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Abstract

Despite the significant risks and uncertainties that farmers in developing and
emerging countries face in their production process, efforts at encouraging
them to adopt agricultural insurance to mitigate their production risks have
mainly yielded little success. This article reviews the recent literature on the
demand for agricultural insurance in developing and emerging countries, by
presenting the state of uptake, drivers of the demand for it, and the potential
welfare gains from it. Our review reveals that while risk aversion is necessary
for the demand for agricultural insurance, liquidity constraints, rates of time
preference, basis risk, and trust are equally relevant in explaining the demand
for insurance in poor countries. An interesting observation is the increasing
number of studies that employ randomized control trials to analyze farmers’
uptake of agricultural insurance in developing and emerging countries. Our
comprehensive review finds some information gaps in the literature, and we
propose some avenues for further research.
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1. INTRODUCTION

Perhaps the most highly exposed countries to natural and climatic shocks are those in developing
and emerging countries (DEMCs), and yet these countries are among the least prepared in effec-
tively managing these risks. A recent Munich RE (Löw 2019) report shows that storms and floods
together made up about 88% of the global natural and climatic disaster events in 2018.More than
50% of these natural disasters struck DEMCs in the Asia-Pacific region and Africa, negatively
impacting agriculture. These extremely volatile weather and climatic conditions are projected
to increase in both intensity and frequency (Bates et al. 2008, FAO 2013), which has called for
intense efforts by policy makers and researchers to find innovative means of mitigating their im-
pacts. The high incidence of pests and diseases and highly volatile input and output prices, among
other factors, further exacerbate the significant risks agricultural producers face in DEMCs. The
welfare consequences of farmers’ exposure to these risks without effective mitigation measures
are well documented in the economic and policy literature (Rosenzweig & Binswanger 1993,
Barnett & Barrett 2008). Dercon (2004), for example, documents how farmers’ exposure to rain-
fall shocks can substantially impact welfare that persists beyond the period the shock was experi-
enced. The continuous exposure to risks, without relevant mitigation measures, has been found to
limit farmers’ decision making, thereby trapping them perpetually in poverty (Vargas & Angelino
2012).

Farmers in DEMCs have traditionally used several measures to mitigate or cope with risks,
including the cultivation of low-yielding but resistant varieties, diversifying their production prac-
tices, and mutually sharing risks. Most of these measures may only offer partial reprieve mainly
when the risk involved is of high frequency in occurrence but low severity in nature. However, in
low-frequency but high-severity conditions with broader coverage, the measures poor farmers use
tomitigate risks are often inefficient.When farmers resort to cultivating low-yielding but resistant
varieties because of the high-risk exposure, they tend to be less productive, thereby failing to gen-
erate enough income to spur them out of poverty and food insecurity. Insights from an extensive
literature review by Alderman & Paxson (1994) illustrate that these informal strategies are likely
to have varying impacts on household consumption smoothing. For these reasons, among others,
policy makers and researchers have been looking for innovative means of addressing the inherent
challenges present in the traditional methods of mitigating and coping with risks. Despite being
an important risk-mitigating measure in most developed economies since the eighteenth century
(Mahul & Stutley 2010), agricultural insurance was only introduced, sometimes on a pilot basis, in
most DEMCs two to three decades ago. Agricultural insurance is a financial mechanism by which
risks of losses are transferred from one entity, for example, a farmer, to another entity (insurer), in
exchange for a premium or small quantifiable losses to prevent a larger one (Iturrioz 2009).

Despite their increasing significance in the face of extreme weather conditions, agricultural
insurance markets remain underdeveloped in most DEMCs owing to known problems of moral
hazard and adverse selection. Moral hazard occurs when farmers can influence losses because the
insurer cannot accurately monitor their practices. Adverse selection, on the other hand, occurs
when farmers with high probabilities of losses tend to be more likely to adopt the insurance pro-
gram because of the higher expected returns of participating, compared to their counterparts with
lower probabilities. An alternative is index-based insurance, where payouts depend on an index
that correlates with individual farmers’ losses and which farmers have no influence on, which has
the potential to confront the challenges associated with the traditional indemnity-based insurance
(Miranda & Farrin 2012,Karlan et al. 2014).Given its inherent advantages, index-based insurance
has received increased attention from researchers and policy makers over the past two decades.
However, several pilot and implemented index insurance programs have either completely failed,
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or uptake has been far below expectations, even with massive government subsidies (Giné et al.
2008, Cole et al. 2013). Giné et al. (2008), for example, report that only 5% of farmers in India’s
state of Andhra Pradesh purchased insurance in their experimental study.

Despite the overwhelming evidence of farmers in DEMCs being averse to risks (Dercon &
Christiaensen 2011, de Brauw & Eozenou 2014), the low agricultural insurance uptake continues
to baffle researchers. Therefore, a growing body of both theoretical and empirical literature seeks
to improve our understanding of the reasons for the low demand and the potential welfare gains
from its adoption. As argued by some authors (e.g., Giné et al. 2008), farmers’ perception of the
perceived distribution of benefits from agricultural insurance may be highly uncertain,making the
decision of whether or not to purchase insurance similar to the decision to adopt a new technology.

A clear observation on the methodological front is an increasing number of studies using ran-
domized control trials to examine the impact of interventions on farmers’ uptake of agricultural
insurance in DEMCs. This shift is aimed at ensuring reduced bias and more precise estimates of
program counterfactuals (Cai et al. 2015,Hill et al. 2019). In particular, there has been a shift from
the use of stated preferences approach in assessing the key determinants of insurance purchasing
decisions of farmers (Hill et al. 2013, Tadesse et al. 2017) to exogenously introduced interventions
that seek to examine the impact of specific programs on insurance uptake, as well as effects of
uptake on farm performance and welfare (Karlan et al. 2014, Cai et al. 2015, Belissa et al. 2019,
Hill et al. 2019).

This article aims to comprehensively review the literature on the demand for agricultural in-
surance and how participation in the insurance programs affect farmers’ welfare in DEMCs. We
showcase the recent advances in analyzing the uptake of agricultural insurance products in these
countries. The rest of the review proceeds as follows: Section 2 presents the concept and general
overview of the agricultural insurance markets. Section 3 outlines theoretical models employed
in explaining the demand for agricultural insurance. Section 4 reviews some empirical evidence
of the drivers of insurance demand, while section 5 presents evidence of the impacts of insurance.
Section 6 presents the concluding remarks and suggests avenues for further research.

