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Smallholder farmers are among the most vulnerable to climate shocks in Sri Lanka. Lack of education and technical skills, poverty, risks inherent to agricultural investments, limited assets, and financial capital are major reasons for low investments in enhancing adaptive capacity. The study explores the use of agricultural technologies in improving smallholder resilience to water-related disasters and their opportunities for recovery. We tested four bundled services to promote climate-smart agriculture practices namely weather index insurance (WII), agronomic advisories dissemination via SMS, weather services, and climate-resilient seeds of maize and rice. The integrated solutions are referred to as Bundled Solutions of Index Insurance with Climate Information and Seed Systems (BICSA) to manage agricultural risks in Sri Lanka. The study conducted the bundled solutions in three agroecological regions spread over five districts and covering more than 2,500 farmers in three cropping periods of Maha and Yala seasons. The results demonstrate that providing bundled solutions significantly protects smallholders against moderate drought events. The satellite-based weather index insurance can offset the long-term consequences of severe yield losses and mitigate the long-term drop in farm productivity. Our findings demonstrate the importance of bundled insurance to mitigate financial risks associated with extreme weather events and enhance resilience to climate change among vulnerable smallholders. It is evident from the study promoting a viable business model among seed companies, insurance companies, and technological partners, along with public institutions such as agricultural extension services can help production-level improvements and develop strategies at both the farm and policy levels that will support a transition to a more resilient farming system.
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1 Introduction

Over the last two decades, floods and droughts have been identified as two of the most devastating consequences of the climate crisis (Browder et al., 2021). The extreme weather events had serious implications for agriculture and food production, along with a wide range of broader impacts on the livelihood and wellbeing of the affected communities. In the last two decades, floods and drought accounted for 53% of all documented natural disasters, affecting 2.4 billion people and killing 168,000 (CRED, 2020). Droughts and floods have cost US$764 billion in damages in the period 2000–2019, with floods being the most recurrent disaster. Storms have resulted in an additional US$1,390 billion in damages, much of it from storm-related flooding (Browder et al., 2021). Climate change has made extreme weather events more severe by altering the frequency, timing, intensity, and duration, resulting in unprecedented extremes (Amarnath, 2020; Browder et al., 2021). The IPCC (2018) projected increasing global temperatures with higher and longer daily temperature extremes at a global scale. Increasing temperature generally results in an increase in potential evapotranspiration, largely because the water-holding capacity of air is increased (IPCC, 2021). It is highly likely that this development would lead to a change in the hydrologic cycle, including increased atmospheric water vapor and changes in precipitation patterns as well as changes in groundwater and soil moisture.

It has been estimated that by 2050, rising populations in flood-prone lands, climate change, deforestation, loss of wetlands, and rising sea levels are expected to increase the number of people vulnerable to flood disasters to 2 billion (UNU, 2004). At the same time, with changes in the hydrologic cycle, several water-scarce regions are experiencing severe water scarcity. High temperatures will further lead to an increase in land evapotranspiration, creating more conditions of water stress. In contrast to water stress, floods are projected to increase across more than half of the world's region, varying in magnitude across river basins (World Bank, 2016). In addition to these climate change impacts, human-induced factors affect the hydrological systems, and water resources. Most prominent are the land management practices that alter the availability of water resources and increase the risks of floods. Human-induced climate change has contributed to increased agricultural and ecological droughts in some regions due to increased evapotranspiration (IPCC, 2021).

These events and anthropogenic interferences will increase the frequency and intensity of floods and droughts at the regional scale as indicated by the climate model projections (He et al., 2020). This leads to the consideration of developing instruments at the regional scale and local scale to mitigate challenges from extreme weather events. To increase risk resilience at the regional and local level, it is imperative to invest in the exchange of tools, knowledge, and resources to systematically prepare for and respond to floods and droughts (Browder et al., 2021). Integrating different information drawn from existing climate, agriculture, risk, and socioeconomic datasets can increase preparedness for floods and droughts. The various datasets integrated together provide an opportunity for studying climate variabilities and their implications on agriculture and food production. The integration of such heterogeneous datasets can be used to increase risk resilience at the community level.

The development of index-based weather insurance products to compensate agricultural households because of extreme weather events is one such mechanism (Aheeyar et al., 2021; Amarnath et al., 2021). It is a cost-effective way of safeguarding against climate uncertainty, thereby protecting smallholder families from food insecurity and hunger and giving them the confidence to invest in and improve their farming enterprises (Manojkumar et al., 2003; Bryla and Syroka, 2007; Delavallade et al., 2015).

Index-based flood insurance is an innovative approach that integrates different information for designing the insurance product. Remote sensing-based datasets are used for mapping historical and current flood events to determine the spatial extent of the floods. Hydrodynamic models can then be developed to help determine the spatiotemporal variability of flood parameters (Malik and Amarnath, 2021). These models incorporate different time series datasets such as monthly rainfall and frequency, population involved in agriculture, number of people affected historically, flood-affected area, estimated economic loss, and yield loss of the primary crop (Matheswaran et al., 2019). The flood parameters (flood depth and duration) at daily time intervals for a specific period of time can be used to create triggers (Amarnath et al., 2017; Amarnath and Sikka, 2018) that define the insurance scheme. During extreme rainfall events, data provided by local weather stations are matched with the triggers. If the rainfall exceeds the threshold triggers, the farmers enrolled in the program are entitled to a payout. Similar exercises with different datasets, such as evapotranspiration, water deficiency, and water satisfaction index for estimating crop yield, along with the Normalized Difference Vegetation Index (NDVI), can be used for developing an index-based drought insurance scheme (Bucheli et al., 2021). The index-based insurance products can be bundled with local information and advisories such as weather information, loans, crop and water management methods, and fertilizer usage (Mukherjee et al., 2017) for climate-smart transformation to avoid climate disasters.

