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In most arid and semi-arid countries, water resource management is
both an important and controversial issue. Today most water re-
source experts admit that water conflicts are not caused by the physi-
cal scarcity but they are mainly due to poor water management. The
scientific and technological advances that occurred in the last fifty
years open new paths to solving many water-related conflicts, often
with tools that a few decades ago seemed unthinkable [15,16]. Along
these lines, the estimation and analysis of the water footprint of
Spain, both from a hydrological and economic perspective, is very
useful to facilitate the efficient allocation of water and economic re-

sources.
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his analysis can provide a transparent and multi-

disciplinary framework for informing and opti-

mising water policy decisions, contributing at the

same time to the implementation of the EU Water
Framework Directive (2000/60/EC), especially in its
article 5 and for the preparation of the river basin man-
agement plans.

The water footprint (WF) is a consumption-based in-
dicator of water use. The WF of an individual or com-
munity is defined as the total volume of freshwater that
isused to produce the goods and services consumed by
the individual or community. Closely linked to the con-
cept of water footprint is the virtual water. The virtual
water content of a product (a commodity, good or ser-
vice) refers to the volume of water used in its produc-
tion [11]. Building on this concept, virtual water ‘trade’
represents the amount of water embedded in traded
products. International trade can save water globally if
a water-intensive commodity is traded from an area
where it is produced with high water productivity (re-
sulting in products with low virtual-water content) to
an area with lower water productivity. Atnational or re-
gional level, anation can preserve its domestic water re-
sources by importing products instead of producing
them domestically. This is particularly relevant to arid
or semi-arid countries with scarce water resources
such as is the case in Spain.

Apart from stressing its potential contribution to
water savings, it is also important to establish whether
the water used proceeds from rainwater evaporated
during the production process (green water) or surface
water and/or groundwater evaporated as aresult of the

RESUME:

L'EMPREINTE SUR L'EAU DE L'ESPAGNE
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En Espagne, le pays le plus aride de 'Union Euro-
péenne, la gestion des ressources en eau constitue
un probleme aussi important que controversé.
Aujourd’hui, la majorité des experts en ressources
en eau admettent que les conflits relatifs a 'eau ne
sont pas provoqués par la rareté physique de l'eau,
mais qu’ils sont dus principalement a une mauvaise
gestion de I'eau. Le concept d’eau virtuel, défini
comme le volume d’eau utilisé dans la production
d’une denrée, d'un bien ou d’un service ainsi que
I'empreinte sur 'eau (volume d’eau utilisé pour
produire les biens et services consommés par une
personne ou une communauté), englobent conjoin-
tement une vaste gamme de secteurs et de prob-
lémes, fournissant ainsi un cadre adéquat pour
trouver des solutions potentielles et pour contribuer
a une meilleure gestion des ressources en eau,
notamment dans des pays arides ou semi-arides
comme I'Espagne.
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production of the product (blue water) [7]. Tradition-
ally, emphasis has been given to the concept of blue wa-
ter through the “miracle” of irrigation systems. How-
ever, an increasing number of authors highlight the im-
portance of green water [3, 5, 8]. The economic and hy-
drological assessment of the water footprint and vir-
tual water of both green and blue water (considering
surface and groundwater) of the different economic sec-
tors could facilitate a more efficient allocation and use
of water resources, providing simultaneously a trans-
parent interdisciplinary framework for policy formula-
tion.

Spain Italy us India
Population (108) 40.5 57.7 280.3 1007.4
Urban water supply
km®/year 42 8.0 60.8 38.6
m3/cap/year 105.0 136.0 217.0 38.0
Grop evapotranspiration
National consumption (km®/year) 90.6 41.8 334.2 913.7
Idem (m?/cap/year) 1251.0 829.0 1192.0 907.0
For export (km?/year) 174 12.4 139.0 35.3
Idem (m3/cap/year) 430.0 214.0 495.0 35.0
Industrial uses
National use (km®/year) 5.6 10.1 1708 19.1
Idem (m*/cap/year) 138.0 176.0 609.0 14.0
For export (km?/year) 1 0.6 447 18.1
Idem (m3/cap/year) 42.0 97.0 159.0 6.0
Virtual water ‘import’
Agricultural products (km3/year) 211 60.0 149 13.8
Idem (m*/cap/year) 671.0 1039.0 267.0 14.0
Industrial products (km?/year) 6.5 8.7 56.3 2.2
Idem (m®/cap/year) 1605.0 150.8 208.9 218
Re-export of imported products 114 20.3 45.6 1.2
[dem (m®/cap/year) 281.0 351.0 163.0 1.0
TOTAL WATER FOOTPRINT
km®/year 94.0 134.6 896.0 987.4
m3/cap/year 2300.0 2300.0 2500.0 980.0

