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Kahneman and Tversky's Cumulative Prospect Theory (CPT) has proved to be better suited for representing risk preferences than von Neumann and Morgenstern's Expected Utility Theory (EUT). We argue that neglecting this may explain to some extent why farmers do not contract crop insurance as much as they are expected to. We model the decision to contract an individual yield crop insurance for a sample of 186 French farmers. We show that 21% of the farmers who would be expected to contract assuming that their preferences are EUT, would actually not do so if their true preferences were in fact CPT.

The SMART-LERECO Working Papers are meant to promote discussion by disseminating the research of the SMART and LERECO members in a preliminary form and before their final publication. They may be papers which have been accepted or already presented in a national or international scientific conference, articles which have been submitted to a peer-reviewed academic journal, or chapters of an academic book. While not peer-reviewed, each of them has been read over by one of the scientists of SMART or LERECO and by one of the two editors of the series. However, the views expressed in the SMART-LERECO Working Papers are solely those of their authors. The impact of farmers' risk preferences on the design of an individual yield crop insurance 1 Introduction

The debate on why farmers do not contract crop insurance policies as much as they should when considering the risk they face, and on the ways to remedy the issue by optimal insurance contract design, has a long history in the agricultural economics research. From the insurer's point of view, i.e., the supply side of the crop insurance market, authors have identified three main reasons why insurance companies are likely to set too high premiums: moral hazard and adverse selection e.g., [START_REF] Skees | Designing and rating an area yield crop insurance contract[END_REF], [START_REF] Nelson | Further toward a theory of agricultural insurance[END_REF], [START_REF] Quiggin | Crop insurance and crop production: Empirical study of moral hazard and adverse selection[END_REF], [START_REF] Glauber | Crop insurance reconsidered[END_REF] and [START_REF] Smith | Agricultural insurance in developed countries: Where have we been and where are we going?[END_REF], on the one hand and the systemic nature of the risk on the other hand [START_REF] Miranda | Systemic risk, reinsurance, and the failure of crop insurance markets[END_REF]. From the farmer's point of view, i.e., the demand side of the crop insurance market, it has been noted that farmers are likely to prefer cheaper ways of coping with production risk than insurance [START_REF] Smith | Agricultural insurance in developed countries: Where have we been and where are we going?[END_REF].

As far as moral hazard and adverse selection are concerned, authors mainly assumed that they originate from the propensity of farmers to adopt 'fraudulent' behaviors vis-à-vis the insurer in order to exploit information asymmetries [START_REF] Miranda | Systemic risk, reinsurance, and the failure of crop insurance markets[END_REF]. In this article, we argue that such a situation is also likely to derive, at least to some extent, from the modeling of preferences of farmers (i.e., 'non fraudulent' attitudes) towards risk.

In fact, the von Neumann and Morgenstern (1947) Expected Utility Theory (EUT) has been the dominant theoretical framework invoked in most previous articles to model the decision of risk-averse farmers to get insured or not. However, since the pioneering work of [START_REF] Kahneman | Prospect theory: An analysis of decision under risk[END_REF][START_REF] Tversky | Advances in prospect-theory: Cumulative representation of uncertainty[END_REF], many empirical studies have confirmed that the Cumulative Prospect Theory (CPT) is a more adequate framework to represent agents' attitudes towards risk e.g. [START_REF] Tanaka | Risk and time preferences: Linking experimental and household survey data from Vietnam[END_REF], farmers being no exception [START_REF] Galarza | Choices under risk in rural Peru[END_REF][START_REF] Bougherara | A structural estimation of french farmers' risk preferences: an artefactual field experiment[END_REF][START_REF] Godinho Coelho | The impact of CAP policy in farmer's behavior. a modeling approach using the Cumulative Prospect Theory[END_REF][START_REF] Bougherara | Eliciting farmers' risk and ambiguity preferences in the loss and gain domain[END_REF]. CPT extends EUT in three respects. Firstly, risk aversion is detailed for gains and losses, that is, the dis-utility of a loss may be larger than the utility of a gain of the same absolute amount. Secondly, losses and gains are defined with respect to a threshold, the 'reference point', which is commonly set to zero for convenience but which is in fact likely to depend on the situation. Thirdly, agents 'distort' the probabilities for events to occur in their utility computation, even when having an objective knowledge of these probabilities. Empirically, people generally have been found to overestimate small probabilities and to underestimate high probabilities.1 

