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Abstract

There is a growing interest in analysing the diffusion of agricultural
insurance, seen as an effective tool for managing farm risks. Much atten-
tion has been dedicated to understanding the scarce adoption rate despite
high levels of subsidization and policy support. In this paper, we anal-
yse an aspect that seems to have been partially overlooked: the potential
competing nature between insurance and other risk management tools.
We consider hail as a single source weather shock and analyse the po-
tential competing effect of anti-hail nets over insurance as instruments
to cope with this shock by presenting a simple theoretical model that is
rooted into expected utility theory. After describing the basic model, we
perform some comparative static analysis to identify the role of individual
elements that are shaping farmers’ decisions. From this exercise it results
that the worth of anti-hail nets compared to insurance is an increasing
function of the overall risk of hail damages, of the farmers’ level of risk
aversion and of the worth of the agricultural output.
Finally, we develop a simulation model using data related to apple pro-
duction in South Tyrol, a Northern-Italian province with a relatively high
risk of hail. The model generally confirms the results of the comparative
static analysis and it shows that, in this region, anti-hail nets are often
superior than insurance in expected utility terms.

Keywords: Actuarial soundness; Agricultural insurance markets, Anti-
hail nets; Hail; Expected utility.

J.E.L.: Q12; Q18.



1 Introduction and literature review

The dependence of agricultural output from weather conditions is one of the
main sources of revenues volatility in farming [Moss and Shonkwiler, 1993; Ray
et al., 2015], in addition to variations in input [Apergis and Rezitis, 2003] and
output prices [Gilbert and Morgan, 2010]. Whereas the latter two are shared
with other economic sectors, whether risks are an important peculiarity for
agriculture. Moreover, agriculture suffers from a structural weakness since, on
average, agricultural incomes are typically lower than entrepreneurial incomes
in other productive sectors [European Commission, 2015]. Together with the
strategic importance of the sector, these reasons have encouraged efforts to
stabilize or, at least, sensibly smooth, agricultural incomes using a number of
different policy measures.

Insurance is seen as an effective tool and, in fact, it has been one of the first
remedies. However, since systemic weather effects induce a high-correlation
among individual farms’ risk exposure, private insurance markets are generally
unsustainable [Miranda and Glauber, 1997]. This has led to steady government
interventions in crop insurance markets, usually through a variable subsidization
of insurance premia. A first example is the Agricultural Adjustment Act 1938,
introducing a subsidized multi-peril federal insurance program in the Unites
States. This has been subsequently reformed during the mid-eighties and, in
1994, the Federal Crop Insurance Reform Act of 1994 introduced major changes.
Starting with the first reform during the mid-eighties, there has been a grow-
ing research interest in this topic leading to at least three review articles being
published on the topic: Wright and Hewitt [1994], Goodwin and Smith [1995]
and Knight and Coble [1997].

First, the main research interest centered on understanding the scarce participa-
tion of farmers in insurance markets. Despite high level of subsidization, peaking
at 70% of the premium, not more than 25% of the eligible acreage in the U.S.
was enrolled in the Multiple Peril Crop Insurance (MPCI) program until 1989
[Coble et al., 1996]. This puzzling phenomenon boosted empirical investigations
of the elasticity to premia and of the other determinants of farmers’ demand for
insurance using county level data: Nieuwoudt et al. [1985]; Gardner and Kramer
[1986]; Hojjati and Bockstaal [1988]; Barnett et al. [1990] and Goodwin [1993]
or farm level data: Goodwin and Kastens [1993]; Just and Calvin [1994]; Coble
et al. [1996]; Smith and Baquet [1996] and Sherrick et al. [2004].

MPCI program adoption increased after 2000 and in 2015 more than 80% of
crop acreage in U.S. was insured [Babcock, 2015]. In the European Union
the subsidization of insurance premia started later, but the same problem of
under-adoption of agricultural insurance has prompted research to investigate
its causes: e.g. Finger and Lehmann [2012]; Falco et al. [2014] and Santeramo
et al. [2016].
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Besides the central adoption theme, several other aspects related to agricul-
tural insurance have been investigated. The moral hazard problem related to
insurance contracts has been studied theoretically by Ramaswami [1993] and
empirically tested by Horowitz and Lichtenberg [1993]; Quiggin et al. [1993];
Smith and Goodwin [1996] and Coble et al. [1997]. In developing countries,
fragmented credit markets and the relatively low mean size of cultivated plots
together with asymmetric information and high transaction costs pose further
problems to the adoption and sustainability of crop insurance instruments [Bar-
nett and Mahul, 2007]. Weather Index-based Insurance (WII) has been adopted
in low- and middle-income countries to mitigate the previously mentioned prob-
lems, and a large strand of the literature focuses on assessing its effectiveness
in alleviating poverty and in contributing to rural development: e.g. Breustedt
et al. [2008]; McIntosh et al. [2013] and Leblois et al. [2014].

The papers related to agricultural insurance and the broad spectrum of top-
ics covered by them call for a clear definition of what this paper aims for. Its
first objective is to present a simple theoretical framework to describe the prob-
lem of farmers deciding to protect their crop or not. The novelty of our paper
is to present a model that includes the possibility of choosing an alternative
and competing protective measure besides adopting an insurance. We restrict
our attention to hail weather shocks and consider, as the competitive protective
measure, the possible adoption of anti-hail nets. In the literature regarding the
determinants of insurance adoption and particularly in related empirical anal-
yses, the potential competitive role of other instruments has clearly emerged.
Crop diversification, for example, is generally regarded as an alternative risk
management practice and several papers found that it significantly decreases
the demand for insurance (e.g. Nieuwoudt et al. [1985]; Barnett et al. [1990]
and Finger and Lehmann [2012]). The effect of disaster relieve programs, also
supposed to have a competing effect with insurance, has been tested by Smith
and Baquet [1996] and Finger and Lehmann [2012], with the former finding a
complementary role whereas the latter a substitution effect.

Since a wide adoption of insurance, particularly among farmers with lower risk
exposure, is a key factor for actuarial soundness and for lowering insurance
premia, investigating the role of competing alternative measures in potentially
lowering risk becomes important. To the best of our knowledge, this paper is a
first attempt to theoretically model competing alternatives, even though for a
very specific case. The model allows to perform a comparative static analysis
to understand the role of each single element in shifting the preference between
the two alternatives. Particularly important is to understand the role of risk
exposure. If anti-hail nets are preferred by low risk farmers, this might pose a
further problem to actuarial soundness.

The second objective of the paper is to perform a simulation to assess the
predictive capability of the model and to derive potentially useful information
for policy makers. The data to calibrate the simulation model relate to special-
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ized apple farmers in South Tyrol, North-Eastern Italy, exposed to a relatively
high level of hail risk.1 We will quantify the differential certainty equivalent
(CE) expected utility of a representative apple farmer in South Tyrol adopt-
ing and\or choosing between an insurance contract and anti-hail nets. Should
anti-hail nets be a relatively better instrument than insurance to address the
negative effects of hail, the current insurance subsidies could be considered as
a distortionary and inefficient measure. However, the environmental impact of
nets could be considered as a negative externality, particularly in a region with a
high volume of tourism such as South Tyrol. The simulation will provide useful
data to shape the policy debate on the subject.

