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Abstract
Purpose – Hail risk management is essential for successful farm management in German fruit production,
particularly because hail events and associated losses have increased in recent years. The purpose of this
paper is to conduct a detailed risk analysis comparing different strategies to manage hail risk, taking into
account farmers’ risk aversion and farm-specific conditions.
Design/methodology/approach – Within an expected utility framework, two different strategies for
managing hail risk are compared: one belonging to the group of financial instruments (hail insurance) and the
other to the group of technical instruments (anti-hail net). A unique data set comprising a ten-year time series
of orchard-specific hail damage and hail insurance data is used.
Findings – For orchards with low local hail risk and low yield potential, not using hail risk mitigation is
most efficient. For orchards with high local hail risk and high yield potential, anti-hail nets provide the
highest certainty equivalents. For orchards with high local risk, but low yield potential, hail insurance is
most efficient. For orchards, with low local risk, but high yield potential, the certainty equivalents
are higher for anti-hail net, when the farmer is risk neutral or slightly risk-averse. With increasing
risk aversion, hail insurance is most efficient, which can be explained by the greater degree of the
instrument’s flexibility.
Originality/value – The novelty of the study lies in the direct comparison of the risk effects of anti-hail nets
and hail insurance in fruit production.
Keywords Climate change, Risk management, Expected utility, Anti-hail net, Hail insurance,
Historical simulation
Paper type Research paper

1. Introduction
Variability in crop yield due to extreme weather events influences the profitability and risk
of fruit production. In the case of apple production, frost and hail are commonly considered
the most important sources of risk for yield variability. Based on expert interviews,
Gömann et al. (2015) found that hail is the first ranked risk in South Germany, followed by
drought and late frost (see Table I).

Due to climate change, the frequency and extent of losses due to hail have increased in
Central Europe over the past three decades (Kunz et al., 2009; Mohr and Kunz, 2013). Therefore,
this study focuses on hail. Hail events often cause high yield and quality losses because the
quality of apples is highly sensitive to hail, and apples damaged by hail are only suitable for
sale to the processing industry (e.g. apple-juice producers) after even a moderate hail event.

In Germany, fruit production is limited to a few growing areas: one-third of the entire
fruit production area is located in Southern Germany (in the states of Bavaria and
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Baden-Wurttemberg). This region has been particularly affected by rising hail risk
(Kunz and Puskeiler, 2010; Mohr and Kunz, 2013). An increase in the average number of hail
days per year from 5 to 33 was recorded in South-western Germany between 1986 and 2004
(Kunz et al., 2009). In regions where hail events are more frequent, they are often also more
severe (Kunz and Puskeiler, 2010). In addition to production risk, specialty crop farms are
highly exposed to risk due to the capital-intensive nature of production and the often high
debt-to-asset ratios as a consequence of structural change (Hartwich et al., 2015).

Therefore, an appropriate risk management strategy for hail risk is crucial. Various
instruments are available for hail risk mitigation, including the spatial diversification of
orchards, cloud-seeding planes, anti-hail nets and hail insurance. However, in practice, only
anti-hail nets and hail insurance are generally used. Hail insurance has a long tradition in
Germany, where approximately 70 percent of the agricultural area is insured. Although
there are no official statistics concerning the percentage of apple production insured, it can
be assumed that insurance is widespread to manage hail risk in fruit production.
Porsch et al. (2018) found that 48 percent of surveyed fruit producers in Germany use hail
insurance and 27 percent use anti-hail nets. Anti-hail nets have only become more important
in recent years (Handschack, 2013).

Beside hail protection, anti-hail nets also reduce the risk of sunburn, which could lead to
yield losses as well. However, there are also problems impeding the use of anti-hail nets
including, e.g., delayed fruit coloring, more time needed until maturity, smaller fruit sizes
and greater efforts for treatments against pest and diseases (Iglesias and Alegre, 2006).
Technological improvements in net characteristics have reduced some of the problems
associated with anti-hail net use (Iglesias and Alegre, 2006). In a previous study (Gandorfer
et al., 2016), notable differences have been identified between the two instruments in terms of
their ability to mitigate hail risk. Anti-hail nets can help prevent yield and/or quality losses
caused by hail and thus, the potential loss of the relationships to wholesale markets, food
retailers or consumers due to the inability to fill orders are avoided. This is an important
advantage over hail insurance, because direct marketing and marketing via wholesale play
an important role for German fruit farms. German apple producers sell on average
22 percent of their production through wholesales markets and 12 percent through direct
marketing (Gandorfer et al., 2017). Both marketing channels require reliable delivery to
sustain customer relationships. When selling through producer organizations, shortfalls in
deliveries caused by hail only play a minor role. This can be explained by the position of the
farmer in the value chain. When selling through producer organizations, farmers transfer
the marketing task to the producer organization. Furthermore, they do not agree a defined
amount of yield with the producer organization in advance.

Hail insurance is an indemnity insurance, meaning that the coverage includes the
monetary yield and quality loss as a percentage of the agreed insured amount. The agreed
insured amount should reflect the expected revenue, and it must be reported to the
insurance company annually. The insurance period begins on the first day of January and
ends on the last day of December. At the beginning of the growing season, neither yield nor
price expectations are foreseeable. Therefore, fruit producers can report the expected
revenue (insured amount) until the end of May (Keller, 2010). Farmers can decide what

Rank North Germany (Niederelbe) South Germany (Lake Constance)

1 Hail Hail
2 Late frost Drought
3 Flood Late frost
Source: Gömann et al. (2015)

Table I.
Three most important
risk sources in apple

production for
different production
areas in Germany
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amount of the expected revenue to cover. According to Vercammen and Pannell (2000), the
optimal insurance coverage is below 100 percent due to background risk, which occurs as a
result of other sources of price and yield variability that are not covered by hail insurance.

