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Introduction: Road traffic fatalities (RTFs) in low-resource settings like Somalia are influenced by a complex interplay of socioeconomic, environmental, and political challenges. This study investigates the impact of climate change (temperature, rainfall), environmental degradation (CO2 emissions), socioeconomic conditions (urban population, foreign aid), and political instability on RTFs in Somalia, aiming to contribute to the limited understanding of these dynamics in fragile states.

Methods: A multivariate time series analysis was conducted using data from 1984 to 2021. An Autoregressive Distributed Lag (ARDL) model was employed to examine the short-run and long-run effects of the selected drivers on RTFs. The robustness of the model was confirmed through a series of diagnostic tests.

Results: The ARDL model revealed significant long-run relationships: increased urbanization, CO2 emissions, and political instability were associated with higher RTFs. Conversely, increased rainfall and foreign aid were associated with lower RTFs in the long run. In the short-run, nuanced effects were observed, with both increased temperature and rainfall exhibiting positive associations with RTFs, suggesting immediate, potentially transitory, impacts.

Discussion/Conclusion: These findings challenge simplistic explanations of RTF drivers and highlight the necessity of integrated road safety strategies. Such strategies should address climate change adaptation, environmental protection, socioeconomic development, and the promotion of good governance. This research provides valuable insights for evidence-based policymaking aimed at reducing RTFs and achieving Sustainable Development Goals related to health, infrastructure, and sustainable communities in Somalia and similar contexts.
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1 Introduction

Road traffic accidents (RTAs) represent a significant and pervasive global public health challenge, causing millions of fatalities and disabilities annually (Razzaghi et al., 2019, 2020). The economic burden associated with RTAs is substantial, impacting productivity, hindering sustainable development, and diverting crucial resources from other essential sectors (Ali et al., 2019; Frimpong et al., 2003). While high-income countries (HICs) have made considerable progress in mitigating this burden, low- and middle-income countries (LMICs), particularly those in the African region, continue to experience disproportionately high rates of RTA-related mortality and morbidity (Oladeji et al., 2024; Staton et al., 2016). Elucidating the specific factors contributing to this disparity is crucial for developing effective prevention and intervention strategies tailored to the unique contexts of LMICs.

Somalia, a fragile LMIC in the Horn of Africa, faces a particularly acute RTA challenge. Its distinctive socio-economic, political, environmental, and climatic context significantly influences its road traffic accident (RTA) landscape, contributing substantially to the elevated RTA burden. This elevated RTA burden in Somalia stems from a confluence of specific, proximate factors operating at the ground level, which contribute directly to crash occurrence and severity. Key among these are severely deficient road infrastructure, characterized by widespread potholes, inadequate or absent signage and road markings, and narrow carriageways often ill-suited for mixed traffic. Compounding this is the prevalence of vehicles in poor states of repair, frequently lacking basic roadworthiness standards due to prevailing economic constraints. Furthermore, high-risk driver behaviors—including excessive speeding, vehicle overloading, and a general disregard for traffic regulations—are common, often exacerbated by the lack of robust traffic law enforcement capacity, a situation itself worsened by persistent political instability. Finally, significant challenges exist in providing timely and effective post-crash emergency response and medical care, which can tragically turn survivable injuries into fatalities. Crucially, these proximate causes do not exist in isolation; they are intrinsically linked to and often intensified by the broader climate, socioeconomic, environmental, and political factors investigated in this study. For instance, political instability (PI) directly undermines the capacity for effective law enforcement and hinders crucial investment in infrastructure maintenance and development (as also highlighted in Lines 100–104). Similarly, climate variables such as intense rainfall (RF) can accelerate the degradation of already vulnerable road surfaces, while challenging socioeconomic conditions, reflected partly by low GDP per capita, limit both public resources for safer infrastructure and private capacity to maintain vehicles to adequate safety standards. Understanding these pathways, connecting macro-level drivers to tangible, on-the-ground risks, is essential for developing comprehensive and effective RTA mitigation strategies tailored to the Somali context. Furthermore, cultural factors, driver behavior, and vehicle maintenance practices may also exert influence (Mohamed et al., 2023; Osman et al., 2022).

The deleterious impact of road traffic accidents in Somalia is frequently overlooked in global discourse. While international attention often focuses on larger nations, the human cost in this developing country remains substantial, affecting families, communities, and the overall development of the nation. This study aims to bring this critical issue to the forefront, providing empirical insights to inform targeted interventions and policy modifications. The findings from this research in Somalia can potentially benefit other low-income countries facing similar challenges.

Despite the growing global focus on RTAs, there is limited empirical research on Somalia’s specific challenges. Most existing studies on African road safety overlook the unique socio-political and economic conditions prevalent in the region (Akinyemi, 2020; Alzaffin et al., 2023; Osman et al., 2022; Yusuff, 2015). This study aims to fill this gap by providing a comprehensive analysis of the factors driving RTAs in Somalia, contributing to both local and global road safety literature. This literature review highlights the multifaceted and interrelated factors influencing RTAs globally, regionally, and in Somalia. Addressing these challenges requires a holistic, evidence-based approach that considers the temperature, rainfall, health force, environmental degradation, economic growth, foreign aid investment, political stability and urban population factors in context of the region.

