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Agricultural insurances based on weather indices: realizations, methods and limitations September 2012 Abstract Low-income countries are mostly endowed with rainfed agriculture. Therefore yields mostly depend on climatic factors. Furthermore, farmers have little access to traditional crop insurance. Insurances based on meteorological indices could fill this gap if transparent, cheap and straightforward. However their implementation has been limited so far. In this chapter, we first describe different projects that took place in developing countries using these types of insurances. We then review the underlying methodology that has been or should be used when designing and assessing the potential of such recent but numerous projects and empirical results of experimetal projects. We finally introduce future challenges to be addressed for supplying index insurances to farmers.
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Index-based insurance in developing countries: a review



In traditional crop insurance, the insurer pays an indemnity to the farmer when crops are damaged, typically by drought, hail or frost (the so-called “multirisk” crop insurance). In that case, information asymmetry between farmers and the insurer about the actual effort put into production creates moral hasard issues. Moreover, information asymmetry about the veracity of the claims makes the insurer resort to a costly and transaction costs. As a consequence, such insurances exist only where they are largely subsidized by the government. We can quote as examples PROPAGRO in Brazil, INS in Costa Rica, CCIS in India, ANAGSA and the FONDEN program in Mexico, PCIC in the Philippines, Agroseguro in Spain, and FCIC in the USA, for which every respective government pays for more than half of the premiums (Miranda and Glauber, 1997, Molini et al., 2010,
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Mahul and Stutley, 2010, Fuchs and Wolff 2011b). Unfortunately, developing countries governments’ do not have the financial resources to finance these subsidies at a large scale. Weather index insurances (WII) may constitute an interesting alternative, especially for these countries. The difference with traditional crop insurance is that indemnification is not triggered by damage to the crop, but by the level of a meteorological index, which is itself assumed to be correlated to crop yield. WIIs are analogous to weather derivatives, which appeared in the 1990s in the energy sector. Those latter financial products reduce the impact of climatic shocks on firms whose margins widely depend on climate, such as energy suppliers. The main advantage of WIIs over traditional insurance is that there is no need for damage assessment. Thanks to an easily observable index the principal (the insurer) does not have to check the agent’s (the insured farmer) statement (Quiggin et al., 1993). Moreover, a transparent and fast transmission of information allows quick payouts. As a consequence of their simplicity a so-called basis risk possibly lies in such policies, i.e. the fact that the correlation between crop yields and the meteorological index cannot be perfect. Indeed the relationship between weather and yield is complex and depends on field-specific features such as the type of soil or the farmer practices. Moreover, many hazards independent of the weather do impact yields. Finally, a high spatial variability of the weather (section 2.5.2) also contributes to the basis risk, since it would be too costly to install a rain gauge, let alone a complete meteorological station, in every field. We will explain basis risk in greater detail in section 1.3.3. To minimize the basis risk, the chosen meteorological index must be a good predictor of yields, and especially of bad yields. One should finally balance advantages and impediments of WII compared to traditional insurances, that is what we will try to do in this review. A few articles have investigated the impact of crop insurance based on weather index in developing or transition countries (Berg et al., 2009 in Burkina Faso, Breustedt et al., 2008 in Ukraine, Chantarat et al., 2008 in Kenya, Molini et al., 2010 and Muamba and Ulimwengu (2010) in Ghana, De Bock et al., 2010 in Mali and Zant, 2008 in India). Ex-post studies are developing very fast in recent years due to the recent development of such products (Cai et al., 2009 in China; Fuchs and Wolff 2011a and 2011b in Mexico; Hill and Viceisza, 2009 in Ethiopia; Karlan et al., 2012 in Ghana; Gin´e and Yang, 2009 in Malawi and Cole et al. 2011 and Gin´e et al., 2008 in India). However mostly due to data scarcity, products that were launched were rarely based on a baseline study using long run weather and yield data. Ex-post studies mostly concentrate on demand (take up rates) and there is no empirical evidence of the actual gain interest of such products for farmers in developing countries. The occurrence of indemnification being low, running a randomized controlled trial (RCT, Duflo, 2004) on such program is quite expensive and takes a lot of time. Fuchs and Wolff (2011b) is an exception, they studied the impact of the mexican programme in a natural experiment study using variations in insurance supply during the launching phase (2003-2008). They find 3



a positive impact on yield (7%) and on income (8%), with income gain concentrated in medium-income counties. The authors however found the program cost-ineficient as a whole, especially due to high premium, representing twice the expected indemnity for the period 1990-2008, entirely subsidized by the mexican government.