OVERVIEW OF SPAIN'S DIFFERENT SECTORS

Spain is the most arid country of the European Un-
ion and the one that devotes most water resources to ir-
rigation [17]. According to Chapagain and Hoekstra
(2004), total water requirements (green and blue) by
the different economic sectors in Spain are about
100 km?/year, that are distributed as follows:

According to table 1, urban water supply repre-
sents 5% of the total water used with a value of 4,200 mil-
lion euros [17].

The industrial sector amounts to 15% of the total wa-
ter use (from which more than a half corresponds to vir-
tual water ‘imports’), 14% of the Gross Domestic Prod-
uct (GDP) (123,000 million euros, [6]) and 16% of the
economically active population (3,100,000 jobs, [6]) (ta-
ble 2).

Urban water supply and industrial sector figures re-
fer to blue water uses and are in line with the values
given by official statistics [17]. Frequently the data
from the MIMAM does not consider the consumptive
uses, typical of agricultural, but the total water sup-
plied; and usually a certain amount of this water re-
turns downstream to the river basin and can available
to downstream users.

The agricultural sector, considering green and blue
crop consumption and livestock water use, represents
about 80% of the total water use in line with [6] (2/3
with national water and 1/3 with ‘imported’ virtual wa-
ter) (table 1) and [19]. The agricultural sector, however,
just contributes with about 3% of the Gross Domestic
Product (GDP) (about 26,000 million euros, including
livestock and fisheries, according to [14]) and employs
5% of the economically active population (1,050,000
jobs, following [14]) (table 2). Special emphasisis given
tothissector, asitis by far the main water userin Spain.

WATER FOOTPRINT OF AGRICULTURE

Concerning the crop water consumptive use of agri-
culture in Spain, there are remarkable differences be-
tween the results of the different authors (table 3). Offi-
cial numbers from the Spanish Ministry of the Environ-
ment are the lowest [17], probably due to the fact that of-
ficial numbers do not take into account green water. In-
corporating the concept of green water into the bigger
picture makes it possible to understand water implica-
tions of land cover change and water scarcity problems
of rain-fed agriculture [8]. In order to achieve an effec-
tive land use planning, green water analysis should be
considered within an integrated land and water re-
source approach. Crop water consumptive use esti-
mated by Chapagain and Hoekstra (2004) is higher
than that of Rodriguez (2008) probably because of the
greater detail of the latest study.

o« Table1:

VIRTUAL WATER FLOWS AND WATER FOOTPRINT OF
SPAIN, ITALY, US AND INDIA (PERIOD 1997 - 2001)
Source: Modified from [3] in [7]
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Gross Domestic
Product Employment

Million € % | Thousand jobs = %
:ﬁ;‘fl“s'ﬁ:';; U 26473 | 3 1088 8
Energy 20,415 2 149 1
Industry 122,844 14 3,130 16
Building industry 94,161 10 2,425 12
Services sector 546,929 60 13,324 66
Total 905,455 100 20,061 100
A Table2:

GROSS DOMESTIC PRODUCT AND EMPLOYMENT IN SPAIN,
YEAR 2005 AT CURRENT PRICES
Source: Modified from Novo (2008), based on INE (2008) data [14]

Within the agricultural sector, irrigated agriculture
uses about 80% of blue water resources [13, 17]. Con-
cerning the economic aspects, however, irrigated agri-
culture is a vital component of the agricultural sector.
Even if it just occupies about 20% of total crop area, it
produces 60% of the total Gross Value Added (GVA) of
agriculture [17]. This benefit is higher than the global
average. Worldwide the gross value of rain-fed agricul-
ture is 55% amounting to 72% of the world’s harvested
cropland [5]. Along these lines, the economic produc-
tivity (Euro/ha) in irrigated agriculture in Spain is
about five times higher than that of rain-fed agriculture
[4,10,17].