The installation of an anti-hail net is a capital-intensive and long-term investment
decision and can be considered as a technology adoption that cannot be adapted to yearly
expected revenues. Therefore, hail insurance provides more flexibility to the farmer
compared to anti-hail nets. The costs for hail insurance depend on two factors, the local hail
risk and the agreed insured amount. This implies that with increasing yield potential the
cost for hail insurance per ton of apples increases linearly. The cost of hail insurance ranges
between 4 and 11 percent of the insured amount per hectare and year, depending on the local
hail risk. The costs for anti-hail nets are constant and independent of the local hail risk and
the expected revenue. However, the costs for anti-hail net per ton of apples decrease with
increasing yield potential of the orchard (Iglesias and Alegre, 2006). The remaining risk in
the case of hail insurance is the chosen deductible, whereas in the case of anti-hail nets the
remaining risk comprises the potential occurrence of damages to the anti-hail net system or
the anti-hail net itself. In contrast to most EU28 countries and the USA, hail insurance in
Germany is not subsidized (Bielza Diaz-Caneja et al., 2009; Gesamtverband der Deutschen
Versicherungswirtschaft e.V, 2016). Although German fruit farmers are not very satisfied
with hail insurance (Porsch et al., 2018) the German Farmers’ Association (DBV) requests a
state subsidy, especially for multiple peril crop insurance (German Farmers’ Association
(DBV), 2017; Röhrig et al., 2018).

For anti-hail nets, farmers can receive subsidies between 15 and 50 percent of the
investment (Gömann et al., 2015). The subsidy amount depends on the respective subsidy
program. Within the government program (“Agrarinvestitionsförderung”), farmers can
receive 15 percent of the investment. Further, recognized producer organizations provide a
subsidy program for risk management and crisis management to their members, which
include a subsidy of anti-hail nets up to 50 percent of the investment (Gömann et al., 2015).
The main purpose of recognized producer organizations consists in strengthening farmers’
position in the value chain by pooling the produced products. The producer organizations
themselves have contracts with the customers (e.g. wholesale markets or food retailers) with
a concrete amount of yield explicitly stated. Therefore, they have an interest that farmers
can deliver their products and offer a subsidy for anti-hail nets to their members.

Subsidy programs have led to an increase in the installation of anti-hail nets. However,
only few studies provide an economic analysis of the use of anti-hail net or hail insurance to
mitigate hail risk in fruit production. Furthermore, hail risk management decisions should
not be based solely on the expected net returns, but should also consider uncertainties
and farmers’ attitudes toward risk, since anti-hail nets and hail insurance affect the variance
and skewness of profits. Therefore, the expected utility approach is applied where the
farmers’ objective is to choose the hail risk management option that results in the highest
expected utility. The advantage of this approach is that hail risk management options can
be compared considering farmers’ risk aversion, site conditions (e.g. local hail risk, yield
potentials) and relevant farm characteristics.

The objective of this paper is to conduct a detailed risk analysis comparing different
strategies to manage hail risk (insurance, anti-hail net) on the basis of a time series
(2005–2014) of orchard-specific hail risk and hail damage data for 105 Bavarian apple
orchards (Versicherungskammer Bayern, 2016). The analysis will consider differences in
local hail risk and yield potential. Furthermore, the objective is to analyze the effect of risk
aversion and different financial situations on the ranking of the analyzed risk management
options. Finally, the study aims to offer recommendations for the optimal risk management
strategy based on farm-specific conditions, e.g., the financial situation, local hail risk and
yield potential.
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2. Literature review
Studies which directly compare the risk effects of anti-hail nets and hail insurance in fruit
production are rare. However, a comparable decision situation that is well studied in
agricultural economics is the choice to use irrigation systems or instead to acquire drought
insurance. The decision situation is comparable, as in both cases (hail insurance vs anti-hail
nets and drought insurance vs irrigation) a technology (self-insurance strategy) is compared
with a financial instrument (market-based strategy) in terms of its effectiveness in
managing a specific weather risk.

A wide body of studies use regression analysis to analyze farmers’ actual risk
management behavior, e.g., factors influencing the actual choice of risk management
instruments. However, studies using an expected utility approach to analyze factors
influencing the optimal risk management decision are rare due to extensive data
requirements, e.g., time series of site-specific yield losses. Three studies have been identified
that compare irrigation and drought insurance with an expected utility approach. These
studies were analyzed to identify relevant factors that may apply to the assessment of hail
insurance (market-based strategy) vs anti-hail nets (self-insurance strategy). Furthermore,
two recent studies analyzed different risk management strategies for specialty crops.

Barham et al. (2011) compared different combinations of irrigation and the use of crop
insurance or put options for a representative cotton farm in the Texas Lower Rio Grande
Valley (USA). In simulations where irrigation was required often, irrigation technology
provided a higher expected utility than insurance. In the case of low need for irrigation
(low local drought risk), insurance was preferred across all levels of risk aversion.

Lin et al. (2008) compared the use of a weather derivative (rain-based index insurance)
and irrigation using an expected utility model. The authors found that across all levels of
risk aversion the expected utility of irrigation was higher than the expected utility of the
weather derivative.

Dalton et al. (2004) analyzed the use of different irrigation systems and crop insurance
(multiple peril crop insurance with different coverage levels ranging from 50 to 75 percent of
total yield) for a potato farm in Maine (USA). In all simulations, they found that
irrigation stabilized yield variability. Nevertheless, the authors only partly confirmed the
risk-reducing benefits of irrigation, because in years with no need for supplemental
irrigation the investment cost of the irrigation technology had a negative impact on revenue.
The alternative risk-reducing strategy analyzed in the study by Dalton et al. (2004) was the
use of multiple peril crop insurance. Crop insurance was found to provide the lowest
expected utility, which can be explained by the high deductible (highest available coverage
level is only 75 percent of the expected yield). Therefore, the authors concluded that “current
premium subsidies and production guarantee levels are inefficient at reducing producer
exposure to rainfall risk” (Dalton et al., 2004, p. 227). However, in the case of irrigation,
the expected utility increased with higher levels of risk aversion.

