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While index insurance is promoted as an affordable alternative to con-
ventional insurance in developing countries, its value for farmers is rarely 
assessed. In this note, we suggest a framework to measure index insurance 
quality and show how this approach can help design and compare insur-
ance products.

Insurance value for farmers

The value of an insurance product for a smallholder farmer stems from 
the protection if offers on her consumption and assets (Figure 1). Indeed 
from an economic point of view, household welfare is derived from ex-
pected consumption over time rather than directly from agricultural 
income. Smallholder farmers’ consumption volatility is highly related 
to shocks on income from agricultural production, causing households 
employ costly coping strategies to try to smooth income and meet mini-
mum levels of consumption. These coping strategies range from “working 
more” to “selling assets” and “eating less”, depleting physical and human 
capital and jeopardizing future consumption – in addition to being pres-
ently painful. The existence of these costly coping strategies is one of the 
main rationales for insuring farmers in developing countries.

Because farmers implement coping strategies to reduce the impact of ag-
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Figure 1: Production - Consumption relationship



ricultural shocks on consumption (see Figure 1), it is not 
possible to assess the need for (or the quality of) an in-
surance product by looking at consumption levels.  For 
that reason, index insurance usually operates at the agri-
cultural production level and insurance quality has to be 
assessed based on how well insurance payments correlate 
with agricultural production.  

More precisely, assessing the quality of an insurance prod-
uct consists in evaluating, for a given price (premium), 
the degree of correlation between insurance payments 
received by farmers and production shocks. Indeed, the 
cost of the premium, the probability of receiving a payout 
when experiencing a loss and the amount paid when the 
index triggers all matter in assessing the value of an in-
surance product for the client. Evaluating the insurance 
value is important since at a given price, the quality of the 
insurance may be too low to be implemented and sold to 
farmers.  Also, developing an agreed measure of the qual-
ity of different products allows us to compare them and 
determine which ones perform better in theory, which 
ones need to be improved upon, and to what extent take-
up can be explained by insurance quality. 

Measuring index insurance’s income stabilization impact 

A simple approach for assessing insurance quality is to 
consider how well it achieves its income stabilization ob-
jective for farmers. Indeed, the objective when paying in-
surance indemnities to small farmers is that their income 
reaches a certain level despite having production shocks 
– and satisfies some consumption needs without deplet-
ing their assets. An index insurance product fails entirely 
when it does not compensate large yield losses and leaves 
a farmer below a minimum agricultural income level, un-
able to feed her family, repay her debt, etc. 

Figure 2 presents farmers’ agricultural income without 
insurance, with a perfect insurance, and with an index in-

surance.  In this note’s examples, we set this target income 
level at 75% of the historical average agricultural income. 
 
Perfect insurance contract

A perfect insurance product would ensure that the farmer 
always receives at least 75% of her historical average ag-
ricultural income and pays a premium that is actuarially 
fair. In this case, the farmer’s income is slightly lower in 
the good states of nature (when his yield is higher than 
75% of the historical average) because he pays an actuari-
ally fair premium, but is stabilized at 75% of the historical 
average in bad states of nature (when the yield is lower 
than 75% of the historical average). This puts a floor on 
farmers’ income. Figure 2 draws the income received by 
the farmer without insurance (short-dashed grey line) and 
with a perfect insurance (solid black line) as a function of 
the level of yields (in percentage of the historical average). 

Index Insurance contract

Index insurance cannot protect farmers as well as a per-
fect insurance product, but our objective is to build a met-
ric that allows us to compare index insurance products 
against a perfect product. Specifically, we want to know 
how far we are from our consumption stabilization objec-
tive, and be able to rank different index insurance products 
based on their ability to stabilize income. The long-dashed 
black line in Figure 2 draws the expected income per yield 
level (in % of historical average) for a farmer purchasing 
an imperfect index insurance product. In this example, in 
the bad state of nature, the index “makes mistakes” and 
pays less than required. As a consequence, income is not 
fully stabilized at the 75% level floor, lowering the value 
of the index insurance for farmers. In addition, the insur-
ance sometimes pays too much when there are small or no 
losses, so the index insurance expected income is higher 

“The value of an insurance product 
for a smallholder farmer stems from 
the protection it offers on her con-

sumption and assets.”
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than income with the perfect insurance in the center of 
the graph. These indemnities received when yields are 
normal and good are costly: farmers pay higher premium 
each year to receive these indemnity payments when they 
don’t need it. This also lowers the value of the insurance 
for farmers.