Countries in Asia and the Pacific are most vulnerable to water-related disasters, accounting for more than 45% of fatalities and more than 90% of the people affected by disasters (ADB, 2021). In the Asian region, eight countries, the People's Republic of China, India, Indonesia, the Maldives, Myanmar, Pakistan, Sri Lanka, and Thailand, are most affected by floods (ADB, 2013). Therefore, adaptation measures are required to sustain agricultural productivity and enhance the resilience of the agricultural system to climate change. In Sri Lanka, for example, smallholder farmers are among the most vulnerable to natural disasters. Over 27 million people have been affected by floods and droughts, with economic losses estimated at over US$2.62 billion since 1966. Considering weather insurance as a social protection tool along with other advisories, the present study focuses on the application of bundling climate-smart agriculture and risk transfer for agricultural resilience in Sri Lanka. The application of the tool earmarks the integration of global, national, and local datasets for reducing agricultural risk and vulnerability. The study explains the agglomeration of different datasets and digitization in the pathway for developing instruments for increasing agricultural resilience with the help of a case study. The main objective of the study was to provide evidence about the construction and implementation of bundled climate-smart solutions in Sri Lanka. The bundled insurance was tested in five districts—Ampara, Anuradhapura, Kurunegala, Monaragala, and Vavuniya. The distribution of bundled insurance across the farmers provides learnings that lead to key recommendations for scaling up insurance through the utilization of a sustainable business model.



2 Concept and implementation of bundling climate-smart solutions

Index-based weather insurance is an alternative adaptation measure with a financial remedy designed based on predetermined weather variables such as rainfall level, temperature, floods, and droughts (Ahmed, 2013; Afriyie-Kraft et al., 2020). The mechanism of index insurance works through triggers derived from weather indices, instead of the direct loss assessments made at the farm level (Ellis, 2017). The triggers of the weather events are set to a defined local or regional weather station (IFAD, 2017a). The premiums for the insurance are usually related to the expected income of the cost of production (Ellis, 2017). All policyholders within a region defined by the weather station receive payouts based on the same contract and measurement according to the set weather station (IFAD, 2017a). Index insurance has a uniform structure, does not require trained experts to check or confirm losses, and thus has comparatively low administrative costs. This helps to avoid loss adjustment by both the insurer and the insured, which lessens risks, enhances trust, and avoids alterations (Shahadat, 2013; Carter et al., 2014; Greatrex et al., 2015). Index insurance can operate as a stand-alone contract or be linked to credit for buying farm inputs, rendering insured farmers more credit-worthy than uninsured ones (Meze-Hausken et al., 2009).

Climate-smart technologies are critical for addressing climate change and variability that help increase agricultural productivity, enhance resilience, and lower emissions. The main constraints in adopting bundled climate-smart solutions are linked to several factors, including the high cost of inputs, lack of credit, limited access to agricultural and climate information services, institutional support, socioeconomic status, and risk-taking behavior (Figure 1). According to Mukherjee et al. (2017) and Chibowa et al. (2020), index insurance can be bundled differently. The study identifies three different ways—(i) credit bundling, (ii) input bundling, and (iii) contract farming and insurance bundling. In credit bundling, loans/credit to farmers are bundled with agricultural insurance. Bundling index-based insurance with credit may help to address these challenges by providing a means to pre-finance or defer premium payments, thus facilitating access to credit (Giné and Yang, 2009; Liu and Myers, 2012). At the same time, insurance can reduce the lending risk of farmers and the credit facility, which, in turn, is expected to increase loan amounts and potentially expand credit to currently underserved farmers (Meyer et al., 2017). Microfinance institutions (MFI) or cooperatives through which farmers access credit and other agricultural services or inputs may also strengthen the take-up of weather index insurance (WII)—which has remained below expectations in many cases—because they can increase access to insurance in rural areas and build on preexisting relationships with farmers. In addition, MFIs and cooperatives can help to reduce administrative costs and thus support the scaling up of WII (Meyer et al., 2017).
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FIGURE 1
 Challenges of bundled climate-smart practices among smallholder farmers in enhancing adaptive capacity. Source: Authors.


There are several examples of bundling of index insurances with inputs—(i) subsidized weather index insurance with input loans for fertilizers and modern seed for smallholder farmers in rural Ethiopia (McIntosh et al., 2013; Ahmed et al., 2020); (ii) multi-peril insurance at zero cost if farmers purchase improved seeds (any one of maize, sorghum, soya, and sunflower) (Bulte et al., 2020); and (iii) bundled insurance with seeds (Kilimi Salama in Kenya) and fertilizers (IFFCO Tokio in India). In both the credit- and input-linked insurance bundles, the bundling can take two different forms. In the first scenario, the insurance product is compulsory for the smallholders when using a complementary product or service, such as inputs or credit, and the insurance component may be invisible to the farmer. The second scenario is where the insurance product is voluntary and presented as part of a menu or solution options (Agbon, 2020).

