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Abstract: The impact of economic growth on natural resources and the environment constitutes a
fundamental topic in current research. In particular, water, a fundamental resource for human beings,
has been subject to intense pressure in recent decades. Within this context, this article examines the
growth of the blue water footprint of the Spanish wine industry and its environmental impact. In order
to do this, we will first calculate the blue water footprint of wine, using a bottom-up methodology.
Our methodology introduces certain advances with respect to those usually used. Our results show
a very fast increase of the blue water footprint from 1995, which has multiplied six-fold in twenty
years with an extreme concentration in the region of Castilla-La Mancha, which accounts for 70% of
this increase. The expansion of irrigated vine growing in this region has played a relevant role in the
serious problems suffered by its aquifers.

Keywords: blue water footprint; wine production; water resource constraints; wine blue water
footprint; Spanish wine industry

1. Introduction

In economics, natural resources are traditionally considered as a crucial asset for driving growth [1].
Their abundance is seen as a “blessing” for those countries that are fortunate enough to have
them. However, in recent decades, new views have emerged that take a more critical and less
complacent perspective of the meaning of this abundance of resources [2–6]. On the other hand, from an
environmental point of view, it has been emphasised that an excessive exploitation of these resources
could lead to their exhaustion or the deterioration of their quality as well as possible harmful and
irreversible impacts on the environment [7–12]. We could say that an abundance of natural resources
drives economic growth, but also that this growth could be threatened by this abundance, or that the
environmental impacts generated by the growth could be severe and outweigh the benefits obtained
from their exploitation. It is not possible to determine a priori the net effect of this availability of
natural resources; therefore, it is essential to complement the theoretical studies on this topic with
empirical studies that analyse the situation for different geographic spaces, products or periods [6].

From this perspective, water is a highly important product for these types of studies. Economic
growth has had a notable impact on water use. While global water withdrawals remained stable for
centuries, they increased thirty-five-fold between 1687 and 1987 and there was a forty-fold increase
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in freshwater consumption from 1700 to 1900 and a seven-fold rise in the twentieth century [10,13].
Water use grew significantly due to the industrial revolution and the economic growth processes
experienced initially by western countries. Water use has grown, mostly, because of the growth of
agricultural production in the last two centuries and the resulting expansion of irrigation in arid or
semi-arid regions [14,15].

In pre-industrial economies where agriculture was the principal economic activity, the availability
of water was not only a basic conditioning factor for its productivity, together with other agroclimatic
conditions, but it also determined, to a great extent, the type of activities developed or even their
location within the space. Therefore, in arid or semi-arid countries, since ancient times intense efforts
have been made by human beings to construct hydraulic infrastructures that enable agriculture
to use ground water or river water [16,17]. The low level of technological development seriously
limited the possibilities of this use but from the beginning of the twentieth century, the technological
capacity gradually expanded, enabling increasingly larger hydraulic works to be constructed. Between
1900 and 1989 the irrigated area across the world grew from 48 to 235 million hectares [18]. In 2012,
there were 324 million hectares equipped for irrigation [19]. Worldwide, irrigation is used on over
18% of cultivated land and provides between 30% and 40% of gross agricultural production, and these
figures are higher in arid and semi-arid regions [20].

Irrigation has also been essential for using the modern agricultural technologies that emerged
after the Second World War, such as high yield seeds [21]. This increasing technological capacity and
the consequent expansion of hydraulic infrastructures have had a profound effect on the natural water
cycle, the natural riverside spaces and the quality of water. Furthermore, the intensive exploitation of
this resource has generated problems of scarcity, the depletion of water supplies in some areas and
sometimes intense conflicts over its use.

In this context, this study focuses on how economic growth has affected water use, its availability
and the pressure it is under. In our case, we seek to analyse the increase in water use in agriculture and
how this has generated greater pressure on this resource. To achieve this objective, we have chosen as
a case study the changes that have taken place in water use in wine production between 1935 and 2015.
The selection of this product is interesting, as although between 1955 and 2010 wine only represented
between 3% and 6% of the blue water consumption in agricultural production in Spain, it is one of the
products that has produced the highest increase in the use of this kind of water. Furthermore, within
the context of climate change and the growing concern for the reduction of the environmental impact
of agricultural production, it is forecasted that the management of irrigation water in wine production
will constitute a fundamental adaptation strategy in many areas, with an increase in the number of
conflicts over its sustainable management and use [22].

