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Abstract. In Europe, public water withdrawals make up on 1 Introduction

average 30% and in some cases up to 60% of total water

withdrawals. These withdrawals are becoming increasingly

important with growing population density; hence there is aWith increasing demographic pressure on available physical
need to understand the spatial and temporal trends involvedesources, there is a growing need to evaluate and monitor
Pan-European public/municipal water withdrawals and con-their usage. Public water withdrawals are those made by the
sumption were mapped for 2006 and forecasted for 2030municipal water distribution system, and are used mainly for
Population and tourism density were assumed to be the maiRousehold purposes, although usually they are also used in
driving factors for withdrawals. Country-level statistics on the commercial and even industrial sectors. In Europe, they
public water withdrawals were disaggregated to a combinedccount for, on average, 30% of total water withdrawals
population and tourism density map (the “user” density map)(EUROSTAT, 2013). In northern Europe they can account
computed for 2006. The methodology was validated usingfor up to 60% of withdrawals. Understanding the spatial
actual regional withdrawal statistics from France for 2006.and temporal patterns in water withdrawals for public use is
The total absolute error (TAE) calculated was proven to betherefore an important step towards improving the efficiency

reduced by taking into account the tourism density in addi-Of use of water resources and reducing water scarcity.
tion to the population density. Globally, domestic demand for water has been exten-

In order to forecast the map to 2030 we considered a refSively studied and there have been numerous attempts to de-
erence scenario where per capita withdrawals were kept corcribe and model demand (Arbues et al., 2003; Kostas and
stant in time. Although there are large variations from region Chrysostomos, 2006; Wong et al., 2010; Worthington et al.,
to region, this resulted in a European average increase of wa2006), although mainly at a local or regional level. At these
ter withdrawals of 16 %. If we extrapolate the average reduc-Scales, it is possible to take into account such factors as
tion in per capita withdrawals seen between 2000 and 2008household income and size. There are also several existing
we forecast a reduction in average total water withdrawals ofnodels that describe water withdrawals for the public sec-
4%. Considering a scenario where all countries converge td0r at a larger scale (Shiklomanov, 1997; Van Beek et al.,

an optimal water use efficiency, we see an average decreag®09; Hoekstra and Mekonnen, 2011). The Global Water
of 28 %. Scarcity Information Service (GLOWASIS, 2013; Wada et

al., 2011a, b), and the Water — Global Analysis and Prog-
nosis model (WaterGAP, Alcamo et al., 2003) describe the
global monthly water demand for the year 2000 af Gjpa-

tial resolution for the domestic sector. The pan-European at-
las of water abstractions, losses and returns (Wriedt et al.,
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freshwater sources
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Total amount of unused water lostin
distribution or otherwise directly
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Indirect Return
Used or polluted water delivered back
to the environment after treatment
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Net amount of water actually used
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i through evapotranspiration or :

'
. incorporated into products !

Fig. 1. Conceptual model for the analysis of the water flows. Original definitions are based on UN WWDR (2009).

2008) disaggregated EUROSTAT public water withdrawal environment. In addition, a part of the total used water can
statistics to regional level (NUT$Busing the total popu- potentially be returned to the stock of available water. This
lation. We aim to improve on previous models by providing share depends on the sector and on the installed capacity to
higher resolution and more up-to-date public withdrawal andtreat water.

consumption maps for Europe. Moreover, the objective is to In this paper we discuss in detail the methodology used
take into account the impact of additional water withdrawalsand present the resulting public water withdrawal and con-
for the tourism industry, and provide a robust methodologysumption maps for 2006 in addition to comparing them to
to estimate future public water withdrawals. We propose a2030. The methodology is also validated against actual re-
methodology based on a strong linkage with land use modgional statistics and the added value of the inclusion of
eling, which allows us to map future water use trends up totourism as a driving factor is also assessed.

