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ABSTRACT. This paper reports on a comparison of six Multi-Criteria Decision making Methods
(MCDM) when used to rank sites for afforestation. ELECTRE III, PROMETHEE II, Analytic
Hierarchy Process (AHP), Compromise Programming (CP), Stochastic Multi-criteria Accept-
ability Analysis (SMAA-2) and Iterative Ideal Point Thresholding (IIPT) were applied to a ras-
terized database containing a number of land units, with each land unit representing a group
of spatially scattered pixels with identical land performance values. The 20 land units in the
database were used as decision alternatives during the comparison. The decision criteria were
five attributes expressing the biophysical and socio-economical performance of these land units
30 years after being covered by Pinus patula. The specific question addressed with these MCDM
was: “Which land units should be afforested with Pinus patula to achieve an optimal land per-
formance 30 years after planting the trees?” The output of each method was a ranking of the
land units, ordered in accordance to their multi-criteria performance.
A certain degree of consistency was observed in the rankings produced by all MCDM. Specifi-
cally, all methods designated the same four land unit as the most suitable alternatives, whereas
only IIPT showed minimal differences regarding the least suitable land unit. Besides this, for
all MCDM with the exception of IIPT, consistency was also observed in some intermediate po-
sitions in the ranking, although for other positions the results produced by the MCDM did not
exactly coincide. This inconsistency can be attributed to inherent particularities of the methods
and to the specific values assigned to the parameters used in each of them.
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1. Introduction

Due to unsustainable land use, land degradation has become a crucial issue in the
mountainous Andes of southern Ecuador. Most pertinent aspects of land degradation
are soil fertility loss and sedimentation of water reservoirs due to soil erosion. Also
floods and drought occur more frequently due to loss of water storage capacity of
the degraded land ([SOU 92], [VAN 03]). Afforestation of land sensitive to degrada-
tion has been proposed as a promising measure to improve overall land performance
([MOR 95], [WIJ 09], [WIJ 10]). It is clear however that decisions regarding afforesta-
tion (where and how ?) must take account of all important aspects of the land degra-
dation problem, either ecological or socio-economical as perceived by all relevant
stakeholders. In this decision context with multiple criteria, geographic information
systems (GIS) and GIS-based decision support systems (DSS) are expected to be ben-
eficial ([VAN 11]).

For the region of interest, i.e. the southern Andes of Ecuador, a prototype of spatial
DSS (sDSS) for afforestation, called ForAndesT was recently developed ([WIJ 10]).
This sDSS was designed to answer ‘Where ?’, ‘How ?’ and ‘How long ?’ questions
related to afforestation planning. ForAndesT was a further development of its prede-
cessor AFFOREST-sDSS ([GIL 05b]). Both sDSS are extensions of a GIS to which
a multi-criteria decision making method (MCDM) encompassing an algorithm, previ-
ously called Interval Goal Programming (IGP) ([GIL 05b]), was added. We renamed
IGP as Iterative Ideal Point Thresholding (IIPT) to avoid confusion with other Goal
Programming methods, e.g. [CHA 55] and [CHA 72].

In addition to IIPT, in this article we explore, compare and discuss the perfor-
mance of five other MCDM. These MCDM are ELECTRE III ([ROY 71], [FIG 05]),
PROMETHEE II ([BRA 85]), Analytic Hierarchy Process (AHP) ([SAA 77]), Com-
promise Programming (CP) ([YU 73]) and Stochastic Multi-criteria Acceptability Anal-
ysis (SMAA-2) ([LAH 98], [LAH 01]). Among these methods, only SMAA-2 allows
to deal directly with data uncertainty.

2. Materials and Methods

2.1. Study area

The study area is the hydrographical catchment of the river Tabacay, which is sit-
uated in the southern Andes of Ecuador. This catchment is located in the province of
Cañar and its area is 66.52 km2. Its altitude ranges between 2400 and 3760 m asl. The
climate, which is typical for the Andes-region, is characterised by relatively low tem-
peratures although strong daily fluctuations are frequent. For the sake of illustration,
a digital elevation model of the study area is visualised in Figure 1.
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Figure 1. Digital elevation model of the Tabacay microcatchment

2.2. ForAndesT-sDSS

ForAndesT is a spatial DSS designed for providing support to forest planners and
decision makers regarding questions like where, with which tree species, and for how
long an afforestation project should be implemented ([WIJ 10]). The system com-
prises four modules: (i) a spatial database describing the territory of interest in terms
of land units and holding all performance attribute values (to be used as decision cri-
teria) for these land units, (ii) a MCDM module, and (iii) a user interface that includes
(iv) tools for geospatial visualization and further analysis of results. The MCDM mod-
ule basically consists of an implementation of the Iterative Ideal Point Thresholding
(IIPT) method.

