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SUMMARY 

A crucial problem for planners dealing with the management of water resources is to choose 

among the available alternative scenarios. In the presented methodology the result is a 

combination of the data of all the important parameters of water resourses management and the 

degree of influence of each involved group to the decision - making. The subjectivity of the 

results is minimised by a sensitivity analysis on the degree of influence of the above groups. It is 

shown that the relative weight given to each group has a direct influence to the final decision, 

since a large part of the total grading of the scenarios depends on the pursued aims of each 

involved group. 
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1.  INTRODUCTION 

In the recent years, it has become generally acknowledged that water resources are not 

inexhaustible, while they run the risk of pollution and of brackishness. As a result, problems that 

are related to water have become an impediment to the process of development. The water 

resources available are territorially and temporally divided. Water needs are confronted according 

to these divisions and also according to the quantity and the quality of the water. In order to 

confront these needs, the appropriate management is required, as well as the planning of water 
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resources exploitation, based on some general principals of sustainable development: (a) ensuring 

of a healthy environment (b) dynamic economy (c) social equality and justice for the present and 

future generations. 

The points listed below characterize this kind of management (Netto et al): 

 Great degree of insecurity 

 Complicated object of planning with, at times, multi-dimensional objectives  

 Difficulty in the definition of the individuals or the groups of individuals that participate in the 

decision making 

 Complicated structure of the alternative solutions, which combine in a sequence some 

elementary actions and temporal horizons of planning  

Modeling suggests a method, probably the principal one, to anticipate the behavior of the existing 

or the suggested management systems. In the past 30 years, there has been a substantiated 

progress in our abilities to model the mechanical, financial, ecological, hydrological and some 

times the standard or political data that characterize the complicated systems of water resources 

(Loucks et al). 

This ascertainment is generally acknowledged due to the wide scientific activity in water issues, 

which can be proved by the bibliographical investigation. Specifically, there are very interesting 

studies concerning the modeling of water systems, whether we speak of underground or of ground 

waters. The study of Duckstein et al is very interesting, in which four different multi-criteria 

methods of underground waters management are being compared (compromise programming, 

ELECTRE III, multi-attribute utility function, Utility additive). Simonovic et al used the Object - 

Oriented method for the water resources management in the developing countries with application 

in Egypt. Netto et al used ELECTRE III for the planning of a long-term water supply in South 

France with the participation of many decision makers in the decision making process.  

The main target of the present study is, under certain preconditions, to present a frame of 

methodology for the support of decisions concerning water resources in a political level, using a 

multi-criteria analysis. The contribution of this methodology is the minimizing of the subjectivity 

at the decision-making. This is succeeded because of the suggested assessment of weights of the 

evaluation criteria and the assessment of weights by the involved decision makers. Finally, the 

application of a sensitivity analysis on the most changeable of the decision-making process data, 
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which is the influence of the involved groups, and which is represented by the corresponding 

weights. 

 

 

2. METHODOLOGY 

Many times, in order to decide among alternative solutions, we use only one criterion, like the Net 

Present Value, the Internal Efficiency Factor, the Cost - Benefit Factor, the Net Annual Value, the 

price per product / result unit, or the Cost - Benefit factor in an annual basis. The reliability of the 

system, the financial demands, the restoration promptness of the system after a failure or the 

consequences of failures, could be used as a sole selection criterion. The evaluation of a project 

using one criterion is characterized by difficulty or even incapacity to realize an environmental 

impact assessment, to convert qualitative parameters into quantitative (i.e. water quality), to 

convert subjective perceptions and assessments into objective ones, to simultaneously take under 

consideration social and financial parameters (i.e. unemployment, currency availability, 

technological development, national self-sufficiency etc.) and to include cultural and national 

issues. The difficulty of evaluating (assessing) the cost and the benefit in currency units alone, can 

be overcome by use of the multi-criteria analysis, which is characterized by its capacity to be 

applied to complicated and dynamic systems. 

Due to the complex nature of the factors that are related to Water Resources Management the 

development of a Decision Support System is essential, aiming at: 

 The evaluation of future smaller projects and the examination of scenarios based on the 

characteristics that are related to Water Resources Management (technical, environmental, 

financial, social criteria), using the method of multi-criteria analysis. 

 The classification of smaller projects and the definitions of the best solution. 

 The sensitivity analysis of the suggested solution, according to its variable and ambiguous 

data, as well as the temporal planning of the suggested projects. 

The suggested methodology for the selection of the best method of Water Resources Management 

is based, as explained above, on the typical development of a multi-criteria evaluation process. 

