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Abstract

A variety of policy strategies have been proposed and argued as capable of delivering more sustainable food systems, and
accompanying indicators have been developed to analyse the implications of these strategies for specific situations. This paper
focuses on the policy strategy suggesting that localisation of food production leads to more sustainable societies. A case study
of UK food production, and imports and exports of foodstuffs, is presented to explore the feasibility of operationalising this
strategy, using land area and energy use as indicators. Novel features of the method used in the case study include: analysis
at country level in specific foodstuff categories, and use of actual data on production and consumption of foodstuffs. The
results show that, based on the land use indicator, localisation of UK food production is possible, although this would involve
considerable changes in individuals’ food consumption patterns. However, would implementation of such a strategy actually
contribute to a more sustainable society? Using the indicators of land area and energy use, this question cannot be answered
without additional consideration of the trade-offs between the UK and other countries in yields from equivalent crops, and
energy requirements for agricultural production.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction

Over the last 50 years there has been a major in-
crease in the level of world trade: the 1997 level
was fourteen times that of 1950 (WTO, 2000). This
increase has been driven by steadily increasing liber-
alisation of the global economy, driven mainly by the
General Agreement on Tariffs and Trade (GATT) and
its successor, the World Trade Organisation (WTO).
However, more recently there has been growing
concern among a diverse range of citizens at this
globalisation trend.
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One trade sector where the benefits and disadvan-
tages of the globalisation trend are actively being
debated is that of food production and consumption.
On the one hand, it can be argued that globalisation
of food systems is beneficial to society as it encour-
ages competition and so drives down the price of
foodstuffs, and gives consumers greater choice at
their food stores. However, on the other hand, it can
be criticised because it reduces the food security of
countries; increases the potential for exploitation of
both the environment and human labour through min-
imising consumers’ awareness about the upstream
impacts of their food purchasing habits (“out of site,
out of mind”); and contributes to a variety of trans-
portation-related environmental impacts (for example,
increased use of non-renewable resources, and global
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warming and photochemical smog formation due to
emissions of pollutants). The alternative is localisa-
tion of food systems (where food consumed in a given
country has been produced within that country). The
emphasis here is upon reducing the distances between
locations of food production and consumption.

In this paper, this globalisation/localisation debate
is explored using the UK food sector as a focus. Obvi-
ously, a comprehensive analysis of this area would be
more appropriate for a book than a journal paper, so
here the analysis is focused by taking as a starting point
the concept of sustainable development and then look-
ing at two physical indicators to give some insights.

Sustainable development was articulated by the
Brundtland Commission as development that “meets
the needs of the present without compromising the
ability of future generations to meet their own needs”
(WCED, 1987). Its central concerns are with intra-
and inter-generational equity: intra-generational eq-
uity is concerned with activities and their impacts
that occur at different geographical locations, and
inter-generational equity with activities and their im-
pacts that occur on different time scales. The compo-
nents of sustainable development can be represented
as shown inFig. 1, illustrating the importance of disci-
plines as diverse as ecology, economics and sociology
in developing a sustainable development perspective.

The two physical indicators chosen for this analy-
sis are land area and energy use. Choice of land area
as an indicator is justified based on an argument that,

Fig. 1. Components of sustainable development. Source: adapted fromBarbier (1987), Cowell et al. (1997).

from a sustainable development perspective, land area
is a finite resource under increasing demand for alter-
native uses (seeSection 3). Choice of energy as an
indicator is justified based on the fact that generation
of energy from fossil fuels contributes to a number of
environmental impacts, that energy sources other than
fossil fuels are still under development, and that these
alternative sources are also likely to contribute to var-
ious environmental impacts (seeSection 3).

The objective of this paper is thus to explore some
of the issues surrounding globalisation versus locali-
sation of food systems by analysing the UK food sec-
tor and using land area and energy use as indicators.
In particular, the paper addresses two main aspects:

• The feasibility of localising food systems for the UK
population (because there is little point in explor-
ing localisation of food production as a policy strat-
egy for the UK unless it is—at least theoretically—
feasible).

• The trade-offs involved in importing foodstuffs ver-
sus local food production in the UK.

The paper begins with an overview of localisation
of food systems as a policy strategy (Section 2). The
choice to use land area and energy use as indicators in
the subsequent analysis is explained inSection 3. In
Section 4, the areas of land required for localisation
of food production are calculated, alongside the trans-
portation energy required for importing foodstuffs to
the UK. The paper continues with a discussion of the
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desirability of localising food production and what it
would mean in terms of UK food consumption patterns
(Section 5). The conclusions are given inSection 6.

2. Localisation of food production as a policy
strategy

Two main lines of argument have been developed
in the literature on localisation of food systems as a
policy strategy: one is concerned with food security,
and the other with sustainable development.

2.1. Food security

Food security is concerned with availability of
food and access to this food; it may be limited at any
level from an individual within a household up to the
global level (Pinstrup-Anderson and Pandya-Lorch,
1995, p. 90). At the national level,Mellanby (1975)
published a book entitled “Can Britain Feed Itself?”
which explored the ability of the agricultural industry
in Great Britain to produce enough food to feed its
population. Recommendations were made about agri-
cultural production methods, alternative uses of land,
and changes in peoples’ diets in order to maximise
the self-sufficiency of the country. At the regional and
global levels, several land use studies have calculated
the ability of different regions of the world to feed
themselves under alternative future scenarios (Penning
de Vries et al., 1995; WRR, 1995). Such studies are
based on a belief that regional self-sufficiency of food
production and consumption is more likely to increase
the food security of individuals than a globalised
food system. Therefore, failure to achieve regional
self-sufficiency under any scenario is viewed as prob-
lematic and sufficient justification for action. Specific
actions explored in the studies include changes in
diets, changes in production methods, and changes in
the size of the population under study.