EFFICIENT ALLOCATION OF WATER
RESOURCES

Spanish agriculture has comparative advantages as
a result of its soil availability, sunshine hours, reason-
able labour costs and location in relation to markets.
Spain has no barriers to trade with other EU Member
States. On the whole, Spain benefits from this advan-

Table 3: ESTIMATED VALUES

OF INTERNAL OR DOMESTIC SR S

WATER CONSUMPTIVEUSE [ < —

IN SPAIN'S AGRICULTURAL TS .S ES

CROP PRODUCTION AFTER 28| €2 | g5

DIFFERENT SOURCES: 82 32 53
28 | =8| &8

MIMAM (2007)" 11,897

Chapagain and Hoeskira (2004)° 50,570

Rodriguez (2008)° 26824 | 15645 11177

1 Agricultural water consumption refers to the total crop
water evapotranspiration.

2 Blue water consumption is the total amount of irrigation
water evapotranspirated by the crops.

3 Green water consumption represents the total amount of
soil water evapotranspirated by crops.

4 Average figures for the year 2001 (average rainfall year).

5 Average figures for the period 1997-2001

6 Average figures for the years 1998, 2001 and 2003.

tage producing high value crops adapted to the Medi-
terranean climate, such as vegetables, citrus trees, vine-
yards and olive trees (figure 3).

Firstofall, ithas tobe highlighted that rain-fed grain
cereals in Spain occupy more than 5 million hectares as
shown in figure 3. In the year 2001, grain cereals were
the main land and water users in Spain, utilizing the
47% of total arable land and 32% of blue water re-
sources (figures 3 and 5) [17]. In economic terms, how-
ever, they generated the lowest GVA value, which was
about 6% GVA of irrigated agriculture according to
MIMAM data [17]. Nevertheless, we cannot just focus
on economic aspects and forget the importance of agri-
cultural multi-functionality (economic, social and envi-
ronmental).

On the other hand, vegetables, citrus trees and fruit
trees are very productive in economic terms and re-
quire a relatively small amount of land and water.
These are, however, mainly grown with blue water re-
sources. The best opportunities and economic yields
are obtained when these are grown in areas where blue
water resources are less abundant. In addition, carbon-
intensive agro-chemical doses used in irrigated agricul-
ture are higher than those used in rain-fed agriculture,
with the corresponding ecologic impact [17]. Blue wa-

V Figure 3:

TOTAL AREA (ha)
PER CROP (Mha),
TOTAL GROSS VALUE
ADDED (GVA) (M€)
AND TOTAL SUB-
SIDIES (M€)
COMPARING
RAIN-FED AND
IRRIGATED
AGRICULTURE

IN SPAIN FOR

THE YEAR 2001.

Source: based on

data from the Spanish
Ministry for the
Environment [17]
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» Figure4: ter use in Spain, thus, has generally a higher opportu-
PENARROYA DAM ' nity cost and greater negative environmental externali-
IN CIUDAD REAL ; ties than green water use.

Source: Zorrila The water apparent productivity analysis can be

very useful in order to identify possible water uses not
justified in economic efficiency terms and achieve an ef-
ficient allocation of water resources. According to
MIMAM (2007), average productivity of blue water
used in irrigated agriculture is about 0.44 €/m3. When
looking at the productivity per crop type (figure 6),
greenhouse crops (horticultural, flowers and ornamen-
tal plants) present the highest Gross Value Added per
water unit (with aminimum 4.87 €/m?®and amaximum
17.52 €/m?). With lower values vegetables, vineyards
and temperate climate trees show intermediate values.
Finally, with remarkably lower values, grain cereals dis-

7000 play an average productivity of just 0.06 €/m?3. Accord-
Total crop blue water use: 20,165 Mm? ingly, the apparent productivity of greenhouse cropsis
— about one hundred times higher than that of cereals.
E Figure 7 shows that amere 4% of all blue water used
% 5000+ in irrigated agriculture accounts for 66% of the total
"3‘ 40004 value added. Conversely, close to 60% of the water used
2 in this sector produces a slight 5% of total value added in
5 3000+ agriculture. Along these lines, even if Spain has already
2 achieved a good degree of the policy “more crops and
g 2000+ jobs per drop”, it struggles to obtain “more cash and na-
S 40004 ture per drop” [2].
I . I Evenifnot considered in the study of [17], most prob-
0+ ably high value crops are watered with groundwater re-
3000 sources or a combination of ground and surface water
Total GVA: 14,512 M€ [9, 15]. This difference can be attributed to several
2500 causes: the greater control and supply guarantee that
groundwater provides, whichin turn allows farmers to
2000 introduce more efficient irrigation techniques and
m more profitable crops; the greater dynamism that has
= 1500 characterized the farmer that has sought out his own
< sources of water and bears the full costs of drilling,
© 1000 pumping and distribution; and the fact that the higher
financial costs farmers bear motivates them to look for
500 more profitable crops that will allow them to maximize
their return on investments [9]. Surface and groundwa-
0 7J ter distinction, therefore, should be taken into account