To address this gap, this study investigates the complex interplay of climate change, socioeconomic conditions, environmental degradation, and political instability on RTFs in Somalia. Utilizing a multivariate time series analysis with data from 1980 to 2021 and employing an Autoregressive Distributed Lag (ARDL) model, we examine the impact of climate change (temperature, rainfall), environmental degradation (CO2 emissions), socioeconomic conditions (urban population, foreign aid), and political instability on RTFs. The ARDL model is particularly well-suited for time-series data with mixed integration orders (I(0) and I(1)) and can capture both short-run and long-run relationships (Abdi et al., 2024; Ageli, 2013; Li et al., 2020; Nasrullah et al., 2021; Warsame et al., 2024). This study offers a novel contribution by providing a comprehensive analysis of the factors contributing to RTAs in Somalia, thereby augmenting both local and global road safety literature.



2 Literature review

This literature review examines the complex interplay of climate change, socioeconomic, environmental degradation, and political drivers in shaping road traffic accidents (RTAs), with a particular focus on low-resource settings like Somalia. Extant research indicates a significant correlation between climate variables and RTA fatalities (Ali et al., 2019; Ghadi, 2025; Islam et al., 2019; Sangadah and Kartawidjaja, 2020). Extreme temperatures, both high and low, adversely affect road conditions, vehicle performance, and driver behavior (Ali et al., 2020; Ghadi, 2025; Islam et al., 2019; Mwale et al., 2023; Zurlinden et al., 2023). However, the relationship is not always straightforward, with some studies suggesting that higher temperatures can lead to more cautious driving (Ageli, 2013; Ali et al., 2020). Similarly, rainfall is a crucial environmental factor, reducing tire adhesion and visibility, but its impact on accident rates can also be nuanced, with some evidence suggesting behavioral adaptations during adverse weather (Ali et al., 2020; Jackson and Sharif, 2016; Jaroszweski and McNamara, 2014; Keay and Simmonds, 2006; Mondal, 2011; Sangkharat et al., 2021).

Environmental degradation, precipitated by anthropogenic activities and natural phenomena, exerts a multifaceted influence on RTAs (Ali et al., 2019; Wang et al., 2024). Elevated carbon dioxide (CO2) emissions, primarily originating from vehicular and industrial sources, contribute to atmospheric pollution in conjunction with other contaminants, potentially affecting driver health and visibility (Bahari et al., 2023; Osman et al., 2022).

Numerous studies have established correlations between economic indicators and RTA rates (Abubakar, 2022; Akinyemi, 2020; Kopits and Cropper, 2005). Factors such as employment, unemployment, highway mileage, and vehicle ownership have all been linked to RTA indicators (accidents, injuries, fatalities, economic losses) (Akinyemi, 2020). Foreign aid can also influence road traffic accidents in both negative and positive ways (Toriumi et al., 2022). Development without adequate safety measures, foreign aid may focus on expanding road networks without incorporating sufficient safety considerations, leading to increased traffic and higher accident rates. While corruption and mismanagement are poorly managed, intended safety improvements may not materialize, exacerbating existing road safety issues.

Political instability has a very significant impact on road traffic safety (Sohaee and Bohluli, 2024). Political instability can lead to neglect of infrastructure, resulting in poor road conditions, pot holes and missing signs which increase the risk of accidents (Đurić and Peek-Asa, 2008; Sohaee and Bohluli, 2024). It also results in unregulated and unsafe public transport systems such as overcrowded buses or poorly kept vehicles.

An increasing urban population directly relationship with higher road traffic accidents for more reasons likely to contribute occur to in a densely increasing populated, areas Traffic due Congestion, Pedestrian-Vehicle Interaction “There are more chances of accidents as a result of vehicle, pedestrian, and cyclist interactions in urban areas.” Public transport challenges “Overcrowding in public transport systems can lead to unsafe Inadequate practices inadequate infrastructure such development traffic as to management passengers handle hanging rapid systems” (Bauer et al., 2016; Jaroszweski and McNamara, 2014; Vasconcellos, 1999).

Researchers have employed a variety of statistical and econometric techniques to analyze the determinants of RTAs, including regression analysis, time series models (ARIMA, ARDL), and panel data analysis (Ageli, 2013; Li et al., 2020). Autoregressive Distributed Lag (ARDL) models have gained popularity in recent years for analyzing the determinants of RTAs. These models are particularly well-suited for time-series data with mixed integration orders (I(0) and I(1)) and can capture both short-run and long-run relationships (Ageli, 2013; Li et al., 2020; Nasrullah et al., 2021; Rizwanullah et al., 2020; Warsame et al., 2023, 2024). While regression analysis is a common method, it may not be appropriate for time-series data or when there are issues of endogeneity or multicollinearity. Time series models, such as ARIMA and Autoregressive Distributed Lag (ARDL) models, have been used to analyze the trends and patterns in RTA data over time. These models can capture the dynamic relationships between variables and account for autocorrelation. Panel data models, which combine cross-sectional and time-series data, have been used to examine the determinants of RTAs across multiple countries or regions. These models can control for unobserved heterogeneity and allow for more robust inferences.

