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Abstract. The project ADAPTACLIMA, promoted by EPAL, the largest Portuguese Water Supply Utility,
aims to provide the company with an adaptation strategy in the medium and long term to reduce the vulnera-
bility of its activities to climate change. We used the four scenarios (Al, A2, B1, B2) adopted in the Special
Report Emissions Scenarios (SRES) of the IPCC (Intergovernmental Panel on Climate Change) to produce
local scenarios of water use. Available population SRES for Portugal were downscaled to the study area using
a linear approach. Local land use scenarios were produced using the following steps: (1) characterization of
the present land use for each municipality of the study area using Corine Land Cover and adaptation of the
CLC classes to those used in the SRES; (2) identification of recent tendencies in land use change for the study
area,; (3) identification of SRES tendencies for land use change in Europe; and (4) production of local scenarios
of land use. Water use scenarios were derived considering both population and land use scenarios as well as
scenarios of change in other parameters (technological developments, incred§eigintyg climate changes,

or political and behavioural changes).

The A2 scenario forecasts an increase in populatidb @o) in the study area while the other scenarios show

a reduction in the resident populatiorg(to 8 %). All scenarios, but especially Al, show a reduction in agri-
cultural area and an increase in urban area. Regardless of the scenario, water use will progressively be reduced
until 2100. These reductions are mainly due to increased waterflisiercy and the reduction of irrigated

land. The results accord with several projects modelling water use at regional and global level.

1 Introduction on water resources and stress (Menzel et al., 2007; Shen et
al., 2008).
Atthe European level, several studies have looked into wa-

Climate change has already hdteets on the natural envi- Lo . .
. . -y .__ter resources availability and stress in the future (Henrichs et
ronment and on socio-economic activities, and much bigger.

. . . al., 2002; Maerker et al., 2003; Menzel et al., 2007). How-
changes are projected fqr th|§ century (IPCC, 2007; .EEA’ever, the results flier between authors. Henrichs et al. (2002)
2008). In Europe, especially in the south, water availabil-

; . projected a reduction in total water withdrawals in Western
ity and water stress are already a concern (Henrichs et alEuro e and attributed that reduction to technological evolu-
2002: EEA, 2008). Climate change will furtheffect wa- P 9

o . tion and to households and industridi@ency. Menzel et
ter availability and water consumption (EEA, 2008). Thus, al. (2007) concluded that in Southern Europe the water stress

there is a growing scientific and policy interest for water re- . . Co
sources analyses on the global and regional scatirket and water withdrawals will increase due to irrigation demand
y 9 9 and climate change.

et al., 2003; Menzel et al., 2007). Climate and socioeco- In Portugal, there are published projections for the fu-

nomic drivers such as population and economic growth, lan : . L .
. . . ure population, such as the National Statistics Institute
use and technological evolution, may have a great impac
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ADAPLACLIM technology, energy consumption, and greenhouse gas emis-
¥ LIVIA @S . .
sions (IPCC, 2007; Shen et al., 2008). Several studies have
produced water consumption scenarios for Europe for the
21st century based on SRES (e.g. Seckler et al., 1988ké
et al., 2003; Fdrke et al., 2005; Alcamo et al., 2007; Bates et
al., 2008; Shen et al., 2008; Kok et al., 2009).

Linear regionalization (Fig. 2) of the SRES for the study
area was applied, because it is the most transparent and sim-
ple method available; it assumes that the evolution on the
study area will be similar to the evolution on the biggest area

A (i.e. Portugal) (van Vuuren et al., 2007, 2010).

