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Introduction: This research investigates into the complex dynamics of climate finance in Somalia, a vulnerable region facing the dire consequences of climate change. The study aims to assess how financial inputs for climate-related projects align with the actual needs and identify critical factors that influence funding effectiveness.

Methods: A dual-methodological approach was employed, integrating both multiple regression analysis and Support Vector Machine (SVM) techniques. This mixed-method analysis facilitates a robust examination of climate finance data to dissect the relationships and impacts of various determinants on funding effectiveness.

Results: The results indicate that adaptation finance, robust governance, and the scale of financial interventions significantly enhance the effectiveness of climate finance flows. However, mitigation finance and aspects related to gender equality displayed less significant impacts. Notably, the study identifies a pervasive underfinancing of climate projects in Somalia, illustrating a significant gap between the needed and actual funds disbursed.

Discussion: The findings underscore the need for enhanced governance frameworks and targeted large-scale financial interventions to optimize the allocation and impact of climate finance in vulnerable regions like Somalia. By quantifying the influence of adaptation finance and governance, this study contributes new insights to the literature on climate finance effectiveness and suggests practical strategies for policymakers and practitioners to improve climate resilience initiatives.
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Introduction

Climate change has emerged as one of the most formidable global challenges of the 21st century, significantly affecting socio-economic and environmental systems across the world. Particularly for countries like Somalia, located in a region prone to climatic extremes, the implications of climate variability are profound and multifaceted (Warsame et al., 2021). Long-term shifts in weather patterns exacerbate existing vulnerabilities, disrupting livelihoods and escalating conflict over scarce resources, thereby undermining regional stability and development prospects (Morriss et al., 2011; Mohamed and Mohamud, 2023; Regasa et al., 2023). The situation in Somalia illustrates a critical junction where climate change intersects with socio-economic fragility, making the population highly susceptible to recurring droughts and floods (Chaudhry and Ouda, 2021; Ali Warsame and Hassan Abdi, 2023). These environmental stressors not only lead to direct losses in terms of agriculture and livelihood but also trigger broader socio-economic disruptions, including mass displacements and intensified competition for resources, which could potentially escalate into conflict (Nor and Masron, 2019; Aminga and Krampe, 2020; Kamta and Scheffran, 2022).

In Somalia, the climate crisis is not merely an environmental issue but a complex socio-economic challenge that exacerbates food insecurity, water scarcity, and inter-communal conflict. The existing climate adaptation and mitigation strategies are hindered by a chronic lack of financial resources and institutional support, making effective response mechanisms difficult to implement and sustain (Botta et al., 2021; Fujiwara and Mahajan, 2023; Mohamed and Mohamud, 2023). Moreover, the allocation and utilization of climate finance in Somalia have been fraught with inefficiencies and inequities, often failing to reach the most vulnerable populations or to address the root causes of climate vulnerability. This misalignment of resources reflects a broader systemic failure to integrate climate resilience into national development agendas, thus perpetuating the cycle of vulnerability and crisis (Harvey et al., 2018; Mohamed and Nor, 2023; Nor, 2024).

Climate change poses a unique and urgent threat to Somalia, with its impacts severely affecting the livelihoods and security of its population. The current strategies and financial mechanisms in place to address these impacts are insufficient and often misaligned with the actual needs of vulnerable communities, leading to inadequate responses that fail to foster long-term resilience or address the underlying socio-economic vulnerabilities (Warsame et al., 2021; Papa et al., 2023; Warsame et al., 2023; Nor, 2024). The problem is compounded by a lack of comprehensive data and research on the effectiveness of climate finance in Somalia, which hampers the ability of policymakers and international donors to make informed decisions about resource allocation and program design. This gap in knowledge and understanding limits the potential for impactful interventions and perpetuates a state of environmental and socio-economic instability.

Climate change poses an existential threat to Somalia, with tangible impacts already being felt across the country. According to a report by the Food and Agriculture Organization (FAO), recurrent droughts exacerbated by climate change have led to a 70% reduction in crop yields in key agricultural regions, contributing to widespread food insecurity affecting over 6 million Somalis. Additionally, climate-induced shifts have devastated the pastoral sector, with livestock losses estimated at 40% during prolonged drought periods, leading to significant job losses and exacerbating poverty levels. The World Bank estimates that climate change could push an additional 3 million Somalis into extreme poverty by 2030 if current trends continue. These statistics underscore the critical need for climate-resilient policies and interventions to mitigate the severe economic and social impacts on the country.

Understanding the dynamics of climate finance in Somalia is crucial for developing effective interventions that can address both immediate needs and long-term challenges. This study is motivated by the pressing need to enhance the efficacy and reach of financial flows dedicated to climate resilience in Somalia, ensuring that they contribute effectively to mitigating the adverse effects of climate change and enhancing adaptive capacities (Campiglio et al., 2018; Samuwai and Hills, 2019). The motivation for this research also stems from the urgent need to provide empirical evidence and strategic insights that can inform policy decisions and guide international aid allocations. By focusing on the intersections of climate finance, adaptation, and socio-economic resilience, this study aims to contribute to a more nuanced understanding of how financial mechanisms can be optimized to support sustainable development goals in climate-vulnerable contexts like Somalia.