2.2. Sustainable development

In the sustainable development literature, regional-
isation, or even localisation, of food production and
consumption is promoted based on several intercon-
nected arguments:

1. It reduces the environmental impacts associated
with transporting foodstuffs long distances. These

include use of fossil fuels, and related pollution
impacts such as acidification, global warming, and
photochemical smog formation.

2. The potential for degradation of the environment
and exploitation of human labour is reduced: it is
more difficult to adopt an “out of sight, out of mind”
attitude when activities are taking place in one’s
own backyard.

3. It leads to an increased sense of community
by building up local networks of producers and
consumers.

Such arguments form the basis of the “Food Miles”
concept promoted by the UK pressure group, Sustain
(Paxton, 1994; Sustain, 1999).

Support for such a strategy has gained ground re-
cently through the success of initiatives such as the Na-
tional Farmers’ Union “New Season for British Food”
campaign which encourages consumers to buy locally
grown food in season, and farmers’ markets. Farmers’
markets promote local production for local consump-
tion by making direct links between producers and
growers, and the public.

Evidence that localisation is gaining wider accep-
tance as a general sustainable development strategy
can be found in other sectors of the economy. For
example, the UK Government’s Waste Management
Strategy for England and Wales aims to set out the
Government’s policy for sustainable waste manage-
ment over the next 20 years. It states that the prox-
imity principle should be used to guide decisions, and
that this principle “suggests that waste should gener-
ally be disposed of as near to its place of origin as
possible” (DETR, 2000). This is in response to grow-
ing concern about the use of centralised landfill sites
and waste incinerator plants.

Perhaps the most prominent support for local-
isation as a strategy for sustainable development
comes from the Local Agenda 21 initiative, part of
Agenda 21 agreed at the UN Conference on Envi-
ronment and Development (UNCED, also known
as the Earth Summit) in 1992. Recent initiatives in
this area have led to a “World Charter for Local
Self-Government”, shortly to become a UN conven-
tion (IGFR, 2000).

It is, therefore, timely to reconsider the feasibility
and trade-offs involved in a policy strategy of localis-
ing food systems for the UK.
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3. Use of land area and energy as indicators

In this study, land area use has been selected as an
indicator for examining the feasibility of localising
food systems in the UK. It has been chosen because
demands on land area are increasing with growing
populations and growing consumption of material
goods by individuals within these populations. More-
over, a more sustainable society implies that renew-
able resources must be used in place of finite reserves
of resources like fossil oil, coal and natural gas. At
present, oil, coal and natural gas are the basis of the
energy economy, and also provide the feedstock for
products ranging from plastics to synthetic textiles to
paints. In many cases, their replacement by renewable
resources implies growing crops such as short rotation
coppice for energy, and oilseeds for plastics, textiles
and paints. These will make extra demands on use of
land in future, demands currently met by energy and
materials derived from biomass which grew millions
of years ago. Therefore, the demand for land is likely
to be a central issue in defining more sustainable
activities in the future.

Energy use has been selected as an indicator be-
cause, like land area, it is a fundamental limiting
constraint on the human activities concerned with
food production and consumption. In the context of
sustainable development, the use of energy is a major
factor in economic development and also a major con-
tributor to environmental problems such as climate
change, acidification, photochemical smog formation,
deforestation and loss of biodiversity. A compre-
hensive analysis of energy use in the food system
would require taking into account the full life-cycle
of energy consuming activities including produc-
tion, transportation, storage, preparation and waste
management. However, the focus in this paper is on
energy use related to transportation since this is a key
factor in the globalisation versus localisation debate.

4. Method and results for analysis of land area
and energy use

In order to calculate the changes in use of land
area in the UK implied by localisation of food pro-
duction, it is necessary to know the quantities of UK
production, and of imports and exports, for different

foodstuff categories. These values are presented in
Section 4.1. They can then be used to calculate the
net area requirements for localised production; the
method and results are presented inSection 4.2.

There are several novel features to the approach
used in this study compared with the land use stud-
ies most closely related to the work presented here
(in particular, those byPenning de Vries et al., 1995;
WRR, 1995):

• The country level is selected as an appropriate level
for this analysis because much policy affecting food
production and consumption is developed and im-
plemented at this level of government.

• Rather than using grain-equivalents (GEs) to syn-
thesise data on different foodstuffs, specific cate-
gories of foodstuffs produced and consumed are
quantified in the analysis. This enables more de-
tailed insights to be gained into the changes in land
use and food consumption patterns implied by a
greater focus on localisation of food production in
the UK.

• Actual data on production and consumption of diffe-
rent foodstuffs are used rather than estimated values.
This avoids criticisms about the accuracy of data
used in predictive models (see, for example,Döös
and Shaw, 1999), and provides a stable basis upon
which to discuss alternative strategies for the future.

The purpose here has been to develop a model for
exploring some of the implications for individuals and
policymakers of implementing a localisation strategy
for food production in the UK. In particular, in order
to present the results in different foodstuff categories,
it has been necessary to develop an approach for deal-
ing with partitioning of land areas between the main
products and by-products of some crops and livestock
(seeAppendix A).

In addition, the energy “credit” associated with
avoiding international transport of foodstuffs has been
calculated for the UK. The method and results are
presented inSection 4.3.

