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Abstract Between the tenth and twentieth century the

population of Paris city increased from a few thousand to

near 10 million inhabitants. In response to the growing

urban demand during this period, the agrarian systems of

the surrounding rural areas tremendously increased their

potential for commercial export of agricultural products,

made possible by a surplus of agricultural production over

local consumption by humans and livestock in these areas.

Expressed in terms of nitrogen, the potential for export

increased from about 60 kg N/km2/year of rural territory in

the Middle Ages, to more than 5,000 kg N/km2/year from

modern agriculture. As a result of the balance between

urban population growth and rural productivity, the rural

area required to supply Paris (i.e. its food-print) did not

change substantially for several centuries, remaining at the

size of the Seine watershed surrounding the city (around

60,000 km2). The theoretical estimate of the size of the

supplying hinterland at the end of the eighteenth century is

confirmed by the figures deduced from the analysis of the

historical city toll data (octroi). During the second half of

the twentieth century, the ‘food-print’ of Paris reduced in

size, owing to an unprecedented increase in the potential

for commercial export associated with modern agricultural

systems based on chemical N fertilization. We argue that

analysing the capacity of territories to satisfy the demand

for nitrogen-containing food products of local or distant

urban population and markets might provide new and

useful insights when assessing world food resource allo-

cation in the context of increasing population and

urbanization.

Keywords Paris � Seine basin � Ecological footprint �
Food-print � Nitrogen � Autotrophy/heterotrophy

Introduction

A city can be defined as a grouping of population which

does not produce its own means of food subsistence (Asher

2001). It therefore depends upon surrounding rural areas

for the provision of food resources, as well as fiber, fuel,

and building materials. In a work often considered to have

laid the basis of economic geography, Von Thünen (1826)

deduced from an idealized economic model based on early

nineteenth century agriculture and transport costs, that a

city would tend to be surrounded by several concentric

rings of farming activity, beginning with market gardening

and dairy farming, followed by forestry, cereal production,

and finally cattle breeding. In the present day, cheap

transportation, preservation techniques and the opening of

the global market economy have considerably scattered the

distribution of agricultural areas that supply food to cities,

but have certainly not reduced the dependence of cities on

such regions, wherever they are located, nor the pressure

exerted on the latter by urban markets. Wakernagel and

Rees (1996) introduced the concept of the ecological

footprint which provides an account of the total area of
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productive surfaces required to produce, under prevailing

world technology, the resources consumed by a country or

a city. Feeding modern cities is associated with one-third to

half of the global ecological footprint, ranging world-wide

from 0.8 to 3.8 global-hectares per inhabitant (WWF

2002). This simple ‘‘footprint’’ indicator, however, fails to

fully describe the complexity of the relationships that a city

establishes with its rural hinterland for the supply of food,

nor how, over time, these relationships impact upon the

development of both the city and the countryside.

Our goal here is to examine how the city of Paris has

grown up in parallel with the development of its sur-

rounding rural landscape over the long time scale of the

last Millennium. In particular, we analyse (1) how closely

dependent the past development of the city has been on the

progress and specialization of agriculture in the Parisian

basin, as well as (2) the importance of the growing urban

food demand on the development and spatial distribution of

farming practices in the surrounding rural regions. For this

purpose, we have collated available information allowing a

comparison of changes in the food requirement of the

growing urban population and in the potential for com-

mercial export of the Seine basin rural territory throughout

a period beginning around the tenth century to the present

day. Our approach is based on historical biogeochemistry.

Since nitrogen is an essential constituent of the human diet

as well as the most limiting factor in agricultural produc-

tion in temperate regions, we elected to describe the

exchanges between the countryside and the city in terms of

nitrogen flows. Our analysis thus contributes to a better

description and understanding of the profound alterations

to the global nitrogen cycle caused by human development

(Galloway et al. 1995; Galloway and Cowling 2002). As

underlined by Smil (1999), agricultural production is by far

the largest cause of the doubling in the amount of reactive

nitrogen entering the biospheric cycle compared to pre-

industrial conditions. This process, operating through

enhanced biological N2 fixation and industrial N fertilizer

production, has resulted in several environmental dys-

functions (Galloway et al. 1995; Galloway and Cowling

2002). Today, more than half of the crops produced in rural

areas of the world are consumed in urban zones, which set

important constraints on the mode of agricultural produc-

tion at both the regional and global scales.