The urgency of studying climate finance in Somalia is underscored by the rapid environmental degradation and the increasing frequency of climatic events that threaten to destabilize the region further. The theoretical framework of this study is built on the premise that effective climate finance can act as a catalyst for building resilience and promoting sustainable development, particularly in settings that are geopolitically and economically fragile (Baldwin and Lenton, 2020; Molua, 2022). This research is important as it delves into the theoretical underpinnings of climate finance, exploring the relationship between financial flows, policy frameworks, and community resilience. It seeks to understand how well-aligned funding mechanisms can help bridge the gap between current capabilities and the needed responses to climate impacts, thereby contributing to the theoretical discourse on climate adaptation and mitigation in developing countries.

While there is a growing body of literature on the allocation and effectiveness of climate finance in Somalia, many existing studies primarily focus on broad regional analyses or specific aspects such as project-level implementation or donor perspectives. However, there remains a gap in critically assessing how these allocations align with the unique needs and vulnerabilities of Somalia’s local communities, particularly in the context of sustainable, long-term development. This paper seeks to build upon existing research by offering a comprehensive analysis that not only examines the effectiveness of climate finance at the national level but also explores the local-level impacts and challenges in disbursement. Our study aims to fill this gap by providing an integrative framework that connects climate finance with community resilience, highlighting areas where current approaches May fall short and suggesting pathways for more effective resource allocation.

The potential contributions of this research extend beyond the academic sphere, offering actionable insights that are directly relevant to policymakers. Specifically, this paper provides a detailed analysis of the alignment between climate finance allocations and the unique vulnerabilities faced by local communities in Somalia. The findings underscore the need for a more targeted and context-sensitive approach to climate finance, which can be instrumental in informing policy decisions. Key recommendations include enhancing the transparency and accountability of fund disbursements, prioritizing investments in community-led resilience initiatives, and fostering stronger partnerships between national and local governments. These insights are not only grounded in rigorous analysis but are also designed to be immediately applicable to ongoing policy discussions. Furthermore, while the introduction highlights a gap in the literature concerning the critical assessment of climate finance in Somalia, this does not imply an absence of relevant studies. Instead, it reflects the need for a more nuanced examination that bridges existing research with practical policy implications. By integrating findings from previous studies and presenting novel recommendations, this paper seeks to advance the discourse and offer policymakers concrete strategies to enhance the effectiveness of climate finance in Somalia.

This study argues that enhancing the effectiveness of climate finance is crucial for building resilience and addressing the urgent challenges of climate change in Somalia. It highlights a significant research gap in the critical analysis of financial flows dedicated to climate initiatives within Somalia, an area that has received limited scholarly attention despite its critical importance. Hence, the purpose of this study is to explore the reliability, adequacy, and sustainability of climate finance for Somalia’s climate initiatives, aiming to offer insights that can improve the strategic deployment of funds. The expected contributions of this research include the development of better-informed policies and strategies that can significantly enhance the effectiveness of climate finance in fostering long-term resilience and sustainability in vulnerable regions like Somalia.



Literature review

Sub-Saharan Africa (SSA) is more vulnerable to climate change impacts than other regions (Adzawla et al., 2019), with adaptation costs estimated at $18 billion annually between 2010 and 2050 (Narain et al., 2011). Agriculture, health, and water are negatively impacted by climate change, posing a major threat to development (Nhemachena et al., 2020; Kogo et al., 2021). Climate aid promises of $100 billion have not been met by developed countries, and the deadline for mobilizing funds has been extended through 2025 (Pauw et al., 2022). Africa needs $2.8 trillion between 2020 and 2030 to implement its National Development Goals, with mitigation accounting for the largest share, whereas adaptation is only 24% of the total (Sengupta, 2023).

Climate researchers have studied the impact of competing preferences among climate finance donors and domestic players on climate finance coordination at national and subnational levels in Zambia (Funder and Dupuy, 2022; Shawoo et al., 2022). This study stated that despite the World Bank’s early effect on implementing coordination standards, domestic players have gradually weakened and restructured coordination arrangements to reflect their preferences better (Chelminski, 2022). They found that domestic players have gradually weakened and restructured coordination arrangements to reflect their preferences better. Climate finance mechanisms, such as utility modifiers, social learning, and capacity building, significantly impact the financial, regulatory, and technical barriers to geothermal development in Indonesia and the Philippines (Chelminski, 2022). However, political will and energy shocks also play an important role in the success of climate funding and the deployment of renewable energy technologies in emerging nations (Azhgaliyeva and Liddle, 2020; Guild, 2020; Setyowati, 2020; Bhatnagar and Sharma, 2022; Huang et al., 2022).