250 in order to achieve an efficient allocation of water re-

Total subsidies: 4,007 M€ sources.
400
— 3501 ‘ ’
g 0 VIRTUAL WATER ‘TRADE’ IN SPAIN
;% 2501 Agricultural commodity trade in relation to water is
£ 200 an issue that has rarely been dealt with. It is important
2 1s0d to take into account that Spain is a net virtual water “im-
° 100 porter” concerning agricultural commodities. Accord-
ing to Chapagain and Hoekstra (2004) Spain ‘imports’
50- l about 27 km?/year and ‘exports’ 17 km?/year, resulting
04 — inanegative balance of 10 km®/year. Spain exports high
Grain Olive Vine- Vege-  Citrus Fruit Other economic value and low virtual water content crops,
cereals tree yard tables trees trees crops ) . . . g
such as citrus fruits, vegetables or olive oil, while it ex-
A Figure5: ports virtual water intensive and low-economic value
CROP BLUE WATER SUPPLY (Mm®), TOTAL GROSS VALUE ADDED (GVA) (M-€) AND crops, such as cereals [18, 19]. This not only has a huge
TOTAL SUBSIDIES (M€) TO IRRIGATED AGRICULTURE IN SPAIN FOR THE YEAR potential for relieving local hydrologic, economic and
2001. political stress in Spain but it is also very relevant for
Source: based on MIMAM data [17] the national economy and water balance. Cereal grains
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can thusbe crucial commodities in terms of importance
for food security to water-scarce importing and devel-
oping countries [21]. Spain’s cereals production is only
5% of the total EU’s, so Spanish demand would always
be supplied by other EU producers or security stocks.
This, however, does not imply that importing food is
the only response the water-scarce countries and re-
gions should and can take [22]. Furthermore, in the real
world, even if the potential of trade to ‘save’ water at na-
tional level is substantial, mostinternational food trade
occurs for reasons not related to water resources [5]. In-
ternational trade in agricultural commodities mainly
depends on factors such as the availability of land, la-
bour, technology, the costs of engaging in trade, freight
costs, national food policies and international trade
agreements [1,12].

Spain’s cereal imports make up about 70% of all wa-
ter agricultural imports, whereas livestock exports rep-
resent 55% [19]. Both are obviously linked and respond
to Spanish natural endowments, land and climate, and
its intimate integration in the EU economy. Water scar-
city as such does not explain why Spain ‘exports’ vir-
tual water through livestock products. Lesser enforce-
ment of environmental legislation, more empty terri-
tory and a great deal of economic integration do more
to explain it. However, clearly without the option toim-
port cereals and feedstock, the livestock sector would
not have grown to the extent it did in the last 10 years.

CONCLUSION

In conclusion, water scarcity in Spain is mainly due
to the inefficient allocation of water resources and mis-
management in the agricultural sector, such as the use
of large amounts of blue water in virtual water inten-
sive but low economic value crops. Nevertheless, the
Spanish water footprint should be analysed in time and
from the point of view of sectorial and geographical
standpoints. Furthermore, we cannot forget the multi-
functionality of agriculture.

On the whole, there seems to be enough water to sat-
isfy the Spanish agricultural sector needs, but a neces-
sary condition is to achieve an efficient allocation and
management of water resources. This will take some
time since crop distribution in Spain is determined by
several factors such as the CAP or the WTO regula-
tions. The mentioned transition will require the action
of the Spanish Government by embracing transpar-
ency and encouraging an active and effective public
participation. This is already happening in Spain on
the occasion of the application of the WED.

The water footprint analysis, both hydrological and
economic, at ariver basin level facilitates the efficient al-
location of water resources to the different economic
and ecologic demands. There is no blueprint. The Span-
ish context is characterized by regional differences on
green and blue water resource availability. Along these
lines, virtual water studies, taking into account not
only green and blue (ground and surface) water sys-
temsbutalso trade policies, can contribute to the better
integrated management of water resources.