2.3. Database

The database used in ForAndesT contains the necessary data about the Tabacay
catchment. This catchment is represented by a rasterized database with a spatial res-
olution of 30 m by 30 m. In this database pixels with the same performance attribute
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Attribute Short form Unit Optimisation
Water run-off at surface Run-off mm ha−1 yr−1 Minimisation
Sediment production Sediment Mg ha−1 yr−1 Minimisation
Organic carbon in soil SOC Mg ha−1 Maximisation
Organic carbon in biomass BOC Mg ha−1 Maximisation
Income generated Income $ ha−1 yr−1 Maximisation

Table 1. Land performance attributes considered in ForAndesT-sDSS

values were grouped into land units. The values of these five performance attributes for
each land unit were computed from the following land unit properties characteristics:
altitude, slope gradient, slope curvature (convex, concave, straight), precipitation, soil
type, lithology and land use type ([WIJ 09], [WIJ 10]). All performance attributes are
continuous and were used as the criteria in the decision process. These performance
attributes are listed in Table 1.

The performance attribute values corresponding to each land unit were computed
off-line for the following time lapses: before afforestation, 10 years after afforestation,
and 30 years after afforestation. The tree species considered for afforestation were
Pinus patula and Eucalyptus globulus. This resulted in a total of six values for each
combination of land unit and performance attribute, corresponding to the three time
steps and two tree species mentioned above.

The stored performance attribute values are the basis for ForAndesT to address
the following questions, which were considered relevant for supporting afforestation
planning:

– Where to afforest ?, which refers to the land units on which a given afforestation
project should be implemented;

– How to afforest ?, which refers to the tree species that should be used for af-
foresting a given land unit;

– How long to afforest ?, which refers to the period of time that a given type of
forest should be kept in place.

The answers that ForAndesT provides for these questions are always targeted to
achieve an optimal land performance, expressed in terms of one or more of the five
performance attributes under consideration, cumulated over the considered time lapse.
IIPT is used as the optimization module in ForAndesT.

2.4. Multi-criteria decision methods

The Tabacay database described above was used to study the performance of a
number of different MCDM when answering the following question: “Where to affor-
est with Pinus patula to obtain an optimal cumulated land performance 30 years after
establishing the forest ?” The decision alternatives were chosen to be the 20 land units
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Land unit Runoff Sediment SOC BOC Income
mm ha−1 yr−1 Mg ha−1 yr−1 Mg ha−1 Mg ha−1 $ ha−1 yr−1

1 19.50 1.59 153.64 232.66 2728.21
2 19.50 1.59 181.41 232.66 2728.21
3 30.00 1.59 153.64 232.66 2728.21
4 30.00 1.59 153.64 67.80 -129.79
5 30.00 1.59 181.41 232.66 2728.21
6 30.00 1.59 181.41 67.80 -129.79
7 30.00 2.77 153.64 163.30 1280.68
8 30.00 2.77 181.41 163.30 1280.68
9 45.24 1.59 89.63 163.30 1964.55
10 45.24 1.59 89.63 67.80 -858.56
11 45.24 1.59 89.63 163.30 678.88
12 45.24 1.59 89.63 57.02 -1951.72
13 45.24 1.59 153.64 67.80 -129.79
14 45.24 1.59 181.41 67.80 -129.79
15 45.24 1.59 329.41 67.80 -858.56
16 45.24 2.77 89.63 67.80 377.98
17 45.24 2.77 89.63 67.80 -129.79
18 45.24 2.77 153.64 163.30 1280.68
19 45.24 2.77 181.41 163.30 1280.68
20 45.24 2.77 329.41 67.80 377.98

Table 2. Performance attribute values for the 20 land units used as decision alterna-
tives. Values correspond to 30 years after afforestation with pine

held by the ForAndesT database. Table 2 shows the performance attribute values for
each of these 20 land units. The output of all MCDM is a ranking of these 20 land
units from most to least suitable.

