


Climate insurance in Africa : how farm carbon can contribute to affordable premium for smallholder’s farmers ?


[bookmark: _GoBack]Abstract
For many farmers in Africa, a major obstacle to getting insurance is the cost. The affordability of premiums is often the key issue that prevents them from accessing these product. This study investigates the potential of carbon finance to bolster agricultural resilience across Africa by analyzing regional variations in carbon sequestration, carbon pricing, estimated carbon value per hectare, and agricultural climate insurance premiums. Utilizing a classification system based on Primary Agricultural System Types and comprehensive secondary data, we systematically estimated carbon stock, carbon prices, and insurance premiums for diverse African regions.
Our findings reveal significant regional disparities. East and Central Africa, characterized by Highland, Mixed Farming, and Humid Forest systems, exhibit the highest carbon sequestration potential and subsequently, a carbon value per hectare that comfortably exceeds agricultural insurance premiums. Farmers in these regions can fully offset their insurance costs through carbon credits, often generating substantial surpluses (up to $24/ha in East Africa and $44/ha in Central Africa), offering a viable pathway for self-financed climate risk transfer.
In contrast, the West African Sahel, dominated by Rainfed Cropland and Pasture systems, faces a critical financial gap : its lower carbon sequestration capacity and carbon prices mean the estimated carbon value per hectare falls short of covering agricultural insurance premiums, requiring up to a 30% farmer contribution. This highlights the impact of nascent market development and severe climate vulnerability. Southern Africa, while having the highest insurance premiums ($22.5/ha) due to high investment capital and climate risks, still generates sufficient carbon value (with a surplus of $75/ha) to cover these costs. C    arbon finance presents a powerful, nature-based solution for agricultural climate insurance in much of Africa. However, a differentiated approach is essential. While East, Central, and Southern Africa can leverage carbon credits for self-sustaining climate risk management, the West African Sahel necessitates targeted interventions and innovative financial instruments to bridge its unique funding gap, ensuring equitable access to climate resilience for all African farming communities.
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INTRODUCTION 
Smallholder farmers face a range of shocks and challenges beyond their control that can have a drastic impact on their incomes and livelihoods. These include unexpected non-agricultural events, such as health problems, and agricultural events, such as market and price fluctuations or pest and disease infestations. Climate change is a key driver behind agricultural shocks.( Rishi Raithatha and Jan Priebe 2020) Agricultural insurance plays a vital role in safeguarding smallholder farmers in Africa from the devastating impacts of climate change and other agricultural risks. However, its adoption remains exceptionally low, leaving millions vulnerable to financial ruin (OKO finance 2024). 
The primary reasons for low insurance adoption among smallholder farmers are rooted in their economic realities and perceptions. Low and irregular income coupled with severe cash-flow constraints severely limit their ability to pay premiums upfront, particularly at the beginning of the planting season when funds are urgently needed for essential inputs like seeds and fertilizers. This critical timing mismatch between income cycles and premium payment schedules significantly reduces their willingness and ability to purchase insurance (Yanyan Liu et al 2020). Many smallholders are also entrenched in poverty and financial vulnerability, often burdened by household debt and grappling with escalating input costs. These economic pressures compound their inability to afford insurance premiums without the crucial intervention of subsidies or flexible payment options (Cole et al 2013).
Beyond financial limitations, a significant barrier lies in the lack of awareness and understanding of insurance products. Farmers frequently possess limited knowledge about the benefits, mechanisms, and pricing of agricultural insurance. This informational asymmetry fosters low trust and diminishes their motivation to purchase such products (Martina MascarenhasAnne G. TimuLiangzhi You 2024). Furthermore, their risk perception and motivation play a pivotal role. Farmers may not perceive insurance as a necessary or valuable tool if they rely on traditional risk management strategies. They may also harbor doubts about receiving payouts, especially in the context of index-based insurance schemes where payouts are triggered by external indices rather than individual losses, leading to skepticism and a reluctance to engage 
