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ABSTRACT 
Water resources and water footprint of the production and consumption in Madrid region were estimated, 
considering blue water (water resources), green water (soil moisture), grey water (polluted water) and virtual 
water (water trade in products imported and exported in the region). Water resources in Madrid relay mainly 
in surface waters and rainfall, so the periodic occurrence of meteorological droughts implies the scarcity of 
water supply. The main users of blue water are households, municipalities and agriculture. Production water 
footprint is approximately 2,000 hm3 per year, almost four times the blue water available resources in the 
region. Consumption water footprint is around 9,000 hm3 per year from which 80% is net imported virtual 
water, so Madrid depends on external water resources in order to supply the actual consumption needs. These 
should be more sustainable reconsidering the consumption pattern, as 60% of the water footprint is due to 
meat production. 
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1. Introduction 

 
Water is an essential element in the environment but also for economic activity and hu-

man development. The study of water resources and water use has been done elsewhere (e.g. 
Alcolea and García-Alvarado, 2006; Sotelo, 2006). These studies include the water resources 
and water cycle (blue water) in a city or region. They also may include water quality and 
treatment or water prices and markets, but they do not consider the use of green water (effec-
tive rainfall) or the virtual water content of products consumed in that region. Virtual water 
concept was introduced by Allan (1998); and it is the water required to produce a certain 
product. This concept was used in practical applications (e.g. Chapagain and Hoekstra, 
2003), considering the water footprint as the blue water withdrawal (water from rivers, wells 
and reservoirs) and the net virtual water imported. Chapagain and Hoekstra (2004) intro-
duced in the calculations the green water (soil moisture) used for crops production in a cer-
tain region. In order to include the impact or water pollution, the grey water is considered the 
water volume required to dilute pollutants to as such extent that this water would fulfil water 
quality standards (Chapagain et al., 2006). Hoekstra and Chapagain (2008) presented the 
evolution of water footprint and virtual water concepts into one coherent framework. 

In a high-density populated area as Madrid region water is a key element. Water resources 
and water use has been studied elsewhere (Alcolea and García-Alvarado, 2006; Sotelo, 
2006). Water demand is driven by urban supply (households and municipality uses), which is 
increasing due to population growth and changes in societal lifestyles (e.g. private gardens 
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and swimming pools, public parks, sport facilities and amusement parks). However, this wa-
ter footprint does not take into account virtual water of consumption goods and services. 

The production water footprint of a region is the water used for households, industrial and 
agricultural purposes in that region regardless of where the products are actually consumed 
(Hoekstra et al., 2009). This footprint is made up of blue, green and grey water. But the wa-
ter footprint of a region is the total volume of water used globally to produce the goods and 
services consumed by its inhabitants. The total water footprint is made up of two compo-
nents: internal and external. The internal water footprint is the volume of water needed to 
grow and provide the goods and services which are produced and consumed inside that re-
gion. The external component results from consumption of imported goods, so it is water 
used for the production in the exporting region. 

The aim of this work is to study the water footprint of the production and the consumption 
in Madrid region (Spain), and to evaluate the implication for water management in that terri-
tory. 
 
2. Methods 

 
Water footprint of Madrid region was studied. Madrid is located in the centre of Iberian 

Peninsula (40 º N, 3º W). Its surface area is circa 8,000 km2 with an average altitude of 650 
m, with a mountain zone with summits over 2,000 m high. The climate is Mediterranean 
semiarid, with an average rainfall of 436 mm and temperature of 14.6 ºC in Madrid City and 
1,326 mm and 6.4 ºC in the mountains. It is a highly populated region with circa 5.5 million 
inhabitants and 744 inhabitants per km2, mainly dedicated to the tertiary sector (77% of gross 
added value of the region) as it is the capital of the country.  

Water footprint was estimated considering water resources, production and consumption 
water footprint. Resources of surface and ground water were obtained from literature and 
government statistics (Alcolea and García-Alvarado, 2006; Naredo et al., 2009; Instituto de 
Estadística, 2010; INE, 2010d). Water evaporation from reservoirs was computed with the 
reference evapotranspiration (ETo) calculated with the Hargreaves method (Villalobos et al., 
2002) with local climatic data and an evaporation coefficient (Doorenbos and Pruitt, 1979). 
Net evaporation was computed considering reservoirs surface (Instituto de Estadística, 2010) 
and rainfall. 

