














(Table 6) and using crop economic value (MAPA, 2002) (Figure
18). In both cases the highest value per cubic meter is
obtained in the Andalusian part (including the Lower
Guadiana and TOP domain), due to the high economic value
of the vegetables, which are widespread in the region.

According to Llamas and Martínez-Santos (2005), most
probably high value crops are watered with groundwater
resources or combining ground and surface water. For
instance, Hernández-Mora et al. (2001) show that, in Andalu-
sia (in a study considering almost one million irrigated
hectares), agriculture using groundwater is economically over
five times more productive and generates almost three times
the employment than agriculture using surface water, per
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FIGURE 18. Total blue water economic productivity (€/m3) concerning
agricultural water consumption by year in the Upper, Middle and 
Lower Guadiana and TOP domain. Source: Own elaboration.



unit volume of water used. This difference can be attributed
to several causes: the greater control and supply guarantee
that groundwater provides, which in turn allows farmers to
introduce more efficient irrigation techniques and more
profitable crops; the greater dynamism that has characterized
the farmer that has sought out his own sources of water and
bears the full costs of drilling, pumping and distribution; and
the fact that the higher financial costs farmers bear motivates
them to look for more profitable crops that will allow them to
maximize their return on investments (Hernández-Mora et
al., 2001). Surface and groundwater distinction, therefore,
should be taken into account in order to achieve an efficient
allocation of water resources. Furthermore, in line with
previous studies in arid and semi-arid regions (Garrido et al.,
2006; Hernández Mora et al. 2001; Vives 2003), the social
(jobs/m3) and economic (€/m3) value of groundwater irrigation
generally exceeds that of surface water irrigation systems.
Agricultural water economic productivity was thus expected
to be higher in groundwater based areas.

Along these lines, the Lower Guadiana basin and TOP
domain, with a joint surface and groundwater use, have the
highest agricultural water economic productivities because
they predominantly grow cash crops. The groundwater based
Upper Guadiana basin has intermediate values, whereas the
surface water based Middle Guadiana shows the lowest water
economic productivities. Nevertheless, Upper and Middle
Guadiana present similar values in dry years. Probably, this
small difference is due on the one hand, to the water irrigation
security provided by the existing large surface water
reservoirs in the Middle Guadiana; and, on the other, because
the use of groundwater in the Upper Guadiana basin has
serious legal and political restrictions, at least in theory.

The water economic productivity analysis can be very
useful in order to identify possible water uses not justified
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FIGURE 19. Blue water economic productivity (€/m3) concerning
agricultural water consumption by crop and year in the Upper,

Middle and Lower Guadiana and TOP domain. 
Source: Own elaboration.



in economic efficiency terms and achieve an efficient
allocation of water resources. According to MIMAM
(2007), average productivity of blue water used in
irrigated agriculture in Spain is about 0.44 €/m3. When
looking at the productivity per crop type in the Guadiana
basin (Figure 19), vegetables (including horticul-tural and
greenhouse crops) present the highest economic value per
water unit (amounting to 15 €/m3 in the Andalusian part:
Lower Guadiana and TOP domain). These numbers are
similar to the figures estimated by Vives (2003) for
greenhouse cultivation using groundwa-ter in Almeria,
which amount to 12 €/m3. With lower values vineyards (1-
3 €/m3), potatoes (0.5-1.5 €/m3), olive tree (0.5-1 €/m3) and
citrus trees (0.3-0.9 €/m3) show intermediate values.
Finally, with remarkably lower values, grain cereals,
grain legumes and industrial crops display an average
productivity of less than 0.3 €/m3. These data clearly show
that the problem in the Guadiana basin is not water
scarcity but the use of water for low value crops. Once
again, the policy in the near future has to be to more cash
per drop.

F. Agricultural trade

The international trade data provided in this section are
given at a provincial level as more disaggregated data
were not found (ICEX, 2008). The main provinces of each
river basin section have been analysed: Ciudad Real for
the Upper Guadiana, Badajoz for the Middle Guadiana
and Huelva for the Lower Guadiana and TOP domain.
Part of the data concerning Ciudad Real and Badajoz were
already considered in section 7.1 F.

Concerning trade in tonnes, euros and virtual water, it is
noteworthy that Ciudad Real is a net exporter, mainly of
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wine, and barely imports any commodity (Figure 20).
During the studied period this province has relied on its own
food production without depending on global markets. This
has been probably at the cost of using its scarce water
resources. In relation to Badajoz, is a net canned-tomato
exporter, while importing other commodities such as cereals.
It has to be highlighted the increase in cereal imports in
drier years (Figure 21). Huelva also imports virtual water
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FIGURE 20. Agricultural commodity export and import in thousand
tonnes, million euros and million cubic metres from Ciudad Real
during the years 1997 (Humid), 2001 (average) and 2005 (dry).
Source: Own elaboration based on ICEX (2008) and Chapagain 

and Hoekstra (2004) data.



intense commodities, such as cereals, whereas exports low
virtual water content fruits (Figure 22). The drier the year
the higher the cereal imports. In hydrologic terms, cereal
virtual water imports save 1015 Mm3 in Huelva, whereas
vegetable exports just uses 100 Mm3. Even if in terms of
tonnes and water consumption cereal imports remarkably
surpass fruit exports, in economic terms fruit exports are
much more important than cereal imports.

