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Abstract: Water is one if not the controlling factor of regional development around the Mediterranean, and its political 
importance can hardly be exaggerated. While water budgets, supply and demand balances are in principle straight 
forward mass budget problems and amenable to quantitative analysis, the socio-economic framework that ultimately 
drives the water resources management introduces another layer of complexity. The paper describes an ongoing EU 
sponsored project under the INCO-MED framework, SMART, addressing problems of sustainable water resources 
management in the coastal zone. Starting with a discussion of sustainability in this specific context, the methodology 
developed is presented and illustrated with material from five parallel case studies. A system of simulation models 
within a framework of indicators and indices is being used to design, evaluate, and compare alternative scenarios of 
coastal zone development. Multi-criteria multi-objective DSS methods are used to build an assessment framework 
that can support the local and regional decision and policy making process in a participatory approach.  
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1. INTRODUCTION 

Sustainability is a much used, and in fact overused term in resource management. "Sustainable 
development, now enshrined as an objective in the Treaty of the European Union, should aim at the 
welfare of present and future generations both in Europe and worldwide in terms of economic 
prosperity, social justice and security, and high environmental standards and the sound management 
of our natural resource base." COM(1999) Europe's Environment: What directions for the future, 
'Towards Sustainability'. 

The probably most widely used definition is Brundtland’s, World Commission on Environment 
and Development, 1987:  

“Sustainable development is development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” and it is certainly 
politically incorrect to disagree. 

However, the definition begs a few questions. The concept revolves around the idea of "needs", 
and these are not absolute, but social constructs. That introduces a lot of variability and uncertainty. 
In a much more colloquial interpretation, sustainable is generally used to denote: persistent, 
continuous, long-lived: something that can be done or exist forever or at least a very long time, 
which implies affordable, that is acceptable from an economic point of view which implies benefits 
outweighing costs, which involves valuation, and thus condenses into good, desirable or worthy, 
that is acceptable in a given community, which is explicitly a social construct and thus time 
variable. 

What does it mean for water resources? Water resources are, in part renewable as in surface 
water, in part non-renewable or practically non-renewable, as in many groundwater systems, and in 
part can be generated by shifting the problem like in desalinization, which makes it an investment 
and energy issue where the latter can again be based on renewable or non-renewable resources, et 
cetera. 

The main problem with water around the Mediterranean is not only that, on average, there is 
little and its temporal distribution is unfavorable, but that the demand is growing: if this growth is a 



14 K. Fedra 

 

"need", than it has to be met for water resources management to be sustainable. Looking at the 
Mediterranean region, and the Near and Middle East, some of the most water stressed countries are 
to be found here: The projections of water available per person are dropping steeply for most 
countries, even though this is a demographic problem mostly. Average values, according to Wagner 
(2001) are moving to 1,000 m3/person and year or below, with some countries like Libya, Israel, 
Tunisia, Algeria or Egypt well below that value - based on demographic projections. Add to that 
that in several cases like Jordan, non-renewable groundwater is the mainstay of the current water 
resources, while in other cases like Turkey, international trans-boundary demands on water from the 
Euphrates and Tigris, may be the main problem. This is not exactly new; Kulshreshta (1993), as one 
of many examples, has analysed World Water resources in terms of vulnerability, including 
possible climate change scenarios. 

Environmental systems are complex, dynamic, spatially distributed, and highly non-linear, and 
that is certainly true for water resources in particular. Their coupled processes operate on a 
multitude of interdependent scales in time and space. In addition, many of the governing processes 
are not directly observable and therefore not easily understood. 

As a consequence, human management of the environment which has always been haphazard at 
best develops the potential for serious blunders where sheer numbers and technological power make 
the magnitude of our impacts more critical in relation to natural processes. This applies most 
directly to the water resources systems, where concentration and acceleration are dominant 
elements of a mostly man made environment. 

The generic root of environmental resource problems is the un-coupling of geochemical, 
ecological and, in particular in the case of socio-technical environments like intensively used 
hydrographic catchments, economic cycles (Commoner, 1971).  

