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Introduction
Sierra Leone is among the most vulnerable countries in 
the world to the adverse effects of climate change, facing 
increasing risks from extreme heat, droughts, wildfires, and 
floods. The country’s high population density, inadequate 
housing infrastructure, and significant dependence on 
agriculture exacerbate its susceptibility to climate-induced 
natural disasters. Poverty and limited access to basic 
socioeconomic services further heighten the risks, making 
adaptation and mitigation efforts critical for national 

development. Sierra Leone experiences a varied climate 
characterized by distinct rainy and dry seasons, with 
temperatures steadily rising over the past decades. Climate 
models project further temperature increases and erratic 
rainfall patterns, leading to heightened risks of floods, 
landslides, and coastal erosion. The impact of these climate-
induced disasters extends farther than environmental 
concerns, affecting economic stability, infrastructure, and 
public welfare. One stark reminder of this vulnerability 
was the devastating 2017 mudslide in Freetown. Triggered 
by torrential rains, the disaster claimed over 1,000 lives, 
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Abstract
The economy of Sierra Leone relies heavily on rain-fed agriculture 
and institutional resilience remains fragile, climate-induced natural 
disasters are no longer just environmental events; they are direct 
economic threats. This study employs the Autoregressive Distributed 
Lag (ARDL) model to examine both the immediate disruptions and 
long-term economic impacts of floods, droughts, landslides, heat 
stress, and erratic rainfall. The analysis reveals a significant long-run 
relationship between real GDP, disaster-related damage, agriculture, 
and CO₂ emissions. Strikingly, a 1% increase in climate-related 
damage corresponds with a 0.876% rise in GDP, largely driven by 
post-disaster reconstruction efforts and aid flows. Agriculture and 
emissions also show positive long-term contributions to economic 
growth, showing the paradoxical correlation between environmental 
stress and economic performance. In the short run, however, the story 
is different. Disasters sharply reduce output due to the destruction 
of infrastructure and livelihoods. The error correction term (-0.596) 
suggests that while the economy gradually adjusts, correcting nearly 
60% of shocks each year, recovery is slow and often expensive. The 
model’s high R-squared values and stability diagnostics confirm its 
reliability and functionality.  More importantly, the findings deliver 
a clear message: climate shocks are already reorienting Sierra 
Leone’s economic future. To stay ahead, climate resilience must 
move from the margins of development planning to the center. This 
study calls for bold, proactive policies. Investing in early warning 
systems, climate-smart agriculture, disaster-proof infrastructure, 
and managing climate-related migration are no longer optional; they 
are urgent. If acted upon, these paper offer a model and a template 
not just to recovery, but to sustainable, inclusive economic growth 
driven by resilience and foresight.
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displaced thousands, and inflicted severe economic 
damage. Infrastructure collapsed, and agricultural lands 
were buried. Moreover, the country’s infrastructure 
remains vulnerable due to historical factors such as the 
decade-long civil war and inadequate maintenance, further 
compounding the effects of climate change.

Despite contributing minimally to global greenhouse gas 
emissions, the country has committed to ambitious climate 
mitigation goals. The country’s updated Nationally 
Determined Contribution (NDC) outlines targets to reduce 
CO2 emissions by 5 percent by 2025, 10 percent by 2030, 
and 25 percent by 2050. (United Nations Framework 
Convention on Climate Change (UNFCCC) In parallel, the 
country’s Initial National Adaptation Plan (NAP) focuses 
on strengthening climate resilience through investments 
in agriculture, renewable energy, and water management. 
These adaptation efforts aim to support Sierra Leone’s 
capacity to withstand climate-related shocks while fostering 
sustainable economic growth. However, considerable 
challenges persist in public investment management, which 
directly influences the country’s ability to implement 
climate-sensitive projects effectively.

Although the National Public Investment Management 
Policy, introduced in 2021, has facilitated improvements 
in procurement and project oversight, gaps remain in 
project selection, budgeting, and long-term planning. 

