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Abstract

Phosphorus (P) is subject to global management challenges due to its importance to both food security
and water quality. The European Union (EU) has promoted policies to limit fertiliser over-application
and protect water quality for more than 20 years, helping to reduce European P use. Over this time
period, the EU has, however, become more reliant on imported agricultural products. These imported
products require fertiliser to be used in distant countries to grow crops that will ultimately feed
European people and livestock. As such, these imports represent a displacement of European P
demand, possibly allowing Europe to decrease its apparent P footprint by moving P use to locations
outside the EU. We investigated the effect of EU imports on the European P fertiliser footprint to
better understand whether the EU’s decrease in fertiliser use over time resulted from P demand being
‘outsourced’ to other countries or whether it truly represented a decline in P demand. To do this, we
quantified the ‘virtual P flow’ defined as the amount of mineral P fertiliser applied to agricultural soils
in non-EU countries to support agricultural product imports to the EU. We found that the EU
imported a virtual P flow of 0.55 Tg P /yr in 1995 that, surprisingly, decreased to 0.50 Tg P /yr in 2009.
These results were contrary to our hypothesis that trade increases would be used to help the EU reduce
its domestic P fertiliser use by outsourcingits P footprint abroad. Still, the contribution of virtual P
flows to the total P footprint of the EU has increased by 40% from 1995 to 2009 due to a dramatic
decrease in domestic P fertiliser use in Europe: in 1995, virtual P was equivalent to 32% of the P used as
fertiliser domestically to support domestic consumption but jumped to 53% in 2009. Soybean and
palm tree products from South America and South East Asia contributed most to the virtual P flow.
These results demonstrate that, although policies in the EU have successfully decreased the domestic
dependence on mineral P fertiliser, in order to continue to limit global potential mineral P supply
depletion and consequences of P losses to waterways the EU may have to think about its trading
partners.

such as wheat, maize and rice. For example interna-
tional flows of wheat increased 42% and rice flows
increased 90% between 1992 and 2009 (Puma
etal2015). In 2008, biomass trade represented 7.5% of
all biomass extracted from ecosystems globally (Kraus-
mann et al 2008) and cropland used for exports

1. Introduction

International trade is a key driver of the Anthropo-
cene, especially with regards to agriculture (Steffen
et al 2015). The volume of agricultural trade in the
world increased more than ten-fold from the 1950s to

the 2010s (Schmitz et al 2012), with the largest
increases occurring in the trade of staple commodities

accounted for 20% of all global cropland area (Kastner
et al 2014). Currently, 16% of people rely on
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international trade to meet their demand for staple
food and agricultural products (Fader et al 2013).
All of these agricultural flows contribute to making
the planet increasingly inter-connected (MacDo-
nald 2013) and increasingly vulnerable to systemic
failures and extreme events (Helbing 2013, Liu
etal2013).

The potential environmental consequences of
such increases in trade, which decouples the con-
sumption of food from its production, have received
growing attention in the last decade. Of particular
concern is how developed (and rapidly developing)
countries are increasingly consumers of distantly pro-
duced food, thereby contributing to the displacement
of the unintentional consequences of agriculture to
source countries (Frankel and Rose, 2005). For exam-
ple, by importing products from countries with less-
stringent (or even non-existent) environmental reg-
ulations, increased trade can ‘outsource’ environ-
mental degradation from one country or region to
another; most often from a more developed country to
a less developed one (Davis and Caldeira, 2010, Mey-
froidt et al 2010). In addition, trade contributes to the
increasing distance between consumption practices
and their environmental impacts (Cumming
et al 2014). Such tele-connections have received part-
icular attention for land-use change (Meyfroidt
et al 2010), fossil energy use and greenhouse gas emis-
sions (West et al 2014), irrigation and groundwater
water withdrawal (Dalin et al 2014, Marston et al 2015)
and biodiversity erosion (Hooper et al 2012). While
these studies showed that trade products generally
flow from resource-abundant to resource-scarce
countries (Dalin et al 2014, Kastner et al 2014, Macdo-
nald et al 2015), they also confirmed that trade con-
tributes to displacing the environmental burdens
related to production activities (Davis and Cal-
deira2010, Westetal 2014).

