Economic Benefits of Pollination to Global Food Systems — Evidence

and Knowledge Gaps: Final Report

Breeze T.D., Garratt M.P.D., Senapathi D., Willcox B.K. and Potts S.G.

Summary

Pollinators and the food system

1)

2)

Animal pollination is important to global crop productivity. Over 75% of globally important
crops benefit from animal pollination, including high value fruits (e.g. apples), stimulants (e.g.
coffee), animal feed (e.g. soy) and oilseeds (e.g. palm).

Pollination directly benefits production but indirectly benefits all actors throughout the food
system. Ample pollination is important to underpinning crop yield, quality and stability for
producers but can also benefit other actors in the food system by reducing waste, ensuring
reliable supplies, and maintaining prices. Current research focuses on the direct benefits of
pollination to production while neglecting other actors, particularly waste.

All actors in the food system can impact upon pollinators. Production has direct impacts on
pollinators though changes in land use and management, applying agrochemicals and through
the use of managed pollinators that increase resource competition and disease occurrence.
However, processing, retailing and consuming actors can all drive these direct pressures through
their demands for specific crops and crop products and all actors, particularly transport and
production, can contribute substantially to greenhouse gas emissions.

The benefits of pollination services are important to achieving food system objectives. By
supporting the availability of quality, nutritious foods and reducing waste, pollinators are
important to achieving food system objectives such as food security, equitable access to food
and resilient production.

Pollinators and Global Trade

5)

6)

Trade in animal pollinated crops is important to international food systems. Approximately
18% of average national crop consumption (local production + imports - exports) stems from
animal pollinated crops, with 3-8% of this consumption arising directly from pollination. Losses
of pollinators therefore represents a significant risk to food systems on an international scale.
The importance of pollinated crop imports for consumption and/or export will affect how
vulnerable different actors within national food systems are to pollinator losses. Current
literature focuses on the vulnerability of local production to pollinator losses. In reality, a
country’s trade in pollinated crops can fall into four categories: local dependence (supplies
depend on local pollinators), exporting (the export of pollinated crops is a significant economic
activity), globally dependent (much pollinated crop consumption is imported) and throughout
(countries export almost as much as they import). In each category, different actors will have
different degrees of vulnerability to pollinator losses locally and globally.

Measuring and valuing pollinator natural capital

7)

Measuring and valuing pollinator natural capital stocks is important for informed decision
making. National accounts of pollinator natural capital are important for measuring and
monitoring the supply of ecosystem services to the food system relative to its demand and
estimating the value of these stocks.



8) Pollinator natural capital stocks cannot be directly measured but must be estimated from
primary field data. Although pollinator populations can be indirectly measured from pollinator
monitoring schemes, such schemes are challenging to implement at large scale. Furthermore, as
pollinators require multiple habitats to persist and sustain themselves, they cannot simply be
attributed to specific habitat types like other natural capital assets. Instead, a combination of
species-distribution models of key crop pollinators and process-based models of pollinator
abundance within the landscape should be employed to estimate the stocks of key pollinators.

9) Valuing pollinator natural capital flows is difficult because of the challenges in double
counting. As pollination contributes to crop productivity, its value is theoretically captured by
asset valuation of crops. An alternative approach is to value pollination as the costs of replacing
pollinator natural capital with honeybees (manufactured capital) but this is unrealistic in many
countries where paid pollination isn’t commonplace and managed pollinator number are
insufficient. A better approach is to value flows of pollination services as a separate asset,
subtracted from the asset value of crop production.

10) Measuring pollinator natural capital is constrained by the availability of ecological data.
Although modelling methods for modelling pollination service stocks and flows exist, they are
constrained by a lack of information on i) the identity of key pollinators to specific crops, ii) the
links between land use pressures and pollinator populations, and iii) the links between crop
pollination and yield, relative to other inputs.

Valuing pollination services in the food system

11) Economic studies into the benefits of pollination overwhelmingly focus on production. There
are very few studies within the literature that consider the value of benefits to other food
system actors or account for the impacts of global trade on the economic vulnerability of
countries to pollinator losses.

12) Economic studies into the impacts of food system actors on pollination focus on production.
The majority of studies have only examined the direct economic impacts of land use and
management on pollination. Some studies have explored consumer willingness to pay for
pollinator-friendly produce, but no assessment of the impacts of changing consumer demands
on environmental standards on pollinators directly has been done.

13) The value of pollinator natural capital may not always be sufficient to justify preservation at a
farm scale. Several studies into the trade-offs between land use conversion and pollination
service provision have concluded that the benefits of pollination from any given habitat patch
may be less than the value of additional crops in the same area. In order to more accurately
assess this trade-off, the value of pollination should be measured over time and alongside other
potential ecosystem service benefits from the same habitat.

High priority research for valuing pollinators in the food system

14) Further ecological data is needed for accurate natural capital modelling. Focused field research
to establish basic information on the identity of key pollinators to major and emerging crops is
essential in many countries. Systematic pollinator monitoring can provide the necessary
information to accurately model and map pollinator natural capital stocks across space and time.
Experimental research to establish the marginal benefits of pollination, relative to other crop
inputs is essential to accurately measure and value the scale of benefits to production.

15) Analysis of the structure of food systems is crucial to fully measure values. Analysis of national

crop trade and utilization is a necessary step to identify key locally grown and imported animal-
pollinated crops. Focused research through interviews and market analysis will be required to
identify the structure of specific crop-supply chains within a food system. Developing a simple,



easily replicated international pollinator risk index, based on known pressures to pollinators, is
important to identify countries that are vulnerable to pollination service losses.

Conclusion

16) By focusing on the localised interaction between pollination and production (both benefits to
and impacts of), current research significantly under-values the benefits of pollination to global
food systems. As the value of pollinator natural capital is potentially less than the opportunity
costs of expanding agricultural activities, it is important to better capture the value of pollination
to these other actors to incentivise greater participation in and funding of pollinator
management. More accurate and useable pollinator natural capital accounts can be generated
by creating well defined workflows from pollinator monitoring to modelling.