Sources and methods

Estimating the flux of material between a city and its

hinterland over a millennium obviously requires a large

diversity of sources as well a close interdisciplinary col-

laboration. Paris and the rural areas of the Parisian basin

have been the subject of an extensive historical literature,

including excellent reviews, which provide the required

historical background knowledge necessary to the approach

described in this report. Among the sources available, a

number of studies have been particularly useful. Favier

(1997) published a synthesis of two Millennia of Parisian

history while, concerning the Middle Ages and the Modern

Epoch, the works by Fourquin (1956), Jacquart (1974) and

Goubert (1982) were quite useful. The recent works of

Kaplan (1988) and Abad (2002) additionally provided an

extremely detailed analysis of the food supply of Paris at

the end of the eighteenth century. Barles (2005, 2007) and

Barles and Lestel (2007) closely analysed the food con-

sumption and nitrogen metabolism of Paris during the

nineteenth century while, from a more general perspective,

authors such as Mazoyer and Roudart (1998) with their

socio-ecological analysis of agrarian systems, opened the

way to the historical-biogeochemical approach we devel-

oped here in the case of the Parisian basin. The principles

and methods of material flow analysis and spatial imprint

evaluation have been described in detail and applied to the

special case of Linköping (Sweden) for the period 1870–

2000 by Schmid-Neset (2005).

As stated earlier, our approach consists of comparing, in

terms of nitrogen flows, the food demand for consumption

in the city with the ability of the surrounding rural terri-

tories to meet that demand through commercial export. We

used conversion factors compiled from various sources to

convert data expressed in specific physical units into

nitrogen (Table 1).

Population and food requirement of Paris

Paris conurbation presently numbers 9,650,000 inhabitants

if only the contiguous urban area is considered, or

11,175,000 inhabitants if the whole metropolitan area is

taken into account (INSEE 2006). The figure for intra

muros Paris is 2,125,800 (INSEE 2006). After the early

eleventh century, when the population of Paris was esti-

mated to be only a few thousand inhabitants (Favier 1997),

a period of rapid population growth occurred, linked to the

status of capital city conferred to Paris under the reign of

Philippe Auguste (1180–1223). This population expansion

continued until the early fourteenth century when it

reached 200,000 capita (Fig. 1). A century of crisis then

followed in which war and plague severely decreased the

population of both the city and the rural regions (Bois

1981; Jacquart 1974), but the urban population growth

resumed at the beginning of the fifteenth century. It

decreased again in the period 1562–1598 (French Wars of

Religion), then increased continuously until Paris num-

bered more than 600,000 inhabitants at the time of the 1789

French Revolution. A fivefold increase then occurred

14 G. Billen et al.
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during the nineteenth century, followed by a further dou-

bling during the twentieth century.

On the wider scale, the city accounted for less than 5%

of the total population of the Seine river watershed (about

60,000 km2 surrounding Paris; Fig. 1) in the thirteen cen-

tury, but reached 20% at the end of the eighteenth century.

From that time on, growth has been restricted to the urban

population (Fig. 1), which today represents 85% of the

population of the watershed area.

The present per capita domestic food consumption can

be evaluated by two kinds of statistical inquiries based on:

(1) a record of the effective individual diet of a sample of

the population (sample method) and (2) the balance of

national production comparing import and export of food

products (balance method). The latter method provides

significantly higher figures than the former since it includes

a number of losses during food storage, preparation and

commercialisation. Thus, Table 2 shows that the gross per

capita N-food consumption in France (balance method)

increased from 15 to 22 g N/day between 1950 and 2000,

while the effective per capita consumption based on the

INSEE enquiries (sample method) varied only slightly

around a figure of 12 g N/capita/day from 1970 to 1990

(INSEE 1995). The latter figures, however, might be

underestimated as they do not take into account food

consumed outside of the home which represents an

increasing part of the diet. It is worth noting that the mean

per capita rate of nitrogen excretion calculated from

wastewater analysis lies between 11 and 15 g N/capita/day

(Servais et al. 1999; Garnier et al. 2006).