The grey area separating the perfect insurance line and 
the index insurance line measures the quality gap of the 
index insurance product compared to a perfect insur-
ance contract. The larger the area, the lower the quality of 
the contract. Note that having the index insurance curve 
above the perfect contract line also reduces the quality of 
the index product because it gives too much indemnities 
compared to the losses incurred, which means that the in-
dex is getting closer to a lottery ticket, i.e. is not correlated 
to actual losses.

Quality measures

For properly assessing insurance value, is necessary to 
consider how often and how much it pays depending on 
the yield obtained by farmers for a given premium. To 
capture these desirable features of an insurance product, 
Clarke and al. (2012)  suggest intuitions for two indices: (i) 
the probability of receiving a payment by level of loss; and 

(ii) the ratio of expected claim payment over premium by 
level of loss. We extend these two indices to take into ac-
count other features of the quality of the insurance, specif-
ically by weighting the indices according to the probability 
of each yield level. Again, this approach allows to measure 
the distance from a perfect insurance and to compare dif-
ferent index insurance products to choose those offering 
the best “value-for-money” to poor farmers.

The probability of receiving a payment given the level of loss

In the case of a perfect index insurance contract, a farmer 
would always receive a payment when experiencing a loss, 
and would never receive a payment when not experienc-
ing a loss. Such ideal index is represented by the solid black 
line in Figure 3. In practice, index insurance contracts 
always convey some probability to receive a payment in 
good years (a “false positive” index value) and – arguably 
more detrimental to farmers in the short term – the risk 
of not receiving a payment when actually experiencing a 
shock (a “false negative” index value).  In this latter case, 
the farmer is worse-off with insurance than without since 
she paid the premium. An example of such imperfect con-
tract is represented by the dash-black line in Figure 3. The 
area separating the two curves measures the distance to 
the perfect insurance, i.e. the quality gap of the index in-
surance product. The larger this area, the lower the quality 
of the index.
 
If insurance value for farmers stems from its benefits in 
terms of consumption, one can focus on “false negative” 
index values, when the farmer suffers from a loss but does 
not receive an indemnity. 

Ratio of expected indemnity over premium by level of loss

While the previous quality index focuses on the appropri-
ate timing of payments, the second quality measure adds 

the extent of indemnities and the amount of premium 
paid. This index verifies that indemnities are commen-
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surate with the extent of losses. Indeed, Figure 4 shows 
the average amount of indemnity received, divided by the 
amount of premium paid, for each level of yields. Again, 
the perfect insurance product is represented by the solid 
line, under which the amount of indemnity corresponds 
to the level of shock received (thus decreasing with the 
level of yields). In a perfect insurance case, indemnities 
would cover the loss (minus the deductible) that the farm-
er experiences. The case of the (imperfect) index insur-
ance is represented by the dash black line, whose expected 
indemnities are much lower when the farmer experiences 
losses. Farmers also receive indemnities during good/nor-
mal years (false positives) when the farmer has normal 
and good yields.
 
The blue area separating the two curves measures the 
quality of the index insurance contract.  

Comparing insurance products “value-for-money” – the 
simple case

This simple “value-for-money” approach allows us to 
compare different insurance products in order to imple-
ment the best contract available or to improve low quality 
insurance products. Figure 5 presents two index insurance 
products where the insurance A dominates the insurance 
B whose expected indemnity over premium is lower for 

any yield loss, and higher when yields are good. In that 
case, the index insurance contract B is clearly better since 
farmers have higher expected indemnity payouts for any 
level of loss.
 
