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ABSTRACT: A nation’s consumption of goods and services causes various environ-
mental pressures all over the world due to international trade. We use a multiregional
input−output model to assess three kinds of environmental footprints for the member
states of the European Union. Footprints are indicators that take the consumer
responsibility approach to account for the total direct and indirect effects of a product or
consumption activity. We quantify the total environmental pressures (greenhouse gas
emissions: carbon footprint; appropriation of biologically productive land and water area:
land footprint; and freshwater consumption: water footprint) caused by consumption in
the EU. We find that the consumption activities by an average EU citizen in 2004 led to
13.3 tCO2e of induced greenhouse gas emissions, appropriation of 2.53 gha (hectares of
land with global-average biological productivity), and consumption of 179 m3 of blue
water (ground and surface water). By comparison, the global averages were 5.7 tCO2e,
1.23 gha, and 163 m3 blue water, respectively. Overall, the EU displaced all three types of
environmental pressures to the rest of the world, through imports of products with embodied pressures. Looking at intra-EU
displacements only, the UK was the most important displacer overall, while the largest net exporters of embodied environmental
pressures were Poland (greenhouse gases), France (land), and Spain (freshwater).

■ INTRODUCTION

Among the many environmental concerns the global
community will be faced with in the 21st century, three
major challenges stand out as particularly important. First,
considerable efforts are currently directed toward the task of
minimizing anthropogenic greenhouse gas (GHG) emissions
and the potential harmful climate change effects caused by
them. Furthermore, the rapid growth in population and
material wealth over the previous century has led to widespread
concerns about the state of two resources of vital importance to
all life on earth: freshwater and biologically productive land.
These three areas of concern are all highly important, and,
though essentially different, they are all interconnected and
mutually influencing each other, and direct efforts to alleviate
one problem might well imply hidden trade-offs with others. As
such, it is reasonable to suggest that these (and ideally other)
environmental challenges should be assessed simultaneously
when politicians and leaders are shaping policies and making
investments with a sustainable future in mind.
However, assessing the environmental impacts of GHG

emissions and human appropriation of land and water at the
macro level is nontrivial, and several approaches exist. Based on
the argument that environmental pressures are ultimately
driven by consumption of goods and services, several studies

and pressure indicators follow the principle of consumer
responsibility and attempt to allocate full life-cycle environ-
mental responsibilities of purchased commodities to final
consumers.1 As a way to communicate this idea to a wider
audience, the “footprint” term has been adopted for various
quantitative measures of environmental stress that adhere to
the principle of consumer responsibility. Galli et al.2 define a
“Footprint Family” of three of the most well-recognized
footprints available, to be used in assessments of the three
environmental issues discussed previously. The Footprint
Family includes the carbon footprint (CF), the Ecological
Footprint (EF), and the water footprint (WF). The carbon
footprint is a measure of total GHG emissions embodied in
consumption, measured in tons of CO2-equivalents.

3 The
Ecological Footprint quantifies embodied biological resources
in terms of required area of biologically productive land. The
measurement unit is the global hectare (gha), which is defined
as a hectare of average productivity.4 Finally, the water footprint
measures direct and indirect freshwater requirements in m3,
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distinguishing among green water (direct rainwater consump-
tion by plants), blue water (ground and surface water), and gray
water (a measure of water pollution expressed as the water
requirements to dilute emissions).5

Footprint indicators are commonly used for assessments at
the individual or company level; however for policy making
purposes it is useful to construct footprint accounts for
countries or regions instead. Such national footprint accounts
can provide understanding of the relative importance and
nature of a country’s impacts in a global perspective, and shed
light on the underlying drivers of these impacts. Moreover, the
footprint approach allows a quantification of impacts of
domestic consumption on nature worldwide. Several attempts
to construct national footprint accounts have been made:
Global Footprint Network (GFN) regularly constructs national
accounts of Ecological Footprints for most countries of the
world, addressing both land use and CO2 emissions;6 the Water
Footprint Network has made similar accounts for water
footprints;7 and Hertwich and Peters3 presented carbon
footprint accounts, which were later updated by Peters et
al.8,9 and are displayed online at ref 10.
Consumption-based accounting adds considerably to analysis