Climate finance is a crucial part of the climate accords since 2009, promoting commitment and ambition among emerging markets and developing countries (Bhattacharya et al., 2020). With a $100 billion commitment, it can mobilize private capital on a new level (Suroso et al., 2022). According to Article 2.1c of the Paris Agreement, parties must align finance flows with climate-resilient development and low greenhouse gas emissions (Gebel et al., 2022). Transformative climate finance is essential for accelerated and sustained transformations to climate-resilient growth (Leal Filho et al., 2021). Implementing sustainable investments can enhance productivity and generate co-benefits, including reduced co-benefits and ecosystem and biodiversity protection (Dafermos et al., 2018). Economic decision-makers can create comprehensive stimulus packages to drive recovery and build a better future (Bhattacharya et al., 2020). Climate finance gaps include inadequate grant funding, underfunding of adaptation, lack of funding for Least Developed Countries, and fast-track access obstacles (Savvidou et al., 2021). Improving predictability, trust, country ownership, gender responsiveness, and addressing loss and damage is crucial for improving future climate finance flows (Bhattacharya et al., 2020).

Wealthy countries are providing increased funding to developing countries to combat greenhouse gas pollution and enhance climate change resilience (Pickering and Mitchell, 2017). However, low-income countries are concerned about the predictability of current financial flows, which must increase dramatically by 2020 to mobilize $100 billion annually (Qian et al., 2023). This lack of predictability can undermine trust in negotiations and hinder long-term climate policy development (Pickering et al., 2017; Bracking and Leffel, 2021). National discretion is a factor contributing to climate finance fragmentation and uncertainty, but little is known about factors influencing climate finance volume and predictability among contributor countries (Pickering and Mitchell, 2017). The Copenhagen Accord mandates developed countries to provide adequate financial resources for developing countries’ adaptation needs. ‘Adequacy’ refers to meeting these needs or covering costs (Pauw et al., 2016). Predictable funding is crucial for developing countries to develop strategies and implement activities (Kissinger et al., 2019). The Accra Agenda for Action (2008) encourages donor countries to provide timely information about annual expenditure and develop a three-to five-year plan in advance (Organization for Economic Co-operation and Development, 2008). Predictability is about recipients’ expectation of future adaptation funding (Pauw et al., 2016).

Global greenhouse gas mitigation measures are projected to cost $200 billion to 210 billion by 2030 (Afful-Koomson, 2015). Africans’ share of global GDP between 2005 and 2010 was 5 billion dollars per year. Between 2008 and 2012, 2.5 billion US dollars were approved for mitigation projects in Africa, with 510 million allocated annually (Amighini et al., 2022). Africa needs at least 18 billion US dollars annually for climate change adaptation between 2010 and 2050, with the African Development Bank stating that financial flows are inadequate (Savvidou et al., 2021). Climate funds are used to fund projects in Africa, but the consistency of the amounts committed, deposited, approved, and disbursed is a topic of academic debate (Afful-Koomson, 2015; Gutierrez and Gutierrez, 2019). Bilateral projects have a mean disbursement ratio of 35%, while multilateral projects have a mean disbursement ratio of 50% (Afful-Koomson, 2015; Savvidou et al., 2021). Bilateral projects take about 1.2 years to receive their first payment, while multilateral funds May have better financial flow predictability due to bureaucratic delays (Afful-Koomson, 2015; Cao et al., 2021; Savvidou et al., 2021). Multilateral projects are primarily implemented by international organizations and non-governmental organizations, with the World Bank and the AfDB managing 14 and 9% of the projects, respectively (Afful-Koomson, 2015; Cao et al., 2021; Savvidou et al., 2021).

In 2025, developed countries must set new financing goals to ensure adequate and predictable climate finance, avoiding group differentiation (Zhang and Pan, 2016; Khan and Munira, 2021). They can leverage links between mitigation, adaptation, and financial demand developed by other countries (Khan et al., 2020). A new climate finance target of $100 billion per year is set for developed countries (Zhang and Pan, 2016; Khan et al., 2020). Non-Annex I parties emphasize the international community’s role in providing predictable and sustainable financial resources, capacity-building, and technical support for national climate change plans (Zhang and Pan, 2016; Lee et al., 2022). Enhancing climate finance availability and efficiency by integrating private sector sources, ensuring transparent distribution, and increasing efficiency are also crucial. During the 2009 Copenhagen climate negotiations, developing countries demanded funding to reduce greenhouse gas emissions and cope with climate impacts (Roberts et al., 2021). To achieve a goal of $100 billion per year by 2020, developed nations committed to providing new, predictable, and adequate funding (Roberts et al., 2021; Bian and Xia, 2022). However, these promises have flaws, making it difficult to determine if they have been met (Roberts and Weikmans, 2017; Roberts et al., 2021). As national treasuries continue to make annual decisions, new global financing mechanisms are needed to meet the promises made in Copenhagen (Khan et al., 2020; Roberts et al., 2021).

Hof et al. (2011) evaluated four climate funding proposals in developing economies using three criteria: adequacy, predictability, and equity. They calculated the revenue of the proposals using three mitigation scenarios to assess adequacy and predictability. They assessed climate funding predictability from a broader perspective, focusing on the revenue generated by financing proposals of three different mitigation scenarios (Hof et al., 2011). They used the Framework to Assess International Regimes (FAIR) framework, which analyzes climate regimes’ environmental and economic impacts, costs of environmental and abatement measures, and Kyoto mechanisms in linking long-term climate targets with regional emission allowances and abatement costs (Gu et al., 2011; Hof et al., 2011). The Paris Agreement requires substantial investment, with developed countries committing $100 billion annually up to 2025 (Egli and Stünzi, 2019). Post-2025 commitments are likely to exceed this amount, but no guidance is provided on how contributions should be allocated (Egli and Stünzi, 2019). A dynamic burden-sharing mechanism has been developed to assess governments’ climate finance contributions, allowing civil society and countries to check if they are adequate, leading to more effective international collaboration (Egli and Stünzi, 2019, Warren, 2020).