Here, we show that using the theoretical framework of CPT to model preferences towards risk may explain why at least some farmers do not contract insurance while they would be expected to do so under the assumption that their preferences follow the theoretical framework of EUT.

To this end, we model the decision to contract an individual yield crop insurance for a sample of 186 farmers of the "Meuse" region located in the northeastern part of France, and investigate the policy implications of such an extended theoretical modeling framework. The article is organized as follows. The first section presents the modeling framework. The second section describes the data used and the functional forms chosen while the fourth section reports the results. The last section concludes.

Modelling Framework

We consider N farmers who produce a unique and homogeneous good with an individualspecific yield ỹi , where i = 1, . . . , N . This yield is random because production is subject to exogenous shocks such as climatic events or pest attacks. In order to secure production against such risks, farmer i may decide to contract an individual yield crop insurance (IYCI) from a unique insurance company. The contract is defined as follows: if, at the end of the cropping season, the realized yield y i is lower than a critical yield y * i > 0 defined in advance, he receives an indemnity n(y i ), and nothing otherwise. Formally:

ñ(ỹ i ) ≡ max(y * i -ỹi , 0) (1) 
where, following [START_REF] Miranda | Area-yield crop insurance reconsidered[END_REF] and the subsequent works by [START_REF] Smith | Almost ideal area yield crop insurance contracts[END_REF], [START_REF] Skees | Designing and rating an area yield crop insurance contract[END_REF] or [START_REF] Mahul | Optimum area yield crop insurance[END_REF], ñ(ỹ i ), is a random variable expressed in the dimension of a yield, i.e., in tons per hectare. In order to be insured, farmer i has to pay a t/ha-equivalent premium ρ i . We do not allow farmers to insure only a fraction of their area so that the decision to purchase the contract may be modeled through a set of binary variables d i , where d i = 1 when farmer i actually purchases the contract and d i = 0 when he actually does not. We do not let the farmer elect the critical yield y * i . Each farmer therefore gets the random net yield:

ỹnet i = ỹi + ñ(ỹ i ) -ρ i .
(2) [START_REF] Miranda | Area-yield crop insurance reconsidered[END_REF], [START_REF] Smith | Almost ideal area yield crop insurance contracts[END_REF] and [START_REF] Skees | Designing and rating an area yield crop insurance contract[END_REF] assumed that, through insurance, farmers seek to minimize the variance of their net yield or, equivalently, to maximize their yield risk reduction, as measured by the difference between the variance of the yield and the variance of the net yield. [START_REF] Mahul | Optimum area yield crop insurance[END_REF] and [START_REF] Bourgeon | Optimal area-yield crop insurance reconsidered[END_REF] considered rather that the objective of farmers is to maximize the expected utility stemming from their net yield. We adopt a third approach which is also based on the (expected) utility maximization but consists in viewing the maximization program of the farmer as a lottery choice. Actually, each farmer faces the following two lotteries:

• 'Insurance lottery': if the farmer contracts, he faces the following outcomes:

-if y i < y * i , the net yield he expects is y * i -ρ i -if y i ≥ y * i , the net yield he expects is y i -ρ i
• 'Non-insurance lottery': if the farmer does not contract, he faces the following outcomes:

-if y i < y * i , the net yield he expects is y i -if y i ≥ y * i , the net yield he expects is y i where y i ≡ E(ỹ i |y i < y * i ) and y i ≡ E(ỹ i |y i ≥ y * i ).
In both lotteries, the 'unfavorable' outcome, i.e., y i < y * i , happens with the probability q and the 'favorable' outcome, i.e., y i ≥ y * i , happens with the probability 1q. In order to set up a general enough framework to encompass both the EUT and the CPT, we assume that: i) there exists an individual-specific value function ν i (y) : R → R which maps net yields into the utility space, and; ii) farmers, when evaluating their utility, distort the cumulative probability of yields through an individual specific weighting function

ψ i (q) : [0, 1] → [0, 1].
Then, the expected utilities of the above lotteries are given by:

• 'Insurance lottery': E U I i (ρ) = ψ i (q)ν i (y * i -ρ i ) + ψ i (1 -q)ν i (y i -ρ i ) • 'Non-insurance lottery': E U N i = ψ i (q)ν i (y i ) + ψ i (1 -q)ν i (y i )
Under this setting, farmer i will decide to purchase the insurance as long as the 'insurance lottery' will provide him with an expected utility greater than or at least equal to the 'noninsurance lottery':

d i = 1 ⇔ E U I i (ρ i ) ≥ E U N i (3) 
For each farmer, we can then find the threshold premium ρi which leaves him indifferent between both lotteries, i.e., U I i (ρ i ) = U N i . This represents his willingness-to-pay (WTP) for transferring his risk to the insurer. Equation (3) can then be rewritten as:

d i × E U I i (ρ i ) -E U I i (ρ i ) ≥ 0 (4)

Empirical Study

In this section, we describe and provide summary statistics for the data used in the article. We also present the functional forms chosen so that the specification can encompass both the CPT and EUT framework.

Data

We used individual-level data for a sample of French farmers originating from the NUTS3 region Meuse.2 It was a balanced panel of 186 farmers observed over T = 12 years for the period 1992-2003 (186 × 12 = 2232 observations). Though the database included 10 crops, we focused on rapeseed because, according to planted area, it was one of the major crops cultivated by farmers in our sample, and because it was produced every year by all of them. Summary statistics for our sample show that the average acreage of rapeseed was fairly stable from year to year, amounting to a little more than 30 ha, or around 15% of the total utilized area of farms (Table 1). There was no clear trend in rapeseed yield, neither at the individual nor at the average level, so it was not necessary to detrend those yields. As shown in Figure 1, the distribution of yields for rapeseed over the whole sample and the whole period was negatively skewed, which is consistent with evidence found by other authors, e.g., [START_REF] Skees | Designing and rating an area yield crop insurance contract[END_REF]. A detailed review of the yield data showed that it was zero in three cases only, corresponding to three different farmers, two of them appearing in 1996 and one in 2002. 

Functional forms

We used the CPT specification proposed by [START_REF] Tversky | Advances in prospect-theory: Cumulative representation of uncertainty[END_REF] both for ν i (y) and ψ i (q), for any yield y and probability q:

ν i (y) = y -y 0 i α i if y ≥ y 0 i -λ i -y + y 0 i α i if y < y 0 i ψ i (q) = q γ i q γ i + (1 -q) γ i 1 γ i (5)
where y 0 i is an individual-specific reference yield which defines the gain (y ≥ y 0 i ) and loss (y < y 0 i ) domains for each farmer i, and α i , λ i and γ i are individual-specific parameters characterizing the attitude of farmer i towards risk: α i is the risk aversion coefficient, λ i is the loss aversion coefficient and γ i is the probability distortion coefficient. This specification is general enough to encompass both CPT and EUT since, if we set y 0 i = 0, λ i = 1 and γ i = 1, it reduces to the standard von Neumann and Morgenstern (1947) formulation of EUT.

