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The workshop on existing circumstances was held in the Auditorium of the University of
the Aegean in Hermoupolis on the island of Syros, Greece on July 8th, 2002. It was
attended by the partners of the WaterStrategyMan project as well as by a number of
visitors.

All presentations held at the workshop and the reports on the water deficient regions are
available for download (for project partners) on the
ARID Cluster website http://arid.chemeng.ntua.gr/

and the WaterStrategyMan website (http://environ.chemeng.ntua.gr/wsm/)
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1. Introduction

1.1. The Project

The project “Developing Strategies for Regulating and Managing Water Resources and Demand
in Water Deficient Regions” (EVK-1-2001-0081), in short WaterStrategyMan or WSM, is
supported by the European Union under the Fifth Framework Programme and contributes to
the key action “Sustainable Management and Quality of Water”.

It is primarily aimed at developing and evaluating water strategies for water deficient regions in
Southern Europe. There are four specific goals of the project:

•  A review of existing approaches in terms of Integrated Water Resources Management
(IWRM), demand management, sustainability indicators and development strategies

•  The study of the differences between water quantity and water quality with regard to water
management

•  Highlighting the importance of the regional and cultural context

•  The development of alternative IWRM options and long-term scenarios for water deficient
regions.

The project has a duration of 3.5 years and consists of four phases: The first phase (diagnostic
phase) will identify a set of representative regions in Southern Europe and will then define
representative paradigms for water deficient regions which, in turn, will form the theoretical
framework for developing, analysing and evaluating water management options.

At the end of phase one, six water deficient regions will be selected and conceptualised as
paradigms.

In phase two (analysis phase), a consistent methodology for analysing and evaluating different
water allocation scenarios and water management options will be developed and will encompass
the entire range of the selected paradigms.

The strategy formulation phase is aimed at comparing and identifying appropriate plans, actions
and policies that apply to the paradigms.

The main objective of phase four, the synthesis and dissemination phase, is the synthesis of the
results from the previous project phases. Based on the six identified paradigms, widely acceptable
guidelines and protocols will be formulated with a view to implement the European Water
Framework Directive (WFD) timely and efficiently. The WFD essentially aims to improve the
quality of aquatic ecosystems and at basing the utilisation of water resources on the principle of
sustainability.

Each of the four project phases is organised in several work packages. Their structure in
interdependence in the project in depicted in the following figure.
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Figure 1: Structure of the work packages and their interaction

1.2. The workshop

Given the structure of the project described above, the workshop plays a major role for the
definition of the subsequent work packages. The workshop brings together the efforts in WP 1
(Determining the range of existing circumstances) and WP 4 (Development of a methodology)
and facilitates the passage into the subsequent work packages (WP 3, WP 5 and WP 7) of the
project.

The workshop on the range of existing circumstances mainly serves the following purposes:

•  Presentation on and discussion of the range of existing circumstances

•  Constructing a typology for water deficient regions

•  Highlighting the range of policy alternatives in general

•  Outlining water management strategies for the regions presented

As a result, the workshop was organised in four sessions. In session one, the range of existing
circumstances in the candidate regions of the six countries was presented. A typology of common
circumstances in the water deficient regions was constructed in session two. The entire range of
policy alternatives in IWRM was presented in session three. Finally, an exercise was thought up in
order to outline water management strategies for water deficient regions (session four).
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Agenda
9.30-9.40 Opening Session
Welcoming Partners and Workshop objectives (D. Assimacopoulos)

9.40-12.00 Session 1 - The Range of Existing Circumstances in Water Deficient
Regions

•  Greece (I. Katsiardi)

•  Italy (A. Peruffo)

•  Israel (E. Feinerman)

•  Spain (C. Marin)
11.00-11.20 Coffee Break

•  Cyprus (I. Glekas, I. Iacovides)

•  Portugal (R. Maia)

•  
12.00-13.00 Session 2 - Exercise 1: Constructing a Typology of Water Deficient

Regions

(All participants. Moderator: D. Assimacopoulos)

13.00-15.20 Lunch Break

15.20-17.00 Session 3 – Towards Integrated Water Resources Management: The
Range of Policy Alternatives (Moderator: E. Todini)

•  Demand Reduction and Supply Augmentation Options (E. Todini)

•  Competing water uses and economic instruments (B. Barraqué)

•  Environmental economic instruments (E. Interwies)

•  Social Capacity Building and Institutional Options (E. Vlachos)
17.00-17.30 Coffee Break

17.30-19.0 Exercise 2: Outlining Water Management Strategies for Water Deficient
Regions (Moderator: C. Karavitis)

19.00 End of Workshop
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Executive summary
Session 1: The range of existing circumstances in water deficient regions

The presentations of the case studies by the partners in session one were organised in three parts:
The first part of the presentation describes the key issues of water management in the country.
Part two introduces the identified water deficient regions while part three discusses the range of
circumstances in the identified regions in more detail; water related problems, instruments and
responses were described thoroughly. This part of the presentation is aimed at describing the full
range of existing circumstances and thereby first supporting the discussion of functionality of the
tool and secondly at initiating the discussion for WP 8 (Generation of coherent water
management scenarios).

In total, thirteen water deficient regions in six countries (Greece, Italy, Israel, Spain, Portugal and
Cyprus) have been presented. The key issues in water management, represented by matrices for
each region, are summarised on the next page.

It has been agreed that Israel, although initially considered as one region should be studied on the
basis of two regions within the country. The reason for this is that the range of existing
circumstances in the country is too wide to be used for the purpose of the case studies.

Details of the water deficient regions are provided in the  presentations held during the workshop
(appendix) as well as in the report on the range of existing circumstances (Deliverable No. 1).

Session 2: Exercise 1: Constructing a typology of water deficient regions

Based on the individual partner presentations in the previous session, an attempt was made to
characterise common issues in the regions. A consistent typology of the thirteen regions has been
constructed using the Indicators Matrix given below. The objectives of this exercise were to find
common characteristics and gaps in the identified regions and to develop a coherent typology for
the regions.

Although the thirteen water deficient regions vary with regard to size, topography, water quality
problems and water management, several shared features have been identified.

The most obvious feature in the regions is the aridity index (i.e. the ratio of precipitation to
potential evapotranspiration) which is lower than 0.7 in all regions (sub-humid) and around 0.3
on average (arid to semi-arid).

The discussion yielded, however, that this index cannot be seen as a pressure on water resources
per se because aridity itself does not describe a demand for water. There might be situations where
the aridity index is very low but the water demand and hence the pressure on the water resource
does not exist.

With the Attica region being the only exception, the water demand is stable or increasing in all
regions and dominated by conflicting consumers such as tourism and agriculture. Furthermore,
the demand pattern is characterised by high seasonal fluctuations. Agriculture is the dominant
water user in the specified regions (with the exception of the Cyclades).
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Cost recovery is poor in most of the regions where adequate data is available. Price elasticity
appears to be very small for all users.

The priorities for development in eleven of the thirteen regions are given to agriculture and
tourism respectively.

The need to use more indicators to describe the typologies for the regions was discussed. A
paradigm should involve demand management, developmental, environmental, economical as
well as institutional and social components as stipulated by the EU Water Framework Directive.

Session 3: Towards Integrated Water Resources Management (IWRM): The range of
policy alternatives

The objective of session 3 was to present the entire range of possible water management
interventions in arid or semi-arid regions. These include demand reduction and supply
augmentation measures as well as economic instruments to control the use of water for different
users and institutional and social capacity building options.

Supply augmentation and demand reduction options can be classified into measures to increase
the efficiency of existing use of water and the use of non-used resources (rain water harvesting,
waste water reuse etc).

The highest potential for demand reduction is the efficiency increase for existing structures;
losses in the distribution system (related to the water supplied) may amount to 40 per cent in
some regions (e.g. Ribeira do Algarve in Portugal) so that a lot of water could be saved by
introducing efficient leakage detection and control measures.

The efficiency of agricultural water use (being defined as the ratio that actually reaches the plant)
is generally about 60 per cent in and can sharply be increased by a change to pressure systems
instead of gravity systems and by simple measures such as lining of canals etc.

Economic instruments towards a sustainable use of water include economic incentives and cost
recovery (taking into account economic, social and environmental impacts).

Horizontal and vertical integration, in particular for transboundary water management, was
emphasised.

Session 4: Exercise 2: Outlining Water management strategies for water deficient regions

The objective of this session was to predefine the strategies applicable to the regions for the
emerging paradigms. The emerging strategies will be used in the development of the decision
support tool (WP 5) as well as in the formulation of general strategies, guidelines and protocols
of WP 8. In particular, the strategies are relevant to the review of existing water management
plans in WP 8.1.

Based on the numerous water management options presented in the previous session (including
demand reduction and supply enhancement, economical and environmental as well as
institutional options), a strategy has been compiled for the Cyclades in Greece. Any set of actions
in the matrix can be viewed as a strategy.
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Table 1: Strategy options and actions matrix -Cyclades

Demand
management

Supply
Augmentation

Environmental
options

Economic
options

Socio-
economic
options

Actions Land use
changes

Compulsory
private well
metering

GW system
improvement

Rain harvesting
GW recharge

..

…

…

…

Confidence

Regulations
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Appendix: Individual presentations

Welcoming Session

1 Welcoming Partners and Workshop objectives (D. Assimacopoulos)

Session 1 - The range of existing circumstances in water deficient regions

2 Greece (I. Katsiardi)
3 Italy (A. Peruffo)
4 Israel (E. Feinerman)
5 Spain (C. Marin)
6 Cyprus (I. Glekas, I. Iacovides)
7 Portugal (R. Maia)

Session 2 - Exercise 1

8 Constructing a Typology of Water Deficient Regions (All participants. Moderator: D.
Assimacopoulos)

Session 3: Towards Integrated Water Resources Management: The Range of
Policy Alternatives

9 Demand Reduction and Supply Augmentation Options (E. Todini)
10 Competing water uses and economic instruments (B. Barraqué)
11 Environmental economic instruments (E. Interwies)
12 Social Capacity Building and Institutional Options (E. Vlachos)

Session 4: Exercise 2

13 Exercise 2: Outlining Water Management Strategies for Water Deficient Regions (all
participants (Moderator: C. Karavitis)
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Welcome to the workshopWelcome to the workshop

WaterStrategyManWaterStrategyMan ProjectProject

D. AssimacopoulosD. Assimacopoulos
NTUA, July 2002NTUA, July 2002

22

Developing StrategiesDeveloping Strategies
for Regulating and Managingfor Regulating and Managing

Water Resources and DemandWater Resources and Demand
in Water Deficient Regionsin Water Deficient Regions

Acronym:Acronym:
WaterStrategyManWaterStrategyMan

WSMWSM

Key conceptsKey concepts
StrategiesStrategies
RegulationRegulation
Water deficient Water deficient 
regionsregions
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33

WSM ObjectivesWSM Objectives

To explore alternatives for:To explore alternatives for:
Regulating and managing water resources in water Regulating and managing water resources in water 
deficient regionsdeficient regions

Select representative water deficient regions and Select representative water deficient regions and 
provide concrete examples of implementation provide concrete examples of implementation 
/evaluation steps/evaluation steps
Develop and evaluate strategies for an IWRMDevelop and evaluate strategies for an IWRM
Develop methodology, tools, guidelines and Develop methodology, tools, guidelines and 
protocols of implementation for decision makersprotocols of implementation for decision makers

44

Interfaces of water deficit

Drought

Desertification

Aridity (and Deserts)

Water Shortages

Ma
n 

–m
ad

e
Na

tur
al

Pr
oc

es
s 

(e
nv

iro
nm

en
ta

l t
ra

ns
fo

rm
at

io
n) Permanent DeficienciesTemporary Water Imbalances

Water availability

Xerasia
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55

Workshop objectivesWorkshop objectives

Present and discuss:Present and discuss:
Results on the water deficient regionsResults on the water deficient regions
Requirements for the definition of a consistent Requirements for the definition of a consistent 
typology of water circumstancestypology of water circumstances
The water resources context and conditions vs. The water resources context and conditions vs. 
responses and instrumentsresponses and instruments

Evaluate:Evaluate:
The water related problems, in relevance to the needs The water related problems, in relevance to the needs 
of the regions involved in the participating countriesof the regions involved in the participating countries

66

The Arid ClusterThe Arid Cluster

The Workshop serves a dual purpose:The Workshop serves a dual purpose:
It is a major step in the progress of the WSM projectIt is a major step in the progress of the WSM project
It also serves as the kickIt also serves as the kick--off of the ARID clusteroff of the ARID cluster

The primary aim of the cluster is to:The primary aim of the cluster is to:
Enhance the complementarities and synergy between Enhance the complementarities and synergy between 
the:the:

MedisMedis
AquaDaptAquaDapt, and, and
WaterStrategyManWaterStrategyMan projectsprojects

Help in the coHelp in the co--ordination and dissemination of the ordination and dissemination of the 
research resultsresearch results
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ProgrammeProgramme
Opening Session: Opening Session: Welcome and Welcome and 

Workshop objectivesWorkshop objectives
SESSION 1: SESSION 1: The range of existing The range of existing 

circumstances in water deficient circumstances in water deficient 
regionsregions
9.409.40--10.0010.00 GreeceGreece
10.0010.00--10.2010.20 ItalyItaly
10.2010.20--10.4010.40 IsraelIsrael
10.4010.40--11.0011.00 SpainSpain

11.0011.00--11.2011.20 Coffee BreakCoffee Break

11.2011.20--11.4011.40 CyprusCyprus
11.4011.40--12.0012.00 PortugalPortugal

SESSION 2: SESSION 2: Exercise 1: Constructing Exercise 1: Constructing 
a Typology of water deficient a Typology of water deficient 
regionsregions

Lunch BreakLunch Break

SESSION 3: SESSION 3: Towards Integrated Water Towards Integrated Water 
Resources Management: The range of Resources Management: The range of 
Policy AlternativesPolicy Alternatives
15.2015.20--15.4015.40 Demand Reduction and Demand Reduction and 
Supply Augmentation OptionsSupply Augmentation Options
15.4015.40--16.0016.00 Competing water uses Competing water uses 
and economic instrumentsand economic instruments
16.0016.00--16.2016.20 Environmental economic Environmental economic 
instrumentsinstruments
16.2016.20--16.4016.40 Social Capacity Building Social Capacity Building 
and Institutional Optionsand Institutional Options
16.4016.40--17.0017.00 DiscussionDiscussion

17.0017.00--17.3017.30 Coffee BreakCoffee Break

SESSION 4: SESSION 4: Exercise 2: Outlining Water Exercise 2: Outlining Water 
management strategies for water management strategies for water 
deficient regionsdeficient regions
17.3017.30--18.0018.00 All participantsAll participants
18.0018.00--19.0019.00 DiscussionDiscussion

19.0019.00 End of WorkshopEnd of Workshop

Introducing UsIntroducing Us
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99

The ConsortiumThe Consortium
NTUA

Chem. Eng. Dept., Greece
Prof. D. Assimacopoulos

Ruhr- University,
Institute for Hydrology and

Water Management, Germany
Prof. A. Schumann

ProGeA S.r.l., Italy Prof. E. Todini

Office Internationale
de l’ Eau, France

Dr. J.M. Berland

1010

The ConsortiumThe Consortium
The Hebrew University

of Jerusalem, Israel
Prof. E. Feinerman

Water Development
Dept., Cyprus

I. Iacovides

INSULA, Spain C. Marin

AEOLIKI, Cyprus Dr. I. Glekas

Porto University,
Portugal

Prof. R. Maia
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Introducing Introducing SyrosSyros

1212

CycladesCyclades

ANAFI

THIRA

FOLEGANDROS
SIKINOS

SIFNOS

KIMOLOS

MILOS
IOS

AMORGOS

DONOUSA

NAXOS
PAROS

SERIFOS

KYTHNOS

KEA SIROS MYCONOS

TINOS

ANDROS
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1313

PrehistoryPrehistory

The name “The name “KerosKeros --
SyrosSyros” appears ” appears 
around 2700 BC to around 2700 BC to 
2300 BC2300 BC

PhoeniciansPhoenicians
CretansCretans
Ionians Ionians 

1414

The different cultures: 2500 BCThe different cultures: 2500 BC
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1515

The different cultures: 1500 BCThe different cultures: 1500 BC

1616

The different cultures: 400 BCThe different cultures: 400 BC
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The new eraThe new era

The 4th CrusadeThe 4th Crusade
From 1204 until 1566 the From 1204 until 1566 the 
island island SyrosSyros, like all the , like all the 
CycladesCyclades, was taken by the , was taken by the 
Venetians, who spread Venetians, who spread 
Roman CatholicismRoman Catholicism
The medieval city of The medieval city of AnoAno
(Upper) (Upper) SyrosSyros was built in was built in 
the 13the 13thth centurycentury