Ho et al. (2018) examined different risk management strategies (high-tunnels, crop
insurance and weather insurance) for small and medium sized sweet cherry producers in
Michigan and New York State. The authors used several criteria, e.g., expected net returns,
coefficient of variation, and distribution of net returns, to compare high tunnels,
crop insurance and weather insurance ( frost insurance, harvest rain insurance). They found
that all risk management scenarios (insurances, high tunnels) are improvements compared
to the status quo (no risk management). At higher levels of revenue, high tunnels are more
effective than the insurance options analyzed.

For the two main apple production areas in Germany, Röhrig et al. (2018) compared
different strategies of managing weather-related risks (hail and frost). For the southern
production area, which is also the focus of this study, they compared the risk management
instruments anti-hail net and hail insurance. The loss ratio due to hail is assessed with the

535

Strategies
to manage
hail risk



www.manaraa.com

fixed value method and a contribution rate of 21 percent is assumed. They found that for all
scenarios (different apple varieties and plant densities) and across all levels of risk aversion,
the certainty equivalents of the hail insurance were smaller than those of the anti-hail net.

Although initial wealth plays an important role in an expected utility framework, no
detailed analyses on different wealth levels were conducted in these prior studies (Dalton et al.,
2004; Lin et al., 2008; Barham et al., 2011; Röhrig et al., 2018). To summarize, studies using an
expected utility approach have revealed various factors influencing the assessment of risk
management instruments: risk aversion, local risk due to weather events, the functionality of
the instrument and its costs. Because each of the studies about drought risk management
described above modeled a single representative farm, different yield potentials were not
considered. Nevertheless, yield potential plays an important role in determining costs.
With increasing yield, the cost per ton of yield decreases in the case of a technical instrument
and increases in the case of a financial instrument (Gandorfer et al., 2016).

3. Data and methods
3.1 Risk model
An expected utility framework is used to model the decision situation of whether to opt for
no hail risk management, acquire hail insurance or install an anti-hail net. Within this
framework, local hail risk, farmers’ risk aversion and initial wealth are considered.
To describe farmers’ utility, we employ the following functional form:

U ¼ cþd W 1�Rð Þ
t (1)

where R is relative risk aversion, Wt is total wealth, c and d are constants that do not
influence the ranking of hail risk management options (O’Connell et al., 2003). The utility
function implies constant relative risk aversion and decreasing absolute risk aversion.
To capture a relevant range of farmers’ risk attitudes, relative risk aversion coefficients
ranging from R¼ 0 (risk-neutral) to R¼ 4 (very risk-averse) were analyzed (see also
Anderson and Dillon, 1992, p. 55). To calculate the expected utility of a specific hail risk
management option, the following equation is used:

E U Wtð Þð Þ ¼
Xn

i¼1

U Win þSþNRið ÞUprob ið Þ (2)

where Win indicates initial wealth, S are farm subsidies, NRi are net returns of the hail risk
management option in year i, prob(i) is the probability of year i. Each of the years i of the
ten-year time series was assigned an equal probability of 0.1. Farm subsidies S are
decoupled direct payments on a per hectare basis, which are provided as a part of European
Union’s common agricultural policy. These subsidies are independent of initial wealth. NRi
of different hail risk management options under study are calculated by subtracting the
sum of variable and fixed production costs and hail risk management costs from revenues
and, if applicable, indemnity payments:

NRi ¼ YiUPiþ I i � vCPi �CHRMi � f CPð Þ � A (3)

where Yi indicates the apple yield in year i, Pi is the producer price for apple in year i, Ii is the
indemnity payment in year i, vCPi are the variable production costs in year i, CHRMi are hail
risk management cost in year i (i.e. annualized cost of anti-hail net; insurance premium), fCP
are fixed production cost including land rents, and A is farm size. The data set made available
by the insurance company provides no information on the individual farm sizes. Therefore,
based on the statistics of the Bundesministerium für Ernährung, Landwirtschaft und
Verbraucherschutz (BMELV) (2016), it is assumed that the average farm size is 22 hectares.
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Hail insurance premiums depend on the site-specific hail risk and the agreed insured
amount. Site-specific hail risk is reflected in the insurance premium rate. The premium rate
of a single orchard can vary over time depending on the occurrence of hail events. The costs
for hail insurance are calculated as a product of the insured amount in year i and the
premium rate:

CHRMi; I ¼ YiU Pið Þ � PRi (4)

where CHRMi,I indicates cost for hail insurance in year i, Yi is the apple yield in year i, Pi is
the producer price for apples in year i, and PRi is the premium rate.

The indemnity payment in the case of a hail event is calculated as the product of insured
amount and loss ratio adjusted for the selected deductible (shown in the following equation).
It is assumed that the insured amount is equal to the expected revenues in year i and,
therefore, can be calculated as the product of yield and price:

I i ¼ YiUPið Þ � LRi�Dð Þ (5)

where Ii indicates indemnity payment in year I, Yi is the apple yield in year i, Pi is the
producer price for apples in year i, LRi is the loss ratio in year i indicating the hail damage
(%) assessed by the insurance company, and D is the selected deductible (10 percent).
The amount of the deductible is common for specialty crops in Germany and was provided
by the insurance company. However, farmers can increase the deductible to reduce the
insurance premium (Keller, 2010). To receive an indemnity payment, the assessed loss ratio
must be more than 10 percent.

Since expected utility is modeled based on a time series of net returns that are calculated
with year-specific prices and yields, the applied model accounts for both price and yield risks.
To facilitate the interpretation of the modeled expected utility values, the corresponding
monetary certainty equivalent values CE are calculated (see Martin et al., 2001):

CER ¼ 1�Rð ÞE URð Þ 1
1� Rð Þ;Ra1 (6)

Finally, a utility-maximizing farmer will choose the hail risk management strategy that
shows the highest certainty equivalent value. Thus, the advantage of hail risk management
strategy A compared to an alternative strategy B, assuming a specific level of risk aversion,
can be expressed as the difference between the CE values (Δ CE) of the two strategies.