2. CONCEPT AND OVERVIEW OF AGRICULTURAL
INSURANCE MARKETS
2.1. The Concept of Agricultural Insurance

Agriculture is an extremely risky business, with farmers often exposed to a number of market and
production risks. Exposure to these risks result in highly volatile incomes that may affect farmers’
consumption if the farmer lacks relevant mitigating measures. The sources of agricultural risks
include yield losses from adverse weather conditions, including droughts, incidence of pests and
diseases, unexpected low output prices, or even unexpected high input prices. Of course, these
risks are not unique to DEMCs but also persist in some developed countries. The difference arises
from the existence of better mechanisms to address these risks and uncertainties. Some of these
measures include efficient irrigation facilities, resistant varieties, and the use of futures markets
to hedge against risks and uncertainties. Thus, farmers in developed countries are able to better
manage these risks and uncertainties. These mechanisms for managing risks and uncertainties are
often nonexistent, or even if they are, they are often beyond the financial capabilities of farmers
in DEMCs. Notwithstanding their financial constraints, farmers in these countries have devised
measures to address these risks and uncertainties. However, these measures frequently prove to
be inadequate if the risks affect a large number of people within the same geographic enclave at
the same time.
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Agricultural insurance is one mechanism to manage risks in agriculture by safeguarding farm-
ers’ income losses under adverse conditions beyond their control. It provides the financial mech-
anism for a farmer to either transfer the whole or part of their losses to an entity (insurance firm)
through the payment of a small quantifiable amount in exchange for a larger potential loss (Iturrioz
2009). Based on the level at which damages are assessed and insured, insurance can be broadly clas-
sified as indemnity based or index based. While claim payments are determined based on actual
losses the policyholder incurs in indemnity-based agricultural insurance, the index-based agricul-
tural insurance is based on an index—a measure highly correlated with losses that cannot be influ-
enced by the policyholder. Although there still exist some indemnity-based agricultural insurance
programs in someDEMCs,most of the insurance programs implemented for the past few decades
have mainly focused on index-based schemes, because of reasons of reduced administrative costs,
moral hazard, and adverse selection challenges. In the next section, we discuss indemnity-based
insurance.

2.1.1. Indemnity-based insurance. This type of insurance is a financial mechanism that exists
between a farmer and an insurance firm, such that the policy covers farmers’ actual or potential
losses at the farm level, with payouts accordingly made at the level of losses incurred. Indemnity-
based insurance can be either single peril or multi-peril, depending on the number of losses the
policy covers. Single or named-peril indemnity covers damages for an individual or specifically
named perils such as fire, hail, pests, and diseases. When such losses occur, the insurer assesses
the extent of the damage at the insured unit, and payments are made according to the terms
of the policy. Multi-peril, on the other hand, provides insurance coverage for losses caused by
virtually any peril other than that specifically excluded from the policy. Indemnity-based insurance
is characteristically expensive to operate because of the high operational costs in assessing losses at
the individual farm levels.They are, therefore,muchmore prevalent in regions with robust welfare
systems and more mature agricultural markets.1 A typical example is the government-subsidized
multi-peril crop insurance program in China, in which the state (including province and county)
subsidizes up to 80% of the insurance premium (Krychevska et al. 2017).

A related issue with operating indemnity insurance is the insurer’s inability to accurately mon-
itor the production activities of the insured to reduce opportunistic behavior. When the insurer
is unable to accurately monitor the activities of the farmer, the farmer may be incentivized to al-
ter her production activities to influence losses. A more significant challenge is the tendency for
farmers with a higher probability of incurring losses participating in the program, in which case,
the insurer increases the cost of the product because the company has no accurate information
to price discriminate between high-risk and low-risk farmers. This, in turn, crowds out farmers
with lower probability of incurring losses, making the insurance unsustainable. These operational
challenges increase the need for an alternative insurance product, index-based insurance.

2.1.2. Index-based insurance. In index-based insurance, on the other hand, payment of liabil-
ity and amount payable are based on the measured value of an objective and independent index.
The liability is not based on proof of a specified loss or the assessment of the actual losses, hence
making them less costly to administer. The main advantage of index insurance resides in its ability
to substantially reduce the incidence of moral hazards, recognized in the insurance literature as
one of the major causes of underdevelopment of the insurance market. Weather and area-yield
index insurance constitute the two main index insurance types currently on the insurance market.

1Indemnity-based insurance makes up about 62% of all agricultural insurance underwritten in Latin America
and about 70% in Eastern Europe and Central Asia. It only constitutes about 24% in Africa.
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However, there have been significant increase in experimental index-based livestock insurance
(IBLI) across some parts of Africa.While measures of weather parameters, such as the amount of
rainfall within a specified period, are used as indices for weather index insurance, a percentage of
average yield in a specified geographic area is used for an area yield. Satellite measures of the nor-
malized difference vegetation index (NDVI) also serve an essential role as an index for both crop
and livestock index insurance. These measures of indices continue to evolve with better indices
under development to improve risk measurements (Flatnes & Carter 2015, Guan et al. 2016).

Despite its appeal in addressing some of the pertinent challenges associated with an indemnity-
based insurance, the index-based program may be fraught with challenges. Indices that form the
basis for indemnifying losses for the index-based programs are often more appropriate for ho-
mogeneous settings. In reality, however, it is often either too expensive to collect data to design
a product for such homogeneous settings or it may be totally infeasible to undertake particularly
in developing countries’ context (Smith & Watts 2019). For these reasons, among others, there
may be a weak correlation between these indices and farm-level losses. Smith &Watts (2019), for
example, document studies that report as low as a 27% correlation between rainfall and weather
station yields in the Sahel regions of Africa. This may result in farmers incurring losses but the in-
dex failing to trigger payments to indemnify these losses. Under this condition, termed downside
basis risk, farmers are much worse off, because in addition to losses incurred on their farms with-
out receiving indemnities, costs are incurred on premium payments. On the other hand, given the
potential disparity between indemnity-activating indices and farm-level losses, the index may trig-
ger payment even though farmers may not have incurred losses; this is termed upside basis risk.Of
course, farmers are better off under this condition, but the insurer experiences high loss ratios and
may undergo financial distress, putting the sustainability of the insurance program into question.