The contract farming and insurance bundling include two sub-forms—buyer collaboration and information and support services. In the buyer collaboration model, the end buyer of the contract (i.e., the company buying the farm output) offers bundled insurance along with loans to the farmers. The insurance in such cases is mandatory along with the credit or inputs (e.g., NWK Agri Services in Zambia). In the second model, the contract buyer offers insurance voluntarily. The insurance provides a set of services that include support services (like weather advisory) to maximize the value proposition to the farmer (example of PepsiCo in India procuring potato from contract farmers). There are other innovations linked to index insurance, for example, linkage with safety nets, where employment opportunities are created for resource-poor farmers to pay for insurance premiums. Farmers are engaged in resource management such as tree plantation, and through their investment in labor, they obtain insurance certificates to guarantee payouts in the event of drought affecting crop production (Brans et al., 2010; OA, 2010). This approach has been tested in northern Ethiopia by Oxfam America, private insurers, cooperative unions/micro-financial institutions, farmers, and government agencies that run the current Productive Safety Net Programs (PSNP) in the country (Tadesse et al., 2015). Besides being bundled with related value-added services, such as agronomic advisory and input loans, many index insurance services have been cross-sold with other types of insurance, such as health or life insurance. This approach provides farmers with comprehensive coverage against a range of shocks and allows providers to cross-subsidize their index insurance services and even educate farmers through trusted partners (Raithatha and Priebe, 2020). For example, Econet's ZFU EcoFarmer Combo provides services to farmers of the Zimbabwe Farmers' Union.


2.1 Application of earth observation for crop insurance

Earth observation plays a crucial role in the application of crop insurance by providing accurate and timely data to assess crop health, monitor agricultural conditions, and facilitate insurance claims processing. Earth observation satellites, equipped with remote sensing instruments, can capture high-resolution imagery of agricultural fields at various intervals throughout the growing season. These data help insurance companies and agricultural experts monitor crop health, detect anomalies, and estimate potential yields (IFAD, 2017b; Omia et al., 2023). By comparing current conditions to historical data, they can assess the impact of weather events and other factors on crop performance (Schauberger et al., 2020).

Earth observation satellites equipped with remote sensing sensors, such as optical and radar instruments, can monitor crops from space (Omia et al., 2023). The increased availability of open-source data to seamlessly access historical to current satellite images can help insurers to track vegetation health and growth patterns and identify potential risks such as pest infestations, diseases, or drought stress. Such regular monitoring of the insured areas can help insurers make informed decisions about insurance coverage and identify areas requiring additional support. In recent years, the advanced capabilities of earth observation data, combined with advanced data analytics and machine learning algorithms, can be used to estimate crop yields accurately (Elavarasan et al., 2018; Virnodkar et al., 2020). This information is essential for setting appropriate insurance premium rates and determining insurance payouts in the event of crop losses. Accurate yield estimation reduces the risk of overpaying or underpaying claims.

Furthermore, earth observation data are regularly used to study the historical to current weather patterns and identify climate hotspots for insurers to develop tailored parametric index insurance products to ensure wider adoption of risk transfer mechanisms to changing climate conditions. The study highlights key satellite data products, for example, satellite-derived products such as Climate Hazards Group Infrared Precipitation with Stations (CHIRPS), Global Precipitation Measurement (GPM), Soil Moisture and Ocean Salinity (SMOS), Soil Moisture Active Passive (SMAP), and Normalized Difference Vegetation Index (NDVI)/Enhanced Vegetation Index (EVI), and high-resolution data from the European Space Agency (ESA) Sentinel-1 and Sentinel-2 and the United States Geological Survey (USGS) Landsat will be used for the monitoring and claim assessment. Index insurance is increasingly being recognized as an innovative approach to eliminating issues in the existing indemnity-based approach. By harnessing the power of earth observation and combining it with advanced analytics and data-driven methodologies, crop insurance companies can enhance their risk management capabilities, provide timely and accurate insurance services to farmers, and contribute to the resilience of agriculture in the face of climate change and other environmental challenges.




3 Implementation of bundled insurance in Sri Lanka


3.1 Study area

Sri Lanka is a tropical island nation and is becoming increasingly vulnerable to climate change, which significantly impacts the country's food production, people's livelihood, and natural ecosystem. As Sri Lanka is located in the Indian Ocean south of India, it receives rainfall through four monsoon seasons, such as First Inter Monsoon (FIM—March to April), Southwestern Monsoon (SWM—May to September), Second Inter Monsoon (SIM—October to November), and Northeastern Monsoon (NEM—December to February). There are two major cropping seasons, Yala (May to August) and Maha (September to March), which coincide with the four rainy seasons, and crop damage is regularly reported due to frequent droughts and floods during the south-west and north-east monsoon. Rainfall distribution of the country is the central pillar of agroecological classification, and there are three climatic zones—wet, dry, and intermediate zones (Figure 2). These zones are further classified based on the elevation of land, soil type, and agricultural conditions, resulting in 24 agroecological regions (Panabokke, 1996).
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FIGURE 2
 Map shows study sites piloted during three (2020–2021, 2021–2022 Maha, and 2021 Yala) cropping seasons. Source: Authors.