The methodological approach adopted in this study is the water footprint. The water footprint is
the total water required to produce goods or services and is usually expressed as the volume of water
used per year. In this study, we focus on analysing the water necessary for agricultural production,
in this case the production of wine. Therefore, it addresses the concept of virtual water or the volume
of water required for the production of a given commodity. The virtual water content of products
is classified into green water, rainwater precipitation evaporated as a result of the production, and
blue water, surface or groundwater evaporated during a production process [23]. Although both
are interrelated in the hydrological system, blue water has higher opportunity costs, given that it
can be reallocated among different users [24]. Moreover, the increase in blue water use has very
important economic implications, since it requires considerable capital investments. Consequently,
we will analyse the blue water footprint, that is, the surface or groundwater that is consumed in wine
production through irrigation. To do this, the methodology used is the so-called bottom-up approach
which involves estimating the water footprint based on the physical production of the product or
products that are being analysed.

This study can be considered as being novel because, to date, very few studies have addressed the
analysis of the blue water footprint of wine [25–30], even though climate change and the intense water
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pressure have converted the appropriate management of irrigation for wine growing into a crucial
issue [22,31]. An additional novelty of this study is that we believe that it is the first time that a study
with such a long time frame has been conducted for a single agricultural product.

The choice of Spain as a geographic area of study is justified by the importance that wine has
had historically and continues to have today in the country’s agri-food sector. Spain is also one of the
world’s most important wine producers and exporters. In 2014–2016 it was the world’s leading wine
exporter in terms of volume and the third in terms of value. It has the largest vineyard area in the
world, representing more than 5% of the country’s cultivated area. This percentage is only exceeded by
countries with a wine production of over 200 ML per year, by Chile, Italy and Portugal [32]. Although
vine growing adapts extraordinarily well to the semi-arid climate predominant in the majority of Spain,
its irrigated wine growing area has experienced considerable growth over the last two decades, from
approximately 30,000 hectares between 1930 and 1990 to more than 180,000 today. Almost all of this
growth took place between 1995 and 2015. An additional advantage of this case study is that in recent
years abundant literature has been produced analysing the water footprint of Spanish agriculture from
a long-term perspective, similar to our case [33–40]. This profuse literature can be explained by the
important role that irrigation has played in the increase in Spain’s agricultural production since the
mid twentieth century [41] and the intense conflicts that have arisen with respect to its distribution
across territories and economic agents [33,42,43]. Furthermore, some studies have also conducted
estimates of the water footprint of Spanish agriculture and some of its crops for the present day [44,45].
These analyses conclude that 80% of water use in Spain corresponds to agriculture [46]. The estimates
of the blue water footprint of Spanish agricultural crop production oscillate between 11.9 km3 [47] and
15.6 km3 for the year 2001 [48] or 15.8 km3 for 2010 [35]. From a long-term perspective, the increase has
been enormous. Between 1860 and 2008 the blue water footprint of Spanish agricultural production
(vegetal and animal production) increased by 11.3 km3 [37]. If we consider only crop production,
its blue water footprint approximately doubled between 1955 and 2010 [35].

As well as analysing the evolution in the blue water footprint of wine production for Spain, in
order to study the impact of irrigated vineyards on water resources, we will focus on the region of
Castilla-La Mancha, as this is where wine has the greatest participation in the blue water footprint of
crop production. Castilla-La Mancha is located in south-eastern Spain and is made up of five provinces
(Albacete, Ciudad Real, Toledo, Guadalajara and Cuenca). This region is an extensive central plateau
with an area of around 30,500 km2 surrounded by several mountain systems (Cordillera Central, Sierra
Morena and Montes de Toledo). Due to its location in the central part of Spain, it is characterised by
Mediterranean weather with scarce precipitations, especially during the summer. Furthermore, this
region typically has mild winters and hot summers. Castilla-La Mancha has two of the largest aquifers
in Spain, the Western and Eastern La Mancha aquifers. The Western La Mancha aquifer with 5500 km2

is located in the upper Guadiana River Basin and close to the city of Ciudad Real. Meanwhile, the
Eastern La Mancha aquifer, considered the largest aquifer in Spain, covers an area of over 7300 km2

and belongs to the Jucar River Basin, close to the city of Albacete. Around 90 percent of the entire
water needs for irrigation in central and eastern Castilla-La Mancha rely on these two aquifers [49].
One of the main economic activities in Castilla-La Mancha is the agricultural sector, with its central and
eastern parts dedicated to irrigation agriculture. Particularly important is the wine sector which has
great economic and social relevance. Castilla-La Mancha is one of the regions with the largest vineyard
areas in the world with 433,000 hectares in 2015. Furthermore, almost half of Spain’s total vineyards
are concentrated in Castilla-La Mancha. Wine production is especially relevant in the provinces of
Ciudad Real (170,000 ha), followed by Toledo (97,000 ha), Albacete (79,000 ha) and Cuenca (74,000 ha).