Results

The individual-specific critical yield was set for each farmer to the average yield, i.e., y * i ≡ 1 T T t=1 ỹi (t). From this definition and the observed yields, we deduced the empirical individualspecific conditional yields y i and y i , and the probability q of an unfavorable outcome as the empirical average probability of experiencing a yield loss:

• y i = T i=1 ỹ- i (t)
T i=1 t -, with ỹi (t) = ỹi (t) and t -= 1 if ỹi (t) < y * i and zero otherwise;

• y i = T i=1 ỹ+ i (t)
T i=1 t + , with ỹ+ i (t) = ỹi (t) and t + = 1 if ỹi (t) ≥ y i * and zero otherwise.

In turn, the probability q of an unfavorable outcome was computed at the sample level as the empirical average probability of experiencing a yield loss:

• q = 1 N 1 T N i=1 T t=1 p - i (t), with p - i (t) = 1 if ỹi (t) < y * i and zero otherwise.
We then used Equation (1) to compute the indemnities each farmer would have received over the studied period conditional on the definition of y * i . Table 2 reports descriptive statistics for the resulting reference yields, conditional yields and expected indemnities. The probability of unfavorable outcome q was found to be 0.442. In order to compute the WTP, ρi , for each farmer under both theoretical frameworks for risk preferences, EUT and CPT, values for the parameters in Equation (5) had to be set. We assumed that farmers are homogeneous, i.e., α i = α, λ i = λ and γ i = γ for all i, and took the values from [START_REF] Gassmann | Eliciting farmers' risk and ambiguity preferences using field experiments[END_REF], who experimentally estimated them on a different sample of 197 French farmers located near the NUTS3 region Meuse. He concluded that, for this sample, CPT is a more likely assumption than EUT to model preferences, e.g., [START_REF] Bougherara | Eliciting farmers' risk and ambiguity preferences in the loss and gain domain[END_REF]. Table 3 shows that, according to Gassmann's (2014) findings, farmers in this region are risk averse (α < 1 under both theoretical frameworks) and that, under CPT, they are loss averse (λ > 1), overweight lower probabilities and underweight higher probabilities (γ < 1). It appears that due to the particular value of γ, on the one hand, the unfavorable-outcome probability q is only slightly (downside) distorted, since ψ γ=0.818 i (q = 0.442) = 0.440 (-0.5%), while, on the other hand, the favorable-outcome probability 1q is a bit more (downside) distorted, since ψ γ=0.818 i (1q = 0.558) = 0.532 (-4.7%). Finally, under CPT, we set the reference net yield y 0 i to the average yield y * i , assuming that, for each farmer, a net yield below (respectively above) the average yield defines a loss (gain). Gassmann (2014, 51, Table 2.4) for EUT and Gassmann (2014, 53, Table 2.5, model 1a) for CPT Note: Source ADHEO, 1992ADHEO, -2003 -authors' calculation -authors' calculation Table 4 reports some descriptive statistics for the WTP obtained under both risk preferences frameworks. It shows that the average WTP under EUT is 0.305 while it is 0.310 under CPT.

That is, on average, if we consider that preferences follow the CPT framework, our sample of farmers is ready to contract at a higher premium than they are expected to if one assumes that preferences are EUT-like. However, as is visible from the maximum values in Table 4 and is confirmed by Figure 2, this is only true on average: for 39 out of the 186 farmers in the sample, the WTP under CPT is actually lower than that under EUT. This means that, neglecting that risk preferences should be modeled through the CPT, 21% of our farmers would actually not contract insurance if they were proposed a premium consistent with EUT preferences. This supports our case that ignoring the superiority of the CPT with respect to the EUT may explain why some farmers contract less than expected. , 1992-2003 -authors' calculation Yet this result could have been contingent to the particular combination of parameters we chose.

We therefore performed a Monte-Carlo analysis to test its robustness. WTP computations were thus replicated 5,000 times by drawing the parameters in the normal distributions deriving from their estimators as reported in Table 3 (Figure 3). It appeared that for one half of the replications, the percentage of farmers whose WTP under CPT was actually lower than that under EUT lies between 20% (first quartile) and 30% (third quartile), with the median being at 22%. While our above conclusion thus appears quite robust to the combination of parameters, it is worth noticing that, as Figure 3 shows: (i) this percentage was never under 8% for any replication, and (ii) it could even reach quite high values, with 7% of the replications leading to a percentage above 50%.