Despite the growing global focus on RTAs, there is limited empirical research on Somalia’s specific challenges. Most existing studies on African road safety overlook the unique socio-political and economic conditions of the region (Akinyemi, 2020; Alzaffin et al., 2023; Mohamed et al., 2023). This study aims to fill this gap by providing a comprehensive analysis of the factors driving RTAs in Somaliland, contributing to both local and global road safety literature. This literature review highlights the multifaceted and interrelated factors influencing RTAs globally, regionally, and in Somaliland. Addressing these challenges requires a holistic, evidence-based approach that considers the temperature, rainfall, health force, environmental degradation, economic growth, foreign aid investment, political stability and urban population factors in context of the region.


2.1 Research gap

Despite the extensive body of literature on RTA determinants, significant gaps remain, particularly concerning the complex interplay of factors in low-resource, politically unstable contexts like Somalia (Osman et al., 2022). Existing studies often focus on individual risk factors or specific interventions (Mohamed et al., 2023), neglecting the synergistic effects of climate change, socioeconomic vulnerabilities, environmental degradation, and political fragility (Hassan et al., 2024; Warsame et al., 2023, 2024). Furthermore, existing models used in other contexts may not adequately capture the complex interplay of factors unique to fragile states like Somalia, where data limitations, political instability, and specific cultural contexts present unique challenges (Ageli, 2013; Akinyemi, 2020; Li et al., 2020). This study addresses this gap by examining the combined impact of climate change, socioeconomic conditions, environmental degradation, and political instability on RTFs in Somalia, utilizing a multivariate time series analysis to provide a more comprehensive understanding of this critical issue. This study offers a novel contribution by providing a comprehensive analysis of the factors contributing to RTAs in Somalia, thereby augmenting both local and global road safety literature.




3 Data and methodology


3.1 Data description

This longitudinal study examines the impact of climate change, socioeconomic, environmental, and political factors on road traffic accidents (RTAs) in a resource-constrained setting. The analysis employs time-series data from 1980 to 2021, a period characterized by increasing concerns regarding climate variability and its societal implications. The dependent variable in this investigation is the number of road traffic fatalities in Somalia.

The key independent variables include average annual temperature (in °C); annual rainfall (in millimeters); GDP per capita; CO2 emissions; foreign aid investment, measured by the amount of foreign aid received by the setting per year; political instability, which is a dummy variable measured as 1 during periods of political instability and 0 during periods of political stability; and urbanization, measured as annual urban population.


3.1.1 Criteria of variable selection

While a comprehensive understanding of RTA determinants would ideally encompass a wider range of factors, this study is constrained by data availability, particularly for a fragile state like Somalia. The selection of variables—temperature (Ali et al., 2020), rainfall (Mondal, 2011), environmental degradation (proxied by CO2 emissions) (Ali et al., 2019), economic growth (GPD per capita) (Abubakar, 2022), foreign aid investment (Đurić and Peek-Asa, 2008), political instability (Đurić and Peek-Asa, 2008), and urban population (Vasconcellos, 1999)—reflects a pragmatic approach, prioritizing variables for which reliable and consistent time-series data are available from reputable international sources. This approach acknowledges the inherent limitations of research in data-scarce environments while striving to capture the most salient and measurable influences on RTAs (Ali et al., 2024; Warsame et al., 2024).



3.1.2 Study variables

The research utilizes data obtained from multiple sources, including the World Bank, Climate Change Knowledge Portal (CCK), and Our World in Data. A comprehensive overview of the study variables is provided in Table 1, which delineates their descriptions, measurement units, and respective data origins.



TABLE 1 Variable description and data source.
[image: Table1]

The selection of variables was predicated on evidence from pertinent literature, as well as the availability of time-series data for the specified period, which underscores a distinctive consideration to identify potential influential factors that may impact the trajectory of road traffic accident fatalities. Data will be aggregated on an annual basis and subsequently transformed to facilitate appropriate longitudinal analysis. The data is anticipated to exhibit a panel structure, with each year representing a discrete time point and each observation corresponding to the area of the low-resource setting.




3.2 Modelling

This study employs a methodological framework grounded in the autoregressive distributed lag (ARDL) approach, a robust econometric technique. The ARDL method is particularly well-suited for examining relationships among variables that may exhibit integration at varying orders (I(0) or I(1)), making it an ideal choice for this analysis.


3.2.1 Rationale for model selection

This approach, as demonstrated in Getahun (2021), allows for the examination of both short-run and long-run effects of climate and other factors on our dependent variable of RTA. This methodological approach was selected based on the necessity to ascertain both the immediate and sustained impact of climatic, socioeconomic, environmental and political factors on road safety. Furthermore, given the utilization of time-series data from 1980 to 2021, which is anticipated to yield a limited sample size, the ARDL method is expected to generate both short-term and long-term elasticities appropriately. The ARDL methodology is also deemed suitable when independent variables exhibit mutual cointegration. In accordance with this study, our analysis aims to elucidate how fluctuations in climate variables (Temperature and rainfall) influence RTA and to determine whether socioeconomic factors exacerbate or mitigate these effects.



3.2.2 Model estimation

To investigate the complex relationships between the dependent variable and covariates of this study, we employed a baseline model that specifies road traffic accidents as a function of all the variables and incorporates lagged terms in the ARDL as follows:

[image: image]

By transforming all variables of Equation 1, with the exception of the dummy variable, into natural logarithms, the model is formulated as follows:

[image: image]

Equation 2 represents an Autoregressive Distributed Lag (ARDL) model designed to investigate the determinants of logarithms of road traffic accidents ([image: image]). The model posits that road traffic accidents in a given period (t) are influenced by a combination of factors, including: log of average annual temperature ([image: image]), log average annual rainfall ([image: image]), log average annual carbon dioxide emissions ([image: image]), log of Gross Domestic Product ([image: image]), log of foreign aid received ([image: image]), log of urban population ([image: image]), and a political instability index ([image: image]). The coefficients ([image: image] through [image: image]) associated with each explanatory variable quantify the magnitude and direction of their respective impacts on road traffic accidents. Finally, [image: image] represents the error term, encompassing any unobserved or unexplained factors that may contribute to variations in road traffic accidents.

