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Two and three dimension visualization of spatial fuzzy
areas: an example of erosion risk maps

GOURNELOS TH., VASSILOPOULOS; A:; EVELPIDOU N.

ABSTRACT

The widespread use of the GIS tools, besides the simple mapping of areas also enabled the
visualization of various spatially referenced parameters for earth sciences. Parameters such as the
slope or the drainage density of an area can be calculated with the GIS tools and can be depicted in
maps. In many environmental problems though, the involved variables present inexact knowledge
and spatial uncertainty.

This is a problem appear also when we freat erosional processes, where a number of the system
input variables are of fuzzy nature, such as the erodibility, the topography's gradient, the drainage
density and the vegetation - land use. The fuzzy nature of these physical parameters, if it is to be
approached by mapping tools, requires the use of special methods that will assure that the geo-
graphical distribution of the results will be accurate.

Dealing with such uncertainties and the visualization methodologies that should follow them, is
the ultimate aim of this paper. In the approach that is described here, Mapinfo GIS software and Mat-
lab are used in combination to study the erosional processes on a volcanic landscape, such us Thira
Island, Greece,

Mapinfo software was used for the creation of the input parameters. The management of the da-
tabase was created during the digitization and the creation of the input parameters and finally for the
rendering of the geographical output of the study in the form of thematic maps. Matlab software was
used for the calculations within the different parameters and the gradient leveling that were applied to
the logical results. The transformation of the input variables to the output ones {erosion risk) was
achieved by formulating a number of fuzzy logical rules. The final step of these processes is the de-
velopment of the thematic maps.

Thira Island has been chosen for this case study, because its volcanic landscape and its suscep-
tibility to erosional phenomena appeals great scientific interest and requires the introduction of differ-
ent approaches for the solution of the natural problems. Besides, the output of this study can consti-
tute an important tool for the local authorities of the island.
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NEPIAHWH

H eupéwg Siadedopévn xphon Twy Mewypagikwy MAnpogopikwy ZuaTnuatwy (M.N.2.), mépa amo
v atrAf XapToypagik avamapaaraarn Twy yewypagikwy dedopéviy, kabiaTa emiong duvarn yia
TIG QUOIKEG EMOTALES TNV OTITIKOTIOINGN XWPIKWY Trapapétpwy. Mapduetpor 6w n kAion A n mu-
KvOTNTa TOU UdpOYpPAPIKOU DIKTUOU Iag TIEPIOKNS MTTOPOUY va uTroAoyioTolv pe epyakeia IMN.E. ka)
va ameikovigToly o xapteg. Mapoha autd, oe ToAAG TepiBarhovTikG TrpoBAnuaTa, oI XpnoIPoTIol-
oUpeves peTapAntég dev Exouv oagn 6pia, pe amoteAeopa Ty xwpikh afefaidmra. Na 1o Adyo autd,
gival SUokoAo va ¥pnaipotoinBoly w¢ TTapAPeETpol XapToypaenang f va ameikovigroly Ta amoTe-
Aopata pEow YPappwy f ETIGAVEILY.
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Topiac [twypapidtN@s) BIBNRSHER "QERRRACTRG el dibGlr wauios- AddiBboulos@geol woa.gr,

evelpidou@geol.uoa.gr




AUTO Eivart £va TIp6BANUG MOU POk UTTE! dTav EMEEEPYAlONaOTE TO QQIVOEVO TNC B1aBpwong,
Omou evag apiBuog perapAnriy £10630u £ivar agagic, AMwg n TPWIGTNTA, N TOToYPARIKA kAN, N
Uﬁpoypatmm TIUKVOTNIO Kai '/ BAGOTNEN —xpﬂcug ¥1g. Haoagng guon autiv Twy QuOIKWLY TTapa-
LETRUVOTIV TIERITIILON Tou=TIpOKEITarva TPOOEYYIOTEI [E XapTOYpa@Ika Epyaleia, amartei n

“Xprion edIKwy pa%éwv ol oTroieg Ba eyyunBouv OTI N yewypaikn karavopr Twy amoteAcapaTwy Ba

| EivaljakpiBig!

H evaoyoinan HE TEToI0U €idoug TTapapéTpoug kairal peBodohoyieg ommikotoinang Tou Ba Tig
axdhouBoouy, eival KUPIOS BKoTIOE auTrG T EpYagiag, Zny TIpOCEYYION TIOU TIEPIYPAQETal £5w,
1d Aoyigjika Maplnfo GIS ka1 Matlab xpnoiponoloOvidi GUvBuaaTika, TTPOKEIPEVOU va  HEAETHBOOV
ol BlaBpwTIKEG SIEpYacie OF Eva NQAICTEIOKG avayAUQO, OTTWC AUTO TS VRTOU Onpag.