The Ottoman yearsThe Ottoman years
The island was taken by The island was taken by 
the Turks in 1537the Turks in 1537
It continues flourishing It continues flourishing 
because it retained because it retained 
numerous privileges thanks numerous privileges thanks 
to the influence of its to the influence of its 
Catholic inhabitants and Catholic inhabitants and 
also because the also because the 
"Capitulation" agreed "Capitulation" agreed 
between Francoise and the between Francoise and the 
SultanSultan

1818

The 19th centuryThe 19th century

Crossroad: Athens, Crossroad: Athens, 
Istanbul, Alexandria and Istanbul, Alexandria and 
the other ports of the the other ports of the 
LevantLevant

In 1821, thousands of In 1821, thousands of 
Greeks, who were driven Greeks, who were driven 
out of out of ChiosChios and other and other 
Aegean islands by the Aegean islands by the 
Turks, found refuge on Turks, found refuge on 
the then uninhabited the then uninhabited 
shores of shores of SyraSyra BayBay
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The 19th centuryThe 19th century

The city in 1820 it numbered The city in 1820 it numbered 
5.000 inhabitants5.000 inhabitants
The new city placed under the The new city placed under the 
patronage of Hermes, the god patronage of Hermes, the god 
of commerce, it was called of commerce, it was called 
HermoupolisHermoupolis
1828: it numbered 15.000 1828: it numbered 15.000 
inhabitantsinhabitants

1830: Third city in Greece1830: Third city in Greece
At one time there was even a At one time there was even a 
possibility of it becoming the possibility of it becoming the 
capital of the newly capital of the newly 
established Greek kingdomestablished Greek kingdom

2020

The 19th centuryThe 19th century

1844: The National Bank 1844: The National Bank 
of Greece opens its own of Greece opens its own 
first branch in first branch in 
HermoupolisHermoupolis
1840: Sail1840: Sail--ship is ship is 
outdated by steamoutdated by steam--shipsships
1855: The “Greek Steam1855: The “Greek Steam--
ship Company” is created ship Company” is created 
by the National Bank of by the National Bank of 
Greece and 200 Greece and 200 
shareholders in shareholders in SyrosSyros
A shipyard starts A shipyard starts 
operatingoperating
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2121

The late 19The late 19thth centurycentury

2222

The 20th centuryThe 20th century

After the war: Local After the war: Local 
population does not population does not 
immigrateimmigrate

New standards of living New standards of living 
create new water create new water 
demandsdemands

1965: The first 1965: The first 
desalination unit desalination unit 
(evaporation process) is (evaporation process) is 
built in the shipyardbuilt in the shipyard
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2323

Have a pleasant time in Have a pleasant time in SyrosSyros
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WP1 Report on WP1 Report on 
Circumstances Circumstances -- GreeceGreece

Ino KatsiardiIno Katsiardi
Chemical Engineering Department,Chemical Engineering Department,

National Technical University of Athens, National Technical University of Athens, 
GreeceGreece

Overview of the Overview of the 
countrycountry
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Overview of GreeceOverview of Greece
Total Area of GreeceTotal Area of Greece::
132132..160 km160 km22

Total population of Greece Total population of Greece 
(2001): 10,939,605 (2001): 10,939,605 
Recorded tourist arrivals Recorded tourist arrivals 
(1998): 11,363,822 (1998): 11,363,822 
Greece has one of the Greece has one of the 
greatest water resources greatest water resources 
potential per capita in the potential per capita in the 
Mediterranean area Mediterranean area 
However, water shortage However, water shortage 
problems are frequent in problems are frequent in 
parts of the countryparts of the country
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Physical CharacteristicsPhysical Characteristics
ClimateClimate

Mediterranean Mediterranean 
Precipitation varies from Precipitation varies from 
200mm to 2150mm 200mm to 2150mm 

GeomorphologyGeomorphology
Mostly mountainous Mostly mountainous 
Extended coastline Extended coastline 

GeologyGeology
Mainly limestone and Mainly limestone and 
sedimentary rockssedimentary rocks

Ground WaterGround Water
Many aquifers Many aquifers 
Estimated amount 10,300 Estimated amount 10,300 
hmhm33/year. /year. 

Surface WaterSurface Water
765 recorded streams, of which 765 recorded streams, of which 
45 perennial45 perennial
Four transboundary riversFour transboundary rivers
60 lakes, 3 transboundary 60 lakes, 3 transboundary 

Surface Water storage Surface Water storage 
featuresfeatures

Dams, reservoirsDams, reservoirs
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Issues in Water ManagementIssues in Water Management
Seasonality of demandSeasonality of demand

Tourism, peaks in the summerTourism, peaks in the summer
Agriculture, peak demand in the dry seasonAgriculture, peak demand in the dry season

Main user: agriculture, highly dependent on irrigationMain user: agriculture, highly dependent on irrigation
Uneven distribution of resourcesUneven distribution of resources
Uneven distribution of populationUneven distribution of population
Overexploitation and salinisation of underground aquifersOverexploitation and salinisation of underground aquifers
Dependence on transboundary waters flowing from non EU Dependence on transboundary waters flowing from non EU 
regions regions -- About 14 kmAbout 14 km33/y (30% of total average annual water /y (30% of total average annual water 
resources) originates outside the countryresources) originates outside the country
Increasing frequency of droughts and torrential rains in recent Increasing frequency of droughts and torrential rains in recent 
yearsyears

PrecipitationPrecipitation
Precipitation is high in the Precipitation is high in the 
northwestern part of the northwestern part of the 
country, and low in the country, and low in the 
islands and eastern part of islands and eastern part of 
the countrythe country

200100

km

0

Precipitation (mm/yr)
1,500 to 1,900
1,200 to 1,500

900 to 1,200
600 to 900
300 to 600
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Potential evapotranspirationPotential evapotranspiration

Potential Potential 
evapotranspiration is evapotranspiration is 
very high, particularly in very high, particularly in 
regions with low regions with low 
precipitationprecipitation

200100

km

0

Potential Evapotranspiration (mm)
1,400 to 1,500
1,300 to 1,400
1,200 to 1,300
1,100 to 1,200
1,000 to 1,100

900 to 1,000
800 to 900

Uneven distribution: Total Uneven distribution: Total 
ResourcesResources

The richest departments:The richest departments:
West Sterea ElladaWest Sterea Ellada
EpirosEpiros
West and Central West and Central 
MacedoniaMacedonia
ThraceThrace

The most deficient The most deficient 
regions:regions:

Southern Aegean IslandsSouthern Aegean Islands
AtticaAttica
East PeloponnesusEast Peloponnesus

200100

km

0

Total Resources
(hm3/yr)

8,000 to 12,000
6,000 to 8,000
4,000 to 6,000
2,000 to 4,000

0 to 2,000
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The Human FactorThe Human Factor
Consumption index:Consumption index:
Water consumed / Total Water consumed / Total 
Water ResourcesWater Resources
Attica has the higher Attica has the higher 
consumption index due consumption index due 
to the large domestic to the large domestic 
needsneeds
Aegean Islands face Aegean Islands face 
seasonal water shortage seasonal water shortage 
problems problems 

200100

km

0

Consumption Index (%)
25 to 90
11 to 25

9 to 11
3 to 9
0 to 3

Water quality and PollutionWater quality and Pollution
Influx of pollutants through Influx of pollutants through 
transboundary riverstransboundary rivers
Domestic effluents and Domestic effluents and 
agrochemicals are major agrochemicals are major 
sources of surface and sources of surface and 
groundwater pollution groundwater pollution 
Coastal waters are of good Coastal waters are of good 
quality, except where quality, except where 
effluents from the larger effluents from the larger 
cities are discharged cities are discharged 
Runoff during floodingRunoff during flooding
No effluent charging systemsNo effluent charging systems

Shortage

Salinization
Surface water pollution

Shortage

Salinization
Surface water pollution
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Regulating water useRegulating water use
Focus on nonFocus on non--sustainable developmental policies rather than on sustainable developmental policies rather than on 
water resource managementwater resource management
Lack of interLack of inter--ministerial coordination and overlaps in areas of ministerial coordination and overlaps in areas of 
authorityauthority
Fragmentation and scattering of responsibility leads to overlapsFragmentation and scattering of responsibility leads to overlaps
and difficulty in coordinationand difficulty in coordination

Ministry of
Development

Ministry of the
Interior

Ministry of
Environment

Ministry of
Agriculture

Allocation of Water to
Uses

Municipal Water Utilities Land Reclamation
Organisations

Water Utilities of Athens
and Thessaloniki

Water Management and Water Management and 
AdministrationAdministration

Ministry of DevelopmentMinistry of Development
Allocates water to uses, and is Allocates water to uses, and is 
responsible for the use of water in responsible for the use of water in 
industry and energy productionindustry and energy production

Ministry of AgricultureMinistry of Agriculture
Responsible for agricultural useResponsible for agricultural use

Ministry of the InteriorMinistry of the Interior
Responsible for domestic use, Responsible for domestic use, 
except in the cases of the cities of except in the cases of the cities of 
Athens and ThessalonikiAthens and Thessaloniki

Ministry of the EnvironmentMinistry of the Environment
Responsible for the protection and Responsible for the protection and 
conservation of water resources, as conservation of water resources, as 
well as domestic use of water in well as domestic use of water in 
Athens and ThessalonikiAthens and Thessaloniki

Foreign MinistryForeign Ministry
International water issuesInternational water issues

Ministry of WelfareMinistry of Welfare
Ministry of TransportationMinistry of Transportation

Use of water in navigationUse of water in navigation
Ministry of CultureMinistry of Culture

Use of water in sportsUse of water in sports
National Tourist OrganisationNational Tourist Organisation

Use of water in tourism and Use of water in tourism and 
recreationrecreation

Regional AuthoritiesRegional Authorities
Approval for Water Utilities and Approval for Water Utilities and 
issuesissues

Prefecture authoritiesPrefecture authorities
Water use license issuingWater use license issuing

Local AuthoritiesLocal Authorities
Provision of water services and Provision of water services and 
creation of Water utilitiescreation of Water utilities
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Regional level of administration Regional level of administration 

Mostly overlapping with Mostly overlapping with 
the hydrological the hydrological 
departmentsdepartments

Selection of Candidate Selection of Candidate 
RegionsRegions
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Aridity Index by RegionAridity Index by Region

The most arid Regions:The most arid Regions:
Attica Attica 
ThessalyThessaly
The Aegean islands and The Aegean islands and 
the southern part of the southern part of 
CreteCrete

 

200100

km

0

Classification of Hydrologic Basins
Aridity Index AI = P/PET

AI>=0.65
Dry subhumid areas (0.5 <= AI < 0.65)
Semi - ar id (0.2 <=  AI < 0.5)

Selected Candidate RegionsSelected Candidate Regions

AtticaAttica
ThessalyThessaly
The Cyclades IslandsThe Cyclades Islands Thessaly

Attica
Cyclades

ThessalyThessaly

AtticaAttica
Cyclades
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Reasons for the SelectionReasons for the Selection

AtticaAttica
water deficit is permanent, caused by increased domestic water deficit is permanent, caused by increased domestic 
demanddemand

Thessaly Thessaly 
water deficit is seasonal, caused by demand for irrigation water deficit is seasonal, caused by demand for irrigation 

Cyclades islandsCyclades islands
water deficit is seasonal, caused by an influx of tourist water deficit is seasonal, caused by an influx of tourist 
population population 
severe conflicts with use for irrigation severe conflicts with use for irrigation 

Range of Circumstances Range of Circumstances --
Region CharacteristicsRegion Characteristics
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Natural conditions and infrastructure INatural conditions and infrastructure I

Regional ContextRegional Context
Climate typeClimate type

Attica Attica –– MediterraneanMediterranean
Thessaly Thessaly –– Mediterranean Mediterranean 
continentalcontinental
Cyclades Cyclades –– Mediterranean  Mediterranean  
temperatetemperate

Aridity IndexAridity Index
Attica and Cyclades Attica and Cyclades –– about 0.3, about 0.3, 
semiaridsemiarid
Thessaly Thessaly 

Semiarid Semiarid 
Subhumid Subhumid 

Permanent populationPermanent population
3,761,810 Attica3,761,810 Attica
753,848 Thessaly753,848 Thessaly
112,615 Cyclades112,615 Cyclades

Water availabilityWater availability
Total Water Resources /Availability Total Water Resources /Availability 
(hm(hm33))

449 Attica 449 Attica 
3,094 Thessaly3,094 Thessaly
212 Cyclades212 Cyclades

TransTrans--boundary water (hmboundary water (hm33))
Attica 388Attica 388
Thessaly Thessaly –– will be 600will be 600
Cyclades Cyclades --VariableVariable

Water quality Water quality 
Surface water Surface water 

None in Attica and CycladesNone in Attica and Cyclades
Good in ThessalyGood in Thessaly

Ground waterGround water
Average to poorAverage to poor

Coastal waterCoastal water
Poor to GoodPoor to Good

Water SupplyWater Supply
Supply coming from:Supply coming from:

Attica Attica –– mainly imported (83%) mainly imported (83%) 
Thessaly Thessaly –– mainly surface water (68%)mainly surface water (68%)
Cyclades Cyclades –– Variable; overall, mainly surface resources (77%)Variable; overall, mainly surface resources (77%)

Network coverageNetwork coverage
Attica Attica –– 100% water supply, no data on irrigation and sewerage100% water supply, no data on irrigation and sewerage
Thessaly Thessaly –– No dataNo data
Cyclades Cyclades –– No dataNo data

Natural conditions and infrastructure IINatural conditions and infrastructure II
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Economic and Economic and 
Social issues Social issues -- II

Water useWater use
Water consumption by category:Water consumption by category:

Attica Attica –– Domestic usage (71%)Domestic usage (71%)
Thessaly Thessaly –– Irrigation (96%)Irrigation (96%)
Cyclades Cyclades –– Irrigation (77%) conflicts with tourist and domestic use (23%)Irrigation (77%) conflicts with tourist and domestic use (23%)

Resources to population index Resources to population index 
Attica Attica –– 222222
Thessaly Thessaly –– 49024902
Cyclades Cyclades -- 18831883

Water demandWater demand
Water Demand trendsWater Demand trends

Decreasing in Attica, Stable in Thessaly, Increasing in the CyclDecreasing in Attica, Stable in Thessaly, Increasing in the Cycladesades
Consumption index and Exploitation indexConsumption index and Exploitation index

Attica Attica –– 69% and 49%69% and 49%
Thessaly Thessaly –– 38% and 31%38% and 31%
Cyclades Cyclades –– 50% and 15%50% and 15%

Economic and Economic and 
Social issues Social issues -- IIII

Pricing systemPricing system
Average household incomeAverage household income

€20,639 (Attica), €10,582 (Thessaly), €13,730 (Cyclades) €20,639 (Attica), €10,582 (Thessaly), €13,730 (Cyclades) 
Average household budget for domestic waterAverage household budget for domestic water

0.6% (Attica), 1.4% (Thessaly), 1.7% (Cyclades)0.6% (Attica), 1.4% (Thessaly), 1.7% (Cyclades)
Average household budget for agricultural waterAverage household budget for agricultural water

No dataNo data
Cost recoveryCost recovery

Good in Attica, Poor in Thessaly and the CycladesGood in Attica, Poor in Thessaly and the Cyclades
Price elasticityPrice elasticity

Fair in Attica, Low in Fair in Attica, Low in Thessaly and the CycladesThessaly and the Cyclades
Social capacity buildingSocial capacity building

Public participation in decisionsPublic participation in decisions
PoorPoor

Public education on water conservation issuesPublic education on water conservation issues
Average to fairAverage to fair
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Decision MakingDecision Making
ProcessProcess

Water Resources ManagementWater Resources Management
Water ownershipWater ownership

State ownershipState ownership
Decision making level (municipal, regional, national) Decision making level (municipal, regional, national) 
regarding:regarding:

Water supply for each sector:Water supply for each sector:
National in Attica, Regional in Thessaly and Municipal in the CyNational in Attica, Regional in Thessaly and Municipal in the Cycladesclades

Water resources allocation for each sector is NationalWater resources allocation for each sector is National

Water PolicyWater Policy
Local economy basisLocal economy basis

Primary Sector in Thessaly, Tertiary sector in Attica and the CyPrimary Sector in Thessaly, Tertiary sector in Attica and the Cycladesclades
Development priorities Development priorities 

Infrastructure (Attica), Agriculture (Thessaly), Tourism (CycladInfrastructure (Attica), Agriculture (Thessaly), Tourism (Cyclades)es)

AtticaAttica

Greek capital districtGreek capital district
Area: 3,207 kmArea: 3,207 km22 (3,761,810 inhabitants) (3,761,810 inhabitants) 
The region produces 36% of the GNP, mostly on The region produces 36% of the GNP, mostly on 
tertiary sector activitiestertiary sector activities

Economic activities are commerce, industry, agriculture and Economic activities are commerce, industry, agriculture and 
tourism tourism 

Per capita product is €12,560 Per capita product is €12,560 
Mean declared income per inhabitant €6930 in 2000Mean declared income per inhabitant €6930 in 2000
10.4% unemployment rate 10.4% unemployment rate 
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AtticaAttica
Attica WRM is under the direct control of the Ministry of the Attica WRM is under the direct control of the Ministry of the 
Environment Environment 
Two main rivers, Illissos and Kifissos, but with little flow, hiTwo main rivers, Illissos and Kifissos, but with little flow, highly ghly 
polluted polluted 
Total water availability 449 hmTotal water availability 449 hm33 vs. total annual water demand of vs. total annual water demand of 
408 hm408 hm33

Significant water quantities imported from Sterea Ellas RegionsSignificant water quantities imported from Sterea Ellas Regions
Drought periods in the 1990’s introduced the need for Drought periods in the 1990’s introduced the need for 

Pricing control of demandPricing control of demand
Public awareness campaignsPublic awareness campaigns

Only part of Greece where demand management through pricing Only part of Greece where demand management through pricing 
control has been effective control has been effective –– EYDAP S.A.EYDAP S.A.

