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Abstract
Through the process of globalization, food has experienced an intense territorial restructuring process. Local agric-food
links have weakened at the same time as daily products arrived from distant lands. There is presently a wide international
debate on the importance of transport in the configuration of the agric-food system and its contribution in terms of
greenhouse gas (GHG). The direct environmental costs of the transport of imported food, that is the ‘external food
miles’, have been estimated in kilometer (km), ton (t), ton-kilometer (t-km) and GHG in Spain between 1995 and 2011.
The analysis is made by ten food groups including 136 products, with special attention to the most important ones
(cereals and animal feed), as well as by means of transport (air, rail, road and water) and from 113 different countries
belonging to six geographical areas. Two phases are identified during this period: an expansive phase (1995–2007), in
which the t-km of imported food increased from 81.8 to 147.8 million t-km and environmental pressure rose from 3.1 to
5.4 million CO2-eq t, and a recession phase (2007–2011), in which environmental pressure subsided as a consequence of
the reduction of imports, even though it still remained above the 1995 level. The article reveals a clear interrelation
between amounts, distances andmodal distribution when it comes to determining the environmental cost of transporting
food imports in the two periods studied. It also reflects on the role of the external food miles in the Spanish agri-food
system from a sustainability perspective.
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Introduction

In past decades, globalization has transformed the areas
of food production, distribution and consumption,
encouraging the process of industrialization of agriculture
and the agri-food system initiated in the mid-20th century.
The creation of the World Trade Organisation in 1995
fostered international food trade and increased competit-
ion between territories; at the same time it consolidated
the export orientation of local agri-food systems1. In a
context of strong international competition, the speciali-
zation of food production in the different territories has
increased and, consequently, local production systems
have become simpler, while the pressure on the natural
resources of rural environments is on the rise2. Simul-
taneously, all territories, now focused on the production
of a small number of food products, increasingly resort to

global food stores in order to supply the food demands
of their populations. This entails, at the same time, an
irreparable loss of agricultural biodiversity3. This growing
dependence on the global market can only be maintained
through an equally growing dependence on fossil fuels4.
An alarming situation in a context of climate change and
peak oil, in which global warming and the depletion of
‘cheap energy’5 constitute two of the greatest environmen-
tal and socio-economic problems. Consequently, one of
the main focuses of attention and debate on sustainability
and climate change lies in transport6 and, especially, in
agri-food transport [in 2011, transport represented around
33% of the final consumption of energy in the EU7 and
38% in Spain, 95% of which derived from the use of fossil
fuels8 (mostly gasoline, gas and diesel)]9,10.
After the signing of the Kyoto Protocol, many authors

have considered who has the ultimate responsibility for
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greenhouse gas (GHG) emissions11–14. Two methods
most frequently used to assign responsibility for the
emissions are: (1) a territorial approach or production
perspective, derived from the Protocol itself, which
considers the countries where the goods and services are
produced responsible for the emissions, whether the
products are locally consumed or exported11; and (2) a
demand or consumption approach, which is increasingly
acknowledged15,16, according to which it is the consumer
who holds the responsibility for the emissions causing the
climate change17, whether the products consumed are
locally produced or imported.
From the 1990s, the analysis of food transport has

gained notoriety in political and academic discus-
sions18–22. The environmental studies focusing on the ana-
lysis of food miles are especially relevant18–20. Initially,
food miles were defined as the distance, measured in miles
or kilometers, traveled by food from its place of pro-
duction to its place of consumption20. Later on, foodmiles
were associated with the accounting of GHG emissions
and, particularly, with the calculation of the carbon
footprint as a biophysical indicator of environmental
pressure and sustainability23,24. On the other hand, food
miles constitute a conceptual and methodological tool
incorporated into awider andmore complex debate on the
need to build sustainable agri-food systems through the
relocation and reterritorialization of both food production
and consumption25–26. Together with the shift from
industrialized agricultural management and food proces-
sing systems toward agro-ecological forms27,28 and the
changes in the eminently meat-dominated industrialized
diet, the location of production and consumption ruled by
proximity criteria are identified as key elements for the
construction of alternative agri-food systems and the
design of sustainable rural development strategies25,29.
The physical proximity of production, the modal

distribution of transport and food consumption are not
the only factors of food (un)sustainability. There is a wide
consensus according to which the analysis of the con-
tribution of transport to global warming should be tackled
by taking into consideration the agri-food system as a
whole30,31. Heller and Koelain32 estimated that transport
represents 16% of the total energy consumption in the agri-
food system of the USA. Other authors have made a Life
CycleAssessment (LCA)of theproduct andhavevalued the
importance of international food transport and its contri-
bution in terms of GHG, showing that transport may even
represent between 1 and 15% of the total GHG for meat,
and between 15 and 78% for other agrarian products33–35.
To assign correctly the responsibility for the emissions