MAITE M. ALDAYA and M. RAMÓN LLAMAS 63

FIGURE 21. Agricultural commodity export and import in thousand
tonnes, million euros and million cubic metres from Badajoz during
the years 1997 (Humid), 2001 (average) and 2005 (dry). Source: Own

elaboration based on ICEX (2008) and Chapagain and Hoekstra
(2004) data.



Virtual water imports, and in particular cereal imports,
play a role in compensating for the water deficit and
providing water and food security in the Middle Guadiana
and Andalusian part (Lower Guadiana and TOP domain).
For these regions, however, the underlying motivation of
importing food (virtual water) is probably hardly a pursuit
of comparative advantage, but to fill the domestic shortfall
of food supply and to maintain social stability. According
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FIGURE 22. Agricultural commodity export and import in thousand
tonnes, million euros and million cubic metres from Huelva during

the years 1997 (Humid), 2001 (average) and 2005 (dry). Source: Own
elaboration based on ICEX (2008) and Chapagain and Hoekstra

(2004) data.



to the Hofwegen (2004) one can only speak of virtual water
trade if conscious choices are made in water and
environmental management policies whether or not to
make water available or to release pressure on the
domestic water resources by importing goods that else
would have consumed much of the domestic water
resources available. To make conscious choices, the
elements of choice and the players involved in virtual
water trade have to be made visible. Allan (2001) states
that virtual water trade is so successful because it is
invisible and is applied beyond the general political
debate. However, invisibility may lead to postponement of
necessary reforms by politicians as imports can be
regarded as ‘secret reserves’ that might bail out in the
short run (Warner, 2003). Finally, the concept of virtual
water trade could be very relevant for this region. Local
planning and regional collaboration incorporating the
notion of virtual water trade could result in exchange of
goods, diversification of crops, diet awareness creation or
crop replacement actions.

7.3. Why this study should be considered as a first ap-
proximation to reality?: A review of crop water
consumption estimates by various experts

The present study should be taken as a very interesting
but rough approximation to the reality. In tables 7 and 8
green and blue water requirements of the analysed crops
by various sources are presented.

When comparing the green water consumption data with
other sources, there is a remarkable disparity derived from
the methodology in use (Table 7). The present green crop
water use numbers, based on FAO Penman-Monteith
equation and CROPWAT model, are higher than figures given
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by the ITAP (2008), based on the FAO Penman-Monteith
equation and an estimation of effective irrigation as 70% of
total rainfall. Furthermore, small changes in planting and
harvest dates entail big changes in crop water use figures
(m3/ha). This could explain these differences.

With regard to the different rainfall years, as expected,
there are notable differences depending on the type of
year, being lower in dry years (Table 7).

When looking at the theoretical blue water consumption
values, the present research results do not seem to differ
significantly from other sources (Table 8). As shown in
table 7, wheat and other cereals as a whole consume great
amounts of blue water whereas their economic value in
the markets is very low. Olive tree and vineyard blue
water requirements vary depending on the source but
they are generally somewhat lower than those of the
cereals.

In our opinion, even if these data are a first approximation,
they clearly show that the water policy in the Guadiana
Basin can and should apply progressively the motto «more
cash and nature per drop».
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8. CONCLUSIONS

1. The present virtual water and water footprint
analysis, both hydrological and economic, of the Guadiana
river basin, provides very interesting results. This
analysis however is a first approximation. The calculated
theore-tical crop water requirements somewhat differ
from other authors. There is an outstanding dispersion of
data amounting to 100% in certain cases that may be
origina-ted by the different methodologies. On the whole,
our crop water requirements are based on FAO Penman-
Monteith equation and CROPWAT model, whereas figures
given by the CHG (2008b) and SIAR (2008) are based on
the Thornthwaite and FAO Penman-Monteith equation
respectively. In other cases, the uncertainties on some
basic data are related to political issues. One example of
this is the lack of acceptable accuracy on the inventory of
water users and rights, and on the irrigated area by legal
and illegal water wells.