Consistent with the methodology used by Nasrullah et al. (2021), all variables will undergo a natural logarithmic transformation to linearize the model and obtain elasticity interpretations. The ARDL representation of our model is:

[image: image]

Where [image: image] represents the drift component, Δ denotes the first difference, and [image: image] represents the white noise. The study utilizes the AIC (Akaike Information Criterion) for selecting the optimal lag length. The inclusion of the lagged dependent variable ([image: image]) captures the autoregressive nature of the model, accounting for the influence of past road traffic accident levels on current levels. After establishing the long-run association between variables, the study employs the error correction model (ECM) to determine the short-run dynamics. The general form of the ECM Equation 3 is formulated below in Equation 4.

For evaluating short-run dynamics, an error correction model (ECM) is incorporated:

[image: image]

Where [image: image] represents the coefficients of ECM for short-run dynamics. ECM denotes the rate of adjustment to long-run equilibrium following a short-run shock.



3.2.3 Model checking

To ensure the reliability and accuracy of the ARDL model, a series of diagnostic tests were conducted. These included: (1) unit root tests to confirm the stationarity properties of the variables, (2) lag selection criteria to determine the optimal model structure, (3) cointegration tests to verify the existence of a long-run relationship among the variables, and (4) stability tests to assess the consistency of the model parameters over time. By performing these tests, we aimed to validate the appropriateness of the ARDL model for the data and ensure the robustness of the findings.


3.2.3.1 Unit root tests

The ARDL approach necessitates stationarity assessment; consequently, we employed the augmented Dickey-Fuller and Phillips-Perron (PP) tests to ascertain whether variables are integrated of order zero (I(0)) or one (I(1)), consistent with previous studies (Nasrullah et al., 2021; Rizwanullah et al., 2020).



3.2.3.2 Lag selection criteria

The optimal lag structure for the ARDL model was determined based on the Akaike Information Criterion (AIC) or Bayesian Information Criteria (BIC). The long-run relationship among the variables was examined using the Wald test, by comparing its calculated F-statistics with the upper and lower bound values of critical values by Pesaran and Shin (1995).



3.2.3.3 Cointegration tests

To determine the presence of a long-run relationship among the variables, the study employs the Autoregressive Distributed Lag (ARDL) bounds testing approach to cointegration. This methodology offers several advantages, including its applicability irrespective of whether the underlying variables are I(0) or I(1), and its capacity to estimate the long-run and short-run coefficients simultaneously. The bounds test involves conducting an F-test to assess the joint significance of the lagged levels of the variables in the error correction form of the ARDL model. If the calculated F-statistic exceeds the upper critical bound, the null hypothesis of no cointegration is rejected, indicating the existence of a stable long-run relationship among road traffic accidents, temperature, rainfall, CO2 emissions, GDP, foreign aid, urban population, and political instability. Conversely, if the F-statistic falls below the lower critical bound, the null hypothesis cannot be rejected, suggesting the absence of cointegration.



3.2.3.4 Stability tests

To assess the stability of the estimated ARDL model parameters over the sample period, the study employs the Cumulative Sum (CUSUM) and Cumulative Sum of Squares (CUSUM Square) tests. These tests, based on the recursive residuals of the model, provide a visual assessment of parameter constancy. The CUSUM test detects systematic deviations from the null hypothesis of parameter stability, while the CUSUM Square test exhibits greater sensitivity to sudden or abrupt changes in the model’s coefficients. If the plots of the CUSUM and CUSUM Square statistics remain within the critical bounds at a specified significance level (typically 5%), the null hypothesis of parameter stability is accepted, indicating that the model’s coefficients are stable over time and that the model is suitable for forecasting. Conversely, if the plots cross the critical bounds, it suggests that the model parameters are unstable and that the model may not be reliable for long-term predictions (Brown et al., 1975).






4 Empirical results and discussion


4.1 Descriptive statistics

Table 2 presents descriptive statistics for the variables used in the analysis. The mean logarithmic urban population (InUP) was 14.99 (SD = 0.50), while the mean political instability index (PI) was 0.24 (SD = 0.43), indicating that the political context in Somalia was slightly unstable. The mean logarithm road traffic accidents (InRTA) was 7.25 (SD = 0.20) while the mean of logarithm rainfall was 5.62 (SD = 0.14) indicating that the sample was skewed to road traffic accidents and rainfall level, respectively.