3.2 Data and assumptions
The data used in this study are insurance data from 105 apple orchards located in the
German state of Bavaria. For a ten-year period (2005–2014), the data set comprises the
geographical position of the individual orchard, the premium rate for the orchard and year,
and the assessed loss ratio per year, if a hail event had occurred. All other data needed as
input variables for the model have been generated from official statistics. Because no farm-
specific data were used, self-selection is considered negligible.

To compare the different strategies, all three scenarios (no instrument, hail insurance and
anti-hail net) have been calculated for each orchard and year. The historical loss ratios of
each orchard over ten years enabled the analysis of the efficiency of the three analyzed
strategies to manage hail risk.

3.2.1 Yield data. Because orchard-specific yield data were not available, a time series of
corresponding regional apple yield data from 2005 to 2014 were used (Destatis, 2005-2015).
The aggregated yield data on county level may lead to underestimation of the yield risk, and
thus to an underestimation of the potential advantages of the risk management instruments,
especially in case of hail insurance. If the expected revenue decreases due to lower yields, the
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negative effect of the fixed costs of anti-hail net on farms’ liquidity as well as the positive
effect of the possibility to adapt expected revenue annually in the case of hail insurance will
be underestimated.

For each orchard, detailed information on the geographical location is available.
According to this information, corresponding regional yields were allocated. Therefore, in
the case of no hail risk mitigation and hail insurance, Yi corresponds to the regional apple
yield in year i adjusted for farm-specific hail damage in year i. For the group where an anti-
hail net was installed, Yi corresponds to regional apple yield in year i. In the five different
regions of Bavaria, mean regional apple yields ranged between 13 and 37 tha−1 (Table II).
The use of aggregate yield data is a limitation of the present study, which may lead to an
underestimation of yield variability.

3.2.2 Price data. For the study, marketing channel-specific nominal apple prices were
obtained from the Agricultural Market Information Company for the period from 2005 to
2014. The marketing channel producer organizations are used, because the majority of
farmers (54 percent) are selling their apples via producer organizations. The bias due to the
aggregated price data is assumed to be small due to the high concentration of food retailing
in Germany, indicating that there is high price pressure and low differences in prices among
different producer organizations.

All nominal data were converted to real prices using the producer price index deflator
“consumer price index” obtained from the German Federal Statistical Office (Destatis, 2016).
The apple varieties Braeburn, Gala and Jonagold are the most common varieties cultivated
on German fruit farms (Destatis, 2005-2015). Therefore, an average mixed price was
calculated using the producer prices for these varieties and assuming equal shares of the
three varieties (Table III). Furthermore, the assumption was made that 90 percent of the
harvest will be of fresh apple quality and the remaining 10 percent will be of the quality
used for processing (Peter et al., 2013). Moreover, it is assumed that apple prices do not rise
significantly after a hail event, because in contrast to frost, which often occurs as an
accumulative risk, hail leads to small-scale damages, in most cases.

3.2.3 Wealth levels. To show the sensitivity of certainty equivalents to different levels of
initial wealth, two different situations were considered in the analysis. The first situation
uses an average German fruit farm of 22 ha size with a 50 percent share of owned land,
where an initial wealthWin of €35,746ha

−1 is assumed. In the second situation, initial wealth

Yield (t ha−1)
Year Upper Franconia Lower Franconia Upper Bavaria Lower Bavaria Swabia

2005 7 18 10 15 33
2006 13 40 12 20 26
2007 19 43 18 20 43
2008 18 44 18 37 30
2009 19 32 15 24 31
2010 13 23 10 22 26
2011 15 40 17 25 36
2012 28 31 13 29 35
2013 25 40 9 22 25
2014 30 54 9 36 38
Mean 19 37 13 25 32
STD 7 11 4 7 6
CV (%) 26 34 36 35 54
Notes: STD, standard deviation; CV, coefficient of variation
Source: Destatis (2005-2015)

Table II.
Annual regional
apple yields
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(indicating a low equity cover) is set to €19,332ha−1, representing a farm of 22 ha size with a
share of rented land of 90 percent (BMELV, 2016). The second situation was analyzed to
specifically show the effect of different hail management options for farms with a low
risk-bearing capacity. Therefore, the difference in initial wealth comprises the lower level of
land assets. Subsidies (mainly direct payments) for an average German fruit farm amount to
€367 ha−1 (BMELV, 2016). The initial wealth does not influence the amount of the subsidy
provided for installing an anti-hail net.

3.2.4 Production costs. Variable and fixed costs for year-specific yields Yi are calculated
using the Association for Technology and Structures in Agriculture (KTBL) net return
calculator for apple production (Kuratorium für Technik und Bauwesen in der
Landwirtschaft, 2016). The production costs are yield-dependent, and due to the
aggregated yield-level, they will be underestimated. As the cost risk is of lesser
importance in apple production, this underestimation is negligible (Hartwich et al., 2015).
Total production costs for the scenario “average wealth” are shown in Table IV.