This evaluation method has been selected after the examination of the advantages and 

disadvantages of various other methods such as cost-benefit analysis, cost-effectiveness analysis, 

etc.). 
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The advantages of multi-criteria methods have as starting point the fact that social welfare is 

multidimensional, taking into consideration, as essential parameters, the social, economic and 

environmental criteria. The implementation of public policies, such as the one of water resources 

management, is being forced to comprise contradictory and sometimes mutually eliminated 

targets due to its nature as a process of compromise between different social aims. 

The water resources management planning is much more complicated than what we can represent 

in a model. This is not only due to the restrictions that result from the calculation capacities etc. A 

more important parameter is the fact that we are not capable to sufficiently comprehend the 

multiple and independent from each other natural, biochemical, ecological and social procedures 

that characterize such systems (Loucks et al).  

The process of decision making is supported by multi-criteria methods in such conditions. 

However, disadvantages have to be acknowledged because due to the nature of the applied 

criteria. The settlement of the multicriteria problem can lead only to compromising solutions and 

not to explicitly determined ideal solutions. This issue is a serious defect of the multicriteria 

methods when the existence of contradictory criteria is in conflict with the possibility of an 

improvement of the existing solutions.  

In multicriteria analysis, according to Roy, "the principal aim is not to discover a solution but to 

construct or create something which can be considered as liable to help an actor, participating in a 

decision process, to shape, to argue, or to transform his preferences, or to make a decision in 

conformity with his goals". 

The suggested methodology of multicriteria evaluation of alternative water resources 

management methods, will be done in the classical way of a multicriteria analysis as it has been 

reported by P. Goodwin, the steps of which are analyzed in the following paragraphs. Actually, 

the difference of any multicriteria methodology is reported in some of the steps of the process. 

The ultimate goal is to suggest a reliable and scientifically supported methodology, which will be 

characterized by minimum subjectivity. 

 

 

2.1 Problem definition     

The initial preoccupation, which has leaded to this study, is the need for the development of a 

methodology, which will suggest in the most objective way possible, the optimum method of 
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water source management in a district. This preoccupation is based on the realization that the 

relationship between offer - demand - quality is defective. The challenge for the planner of the 

water source management method is to be able - in the years to come - to satisfy the demands of 

the consumers for "clean" water, without any suspensions to the supply. The planner will also 

have to emphasize on the minimization of the environmental impact and to equilibrate the 

development of the resources with the management of the demand, in a financial aspect. 

 

 

2.2  Definition of involved partners 

We define as involved partners the individuals (or groups) that participate in the process of 

decision making for the selection of a water resources management method. There is no particular 

methodology that determines the number of involved groups.  

However, it is fair to say that the number of involved groups depends on the determination of the 

relative recipients as much in the period of time of construction and of operation. As recipient we 

do not mean the natural one, but the physical entity to which legal standing is recognized from the 

effects of the project. Therefore, we define as recipient every physical or legal person to whom 

legal interest from the effects of the project is recognized. 

One point which is not explicitly referred to at the bibliography, is that the final selection of a 

solution is made by taking into account every involved partner, meaning the degree of each of the 

involved partners’ influence in the process of decision making. To this effect, we determine as a 

fundamental element of the process of the multi-criteria evaluation the assessment of weights to 

the involved groups.  

This assessment is subjective and is done by the scientific committee that regulates the whole 

process. We consider that the degree of subjectivity in assigning weights to the involved partners 

can be decreased only if the criteria for this assigning is the scientific credibility of the partner. 

However, every problem of environmental management is, substantially, a problem that has to 

compromise two kinds of  “evaluations”: the evaluation of scientists (biologists, ecologists, 

geologists etc.), which is “objective” and that of citizens, which is “subjective”.   

Furthermore, there are the actual decision-makers. Those, who have the material and financial 

means of realizing each suggested method, for example ministries, prefectures etc. On the other 

hand, there are the decision-makers, the power of which is based on social influences,  
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connections etc. and which influence the final decision (Netto et al). In the present project there 

will be no division of the decision-makers. Instead, the power of each one of the decision-makers 

will be expressed by their assigned weight in the decision making process. 

The suggested novelty of assigning weights to the involved partners has the substantial advantage 

of automating the whole process. In addition, the final evaluation of each alternative method is 

bounded in proportion of the degree of each involved partner’s influence in the decision making 

process. 

 

 

2.3 Selection of alternative scenarios for water resources management 

The scenarios, which are evaluated based on multicriteria analysis, could be independent 

management methods or combinations of them. Following an examination of the alternative types 

of works for the management of water resources, we could summarize the to the following 

categories:  

(a) Drilling 

(b) Pond tanks 

(c) Works of desalination 

(d) Transportation by tank 

(e) Works of water searching 

(f) Works of construction of transportation pipes 

(g) Works of construction of storage tanks 

(h) Water treatment installations (i.e. biological cleaning) 

The above type of works, or their combination comprises alternative scenarios that result from the 

technical elucidation of each examined district. Another scenario is the "nothing" scenario. This is 

the scenario of changing nothing to the current situation.  