Moreover,the supply side of agricultural insurance for smallholders presents its own set of significant challenges for insurers. High operational and distribution costs are a major deterrent. Serving smallholder farmers in remote rural areas is logistically complex and expensive due to the small size of individual farms and the dispersed nature of the population. This inflates the cost per insured farmer, ultimately leading to higher premiums (5). Adding to this financial burden is the high risk and frequency of payouts. Agricultural risks in Africa, such as droughts, floods, and pest outbreaks, are often correlated and can be catastrophic, resulting in frequent and substantial payouts. This elevated risk profile makes it challenging for insurers to offer affordable premiums without the support of subsidies or robust risk-sharing mechanisms (5).
Consequently, low profitability for insurers becomes a significant disincentive. Smallholders are generally perceived as low-profit customers due to their limited ability to pay and the high costs associated with servicing their needs. This discourages insurers from developing and marketing affordable products tailored to this segment (5). Moreover, the complexity in designing suitable products further complicates the landscape. Insurance products must be meticulously tailored to the specific risks and diverse needs of smallholders, demanding detailed risk analysis and innovative product development, both of which can be costly and intricate endeavors (2).
The broader enabling environment significantly influences the viability and accessibility of agricultural insurance. A critical missing piece in many regions are the lack of government subsidies or support. Without well-targeted subsidies or public backing to reduce premiums, agricultural insurance often remains unaffordable for smallholders, hindering widespread adoption (Martina MascarenhasAnne G. TimuLiangzhi You 2024). Furthermore, weak policy, legal, and regulatory frameworks can severely impede the development of inclusive insurance markets. Inadequate frameworks can limit the ability to implement innovative payment or distribution mechanisms, thereby stifling market growth and farmer access to essential insurance services (Martina Mascarenhas, Anne G. Timu, and Liangzhi You 2024).
Addressing these multifaceted challenges some of comprehensive approach encompassing various innovative solutions have been proposed :. Flexible payment options, such as pay-after-harvest (PAH) models or installment payments aligned with farmers' income cycles, can effectively overcome liquidity constraints (26). Bundling insurance with credit or inputs, by linking premiums to input loans or deducting them at the point of sale of produce, can also significantly reduce upfront payment barriers (Martina Mascarenhas, Anne G. Timu, and Liangzhi You 2024). The use of digital technologies, including mobile money, satellite data, and digital platforms, offers immense potential to reduce operational costs, enhance transparency, streamline distribution, and expedite claims processing (5). Crucially, government and donor subsidies, along with risk-sharing mechanisms, are essential to improve affordability and encourage uptake, though they necessitate clear exit strategies to ensure long-term sustainability (Martina Mascarenhas, Anne G. Timu, and Liangzhi You 2024). Finally, education and transparent pricing are paramount. Enhancing farmer education on the benefits of insurance and ensuring transparent communication of pricing builds trust and stimulates demand (Martina Mascarenhas, Anne G. Timu, and Liangzhi You 2024).
Despite these promising solutions, a persistent challenge remains: securing sustainable and scalable funding to make agricultural insurance truly affordable for the vast majority of smallholder farmers in Africa. This is where carbon credits emerge could play as a crucial and innovative financing mechanism. By engaging in sustainable agricultural practices that sequester carbon or reduce greenhouse gas emissions – such as improved soil management, agroforestry, or reduced fertilizer use – smallholder farmers can generate carbon credits. These credits can then be sold in voluntary carbon markets, providing a direct and significant revenue stream. This revenue can be strategically channeled to directly subsidize agricultural insurance premiums, making them more accessible and affordable for the very farmers contributing to climate mitigation.
Given that the generation of carbon credits by smallholder farmers offers a dual benefit: it incentivizes climate-smart agriculture, fostering environmental sustainability, while simultaneously providing a dedicated, market-based funding source can use to bridge the affordability gap in agricultural insurance.. By leveraging the growing global demand for carbon offsets, this approach could offers a sustainable and scalable pathway to ensure that affordable agricultural insurance becomes a reality for millions of smallholder farmers in Africa, empowering them to withstand climate shocks and secure their livelihoods. This research aimed to investigate in this perspective

