
 341 

SELECTION OF A DAM IN THE RIVER BASIN OF RIVER DUERO BY 
PROMETHEE METHOD 

Angel M. Gento 

ETS Ingenieros Industriales (U. Valladolid), Paseo del Cauce s/n 47011 –Valladolid (Spain), e-
mail: gento@eis.uva.es 

Abstract. In this work we analyse the selection of a dam. This problem has different attributes 
that we must to consider: installed power, affected people environmental impact, etc. several 
The PROMETHEE methodology is used to select an appropriate alternative because it can 
handle data that are known with a reasonable degree of accuracy. Moreover we use two 
methods: PROMETHEE I to classify and PROMETHEE II to order. Finally we compare the 
obtained results with another method of the European School of Decision Making: ELECTRE. 

1. Introduction 
In the recent years several decision aid methods or decision support systems have been proposed to 

help in the selection of the best compromise alternatives. The PROMETHEE (Preference Ranking Organisa-
tion Method for Enrichment Evaluations) methods were proposed in 1982 (J.P. Brans, 1982). Since this year 
numerous developments and complementary adaptations to these methods have been made (Brans, Mare-
schal & Vincke, 1984 y 1986; Brans & Vincke, 1986; Mareschal 1986, 1988 & 1989; Brans & Mareschal 
1992a, 1992b & 1992c). 

PROMETHEE methods belong to the family of outranking methods of the European School of mul-
ticriteria decision. The objective of these methods is to help to the decisor in the problems of selection or 
ordering of alternatives, where in addition the criteria are generally in conflict among them. 
Initially, we use two methods to solve the problem: PROMETHEE I (a partial ranking is obtained) and 
PROMETHEE II (it provides a complete ranking). This analysis is completed with the GAIA (Geometrical 
Analysis for Interactive Assistance) plane where alternatives are represented by points and criteria by axes. 

The analyzed case is the selection of a dam in the hydrographic river basin of the Duero River, al-
ready analyzed by means of methods ELECTRE (Gento et al., 2002). 

2. PROMETHEE methods 
PROMETHEE is a procedure, which compares the data for each criterion or variable pairwise by 

subtraction in all possible combinations, resulting in a difference (dj) for each comparison. 
The first step of the procedure is to define a preference function for each criterion.  

)),((),( badPbaP jjj =  1),(0 ≤≤ baPj  
This preference function has the following characteristics: 

0),( =baPj  if 0),( ≤bad j   Not preference 

0),( ≈baPj  if 0),( >bad j   Light Preference 

1),( ≈baPj  if 0),( >>bad j   Strong Preference 

1),( =baPj  if 0),( >>>bad j  Strict Preference 
P(a, b) characterizes the preference of object a over b. This means there is also a P(b, a) describing the pref-
erence of b over a. To consider all real values the generalized function Hj(dj) is defined (see Figure 1): 
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Figure 1. Generalized function Hj(dj) 

We can use several generalized criterion depending on the situation modelling by criterion j (Brans et al., 
1986) (see Figure 1). 

Criterion Graph 

Type I: Usual criterion 

  

Type II: Quasi criterion  

  

Type III: Criterion with linear preference 

  

Type IV: Level criterion 

  

Type V: Criterion with linear preference 
and indifference area 

 

Type VI: Gaussian criterion 

  
Table 1. Generalized criterion (Brans et al., 1986). 

In second place, a multicriteria preference index is formed for each pair of actions as a weighted av-
erage of the corresponding preferences computed in step (1) for each criterion. The index Π(a, b) (in the 
interval [0; 1]) expresses the preference of action a over action b considering all criteria. The weighting fac-
tors express the relative importance of each criterion and are also a choice of the decision maker. 
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Then, alternative actions can be ranked according to:  
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• The sum of indices Π(a,i) indicating preference of action a over all the other actions. It is termed 
`leaving ϕ+(a) and shows how `good' is action a. The action with the higher leaving flow is su-
perior. 

• The sum of indices Π(i,a) indicating preference of all other actions compared to a. It is termed 
`entering ϕ-(a) and shows how `inferior' is action a. The action with the lower entering flow is 
superior. 