All scenarios have to be mutually exclusive, while it is recommended to exclude the scenarios, the 

realization of which is utopian, or the ones that do not meet with some of the evaluation criteria. 
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So, before multicriteria analysis, all the suggested methods are subjected to pre-evaluation using 

the IF-THEN rules, which promotes the feasible solutions. 

 

 

2.4 Evaluation criteria selection and quantification 

As a matter of fact, the selection of evaluation criteria is not carried out by means of a sufficiently 

defined methodology. Nevertheless, there are certain techniques that contribute to their integral 

choice. Roy, studied different options about the parameters determination, aiming to distinguish 

after an extended analysis, their classification from lower to higher significance. Keeney, Raiffa, 

Saaty, agreed to a classification different to the one suggested by Roy, through the disintegration 

of different options down to the sub-elements that comprise them, until the best approach is 

attained.  

In bibliography the general tendency is to use criteria from the whole spectrum of influence of the 

water resources management, i.e. economy, society, environment etc. In the case of South France 

Netto et al use 13 criteria divided in three general categories: vulnerability, which consist the 

most important criteria (environmental consequences, social consequences, long-term financial 

consequences), reliability and adaptability. Lamp, in order to evaluate instream - flow programs, 

uses as criteria the confidence the public feels for the system, the stability of the system, the 

correct management and the cost of the program. Besides, according to "Principles and Standards 

for Planning Water and Related Land Resources" that has been used in the USA since 1973, the 

main target of Water Resources Management is the improvement of life quality through the 

contribution to the following: (a) regional and national financial development, (b) environmental 

quality, (c) social consequences (Simos). Furthermore, the growing moral of sustainable 

development not only supports but also extends these widely acknowledged water resources 

management principals. A proper water source management should be characterized by its 

obligations to: (a) the maintenance of ecological integrity and biological variety, so that the 

environment's "sanitation" can be protected, (b) the development of a dynamic economy and (c) 

the support of social justice for the present and future generations. In many countries, water 

source management has been developed based on the principal of sustainable moral. 

In the suggested methodology, we concluded creating a tree of evaluation criteria, since the 

problem being studied is multi-leveled. In this way, the view of the problem's structure becomes 
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more comprehensive. The process of the tree construction is repetitive, until commonly approved 

evaluation criteria are selected. The tree of evaluation criteria has to comprise a simplification of 

the reality. According to Keeney, Raiffa the construction of the tree has to fulfill all five of the 

following criteria, although it has been proven that some times certain compromises have to be 

made between them: 

1) Fullness, 2) Workability, 3) Independence, 4) Absence of Redundancy,  

5) Minimal size 

Based on the evaluation criteria which different authors have used and the above mentioned 

general principals of sustainable development, taking also into account the criteria of Keeney, 

Raiffa for the integrate and objective structure of a tree of evaluation criteria we concluded to 

figure 1. As it is represented hence, every method of water resources management shall be judged 

based on its grades in four large fields. In turns, these fields are analyzed into a lower level of 

evaluation criteria: 

Figure 1: Evaluation criteria tree 
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 Financial criteria 

They have always comprised a very significant part, if not the most important of an evaluation, as 

a means of ensuring the financial efficiency of the investment program, as it emerges from the 

comparison of the resources allocated, and their financial results (Theofanidis). A very significant 

parameter related to the evaluation of each method is whether it can be enrolled in any of the 

financial means provided by the European Community or state government. 

 Social criteria 

Despite the fact that management technologies are now developed and known to the public, there 

is a parameter that hinders their application. It is that of local authorities and societies opposing to 

land-planning efforts for the demanded installations, particularly when interests of ownership are 

affected. Because of that, during the selection of criteria, we considered the social acceptance of 

the necessary installations, as a particularly significant factor. Furthermore, as seen in Figure 1, 

we take under consideration the employment opportunities that each method has to offer. 

 Technical criteria 

Technical criteria clearly comprise a very important part of the evaluation process of every water 

resources management method. They concern fundamental sectors of the installation operation, 

which are examined as seen in the figure, by two sub-factors: flexibility and workability. 

 Environmental criteria 

Taking into account environment parameters in the decision-making process has been recently 

accepted as essential, for projects of any kind, in the natural and anthropogenic environment, even 

of small significance. Particularly, in large-scale operations, where many dangers might occur, the 

concept of environmental protection takes critical proportions. The comprehension of the 

necessity for sustainable development commands for natural resources protection and this is what 

we are about to try to insert as a judgement parameter for every method of water resources 

management.   