2.2. The Agricultural Insurance Market Overview

The global agricultural insurance markets have increased considerably over the past decades,
mainly because of the exponential growth in premium contributions from some DEMCs, par-
ticularly from China and India. For example, the agricultural premium for China grew by 342%
from US$1.84 billion in 2006 to US$6.3 billion in 2016, compared to the global growth of 191%
over the same period (excluding China).With this strong growth, China’s share of the global agri-
cultural insurance premium increased from 1% to 23% over the same period. This trajectory, as
shown in Figure 1, is projected to continue, as the value of agricultural products in China and
other DEMCs continues to grow (Swiss Re Inst. 2013, Krychevska et al. 2017).
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Figure 1

Relative contribution of China to the global insurance premium. Growth of the Chinese agricultural
insurance market in relation to the global agricultural insurance premium growth. Data from Mahul &
Stutley (2010), Swiss Re Inst. (2013), Löw (2019), and Krychevska et al. (2017).
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There have been rapid developments in the agricultural insurance markets in Latin America
and the Caribbean. For the past two decades, agricultural insurance premiums have doubled ev-
ery five years, reaching $1.6 billion in 2015 (Swiss Re Inst. 2016). This exponential growth has
been primarily driven by Brazil, Mexico, and Argentina. In terms of volume, about 61% of the
insurance premiums were written in Brazil, while Mexico and Argentina contributed about 30%.
The rest were written in countries such as Peru, Guatemala, and Cuba (Swiss Re Inst. 2016). The
insurance market operations span complete government control through private-public partner-
ships to commercial operation. In the Caribbean, for example, agricultural insurance has featured
prominently in the government and development partners’ agenda in mitigating the impacts of
climate in the region. Climate Risk Adaptation and Insurance in the Caribbean is an innovative
two-phase project implemented in several regional countries to mitigate climate-induced disasters
in the region (World Bank 2010, Swiss Re Inst. 2016).

With the exception of South Africa,where agricultural insurance has been in existence since the
1970s, most countries on the African continent have only been introduced to the program,mostly
at pilot levels, only within the last two decades (Hess & Hazell 2016, Miranda & Mulangu 2016).
Between 2011 and 2016 for example, Sahel Crop Insurance, a weather-based insurance,was piloted
across a number ofWest African countries in the Sahel region owing to the worsening incidence of
droughts. TheWorld Bank and other international development agencies spearheaded these pilot
projects across countries such as Senegal,Mali, and Burkina-Faso. These programs have primarily
focused on corn, as a food security crop, and cotton and peanuts as commercial crops. In addition
to instituting and piloting index insurance for crops, that for livestock has also been piloted in
these regions (Miranda & Mulangu 2016). In particular, the IBLI was piloted in northern Kenya
in 2010 and then subsequently extended to Ethiopia. A year after introducing the IBLI, uptake fell
considerably by about 70% from 1,979 subscribers in 2010 to 599 subscribers in 2011 (Miranda
& Mulangu 2016). Despite the initial disappointing results, researchers and policy makers expect
improved uptake through the continuous efforts to improve program designs and other policy
interventions (Miranda & Mulangu 2016).

2.3. Emerging Trends in Agricultural Insurance: Information
and Communication Technologies

With recent advances in information and communication technology (ICT), there has been an
increased application of ICT to address some of the challenges inherent in the agricultural insur-
ance market. In particular, delivering insurance to sparsely populated areas of farming households
in developing countries significantly increases the operational costs. Hence, there is an emerging
trend to apply ICT to decrease these costs. Although the African continent continues to be a bene-
ficiary of these modern technologies in the agricultural insurance markets,most of the revolutions
are taking place in Asia. We briefly itemize some of the critical trends of the implementation of
ICTs in agricultural insurance.

� Ceballos et al. (2019) document the feasibility of incorporating smartphone pictures into
index-based insurance to reduce the incidence of basis risk in India. Leveraging the increas-
ing number of smartphone users among farmers, the authors show that farmers could take
pictures of their farms at various stages of maturity for onward assessment. The authors
find a significant reduction in downside basis risk for picture-based insurance compared to
weather index-based insurance and area-yield insurance.

� Although the field of machine learning is nascent in the area of agricultural insurance, there
are emerging trends for the application of deep learning and artificial intelligence to better
predict weather risks and to inform better agricultural insurance administration.
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� Regarding the application of ICT in the livestock insurance sector, researchers are piloting
the possibility of using artificial intelligence to identify farm animals to improve perfor-
mance of the livestock insurance market (Kumar et al. 2016).

3. THEORETICAL MODELS

Although the expected utility theory (EUT) formally developed by von Neumann &
Morgenstern (1944) continues to be the standard for explaining decisions under uncertainties,
there have been new developments, apparently because of some fundamental inconsistencies in
the assumptions underlying the EUT to explain agricultural insurance demand. Researchers have
for some time resorted to using behavioral models to explain some of these apparent inconsis-
tencies in the observed demand for agricultural insurance. We review these evolving theories on
agricultural insurance literature in this section.We begin with the two dominant theories by first
summarizing the literature on the expected utility and then the prospect theory. Other behavioral
models are also presented.

The EUT postulates that people maximize their expected utility in their decisions to purchase
or not purchase insurance. This decision is driven by the curvature of their utility function, which
in turn is determined by the level of risk aversion. Basically, if consuming more of a good results
in correspondingly lower additional utility relative to the previously consumed good, then the
marginal utility is said to decrease, resulting in a concave utility function. Individuals who exhibit
this kind of utility function are said to be risk averse. On the other hand, when marginal utility
increases over wealth, a convex utility function is obtained, and individuals displaying his utility
function are described as risk seekers. However, when the marginal utility from an additional unit
consumed remains constant, the utility exhibits a linear function, and such persons are said to be
risk neutral. Due to the concavity of the utility function, the risk-averse individuals always prefer
outcomes that are certainly known to uncertain outcomes. Thus, such risk-averse individuals are
willing to pay a positive price to avoid such risks. In fact, this willingness-to-pay behavior is the
underlying reason for the development of the insurance market. A brief description of this theory
is presented in Figure 2a,b.