Average statistical data were used for the years 2000 to 2005, when they were available; if 
not, accessible and most representative data were used. Years 1971-2000 climatic series data 
were used for rainfall and ETo calculations. All results were calculated in a yearly basis. 

Green water was estimated as the rainfall water stored in cultivated soils and evapotran-
spirated by crops. It was calculated for rainfed and irrigated crops, fallow land, pastures, 
meadows and parks and green areas. Crops evapotranspiration and effective rainfall were 
computed with CROPWAT programme (FAO, 2010a) using site specific climatic data and 
crop coefficients (MAPA, 2002; Villalobos et al., 2002). Green water in rainfed crops was 
calculated as the evapotranspired effective rainfall stored in soils. For irrigated crops it was 
computed as the difference of crop evapotranspiration and calculated irrigation water re-
quirements. In fallow land a yearly water balance was done considering an evaporation coef-
ficient as a function of rainfall frequency. Cultivated areas were taken from MARM (2008). 

Blue water was considered as the fresh water withdrawn from water bodies that was used 
and not returned. Blue water withdrawals were computed from government statistics: house-
holds and municipalities (Instituto de Estadística, 2010), industry (INE, 2010d) and agricul-
ture (INE, 2010c). Livestock water consumption was estimated with the number of animal 



heads (INE, 2010a) and the average consumption by each species (MIMAM, 2007). Losses 
from the water network were taken from Instituto de Estadística (2010). 

Grey water was calculated as the volume of water required to dilute pollutants to as such 
extent that water quality reaches acceptable standards. Nitrate leaching was calculated for 
cultivated land with average fertilization rates per crop (MAPA, 2004) and leaching fraction 
from literature. Grey water from wastewater treatment was estimated for the total volume of 
treated wastewater (Instituto de Estadística, 2010), wastewater nitrogen composition (INE, 
2010b) and N limits in Wastewater Directive. Dilution of deposition of nitrogen species in 
reservoirs was estimated with deposition rates of oxidized and reduced nitrogen (EMEP, 
2010), surface or reservoirs (Intituto de Estadística, 2010) and drinking water quality stan-
dards for nitrate and ammonium. 

Water footprint was computed considering consumption (MAPA, 2007), production 
(MARM, 2008) and trade of food (Instituto de Estadística, 2010) in the region and the virtual 
water content of crop and livestock products (Chapagain and Hoekstra, 2004). Water foot-
print of animal feed was computed with data of livestock units in the region (INE, 2010a), 
feed consumption (FAO, 2010b) and virtual water content of crop and livestock products 
(Chapagain and Hoekstra, 2004). Industrial products footprint was estimated with trade data 
of Madrid region (Instituto de Estadística, 2010), water use in industry (INE, 2010d) and in-
dustry production (INE, 2010e). 
 
3. Results and discussion 

 
The structure of water resources in Madrid region is described in table 1. Despite the large 

water resources located in the tertiary aquifer, the available resources relay mainly on surface 
waters, and hence in rainfall. Then, the periodic occurrence of meteorological droughts im-
plies water supply scarcity. The soil moisture (green water) is also important since its value 
almost double the blue water resources. 

 
Table 1: Water resources in Madrid region (hm3). 

 
There is a high proportion of green water withdrawn by rainfed crops, as they cover the 

88% of the cultivated land in the region (table 2). This water is mainly used in pastures and 
meadows, cereal crops and olive trees (table 3). It is noticeable the green water consumption 
in parks and gardens, that equals that of irrigated crops. 

 
Table 2: Water withdrawals in Madrid region (hm3). 

