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a b s t r a c t

The island of Mallorca is the main Balearic resort and sustainable water management is a key challenge
for the economic and ecological sustainability of tourism as the main economic activity. The critical
water supply situation on the island is being exacerbated by the extension of the tourist base to so-
called “quality tourism”. Since the mid 1990s, low-density residential tourist land uses associated with
second homes and more affluent urban dwellers have spread around existing mass tourist urban centres.
Increasing water consumption for outdoor uses (gardens, swimming pools) is a direct consequence of
this development. Available water consumption data mask the impact of residential tourism on water
consumption levels. The objective of the present paper is to compare per capita water consumption in
quality tourist, mass tourist and residential urban areas, and to provide quantitative information on the
magnitude of water consumption by gardens and swimming pools as water-related leisure structures.
The analysis combines water consumption data with a land use geodatabase at the sub-parcel scale, a
detailed population inventory, and an estimate of pool water use. The results show that quality tourism
produces higher water consumption levels per capita than mass tourism. Garden irrigation is the single

main cause of the high water consumption in quality tourist areas and accounts for more than 70% of these
areas’ total consumption in summer. But even in mass tourist and residential areas, garden irrigation
accounts for up to 30% and 20%, respectively, of total water consumption in summer. Individually owned
swimming pools cause an additional average water consumption of 22 litres/person/day. The proliferation
of swimming pools and lavish ‘Atlantic’ gardens may turn out as one of the biggest threats to sustainable
water management on the island of Mallorca and in other tourist destinations adapting the quality tourist
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ntroduction

At a time when the already critical water supply situation in the
editerranean is expected to be exacerbated by climate change,
ature tourist resorts are extending their tourist base to activities

hat increase permanent water demand for facilities and leisure
tructures (golf courses, spas, aquatic parks, swimming pools and
rrigated gardens). This is the context and debate to which the
resent paper contributes a timely case study that highlights the

ontribution of residential tourism to the increasing water demand
n the residential domestic sector. The case study is best put into
erspective by reviewing some of the major challenges posed by
limate change with respect to the water and tourism issue and

∗ Corresponding author. Tel.: +49 234 32 23375; fax: +49 234 32 14180.
E-mail addresses: angela.hof@ruhr-uni-bochum.de, angela.hof@rub.de (A. Hof).

1 Tel.: +49 234 32 28377; fax: +49 234 32 14180.

t
o
c
w
(
T
n
M
t

264-8377/$ – see front matter © 2011 Elsevier Ltd. All rights reserved.
oi:10.1016/j.landusepol.2011.01.007
© 2011 Elsevier Ltd. All rights reserved.

y reviewing the developments that have rejuvenated the tourist
ndustry in many Mediterranean resorts in the last two decades.

hile land use patterns that increase permanent demand for water
re spreading, the necessity for more efficient water demand man-
gement becomes obvious. This is one of the major challenges
osed to land use policy in the immediate future in Mediterranean
ourist resorts and urban areas where more disperse settlement
atterns evolve.

As a vibrant sector of economic growth in the Mediterranean,
ourism becomes a priority issue with regard to sustainable devel-
pment and climate change mitigation and adaptation. A general
oncern in the Mediterranean is water availability, and increasing
ater shortages as a consequence of climate change are expected
Hein et al., 2009; Iglesias et al., 2007; Scott and Becken, 2010).
ourism is one of the development pressures that coincide with the
ecessity to manage decreasing water resources more efficiently.
any resorts will have to cope with increasing water demand and

ourist flows, rising temperatures, and more droughts. The water
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eservoirs are already under pressure and water supply increas-
ngly relies on desalination and reuse of treated water. These
evelopments turn water management into a major challenge
or Mediterranean countries and the tourism sector (European
ommission, 2009; Hein et al., 2009; Iglesias et al., 2007). Spain

n particular is experiencing a tourist and second home boom
hat increases permanent water demand for facilities and leisure
tructures, thus the country’s tourism sector is increasing its vul-
erability to climate change. Paradoxically, this diversification and
pgrading of the tourist product and the promotion of off-season
ourism are identified as climate change adaptation strategy for
he tourism industry (Hein et al., 2009; Iglesias et al., 2007). In
conomic terms, quality tourism is seen as a strategy for further
ustainable growth of “sun and beach” destinations reaching life-
ycle maturity (Bardolet and Sheldon, 2008). This discussion shows
hat at a time when the challenges posed by climate change for
he Mediterranean tourism sector are becoming obvious, there
re information and knowledge gaps with regard to the impact of
ourism on water resources. Water consumption by the tourism
ector is not well documented by statistics at present. More com-
lete information on water demand of tourism and its different
ub-sectors (second homes, facilities, activities, etc.) is needed by
tate and local authorities to define priorities for water conserva-
ion or demand management programmes. Also, tourism business
ill benefit from such information in terms of cost savings or risk

eduction (European Commission, 2009; Scott and Becken, 2010).
The following discussion focuses on the Balearic island of

allorca in Spain because this island is presently beginning to
xperience the problems that many Mediterranean resorts prob-
bly will have to face in the near future. Mallorca amply illustrates
he transformation of the economy, society, and environment of

editerranean tourist resorts, including the recent upgrading and
iversification of the tourist product observed elsewhere in the
estern part of the Mediterranean. Moreover, the island exem-
lifies the need for holistic land use policy and water demand
anagement in the face of the challenges to the supply of water

esources for the continued viability of the tourism industry (Essex
t al., 2004; Kent et al., 2002).

With a record of attracting more than 4 million tourists annu-
lly since 1986, Mallorca is the main Balearic resort and one of the
ost successful tourist destinations in the Mediterranean. Tourist

umbers doubled in the mid 1990s and stabilised at more than
.4 million visitors annually since 2004 (CITTIB, 2009). The annual
verage growth rate of 6.7% in tourist numbers between 1960 and
009 mirrors this development. The major coastal mass tourist
esorts on Mallorca were built up in the sixties, during the first
nternational tourist boom, and experienced major demographic
nd economic growth. These resorts saw twenty years of irrational
xpansion, based on unbridled construction to the detriment of the
easide, water and other natural resources. A tourism crisis affected
he whole Balearic Islands in the late 1980s. Economic develop-

ents in the origin countries coincided with rising relative costs
f tourist activities and lodging capacity grew faster than tourist
emand. In Mallorca, the visitor volume growth rate dropped from
.3% (1981–1987) to 2% (1988–1992). However, the loss of tourist
ttractiveness, a drop in tourist consumption, and in the long
un a fall in investment was considered to be more severe. The
iversification of promotion and provision of high-quality services
ame into focus. Mallorca was first to embark on the development
f a new tourism model that ultimately gave the main Balearic

ourism regulations of today the common baselines of “quality
f life” through territorial planning and “tourism sustainability”
hrough the provision of appropriate services for demanding cus-
omers (Bardolet and Sheldon, 2008; Schmitt, 2007). Since the mid
990s, the extension of Mallorca’s tourist base by the prolifera-
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ion of second homes, golf courses, and yacht tourism has been
arketed under the term “quality tourism”. The key drivers for