related with the different economic activities is a precon-
dition to design of a GHG reduction strategy that allows
mitigating the climate change. This work is focused on the
analysis of the external food miles, i.e., the environmental
cost of transport directly linked to food imports as a
relevant and essential element from the above-mentioned
demand perspective. Consequently, the objective of this

work is to analyze the environmental behaviour of food
imports in Spain between 1995 and 2011 according to the
mode of transport used (air, rail, road or water), that is,
their external food miles30. The ton (t) and ton-kilometers
(t-km) imported, the kilometers traveled and the GHG
emissions associated with the food transported have all
been estimated and gathered into ten groups selected from
the Standard International Trade Classification (SITC) of
theUnitedNations, with special attention given to the two
groups with greater quantitative weight on imports:
cereals and animal feed. The analysis of the ‘food miles’
is especially relevant in the case of Spain, because this is a
territory with a high food production capacity, given its
geographical and climatic conditions, where food imports
play an essential role for the comprehension of the agri-
food system as a whole. Two periods are thus identified:
an expansive one between 1995 and 2007, in which food
imports increased, and a recessive one between 2007 and
2011, in which food imports and the environmental costs
associated with them both decreased, although the two
remained above the 1995 level. In 2011, food imports
represented 11% of the total imported weight and 8% of
the monetary expenditure36, which was equivalent to 2%
of the Spanish GDP.
The remainder of this paper is in four sections. The first

section presents the methodologies and methodological
assumptions adopted. The main results are subsequently
analyzed and discussed in the sections Results and
Discussion; the latter also includes a reflection on the
meaning of their main political implications. Finally, the
last section summarizes the main conclusions.

Methodology and Sources

Statistical data and sources

The basic data on the amounts of food transported by
modes of transport and countries of origin have been
taken from public statistics on foreign trade published
by the Department of Foreign Trade of the Ministry of
Industry, Tourism and Trade and, more specifically, from
the free-access database DataComex36. The calculations
have been made by estimating the distances between the
closest seaports (origin/destination) in the case of water
transport, and the distance between the respective capital
cities (origin/destination) for air, road or rail transport.
The estimates have been calculated, every year from 1995
to 2011, for 136 products gathered into ten groups (1, live
animals; 2, meat; 3, dairy products, eggs and milk; 4, fish
and seafood; 5, cereals; 6, beans, vegetables and fruit;
7, sugar; 8, coffee, tea, cacao and spices; 9, animal feed;
10, processed food) from 113 different countries, which
are the origin of 99% of Spanish imports. The data, related
both to food production (agriculture, farming and fishing)
and consumption, have been obtained from the databases
of the Ministry of Agriculture, Food and Environment37.
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Methodology used to calculate food miles

The average number of kilometers traveled by food imports
has been estimated by taking as reference the weighted
average source distance (WASD)38. As shown in Equations
1 and 2, the estimates are made for each food group (G)
according to the number of products (p) contained in it.

WASDp =
∑

(mkp × dkp)/Σmkp (1)
WASD(G) =

∑
(mgp ×WASDp)/Σmgp (2)

where, p=products, mk=total amount transported of
product ‘p’ according to place of origin ‘k’ (t), k=place of
origin of product ‘p’, dk=distance traveled from the place
of origin ‘k’ to the place of destination of product ‘p’ (km),
G=food group, mg=total amount transported of product
‘p’ belonging to group ‘G’.
The WASD calculated for each product and group has

been used as basic information to estimate the environ-
mental pressure in terms of GHG emissions.
Calculation of the GHG emissions. The functional unit

used in this study is the ‘ton-kilometer’. In this unit, and
according to the different modes of transport, energy
consumption is estimated by applying the energy analysis
methodology39. Once energy consumption is obtained,
GHG emissions are estimated by implementing the IPCC
methodology40. These two methods have been adapted in
this work following Equations 3 and 4:

Ipα(i) = Wp(i) ×Dp(i) × Tpα(i) (3)
TIGα =

∑
Ipα(i) (4)

where, Ipα=environmental pressure according to pressure
indicator ‘α’ and product ‘p’, α=pressure indicator:
energy (kJ) or emissions (CO2-eq), i=mode of transport
(road, rail, air or water), Wp(i)=weight transported (t) of
product ‘p’ in mode of transport ‘i’, D=distance (km)
traveled by product ‘p’ (food miles estimate: WASDp)
(km), Tα=technology coefficient associated to mode
of transport ‘i’ according to indicator ‘α’ (kJ×t km−1 or
g CO2-eq×t km−1), TIGα=total GHG emission of group
G according to pressure indicator α.

The critical element of this analysis, once the distances
(km) and transported weights (t) are estimated, is to deter-
mine the coefficients (Tα(i)) that represent the technologi-
cal conditions in which food transport is performed. The
coefficients used (TE and TCO2-eq) have been selected from
awide review of the specialized literature41–52. This review
is summarized in Table 1.