2. Material and Methods

In order to estimate the wine blue water coefficient for each province and for the period 1935–2015,
we first take the average wine water intensities (m3/ton) for the period 1996–2005, drawn from
Mekonnen and Hoekstra [23]. These coefficients express the volume of water consumption (m3)
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corresponding to water extracted from the soil or subsoil and applied through irrigation per unit of
production, measured in tonnes, and are estimated as the ratio between evapotranspiration (ET) and
yield (Y). These coefficients can be assumed to be representative at the province level since, as explained
by Mekonnen and Hoekstra [50,51], the virtual water content of crops is obtained with a high-resolution
level, using a grid-based dynamic water balance model applied on a global scale and a resolution
level of 5 by 5 arc minute grid size (about 10 km by 10 km at the equator) [51]. These coefficients are
provided for each Spanish region (17 Autonomous Regions) and we have applied each of them to the
respective provinces of these regions. These wine water intensities take only into account the crop
production in the field. They do not include the water used in the industrial process of wine making.

In the next step, these coefficients are updated for the period 1935–1995 and 2006–2015.
The procedure for estimating environmental footprints for a long-term period has been the object of a
wide scientific discussion, as it involves studying the historical ecological impacts of the long-term
process of development [52]. One of the approaches has been to use fixed coefficients assuming constants
yields in time. This assumption is not realistic if we take into account that the grape production per
irrigated hectare in Spain increased approximately five-fold between 1935 and 2015. We will, therefore,
use variable blue water footprints on the basis of changes in long-term yields. Following the approach
of Doorenbos and Kassam, Dalin et al., Konar et al. and Duarte et al. [36–38,53–55] we will use crop
yield series to estimate the changing blue virtual water content of wine as follows:

Wcpt = Wcp
Ycp
Ycpt

(1)

where Wcpt is the blue water coefficient for wine in the period of analysis (t from 1935 to 2015),
Wcp represents the wine blue water intensity given by Mekonnen and Hoekstra [23], Ycp expresses
the average wine yield of the reference period (1996–2005) and Ycpt is the annual wine yield for
each specific year studied Equation (1) assumes a decreasing convex with respect to the origin, and a
hyperbolic relationship whereby the virtual blue water content gradually declines as the crop yield
increases [38]. As a result, we assume that the technological advances that have generated increasing
yields over the long-term have also affected blue water consumption per tonne, which we can consider
as efficiency gains.

However, although our study follows the above-mentioned articles, particularly those referring to
Spain [36–38], assuming a variable blue water footprint, our approach differs to them in that we do
not consider it appropriate to assume a constant proportion of irrigated cultivated land area, rather
a variable. These studies apply the previously explained methodology to the total production of
each crop and also use the total yields for their updating. These assumptions are reasonable when
applied to agriculture as a whole, but if we do this for a single product, in which the proportion
between the irrigated area and the total area has changed drastically, we would introduce a significant
bias. Therefore, the case of wine in Spain requires an alternative methodology as the irrigated area
for grape growing for wine production increased from 24,000 hectares in 1950 to 184,000 in 2013.
Furthermore, the irrigated area of vineyard for winemaking has increased from 2% of the total vineyard
area for winemaking to 21% today. Our alternative has been to only take into account the irrigated
area of vineyard for winemaking and the wine production obtained from the irrigated vineyard.
Therefore, in our case, in Equation (1), Wcpt is the blue water coefficient for wine in the period of
analysis (t from 1935 to 2015), Wcp represents the wine blue water intensity given by Mekonnen and
Hoekstra [23], Ycp expresses the average wine yield obtained from irrigated vineyards of the reference
period (1996–2005) and Ycpt is the annual wine yield obtained from irrigated vineyards for each
specific year studied. We have multiplied the coefficient obtained by the irrigated wine production
of each province in each year, obtaining the blue water footprint. A limitation of our study is that
although it reflects trend followed by the blue water footprint very well, the year on year variations of
our historical series may show deviations between the blue water actually used and that calculated by
us. However, we do not consider this to be a very significant problem for our objective.



Water 2020, 12, 1872 5 of 14

In order to determine the importance of the wine blue water footprint on total crop production in
Spain, we have used the calculations made by Cazcarro et al. [35].

