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)"!['!6# % S[HP!X/ 1< ;O5P52C5/5QO z"C!HE )/!+E C8

W12>6PD['9 7># >&]{E !Y)Lobeck, 1939; Chorley

et al., 1964; Summerfield, 1991(#W12>6P DN!6!Y
|[[@A C8 )[['!'9 ;![[Y:!&* :9 ![[3*= M6]91[[V 75[[_* %
% D['9 )[X&_/ W5[@A 1"![' % ;81<C!] ;O5P52C5/5QO
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)[[+* 7>[["8 S[[] )"!Y>[[6"912y>*5[[#3(;91[[< ;1-j[[<
t![,EC9 % ;81[n@+A ;!Y>[6"912 �[":5E ;5FP9 7>Y!G/

% y![3*= ^&<4( >&G[i< 85[,3<)[Lm"% M"![+*;![Y
q![[[r?u/ ^-[[[#98 1[[[r* C8 % ^&[[[/: )_X[[['

^&/:1[[' D"1">[[/ C8 )n"O5[[P52C5/5QO)Cook and

Doornkamp, 1990.(�1I :9W12>6P 1F"8D'8 !Y|]
>[*C98 85[N C8 9C )'!'9 )Lm"% %8:S[.&-* S[n6"9 c%9
^&/: % f"O5P52C5/5QO ;!Y>6"912S-#UL )-N!6#% y>*9

hiG/ )"!Y:1/ W%89D[&+]!? %1[+@b ^&[&HE ;91< >*
)*5[[6] f[["O5P52C5/5QO )"!Y>[[6"912)Dehn et al.,

2001.(W12>6P SHP!X/ D&+Y9S[] D['9 ;\>[? S[< ![Y
;1-/5[[2C5/5QO S[[HP!X/ a5[[w5/ 7:%1[[/91S[[< [ 95[[6A

S-#C1":;O5P52C5/5QO :9 ;9)/ SQ9C9 [85#.7:9>*9;1[&L
W12>6P )Z&] % )+]&&JE o&P!*= B!'91< !Y)A![ZEC9 q91

D[['9 S@[[e!2 �<![[E 1&�{[[E D[[_E.S[[] )[['!'9 d[[e9
^&[< t![,EC9 85[K% (8C98 >[&]{E  = 1[< ;1-/52C5/5QO
;91[<  = S< t5<1/ ;8>A ;!Y1-/9C!V % ;C95+Y!* dn#
% d&nG[E C8 S[] D['9 )"!Y>[6"912 }"1G[E % z&e5E

W12>6P c5_E>*C98 MT* !Y.W12>[6P )-6' q!HP!X/![Y
/ 1[[< )[[6-,/5;O5[[P52C;9o[[K9 )[[Z&] z&[[e5E %

|G4|[3/ 7C95[+Y % D'!Y:9>*9q![AuI9 �[,6/ ^"1[E
|G[4 7C!<C8D['9 785[< !Y:9>[*9.(S[Y8 >[64 :9 M&[<

Dj"O5P52C5/5QO$%C :9 !Y% z&[e5E ;91[< )Z&] ;!Y

W12>6P )'C1<)/ 78!Z-'9 !Y>66].S[Y8 d"9%9 C8 ^n&P
1960$%CW12>[6P q!HP!X/ 8C9% )+] ;!Y>*>[# ![Y

)Kosmas Pavlopoulos et al., 2009.()-6' $%C C8
W12>[[6P h&iG[[E;%C :9 ![[3*= ;1�[[< h&iG[[E ![[Y

7898% D'9 W:� Db8 % DA1' >b!2 C%8 :9 M.6' ;!Y
D'9 ;C%1w o&* h�i-/ 1jZ/ 85K% )21I :9.^"9 :9

$%C :9 78!Z-'9 %CW12>[6P f&E!/5E9 DN!6# ;!Y:9 ![Y
7898 ;%CA5* (C%8 :9 M.6' ;!Y)/ qC%1w )>"!+*.
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)[[Lm"% q![[I!,EC9 ^&[[6�+Y %S[[XT* ;![[YS[[HP!X/ ;9

)/85#)Evans, 1972.(ST,I;!Y>[?9% C!]85N ;>6<
W12>[[6P % )n"O5[[P52C5/5QO;![[Y1-/9C!V 1[[< �!E>[[+A ![[Y
D'9 )n-/ f"O5P52C5/)Giles and Franklin, 1998;