4.1. UK production, imports, exports and
consumption of foodstuffs

In order to examine whether the UK might satisfy
its food requirements by local production, it is neces-
sary to determine food consumption rates for the UK
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Table 1
Food categories used in this study for UK foodstuffs

Food category Foodstuffs

Cereals and products Wheat, barley, oats, mixed corn, rye, triticale, rice, other cereals; imported prepared cereals (such as
flour, meal, bread and cakes), pasta, malt extract

Vegetables and products UK-grown and imported vegetables; imported prepared vegetables (dried, flaked, frozen, juice)
Fruit and products UK-grown and imported fruit (fresh and dried); imported prepared and preserved fruit (peel, juice,

frozen); imported sugar cane and products
Nuts, excluding oil nuts Imported coconuts, brazil nuts, cashew nuts, almonds, hazelnuts, walnuts, chestnuts, pistachios,

groundnuts and other edible nuts
Sugar beet and products Sugar beet not for stockfeeding; molasses; natural honey; glucose/lactose/fructose and their syrups;

sugar confectionery, other sugar products
Potatoes and products Fresh and prepared potatoes
Oilseeds and products Rapeseed, linseed, soya beans, sunflower seeds, palm nuts and kernals; defatted or wholly/partially

refatted flour/meal of oilseeds/oleaginous fruits; margarine
Fodder cropsa Oilseed cake/meal; hay; residues from leguminous plants; meat and fish flour/meal/pellets; residues

of starch and sugar manufacture; other food wastes and prepared animal feeds; dry peas, field beans,
dried beans, maize, turnips/swedes, fodder beet/mangolds, kale, cabbage, savoy, kohl rabi, rape and
other fodder crops

Meat Beef and veal, mutton and lamb, pork, bacon, poultry
Other animal products Milk, cream, yoghurt, buttermilk, ice cream, whey, butter, cheese, curd; bird’s eggs
Fish Fish, crustaceans, molluscs, other aquatic invertebrates
Beveragesa Non-alcoholic (mainly water-based); wine; fermented beverages, beer made from malt; spirits, liqueurs
Tobacco and products Tobacco and products
Others Coffee; cocoa, chocolate, other food preparations containing cocoa; tea, mate; spices;

mustard/sesame/safflower/cotton seeds; hops; homogenised food preparations; soya and other sauces,
mustard, vinegar; soups/broths; yeasts; infant food; other food preparations

a These two categories (fodder crops and beverages) do not include all UK production. In particular, fodder crops do not include grass,
silage and straw in the absence of data on total quantities produced and consumed in the UK. Beverages do not include UK production
because ingredients are already assessed under other categories (for example, the cereals used for brewing and distilling are already
accounted for under “cereals and products”).

population and the land areas required to produce this
food. This has been done using data for 1992 on UK
agricultural production (MAFF, 1994a,b; MAFF et al.,
1994), and import and export data from the Central
Statistical Office (CSO, 1993, 1994), with the excep-
tion of meat and meat products where data are from
MAFF et al. (1994). The food categories used in the
study are listed inTable 1.

For each foodstuff category, the quantity consumed
by the UK population,C, was calculated using:

C = Pn + I − E − S (1)

wherePn is the net production of foodstuff in the UK
(i.e. excluding wastage at point of production) (t per
year), I the imported food to the UK (t per year),E
the exported food from the UK (t per year), andS the
increase in farm and other stocks (t per year).

The results are presented inFig. 2 for total food
consumption in the UK.Fig. 2shows that the UK pop-

ulation in 1992 produced less than it consumed in all
the categories except cereals and potatoes (although in
meat and other animal products the UK was close to
self-sufficiency).Table 2showsthe self-sufficiency in-
dices, i.e. the ratios of production to consumption, for
each foodstuff category. Other than nuts and tobacco
which are not produced on any significant commercial
scale in the UK, it can be seen that the UK in 1992 pro-
duced the smallest proportion of its own requirements
in the categories of “other” foodstuffs (1% of total
consumption), followed by fruit (15%) and then sugar
(44%). Of course, economic considerations and oper-
ation of international markets have an important role
in determining these patterns of imports and exports
compared with local production. However, other fac-
tors are also relevant. In the case of “other” foodstuffs,
the small percentage of local production is explained
by the fact that the major imports in this category are
coffee, cocoa and tea which are not produced in the
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Fig. 2. UK production, imports, exports and overall consumption for different foodstuff categories (1992). Overall consumption calculated
using Eq. (1).

UK. For oilseeds, some imported vegetable oils are
particularly suitable for manufacturing products such
as margarine and ice cream due to their chemical com-
position. For fruit and vegetables, gaps in fresh local
supplies due to seasonality of production partially ex-
plain high imports, alongside consumer demands for
variety. The issue of consumer choice is raised again
in the discussion below (Section 5).

4.2. Area requirements for localised food production

If the UK were to meet its total food requirements
by local production, a number of assumptions have
to be made about changes in peoples’ food consump-

tion patterns. For example, obviously the UK is not
suited to growing tropical fruit such as bananas and
oranges, and so localised food production would re-
quire consumers to switch to locally produced fruits.
In these calculations, it has been assumed that im-
ported foodstuffs are replaced by the average range
of locally produced foodstuffs in each category. Thus,
bananas and oranges are replaced by the average mix
of locally produced orchard fruit. For meat and ani-
mal products (not seafood), it is assumed that imports
are replaced by products from intensive livestock
production systems in the UK.