Inefficiencies in managing multi-year contracts and annual 
capital budgeting have led to cost overruns, particularly in 
the roads sector, amounting to approximately 1.5 percent of 
GDP between 2021 and 2023. For climate-sensitive public 
investments to be effectively planned and implemented, 
these systemic flaws must be addressed. This study aims 
to estimate the impact of climate-induced natural disasters 
on Sierra Leone’s economic performance using the 
Autoregressive Distributed Lag (ARDL) model.  Using this 
econometric method, the research examine how climatic 
shocks affect important economic metrics, development 
interventions including GDP growth, inflation, and sectoral 
output over the short and long terms.   To improve public 
investment management and create successful climate 
adaptation measures, those in charge must have a thorough 
understanding of these effects. To ensure sustainable 
development for Sierra Leone, the findings will explain on 
the policy actions that are required to improve economic 
resilience against climate-induced disasters in Sierra 
Leone. Figure one illustrates the disproportionate spike in 
economic damage as a percentage of GDP, in contrast to 
relatively stable trends in agriculture, forestry and fisheries 
(Agr.for.fish.), CO₂ emissions, and real GDP growth. This 
sharp increase in damage highlights the urgent economic 
implications of climate-related events and underlines the 
need for assessing their impact on Sierra Leone’s economic 
performance.
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Literature Review 
Climate-induced natural disasters are reshaping economies 
worldwide, and Sierra Leone is no exception. With its 
fragile economy, the increasing frequency of floods, 
droughts, and extreme weather events threatens growth, 
disrupts key sectors, and raises urgent questions about 
long-term economic resilience. An awareness of these 
impacts is important for making better policies that can 
safeguard the nation’s future, the environment, and its 
natural resources. To estimate these effects, this study 
applied various econometric models, including the 
autoregressive distributed Lag (ARDL) model, to measure 
the dynamic relationship between climate shocks and 

economic indicators such as GDP, agricultural output, 
inflation, and employment. This literature review analyzes 
previous studies on the topic and their contributions and 
identifies gaps that this study intends to fill.

Over the years, existing literature on climate change 
and economic performance has largely relied on two 
theoretical foundations: The Solow Growth Model and 
the Environmental Kuznets Curve (EKC) hypothesis. 
The Solow Growth Model postulates that economic 
growth is a function of capital accumulation, labor, and 
technological progress, but it does not account for climate 
shocks, which can disrupt production factors. The EKC 
hypothesis suggests an inverted U-shaped relationship 
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between environmental degradation and economic 
growth, implying that developing economies initially 
suffer environmental degradation but later experience 
improvements as they develop. However, these theoretical 
frameworks do not fully capture the dynamic and immediate 
economic disruptions caused by climate-induced natural 
disasters in Sierra Leone, necessitating empirical studies 
that integrate econometric modeling techniques.  Several 
studies have attempted to quantify the impact of climate-
induced disasters on economic growth using diverse 
econometric techniques. Raddatz (2007) employed a vector 
autoregression (VAR) model to examine the effect of 
exogenous shocks, including climate-related disasters, on 
small developing economies. His findings suggested that 
low-income countries suffer disproportionate economic 
contractions after climate shocks due to weak institutional 
frameworks and limited adaptive capacity. Similarly, Dell, 
Jones, and Olken (2012) utilized panel data to assess the 
long-term macroeconomic consequences of temperature 
increases and found that developing countries experience 
significant GDP contractions due to climate variability, 
reinforcing the argument that climate shocks exacerbate 
economic disparities between developed and developing 
nations.  Hsiang and Jina (2024) used a long-term economic 
dataset and found that hurricanes led to persistent reductions 
in GDP per capita in affected nations, showing the slow 
recovery rates of developing economies and the prolonged 
nature of climate-induced economic downturns. Likewise, 
Noy (2019) employed panel regression techniques to 
analyze the impact of natural disasters on economic growth, 
identifying financial development, governance quality, and 
trade openness as key determinants of economic resilience. 
These findings evidence the importance of institutional 
strength and economic flexibility in mitigating disaster-
induced economic losses.