Comparing insurance products “value-for-money” – com-
plex cases

Sometimes however, it is not clear which insurance prod-
uct is better because neither dominates all the time. In 
Figure 6, the index insurance contract B pays higher ex-
pected indemnities when the yields are very bad (left side 
of the graph). However, when yields are slightly better but 
still far from the historical average, contract C pays high-
er indemnities. Contract B for instance could insure for 
the greatest shocks only (e.g. weather events) and fail to 
protect farmers well against other milder types of shocks 
(e.g. pest). Contract C on the other hand could be based 
on an index which protects farmers for all type of shocks, 
including mild shocks, but does not protect them as well 
against extreme shocks. 
 
In this situation, it is not obvious which contract would be 
preferred by farmers. If the two quality gap measures are 
equal, farmers might still prefer B over C. Indeed, farmers 
would be sometimes better with contract B (large shocks) 
and sometimes better with contract C (smaller shocks). 
Two considerations have an impact on how farmers value 
insurance B compared to insurance C: i) smaller shocks 
tend to happen more often than larger shocks; ii) larger in-
surance errors are more detrimental for them.  Thus, two 
additional features have to be taken into account to mea-
sure which products is better: the probability of events 
and the fact that the severity of insurance errors matters.
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Accounting for yield probability 

One weakness of the “area under the curve” quality indices 
presented above is that they put the same weight on every 
loss level while extremely low yield levels happen less fre-
quently than moderately low yield levels so that one could 
argue that we should put more weight on index errors on 
yields levels that happen more often. Extending the mea-
sures presented above to account for the yield probabil-
ity allows us to properly measure insurance quality value, 
given the fact that all levels of yields are not equally likely 
(see Appendix 1). 

Accounting for the severity of insurance errors

Arguably, farmers will 
be more sensitive to big-
ger failures of the index 
insurance – which can 
draw their consumption 
below subsistence level 
or force them to deplete 
assets – compared to a 
small quality gap at any 
level of yields. To rep-
resent this feature of in-
dex insurance quality, 
the previous indices can 
be extended in the fash-
ion of the Foster-Greer-

Thorbecke (FGT) indices, putting more weight on greater 
insurance errors (see Appendix 1). In figure 6 above, in-
surance B would have a lower quality gap measure (higher 
quality) than insurance A with the same area under the 
curve because insurance A is “flatter” (not as well corre-
lated with bad yields). 

Setting minimum requirements for index insurance prod-
ucts

The contract quality measure proposed in this note allows 
us to rank different contracts and tells us how far we are 
from a perfect contract. However, it does not tell us if the 
best feasible contract is good enough to be commercial-
ized. Does it reach a minimal quality measure so that it 
can benefit farmers? 

Using the measures defined in this note, it is possible to 
set minimum requirements for index insurance products. 
One possibility is to calculate whether an insurance prod-
uct, on average, leaves insured farmers below a certain 
minimum income level. For instance, it is possible to find 
a minimum income level below which households can-
not meet minimum consumption levels without being 
forced to start selling productive assets (such as plowing 
ox or land) or employ other costly coping strategies that 
jeopardize their future well-being. Not protecting house-
holds from this situation is a clear failure of the insurance 
product: an insurance product with which this level of in-
come is still expected on average after insurance payments 
should not be sold to farmers. A conservative manner to 

determine this minimum 
income level is to use the 
threshold below which a 
farmer cannot feed her 
family without depleting 
her household human 
and physical capital (see 
Appendix 2).

Second, it is also possible 
to use economic theory 
to indicate whether or 
not a particular index in-
surance contract should 
be sold.  Indeed, expected 
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utility theory is a framework which allows us to compare 
the welfare that a farmer expects to obtain under two al-
ternatives: with or without index insurance. This approach 
takes into account the probability of events (yields) and 
the fact that individuals are more averse to extremely low 
levels of income. Given the fact that the population is het-
erogeneous (in terms of risk preferences, wealth, etc.), it is 
possible to compute the share of the population for which 
the insurance product would be welfare improving.  This 
would give an indication of the relevance of commercial-
izing this particular insurance product, especially if the 
product receives public funds. 

Conclusion

The objective of Index-based insurance contracts is to 
stabilize farmer’s agricultural income in order to protect 
their consumption and assets. In order to sell insurance 
products which reach this target, it is necessary to assess 
the quality of insurance product. A good measure of qual-
ity takes into account several features: average amount of 
money received for a given premium at different yield lev-
els, the distribution of the events, and the severity of the 
insurance failures. Several simple indices can be obtained 
to compare different insurance products, and efforts could 
be focused on those who meet minimum quality criteria.