2030, which is the time horizon up to which the land use

model can reliably forecast land use. We use 2006 as the refPata availability

erence year for our mapping and land use model as refined . . )

land use maps are available for this year. Additionally, avail- ' '& OECD/EUROSTAT Joint Questionnaire on Inland Wa-
able water withdrawal statistics for 2006 are more completeter provides country-level statistics on annual freshwater ab-
and consistent than for more recent years. straction by source and sector and water use by supply cat-

Figure 1 presents an overview of the terminology and ap-£90y and user (Nagy et al., 2007). The questionnaire cov-

proach used to assess sectorial water flows. Water withdrawdi's the EU27 (European Union 27) countries plus Iceland,
is the gross amount of water extracted from any source in th&\orway, Switzerland, Croatia, the Former Yugoslav Repub-
natural environment for human purposes. Water use is thdi¢ Of Macedonia, Turkey, Bosnia and Herzegovina, and Ser-
amount of water that is actually processed in a given sectorPia (although for these countries the data sets are not always

Water consumption refers to the part of the processed watefOMPlete). For the reference year 2006, we used the average
that is evaporated, transpired, incorporated into products opectorial water withdrawals for the period 2005-2007 from

crops, consumed by humans or livestock, so heavily polluted= YROSTAT, which was supplemented by the 20032007 av-
that it is no longer suitable for use, or otherwise removed€r@g9e from FAO AQUASTAT (2013) in case data was miss-

from the immediate water environment. From the total water!"d OF inconsistent. Where there were still missing values the
withdrawal, a part is lost due to leakages during transporta!€SPective sectorial European average per capita was used.

tion/distribution processes, and thus returned to the naturdf19ureé 2 gives an overview of the public water withdrawal
for the reference year 2006. The withdrawals have been nor-

malized by the country’s total population in order to allow
comparison between the countries.

INUTS (Nomenclature of Territorial Units for Statistics) is the
European Union’s official regional subdivision of member states,
with three hierarchical levels (NUTS1, NUTS2 and NUTS3)
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Fig. 3. Sectorial water withdrawals as a percentage of the total with-
drawals across European countries for 2006.

regional totals. Since detailed and verified NUTS3 level data

was available for France for 2006 (SOeS, 2007), we con-
t & firmed our public water withdrawal map for France, pro-
. duced by disaggregation from the country-level statistics,

Fig. 2. Map of public water withdrawals per country for the refer- with actual regional statistics.

ence year 2006. Values were normalized by the country’s total pop-
ulation for comparability and are given in cubic meters per capita.
2 Methodology

We assume the public water withdrawal to be the total

The data on “public water supply” as provided by the ques-water withdrawn in urban areas. Although some commer-
tionnaire is defined as “.... (the) water supplied by economiccial/service areas may be included in the land use class, the
units engaged in collection, purification and distribution of yse is assumed to be mostly domestic, therefore covering the
water ... Experience from France: This service includes wawater needs of the resident population within a given area at
ter for domestic use and water used at offices. It also includegny time. Since tourism has a large impact in some of the
small factories, municipal use ..., and private garden watermost water scarce areas, we have taken the influence of the

ing” (Nagy et al., 2007). Statistics given on the public supply additional tourism presence into account.
of water to the different sectors (EUROSTAT, 2013) show

that, on average, some 79 % of public water is used for do2.1 Land use proxy approach
mestic purposes. A further 17 % is used for industrial pur-
poses, and 4 % for agriculture. Our approach links land use data to public water with-

Figure 3 shows the relative proportions of public water drawals. In order to do this for the base year maps we
withdrawals compared to withdrawals for other major water- used the 2006 refined version of the CORINE Land Cover
using sectors. Interestingly, public water withdrawals make(CLC r, Batista e Silva et al., 2012). The land use needed
up more than 60 % of the total in northern countries such ago map the following years, up to 2030, was modeled us-
the UK, Luxemburg, and Denmark, whilst agricultural with- ing the Land Use Modelling Platform (LUMP). The land
drawals make up the majority of total withdrawals in the use/cover model EUClueScanner, developed at the Joint Re-
Mediterranean countries of Portugal, Greece, and Spain. Insearch Centre (JRC) Ispra is the core component of this
dustrial and particularly energy withdrawals (used as coolingplatform, which incorporates several data sources and mod-
water in thermal power plants) are especially important inels (Lavalle et al., 2011). Future land use claims are driven
eastern European countries. mainly by the CAPRI model (Common Agricultural Policy