The evaluation of BISCA was first tested through a pilot study conducted in the north-central province during the Maha season. The pilot study included maize-growing farmers selected through purposive sampling from the Dunumadalawa Gramaniladari Division (GND) and Galenbindunuwewa Divisional Secretariat Division (DSD) in the Anuradhapura District. As the sampling was non-probabilistic, care was taken to reduce bias through stratification, proper consultation, and benchmarking. Sri Lanka is administratively divided into provinces, districts, divisional districts, and GNDs at the lowest level. The decision of the sample size was mainly governed by the presence of marginal farmers (cultivating < 0.25 acres) estimated through a stratification approach. The other benchmark apart from being a marginal farmer that was used for selection was agricultural income.

In Anuradhapura district, Galenbindunuwewa Divisional District was selected as maize cultivation is the main livelihood in this division, where more than 55,000 farmers cultivate an area of over 10,000 acres (Hiru News, 2021). Smallholder farmers (farmers cultivating 0.25 acre to 20 acres) are approximately 11,809 (Economic Census, 2013-14). According to the Economic Census (2013-14), 46.1% (5,432) are small farmers operating on land < 0.25 acres. The distribution of these marginal farmers across the Divisional District was unavailable from secondary data sources; hence, crop production data at different GNDs were used. Grama Niladhari Divisions Statistics (2020) for Anuradhapura district indicates that out of the 41 GN divisions, 38 GN divisions have crop cultivation as an economic activity. This implies that, on average, there are 143 farmers engaged in crop cultivation. Therefore, given this background, 100 farmers for controlled evaluation were considered an appropriate sample size from the Dunumadalawa Gramaniladari Division, where most farmers primarily relied on rain for maize cultivation.

The 100 marginal farmers were selected based on the information provided by District Agricultural Officers (DAOs) and consultation with farmers' organizations at the local level identified by the DAOs. The main criterion for selecting these 100 small farmers was their agricultural income. The Household Income and Expenditure survey (2012-13) shows that the mean household income from agriculture was LKR 5,856. As this income is not representative of the present situation, this household income was inflated with an appropriate deflator to reach a representative income. The Economic Statistics of Sri Lanka (2022) shows that between 2016 and 2022, the price deflator had doubled. The benchmark was, therefore, set to LKR 12,000 as monthly agricultural income to select the farmers in the pilot study and accommodate the inflation between the periods.

Following the successful implementation of the pilot study, the BICSA program was scaled to dry zones in the five districts of the north and eastern parts of the country—Ampara, Anuradhapura, Monaragala, Kurunegala, and Vavuniya (Figure 2). These districts have similar climatic variabilities, and smallholder farmers face severe challenges in sustaining a stable agricultural income. The particular sites within the districts were selected using the stratification process through consultation with the DAOs, and farmers were identified by the farmers' organization through benchmarking (with agricultural income) during the pilot study. The second (1,321 farmers for the Yala season 2021) and third phase (1,000 farmers for the Maha season 2021–2022) of implementation covered farmers engaged in maize and rice cultivation. The distribution of the farmers across the districts is shown in Tables 6, 7.

The primary focus of the business model was to provide an integrated one-stop-shop service delivery model for smallholder farmers to promote climate-smart bundled solutions that accelerate, de-risk, and scale services and business models with direct climate-resilient impacts for transformative adaptation. Hence, the insurance was bundled with climate-resilient seeds for smallholder adaptation, advisory based on climate and weather information, and a package of practices on agronomy, fertilizers, and water management. The model ensured that it is digitally enabled (using satellite data and mobile networks) and indicates the potential for scaling up digital platform-based bundled insurance products in the country.




4 Results and discussion

In this section, we present our main results, focusing on piloting bundled climate insurance solutions among smallholder farmers offered with drought-resistant crop varieties, weather index insurance, and crop advisories to evaluate the future scaling potential of bundled products.


4.1 Findings from the implementation of bundled insurance services

The scaling of the BICSA covering maize and rice farmers with the four components of the bundled solutions resulted in the provision of approximately 2,572,538.22 million rupees (USD 13,891) as compensation to eligible farmers based on the deficit and excess rainfall triggers across the pilot districts covering the 2021 Yala and 2021–2022 Maha seasons (Tables 6, 7). Our findings of comprehensive risk management are consistent with other case studies evaluated in India, Kenya and Zambia on the benefits of bundling with climate insurance products, such as weather-based insurance combined with agricultural inputs, which can significantly enhance resilience and reduce the vulnerability of farmers to climate-induced shocks (Mukherjee et al., 2017; Bulte et al., 2020). The study also demonstrates that bundling these solutions helps farmers make informed decisions based on weather forecasts and insurance coverage, leading to improved crop management and reduced climate risks.



3.2 Data

The data section on developing weather index insurance using precipitation data from CHIRPS provides rainfall amounts and distribution since 1981. The study gathers ground-based weather data from meteorological stations in the insured areas. These data serve as ground truth for calibrating and validating satellite-based observations (Table 1). Insurers use these data to set rainfall thresholds that trigger insurance payouts for drought or excess rainfall events. The study uses earth observation data from USGS Landsat and ESA Sentinel-2 images to provide insights into crop health and growth based on the Normalized Difference Vegetation Index (NDVI) to evaluate the historical insurance claim. NDVI values are often used as one of the indices triggering insurance payouts in agriculture-related index insurance products. The study developed a survey form using the Open Data Kit (ODK) for efficient enrollment of weather index insurance products among farmers.