complexity compared to territorial accounts, because products
may accumulate significant embodied impacts far upstream in
complex international supply chains. Multiregional input−
output (MRIO) analysis is able to account for complete supply
chain effects by taking a top-down approach. While MRIO
analysis has been systematically applied in carbon footprint
calculations, the Ecological Footprint and the water footprint
were developed as bottom-up approaches based on direct land
and water use of key sectors. Still, there have been several
studies that have used input−output (IO) techniques for
measuring EF and WF. Lenzen and Murray11 and Wiedmann et
al.12 demonstrated the advantages of using IO for EF
accounting. McDonald and Patterson13 used MRIO to analyze
regional interdependencies for New Zealand’s EF, while Feng
et al.14 used a global MRIO model to calculate WF, following
similar MRIO-based analyses for China.15,16 A material
footprint, quantifying the cumulative amount of material
natural resources (domestic extraction used all over the
world) embodied in the consumption of the EU, has been
estimated by ref 17 and denoted as raw material consumption,
which belongs to a group of economy-wide material flow
indicators.
In this study we analyze environmental footprints of the

EU27 countries, and how environmental pressures are
displaced among them and to the rest of the world. We
present comprehensive accounts of the three footprints,
calculated using a common model frameworkbased on a
global MRIO modelto account for supply chain effects (see
the Supporting Information (SI) for detailed accounts). A
drawback to input−output based EF and WF assessments has
been loss of detail at the product level, because land and water
use depend heavily on agricultural products, which are usually
aggregated into a few bulk categories in input−output tables.
The extended MRIO model used in this work partially
overcomes the traditional disadvantages of low product detail
within the MRIO system by including satellite accounts track
the production and international trade of a range of specific
primary crop and forestry products.18 By quantifying three
different footprint indicators simultaneously and under a
common methodological framework, we are able to assess
pressures on three different compartments of the environment

in a coherent manner, allowing a fuller picture of the true
environmental pressures put on the planet by consumption
activities in the EU. This should help to avoid environmental
pressure shifting caused by focusing on a sole type of
environmental problem.
We include carbon footprints (CF), blue water footprints

(WFb), and land footprints (LF) in our analysis. The LF is
equivalent to the Ecological Footprint excluding carbon uptake
land, since this is directly related to CO2 emissions already
captured by the CF.19 We also chose to focus on the blue
component of the water footprint, since gray water is not a
measure of water consumption in the direct physical sense but
of water pollution, and green water is direct rainwater
consumption, which as argued by ref 20 is a pressure that
would be double counted in combination with the LF; however
the interested reader can find results for the complete EF and
WF indicators, as well as a discussion of the various footprint
indicators, in the SI. Note that according to the “Driver,
Pressure, State, Impact, Response” (DPSIR) framework used by
the European Environmental Agency,21 these are all pressure
indicators. They present a single quantitative measure, which
can be broken down in more detail, but they do not assess the
resulting impacts.
A key interest for this analysis has been the displacement of

environmental pressure through trade. We speak of a
displacement when the environmental pressure occurs in
another country than the country of final consumption of the
product whose production is the immediate cause of the
environmental pressure, following the discussion of land use
studies.22 In other words, if a pressure is displaced from country
A to country B, emissions, land use, or water use occurring in
country B serve the consumption in country A. Previous
research on displacements of environmental pressures through
international trade has indicated that Europe generally tends to
have net imports of embodied pressures from other regions of
the world. For the water footprint, the results of Hoekstra and
Mekonnen7 indicate that a large share of the water footprint of
European countries (especially in western Europe) tends to be
external compared to developing countries. Peters and
Hertwich23 showed that many EU countries are net importers
of embodied CO2 emissions, and that a significant share of this
displacement was to fellow member states. Weinzettel et al.19

found that Europe overall displaces land use to other regions of
the world, especially Latin America and Asia.
In the following section, the model is described. This is

followed by a section presenting the results of our analysis,
while the final section provides a discussion of our main
findings.