In the case of meat, milk, dairy products, eggs, and fish
and fruit imports, the CO2-eq emissions associated with
the energy consumption of transport refrigeration have
been taken into account. To that end, the values of 0.05
and 0.50 kg CO2-eq×t km−1 have been taken for
maritime and road transport, respectively33,53,54.
Limitations of the study. This work estimates the

environmental pressure in kilometers traveled and GHG
emissions, of food imports (termed ‘external food miles’36

in the literature), according to the direct energy consump-
tion of transport. Therefore the other two components of
apparent consumption, domestic production and exports
(the complete estimation of the ‘consumption approach’,
as a way of attributing responsibility for GHG emissions,
implies estimating domestic production, adding imports
and subtracting exports), have not been analyzed. Food
import does not analyze thewhole life cycle, and this is why
the results obtained are an underestimation of the climate
impact of food imports. In terms of GHG emissions, the
underestimate is reinforced by the lack of consideration of
the indirect use of energy and the maintenance and energy
payback of vehicles and infrastructures. [Indirect energy is
linked to the energy cost (and GHG emissions) of
producing the energy consumed directly during transpor-
tation55; if this environmental pressure is taken into
account, GHG emissions increase by an average of 14%.
On the other hand, the energy consumption associated
with themaintenance of capital has been excluded from the
analysis due to the lack of availability and reliability of the
information that puts in relation food imports and the use
of infrastructures and vehicles56.] This underestimate is still
further accentuated by: (1) the lack of consideration of the
distances traveled or the associated environmental costs
within the country of origin and the country of destination,
given the absence of data; and (2) the available data refer to
direct imports. In cases where a product is re-exported by
another country, that is, imported and later on exported to
Spain, only the impact of this last stretch is considered (for
example, coffee or cocoa arriving in TheNetherlands from
where it is later re-exported to Spain). It is therefore a
cautious estimation of the minimum environmental
pressure exerted by the transportation of imported food
and its contribution to global warming.

Results

The evolution of the t, E, GHG emissions, km and t-km
associated with the transportation of the food imported by
Spain between 1995 and 2011 is shown in Figs. 1 and 2;
and Table 2 summarizes the indicators associated in
1995, 2007 and 2011, for the ten SITC food groups and by
main continents of origin andmodes of transport used. As
seen in Figs. 1 and 2, in terms of t, t-km and GHG, two
periods are clearly identified. A period of growth between
1995 and 2007, in which all indicators increased (GHG
emissions rose by 72.5%, t by 53% and t-km by 80.6%),

Table 1. Technology coefficients according to energy (TE) and
GHG emissions (TCO2q) by mode of transport.

MJ t-km−1 kg CO2-eq×t km−1 References

Water 0.22 0.16 41–52

Rail 0.32 0.23
Road 2.12 1.60
Air 21.01 15.77
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and a period of crisis between 2007, the year of the out-
break of the economic crisis (in the case of Spain, a strong
recession characterized the period between 2008 and 2009,
with a −3.7% growth of the GDP and a 23% decline
of imports in terms of monetary value; between 2009
and 2010, the economic recession was mitigated, with
an economic growth of −0.9%57), and 2011, when GHG
emissions, t and t-km diminished by 15.8, 13 and 35%,
respectively. The average distances covered by imported
food increased by 17.7% in the first period, and decreased
by 25.4% in the second one, reaching values in 2011 that
were lower than those of 1995. On the other hand, the data
show that, throughout the period studied (1995–2011), the
rest of the indicators considered clearly increased: the
monetary volume by 133%, t by 32.7%, t-km by 42.7%,
GHG emissions by 45%, and the GHG per unit
transported by almost 10%. In other words, the reduction
of the average distance traveled by food imports does not
imply, as expected, a reduction of the environmental cost.
In the recession period it is even possible to observe how
the reduction of the average distance by 25.4% comes
along with a reduction of only 15.8% of the total GHG
emissions and of only 2.7% of the GHG per unit
transported. The same is observed in Fig. 2, when the
last 3 years in the series are compared with what happened
10 years before: the average distances traveled by the food
are much shorter and the total emissions much higher.

On the one hand, the evolution of these data is related
with changes in the predominance of the geographical
areas where the food was purchased during the period
studied. Between 1995 and 2007, food imports from Latin
America increased substantially and, in 2007, 39% of the
food imported arrived from that region.During the period
of crisis, imports were Europeanized, and in 2011 67% of
the food imported was produced in Europe.
The results by food groups offer new explanatory

arguments to reflect on the environmental sustainability
of the Spanish agri-food system, which are not revealed by
the global analysis. Cereals and animal feed were the
groups with greater weights in terms of GHG emission,
representing 49, 41 and 35% of the total in 1995, 2007 and
2011, respectively. If the GHG emissions derived from the
transport of beans, vegetables, fruit and fish are added
to those of these two groups, they reach 85.7, 82.9 and
79.1%, respectively, in the same years.
During the period of growth (1995–2007) the imports of