In Figure 1, the sub-criteria are shown according to which, the behavior of every method 

relatively to the environment is going to be judged. The criteria of evaluation that are being 

presented at Figure 1 are under grading. In fact, the ends (leaves) of the tree are graded as shown 

at the picture. The value of the criteria in the first and second level of criteria comes as a result of 
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the weighed addition of the sub-criteria they are comprised of. For example, the value of social 

criteria arises as follows: 

Grading of the Social criteria (S) = βs1*S1+βs2*S2 

where: βs1 = weight of the "Social Acceptance" criterion in calculation of the Social criteria 

βs2 = weight of the "Employment" criterion in calculation of the Social criteria 

S1 = value of the "Social Acceptance" criterion  

S2 = value of the "Employment" criterion  

The grading of the criteria is based on scientific methods and carried out by the team of the 

researchers using two different ways: 

1. Absolute Scale (hardware data): concerns the criteria, the value of which can be measured on 

basis of actual data, emerging from technical-financial aspects of each method. These criteria 

are: the financial ones, employment, local and global pollution, ground and underground 

water pollution. 

2. Tactical Scale (software data): concerns the criteria, the value of which can be measured on 

basis of the relation of equality or inequality between different situations. This scale may 

extend between defined prices. The grading of these criteria includes elements of subjectivity. 

These criteria are: social acceptance, flexibility in the changing of quantity and the substance, 

accident risks, control and maintenance ensuring, technological experience. 

Due to the difference of the scales, in which the criteria of the first and the second group are being 

measured it is considered as essential for their values to get formulated in a common scale. Care 

should be taken when processing on the common scale of criteria evaluation, so that their value is 

not obtained in relation to a presumed "no implication" point but in relation to the basis 

conditions. The latter are described on a scenario of inclination, which reports the evolution of the 

parameters of the problem in a condition of absence of the method under evaluation, meaning, in 

conditions of "business as usual". 
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2.5 Weight definition of the selected evaluation criteria 

Weight definition comprises the measure of relative importance, that each involved decision-

maker attributes to the decision making process in every evaluation criterion of alternative 

methods of water resources management. The method of weight assignment is indirect, meaning 

that it is being done by means of an appropriate questionnaire distributed to the decision-makers 

involved, in order to achieve a classification of the evaluation criteria by priority. The calculation 

of the percentage of contribution of each criterion to the final evaluation is carried out by 

researchers, using a relatively simple algorithm. This method of "indirect weight assignment" has 

been developed by Simos. 

As shown in the decision tree, there are three levels of criteria. The criteria are measured by level. 

The weight assignment begins at the ends of the tree (leaves) which comprise the third level. 

Next, weights are assigned on the second level criteria that are independent of the previous and at 

the end weights are assigned on the four first level criteria, likewise irrespectively of the weights 

of the previous levels. 

The procedure described above refers separately to each one of the decision-makers involved. 

Consequently it is of great importance for a final, total assignment of weight for each criterion to 

emerge by the concluding of preferences of each decision-maker, bearing in mind the weight of 

each one of them in the decision-making.  

The final measured weight for each criterion emerges from the following algorithm: 

Βs = Σaiβs, where: 

ai = weight of involved decision-taker i at decision-making procedure 

i = 1... m, number of decision-makers involved 

β = weight attributed by the decision-taker i to the criterion s 

 

 

2.6 Data processing, resume of performances and results explanation 

At this stage of the procedure we have all the data concerning the methods to be evaluated. This 

means that we have concluded to the relative weight of the evaluation criteria, which represents 

all of the involved decision-makers, as seen in the previous paragraph. Moreover, each of the 
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criteria has been graded and its final grade has been related to a common scale for all. The final 

target is the summing of all data up to a general scaling indicator of water resources management 

methods. 

After completing these procedures the classification of alternatives scenarios emerges. At this 

point it is considered essential for the results to be explained, enlightening some important 

aspects, i.e.: why one scenario has received better grades than another one, which factors played a 

significant role etc. 

2.6.1 Use of quality indicators in the evaluation of alternative methods of management 

In certain cases the evaluation of water resources management methods may lead to conclusions, 

that render decision making disputable. Such a case arises when a different grading of parameters 

according to their objective values, may, in the end, result to equal grading of two methods. 

Consequently, the total evaluation has to be carried out by means of other quality indicators as 

well, which will evaluate the grading structure for each factor of each waste disposal method. 

