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SUMMARY

The water footprint is an indicator of water use that looks
at both direct and indirect water use of a consumer or a
producer. The present study analyses the green, blue and
grey water footprint of tomato production in Spain. It as-
sesses the water apparent productivity between different
production systems and seasons. It also compares the pro-
ductivities of surface and groundwater and evaluates the
virtual water of tomato exports. The total water footprint
of 1 kilogram of tomatoes produced in Spain is about 236
litres per kilogram as a national average, ranging from 216
to 306 litres per kilogram. The water footprint of fresh
tomatoes varies in the different locations mainly depending
on the local agro-climatic character, total tomato production
volumes and production systems. The Spanish average
green water footprint component amounts to about 5%, the
blue component 36% and the grey component 59%. The dif-
ferences in the water footprint between production systems
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are notable (open-air - rainfed or irrigated- versus green-
house). Rainfed open-air tomato production has by far the
highest water footprint with 966 1/kg, of which 84% is grey
water footprint. The grey footprint of irrigated systems is,
in comparison to that of rainfed systems, much lower, main-
ly due to the higher yields of these production systems. The
major producing provinces in Spain have in general low wa-
ter footprints in terms of I/kg compared to the average of
the rest of the provinces, but a much higher total water foot-
print in absolute terms (hm ?). This is because these
provinces produce overwhelmingly the most part of the na-
tional production. The green and blue water apparent pro-
ductivity of the tomato production ranged from 2.1 €/m ? for
rainfed systems to 3.1 €/m ? of open-air irrigated systems
and 7.8 €/ m? for greenhouse production. By season, tomato
produced in the middle season (June to September) ren-
dered the lowest apparent water productivity with 2.7 €/m?.
By contrast, tomatoes produced in early (January to May)
or late season (September to December) rendered higher ap-
parent water productivities, 7.5 and 9.5 €/1 respectively. In
relation to the origin of water, groundwater production pre-
sented a higher blue water apparent productivity than that
of open-air irrigated production, around 7 €/m® compared to
3 €/m®. When analysing the exports of tomato the yearly
amount of virtual water exported through the tomato ex-
ports is 4, 88 and 134 hm? of green, blue and grey water re-
spectively, with an average water apparent productivity of
8.81 €/m”®.

1. INTRODUCTION

In a context where water resources are unevenly distrib-
uted and, in regions where flooding and drought risks may
become more severe, enhanced water management is a ma-
jor challenge not only to water users and managers but also
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to final consumers, businesses and policymakers in general.
From a global perspective, about 86% of all water is used
to grow food (Hoekstra and Chapagain, 2008). Parallel to
this, food choices can have a big impact on water demand.
From the production perspective, agriculture has to com-
pete with other water users like the environment, munici-
palities and industries (UNESCO, 2006).

In Spain, tomato production represents 5% of the gross
national agricultural production with a yearly average pro-
duction of about 4 million tons in 62,939 ha. In economic
terms, tomato production represents a 6.6 % of the gross na-
tional agricultural production in the study period (MARM,
2010b). Of this production, around 25% is exported each
year, mainly to the European Markets as fresh tomato
(Reche, 2009). Tomato production in Spain represents 1.5%
of the total Spanish water footprint (Garrido et al., 2010).
The main producing areas are the Guadiana Valley in south-
west Spain, and the southeast corner in the provinces of
Almeria, Murcia and Granada (Figure 1). These two regions
are quite different in their production methods. The Guadi-
ana valley produces almost exclusively open-air, irrigated
tomatoes (Campillo, 2007) for the food industry (i.e. input
for tomato sauce and powder transformation), using surface
water from the Guadiana valley (CHG, 2008; Aldaya and
Llamas, 2009), whereas the southeast region, mainly the
coastal plain of Almeria province, has developed the highest
concentration of greenhouses in a particular area of the
world (Castilla, 2009). Its dynamic production has evolved
from primary greenhouses to more complex and developed
growing systems that produce high quality horticultural
crops for export throughout the year (Garcia 2009), almost
exclusively out of groundwater (Regional Government of An-
dalusia 2003). Along these two regions, tomato production
was traditionally significant in other parts of the country,
where, although declining, tomato production is still impor-
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Ficure 1. Tomato producing provinces with the proportion of production
and system in each province. The size of the pie charts is proportional to
the annual production of the province

Source MARM (2009).

tant. These regions include the Canary Islands, the Mediter-
ranean coast (Alicante, Valencia, Castelléon and Baleares
provinces) and the Ebro valley. In these areas, especially in
the Canary Islands and the Ebro valley, this crop has a sig-
nificant importance for the regional economy (Maroto, 2002;
Suarez, 2002).

The concept of the ‘water footprint’ has been proposed as
an indicator of water use that looks at both direct and in-
direct water use of a consumer or producer (Hoekstra,
2003). The water footprint is a comprehensive indicator of
freshwater resources use, complementary to measures of di-
rect water withdrawal. The water footprint of a product is
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the volume of freshwater used to produce the product, meas-
ured along the full supply chain. It is a multi-dimensional
indicator, showing water consumption volumes by source
and polluted volumes by type of pollution; all components
of a total water footprint are specified geographically and
temporally (Hoekstra et al., 2009). The blue water footprint
refers to consumption of blue water resources (surface and
groundwater) along the supply chain of a product. ‘Con-
sumption’ refers to loss of water from the available ground-
surface water body in a catchment area. This fraction that
evaporates is incorporated into a product, or returns to an-
other catchment area. The green water footprint refers to
consumption of green water resources (rainwater stored in
the soil as soil moisture). The grey water footprint refers to
pollution and is defined by the volume of freshwater that

is required to assimilate the load of pollutants to meet ex-
isting ambient water quality standards.