TABLE 1 List of data used for implementation of bundled climate-smart solutions.
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3.3 BICSA components

The bundle intends to address both the challenges of farmers' adoption of climate-smart agriculture and strengthening partnerships among public–private actors, namely, seed companies, climate information services, and insurance companies. BICSA supports (1) improving access to climate-resilient seeds of maize and rice varieties; (2) improving farmers' access to climate-smart information services; (3) promoting the use of agronomic practices (e.g., tillage, water management advisories, and pest and weed management); and (4) access to weather index insurance to mitigate financial losses from floods and drought (Figure 3).
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FIGURE 3
 Components of climate-smart bundled solutions. Source: https://ccafs.cgiar.org/news/bundled-agricultural-insurance-solutions-climatarians-gambit.



3.3.1 Climate-resilient seeds

The most important thing for cultivation is to purchase seeds that give a good yield in any climatic condition, and because of adverse acclimate variability experienced in recent times, it is more important for the farmers to use seeds that are resistant to climate. As part of BICSA, we provide climate-resilient seeds (paddy and maize) to farmers for better yields even during floods and droughts. As the BICSA pilot project was conducted to cover different climatic zones, the seed varieties of rice crops, namely, BG 352, BG 300, BG 358, and AT 362, were distributed to the farmers. Hybrid Maize—JET 999 was provided to the farmers as climate-resilient seeds for maize farmers.



3.3.2 Climate services and agronomic advisories

Climate and agronomical advisories are more important for farmers to manage their crops safely through the efficient use of water and fertilizers. To provide the climate advisories, freely available climate forecasts were used 5 days in advance. Climate forecast information on rainfall, temperature, and wind speed is provided to farmers twice a week through SMS. Table 2 shows how the forecasted rainfall data are converted into information. For agronomical advisory services, from the beginning of cultivation to the time of harvest, the agricultural specialist works closely with the farmers. The information required for their agricultural problems, such as fertilizer use, herbicide, and pesticide application time, is provided to the farmers each week.


TABLE 2 Sample advisory on rainfall classification.
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3.3.3 Weather index insurance design

The precipitation data required for the development of the WII product were obtained by CHIRPS rainfall products and extracted from 30 years of daily precipitation data pertaining to the study area covered by the CHIRPS pixels. WII product was designed by insurance companies using the daily rainfall data given below.

Rainfall was used to design our Meteorological Insurance (WII) products, and a single WII was designed to cover both droughts and floods, which were caused by extreme wet and dry conditions. The area considered for WII product implementation uses monthly rainfall data for approximately 30 years of historical rainfall data, which is used to determine the trigger values for drought and flood for each month of the particular season (Yala and Maha). Thus, the claim is determined for each millimeter of precipitation that increases or decreases from the trigger value determined for drought and flood. For example, as shown in Table 3, the WII trigger values for drought and flood in Nainamadu village in Vavuniya district in May, June, and July are 300 mm, 200 mm, and 200 mm (flood) and 20 mm, 2 mm, and 15 mm (drought), respectively. The increase and decrease of each millimeter of rainfall relative to the trigger values is calculated relative to the maximum payout of the maximum insurance coverage. The example shown in Table 3 pays 382.50 rupees per millimeter reduction of rainfall in May during the drought in Nainamadu, which is as high as 1,377 rupees per millimeter in June because the gap between the trigger and stop-loss is approximately only 2 mm.


TABLE 3 Weather index insurance design for excess and deficit rainfall among pilot districts in Sri Lanka.
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3.4 Climate advisory service

Climate and agronomy advisories were provided to the enrolled farmers via SMS throughout two consecutive seasons (Yala 2021 and Maha 2021–2022) (Table 4). The climate advisories on short-term weather forecast information (rainfall, temperature, and wind speed) were provided 5 days in advance to the farmers weekly (Monday and Thursday) in Sinhala and Tamil. On the other hand, agronomy advisories were issued biweekly (on Thursdays). A focus group discussion was carried out to understand the need for specific information that was to be incorporated into the advisory. A total of 17,161 for the Yala 2021 pilot and 23,100 advisories for the Maha season 2021/2022 were issued in the two consecutive seasons, respectively.


TABLE 4 An example of climate and agro-advisory in different crop stages.
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3.5 Business model implementation

The bundled insurance was implemented as a micro-model (Figure 4) where the implementing partners, namely, (i) International Water Management Institute (IWMI); (ii) Sanasa General Insurance Company Limited, Sri Lanka; (iii) Department of Agrarian Development, Sri Lanka; and (iv) CIC Agri Businesses (Pvt) Ltd., Sri Lanka, co-designed and co-implemented across pilot districts in Sri Lanka. The program was an insurer-led model with the insurance company designing the insurance product, underwriting, and taking care of regulatory compliance. IWMI provided analysis of remote sensing and weather data (historical rainfall and forecasts), which formed inputs for the weather index. The insurance contract design was further tested and adjusted before the insurance staff, agents, and other delivery channels were trained. Table 5 provides a summary of the roles and responsibilities of partners for scaling BICSA solutions.
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FIGURE 4
 BICSA business model implementation in Sri Lanka. Source: Authors.