Materials and methods


Data and sampling technique

Somalia climate finance data were retrieved from OECD Climate Finance Statistics. The data, which ranges from 2006 to 2020, covers couple of financial indicators including climate finance flow, climate finance providers, climate finance instruments, sectors invested, and other indicators. The objective of this research is to explore the effectiveness of climate finance for Somalia’s climate initiatives. The following table outlines the variables and their definitions used in this study.



Summary of the data

The research findings provide a comprehensive overview of the current state of climate finance in Somalia, revealing several key insights. These insights are pivotal for shaping policy responses and strategic planning to optimize the effectiveness and impact of climate finance in Somalia, addressing both existing challenges and capitalizing on recent advancements in funding and awareness.


Skewed funding distributions

There is a significant disparity between the maximum climate finance flow to Somalia ($239,080,860) and the average flow ($3,115,218), suggesting that occasional large inflows, potentially from specific projects or external sources, greatly skew the average. This pattern is consistent across both general and adaptation-specific finance flows.



Mitigation finance variability

The maximum mitigation finance flow ($31,588,110) far exceeds the average ($594,720), indicating sporadic larger investments in this area, which suggests that mitigation initiatives might receive substantial but inconsistent funding.



Stability in funding

The Coefficient of Variation (C.V.) at 0.488 reflects a moderate degree of stability in climate finance relative to its mean, implying that dramatic increases in future climate finance are unlikely. This could signal concerns regarding the sustainability and adequacy of funding.



Small-scale projects and limited government involvement

Most climate finance projects are small, typically under $1 million, and often do not involve the Somali government directly. This points to a prevalence of smaller initiatives with minimal governmental engagement.



Gender inequality in climate projects

The data reveals a lack of prioritization of gender equality in climate-related projects, identifying a crucial area for improvement to ensure inclusivity and effectiveness in project impacts.



Recent growth in climate finance

Between 2017 and 2020, there was a notable increase in climate finance, with significant portions of grants and their total values disbursed in this period, reflecting heightened climate change awareness and international support.



Recommendations for future action

The findings underscore the necessity for enhanced sustainability, diversified project sizes, increased government participation, and integration of gender considerations into climate finance strategies.




Two-stage modeling approach

This study uses a two-stage modeling approach, employing a multiple regression model at the first stage and a support vector machine (SVM) model at the second to produce reliable results. By integrating the two approaches, the limitations of both methodologies are effectively addressed. Given the data-driven nature of Support Vector Machines (SVM), it is imperative to contrast it with a theory-driven approach, such as the multiple regression model.


Multiple regression

Multiple regression was used in this study to examine the relationship between independent and dependent variables. By conducting an examination of various predictors, it becomes feasible to acquire a more profound comprehension of complex nature and trends. This approach involves quantifying the specific impacts of individuals while taking into account confounding factors, thereby uncovering concealed causal relationships and patterns. A multiple regression analysis was conducted to examine the reliability, adequacy, and sustainability of Climate Finance in Somalia for the country’s Climate Initiatives. The regression model is modeled in the following form:
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Where;

CF = climate finance.

SL = scale.

AF = adaptation finance.

SC = social contract.

CA = climate action.

MF = mitigation finance.

GE = gender equality.




Justification for methodology

The adoption of multiple regression analysis in this study is grounded in its ability to comprehensively examine the simultaneous effects of multiple independent variables on a single dependent variable, a necessity for exploring the effectiveness of climate finance in Somalia’s climate initiatives. This methodology is particularly advantageous as it allows for the control of potential confounding variables, ensuring that the influence of each factor is accurately isolated and estimated. By providing quantitative estimates, multiple regression enables the precise measurement of the magnitude and direction of relationships, thereby facilitating the formulation of empirically grounded policy recommendations. Moreover, its robustness in hypothesis testing not only supports the exploration of correlations but also aids in establishing causal links where applicable, enhancing the study’s ability to draw meaningful and actionable conclusions within the complex context of climate finance effectiveness.


Support vector machine

Support Vector Machine (SVM) is a powerful machine-learning algorithm widely recognized for its prowess in handling complex datasets (Teles et al., 2021). Its strength lies in its ability to find optimal decision boundaries, making it particularly valuable for classification problems. SVMs can transform input data into a higher-dimensional feature space, simplifying the process of finding linear separations or effectively classifying complex datasets. They excel in various domains, including text and image classification, gene expression analysis, and anomaly detection, thanks to their adaptability and efficiency in managing high-dimensional data and nonlinear relationships. However, SVMs tend to perform best on smaller datasets due to their memory-efficient approach, where they focus on a subset of training points known as support vectors. Despite their effectiveness, SVMs come with certain limitations, such as the need to avoid overfitting in high-dimensional feature spaces and the relatively costly calculation of probability estimates (Melgani and Bruzzone, 2004).