Since a multitude of MCDM suitable to address the stated question have been
developed and described in literature, a preliminary exploration was conducted to se-
lect five methods, in addition to IIPT, for further study. This exploration was based
on seven recent review articles concerning multi-criteria decision analysis. Three of
these articles deal specifically with forestry related problems ([KAN 05], [Dia 08],
[ANA 09]), while the other four refer to the application of MCDM in other domains
([ZOP 02], [POH 04], [WAN 09], [HO 10]).

Five of the methods to be discussed, namely ELECTRE III, PROMETHEE II,
AHP, CP and SMAA-2, were selected on the basis of their frequency of appearance
in the aforementioned articles. ELECTRE III, PROMETHEE II and AHP belong to
the family of pairwise comparison methods, while CP is an example of an ideal point
method, in which a decision alternative is considered better, or more suitable, if it
is closer to the optimal, normally hypothetical alternative. The SMAA-2 method, as
all other methods that belong to the SMAA family, is suitable for problems in which
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Threshold Explanation
Preference < (ai − bi) a is preferred over b

> (ai − bi) no preference
Indifference < |ai − bi| a is different from b

> |ai − bi| a and b are not different
Veto < (ai − bi) a is preferred over b,

no matter the values of the other criteria
> (ai − bi) preference of a over b

depends on values of the other criteria

Table 3. Explanation of thresholds used in ELECTRE III

Performance attribute Preference Indifference Veto
Run-off 5 2 7

Sediment 0.3 0.1 0.5
SOC 15 5 20
BOC 15 5 20

Income 50 20 60

Table 4. Threshold values used in ELECTRE III

uncertainty is recognized in the data. The way in which each of these methods was
applied is briefly described below.

2.4.1. ELECTRE III ([ROY 71], [FIG 05])

Before executing ELECTRE III, values for three parameters need to be defined
for each performance attribute, namely the preference, the indifference and the veto
thresholds. The meaning of these thresholds is explained in Table 3, in which ai and
bi represent the values that performance attribute i takes for alternatives a and b.

Moreover a single value for an extra parameter, s(λ), needs to be chosen to indicate
the validity of comparisons that are made to build the resulting ranking.

The different values used for the preference, indifference and veto thresholds are
listed in Table 4. They are expressed in the same units as their corresponding criteria.
For s(λ) a value of 0.15 was chosen in analogy to [RAY 03].

2.4.2. PROMETHEE II ([BRA 85])

PROMETHEE II converts differences between criteria values into a preference for
one of the alternatives. To this end, a preference function has to be chosen among
a group of six types: Usual, Quasi-Criterion, Linear, Level, Linear with indifference
and Gaussian. These are all functions of the absolute value of the difference between
criteria values for two given alternatives. In our case, a Gaussian preference function
type was applied since it was considered that a function that gradually varies from
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0 to 1 better represents preference variability in a real decision making context. For
this type of function, one parameter value for each criterion had to be defined. This
parameter, called sigma, allows to tune the width of the Gaussian curve corresponding
to the preference function. Values for this parameter are expressed in the same units as
the corresponding criteria. In this case the following values were used: 7.62 for runoff,
0.59 for sediment, 45.89 for SOC, 47.75 for BOC and 1096 for income.

2.4.3. AHP ([SAA 77])

The Analytic Hierarchy Process (AHP) formulates a decision problem as a three
level hierarchy. The first level corresponds to the purpose of the problem, e.g. “select
the land units in which a given tree species should be planted in order to optimize
certain criteria”. The second level is composed of the criteria under consideration,
for example runoff or sediment production. The third level comprises the decision
alternatives.

Once the hierarchical structure of the problem has been sketched, the decision
maker must state the corresponding preferences for the second and third levels of the
hierarchy. This is carried out by means of a pairwise comparison in levels 2 and 3,
using a scale to designate the relative importance of criteria and alternatives. This
scale ranges from 1 (equally important criteria or alternative) to 9 (one criterion or
alternative is extremely more important than the other). The relative importance values
assigned during the pairwise comparison are used to ultimately compute a score for
each alternative, which is in turn used to build the final ranking.