Annual data on grape area and wine production at the provincial level from 1935 to 2015 have
been taken from the Anuarios de Estadística of the Spanish Ministry of Agriculture. These series also
tell us about the average yield of wine obtained from irrigated vineyards, also for each province.

3. Results

Traditionally, in Spain, vines occupied large areas of rainfed land and their presence on irrigated
land was negligible. In the 1930s, irrigated vineyards accounted for less than 3% of total vineyards for
wine production and in 1950 the figures continued at similar levels (Figure 1 and Table 1). In 1990,
this percentage had not changed, standing at 2.5%; only 31,000 hectares of wine grape vineyards were
irrigated while rainfed vineyards occupied an area of almost 1,300,000 hectares. The total vineyard
area had hardly changed since the 1930s. However, from the mid 1990s, the changes took place at a
very fast pace. On the one hand, the rainfed wine grape growing area contracted brutally by more
than a third while the irrigated area increased substantially, exceeding 180,000 hectares.
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Figure 1. Evolution in Spain of the rainfed and irrigated areas dedicated to grape growing for wine,
1930–2015 (Ha). Source: Own calculation based on Anuario Estadístico de la Producción Agraria [56].

Table 1. Average rainfed and irrigated vineyard areas of Spain (in Ha).

1948–1952 1988–1992 2011–2015

PROV. RAINFED
AREA

IRRIGATED
AREA

RAINFED
AREA

IRRIGATED
AREA

RAINFED
AREA

IRRIGATED
AREA

CIUDAD REAL 178,356 0 240,466 7717 95,124 51,886
ALBACETE 56,393 120 111,716 448 52,973 26,860

TOLEDO 67,189 0 193,991 1494 88,231 18,695
CUENCA 37,157 0 118,997 102 65,582 15,340
LA RIOJA 23,848 5338 31,336 1287 30,633 12,114

SPAIN 1,109,201 24,039 1,284,938 31,757 678,020 183,905

Note: Spain and the five provinces with the highest irrigated vineyard area in the period 2011–15. Source: Own
calculation based on Anuario Estadístico de la Producción Agraria [56].

Although, as we have seen, the total area of vineyards and that of irrigated vineyards remained
basically constant from 1930 until 1990, wine production grew strongly, particularly from the beginning
of the 1960s and again from 1980, as a result of the technological changes introduced in wine growing
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(Figure 2 and Table 2). The weight of wine produced from irrigated grapes, in the same way as the
irrigated area, barely changed and between 1930 and 1994 accounted for less than 4% of total wine
production. After 1995, the increase in its share of the total was spectacular and today clearly accounts
for over 50% of the wine produced.Water 2020, 12, 1872 6 of 15 

 

 

Figure 2. Evolution in Spain of wine production from rainfed and irrigated wine grape vineyards, 
1930–2015. Source: Own calculation based on Anuario Estadístico de la Producción Agraria [56]. 

In short, the analysis of the changes in the land area and production over the long term shows 
that until 1994 vineyards remained an almost exclusively rainfed crop and that the increase in wine 
production was due exclusively to technological improvements. After 1995, radical changes took 
place. While the area of rainfed vineyards decreased considerably and also their relative weight in 
total production, the increase in irrigated areas and production in absolute and relative terms has 
been spectacular. 

However, the increase in the area of irrigated vineyards has not been distributed uniformly 
throughout the Spanish territory. In fact, the opposite is the case. This increase has been highly 
concentrated. Between 1988-92 and 2011-15 the area of irrigated vineyards in Spain increased by 
approximately 152,000 hectares (an increase of 479%). However, an increase of almost 114,000 
hectares, that is, 75% of the total increase for the whole of Spain was concentrated in just five 
provinces (Table 1).  

Table 1. Average rainfed and irrigated vineyard areas of Spain (in Ha). 

                  1948-1952                 1988–1992                 2011-2015 

PROV. 
RAINFED 

AREA 
IRRIGATED 

AREA 
RAINFED 

AREA 
IRRIGATED 

AREA 
RAINFED 

AREA 
IRRIGATED 

AREA 
CIUDAD 

REAL 
178,356 0 240,466 7717 95,124 51,886 

ALBACETE 56,393 120 111,716 448 52,973 26,860 
TOLEDO 67,189 0 193,991 1494 88,231 18,695 
CUENCA 37,157 0 118,997 102 65,582 15,340 

 LA RIOJA 23,848 5338 31,336 1287 30,633 12,114 
SPAIN 1,109,201 24,039 1,284,938 31,757 678,020 183,905 

Note: Spain and the five provinces with the highest irrigated vineyard area in the period 2011–15. Source: Own 

calculation based on Anuario Estadístico de la Producción Agraria [56]. 