In order to supplement the country-level data providedRegionalized Impact Modelling System), Eurostat data (EU-
by EUROSTAT, we collected regional sectorial water with- ROPOP2008) and CORINE Land Cover trends. As yet, the
drawal statistics (at NUTS2, NUTS3 or basin level) from var- model is only calibrated for the EU27 member states. The
ious sources, including each country’s national statistical in-close linkage with the relevant land use classes allows us to
stitute and environmental agencies. As the sectorial regiondboth spatially disaggregate the withdrawals at high resolu-
data set for all EU27 countries is incomplete, further anal-tion (100 m), and to forecast withdrawals based on changing
ysis has been carried out on the country-level data. Wherarban land use patterns as simulated by EUClueScanner. As
available, the country-level statistics were verified with the resident and touristic water use was assumed to be presentin
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urban areas, both were assigned to the relevant urban land us ,, ML
classes. We additionally assign touristic water use to the land |, e
use class “sport and leisure facilities”, taking into account ex- & 110 ] Sweden

tra water used to maintain these infrastructures. Proxy data i
used to disaggregate to pixel level and to refine the approachi
An initial analysis of possible proxy data influencing pub- B
lic withdrawals at both country and regional level gives high
R? correlations for total population (0.92) and number of
nights spent by tourists (0.82). Hence, these variables are
selected as being most appropriate to explain public with-
drawals at pixel level. Public water withdrawals are therefore 3 + o tom | 1om | 1om | 1 1em | aom a0
assumed to be those made by residents and tourists in urba Vear
areas, so that the spatial distribution of the withdrawals is di-
rectly related to the combined population and tourist density.Fig' 4. Trends in public water withdrawals per capita from 1970 to
Ouir first step is to compute both the population and tourism?2005 (EUROSTAT, 2013).
densities at the highest resolution possible.
We used a detailed European population density map for,

2006 (Batista e Silva et al., 2013), which was produced by(resident; and tourists), thereby assurr_]ing that tourists use
disaggregating resident population counts at commune Ieve'?lImOSt twice the amount of_water as residents do. :
The monthly maps of weighted number of users of public

originating from EUROSTAT to a grid of 100m100m water per pixel, or “user density”, are calculated as
cells. The disaggregation approach consisted of redistribut- PEr piXel, Y

ing the population totals of each commune among the urbarb _
fabric cells as reported in Batista e Silva et al. (2012). In addi-

tion, the redistribution was weighted proportionally to the av- whereU is the user density? is the population density (an-

erage imperviousness of'each urpan fabric class, which wag q| map):To is the number of nights spent abroad by resi-
use_d as a proxy for housing dens!ty and, therefore, for POPYents (quarterly maps); arfd is the number of nights spent
ulation density. The source for this data was the Europearby tourists (monthly maps). Finally, the country-level total

Environment Agency’s soil sealing layer 2606 ublic water use is disaggregated according to the user den-
Tourist density maps are created using the number OEity maps:

nights spent by non-residents at NUTS2 level (EUROSTAT,
2013). This data is further disaggregated to NUTS3 level USw, — We - (U;/Uy) )
ing the number of bed places. The monthly distribution of

tqurism is calculated using the country—levgl percentage OlwhereW is public water withdrawall/ is the user density;
nights spent per month. In both cases, national statistics O§ubscripti is the pixel value, and subscript ¢ is the country
regional averages are used where data is missing, alwaygta| value.

taking the closest available year to 2006. The total num- o the public sector, consumption is estimated at between
ber of tourists per month (derived from the total number of 19 and 20% of withdrawals (UN WWDR, 2009). We as-
nights spent) at NUTS3 level for each country is disaggre-symed the average European public water consumption to be
gated to the refined CORINE classes 111 and 112 (urbans oy of the water withdrawal, and computed the consump-

fabric), and 142 (sport and leisure facilities) to create a mapjon maps directly as a fraction of 0.15 of the water with-
of tourism density at pixel level (100 m). To correct for out- grawals per pixel.