Since no expert knowledge was available for the application of AHP during this
study, the pairwise comparison and assignment of relative importance values were
automated using a MATLAB script. More specifically, a relative importance value
ranging from 1 to 9 corresponding to the pair of alternatives (ai, aj) was computed
with the Equation 1:

⌈
8
aik − ajk
a∗k − a∗k

⌉
[1]

where:

– aik, ajk are the values of alternatives ai and aj , respectively, for criterion k;
– a∗k is the optimal value for criterion k;
– a∗k is the anti-optimal value for criterion k.

The fraction in Equation 1 is multiplied by 8, rounded to the next integer, and
added to 1 in order to obtain a value between 1 and 9 as AHP requires.

2.4.4. Compromise Programming ([YU 73])

The first step that is performed when applying Compromise Programming (CP) is
to compute the ideal point. The ideal point is a vector whose coordinates are given
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Performance attribute Ideal Value Unit
Water runoff at surface 19.5 mm ha−1 yr−1

Sediment production 1.59 Mg ha−1 yr−1

Organic carbon in soil 329.406 Mg ha−1

Organic carbon in biomass 232.662 Mg ha−1

Income generated 2728.21 USD ha−1 yr−1

Table 5. Ideal point corresponding to the Tabacay catchment. Values correspond to
30 years after afforestation with pine

by the optimal values of the performance attributes, when every attribute is optimized
independently of each other while taking into account the constraints of the problem.
The ideal point is normally unfeasible, since multi-criteria decision problems involve
conflicting objectives. The ideal point for this study is shown in Table 5.

The execution of CP results in what is known as the compromise solution. It corre-
sponds to the feasible solution (vector of performance attribute values for a land unit)
that is closest to the ideal point. The definition of ‘closeness’ requires the formulation
of a distance function. This is a crucial step in CP, since the selection of distance func-
tion will certainly determine the resulting compromise solution. A general form of a
distance function is expressed in the Equation 2:

Lp =

[
n∑

i=1

wp
i

[
f∗i − fj(x)
f∗j − f∗j

]p]1/p
[2]

where:

– n is the number of criteria under consideration;
– wi is the relative importance (weight) assigned to performance attribute i;
– p is a parameter that determines the type of distance function;
– f∗i is the optimal value for environmental performance i;
– fj(x) is the value of the ith performance attribute expressed as a function of the

decision variables x;
– f( ∗ i) is the anti-ideal corresponding to the ith attribute, that is the “worst” value

for this attribute.

Note that the division by f∗j − f∗j is necessary because normally performance
attributes are expressed in different units. Therefore, for aggregating them in a sum,
this normalization procedure is used to obtain unit-less values in the range [0, 1].

As mentioned above, the parameter p defines the type of distance function. For
example, when p = 2 the Equation 2 becomes the Euclidean distance function. In this
study a value of p = 1 was considered convenient. When p = 1 is applied in Equation
2, it becomes Equation 3.



Comparison of MCDM for afforestation 9

L1 =

n∑
i=1

wi
f∗i − fj(x)
f∗j − f∗j

[3]

It is important to note that the solution corresponding toL1 amounts to maximizing
the weighted sum of the achievement of all criteria. Note however that, in some cases,
this solution might be quite unbalanced, that is some attributes can be much closer to
their ideals than others. Note as well that the higher the value of p, the more balanced
the resulting compromise solution will be. Nevertheless, a value of 1 was chosen in
this study to maximize the overall achievement of the solution.

2.4.5. Stochastic Multi-criteria Acceptability Analysis ([LAH 98], [LAH 01])

Stochastic multi-objective acceptability analysis (SMAA) ([LAH 98]) is a multi-
criteria decision support technique that is applied when multiple decision makers par-
ticipate in the decision process. This technique is very suitable for problems with a
high degree of uncertainty on the data, which can be present on the criterion values. In
SMAA information about the preferences of the decision makers is not necessary at
all; instead this technique assesses the weight values that would make each alternative
the preferred one. Additionally, this method produces indicators regarding the support
for an alternative to be chosen as well as about whether the accuracy of the input data
is enough for making an informed decision.