2. As in most arid and semiarid regions, in the Guadiana
river basin the main green and blue water consuming sector
is irrigation, with about 95% of total water consumption in
the basin as a whole. Concerning the blue water economic
productivity, however, urban water supply and industry
values are higher than the corresponding value in agriculture.
The multifunctional value of agriculture, however, has to be
taken into account. Rainfed agriculture has a high relevance
in the Guadiana basin in terms of total hectares. Agricultural
economic productivity (ton/ha) and total production (ton/year)
of rainfed agriculture, however, are notably lower than that
of irrigated agriculture. Thus, even if less in extension,
irrigated agriculture produces more tonnes and euros than
rainfed agriculture. This economic and social fact explains the
political relevance of groundwater irrigation in the Upper
Guadiana basin.
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3.  In any case it is noteworthy that the PEAG (Plan
Especial del Alto Guadiana, Upper Guadiana Special
Plan) and the Guadiana draft Water Plan (to be sent to
Brussels in 2009 in line with the WFD) values, which are
350 Mm3 and 290 Mm3, respectively, for all the crops in
the Western Mancha (CHG, 2008b), are significantly
lower than the values obtained by the present study for
the whole Mancha, 479 Mm3. The cause of this difference
is still to be debated, but it is a crucial issue for the
achievement of the PEAG, which has an official budget of
5,500 million Euros (about 8 US$ billion) in twenty years.
This budget is higher than the cancelled water transfer
from the Ebro River to the Mediterranean coastal zones.
If the current general difficult economic atmosphere
continues in Spain, many experts are doubtful about its
implementation.

4. As a whole, high virtual-water low-economic value
crops are widespread in the analysed Upper and Middle
Guadiana regions. For instance, cereals exhibit virtual water
values of 1,000-1,300 m3/ton or even higher in dry years. On
the other hand, maize and vegetables (mainly tomato and
melons) present the smallest values with around 600 and
100-200 m3/ton respectively, due to their high yields.

5. One of the most important contributions of the
present report is the analysis of the economic productivity
of blue water use for the different crops. In the Upper and
Middle Guadiana basin, it seems to range between 0.1-0.2
€/m3 for low cost cereals and 1.5-4.5 €/m3 for vegetables.
These values are relatively small in comparison with the
ones obtained in the Andalusian region (Lower Guadiana
and TOP domain). In this region, for vegetables (including
horticultural and crops under plastic) using jointly surface
and groundwater resources, this value can amount to 15
€/m3. Even with lower figures, vineyards (1-3 €/m3) and
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olive trees (0.5-1 €/m3) seem to be profitable crops. As a
matter of fact it is widely known that farmers are
currently changing their production to vineyards and olive
trees. It could be interesting to examine these trends in
the near future.

6. Nevertheless, we can not fall into the simplification
that all the water that is not used for vegetables or trees is
wasted water. Factors such as risk diversification, labour or
other environmental, social, economic and agronomic
reasons have to be taken into account in order to find a
balance. The major environmental challenge of agriculture
is the preservation of the environment without damaging
the agricultural sector economy. The amount of crops and
the employment generated in the whole Guadiana basin is
producing «more crops and jobs per drop». The aim now is
to achieve the paradigm «more cash and nature per drop».
The present results, indicating the low water consumption
and high economic value of vegetables, followed by
vineyards, is one of the factors that has to be taken into
account in order to achieve an efficient allocation of water
and economic resources.

7. Finally, a first estimation of trade in agricultural
products is provided considering the international import-
exports at a provincial level. The different sections of the
Guadiana basin have different trade strategies. On the
one hand, the Upper Guadiana basin is a net exporter,
mainly of wine, barely importing any food commodity. On
the other, the Lower Guadiana and TOP domain import
low-value, high water-consuming cereals, while exporting
high-value, low virtual-water content crops such as fruits.
This reduces the demand on local (green and blue) water
resources that can be used to provide ecological services
and other more profitable uses.
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SYMBOLS

Symbol Unit Description

CWR[c] m3/year Crop water requirement of crop c 

CWC[c] m3/ha/year Crop water consumption to produce a particular
crop c, also called evapotranspirative demand

ET0 mm/day Reference evapotranspiration

ETc mm/day Crop evapotranspiration of a crop c

GVA million € Gross value added Kc Crop coefficient

V m3/ton Virtual water content 

Vb m3/ton Blue virtual water content

Vg m3/ton Green virtual water content 

WF m3/year Water footprint

WFb m3/year Blue water footprint

WFg m3/year Green water footprint

WFi m3/year Internal water footprint
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GLOSSARY

Actual or crop evapotranspiration (ETc) —Evapotranspiración
real o del cultivo— represents the actual rate of water uptake by
the plant which is determined by the level of available water in the
soil. It is an average value. Evapotranspiration comprises the
simultaneous movement of water from the soil and vegetation into
atmosphere through evaporation (E) and transpiration (T)
(mm/time unit) (FAO, 2008).

Average precipitation —Precipitación media— double
average over space and time of water falling on a country or
region, referring to a given reference period (mm/time unit)
(FAO, 2008).

Blue water —Agua azul— surface and ground water (Chapagain
and Hoekstra, 2008).