TABLE 2 Description statistics of the variable used.
[image: Table2]



4.2 Correlation matrix

The correlation matrix in Table 3 reveals several notable relationships between the variables. Logarithmic urban population (lnUP) exhibits a strong positive correlation with logarithmic gross domestic product (lnGDP) at 0.878, suggesting that economic activity tends to concentrate in urban areas. Conversely, lnUP shows a strong negative correlation with logarithmic road traffic accidents (lnRTA) at −0.792, indicating that increased urbanization is associated with decreased road traffic accidents. Logarithmic temperature (lnTP) and logarithmic rainfall (lnRF) show positive correlations with lnUP, but negative correlations with lnRTA. Logarithmic carbon dioxide (lnCO2) and political instability (PI) show weak correlations with most variables, except for a moderate negative correlation between PI and logarithmic foreign aid (lnFAR) at −0.400, suggesting that political instability may hinder the effective distribution or utilization of foreign aid.



TABLE 3 Matrix of correlations.
[image: Table3]



4.3 Multicollinearity test

To assess the potential issue of multicollinearity among the predictor variables (LnUP, LnFAR, PI, LnTP, LnCO2, LnRF), a Variance Inflation Factor (VIF) analysis was conducted. The results, presented in Table 4, show that the individual VIF values range from 1.29 (LnRF) to 2.54 (LnUP). All individual VIF values are substantially below the commonly accepted threshold of 10, and also below the more conservative threshold of 5. Furthermore, the mean VIF is 1.96, which is also very low. These findings indicate that multicollinearity is not a significant concern in this model, suggesting that the estimated regression coefficients are unlikely to be substantially inflated or unreliable due to correlations among the predictor variables.



TABLE 4 Variance inflation factor (VIF) results for multicollinearity assessment.
[image: Table4]



4.4 Unit root tests

Table 5 reports the results of Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) unit root tests conducted to assess the stationarity of the variables. The analysis reveals that both lnRTA, lnUP, lnFAR, and lnGDP were non-stationary at their levels but became stationary after first differencing. The null hypotheses, in general, that the variables contain a unit root, meaning they are non-stationary, is rejected. The results indicated that the logarithmic temperature (lnTP), logarithmic rainfall (lnRF), and logarithmic carbon dioxide (lnCO2) were stationary at their levels. The political instability variable (PI), being a dummy variable, was tested in its original form (not log-transformed) and found to be integrated of order one, I(1). These findings led to the selection of an ARDL model, suitable for handling variables integrated at different orders. Figure 1 illustrates the RTA at first differencing.



TABLE 5 Unit root tests.
[image: Table5]

[image: Figure 1]

FIGURE 1
 Temporal trends (annual values) of the study variables considered in the paper (1980–2021). Variables are log-transformed where applicable (lnUP, lnTP, lnRF, lnCO2, lnFAR, lnGDP, and lnRTA), except for the political instability index (PI).




4.5 Lag selection criteria

Table 6 presents the criteria for selecting an appropriate lag order using Vector Autoregression model (VAR), showing that a lag order of 3 was optimal, as indicated by the lowest AIC (−22.8253) and SBIC (−14.2064), marked by the asterisk (*). This lag length was chosen as it represents an optimal balance, according to the information criteria, capturing sufficient dynamic interrelationships within the time series while mitigating the risks of model overfitting and excessive loss of degrees of freedom given the sample size. This lag length will ensure the parameters are robust and can take the most of available information to fit for time-series.



TABLE 6 Lag order criteria by using VAR (vector autoregression).
[image: Table6]



4.6 ARDL bound test for cointegration

Table 7 shows the results of the ARDL bounds test for cointegration, indicating a statistically significant long-run relationship among the variables (F-statistic = 11.910, p < 0.01). The F-statistic is greater than the upper bound critical value at the 1% significance level (4.43), leading to the rejection of the null hypothesis of no cointegration. This suggests that the selected variables exhibit a stable long-run relationship with road traffic accidents.



TABLE 7 ARDL bound test for cointegration.
[image: Table7]



4.7 Long run results

Table 8 presents the long-run results from the ARDL model (ARDL(1,1,0,0,0,1,1,1)), revealing significant coefficients for several variables. Logarithmic urban population (LnUP) had a positive and statistically significant coefficient (0.273, SE = 0.032, t = 8.420, p < 0.001), indicating that a 1% increase in urban population is associated with a 0.273% increase in road traffic accidents in the long run. In contrast, logarithmic rainfall (LnRF) was negative and statistically significant (−2.491, SE = 0.149, t = −16.720, p < 0.001), suggesting that a 1% increase in rainfall is associated with a 2.491% decrease in road traffic accidents in the long run. Logarithmic temperature (LnTP) had a negative and statistically significant coefficient (−5.820, SE = 1.128, t = −5.160, p = 0.002), indicating that a 1% increase in temperature is associated with a 5.820% decrease in road traffic accidents in the long run. Logarithmic carbon dioxide (LnCO2) had a positive and statistically significant coefficient (0.781, SE = 0.085, t = 9.240, p < 0.001), indicating that a 1% increase in carbon dioxide is associated with a 0.781% increase in road traffic accidents in the long run. Logarithmic foreign aid (LnFAR) had a negative and statistically significant coefficient (−0.146, SE = 0.017, t = −8.820, p < 0.001), indicating that a 1% increase in foreign aid is associated with a 0.146% decrease in road traffic accidents in the long run. Logarithmic political instability (LnPI) had a positive and statistically significant coefficient (0.178, SE = 0.027, t = 6.590, p < 0.001), indicating that a 1% increase in political instability is associated with a 0.178% increase in road traffic accidents in the long run.