his innovation and the turn from a pioneer of mass tourism to a
ioneer of a more diversified tourism model were decrees, poli-
ies and programmes that were initiated and implemented by the
takeholders in the Balearic tourism industry. The relevant poli-
ies started in the 1990s with planning and zoning and landscape
rotection, and moved toward controls of further land and coastal
evelopment in the 2000s (see Bardolet and Sheldon, 2008, for
detailed chronological overview on tourism land use policies

n the Balearics). On the island of Mallorca, the 1991 “Morato-
ium Law”, the 1995 “Regulatory Plan on Tourism Supply” (POOT)
nd the “New Tourism Law” in 1998 were landmark policy deci-
ions of the Autonomous Community of the Balearic Islands. The
995 “Quality Plan” was the first global plan to focus strategies
nd actions on higher quality tourism markets and products. Some
uthors interpreted this development as a move toward a more
ustainable, “quality” type of tourism (Bardolet and Sheldon, 2008),
hile others highlighted the added environmental strains caused

y this new tourist boom (Schmitt and Blàzquez, 2003). The qual-
ty tourist model creates additional demands on water supply
nd quality, thereby exacerbating the island’s critical water sup-
ly situation. In particular, the growing water consumption in the
omestic residential sector has been identified as a critical stressor
n the island’s scarcest resource. The domestic residential sector
as grown as Mallorcan urban residents have become more afflu-
nt from the tourist boom and as Mallorca has attracted residential
ourists who have built second homes, often with high housing
tandards (Essex et al., 2004; Kent et al., 2002; Schmitt, 2007;
chmitt and Blàzquez, 2003). The shift to urbanisation and sec-
nd homes is also reflected by the growth of 14.6% in residential
apacity while the tourist accommodation capacity only increased
y 2% from 2001 to 2008 (OST, 2010). Urban water consumption
n Mallorca increased by 30% from 1998 to 2007 (OST, 2010),
hen the official resident population grew by 27.7% (IBESTAT,

010).
The municipality of Calvià is a paradigmatic example for the new

mphasis on quality tourism (Fig. 1). Calvià accounts for 4.4% of
he island of Mallorca’s surface area and covers 60 km of coastline.
he traditional mass tourist base has been extended by attract-
ng residential tourists and the building of second homes. Calvià
as a proportion of over 60% second homes and ranks among
antanyí, Alcudia and Andratx as the most attractive coastal munic-
palities, which is reflected in soaring real estate prices. Increasing

ater consumption for outdoor uses (gardens, swimming pools) is
direct consequence of this development (Schmitt, 2007).

The influences of similar tourist land use patterns on water
emand have been studied in Benidorm and on the Alicante coast
Rico-Amoros et al., 2009). The highest water consumption figures
ere found in tourist areas with single houses that had gardens and

wimming pools. The absence of a pool and a garden results in a two
o three times lower mean consumption per household, per capita
nd in the month of maximum water consumption (Rico-Amoros
t al., 2009, p. 499). Mallorca’s situation is similar: in addition to
ass tourism with its associated infrastructure, seasonal peak of
ater consumption, and influx of tourists, a more individual tourist

andscape with a more residential character has developed. Low-
ensity urbanisation spreads around existing mass tourist centres
Fig. 1). Consequently, water consumption is strongly influenced
y water uses for gardens and swimming pools and these water

emands create additional water consumption peaks in the season
f low rainfall and high evapo-transpiration (Essex et al., 2004).
part from the high water demand of golf courses and agricul-

ure, this tourist land use pattern contributes to the rising water
onsumption on Mallorca. However, the magnitude of this contri-
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ig. 1. Land use and land cover changes caused by the spread of residential touri
alvià municipality. Nova Santa Ponsa is a prime example for the real estate boom
wimming pools in Nova Santa Ponsa and 3.4 times as many houses as in 1995.

ution has not been described in quantitative terms yet, and this
aper fills this information gap.

rganisation of the paper

First, the methodology adopted in this study is set in the context
f other research approaches to land use and water consumption
atterns in order to briefly lay out the objectives and to empha-
ise the innovative methodology presented here. Second, the case
tudy is introduced by briefly describing Calvià municipality, the
ost important tourist municipality in the Balearic Islands and

ne of the Mediterranean’s leading tourist resorts. The individual
ase study areas within the municipality embody the whole range
rom mass to quality tourist urban form and the related impacts
n water consumption. Third, the data collection and data analysis
pproaches that were applied to compare water consumption lev-
ls for different tourist and urban forms and on a per capita basis are
escribed in detail, with a special emphasis on the quality tourism
odel. Finally, it is concluded that any tourist destination that

s to follow the quality tourist development path will exacerbate
ater demand in the domestic residential sector. Water conserva-

ion campaigns and water management on Mallorca should start to
ddress gardens and swimming pools because these leisure struc-
ures increase permanent water demand.

bjectives and methodology of the present analysis

At present, there is a lack of data and information on tourist
ater demand, particularly with respect to the sub-sectors of

ourism that have gained importance, like the second home sec-
or in Spain. The main objective of the present analysis is to
utline the contribution of non-hotel tourist landscapes to water
emand in comparison with conventional mass tourist and resi-

ential areas. With climate change as a common challenge to the
ajor tourist destinations in the Mediterranean, the present anal-

sis highlights current developments in the tourism sector that
ave significant implications for water supply and demand but are
ardly addressed in recent land use policies. Other studies in similar

s
d
l

d

ova Santa Ponsa) around established mass tourist urban centres (Santa Ponsa) in
red by quality tourism since the 1990s. In 2008, there were 18 times more private

ontexts and climates use water consumption data per munic-
pality and average estimates for different types of tourist and
esidential accommodation to analyse the interrelation between
ourist land use pattern and water demand (Rico-Amoros et al.,
009). These data and water records from water providers usu-
lly require aggregate analysis at census tract or municipality
evel (Balling et al., 2008; European Commission, 2009). Studies
nalysing urban water consumption patterns use data obtained in
ousehold interviews that are stratified by demographic and socio-
conomic aspects (Domene and Saurí, 2006; Domene et al., 2005).
he present methodology is tailored to contexts where such com-
rehensive information is difficult to access or collect, or where it
as eluded official statistics because informal accommodation for
on-hotel, residential tourism has a significant share in urban or
ourist land use. Yet, residential tourism and leisure structures can
ave significant impacts on water resources through high levels of
onsumption (European Commission, 2009). Therefore, the objec-
ive is to overcome the bias of available municipality-level statistics
hat do not discriminate between the different land use patterns
nd their respective contribution to water consumption. In munic-
palities where both residential areas and mass and quality tourism
re present or mixed spatially, such discrimination is crucial to
dentify the share of non-hotel tourism in residential water con-
umption. The present analysis accounts for this intra-municipal
ariability of water consumption that is related to land use pattern
ut masked in per capita data that are aggregated at the municipal

evel. This approach also circumvents the bias potentially intro-
uced in household surveys carried out in contexts where second
omes are widespread and a representative sample may be dif-
cult to achieve. For example, the most detailed available water
ata for a quality tourist area in the municipality of Palma were
ggregated at street level, but the high variability of water con-
umption levels complicates household sampling. Moreover, many

econd home owners visit frequently but stay only for a couple of
ays, which may reduce their availability for interviews in their