Blue water evapotranspiration (ETb) —Evapotranspiración
de agua azul— is the field-evapotranspiration of irrigation water
and is equal to the minimum of irrigation requirement (IR,
mm/day) or effective irrigation (Ieff, mm/day) (mm/time period)
(Hoekstra and Chapagain, 2008).

Blue virtual-water content (Vb) —Contenido de agua
virtual azul— of a product is the volume of surface or ground
water that evaporated as a result of the production of the
product. In the case of crop production, the blue water content
of a crop is defined as the evaporation of irrigation water from
the field. In the cases of industrial production and domestic
water supply, the blue water content of the product or service
is equal to the part of the water withdrawn from ground or
surface water that evaporates and thus does not return to the
system where it came from or is directly out of the system, for
instance from the coastal areas to the sea (m3/ton) (Chapagain
and Hoekstra, 2008).
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Blue water footprint (WFb) —Huella hidrológica azul— is the
volume of freshwater that evaporated from the global blue water
resources (surface and ground water) to produce the goods and
services consumed by the individual or community (km3/year,
m3/capita/year (Chapagain and Hoekstra, 2008).

Crop coefficient (kc) —Coeficiente del cultivo— is the ratio of
the actual or crop evapotranspiration (ETc) to the reference crop
evapotranspiration (ETo). It represents an integration of the
effects of four primary characteristics (crop height, reflectance of
the crop-soil surface, canopy resistance and evaporation from soil)
that distinguish the crop from reference grass (Allen et al., 1998).

Crop consumptive water use (CWU) —Uso consuntivo agua del
cultivo— is defined as the accumulation of daily evapotranspiration
over de complete growing period. It has two components: Green crop
water and blue crop consumptive water use (m3/ha) (Hoekstra and
Chapagain, 2008).

Crop economic value —Valor económico de la cosecha— is
defined as the economic value or price of origin received by the
farmer for each commodity sold in the market (€/ton).

Crop water requirements (CWR) —Necesidades hídricas del
cultivo€ is defined as the total water needed for evapotranspiration,
from planting to harvest for a given crop in a specific climate regime,
when adequate soil water is maintained by rainfall and/or irrigation
so that it does not limit plant growth and crop yield (mm/time
period) (Allen et al., 1998).

Crop water supply —Agua aplicada al cultivo— is the quantity
of irrigation water, in addition to rainfall, applied to meet a crop’s
evapotranspiration need and normal crop production. It includes
soil evaporation and some unavoidable losses under the given
conditions. It is expressed in cubic meters for a crop period
(m3/year).
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Crop yield (Y) —Rendimiento del cultivo— represents the
harvested production per unit of harvested area for crop
products. Yield data can be obtained by dividing production data
by harvested area (ton/ha) (FAO, 2008).

Cropping pattern —Plan de cultivo— sequence of different crops
grown in regular order on any particular field or fields (FAO, 2008).

Cultivated land —Superficie cultivable— sum of arable land
and land under permanent crops (FAO, 2008).

Economic water productivity —Productividad económica del
agua— is the value of goods and services per cubic meter of water
used, valued at the market price (€/m3) (Llamas et al., 2001).

Effective irrigation (Ieff) —Riego efectivo— refers to the portion of
total irrigation which is available for crop production (Chapagain
and Hoekstra, 2008). That is, the irrigation dose excluding irrigation
losses (mm/time period). In practice, however, irrigation losses have
not been included since these data are generally not available per
crop. According to Hoekstra and Chapagain (2008), in practice, this
concept seems to be the same as irrigation requirement.

Effective rainfall (Peff) —Precipitación efectiva— in irrigation
practice, that portion of the total precipitation which is retained
by the soil so that it is available for crop production (mm/time
period) (FAO, 2008).

Effective rainfall in hydrology —Precipitación efectiva en
hidrología— usually the term effective rainfall in hydrology
means the quantity of water that is not evapotranspired and
becomes blue water.

External water footprint (WFe) —Huella hidrológica externa—
is defined as the annual volume of water resources used in other
countries or regions to produce goods and services consumed by
the inhabitants of the country or region concerned (km3/year,
m3/capita/year) (Chapagain and Hoekstra, 2008).
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Green virtual-water content (Vg) —Contenido de agua
virtual verde— of a product is the volume of rainwater that
evaporated during the production process. This is mainly
relevant for agricultural products, where it refers to the total
rainwater evaporation from the field during the growing period
of the crop (including both transpiration by the plants and other
forms of evaporation) (m3/ton) (Chapagain and Hoekstra, 2008).

Green water —Agua verde— rainwater stored in the soil as soil
moisture, also called soil water (Chapagain and Hoekstra, 2008).

Green water evapotranspiration (ETg) —Evapotranspiración
de agua verde— is the evapotranspiration of rainfall and is equal
to the minimum of crop water requirements (CWR, mm/day) or
effective rainfall (Peff, mm/day) (mm/ time period) (Hoekstra and
Chapagain, 2008).