TABLE 8 Long-run estimation of parameters from ARDL models.
[image: Table8]



4.8 Short run results

Table 9 presents the short-run results from the ARDL model (ARDL(1,1,0,0,0,1,1,1)), showing the coefficients of the differenced variables. The change in logarithmic urban population (D.lurban) had a negative and statistically significant coefficient (−2.606, SE = 0.551, t = −4.730, p = 0.003), indicating that a 1% increase in the change of urban population is associated with a 2.606% decrease in road traffic accidents in the short run. The change in logarithmic temperature (D.ltemp) had a positive and statistically significant coefficient (6.258, SE = 2.128, t = 2.940, p = 0.026), indicating that a 1% increase in the change of temperature is associated with a 6.258% increase in road traffic accidents in the short run. The change in logarithmic rainfall (D.lrainfall) had a positive and statistically significant coefficient (5.108, SE = 0.786, t = 6.490, p = 0.001), indicating that a 1% increase in the change of rainfall is associated with a 5.108% increase in road traffic accidents in the short run. The change in logarithmic carbon dioxide (D.lco2) had a negative and statistically significant coefficient (−4.341, SE = 0.412, t = −10.520, p < 0.001), indicating that a 1% increase in the change of carbon dioxide is associated with a 4.341% decrease in road traffic accidents in the short run. The change in logarithmic foreign aid (D.lfia) had a positive and statistically significant coefficient (0.241, SE = 0.030, t = 8.040, p < 0.001), indicating that a 1% increase in the change of foreign aid is associated with a 0.241% increase in road traffic accidents in the short run. The change in logarithmic political instability (D.pi) had a negative and statistically significant coefficient (−0.201, SE = 0.055, t = −3.680, p = 0.010), indicating that a 1% increase in the change of political instability is associated with a 0.201% decrease in road traffic accidents in the short run.



TABLE 9 Short-run estimation of parameters from ARDL models.
[image: Table9]



4.9 Diagnostic tests

Table 10 presents the diagnostic test results for the ARDL model, assessing its overall fit and validity. The model exhibits a high R-squared value of 0.995 and an adjusted R-squared of 0.960, indicating that the model explains a large proportion of the variance in road traffic accidents. The Durbin-Watson statistic is 2.465, suggesting no significant autocorrelation in the residuals. The Ramsey RESET test (X2 = 1.82, p = 0.3743), ARCH test (X2 = 0.11, p = 0.7434), Breusch-Godfrey test (X2 = 0.1, p = 0.35), and Normality test (X2 = 0.02, p = 0.991) all have p-values greater than 0.05, indicating that the model passes these diagnostic tests and does not suffer from misspecification, heteroscedasticity, serial correlation, or non-normal residuals.



TABLE 10 Diagnostic tests.
[image: Table10]



4.10 Stability checks

As standard diagnostic procedures for assessing parameter consistency in ARDL models, the CUSUM and CUSUM of Squares tests for model stability indicate that the model parameters are stable over the sample period.

The CUSUM and CUSUM of Squares tests for model stability indicate that the model parameters are stable over the sample period. The CUSUM plot in Figure 2 shows the cumulative sum of residuals over time, and it remains within the 5% significance boundaries, indicating that the model parameters are stable. Similarly, the CUSUM of Squares plot also stays within the 5% critical bounds, reinforcing the stability of the model. Together, these diagnostic tests and stability checks confirm that the model is well-specified, with no issues related to heteroskedasticity, serial correlation, or parameter instability, which is crucial for making accurate inferences from the model’s results.

[image: Figure 2]

FIGURE 2
 CUSUM square test.





5 Discussions

This study provides a comprehensive analysis of the factors influencing road traffic fatalities (RTFs) in Somalia, a low-resource setting facing complex challenges. The ARDL model results reveal significant relationships between climate change, socioeconomic conditions, environmental factors, political instability, and RTFs, offering valuable insights for evidence-based policymaking.

The positive and statistically significant long-run coefficient for logarithmic urban population (0.273, p < 0.001) indicates that increased urbanization is associated with higher RTFs in Somalia. This finding aligns with previous research suggesting that urban areas often experience higher traffic density, congestion, and pedestrian-vehicle interactions, leading to increased accident risk (Cabrera-Arnau and Bishop, 2021). However, the negative short-run coefficient (−2.606, p = 0.003) suggests that immediate increases in urbanization may initially result in decreased RTFs, potentially reflecting focused infrastructure improvements or heightened safety awareness campaigns in newly developing urban areas before the negative impacts of congestion and density fully manifest.

The negative and statistically significant long-run coefficient for logarithmic temperature (−5.820, p = 0.002) indicates that higher temperatures are associated with lower RTFs in Somalia. This finding contradicts some studies that suggest higher temperatures increase RTFs due to driver fatigue and vehicle malfunctions (Ali et al., 2019). However, it aligns with research indicating that drivers may adopt more cautious behavior during extreme heat (the safety offset hypothesis) (Ali et al., 2019). The positive short-run coefficient (6.258, p = 0.026) suggests that immediate temperature increases may lead to higher RTFs, potentially due to sudden physiological impacts on driver alertness and fatigue, or temporary adverse effects on vehicle performance (e.g., tire pressure) and road surface conditions before behavioral adaptations take hold.