Support Vector Regression (SVR) is a supervised learning algorithm that extends the principles of SVMs to predict continuous values (Zhang and O'Donnell, 2020). SVR, akin to its classification counterpart, strives to maximize margins while accommodating as many data points as possible. It identifies a hyperplane that best fits the data while maintaining a balance between fitting the data precisely and avoiding overfitting. This property makes SVR an invaluable tool for predicting discrete values with accuracy. In SVR, the goal is to find the hyperplane that can capture the maximum number of data points, allowing it to excel in regression tasks. By leveraging the core concepts of SVMs, SVR provides a robust framework for addressing real-world problems requiring precise predictions of continuous variables.

Support Vector Regression shares similarities with Linear Regression in terms of the equation representing the line, which is given as:
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However, in Support Vector Regression, this linear relationship is denoted as a hyperplane. The data points situated on either side of this hyperplane and closest to it are referred to as Support Vectors, and they play a crucial role in defining the boundary line for SVR. Support Vector Regression (SVR) differs from other regression models in its objective. While other models aim to minimize the error between actual and predicted values, SVR takes a unique approach by seeking to establish the optimal line within a predefined threshold distance (referred to as ‘a’) between the hyperplane and the boundary line. Hence, the SVR model can be characterized as striving to satisfy the condition of:
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The predictions are based on the data points located within this boundary.

Support Vector Machine (SVM) can be used as a regression method, maintaining its main features of maximum margin. Support Vector Regression (SVR) uses the same principles as SVM for classification, with minor differences. The output is a real number, making it difficult to predict infinite possibilities. A margin of tolerance (epsilon) is set in regression to approximate the SVM. The algorithm is more complicated, but the main idea is to minimize error by individualizing the hyperplane that maximizes the margin, while tolerating some part of the error.
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The kernel functions serve the purpose of converting the data into a feature space of higher dimensions, enabling the achievement of linear separation.
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Kernel functions
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Empirical results

The study’s findings are organized into two distinct sections. The initial section delves into the results derived from the multiple regression analysis, while the subsequent section addresses the findings generated through the application of the support vector machine (SVM) methodology.


The results of the multiple regression

The regression analysis of climate finance in Somalia has revealed insightful trends and relationships. The R-squared value of 0.99 is exceptionally high. R-squared measures the proportion of the variance in the dependent variable that is explained by the independent variables in the model. In this case, an R-squared of 0.99 means that 99% of the variance in the dependent variable (the outcome being predicted) is accounted for by the independent variables included in the model. This is an extremely strong goodness-of-fit, indicating that the model fits the data very well. However, it is essential to be cautious of overfitting, as an R-squared close to 1.0 can sometimes indicate an overly complex model that May not generalize well to new data. On the other hand, the F-statistic is highly significant with a p-value of 0.00. This suggests that the overall model is statistically significant. The F-statistic tests the null hypothesis that all the coefficients of the independent variables are equal to zero. Since the p-value is very low, we can reject the null hypothesis, indicating that there is a relationship between the independent variables and the dependent variable. In summary, the model appears to be an excellent fit for the data, explaining a very high percentage of the variance in the dependent variable. The model, as a whole, is statistically significant, indicating that it provides valuable information for predicting the dependent variable. These findings suggest that the multiple regression model has strong predictive power and is likely capturing meaningful relationships between the independent and dependent variables. However, it’s essential to conduct a more detailed analysis of the individual regression coefficients to understand the specific effects of each independent variable on the dependent variable (see Tables 1, 2).



TABLE 1 Definition of the study variables.
[image: Table1]



TABLE 2 Summary statistics.
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As shown in the multiple regression results (see Table 3), the multiple regression model found that adaptation funding (b = 0.9904 and t-value = 126.4361), the scale of financial interventions (b = 191.1442 and t-value = 1.8617), establishment of a robust social contract (b = 0.9904 and t-value = 126.4361), and climate action measures (b = 155.2129 and t-value = 2.2181) have significant positive effect on the flow of climate-related funds, whereas mitigation funding (b = 0.1818 and t-value = 1.6344) and gender equality (b = −100.9311 and t-value = −1.4506) have no significant effect on the flow of climate-related funds. In the context of climate finance in Somalia, these findings offer valuable insights into the determinants of the flow of climate-related funds. Notably, Adaptation Finance and the presence of a robust Social Contract emerge as the strongest drivers of fund flow, underscoring the critical importance of directing resources toward climate adaptation efforts and establishing transparent governance frameworks. Additionally, Climate Action measures are shown to have a positive and statistically significant impact, affirming the significance of proactive climate initiatives in a region vulnerable to climate-related challenges. Similarly, the scale of financial interventions has positive and statistically significant impact on the flow of climate-related funds. While Mitigation Finance exhibit positive influence, its statistical significance suggests that its impact May be less evident. Furthermore, while Gender Equality appears to have a negative effect on fund flow, the lack of statistical significance implies the need for further exploration of gender-related dynamics within climate finance projects. These findings illuminate key factors that policymakers and stakeholders can consider to optimize climate finance strategies for Somalia, with a particular emphasis on adaptation, governance, and targeted climate action measures.