SMAA-2 ([LAH 01]) computes two main measures in order to assign a rank to
each alternative. The first measure is called rank acceptability and it is produced for
each possible combination of alternative-rank. It expresses the probability that a given
alternative is assigned the corresponding rank. The second measure provided by the
SMAA-2 method is called the central weight vector. The central weight vector ex-
presses, for each alternative, a combination of criteria weights that would make this
alternative optimal.

2.4.6. Iterative Ideal Point Thresholding ([GIL 05b])

Finally, the Iterative Ideal Point Thresholding (IIPT) method was implemented and
executed. Note that [GIL 05b] used the term Interval Goal Programming to refer to this
method. As mentioned before, in this study we prefer to rename it as IIPT to avoid
confusion with other well-known multi-criteria decision support methods introduced
in [CHA 72]. The workflow of IIPT is outlined below.

Step 1: Besides the relative importance of each criterion expressed as weights,
the user of IIPT is required to specify a maximum number of iterations. The value
assigned to this parameter is used to compute the interval by which each coordinate of
the threshold is relaxed, as explained below.

Step 2: The first threshold corresponds to what is called “ideal point” in Compro-
mise Programming terminology, that is, each coordinate of the first threshold is given
by the optimal value for each criterion when considered separately from the other cri-
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teria. The database is then queried to determine whether there exist land units that
satisfy this threshold.

Step 3: When no land units are found that satisfy the first threshold, each coordi-
nate of the latter is relaxed according to Equation 4.

tij = t∗i ± j
wmax

wi

|t∗i − f∗i|
n

[4]

where:

– tij is the value that the coordinate of the threshold corresponding to criterion i
takes in iteration j;

– t∗i is the coordinate of the first threshold (ideal point) corresponding to criterion
i;

– j is the current iteration;
– wmax is the maximum value among the weights assigned to all criteria;
– wi is the weight assigned to criterion i;
– f∗i is the anti-ideal value for criterion i;
– n is the maximum number of iterations.

Note that, given the way in which thresholds are relaxed during the execution of
IIPT, the whole range of values for the criterion with the maximum weight will be
completely processed only after all iterations have been executed. Ranges of criteria
with lower weights will be processed in fewer iterations. In other words, the higher
the weight for a criterion, the smaller the “relaxation” of its corresponding threshold
coordinate. This means that the “exploration” for criteria with higher weights is more
fine-grained than for criteria with lower weights.

Once a new threshold has been produced by relaxing all coordinates of the previous
threshold, the database is queried again to determine whether any alternatives satisfy
the new threshold.

The procedure of relaxing and querying the database is repeated until the maxi-
mum number of iterations is reached. The rank assigned to each alternative depends
on which iteration step it satisfied the threshold. This ensures that, after executing the
maximum number of iterations, every alternative has been assigned a position in the
final ranking.

Note that, when large intervals are used to relax the threshold in each iteration,
the probability of more than one land unit being assigned the same ranking position is
increased.

When setting the maximum number iterations a sensible compromise should be
made between the detail level in which the “exploration” is conducted and, on the other
hand, the time required for IIPT to produce results. This compromise also depends on
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the criteria values. In our specific case, a maximum number of iterations of 20 was
considered convenient.

All the MCDM mentioned above, with the exception of SMAA-2, were imple-
mented using MATLAB. For executing SMAA-2 a software tool called JSMAA ([TER 12])
was used.

2.5. Criteria weights

The MCDM described above except SMAA-2 require that the decision makers
define a weight for each decision criterion. These weights are values that indicate
the relative importance of the different criteria ([WAN 09], [MAL 99]). To this end,
several professionals and researchers in the area of land use planning who work in
the study region were consulted by means of interviews. Specifically, they were asked
to perform a pairwise comparison among the five criteria and assess their relative
importance. This procedure resembles the steps carried out in AHP in the criteria
level, as described in [GIB 07]. The resulting weights for each criteria were: 0.235 for
runoff, 0.192 for sediment, 0.131 for SOC, 0.164 for BOC, and 0.278 for income.