The rest of the paper is organized as follows: Section 2 presents the theoretical
model, Section 3 performs the comparative statics exercise, whereas Section 4
is dedicated to the simulation. Conclusions are covered in Section 5.

2 A simple model of insurance versus anti-hail
nets

2.1 Preliminaries

The present model is based on standard expected utility theory and closely re-
sembles the models of Coble et al. [1996] and Sherrick et al. [2004] in several
aspects. As we have stressed before, our focus is to compare different options to
hedge against a weather shock (hail). Our representative farmer has three op-
tions: no hedging measures; signing a (hail specific) insurance contract; buying
and installing anti-hail nets. Our model is static and it disregards the possibility
to mix the three options. Whenever applicable, quantities for all modelling pa-
rameters will be on a per hectare basis (e.g. average yield, inputs cost, insurance
premia, anti-hail net costs) and, consequently, the choice of the preferred option
will be applied to each hectare of cultivated land. Some simplifying assumptions
are made relative to the protection being provided by insurance and anti-hail
nets. Specifically, we assume that anti-hail nets provide full protection from hail
damages, whereas hail insurance does not, given the presence of a deductible.
This last element, typical of insurance contracts, is a threshold damage below
which the farmer, even if insured, is not entitled to receive any indemnity for
the incurred damages.

Farmers maximize expected utility with wealth (W ) as the only argument as-
suming a standard von Neumann-Morgenstern utility function which is mono-
tonically increasing and concave in wealth – U ′(W ) > 0, U ′′(W ) < 0 – with
concavity necessarily implying risk aversion.

1According to the WineRisk web-site, the Italian Alps area is the second wine region
worldwide to be most affected by hail damages.
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Wealth is simply defined as the profit generated by the farming activity of
a single crop:

W = Py −wTx. (1)

In equation (1), P is the given price of the agricultural good, assuming that
farmers are price takers, y is per-hectare production function, x is a vector of
(per-hectare) inputs – excluding the eventual hail insurance premium and the
cost of anti-hail nets – and w is a vector of associated input prices. The produc-
tion function takes three arguments – y = f(x, ω, η) – with ω being a random
realization of climatic and environmental conditions affecting agricultural pro-
duction, and η representing the random realization of hail events. Actually,
we should subdivide η into two components. The first, let us say h, being the
number of hailstorms during cropping season and the latter, say i, representing
the intensity of each hailstorm (e.g. kinetic intensity). However, this would
require to work with the joint distribution of a discrete (h) and a continuous
(i) variable, and therefore, for mere tractability, we suppose the information
related to the number and intensity of hail-storms can be condensed into a sin-
gle continuous variable (η), which can be considered a measure of the overall
severity of hailstorms during the whole cropping season.

The yield, y, is a continuous, monotonically increasing function of ω in its
outcome space and monotonically decreasing in η. More specifically, we define
δ(η) ∈ [0, 1] as the damage function determining the proportion of yield lost due
to the cumulative effect of hail damages. Furthermore, we assume that ω and
η are independent. Having defined ω as the realization of climatic and environ-
mental conditions, it may appear odd to consider its distribution independent
from hailstorms. However, ω represents the whole climatic conditions along the
cropping season whereas hailstorms, due to their short time span and relatively
rare occurrence, are considered as independent events.

The expected utility function of a farmer neither adopting hail insurance nor
anti-hail-nets is given by:

E[W ] =

∫ ωU

ωL

∫ ηU

0

(Pf(x, ω, η)−wTx)g(ω)u(η)dωdη;

where g(ω) is the distribution function of ω and u(η) the one of η2. Di-
vide then the production function f(x, ω, η) into its two components. First,
we have the output produced in absence of any hailstorm, o = r(x, ω) →
E[o] =

∫ ωU
ωL

r(x, ω)g(ω)dω = µo; and second, we have the potential loss caused

by the cumulative effect of hailstorms during cropping season: → E[δ] =∫ ηU
0

δ(η)u(η)dη = µ. In this way, it is possible to concisely write the utility
of the expected wealth as follows:

U(E[W ])] = U(Pµo(1− µ)−wTx). (2)

2The subscripts L and U are used to indicate, respectively, the lower and upper bound of
the outcome space of a variable: e.g. ω ∈ [ωL, ωU ].
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Due to the assumed concavity of the farmer’s utility function, or, equivalently,
due to her risk aversion, we know a farmer evaluates the certainty equivalent of
wealth, i.e. U [CE] ≈ E[U(W )]. Following Sherrick et al. [2004], we then adopt
the convenient approximation U [CE] ≈ E[U(W )] = W̄ − λσ2

W , where W̄ is the

expected end of period wealth, σ2
W its variance and λ = 1

2

(
−U

′′(W )
U ′(W )

)
is equal

to one half the Arrow-Pratt measure of absolute risk aversion. In this way, we
can write (2) as:

E[U(W )] = Pµo(1− µ)−wTx− λP 2(σ2
oσ

2 + σ2
oµ

2 + σ2µ2
o); (3)

where σ2
o and σ2 are, respectively, the variance of the output o and of the hail

damage, with VAR(δ) = VAR(1 − δ) and where the expression in the rounded
brackets following λ is motivated by the independence of o and δ.

2.2 Hedging through hail insurance

Let us now derive the expected utility of a farmer that decides to adopt an
hail insurance contract which has a deductible. It follows that farmers will not
receive any compensation for hail damages below a certain threshold, indicated
by δ. For damages superior to this given threshold, we assume that full com-
pensation is paid. Then, by indicating with I the insurance payment, we have:

I =

{
0 if δ ≤ δ
Pµoδ, if δ > δ.

With an insurance policy, the equation for the expected wealth becomes:

E[WI ] = Pµo(1− µ)−wTx + E[I]− Γ
= Pµo(1− µ)−wTx + θPµoµθ − Γ
= Pµo(1− µ+ θµθ)−wTx− Γ
= Pµo(1− µI)−wTx− Γ;

(4)

where θ is the probability that δ > δ (θ = Pr(δ > δ)) and µθ is the expected
value of δ conditional on δ > δ (µθ = E[δ|δ > δ]) and Γ is the per-hectare
insurance premium effectively paid by the farmer. Finally µI = µ − θµθ is
simply the expected damage – or loss of agricultural revenues – in presence of
insurance. From (4), it is possible to easily derive the expected utility (certainty
equivalent) in presence of insurance:

E[U(WI)] = Pµo(1− µI)−wTx− Γ

− λP 2(σ2
oσ

2
I + σ2

oµ
2
I + σ2

Iµ
2
o).