GVA [€/mI]
7
6
5
4
3
2
1
0
Cereals Rice, Other Olive Citrus Other Vine- Vege- Green-
Maize  crops  tree trees fruittrees yard  tables house
crops
Finally, this analysis, in industrialized countries A Figure6:
such as Spain can help to move from a policy of ‘more ~ WATER APPARENT
cropsand jobs per drop’ towards‘more cashand nature ~ PRODUCTIVITY
perdrop’. Achieving, thus, the preservation of theenvi-  (GR0SS VALUE

ronment without damaging the agricultural sector
economy.

ABSTRACT:

As the most arid country in the European Union, wa-
ter resource management in Spain is an issue as im-
portant as controversial. Today most water re-
sources experts admit that water conflicts are not
caused by the physical water scarcity but they are
mainly due to poor water management. The virtual
water concept, defined as the volume of water used
in the production of acommodity, good or service, to-
gether with the water footprint (water volume used
to produce the goods and services consumed by a
person or community), link a large range of sectors
and issues, providing an appropriate framework to
find potential solutions and contribute to a better
management of water resources, particularly inarid
or semi-arid countries such as Spain.

V Figure7:

ADDED PER CUBIC
METRE - EVAIm“)
PER CROPIN
IRRIGATED
AGRICULTURE IN
SPAIN FOR THE YEAR
2001-2002. DATA
FOR 78% OF THE
IRRIGATED AREA.
Source: based on
MIMAM data [17]

TOTAL WATER USE IN AGRICULTURE BY CROP PRODUCTIVITY RANGE AS PERCENT
OF VOLUME AND VALUE ADDED (BASED ON 78% OF TOTAL IRRIGATION IN SPAIN)

(2001-2002).
Source: Varela-Ortega (2008), based on data of [17]

Million m3 %
6,000 459 50
—/\— % Consumption L 45
5,000 —{+— % of total economic value |40
of irrigated agriculture
4,000 3 35
/ L 30
3,000 +— 25
21 /2{ 2
2000 & g | 15
16
k) 10
1,000— — 5§ 11
B 3 L5
0.1 5 1
0

Water apparent productivity (€ / m3)

SUSTAINABLE WATER MANAGEMENT 3-2008

J T T T T T T
<0.02 0.02-0.20 0.20-0.40 0.40-0.60 0.60-1.00 1.00-3.00 >3




THE WATER FOOTPRINT OF SPAIN

MAITE MARTINEZ ALDAYAET AL.

REFERENCES

[11

[2]

[3]

[41

Aldaya, M. M., Hoekstra, A. Y.y Allan, J. A. (2008a) Strate-
gic importance of green water in international crop trade.
Value of Water Research Report Series No. 25, UNESCO- IHE

Delft, The Netherlands.

Aldaya, M. M., Llamas, M. R., Garrido, A. and Varela, C.
(2008b) Importancia del conocimiento de la huella
hidrolégica para la politica espafiola del agua. Encuentros
Multidisciplinares, Vol. 10, No. 29, pp. 8 -20.

Allan, J. A. (2006) Virtual Water, Part of an invisible synergy

that ameliorates water scarcity. In Water Crisis: Myth or Real-
ity? (Rogers, Llamas y Martinez, edts.) Balkema Publishers,
pp- 131-150.

Berbel, J. (2007) Andlisis Econémico del Uso del Agua en la
Agricultura y la Ganaderia. Jornadas de debate sobre El Uso
del Aguaenla Economia Esparfiola. Situacion y Perspectivas.
Grupo de Analisis Econémico del Ministerio de Medio
Ambiente. Sevilla, marzo de 2.007.

A Figure8: TABLAS DE DAIMIEL NATIONAL PARK IN THE SOUTH-CENTRAL SPAIN
Source: Martinez-Santos, 2008

The Tablas de Daimiel National Park, located in south-central Spain, is a
wetland on the list of the Ramsar Convention and part of the Mancha
Humeda Biosphere reserve. Today, however, this wetland that used to
receive the natural discharge from the Occidental Mancha aquifer, sur-
vive artificially, in a kind of “ecological coma”, thanks to the water trans-
fers that come from the Tagus-Segura Aqueduct and to the artificial
pumpage of groundwater.

[5]

[6]

[71

[8]

[91

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

CAWMA / Comprehensive Assessment of Water Manage-
ment in Agriculture (2007) Water for Food, Water for Life: A
Comprehensive Assessment of Water Management in Agri-
culture. London: Earthscan, and Colombo: International Wa-
ter Management Institute.