Overview

Pollination by animals is important to the outputs of 75% of global crops plants, ranging from widely
grown arable rotation crops such as sunflower and oilseed, to high-value fruits and vegetables such
as apples and tomatoes (Klein et al., 2007). The global area of these crops has grown substantially
since 2001 and many countries are becoming more dependent on pollination services (Aizen et al.,
2019). Although some pollination services are provided by managed insects, such as the European
honeybee (Apis mellifera), the majority are provided by wild animals, such as bees, flies and bats
(Garibaldi et al., 2013; Kleijn et al., 2015). Despite their importance to global agriculture, there is
mounting evidence of pollinator decline across the world, driven by pressures from human activities,
particularly land use change, the poor use of agrochemicals, and climate change (Dicks et al., 2021).
Faced with these declines, there has been global concern over the impacts that pollinator declines
could have on the economy, human health and wellbeing and the stability of natural ecosystems
that provide other ecosystem services (IPBES, 2016).

Measuring the benefits and values of pollinators in economic terms has been proposed as a means
to support pollinator conservation efforts in four ways (Breeze et al., 2016): 1) to illustrate the scale
of economic benefits of pollination services to different actors that may not fully understand their
importance, 2) to evaluate and incentivise action by supporting cost-benefit or other such economic
decision analyses, 3) to highlight the economic vulnerability and resilience of different areas to
pollinator declines and 4) to measure, monitor and value pollinator natural capital stocks over time.
To date, no study has reviewed pollination as part of a whole food system.

Here, we review the economic links between pollinators and the wider food system, quantify the
importance of pollination to national food systems and crop trade, outline the data required to
measure and value pollinator natural capital, critically assess the existing methods for economically
valuing pollination to the food system and identify key research priorities to better value the
importance of pollination in the food system.

Pollinators in the food system

Food systems are complex systems of actors that collectively encompass all aspects of the

production, processing, distribution, retail, and consumption of food, and which deliver particular
outcomes such as healthy diets, economic activities, or environmental sustainability (Zurek et al.,
2018). Food systems are also influenced by outside drivers, such as policy, expert knowledge and
social demographics, each of which can influence the actions of activities in the food system (UNEP,
2016).



Below, we illustrate a generalised food system (fig. 1, adapted from Hasnain et al., 2021) using a
model of five key actor types within the food system: 1) Production — actors who produce raw food
products (e.g. farmers or beekeepers) and those that support them (e.g. agro-chemical companies).
2) Processing and wholesale — actors who refine or disseminate raw food products. This includes
livestock farmers who feed crops to animals raised for meat and dairy. Much of the total economic
value in the food system is added at this stage (Hasnain et al., 2021). 3) Storage, transport & waste —
actors that store, transport, dispose of, or recycle food. 4) Retailing — actors who sell food for final
consumption (e.g. supermarkets, restaurants). 5) Consuming — actors who purchase and consume
food. Each group of actors benefits from pollinators in particular ways and their activities will have
certain impacts upon pollinators. To fully understand the economic impacts of pollinators and their
shifts on food systems, it is important to value all of these links.
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Figure 1: Representation of a food system, including the benefits of and impacts on pollinators for each actor

Benefits: Ample pollination of crops improves the total yield (the amount produced) and yield
stability (how much yield varies from year to year) of many crops, resulting in greater overall stock
for sale on the market (Bishop et al., 2022) by both producers and wholesalers (e.g. Bravo-Monroy et
al., 2015). This in turn facilitates secure, competitive supplies for processors, retailers and
consumers (Tremlett et al., 2021). Strong, competitive supplies relative to demand, in turn helps
maintain lower prices for buyers throughout the system (Lippert et al., 2021) and the availability of
nutritious foods for consumers (Porto et al., 2022). In some crops, such as apples and strawberries,
pollination can improve crop quality, resulting in price premiums paid to growers and retailers
(Garratt et al., 2021; Klatt et al., 2014), although markets may exist for processing lower-quality fruit
(e.g. Lye et al., 2011). Parts of some animal-pollinated crops may be useful as by-products that can
be recycled into the food system (e.g. fruit kernels used in bread-making - Lau et al., 2021). Crop
pollination may also affect chemical profiles, resulting in improved crop shelf-life (e.g. Klatt et al.,
2014), which benefits storage, transport & waste and retail actors, and improved crop flavour for
consumers (e.g. Zhang et al., 2022; Wietzke et al., 2018).

These benefits will in turn contribute to typical food system outcomes, those characteristics
desirable for a functioning and sustainable food system. For instance, by maintaining crop supplies,
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pollination helps underpin the availability of food and key micronutrients, in turn contributing to
greater food security, (Smith et al., 2015), and equitable access to food (Chaplin-Kramer et al.,
2014) as well as facilitating a dynamic food sector capable of producing multiple products (ICO,
2021). Pollinator diversity can also contribute to the functional resilience of farming systems (e.g.
Gardner et al., 2021; Hutchinson et al., 2022). Finally, reduced waste, and a greater availability of
valuable crop by-products (e.g. Gowan et al., 2019) will support efficient resource use.

Impacts: Producers exert the largest impact on pollinators, driving population shifts through
changing land use and management (including crop patterns) (Millard et al., 2021) and
agrochemical use (Stiver et al., 2021). Managed pollinators, which are often used in large-scale (e.g.
Ferrier et al., 2018) or enclosed (e.g. Zhang et al., 2022) crop systems can place competition
(Lindstrom et al., 2016) or disease (Prik et al., 2017) pressures on wild pollinators. Furthermore, the
production and storage (via packaging) transport and waste of food is collectively a major emitter of
greenhouse gases (Tubiello et al., 2021), in turn exacerbating climate change pressures on
pollinators (e.g. Kerr et al., 2015). Other actors in the food system can directly or indirectly drive the
persistence or change in these practices. Most critical are consumers, who’s demands for different
crops and products will drive domestic and international crop planting (e.g. Green et al., 2019) and
who can exert significant influence on retailers, processors and wholesalers to enforce minimum
environmental standards (Gereffi et al., 2005). However, demands for low prices or certain product
qualities may in turn drive environmentally destructive practices, particularly in new or low-income
trading partners (Jha et al., 2014).

The Importance of pollinators to global trade networks

A key element of many national food systems is the trade in raw crops between countries for
processing and consumption (UNEP, 2016). Animal pollinated crops include some of the highest
value per tonne crops (e.g. watermelon, tomato) and several globally traded commodity crops that
are key to specific parts of the food system (e.g. soy, coffee) (FAOSTAT, 2022). Pollinator declines in
any given country may therefore cause supply chain disruptions and price rises to food system actors
around the world (Murphy et al., 2022; Vysna et al., 2021).