eisure/vacation time.
The present approach is based on monthly water consumption

ata for sub-municipal level census districts of Calvià municipality
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Fig. 2. Per capita water consumption

n the southwest of Mallorca (compare Fig. 1). These high spatial
esolution water consumption data were collected by fieldwork
nd written requests to water providers–the data are not pub-
ished or disseminated and are usually restricted to internal use.
hese water consumption data are combined with a very detailed
and use and population inventory at the parcel scale. The geo-
raphical database encompasses 3450 parcels that are classified
s single family residential, multi-residential, tourist apartment or
otel, or non-residential. Each parcel is subdivided into land covers
elated to water consumption: swimming pool, garden area, and
uilt-up land. This level of spatial detail allows for a very exact,
patially explicit assessment of land use pattern in the study areas.
he resulting land use inventory is the basis for a future socio-
conomic stratification of the area for household interviews to
nalyse urban water consumption like in the studies of Domene
nd Saurí (2006) and Domene et al. (2005). The swimming pool
nventory is pivotal for the application of a physical model of

ater losses from swimming pools through evaporation (Hof et al.,
ubmitted). The present study analyses the contribution of indoor
nd outdoor water usage to domestic water consumption in tourist
nd urban areas distinguished by land use pattern. Urban areas
haracterised by mass tourism and a high concentration of large
otels are compared to nearby areas that have started to build
heir tourist base on low-density residential tourism in the vicin-
ty of golf courses and marinas. A residential area not influenced
y either type of tourism is used as a reference base for domes-
ic water consumption. The results are valuable input into models
xplaining water consumption in relation to land use pattern and
omestic water demand in tourist resorts that diversify their prod-
ct. The established consumption model is a useful tool for use in
ecision-making, defining policies and strategies, and for assess-

ng the impact of future tourism investment projects (compare
uropean Commission, 2009).
aterials and methods

Water consumption is high in all Mallorcan municipalities that
nclude tourist centres. The most recent available data show that
ctual water consumption exceeds the water demand of 275 litres

o
s
l
r
t

unicipality level in Mallorca (2007).

er person and day (l/p/d) predicted for 2006 (Kent et al., 2002)
n all municipalities with coastal tourist resorts. At more than
00 l/p/d (OST, 2010), water consumption is very high in the Calvià
unicipality in southwest Mallorca (Fig. 2). Quality tourism is

xpected to contribute significantly to the high per capita water
onsumption in Calvià, but the spatial distribution and the magni-
ude of this contribution has not been researched yet. The present
tudy evaluates the land use and water consumption patterns at
he sub-municipal level in Calvià. The following sections outline the

ethods applied to expose the role of quality tourism in domestic
ater consumption.

he case study areas: a comparison of water consumption in
uality tourism, mass tourism and high density residential areas

The municipality of Calvià is often identified as the paradig-
atic example of a more diversified tourism development and a

ew tourism model. Already in 1990, the municipality worked out
The Calvià Plan for Tourist Excellence” in conjunction with the
panish Ministry for Tourism. Calvià started to concentrate on the
ubstitution of mass tourism for quality tourism and its higher
xpenditures. In 1999, Calvià passed its Local Agenda 21 which was
oined as a sustainable strategy for a tourism destination (Bardolet
nd Sheldon, 2008; UNEP/MAP-Plan Bleu, 2009). The innovative
ocal Agenda 21 won Calvià international environmental awards
nd prizes (Sustainable European City from the European Union in
997; Good practice for improving the quality of town life from
he United Nations in 1998; Green Globe Award from the World
ravel and Tourism Council in 1998). The development objectives
nclude the limitation of urban growth and a reduction of water
onsumption in the residential and tourism sector. Calvià has suc-
essfully extended its traditional mass tourist base and this has led
o a concentration of 12% yacht berths and 25% of Mallorca’s golf
ourses in the municipality. As a result of the successful attraction

f residential tourists, Calvià has a proportion of more than 60%
econd homes and is characterised by residential resorts, villas and
ow density residential settlements (Schmitt, 2007). The domestic
esidential sector has grown substantially in the last two decades:
he official residential population in Calvià municipality increased
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ig. 3. Location map of the study areas and population density for the official (mini
fficial population, tourist hotel and apartment beds provided by Calvià municipal
nventory data (compare Section “Population and land use inventory at sub-parcel

y 71.5%, while official tourist beds in hotels and apartments grew
y only 4.5% between 1994 and 2008.

Due to its maturity, market importance and pioneering devel-
pment of “quality tourism”, Calvià municipality was chosen to
llustrate the impacts of different tourist models and associated
and use patterns on water consumption (Fig. 3). The spatial con-
guration of different types of tourist urban models in Calvià
unicipality is ideal for this research: new low density non-hotel

ourist areas have developed next to mature mass tourist urban
entres (Fig. 1). Therefore, water consumption data and a detailed
and use and population inventory for these spatial entities can
e combined to analyse the share of quality tourist structures in
esidential water consumption. The six study areas represent the
hole range from the dense, vertical growth mass tourist urban
odel to the low density second home quality tourist model with

rrigated landscaping (Fig. 3). Nova Santa Ponsa, Costa de la Calma
nd Sol de Mallorca are quality tourist areas where more than 80%
f all parcels are used by single residential houses. The proportion
f non-Spanish residents, an indicator of second home ownership,
s over 50% here. El Toro is a relatively high density residential area

hich hosts only one hotel and has a share of 96% single residen-
ial houses. Nova Santa Ponsa and Sol de Mallorca are prototypes
f high quality residential or non-hotel tourism, characterised by
arge parcels, of which half is garden area. By comparison, Costa
e la Calma is a mix of high quality residential tourism and high
ensity residential areas like in El Toro. In Nova Santa Ponsa and
osta de la Calma, there are a number of flats and apartments

n multi-residential houses that are used by tourists and also a
ouple of hundred hotels beds. However, only 3.3% of the official
ourist bed capacity in Calvià municipality (2007) is concentrated

n Nova Santa Ponsa, Costa de la Calma and El Toro. The typical high
ensity mass tourist areas are represented by Santa Ponsa and Pal-
anova/Magaluf/Cala Vinyes, where 24.1% and 16.6%, respectively,

f all parcels are used by hotels and tourist apartment complexes
hat host 68% of the official municipal tourist bed capacity (2007).

d
a
w
b
o

and potential (maximum) population. Data source: Own calculations with data on
ment for the year 2007 (Ajuntament de Calvià, unpublished data) and population

).

he resort-like features of villas with private gardens, swimming
ools, and the low density residential appearance distinguishes the
uality tourist areas from the residential and the mass tourist urban
orms (Fig. 1).

ollection of water consumption and population data at
ub-municipal spatial level

For the individual study areas, monthly domestic water con-
umption data (2007) were collected from public and private
ater companies. Population data for 2007 (official census data,

fficial tourist numbers) were provided by the Calvià municipal
overnment (Ajuntament de Calvià, unpublished data). The pri-
ate water company ATERCA S.A. (Aguas del Término de Calvià)
elivered figures on monthly water consumption by domestic end
sers in Santa Ponsa, Nova Santa Ponsa, Costa de la Calma and
l Toro for 2005–2007 (unpublished data). The municipal water
ompany Calvià 2000 S.A. provided figures on monthly water
onsumption by domestic end users in Sol de Mallorca and Pal-
anova/Magaluf/Cala Vinyes for 2005–2007 (unpublished data).
ll water data exclude the loss in the water supply network, the
ater consumption of commercial users and golf courses, and

herefore the results presented here apply to water consumption
n the domestic residential sector.