A classical element of shared resources, again based on breaking of a feedback loop in some 
sense, is described by Hardin (1968) in his classical “tragedy of the commons” example, where the 
sum of rational individual actions lead to collective catastrophe: uncontrained groundwater use is a 
prototypical example. Conceptually, it is closely related to the externalizing of costs, where an 
individual reaps the benefits, but can distribute the costs to a larger group, thus breaking the 
feedback loop.  

Yet another aspect of the same basic underlying problem of decoupling is a temporal one. If the 
feedback from any action is delayed when acting as a regulating force in the control loop, the well 
known problem of an oscillating, and possibly overshooting or collapsing system will result. Even 
an extremely simple system like a two parameter coupled linear equation of predator-prey 
relationships (the famous Lotka-Volterra system) will exhibit this behavior. This temporal 
decoupling has also some bearing on the concept of sustainability. Delayed feedback is behind 
some of the basic models of environmental problems, such as the Limits to Growth (Meadows et 
al., 1971, 1974). The slow response of groundwater systems to overexploitation and pollution is a 
classical example. 

The continued unbridled operation of positive socio-economic feedback  loops, involving the 
exponential growth of population and of industrial capital and with it, resource consumption, must 
lead to their ultimate arrest by the “lagged operation of negative feedback” physico-environmental 
loops of pollution, resource exhaustion and famine (Forrester, 1971, Meadows et al., 1971). 

Environmental degradation that can no longer be overcome by “going West”. This leads to calls 
for stability or “sustainability”. While the former is a well studied concept in ecosystems research 
(see, for example, Margalef, 1968; Maynard Smith, 1974; May, 1976) it may not necessarily be 
desirable in the context of larger environmental systems: what is “sustainable” and preferred from a 
strictly environmental point of view may not be “sustainable” from a broader socio-technical 
perspective that considers factors other than the environment. (Brooks, 1991) 

“Sustainability” is a temporal concept: as formulated by the National Research Council (1991): 
... world conservation strategy should include management of the use of a resource so it can meet 
human demands of the present generation without decreasing opportunities for future generations. 
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In this future orientation, however, also lies an interesting problem: since we can not foresee the 
needs and values of future generations, we would have to find a value-free operational definition of 
“sustainability”, which seems impossible. The alternative is to project current value systems, and: 
“don't do unto others what you do not want done to yourself”, loosely paraphrasing Kant's 
Imperative in an inter-generational context. 

A common goal of strict conservationists is to approach as much as possible a "pristine state" of 
the environment. Solow (1991) emphasizes that leaving the world as we found it in detail is not 
only not possible (just think of the second Law of Thermodynamics), but may not even be desirable. 
Not only do we use up resources, but we also create resources: physical infrastructure, knowledge, 
and new capacity for technological and social innovation. Water resources systems, with dams and 
reservoirs, channels and pipe networks, pumping stations and treatment plants, are prototypical 
examples of complex man-made machines representing high levels of long-term investment. Thus, 
as Brooks (1991) argues, “Sustainable” strategies do not necessarily always entail sacrificing the 
present for the sake of the future. 

To the extent that we can use a given quantity of presently known natural resources to create 
more wealth and more useful knowledge with which to find, extract, and use future resources more 
efficiently, or to substitute more abundant raw materials for those presently used in human artifacts, 
we have not only not sacrificed the present for the future, but we may have actually enhanced future 
options beyond what would have existed in the absence of this draft on present resources.  

It is not difficult to see that one could argue the exact opposite, i.e., a “conservationist” rather 
than “possibilist” version of this statement with equal conviction. 

In summary, water resources problems are directly or indirectly man-made and thus “subject to 
choice, or decisions.” No natural reference defining an optimum state of the aquatic environment 
does exist, so that the only possible approach is to develop, in a democratic and open process, a 
shared set of preferences, and then design the strategies and effect the decisions that are most likely 
to lead to a corresponding state of the environment: ample room for water resources  information 
and decision support systems (Fedra, 2003). 