Previous studies have used similar data to explore the vulnerability of countries to pollinator losses
(e.g. Aizen et al., 2019; Gallai et al., 2009) but have only focused on the vulnerability of initial
production. In reality, global trade in animal pollinated crops determines what actors are vulnerable
and thus the total economic risks and benefits within the system. This is especially true in countries
which are significant processors and re-exporters of pollinated crops as these actors add the most
value to the end product (e.g. coffee, where the greatest price increase is added at the roasting
stage - Utrilla-Catalan et al., 2022).

Analysis of production, import and export data from 163 countries and non-self-governing-territories
(NSGTSs) in the FAO statistical database (FAOSTAT, 2022) indicates that, the average proportion of
total crop consumption from animal pollinated crops is 18%, and an average of 7.7% - 3.4% of total
consumption would be lost without pollinators. Globally, animal pollinated crops account for more
than 25% of total consumption in 42 countries and NGSTs, and only accounts for less than 5% of
total consumption in 10.

Based on our analysis, countries/NSGTs can be broadly grouped into four categories of food system
vulnerability to pollinator losses (listed below). This is illustrated using the G20 nations (Table 1)

1) Locally vulnerable consumers: locally grown pollinated crops account for a substantial
proportion of total pollinated crop consumption, with few imports or exports. Pollinator losses



in these countries would require a pivot towards imports to avoid food security issues. This
would damage producers and consumers but may benefit distributors, retailers and transport.
Examples: India, Turkey

2) Locally vulnerable exporters: significantly more pollinated crop is produced than is consumed,
with a large proportion dedicated to exports and little imports. Pollinator losses in these
countries would disrupt international trade, causing significant economic losses in the affected
countries and their trade partners. Examples: Brazil, Canada, Malaysia

3) Globally vulnerable consumers: Pollinator dependent imports are a significant proportion of
total crop consumption, after factoring in exports. Local pollinator losses would be less
disruptive to actors beyond producers, but their food systems are more vulnerable to pollinator
losses in trading partners. Examples: Japan, Germany, Saudi Arabia

4) Neutral: pollinator dependent imports are similar in scale to exports with the same product
often being re-exported. Local pollinator losses would likely require the local food system to
shift towards retaining imports, causing disruption to all food system actors except local
producers. Examples: France, Italy, Russia

Table 1: Animal pollinator dependence of G20 countries

Proportion of Proportion of Proportion of

total total animal total animal
Country consumption (t) | pollinated pollinated

from animal consumption production

pollinated crops | from imports  exported Vulnerability class
Argentina 32.9% 3% 22% | Exporter
Australia 6.3% 10% 46% | Exporter
Brazil 8.1% 2% 39% | Exporter
Canada 17.1% 17% 53% | Exporter
China* 25.3% 15% 1% | Globally Vulnerable
France* 12.6% 42% 31% | Neutral
Germany 17.9% 72% 29% | Globally Vulnerable
India 14.6% 8% 1% | Locally Vulnerable
Indonesia 8.7% 7% 37% | Exporter
Italy 27.5% 28% 15% | Neutral
Japan 17.5% 54% 1% | Globally Vulnerable
Mexico 18.4% 24% 22% | Throughput
Republic of Korea 16.3% 38% 2% | Globally Vulnerable
Russian Federation 14.1% 21% 11% | Neutral
Saudi Arabia 22.5% 54% 8% | Globally Vulnerable
South Africa 10.7% 18% 38% | Exporter
Turkiye 31.4% 12% 9% | Locally Vulnerable
United Kingdom* 13.5% 60% 21% | Globally Vulnerable
United States of
America* 16.1% 1% 21% | Exporter

* These countries are presented as their mainland only, not including overseas territories or special administrative regions. Note that
the G20 comprises the above 19 countries and the European union.

This assessment, although informative, is relatively shallow as it does not account for how national
markets interact with the specific markets for particular crops. Markets for crops can range from
very niche and localised (e.g. Tremlett et al., 2021), to highly diverse and dispersed (e.g. Lye et al.,




2011) or concentrated in certain parts of the food system. For example, trade in global commodity
crops is often highly concentrated at the wholesale stage, with much of the sale to processors and
beyond handled by a few large actors who purchase from across the world (Heron et al., 2019;
Utrilla-Catalan et al., 2022). Analysing the structure of these crop supply chains and their link with
the wider food system is a valuable next step that will help identify who in the system is vulnerable
to pollinator losses and how this affects the vulnerability of the food system as a whole.

Understanding how particular national food systems are vulnerable to pollinator losses could
influence how actors value and finance pollinator management. Globally vulnerable countries will
see benefits concentrated in non-producer actors and would benefit from supporting pollinator
conservation in their trading partners, particularly exporter countries, through e.g. Green Bonds
(Thompson, 2022). Locally vulnerable countries on the other hand will see benefits concentrated in
production and consumption and would benefit from investment in local pollinator natural capital.

Measuring and valuing pollinator natural capital

Although the importance of pollinators to the food system is widely recognised, information on the
status of pollinators and thus the risks to the food system as a whole remain sparse (IPBES, 2016;
CBD, 2016). In order to bring pollinators into economic decision making at a landscape scale and
assess the economic risks of pollinator losses, there has been growing interest in measuring
pollinators as part of spatially-explicit natural capital accounts, allowing for targeted interventions
where pollination services to food crops are lacking (Vallecio et al., 2018; Capriolo et al., 2020).
Natural capital assets are, under the UN System of Ecological Economic Accounts (UN SEEA, 2021),
measured as stocks of the asset and flows of ecosystem service benefits from that asset. Here, we
summarise existing work and identify key considerations in establishing pollinator natural capital
accounts.

Measuring pollinator natural capital: Stocks of pollinator natural capital are, in theory, measured as
the approximate number of pollinating animals available from local habitats while flows of
pollination service are the levels of pollination services delivered (UN SEEA, 2021). Exact estimates of
pollinator populations can be established from dedicated pollinator monitoring programmes but the
costs of doing so at a suitable spatial scale (regional, national or international) for natural capital
accounting are prohibitively expensive (Potts et al., 2021). As such, pollinator natural capital stocks
and flows must be estimated based on their projected populations within a landscape (Capriolo et
al., 2020). However, unlike other natural capital assets, the quantities of pollinator natural capital
cannot just be linked to the presence or extent of specific habitats (as in Smith et al., 2021) as
pollinators utilise multiple habitats in order to provide sufficient forage across their life cycle, and
often nest in different habitats to those they forage in. Furthermore, different crops will have
different pollinator communities and the effectiveness of particular species may vary between crops
(Hutchinson et al., 2021; Kleijn et al., 2015). Thus, estimating pollinator natural capital requires
modelling of both species abundance and diversity within a landscape.