Fresh apple prices (€ t−1) Processing apples (€ t−1)
Year Braeburn Gala Jonagold Braeburn Gala Jonagold Weighted average price (€ t−1)

2005 490 574 768 426 481 730 593
2006 517 522 903 421 455 848 624
2007 521 556 892 443 477 842 634
2008 576 599 1,089 501 522 1,029 730
2009 472 530 1,068 460 459 994 663
2010 515 531 828 430 450 778 602
2011 534 657 1,054 432 526 992 720
2012 588 711 477 527 605 469 584
2013 633 815 626 597 681 622 684
2014 422 706 542 402 578 542 552
Mean 527 620 825 464 523 425 638
STD 61 99 220 60 76 90 59
CV (%) 12 16 27 13 15 21 9
Notes: STD, standard deviation; CV, coefficient of variation
Source: Agricultural Market Information Company (2015)

Table III.
Annual real apple
producer prices

Total production cost (€ ha−1)
Year Upper Franconia Lower Franconia Upper Bavaria Lower Bavaria Swabia

2005 5,968 7,097 6,282 6,736 8,606
2006 6,521 9,291 6,415 7,227 7,887
2007 7,136 9,620 7,030 7,268 9,665
2008 7,064 9,732 7,123 9,030 8,329
2009 7,156 8,481 6,804 7,699 8,411
2010 6,531 7,598 6,291 7,464 7,845
2011 6,777 9,343 6,979 7,811 8,934
2012 8,110 8,369 6,538 8,200 8,853
2013 7,731 9,373 6,138 7,442 7,794
2014 8,336 1,0768 6,189 8,938 9,120
Mean 7,133 8,967 6,578 7,781 8,544
STD 744 1,087 374 742 613
CV (%) 10 12 6 10 7
Notes: STD, standard deviation; CV, coefficient of variation

Table IV.
Annual regional total

production costs
(€ ha−1) for
the average

wealth scenario
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The production costs in the scenario “low wealth” are 6 percent higher due to the higher
share of rented land.

3.2.5 Hail protection costs. Orchard-specific premium rates provided by an insurance
company were used to calculate hail insurance premiums (Versicherungskammer Bayern,
2016). The premium rate is determined by the local hail risk, a crop-specific surcharge or
discount indicating crop-specific sensitivity to hail, and the insurer’s margin. In Germany,
three insurance companies offer hail insurance for specialty crops. All of them have
committed to using a general hail statistic provided annually by the German Insurance
Association (GDV) for assessing local hail risk. Therefore, premium rates reflected in this
data set are applicable all over Germany and not limited to customers of the specific
insurance company providing the data set. Premium differences may exist only due to
discounts. The baseline of the study’s sample comprises orchards that are insured. There
are no data for orchards that are not insured. However, any possible bias can be neglected,
because hail risk cannot be influenced by the policyholder (Keller, 2010).

The costs for installing an anti-hail net are assumed to be 1,800 € ha−1 per year (Iglesias and
Alegre, 2006; Dierend et al., 2009) reduced by the generally available investment subsidy of
15 percent (see Gömann et al., 2015, p. 138). The investment subsidy is assumed at 15 percent,
because higher subsidies require membership in a recognized producer organization and, thus,
are not relevant for the majority of apple producers. To maintain the anti-hail net, there are
yearly operating costs, amounting up to Euro 91.30 per hectare per year (Dierend et al., 2009).
These costs have been added to the fixed costs less the investment subsidy.

4. Results and discussion
For all 105 orchards, net returns, expected utilities and corresponding certainty equivalents
for the three risk management strategies (no hail risk mitigation, hail insurance and
anti-hail net) and different risk aversion levels were calculated on a one-hectare level. In
accordance with the yield potential, orchards were grouped into low or high yield potential
groups. The mean yield of all orchards in the sample was 25.2 tha−1 (Table II). The criterion
for assignment to the low yield category was a mean yield below 25 tha−1, and for the high
yield category a mean yield above 25 tha−1. Second, yield potential groups are separated
according to the insurance premium rate. The premium rate of hail insurance for apple
production in Germany is based on local hail risk, and ranges between 0.08 and
0.40 (Versicherungskammer Bayern, 2016). Within the sample, the lowest premium rate was
0.12, the highest was 0.29 and the mean was 0.20, which corresponds to the average
Bavarian hail risk (Versicherungskammer Bayern, 2016). In the low local hail risk group, the
premium rate was less than or equal to 0.20, while in the high local hail risk group the
premium rate was greater than 0.20.

4.1 The effect of hail risk management on the variability of expected net returns
For groups 1 (low yield, low risk) and 3 (high yield, low risk), the mean net returns of the
strategy “no instrument” were highest, whereas for group 2 (low yield, high risk) the mean
net returns of the strategy hail insurance and for group 4 (high yield, high risk) the mean net
returns of the strategy “anti-hail net” were highest (Table V). With the exception of group 1,
both hail insurance and anti-hail nets reduced the coefficient of variation. Comparing hail
insurance and anti-hail net, the coefficient of variation is higher for all groups for the anti-
hail net strategy. The reason for the lower reduction of the coefficient of variation in the case
of anti-hail net lies in the costs of the instruments. These are constant for the anti-hail net,
whereas the costs for hail insurance depend on the insured amount. Thus, in years where
either the yield or price expectation is low, the insured amount is low and, therefore, the
premium is also low. However, the costs for the anti-hail net do not adjust to annual yield
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and price expectations and – especially in years with low yields or prices – the constant
costs for anti-hail net reduce net returns even further. This finding is in line with the results
of Dalton et al. (2004), who concluded that constant costs may deter farmers from investing
in risk-reducing technology, such as irrigation.

A higher initial wealth from a higher level of land assets ¼ low share of rented land) has
a stabilizing effect on the coefficient of variation of net returns. A lower net return
variability indicates a lower need to implement risk management measures. These results
confirm the findings of studies analyzing farmers’ actual risk management behavior
(e.g. Finger and Lehmann, 2012; Foudi and Erdlenbruch, 2012; Chakir and Hardelin, 2014).
These studies show that increasing wealth has a negative effect on the willingness to
implement risk management instruments.

4.2 The effect of hail risk management strategies on certainty equivalents
Based on the calculated expected utility of the risk management strategy, the certainty
equivalent was derived for various individual levels of relative risk aversion. A positive
(negative) difference (ΔCE in € ha−1) between two risk management strategies indicates a
higher (lower) expected utility for the first-named strategy (Table VI). In general, the
differences between the certainty equivalents for the choice to implement no hail risk
mitigation and both hail risk mitigation strategies were lower for farms with high initial
wealth than for those with lower initial wealth, for all groups.