ThessalyThessaly
Area: 13,377 kmArea: 13,377 km22 (753,848 inhabitants) (753,848 inhabitants) 
The region produces 6.3% of the GNPThe region produces 6.3% of the GNP
Mean declared income per inhabitant €3550 in 2000Mean declared income per inhabitant €3550 in 2000
Per capita product is  €10,950 Per capita product is  €10,950 
12.2% unemployment rate 12.2% unemployment rate 
One main river, Pinios , and two major lakes, Lake Plastira and One main river, Pinios , and two major lakes, Lake Plastira and 
Lake Karla  Lake Karla  
Total water availability 3,094 hmTotal water availability 3,094 hm33 vs. total annual water vs. total annual water 
consumption of 1,171 hmconsumption of 1,171 hm33

Planned transfer of 600 hmPlanned transfer of 600 hm33 yearly from the Acheloos watershedyearly from the Acheloos watershed
Water shortage problems occur during the irrigation period, Water shortage problems occur during the irrigation period, 
while in the winter floods occur in large areas while in the winter floods occur in large areas 
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ThessalyThessaly
Mostly Agricultural areaMostly Agricultural area
Includes Larissa and Volos Includes Larissa and Volos –– Large urban centres with Large urban centres with 
significant Industrial unitssignificant Industrial units
Regional authorities encourage tourism development Regional authorities encourage tourism development 
Water supply is not regulated by a single authorityWater supply is not regulated by a single authority

The larger cities each have their own services providersThe larger cities each have their own services providers
There is a number of independent local services, mostly There is a number of independent local services, mostly 
through the municipalitiesthrough the municipalities

Pricing of water is a subject of political pressuresPricing of water is a subject of political pressures
Cost recovery is on average poor Cost recovery is on average poor 

Public discontent about current management frameworkPublic discontent about current management framework

CycladesCyclades
Area: 2,553  kmArea: 2,553  km22

24 inhabited islands (112,615  inhabitants) 24 inhabited islands (112,615  inhabitants) 
The region produces 1% of the GNPThe region produces 1% of the GNP
Per capita product €12,330 Per capita product €12,330 
12% unemployment rate 12% unemployment rate 
Mean declared income per inhabitant €4600 in 2000Mean declared income per inhabitant €4600 in 2000
No major (permanent) surface water resources  No major (permanent) surface water resources  
Total water availability 212  hmTotal water availability 212  hm33 vs. total annual water demand vs. total annual water demand 
30.95  hm30.95  hm33

Water shortage problems occur during the summer  period Water shortage problems occur during the summer  period –– in in 
some islands at peak season, the tourist population can be 30x some islands at peak season, the tourist population can be 30x 
the local populationthe local population
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CycladesCyclades
In some islands overexploitation of the underground In some islands overexploitation of the underground 
aquifers has led to salinisationaquifers has led to salinisation
Major water consumer is agriculture, while the major Major water consumer is agriculture, while the major 
economic activity is tourism economic activity is tourism -- conflictconflict
Desalination plants are used to cover water demand in Desalination plants are used to cover water demand in 
some islands and in others water is imported with some islands and in others water is imported with 
tankerstankers
Several small (local) water services suppliers, mostly Several small (local) water services suppliers, mostly 
municipalities or municipal water authoritiesmunicipalities or municipal water authorities
Pricing of water is subject to political pressures Pricing of water is subject to political pressures 

Attica Attica -- Discharge and water useDischarge and water use

Generated DischargeGenerated Discharge Water UsesWater Uses
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Thessaly Thessaly -- Discharge and water useDischarge and water use

 
Water uses in Thessaly

3.3%

95.8%

0.4%0.5%

Urban water use Agricultural water use Industrial water use Energy water use

Generated DischargeGenerated Discharge Water UsesWater Uses

Cyclades Cyclades -- Water useWater use

CycladesCyclades water use vs. the water use vs. the 
countrycountry

Water UsesWater Uses

Total water use

0.4%

Cyclades Islands

Total

Water uses in Cyclades Islands

7%

70%

23%

Domestic Use and Tourism Agriculture Animal Husbandry
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Report on Italy:

Range of Existing Circumstances and 
Region Analysis

WaterStrategyMan
EVK1-CT-2001-00098

Report on Italy - Part 1

Country Overview
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WATER DEMAND 
AND 

SUPPLY STATUS

Surface Water: Theoretical vs Potential vs Usable

Surface Water Resource Available in Italy in 1989 
(km3/year)
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Surface Water: main factors causing limitations

From Theoretical
to Potential

From Potential
to Usable

Irregularity of flows

Existing network 
of water 
infrastructures

Groundwater Resource

Abundant GWR, supplied 
by water courses 

Quite rich in GWR, due to 
several water springs on the 
Appennine

Northern Italy

Central Italy

Southern Italy
Usable aquifers are limited 
to the few coastal plain area 
and inland zones
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Groundwater Resource: main problems

•Over-exploitation of aquifers leads to
subsidence and salt intrusion

•Irregular distribution at the country level: 
about of 70 % of of 13 km³ annually available 
is located in the alluvial plains of the Northern 
regions

•Pollution due to fertilizers and pesticides used
in agriculture and to heavy metals, solvents, 
chlorides etc. coming from industrial processes

National Availability

Northern Italy

Southern Italy

Abundance of resources thanks to 
natural storing capabilities of 
lakes and glaciers. Usable 
resources are 50 % of the 
available ones

Reduced due to scarcity of 
precipitation and of usable 
resource, that is less than 20 %

Great importance have the 
artificial reservoirs
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Water Use Distribution

Annual use of fresh water in 1998: 41.981 (Mm3)

Civil 
Municipalities

19%

Industries
19%

Irrigation
48%

Energy
14%

Water Use Distribution: Sources

Thermo-electric plants: water for 
cooling operations is 23 Km3

75 % sea water

25 % fresh water

Civil use
Northern Italy: aquifers and springs

Southern Italy: reservoirs and 
desalination

Industries
Northern Italy: aquifers

Southern Italy: reservoirs and 
desalination

Agriculture Surface Water
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MANAGEMENT
AND

POLICY OPTIONS

Demand for Urban Uses: Critical Factors 

•Pollutant loads in aquifers

•Tourist presence

•Insufficient management of 
the distribution network

•Growth of population near 
industrial sites
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Demand for Urban Uses: Policy Options 

•To build new 
infrastructures

•To improve 
management of the 
water demand

•New water sources

•To import water

•Additional supply 
system for emergencies

•Use of new technology 
in treatment plants

•To reduce the water 
demand

•To control the 
distribution losses

Demand for Irrigation: Critical Factors 

•Water requirements not completely 
covered

•Droughts 
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Demand for Irrigation: Policy Options 

•To increase the 
available resource

•To improve 
management of the 
water demand

•Additional systems of 
uptake, distribution 
and derivation

•Priority is given to 
high quality and 
productive cultivation

•Change irrigation 
method from surface to 
sprinkler

•To decrease the 
amount of water 
allocated to industries

•Law 36/94 gives 
priority to agriculture

Industrial Demand: Critical Factors

•Re-allocation of water 
towards civil uses

•Over-exploitation of aquifers
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Industrial Demand: Policy Options 

•The conjunctive use of the supply 
and distribution system serving 
irrigation

•A more efficient allocation of 
available resources

Report on Italy - Part 2

Proposed regions
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The Proposed Regions 

•EMILIA-ROMAGNA

•SICILY

EMILIA-ROMAGNA
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Water Consumes in Emilia-Romagna in 2001 (hm3)
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Areas subjected  to saline 
intrusion in Emilia-
Romagna

AREA 2000 2001 TREND % 
(2001-2000) DIFF.

Adriatic Coast 39.475.00
0

40.690.000 +3,1% +1.125.000

Appennine 2.812.000 2.835.000 +0,8% +23.000

Cities 3.403.000 3.480.000 +2,3% +77.000

Watering places 1.994.000 2.025.000 +1,6% +31.000

Total 47.684.00
0

49.030.000 +2,8% +1.346.000



3-THE RANGE OF EXISTING CIRCUMSTANCES IN WATER DEFICIENT REGIONS: ITALY

WATERSTRATEGYMAN
WORKSHOP PROCEEDINGS

51

SICILY

  

  

  

    

c   u   m   u   l   a  t  
P  r   e   c  i   p   i  t  a   z  i   o   n   i       

e   
1   7   0       -       3   0  0      m   m   
3   0   0       -       4   0  0      m   m   
4   0   0       -       5   0  0      m   m   
5   0   0       -       6   0  0      m   m   
6   0   0       -       7   5  0      m   m     

Cumulated rainfall from August 2001 to April 2002

 

3 0  0   -  4 0 0   m  m  
4 0 0   -   5  0 0   m  m  
5 0  0   -   6  0 0   m  m  
6 0  0   -   7  0 0  m  m  
7 0 0   -   8  0 0   m  m  
8 0  0   -   9  0 0  m  m  
9 0 0   -   9  5 0   m  m  

P r e c i p i t a z i o n  i   
c u m  u l a t e 

Cumulated rainfall from August to April: 
average on the past 30 years (reference 
value) 
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Report on Israeli Water SystemReport on Israeli Water System::

General Description and DataGeneral Description and Data

- SUMMARYSUMMARY -

Prepared by:

Eli Feinerman – The Hebrew University of Jerusalem, and

Gadi Rosenthal – Kivun – Strategy & Economics Ltd.

June 2002

Geographic Location of IsraelGeographic Location of Israel
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Country ProfileCountry Profile

Rainfall is poorly distributed: varies from 700 mm
annually in the north to about 30 mm annually in
the south.

• Area: 22,145 square kms.

• Length: 429km.   Width: varies between 16 to150 km.

• Population: 6.4 million  (90% live in urban areas).

• GDF per capita: 17,500 dollars.

• Climate: a short, cool and rainy winter and a long,            

hot dry summer.
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(1) 0.5 – 0.65 (Dry sub – humid lands): Coastal Plain, the  
Northern Valley and the Galilee.

(2) 0.2 – 0.5 (Semi – arid) the Northern Negev,
Northern Jordan Valley, Kinarot and Hula Valleys. 

(3) 0.05 – 0.2 (Arid) Western Negev, Be’er Sheva Valley,
Southern Jordan Vallry.

(4) > 0.05 (Hyperarid) Southern Negev, Dead Sea Basin,
Arava Valley.

Approximately half of the area of Israel may be 
considered practically a dry desert.

Spatially Variable Aridity Index (AI)

Basic Existing Conditions Basic Existing Conditions 

of Israelof Israel’’s Waters Water EconomyEconomy
• General: – Very developed water economy                   

(technologically & economically)

– Severe crisis

• Main features of the crisis

– Freshwater deficit

– Shortage for agricultural uses

– Deterioration of fresh water quality

– Environmental crisis:

‹ Drying up of rivers and lake

‹ Contamination of rivers
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Factors Contributing to the CrisisFactors Contributing to the Crisis

• Over pumping of fresh sources
(more than natural recharge)

• Causing increasing salinity (from the sea and saline         
springs)

• Climatic changes: trend of decline of natural renewal of    
aquifers

• Hydro politics

• Population and economic growth:                                
growing households & industrial demand 

• Neighboring entities’ demand

Factors Contributing to the CrisisFactors Contributing to the Crisis

• Unsettled conflict about allocation scheme to agricultural 
sector, administrative vs. pricing

• Regulator’s weakness

• Inefficient governmental allocation schemes

• Slow transfer from fresh to recycled water for             
agricultural irrigation

• Lack of awareness and enforcement of environmental -
ecological concerns

• Over-bureaucracy of regulating systems      
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Water InstitutionsWater Institutions

• There is no private ownership of water in Israel. All water
is publicly owned and its utilization controlled by the         
Water Commission.

• Allocation is administrative: the Commission issues            
permits for production (extraction) to suppliers as well as   
allocations (quotas) for consumers.

• Trading in water quotas is forbidden.

Pricing PracticesPricing Practices

• Water prices are uniform throughout the country, varying 
only by sector and quality. Prices for agricultural use are 
lower than prices for industrial and urban use. Prices for 
brackish water are lower than prices for fresh water.

• Tiered pricing is levied on agricultural users.

Prices (US $ per m³)
Agricultural :    fresh         0.22        (average)    

recycled    0.12                 
Municipalities :                  0.35                   
Industrial uses :                0.30              
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Pricing PracticesPricing Practices

• Water prices for water delivered by the national company,
Mekorot, are determined by the government in a process    
open to political pressure (skillfully applied by the         
agricultural lobby).

• Private water suppliers set prices with little government      
interference. 

• Extraction Levy: new form of “scarcity prices” aimed at        
reflecting the “scarcity value” of water in the ground water   
aquifers.

• Prices charged by Mekorot on agricultural users are            
subsidized, with the government covering approximately     
20% of the cost of supplying the water.  

Israel: One Water RegionIsrael: One Water Region

In principle, Israel should only be examined as a single
geographic entity, for the following reasons:

• The National Water Carrier (NWC) connects all major     
sources of freshwater into a single network. In addition to 
this, there are some additional major pipelines               
connecting various regions.

• Recycled water. The Shafdan, a plant for the treatment   
of urban and industrial effluent of the greater Tel Aviv      
metropolitan area, is responsible for transferring recycled 
water to the southern region for agricultural use.   
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Israel: One Water RegionIsrael: One Water Region

• Pricing policy. Water prices by quality and sector
(agricultural, industrial, urban) are more or less uniform    
throughout the country.

• Water administration is highly centralized, with utilization   
controlled by the Water Commission. Some 60% of the    
water in Israel is supplied by the national water company, 
Mekorot, (wholly owned by the government), which is also 
the sole owner of the National Water Carrier and the 
Shafdan. 

LongLong--term Averageterm Average Fresh Water Fresh Water 
SourcesSources

Basin  Average Annual

_____________ Recharge (MCM)

• Coastal Aquifer                     300

• Mountain Aquifer                  360

• Sea of Galilee                       550

• Other basins                         280

• TOTAL                                 1490
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General Water Supply BalanceGeneral Water Supply Balance
(MCM/year)(MCM/year)¹¹

240717352251TOTAL

509 (21%)298  (17%)276 (12%)Recycled

500 (19%)5 (0.5%)—Desalination

1398 (60%)1432 (82.5%)1975  (88%)
Aquifers 
(including 
saline)

Future 
average

Year (2010)

Crisis year
(2002, estimate)

Normal year
(1998)

Water Demand by Sector (MCM/year)Water Demand by Sector (MCM/year)¹¹

2407 100%1735 100%2251 100%TOTAL

160 7%85 5%98 4%Jordan & PA

40 2%2 —4 —Environment

1165 48%837 48%1326 59%Agricultural

167 7%131 8%129 6%Industrial

875 36%680 39%694 31%Domestic

2010
(projected)

2002
(estimate)

1998
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The Salinity ProblemThe Salinity Problem

Local spots of brackish water in certain regions, which
together amount to about 160 mcm per year.

- Import of salts with irrigation water from Lake 
Kinneret to        the regions served by the National 
Water Carrier (NWC)

- Intrusion of seawater in some locations along the 
coastal plain.

- Irrigation with treated wastewater.

- Reduction of natural drainage and natural salt 
reaching the sea, due to the very intensive exploitation 
of Israel’s water sources.

Long run trend of increasing salinity over time in most         
natural water sources. This process results from a  few         
factors:

The New Strategy The New Strategy 

(Adopted in Principle)(Adopted in Principle)

• Intensive desalination

• Agricultural shift to recycled water

• Higher quality of treated effluents 

• Water allocation for agriculture: more by prices, less by      
quota   (Price Reform)

• Privatization (especially of new facilities), B-O-T

• Increased attention for environmental benefits  
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IsraelIsrael’’s Water Economy: Major Conflictss Water Economy: Major Conflicts

• Competition between the urban and the agricultural             
sectors on the limited resources of freshwater.

• Competition between farmers in the peripheral areas of       
Israel for recycled wastewater.

• Conflict between the agricultural and the urban sectors on   
the purification standards for disposal set for the cities by
the government. Who pays for quality up-grade?

• Privatization of water supplies is a potential source of       
conflict between the government-owned company, Mekorot, 
and private entrepreneurs. 