N

b — Consistency with local observed data (for the
N AL Suppiy Aroa historic or base period);
] Adaptaciima-EPAL Study Area
SN — Consistency with the original scenario
(SRES scenarios);

I(:zi%Lirf) 1. Study Area. Source: Adaptaclima-EPAL project report  _ Transparency;

— Plausibility of the results.

projections made for the country up to the middle of the 21st The main steps of the methodology are summarised in
century (INE, 2008) and the study “Climate change: Mitiga- Fig. 3. The evolution of water use depends on several fac-
tion Strategies in Portugal” (MISP, 2007) with projections of tors such as population and land uses (e.g. Boland, 1998;
the SRES scenarios downscaled for Portugal up to the end dfloughton-Carr et al., 2008). In addition, other parameters
the 21st century. were taken into account, namely developments in technol-
The project ADAPTACLIMA-EPAL aims to provide so- 0gy, as well as changes in climate and consumer behaviour.
cioeconomic scenarios for population growth, land use and Downscaling methods transform worldwide, continental
water use for an area which includes the Portuguese basiar country level scenarios on useful and applicable scenar-
of the Tagus River (Fig. 1) with all the municipalities that i0s at more detailed scales of analysis. The downscaling for
are supplied directly or indirectly by EPAL, and the west water use was done following three steps which are outlined
aquifers of continental territory of Portugal. In total, 106 mu- below.
nicipalities were included in the study area, of which, 34 are
supplied by EPAL. Projections of future water withdrawals 2.1 Present water use by activity sector
will contribute to EPAL, as well as to other stakeholders and ) o
policy makers. Other tasks of the project will include mod- Data of water use per capita, by sector and municipality, was
elling future climate and water availability. All the generated collected from the following sources: National Water Plan
data will be analysed and used to provide information to put{/NAG, 2001), Instituto Nacional de Estatistica (INE), EPAL
in place a robust adaptation strategy to reduce vulnerabilig(internal data for the period 2000-2010) and National Inven-
to future changes. In this paper future water stress for EPALIOTY of Water Supply Systems and Waste water (INSAAR,

is evaluated by presenting socioeconomic scenarios for pop2007
ulation growth, land use and water use for the project area.
2.2 SRES scenarios — coefficients of change in demand

_ factors
2 Materials and methods

The future water consumption was determined by demand
Local scenariosof water use until the end of the century factors. These factors are the following ones:
were explored, not only for the EPAL system, but also for ) .
other sectors, namely agriculture or industry. We used the & Population — The CIESIN (Center for International
four IPCC SRES (A1, A2, B1 and B2) (IPCC, 2000) to pro- Earth Science I_nf_ormatlgn N(_atwork), has developed_ a
duce climate and hydrological scenarios for the project. The ~ database containing regionalized SRES for population

IPCC SRES sets up changes in population, economic growth, ~2nd GDP atthe country scale (CIESIN, 2002). Using the
population on the base year, from the National Statistics

1 The terminology local scenario was adopted for our results Institute (INE) estimated for 2005 (INE, 2006), local
while for IPCC scenarios the term SRES was used. At the national population scenarios for each municipality were built
scale, there are also INE’s population projections. for the study area by applying the CIESIN growth rates
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Downscaling Methods

Linear Convergent

assumes that the
evolution on the study
area will be similar to
the evolution on the
biggestarea (i.e.
Portugal)

assumes that the
evolution on the study
area will converge tothe
evolution on the largest

area

Based on
external data

uses other regional
scenarios (for example, t
he National Statistics
Institute-
INE projections)

Figure 2. Downscaling methods in Socioeconomic Scenarios. Source: adapted from van Vuuren et al. (2010).
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49% to 74% of the
consumptiononthe baseyear

Figure 3. Resumed methodology for water withdrawals projections. Source: Adaptaclima-EPAL project report (2011).

downscaled for Portugal. Given the size of the study
area and homogeneous characteristics in relation to the
larger area, e.g. Portugal, the linear method of down-
scaling (O’Neill et al., 2001; Grféin et al., 2004) was
considered the most appropriate;

b. Land use- Corine Land Cover land use classes were re-
classified by grouping classes taking into consideration
the classes used in SRES (Fig. 3). The sectors of wa-
ter use considered in the National Water Plan (INAG,

www.drink-water-eng-sci.net/6/61/2013/

2001) were taken into account. Local land use scenar-
ios change (Fig. 4) in percentages for each municipal-
ity of the study area were produced by applying linear
downscaling on the trends of the SRES scenarios for Eu-
rope and considering the characteristics of each county
and the trends observed in recent years (IPCC, 2007;
Schibter et al., 2005; Verburg et al., 2006; Rounsevell et
al., 2006). Since Lisbon municipality is already almost
only urban, the urban expansion for Lisbon municipality
was redistributed to neighbouring municipalities. This

