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SUMMARY 

F~actals can be defined as i~regula~ cantin aus cu~ves 

withaut de~i~atives.The f~actal a~ Hausda~ff dimensian 

ί5 nat a necessa~y intege~ Daramete~ and 

cha~acte~izes the form of a cu~ve. 

F~actal cu~ves a~e located ίπ many geog~aphic objects 

sιH:h as caastl ί nes. Ka~st ~egions, d~ai n3g~ ba"i ns and 

.50 οπ. 

The dist~ibution of the areas of sixteen 5rEek 

islands,the areas of Greek lakes and 5reek DlaIns 

display a Pareto distribution and a +ractIo 

nal behaν.ίοul"" as ItIell.Fractional dimenSI οπ 

measul""ments,for the I""ecent faulted zones of SifnU5 afld 

And~os C'.~e 0:=1,10 and Ο= 1,02 respectively. 

l_engths of r-ivers such as selinous ~ίνθ~ rny have 

νλΙLιes clase to 0~1~10 

Generally fractal dimensions ffiay have low va.ΙυΞ'S ΗΠΕΠ 

the faults mea5u~ed a~e I""ec~nt. 

The val Lles of Ο deΡeπό οη .the geomo~phologi c stage 

of a ~egion . 

.'iιrIέι,-ι;ορο:ς σ-τον -τουέσ ΓΕωΥραφι.ας-Κλι.μα-τολΟΥι.ιχ-;.ΓΕωλΟΥι.κό 

Τμπμα Πανεπιστήμιο Aθπν~ν. 
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LClw values are qbseΓved ίπ the per-icd of the original 

uplift and th oanplain.On the other- hand.the r-elief 

lndicates elevate values ίπ the intermediate stages. 

The value of fr-actional dimenslon of the Landscapes 

is ~ΓΟΡΟΓtίοnal ta Entropy~which means that maκίmum 

ΕntΓΟΡΥ reflects maXlmum dίSQΓdeΓ Dr randomness ίπ na 

tur-e and cansequ~ntly Gaussian dίstΓίbutίοπ of 

different γaΓίabΙes.Sο we expect ΠΟΓmaΙ dίstΓίbutίοπ 

fΟΓ landscapE' .νaΓίabΙes ΟΠ high D νaΙιιes 
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ΠEPIιJHΨH
 

.Σαν Fractals αρΙ:;<;'aνται συνΕΧΕίς μη "ομαλές" to:αμπίJλεc;.
 

μf1 παριηωvnσιμεg.Η fractal dimensian (F.D) εί,ιαι μία 

παράμετρο.; που μπαρέί να λάΘει και μη cιι-::!tραι>ο:g τ'\,μει; 

f~O:L χαραΚΤf1Ρ,Ι;ει την μορφ!') μιας καμπυλπι;. 

Πολλές VΕwμορφέ~ όπω., O:Kτayραμμές,Kσ.ρστ,υδρo~αψιKέ,> 

λε~άνες ~λπ,μπoρoυν να χαρακτηρισΘουν σαν fractal 

μορφέι;.Η κατανομή ταυ εμΒαδού των 16 Ελληνικών νησιών 

των Ελλf1νt,f~ών λιμνuν και π.εδίάδων είναι μΙα Pareto 

κcπο:\ο;ομfΊ ~:o:ι Επομένωο; "truμπεριφ.ιέρονται" σαν Fr3.c,tals. 

['1ετ:ρησι::ι,> 'tng F.D. ,/ια τ,ιι; ρπ..-ματωμένει, πι:.ιjU"'ρατα 

ακτέι; της Σ'φνου ι-::αΙ Ανδρου, έδωσαν τιμέι; D = 1, 1Ο anr.t 

1,02 αντΙστο"χα. 

Τα μnl<f1 ποταμών όπωι; ο Σε\ινού., έχουν Ο=1.10περί 

που. Γενι"κό: σναμένουμε χαμηλές τιμές της F.D.- όταν τα 

1JnO μελέτη ρΓtγματα είναι πρόσφα-r.α. 

ΟΙ τιμές της F.D. E~αρτώνται απο το στάδιο ε~~λι~η~ 

μιας περιοχης.Ετσι στο rn6:SLD ανύψωσης τπς π::::,:-ιαχ\')ς 

~αι στο στ6:δια ταυ πανεπιπέ5αυ οι τιμές της F.D. θα 

Είναι μΙKρέ~.σ.ντΙθE.ται ατα ενδι&υεσα στάδια υ,~η}'ότεpες 

Η τιμtr της F.D.Τ~J αναγλύφου εΙναι ανάλογη της 

ΕντροπΙο:ι;,μΕΥ6:λη εν'l7οπ'α σημσ.(,νει μΣγ6:λη "ατ~Ια" tΊ 

"τυχαιότητα" στπ φόση και κατ6: συνέπεια 'Οι μετα6λητ~ς 

ταυ αναγλόφαυ θα σKαλα~θoύν ναταναμtΊ κατά Gauss.Ετa~ 

για υψη,ιtς τιμtς της F.D. αναμέναυμ~ KaVOVLKf'I ι.trt-ανομf'l 

~ων μεταΒλητών των γΕωμορφών. 
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ίΝΤF:ΟDUCΤΙΟΝ 