• Conflicts between Israel and the Palestinian Authority on     
the utilization of the Coastal and the Mountain ground       
water aquifers
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SPAIN
Range of circumstances and region analysis

Cipriano Marin

INSULA

Syros Workshop July, 2002

Climatic classification according with the UNESCO’s humidity index
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Urban water supply
4,700 hm3 /year / Coastal concentration of population 

Irrigation
24,000 hm3/year, that represents more than 80% of the total
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Distribution of the water deficit 

Distribution of consumptions

Environmental effects associated with water 
deficit and groundwater overexploitation 
 

HYDROLOGICAL EFFECTS 

ECOLOGICAL AND PUBLIC-USE 
REPERCUSSIONS 
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Subsidence processes      
Soil salinisation      
Eutrophication of masses of water      
Alteration of coastal ecosystems      
Degradation of wetlands (e.g. Daimiel – 
Doñana) 

     

Degradation of riverine ecosystems      
Loss of biodiversity - water species of animal 
and plants 

     

Alteration of riparian communities      
Degradation of agricultural traditional 
landscapes 

     

Health-Sanitary risks linked to public river-
beds 

     

Loss of recreational resources linked to water      
Loss of landscapes      
 

Critical effects  
Serious effects  

Moderate effects  
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Groundwater over-exploitation

Ratio pumping/reloading                            Ratio pumping/total pumping in Spain

Water Administrations
The Hydrologic basins on Spain  

Autonomus Regions
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Institucional framework
 
Responsibilities Agency/Authority 
 
Planning 
Regulations 

 
Ministry of Environment 
Water National Council (Consultative) 
Basin Administrations (Conferederaciones 
Hidrográficas)  
Autonomous Regions (A.R.) 
 

 
Administration and control of the hydraulic 
public dominion. 

 
Basin Administrations (Confederaciones 
Hidrográficas) 
Autonomous Regions (internal river basins) 

 
Domestic  and urban 

 
Ministry of Environment 
Ministry of Industry 
Ministry of Health and Consumption. 
Basin Administrations 
Civil Works Administration (A.R) 
Health Administrat ion (A.R.) 
Industry Administration (A.R.) 
Environment Administration (A.R.) 
Diputaciones Provinciales. 
Minicipalities as final administration in charge 

 
Irrigation 

 
Ministry of Agriculture 
Ministry of Environment 
Autonomous Regions 
Comunidades de Regantes 

 
Infrastructures 

 
Ministry of Environment 
Basin Administrations (Confederaciones 
Hidrográficas) 
State Water Society 
Autonomous Regions 

 
Purificatin and Re-use 

 
Ministry of Environment 
Ministry of Development 
Ministry of Health and Consumption. 
Basin Administrations 
Civil Works Administration (A.R) 
Health Administrat ion (A.R.) 
Environment Administration (A.R.) 
Diputaciones Provinciales. 
Minicipalities as final administration in charge 

 
Hydroelectric uses 

 
Ministry of Environment 
Ministry of Industry and Energy 
Basin Administrations 
Autonomous Regions 
 

 
 

National Hydrological Plan

strategic options 

· Programmed reduction of demand.

· Large-scale desalination.

· Inter-river basin transfers
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Selection of Representative Regions
24,000 hm3/year, that represents more than 80% of the total

Canary Islands
Evolution of water production (year 2000 perspective)
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Canary Islands
Evolution of water demand (perspective – year 2000)

Doñana
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DEVELOPING STRATEGIES FOR REGULATING 
AND MANAGING WATER RESOURCES AND 
DEMAND IN WATER DEFICIENT REGIONS

WaterStrategyManWaterStrategyManWaterStrategyMan
WORKSHOPWORKSHOP

HermoupolisHermoupolis, , SyrosSyros IslandIsland
8 July 20028 July 2002

CYPRUS:   SELECTED     PARADIGM      AREAS

WaterStrategyManWaterStrategyManWaterStrategyMan

Akrotiri area Germasogeia area

Kokkinokhoria area

Cyprus: The aquifers and location of 
selected representative regions
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WaterStrategyManWaterStrategyManWaterStrategyMan
THE AKROTIRI AQUIFER AREA

Most dynamic aquifer before Kouris dam 
(115 MCM) construction

Past Recharge= 32 and Extraction= 10–15 MCM

Present Recharge = 6 – 8 and Extraction = 10 

Problems: Levels below mean sea level (1-3 
meters) -Sea intrusion – effect on Salt Lake 
and marsh land –built up of nitrates – role 
for domestic supply reduced

WaterStrategyManWaterStrategyManWaterStrategyMan

•Excellent information for more than 30 yrs 
(hydrological/social/economic/GIS etc.)

•Complicated water resources management 
system (grw/sfc water/

•Serious management problems (social/ 
environmental/quantity/quality/economic)

•Permanent water shortage problem ….

WHY AKRO  IS SELECTED (1)
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WaterStrategyManWaterStrategyManWaterStrategyMan
•Communities and a major city within

•Sources from 3 Dams & local  groundwater

•Reuse of tertiary treated effluent
•Artificial groundwater recharge

•All water used metered
•Planned desalination plant by 2004

•Unique  for Integrated Management Plan

WHY AKRO IS SELECTED (2)

WaterStrategyManWaterStrategyManWaterStrategyMan
AKRO aquifer

Water Levels (m amsl - March 2001
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WaterStrategyManWaterStrategyManWaterStrategyMan
AKRO Aquifer

Isochloride (ppm - April 2001)

WaterStrategyManWaterStrategyManWaterStrategyMan
AKRO Area Matrix (1/6)

156000Permanent Popul. 

Semi-arid 
(0.330)

Aridity Index

Csa-Med/neanClimate TypeRegional
Context

Trans-
boundary

30 Mm3Total Water
availability
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WaterStrategyManWaterStrategyManWaterStrategyMan
AKRO Area Matrix (2/6)

GoodQuality of coastal water

Fair - PoorQuality of gwt

Very GoodQuality of sfc waterWater
quality

-Importing
5%Recycling
62%Surface-water

33%GroundwaterWater 
Supply
% from

WaterStrategyManWaterStrategyManWaterStrategyMan
AKRO Area Matrix (3/6)

Apx. 75%Sewerage
>85%Irrigation
100%DomesticWater Supply:

Network 
coverage

192 m3/cResources to 
pop/tion index

-Industry/ 
energy prod.

60%Irrigation
10%Tourism
30%DomesticWater use:

consumption 
by category:
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WaterStrategyManWaterStrategyManWaterStrategyMan
AKRO Area Matrix (4/6)

100% Incr/ingExploitation index

100% Incr/ingConsumption index

IncreasingWater Demand trendsWater
demand

FairPublic education on 
water conservation 
issues

FairPublic participation in 
decisions

Social
Capacity 
building

WaterStrategyManWaterStrategyManWaterStrategyMan

Very smallPrice elasticity 

Dom €0.58/m3

Full Financial 
Irrig.  €0.11 
O&M

Cost recovery 

€24207urban
€18488 rural

Ave. household income

€0.11/m3 depends 
on land

Ave. household budget 
for agricultural water 

€ 99.2/yrAverage household 
budget for dom. water

Pricing
system

AKRO Area Matrix (5/6)
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WaterStrategyManWaterStrategyManWaterStrategyMan

NationalWater allocation 
per sector

NationalDecision 
making level 

State- (partly 
private)

Water 
ownership

Water
Resources
Management

Agri/tourismDevelopment 
priorities

Agri/tertiaryLocal economy 
basis

Water Policy

AKRO Area Matrix (6/6)

WaterStrategyManWaterStrategyManWaterStrategyMan
141 sq.km up to Dam (13.1 MCM)

Mainly natural forest and agricultural activity on 
riparian land

Average annual  runoff is 20 MCM

5.5x0.35 km aquifer D/S the dam for dom
& irr. Active storage = 3.5 to 5 MCM

Conjunctive use  with dam thro’ artif. 
Gwr recharge allows pumping of 3x the 
active storage

The GERMASOGEIA AREA



6-THE RANGE OF EXISTING CIRCUMSTANCES IN WATER DEFICIENT REGIONS: CYPRUS

WATERSTRATEGYMAN
WORKSHOP PROCEEDINGS

76

Famagusta

Larnaca
Paphos

Study AreaLimassol
Yermasoyia

Nicosia

Φοινικάρια

Γερµασόγεια Μουταγιάκα

The Germasogeia area

WaterStrategyManWaterStrategyManWaterStrategyMan

extensive hydro-meteorological, geological,
hydrogeological and water quality data. 

excellent case study for conjunctive use of surface 
and groundwater.

Ideal for evaluating drought conditions and their 
repercussion to the hydrologic regime and the socio-
economic environment of the area.

Why GERMA area is selected (1/3)
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WaterStrategyManWaterStrategyManWaterStrategyMan
Why GERMA area is selected (2/3)

14 village communities(12 U/S dam) within watershed

permanent population > 10000 and annual water 
demand of 0.5 to 0.7 Mm3

tourist development at coast ( 0.5 million-guest nights)
and a water demand of 0.9 Mm3

3.03043.0304D/stream

3.53860.2160.8782.5295Up/st

Water 
Use

AreaWater 
Use

AreaWater 
Use

AreaWater 
Use

Area

TOTALWELLS/BHSPRINGSRIVER

ANNUALLY AND SEASONALLY IRRIGATED CROPS            
(in hectares and Mm3)

Germaso
geia 
Watersh
ed (in 
relation 
to Dam)

WaterStrategyManWaterStrategyManWaterStrategyMan

Considerable upstream agricultural use

A surface reservoir indirectly used for domestic 
supply

Operation rules for optimizing use of sfc and grw

Existing Groundwater model

Sea intrusion model

Good database and GIS info

Why GERMA area is selected (3/3)
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WaterStrategyManWaterStrategyManWaterStrategyMan
GERMA Aquifer & W-T (2001)

WaterStrategyManWaterStrategyManWaterStrategyMan
GERMASOGEIA Area Matrix

(1/4)

10000Permanent Popul. 

Semi-arid 
(0.356)

Aridity Index

Csa- Med/eanClimate TypeRegional
Context

Trans-
boundary

20/12 Mm3Total /availableWater
availability
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WaterStrategyManWaterStrategyManWaterStrategyMan
GERMA Area Matrix (2/4

GoodQuality of coastal water

Very GoodQuality of gwt

Very GoodQuality of sfc waterWater
quality

35%Exporting
Desal/Recycling

50%Surface-water

15%GroundwaterWater 
Supply
% from

WaterStrategyManWaterStrategyManWaterStrategyMan
GERMA Area Matrix (3/4)

Apx. 80%Sewerage
>70%Irrigation
100%DomesticWater Supply:

Network 
coverage

1200 m3/cResources to 
pop/tion index

Industry/ 
energy prod.

6.5 Mm3Irrigation
0.9 Mm3Tourism
0.6 Mm3DomesticWater use:

consumption 
by category:
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WaterStrategyManWaterStrategyManWaterStrategyMan
GERMA Area Matrix (4/4)

67% Incr/ingExploitation index

67% incr/ingConsumption index

IncreasingWater Demand trendsWater
demand

FairPublic education on 
water conservation 
issues

FairPublic participation in 
decisions

Social
Capacity 
building

WaterStrategyManWaterStrategyManWaterStrategyMan
Kokkinochoria Region

5 villages and 3 municipalities

Perm. population > 30000 Water dem. > 1.7 MCM

6- million tourist nights with 3 MCM water demand

Lowest rainfall (330 mm) in the island

Aquifer over pumped – 15% of original reserves

More than 8000 boreholes drilled – low yield
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WaterStrategyManWaterStrategyManWaterStrategyMan
Why KOKKI region is selected

early-potato producing area for export

Diminished grw (8 MCM)  made up by SCP 
(17 MCM)

Last 10 yr drought reduced production
Thriving tourist industry made up income

Excellent farming experience – good soils –
exportable potato produce should be maintained

WaterStrategyManWaterStrategyManWaterStrategyMan
KOKKI Area location map
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WaterStrategyManWaterStrategyManWaterStrategyMan
KOKKI aquifer water levels

WaterStrategyManWaterStrategyManWaterStrategyMan
KOKKI Sea Intrusion
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WaterStrategyManWaterStrategyManWaterStrategyMan
KOKKINOCHORIA Area 

Matrix (1/4)

30000Permanent Popul. 

Semi-arid 
(0.268)

Aridity Index

Csa-Med/neanClimate TypeRegional
Context

Trans-
boundary

30 Mm3 **Total /availableWater
availability

WaterStrategyManWaterStrategyManWaterStrategyMan
KOKKI Area Matrix (2/4

GoodQuality of coastal water

fairQuality of gwt

Very GoodQuality of sfc waterWater
quality

57%Exporting
13%Desal/Recycling

-Surface-water

30%GroundwaterWater 
Supply
% from
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WaterStrategyManWaterStrategyManWaterStrategyMan
KOKKI Area Matrix (3/4)

Apx. 70%Sewerage
>85%Irrigation
100%DomesticWater Supply:

Network 
coverage

1000 Mm3/c Resources to 
pop/tion index

Industry/ 
energy prod.

84%Irrigation
10%Tourism
6%DomesticWater use:

consumption 
by category:

WaterStrategyManWaterStrategyManWaterStrategyMan
KOKKI Area Matrix (4/4)

300%Incr/ingExploitation index

100%Incr/ingConsumption index

IncreasingWater Demand trendsWater
demand

FairPublic education on 
water conservation 
issues

FairPublic participation in 
decisions

Social
Capacity 
building
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WaterStrategyManWaterStrategyManWaterStrategyMan

Thank you for your 
attention
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WaterStrategyMan Project

Report on Portugal

WP2 WorkShop

Athens, 8-10 July 2002

Climate

• Average yearly precipitation: 960 mm/year         
(North: 2000mm; South:600mm)

• Average temperature: 14 ºC

• Average sunshine:  North - 1800 h/year   
South coast - > 3100 h/year    

Altitude
• Average:  320 m (south: 200 m)

• Maximum: 2000 m

Precipitation

Temperature

Range of circumstances in the country

Physical Characteristics
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GuadianaLisboa

Lima

Tejo

Porto
Douro

Minho

Madrid

Segura

SPAIN

FRANCE

P
O

R
T

U
G

A
L

MEDITERRANEAN SEA

A
T

LA
N

T
IC

 O
C

E
A

N

POLITICAL BORDER

LIMIT OF WATER BASIN

Galicia

Ebro

Jucar

Guadalquivir
Guadalete
& Barbate

Sur

Cataluna

Norte

Mondego

Sado/
Mira

O
es

te

Vouga

Algarve

SHARED RIVER BASINS

EUROPE

Water Resources:
• Groundwater: 7 km3/year

• Surface Water: 57km3/year 
(40% of it external)

Per capita: 

Internal: 3600 hm3/year

Total     : 6200 hm3/year

(EU: 3200 hm3/year)

Water Storage:
7,8 km3 capacity

(50% for energy production)

Range of circumstances in the country

Physical Characteristics

0

1 000

2 000

3 000

4 000

5 000

6 000

7 000

Domestic Industry Agriculture Tourism Energy

[x
10

6 m
3 ]

Surface Water

Groundw ater

Total

Water use by activities

Major use:
Agriculture: 75%  

(65% of it from 
groundwater) 

Urban Water Sector Characterization:
• 85% of population connected to water supply

network

• 64% of population connected to sewerage
network (42% with wastewater treatment) 

Efficiency
• Agriculture 

max. 60%, south of Tejo

• Urban water

33% average losses

Range of circumstances in the country

Water Demand and Supply Status
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Surface Water Quality 
Pollutant loads exceeding recomended 
values for human consumption at:
• Shared rivers’ bordering stretches 

• Coastal areas

Groundwater quality for different
sector uses:

• Problems in south coastal areas, 
and south of Tejo spots

Shortages of Water
• North interior (bordering Douro)

regions

• South (of Tejo river), namely in
Guadiana basin, 

in dry years

Good acc ording to legislation
In some r egions of the a quifers values bigger than the acceptable
No da ta available

A B

A – Hum an consumption
B – Irriga tion waters

Range of circumstances in the country

Environment and Protection

National legislation is framed under

• International Law principles

• Portuguese-Spanish shared river 
agreements (namely the New 
Convention, active since 2000)

• EU water policy and Directives 

Portuguese legislation (still) 
excludes from the public domain 
groundwater

Portuguese Water Management model
is based on shared responsability
between a National Water Institute (INAG) 
and Regional Environmental and 
Territorial Planning Boards (DRAOT’s)

A B

River Basins Regional Administrations

Range of circumstances in the country

Water Laws and Regulations
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A B

CNADS

CNA

CNC

Ministry of Environment and 
of Land_Use Planning (MAOT, 

currently MCAOT)

SERN SEA

INAG
IM
ICN

IPAMB
IC
IR

IRAR

DGA GRI DRAOT’s

DRAOT - Norte
DRAOT - Centro

DRAOT - Lisboa e VT
DRAOT - Alentejo
DRAOT - Algarve

River Basins Regional Administrations

Range of circumstances in the country

Institutional Framework and Constraints

Ministry Agency 

Ministry of Environment and of 
Land_Use Planning (MAOT, 
currently MCAOT)  

