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EXECUTIVE SUMMARY

Pollinators provide a wide range of benefits to humans, such 
as securing a reliable and diverse seed and fruit supply, 
underpinning wider biodiversity and ecosystem function, 
producing honey and other outputs from beekeeping, 
and supporting cultural values. These benefits can 
be expressed in economic terms to quantify the 
consequences of gains and losses in pollinator 
abundance and diversity to human wellbeing (well 
established) (4.1, 4.2, 4.9).

Current markets and economic indicators (e.g., Gross 
Domestic Product) fail to capture the full range of 
benefits from pollinator abundance and diversity (well 
established) (4.1.1.), and the full costs of supporting 
managed pollinators (unresolved) (4.1.1). Given that 
many decisions about land use are based on markets 
and economic indicators, such failures can result in the 
loss of pollinator-mediated benefits and sub-optimal land 
management decisions from a social perspective (well 
established). Indeed, declines in pollinator abundance and 
diversity have altered the benefits they provide to humans 
(established but incomplete) (4.1, 4.2).

Economic valuation of such pollinator-derived benefits 
provides information to undertake corrective actions 
on these market and economic indicator failures 
(unresolved). Each time we make a decision affecting 
natural or semi-natural habitats there is an implicit (i.e. not 
informed) valuation of them, involving trade-offs with other 
land-use decisions. Therefore, humans are always valuing 
nature’s benefits, either directly or implicitly. Economic 
valuation is a process in which these values are made 
explicit by using well-informed methodologies and justified 
criteria. Explicit values provide information to land managers 
(e.g., farmers), related industrial sectors (e.g., pesticides, 
supply providers), consumers, general public, and policy 
makers to modify land use choices or other public policies 
with greater consideration of pollinator biodiversity and 
sustainability (4.1.1, 4.2, 4.6).

The economic consequences of pollinator gains and 
losses are multidimensional, affecting the production 
and distribution of scarce goods and services, 
including production factors (e.g., human, financial 

and natural assets) (unresolved). According to the IPBES 
conceptual framework, value is defined as: “In keeping with 
the general anthropocentric notion of “nature’s benefits to 
people”, one might consider a benefit to be ecosystems’ 
contribution to some aspect of people’s good quality of 
life, where a benefit is a perceived thing or experience of 
value”. The impacts of pollinator gains and losses can be 
valued in both non-monetary and monetary terms. Non-
monetary indices, such as crop production and nutritional 
quality enhanced by pollination services, can be of great 
interest (4.2.6). Within monetary terms, economic methods 
can measure both market values, when goods or services 
traded in economic markets (e.g., crop production) (4.2.2, 
4.2.3, 4.2.4, 4.2.5), and non-market values, when relating 
to benefits not directly traded on markets (e.g., supporting 
aesthetic wild flower diversity) (4.2.6). 

Economic valuation can measure use values, such as crop 
production from insect pollination, and non-use values, such 
as the values people place on the existence of pollinators. 
Valuation can be aggregate, examining the combined value 
of all pollinators within a region, or marginal, examining the 
change in value given a certain (non-total) gain or loss of 
pollinators. Marginal values are relevant for decision making 
because partial increases and decreases in pollinator 
abundance and diversity are more likely than complete loss, 
and because decisions concern marginal changes (4.1).

The annual market value of additional crop production 
directly linked with pollination services is estimated 
at $235bn-$577bn (in 2015 US$) worldwide (Table 4.8, 
Section 4.4.3) (established but incomplete). In addition, 
in the absence of animal pollination, changes in global crop 
supplies could increase prices to consumers and reduce 
profits to producers, resulting in a potential annual net loss 
of economic welfare of $160 billion-$191 billion globally 
to crop consumers and producers and a further $207 
billion-$497 billion to producers and consumers in other, 
non-crop markets (e.g., non-crop agriculture, forestry and 
food processing) (4.7.4, Table 4.10, Section 7).

In addition to crop production, pollinators provide a 
full range of non-monetary benefits to the economy, 
particularly to the assets that form the basis of 
rural economies (established but incomplete). For 
example, human (e.g., employments in beekeeping), social 
(e.g., beekeepers associations), physical (e.g., honey bee 

CHAPTER 4 

ECONOMIC VALUATION OF
POLLINATOR GAINS AND LOSSES 
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colonies), financial (e.g., honey sales) and natural assets 
(e.g., wider biodiversity resulting from pollinator-friendly 
practices). The sum and balance of these assets are the 
foundation for future development and sustainable rural 
livelihoods (FAQ section, 4.2, 4.5). Therefore, evaluating how 
pollinator-friendly versus unfriendly practices (or landscapes) 
change these assets would be a robust approach to valuing 
pollinator changes in both monetary and non-monetary 
terms. This approach allows quantification of the synergies 
and trade-offs (for example, between financial and natural 
assets) associated with pollinator enhancement (4.2.6).

Most studies of the economic impacts of pollinator 
gains and losses only estimate the monetary benefits 
in existing markets rather than the actual impact they 
have on peoples’ wellbeing (well established). These 
estimates are dependent upon the methods utilized, 
and can change dynamically across spatial and 
temporal scales (well established) (4.3). For example, 
the benefits of pollination services to apple production was 
found to vary between $791 and $25,201 per hectare (2015 
US$) for different agroecological systems using different 
methods (4.7.4, Table 4.10, Section 7).

Estimation accuracy of the economic value of 
pollinator gains and losses are limited by existing 
biological and economic data, as well as the need 
for methodological development (established but 
incomplete). For example, although there is broad 
understanding of the relative extent to which yields of 
most crops benefit from pollination, there are a number 
of uncertainties surrounding these such as the shape of 
relations between crop yield and pollination, how they vary 
for different cultivars of the same crop, and the interaction 
between pollination and agricultural inputs (4.5).

Unstable pollinator assemblages can result in 
substantial economic risks while highly diverse, 
resilient assemblages can provide stable long-term 
services (established but incomplete). To date, although 
a number of methods exist, no studies have quantified the 
economic value of this stability and few have considered the 
potential economic risks and uncertainties affected (4.4).

The spatial and temporal scales of ecological 
processes that affect the health of pollinator 
assemblages and their benefits, and the scales of 
social, economic, and administrative processes 
(involved in land-use decisions, market regulations, 
etc.) are seldom well aligned (established but 
incomplete). An important challenge is to match 
the ecological scale with the institutional scale of 
the problem to be solved (unresolved). For example, 
socio-economic value at larger scales may be of interest 
for policy makers, whereas profit analyses at smaller scales 
may be of interest for farmers. The temporal scale is also 

important, because ascribed values are endogenous to 
changes in the number and diversity of pollinators and other 
system (e.g., network) properties. Therefore, static values 
provide only limited, and perhaps misleading information for 
decision makers. Furthermore, within any given time period, 
the use of constant (e.g., average) values is also potentially 
misleading as it disguises the spatial variation in services 
and hence values (4.2.6, 4.3, 4.6).

Impacts of pollinator loss will be different among 
regional economies, being higher for economies 
based on pollinator-dependent crops (whether grown 
nationally or imported) (established but incomplete). 
For example, many of the world’s most important cash 
crops are pollinator-dependent. These constitute leading 
export products in developing countries (e.g. coffee and 
cocoa) and developed countries (e.g. almonds), providing 
income and employment for millions of people. In general, 
the importance of animal pollination services varies between 
5-15% of total regional crop market output depending 
on the area, market price, and pollinator dependence of 
the affected crops, with the greatest contributions in East 
Asia (4.7).

Although the economic consequences of pollinator 
gains and losses can be significant across the world, 
most evidence is based on global market data or case 
studies in the developed world with very few detailed 
studies in the developing world (well established). This 
regional bias may therefore fail to capture the impacts of 
pollinator shifts on the people whose livelihoods and diets 
are most vulnerable to pollinator losses (4.7.3). 

The joint use of monetary and non-monetary 
valuations (integrated valuation) of pollinator gains 
and losses can be used to better inform decision 
making on land use (unresolved). Valuation of pollinator 
shifts can help in the decision making process through cost-
benefit analyses, risk analyses, socioeconomic studies, etc. 
This information can be used in certifications, environmental 
schemes, green GDP, and regulatory frameworks (4.6.3). 
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INTRODUCTION AND 
OUTLINE
Pollinators are a key component of global biodiversity, 
providing vital ecosystem services to crops and wild plants 
(Klein et al., 2007; Potts et al., 2010; for more details, see 
Chapters 2 and 3). However, there is evidence of recent 
decline in both wild and managed pollinators and parallel 
decline in the plants that rely upon them (Potts et al., 2010; 
Biesmeijer et al., 2006). Declining pollinators can result in 
the loss of pollination services, which can have important 
negative ecological and economic impact that could 
significantly affect the maintenance of wild plant diversity, 
wider ecosystem stability, crop production, food security 
and human welfare (Potts et al., 2010). 

The importance of animal pollinators in the functioning of 
most terrestrial ecosystems has been extensively described 
and analysed in a broad range of scientific literature (see 
Chapter 3). The importance of pollinators and pollination 
services can often be evaluated in economic terms in order 
to link decisions made with economic consequences (Daily 
et al., 1997; Daily et al., 2000). The economic assessment 
of pollinators and pollination services is measured by their 
total economic value (TEV; summarized in Figure 4.1). 
Economically, the total value of an ecosystem service is 
the sum of the utilitarian reasons a society has to maintain 
it. This is typically divided into (i) use values, the values of 
the benefits that people gain from the functioning of the 
ecosystem (e.g., the pollination of crops); and (ii) non-use 
values, the values that people attribute to the existence of 
an ecosystem service, regardless of its actual use (existence 
value, e.g., the existence of pollinators) or the value they 
place on the potential to use the ecosystem service in the 
future (bequest value e.g., species that could pollinate 
crops in the future). Pollinators and pollination have a use 
value because the final product of their service can be 
used directly by humans, such as with crops or honey (a 
consumptive use), as well as the leisure and aesthetics 
created by the presence of pollinated wild plants within the 
landscape (a non-consumptive use value). Pollination can 
also provide indirect use values through supporting the 
reproduction and genetic diversity of wild and cultivated 
plants that benefit humans. Finally, the use value of 
pollinators and pollination also contains an option value 
(the value given to preserve a choice option of pollinators 
and pollination-dependent products in the future) and the 
insurance value (the capacity of pollinator communities to 
reduce the current and future risks associated with using 
pollination services; Baumgärtner and Strunz, 2014).

However, not all these values are directly related to 
markets (only the consumptive uses that are marketed). 
Consequently, the impacts of management on pollination 
services could be under-estimated when making decisions, 

potentially resulting in inefficient or unsustainable use of 
resources. Economic valuation provides two forms of 
essential information to stakeholders. Firstly, it highlights 
the economic contribution of pollinators to the various 
benefits provided to the agricultural sector and society. 
Thus, it tells the decision maker how much net benefit arises 
from different interventions, which in turn allows for the 
optimal design of such interventions. Secondly, economic 
valuation can assess the impact of variations in pollinator 
population on the economic welfare of different groups of 
people, such as farmers or consumers. By considering 
this information, decision makers, from both the public and 
private sectors, are able to make better-informed decisions 
about the impacts of proposed investments, public 
spending or management changes. This chapter aims to 
review the conceptual framework and the various methods 
of economic valuation of pollinators and the effective use 
of these valuations. There are also other value systems, 
including spiritual, cultural and indigenous and local 
knowledge values, which can inform decision-making, these 
are reviewed in Chapter 5. 

In this chapter, pollination services are considered an 
ecosystem service, i.e., “the conditions and processes 
through which natural ecosystems, and the species that 
make them up, sustain and fulfil human life” (Daily, 1997). 
The evidence is clear for wild pollinators that are provided by 
natural ecosystem as forests or soils, but some ambiguity 
remains when considering managed pollinators as they can 
be considered as livestock, far from nature. However, they 
are used to provide services in agricultural systems that, 
while heavily managed, remain a functioning ecosystem 
(or agro-ecosystem, see Swinton et al., 2006; Swinton et 
al., 2007; Zhang et al., 2007). Thus described, pollination 
services from managed pollinators are ecosystem services 
offered by the agro-ecosystem. Unlike many well-quantified 
ecosystem services, pollination services are provided by 
mobile organisms that can move in uneven patterns across 
their foraging range, making them more difficult to assess 
accurately (Kremen et al., 2007). Furthermore, pollination 
services are an intermediate service, a service that is not 
beneficial in itself but instead underpins other benefits, 
such as crop production and landscape aesthetics, by 
helping produce pollinator-dependent crops for human 
food and nutrition security, along with the reproduction of 
certain plants (Fisher et al., 2009; Mace et al., 2012). The 
value of intermediate services is assessed not by looking at 
their direct consequence (pollination) but by their impacts 
on the final goods that are produced (food, honey, etc.). 
These final goods have a market price which gives some 
reasonable indication of their use value (note that prices 
may under-estimate values). However, pollinators are also 
final ecosystem services in themselves because of the value 
associated with their existence. Although this complicates 
the challenge of accurately valuing pollination services 
more substantial, these abstract benefits can still be valued 
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economically. Consequently, the methods of valuing the 
impact of pollinator and pollination gains and losses can 
range from very simple to very complex at several levels.

The chapter starts with an outline of some frequently asked 
questions on economic valuation of nature and ecosystem 
services, with emphasis on pollinator gains and losses. 
Section 1 then presents the rationale behind economic 
valuation of pollinators and pollination. Section 2 critically 
reviews the range of methodologies that have been applied 
to quantify the benefits of pollination services. The strengths 
and weaknesses of each method are also discussed, in 
terms of their ecological and economic validity as well as the 
capacity to extrapolate the values to different spatial scales 
and data requirements are outlined for each one. Valuation 
may vary relatively according to the ecological or biological 
functioning of the ecosystems that support pollinators, the 
spatial and temporal specificity of the pollinating animals, 
and the value given by the consumers or beneficiaries of 
the final good obtained by this service (Farber et al., 2002; 
Fisher et al., 2009). Section 3 focuses on temporal and 
spatial scale effects on the economic valuation, including 
tools for integrating these factors into valuation. Economic 
valuation tends to assume that the consequences of 
pollination service loss are precisely known. However, 
decision-making is confronted with stochastic relations 
between events, giving rise to a number of factors that can 
significantly affect the economic value of pollinator gains and 
losses. Section 4 considers the effects of economic risk and 
uncertainty inherent to pollination services (e.g., fluctuations 
in service delivery or market prices) and pollinator 
community resilience, including methods to quantify and 
value these factors. Section 5 reviews knowledge gaps 
related to the economic valuation of pollinators, covering 
agronomic, ecological and economic knowledge that could 
be used to improve value estimates. Section 6 reviews 
the applied use of these economic valuations for decision-
making, reviewing the stakeholders concerned with these 
valuations and, for each of them, how they should interpret 
the values and use them. Finally, Section 7 analyses case 

studies that used the methodologies presented in this 
chapter. The chapter ends with a synthesis of all these 
sections 8.

FREQUENTLY ASKED 
QUESTIONS 
In this section, we briefly outline some common frequently 
asked questions on economic valuation of nature and 
ecosystem services, with emphasis on pollinator gains and 
losses. We briefly explain the approach adopted in this 
chapter, and direct the reader to specific sections where this 
is discussed in detail in this chapter. We hope this section 
clarifies the benefits and the limits of economic valuation.

1. Are economic values the same 
as prices?
Distinction must be drawn between prices and values. 
Prices are the monetary exchange rate of a good on a 
market, or information that institutions (including markets) 
link with things in order to manage their use. In contrast to 
this, economic values express the importance people place 
on things, more precisely, they are a quantitative expression 
of the impact a service has on the overall economic 
wellbeing of people. Each time we make a decision affecting 
natural or semi-natural habitats there is an (implicit and 
possibly explicit) valuation of the consequences of this 
choice, involving trade-offs with other land-use decisions. 
Therefore, humans are, in many circumstances, implicitly 
valuing ecosystems through the decisions they make. 
Economic valuation is a process in which these values 
are made explicit by using well-informed methodologies 
and justified criteria. The neoclassical economic theory 
of value can be regarded as a theory of what should be 
a perfect price system in order to transmit to economic 
agents the most relevant information on the relative utility 

FIGURE 4.1
 
 

Total economic value of pollinators and pollination service (adapted from Pascual et al. 2010).
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and scarcity of all goods and services. However, in the real 
world, prices do not usually indicate the values. Ideally, 
economic valuation studies should estimate values; yet, 
several methods tend to estimate prices or price variations, 
which are used as indicators of value (e.g., market price of 
renting honeybee colonies can be used as a proxy of the 
economic value of honeybees). See Section 1 for a more 
detailed explanation.

2. Does economic value mean 
monetary value?
Though the question is often addressed in these terms, 
it has to be reformulated because “monetary value” has 
no clear meaning. If the question is “should the economic 
values necessarily be expressed in monetary terms?” the 
answer is “not necessarily”, but for practical reasons and 
communication purpose, it is generally the case. Economic 
values can be expressed in any currency. Nevertheless, 
monetary units have practical advantages, for example, as 
a common unit across highly diverse costs and benefits and 
it is the same unit that other investments (including in non-
environmental policy) are assessed in. Therefore, monetary 
units are generally used in valuations, although this tends 
to reinforce the ambiguity between values and prices. In 
monetary terms, economic valuation methods include 
market prices, when the benefits relate to existing markets 
(e.g., crop production), and non-market values, when 
relating to benefits not directly traded on markets (e.g., 
supporting aesthetic wild flower diversity). Non-monetary 
indicators can also be of great importance, for example, 
given that demands for agricultural products are constantly 
increasing from a growing and more affluent population, 
it is important to maintain the regenerative nature of 
agroecosystems, such that food production and diversity, 
and livelihood are improved for farmers. These important 
considerations are indeed difficult to express in monetary 
terms. See Sections 1 and 2.4 for further discussion.

3. Does the valuation of nature 
and ecosystem services imply 
privatization or commodification?
Economic evaluations are usually motivated by goals such 
as decision support, policies design or raising awareness 
among public decision makers of the importance of certain 
issues. The intention is not privatizing or commodifying 
public assets, which is often considered both impractical 
and unethical, but to recognise their values and include 
them explicitly in public or social decision-making. For 
example, the value of a river as a provider of clean water 
for a town does not imply a market for buying and selling 
rivers. Similarly, the value of a meadow as a provider of 
insect pollination for nearby crops does not imply a market 

for buying and selling meadows. It recognises a common, 
natural asset that should be protected for the benefit of 
the overall welfare of those affected. Valuation allows the 
importance of such an asset to be compared with the 
interest for society of alternative actions or policies that 
degrade it. Therefore, using techniques to estimate the value 
of a resource to society can help its members to better 
understand the scope and scale of the benefits received 
from the resource. Furthermore, economic values and other 
valuation systems (see Chapter 5) are not mutually exclusive 
and can be combined using multi-criteria analyses. See 
Section 1 for further discussion.

4. Does economic value include 
non-use values?
Non-use values have been progressively introduced in 
economic valuation of natural assets in order to get more 
significant indicators of the total importance of the multiples 
reasons explaining why people value nature’s services. 
Economic valuation thus includes methods to quantify both 
use values (e.g., crop production due to insect pollination) 
and non-use values (e.g., the value people place on the 
existence of pollinators). Indeed, valuation theory places 
a great emphasis in capturing both of these types of 
economic value. See Section 1 for further discussion.

5. How much uncertainty is 
associated with economic values?
The uncertainty is an important limitation affecting the 
precision of economic valuation methods related to crop 
production. For example, the underlying empirical data 
linking pollination to yield are sparse and do not adequately 
represent variation among crop varieties, years, or places, 
particularly for the widely grown crops. Unfortunately, 
valuations have often been widely communicated without 
explaining this uncertainty (whether or not it is in the 
discussion text of the scientific papers). The fact that the 
estimation of values share uncertainty, as is true of most 
estimates in any scientific field, does not mean that the 
process and use of valuation is inherently flawed. If the 
valuation process is not made explicit, the value given to 
natural assets or ecosystem services may be zero, a value 
that we can be certain is wrong. It is important that values 
should be communicated to policy makers and the public 
with corresponding estimates of uncertainty, for example, 
by providing ranges of values instead of a unique value. We 
also identify in this chapter several biological knowledge 
gaps that directly affect valuation uncertainty. Thus, though 
variations among valuations may be the effect of technical 
failure, they may also reflect the fact that the valuation of 
the same service in different circumstances has no a priori 
reason to be the same. Moreover, these differences can 
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simply reflect the natural heterogeneity in benefits, which in 
turn inform these values in decision-making. The underlying 
‘true’ value that we are trying to measure is likely to fluctuate 
itself quite considerably because of changes in food demand 
and supply, the development of technology and changes in 
populations and their socio-economic characteristics, among 
others. See Sections 3 and 4 for further discussion.

6. Does valuation precludes 
conservation because the use 
values of natural systems are 
usually lower than alternative 
land uses?

In many instances, a particular use value of natural 
ecosystems can be lower than alternative land uses. For 
example, the opportunity cost of replacing more forest area 
with coffee plantation can be higher than the pollination 
services provided by the forest habitat to the coffee 
plantations. In plain language, it may be possible for a 
farmer to make more profit by expanding coffee area than 
from the higher yields (tons ha-1) that result from pollination 
services from forest next to plantation, thus creating 
incentives to destroy the forest. Although a particular use 
value of nature can be lower than alternative land uses, 
the estimation of this value does not inherently promote 
the destruction of nature. On the contrary, valuation may 
illustrate that the long-term consequences of pollination 
services lost may be greater than the value of new coffee 
production by reducing benefits to other plantation patches. 
Furthermore, the economic value of pollination services 
is additive to the values of other ecosystem services that 
forests provide in greater quantities than plantations, like 
clean water and fresh air to humanity (i.e., use values 
beyond crop pollination), and that conserving nature has 
a value for society even without perspective of use (i.e., 
non-use value is high). In this way, by estimating the value 
of pollination among other ecosystem services we add 
reasons to the conservation of nature in addition to the 
traditional, long-standing non-use values. As stated before, 
an advantage of economic valuation is to make the benefits 
and the decision-making process more explicit in regards to 
nature. For example, a particular forest may have low private 
use values (e.g., timber value) but high public use values 
(e.g., recreation). Social decision makers might therefore 
protect this forest even if its non-use values were low (e.g., 
no wildlife species of conservation interest). Therefore, a 
key issue is; ‘valuation for who’? The potential value of a 
field to the farmer is different to the potential value of that 
field to society. The market reflects the preferences of 
private individuals. Economic valuation allows us to look 
at values in the round, both private and public, and shows 
that the two are rarely identical. See Sections 3 and 5 for 
further discussion.

SECTION 1. NATURE AND 
SIGNIFICANCE OF THE 
ECONOMIC VALUATION OF 
POLLINATION

1.1 On the meaning of economic 
valuation 
The concept of value is used to describe how agents 
(typically individuals or, more broadly, societies) assign 
or express their interest in things; the “things” are 
objects, ideas, persons or anything else. Among multiple 
frameworks, the economic concept of value aims to 
measure and capture these values in largely quantitative 
terms; the current significance that is explained within this 
section. For an extensive analysis of economic valuation, 
non-economist readers are referred to microeconomic or 
environmental economics textbooks such as Just et al. 
(2008), Hanley et al. (2013) or Perman et al. (2012).

1.1.1 Understanding the meaning of 
economic value: utility and scarcity

Economics has been defined as “the science, which studies 
human behaviour as a relationship between ends and 
scarce means which have alternative uses” (Robbins, 1932). 
As such, economic value reflects the utility and scarcity of 
“things”. 

Utility refers to the satisfaction that agents obtain from the 
consumption of goods or services (a simple distinction is 
that services are not depleted by use, while goods can be). 
It is usually accepted that agents’ utility is subjective and 
depends on their preferences. The social welfare is the sum 
of the utility gains and losses of each agent in society. The 
utilitarian perspective advocates choosing options that offer 
the greatest social utility or welfare. However, consumers 
do not derive utility directly from pollinators, but they can 
gain utility from consuming the products of the pollination 
process, such as fruits or aesthetically valuable flowers 
(Fisher et al., 2009). 

Scarcity is not necessarily a measure of physical amounts, 
but of the tension resulting from the lack of supply of usable 
resources relative to the wants of the people (demand). 
Scarcity is at the core of the allocation issues. The scarcity 
of pollinators can lead to a decrease of pollination services 
and therefore a reduction of the utility of consumers of 
these benefits. Properly informed, economic valuation of 
pollinators provides relevant indicators of the relative utility 
and scarcity of the diverse resources offered through the 
process of pollination that may contribute to human welfare. 
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1.1.2 Values, costs and prices

Advantages and limitations of bringing the diversity of 
preferences into a single-dimension analysis. Economic 
valuations typically measure values in monetary figures. 
However, this is often criticized as being too simplistic 
as it brings the diversity of wants and needs into a one-
dimension indicator. When related to nature, these wants 
and needs are difficult to substantiate and do not really help 
decision makers to understand the actual functioning of 
human societies in their relation to ecosystems as, because 
of methodological limitations, economic valuations alone 
cannot fully capture the richness and diversity of relations 
between societies and nature. This is a particular issue 
when the results are poorly reported and do not allow 
to fully capture or express the variability and diversity of 
values among individuals. However, the purpose of the 
valuation is to enlighten decision-makers on the utility/
scarcity issues resulting from the choices they can make. 
Expressing benefits and costs in a way common to standard 
economic activity allows, aside of other measures, for more 
informed decision-making than would otherwise be possible. 
Expressing the intensity of the tensions on ecosystem 
services with a monetary indicator allows comparing them 
with the prices that can be observed on the markets.

Prices, costs and values: how do they differ? 
Economists use three complementary but distinct concepts 
to express the impacts of economic activity in monetary 
units: prices, costs and values. Prices are the amounts 
that buyers must pay to sellers when there is a market 
i.e., the mechanism by which buyers and sellers interact 

to determine the price and quantity of a good or service. 
When the market is competitive, prices may vary in order to 
balance supply and demand. Costs express what agents 
must give up to get (or produce) the items they want, i.e., 
the efforts they would bear in terms of monetary cost, 
but also of time, inconvenience or income foregone (often 
referred to as opportunity costs). The use of ecosystem 
services could lead to a situation with no cost if there are no 
private cost (the cost incurred by the suppliers or the price 
paid by the consumers if any), or negative “externalities” 
(see Section 1.1.3.). Values reflect the interest of agents 
for goods and services, knowing that their preferences 
for these objects are influenced by both their needs and 
culture, and the information they have. Although they are 
often used interchangeably with values, the benefits are, 
in reality, the positive impacts produced by pollinators and 
pollination services. Economic valuation of pollination and 
other ecosystem services aspires to quantify the welfare 
gains from benefits1.

Marginal values. Economic value is often derived from the 
maximum amount a consumer is willing to pay for a good 
or service in a market economy. For goods and services 
for which there is no market, these welfare values must be 
estimated by appropriate methods (see Section 2). The 
values useful to inform public policy choices are the values 
of goods and services units gained or lost resulting from 
the different choice options. These are what economists 
call marginal values. In the context of ecosystem services, 

1. In the “cascade model” of the CICES (Haines-Young and Potschin, 
2010), benefits are defined as the share actually used of the entire 
ecosystem services potential.

FIGURE 4.2
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marginal values are even more relevant to informing decision 
making when complete collapse of services is unlikely 
(Costanza et al., 2014).

Net economic value and consumer surplus. Most 
economic valuations refer to “willingness to pay” (WTP) as 
a measure of the value of goods and services, regardless of 
whether WTP are obtained from direct statements or derived 
from any observable information. WTP is used as a measure 
of utility because it represents an individual’s subjective 
view of what a thing is worth to them, given their budget 
constrains (as are market prices). In this way, it differs from 
utility, which may be much greater than an agent’s budget. 
As it is not possible to ask every individual what they are 
willing to pay for a benefit, WTP is instead estimated from 
surveyed sample or observed behaviours using economic 
statistics (Econometrics). From this, it is possible to derive 
consumer surplus (CS) – the difference between what 
consumer would be willing to pay (WTP) to get a good or 
service and the cost they actually bear (market price or 
opportunity cost). Symmetrically, producer surplus (PS) is 
the difference between the market price and the production 
costs, representing the welfare gains to the producers of the 
good or service. 

In Figure 4.2, the demand curve is built by ranking the WTP 
for each unit of the service from the highest to the lowest 
and the supply curve ranks units by increasing production 
costs. The intersection (Q*, P*) indicates the hypothetical 
market equilibrium (if there is a market), the equilibrium being 
where market prices are determined. The blue area covers 
the difference between the WTP and the market price for all 
the units that will be effectively produced and consumed. 
It represents the CS or net value of the service for the final 
consumers. 

When there is no cost, CS is directly equal to the sum 
of WTP. Such cases are extremely rare in the real world, 
except where there are no alternative uses of that resource. 
This would be the case for ecosystem services if they were 
available at no cost, including no opportunity cost resulting 
either from legal constraint imposed to agents interacting 
with processes behind the ecosystem service or either from 
no alternative uses of these services.

1.1.3 The externalities issue 

An externality is a cost (negative externality) or a benefit 
(positive externality) that affects a party who did not choose 
to incur that cost or benefit, and does not get or pay 
compensation for it. A positive externality may be pollination 
when as a by-product of honey production. A negative 
externality could be the loss of crop pollination resulting from 
declining insect pollinators due to pesticide use. 

The existence of externalities is directly dependent on the 
structure of the property rights (there is no externality if the 
managed pollinators belong to the farmers that grow the 
crops) and on the legal or economic status of pollinators 
or pollination services (private goods, public goods, 
common goods, club goods, see Table 4.1, Fisher et al., 
2009). The criteria of classification are two-fold: whether 
the consumption of a good by one person precludes its 
consumption by another person (rivalness) and whether or 
not one must pay for a good in order to use it (excludability). 
Honeybees can be considered as a private good or service 
when they are exchanged in a pollination market. Indeed, 
their services are privately owned (rival) and marketable 
(excludable). However, this classification assumes that the 
honeybees have no possibility to pollinate other crops in 
another field or wild plants. In this case, their services would 
become a common good because they are non-excludable 
(once they are provided everybody use them) but rival. Wild 
pollinators are considered as a public good because their 
services are non-rival (the fact that an agent uses them does 
not prevent other agents to use them) and non-excludable. 

The economic status of pollination service is not quite clear 
because it may vary according to several circumstances 
and institutional context (see Cheung, 1973). When wild 
pollinators provide the service, it can be considered a 
public good. When honeybees that have not been rented 
provide services, they can be seen as a positive externality 
of honey production or as a reciprocal externality between 
beekeepers and farmers (Meade, 1952). When there is a 
market for hives rental (e.g. in the United States), pollination 
becomes a marketed service whose economic efficiency 
can be discussed (Cheung, 1973; Rucker et al., 2012). The 
difference between a market and non-market situation may 

Excludable Non excludable

Rival Private good. Pollinators are private good when they are 
managed by beekeepers; pollination may be a private good 
when it can be controlled or when there is a market for 
pollination service.

Common good. The pollination is provided by pollinators 
to all crops and wild flora in an area that depend only on 
the pollinator species (say honeybees). If the abundance or 
diversity is limited, there is rivalry among crops or between 
crops and wild flora.

Non rival Club good. Pollinators could be a club if a group of farmers 
and beekeepers were organized to manage them, but 
scientific literature does not provide an example of such an 
organization. 

Public good. Wild pollinators and in many cases managed 
pollinators are a public good when the pollination service is 
provided freely on the sole criterion of spatial proximity either 
to crops or to wild flora that create social amenities.

TABLE 4.1
Characteristics of good and services from pollinators adapted from Fisher et al. (2009)
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have significant implications for the long-term management 
of the service. As long as there is no price signal from 
the market, or other signals from e.g., public policies, the 
agents (those whose choices and behaviours influence the 
dynamics or conservation of pollinators) will not be affected 
by the consequences of their choices and behaviours. This 
may potentially result in unstable or unsustainable long-term 
management practices.

1.1.4 Monetary contribution versus 
economic value of the impact (or 
consequences) of an ecosystem service
A distinction should be made between the monetary value 
of the contribution to society of an ecosystem service and 
the economic impact of the loss of this service on the 
society. Taking the example of Figure 4.2, we could assume 
that the contribution of the ecosystem service to society is 
the gain in production between Q1 and Q2. In this way, the 
monetary value of the contribution would be the price, P1, 
multiply by the net production due to the ecosystem service. 
The economic impact or consequence of the ecosystem 
service loss measures the impact on the price and quantities 
at the equilibrium of such a decline. The economic value of 
the decline would be measured by consumer and producer 
surplus losses. A more detailed discussion of the distinction 
between monetary contribution and economic valuation of 
pollination services can be found in Gallai et al. (2009a).

1.1.5 The cost-benefit analysis framework 

Economic valuations are usually part of a larger process of 
economic analysis. There are in fact two main frameworks: 
cost-benefit analysis and cost-efficiency analysis. Both 
framework use many of the same principals and data but 
have substantially different scope and objectives, making 
them useful in different situations. 

Cost-benefit vs. cost-effectiveness analysis. Economic 
valuations refer primarily to the idea of calculating and 
comparing the costs and benefits, typically for policy-
makers who have to make a decision among several 
choice options. Cost-benefit analysis aims at identifying 
the option with the highest net present value (NPV). NPV 
measures the balance of economic gains and losses linked 
to each option. In order to allow the comparison of cost 
and benefits that occur at different time, future gains and 
losses are down weighted using a discount rate (see 
Section 3.2.2.3.) according to the expected change in the 
value of money over time in order to obtain their present 
value. When calculated in a social context (as opposite 
to individual or private), and provided you have included 
and accurately valued all major benefits and costs and 
applied the appropriate discount rate, the highest NPV 

maximizes the social welfare. Cost-Benefit Analysis (CBA) is 
often used to identify this maximum: what are the levels of 
benefits gained from investing certain costs in an action. For 
example, Blaauw and Isaacs (2014) explicitly measured the 
benefits of pollination services from field margins sown with 
flowering plants to nearby blueberries relative to the costs 
of managing and maintaining these margins, finding that the 
total benefits outweighed the total costs after 3 years. It is 
therefore quite different from the cost-effectiveness analysis 
(CEA), which aims at identifying the most efficient way 
(lowest cost) to reach a particular goal: e.g., considering 
which mitigation measure would provide a minimum level of 
insect pollinators needed at the lowest relative cost. 

CBA and distributive justice. A well-designed CBA 
should be able to recommend choice options that maximize 
social welfare. This optimal situation is sometimes called 
allocative efficiency because it is a situation where 
all goods are allocated to their most beneficial use. 
Nevertheless, this result may not be considered fair. The 
CBA may lead to solutions that are theoretically optimal but 
less preferable in terms of social justice since the positive 
and negative effects are distributed unevenly among agents. 
A policy with positive aggregated impact (say a ban of 
some pesticides that degrade the diversity of pollinators) 
may have a negative impact on certain agents that do not 
receive much or any of the benefits (e.g., farmers that grow 
wind pollinated crops that depend on this pesticide) (for 
overviews of these issues see Martinez-Allier, 2003; Pearce 
et al., 2006). Following seminal critics such as Rawls (2001), 
Sen (1999a, 1999b) or Fehr and Schmidts (1999), innovative 
analyses have introduced justice considerations. CBA can 
be carried out with different social decision making rules and 
taking into account issues such as the diminishing marginal 
utility of income (as required in the UK Treasury Green Book 
guidelines) so as to incorporate issues of social distribution. 
The same comment may apply to CEA.

The sustainability criterion. Maximizing NPV is an 
efficiency-based criterion (the most efficient alternative is 
the one that maximizes NPV). As such the NPV can be 
positive for a project that is not sustainable (i.e., consistent 
with sustainability goals). Indeed, a development project 
can be sustainable, while its NPV is negative. The measure 
of sustainability is still an ongoing debate, however the 
classical sustainability criterion (Pezzey, 1989; Solow, 
1993) assumes that consumption or welfare must be 
non-decreasing over time (the consumption of tomorrow 
should not be lower than the one of today). Since the 
consumption path is not necessarily representative of 
the welfare (Ascheim, 1994), classical conceptions of 
sustainability tend to focus on non-decreasing social 
welfare (Arrow et al., 2004). Following the concept of 
development as freedom (Sen, 1999a), recent perspectives 
tend to consider that a better sustainability criterion should 
be to maintain life opportunities (Howarth, 2007). The 
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sustainability of pollination services should be evaluated 
regarding, not only its impact on consumption path or the 
welfare of a typical individual, but in order to maintain these 
life opportunities. 

1.2 Linking economic values with 
pollination 
The economic literature systematically links valuation with 
decision, public awareness and policy-making. Indeed, the 
conceptual framework of economic valuation is designed for 
collecting and organizing information toward hierarchizing 
and selecting choice options (for instance, agriculture policy 
or biodiversity strategy; Costanza et al., 2014). However, 
there apparently are broader motives behind economic 
valuations, and some authors have suggested that the link 
between valuations and decision-making was more related 
to general advocacy than to providing technical information 
(Laurans et al., 2013; Laurans and Mermet, 2014).

1.2.1 Understanding the importance of 
what is at stake 

There is growing evidence of insect pollinator decline 
in many regions and its consequences (e.g., fruit and 
vegetable production decline in quantity and/or quality) 
are occurring, but building indicators of these changes 
is difficult and the result can be controversial or of limited 
social impact if expressed in a metric understood only by 
scientist and experts. The first interest of estimating the 
value of pollination service or the cost of pollinator decline 
is certainly to raise awareness on their importance for our 
societies, and to offer a clear and simple argument to help 
policy-makers to make choice about the opportunity to 
design and implement appropriate measures. Estimating 
the cost of pollinators’ decline in economic terms allows 
the comparison of the result to other issues and, more 
importantly, to the cost of the remedies that can be 
proposed to this problem. In many cases, a precise study of 
the local variations in value indicators will be more helpful for 
decision making than global information.

1.2.2 Defining hierarchies, priorities and 
choices 

Comparing the cost of declining pollinators to the cost 
of implementing alternative options in behaviours and 
solutions is clearly a difficult task. The main difficulty is 
usually to assess the cost of moving away from the current 
policies and behaviours. However, drawing a clear picture 
of alternative practice and organization can be a challenge 
as well. There is in fact little literature that directly offers 
estimates of such change (for an analysis based on cost of 

replacement, see Allsopp et al., 2008) and the few published 
results appear quite sensitive to the valuation method. 

The design and assessment of cost-effective policies 
and action can be of real importance, but enlighten only 
a framework for a least-cost approach for some policy 
target (cost-efficiency) without demonstrating that it is the 
best social choice (the gain are not necessary larger than 
the costs). For example, the market for colony rental for 
almond orchards in California (Klein et al., 2012) might be the 
simplest way to meet the needs of large-scale monocropping 
landscapes. However, the pollinator shortage might also 
be solved if agricultural landscapes were to become more 
heterogeneous (Hussain and Miller, 2014), if producers 
switched to crops less dependent on pollinators or even 
developing artificial pollination techniques, but this is in most 
cases highly speculative. Economic valuation can assist in 
this process by identifying not only the most cost-effective 
solution but the fairest and most sustainable ones as well.

SECTION 2. METHODS FOR 
ASSESSING THE ECONOMIC 
CONSEQUENCES OF 
POLLINATOR GAINS AND 
LOSSES
A number of methods have been used throughout the 
published literature to quantify the economic consequences 
of pollinator gains and (most often) losses. The following 
section reviews the principle details of each of these 
methods, focusing on what it measures (price or value 
and of what specifically), an overview of the methodology 
involved, it’s strengths and weaknesses, under what 
situations it is suitable to use and what data is required. 
Key examples of each method (some of which are reviewed 
in detail in Section 7) are provided for interested readers. 
Table 4.2 summarises these methods for ease of reference. 