II METHOD 
2.1 Study area
For This regionalization strategy was not arbitrary. Instead, it was meticulously carried out by grouping countries based on their similarities in terms of prevailing weather issues and parameters. This means that countries within the same region are expected to experience comparable climatic conditions, face similar weather-related challenges, and share common meteorological characteristics. For instance, countries in one region might predominantly experience arid conditions and drought, while another might be characterized by humid tropical climates and heavy rainfall. The primary purpose of this strategic split is to facilitate a more coherent and manageable analysis. By aggregating countries with similar weather profiles, the study can :
· Simplify Data Interpretation: Instead of analyzing 54 individual countries, the focus can be narrowed to six regions, making patterns and trends more discernible.
· Highlight Regional Trends : This division allows for the identification of specific weather-related issues that are endemic to particular regions, enabling a more targeted understanding of their impacts and potential solutions.
· Improve Comparability: Comparing countries within a regionally homogenous group provides a more robust basis for drawing conclusions, as external climatic variables are largely consistent.
· Enhance Policy Recommendations: Understanding the unique weather challenges of each region can lead to more tailored and effective policy recommendations, rather than one-size-fits-all approaches.
Figure 1, as referenced, provides the detailed breakdown of these six regions and the specific countries assigned to each. This table serves as the foundational framework for the geographical scope of this study, ensuring that the subsequent analysis is both structured and relevant to the distinct weather dynamics observed across the African continent. This methodical approach underscores the study's commitment to a nuanced understanding of Africa's weather landscape. 5
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Figure 1 : The six Africa Region with its countries
2.2. Primary Agricultural System Type used per Africa Region for Analyses
To effectively investigate our research questions, it was crucial to categorize the diverse agricultural practices observed. Therefore, for the purposes of this investigation, we employed a classification system based on Primary Agricultural System Types, as detailed in Table 1. This categorization was not arbitrary; rather, it served as a fundamental framework to streamline our analysis and draw more meaningful insights. By grouping agricultural activities into distinct system types, we could:
· Standardize comparisons: It allowed us to compare and contrast different agricultural approaches on a common basis, even if they occurred in varied geographical or socio-economic contexts.
· Identify common characteristics and challenges: Each system type often comes with its own set of inherent characteristics, resource requirements, and environmental challenges. Grouping them enabled us to better understand these shared aspects.
· Facilitate data aggregation: Instead of analyzing countless individual farms or micro-practices, we could aggregate data at the system level, making the overall analysis more manageable and comprehensible.
· Derive targeted conclusions : By understanding the performance and impacts of each primary system type, we could formulate more precise conclusions and recommendations relevant to specific agricultural contexts.
Table 1, referenced in our methodology, comprehensively lists these Primary Agricultural System Types. It serves as the bedrock for understanding the agricultural landscape within the scope of this investigation, ensuring that our findings are systematically organized and directly comparable across different farming modalities. This structured approach is vital for drawing robust conclusions about the agricultural sector under study.
Table 1 : Primary Agricultural System Type used per Africa Regions
	N0
	Africa Regions
	[bookmark: _Hlk199694491]Primary Agricultural System Type