■ METHODS AND DATA

The analysis was carried out using a global MRIO model based
on the GTAP 7 database,24 following the method described by
Peters et al.25 The model year is 2004, as this is the reference
year for the GTAP 7 database. The model tracks economic
transactions among actors in the global economy, aggregated
into 57 economic sectors in 113 regions, allowing the
establishment of a model of sectoral interdependencies
among regions through the application of the Leontief inverse.
The MRIO framework allows the tracking of environmental

impacts through complex international supply chains. However,
MRIO tables describe only aggregated groups of products and
sectors. To provide a higher level of detail including specific
crops, we created a parallel system to explicitly track the
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production and trade of primary products of agriculture and
forestry, since this production accounts for the majority of land
and water use globally.7,26 Compared to a full disaggregation of
these sectors in the MRIO model, which would require
extensive new data and labor for a long list of products, our
method is a compromise.
We followed the approach suggested by Ewing et al.,27 and

created an extension matrix Puse,x with rows representing sales of
each primary product (in physical units) from each region,
distributed to the regions and sectors which purchase them in
their primary form, in the columns. There is an additional
matrix Puse,y for direct purchases by the final demand sector. The
columns thus follow the dimensions of the MRIO system, while
the number of products and countries on the rows can be as
detailed as desired. A more comprehensive presentation of the
model can be found in the SI.
The allocation of agricultural products to intermediate and

final consumers in the extension matrix allows the utilization of
the extensive amounts of data available for these products.27

We used data on production and international trade from the
Food and Agriculture Organization of the United Nations
(FAO) to allocate products to consuming countries.28 We also
used information on consumption by specific sectors, including
the use of agricultural products such as seed and livestock feed.
The remainder was allocated based on the sales structure of the
corresponding sector in the MRIO model.
Our environmental extension matrices thus represent the use

of primary products, produced in individual countries, by
specific industries and final consumers. Using the standard
input−output methodology we were then able to estimate total
national requirements of specific primary products produced in
specific countries. This bill of requirements was then converted
to associated footprints by applying crop- and country-specific
land and water use intensities (see the SI for more on these).
Finally, footprints not directly related to primary products were
calculated from a second set of extension matrices following
traditional practice for environmentally extended MRIO, and
the two contributions were added to arrive at a total. For more
details and a mathematical description of the method, see the SI
and ref 18.

■ RESULTS

The total carbon footprint of the EU in 2004 was 6.5 billion
tons CO2-equivalents (GtCO2e), representing 18% of the
world total (Table 1). As the EU constituted 7.6% of the global
population, its average CF of 13.3 tCO2e/p was well over twice
the global average. Similarly, the EU’s land footprint of 2.53

gha/p was just over twice that of the world overall. In terms of
blue water the EU footprint of 179 m3/p was only 10% above
the global average.
The trade analysis quantifies environmental pressures

occurring in other countries to serve domestic final
consumption of goods and services. When looking at the
exchanges between the EU and the rest of the world, the
analysis showed that the EU displaced far more pressures to the
rest of the world (RoW) than the RoW displaced to the EU.
EU displacements to RoW were about a factor of 4 higher than
the corresponding displacements to the EU for CF and LF, and
a factor of 9 higher for WFb.
In the following paragraphs we examine the footprint results

for the EU member countries, and how environmental
pressures are shifted internally in the EU through trade.

Footprints for the EU27 Member States. Carbon
Footprints. All EU countries except for Romania had CF per
capita above the global average. The very high footprint of 41.6
tCO2e/p for Luxembourg should be taken cautiously due to
Luxembourg’s unique economic structure with parts of the
work force commuting from neighboring countries, although
the high affluence level of Luxembourg would also predict high
CF levels.3 Excluding Luxembourg, the disparity among
member states was still rather large, ranging from 19.8
tCO2e/p for Belgium to only 5.6 tCO2e/p for Romania.
The degree to which individual countries imported and

exported embodied GHG emissions varied considerably, as
shown in Figure 1. For the EU overall, 57% of the emissions
constituting its total CF occurred in the countries of final
consumption, 12% were displaced internally, and 31% occurred
in countries outside the EU. Though the EU overall was a net
importer of embodied emissions from the rest of the world, five
individual member states (the Czech Republic, Poland, Estonia,
Bulgaria, and Romania) were net exporters of embodied
emissions overall.