Species occurrences can be estimated using species distribution models (e.g. Hutchinson et al.,
2022), which project the distribution of specific species based on landscape or other characteristics.
Pollinator abundance can be estimated using process -based models (e.g. Lonsdorf et al., 2009;
Zulian et al.,2013; Gardner et al., 2020) which project relative abundances and visitation for different
pollinator guilds within landscapes, using primary ecological data (e.g. flight distances) and expert-
derived weights for habitat nesting and forage quality. The two model types can be combined to
produce an estimated abundance of pollinator populations, weighted by the efficiency of the
different local species in each guild. Presently, only one study, Vallecio et al., (2018) has linked the




two models but did not weight the species effectiveness. The output of this modelling approach
captures the supply and use of pollinator natural capital over time enabling the identification of
areas where stocks are below demand (Vysna et al., 2021). To date, such models have only been
developed for bees and no other pollinators and only tested in a few countries at a fine scale (e.g.
Gardner et al., 2002; Koh et al., 2016; Vallecio et al., 2018).

Valuing pollinator natural capital flows: Once measures of stocks and flows have been established,
they can be converted into economic values. As crop pollination is a regulating service, i.e. it
contributes marginal benefits to economic activity (e.g. crops) rather than resulting in an economic
value by itself, the economic value of pollination service flows to crops is captured in the sale price
of the crops themselves. Thus, the UN SEEA recommends valuing pollination service flows as the
costs of replacing wild pollinators with managed pollinators (UN SEEA, 2021). However, this is an
unrealistic and often impractical means of measuring value as few countries have well established
pollination service markets from which such prices could be drawn (Breeze et al., 2019) and does not
capture the true scale of benefits from pollination (Hanley et al., 2015).

Pollination service flows can more accurately be valued by separating them from total value of the
crop itself (La Notte, 2022). Again, this may be possible by monitoring pollination service levels with
controlled experiments but is also likely to be prohibitively expensive on a large scale (Breeze et al.,
2021). Instead, the projected visitation rates from process-based models can be converted into yield
using distance decay or visitation-yield curves and the resultant projections valued based on the
crops known pollinator dependence ratio (e.g. Ricketts and Lonsdorf, 2013; Capriolo et a., 2020).
However, there is a lack of information on the relative importance of marginal changes in pollination
compared with other inputs. Consequently, the value of pollination relative to other inputs may be
under- or over-stated depending on the estimated dependence of the crop and, as threshold levels
of pollination services are not established, visitation-yield curves are often based on assumed
relationships (Capriolo et al., 2020; Kay et al., 2019). Furthermore, pollinators use different habitats
in different time periods, particularly when crops are not in flower so the value of habitats in
sustaining pollinators cannot be allocated to nesting resources alone, except in very simplified
landscapes (e.g. Ricketts and Lonsdorf., 2013). As a result, current natural capital accounting over-
attributes value to cropland at the expense of other ecosystems (Vallecio et al., 2018). Finally, as
pollinator natural capital may exist outside the proximity of economically valuable crop production,
it is also important to capture these potential flows as separate assets for future landscape planning,
for example if markets shift to incentivise the production of mass flowering crops (e.g. the
renewable fuels directive - Breeze et al., 2014) or to factor in future crop rotations (Gardner et al.,
2021)

Links with monitoring: Although pollinator monitoring alone is not suitable for measuring or valuing
pollination services, many of the challenges in valuing pollinator natural capital can be overcome by
using widespread monitoring data (e.g. EU Pollinator Monitoring Scheme — Potts et al., 2021) to
further refine and validate these models against real data (see Gardner et al., 2020). It is therefore
important to create a dedicated workflow between monitoring and modelling, whereby projections
are continually re-validated against monitoring data to improve their accuracy and monitoring
efforts are partially re-targeted to explore projected deficits and trends in pollinator natural capital.

Based on our assessment, we recommend estimating stocks and valuing flows of pollinator natural
capital, in a multi-step process:



1) Identifying pollinated crops— this can be done from existing databases of pollinated crops (e.g.
Klein et al., 2007) and should ideally include crops that have the potential to be grown in the
area, even if they are not presently.

2) Identifying the pollinator community — this can be done through field studies over multiple
years or through a synthesis of existing field data from the area or climatically similar
neighbouring areas (Hutchinson et al., 2021).

3) Gathering primary data — Pollinator populations can be directly measured through targeted
monitoring efforts using standardised protocols such as the EU’s Pollinator Monitoring Scheme
(Potts et al., 2021).

4) Modelling pollinator populations — In many areas, it will not be practical to accurately monitor
pollinator populations across the whole area. Instead, primary data can be used to develop
models of i) the species occurrence of key crop pollinators using species distribution models (e.g.
Hutchinson et al., 2022) and ii) the abundance of pollinator guilds, using process based models
(e.g. Zulian et al.,2013; Gardner et al., 2020) to estimate populations based on the area and
configuration of habitats within landscapes. These models can then be linked to provide a
species weighted measure of pollination service supply.

5) Valuing existing pollination service flows — Pollination should be valued based on the marginal
contribution of pollinator abundance to overall crop output (e.g. Capriolo et al., 2020), applying
discounting as appropriate (UN SEEA, 2021). This accounts for pollination as a final rather than
intermediate service and should be subtracted from the total value of crops (La Notte, 2022).

6) Valuing underutilised service flows — The value of service flows to fields not currently producing
crops can be valued by replacing crop fields growing wind-pollinated crops with animal
pollinated crops and capturing the difference in total flow and value. This should aim to be as
realistic as possible, using crops within local rotations where appropriate.