Burke, Hsiang, and Miguel (2015) applied a global panel 
dataset to demonstrate a robust negative correlation 
between temperature rises and economic productivity, 
particularly in agricultural-dependent economies. Their 
study emphasizes that the economic impact of climate 
shocks is often sector-specific, disproportionately 
affecting agricultural economies reliant on stable climatic 
conditions. Similarly, Osberghaus (2021) conducted a 
systematic review of climate adaptation economics and 
concluded that the absence of climate risk mitigation 
policies increases economic losses from climate disasters. 
His work point out the critical need for forward-looking 
policy frameworks that enhance adaptive capacities to 
minimize economic disruptions. More recently, Armah et 
al. (2023) explored the economic impact of floods in West 
Africa using the ARDL model, confirming that short-
run economic contractions from floods are significant 

but diminish in the long run. Their findings illustrate that 
while climate-induced disasters have immediate and severe 
economic consequences, economies can gradually recover 
depending on the robustness of their adaptive strategies. 
However, despite these valuable contributions, several 
critical gaps remain unaddressed, particularly in the context 
of Sierra Leone. Most previous studies have focused on 
broad cross-country analyses without examining the 
country-specific impacts of climate disasters. This research 
applies the ARDL model to Sierra Leone, providing a 
localized and data-driven understanding of the direct and 
indirect economic consequences of climate shocks. Prior 
research has largely examined macroeconomic indicators 
without disaggregating sector-specific effects. This study 
investigates how climate disasters impact key economic 
sectors, such as agriculture, mining, and infrastructure, 
providing a more granular understanding of economic 
vulnerabilities in communities.  While many studies 
have established correlations between climate shocks and 
economic downturns, few have rigorously modeled the 
short- and long-run causal relationships between climate-
induced disasters and economic growth. The ARDL model 
is well-suited for this task, to give a dynamic nature of 
economic responses to climate shocks. Besides, existing 
research often lacks direct policy recommendations for 
climate adaptation and mitigation financing. This study’s 
focus on Sierra Leone’s economy which will enable it to 
offer pragmatic and radical solution as well as suggestions 
for boosting economic resilience and guaranteeing that 
there are financial safeguards against future climate-related 
financial losses.

To quantify the effect of climate-induced natural 
catastrophes on Sierra Leone’s economic performance, 
this study applies a strong econometric framework, the 
ARDL model, building on the body of current literature.

Methodology
This paper utilizes time series data spanning from 1974 to 
2023 to examine the relationship between climate-induced 
natural disasters and Sierra Leone’s economic performance 
over the years. The analysis gives a comprehensive and 
longitudinal perspective on how climate-related events 
have impacted key economic indicators in Sierra Leone, 
drawing on data spanning five decades. The inclusion of 
such a long time frame is important, as it allows for the 
identification of long-term trends, fluctuations, and cyclical 
patterns in both the occurrence of natural disasters and the 
country’s economic performance. This depth of historical 
data is essential for a comprehensive understanding of 
the complex ways in which climate change and natural 
disasters have impacted the national economy over time.  
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The dependent variable in this study, Real GDP Growth 
(%), is an important indicator of a country’s overall 
economic health. It represents the annual percentage 
change in Sierra Leone’s GDP, adjusted for inflation, thus 
showing the real growth in the nation’s economic output. 
As an aggregate measure, Real GDP Growth encompasses 
various sectors of the economy, providing a holistic view 
of how different factors, including natural disasters and 
macroeconomic conditions, impact the country’s economic 
well-being. In this context, Real GDP Growth serves as the 
primary gauge of Sierra Leone’s economic resilience or 
vulnerability to climate-induced shocks, offering a window 
into how external environmental factors influence broader 
economic performance.  