2.1 Price Aggregation

2.1.1 Aggregate crop price

What it Measures: The total market price of animal 
pollinated crop production.

Methodology: This method assumes that production of 
all animal pollinated crops would cease in the absence of 
pollination services and therefore equates the total sale price 
of all crops that benefit from animal pollination, with the 
value of pollination services themselves. 
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Strengths: As it assumes that crops are either uneffaced 
or completely lost, this method has very simple data 
requirements and is equally applicable at all spatial scales 
providing sufficient data is available. Assuming the complete 
loss of insect pollinated crop production may be realistic 
for some highly pollinator-dependent crops with high 
management costs. 

Weaknesses: By assuming that crops are either entirely 
dependent upon pollination or not dependent at all, this 
method significantly overestimates the overall benefits of 
pollination services and does not estimate the marginal 
impacts of pollination services. Although production of some 
crops would probably cease, in many crops, these benefits 
are not large enough (Klein et al., 2007) that they could not 
potentially be produced profitably without animal pollination. 
Finally, the method does not consider producer’s ability to 
substitute between crops or sources of pollination and the 
effect such losses may have on prices and consumer or 
producer welfare. 

Data Required: Data on the price per unit and number of 
units sold for crops known to benefit from animal pollination.

Examples: Matheson and Schrader (1987); Costanza et 
al. (1997).

Suitable to use: As it greatly overestimates the impacts of 
pollination services and does capture economic value, this 
method is not suitable for use as an economic appraisal 
of pollinator gains or losses and is included only for 
historic reference.

2.1.2 Managed pollinator prices

What it Measures: The market price of managed 
pollination services.

Methodology: The sum market price for the use of these 
pollinators in crop production is taken as the total value 
of the pollination service they provide, which is assumed 
to have arrived at an accurate price via traditional market 
forces (Rucker et al., 2012). This can be based on a) 
recorded numbers of hives actually hired (Sandhu et al., 
2008) or b) the total stock of managed pollinators. To date, 
this method has only been applied to honey bees, although 
it is equally applicable to any managed species bought or 
rented for use as a crop pollinator.

Strengths: This method reflects the market price for 
pollination services as an input and is thus compatible with 
standard economic theory and accounting. Differences 
in rental price for honeybees can capture variations in the 
relative value the market places on pollination services to 
crops, theoretically linked to the market price of the crop 

and the relative benefits of the service. Providing that 
regional variations in prices are captured, this method is 
equally applicable at any scale. Economic modelling can 
also be used to predict future values based on changes in 
factors affecting services (Rucker et al., 2012). 

Weaknesses: While some larger markets such as the 
United States have well-developed markets for managed 
honeybees (Rucker et al., 2012), in many counties, markets 
for honey bee pollination services are very small resulting in 
little commercial beekeeping for pollination (e.g., Pocol et al., 
2012; Carreck et al., 1997). Where markets do exist, existing 
evidence suggests that prices are largely independent of 
the benefits to the crop, influenced instead by factors such 
as management costs, limited honey yield (or none suitable 
for human consumption) from some crops, the availability 
of commercial honey bees and the sale prices of the crop 
(Rucker et al., 2012; Sumner and Boriss, 2006). Other 
managed pollinators are bought at fixed prices per unit, 
which are, similar to other agricultural inputs, uninfluenced 
by the benefit to the crop. As such, price fluctuations will 
not reflect changes in the benefits of the service but the 
market forces affecting the price of producing and supplying 
these pollinators. Most significantly, this method completely 
discounts the benefits of wild pollinators, which are often 
a more significant contributor of pollination services than 
e.g., managed honey bees (Garibaldi et al., 2013), services 
provided for free by local beekeepers (Carreck et al., 1997) 
or pollinators managed directly by producers. Finally, 
managed pollinator prices alone will not reflect the benefits 
of varying interactions between wild and managed species 
that often have different, complimentary foraging habits 
(Brittain et al., 2013; Greenleaf and Kremen, 2006 but see 
Garibaldi et al., 2013).

Data required: Rental prices of managed honeybees and/
or purchase price of other managed pollinators; estimates 
of the number of pollinators per hectare required for 
optimal pollination.

Examples: Burgett et al. (2004); Sandhu et al. (2008).

Suitable to use: This method should only be employed 
where a market for managed pollination services exists 
at a large enough level to form a substantial proportion of 
pollination service provision. Due to the inability to capture 
wild pollination services, this method is primarily suitable 
in systems where all pollination is provided by managed 
insects – for example glasshouses. Spending on managed 
pollinators is however likely to be important to local 
decision-making (Section 6). 
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2.2 Production functions

Production functions are analytical or statistical models 
that represent the impact of a quantity of an input on the 
quantity of an output produced in relation to all other inputs 
used. Two forms of simplified production function have been 
widely used to estimate the economic consequences of 
pollination services: Yield Analysis and Dependence Ratios. 
These methods are only partial production functions, as 
they do not account for the impacts of other inputs on 
production. Full production functions (covered in Section 
2.2.3) have not been applied to pollination services to date, 
however a growing number of studies have advocated their 
use. Ultimately, none of the methods detailed below capture 
the true value of pollination services, only the market price 
of production these services underpin. In particular, as they 
do not capture changes in prices resulting from changing 
production they are mostly suitable at smaller spatial 
scales where yield change is unlikely to affect market price. 
Therefore, all production function approaches have to be 
combined with surplus estimation in order to assess the 
welfare value of benefits, particularly at wider scales. 

2.2.1 Yield analysis

What it Measures: The market price of additional crop 
production resulting from pollination services.

Methodology: Using agronomic experiments, this method 
compares the average output of sub-samples where 
pollinators have been excluded to other sub-samples left 
open to pollination with the difference acting as a measure 
of pollination service benefits. More recent studies have 
expanded this approach by considering the impacts of the 
observed change in output on producer costs (e.g., Winfree 
et al., 2011) and the potential market price of production 
lost from deficits in pollinations services (e.g., Garratt et al., 
2014). In these studies, changes in producer output or profit 
resulting from pollination are used as a measure of value. If 
data on pollinator visitation rates and efficiency are available, 
it is possible to divide the market price of output per hectare 
among particular pollinator taxa to estimate their relative 
importance within the system (Winfree et al., 2011). The 
marginal benefits of different levels of managed pollination 
services on yield can be captured by varying the number 
used within the landscape (Delaplane et al., 2013) or by 
assessing the suitability of local habitat to provide pollination 
services (Ricketts and Lonsdorf, 2013). 

Strengths: Comparing open-pollinated and pollinator-
excluded sub-samples, allows for an accurate assessment 
of the benefits from pollination to particular crops under field 
conditions if all other factors are equal. These studies can 
also capture the variation in pollination services benefits to 
different cultivars of the same crop and the impacts that 

pollinator driven changes in production will have on marginal 
costs (e.g., the costs of labour for fruit picking) allowing for 
more detailed and accurate estimates of service benefits 
(see Garratt et al., 2014).

Weaknesses: Despite numerous studies using this method, 
yield analysis is not a standardized methodology within 
economic valuation literature. Although most studies are 
use relatively consistent methods for determining pollination 
service benefits, variations in methodology (e.g. Ricketts 
et al., 2004) may affect the accuracy of estimates even 
in the same crop (Garratt et al., 2014; but see Vaissière 
et al., 2011 and Delaplane et al., 2013 for standardized 
methods). For example, few studies account for the impacts 
of pollination services on crop quality, which may result 
in an underestimation of benefits of pollination (Garratt et 
al., 2014; Klatt et al., 2014). By contrast, as this method 
does not account for the marginal effects of other inputs 
or ecosystem services on crop productivity (e.g., pest 
regulation; Melathopoulos et al., 2014; Lundin et al., 2013) 
the benefits of pollination services may be overestimated. 
This is particularly significant in very highly dependent 
crops where as much as 100% of crop market output can 
be attributed to pollination using this method, effectively 
estimating that all other inputs having no benefit. In reality, 
other inputs will still influence yields, even in very highly 
dependent crops, by affecting e.g., the size and number of 
fruits produced. 

Data required: 
• Minimum: Agronomic estimations of crop yield in both a 

pollinator-excluded and open-pollinated system (following 
e.g., Vaissière et al., 2011; Delaplane et al., 2013), crop 
market price per unit.

• Optimal: As above plus agronomic estimations of 
crop specific quality and market parameters in both 
a pollinator-excluded and open-pollination system. 
Estimates of changing management and harvest costs 
arising from lower yields without pollinators. 

Examples: Garratt et al. (2014); Klatt et al. (2014).

Suitable to use: As they capture pollination service benefits 
at a very precise scale, yield analyses are most useful 
illustrating the benefits of pollination services at local levels. 
Regional scale benefits can be estimated with this method if 
a number of sites, covering a diverse range of environmental 
conditions, are sampled. At larger scales, assessment 
at a very large number of sites to cover variations in 
environmental conditions would be required. 

2.2.2 Dependence ratios

What it Measures: The market price of additional crop 
production resulting from pollination services.
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Methodology: These studies use dependence ratios, 
theoretical metrics of the proportion of crop yield lost in the 
absence of pollination, to estimate the current contribution of 
pollination to crop production within a region. This proportion 
of crop production is multiplied by the producer price per 
tonne (or other unit of production) to estimate the total 
benefits of pollination services. The expected proportion of 
yield lost can also be multiplied by yield dependent producer 
costs (such as labour costs) to estimate producer benefits. 
Unlike yield analyses, which utilize primary data collected 
from the field, dependence ratios are based on secondary 
data such as personal communications with agronomists 
(e.g., Morse and Calderone, 2000) or from literature on 
agronomic experiments comparing yields with and without 
pollination services (e.g., Allsopp et al., 2008), often using the 
same methods as employed in yield analyses. 

Strengths: By estimating the proportion of yield lost, 
dependence ratio studies theoretically capture the link 
between pollination services and yield, without the need for 
further primary data collection (Melathopoulos et al., 2015). 
Because of the large body of literature available (e.g., Klein 
et al., 2007), dependence ratio studies are relatively simple 
to undertake and can be readily applied across a range of 
crops at any regional, national or international scale (e.g., 
Lautenbach et al., 2012).

Weaknesses: As with yield analyses (above) dependence 
ratio studies neglect the impacts of other inputs on crop 
production potentially biasing estimates upwards. Most 
dependence ratio studies are based on subjective personal 
communications which lack an empirical backing (e.g., 
Morse and Calderone, 2000) or from reviews, particularly 
Klein et al. (2007) and Gallai et al. (2009a) which, although 
a synthesis of available knowledge, bases many of its 
estimates on a small number of often older studies (see 
Section 4.5.2.2). Consequently, the metrics are generalized 
for a whole crop, regardless of variations in benefits between 
cultivars or the effects that variations in environmental 
factors or inputs have on the level of benefits (Section 4.5). 
When applied over large areas where multiple cultivars 
and environmental conditions are present, this can result 
in substantial inaccuracies (Melathopoulos et al., 2015). As 
the dependence ratio metrics typically represent a complete 
loss of pollination services, they inherently assume either 
that pollination services within the region are presently 
at maximum and that the studies they are drawn from 
compare no pollination to maximum levels, neither of which 
may be accurate (e.g., Garratt et al., 2014). In most cases, 
no assessment is made of the marginal benefits of different 
pollinator populations or consumers and producer’s capacity 
to switch between crops (Hein, 2009). 

Data required: Crop yield per hectare, crop market price 
per unit, measure of insect pollinator dependence ratio (e.g., 
Klein et al., 2007). 

Examples: Leonhardt et al. (2013); Lautenbach et al. 
(2012); Brading et al. (2009).

Suitable to use: As the dependence ratios used are often 
rough approximation of pollinator dependence, this method 
is mostly suited to illustrate the benefits of pollination 
services to crops larger scales. Due to their inability to 
distinguish differences in benefits between locations, 
cultivars and management and their implicit assumption that 
services are at a maximum level the method is less suitable 
for making more informed management decisions but can 
act as an initial estimate.

2.2.3 Production function models

What it Measures: The market price of additional 
crop production resulting from marginal changes in 
pollination services in relation to other factors influencing 
crop production.

Methodology: Production functions measure the role 
of pollination as part of a broader suite of inputs (e.g., 
fertilizers, pesticides and labour) and environmental factors 
(e.g., water) allowing for an estimation benefits relative to 
other factors (Bateman et al., 2011; Hanley et al., 2015). 
Production functions can take a number of forms depending 
on the relationships between the variables involved: 
e.g., additive functions assume that inputs can perfectly 
substitute for one another, Cobb-Douglas function assumes 
that inputs cannot be substituted at all. All of these forms 
assume that inputs have diminishing marginal returns – i.e., 
after a certain point and all things being the same, the 
benefits of additional units of input gets progressively smaller 
and may eventually become negative. By incorporating the 
costs of inputs (e.g., the costs of hiring managed pollinators 
or the opportunity costs of sustaining wild pollinators), it is 
possible to determine economically optimal combinations of 
inputs that maximize output relative to cost.

By incorporating the costs of each input, these crop 
production functions can accurately relate pollinator 
gains and losses to benefits under different management 
strategies. The resultant effects on output can be 
incorporated into partial or general equilibrium models 
(see Section 2.4) of surplus loss. Separate pollination 
production functions can also be developed to estimate 
the levels of pollination services provided by a pollinator 
community, depending on the efficiency of the species 
within the community and any additive, multiplicative or 
negative effects arising from their activities (e.g., Brittain et 
al., 2013) and interactions (Greenleaf and Kremen, 2006). 
The sum of these relationships and the crop and variety 
specific thresholds of pollen grains required will determine 
the overall service delivery of the community (Winfree et 
al., 2011). By focusing on functional groups of pollinators, 
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rather than individual species, these results can also be 
readily transferred across regions to account for community 
variation. Finally, pollinator production functions can 
link the production of an output or a pollinator community 
to resources surrounding the crop (e.g., forest fragments 
around fields), allowing for accurate estimation of potential 
service delivery (Ricketts and Lonsdorf, 2013). 

To date, only Lonsdorf et al. (2009) have developed a 
production function for pollinators, using expert opinion on 
habitat suitability for different pollinator groups to estimate 
the availability of pollinators within the landscape. However, 
this model does not translate the effects into economic 
benefits. Ricketts and Lonsdorf (2013) further develop this 
by linking aspects of surrounding land use with the benefits 
of pollination services to crops, which, although not explicitly 
pollinator production functions, can inform the basis of such 
analysis in the future. Jonsson et al. (2014) demonstrate the 
full applicability of the method by using field data to develop 
a production function analysis of the benefits of aphid pest 
control via natural enemies in Swedish barley fields. 

Strengths: Production functions for crop yields allow the 
benefits of pollination services to be accurately estimated 
from any region with respect to local environmental and 
agricultural systems, assuming similar levels of pollination 
service. This avoids issues of over-attributing benefits 
to pollination services common to yield analysis and 
dependence ratio studies and captures substitution 
patterns between inputs (Hanley et al., 2015). In 
combination, crop and pollination service production 
functions allow for the most accurate estimation of the 
marginal benefits of pollination services across most 
regions where the crop is grown, providing sufficient data 
on local pollinator communities and agri-environmental 
conditions are available. Pollinator production functions 
linking the landscape to pollinator populations also allow 
estimation of the monetary value of pollinator natural 
capital (Section 2.6) within a landscape or even at larger 
scales. By directly linking pollinator populations to services 
and outputs, multiple production functions can be used 
to model the marginal effects of pressures (e.g., habitat 
loss) and mitigations (e.g., habitat recreation) on the 
economic productivity of a crop and thresholds at which 
shifts in pollinator communities result in collapses of 
service provision.

Weaknesses: Production function models are complex 
to estimate, requiring extensive agronomic and ecological 
research in order to quantify the impacts of each parameter 
on a given crop. A wide range of communities have to be 
assessed to account for the varied impacts of community 
composition and interactions if the effects estimated are 
to be transferred beyond the study sites or economic 
production functions are to be used to identify efficient 
combinations of pollination and other inputs. Although 

substitution patterns among inputs and ecosystem services 
can be modelled, further experimental data would need to 
be added to identify pollination service thresholds in case 
minimum levels of services are required for viable output. 

Data Requirements: Ecological data on the impact of 
pollination services on crop quality and quantity relative to 
other inputs. Data on producer input costs and crop sale 
prices. Ecological data on the pollination service efficiency 
of different pollinators (pollen deposited and rate of 
visitation) relative to landscape parameters and community 
composition. For extrapolation: local data on pollinator 
community composition, environmental conditions and 
agricultural inputs. 

Suitable to use: As they draw a strong focus on local 
pollinator communities, production function models are most 
suitable when assessing the local scale impacts of pollination 
services and changes in management but can be generalized 
for wider use if sufficient ecological data is available. 

Examples: None to date but see Ricketts and 
Lonsdorf (2013).

2.3 Replacement costs

What it Measures: The estimated market price of artificial 
or supplemental pollination services.

Methodology: Typically, this is the cost of mechanical 
pollination via a human applicator (Allsopp et al., 2008) 
but can also be the costs of hiring managed pollinators 
to replace a known proportion of total services provided 
by wild pollination services (Winfree et al., 2011). Artificial 
pollination is often undertaken via hand pollination, using 
small paintbrushes to apply pollen to flowers, although 
a variety of mechanical methods have been developed, 
such as vibration wands to pollinate tomatoes (Pinillos and 
Cuevas, 2008). This method requires that the replacement 
method is i) the lowest cost replacement available ii) at 
least as effective as animal pollination and iii) that producers 
would be willing to pay these costs rather than simply 
switching crop (Söderqvist and Soutukorva, 2009).

Strengths: Unlike other methods, the replacement costs 
method does not overestimate the impacts of pollination 
services, as the cost estimate is independent of yield 
benefits (Allsopp et al., 2008). As long as appropriate 
labour and material capital required is known, the estimated 
costs per hectare can be transferred to other regions by 
adjusting the input costs used. Managed pollinators can 
also foreseeably provide pollination services to many wild 
plants either deliberately or as an additional side effect of 
pollinating crops and as such, the price of these insects can 
be an effective replacement cost for non-market benefits. 
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Weaknesses: Different replacement techniques may be 
ineffective for certain crops. For instance, hand pollination 
is not effective at replacing insect pollination in raspberries 
(Kempler et al., 2002) and managed pollinators are 
differently effective on certain crops (Delaplane and Mayer, 
2000). Even where methods are effective, their viability 
may depend heavily upon the local availability and costs of 
labour. For example, hand pollination, was used on some 
insect pollinated fruit crops in areas of the Sichuan Province, 
China, affected by severe pollinator loss until rising wages 
made this increasingly unviable for producers, resulting in 
pollinated crops being widely replaced with wind-pollinated 
species (Partap and Ya, 2012). Therefore, it is doubtful 
that producers in countries with high wages would adopt 
these practices at all. While technological advances could 
produce lower cost alternatives (e.g., Sakomoto et al., 
2009), limited information regarding pollination service 
management makes the market viability of such alternatives 
difficult to assess. Finally, replacement costs do not reflect 
the economic value of pollination services, only the market 
price of the replacement method. Surplus valuation models 
(Section 2.4.) can estimate the impact of these changing 
costs on producer and consumer welfare if the replacement 
is likely to be adopted by most affected growers. 

Data required: 
• Minimum: estimates of material costs and labour 

requirements, minimum/typical wages. 
• Optimal: estimates of replacement efficiency relative 

to original services, indication of levels of producer 
willingness to pay for replacement.

Examples: Allsopp et al. (2008); Winfree et al. (2011).

Suitable to use: This method is only suitable for 
decision-making where the replacement method is both 
demonstrably effective and likely to be adopted by affected 
growers (e.g., they have expressed a willingness to pay to 
adopt it). In the case of pollination services, this is only likely 
to be replacement of wild pollinators by managed pollinators 
(e.g., Winfree et al., 2011). Otherwise, as it does not quantify 
the either benefits or economic value of pollination services, 
only the potential costs to replace it, this method alone is 
not suitable for public decision-making. 

2.4 Surplus valuation models

While the methods reviewed previously have measured 
the price of various pollination service benefits to markets, 
economic welfare valuation methods use statistical models 
to estimate the impacts of changes in production on the 
economic welfare of producers and consumers. Welfare 
valuation methods can be complex and a variety of different 
econometric models can be used; however, for this 
assessment, only the methodologies as a whole are discussed. 

These models can take two forms: partial or general 
equilibrium. Partial equilibrium models only consider what 
the impacts of changing supply and demand of a product 
will have on the market for that product. General equilibrium 
models however capture the impacts on other markets by 
considering producers’ ability to substitute between inputs 
and consumers’ ability to substitute between products. 

What it measures: The economic value of pollination 
services to a single market (partial equilibrium models) or 
several interlinked markets (general equilibrium models).

Methodology: Surplus valuation models begin with the 
estimation of supply and demand curves for a given product 
using standard economic models. From these, further 
economic models (e.g., Gordon and Davis, 2003; Gallai et 
al., 2009a) are used to estimate the effects a shift in supply 
resulting from a change in pollination services will have on 
prices and the subsequent impacts upon economic welfare 
via consumer and producer surplus (see Section 1). As 
pollination service loss causes crop supply to fall relative to 
demands, crop prices will rise, reducing consumer welfare 
and making the remaining produce less competitive, relative 
to other produce, when sold on wider markets. This price 
change is quantified by the multiplying proportion of crop 
production lost by the price elasticity of supply (if supply 
changes) or demand (if demand changes): a metric of the 
percentage changes in price in relation to a 1% change in 
supply or demand, assuming all other factors influencing 
price remain constant. These elasticity parameters can be 
approximated based on past studies (Gallai et al., 2009a), 
estimated using time series statistical analyses (Southwick 
and Southwick, 1992) or by estimating arc elasticity, an 
average of the change in production divided by the change 
in price over a large number of time periods (Winfree et 
al., 2011).

General Equilibrium models expand this by using more 
complex models (e.g., Bauer and Wing, 2014) that 
incorporate additional elasticity parameters that capture 
(a) producers’ ability to substitute between pollination and 
other marginal inputs (e.g., Marini et al., 2015) and (b) 
consumers’ ability to substitute between different crops 
and different sources of the same crop (Kevan and Phillips, 
2001). Consequently, general equilibrium models capture 
the impacts of pollinator service losses on both the affected 
crop market and other related markets. Bauer and Wing 
(2014) propose a model that includes eight substitution 
elasticities, including substitution between different inputs 
and between domestic and imported varieties of each crop. 
However due to limited data availability, most of these are 
broad estimates included for exploratory purposes.

Strengths: Unlike the methods reviewed previously, 
surplus valuation models estimate the true welfare value 
of pollination services by quantifying how much available 
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income consumers and producers would lose or gain 
following a drop in pollinated crop availability. If both 
consumer and producer surplus metrics are modelled, 
these models allow for relatively accurate estimation of 
both marginal and total welfare changes in response 
to total pollinator changes in the crop market (Gallai et 
al., 2009a). By using multiple elasticity parameters to 
simultaneously model a broad range of market reactions, 
General equilibrium models can produce more conservative 
and realistic estimates of pollination service value within a 
single crop market, with producers potentially profiting from 
price rises caused by service losses in other region while 
consumers always suffer a welfare loss (Bauer and Wing, 
2014). By modelling these values in other markets, General 
equilibrium models can also highlight the wider impacts of 
service losses and identify vulnerable secondary sectors. 
If applied to different locations, these models can highlight 
areas where losses of pollinators would cause the most 
significant impacts on prices and, by extension, welfare.

Weaknesses: Accurate estimation of crop price elasticity 
relies on significant volumes of long-term data, which 
may not be available in a consistent form (Southwick and 
Southwick, 1992). As the scale of yield losses drives surplus 
changes, inaccuracies in these estimates (see Section 
2.2.) can result in inaccurate estimations of value. While 
producer surplus estimates are applicable at all scales, 
consumer surplus is generally more appropriate at larger 
scales as, imports will often compensate for small scale 
losses, resulting in little or no price change unless the 
region is a major global producer of the crop (Kevan and 
Phillips, 2001).

By not accounting for producer and consumer substitutions, 
partial equilibrium models may overestimate the impacts of 
pollination services on a single crop market. To date, due 
to the complexity of estimating both supply and demand 
curves simultaneously, most studies using partial equilibrium 
models have only estimated consumer surplus (but see 
Gordon and Davis, 2003). This assumes that supply has 
an infinite elasticity, i.e., that producers can switch freely 
between crops and make no profit from their productive 
activities regardless of price (Southwick and Southwick, 
1992; Gallai et al., 2009a). In reality, most producers 
trading in a national or globalized market will try to generate 
profit (Hein, 2009) and it may be difficult or impossible for 
producers to switch between high-price perennial crops.

General equilibrium models require extensive ecological 
analyses and economic analysis from a range of different 
markets, in order to determine the full range of substitutions 
involved. This may be very difficult for minor crop markets 
where degrees of substitutions are unclear or for crops 
where global production has recently expanded significantly 
due to expanded market opportunities (such as biodiesel 
feed crops; Banse et al., 2011). The effects of multiple 

markets on the modelled elasticities can also make it difficult 
to identify which variables in the model have a strong effect 
on the resultant estimates of welfare change (Bauer and 
Wing, 2014).

Data Required:
• Minimum: Crop yield per hectare, crop market price per 

unit, measures of insect pollinator dependence, estimates 
of crop price elasticity of demand or elasticity of supply 
(these can be estimated with long-term data on the total 
market consumption of the crop and the price per unit of 
crop over the same time period). 

• Optimal: Estimates of both crop price elasticity of 
demand and of supply, estimates of the proportion of 
total consumption arising from national production (as 
opposed to imports), final consumer price per unit, price 
elasticity of demand for end consumers. 

• For GEM only: Estimates of elasticity of substitution: 
between local and imported supply of a crop, between 
the production of crops grown in the same system, 
between the consumption of crops consumed within the 
same market and between crop inputs.

Suitable to use: Surplus valuation models are suitable for 
measuring the benefits of pollination services to consumers 
only where a sizable portion of a national or international 
crop market is likely to be affected by a change in regional 
or national production unless the crop is part of a specialty 
market with few suitable growing sites. They are suitable to 
estimate the value of pollination services to producers at all 
scales. Partial equilibrium models of producer surplus are 
more widely applicable for highly pollinator-dependent crops 
with high capital investments and few viable substitutes 
for the crop itself. Due to their comprehensive assessment 
of markets, General Equilibrium Models are more suitable 
for evaluating the impacts of national or international scale 
policy and scenarios but may be limited by their high 
data requirements.

Examples: Gordon and Davis (2003); Gallai et al. (2009a); 
Bauer and Wing (2014).

2.5 Stated preferences 

Previous methods for assessing the economic benefits 
of pollination services focus on the benefits of pollination 
services to markets, a number of methods exist for 
estimating the value of non-market benefits from ecosystem 
services (see Section 1). These methods fall into two broad 
categories: revealed preferences, which use existing 
market data to extrapolate the value of benefits derived 
from the ecosystem service, and stated preferences, 
which use surveys to elicit respondent willingness to pay for 
ecosystem goods and services within a hypothetical market. 
No revealed preference methods are considered suitable 
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for use in valuing pollination services (de Groot et al., 2002). 
Stated preference techniques however are potentially useful 
for valuing the existence of pollinators themselves and the 
non-market benefits that they have marginal influence on. 
Unlike previous methods however, this does not capture the 
effect of pollinators on production. 

What it Measures: The marginal existence value(s) 
of pollinator populations and/or non-market benefits 
of pollination services (e.g., the diversity of pollinator-
dependent wildflowers).

Methodology: Stated preference methods are particular 
survey or experimental based methods that typically use 
questionnaires to create a hypothetical market for bundles 
of ecosystem goods or services, which are not traded on 
existing markets. Respondent preferences for different 
bundles within these hypothetical markets can then be 
estimated using discrete choice models (Bateman et al., 
2011). Prices are attached to each variable to enable 
researchers to estimate the economic value of each bundle 
to different respondents. These prices framed to capture 
either respondent willingness to pay (WTP) to either gain 
an increase or avoid a loss in the goods or services or 
respondent willingness to accept (WTA) payments to allow 
that a degradation or forego a gain in the good or services. 

There are several forms of stated preference methods with 
the two most widely used being: contingent valuation and 
choice experiments. Contingent valuation methods offer 
respondents a complete bundle of goods with an attached 
price and a zero cost alternative representing a degraded or 
current state. Choice Experiments follow similar principles, 
except respondents are given multiple alternatives to the 
zero cost option. Each alternative has different amounts 
of the various goods within the bundle. Through repeated 
observations of such choices, typically across many 
respondents and using different attached prices, discreet 
choice modelling methods can estimate the probability of 
respondents within the sample selecting a given bundle, 
depending on its price, and a typical respondent WTP or 
WTA value.

Stated preference techniques can be applied to estimate the 
existence value of pollinators by eliciting respondent WTP 
for the maintenance of pollinator populations (e.g., Mwebaze 
et al., 2010) or marginal changes in wider pollinator 
abundance or species diversity. Estimates of the impacts of 
marginal changes in of pollination services to various non-
market benefits (e.g., the diversity of aesthetic wildflowers) 
require a further analytical step, such as dependence ratios 
(Breeze et al., 2015) or production functions, to estimate the 
contribution of pollination to these benefits. 

Strengths: Stated preference methods can be used to 
assess the economic value of potentially any non-market 

benefits arising from pollination services, regardless of the 
existence of markets for these services. Stated preference 
surveys can also estimate the WTP/WTA of different 
groups of respondents based on their demographics (e.g., 
age, income, proximity to the site of proposed change 
etc.), allowing a more accurate extrapolation of the values 
estimated beyond the survey area. 

Weaknesses: Like many questionnaire-based methods, 
stated preference surveys are often particularly costly to 
undertake due to the substantial pretesting required to 
present the scenario in an easily understood manner and the 
large, representative samples required for statistically robust 
analysis. Responses to stated preference questionnaires 
can also be affected by number of factors, which may cause 
respondents to, deliberately or unintentionally, misreport 
their preferences, biasing estimations of their WTP/WTA. 
For instance, respondents may ignore the cost of options 
because the payment is a hypothetical situation, expressing 
a greater WTP than they actually hold (e.g., Henscher et 
al., 2010). Respondents may also have difficulty forming 
preferences for unfamiliar goods such as ecosystem 
services, resulting in them expressing inconsistent, 
often extreme preferences (Christie and Gibbons, 2011). 
Statistical analyses (e.g., Henscher et al., 2010; Christie 
and Gibbons, 2011) can reduce the impacts of these and 
numerous other biases but extremely careful question and 
scenario formulation is required to identify the occurrence of 
these biases.

Data required: Estimates of respondent willingness to 
pay for preventing a loss/maintaining existing levels of 
pollinators/pollination services or estimates of willingness 
to accept a loss in pollinators/pollination service benefits, 
ecological estimates of the impact of pollination services 
on these benefits. Empirical information on the impacts of 
proposed scenario on pollinator populations or other non-
market benefits affected by pollinators is necessary to allow 
respondents to make informed choices. 

Examples: Mwebaze et al. (2010), Diffendorfer et al. (2014), 
Breeze et al. (2015).

Suitable to use: This method is suitable for assessing the 
marginal values of either changing pollinator populations or 
other, non-market ecosystem service benefits. However due 
to the numerous biases and uncertainties that can occur 
in respondent preference expression, they should only be 
undertaken following rigorous testing to ensure that the 
questionnaire can be answered accurately by respondents 
and require a large, representative sample of the population 
affected by proposed changes.
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2.6 Measuring Pollinator Natural 
Capital

2.6.1 Overview 

Although monetary valuation methods can provide a useful 
tool in facilitating decision-making (see Section 6), they are 
primarily focused on capturing the impacts of change on 

ecosystem service flows. Another key factor of economic 
systems are the capital assets that underpin economic 
activity which are generally considered separately from the 
flows they generate. There are five widely recognised forms 
of capital: human capital (the skills and labour within the 
market), social capital (institutions such as businesses or 
schools), manufactured capital (physical items such as 
tools, buildings etc.), financial capital (credit, equity, etc.) 
and natural capital (natural resources and ecosystem 

Method Strengths Weaknesses

Crop price Sum market price of insect 
pollinated crops

- Minimal data requirements -  Does not reflect the benefits of pollination 
services.

Managed 
pollinator 
prices

Sum market price of managed 
pollinators hired or purchased 
for pollination services

-  Reflects the benefits of pollination 
in a manner comparable to other 
inputs

-  Differences in prices can reflect 
varying benefits 

- Ignores wild pollination services
-  Many countries have small or no pollination 

markets
-  Prices are influenced by market forces more than 

benefits

Yield analysis Market price of output of 
pollinated crops vs. crop 
without access to pollination 
services based on field studies

-  Directly captures benefits of 
pollination services

-  Captures more precise variations 
in benefit between cultivars

- Can capture marginal benefits

- Only appropriate for very local scales
-  Requires extensive planning to capture all 

benefits and any pollination deficit.
-  Does not account for the relative effects of other 

inputs or ecosystem services
- Only estimates producer benefits

Dependence 
ratios

Total market price of crop 
output multiplied by a crop-
specific dependence ratio 
(metric of the proportion of 
yield lost without pollination)

-  Captures the varied benefits of 
pollination across crops

- Equally applicable at all scales
- Minimal data requirements

- Only estimates producer benefits
-  Dependence ratios may over generalize between 

cultivars
-  Does not account for the relative effects of other 

inputs or ecosystem services
-  Assumes services are currently at maximum 

levels

Production 
functions

Models of the effects of 
pollinators and pollination 
services on total crop output

- Highly accurate estimates of 
benefits
-  Can be used to model the effects 

of pressures on services
-  Captures the benefits of pollination 

relative to other inputs and 
ecosystem services

-  Can be accurately extrapolated to 
other locations and scales

- Requires extensive ecological data
- Models can be complex
- Only estimates producer benefits

Replacement 
costs

The cost of replacing 
pollination services 
technologically or with 
managed pollinators

- Not linked to crop prices
- Applies at all scales
-  Does not over-attribute benefits to 

pollination services

- Replacements may not be effective
-  Assumes producer willingness and ability to pay
- Not linked to benefits
- Tied to input and labor prices

Partial 
equilibrium 
models

Estimates the welfare value 
of price change on available 
income to producers and 
consumers of a single crop 
market

-  Can assess consumer and 
producer benefits

- Captures marginal benefits
-  Can be used to assess impacts 

of service loss beyond the focal 
region

-  Very complex to estimate, especially across 
regions

-  Does not account for substitution between crops 
or crop inputs

-  Subject to the quality of data on pollination 
benefits

-  Does not account for the relative effects of other 
inputs

-  Assumes services are currently at maximum 
levels

Generalized 
equilibrium 
models

Estimates the welfare value of 
price changes on producers 
and consumer both within the 
crop market and across other, 
linked markets

-  Values benefits to producers and 
consumers

-  Captures effects across and within 
markets 

- Can be applied at any scale

- Extremely complex
-  Many substitution effects are not yet defined
-  Subject to the quality of data on pollination 

benefits
-  Assumes services are currently at maximum 

levels

Stated 
preferences

Economic survey instruments 
designed to estimate 
respondent’s welfare from the 
maintenance or improvement 
of non-market benefits such as 
the existence of pollinators. 

- Values non-market benefits
- Not tied to market prices or factors
- Can be used to analyze public 
opinion

-  Difficult to develop in a manner easily understood 
by respondents, especially if they are unfamiliar 
with the ecosystem service being valued.

-  Need to ensure a representative sample and 
accurate responses

- Requires complex modeling to analyze
- Expensive to test and implement
- Monetary valuation is not always applicable

TABLE 4.2
Summary of Methods to assess the economic consequences of pollinator gains and losses
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services) (Nelson et al., 2010), each of which comprises a 
number of assets. Capital assets represent measurable, 
quantifiable stocks that can produce various flows of goods 
and services. Pollinators are generally considered natural 
(wild pollinators) or manufactured (managed pollinators) 
capital asset that produce pollination services, a flow. 
Changes in capital assets fundamentally affect what flows 
of goods and services are available to an economy and 
therefore the economic activities available. This subsection 
reviews the links between pollinators and various capital 
assets that produce and sustain the economic benefits of 
pollination services. 

2.6.2 Measuring capital

In neoclassical economics, capital assets are often 
components of accounting frameworks, such as Gross 
Domestic Product. In recent years, other frameworks have 
been developed to integrate natural capital assets into these 
frameworks using “Green GDP” measures (See Chapter 6). 
The main international standard for Green GDP is the UN’s 
System of National Accounts and its associated System 
of Environmental Economic Accounts (SEEA) (UN, 2012). 
These are expressed as the monetary price of all flows 
arising from each stock of capital assets, including future 
flows via discounting (see Section 3), using market prices 
where available but otherwise estimating value through 
non-market measures (e.g., replacement costs – Edens and 
Hein, 2013). Typically, neoclassical economics assumes 
a high degree of substitution between capital assets and 
aims to preserve and increase the net balance of all capital 
collectively (van den Bergh, 2001). 

Within the SEEA there are a number of challenges affecting 
the asset valuation of pollination services – foremost, it is 
important to disambiguate the benefits of pollination relative 
to other ecosystem service flows produced from the same 
assets to avoid double counting (Boyd and Banzhaf, 2007). 
This is particularly important when considering honeybees, 
which can be used as both a source of honey production 
and pollination within the same year but will often not 
because of the low nectar yields of many crops (Rucker et 
al., 2012). Secondly, the SEEA framework assumes that 
assets are controlled by an institute and are marketable. 
Although managed pollinators are an owned asset and 
patches of habitat can be owned, pollination services are 
almost always a public asset as access to the animals 
cannot be restricted (aside from enclosed crops) and their 
foraging habits are very difficult to control (e.g., Stern et 
al., 2001). Finally, the SEEA framework also assumes that 
assets are marketable, which is not true for wild pollination 
services. These issues can be partially overcome by 
considering ecosystems not directly controlled by private 
actors as a separate productive sector within the market 
that produces its own outputs (Edens and Hein, 2013), 
although care should still be taken to avoid double counting. 

Monetary valuation of assets can be complimented with 
non-monetary quantifications of the biophysical stocks that 
underpin ecosystem services to provide a more holistic 
assessment of the impacts of capital management and 
support planning for sustainable, long-term management 
(Dickie et al., 2014). This approach is particularly 
advantageous because it is not tied, directly or indirectly 
to market prices and can be used to monitor the status 
and trends of those assets that are economically valuable 
to production. Stocks of a multiple assets of a particular 
capital can also be measured as an index; assessing stocks 
of assets in a single period relative to the same assets in a 
reference period (with a default value of one) (Dong et al., 
2012; Nelson et al., 2010). To date, no study has expressly 
included pollinators as an asset in these indexes. 

2.6.3 Pollinator assets 

A variable number of capital assets are often required 
to produce pollination services and hive products. For 
wild pollinators, this can be as simple as having sufficient 
suitable habitat to support viable populations and available 
land, inputs and labour to produce pollinator-dependent 
crops. For managed pollinators, there are additional 
requirements in terms of human capital to breed and 
manage the pollinators, manufactured capital to house 
and transport the pollinators, social capital to maintain the 
knowledge necessary to breed and use them effectively and 
natural capital in terms of wild pollinators that form the basis 
of breeding stock and genetic diversity. 