To calculate the area required,A (ha per year), to
produce a given amount of a foodstuff, the following
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Table 2
Self-sufficiency indicesa for UK foodstuffs (1992)

Foodstuff category Self-sufficiency indexa

Cereals and products 1.27
Vegetables and products 0.71
Fruits and products 0.15
Nutsb 0.00
Sugar beet and products 0.44
Potatoes and products 1.03
Oilseeds and products 0.63
Fodder cropsc –
Meat and products 0.92
Other animal products 0.99
Fish 0.89
Beveragesc –
Tobaccob 0.00
Others 0.01

a Self-sufficiently index is defined as production divided by
consumption.

b Nuts and tobacco are rated as 0% because these crops are not
grown on a commercial scale in the UK (apart from small-scale
production of Kentish cobnuts and walnuts).

c See footnote inTable 1.

simple equation is used:

A = C

Y
(2)

whereC is the consumption of the foodstuff in the UK
(t per year) andY the yield of the foodstuff (t/ha).

Calculation of the yield for animal products is com-
plex, and further details are given inAppendices A
and B. A summary of these calculations are given in
Table 3. For simplicity, variations in yield have not
been considered in this preliminary analysis.

Using this approach,Fig. 3 shows the land re-
quirements for localised food production in the UK,
compared with actual use of land in each foodstuff
category for 1992. Foodstuffs derived from freshwater
and marine environments have been excluded from
the study because they do not occupy terrestrial land
areas.Fig. 3 shows that, in a situation of localised
food production extrapolated from 1992 data, meat
and other animal products require the largest land
area in the UK, followed by cereals and then oilseeds.

Altogether theadditional land area required in the
UK for localised food production is between 350,000
and 3,020,000 ha. It can be argued that it is likely to
be closer to the lower value due to assumptions made

about low yields for fodder crops,1 resulting in high
area requirements per tonne of meat and other animal
products.

In 1992, there was approximately 17,700,000 ha of
land in agricultural production (including rough graz-
ing but excluding land that is not used for crop produc-
tion on agricultural holdings (such as woodland)) plus
165,000 ha of set-aside (MAFF Statistics, 1996, pers.
comm.) and 53,000 ha of bare fallow (MAFF et al.,
1994). These data suggest that the additional land re-
quirement for localised food production is in the range
from 1 to 16% of total current agricultural land, once
set-aside and bare fallow have been brought back into
production.

Of course, these calculations assume that yields
remain constant with changes in land area under agri-
cultural production. It can be argued that, in fact,
yields will decrease as cropped areas are extended
onto land less suitable for these purposes. Therefore
the additional area requirement is, in practice, likely to
be higher than the values calculated above. However,
the variation due to different assumptions concerning
land required for animal products is very likely to be
much greater than the variation due to reduction in
yield, therefore this aspect is not considered further
in the analysis.

4.3. Energy consumption associated with imports
and exports

Localisation removes the need for international
transport of foodstuffs with its associated energy con-
sumption. Therefore, localisation can be regarded as
resulting in an energy “credit” equal to the energy
consumed in transporting the foodstuffs. In practice,
for each country, this “credit” will be based on the
energy consumed only in the importing of foodstuffs,
since it can be argued that a country is responsible

1 For fodder crops, it is assumed that the average yield for
livestock feed is 6 t/ha. This is the average from wheat, hay
and oilseed production (7, 7 and 3 t/ha, respectively). However,
the main constituents of many livestock feeds are by-products
from cereal and oilseed processing (seeMAFF Statistics, 1996).
These will have a zero or small land area requirement per tonne
by-product compared with the main products such as wheat grain
and oil. The exact values depend on the method used to allocate
the land area between the main product and by-product(s)—for
example, oil and meal from oilseed crops, and grain and bran
from cereal crops. SeeAppendices A and Bfor further details.



228 S.J. Cowell, S. Parkinson / Agriculture, Ecosystems and Environment 94 (2003) 221–236

Table 3
Summary of main parameter values for calculation of land area requirements for production of animal products (seeAppendix B for
calculation details)

Livestock
type

Area for feed during
one breeding cycle,Aa

(ha per year)

Number of offspring
per female per year,
n (per year)

Breeding lifetime,
Lb (year)

Yield of meat
per animal,yt (t)

Area per tonne of
meat,am (ha/t)

Cows 0.85a 0.92 5.0 0.36 4.7
Sheep 0.10b 1.45 6.0 0.021 3.7
Pigs 0.40c 20 2.4 0.072 1.2
Poultry –d –d 1.2 0.0017 0.50

a Includes 0.45 ha grazing. In addition, 0.39 ha is required for finishing, and 0.06 ha for maturation of the breeding cow, per offspring.
b Includes 0.09 ha grazing.
c In addition, 0.06 ha is required for subsequent feeding, and 0.001 ha for maturation of the breeding sow, per bacon pig.
d One breeder produces 119 chicks in its lifetime of 448 days. The area requirements are 0.00084 ha for subsequent feeding of broiler,

and feeding of the breeder (per broiler).

for the demand for imports rather than exports. The
inclusion of both imports and exports for each coun-
try in calculations of the total energy consumed in
transportation would lead to double-counting.

The energy requirements for transporting foodstuffs
from their country of origin to the UK have been cal-
culated for 1992. For each trading partner country (p),

Fig. 3. Total land area requirements for localised food production compared with areas cultivated in the UK (1992). Areas required for
meat and other animal products, fodder crops, and cereals used for animal feed have been amalgamated under “Meat and other animal
products” because these categories overlap in their area requirements. Requirements for beverages and nuts have also been amalgamated
under cereals (for beer and nuts) and fruit (for beverages such as cider and perry). It is assumed that there are no substitutes for imported
coffee, tea, mate, cocoa, spices, soya and other sauces (except tomato sauces), mustard, vinegar, wine, spirits and liqueurs, and tobacco;
therefore these products are excluded from the calculations. The difference between the minimum and maximum area requirements for meat
and other animal products arises from different assumptions made about (a) the areas required to grow fodder crops replacing imported
fodder crops, meat and other animal products, and (b) allocation of area between meat and other by-products. A fuller explanation of
these assumptions is given inAppendices A and B.

the energy required for import,Tp (MJ), is simply

Tp = teDpIp (3)

wherete is the specific energy consumption for food
transportation (MJ/t km),Dp the distance between the
UK and trading partner,p (km), andIp the imported
foodstuff to the UK from trading partner,p (t).
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Fig. 4. Import and export distances travelled by different foodstuff categories (1992, tonne-kilometre values).