bound tourism, the number of nights spent abroad by resi-

dents (EUROSTAT, 2013) per quarter year is also calculated.2 Forecasting to 2030

and subtracted from the population density maps. Tourists

have a higher water use than residents, which can be exthe public water withdrawals are forecasted up to 2030. We

plained by the additional water needed to maintain the ad-combine the land use map, modeled up to 2030, with pro-

ditional recreational facilities required by tourists, and the jected population statistics, and take country-specific tourism

higher consumption of water by holiday-makers. The touristgrowth rates into account. Figure 4 shows the trends in public

density maps are given a greater weight, by multiplying by water withdrawals for the period from 1970 to 2005 for sev-

a factor of 300/160 (derived from Gdssling et al., 2012) eral countries where consistent data sets were available for

when actually assigning the water withdrawals to the usersll years (EUROSTAT, 2013). The evolution of public water

withdrawals per capita differs greatly depending on the coun-

Zhttp://www.eea.europa.eu/data-and-maps/data/eea-fast-track-try, but we can identify, on average, a decreasing trend in per

service-precursor-on-land-monitoring-degree-of-soil-sealing- capita withdrawals over the last 15 yr. It can be assumed that

100m-1 water withdrawals per capita should further decrease in time

lic water withdrawals in m

(P — Tp) + 300/160- (T;), 1)
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Fig. 5. An overview of the methodology used to map the 2006 and 2030 reference scenario water withdrawals.

with improving efficiency of water use linked to a combina- 3 Results

tion of increasing information dissemination, water pricing,

and technological improvements (Flérke and Alcamo, 2004;3.1  Confirmation of methodology

Gleick, 2003). . .

Our reference water withdrawal map was computed as{" Order to confirm our methodology we use detailed and
suming the water withdrawals per capita are to remain cone'ified NUTS3 level data for France, which is available
stantin time. In order to also quantify in some way the pOSSi_from the Service de I'Observation et des Statlsyques (SQeS,
ble effect that this improving water use efficiency may have2007). We compared the actual 2006 total public water with-
on the total water withdrawals over time, we considered twodrawals to those given by summing the estimated with-
additional scenarios. One corrects the total withdrawals pefirawals per NUTS3 region. In order to assess the influence
country in 2030 with a European average efficiency factor,Of takmg_ tourism mto account in our model, we_recalculat(_ed
based on the average reduction in per capita withdrawals bel€ Public water withdrawal map based on a disaggregation
tween 2000 and 2008. The other assumes that by 2030 aff 'the coun'try total water withdrawals directly to the popu-
countries will converge to have per capita water withdrawals!ation density, and also compare the NUTSS3 totals derived
equivalent to those of the most water efficient countries. ~ Tom this map to the actual statistics. Figure 6 compares the

Figure 5 summarizes the methodology applied to map thdegional e;tlmates derived by these two methodologies to the
withdrawals for both 2006 and 2030. The projected land usectual statistics. _
for 2030 is modeled using EUCIueScanner. Forecasted popu- 1h€ Total Absolute Error (TAE) is calculated for both
lation density maps are created using population projection§3S€s as.
from EUROSTAT, and the tourism density maps are recalcu—TAE _ Z VY|
lated according to the tourism growth forecasts (at country EVAVERS
level) from the Europe vision 2020 report (WTO, 2000). We '
assume the tourism growth rate for the period 2006—-2030 tavhereV; is the measured value aigis the modeled value.
be equivalent to that predicted for 2010-2020 in the report.The resulting error is 26.56, or 13.3 % including the tourism
Since insufficient data is available on both the regional anddensity, and a TAE of 27.42, or 13.7 % using only the pop-
monthly distribution of tourism, the 2006 patterns are used.ulation density maps. This shows that, although population
The public water withdrawal per capita is kept constant for density is the main factor contributing to the spatial disag-
the reference scenario, using the 2006 statistics. For the alyregation of the statistics, taking the tourism density into ac-
ternative 2030 scenarios, a correction factor to account focount does, in fact, improve the end result.
improving water use efficiency is applied to the withdrawals
forecasted using the reference scenario methodology. 3.2 Public water withdrawals in 2006

®)

Public water withdrawals are mapped at 100 m resolution at
a pan-European scale for the period from 2006 to 2030. Fig-
ure 7 shows the withdrawal map for 2006, which has been
aggregated to 5km resolution for improved visualization.
Within each country, the most densely populated areas have
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Fig. 6. Public water withdrawals given in hm3 for France at NUTS3 level for 20@BNUTS3 totals derived from our moddh) NUTS3
totals derived from disaggregation of water use directly to the population def@iactual statistical data available from the SOeS.