Such an indicator is the variance that comprises an important measure of the values extension of a 

parameter. The particular indicator is defined as the average number of the squares of values 

declination of evaluation factors of water resources management alternative methods from their 

highest price. At the case of applying the particular indicator for the examination of the variation 

of the evaluation factors of the alternative methods of water resources management from their 

highest value, we have: 

 

  a    a   
σ² = Σ 

β

 β*(10-x)² + Σ  β*(x-0)² 

 or          a  or          b 

   

Where:  

a+b: sum of evaluation factors of  water resources management alternative methods 

β:  average weight of every factor as it resulted by the sum of weights of decision-makers 

involved 

a:  number of factors whose higher possible grading number is 10 
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b: number of factors whose higher possible grading number is 0 

x: grade given to each factor 

Squaring differences (10-x) and (x-0) greater measuring / weighing is given to factors that show 

high declinations from their highest price, a fact of great importance for making conclusions. 

The more the variance gets closer to 0 the more the method of water resources management meets 

its various evaluation criteria. Therefore, between two methods that resulted as equal by means of 

their multi-criteria evaluation, the best is the one that shows the smaller variance. 

 

 

2.7 Sensitivity Analysis 

All calculations include a certain amount of uncertainty or inaccuracy. For this reason, a 

sensitivity analysis is necessary, in order to investigate the size of reaction (= sensitivity) of a 

result at alternative changes of certain values. 

Of all the values reported above that take part in the evaluation we assume that the only variable 

element, which needs a sensitivity analysis, is the weight of the involved decision-makers in 

taking a decision. 

The rest of the data, which could be subjected to a sensitivity analysis, are the weights or the 

grading of the criteria. However, we assume that a sensitivity analysis in these data would give 

less satisfying results, because: 

1) criteria grading arises with the most scientific way possible for the ones that can be measured 

in an absolute scale and the most objective way possible for the rest of them measured in a 

relative scale. 

2) the weighing that results for the evaluation criteria, is also a unique value, since it emerges 

based on the classification they were subjected to by the decision-makers involved, by means 

of the questionnaire,  

Based on the above, we conclude that the weighing that has been assigned to the decision-makers 

involved has to be subjected to a sensitivity analysis. That process, of analysis of the sensitivity at 

the involved decision-makers level and not at the evaluation criteria level, comprises a substantial 

innovation of the methodology suggested.  
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Sensitivity analysis is carried out based on scenarios, which will examine different variations at 

the influence of the decision-makers involved, during the process of decision-making. 

Nevertheless, we suggest the examination of two fundamental scenarios, which are depending on: 

1) the scientific reliability of the decision-maker: In this case the decision-makers involved are 

measured in respect to their scientific reliability. If for example a university is participating in 

the decision-making process, then, in the first place its weighing has to be particularly high. 

This can be supported, because the objectivity of scientific procedures comprises a significant 

factor for the discovering of the realistically best method of water resources management. 

2) the political influence of the decision maker: it is a fact, that the political power plays an 

important role in integrating projects. This does not necessarily mean that a decision maker 

with high political power lacks of scientific reliability, however, the correlation between 

scientific credibility and political power is not necessary or effective. Under specific 

circumstances, even a small and unorganized group of civilians could be able to create 

significant problems through a "subjective" view of the situation. 

Using the above sensitivity analysis, the researcher is able to predict the outcome of the decision-

making process: at first, scenarios containing scientifically the least environmental impact should 

be preferred. At second, scenarios, imposed by political procedures and not necessarily through 

scientific consideration, will be selected. 

 

 

2.8 General consideration of the model suggested 

The model described, is based as seen above, on a typical application of the procedure of multi-

criteria evaluation. Each model however, differentiates, at the application of each of the stages, by 

which it is finally evaluated as to its overall usefulness. 

In figure 2, the way the whole procedure is being carried out is presented in brief. In the first 

place, a group of scientists consisting of analyzers-researchers examines all data or defines part of 

it. Secondly, the decision-makers involved contribute by defining the standards of evaluation, but 

mainly assigning the weight of each on of the criteria to the evaluation process. Grading of 

standards, as we have seen, is carried out on the basis of scientific methods, thus achieved in the 
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most objective way possible by the scientific group, which is also authorized to assign weights to 

the decision-makers involved. 

Figure 2: Representation of decision-making process 
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3. APPLICATION OF THE SUGGESTED MULTICRITERIA METHOD FOR THE 

EVALUATION OF ALTERNATIVE METHODS FOR WATER TREATMENT, IN A 

REAL CASE STUDY 

 

 

3.1. Introduction 

In this section an application of the suggested model in a defined area is introduced. Our goal is to 

determine the usability, the functionality and mainly its credibility regarding the results and the 

process of decision making as a total. 