(5)

The only difference between (4) and (5) is the replacement of the mean and
variance of damages, µ and σ2, with their counterpart given an insurance con-
tract, µI and σ2

I , and the insurance premium. It is then crucial to understand
how the two moments of the damage function are affected.
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Next, let us better define θ. It is the probability of the damage being higher
than a given threshold (the deductible). Since δ is monotonically increasing in
η, there exists then a value η∗ such that:

E[δ] =

∫ η∗

0

δ(η)u(η)dη = δ.

Then, for η ∈ [0, ηU ], we have (1 − θ) = Pr(η < η∗) and θ = Pr(η > η∗) =
1 − Pr(η < η∗). From this, it follows that, for η ∈ [0, η∗], I(η) is always
equal to zero, whereas for η ∈ (η∗, ηU ] it is exactly the same as δ(η). Since
δI(η) = δ(η)− I(η) and given what just said, we have:

µδ =

∫ η∗

0

δ(η)u(η)dη +

∫ ηU

η∗
δ(η)u(η)dη

= (1− θ)µ(1−θ) + θµθ.

E[I] =

∫ η∗

0

I(η)u(η)dη +

∫ ηU

η∗
I(η)u(η)dη

= 0 +

∫ ηU

η∗
δ(η)u(η)dη

= θµθ.

µI =

∫ η∗

0

(δ(η)− I(η))u(η)dη +

∫ ηU

η∗
(δ(η)− I(η))u(η)dη

=

∫ η∗

0

δ(η)u(η)dη + 0

= (1− θ)µ(1−θ).

This clearly demonstrates that the insurance has a positive effect on expected
gross agricultural revenues because µI < µ. Another benefit for farmers being
insured is the reduced variance of gross agricultural revenues that, in our simple
model, translates into a lower variance of δI compared to δ. In Sherrick et al.
[2004], the lower variance of revenues under insurance was described as a “mild
assumption”. In our model, it is possible to have a more direct measure of the
mildness of such assumption. First, let us rewrite the variance of the hail damage
δ in terms of its two sub components: the damage provided δ ≤ δ = η ≤ η∗ and
δ > δ = η > η∗:

σ2 = θσ2
θ + (1− θ)σ2

(1−θ) + θ(µθ − µ)2 + (1− θ)(µ(1−θ) − µ)2,

= θσ2
θ + (1− θ)σ2

(1−θ) + θµ2
θ + (1− θ)µ2

(1−θ) − µ
2,

= θσ2
θ + (1− θ)σ2

(1−θ) + θ(1− θ)(µ2
θ + µ2

(1−θ) − 2µθµ(1−θ)).

(6)

Since, in presence of insurance, either µθ and σ2
θ are equal to zero, the variance

of the damage in presence of insurance, σI , is equal to:

σ2
I = (1− θ)(σ2

(1−θ) + θµ2
(1−θ)).
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Finally, by writing σ2
I in terms of σ2, we have:

σ2
I = σ2 − θσ2

θ − θ(1− θ)(µ2
θ − 2µθµ(1−θ)). (7)

From this, it is easy to see the condition for σ2
I being lower than σ2: σ2

θ >

(1− θ)µθ(2µ(1−θ) − µθ) = 1
(1−θ)Dθ > 2µ(1−θ) − µθ, with Dθ =

σ2
θ

µθ
being the in-

dex of dispersion of δθ. Since µθ is necessarily greater than µ(1−θ), and Dθ > σ2
θ

since µθ ∈ (0, 1), the condition appears to be effectively mild.

A hail insurance contract will be purchased if the expected value of utility
of wealth (certainty equivalent) under insurance is greater than without it:
E[U(WI)] − E[U(W )] > 0. By inserting (7) into (5) and subtracting to the
result (3), we have:

E[U(WI)]− E[U(W )] =Pµoθµθ

[
1 + λP

(
Doθµθ − 2µo(1− θ)µ(1−θ)

) ]
+ λP 2θ(σ2

o + µ2
o)(σ

2
θ + (1− θ)µ2

θ)− Γ; (8)

where Do is the index of dispersion of the crop yield before considering the effect
of hail damages. From (8), it is very easy to derive the equilibrium premium
that makes a farmer indifferent between purchasing an insurance contract or
not:

Γ∗ = Pµoθµθ

[
1 + λP

(
Doθµθ − 2µo(1− θ)µ(1−θ)

) ]
+ λP 2θ(σ2

o + µ2
o)(σ

2
θ + (1− θ)µ2

θ).
(9)

2.3 Hedging through anti-hail nets

In case anti-hail nets are adopted, the wealth function is rather simple, because,
by assumption, such a preventive measure will fully eliminate any hail damage.
Hence, the equation for the expected wealth of a representative farmer adopting
anti-hail nets becomes:

E[WN ] = Pµo(1− µ)−wTx− EACN ; (10)

where EACN is the per-hectare equivalent annual cost of an anti-hail net. To
see the effect of the adoption of the anti-hail net in (10), it is necessary to de-
compose EACN into its components. Since EAC is simply given by the net
present value of an investment divided by the present value of annuity factor, it
is easily retrieved by making some simplifying assumptions: Anti-hail nets have
a given lifetime of T years, do not require any maintenance expenditure and the
probability of hail damages (e.g. the distribution of δ) remains constant over
their entire lifetime.

Let r denote the interest rate that a farmer obtains for making an invest-
ment with a similar risk profile and CN the per-hectare cost of anti-hail nets
(paid at time zero). Finally, with the present value of annuity factor given by
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α = 1
r (1− 1

(1+r)T
), we have EACN = CN−PVN

α , with PVN indicating the present

value of not incurring in any loss which, in turn, is given by PVN = Pµoµα,
since the return of an anti-hail net investment is given by eliminating the av-
erage damage caused by hail-storms. Equation (10) can then be rewritten as
E[WN ] = Pµo − wTx − CN

α , from which it is immediate to get the certainty
equivalent expected utility:

E[U(WN )] = Pµo −wTx− CN
α
− λP 2σ2

o . (11)

Therefore, as for insurance contracts, anti-hail net investments have two benefit
domains: they raise income by eliminating revenue losses due to hail and they
reduce the overall risk that farmers face. Note that relative to insurance con-
tracts, hail nets may perform better in both domains insofar hail damages and
associated risks can be eliminated, while for insurance contracts there remains
a threshold due to the deductible. The choice between purchasing anti-hail nets
[equation (11)] or not [equation (3)] is given by the following expression:

E[U(WN )]− E[U(W )] = Pµoµ+ λP 2(σ2
o(σ2 + µ2 − 1) + σ2µ2

o)−
CN
α
. (12)

Clearly, a risk neutral farmer, with λ = 0, will purchase an anti-hail net if its
net present value is positive: E[U(WN )]−E[U(W )] = Pµoµ− CN

α = PVN−CN
α =

NPVN > 0. Finally, it remains to evaluate the option between purchasing anti-
hail nets [equation (11)] rather than hail insurance [equation (5)]. In this case,
farmers need to evaluate the following expression:

E[U(WN )]− E[U(WI)] =Pµo(1− θ)µ(1−θ)

+ λP 2(σ2
o(σ2

I + (1− θ)2µ2
(1−θ) − 1) + σ2

Iµ
2
o)

− CN
α

+ Γ. (13)

From (12), it is possible to obtain the equilibrium annualized cost of an anti-hail
net which will leave a farmer indifferent between purchasing it or not. Define
CαN as CN

α , we then have:

Cα∗N = Pµoµ+ λP 2(σ2
o(σ2 + µ2 − 1) + σ2µ2

o). (14)

Similarly, the threshold leaving a farmer indifferent between purchasing an anti-
hail net rather than hail insurance can be expressed as the differential between
the annualized cost of the net and the insurance premium: Υ = CαN − Γ. From
(13), we have:

Υ∗ = Pµo(1− θ)µ(1−θ) + λP 2(σ2
o(σ2

I + (1− θ)2µ2
(1−θ) − 1) + σ2

Iµ
2
o). (15)

3 Comparative statics

Equations (9), (14) and (15) identify farmers choice or their indifference between
two options. By taking the partial derivative of these equations for selected
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variables, we want to understand the role each of them has in shifting the
preference between hedging strategies. We start with equation (14), defining
the equilibrium annualized cost, Cα∗N , that leaves farmers indifferent between
purchasing anti-hail nets or not. The variables we are interested in taking the
partial derivative are P , the output price; µo and σ2

o , respectively, the average
and the variance of the output quantity before any hail damage; λ, describing
the degree of absolute risk aversion and µ and σ2, the average and the variance of
the proportional output loss caused by hail. Following is the result for equation
(14):

∂Cα∗N
∂P

= µoµ+ 2λP (σ2
o(σ2 + µ2 − 1) + σ2µ2

o).
∂Cα∗N
∂µo

=Pµ+ 2λP 2σ2.

∂Cα∗N
∂λ

= P 2(σ2
o(σ2 + µ2 − 1) + σ2µ2

o).
∂Cα∗N
∂σ2

o

=λP 2(σ2 + µ2 − 1).

∂Cα∗N
∂µ

= Pµo + 2λP 2σ2
o .

∂Cα∗N
∂σ2

=λP 2σ2
o + µ2

o.

Farmers will tend to invest more in purchasing anti-hail nets if their mean yield
(not accounting potential hail damages) grows and when the mean and variance
of hail damages increase. All the derivatives for µo, µ and σ2, in fact, have only
positive terms. For the derivative of equilibrium annualized costs, Cα∗N , w.r.t.
price P and absolute risk aversion λ to be positive, we have identical conditions,
namely (σ2

o(σ2 + µ2 − 1) + σ2µ2
o) > 0 ⇒ σ2(1 + 1

ρ2o
) + µ2 > 1, where ρo = σo

µo

is the coefficient of variation of o. Having assumed that anti-hail nets will elim-
inate any hail damage and its associated risk, it is also reasonable to assume
that their demand (i.e. the willingness to pay (WTP) for them) is positively
influenced by the magnitude of risk aversion. However, since µ ∈ [0, 1], for very
low levels of such expectation, together with low levels of its variance, it might
be that an increase in λ – so as in P – reduces the WTP for anti-hail nets. It
is interesting, on this regard, to note the role of 1

ρ2o
and, particularly, the effect

of σ2
o . A high variance of yield, σ2

o , increases the probability of risk aversion to
negatively affect the WTP for anti-hail nets. Finally, looking at the derivative
of Cα∗N for σ2

o , it is possible to observe that the condition for it to be positive is
the most stringent one: σ2 + µ2 > 1. Therefore, an increase in the variance of
yield is the factor that is most likely to negatively affect the WTP for anti-hail
nets. This finding is not dramatically surprising. When the hail damage and
the associated risk (i.e. its variance) are particularly low, the risk inherent in
(pre-hail damage) yields is predominant and, therefore, it reduces the WTP for
anti-hail nets. On the contrary, when the expected damages from hail and its
variance grow over a certain threshold, they contribute to increase the overall
risk and, therefore, the effect of yield risk turns out to have a positive effect.

Repeating the same exercise for equation (9), defining the premium that leaves
a farmer indifferent between purchasing an insurance or remaining unhedged,
yields similar results. In this case, however, the partial derivative for µ and
σ2 have been substituted by the partial derivatives of Γ∗ for θ, the probability
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of the hail damage to be above the deductible threshold, for µθ, the average
hail damage provided this is above the mentioned threshold and for µ(1−θ), the
average damage provided it is below the threshold.

∂Γ∗

∂P
= 2λPθ[µoµθ(Doθµθ − 2µo(1− θ)µ(1−θ))

+ (σ2
o + µ2

o)(σ
2
θ + (1− θ)µ2

θ)] + Pµoθµθ.

∂Γ∗

∂µo
= 2λPθ(Pµo(σ

2
θ + (1− θ)µ2

θ)− 2µoµθ(1− θ)µ(1−θ)) + Pθµθ.

∂Γ∗

∂σ2
o

= λP 2θ(µ2
θ + σ2

θ).

∂Γ∗

∂λ
= P 2θ[µoµθ(Doθµθ − 2µo(1− θ)µ(1−θ))

+ (σ2
o + µ2

o)(σ
2
θ + (1− θ)µ2

θ)].

∂Γ∗

∂µ(1−θ)
= − 2λP 2µ2

oθµθ.

∂Γ∗

∂µθ
= θPµo

[
1 + λP (Doθµθ − 2µo(1− θ)µ(1−θ))

]
+ λP 2θ2σ2

o + 2λP 2θ(1− θ)(σ2
o + µ2

o)µθ.

∂Γ∗

∂θ
= Pµoµθ

[
1 + λP (Doθµθ − 2µo(1− θ)µ(1−θ))

]
+ λP 2

[
µoθµθ(Doµθ + 2µoµ(1−θ)) + (σ2

o + µ2
o)(σ

2
θ + (1− 2θ)µ2

θ)
]
.

Compared to the previous case, we have a positive effect on the equilibrium
premium, or, else, on the WTP of a farmer for insurance, for any increase in
pre-hail damage risk (σ2

o). Conversely, and reasonably, an increase of the aver-
age damage falling below the deductible threshold (µ(1−θ)) decreases the WTP
of a farmer for insurance products. Note that, in this case, such increase is
not supposed to influence the mean average hail damage above the deductible
threshold (µθ). All the other derivatives have a unique negative term inside
them, namely −2µ2

o(1−θ)µθµ(1−θ). Leaving aside the derivative for θ, it can be
checked that for µθ ≥ 2µ(1−θ), all such derivatives are positive. Furthermore,
the left hand side of this inequality is augmented by other positive terms, so that
the condition for positiveness is even milder. Finally, although the derivative
for θ has the term λP 2(σ2

o + µ2
o)(1 − 2θ)µ2

θ, that could be negative for θ > 1
2 ,

this does not seem to be a very realistic value of θ since it implies that a farmer
faces a probability higher than 50% to suffer a hail damage above the deductible.
Furthermore, it is rather intuitive to expect an increase in the probability to get
a damage above the deductible to positively affect the WTP for an insurance
contract.