Green water footprint (WFg) —Huella hidrológica verde— is
the volume of water evaporated from green water resources in
a particular region (km3/year, m3/capita/year) (Chapagain and
Hoekstra, 2008).

Gross value added (GVA) —Valor agregado bruto o valor
añadido bruto— is the value of goods and services produced in an
economy at different stages of the productive process (million €).
The gross value added is equal to net output or benefit that can
be used for the remuneration of productive factors.

Internal water footprint (WFi) —Huella hidrológica interna—
is defined as the use of domestic water resources to produce goods
and services consumed by inhabitants of a country or region
(km3/year, m3/capita/year) (Chapagain and Hoekstra, 2008).

Irrigation dose —Dosis de riego— water artificially applied to
soil and confined in time and space (FAO, 2008). It enables to
meet the water requirements of a crop at a given time of its
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vegetative cycle or to bring the soil to the desired moisture level
outside the vegetative cycle (ibid.). The irrigation of a field
includes one or more watering per season (mm) (ibid.).

Irrigation efficiency —Eficiencia de riego— The ratio or
percentage of the irrigation water consumed by crops of an
irrigated farm, field or project to the water diverted from the
source of supply. That is, the percentage of water delivered to
the farm, field or project that is consumed by the crop, satisfying
crop water requirements. Water application efficiency gives a
general sense of how well an irrigation system performs its
primary task of getting water to the plant roots. It is called farm
irrigation efficiency or farm delivery efficiency when measured
at the farm head-gate; field irrigation efficiency when measured
at the field or plot; and water conveyance and delivery efficiency,
or overall efficiency when measured at the source of supply
(FAO, 2008).

Irrigation requirements (IR) —Necesidad de riego— is the
quantity of irrigation water, in addition to rainfall, that must be
applied to meet a crop’s evapotranspiration need and normal crop
production. It includes soil evaporation and some unavoidable
losses under the given conditions. It is usually expressed in
water-depth units (millimetres) and may be stated in monthly,
seasonal or annual terms, or for a crop period (mm/time period)
(FAO, 2008).

Land area irrigated by groundwater —Superficie regada con
aguas subterráneas (pozos)— part of full or partial control area
irrigated from wells (shallow wells and deep tubewells) or
springs (ha, %) (FAO, 2008).

Land area irrigated by surface water —Superficie regada
con aguas superficiales— part of the full or partial control area
irrigated from rivers or lakes (reservoirs, pumping or diversion)
(ha, %) (FAO, 2008).
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Opportunity costs —Coste de Oportunidad— the cost of a
resource, measured by the value of the next-best, alternative use
of that resource (Stiglitz, 1997). The concept of opportunity cost
is widely used in economics in identifying the most efficient use
of scarce resources (Markandya et al., 2002).

Rainfed farming —Agricultura de secano— land cultivated
benefiting from natural rainfall with no artificial addition of
water (no irrigation) (FAO, 2008).

Reference crop evapotranspiration (ETo) —Evapotranspiración
de referencia— is the evapotranspiration rate from a reference
surface, not short in water. The reference is a hypothetical
surface with extensive green grass cover with specific
characteristics. ETo expresses the evaporating power of the
atmosphere at a specific location and time of year and does not
consider crop characteristics and soil factors (mm/time period)
(Hoekstra and Chapagain, 2008).

River basin —Cuenca hidrográfica— means the area of land
from which all surface run-off flows through a sequence of
streams, rivers and, possibly, lakes into the sea at a single river
mouth, estuary or delta (WFD, 2000).

River basin authority —Confederación Hidrográfica u
Organismo de cuenca— along the lines of the 1985 Water Law, it
is the public law institution in charge of surface and ground water
management in one or more intercommunitarian river basins
(Llamas et al., 2001).

Total economic agricultural production —Producción
económica agrícola total— is defined as the total economic value
received by the agricultural sector of the region for the
commodities sold in the market without taking subsidies into
account (total €).
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Total economic agricultural productivity —Productividad
económica agrícola total— is the total economic agricultural
production per hectare (total €/ha).

Virtual-water content (V) —Contenido de agua virtual— the
virtual-water content of a product (a commodity, good or service)
is the volume of freshwater used to produce the product, measured
at the place where the product was actually produced (production-
site definition). It refers to the sum of the water use in the various
steps of the production chain. The virtual-water content of a
product can also be defined as the volume of water that would
have been required to produce the product at the place where the
product is consumed (consumption-site definition). If not
mentioned otherwise, we use the production-site definition. The
adjective ‘virtual’ refers to the fact that most of the water used to
produce a product is not contained in the product. The real-water
content of products is generally negligible if compared to the
virtual-water content (m3/ton) (Chapagain and Hoekstra, 2008).