Quantities of available managed pollinator assets are simply 
the number of available managed pollinators available 
to a region (e.g., Breeze et al., 2014). Estimating wild 
pollinator assets can be more complex as their numbers 
are almost impossible to measure without dedicated, 
systematic monitoring data (e.g., Lebuhn et al., 2013). 
Such monitoring is presently only undertaken in an ad 
hoc manner in a few countries and remains focused on 
species presence-absence (Carvalheiro et al., 2013). Larger 
scale analyses models such as InVEST (Lonsdorf et al., 
2009) can be used to estimate pollinator populations and 
pollination service potential based on habitat suitability 
and proximity to pollinated crops (e.g., Polce et al., 2013; 
Schulp et al., 2014). Although rigorous, InVEST is only 
capable of estimating habitat suitability, not populations of 
pollinators, and assumes that there is a linear relationship 
between habitat quality and pollinator abundance in fields. 
A more expansive production function approach (see 2.2.3) 
linking quantitative metrics of habitat quality from primary 
ecological research with observed abundances of different 
pollinators could substantially improve estimates.

Because these assets will only supply services to relatively 
small areas, methods to assess economic value (Section 
2.4) are not generally appropriate, as the impacts on 
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crop price from any individual asset are likely to be small 
resulting in little to no welfare loss. At a basic level, yield 
analysis can be used in conjunction with regression analysis 
to estimate the benefits of pollinator capital from habitats 
at different distances to the crop (e.g., Olschewski et al., 
2006). However, detailed production function models 
(Section 2.2.3) are ideal as they can produce estimates 
that more accurately represent the quality of services 
produced from particular habitat patches (e.g., Ricketts and 
Lonsdorf, 2013). Furthermore, they can also examine the 
substitution patterns between pollination and other capital 
inputs. However, the highly specific nature of these models 
makes it unlikely that they can be widely employed at 
present, necessitating a focus on using biophysical units of 
pollinator capital.

Unlike other measures of pollination value, quantifications 
of pollinator stocks should account for potential as well 
as realized pollination services as assets may not always 
be able to provide services. For example, if arable farmers 
within the landscape around a source of pollinator capital 
(Figure 4.3) regularly rotate their production between 
pollinated and non-pollinated crops, the assets will still 
have value as stocks of pollination even in years where no 
pollinated crops are grown as they still have the potential to 
contribute to crop production. 

2.6.4 Pollinators influence on other assets

In addition to the flow of pollination service benefits, 
pollinators can also contribute to the production and 
maintenance of other capital assets (Table 4.3). Foremost 
by contributing to the propagation of plants that provide 
other ecosystem services (Isbell et al., 2011; Ollerton et al., 
2011), pollination has a direct influence on the quantity and 
integrity of a range of other natural capital assets. These 
plants can in turn affect wider biodiversity (e.g., insect 
pollinated hawthorn berries which are inedible to humans 
but which provide winter feed for many birds; Jacobs et al., 
2009). By influencing crop productivity, pollination services 
can also influence the flow of available nutrients within 
the human diets. This can have an impact on the asset of 
human health (Nelson et al., 2010) by causing additional 
disability and death (Smith et al., 2015), which in turn 
affects the availability of labour within the market. The link 
between pollinators and human health capital is discussed 
in terms of disability-adjusted life years below. In many local 
communities, unique beekeeping knowledge is a form of 
social capital, helping to support diversified farming incomes 
and providing a source of honey and other hive products 
(e.g., Park and Youn, 2012; see Chapter 5 for several 
case studies of applied indigenous and local beekeeping 
knowledge). Finally, by affecting profits from the sale of 
pollinator-dependent crops, pollinators can potentially affect 
financial assets such as debt or equity among producers 

TABLE 4.3
Summary of methods to assess the economic consequences of pollinator gains and losses

Capital Asset Measure Potential impacts of pollinator gains and losses

Crop price Managed 
pollinator stocks

Number of honeybee colonies, bumblebee 
colonies or absolute numbers of other 
managed pollinators

Reduced availability of economically valuable pollination 
services, particularly if wild pollination services are also 
unavailable (Breeze et al., 2014; Southwick and Southwick. 
1992)

Managed 
pollinator 
prices

Equity and debt Monetary measures of equity and debt 
associated with beekeepers and producers 
of insect pollinated crops. 

Impacts on profits can affect available financial capital for 
future investment and expansion, influencing their welfare 
over the long term (not yet observed for pollination services 
but see e.g. Lawes and Kingwell, 2012)

Yield 
analysis

Wild Pollinators Estimates of wild pollinator population or 
likely populations based on suitability using 
e.g. InVEST models (Lonsdorf et al., 2009)

Reduced availability of economically valuable pollination 
services, particularly if managed pollination services are also 
unavailable (Garibaldi et al., 2013)

Biodiversity Area and population of plants affected by 
pollination. 

Reduced levels of pollination can potentially affect plant 
species diversity (Ollerton et al., 2011) and wider biodiversity 
which relies on pollinated plants (e.g. Jacobs et al, 2009)

Dependence 
ratios

Labor (for 
providing 
services)

Available number of beekeepers and other 
professionals able to provide managed 
pollination services.

Increasing losses of managed honeybees may push 
beekeepers out of business if expenses from replacing 
lost colonies become too severe. This in turn may affect 
the number of beekeepers available to supply pollination 
services and produce hive products, even if those that do 
remain have a large number of colonies each (Potts et al., 
2010). 

Labor 
(benefitting from 
services)

Available labor within the workforce lost 
through malnutrition associated with a lack 
of pollinator dependent crops. 

Losses of pollination services may cause a decline in the 
availability of nutrients in the food chain, increasing disease 
and mortality (Smith et al., 2015); in turn potentially affecting 
the availability of labor within the work force. 

Stated 
preferences

Beekeeping 
knowledge

Number of local beekeepers with 
indigenous and local beekeeping 
knowledge

Pollinator losses may cause a decrease in the number of 
beekeepers and with this the knowledge and skills required 
to effectively manage honeybees to provide pollination 
services and produce hive products (e.g. Park and Yuon, 
2012). 
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(which will always be measured in monetary terms). This 
effect has not been observed directly due to pollination 
services but factors such as drought that affect crop yield 
have been linked with substantial losses of farmer equity 
(Lawes and Kingwell, 2012).

2.7 Pollinators contribution to 
nutritional security
As reviewed in Chapter 1, animal pollinated crops are 
often significant sources of key nutrients in the human 
diet, such as vitamins A and C, calcium, fluoride and 
lycopene (Eilers et al., 2011). Globally, a total loss of insect 
pollinators would potentially cause sharp increases in the 
number of people suffering from vitamin A (41M-262M) 
and Folate (134M-225M) deficiency, particularly in Africa 
and the Eastern Mediterranean (Smith et al., 2015). This 
could potentially result in up to 1.38M-1.48M deaths from 
malnutrition and communicable diseases and a further 
25.8M-29.1M lost disability adjusted life years (a metric 
measuring years of healthy, non-disabled life lost) from 
factors such as heart disease and strokes due to limited 
dietary intake of fruits and vegetables (Smith et al., 2015). 
Although trade and supplements could compensate for 
these losses at a national level, many low-income regions of 
the developing world with high levels of vitamin A deficiency, 
such as southern Africa and Southeast Asia, are strongly 
reliant upon animal pollinated crops to provide these 
nutrients (Chaplin-Kramer et al., 2014). For example, based 
on information from food diaries, loss of pollination services 
in Uganda would cause an estimated 54% increase in the 
rate of vitamin A deficiency in rural parts of the country (Ellis 
et al., 2015).

2.8 Valuing pollination services in 
barter economies
In many less-developed countries, portions of the population 
do not trade goods for money but for other goods and 
services, limiting the relevance of monetary valuation 
(Christie et al., 2012). This can be overcome by using the 
various production function (2.2.2) or stated preference 
(2.2.5) methods described above, but expressing the 
benefits in terms of equivalent goods or time allocation 
within the market rather than monetary terms (e.g., Rowcroft 
et al., 2006). To date, no study has examined the value of 
pollination services to these barter economies, despite some 
studies valuing pollination services in many areas where 
such markets exist (Partap et al., 2012; Kasina et al., 2009).

SECTION 3. VALUATION 
ACROSS TEMPORAL AND 
SPATIAL SCALES
3.1 The importance of scale for 
pollination valuation

Ecosystem services, such as those resulting from 
pollination, are essentially the consequences of ecological 
processes that depend on a combination of small 
structures (e.g., a flower or a leaf that can live from hours 
to months; Kremen et al., 2007) and large arrangements 
(e.g., community assemblage and landscape complexity 
emerging along decades or centuries; Liss et al., 2013). 
Indeed, there are hierarchical scales in Ecology that remain 
independent of human decisions, despite ecologists’ efforts 
to define and delimit scale categories (Table 4.4; spatial 
scale). Institutional scales, on the other hand, are products 
of human social organization. For this reason, the scales 
of ecological processes that affect pollination effectiveness 
(and thus fruit set and crop yield; see Chapter 3) and those 
of social and economic processes (involved in decisions and 
management) are seldom compatible (MEA, 2005; Vermaat 
et al., 2005; Hein et al., 2006; Satake et al., 2008; Abildtrup 
et al., 2013). Studies into pollination valuation should 
incorporate elements from both ecological and institutional 
processes (e.g., the geographic distribution of pollinator 
species and national subsidies for crops), with proper scale 
categories that allow the collection and analysis of the data 
necessary to quantify the economic benefits of pollination 
services. 

The Millennium Ecosystem Assessment (MEA, 2005) 
recommends that assessments of ecosystem services 
should be conducted at multiple temporal and spatial 
scales. However, delimiting scale categories to value 
pollination (as for any other ecosystem service) is 
complicated because some terms are often vague and used 
arbitrarily and in a relative way (i.e., linguistic uncertainty, see 
Table 6.6.1 of the Chapter 6). Studies on pollination should 
define what constitutes their specific spatial or temporal 
scale of interest (Kremen et al., 2007; Hein, 2009; Genersch 
et al., 2010; Bartomeus et al., 2011; Kennedy et al., 2013), 
for example, it is likely that a regional economic process in 
Costa Rica does not have the same geographic extension 
as in Brazil. In addition, the definition of scale is frequently 
influenced by political issues, such as municipal, provincial 
or national boundaries, or transitory policies from successive 
governments with contrasting ideological positions. As such, 
multi- and cross-scale approaches are necessary to account 
for all the factors involved in pollination valuation.

Here, we adopt the MEA’s definition of scale: the extent or 
duration of observation, analysis, or process. According 
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to Limburg et al. (2002) and to the MEA (2005), the scales 
of economic systems are determined by the area and 
time horizon over which goods and services are traded, 
extracted, transported or disposed of. The temporal and 
spatial scales (the scale “domain”) of analyses can affect 
valuation of ecosystem services, including pollination (MEA, 
2005), because the nature of the economic value generated 
by pollinators (see Section 2.4) varies with the physical 
dimensions (space and time). For example, according to 
Hein (2009), in a small spatial scale (i.e., local) pollination 
supports farmer income, whereas in a large spatial scale 
(i.e., national) it is fundamental to ensure food supply. Thus, 
the institutions involved in decision-making that affect land 

management and markets change across scales; at a local 
scale, decisions such as type of crop and pesticide use can 
be made by an association of farmers, whereas national 
scale decisions (e.g., pesticide regulations) are usually taken 
by government agencies and financial organizations. 

Scale mismatches in pollination valuation can occur in three 
basic ways: Firstly, the scales of ecological, social and 
economic processes that affect crop yield and production 
costs often differ. Secondly, the scale of the provision of the 
pollination service (i.e., local, see definition in Table 4.4) is 
different from the scale of decision-making by farmers (i.e., 
farm) and agencies involved in land and economic policies 

TABLE 4.4
The matches and mismatches between ecological and institutional (economic) spatial scales (Modified from Hein et al. 2006, 
originally adapted from Leemans 2000). We adopted a particular scale for pollination valuation, and its compatibility with 
ecological and institutional scales varies across categories.

Ecological scale (km2)
Institutional 
scale Match Pollination valuation scale Compatibility

Global (> 50,000,000) International Yes Global Both

Biogeographic region 
(1,000,000-50,000,000)

Continental/
International

No. Lack of consensus on boundaries of 
biogeographic regions1 and continents. A 
given continent can contain more than one 
region and vice-versa. 

Continental Institutional

Biome  
(10,000 – 1,000.000)

National No. Biomes frequently are much bigger or 
smaller than the country’s area

National Institutional

Landscape  
(10,000 – 1,000.000)

State/Provincial No. Lack of consensus on landscape 
boundaries. Catchment area is frequently used2 
and is sometimes much smaller than state/
province area

Regional None

Ecosystem  
(1 – 10,000)

County/Municipal No. Lack of consensus on terrestrial 
ecosystem boundaries. Usually smaller than 
county/municipality area

Farm/local None

Plot (< 1) Family Yes Field Both

Plant Individual Yes Not used ---

1See Udvardy 1975, Cox 2001, Holt et al. (2013).
2See Vermaat et al. (2006). 

Temporal scales:

Seasonal: changes observed within one year, from periods of weeks to months, according to climate changes, pollinator phenology, the 
specific timing of crop production, fiscal calendar and economic events;

Annual: changes along consecutive years, analyzed with classical economic indicators that are obtained every year via institutional 
census and databases;

Decadal: changes compared every ten years, using classical economic indicators, reflecting recent past and future trends that are 
influenced by biodiversity decline, climatic variations and economic and political crises;

Century: changes observed or projected for more than 100 years, reflecting long-term, slow processes such as climate change and 
massive biodiversity loss via local or global extinctions.

Spatial scales:

Field: a sub-division of a farm for which data on pollinator dependency (plant’s pollinator threshold, fraction of flowers pollinated by 
each pollinator species) are compiled;

Farm: one productive unit composed of several fields for which data on yield and production costs are compiled;

Regional: aggregation of farms within a well-defined region;

National: area defined by a country’s boundaries for political reasons, where the government collects data from farms in regular basis;

Continental: area defined by continents (large land masses) that contain several countries, delimited by convention or political reasons;

Global: the geographic realm includes many countries from different continents worldwide.

TABLE 4.5
Definition of temporal and spatial scales proposed for pollination service valuation
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management (i.e., national; Satake et al., 2008). Finally, the 
chosen scale for valuation is different from the characteristic 
scale of the processes that affect pollination effectiveness 
and product prices (a methodological problem; MEA, 2005). 
Scale mismatches can affect the accuracy of valuation 
estimates and, more crucially, the distribution of benefits 
from management actions.

Thus, it is crucial to delimit clear scale categories for 
pollination valuation. Many approaches were proposed for 
ecological processes and ecosystem services in general 
(Turner, 1988; MEA, 2005; Vermaat et al., 2005; Hein et al., 
2006; Feld et al., 2009; Díaz et al., 2011; Serna-Chavez 
et al., 2014), but no standard categorization of scales has 
been proposed for pollination valuation so far. It makes 
sense to work with scale categories that represent the 
extension (spatial scale) and duration (temporal scale) of 
processes for which the necessary data for valuation can be 
collected or compiled. Variables such as crop yield and price 
are frequently aggregated in government censuses by farm, 
county, politically defined sub-state or sub-national regions, 
provinces/states and countries, and conducted monthly 
or annually. The proposed scale categories for the present 
assessment are defined in Table 4.5.

3.2 Pollinator valuation across the 
temporal scale

3.2.1 Rationale 

The temporal scale has important strategic implications that 
can vary between stakeholders. For example, farmers are 
often more interested in longer term average yields (over 
several years) than short-term (1 year) maximization of yield, 
thus considering longer time scales is essential when linking 
valuation to decision-making. Another example is related 
to the farmer decision-making in crop choice: farmers can 
easily switch between different annual species; however, due 
to the time lag between planting and productivity, switching 
from annual to perennial species or between perennial 
crops involves a major long-term commitment. Farmers’ 
ability to switch between crops depends also on the level 
of investments needed by the managing choices (e.g., 
irrigation costs limit the ability to switch to another crop). 
Thus, the temporal scale is important to consider because 
the meaning of the economic valuation is fundamentally 
scale-dependent as well as the political implications of 
management decisions. In indigenous beekeeping, while the 
majority of beekeepers take a short-term view to exploiting 
their seemingly abundant resources, some innovative groups 
and networks of local entrepreneurs have secure long-term 
products, processes and market sustainability laying the 
foundations for sustainable livelihoods and conservation 
(Ingram et al., 2011). In the next sub-section, we present the 

factors that need to be taken into account when considering 
the different temporal scales. 

3.2.2 Temporal factors affecting 
pollination valuation

3.2.2.1 Price dynamics 

Many economic valuation studies estimate pollinators’ 
contribution to crop production (see Section 7). In several 
methods used for evaluating pollination benefits, two main 
variables are used: the crop price (Section 2.2 and 2.4.) and 
the price of beehives (Section 2.1.2 and 2.3.).

The variability of the crop price across time is driven by 
variation in both demand and supply of the crop. However, 
these two components of the agricultural market are prone 
to change at different intervals, some crops will change 
every few years while others will change several times a 
year, due to many factors (Drummond and Goodwin, 2014). 
Factors influencing demands include the price of substitute 
goods of pollinated crops, price of complementary 
goods, the consumers’ income, the consumer’s tastes 
and preferences for different crop (dependent or not 
on pollinators), the expectations of a pollinator decline 
and the demography of consumer population. Factors 
influencing the supply include the price of inputs, the 
price at a preceding period, the substitutes and their 
characteristics (e.g., their prices), the technology, the taxes 
and subsidies, the expectation about future events and 
the number of businesses. The complexity arising from the 
interaction of all these factors highlights the difficulties of 
predicting future crop market prices, affecting longer-term 
valuation estimates.

The price of hiring beehives for pollination is similarly 
determined through equilibrium between supply of 
beehive from beekeepers and the demand from farmers. 
Professional beekeeper2 will also aim to maximize their 
benefits. However, this benefit depends on the two main 
goods or services that this activity contributes to produce: 
pollination service and honey. Thus, Rucker et al. (2012) 
and Muth et al. (2003) demonstrated the competition 
between pollination service and honey market; when the 
price of honey was high, beekeepers preferred to produce 
more honey and abandoned the pollination service. The 
consequences for the crops market are measurable, 
because the decrease of the supply of pollination 
service has a negative impact on the yield of crops and, 
consequently, the price of crops will increase. Therefore, the 
evolution of the beehive price is also highly dependent on 
other markets, making predictions similarly difficult. 

2. Hobby beekeepers are not considered in detail here because of the 
limited available literature on the subject. 
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It is noteworthy, that the pollination service market by 
bees or bumblebees seems very well developed in North 
America (Bond et al. 2014, Rucker et al. 2012, Burgett 
2011, Sumner and Boriss 2006). However, there are very 
few studies analyzing this market all over the world. Breeze 
et al. (2011, 2014) and Aizen and Harder (2009) analyse the 
potential availability of honeybees in the UK, Europe and 
across the world respectively, in comparing the supply and 
the demand for beehives. These studies demonstrate the 
potential for expanded pollination service markets around 
the world but there is no proof of the existence of such well-
developed market as in North America. 

Because the markets are mutually influenced, policy 
interventions on one market will have consequences on 
the other. This is highlighted by Muth et al. (2003) who 
demonstrate that subsidies paid by the US government to 
beekeepers to protect them from competition with cheaper 
Chinese honey resulted in increased crop prices and 
decreased social welfare due to a loss of consumer surplus 
from US crop consumers.

3.2.2.2 Production effect

Economic valuation should consider the time period over 
which the effects of an action occur because variations 
in pollinator availability will change over different temporal 
scales as populations become more or less resilient (see 
Section 4). For example, when considering the seasonal 
scale, valuation focuses on the impact of pollinators’ gain 
or loss on the price of the pollinator service before and 
after the pollination period for the beekeepers (Rucker et al. 
2012). The annual scale would take into account of i) the 
adaptation cost of beekeepers, (e.g., buying new beehives 
or losses in honey production – Muth et al. 2003); ii) the 
farmer gains or losses due to pollination in agricultural 
production (Winfree et al. 2011); and iii) national indicators 
of annual contribution of pollinators to crop production 
(e.g. Gallai et al. 2009). The decadal scale is a way to 
incorporate the impact of the preceding year on the result 
of actual year, for example how the previous year’s prices 
affect the production of annual crops in the focal year. 
Economic valuation should measure not only the impact 
of yearly pollinator variation but also the evolution of this 
impact (see examples in Lautenbach et al., 2012; Breeze 
et al., 2014 and Leonhardt et al., 2013). At a longer scale 
(i.e., century), economic valuation can be used to measure 
the sustainability of the relation between pollinators and our 
society. This involves both the role of bees in agricultural 
production and their importance on the wild nature. Within 
this scale, there are likely to be immense long-term fluxes in 
policy and agricultural technology, for example the massive 
shift to high intensity agriculture in post-WW2 Europe into 
the common agricultural policy. 

3.2.2.3 Discount rate
The temporal scale has some implications on the approach 
used for the valuation in the case of a cost-benefit analysis 
(CBA). As expressed in Sections 1 and 6, CBA compared 
the flows of future private benefits to future social costs of 
doing a project. The rule of decision is that when the net 
present value (NPV) is positive, the action is more likely to 
be implemented. The procedure used for the actualization 
of future values to present time and conditions is called 
discounting. 

A long debate exists around the value of the discount 
rate and, more precisely, on the discount of future “utility” 
or “welfare”. It is defined by Nordhaus (2007) as: (the) 
measures (of) the relative importance in societal decisions 
of the welfare of future generations relative to that of the 
current generation. It includes also the valuation of the 
present generation for the benefits she will receive in their 
future. A discount rate of zero would mean that the value 
gives to future benefit of using pollination service are 
identical than the present one. A positive discount rate 
means that people give more value to consumption by 
their own generation compared to the future one while a 
negative discount rate indicates a focus more on the value 
for future generations.

The value of this rate has a significant importance to the 
interpretation of the NPV because, in the rare instances 
when it is negative, the weight attached to the welfare of 
individuals increases with time. However, discount rates 
are more commonly positive (Nordhaus, 2007, Chapter 7 
of the TEEB, 2010). However, as mentioned by Neumayer 
(2007), the focus on discounting rates misses the whole 
issue that future degradation may result in the permanent 
loss of natural capital. Indeed, Nordhaus (2007) suggests 
that human welfare still expands under positive discount 
rates but does not expand optimally and may be unfair 
or unsustainable. With respect to pollinators, this may 
suggest that lower discount rate that reflect the importance 
of pollinator conservation for future generations may have 
negative impacts if they result in high levels of extinction or 
if pollinator abundance and diversity losses would happen 
in a long time. Consequently, the value given to this loss 
and the consequences of such loss to the future generation 
may be too low to affect the behaviour of the present 
generation. According to Neumayer (2007), in such cases 
it may be better to argue on the grounds of preserving 
natural capital before irreversible loss takes place. This 
argument was adapted to the specific case of pollination 
by Olschewski and Klein (2011). Another solution would be 
to use a discount rate that falls with time (Weitzman, 1993). 
However, evidence to argue that present generations have 
a strong or weak interest in preserving the future benefits 
of pollination service is needed to develop such revised or 
scaling discount rates.
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3.2.2.4 Availability of long-term data sets
Good estimates of pollination value to consumer and 
producer welfare depend on the availability of several 
biological and economic data (see Section 2.4.). These 
databases are seldom consistent for long periods. There 
is also a strong interaction between temporal and spatial 
scales at this case, with better temporal resolution (i.e., 
data collected at shorter time intervals) at medium scales 
(national). Geographic bias is strong, with great variation 
in the availability of long-term national and sub-national 
data between countries (Lautenbach et al., 2012). At the 
global and national scales, most estimates used crop 
production, cultivated area, prices and beehive number, 
among others, provided by the Food and Agriculture 
Organization (FAO) of the United Nations over the last five 
decades (e.g., FAOSTAT, 2007; http://www.fao.org). For 
some variables, data is not available for all consecutive 
years for all countries, demanding statistical procedures 
to estimate values for specific periods (Leonhardt et al., 
2013) or assuming that introduced biases are consistent 
in time and space (Lautenbach et al., 2012). At the sub-
national level (i.e., within-country variations), the level of 
detail on data collection and availability in FAO databases 
differs substantially among countries. For example, the USA 
provides spatially structured data on yield whereas Germany 
reports yield data in highly aggregated formats (Lautenbach 
et al., 2012). In addition, FAO data on production prices are 
subdivided in two datasets, from 1966 to 1990 and from 
1991-2009, which are not directly comparable (Leonhardt et 
al., 2013).

Long-term biological data is also difficult to obtain, since it 
involves many different species of pollinators and variables 

that are prone to temporal and spatial variations. Usually, 
variables such as the amount of pollen deposited by each 
pollinator species and the fraction of flowers each of them 
fully pollinate are quantified without temporal replicates. In 
a recent review, Melathopoulos et al. (2015) indicated the 
high level of uncertainty about the pollination dependency 
coefficients for the 10 crops with the highest aggregate 
benefits of pollination services. Such biological data are not 
available in public databases aggregating multiple countries 
or regions but are usually scattered on published documents 
regarding each specific crop at local scale (see Bommarco 
et al., 2012). In a recent review, Vanbergen et al. (2012) 
presented a list of major gaps in knowledge and research 
priorities to demonstrate how pollination functions differ 
across species and crops. Many of their recommendations 
include obtaining temporally replicated biological data that 
are important for valuation, with systematic monitoring 
of pollinator diversity, abundance and efficiency. This is 
especially necessary for those crop types with very limited 
knowledge and high economic importance. A summary of 
the most important data limitations and needs for valuing 
pollination services at different scales is given in Table 4.6 
(see also: Sections 2 and 5.3).

3.2.3 Tools

3.2.3.1 Time series analysis

The term “time series” is generally used to refer to a 
non-random temporal sequence of values of a variable, 
ordered at successive and regular time intervals (Tsay, 2002; 
Montgomery et al., 2008). Time series analysis implies that 

Excludable Non excludable

Local/national Non-market or non-monetary food consumption -  Production for own consumption or direct trade for goods 
and services;

- Harvesting of wild fruits and honey

Local/national Production and consumption in the secondary market - Quantity and sale prices on the secondary markets

Local/national Price responses to changes in supply of particular crops - Information on consumer preferences;
- Crop substitution elasticities.

Local/national Management of pollinators -  Number of beekeepers and beehives for own production 
and rental;

- Type and extension of crops that use managed pollinators

Local/national Seasonal variations in production and prices - Intra-annual data on production and prices

National/global Standardized databases (National- among regions/
states/provinces; Global – among countries)

-  Standard procedures for data collection (i.e., minimum 
crop area considered for inclusion, area/volume units, 
cultivars)

National/global Distortion in market prices due to taxes or subsidies - Official information on subsidies and taxes

Local/national/global Precise estimation of pollinator dependency is not 
available for several crops

-  Pollination biology for different crops and cultivars 
replicated through time and space

Local/national/global Decrease in agricultural value in the case of 
pollination failure

-  Frequency of different types of decisions of farmers and 
consumers responding to changes in supply

Local/national/global Pollination impacts on fruit quality -  Quantification pollination effects on fruit visual 
appearance, palatability or nutritional composition

TABLE 4.6
Main data needs for more precise economic valuation of pollination services across scales

http://www.fao.org
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data points taken over time may have an internal structure 
(such as seasonal variation) that should be considered 
(Montgomery et al., 2008). Thus, this approach is well suited 
for valuing pollination services across temporal scales, 
because several factors influencing pollination benefits can 
be addressed and forecasted. This would include ecological 
aspects, such as plant and pollinator phenological patterns 
and future trends, pollinator abundance and diversity 
changes, and economic variable, such as yield, production 
costs and prices. 

There are several different types of time series analyses 
and models (see Tsay, 2002; Montgomery et al., 2008 for 
a full compendium), but most studies regarding pollination 
services usually adopt regression methods (Table 4.7). 
More complex time series analyses, such as stochastic 
simulations and complex forecasting models constitute a 
powerful tool to determine the impacts of pollinator loss 
under different land use scenarios (Keitt, 2009) but no 
studies have yet applied these techniques to pollination 
services (Section 7). Forecasting methods are frequently 
used in econometrics, finance and meteorology, but their 
use in ecological analyses is increasing (Clark et al., 2001). 
Availability of new data sets and the development of 
sophisticated computation and statistical methods, such 
as hierarchical models (Clark et al., 2001), offer new venues 
to work together with decision-makers to use forecasting 
techniques in pollination service assessments. 

3.2.3.2 Scenarios

A way of understanding the future is to create scenarios of 
possible futures. The aim of scenarios is not to predict the 
future evolution of our society but to discuss the impact of 
pollinators under different possible futures of our society 
(MEA, 2005). More precisely, a scenario is a storyline that 
describes the evolution of the world from now to a possible 
situation (Garry et al., 2003). Scenarios are constructed to 
provide insight into drivers of change, reveal the implications 
of current trajectories, and illuminate options for action. They 
should compare at least two possible futures. Scenario 
analysis typically takes two forms: quantitative modelling 
(mathematical simulation models or dynamic program 
models) and qualitative narrating (deliberative approaches 
used to explore possible futures and describe how 
society could be situated in these futures – MEA, 2005). 
Qualitative deliberation can be undertaken between experts, 
consultants, researchers and stakeholders.

More recent scenarios often combine the qualitative and 
quantitative approaches; e.g., the SRES scenarios (Special 
Report: Emissions Scenarios; Nakicenovic et al. 2000), MEA 
scenarios (MEA, 2005) or ALARM scenarios (Assessing 
Large scale risks for biodiversity with tested methods; 
Spangenberg et al. 2012, Settele et al. 2012) at the global 
scale. Similarly, the UK NEA scenarios (Haines-Young et al. 

2014) use this approach at the national scale. The SRES 
scenarios project the future evolution of greenhouse gases 
following the evolution of several driving forces, such as 
demographic change, social and economic development, 
and the rate and direction of technological change. 
However, these scenarios do not take into account the 
interaction between ecosystem services and our human 
society. These issues were introduced by the MEA and 
ALARM project. 

The MEA defines four scenarios: Global Orchestration, 
Order from Strength, Adapting Mosaic and Techno garden 
(MEA, 2005). In the Techno garden and Adapting Mosaic 
scenarios, ecosystem services are recognized as important 
for society and need to be maintain and developed, whereas 
in the Global Orchestration and Order from Strength 
scenarios, they are replaced when it is possible or made 
robust enough to be self-maintained. Pollination services 
were explicitly addressed within these scenarios: Global 
Orchestration, Order from Strength and Techno garden 
projected a loss of pollination services because of species 
losses, use of biocides, climate change, pollinator diseases 
and landscape fragmentation. In the Adapting Mosaic 
scenario, pollination services remain stable due to regional 
ecosystem management programs. 

However, these scenario options do not consider the 
economic value of these changes. By contrast, Gallai et al. 
(2009b) utilised existing estimates to project these values 
in the ALARM scenarios. Three scenarios are defined by 
the ALARM project (a Europe wide project on biodiversity): 
BAMBU, GRAS and SEDG. BAMBU (Business As Might 
Be Usual) refers to the expected continuation of the current 
land use practices. The GRAS (GRowth Applied Strategy) 
scenario is a kind of liberal scenario where the borders 
between countries are considered open to free market 
and the weight of restrictive policies is lower than BAMBU 
scenario. The SEDG (Sustainable European Development 
Goal) scenario focuses on the reduction of greenhouse 
gases and, more generally, on climate change. Using the 
land use change within each scenario, Gallai et al. (2009b) 
evaluated the changes in the economic value of insect 
pollinators to the Spanish and German agricultural sectors 
in 2020. They demonstrated that the economic contribution 
of insect pollinators would increase in Germany within GRAS 
and BAMBU scenarios, while it would remain the same 
within the SEDG scenario. On the other hand, the economic 
value would decrease in all scenarios in Spain. 

The scenarios presented above are general (national or 
global scales) and difficult to apply to a specific region. 
Another study (Priess et al., 2007) used basic regression 
models combined with metrics derived from field data to 
analyse the impact of deforestation on pollination services 
(in terms of revenue per hectare of coffee) in north-eastern 
border of the Lore Lindu National Park (Indonesia). This 
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study used four scenarios of twenty years each (from 2001 
to 2021): business as might be usual (BaU), agricultural 
progress (AgPro), high migration (HiMig) and forest 
encroachment (ForEnc). Their analysis indicated that 
producers in the region would experience losses of between 
0.3% (AgPro) and 13.8% (ForEnc) of their total revenue over 
a 20-year period. 

These general scenarios have difficulties in quantifying 
the changes in both wild and managed bees across a 
range of possible futures and evaluating the economic 
consequences. The InVEST model is an interesting tool that 
could be integrated to the scenarios (Sharp et al. 2014). The 
model is based on a land use and land cover (LULC) map 
of natural and managed lands. Crossing different ecological 
and agronomic variables and land management strategies, 
the model predicts the evolution of wild and managed bees 
from a local to national level. 

In brief, scenarios are a tool that aim to help guide the 
stakeholders for decision making in giving them the possible 
future state of the abundance and diversity of pollinators 
and the benefits of their services. However, they do not 
provide information on the actions to take, the instrument 
to use or other that stakeholder should entertain in order to 
undergo in one specific scenario that seems better than the 
others do.

3.3 Pollination valuation across 
spatial scales

3.3.1 Rationale

Economic analysis proposes three frameworks of 
analysis: macroeconomics, microeconomics and 
mesoeconomics. Macroeconomics is the study of 
the entire economy including employment, inflation, 
international trade, and monetary issues. It may be used 
to value pollinators at the national and global scales. 
Microeconomics deals with the economic behaviour of 
individuals, either producers or consumers. It may be used 
to value pollinators at the field, farm, and regional scales. 
Mesoeconomics is an intermediary point of view between 
micro and macro level – defined as the sum of utility of 
agents and firms at a local and regional level.

The distinction between microeconomics, mesoeconomics 
and macroeconomics is important to clarify because the 
analysis would change radically. Indeed, the valuation at the 
field, farm or even regional scale would consider two types 
of impacts from pollination services on crop supply: the 
marginal impact of these pollinators into crop production 
(ideally using a production function model – Section 2.2.3.) 
and the consequences for the marginal cost of the farmer 

(e.g. Winfree et al., 2011). The effect of a marginal change 
in pollinator populations can be directly observed in the 
crop market, however unless a region is a major producer 
of a crop, the impact is likely to be small (Section 2.4.). 
These analyses are limited to the crop market, whereas 
sometimes the stakeholder would need a more complex 
analysis, which considers national or global scale analyses, 
(i.e., macroeconomics).

At a national scale, economic analysis can consider the 
interaction of different markets through a multimarket 
analysis or a general equilibrium model (e.g., Bauer and 
Wing, 2014 – see Section 2.4.). These allow modelling 
of the impacts of pollinator loss on other sectors that do 
not depend on pollinators in the analysis, i.e., the ability to 
substitute pollinators (Bauer and Wing, 2010). Thus, the 
spatial scale is important to consider because the type 
of economic approach fundamentally depends on it. In 
the next subsections, we present the factors that need 
to be taken into account when considering the different 
spatial scales.

3.3.2 Spatial factors affecting pollination 
valuation

3.3.2.1 Loss of data quality at large scales

A frequent shortcoming of spatial analyses is that the 
resolution (i.e., the interval between observations) (MEA 
2005) of the data decreases as the scale increases (Turner 
et al., 1989). One of the causes of such loss is the fractal 
nature of spatial information (Vermaat et al., 2005), which 
increases the length of borderlines when they are mapped 
at finer scales (Costanza and Maxwell, 1994). The same 
occurs for the area of a given valuable natural habitat 
(Vermaat et al., 2005). For example, Konurska et al. (2002) 
used satellite data with different spatial resolutions (NOAA-
1 km and Landsat-30m), finding that the aggregated 
value of ecosystem services for the entire USA increased 
approximately three times with increasing resolution. Thus, 
the same problem may occur for valuation of pollination 
across scales using Geographic Information System (GIS) 
procedures. 

GIS use involves obtaining and processing satellite 
imagery, which can be expensive and time-consuming at 
large scales, although these limitations are decreasing as 
Earth Observation data becomes more widely available. 
Frequently, it is impossible to distinguish very similar land 
cover categories using GIS, for example while most satellite 
images can be detecting cropland areas, they are not suited 
to determine crop type (Monfreda et al., 2008; see Schulp 
and Alkemade, 2011 for a review on the limitations of global 
land cover maps to assess pollination services). In this case, 
ground-truth validation is necessary, involving fieldwork to 
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determine land cover, which can be logistically impeditive 
at national and global scales. Finally, the spatially explicit 
information available for valuation is usually obtained from 
censuses and aggregated at municipality, state or national 
levels by national bureaus of statistics, a procedure that per 
se causes some loss of information (Vermaat et al., 2005). 
Furthermore, increasing the spatial scale means using data 
collected by different researchers or agencies using distinct 
protocols, which frequently are not directly comparable 
(Lautenbach et al., 2012, Leonhardt et al., 2013). By 
contrast, GIS data are gathered by pixel or cell. Inserting 
such reported administrative data (crop type, production 
area, yields) into mapped units frequently involves several 
calculation steps and many assumptions (Monfreda et al., 
2008) that may decrease estimate accuracy at large scales. 

Some studies used GIS to calculate pollination service 
value at the local (including landscape) scale (Lonsdorf 
et al., 2009, Ricketts and Lonsdorf, 2013), but the most 
comprehensive attempt to map pollination benefits at the 
global scale was conducted by Lautenbach et al. (2012). 
These authors used the geographic distribution of crop 
areas and crop yields made by Monfreda et al. (2008) with 
latitude-longitude grid cells of 5 minutes x 5 minutes made 
possible by the use of the use of satellite. Despite the fine 
resolution (approximately 10 km x 10 km at the equator), 
this approach has some limitations, because the distribution 
of yield statistics into raster cells (i.e., a grid containing 
values that represent information) eliminates some crops 
for such cells (Lautenbach et al., 2012). Thus, accurate 
estimates of pollination benefits at national and global scales 
can be strongly influenced by evolving low-cost satellite 
technology to distinguish different crop types, and countries’ 

adoption of standardized frameworks to collect crop data 
(e.g., Vaissière et al., 2011; Ne’eman et al., 2010). 

An alternative to the lack of detailed data for pollination 
valuation at larger scales is the use of benefit or value 
transfer-based mapping (Troy and Wilson, 2006; Eigenbrod 
et al., 2010). This procedure consists of determining the 
value of the pollination service for a given crop type at 
a local scale, and using this as a proxy to estimate the 
value of the same crop type at other locations or at the 
regional or national scale. However, this procedure has 
several limitations related to the lack of correspondence 
between locations (Troy and Wilson, 2006; Plummer, 2009; 
Eigenbrod et al., 2010), leading to generalization errors 
that can only be overcome with improved spatial data and 
increasing the number of local replicates used for calculating 
the value of pollination services. A review of spatially 
explicit tools for pollination service valuation is available in 
Chapter 6 (see also a summary in Table 4.7), and details 
on geographic differences on pollinator availability, efficiency 
and dependency are given in Chapter 3.