Summarizing, an increase in all variables entering the equations determining
the cut-off cost of anti-hail nets or the cut-off premium have a positive effect on
such cut-off values. The exception is the effect of µ(1−θ) on insurance premium,
as largely expected, and of σ2

o on the net cost. The substantial coincidence of
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the role of variables on both the equilibrium cut-off values is also an expected
outcome given the similarity in the purpose of the two instruments.

More intriguing is to understand the effect of our set of variables of interest
on the cut-off differential between the anti-hail net annualized cost and the
insurance premium. Said in another way, the role these variables have on de-
termining a farmer’s choice between anti-hail nets rather than insurance as a
risk hedging strategy. We then repeat the same exercise done previously sub-
stituting equation (9) with equation (15), with the only addition of the partial
derivative for σ2

I , the variance of hail damage in presence of insurance:

∂Υ∗

∂P
= µo(1− θ)µ(1−θ) + λ(σ2

o(σ2
I + (1− θ)2µ2

(1−θ) − 1) + σ2
Iµ

2
o).

∂Υ∗

∂µo
= P (1− θ)µθ + σ2

I .

∂Υ∗

∂σ2
o

= λP (σ2
I + (1− θ)2µ2

(1−θ) − 1).

∂Υ∗

∂λ
= (σ2

o(σ2
I + (1− θ)2µ2

(1−θ) − 1) + σ2
Iµ

2
o).

∂Υ∗

∂σ2
I

= λP (σ2
o + µ2

o).

∂Υ∗

∂µ(1−θ)
= Pµo(1− θ) + λPσ2

o(2θ(1− θ)µθ + (1− θ)2).

∂Υ∗

∂µθ
= θ(1− θ)(λPσ2

o + µo)(µ(1−θ) − µθ).

∂Υ∗

∂θ
= − Pµ(1−θ)(µo + 2λσ2

o(1− θ)µ(1−θ))

− λP (σ2
o + µ2

o)
[
σ2
θ + (1− 2θ)(µ2

θ − 2µθµ(1−θ))
]
.

From these partial derivatives, it is possible to observe that the effect of the anal-
ysed variables on the cut-off differential between the annualized cost of anti-hail
nets and the insurance premium is similar to the effect these variables have on
the cut-off cost of nets over no hedging, i.e. the partial derivatives of equation
(14). In particular, we have that an increase in the mean yield, µo, has a posi-
tive effect on Υ∗, whereas the effect of an increase in the crop price, P , in the
variance of yield, σ2

o and in the risk aversion parameter, λ, is less certain since
all such derivatives have a negative term inside. The most stringent condition
for positiveness can be found in the derivative w.r.t. σ2

o and it is represent by
the inequality σ2

I +(1−θ)2µ2
(1−θ) > 1. As mentioned, this mirrors the condition

this variable had in the analysis regarding the choice of anti-hail nets alone. The
same reasoning, therefore, can be applied in the present case and an increase in
yield variance is the factor that is most likely to negatively affect the choice for
anti-hail nets relative to insurance.

Note that the condition for the partial derivative w.r.t. P and λ to be pos-
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itive is just a weaker version of the just mentioned inequality with the left hand
side being augmented by necessarily positive terms. Another element shifting
the preferences towards anti-hail nets is the increase in the variance of hail
damage in presence of insurance and this comes without surprise. It is easy
to note that the partial derivative of Υ∗ for σ would lead exactly to the same
result. Necessarily positive is also the following partial derivative, the one for
µ(1−θ), and this is expected too, since an increase of the mean hail damage
below the deductible threshold increases the worth of anti-hail nets compared
to insurance. The opposite can be said for µθ, with the partial derivative being
negative since µθ > µ(1−θ). Recalling that both insurance and anti-hail nets
provide a complete “protection” for damages above the deductible, this result
is not so straightforward. Furthermore, even the partial derivative for σ2

θ would
be negative.3 Therefore, an increase of the mean damage above the deductible,
and of its variance, shifts the preference towards insurance rather than anti-
hail nets. Finally, the sign of the partial derivative for θ is difficult to predict
since either positive and negative terms are present. However, for θ < 0.5 and
µθ > 2µ(1−θ), both plausible realizations, the derivative is necessarily negative.4

This basically confirms the results of the derivatives for µθ and σ2
θ .

4 A simulation among apples farmers in South
Tyrol

In this section, we implement a simulation of the model with real data from
apple production in South Tyrol. The section is divided into two main parts,
with the first using average data for the whole area and the second relying on
premia and average risk data for each municipality in South Tyrol. We used
the FADN-RICA (Farm Accountancy Data Network) database to get yields and
prices. In addition, the South Tyrolian association for the protection against
weather shocks (“Hagelschutzkonsortium” or HSK) provided us with insurance
related data such as yearly paid premia and indemnities received for the period
1975-2013. This association bargains on behalf of associated farmers to obtain
favourable insurance contracts, collects premia and helps farmer to obtain the
EU contributions.

4.1 Model calibration

As stressed before, our model is a very simple representation of reality. To im-
plement it for simulations, it is necessary to reformulate some of its fundamental
equations to better resemble the case at hand. Two specific assumptions of our

3It can be checked that such partial derivative would be equal to −λP (σ2
o + µ2o), identical

to the negative of the partial derivative for σ2
I .

4Note that both these conditions have already been met when discussing insurance alone.
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model do not seem to hold in the present case: the full protection from hail dam-
ages guaranteed by anti-hail nets and the full repayment of hail damages from
insurance contracts when these last overcome a given threshold. We start with
the latter assumption. From the HSK website, it is possible to see that the most
common collective insurance contract has the deductible structure represented
in Table 1.

Table 1: Deductible Structure

Damage (%) Deductible (%) Indemnity (%)
≤ 30 δ × 100 0
31 28 3
32 26 6
33 24 9
34 22 12
35 20 15
36 18 18
37 16 21
38 14 24
39 12 27
≥ 40 10 δ × 100− 10

Having represented δ(η) as a continuous function so as the indemnity function
I(δ(η)), we can write this last as follows:

I(δ) =


0, for δ ≤ 0.31,

3(δ − 0.3), for 0.31 ≤ δ ≤ 0.4,

δ − 0.1, for δ ≥ 0.4.