The present study analyses the water footprint of tomato
production in Spain. In particular, it focuses on the green,
blue (surface and groundwater) and grey water footprint of
tomato production in the different Spanish provinces. Dif-
ferent types of tomato production systems are analysed.:
open-air (irrigated and rainfed) and greenhouse. For each
of them, the respective water footprint was studied in the
different times of the year; early, middle and late season.
To complete the analysis of the tomato sector with a socio-
economic perspective, evaluations of apparent water pro-
ductivity (€/m®) and virtual water exports of tomato are also
reported.

2. M ETHOD AND DATA

The present study estimates the green, blue and grey wa-
ter footprint of 1 kilogram of tomato fruit produced in Spain
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following the method described by Hoekstra et al. (2009).
In the study, the tomato production in the different Spanish
provinces was considered, distinguishing production
throughout the year as well as between growing systems.
The study focuses on the production stage, that is, the cul-
tivation of the product, from sowing to harvest. The study
period selected was 1997-2008. The water footprint was cal-
culated for each year distinguishing the green, blue and
grey water components.

This study distinguishes the three water footprint com-
ponents: green, blue and grey.

WF = WF,. + WF, +WF,__ E[1]

green
in which:

WPF = the water footprint (litres/product).

WF = the green water footprint (litres /product).

green

WF,,.. = the blue water footprint (litres /product).
WPEF, = the grey water footprint (litres /product).

grey

Due to the differences in growing system (open-air and
covered), the methodology for calculating the green and blue
water footprint will be presented separately. The method-
ology for calculating the grey water footprint was common
to both production systems.

2.1. Water footprint calculation of tomato
production in open-air systems

The water footprint of open-air tomato (rainfed or irrigat-
ed) has been calculated distinguishing the green and blue
and grey water components. The green and blue water evap-
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otranspiration has been estimated using the CROPWAT
model (FAQO, 1998; FAO, 2009a). Within this model, the ‘ir-
rigation schedule option’ was applied, which includes a dy-
namic soil water balance and keeps track of the soil moisture
content over time. The calculations have been done using
climate data from representative meteorological stations lo-
cated in the major crop-producing provinces, selected de-
pending on data availability. Monthly reference evapotran-
spiration (ET,) and precipitation for each of the provinces
was obtained from the National Meteorological Agency
(AEMET, 2010). When data were missing, it was completed
with the Integral Service Farmer Advice (MARM 2010a).
The total crop area and production for each province were
obtained from the Agricultural and Statistics Yearbook for
each of the studied years, distinguishing growing systems
and growing periods (MARM, 2010b). In the case of the year
2008, since data on seasonal production was not available,
the same distribution as in 2007 was used. Data on planting
dates and growing length was taken from the “sowing and
harvesting calendar” from the Ministry of the Environment
and Rural and Marine Affairs of Spain (MARM, 2002). This
database includes open-air and greenhouse production.
However, when the data was markedly biased towards
short growing length, or was missing, the data was adjusted
from that of the nearest, agronomically similar province
(Appendix I).

Crop parameters required for the evapotraspiration cal-
culation were based on FAO (1998), adjusted when more lo-
cal information was found (Campillo, 2007) (Table 1).

Data on soil types was taken from the EUROSTAT soil
map (CEC, 1985) at 1:1,000,000 scale. Textural classes were
used to determine the soil characteristics and were classi-
fied in four categories: Sandy-Loam, Loam, Clay-Loam and
Clay. Canary Islands’ textural classes are based on the Dig-
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TaBLE 1. Crop parameters used for the estimation of the tomato
evapotranspiration in Spain

Initial Middle Final
Development
Stage stage stage
Ke 0.6 1.25 0.8
Root depth (m) 0.1 0.5
Critical Depletion 0.3
Crop height 2m

Source: FAO (1998), Nuez (1995).

ital Soil Map of the World (FAO-UN, 2007) at 1:5,000,000
scale. For each province the most frequent soil texture was
applied, which was obtained by overlaying the map of irri-
gated areas and the soil texture map (Figure 2). The map
of irrigated areas was taken from the GIS service of the
Ministry of Environment and Rural and Marine Affairs of
Spain (MARM, 2010c¢), which was contrasted with the main
tomato producing regions in each province (Hoyos, 2005;
Maroto, 2002; Nuez, 1995).

In the case of irrigated production, crop blue water use
(mm) was obtained selecting the “irrigate at fixed interval
per stage” and “refill soil to field capacity”’options in the
CROPWAT model considering thus an irrigation scheme that
completely satisfies the crop water demand. The actual evap-
otraspiration (£¢,) during the entire growing period is partly
fulfilled by the rain and partly by irrigation. The blue water
evapotranspiration (£7},,,) is equal to the ‘total net irrigation’
as specified in the model. The green water evapotranspira-
tion (ET,,,,) of the crop is equal to the difference between

reen

the total actual evapotraspiration and the net irrigation.
ET,,  (irr=1)=Total net irrigation
ET, . (irr=1)=ET (irr=1)-ET,, (irr=1)

E [2]
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Ficure 2.  Soil map of Spain with the different textural classes
and irrigated areas s

Source: Own elaboration based on EUROSTAT soil map (CEC, 1985) and MARM (2010b).

Over the growing period, the blue water evapotranspira-
tion is generally less than the actual irrigation volume ap-
plied. The difference refers to the irrigation water that per-
colates to the groundwater or runs off from the field.

Rainfed conditions can be simulated in the model by
choosing to apply no irrigation. In the rainfed scenario (irr
= 0), the green water evapotranspiration is equal to the to-
tal evapotranspiration as simulated by the model and the
blue water evapotranspiration is zero:

ET, (irr=0)=0 E [3]
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The green water footprint of the crop (m */ton) has been
estimated as the ratio of the green water use (m */ha) to the
crop yield (ton/ha). The blue water footprint of the crop is
assumed equal to the ratio of the volume of irrigation water
consumed to the crop yield.