Table 2. Average wine production of rainfed and irrigated vineyard areas (in Hl). 

0

5,000,000

10,000,000

15,000,000

20,000,000

25,000,000

30,000,000

35,000,000

40,000,000

45,000,000

50,000,000

1930 1940 1950 1960 1970 1980 1990 2000 2010

Rainfed Irrigated

 1948–1952  1988–1992  2011–2015  

PROVINCES 

RAINFED 

AREA 

IRRIGATED 

AREA PROVINCES 

RAINFED 

AREA 

IRRIGATED 

AREA PROVINCES 

RAINFED 

AREA 

IRRIGATED 

AREA 

Figure 2. Evolution in Spain of wine production from rainfed and irrigated wine grape vineyards,
1930–2015. Source: Own calculation based on Anuario Estadístico de la Producción Agraria [56].

Table 2. Average wine production of rainfed and irrigated vineyard areas (in Hl).

1948–1952 1988–1992 2011–2015

PROVINCES RAINFED
AREA

IRRIGATED
AREA PROVINCES RAINFED

AREA
IRRIGATED

AREA PROVINCES RAINFED
AREA

IRRIGATED
AREA

CIUDAD
REAL 1,438,476 0 CIUDAD

REAL 5,407,890 425,710 CIUDAD
REAL 3,234,622 5,080,368

ALBACETE 1,021,525 2943 ALBACETE 2,160,371 17,970 ALBACETE 1,333,136 1,913,193
TOLEDO 1,262,619 0 TOLEDO 3,792,379 107,646 TOLEDO 2,933,739 1,625,509
CUENCA 456,975 139,753 CUENCA 2,618,759 77,586 CUENCA 1,861,318 661,485
LA RIOJA 431,720 0 LA RIOJA 992,704 3985 LA RIOJA 1,375,960 903,066

SPAIN 14,848,412 539,594 SPAIN 30,359,257 1,275,309 SPAIN 24,437,180 13,184,567

Note: Spain and the five provinces with highest production in irrigated vineyard areas in the period 2011–2015.
Source: Own calculation based on Anuario Estadístico de la Producción Agraria [56].

In short, the analysis of the changes in the land area and production over the long term shows
that until 1994 vineyards remained an almost exclusively rainfed crop and that the increase in wine
production was due exclusively to technological improvements. After 1995, radical changes took
place. While the area of rainfed vineyards decreased considerably and also their relative weight in
total production, the increase in irrigated areas and production in absolute and relative terms has
been spectacular.

However, the increase in the area of irrigated vineyards has not been distributed uniformly
throughout the Spanish territory. In fact, the opposite is the case. This increase has been highly
concentrated. Between 1988–1992 and 2011–2015 the area of irrigated vineyards in Spain increased by
approximately 152,000 hectares (an increase of 479%). However, an increase of almost 114,000 hectares,
that is, 75% of the total increase for the whole of Spain was concentrated in just five provinces (Table 1).

This trajectory of the evolution of the irrigated vineyards and wine production implies that
the blue water footprint was practically constant from the 1930s until the mid 1990s with a slightly
decreasing trend due to increased yields, implying certain efficiency gains (Figure 3). From 1994, the
increase was very fast, as it more than quadrupled until 2001 and also continued to rise very quickly
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after this, although at a slower speed. In 2015, the blue water footprint of wine in Spain was six times
higher than that of the first half of the 1990s. A spectacular increase in only twenty years.
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The extreme concentration of irrigated vineyards in a few provinces also explains the extreme
concentration in them of the blue water footprint of the wine industry in Spain. In the period 2011–2015,
therefore, 71% was concentrated in just five provinces (Table 3).

Table 3. Average provincial share in the blue water footprint of wine in Spain.

1948–1952 1988–1992 2011–2015

PROVINCES % Thousands m3 PROVINCES % Thousands m3 PROVINCES % Thousands m3

LA RIOJA 32.7 38,094 CIUDAD
REAL 25.4 32,870 CIUDAD

REAL 28.2 221,011

TARRAGONA 24.7 28,798 MURCIA 20.3 26,245 ALBACETE 14.0 109,693
NAVARRA 15.9 18,549 LLEIDA 11.0 14,278 TOLEDO 11.3 88,860
GRANADA 6.3 7338 NAVARRA 9.8 12,658 LA RIOJA 11.0 86,447

ZARAGOZA 4.5 5211 LA RIOJA 7.1 9187 CUENCA 6.3 49,585
SPAIN 100.0 116,595 SPAIN 100.0 129,494 SPAIN 100.0 784,603

Note: Spain and the five top provinces in each period. Source: Own calculation based on data of Anuario Estadístico
de la Producción Agraria [56].