all food groups increased except those of live animals. The
increment in the imports of cereals and animal feed was
especially relevant: they augmented by 48.9 and 46.8%,
respectively. In 1995, these two items were estimated at
12.9 million t (67.3% of the total) and came primarily
from the USA and France. At the end of the period of
expansion, in 2007, the imports of these two food groups
were estimated at 19.1 million t (65.1% of the total t and
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Figure 1. Food imports (t and E) in Spain (1995–2011). Index numbers (base year 1995).
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Figure 2. GHG emissions, km and t-km traveled by Spanish food imports (1995–2011). Index numbers (base year 1995).
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Table 2. Spain’s import-related food miles: CO2-eq emissions by food category.

Amount
imported Total t-km WASD

Total GHG
emissions

Average GHG
per unit Major sources of supply

Transport
by106E 103 t 103 t-km km 103 t g kg−1 % of weight imported

Year 1995
Live animals 398 160 221 1384 37 231 99% Eur. 99% Road
Meat 616 254 671 2641 71 278 82% Eur.; 12% AL; 2.5% NA 69% Road
Dairy products 699 623 823 1321 144 231 99% Eur.; 0.2% Ocea. 90% Road
Fish 2249 916 5343 5833 531 580 40% Eur.; 28% AL; 20% Afri.;

7% Asia
63% Water

Cereals 1468 8907 28,066 3151 740 83 60% Eur.; 37% NA; 2% AL 79% Water
BVF 1410 3197 19,735 6173 603 189 48% Eur.; 23% Asia; 13% AL;

12% NA; 5% Asia
71% Water

Sugar 312 645 2457 3809 83 129 53% Eur.; 20% Asia; 16% Afr.;
7% AL

56% Water

Coffee and tea 727 336 1807 5377 82 244 43% Afri.; 26% AL; 21% Eur.;
9% Asia

67% Water

Animal feed 652 4021 22,477 5590 832 207 46% AL; 32% NA; 12% Eur.;
5% Asia; 2.2% Ocea.

92% Water

Processed food 469 145 254 1751 34 234 97% Eur.; 2% NA 88% Road
Total 9000 19,204 81,854 4262 3157 164 45% Eur.; 28% NA; 15% AL;

6% Asia; 3% Afri.

Year 2007
Live animals 423 2 5 2431 3 1500 87% Eur.; 5% Asia; 6% Afri. & AL 73% Road
Meat 1443 466 1109 2380 155 332 80% Eur.; 17% AL; 2% Afri. 70% Road
Dairy products 1908 1521 2041 1342 369 243 99% Eur.; 0.3% Ocea. 92% Road
Fish 5094 1595 10,859 6808 1165 730 32% Eur.; 30% AL; 17% Afri.;

16.5% Asia
74% Water

Cereals 3086 13,263 56,142 4233 1423 107 41% Eur.; 41% AL; 18% NA 78% Water
BVF 3426 4522 22,890 5062 1081 239 51% Eur.; 16% AL; 15% Asia;

10% Afri.; 5% NA
55% Water

Sugar 569 1137 3658 3217 165 145 65% Eur.; 23% Asia; 6% Afr.;
5% AL

56% Road

Coffee and tea 1161 580 3599 6205 123 212 35% Eur.; 26% Asia; 20% AL;
19% Afri.

64% Water

Animal feed 1401 5905 46,650 7900 843 143 76% AL; 14% Eur.; 6% NA;
2.5% Asia

92% Water

Processed food 1268 454 885 1949 117 258 97% Eur.; 1% Asia; 1.5% NA & AL 89% Road
Total 19,778 29,445 147,838 5020 5444 185 42% Eur.; 38% AL; 10% NA;

5% Asia; 4% Afri.

Year 2011
Live animals 324 164 193 1173 32 194 99% Eur. 99% Road
Meat 1414 465 1107 2382 140 300 83% Eur.; 13% AL; 2.5% Afri. 78% Road
Dairy products 1919 1291 1733 1343 328 254 99% Eur.; 0.1% Ocea. 95% Road
Fish 5014 1496 10,412 6960 969 648 33% Eur.; 26% AL; 19%

Asia;17% Afri.
71% Water

Cereals 3291 11,364 31,410 2764 1092 96 83% Eur.; 10% NA; 5% AL 70% Water
BVF 3322 3918 15,804 4034 1055 269 59% Eur.; 19% AL; 8% Afri.;

7.5% AL
56% Road

Sugar 956 1506 4662 3095 193 128 64% Eur.; 19% AL; 8% Asia;
7% Afri.

57% Water

Coffee and tea 1986 626 3801 6067 136 217 37% Eur.; 25% Asia; 21% Afri.;
17% AL

60% Water

Animal feed 1372 4168 25,272 6063 505 121 58% AL; 32% Eur.; 6% NA;
5% Asia &Afri.