When considering again the central values chosen for the parameters, the largest absolute WTP difference for those whose WTP under CPT is lower than their WTP under EUT amounts to 0.166 (for an WTP under EUT at 0.604 and a WTP under CPT at 0.438). From a policy perspective, this leads to conclude that the EUT-premium would have to be subsidized at a 27.5% rate if all farmers were to be encouraged to contract.

Conclusion

Kahneman and Tversky's Cumulative Prospect Theory (CPT) is better suited for representing preferences towards risk in place of the traditional von Neumann and Morgenstern's Expected Utility Theory (EUT). In this article, we have shown that neglecting such demand characteritics may explain why some farmers do not contract crop insurance policies as much as they are expected to do. Though we are confident that this general qualitative conclusion would remain valid, the model and empirical analysis presented here could be extended in three respects. Firstly, we have as-sumed that all farmers in the sample are homogeneous with respect to their preferences towards risk, i.e., that they share the same parameter values. It would certainly be more relevant to introduce individual heterogeneity in these preferences; the extension of the structural estimation proposed by [START_REF] Bougherara | Eliciting farmers' risk and ambiguity preferences in the loss and gain domain[END_REF] towards this direction, as proposed by [START_REF] Gassmann | Eliciting farmers' risk and ambiguity preferences using field experiments[END_REF], is a first step to do so. Secondly, we have followed the modeling framework proposed by [START_REF] Miranda | Area-yield crop insurance reconsidered[END_REF] and extended by [START_REF] Mahul | Optimum area yield crop insurance[END_REF] which bases farmers decisions on the expected net yield. It would theoretically be more sound to express the model in terms of expected profit, which would imply, as [START_REF] Chambers | Optimal producer behavior in the presence of areayield crop insurance[END_REF] note, to explicitly introduce the production function in the model. Thirdly, we have modeled the choice of an individual yield crop insurance contract. It would be desirable to turn to the modeling of an area yield crop insurance, which, as several authors like [START_REF] Miranda | Area-yield crop insurance reconsidered[END_REF] show, is less sensitive to adverse selection and moral hazard issues.
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 1 Figure 1: Distribution of yields in the sample (all years)
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 2 Figure 2: Distribution of farmers' WTP under EUT vs. CPT
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 3 Figure 3: Sensitivity analysis with respect to preferences parameters (5,000 replications -see text)

Table 2 :

 2 Summary Statistics for the Reference Yield, Conditional Yields, and Expected Indemnity

	obs. mean std. dev. min max

Note: Source

ADHEO, 1992ADHEO, -2003 -authors' calculation -authors' calculation 

Table 3 :

 3 Preference Parameters under EUT and CPT

			EUT		CPT
		Coef. Std. Err. Coef. Std. Err.
	Risk aversion (α i )	0.574	0.023	0.619	0.025
	Loss aversion (λ i )	1.000	n/a	1.385	0.090
	Probability distortion (γ i ) 1.000	n/a	0.818	0.016

Note: 'n/a' means 'not applicable'. Source:

Table 4 :

 4 Summary Statistics for the WTP (in t/ha) under EUT and CPT

		obs. mean std. dev. min	max
	EUT	186 0.305	0.115	0.113 0.771
	CPT	186 0.310	0.089	0.140 0.642

Note: Source ADHEO

For instance, this would explain why some people do not like to travel by plane though the probability of a crash is very low while, symmetrically, some others do not spontaneously fasten their security belt when driving though the probability of an accident is much higher.

The Nomenclature of Territorial Units for Statistics (NUTS) is a hierarchical breakdown system for the European Union territory (see http://epp.eurostat.ec.europa.eu/statistics_explained/index.php/Glossary:NUTS). France consists of 101 NUTS3 units which correspond to the administrative areas 'départements', five of them being overseas.
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