opulation and land use inventory at sub-parcel scale

A land use database was built from digital cadastre data and
y visual interpretation of high resolution digital colour orthopho-
os (year 2006, geometric resolution 50 cm/pixel), and on-screen

igitizing (Dirección General de Catastro, 2010; IDEIB, 2010). Pool
rea, garden area, and built-up area (sealed surfaces and buildings)
ere mapped using the geographic information system ArcGISTM

y subdividing land parcels into these land use types at a scale
f 1:600. For every parcel with tourist use declared in the online
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adastre (Dirección General de Catastro, 2010), the numbers of offi-
ial tourist beds in hotels and apartments as listed by the Calvià
unicipal government for the year 2007 (Ajuntament de Calvià,

npublished data) were recorded in the database. Accommodation
apacity in second homes is 119% of official tourist accommoda-
ion capacity (Ajuntament de Calvià, 2006). Therefore, the number
f apartments is a proxy of tourist beds in non-declared units and
as recorded by querying the online cadastre data to estimate the

dditional number of tourists in these units. The number of residen-
ial houses and the number of flats in multi-residential houses was
ueried for all residential parcels (Dirección General de Catastro,
010), and recorded in the database. With this geodatabase struc-
ure and content, the relevant land use types for water consumption
utdoors (garden area and pool area) and the relevant population
umbers for indoor water consumption (number of inhabitants and
ourist beds) can be determined per parcel and for different tourist
nd residential housing types.

To account for the impact of tourists, two scenarios are
resented. First, a calculation for the official population which rep-
esents a minimum population (Fig. 3):

Official population = official census data + ((hotel beds + apar-
ments beds) × monthly capacity utilization factor).

Second, a calculation where the potential population represents
maximum population, reflecting the maximum residential pop-
lation plus tourists in second homes and tourists in non-declared
nits (Fig. 3):

Potential population = ((no. of apartments + no. of flats + no.
f single residential houses) × average household size) + ((hotel
eds + apartments beds) × monthly capacity utilization factor).

Average household size is according to INE (2009b) and the
apacity utilization factor includes the monthly percentage of open
otels and tourist apartments and their utilization factor accord-

ng to CITTIB (2009). The resulting water consumption figures are
ompared with findings from other studies in similar climates and
ontexts (Domene and Saurí, 2006; Domene et al., 2005; Loh and
oghlan, 2003; Rico-Amoros et al., 2009; Syme et al., 2004).

ater consumption figures per capita and per area unit

In order to demonstrate the differences in water consumption
etween mass tourist, quality tourist and residential areas, the
onthly water consumption figures are combined with the popu-

ation inventory of the study areas to compare the per capita water
onsumption profiles for the month of maximum water consump-
ion (July) and the annual average consumption in litres per person
er day (l/p/d). All calculations refer to the year 2007. The results
re presented and compared for the official (minimum) and poten-
ial (maximum) population scenario to emphasize the impact of
ourists in the study areas which are differentiated by land use
attern.

omparing actual water consumption data to municipal estimates
or consumption by tourists and in different housing types

The municipality of Calvià publishes facts and figures on pub-
ic environmental concerns like water consumption per resident
nd per tourist per day. The following estimates were derived from
hese sources: 400 l/p/d in single residential houses with pool and
arden, 200 l/p/d in flats and apartments and 270 l/p/d per tourist
ed occupied in hotels or apartments (Ajuntament de Calvià, 2006).

hese values are combined with the population and land use inven-
ory of the study areas to compare the monthly water consumption
o be expected from these estimates with the actual monthly water
onsumption in the study areas. The capacity utilization factor of
otels and tourist apartments is taken into consideration to account
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or the variable component of tourist water demand that is directly
inked to the occupation rate.

stimation of indoor and outdoor water consumption and per
apita water consumption for different types of domestic water
ses

Other studies in similar climates and contexts have shown that
nalyses of domestic water consumption have to take three vari-
bles into account for a model explaining patterns: per capita
onsumption indoors (dependent on household size, seasonality
f inhabitancy and capacity utilization of tourist accommodation),
nd outdoor water consumption for garden irrigation and swim-
ing pool maintenance (Domene et al., 2005; Rico-Amoros et al.,

009; Syme et al., 2004). There is evidence that outdoor water
ses cause large variations in water consumption, while indoor
ater consumption is fairly stable across income categories, sea-

onal variations, socio-economic groups, and housing types (single
r multi-residential). Water consumption for garden irrigation, for
opping up the swimming pool, and evaporation of water from the
wimming pool are constant water uses that are independent of the
umber of persons per household. Single houses with substantial
utdoor uses are major water consumers and their consumption
attern is influenced by season and has a positive correlation
ith garden size and swimming pool ownership. Garden irriga-

ion induces substantial increases in summer water consumption
articularly in low-density housing areas with lavish and green
ardens with turf grass and other water-demanding plants (Balling
t al., 2008; Domene and Saurí, 2006; Loh and Coghlan, 2003; March
nd Saurí, 2009; Syme et al., 2004).

These studies were conducted in urban residential areas and
re based on extensive water meter and/or questionnaire data,
nd household surveys. The present approach takes the findings
f these urban studies into consideration and presents an innova-
ive solution for accounting water consumption to certain types
f outdoor usage (garden, outdoor swimming pool) in contexts
here non-hotel, residential tourism in second homes has a signif-

cant share in land use and water consumption. The methodology
s applicable to study areas that do not meet the data requirements
eeded to stratify for household survey samples. The focus is on
he relation between different urban and tourist land use patterns
nd water consumption, comparing the quality tourist to the mass
ourist and the residential urban form. The following sections out-
ine the methodology to determine each of the variables for the
omestic water consumption analysis. The spatial grain of the anal-
sis is the sub-municipal census district level. At this high spatial
esolution, the model couples water consumption data and land use
nventory data (pools, gardens) with population data and a physical

odel of pool water evaporation rates. This approach circumvents
he reliance on extensive water meter data, which are missing for

allorca because water meters are the exception, not the rule. Only
ince the year 2000, the installation of water meters is obligatory
n new buildings.

ool water
To resolve one variable in the model, the water losses by evap-

ration from open air swimming pools are quantified to assess the
mount of water used outdoors independent of the other variables.
oupled with indoor water use, this is an important factor for the
istinction between the contribution of pool and garden mainte-

ance to total outdoor water use. The approach follows the logic
hat once the pool is filled and in use, the water loss from evapo-
ation has the main influence on the total water consumption for
unning a pool. The estimation of water losses by evaporation from
wimming pools is a function of pool area and derived by a simpli-
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Fig. 4. Comparison of actual water consumption (2007) with water consumption
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ed calculation of the net heat input by radiation and convection.
he average quantities evaporated per m2 per day over the year for
swimming pool in Mallorca correspond to a daily loss of 5 litres
f water/(m2 day) and an annual water loss of 1.83 m3/m2/a. An
verage pool (6.2 m by 6.2 m and 1.5 m deep) loses about 70 m3 of
ater per year by evaporation, which is 122% of its filling capacity

Hof et al., submitted). According to residential pool service com-
anies, a total change of water normally takes place every year
personal communication, Juergen Schmidtke, Fincasitters Com-
any, Mallorca, July 2010). To account for the contribution of pool
lling water to total water use, one complete fill of all pools in each
tudy area is included in the monthly estimate of water consumed
or the maintenance of swimming pools:

Pool = ṅaverage ∗ aPool ∗ days + aPool ∗ average pool depth ∗ 1000
12

here wPool: sum of pool water evaporation loss and filling of pools
litres per month]; ṅaverage: average water quantity evaporated by a
wimming pool in Mallorca [litres per square meter per day]; aPool:
ool area [square meters].