10xET

_ green 1jkl

greenijkl Y

ijkl E [ 4]
10xET

. blue ijkl
blueijkl
ikl

In which:

i = year season (early, middle or late season).

Jj = production system (rainfed, open-air irrigated or cov-
ered).

k = province of the country.
[ = year of the study period (1997-2008).

ET = Green water evapotraspiration of the province
k, under the production system j in the year

season 1 in the year [ (mm).

green ijkl

Y ;q = Yield of the province %, under the production system
J in the year season i in the year [ (t/ha).

ET .1 = Blue water evapotraspiration of the province k,
under the production systemj in the year season
I in the year [ (mm).

Finally, the grey water footprint of a primary crop is an
indicator of freshwater pollution associated with the pro-
duction of the crop (Hoekstra et al., 2009). It is defined as
the volume of freshwater that is required to assimilate the
load of pollutants based on existing ambient water quality
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standards. The grey water footprint is calculated by divid-
ing the pollutant load (L, in mass/time) by the difference
between the ambient water quality standard for that pollu-
tant (the maximum acceptable concentrationc ., In
mass/volume) and its natural concentration in the receiving
water body (c_,, in mass/volume).

nat?

10xET .
WF = blue ijkl E [5]

blueijkl
1kl

As it is generally the case, the production of tomato con-
cerns more than one form of pollution. In our case though,
the grey water footprint was estimated only for Nitrogen. The
total volume of water required to assimilate a ton of Nitrogen
was calculated considering the surplus Nitrogen, which ends
up leaching. The natural concentration of Nitrogen in the re-
ceiving water body was assumed negligible whereas the max-
imum allowable concentration in the ambient water system
considered was 50 mgNO ,71, as the concentration stated in
the EU Nitrates Directive (91/676/EEC). The pollutant load
considered was the excess Nitrogen based on data from the
Ministry of the Environment and Rural and Marine Affairs
of Spain (MARM, 2008) (Annex IV). This excess Nitrogen
available for leaching or run-off (kg/ha) was then multiplied
by the corresponding area in order to obtain the total load of
Nitrogen (kg) reaching the surface or groundwater systems.
This was divided by the ambient water quality standard and
the corresponding crop yield (ton/ha) to obtain the grey water
content in terms of m *ton. Thus, a grey water footprint was
obtained for each year period and type of production system.

ExcessN B

(it S E [6]
e LimitN <Y,
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In which:

1 = year season (early, middle or late season).

J = production system (rainfed, open-air irrigated or covered).
k = province of the country.

[ = year of the study period (1997-2008).

WF = the grey water footprint of the province k, under

grey ijkl —
the production system j in the year season i in

the year [ (I/kg).

ExcessN, = Nitrogen excess of the Nitrogen balance in the
province k& (kg N/ha).

Limit N = limit concentration of NO; in the receiving water
body according to the EU Nitrates Directive
(91/676/EEC) (kg NO, /).

Although this approach is based on some assumptions, it
allowed us to have a preliminary estimate of the grey water
footprint for each type of production. A more local approach
would be desirable if a more accurate quantification is
searched.

2.2. Water footprint calculation of tomato
greenhouse production

In the case of tomato production under greenhouses, the
methodology was similar to that followed for the open-air sys-
tems but differed in some points. In this case, since the plant-
ing dates and crop growing period vary significantly, being
decided by the producer based on climatic, agronomical and
economical reasons (Reche, 2009), these two parameters were
provided at the national level. The crop parameters were as-
sumed to be the same for all the provinces and different from
those of the calculus of open-air production (Table 4).
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TaBLE 2. Crop parameters used for the greenhouse production

Initial Development Middle Final Total
Stage stage stage
Period length (days) 30 35 40/155 ! 20 125/240'
Ke 0.2 1.6* 08"
Root depth (m) 0.1 0.5
Critical depletion 0.4°
Crop height 3m’®

Source: FAO 1998; 'Hoyos, (2005); *Fernandez et al, (2001); *Castilla (2009).

In the tomato greenhouse production, there are four main
production periods (Hoyos, 2005):

— Spring short period: the plant is transplanted in Jan-
uary-February. The harvest period ranges from late
April to early June. For the calculations the planting
date was assumed to be the 1 * of January. This cycle
was applied to the early greenhouse production in
most of the provinces.

— Spring-Summer cycle: The crop growing period ranges
from early March until late summer, being the harvest
period from early June until late August. The planting
date was assumed to be the 1% of March. This cycle was
applied to the production in the middle part of the year.

— Short autumn cycle: The plant is transplanted in late
August early September and harvested from late No-
vember to February. The planting date was 1°* of Sep-

tember.

— Long cycle: this special cycle is the most common in
Almeria province (Reche, 2009). The plant is trans-
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planted in early September and harvested from De-
cember until May or June. For the calculations the
planting date was assumed to be the 1 ** of September
with a growing period of 240 days (Table 2).

The soils used in the case of greenhouse production where
assumed to be the same as in open-air production, except
for the cases of Almeria, Granada and the two provinces in
the Canary Islands, since in these provinces, most of the
greenhouse production is done on artificial soils. These soils
are constructed by extending a layer of 2 cm deep of ma-
nure, clay and sand mulch above them. The parameters of
these soils were obtained from the study of F.I.A.P.A. Foun-
dation (Foundation for Agricultural Research in eh Province
of Almeria) on the soils of greenhouses in the Poniente re-
gion of Almeria province (Gil de Carrasco, 2001), and from
Bertuglia (2008) for the province of Granada. In the Canary
Islands, the production is carried out also in a wide range
of soils: natural, (local or transported) modified natural soils
or artificial (Nuez, 1995).

The atmospheric demand inside the greenhouse was con-
sidered 70-80% of that outside (Orgaz et al., 2005) and no
precipitation was taken into account. Many of the green-
houses have rainwater collectors (Fernandez, 2001). Mostly,
rainwater harvesting refers to the collection of rain that
otherwise would become runoff. Since consumptive use of
harvested rainwater will subtract from runoff, we consider
such water use as a blue water footprint.