Virtual-water export (Ve) —Exportación de agua virtual— the
virtual-water export of a country or region is the volume of
virtual water associated with the export of goods or services from
the country or region. It is the total volume of water required to
produce the products for export (m3/year) (Chapagain and
Hoekstra, 2008).

Virtual-water flow —Flujo de agua virtual— the virtual-water
flow between two nations or regions is the volume of virtual water
that is being transferred from one place to another as a result of
product trade (m3/year) (Chapagain and Hoekstra, 2008).

Virtual-water import (Vi) —Importación de agua virtual— the
virtual-water import of a country or region is the volume of
virtual water associated with the import of goods or services into
the country or region. It is the total volume of water used (in
the export countries or regions) to produce the products. Viewed
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from the perspective of the importing country or region, this
water can be seen as an additional source of water that comes
on top of the domestically available water resources (m3/year)
(Chapagain and Hoekstra, 2008).

Virtual-water re-export (Vr,e) —Re-exportación de agua
virtual— is the volume of virtual water associated with the
export of goods or services to other countries or regions as a
result of re-export of previously imported products (m3/year)
(Chapagain and Hoekstra, 2008).

Water consumption (final) —Consumo final de agua (uso
consuntivo)— (consumptive water use) water abstracted which does
not return to the hydrological system and is no longer available for
use because it has evaporated, transpired, been incorporated into
products and crops, consumed by man or livestock, been severely
polluted, ejected directly to the sea or into evaporation areas (blind
watershed) or otherwise removed from freshwater resources. Water
losses during the transport of water between the point or points of
abstraction and the point or points of use are excluded (m3/year)
(EEA, 2007; FAO, 2008; Shiklomanov, 2000).

Water demand —Demanda de agua— water demand is defined
as the volume of water requested by users to satisfy their needs.
In a simplified way it is often considered equal to water
abstraction, although conceptually the two terms do not have
the same meaning (EEA, 2007; Llamas et al., 2001).

Water footprint (WF) —Huella hidrológica— the water
footprint of an individual or community is defined as the total
volume of freshwater that is used to produce the goods and
services consumed by the individual or community. A water
footprint can be calculated for any well-defined group of
consumers, including a family, business, village, city, province,
state or nation. A water footprint is generally expressed in terms
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of the volume of water use per year (km3/year, m3/capita/year)
(Chapagain and Hoekstra, 2008).

Water productivity —Productividad del agua— water
productivity is an efficiency term quantified as a ratio of product
output (goods and services) over water input. The output could be
biological goods or products such as crop (grain fodder) or livestock
(meat, egg, fish) and can be expressed in term of yields, nutritional
value or economic return. The output could also be an environment
service or function. Water productivity can be at different scales
and for a mixture of goods and services (FAO, 2008).

Water supply —Abastecimiento de agua— water supply refers to
the share of water abstraction which is supplied to users (excluding
losses in storage, conveyance and distribution) (EEA, 2007).

Water use —Uso del agua— the different kinds of water use
(agricultural, domestic, industrial), according to their purpose
(Llamas et al., 2001).

Water use by agriculture —Uso de agua en la agricultura—
annual quantity of water used for agricultural purposes
including irrigation and livestock watering (billion m3/year)
(FAO, 2008).

Water use by agriculture for irrigation —Uso del agua para
riego— (Irrigation use) artificial application of water on lands to
assist in the growing of crops (and pastures). Can be done by
spraying water under pressure on the land concerned («spray
irrigation»), by spreading water onto the land concerned («flood
irrigation»), by bringing it directly to the plant («localised
irrigation or drip irrigation») (m3/year) (FAO, 2008).

Water use by the domestic sector —Uso del agua para
abastecimiento doméstico o urbano— quantity of water use for
domestic (urban) purposes. It is usually computed as the total
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amount of water supplied by public distribution networks, and
usually includes the withdrawal by those industries connected
to public networks (m3/year) (FAO, 2008).

Water use by the industrial sector —Uso del agua industrial—
annual quantity of water use by self-supplied industries not
connected to any distribution network (m3/year) (FAO, 2008).

Water use (irrigation) efficiency —Eficiencia en el uso del
agua— ratio between the irrigation water absorbed by plants
and the amount of water actually withdrawn from its source for
the purpose of irrigation (UN, 2007).
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APPENDIXES

Appendix 1.  Mancha and Don Benito agricultural
region analysis

Appendix 1.1.  General values

A. Agricultural general values in Mancha and Don
Benito agricultural regions in 2001. Total rainfall of 424 mm
in Ciudad Real and 491 mm in Badajoz - average year.