Drink. Water Eng. Sci., 6, 61-68, 2013
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Table 1. Main trends in the various forcing factors for water use for each scenario. Legenidfcates an increase++{) indicates a
substantial increasey]) indicates no change or very small changes, (-) indicates a decrease; (——) indicates a substantial decrease.

Al A2 Bl B2

Codficient of industrial growth + ~ ~ ~
Codficient of change in industry water use due fidoéency - - - - -

Total Industry Water Use - _ — _

Agricultural area - - - - - _
Codficient of change in water use for crops due to climate change ++ ++ + +
Codficient of change in agricultural water use due fidcéency - - - -

Total Agriculture Water Use - - - - - _

Population

Codficient of change in behaviour

Codficient of change in consumption due to climate change
Codficient of change in domestic water consumption dudficiency - - - -

+ 2

Total Domestic Water Use - ~ - - - -

Source: Adaptaclima-EPAL project report (2011).

d. Behaviour and water pricing policieswe calculated a

Land Use Downscaling codficient of change in consumption due to changes in
behaviours and policies for each sector of water use and
Characterization of land use by each scenario considering the studies referred under (c);
municipality in the study area, using
& Corine Land Cover (CIC, 2000);and e. Climate— we calculated a cdicient of change in con-
i o e sumption due to climate change for each scenario and

‘i for each sector considering the available climate scenar-

‘ v ios for the study area and correlations obtained between
algiian 7 trerds &y He consumption rates and climate (SIAM I, 2006; EPAL,
IPCC SRES scenarios for unpublished data).

Europe

2.3 Water use projections

Regionalization of the trends for the i i .
study area, considering the None of the studies which produced scenarios for water use

¥ characteristics of each municipality in Europe for the 21st century could be directly applied to

and trends in recent years.

this region for three dierent reasons. Firstly, these studies
use diferent assumptions and scenarios. For example, Shen

Figure 4. Land Use Downscaling Methodology. Source: etal. (2008) and Mrker etal. (2003) do not consider changes
Adaptaclima-EPAL project report (2011). considered in the SRES-like reductions of agricultural area

. Water use ficiency — we calculated cdicients of

in all scenarios, evaluating only the changes in consumption
as a function of changes in climate and behaviour. Secondly,
redistribution to the neighbouring municipalities was they present scenarios forfidirent time periods. For exam-
done by analysing recent tendencies (where the closesije, Frke et al. (2005) presents scenarios only for the 2000~
areas are more likely to grow) and applying the same030 period. And the third reason is that some of these stud-
tendencies for the local scenarios. ies do not consider local characteristics arfiedent dynam-
ics between the elierent European countries.
change in consumptiorfieciency for each sector of wa- Analysis of those stu_d les was d°f‘e o assess the general
ter use (Fig. 3) and for each scenario considering aVa“_trends presented but with the intention of applying them to

able studies on scenarios of water consumption in gythe SRES scenarios and the real situation of the study area.

rope for the next century (Sect. 3) (e.g. Seckler et al Regardless of the study, general trends could be identified
1998; Marker et al., 2003; [Birke et al., 2005; Alcamo (see also Table 1):

etal., 2007; Bates et al., 2008; Shen et al., 2008; Kok et

al., 2009);
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1. Changes in land use, agricultural and industrial produc- Population evolution for the study area
tion are major forces of changes in water consumption s
(Mark et al., 2003; Houghton-Carr et al., 2008). All

5 /.