The negative and statistically significant long-run coefficient for logarithmic rainfall (−2.491, p < 0.001) suggests that higher rainfall is associated with lower RTFs in Somalia. This finding contradicts some studies that suggest higher rainfall increases RTFs due to reduced visibility and tire grip (Abu el‐Hassan et al., 2024). However, it aligns with research indicating that drivers may adjust their behavior during adverse weather conditions (Torre-Pascual et al., 2024). The positive short-run coefficient (5.108, p = 0.001) suggests that immediate increases in rainfall may lead to higher RTFs, consistent with the well-documented immediate hazards of reduced visibility and decreased tire friction during precipitation events, potentially occurring before drivers significantly alter their travel plans or driving behavior.

The positive and statistically significant long-run coefficient for logarithmic carbon dioxide (0.781, p < 0.001) indicates that elevated CO2 emissions are associated with higher RTFs in Somalia. This finding is consistent with research demonstrating that air pollution and environmental degradation can adversely affect driver health and visibility, thereby increasing accident risk (Ali et al., 2019). The negative short-run coefficient (−4.341, p < 0.001) suggests that immediate increases in CO2 emissions may result in lower RTFs, potentially due to temporary reductions in traffic volume or enhanced awareness campaigns.

The negative and statistically significant long-run coefficient for logarithmic foreign aid (−0.146, p < 0.001) indicates that increased foreign aid is associated with lower RTFs in Somalia. This finding is consistent with research demonstrating that foreign aid can enhance infrastructure, healthcare, and road safety, thereby reducing accident risk (Torre-Pascual et al., 2024). The positive short-run coefficient (0.241, p < 0.001) suggests that immediate increases in foreign aid may result in higher RTFs, potentially due to increased traffic volume or inadequately planned infrastructure projects.

Similarly, the contrasting signs for foreign aid (LnFAR) warrant discussion. The positive short-run coefficient (0.241, p < 0.001) might suggest that immediate aid inflows, perhaps leading to rapid but poorly integrated infrastructure projects or an abrupt increase in vehicle imports and traffic volume, initially elevate RTF risk. Conversely, the negative and significant long-run coefficient (−0.146, p < 0.001) aligns with the expectation that sustained foreign aid, when effectively utilized, eventually contributes to better overall infrastructure, improved healthcare access for injury treatment, and potentially enhanced road safety regulations and enforcement, thereby reducing RTFs over time.

The positive and statistically significant long-run coefficient for logarithmic political instability (0.178, p < 0.001) indicates that higher political instability is associated with higher RTFs in Somalia. This finding is consistent with research suggesting that political instability can result in neglected infrastructure, inadequate enforcement of traffic laws, and increased risk-taking behavior among drivers, thereby elevating accident risk (Alzaffin et al., 2023). The negative short-run coefficient (−0.201, p = 0.010) implies that immediate increases in political instability may lead to lower RTFs, potentially due to reduced traffic volume or heightened caution among drivers.

This study’s strength lies in its utilization of the ARDL model, which facilitates the examination of both short- and long-run effects of climate change, socioeconomic conditions, environmental factors, and political instability on RTFs. The use of time-series data spanning 38 years provides a robust analysis of RTF dynamics in Somalia. Furthermore, the study’s focus on Somalia, a low-resource setting facing complex challenges, addresses a gap in the existing literature. The diagnostic tests (Table 9) confirm the validity and robustness of the model.

The study is not without limitations. The reliance on secondary data may not fully capture the nuances of local RTF drivers, particularly in the context of data scarcity and reporting challenges. Furthermore, while this study incorporated key variables guided by data availability within Somalia’s challenging context, we acknowledge that other potentially significant factors influencing RTFs could not be included in the quantitative model. Specifically, variables such as income inequality (often measured by the Gini coefficient), granular metrics of corruption (particularly those related to infrastructure procurement and oversight), and objective data on road construction quality, standards, and potential malpractices, while highly relevant, were omitted. The primary constraint was the lack of consistent, reliable, and publicly available time-series data for these specific indicators covering the extensive 1980–2021 study period for Somalia. Such data scarcity is a common and significant hurdle in conducting longitudinal quantitative research in fragile state environments. While our model includes GDP per capita as a broad indicator of socioeconomic conditions, it cannot capture the nuances represented by these omitted variables. Therefore, investigating the specific impact of income inequality, corruption, and road quality on RTFs in Somalia remains a critical area for future research, contingent upon improvements in data collection and availability within the country.

The primary contribution of this paper is its comprehensive analysis of the factors influencing RTFs in Somalia, elucidating the complex interplay between climate change, socioeconomic conditions, environmental factors, and political instability. The study’s findings challenge linear narratives that position any single factor as the primary driver of RTFs, instead emphasizing the importance of understanding how multiple factors interact to shape RTF outcomes. The study also provides valuable insights for evidence-based policymaking in Somalia and other low-resource settings facing similar challenges.

The findings of this study align with several Sustainable Development Goals (SDGs). The negative relationship between foreign aid and RTFs underscores the importance of SDG 3 (Good Health and Well-being) and SDG 9 (Industry, Innovation, and Infrastructure) in improving road safety. The positive relationship between political instability and RTFs highlights the need for SDG 16 (Peace, Justice, and Strong Institutions) to promote stability and good governance. The positive relationship between CO2 emissions and RTFs emphasizes the importance of SDG 11 (Sustainable Cities and Communities) and SDG 13 (Climate Action) in reducing environmental degradation and its impact on road safety.