From the data provided by HSK for the period 1975-2013, it is possible to
derive the mean proportional indemnity paid by insurance companies as the
ratio of paid indemnities over insured values. This amount to E[I] = 0.07396.
From the Law of Total Expectation and considering the outcome space of pro-
portional damages to be divided into three partitions – A1 = [0, 0.31], A2 =
[0.31, 0.4], A3 = [0.4, 1] – we can easily derive the following equation:

(3E[δ|δ ∈ A2]− 0.9)Pr(δ ∈ A2)− (E[δ|δ ∈ A3]− 0.1)Pr(δ ∈ A3) = 0.07396.
(16)

Having considered the damage as a continuous variable poses a problem, since
the probability of a specific value, e.g. δ = x, is necessarily equal to zero. This
might underestimate the possibility of no hail occurrences, or else, δ = 0. By
lacking reliable data, we have decided to set exogenously such probability let-
ting it vary in order to test the sensitivity of the model. Therefore, if we define
∆ = Pr(δ = 0), equation (16) must be modified by multiplying the LHS for
(1−∆). Having done this operation, equation (16) can then be used to find the
appropriate parameters values of a given distribution. Furthermore, given that
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the mentioned distribution is nothing else than the distribution of hail damages,
δ, it is then possible to find the appropriate values for µ, σ2, µI and for σ2

I .

Before further discussing this step, it is necessary to describe the second modi-
fication relative to our theoretical setting, which means to relax the assumption
that anti-hail nets offer full protection from hail damages. There are several
reasons for which this is not very realistic. We note that anti-hail nets must
be closed during the flowering period to allow for insect-driven pollination and
during harvest. A hailstorm in this last phase is very likely to cause serious dam-
ages since it could easily compromise the appearance of fruits and, consequently,
their market value. To reasonably quantify the damage exposure of apples cov-
ered by anti-hail nets, we use the coefficient that determines the premium to be
paid by a farmer willing to insure his portion of land covered by anti-hail nets.
From the HSK data, we know this being equal to 0.025. However, we must take
into account that the same deductible structure applying for standard insurance
contracts is also valid for those related to plots covered by anti-hail nets. Not
having enough information about insured values and indemnities received for
this specific typology of insurance contract, it is impossible to estimate reliably
the distribution function of the residual damage. Although potentially harmful,
we need therefore to make some strong and simplifying assumptions. Let us
start by considering some simple equalities defining the risk of damage:

TR = RR+ IR;

IR = PP −OM ;

TR = RR+ PP −OM ;

where TR is the total risk (µ in our model), RR is the residual risk (µI) or the
portion of risk not covered by the insurance due to the deductible and IR is
the covered risk, equal therefore to the expected indemnity (E[I]). In a com-
petitive market, this last element is equal to the paid premium (PP ) minus
the amount required by insurance companies to cover their operating costs.
From the HSK data we can retrieve this last element6, i.e. OM = 0.1538, a
rough 15% of murk-up, where OM stays for operating margin. Therefore, for
orchards covered by anti-hail nets, we have E[IN ] = 0.02(1 − 0.1538) = IRN .
However, we are interested in retrieving the value of TRN , or else, the value
of the expected total risk (µN ) since we assume that plots covered by anti-hail
nets are not insured.7 Since IR = TR−RR, if we hypothesise a constant ratio
of IR

RR between plots covered and not covered by anti-hail nets, we then have

5This implies that a farmer willing to insure one hectare of apples orchard covered by
anti-hail nets will have to pay a premium equal to 0.02×Pµo where µo is the expected output
computed as the trimmed mean of the last 5 years yields whereas P is the price as determined
by central authorities, as stated in the Ministry Decree 28405\17.

6This value relates to contracts not specific for plots covered by anti-hail nets. We are
therefore assuming a constant mark-up.

7The reason to leave out from our analysis the possibility to combine anti-hail nets with in-
surance is mainly due to its extremely scarce diffusion among South Tyrolean farmers (Private
communication with insurers).
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IRN
RRN

= µ−µI
µI
⇒ RRN = µI

µ−µI IRN ⇒ TRN = IRN (1 + µI
µ−µI ) = µN .

By introducing a residual expected damage in presence of anti-hail nets, equa-
tion (11) must be restated:

E[U(WN )] = Pµo(1− µN )−wTx− CN
α

− λP 2(σ2
oσ

2
N + σ2

Nµ
2
N + σ2

oµ
2
N ).

(10B)

This looks similar to equations (3) and (5). Having introduced the mean resid-
ual damage, also its variance, σ2

N , must enter into the equation. This poses the
problem of its definition. Not having any reliable information about the distri-
bution of the residual damage with anti-hail nets, we need to apply a very strong
simplifying assumption. In particular, we assume a constant index of dispersion
between the distribution of δ and the one of the residual damage with anti-hail

net, such that σ2
N = σ2

µ µN . The last modification to equation (11) has been to
introduce the labour cost required to open and close the net. Since this must
be sustained annually, it can be simply added to EAC. These costs have been
estimated at 600e per hectare (i.e. 30 hours of work per season times 20e per
hour [Whitaker et al., 1999]).

Once exhausted the problem of appropriately reformulating equation (11), let
us go back to the task of identifying a reliable distribution for δ. The Beta
distribution, given its flexibility, is a good candidate and, in fact, it has been
already used for similar purposes: e.g. Babcock [2015]. Besides it, however,
we found that the Argus distribution can also solve equation (16) satisfactorily
and, since it has a single parameter, it is easier to handle. Regarding the val-
ues of ∆, we have chosen to test four possibilities: ∆ ∈ [0.15, 0.25, 0.35, 0.45],
implying a respective 15%, 25%, 35% and 45% of probability of not having any
damage in a cropping season. Figure 1 shows the probability density function
of δ for both distributions and for the different values of ∆, once having found
the appropriate values of their shape parameters, χ for the Argus and α and β
for the Beta, by solving equation (16).
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Figure 1: Distributions of δ

Given these distributions, the damage related parameters in case a farmer does
not adopt any protective measure are easily derived by computing their first two
central moments. After that, computing the variance of the residual damage
with anti-hail nets is straightforward. The function determining the propor-
tional damage when insurance is purchased is simply found as the difference
between δ and the indemnity received from insurance:

δI =


δ, for δ ≤ 0.31;

0.9− 2δ, for 0.31 ≤ δ ≤ 0.4;

0.1, for δ ≥ 0.4.

The first two central moments are easily computed by making use of the Law
of Total Expectation and of the Law of Total Variance. Table 2 reports all the
damage related parameters that have been computed.

Table 2: Values of damage-related parameters

Parameters Values
∆ = 0.15 ∆ = 0.25 ∆ = 0.35 ∆ = 0.45

Argus Distribution
µ 0.1878 0.176 0.1639 0.1513
σ2 0.0339 0.0367 0.0393 0.0417
µI 0.1143 0.1025 0.0903 0.0776
σ2
I 0.0072 0.0077 0.008 0.0079
µN 0.0433 0.0405 0.0377 0.0347
σ2
N 0.0078 0.0084 0.009 0.0096

Beta distribution
µ 0.2 0.1878 0.174 0.1587
σ2 0.0291 0.0319 0.0349 0.0379
µI 0.1229 0.1113 0.0985 0.0848
σ2
I 0.0057 0.0068 0.0076 0.0079
µN 0.0439 0.0415 0.039 0.0363
σ2
N 0.0064 0.0071 0.0078 0.0087
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Finally, we need to specify the values of all the remaining elements in equa-
tions (3), (5) and (10B). Table 3 reports them together with their source of
information.

