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Περίληψη 

Σε aυτό το όρθρο παρουσιόζεται ένα μοντέλο εξέλιξης του γή'ινοu 
αναγλύφου βασισμένο στη θεωρια των ΠΙθανοτήτων, ΟΙ κύριες παρόμε

τροι που λαμβόνονται υπ' όψιν εΙναι η διάβρωση, η ανύψωση της περιο· 

χής ΚΟΙ ο χρόνος. 

Έτσι το ανάγλυφο μπορεΙ να ταξινομηθεΙ σε μερικό περιγραφικό στά· 

δια εξέλιξης, τα οποία θεωρούντοι διάφορες καταστάσεις (states) ενός 

συστήματος. 

Η ανόλυση του παραπόνω συστήματος γΙνεται χρησιμοποιώντας τις 

διακριτές αλυσΙδες Markov. ΟΙ εξαγόμενοι πΙνακες μας δΙνουν όλα τα 

στοιχεΙα για την εξέλιξη του συστήματος στον χρόνο. 

Abstraet 

ΙΠ this paρer Ι present a model for a \ong term landform evolution 
based οπ a probabi/ity theory. The main factors which were taken into 
account were the erosion, the magn\tude of uplJft and the time. 8ased οπ 

these factors the landforms can be classified (nto numerous descrIptive 
stages, which are treated as the stages of a system. The anaIysis of the 
above system Is achieved by using discrete Markov chains. The resu\ting 
matrιces give a c/ear picture of the system evolution. 

Introduetlon 

The most inf!υentiaIIong-term (andscape models are certainly those 
proposed by Davis (1698) and Penck (1924). Nowadays οι,ιΓ know/edge 
about the factors which βΓθ responsible for the Iandform development is 
much better than ίπ the past. 

We dispose a vast data concerning exogenic ΟΓ endogenic processes, 
but θνθΠ now the extreme interre!ations between the different factors 
and process render probability models mOfe appropriate to formutate. 
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Α Markov chain Model 

In this paper we suppose that the landforms can be classified into 
numerous descriptive stages mainly of erosion, the magnitude of the 
uplift and subsidence, and the time. Supposedly the climate has to be 
humid-temperate, but with few modifications the proposed model can be 
appIied to different climatic conditions. Some geometric stages are 
shown in Fig. 1. Ι assume an evolutionary sequence of stages (Fig. 2), 
this means that from an initial relatively flat reIief (stage 1) there are 
two possibilities. First a normal evolution without an upIift to stage 2 with 
probability Ρ (t) and second, a contemporaneous uplift and the passage 
to stage 2', with probability q(t), (Fig. 3). 

________ 1 2 

4(Α)/32==::~ 
---- 3' -------4, 

21 1 4 

3 ------4 4' 

1~ 
3 4 ----- 4 (Α) 

--------4 (Α ) 
Σχ. 1. The evolutionary sequence ΟΙ the used stages. 

In this scheme (Fig.1, 2) the numbers 1, 2, 3 and 4 represent normal 
evolution of the Landform, the upper index (ex. 21) shows the periods of 
uplift. Finite Markov chains have been studied by many authors as 
FRECHET (1938), CHUNG (1967), FELLER (1968), IOSIFESCU (1979), 
ΒΗΑΤ (1972). 
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Σχ. 2. The Landform development ΟΙ the geomorpholog,cal stages. 

Το apply discrete Markov chains to LaI1dform development we firstly 
define the states (stages) of the system. Fig. 1 contains all the stages 
and their mutual transitions. It must be noted that we assumed that 
there is an υΡΡθΓ limit for the υρlίΗ movement (reflective state), meaning 
that the landform can not grow infinitely. The second step is to analyze 
this process and to formulate the transition matrix and put it in its 
canonical form. 
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Σχ. 3. The transItion matriχ ΟΙ probabίlities. 
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Where, Ι:	 the identity matrix which corresponds to the unique abε:>Γ
bing state, 

Q : the matrix ΟΙ probabiIίties ΟΙ transient states, 
R : the matrix ΟΙ probabiIities from transienls Ιο recurrent stat6. 

We can now proceed Ιο find the fundamental matrix Μ. 

Τwo slmpIe exampIes: 

The fundamental problem Ιο aρply such a model is ΙΟ construct a 
transition probabiJίty matrix which better represents the geotectonic 
positIon ΟΙ a Landform. This means 10 assign the appropriate va(ues ΟΙ 

ρrobabilities Ιο the above evolutionary scheme. 
ΙΠ the first applicaflon we assume that Ρ(Ι) =0,6 Q(t) =0,4. This 

examρle refers Ιο an ΒΤθΒ where erosion dominates and upJift 
rnovements arp. less important. 

The resulting 'undamental matrIX is: Μι and the matrix Ι, (Fig. 4) 
gives the exρected number of states the system spent ιη the transient 
states ΡΓίΟΓ to absorption (the total denudation of the relief). 

Ιη the second example we assume that P(t) '" 0,4 q(t) "" 0,6, In this 
case we assume a high probabiIity tor uplift movements and low 
probabilities for erosion. Here the fundamental maIrix is M~ and the 
matrix giving the expected number οι changes before the chain enters 
the absorbing state is L~ (Fig. 4). 

Concluslons 

From the above two simple applications ίΙ is obvIous that in the first 
case wheΓe erosion is more probable than uρΙίΗ a rapid decay of relief 
wiII result. The matrices Μ1 and Ι 1 suggest that the whole process will 
finish relativeIy rapidIy, the number ΟΙ changes at states are re\ative\y 
smaII. The same is valid also for the variety of reJie1 forms. Οπ the 
contrary ίη the second case. where the uplitt movements dominate. a 
repeated constructionaI process witl be present. The results from the 
matrices, show that the whole system wiII pass from many Landform 
stages. before its total denudation. 
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