INAG 
DRAOT 

DGA 
ICN 

Ministry of Agriculture, of 
Rural Development and 
Fishing  (MADRP) 

IHERA 
DGF 

Ministry of Economy (ME) DGE 

Ministry of Health (MS)  

CNADS

CNA

CNC

Ministry of Environment and 
of Land_Use Planning (MAOT, 

currently MCAOT)

SERN SEA

INAG
IM
ICN

IPAMB
IC
IR

IRAR

DGA GRI DRAOT’s

DRAOT - Norte
DRAOT - Centro

DRAOT - Lisboa e VT
DRAOT - Alentejo
DRAOT - Algarve

Range of circumstances in the country

Institutional Framework and Constraints
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Category Constraints

Natural • Uneven spatial and temporal water resources distribution
• Large dependence on transboundary water

Human • Uneven population distribution
• Tourism pressure located on coastal areas
• Agriculture water use 
• Demand peaks on the dry season

Technical • Old agriculture infrastructure
• Big water supply network losses

Juridical • Water resources laws very often ineffective
• Overlapped and no co-ordinated institutional responsibilities
• No actual national Water Law

Financial • Non effective economic and financial regime 
• Pricing of water distorted and largely subsidised

Administrative 
and 
Institutional

• Management of water resources not made on a River Basin basis
• No real National Water Authority
• Incipient participation of Civil Society

Range of circumstances in the country

Constraints

P/PET
0 to 0.5 
0.5  to 0.65 
>0.65 

River basin limit
Rivers

Thornthwaites’ aridity indexScarcity of water 

Spain

A
tla

nt
ic

 O
ce

an

Availability / Needs
Water scarcity in less than 5% of the years

Water scarcity within 5% to 10% of the years

Water scarcity within 20% to 50% of the years

Water scarcity more than 50% of the years

River Basin limit

Areas not covered by the evaluation

Rivers

Water scarcity within 10% to 20% of the years

Selection of Representative Regions

Scarcity Context
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Candidate Regions Selected

Ribeiras do Algarve
• Tourism pressure + Irrigation demands,

on dry periods

• Current water imports

Sado
• Demands of water for

- irrigation

- industry

- energy consumption

Guadiana
• Demands of water for irrigation

• Poor water quality

• Spanish flow regularization on dry periods

Selection of Representative Regions

Selected Regions

Climate
Average yearly Precipitation:    622 mm/year

Average Temperature: 16 ºC

Average Sunshine duration:     2900 h/year

Altitude
average 127 m

maximum   501 m

Water Resources
Groundwater: 796 hm3/year

Surface Water: 918 hm3/year

Water Storage: 771 hm3/year

Selection of Representative Regions

Sado Region

Area

8295 km2

Population

292960
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Efficiency
• Agriculture    60%

• Urban water  20% average losses

0

100

200

300

400

500

600

700

Domestic Industry Agriculture Tourism Energy

[x
10

6 m
3 ]

Surface Water
Groundw ater
Total

Water Use by Activities

Urban Water Sector Characterization

• 97% of population connected to water   
supply network

• 87% of population connected to 
sewerage network (56% with 
wastewater treatment) 

Selection of Representative Regions

Sado Region

Climate
Average yearly Precipitation:      568 mm/year

Average Temperature: 16 ºC

Average Sunshine duration:        2829 h/year

Altitude
average 237 m

maximum 1027 m

Water Resources
Groundwater: 429 hm3/year

Surface Water: 3156 hm3/year

Water Storage: currently 460 hm3/year, but in the near 
future more 3150 hm3 due to Alqueva 
new multi-purpose hydraulic plant

Selection of Representative Regions

Guadiana Region

Area

11601 km2

Population

182580
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Efficiency
• Agriculture    60%

• High Urban water losses

0

50

100

150

200

250

300

350

400

450

Domestic Industry Agriculture Tourism Energy

[x
10

6 m
3 ]

Surface Water

Groundw ater

Total

Water Use by Activities

Urban Water Sector Characterization

• 84% of population connected to water   
supply network

• 83% of population connected to 
sewerage network (67% with 
wastewater treatment) 

Selection of Representative Regions

Guadiana Region

Climate
Average yearly Precipitation:    840 mm/year

Average Temperature: 18 ºC

Average Sunshine duration:      3180 h/year

Altitude
Altitudes ranging from 0 to 100 m, only few spots 
above these values

Water Resources
Groundwater: 272 hm3/year

Surface Water: 327 hm3/year

Water Storage: 63 hm3

Selection of Representative Regions

Ribeiras do Algarve Region

Area

3837 km2

Population

324100
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Efficiency
• Agriculture    60%

• Urban water  37% average losses

Water Use by Activities

Urban Water Sector Characterization

• 82% of population connected to water   
supply network

• 73% of population connected to 
sewerage network (72% with 
wastewater treatment) 

Selection of Representative Regions

Ribeiras do Algarve Region

0

50

100

150

200

250

300

350

400

450

Domestic Industry Agriculture Tourism Energy

[x
10

6 m
3 ]

Surface Water

Groundw ater

Total

  Natural conditions and infrastructure Sado Guadiana Ribeiras do 
Algarve 

Climate Type Cs: Mediterranean 
Temperate Csa (Temperate) Cs: Mediterranean 

Temperate 

Aridity Index AI =0.54 Dry Sub-
humid  

AI =0.46 Semi-
Arid AI =0.68 

Regional 
Context 

Permanent Population 292,960 182,580 324,100 
Total Water Resources/ Availability (hm3) 1768 /1714 7800 (2300) 620 /599 
Trans-boundary water  No 5500 No Water 

availability 
Inter-basin water transfer Yes (  -2 hm3    

            -10 hm3  ) 
Yes (  2 hm3    

            -30 hm3 ) Yes (30 hm3) 

Quality of surface water Poor Poor Poor 
Quality of groundwater Good Poor Poor Water 

quality 
Quality of coastal water Good Good Good 
Percentage of supply coming from: 

Groundwater 
Surface water 
Desalination, Recycling 
Importing 

 
16% 
84% 

- 
-  

 
55.5% 
56% 

- 
0.5% 

 
71.5% 
19.7% 

- 
8.8%  Water 

Supply 
Network coverage: 

Domestic 
Irrigation 
Sewerage 

 
97% 
72% 
87% 

 
84% 
76% 
83% 

 
82% 
77% 
73% 

 

Selection of Representative Regions

Summary Matrix
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Economic and Social System Sado Guadiana Ribeiras do 
Algarve 

Water consumption by category: (hm3) 
• Domestic 
• Tourism 
• Irrigation 
• Industrial and energy production 

 
24.3 
0.6 
441 

730.1 

 
14.0 
1.37 
400 
3.3 

 
21.8 
10.9 
305 
2.4 

Water use 

Resources to population index 6035 42720 (12600) 1912 
Water Demand trends Increasing Increasing Increasing 
Consumption index 68% 5.4% (18.2%) 55% Water demand 
Exploitation index 70% 12% 57% 

Average household budget for domestic water 0.75% 0.89% 0.90% 

Average household budget for agricultural water 0,06 €/m3 0,06 €/m3 0,07 €/m3 

Average household income 13562 €/year 13562 €/year 13573 €/year 
Cost recovery Low (37%) Low (23%) Low (40%) 

Pricing system 

Price elasticity Very small Very small Very small 
Public participation in decisions Poor Poor Poor Social capacity 

building Public education on water conservation issues Poor Poor Poor 

Selection of Representative Regions

Summary Matrix

Decision Making Process Sado Guadiana Ribeiras do 
Algarve 

Water ownership Public (partly 
private) 

Public (partly 
private) 

Public (partly 
private) 

Decision making level (municipal, 
regional, national) regarding: 
Water supply for each sector 

 
 

National/Municipal 

 
 

National/Municipal 

 
 

National/Municipal 
Water Resources 
Management 

Water resources allocation for each 
sector National National National 

Local economy basis Agriculture and 
industry 

Agriculture and 
Tertiary sector Tourism 

Water Policy 
Development priorities Agriculture Agriculture Tourism and 

Agriculture 
 

Selection of Representative Regions

Summary Matrix
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Relation between range of 
circumstances in the country and water 

related problems

PNA’s Planned Actions Axis

• Legal and Institutional Framework

• Environmental Sustainability
• Sustainable Demand Management

• Integrated Management of Water Resources

• Citizen Information and Participation
• Economic and Financial

• Knowledge, Study and Applied Research on Water Resources

Relation between range of 
circumstances in the country and water 

related problems

Program Measures  Main Interventions Types 
Implementation 
of the New 
Portuguese-
Spanish 
Convention 

Portuguese-
Spanish shared 
river basins  

- Definition of bilateral joint measures 
- Definition of environmental flows 
- Definition of estuaries management  
  measures 
- Water monitoring of international  
  river stretches  

P; External Relations 
P; External Relations 
P; P&P; External Relations 
 
P&P; External Relations 

Legal and 
Institutional 
Framework 
adequacy 

Legal Framework 
adequacy 

- Elaboration of the “Water Law” 
- Compilation of Water legislation 
- Establishment of a coastal waters’    
  legal framework 
- Implementation of a integrated    
  system for cadastral and licensed   
  use  

L&I 
L&I 
L&I 
 
L&I; P&P 

 Administrative 
Reinforcement 

- Adequate Administration to the  
   implementation of RBP 
- Promote and educate human  
   resources on water resources  
   management  

L&I; P; E&F 
 
P&P 

 Identify and 
create River 
Basin Districts 
and 
Administrations 

 P; L&I; E&F 
 

 

Legal and Institutional Framework action axis
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Relation between range of 
circumstances in the country and water 

related problems

Environmental Sustainability action axis
Program Measures Main Interventions Types
Protection, Rehabilitation
and Promotion of water
resources quality

Minimization of drought
effects

- Establishment of a
  methodology
(i) to characterise drought
    periods
(ii) to manage water
     resources on drought
- Elaboration of a
  Contingency Plan for
   drought periods

P

P

P&P; L&I

Environmental and
Biologic Conservation

Environmental Flows
(E. F.)

- Study of E.F. regimes
 - Adequate hydraulic plants
   to guarantee permanent
   E.F.

P
P&P; E&F

Ecosystem conservation and
rehabilitation

- Assessment of
   environmental risks
- Management and
  recuperation of fluvial
  ecosystem

P

P; P&P; E&F

Relation between range of 
circumstances in the country and water 

related problems

Sustainable Demand Management action axis
Program Measures Main Interventions Types
Guarantee of
water supply for
human use and
for activity
sectors

Domestic and
industrial supply

- Promotion and creation of pluri-
   municipal systems
- Increase of level of water supply
  guarantee, by creation of reserves
- Construction and rehabilitation of
   infra-structure

P&P; E&F

P&P; E&F

P&P; E&F

Irrigation - Increase of level of water supply
  guarantee, by creation of reserves
- Construction and rehabilitation of
   infra-structure

P&P; E&F

P&P; E&F

Conservation of
water resources

Efficiency on use of
water: domestic and
industrial supply

- Promotion of efficient use of water
- Identification and reduction of
  systems’ water losses and of non-
  accountable consumption

P&P
P&P

Efficiency on use of
water for irrigation

- Identification and reduction of
  systems’ water losses and more
  rational use of water

P&P

Integrated Management of Water Resources action axis

Citizen Information and Participation action axis
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Relation between range of 
circumstances in the country and water 

related problems

Program Measures Main Interventions Types
Promotion and
Consolidation of Water
Market

- Assessment of fiscal instruments
- Definition of financing models
- Analysis of adequacy of management
  entities to the water market

E&F
E&F
E&F

Economic and financial
regime application

User-pay
principle

- Implementation of the principles of user-
  pay and polluter-pay principles
- Revision and application of E&F regime to
  public hydro domain
- Studies on water pricing
- Establishment of a water pricing policy
- Definition of E&F regime applicable to
(i ) domestic water supply and (ii) irrigation
     systems

P&P; E&F

E&F; L&I

E&F
P; E&F
L&I

Cost of water - Assessment of all costs to be internalised
- Assessment of real costs of the systems
- Establishment of “rough water” price
- Studies for fixing taxes and tariffs

E&F; P&P
E&F;P&P
E&F
E&F; P

Economic and Financial Sustainability action axis

Relation between range of 
circumstances in the country and water 

related problems

Knowledge, Study and Applied Research on Water Resources action axis
Program Measures Main Interventions Types
Monitoring and
Information Systems

Monitoring systems - Improve monitoring of:
(i) surface water
(ii) groundwater
- Ecological and biological monitoring
  network

P&P
P; P&P
P; P&P

Cadastral,
information systems
and GIS

- Urban water supply and wastewater
  infrastructure
(i) cadastral system
(ii) quality control system
- Creation of a system to support
   water resources management
- Maintain and explore an effective
   water resources information system

P&P
P&P
P; P&P

P&P

Studies and
Investigation

- Development of hydrological and
  hydraulic studies
- Development of DSS on economic
  water use

P&P

P; P&P

Assessment of
National Water Plan
(PNA) and River Basin
Plans (RBP’s)

- Systematic assessment of the Plans
- Control of Plans application

P&P
P&P
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Relation between range of 
circumstances in the country and water 

related problems

Program of measures: Short term (2006) Investment Plan (Million Euro)
Program Sado  Guadiana Rib. of Algarve 
Protection and Rehabilitation of water resources quality 62,7 94,3 100,3 

Water supply for human use and for activity sectors 363,7 318,7 134,1 

Ecosystem conservation and rehabilitation 3,0 6,8 13 
Drought, Floods and Pollution Accidents Prevention 
and Minimisation 31,8 39,1 4,1 

Valorisation of Water Resources 11,3 5,3 0,9 

Planning and Management of Hydro Domain 3,6 1001,5 37,2 

Legal and Institutional Framework  
2,4 5,7 0,7  

Economic and Finance 0,5 0,5 0,3 

Citizen Information and Participation 0,1 0,1 0,3 

Knowledge and Research on Water Resources 10,3 10,0 1,2 
Assessment of  National Water Plan (PNA) and River 
Basin Plans (RBP’s) 0,8 0,8 0,2 

 
TOTAL

 
490,2 1482,7 

 
292,3 

% of  20 years Planned Investment 51% 66% 82% 
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WSM WorkshopWSM Workshop

Exercise 1: Constructing a Exercise 1: Constructing a 
Typology of Water Deficient Typology of Water Deficient 

RegionsRegions

NTUA, July 2002NTUA, July 2002

22

The CountriesThe Countries

Italy

Israel

Greece

Portugal Spain

Cyprus

Italy

Israel

Greece

Portugal Spain

Cyprus
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33

The goalsThe goals

Identification of Commonalities and Gaps Identification of Commonalities and Gaps 
between the selected regionsbetween the selected regions

Development of a Development of a Typology Typology of water of water 
deficient regionsdeficient regions
Conceptualization into Conceptualization into ParadigmsParadigms

44

Semantics Semantics -- ConceptsConcepts

ParadigmParadigm
A tentative A tentative 
construction of reality construction of reality 
accepted by most accepted by most 
people in an people in an 
intellectual intellectual 
community, because community, because 
of its effectiveness in of its effectiveness in 
explaining a complex explaining a complex 
process, or set of dataprocess, or set of data

Case (study)Case (study)
An example, instance, An example, instance, 
or occurrence or occurrence 
supporting or supporting or 
convincing arguments convincing arguments 
or evidenceor evidence

TypeType
A kind, class, or group A kind, class, or group 
having distinguishing having distinguishing 
characteristics in characteristics in 
commoncommon



8-CONSTRUCTING A TYPOLOGY OF WATER DEFICIENT REGIONS

WATERSTRATEGYMAN
WORKSHOP PROCEEDINGS

102

55

MethodologicalMethodological
approachapproach

Regional analysis
Existing circumstances in regions

Specific

Conceptualize

Tentative Tentative Paradigms
As models of IWRM in regions

Case study
Functions and limits

Strategic Paradigm
Strategies, Guidelines, Protocols

Overall concept
Aridity ~ Human pressure

General 
assumptions

Specific

Synthesis

66

Work flowWork flow
WP1: Range of
Circumstances

WP4:
Development of

Methodology

WP2: Workshop
on existing

circumstances

1. Identify regions
2. Identify range of circumstances
3. Identify Types of regions

1. Methodology for Water resources management
2. Methodology for water economics

WP3: Typology of Paradigms
1. Develop a Typology of Regions
2. Conceptualization into Paradigms
3. Assign Regions to Paradigms