Valuing pollination services in the food system

In the previous sections we outlined the economic importance of pollinator natural capital to the
food system. Here we review the evidence of the scale of those values across the system via a rapid
evidence assessment of the existing literature base via Web of Knowledge, adding further
publications from literature cited within the results. Within the literature there are five main
methods for valuing pollinators: 1) Replacement costs — where the value of pollination is equated to
the costs of replacing some or all animal pollination with a technological replacement — most often
the costs of hiring managed pollinators to replace wild pollinators. 2) Production function methods -
a family of three related methods a) Yield Analysis — where the value of pollination is based on the
difference in output (yield and quality) between pollinator and no/supplemental pollination
treatments from field experiments. b) Dependence Ratio — where the value of pollination is based on
metrics of yield loss in the absence of pollination (dependence ratios) derived from past studies or
expert opinion. c) Production Function Models — where the value of pollination is based on marginal
changes in crop output based on marginal changes in pollinators, controlling for other factors. 3)
Stated preferences — where the value of pollinators or pollination service benefits is estimated
through economic surveys of members of the public which ask them their willingness to pay for an
ecosystem service benefit. 4) Surplus models — where the value of pollinators is estimated using
economic models of the impact that yield losses would have on pollinator dependent crop prices
and the subsequent effect that this price change would have on the welfare of producers (profits)
and/or consumers (disposable income). 5) Spatial modelling — where the value of pollination
services is modelled from spatial data on visitation rates with some form of marginal visitation to
yield curve. This is often used to value pollinator natural capital.



Most economic valuation studies only consider the benefits of pollination to crop output (total yield
and improved crop quality) at a producer level and do not account for any effects on other actors
within the food system. Some studies use consumer surplus modelling to explore the impacts that
higher prices resulting from pollinator declines would have on consumers (e.g. Lippert et al., 2021).
These are only applied to the immediate consumers at the farm gate who are seldom identified (but
will usually be wholesalers or processors). Two studies have considered consumer willingness to pay
for secure local supplies of pollinated crops (Hoshide et al., 2018; Breeze et al., 2015). No studies
have yet examined the economic values of pollination to yield stability over time, reduced food
waste, improved crop flavour, improved crop nutrition or economically valuable by-products.

Very few studies value the benefits of pollination from a wider food system perspective. To date,
only a single study (Tremlett et al., 2021) has evaluated the benefits of pollination to multiple actors
across a whole supply chain (bat pollinated pittya cacti in Mexico). They find that, due to bulk
purchasing and value-addition from processing, these benefits are greatest for processors and
market retailers. Murphy et al (2022) demonstrate that pollinator losses in lower income countries
could have large impacts on consumers in higher income countries, due to crop trade networks.
Finally, Bauer and Wing (2016) demonstrate that the negative impacts of pollinator losses are likely
to be greater outside of the crop sector itself, due to producers’ ability to switch crops. These studies
highlight the importance of considering pollinators to whole food systems but are limited by
available data on crop markets (Bauer and Wing, 2016; Murphy et al., 2022) or focus on niche
markets (Tremlett et al., 2021).

Of the food system outcomes, only a single study has estimated the economic value of pollination
service resilience, and only in a single crop without considering other farm business factors
(Matsushita et al., 2018). As noted previously, some studies have explored the economic (e.g. Gallai
et al., 2009), production (Aizen et al., 2019) and nutritional vulnerability (e.g. Smith et al., 2015) of
countries to pollination service losses but as these studies do not account for crop trade or the
economic consequences of pollinator losses on public health, they do not yet fully measure the value
of pollination to food security. No studies have yet assessed the impact of pollination on other food
system outcomes such as supply chain equitability, economic dynamics and efficient resource uses.

In terms of valuing impacts on pollinators, the existing literature is also production focused. Studies
have evaluated the economic impacts of land management, such as maintaining non-agricultural
land as pollinator habitat (e.g. Ricketts and Lonsdorf, 2013; Hipolotio et al., 2019) or adopting
pollinator-friendly practices (e.g. Agroforestry - Kay et al., 2019, field margins — Blaauw and Isaacs,
2014), agrochemical use (Kleczkowski et al., 2017) and pest/disease pressure (Cook et al., 2007;
Vysna et al., 2021). More recently, studies have begun to explore consumers’ willingness to pay for
produce with pollinator friendly environmental standards (e.g. Hoshide et al., 2018). We did not
identify any studies that estimate the impacts of climate change or consumer demand on the
economic benefits of pollination.

Several studies on the impacts of management on pollinators explore the trade-offs between this
management and production, forming a link between food system activities and pollinator natural
capital management. Analyses of controlling pest and disease pressure to pollinators at a national
scale overwhelmingly shows that management is cost-effective (Cook et al., 2007; Vysna et al.,
2021). However, studies of land management and agrochemical use are more mixed, with some
concluding that pollination services are not sufficiently valuable to offset the opportunity costs of
maintaining habitat in most or all circumstances (e.g. Kleczkowski et al., 2017; Kirchweger et al.,
2020) while others demonstrate that the cost-effectiveness is contextual (Cong et al., 2014), time




dependent (Blaauw and Isaacs, 2014) or sensitive to data (Magrach et al., 2019) or objective
variation (Lopez-Cubillos et al., 2021).

In light of these mixed results, future assessments of these trade-offs should capture other
ecosystem service benefits, such as carbon capture or pest control stemming from pollinator
supporting habitats (Wratten et al., 2012), and evaluate the long-term impacts of management on
pollination services, which may affect yield stability (Gardner et al., 2021) and long-term economic
resilience (Matsushida et al., 2018). However, these results also highlight the shortcomings in basing
natural capital decision making on production benefits alone. While farmers may lack an incentive to
act, other actors in the food system who benefit from pollination indirectly may have incentive to
subsidise management through e.g. ecolabels or privately funded agri-environment management.

Key knowledge gaps

Pollination services provide significant economic benefits to actors across the food system, both at a
country and international scale. Yet, to date the majority of research into the economic benefits of
pollination services have been concentrated on production and not other actors. Furthermore, there
are significant gaps in understanding of the economic vulnerability of food systems to pollinator
losses because of: 1) shortcomings in our capacity to accurately map pollinator natural capital stocks
and 2) limited understanding of how crop trade affects food system exposure to pollinator losses.
Despite the importance of pollination and growing evidence of pollinator decline, studies into the
cost-benefit of pollinator conservation are very mixed, with several studies indicating the costs of
mitigating impacts can outweigh the benefits to producers alone. If the full scale of pollination
benefits from multiple actors could be quantified, this may help identify new streams of support and
investment in pollinator conservation.

Here we summarise the key knowledge gaps around a) the benefits of pollinators to the food
system, b) the impacts of food system activity on pollinators, c) the relative economic risks of
pollinator losses to food system actors and economies and d) the methods which are used to
estimate the value of pollination to these different actors.



High Priority: These knowledge gaps are primary data collection and core analyses that need to be
undertaken as a precursor to more advanced analyses. They are all fundamentally valuable and can
be used to incentivise action on their own.