SRES scenarios indicate a reduction of the agricultural
area (Table 1, Sect. 2); ‘_”/-/
45 r

2. The dfects of global warming increase the need for both \\ —
domestic and agriculture water consumption (Bates et 4 —2 +2i o
al., 2008). However, these increases should be small, !
around 5% in 50yr (Bates et al., 2008). Scenarios A1 35
and A2 have the highest temperature increases (anc

larger extensions of dry periods) and thus the largest in-
creases in water consumption needs (Table 1);

Milions

3

2005 (INE) 2040 2080 2100

Figure 5. Population local scenarios. Source: Adaptaclima-EPAL

3. Technologies and behaviours might hafieets on wa- project report (2011).

ter consumption. It could drop in all sectors due to tech-
nological developments, such as increases in recycled

water, improvements in irrigatiorfieciency and reduc-  pase year and yeai(e.g. change in population, agricultural
tion of losses (Mark et al., 2003; ke et al., 2005;  4req or industrial activity)E; is the codficient of eficiency

Kok et al., 2009). Technological improvements will be 53ins between the base year and yte@omp is the codi-
higher in scenarios Al and A2. These trends are forcecgiem of change in behaviour between the base year and year
by worsening water shortages. According to Kok et ang Climais the cogficient of change in consumption due

in the southern countries of Europe will lead national

governments to implement mordfieient water rates,

helping to reduce demand. The EU will impose more 3 Results and discussion

savings and water recycling, as well as sustainable ur-

ban drainage systems on a large scale for cities that arth Table 1 we compiled the main trends in the forcing factors
in water stress (especially in scenarios A2 and B1). The(land use, population, climateffieiency, behaviour, politics)
same authors reported the possibility of using desalinaWhich afect water use. Only one scenario (A2) indicates an
tion in coastal areas around the Mediterranean to projncrease in the resident population of the study area of around
vide water to some metropolitan areas. Water marketsl6 % by the end of the century (Fig. 5). The remaining sce-
provide higher levels of funding for the government to narios indicate a reduction in the population from 6 to 8 %.
invest in water saving devices affidirent scales (fam- All scenarios, but especially Al, indicate a reduction in agri-
ily, neighbourhood, city, etc.) (Kok et al., 2009). In B1 cultural area and an increase in urban area (Fig. 6).

and B2 scenarios, there will be a tendency to improve The main trends of the SRES for land use changes

water sustainability, reducing waste and reducing con-in Europe have been identified in several publications (e.g.
sumption per capita; Schibter et al., 2005; Verburg et al., 2006; Rounsevell et al.,

2006; IPCC, 2007) and are summarised in Table 3. All sce-
4. The evolution of population will also have influence in narios, but especially A1, show a significant reduction in
water consumption. This will decrease in all ScenariOSagricultura| area and an increase in urban area.
except A2. Comparing the results for our local scenarios in the Fig. 6
. nd the SRES European tendencies frofffiedent authors
Scenarios were produced for the whole study area (10 Schibter et al., 2005; Verburg et al., 2006; Rounsevell et al.,

municipalities) for water use in the domestic, agriculture, in- 2006; IPCC, 2007) from Table 2, can be concluded that our

Shustry Snd serwcesl,_szc;orsE.g:f ngzos were alls_tc_J produgefd fchcal scenarios coincide with the urban and agriculture land
€ sub-area supplied by (34 municipalities) an Oruse, but not in grassland. Our results show that this last type

the tm“”L'.C"ga“t'escjoé Vch||r(1:h e had dﬁta f‘ir nater use BY of land use will diminish while the European SRES tenden-
sector (Lisbon and Batalha). For each sector the fo OWING s for grassland will be maintained on the same level.

formula was used. Values for each parameter in the formula Regardless of the scenario, water use will progressively be

were obtained considering available publications. reduced until 2100 (Table 4). These reductions are mainly
CScenarit = Cy - ASectoy - E; - Comp - Clima 1) due to increased water uséieiency and a reduction in ir-
rigated land. Even if a warmer and drier future climate will
where CScenari; is the consumption in the scenar  lead to a rise in water demand for irrigation and for domes-
and yeat, C, is the consumption of water in the base year, tic use, none of the scenarios showed an increase in water
ASector is the net change in the demand sector between theise. Even when we consider a large increase in population

www.drink-water-eng-sci.net/6/61/2013/ Drink. Water Eng. Sci., 6, 61-68, 2013
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Table 2. Percentage of Growth on the INE (2008) projections and scenarios of CIESIN (2002).