To illustrate how risk aversion affects insurance demand, let us assume a farmer has two plots
of land, A and B, on which to farm. Plot A is less fertile but without incidence of locust pest attacks.
Plot B is more fertile but susceptible to locust pest attacks.When the farmer cultivates plot A, she
is certain to obtain 20 tonnes, and with a price of $10 per tonne, this implies the farmer receives
$200. Cultivating Plot B, in a different location, yields 40 tonnes in the absence of locusts, but the
farmer obtains 0 tonnes with locust attack. With a 50% chance of locust attack, the farmer re-
ceives $400 in the absence of the pest attack, or $0 when there is an attack. On average, the farmer
is expected to incur losses of $200 for cultivating plot B. Given that cultivating plot B is associ-
ated with uncertainties, and an insurer is willing to pay $400 in case of crop failure, a risk-averse
farmer will be willing to pay up to the difference between $400 and her certainty equivalence2 in
premiums to hedge against this potential crop failure (Figure 2b). A more risk-averse farmer will
have a more concave curvature in the utility function, implying a higher difference between the
actuarially fair premium and the certainty equivalent; therefore, the maximum willingness to pay
for the insurance will be higher. Thus, higher risk aversion is expected to lead to higher demand
for insurance.

2The concept of certainty equivalence refers to an amount of money (income) that is equivalent in an individ-
ual’s mind (in utility terms) to a given uncertain situation. It is the subjective value one attaches to a certain
outcome relative to a given uncertain outcome.
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An illustration of expected utility theory explanation for demand for insurance by the risk-averse individual. If we assume a 50%
probability, the expected value of m1 and m2 is (m1 +m2)/2 on the horizontal line (a). The utility of the expected value of wealth is
strictly greater than the expectation of utilitiesU (m1) andU (m2) because of concavity of the utility function, i.e.,U [(m1 +m2)/2]>
U (m1 )+U (m2 )

2 . To obtain the utility of the expected value of wealth, the risk-averse will be willing to pay a positive price difference
between her expected value of wealth and her certainty equivalent (CE), known as risk premium. Tracing to panel b, the maximum
premium is the sum of the risk premium and the actuarially fair price. Generally, the more risk averse an individual, the more concave
the utility function and the larger the risk premium, and by extension, the higher the maximum premium she will be willing to pay to be
insured. Adapted with permission from Patt et al. (2009).

The rational theory of demand for insurance explaining that risk aversion is monotonously
increasing in demand for insurance is generally consistent with indemnity-based insurance. How-
ever, recent evidence on index insurance in some DEMCs shows significant inconsistencies. Nu-
merous studies on index insurance demand show evidence that contradicts the rational demand
for insurance (e.g., Giné et al. 2008, Cole et al. 2013, Hill et al. 2016). Building upon the study of
Doherty & Schlesinger (1990), Clarke (2016) shows that a more specific contract nonperformance
(i.e., basis risks) creates additional risks. Hence, the disutility from this additional risk dominates
for individuals with higher risk aversion, resulting in risk aversion decreasing the demand for index
insurance. As shown in Figure 2, a risk-averse individual will always demand insurance coverage
by being willing to pay a positive price to avoid risks. However, recent studies show that demand
for index-based insurance by risk-averse individuals initially increases with risk aversion up to a
point and starts declining thereafter (Clarke 2016, Hill et al. 2019).

Among the nonexpected utility theories, prospect theory is considered the most convincing
in emphasizing three main factors to explain the inconsistencies inherent in the expected utility
theory: loss aversion, reference dependence, and probability weighting. At the core of prospect
theory is the argument that for the same amount, the disutility from losses is higher than the
utility of gains. Thus, contrary to the EUT that apportions equal weights to disutility from losses
and utility of gains, the prospect theory points out that this cannot be the situation. From a series
of experiments, Kahneman & Tversky (1979) concluded that to the extent that the disutility from
avoiding losses is higher than the utility from gaining the same amount, individuals are averse to
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losses. It is worth mentioning that in prospect theory, relatively higher aversion to losses makes
insurance valuable, as compared to the concavity of the utility function in EUT, because of the
higher associated disutility from losses. A related issue, probability weighting, is the tendency
for individuals to distort objective probabilities by overweighting worst case scenarios. This is
quite intuitive, as given the increasing incidence of extreme weather conditions, the tendency for
individuals to overweight events that hitherto were quite rare is now common. Prospect theory
incorporates this tendency of overweighting rare events in contrast to the EUT. Finally, in their
production processes, it is often common for farmers to have some reference points for valuation.
Most farmers produce with target prices for their output in mind. The utility from gains beyond
this reference is comparatively lower than the disutility from obtaining less than this reference
point. In some developed countries, for example, this occurs through the farmer’s target on the
futures markets (Kim et al. 2010).

Individuals’ aversion to uncertainties on the distribution of outcomes has been attributed to
the low demand for agricultural insurance. Following Ellsberg’s (1961) distinction between uncer-
tainties with known and unknown probabilities, economists have demonstrated the relevance of
the distribution of uncertain outcomes on agricultural insurance demand. Although they appear
similar, ambiguity aversion is different from risk aversion: While an individual who is ambiguity
averse always prefers an uncertain outcome whose probability is known, a risk-averse individual
tends to dislike uncertainties outright. The mechanism through which ambiguity aversion affects
insurance demand is better represented in index insurance, where payouts are based on the out-
come of an exogenous factor. To the extent that this exogenous factor does not perfectly correlate
with observed outcomes at the farmer level, the distribution of farmers’ losses will thus likely be
different from that of the indemnity-triggering index. It is, therefore, often difficult for farmers to
perfectly predict the result of this compound probability that arises from these two distributions
(Elabed & Carter 2015). In a recent empirical study on farmers in three African countries, Bryan
(2019) demonstrates that ambiguity aversion matters in crop insurance adoption decisions.