To explain further how this equation was applied,
the discussion is broken into two parts. The first is
the derivation of the “tonne-kilometre” values for each
foodstuff category, i.e.Dp multiplied byIp. The second
is the issue of specific energy consumption,te.

4.3.1. “Tonne-kilometre” values
Fig. 4shows the tonne-kilometre value for each im-

ported foodstuff category. For comparison, the export
values are also shown in this diagram. These values
were obtained using trade data on countries of origin
and destination listed in the Overseas Trade Statistics
of CSO (1993). In this Figure, distances between coun-
tries have been measured “as the crow flies” between
London and the capital of each importing/exporting
country; in other words, the most direct transportation

distances. In reality, these distances are likely to be
considerably larger because goods are transported via
roads, waterways, or sea and air routes that do not
provide direct links between countries of origin and
destination. However, in the absence of detailed data
on transportation modes and routes, these values are
used as a conservative estimate. It can be seen that
the greatest tonne-kilometre values for imports are
linked with fodder crops, mainly concentrates (21,500
million t km), followed by sugar beet and products
(17,500 million t km), and fruit and products (13,000
million t km). The greatest tonne-kilometre values for
exports are linked with cereals and products (16,000
million t km): these are mainly exports of wheat
and barley to the European Community and former
USSR.
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Table 4
Energy consumed by transportation during the importation of food-
stuffs into the UK (1992)

Foodstuff category Transportation energy
for importation (PJ)

Cereals and products 2.9
Vegetables and products 2.9
Fruits and products 7.8
Nuts 0.7
Sugar beet and products 105
Potatoes and products 0.9
Oilseeds and products 2.8
Fodder crops 129
Meat and products 2.0
Other animal products 0.7
Fish 1.2
Beverages 2.0
Tobacco 0.6
Others 2.4

Total 50.3

4.3.2. Specific energy consumption
In order to estimate the specific energy consump-

tion, te, i.e. the energy required to transport 1 t of food-
stuff by 1 km, information is required about the mode
of transportation used. As mentioned above, a variety
of modes may be used but, in practice, the bulk of the
journeys are likely to be by truck and/or ship. A value
of 0.6 MJ/t km has, therefore, been used which is sim-
ply the mean of the values for long-distance truck and
ocean ship (Tillman et al., 1991; PEMS, 1995). The
results are shown inTable 4: it can be seen that lo-
calisation of food production for these foodstuff cate-
gories results in an energy “credit” of approximately
50 PJ. This primary energy requirement is equivalent
to that of a large (approximately 1 GW) power sta-
tion (based on average values for conversion efficiency
(37%) and load factor (53%) for power plants in the
UK (DTI, 2000). It is important to note that the en-
ergy consumed in the transportation of food within the
UK is assumed to be unchanged between the current
situation and the localised case.

5. Discussion

Whilst it should be recognised that this is only a
preliminary study based on just two indicators, some
interesting insights are apparent which are relevant at
a broad policy level.

5.1. Land use analysis

The analysis of land area requirements shows that
localisation of UK food production would require
extra land in addition to set-aside land, equivalent to
between 1 and 16% of the area in agricultural produc-
tion in 1992 (and likely to be towards the lower end
of this range—seeSection 4.2). In order to calculate
this range, assumptions were made concerning certain
changes in the UK diet. For example, it was assumed
that a mixture of locally produced alternatives would
have been substituted for imported tropical fruits and
vegetables. It is clear, therefore, that in order for a
localised UK agriculture system to meet current food
demand, not only would local alternatives need to be
found for non-indigenous crops, but some substitution
of agricultural products with lower yields by those
with higher yields would also needed.

Since plant products can be produced more effi-
ciently (mass per hectare) than animal products for
human consumption, a reduction in consumption of
animal products in favour of plant products is likely
to facilitate the localisation of food production. As an
example, meat products have yields as low as 0.2 t/ha
(seeTable 3), whereas grain yields range from 4.4 to
6.8 t/ha. Further weight is given to this argument by
the fact that supplying the current demand for meat
and other animal products would require between 82
and 97% of the area used for UK food production
in 1992. Moreover, about 50% of the UK consump-
tion of cereals is by livestock (MAFF et al., 1994,
1998). However, on the other hand it must be remem-
bered that many livestock are fed on the by-products
of agricultural production and food processing oper-
ations, such as straw, oilseed meal and wheat bran
(thereby making production of the main product more
economic), or grazed on land that is unsuitable for
other food production. In these cases, a reduction in
the consumption of animal products would not make
extra land available for production of other foodstuffs
for human consumption.2 However, in general, it can

2 It can be argued that such a situation would lead to increased
quantities of agricultural waste and degradation of wildlife habi-
tats currently maintained by low intensity grazing regimes (for ex-
ample, meadows). However, the waste could be useful as biofuel,
and meadows could be replaced by forest which has advantages
such as timber production and carbon sequestration. Such issues
quickly become complex.



S.J. Cowell, S. Parkinson / Agriculture, Ecosystems and Environment 94 (2003) 221–236 231

be concluded that a reduction in current levels of UK
consumption of meat and other animal products could
facilitate localisation of food production by replacing
some of the crops grown for livestock feed with cereals
and horticultural crops for direct human consumption.