the coastal towns. Summer tourism is especially high in the
Pl At R Veneto region of Italy and along the Croatian coast.

mm per year

3.3 Forecasted public water withdrawals for 2030

[l
¥ * -0 The public water withdrawals were firstly forecasted and
A M-z mapped keeping the country-level per capita water with-
-0 drawals constant, so that future total withdrawals were driven
¢ Wllior -2750 by the population and tourism trends. This represents a ref-
erence scenario, or a “worst-case scenario”, where no im-
0 500 provement in water use efficiency with time is taken into ac-

— KT

count. Figure 9 shows the resulting evolution in public water

withdrawals per NUTS2 region of the EU27 countries, cal-

culated over the period from 2006 to 2030. The difference
in water withdrawals for 2030 to those made in 2006 varies
from a decrease of up to 23% in central Germany and sev-
eral regions in Poland, Hungary, Romania, Bulgaria, Latvia,

Lithuania and Sweden, to an increase of up to 63 % in south-
ern Spain and France, northern and central Italy, the UK, and
Ty : some regions of central and northern Europe.

Figure 10 compares the water withdrawal maps for 2006
and 2030 for Warsaw, Poland, at the original resolution of
100 m pixel size. Total public water withdrawals for the ad-
ministrative region of Warsaw increase from 79.73%im
2006 to 81.65 hfhin 2030, an increase of about 2.4 %. This
the highest water withdrawals, with the greatest withdrawalsincrease is directly related to the growth in population and
therefore being in major cities like London, Paris, Madrid, tourism. The related, significant increase in urban areas is
and Berlin. The Benelux area and northern Italy also standclearly visible when comparing the maps.
out. The influence of tourism water withdrawals is seen es- We additionally assessed two alternative scenarios that ad-
pecially in the high withdrawals along the coastal Mediter- just the reference scenario to take future improvements in
ranean towns in Spain, Italy, and Croatia. water use efficiency into account. Both scenarios look at

Tourism density can vary significantly depending on thethe trend in per capita water withdrawals, which have been
region and the season. Figure 8 shows the tourism densitgorrected by taking into account the actual total population
maps for January and August of 2006 calculated for Italy.that is connected to the public supply (EUROSTAT, 2013).
These months were selected to represent the peak wintéfhe European average efficiency scenario assumes there will
and summer tourism. The Alps and the major towns retainbe a reduction in per capita water withdrawals over time,
high tourism densities for both seasons. In general, tourisnwhich is consistent with the average trend seen between 2000
is much greater in summer, with more tourists present inand 2008 for 5 countries (France, Poland, Germany, UK,
most regions, and an especially high concentration alongand Spain) that were assumed to be representative due to

Fig. 7. Public water withdrawal at 5 km by 5 km resolution for 2006
in millimeters per year.
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Fig. 8. Tourism density (number of tourists per 5 km pixel) for August 2006 (left panel), and January 2006 (right panel).

% Change to be representativ in this case (both 6%person in 2006),
B0 since this is almost the lowest per capita withdrawal, and

the data for both countries has been quite consistent over
Wl-0-2 time. Countries already having lower per capita withdrawals
22 than this (Estonia, Lithuania, Malta) were assumed to main-
2-10 tain their current water use efficiency. The additional impact
that this convergence would have on the forecasted reference
scenario was then computed per country. Figure 11 shows
the resulting country-level change in total water withdrawals
that is obtained in this way for each scenario for the period
2006-2030.

The scenarios show that there may in fact be a huge im-
pact on future water withdrawals with increasing water use
efficiency. If the current average European trend to reduce
per capita withdrawals is taken into account (EU average ef-
ficiency scenario), the withdrawals forecasted are some 20 %
lower than those computed in the reference scenario for all
countries. In fact, according to this scenario, only 5 coun-
tries (Sweden, UK, Spain, Luxemburg, and Ireland) would
still have an increase in total public water withdrawals be-
tween 2006 and 2030. The convergence scenario results in
the greatest forecasted reductions in total withdrawals, and
highlights the countries that currently have relatively high per
rcapita withdrawals, and thus where the most significant im-
provements could be made (e.g. in Romania, Bulgaria, and
Italy).

