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Abstract :

The estimation of average % slopes is among the most difficult calculation problems of
classical geology and geomorphology. This paper indicates a modern method, based on a
mathematical equation and GIS technology, that helps this operation by significantly reducing the
needed time, and increasing the accuracy of the results.

This calculation gives the average slope number for the center of each cell of a given grid.
The grid size can vary depending on the contour intervals and the relief characteristics. This
method, according to a known mathematical equation, adds the length of the contour lines
included in each cell, multiplies this by the contour interval number and devides it with the area
of the cell.

This methodology has been applied to the island of Sifnos (Cyclades), and the results have
been cross-tested with field measurements. The results, are expressed through thematic maps,
statistical tables and histograms.

Hepidyn :

O vmoloyopdg tov péowv % KAloewv etvar éva amd To PEYOAVTEPO. VITOAOYLOTIKA
mpoPAnuota TG KAOGIKNG YewAoyioc-yewpopporoyiag. H epyacia avty €xel o¢ okomd tnVv
mapovcioon pog poviépvag peboddov mov Paciletar o yvoot) pobnpoatiky €£l0mMoN Kol 6T
teyvoroyio tov ewypagikov Zvotudtov [Tinpoeopidv (GIS), mov PBonbdé ™ pebodoroyio
QLTI LEUDVOVTOG TOV ATOLTOVUEVO ¥POVO Kot LEAVOVTOG TNV AKPIPELD TV OMOTEAECUATOV.

O vrohoyiopdg avtdg diver Tn T TG HEoNG KATo™NG Yo KABe KuyeAido Tov dNUIOVPYOVUEVOL
kavapov. To péyebog tov Kavapov moikidel avaloyo pe THV 1G0SAGTACT] TOV YPTCLULOTOLEITOL
KOl TO, LOPPOAOYIKA YOPOKTNPIOTIKA TNG Vo perétn mepoyns. H pébodog avtr, Pacilopevn oe
ploe yvooty podnuotikn egicwon, abpoilel 10 URKOC TOV TUNUATOV TGOV 160DYOV TOL
nwepiEyovtol o kabe Kvyerida, moAlamiactdler T0 GBpolGHa OVTO pHE TNV 1GOSACTOCT Kol
Swapel pe 1o pPadd g avTioToynG KLWEAIDOG.

H pebodoroyia avt epappootnke yio ™ vico Zipvo (KvkAddeg) kor to amoteléoupota
emaAnfedtnrov pe petproelg vraifpov. Ta amoteléopata eKppdoTnKay pe Bepatikovg yapteg,
OTOTIOTIKOVG TIVOKEG KO IGTOYPALLLLATO.

1. Introduction

The need of computers and especially computer methods, arises when complicated
measurements and calculations must be repeated a hundred or a thousand of times, to perform a
single task. In these cases, GIS can offer significant results when it comes to speed and accuracy.



One of these cases, that geologists and geomorphologists use frequently, is the estimation of
the slopes over a surface. One of the methods is to divide the area into small rectangles (cells)
and find the number that represents the average slope of the rectangle. This is done by the
following equation:

P:IOO”‘ZL*i

(equation A)

,where ZL is the summit of each contour’s length included into the cell,
1 is the contour interval,
E is the area included into the cell.

This equation gives the percentage of the slope of each cell. It is obvious that near the
boundaries of the studied area, or near the coastline, the cells will be cut smaller, following the
edge of the surface. The accuracy of such operations, is increasing when the contour interval and
the cell size is getting smaller, which means that for accurate calculations the needed time is very
long. Another problem that arises, is the sensitivity of the instruments we are using, which makes
the length count of very small lines impossible. These two factors control the higher level of the
accuracy, and forces the geologist to limit his expectations.

On the other hand, using a GIS, we have no time or measurement limit. The software applies
the measurements to the segments, no matter what their size or number is. In this paper, we are
going to describe the full method, used to estimate the slopes over a surface. The maps and
figures are demonstrating the method applied to Sifnos island. The estimated slopes, given at the
end of this paper are cross tested with field measurements.

2. Geography - Geology

The island of Sifnos belongs to Cyclades islands and especially to west Cyclades. It lays
southeast of Seriphos island, west of Antiparos and northeast of Kimolos. Its shape and coastline
is very irregular. The highest point in the whole island is 678m and is located at the peak of
Profitis Ilias.

The Stratigraphical column of the island of Sifnos consists of the following layers starting
from the lower to the upper layer (Gournellos 1980):

1. Schist and Gneiss almost 500-600m thick, which have been metamorphosed primarly in
high and secontly in low pressures.

2. Lower marble 120m thick.

3. Marble in the form of conglomerate 60-80m thick.

4. Upper Schist and Gneiss almost 80m thick which have been metamorphosed in 2 phases.

5. Upper marble most of which has been secontly dolomitized.

3. The GIS based method

The first step is to generate a grid, with a suitable cell size. In the study of average slopes in
Sifnos island the selected cell size is 500%500m = 0,25Km?. After this, the grid cells are cropped,
along the coastline.




Next step is to update the database of the cells, with their precise area number in square
meters.

The third step, is to split the contour lines in line segments. The algorithm, splits the
contours when they enter into the next cell. The outcome is a big number of line segments,
included inside each cell.

One of the basic parts of the method is the summit of the length of all the line segments
included inside each cell, and the update of the cell database with these numbers.

After this step the cell database has all the data columns needed to apply the equation (A)
and evaluate the slope. With a simple calculate method, we can finally estimate the slope of each
cell, using the values (sum of length, area) measured in previous steps. The results are added in a
new column, to the row representing each cell.

4. The output of the slope results

This part of the paper, will demonstrate some of the output types used to analyze the slopes
of the studied area. As well known, GIS softwares can generate a vast number of maps and
diagrams to display and analyze the output results.

In figure 1 we can observe all the cells, with the estimated average slope number in the
center of them. In figure 2 we have a thematic classification of the slopes in five categories: 0-
20%, 20-40%, 40-60%, 60-80%, >100% as described by the relevant legend. Finally figure 3,
displays the thematic representation of figure 2, in superimposition with the 3-dimensional
surface model, where we can observe the zones of low, medium and high angle slopes.
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