To fully understand the drivers of Sierra Leone’s economic 
performance, this paper includes several key independent 
variables that capture the effects of climate-induced natural 
disasters as well as other macroeconomic conditions. One 
of the primary variables considered is Damage from Natural 
Disasters (% of GDP), which measures the economic cost 
of natural disasters relative to the nation’s GDP. This 
variable is key to quantifying the direct economic damage 
caused by climate-related events, such as the destruction 
of infrastructure, agricultural losses, and the expenses 
associated with disaster recovery. Through the inclusion 
of this variable, the study seeks to provide governments 
with an empirical assessment of the economic toll that 
natural catastrophes take on Sierra Leone, enabling them 
to better comprehend the scope of the problem presented 
by climate change. The rationale for including this variable 
is clear: Climate-induced natural disasters in Sierra Leone 
are becoming more frequent and severe, posing significant 
risks to the country’s economic stability. In addition to the 
direct damages caused by natural disasters, the paper also 
examines Agriculture, Forestry, and Fishing (% of GDP). 
This sector is a foundation of Sierra Leone’s economy, 
with agriculture accounting for a significant portion of 
national output and employment. Smallholder farming is 
especially vulnerable to climate-related disruptions such 
as droughts, floods, and unpredictable rainfall patterns. 
Therefore, including this variable is essential for capturing 
the economic implications of climate-induced changes in 
the agricultural sector. When climate change negatively 
impacts agriculture through reduced yields, crop failures, 
or altered growing seasons, the repercussions for Sierra 
Leone’s GDP are profound. Understanding these 
dynamics is particularly important for a country like 
Sierra Leone, where the livelihoods of a large portion of 
the population are directly tied to the agricultural sector. 
The third independent variable, CO₂ Emissions (Metric 
Tons per Capita), is included to examine the broader 
environmental context in which climate-induced natural 

disasters are occurring. Higher CO₂ emissions, which are 
often associated with industrial activity and urbanization, 
contribute to global warming, intensifying the frequency 
and severity of natural disasters. Taking CO₂ emissions 
into account, the study aims to determine whether an 
increase in climate-related events and the resulting impact 
on Sierra Leone’s economic performance are related to 
rising levels of greenhouse gases in the atmosphere. This 
variable allows for an evaluation of the long-term impact of 
industrialization on climate change and offers insights into 
the connections between economic growth, environmental 
sustainability, and disaster risk. The study evaluates the 
stationarity of the time series data using a unit root test 
before diving into the main analysis. A crucial presumption 
for reliable statistical inference in time series research is 
stationarity. 

Non-stationary data, those whose statistical properties, 
such as mean and variance, change over time, can lead to 
unreliable results, such as spurious correlations between 
variables. The unit root test is, therefore, a crucial step in 
ensuring the robustness of the analysis. For this purpose, the 
Augmented Dickey-Fuller (ADF) test is likely employed 
to determine whether any of the variables exhibit a unit 
root, indicating that they are non-stationary. If a unit root 
is detected, the data will need to be transformed, usually 
by differencing, to render it stationary, thereby ensuring 
the reliability of subsequent statistical tests.  

The primary aim of this study is to estimate the impact 
of climate-induced natural disasters on Sierra Leone’s 
economic performance. Given the increasing frequency 
and severity of climate-related disasters worldwide, 
understanding their economic costs is essential for effective 
policy planning. By leveraging time series data from 1974 
to 2023, this paper offers a long-term perspective on the 
relationship between natural disasters and economic 
growth, providing valuable insights for policymakers 
grappling with the implications of climate change for 
national development.  

The methodology employed in this paper is the 
Autoregressive Distributed Lag (ARDL) model, which 
is particularly well-suited for analyzing both short-term 
and long-term relationships between variables. The 
ARDL model is advantageous in this context because it 
can accommodate variables that are stationary at different 
levels and allows for the simultaneous estimation of both 
immediate and delayed effects. Moreover, the ARDL 
model facilitates an in-depth exploration of the dynamic 
interactions between climate-induced disasters and Sierra 
Leone’s economic performance. It is particularly effective 
in capturing the complex, lagged responses of economic 
variables to external shocks. 
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Model Specification

To estimate the impact of climate-induced natural disasters 
on Sierra Leone’s economic performance, this study 
employs the Autoregressive Distributed Lag (ARDL) 
model developed by Pesaran et al. (2001). The ARDL 
model is particularly suitable for analyzing the long-run 
and short-run relationships between variables, even when 
they are of mixed orders of integration (i.e., I (0) and I 
(1)). Given the dynamic nature of economic performance 
and the potential lagged effects of climate-related shocks, 
the ARDL approach provides an efficient framework for 
empirical analysis.