Ιπ 1967 Mandelbr-ot ίπtrοdυced "fr-3.ctal" geometry~a new 

'~ind of geometr-y which ls entirely differ-ent fro'l1 the 

br-oadl Υ accepted Encl idean geοmetrΎ. The fr-actal r;:urves 

can be defined as irregular continnous cur-ves without 

der-i νati ves. 

Most nutur-al objects contain this Icind of irTegular-ity 

and this fact becomes clear-er when we moνe Oυl~ abser-va 

tiOfl to different scales ΤΟΓ ε>χamΡΙe fr-om smo'\.ll hills 

to gΓeat mountains. 

This i5 the maln characteristic of the fr-actal 

~:oncept and it 15 called s,elf-similar-itY. 

Α νer-y I'Jell I:now geometr-ical exampl;::o στ self-similarI-. 

ty i5 the "J<och" curve (FigurE' 1). 

ΔΟΟΟ 
FϊgLΙΓΕ' l:The "Kocn" C:UΓ'Ie. 

This CLlrve c<?lled "Koch" Jsland" was fίΓst stωΗed by 

the mathematician Helge νon-Koch ίπ 1904.It is constru 

cted by adding ίπ the middle of each of the thΓee 

sides of the triangle~another smaller triahgle whose 

Sid2 length is equal to one third side length of the 

initial triangle. .1 
The ~econd important point ίπ fractal theory is the j Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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degΓ~e 0+ Ι:ΙΙr"'..IΕ? lrregLllarity 311d it is D05S1ble to 

tafcE! ποπ-ί nteΦ:Ξ!Γ val ue as I"'Jell. Π"!Ε! forrnula to obtai n
 

the value of F.D. ί5 D ~-LDGN/lOGr (Ν) where Ν is the
 

nuniber of decomposed oarts of a figure and r (Ν) ί 5 

trle similarity ratIo,In the case of the figurE! 1 ""8 

'have 

The 5hape of fractal curves as it haapens ίπ "Koch" 

curves 5eem~ too geometrical to sharE! char3cteristics 

ίπ (_Όmmοn !.<Iith flatural featurtΞ's,so that 

the concept of randomne~s must be necessarily introdu 

cecJ to provide more realistic curves. This ί5 the model 

called fractIonal 8rownlan motion (Mandelbrot 1982) 

and the resulting fractal curves display statIstIcaily 

seΙf-sίmίΙarίtΥ. 

ObsErving natural objects we easily realise that· 

mό-1ΠΥ o-f them ΓΕΡΓΕSΕΙΠΙ fractior.al curves ",.nd 50 ί t is 

useful "to study them ""ith this ΠΕ"" geometry. 

rr~.ΞίctaΙ' s ,(Sl? in physic03.1 ge09r-aphy and οροlοην 

'Coastlines can be regarded as the most typical fractal 

c:urves.Richardson (1961) stated an empir-ical la"" 

saying ~hat the length of a cOJStline deDends οπ the 

vari ουs y<.:~rdsrί c kl ength<;. 

The value of D ΤΟΓ a coastline can oe calculated by 

rne",~ns of a 10g-log graph plot,the number of segme-nts 

of length and νEIΓsυ~ varlous sampling.intervals.This 

slope of the Ιίπε> represents the value of D. 

It ίs clear that the value of D reflecte~ the shape 
Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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of a caastline and for D=l a'straigl1t line 3.ri3es.If D 

15 ίnCΓ'"eased~ the shape of a coast b=cG;nes ffior-E! 

irregltlar (Figur-e 2) 

Fίgr.λΓ"e 2:coastlines with Ο= 1,lό 

ObsE!rving th~ caast of Aegean island5 the fractal 

dimenslon νaries.For this reasan Faulted coasts like 

the Νοr-theasteΓΠ Ζοπέ> af 8i fnas and the SOLtthwester-n 

part of Απdrόs have D=I.10 and D =1,02 (Figure 2Α)

2" 
• 

• 

1 • 

LOΙ Τ 

Figure 2A;Fractal dimenslon af the Northea.stern part 

of Sifnos.Do::l.105 

but tne same islands have coast with much more 

irregularity and the value af their D i5 1~99 and 

1.122 ΓeSΡectίνeΙΥ. 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



237 

It ίο; worth notl"g -that t,.-actal Sh3pe "islands" 

(Figur83) can be PΓoduc~d from Mandelbrot's simple 

formula 

Xn+j=F(Xn)= 

FίgUΓe 3: 