TABLE 3 Multiple regression results.
[image: Table3]

Climate finance plays a crucial role in supporting climate adaptation and mitigation efforts in countries like Somalia, which are vulnerable to the impacts of climate change (Nor and Mohamed, 2024). These findings provide insights into the factors that influence the flow of climate-related funds in the Somali context. The positive and highly significant coefficient for Adaptation Finance suggests that increasing funding dedicated to adaptation projects and initiatives in Somalia has a substantial and positive impact on the flow of climate-related funds. In a context like Somalia, where climate adaptation is critical due to vulnerabilities to extreme climate shocks, this finding underscores the importance of directing resources toward adaptation efforts. The positive coefficient for Scale indicates that larger-scale financial interventions have a positive effect on the flow of climate-related funds in Somalia. In the Somali context, this finding suggests that larger-scale projects contribute to fund flow significantly. Similar to Adaptation Finance, a robust social contract has a highly significant positive effect on fund flow. This suggests that when there is a well-established and effective social contract, it can facilitate the allocation and utilization of climate-related funds effectively in Somalia. A stable and transparent governance framework is crucial in ensuring that funds are used efficiently and reach the intended beneficiaries. Climate action measures have a positive and statistically significant impact on fund flow. This finding indicates that investing in climate action initiatives, such as renewable energy projects or climate resilience programs, is associated with an increased flow of climate-related funds in Somalia. Given Somalia’s vulnerability to climate-related challenges, this underscores the importance of proactive climate action.

While mitigation finance has a positive coefficient, it is not highly statistically significant. This suggests that directing funds specifically toward mitigation projects, such as emissions reduction efforts, May not be a strong driver of fund flow in Somalia, at least within the context of this model. Gender equality has a negative coefficient, but it is not statistically significant. This suggests that the gender equality aspect does not significantly affect the flow of climate-related funds in Somalia according to the model. However, it is important to note that gender equality and social inclusion are critical aspects of climate finance, and addressing gender disparities should remain a priority in climate-related projects. After accounting for the influence of various other covariates, the results of our regression analysis reveal significant associations between specific factors and the allocation of climate-related funds. Notably, large-scale climate-related projects exhibit a statistically significant positive effect, contributing an estimated $1.8617 million USD more to the flow of climate-related funds than their small-scale counterparts. Furthermore, climate-related projects executed or overseen by recipient governments demonstrate a substantial positive impact, contributing approximately $126.4361 million USD more compared to projects managed by other partners, including NGOs, donor governments, or third parties. Additionally, climate action measures initiated after 2017 exhibit a marked influence, contributing an estimated $2.2181 million USD more to climate-related fund allocation than those enacted prior to 2017. These findings underscore the importance of project scale, governance involvement, and temporal considerations in shaping the distribution of climate-related financial resources, thereby informing policy and resource allocation strategies in the context of climate action initiatives.



Model diagnostics

The model diagnostics provide essential insights into the suitability and potential issues of the multiple regression analysis conducted in the context of Climate Finance in Somalia. The absence of multicollinearity among the independent variables, as indicated by the variance inflation factor (VIF) results (see Table 3), is a positive finding. A VIF less than 5 for all explanatory variables suggests that they are not highly correlated or redundant. In the context of Somalia, this means that the chosen independent variables do not suffer from high interdependence, allowing for more accurate interpretation of their individual effects on climate-related fund flow. This is particularly important for policymakers and stakeholders as they consider how to allocate and prioritize resources effectively. The presence of heteroscedasticity, which violates the homoscedasticity assumption, is identified in the model. Heteroscedasticity implies that the variance of the residuals is not constant across different levels of the independent variables. In the context of climate finance in Somalia, this May reflect the inherent variability and unpredictability of climate-related challenges. However, it’s positive that you have applied White’s (1980) homoscedasticity-consistent coefficient covariance matrix correction, which is a widely accepted method to address heteroscedasticity. This correction helps ensure that the standard errors of coefficient estimates are appropriately adjusted, resulting in reliable statistical inference, even when the homoscedasticity assumption is violated. The Jarque–Bera normality test indicates that the residuals are not normally distributed, with a very low p-value of 0.00. This implies that the residuals do not follow a normal distribution pattern. While this finding May raise concerns, it’s important to recognize that regression models are not always required to have normally distributed residuals. The significance of this finding largely depends on the specific purposes and assumptions of the analysis.



The results of support vector regression model

As shown in the model summary (see Table 4), the SVM model employed 6 input variables, Radial Basis Function as Kernel type, and 15 (0 bounded) number of SVs. The following table illustrate the regression summary of the SVM, where the necessary parameters of the model are presented. The following findings were uncovered by the SVR model. These findings provide important insights into the to the flow of climate-related funding in Somalia:



TABLE 4 Model summary.
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Discrepancy in predicted and actual funding

The initial finding underscores a pronounced incongruity between projected and actual funding allocation within the context of climate-related projects. Within the dataset of 458 projects subjected to analysis, a minuscule fraction, representing less than 1%, found themselves in a situation of over-financing, wherein they received a surplus of financial resources relative to their initial forecasts. Conversely, a significant majority, comprising 99.13% of the projects, experienced a substantial deficit in funding vis-à-vis their anticipated financial requisites, thereby elucidating a discernible and persistent pattern of projects consistently falling short of their projected financial support levels. This revelation underscores the imperative for a more comprehensive examination of the mechanisms governing funding disbursement in the climate-related project domain, as well as the potential ramifications of this chronic underfinancing phenomenon on the realization of climate-related objectives and targets (see Table 5).