The impact of agricultural commodity trade on a
scarce essential fertiliser and potential pollutant—
phosphorus (P)—has received less attention. Exten-
sive mineral P fertiliser application to agricultural land
has increased yields during the last decades (van der
Velde et al 2013). However, mineral P fertiliser pro-
duction is dependent on increasingly scarce and geo-
politically concentrated phosphate mine resources
since the majority of the resource is found in only
three countries: Morocco, China, and the USA (Cor-
dell et al 2009, Van Vuuren et al 2010). Our depend-
ence on this essential but non-renewable resource is of
great concern for food security, especially for poor
urban and rural populations with lower purchasing
power and highly P-deficient soils such as in Sub-
Saharan Africa (Obersteiner et al 2013). In addition, P
losses to water bodies through runoff and erosion
from agricultural soils, inadequate management of
animal manure, and insufficient treatment of waste-
water and human excreta can cause aquatic eutrophi-
cation (Carpenter et al 1998, Schindler et al 2008).

T Nesme et al

European (e.g. the Baltic Sea,) and North American
(e.g. the Great Lakes and the Gulf of Mexico) water-
ways have experienced the high costs of such pollution
including toxic drinking water and loss of fishery and
ecosystem resources (Diaz and Rosenberg 2008).
Developing and implementing governance, technolo-
gies, and practices that increase the efficiency of P in
the food system is essential to ensuring food security
and water quality for all (Cordell et al 2012). As such,
in this study we consider P footprints, defined here as
the amount of mineral P fertiliser required to produce
agricultural products imported for consumption in
the European Union (EU) minus the fertiliser used
domestically to export agricultural products abroad,
as this measure embodies part of the potential impact
on resource depletion and hampered water quality
that can be associated with increased mined P fertili-
ser use.

To address these P-related issues, the EU has
developed a set of policies to limit aquatic eutrophica-
tion (McDowell et al 2016), including both agri-
cultural practices and technologies targeting improved
wastewater treatment and banning P-rich detergents
(Van Drecht et al 2009). Regulations were initiated in
the 1990s (e.g. through the Nitrate directive, which
indirectly affects P) and were reinforced in the early
2000s (e.g. through the Water Framework Directive,
which provides an overall objective of ‘good status’ for
all water bodies by 2015) to limit P losses from urban
wastewaters and from agricultural soils, in part
through limiting P fertiliser use. These regulations
provided a wide range of tools targeted at mineral fer-
tiliser and manure application that operate both at the
farm and the catchment scales. Taking advantage of
the legacy of past P fertilisation and improvements in
fertilisation decision knowledge and tools, these reg-
ulations have contributed to improving water quality
in European inland and coastal ecosystems without
reducing agricultural production (Herzog et al 2006,
Dubois 2009). For instance, the orthophosphate con-
centration in European rivers has decreased by >50%
between 1992 and 2012 (http://www.eea.europa.eu/
data-and-maps/indicators/nutrients-in-freshwater,/
ds_resolveuid /JCIQ2VOFKY, accessed 12 October
2015). These regulations contributed to a reduction in
domestic mineral P fertiliser use: EU mineral P fertili-
ser consumption has decreased by 42% between 1995
and 2009, with average mineral P fertilisation drop-
ping from 9.2 to 5.4 kg P/ha/yr, while crop acreage
has remained similar (figure 1). As such, it appears that
these measures have helped the EU to decrease losses
of nutrients to waterways and to inadvertently be less
dependent on rock phosphate, limiting the EU’s
contribution to the depletion of this non-renewable
resource.

