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INEPIAHYH

O mepiocdtepeg 'emhoykég ko TepParioviikes pedétec, amaitodv 10 GuVOLOGUO
TOAMATADV TAPAUETP®V, LEPIKES amd TIG omoieg Oa mpémel va BemwpnBolv cav meployéc
(boundaries) pe akaBopioTa Oplat WG TPOG TIG YELTOVIKEG TOVG. XT1S {dveg petdpaong,
avOAOYO L€ TOV YPTCULOTOOVUEVO aAYOPOLO, Ol TIHEG HTOoPOVV Vo 0AAGEOVY amd TO
éva onpeio oto dAro, otadtakd 1 amdtopa (evtog piag Cmvng petdfoong).

2V peAéTn avtn, ot mapAaUeTpol ekppalovtal pécm apyeiov kavapov (‘value grid
files"), ot omoiotl pmwopoHv va TapovslacToLY EEYMPIoTA, 1| Vo evBobv o€ Eva vEo, HECM
piog omAng mpdéng, 1 evog moAvTAOKATEPOL Lol patikod ailyopifuov.

Q¢ meployn €Qapupoyng e nebBodov ovtng emAéynke m vinoog Zdxvvblog Kot
ypnoporomOnkay ot wopdperpotr g MBoroyiag kot g kiiong yoo v eoymyn €vOg
xaptn owPpocipomroc. Pvowd ko dAiec mapdpetpor o pmopovcoav emiong vo
ypnoporomBovv yu v gdpeomn g dwPpociotnras. H pébodog mov meprypdopeton
umopet vo ypnowonomBel oe moAAég pedéteg Kot yio mANBoc mopapéTpwv, fondodvrog
omv OJlyeipion yopikov petapfintdv (spatial variables) kot tov peta&d TOLG
oLVOLOCUO, [LE OKOTO TNV TOPAY®OYT XOPTOV TOV TEPLYPAPOLV TPAYUOTIKEG GLVONKESG
oTN PLOM).

ABSTRACT
Most of the Geological / Environmental studies, use multiple parameters in order to
extract the desired results and maps. Moreover, some of these parameters (e.g. slope
factor) have to be considered as boundary areas with not strict limits. At the transition
zones, depending on the used algorithm, the values can change rapidly, or not, from
point to point.



In our paper, these parameters are expressed through 'value grid files', that can be
presented separately, or mixed together into new ones, by applying on them proper
mathematical algorithms (e.g. add, multiply, etc).

As a case study, we used the island of Zakynthos, and the parameters of lithology
and slope to extract a vulnerability map. Of course other parameters can also be
considered at a complete vulnerability study.

The described method can be used to many GIS-based studies, to help on the
manipulation of different spatial variables and their combination in order to produce
maps that describe real nature conditions.

INTRODUCTION

In applied Geology, in
most cases it is useful to
cross-examine and combine
the  values of many
parameters in order to
extract a new one, e.g. the
vulnerability factor.
Moreover, our calculations
need to be global, but
separate for each point of
the studied area and result to
separate output values for
each point. Some of the
properties change value in
distinct boundaries, while
others change gradually
from one point to the next.

Examples of the first
case are the boundaries of
the districts of a country, or
the geological properties
that are examined in ideal
conditions. Example of the

second case are the .=~
geological properties that Fig.1.-Depending on the algorithm that creates the

refer to real conditions. | value grids, the result has different transition zones.
which are mostly vary fron; The first (top) image, resulted from ‘Inverse Distance
point to point, either Weighting’ algorithm having large transition zones,
regularly or irregularly, as | While the second one resulted from ‘Rectangular
in nature we may meet all Bilinear Interpolation’ algorithm with small transition
the intermediate values | zones and values of the grid that meet the initial

valnes

between extreme conditions.
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Fig.2-Zante island has been chosen to
demonstrate the transitions between
lithological zones. This method allows the
study of the of the island’s vulnerability,
without being forced to use distinct lithological
limits. The left magnified window shows three
lithological units: alluvial (green),
Sandstones/Mudstones (yellow) and
Limestones (cyan) while the right one shows
the transition zones, from the alluvial (3) and
the Sandstones/Mudstones (2), to the
Limestones (1).

It is therefore necessary to take
into  consideration the gradual
transitions from point to point, in
order to study geological properties.
This paper intends to describe a
method  capable of  handling
separately the parameters, and
creating grid values that cover the
whole area. The requested value is
finally calculated by applying an
equation between the value grids,
using different factors for each

property,  depending on  the
parameter’s importance to the
requested property.