Furthermore, these five provinces represented a 77% increase in the blue water footprint of the
wine industry in Spain which took place between 1988–1992 and 2011–2015 (Table 4).

Table 4. Contribution to the change of the blue water footprint of wine from 1950 to 2013 of the five top
Spanish provinces.

PROVINCES % Increase in Thousands of m3

CIUDAD REAL 33.1 221.011
ALBACETE 16.3 109.203

TOLEDO 13.3 88.860
CUENCA 7.4 49.585
LA RIOJA 7.2 48.353

SPAIN 100.0 668.008

* 1950-average 1948–1952. * 2013-average 2011–2015. Source: Own calculation based on data of Anuario Estadístico
de la Producción Agraria [56].
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If we analyse the importance that the wine blue water footprint has had in total crop production,
we can observe in Table 5 that for the whole of Spain it was almost marginal in 1955 as almost all of the
vineyards were rainfed and in 2010, although it had increased significantly, it still accounted for a small
part of the total. However, in the four provinces of Castilla-La Mancha studied in detail in this article
(in Guadalajara, the fifth province of Castilla-La Mancha, there are practically no irrigated vineyards
for wine making), we can appreciate a very significant change between these two years. In 1955,
wine production incorporated a very small part of the blue water necessary for crop production as a
whole. However, in 2010, the use of irrigation water in wine production constituted a very large part
of that used by crop production as a whole. In these provinces, between 1955 and 2010, the weight of
blue water incorporated in wine production over total crop production multiplied by 4.3, 8.5, 7.8 and
5.7 respectively. In these four provinces of Castilla-La Mancha, in 2010, only cereals incorporated more
blue water in their production than wine.

Table 5. Blue water footprint and production: Percentage represented by wine over all crops.

Provinces
Blue Water Footprint (%) Production (%)

1955 2010 1955 2010

Albacete 3.1 13.1 2.75 19.2
Ciudad Real 3.2 27.0 3.19 36.0

Cuenca 1.7 12.9 1.94 20.4
Toledo 2.2 12.7 2.16 25.6
Spain 0.7 3.3 0.71 5.5

Source: Cazcarro et al. [35].

The importance of the vineyards in the provinces of Castilla-La Mancha grew over the second
half of the twentieth century. As we can observe in Table 5, this increasing relevance was reflected in
the percentage that wine production represented of total crop production and in the incorporation of
blue water by wine.

The strong increase in the blue water used in wine production in the provinces of Castilla-La
Mancha led to it representing a substantial part of the increase in the water used in crop production
(Table 6). As we can observe in Table 6, between 1955 and 2010, in the four provinces the increase in
blue water used in wine production accounted for significant percentages with respect to the total
increase in blue water incorporated in crop production, oscillating between a minimum of 17% in
Cuenca and a maximum of 54% in Ciudad Real. For Spain as a whole, this contribution of wine to the
total was modest as it only accounted for 6.5%.

Table 6. Contribution in Castilla-La Mancha of wine to the increase of the blue water footprint of crop
production (1955–2010) (%).

Provinces %

Albacete 17.3
Ciudad Real 53.9

Cuenca 31.4
Toledo 24.2
Spain 6.5

Source: Cazcarro et al. [35].

4. Discussion

Vine growing in Spain has traditionally been a rainfed crop adapting well to the agroclimatic
conditions of the country. Irrigation was reserved for staple crops in the traditional society.
The modernisation of agriculture that took place mainly from the beginning of the twentieth century
meant that irrigation was withdrawn from wheat and other crops that could also be rainfed and
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reserved for crops that could not grow without a supplementary supply of water. While the irrigated
area was significantly extended, particularly after 1960, the vineyards continued to account for a very
small share of this area. As a result, the blue water footprint of the wine industry in Spain was not very
significant in both absolute and relative terms [36].

