subtracting
transshipment volumes from total traffic. In addition, the data was reported in
thousands rather than exact container counts. Future research could extend this
analysis by examining the impact of South Asian macroeconomic indicators on
container transshipment volumes using panel data, providing deeper insights into
Sri Lanka’s role as a regional transshipment hub.
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