MAITE M. ALDAYA and M. RAMÓN LLAMAS 91

1 Source: CHG (2008b) for the year 2001.
2 Source: CHG (2008b) from data from 1999 Agricultural Census (National Statistics

Institute, INE) and 1T sheets (Spanish Ministry of Agriculture, Fisheries and Food,
MAPA) for the years 1989 and 1999. This may explain the difference between irrigated
crop area (for 2001) and the total irrigated area (for 1989 and 1999). In any case, we
should try to clarify this difference.

3 Average global irrigation efficiency*, as used here, depends on the type of irrigation
technique used by the farmer. Localized or drip irrigation is the most efficient system
with a 0.9 coefficient, followed by sprinkler irrigation with 0.7 and finally, surface flood
irrigation (riego por gravedad o «a manta») with 0.5. From these efficiencies, an average
irrigation efficiency* is given at provincial level by the CHG (2008b).

Average

Agricultural Total
global 

region Population1 area
Crop area (ha)1                                 Irrigated area by irrigation system (ha)2

irrigation

(km2)
efficiency3*

Total Rainfed Irrigated Sprinkler Localized Surface
flood Total %

Mancha 208,012 4,676 390,177 240,931 149,246
65320 69828 2467 137615

(47%) (51%) (2%) (100%)
0.8

Don Benito 89,605 1,957 123,987 53,194 70,793
12097 12785 29706 54588

(22%) (23%) (54%) (100%)
0.64



B.  Agricultural general values in Mancha and Don Benito
agricultural regions in 2001.
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Appendix 1.2. Mancha agricultural region year 2001
Rainfall 424 mm (Ciudad Real) - average

A. Agricultural data (considering main crops repre-
senting 70% of the total crop area)
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B. Hydrologic data (considering main crops representing
70% of the total crop area)
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C. Hydrologic data (considering main crops representing
70% of the total crop area)
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D. Economic data (considering main crops representing
70% of the total crop area)
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Appendix 1.3. Don Benito agricultural region year 2001
Rainfall 491 mm (Badajoz) - average
Considering the 50% of the total crop area.

A. Agricultural data (considering main crops representing
50% of the total crop area)
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B. Hydrologic data (considering main crops representing
50% of the total crop area)
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C.  Hydrologic data (considering main crops represen-
ting 50% of the total crop area)
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D. Economic data (considering main crops representing
50% of the total crop area)
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Appendix 2.  Guadiana river basin analysis

A.  Crop Area, Production and Yield (2001)
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C. Economic value and economic water productivity (€/m3)
(2001)
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1 The Upper Guadiana includes a fraction of Castilla-La Mancha Autonomous region.
2 Total economic value (total €) divided by area (ha).
3 Source: MAPA (2002).
4 Economic value (€/ton) multiplied by production (ton/year). Source: MAPA (2002).
5 Total economic value (total €) divided by the total use of water resources (m3/year).
6 Gross Value Added (GVA). Source: CHG (2008b).
7 Source: CHG (2008b).
8 Grain cereals comprise main cereals in the area according to MAPA 1T sheets.

Water
Economic value economic GVA6 Employment7

productivity5

post 

A) UPPER GUADIANA1
€/ha2

€/ha2

€/ton3
Total million €4

€/m3 million number
€

Crop Rainfed Irrigated Rainfed Irrigated Irrigated

Grain cereals8: 549 1017 134 263 99 0,3
Cereal - Wheat, barley, oat 133
Cereal - Maize 136
Grain legumes - Veza, yeros 46 197 176 3 2 0,1
Potatoes 2508 5035 207 1 4 0,8
Industrial crops - Sunflower 410 256 4 0,1
Fodder - Veza, alfalfa 101
Vegetables - Melon 2092 7144 258 1 95 1,4
Flowers, ornamental plants
Seeds and small plants
Other grass crops 
Fallow land
Vegetable gardens
Citrus 192
Temperate climate fruit trees 
Subtropical climate fruit trees
Dry fruit trees 
Olive tree for olive oil 865 1172 498 116 15 0,5
Vineyard for wine production 1823 5479 455 363 722 1,9
Nursery
Other permanent crops
Greenhouse tree crops
Mushrooms
Greenhouses

Total 560 3271 748 943 1,0 599 26818
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1 The Middle Guadiana includes a fraction of Extremadura (Badajoz and Cáceres).
2 Total economic value (total €) divided by area (ha).
3 Source: MAPA (2002).
4 Economic value (€/ton) multiplied by production (ton/year). Source: MAPA (2002).
5 Total economic value (total €) divided by the total use of water resources (m3/year)
6 Gross Value Added (GVA). Source: CHG (2008b).
7 Source: CHG (2008b).
8 Grain cereals comprise main cereals in the area according to MAPA 1T sheets.