However, a transcendental change took place from 1994 onwards, when an exponential growth
was experienced by the irrigated vine growing area and, consequently, by the blue water footprint
of wine. The implementation of new irrigation technologies, such as drip irrigation, allowed the
development of irrigated vineyards in areas with traditional water shortages. In recent years, Spain
has become one of the European regions experiencing the greatest transformation of land dedicated
to wine production [57]. The progressive increase in irrigated areas dedicated to vine growing was
concentrated mainly in the region of Castilla-La Mancha, specialised in the production of grape juice
and low quality wine, largely sold in bulk. The surplus was frequently distilled for producing alcohol.
In terms of area, it is the largest vine growing region in the world and can almost be considered as a
region in which the grape is almost a monoculture [58]. With the entry into the European Union in
1986, vine growing in Castilla-La Mancha underwent a profound restructuring process, with a strong
reduction in the total area but a spectacular increase in irrigated vines through the drip system and a
significant restructuring in terms of variety. The intense reduction in the area of the vines in the region
(around 250,000 hectares less), has not led to a fall in production but just the opposite. The incorporation
of irrigation into grape growing has mainly been implemented by the largest vineyards [59].

Within this context, support irrigation enabled a substantial increase in the yields per hectare of
grapes, which gave rise to a greater profitability as the types of product obtained did not incur high
costs in their industrial transformation. In Castilla-La Mancha, the yield of grapes per hectare is 50%
higher where there is support irrigation than in the rainfed areas [56].The severe drought in the period
1991–1995 intensified the promotion of well-drilling to obtain ground water. Consequently, at the
beginning of 1996, a law was passed with urgent measures to lift the ban on irrigating vineyards which
had been established in the Statute of 1970 governing vines, wine and alcohol. In 2003, a new law
confirmed the authorisation of irrigating vineyards. The Law 8/1996 of 15 January on Urgent Measures
to Repair the Effects of the Drought lifted the ban on irrigation. The ban had been established in the
Statue of 1970 governing vines, wine and alcohol in the Second Transitory Provision. Law 24/2003
on Vines and Wine confirmed the authorisation to irrigate. There is no question that these legislative
changes favoured the expansion of irrigation in grape growing.

The expansion of the area of irrigated vines has given rise to an exponential increase in the blue
water footprint of wine, even though the improved technology in production, with the result of higher
yields, was contributing to reducing the water footprint of wine. Furthermore, the blue water footprint
increase is particularly concentrated in the region of Castilla-La Mancha. The provinces of this region
stand out for their very high share of the percentage that wine represents of the blue water footprint in
crop production. Additionally in this region, the strong increase in the area of irrigated vineyards (more
than 100,000 hectares of new irrigated vineyards between 1988–1992 and 2011–2015) fundamentally
explains the significant increase in the blue water footprint, which has not been offset in any way by the
appreciable rise in crop yields, which have led to a decrease in water intensity per hectolitre produced.

This expansion has had considerable consequences in terms of the contribution of wine to the
blue water footprint of crop production. On the one hand, in the four provinces of Castilla-La Mancha
taken together, and contrasting with Spain as a whole, wine-making grapes constitute the second most
relevant crop in terms of the blue water that they incorporate in their production. On the other hand,
in the increase in blue water use, vine growing represented a very important part in the four provinces
of Castilla-La Mancha between 1955 and 2010. Furthermore, the contribution of the consumption of
blue water in wine production in these provinces was highly relevant for understanding the greater
needs of water resources in this region. In this way, the needs of the water resources in these provinces
due to a wine production that makes a more intensive use of water increased during the second half of
the twentieth century. Therefore, the agriculture of Castilla-La Mancha, particularly that related to
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wine growing, has, over these decades, followed the trend of Spanish agriculture towards crops that
make a more intensive use of water, thanks, particularly to the incorporation of irrigation water [33,60].
Consequently, in any discussion on the water pressure in this region, wine, which is a fundamental
part of its agriculture, plays a significant role in the use of irrigation water.

Water scarcity is a very important problem in the southern and eastern river basins in Spain
where precipitations are traditionally limited. Furthermore, several regions, especially in the south
of the country, suffer from recurrent droughts that aggravate the structural water scarcity of these
areas. The water stress situation has intensified in recent decades because of economic growth and,
especially due to the large development of irrigation agriculture that accounts for around 75 percent
of all water consumption in the country. Irrigation has aggravated the lack of water with 60 percent
of all irrigated lands suffering from scarcity [49]. Additionally, water stress problems are worsened
by the overexploitation of the groundwater resources as reservoirs have been largely deteriorated.
Two relevant cases are the Castilla-La Mancha aquifers, where the intense development of irrigation
has led these resources to fall to critical levels with important threats to the economic activities but also
to several ecosystems.