Miliaresis, 2001; Bue and Stepinski, 2006.(
dn[# % W1[2 q!�iG/ 1F*!&< f"O5P52C5/ ;!Y1-/9C!V
 = 7>[[66]8!."9 ;!Y>[[6"912 ^&[[6�+Y % ^&[[/: }X[['

dn#>6-j[Y ![Y)Jamieson et al., 2004.(�1[I :9 %
S[[[T,I ;![[[6,/ 1[[[F"8C8 )[[[/12 ;!Y>[[[?9% ;>[[[6<

S@j@' S"1r* ;O5P52C5/5QOS[< )[,E91/)[/ C!+[#>[6"=
)Ramesht, 2006.(1

c>/ 5[4 )[Z@-i/ �<![6/ :9 )A![ZEC9 )/5bC ;!Y
7898 >[6*!/ C989C ![" % :91[E t5[XN ()A!ZEC9 t!T*;![Y

2SRTM)/ S&3E>*5#.!Ec>/ :9 78!Z-'9 !<  56];!Y
a!ZEC9 )/5bCsrtm7898 :9 S]S[< ;![Y^["9 C8 S[-2CC!]

S6&/: C8 ;8!": q!HP!X/ D'9 g&T_E5[P52C5/ ;!Y;O
M[[E= !G[[2)Wright et al., 2006(c!n[[#9 o&P![[*= (
S[[['!/;8![[[< ;9)Blumberg, 2006(c>[[[/;![[[Y

)n&P%C>[[[&Y)Ludwig and Schneider, 2006((
d&@_E)n&*5-nE52C5/ ;!Y)Grohmann et al., 2007((
S[T,I;>[6<)291L5[V5E ;![Y)Iwahashi and Pike,

2007()G[nY: Sn,[# 091i-'9 % ()Ahmadabadi et

al., 2009(D'9 S-21"UV W!.*9.

1. Geomorphometry
2. Shuttle Radar Topography Mission
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dn#1.dL>&< %  9C= STX6/ (W12>6P (;O5P52C5/5QO SGT*
�,6/:( 913E 7!FG*98 !&291JK �j'�/1381

W12>6P 091i-'9|G[4 7>*:!' 1e!6A S] !Y!Y:9>[*9
![[36"9 :9 78!Z-[['9 ![[< a![[ZEC9 )/5[[bC c>[[/ :9 (>6-j[[Y

7>[[[# 091i-[[['9>[[[*9:$%C% ;:![[[2 g[[[X6/ ;![[[Y
ST,I;>6<qC!r* ;!Y7>G[*)Adediran et al., 2004;

Burrough et al., 2000; Irvin et al., 1997(
ST,I7># qC!r* ;>6<)Brown et al., 1998; Hengl

and Rossiter 2003; Prima et al., 2006(|-"C5[FP9 (
S'u])P!+-?9 ;>6<)Stepinski and Collier, 2004;

Stepinski and Vilata, 2005(ST,I (![< C![]85N ;>6<
713<d&@_E :9 ;1&L1"5�E S"!V �)# ;!Y)Dragut and

Blaschke, 2006(7C![[/= (71&J-/>[[64 )Z&[[e5E ;![[Y
)Dikau 1989; Evans 1972()�[[&iGE �[[<95E % (
)Giles, 1998.(D'9 7># W!.*9.^&6�+Y% )[#!Y95"9

f"!V)2006(' :9 78!Z-'9 !<% l&#  !"891L hN!# S
)_X[' D[2!< % )H[w5/ p>_E)![" �C95[A )[*9%912

![[3*= ^&[[< ;!`[2(f[["O5P52C5/ �C95[[A 091i-[['9 S[[<
S-N981V>*9.

S[Q9C9 g[&T_E S6&G&V S< SK5E !<^["9 �>[Y (7>[#
;![[Y1-/9C!V ;![[6,/1< )[[+] )[[#%C S[[Q9C9 g[[&T_E

ST,I C5r6/ S< f"1-/52C5/5QOW12>[6P ;>[6<![< ;![Y

78!Z-'9|-"C5FP9 :9MLCD['9 p!.*1/ STX6/ C8.C8
W12 a56E STX6/ ^"9)*!"1K ;!Y);8![< % )<=(:9 |[A9

t%1i/S6n29SvE a95*9 (!"uV (S'!/ ;!YS< !36"9 oK % ;9
)/ |G48C5N)dn#1.(

2-1656PN% N &E
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C9 )/5[bC c>[/ C8 ![6_*9 a95[*9 S,'!_/(;1-['C a![ZE
)/ S,'!_/ djn&V S< djn&Vc5@[' 1[Y ;91[< % 85#

)@V SP8!H/ f")/ C!] S< C!34 SKC8 c!&/!*8%C)S[X<9C
1(8![H<9 ![< 71[.6V f" C8 %3 3)[/ S,['!_/85[#
)dn#2.(