	1
	North Africa
	Arid/Semi-arid, Irrigated Croplands

	2
	West Africa (Sahel)
	Semi-arid, Rainfed Croplands, Pasture

	3
	West Africa (Humid/Sub-humid)
	Humid/Sub-humid, Croplands, Agroforestry

	4
	East Africa
	Highlands, Mixed Farming, Pastoral

	5
	Central Africa
	Humid Forest, Shifting Cultivation

	6
	Southern Africa
	Diverse (arid to humid), Croplands, Rangelands



2.3 Estimation of farland carbon potential sequestration per Africa Region
To estimate carbon stock per region, secondary data were collected from peer-reviewed articles and academic publications covering countries across each region. The scope of this collection was comprehensive, encompassing publications that provided carbon stock measurements from various ecosystems and land uses across all countries within each designated region. This extensive search ensured that we captured a representative snapshot of carbon stock values from diverse geographical and ecological contexts within each region.The data obtained were then used to calculate the average attributed to each region. This approach was adopted for several key reasons:
· Leveraging Existing Research: It allowed us to build upon the extensive scientific knowledge already available in the public domain, making efficient use of existing research efforts.
· Ensuring Robustness: By drawing from multiple studies and diverse sources within each region, the calculated average is more robust and less susceptible to the biases or specific conditions of a single study.
· Facilitating Regional Comparison: The regional averages provide a standardized metric, enabling meaningful comparisons of carbon stock between different African regions. This is essential for understanding regional variations and identifying areas of higher or lower carbon sequestration potential.
· Addressing Data Gaps: In instances where primary data collection might be impractical or resource-intensive across all countries, this method allows for a reliable estimation based on available scholarly information.
In essence, this systematic collection of secondary data and subsequent averaging provided a reliable and comprehensive estimation of carbon stock for each African region, forming a critical component of our broader understanding of carbon dynamics on the continent.
For that purpose this formula was applied
[image: ]
Where : 
· CSregion,r​: This is the dependent variable we are estimating, representing the average carbon stock for region r. The units will depend on whether the initial data points are per hectare, per specific land area, or total.
· Dr,j​: This represents each individual carbon stock measurement (e.g., carbon stored in a forest, soil, or agricultural land) found in the literature for a location within region r. The data would be in units like tons C/ha, tons CO2e/ha, or total tons.
· mr​: This denotes the total count of all such individual carbon stock data points collected for a given region r.
· ​ [image: ]: This is the sum of all collected carbon stock data points for region r.
· ​ [image: ]: This is the arithmetic mean, used to consolidate the diverse carbon stock measurements into a single, representative average for the region.
This mathematical model encapsulates the method of deriving a regional average carbon stock from a comprehensive collection of individual carbon stock measurements from the scientific literature.
[bookmark: _Hlk199695546]2.4 Estimation of carbon price per ton metric accross Africa Regions
To estimate regional carbon prices, we systematically gathered secondary data from peer-reviewed articles and academic publications spanning all countries within each defined region. This extensive collection of existing research allowed us to leverage validated information on carbon pricing mechanisms and market values. Subsequently, the diverse data points obtained for each region were consolidated and averaged. This calculated average was then assigned as the representative carbon price for that specific region, enabling a clear, region-specific understanding of carbon valuation. The following was them appliied
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Where 
· CPprice,r: This is the output, representing the estimated average carbon price for region r. It is the final value attributed to each region for carbon valuation.
· Dr,i This represents each individual carbon price value (e.g., from a specific study or market mechanism) that was found for countries within region r. The data would be in units like <span class="math-inline">/ton CO2e or \/ton C.
· nr: This denotes the count of all such individual data points collected for a given region r.
· [image: ]This is the sum of all collected carbon price data points for region r.
· 
· [image: ]: This is the arithmetic mean, which is used to consolidate the diverse data points into a single, representative average for the region.
This mathematical model succinctly describes the process of synthesizing multiple observed carbon price values into a single regional average, which is then used for further analysis.
2.5. Estimation of carbon value per ha accross Africa regions
The study sought to determine the carbon value per hectare for each African region. This involved a crucial calculation combining two distinct, yet complementary, metrics. First, we utilized the previously established average carbon price per region, which reflects the economic value attributed to carbon in that specific geographical area, derived from comprehensive secondary data.
Second, this regional carbon price was then multiplied by the average carbon potential per hectare within the same region. This "carbon potential" represents the estimated amount of carbon that can be sequestered or stored on one hectare of land, based on the diverse agricultural systems and ecosystems present in that region.