Table 3: Model’s parameters values other than damage related

Parameters Value Source

P 43.98 e/100 Kg
FADN-Rica dataset (period 2008-2015),
in constant 2015 euros

µo 553.12 100 Kg/ha FADN-Rica dataset (period 2008-2015)
σ2
o 169.339 100 Kg/ha FADN-Rica dataset (period 2008-2015)

wTx 2757.28 e/ha
FADN-Rica dataset (period 2008-2015),
in constant 2015 euros

γ 0.0314
Hagelschutzkonsortium data
(period 1975 - 2013)

Γ 763.84 e/ha Computed as γPµo

CN 25000 e/ha
Hagelschutzkonsortium,
(private communication)

T 20 years [Whitaker et al., 1999]

r 0.03254
Investing.com: Italy’s 20 years bond
yield for the period 2013-2018

EAC 2320.10 e/ha
Computed as CN ×

(
r
(

1− 1
(1+r)T

))
plus 600e of labour costs

Note that γ is the coefficient determining the premium paid by the farmer as a
proportion of the insured value. This parameter only considers the proportion
effectively paid by the farmer, excluding therefore the EU and the State contri-
bution. The only missing value is λ, equal to one half the Arrow-Pratt measure
of absolute risk aversion. Instead of providing a single value, we will let it vary
inside a given range in order to see if significant changes are observed. Given
the relation between the relative and the absolute risk aversion coefficient and
given that Anderson and Dillon [1992] set a reasonable interval to be [0.4, 4] for
the former, we have:

λ =
1

2

q

Pµo(1− µx)
, for q ∈ [0.4, 4], x ∈ {∅, I,N} .

4.2 Model’s results at provincial level

First, we compute the certainty equivalent expected utility for the three different
hedging strategies varying the values of parameter q (determining the degree of
absolute risk aversion) and ∆ (giving the probability of no damage). Figure 2A
shows the results for the Argus distribution.
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Figure 2A: CE Expected utilities for different values of q and ∆

From Figure 2A, it is possible to observe that CE expected utility is increasing
in ∆ (and thus decreasing in 1 − ∆) for all the hedging strategies but anti-
hail nets. From Table 2 we see that the expected damage decreases for larger
values of ∆ and this explains the higher utility under insurance and no hedg-
ing. The variation in the expected damage in case of anti-hail nets is minimal
and such positive effect is counterbalanced by the negative one due to the in-
crease in the variance of damages. Regarding this last point, it must be noted
that the CE expected utility is decreasing in q for all the hedging strategies.
However, the effect of q is far more mild in magnitude compared to the one of
∆, except for the no-hedging strategy. The reason for this behaviour becomes
clear from Table 2, where we notice a very low variance of hail damage with
insurance and with anti-hail nets, while it is more than tenfold without hedging.

It is important to notice that the no-hedging strategy is always dominated by
at least one of the two hedging strategies and almost always by both. Whereas
anti-hail nets guarantee a stable CE expected utility for varying levels of q and
∆, insurance is sensitive to ∆. Given the inverse correlation between ∆ and
expected damage, it is possible to affirm that anti-hail nets are better than in-
surance in terms of CE expected utility where the risk of damage is larger, with
the switching point occurring at a value of ∆ close to 0.2.

Table 2B shows the same graph but for the Beta distribution.
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Figure 2B: CE Expected utilities for different values of q and ∆

The qualitative result is not affected by the underlying distribution (Argus vs.
Beta). The main differences are the lower levels of CE expected utility for in-
surance and no hedging due to higher values of expected damage. This causes
the intersection between the insurance and the anti-hail nets planes to occur
at a higher value of 1 −∆, in this case close to 0.73. Again, the higher yearly
cost of anti-hail nets compared to the subsidized insurance premium requires a
higher risk for this strategy to be optimal, but under the Beta distribution it is
more likely for this to happen.

It is interesting to further analyse the behaviour of the CE expected utility
functions for varying levels of P and µo. Clearly, there is a variance in the mean
output per hectare different farmers are able to obtain and in the price they
manage to sell their product which is strongly affected by the quality (grade).
From the HSK data, it can be retrieved a reasonable range for P of ±15e from
its mean value. For the yield per hectare we opted for a ±150Kg from its mean
value. Although the values of P and µo are reasonably interdependent, we are
presently assuming their independence for mere convenience. For this analysis,
the value of the risk aversion parameter will be kept constant and equal to one,
as originally estimated by Arrow [1965]. For varying levels of µo, the variance of
the yield will be changed too in order to keep constant the index of dispersion as
for our average data. The first step is to understand, for varying levels of ∆, the
proportion of farmers that would chose each of the hedging strategies. For doing
this, we drew 100,000 tuples of P and µo from truncated normal distributions
in the mentioned ranges. This simulates an hypothetical population of farmers.
At this point, we computed the CE expected utility for each hedging strategy.
The strategy guaranteeing the higher utility received a score of one, the others
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zero. Finally, we simply computed the proportion of received scores. Figure 3
shows the results for either the Argus and the Beta distributions.

Figure 3: Proportion of land hedged through different strategies

From Figure 3 we have a confirmation of what observed before. For higher val-
ues of ∆, insurance is preferred to anti-hail nets, whereas no hedging is never
dominant. This exercise serves two purposes. The first is to show how sensitive
is the model to variations in the distribution of damage. The second is to bench-
mark the model with actual data. From the HSK data, we know that roughly
18.000 hectares are dedicated to apple trees in South Tyrol. Among them, in
2018, 7.000 were covered by anti-hail nets, 9900 were insured and the remain-
ing 1100 hectares were left unhedged. In percentage terms we have therefore a
rough 39% of acreage under nets, 55% insured and 6% unhedged. The model
is unable to capture the proportion of unhedged acreage, but the persistence of
un-hedging even with highly subsidized insurance contracts is a well establish
puzzling fact [Babcock, 2015]. Putting it aside, we can observe that a value
of ∆ equal to 0.25 for the Argus distribution, or ∆ equal to 0.35 for the Beta,
offers a rather good match with actual farmers’ behaviour.

We close this section by looking directly at the role of P and µo. By letting
them vary inside the previously mentioned ranges, we want to see their effect on
CE expected utility for the three hedging strategies. The value of the risk pa-
rameter is fixed at one, whereas ∆ is set equal to 0.25 for the Argus distribution
and to 0.35 for the Beta.
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Figure 4: CE expected utility for varying levels of P and µo

From Figure 4, we can observed that the profitability of hedging strategies
compared to no hedging is a growing function of both P and µo. Furthermore,
the same relation holds for the comparison between anti-hail nets and insurance.
Since the per hectare cost of nets is fixed and independent from output value,
the profitability of nets is increasing in P × µo.