As a case study we selected the Adour - Garrone river basin the extension of which is 55.650 km2 

and which is situated in Southern France. For this area another assessment has preceded, by 

Netto, Parent and Duckstein which have applied the ELECTRE method. 

The main reasons according to which this particular area of Southern France has been selected are 

the following: 

1. Most of the data demanded by the model application derive directly from the assessment 

applied by Netto et al. The rest of the data are calculated based on assumptions and 

estimations. 

2. The existence of results through a precedent and resembling process, undoubtedly, causes 

comparisons that constitute guidance for the functionality and credibility of the suggested 

model. 

 

 

3.2. Definition of the problem 

The Adour - Garrone river basin is situated in Southern France, where traditional agricultural 

activities take place. Although the mean annual precipitation depth is considered in its total 

enough for the agricultural activities, the attainment of high productivity is not possible, due to 

the uneven time and place apportionment of the precipitation depth. 
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During the last decades the use of water has been raised at this area. During the two decades after 

1970 the irrigated regions were raised from 133000ha to 500000ha. The use of water, from 

200hm3 reached the 750hm3 , while it is anticipated to reach the 1100hm3 at a year of draught.  

At 1950 National Electrical Utility (EDF) began constructing hydropower dams making use of the 

existence of the surrounding mountains. The storage capacity of these mountains reaches today 

the 2500hm3. However, the industrial development of the region had a negative influence to the 

quality of the water, causing pollution to the rivers. The social demand for better environmental 

conditions, in combination with the draught that was observed at the years 1988/89/90, and with 

the consequent increase of consumption, has led the Adour-Garonne Water Committee (which 

consists of local politicians, public services and NGOs) to the approbation of a Master Water Plan 

of a 10-year-duration. According to this plan, a water storage system of 400hm3 should be 

created, which would result either from the improvement of the existing equipment, or from the 

construction of new dams.  

 

 

3.3. Definition of the involved partners in the decision making 

According to Netto et al, the groups that participate in the decision making procedure are divided 

in four categories 

 Agricultural Government Sector (AGS): This sector represents the Ministry of Agriculture of 

France, having technical and administrative jurisdiction. It has the potentiality of sponsoring 

up to 50% of the project, depending on the positive results this will have on agriculture.  

 Environmental Government Sector (EGS): This sector represents the Ministry of Environment 

and its potentiality of sponsoring the project depends on the positive results this will have on 

the quality and quantity of water.  

 Water User’s Organization (WUO): Those are local groups (elected or non-elected) that are 

related to agricultural issues. Their influence on local political issues is not at all negligible. 

 Environmental Protection Organizations (EPO): Those are non-governmental organizations.  
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3.4. Selection of alternative scenarios 

Netto et al, after examining the plenitude of alternative solutions for the best water resources 

management at the Adour-Garonne region concluded in making a list of 38 of them, taking into 

consideration their technical feasibility, as well as the discussion that preceded, with the local 

authorities. However in a research framework only 8 alternatives are examined, in order for the 

decision making procedure to become more articulate. Those are (the numeration of the 

alternatives is the same as used by Netto et al.):  

1. Alternative 2 is not to build any dam, but to buy all water needed from large existing 

hydropower dams.  

2. Alternative 10 prones the building of a large dam at the Charlas site with partial 

reallocation of hydroelectric storage upstream of the Laurelie and Vabre sites. 

Alternative 11 is a variation of alternative 10, without reallocation of hydroelectric 

storage upstream of the Laurelie site. 

3. Alternative 17 consists of creating a large volume of water resources at Vabre with 

minor complements from other basins. Alternatives 18, 19 and 26 belong to the same 

family as alternative 17 and differ only in the size of the dam and complementary 

release options.  

4. Alternative 31 is the construction of the third possible site (Laurelie), with partial 

reallocation of hydroelectric storage upstream of the Charlas and Vabre sites. 

 

 

3.5. Selection of the evaluation criteria 

The evaluation of the suggested methods is based in criteria that are presented in Figure 1 

(evaluation criteria tree). We consider the four basic categories of criteria - economical, social, 

technical, environmental - as essential for a complete and objective evaluation. The specific 

composition of these criteria can vary according to the data of each case to be examined. 

However, the criteria of Keeney, Raiffa should always comprise the standard for the fullest 

representation of reality.  

At the present application, the evaluation criteria tree is adjusted to the already existing data from 

the Netto et. al. study.  
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As already cited, at first, the evaluation criteria are calculated in an absolute or in a tactical scale 

and then their values are converted in a common scale of measurement. For example, in the case 

examined the common scale ranges from 1-10. 