The product of these two averages yielded the estimated carbon value per hectare for each respective region. This method provides a powerful way to understand the economic significance of carbon sequestration capabilities across different parts of Africa, offering a tangible financial metric for conservation and sustainable land management efforts. It allows us to move beyond just understanding carbon stocks to appreciating their inherent economic worth on a per-hectare basis.
The following model was applied 
CVha,r =  CPprice,r×CPpotential,r
Where
· CVha,r: This is the dependent variable we aim to estimate, representing the economic value generated by the carbon sequestration or storage capacity of one hectare of land in a given region.
· CPprice,r: This is an independent variable, representing the market or estimated price of carbon within region r. This value is derived from secondary data (peer-reviewed articles, academic publications) on carbon markets, offset prices, or policy-related carbon valuations specific to that region.
· CPpotential,r: This is the second independent variable, representing the biophysical capacity of the land in region r to sequester or store carbon per unit area. This value is also derived from secondary data concerning carbon stock estimations, sequestration rates, and land use types within the region.
The model states that the carbon value per hectare in a specific region is directly proportional to both the prevailing carbon price in that region and the land's capacity to hold or absorb carbon per hectare.
2.6 Agricultural climate insurance premium accross Africa Regions
To understand the economic cost of agricultural risk, we aimed to estimate the agricultural insurance premium for each African region. This estimation was achieved by a thorough process of secondary data collection. We extensively reviewed peer-reviewed articles and academic publications that provided information on agricultural insurance premiums, schemes, or related risk assessments from countries across each designated region. This comprehensive data gathering ensured we captured diverse examples of premium calculations. The numerous data points collected for each region were then consolidated and averaged to derive a single, representative agricultural insurance premium. This average premium provides a standardized measure of the typical cost of agricultural insurance in that specific region, offering valuable insights into regional risk and financial exposure for farmers. The following formula was applied 
[image: ]
Where :
AIPregion,r: This is the dependent variable we are estimating, representing the average agricultural insurance premium for region r. The units will depend on the original data, but would typically be a cost per unit (e.g., <span class="math-inline">/ha, \$/farmer, or \/policy). 
Pr,k: This represents each individual agricultural insurance premium value found in the literature for a location or specific policy within region r. 
pr: This denotes the total count of all such individual data points collected for a given region r. 
[image: ]This is the sum of all collected agricultural insurance premium data points for region r. 
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Le contenu généré par l’IA peut être incorrect.]This is the arithmetic mean, used to consolidate the diverse premium measurements into a single, representative average for the region.
2.7. Carbon value and premium comparaison accros africa’s region
To assess the financial viability of carbon-centric agricultural practices for smallholders, our study critically compared the carbon value per hectare with the agricultural insurance premium in each region. The core objective was to determine if the economic benefits derived from carbon sequestration on one hectare could effectively offset or cover the cost of agricultural insurance premiums. A favorable comparison would suggest a mechanism where the "carbon value" could fund "inclusive insurance for smallholders," thereby reducing their financial burden, promoting climate-smart agriculture, and enhancing their resilience against climate-related risks. For that purpose the following statment have been made.
· R be the set of African regions, where r∈R.
· CVha,r be the estimated carbon value per hectare for region r (e.g., $/ha).
· AIPregion,r be the estimated average Agricultural Insurance Premium per unit area for region r (e.g., $/ha).
The comparison for financial viability can be modeled as a condition : Condition for Financial Viability:  CVha,r≥ AIPregion,r
With 
· CVha,r: This represents the economic benefit (value) generated from carbon sequestration or storage on one hectare of land in region r. This value would have been previously calculated as CPprice,r×CPpotential,r.
· AIPregion,r: This represents the cost of agricultural insurance for one unit of land (e.g., one hectare) in region r.
· ≥: This inequality symbol signifies the core objective : to determine if the carbon value per hectare is greater than or equal to the agricultural insurance premium.
Interpretation of the condition :
· If CVha,r≥AIPregion,r, it implies that the economic value gained from carbon in a hectare in region r is sufficient to cover, or potentially exceed, the cost of agricultural insurance for that same hectare. This would suggest a financially viable pathway for "inclusive insurance for smallholders" through carbon-centric practices.
· If CVha,r<AIPregion,r, it indicates that the carbon value per hectare in region r is not enough to cover the agricultural insurance premium, suggesting that additional mechanisms or subsidies might be needed to make the insurance inclusive or that the current carbon value is insufficient.
This model provides a clear mathematical representation of the core comparison performed in the study to assess the financial feasibility of leveraging carbon value to support agricultural insurance for smallholders.
III. RESULTS AND DISCUSSIONS
3.1 Carbon sequestration potential of farmland sytem accross Africas Regions
Analysis of carbon sequestration potential within farmland systems reveals that the East and Central African regions exhibit the greatest capacity for carbon storage, whereas the West African Sahel region demonstrates the least as depicted in Figure 2). 