2. SMART: MANAGING SCARCE RESOURCES IN THE COASTAL ZONE 

SMART is an INCO-MED project, involving partner from around the Mediterranean, dealing 
with water resources with emphasis on the coastal zone. The coastal zones of the Mediterranean are 
at the same time undergoing rapid development with growing and conflicting demands on the 
natural resources, and at the same time subject to often irreversible degradation of these resources 
and thus the very basis for development (Fedra and Feoli, 1998). Water resources and the related 
land use issues are a key element for the sustainable development of coastal regions. They illustrate 
the dependency of the usually dynamic and fast growing coastal areas on their resource catchment. 
The project explores methods and tools for long-term policy analysis and strategic decision support 
for integrated coastal development with special emphasis on water resources and land use, and the 
resource balance between the coastal region and inland areas. 

The approach is based on a multi-sectoral integration of quantitative and qualitative analysis, 
combining advanced tools of quantitative systems engineering using numerical simulation models, 
with methods of environmental, socio-economic and policy impact assessment using rule-based 
expert systems technology and interactive decision support methods. 

Water resources modeling including both quantitative and qualitative aspects provide the 
framework for policy scenarios, exploring different development strategies, the consequences and 
implications of demographic, socio-economic, and technological development, and the interaction 
of these driving forces towards long-term sustainability of the coastal regions and their hinterland. 

Aiming to support a participatory approach to policy making and impact assessment, the 
approach also foresees the extensive use of the Internet to facilitate broad participation and a shared 
information basis  (http://www.ess.co.at/SMART/). to empower the various actors and stake-
holders in the decision making process, contributing to the development of a civic society The 
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integration of advanced quantitative methods and models with qualitative assessment aggregated 
into policy relevant indicators of sustainable development adds scientific rigor to the interactive and 
participatory political process. This should make it possible to focus the debate on policy issues, 
objectives and values rather than the underlying physical based data and information describing 
better quantifiable constraints and dependencies of the physical world. 

A common methodology for policy design, evaluation, and decision making is being be 
developed and tested in a set of parallel case studies in each of the participating Mediterranean 
countries, and compared with the corresponding EU policies. Lessons from the comparative 
analysis of these case studies help to ensure a generic and generally applicable methodology, and at 
the same time help to foster inter-regional contacts and the exchange of experience.  

3. METHOLOGY: INDICATORS, SCENARIOS, AND MODEL 

Integrated management of the coastal zone requires a balanced consideration of numerous 
aspects including both the socio-economic and physical, environmental domain. While this 
principle is well understood and published, it is rarely implemented in practice. 

The scientific literature in the domain is voluminous; while classical texts have often stressed the 
engineering aspects of the problem, the importance of the socio-economic Participatory policy and 
decision making processes need informed participants, actors or stake holders - this empowerment 
through information and the role of information for policy and decision making are important topics 
addressed in the Agenda 21, and related European policy documents and directives. 

The approach is inter- and multi-disciplinary, and in particular aims to bring together 
quantitative numerical analysis as the basis for any rational resource and coastal zone management 
policies with the tools and methods of socio-economic research. Combining the rigor and 
intellectual discipline of quantitative analysis and numerical modeling with the flexibility and 
problem orientation of in part qualitative and semi-quantitative socio-economic analysis should 
result in a consistent, plausible, and practical contribution to sustainable development policies. 

The approach rests on four main and iterative steps: 
Socio-economic analysis to define problem issues, objectives and constraints, and the network of 

actors involved; this should identify for the case study areas the main problems of coastal zone 
development, and water resources management in particular, together with a set of potential policy 
instruments that may redress these problems towards toward an overall policy objective of 
sustainability, which implies economic efficiency and distributional equity. 

Quantitative analysis of the biophysical resource system, based on numerical simulation of 
policy scenarios identified and defined above; this includes an economic assessment of the costs 
and benefits of water use and supply (expressed as net present value) driven by overall development 
trends and land use change; 

Assessment of these scenarios in terms of the criteria and against the objectives defined in the 
socio-economic analysis; this extends the basic monetary assessment with considerations of 
distributional effects, administrative and enforcement efficiency, and overall political feasibility; 

Communication of the results to the actors and stake holders network, integration of broad 
feedback on assessment and policy alternatives into the next round of iteration.  