The monthly water consumed for the maintenance of swim-
ing pools is divided up for the official and potential population,

espectively, to compare differences in water consumption that
re caused by the different land use patterns. More specifically,
t is of interest to estimate the impact of increased private swim-

ing pool ownership on water consumption, comparing mass and
uality tourist areas and El Toro as reference base for residential
reas.

ndoor water use
The calculation of indoor water consumption differentiates

etween tourist hotel and apartment beds on the hand and residen-
ial houses on the other hand. The total water consumed indoors
s calculated in detail as the sum of water consumed per tourist
ed occupied and consumed indoors in apartments, flats and sin-
le residential houses. The monthly calculations for the official and
otential population take the average household size and tourist
apacity utilization into account (compare Section “Population and
and use inventory at sub-parcel scale”). Similar studies in the

editerranean determined the daily indoor water consumption
er capita at 142 l/p/d (Rico-Amoros et al., 2009), which is close
o the average per capita consumption of 136 l/p/d in the Balearic
slands in 2007 (INE, 2009a). Since water consumption from pools
s estimated separately, the value of 142 l/p/d for indoor water
se of single and multiresidential houses is used in accordance
ith the mean daily consumption for permanently occupied single

esidential houses with minimum garden and no pool (see Rico-
moros et al., 2009, p. 499). The average consumption figures per
ed occupied across different hotel categories are obtained from
ico-Amoros et al. (2009, p. 496), while indoor consumption for
partment beds equals that of single residential houses without
arden or swimming pool (142 l/p/d).

arden irrigation
The amount of water available for garden irrigation is derived

y deducting the total amount of water consumed indoors for the
fficial and potential population, respectively, and the pool water
se from the total water consumed in the respective month. The
esulting amount is divided by the total garden area, resulting in
n estimate of garden irrigation per square meter:
Garden Summer Detailed = (wTotal − wIndoor Detailed) − wPool

aGarden

here wGarden Summer Detailed: estimate of water used for garden
rrigation [litres per square meter per day]; wTotal: total amount

m
c
d
i
u

nventory (compare Section “Comparing actual water consumption data to munic-
pal estimates for consumption by tourists and in different housing types”), water
onsumption data by ATERCA S.A. and Calvià 2000 S.A., and consumption estimates
y Ajuntament de Calvià (2006).

f water consumed by domestic end users [litres per month];
Indoor Detailed: total indoor water use [litres per month]; wPool:

um of pool water evaporation loss and filling of pools [litres per
onth]; aGarden: total garden area [square meters].
In combination, the estimates of indoor consumption, pool

ater use and garden irrigation result in an estimate of water con-
umption by use type for each study area.

esults and discussion

omparison of actual water consumption and municipal estimates

The most detailed information published by Calvià municipality
n per capita water consumption for tourists and different housing
ypes was combined with the population and land use inventory
o compare the monthly water consumption to be expected from
hese estimates with the actual monthly water consumption in
he study areas (compare Section “Comparing actual water con-
umption data to municipal estimates for consumption by tourists
nd in different housing types”). The results show that while these
stimates are the basis for official water demand planning, they
annot explain the actual water consumption patterns. The actual
onsumption in quality tourist areas Nova Santa Ponsa and Sol de
allorca exceeds the estimates by more than 150% in the sum-
er months from June to September (Fig. 4). Over the whole

ear, the estimates meet the actual consumption only in Pal-

anova/Magaluf/Cala Vinyes. Even in summer, the actual monthly

onsumption of mass tourist Santa Ponsa, the high density resi-
ential area El Toro, and the more mixed area Costa de la Calma

s lower than the estimates. In contrast, the estimates drastically
nderrate the actual summer water consumption of quality tourist
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Table 1
Land use and water consumption patterns in the study areas (2007).

Santa Ponsa Palmanova/Magaluf/Cala
Vinyes

Nova Santa Ponsa Sol de Mallorca Costa de la Calma El Toro

Urban form Mass tourism Mass tourism Quality tourism
and residential

Quality tourism Quality tourism
and residential

Residential

Area [ha] 85 357 502 100 170 87
Built-up area [%] 76 51 46 31 43 61
Garden area [%] 15 13 18 25 23 21
Pool area [%] 1.1 1.0 0.9 0.7 1.0 0.9
Percentage of single residential parcels 32 51 88 90 89 96
Level of swimming pool ownership

(single residential)
40 48 77 100 42 37

Annual water consumption [hm3] 0.88 2.98 1.80 0.27 0.40 0.17
Pool water use [%] 3.5 4.2 7.7 9.2 13.3 15.2
Garden irrigation [%] 28.9 54.1 73.9 78.8 60.2 9.1
Indoora [%] 67.7 41.7 18.4 12.0 26.5 75.7

Water consumption per capitaa [l/p/d] 210 341 771 1181 536 188
Pool water use 7.3 14.5 59.4 108.2 71.1 28.5
Garden irrigation 60.6 184.2 569.8 930.9 322.5 17.1
Indoor 142 142 142 142 142 142

nd use
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a Calculations for the official population in 2007 (see Section “Population and la
rea plus the official tourist hotel and apartments beds (Ajuntament de Calvià, unp
o CITTIB (2009). Data source: Own calculations, water consumption data by ATERC

reas. These results clearly show that a more explicit considera-
ion of water consumed by garden irrigation should be taken into
ccount in combination with a detailed population inventory and
ater consumption estimates by housing type. This argument is

upported by the findings on land use and water consumption pat-
erns and actual per capita water consumption in the study areas,
s outlined in the following section.

and use patterns and water consumption in the case study areas
n comparison

The spatially explicit results on land use and water consump-
ion patterns at the sub-municipal level highlight interrelations
etween land use and water consumption that are indiscernible in
unicipal water consumption figures (Table 1). Compared to the
ass tourist and residential urban form, the quality tourist urban

orm is characterised by a low proportion of built-up land, a pre-
ominance of single residential houses with private gardens and
high level of swimming pool ownership. The per capita water

onsumption for the officially registered residents is 2.9–3.5 times
igher than in the residential and mass tourist areas. Based on
he calculations outlined in the previous sections, garden irriga-
ion is the single main outdoor use contributing to the high water
onsumption in the quality tourist areas, and the contribution of
wimming pool maintenance is higher than estimated in other
tudies (compare Loh and Coghlan, 2003; Vidal et al., 2010). The
ignificant influence of single residential houses on water con-
umption is also reflected here. This housing type is associated
ith permanent residents and second homes and the sprawl of
ew low density urban natures in the form of lavish green gardens
nd swimming pools seen elsewhere in southern European cities
compare Domene and Saurí, 2006).