For historical periods, only the balance method is

applicable. In the case of Paris, this process is facilitated by

the fact that, until World War II, most goods entering the

city were subject to a city toll (octroi), the statistics of

which are available from the end of the eighteenth century

(Feugère 1904). Barles (2007) analysed the available data

from 1801 to 1914 and the data from the eighteenth cen-

tury, including those already compiled by Lavoisier

(Philippe 1961), were discussed by Abad (2002) (Table 2).

Hay and other feed for horses were an important compo-

nent of the city’s demand for agricultural products. Barles

(2007) has evaluated the extent of their import in the

nineteenth century which subsequently becomes negligible

in the second half of the twentieth century. Firewood for

heating, cooking and baking must also be taken into

account, the annual demand for which was estimated as

Table 1 Nitrogen content of food and agricultural products (in %

fresh weight of the cropped or consumed product), and other figures

related to nitrogen flows in agrarian systems. (Compiled from Baccini

and Bruner 1991; Soltner 2005; Smil 1999)

Product N content, %

Foodstuff

Cereals 1.8

Bread 1.4

Potatoes 0.3

Fresh vegetables and fruits 0.4

Dry vegetables 2.1

Meat 3.4

Fish and seafood 3.4

Eggs 2.1

Milk 0.5

Cheese 3.7

Butter 0.14

Beer 0.05

Wine 0.035

Feedstuff

Hay 1.3

Straw 0.5

Firewood 0.2

Cultivated plants

Colza 3.7

Sunflower 3.5

Beet 1.5

Livestock feed requirement kg N/capita/year

Cattle 95

Pigs 6.5

Sheep and goats 5.5

Horses 45

Poultry 0.3

Rabbits 0.3
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Fig. 1 Population growth in the

Paris conurbation and in the

Seine basin area during the last

millennium. Synthesis of data

compiled by Fourquin (1956);

Croze (1988); Levasseur

(1889); Favier (1997); Barles

(2007); INSEE (2007); Dupeux

(1981)
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1 stere per capita in the sixteenth century (Woronoff 2002)

and 3 steres at the end of the eighteenth century (Rezé

2002; Benoit et al. 2004), before decreasing in proportion

to substitution by coal.

Figure 2 reveals the long-term historical trends in the

total nitrogen requirements for food, feed, and firewood of

Paris during the last three centuries. For the purposes of our

study, we will use the figures from the eighteenth century

to estimate requirements in the earlier periods which lack

direct data, which, as far as food is concerned, are close to

the physiological survival diet of 10 g N/cap/day.

The potential for commercial export from the rural

Parisian basin

The potential for commercial export of agricultural pro-

ducts from a given territory represents the surplus of

sustainable agricultural production over the requirements of

the rural population. It depends on the technical and social

organization of farming activities within the territory and on

the capacity of the different components of the landscape

mosaic to durably remobilize and return to the fields the

amounts of nutrients exported with the crop. As far as

nitrogen is concerned and before the advent of the industrial

Haber–Bosch process, the latter is mainly dependent on

biological N2 fixation in semi-natural systems.

For example, in slash-and-burn shifting cultivation

agriculture, the capacity of the forest during a long fallow

period to reconstitute the pool of nutrients exported with

the crop from the temporarily cultivated plot is the key to

the sustainability of the system. Typically, a farming

family of 5 people, with neither mechanical nor animal

traction, can exploit a shifting plot of one ha giving a yield

of 1,000 kg grain equivalent per ha (18 kg N/ha/year) and

Table 2 Paris per capita consumption rate of nitrogen in food, feed

and firewood from the ninenteenth to the twentieth century. estimated

(1) from 1785 to 1889 from the data of Paris city toll statistics and (2)

from 1950 to 2000 from the data of national French domestic

consumption (INSEE 2000)

1785 1820 1854 1889 1950 1960 1970 1980 1990 2000

Human food, kg N/capita/year

Bread and other cereal products 2.26 2.57 2.52 2.04 1.94 1.69 1.48 1.42 1.38 1.34

