Fractals® USE in physical g=ograchy and geclagy

fhieadore Gournellas¥

SUMMARY

Fractals can be defined as irragular contin cus curves
withaut deriratives.The fractal ar Hawusdorff dimension
is not a necessary integer parameter and
characterizes the form of a curve,

Fréctal curves are located in many geographic objects
suizh as coastlines.kKarst rzgions,drainages basins and
" .50 on.

The distribution of the areas of sixteen Greek
islands,the areas of Greesk laﬁea and Greesk piains
display a Pareto distribution and a fractio
nal behaviour as well.Fractional dimensi on
measurmsnts, for the recent faulted zones of Sifnus'and
fndros are D=1,10 and p= 1,02 reapectiveiy.

Lenaths of rivers such as selinous river my have
values close to D=1,10
Generally fractal dimensions may have low valuzs when
the faults measured are recent.

The values.uf D depend nﬁ Ahe geomorphologic stage
of a region.
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Low values are abserved in the period of the woriginal
uplift and th panplain.ln the oﬁher hand,the relief
indicates elevate values in the intermediate ?tages.
The value of fractional dimension of the Landscapes
is proportional to Entropy,whicH means that maximum
Entropy reflecfs maximuh disorder wr randomness in na
ture and consequantly Gaussian distribution of
ditferent variables,S5o we expéct normal distribution

for landscape variables on high D values
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MEF INH'YH
Zgv Fractals opiSoviar Tuveyelg pn "odorhég" Kapnuleg,
Hn nopoywyhoLpsEg,H fractal dimension (F.D) slvav pia
nopdETPOS nMou Hropsl va Ad8ev kaL pn axdpal=g TAMES
KO Xupqmtﬁptﬁsu v Hopph puﬁq Eaumiing.
MoAlég yewpoppé s dnws artoypapUés, Kopot, uspDypopLkeég
AerdveEsS AT, unopody va xapokTnpeodoldy oov fractal
pqpméq;H kazavonh Tovu Eddadod Ttwvy 1H Ellnvukmy YNOLWY
Twy EAAnvikdy Aupvdvy Ean pES(damv ECVEL'uﬂa Fareto
Kutqwnuh KOL EMopévas “"upnspueépovial' oov Fra;tals.
ﬁstphbauq tng F.D. yva TLg pnyudtwpéveEg nodogaota
GKTEQ Tng EZiipvou KGL AvEpou, ESwoay TwvHEs D= 1,190 and

E

l;QZ\GVtCUtDLxuq
Ta phﬁﬁ notopoy &Mws 0 SEALvoug £Y0uv t):l,{o neEpt
nou. fevied ovapévouvpe yaunies twvpéEs tng F.D.- dtav tTa
unmo pEiZin ghypata £Cvar npdopata.

UL Tivpée Tng F.D. sSoptdviol ono to ortdiLo z52AvSng
pLag neEpLoxfig.Etol oto otdsLo aviywons tng n=sLoxhs
KOL OTD OTd&.L0 tTOU MOVENLTESDU DL TLHEg Tng F.b. da
glval pLepés,oveifstol ara EvS.ousoa otddua umnAﬂtEPgé

H Tvuf Tng F.D;tau gvay ldpou EﬂVﬁL avdlqyn Tng
Ethnnt&q,peydlﬁ Evipantia onpo(vel pEyddn “atoSia” h
"tuyaldtnta” gTn @UIn kKol xatd cuvimeELo ‘oL uetofintdg
TOU ovayAdypou o aroloubouv katavouh rotd Gauss.Exoy

yLa uvyniéc tipés Tng F.D. avapgvouut kavovixkh ratavoph

Ty PETTAANTLOVY Twy YEWHOQPWY.
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INTROGUCT ION
In 1947 Mandelbrot 1ntrodﬁced "fractal" geometry.a new
kind of geometry which i1s entirely different fram the
broadly accepted Enclidean geometry. The fractal curves
can be defined as irreqular continnous curves without
derivatives.
Most nutural objects contain this kind of irregularity
and this fact becomes clearer wnen we move our obasrva
tion to different scalez for example from small hills
to great mountains.

This is the main characteristic ot the fractal
conc=pt and it is called ;elf—similgrit9.
A very well know geometrical exampl= of self-similari-=

ty is the "Eoch" curve (Figure 13}.

AT LA ES

Figure 1:The '"Koch" curve.

This curve called "Koch®" island" was first studied by
the mathematician Helge von Koch in 1904.I% is constru
cted by adding in the middle of each of the thres
sides of the triangle,another smaller triangle whose
sid= length is equal to one third side length of the
initial triangle.
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fractal dimsnsion,whnich 15 é number declaring bihe
degrese of curve 1rregularity and it is poss:ible to
take non-integer wvalue as well.The formula to obtain
the value of F.D. is D =—LOGN/LOGr (N) where N is the
riumber of decomposed pcarts of a figure and r (N} is
tihe similarity ratio,in the case of the figurs 1 we
have

The =zhape n# fractal curwves as it happens in "Koch"
curves seems too geometrical to share characteristicé
in common with natural features,so that
the concept of tandamnesa must be necessarily introdu
ce=d to provide more realistic curves.This is the model
called fractional Brownian motion (Mandelbrot 1982) .
and the resulting fractal curves display statistically
Eel;—similarity.