87% Water

Processed food 1407 487 963 1979 129 265 97%Eur.; 1.5%Asia; 1.5%NA&AL 95% Road
Total 21,005 25,485 95,356 3741 4579 180 67% Eur.; 18% AL; 7% NA;

3.5% Afri. & Asia

BVF, Beans, vegetables and fruit; Eur., Europe; NA, North America; AL, Latin America; Afri., Africa; Ocea., Oceania.
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46.6% of the total GHG emissions). The increase was
accompanied by a shift in the places of origin of those
imports, with Argentina and Brazil, linked to animal feed
imports, gaining importance as countries of origin. Cereal
and feed imports were mostly made by water when they
came from out of Europe and by road in the opposite
direction, with average distances estimated at 4233 km in
1995 and 7900 km in 2007. For the same period, beans,
vegetables and fruit imports increased by 41% (79.1% in
terms of GHG emissions), with France and Thailand as
the two main countries of origin and an average distance
of 5062 km traveled. The imports of fish and dairy
products also increased significantly, both in volume (74
and 144%, respectively) and in GHG emissions (119 and
156%, respectively).
Imports of animal feed and cereals play an essential role

within the Spanish agri-food system, especially in relation
to industrial farming. Despite the fact that the consump-
tion of meat (65 kg per capita per year), dairy products
and eggs (342 kg per capita per year)37 in Spain is high, the
factor that explains the increment of imports belonging to
these groups is not related to consumption (which has
maintained a similar level all through that period), but to
the increase in the exports of products of animal origin.
Between 1995 and 2007, meat exports multiplied by 3.9,
and dairy products and eggs multiplied by 2.75. In 2007,
1.1 million t of meat and 0.54 million t of dairy products
and eggs were exported36.
During the recession period, between 2007 and 2011,

the imports of some food groups continued to increase, as
was the case for fish, sugar, coffee and, especially, pro-
cessed food. However, those of other groups decreased,
especially cereals and animal feed imports (by 14.3
and 29.4%, respectively), which together represented
15.5 million t, 60.9% of the total, but still 20% above
their 1995 level. In these years, some relocation of food
imports was already noticeable, especially in the case of
cereals, with imports from Argentina and Brazil losing
weight in favor of European countries such as France and
Ukraine. Consequently, the average distance traveled by
cereals was reduced from 4233 to 2764 km between 2007
and 2011. Just as with the expansive period, it is necessary
to resort to the relation between imports, exports and
consumption to explain these results. For instance, in the
case of the coffee, tea and spices group, imports grew by
10% between 2007 and 2011 and this increment is linked
to that of the exports (60%) and of the total demand
(10%), rather than to an increase in the consumption per
capita, which remained stable at 6.5 kg per year. In the
case of the fish and seafood group, the rise of imports is
related to: (1) an increment in consumption (17.8%
between 1995 and 2010, rising from 28 to 33 kg per capita
per year), (2) the increase of exports (200%), and (3) a 25%
reduction of captures between 1995 and 201137.
The cereals and animal feed groups are responsible for

59.4% of the total t-km in 2011 and this transport is made
in the most efficient manner in terms of average GHG per

unit of volume transported. In contrast, other groups with
a lesser weight on the external food miles present a higher
level of GHG per unit of volume transported: fish (648 g
CO2-eq kg

−1), meat (300 g CO2-eq kg
−1), beans, vegeta-

bles and fruit (269 g CO2-eq kg
−1), processed food (265 g

CO2-eq kg
−1), and coffee and tea (217 g CO2-eq kg

−1)
turn out to be the most inefficient groups. That year, the
greenhouse effect gases associatedwith fish imports, which
represented 5.8% of the transported weight and generated
21.2% of the GHG emissions, were especially relevant.
The high environmental cost of fish imports is the result of
the long distance traveled, 6960 km, the mode of transport
used and the extra energy required for their preservation.
The following two groups with a higher volume of GHG
per unit transported (meat, and vegetables and fruit) also
have extra energy requirements associated with their
preservation during international transport.
Looking at the modal distribution of food transport

(Table 3), it is possible to observe that, between 1995 and
2007, food transport by water, road and air increased,
respectively, by 88, 80 and 26% in terms of t-km (water
and air transport are both subsidiary to land transport,
because either road or rail will be necessary for the
imports to reach their final destination; the GHG
emissions of this internal transport are, however, not
considered in this work). Only imports transported by rail,
the less polluting means of transport, decreased (by 50%).
During the recession period, road transport continued to
increase, 9 and 8.4% in respect to 2007 in terms of t-km
and GHG emissions, while the rest of the modes of
transport lost relevance, especially water and rail.
Between 1995 and 2011, the importance of road, air and
water transport, measured in t-km, increased by 106, 11.2
and 9.3%, respectively, while rail transport decreased by
75%. In other words, the modes of transport with higher
environmental costs gained relevance at the expense of
those with lower environmental costs, as reflected in
Table 3. In 2011, 61.9% of the imports were transported
by water, 37.6% by road, 0.25% by air and 0.15% by rail.
Although air transport had little weight in terms of tons
transported, its environmental impact was very significant
because 0.25% of the t transported by this means
generated 17.9% of the GHG emissions in 2011. Food
transport by air generates an impact that is 540% greater
than that produced by road transportation.
The historical evolution of the modal distribution of