3.3.2.2 Landscape design

The general effects of landscape design (spatial heterogeneity, 
connectivity, isolation, and proportion of natural habitats) on 
pollination by managed and wild species are addressed in 
Chapters 2, 3 and 6. Several studies have demonstrated 
positive effects of the pollinator habitats maintenance on 
agricultural yield (Ricketts et al., 2008; Garibaldi et al., 2011; 
Ferreira et al., 2013; Kennedy et al., 2013). However, sparing 
natural vegetation in a given farm incurs an opportunity 
cost from not using that area for crop production or other 

Factors affecting valuation across scales Tools to apprehend scale effects Examples

Temporal scale
Rationale: different 
demands across 
institutional levels  
(e.g., farmers x 
government)

- Price dynamics
- Production effect
- Discount rate
- Availability of long term data sets

- Time series analysis

- Scenarios

- Regression methods1

- Stochastic simulations2

- Forecasting models3

- SRES4

- MEA5

- ALARM6

- UK NEA7

Spatial scale
Rationale: micro vs. 
macroeconomics 
valuation

- Loss of data quality at large scales
- Landscape design

- GIS techniques

- Spatially-explicit frameworks

- Maps8

-  Landscape metrics  
(fragmentation, connectivity)9

- Polyscape10

- InVEST11

- ARIES12

- Envision13

- Markovian models14

- Niche modeling15

TABLE 4.7
Summary of factors that affect valuation methods across scales and the tools to apprehend such effects.
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economic activities. Thus, management decisions regarding 
land use can be greatly improved by cost-benefit analyses 
of trade-offs between different ecosystem services (Farber 
et al., 2006; Nelson et al., 2009; de Groot et al., 2010). Most 
information on trade-offs between economic gains from forest 
conversion and pollination services comes from case studies 
on coffee production, usually at the local and regional scale 
(Priess et al., 2007; Ricketts et al., 2008; Olschewski et al., 
2006; Olschewski and Klein, 2011). For example, Olschewski 
et al. (2006) compared the net welfare of increased coffee 
production by maintaining nearby forests versus converting 
such forests to alternative crops in Ecuador and Indonesia. 
In both regions, crop revenues exceeded coffee pollination 
values, generating incentives to convert forests, even if 
owners would be compensated for pollination services. 
However, it is important to highlight that i) pollination is only 
one of the many ecosystem services provided by natural 
vegetation; and ii) that less impacting management systems 
(e.g., agroforestry, rustic practices) are good candidates to 
reconcile ecological, economic and cultural values (Priess et 
al., 2007; Olschewski and Klein, 2011; Vergara and Badano, 
2008; see also Chapter 5). 

Environment friendly production systems (shaded coffee 
and cacao and other agroecological practices; Mas and 
Dietsch, 2004; Priess et al., 2007; Kremen et al., 2012) 
can be economically viable at the producer level if “green 
certificates” (e.g., organic and fair-trade) enhance landowners 
net revenues (Gobbi, 2000; Perfecto et al., 2005). However, 
cost-benefit analyses for coffee and other production 
indicated that only an elevated consumer’s willingness to pay 
high prices for green products could generate the necessary 
economic incentives for forest preservation (Benítez et al., 
2006; Olschewski et al., 2006; Bateman et al., 2015). Thus, 
direct payments for ecosystem services, accounting not 
only for pollination but also for carbon sequestration, soil 
conservation, water quality and biological control, among 
others, are probably necessary to sustain biodiversity-friendly 
production systems. This seems to be true for a high-price 
commodity with a global market such as coffee, but studies 
on other crop types are still lacking.

The implementation of payments for ecosystem services 
generated by biodiversity-friendly landscape planning 
has been controversial and difficult for many reasons 
(Landell-Mills and Porras, 2002; de Groot et al., 2010, 
Kinzig et al., 2011; Lockie 2013). The economic impacts 
of wild pollination are still not fully incorporated into 
market schemes (especially the stock market), and natural 
vegetation is usually evaluated only it’s benefits to for carbon 
storage and timber production (De Konig et al., 2005; 
Satake et al., 2008; Phelps et al., 2010). Thus, mechanisms 
for income generation are still lacking (Olschewski and 
Klein, 2011). Another problem is the mismatches between 
the scale at which the pollination service is provided (e.g., 
regional) and the scale of landowner management decision 

(i.e., farm); and between the scale of pollination provision 
and the global scale of carbon storage, which can create 
inequalities among landowners with and without forest 
areas (Satake et al., 2008). Payments for ecosystems 
services are often criticized on the ground that they 
commodify nature (Liverman 2004; McAfee and Shapiro, 
2010; Gómez-Baggethum and Perez, 2011; Adams, 
2014). Several authors have expressed concerns that this 
could have severe social-environmental consequences 
particularly, reducing protection efforts for species/habitats 
with little to no economic importance, eliminating of not-
for-profit conservation values and abandoning traditional 
management practices (Wunder, 2006; Kleijn et al., 
2015; Wilcove and Ghazoul, 2015). Some alternatives to 
direct payments for ecosystem services that promote a 
non-utilitarian view of nature, such as land use planning, 
environmental education and community-based approaches 
are presented in details in Chapter 6.

SECTION 4. VALUING 
POLLINATION SERVICE 
STABILITY 
4.1 Overview 
Economic analysis and valuation aim at comparing options 
to develop quantitative indicators of the impacts of decisions 
and policy-making. Typically, economic valuation tends 
to assume that the consequences of pollination service 
loss are precisely known. In reality, things are usually 
more complicated and decision-making is confronted 
with stochastic relations between events. This gives rise 
to the concepts of uncertainty, risk, vulnerability and 
resilience (collectively referred to, for the sake of brevity, in 
this assessment as Stability), all of which can significantly 
affect the economic value of pollinator gains and losses in 
decision-making. 

• Uncertainty is defined by the UN approved ISO 31000 
framework as “the state, even partial, of deficiency of 
information related to, understanding or knowledge of, 
an event, its consequence, or likelihood.” (ISO, 2009). 
Numerous forms of uncertainty (see Chapter 6) affect 
pollinators and pollination services but within economic 
valuation, uncertainty usually arises from stochastic 
factors, those that derive from the natural variability 
within a system. For example, increasing distance from 
habitat has been linked with increasing variation in the 
level of pollination services provided to crops (Garibaldi 
et al., 2011).

• Risk is defined as the “effect of uncertainty on 
objectives”, typically measured as a composite of the 
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magnitude of impacts and the probability of them 
occurring (ISO, 2009). Economic theory usually assumes 
that people are either risk-averse (avoid risks), risk-neutral 
(indifferent to risk) or risk-loving (seeking risk) in different 
situations. Economic analyses often assume that agents 
are risk-averse and will therefore typically make decisions 
that have lower risks than other decisions (i.e., are either 
less likely to occur and are less likely to be negative) 
than other decisions. Changes to pollinator populations 
can increase the risk of inadequate pollination service 
delivery if key species decline. Managed pollinators can 
reduce these risks but over-reliance can impose other 
risks to growers should production costs rise (Rucker 
et al., 2012). By increasing the flow of genetic materials 
within plant populations, pollination can also increase 
resistance to disease, reducing the risks of yield loss from 
disease outbreaks. For example, Mexican production 
of bat pollinated Agave cacti, farmed as the basis for 
tequila production, has suffered substantial losses from 
outbreaks of vascular wilt (Fusarium oxysporum) due to a 
reliance upon cloned varieties with little resistance to the 
fungus (Ávila-Miranda et al., 2010). 

• Vulnerability measures the degree to which a system 
is susceptible to and is unable to cope with adverse 
effects (McCarthy et al., 2001). Vulnerability is a function 
of three elements: exposure, sensitivity and adaptive 
capacity (Turner et al., 2003). In the case of pollination, 
the exposure can be represented by the dependency 
of a plant upon pollination to reproduce or, for crops, 
the change in crop yields or economic outputs affected 
by changes in pollinator populations. The sensitivity 
is indicated by the shape of the relationship between 
pollination and benefit (linear, concave or convex yield 
loss). The adaptive capacity of the cropping system 
can be approximated by the capacity of alternative 
techniques to substitute animal pollinators (e.g., 
substituting managed pollinators for wild species or 
increasing other inputs).

• Resilience (in the context of social-ecological systems3) 
refers to the capacity of a system to return to its original 
state after being disturbed and the magnitude of change 
it can sustain before it changes to a radically different 
state (e.g., Berkes et al., 2003; Folke, 2006). In the case 
of pollinator communities, resilient communities are those 
that can continue to provide a reliable level or services 
even in the case of temporary or permanent loss of 
major pollinators. Communities that are more resilient 
will recover from temporary declines in key species (e.g., 
temporary population declines due to extreme weather) 
than less resilient communities (which may permanently 
cease to provide any services). 

3. The concept of resilience has also been used for many decades in 
material sciences or in psychology. 

4.2 Incorporating stability into 
standard valuation methods
Although variation in pollination services can result in 
uncertain benefits (e.g., Bauer and Wing, 2014), to date, 
most valuation studies have not considered issues of 
service variability within the benefits of pollination services 
(Melathopoulos et al., 2015), often only providing a single 
estimate of benefits rather than a range of possible values 
(see Section 7). Uncertainty has been incorporated into 
some existing dependence ratio and surplus analysis studies 
by assessing the impacts that variations in certain factors, 
such as dependence ratios (Lautenbach et al., 2012), price 
elasticities (Gallai et al., 2009a) or substitution parameters 
(Bauer and Wing, 2014) can have on estimates of value. In 
yield analysis, uncertainty can be incorporated by estimating 
value subject to inter-site or inter-annual variance in the 
benefits observed. The production function method can 
directly capture the effects of variation in several aspects of 
pollinator communities on service delivery, identifying how 
community variations may cause the output to vary. 

Risks from potential honeybee losses have been 
incorporated into some dependence ratio (Section 2.2.) 
and surplus analysis (Section 2.4) studies (e.g., Cook et al., 
2007; Southwick and Southwick, 1992) using hypothetical 
or expert derived weights that reflect the capacity of wild 
pollinators to replace honeybee losses. In these studies, the 
risk value of honeybee loss is the value of production that 
cannot be compensated for by other pollinators. However, 
these weights are subject to many of the assumptions of 
dependence ratios themselves and often stem from the 
assumption that honeybees are presently the majority 
pollinator, which may not be the case (Garibaldi et al., 2013). 
Within stated preference studies, risk can be applied to 
non-market benefits by including an attribute representing 
the probability that the benefits will not be delivered as 
described. Vulnerability of producer benefits can be 
quantified by estimating the proportion of the total economic 
value of the agricultural sector (Gallai et al., 2009a) or 
agricultural GDP lost in the event of pollinator community 
collapse (e.g., Lautenbach et al., 2012). 

4.3 Additional methods for 
assessing the economic value of 
stability 
A number of methods from the wider ecological economics 
literature are also suitable to specifically assess the 
economic value of stability and resilience in benefits from 
pollinators, the most relevant of which are reviewed below. 
These values are generally considered distinct from the 
direct use value of service benefits themselves but can draw 
upon methods to estimate use values, becoming an additive 
factor in assessing TEV by quantifying the uncertainty 
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in management decisions that will affect pollinators 
and services (Armsworth and Roughgarden, 2003). For 
each method this subsection reviews: what it measures 
(uncertainty, risk resilience or vulnerability), an overview of 
the methodology, including its strengths and weaknesses, 
links with the main methods for valuing the impacts of 
changes in pollinator populations (Section 2) and the data 
required. Table 4.8 summarises the methods and their 
strengths and weaknesses. 

4.3.1 Portfolio models

What it Measures: Uncertainty (the degree of uncertainty 
of service provision) and Risk (the costs of maintaining 
communities that provide different levels of service stability).

Methodology: Portfolio models use various econometric 
models to estimate an economically optimal collection of 
assets, including their associated costs, which minimize the 
variability of the output and with it the risks to producers 
(Admiraal et al., 2013). This method has not yet been 
applied to pollinator populations but has been adapted to 
assess the effects of soil natural capital on crop production 
(Cong et al., 2014a). This methodology could be used 
develop optimal portfolios of pollination service assets, such 
as managed pollinators or specific habitat types to support 
particularly effective wild pollinators, that have low risk of 
service collapse. Alternatively, this method can be used 
to determine portfolios of the suitable foraging resources 
for honey production within a year. Portfolios may vary 
depending on the risk aversion of the agent expected to 
make the change (Cong et al., 2014a) and costs (e.g., the 
opportunity costs of habitat management) should factor into 
portfolio analysis as portfolios based on benefits alone may 
differ strongly compared to cost-benefit portfolios (Ando and 
Mallory, 2012).

Strengths: Portfolio models can be projected across longer 
time scales in order to minimize long-term risks (Cong et 
al., 2014a). Portfolio models also allow for varying degrees 
of producer risk aversion to be incorporated (Cong et al., 
2014a), allowing research to present a range of options for 
management to producers (see Chapter 6). These can in 
turn be incorporated into map based optimization models 
as constraints (e.g., Cong et al., 2014b) to determine the 
optimal distribution of assets within a landscape e.g., 
where management measures should be placed on a 
farm). Model constraints may also be applied to prevent a 
portfolio over-emphasizing wild or managed pollinators, as 
the large-scale population collapses of one could be difficult 
to compensate with the other (Garibaldi et al., 2013). More 
hypothetically, portfolio models can build on production 
function methodologies to better optimize spatial placement 
of pollinator assets relative to other assets. 

Weaknesses: Pollinator populations can vary strongly 
between years and landscapes, causing fluctuations in risk 
on an annual basis. Capturing these fluctuations, and the 
associated risk to producers, requires complex modelling 
that should account for other inputs (e.g., Production 
function models). Furthermore, no portfolio analysis model 
has actively considered how producer risk-aversion may 
change over years, making it difficult to estimate optimal 
portfolios over longer time periods. Portfolio models typically 
assume that assets do not interact with one another 
(Koellner and Schmitz, 2006) however, this is rarely true 
for pollination services where different assets (pollinators) 
can interact to affect service provision (e.g., Greenleaf and 
Kremen, 2006) and long-term risks via pathogen spill over 
from managed to wild pollinators (e.g., Meeus et al., 2011). 
Although costs can be determined for managed pollinators, 
it can be more difficult or even impossible to estimate the 
costs of wild pollinators at a group or species level. Finally, 
as land use, land management and producer risk aversion 
can vary strongly; portfolio models are rarely appropriate for 
larger scale analyses. 

Links to primary valuation methods: Portfolio models 
would be most effectively used an extension of the 
production function method (Section 2.2.3). By identifying 
links between assets (e.g., pollinators within a community, 
pollination as one of a number of inputs into crop 
production) and outputs (the economic value of pollination 
services), it is possible to determine the combination 
of assets that produces the lowest variation in outputs 
(Koellner and Schmitz, 2006). As service spill over will be 
affected by habitat configuration, this method should be 
combined with ecological models (e.g., Cong et al., 2014b) 
to determine how the configuration of interventions could 
affect variance in service delivery. Where links between 
the pollinator community and pollination services are not 
explicitly established, yield analysis (Section 2.2.1) or 
dependence ratios (Section 2.2.2) will be required to quantify 
the economic benefits and variance of each portfolio. At a 
minimum, yield analyses can be used to infer the benefits of 
individual habitat patches, but this will be subject to greater 
uncertainty. Portfolio models could also use information 
from plant-pollinator network analysis and stated preference 
surveys (Section 2.5.) to identify possible co-benefits from 
the portfolio. For example, stated preference surveys into 
the value of aesthetic wildflowers could be sued to weight 
the selection of flowers and the placement of flower rich 
habitats within a landscape to optimize both pollination 
services to crops and the aesthetic value of the habitat. 

Data required:
• Essential: Production function data on the effects of 

different habitats on pollinator communities and/or the 
impacts of individual pollinators within a community on 
pollination services. Information on the costs beneficiaries 
incur when using an asset.
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• Desirable: Measures of producer risk-aversion, 
projected availability of assets (e.g., habitats or managed 
pollinators). 

4.3.2 Sustainable livelihood framework 
analysis 

What it Measures: Vulnerability (local capacity to adapt to 
significant losses of pollinators).

Methodology: Sustainable livelihood framework analysis 
uses biophysical measures of various capital assets (Section 
2.6.) to determine how vulnerable a region is to a particular 
change (e.g., a marginal loss of pollinators) by evaluating 
whether the available capital within the region would be able 
to fully substitute for any capital affected by that change 
(Tang et al., 2013). This method has not yet been applied 
to pollination service losses but has been used to assess 
the impacts of climate change on rural communities (Hahn 
et al., 2009; Nelson et al., 2010). Alternatively, biophysical 
metrics of pollination service stocks could be built into an 
assessment of regional vulnerability to global pressures 
including climate change. The assets studied are selected 
based on how likely they are to be affected by the change 
in question and their effectiveness as substitutes for other 
capital assets in providing a service (Nelson et al., 2010). 
Biophysical measures are often derived from existing data 
sources such as the national statistics or from primary 
survey data (e.g., Hahn et al., 2009). As capital assets will 
often have substantially different units of measure (e.g., 
number of pollinators, area of forest etc.), an index is 
created for each asset, which is then usually compiled with 
other assets of the same capital type (e.g., natural capital). 
All capital indexes are then combined into a composite 
index that captures the total access to capital, the capacity 
of capitals to substitute for each other and the relative 
access to each capital; for instance, an area with high 
financial capital but little access to other capital would score 
lower on the index. The lowest-scoring regions are therefore 
the most vulnerable to the change (Nelson et al., 2010). 
Indexes typically weight all capitals equally (e.g., Hahn et al., 
2009; Bryan et al., 2015) but some can use more specific 
weights based on statistical modelling (Nelson et al., 2010) 
or assigned directly by participants (e.g., Below et al., 2012). 

Strengths: By incorporating non-monetary measures of 
capital, this method is particularly suitable for use in areas 
where monetary markets for pollination service benefits 
are minor, incomplete or absent (e.g., communities that 
do not trade crops for money). This also allows for the 
identification of key aspects of vulnerability to a region, such 
as the relative availability of particular capital that could 
become important under an alternative scenario. It can 
also be readily applied at any scale from households (e.g., 
Below et al., 2012) to regions (e.g., Hahn et al., 2009) and 

under a variety scenarios as long as the effects (positive and 
negative) on different capitals and the trade-offs between 
them can be accurately estimated (Nelson et al., 2010). It 
may also be appropriate to justify action where benefits are 
unknown but policy actions (and therefore preferences) are.

Weaknesses: This method does not inherently capture the 
benefits provided the focal capital, only the level of stocks 
that generate it and therefore does not fit into the typical 
cost-benefit paradigm (Section 1). As such, it should be 
coupled with assessments of the local benefits that are 
provided by the asset in its present state (e.g., Section 2) 
in order to determine appropriate responses. This method 
primarily functions by compiling different assets into one 
or several other indexes which may mask relationships 
and trade-offs between different capitals; improving an 
index of natural capital by planting large areas of forest on 
uncultivated land may improve overall natural capital at 
the expense of wider biodiversity. The methods used to 
weight the index used in sustainable livelihoods analysis 
often introduce assumptions about the relative substitution 
between capitals with e.g., equal weighting assuming that 
all capitals are perfectly substitutable (Hinkel, 2011). Often 
the link between the capitals and the adaptive capacity 
of the affected region is abstract, taking little account 
of how the capital is actually used (Below et al., 2012). 
Furthermore, sustainable livelihoods analysis inherently 
assumes that all capital can reduce vulnerability to a change 
and is substitutable. However, in certain highly pollinator-
dependent crops, fruit set cannot be initiated without 
animal pollination (Klein et al., 2007) and labour costs may 
prohibit the use of artificial pollination. Although substitutions 
between different forms of pollination service assets are 
possible, these are often imperfect (Garibaldi et al., 2013) 
and may not be effective in the case of technological 
replacements (e.g., Kempler et al., 2002). Although 
technological innovation may increase the capacity for 
capital to substitute for other capitals, the occurrence and 
adoption of this innovation is almost impossible to predict. 
Even where substitution is viable, estimating the quality of 
substitution between forms of capital is extremely complex 
and impossible to accurately quantify without strong data 
(Nelson et al., 2010).

Links to primary valuation methods: Quantitative 
biophysical measures of managed or wild pollinator assets 
(see Section 2.6) can be included in framework without 
any modification as part of natural and manufactured 
capital indices. However, care should be taken to separate 
hives managed by professional and amateur beekeepers 
as changes in pollinator capital have different trade-offs 
to wider capitals. For example, price shifts for managed 
pollinators for instance may affect the financial capital of 
professional beekeepers (Sumner and Boriss, 2006) but 
not amateurs that do not typically receive payment for 
pollination services. 
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Data Required: Measures of all relevant assets and their 
distribution within a region at a spatially explicit scale.

4.3.3 Resilience stock 

What it Measures: The monetary value of resilience (the 
capacity of the pollinator community to withstand and 
recover from pressures that affect its capacity to provide 
benefits). 

Methodology: This method assesses the long-term 
trade-offs and benefits from different managements on 
service availability by considering resilience (Section 4.1.) 
as a separate asset that can be affected by pressures and 
mitigations (Maler et al., 2009). The impacts of a pressure 
or mitigation on resilience can be measured as a change 
in the marginal shadow values of the service (Bateman et 
al., 2011). Shadow values represent the long-term benefits 
of ecosystem services from natural capital to society, 
including their potential future values. The shadow value 
of an ecosystem service can be estimated by applying a 
discount rate (see Section 3.2.2.3) to estimates of the future 
value of the ecosystem services generated by the capital 
asset; e.g., the value of pollination services now and in the 
future assuming similar land use. The resilience of pollination 
services to crops and wildflowers will be influenced by 
the abundance and diversity of key functional pollinators 
(Winfree and Kremen, 2009). Higher abundances of key 
species and a higher diversity of potential service providers 
will increase resilience by increasing the community’s 
capacity to adapt to change (e.g., Brittain et al., 2013). 
Thresholds for resilience, the point at which an asset would 
be unable to return to its original state if a pressure were to 
degrade its functioning, will therefore be the point at which 

a pollinator community is unable provide services following 
a reduction in a key species or group. These thresholds are 
presently unknown, although ecological network analyses 
may provide a starting point for future evaluation. 

Strengths: The economic value of resilience as a stock 
inherently captures the value of insurance; the mitigating 
effect of resilience upon producer wellbeing, which can 
be estimated separately utilizing specialized models 
(Baumgartner and Strunz, 2014). As a capital asset it can 
be readily incorporated where monetary markets for crops 
are absent, with the shadow value simply becoming the 
projected stock of the resilience asset. 

Weaknesses: This method is highly influenced by the 
discount rate applied to create the shadow value. In the 
case of pollination services, this will depend on both the 
projected future benefits and, for crop pollination, the 
discounted price of the crop in future periods. These 
prices are likely to be very difficult to project and discount 
rates can be very difficult to estimate (Section 3.2.2.3). By 
applying this method to a single ecosystem service, this 
method may over-state the impacts of pollinator gains 
and losses in isolation. In reality, ecosystem services and 
inputs may compensate for one another (e.g., pollination 
services increasing yield in certain oilseed rape, Brassica 
napus, varieties in the absence of fertilizer – Marini et al., 
2015), necessitating a complex, whole systems approach 
that considers multiple services in a single resilience stock. 
Insurance values are inherently linked to user preferences for 
risk aversion, such as the maximum amount of pollinator-
dependent yield loss a producer is willing to accept before 
switching crops (e.g., Gordon and Davis, 2003), which 
should be estimated separately to extrapolate insurance 
value (Baumgartner and Strunz, 2014). Most critically, 

Method Strengths Weaknesses

Portfolio 
methods

Statistical models are used to 
construct an optimal portfolio of assets 
(pollinators or habitats) that minimize 
variance in expected benefits

-  Account for varying degrees of 
producer risk aversion

-  Readily incorporated into long term 
management and spatial planning

- Often highly complex to estimate
-  Requires substantial and in depth 

ecological and economic data, ideally 
from production function analyses to 
capture changing risks

-  Assumes that assets do not interact 
with one another

Sustainable 
livelihoods 
framework 
analysis

A range of complementary capital 
assets are quantified and summed into 
an index to identify regional vulnerability 
to a proposed change. 

-  Does not require the presence of 
monetary markets valuation studies

- Applies at all spatial and temporal 
scales
-  Can be used without adaptation for 

any policy scenario

-  Pollination cannot always be 
substituted for and many substitutes 
are imperfect

-  Weighting of the index can be difficult 
and introduce assumptions.

-  Many indicators are only abstract 
representations of adaptability

Resilience 
stock

Resilience is quantified as a stock that 
can be quantitatively degraded like 
other capital assets

-  Does not require the presence of 
monetary markets

- Captures the value of service 
insurance 

-  Monetization is highly dependent 
upon discount rates which are difficult 
to estimate accurately

- Does not account for service 
substitution
- Difficult to extrapolate from source site

TABLE 4.8
Summary of methods and their strengths and weaknesses for assessing the economic value of uncertainty, risk, vulnerability 
and resilience
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the threshold levels of pollinator diversity and abundance 
needed to provide economically viable levels of pollination 
services remain unknown due to a lack of large-scale 
community monitoring of pollinators or pollination services. 

Links to primary valuation methods: The shadow value 
of pollination services will have to be derived from either 
a production function (Section 2.2.) or, ideally, surplus 
valuation methods (Section 2.4.). Production functions can 
inform the marginal effects of changes in the pollination 
service community, including the relative contribution of 
different species, identifying thresholds for the system 
studied and the value of benefits potentially lost by a 
composition change. Finally, stated preference methods 
will be required to assess the non-use value of pollinator 
resilience stocks.

Data required: Threshold levels of pollinator abundance 
and diversity required to provide pollination services to a 
particular plant, estimates of the present value of pollination 
services, projections of future benefits and a suitable 
discount rate. 

SECTION 5. KNOWLEDGE 
GAPS
5.1 Overview

There is a consensus that biological knowledge gaps are an 
important limitation to economic analyses of the benefits of 
pollinations services (TEEB, 2009; Vanbergen et al., 2012; 
Dicks et al., 2013). The absence of biological information 
directly affects each of the methodologies and frameworks 
used or proposed to evaluate the impact of pollinators’ 
declines (see Section 2). For example, there is only limited 
information about the effect of habitat fragmentation in 
pollination dynamics (Hadley and Betts, 2011) or landscape 
effects (Viana et al., 2012) and variability in the concept of 
pollination deficit (Liss et al., 2013). There are also biases in 
global sampling towards large-scale farming in temperate 
regions (Steward et al., 2014), bias in sampling examples 
(Archer et al., 2013) or the interface with climatic change 
(Prather et al., 2013). An urgent priority and research 
challenge will be to establish how multiple pressures affect 
pollinators and pollination under continuing environmental 
change and their subsequent economic impacts (Vanbergen 
et al., 2013). The relationship between crop management 
practices and the response of crop yield to pollination is 
complex and, in the vast majority of cases, completely 
unknown and for most regions of the world. For most wild 
pollinator taxa, we have no data as to whether there have 
actually been declines (Goulson et al., 2015). While the 
contribution of wild bees to crop production is significant, 

service delivery is restricted to a limited subset of all known 
bee species and conserving the biological diversity of bees 
therefore requires more than just ecosystem-service-based 
arguments (Kleijn et al., 2015). 

Although biological knowledge gaps remain the primary 
factor limiting accurate valuation of pollination services, a 
number economic knowledge gaps fundamentally also limit 
the current scope of valuation studies. As such, the current 
knowledge base is likely to neglect certain beneficiaries 
and may over- or under-estimate the impacts of pollinator 
gains and losses. This section critically reviews a number 
of the key knowledge gaps affecting accurate estimation 
of the economic impacts of pollinator gains and losses, 
highlighting which methods are primarily affected (Section 2 
and 4) and what the impacts of this incomplete information 
are likely to be. 

5.2 Agronomic/ ecological 
knowledge gaps

5.2.1 How do we measure pollination 
services?

In a review regarding how pollination is measured in 
published works, Liss et al. (2013) found that pollination 
was most often defined by crop yield (41%), followed by 
pollinator abundance/diversity (31%), pollen transfer (21%), 
pollinator visitation (13%), and plant fitness (9%). Lack of 
robust, reliable and consistent indicators for pollination 
services could produce contradictory or inaccurate results 
by lack of understanding of the relationship between 
pollinator identity, abundance and diversity and service level 
(Liss et al., 2013).

Different ecosystem service definition and metric selections 
could hypothetically alter study conclusions about 
pollination service provision and confound comparisons 
among studies. Pollination services are estimated to be 
high in Landscape A when using a crop yield definition but 
low based on pollinator abundance and diversity, while 
the opposite is true in Landscape B. Production function 
models in these landscapes would over- or under-estimate 
pollination service benefits and may in turn drive sub-optimal 
decision making if farmers were to add or not add mitigation 
measures respectively (modified from Liss et al., 2013).

Methods affected: Production Functions (Section 
2.2.3), Yield analysis (Section 2.2.1), Stated preferences 
(Section 2.5.).

Impacts: A robust metric of pollination services is essential 
to accurately estimate the pollination service provided by 
pollinator communities. Inaccurate measures can potentially 
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cause over- or under-estimation of benefits. In crops, this is 
particularly important in production function analyses, which 
should capture the effectiveness of different pollinators 
within a community in providing pollination services. An 
ideal measure would be to estimate the pollen deposition 
by each species up to a threshold required for fruit or seed 
set (Winfree et al., 2011). However, although standardized 
frameworks exist to measure this in the field, it is a very 
labour intensive process (Vaissiere et al., 2011; Delaplane 
et al., 2013). Assessments of how well pollination service 
metrics correlate with one another could therefore allow for 
simplification of fieldwork and greater comparability between 
studies. Different metrics may also be required for valuing 
different benefits; for crops the level of pollen deposition 
is key to ensuring optimal economic output (Winfree et 
al., 2011), however for aesthetic wildflowers, the rate of 
legitimate visits to aesthetically valuable species rather than 
other species may be more important. 

5.2.2 What are the benefits of pollination 
service on the final crop output?

Much of the current understanding of pollination service 
benefits is based on studies that solely focus on changes in 
initial fruit/pod set rather than final producer profit (including 
costs) and are often assumed to be representative of all 
cultivars of a crop (Bos et al., 2007; Garratt et al., 2014). In 
reality, crop quality can be a significant component on the 
markets for a particular crop increasing the sale price (e.g., 
apples – Garratt et al., 2014) or the quantity of extractable 
materials (e.g., oilseed rape – Bommarco et al., 2012). In 
some crops a minimum quality threshold is often required 
for a crop to enter a specific market, for example, in the 
European Union strawberries must be of a particular shape 
and size to enter the primary produce market (Klatt et al., 
2014), with others entering a lower quality secondary market 
for processing. Similarly, recent studies have demonstrated 

FIGURE 4.3
 
 

Comparison of different methods for evaluating pollination services.(Liss et al., 2013)

Crop area Yield per area Total services

• Large pollinator-dependent cropland with a small forest 
patch

• Pollinator-nesting habitat of moderate quality, but some 
cropland is beyond the pollinator foraging range 
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pollinated

• A smaller pollinator-dependent cropland bordered by a 
large forest patch, hedgerows, and a meadow

• The entire cropland within pollinator foraging range
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Pollinator abundance and 
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• Species diversity of the 
pollinators

Method 2

Crop area Yield per area Total services

Pollinator 
abundance

Pollinator 
diversity

Total servicesPollinator 
abundance

Pollinator 
diversity

Total services

A lower level of production per unit area 
but higher total crop production

Limited high-performing crop area

Sparse pollinators with low diversity
Pollinators do not regularly reach the entire field
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substantial variations in the benefits of pollination services 
to different cultivars of the same crop (e.g., Hudewenz et 
al., 2013; Garratt et al., 2014); however, for many crops 
the variations in these benefits remain unknown. As such, 
estimates of value extrapolated from a single cultivar may be 
misleading, particularly in crops with a high cultivar turnover 
(e.g., oilseed rape – Hudewenz et al., 2013) or where 
cultivars sell for different prices (e.g., Garratt et al., 2014). 
Many studies do not account for increases in costs resulting 
from additional pollination, such as greater picking or input 
costs (Winfree et al., 2011).

Methods Affected: Yield Analysis (Section 2.2.1.), 
Dependence Ratios (Section 2.2.2.), Surplus Models 
(Section 2.4.).

Impacts: Failure to capture the full extent and variation of 
benefits for a crop can result in under- or over-estimation of 
benefits, particularly if extrapolated over a range of cultivars 
(see Garratt et al., 2014). This will in turn affect the estimates 
of changes in crop production on prices, an important 
component of welfare analysis – for instance if crop quality 
decreases more than quantity then overall prices may fall 
even in cases of lower available supply.

5.2.3 Interactions between pollination 
services and land management or other 
ecosystem services

5.2.3.1 How do management practices affect 
the benefits of pollination services?

Although pollination services can have a strong influence on 
yields, yields will be strongly driven by local management 
of the crop, such as input, planting regimes etc. In 
most economic studies, the benefits of pollination are 
overestimated because the influence of other anthropogenic 
inputs (insecticides, fertilizers, etc.) are not accounted for (see 
Section 2). For instance, Marini et al. (2015) demonstrate 
that in certain oilseed rape cultivars, yields are enhanced to 
different extents by the amount of nitrogen applied to the soil 
but benefits to crop yield from insect pollination seemed to 
increase with decreased nitrogen levels.

Furthermore, local management can affect the delivery of 
pollination services. Recent reviews and meta-analyses 
suggest that the impacts of human land use on pollinators 
are generally negative (Kennedy et al., 2013). Kremen et al. 
(2012) concluded that agricultural intensification reduced the 
diversity and abundance of native bees such that pollination 
services they provided are below the necessary threshold to 
produce marketable products. To date there have been very 
few studies that have looked at the impacts of changing 
management on the economic benefits of pollination 
services (but see Blaauw and Isaacs, 2014).

Methods Affected: Dependence Ratios (Section 2.2.2.), 
Production Functions (Section 2.2.3.), Surplus Models 
(Section 2.4.).

Impacts: Failure to account for the impacts that 
management and inputs can have on the scale of benefits 
to crops (including additional costs) can result in over- or 
under-estimation of the benefits of pollination services to 
a crop. This is particularly significant when extrapolated 
across larger spatial scales that encompass areas with 
natural variations in productivity (e.g., through soil quality, 
climate etc.). Furthermore, the capacity to trade-off between 
pollination and other inputs is an important consideration in 
surplus modelling, particularly general equilibrium models 
(which consider how such substitutions could affect 
benefits) and production function analyses (which consider 
the benefits of pollination relative to other factors affecting 
yield) and could limit the accuracy of both approaches.

5.2.3.2 How do different ecosystem services 
affect the benefits of pollination services?

Most research implicitly uses as a simplifying assumption 
the notion that ecosystem services (in this case pollination) 
do not have significant and variable relationships with 
one another (Bennett et al., 2009). Decreasing level and 
stability of yield in insect-pollinated crops has so far solely 
been attributed to pollinator declines, without considering 
how other ecosystem services have changed in tandem 
(Lundin et al., 2013). Different factors, including pollution, 
can change these ecological relations; therefore, there is 
a need to alleviate humans’ impact on nature by a holistic 
approach that includes and prioritizes the loss of pollinators. 
To ensure continued ecosystem services, it will be important 
to maintain not only an abundance of key species but also 
species interactions and the diverse, healthy ecosystems 
that sustain them. 

Furthermore, despite their apparent importance, 
interactions among ecosystem services, particularly 
those involving regulating services have generally been 
underappreciated; ecological management and monitoring 
have focused on provisioning or cultural services. While 
there has been substantial ecological research on some 
regulating services such as pollination and carbon 
sequestration, these services’ role in ensuring the reliability 
of other ecosystem services has not been systematically 
assessed (Bennet et al., 2009). For example, Knight et al. 
(2005) demonstrate the impact water quality can have on 
pollinators via trophic cascades. Fish that require good 
water quality to maintain stable populations in turn predate 
upon dragonflies, the principal predators of pollinators 
within the system (Figure 4.4). Loss of water quality can 
therefore affect pollination services by reducing the fish 
population, reducing the predation on dragonflies and 
indirectly increasing predation on pollinators.
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Methods Affected: Yield Analysis (Section 2.2.1.), 
Dependence Ratios (Section 2.2.2.), Production Functions 
(Section 2.2.3.), Surplus Models (Section 2.4.).

Impacts: Coordinated management for multiple ecosystem 
services can have positive synergistic effects, which can 
outweigh the summed benefits of managing ecosystem 
services that are spatially or temporally separate (Lundin et 
al., 2013). Failure to adequately capture these trade-offs 
will lead to an over-/under-attribute yield gains to pollination 
services. Research that quantifies the provision of multiple 
services, the trade-offs and synergies among them and 
also examines the ecosystem processes that link services 
will lead to a better understanding of how the relationships 
among ecosystem services can change over time and 
space (e.g., Marini et al., 2015). Such understanding 
may enable manipulation of systems to decrease trade-
offs, enhance synergisms, and promote resilience and 
sustainable use of ecosystem services (Volk, 2013).

5.2.3.3 How do pollination services affect the 
benefits of other ecosystem services?

Although pollination is a service that results from direct 
interactions between plants and animals, because of its 
reproductive value to plants it also has an important, indirect 
role in other vegetation-based services, such as water 
filtration, erosion control, carbon storage and sequestration 
(Montoya et al., 2012) and landscape aesthetics (Breeze 
et al., 2015). The total value of insect pollinators to crop 

production would be even higher if indirect benefits, such 
as enhanced soil fertility and soil conservation through 
the pollination of various nitrogen-fixing legumes and 
replenishing soil nutrients, were taken into account (Partap 
et al., 2014).

For example, the total value of insect pollinators to 
agriculture would be even higher if economic risks of both 
direct crop sectors and indirect non-crop sectors in the 
economy were taken into account (Bauer and Wing, 2014). 
Perhaps the most drastic effects would be in uncultivated 
areas where a large share of the soil-holding and soil-
enriching plants would die out (Bohart, 1952). 

Methods Affected: Yield Analysis (Section 2.2.1.), 
Dependence Ratios (Section 2.2.2.), Production Functions 
(Section 2.2.3.), Surplus Models (Section 2.4.), Stated 
Preferences (Section 2.5.)

Impacts: Like farm management practices, failure to 
account for the interaction between pollination and other 
ecosystem services can result in under- or over-estimation 
of the benefits of pollination services, especially for crops 
that are highly self-incompatible. In order to assess total 
economic value, it is important to quantify the various non-
market benefits of pollination services. In order to do so, 
the contribution of pollination services to various benefits 
provided by other, intangible ecosystem services must be 
quantified to accurately extrapolate the value of pollination 
to these final services via stated preferences or production 

FIGURE 4.4
 
 

Interaction web showing the pathway by which fish facilitate plant reproduction. 

Solid arrows indicate direct interactions; dashed arrows denote indirect interactions. The sign refers to the expected direction of the 
direct or indirect effect (modified from Knight et al., 2005).
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functions that capture appropriate feedbacks. Failure to do 
so will result in some benefits being ignored in valuation and 
trade-off decisions informed by them. 

5.2.4 How do variations in wild pollinator 
communities affect service delivery?

Only recently have ecologists specifically addressed daily, 
seasonal, and annual temporal patterns in network structure 
of plant-pollinator interaction networks (Burkle and Alarcon, 
2011). For example, Price et al. (2005) studied pollination by 
insects and humming birds to a montane herb (Ipomopsis 
aggregate) for 7 years, finding that pollination services 
are variable within and between years by several orders 
of magnitude even at the same sites. Whereas studies of 
short duration may detect covariance of floral variation and 
pollination success, additional sources of variation across 
sites and years may weaken, strengthen, or even reverse this 
effect (Burkle and Alarcon, 2011). Although plant–pollinator 
systems are highly dynamic, measures of their interaction 
networks are structurally stable across all time scales 
studied. This suggests that the mechanisms governing the 
assembly of pollination networks are likely independent 
of species composition, thereby preserving ecosystem 
function, across seasons, years or decades (Burkle and 
Alarcon, 2011). A better understanding of the links between 
pollination and population dynamics is needed to know 
when limits to seed input and seedling establishment affect 
population size and structure (Wilcock and Neiland, 2002).

Several case studies have noted that wild pollinators may 
positively enhance the effects of managed honeybees on 
crop yields through by increasing movement across flowers 
(Greenleaf and Kremen, 2006) or movement between different 
individuals of self-incompatible crops (Brittain et al., 2013). 
These studies demonstrate the economic importance of 
interspecific interactions for pollination services in some crops 
(but this may not be widespread; see Garibaldi et al., 2013) 
and suggest that protecting wild bee populations can help 
buffer the human food supply from honey bee shortages.