Potatoes 0.00 0.10 0.07 0.09 0.46 0.38 0.38 0.27 0.19 0.56

Fresh vegetables and fruits 0.20 0.20 0.76 0.20 0.28 0.38 0.48 0.50 0.54 0.56

Dry vegetables 0.01 0.65 0.15 0.00 0.07 0.07 0.05 0.04 0.03 0.03

Meat 1.32 1.77 1.50 3.13 1.51 2.06 2.42 2.92 3.09 2.98

Fish and seafood 0.35 0.27 0.37 0.21 0.36 0.47 0.52 0.62 0.80 0.78

Milk, cheese, eggs 0.39 0.50 0.67 0.72 0.88 1.01 1.16 1.36 1.52 1.88

Wine, beer, cider, etc. 0.06 0.03 0.04 0.08 0.07 0.08 0.06 0.06 0.05 0.04

Total, kg N/capita/year 4.59 6.09 6.10 6.48 5.55 6.13 6.56 7.18 7.60 8.17

gN/capita/day 12.6 16.7 16.7 17.7 15.2 16.8 18.0 19.7 20.8 22.4

Animal feed

kg N/capita/year 1.7 2.1 1.3 2.3

gN/capita/day 4.7 5.8 3.7 6.4

Firewood

kg N/capita/year 1.46 1.54 0.54 0.24

gN/capita/day 4.0 4.2 1.5 0.6

Total, kg N/capita/year 7.77 9.76 7.97 9.05 5.55 6.13 6.56 7.18 7.60 8.17

gN/capita/day 21.3 26.8 21.8 24.8 15.2 16.8 18.0 19.7 20.8 22.4
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Fig. 2 Per capita food, feed and firewood requirements of Paris city,

expressed in terms of nitrogen, estimated (1) from 1785 to 1889 from

the data of Paris city toll statistics and (2) from 1950 to 2000 from the

data of national French domestic consumption (INSEE 1995)
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just providing the required annual ration of 200 kg grain

per capita (Mazoyer and Roudart 1998). With a typical

cultivation-fallow cycle of 1/30 years, the sustainable

population over the entire territory is 5 inhabitants over

30 ha or about 15 inhab./km2 (Fig. 3a; Table 3). The sys-

tem, however, is barely able to release any surplus to be

exported outside of the community.

Following the same line of reasoning, the livestock

farming agricultural system which prevailed in Europe

before the agricultural revolution of the Middle Ages (with

slash-and-burn agriculture remaining by places) is charac-

terized by the use of livestock grazing on grassland and to

some extent in woodland during the day, to provide manure

to arable land during its fallow period, where it spent the

night. This allows to raise a cereals crop on the next year

with a yield of about 250 kg/ha. This system, typically

based on 5 persons farms exploiting 8 ha arable land

undergoing biennial rotation, a livestock of 3 cattle units

grazing on 18 ha grassland and 5 ha woodland, is able to

sustain a rural population of about 16 inhabitant/km2,

without producing any surplus to be commercially expor-

ted (Fig. 3b; Table 3).

The agrarian system of the Middle Ages, which emerged

in Western Europe as soon as the eighth century and

became widespread during the eleventh and twelfth cen-

turies (Contamine et al. 2003) represents from that respect

a turning point. It can be similarly described at the level of

a representative rural district or ‘finage’ (Benoit et al.

2002). The assumption is made of a community of 300

inhabitants, exploiting an area of 725 ha comprising

300 ha of arable land, 175 ha of grassland and 250 ha of

woodland, and raising 100 large livestock units. Animal

housing allowed to increase the rate of manure recovery,

allowing an input of about 8 kg N/ha/year over the

Fig. 3 Description of the nitrogen flows within different western

European agrarian systems. The figures are given for a typical family

farm (3–6 persons) and the associated land areas. a. Slash-and-burn

shifting agriculture. b Pre-medieval agriculture/cattle farming system

based on biennial crop-fallow rotation. c Medieval agriculture/cattle

farming system based on triennial crop rotation with fallow, as used in

small village communities. d Nineteenth century agriculture/cattle

farming system based on triennial crop rotation with fallow replaced

by a N2 fixing forage crop. e Mechanized modern cereal cultivation

based on chemical fertilization

The food-print of Paris 17
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cultivated land area, yielding around 420 kg cereals/ha/

year, while the corresponding N export from grassland is

easily compensated by the process of atmospheric N2 fix-

ation at a rate of 5 kg N/ha/year. In this way, not only is the

rural population of close to 40 inhab./km2 fed but a sus-

tainable surplus of about 60 kg N/km2/year is available for

commercial export outside of the community (Fig. 3c;

Table 3). Thus, the agrarian system of the Middle Ages is

not only more productive than the preceding agricultural

systems but it also has a clear autotrophic character, in the

sense that agricultural primary production exceeds con-

sumption by the local population and livestock (Le Thi

Phuong et al. 2005) (Fig. 4a).