To hoyiopiké Mapinfo xpnoipomoifBnke yia 1 dnpioupyia Twyv Tapapétpwy e106dou. H Siaxei-
pian g paang dedopéviuv SnuioupyrBnke katd 1 didipkeia TNS WNPIOTIOINONG Kall TG Snuioupyiag
TWY TTAPAETRWY E106B0U Kai TEAIKG yIa T amoBo0T TwV YEWYPAQIKWY ATIOTEAETHATWY TNG PEAETNG
autig péow Beparikav xaptwv. To Aoyiapiké Matlab xpnaipomoinnke yia Toug umroAoyiopoUs avd-
HEaa aTig SIaQOPETIKEG TapapETPOUS Kal TNy BABLOVOUNGT TIOU £QAapPOTTNKE OTa AOYIKG QTTOTEAE-
opara. H perarpor twv peraBAnriv e1068ou ot peTaBAniég e§odou (emkivbuvotnta SiaBpwong)
EMTEUXBNKE pe TN Diamimwon evog apiBuol acawy AoyikWv Kavovwy. To TeAIkd AL auTwy Twy
Siadikaciwy eival n avamugn Twy Bepatikiv YapTwY.

Ma Ty epyacia au emAéxBnke n vijoog @Apa we TIEPIOXN HEAETNS, ETTEIBR TO NEAICTEIAKS TNC
avayhugo kai n Tpwrdmra g ae gavopeva SiaBpwang, TpokaAolv 10 EMOTNUOVIKG evdiagépov
KQl anaitoly 1 GUOTAo BIaQOPETIKWY TIPOCEYYIOEWY YIa TNV ETAUON TwY QUOIKWY TTPoBANUCTWY.
E¢aMou, 1o amotéheopa autAg TG EpYaaiag PTTOPET va ATOTEAETE Eva GNUAVTIKG £pyakeio yIa TIg

TOTIKES ApYEG TOU vNaIoU.

Negeis khedid: yewpopgohoyia, Onpa, SiaBpwan, povishomoinan.

1. INTRODUCTION

Visualising research results with GIS tools
is nowadays very popular. This technology has
been rapidly evolved during the last decade as it
enabled processing a large amount of data us-
ing up to date hardware and software systems.
In the contemporary G.1.S, problems with spatial
uncertainties are very frequent (Burrough 1992,
1989, Goodchild et al 1994, Davis & Keller,
1997)

In general, scientific visualization contains
three basic features: computation, graphics de-
sign (methodology for creating visual display)
and cognition (interpretation by man). The au-
thors have worked in this area by using fuzzy
approach to overcome these problems
(Gournelos, et al 2002, Gournelos, et al, 2003).
The aim of this paper is to visualize 2-D and 3-D
surfaces, presenting spatial uncertainty.

2. METHODOLOGY - CASE STUDY

All the variables affecting erosional proc-
esses in a drainage basin, such as the lithology,
the topographic slope, the drainage index and
the vegetation — land use, were digitized and the
derivative information layers were input in the
spatial database.

Further to a fuzzy inference system was es-
tablished to map the input variables and gener-
ate the erosion risk variable as the output one
(Fig. 1).

2-D and 3-D plots have been afterwards
created to visualize the spatial distribution of the
input variables and the output one.

All the input variables are treated as fuzzy
ones (Fig. 2). For example, the erodibility of the
rocks as it is deduced by lhe lithological varia-
tion, it gives low, medium and high values. The
same distribution of values characterizes the
slope gradient and the drainage index (density).
This input system transforms the input variables

to the output one, the erdEn@ioKEBIBMEONKR;"OeoP

been achieved by concluding to the proper logi-
cal rules such as: if the vulnerability of the rocks

is high and the slope is high and the drainage
density is high, then the erosion risk is high.

All these procedures have been imple-
mented by using a loose coupling between the
GIS (Maplinfo) and the Matlab software system.
To visualize the fuzzy zones we have used the
Vertical Mapper software.

Santorini Island is characterized mainly by
volcanic rocks and some small occurrences of
sediments and semi-metamorphic rocks.

We have already developed a database for
this island (Gournelos, et al. 1995) concerning
the geological, topographical, drainage network
characteristics and land use - vegetation. By
applying logical fuzzy rules we have obtained
the output map showing the erosion risk vari-
able.

3. CONCLUSIONS

Fuzzy 2-D and 3-D visualizations were un-
dertaken for the thematic maps of the input vari-
ables: the vulnerability, the slope gradient and
the drainage density (Fig. 3, 4, 5) and for the
erosion risk as the output one (Fig. 6).

The input variables are of fuzzy nature so it
is easy lo create the corresponding fuzzy maps.
The oulput variable (erosion risk) obtains fuzzy
values, before the processes of defuzzification.
Finally, we have produced a three — dimension
fuzzy map of the erosion risk (Fig. 7). Thus, in
this paper we have analyzed and visualized
spalial fuzzy values of some geomorhological
variables,

This is a useful methodology for an effec-
tive management by local authorities concerning
geoenvironmental problems which are charac-
terized by fuzzy values. After the processes of
defuzzification, precise and detailed solutions
can be more easily provided in a minimized
frame of uncertainty.
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Fig. 1: Flow diagram of the transformation of the input variables to the output one,
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Fig. 2 A. The distribution of the Crisp set values.

Fig. 2 B: The distribution of the Fuzzy Set values.
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Fig. 6: Erosion Risk
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Fig. 7: Erosion Risk
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