Fig. 9. The change in total public water withdrawals per NUTS2
region over the period from 2006 to 2030 (reference scenario) fo
the EU27 countries, given as a percentage increase or decrease.

their data consistency. We computed this average decreag Discussion

ing trend to be 0.86 % annually, and corrected the resulting

trend from the reference scenario accordingly. The converEuropean public water withdrawals are mapped for the years
gence scenario assumes that per capita withdrawals will at2006 (Fig. 7) and 2030 based on available land use, popu-
tain a minimal value or “optimal” efficiency by 2030. We as- lation and tourism data for 2006 and projections thereof to
sumed the per capita withdrawal rate of Germany and Polan@030. The monthly variation in public water withdrawals is

www.hydrol-earth-syst-sci.net/18/407/2014/ Hydrol. Earth Syst. Sci., 18, 40416 2014
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hm3 per year
0-01

Fig. 10. Public water withdrawals modeled at 100 m resolution for Warsaw, Poland. The figure compares the withdrawals for 2006 (left
panel) to those for the 2030 reference scenario (right panel).

* The European average trend in withdrawals for the period
I ik from 2006 to 2030 is an increase of 16 % for our reference
EU Average Efficiency Scenario scenario. If we take into account an improvement in water
use efficiency based on the average European trend between
| | I I I I | | I I | | | 2000 and 2008, we in fact see an average decrease in with-
Rt iomhin ' I I;, L3N T VI A3 1t vy 'y i v drawals of 4 % over the same period. Furthermore, if we look
at a scenario where the per capita water withdrawal per coun-
try would converge to an optimized rate by 2030, the average
change in total public water withdrawals would be further
reduced to a decrease of 28 %. The actual total public water
withdrawals to be recorded in 2030 will depend greatly on
Fig. 11.The percentage change in annual public water WithdrawalsthIS varying vyater use efficiency. - .
for 2030 as compared to 2006 for the reference computation and the The main limitation fa(?ed was the a\_/a',lab'“ty of detailed
two water use efficiency scenarios. and up-to-date water withdrawal statlst|c§. Ip the present
study we used country-level data for public withdrawals as
available regional data is limited in its consistency and com-
also taken into account — this variation is especially notice-parability. We did, however, confirm the estimated with-
able in terms of tourism densities, which are significantly drawals using actual regional statistics for France (Fig. 6).
higher in the summer, especially in coastal regions (Fig. 8)_The total absolute error is 26.56, or 13.3 %. Taking tourism
Our reference scenario forecasts considerable increases iAto account reduces this error and improves the estimated
public withdrawals in most countries, with central and East- withdrawals spatially. It also means that additional high wa-
ern Europe showing reasonably stable withdrawals, and overter withdrawals are assigned to leisure facilities (which are
all decreasing trends predicted in Latvia, Lithuania and Bul-often highly water intensive), which would otherwise not be
garia (Figs. 9, 11). These countries show relatively highincluded if disaggregation was only done based on the popu-
tourism growth rates, but have strongly declining populationlation density.
trends resulting in overall decreasing water demand. Water Future improvements to the methodology include looking
withdrawals in southern Spain and France, northern Italy, andurther into the concept of water use efficiency and the fac-
the UK are, however, predicted to increase considerably duéors that influence it. For example, investment in maintenance
to the combination of high population and tourism growth. of distribution networks could greatly increase the efficiency
In these regions increasing pressure is being put on the avaiPf water use by reducing leakages. Total water losses during
able resources and measures should be taken to reduce tHistribution vary greatly between countries, but, for example,
impact of increasing water demand, especially consideringBulgaria, Greece, Malta, Ireland and the UK all show losses

the already limited supply of freshwater in the Mediterraneanhigher than the European average of 7.7 % (EUROSTAT,
areas. 2013). Water pricing is increasingly being used to try to