The role of credit constraints on the demand for agricultural insurance has long been of sig-
nificant interest to researchers, given its multidimensional potential impact on insurance demand.
On the one hand, the liquidity-constrained individuals are expected to value insurance to stabi-
lize their incomes, given the adversarial effects of fluctuating incomes on consumption. On the
other hand, these farmers are unable to convert potential desires into purchases, not only because
of issues of costs, but also the time farmers are expected to make these purchases. Because farm-
ers often have to pay for insurance up front at the commencement of the farming season, when
they are often cash strapped, they may be less willing to pay for insurance. Although insurance
purchasing decisions aim at reducing risks, the insurance product, and index-based programs in
particular, come with additional risks because farmers are not entirely certain that indemnities will
be paid.When farmers are liquidity constrained, they often tend to pursue less-risky investments,
thereby forgoing purchasing insurance due to the uncertainties of receiving payments (Rampini &
Viswanathan 2010). These mechanisms through which liquidity constraints influence agricultural
insurance have been extensively explored in the empirical literature. Some findings from these
empirical studies are discussed below.

3.1. Basis Risk and Insurance (Index-Based) Demand

The widespread challenges of informational gaps, in particular, adverse selection and moral haz-
ard that characterize the indemnity-based insurance, necessitated by the design of an alternative
program aimed at minimizing these challenges, led to index-based insurance. The index-based
insurance where payouts depend on an exogenous and publicly observable index (measure) has
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mostly been successful in addressing the challenges of moral hazard and adverse selection. How-
ever, given the potential for farmers to incur losses, and yet the index’s failure to trigger payments,
farmers’ demand for index insurance has been disappointingly low. This probably might have
informed Binswanger-Mkhize’s (2012) cautious note to not overhype index insurance and that
farmers must be studied on a case-by-case basis. Over the past decades, there has been increasing
attention in the theoretical literature to describe and explain the mechanisms through which basis
risk affects insurance uptake in developing and emerging economies (e.g., Clarke 2016, Jensen
et al. 2016).

To motivate the discussions, we briefly present some theoretical implications of basis risk on
insurance uptake. Clarke (2016) demonstrates in his theoretical article that the presence of basis
risk can worsen farmers’ income through premium payments to the insurer in an adversarial state
of nature and yet not receive indemnities. Thus, in a bad state of nature (i.e., yield losses), farmers
who purchase insurance but find themselves in a situation where the index fails to trigger payouts
are much worse off compared to counterparts who did not purchase; the same applies to those
farmers had they not purchased insurance. Given the uncertainty associated with the likelihood of
receiving payouts, although cost would have been incurred, the farmers may be reluctant to pur-
chase the insurance product. Clarke further points out that the lower demand for index insurance
coverage, even among risk-averse farmers, could be partly explained by basis risk. For this reason,
index-based insurance is often less valued by farmers, resulting in low demand.

3.2. Social Networks and Insurance Demand

In most rural settings, families often interact. These social interactions have been shown to have
consequences on economic outcomes. Understanding the nature and mechanisms underlying the
role of social networks on agricultural insurance demand is of significant relevance, given the pre-
vailing weak formal institutions in promoting and delivering alternativemeans of insurance against
shocks. The economic literature has identified two main mechanisms through which social net-
works influence agricultural insurance demand: risk-sharing and information-sharing networks.

The literature on measuring and modeling the impact of social networks on demand for agri-
cultural insurance has primarily focused on either the nonstrategic or strategic roles. While the
nonstrategic role of social networks mainly focuses on network structures as conduits for informa-
tion transmission, the strategic mechanism entails how farmers share resources in times of shocks
in addition to the network structure. This has been found to play a significant role in the de-
mand for agricultural insurance in most DEMCs, where social networks tend to serve an essential
ex post risk-coping role in the absence of a formal insurance system. In this section, we address
some emerging issues regarding the role of these two social network mechanisms in agricultural
insurance demand.

3.2.1. The information diffusion role of social networks. Cai et al. (2015) argue that finan-
cial decisions—in particular, decisions to purchase insurance—are quite complex, and frequently,
potential buyers of these products either learn about the products through their friends or are
sometimes influenced by their friends’ choices. However, an important observation was made that
friends’ decisions to purchase did not have any significant impact on one’s purchasing decisions.
Instead, when these same individuals were informed of the decisions of their peers, it significantly
influenced their own insurance uptake. The authors therefore concluded that the primary mech-
anism through which social networks affect insurance uptake is through social learning and not
necessarily a friend’s purchasing decision. Using a randomized experimental design approach in
Indian villages, Banerjee et al. (2013) show that the most important channel for individuals to
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participate in microfinance programs was acquiring information from friends. This indicates that
social networks are quite relevant in influencing participation through information sharing.These
studies indicate the knowledge acquisition mechanism of insurance purchases, rather than imitat-
ing friends’ actions.

3.2.2. The risk-sharing role of networks. In the absence of formal insurance, people may rely
on informal risk-sharing mechanisms in coping with risks. It is often common to observe people
in rural areas helping one another whenever disastrous events occur. However, it has been argued
that these risk-sharing networks often occur at a limited level among family and friends, without
extending to all inhabitants in the entire village (Fafchamps & Gubert 2007), thereby rendering it
less effective in achieving full insurance. Even in situations where risk-sharing exists in the village,
it is often inefficient at achieving the desired impact because of ineffective enforcement and limited
commitment (Barr & Genicot 2008, Attanasio & Pavoni 2011).

It has been largely debated in the economic literature as to whether the informal risk-sharing
networks play a substituting or complementary role to formal insurance. Fafchamps (1992), for
example, argues that risk-sharing networks can serve as a substitute and a complement to formal
insurance. He argues that as a complement, informal risk-sharing networks are able to provide
some coverage to the residual risk because of the imperfect correlation between farmers’ observed
losses and the indemnity-activating indices for index-based insurance.However, the same informal
risk-sharingmay play a substituting role to the formal insurance, if leaving the group decreases the
risk-pooling ability of the group. Dercon et al. (2014) offer a theoretical explanation for only the
former, arguing that informal risk-sharing networks complement formal insurance by mitigating
the inherent basis risks associated with index-based insurance.

Takahashi et al. (2018) argue that in index-based insurance, for example, where the presence of
basis risk has been observed to significantly decrease the demand for formal insurance, informal
risk-sharing networks and formal insurance reinforce each other. First, they argue that given that
index insurance may fail to trigger payment even though a farmer incurs losses, an informal risk-
sharing group can fill this gap. On how formal insurance can also complement risk sharing, they
argue that these groups are often able to mitigate the effects of idiosyncratic risks. However, these
risk-sharing groups are often ineffective in mitigating covariate shocks because a larger number of
households are affected at the same time.Hence, formal index insurance could play the important
role in reducing this covariate risk.