Fra-ctal sh.i3.pe "islands" 

Ιπ- a bΓοad 5εοΠΞε? many natural features such as ar-eas 

qf lM~es,_islands and stretches of rivers display an 

hyper-bol ί c sl Ζε? di str-i buti οΠ Ο:.ΟΓcak Law). Τh} s Η nd of 

distribution ί5 the typical consequence of fri3.ctal 

1 arld<;capes • 

Τhe diStΓlbution of the dr8i3.S of G~eek island~.the 

aΓe~S of Greek plains and the le~gths of rlvers can be 

studied (Figur-es 4,5,6) 
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Figure 4:Α plot between log(rank) anσ log(area) of 16 

Gree~,- ί '31 ancJs. 
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Figure 5:Α plot between log(rank) and lcg (length) of 

the 17 Greek rivers 
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Fig.6:A plot between 10g(rank) and 10g (Area) of 9 

Greel( Plains 

Observil1g the fiqures 4,5 and 6 we confirm the fractal 

natuF".J of the a.bove georgr aphi c ob_i ect s. 

Fractal "fragmentation" also shows the lengt:' of 

caves with D ο 1,4 appro~imately (curl t986,Lawrty 

t987).Drainage system elements indicate a fractional
 

behaviour such as the areas of drainage basin5 and
 

stretches of streams.An instance of this i5 the
 

fractal dimension of the length of SelinaU5 drainage
 

basin which has been calculated and gives νδΙυΕ! D 

• 

• 

• 

·ο,δ+--r---τ--τ--.., Figure 7:Fractal dimension of selinous a 
.riνer D =2,33 

ο 

V 
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Self slmllar- chaΓacteΓίstίcς indicate ol~o d·ίffeΓent 

tectonic elements such as fr-actLtres (chiles 1988). 

fd.Lίlts r-elated to eaΓ"thqιχ"l~c·es,fοldςΌΓ" !<lorld-wide 

CΓL(st deformation. 

The stUdy 0+ fr-actures ΟΠ the lsland 0+ My~~onos 

Sil0WS a fractal dimenslon D ~ 2.23 (Figur-e 8) 

~5 

., .... 
ν 

• •~ 

.... ~ 
<,

••
• 

ι~ τ 

FίgUΓe 8:FΓactaΙ dimenslon 0+ the fΓactUΓes 0+ Mykonos 

D = 2,23 

Τhe fr-actal dimension of a fault indi"cates its .age and 

πεΙ'! fault,s have valLlE's close Ιο one.FinaIly t-he 50ίΙ 

cονeΓed tΟΡοgΓaΡhΥ displays a fΓactaΙ geοmetΓΥ.Τhe fΓa 

ctional dimenslon 0+ this slIrface ίπ temper-ate r-egions 

vαΓίες between 2.0 and 2.3 (Culling and Datko 1987) 

ιι i5 obvious that, t,he values of Ο νοΓΥ because 0+ t,he 

stage 0+ development of a ~eqion in the Davisian 
Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.
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cycle~Τhus du~ίng th~ flo5t UQli~t ~nd ίπ the stage of 

pa,~plain the -fractal:'LI,f.o,ce ΙοΙΙίΙΙ ha-..'e vaΙυΕ's clos8 to 

2,while ίη the intermediate ~tage the value D wll! be 

greater- ~ 

•
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-cONCLUS 1Ι:Ιί'Ι3 

the existence of fr-actal bE"haVlour has been 'Pr-oved 

for- sever_Ξl.l geagr-aDhic featUΓes in !Ξir-eece.such as for 

aΓeas o'f islands~!Jlains and laI;es and fΟΓ. the lenqths 

of rίνeΓS. 

The fractal dim~nsion.is "a handy tool" -ta obtain 

gΓeateΓ knowledge of the fΟΓffi of d CUΓve. 

Low fΓactaΙ dimenSIDn has been calculated fΟΓ the 

'Faulted :;:one of SifnDS and ΑndΓΟS and the values of D 

haνe been calculat..d as 1.10 and 1.02 respectively. Dπ 

the otheI"" Iland non-recent faulted Zones ΡΓesent higher 

D val ues. 

Fίna.ΙΙΥ.tΙle fractal dimension-",of traces of f .... actur-es 

of i'1ykonos 3nd the dΓaίnage basins of selInou$ ΓίνθΓ 

haνe be~n r,leasLIred ΙΟ be D=2.23 arld D=2,33 

It becomes clear that the landsc-3pe -νalLle of D is 

pr-apar"tional to entr-opy aίld as the E'r-osion pr-oceeds 

·the D diininishes 

Οπ t.he other- hand ..naximum entroDY r-eSL(:..ts ίπ maximum 

disoder- '--ιhίch Ineans randomness 111 natLιr-e ~nd 

GaU$sion distr-ibutlon of different l~ndscaDe V3r-iables, 

,"
'1 
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