improve water use efficiency (Bithas, 2008), although the

o
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resulting impacts on the residential sector seem to be ratharoekstra, A. Y. and Mekonnen, M. M.: Global water scarcity: the
limited compared to those in the agricultural sector (Rinaudo monthly blue water footprint compared to blue water availability
et al., 2012; Hoglund, 1999). In addition, we should see im- for the world’s major river basinsm Value of Water Research Re-
provements in water use efficiency especially in regions cur- Port Series No. 53, UNESCO-IHE, Delft, the Netherlands, 2011.
rently experiencing water scarcity due to the greater necesH09lund, L.: Household demand for water in sweden with impli-
sity of limiting overall water use. The impact of changing cations of a potential tax on water use, Water Resour. Res., 35,

regional water availability on future water demand is there- 3853-3863, dok0.1029/1999WR900213999.
9 y Kostas, B. and Chrysostomos, S.: Estimating urban residential water

fore an important additional aspect to be assessed (Rosegramdemand determinants and forecasting water demand for Athens

etal., 2002). metropolitan area, 2000-2010, S.-E. Eur. J. Econ., 1, 47-59,
Although we present a robust methodology to forecast 5qgg.

future public water withdrawals, we acknowledge that there| ayaiie. C., Baranzelli, C., Batista e Silva, F. B., Mubareka, S.,
are many uncertainties involved, especially considering that Gomes, C. R., Koomen, E., and Hilferink, M.: A High Resolution
the methodology is dependent on land use, tourism, and | 4ng Use/Cover Modelling Framework for Europe: Introducing
population projections (Booth, 2006), which in turn have  {he EU-ClueScannerl00 Model, in: Computational Science and

their own model uncertainties. Its Applications — ICCSA 2011, edited by: Murgante, B., Ger-
) ) vasi, O., Iglesias, A., Taniar, D., and Apduhan, B., Springer,
Edited by: M. Hipsey Berlin, Heidelberg, 60—75, 2011.

Nagy, M., Lenz, K., Windhofer, G., Furst, J., and Fribourg-Blanc,
B.: Data Collection Manual for the OECD/Eurostat Joint Ques-
tionnaire on Inland Waters Tables 1-7, Concepts, definitions, cur-

Alcamo, J., Déll, P., Henrichs, T., Kaspar, F., Lehner, B., Résch, ent practices, evaluations and recommendations, Version 2.21,

T., and Siebert, S.: Development and Testing of the WaterGAP 2 Publications Office of the European Union, Luxemburg, 2007.

Global Model of Water Use and Availability, Hydrolog. Sci., 48, Rinaudo, J., Neverre, N., and Montginoul, M.: Simulating the im-
317-337, 2003. pact of pricing policies on residential water demand: A southern

Arbues, F., Garcia-Valinas, M. A., and Martinez-Espineira, R.: Es- _ france case study, Water Resour. Manage., 26, 2057-2068, 2012.

timation of residential water demand: a state-of-the-art review, J.Rosegrant, M. W., Cai, X., and Cline, S. A.: Global water outlook to
Socio-Econ., 32, 81-102, 2003. 2025, International Food Policy Research Institute, Washington,

Batista e Silva, F., Lavalle, C., and Koomen, E.: A procedure to DC USA, 2002.
obtain a refined European land use/cover map, J. Land Use Sci§hlklomanov, I. A. (Ed.): Assessment of water resources and wa-

8, 255-283, dolt0.1080/1747423X.2012.6674%012. ter availability in the world. Comprehensive assessment of the
Batista e Silva, F., Gallego, J., and Lavalle, C.: A high reso- freshwater resources of the world, WMO and SEI, Stockholm,

lution population grid map for Europe, J. Maps, 9, 16-28, Sweden, 1997. ) o o )
doi:10.1080/17445647.2013.76482D13. SOeS - Service de I'observation et des statistiques: statistique agri-

Bithas, K.: The sustainable residential water use: Sustainability, ef- C0l& annuelle pour la SAU, Ministere de L'ecologie, du devel-
ficiency and social equity, the european experience, Ecol. Econ., OPpement durable, des transports et du logement, available at:
68, 221-229, 2008. http://www.statistiques.developpement-durable.goufldst ac-

Booth, H.: Demographic forecasting: 1980 to 2005 in review, Int. J.  ¢€SS: 5 December 2012), 2007. _
Forecast., 22, 547-581, 2006. UN WWDR — 3rd UN World Water Development Report: available

EUROSTAT:  http://epp.eurostat.ec.europa.eu/portalipage/portal/ at: http://unesdoc.unesco.org/images/0018/001819/181993e.pdf
statistics/ last access: 7 February 2013. (last access: 20 November 2012), 2009.