4.3 Model’s results at the municipality level

In the previous section, we basically assumed a uniform risk of damage from
hailstorms for the whole South Tyrol area. The aim of this section, instead,
is to use the information available at the municipality level to relax this as-
sumption and to perform the previous analysis on a finer scale. Note, however,
that the information about production costs, average yield and price will be
kept equal for each municipality since no data is available at this level. What
changes, instead, is the risk distribution. The risk aversion parameter will be
kept constant at one, but we now drop the use of the Beta distribution due to
the greater simplicity of the Argus distribution. Finally, although different hail
risks at municipal level most likely imply a specific value of ∆ for each munici-
pality, this will be kept constant and equal to 0.25 as we have no reliable data
to estimate it. The choice of this value is due to its ability to represent the ac-
tual distribution of hedging strategies at provincial level as previously discussed.

With the HSK data, it is possible to retrieve the coefficient determining the
premium paid by farmers given their insured value, γ in Table 3, for each mu-
nicipality and the years 2015-2018. Among the different contract types, we will
consider the Pluri 80, offering a minimal coverage for weather shocks other than
hail. The only other sources of damages allowing for an indemnity are: strong
wind, excess of rain and excess of snow. Since there is no possibility to determine
the proportion of risk imputable to such other shocks, we simply assume they
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only contribute a negligible amount. To minimize bias due to exceptional years,
we will average data for the four years at disposal. More specifically, we have
data regarding the premium coefficient required by the insurance companies and
the one effectively asked to farmers, net of the EU and State contribution. This
last corresponds to γ in Table 3, whereas the first basically represents the ex-
pected indemnity plus the insurers’ operating costs. We will deflate such values
by 15%, the assumed mark-up of insurers to find the appropriate value for the
RHS of equation (16) for each municipality. Note that the deductible structure
of the Pluri 80 contract relates to the structure presented in section 4.2. There-
fore, the same method for estimating the distribution of damage can be applied.

The left side of 5 represents all the 116 municipalities in the South Tyrol area
with the associated 4 years average premium coefficients deflated by the oper-
ating costs. Obviously, higher coefficients imply higher risk of hail damages.
Roughly half of the municipalities are not specifically mentioned in the HSK
table and they are grouped under the “Other municipalities” tag and the right
side of Figure 5 shows them. All these municipalities will obviously have the
same values either for the premium coefficients and for the subsequent results
of our analysis.

Figure 5: South Tyrol municipalities with coefficients of expected indemnities

It is instructive to examine the difference in CE expected utility between the
three strategies for each municipality. This is reported in Figure 6 where, on
the left side, it is possible to observe the difference between insurance and the
no-hedging strategy, whereas, on the right side, the difference between anti-hail
nets and insurance.

Figure 6: Difference in CE expected utilities among the possible strategies
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The correlation between risk (Figure 5 - left side) and the differential between
insurance and no hedging (Figure 6 - left side) and between anti-hail nets and
insurance (Figure 6 - right side) is immediately visible, with the colours be-
ing almost identical. Differently from the analysis at provincial level, even for
∆ = 0.25, for the most of municipalities anti-hail nets provide a higher CE ex-
pected utility than insurance. Only for the municipalities with a very low level
of risk, located towards the west of South Tyrol, this does not hold. Also at
municipality level, no-hedging never prevails, in terms of expected utility, over
the other strategies.

Finally, we repeat the same exercise done at the end of the previous section
by assuming that both the quantity and the obtainable price are variables dis-
tributed according to a truncated normal distribution among our reference pop-
ulation of apples growers. The mean and standard deviation remain as assumed
in the previous section. Our focus is to individuate the percentage of acreage
that would be more convenient to protect through insurance rather than through
anti-hail nets for each municipality. This is shown in Figure 7.

Figure 7: Percentage of land hedged through insurance rather than through
anti-hail nets

Again, it is possible to observe a clear negative correlation between the percent-
age of acreage virtually hedged through insurance and the risk of hail damages
(note the inverted colouring of this map compared to the previous ones). Fur-
thermore, it is interesting to note the wide range of values going from zero to
almost 100%. In most municipalities, however, insurance would be adopted to
cover less than half of the land dedicated to apple trees. No hedging, instead,
would be absent since, even for minimal values of either output and price in the
hypothesized intervals and for municipalities with a very low level of hail risk,
insurance would remain more profitable.
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5 Conclusions

The present paper has presented a simple model rooted into standard expected
utility theory with the aim to evaluate different hedging strategies against the
risk of hail damages in agriculture. Although the model covers a very narrow
topic, the proposed framework could be easily extended to encompass other risk
shocks. Whenever a shock could be hedged through an insurance contract or
through some other technical device, the present model might be useful to un-
derstand the conditions favouring one instrument rather than the other. The
paper has been divided into three main parts with the first presenting the model,
the second performing a comparative static analysis to understand the specific
role of each element in the model and the third presenting a simulation using
data of apples growers in the Italian area of South Tyrol.

Regarding the results, the comparative statics exercise suggests that the value
of hedging strategies compared to no hedging is an increasing function of the
overall damage risk, of risk aversion and of the output quantity and price, that,
together, could be defined as production worth. All these findings are perfectly
in line with previous models: e.g. Coble et al. [1996] and Sherrick et al. [2004].
Although less clearly, the comparative statics exercise has indicated that the
difference between the value of anti-hail nets and insurance is also an increasing
function of the analysed factors. This offers a potentially interesting ground for
an empirical test through econometric estimation. In the present paper we have
not followed this route, but we have performed a simulation that has basically
confirmed such findings. An exception is represented by risk aversion, since
our theoretical model was predicting that the profitability of nets compared to
insurance was increasing in such value, whereas the simulation results were the
opposite. However, this is due to the simplifying assumption of the theoretical
model which excludes any hail damage in presence of anti-hail nets.

With regard to the simulation, it must be stressed that the data used to cal-
ibrate the damage function were very scarce and this fact rise some concerns
on its validity. Nonetheless, for some chosen values of ∆, the probability of no
damages to take place, the simulation captures rather well the actual adoption
of insurance and anti-hail nets. If we consider the variation of ∆ and the use of
two different distribution functions as a sensitivity exercise, it must be stressed
how sensitive predictions are to the shape of the damage distribution. This im-
plies that any economic estimation with a similar objective would clearly benefit
from a better cooperation between economists, agronomists and meteorologists
to improve the estimation of the damage function.

As a last remark it worth to discuss the role that the potential diffusion of
anti-hail nets could play on the actuarial soundness of hail insurance markets.
As seen, the profitability of nets is an increasing function of the risk to which a
plot is subject to. This implies that the competition between these two sources
of hedging does not seem to pose any problem to actuarial soundness.
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