The per capita analysis of water consumption patterns at the
ub-municipal level shows the temporal effect of tourist influx for
he mass tourist areas and the impact of garden irrigation in the
uality tourist areas (Table 2). Although all hotels and tourist apart-
ents are open in July and have a high occupancy rate (97%), per
apita water consumption is consistently higher in July, both for
he official and the potential population (Table 2). The variation
etween the study areas is considerable. The extremely high level
f water consumption in July in quality tourist areas is caused by
utdoor water use as outlined below. Even in January, the month of

m

o
a
w

inventory at sub-parcel scale” for details): The census population for each study
ed data); taking into consideration the tourist capacity utilization factor according
and Calvià 2000 S.A.

inimum water consumption, the per capita water consumption
n both quality tourist areas Nova Santa Ponsa and Sol de Mal-
orca is close to the average consumption estimate of 700 l/p/d for
alvià municipality (compare Section “Materials and methods”).
his could indicate that in Nova Santa Ponsa and Sol de Mallorca the
otential population estimate matches the actual situation closely
s it better reflects the ambient population in undeclared tourist
nits taken into account in the detailed population inventory. The
stimates of per capita water consumption in quality tourist areas
ompare to 590 l/person/day for single houses with gardens and
wimming pool in the month of maximum consumption and an
nnual average of 452 l/person/day observed in the study on the
licante coast (Rico-Amoros et al., 2009). In the Barcelona study,
omene et al. (2005) observed 248 l/p/d and 459.2 l/p/d during the

ummer months for low income and high income groups, respec-
ively. With a lower level of pool ownership and smaller gardens,
he annual average in Santa Ponsa, Costa de la Calma and El Toro
s close to the 150 l/person/day described for single permanently
ccupied houses with minimum gardens and no pool (Rico-Amoros
t al., 2009).

In areas in Mallorca where mass tourism is more dominant, the
er capita water consumption ranges from 570 to 793 l/p/d if only
he resident population is accounted for (OST, 2010). These per
apita data are aggregated at the municipal level and are highly
iased because they mingle the water consumption in neighbour-

ng residential, mass tourist and quality tourist areas. For example,
he presence of tourist zones doubles the per capita consump-
ion of local inhabitants in urban areas in the Alcudia Bay and
a Pobla Plain, where more than 50% of the municipal water uses
re related to tourism. The mean consumption is 560 l/p/d if only
he resident population is accounted for and 307 l/p/d consider-
ng the equivalent mean tourism population (Tamoh et al., 2008,
. 134). While this average estimate of 307 l/p/d falls in the range
f results presented here for mass tourist areas (Table 1), the inno-
ative approach taken here clearly has added value as it delivers
patially explicit and per capita water consumption information
or the different types of urban form that are present in tourist
unicipalities (Tables 1 and 2).
Coupled with irrigated gardens, a high level of swimming pool

wnership is correlated with high water consumption, but the
ctual relationship between garden area, swimming pool area and
ater consumption in tourist areas is relatively under researched.
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Table 2
Water consumption per capita in the study areas (2007).

January – official
population

January – potential
population

July – official
population

July – potential
population

Annual average –
official population

Annual average –
potential population

Litres per person per day
Santa Ponsa 174.0 114.5 247.5 199.5 203.2 151.5
Palmanova/Magaluf/Cala Vinyes 401.7a 221.9 348.6 280.2 347.0 236.0
Nova Santa Ponsa 570.9 259.8 1192.0 582.8 758.0 360.7
Sol de Mallorca 726.5 309.4 2082.3 886.8 1177.8 501.6
Costa de la Calma 447.3 111.7 790.5 256.5 518.9 152.4
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El Toro 145.3 125.8

a The figures for Palmanova/Magaluf/Cala Vinyes in January are higher than wh
nderrating the occupancy rate both in January and July. Data source: Own calculat

he land use database reveals the different land use patterns of
he study areas (Table 1). The results for the per capita garden and
wimming pool area vary considerably between quality and mass
ourist areas (Fig. 5). Nova Santa Ponsa and Sol de Mallorca rep-
esent the proliferation of gardens and pools as residential resort
eatures, even if the per capita results for the potential population
re compared. Since El Toro is almost exclusively residential, the
ifferences between the official and the potential population sce-
ario are minimal compared to Costa de la Calma, where many
ndeclared tourists units exist that influence the potential pop-
lation value. The high density mass tourist land use pattern of
anta Ponsa and Palmanova/Magaluf/Cala Vinyes is reflected in a
omparatively low garden and pool area per capita (Table 1, Fig. 5).

Despite the fact that, next to gardens, swimming pools are

ften referred to as problematic outdoor use in water consump-
ion studies (Domene and Saurí, 2006; Schmitt, 2007), quantifying
he magnitude of pool water consumption has received little atten-
ion. In the Mallorca case study areas, pools cover 12.4 ha and the
roportion of pool area to the study area ranges from 0.7% to 1.1%,

g
t
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m

Fig. 5. Pool and garden area per capita in comparison for the official and
7.1 224.0 186.6 162.1

uld be expected from the population estimate. Possibly the official population is
ater consumption data by ATERCA S.A. and Calvià 2000 S.A.

ith 60% of the pool area concentrated in the quality tourist areas.
he monthly and annual estimates of the water consumption from
ools are a function of pool area and the per capita estimates of
ool water use follow the pattern of pool area per capita (Fig. 5).
onsistent with the findings of other studies (Domene and Saurí,
006; Loh and Coghlan, 2003; Vidal et al., 2010), the presence of a
wimming pool causes additional water demands, especially when
he proportion of single residential houses and swimming pool
wnership is higher (Table 1). On an annual basis and for the poten-
ial population, the per capita pool water consumption is 5.5 l/p/d
nd 10.4 l/p/d in Santa Ponsa and Palmanova/Magaluf/Cala Vinyes,
espectively. By comparison, the per capita pool water consump-
ions of 28.1 l/p/d, 20.5 l/p/d and 24.8 l/p/d in Nova Santa Ponsa,
osta de la Calma and El Toro, respectively, reflect the impact of

rowing levels of affluence (swimming pools) on water consump-
ion. Sol de Mallorca is an extreme, with a per capita pool area of
.4 m2 and a per capita pool water consumption of 46.1 l/p/d. Vidal
t al. (2010) estimated an additional water consumption by swim-
ing pools of 57 l/p/d when considering only the population with

potential population (year 2007). Data source: Own calculations.
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ig. 6. Estimated water consumption by usage type in the month of maximum w
ource: Own calculations.