In a recent study, Berg et al. (2017) contribute to the debate on the relationship between risk
sharing and formal insurance. In particular, they demonstrate how risk-sharing networks decrease
the demand for indemnity insurance but increase the demand for index-based insurance. In an ar-
tifactual field experiment in Ethiopia, the authors empirically test the role of risk sharing on both
indemnity-based and index-based insurance. Their findings indicate that risk sharing decreases
units of indemnity insurance purchases by 27%, while increasing the uptake of index-based in-
surance by 130%. These findings further stress the relevance of designing an insurance product
to minimize residual risks inherent in index-based insurance as much as possible to improve the
welfare of poor farmers in developing countries.

4. EMPIRICAL EVIDENCE ON THE DRIVERS OF AGRICULTURAL
INSURANCE DEMAND

Several studies have analyzed the drivers of farmers’ participation in agricultural insurance
programs in developing and emerging economies. The various methodologies employed in
these empirical analyses range from observational through quasi-experimental to experimental.
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However, given the recent increase in evidence from experimental studies, the sections below
focus on these examples.

4.1. Credit or Liquidity Constraints

A growing body of literature shows the relevance of the timing when insurance products are of-
fered to farmers on their uptake. A characteristic feature of most farmers in developing countries
is the possession of cash at harvest from sales of farm products, which tends to decrease as the
planting season approaches because of purchases of farm inputs. To the extent that many farmers
tend to be liquidity constrained during the planting season, an up-front payment for agricultural
insurance is often a challenge to these poor farmers. Several studies have analyzed these insur-
ance up-front payment problems and explored the potential of offering insurance with delayed
payments that take place during the harvest period.

In a recent study, Casaburi & Willis (2018) employ a randomized control trial to examine
how delayed insurance programs to Kenyan sugarcane farmers interlinked with contract farm-
ing impacted insurance uptake. They hypothesize that selling insurance products to these farmers
during harvest will increase uptake because they are less liquidity constrained after receiving in-
comes from their harvests. Consistent with their hypothesis, they find that only 5% of farmers
who had to pay the insurance premium upfront opted for the insurance product, while 72% of the
farmers who were offered the insurance at the harvest period took up the product. Even with a
30% discount provided to farmers who paid up front, the insurance uptake only increased to 6%.
In a more recent study, Belissa et al. (2019) also use a randomized control trial to test a similar
hypothesis. They argue that, given the relatively low amount of contract farming in most devel-
oping countries, offering similar products devoid of contract farming was more externally valid.
After offering insurance products with delayed payment until harvest, they observe a significant
increase in uptake of the product. Specifically, uptake increased by threefold from 8% to 24%with
insurance premium payment delays. At a disaggregated level, they observe higher uptake among
farmers who were liquidity constrained, though this difference was not statistically significant.

Even though we set out to review studies that employed experimental approaches, we never-
theless point out one particular study that sought to test poor farmers’ preferences for an alterna-
tive means of paying for insurance programs other than using cash. Using the stated preference
approach in rural Ethiopia, Tadesse et al. (2017) assess farmers’ willingness to pay for weather
insurance with cash alone, labor (work) alone, or a combination. One of their main findings is that
farmers were willing to offer their labor for the insurance program at wages lower than the going
rates on public work programs. They conclude that these farmers were severely cash constrained
and more willing to pay with their labor, which they have in abundance compared to cash.

4.2. Rates of Time Preference

An increasingly abundant literature explores the role of how farmers discount future benefits on
insurance uptake. Despite the primary purpose of insurance in reducing risks through the transfer
of incomes from high-income states to low-income states, some researchers have found evidence
of the investment appeal of insurance (Connor 1996). In addition to the nature of insurance that
requires an up-front payment for a premium, this has necessitated the increased attention on
the role of farmers’ discounting of future benefits on agricultural insurance adoption in most
developing countries. In an experimental study in Bangladesh, Hill et al. (2019) randomly assign
villages to discounts and rebates to examine how farmers’ time preferences affect their demand for
agricultural insurance. Their empirical results reveal that discounts tend to stimulate insurance
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demand more than rebates. Their findings give further credence to the notion that farmers in
DEMCs prefer current benefits compared to future ones.

4.3. Trust

When farmers have doubts about either the insurance product design itself or the likelihood of
receiving payment when they incur losses, they tend to be hesitant in taking up insurance products.
These attitudes often originate from the weaker formal institutions involved in the enforcement of
contracts in most DEMCs. Literature on the impacts of trust on insurance uptake has mostly been
centered on three main themes: the product itself, institutions responsible for the management of
the insurance product, and the degree of interpersonal trust. These dimensions of farmers’ trust
behavior continue to attract the attention of empirical economists, given the relevant role trust
plays in insurance demand.

Most studies attribute the distrust of the insurance product itself to the farmers’ misunder-
standing of the insurance product. Given the generally low level of formal education of rural
individuals in developing countries, most farmers tend to have minimal knowledge of the con-
cept of insurance. If not properly understood, these farmers often consider insurance products
to be similar to investment options, which, when they fail to receive payouts, generally lead to
distrusting behavior. Distrust emanating from the insurance product has been found to diminish
and subsequently increase uptake when farmers witness payouts. In Ghana, Karlan et al. (2014)
use a randomized control trial and find that the demand for insurance increases when farmers
observe payouts for members in their social networks or when they experience payment from the
insurance. As already indicated, in the absence of formal institutions to enforce contracts in most
developing countries, trusted informal institutions tend to fill the void. Following a randomized
control trial in Ethiopia, Belissa et al. (2019) report that although index insurance uptake was
only 8% in the standard marketing channel, when it was marketed through an informal institu-
tion called Iddir, whose leaders are generally well trusted, uptake doubled to 15%. This finding
supports the importance of trust in the institutions involved in scaling up the uptake of insurance
products.