CIESIN CIESIN CIESIN INE INE INE INE without
B2 A2 AleBl1 central low high migrations

% total grow 2005-2060 -8.33% 3.76% -0.86% -1.94% -1570% 13.47% -23.32%
total grow 2005-2100 -6.07% 19.61% -8.09%

% Agriculture a) Table 3. Main trends in land use changes in the SRES for Europe.
50,00
40,00 A2 A2 B1 B2

30,00 .

20,00 Agriculture - - - - - - - -

10,00 Urban +++ ++ ++ +

0,00 w w ‘ \ Industry + + + ~

2000 A1-2080 A2-2080 B1-2080 B2-2080 Biofuel + + S+ +
Forests ++ + + +4++

% Grassland b) Grassland ~ ] = =

6,00 Protected Areas + ~ ++ ++

4,00

2,00 . . t Table 4. Water consumption by sector in the project study area
0,00 ‘ ‘ ‘ ‘ Adaptaclima-EPAL in the base year (2000) and scenarios (percent

2000 A1-2080 A2-2080 B1-2080 B2-2080 of base year values) for 2080.
%
Urban © Baseyear (} Al A2 BL B2

3,40 Agriculture’  1443548957th 22.7% 46.6% 37.5% 522%

3,20 Industry? 2194069 M 60.2% 59.4% 28%  58.3%

3,00 Domestié 237702531 87.6% 98.3% 487% 49.8%

. l I Serviced 6466211 657 % 63.9% 48.7% 74.1%

2,60 T T T |

1 Baseline data: National Water Plan 2001, Corine Land Cover Z0Baseline

2000 A1-2080  A2-2080  B1-2080  B2-2080 data: INSAAR (2007), Corine Land Cover (2000).

Figure 6. Local scenarios for land use change f@) agriculture,
(b) grassland an¢t) urban. Source: Adaptaclima-EPAL project re-
port (2011). tries show that water use intensity decreases after reaching a
saturation amount, mainly due to industrial restructuring and
water use fliciency improvements in production processes
(scenario A2), overall water consumption will be reduced. (Shen et al., 2008). Thus, although projected changes in wa-
Our results thus seem to indicate that behavioural and techter withdrawals strongly depend on the assumptions regard-
nological factors will be the main factors in shaping future ing socio-economic factors such as economic and industrial
water use in the study area. growth (Henrichs et al., 2002), which are largely uncertain, it
The projections of future water withdrawals presented inseems that most scenarios indicate the same long-term trends
this paper were based on a range of assumptions regardia reduction of water use.
ing agricultural, industrial, and domestic water use. That is However, these results need to be considered carefully,
why we used four dierent scenarios, which indicate dif- also taking into account scenarios of climate and hydro-
ferent possible futures in terms of socio-economic develop4ogical change. In Portugal, water use is highly correlated
ments. All scenarios projected a reduced water use in alto temperature, and the warm season is also the dry sea-
the analysed sectors, which increases confidence in the reson, with higher consumption rates. Therefore there is al-
sults. Furthermore, our results agree with several projectseady some predisposition to water stress, especially in the
that model water use at a regional or global level (e.g. Secksouth of the continental territory and during the th sum-
ler et al., 1998; Menzel et al., 2007). Henrichs et al. (2002),mer months. During the 20th century there has been a clear
have modelled water use up to 2070 by considering a simirend towards drier conditions, with decreases in rainfall and
ple scenario where present water use trends were prolongedoisture availability in most Mediterranean regions; severe
into the future and have obtained a decreased in water withdrought episodes (from both meteorological and hydrolog-
drawals in Western Europe, mainly resulting from gains inical contexts) have become more frequent and persistent,
the dficiency of water use. The experiences of many coun-namely in the Iberia area (Sousa et al., 2011). In Portugal
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the total annual precipitation has been considerably reduce8ates, B. C., Kundzewicz, Z. W., Wu, S., and Palutikof, J. P. (Eds.):
during the last decades as it rained for less number of days Climate Change and Water. Technical Paper of the Intergov-
(SIAM 11, 2006). Global climate models project a decrease ernmental Panel on Climate Change, IPCC Secretariat, Geneva,
in precipitation, increases in temperature and evapotranspi- 210 pp..httpy//www.ipcc.cfipdf/technical-papefscw/chapters.
ration, and an enlarged dry season for the study area (SIAM_Pdf (last access: December 2010), 2008. _