2.3. Calculation of the water apparent
productivity and exported virtual water

The water apparent productivity was calculated using the
monthly tomato prices from the Agricultural and Statistics
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Yearbook of the Spanish Ministry of the Environment and
Rural and Marine Affairs for the corresponding months in
each year period (MARM, 2010). The prices taken include
the price of tomatoes intended for fresh consumption as well
as those intended for the industry. Then, the average price
for each year period (P,,, €/t) was divided by the correspon-
ding water footprint (WF,, m®/t) to obtain the water appar-
ent productivity for each production system and year period
(€/m?).

AP _ -Pi.kl E 7
1jkI_WF [ ]

ikl
In which:
1 = year season (early, middle or late season).
J = production system (rainfed, open-air irrigated or covered).
k = province of the country.
[ = year of the study period (1997-2008).

WAP ;;,, = Apparent water productivity of the province &,
under the production system j in the year season
i in the year [ (€/m?).

P,,, = Price of the production of the province &k, in the year
season I 1n the year [ (€/t).

WF,,;= Green and/or blue water footprint of the province &,
under the production system j in the year season i
in the year [ (m%t).

Virtual water exports were calculated by multiplying the
exported quantity (ton/yr) with its associated water foot-
print (m*/ton). The province-specific tomato water footprint
was estimated. Since the location of origin of traded toma-
toes within Spain was not known, the amount of exported
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tomatoes was assigned to each province proportionally to
their share of the national production. The tomato export
data, in tonnes and value, was taken from the international
trade database (DataComex) of the Spanish Ministry of In-
dustry, Tourism and Commerce (MITYC, 2009).

3. T HE WATER FOOTPRINT OF 1 KILOGRAM OF TOMATOES
3.1. Aggregated water footprint

This section includes the analysis of the green, blue and
grey water footprint of Spanish tomatoes both at national
and provincial scale.

At the national level, the main component of the water
footprint of Spanish tomatoes in terms of I/kg is the grey
water footprint, being around 60% of the total water foot-
print (Figure 2). The green component was less than 2% of
the total. The average green and blue water content ob-
tained was 97 m */ton.

As shown in Figure 4, there are important differences
when analyzing total green, blue and grey water footprints
in different years at the national level. The green water
component is always significantly smaller than the blue
one, ranging from 15 to 25 and from 252 to 457 hm 2, re-
spectively, while the national grey water footprint ranged
from 473 to 706 hm ? during the study period. The water
footprint is directly related to the yields obtained, the water
use and the total production. Thus, variation in these fac-
tors implies a variation in the water footprint, as can be
seen in figure 4. These differences can be explained by the
variations on the proportion of each production system,
which differ significantly as will be explained in the follow-
ing section.
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Ficure 3. Average green, blue and grey water footprint of Spanish
tomato (1/kg)

Source: Own elaboration.

There are important differences in the volume, type, and
purpose of the production between the different production
provinces which derive in different water footprint of toma-
to. Figure 5 summarizes the average green, blue and grey
water footprint (I/kg) in all the Spanish provinces in de-
creasing order.

As shown, the water footprint varies significantly be-
tween the different provinces, and so does the proportion of
the green, blue and grey components. These differences may
be due to the predominant production system (open-air
rainfed or irrigated vs. covered) in the province, yields ob-
tained and climate parameters (precipitation and atmos-
pheric evapotraspiration demand). In general, we can see
that the grey water footprint is the main source of variabil-
ity, whereas the green water footprint is in general terms
rather low.
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FiGure 4. National green, blue and grey water footprint (WF) (hm ?, left
axis), average yield (t/ha), national tomato production (1,000,000 t) and
weighed water use (1,000 m */ha) (right axis)

Source: Own elaboration.

As illustrated in figure 5 most of the main producing
provinces have a total water footprint below the national
average. This may be related to the high yields achieved in
these provinces. In Figure 6 the total water footprints in
hm? of the main producing provinces are represented, along
with the average annual water footprint of all the provinces
as a reference point and the percentage of national produc-
tion each province represents.

Again, we observe that the relative differences between
the green, blue and grey water footprints are maintained,
being the grey water footprint the most important compo-
nent. The high production of Badajoz and Almeria makes
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FicURE 5. Average green, blue and grey water footprint (WF) (1/kg) in
the different Spanish provinces (1/kg, left axis) and annual production
(t, right axis)

Source: Own elaboration.
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Ficure 6. Annual green, blue and grey water footprint (hm *) of Spanish
tomatoes for the main producing provinces and average percentage of
national production

Source: Own elaboration.

the total water footprint soar, although both provinces have
relatively small water footprints in terms of 1 /kg and high
efficiencies (Figure 5). In the province of Almeria most of
the water bodies are at risk of no compliance with the Eu-
ropean Water Framework Directive (Andalusian Water
Agency, 2010), as so are in Badajoz the groundwater bodies
and the Guadiana river itself (CHG, 2009).

3.2. Disaggregated water footprint: Analysis
between production systems

The main components of the water footprint are very de-
pendent on the production system and actually vary signif-
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Ficure 7. Average green, blue and grey water footprint (WF) of open
air (rainfed and irrigated) and greenhouse production (1/kg)

Source: Own elaboration.

icantly even within the same province. Moreover, tomato
and in general horticultural crops may be grown within a
wide range of production systems in mild climates. In the
Spanish case, this whole range is covered, with production
(albeit small) of rainfed tomato, low intensity traditional
tomato, highly productive intensive open-air tomato and the
most intensive, even technology-driven greenhouse produc-
tion (Maroto, 2002; Nuez, 1995).

