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Fig. 4 - Geomorphological context of the test sector.

TABLE 2 - Possible scores for each criterion

EVALUATION CRITERIA POSSIBLE SCORE

Legibility

Ilustration

Activity
Paleomorphologic Marker
Morphochronologic Archive
Human-induced Damage
Operational Relationships
Topological Relationships
Type Rarity

Specific Rarity
Geodiversity
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After this stage of considerable field work, the data are
entered into the computer to be processed using multicri-
teria analysis. At this point, one must choose the weight to
be given to each criterion. Four different test classifica-

tions are proposed, each time changing the weight assi-
gned to different criteria (table 3). These different weigh-
ting configurations translate the preferences of those crea-
ting the geotope inventory (for example, the Environmen-
tal Office of the Canton of Jura, the scientists behind the
study, nature preservation groups,...). In test A, the peo-
ple creating the inventory judge that all the criteria are
equally important. Thus, all criteria have the same weight.
Then, others suggest that objects deemed as geotopes
should be quite visible, not altered and very didactic. To
translate this preference, test B attributes doubled weight
to the «object» criteria. Since all karstic landforms deve-
lop in conjunction with eachother, another participant
finds that it is important to consider the relationships
between objects. For this reason, test C has the same wei-
ghting as test B, except for tripling the weight of the
«morphosystem» criteria (here, «topological relationshi-
ps»). In the fourth case, the participants find that the first
criteria are useful, but that considering rarity is of little
use. Test D, then, has a zero weighting for all the «rarity»
criteria.
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FIG. 5 - Maps showing the sink-hole classification for test A (Map I, above) and tests B, C and D (Map II, below).

According to its definition, the «specific rarity» crite-
rion is evaluated on the score the sink-holes received for
the first criteria («object» and «morphosystem» criteria).
Note that in this example, the «paleomorphologic
marker», «morphochronologic archive» and «operational
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relationships» criteria (as well as «specific rarity» based
on these criteria) were excluded since all the sink-holes
had the same score. «Type rarity» (we have only sink-
holes!) and «geodiversity» (one single site) were also eli-
minated.



TABLe 3 - Weighting of the criteria in the four tests

Test A Test B Test C  Test D

Legibility x 1 x 2 x2 x1
Tllustration x 1 x2 x2 x 1
Activity x1 X2 X2 x1
Human-induced Damage x1 x2 x2 x1
Topological Relationships x1 x1 %3 x1
Specific Rarity / Legibility x1 x1 %1 x0
Specific Rarity / Illustration x 1 x1 1 x0
Specific Rarity / Activity x1 x1 %1 x0
Specific Rarity / Human-induced

Damage Rl x1 x1 x0

x 2 = double the weight
x 3 = triple the weight

Now that all the parameters are defined, the actual evalua-
tion can take place. It was decided to use the program
Electre IIT', because it establishes a classification (called
the «gamma» approach in multicriteria language). Electre
III establishes the classification by comparing the sink-ho-
les pair-wise and answering these two questions:

— does sink-hole X perform equally well as sink-hole Y on
the «legibility» criterion, on the «illustration» criterion,...?

— which criterion shows the maximum difference between
sink-hole X’s and sink-hole Y’s scores?.

The first question is used to calculate the similarity in-
dex, and the second for the discordance index. Electre III
uses these two indices to establish the sink-hole classifica-
tion. The results are presented in classes (see Maps I and II
below) because Electre can not give a different ranking or-
der to objects with the same total score.

Results

Map I presents the results of test A. Map II presents
the results of the three tests B, C and D, since they are all
exactly the same. The fact that Electre produces the same
sink-hole classification in three tests may appear curious;
but if one considers the weighting chosen in the three ca-
ses (Table 3), it becomes evident that the weighting favo-
red the four «object» criteria over the other criteria.