Land Footprints. All EU countries were 35% or more above
the global average land footprint of 1.23 gha/p, except for
Malta, which was close to the global average (Figure 1). In the
upper end of the footprint ranking we again find Luxembourg
standing out, this time joined by the Nordic countries Finland,
Sweden, and Denmark. Of the four, Finland was especially high
at 6.8 gha/p2.3 times above EU and 4.8 times above global
averages. From the domestic pressure perspective, land use per
capita was especially high in Finland, Sweden, Estonia, and
Latvia. This was mostly due to large forestry and (particularly in
Estonia’s case) fishing industries, combined with the lowest
population densities within the EU27 region which serve to
exalt the level of land use per capita.
The geographic distribution of the land use that formed the

total LF followed a pattern similar to that for CF. Fifty-three
percent of the EU’s LF was associated with domestic land use,
16% was associated with land use in other EU countries, and
31% was land used outside the EU. Eleven EU countries were
net exporters of embodied land use (Estonia, Finland, Latvia,
and Sweden had the highest net exports per capita), but since
the more populous countries were generally importers (Poland
was an exception), the overall result for the EU was a net
displacement of land use to other countries. Malta and Cyprus
were especially dependent on displacing land use to other
countries due to their dry climate.

Blue Water Footprints. There were very large differences
among individual EU countries due to different biophysical
conditions and consumption patterns, with footprints ranging

Table 1. Total and per Capita Footprints for the EU and the
Rest of the World (RoW) in 2004, Displacements within the
EU, and between the EU as a Whole and the Rest of the
World

CF LF WFb

GtCO2e tCO2e/p Ggha gha/p Gm3 m3/p

EU 6.5 13.3 1.23 2.53 87 179

RoW 30.0 5.1 6.58 1.11 958 162

world 36.5 5.7 7.82 1.22 1045 163

displacements

among EU countries 0.79 0.20 9

from EU to RoW 2.01 0.38 37

from RoW to EU 0.50 0.10 4
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from 438 m3/p for Spain to as little as 39 m3/pless than a
quarter of the global averagefor Poland. In fact, most EU

countries had WFb levels per person below the global average,
but the very high footprints of Mediterranean countries, where

Figure 1. Carbon, land, and blue water footprints (darker columns) and the environmental pressures occurring within the borders of each country
(lighter columns) per capita for the individual EU27 countries, as well as EU27 and global averages. The white markers show the part of the footprint
which occurs as pressure on the domestic territory, or in other words the part of the environmental pressure on the domestic territory which was
induced by domestic final demand. The pie charts show the top five contributing countries to the EU’s total footprints.
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agricultural systems are more dependent on irrigation, pulled
the footprint per person for the EU27 overall above the global

average. Spain alone, with only 9% of the EU population,
contributed 21% of the EU’s total WFb. Finally, an interesting

Table 2. Net Displacements of Environmental Pressures by Each EU Country to the Rest of the EUa