TABLE 5 Role of different partners in the implementation of the bundled insurance.
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TABLE 6 District-wise summary of farmer enrollment and insurance claim for the 2021 Yala season.
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TABLE 7 District-wise summary of farmer enrollment and insurance claim for the 2021–2022 Maha season.
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In the 2021 Yala season, insurance was provided with a 2,500 LKR premium for all the districts, and at the end of the season, the farmers received insurance claims covering all the districts, but in the 2021–2022 Maha season, the farmers in Monaragala and Vavuniya districts did not receive the insurance claims because the area did not overcome the insurance triggers kept for both drought and flood disasters. The paddy seeds provided to the farmers during the 2021–2022 Maha season are BG 352, BG 300, BG 358, and AT 362. Hybrid Maize—JET 999 was provided as climate-resilient seeds. In terms of insurance claims received by farmers in both seasons, the maximum value of 2,651.17 LKR was received by the farmers of Vavuniya in the 2021 Yala season, while the farmers of Ampara received the minimum insurance claim of 850 LKR. However, it is evident that there has been significant insurance coverage for farmers in both seasons.

The above figure indicates that farmers' enrollment in the Maha season has gained momentum from the previous season (Figure 5). Farmer leaders informed that farmers enrolled in the previous season had received claims which induced other farmers to enroll in the following season. Following the implementation of the bundled insurance, feedback from the farmers enrolled in the program was collected to better understand the areas of improvement. Most of the farmers appreciated the initiation of the weather advisories as they depend on rain for cultivation (program implemented in intermediate and dry agro-climatic zones), and the forecasts had helped them in planning ahead. For example, one of the registered farmers in Monaragala district mentioned,

“…I had to harvest the groundnuts and was planning to pump water from a great distance because of the lack of rain. But according to the weather forecast you gave; it was said that it would rain in the coming days. So I delayed the harvest of the groundnuts for about 2 days. It actually rained as informed by the climate forecast. I did not need to pump water, so I was able to save a lot of money” (20 April, 2021).

Another farmer in Ampara district indicated, “…We look forward to participating in your program during the Maha season. About 385 farmers in our village joined the Yala season program, and it would be great if they could be involved in the Maha season as well.”
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FIGURE 5
 Increase in farmers' enrollment in different villages during the Maha season. Source: Authors.


The farmers were of the view that weather advisories should increase the forecast period and the precision for improved decision-making process.

“…and it would be very good if you could give us information by increasing the forecast period. The weather forecast you provide is often correct, but as far as I can remember, there were times when it went wrong” (a farmer from Ampara district, on 20 April 2021).

“…it would be great if we could increase the number of frames for next season…” (a farmer from Kurunegala district, on 15 March 2021).

“…In my experience, I say weather and agricultural advice are really important for the success of cultivation. I think it would be better if I could provide weather forecast for more than 5 days” (a farmer from Monaragala district, on 18 December 2021).

The farmers also mentioned that mobile services should improve as it is the medium to access the services in their respective areas. Farmers in Ampara stated, “…we need a better telephone network. Otherwise, we will not receive the text messages you send…” Along with network improvement, proper enrollment was also cited as an essential consideration during the registration for the advisories. One of the farmers in Kurunegala district mentioned, “…most farmers in our area have not received that advisory SMS….”

The enthusiasm from the farmers and the farmer leaders on the weather advisories and their feedback that the logistics of the registration and the mobile networks need improvement implies a potential uptake of the bundled insurance.



4.2 Scope for scaling: some proposed business concepts

Insurers and technical service providers1 (TSP) are primary leaders of the index insurance value chain. In the insurer-led model, insurance companies provide the service. The insurer designs and underwrites the product. The insurer model can include partners such as aggregators2/mobile money providers or TSPs. Aggregators are usually involved in targeting potential customers and marketing the service. TSPs are sometimes included in the partnership to provide specialist assistance in service design and monitoring the index trigger. Premium payments and claim payouts are carried out by aggregators either through cash-based collection or mobile money where available. In some cases, TSPs are well-equipped to design the product, but as they do not have insurance licenses, they require an insurance partner. TSP-led services target farmers directly or through distribution partners (such as mobile network-based operators (MNOs), input suppliers/aggregators, microfinance institutions (MFIs), and non-governmental organizations (NGOs).

One of the extensions suitable for scaling up these models is the inclusion of a “catalytic” micro-agent downstream of the value chain. The “farmer leaders” or farmers with more influence within the community can be considered for extending the service chain to the last mile. The uptake of agricultural insurance is arguably low due to different confounding factors like lack of awareness about insurance products, low financial literacy of the farmers, and low penetration of the insurance companies or other financial services in the rural areas. Even though farmers are aware of insurance, insufficient knowledge and understanding of financial services and their mechanisms imply that farmers might not immediately trust the service provider. For farmers aware of the insurance, the likeliness of using the insurance service increases with their understanding of the modality of the service and the value it provides. Traditionally, insurers take the help of insurance agents at the local level to reach the farmers. Using the farmer leaders within the community helps gain the trust of smallholder farmers and overcome the problem of lower financial literacy (Rosenstock et al., 2020). Accordingly, in such communities where influential farmers exist, training them with insurance products by the insurers for enrolling other farmers can be a strategy for scaling. The inclusion of these influential farmers in the business model can be increased through the identification of farmers willing to take up rural-level enterprises, and the leader of the value chain (insurer/TSP/MNO) needs to incentivize such operations by enrolling other farmers (Greatrex et al., 2015; Long et al., 2017; Prager et al., 2021). Over time and with the increasing expertise of such enterprises, delivery of bundled solutions can be included.