Both abundance and behavioural-mediated mechanisms 
can enhance the stability of pollination services in some 
crops (Greenleaf and Kremen, 2006; Brittain et al., 2013). 
Assemblages that contain a wide range of species with 
different ecological requirements could maintain pollination 
services as environmental conditions change over time 
because i) declines in abundance of some taxa can be 
offset by increases in others and ii) interspecific interactions 
can enhance net pollination services. This is the basis of the 
biological insurance hypothesis with respect to pollination 
as an ecosystem service (Rader et al., 2012). Lever et al. 
(2014) describes the capacity of pollinator populations to 
persist under harsh conditions. However, once a system’s 
threshold is reached, pollinator populations may collapse 

simultaneously, raising questions about the resilience of 
pollination networks across different temporal and spatial 
scales (Petanidou et al., 2008).

Several studies (Javorek et al., 2002; Artz and Nault, 2011; 
Rader et al., 2012) have compared the pollination service 
effectiveness of honeybees and various wild pollinators 
(wild bees, flies), using not only the frequent visitors but also 
different measures of pollen transfer efficiency (amount of 
pollen deposited on stigmas per single visit and stigmatic 
contact). Rader et al. 2012 found that pollinator importance 
changed little irrespective of the spatial and temporal 
variations among taxa.

Methods Affected: Production Functions (Section 2.2.3.), 
Natural Capital quantification (Section 2.6.), Resilience 
stocks (Section 4.3.3).

Impacts: Understanding the contributions of different 
pollinators within a community and the effectiveness of their 
interactions (Greenleaf and Kremen, 2006) is essential to 
understanding the total economic benefits of a community, 
identifying areas with possible pollination deficits and 
planning management accordingly. The management 
requirements for e.g., ground-nesting bees may be very 
different to those of hummingbirds, moths etc. This can 
result in over- or under-estimating the value and resilience 
of wild pollinator natural capital within the landscape by 
incorrectly assuming that all pollinators provide equal 
benefits to a particular crop. 

5.2.5 How effective are artificial 
pollination methods

While numerous technological replacements and 
supplements for insect pollination services have been 
developed (Pinillos and Cuevas, 2008) their effectiveness 
in providing pollination services compared to animals 
remains unknown for a large number of crops. Different 
technologies are likely to be differently effective for different 
crops; for example, hand pollination is effective in Cherimoya 
(Gonzalez et al., 2006) but not Raspberry (Kempler et al., 
2002) and some have been developed in response to 
specific needs (e.g., vibration wands in tomatoes – Pinillos 
and Cuevas, 2008).

Methods affected: Replacement Costs (Section 2.3.).

Impacts: Replacement cost studies must assume that 
methods are equally effective to animal pollination, which 
may not be the case, over- or under-estimating the total 
costs involved. Furthermore, effectiveness may affect 
producers’ willingness to uptake the replacement. If this is 
not known, it will not be possible to accurately estimate how 
realistic the replacement scenario is. 



THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

246

5.3 Economic knowledge gaps

5.3.1 Limited information regarding 
non-market or non-monetary food 
consumption

Studies into the economic benefits of pollination services 
have thus far exclusively focused on crops produced 
and traded on monetary markets. In reality, producers in 
many countries will consume a certain amount of their 
own produce in lieu of selling it on an open market or 
will exchange their produce directly for other goods and 
services. For example, in India though most of the crops 
and their value are covered, fruit and vegetable production 
statistics are inadequate. About 40% of the geographical 
area under agriculture is without the benefit of reliable 
statistics on crop acreage by crop season (Sengupta, 2007). 
Similarly, people across the world have access to wild 
fruits and many will grow a small amount of their own food 
in gardens or allotments. While it is possible to estimate 
the economic benefits of this produce by determining the 
equivalent value of the produce on the market and applying 
standard valuation methods, there are no large-scale 
estimates of the amount of produce used in this way. 

Methods affected: Dependence Ratio (Section 2.2.2), 
Surplus Models (Section 2.4.).

Impacts: This knowledge gap limits understanding of the 
full extent of pollination service benefits to crop production 
by underestimating the total amount produced. In many 
developing countries, crops consumed at home or traded 
in non-monetary exchanges are likely to be a significant 
part of local consumption. The welfare benefits of non-
market crops consumed by producers are likely to be very 
significant to local producers as the crops are consumed at 
effectively no cost.

5.3.2 Limited information regarding 
seasonal trade in produce

Most studies on the value of pollination services have only 
considered inter-annual variations in crop production. In 
reality, production and, by extension prices will fluctuate 
within the year as well (intra annual variation) for some 
crops. Although modern refrigeration can extend a crops 
storage life, making it available longer throughout the year 
(Klatt et al., 2014), spikes in availability are likely to occur for 
many crops. This will affect both short-term prices and total 
international trade within the year, with imports increasing to 
meet demands where supplies are lower and subsequently 
lowering the overall price (Kevan and Phillips, 2001). 
Although some seasonal price data is available (e.g., UK – 
Defra, 2014) the extent of seasonal variation in international 

production and trade of insect pollinated crops remains 
largely unknown. 

Methods affected: Surplus Models.

Impacts: Lacking seasonal data, the effects of international 
trade on national prices over time are impossible to 
estimate. As such, estimates of the impact of pollination 
services on consumer or producer welfare remain 
incomplete. This is particularly significant when estimating 
the impacts on secondary consumers as supplies may 
be strongly linked to certain regions at particular times of 
the year, increasing the negative consequences of service 
losses in those regions. 

5.3.3 Limited information regarding 
production and consumption on the 
secondary market
Presently, all estimates of the market value of pollination 
services have used data on the sale prices paid to 
producers. As such, any estimates of value derived from 
them only reflect the welfare benefits to primary consumers 
only. In many countries, these buyers will be wholesalers 
(e.g., supermarkets) who will in turn sell the produce at a 
higher price elsewhere; for instance, in the UK, sales at farm 
gate only reflect 42% of the final sale price (Defra, 2014). 
Thus, the welfare of these end consumers has not yet been 
assessed and may potentially be additive to the value to 
initial buyers, should price shocks be passed further down 
the supply chain. Furthermore, the preferences of end 
consumers will drive primary consumption and production 
of particular crops in order to meet demands. As long-term 
sales and prices set by these suppliers are considered 
commercially sensitive, it is very difficult for research to 
establish the structure of these secondary markets. 

Methods affected: Surplus Models (Section 2.4.).

Impacts: The lack of sufficient information on the quantity 
and price of produce on the secondary market limits the 
capacity of existing methods to assess the impacts on end 
consumers, under-estimating the total benefits of pollination 
services by neglecting a large proportion of beneficiaries. 
Furthermore, information on consumer preferences is 
important to establishing crop substitution elasticities, 
limiting the capacity of research to estimate how prices 
respond to changes in the supply of a particular crop and 
the resultant impacts on producer and consumer welfare.
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SECTION 6. HOW 
ECONOMIC GAINS AND 
LOSSES IN POLLINATION 
CAN BE USED TO INFORM 
DECISION-MAKING?
6.1 Overview

Institutions, governance systems and other indirect drivers 
are the ways in which people and societies organize 
themselves and their interactions with nature at different 
scales (Díaz et al., 2015). The decision process of protecting 
or not protecting pollinators is driven by the organization 
of the society. These benefits can be private (increased 
farmer profit due to pollination), or public as the amenities 
created by pollination on a landscape. Figure 4.5 illustrates 
how economic valuation (red arrows) can be used directly 
or indirectly for decision-making (green arrows) at different 
scales within the framework of IPBES. Economic valuation 
can be used by private and public institutions to estimate 
the importance of pollination services. By measuring the 
economic impact of changes on private or public benefits’, 
valuation can feed directly into the decision making process. 

6.2 Tools and methods for using 
economic valuation in decision-
making
Economic valuation of pollination services can be used at 
scales ranging from individual farmers and cooperatives 
to national governments. Important tools and methods to 
inform decision-making that rely on economic valuation 
are, mainly, cost-benefit (and cost-effectiveness) analysis 
(Chapter 4, Section 1.1.4 and Chapter 6, Section 6.5.1.5), 
environmental accounting (Chapter 6, Section 5.8) and 
modelling pollination services (Chapter 6, Section 5.10). 
Some other tools integrate or incorporate economic valuation 
as vulnerability assessment (Chapter 6, Section 5.7), 
decision support tools (Chapter 6, Section 5.12), and Multi-
Criteria Analysis (Chapter 6). Multi-Criteria Analyses (MCA) 
are a family of methods which combine multiple metrics 
into a series of criteria to simultaneously consider a range of 
impacts arising from activities and decisions (Sijtsma et al., 
2013). MCA often include economic considerations (e.g., the 
rate of employment and profit) alongside environmental (e.g., 
habitat and air quality), political (e.g., political stability and 
participation) and socio-cultural (e.g., education and cultural 
identity) aspects (Estevez et al., 2013; Scriedu et al., 2014). 
Although MCA have been applied to management scenarios 
concerning the management of ecosystem services, 
including those important to food production (e.g., Fornata et 
al. 2014, Volchko et al., 2014), to date no study has directly 

assessed pollination services within this framework. MCA are 
particularly advantageous as they are capable of considering 
the full suite of values that the affected stakeholders 
possess, rather than solely focusing on an economics 
worldview, which may not always be appropriate (Scriedu et 
al., 2014). Both monetary and non-monetary assessments 
of the benefits of pollination services can be incorporated 
into MCA depending on the criteria identified by the affected 
stakeholders. For instance, if agricultural productivity 
were identified as an important economic criterion for 
stakeholders, then both the monetary value of pollination 
services to crops and the available stocks of pollinator assets 
to ensure current and future production would be ranked 
highly. However, in regions where agriculture is primarily 
subsistence based, it may be more appropriate to consider 
the non-monetary benefits of pollination to capital (Section 
2.6, 2.8.).

In Chapter 6, Section 6.5 (Table 6.5.2), the experience, 
strengths and weaknesses of these tools and methods for 
informing decisions about pollinators and pollination are 
reviewed, alongside other tools and methods less reliant 
on valuation.

Economic valuation of pollination is a crucial element in 
designing payment for ecosystem services schemes (FAO, 
2007; Chapter 6, Section 4.3.3), because the value of the 
service provided could constitute one basis for justifying the 
payment amounts. Another basis could be the opportunity 
cost to the producer.

6.3 Use of economic valuation 
of pollination at different 
stakeholder levels
Once the use and non-use values for both, private 
and/or public benefits of pollination services (including 
economic consequences of pollinator decline) are known, 
appropriate responses can be developed at multiple levels. 
In agriculture, the main levels of governance are typically: 
farmer, producer/cooperative, industry and government 
(Daily et al., 2009; Kleijn et al., 2015). In Chapter 6, Table 
5.3 describes the utility of different tools and methods for 
decision-making on pollinators at these different levels.

6.3.1 Use of valuation at farmer level

If farmers know the potential economic consequences of 
pollinator decline in their private benefits, they can choose 
alternative crops or varieties that do not result in either loss 
of income to them as private actors or to society as a whole. 
For example, hybrid varieties of oilseed crop have both higher 
values per unit produce and requirements for insect pollinators 
than the open-pollinated varieties. If there are declining trends 
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on the availability of managed honeybee colonies in the area, 
then the farmer will be able to estimate loss of production from 
hybrid crop versus open-pollinated crop and make appropriate 
decision at farm level (Hudewenz et al., 2013; Marini et al., 
2015). Economic valuation will be helpful in understanding 
or estimating tangible losses from any change in pollination 
service arising from changes in populations of pollinators and 
hence farmers can make decisions to grow particular types 
of varieties to cope with that situation. Alternatively, knowing 
the profitability losses of pollinators could be used to invest in 
measures to mitigate loss (such as flower strips) (Wratten et 
al., 2012; Garibaldi et al., 2014).

6.3.2 Use of valuation at producer level

If a group of farmers is involved in, for example, seed 
production, then they can measure the profit gain or loss 
due to pollinators change (using e.g., production function 
models; Section 2.2.3.) to guide their decision-making for 
appropriate production and marketing strategies. If there 
is a trend in the profit changes from linked pollinator gains 
and losses in the area, seed producers can make decisions 
to adjust their operations accordingly and establish a 
collaborative grower response. They can adopt certain 
strategies to bring additional managed pollinators or to 
change the type of crops that depends less on pollinators.

As described by Fisher et al. (2009), pollination services are 
provided omni-directionally and their benefits affect much of 

the surrounding landscape. When this service is offer by wild 
insects providing by a natural habitat, economic valuation 
can be used to incentivise a group of farmers who benefit 
from this service because their fields are in the surrounding 
landscape to maintain it. 

6.3.3 Use of valuation at industry level

Industry’ scope is local, national and global. Industry 
that deals in sales and marketing of seed, oilseed crops, 
horticultural crops and other food products dependent on 
pollination can develop their strategies to respond to any 
change in pollinators’ populations. Industry can forecast the 
production figures, financial profits or losses and responses 
to shareholders based on profit valuation studies. For 
example, in cases were an industry is highly dependent on 
insect pollination, being able to illustrate the projected profit 
loss of a pollinator shortage (Allsopp et al., 2008) can allow 
this industry to more effectively lobby with government for 
pollinator friendly regulations or concessions (de Lange et 
al., 2013).

6.3.4 Use of valuation at government level

While the farmer, producer and industry levels are 
concerned with private values of pollination, governments 
(local, national or international) focuses on the effects on 
social welfare arising from pollinator gains and losses. Social 

FIGURE 4.5
 
 

Schematic representation of how economic valuation is used by institutions and for decision making at different scales as embedded 
in the IPBES framework (adapted from Díaz et al. 2015).
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benefits

Economic valuation

Social welfare gain or loss

Pollination service Action from Nature
Scientific action
Institutional action

LEGEND
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welfare encompasses the firm profits but also the consumer 
welfare. Governments can use the economic valuation as a 
policy tool to respond to the changing needs of constituents 
mostly farmers in many parts of the world. Appropriate 
agricultural and food policies can be developed by using 
the information on valuation of pollination services (TEEB, 
2010). For example, if there are significant changes in the 
population of pollinators, then governments can guide, 
through appropriate regulation or incentive, changes in the 
cropping patterns in the agricultural area. They can promote 
other crops with relevant inputs and market support to 
overcome any predictable losses due to the crops that 
are more dependent on pollinators (Garibaldi et al., 2014). 
Alternatively, government can support landowners more 
directly to maintain pollinator habitat through subsidies and/
or regulations in cases where the pollinator-dependent crop 
is too valuable to society in terms of produce, export or 
employment provision, to replace. Pollinator maps showing 
varying level of abundance, habitat and key species can 
also be developed. These maps can be used along with 
economic valuation by decision makers (governments) for 
resource allocation to support agriculture. For instance, it 
could be helpful to know where the pollination potential is 
high, and simultaneously the crop production dependence 
on pollinators is high. It is also helpful for governments to 
have some monetary values to support some decisions. 
Government can also evaluate the non-marketed benefits of 
the pollination and use this economic valuation to estimate 
the interest or not in managing pollinator populations. The 
difficulties of such a valuation is that private and public 
interest are and measure the amount of the subsidy or taxes 
sufficiently high to incentivise landowners to change their 
practices. 

6.4 Step-wise guide for using 
economic valuation for decision-
making
Decision-making aims to protect or maintain the private and 
public benefit due to pollination service, and this for both 
wild and managed pollinators. Regardless of the scale used 
for economic valuation, there are a set of sequential steps to 
be taken to enable decision-making. 

1. Determine the level of pollinator dependence of the plant 
as crop, crops grown or wild plant. This can be achieved 
with field studies (e.g. Yield analysis or production 
function models, Section 2.2.1 and 2.2.3) or through 
published resources such as Klein et al. (2007). 

2. Determine the scale of production affected – the number 
of producers, the area of crops or the wild plants’ 
landscape, the distribution within the region, etc. This is 
typically based on existing national statistics. It is also 
necessary to determine the beneficiaries of pollination 

services at this stage in order to identify appropriate 
temporal or spatial scales of benefits measurement. 
If the benefit of the pollination service is marketed 
as a crop, the beneficiaries are typically farmers 
and consumers (including secondary consumers). 
Similarly, the contribution of pollination to overall 
agricultural production and the rural sector can be 
calculated. Ideally, valuation should be accompanied 
with consultation of these stakeholders to accurately 
incorporate their wants, needs and constraints and 
to identify any mis-matches between their objectives 
(Ratamaki et al., 2015). 

3. The proportion contribution of wild versus managed 
pollination needs to be determined. This can be 
achieved through observational field studies (e.g. 
Winfree et al., 2011), cage studies of individual pollinator 
efficiency or through pollination production function 
models (Section 2.2.3).

4. The current availability of wild or managed pollinators 
now needs to be determined, ideally to act as a 
baseline. This can be achieved though current 
information on the numbers of managed pollinators 
within the country or using modelling approaches 
such as InVEST to predict wild pollinator populations 
(Lonsdorf et al., 2009). As stocks of managed 
pollinators can be used to offset any pollinator service 
shortage (Breeze et al., 2014), they should ideally be 
considered even when wild pollinators dominate the 
service providing community. In contrast, if managed 
pollination is not available and there is no wild pollinator 
replacement, substitution is limited. 

5. Now, the economic valuation of pollination services 
should be undertaken to establish baseline estimates 
and monitor or project the impacts of changes. If the 
output of the pollination service is an amenity, the 
beneficiaries of this amenity should be distinguished. 
The valuation method used will depend on who 
the stakeholders are and the case over which the 
assessment is to occur – e.g. local farmers will be 
informed sufficiently by a Yield analysis (Section 2.2.1) 
or Production Function model (Section 2.2.3.) while 
larger scale analyses should consider surplus valuation 
(Section 2.4.). Some methods (e.g. stated preferences) 
are suitable at al scales.

6. Once benefits have been valued (or quantified) 
introduce economic valuation in a tool for decision 
making (e.g., CBA or MCA) to determine the impacts 
of actions. This step is necessary to decide whether 
to protect or maintain pollination service relatively to 
the constraints (in terms of time or budget or social, 
economic and environmental priorities, etc.) of the 
decision-makers.
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7. The last step is the action of protecting or maintaining 
the pollinators using the economic instruments (PES, 
incentives/taxes, subsidies, etc. See Chapter 6, 
Section 5).

There are very substantial uncertainties at each of these 
steps (see Chapter 6, Section 7), particularly regarding the 
availability of wild and managed pollinators in a particular 
place, and the relative contribution of wild and managed 
pollinators to a particular crop, which are clearly linked.

The next section discusses case studies in details from 
local to global scale. Some of these cases highlight how 
economic valuation can be used for decision-making 
(Ricketts et al., 2004; Cook et al., 2007; Allsopp et 
al., 2008).

SECTION 7. CASE STUDIES: 
FROM LOCAL TO GLOBAL
Since the late 1960s, there has been substantial increase in 
interest for the economic value of pollinators through their 
pollination service (Helliwell, 1969; Costanza et al., 1997). 
The topic received particular interest in the US, several 
European countries, Australia and New Zealand, where 
estimates of the value of pollination have been made for 
a wide range of different crops. A range of studies have 
shown that pollination makes a very significant contribution 
to the agricultural production of a broad range of crops, in 
particular fruits, vegetables, fibre crops and nuts. Estimates 
of the annual economic value of pollination have been made 
for the global scale. 

Less information is available from many parts of the 
developing countries, much of which focuses on pollination 
services to coffee, one of the world’s highest priced 
agricultural crops, where pollination contributes significantly 
to economic outputs (Klein et al., 2003). This section 
reviews some of the most significant studies into the 
economic impacts of pollination services from across the 
world at various spatial scales.

As currencies vary between studies and the strength of 
currency can vary throughout time (Section 3), all monetary 
figures presented in this section have been converted to 
2015 US$ using average annual spot exchange rates from 
the Bank of England (Bank of England, 2015). These dollar 
estimates were inflated to 2015 US$ using Consumer 
Price Index (CPI) data from the United Stated Federal 
Government’s Bureau of Labour and Statistics (BLS, 
2015a). Inflation was based on the CPI for July of the year 
the estimate was related to compare with the CPI in July 
2015 (BLS, 2015b). If this year was not stated, then the 
year before the study was published was used instead. If 

estimates are based on data average across several years, 
the average exchange and inflation rates across all the 
relevant years were used. These inflations only represent 
a change in the value of currency and do not capture any 
changes such as the relative input prices, price controls or 
subsidies. 

For example – Gallai et al. (2009a) estimated global crop 
pollination benefits in 2005, using a dependence ratio 
method at €153bn. This is divided by the exchange rate 
(0.8053€ per US$) and then multiplied by the rate of inflation 
(the proportionate change in the consumer price index 
between 2005 and 2015: 1.221), giving a value of $232bn. 
Similarly, Lautenbach et al. (2012), widely cited in this report, 
estimate the economic benefits of global pollination services 
at $212-$520bn in international dollars (a monetary unit 
that adjusts all prices based on power purchasing parity) in 
2009. As US dollars are the basis of the international dollar, 
no currency conversion is required so the value is simply 
inflated by multiplying it by the inflation rate (1.108), resulting 
in a value of $235bn-$577bn in 2015 US dollars. 

7.1 Local and regional scale

At the smallest scales (farms, communities etc.), changes in 
pollination services are unlikely to affect consumer wellbeing 
as the loss of production is likely to have little to no impact 
on crop prices (Section 2.5). As such, almost all studies 
examining the economic impacts of pollination service 
losses at these scales have used the Yield Analysis method 
(Section 2.2.1) to examine the potential market output loss 
that would occur following a complete loss of pollinators. 
Kasina et al. (2009) used this method to estimate the 
economic returns from bee pollination in smallholder farming 
systems in the Kakamega region of western Kenya in 2005. 
The net benefit (after accounting for costs) that Kakamega 
farmers received from bee pollination of eight focal crops 
was estimated at $3.9M, almost 40% of the annual market 
value of these crops in 2005. In Brazil, DeMarco and Coelho 
(2004) assessed the economic benefits of pollination to 
coffee grown close to native forests in 2003. Pollination 
resulted in a 14.6% average yield increase in areas close to 
native vegetation. This increase refers to 25.4 more coffee 
sacks per ha for the producer, equivalent to $2,414/ha/year 
(2015 US$). 

Coffee has also been the focal crop in a number of studies 
examining the value of pollinator natural capital from the 
surrounding landscape. Ricketts et al. (2004) analysed 
pollination in 480 ha of coffee fields that are within 1km of 
two forest patches in Costa Rica compared with a hand-
pollinated control at each site to represent maximum 
pollination. Their findings indicate that pollination increases 
coffee yields by ~21%, with benefits declining towards 
the centre of the plantation. Considering the differences in 
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coffee yields, coffee prices and the costs of production, they 
estimate the surrounding forest on the plantation generates 
annual benefits $82,901 (2015 US$), representing ~7% of 
the annual income from the plantation. 

Olschewski et al. (2006) used a regression based model 
alongside data from Klein et al. (2003) and locally collected 
yield data to estimate the marginal benefits of pollination 
services per hectare of forest patches at different distances 
to coffee plantations in Indonesia and Ecuador. They 
found that the marginal benefits of forest patches to coffee 
depends on the quantity of forest converted, estimating 
that pollination services increase producer net income by 
$0-$63/ha (Ecuador, 2015 US$) and $0-$66/ha (Indonesia, 
2015 US$) depending on the distance between the habitat 
and plantation. 

A more advanced study was undertaken by Ricketts and 
Lonsdorf (2013) who adapt the InVEST model of Lonsdorf 
et al. (2009) using the information from Ricketts et al. (2004). 
The findings indicate that each hectare of forest fragments 
provided between $0-$936/year (2015 US$) of pollination 
services depending on their location relative to the coffee 
and other forest patches. The highest marginal values are 
found in forests that provide high-quality resources for which 
there are few substitutes. The average marginal value of 
forest parcel declined exponentially with forest cover within a 
500 m radius. 

More recently, Winfree et al. (2011) estimated the benefits 
and economic value of pollination services by native bees 
and honeybees to watermelon pollination in New Jersey and 
Pennsylvania, USA using both replacement costs and yield 
analysis. Unlike many other studies, this analysis explicitly 
considers how producer costs may change because of 
changing yield. Surplus modelling was not undertaken 
as the two states contribute less than 2% to US national 
watermelon supply. Their findings estimate the benefits of 
pollination services to producer net margins at $4.0M (2015 
US$); less than half the benefits estimated if producer costs 
were not accounted for ($8.5M – 2015 US$). The costs 
of replacing native pollinators and existing honeybees’ 
colonies with new honeybees’ colonies provided even 
smaller estimates of $0.23M (2015 US$) and $0.2M (2015 
US$) respectively. This study highlights the differences in 
the scale of estimates between methods and the potential 
over-estimation of benefits if changing producer costs are 
not considered. However, the study does not specify what 
variable costs it assumes will change with changing yields 
and therefore may overestimate the cost change if inputs 
that are applied before harvest (e.g., fertilizer) are included in 
this calculation. 

Local economic benefits can also be considered from the 
perspective of indigenous and local knowledge (see Chapter 
5 for more details). In several cultural contexts, before the 

introduction of money or in parallel, indigenous people use 
honey, and sometimes beehives, as an exchange value 
(non-monetary). Among forest hunter-gatherers, honey is 
shared within the group as it is collected and then taken 
back to the village for further distribution. According to 
Ichikawa (1981), honey is the medium by which the Mbuti 
pygmies regulate their social relations. Although honey 
belongs to the individual who finds it out, the owner alone 
does not consume it. It is distributed to other members 
of the camp and it is frequent that the owner of a nest 
asks the other men to collect his honey. The practice of 
honey distribution and labour exchange compensates the 
separatism among the camp members, which is liable to 
occur during honey season (Ichikawa, 1981). Terashima 
(1998) stated that like sharing economic reciprocation is 
important to maintain a strong and durable relationship in 
the group, but also with neighbours: in exchange for honey, 
the Efe pygmies obtain from their neighbours, named Lese, 
clothes and agricultural food like plantain and manioc, which 
constitute a significant portion of their diet.

Césard (2007) recorded that the Punan Tubu in Indonesian 
Borneo have exchanged honey and other forest resources 
with their farming neighbours and with traders for goods 
that were used in marriage payments. Merchants travelled 
upstream to trade directly with collectors the products in 
demand then, using various measurement standards to 
establish their exchange value. In the Danau Sentarum 
region, wax was also traded (Césard and Heri, 2015). 
Hunters, beekeepers, now small-scale herders and 
agriculturalists, the Ogiek people in Kenya have long traded 
honey with their Maasai, Kikuyu and Kipsigis neighbours in 
exchanged for livestock, dogs or grains. Honey and honey 
beer are also consumed in ceremonies. Muchemi et al. 
(2011) reported that even if money is now the main medium 
of exchange, honey is still used in matrimonial payments. 
During marriage negotiations and as part of the bride price, 
the boy’s relatives give to the girl’s relatives several bags 
of honey and calabashes of honey brew. More than ten 
large bags (about fifteen litres each) can be demanded 
and beehives are also exchanged between families in the 
marriage process (Samorai Lengoisa, 2015).

7.2 National scale

Stanley et al. (2013) assessed the benefits of pollination 
services to oilseed rape at the national scale in Ireland by 
extrapolating the results of a yield analysis (Section 2.1.) 
conducted in ten fields in 2009-2011 across the country. 
All fields were at least 1 km apart, and only one field was 
selected per farm to avoid potential bias due to specific 
management practices on one particular farm. Exclusion 
of pollinators resulted in a 27% decrease in the number of 
seeds produced, and a 30% decrease in seed weight per 
pod in winter crops, with comparable values from a spring 
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oilseed rape field. Extrapolating the results to a national 
scale, the economic value of insect pollination to winter 
oilseed rape in Ireland was estimated at $3.9M (2015 US$) 
per annum, while the contribution to spring oilseed rape was 
$1.9M (2015 US$), resulting in an overall value of $5.8 M 
(2015 US$) per annum.

Although upscaling yield analysis has been used for specific 
crops, the national scale benefits of pollination services to 
multiple crops are usually estimated using a dependence 
ratio methodology. Several interlinked studies have used 
this method to estimate the benefits of pollinators to 
agriculture in the USA; beginning with Robinson et al. 
(1989) which estimated that honeybee pollination services 
added to agricultural production in 1986, estimating a total 
market price of $20.3bn (2015 US$). Subsequent studies 
have gradually updated and refined this value; Morse and 
Calderone (2000) updated the information for 1996-1998 
($21.8bn 2015 US$). Losey and Vaughn (2006) used the 
same dependence ratios to estimate the value of wild 
pollinators in 2003 ($4bn 2015 US$), alongside other 
ecosystem services totalling ~$74bn (in 2015 US$ – $0.5bn 
for dung burial, $4bn for pollination, $5.8bn for pest control 
of native herbivores, and $64.8bn for recreation). Most 
recently, Calderone (2012) estimated the annual benefits 
of pollination services per hectare of US crop agriculture 
from 1997-2009, indicating that this value had steadily risen 
from $4,666.38/ha in 1997 to a peak of $7,399/ha in 2008 
(2015 US$). The total value of pollination services in the USA 
across this time period follows similar but less substantial 
trends, rising from $15.6bn in 1996 to $17.07bn in 2009 
(2015 US$) even as the area of insect pollinated crops 
gradually decline, indicating that price rises and a growing 
prevalence of higher value crops drive the average per 
hectare rise. 

Although increasingly comprehensive, these studies 
only estimate the market benefits rather than societal 
value. Southwick and Southwick (1992) addressed this 
shortcoming by analysing the consumer surplus (Section 
2.4) related to crop pollination by honeybees in the US in 
1987. Based on ~20 years of price and consumption data, 
they estimate the demand curve for 50 different crops. 
Furthermore, the study includes a number of weights to 
reflect the capacity of wild pollinators to substitute for lost 
honeybee pollination services. The estimated value of 
honeybee pollination services to 17 crops was estimated at 
between $3.4bn (partial substitution by wild pollinators) to 
$11.6bn (2015 US$ – no substitution). Like many consumer 
surplus studies, this study unrealistically assumed that 
producers could freely switch between wind pollinated and 
animal pollinated crops without costs and therefore suffer 
no welfare loss from pollinator declines (see Section 2.4. 
for a full discussion). Furthermore, this study, like Morse 
and Calderone, Losey and Vaughn (2006) and Calderone 
(2012), primarily uses the dependence ratios of Robinson et 

al. (1989) which are mainly drawn from expert opinion rather 
than field study.

The annual migration of monarch butterflies (Danaus 
plexippus) has high cultural value and recent surveys 
indicate monarch populations are declining. Understanding 
how much, and where, humans place value on migratory 
species can facilitate market-based conservation 
approaches. Diffendorfer et al. (2014) performed a 
contingent valuation study of monarchs to understand 
the potential for such approaches to fund monarch 
conservation. The survey asked U.S. respondents about the 
money they would spend, or have spent, growing monarch-
friendly plants, and the amount they would donate to 
monarch conservation organizations. The study found nearly 
three-quarters of those surveyed support conservation 
efforts for the species. Combining planting payments and 
donations, the survey indicated U.S. households valued 
the existence of monarchs (as a total one-time payment) at 
$5bn–$6.9bn, levels similar to many endangered vertebrate 
species. This value is likely an over-estimate as it is based 
on the assumption that all households would be willing 
to pay an average of $32-$42 (2015 US$). Nonetheless, 
it highlights that the financial contribution of even a small 
percentage of households could generate new funding 
and resources for monarch conservation through market-
based approaches.

Beyond the USA, Gordon and Davis (2003) examined 
the consumers and producers surplus value of honeybee 
pollination in relation to 35 crops grown in Australian 
agriculture using a partial equilibrium model (Section 2.4.). 
This study calculates demand curves for both domestic 
and imported production of each crop in order to capture 
consumer’s ability to switch between domestic and 
imported product. The import elasticity is usually larger 
the domestic demand elasticity as, on the international 
market, the Australian products are, in many cases, relatively 
easily be replaced by products from other countries. The 
producers’ surplus is calculated for three assumptions 
regarding the loss of income, following a decline in the 
pollination service that farmer will incur before they switch to 
another crop; 0%, 30% or 100%. If farmers, following a loss 
of the pollination service, immediately switch to a new crop 
that does not depend on pollination, the producers’ surplus 
is zero (equivalent to Southwick and Southwick, 1992). The 
results estimate the value of pollination services to Australian 
consumers at $720M (2015 US$), while the producers’ 
surplus varied depending on when producers switched 
crops from $0 (producers immediately switch to other crops) 
to $762M (producers switch to other crops at 100% income 
loss) (2015 US$). 

An and Chen (2011) found that the stock of honeybee 
colonies in China had increased by 161% between 1961 
and 2009, while the area of fruit and vegetable cultivation 
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had increased by 472%, and their production had increased 
by 833%. The total economic value of insect pollination 
of Chinese fruits and vegetables amounted to $57bn 
(2015 US$) in 2008, which represented 25.5% of the 
total production value of the 44 crops produced in China. 
Similarly, Liu et al. (2011), using a dependence ratio method, 
assessed the economic benefits of honeybee pollination 
services to 36 crops during 2006-2008. In total 60-87.95 
million colonies were required to supply Chinese pollination 
demands in 2008.The average economic benefits of 
honeybee pollination between 2006-2008, was estimated 
at $56.1bn (2015 US$), equivalent to 76 times the value 
of apicultural production, 12.3% of the gross output value 
of agriculture in China. These results indicate that Chinese 
agriculture benefits substantially from pollination, particularly 
from managed honeybees with the greatest demand from 
vegetables, fruits and cotton. 

One of the principle challenges in dependence ratio studies 
is the potential for inaccurate measurements of benefits to 
bias dependence ratios. Garratt et al. (2014) estimate, based 
on a yield analysis extrapolated up to a national scale, that 
insect pollination increases the net income of producers of 
two major apple cultivars (Cox and Gala) in the UK by of 
$62.1M (2015 US$). This study found that insect pollination 
affects the quality and harvesting costs of apples as well as 
the number of fruits set. These effects are variety-specific 
however, with greater effects on yield and quality in Gala 
($25,020/ha) than Cox ($20,119/ha) (2015 US$). Accounting 
for the differences between cultivars and the effects on costs 
and quality, the estimated national scale benefits were over 
$10.5M (2015 US$) greater than estimates considering the 
effects on fruit set alone. Furthermore, the study examined 
the gap between actual and potential yields, identifying a 
production gap in Gala worth up to $9.6M (2015 US$) at 
market prices. This case study highlights the importance 
of accurate, cultivar specific estimates of pollination service 
benefits on all facets of output (quality, quantity and costs), 
particularly at larger scales.

7.3 Global scale

Since the 1990s, there have been several attempts to 
analyse the value of the pollination service at the global 
scale. Costanza et al. (1997) provide an early estimate of 
$177.9bn/year (2015 US$) for pollination services, however 
this value is based on the assumption that 100% of insect 
pollinated crop yields would be lost without pollination 
services (see Section 2.1). 

More recently, Gallai et al. (2009a) used a dependence 
ratio method to estimate the contribution of pollinators to 
the production of 100 crops used directly for human food 
worldwide as listed by FAO in 2005. The total market price 
of this additional production from pollination was estimated 

at $232bn (2015 US$) worldwide, representing 9.5% of 
the value of the world crop production in 2005. The market 
price of a ton of the crop categories that do not depend on 
insect pollination averaged $174/tonne (2015 US$) while 
that of those that are pollinator-dependent averaged $876/
tonne (2015 US$). The study also estimated the economic 
value of this pollination service loss at $176.2bn-$302.9bn 
(2015 US$) (based upon a crop price elasticity of −1.5 to 
−0.8, respectively) in lost consumer surplus using a partial 
equilibrium model. This difference illustrates that standard 
dependence ratio models are unlikely to be effective 
proxies for the true value of pollination services. However, 
like most consumer surplus studies applied to pollination, 
these findings are based on the unrealistic assumption that 
the producers will be able to freely switch between insect 
pollinators and non-pollinated crops (see Section 2.4.). 
Gallai et al. (2009a) also identified the economic vulnerability 
of different regions to pollination service losses by estimating 
the proportion of the regions total output of crop agricultural 
that would be lost without pollination services. This analysis 
identifies Middle East Asia, Central Asia and East Asia as 
the regions most vulnerable to pollination service losses, 
with pollination responsible for 15%, 14% and 12% of 
output respectively.

Lautenbach et al. (2012), used dependence ratio method 
to develop maps of global pollination service benefits on 5’ 
by 5’ latitude-longitude grid based on cropping patterns in 
the year 2000. Unlike other dependence ratio studies, the 
price of production estimated is weighted by the Power 
Purchasing Parity of each country, adjusting the market 
prices depending on the relative purchasing power (the 
amount that can be bought, reflecting the general costs of 
living in that country) from one US dollar in each country 
(see Section 3). As such, benefits are adjusted upwards in 
countries where the cost of living is low and downwards in 
countries with a high cost of living, making the estimates 
more comparable between countries. Globally the 
contribution of pollination to market output, estimated at an 
aggregate $235bn-$577bn (2015 US$), shows an increasing 
trend from 1993 to 2009. Spatially, these benefits are 
focused on a small number of countries: particularly China, 
India, the USA, Brazil, Japan and Turkey. Comparing the 
proportion of agricultural GDP that depends on pollination 
for 1993 vs. 2009: countries like Azerbaijan (3% vs. 13.8%), 
Russia (2% vs. 6.6%) or Armenia (1.2% vs. 7.6%) have 
increased their pollination dependency, while China (20% vs. 
15.3%). Brazil (15.9% vs. 10%), India (9.4% vs. 4.5%), have 
decreased their vulnerability. Others such as Canada (7.7% 
vs. 7.6% in 2008) have remained stable. Pollination benefits 
show a strong spatial pattern at the sub national scale. For 
the USA, highest values are observed in parts of California 
and further north along the West Coast. The highest 
pollination benefits per hectare arable land in Asia can be 
found in east China, Japan and South Korea. In Europe, 
large parts of Italy as well as Greece are exceptional.
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The spatial distribution of pollination service benefits also 
depends on crop species. Soybean is an example of a 
widely grown, pollination-profiting crop with relative high 
impact on pollination benefits (values up to $543/ha -2015 
US$). Pollination benefits through cotton show a similar 
widely spread pattern that is generally shifted towards the 
Equator. The highest benefits (up to $1,662/ha – 2015 US$) 
can be identified on regional scale in the Chinese provinces 
Jiangsu, Hubei and Shannxi. Apples and pears show strong 
overlapping patterns of pollination benefits (Lautenbach et 
al., 2012).

Although an estimate of economic value, the partial 
equilibrium modelling employed by Gallai et al. (2009a) 
is limited by its inability to account for producer input 
substitution and only considers the producers and 
consumers of a single market rather than a broader, multi-
market perspective. Bauer and Wing (2014), address this 
by comparing consumer and producer surplus estimates 
resulting from global pollinator losses using both a partial 
equilibrium model and a general equilibrium model (Section 
2.4) that considers losses on other markets besides crop 
production e.g., agricultural inputs. These markets will 
be affected by widespread changes to farming practices, 
affecting the consumers and producers within the market. 
Their findings indicate that the partial equilibrium model 
tends to overestimate the value of services to crop markets, 
($259.8bn-$351bn – 2015 US$) compared to in the general 
equilibrium model ($160bn-$191bn – 2015 US$) due to 
the latter’s capacity to account for producers changing 
strategies to adapt to pollinator losses. However, because it 
focuses only on a single market the partial equilibrium model 
underestimates total benefit ($367.9bn-$689.3bn – 2015 
US$). At a regional level, the findings indicate that a loss 
of local pollination services in South America would have 
the most negative impacts on local crop markets ($6.4bn 
– 2015 US$) while Eastern Asia would suffer the largest 
losses to other markets ($115.4bn – 2015 US$) and North 
America the largest total losses ($90.5bn – 2015 US$). In 
some regions, the loss of pollinators would increase total 
crop market value, particularly in East Asia ($26.3bn – 2015 
US$) and crop markets in all regions benefit from the loss 
of services in any other region, with the loss of services in 
North America increasing crop pollination value in other 
regions by $15.8bn (2015 US$).