WP5: DSS

WP7: Workshop
for Presenting
Findings and
Training on DSS

Development
of

Strategies

WP6: GIS DataBase
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Identification of Commonalities Identification of Commonalities 
and Gaps between the selected and Gaps between the selected 

regionsregions

88

A framework for IndicatorsA framework for Indicators

Driving forces:Driving forces:
Human influences and activities Human influences and activities 
that when combined with that when combined with 
environmental conditions underpin environmental conditions underpin 
environmental changeenvironmental change
Pressures:Pressures:
Pressures exerted on resources Pressures exerted on resources 
and ecosystems from human and ecosystems from human 
activitiesactivities
State:State:
Condition of resource and Condition of resource and 
ecosystemecosystem
Impacts:Impacts:
Results of pressures on the Results of pressures on the 
current statecurrent state
Responses:Responses:
Policies, laws, programs etcPolicies, laws, programs etc
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DPSIR framework in IWRMDPSIR framework in IWRM

J. Walmsley, Framework for measuring sustainable development in catchment systems, 
Environmental Management, Vol. 29. No2. 2002

NATURAL 
CONDITIONS
Precitation
Evaporation

CatastrophicEvents

DEVELOPMENT &
ECONOMIC ACTIVITY

Population growth
Waste Generation
Land Use Change

Drivers

SUPPLY
(natural)

SUPPLY
(anthropogenic)

WATER DEMAND

POLLUTING EFFLUENTS

QUANTITY

WaterBalance

Groundwater
Rivers

Wetlands
Estuaries

Reservoirs

QUALITY
Salinization

Eutrophication
Toxic Compounds

Infectious organisms
Sedimentation

ECOSYSTEM INTEGRITY
Groundwater

Rivers
Wetlands
Estuaries

Pressures State Impacts

USE VALUE

Social
Health

Recreation
Domestic Use

Economic
Agricultural

Industrial
Tourist

RESPONSES
Policy and Management Options

1010

Selected regions Selected regions -- GreeceGreece
Attica Attica -- The capital and surrounding areasThe capital and surrounding areas

Half of the country’s populationHalf of the country’s population
Permanent water deficits due to population sizePermanent water deficits due to population size
Local water resources insufficient to meet Local water resources insufficient to meet 
demanddemand
Dependence from other Water RegionsDependence from other Water Regions
Polluted and Polluted and eutrophiceutrophic aquifersaquifers

Thessaly Thessaly -- intensively cultivated plainsintensively cultivated plains
Seasonal water deficit due to irrigation demand Seasonal water deficit due to irrigation demand 
Antiquated agricultural activities and practicesAntiquated agricultural activities and practices

CycladesCyclades islands islands –– important tourist destinationimportant tourist destination
Summer peak for irrigation and urban demandSummer peak for irrigation and urban demand
SalinizationSalinization due to overdue to over--abstractionabstraction
Summer peak can reach up to thirty times the Summer peak can reach up to thirty times the 
permanent populationpermanent population
Limited water resources (mostly aquifers)Limited water resources (mostly aquifers)

Thessaly

Attica
Cyclades

ThessalyThessaly

AtticaAttica
Cyclades
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Selected region Selected region –– Attica, GreeceAttica, Greece

Special characteristicsSpecial characteristics
Metropolitan areaMetropolitan area
No usable river basinNo usable river basin

Driving forcesDriving forces
Periodic droughtsPeriodic droughts
Population growthPopulation growth
Land use changeLand use change

PressuresPressures
Water DemandWater Demand
Reduced supplyReduced supply

StateState
Permanent water deficitPermanent water deficit
Aquifer pollutionAquifer pollution

ImpactsImpacts
Public health concernsPublic health concerns
Ecosystem degradationEcosystem degradation

ResponsesResponses
InterbasinInterbasin transferstransfers
Network developmentNetwork development
Public awarenessPublic awareness
Pricing controlPricing control

1212

Selected region Selected region –– Thessaly, GreeceThessaly, Greece

Special characteristicsSpecial characteristics
Dynamic agricultural regionDynamic agricultural region
Industrial activitiesIndustrial activities

Driving forcesDriving forces
Intensive agricultureIntensive agriculture
Antiquated cultivation methodsAntiquated cultivation methods

PressuresPressures
Conflicting usesConflicting uses
Seasonal water deficitSeasonal water deficit
Agrochemical pollution Agrochemical pollution 

StateState
Water deficit during irrigation Water deficit during irrigation 
periodperiod
Groundwater overexploitationGroundwater overexploitation

ImpactsImpacts
Economic impactsEconomic impacts
Social discomfortSocial discomfort
Environmental impactsEnvironmental impacts

ResponsesResponses
InterbasinInterbasin transferstransfers
Subsidies for irrigation waterSubsidies for irrigation water
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Selected region Selected region –– CycladesCyclades, Greece, Greece

Unique circumstancesUnique circumstances
Population surge in the tourist Population surge in the tourist 
periodperiod

Driving forcesDriving forces
AridityAridity
TourismTourism

PressuresPressures
Conflict with traditional Conflict with traditional 
agricultural activitiesagricultural activities
Seasonal water demandSeasonal water demand
Limited natural supplyLimited natural supply

StateState
Seasonal water deficitSeasonal water deficit
Groundwater overexploitationGroundwater overexploitation

Impacts Impacts 
Economic impactsEconomic impacts
Public health impactsPublic health impacts
SalinizationSalinization of aquifersof aquifers

ResponsesResponses
Surface reservoirsSurface reservoirs
DesalinationDesalination
Water transport by shipsWater transport by ships

1414

Selected Region Selected Region -- IsraelIsrael

Israel is examined as Israel is examined as 
a single geographic a single geographic 
entity due to:entity due to:

National Water Carrier National Water Carrier 
single network  single network  
Uniform Water prices Uniform Water prices 
(more or less) (more or less) 
throughout the throughout the 
country country 
Highly centralized Highly centralized 
water administrationwater administration

Syria

Israel

Egypt

Jordan

Lebanon
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Selected Region Selected Region -- IsraelIsrael

Unique circumstancesUnique circumstances

Driving forcesDriving forces
AridityAridity
Centralized managementCentralized management
TransboundaryTransboundary issuesissues
Population growthPopulation growth

PressuresPressures
Increasing demandIncreasing demand
TransboundaryTransboundary dependenciesdependencies

StateState
Water deficitWater deficit
Over pumpingOver pumping

ImpactsImpacts
Water deficitWater deficit
SalinisationSalinisation
Conflicting uses: Domestic Conflicting uses: Domestic 
vsvs irrigationirrigation

ResponsesResponses
Reuse of waterReuse of water
DesalinationDesalination

1616

Selected Regions Selected Regions -- CyprusCyprus

Selection based on Selection based on 
deficiency and aridity, deficiency and aridity, 
social and economic social and economic 
characteristics, and characteristics, and 
complexity of the complexity of the 
water systemwater system
Regions:Regions:

AkrotiriAkrotiri
GermasogeiaGermasogeia
KokkinochoriaKokkinochoria

Akrotiri area

Germasogeia area

Kokkinochoria –
Paralimni
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Selected Region Selected Region –– AkrotiriAkrotiri,, CyprusCyprus

Unique circumstancesUnique circumstances

Driving forcesDriving forces
AridityAridity
Large Urban AreaLarge Urban Area
Intensive agricultureIntensive agriculture
Human intervention on Human intervention on 
hydrological cyclehydrological cycle

PressuresPressures
High Dependence on rainfallHigh Dependence on rainfall
Reduction of replenishmentReduction of replenishment
Large Urban demandLarge Urban demand
Pollution from Pollution from agrochemnicalsagrochemnicals

StateState
Serious management problemsSerious management problems
Permanent water shortage Permanent water shortage 
problemsproblems

ImpactsImpacts
Drop of groundwater levelsDrop of groundwater levels
Sea intrusionSea intrusion
Poor groundwater qualityPoor groundwater quality

ResponsesResponses
Dams (already developed)Dams (already developed)
DesalinationDesalination
Artificial groundwater recharge / Artificial groundwater recharge / 
Pumping controlPumping control

1818

Selected Region Selected Region –– GermasogeiaGermasogeia

Unique circumstancesUnique circumstances

Driving forcesDriving forces
Complete cutComplete cut--off of natural off of natural 
replenishmentreplenishment
Tourist developmentTourist development
Fast urbanizationFast urbanization

PressuresPressures
Increasing extraction from the Increasing extraction from the 
local aquiferlocal aquifer
Increased demandIncreased demand
Increasing pollutant loadsIncreasing pollutant loads

StateState
Acceptable groundwater qualityAcceptable groundwater quality
No shortage problemsNo shortage problems

ImpactsImpacts
Possible environmental Possible environmental 
impactsimpacts
Possible deterioration of Possible deterioration of 
groundwater qualitygroundwater quality

ResponsesResponses
Regulation of water usesRegulation of water uses
Conjunctive use of surface Conjunctive use of surface 
and groundwaterand groundwater
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Selected Region Selected Region –– KokkinochoriaKokkinochoria, , 
CyprusCyprus

Unique circumstancesUnique circumstances

Driving forcesDriving forces
Important tourist locationImportant tourist location
Dynamic agricultural regionDynamic agricultural region

PressuresPressures
Very high water demand for Very high water demand for 
tourismtourism
Very low rainfallVery low rainfall
Conflict with Agricultural Conflict with Agricultural 
demanddemand

StateState
Water shortageWater shortage
Groundwater overexploitationGroundwater overexploitation

ImpactsImpacts
Economic Impacts for Economic Impacts for 
tourism and agriculturetourism and agriculture
SalinizationSalinization
Drop in water tableDrop in water table

ResponsesResponses
Alternative supply sourcesAlternative supply sources
Demand managementDemand management
Change of cropping patternChange of cropping pattern

2020

Selected Regions Selected Regions -- PortugalPortugal

Selection based on the forces Selection based on the forces 
driving the water deficitdriving the water deficit

SadoSado: main problems related : main problems related 
to irrigation demand and to irrigation demand and 
energy consumption energy consumption 
GuadianaGuadiana: water deficit due to : water deficit due to 
irrigation demand, poor water irrigation demand, poor water 
quality and to Spanish flow quality and to Spanish flow 
regularizationregularization
AlgarveAlgarve: large number of : large number of 
tourists, particularly in the tourists, particularly in the 
summer, and conflict with summer, and conflict with 
irrigation demandirrigation demand

In In GuadianaGuadiana basin, part of basin, part of 
SadoSado basin and Algarve region, basin and Algarve region, 
aridity index is less than 0.5aridity index is less than 0.5

Ribeiras do Algarve

Guadiana

Sado
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Selected Region Selected Region –– SadoSado, Portugal, Portugal

Unique circumstancesUnique circumstances

Driving forcesDriving forces
Energy productionEnergy production
Serious management Serious management 
problemsproblems
AgricultureAgriculture

PressuresPressures
Agricultural demandAgricultural demand
Surface water pollutionSurface water pollution

StateState
Water shortageWater shortage

ImpactsImpacts

ResponsesResponses
Importing from Importing from GuadianaGuadiana

2222

Selected Region Selected Region –– GuadianaGuadiana, , 
PortugalPortugal

Unique circumstancesUnique circumstances

Driving forcesDriving forces
Agricultural areaAgricultural area
Spanish flow regularizationSpanish flow regularization

PressuresPressures
Irrigation demandIrrigation demand
Upstream interventionsUpstream interventions
Surface and groundwater Surface and groundwater 
pollutionpollution

StateState
Water shortageWater shortage

ImpactsImpacts

ResponsesResponses
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Selected Region Selected Region –– Algarve, PortugalAlgarve, Portugal

Unique circumstancesUnique circumstances

Driving forcesDriving forces
Agricultural areaAgricultural area
High tourist influxHigh tourist influx

PressuresPressures
Irrigation demandIrrigation demand
Surface water pollution from Surface water pollution from 
agriculture and urban agriculture and urban 
effluentseffluents
Conflicting uses Conflicting uses –– irrigation irrigation vsvs
tourist demandtourist demand

StateState
Water shortage in the summer Water shortage in the summer 
monthsmonths

ImpactsImpacts

Responses Responses 
Importing from Importing from GuadianaGuadiana

2424

Selected Regions Selected Regions -- SpainSpain

Selection based on Selection based on 
disarrangements between disarrangements between 
resource availability, resource availability, 
consumption increase and consumption increase and 
conflicts between conflicts between 
different water usesdifferent water uses

Canary IslandsCanary Islands: main : main 
problems related to problems related to 
irrigation demand, rapid irrigation demand, rapid 
population growth and population growth and 
tourist developmenttourist development
DonanaDonana: hosts an : hosts an 
important wetland and a important wetland and a 
large population large population 
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Selected Regions Selected Regions -- Canary Islands,Canary Islands,
SpainSpain

Unique circumstancesUnique circumstances

Driving forcesDriving forces
Limited water resourcesLimited water resources
Population GrowthPopulation Growth
TourismTourism
AgricultureAgriculture

PressuresPressures
Agricultural demandAgricultural demand
Seasonal Water DemandSeasonal Water Demand
Privatization of groundwaterPrivatization of groundwater

ImpactsImpacts

StateState
Water shortageWater shortage
Serious dependence on Serious dependence on 
desalination desalination 

ResponsesResponses
DesalinationDesalination

2626

Selected Regions Selected Regions –– DonanaDonana

Unique circumstancesUnique circumstances

Driving forcesDriving forces
Hosts a wetlandHosts a wetland
Large populationLarge population

PressuresPressures
Agricultural demandAgricultural demand
Domestic supplyDomestic supply

StateState
Management problemManagement problem

ImpactsImpacts

ResponsesResponses
Wetland conservationWetland conservation
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Matrix of circumstancesMatrix of circumstances

Natural conditions and Natural conditions and 
infrastructureinfrastructure

Regional ContextRegional Context
Climate type & Aridity IndexClimate type & Aridity Index
PopulationPopulation

Water availabilityWater availability
Total Water Resources Total Water Resources 
/Availability /Availability 
TransTrans--boundary water boundary water 

Water Quality & Water SupplyWater Quality & Water Supply
Percentage of supply & NetworkPercentage of supply & Network

EconomicEconomic andand SSocialocial issuesissues
Water useWater use

Water consumption by categoryWater consumption by category
Resources to population indexResources to population index

Water demandWater demand
Water Demand trendsWater Demand trends
Consumption & Exploitation indexConsumption & Exploitation index

Pricing systemPricing system
Household budget for urban & Household budget for urban & 
agricultural wateragricultural water
Average household incomeAverage household income
Cost recovery & Price elasticityCost recovery & Price elasticity

Social capacity buildingSocial capacity building
Public participation in decisions & Public participation in decisions & 
educationeducation

Decision Making ProcessDecision Making Process
Water Resources ManagementWater Resources Management

Water ownershipWater ownership
Decision making level regarding Decision making level regarding 
Supply & Resource allocationSupply & Resource allocation

Water PolicyWater Policy
Local economy basisLocal economy basis
Development prioritiesDevelopment priorities

Indices: Natural environment Indices: Natural environment 
~ Human pressure~ Human pressure
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Consumption Index (%) =
Water consumed / Total Water Resources

Exploitation index (%)= 
Water distributed / Stable Water 

Exploitation IndexExploitation Index
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Total Water Resources vs. Total Water Resources vs. 
Consumption IndexConsumption Index
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Indices Indices –– Economic and Social Economic and Social 
system, Developmentsystem, Development

3434

Household budget for domestic water / Household IncomeHousehold budget for domestic water / Household Income

Cost RecoveryCost Recovery
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Public EducationPublic Education

0 1 2 3 4 5

Attica
Thessaly
Cyclades

Sado
Guadiana 

Algarve 
Akrotiri 

Germasogeia 
Kokkinochoria 

Israel
Canary Islands Qualitative scale

1: Very Poor
2: Poor
3: Average
4: Good
5: Excellent

3636

Development PrioritiesDevelopment Priorities

++++Canary IslandsCanary Islands

++++IsraelIsrael

++++++KokkinochoriaKokkinochoria

++++++GermasogeiaGermasogeia

++++++AkrotiriAkrotiri

++++++AlgarveAlgarve

++++GuadianaGuadiana

++++SadoSado

++++CycladesCyclades

++++ThessalyThessaly

++++++AtticaAttica

Supply Supply 
EnhancementEnhancementTourismTourismAgricultureAgricultureUrban Urban 

GrowthGrowth
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Developing a TypologyDeveloping a Typology

3838

Objectives and ApproachesObjectives and Approaches

Objectives: To develop a systematic & Objectives: To develop a systematic & 
comprehensive typology on existing conditions comprehensive typology on existing conditions 
in water deficient regions of Southern Europein water deficient regions of Southern Europe

BottomBottom--up approachup approach
Driven by “data”Driven by “data”

TopTop--down approachdown approach
Driven by “Paradigms”Driven by “Paradigms”



8-CONSTRUCTING A TYPOLOGY OF WATER DEFICIENT REGIONS

WATERSTRATEGYMAN
WORKSHOP PROCEEDINGS

119

BottomBottom--up: Using the data up: Using the data 
obtainedobtained

4040

Linkage Graph 2 Linkage Graph 2 –– Without Without 
Population, Population, TransboundaryTransboundary
water quantities, Resources to water quantities, Resources to 
Population ratio, and IncomePopulation ratio, and Income
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The TopThe Top--down approachdown approach