An analysis of the functioning of large ecclesiastical and

lay domains in the fifteenth and sixteenth centuries (Benoit

et al. 2002) shows that many were organized in a more

extensive manner than peasant farms, with a higher animal

loading, resulting in a lower human population density

(often below 10 inhab./km2), but a potential for commer-

cial export well over 100 kg N/km2/year (Table 3).

Ironically, these estates created to meet an autarkic ideal,

soon evolved towards commercial enterprises, exporting a

much larger share of their internal production than the

surrounding rural territories, and thus representing more

autotrophic systems (Fig. 4a).

Except for certain large ecclesiastical or lay domains,

the agrarian system based on a triennial rotation with fal-

low did not changed significantly in Northern France until

the end of the eighteenth century. At that time, a trend

emerged in which fallow was replaced by a N2 fixing

fodder crop such as clover, alfalfa, peas or horse beans.

This new agrarian system, which did not involved a sig-

nificant change in either farm size or the structure of the

landscape, allowed a considerable increase in livestock

density and hence in manure availability and cereal yield

(Fig. 3d; Table 3). The potential for commercial export

nearly reached 400 kg N/km2/year, making this agrarian

system more autotrophic than any that preceded it.

This system characterized the nineteenth and the first half

of the twentieth century. Then, following the discovery of

the industrial process of atmospheric nitrogen fixation by

Fritz Haber and Carl Bosch in 1910, the transition to mod-

ern, mechanized agriculture, based on synthetic fertilizers

began. The land area exploited by the average farmer

increased by a factor of ten, with a yield per hectare

increasing in similar proportion such that worker produc-

tivity increased by two orders of magnitude. At the same

time, arable farming became entirely liberated from

the previously obligatory link with animal husbandry.

Depending on geographical or socio-cultural factors, some

regions became able to specialize in large-scale crop farm-

ing, often exporting most of their production, while others

turned to livestock breeding based on massive feed imports.

The former is now the current practice in the central Paris

basin, where rural territories, now largely devoid of

livestock, have become dramatically autotrophic, with

commercial export potentials of over 5,000 kg N/km2/year

(Table 3; Figs. 3e, 4b). In contrast, the peripheral areas of

the Paris basin turned to cattle breeding and fell in hetero-

trophy (see also Billen et al. 2007a; Mignolet et al. 2007).
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The ‘food-print’ of Paris city

By equating the food, feed, and firewood requirements of

Paris to the potential for commercial export of agricultural

products from the rural territory surrounding the city, we

can estimate the area of the territory required to meet this

urban demand. This area defines the extent of the imprint

exerted by the city on the rural agricultural systems.

Contrary to the concept of the ‘ecological foot-print’ as

defined by Wakernagel and Rees (1996), our ‘food-print’

indicator only takes into account the area required for

producing agricultural goods, and is expressed in terms of

the effective surface of the surrounding territory, instead of

using a normalized global-area unit.

Using (1) the Paris population sizes of Fig. 1, (2) the per

capita N requirements of Table 2, and (3) the potential for

commercial export estimated in Table 3, the area of rural

territory theoretically required to supply the city can be

calculated (Fig. 5). Aside from the two demographic

decrease periods of Paris in the fourteenth and sixteenth

centuries, the results show an underlying increasing trend

until the eighteenth century when the area reached around

60,000 km2; a value which corresponds to the size of the

Seine watershed. This increase, however, is modest with

respect to that of the urban population (Fig. 1). Despite a

50-fold increase in the population of Paris since the fif-

teenth century, the food-print of the city barely increased

twofold. In contrast, the further doubling of the population

in the twentieth century was paradoxically accompanied by

a fivefold decrease in the food-print.