7.4 Synthesis of case studies

7.4.1 Comparing estimates

The studies highlighted above are part of a larger body of 
literature that has evolved continuously over the last 20 
years. However, estimates of the economic benefits of 
pollinators can vary strongly between countries, regions and 

crops. Furthermore, price inflation and the resultant changes 
in the buying power of currency make comparisons between 
years difficult. To illustrate the impact of these variations, 
Table 4.9 collects available studies from a wide range of 
sources and expresses them in 2015 US$. 

Scale issues can create substantial difficulties in comparing 
estimates of the economic benefits of crop pollination. 
Studies covering larger areas and crops with a higher market 
price inherently produce higher estimates than smaller scale 
studies on crops with a lower market price. Comparison of 
estimates can be further facilitated by considering values on 
a per hectare scale by dividing aggregates by the number of 
ha for crop production considered in the study of concern 
(Table 4.10). When considering the six studies at the global 
scale, the average benefits of pollination services per ha (in 
2015 US$) is between $34/ha (2015 US$ – Costanza et al., 
1997) and $1,891/ha (2015 US$ – Bauer and Wing, 2014, 
using a general equilibrium model – Section 2.5.). However, 
these estimates are hard to accurately compare as they 
are in reality expressing different things – from the market 
price of crops (Costanza et al., 1997) to the welfare value of 
pollination services (Bauer and Wing, 2014). Furthermore, 
the per hectare values from surplus valuation studies only 
represent an average of the welfare loss resulting from the 
complete loss of pollination services and will shift if anything 
less than the total area of pollinated crop experiences 
pollinator losses. Of the three global scale dependence, 
ratio studies two produce relatively similar estimates (Gallai 
et al., 2009a; Lautenbach et al., 2012). However, Gallai et 
al. (2009a) only presents a single estimate of value, based 
on the median dependence ratios in Klein et al. (2007). 
Furthermore, it does not weight estimates in different regions 
by the purchasing power parity of the region. As such, 
although the figures appear very similar, they are actually 
strongly divergent. Using the same median dependence 
ratio values as Gallai et al. (2009a), Lautenbach et al. (2012) 
estimates total global benefits of $400bn (2015 US$), an 
increase largely due to the weighting effect of purchasing 
power parity increasing benefits in regions where the cost 
of living is low (as 1$ is worth more). This average is similar 
to the estimate by Pimentel et al. (1997) however, this study 
bases its estimates on an upscaling of the estimates from 
Robinson et al. (1989), assuming that the USA accounts 
for approximately 20% of the global benefits of pollination 
services. 

Table 4.10 also illustrates that estimated benefits differ 
strongly between crops (Table 4.10) due to differences in 
the prices of the crops. For example, in the UK the benefits 
per ha of raspberries ($7,641/ha 2015 US$; Lye et al., 2011) 
are lower than the one of apples ($25,210/ha 2015 US$; 
Garratt et al., 2014). Secondly, studies considering multiple 
crops return smaller estimates than those considering only 
a single crop (e.g., the pollinator-dependent market output 
to all 18 UK crops collectively is estimated at $1,321/ha 
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2015 US$ – Vanbergen et al., 2014). To facilitate further 
discussion, Table 4.11 compiles all estimates of benefits on 
a per-hectare scale for apple (Malus domestica), a widely 
studied and grown fruit crop with high market value. 

Table 4.11 illustrates that estimates still differ strongly 
between countries and regions for the same crop e.g., the 
benefits of pollination service to apples in China ($10,399/ha 
– 2015 US$) are lower than in the USA (maximum $17,365/
ha 2015US$ – Calderone, 2012; Table 4.11). There are 
also notable differences between benefits estimated with 
different valuation methods for the same crop (Table 4.11) 
– with replacement costs producing substantially smaller 
estimates ($791-$1,634 2015 US$, Allsopp et al., 2008) 
than most dependence ratio studies ($1,566-$21,744 
2015 US$; Zych and Jakubiec, 2006; Calderone, 2012). 
Even with these controls however, it is difficult to compare 
the different methods as, although each is expressed in 
monetary units, all methods measure fundamentally different 
benefits (see Section 2). However, at both aggregate and 
per hectare scales, it is apparent that the choice of method 
can influence the magnitude of impacts that decisions are 
based on, highlighting the need for transparent, clear and 
comprehensive assessments of economic benefits in the 
decision process. 

7.4.2  Constraints and limits of current 
economic valuations

Many studies give an economic valuation of pollinators and 
pollination service and demonstrate the societal impacts a 
change in pollinators could potentially have. However, most 
of these valuation studies focus upon the contribution of 
pollinators to agricultural production without directly linking 
it with farmer decision-making. While a great number of 
studies have illustrated the impacts of animal pollination 
services on the agricultural sector, studies examining the 
impacts of pollinator management on producer profits 
(e.g., Ricketts et al., 2004) and marginal producer welfare 

(e.g., Kasina et al., 2009) are relatively rare, limiting the 
extent of decision support that can be provided by these 
estimates. Various knowledge gaps also limit the capacity to 
accurately transfer these benefit estimates to other regions. 
Finally, most studies that have estimate the economic 
value of pollination services (Southwick and Southwick, 
1992; Gallai et al., 2009a; Winfree et al., 2011; Ritter, 
2013 – Table 4.9) have almost exclusively focused on the 
benefits to consumers rather than considering the potential 
benefits to producers from rising prices (but see Bauer and 
Wing, 2014).

Most studies focus on pollination services in their entirety – 
assuming a complete loss of wild and managed pollinators. 
While this demonstrates the benefits of pollinators as whole, 
it can under- or over-state the contextual importance of 
one group or the other, with several studies suggesting 
that managed pollinators are perfect substitutes for wild 
species (e.g., Winfree et al., 2011) or that wild species 
are incapable of fully replacing managed pollinators (e.g., 
Southwick and Southwick, 1992). In reality Garibaldi et al. 
(2013) demonstrates that in many systems, wild pollinators 
cannot be perfectly substituted with managed honeybees 
(the most widespread managed pollinator) and Rader et al. 
(2009) illustrate the contextual importance of both groups. 
Understanding and measuring the relative importance 
of both groups to crop production would allow for more 
targeted and effective management strategies. 

Finally, as illustrated in the TEV diagram (Figure 4.1), the 
benefit to society offered by pollination service is broader 
than food production alone. The benefits of landscape 
aesthetics, wild plant diversity and crop genetic resources 
to present and future generation are also essential for 
the maintenance of the social welfare. However, very few 
studies have directly addressed this point, limiting the 
perspective of benefits to just the most overtly consumable 
(Mwebaze et al., 2010; Diffendorfer et al., 2014; Breeze et 
al., 2015). 
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TABLE 4.9
Summary of estimates of the economic value of pollination services in 2015 US$

Study Region Crops Method Year 2015US$

Farm/local scale

Shipp et al (1994) Canada Sweet Peppers (cubico) Yield analysis 1992 $47,784- $75,190/ha

Priess et al (2007) Indonesia Coffee Yield analysis 2001 $55.34/ha

Olschewski et al (2006) Indonesia Coffee Yield analysis 2001 $63/ha

Olschewski et al (2006) Indonesia Coffee Yield analysis 2001 $66/ha

Whittington et al (2004) Canada Tomatoes Yield analysis 2001 $434-$2,344/ha

De Marco and Coelho (2004) Brazil Coffee Yield analysis 2003 $2415/ha

Sandhu et al (2008) New Zealand NA Hive rental 2004 $78-$81/ha

Nderitu et al (2008) Kenya Sunflower Yield analysis 2005 $2072/farm

Lye et al (2011) UK Raspberries Yield analysis 2010 $7641/ha

Mouton (2011) South Africa Apples (Granny smith) Yield analysis 2007/2008 $18,216/ha

Regional scale

Turpie et al (2003) South Africa (Cape 
Florsitic Region)

All Dependence ratio 1999 $426.1M

Greenleaf and Kremen (2006) California, USA Hybrid sunflower Yield analysis 2002 $34.6M

Guerra-Sanz (2008) Almeria, Spain 8 Glasshouse crops Dependence ratio 2002 $764.6M

Allsopp et al (2008) South Africa (Cape 
Florsitic Region)

Apples, plums, apricots Dependence ratio 2005 $413.2M

Allsopp et al (2008) South Africa (Cape 
Florsitic Region)

Apples, plums, apricots Replacement costs 2005 $94.2M-$529.7M

Chaplain-Kramer et al (2011) California, USA All Dependence ratio 2007 $3.1bn-$7.2bn

Barfield et al (2015) Georgia, USA 30 Crops Dependence ratio 2009 $673.8M

Winfree et al (2011) New Jersey, USA Watermelons Partial equilibrium 
model (CS only)

2009 $4.02M-$4.03M

Winfree et al (2011) New Jersey, USA Watermelons Replacement costs 2009 $0.2M-$0.23M

Ritter (2013) Oregon, USA Blueberry Partial equilibrium 
model (CS only)

2011 $9.7M-$11.8M

National scale

Metcalf and Flint (1962) USA 30 Crops Crop value 1957 $38.2bn

Levin (1984) USA All Crop value 1984 $4.5bn

Matheson and Schrader 
(1987)

New Zealand All Crop value 1986 $2.6bn

Robinson et al (1989) USA All Dependence ratio 1986 $20.3bn

Southwick and Southwick 
(1992)

USA All Partial equilibrium 
model (CS only)

1987 $3.4bn-$11.9bn

Gill et al (1989) Australia 35 Crops Partial equilibrium 
model (CS only)

1989 $0.9bn-$1.8bn

Carreck and Williams (1998) UK All Dependence ratio 1996 $479.1M

Calzoni and Speranza (1998) Italy Plums Replacement costs 1996 $394.1M

Calderone (2012) USA All Dependence ratio 1997-2009 $4,666-$7,311/ha

Canadian Honey Council 
(2001)

Canada All Dependence ratio 1998 $770.7M

Losey and Vaughn (2006) USA 51 Crops Dependence ratio 2003 $4.0bn

Brading et al (2009) Egypt All Dependence ratio 2004 $3.0bn

Zych and Jakubiec (2006) Poland 19 Crops Dependence ratio 2004 $311M

Kasina et al (2009) Kenya (small 
holdings)

8 Crops Yield analysis 2005 $3.9M

Basu et al (2011) India 6 Vegetable crops Dependence ratio 2007 $831.8M

Basu et al (2011) India 6 Vegetable Crops Partial equilibrium 
model (CS only)

2007 $1.5bn

Smith et al (2011) UK 18 Crops Dependence ratio 2007 $986.1M

An and Chen (2011) China Horticultural crops Dependence ratio 2008 $57.0bn
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Study: The cited reference in which the original value was found. Region: The region over which the estimates of benefit was conducted. Crops: The crops that were assessed 
for value with all denoting all possible insect pollinated crops in the region for which data was available. NA denotes studies where the method does not apply to a specific crop. 
Method: Denotes the method used to estimate benefit: Crop Value (2.2.1), Hive Rental (2.1.2), Yield Analysis (2.2.1.), Dependence Ratio (2.2.2.), Replacement Costs (2.3), 
Partial Equilibrium Analysis (CS = Consumer Surplus; PS = Producer Surplus) and General Equilibrium Analysis (2.4) and Stated Preferences (2.5.). Year: the year the estimate 
relates to, usually based on what year the data relate to, studies denoted av = average of the years. 2015 US$: The monetary estimate of the study inflated (and in many cases 
converted) to 2015 US$ as of July 2015 – this was done to standardize the estimates to some extent.

All estimates were converted into US dollars using average annual spot exchange rates from the Bank of England (Bank of England, 2015). These dollar estimates were inflated 
to 2015 US$ using Consumer Price Index (CPI) data from the United Stated Federal Government’s Bureau of Labour and Statistics (BLS, 2015a, Table 24). Inflation was based 
on the CPI for July of the year the estimate was related to compared with the CPI in July 2015 (BLS 2015b, Table 1). If this year was not stated then they were assumed to 
be the year before the study was published. Where a study used average data from across several years (e.g., Lui et al., 2011), conversion and inflation rates were averaged 
across the years concerned. These inflations only represent a change in the value of currency and do not capture any changes such as the relative input prices, price controls or 
subsidies. Note that the value of $1 will still vary between countries based on their purchase power piety (see Section 3).

TABLE 4.9
Summary of estimates of the economic value of pollination services in 2015 US$

Study Region Crops Method Year 2015US$

National scale

Calderone (2012) USA All Dependence ratio 2009 $17.1bn

Mwebaze et al (2010) UK (pollinators) NA Stated preferences 
(contingent 
valuation)

2009 $3.0bn

Garratt et al (2014) UK Apples (2 Cultivars) Yield analysis 2010 $62.1M

Calderone (2012) USA All Dependence ratio 2010 $17.9bn

Breeze et al (2015) UK (pollination 
service benefits)

NA Stated preferences 
(choice experiments)

2010 $1175M-$640M

Vanbergen et al (2014) UK 18 Crops Dependence ratio 2011 $1,173.4M

Giannini et al (2015) Brazil 85 Crops Dependence ratio 2012 $12.5bn

Gill et al (1991) Australia 35 Crops Partial equilibrium 
model (CS only)

1986/1987 $523M-$10,858M

Morse and Calderone (2000) USA All Dependence ratio 1996-1998 $21.8bn

Gordon and Davis (2003) Australia 
(honeybees)

35 Crops Partial equilibrium 
model

1999-2000 $1.5bn

Cook et al (2007) Australia 
(honeybees)

25 Crops Dependence ratio 1999-2003 $16.8M-$39.9M*

Sanjerehei (2014) Iran 32 Crops Dependence ratio 2005-2006 $7.9bn

Stanley et al (2013) Ireland Oilseed rape Yield analysis 2009-2011 av $5.8M

Multinational scale

Klatt et al (2014) EU Strawberries Yield analysis 2009 $1.6bn

Partap et al (2012) Himalayan region All Partial equilibrium 
model (CS only)

2008/09 $3.0bn

Leonhardt et al (2013) Europe All Dependence ratio 1991-2009 av $24.0bn

Global scale

Pimentel et al (1997) Global All Dependence ratio 1986 $435.9bn

Costanza et al (1997) Global All Crop value 1996 $177bn

Bauer and Wing (2014) Global All Partial equilibrium 
model

2004 $160bn-$191.5bn

Bauer and Wing (2014) Global All General equilibrium 
model

2004 $367.9bn-$689.3bn

Gallai et al (2009) Global All Dependence ratio 2005 $232.1bn

Gallai et al (2009) Global All Surplus analysis 2005 $176.2bn-$486bn

Lautenbach et al (2012) Global All Dependence ratio 2009 $235.1bn-$577bn**

*: These values are subject to discounting on a 30 years time scale
**: These values are not reported directly in the paper but can be read from Figure 4.1
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Study Region Crops Method Year 2015US$/ha

Farm/local scale

Shipp et al (1994) Canada Sweet Peppers (cubico) Yield analysis 1992 $47,784- $75,190/ha

Priess et al (2007) Indonesia Coffee Yield analysis 2001 $55.34/ha

Olschewski et al (2006) Indonesia Coffee Yield analysis 2001 $63/ha

Olschewski et al (2006) Indonesia Coffee Yield analysis 2001 $66/ha

Whittington et al (2004) Canada Tomatoes Yield analysis 2001 $434-$2,344/ha

De Marco and Coelho (2004) Brazil Coffee Yield analysis 2003 $2415/ha

Sandhu et al (2008) New Zealand NA Hive rental 2004 $78-$81/ha

Nderitu et al (2008) Kenya Sunflower Yield analysis 2005 $2072/farm

Lye et al (2011) UK Raspberries Yield analysis 2010 $7641/ha

Mouton (2011) South Africa Apples (Granny smith) Yield analysis 2007/2008 $18,216/ha

Regional scale

Allsopp et al (2008) South Africa (Cape 
Florsitic Region)

Apples, plums, apricots Dependence ratio 2005 $12,579/ha

Allsopp et al (2008) South Africa (Cape 
Florsitic Region)

Apples, plums, apricots Replacement costs 2005 $2,867-$16,127/ha

Winfree et al (2011) New Jersey, USA Watermelons Partial equilibrium 
model (CS only)

2009 $5,393-$5,407/ha

Winfree et al (2011) New Jersey, USA Watermelons Replacement costs 2009 $267-$312/ha

Ritter (2013) Oregon, USA Blueberry Partial equilibrium 
model (CS only)

2011 $1,242-$1,510/ha

National scale

Carreck and Williams (1998) UK All Dependence ratio 1996 $842/ha

Calderone (2012) USA All Dependence ratio 1997-2009 $4,666-$7,311/ha

Kasina et al (2009) Kenya (small 
holdings)

8 Crops Yield analysis 2005 $163/ha

Basu et al (2011) India 6 Vegetable crops Dependence ratio 2007 $458/ha

Basu et al (2011) India 6 Vegetable Crops Partial equilibrium 
model (CS only)

2007 $804/ha

Smith et al (2011) UK 18 Crops Dependence ratio 2007 $1161/ha

Garratt et al (2014) UK Apples (2 Cultivars) Yield analysis 2010 $20,199-$25,201

Vanbergen et al (2014) UK 18 Crops Dependence ratio 2011 $1,321/ha

Giannini et al (2015) Brazil 85 Crops Dependence ratio 2012 $1321/ha

Stanley et al (2013) Ireland Oilseed Rape Yield analysis 2009-2011 av $652/ha

Multinational scale

Klatt et al (2014) EU Strawberries Yield analysis 2009 $14,968/ha

Leonhardt et al (2013) Europe All Dependence ratio 1991-2009 av $75/ha

Global scale

Costanza et al (1997) Global All Crop value 1996 $34/ha

Bauer and Wing (2014) Global All Partial equilibrium 
model

2004 $439-$526/ha

Bauer and Wing (2014) Global All General equilibrium 
model

2004 $1,010-$1,891/ha

Gallai et al (2009) Global All Dependence ratio 2005 $624/ha

Gallai et al (2009) Global All Surplus analysis 2005 $473-$1,306/ha

Lautenbach et al (2012) Global All Dependence ratio 2009 $717-$1,760/ha

TABLE 4.10
Summary of estimates of the economic value of pollination services per hectare in 2010 US$ for several crops in different 
regions of the world

Study: The cited reference in which the original value was found. Region: The region over which the estimates of benefit was conducted. Crops: The crops that were assessed 
for value with “All” denoting all possible insect pollinated crops in the region for which data was available. Method: Denotes the method used to estimate benefit: Crop Value 
(2.2.1), Hive Rental (2.1.2), Yield Analysis (2.2.1.), Dependence Ratio (2.2.2.), Replacement Costs (2.3), and Partial Equilibrium Analysis and General Equilibrium Analysis (2.4). 
Year: the year the estimate relates to, usually based on what year the data relate to, studies denoted av = average of the years. 2015 US$/ha: The per hectare monetary 
estimate of the study inflated (and in many cases converted) to 2015 US$ as of July 2015 – this was done to standardize the estimates to some extent. Per hectare values were 
calculated by dividing the value estimates by the area of crop reported by either the paper itself or the data sources it cites. 
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All estimates were converted into US dollars using average annual spot exchange rates from the Bank of England (Bank of England, 2015). These dollar estimates were inflated 
to 2015 US$ using Consumer Price Index (CPI) data from the United Stated Federal Government’s Bureau of Labour and Statistics (BLS, 2015a, Table 24). Inflation was based 
on the CPI for July of the year the estimate was related to compared with the CPI in July 2015 (BLS 2015b, Table 1). If this year was not stated, then they were assumed to be 
the year before the study was published. These inflations only represent a change in the value of currency and do not capture any changes such as the relative input prices, 
price controls or subsidies. Note that the value of $1 will still vary between countries based on their purchase power piety (see Section 3).

Study Region Crops Method Year 2015US$/ha

Mouton (2011) South Africa Apples (Granny smith) Yield Analysis 2007/08 $18,216

Garratt et al (2014) UK Apples (Cox and Gala) Yield Analysis 2010 $20,199-$25,201

Gianni et al (2015) Brazil Apples Dependence Ratio 2012 $7,715

Vanbergen et al (2014) UK Dessert Apples Dependence Ratio 2011 $18,902

Calderone (2012) USA Apples Dependence Ratio 2010 $17,365

Leonhardt et al (2013) EU Apples Dependence Ratio 1991-2009 av $8,016

An and Chen (2011) China Apples Dependence Ratio 2008 $10,399

Smith et al (2011) UK Dessert Apples Dependence Ratio 2007 $20,730

Calderone (2012) USA Apples Dependence Ratio 2007 $21,774

Allsopp et al (2008) South Africa  
(Cape Florsitic 
Region)

Apples Dependence Ratio 2005 $12,137

Gallai et al (2009) Global Apples Dependence Ratio 2005 $3,776

Zych and Jakubiec (2006) Poland Apples Dependence Ratio 2004 $1,566

Losey and Vaughn (2006) USA Apples Dependence Ratio 2003 $13,078

Cook et al (2007) Australia Apples Dependence Ratio 1999-2003 $15,229

Calderone (2012) USA Apples Dependence Ratio 2002 $15,639

Morse and Calderone (2000) USA Apples Dependence Ratio 1996-1998 $10,654

Allsopp et al (2008) South Africa  
(Cape Florsitic 
Region)

Apples Replacement Costs 2005 $791-$1,634

Partap et al (2012) Himalayan region Apples Partial Equilibrium 
Model (CS only)

2008/2009 $3,975

Gallai et al (2009) Global Apples Partial Equilibrium 
Model (CS only)

2005 $6,083

TABLE 4.11
Summary of the estimates of the economic value of pollination service to apple in 2015 $USD per hectare

Study: The cited reference in which the original value was found. Region: The region over which the estimates of benefit was conducted. Crops: The crops that were assessed 
for value with all denoting all possible insect pollinated crops in the region for which data was available. NA denotes studies where the method does not apply to a specific 
crop. Method: Denotes the method used to estimate benefit: Yield Analysis (2.2.1.), Dependence Ratio (2.2.2.), Replacement Costs (2.3) and Partial Equilibrium Analysis (2.4). 
Year: the year the estimate relates to, usually based on what year the data relate to, studies denoted av = average of the years. 2015 US$: The monetary estimate of the study 
inflated (and in many cases converted) to 2015 US$ as of July 2015 – this was done to standardize the estimates and facilitate comparison.

All estimates were converted into US dollars using average annual spot exchange rates from the Bank of England (Bank of England, 2015). These dollar estimates were inflated 
to 2015 US$ using Consumer Price Index (CPI) data from the United Stated Federal Government’s Bureau of Labour and Statistics (United States Bureau of Labour and 
Statistics, 2015a, Table 24). Inflation was based on the CPI for July of the year the estimate was related to compare with the CPI in July 2015 (BLS, 2015b, Table 1). If this year 
was not stated, then they were assumed to be the year before the study was published. These inflations only represent a change in the value of currency and do not capture 
any changes such as the relative input prices, price controls or subsidies. Note that the value of $1 will still vary between countries based on their purchase power piety (see 
Section 3). Where the area of apples was not reported within the study, the source material for the value of apple production was consulted and area data for the appropriate 
year were used to calculate these values.
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SECTION 8. SYNTHESIS 
AND CONCLUSION
This chapter reviewed the conceptual framework and the 
different methods of economic valuation of pollinators 
and pollination services. Thus, more than 60 economic 
valuations of pollination were analysed at different spatial 
and temporal scales (Table 4.9, Section 7). These findings 
demonstrate the substantial economic benefits derived from 
pollinators and pollination in food production and biodiversity 
on several components of social welfare as represented by 
the different economic values (monetary and non-monetary). 

The TEV of pollinators and pollination services

The chapter has identified and adapted the economics 
behind pollinators and pollination services. As explained in 
Section 1, economic theory gives a well-defined framework 
to comprehend the status and the value of pollinators and 
pollination for human wellbeing. There are multiple values 
identified by the TEV (Total Economic Value) associated 
pollinators and pollination services diagram (Figure 4.1). 
The chapter has highlighted the breadth of benefits that 
pollinators and pollination services provide within the TEV 
framework, while the literatures has to date only considered 
pollination as a provision service and an indirect service 
(see for example Pascual et al., 2010; Fisher et al., 2009). 
Pollinators and the benefits they produce through pollination 
services can be both marketed (honey bees, crops) or 
non-marketed (wild pollinators, aesthetic wildflowers). While 
pollinators can be rival, for many crops and wild plants 
that depend on cross-pollination, their services are non-
rival. As such, pollinators often provide valuable, potentially 
irreplaceable services to human wellbeing. However, despite 
the breadth of possible benefits, to date, attempts to 
value these benefits are largely confined to crop pollination 
services (Section 7), leaving many aspects of pollination 
services unvalued.

A well-structured framework of methods that 
largely remains to be applied

A wide range of methods have been developed and used 
to value the contribution of pollinators and pollination to our 
society, but also to address the economic consequences of 
their gains or losses, including both their use (Section 2.2, 
2.3 and 2.4) and non-use values (Section 2.5). However, 
to date, the majority of these methods (Section 2) and the 
studies applying them (Section 7) do not estimate the true 
economic value of these changes. Furthermore, many of 
these methods are limited by available data (Section 5) and 
are only suitable for application on specific spatial scales 
(Section 3), or under very specific niche circumstances 
(Section 2). On local scales, where a shift in pollination 
services is unlikely to cause price changes, production 

function models (Section 2.2.3) are more relevant to 
estimate the impacts of pollinator gains and losses on local 
producers. On larger scales, however, production function 
models are better suited to inform more comprehensive 
surplus valuation models that estimate the impacts on both 
producers and consumer welfare (Section 2.4). 

How to account for the spatial and the 
temporal scale?

The scales at which ecological processes occur can be 
different to those at which economic decisions are made. 
Not taking account of scales could generate biased 
economic valuations by assuming that benefits are more 
consistent across time and space than they are. The 
chapter has adapted existing categories of temporal 
and spatial scales to encompass the diverse array of 
variables that affect pollination valuation (Section 3; Table 
4.5). Considering the temporal scale of ecological and/or 
agronomical processes is essential, whether to understand 
the renewal rate of pollinator populations or the timing of 
crop production, among others. It is important that studies 
consider a range of market prices and productions cycles, 
but also more theoretical factors such as the discount 
rate that represent the way we value the future and, the 
availability of consistent, long-term data sets. Some tools 
exist in order to address long-term economic valuations, 
such as the scenario or time-series analyses but to date 
their use in valuing pollination services has been limited. 
Considering spatial scale is also fundamental to valuation 
and land-use decisions, as mismatches can undermine 
the distribution of economic and conservationist benefits 
originated from the pollination service quality, with different 
approaches required between the micro-, meso- or 
macroeconomic levels. Declining data quality on large scales 
could be overcome by broader and more detailed record 
keeping and several spatially explicit methods are available 
to support multi-scale assessments of pollination benefits, 
including the effects of landscape design. Although these 
adaptations are possible within existing methodologies, 
they have rarely been applied, leaving numerous questions 
regarding the likely variation of pollination service benefits 
across the world and to future generations. 

The value of pollinators and pollination 
services also involves risk, uncertainty and 
resilience values

Although pollinator gains and losses can affect both the 
levels of pollination services and the potential for future 
services provided, to date, no study has explicitly quantified 
the economic risks and uncertainties inherent to populations 
(Section 4) and few have addressed the uncertainties within 
the data used to estimate these impacts (Section 7). While 
a number of suitable methods exist (Section 4.3), they 
have yet to be applied to pollinator management. Without 
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this information, decision-making may be at risk of over-
valuing benefits or under-valuing impacts from management 
affecting pollinators and populations, particularly over longer 
time periods (Section 3). 

Guiding decision-makers in protecting, 
maintaining and enhancing pollinators and 
pollination services, for society

Economic analysis provides powerful information for 
decision-makers for many reasons. Throughout the chapter, 
we have defined the status of pollinators and pollination 
services in relation to property right structure (private good, 
club good, common good or public good, Section 1), 
explained how to estimate the (use- or non-use) value of 
pollinators and pollination, and reviewed the main values. 

The type of property rights informs the stakeholder of 
their level of implication in maintaining the natural service. 
The estimated value of pollinators or pollination generates 
a monetary (or non-monetary) indicator that gathers 
information on the positive or negative impact of pollinators 
or pollination gain or loss. This indicator can be used 
in a number of forms including cost benefit (and cost-
effectiveness) analysis, Multi-Criteria Analysis, environmental 
accounting and decision support tools (Section 6). The 
use of economic valuation varies between stakeholders; a 
farmer will not use the values in the same way, or for the 
same reasons, than an industry or a government. This is 
why the chapter presents the different ways to address the 
economic value for each level of stakeholder as well as the 
step-wise guide for using economic valuation for decision-
making (Section 6).

Conclusion

The economic valuation of pollinators and pollination 
services is, in many contexts, an essential step for decision-
making by governments and policy makers. Although many 
studies have been done, they mainly concentrate on the 
provision role of pollinators while the impact of pollinators 
on our society is much broader (e.g., the pollination of wild 
plants that enhance the biodiversity of landscapes or the 
marginal value of wild pollinators). Furthermore, few of them 
actively consider these benefits in relation to the costs of 
management to sustain them (Chapter 6) or, conversely, 
the benefits of management that may be detrimental to 
pollinators (Chapter 2). Understanding and quantifying 
these trade-offs is essential for informed policy and decision 
making at all scales, but particularly over the long term 
(Section 3) where a lack of sustainability may hamper 
resilience (Section 4).

Even more importantly, more comprehensive assessments 
of the economic impacts of pollinator gains and losses 
are needed to improve the measurements of the welfare 

consequences on changing pollinator populations. Further 
work is required to accurately estimate the benefit on 
crop production and non-crop production, the impacts 
on present and future generations, and the local and 
international consequences. The methods of economic 
valuation should be developed in this way, taking into 
account both market and non-market-based approaches. 
Furthermore, many of the methods would benefit from 
standardization in order to facilitate the aggregation and 
comparison of values gathered around the world and 
over time.

The concept of value is broad and it goes beyond a mere 
economic approach (Díaz et al., 2015). Chapter 5 addresses 
these other broader forms of values. Determining the full 
plurality of these values will be necessary to guide decisions 
that affect pollinators and secure these benefits for future 
generations. Chapter 6 gives a detailed presentation of 
the different tools and existing policies to help maintain 
pollinators, and their implementation that will strongly 
benefit from robust valuations of the numerous benefits of 
pollination services.



THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

262

REFERENCES
Abildtrup, J., Albers, H., Stenger-
Letheux, A., Termansen, M. (2013) 
Scale, location, and spatial interactions 
in the analysis of natural resources: 
lessons for forest economics. Ecological 
Economics, 92, 34-36. DOI: 10.1016/j.
ecolecon.2013.05.010  
http://prodinra.inra.fr/record/203179

Adams, W.M. (2014) The value of 
valuing nature. Science 346: 549–551. 
doi:10.1126/science.1255997

Admiraal J.F., Wossink A., de Groot 
W.T. and de Snoo G.R. (2013) More than 
total economic value: How to combine 
economic valuation of biodiversity 
with ecological resilience; Ecological 
Economics 98, 115-122.

Allsopp M.H., de Lange W.J. and 
Veldtman R. (2008) Valuing Insect 
Pollination Services with Cost of 
Replacement; PLoS One 3 (9) 0.1371/
journal.pone.0003128.

An, J.D. and Chen, W.F (2011). 
Economic value of insect pollination 
for fruits and vegetables in China. Acta 
Entomologica Sinica, 54(4): 443-450.

Ando A.W. and Mallory M.L. (2012) 
Optimal portfolio design to reduce climate-
relatedconservation uncertainty in the 
Prairie Pothole Region; Proceedings of 
the National Academy of Sciences of the 
United States 109, 6484-6489

Armsworth P.R. and Roughgarden J. 
(2003) The economic value of ecological 
stability; Proceedings of the National 
Academy of Sciences of the United States 
100, 7147-7151

Archer C.R., Pirk C.W.W., Carvalheiro 
L.G. and Nicolson S.W. (2014). 
Economic and ecological implications 
of geographic bias in pollinator ecology 
in the light of pollinator declines. Oikos 
123(4):401-407.

Arrow, K., Dasgupta, P., and 
Goulder, L. (2004). Are we consuming 
too much? The Journal of Economic 
Perspectives, 18(3), 147–172. 
doi:10.1257/0895330042162377

Artz D.R. and Nault, B.A. (2011) 
Performance of Apis mellifera, Bombus 

impatiens, and Peponapis pruinosa 
(Hymenoptera: Apidae) as pollinators of 
pumpkin. Journal of economic entomology 
104, 1153-1161.

Asheim, G. (1994) “Net National Product as 
an Indicator of Sustainability.” Scandinavian 
Journal of Economics. 96:2, pp. 257-65.

Ávila–Miranda, M. D., José G. 
López–Zazueta, Carlos Arias–Castro, 
Martha A. Rodríguez–Mendiola, 
Doralinda A. Guzmán–de Peña, José 
A. Vera–Núñez, and Juan J. Peña–
Cabriales (2010) Vascular wilt caused 
by Fusarium oxysporum in agave (Agave 
tequilana Weber var. azul), Journal of 
the Professional Association for Cactus 
Developoment 12:166-180.

Banse M., van Meijl H., Tabeau 
A., Woltjer G., Hellman F. and 
Vanberg P.H. (2011) Impact of EU Biofuel 
Policy on World Agricultural Production 
and Land Use; Biomass and Bioenergy 
35, 2385-2390.

Barfield A.S., Bergstrom J.C., Ferreira 
S., Covich A.P. and Delaplane K.S. 
(2015) An Economic Valuation of Biotic 
Pollination Services in Georgia; Journal of 
Economic Entomology 108 (2), 388-398.

Bartomeus, I., Ascher, J.S., Wagner, 
D., Danforth, B.N., Colla, S., Kornbluth, 
S., Winfree, R. (2011) Climate-associated 
phenological advances in bee pollinators 
and bee-pollinated plants. Proc. Natl. 
Acad. Sci. U. S. A. 108, 20645-9. 
doi:10.1073/pnas.1115559108.

Basu, P., Bhattacharya, R., and 
Ianetta, P. (2011). Decline in pollinator 
dependent vegetable crop productivity 
in India indicates pollination limitation 
and consequent agro-economic crises. 
Nature Precedings. http://precedings.
nature.com/documents/6044/version/1/
files/npre20116044-1.pdf (last updated 
22/06/11).

Bateman I.J., Mace G.M., Fezzi C., 
Atkinson G. and Turner K. (2011) 
Economic Analysis for Ecosystem Service 
Assessments Environment and Resource 
Economics 48, 177-218.

Bateman, I.J., Coombes, E., 
Fitzherbert, E., Binner, A., Bad’ura, 

T., Carbone, C., Fisher, B., Naidoo, 
R., Watkinson, A.R. (2015) Conserving 
tropical biodiversity via market forces 
and spatial targeting. Proc. Natl. Acad. 
Sci. 112, 201406484. doi:10.1073/
pnas.1406484112.

Bauer D.M., and Wing. S. (2010). 
Economic consequences of pollinator 
declines: A synthesis. Agricultural and 
Resource Economics Review 39(3):368-
383.

Bauer D.M. and Wing S. (2014) The 
Macroeconomic Cost of Catastrophic 
Pollinator Declines http://people.bu.edu/
bauer/BauerSueWingEE.pdf (last updated 
04/07/14)

Baumgärtner S. and Strunz S. 
(2014) The economic insurance value 
of ecosystem resilience Ecological 
Economics 101, 21-32

Below T.B., Mutabazi K.D., Kirschke 
D., Franke C., Sieber S., Siebert R. 
and Tscherning K. (2012) Can farmers’ 
adaptation to climate change be explained 
by socio-economic household-level 
variables?; Global Environmental Change 
22, 223-235.

Benítez, P.C., Kuosmanen, T., 
Olschewski, R., van Kooten, G.C. 
(2006) Conservation Payments under Risk: 
a Stochastic Dominance Approach. Am. 
J. Agric. Econ. 88, 1–15. doi:10.1111/
j.1467-8276.2006.00835.x

Bennett, E. M., Garry D. Peterson, 
G. D., and Gordon, L. J. (2009) 
Understanding relationships among 
multiple ecosystem services. Ecology 
Letters, 12, 1-11.

Berkes, F., Colding, J. and Folke, 
C. Eds. (2003) Navigating Social-
Ecological Systems: Building Resilience 
for Complexity and Change; Cambridge 
University Press, Cambridge.

Biesmeijer, J.C., S.P. Roberts, M. 
Reemer, R. Ohlemuller, M. Edwards, 
T. Peeters, A.P. Schaffers, S.G. Potts, 
R. Kleukers, C.D. Thomas, J. Settele, 
and W.E. Kunin. (2006) Parallel Declines 
in Pollinators and Insect Pollinated Plants 
in Britain and The Netherlands. Science 
313: 351-354.

http://prodinra.inra.fr/record/203179
http://precedings.nature.com/documents/6044/version/1/files/npre20116044-1.pdf
http://precedings.nature.com/documents/6044/version/1/files/npre20116044-1.pdf
http://precedings.nature.com/documents/6044/version/1/files/npre20116044-1.pdf
http://people.bu.edu/bauer/BauerSueWingEE.pdf
http://people.bu.edu/bauer/BauerSueWingEE.pdf


THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

263

Blaauw, B.R. and Isaacs, R. (2014) 
Flower plantings increase wild bee 
abundance and the pollination services 
provided to a pollination-dependent 
crop. J. Appl. Ecol. 51, 890-898. 
doi:10.1111/1365-2664.12257.

Bohart, G.E. (1952) Pollination by Native 
Insects. In Insects, The Yearbook of 
Agriculture. U.S. Government Printing 
Office, Washington, D.C. p. 107-121.

Bommarco, R., Marini, L., Vaissiere, 
B.E. (2012) Insect pollination enhances 
seed yield, quality, and market value in 
oilseed rape. Oecologia 169, 1025-1032.

Bond, J., Plattner, K., and Hunt, K. 
(2014). Fruit and Tree Nuts Outlook : 
Economic Insight. Economic Research 
Service, USDA, 1-6. doi:FTS-315.

Bos M.M., Veddeler D., Bogdanski 
A.K., Klein A.M., Tscharntke T., 
Steffan-Dewenter I. and Tylianakis 
J.M. (2007) Caveats to quantifying 
ecosystem services: Fruit abortion blurs 
benefits from crop pollination; Ecological 
Applications 17, 1841-1849.

Boyd J. and Banzhaf S. (2007) What 
are ecosystem services? The need for 
standardized environmental accounting 
units; Ecological Economics 63, 616-626.

Brading P., El-Gabbas A., Zalat S. and 
Gilbert F. (2009) Biodiversity Economics: 
The Value of Pollination Services to Egypt; 
Egyptian Journal of Biology 11, 45-51.