4242

A Framework for proposed A Framework for proposed 
ParadigmsParadigms

Defining components of the proposed Defining components of the proposed 
paradigmparadigm

Demand management policiesDemand management policies
Developmental policiesDevelopmental policies
Economic policies Economic policies –– Cost recoveryCost recovery
Environmental policiesEnvironmental policies
Institutional policies Institutional policies –– Public participationPublic participation
Social policiesSocial policies
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Defining ParadigmsDefining Paradigms

• Demand Management 
• Development Policy
• Economic Principles 
• Environmental Policy
• Institutional Policy 
• Social Policy

Generates

Each Paradigm  has 
a Hard Core

Paradigm 1
Priority 1: Environmental Policy
***
Priority n:

Paradigm 2
Priority 1: Social Policy
***
Priority n:

Paradigm components

----

4444

WFD Management FrameworkWFD Management Framework

Economics
Cost Recovery Developmental Policy

Institutional policies
Public Participation

Environmental 
Policy

Demand
Management

Social Policies
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Significant Indicators for a Significant Indicators for a 
TypologyTypology

Existence of a National/International River shedExistence of a National/International River shed
Pollution/Pollution/SalinizationSalinization
Permanent Deficit vs. Seasonal DeficitPermanent Deficit vs. Seasonal Deficit
Main water Users and ConflictsMain water Users and Conflicts
Dependency on Dependency on InterbasinInterbasin Water TransferWater Transfer
Geographical (or Political) Isolation, Geographical (or Political) Isolation, 
FragmentationFragmentation
InfrastructureInfrastructure
Management FrameworkManagement Framework

4646

Role of Indicators in the Strategic Role of Indicators in the Strategic 
Paradigm ComponentsParadigm Components

Social Social 
PolicyPolicy

Development Development 
PolicyPolicy

Institutional Institutional 
PolicyPolicy

Environmental Environmental 
PolicyPolicy

Economic Economic 
PrinciplesPrinciples

Demand Demand 
ManagementManagement

********Management Management 
FrameworkFramework

********************InfrastructureInfrastructure

**************Geographical Isolation, Geographical Isolation, 
FragmentationFragmentation

**********Dependency on Dependency on 
InterbasinInterbasin TransferTransfer

******************Main UsersMain Users

******************Permanent vs. Permanent vs. 
Seasonal DeficitSeasonal Deficit

****************Pollution/Pollution/
SalinizationSalinization

****************National/InterNational/Inter--national national 
Water shedsWater sheds
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Indicators and Case StudiesIndicators and Case Studies
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Demand Reduction &Demand Reduction &
Supply EnhancementSupply Enhancement

OptionsOptions

Water resources problemsWater resources problems

Current water resources problems in EU and third Current water resources problems in EU and third 
countries require:countries require:

Technological Technological 
Management ResponsesManagement Responses

Wider application of existing technologies and Wider application of existing technologies and 
techniquestechniques
Further research and development of new Further research and development of new 
technologiestechnologies
New management approachesNew management approaches
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Technology transfer, 
training etc

Capacity building
Exchange experience

Training etc

Strategic water 
technology research

Research to develop tools 
and understanding for
strategic management

Axes of activityAxes of activity

Responses based on 
technologies

Responses based on 
management

Research & 
Development

Diffusion & 
wider 

application

Technology ResponsesTechnology Responses

Supply EnhancementSupply Enhancement
Better use of existing resourcesBetter use of existing resources
Exploitation of unconventional water sourcesExploitation of unconventional water sources

Demand ReductionDemand Reduction
IndustryIndustry
AgricultureAgriculture
Personal DemandPersonal Demand

Pollution Prevention / CorrectionPollution Prevention / Correction
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Supply EnhancementSupply Enhancement

Supply 
Enhancement

Better use of existing 
freshwater resources

Exploitation of 
unconventional 

resources

New Water Sources

Water from distant 
locations

Utilization of 
untapped resources

Improved freshwater
storage

Improved freshwater
transport
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Utilization of untapped resourcesUtilization of untapped resources
GroundwaterGroundwater

SourcesSources
Private wells in shallow aquifers Private wells in shallow aquifers 
Exploitation of deep and Exploitation of deep and karstickarstic
aquifersaquifers

Main problems related to:Main problems related to:
Water qualityWater quality
Abstraction difficultiesAbstraction difficulties

Urban watersUrban waters
SourcesSources

RainfallRainfall
StormwaterStormwater

Main problems related to:Main problems related to:
Lack of knowledge of water Lack of knowledge of water 
flow pathsflow paths
Potential PollutionPotential Pollution

Surface watersSurface waters
Exploitation of winter surface Exploitation of winter surface 
runoffrunoff
AdvantagesAdvantages

Commonly employed techniqueCommonly employed technique
Economic and environmental Economic and environmental 
benefits in comparison to large benefits in comparison to large 
dam constructiondam construction

Surplus freshwater transfer from Surplus freshwater transfer from 
neighbouringneighbouring regionsregions

Improved Freshwater StorageImproved Freshwater Storage
Evaporation prevention  from surface reservoirsEvaporation prevention  from surface reservoirs

Objective: Reduction of losses from evaporation (5 to 10 % of reObjective: Reduction of losses from evaporation (5 to 10 % of reservoir servoir 
volume)volume)
Mechanisms:Mechanisms:

Compartmented reservoirsCompartmented reservoirs
Reflective coatingsReflective coatings
Surface filmsSurface films
Mechanical covers for small reservoirsMechanical covers for small reservoirs

Artificial recharge of underground aquifersArtificial recharge of underground aquifers
Objective: turn surface water of unreliable quantity and qualityObjective: turn surface water of unreliable quantity and quality into a into a 
safe source for supplysafe source for supply
Solution to the over abstraction problemSolution to the over abstraction problem
Forms of charging:Forms of charging:

Open Recharge (increase of surface water levels)Open Recharge (increase of surface water levels)
Well RechargeWell Recharge
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Improved Freshwater TransportImproved Freshwater Transport
Reduction of losses from open channelsReduction of losses from open channels

Applied to large scale Applied to large scale interbasininterbasin transfers to solve regional transfers to solve regional 
water shortageswater shortages
TechniquesTechniques

Compacted earthCompacted earth
Rigid surfacesRigid surfaces
MembranesMembranes
Soil sealantsSoil sealants

Reduction of losses from pipesReduction of losses from pipes
Development of methods for:Development of methods for:

Detection with sonar devicesDetection with sonar devices
Remedy through pressure restriction and pipe replacementRemedy through pressure restriction and pipe replacement

Need for improvement of existing technologiesNeed for improvement of existing technologies

Unconventional SupplyUnconventional Supply
Cloud SeedingCloud Seeding

Rainfall increase between 10 and Rainfall increase between 10 and 
25%25%
Increased precipitation in Increased precipitation in favourfavour of of 
agricultureagriculture
Technology still under evaluationTechnology still under evaluation
Possible impacts on other sectors / Possible impacts on other sectors / 
regionsregions

Tanker TransportTanker Transport
Wastewater Reuse / RecyclingWastewater Reuse / Recycling

Reuse: “transmission” of wastewater Reuse: “transmission” of wastewater 
(treated or untreated) directly to a (treated or untreated) directly to a 
specific intended usespecific intended use

Crop IrrigationCrop Irrigation
Street cleaningStreet cleaning

Recycling: Recycling: utilisationutilisation within the same within the same 
end user categoryend user category

Industrial coolingIndustrial cooling

DesalinationDesalination
TechnologiesTechnologies

Distillation (MSF, MED)Distillation (MSF, MED)
Membrane technologies (Reverse Membrane technologies (Reverse 
Osmosis, Osmosis, ElectrodialysisElectrodialysis))
CrystallisationCrystallisation (Freeze Melting)(Freeze Melting)
Ion Exchange Ion Exchange 

Significant drop in water costs (still Significant drop in water costs (still 
water production costs are three times water production costs are three times 
higher)higher)
R&D Efforts:R&D Efforts:

Development of  competing Development of  competing 
technologies with less energy technologies with less energy 
requirementsrequirements
Reduction of energy costs with the Reduction of energy costs with the 
exploitation of Renewable Energy exploitation of Renewable Energy 
SourcesSources
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Demand ReductionDemand Reduction

Mass Balance and Water Use in ECMass Balance and Water Use in EC
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Demand Reduction PotentialDemand Reduction Potential

New technologies for demand reduction are New technologies for demand reduction are 
very specific to the end uservery specific to the end user
Large potential for Large potential for agriculturalagricultural and and industrial industrial 
activitiesactivities
Personal demand  reduction is based on the Personal demand  reduction is based on the 
introduction of water saving devicesintroduction of water saving devices

Agricultural Demand ReductionAgricultural Demand Reduction
Scheduling servicesScheduling services

Estimation of actual water Estimation of actual water 
requirementsrequirements

Improvements in irrigation Improvements in irrigation 
technologiestechnologies

Reduction of losses in Reduction of losses in 
delivery / usedelivery / use
TechnologiesTechnologies

Surface IrrigationSurface Irrigation
Sub IrrigationSub Irrigation
Drip IrrigationDrip Irrigation
Sprinkler IrrigationSprinkler Irrigation
EnclosuresEnclosures

Reduction of the actual Reduction of the actual 
quantity neededquantity needed

Increase of salt toleranceIncrease of salt tolerance
Decrease of water Decrease of water 
consumptionconsumption

Genetic ImprovementGenetic Improvement
Introduction of crops with Introduction of crops with 
specific characteristicsspecific characteristics
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Industrial Demand ReductionIndustrial Demand Reduction

Process RecyclingProcess Recycling
Operation changesOperation changes

Modernization and better control of process Modernization and better control of process 
equipment in order to reduce waterequipment in order to reduce water
consumptionconsumption

Process changesProcess changes
Input (raw materials) substitutionInput (raw materials) substitution
End product changesEnd product changes

Personal Demand ReductionPersonal Demand Reduction

The introduction of water saving plumbing The introduction of water saving plumbing 
features can reduce consumption up to 35 %features can reduce consumption up to 35 %
Economic, social and regulatory barriers can Economic, social and regulatory barriers can 
be overcome through:be overcome through:

Economic instrumentsEconomic instruments
Education and awarenessEducation and awareness
Use of standardsUse of standards
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What should be done ?What should be done ?

Recommended RTD ActivitiesRecommended RTD Activities

Water ReuseWater Reuse
Develop Develop 

Appropriate standardsAppropriate standards
Improved disinfection Improved disinfection 
techniquestechniques
Appropriate storage Appropriate storage 
techniquestechniques

Encourage wider Encourage wider 
diffusion of natural diffusion of natural 
wastewater treatment wastewater treatment 
systemssystems

DesalinationDesalination
Develop cheaper Develop cheaper 
approaches to approaches to 
desalinationdesalination
Combine desalination Combine desalination 
processes with RESprocesses with RES

Exploitation of aquifersExploitation of aquifers
Develop detection and Develop detection and 
new exploitation new exploitation 
techniquestechniques
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Recommended RTD ActivitiesRecommended RTD Activities
InterbasinInterbasin TransferTransfer

Methods for assessing the Methods for assessing the 
environmental and socio environmental and socio ––
economic impactseconomic impacts

Aquifer RechargeAquifer Recharge
Develop the process for Develop the process for 
storing rapid winter or urban storing rapid winter or urban 
runoffrunoff

Agricultural Demand Agricultural Demand 
ReductionReduction

Develop appropriate Develop appropriate 
scheduling techniquesscheduling techniques
Diffuse drip irrigation Diffuse drip irrigation 
methodsmethods
Investigate the potential for Investigate the potential for 
crop modificationcrop modification

Industrial Demand Industrial Demand 
ReductionReduction

Develop methods for process Develop methods for process 
recyclingrecycling
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Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 1

International Office for Water

THE ECONOMIC DIMENSION OF WSM

◆ Review and evaluation of available methods for the assessment 
of economic costs and environmental impacts from water 
supply and use and assessment of their applicability to the 
identified Paradigms

◆ The evaluation of alternative water resources allocation 
scenarios for the Paradigm regions

◆ The development of alternative integrated water resources
management options, for each paradigm, taking into account 
economic and environmental costs. 

Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 2

International Office for Water

Full cost of a water service

Average cost

Cost of operation

Opportuniy cost of water
system ressource :

Valued uses forgone or sacrificed 
when the resources are committed to
drinking water production rather 
than left available for other uses

Depreciation of initial
investment

Cost of maintenance

Marginal opportunity cost (MOC)
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Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 3

International Office for Water
Marginal opportunity cost (MOC)

Marginal private or internal cost (MPC or MIC)
Sum of marginal operations cost and marginal capital cost => 

This supposedly allows to anticipate future investment

Marginal user cost (MUC)

Value at which future alternative uses, which are forgone by present drinking water 
uses, can be evaluated now (i.e. cases where future costs of abstracting, 

transferring, treating and distributing water would be higher than those today)

Marginal environmental cost (MEC)

Any current cost due to the impact of water use which is not reflected in 
the MIC => These costs can be approximated by the cost incurred by the 

utility when it reduces abstractions or discharges so as to suppress the 
negative impacts.

Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 4

International Office for Water
Difficulties with opportunity cost evaluation

The notion of user cost is based on the fact that water used for drinking uses is “forgone” for 
future uses but this may mean that they consider water as a mineral like oil, and not as a
renewable resource.

An assumption made by economists is that water demand is responsive to price changes. But, 
even in the United States, most studies on demand elasticity to prices remain unconclusive, and 
even show very little price elasticity.

Irrigation systems are often at best hardly covering operation costs, and forget about depreciation
of the investment

More than 80% of the private or internal cost made up by the investment, and the rest only by 
operations and maintenance. Besides, depreciation of the heaviest investment (water mains and sewer 
pipes) should be made on a very long period of time (more than 50 years), beyond the horizon of 
bankers and their interest rates. There is then a great temptation to “sink” the investment, and to 
consider that marginal private cost is just operation and maintenance.
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Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 5

International Office for Water

THE WATECO WORKING GROUP APPROACH

DEVELOPMENT OF A NON-LEGALLY BINDING 
AND PRACTICAL GUIDANCE FOR 

SUPPORTING THE IMPLEMENTATION OF 
THE ECONOMIC ELEMENTS 

OF THE WFD

Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 6

International Office for Water

◆ water pricing and charging (article 9)
» incentive to more sustainable use of water resources
» recovery of the costs of water services (all costs and three users; 

households, agriculture and industry)
» considering the social, economic and environmental impacts 

(adequate incentive and cost-recovery, derogation)
» transparency (river basin management plans)

◆ the economic analysis of water uses (article 5 and annex III)
» to support the development of water pricing policies
» to assess trends in water demand and water supply
» to identify measures for achieving the environmental objectives of 

the WFD in the most cost-effective manner

THE TWO ECONOMIC STARS OF THE WFD

Source:  P. Strosser
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Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 7

International Office for Water
THE OVERALL POLICY DEVELOPMENT PROCESS

Defining objectives

Assessing main 
pressures and impacts

Identifying key water 
management issues

Identifying possible 
measures

Developing river 
basin plan

Implementing 
measures

Monitoring
Evaluation

Heavily modified, 
objective derogation

Economic analysis of 
water uses, existing 
pricing policies

Unitary costs of measures, 
impact of new prices, 
economic impact of measuresCost-effectiveness analysis, 

pricing and cost-recovery, 
derogation

Penalties

Source:  P. Strosser

Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 8

International Office for Water

◆ THE WATECO APPROACH IS BASED ON THREE STEPS 

◆ characterisation

◆ identification

◆ assessment
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Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 9

International Office for Water

FIRST STEP: 
characterising representative regions

Economic analysis 
of water uses

Economic significance of main 
water uses (turnover,
employement, income, number 
of beneficiaries, volumes of 
water demand): agriculture, 
households, tourism, industry

Project trend in 
key indicators

Population growth, 
economic growth, sector 
growth patterns

Existing programmes for 
complying with water 
demand, assessment of 
costs, foreseen impacts on 
pressures

Technology development in 
the water sector

Assess current 
level of cost 

recovery

financial costs of 
water, tax transfers, 
administrative 
costs,environmental 
and resources costs

Prices currently 
paid by users

Affordability

Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 10

International Office for Water

SECOND STEP:
identify significant water management issues

Gap in 
water 

status?
No

Cost of basic measures 
and impact on socio-
economic groups

yes

Key sectors causing the gap

Additional measures, costs 
and assessment of their
socio-economic impacts on 
specific targets groups
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Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 11

International Office for Water

THIRD STEP :
assess measures and economic impact

Are the costs 
disproportional?

Evaluate cost and effectiveness of potential measures (limiting abstraction 
with permits, demand management...)