1.1



Main experiments in developing countries to date



Most WIIs projects implemented in developing countries aim at insuring individual farmers. Although distinction between low income and middle income countries could be questioned, we will bound our analysis to developing countries, since we mostly care about replicability in West Africa. Malawi and India were the low-income countries with the biggest experience of index micro-insurance at the time this survey was written (in 20091 ) and thus represent a large part of this work. We also draw attention about a rather different type of WII that was implemented in Ethiopia on a ‘macro’ scale. 1.1.1



India



India introduced traditional crop insurance in 1965 and WIIs in 2003. It was the first country to introduce WIIs at a commercial scale and is still the one which covers the highest number of farmers. The first implementation in 2003 was initiated by the private sector; more precisely, it was a joint initiative of the insurance company ICICI Lombard and the microfinance institution BASIX, with the help of the Commodity Risk Management Group (CRMG) of the World Bank (Hazell, 2010). It began in Andhra Pradesh, covering groundnut and castor oil plant against drought on three phenological phases of the crop. This programme expanded over time and covered, in 2008-09, around 10,000 farmers over 8 states in India. On average, during the six years of operation, 15% of farmers received an indemnity and the loss ratio (ratio of the sum of indemnities to the sum of premiums) amounted to 62% in 2010 and 48% in 2011. Despite those levels the demand grew, reaching more than 9 millions insured farmer in 2011. A second programme, a public one, covers a much higher number of farmers (1.6 million in 2009), it is called the Weather Based Crop Insurance Scheme (WBCIS). For the large majority of them (around 90%), insurance was compulsory since it was included in a package with a loan for agricultural inputs. Premiums are subsidized up to 80% by central and state governments, depending on the crop. As a consequence, the loss ratio amounts to 0.7 if calculated on the unsubsidised premium, versus 2.3 with the subsidised one, according to Chetaille et al. (2011). Despite the low premiums actually paid by the farmers (less than US$ 5 per acre, Gin´e et al., 2007) there was a low observed subscription rate when premiums are not 1



More recent reviews now exist, for instance in the case of India, the unique large scale market of individual index insurance, two quality reviews were released since that time (Gin´e et al., 2010 and Clarke et al., 2012).
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subsidised, especially when compared to Mexican entirely subsidies premiums (with 22% of the national maize production insured). This somewhat disappointing result led to statistical studies about insurance take up and especially its determining factors (Cole et al., 2011, Gin´e et al., 2007 and Gin´e et al., 2008, cf. section 1.2.2 and 1.2.3). 1.1.2



Malawi



In Malawi, two projects jointly offering a WII with a credit for certified seeds were run by the Insurance Association of Malawi in association with a cooperative of local growers. The initial objective was to limit loan default payment, which precludes the development of these credits. Indeed, when the rainy season is bad, so is the yield and farmers are unable to repay the credit for certified seeds. For this reason, the maximum payout corresponds to the total loan value. The pilot program (launched during the 2005-2006 season) concerned groundnut producers of some regions (Hess and Syroka, 2005). The second was spread out over the whole country and extended to corn producers (20062007). The first round concerned less than 900 farmers and the second one about 2500 (of which 1710 were groundnut farmers, Barnett and Mahul, 2007). In the pilot program, drought was defined as less than 75 percent of the long-run average of cumulative rainfall over the rainy season. 13 of the 22 government-managed meteorological stations, showing satisfying quality standards in terms of missing values, were taken into account: they provided 40 years of rainfall data. Extensions in other South-East African countries (Tanzania, Uganda and Kenya) are considered (Osgood et al., 2007). Kenya is the most promising field in the close future due to availability and quality of meteorological data. The impact of this program on income could not be estimated due to a good rainy season in 2006. The use of hybrid seeds rose compared to the previous years but, surprisingly, insurance had a negative impact on loan take up (Gin´e and Yang, 2009, cf. section 2.4.2). However farmers’ limited collateral liability, their relatively high default rate as well as the complexity of the terms of the contract (bundled with credit) creating additional ambiguity for potential buyers, could have hindered adoption (cf. section 2.3.4). Less surprisingly, loan take up was higher for more educated and richer people in both the control and the treatment samples, a feature also found in many experiment on index insurance policies (cf. section 2.3.2). 1.1.3