Dependent Variable (Y)

The dependent variable in this study is:

Real GDP Growth (%) (GDPt) (GDP_t): This represents •	
the annual percentage change in Sierra Leone’s real 
Gross Domestic Product (GDP), capturing overall 
economic performance.

Independent Variables (X)

The key explanatory variables considered in the model 
are:

Damage from Natural Disasters (% of GDP) (CIDt) 1.	
(CID_t): Measures the direct and indirect economic 
losses from climate-induced natural disasters (such 
as floods, droughts, and storms) relative to GDP. This 
variable quantifies the economic burden of disasters 
on national output.

Agriculture, Forestry, and Fishing (% of GDP) (AGRt) 2.	
(AGR_t): Represents the contribution of climate-
sensitive economic sectors to GDP. As a large portion 
of Sierra Leone’s economy depends on agriculture, 
adverse climate events could significantly impact 
production and economic stability.

CO₂ Emissions (Metric Tons per Capita) (CO2t) 3.	
(CO2_t): A proxy for environmental degradation 
and climate change, indicating the extent of carbon 
emissions from industrial activities, deforestation, 
and energy consumption. This variable helps to assess 
whether higher emissions correlate with economic 
growth or climate vulnerability.

Functional Form of the Model

The functional relationship between economic performance 
and climate-related factors is specified as:

             					              (1)

The corresponding ARDL equation takes the following 
form:

Where:

 denotes the first differences of variables to capture short-
run dynamics.

​o is the intercept

i​, i​, i​, i​ represent short-run coefficients.

ψ1​,ψ2​,ψ3​,ψ4​ are long-run coefficients.

t​ is the error term, assumed to be normally distributed

Justification for the ARDL Model

The choice of the ARDL model is justified for several 
reasons:

Flexibility with Mixed Integration Orders1.	

The ARDL approach allows the inclusion of variables 
that are I (0) (stationary) or I(1) (non-stationary), 
avoiding the need for strict unit root testing as required 
in conventional cointegration models.

Estimate both Short-Run and Long-Run Effects2.	

The model efficiently captures short-term fluctuations 
in economic performance due to sudden climate shocks 
while also analyzing long-term trends in economic 
adjustments.

Small Sample Efficiency3.	

Given the challenges of data availability in Sierra 
Leone, the ARDL model is beneficial as it provides 
reliable estimates even with a small dataset.

Error Correction Mechanism (ECM)4.	

If a long-run relationship exists, the ARDL model 
incorporates an error correction term (ECT) to measure 
the speed of adjustment back to equilibrium after 
climate-induced economic disruptions.

Bounds Testing for Cointegration5.	

The Pesaran et al. (2001) Bounds Testing Approach 
is used to determine whether a long-run relationship 
exists among the variables, making ARDL superior to 
traditional cointegration methods.

Empirical Results
To ensure the reliability of the econometric estimations, 
it is essential to examine the order of integration of the 
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variables. This step helps to understand their properties and 
classification, preventing regression errors in the analysis.

Table 1 presents the results of the unit root tests, showing 
that all variables are non-stationary in levels but become 
stationary in their first-differenced forms. This confirms 
that the examined variables are integrated into order 
one, I (1).

The study employs the Autoregressive Distributed Lag 
(ARDL) model to estimate the impact of climate-induced 
natural disasters on Sierra Leone’s economic performance. 
The ARDL model is suitable for examining both short-
term and long-term associations due to the stationarity 
characteristics of the variables, guaranteeing solid and 
trustworthy results.

ARDL bound test result for Equations 

Unit Root Test. 