This approach, at the level of the individual parallel regional case studies, is supplemented by an 
additional layer of comparative analysis across the case studies in the different countries in an 
attempt to distill generalized lessons and best practice concepts, as well as a comparison with EU 
policies sustainable development policies. 

4. NUMERICAL ANALYSIS 

To provide the quantitative basis and feedback for any socio-economic and policy analysis, a set 
of readily available industry standard numerical simulation models will be used to describe land use 
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change and the water resources situation in each of the case study areas. The models are based on 
GIS technology, cellular automata using a rule-based expert system, and classical water resources 
and hydrological models, based on the conservation laws (mass, momentum), using (partial) 
differential equations to describe dynamic water budgets in space. The tools include: 

 A dynamic land use change model (Figure 1) 
 A river basin scale water resources modeling system, WaterWare (Fedra, 2002; Fedra and 

Jamieson, 1996; Jamieson and Fedra, 1996) (Figure 2) 
 A detailed 3D dynamic flow and transport modeling system, TELEMAC (Figure 3) 
 A hybrid expert system with embedded GIS functionality (Fedra and Abdel-Rehim, 2004) and 

spatial analysis and decision support extensions using a discrete multi-criteria approach 
(Fedra, 2004). 

 

Figure 1. The dynamic land use change model web interface. 

 

Figure 2. Editing a node in the water resources model 

 



18 K. Fedra 

 

 

Figure 4. TELEMAC Model output: Heri-Chekka Bay, Lebanon 

 

Figure 5. The DSPIR framework for scenarios, model parameters, and results. From:  Gambarelli,, G. (2004): 
Comparative policy analysis, SMART project report.  

Together these models can describe any aspect of the hydrological system including demand-
supply patterns and water quality aspects. They are extended to include land use pattern and their 
development and change, as well as the economics of water use and supply, based on the 
calculation of a net present value summary of costs and benefits. 

The basic methodological approach is straight forward: the river basin is characterised with a 
basic set of common, shared descriptive data item, and indicator. The socio economic framework is 
analysed, again summarised in terms of indicators, organised in a DPSIR framework. On this basis, 
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a set of scenarios for each case study: business as usual; optimistic; pessimistic; is now formulated, 
primarily in terms of water demand patterns, and efficiency as well as alternative allocation 
patterns. 

These scenarios are then run through a system of models describing land use change, the water 
resources system, and coastal water quality. The model results for the cases and scenarios are again 
summarised in terms of indicators in the DPSIR framework. 

5. THE CASE STUDIES 

The project includes five case studies in Turkey, Lebanon, Jordan, Egypt and Tunisia. While the 
cases cover a wide range of physiographical situations, there are obvious similarities in terms of the 
developing stress on the water resources system, and the components of possible response 
strategies. 

Turkey 

The Turkish case study focuses on the Gediz River Basin, neighboring the city of Izmir, where 
water scarcity is a significant problem. Water shortage is due basically to competition for water 
among various uses (water allocation problems), mainly irrigation with a total command area of 
110,000 ha versus the domestic and fast growing industrial demand in the coastal zone, and 
environmental pollution although the basin experiences droughts from time to time. 

Water use in the 90,000 hectares of the central and delta zones is limited largely to release from 
the major reservoirs, 75 m3/sec from Demirkopru and 15 m3/sec from Gol Marmara for a release 
period of approximately 60 days, or a total of some 550 million cubic meters during the year. This 
is equivalent to some 450 mm of irrigation water for the growing season. There are serious 
institutional, legal, social and economic drawbacks which enhance water allocation and 
environmental pollution problems. 

Izmir, together with its suburban areas and "satellite cities", is a major industrial area. At present, 
the city of Izmir is burdened by a structure of development factors which endanger the quality of 
the environment (polluting industries, etc.)  There is a close interaction between urban development 
as the inland practices of water and land management lead to coastal problems in the Izmir Bay. 
Thus, the region as a whole requires analysis on sustainable management of natural resources from 
various perspectives.  