II, 2006). Our results support that socioeconomic changed>©land: J. J.. Water Supply and Climate Uncertainty, Wa-

. . .~ ter supply planning practice in the U.S. Universities
may reduce water consumption, and therefore the risk of in Council on Water Resources: 11%tipj/ucowr.orgfiles/

crea_sed water stress due to climate change may be lower than p .pieved. Journallssuegv112 AL0Water%20Supply%20and%

previously expected. 20Climate%20Unvertainty.pdf(last access: October 2011),
1998.

CIESIN (Center for International Earth Science Information
Network): Country-level Population and Downscaled Projec-

) ) o tions, httpy/www.ciesin.columbia.eddataset&lownscaledlast

The results of this study show that alfidrent scenarios in- access: 2 December 2010), 2002.

dicate reductions in water use in the study area. One of the|C (Corine Land cover): Carta de Ocupago solo revistattpy/

main results is that behavioural and technological factors are www.igeo.pte-IGEQegeadownloads.htnflast access: January

determinant in shaping future water use in the study area. In 2011), 2000.

Portugal, water use ifiéciency corresponds to about 41% EEA, JRC and WHO: Impacts of Europe’s changing climate — 2008

of the total withdrawals as referred to in the National Water ~indicator-based assessment, European Environment Agency,

Plan (2001). Thus, it is not surprising that there can be enor- Copenhagen, 2008.

mous gains in waterficiency, especially in the agricultural F'bd';‘;*ir':/'é Ifga:ﬁ?gggn:ﬁ\lli‘r c‘:‘n“rg Q:?;r&%%(%u(t;%;)&rgﬁ(
and industrial sectors. urop ' y

Th . ful f K for thinki bout University Brno, ISBN: 80-210-3780-6, 57—62, 2005.
€ scenarios areé a usetul framework for thinking abou Grafin, S. R., Rosenzweig, C. R., Xing, X., and Yetman, G.: Down-

the future anq afundamental §tep for EPAL to p.rep.are along- scaling and Geo-spatial Gridding of Socio-Economic Projections
term adaptation strategy to climate change which is meantto from the IPCC Special Report on Emissions Scenarios (SRES),
contribute to the reduction of vulnerability offtBrent future CIESIN, Center for Climate Systems Research, Columbia Uni-
societies. EPAL's successful adaptation to climate change versity, 2004.

is vital for economic activity and the local population. The Henrichs, T., Lehner, B., and Alcamo, J.: An Integrated Analysis
tasks that look at the impacts on the resources (quantity and of Changes in Water Stress in Europe, Center for Environmental
quality of water) will also need to be taken into account in ~ Systems Research, University Kassel, Germany, Integrated As-

the process, so that the adaptation occurs in a sustainable Sessment, 3, 15-29, 2002. o
way. To build a consistent strategy for climate change adap!ioughton-Carr, H. A., Fry, M. J., and Farquharson, F. A. K.: Driv-
ing forces of future water availability and water use within Eu-

tation, both climate and socioeconomic scenarios are impor- rope, BHS 10th National Hydrology Symposium, Exceter, 2008
tant, while socioeconomic scenarios can decrease the prob&;acz: pjano Nacional ddgua, Instituto Nacional d,Agua Min-

bility of decision failures. isterio do Ambiente, do Ordenamento do Teénid e do De-
senvolvimento Regionahttpy//www.inag.ptindex.php?optioa
com.content&viewarticle&id=9&Itemid=69 (last access: De-
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