TABLE 5 Regression summary.
[image: Table5]



Significance of underfinancing

The second key finding emphasizes a matter of considerable import, wherein the underfinancing of climate-related projects emerges as a matter of pronounced gravity. In a substantial majority of instances, exceeding 90% of the cases under scrutiny, the extent of underfunding surpasses an average of approximately 300%. This staggering statistic not only substantiates the pervasive nature of the funding deficit but also accentuates the magnitude of the financial chasm confronting these projects. Such substantial underfunding can have far-reaching repercussions, compromising the capacity of climate-related initiatives to effectively mitigate environmental challenges and fulfill their intended objectives. Consequently, it underscores the urgent need for an in-depth appraisal of the underlying factors contributing to this substantial underfinancing, alongside concerted efforts to bridge the funding gap and fortify the resilience of climate-related projects in Somalia.



Enormous funding gap

The third salient finding unveils an astonishingly substantial funding deficit that has unfolded over a comprehensive 14-year timeframe. When examining the aggregate projections for the 458 projects in question, the forecasted funding reached an impressive sum of $6.541 billion, in stark contrast to the actual financial disbursements, which amounted to a mere $1.428 billion. Consequently, a glaring discrepancy emerges, as elucidated by the Support Vector Regression (SVR) model, revealing a colossal funding shortfall of $5.113 billion. This glaring disparity serves as a compelling testament to the acute inadequacy of financial support currently allocated to climate-related endeavors in Somalia, thus accentuating the imperative for a substantial augmentation in financial resources to bridge this formidable funding gap.



Alarming funding gap percentage

The fourth consequential finding underscores a deeply disconcerting reality within the flow of climate finance in Somalia, where the overall funding gap endured by Somalia over the 14-year timeframe stands at an alarming magnitude of approximately 358 percent. This strikingly high percentage serves as a stark indicator of the systemic inability of Somalia’s climate initiatives to secure the requisite, substantial, and enduring financial backing essential for the efficacious mitigation of climate-induced threats and the fortification of climate resilience within the nation. This sobering revelation not only highlights a formidable obstacle in the successful implementation and longevity of climate-related projects in Somalia but also accentuates the pressing need for a comprehensive reevaluation of funding mechanisms and the formulation of strategies aimed at rectifying this glaring deficiency in climate financing.





Discussion

The primary objective of this study is to explore the reliability, adequacy, and sustainability of climate finance for Somalia’s climate initiatives, using both multiple regression and support vector machine (SVM). The multiple regression analysis revealed that adaptation finance, a robust social contract, and the scale of financial interventions significantly enhance fund flows, whereas mitigation efforts and gender equality had less impact. The SVM analysis, on the other hand, exposed a significant underfinancing of climate projects, with a large majority facing a funding shortfall, emphasizing the discrepancy between needed and actual funds received. The analysis underscored adaptation finance as a pivotal driver of climate fund allocation, reflecting its critical role in climate-vulnerable regions like Somalia. The importance of a robust social contract suggests that effective governance structures are essential for the efficient use of funds. The scale of interventions highlighted the effectiveness of larger financial projects in securing funds, contrasting with the less significant role of mitigation finance and gender equality, which suggests these areas May require different strategies or more focused attention.

This study is set against Somalia’s backdrop of climate vulnerability and socio-economic instability, where governance structures are often weak, and climate impacts are severe. These factors are crucial in understanding the study’s findings, as they influence both the need for climate finance and the effectiveness of its deployment. The context underlines the importance of tailored financial strategies that address both immediate and systemic challenges. The findings have profound implications for climate finance policy and practices, particularly in regions similar to Somalia. Policymakers should consider enhancing mechanisms for adaptation finance and strengthening governance structures to ensure effective fund deployment. Additionally, the importance of large-scale interventions suggests that policies should encourage substantial projects that can achieve significant impacts, while also reconsidering strategies for areas like mitigation finance and gender equality where impacts were less discernible.

The results of this investigation are consistent with established literature that underscores the critical role of adaptation finance in regions susceptible to climate adversity. Prior research has repeatedly emphasized the necessity of allocating sufficient resources to adaptation initiatives to mitigate the impacts of climate change, particularly in vulnerable areas (see for instance, Narain et al., 2016; Duguma et al., 2014; Karki et al., 2021; Susskind and Kim, 2022; Ahenkan et al., 2021; Manuamorn et al., 2020). These studies advocate for increased funding as a fundamental requirement for developing resilience against environmental shocks. The current study enhances this body of knowledge by providing quantitative evidence that supports the substantial influence of adaptation finance on the flow of climate-related funds in Somalia, affirming the theory that targeted financial allocations are indeed pivotal for effective climate adaptation. Furthermore, this study extends the academic discourse by revealing the significant roles of governance and financial scale in the effectiveness of climate finance. While the correlation between governance quality and climate finance efficiency has been suggested by researchers such as Bracking and Leffel (2021), Chaum et al. (2011), Schalatek (2012), Teng and Wang (2021), and Doku et al. (2021), this study quantitatively demonstrates how robust governance mechanisms are instrumental in enhancing fund allocation and utilization in Somalia.