Chapagain, A. K. and Hoekstra, A. Y. (2004) Water Foot-
prints of Nations. Value of Water Research Report Series No.
16, UNEsco-IHE. Delft, The Netherlands.

Falkenmark, M. (2003) Freshwater as shared between soci-
ety and ecosystems: from divided approaches to integrated
challenges. Philosophical Transactions of the Royal Society B: Bio-
logical Sciences 358 (1440): 2037-2049.

Falkenmark, M. and Rockstrom, J. (2004) Balancing water for
humans and nature: The new approach in ecohydrology.
Earthscan, London, UK.

Hernandez-Mora, N., Llamas, M. R. and Martinez, L.
(2001), Misconceptions in Aquifer Over-Exploitation. Impli-
cations for Water Policy in Southern Europe. In: Agricultural
Use of Groundwater. Towards Integration between Agricultural
Policy and Water Resources Management. Ed. C. Dosi. Kluwer
Academic Publishers. Dordrecht, The Netherlands, pp.
107-125

Hernandez-Mora, N., Martinez-Cortina, L., Llamas, M. R.
and Custodio, E. (2007) ‘Groundwater Issues in Southern
EU Member States. Spain Country Report’. [online]
http://rac.es/2/2_ficha.asp?id=119&idN3=6&idN4=40

[Acc. 15 March 2008]

Hoekstra, A.Y. (2003) Virtual water trade between nations:
A global mechanism affecting regional water systems. IGBP
Global Change News Letter, No. 54, pp. 2-4.

Hoekstra, A.Y.and Hung, P.Q. (2005) Globalisation of water
resources: international virtual water flows in relation to
crop trade. Global Environmental Change 15 (1): 45-56.

INE, Cuentas del agua (2002) 'Cuentas satélite del agua en
Espana' Nacional Statistics Institute [online] Available from:
http://www.ine.es/jaxi/menu.do?type=pcaxis&path=%2Ft ~
26%2Fp067&file=inebase&L=[Accessed 20 May 2008].

INE (2008) ‘National Statistics Institute’ [online] Available
from: http://www.ine.es/ [Accessed 20 May 2008].

Llamas, M. R. (2005) Los colores del agua, el agua virtual y
los conflictos hidricos Discurso inaugural del afio 2005—06.
Revista de la Real Academia de Ciencias Exactas, Fisicas y
Naturales. Madrid. Vol. 99, No 2, pp. 369 -389

Lopez-Gunn, E. and Llamas, M. R. (2008) Re-thinking water
scarcity: Can science and technology solve the global water
crisis?. Natural Resources Forum. Vol. 32, Issue 3, pp. 228-238

MIMAM (2007) ‘El agua en la economia espafiola: Situacion
y perspectivas’ Spanish Ministry for the Environment [on-
line] Available from: http://circa.europa.eu/Public/irc/env/ -
wfd/library?l=/framework_directive/implementation_«
documents_1/wfd_reports/member_states/spain/article_5/+
completo_nivellpdf/_EN_1.0_&a=d [Accessed 20 May 2008].

Novo, P. (2008) 'Analisis del 'comercio' de agua virtual en

Espafa: Aplicacion al caso de los cereales' MSc thesis.
Universidad Politécnica de Madrid.

Rodriguez, R. (2008) ‘Calculo de la huella hidroldgica de la

agricultura espafiola’ MSc thesis. Universidad Politécncia

de Madrid.

Vives, R. (2003) Economic and Social Possibility of Water

Use for Irrigation in Andalucia (Spain). Water International,
Vol. 28, No. 3, pp. 320-333

Yang, H., Reichert, P., Abbaspour, K.C., and Zehnder, A. J.
B. (2003) A water resources threshold and its implications

for food security. In Virtual water trade: Proceedings of the Inter-
national Expert Meeting on Virtual Water Trade, Value of Water

Research Report Series, No. 12, A.Y. Hoekstra (Ed.),
UNESCO-IHE, Delft, The Netherlands.

Yang H. and Zehnder A. (2007) 'Virtual water': An unfold-
ing concept in integrated water resources management. Wa-
ter Resources Research, 43, W12301.

SUSTAINABLE WATER MANAGEMENT 3-2008




	U1.pdf
	Seite1

	U4.pdf
	Seite1



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [651.969 898.583]
>> setpagedevice