As already mentioned, there are sharp differences in the
water footprint across production systems. Rainfed tomato
production has by far the highest water footprint with 966
I/kg. The grey water footprints of open-air irrigated and
greenhouse production systems are small in comparison to
it, partly due to their much higher yields. The Nitrogen bal-
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Ficure 8. Yearly average green, blue and grey water footprint (WF)
per production system of the main producing provinces (hm )

Source: Own elaboration.

ance data used for the calculation of the grey water foot-
print did not distinguish between the different production
systems, being the resulting grey water footprints therefore
inversely proportional to the yield. It must be noted that
these results are given in terms of 1/kg.

When analysing the water footprint in terms of total cubic
meters, the tomato water footprint is very concentrated in
a few productive areas. Figure 8 represents the green, blue
and grey water footprint of the eight most productive Span-
ish provinces per production system and their average an-
nual water footprint. In accordance with Figure 6, Badajoz
and Almeria are the two provinces with the highest total
water footprint (hm?).
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In all cases the green water footprint is practically neg-
ligible. It should also be noticed that the grey water foot-
print of both Badajoz and Almeria is similar, even if the
production is greater in Badajoz. This is related to the high-
er excess of Nitrogen in Almeria, 139 kg N/ha as compared
to 68 kg/ha of Badajoz (MARM, 2008) (Appendix IV).

However, different green, blue and grey water footprint
proportions are found across production regions. In this re-
gard, we see that the main component of the water footprint
in Badajoz is the blue one (of the open-air irrigated produc-
tion) whereas in Almeria it is the grey one. Something sim-
ilar happens in the rest of the provinces.

If the water footprint is an indicator of the water appro-
priation of a product (Hoekstra et al., 2009), its composition
may help us identify the main areas of impact of its pro-
duction. The main primary impact of the tomato production
in Badajoz, (also in Caceres or Sevilla) would be the high
volume of blue water consumed, whereas in Almeria (and
Murcia, Navarra or Granada) would be the pollution of wa-
ter resources. It is through this type of analysis where the
water footprint reveals itself as a powerful indicator.

4. A PPARENT WATER PRODUCTIVITY AND VIRTUAL WATER
EXPORTS OF TOMATO PRODUCTION

4.1. Water apparent productivity of tomato
production

The apparent water productivity (WAP) is an indicator of
the economic performance of the water use. As shown in Ta-
bles 4 and 5 the water apparent productivity of tomato pro-
duction varied from 0.025 to 36 €/m *, depending on the pro-
duction system, type of water (green or blue) and on the
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TABLE 4. Proportion of green and blue water footprint (WF) in open-air
irrigated systems and average apparent water productivity (WAP) of the
main producing provinces under different production systems (€/m ?)

Proportion of | WF Proportion WAP of WAP of open-air |~ WAP of
Prov. Green WFvs. | of Blue WF rainfed irrigaton greenhouses
Total WF | vs. Total WF | systems (€/m’) | systems (€/m’) (€/m’)
Badajoz 5.9 94.1 3.1 0.03
Almeria 6.0 94.0 3.9 71
Murcia 6.8 93.2 3.8 3.9 8.8
Las Palmas 4.2 95.8 18.1 4.6 9.3
Granada 9.0 91.0 7.3 7.2
(Caceres 4.7 95.3 2.2
Sevilla 3.1 96.9 2.6 3.1 1274
Navarra 74 92.6 3.4 6.3
National average 8.7 91.6 2.1 3.1 78

season of the year. On average, the WAP of tomato was about
5 €/m®. In the tomato production, the prices vary significantly
depending on the time of the year, being a stimulus for off-
season productions (autumn and winter) where it is possible.
Tables 4 and Table 5 show the apparent productivity of water
over the different production periods of the year and produc-
tion systems for the main producing provinces.

As shown in table 4, greenhouse production has much
higher productivity compared to open air, irrigated. The rel-
atively low productivity of rainfed production leads to a
higher water footprint of this production system. As shown
in Table 5 the productivity of tomatoes in the early and late
season is much higher than that of the middle season. In
the Spanish case, these productions correspond mainly to
greenhouse production.

However, some of the values obtained seemed to be too
high to be realistic (e.g. apparent water productivity of Sevil-
la province under greenhouses). Apparent water productiv-
ity is calculated at market price and in correspondence with
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the water footprint. In these cases, the small share of a par-
ticular production system and/or season of the provincial
production is probably a source of bias. For example, in the
case of Sevilla province, the average area under greenhouse
is 33 ha compared to 2196 ha of tomato production or 13 ha
of rainfed tomato in Las Palmas province compared to 2031
ha cultivated annually for tomato production. These small
surfaces, together with recorded yields, as shown in the sta-
tistical databases should probably be reviewed.

4.2. Water apparent productivity of surface
or groundwater

In this section, the water apparent productivity is analysed
depending on the origin of water; ground or surface water.
Information on the origin of irrigation water specifically for
horticultural production in each province is not directly avail-
able. However, in some of the main productions provinces,
the water is overwhelmingly of a specific origin; surface in
the case of Badajoz, Caceres and Navarra provinces (CHG,
2008) and groundwater in the case of Almeria (Regional Gov-
ernment of Andalusia 2003) and Canary Islands (Las Palmas
and Tenerife provinces). These six provinces represent 61%
of the yearly national production.

The origin of the water is related to the production system.
In these cases, the provinces using surface water produce
around 98% of their production in open-air systems while the
two provinces accounted for with groundwater produce over
90% of their tomatoes in greenhouses. As seen in Table 4 the
groundwater apparent productivity is notably higher than sur-
face water productivity. It clearly exceeds the average produc-
tivity of blue water used in irrigated agriculture in Spain,
which is about 0.44 €/m ? according to the Spanish Ministry of
the Environment and Rural and Marine Affairs (MARM, 2007).
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4.3. Virtual water exports

As explained above, the production of tomatoes in Spain
is to a high degree intended for export, especially in the
southeastern Mediterranean provinces. In this case, the
production is highly dependent on international markets
and competition from other areas (Garcia Martinez, 2009;
Colino, 2002).