food transport in Spain (Fig. 3) shows the reduction in
the use of rail in favor of other means, especially road. The
change in the modal distribution of food transport is the
reason why the reduction of the amounts and distances
traveled by food imports is not accompanied by a
proportional reduction of GHG emissions.
Cereal and animal feed imports are the most important

ones, both quantitatively and in relation to the environ-
mental costs associated with transport. For this reason,
these food groups are analyzed with special attention
(Table 4). In 2011, almost 60% of the cereals and animal
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feed imported by Spain traveled more than 2500 km and
represented more than 53% of the GHG emissions.
About 88% of the cereals transported and 79% of the
GHG emissions derived from their transport in 2007 were
linked to the import of four specific food products (corn,
wheat, oilseed cakes and barley), coming mostly from
France, Argentina, USA, Ukraine and Bulgaria, with an
impact in terms of GHG in relation to the total of 33, 20,
7, 7 and 5%, respectively. Asia is an important provider of
cereals and animal feed: 85% of the hay and fodder, and
27% of the rice imported are produced in Indonesia,
Thailand and Malaysia. Cereal preparations were the
food product with the highest GHG emissions per unit
transported (240 g CO2-eq kg

−1), followed by rice (202 g
CO2-eq kg

−1) and semolina (180 g CO2-eq kg
−1), due to

the conjunction of long distances and amodal distribution
in which road transport prevailed.
Feed imports represent 57% of the t, 62% of the GHG

emissions and 73% of the t-km of the two food groups

analyzed in Table 4. Corn and oilseed cakes, more than
90% of which are made with soya, are strategic crops for
the functioning and maintenance of industrial livestock
farming in Spain. Corn and soya imports reached 10.7
million t in 2007, an amount equivalent to 36.5% of the
total food imports.

Discussion

‘External food miles’ and GHG emissions are important
elements in the debate on the need to relocate production
with the objective of building agri-food systems that are
more environmentally sustainable. However, controversy
exists. There are works that question the statement ‘local
food is best’58,59 and others that categorically affirm that
the relocation of production in terms of distance and the
subsequent reduction of the transported volumes60,61 are
necessary conditions for building more sustainable and

Table 3. Spain’s import-related food miles: CO2-eq emissions by mode of transport.

Amount imported
Total t-km WASD

Total GHG
emissions

Average GHG
per unit

106 E 103 t 103 t-km km 103 t g kg−1

Year 1995
Water 4510 14,367 74,983 5219 1332 93
Rail 65 171 190 1110 4 23
Road 4315 4607 6215 1349 1082 235
Air 111 57 467 8143 738 12,947

Year 2007
Water 9860 20,632 135,426 6564 2441 118
Rail 31 87 91 1045 2 23
Road 9512 8651 11,730 1356 2065 239
Air 375 74 593 7996 935 12,635

Year 2011
Water 9678 15,791 81,986 5192 1519 96
Rail 37 39 28 726 1 26
Road 10,988 9590 12,821 1337 2238 233
Air 303 65 520 7980 821 12,631
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Figure 3. Evolution of the modal distribution of import-related transport (1995–2011). Index numbers (t-km) (base year 1995).
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biodiverse societies3. In this sense, it is necessary to put
into perspective the importance of transport within the
agri-food system as a whole, as well as in the context of the
different territories and sociocultural realities.
For the case of the USA, Heller and Koelain32 estimate

that food transport represents 16% of the total energy
consumed by the agri-food systems. Similar studies for the
UK and Spain have estimated that food transport con-
tributes 12% of the GHG emissions in the UK62 and
17.4% of the energy consumption of the agri-food system
in Spain63. According to the estimations made for this
work, the transport of imported food represents the
equivalent of 12.3% of the direct GHG emissions of agri-
culture, and a volume equivalent to 25% of the national
food production, a figure that is not included in the
Inventory of Emissions in Spain64. By making an LCA of
the product, Williams et al.33 and Knudsen et al34,35 have
revealed that the transport phase is the origin of a high
percentage of the total GHG emissions. In the case of the
international trade of strawberries (Spain–UK), potatoes
(Ireland–UK), tomatoes (Spain–UK), orange juice
(Brazil–Denmark) and apples (New Zealand–UK), the
GHG emissions associated with transport represented,
respectively, 33, 40, 43, 58 and 78% of the total emissions.
The least weight of transport on the total GHG emissions
is estimated between 1 and 15% and corresponds to
meat transport (beef, lamb and poultry from Brazil and
New Zealand to UK)33 due to the high impact of the
production phase (for instance, producing 1 kg of lamb
meat in New Zealand has an impact in terms of GHG
emissions that is 97 times higher than that of producing
1 kg of apples)33. The unit cost of transporting meat
from Brazil and New Zealand to UK was estimated at
0.3 and 0.6 kg CO2-eq×kg−1, respectively. These figures
are much higher than those obtained in this work for the
case of Spain (0.15 CO2-eq×kg−1 in 2011), where the
distances traveled were, on average, shorter (2382 km).