Our theoretical estimation for the area at the end of the

eighteenth century can be validated by the results of the

detailed analysis of Abad (2002). The author stresses that

as early as the middle of the eighteenth century, the Pari-

sian food market acted as very significant factor in the

redistribution of financial resources throughout the entire

kingdom but, despite this, the city imported most of its

food from the adjacent provinces (Table 4) when these

were expressed in nitrogen units. This represents a total

area close to 60,000 km2. Most cereal products were

obtained from the provinces of Ile-de-France, Brie-Cham-

pagne and Orléanais, most meat was derived from

Normandy, Ile-de-France and Limousin and firewood was

imported mainly through floating from the remote Morvan

area in Bourgogne (Boissière 1991; Bruley 1995; Benoit

et al. 2002, 2004) (Fig. 6). A clear specialization of these

regions is thus already obvious in the nature of the com-

mercially exported agricultural products, evoking, although

in an octopus-like version, the concentric areas of von

Thünen’ model (1826). For those provinces that contrib-

uted most significantly, the calculated area-specific rate of

N export, ranging from 10 to 97 kg N/km2/year (Table 4),

is remarkably similar to our theoretical estimate of 60–

150 kg N/km2/year at that time, particularly when it is

considered that the export of these provinces was not only,

even if mainly, destined to Paris. This is probably espe-

cially true for Picardie which exported its cereals to

Flanders and beyond.

The recent and spectacular decrease in the Parisian food-

print observed since 1950 (Fig. 5) is another striking result

provided by our analysis. The yields of modern agriculture

as practised in the central regions of the Paris basin, often

reaching 10,000 kg cereals/ha/year, are so high that they

largely exceed the needs of Paris and are exported

elsewhere, sometimes over very large distances. Table 5

illustrates this point by comparing the present urban food

consumption, deduced from the data of Table 2 and the

total population of the Paris conurbation, with the agri-

cultural production of the rural areas of the Seine

watershed, considered as the ‘historical’ supplying territory

of Paris. Regarding most agricultural goods with the

exception of meat and seafood, the Parisian basin produces
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Fig. 6 a Contribution of the

various provinces to the supply

of food, feed and firewood to

Paris at the end of the

eighteenth century [calculated

from the figures of Abad (2002)

for food and feed and of Bruley

(1995) for firewood]. b Area-

specific rate of commercial

export of agricultural products

from the provinces (in kg N/

km2/year)

Table 5 Present (2000) consumption of agricultural goods by Paris conurbation (9,650,000 inhabitants) and corresponding production by the

rural areas of the Seine watershed, expressed in terms of their nitrogen content (to be compared with Table 4, note that units here are ktonN/year)

Production from

Consumed in

Paris conurbation

Central Paris basina Normandyb Eastern beltc

Area, km2 52,657 17,929 18,257

Human food, ktonN/year

Bread and cereals 13 263 43 39

Vegetables and fruits 11 342 37 26

Meat 29 7 7 3

Fish and seafood 8 – – –

Milk, cheese, eggs, etc. 18 7 9.68 2.85

Total, kton N/year 78 619 96 72

% of Paris supply 100 789 123 92

Potential export, kg N/km2/year 11,597 5,155 3,209

As vegetal pdcts 11,401 4,350 2,914

As animal pdcts 196 805 295

a Seine et Marne, Oise, Aisne, Marne, Aube, Yonne, Eure, Eure et Loir
b Orne, Calvados, Seine Maritime
c Ardennes, Haute Marne, Nièvre
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much more than is required to feed the city. On the other

hand, examination of the available freight statistics for the

Ile-de-France region (DREIF 2003) shows that, of the

14,000,000 tons of agricultural goods entering the Paris

conurbation by road, rail or waterway annually, more

than 75% of which is derived from outside of the Seine

watershed, as much as two-thirds are re-exported after

processing (Barles 2007). It is therefore very difficult to

assess the origin of the products internally consumed by the

city, but it highlights that the present food market of Paris

is extremely open and only loosely dependent upon prod-

ucts from the immediately surrounding regions.