According to PROMETHEE I, action a is superior to action b if the leaving flow of a is greater than 
the leaving flow of b and the entering flow of a is smaller than the entering flow of b: a outranks b if : 
ϕ+(a)≥ϕ+(b) and ϕ-(a)≤ϕ-(b).  
Equality in ϕ+ and ϕ- indicates indifference among the two compared alternatives. 
PROMETHEE I provides a preorder on the set of alternatives based on the in-flow and out-flow, and PRO-
METHEE II provides a preorder on the set of alternatives based on the netflow. 

The solution of both PROMETHEE I and II depends on the different parameters used to build the 
outranking relation, although it has been shown that these methods are very robust (in fact much more than 
other methods), against possible variations of their parameters. 

GAIA is a procedure for the display and evaluation of PROMETHEE II results. It arises from a 
mathematical decomposition of the net outranking flows, such that the actions may be regarded as objects 
and the criteria as variables giving a data matrix in a suitable form for Principal Components Analysis. The 
results are conveniently displayed as a biplot. The information from the biplot often indicates the important 
variables, which influence the PROMETHEE II rank order. 

Families of similar alternatives can be identified at a glance, as well as groups of conflicting criteria. 
Lastly, various sensitivity analyses, either numerical or graphical, are possible. 

3. Our problem 
This problem appears because there are different opinions of several groups, associations, etc (farm-

ers, environmentalist, ministries), in general, affected citizens directly by the construction of a dam in one or 
another way. 

3.1. Description 
Seven possible locations have been considered that will denominate S1, S2, S3, S4, S5, S6 and S7. 

These locations are distributed in the region that includes the hydrographic river basin of the Duero river 
(Figure 2). 

  
Figure 2. River basin of river Duero in Castilla y Leon region. 

All the dams would have like main uses the water supply to populations that at the present time un-
dergo water restrictions during part of the year and the land irrigated land (what it would increase the value 
of such when becoming from dry land to irrigated land). Also place of leisure for its zone of influence is 
contemplated to the possible use as (zones of bath, candle boats and motor...) and the installation of hydroe-
lectric power stations. 
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The criteria that have been considered for the problem of location of the dams have are shown in Table 2 and 
the characteristics for each one of the seven analyzed dams are gathered in Table 3. 

Criterion Direction 
Moved people Decreasing 
Rainfall Increasing 
Height Increasing 
Capacity Increasing 
Agricultural benefit Increasing 
Population Increasing 
Environmental impact Decreasing 
Leisure Increasing 
Installed power Increasing 

Table 2. Criteria of selection. 

 Moved 
people Rainfall Heigh

t Capacity Agricultural 
benefit Population Environmental 

impact Leisure Installed 
power 

S1 1000 1500 45 200 1 350000 7 2 50 
S2 0 1300 50 230 1 75000 8 2 65 
S3 100 800 67 140 5 250000 6 6 43 
S4 1500 600 36 250 3 400000 4 7 68 
S5 0 400 48 108 4 50000 4 8 38 
S6 0 300 37 82 4 55000 6 5 30 
S7 0 700 42 175 2 150000 5 7 52 

Table 3. Characteristics of the seven dams. 

A factor that a priori could be considered important as it is the cost; it has not been kept in mind be-
cause it turns out to be a similar value. 

3.2. Analysis 
In the first place we must estimate the weights (see Table 4) and decide the generalized criterion 

(with the corresponding parameters) of different criteria (see Table 5). 

 Moved 
people Rainfall Heigh

t Capacity Agricultural 
benefit Population Environmental 

impact Leisure Installed 
power 

Weights 4 7 3 6 5 5 3 2 8 

Table 4. Weights of different criteria. 

 Generalized criterion Parameters 
Moved people Type V q=50, p=1000 
Rainfall Type VI s=150 
Height Type V q=5, p=20 
Capacity Type V q=40, p=80 
Agricultural benefit Type IV q=1.5, p=2.5 
Population Type V q=10000, p=50000 
Environmental impact Type IV q=1.5, p=2.5 
Leisure Type IV q=1.5, p=2.5 
Installed power Type VI s=10 

Table 5. Generalized criterion and parameters. 

If we calculate the preference indexes of each situation, Π(i,j) we obtain the results shown in Table 6. 