The case study addresses the problems of water shortage, competing use, and high levels of 
pollution that are typical for the coastal zone and its rapid economic development. The linkage 
between the physical constraints and the institutional and policy shortcoming are a main topic. 

Lebanon 

The case study addresses the City of Tripoli and the  Batroun Coastal Area. The area stretches 
along the northern Lebanese coast covering Tripoli City to the north, the second largest in Lebanon, 
southward to the town of Batroun. The coastline length is about 30km, and the coastal zone width 
varies between 8-12km inland. The area typifies the Lebanese coast in consisting of a narrow plain 
followed inland by a series of foothills, plateau, then rising through steep slopes to the coastal 
mountain chain. It is crossed by a river (Abou Ali)  passing in Tripoli and another minor one (El-
Jawz) near Batroun, with intermittent streams, dendritic drainage and dry wadis. It is hot sub-humid 
at the coast becoming milder inland. 

The major urban complex is Tripoli, with about 300,000 people in the city, with another 100,000 
in the surroundings. The urban/rural interface around Tripoli has changed dramatically with great 
losses in prime land and resources. The immediate coastal foothills are highly urbanized, and just 
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north of Batroun there are heavy industries, phosphoric acid, asbestos tiles/pipes and cement. This 
is among the highest polluted areas in Lebanon, where quarrying, water, soil and air pollution is 
very noticeable. But just at the limit, the sloping plateau are cultivated, agriculture is mostly citrus 
and olives. The coastal valley slopes are of high relief, and where slightly leveled are heavily 
terraced for agriculture. In plateaus, greenhouses have spread dramatically which, because of 
improper control on watering, fertilizing and use of agro-chemicals have led to soil and ground 
water pollution. Tourism and its seasonal water demand is another concern, together with an 
insufficient and inefficient water and waste management infrastructure. 

Jordan 

Jordan is a country with limited water resources where the per capita share of water is less than 
200 m3/year. The total renewable water resources are about 940 million cubic meters compare to 
the total population of 5.0 million. The country is located in the semi-arid to arid region of the 
world where only about 10% of the total area (90,000 km3) receive above 350 mm of rainfall per 
year.  

The water problem in Jordan is not limited to shortage of water but the quality issue is rising. 
These problems are of course most pronounced in the coastal region. The only coastal area in 
Jordan is the Gulf of Aqaba where the shoreline amounts to about 45 km. Water supply to Aqaba 
region are derived from the Red Sea Basin (5.0 MCM groundwater) and the adjacent Dissi aquifer 
system (20 MCM).  

Aqaba area, with about 150,000 residents, has been declared a special zone as a duty free area in 
order to attract new investors in trade and industry. This development will increase demand for 
water for the growing population and future industrial activities. This development will lead to a 
potentially dramatic rise in water demand, but also wastewater generation. 

The current water consumption in the region is shared between agriculture (about half), the rest 
again being shared more or less equally between industry and domestic demands. The total area is 
comparatively small, leading to a high concentration of economic activities along the coast and thus 
competition for space and addition to the competition for water, as well as impacts on the coral reef 
which in turn is an important resource for tourism.  

Egypt 

The Egyptian case study deals with the Abu Kir Bay Region, located on the Mediterranean Sea 
to the west of the Nile delta of Egypt. It belongs to three governorates (Alexandria, Behaira and 
Kafr El Shiekh). It includes important historic cities such as Rosetta, Abu Kir and Idku. It also 
includes a large lagoon (Lake Idku) as one of the less polluted lakes of the five northern lakes of 
Egypt. These lakes represent about 25% of the wetland of the Mediterranean. The Rosetta branch of 
the River Nile delivers to the Mediterranean about 4-5 billion m3 of the Nile water yearly. 

Abu Kir bay is considered one of the most important natural habitats for marine organisms in the 
region, in addition to the historic and cultural nature of the region. The Governorate of Alexandria 
has recently decided to upgrade environmental and tourist conditions along the coast. Extensive 
development of the waterfront have recently changed the image of the city.  