Water
Economic value economic GVA6 Employment7

productivity5

post 

B) MIDDLE GUADIANA1
€/ha2

€/ha2

€/ton3
Total million €4

€/m3 million number
€

Crop Rainfed Irrigated Rainfed Irrigated Irrigated

Grain cereals8: 435 1259 163 122 121 0,3
Cereal - Wheat, barley, oat 133
Cereal - Maize 136
Cereal - Rice 279
Grain legumes - Chick peas 613 817 12
Potatoes 5165 207 2 1,5
Industrial crops - Sunflower 732 256 11 0,1
Fodder - Clover, veza 0 101
Vegetables - Tomato 0 19182 336 0 414 2,9
Flowers, ornamental plants
Seeds and small plants
Other grass crops 
Fallow land
Vegetable gardens
Citrus 2302 192 0 0,4
Temperate climate fruit trees 
Subtropical climate fruit trees
Dry fruit trees 
Olive tree for oil and table 858 2488 498 164 119 0,7
Vineyard for wine production 2303 3638 455 136 43 0,9
Nursery
Other permanent crops
Greenhouse tree crops
Mushrooms
Greenhouses

Total 568 3409 434 711 0,8 413 22991



MAITE M. ALDAYA and M. RAMÓN LLAMAS 111

1 In line with CHG (2008b), TOP region is the Tinto, Odiel and Piedras river basin
complementary region.

2 Total economic value (total €) divided by area (ha).
3 Source: MAPA (2002).
4 Economic value (€/ton) multiplied by production (ton/year). Source: MAPA (2002).
5 Total economic value (total €) divided by the total use of water resources (m3/year).
6 Gross Value Added (GVA). Source: CHG (2008b).
7 Source: CHG (2008b).
8 Grain cereals comprise main cereals in the area according to MAPA 1T sheets.

Water
Economic value economic GVA6 Employment7

productivity5

post 

C) TOP1
€/ha2

€/ha2

€/ton3
Total million €4

€/m3 million number
€

Crop Rainfed Irrigated Rainfed Irrigated Irrigated

Grain cereals8 325 457 133 8 1 0,2
Grain legumes - Lupin, veza 129 276 190 0 0 0,1 
Potatoes 1767 2852 207 0 0 0,8 
Industrial crops - Sunflower 524 256 1 0,1
Fodder - Veza and others 101
Vegetables - Strawberries 0 28039 831 0 123 9,9
Flowers and ornamental plants
Seeds and small plants
Other grass crops 
Fallow land
Vegetable gardens
Citrus 2961 192 23 0,5
Temperate climate fruit trees 
Subtropical climate fruit trees
Dry fruit trees 
Olive tree 428 786 498 4 1 0,5
Vineyard 3369 3728 455 11 0 2,0
Nursery
Other permanent crops
Greenhouse tree crops 
Mushrooms
Greenhouses6

Total 327 7422 23 149 1,9 205 9435
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1 The Lower Guadiana basin comprises the Guadiana basin part in Huelva.
2 Total economic value (total €) divided by area (ha).
3 Source: MAPA (2002).
4 Economic value (€/ton) multiplied by production (ton/year). Source: MAPA (2002).
5 Total economic value (total €) divided by the total use of water resources (m3/year).
6 Gross Value Added (GVA). Source: CHG (2008b).
7 Source: CHG (2008b).
8 Grain cereals comprise main cereals in the area according to MAPA 1T sheets.

Water
Economic value economic GVA6 Employment7

productivity5

post 

D) LOWER GUADIANA1
€/ha2

€/ha2

€/ton3
Total million €4

€/m3 million number
€

Crop Rainfed Irrigated Rainfed Irrigated Irrigated

Grain cereals8 - Wheat 325 457 133 2 0 0,2
Grain legumes - Lupin, veza 129 276 190 0 0 0,1
Potatoes 1767 2852 207 0 0 0,8
Industrial crops – Sunflower 524 256 0 0,1
Fodder - Veza and others 101
Vegetables - Strawberries 0 28039 831 0 11 9,9
Flowers and ornamental plants
Seeds and small plants
Other grass crops 
Fallow land
Vegetable gardens
Citrus 2961 192 5 0,5
Temperate climate fruit trees 
Subtropical climate fruit trees
Dry fruit trees 
Olive tree 428 786 498 2 0 0,5
Vineyard 3369 3728 455 0 1 2,0
Nursery
Other permanent crops
Greenhouse tree crops
Mushrooms
Greenhouses6

Total 174 4765 5 17 1,3 45 2206
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que tanta influencia y repercusión tuvieron en
España. Además de contribuir al debate cien-
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eficiente el uso de los recursos hídricos, te-
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bal y las relaciones comerciales de España con
la UE y el resto del mundo. En esta serie se
incluye también un PAV sobre la huella hidro-
lógica de la cuenca del Guadiana que corres-
ponde a un estudio realizado conjuntamente
entre este proyecto y el caso de estudio de la
cuenca del Guadiana que dirige el profesor M.
Ramón Llamas dentro del proyecto de la Unión
Europea llamado NeWater.
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Riesgos Agrarios y Medioambientales, Centro
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