Knowledge Gap

Requirements

Outputs

What are the major crops
used within different
food systems?

Analysis of national balance of
trade

High-level study of crop use by
the processing and retailing
sectors

List of key animal pollinated crops
grown locally and imported

Who are the key
pollinators of each major
(or future) crop?

Observational field studies
Synthesis of data from
neighbouring countries

List of key crop pollinators for
targeting conservation action and
natural capital modelling

Which countries are most
at risk from local or
international losses in
pollination?

Identifying key national
statistics that can be used as
large-scale proxies of risks to
pollinators

Trade network analysis to
identify volume of trade
between countries

1) National scale pollinator risk
metric, capturing local
pressures.

2) Global risk index capturing the
sum local risks from trading
partners.

What is the structure of
pollinator dependent
crop supply chains within
the food system?

Interviews with key
stakeholders
Trade network analysis

Overview of the number of actors
that benefit from pollination and
the economic data necessary to
evaluate the value of pollination
to these actors

How are marginal
changes in pollination
affected by marginal
changes in other inputs
and ecosystem services?

Well replicated field
experiments in different
contexts where inputs are
systematically manipulated.
Crop production function
modelling of this data.

Ecological-economic production
functions that can be used as the
basis for natural capital valuation
and cost-benefit analyses.

How do we link pollinator
occurrence and
abundance data to
models of natural capital?

Systematic pollinator
monitoring

Species distribution and
process-based models of key
pollinators

1) A data workflow that links
primary pollinator monitoring
to continually refined models
of pollinator natural capital
stocks and flows

2) Spatially explicit maps of
pollination service supply




Medium Priority: These knowledge gaps build on the high priority gaps to develop robust valuations

of benefits and appraisals of risks to the food system.

Knowledge Gap

Requirements

Outputs

How do shifts in
pollination services affect
the economic welfare of
actors through the supply
chain?

e Price transmission analyses
using market data

e Consumer surplus modelling of
impacts on different actors

Estimated value of pollination
services to each actor within the
food system

How do pressures on

pollinators affect the

delivery of pollination
services?

e Pollinator monitoring data (in
relation to pressures)

e Dataon pressures (e.g. hazard
level of pesticides used, climate
change etc.)

e Spatial mapping of pollinator
natural capital

Quantitative links between
pressures and pollinator natural
capital, allowing for more detailed
assessment of trade-offs from land
use and management.

What is the value of
pollinator natural capital
resilience?

e Long-term models of pollinator
natural capital

e Data on projected land use
change (e.g. scenarios)

e Models of links between
pollination and yield, in relation
to other inputs and pressures

e Discount rates

Long-term values of pollinator
natural capital and pollination
services to production that can be
used for long-term planning (e.g.
improving stability where capital is
already strong)

How do we model other
pollinator natural capital
besides bees?

e Pollinator monitoring data of
non-bee pollinators

e Modified versions of existing
models that account for
multiple life stages and
dispersal

More comprehensive models of
pollinator populations for use in
natural capital and cost:benefit
analyses.

How resilient are
producers to pollination
service losses?

e Farm business data on farm
inputs and outputs

e National data on the
distribution of farm types

e Models of quantitative links
between pollination and yield,
in relation to other inputs and
pressures

e Information on possible farm
responses to pollinator gains
and losses

Tools for assessing farm- and
national-scale vulnerability to
pollination service losses, their
capacity to adapt and potential
benefits from gains.

How resilient are other
food system actors to

pollination service losses?

e Information on the economic
benefits of pollination for each
actor

e Information on pollinated crop
consumption in consumer diets

Standardised risk assessment tools
for other food system actors to
assess their resilience to
pollination service losses.

How do habitats that
support pollinator natural
capital support other
natural capital?

e Review of existing natural
capital account measures from
pollinator habitat

e Combined ecosystem service
modelling

Multi-service models for use in
cost-benefit analyses




Lower Priority: These knowledge gaps are important to consider but are more niche and thus less

impactful overall

Knowledge Gap

Requirements

Outputs

How do consumers value
pollinator friendly

Surveys into willingness to pay
for pollinator-friendly produce

An evaluation of the market
potential of pollinator friendly

preferences and/or
changes in supply chains
affect animal pollinated
crop patterns?

demands and prices
Long-term data on farm input
costs and other exogenous
factors.

produce? e Panel studies into pollinator products and how they can be
management and governance implemented (e.g. ecolabels)

How does pollination e Synthesise existing knowledge For specific products, a more

affect economically costly on by-products holistic assessment of the full

waste and economically e Controlled experiments on the | economic benefits of pollination

valuable by-products? effect of pollination on crop services and potential impacts on
shelf-life waste, transport, and retail

How do consumer e Long-term market data on crop | Assessment of the impacts of

changing consumer preferences
on cropping patterns — this can be
combined with pollinator natural
capital mapping to estimate

e Spatial data on crop growing changes in the supply and demand

patterns

of pollination.

References

Aizen M.A.A. et al., (2019) Global agricultural
productivity is threatened by increasing pollinator
dependence without a parallel increase in crop
diversification; Global Change Biology 25:3516—3527.

Bauer D.M. and Wing I.S. (2016) The macroeconomic
cost of catastrophic pollinator declines; Ecological
Economics 126, 1-13

Bishop J. Et al., (2022) Animal pollination increases
stability of crop yield across spatial scales; Ecology
Letters (In press)

Blaauw B.R. and Isaacs R. (2014) Flower plantings
increase wild bee abundance and the pollination
services provided to a pollination-dependent crop;
Journal of Applied Ecology 51, 890-899

Bravo-Monroy L. Et al., (2015) Ecological and social
drivers of coffee pollination in Santander, Colombia;
Agriculture, Ecosystems and Environmnet 211, 145-154

Breeze T.D. et al (2021) Pollinator Monitoring More than
Pays for Itself; Journal of Applied Ecology 58, 44-57

Breeze T.D. et al., (2014) Agricultural Policies Exacerbate
Honeybee Pollination Service Supply-Demand
Mismatches Across Europe; PLoS One 9 (1) e82996

Breeze T.D. et al., (2015) A Stated Preference Valuation
of UK Pollination Services; Ecological Economics 111, 76-
85,

Breeze T.D. et al., (2016) Economic measures of
pollination services: Shortcomings and Future
Directions; Trends in Ecology and Evolution 31, 927-939