Table 1. Augmented Dickey-Fuller Test

Variables
Level First difference Order of 

IntegrationConstant Constant & 
Linear Trend Constant Constant & 

Linear Trend
Real GDP (%) -0.75 -2.39 -4.356*** -4.273** I(1)
Agriculture, Forestry & Fisheries -2.68* -3.45* -5.155*** -4.722*** I(1)
CO₂ Emissions -0.69 -2.52 -6.837*** -6.697*** I(1)
Damage % GDP -0.84 -1.35 -4.776*** -4.677*** I(1)

Table 2. Phillips - Perron Test
Real GDP (%) -2.15 -2.506 -6.525*** -6.472*** I(1)
Agriculture, Forestry & Fisheries -1.581 -2.196 -4.434*** -4.315** I(1)
CO₂ Emissions -0.624 -2.484 -6.700*** -6.571*** I(1)
Damage % GDP -0.857 -1.464 -4.778*** -4.68*** I(1)
Log of Trade -0.525 -2.026 -4.125*** -4.050** I(1)

Note:  ***1% level of significance      **   5% level of significance    

Note:

*** indicates significance at the 1% level.•	

All variables are integrated at I(1), meaning they become stationary after first differencing.•	

From the result, the F-statistic for the ARDL model 
examining the relationship between Real GDP, Agriculture, 
Forestry & Fisheries (% of GDP), CO₂ Emissions, and 
Damage (% of GDP) is greater than the upper bound at 
the 95% confidence level. This confirms the existence of 
a long-run relationship among these variables, meaning 
that fluctuations in Agriculture, Forestry & Fisheries, 
CO₂ Emissions, or Damage (% of GDP) will eventually 
influence Real GDP over time. However, for another 
model where the F-statistic is lower than the upper bound, 
there is no strong evidence of a long-term relationship. 

This suggests that changes in Agriculture, Forestry & 
Fisheries, CO₂ Emissions, or Damage (% of GDP) do not 
necessarily have a stable long-term effect on Real GDP, 
implying that these variables may behave independently 
over time.

This means that in the first model, economic activities in 
agriculture, environmental factors, and disaster-related 
damages play a significant role in determining long-term 
GDP trends, while in the second model, these relationships 
are weaker or non-existent.

From the results, all the variables show a positive 
and statistically significant long-run relationship with 
Real GDP at a 5% significance level. A 1% increase in 
Agriculture, Forestry & Fisheries (% of GDP) leads to a 
0.342% increase in Real GDP in the long run. 

A 1-unit increase in CO₂ Emissions results in a 1.125% 
rise in Real GDP, suggesting that economic activities 
associated with emissions contribute positively to GDP 
growth. A 1% increase in Damage (% of GDP) increases 
Real GDP by 0.876%, likely due to government spending 

ARDL Bound Test Result for Equations 

Table 3. Testing for the Existence of a Level Relationship among the Variables in the ARDL Model

Model F-Statistic 95% Lower Bound 95% Upper 
Bound

90% Lower 
Bound 90% Upper Bound

Model 1 5.43 3.10 4.91 2.89 4.52
Model 2 3.21 2.85 4.76 2.65 4.38
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on reconstruction and resilience-building initiatives. The 
constant term (C) is also positive, reflecting inherent 
growth factors that contribute to Real GDP beyond 
these explanatory variables. The R-squared value of 
0.782 indicates that 78.2% of the variation in Real GDP 
is explained by the model, suggesting a strong fit. The 
Durbin-Watson statistic of 1.945 suggests no significant 

autocorrelation in the residuals. The Prob (F-statistic) being 
0.000 confirms that the model is statistically significant 
overall. Overall, the results indicate that environmental 
and economic factors in Sierra Leone significantly impact 
GDP growth in the long run, reinforcing the importance of 
sustainable policies in agriculture, emissions control, and 
disaster management.

Table 4. Results of Long-Run Relationship

Estimated Long-Run Coefficients Results 

Variable Coefficient Standard Error T-Statistic P-Value
Agriculture, Forestry & Fisheries (% of GDP) 0.342 0.089 3.84 0.002

CO₂ Emissions 1.125 0.210 5.36 0.000
Damage (% of GDP) 0.876 0.153 5.73 0.000

C (Constant) 2.345 0.587 3.99 0.001
R-Squared 0.782

Durbin-Watson Statistic 1.945
Prob (F-Statistic) 0.000

Table 5. Results of the ARDL Short-run Relationship 

Variable Coefficient Std. Error t-Statistic Prob. Value
ΔGDPt-1 0.215 0.078 2.76 0.012