Figure 2 : Mean Carbon Sequestration  Potential in agricultural farmland system in Africa
These findings are explicable by the nature of their primary agricultural systems. East and Central Africa are dominated by Highland, Mixed Farming, and Humid Forest systems, which inherently contain more primary carbon stock compared to the Rainfed Cropland and Pasture systems prevalent in the West African Sahel, the latter having a lower capacity for carbon sequestration (Slik et al. (2013) ; Gonzalez-Sanchez et al. (2019), Corbeels et al. (2019) ; Tiga et al. (2019) ; Tiga Neya et al 2020. However. some authors such as Dimobe et al., 2018, and akimoto et al. (2008), highlight that a major portion of carbon in many agricultural systems, especially in drier regions, is stored in the soil. While aboveground biomass is visibly different, soil carbon dynamics are crucial and can be influenced by management practices in all systems.
[bookmark: _Hlk199695402]3.2. Carbon price per ton metric accross Africa Regions
[bookmark: _Hlk199437330]Analysis indicates a higher carbon price in the Central African region, established at approximately USD 30. In contrast, the West African Sahel region exhibits the lowest price, which has stabilized at USD 15, representing half the value observed in Central Africa (Figure 3)
 
Figure 3: Mean carbon price per ton metric in USD
[bookmark: _Hlk199437636]The higher carbon price in Central Africa likely reflects a greater demand for high-integrity, nature-based carbon credits from its extensive forest resources, coupled with potentially more mature market frameworks or international recognition of these credits. (Nadia Ashraf and Karim Karaki 2024, Brice Yannick Djiofack et al, 2024. The lower price in the West African Sahel, while having significant potential for carbon finance through land restoration, might be influenced by nascent market development, different project types, and the immediate challenges of climate vulnerability (Tiga et al. 2019. Denton et al, 2024, Rouget et al 2024)
3.3. Estimated carbon value per ha accross Africa regions
Analysis indicates a higher estimated carbon value per ha in the Central African region, established at approximately USD 90. In contrast, the West African Sahel region exhibits the lowest carbon value, which has stabilized at USD 12.75, representing one-seventh the value observed in Central Africa (Figure 4)

[bookmark: _Hlk199427311]Figure 4: Mean carbon value per ha in farmland ystem accross the Africas regions in USD
Central Africa's higher carbon value per hectare likely stems from two key factors. First, there's greater demand for high-integrity, nature-based carbon credits originating from its vast forest resources. This demand is often paired with more mature market frameworks or international recognition of these credits, driving up carbon prices. Second, the region's primary agricultural systems record higher carbon sequestration, meaning they naturally store more carbon than those in the West African Sahel, contributing to the higher value (Cuni-Sanchez, A., et al 2021, Tiga et al. 2018 and Bishaw Badege., et al 2013)
[bookmark: _Hlk199709865]3.4. Agricultural climate insurance premium accross Africa Regions 
An analysis shows a clear regional difference in agricultural climate insurance costs: Central and East African regions have premiums set at approximately USD 15 per hectare, while Southern Africa faces a higher premium of USD 22.5 per hectare (Figure 5)

Figure 5 : Mean agricultural insurance premium per ha accross the Africas regions in USD
The higher agricultural climate insurance premiums in Southern Africa (USD 22.5/ha) compared to Central and East Africa (USD 15/ha) can be explained by a higher value of investment capital per hectare in the Southern African region. Since the premium represents a certain percentage of this capital, a larger investment naturally leads to a higher insurance cost.( Masiza, W., Chirima, J.G., Hamandawana, H., et al 202 ; Emmanuel Nshakira-Rukundo et al. 2021 ; Nepomuscene Ntukamazina et al. 2017)   It can also explain by the fact that , the higher premium in Southern Africa reflects a combination of objectively higher climate risks to agriculture, potentially more advanced (and thus more accurate in risk pricing) insurance markets, and the underlying economic vulnerabilities that amplify the impact of climate events on agricultural production.
3.5. Possible financing of agricultural index bas insurance premium payment through carborn credit accros the Africa Region
The analysis reveals a financial gap in the West African Sahel : the mean carbon value per hectare annually is less than the average agricultural insurance premium (Figure 6). Although this carbon value ideally could cover the premium, providing smallholder farmers with risk-reducing insurance at no personal cost, the observed lower carbon values in the region suggest that farmers, despite their significant carbon sequestration efforts on their land, should still contribute up to 30 percent of the premium's value (One Acre Fund 2024 AfDB 2021)