One great advantage of the indices presented in this note 
is that they can be computed using the same data required 
to design a product, and don’t add any additional cost 
in terms of data collection. However, regardless of the 
method used, a greater attention has to be paid to index 
insurance quality using data collected at the farmer level. 
Estimating the quality of an index insurance product in 
advance can be difficult for farmers, which is why poor 
quality products should not be commercialized. Indeed, 
low insurance quality will not only decrease insurance de-
mand and fail to protect farmers, but eventually seriously 
damage livelihoods of farmers purchasing the insurance. 
Conversely, insurance designs based on product quality 
for farmers can foster insurance take-up, increase ex-ante 
productive impact and provide ex-post protection to ac-
tual shocks.

Appendix 1: formulas

Formally, the area under the curve in Figure 2 corresponds 
to the following measure:

where y is the level of yield,  is the corresponding 
level of income without insurance, R* is the targeted mini-
mum level of income, E(R_i (y)) is the expected income 
for a given level of yields y when buying index insurance. 

When considering the probability of payments as in Fig-
ure 3, a corresponding measure of insurance quality could 
be:

where  is the probability to receive indemnities 
under the index insurance contract and τ is the threshold 
below which the perfect contract pays indemnities.
Accounting for the level of indemnities received and 
the premium paid as in Figure 4 (“value for money” ap-
proach), the measure is formally written: 

where  is the premium paid for the perfect [index] 
contract and  is the [expected] indemnity 
paid for a yield y in the perfect [index] insurance contract. 

 is considered to be the Actuarially Fair Premium.
Extended to account for the probability of payments 

 and , become:

where Φ(y) is the probability to observe yields lower than 
y. 

Extended to account for the severity of insurance errors in 
the FGT fashion,  would become:
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Hosted at the BASIS AMA Innovation Lab, 
the Index Insurance Innovation Initiative (I4) 
is a response to the overwhelming evidence 
that uninsured risk can drive people into 
poverty and destitution, especially thosei 
n low-wealth agricultural and pastoralist 
households. To rigorously test the hypoth-
esis that by removing correlated risk from 
smallholder agricultural and pastoral systems 
we can reduce poverty and deepen financial 
markets in agricultural areas, the I4 team 
will design and implement a new generation 
of livelihood-optimized index insurance 
contracts.

The BASIS AMA Innovation Lab 
is a virtual institute hosted at the 
University of California Davis 
comprised of researchers from 
around the globe that aims to 
improve the agricultural competi-
tiveness and quality of life of the 
rural poor in the developing world 
through policy-relevant research 
that is dedicated to improving 
access to resources and enhancing 
the operation of markets. 

With α>1, the index penalizes more an insurance product 
when indemnities are further away from the ideal insur-
ance at some points.

Finally, accounting for the yield probability and the se-
verity of errors, the quality measure corresponding to the 
area in Figure 2 (and in Figure 7) would be: 

One of the limitations of all these approaches is that we 
always consider insurance indemnity expectations only. 
However, the variance of insurance indemnities also mat-
ters and should be accounted for.

Appendix 2: income target and minimum income level

Using the approach presented in Figure 2, the minimum 
income requirement can be illustrated as a threshold be-
low which the index fails entirely to complete its objec-
tive. Figure 7 presents this threshold as well as the index 
failure area (below this threshold). Arguably, an index 
insurance which fails to prevent households from falling 
below this poverty trap threshold on average would not 
satisfy quality requirements for farmers, and thus should 
not be sold. An intuitive way to determine this insurance 

failure threshold would be to use the level of production 
under which the household cannot reach sufficient food 
consumption (without using a costly coping strategy). The 
relevant threshold could be different in other contexts. 
Based on this minimum income level, checking that the 
index insurance products being designed meet quality 
standards could be conducted in two steps:

1.	 Farmers’ expected income after receiving in-
surance indemnities should be above the minimum 
income level threshold for any level of yield loss 

2.	 Among possible index insurance products meet-
ing the first criteria, the one with the highest quality mea-
sure should be implemented.
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