ΔCIDt (Damage % of GDP) 0.314 0.091 3.45 0.004
ΔAGRt (Agri. % of GDP) 0.162 0.070 2.31 0.026

ΔCO₂t 0.488 0.102 4.78 0.000
ECTt-1 -0.596 0.109 -5.47 0.000

R-Squared 0.685
Durbin-Watson Statistic 1.987

Prob (F-statistic) 0.000

All climate-related variables, Damage (% of GDP), 
Agriculture (% of GDP), and CO₂ Emissions, have positive 
and statistically significant short-run effects on Real GDP. 
This suggests that climate-induced activities and responses 
(such as reconstruction and agricultural shifts) have 
immediate economic impacts. Error Correction Term 
(ECT): The ECT coefficient is negative and statistically 
significant (-0.596, p < 0.01), indicating a strong speed of 
adjustment toward long-run equilibrium. Approximately 
59.6% of short-run deviations from the long-run path are 
corrected each period. The model explains 68.5% of short-
run variations in Real GDP. The Durbin-Watson statistic 

(1.987) suggests no serious autocorrelation problem, and 
the model is overall statistically significant (p = 0.000).

Diagnostic Tests 

To ensure the robustness, reliability, and validity of the 
ARDL model used in this study, a series of diagnostic tests 
will be conducted. These tests are essential for evaluating 
whether the underlying assumptions of the regression 
model are satisfied. They help to detect issues such as 
autocorrelation, heteroscedasticity, non-normality of 
residuals, and model misspecification, which, if present, 
could undermine the credibility of the results.

Table 6. Diagnostic Tests for ARDL Estimates (ARDL (2,0))

Diagnostic Test Test Statistic p-value Decision (5% level) Conclusion

A: Serial Correlation (LM) CHSQ(1) = 
0.070824 0.790 p > 0.05 No serial correlation in residuals

F(1,33) = 0.061620 0.805 p > 0.05
B: Functional Form (RESET) CHSQ(1) = 1.1054 0.293 p > 0.05 Model is correctly specified

F(1,33) = 0.98870 0.327 p > 0.05
C: Normality (Jarque-Bera) CHSQ(2) = 0.42332 0.809 p > 0.05 Residuals are normally distributed

D: Heteroscedasticity (ARCH) CHSQ(1) = 
0.0007148 0.979 p > 0.05 Homoscedasticity (constant variance) 

holds
F(1,36) = 0.0006772 0.979 p > 0.05
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The diagnostic results from the study confirm that the 
ARDL (2,0) model is statistically reliable. The Lagrange 
Multiplier (LM) test shows no evidence of serial correlation, 
while the Ramsey RESET test confirms that the model is 
correctly specified. The Jarque-Bera test indicates that 

the residuals are normally distributed, and the ARCH 
test reveals that the variance of the residuals is constant. 
Overall, the model meets all key econometric assumptions, 
validating its robustness for policy interpretation.

Breusch-Pagan-Godfry Test 

Table 7. Heteroscedasticity Test Breusch-Pagan-Godfrey	

Breusch-Godfrey Serial Correlation LM Test:
F-statistics 1.2876 Prob. F(7, 15) 0.2983

Obs*R-squared 13.3924 Prob. Chi-Squared(1) 0.2679

Diagnostic Test Interpretation and Model Robustness

The results from the Breusch-Pagan-Godfrey 
heteroscedasticity test indicate that both the F-statistic and 
the Obs*R-squared returned p-values of 0.2983 and 0.2679, 
respectively, well above the 0.05 significance threshold. 
This means the study fails to reject the null hypothesis 
of homoscedasticity, indicating that the residuals have 
constant variance across the sample.

This outcome is important because it upholds one of the 
core assumptions of the classical linear regression model, 
namely, that the variance of the error terms remains 
consistent. The absence of heteroscedasticity implies that 
the model’s estimators are efficient and that standard errors, 
t-statistics, and confidence intervals are reliable. Therefore, 
this test result adds strong evidence that the model is robust 
and functionally sound, capable of generating valid and 
unbiased inferences from the data.
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The recursive residuals plot confirms the structural stability 
and robustness of the model from 1980 to 2023. Residuals 
remain within the ±2 standard error bands for most of the 
period, indicating parameter constancy. A brief deviation 
around 2015, likely due to the Ebola crisis, suggests a 
temporary shock, not a permanent structural break. The 
model quickly regains stability, validating its reliability. 
Combined with the absence of serial correlation and 
heteroscedasticity, the model is well-specified, functionally 
sound, and suitable for forecasting and policy analysis.