ccess to swimming pools. For all study areas in Calvià, the average
s 22.6 l/p/d and only the annual average pool water consumption
f quality tourist areas in Nova Santa Ponsa and Sol de Mallorca
ompare to the 37.9 l/p/d caused by the presence of a swimming
ool as estimated from the whole sample of 532 households in the
etropolitan Region of Barcelona (Domene and Saurí, 2006). How-

ver, the estimate on pool water use is conservative as it does not
ake into account water losses from filtering, leakage, overflows,
mptying, or water withdrawal by pool users, for example.

stimates for indoor and outdoor water consumption and per
apita water consumption for different types of domestic water
ses

The estimate of domestic water consumption by use type for
ach study area shows the magnitude and a profile of water con-
umption in mass tourist areas compared to quality tourist and
esidential areas (Fig. 6). In accordance with findings of other
tudies the results show that gardens are the single main cause
or outdoor water consumption. Especially the increase of gar-
ens planted with turf grass and species not adapted to the local
limate is extremely important for rising domestic water consump-
ion (Domene and Saurí, 2006; Domene et al., 2005). Even if the

aximum, the official population is assumed, garden irrigation
ontributes more than 70% to water use in the quality tourist areas
ova Santa Ponsa and Sol de Mallorca (Fig. 6). This is considerably
igher than the average of 45% contribution of garden irrigation
o total water consumption of households with comparable gar-
en designs in the Barcelona study (Domene et al., 2005). The
nderlying estimates of water consumption for garden irrigation

n July range between 0.7 l/(m2 day) in El Toro and 6.4 l/(m2 day) in
ova Santa Ponsa. By comparison, Domene et al. (2005) reported

n average for garden irrigation in summer of 2.7 l/(m2 day) for
ardens planted mainly with Mediterranean shrub species and
.4 l/(m2 day) for gardens with high proportions of turf grass and
ther water demanding species. The contribution of pool water use
o water consumption in July is highest in El Toro (14.5%) and lowest
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onsumption (July) – assumption of official and potential population (2007). Data

n Santa Ponsa (2.9%), while the average is around 7.7% in the qual-
ty tourist areas. These results are higher than the 2.8% observed
n the Australian study (Loh and Coghlan, 2003) and show that the
ising level of swimming pool ownership observed especially in
uality tourist areas on Mallorca in the last 20 years poses addi-
ional demands on water supply. While garden irrigation is the

ain cause for the high per capita water consumption in the quality
ourist areas, the key determinant appears to be the type of gar-
en design (especially involving water-demanding plants) rather
han garden area (compare also Domene and Saurí, 2006; Domene
t al., 2005; Loh and Coghlan, 2003). While Santa Ponsa and Pal-
anova/Magaluf/Cala Vinyes have similar proportions of garden

rea (Table 1) the contribution of garden irrigation is much higher
n Palmanova/Magaluf/Cala Vinyes and Nova Santa Ponsa (Fig. 6).
ikewise, the proportion of garden area in Sol de Mallorca, Costa de
a Calma and El Toro is quite similar (Table 1), yet the contribution of
arden irrigation to total water consumption in El Toro is only 26%
official population) and 18% for the potential population scenario
Fig. 6). The results presented here on land and water consumption
atterns, per capita consumption patterns (Tables 1 and 2) and the
llocation patterns of water consumption at sub-municipal level
Figs. 5 and 6) show that private gardens and particularly ‘Atlantic’
ardens as positional goods, and the high proportion of single resi-
ential houses in quality tourist areas increase water consumption

n the residential domestic sector (compare Domene and Saurí,
006).

onclusions

The spread of low density residential areas is the outcome of
rban sprawl and the proliferation of non-hotel tourism in Mal-

orca and in an increasing number of municipalities on the Spanish

editerranean coast. The present study adds evidence on water

onsumption patterns to the findings of other studies that have
emonstrated the impact of land use pattern on water demand

n such contexts and climates. Low density tourist areas consume
ore water per capita than high density residential or mass tourist
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reas, especially for outdoor uses of water. The increasing level of
wnership of swimming pools and the preference for lavish gar-
ens with turf grass instead of Mediterranean garden plants is the
ain factor driving this high water consumption. Besides drastic

ifferences in total pool area, variability in garden design and prob-
bly garden irrigation practices are causing enormous differences
n water consumption of tourist landscapes differentiated by land
se pattern. Understanding the share of private irrigated gardens
ith swimming pools in residential water budgets is a first step

oward designing water conservation policies focused on reducing
utdoor water use and targeting neighbourhoods where outdoor
se is high.

The approach presented here shows that if average indoor water
onsumption, population data and household sizes are known for a
ertain area, the total number and surface area of swimming pools
an be combined with average per capita indoor consumption and
he total water loss by pool evaporation to deduct an estimate of
ater used for garden irrigation, as the single main outdoor use

ontributing to domestic water consumption. The results do not
ecessarily reflect a close estimate of the actual individual house-
old water consumption, but as outlined above, both the estimates
n per capita water consumption and the differences between qual-
ty, mass tourist, and residential areas are in the order of magnitude
f observations in other studies. This spatial approach presents land
se pattern as an explanatory variable in domestic water consump-
ion analyses. The approach is transferable to areas for which pool
nd garden area can be easily inventoried from remote sensing
ata and combined with population data and water consumption
gures. Compared to a representative sample household survey,

mportant assumptions and generalisations have to be made with
espect to indoor water consumption. Data on household size, occu-
ancy rate and tourist capacity utilisation are important to obtain
esults for indoor water consumption. The methodology applied
akes the empirical findings on the influencing factors for indoor
nd outdoor water consumption into consideration (compare Loh
nd Coghlan, 2003; Syme et al., 2004). In addition, the present
nalysis relies on statistical data collected with high temporal reso-
ution for tourist numbers, occupancy rate and capacity utilisation
n the official tourist sector. Due to the significant share of second
omes, the generalised assumptions on indoor consumption are
ost problematic in quality tourist areas. More complete data on

ousehold size and temporal aspects of occupancy in second homes
s well as on differences in garden design are desirable, but may
e very difficult to obtain if an adequate sample size is required.
everal factors like the absence of extensive water meter data and
he sensitive issue of second homes and environmental impact of
uality tourism hamper the feasibility of such a study design on
allorca.
Water is a critical resource for the sustainability of tourism as

he island’s principal economic activity. Therefore, the hydroge-
logical, climatic and socio-economic conditions related to water
esources and the water consumption of agriculture and the mass
ourist sector have received much attention. Unanimously, the mis-

atch between water demand and water supply on Mallorca was
ighlighted (Essex et al., 2004; Kent et al., 2002). The present results
oint to the fact that the aesthetically pleasant quality tourist
odel which Mallorca is pioneering may pose an additional and

erious threat to sustainable water management on the island.
here are approaches to improve water management on the whole
sland. In implementing the EU Water Framework Directive, exten-

ive analyses on water availability, quality, cost, and protection of
ater resources were carried out (Conselleria de Medi Ambient,