Ethiopia



In Ethiopia, a pilot program was initiated by the World Food Program (WFP) during the 2006 and 2008 seasons, with a technical assistance from the Food and Agriculture Organization (FAO) and the World Bank. The premium was offered by the latter’s major donors and the product was insured by AXA Re (now called PARIS Re). If any indemnity had been paid, the Ethiopian government would have redistributed the funding of the WFP, that holds the policy of this safety net, to about 60 000 households in 2006 5



(Barnett et al., 2008) that cultivate wheat, millet, cowpea and corn. The reinsurer and WFP used historical rainfall data from the Ethiopian National Meteorological Agency (NMA) and a crop-water balance model to develop the Ethiopia Agricultural Drought Index (EADI), which had a correlation of about 80 percent with the number of food aid beneficiaries between 1994 and 2004. Analysis of the historical data revealed a one in 20 probability of catastrophic drought in Ethiopia, as occurred in 1965, 1984 and 2002. The index was based on the cumulative rainfall, computed with a network of 26 meteorological stations across the country. Long run data required for risk assessment were computed from interpolation of satellite and elevation datasets along 43 years longitudinal data across 80 areas, produced by the FEWSNET program. The complex annual rainfall pattern in Ethiopia pointed out the necessity to go thoroughly into growing strategies. In some regions there are two distinct rainy seasons, which induce two possible farming strategies depending on the earliness of the first one. Farmers can either choose to sow a long-cycle crop and hope to benefit from spring’s rains or two different short-cycle crops. In 2009 individual WIIs pilot projects were run in Ethiopia where the insurance market is developing, currently composed of one public and 10 private firms. One such example is the Horn of Africa Risk Transfer for Adaptation (HARITA) project in the Tigray region, designed by the International Research Institute for Climate and Society (IRI, Earth Institute, Columbia University) and launched by Oxfam America, the Rockefeller foundation and SwissRe. It is based on satellite imagery data. A second one was undertaken in the Oromia region supported by the WFP. Both projects directly target growers. 1.1.4



Other pilot projects and related literature



Institutional index insurance, as the Ethiopian one, covering governments against major spatially covariant shocks, were also launched in developping countries. It was the case of 16 Caribbean countries (2007) covered against natural disasters (hurricanes and earthquakes), in Malawi (2009) were the governement contracted an insurance, at the national level contrarily to the above-mentionned individual insurance, based on a production index for maize based on weather stations data, in Mexico (2003) against major droughts and in Mongolia (2009) against major livestock losses. Small scale individual-level index insurances were also developed in China (2007), Ethiopia (2007), Rwanda (2009), Tanzania (2009) and Thailand (2007) and discontinued or only attained pilot stage in Kenya (2 launched in 2009), Indonesia (2009), Madagascar (2007), Nicaragua (2008), Philippines (2009), South Africa (2007) and Ukraine (2005). Updated exhaustive reviews of passed and present WII experiments can be found in Hellmuth et al., (2009), Hazell et al. (2010), DeJanvry et al. (2011).
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1.2 1.2.1



Indices Meteorological indices



Some products insure against cold temperatures or frost (South Africa), others insure against excess water during harvest (India, Nicaragua, Rwanda and Tanzania) or against floods (Indonesia and pilots in Vietnam and Thailand). Here, we focus on the most common dommageable phenomenon which is also the most relevant for the sudano-sahelian zone. Basic rainfall indices Cumulative rainfall during the growing season (which, in the tropics, typically corresponds to the rainy season) is the simplest quantifier of water availability. However, the impact of a lack of rain depends on the crop growth phase. Hence, in practice, the growing season is often split in several sub-periods and an indemnity is paid whenever a lack of rain occurs in one of these sub-periods. The amount of rainfall that triggers the payment of an indemnity (the strike) as well as the amount of indemnity differ across the subperiods and are based on agro-meteorological knowledge. Moreover, very light daily rains (typically 
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