Conclusions

The data gathered in this paper describe how the growth of

the food requirements of Paris over one millennium have

kept pace with the development of the commercial export

potential of the surrounding rural territory. They show how

closely the city and its hinterland have been linked together

until the last 50 years. Paris developed at the confluence of

the three major tributaries of the Seine River, at the centre

of the watershed and in the middle of a large and fertile

sedimentary basin. This territory constituted the natural

hinterland of the city, from which it could obtain and

transport within the walls most of the agricultural resources

needed for its development during a period extending over

more than the first nine centuries of the last millennium. On

the other hand, in response to the growing urban demand,

the rural areas evolved to focus on exportation and became

specialized agrarian systems, making possible the devel-

opment of Paris without the excessive extension of its

supplying area, which remained largely contained within

an area roughly corresponding to the Seine Basin. Clearly

in this example, the long-term process of urbanization

consisted of a mutual evolution of the rural and urban

territories in their management of biogeochemical fluxes.

Only during the last 50 years has this close interaction

apparently been disrupted. Due to the unprecedented

increase in agricultural yields made possible by the general

uptake of modern farming techniques, Paris ceased to

constitute the main outlet for the agricultural products from

the Paris basin. Currently, agriculture in this area is mostly

driven by the logics of international markets rather by local

urban demand, which today represents only one of many

destinations for the agricultural products of the region.

Conversely, the modern agrarian system now dominating

the Parisian basin is extremely demanding in external

resources such as fuel, chemical fertilizers and pesticides,

and generates environmental dysfunctions in the form of

water and, to a lesser extent, air pollution (ref. in Billen

et al. 2007b). The increasing pressure placed on the rural

territory for environmental resources other than space itself

is not taken into account in our spatial assessment of the

impact of Paris food requirements as defined here. This

should be kept in mind when interpreting the calculated

reduction in the food-print during the last 50 years (Fig. 5).

Indeed, contrary to the ecological footprint proposed by

Wakernagel and Rees (1996), our spatial imprint calcula-

tion refers to the acreage of a ‘‘real’’ rural territory

theoretically required to supply the food of a city with the

current farming techniques. It does not consider a com-

prehensive account of all resources required, such as

energy, fertilizers and waste disposal, converted into

abstract and additive ‘‘global hectare equivalent’’ units.

Although both approaches may be useful and comple-

mentary, we defend the idea that a closer look at how rural

territories evolve in terms of their capacity for commercial

export of nitrogen containing food products in response to

the demand from local or distant urban markets might be a

promising approach to understand the global issue of world

food resource allocation in the context of increasing pop-

ulation sizes and urbanization.
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Néolithique à la crise contemporaine. Seuil, Paris, p 531

Mignolet C, Schott C, Benoı̂t M (2007) Spatial dynamics of farming

practices in the Seine basin: Methods for agronomic approaches

on a regional scale. Sci Total Environ 375:13–32. doi:

10.1016/j.scitotenv.2006.12.004

Philippe R (1961) Une opération pilote: l’étude du ravitaillement de

Paris au temps de Lavoisier. Ann Econ Soc Civilis 16(3):564–

568
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consumption: Linköping, Sweden 1870–2000. Linköping Studies

in Arts and Science, no. 333. Unitryck, Linköping
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ISBN: 2-88085-256-0, Banson Publishers, Cambridge, 36 p

24 G. Billen et al.

123

http://dx.doi.org/10.1016/j.scitotenv.2006.12.001
http://dx.doi.org/10.1016/j.scitotenv.2006.12.005
http://dx.doi.org/10.1016/j.scitotenv.2006.12.005
http://www.ile-de-france.equipement.gouv.fr/
http://dx.doi.org/10.1029/95GB00158
http://dx.doi.org/10.1639/0044-7447(2002)031[0064:RNATWY]2.0.CO;2
http://dx.doi.org/10.1639/0044-7447(2002)031[0064:RNATWY]2.0.CO;2
http://dx.doi.org/10.1016/j.watres.2006.06.023
http://dx.doi.org/10.1029/2004GB002405
http://dx.doi.org/10.1016/j.scitotenv.2006.12.004
http://dx.doi.org/10.1016/S0043-1354(99)00056-1
http://dx.doi.org/10.1016/S0043-1354(99)00056-1
http://dx.doi.org/10.1029/1999GB900015
http://dx.doi.org/10.1029/1999GB900015

	The food-print of Paris: long-term reconstruction of the nitrogen flows imported into the city from its rural hinterland
	Abstract
	Introduction
	Sources and methods
	Population and food requirement of Paris
	The potential for commercial export from the rural Parisian basin
	The &lsquo;food-print&rsquo; of Paris city
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