In case of low yield potential and low local hail risk (group 1), the certainty equivalents
were highest when no hail risk management was adopted. For orchards with a high yield
potential and a high local risk (group 4), anti-hail net is across all levels of risk aversion and
independently of initial wealth, the risk management strategy with the highest certainty
equivalents. These findings correspond with findings by Röhrig et al. (2018) that in the
region around Lake Constance (region with high yield potential and high local risk), hail
insurance is not an appropriate alternative to anti-hail net in terms of certainty equivalents.

For orchards with a low yield potential and a high local risk (group 2), the certainty
equivalents were highest when hail insurance was used. This observation can be explained
by the greater flexibility of the hail insurance in terms of costs, especially in years with low
revenues. Until the end of May, farmers can inform the insurance company about the
expected revenue (insured amount) of the orchard and, therefore, they can adopt
the insurance premium to their yield and price expectations. For group 2 (low yield, high
local hail risk), the positive impact of the flexibility of hail insurance is shown through the
analysis of the costs per ton of apples. In the case of hail insurance, increasing site-specific
yield leads to constant costs per ton of apples because the insurance premium also increases
linearly. In the case of the installation of an anti-hail net, the cost per ton of apples decreases
with increasing yields. For the orchards in group 2, the costs for anti-hail net installation per
ton of apples were considerably higher than those for hail insurance due to the low yield
potential. Especially in years with low revenues, this can lead to a risk-increasing effect,
because the high costs for installing an anti-hail net would further reduce profits. However,
the costs for hail insurance would be lower in years with low revenues due to the possibility
of adapting hail insurance annually to reflect revenue expectations. These findings were not
sensitive to the different levels of initial wealth.

For orchards with a high yield potential and a high local hail risk (group 4), both hail
insurance and anti-hail net showed higher certainty equivalents compared to the strategy of
not adopting any hail risk mitigation. Anti-hail net was preferable to hail insurance regarding
the certainty equivalents in all constellations analyzed. The costs for the instruments have a
greater impact on the ranking of the different management options than risk aversion.
With increasing yield, the costs for the anti-hail net per ton of apples decrease, whereas the
costs for hail insurance increase. The insurance costs also increase with increasing local hail

542

AFR
78,5



www.manaraa.com

G
1:
lo
w

yi
el
d,

lo
w

lo
ca
lh

ai
lr
is
k

(n
¼
3)

G
2:
lo
w

yi
el
d,

hi
gh

lo
ca
lh

ai
lr
is
k

(n
¼
10
)

G
3:
hi
gh

yi
el
d,

lo
w

lo
ca
lh

ai
lr
is
k

(n
¼
37
)

G
4:
hi
gh

yi
el
d,

hi
gh

lo
ca
lh

ai
lr
is
k

(n
¼
55
)

R
el
at
iv
e
ri
sk

av
er
si
on

(R
R
A
)

In
su
ra
nc
e/

no
in
st
ru
m
en
t

A
nt
i-h

ai
l

ne
t/n

o
in
st
ru
m
en
t

In
su
ra
nc
e/

an
ti-
ha
il

ne
t

In
su
ra
nc
e/

no
in
st
ru
m
en
t

A
nt
i-h

ai
l

ne
t/n

o
in
st
ru
m
en
t

In
su
ra
nc
e/

an
ti-
ha
il

ne
t

In
su
ra
nc
e/

no
in
st
ru
m
en
t

A
nt
i-h

ai
l

ne
t/n

o
in
st
ru
m
en
t

In
su
ra
nc
e/

an
ti-
ha
il

ne
t

In
su
ra
nc
e/

no
in
st
ru
m
en
t

A
nt
i-h

ai
l

ne
t/n

o
in
st
ru
m
en
t

In
su
ra
nc
e/

an
ti-
ha
il

ne
t

Lo
w
w
ea
lth

R
R
A
¼
0

−
1,
26
2

−
1,
62
1

35
9

66
8

61
9

49
−
29
3

−
16
3

−
13
0

55
2

1,
88
9

−
1,
33
8

R
R
A
¼
2

−
1,
20
7

−
1,
65
5

44
8

1,
07
5

92
3

15
1

−
45

−
15
1

10
6

2,
28
3

3,
53
3

−
1,
24
9

R
R
A
¼
3

−
1,
18
4

−
1,
66
9

48
5

1,
28
2

1,
08
2

19
9

57
−
18
4

24
1

3,
33
8

4,
54
4

−
1,
20
6

R
R
A
¼
4

−
1,
16
6

−
1,
68
3

51
7

1,
48
8

1,
24
4

24
4

13
3

−
24
3

37
6

4,
37
8

5,
54
1

−
1,
16
3

A
ve
ra
ge

w
ea
lth

R
R
A
¼
0

−
1,
26
2

−
1,
62
1

35
9

60
0

55
7

43
−
29
3

−
16
3

−
13
0

22
0

94
8

−
72
8

R
R
A
¼
2

−
1,
22
0

−
1,
63
4

41
5

80
8

70
4

10
4

−
12
4

−
13
7

13
78
1

1,
42
1

−
64
0

R
R
A
¼
3

−
1,
20
1

−
1,
64
0

43
9

91
1

77
7

13
5

−
47

−
13
9

92
1,
09
5

1,
68
9

−
59
4

R
R
A
¼
4

−
1,
18
5

−
1,
64
5

46
1

1,
01
3

84
9

16
4

22
−
15
1

17
3

1,
42
1

1,
96
8

−
54
7

Table VI.
Differences in

certainty equivalents
for the net returns (€
ha−1) of the different

risk management
strategies (no

instrument, hail
insurance and anti-

hail net) (subsidy level
¼ 15 percent)

543

Strategies
to manage
hail risk



www.manaraa.com

risk, whereas the costs for the anti-hail net are independent of the hail risk. This observation
corresponds with Barham et al.’s (2011) conclusion that, based on the calculated certainty
equivalents regarding drought risk, at lower drought risk levels farmers preferred insurance
and at higher levels of drought risk irrigation technologies were considered preferable.
Further empirical studies analyzing the usage of drought insurance and irrigation technology
show similar results. With increasing local drought risk, the probability that a farmer will
choose to either use irrigation technology or crop insurance increases (e.g. Foudi and
Erdlenbruch, 2012; Chakir and Hardelin, 2014). Finger and Lehmann (2012) ascertained that
with increasing local hail risk, the use of hail insurance increases.