In the case of Castilla-La Mancha, water pressures arose from the development of the irrigation
agriculture that emerged in the 1970s. As we have seen previously, vineyards have occupied an
essential place in this expansion of irrigation and therefore it is important to take them into account in
the discussion on water scarcity problems. The expansion of irrigation agriculture was possible because
the improvement in technologies enabled water to be extracted from the large groundwater resources
in this region. Groundwater resources were fundamental for boosting irrigation in this region [47].
Several studies have analysed the water scarcity problems in Castilla-La Mancha [61–64]. This study
contributes to this literature by incorporating a new indicator in the debate on the sustainable use of
water resources in a water stressed region. Some studies have already pointed out the usefulness of
the water footprint as an indicator for water scarcity management [28,65].

The new water availability from the groundwater resources allowed the expansion of irrigation in
Castilla-La Mancha. However, this expansion has intensified the traditional scarcity problems in a
semi-arid region where water shortages and droughts are traditional issues. Groundwater extractions
in the region of Ciudad Real, where irrigation increased from 30,000 ha in 1970 to more than 200,000 ha
in the 2000s [66], caused the depletion of the Western La Mancha aquifer. In the 1980s, this aquifer was
officially declared as being overexploited. Similarly, in the region of Albacete, where irrigation hectares
increased by more than 100,000 ha, the Eastern La Mancha aquifer began to show significant signs
of depletion. In the case of Castilla-La Mancha, the intensification of irrigation activities has largely
triggered the pressures on the major groundwater resources of this region.

Two of the river basins in Spain that are suffering intense water problems are the Júcar and the
Guadiana. The Júcar River Basin, located in south-eastern Spain, has an historical agricultural tradition
in the region of Valencia (downstream). However, during the 1970s the development of irrigation
agriculture upstream of the basin (in the region of Albacete, Castilla-La Mancha) that used the large
underground water resources of this region triggered the expansion of irrigation activities in the entire
basin, from 120,000 ha in 1970 to 350,000 ha in 1995 [67]. The overexploitation of the Eastern La Mancha
aquifer aggravated the water scarcity in the entire basin because the Jucar River shifted from taking
water from the aquifer to providing it with water [68]. This situation has intensified and worsened
problems between water users that largely hinder the management of the water resources in this
basin [69].

The Guadiana River Basin located in south-west Spain with a dry Mediterranean climate, is another
basin where water scarcity represents a challenge for water management. Similarly to the Júcar Basin,
since the 1980s the huge development of irrigation increased water demands that represent more
than the 75 percent of the total water use [70]. Irrigation water problems are recurrent in this basin,
especially in the two main irrigation areas: downstream, in the region of Extremadura, where irrigation
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relies on surface resources; and upstream, in the region of Castilla-La Mancha where irrigation relies
on groundwater resources [71].

Conflicts between different water users and uses are frequent and the predicted impacts of climate
change will aggravate the problems. Additionally, to meet the objectives set by the Water Framework
Directive, which establish the good ecological status of all the water bodies of the EU state members, it is
necessary to achieve an efficient water management. Finally, climate change scenarios with foreseeable
decreases in precipitations, increases in evapotranspiration rates and a higher incidence of drought
events will aggravate current water problems. In this context, vineyards play a key role because of the
high relevance of this crop in the water use of Castilla-La Mancha. Especially in Albacete and Ciudad
Real where around 60% of the vineyard hectares of this region are concentrated. Furthermore, irrigated
vineyards in Castilla-La Mancha account for more than 50 percent of all irrigation [71]. Although this
crop is not the most water intensive, vegetables are much more water intensive, the large area covered
by irrigated vineyards make it a critical crop in terms of water needs. The recurrence of drought events
in the region will aggravate water problems with negative consequences in vineyard productivity,
especially in Castilla-La Mancha [72].

5. Conclusions

The calculation of the evolution of the blue water footprint of wine production in Spain has
highlighted that the use of water to irrigate vineyards remained at very low levels from 1935 until the
beginning of the 1990s. However, from 1994, the increase in the blue water footprint of Spanish wine
was exponential. Moreover, this significant increase was concentrated in four provinces of Castilla-La
Mancha. Although this region is specialised in the low-priced wine segment, the additional application
of water has increased the productivity and profitability of the crop. However, it has generated a high
level of pressure on the aquifers from where the water is obtained and this is not sustainable for the
future and even less so in a context of climate change. The analysis of the wine blue water footprint
has, therefore, enabled us to first, precisely determine the time horizon of its strong growth and its
spatial distribution. The extreme concentration of the wine blue water footprint has also enabled us to
determine the extent to which the increase in the area of irrigated vineyards has contributed to the
problems of water pressure and the depletion of water resources in the region of Castilla-La Mancha.
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