4.4. Basis Risk

As discussed in the theoretical review in Section 3.1, basis risk presents a major challenge to
farmers in their adoption decisions of index-based insurance. It appears to represent one of the
most significant risks to the development of index-based insurance markets. In a comparative
study of the cost-effectiveness of indemnity-based and index-based insurance in China, Ye et al.
(2019) find that the positive price advantage from index-based insurance may not be sufficiently
large to offset the costs associated with its basis risk. These findings further highlight the reason
underpinning the continuous and sustained interests in understanding and minimizing basis
risks. In an earlier innovative study to test the impact of basis risks on weather index insurance,
Mobarak & Rosenzweig (2013) randomize weather station placements in Indian villages. This
study was among the first to empirically test the impact of basis risk on index-based insurance
demand. Their findings show that basis risk significantly decreases the demand for weather index
insurance. In a panel study on the Kenyan IBLI program, Jensen et al. (2018) report a significant
decrease in both the uptake and level of coverage of the insurance program.Note that while other
studies have often relied on proxies as their measure of basis risk, Jensen et al. (2018) use actual
data from farm purchases.

Given the important role of basis risk on index-based insurance demand, some researchers
have proposed innovative insurance products that aim at addressing the problem. For example,
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Elabed et al.’s (2013) study on cotton farmers in Mali recommends a multilevel yield index, one
at the village level and the other at the regional level to increase demand. Other studies have
proposed and implemented a hybrid index to minimize basis risks. The study by Hill et al. (2019)
on Bangladesh implements index-based insurance that is triggered by both the area yield and the
rainfall index.This insurance program is expected to decrease both upside and downside basis risk.

By exploring how to minimize basis risk from the product design perspective, Xiao & Yao
(2019) investigate three index-based insurance products triggered by two indices (i.e., weather
and area yield) under different scenarios. The first is the superimposition type that separately
incorporates indemnity payments from the weather index and the area-yield index at the same
time.With this, if either the weather or area-yield index is triggered, the farmer receives payments.
In supplement type, payments are made only when the weather index fails to trigger payments,
but farmers still incur losses to such a point that the area-yield index triggers payment. For this, as
the name suggests, the area-yield index supplements the weather index. Finally, there is the rebate
type in which premiums that farmers paid are returned to them when the weather index fails to
trigger payments, but the area-yield index triggers payments because of poor yields. This can be a
common scenario when the total amount of rain required for a given crop is enough but is poorly
distributed. Xiao and Yao’s simulations and empirical findings show improved performance of the
supplementary type of insurance. Findings from this study provide relevant information to inform
the design of indices for future index-based insurance.

5. EVIDENCE OF THE IMPACTS OF AGRICULTURAL INSURANCE

To the extent that agricultural insurance has been identified as one primary way of reducing the
risks and uncertainties faced by farmers in DEMCs, many studies have also analyzed the deter-
minants of uptake and welfare impacts of these insurance products. These studies have primarily
been undertaken with diverse approaches, including the use of experimental and observational
data. In this section, we discuss some of the recent findings from studies that have examined the
impacts of agricultural insurance on well-being indicators. We first briefly review studies that
used simulations and then delve deeper into those that used either observational or experimental
approaches.

In the absence of rigorous experimental methods of assessing the impacts of insurance on some
welfare measures, researchers have long relied on either simulations or observational data. Carter
et al. (2007) for example, applied the simulation method to show that insurance provision signifi-
cantly improves farmers’ welfare as well as their access to and supply of loans and repayments in
Peru.

5.1. Ex Ante Impacts of Investment Decisions

Karlan et al. (2014) investigate the investment response of relaxing the binding uninsured risks
and liquidity constraints of maize farmers in northern Ghana. After randomly assigning farmers to
either cash grants, index insurance, or both, they observed that investments in chemical fertilizers
significantly increased for farmers who purchased insurance in a similar proportion to those who
received cash grants. Spending on fertilizer is a risky investment, given that in a bad state of nature,
particularly the lack of rain, farmers are not likely to reap the benefits from the fertilizer applied.
The authors conclude that uninsured risks present a significant drawback to farmers’ investments
and that when relaxed through the purchase of insurance, farmers are able to find the needed
resources to achieve this objective.

Using a natural experimental approach, Cai (2016) demonstrates that Chinese farmers
can expand land allocated for the production of tobacco by about 16% after purchasing an
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indemnity-based insurance product from the government. Similarly, an earlier study by Cai et al.
(2015), also using a randomized field experiment in Southern China, showed that investments in
sows increased significantly after the purchase of insurance. Recognizing the hindrances of unin-
sured risks, the authors conclude that insurance can play an equally important role as microfinance
in increasing the production of risky sows. A comparative study on cash transfers and index-based
insurance in Kenya by Jensen et al. (2017) also reveals that investments in livestock increase signif-
icantly after farmers purchase livestock insurance. This was mainly through increased expenses on
veterinary services that are expected to increase livestock productivity because of improved health.

Using a natural experimental design, Freudenreich &Mußhof (2018) also contribute evidence
of the ex ante impacts of insurance by analyzing how insurance purchase influences the adoption
of improved varieties by Mexican farmers. Their findings show that purchasing insurance signifi-
cantly affects the adoption of improvedmaize varieties.However, in an earlier study,Brick&Visser
(2015) find no evidence of adoption of improved varieties after farmers purchased partial insur-
ance in South Africa. Despite this limited evidence to the contrary, it is apparent that when risks
are adequately addressed through the provision of insurance, farmers can increase investments
in risky production practices, which is expected to generate higher returns and improvement in
welfare.

5.2. Ex Post Impacts of Insurance

Economists have often argued that when poor farmers adopt agricultural insurance, it has the po-
tential to reduce the fluctuations often associated with their incomes and consumption because
of their continuous exposure to uninsured risks. Indeed, most studies have shown the negative
repercussions when farmers have minimal mitigations to risks (Rosenzweig & Binswanger 1993,
Dercon 2004, Barnett & Barrett 2008). However, what is lacking is convincing evidence from
DEMCs showing that purchasing agricultural insurance has income and consumption smoothing
effects. As Cole & Xiong (2017) rightly point out, answering this question requires first estab-
lishing that risks induce income fluctuations in the absence of insurance. Second, farmers should
either partially or fully be unable to mitigate these income fluctuations to smooth their consump-
tion. Finally, payouts from the coverage should be sufficiently large to cover the losses farmers
incur from their exposure to these risks.