However, the EU’s imports of agricultural pro-
ducts as both food and feed, and thus of the P they
physically contain, have increased by 18% over the
same period (figure 1). This increase has been mostly
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Figure 1. Changes in imported P through agricultural product imports and domestic mineral P fertiliser use in the EU from 1992 to
2012. Imported P refers to the amount of P that is physically embedded in products imported to the EU. It has been calculated by
multiplying the amount of ~300 crop and animal products imported into the EU by their respective P content. The data on
agricultural productimports in the EU are corrected from intra-community trade. Note that imported P through trade has increased
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driven by demand for animal feed to supply intensive
livestock production in the EU (Spiertz 2010, de Visser
et al 2014). Even if the physical P inflow they represent
is much smaller than domestic P fertiliser use
(figure 1), these imports represent an indirect contrib-
ution to global rock phosphate depletion, because
imported products were grown using mineral P fertili-
sers in exporting countries. However, the magnitude
of such indirect contribution is unknown, and this gap
in knowledge impairs the proper estimation of the EU
‘phosphorus footprint’ (i.e. the total amount of P ferti-
lisers required to produce agricultural products
imported for consumption in the EU minus the fertili-
ser used domestically to export agricultural products
abroad). Therefore, the question exists whether
increase in trade would be used to help the EU reduce
its domestic P fertiliser use by outsourcing its P fertili-
ser demand abroad.

In this paper, we assess how domestic mineral P
fertiliser use (hereafter called ‘real P flow’) and mineral
P fertiliser use for the production of imported food/
feed products (hereafter called ‘virtual P flow’) have
changed over time (1995 and 2009) to better estimate
the real EU’s contribution to mineral P use and poten-
tial P-related pollution, in other words the EU P
footprint.

2. Material and methods

2.1. Real and virtual P flow calculations
We determined the value of ‘virtual’ and ‘real’ P flows
for the EU27, including its oversea territories” for 1995

> The EU27 corresponds to the following list of countries: Austria,
Belgium, Bulgaria, Cyprus, Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Ireland, Italy, Latvia,
Lithuania, Luxembourg, Malta, The Netherlands, Poland, Portugal,
Romania, Slovakia, Slovenia, Spain, Sweden and the United
Kingdom.

and 2009. These years were selected to cover the period
during which the EU set up policies to limit domestic
water eutrophication risks, and because they corre-
sponded to the first and last years for which we had
comprehensive data availability (e.g., about detailed
imports, yields, and fertilisation rate; see below).
Estimates of both flows were focused on mineral P
fertiliser use and did not account for P supplements
used in animal feed.

The virtual P flow corresponded to the amount of
mineral P fertiliser that was used in source countries to
grow agricultural products for export to the EU (Mat-
subae et al 2011, Schaffartzik et al 2015). It is also
sometimes referred as upstream or embodied fertiliser
use to support agricultural export. Following (MacDo-
nald et al 2012a), virtual P flow was determined by the
(equation (1):

n,m
Virtual P flow = Z Qij X & X ———
i=1,j=1 i,j

X ferti,-,j,

(Y]

where:

Q;; represents the amount in metric tons of the
product i that was imported from country j into the
EU (where i = 1, 2...n are the different crop products
and j = 1, 2...m are the source countries that were
considered in this study). We considered a limited set
of products that together represented the large major-
ity of trade flows to the EU. To do so, we ranked all the
products entering the EU according to their direct P
inflow value (i.e. according to the amount of P they
physically contain). Starting from those products that,
due to the amount of product imported and its P con-
tent, bring in the most P, and moving towards those
that import the least, we developed a list of products
that together contributed 95% of the total direct P
inflow (i.e. excluding very small trade flows). In total,
we considered 30 imported products in 1995 and 27
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imported products in 2009 (table S1); noting that no
animal product was included in 1995 and only one
animal product (chicken meat) contributed in 2009.
However, even in 2009, chicken meat contributed only
marginally (0.2% of total direct P inflow through
trade) and was thus not included in our calculations.
The Q;; data were extracted from the FAOSTAT trade
module which provides annual data on total import
and export of ~300 agricultural products for each
FAO country (n = 203) from 1961 to 2013 (http://
faostat3.fao.org/download/T/"/E, accessed 16 Sep-
tember 2015).