For the determination of the limit -values of the criteria that concern a less desirable situation we 

took into consideration “the conditions at base”, which refer to those presented at a situation 

where there would be no intervention for the solution of the problem. For the determination of the 

limit-values that concern the best (desirable) situation the following process has been followed: 

making use of all possible solutions for the water resource management of the district, the value 

which was the most satisfactory among the methods was selected for each of the criteria. Between 

the limit - values, the ranking scale was chosen to be linear, although this form is the most 

simplified one. In table 1, the ranking of each evaluation criterion for each scenario is presented.  

Table 1: Evaluation criteria ranking 
Alternative 

scenario 
financial 
costs / 
profits 

funding social 

impact 

agricultural 
land 

credibility flexibility technological 
experience  

environmental 
impact 

riparian 
advantages 

2  5 7 8 9 3 10 9 8 9 

10 2 4 7 8 8 7 8 7 8 

11 3 4 6 7 7 6 8 6 6 

17 5 5 5 9 9 8 5 5 9 

18 6 5 4 8 8 7 5 4 6 

19 7 5 5 6 7 6 5 5 6 

26 9 6 6 3 5 5 5 6 6 

31 4 5 2 8 9 8 2 2 9 

 

 

3.6. Weight definition of the evaluation criteria 

The assignment of weight to the evaluation criteria, in an actual procedure, is realised after 

discussion with the involved partners. The latter also have to fill in suitably formed questioners, in 

which they categorized the evaluation criteria in order of priority. Afterwards, the weights for 

each evaluation criteria is calculated according to the method of Simos, for each involved partner 

separately. In the present study, due to its investigating nature, the procedure of discussion with 

the involved partners was not carried out. However, the filling of the questionnaire is realisable, 

since at the study of Netto et al. the importance of each criterion for each involved partner is 

evaluated via a verbal fourth-grade scale. The conversion of this scale into mathematics, using 
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also the Simos method, resulted to figure 2, in which the percentage of weight of each criterion is 

presented. The following apply to this figure: a) each criterion of the 1st level is structured by 

those of the 2nd level. For example, for the WUO, at the “Social Criterion” the weights are: Social 

Impact = 67%, Agricultural Land = 33%. This means that the sum of the weights of the 2nd level 

criteria is 100% of the 1st level criterion, which they structure. However, the weight of the “Social 

Criterion” is 22% of the final decision for the WUO.  

Table 2: Percentage of weight of the evaluation criteria  

CRITERIA INVOLVED 
PARTNERS 

AGS EGS WUO EPO

1st level 2nd level Percentage 

FINANCIAL  35 21 27 19 

 Costs / profits 50 50 100 100 

 funding 50 50 0 0 

SOCIAL  22 29 20 31 

 Social impact 50 100 67 67 

 Agricultural land 50 0 33 33 

TECHNICAL   22 21 32 19 

 Credibility  33 33 40 45 

 Flexibility 33 33 30 55 

 Technological 
experience 

33 33 30 0 

ENVIRONMENTAL  22 29 20 31 

 Riparian 
improvement 

0 40 0 50 

 Environmental 
impact 

 100 60 100 50 

 

In the next stage, the planners assign the weights to the involved partners. Those weights reflect 

the influence of the latter to the decision making process. The weight’s assignment has been 

based to the fact that the involved partners, that basically bear responsibility for the decision 

making are the AGS and the EGS. Especially the AGS have under their supervision the technical 

and the administrative part of the whole project, while they can fund, as the case may be, more 
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than 50%. The EGS also fund the project, taking always under consideration the impact on the 

quantity and quality of the water.  

The WUO and EPO, although they do not formally participate in the decision making, as the role 

is not institutional, their social power gives them the potential of interfering substantially. Taking 

the above under consideration, the suggested weight assignment is that presented at Table 3. 

Table 3: Contribution percentage of the involved partners at the decision making process, 
for the water resources management  

Involved Partner Contribution percentage  

at the decision making process 

Ministry of Agriculture (AGS) 50% 

Ministry of Environment (EGS) 25% 

Water User’s Organizations (WUO) 15% 

Environmental Protection Organizations (EPO) 10% 

 

The combination of weights that were assigned to the evaluation criteria of the alternative 

methods of water resources management by the involved partners, and of those given by the 

modelers to the involved partners, forms the final weight of each criterion for the decision 

making. From the above emerges the fact that the weight for each 1st level criterion is: 

 Financial criteria: 29% 

 Social criteria: 24% 

 Technical criteria: 23% 

 Environmental criteria: 24% 

 

 

3.7. Elaboration of the evaluation table and summing of performance 

Having all the data, as presented in the preceding paragraphs, we proceeded to the total evaluation 

of the water resources management methods. This resulted to table 4, in which appears the total 

ranking for the alternative scenarios as well as the standard deviation (qualitative indicator) of 

values from the desired level. 
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Table 4: Total ranking, standard deviation and classification of the alternative solutions 

Scenario Ranking Standard 
deviation 

2 7,31 2,82 

17 6,09 3,95 

10 6,06 4,27 

26 6,03 4,24 

19 5,73 4,31 

11 5,56 4,54 

18 5,54 4,52 

31 4,56 5,55 

 

Although the above classification is not exactly the same with that suggested by Netto et. al., 

coincides with it in part. For example, ELECTRE III, without the use of veto threshold indicates 

that alternative 2 is in the best position, which coincides with the classification of table 4.  