004), but without specifying tangible measures to reduce water
onsumption. The island government’s action programme for the
ydrological Plan of the Balearics (Conselleria de Medi Ambient,

h
i
s
t
t
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008) is aimed mainly on infrastructural measures to improve the
ater supply. However, package 12 of the action programme sets

side over 1 million Euro for stakeholder-oriented communication
f water saving measures. This is the basis for recommendations for
he reduction of daily water consumption by residents on a volun-
ary basis and the already published communication strategy for a
ampaign on sustainable water use (Conselleria de Medi Ambient
Mobilitat, 2010). The advocated measures to reduce water con-
umption mainly focus on indoor water use. For the reduction of
utdoor water use, the covering of swimming pools and the col-
ection of rainwater is recommended. The increased reuse of water
n agriculture and for the maintenance of golf courses is called for.
n sum, the current Mallorcan environmental policies do hardly
eflect the necessity of improved management of outdoor water
onsumption and strict conservation measures are not envisaged.

hile the island has significant vulnerabilities to climate change,
his challenge is rarely reflected in sustainable tourism policy and
lanning documents as being an important tourism issue (compare
odds and Kelman, 2008). Water relevant policies still adhere to the
ydraulic paradigm and focus mainly on water supply enhance-
ent, rather than water demand management.
The review above shows that current water policy does not pay

uch attention to water consumption by outdoor uses. It is dif-
cult to say how water conservation and management measures
ight be implemented. While the present results and other stud-

es clearly show that more efficient water management may be
determining factor for the long-term viability of tourism (Essex

t al., 2004; Kent et al., 2002), it is difficult to judge the politi-
al leeway for more strict measures or policies. Water prices on
allorca vary strongly, depending on the municipality and on the
ater providers. With an average of 1.58 Euro/m3, the Balearic
ater price in 2007 was the second highest in Spain, topped only by

he Canary Islands (INE, 2009a). Compared to the rest of Spain, the
verage of 2 Euros/m3 in Calvià municipality is the highest water
rice nationwide. The municipal rate system is graduated to con-
umption levels and incurs a maximum of 2.50 Euros/m3 in the
igh consumption band (Ajuntament de Calvià, 2010). Price mech-
nisms probably would not make a difference in water demand
ecause when dealing with water-related outdoor activities like
arden irrigation or use of swimming pools, price-elasticity of the
emand approaches (March and Saurí, 2009). The fate of a previ-
us policy instrument underpins the difficult political climate on
he island of Mallorca when it comes to taxing for environmental
urposes. The most significant initiative for the use of economic

nstruments in the shift from mass tourism to more sustainable
ourism was an eco-tax decided by the Autonomous Community
f the Balearic Islands in 2000. Depending on lodging standard,
he eco-tax was set to range from 0.25 to 2 Euro per tourist night
pent. The purpose of the eco-tax was to promote environmental
rotection, with extra resources for environmental policy, build-

ng clearance and the conservation of natural and cultural value.
owever, water conservation was not at all an objective of the
co-tax. The eco-tax was in effect from March 2002 to March 2003
nd was withdrawn by the newly elected Autonomous Community
overnment, not least because it was highly unpopular with stake-
olders and it had met fierce opposition from local hoteliers and

nternational tour operators.
Water conservation campaigns in the municipality of Calvià

lready address garden planting and irrigation tentatively (com-
are Ajuntament de Calvià, 2008). However, the results presented

ere show that gardens and swimming pools are an important

ssue for water management on Mallorca and conservation mea-
ures should start to address this issue more explicitly. For gardens,
he use of more Mediterranean species and adequate irrigation
echnology should be encouraged, and for swimming pools, the
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se of pool covers and more extensive reuse of water are strongly
dvisable.

The Calvià Local Agenda 21 was adopted in 1999 and defined
number of objectives for the sustainable use of freshwater. The
alvià municipality set itself a target to reduce, by 2007, the
mount of water consumed by 20%, thus reaching the consump-
ion level of the year 1997 (10 hm3). Without that target and the
ction taken (e.g. improvement of the pipeline network, reuse
f water, installation of water meters and water-saving technol-
gy, consulting teams for citizens and tourists) it was assumed
hat consumption would rise to 17 hm3, an increase of 70% in
ater consumption for the period 1995–2007. The real consump-

ion figure for 2007 was 12.1 hm3, which was above the target
ut well below the forecast. The achievement of the water con-
umption goal set in the Local Agenda 21 would have required
7% reduction in water consumption per capita by 2001, reach-

ng a consumption of 121 litres/inhabitant/day and a reduction of
0% (117 litres/inhabitant/day) by 2007. For tourists, a reduction by
0% of the water consumed per tourist, achieving a consumption
f 141 litres/tourist/day by 2001 and of 15% (134 litres/tourist/day)
y 2007 would have been required (Stefano, 2004). At more than
00 l/p/d (OST, 2010) reported as municipal-level water consump-
ion figure and between 162 l/p/d (residential), 152 l/p/d (mass
ourism), and 502 l/p/d (quality tourism) (compare Section “Esti-

ates for indoor and outdoor water consumption and per capita
ater consumption for different types of domestic water uses”),

urrent per capita water consumption is much higher than these
argets of the Calvià Local Agenda 21.

In the face of climate change, the sustainability of the new
rbanised seaside is a further important question. Studies that
ave already modelled the vulnerability of urban water consump-
ion to climate change suggest adaptation and mitigation strategies
hat apply to Mallorca, too, given the similarities of land use and
onsumption patterns. In arid urban contexts in the United States
t was shown that the sensitivity to climate change is positively
orrelated with water-intensive urban natures characterised by
rrigated landscaping, a high percentage of single residential houses

ith private swimming pools, and high income levels (Balling and
ubaque, 2009; Balling et al., 2008). It is expected that there will
e a climate-induced increase in residential water consumption

n the immediate future. This development calls for a shift from
urrent policies that emphasize the indoor water use while ignor-
ng the very important share of outdoor consumption to overall
esidential water consumption. These studies suggests that lim-
ts on parcel size, the number of swimming pools, and restrictions
n outdoor water use would lower climate sensitivity and make
he city more resilient to temperature increase as a consequence
f climate change. There is a need for adequate water demand
anagement policies and market-oriented approaches, such as

onservation-oriented pricing. However, making price incentives
ffective, targeting the more affluent water users, requires meter-
ng and a pricing scheme that achieves a conservation potential
n outdoor uses without translating the burden to essential uses
nd residential households that use considerable lower amounts
f water anyway (compare Balling and Cubaque, 2009; March
nd Saurí, 2009). These arguments are underpinned by the results
resented here that clearly show the significant contribution of
econd home tourism to high water consumption levels, while per
apita water consumption in the residential and mass tourist areas
s much lower anyway. Water conservation measures in Calvià
unicipality would have to target second home owners and afflu-
nt urban dwellers as key players in residential water consumption.
he recommendations for urban development that advocate a more
ense urban form and water conservation policies that impose
estrictions on irrigated landscaping are equally recommendable in

E

H

H

licy 28 (2011) 792–804 803

he Balearic context (compare Balling and Cubaque, 2009; Balling
t al., 2008).

The issue of water supply and demand in urban and tourist areas
s a pressing problem to be addressed by land use policy in the

editerranean in the immediate future. The results presented here
learly show that planning authorities and other stakeholders in
he tourism sector should take the water issue into account when
efining future tourism policies and strategies. A sustainable water
emand management is likely to become a decisive factor deter-
ining the long-term viability of mass and quality tourism on the

sland of Mallorca.
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