¢; represents the coefficient of conversion from
processed products into raw commodities (¢ = 1 for
raw imported commodities and € > 1 for processed
products; € is unitless and is product specific). This set
of coefficients helps to reconstruct commodity trees
(i.e. to identify how a given raw commodity is broken
down into processed products and by-products and
vice-versa) and to convert data from process equiva-
lent to raw commodity equivalent. The multiplication
of Q by ¢ helped to express imported raw and pro-
cessed products (e.g., wheat grain and bread) into a
single raw commodity unit (e.g., wheat grain). Apply-
ing these coefficients helped to reduce the number of
raw commodities considered in this study down to 22
commodities for both 1995 and 2009 (table S1). The ¢;
data were given by the FAO Statistics Division (http://
www.fao.org/economic/the-statistics-division-ess/
methodology/methodology-systems/technical-
conversion-factors-for-agricultural-commodities/
en/,accessed 16 September 2015).

Yield, j, represents the yield of the product i in the
country j (in tons of product per ha). The multi-
plication by the inverse of the yield was needed to con-
vert imported raw commodities into the agricultural
area that was used to produce these commodities. The
data on yields were extracted using FAOSTAT produc-
tion module which provides annual data on crop
yields for each FAO country and for each of the con-
sidered commodities from 1961 to 2013 (http://
faostat3.fao.org/download/Q/QC/E, accessed 16
September 2015).

Ferti;jrepresents the amount of mineral P fertiliser
that was applied on crop i in the country j (in kg of P
per ha of cropland). The data on fertiliser use were
extracted using reports from the Fertilizer Industry
Association (IFA), the International Fertilizer Devel-
opment Center (IFDC) and the FAO (FAO et al 1994,
FAO et al 1996, FAO et al 1999, FAO 2006, IFA 2009,
IFA 2013). These reports provide expert-based data on
the amount of mineral P used as fertiliser for major
crops and major agricultural countries. As some data
were sometimes missing for some crops, some coun-
tries or some years, we used 5 year windows, centred
on the year 1995 and 2009. This helped to correct for
possible inter-annual variability in fertiliser use and to
avoid missing data for some specific years. Additional
details about P fertilisation rates are available in SI.

T Nesme et al

The full dataset of imported commodities, crop yields
and fertilisation rates in source countries is available in
table S2.

The real P flow corresponded to the amount of
mineral P fertiliser that was used on the EU’s domestic
agricultural area in 1995 and 2009, including that used
to support domestic crop and grass production, which
was both consumed domestically and exported. Since
our study aimed to estimate only the amount of P nee-
ded to support EU food and feed consumption, we
removed the amount of mineral fertiliser needed to
produce exported agricultural products. To do so, we
used an equation similar to (equation (1) with Qj;
yield; and ferti;; representing the amount of agri-
cultural products exported out of the EU, the average
yield of the exported commodities at the EU scale and
the average crop fertilisation rate at the EU scale,
respectively. The corresponding data were extracted
from FAOSTAT for Q;; and yield;; and from IFA, FAO
and IFDC reports for ferti;. Animal products repre-
sented a significant fraction of the total P exported
through trade from the EU (18% and 14% of total P
exported through trade in 1995 and 2009, respec-
tively). We thus accounted for the P needed to produce
these animal products in our P footprint approach and
provide detailed calculations in SI.

2.2. Assumptions, omissions, and uncertainty

While our methods and analysis allow us to determine
the contribution of virtual P flows to the EU, they do
not encompass all of the EU’s dependence on
imported P. For example, in addition to chicken meat
in 2009, we excluded three additional imported crop
products due to very ambiguous composition (i.e.,
crude materials, prepared food, and feed and meal),
noting that these four products represented less than
3% of total, direct P import through trade into the EU.
This omission did translate into a slightly conservative
underestimation of the EU P footprint.