Breeze T.D., Vaissiere B., Bommarco 
R., Petanidou T., Seraphides N, 
Kozák L., Scheper J., Biesmeijer J.C., 
Kleijn D., Gyldenkærne S., Moretti. 
M., Holzscuh A., Steffan-Dewenter 
I., Stout J., Pärtel M., Zobel M. and 
Potts S.G. (2014) Agricultural Policies 
Exacerbate Honeybee Pollination Service 
Supply-Demand Mismatches Across 
Europe; PLoS One 9 (1) e82996 DOI: 
10.1371/journal.pone.0082996.

Breeze T.D., Bailey A.P., Potts S.G. 
and Balcombe K.G. (2015) A Stated 
Preference Valuation of UK Pollination 
Services; Ecological Economics 111, 
76-85.

Brittain C., Williams N., Kremen C and 
Klein A-M. (2013) Synergistic effects 
of non-Apis bees and honeybees for 
pollination services; Proceedings for the 
Royal Society B- Biological Sciences 280 
20122767.

Brittain C., Kremen C., Klein A.M. 
(2013) Biodiversity buffers pollination from 
changes in environmental conditions; 
Global Change Biology 19, 540-547.

Bryan B.A.; Haui J., Connor J., Gao 
L., King D., Kandulu J and Zhao G. 
(2015) What Actually Confers Adaptive 
Capacity? Insights from Agro-Climatic 
Vulnerability of Australian Wheat, PLoS 
ONE 10(2): e0117600. doi:10.1371/
journal.pone.0117600.

Burgett M., Rucker R.R. and Thruman 
W.N. (2004) Economics and Honey Bee 
Pollination Markets; American Bee Journal 
144, (4), 269-276.

Burgett, M. (2011) “Pacific Northwest 
Honey Bee Pollination Economics Survey 
2010,” Bee Culture,Vol. 139(9): 35.

Burkle, L. A. and Alarcón, R. (2011) 
The future of plant–pollinator diversity: 
understanding interaction networks across 
time, space, and global change. American 
Journal of Botany, 98(3), 528-538.

Calderone, N.W. (2012). Insect Pollinated 
Crops, Insect Pollinators and US 
Agriculture: Trend Analysis of Aggregate 
Data for the Period 1992–2009; PLoS One 
7, e37235.

Calzoni, G.L. and Speranza, A. (1998). 
Insect controlled pollination in Japanese 
plum (Prunus salicina Lindl.); Scientia 
Horticulturae 72, 227-237.

Canadian Honey Council (2001) 
Pollination Value; Hivelights 14, (4), 15-21 
http://www.honeycouncil.ca/index.php/
pollination_value.

Carreck N.L., Williams I.H. and Little 
D.J. (1997) The Movement of honey bee 
colonies for crop pollination and honey 
production by beekeepers in Great Britain; 
Bee World 78, 67-77.

Carvalheiro L.G., Kunin W.E., Keil P., 
Aguirre-Gutierrez J., Ellis W.N. Fox 
R., Groom Q., Hennekens S., van 
Landuyt W. Maes D., van de Meutter 
F., Michez D., Rasmont P., Ode 
B., Potts S.G., Reemer M, Robers 
S.P.M., Schaminee J., WallisDeVrie 
M.F. and Biesmeijer. J.C. (2013) 
Species Richness Declines and Biotic 
Homogenisation have Slowed Down for 
NW-European Pollinators and Plants, 
Ecology Letters 16, 870-878Césard, N. 
(2007). A Sociohistorical Transition: Trade 
in Forest Products and Bride-Priceamong 

the Punan Tubu of Eastern Kalimantan, 
Anthropos, 102.2: 455-477.

Césard, N., and Heri, V. (2015) Forest 
communities (Indonesia) knowledge of 
pollination and pollinators associated with 
food production. In: Lyver, P., E. Perez, M. 
Carneiro da Cunha and M. Roué (eds.). 
Indigenous and Local Knowledge about 
Pollination and Pollinators associated 
with Food Production: Outcomes from a 
Global Dialogue Workshop (Panama, 1-5 
December 2014). UNESCO: Paris.

Chaplin-Kramer, R., Tuxen-Bettman, 
K. and Kremen, C. (2011). Value of 
Wildland Habitat for Supplying Pollination 
Services to Californian Agriculture; 
Rangelands 33, 33-41.

Chaplin-Kramer R., Dombeck E., 
Gerber J., Knuth K.A., Mueller N.D., 
Ziv G. and Klein A.M. (2014) Global 
malnutrition overlaps with pollinator-
dependent micronutrient production; 
Proceedings of the Royal Society B – 
Biological Sciences 281, 20141799.

Cheung, S. N. (1973). Fable of the Bees: 
An Economic Investigation, The. JL and 
Econ., 16, 11. 

Christie, M., Fazey, I., Cooper, R., 
Hyde, T. and Kenter, J.O. (2012): An 
evaluation of monetary and non-monetary 
techniques for assessing the importance 
of biodiversity and ecosystem services 
to people in countries with developing 
economies; Ecological Economics 83, 
67-78.

Christie M. and Gibbons J. (2011) 
The effect of individual ‘ability to choose’ 
(scale heterogeneity) on the valuation 
of environmental goods; Ecological 
Economics 70, 2250-2257.

Clark, D.A., Brown, S., Kicklighter, 
D.W., Chambers, J.Q., Thomlinson, 
J.R., Ni, J. (2001b) Measuring net primary 
productivity in forests: concepts and field 
methods. Ecological Applications 11 (2), 
356-370.

Cong R-G., Hedlund K., Andersson 
H. and Brady M. (2014a) Managing 
soil natural capital: An effective strategy 
for mitigating future agricultural risks? 
Agricultural Systems 129, 30-39.
Cong R-G., Smith H.G., Olsson O. and 
Brady M. (2014b) Managing ecosystem 
services for agriculture: Will landscape-
scale management pay? Ecological 
Economics 99, 53-62.

http://www.honeycouncil.ca/index.php/pollination_value
http://www.honeycouncil.ca/index.php/pollination_value


THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

264

Cook, D.C., Thomas, M. B., 
Cunningham, S. A., Anderson, D. L. 
and De Barro, P. J. (2007). Predicting the 
economic impact of an invasive species 
on an ecosystem service. Ecological 
Applications 17: 1832-1840.

Costanza, R., Maxwell, T. (1994) 
Resolution and predictability: An approach 
to the scaling problem. Landsc. Ecol. 9, 
47–57. doi:10.1007/bf00135078.

Costanza R., d’Arge R., de Groot R., 
Farber S., Grasso M., Hannon B., 
Limburg K., Naeem S., O’Neill R.V., 
Paruelo J., Raskin R.G., Sutton P. and 
vandenBelt M. (1997) The Value of the 
World’s Ecosystem Service and Natural 
Capital; Nature 387, 253-260.

Costanza, R., de Groot, R., Sutton, 
P., van der Ploeg, S., Anderson, S.J., 
Kubiszewski, I., Farber, S., Turner, 
R.K. (2014) Changes in the global value 
of ecosystem services. Glob. Environ. 
Chang. 26, 152–158. doi:10.1016/j.
gloenvcha.2014.04.002.

Cox, C. B. (2001) The biogeographic 
regions reconsidered. – J. Biogeogr. 28: 
511–523.

Daily, G. (Ed.). (1997). Nature’s 
services: societal dependence on natural 
ecosystems. Island Press.

Daily, G.C., Söderqvist, T., Aniyar, S., 
Arrow, K.J., Dasgupta, P., Ehrlich, P.R., 
Jansson, A., Jansson, B.O., Kautsky, 
N., Levin, S., Lubchenco, J., Mäler, K. 
G., Simpson, D., Starrett, D., Tillman, 
D., Walker, B. (2000). The value of 
nature and the nature of value. Science, 
289(5478), 395-396.

Daily, G. C., Polasky, S., Goldstein, 
J., Kareiva, P. M., Mooney, H. A., 
Pejchar, L., Ricketts, T. H., Salzman, 
J. and Shallenberger, R. (2009), 
Ecosystem services in decision making: 
time to deliver. Frontiers in Ecology 
and the Environment, 7: 21–28. 
doi:10.1890/080025.

de Groot R., Wilson M.A. and Boumans 
R.M.J. (2002) A typology for the 
classification, description and valuation of 
ecosystem functions, goods and services; 
Ecological Economics 41, 393-408.

De Koning, G.H.J., Olschewski, R., 
Veldkamp, E., Benitez, P., Laclau, 
P., Lopez-Ulloa, M., Schlichter, T., 
de Urquiza, M. (2005) The ecological 

and economic potential of carbon 
sequestration in forests—examples from 
South America. Ambio 34 (3), 224-229.

de Lange, W. J., Veldtman, R., and M. 
H. Allsopp (2013) Valuation of pollinator 
forage services provided by Eucalyptus 
cladocalyx. Journal of Environmental 
Management Volume 125, 15.

De Marco Junior, P.; Coelho, F. M. 
(2004). Services performed by the 
ecosystem: forest remnants influence 
agricultural culture’s pollination and 
production. Biodiversity and Conservation, 
v. 13, n.7, p. 1245-1255.

DEFRA (2014) Agriculture in the United 
Kingdom – Chapter 6: Prices https://
www.gov.uk/government/uploads/system/
uploads/attachment_data/file/315114/
auk-chapter06-29may14.xls Last updated 
30/07/14.

Delaplane K.S. and Mayer D.E. (2000) 
Crop Pollination by Bees, CABI Publishing; 
Wallingford.

Delaplane K.S., Dag A., Danka R.G., 
Freitas B.M., Garibaldi L., Goodwin 
M.R. and Hormaza J.I. (2013) Standard 
methods for pollination research with Apis 
mellifera; Journal of Apicultural Research 
52 (4) 1-28.

Díaz, S., Quétier, F., Cáceres, D.M., 
Trainor, S.F., Pérez-Harguindeguy, 
N., Bret-Harte, M.S., Finegan, B., 
Peña-Claros, M., Poorter, L. (2011) 
Linking functional diversity and social 
actor strategies in a framework for 
interdisciplinary analysis of nature’s 
benefits to society. Proc. Natl. Acad. Sci. 
U. S. A. 108, 895-902. doi:10.1073/
pnas.1017993108.

Díaz, S., Demissew, S., Carabias, 
J., Joly, C., Lonsdale, M., Ash, 
N., Thomas, S. (2015). The IPBES 
Conceptual Framework — connecting 
nature and people. Current Opinion in 
Environmental Sustainability, 14, 1-16. 
doi:10.1016/j.cosust.2014.11.002.

Dickie, I., Cryle, P. and Maskell, L. 
(2014) UK National Ecosystem 
Assessment Follow-on. Work Package 
Report 1: Developing the evidence base 
for a Natural Capital Asset Check:What 
characteristics should we understand 
in order to improve environmental 
appraisal and natural income accounts? 
http://uknea.unep-wcmc.org/LinkClick.
aspx?fileticket=ALFqJld0K8o%3d&tabid=82

Dicks, L. V., Abrahams, A., Atkinson, 
J., Biesmeijer, J., Bourn, N., Brown, C., 
Brown, M. J.F., Carvell, C., Connolly, 
C., Cresswell, J. E., Croft, P., Darvill, 
B., De Zylva, P., Effingham, P., 
Fountain, M., Goggin, A., Harding, D., 
Harding, T., Hartfield, C., Heard, M. 
S., Heathcote, R., Heaver, D., Holland, 
J., Howe, M., Hughes, B., Huxley, T., 
Kunin, W. E., Little, J., Mason, C., 
Memmott, J., Osborne, J., Pankhurst, 
T., Paxton, R. J., Pocock, M. J.O., 
Potts, S. G., Power, E. F., Raine, N. E., 
Ranelagh, E., Roberts, S., Saunders, 
R., Smith, K., Smith, R. M., Sutton, P., 
Tilley, L. A.N., Tinsley, A., Tonhasca, A., 
Vanbergen, A. J., Webster, S., Wilson, 
A., Sutherland, W. J. (2013), Identifying 
key knowledge needs for evidence-based 
conservation of wild insect pollinators: 
a collaborative cross-sectoral exercise. 
Insect Conservation and Diversity, 
(6)3: 435-44.

Diffendorfer, J. E., Loomis, J. B., Ries, 
L., Oberhauser, K., Lopez-Hoffman, 
L., Semmens, D., Semmens, B., 
Butterfield, B., Bagstad, K., Goldstein, 
J., Wiederholt, R., Mattsson, B. and 
Thogmartin, W. E. (2014), National 
Valuation of Monarch Butterflies Indicates 
an Untapped Potential for Incentive-Based 
Conservation. Conservation Letters, 7: 
253–262. doi: 10.1111/conl.12065.

Dong X., Yang W., Ulgiati S., Yan M. 
and Zhang X. (2012) The impact of 
human activities on natural capital and 
ecosystem services of natural pastures in 
North Xinjiang, China; Ecological Modelling 
225, 28-39

Edens B. and Hein L. (2013) Towards 
a consistent approach for ecosystem 
accounting; Ecological Economics 90, 41-52

Eigenbrod, F., Anderson, B.J., 
Armsworth, P.R., Heinemeyer, A., 
Gillings, S., Roy, D.B., Thomas, C.D., 
Gaston, K.J. (2010) Representation of 
ecosystem services by tiered conservation 
strategies. Conserv. Lett. 3, 184–191. 
doi:10.1111/j.1755-263X.2010.00102.x

Eilers E.J., Kremen C., Greenleaf S., 
Garber A.K. and Klein A-M. (2011) 
Contribution of Pollinator-Mediated Crops 
to Nutrients in the Human Food Supply; 
PLOS One 6 (6) e21363.

Ellis A.M., Myers S.S. and Ricketts T. 
(2015) Do Pollinators Contribute to 
Nutritional Health? PLoS ONE 10, 
e114805.

https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/315114/auk-chapter06-29may14.xls
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/315114/auk-chapter06-29may14.xls
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/315114/auk-chapter06-29may14.xls
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/315114/auk-chapter06-29may14.xls
http://uknea.unep-wcmc.org/LinkClick.aspx?fileticket=ALFqJld0K8o%3d&tabid=82
http://uknea.unep-wcmc.org/LinkClick.aspx?fileticket=ALFqJld0K8o%3d&tabid=82


THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

265

Estévez, R. A., Walshe, W., and M. 
A. Burgman. (2013) Capturing social 
impacts for decision-making: a Multicriteria 
Decision Analysis perspective. Diversity 
and Volume 19, Issue 5-6 May & June 
2013 Pages 608-616.

FAO (2007) http://faostat.fao.org/

FAO (2007) The State of Food and 
Agriculture: Paying Farmers for 
Environmental Services (FAO Agriculture 
Series No 38, Rome).

Farber Stephen C. Matthew A. Wilson, 
R. C. (2002). Economic and ecological 
concepts for valuing ecosystem services. 
Ecological Economics, 41, 375–392. 
Retrieved from C:\PDFs\opr01PYR.pdf

Farber, S., Costanza, R., Childers, 
D.L., Erickson, J., Gross, K., Grove, 
M., Hopkinson, C.S., Kahn, J., 
Pincetl, S., Troy, A., Warren, P. and 
Wilson, M. (2006) Linking ecology and 
economics for ecosystem management. 
Bioscience 56. doi:10.1641/0006-
3568(2006)056[0121:LEAEFE]2.0.CO;2

Fehr E., Schmidt K.M. (1999) A Theory 
of Fairness, Competition and Cooperation, 
The Quarterly Journal of Economics, 114, 
817-868.

Feld, C.K., Martins da Silva, P., Sousa, 
J.P., De Bello, F., Bugter, R., Grandin, U, 
Hering, D, Lavorel, S., Mountford, O., 
Pardo, I., Pärtel, M., Römbke, J., Sandin, 
L., Jones, K.B., and Harrison, P. (2009) 
Indicators of biodiversity and ecosystem 
services: a synthesis across ecosystems 
and spatial scales. Oikos 118: 1862-1871. 
doi: 10.1111/j.1600-0706.2009.17860.x.

Ferreira, P.A., Boscolo, D., Viana, B.F. 
(2013) What do we know about the effects 
of landscape changes on plant-pollinator 
interaction networks? Ecol. Indic. 31, 35–
40. doi:10.1016/j.ecolind.2012.07.025.

Fisher, B., Turner, R. K., Morling, P. 
(2009). Defining and classifying ecosystem 
services for decision making. Ecological 
Economics, 68(3), 643-653.

Fisher, B., R. K. Turner, and P. Morling. 
(2009). Defining and classifying ecosystem 
services for decision-making. Ecological 
Economics 68: 643-653.

Folke, C. (2006) Resilience: the 
emergence of a perspective for 
socialecological systems analyses. Global 
Environmental Change 16, 253-267. 

Fontana V., Radtke A., Fedrigotti V.B., 
Tappeiner U., Tasser E., Zerbe S. and 
Buchholz T. (2013). Comparing land 
use alternatives: Using the Ecosystem 
Services Concept to Define a Multi-Criteria 
Decision Analysis, Ecological Economics 
93, 128-136.

Gallai N., Salles, J. M., Settele, J. 
and Vaissiere, B. E. (2009a) Economic 
Valuation of the Vulnerability of World 
Agriculture Confronted with Pollinator 
Decline; Ecological Economics 68, (3), 
810-821.

Gallai, N., Carré, G., Enjolras, G., 
Reginster, I., Salles, J., and Vaissière, 
B. E. (2009b). Evolution of agricultural 
vulnerability in Europe confronted with 
pollinator decline: a case study comparing 
Germany and Spain. In Assessing 
biodiversity risks with socio-economic 
methods: The ALARM experience (pp. 
261–291). Sofia-Moscow: Pensoft.

Garibaldi, L. a., Steffan-Dewenter, I., 
Kremen, C., Morales, J.M., Bommarco, 
R., Cunningham, S. a., Carvalheiro, 
L.G., Chacoff, N.P., Dudenhöffer, 
J.H., Greenleaf, S.S., Holzschuh, A., 
Isaacs, R., Krewenka, K., Mandelik, Y., 
Mayfield, M.M., Morandin, L. a., Potts, 
S.G., Ricketts, T.H., Szentgyörgyi, H., 
Viana, B.F., Westphal, C., Winfree, R., 
Klein, A.M. (2011) Stability of pollination 
services decreases with isolation from 
natural areas despite honey bee visits. 
Ecol. Lett. 14, 1062–1072. doi:10.1111/
j.1461-0248.2011.01669.x

Garibaldi, L.A., Steffan-Dewenter, I., 
Winfree, R., Aizen, M.A., Bommarco, 
R., Cunningham, S.A., Kremen, C., 
Carvalheiro, L.G., Harder, L.D., Afik, 
O., Bartomeus, I., Benjamin, F., 
Boreux, V., Cariveau, D., Chacoff, 
N.P., Dudenhöffer, J.H., Freitas, B.M., 
Ghazoul, J., Greenleaf, S., Hipólito, 
J., Holzschuh, A., Howlett, B., 
Isaacs, R., Javorek, S.K., Kennedy, 
C.M., Krewenka, K.M., Krishnan, S., 
Mandelik, Y., Mayfield, M.M., Motzke, 
I., Munyuli, T., Nault, B.A., Otieno, M., 
Petersen, J., Pisanty, G., Potts, S.G., 
Rader, R., Ricketts, T.H., Rundlöf, 
M., Seymour, C.L., Schüepp, C., 
Szentgyörgyi, H., Taki, H., Tscharntke, 
T., Vergara, C.H., Viana, B.F., Wanger, 
T.C., Westphal, C., Williams, N. and 
Klein, A.M. (2013) Wild pollinators 
enhance fruit set of crops regardless of 
honey bee abundance. Science, 339, 
1608-1611.

Garibaldi, L.A., Carvalheiro, L.G., 
Leonhardt, S.D., Aizen, M.A., Blaauw, 
B.R., Isaacs, R., Kuhlmann, M., Kleijn, 
D., Klein, A.M., Kremen, C., Morandin, 
L., Scheper, J., Winfree, R. (2014) 
From research to action: enhancing 
crop yield through wild pollinators. Front. 
Ecol. Environ. 140923061035000. 
doi:10.1890/130330.

Garratt M.P., Breeze T.D., Jenner N., 
Polce C., Biesmeijer J.C and Potts 
S.G. (2014) Avoiding a bad apple: insect 
pollination enhances fruit quality and 
economic value; Agriculture Ecosystems 
and Environment 184, 34-40.

Garry, P., Graeme, C., Carpenter, S. 
(2003) A Tool for Conservation in an 
uncertain world. Conserv. Biol. 17, 
358–366.

Genersch, E., von der Ohe, W., Kaatz, 
H., Schroeder, A., Otten, C., Büchler, 
R., Berg, S., Ritter, W., Mühlen, W., 
Gisder, S., Meixner, M., Liebig G., and 
P. Rosenkranz (2010) The German bee 
monitoring project: a long term study to 
understand periodically high winter losses 
of honey bee colonies. Apidologie 41, 
332-352.

Giannini T., Cordeiro G.D., Freitas 
B.M., Saravia A.M. and Imperatriz-
Fonseca V. (2015) The Dependence of 
Crops for Pollinators and the Economic 
Value of Pollination in Brazil; Journal of 
Economic Entomology 1–9, DOI: http://
dx.doi.org/10.1093/jee/tov093.

Gill, R.A. (1991a). The Applicability of the 
Economic Surplus Model to the Valuation 
of Honey bee Pollination Services in 
Australia http://ageconsearch.umn.edu/
bitstream/145866/2/1991-05-05.pdf.

Gill, R.A. (1991b). The value of 
honeybee pollination to society. Apiacta 
4; http://www.apimondiafoundation.org/
foundation/files/1991/R.A.%20GILL.pdf.
Gobbi, J. A. (2000) Is biodiversity-friendly 
coffee financially viable? An analysis of 
five different coffee production systems 
in western El Salvador. Ecol. Econ. 
33, 267–281. doi:10.1016/S0921-
8009(99)00147-0.

Gomez-Baggethun, E., Ruiz-
Perez, M. (2011) Economic valuation 
and the commodification of ecosystem 
services. Prog. Phys. Geogr. 1-16. 
doi:10.1177/0309133311421708.

http://faostat.fao.org/
http://dx.doi.org/10.1093/jee/tov09
http://dx.doi.org/10.1093/jee/tov09
http://ageconsearch.umn.edu/bitstream/145866/2/1991-05-05.pdf
http://ageconsearch.umn.edu/bitstream/145866/2/1991-05-05.pdf
http://www.apimondiafoundation.org/foundation/files/1991/R.A.%20GILL.pdf
http://www.apimondiafoundation.org/foundation/files/1991/R.A.%20GILL.pdf


THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

266

Gonzalez M., Baeza E., Lao J.L. and 
Cuevas J. (2006) Pollen load affects fruit 
set, size, and shape in cherimoya; Scientia 
Horticulturae 110, 51-56.

Gordon, J and Davis, L. (2003). Valuing 
honeybee pollination. Rural Industries 
Research and Development Corporation 
Paper 03/077, Canberra, ACT, Australia.

Goulson D, Nicholls E, Botias C and 
Rotheray EL. (2015) Bee declines driven 
by combined stress from parasites, 
pesticides, and lack of flowers. Science 
347, 1255957. (doi:10.1126/science. 
1255957).

Greenleaf S. and Kremen C. (2006) Wild 
Bees Enhance Honey bees Pollination 
of Hybrid Sunflower; Proceedings of the 
National Academy of Sciences of The 
United States Of America 103 (37) 13890-
13895.

Groot, R. De, Fisher, B., Christie, M., 
Aronson, J., Braat, L., Gowdy, J., 
Haines-young, R., Maltby, E., Neuville, 
A., Polasky, S., Portela, R., Ring, I., 
Blignaut, J., Brondízio, E., Costanza, 
R., Jax, K., Kadekodi, G.K., May, 
P.H., Mcneely, J., Shmelev, S. (2010). 
Chapter 1 Integrating the ecological and 
economic dimensions in biodiversity 
and ecosystem service valuation. Econ. 
Ecosyst. Biodivers. Ecol. Econ. Found. 
1-40. doi:10.4324/9781849775489.

Guerra-Sanz, J.M. (2008). Crop 
Pollination in Glasshouses in James R.R. 
and Pitts-Singer T.L. eds. Bee Pollination 
in Agricultural Ecosystems, Oxford 
University Press, Oxford.

Hadley, A. S. and Betts, M. G. (2012) 
The effects of landscape fragmentation on 
pollination dynamics: absence of evidence 
not evidence of absence. Biological 
Reviews, 87: 526-544.

Hahn M.B., Riederer A.M. and Foster 
S.O. (2009) The Livelihood Vulnerability 
Index: A pragmatic approach to assessing 
risks from climate variability and change 
– A case study in Mozambique; Global 
Environmental Change 19, 74-88.

Haines-Young, R., Potschin, M. (2010). 
The links between biodiversity, ecosystem 
services and human well-being. 
Ecosystem Ecology: a new synthesis, 
110-139. 

Haines-Young, R., Tratalos, J., 
Birkinshaw, S., Butler, S., Gosling, S., 

Hull, S., Kass, G., Lewis, E., Lum, R., 
Norris, K., Potschin, M., and Walmsley, 
S. (2014) UK National Ecosystem 
Assessment Follow-on. Work Package 
Report 7: Operationalising scenarios in 
the UK National Ecosystem Assessment 
Follow-on, UNEP-WCMC, LWEC, UK. 

Hanley, N., Shogren, J.F., White, B. 
(2013) Introduction to environmental 
economics, Second Edi. ed. Oxford 
University Press, Oxford (UK).

Hanley N., Breeze T.D., Elis C. and 
Goulson D. (2015) Measuring the 
economic value of pollination services: 
principles, evidence and knowledge gaps; 
Ecosystem Services.

Hein L. (2009) The Economic Value of 
the Pollination Service, a Review Across 
Scales; The Open Ecology Journal 2; 
74-82.

Hein, L., K. van Koppen, R. S. de 
Groot, and E. C. van Ierland (2006) 
Spatial scales, stakeholders and the 
valuation of ecosystem services. 
Ecological Economics 57(2):209-228.

Helliwell, D. R. (1969) Valuation of wildlife 
resources. Regional studies 3: 41-49.

Hensher D.A. (2010) Hypothetical bias, 
choice experiments and willingness to 
pay; Transportation Research Part B 44, 
735-752.

Herrera,A.,H.Scolnic,G.Chichilnisky,G.
Gallopin,J.Hardoy,D.Mosovich, E. 
Oteiza, G. de Romero Brest, C. Suarez, 
and L. Talavera (1976) Catastrophe or 
New Society? A Latin American World 
Model. IDRC, Ottawa. 

Hinkel J. (2011) “Indicators of vulnerability 
and adaptive capacity”: Towards a 
clarification of the science–policy interface; 
Global Environment Change 21, 198-208.

Holt, B. G., Lessard, J. P., Borregaard, 
M. K., Fritz, S. A., Araújo, M. B., 
Dimitrov, D., Fabre, P. H., Graham, 
C. H., Graves, G.R., Jønsson, K. 
A., Nogués-Bravo, D., Wang, Z., 
Whittaker, R. J., Fjeldså, J., and C. 
Rahbek. (2013) An update of Wallace’s 
zoogeographic regions of the world. 
Science 339:74-8. doi: 10.1126/
science.1228282.

Howarth, R. B. (2007). Towards an 
operational sustainability criterion. 
Ecological Economics, 63(4), 656-663.

Hudewenz A., Pufal G., Bogeholz 
A.L., Klein A.M. (2013) Cross-pollination 
benefits differ among oilseed rape 
varieties; Journal of Agricultural Science 
152, 770-778.

Hussain, S. and Miller, D., 2014. 
The Economics of Ecosystems and 
Biodiversity (TEEB) for agriculture and food 
– concept note, available at http://www.
teebweb.org.

Hudewenz, A., Pufal, G., Bögeholz, 
A.L. and Klein, A.M. (2013). Cross-
pollination benefits differ among oilseed 
rape varieties. The Journal of Agricultural 
Science, online first.

Ichikawa, Mitsuo (1981). Ecological and 
Sociological Importance of Honey to the 
Mbuti Net Hunters, Easter Zaire, African 
Study Monographs, 1: 55-68.

Ingram, V., and J. Njikeu. (2011). Sweet, 
sticky, and sustainable social business. 
Ecology and Society 16(1): 37. [online] 
URL: http://www.ecologyandsociety.org/
vol16/iss1/art37/.

Isbell F., Calcagno, V., Hector, A., 
Connolly, J., Harpole, W. S., Reich, P. 
B., Scherer-Lorenzen, M., Schmid, 
B., Tilman, D., van Ruijven, J., Weigelt, 
A., Wilsey, B. J., Zavaleta, E. S. and 
M. Loreau (2011) High plant diversity is 
needed to maintain ecosystem services; 
Nature 477, 199-202.

ISO (2009) ISO/IEC Guide 73:2009 Risk 
management — Vocabulary. International 
Organization for Standardization.

Jacobs, J. H., Clark, S. J., Denholm, I., 
Goulson, D., Stoate, C. and Osborne, 
J. L. (2009) Pollination Biology of Fruit 
Bearing Hedgerow Plants and the Role of 
Flower Visiting Insects in Fruit Set; Annals 
of Botany 104, (7), 1397-1404.
Javorek S., Mackenzie K. and Vander 
Kloet, S. (2002) Comparative pollination 
effectiveness among bees (Hymenoptera: 
Apoidea) on lowbush blueberry (Ericaceae: 
Vaccinium angustifolium). Annals of the 
Entomological Society of America 95, 
345-351.

Jonsson M., Bommarco R., Ekbom B., 
Smith H.G., Bengtsson J., Caballero-
Lopez B., Winqvist C. and Olsson O. 
(2014) Ecological production functions for 
biological control services in agricultural 
landscapes; Methods in Ecology and 
Evolution 5, 243-252.

http://www.teebweb.org
http://www.teebweb.org
http://www.ecologyandsociety.org/vol16/iss1/art37/
http://www.ecologyandsociety.org/vol16/iss1/art37/


THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

267

Just, R., Hueth, D., Schmitz, A. (2008) 
Applied Welfare Economics. Cheltenham: 
Elgar, Wageningen (Netherland), 767p.

Kasina, J. M., Mburu, J., Kraemer, M., 
and Holm-Mueller, K. (2009) Economic 
Benefit of Crop Pollination by Bees: A 
Case of Kakamega Small-Holder Farming 
in Western Kenya. Journal of Economic 
Entomology, 102(2): 467-473.

Keitt, T.H. (2009) Habitat conversion, 
extinction thresholds, and pollination 
services in agroecosystems. Ecol. Appl. 
19, 1561–1573. doi:10.1890/08-0117.1

Kempler C., Harding B and Ehert D. 
(2002) Out-of-season raspberry 
production in British Columbia, Canada; 
Acta Horticulturae 585, 629-632.

Kennedy, C.M., Lonsdorf, E., Neel, 
M.C., Williams, N.M., Ricketts, 
T.H., Winfree, R., Bommarco, R., 
Brittain, C., Burley, A.L., Cariveau, 
D., Carvalheiro, L.G., Chacoff, N.P., 
Cunningham, S.A., Danforth, B.N., 
Dudenhöffer, J.-H., Elle, E., Gaines, 
H.R., Garibaldi, L.A., Gratton, C., 
Holzschuh, A., Isaacs, R., Javorek, 
S.K., Jha, S., Klein, A.M., Krewenka, 
K., Mandelik, Y., Mayfield, M.M., 
Morandin, L., Neame, L.A., Otieno, 
M., Park, M., Potts, S.G., Rundlöf, M., 
Saez, A., Steffan-Dewenter, I., Taki, H., 
Viana, B.F., Westphal, C., Wilson, J.K., 
Greenleaf, S.S., Kremen, C. (2013) A 
global quantitative synthesis of local and 
landscape effects on wild bee pollinators 
in agroecosystems. Ecol. Lett. 16, 
584–599. doi:10.1111/ele.12082.

Kevan P.G. and Phillips T.P. (2001) 
The Economic Impacts of Pollinator 
Declines: An Approach to Assessing the 
Consequences; Ecology and Society 5, 
(1), 8 http://www.ecologyandsociety.org/
vol5/iss1/art8/main.html. 
Kinzig, A.P., Perrings, C., III, F.S.C., 
Polasky, S., Smith, V.K., Tilman, D., 
II, B.L.T. (2011) Paying for Ecosystem 
Services – Promise and Peril. Science 334: 
603–604. doi:10.1126/science.1210297.

Klatt B.J., Holzschuh A., Westphal C., 
Clough Y., Smit I., Pawelzik E. and 
Tscharntke T. (2014) Bee pollination 
improves crop quality, shelf life and 
commercial value; Proceedings of the 
Royal Society B – Biological Sciences 281, 
20132440.

Kleijn D., Winfree R., Bartomeus I., 
Carvalheiro L.G., Henry M., Isaacs 

R., Klein A.M., Kremen C., M’Gonigle 
L.K., Rader R., Ricketts T.H., Williams 
N.M., Adamson N.L., Ascher J.S., Báldi 
A., Batáry P., Benjamin F., Biesmeijer 
J.C., Blitzer E.J., Bommarco R., 
Brand M.R., Bretagnolle V., Button L., 
Cariveau D.P., Chifflet R., Colville J.F., 
Danforth B.N., Elle E., Garratt M.P.D., 
Herzog F., Holzschuh A., Howlett B.G., 
Jauker F., Jha S., Knop E., Krewenka 
K.M., Le Feon V., Mandelik Y., May 
E.A., Park M.G., Pisanty G., Reemer 
M., Riedinger V., Rollin O., Rundlöf 
M., Sardinas H.S., Scheper J., Sciligo 
A.R., Smith H.G., Steffan-Dewenter I., 
Thorp R., Tscharntke T., Verhulst J., 
Viana B.F., Vaissiere B.E., Veldtman 
R., Westphal C. and Potts S.G. (2015) 
Delivery of crop pollination services is an 
insufficient argument for wild pollinator 
conservation;  Nature Communications 
6, Article number: 7414, doi:10.1038/
ncomms8414.

Klein, A-M., Steffan-Dewenter, I. and 
Tscharntke, T. (2003). Bee pollination and 
fruit set of C. arabica and C. canephora. 
American Journal of Botany, 90, 153-57.

Klein A.M., Vaissiere B.E., Cane J.H., 
Steffan-Dewenter, I., Cunningham 
S.A., Kremen C., Tscharntke, T. (2007) 
Importance of Pollinators in Changing 
Landscapes for World Crops; Proceedings 
of the Royal Society B – Biological 
Sciences 274, 303-313 doi:10.1098/
rspb.2006.3721.

Klein, A. M., Brittain, C., Hendrix, S. D., 
Thorp, R., Williams, N., and Kremen, 
C. (2012). Wild pollination services to 
California almond rely on semi-natural 
habitat. Journal of Applied Ecology, 49(3), 
723-732. 

Knight, T.M., M.W. McCoy, J.M. 
Chase, K.A. McCoy and R.D. Holt 
(2005) Trophic cascades across 
ecosystems. Nature 437: 880-883.

Koellner T. and Schmitz O.J. (2006) 
Biodiversity, Ecosystem Function, and 
Investment Risk; Bioscience 56, 977-985.

Konarska, K.M., Sutton, P.C. and 
Castellon, M. (2002) Evaluating scale 
dependence of ecosystem service 
valuation: a comparison of NOAA-AVHRR 
and Landsat TM datasets. Ecological 
Economics 41:3, 491-507.

Kremen C., Willaims N., Aizen M.A., 
Gemmil-Herren B., LeBuhn G., 
Mickley R., Packer L., Potts S.G., 

Roulston T., Steffan-Dewenter I., 
Vazquez D.P., Winfree R., Adams L., 
Crone E.E., Greenleaf S., Keitt T.H., 
Klein A.M., Regetz J. and Ricketts T. 
(2007) Pollination and other ecosystem 
services produced by mobile organisms: 
a conceptual framework for the effects 
of land-use change; Ecology Letters 10, 
299-314.

Kremen, C., and A. Miles. (2012) 
Ecosystem services in biologically 
diversified versus conventional farming 
systems: benefits, externalities, and trade-
offs Ecology and Society 17(4): 40. http://
dx.doi.org/10.5751/ES-05035-170440. 

Landell-Mills, N. et Porras, I.T. (2002) 
Silver bullet or fools’ gold? a global 
review of markets for forest environmental 
services and their impacts on the poor. 
Instruments for Sustainable Private Sector 
Forestry Series. Londres, Royaume-Uni, 
Institut international pour l’environnement 
et le développement (IIED).

Laurans, Y., Rankovic, A., Billé, R., 
Pirard, R., and Mermet, L. (2013). Use 
of ecosystem services economic valuation 
for decision making: Questioning a literature 
blindspot. Journal of environmental 
management, 119, 208-219. 

Laurans, Y., and Mermet, L. (2014). 
Ecosystem services economic valuation, 
decision-support system or advocacy?. 
Ecosystem Services, 7, 98-105.

Lautenbach S, Seppelt R, Liebscher J, 
Dormann CF (2012) Spatial and Temporal 
Trends of Global Pollination Benefit. PLoS 
ONE 7(4): e35954. doi:10.1371/journal.
pone.0035954.

Lawes R.A. and Kingwell R.S. (2012) 
A longitudinal examination of business 
performance indicators for drought-affected 
farms; Agricultural Systems 106, 94-101.

LeBuhn G. et al. (2013) Detecting Insect 
Pollinator Declines on Regional and Global 
Scales; Conservation Biology 27, 1-13.

Leonhardt S.D., Gallai N., Garibaldi 
L.A., Kuhlmann M. and Klein A.M. 
(2013) Economic gain, stability of 
pollination and bee diversity decrease 
fromsouthern to northern Europe; Basica 
and Applied Ecology 14, 461-471.

Lever, J. L., van Nes, E. H., Scheffer, 
M. and Jordi Bascompte, J. (2014) The 
sudden collapse of pollinator communities. 
Ecology Letters 17(3): 350-359.

http://www.ecologyandsociety.org/vol5/iss1/art8/main.html
http://www.ecologyandsociety.org/vol5/iss1/art8/main.html
http://dx.doi.org/10.5751/ES-05035-170440
http://dx.doi.org/10.5751/ES-05035-170440


THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

268

Levin, M.D. (1984) Value of bee 
pollination to United States agriculture 
Bulletin of the Entomological Society of 
America 124: 184-186.

Limburg, K.E., O’Neill, R. V., Costanza, 
R., Farber, S. (2002) Complex systems 
and valuation. Ecol. Econ. 41, 409-420. 
doi:10.1016/S0921-8009(02)00090-3.

Liss, K. N., Mitchell, M., G. E., 
MacDonald, G. K.,, Mahajan, S. L, 
Méthot, J., Jacob, A. L., Maguire, D. 
Y., Metson, G. S., Ziter, C., Dancose, 
K., Martins, K., Terrado, M., Bennett, 
L. M. (2013) Variability in ecosystem 
service measurement: a pollination service 
case study. Frontiers in Ecology and the 
Environment. (11)8, 414-422.

Liu, P. F., Wu, J., Li, H.Y., Lin. S.W. 
(2011) Economic Values of Bee Pollination 
to China’s Agriculture. Scientia Agricultura 
Sinica, 44(24): 5117-5123.

Liverman, D. (2004) Who Governs, 
at What Scale and at What Price? 
Geography, Environmental Governance, 
and the Commodification of Nature. 
Ann. Assoc. Am. Geogr. 94, 734-738. 
doi:10.1111/j.1467-8306.2004.00428.x

Lockie, S. (2013) Market instruments, 
ecosystem services, and property rights: 
Assumptions and conditions for sustained 
social and ecological benefits. Land 
use policy 31, 90-98. doi:10.1016/j.
landusepol.2011.08.010.