Compilation of different datasets through the digitized platform can be used for scaling up insurance utilizing different business models. One such example is the utilization of mobile-based technology for reaching customers. The MNO business model has gained prominence in many low- and middle-income countries. Apart from the insurer- or the TSP-led model, the MNO-led model is an emerging approach where the existing assets of the mobile company are used to reach the subscribed customers under the network. For example, Econet in Zimbabwe and Safaricom in Kenya are MNO-led insurances that use their assets to offer index insurance to farmers. Both these MNOs use their digital platforms to provide service to smallholder farmers. In this model, the technical functions (such as regulatory compliance, underwriting policy administration, index trigger monitoring, and claims management) usually remain with the insurer/TSP. This might hinder the MNO from leading the value chain, especially in situations where the insurance sector is not competitive, and there exists opportunities for insurance companies to grow their customer base and discontinue the contract (partnership with the MNO).

Utilizing MNOs to register and locate farmers and using mobile money to collect premiums and payout claims can be possible strategies for upscaling. Precise locations of farmers are critical to increase scalability and reduce basis risk for index insurance. Automating the collection of user locations through mobile networks (Global Positioning System) can overcome this challenge. In case automated service cannot be used, the mobile networks of insurance agents can be used for face-to-face registering of the users. For bundling insurance with climate and crop advisory services, mobile networks [usually through Unstructured Supplementary Service Data (USSD), Short Message Service (SMS), and Interactive Voice Response (IVR)] offer valuable opportunities. However, in MNO-led models, call center crop and climate advisories customized to the needs of the farmer (regarding special agro-climatic zones) can improve the demand for insurance products (Long et al., 2017; Groot et al., 2019; Prager et al., 2021). Additionally, such call centers can be targeted toward educating customers about the need for insurance, any disputes related to the insurance, and providing solutions on call for effective service delivery. Using digital platforms reduces the transaction costs for enrollment and has a huge potential in Sri Lanka. It has been estimated by Rambukwella et al. (2020) that in Sri Lanka, approximately a company spends LKR 20 on administration costs to earn a premium of LKR 100. Digital innovation for index insurance can reduce operation costs by 30% in Sri Lanka.

The scaling up of bundled insurance depends on different institutions playing different roles. The following Table 8 presents recommendations on the roles and responsibilities of different stakeholders.


TABLE 8 Main responsibilities of different institutions for the upscaling bundled insurance.

[image: Table 8]

The scaling program should have an approach that embeds targeted outreach, inclusivity, and capacity building of farmers. This would ensure that the program reaches smallholder farmers, women farmers, and marginalized communities often most vulnerable to climate impacts (Greatrex et al., 2015). Community leaders, agricultural extension agents, and farmers' organizations should be included in outreach campaigns to increase program awareness and participation. Similarly, the agricultural department, through the extension agents, should provide comprehensive training programs for farmers that encompass climate-smart agricultural practices, proper use of drought-resistant seeds, and understanding of index insurance. These training sessions should focus on sustainable farming techniques, efficient water management, and the benefits of using climate-resilient seeds.




5 Conclusion

Climate change induces more severe extreme weather events by altering the frequency, timing, intensity, and duration. Floods and droughts are the two most devastating consequences of the climate crisis, with a huge impact on agriculture. Smallholder farmers are most vulnerable and face a range of shocks and challenges beyond their control. These shocks have a drastic impact and affect their incomes and livelihoods. Extreme climate events are often coupled with unexpected agricultural events, such as market and price fluctuations or pest and disease infestations, and non-agricultural events, like health problems, increasing the helplessness of the smallholders. Catering to these challenges, national, regional, and local data must be integrated to build instruments that increase the preparedness for floods and droughts. Index-based agricultural insurance is one of the innovative approaches that integrate different information and is perceived to help tackle the challenges of extreme weather events. With the help of remote sensing, historical weather datasets, spatial maps of flooding extent, and socioeconomic data, hydrodynamic models can be prepared, indicating spatiotemporal variability of flood parameters. In addition to index insurance, bundling the insurance credit facilities, inputs (seeds, fertilizers), and crop and weather services is gaining importance as it provides holistic mitigation measures. The value addition through agronomic services, agricultural inputs (seeds, fertilizers), and credit helps smallholders and supports scaling up of the insurance services, reducing the associated risks of agriculture.

The present study based in Sri Lanka is an example of such an implementation of bundled insurance. The bundled insurance was implemented in five districts—Ampara, Anuradhapura, Monaragala, Kurunegala, and Vavuniya. Due to the increasing impact of climate change on crops in the dry zone of Sri Lanka, the dry zone was covered during the implementation and upscaling of the insurance products. The business model implemented is insurer-led, whereby seeds and climate advisory were bundled with the insurance product. The implementation included 1,321 farmers for the Yala season 2021 and 1,000 farmers for the Maha season 2021–2022, with approximately 30,000 weather advisories to the farmers during this period. Following the implementation of the bundled insurance, a follow-up on the assistance received by the farmers from the project was conducted. The feedback from the farmers indicated a willingness to take up bundled insurance in future. It has also been realized through the implementation that partnerships are crucial driving factors for the growth of index insurance. This includes insurers, TSPs, aggregators, extension agencies, agro-dealers, seed companies, and government agencies.