Itis also important to note that there is an inherent
amount of uncertainty related to mineral P fertiliser
application rates on crops because farming practices
are generally highly variable across time and space
(Nesme et al 2005, Yunju et al 2012). This uncertainty
is difficult to estimate but it may be limited in this
study by the fact that our dataset integrated possible
changes in fertilisation rates through time. As such, we
avoided using outdated data on farming practices
which is often a severe limitation of virtual resource
flow calculations (Yang and Suh 2015). There is also
uncertainty about P fertiliser application rates to spe-
cific crops when they are used in rotation. Farmers
generally make their decisions about fertilisation over
the duration of a whole crop rotation sequence by
accounting for carry-over effects of applied fertilisers
on past crops (Haileslassie et al 2007). Our annual crop
fertilisation averages cannot explicitly account for
such nuances (and how these numbers may be under-
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Table 1. ‘Virtual’ and ‘real’ P flows in 1995 and 2009.

1995 2009
‘Virtual’ P flow to the EU (applied to imports to 0.55 0.50
the EU) (Tg P/yr)
‘Real’ P flow (domestic use in the EU) (Tg P/yr) 1.87 1.09
'Virtual’ P outflow from the EU (applied to 0.18 0.14
exports from the EU) (TgP/yr)
In crop products 0.12 0.09
In animal products 0.06 0.05
EU P footprint (virtual + real P flows — virtual 2.24 1.45
P outflow) (TgP/yr)
Virtual P flow/(virtual + real P flows — virtual 25 34
P outflow) (%)

or over-estimates). This uncertainty is reduced how-
ever for source regions that export all the crop pro-
ductsin a particular rotation to the EU.

3. Results and discussion

3.1. A decreasing virtual P flow but of increasing
importance to the EU

The EU agricultural P footprint (i.e. the sum of P
fertilisers required to produce 95% of agricultural
products imported for consumption in the EU plus
the P fertiliser used to support domestic crop produc-
tion minus the fertiliser used domestically to export
agricultural products abroad) declined from 2.24 in
1995 to 1.45 Tg P in 2009. As expected, the real P flow
(i.e. domestic fertiliser use) dropped dramatically from
1.87 to 1.09 Tg of P (a 42% decline). Surprisingly, we
found that ‘virtual’ P flow to the EU27 amounted to
0.55 Tg P in 1995 and decreased moderately to 0.50 Tg
P in 2009 (table 1).

These results were contrary to our hypothesis that
trade increases would be used to help the EU reduce its
real P flow by outsourcing its P footprint abroad. Still,
the contribution of virtual P flows to the total P foot-
print of the EU has increased by 40% from 1995 to
2009 (table 1). In 1995, virtual P was equivalent to 32%
of the P used as fertiliser domestically to support
domestic consumption but jumped to 53% in 2009.
This increase was clearly due to the sharp reduction in
domestic fertiliser use during the study period, but still
marks the increasing relative importance of trade in
the EU’s P footprint (table 1 and figure 1). High virtual
P flows have also been observed for other countries
that are either large agricultural producers such as the
USA (MacDonald et al 2012a) or large food importers
such as Japan (Matsubae et al 2011). However, to our
knowledge, our study is the first one to provide any
insight into changes in the P footprint of a given coun-
try or region through time.