Breeze T.D. et al., (2019) Linking farmer and beekeeper
preferences with ecological knowledge to improve crop
pollination; People and Nature 1:562-572

Capriolo A. et al (2020) Biophysical and economic
assessment of four ecosystem services for natural
capital accounting in Italy; Ecosystem Services 46,
101207

CBD (2016) Convention on Biological Diversity, Decision
XI1/15. https://www.cbd.int/doc/decisions/cop-13/cop-
13-dec-15-en.pdf

Chaplin-Kramer R. et al., (2014) Global malnutrition
overlaps with pollinator-dependent micronutrient
production; Proceedings of the Royal Society B —
Biological Sciences 281, 20141799

Cong R.G. (2014) Managing ecosystem services for
agriculture: Will landscape-scale management pay?
Ecological Economics 99, 53-62

Cook D.C. et al., (2007) Predicting the Economic Impact
of an Invasive Species on an Ecosystem Service;
Ecological Applications 17, 1832-1840

Dicks L.V. et al., (2021) A global-scale expert assessment
of drivers and risks associated with pollinator decline;
Nature Ecology & Evolution 5, 1453-1461

FAOSTAT (2022) - Food and Agriculture Organization of
the United Nations Statistical Database
https://www.fao.org/faostat/en/#home

Ferrier P.M. et al., (2018) Economic Effects and
Responses to Changes in Honey Bee Health; USDA
Economic Research Report Number 246;



https://www.cbd.int/doc/decisions/cop-13/cop-13-dec-15-en.pdf
https://www.cbd.int/doc/decisions/cop-13/cop-13-dec-15-en.pdf
https://www.fao.org/faostat/en/#home

https://www.ers.usda.gov/publications/pub-
details/?pubid=88116

Gallai N. et al., (2009) Economic valuation of the
vulnerability of world agriculture confronted with
pollinator decline; Ecological Economics 68, 810-821

Gardner E. et al., (2020) Reliably Predicting Pollinator
Abundance: Challenges of Process Based Ecological
Models; Methods in Ecology and Evolution 11, 1673-
1689

Gardner E. et al., (2021) Pollinator population stability
under crop rotation: the stabilising effect of field
margins and hedgerows; Journal of Applied Ecology 58,
2287-2304

Garibaldi L.A. et al., (2013) Wild Pollinators Enhance
Fruit Set of Crops Regardless of Honeybee Abundance;
Science 339, 1608

Garratt M.P.D. et al., (2021) Opportunities to reduce
pollination deficits and production shortfalls in a globally
important crop; Ecological Applications 31 02445

Gereffi G. et al., (2005) The governance of global value
chains; Review of International Political Economy 12, 78-
104

Gowman A.C. (2019) Fruit Waste Valorization for
Biodegradable Biocomposite Applications: A Review;
Bioresources 14, 10047-10092

Green J.H.M. et al., (2019) Linking global drivers of
agricultural trade to on-the-ground impacts on
biodiversity; Proceedings of the National Acadaemy of
Sciences 116, 23202-23208

Hanley N. et al., (2015) Measuring the economic value of
pollination services: principles, evidence and knowledge
gaps; Ecosystem Services 14, 124-132

Hasnain S. et al., Mapping the UK Food System;
https://www.eci.ox.ac.uk/research/food/downloads/Ma
pping-the-UK-food-system-digital.pdf

Heron T. et al., (2019) Global Value Chains and the
Governance of ‘Embedded’ Food Commodities: The Case
of Soy; Global Policy 9, Suppl. 2

Hipoloto J. et al., (2019) Valuing nature's contribution to
people: The pollination services provided by two
protected areas in Brazil; Global Ecology and
Conservation 20, e00782

Hoshide A.K. et al., (2018) What Is the Value of Wild Bee
Pollination for Wild Blueberries and Cranberries, and
Who Values It?; Environmnets 5, 98

Hutchinson L.A. et al., (2021) Using field survey and
ecological trait data to determine the wild bee
pollinators of crops in Great Britain; Agriculture,
Ecosystems and Environment 315, 107477

Hutchinson L.A. et al., (2022) Crop pollination stability:
The influence of bee pollinator community composition
and species richness on ecosystem service delivery;
Frontiers in Sustainable Food Systems (in press)

ICO (2021) International Coffee Organization - The Value
of Coffee: Sustainability, Inclusiveness, and Resilience of
the Coffee Global Value Chain;
https://www.internationalcoffeecouncil.com/cdr2020

IPBES (2016) IPBES Deliverable 3a: Thematic Assessment
of Pollinators, Pollination and Food Production
https://www.ipbes.net/system/tdf/downloads/pdf/polli
nation chapters final 0.pdf?file=1&type=node&id=152
47

Jha S. et al. (2014) Shade Coffee: Update on a
Disappearing Refuge for Biodiversity; Bioscience 64, 416-
428

Kay S. et al., (2019) Agroforestry is paying off —
Economic evaluation of ecosystem services in European
landscapes with and without agroforestry systems;
Ecosystem Services 36, 100896

Kerr J.T. et al., (2015) Climate change impacts on
bumblebees converge across continents; Science 349,
177-180

Kirchweger S. et al., (2020) Do improved pollination
services outweigh farm-economic disadvantages of
working in small-structured agricultural landscapes? —
Development and application of a bio-economic model;
Ecological Economics 169, 106535

Klatt B.K. et al., (2014) Bee pollination improves crop
quality, shelf life and commercial value; Proceedings of
the Royal Society B — Biological Sciences 281, 20132440.