CF LF WFb

MtCO2e tCO2e/p Mgha gha/p Mm3 m3/p

Austria 14.8 1.8 1.6 0.2 200 24.5

Belgium 2.1 0.2 6.9 0.7 238 22.9

Bulgaria −7.3 −0.9 −2.7 −0.3 −28 −3.6

Cyprus 0.6 0.7 0.4 0.5 −16 −19.5

Czech Republic −23.7 −2.3 −5.4 −0.5 23 2.2

Denmark 2.5 0.5 −0.8 −0.1 110 20.3

Estonia −2.9 −2.2 −2.5 −1.8 3 2.0

Finland −7.4 −1.4 −10.4 −2.0 −11 −2.1

France 23.6 0.4 −16.4 −0.3 −773 −12.8

Germany 9.9 0.1 10.0 0.1 1390 16.8

Greece 1.7 0.2 3.0 0.3 −245 −22.1

Hungary −3.1 −0.3 −4.6 −0.5 −92 −9.1

Ireland −7.6 −1.9 −1.8 −0.4 18 4.5

Italy 16.4 0.3 18.7 0.3 50 0.9

Latvia 2.0 0.8 −4.6 −2.0 11 4.8

Lithuania 0.5 0.1 −1.5 −0.4 20 5.9

Luxembourg 0.6 1.2 0.5 1.2 −12 −26.8

Malta 0.1 0.2 0.1 0.3 8 20.3

Netherlands −20.9 −1.3 9.7 0.6 76 4.7

Poland −43.3 −1.1 −9.8 −0.3 74 1.9

Portugal 4.4 0.4 1.4 0.1 235 22.5

Romania −11.0 −0.5 −5.5 −0.3 −110 −5.1

Slovakia −4.0 −0.7 −2.0 −0.4 −31 −5.7

Slovenia 0.6 0.3 0.5 0.2 33 16.8

Spain −12.4 −0.3 6.5 0.2 −2346 −55.0

Sweden 15.9 1.8 −9.9 −1.1 97 10.7

United Kingdom 48.2 0.8 18.7 0.3 1078 18.1
aThe columns of country totals all sum to zero, except for rounding. The two highest and lowest values in each column are highlighted by bold text.

Table 3. Top Five Net Pressure Displacements (ND) between EU Member Statesa

CF (MtCO2e) LF (Mgha) WFb (Mm3)

displacement from/to displacement from/to displacement from/to

imported products ND GD imported products ND GD imported products ND GD

Germany/Poland 12.5 17.8 Italy/France 6.25 7.20 Germany/Spain 542 573

chem., rubber, plast. prd. 10% wheat 22% vegetables, fruits, nuts 58%

machinery and equipmt. nec.b 10% cattle, sheep, goats, horses 20% food products nec. 9%

motor vehicles and parts 9% cereal grains nec. 15% beverages and tobacco prod. 8%

Germany/Czech Republic 9.7 13.6 Germany/Poland 3.89 4.68 UK/Spain 387 405

electricity 23% wood products 52% vegetables, fruits, nuts 46%

machinery and equipmt. nec. 12% food products nec. 11% food products nec. 10%

chem., rubber, plast. prd. 11% motor veh. and parts 4% beverages and tobacco prod. 10%

France/Germany 8.6 23.8 UK/Sweden 3.39 3.50 France/Spain 348 637

chem., rubber, plast. prd. 18% wood products 56% vegetables, fruits, nuts 40%

motor vehicles and parts 12% paper products, publishing 23% food products nec. 15%

machinery and equipmt. nec. 11% business services nec. 3% animal products nec. 6%

UK/Germany 8.5 20.3 UK/France 3.09 4.26 Germany/France 327 396

motor vehicles and parts 20% cereal grains nec. 17% cereal grains nec. 15%

chem., rubber, plast. prd. 18% food products nec. 15% motor veh. and parts 11%

machinery and equipmt. nec. 10% beverages and tobacco prod. 12% chem., rubber, plast. prod. 10%

UK/Spain 7.6 13.6 Netherlands/Germany 3.09 4.18 UK/France 325 355

air transport 23% fishing 32% cereal grains nec. 24%

transport nec. 14% cereal grains nec. 14% motor vehicles and parts 14%

motor vehicles and parts 11% food products nec. 10% chem., rubber, plast. prod. 10%
aThe gross displacement (GD) value corresponding to each displacement is also shown, as well as which products imported by the displacing
country that contribute most to the total GD. bNot elsewhere classified.
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feature of Figure 1 is that the ten former East Bloc countries in
the EU were also the ten countries with the lowest WFb per
capita.
A higher degree of pressure displacement was found for WFb