 

 

3.8. Results explanation 

The results deriving from the table and their coincidence, at a certain degree, with the method 

used by Netto et. al. indicates that the suggested method is on the one hand functional, on the 

other hand it gives scientifically based results. The differences of the ranking with that of the 

existing study, are considered to be result of the concessions made.  

It is generally observed that a method gets a high position at the classification when the 

evaluation criteria, at which it is best ranked, are preferred by the partners involved with the 

largest percentage of involvement at the decision making procedure.  

At this point, it is useful to emphasise the use of the qualitative indicator that we imported as an 

auxiliary at the decision making procedure. Alternatives 10 and 26 constitute an example.  

While the rank of alternative 10 is higher than that of 26, 26 has better standard deviation.  

This means that for alternative 26 there is a better ranking escalation among the criteria. This is 
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the classical case of a multi-criteria model that cannot give a definite answer, but it can only assist 

towards this direction (Aid to Decision). 

 

 

3.9. Sensitivity analysis 

At the following sensitivity analysis the weights of the involved partners will be changed. As 

already emphasized on, the above mention weights are considered to be the only changeable 

elements of the decision making procedure. Previously, the involved partners AGS and EGS were 

considered as the real decision makers, since they have at their disposition the necessary technical 

and economical resources for the decision making process. On the other hand the WUO and EPO 

were considered the “stake holders” due to their influence at the society.  

If that influence is considered as particularly high, the decision making will certainly be directed 

towards the alternative solutions which satisfy the evaluation criteria, that are considered 

important by the WUO and EPO.  

Let the involved partners participate at the decision making process with the following 

percentage: 

  AGS:    5% 

  EGS:  10% 

  WUO:  30% 

  EPO:  10% 

Then the ranking, the classification and the standard deviation will be changed as presented at 

table 5. 
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Table 5: Sensitivity Analysis: Total ranking, standard deviation and classification of the 
alternative solutions 

Scenario Ranking Standard 
deviation 

2 7,28 3,01 

17 6,37 3,75 

10 6,15 4,45 

26 6,05 4,23 

19 5,88 4,14 

18 5,75 4,32 

11 5,59 4,64 

31 4,89 5,24 

 

It is observed that the results are very slightly changed by the sensitivity analysis. This is mostly 

due to the fact that there is no great variation at the ranking of the evaluation criteria. 

Conclusively, it should be underlined that from the ranking derived the fact that the differences 

among the alternative scenarios are not great, which proves that the decision making process 

should be repeated and the judgments improved each time, in order for the final solution to be 

determined. 

 

 

4. CONCLUSIONS 

Without implying that the cure-all solution for the problem assigned to, has been discovered, it 

was shown that the suggested model for the evaluation of water resources management projects 

systemizes as fundamental substantial elements, for the attribution of objective results, certain 

stages of the conventional multi-criteria evaluation process, which are either not used in relevant 

procedures, or are used differently. Those are: 

 The assignment, by the researcher, of weights to the decision-makers involved, conforms a 

stage, which as mentioned before has not been systematically adopted, according to our 

research in literature. Although realization of that certain stage is based on the researcher's 
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point of view and includes subjective characteristics, it is assumed that it provides the 

researcher with the range in which the final decision is going to be found, according to the 

influence of the decision-makers involved. 

 The process of calculation of a quality indicator is necessary in multi-criteria evaluation 

procedures. By means of this particular indicator the most general possible satisfaction of the 

evaluation criteria is judged. Furthermore, in combination with the results of the multi-criteria 

evaluation procedure itself the final decision for the most profitable method is reinforced. 

 Another fundamental innovation, that is being introduced, is the level in which sensitivity 

analysis is carried out. While, in most relevant studies, the sensitivity analysis is realized 

according to the evaluation criteria of alternative water resources management methods, in the 

present study, the analysis of sensitivity is carried out reffering to the grade of influence of the 

decision-makers involved, which is assumed to be the only unstable element at the decision 

taking procedure. 

For all the above reasons, it is believed that the model suggested can be a useful tool in the 

process of evaluation the most suitable method for sustainable water resources management.  
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