So would UK consumers be willing to make such
major changes in their diet? On the issue of eating
more UK grown produce, a recent survey (MORI,
1999) has found that 74% of the UK public would buy
British fruit and vegetables when they are in season,
suggesting that some changes in consumption would
be welcomed. On the issue of reducing meat consump-
tion, another survey (BBC, 2001) shows that the per-
centage of vegetarians in the UK has grown to 7%, a
doubling in the last 10 years, demonstrating the flexi-
bility over time in peoples’ dietary choices.

From a sustainable development perspective, how-
ever, one must consider the consequences for other
countries in addition to the UK of implementing a
policy of localising food production (because sustain-
able development is concerned with intra-generational
equity). More specifically, in the context of this study,
the relative land area requirements of equivalent crops
grown in different countries should be considered as
yields often vary between countries. Therefore, anal-
ysis of the desirability of localising food production
should be on the basis of total land areas for the pro-
duction of foodstuffs in countries exporting foodstuffs
to the UK compared with production in the UK. This
has been outside the scope of the present study but
is recognised as a relevant point in refinement of the
model.

5.2. Energy use analysis

The next set of points concerns the desirability of lo-
calising food production when focusing on energy use
rather than, or in addition to, land use. InSection 4.3,
the approximate transportation energy “credit” from
displacing imports of foodstuffs to the UK was calcu-
lated. It was shown that this energy credit was equiv-
alent to 50 PJ. However, it must be remembered that
energy is used in production and storage of foodstuffs
as well as their transportation. In particular, it is used
for production of ancillary materials such as fertilis-
ers and pesticides, and farming activities. It may be
that, based on energy use, imports are desirable when
foodstuffs produced locally using energy-intensive

practices can be replaced by imported foodstuffs
produced using less energy-intensive practices.

This can be illustrated by an example from some
research on wheat production, suggesting that con-
ventional, intensive wheat production in the UK uses
approximately 3300 MJ/t wheat grain up to the farm
gate (including production of fertilisers, pesticides
and farm machinery; and cultivation, harvesting and
drying of the grain) (Cowell, 1998). This energy value
is equivalent to a transportation distance of 5500 km
(using a transportation energy value of 0.6 MJ/t km—
see Section 4.3), suggesting that wheat should not
be imported further than this distance (and, in prac-
tice, significantly less than this distance) when taking
account of energy used in the production in differ-
ent countries, and energy used in transportation to
the UK.

However, a key issue here is the source of energy
used for production and transportation. Using fossil
fuels, for instance, would contribute to climate change
or local air pollution; nuclear power, to the produc-
tion of radioactive waste; and hydro-electric dams,
to possible land use and water resource conflicts. In
deciding the trade-offs between growing crops more
locally and importing them over a large distance,
wider issues obviously need also to be considered.
Nevertheless, the calculation above does raise im-
portant questions about the efficiency of transporting
foodstuffs over large distances.

5.3. Broader issues

Three additional points are also relevant. Firstly,
improvements in crop yields and crop management
systems are likely to have a large influence on these
data. It has been suggested that genetically modified
crops may be useful in this role; however, controver-
sies concerning the impact on ecological systems and
human health continue to be debated (Brown et al.,
2000).

A second point, as discussed inSection 2of this pa-
per, is that it is important to remember that sustainable
development implies different things to different peo-
ple. Therefore, insights from the approach described
above must be seen in the context of a wider analysis
of the sustainability of food production systems in-
volving issues as diverse as social justice, pollution,
conservation of biodiversity and economic costs.
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Finally, although localisation of food production
appears to be feasible, it is important to consider
the consumer’s role. Carried to its logical extremes,
localisation suggests elimination of food items such
as coffee, tea, bananas, oranges and lemons from the
diet. Clearly, this type of behavioural change is un-
likely to be popular with the British public! Indeed,
it strikes at the heart of the sustainability debate: the
interaction between lifestyles, consumption of goods
and services, and the quality of life experienced by
individuals. Practical progress towards sustainable
societies is only likely to take place on a large scale
when stronger connections are made between indi-
vidual and community lifestyles, the environmental
impacts associated with human consumption of goods
and services, and quality of life. The analysis in this
paper can make a contribution to this process, since
through the metrics of land area and energy some of
the environmental demands made by food systems
can be represented in a meaningful way.

6. Conclusions

The analysis above has shown the value of single
indicator approaches in providing some insights into
the sustainability of a localised versus a globalised
food production and consumption system, although
it should be remembered that this is a preliminary
analysis. The work shows that, although localisation
of food production appears to be feasible on the basis
of land areas for production of foodstuffs, it is im-
portant not to draw conclusions about the desirability
of import substitution in the absence of data on crop
yields and energy used in the production of equiva-
lent foodstuffs. Indeed, it may be preferable to import
foodstuffs produced from crops with high yields using
less energy-intensive production processes, in pref-
erence to local production of crops with low yields
using more energy-intensive production processes.
However, the distances over which foodstuffs can be
transported without offsetting any potential energy
savings arising from less energy-intensive production
processes, are limited (and can be calculated). Using
the approach described in this paper, it is possible to
make these comparisons between different foodstuffs.
The answers can provide insights into the wider ques-
tion of how farming systems and food consumption

patterns can contribute to the evolution of sustainable
societies.
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Appendix A. Treatment of by-products

A number of by-products are produced during agri-
cultural production. These include meal from oilseed
crops; straw from cereal crops; products such as hides,
bonemeal and tallow from livestock production; and
meat from dairy herds and battery hen systems. It
could be argued that a proportion of the total area re-
quirement for these crops and livestock should be al-
located to by-products. Allocation may be in relation
to mass, financial or some other physical parameter of
the various by-products compared with the main prod-
uct. All the approaches have weaknesses and this issue,
which also arises in Life Cycle Assessment studies, is
discussed elsewhere (see, for example,Cowell, 1998).