CREATING AND COMBINING
VALUE GRIDS

A value grid represents the values
of a property over the whole studied
area, even if the transitions of this
property are distributed irregularly.
With the use of computers, specific

modeling algorithms (inverse
distance weighting, triangulation with
smoothing, rectangular (bilinear)

interpolation), permit the filling of the
null grid areas with values depending
on the neighboring values. The use of
the correct modeling algorithm,
enables the user to change the values
linearly or exponentially, and
moreover to force the new calculated
values either to meet or not the initial
ones (figure 1).

For each geological/
environmental variable, we select the

appropriate algorithm, depending on the characteristics of the variable and the rate of the
change. For example, lithologie’s influence on weathering depends on the lithologie’s
position at the vulnerability series. At Zante island, we created a model of lithologies,
applying values from 4 (for the allouvial) to 1 (for the limestones). For the creation of this
model we used the «inverse distance weighting” algorithm, to achieve rapid transitions
between lithologies. At the studied area along the limit of Marly Limestones and



Marles/Sandstones the transition zone is ranging from 180m to 430m, while between
alluvial and Marls/Sandstones the zone is ranging from 180m to 670m (figure 2).
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Fig.3-For the description of the slopes,
we used a continous colored scale. At each
single point, the GIS know the exact slope
value. This enables the process of the
island’s slopes with continuous values. At
the top we can see the magnification of a
part of the map, with the traditional cell
method —average % slopes- (left) and the
new continuous value grid (right).

Following the concept of the described
method, we process the layer of slopes,
which is one of the most important
vulnerability factors of the area. Instead of
calculating the values of a square grid, we
created a continuous value grid layer,
where the slope changes gradually from
point to point (figure 3). At the left
magnification of figure 3, we may observe
a part of the map where the slopes were
estimated with the traditional method of
the square grid cells.

With the use of the above method, we
can create the rest of the layers that define
the vulnerability of the area (we reserve
ourselves to do so in a future study). At
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Fig.4-By multiplying the value grids
of lithology’s vulnerability and slope, we
resulted to this map. The GIS has
calculated the vulnerability value of each
point on the island, and attributes a
continuous color scale to these values.
The circle windows show the marked
area of the island in tow different scales.

present, we will demonstrate the use of the value grids for the extraction of a
vulnerability map of the island, using only the factors of lithologie’s vulnerability and

slope.

Taking into consideration that increase of slope at low resistance lithologies results in
rapid increasement of the area’s vulnerability, we multiplied the values of the two grid




layers. We could of course use other mathematical ways, in other applications, to
describe the interaction of the two layers in the best possible way.
In this example, we used multiplication, which means that if at a certain point, the

lithology value is 1.3 and the slope is 8°, the vulnerability will result to 10.4. If the
lithology value was 3.5 the vulnerability value would have been significantly heigher
(28). This process resulted in the map of figure 4.

In case we wanted to obtain normalized values of vulnerability (ranging from 0 to 1),
we should have normalized the initial grid values by dividing each value by the
maximum value of its field. At the end of this process, we would have normalized values,
without units.

CONCLUSIONS Vieraoity
The most important benefits of this e
method can be summarized in the ability of: Deo-20
[Ja-o

1) Gradual transition of properties that in
nature do not appear with distinct boundary
limits. (e.g. vulnerability, precipitation)

2) Using GIS to apply FUZZY logic.

3) The GIS to have a continuous value grid
of the properties and apply mathematical
operations and functions to these values, for
each point separately.

4) Visualizing the final results with 2-D

(figure 4) and 3-D color maps that cover the
area continuously.

5) Extracting profiles of the property along Qe, &
specified directions or along lines (faults, E

roads, rail lines, rivers, etc), with the
horizontal axis describing the horizontal
distance and the vertical axis describing the
value of the property at each point.

6) Creating contour lines for each property .
and the resulting one, as well as maps with | ach one was enclosing. The two
contour areas (figure 5). bottom windows shpw in detail their

A natural advantage of this method is the | UPPer  areas  in  rectangulars

easy management of the value grids, during accordingly.

Fig.6-The calculated vulnerability,
was also expressed through a contour
map. The contours are transformed to
boundaries, depending on the area

and after their creation applying mathematical
operations and functions. This easy and fast management of the layers, allows scientists
to try out many different possible solutions and choose the one that best fits the natural
conditions of their studies.
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