 
Blue water is mainly used by house-
holds and municipalities (urban use) 
and agriculture (table 2). Some field 
crops (maize, barley, lucerne, etc.) 
require a big amount of blue water 
and they are irrigated by gravity, 
which means low application effi-
ciency. Important volumes of water 

Natural resources Infrastructures Available resources 
Reservoir capacity 
Pumping capacity 

1,154 
106 

 

Water stored in reservoirs 
Pumped water 
Soil moisture 

515 
87 

1,119 

Rainfall 
Tertiary aquifer 

4,195 
3,000,000 

Total 1,260 Total 1,721 

Green water Blue water 
Irrigated crops 
Rainfed crops 
Gardens and parks 

54 
1,007 

58 

Households 
Agriculture 
Other 
Municipalities 
Industry 
Livestock 
Network losses 

343 
172 

82 
49 
49 

2 
70 

Total 1,119 Total 697 



are also used to irrigate vegetables (melon, lettuce). The water footprint of production activi-
ties in Madrid region (table 4) shows green, blue and grey water components. Green water 
use is three times higher than blue water. It is also remarkable the water required to dilute the 
pollutants in order to agree to quality standards (grey water). In this grey component waste-
water is the most important factor, due to the necessary water to dilute the nitrogen not re-
moved in wastewater treatment plants. Agriculture and deposition grey water show similar 
values. The total production water footprint adds up around 2,000 hm3 per year, almost four 
times the blue water available resources in the region. 
 
Table 3: Water use in agriculture (hm3). 

Consumption water foot-
print is around 9,000 hm3 
per year (figure 1). The 
mean footprint per person 
and per year (circa 1,600 
m3) is higher to that cited in 
the literature for the World 
(WWF, 2008), but is lower 
than Spanish average. The 
80% is net imported virtual 
water and food and agricul-
tural products account for a 
very high proportion of this 

footprint. Almost the 60% of consumption water footprint is due to meat consumption and 
production. This analysis shows that consumption in Madrid region depends from external 
resources; being the latter 16 times higher than the own blue water resources of the region. 

 
Table 4: Production water footprint of Madrid region (hm3). 

 
This framework should be a guide for decision making about water resources manage-

ment. In order to reduce the inner blue water consumption the target sector should be house 
holds and municipalities. Water used in agriculture represents a relative low proportion of 
total blue water resources and the virtual water export in grown products is low, although the 
total virtual water export is high because Madrid is an important logistic centre in Spain and 
a lot of products go through this region. Within this framework the self sufficiency is not 
possible because there is a high dependence on the external resources that are 16 times 
higher than the own blue water resources of the region. However, a more sustainable con-
sumption should be achieved considering the consumption needs of a high populated area 
and the food consumption pattern, as 60% of consumption water footprint is due to meat 
consumption and production. 

Green water Blue water 
Cereals 
Fallow 
Legumes 
Tuber 
Forage 
Industrial 
Vegetables 
Fruit trees 
Olive 
Vineyard 
Pastures and meadows 
 

259 
74 
8 
1 
1 

11 
9 
1 

180 
66 

518 

Field crops 
Vegetables and potatoes 
Olive and vineyard 
Fruit trees 
Other 

139 
  17 

 6 
   0.4 

9 
 

Total 1,061 Total 172 

Green water Blue water Grey water Footprint 
Irrigated crops 
Rainfed crops 

54 
1,007 

Agriculture 
Livestock 
Industry 
Other 

172 
2 

49 
82 

Agriculture 
Wastewater treatment 
Deposition 

87 
551 

82 

 

Total 1,061 Total 304 Total 720 2,085 
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 Figure 1: Consumption water footprint in Madrid region. 
 

4. Conclusions 
 

Production water footprint in Madrid region is approximately 2,000 hm3 per year, almost 
four times the blue water available resources in the region. It is remarkable the green and 
grey water use. In this grey component, wastewater is the most important factor. Consump-
tion water footprint is around 9,000 hm3 per year from which 80% is net imported virtual wa-
ter, so Madrid depends on external water resources in order to supply the actual consumption 
needs. These should be more sustainable reconsidering the consumption pattern, as 60% of 
the water footprint is due to meat production. So, this framework should be a guide for deci-
sion making about water resources management in the future. 
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