Additionally, the impact of the scale of financial interventions, highlighted through this research, supports resolutions posited by Prowse and Snilstveit (2010), Kato et al. (2014), Songwe et al. (2022), Kato et al. (2014), and Fenton et al. (2017), who argued that larger-scale financial interventions are more likely to secure necessary funding and achieve impactful outcomes. By integrating these elements into a cohesive analysis, this study offers a more comprehensive understanding of the dynamics influencing climate finance, thereby contributing significantly to the strategic planning and policy formulation essential for optimizing climate finance in similar contexts.

Theoretically, this research enriches the discourse on climate finance by demonstrating the multifaceted impacts of governance, scale, and specific financial streams on fund allocation. It suggests a complex interplay between these variables, challenging simpler economic models of climate finance and suggesting a more nuanced approach is necessary to understand and enhance the effectiveness of climate finance. This study introduces a novel approach by combining multiple regression and SVM methodologies to provide a comprehensive analysis of climate finance determinants and their real-world implications. This dual-methodology not only confirms the robustness of the findings but also unveils the nuances of fund allocation and utilization in a challenging environment like Somalia, offering a broader methodological framework for future research. The study makes a substantial contribution to the literature by providing detailed empirical evidence on how adaptation finance, governance, and the scale of financial interventions influence climate-related funding in a highly vulnerable context. It extends the understanding of climate finance by incorporating complex models and comparative analysis, offering new insights into how funds are allocated and the significant gaps between funding needs and actual disbursements in regions like Somalia.

The findings of this study, while deeply rooted in the specific context of Somalia, also carry potential implications for other regions facing similar climate vulnerabilities. The critical determinants of climate finance effectiveness—such as robust governance, the scale of financial interventions, and the emphasis on adaptation finance—are likely to resonate in other fragile states or regions where climate change poses a severe threat. However, it is important to recognize that the unique socio-political dynamics of Somalia, including its governance challenges and specific climate risks, May influence the applicability of these results elsewhere. Therefore, while the methodological framework combining multiple regression analysis and support vector machine (SVM) techniques offers a robust tool for assessing climate finance in vulnerable contexts, its generalizability should be approached with caution. Future research could explore the transferability of these findings to other regions, adapting the model to account for local variables, and thus broadening the relevance of this study’s conclusions to a wider array of climate-vulnerable areas. This would not only strengthen the study’s contribution to global climate finance discourse but also provide a more comprehensive understanding of how these dynamics play out across different contexts.



Conclusion

This study highlights the pivotal roles of adaptation finance, robust governance, and the scale of financial interventions in determining the effectiveness of climate finance in Somalia. The multiple regression analysis provided a strong statistical confirmation that these factors significantly enhance the flow of climate-related funds. Moreover, the support vector machine (SVM) analysis revealed a widespread underfinancing of climate projects, illustrating a significant discrepancy between projected financial needs and actual funding received. Theoretically, this research enriches the discourse on climate finance by illustrating how adaptation initiatives, governance quality, and intervention scale can profoundly influence fund allocation and effectiveness. This study not only supports but also expands existing theories by providing a nuanced understanding of the multifaceted impacts of these variables in a vulnerable region, thereby offering a more complex and detailed model of climate finance.

The findings suggest that policymakers should prioritize strengthening governance frameworks and scaling up financial interventions to enhance the effectiveness of climate finance. There is a clear indication that robust policies promoting transparency and accountability in fund management and allocation are crucial for maximizing the impact of financial resources in climate-vulnerable regions. Practically, this study underscores the importance of targeted adaptation finance and the need for large-scale projects that can make substantial impacts on climate resilience. The insights provided can help guide NGOs, government bodies, and international donors in structuring their financial strategies to ensure that funds are both efficiently allocated and adequately meet the extensive needs posed by climate challenges.

The overall significance of this study lies in its comprehensive analysis and robust methodology, which provide crucial insights into the dynamics of climate finance in a region highly susceptible to climate change. By uncovering the critical factors influencing the effectiveness of climate finance, this research contributes to a more strategic and informed approach to managing climate risks. While the findings are insightful, the study acknowledges limitations, including the potential for overfitting in the regression model given the high R-squared value and the limited generalizability of the SVM results to other regions without similar socio-economic and environmental contexts. Future research should focus on exploring the causal relationships between governance mechanisms and fund allocation in different contexts to validate and expand upon the findings. Additionally, investigating the role of gender equality and mitigation finance as factors in climate finance could provide deeper insights into how to structure comprehensive financial strategies that address all dimensions of climate challenges.

In conclusion, this study makes significant contributions to understanding the determinants of effective climate finance in Somalia, providing critical insights that can aid in the formulation of more effective strategies to tackle climate change. It lays a solid foundation for further research and offers actionable recommendations for improving climate finance strategies globally, particularly in regions that are most vulnerable to climate impacts.
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