Lonsdorf E., Kremen C., Ricketts T., 
Winfree R., Williams N. and Greenleaf 
S. (2009) Modelling pollination services 
across agricultural landscapes; Annals of 
Applied Biology 103, 1589-1600.
Losey, J.E. and Vaughn, M. (2006). The 
Economic Value of Ecological Services 
Provided By Insects; Bioscience 56, 311-
323.

Lundin O., Smith H.G., Rundlöf M. and 
Bommarco R. (2013) When ecosystem 
services interact: crop pollination benefits 
depend on the level of pest control; 
Proceedings of the Royal Society B – 
Biological Sciences 280, 20122243.

Lye, G.C., Jennings, S.N., Osborne, 
J.L. and Goulson, D. (2011) Impacts of 
the use of Nonnative Commercial Bumble 
Bees for Pollinator Supplementation 
in Raspberry; Journal of Economic 
Entomology 104, 107-114.

Mace, G.M., Norris, K., Fitter, A.H. 
(2012) Biodiversity and ecosystem 
services: A multilayered relationship. 
Trends Ecol. Evol. 27, 19–25. 
doi:10.1016/j.tree.2011.08.006.

Mäler K-G, Aniyar S. and Jansson Å. 
(2009) Accounting for ecosystems; 
Environment and Resource Economics 
42, 39-51.

Mamung, D. Abot and D. (2000) Telang 
otah urun lunang (air susu hutan). Sebuah 
potongan cerita Punan dalam mengelola 
hutan. In: Tim Plasma (ed.) Membongkar 
mitos. Membangun peran. Inisiatif 
Lokal dalam Mengelola Sumberdaya 
Alam di Kalimantan Timur. Jakarta: 
Lembaga, Pengembangan Lingkungan 
dan Sumberday Alam (Plasma), pp. 61-77.

Marini L., Tamburini G., Petrucco-
Toffolo E., Lindström S.A.M., Zanetti 
F., Mosca G. and Bommarco R. (2015) 
Crop management modifies the benefits 
of insect pollination in oilseed rape; 
Agriculture Ecosystems and Environment 
207, 61-66.

Martinez-Alier, J. (2003) The 
environmentalism of the poor: a study of 
ecological conflicts and valuation. Edward 
Elgar Publishing. 

Mas, A., Dietsch, T. (2004) Linking 
shade coffee certification to biodiversity 
conservation: butterflies and birds in 
Chiapas, Mexico. Ecol. Appl. 14, 642-654.

Matheson A. and Schrader M. (1987) 
The value of bees to New Zealand’s 
primary production. Nelson (New Zealand): 
Ministry of Agriculture and Fisheries. 5 p.

Mburu J, Hein L. G., Gemmill B. and 
Collette L. (2006) Economic Valuationof 
Pollination Services: Review of Methods. 
Produced for the FAO-coordinated 
focus on “conserion and management 
of pollinators for sustainable agriculture, 
through an ecosystem approach.

McCarthy, J.J., Canziani, O.F., Leary, 
N.A., Dokken, D.J. and White, K.S. 
Eds. (2001) Climate Change 2001: 
Impacts, Adaptation and Vulnerability; 
Cambridge University Press, Cambridge.

Meade, J. E. (1952) External economies 
and diseconomies in a competitive 
situation. The Economic Journal, 54-67.

Meeus I., Brown M.J.F., de Graaf 
D.C. and Smagghe G. (2011) Effects 

of Invasive Parasites on Bumble Bee 
Declines; Conservation Biology 25, (4), 
662-671.
 
Melathopoulos A.P., Tyedmers P. 
and Cutler G.C. (2014) Contextualising 
pollination benefits: effect of insecticide 
and fungicide use on fruit set and weight 
from bee pollination in lowbush blueberry; 
Annals of Applied Botany 165, 987-394.

Melathopoulos A.P., Cutler G.C. and 
Tyedmers P. (2015) Where is the Value in 
Valuing Pollination Services to Agriculture? 
Ecological Economics 109, 59-70.

Metcalf, C.L. and Flint, W. (1962) 
Destructive and useful insects Ed. 4, 1087 
pp. McGraw-Hill Book CO. Inc., New York 
and London.

Montoya D., Rogers L. and Memmott 
J. (2012) Emerging perspectives in 
the restoration of biodiversity-based 
ecosystem services. Trends in Ecology 
and Evolution 27, 1-7. 

Morse, R. A. and Calderone, N. W. 
(2000) The value of honey bees as 
pollinators of US crops in 2000. Bee 
culture, 128(3), 1-15. 

McAfee, K., Shapiro, E.N. (2010) 
Payments for Ecosystem Services 
in Mexico: Nature, Neoliberalism, 
Social Movements, and the 
State. Ann. Assoc. Am. Geogr. 
doi:10.1080/00045601003794833.

Millenium Ecosystem Assessment 
(2005) Ecosystems and human well being: 
a framework for assessment. Report of 
the conceptuel framework working group 
of the Millenium Ecosystem Assessment. 
Washington, DC.

Monfreda, C., Ramankutty, N., Foley, 
J. A (2008) Farming the planet: 2. 
Geographic distribution of crop areas, 
yields, physiological types, and net 
primary production in the year 2000. 
Global Biogeochem. Cycles 22, 1–19. 
doi:10.1029/2007GB002947.

Montgomery, D.C., Jennings, C.L., 
Kulahci, M. (2002) Introduction to Time 
Series Analysis and Forecasting, Wiley 
series in probability and statistics, ISBN: 
978-0-471-65397-4, 472p.

Morse, R. A. and Calderone, N. W. 
(2000) The value of honey bees as 
pollinators of US crops in 2000. Bee 
culture, 128(3), 1-15.



THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

269

Mouton, M. (2011) Significance of 
Direct and Indirect Pollination Ecosystem 
Services to the Apple Industry in the 
Western Cape of South Africa; MSc Thesis 
University of Stellenbosch.

Muchemi, Julius; Ehrensperger, 
Albrecht (2011) Ogiek Peoples Ancestral 
Territories Atlas. Vol. 1: Eastern Mau 
Forest. Nairobi, Kenya: ERMIS Africa and 
CDE.

Muth, M.K., Rucker, R.R., Thurman, 
W.N., Chuang, C.T. (2003) The Fable 
of the Bees Revisited: Causes and 
Consequences of the U.S. Honey 
Program. J. Law Econ. 46, 479-516.

Mwebaze P., Marris G.C., Budge G.E., 
Brown M., Potts S.G., Breeze T.D. 
and MacLeod A. (2010) Quantifying the 
Value of Ecosystem Services: A Case 
Study of Honey bee Pollination in the UK; 
Contributed Paper for the 12th Annual 
BIOECON Conference Nakicenovic, N., J. 
Alcamo, G. Davis, B. de Vries, J. Fenhann, 
S. Gaffin, K. Gregory, A. Gru �bler, T.Y. 
Jung, T. Kram, E. Lebre La Rovere, L. 
Michaelis, S. Mori, T. Morita, W. Pepper, H. 
Pitcher, L. Price, K. Riahi, A. Roehrl, H.-H. 
Rogner, A. Sankovski, M. Schlesinger, 
P. Shukla, S. Smith, R. Swart, S. van 
Rooijen, N. Victor, and Z. Dadi (2000) 
Special Report on Emissions Scenarios: 
A Special Report of Working Group III of 
the Intergovernmental Panel on Climate 
Change. Cambridge University Press, 
Cambridge. Cambridge, U.K., 599 pp. 
Available online at: http://www.grida.no/
climate/ipcc/emission/index.htm.

Nelson R., Kokic P., Crimp S., Martin 
P., Meinke H., Howden S.M., de Voil P. 
and Nidumolu U. (2010) The vulnerability 
of Australian rural communities to 
climate variability and change: Part II—
Integrating impacts with adaptive capacity; 
Environmental Science and Policy 13, 
18-27.

Nderitu J., Nyamasyo G., Kasina M. 
and Oronje M.L. (2008) Diversity of 
sunflower pollinators and their effect on 
seed yield in Makueni District, Eastern 
Kenya; Spanish Journal of Agricultural 
Research 6, 271-278.

Ne’eman, G., Jürgens, A., Newstrom-
Lloyd, L., Potts, S.G., Dafni, A. (2009) 
A framework for comparing pollinator 
performance: effectiveness and efficiency. 
Biol. Rev. no–no. doi:10.1111/j.1469-
185X.2009.00108.x

Nelson, R., Kokic, P., Crimp, S., Martin, 
P., Meinke, H., Howden, S.M., de Voil, 
P., Nidumolu, U. (2010) The vulnerability 
of Australian rural communities to climate 
variability and change: Part II-Integrating 
impacts with adaptive capacity. Environ. 
Sci. Policy 13, 18–27. doi:10.1016/j.
envsci.2009.09.007.

Neumayer, E. (2007) A missed 
opportunity: The Stern Review on climate 
change fails to tackle the issue of non-
substitutable loss of natural capital. Global 
Environmental Change 17, 297-301.

Nordhaus, W. (2007) Economics. Critical 
assumptions in the Stern Review on 
climate change. Science. (New York, NY) 
317, 201-202.

Ollerton J., Winfree R. and Tarrant S., 
(2011) How many flowering plants are 
pollinated by animals? Oikos 120 (3), 
321-326.

Olschewski, R, Tscharntke, T, Benítez, 
P. C., Schwarze, S. and Klein, A. (2006) 
Economic valuation of pollination services 
comparing coffee landscapes in Ecuador 
and Indonesia, Ecology and Society 11, 
7-12.

Olschewski, R., Klein, A. (2011) 
Ecosystem services between sustainability 
and efficiency. Sustainability: Science, 
Practice and Policy 7, 1-5.

Park S.M. and Youn Y.C. (2012) Traditional 
knowledge of Korean native beekeeping 
and sustainable forest management; Forest 
Policy and Economics 15, 37-45.

Partap U. and Ya T. (2012) The Human 
Pollinators of Fruit Crops in Maoxian 
County, Sichuan, China; Mountain 
Research and Development 32, 176-186.

Partap, U., Partap, T., Sharma, H. K., 
Phartiyal, P., Marma,A., Tamang, N. B. 
Ken, T., Munawar, M. S. (2012) Value of 
Insect Pollinators to Himalayan Agricultural 
Economies. International Centre for 
Integrated Mountain Development 
(ICIMOD).

Pascual, U., Muradian, R., Brander, 
L., Gómez-Baggethun, E., Martín-
López, B., Verma, M. (2010) The 
economics of valuing ecosystem services 
and biodiversity. In: Kumar, P. (Ed.), 
The Economics of Ecosystems and 
Biodiversity: Ecological and Economic 
Foundations. Earthscan, London/
Washington, pp. 183-256.

Pearce, D., Atkinson, G., Mourato, S. 
(2006). Cost-benefit analysis and the 
environment. Recent Developments, 
Organisation for Economic Co-operation 
and Development.

Perfecto, I., Vandermeer, J., Mas, 
A., Pinto, L.S. (2005) Biodiversity, 
yield, and shade coffee certification. 
Ecol. Econ. 54, 435-446. doi:10.1016/j.
ecolecon.2004.10.009.

Perman, R., Ma, Y., McGilvray, J., 
Common, M. (2012) Natural resource 
and environmental economics. Pearson 
Education 4th edition.

Petanidou T., Kallimanis A. S., 
Tzanopoulos J. Sgardelis S.P. and 
Pantis J. D. (2014) Variable flowering 
phenology and pollinator use in a 
community suggest future phenological 
mismatch Acta Oecologica 59, 104-111.

Pezzey, J. (1989) Economic Analysis 
of Sustainable Growth and Sustainable 
Development. Environmental Department 
Working paper no. 15, Environmental 
Department, The World Bank. Reprinted as 
J. Pezzey, 1992. Sustainable Development 
Concepts: An Economic Analysis. World 
Bank Environment Paper 2.

Phelps, J., Webb, E.L., Agrawal, A. 
(2010) Land use. Does REDD+ threaten 
to recentralize forest governance? 
Science 328, 312–313. doi:10.1126/
science.1187774.

Pimtel, D., Wilson, C., McCullen, C., 
Huang, R., Dwen, P., Flack, J., Tran, 
Q., Saltman, T. and Cliff, B. (1997). 
Economic and Environmental benefits of 
Biodiversity; Bioscience 47, 747-757.

Pinillos V. and Cuevas J. (2008) Artificial 
Pollination in Tree Crop Production; 
Horticultural Reviews 34, 239-276.

Plummer, M.L. (2009) Assessing benefit 
transfer for the valuation of ecosystem 
services. Frontiers in Ecology and the 
Environment 7, 38-45.

Pocol C.B., Mărghitaş L.A. and Popa 
A.A. (2012) Evaluation of sustainability of 
the beekeeping sector in the North West 
Region of Romania; Journal of Food, 
Agricultural and Environment 10, 1132-
1138.

Polce C., Termansen M., Aguirre-
Gutierrez J., Boatman N.D., Budge 
G.E., Crowe A., Garratt M.P., 

http://www.grida.no/climate/ipcc/emission/index.htm
http://www.grida.no/climate/ipcc/emission/index.htm


THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

270

Pietravalle S., Potts S.G., Ramirez 
J.A., Somerwill K.E., Biesmeijer J.C. 
(2013) Species Distribution Models for 
Crop Pollination: A Modelling Framework 
Applied to Great Britain; PLoS One 8, 
e76308.

Potts, S. G., Biesmeijer, J. C., Kremen, 
C., Neumann, P., Schweiger, O., Kunin, 
W. E. (2010). Global pollinator declines: 
trends, impacts and drivers. Trends in 
Ecology and Evolution, 25(6), 345-353.

Prather, C. M., Pelini, S. L., Laws, A., 
Rivest, E., Woltz, M., Bloch, C. P., 
Del Toro, I., Ho, C.-K., Kominoski, 
J., Newbold, T. A. S., Parsons, S. 
and Joern, A. (2013), Invertebrates, 
ecosystem services and climate change. 
Biological Reviews, 88: 327-348.

Price M.V., Waser N.M., Irwan R.E., 
Campbell D.R. and Brody A.K. 
(2005) Temporal and Spatial Variation in 
Pollination of a Montane Herb: A Seven-
Year Study; Ecology 86: 2106-2116.

Priess, J.A., Mimler, M., Kiein, A.M., 
Schwarze, S., Tscharntke, T. and 
Steffan-Dewenter, I. (2007) Linking 
Deforestation Scenarios to Pollination 
Services and Economic Returns in 
Coffee Agroforestry Systems; Ecological 
Applications 17, 407-417.

Rader, R., Howlett, B.G., Cunningham, 
S.A., Westcott, D.A. and Edwards. 
(2012) Spatial and temporal variation in 
pollinator effectiveness: do unmanaged 
insects provide consistent pollination 
services to mass flowering crops? Journal 
of Applied Ecology 49 (1), 126-134.

Ratamäki O., Jokinen P., Sorensen 
P., Breeze T.D. and Potts S.G. (2015) 
Multi-level Analysis of Misfit and Interplay 
between Pollination-related Policies and 
Practices; Ecosystem Services 14, 133-
143.

Rawls, J., (2001). Justice as fairness: A 
restatement. Harvard University Press.

Richards, K. W. (1993). Non-Apis bees 
as crop pollinators. Revue Suisse de 
Zoologie 100: 807-822.

Ricketts, T.H., G.C. Daily, P.R. Ehrlich, 
and C.D. Michener. 2004. “Economic 
Value of Tropical Forest to Coffee 
Production.” Proceedings of the National 
Academy of Sciences 101(34): 12579–
12582.

Ricketts, T.H., Regetz, J., Steffan-
Dewenter, I., Cunningham, S. a., 
Kremen, C., Bogdanski, A., Gemmill-
Herren, B., Greenleaf, S.S., Klein, 
A.M., Mayfield, M.M., Morandin, 
L.A., Ochieng, A., Viana, B.F., 2008. 
Landscape effects on crop pollination 
services: Are there general patterns? Ecol. 
Lett. 11, 499–515. doi:10.1111/j.1461-
0248.2008.01157.x

Ricketts T.H. and Lonsdorf E. (2013) 
Mapping the margin: comparing marginal 
values of tropical forest remnants 
for pollination services; Ecological 
Applications 23, 1113-1123.

Ritter, D.J. (2013). The Economic Value 
of Native Pollinators in Regard to Oregon 
Blueberry Production; MSc Thesis, 
Oregon State University.

Robbins L. (1932) An essay on the nature 
and significance of economic science. 
Macmillan and co, First edition, UK, http://
hdl.handle.net/2014/10127.

Robinson W., Nowogrodzki R. and 
Morse R. (1989). The value of honey bees 
as pollinators of US crops. American Bee 
Journal 129, 411-423.

Rowcroft P., Studley J. and Ward K. 
(2006) Eliciting Forest Values for 
Community Plantations and Nature 
Conservation; Forests, Trees and 
Livelihoods 16, 329-358.
 
Rucker R.R., Thruman W.H. and 
Burgett M. (2012) Honey bee pollination 
markets and the internalisation of 
reciprocal benefits; American Journal of 
Agricultural Economics 94, 956-977.

Rucker, R. R., Thurman, W. N., Burgett, 
M. (2012). Honey bee pollination markets 
and the internalization of reciprocal 
benefits. American Journal of Agricultural 
Economics, 94(4), 956-977. 

Sakomoto D., Hayama H., Ito A., 
Kashimura Y., Moriguchi T. and 
Nakamura Y. (2009) Spray pollination 
as a labor-saving pollination system in 
Japanese pear (Pyrus pyrifolia (Burm.f.) 
Nakai): Development of the suspension 
medium; Scientia Horticulturae 119, 280-
285.

Samorai Lengoisa, J. (2015) Ogiek 
peoples of Kenya: Indigenous and local 
knowledge of pollination and pollinators 
associated with food production In: 
Lyver, P., E. Perez, M. Carneiro da 

Cunha and M. Roué (eds.). Indigenous 
and Local Knowledge about Pollination 
and Pollinators associated with Food 
Production: Outcomes from a Global 
Dialogue Workshop (Panama, 1-5 
December 2014). UNESCO: Paris.

Sandhu H.S., Wratten S.D., Cullen 
R. and Case B. (2008) The future of 
farming: The value of ecosystem services 
in conventional and organic arable land. 
An experimental approach; Ecological 
Economics 64, 835-848.

Sanjerehei M.M. (2014) The Economic 
Value of Bees as Pollinators of Crops in Iran.

Satake, A., Rudel, T. K., and, Onuma, 
A. 2008. Scale mismatches and their 
ecological and economic effects on 
landscapes: A spatially explicit model. 
Global Environmental Change Volume 18, 
Issue 4, October 2008, Pages 768-775.

Schulp, C.J.E., Alkemade, R. (2011) 
Consequences of uncertainty in global-
scale land cover maps for mapping 
ecosystem functions: An analysis of 
pollination efficiency. Remote Sens. 3, 
2057-2075. doi:10.3390/rs3092057.

Schulp C.J.E., Lautenbach S. and 
Verburg P.H. (2014) Quantifying and 
mapping ecosystem services: Demand 
and supply of pollination in the European 
Union; Ecological Indicators 36, 131-141.

Scrieciu S.S., Belton V., Chalabi 
Z., Mechler R. and Puig D. (2014) 
Advancing methodological thinking and 
practice for development-compatible 
climate policy planning; Mitigation and 
Adaption Strategies for Global Change 19, 
261-288.

SEEA (2012). System of Environmental-
Economic Accounting 2012. Experimental 
Ecosystem Accounting.United Nation, 
European Commission, International 
Monetary Fund. http://unstats.un.org/
unsd/envaccounting/eea_white_cover.pdf.

Sen, A.K. (1999a) Commodities and 
Capabilities. Oxford University Press, 
Oxford (UK),104p.

Sen, A.K. (1999b) Development as 
Freedom. Oxford University Press, Oxford 
(UK), 384p. 

Sengupta, J. (2007) A Nation in 
Transition: Understanding the Indian 
Economy. Academic Foundation. New 
Delhi 292 pp.

http://hdl.handle.net/2014/10127
http://hdl.handle.net/2014/10127
http://unstats.un.org/unsd/envaccounting/eea_white_cover.pdf
http://unstats.un.org/unsd/envaccounting/eea_white_cover.pdf


THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

271

Serna-Chavez, H.M., Schulp, C.J.E., 
Van Bodegom, P.M., Bouten, W., 
Verburg, P.H., Davidson, M.D. (2014) 
A quantitative framework for assessing 
spatial flows of ecosystem services. 
Ecol. Indic. 39, 24–33. doi:10.1016/j.
ecolind.2013.11.024.

Settele J, Carter TR, Kühn I, 
Spangenberg JH, Sykes MT (2012) 
Scenarios as a tool for large-scale 
ecological research – experiences and 
legacy of the ALARM project. Global 
Ecology and Biogeography, 21: 1-4.

Sharp, R., Tallis, H.T., Ricketts, T., 
Guerry, A.D., Wood, S.A., Chaplin-
Kramer, R., Nelson, E., Ennaanay, D., 
Wolny, S., Olwero, N., Vigerstol, K., 
Pennington, D., Mendoza, G., Aukema, 
J., Foster, J., Forrest, J., Cameron, D., 
Arkema, K., Lonsdorf, E., Kennedy, 
C., Verutes, G., Kim, C.K., Guannel, 
G., Papenfus, M., Toft, J., Marsik, M., 
Bernhardt, J., Griffin, R., Glowinski, 
K., Chaumont, N., Perelman, A., 
Lacayo, M. Mandle, L., Griffin, R., and 
Hamel, P. (2014) InVEST tip User’s Guide. 
The Natural Capital Project, Stanford.

Shipp, L.H., Whitfield, G.H. and 
Papadopoulos, A.P. (1994) Effectiveness 
of the Bumblebee, Bombus impatiens Cr. 
(Hymenoptera: Apidae), as a Pollinator 
of Greenhouse Sweet Pepper; Scientia 
Horticulturae 57, 29-39.

Sijtsma F.J., van der Heide C.M. and 
van Hinsberg A. (2013) Beyond monetary 
measurement: How to evaluate projects 
and policies using the ecosystem services 
framework; Environmental Science and 
Policy 32, 14-25.

Smith, P. et al. (2011). UK National 
Ecosystem Assessment Technical Report 
– Chapter 14: Regulating Services, UNEP-
WCMC; Cambridge.

Smith M.R., Singh G.M., Mozaffarian 
D. and Myres S.S. (2015) Effects of 
decreases of animal pollinators on human 
nutrition and global health: a modelling 
analysisThe Lancet 386, 1964-1972.

Söderqvist T. and Soutukorva Å. 
(2009) On how to assess the Quality of 
Environmental Valuation Studies; Journal 
of Forest Economics 15, 15-36.

Solow, R. M. (1993). Sustainability: an 
economist’s perspective. In: Dorfman, R., 
Dorfman, N.S. (Eds.), Economics of the 
Environment. Norton, New York.

Southwick E.E. and Southwick L. 
(1992) Estimating the Economic Value 
of Honey Bees (Hymenoptera: Apidae) 
and Agricultural Pollinators in the United 
States; Journal of Economic Entomology 
85, (3), 622-633.

Spangenberg JH, Carter TR, Fronzek 
S, Jaeger J, Jylhä K, Kühn I, Omann 
I, Paul A, Reginster I, Rounsevell 
M, Schweiger O, Stocker A, Sykes 
MT and Settele J (2012) Scenarios for 
investigating risks to biodiversity: The 
role of storylines, scenarios, policies and 
shocks in the ALARM project. Global 
Ecology and Biogeography. 21: 5-18.

Stanley, D. A., Gunning, D. and 
Jane, C. (2013). Stout Pollinators 
and pollination of oilseed rape crops 
(Brassica napus L.) in Ireland: ecological 
and economic incentives for pollinator 
conservation. J. Insect. Conserv. 17: 
1181-1189.

Stern R.A., Eisikowitch D. and 
Dag A. (2001) Sequential introduction 
of honeybee colonies and doubling 
their density increases cross-pollination, 
fruit-set and yield in ‘Red Delicious’ 
apple; Journal Of Horticultural Science & 
Biotechnology 76, (1), 17-23.

Steward P.R., Shackelford G., 
Carvalheiro L.G., Benton T.G., 
Garibaldi L.A. and Sait SM. (2014) 
Pollination and biological control research: 
are we neglecting two billion smallholders? 
Agriculture and Food Security, (3)5, 1-13.

Sumner D.A. and Boriss H. (2006) 
Bee-conomics and the Leap in Pollination 
Fees., Giannini Foundation of Agricultural 
Economics 9, 9-11 http://www.agecon.
ucdavis.edu/uploads/update_articles/
v9n3_3.pdf.

Swinton, S.M., Lupi F., Robertson, G.P. 
(2006) Ecosystem services from 
agriculture: looking beyond the usual 
suspects. American Journal of Agricultural 
Economics. 88, 1160-1166.

Swinton, S.M., Lupi, F., Robertson, 
G.P., Hamilton, S.K. (2007) Ecosystem 
services and agriculture: Cultivating 
agricultural ecosystems for diverse 
benefits. Ecol. Econ. 64, 245–252. 
doi: http://dx.doi.org/10.1016/j.
ecolecon.2007.09.020.

Tang Q. Bennett S., Xu Y. and Li Y. (2013) 
Agricultural practices and sustainable 
livelihoods: Rural transformation within the 

Loess Plateau, China; Applied Geography 
41, 15-23.

TEEB (2009) The Economics of 
Ecosystems and Biodiversity TEEB for 
Policymakers. http://www.unep.org/pdf/
TEEB_D1_Summary.pdf.

TEEB (2010) The Economics of 
Ecosystems and Biodiversity TEEB For 
Policymakers. http://www.unep.org/pdf/
TEEB_D1_Summary.pdf.

TEEB (2010) The Economics of 
Ecosystems and Biodiversity Synthesis 
Report: Mainstreaming the Economics 
of Nature A Synthesis of The Approach, 
Conclusions and Recommendations of 
TEEB. 

Terashima, H. (1998) Honey and 
Holidays: The Interactions Mediated by 
Honey between Efe Hunter-Gatherers and 
Lese Farmers in the Ituri Forest, African 
study monographs. Suppl. 25: 123-134.

Totland, O., Anders, K. Bioforsk, H., 
Ødegaard, F. Åström, J. (2013) The 
state of knowledge about insect pollination 
in Norway– the importance of the complex 
interaction between plants and insects. 
Norwegian Biodioversity Information 
Center. 75p.

Troy, A., Wilson, M. A. (2006) Mapping 
ecosystem services: Practical challenges 
and opportunities in linking GIS and 
value transfer. Ecol. Econ. 60, 435–449. 
doi:10.1016/j.ecolecon.2006.04.007.

Tsay, R.S. (2005) Analysis of Financial 
Time Series, Technometrics. doi:10.1198/
tech.2006.s405.

Turner, R. K. (1988) Sustainable 
environmental management: principles 
and practice (Colorado: Westview Press, 
1988), 289 pp.

Turner, B.L., Kasperson, R.E., Matson, 
P., McCarthy, J.J., Corell, R.W., 
Christensen, L., Eckley, N., Kasperson, 
J.X., Luers, A., Martello, M.L., 
Mathiesen, S., Polsky, C., Pulsipher, 
A., Schiller, A., Tyler, N. (2003) A 
framework for vulnerability analysis in 
sustainability science; Proceedings of 
the National Academy of Sceince of the 
United States 100, 8074-8079.

Turpie, J.K., Heydenrych, B.J. and 
Lamberth, S.J. (2003) Economic value 
of terrestrial and marine biodiversity in 
the Cape Floristic Region: implications 

http://www.agecon.ucdavis.edu/uploads/update_articles/v9n3_3.pdf
http://www.agecon.ucdavis.edu/uploads/update_articles/v9n3_3.pdf
http://www.agecon.ucdavis.edu/uploads/update_articles/v9n3_3.pdf
http://dx.doi.org/10.1016/j.ecolecon.2007.09.020
http://dx.doi.org/10.1016/j.ecolecon.2007.09.020
http://www.unep.org/pdf/TEEB_D1_Summary.pdf
http://www.unep.org/pdf/TEEB_D1_Summary.pdf
http://www.unep.org/pdf/TEEB_D1_Summary.pdf
http://www.unep.org/pdf/TEEB_D1_Summary.pdf


THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

272

for defining effective and socially optimal 
conservation strategies; Biological 
Conservation 112, 233-251.

Udvardy, M. D. F. (1975) A classification 
of the biogeographical provinces of the 
world. IUCN occasional paper no. 18. 
International Union for the Conservation of 
Nature and Natural Resources. Morges, 
Switzerland. 

United Nations (2012) System of 
Environmental-Economic Accounting 
Central Framework http://unstats.un.org/
unsd/envaccounting/White_cover.pdf. 

United States Bureau of Labour and 
Statistics (2015a) CPI Detailed Report 
Data for January 2015 http://www.bls.
gov/cpi/cpid1501.pdf.

United States Bureau of Labour and 
Statistics (2015b) Consumer Price Index 
– July 2015 http://www.bls.gov/news.
release/pdf/cpi.pdf.

Vaissière B.E., Freitas B.M. and 
Gemmill-Herren B. (2011) Protocol 
to Detect and Assess Pollination 
Deficits in Crops: A Handbook for 
its Use; FAO, Rome. http://www.
internationalpollinatorsinitiative.org/
uploads/Protocol_PolDef_FINAL.pdf.

van den Bergh (2001) Ecological 
Economics: Themes, Approaches, 
and Differences with Environmental 
Economics; Regional Environmental 
Change 2; 13-23.

van den Bergh, J. (2010) Externality 
or sustainability economics? Ecological 
Economics. 69(11), 2047-2052.

Vanbergen A.J., Ambrose, N., Aston, 
D., Biesmeijer, J. C., Bourke, A., 
Breeze, T., Brotherton, P., Brown, M., 
Chandler, D., Clook, M., Connolly, 
C. N., Costigan, P., Coulson, M., 
Cresswell, J., Dean, R., Dicks, L., 
Felicioli, A., Fojt, O., Gallai, N., 
Genersch, E., Godfray, C., Grieg-
Gran, M., Halstead, A., Harding, D., 
Harris, B., Hartfield, C., Heard, M. S.; 
Herren, B., Howarth, J., Ings, T., Kleijn, 
D., Klein, A., Kunin, W. E., Lewis, G., 
MacEwen, A., Maus, C., McIntosh, L., 
Millar, N. S., Neumann, P., Ollerton, J., 
Olschewski, R., Osborne, J. L., Paxton, 
R. J., Pettis, J., Phillipson, B., Potts, S. 
G., Pywell, R., Rasmont, P., Roberts, 
S., Salles, J-M., Schweiger, O., Sima, 
P., Thompson, H., Titera, D., Vaissiere, 
B., Van der Sluijs, J., Webster, S., 

Wentworth, J., Wright, G. A. (2012) 
Insect pollinators: linking research and 
policy. Workshop report, U.K. Science 
and Innovation Network https://wiki.ceh.
ac.uk/download/attachments/162464248/
Final+Report+of+International+Pollinator
+Workshop+2012.pdf?version=1and 
modificationDate=1355138969000.

Vanbergen, A. J., and The Insect 
Pollinator Initiative (2013) Threats to 
an ecosystem service: pressures on 
pollinators. Frontiers in Ecology and 
Environment. 11(5), 251-259.

Vanbergen, A., Heard, M.S., Breeze 
T.D., Potts, S.G. and Hanley, N. (2014) 
Status and Value of Pollinators and 
Pollination Services – A report to the 
Department of Environment Fisheries and 
Rural Affairs (DEFRA).

Vergara, C.H., Badano, E.I. 
(2009) Pollinator diversity increases 
fruit production in Mexican coffee 
plantations: The importance of rustic 
management systems. Agric. Ecosyst. 
Environ. 129, 117-123. doi:10.1016/j.
agee.2008.08.001.

Vermaat, J.E., Eppink, F., van den 
Bergh, J.C.J.M., Barendregt, A., Van 
Belle, J. (2005) Aggregation and the 
matching of scales in spatial economics 
and landscape ecology: Empirical 
evidence and prospects for integration. 
Ecol. Econ. 52, 229-237. doi:10.1016/j.
ecolecon.2004.06.027.

Viana, B.F., Boscolo, D., Mariano Neto, 
E., Lopes, L.E., Lopes, A.V., Ferreira, 
P.A., Pigozzo, C.M., Primo, L.M. (2012) 
How well do we understand landscape 
effects on pollinators and pollination 
services? Journal of Pollination. Ecology. 
7 (5), 31-41.

Volchko Y., Norman J., Rosen L., 
Bergknut M., Josefsson S., Söderqvist 
T., Norberg T., Wiberg K. and 
Tysklind M. (2014) Using soil function 
evaluation in multi-criteria decision analysis 
for sustainability appraisal of remediation 
alternatives; Science of the Total 
Environment 485–486, 785-791.

Volk, M. (2013) Modelling ecosystem 
services – Challenges and promising 
future directions. Sustainability of Water 
quality and Ecology 1-2: 3-9.

Weitzman, M. L. (1994) On the 
“Environmental” Discount Rate. 
Journal of Environmental Economics 

and Management, 26(2), 200–209. 
doi:10.1006/jeem.1994.1012.

Whittington, R., Winston, M.L., Tucker, 
C. and Parachnowitsch, A.L. (2004) 
Plant-species identity of pollen collected 
by bumblebees placed in greenhouses for 
tomato pollination; Canadian Journal of 
Plant Science 84, 599-602. 

Wilcock, C. and Neiland. R. (2002) 
Pollination failure in plants: why it happens 
and when it matters. Trends in Plant 
Science 7, 270–277.

Wilcove, D.S., Ghazoul, J. (2015) The 
Marketing of Nature. Biotropica 47, 
275–276. doi:10.1111/btp.12215.`

Winfree R. and Kremen C. (2009) 
Are ecosystem services stabilized by 
differences among species? A test using 
crop pollination; Proceedings of the Royal 
Society B – Biological Sciences 276, 
229-237.

Winfree R., Gross B.J. and Kremen C. 
(2011) Valuing pollination services to 
agriculture; Ecological Economics 71, 
80-88.

Wratten, S. D., Gillespie M., Decourtye, 
A., Mader E., and N. Desneux (2012) 
Pollinator habitat enhancement: Benefits 
to other ecosystem services. Agriculture, 
Ecosystems and Environment 159, 112-
122.

Wunder, S. (2006) Are direct payments 
for environmental services spelling doom 
for sustainable forest management in the 
tropics. Ecol. Soc. 11, 23. doi:23\nArtn 23.

Zhang, W., Ricketts, T.H., Kremen, 
C., Carney, K., Swinton, S.M. (2007) 
Ecosystem services and dis-services to 
agriculture. Ecol. Econ. 64, 253–260. 
doi: http://dx.doi.org/10.1016/j.
ecolecon.2007.02.024.

Zych, M. and Jakubiec, A. (2006) How 
Much is a Bee Worth? Economic Aspects 
of Pollination of Selected Crops in Poland; 
Acta Agrobotanica 59, (1), 298-299.

ttp://unstats.un.org/unsd/envaccounting/White_cover.pdf
ttp://unstats.un.org/unsd/envaccounting/White_cover.pdf
http://www.bls.gov/cpi/cpid1501.pdf
http://www.bls.gov/cpi/cpid1501.pdf
http://www.bls.gov/news.release/pdf/cpi.pdf
http://www.bls.gov/news.release/pdf/cpi.pdf
http://www.internationalpollinatorsinitiative.org/uploads/Protocol_PolDef_FINAL.pdf
http://www.internationalpollinatorsinitiative.org/uploads/Protocol_PolDef_FINAL.pdf
http://www.internationalpollinatorsinitiative.org/uploads/Protocol_PolDef_FINAL.pdf
http://dx.doi.org/10.1016/j.ecolecon.2007.02.024
http://dx.doi.org/10.1016/j.ecolecon.2007.02.024


THE ASSESSMENT REPORT ON POLLINATORS, POLLINATION AND FOOD PRODUCTION

4.
 E

C
O

N
O

M
IC

 V
A

LU
AT

IO
N

 O
F 

P
O

LL
IN

AT
O

R
 G

A
IN

S
 

A
N

D
 L

O
S

S
E

S
 

273

Benefit
The positive impacts produced by 
pollinators and pollination services (e.g., 
increased yield or quality of crops).

Capital
Any good, service or skill that can 
potentially generate production 
within a market. There are 5 forms of 
capital: Human (skills, education etc.), 
Manufactured (tools, buildings etc.), 
Financial (shares, bonds etc.), Social 
(institutions etc.) and natural (ecosystem 
services etc.). Units of capital are called 
assets. The sum of capital is called wealth.

Profit
It is the difference between the benefit of a 
firm and her total cost, where total cost is 
the sum of fixed and variable costs.

Consumer surplus
Consumer Surplus is defined as the 
difference between what consummer 
would accept to pay (WTP) to get a 
service and the cost they actually bear.

Producer Surplus 
Producer surplus is the difference the 
amount that a producer willing to sell a 
good (his marginal cost) and the amount 
that he receives. 

Welfare
The welfare measure the well-being of 
a society. One method to measure the 
welfare is to summing the producer and 
the consumer surpluses. A more practical 
way to measure it is the Growth National 
Product per capita. 

Cost-Benefit Analysis (CBA)
The CBA is a method where it is evaluating 
in monetary terms the environmtal impact 
of a project or an event (e.g., the climate 
change) and assessing the beenfits and 
the costs associated with different options 
of the project or to reduce the event (e.g., 
reducing the climate change).

Economic vulnerability
Vulnerability refers to the possibility that 
the environment could be degradated. 
Economic vulnerability can be declined 
in firms’ vulnerability and consumers’ 
vulnerability. The firms vulenrarbility 
would be the potential loss in profit due 
to pollinators loss and the consumer 
vulnerability would be the potential loss 
in utility due to pollinators loss. The 
vulnerability concept has been broadly 
study in the literature. We will retain 

one definition from Turner et al. (2003)4 
where vulnerability is a function of 
three overlapping elements: exposure, 
sensitivity, and adaptive capacity. 

Intrinsic value
It is the value with give to pollination 
service just because the benefit of this 
service is good in and of itself. We are 
not supposed to use in order to acquiring 
something else. Intrensic value of 
pollinators is the value of their existence. 

Instrumental value
It is a good for which we give a value 
because it provides the mean s for 
acquiring something else of value. 
Instrumental value of pollinators is the 
service provide by their activity as honey 
or crop production.

Monetary valuation
it is the valuation in money of the 
environmental service offers by pollinators.

Net present value
It is a temporal financial expression. It is 
the sum of actualized future cash flow, 
both incoming and outgoing.

Non-monetary valuation
It is the valuation of the impact of an 
environemental service in the society not 
expressed in money. This valuation can be 
quantitative (e.g., loss in CO2 production) 
and/or qualitative (e.g., sense of the 
impact positive or negative). 

Price
The market (or pseudo-market) exchange 
value of a good or service.

Production functions
it is the function that model the process of 
transformation of inputs into final output. 
It could be also defined as the process to 
convert costs into revenue.

Purchasing power parity
Value of money expressed in terms of 
units of goods that money can command.

4. Turner, B. L., Kasperson, R. E., Matson, P. A., 
McCarthy, J. J., Corell, R. W., Christensen, L., 
Eckley, N., Kasperson, J. X., Luers, A., Martello, 
M. L., Polsky, C., Pulsipher, A., and Schiller, A. 
(2003). A framework for vulnerability analysis in 
sustainability science. Proceedings of the National 
Academy of Sciences of the United States of 
America, 100(14), 8074–8079. doi:10.1073/
pnas.1231335100

Sustainability
A development process economically 
efficient, socially equitable and 
environmentally stable that will enable 
future generations to be at least as happy 
as we are. 

Value
The impact of pollinators and pollination 
services on welfare via changes in 
benefits. This can be measured in 
economic or social terms.
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