6 Conclusion and policy implications

This study presents a comprehensive analysis of the factors influencing road traffic fatalities in Somalia, elucidating the complex interplay between climate change, socioeconomic conditions, environmental factors, and political instability. The ARDL model results reveal significant relationships between these factors and RTFs, providing valuable insights for evidence-based policymaking. Key findings include. Increased urbanization, CO2 emissions, and political instability are associated with higher RTFs in the long run. Increased rainfall and foreign aid are associated with lower RTFs in the long run. Short-run dynamics reveal nuanced effects, with temperature and rainfall exhibiting positive associations with RTFs.

These findings challenge simplistic explanations of RTF drivers, highlighting the need for integrated road safety strategies. Therefore, we recommend the following policy implications for Somalia and other low-resource settings seeking to reduce road traffic fatalities:

• Comprehensive Strategies: Policymakers should adopt comprehensive road safety strategies that address the complex interplay between climate change, socioeconomic conditions, environmental factors, and political instability. These strategies should encompass investments in infrastructure, healthcare, education, and law enforcement.

• Climate Change Adaptation: Policymakers should prioritize climate change adaptation measures to mitigate the impact of climate variability on road safety. These measures should include improving road infrastructure to withstand extreme weather events, promoting sustainable transportation options, and enhancing public awareness regarding safe driving practices during adverse weather conditions.

• Environmental Protection: Policymakers should implement policies to reduce CO2 emissions and environmental degradation, such as promoting renewable energy sources, improving vehicle fuel efficiency, and enforcing environmental regulations.

• Socioeconomic Development: Policymakers should invest in socioeconomic development to reduce poverty, improve healthcare access, and promote education. These investments can enhance road safety by increasing access to safe vehicles, healthcare services, and driver education programs.

• Good Governance and Political Stability: Policymakers should prioritize good governance and political stability to create a secure and predictable environment for road users. This includes strengthening law enforcement, improving infrastructure, and promoting transparency and accountability.

• Targeted Interventions: Policymakers should implement targeted interventions to address specific risk factors for RTFs, such as promoting seatbelt use through awareness campaigns and stricter enforcement, reducing drunk driving via measures like random breath testing and appropriate penalties, and improving vehicle maintenance practices through basic roadworthiness checks or educational initiatives for drivers and mechanics.

This study contributes to the limited literature on RTFs in fragile states and provides valuable insights for evidence-based policymaking aimed at achieving Sustainable Development Goals related to health, infrastructure, and sustainable communities. Future research should focus on exploring regional variations in RTF dynamics, assessing the efficacy of specific policy interventions, and incorporating qualitative methods to gain a more profound understanding of the lived experiences of road users.
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Variable Levels 1st differences Levels 1st differences Order of
integration
InRTA —2212 ~7.233% -7.821 -37.816% 1
InUP 2009 —4418% 0671 ~24431% 1
InTP ~3.869%+ ~9.150% ~23.103%+* ~44.098* 1(0)
InRE ~6.585%+ ~9.417% —42180%+* ~43959* 10
1nCO2 —3941%5 ~13512* ~25942%% ~58.960* 10)
InFAR -1452 ~6.487% ~4903 ~39.107* 1
InGDP —1284 ~5.224% -2864 -28522% 1
InPI —2.438 ~7.958% ~10584 —48.281* 1

*indicates significance at the 1% level (p < 0.01). *** indicates significance at the 1% level (p < 0.01).
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VIE Variance Inflation Factor. A common threshold suggests VIF values below 10 indicate
an absence of serious multicollinearity. The Mean VIF for these variables is 1.96.





OPS/images/fclim-07-1573803-e001.jpg
RTA; =ag+oyTP, + ayRF; +a3C02; + a4GDP, +
asFAR; +agUP; + 4P, + &

(1)





OPS/images/fclim-07-1573803-g001.jpg
Average Temperature in Somalia
19802021

72 74 78 78

70

126 128 130 132 134 138 138

g ]
] §
¥ y !
4
Pt &
W o w0 mm W ow w0 om0 mm W  wm m m  mm
[— it J—
Amount of CO2 Emissions in Somalia Foreign Aid Received in Somalia (GOP in Somalia
19802021 " 1980-2021 1980201
i
& o
&
&
¥ F e
8
1990 2000 2010 20 . 1980 1990 200 2010 a0 1980 1990 2000 2010 220

Co2Emssons Forein Ad Receied op






OPS/images/fclim-07-1573803-e002.jpg
InRTA; = ag + ayInTP; + apInRF, + a3inC0O2 + a4 InGDP, +
asinFAR; +agInUP; +a,PI; + & @)





OPS/images/fclim-07-1573803-t001.jpg
Variable Description

RTA Road traffic accidents
Urban Urban population
Temp. “Temperature

Rainfall Rainfall

Coz Carbon dioxide

FAR Foreign aid received
GpP Gross domestic product
Pl Political instability

Unit measurement

Death rate from road injuries (per 100,000 people)

Percentage of urban population to the total population

Average annual temperature (°C)

Average annual precipitation (mm)

‘Thousands of tons

Net Official Development assistance in US Dollars

GDP per capita in US Dollars

Itis a dummy variable measured as 1 during periods of political

instability and 0 during periods of political stability

Source

Our World in Data
World Bank
World Bank
World Bank
World Bank

Our World in Data
World Bank

Author's Computation
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