2.6. Uncertainty on the database

In addition to comparing the performance of different MCDM, an additional goal
of this study was to assess the behaviour of one of these methods, namely SMAA-2,
under conditions of data uncertainty. For this purpose a partial inventory of perfor-
mance attributes was conducted in the field. Based on the original and re-assessed
values, interval limits for each attribute were computed. It is expected that the real
value of a given performance attribute is somewhere between these interval limits.
This amounts to say that the certainty regarding validity of data is increased when
ranges, instead of deterministic values, are considered. SMAA-2 was then applied us-
ing the defined ranges as its input.

3. Results and Discussion

Table 6 shows the ranking of the 20 land units under consideration produced by
each of the six studied MCDM. The first column lists the numeric, sequential identi-
fiers assigned to the land units, as indicated in Table 2. The numbers in the remaining
columns indicate the rank assigned by each MCDM to the corresponding land unit.

Note in Table 6 that the ranking produced by IIPT is very coarse. It distributes the
20 land units into only 6 different rank categories. In other words, the only positions
of the ranking that were assigned to at least one alternative were 1, 2, 5, 7, 9 and 20. It
is therefore evident that in some iteration steps several land units satisfied the current
threshold, while in other iteration steps no alternatives were found to satisfy it. The
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Land unit Electre III Promethee II AHP CP SMAA-2 IGP
1 2 2 2 2 2 2
2 1 1 1 1 1 1
3 4 4 4 4 4 2
4 10 9 10 7 8 5
5 3 3 3 3 3 2
6 5 8 9 6 6 5
7 14 6 8 9 15 7
8 6 5 6 8 7 7
9 9 7 5 5 5 9
10 18 17 17 17 17 9
11 11 10 12 10 10 9
12 19 19 18 18 18 20
13 16 15 16 13 16 9
14 7 14 15 12 14 9
15 13 13 7 11 9 9
16 17 18 19 19 19 9
17 20 20 20 20 20 9
18 15 12 14 15 12 9
19 8 11 13 14 11 9
20 13 16 11 16 13 9

Table 6. Rankings produced by the studied MCDM

coarse output of IIPT greatly handicaps the comparison with the rankings produced
by the other MCDM.

Several interesting patterns are observed when considering the results produced
by all MCDM except IIPT. For instance, the same land units are designated as the
4 most suitable and the least suitable alternatives by all five methods. It can be said
as well that, for the case of intermediate positions in the ranking, a certain degree of
consistency can be observed. Note for instance the ranks assigned to land units 10, 11,
12 and 16.

This consistency coincides with findings reported in a related study ([GIL 05a]).
[GIL 05a] describes a comparison among six MCDM, namely PROMETHEE II types
1, 5 and 6, ELECTRE III, AHP and IIPT (referred to as IGP in that publication)
when selecting tree species among three alternatives (beech, spruce and pine) to be
planted on a given set of land units. However, [GIL 05a] also reports different results
regarding other topics on the application of the above MCDM. For instance, they point
out that, in many cases, ELECTRE III produces what they term as “plural solutions”,
i.e. solutions in which more than one alternative is recommended for a given land unit.
This behaviour was not observed in our case, since our implementation of ELECTRE
III produced no plural solutions, as shown in Table 6. On the other hand, [GIL 05a]
do not report this behaviour for IIPT, while in our particular case it certainly produced
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plural solutions. Nevertheless, the existence of plural solutions in the results of both
ELECTRE III and IIPT can be considered a common situation given the characteristics
of these methods. The discordances just described can be attributed to differences both
in the underlying criteria data and in the tuning of the MCDM, i.e. the specific values
assigned to their parameters.

Besides the apparent consistency observed in the rankings produced by five of the
studied MCDM, it is also clear from Table 6 that, for some land units, there is no
correspondence among the ranking position assigned by the different MCDM. These
differences might be explained by particularities both in the procedures applied by
each method, and in the set of parameters and their values that are used in each spe-
cific case. In general, given the different nature of each method, it is not realistic
to expect that they produce identical rankings. Additionally, in the specific case of
SMAA-2, the criteria data entered to the method was different from the data used by
the other MCDM. As was explained above, interval limits for each criterion, instead
of deterministic values, were used in SMAA-2. Intuitively, it can be claimed that this
fact could have contributed to the inconsistencies between the ranking produced by
SMAA-2 and the output of the other MCDM.