Observing natural obiects we easily realise that
many of them represent fractional curves and so it is
useful to study them with this new geometry.

rractal s use in nhysical ggoqgraphy and aeologyv

‘Coastlines can be regarded as the mpost typical fractal

curves.Richardson (1761) stated am empirical law
saying that the length of a coastline derends on the
variuua vardsricklengths.

The wvalue of D for a coastlina can e calculated by

mezns of a lag-leg graph plot,the numbar of segments

. of length and versus various samplino.intervals.This

slope of the line represents the value of D.
WnolakA BiBAI0BAkN @edppacTog - TuAua MewAoyiag. A.M.0.
It is clear that the wvalue of D reflectes the shape
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of a coastline and for D=1 a’'straight line arises.I+ D
is increased,the shape of a coast bacoies more

irregular (Figure 2)

Figure Z:coastlines with D= 1,14

Observing the coast of Aegean islands the fractal
dimension varies.For this reason Faulted coasts like
the Northeastern Zone of Sifnos and thg Southwestern

part of Andréas have D=1,10 and D =1,02 (Figure 2A)
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Figure 2A:ifractal dimension of the Northeastern part
of Sifnos.D=1,10%5

but the same islands have coast with muech mora
irregqularity and the value of their D ig 1,97 and

1,122 respectively.
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It is worth noting that fractal shape “islands”
{(Figure 3) can be produczd from andelbrot’s simple
formula
) 2
An+i=F (Xn)= Xp+ ¢

for C=-0,12375+0,54508 i

Figure 3I:

Fractal shape "islands"®

In- 4 broad sense many natuoral features such as areas
of lri.!i“:ES,_iElandS and sigretches of rivers dis;ﬁlay an
Ihype?bulic size distributiﬁn {korcak Law).This kind of
distributian is the typical conszguence of fractal
landscapes . .

The distribution of the areas of breek islands,the
\éreas of Gresk plains and the lenaths of rivers can be

studied (Figures 4,3,4)
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Figure 4:A plot between log{rank) and loglarea) of 14

Greek islands.

10 100 1000

Figure 5:A plot betwsen log(rank) and lcg (length) of

the 17 Greek rivers
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Fig.4:A plot between lcg(rank) and log (Area) of 9
Greek Plains

Observiing tﬁe figqures 4,3 and & we confirm the fractal
natu=e of the above georgraphic objects.

Fractal "fragmentation"” also shows the length aof
caves with D = 1,4 approﬂimately (curl IQBB,Lawrty
1987).Drainage system elements indicate a fréctional
behaviour such as the areas of drainage basins and
stretches of streamé.An instance of this is the
fractal dimensicon of the length of Selinnus drainage

basin which has been calculated and gives value D

N

v T T Figure'7:Fractal dimension of selinous
05 1 15 @& .
Log'r river D =2,33
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Self similar characteristics indicate also different
tectonic elements such as fréctures (chtles 1938),
faults related to ear thquakes, folds or world-wide
crust deformation. -

The stud? of fractures on the island of Mykonos

- sihows a fractal dimension D = 2,23 (Figure B)
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Figure 8:Fractal dimension of the fractures of Mykonos

The fractal dimension of a fault indicates its age and
new fauits have values close to one.Finallylthe s0il
covered topography disﬁlays a fractal geometry.The fra
ctional dimension of this surface in temperate regions
varies hetween 2.0 and 2.3 (Culling and Datka 1987)

It is obvious that the values of D véry because of the

stage of development of a'reqion in the Davisian
WYnoeiakn BiBAI0BAKN Oed@pacTog - TuAua MewAoyiag. A.lNM.O.




cycle.Thus during the first uplift and in the stage of
panplain the fractal s f3ce will have values close to

Z,while in the intermediate stage the value D will be

greater.
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EONCLUSIDNS

The existence of fractal behavigur has besn croved
far several geograbhic features in Gre=ca,such as far
areas of islands.plains and lakes and for the lenaths
of rivers.

¥

The fractal dimension is "a handy tonl" —-to obtain
ar=ater knowledge of the form of a curve,
Low fractal dimension has been calculated for the
faulted zone of Sifnos and Andras and the values of D
have been calculatad as 1,10 and 1,02 respectively. 0On
the ather hand non-recent faulted Zones present higher
D values.
Finally,.the fractal dimensions of traces of fractures
of iykonos and the drainage bagins of selincus river
have been measured to be D=2,25 and D=2, 33

It becones clear that the landaeape —value of D is
proportional to entropy and &s the erosion proceeds
the D diminishes

Cn the other hand maximum entrooy resuits in maximum
disoder which means randommness in nature and

Gaussion distribution of different landscace variables
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