In contrast to groups 1 (low yield potential, low local hail risk), 2 (low yield potential, high
local risk) and 4 (high yield potential, high local hail risk), risk aversion has an effect on the
ranking of hail risk management options for group 3 (high yield potential, low local hail
risk). For group 3, the certainty equivalent of no hail risk mitigation was always higher
compared to that for the use of anti-hail net across all levels of risk aversion, and up to a
relative risk aversion of 1 ( for low initial wealth) or 2 (average wealth) when compared to
hail insurance (see Figure 1).

The advantage of hail insurance for this group of orchards can be explained by the costs
of the instruments. Due to the heterogeneity of site-specific hail risk, there is a range of
premiums per hectare for hail insurance, whereas the costs for anti-hail net are independent
of the local hail risk. These findings are in line with Dalton et al. (2004), who found that fixed
costs can reduce the incentive to implement irrigation technology in the case of low local
drought risk. Hence, the flexibility of hail insurance in terms of costs may be an advantage
for farmers who are more risk-averse or are in a tense financial situation. This observation is
supported by empirical studies analyzing the implementation of irrigation technology to
manage drought risk. Ihli et al. (2012) found that risk-averse farmers tend to invest earlier in
irrigation technology compared to less risk-averse farmers, but they also disinvest earlier
than their less risk-averse counterparts. Viscusi et al. (2011) pointed out that an individual
with higher risk aversion should make lower investment decisions.

Finally, the effect of the level of subsidy is analyzed. In the basic scenario of this study, a
subsidy of 15 percent is assumed. To analyze the effect of the subsidy, different levels have
been included in the calculation. First, no subsidy of anti-hail net is assumed. As the results
indicate (see Table VII), the subsidy level of 0 percent has no effect on the general ranking of
the risk management strategies with exception of group 3.

In this group, the results show that hail insurance dominates anti-hail nets even for risk
neutral or risk averse decision makers. Second, the scenarios are calculated with a
50 percent subsidy of anti-hail net. Although there is no change in the most efficient strategy
against hail risk for groups 1 and 4, for orchards in groups 2 and 3, anti-hail net becomes the
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Certainty equivalents
for group 3 (high yield
potential, low local
hail risk) for different
initial wealth levels

544

AFR
78,5



www.manaraa.com

G
1:
lo
w

yi
el
d,

lo
w

lo
ca
lh

ai
lr
is
k

(n
¼
3)

G
2:
lo
w

yi
el
d,

hi
gh

lo
ca
lh

ai
lr
is
k

(n
¼
10
)

G
3:
hi
gh

yi
el
d,

lo
w

lo
ca
lh

ai
lr
is
k

(n
¼
37
)

G
4:
hi
gh

yi
el
d,

hi
gh

lo
ca
lh

ai
lr
is
k

(n
¼
55
)

R
el
at
iv
e
ri
sk

av
er
si
on

(R
R
A
)

In
su
ra
nc
e/

no
in
st
ru
m
en
t

A
nt
i-h

ai
l

ne
t/n

o
in
st
ru
m
en
t

In
su
ra
nc
e/

an
ti-
ha
il

ne
t

In
su
ra
nc
e/

no
in
st
ru
m
en
t

A
nt
i-h

ai
l

ne
t/n

o
in
st
ru
m
en
t

In
su
ra
nc
e/

an
ti-
ha
il

ne
t

In
su
ra
nc
e/

no
in
st
ru
m
en
t

A
nt
i-h

ai
l

ne
t/n

o
in
st
ru
m
en
t

In
su
ra
nc
e/

an
ti-
ha
il

ne
t

In
su
ra
nc
e/

no
in
st
ru
m
en
t

A
nt
i-h

ai
l

ne
t/n

o
in
st
ru
m
en
t

In
su
ra
nc
e/

an
ti-
ha
il

ne
t

Lo
w
w
ea
lth

R
R
A
¼
0

−
1,
26
2

−
1,
89
1

62
9

66
8

34
9

31
9

−
29
3

−
43
3

14
0

55
2

1,
61
9

−
1,
06
8

R
R
A
¼
2

−
1,
20
7

−
1,
93
1

72
4

1,
07
5

65
0

42
5

−
45

−
43
3

38
8

2,
28
3

3,
26
0

−
97
6

R
R
A
¼
3

−
1,
18
4

−
1,
94
8

76
3

1,
28
2

80
7

47
5

57
−
47
3

53
0

3,
33
8

4,
27
0

−
93
1

R
R
A
¼
4

−
1,
16
6

−
1,
96
3

79
8

1,
48
8

96
7

52
1

13
3

−
53
8

67
1

4,
37
8

5,
26
6

−
88
7

A
ve
ra
ge

w
ea
lth

R
R
A
¼
0

−
1,
26
2

−
1,
89
1

62
9

60
0

28
7

31
3

−
29
3

−
43
3

14
0

22
0

1,
61
9

−
1,
06
8

R
R
A
¼
2

−
1,
22
0

−
1,
90
7

68
7

80
8

43
3

37
6

−
12
4

−
41
1

28
7

78
1

2,
47
7

−
1,
00
8

R
R
A
¼
3

−
1,
20
1

−
1,
91
3

71
2

91
1

50
5

40
6

−
47

−
41
6

36
9

1,
09
5

2,
97
6

−
97
8

R
R
A
¼
4

−
1,
18
5

−
1,
92
0

73
5

1,
01
3

57
6

43
7

22
−
43
1

45
3

1,
42
1

3,
50
7

−
94
9

Table VII.
Differences in

certainty equivalents
for the net returns

(€ ha−1) of the
different risk
management

strategies
(no instrument, hail
insurance, anti-hail

net) (level of
subsidy ¼ 0%)

545

Strategies
to manage
hail risk



www.manaraa.com

most efficient risk management strategy (see Table VIII). Therefore, it can be concluded,
that the subsidy of anti-hail net leads to a decline in the competitiveness of hail insurance
in some cases.