The coarse nature of the ranking produced by IIPT was presumably caused by
three facts: the characteristics of the underlying criteria data, the particularities of the
internal working of this method, and the parameter values used when this method was
executed. It can be seen in Table 2 that the criteria values for all land units are dis-
tributed into few specific values. This fact causes that some land units show identical
values in certain criteria, which in turn increases the similarity among land units. This
similarity added to the chosen size of the relaxation intervals caused that, in some it-
erations, more than one land unit meet the relaxed threshold. This is the reason why,
in most cases, the same ranking position is assigned to more than one alternative.
Nonetheless, note that the most suitable alternative suggested by IIPT corresponds to
the results of the other MCDM, as well as, at certain level, the least suitable land unit
(least suitable alternative found by IIPT, i.e. land unit 12, was assigned positions 18
or 19 by the other methods). Using smaller intervals would have probably produced
a slightly more “fine grained” ranking, although we can intuitively claim that the im-
pact in this regard would have been minor, given the similarity among the performance
attribute values.

Note the particular case of alternative 17, which is designated as the least suitable
alternative by all methods except IIPT. IIPT assigns it position 8 out of 20 in the
ranking, which can be somewhat misleading at first sight. Nevertheless, a more careful
look at Table 6 allows to see that the 8th position is in fact the penultimate place in
the coarse ranking produced by IIPT. As a matter of fact, IIPT assigns the 8th position
to 11 alternatives. Therefore we can conclude that, for alternative 17, there is also a
certain degree of consistency between IIPT and the other methods.

Note that ELECTRE III and PROMETHEE II are methods that require the spec-
ification of a relatively large number of parameters. In the case of ELECTRE III,
the values for three parameters per criterion plus one global parameter must be set.
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PROMETHEE II requires the user to provide values for one parameter per criterion.
CP and IIPT require a single parameter to be defined. All these methods need that, in
addition to the aforementioned parameters, one weight for each criterion is specified.
On the other hand, SMAA-2 does not require any weights nor any specific parameters.
Therefore, if we use the term complexity to refer to the number of parameters that a
certain method or model needs, ELECTRE III is clearly the most complex method
among the ones that were studied, while SMAA-2 is the least complex in this sense.
Note that, although indirectly related, this definition of complexity does not refer to
ease of use, which is a rather subjective concept.

4. Conclusions

In this article a comparison among six MCDM for locating afforestation sites has
been presented and discussed. The different methods were applied with the aim of
ranking a set of 20 land units based on four environmental and one economic criteria
representing the cumulated performance of the land units 30 years after afforestation
with Pinus patula.

In general, a major degree of consistency was found among the rankings produced
by the six studied methods. This fact allows us to claim that the selected MCDM is
not a decisive factor for the ranking, which gives the user a certain extent of free-
dom to select the method considering practical issues like, for example, ease of use.
In the particular case of IIPT, although consistency is also observed for the most and
least suitable land units, due to the criteria values, inherent characteristics and param-
eter settings of this method, the intermediate positions in the rankings are assigned to
groups of alternatives, instead of producing a full ranking as was the case for the other
MCDM. This behaviour handicapped the comparison between the output of IIPT and
the results of the other methods.

Although uncertainty can be dealt with in ELECTRE III and PROMETHEE II,
SMAA-2 is the MCDM that most naturally incorporates it both on the data and on
the criteria weights. On the other hand, CP and AHP apparently leave small room for
considering uncertainty.

The term complexity has been used here to refer to the number of parameters re-
quired by each MCDM. According to this definition, ELECTRE III is the most com-
plex method, while SMAA-2 can be designated as the least complex MCDM, since
it does not require the specification of any parameter at all. This notion of complex-
ity may be a relevant factor when choosing the most suitable MCDM for solving a
particular problem instance.

Since it can be claimed, intuitively, that the ranking produced by every method (ex-
cept SMAA-2) depend on the values that its parameters take, it would be informative
to undertake a sensitivity analysis with regard to the parameter values for each of these
MCDM. This sensitivity analysis would consist in fixing the values for all except one
parameters, while varying the value of the remaining parameter within a sensible pre-
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defined range. Such a process would be repeated for every of the parameters involved
in each method. This technique would allow to formally determine the real impact
that tuning the parameters in one or another way has on the output of each method.
It is clear as well that sensitivity analysis would ultimately result in more appropriate
values for the required parameters.
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