than for the other footprints: 42% of the EU’s blue water
footprint was water used outside the EU, while 47% was
domestic water use and 10% was water use displaced between
EU countries. All EU countries were net importers of embodied
blue water, even the countries with very high levels of domestic
blue water use turned out to have footprints that were even
higher. Indeed, as seen in Table 1 the flows of embodied blue
water into Europe were large compared to the outflow and also
compared to the flows of embodied carbon and land use.
Although the average EU WFb per capita is about the same as
the global average, this is at the same time the footprint where
the EU consumption causes relatively the most displacements
to the rest of the world. Both these observations are explained
by the low levels of domestic blue water consumption per
capita in European countries; see Tables S-1 and S-2 of the SI.
Footprints Shifted Internally among EU Countries.

Though the EU overall displaced all three pressure types to the
rest of the world, the detailed trade analysis showed that there
were also significant shifts of pressures internally in the EU.
Table 2 shows the individual member states’ net imports of
embodied pressures from other EU countries. In the following
paragraphs, these shifts through trade are explored and results
of the contribution analysis are presented to identify which
products led to the largest pressure displacements. Table 3 lists
the largest net pressure displacements between EU countries,
and the most important traded products related to these
displacements, while Table 4 shows the largest product-specific
displacements between EU countries. Note that whereas Table
4 compares gross flows, Tables 2 and 3 compare net flows of
embodied pressures between countries, i.e. the ranking is

performed on the difference between the reciprocal displace-
ments between each pair of countries.

Carbon Footprints. Comparing countries overall, Table 2
shows that Poland was by far the largest net exporter of
embodied GHG emissions, while the United Kingdom held an
even clearer position as the largest net importer. Per capita,
Austria and Sweden had the highest net imports. The net result
for each country consists of a sum of net exchanges with the
remaining member states. Thus, for instance, France’s large net
import of embodied GHG emissions actually included a
significant net export (2.6 MtCO2e) to Italy (see SI Table S-3
for details).
The single largest net export of embodied GHG emissions

between two EU countries was from Poland to Germany (12.5
MtCO2e, see Table 3). Overall, Germany was an important
trader of embodied CF, as apparent in Table 3. The second
largest exchange was emissions embodied in German imports
from the Czech Republic, a large part of which was embodied
in electricity imports. The emissions embodied in the gross
electricity exports from the Czech Republic to Germany
amounted to 3.1 MtCO2e. This was still less than the emissions
embodied in the largest single product flow, “Bovine cattle,
sheep and goats, horses” exports from France to Italy (4.7
MtCO2e), as reported in Table 4. On the list of largest product-
specific flows of embodied emissions we also find motor vehicle
exports from Germany to the UK, suggesting the importance of
the German automotive sector on the overall carbon footprints
in European countries.

Land Footprints. In total, the main net importers of
embodied LF were the United Kingdom and Italy. France had
the largest embodied land use exports (absorbed land use in the
terminology of ref 29). Per capita, the main net exporters of
embodied LF were the northeastern cluster of Latvia, Estonia,
Finland, and Sweden. The biggest net importers of embodied
LF per capita were the small and densely populated Benelux
(Belgium, Netherlands, Luxembourg) countries, as evident
from Table 2.
All EU countries were net exporters of embodied land use to

some EU countries, while having net imports from others. For
example, the UK’s large net import from the rest of the EU also
contained a significant net export of embodied land use to
Spain; 0.4 Mgha (see SI Table S-4). Malta stands out with net
embodied land use imports from all EU countries except
Greece.
By far the largest net shift of embodied land use between EU

countries, shown in Table 3, was Italy’s displacements to
France. Important contributing Italian imports were wheat,
barley, and other grains, but also livestock. Wood products were
another major carrier of embodied land use in the EU trade
market. Regarding the largest product-specific gross land use
displacements in the EU shown in Table 4, German imports of
wood products led to land use in Poland of 2.4 Mgha, while
Swedish land use due to British imports of wood products
constituted the second most important flow (2.0 Mgha).