 S1 S2 S3 S4 S5 S6 S7 
S1 0 0,2121 0,3893 0,2255 0,5141 0,5934 0,2791 
S2 0,2187 0 0,4761 0,2977 0,5271 0,5542 0,3351 
S3 0,3158 0,3698 0 0,3168 0,3614 0,5171 0,3348 
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S4 0,4748 0,2989 0,4686 0 0,5357 0,6406 0,3727 
S5 0,3256 0,2326 0,063 0,1256 0 0,1927 0,0628 
S6 0,2558 0,1977 0,0049 0,093 0 0 0,0581 
S7 0,1781 0,2326 0,0669 0,1301 0,4674 0,6067 0 

Table 6. Preference Indexes of the solution. 

With this data, we can calculate the leaving flow and the entering flow of each dam. Its difference 
will be the net flow shown of each dam shown in Table 7. 

 
Moved 
people Rainfall Height Capacity Agricultural 

benefit Population Environmental 
impact Leisure Installed 

power 
S1 -0,7368 0,9315 -0,0889 0,375 -0,5833 0,6667 -0,4167 -0,8333 0,0163 
S2 0,3421 0,7345 0,0889 0,5625 -0,5833 -0,5625 -0,6667 -0,8333 0,6808 
S3 0,2807 0,1266 0,9556 -0,3417 0,5833 0,3333 -0,0833 0,25 -0,2883 
S4 -0,9123 -0,2224 -0,4 0,6875 0,0833 1 0,5 0,4167 0,752 
S5 0,3421 -0,7043 0 -0,6125 0,4167 -0,7292 0,5 0,5833 -0,4907 
S6 0,3421 -0,8386 -0,3556 -0,7417 0,4167 -0,7083 -0,0833 0 -0,7695 
S7 0,3421 -0,0273 -0,2 0,0708 -0,3333 0 0,25 0,4167 0,0994 

Table 7. Net flow of the solution. 

With these results we proceed to order of the seven dams. We use the program WinPromethee 1.0 
developed by us in the Faculty of Engineering to do this classification. The classification by PROMETHEE I 
is shown in Figure 3, the order by PROMETHEE II is shown in Figure 4 and the GAIA plane in Figure 5. 

  
Figure 3. Solution with PROMETHEE I. 
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Figure 4. Solution with PROMETHEE II. 

Previously to calculate the GAIA plane (Figure 5), we need the correlation matrix between attributes 
shown in Table 8. 

 
Moved 
people Rainfall Height Capacity Agricultu. 

benefit Population Environme. 
impact Leisure Installed 

power 
Moved 
people 1 -0,3237 0,347 -0,6392 0,2893 -0,8439 -0,1139 0,1781 -0,4866 

Rainfall -0,3237 1 0,2708 0,7038 -0,7779 0,4074 -0,7212 -0,7828 0,5685 
Height 0,347 0,2708 1 -0,2128 0,324 0,032 -0,2631 -0,0068 -0,1682 

Capacity -0,6392 0,7038 -0,2128 1 -0,7449 0,6172 -0,2511 -0,4416 0,9578 
Agricultu. 

benefit 0,2893 -0,7779 0,324 -0,7449 1 -0,1838 0,5369 0,705 -0,6279 

Population -0,8439 0,4074 0,032 0,6172 -0,1838 1 0,1417 -0,0049 0,498 
Environme. 

impact -0,1139 -0,7212 -0,2631 -0,2511 0,5369 0,1417 1 0,9298 -0,142 

Leisure 0,1781 -0,7828 -0,0068 -0,4416 0,705 -0,0049 0,9298 1 -0,2858 
Installed 

power -0,4866 0,5685 -0,1682 0,9578 -0,6279 0,498 -0,142 -0,2858 1 

Table 8. Correlation matrix of the solution. 

In the Figure 5, we must note that the alternative S4 is the unique situated in the direction of the axis 
of decision of PROMETHEE. This result is coherent with the obtained one by the methods PROMETHEE. 

Conclusions 
The PROMETHEE methods (like others methods of European School of Decision Making) are very power-
ful techniques to help in decision making. In particular, PROMETHEE I help us to classify alternatives and 
PROMETHEE II permit us to order them. 
We have implemented PROMETHEE I, & II in a program WinPromethee to can do easily the analysis of 
sensitivity of the parameters or the analysis of robustness of the obtained solutions. 
In our problem: selection of a dam in the river basin of river Duero, we obtain the same results than with the 
ELECTRE methods (Gento et al., 2002), but with the PROMETHEE methods we have the GAIA plane to 
know the relative position of the different alternatives with respect to the direction of the axis of decision. 
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Figure 5. GAIA plane. 
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