After comparing the two resulting maps, one notes that
two sink-holes are ranked first in both situations (Photo 1
shows one of these sink-holes.). In both maps, the objects
fall into more or less identical groups of equally ranked
sink-holes. The difference between the two maps is in the

" Developed by Dominique Vallée, Lamsade, University of Paris
Dauphine, Place du Maréchal de Lattre de Tassigny, F-75775 Paris Ce-
dex 16 and Roman Slowinski, Poznan University of Technology, Institute
of Computing Science, Piotrowo 3a, 60-695 Poznan, Poland.

different ranking of these sink-hole groups. This may ex-
plain why the number of sink-holes according to rank va-
ries significantly: Map I has only two objects with the hi-
ghest rank, whereas Map II has 20 first-rank objects (see,
for example, the sink-hole in photo 2). A comparison of
the two maps also shows that the criteria’s weighting does
not completely modify the classification: of all the sink-ho-
les ranked 1st to 5th on both maps, (57 on Map I and 65
on Map II), 54 are the same.

In a final instance, it is legitimate to ask which weigh-
ting scheme is most suitable for selecting sink-holes for a
geotope inventory. In the past, attempts to evaluate geo-
morphological objects often select the most rare or simply
the most «beautiful» objects (the most legible, the most il-
lustrative, the most active,...). The authors believe that the
«relationships» criteria should never have less weight than
the others. In the context of this small study, it is recom-
mended to use the weighting of test C. But it is possible
that others users would disagree, which would open up the
weighting scheme for discussion.

This small and fictive example of an application shows
how the method works and the advantages that it can of-
fer. One sees that it is of interest in cases where several
participants must make choices together, such as for an in-
ventory of geomorphological geotopes. However, this par-
ticular case does not illustrate all of the method’s possibili-
ties, notably, using the «geodiversity» criterion to compare
sites (an ensemble of linked objects, see fig. 3).

CONCLUSION

In the perspective of environmental management, the
method suggested here presents a tool for the systematic
evaluation of geomorphological heritage. Obviously, this
process does not attempt to eliminate subjectivity. It does,
however, allow the correct presentation of a problem of
geomorphological heritage evaluation, providing a fra-
mework that ensures the user’s awareness of the choices
being made.

This method can be useful in that it allows one to com-
pare different types of objects (sink-holes, lapies, cavities,
dry valleys,...) and different sites (the example above does
not, unfortunately, illustrate this advantage). In addition, it
is flexible enough that it can be adapted to the user’s
needs, working scale, research questions, etc. Clearly, con-
siderable field work is required for the evaluation of each
object.

Standardizing the observation procedure is an essential
preparatory step for the evaluation. In this paper, a possi-
ble standard approach for karst landform development is
proposed (general model of karstic morphogenesis and the
«object-relation» model). Note that the user is not limited
to these models of karstic landform development; in order
to produce a coherent evaluation, however, one should
strive to define the observation model(s) as precisely as
possible.
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PHOTO 1

Sink-hole ranked 1st on
both Map I and Map II
Score given to this sink-hole:
Legibility: 3

Illustration: 2

Activity: 3

Human-induced Damage: 2
Topological Relationships: 1
Spec. Rarity / Legibility: 2
Spec. Rarity / Illustration: 1
Spec. Rarity / Activity: 1
Specific Rarity / Human-
induced Damage: 0

PHOTO 2

Sink-hole ranked 5th on
Map I and 1st on Map II
Score given to this sink-hole:
Legibility: 2

Hlustration: 2

Activity: 1

Human-induced Damage: 2
Topological Relationships: 1
Spec. Rarity / Legibility: 0
Spec. Rarity / Illustration: 1
Spec. Rarity / Activity: 0
Specific Rarity / Human-
induced Damage: 0

Using multicriteria analysis (Electre III) provides an
opportunity to make the evaluation process more methodi-
cal. These methods should be used only as a decision
making aid, and not as a magic device that provides the so-
lution. It is up to the user to refine the classification, taking
new criteria into account. Such a method offers advantages
for long term management of our geomorphological herita-
ge. Once these data (the objects thus evaluated) are digiti-
zed, they can be used in diverse contexts: inventory, envi-
ronmental impact study, nature trail design, etc. For each
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purpose, one has only to change the weighting given to the
different criteria.
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