As an average of the study period, the yearly amount of
virtual water exported through the tomato exports is 4, 88
and 134 hm® of green, blue and grey water respectively. Span-
ish tomato exports are to a very high degree directed towards

Ficure 9. Virtual water exports (hm?, left axis), exported tonnes of fresh
tomatoes to the world and to the EU, apparent water productivity of the
exported production (€/m?, right axis) and revenues of the tomato
exports (1,000 €, right axis)

Source: Own elaboration.
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the European Union, being the UK, Germany and the Nether-
lands the main importers (MITYC, 2009). As an average, 93%
of the virtual water exports correspond to the EU.

The average water apparent productivity of the exported
production in the period was 8.8 €/m ?. This productivity is
higher than the average WAP of 5 €/m ?, and closer to 7.1
€/m? of greenhouse production and to 7.2 €/m? corresponding
to production using groundwater. These results are actually
closely related, since the main exporting provinces, Almeria,
Murcia and Las Palmas, have a production mainly under
greenhouses conditions, using groundwater and in early and
late season (MARM, 2010b; Suarez, 2002 Garcia, 2009). To-
gether they represent more than 60% of the annual exports
(MICYT, 2009).

5. D iscussioN

This study provides a detailed analysis of the green, blue
and grey water footprint of tomato production in Spain, both
in kg and hm ?, for all the Spanish provinces during the
period 1997-2008.

The results obtained for the average green and blue water
footprint in terms of I/’kg were in the range of those from
other studies, whereas the values obtained for the average
grey water footprint were much higher. For tomato produc-
tion in Spain, Chapagain and Orr (2009) obtained values of
about 14, 60 and 7 /kg for the green, blue and grey water
footprint respectively. In their study of the water footprint
of tomato production in Italy, Aldaya et al. (2010) calculated
values of 35, 60 and 19 I/kg for green, blue and grey water
footprint respectively. These differences with the study of
Chapagain and Orr may be related to the different data
sources and assumptions made. We followed the Nitrogen
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Balance of the Spanish Ministry of the Environment and
Rural and Marine Affairs, which presents rather high val-
ues for excess Nitrogen (MARM, 2008), 112 kgN/ha as a na-
tional average. In the case of Chapagain and Orr, they con-
sidered the leaching Nitrogen to be 25kg/ha from open and
15 kg/ha from covered systems following Memaet al. (2005).
As for the study of Aldaya et al. used an estimated leaching
of 10 % of the estimated applied rate of 110 kg/ha from
Fertistat database (FAO, 2010).

The main producing provinces (Badajoz, Almeria and in
a lesser extent Murcia, Las Palmas, Granada, Sevilla,
Caceres and Navarra) are among the most effective in terms
of 1/kg, having achieved large yields and productivities
thanks to intensification (Garcia, 2009; Suarez, 2002). How-
ever, due to their huge cumulative total productions their
water footprints are also significantly higher than the rest.
This shows the pressure on the water resources in these
provinces. For instance, in Almeria most of the aquifers in
the province are at risk of non-compliance with the objec-
tives by the EU Water Framework Directive (Andalusian
Water Agency, 2010), so are in Badajoz the groundwater
bodies and the Guadiana river itself (CHG, 2009). As ex-
pected for a horticultural crop, the green water footprint is
almost negligible, both for rainfed and for irrigated open-
air production. An interesting analysis would be the study
of the social revenues of this pressure.

As explained above, one of the reasons for the different
water footprint results from other studies may be related
to the different data used and assumptions taken to model
the crop water use. A change in, for example, the length of
the growing period may notably vary the crop water use
and thereafter the green and blue water footprint obtained.
Despite this, the values obtained here were in the same
scale as those from other authors for the green and blue
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water footprint of tomatoes in Spain (Chapagain and Orr,
2009; Madrid and Velazquez, 2008; Aldaya and Llamas,
2009). Chapagain and Orr (2009) obtained an average green
and blue water footprint of 74 m®/t, compared to our 92 m®/t.
Madrid and Velazquez (2008) studied the Andalusia region,
obtaining blue water values of 80 m %t, which in our case
was 58 m?t as an average for this region. Aldaya and Lla-
mas (2009), in their study of the Guadiana river basin cal-
culated 6 and 115 m */t for the green and blue water foot-
print in open air irrigated tomato of the middle Guadiana
basin, which corresponds to Badajoz province. In our case,
the average water footprint for this production system was
very similar; amounting to 6 and 103 m %t. Garrido et al.
(2010) calculated an average green and blue water footprint
of tomato production of 95 m %/t.

The estimation of leached Nitrogen is a very context spe-
cific factor. With this in mind, we tried to make an approx-
imation, based on the Nitrogen balances. The values ob-
tained should be taken as a first approximation, by no
means we consider it a definitive measurement. With this
methodology, we made a number of assumptions in order
to calculate the grey water footprint. First, the excess Ni-
trogen from the N balance data of the Spanish Ministry of
the Environment and Rural and Marine Affairs are provid-
ed for the year 2006 (MARM, 2008). Excess Nitrogen there-
fore was assumed to be constant throughout the years for
each province and between production systems. The result-
ing grey water footprint thus mainly depends on the yields
used. Besides, the excess Nitrogen data does not distinguish
between rainfed and irrigated farming. Since the rainfed
production has a very limited area, its weight in the Nitro-
gen balance calculation is limited and may not be represen-
tative. Secondly, no temporal calculation less than a year
was taken into account. Lixiviation occurs on early stages
of the crop and is sharply dependent on precipitation
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(Vazquez et al., 2003). In their study of the N lixiviation
from open air, drip irrigated tomatoes in Ebro valley,
Vazquez et al. (2003) measured leaching N values of 155-
421 kg N /ha, which were very dependent on the irrigation
schedule, available N at the beginning of the season and
precipitation. The value taken here for La Rioja was 161 kg
N /ha. Within our scope, it was impossible to account for
site- and management- specific factors, so further refine-
ments are clearly necessary.