We identified three potential drivers for this
observed decrease in total virtual P flows: (1) a reduc-
tion in fertilisation rates in exporting countries, (2)
changes in the imported items to less P intensive crops,
and (3) import shifts to more P efficient countries. Our

T Nesme et al

results showed that a large part of the reduction in the
total P imported to Europe is likely due to an overall
reduction in mineral P fertilisation rates at the global
scale: applying 1995 fertilisation rates to commodities
imported in 2009 translated to a virtual P inflow of
0.60 Tg P into the EU which is 19% higher than the
virtual P inflow calculated with actual 2009 fertilisa-
tion rates. For instance, for soybean, one of the major
crops imported to Europe (see below), the average fer-
tilisation rates have declined by 70% (from 23 to
<10 kg P/ha/yr) in the USA, one of the major expor-
ters to the EU, over the study period. This overall
reduction in P fertiliser use may result from past ferti-
lisation practices that have contributed to build-up
soil P status. Such legacy P effect is particularly impor-
tant in world regions that received massive amounts of
mineral P fertilisers in the 1980s or 1990s such as
North America (Sattari et al 2012). As such, decreases
in fertilisation rates in source countries helped to
reduce the EU P footprint. Changes in the amount of
imported products could also contribute, e.g. through
the dramatic reduction in the import of some specific
products such as copra, cassava or cottonseed in the
EU (see table S1). Shifts to source countries with more
P fertilisation efficient practices may also have con-
tributed. Our results indicated that virtual P was
mostly imported from the Americas, and to a much
lesser extent from South-East Asia (figure 2) but with a
clear shift in virtual flows from North to South Amer-
ica between 1995 and 2009: taken together, Brazil and
Argentina represented only 27% of virtual P inflow
into the EU in 1995 while they represented more than
60% of virtual P inflow into the EU in 2009.

Interestingly, the virtual P inflow to the EU27 was
driven by a limited set of commodities: soybeans, palm
kernel, copra, coffee beans, and cottonseed accounted
for 69% and 78% of the total virtual P inflow in 1995
and 2009, respectively (figure 3). Those crops were
either imported in large quantities by the EU (e.g. soy-
beans which is largely used as animal feed in the EU) or
intensively fertilised in source countries (e.g., palm
tree plantations). Although it is a protein crop largely
used as concentrate feed in livestock production in the
EU, soybean production has strongly declined in Eur-
opean croplands since the Blair House agreement
under the GATT umbrella in 1992. Soybean produc-
tion is now facing a large yield- and profitability-gap
compared to most cereal crops in Europe due to a lack
of technological and research investments (de Visser
et al 2014), making the EU largely dependent from
imports from the Americas. Together these five
imported crops represent leverage points (West
et al 2010) that could be targeted if the EU P footprint
had to be reduced.

Finally, although the total virtual P flow to the EU
has decreased, the fact that virtual P flows represented
up to one third of the EU total P footprint illustrates
how the embeddedness of the EU in the global market
affects the global P cycle. More specifically, our results
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Figure 2. Virtual P inflow from the different source countries in 1995 (top) and 2009 (bottom) in Tg P /yr. EU27 countries appear in
grey. Countries in white do not export significant amounts of virtual P to the EU.
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demonstrated that the EU reduced its overall P foot-
print but that this reduction was largely due to a
decrease in domestic fertiliser use and to a lesser extent
to the decrease in outsourced P fertiliser demand,
resulting in a greater contribution of virtual P flow to
the EU overall P footprint.

3.2. Importance of virtual resource flow estimation
for public policy design

Although the EU P footprint and virtual P flow have
decreased, the fact that virtual P flows amounted to
more than half the amount of mineral P fertiliser used
domestically to support domestic consumption in the
EU (table 1) demonstrates that assessing the contrib-
ution of a given country or region to the global rock
phosphate depletion on the sole basis of its domestic P
fertiliser use misses the whole picture. The contrib-
ution of a region to mineral P use should perhaps be
based on crop consumption inventories. That is, it
should account for both domestic and imported crop
production instead of only domestic crop production.
The difference between production-based versus con-
sumption-based resource use is particularly important