5. Conclusions
The ongoing climate change process presents major challenges for the agricultural sector.
Whereas in cash crop production drought is seen as the most important risk source, hail is
the most important source of risk in fruit production (Gömann et al., 2015). Studies
comparing alternative strategies for managing the same weather-related risk source are
rare. Therefore, this study aimed to compare anti-hail nets (self-insurance strategy through
technology) and hail insurance (market-based strategy through a financial instrument)
using an expected utility approach and further compare these results with studies analyzing
a similar decision situation, namely, irrigation technology vs drought insurance.

The reduction in the variability of net returns is an important reason for farmers to opt
for a risk mitigating strategy. It can be concluded that the use of a technology (anti-hail net
or irrigation) leads to yield stabilization, but not necessarily to stabilization of net returns.
This was especially true in orchards where no hail damage occurred or in the case of
drought risk, in cases where no supplemental irrigation was necessary (see Dalton et al.,
2004; Barham et al., 2011). However, at higher levels of local risk, the use of a technology to
reduce production risk results in lower variability of net returns than no risk mitigation.

For orchards with a low yield potential and a low local hail risk, the strategy of no hail
risk management is the most risk efficient strategy. For orchards with a low yield potential
and a high local hail risk, the strategy of hail insurance is the most risk efficient strategy,
because the costs for hail insurance were considerably lower than those for anti-hail net due
to the low yield potential. For orchards with a high local hail risk and a high yield potential,
the use of technology is more appropriate because the technology entails constant costs per
hectare, independent of the local risk. The dissatisfaction of the policyholders regarding the
performance of the insurance strategy (Porsch et al., 2018), which is similar to the studies
analyzing management of drought risk (Dalton et al., 2004; Barham et al., 2011), was
confirmed by the present study in general terms. Nevertheless, a key result of this study is
the finding that hail insurance is preferable to anti-hail net installation at high levels of
farmers’ risk aversion for the group high yield potential but low local risk. This can be
explained by the higher flexibility of hail insurance in terms of annual costs. Another factor
in the annual costs of hail insurance is the deductible. Due to the database, the effect of
different deductibles could not be considered, because the height of the deductible is an
essential risk characteristic in the hail insurance tariff. Nevertheless, this is a question that
could be pursued in future studies.

However, technologies offer an essential advantage compared to insurance in terms of
mitigating production risk, which cannot be considered in a risk model. Their advantage lies
in preventing the potential loss of customer relationships. Especially for farms with direct
marketing or selling their apples via wholesale markets or food retailers, the relationship to
their customers and therefore, their ability to deliver their products is important.
The potential loss of business partners due to limited ability to deliver may also be the
reason for the present subsidy policy for anti-hail nets, especially by recognized producer
organizations. They pool the farmers’ products and undertake the marketing task for them.
For this function, they are subsidized by the EU’s common agricultural policy. Nevertheless,
especially for larger fruit farms the advantages of producer organizations (e.g. joint
marketing) are lower. Therefore, it is important for producer organizations to be an
attractive partner for producers as well as for customers. For producers, the main functions
of producer organizations include ensuring sales as well as reducing income variability
(see Bundesministerium für Ernährung, Landwirtschaft und Verbraucherschutz, 2017).
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Table VIII.
Differences in certainty
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returns (€ ha−1) of
the different risk

management strategies
(no instrument, hail

insurance, anti-hail net)
(level of subsidy

¼ 50%)
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For customers, the main function provided by producer organizations is delivery reliability.
This function is best served through the anti-hail nets for both producers and customers.
However, subsidies of anti-hail nets lead to a decline in the competitiveness of the hail
insurance, despite the advantages of insurances in some situations.

Furthermore, technologies to mitigate production risk often generate public controversy.
Fruit production is frequently located in regions with high levels of tourism, where hail nets are
criticized for having negative effects on the landscape. Comparable to some communities
in South Tyrol (Italy), the prohibition of anti-hail nets is also discussed in some communities in
Germany (Enderle, 2016). However, in most cases, the purchase of insurance is a viable
alternative to anti-hail nets given that differences in the certainty equivalents between
technological riskmitigation strategies and insurance aremoderate in all cases, except those with
high yield potential and high local risk. This public debate shows a trade-off between tourism
and agriculture. Both are important employers, and both are subsidized by the government.
However, apple production also forms the characteristic landscape in these tourism regions.
Future research should, therefore, focus on alternatives for anti-hail nets in case of a prohibition
of anti-hail nets and alternative types of anti-hail nets with less impact on landscapes.

If local communities decide to prohibit anti-hail nets, the government could consider an
insurance subsidy for those farms belonging to the group with high yield potential and high
local hail risk. If the subsidy were coupled with the local hail risk, it might still be conform to
the WTO requirements.

The study does not consider the influence of apple varieties (different price and yield
levels) on the ranking of risk management strategies. Nonetheless, the results offer an
orientation regarding the most efficient risk management strategy depending on the yield
and price level of the individual farm. Depending on the farm’s marketing channels and the
apple varieties planted, a combination of risk management strategies can also be the most
suitable option for the farm. An example could be, using anti-hail net for apple varieties that
are sold via wholesale or direct marketing and for high-price apples, and using hail
insurance for apple varieties with a lower price level or apples that are sold via producer
organizations. This may be an explanation for the combination of anti-hail nets and hail
insurance, observed by Porsch et al. (2018) where 16 percent of the farmers surveyed used
both hail insurance and anti-hail nets. For future research, the presented results should be
retested with a broader data set, including orchards with different apple varieties,
marketing channels as well as risk management strategies, to provide further insights.
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