As for the case of the Almeria province (and this can prob-
ably be generalized to production in greenhouses in south-
east Spain), the N pollution may also be a consequence of
large irrigation prior to transplanting and during the first
6 weeks of the crop. This irrigation, combined with large
manure applications (as part of the artificial soils) and gen-
erous fertilizations may lead to high Nitrogen lixiviation
(Thompson, 2007). In our case, this was indirectly reflected
through the N balance data of the Spanish Ministry of the
Environment and Rural and Marine Affairs, with values of
about 139 N/ha. This balance however may be underesti-
mating the amount of N available for leaching. Thompson
et al. (2002) observed a mean value of 527 kg N /ha at 60
cm depth in greenhouses in Almeria. They mentioned the
variability of the data, reassuring the difficulty of making
accurate estimations.

Another limiting factor of our study is that many of the
main producing provinces developed and changed signifi-
cantly their irrigation techniques during the study period.
Irrigation technologies, schemes and applications have
evolved since 1997. So have the growing technologies, such
as plastic mulch in open-air production (Campillo, 2007,
Macua and Lahoz, 2005), or greenhouses’ technological
change (Garcia, 2009; Céspedes, 2009), which could have
led to different soil moisture balances and thereafter to dif-
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ferent crop water uses. This factor was not taken into ac-
count, so the analysis of the temporal evolution of the
provinces could be improved. In any case, the scope of this
study is different as we intended to cover the whole country
and for a relatively long period.

The apparent water productivity (€/m %) varied signifi-
cantly not only between production systems, but also be-
tween periods of the year. The productivities were signifi-
cantly higher for greenhouse production and for early and
late season productions. These results are related since pro-
duction in early (January to May) and late (October to De-
cember) seasons are done mainly in greenhouses, which
compensates the adverse climatic conditions of these peri-
ods. Along with this, these productions are to a high degree
intended for export markets and consumed in other coun-
tries (Garcia, 2009) and therefore focus on a high-quality
valuable product (Castilla, 2007). This way, Spanish water
resources are virtually exported away from the country in
exchange for revenues.

The differences in the apparent water productivity would
probably have been sharpened if we had distinguished the
prices of the tomatoes for provinces and growing systems,
specially separating production for fresh consumption from
production for the industry as the price of both products is
very different. Still, this is reflected to a certain degree in
our work. In general terms, the production areas (and the
provinces) “specialise” themselves in specific productions for
agronomical and socio-economical reasons.

The analysis of the apparent water productivity in re-
lation to the origin of water did show clearly that ground-
water is more productive than surface one. This is also
reflected in the type of production in which each of them
is used. Surface water is predominantly used in areas
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where the main production system is open-air irrigation.
In many cases (though not exclusively) this type of pro-
duction is intended for processing tomato, as in the Mid-
dle Guadiana and Ebro Valleys, which has a lower market
price. Groundwater is generally used in areas where the
production is intended for export and has higher prices.
These results confirm previous studies that claim that
agriculture using groundwater is economically more pro-
ductive that using surface water (Hernandez-Mora et al.,
2001; Llamas and Martinez-Santos, 2005). 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 irriga-
tion techniques and more profitable crops; the greater dy-
namism 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 (Hernandez-
Mora et al., 2001).

Finally, as for the water footprint of tomato exports, they
were assigned to each province proportionally to their share
of the national production. The international trade data-
base (DataComex) of the Spanish Ministry of Industry,
Tourism and Commerce reflects where the amount of toma-
toes left the country, not where they were produced. Had
we applied the water footprint of the exporting province to
the tomatoes exported, it would have meant an overestima-
tion of the water footprint of the exports of the provinces
with intensive international commerce while ignoring those
producing the tomatoes. In any case, a more detailed analy-
sis of the export character of particular provinces would be
advisable to better quantify the water footprint other na-
tions have in Spain.
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6. C ONCLUSION

The total water footprint of 1 kilogram of tomato produced
in Spain is about 236 litres per kilogram, ranging from 216
to 301 litres per kilogram. The colours of the total average
water footprint are as follows: 3% green, 36% blue and 58%
grey. Still, these averages vary greatly depending on the
crop and water management systems, location and climate.

Total largest footprints (hm?) correspond, logically, to the
two main producing provinces; Badajoz and Almeria. They
are well ahead of the rest of the provinces with an average
of 215 and 182 hm ? per year. In contrast, these two
provinces show a high efficiency in terms of water use (I/kg),
standing below the national average of 235 I/kg, with 201
I/kg for Badajoz and 228 1/kg for Almeria.

The large differences of water footprints across provinces,
years and production systems, indicate the relevance of eval-
uations carried out at the lowest possible scale. The national
annual average water footprint in terms of I/kg for rainfed,
open-air irrigated and greenhouse production systems was
73, 331 and 74 1/kg respectively. Greenhouse production ob-
tains very high yields that compensate their water use.

The average water apparent productivity of tomato pro-
duction was about 2, 3 and 8 €/m ? for rainfed, open-air ir-
rigated and greenhouse production systems respectively.
We note also the important differences in the apparent wa-
ter productivity throughout the year, which may be related
to the much higher price of off-season productions.

Groundwater production presented a higher blue water ap-
parent productivity than that of open-air irrigated produc-
tion, around 7 €/m’ compared to 3 €/m®. In any case, the study
in this field included only some provinces with specific and
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different productions. While the provinces irrigated with sur-
face water produce mainly tomatoes intended for the indus-

try in open-air systems, those accounted for as irrigated with
groundwater produce fresh tomato for export, more valuable.