Figure 6 :  Mean carbon value per ha compare to the mean agricultural insurance premium per ha across the Africas regions 
While farmers in other African regions generate enough carbon value per hectare per year to fully cover their agricultural index-based insurance premiums without personal contribution, a particularly interesting dynamic emerges in East, Central, and Southern Africa. Farmers in these regions can even earn a surplus from their carbon value, potentially receiving an additional USD 24, USD 44, and US 75 per hectare annually, respectively, beyond their insurance costs.
IV CONCLUSION
An in-depth look at carbon sequestration, pricing, estimated carbon value per hectare, and agricultural climate insurance premiums across Africa's diverse regions offers vital insights into how we can finance agricultural resilience. It's clear that while carbon finance holds immense promise, its applicability varies significantly by region.
East and Central African regions stand out as leaders in leveraging carbon finance. Their agricultural systems, dominated by Highland, Mixed Farming, and Humid Forest, boast substantial carbon sequestration potential. This ecological advantage directly translates into a higher estimated carbon value per hectare. Crucially, this carbon value outstrips the cost of agricultural insurance premiums. Farmers in these areas can fully cover their index-based insurance through carbon credits and even generate a significant surplus—up to $24 per hectare in East Africa and $44 per hectare in Central Africa. This surplus creates a unique opportunity to directly finance climate risk transfer mechanisms, empowering smallholder farmers without requiring any personal financial contributions.
Conversely, the West African Sahel grapples with a notable challenge. While its agricultural systems naturally have less inherent carbon sequestration capacity than other regions, the most pressing issue is a financial gap : the average carbon value per hectare simply doesn't cover the agricultural insurance premium. Despite their efforts to sequester carbon on their land, farmers in the Sahel would still need to contribute up to 30% of their insurance premium. This highlights a critical need for alternative or supplementary funding to ensure full insurance coverage and build resilience in this highly climate-vulnerable region. The lower carbon prices here also reflect nascent market development and the immediate climate challenges, hindering the full potential of carbon finance.
Southern Africa presents a distinct scenario with the highest agricultural climate insurance premiums, averaging $22.5 per hectare. This higher cost stems from a combination of greater investment capital per hectare, objectively elevated climate risks, and potentially more mature insurance markets. However, much like East and Central Africa, farmers in Southern Africa still generate enough carbon value per hectare to fully cover their insurance premiums, often yielding a significant surplus of $75 per hectare annually.
In essence, while carbon finance offers a powerful, nature-based solution to fund agricultural climate insurance across much of Africa, we see significant regional disparities. For regions like East, Central, and Southern Africa, harnessing carbon credits can forge a self-sustaining model for climate risk management, providing direct financial benefits to farmers. However, the unique challenges of the West African Sahel underscore the necessity for targeted interventions and innovative financial instruments to bridge the carbon value-insurance premium gap. This will ensure equitable access to vital climate resilience solutions for all African farming communities, reinforcing the need for a differentiated approach to build a truly climate-resilient agricultural sector across the continent. Finaly it is recommended Multinational development agencies (World Bank, African Development Bank, Islamic Development Bank, Asia Development Bank EU Development Bank, Global Environment Funds, Green Climate Finance and even private bank ) and insurance companies can collaborate with Voluntary Carbon Market initiatives like VERRA, the Gold Standard (GS), the American Carbon Registry (ACR), and the Climate Action Reserve (CAR). This partnership would explore how the carbon stock held by smallholder farmers across the continent can help fund their agricultural insurance premiums.
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mean Carbon Sequestration Potential (Mg/t C ha⁻¹ yr⁻¹) - Indicative Range	
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Mean price Carbon USD/t	
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Mean_amount carbon per ha in USD	
North Africa	West Africa (Sahel)	West Africa (Humid/Sub-humid)	East Africa	Central Africa	Southern Africa	21.875	12.75	43.75	59.5	90	30.625	Africa Regions
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Mean insurance premium USD	
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USD/ha
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