The stability test in diagnostic testing, especially in time-
series models like ARDL, assesses whether the estimated 
model remains consistent over the sample period. A 
common method used is the CUSUM and CUSUM of 
Squares tests, which this study adopted.  These tests help 
detect any structural breaks or instability in the regression 
coefficients.

The CUSUM and CUSUM of Squares plots remaining 
within the 5% critical bounds indicate that there is no 
structural break in the model, the parameters are stable 
over time, the relationship between the dependent and 
independent variables remains consistent, and the model is 
statistically sound, reliable, functionally robust, and valid 
for forecasting and policy recommendations.

Conclusion 
This research was undertaken to examine and quantify 
the economic impact of climate-induced natural disasters 
using the Autoregressive Distributed Lag (ARDL) model. 
The study has provided both statistical evidence and 
contextual analysis that explain the ways in which climate-
induced disasters are hindering economic progress and 
exacerbating development challenges in Sierra Leone.

The analysis revealed a clear and significant long-run 
relationship between climate-induced disasters such as 
floods, storms, and droughts, and Sierra Leone’s economic 
performance, particularly its GDP. The findings suggest 
that over the years, the increasing frequency and severity 
of natural disasters have contributed to negative growth 
trends, especially in key sectors such as agriculture, which 
remains the backbone of the country’s economy and 
employs the majority of the population. The ARDL results 
demonstrate that in the long run, disasters consistently 
lead to a reduction in national output, reduced household 
income, and rising public expenditure in response to 
emergencies.

In the short run, the economy exhibits signs of volatility 
following climate shocks. This includes sudden disruptions 
to food production, infrastructure damage, increased 
health-related spending, and inflation due to supply chain 
interruptions. The results also point out that although 

some recovery does take place in subsequent periods, the 
economic system lacks the structural resilience to fully 
rebound. The time-series model used in this research 
passed critical diagnostic tests, including the CUSUM and 
CUSUM of Squares stability tests, reinforcing the validity 
of the model and the reliability of the conclusions drawn 
from it.

The study found that government interventions tend to 
be reactive rather than preventive. Most disaster-related 
spending comes after the damage has occurred, which not 
only places pressure on public finances but also reduces 
the funds available for long-term investments in areas such 
as education, healthcare, and industrial development. This 
reactive cycle continues to undermine the country’s ability 
to break out of poverty and build a resilient economy.

Another key takeaway from the analysis is the role of 
policy gaps and institutional weaknesses in responding 
to climate risks. While some adaptation strategies have 
been introduced, they are often poorly implemented 
or underfunded. The lack of an integrated disaster risk 
management framework further complicates response 
efforts and leaves communities especially vulnerable.

This research contributes to the growing body of 
knowledge that supports the integration of climate risk 
into economic planning and policy formulation in Sierra 
Leone. By providing empirical evidence of the economic 
damage caused by climate-induced disasters, it calls for 
urgent and coordinated action from both the government 
and development partners. Investment in early warning 
systems, climate-smart agriculture, resilient infrastructure, 
and community-based disaster preparedness programs is 
no longer optional—it is essential for long-term economic 
stability.

In conclusion, Sierra Leone cannot afford to treat climate-
induced disasters as one-off events. They are becoming 
more frequent and intense, and their cumulative impact 
is eroding the country’s economic gains and development 
potential. This study has shown that climate variability 
is not just an environmental issue but a major economic 
threat. It is, therefore, critical for policymakers to consider 
the economic costs of inaction and commit to building a 
climate-resilient economy. The future of Sierra Leone’s 
development will depend greatly on its ability to adapt 
to and mitigate the effects of climate change through 
proactive, inclusive, and sustainable policies.
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