Blue Water Footprints. The most striking net displacements
of pressures within the EU were related to blue water
consumption. Blue water embodied in Spanish exports
dominated completely, with only French exports coming
remotely close. The displacement of blue water use to Spain
mainly came from consumption in Germany and the United
Kingdom; see Table 3. Though the ranking of countries is
shifted in the per capita domain in Table 2, Spain still massively
dominates with net per capita exports of embodied blue water

Table 4. Top Five Product-Specific Gross Pressure
Displacements (GD) between EU Member States, i.e. the
Products Imported by One EU Country That Cause the
Largest Environmental Pressure in a Fellow EU Country,
and the Absolute Values of These Displacements

CF (MtCO2e) LF (Mgha) WFb (Mm3)

displacement from/to displacement from/to displacement from/to

imported
products GD

imported
products GD

imported
products GD

Italy/France 4.7 Germany/
Poland

2.4 Germany/
Spain

331

cattle, sheep,
goats, horses

wood products vegetables,
fruits, nuts

France/Germany 4.4 UK/Sweden 2.0 France/Spain 256

chem., rubber,
plastic prod.

wood products vegetables,
fruits, nuts

UK/Germany 4.0 Italy/France 1.6 UK/Spain 185

motor vehicles
and parts

wood products vegetables,
fruits, nuts

UK/Germany 3.6 Italy/France 1.4 Italy/Spain 101

chem., rubber,
plastic prod.

cattle, sheep,
goats, horses

vegetables,
fruits, nuts

Germany/
Netherlands

3.4 UK/Poland 1.4 Spain/France 97

petroleum, coal
products

wood products cereal grains
nec.a

aNot elsewhere classified.
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more than twice those of Luxembourg at second place. The
situation is largely explained by the fact that Spain is an
important producer of several rather water intensive crops,
while at the same time being highly dependent on irrigation
due to a semiarid climate.
In the analysis of net blue water exchanges we find that

Lithuania had net imports of embodied blue water from all
other EU countries, the only such case in our results. Another
interesting result is that Portugal’s net embodied blue water
imports from Spain (277 Mm3) were considerably larger than
its total net imports (235 Mm3). In fact, despite being a net
importer overall, Portugal was a net exporter of embodied blue
water to most other EU countries.
Imports of embodied blue water from Spain and France to

other EU countries dominate the lists of top country-specific
and product-specific displacements of embodied blue water in
Tables 3 and 4. In particular, the net German displacement to
Spain stands out at 542 Mm3. The corresponding gross
displacement was only slightly larger, and the analysis showed
that about 21% of this was related to German imports of
oranges, tangerines, and similar fruits. These fruits were also
important components in the blue water consumption
displaced from the United Kingdom and France to Spain.
Another large displacement featured Spain as the importing
part: Spanish imports of cereal grains led to 97 Mm3 of blue
water consumption in France, 91 Mm3 of which were
associated with imports of maize (see Table 4).

■ DISCUSSION

All consumption draws on the finite resources of the planet;
however, this fact has become less visible to consumers in
industrialized regions such as Europe, as products have become
increasingly processed, and consumers are located further from
production sites. An inhabitant in a modern city indirectly
requires large amounts of land, fresh water, and greenhouse gas
emissions to sustain her consumption activities, but she may
never see any of these effects first-hand. Through international
trade, pressures on the natural system are often located far away
from end consumers, and people in urban areas can easily have
higher total embodied resource consumption than people living
in areas where those resources are abundant.
Input−output analysis has provided important insights into

the environmental impacts of consumption,1,30 which served as
the basis for policy such as the EU’s Roadmap to a Resource
Efficient Europe.31 The findings of the consumption-based
analysis for Europe emphasize the importance of shelter,
mobility, and nutrition. Analysis of trade has often focused on
aggregate results, addressing questions of responsibility with
regard to, primarily, climate change.9,32 The aggregate results,
however, come about through a multitude of interactions in a
complex web of global supply chains. A better understanding of
cross-country relationships and of the importance of product
flows can offer important insights to policy and provide some
understanding of economic interests.33 Analyses can be
organized according to product groups, regions,34 countries,35