The rationale behind the approach used in this
study for allocation of area requirements between the
main product and by-products is that the actual area
requirement for imported by-products, and additional
production of by-products in the localised production
scenario, lies somewhere between two extremes. At
one extreme, all by-products are assumed to have a
zero area requirement because the total area require-
ment is allocated to the main product; according to
this view, the by-products are viewed as bonus, “free”
outputs from the system under analysis. At the other
extreme, each by-product is assumed to have an area
requirement equivalent to the total area requirement
for cultivating the crop or livestock yielding the main
product; according to this view, the so-called main
product is viewed as the bonus, “free” output from the
system under analysis. In fact, the real situation lies
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somewhere between these two extremes but there is
no consensus at the present time about modelling this
situation. (In LCA, a hierarchy of approaches to allo-
cation has been agreed (ISO, 1998) but the preferred
approach, avoiding allocation by “system extension,”
is unrealistic for this type of analysis due to the large
number of assumptions and additional data required
for such an analysis.)

For agricultural crops in this analysis, the area re-
quirements for by-products are calculated as follows.

A.1. Current area requirement in UK—maximum
and minimum areas

For by-products produced in the UK (including
those subsequently exported), the area requirement is
set to zero because the total area used for cultivation
of the main and by-products is already accounted
for under main products. Hence there is no need to
distinguish between maximum and minimum areas
because the actual areas are included in the analysis.3

A.2. Additional area requirement for localised
production—maximum area

The area requirement to produce any additional
by-product is calculated as the total area requirement
for cultivating the crop yielding the main product. For
example, the area requirement for additional oilseed
meal is taken as the area requirement for cultivating an
oilseed crop yielding the additional oilseed meal. This
value is added to the total additional area requirement.

A.3. Additional area requirement for localised
production—minimum area

The area requirement to produce any additional
by-product is set to zero. For exported by-products
(i.e. those by-products where there is currently a
net surplus in the UK), the area requirement to pro-
duce the surplus quantity is calculated as the total

3 This leads to some distortion between foodstuff categories due
to allocation of the area to the main product category rather than
to any by-products. For example, meal from oilseed crops grown
in the UK and subsequently used in livestock feed is accounted for
under “Oilseeds and products” rather than “Meat and other animal
products”. This distortion is only relevant for the data presented in
Fig. 3andTable 3, where it should be remembered that the areas for
each foodstuff category include by-products produced in the UK.

area requirement for cultivating the crop yielding the
main product. This value is deducted from the total
additional area requirement.

For livestock production, meat, milk and eggs (and
their derived foodstuffs) have been accounted for in
the analysis. Two aspects related to by-products must
be taken into consideration: (a) by-products of meat
production systems such as hides, bonemeal and tal-
low, and (b) crop by-products used in livestock feed
(such as oilseed meal, miller’s offals and straw). Tak-
ing into account both aspects, themaximumadditional
area requirement is calculated as the total area require-
ment for rearing the livestock yielding the meat, milk
or eggs, and assuming an average yield of 6 t/ha for
by-products used in feedstuffs. With respect to aspect
(a), theminimumadditional area requirement does not
account for by-products because it is extremely un-
likely that additional meat requirements would be met
by meat produced as a by-product of livestock systems.
The exception is milk and egg production systems
where meat is the main by-product. Therefore, for milk
and egg production systems, the maximum additional
area is calculated as the area required solely for milk
and egg production (seeAppendix B). However, the
minimum additional area for milk and egg production
systems is calculated as the area required for milk and
egg production minus the area required to produce an
equivalent quantity of meat from meat production sys-
tems. With respect to aspect (b), the minimum addi-
tional area requirement is calculated assuming that all
crop by-products in livestock feedstuffs have zero area
requirements, i.e. they are surplus, “free” outputs from
crop production systems. This follows the approach
described above for agricultural crops.

It should be noted that this treatment of livestock
production means that non-food by-products such
as hides, bonemeal and tallow are omitted from the
analysis. This amounts to an assumption that the ex-
isting demands for by-products can be satisfied under
the localised production scenario. This is a reason-
able assumption for the UK because the analysis
shows that localised production requires increased
livestock production—hence all existing demands for
by-products would be more than satisfied under this
scenario. However, it would have to be re-evaluated
for countries where some livestock production sys-
tems exist primarily to produce outputs other than
foodstuffs. (An example is the Merino sheep in New
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Zealand where wool is the main product and meat
a by-product. In this case, ceasing export of meat
derived from Merino sheep would not necessarily
be associated with a decreased area requirement for
livestock production in New Zealand.)

Appendix B. Calculating area requirements
for livestock production

This appendix gives details on the method used to
calculate the areas required for livestock production
in the UK. In light of the discussion inAppendix A
on the treatment of by-products, the calculations relat-
ing to maximum and minimum area requirements for
livestock are also included.

In order to calculate the areas, it has been necessary
to (a) calculate the total area requirements to produce
the feed of the animal from birth to slaughter; and (b)
take account of the feed requirements for maintaining
the breeding stock.