FAO AQUASTAT: The Food and Agriculture Organization of the VanBeek, L. P.H.,Wada, Y., and Bierkens, M. F. P.: Global monthly
United Nations’ Information System on Water and Agricul- ~ Water stress: 1. Water balance and water availability, Water Re-

ture: http://iwww.fao.org/nriwater/aquastat/main/index.stva- sour. Res., 47, W07517, d@D.1029/2010WR009792009.

ter withdrawal by sector; last access: 7 February 2013. Wada, Y., van Beek, L. P. H., and Bierkens, M. F. P.: Modelling
Flérke, M., and Alcamo, J.: European outlook on water use, Final 9lobal water stress of the recent past: on the relative impor-

Report, EEA/RNC/03/007, Center for Environmental Systems tance of trends in water demand and climate variability, Hy-

Research — University of Kassel, Kassel, Germany, 2004 drol. Earth Syst. Sci., 15, 3785-3808, d6i:5194/hess-15-3785-
Gleick, P. H.: Water Use, Annu. Rev. Environ. Resour., 28, 275— 2011 2011a.

314, doi10.1146/annurev.energy.28.040202.12224003. Wada, Y., van Beek, L. P. H., Viviroli, D., Diirr, H. H., Weingartner,
GLOWASIS — The Global Water Scarcity Information Service FP R+ and Bierkens, M F. P.: Global monthly water stress: Il.Water

7 project co-ordinated by Deltares at Wageningen University, the demand and severity of water, Water Resour. Res., 47, W07518,

Netherlandswww.glowasis.eulast access: 15 January 2013. doi:10.1029/2010WR009792011b. o '
Gossling, S., Peeters, P., Hall, C. M., Ceron, J. P., Dubois, G.Wong, J. S., Zhang, Q., and Chen, Y. D.: Statistical modeling of

Lehmann, L. V., and Scott, D.: Tourism and water use: supply, daily urban water consumption in Hong Kong: Trend, chang-

demand, and security, An international review, Tourism Manage., g patterns, and forecast, Water Resour. Res., 46, W03506,
33 1-15. 2012, doi:10.1029/2009WR008142010.

References

www.hydrol-earth-syst-sci.net/18/407/2014/ Hydrol. Earth Syst. Sci., 18, 40416 2014


http://dx.doi.org/10.1080/1747423X.2012.66745
http://dx.doi.org/10.1080/17445647.2013.764830
http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/
http://epp.eurostat.ec.europa.eu/portal/page/portal/statistics/
http://www.fao.org/nr/water/aquastat/main/index.stm
http://dx.doi.org/10.1146/annurev.energy.28.040202.122849
www.glowasis.eu
http://dx.doi.org/10.1029/1999WR900219
http://www.statistiques.developpement-durable.gouv.fr/
http://unesdoc.unesco.org/images/0018/001819/181993e.pdf
http://dx.doi.org/10.1029/2010WR009791
http://dx.doi.org/10.5194/hess-15-3785-2011
http://dx.doi.org/10.5194/hess-15-3785-2011
http://dx.doi.org/10.1029/2010WR009792
http://dx.doi.org/10.1029/2009WR008147

416 I. Vandecasteele et al.: Mapping current and future European public water withdrawals and consumption

WTO — World Tourism Organisation: Tourism Vision 2020 report—  of Accounting and Finance Working Paper Series No. 06/26,
Volume 4: Europe, WTO, Madrid, Spain, 2000. University of Wollongong, Wollongong, 2006.

Worthington, A. C., Higgs, H., and Hoffmann, M.: Modelling res- Wriedt, G., Van Der Velde, M., Aloe, A., and Bouraoui, F.:
idential water demand in Queensland, Australia: A comparative Water Requirements for Irrigation in the European Union,
analysis of pricing structures and estimation techniques, School EUR 23453 EN, OPOCE, Luxembourg, 2008.

Hydrol. Earth Syst. Sci., 18, 407416, 2014 www.hydrol-earth-syst-sci.net/18/407/2014/