Also, Knudsen34 shows how international transport
(China–Denmark) is the most polluting phase [not only
in terms of GHG emissions (51% of the total, 86%
associated with international transport), but also in the
rest of impact categories: non-renewable energy con-
sumption, eutrophication and acidification34] in the LCA
of the soya bean, with a unit environmental cost of 0.19 kg
CO2-eq kg−1 transported. These data agree with the
estimations obtained in this work for the animal feed
and beans and vegetables groups in Spain: 0.15 and
0.24 kg CO2-eq×kg−1 with average distances of 4034 and
6497 km (2011).
The greater or lesser importance of transport in terms of

the LCA of the products and of the external food miles is,
doubtlessly, an essential issue. However, it does not
resolve the dilemma between producing local and impor-
ting. If the addition of local emissions and the preser-
vation of the product in A is greater than the addition of
local emissions in B and the preservation and transport
from B to A, food imports could be the option con-
tributing less to the climate change, either because there is
a comparative ecological advantage between territories
associated with their agro-climatic conditions65, or
because there are important divergences in terms
of environmental efficiency associated with technologi-
cal-productive differences. Thus, importing Spanish
tomatoes to the UK may be up to 3.1 times more efficient
than producing them locally in the UK due to the climatic
and technological conditions, since heated greenhouses
would be required in the latter case33. Similarly, in those
cases where emissions in the production and preservation
phases are comparable in A and B, the environmental cost
represented by international transport would be difficult
to justify in a context that really promotes environmental
sustainability. Given that there are large regions in Spain
with comparative ecological advantages and that food
exports are also increasing and have important

Table 4. Composition of the food miles of cereal and animal feed imports (2011).

Category
Main

destination

Amount imported
Total GHG
emissions

Average GHG
per unit WASD Major sources of supply

103 t % of total 103 t % of total g kg−1 km % of total GHG

Corn A 4741 30 500 31 105 2830 84% Eur.; 12% AL
Wheat H 4518 29 303 19 67 2368 99% Eur.
Oilseed cakes A 3303 21 377 24 114 7071 65% Asia; 27% AL; 8% Eur.
Barley H 1033 7 82 5 79 1215 100% Eur.
Food waste A 509 3 77 5 151 1835 94% Eur.; 4% Afri.
Cereal preparations H 433 3 104 6.5 240 1710 99% Eur.
Semolina H 278 2 50 3 180 1373 99% Eur.
Hay and fodder A 250 2 33 2 131 7416 88% Asia; 12% Eur.
Unground cereals H 172 1 20 1 115 2690 85% Eur.; 15% Asia
Bran H 138 1 25 1.5 179 1213 100% Eur.
Rice H 91 0.6 18 1 202 8270 50% AL; 27% Asia; 22% Eur.
Meat/fish granules A 66 0.4 9 0.6 133 4584 51% Eur.; 38% AL; 10% Asia

A, Animal feed; H, human food.
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environmental impacts beyond climate change34, the
possibilities of reducing GHG emissions through the
relocation of food production are multiple, making the
environmental cost analysis of food imports especially
relevant.
Another issue to be highlighted is the importance of the

modal distribution when it comes to analyzing the
environmental sustainability of agri-food systems. As
shown by the data in this work, shorter average distances
traveled by food imports come together with higher
environmental costs, in absolute (GHG emissions) and
relative (GHG emissions per unit transported) terms. This
is the consequence of changes in the modes of transport
used. The preferential use of road transport and the
increase of air transport result in greater GHG emissions,
to the detriment of the rail, which is the means with the
lowest environmental cost. More specifically, road trans-
port is responsible for 7–9 times more GHG emissions per
unit of weight than rail transport. Carrying food by air
generates over 98 times more GHG emissions per unit
transported than doing it by water. In this sense, while it is
necessary to build more sustainable agri-food systems, the
improvements of the energy efficiency of transport and
fuels57 and of the energy production chain (from primary
to final energy)58 are insufficient. A change in the modal
distribution of transport toward more efficient modes of
transport is absolutely necessary51. At the European
Union level, these results do not go unnoticed. In effect,
the Europe 2020 strategy66 moves toward a low-carbon
economy, and fixed the objective of CO2 emissions for
2020 in an amount 20% smaller than that of 1990.
However, the strategy does not mention the essential role
of the modal reconfiguration of transport, and focuses
exclusively on aspects related to the efficiency of the
modes of transport.
On the other hand, the importance of the different food

