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The economic insurance value of wild pollinators in almond orchards
Summary
Biodiversity provides an economic insurance value against the uncertain provision of ecosystem services
for risk-averse economic agents. For pollination services, we determine the economic insurance value of
wild pollinators in almond orchards for a risk-averse farmer. We develop an ecological-economic model
to determine the risk premium and insurance value of wild pollinators in general, and employ empirical
data of flower visits of honeybees (Apis mellifera) and wild pollinators such as several wild bee species
(e.g., Andrena spp., Osmia spp.) and hover flies (Syrphidae) to almond trees in California. We predict a
positive risk premium and insurance value because several wild pollinators, in contrast to the European
Honeybee, forage even under inclement weather conditions. This result should be taken into account
when deciding on how much to invest in the conservation of wild pollinators. Additionally, this model
can be applied to other ecosystem services and supports an increase in biodiversity conservation.

Extended abstract
Biodiversity can provide insurance against the uncertain provision of ecosystem services. In the case of
wild pollinators providing farmers with crop pollination services, we determine the risk premium and the
economic insurance value of the wild pollinators. Under uncertainty risk-averse decision-makers tend to
diversify their sources of income to reduce the risk of losing their income at once. For instance, farmers
grow different crops species or varieties to reduce the probability of a total loss. In other words, if yield
of one particular crop species suffers from fluctuations in environmental conditions, other crops can
match the resulting yield loss of. Thus, diversity provides insurance for risk-averse economic agents
(Baumgärtner 2007, Baumgärtner and Strunz 2014).
A similar effect has been observed in ecosystems. An increase in the level of biodiversity in terms of
species richness can enhance the provision of ecosystem services. One explanation is that the probability
of the occurrence of a key species for providing the target ecosystem service is increased (Tilman et al.

1997, Hooper et al. 2005). Additionally, an increase in the level of biodiversity can stabilize ecosystems
and their properties. Several species contribute to ecosystem functioning but respond differently to
environmental disturbances and fluctuations. Under uncertain and changing conditions the ecosystem
functioning and thus, the ecosystem service can often be maintained with a high level of biodiversity
(Walker et al. 1999). This is, a high level of biodiversity can provide an insurance against the under- or
overprovisioning of ecosystem services (Walker et al. 1999, Loreau et al. 2001, Hooper et al. 2005,
Baumgärtner 2007).
The ecosystem service of pollination is crucial for humans because 35% of the world crops depend to
some degrees on pollination (Klein et al. 2007). Many of the pollinator dependent crops rely on the
pollination of the European Honeybee (Apis mellifera) (Committee on the Status of Pollinators in North
America 2007). However, there is a severe decline in honeybee stocks in the USA and Europe
(Committee on the Status of Pollinators in North America 2007, Stokstad 2007) due to several drivers,
e.g. pests and pathogens, environmental stressors and a lack of genetic diversity and vitality (Potts et al.
2010). Thus, the honeybee is sensitive towards several influences. Wild pollinators, such as several wild
bee species (e.g., Andrena spp., Bombus spp. Osmia spp.) and hover flies (Syrphidae), are known to
forage even under inclement weather conditions and can be effective pollinators (Willmer et al. 1994,
Goulson 2003; Garibaldi et al. 2013). Yet, they are not always taken into account when managing crops
that benefit to some degree from insect pollination.
Therefore we take an interdisciplinary approach and
1. develop an ecological-economic model to determine the risk premium and the economic insurance
value of wild pollinators in general and
2. employ empirical data about species-specific flower visits and fruit set in almond trees in California to
quantify the risk premium and the economic insurance value of wild pollinators in almond orchards.
We assume a risk-averse farmer who strives to maximize his expected utility because most of the people
have shown to be risk-averse (Holt and Laury 2002).
We predict a positive risk premium and insurance value of wild pollinators because of the farmer’s riskaversion and because wild pollinators forage also under more difficult weather conditions. For instance,
several wild-pollinating species forage under low temperatures (<12°C) and cloudy skies and with wind
speeds higher than 2.5 m s-1, whereas the European Honeybee forages when temperatures are above
13°C with sunny to lightly overcast skies and low wind speeds (Burrill and Dietz 1981, Vicens and Bosch
2000, Brittain et al. 2013).

Results indicate that wild pollinators can provide an insurance value against the uncertain provision of
ecosystem services. That is, wild pollinators can compensate a possible under-provision of the ecosystem
service of pollination by the honeybee under changing environmental conditions.
In conclusion, this result should be taken into account when deciding on how much to invest in the
preservation of wild pollinators. Additionally, this model can be applied to other ecosystem services and
supports an increase in biodiversity conservation.
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