Based on this experience, the study recommends different mechanisms for scaling up the market for insurance products. This includes targeting farmers' uptake through community-based influential farmers willing to establish rural enterprises for enrolling farmers with insurance products. The index insurance value chain for agriculture requires the expertise of different agents in delivering the product. Insurers are required to design the product, regulatory compliance, and underwriting; TSPs provide data for designing and monitoring the trigger, and aggregators use their reach to farmers and cooperatives to promote and market the product. With digitization across the value chain, MNOs increasingly become potential competitors for upscaling bundled insurance. MNOs can locate farmers either through GPS location-based systems or through the use of mobile networks of rural agents registering farmers. Through MNOs, mobile cash is a facility that can be targeted for premium payment and claims settlement. The MNOs can also introduce call center facilities dedicated to weather and crop facilities and provide solutions on insurance premiums, claims, and related procedures. To sustain the process, it is envisioned that MNOs need to formulate business-to-business (B2B) partnerships to deliver index insurance services at scale as B2B allows sell of bundled value-added services.
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Footnotes

1 Companies that provide administrative and technical input for technical services which might include the insurer's responsibility of designing the insurance, with the exception of ensuring regulatory compliance and underwriting. This is primarily due to the reason that the TSPs lack insurance licenses.

2 An aggregator here refers to companies involved in agribusiness, seed manufacturing.
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District mber of farmers  Premium Claim per farmer (LKR) = Total claim
Vavuniya Nainamadu 100 2,700 No claim No claim
Kurunegala Thisnampolagama 100 2,700 1,710 171,000
Anuradhapura | Horupothana 200 2,550 1,425 285,000
Anuradhapura | Ipologama 100 2,700 2,520 252,000
Monaragala Kolonwinna 90 2,700 No claim No claim
Monaragala Morawa 120 2,550 No claim No claim
Monaragala Veheragala 90 2,550 No claim No claim
Ampara Tampitiya 200 2,550 1,520 304,000
Total 1,000 1,012,000

Source: Authors.






OPS/images/fsufs-07-1145147-t006.jpg
District ber of farmers Claim per farmer

KR)
Vavuniya Nainamadu 84 2,651.17 222,698.62
Kurunegala Gajaneegama 214 1,462.49 312,971.79
Kurunegala Panwewa 103 1,133.3 116,729.9
Kurunegala Thisnampolagama 113 1,155.2 130,537.035
Anuradhapura Hurulu Jayapura 85 1,870 158,950
Monaragala Kolonwinna 34 870.05 29,581.53
Monaragala Morawa 38 958.51 36,423.285
Monaragala Veheragala 5 879.21 4,396.06
Ampara Mahoya 645 850 548,250.00
Total 1,321 1,560,538.22

Source: Authors.
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Contribution | e Insurance product o Seed production, o Agrometeorological advisory o Strengthening farmers’ income and
o Pilot and business models marketing, and delivery for individual farmers managing risks
e Coordination o Coordination with research | e Support in index insurance o Technology utilization and data
with government institutes and insurance Co. productand o Village outreach and  agricultural
damage assessment extension
o Scaling up and institutional coordination
o Workload distribution
Benefit o Expansion of the o Increased product interest o Increased product interest by o Farmers more protected from climate
agricultural sector by farmers farmers risks.
o Build index insurance o Expansion of new areas o Build business relationships o De-risking fiscal deficit (disaster risk)
capacity o Build business relationship across value chain partners through the inclusion of private partners
o Build business relationship | e Increase sales o Client increase
© De-risking through blended
finance for premiums
Impact o Wider acceptance o Strengthen agricultural o Strengthen climate safety o Building climate resilience in the
by farmers producers against loss of program against extreme events agricultural sector
crops from climate shocks

Source: Authors.
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Crop stage

Ag

mical advisory

Climate advisory

Sowing Always be vigilant as rice bug damage can occur at the early stage of the cultivation. If Scattered showers are forecast for your area over the
eggs are observed on the leaves, collect and destroy them immediately. next 5 days (10-15 January 2021)

Growing For efficient water management, supply water to the paddy field to a height of 5cm Dry weather with no rain is forecast for your area for
during the growth stage of the plant and re-water the field after it has drained to adepth | the next 5 days.
of 15 em from the soil surface.

Harvesting After paddy harvesting, place the seeds on a well-cleaned cement threshing floor or Dry weather is forecast for your area for the next 2 days

tarpaulin cloth to gradually reduce the moisture content. Paddy should be spread in a
layer <2 cm thick to dry.

and isolated showers are likely in the next 3 days.

Source: Authors.
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Isolated

2-5 and rain in isolated pockets
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5-20 and rain in scattered

Fairly widespread/many places

20-50 and rain in many places

Widespread/most places

>50 and rain in everywhere

Source: Authors.
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rainfall rainfall rainfall

May June  July May June July May June July
Payout 1
Stop loss 0 0 0 Stop loss 0 0 0 Stop loss 0 0 0
Trigger 20 2 15 | Trigger 15 10 25 Trigger 15 30 20
Max 8,500 3,060 8500 | Max 8,500 8,500 8500 | Max 8,500 8,500 8,500
Min 850 306 850 | Min 850 850 850 | Min 850 850 850
Slope 3825 1,377 510 | Slope 510 765 306 | Slope 510 255 3825
Payout 2
Stop loss 450 350 300 | Stoploss 450 450 350 | Stoploss 450 450 350
Trigger 300 200 200 | Trigger 300 250 250 | Trigger 300 250 250
Max 8,500 8,500 8500 | Max 8,500 8,500 8500 | Max 8,500 8,500 8,500
Min 850 850 850 | Min 850 850 850 | Min 850 850 850
Slope 5 51 76.5 | Slope 5 38.25 76.5 | Slope 5 38.25 76.5
Claim 54% 77% 20% | Claim 72% 59% 29% | Claim 63% 19% 27%

Source: Authors.
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