groups in relation to the imports made by the Spanish
agri-food system, and their impact in terms of external
food miles and GHG emissions, is closely related to diet
and consumption habits, as well as to other sociocultural
and economic issues. Both the non-seasonality
of consumption, consuming seasonal products all year
round67, and the high consumption of meat per capita in
developed countries68 are at the origin of the agri-food
system contribution to climate change. Consequently, the
transition toward less meat-intensive and more season-
adapted diets is both possible and desirable. In the second
assumption, the analysis of the external food miles is
especially relevant. As shown in this work for the case of
Spain, it is not the external food miles of products
considered ‘exotic’, which cannot be locally produced,
such as cacao, coffee or tea, that generate the highest
environmental costs. Despite their traveling long distances
(6067 km in 2011), they have a relatively small impact,
given their small volume (2 and 1.5% of the t and GHG
emissions, respectively), as compared to other food
groups, which could be produced seasonally in Spain,

such as fruits and vegetables. On the other hand, 74% of
the imported food (56% of the GHG emissions) has a
direct or indirect relation with the production of animal
proteins (meat, milk, eggs, animal feed, cereals, etc.)
within the Spanish agri-food system, whether for internal
consumption or to be exported. Some of the imports for
the production of animal proteins could be obtained in
Spain through the production of either the same products
(cereals) or substitutes (green fodder) adapted to the local
environmental conditions. In addition, changes in the diet
could reduce the need to import food with high foodmiles.
In brief, if the purpose is to make progress in

the reduction of emissions associated with transport,
other analysis and reasoning schemes are necessary to
favor the construction of sustainable agri-food systems.
External food miles, GHG emissions in absolute and
relative terms, and the average distance traveled by food
are necessary indicators that must be complemented with
other tools and perspectives considering, at least, terri-
torial, climate and techno-productive issues, as well as the
citizens’ consumption preferences and habits. Only
through multidisciplinary approaches that transcend the
monetary arguments, is it possible to reach socially
desired environmental objectives while providing an
opportunity for new rural development policies.

Conclusions

The results show that the emissions associated with food
transport are significant in quantitative terms, since they
are equivalent to 12.3% of the total emissions associated
with agriculture in 2011, but they are not recorded in the
Spanish Inventory of Greenhouse Gases Emissions. At
the same time, the results show the relation between the
economic cycle and food imports in physical terms, and
demonstrate that economic growth generates a greater
GHG emission due to the increase in food imports. The
economic crisis has caused a reduction of food imports
and, consequently, of the environmental costs associated
with their transport. Nevertheless, the reduction of the
amounts and distances traveled by the food products
imported by Spain during the period of crisis has not
caused a proportional reduction of the GHG emissions
and of the contribution to global warming. These results
point out that, in order to be efficient, the policies designed
to reduce emissions associated with the transport of food
imports, must take into consideration any changes affec-
ting the origin of those products and the modal distrib-
ution of the imports. The tendency throughout this period
indicates an increase of the importance of the most
polluting transport means.
In the construction of alternative local food systems

it is necessary to take into account the geographical
characteristics of the community, the scale, the agricul-
tural methods and the diet69. And it is also important
to remember that, during the territorial reconfiguration
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of food chains, new aspects appear that hinder the
decision-making processes, as do the logistics, economic,
environmental and energy costs related to the new
exchange areas23. The previous considerations are
not an obstacle to the potential reduction of environmen-
tal costs derived from the reduction of food imports and
the relocation of food production under environmental
and territorial sustainability criteria, thus promoting the
development of alternative agri-ecosystems and new
forms of production and consumption ruled by the
principle of food equity28.
In Spain, where there are large regions with com-

parative ecological advantages for the diversified pro-
duction of food all year long, the possibilities to relocate
local production and consumption are many in techno-
productive terms. The analysis made shows that, in the
case of Spain, apparently ‘exotic’ products (coffee, tea and
spices) are not the ones traveling the longest distances, nor
the ones with the greatest relevance in terms of the
environmental pressure generated. Other foodstuffs, par-
ticularly cereals, animal feed, beans, vegetables and fruit,
most of which are paradoxically also cultivated in Spain,
are the ones primarily responsible for the environmental
impact of food imports.
The results of this work open new doors to new public

debate and to the design of food relocation policies, as
well as to changes in eating habits toward diets less depen-
dent on animal proteins. It is evident that the analysis of
food issues cannot be reduced to a single indicator.
However, external food miles analysis contributes with
relevant data that allow us to understand the functioning
of the agri-food system and to identify the objectives of
new policies focused on sustainability30 as promoted by
the Europe 2020 strategy66.
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