Lake Idku,about 30 km east of Alexandria is a shallow brackish water lake with one connection 
to the Mediterranean at El Meadia. It has an area of about 125 km2. The lake receives water from 
three drains along the southern and eastern sides. Seawater is primarily affecting the western side of 
the lake near the outlet. After construction of the Aswan High Dam, the annual drainage in the lake 
has increased. This has caused an increase of the level of the lake and induced flow from the lake 
into the sea and the lake became less influenced by salt water from the sea. Its water quality is a 
major concern. 
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Tunisia 

The environmental degradation of the Mediterranean basin over the last decades is severe and 
gradually worsening in many areas as the coastal zone is at the same time an area of high 
attractiveness for urban development, parallel economic development of agriculture, industry, and 
tourism, and also an area of great sensitivity and vulnerability with fragile ecosystems. The heavy 
concentration of people and their economic activities and consumption patterns of natural resources 
have resulted in a steady deterioration of the coastal zone. Preserving, restoring, and managing the 
coastal environment and its water resources in an integrated and sustainable manner is an 
increasingly urgent task in Tunisia. 

The Tunisian coastline spans 1,300 km. Over the last two decades, a major shift of population 
growth, urbanization, industrialization could be observed. These developments conflict with the 
parallel development of tourism, which depends on the same resource basis but also on a clean and 
attractive environment, inland and coastal areas. The case study is concentrating on the Gulf of 
Hammamet with its large tourist resorts like Monastir. The effect of institutional as well as 
regulatory and economic conditions of coastal zone development will be related to the patterns of 
land use change as the primary indicator of coastal zone development. 

6. POLICIES AND DECISION SUPPORT: TOWARDS SUSTAINABLE 
RESOURCE MANAGEMENT 

The integration of the socio-economic methods and the numerical models is accomplished in a 
two-stage process, using a combination of scenarios and assessment rules: The scenarios describe 
possible development strategies and policies (including external driving forces such as climate or 
demographics) in terms of, inter alias, land use change, investment in infrastructure, water 
allocation and pricing, water use technologies including treatment and recycling. These scenarios 
are based on the guidelines derived at the socio-economic level. 

Translating scenario assumptions into model input parameters (like scaling factors for water 
demand or loss terms defining efficiencies of delivery and use) is again being done with linguistic 
variables or indicators derived by rules from the data of the socio-economic analysis (Fedra, 1993). 

The scenarios (in terms of their physical attributes and implications) are then simulated with the 
numerical models. The resulting patterns and budgets of water distribution and allocation, demand 
and supply, reliability, cost-benefit ratios, are then analyzed again in terms of their socio-economic 
impacts (monetary and social aggregate costs, and benefits, environmental impacts). The resulting 
data are aggregated into policy-relevant indicators and information within the same framework that 
is being used for the translation of scenario assumptions to model parameters. These indicators, at 
the highest level are aggregated into 

 Environmental (compatibility) 
 Social (equity) 
 Economic (efficiency) 

dimensions, and thus the dimensions of sustainability. The methodology is again to use simple but 
exact translation rules, based on a classification of linguistic variables derived from the indicators. 
Simple first-order logic and production rules are near to natural language, but can nevertheless be 
processed without ambiguity: 
 

IF water quality > good 
 AND reliability of water supply >= medium  
   AND [access to water > easy 
  OR cost of water < low] 
 AND source type = renewable 
THEN sustainability = high 
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To keep this process open and reproducible, a rule-based expert system is used for this impact 
assessment and aggregation procedure, so that these individual translations are open for inspection. 

7. OPEN AND PARTICIPATORY DECISION MAKING PROCESSES 

The final step in this approach is then to communicate these finding back to the key actors that 
have identified the issues and possible solution strategies in the first place. Their response and 
reactions will trigger the next cycle in the policy and decision making process. 

To support a participatory decision making process requires the appropriate institutional and 
public interfaces, but also a shared information basis. Here the internet can play a central role as an 
efficient and effective medium and tool for networking all the main actors, stakeholders, and 
eventually the general public.  
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