or bilateral trade relationships.36

Our analysis addresses the relationships within the EU
member states in more detail. On the global level, the
accounting for emissions embodied in trade increases the
already high carbon footprints of Europe, Japan, South Korea,
and the United States.3,9 The correct accounting for land use
displacement increases the land footprint of the same
economies which already extract more domestic biomass than

less affluent ones.19 Intra-European trade, however, seems to
run in the other direction: heavy polluters or resource users
having high net emissions embodied in export. Poland and the
Czech Republic use a lot of coal for both electricity production
and heavy industry, and some of this coal is burnt for producing
exports, similar to the role China has in the world economy.
Poland and the Nordic countries have a large forestry sector, so
that they become net exporters of land due to the export of
these products while also using a lot of these products at home.
Spain and France have large and productive agricultural sectors,
so they export a lot of agricultural products to the UK,
Germany, and other European countries. While food
production in temperate countries relies mostly on rain-fed
agriculture, Spain relies heavily on irrigation, something that
can be seen both within its own consumption but also in its
net-trade position within the EU.
How can it be that within a global context, we find that high

footprint countries have a position as net importer (or
displacer), while within Europe, they tend to have a position
of a net exporter? To understand the total net position, we
need to understand that there is a trade-off between the scale of
consumption and the efficiency of production. Affluent
countries tend to have a high efficiency, i.e., a lot of value
created per unit of resource use or pollution. They also have a
high level of consumption. As their exports are lower resource
intensity than their imports, they become net importers. Within
Europe, however, the differences in consumption are much
smaller and less important. Resource intensities differ because
of structural and natural differences, not so much due to
differences in economic efficiency. Resource-rich countries
specialize in resource extraction and processing, whether it is
heavy industry (Poland and Czech Republic for coal) or
forestry (Finland, Sweden, Poland, Estonia for land) and
agriculture (Spain, France for land). The situation for blue
water is different. While any biomass production requires water,
irrigation is most heavily used in regions where rainfall during
the growing season is insufficient to sustain intensive
agriculture. In these regions, agriculture easily dominates
other water uses.
In its Renewed Sustainable Development Strategy for the

EU, the European Council calls for a set of indicators for
sustainable development at the “appropriate level of detail” to
ensure sufficient coverage of the complex environmental
challenges facing society.37,38 The heterogeneity displayed by
our results supports the notion that sustainability analyses need
to simultaneously assess more than one dimension of the
environmental sustainability challenge. Even within a single
economic region like the EU, footprint profiles vary
considerably between countries. However, more research is
still needed to improve models and increase our understanding
of how environmental pressures are displaced globally. First,
macro level input−output models like ours generally carry
significant uncertainties, and second, defining indicators to
represent complex environmental issues inevitably involves
some subjective choices. This is especially true for land and
water use accounting. For instance, although the EF is widely
used, another well recognized approach to the same environ-
mental challenge instead attempts to measure the human
appropriation of net primary productivity (HANPP)see refs
39 and 40 for discussions of these two approaches. The issue of
water use accounting is perhaps even more debated, referring to
the water types distinguished in the introduction. Furthermore,
the environmental impacts of land and water use very much
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depend on where and when the water and land use take place.
The reader is referred to the SI for a further discussion of these
issues.
Finally, although the focus of this study has been the

displacements of environmental pressures through trade, it
should be pointed out that such displacements are not
problematic in themselves, but may in fact carry environmental
benefits.41 Different regions have different comparative
advantages in terms of production technologies and natural
endowments, and international trade can serve to optimize the
global society’s overall use of natural resources.42,43 The
potential negative impacts depend on local conditions; hence
European displacements of forest land use to Finland, where
forest stocks are large and increasing,44 should represent less of
a concern than displacements of blue water consumption to
Spain, where water resources are under pressure.45
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