In their recent study on Ethiopian livestock owners, Gebrekidan et al. (2019) demonstrate
that the purchase of index-based insurance contributes to a decline in distress sale of livestock.
This is extremely important because, in times of extreme weather shocks, farmers without any
insurance product or other means of coping with this shock tend to sell their livestock. With a
significantly large number of livestock owners willing to sell, prices will naturally decrease because
of the increased supply. This action presents double jeopardy to owners of these livestock. On one
hand, they tend to lose their productive assets,whichmakes it difficult for them to cope with future
shocks; on the other hand, doing so at a lower prevailing price will generate inadequate income
for them to fully cope with the current shocks.

5.3. Some Topical Policy Issues

There is an ongoing policy discussions on where to situate agricultural insurance towards the
achievement of broader developmental goals in DEMCs. For example, should agricultural insur-
ance be subsidized? What role should agricultural insurance play in achieving broader welfare
policy objectives? We briefly shed light on how these questions have been discussed in the policy
literature in the ensuing section.
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5.3.1. Premium subsidies and agricultural insurance. Farm input subsidies have long been
a major policy instrument in a number of DEMCs to increase input demand. The empirical ev-
idence largely shows higher fertilizer application rates in countries with subsidies (Sheahan &
Barrett 2017). Garrido & Zilberman (2008) develop a theoretical framework to show how pre-
mium subsidies, like other farm inputs, incentivize farmers to participate in agricultural insurance
programs. Consistent with the authors’ theoretical model, premium subsidies increase insurance
participation among Spanish farmers. However, evidence from developing country context has
been mixed and inconclusive. For example, in their studies in India, Giné et al. (2008) and Cole
et al. (2013) report low participation even after heavily subsidizing premiums. In China, however,
the evidence appears to suggest improved participation decisions with subsidies (Cai et al. 2015,
Cai 2016). This clearly indicates a careful case-by-case study of insurance subsidy programs in
DEMCs because of the potential of other equally relevant variables in influencing participation
decisions.

5.3.2. Agricultural policies and insurance. Improving the incidence of food and nutrient se-
curity, increasing farm incomes and decreasing income variability are among the key policy ob-
jectives pursued by most policy makers in DEMCs. To achieve these objectives, policy makers
often have at their disposal a number of instruments in their toolbox to choose from. We briefly
document how agricultural insurance may complement or substitute other policy instruments in
achieving these policy objectives.

The role of risks and uncertainties as a disincentive to poor farmers investing in risky agricul-
tural inputs is well known in the literature. Incentivizing farmers to purchase these risk-increasing
inputs may be achieved through the provision of input subsidies or relaxing the binding uninsured
risk through the provision of insurance. Indeed, many studies have documented the investment-
enhancing role of providing input subsidies (Sheahan & Barrett 2017, Holden 2019). Although
the provision of input subsidies may be viewed as a direct solution to addressing the low invest-
ments in risk-increasing agricultural inputs, relaxing these risks through the provision of insurance
may be an option. Karlan et al. (2014), for example, report increased investments in fertilizer ex-
penditure after a sample of Ghanaian farmers were offered weather-based insurance. To this end,
agricultural insurance and input subsidies play a substituting role in achieving increased fertil-
izer applications, which will eventually lead to improved productivity gains. However, what is not
known is the extent to which agricultural insurance can substitute for fertilizer subsidy.

Increasing poor farmers’ incomes continue to be at the forefront ofmost agricultural and devel-
opment policies of DEMCs.Universal basic income has been proposed as an option.However, the
challenge of justifying the prudent use of scarce resources has contributed to only three3 known
DEMCs who have implemented a true unconditional universal incomes, whereas the others are
often targeted, with conditionalities (Banerjee et al. 2019). As previously indicated, farmers’ in-
comes can be increased when the binding uninsured risk is relaxed to spur investments in inputs
such as fertilizer to enhance productivity. Here again, agricultural insurance could be considered
as an indirect substitute for universal basic income.

6. CONCLUSIONS AND FURTHER RESEARCH

Even though farmers in most DEMCs are highly exposed to risks and uncertainties in the agricul-
tural production, they often lack better tools to manage these risks. Researchers and policy makers

3These include some nine villages in the Indian state of Madhya Pradesh, two villages in Namibia, and
Iran, which implemented a nationwide cash transfer in response to the withdrawal of food and fuel subsi-
dies (Banerjee et al. 2019).
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have long proposed and implemented agricultural insurance as a tool to mitigate risks that farm-
ers face, with high anticipation of uptake. Yet uptake of insurance has been far below expectations.
Given the significance of designing policy measures to minimize the risks involved in agricultural
production in DEMCs, several studies have sought to understand the main drivers of low uptake.
Many of the studies identified lack of trust, liquidity and credit constraints, partial coverage of
risks, lack of understanding of the insurance products, and some behavioral factors such as rate
of time preference as the main drivers of the low demand for agricultural insurance. Despite the
increasing body of research on the topic, some knowledge gaps can be explored in future studies.

It appears that most index-based insurance programs in most DEMCs have largely focused
on annual crops, with little attention paid to perennial crops. Despite the fact that designing an
index-based insurance program for perennial crops may be technically more challenging, it is still
an important avenue for consideration, given that farmers who cultivate perennial crops have an
additional challenge of less flexibility in adjusting their production under risky conditions.

Lack of trust has been largely cited as a cause of low demand for agricultural insurance in most
DEMCs. Farmers’ nontrusting behavior has developed through their past experiences. Thus, path
dependence plays a significant role in individuals forming beliefs about an innovation they have
little information on. However, the literature on trust has been silent on investigating farmers’
path-dependent processes in forming their distrusting behavior.Therefore, studies should explore
how these past experiences inform farmers’ trusting behavior and how to address them to improve
insurance uptake.

As research continues on agricultural insurance, particularly index-based insurance, there is the
need to collect rich panel data sets to examine the relationship between indices and actual losses
incurred in order to improve the prediction accuracies of indices. This would go a long way to
reducing the incidence of basis risk that is a critical disincentive factor for farmers in taking up
index-based insurance. To the extent that index-based insurance appears to be the future for the
agricultural insurance sector, undertaking this research to refine the indices would improve its
uptake and subsequently contribute to the improvement of farmers’ welfare.
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