Select the most cost-effective program of measures

Evaluate the financial resources available, costs and environmental benefits

Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 12

International Office for Water

Are the costs 
disproportional?

no

Assessment of:
- financial implications of program 
of measures
- socio-economic and distributional
impact of the selected program
- financial and budgetary 
implications

Identify accompanying measures 
for its implementation

Potential impact on cost-recovery 
and on incentive pricing

yes

Identify time derogation or less 
stringent environmental objectives

Redefine programme of measures 
and proposed derogation

Calculate total discounted cost of 
revised programme
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Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 13

International Office for Water
The first step of the economic analysis : Calculate the present average cost

Cost of operation Cost of maintenance Depreciation of initial investment

Parts of infrastructures needed for the permanent
population:

Dams ;
Water catchment ;
Water treatment plant ;
Water distribution net ;
Decentralised systems for freshwater treatment 

and distribution;
Sewer network;
Waste water treatment plant ;
Decentralised systems for waste water treatment;
Irrigation network for agriculture;

The calculation should be made including
the following infractructures

Parts of infrastructures needed for tourism
(seasonal population)

Dams ;
Water catchment ;
Water treatment plant ;
Water distribution net ;
Decentralised systems for freshwater treatment and 

distribution;
Sewer network;
Waste water treatment plant ;
Decentralised systems for waste water treatment
Irrigation network for tourism infrastructures (golf, 

garden…);

Office
International
de l'Eau

WSM, Syros, 10/07/2002 slide 14

International Office for Water

The first step of the economic analysis : Calculate the present average cost

Second step : 
Description of the state of the technical systems, its need 
for investment to reach its own sustainability (replacing 
ageing parts) => N Euros are needed each year to reach 
the sustainability of the technical systems

Third step : Determinate the rate of leaks
use of different scenarios: 

•Schemes of leaks control A => X m3 of water conserved => Cost of water conserved : X1 Euros;
•Schemes of leaks control B => Y m3 of water conserved => Cost of water conserved : Y1 Euros;
•Schemes of leaks control C => Z m3 of water conserved => Cost of water conserved : Z1 Euros;
•…

Comparison with the investment 
practice => rate of cost recovery 
from water bills (to reach 
sustainability of technical systems)
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Fourth step : forecast of potable water demand and economics in the DSS

Assumptions on population growth Assumptions on tourism developmentAssumptions on irrigation development

Scenarios on yearly and seasonal water need
Existing data on :

resources yearly available ;
decennal drought

Comparison

No deficit Develop a strategy to bring 
the prices and recovery of 
bills closer to the cost

Deficit

How much of the development scheme can be sustained if domestic 
or tourist water demands go down through conservation schemes?

Not enough water in a 
structural manner

Conservation strategies and non-conventional water supplies 
must be considered and compared in at least their own average 
costs, and at best their MOC. 

Enough water

Farmers do 
not accept

Not enough water but 
only in the dry years

Trying to have contracts 
with local farmers who 
irrigate.

Alternative strategies are technically feasible, 
economically and socially acceptable

Conservation strategies;
non-conventional water supplies
waste water reuse for irrigation
…

Farmers accept

Study: How could agriculture adapt 
and partly revert to dryland or no-
intrants farming without 
disappearing?

Risks

Extra-capacity investment;
Water transfers from longer distances

Only classical strategies 
are technically feasible, 

economically or socially 
acceptable

Not enough water after 
the implementation of 

theses solutions

No risks

Enough water after the implementation of theses solutions
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Economic Concepts and Instruments in the 
Water Framework Directive (WFD) 

Relevance to the WaterStrategyMan-Project

Eduard Interwies, Research Fellow
Ecologic, Institute for International and European

Environmental Policy, Berlin

Hermoupolis, Greece 8/07/2002

Economic Concepts and Instruments in the WFD and the 
WSM-project 

Structure of Presentation 

◆ The European Water Framework Directive 
(WFD): Economic aspects of Integrated River 
Basin Management (IRBM)

◆ How is the practical implementation procedure? 

--> What can we learn for WaterStrategyMan ?
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Economic Concepts and Instruments in the WFD and the 
WSM-project 

The European Water Framework Directive

◆ re-orders European water legislation;
◆ imposes the Integrated River Basin (Water 

Shed) Management Approach
◆ thus affects administrative structures and
◆ reduces the importance of frontiers in Europe
◆ introduces/reinforces the use of economic 

concepts in water resource management (cost 
recovery, polluter pays etc.).

--> Chances and difficulties!

Economic Concepts and Instruments in the WFD and the 
WSM-project 

D e f in in g
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Im p le m e n ta tio n  o f
s e le c te d  m e a su re s

Id e n ti fy  a n d  qu a li f y
W a t e r  u s e s

P ric in g

C os t  e ff e c tiv e n e s s
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M od if i e d  W a t e r  B od ie s

A s se s s in g  e x is tin g
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Main Steps of the WFD Process & Role of 
Economics
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Economic Concepts and Instruments in the WFD and the 
WSM-project 

Central economic aspects of the WFD: 
Overview

◆ cost recovery (including internalisation of 
environmental and resource costs of water
use)

◆ economic incentives for rational water use
◆ selecting the most cost-effective set of 

measures to reach the environmental aims

--> issues of importance for water deficient 
regions?

Economic Concepts and Instruments in the WFD and the 
WSM-project 

Central economic aspects of the WFD:
cost recovery

◆ „Member States shall take account of the 
principle of recovery of the costs of water 
services, including environmental and re-
source costs [...] and in accordance in parti-
cular with the polluter pays principle.
Member States shall ensure by 2010

- an adequate contribution of the different water 
uses, disaggregated into a least industry, 
households and agriculture, to the recovery of 
the costs of water services“ (Art. 9 (1)).
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Economic Concepts and Instruments in the WFD and the 
WSM-project 

Central economic aspects of the WFD:
„social“ cost recovery

◆ “Member States may in so doing have regard to 
the social, environmental and economic effects 
of the recovery as well as the geographic and 
climatic conditions of the region or regions 
affected” (Art. 9 (1)).

--> important, realistic restriction of the cost 
recovery principle: danger of misuse? (political 
consensus through transparency!)

Economic Concepts and Instruments in the WFD and the 
WSM-project 

Central economic aspects of the WFD:
incentives

◆ “Member States shall ensure by 2010

- that water pricing policies provide adequate 
incentives for users to use water resources 
efficiently, and thereby contribute to the 
environmental objectives of this Directive” 
(Art. 9 (1)).
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Economic Concepts and Instruments in the WFD and the 
WSM-project 

Central economic aspects of the WFD:
measures

◆ [...] (b) make judgements about the most cost 
effective combination of measures in respect of 
water uses to be included in the programme of 
measures under Art. 11 based on estimates of 
the potential costs of such measures (Annex III).

Ambitious aims:
how can they be achieved? 
--> Information as a first step (see also Bernard´s 

paper)!

Economic Concepts and Instruments in the WFD and the 
WSM-project 

Requirements of the WFD for 2004

For each river basin:
1. analysis of characteristics
2. review of the impact of human activities on 

water bodies
3. economic analysis of water uses

(according to Article 5, Annex II, III and V)
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Economic Concepts and Instruments in the WFD and the 
WSM-project 

Economic Analysis of Water Use

(required until 2004!) 

Contain enough information for :
◆ calculations for taking into account the cost 

recovery principle
◆ judgments on the most cost-effective 

combination of measures
◆ calculations for water pricing policies giving 

incentives for the efficient use of water

Economic Concepts and Instruments in the WFD and the 
WSM-project 

Economic Analysis in the WFD

◆ Possibly the most interesting, powerful, difficult 
(and controversial?) new element introduced to 
European water management though the WFD!

◆ Issue of moving from historical (Federal States) 
to “Ecological” boundaries (River Basins)!

◆ Increasing role of economic instruments (and 
economists)! 
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Economic Concepts and Instruments in the WFD and the 
WSM-project 

Practical implementation

◆ Guidance document on economic aspects of the 
WFD prepared by the WATer ECOnomics 
working group (WATECO) 

◆ endorsed by the Water Directors meeting in 
Sevilla in June, final version end of July

◆ National implementation has started (in form of 
guidance for administrations, pilot projects etc.) 

--> WSM should build around this work! 

Economic Concepts and Instruments in the WFD and the 
WSM-project 

What does this mean for WSM?

◆ WATECO-work focussed on the information 
basis needed by 2004 (required economic 
analysis!)

◆ not a lot on cost-effective sets of measures
(use of instruments), will be focus of WATECO 
work after 2004

◆ only first thoughts on practical calculation of 
environmental and resource costs (mitigation?) 

--> WSM “ahead of times”!
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Economic Concepts and Instruments in the WFD and the 
WSM-project 

The way ahead for socio-economics 
in WSM

◆ Build on the principles of the WFD
◆ On information: Use existing results of 

WATECO as a basis, test them in co-operation 
with national and regional authorities (the have 
to do the “job” anyway)

◆ move forward with identifying (sets of) 
measures “in practice”, integrate results into 
future WATECO (and national) work

◆ move forward on estimating future demand
(supply), scenario building (here: seasonal 
dimension important)

Economic Concepts and Instruments in the WFD and the 
WSM-project 

Possible economic instruments

◆ “adequate” cost recovery: change tariff 
structures (no average cost pricing): 
be realistic, no “textbook” approach (for DSS)

◆ integrate environmental costs: develop/ improve 
(abstraction) charges and fees

◆ water conservation measures (look at financing)
◆ “smart” metering solutions
◆ IMPORTANT: develop compensation programs 

for loss in income (increase acceptability), based 
on long-term sustainable growth    

--> find the right “mix”!
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Economic aspects in Research projectsEconomic aspects in Research projects

Characterisation
of river basin :

linking
biophysical and

economic
information

Where will we
be in 2015?

Assessing trends
in water demand

and supply

Selection cost-
effective

measures for
achieving the
environmental

objectives of the
WFD

Assessing
existing and

future levels of
the recovery of

the costs of
water services

Linking the
economic

analysis with the
information,

consultation and
participation

process
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Economic Concepts and Instruments in the 
Water Framework Directive (WFD) 

Relevance to the WaterStrategyMan-Project

Eduard Interwies, Research Fellow
Ecologic, Institute for International and European

Environmental Policy, Berlin

Hermoupolis, Greece 8/07/2002
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Water Resources Planning and Water Resources Planning and 
Management in the 21st CenturyManagement in the 21st Century

Capacity BuildingCapacity Building
&&

Institutional MobilizationInstitutional Mobilization

Evan Vlachos
Sociology and Civil Engineering

Colorado State University

The Five Crises

• An Engineering Crisis: Supply and Demand

• An Ecological Crisis: Quality

• An Organizational Crisis: Institutional 
Mobilization and Coordination

• A Methodological Crisis: Data and Modeling

• A Perceptual Crisis: Public Awareness, 
Involvement and Participation
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Changing Approaches to
Planning and Management

1960s Feasibility studies, Elitist planning, Extrapolative 
orientation

1970s Environmental Impact Assessment, 
Indicators/Principles & Standards, modeling/data

1980s Cumulative Impact Assessment, foresight emphasis, 
“User pays,” “Polluter pays” principle

1990s Sustainability, Equity/Efficiency/Effort, Normative 
Planning

2000s Globalization, Integrated/Holistic/Comprehensive, 
“Co-evolution”

Evolution of Water Resources Approaches

Approach Emphasis

1960s Traditional Subsystem government power
1970s Rational “Administrative,”

Political rationality,
Environmental, social calculus

1980s Transitional Free market, budget reform, budget

1990s Managerial Muddling through with a purpose

2000s Transformational Holistic, integrated, heterarchical



12-SOCIAL CAPACITY BUILDING AND INSTITUTIONAL OPTIONS

WATERSTRATEGYMAN
WORKSHOP PROCEEDINGS

153

A.  Conceptual = shifting paradigms/complexity/
chaos/heterarchization

B.  Methodological = multi-/GIS, ES, AI, DSS/ 
systems/computational prowess

C.  Organizational = participatory/anticipatory/
contingency emphasis

D.  Substantive = new focus/areas of concern

Complexification
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TOWARDS IWRM

 A. UNDERPINNING PRINCIPLES     ≈ “PHILOSOPHY”

 B. CRITERIA & STANDARDS                ≈ “PLANNING”

 C. CROSS-CUTTING PRACTICES    ≈ “MODELING”

 D. IMPLEMENTATION MECHANISMS ≈ “MANAGING”

A.  IWRM Principles/Premises

 Principle I:  Water as a finite and vulnerable resource

 Principle II: Participatory approach 

 Principle II: The important role of women

 Principle IV: Water as an economic good
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B. CRITERIA & STANDARDS

• ECONOMIC EFFICIENCY

• EQUITY

• ENVIRONMENTAL/ECOLOGICAL SUSTAINABILITY



12-SOCIAL CAPACITY BUILDING AND INSTITUTIONAL OPTIONS

WATERSTRATEGYMAN
WORKSHOP PROCEEDINGS

156

EQUITY

• Procedural Equity - access to and 
influence on the planning process and 
decisions: transparency, public 
participation

• Consequential Equity - equity of 
outcomes, parity,proportionality, 
priority, classical distributive justice

C.  Cross-Cutting Practices

 1.  Basin-Wide/Watershed Emphasis

 2. Integration of Supply and Demand Approaches

 3. Intersectoral Emphasis

 4. Regulatory and Institutional Frameworks

 5. Transboundary Interdependencies/Geopolitics

 6. Participatory and Transparent Governance
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IntegratedWRM
• Vertical Integration

• Horizontal Integration

• Interdisciplinary Integration

• Functional Integration

• Stakeholder Integration
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Requisites for the Transition

• The Need for New Paradigms
– Sustainability, heterarchy, co-evolution

• The Understanding of New Contexts
– “Raplexity,” interdependence, globalization

• The Emergence of New Methodologies
– Cumulative, synergistic, diachronic impacts
– Indicators, DSS, data-information, judgement
– Computational prowess

Towards a “Vigilance” Strategy

Environmental Scanning
[Monitor trends and developments]

Organizational Mobilization
[Improve management]

Decision Support Systems
[Intelligence, interpretation, implementation]

Contingency Planning
[Wider range of alternatives and options]
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Emerging Operational Principles

• Envisioning

Share the dream, share the goals

• Empowerment

Joint decision making, power sharing

• Enactment

Implementation, civic engagement
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OUTLINING WATER MANAGEMENT OUTLINING WATER MANAGEMENT 
STRATEGIES FOR WATER DEFICIENT STRATEGIES FOR WATER DEFICIENT 
REGIONSREGIONS

C. A. Karavitis
Civil Eng.  CSU

2

DEMAND MANAGEMENT DEMAND MANAGEMENT 
Water saving/conservationWater saving/conservation
recycling/reuserecycling/reuse
zoning/land use changes and policieszoning/land use changes and policies
legal, regulatory and administrative measureslegal, regulatory and administrative measures

prioritizing demandsprioritizing demands
meteringmetering

technological adjustments (agricultural, urban, technological adjustments (agricultural, urban, 
industrialindustrial
Forecasting systemForecasting system
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3

SUPPLY ENHANCEMENT SUPPLY ENHANCEMENT 
System improvement/conservationSystem improvement/conservation
surface surface -- ground water storageground water storage
interbasininterbasin//intrabasinintrabasin transferstransfers
water importationwater importation
conjuctive useconjuctive use
weather weather modificationmodification
desalinationdesalination

4

ECONOMIC OPTIONSECONOMIC OPTIONS
Economic Incentives/PricingEconomic Incentives/Pricing
Water budget changesWater budget changes
Cost recovery Cost recovery 
Customer consultation/stakeholders Customer consultation/stakeholders 
involvementinvolvement
Existence of guaranteed standards and Existence of guaranteed standards and 
measurable indicatorsmeasurable indicators
Spread of risk/insuranceSpread of risk/insurance
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5

ENVIRONMENTAL OPTIONSENVIRONMENTAL OPTIONS

ExistenceExistence of explicit environmental of explicit environmental 
standards/enforcementstandards/enforcement
Legal and administrative mandatesLegal and administrative mandates
environmental regulations environmental regulations 
ImpactImpact assessmentassessment
RiskRisk assessmentassessment andand managementmanagement ofof
uncertainty/vigilanceuncertainty/vigilance

6

INSTITUTIONAL/SOCIAL INSTITUTIONAL/SOCIAL 
OPTIONSOPTIONS

NationalNational waterwater policypolicy setting/adequacysetting/adequacy PublicPublic
participationparticipation
Conservation campaignsConservation campaigns
Alternative dispute resolution/conflict Alternative dispute resolution/conflict 
managementmanagement
Clarity of vision, goals and objectivesClarity of vision, goals and objectives
Institutional mobilizationInstitutional mobilization
Capacity Capacity buildingbuilding
AAdministrativedministrative apparatusapparatus
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7

STRATEGY OPTIONS AND ACTIONS STRATEGY OPTIONS AND ACTIONS 
MATRIXMATRIX

 S trategy OPTIONS 

ACTIONS D emand 
Management Supply Enhancement Capacity 

Building … 

1 Household 
conservation  Impo rting 

water  
… 
… 

 …  

2 P ricing  control  Sur face 
sto ra ge  …  …  

3 …  Reuse  …  …  

…. …  …  …  …  
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