B.1. Meat production

Data exist on the different feed requirements of live-
stock during growth and the reproductive cycle (Agro
Business Consultants Ltd., 1995; Federation of UK
Milk Marketing Boards, 1993; MAFF et al., 1994;
MLC, 1993a,b; NFU, 1994a,b; Nix, 1994; SAC, 1995;
Spooner, 1991, 1992). In general, a given animal re-
quires an area,Aa (ha per year), to feed itself over 1
year, calculated thus:

Aa = Ag +
∑
all i

Ci

Yi

(B.1)

where Ag is the grazing area (ha per year) andCi

the annual consumption (t per year) of feedi (cereals,
silage, etc.) andYi the yield for feedi (t/ha). Taking the
case whereAa is the area needed to feed one breeding
animal and its offspring over 1 year (where the off-
spring are slaughtered before they reach 1-year-old),
the area required for rearing one offspring from birth
to slaughter,Abs (ha), is calculated by dividingAa by
the number of offspring per mother per year,n (per
year), thus

Abs = Aa

n
(B.2)

This equation applies for sheep. For cattle, it is nec-
essary to take account of the extra time (and feed)
required to achieve slaughter weight after suckling.
Hence a further term must be added toEq. (B.2), thus

Abs = Aa

n
+
∑
all i

ciwg

Yi

(B.3)

whereci is consumption of feedi per unit weight gain
(unitless) andwg the weight gain from suckling to
slaughter (t).

However, in order to calculate the total area require-
ments for a given animal reared and slaughtered to
produce livestock products,At (ha), an area additional
to areaAbs is required to account for production of
breeding stock, thus

At = Abs + frAbs (B.4)

wherefr is the replacement factor (unitless). This fac-
tor represents a proportion of the feed requirements for
rearing a breeding female.4 The proportion is calcu-
lated from the number of offspring produced by each
breeding female in its lifetime, thus

fr = 1

nLb
(B.5)

whereLb is the breeding lifetime of the animal (year)
(i.e. its lifetime minus the time taken to mature).

The area required to produce 1 t of a given type of
meat,am (ha/t), is then:

am = At

yt
(B.6)

whereyt is the total yield of meat per animal (t) cor-
rected, as inEq. (B.4), to include the final meat yield
from the breeding female, thus

yt = wo + frwb (B.7)

wherewo is the dressed carcass weight (dcw) of the
offspring (t), andwb the dcw of the breeding animal
(t).

The data calculated for each type of livestock using
this method are given inTable 3(Section 4.2).

4 The data have been simplified by excluding an allowance for the
breeding male. This is because the male generally makes a small
contribution (<1%) to the final area requirement per slaughtered
animal because one male will serve many females in its lifetime
(typical examples are one ram per 41 ewes and one bull per 33
cows each year).
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B.2. Dairy production

For milk production, the area requirement to pro-
duce 1 t of milk,amilk (ha/t), is

amilk = 1

ρmilkymilk

[
Ag +

∑
all i

Ci

Yi

+ Adf

]
(B.8)

whereamilk is the density of milk (t/l) andymilk the
annual milk yield of one cow (l per year).Adf (ha per
year) is an allowance for the dairy follower (the time
between suckling and before the cow produces its first
offspring) and is calculated as

Adf =
[(

1

Ncow

)(
(Ag)df +

∑
all i

(Ci)df

Yi

)]
(B.9)

where (Ag)df is the grazing area (ha) and (Ci)df the
consumption of feedi (t) for the dairy following period
andNcow the number of years of milk production by
the cow (year). Forρmilk = 0.00103 t/l andymilk =
5500 l per year,amilk is 0.22 ha/t.

As discussed inAppendix A, there is a meat
by-product associated with milk production which
needs to be considered in estimates of maximum and
minimum area requirements for livestock production.
Assuming a cow weighs 0.6 t, and the carcass weights
0.33 t (at 55% killing out) then, since each cow pro-
duces approximately 28 t milk in its lifetime, 1 t of
milk is associated with an equivalent meat yield,ym,
of 0.33/28 = 0.012 t of meat per tonne of milk.
This meat, under the minimum area scenario given
in Appendix A, would displace an area,Aob (ha per
year), of beef farming, calculated thus:

Aob = ym
Cmilk

Ybeef
(B.10)

whereym is the yield of meat from dairy cattle per
tonne of milk (unitless),Cmilk the consumption of milk
products (t per year) andYbeef the yield of beef (t/ha).

B.3. Egg production

For egg production, an equation similar to (B.8)
applies:

aegg = 1

weggyegg

[∑
all i

Ci

Yi

+ Apu

]
(B.11)

where aegg is the area required for egg production
(ha/t), wegg the weight of one egg (t) andyegg the
annual egg yield of one hen (per year).

As in the case for milk production, where there is
an area requirement for the dairy follower, in the case
of egg production, there is one for the pullet,Apu (ha
per year), calculated thus:

Apu =
[(

1

Nhen

)(∑
all i

(Ci)pu

Yi

)]
(B.12)

where (Ci)pu is the consumption of feedi (t) for this
period andNhen the number of years of egg production
by the hen (year). SinceNhen is approximately 1 year,
it cancels out of the equation.

As in the case of dairy cows, there is a meat
by-product of egg production which can be used as
a basis for an estimate of maximum and minimum
area estimates for poultry production. Assuming a
battery hen weighs 2.0 kg, and the carcass weights
1.48 kg (at 74% killing out), then, since each bat-
tery hen produces 278 eggs, one million eggs are
associated with an equivalent meat yield,ym, of
1.48/278× 1 000 000= 5.3 t of meat per one million
eggs. In this case the offset area,Aop (ha per year),
per one million eggs is given by

Aop = ym

wmegg

Cegg

Ypoultry
(B.13)

whereym is the yield of meat from battery hens per
million eggs (t),wmegg the mass of one million eggs
(t), Cegg the annual egg consumption (t per year) and
Ypoultry the meat yield of poultry (t/ha).
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