Kleczkowski A. et al., (2017) Pesticides and bees:
Ecological-economic modelling of bee populations on
farmland; Ecological Modelling 360, 53-62

Kleijn D. et al (2015) Delivery of crop pollination services
is an insufficient argument for wild pollinator
conservation; Nature Communications 6, 7414

Klein A.M et al., (2007) Importance of pollinators in
changing landscapes for world crops; Proceedings of the
Royal Society B — Biological Sciences 274, 303-313

Koh I. et al., (2016) Modelling the status, trends, and
impacts of wild bee abundance in the United States;

Proceedings of the National Academy of Science 113,
140-145

la Notte A. (2022) Ecologically Intermediate and
Economically Final: The Role of the Ecosystem Services
Framework in Measuring Sustainability in Agri-Food
Systems; Land 11, 84

Lau K.Q. et al., (2021) Utilization of Vegetable and Fruit
By-products as Functional Ingredient and Food; Frontiers
in Nutrition 8, 661693

Lindstrom S.A.M. et al., (2016) Experimental evidence
that honeybees depress wild insect densities in a
flowering crop; Proceedings of the Royal Society B —
Biological Sciences 283, 20161641

Lippert C. et al. (2021) Revisiting the economic valuation
of agricultural losses due to large-scale changes in
pollinator populations; Ecological Economics 180,
106860


https://www.ers.usda.gov/publications/pub-details/?pubid=88116
https://www.ers.usda.gov/publications/pub-details/?pubid=88116
https://www.eci.ox.ac.uk/research/food/downloads/Mapping-the-UK-food-system-digital.pdf
https://www.eci.ox.ac.uk/research/food/downloads/Mapping-the-UK-food-system-digital.pdf
https://www.internationalcoffeecouncil.com/cdr2020
https://www.ipbes.net/system/tdf/downloads/pdf/pollination_chapters_final_0.pdf?file=1&type=node&id=15247
https://www.ipbes.net/system/tdf/downloads/pdf/pollination_chapters_final_0.pdf?file=1&type=node&id=15247
https://www.ipbes.net/system/tdf/downloads/pdf/pollination_chapters_final_0.pdf?file=1&type=node&id=15247

Lonsdorf E. et al., (2009) Modelling pollination services
across agricultural landscapes; Annals of Botany 103,
1589-1600

Lépez-Cubillos S. et al., (2021) Catalytic potential of
pollination services to reconcile conservation and
agricultural production: a spatial optimization
framework; Environmental Resource Letters 16, 064098

Lye G.C. et al., (2011) Impacts of the use of Nonnative
Commercial Bumble Bees for Pollinator
Supplementation in Raspberry; Journal of Economic
Entomology 104, 107-114

Magrach A. et al (2019) Uncertainties in the value and
opportunity costs of pollination services; Journal of
Applied Ecology 56, 1549-1559

Matsushida K. et al., (2017) Shadow Value of Ecosystem
Resilience in Complex Natural Land as a Wild Pollinator
Habitat; Americamn journal of Agricultural Economics
100, 829-843

Millard J. et al., (2021) Global effects of land-use
intensity on local pollinator biodiversity; Nature
Communications, 12, 2902

Murphy J. et al., (2022) Globalisation and pollinators:
modelling the impact of pollinator decline on global net
trade in animal-pollinated crops; People and Nature 4

Potts S.G. et al,. (2021) Proposal for an EU Pollinator
Monitoring Scheme, EUR 30416 EN, doi:10.2760/881843
https://wikis.ec.europa.eu/display/EUPKH/EU+Pollinato
r+Monitoring+Scheme

Prik C.W.W. et al (2017) Risks and benefits of the
biological interface between managed and wild bee
pollinators; Functional Ecology 31, 47-55

Proto R.G. et al., (2021) Pollinator-dependent crops in
Brazil yield nearly half of nutrients for humans and
livestock feed; Global Food Security 31, 100587

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

Smith M.R. et al., (2015) Effects of decreases of animal
pollinators on human nutrition and global health: a
modelling analysis; The Lancet 386, 1964-1972

Smith, A.C., et al., (2021). Principles of the
Environmental Benefits from Nature (EBN tool)
approach (Beta Version, July 2021).
http://publications.naturalengland.org.uk/publication/6
414097026646016

Stiver H., et al., (2021) Agrochemicals interact
synergistically to increase bee mortality; Nature 596
389-395

Thompson B.S. (2022) Impact investing in biodiversity
conservation with bonds: An analysis of financial and
environmental risk; Business Strategy and the
Environment; 10.1002/bse.3135

Tremlett C.J. et al., (2021) Value and benefit distribution
of pollination services provided by bats in the
production of cactus fruits in central Mexico; Ecosystem
Services 47, 101197

Tubiello F.N. et al., (2021) Greenhouse gas emissions
from food systems: building the evidence base;
Environmental Research letters 16, 065007

UN SEEA (2021) System of Environmental-Economic
Accounting—Ecosystem Accounting (SEEA EA). White
cover publication, pre-edited text subject to official
editing. Available at: https://seea.un.org/ecosystem-

accounting.

UNEP (2016) Food Systems and Natural Resources;
https://www.resourcepanel.org/reports/food-systems-
and-natural-resources

Utrilla-Catalan R. et al., (2022) Growing Inequality in the
Coffee Global Value Chain: A Complex Network
Assessment; Sustainability 14, 672

Vallecio S. et al., (2018) Ecosystem services accounting —
Part 1: Outdoor Recreation and Pollination; EUR 29024
EN, Publications Office of the European Union,
doi:10.2760/619793

Vysna V. Et al., (2021) Accounting for Ecosystems and
their Services in the European Union;
https://ec.europa.eu/eurostat/web/products-statistical-
reports/-/ks-ft-20-002

Wietzke A. (2018) Insect pollination as a key factor for
strawberry physiology and marketable fruit quality

Wratten S.D. et al., (2012) Pollinator habitat
enhancement: Benefits to other ecosystem services;
Agriculture Ecosystems and Environment 159, 112-122

Zhang H. Et al., (2022) Bumblebee pollination enhances
yield and flavour of tomato in Gobi Desert greenhouses,
Agriculture 12, 795

Zulian G. et al (2013) Linking Land Cover Data and Crop
Yields for Mapping and Assessment of Pollination
Services in Europe; Land 2, 472-492

Zurek M. Et al., (2018) Assessing Sustainable Food and
Nutrition Security of the EU Food System—An
Integrated Approach; Sustainability 10, 4271


https://wikis.ec.europa.eu/display/EUPKH/EU+Pollinator+Monitoring+Scheme
https://wikis.ec.europa.eu/display/EUPKH/EU+Pollinator+Monitoring+Scheme
http://publications.naturalengland.org.uk/publication/6414097026646016
http://publications.naturalengland.org.uk/publication/6414097026646016
https://seea.un.org/ecosystem-accounting
https://seea.un.org/ecosystem-accounting
https://www.resourcepanel.org/reports/food-systems-and-natural-resources
https://www.resourcepanel.org/reports/food-systems-and-natural-resources
https://ec.europa.eu/eurostat/web/products-statistical-reports/-/ks-ft-20-002
https://ec.europa.eu/eurostat/web/products-statistical-reports/-/ks-ft-20-002