Virtual water exports related to tomato exports represent
about 2.5% of total Spanish water exports, without consid-
ering grey water (Garrido et al., 2010). However, in economic
terms (€/m”) tomato exports are 350% larger than the aver-
age exports (Garrido et al., 2010), with 8.81 €/m ? compared
with the average 2.5 €/m ? of the average exports. Reducing
the blue and green water footprint of tomato production will
not be easy because of plant physiology restrictions, but the
grey water component can be significantly reduced. Should
this be achieved by optimizing the timing and technique of
Nitrogen applications, so that less is needed and/or less
leaches or runs off, Spanish tomato exports’s sustainability
would significantly improve. Water footprint evaluations
that omit the grey component would lead to incomplete con-
clusions, as they may lead to increase efficiency in direct wa-
ter consumption but fail to take into account the environ-
mental pressure related to pollution.

Finally, the water footprint contextualized in space and
time can provide useful information for benchmarking, in-
dentifying best practices and achieving a more integrated
water resource management. However, to obtain a compre-
hensive picture, not only the (eco) efficiency in terms of
m?/ton should be considered, but also the context-specific to-
tal cumulative water footprint.
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ArprENDIX II.

Average green, blue and grey water footprint of tomato

production in the different Spanish provinces

Province Average green water | Average blue water | Average grey water
footprint (m*/t) footprint (m*/t) footprint (m*/t)
Alava 10.9 148.4 438.8
Albacete 14.6 207.4 170.8
Alicante 0.6 36.6 81.5
Almeria 0.7 67.1 129.3
Avila 15.2 164.6 536.0
Badajoz 6.4 102.2 94.3
Baleares 7.6 94.0 150.7
Barcelona 10.1 103.2 156.6
Burgos 18.9 135.3 346.7
Caceres 7.1 142.3 134.0
Cadiz 7.8 86.8 172.2
Castellon 13.8 108.2 342.7
Ciudad Real 8.6 166.5 213.0
Cordoba 11.3 205.3 271.7
La Coruna 14.4 108.9 213.6
Cuenca 15.1 275.8 349.6
Girona 41.2 128.6 439.0
Granada 2.5 55.0 158.8
Guadalajara 16.4 199.5 560.0
Guipuzcoa 89.1 80.7 402.2
Huelva 149.3 139.7 127.4
Huesca 8.6 109.8 128.2
Jaén 13.8 200.6 456.9
Ledén 16.5 204.9 217
Lleida 13.8 208.6 303.4
La Rioja 6.2 72.4 242.4
Lugo 39.6 80.5 436.5
Madrid 8.8 134.1 311.6
Malaga 3.4 78.1 156.0
Murcia 2.1 70.3 156.2
Navarra 7.9 88.7 215.6
Ourense 14.7 213.7 380.9
Asturias 28.0 58.8 226.5
Palencia 5.6 96.4 121.9
Las Palmas 0.5 58.1 76.9
Pontevedra 5.0 102.6 75.7
Salamanca 16.4 271.1 633.3
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AppENDIX II.  Average green, blue and grey water footprint of tomato
production in the different Spanish provinces. (Cont.)

Province Average green water | Average blue water | Average grey water
footprint (m*/t) footprint (m*/t) footprint (m*/t)
Tenerife 0.6 52.5 64.5
Cantabria 95.4 26.9 546.9
Segovia 19.1 188.1 563.4
Sevilla 3.4 104.7 58.3
Soria 16.1 159.6 315.2
Tarragona 114 130.8 361.8
Teruel 10.4 152.5 139.8
Toledo 6.3 100.5 152.7
Valencia 5.1 120.6 240.7
Valladolid 9.4 119.3 167.0
Vizcaya 51.1 83.8 294.0
Zamora 14.4 179.6 323.1
Zaragoza 8.1 130.9 110.6

* Source: Own elaboration.
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ArprENDIX IV.

Excess Nitrogen per province in horticultural crops

Province Bxcess N
t kg/ha % input

La Coruna 624 94.6 42.8
Alava 127 165 21.9
Albacete 1032 60.8 36

Alicante 1189 106.8 34.9
Almeria 6414 139.5 34.4
Avila 132 172.7 56.7
Baleares 247 108.9 38.7
Badajoz 1542 63.3 24.5
Barcelona 535 97.6 37.8
Burgos 92 104.2 41.9
Cantabria 76 156.7 49.6
Castellon 714 149.6 50.3
Ciudad Real 1476 100.4 40.4
Cuenca 470 104.1 45.4
Céaceres 387 76.2 30.9
Cadiz 1033 81.2 26.9
Cordoba 914 101.2 42.5
Girona 295 195.9 54.3
Granada 2959 168.3 48

Guadalajara 77 155.5 58.1
Guiptzcoa 67 108.1 67.2
Huelva 1240 44.4 31.8
Huesca 174 82.2 39.4
Jaén 490 147.3 53.6
La Rioja 1137 161 51.2
Las Palmas 332 84.1 27.3
Leon -2 -5.6 -4.3
Lleida 235 116.7 40.1
Lugo 557 136.9 44.5
Madrid 715 159.6 57.8
Malaga 1432 127.2 39.8
Navarra 22179 140.2 47.3
Ourense 313 107.5 40.3
Asturias 109 119.9 45.2
Palencia 44 118.2 45.2
Pontevedra 162 57.9 22.8
Murcia 6662 124.2 42.1
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AprpPENDIX IV.  Excess Nitrogen per province in horticultural crops. (Cont.)

Province Bxcess N
t kg/ha % input
Tenerife 187 69.2 29.6
Salamanca 52 128.9 57.7
Segovia 772 208.4 42.9
Sevilla 451 43 18.1
Soria 54 85.8 34.7
Tarragona 718 154.2 48.1
Teruel 6 53.6 22.4
Toledo 727 86.5 40.2
Valencia 1402 157.1 45.1
Valladolid 577 102.5 33.7
Vizcaya 130 104.8 45.3
Zamora 106 124.3 47.1
Zaragoza 286 70.5 32.1

* Source: MARM (2008).
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