for wealthy countries that are strongly involved as
importer in international trade. For instance, it has
been estimated that >30% of consumption based CO,
emissions in Europe were imported from elsewhere
(Davis and Caldeira 2010). The impact of domestic
consumption on global resources such as fossil energy,
land (Fader et al 2013, Macdonald et al 2015) and water
(Dalin et al 2014, Marston et al 2015, Vorésmarty
et al 2015) as well as pollutants emitted during
production processes such as CO, N,O and NO;~
leached to water bodies (Galloway et al 2007) is
staggering but not often considered in domestic
environmental policies. Impacts might be particularly
large if wealthy countries shift from domestic produc-
tion where environmental regulations are stringent,
such as the Nitrate Directive in the EU or the Clean
Water Act in the USA which guide the management of
nutrients to protect water quality, to instead importing
commodities from countries with limited environ-
mental regulations.

Although our P footprint indicator is strongly
focussed on mineral P fertiliser use and its impact on
global resource depletion, it also encompasses
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potential impacts on hampered water quality since
increased fertiliser application rates that accompany
export-oriented production could increase the poten-
tial for P losses to waterways. However, complex inter-
actions between biophysical (e.g. precipitation, soil
type, slope) and human management (e.g. tile drains,
timing and placement of fertiliser application) med-
iate such losses (Withers et al 2001, Djodjic et al 2005).
In addition, P losses to waterways can also result from
improper management of P in manure and household
sewage sludge as well as from poor accounting of soil P
legacy (Toth et al 2006, MacDonald et al 2012b, Roy
et al 2014). For instance, the outsourcing of soybean
production in Brazil shows us that context matters in
assessing potential environmental risks of increased
fertiliser application for water quality. Indeed, in addi-
tion to contributing to the EU’s decrease global P
requirements because of its higher P use efficiency
(Schipanski and Bennett 2012), increased fertiliser
consumption on Brazilian nutrient poor soils (Riskin
et al 2013a) has not lead to increases in P losses to
waterbodies. This is due to the fact that inter-tropical
soils are highly weathered and therefore exhibit high P
sorption capacities (Riskin et al 2013b) that limit P los-
ses to local waterways. In other words considering spe-
cific trade partners is key to assessing the full impact of
virtual P flows.

The disconnect between agricultural production
and associated resource use and the consumption
activities that drive such resource use practices has

been facilitated by international trade and makes coor-
dinated interventions to increase sustainability diffi-
cult (Hertwich and Peters 2009). As such the fact that
many countries are increasingly involved in the global
food/feed trade (Fader et al 2013, Puma et al 2015)
calls for the development of robust and flexible indica-
tors and databases that could help quantify virtual
resource flows among countries and potential positive
and negative effects on local and global resource use.
For instance, using such indicators in our study helped
to identify a limited set of commodities and countries
that could be targeted for the EU to reduce its overall P
footprint: prioritising trade relations with Brazil and
Argentina, and/or the five crops (soybeans, palm ker-
nel, copra, coffee beans and cottonseeds) that repre-
sent the majority of the virtual P flow. Such indicators
could then be used in international trade agreements
to better share the responsibility of resource depletion
and pollution among crop producers and consumers
and work towards strategies that promote food secur-
ity and environmental integrity across regions.

4. Conclusion

In a globalised world, international trade is an
important part of global resource use patterns, and P is
no exception. Because P resources are scarce, and
physical and economic access to this essential agricul-
tural resource are un-equal (and inequitable) across
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the planet, it is especially critical to consider resource
management from a global perspective, and not only a
domestic one. As such, it is important to understand
the EU’s role in driving global P use and pollution.
Unexpectedly, our results demonstrate that virtual P
flows to the EU27 through agricultural trade decreased
in total amount from 1995 to 2009, although they did
increase as a percentage of the EU’s overall mineral P
fertiliser footprint. Although the EU has decreased its
consumption of mineral P fertilisers domestically and
abroad, in order to continue to move towards both
local and global P security, the EU will increasingly
need to consider how it meets food and feed needs
through trade, and the P management practices of its
trading partners.
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