71[.6V C8 ![6_*9 S,['!_/ S[n6"9 S[< S[K5E ![< o&*
DGY :9 78!Z-'9 !< % �1_-/W![.*9 c5@' f" S"!j+Y

)/c5@[' h&iGE  !n/9 (81&L% p>[_/ }X[' % ![Y
8C98 85K% 1HT/.
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 dn#2 . 78!Z-'9 8C5/ ;!Y1-/9C!V f&E!+# M"!+*  

!6_*9 S,'!_/ C8  

               7898 c>[/ ![< 9C S-['5&V �5X[' S[n6"9 S< SK5E !<
 )/ ;1-'C         [n/9 9U[P 898 M"![+*  95E  g-G[/  !    ;1[&L

     8C98 85K%  !n/ 1Y C8 )w!"C .  S< (d+A C8     S[n6"9 d&P8
    c>/ !< �uk/ S-'5&V �5X'     S< a!ZEC9 )/5bC ;!Y    qC5[e

  c5@' !< S-jjL     )/ 7898 M"!+* !Y    g-G[/ (>*5#    ;1[&L
        ![n/9 )[w!"C )[Hb9% W53Z/ S<     Dj[&* 1"U[V     ![< )[P% y

   $:C9 ^&< �u-N9 S,'!_/    c5@[' ;!Y        ![< C%![./ ;![Y
  $:91< S@+K >64    c5@' !< ;9       71[.6V f[" C8 �[b9% ;!Y

)/    81[] 8C%=1[< 9C !3*=  95E)Alimohammadi, 2008 .(
    S< !< g&T_E ^"9 C8    ;1&LC!]5   f"1-/52C5/5QO hN!# 

  ST,I S< W9>b9   W12>6P ;>6<     hN!# % ># !Y  78!Z-'9 !< !Y

 c%>[[[[K x[[[[<9%C :91d[[[[&@_E D+j[[[[b C8   ;![[[[Y
 W1* f"1-/52C5/5QO    C9o29LANDSERF   >["81L S,'!_/ 

          W1[* x&[_/ C8 ;1-'C D/12 !<  = :9 %     C9o[29ArcGIS 
  >[[# S[[-21L )[[K%1N .   (1[[w!? g[[&T_E C8 ^"91<![[6<

hN![[#   7898 ;![[K S[[< f[["1-/52C5/5QO ;![[Y  ;![[Y
ST,I C8 )Z&I>64 )/ C!] S< ;>6< >*%C.  

  
2-2- !"#  S&F8T5 .UM5*T )*+,  

    ST,I $%C g&T_E ^"9 C8     qC![r* ;>[6<     1k]9>[? 7>[#
+-?9  ST,I ;91< c!    W12>[6P ;>6<            :9 % D[2C C![] S[< ![Y

hN!#    S< f"1-/52C5/5QO ;!Y       $%C ^["9 ;8%C%  956A
>[["81L 78!Z-[['9 .$%C :9 C5]U[[/ $%C  8C9>*!-[['9 ;![[Y

ST,I        �1I q�!+-?9 S"1r* B!'91< % D'9 ;>6<    ;o["C
 D'9 7># .     $%C 1[F"8 >[6*!/ S< |Y C5]U/ $%C   :9 (![Y

95E<          D['9 7>[# d&nG[E f[&nZE �      ![3*= B!['91< S[]
)/    |&+�E �5X'  95E      Bu[] ^&[< ;1&L       ̂ &[&HE 9C ![Y

 81])Hudson, 1987, 1785-1796 (|&+�E  5*!b  ;1&L
 $%C C8D'9 �1# ^">< c!+-?9 1k]9>? :  
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i ii

(x) log p(wi) log i

(x u ) (x u )#

! #

# # #
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Pi(x) pj(x)%  

  
 c%>K1 ."1-/52C5/5QO ;!Y1-/9C!V S,'!_/ x<9%C f  

 !"#$%&'%$  !"#$%&  '()#$  
*+,  arctan ( sqrt (d2+ e2))  

-+./ & 0%123#  n * g*(a*d2+b *e2+ c * d*e)/(d2+ e2)(1+(d2+ e2) 1..5 
4567 0%123# n * g*(a*d2+b *e2+ c * d*e)/(d2+ e2)(1+(d2+ e2) 1..5  
 89#:; 0%123#  n * g * (-a-b + sqrt((a-b)*(a-b) + c2))  

:; 0%123#-<#  n * g * (-a-b- sqrt((a-b)*(a-b) + c2))  
 !"#" $%"&# #' (&)* #' +),- g : ./012#" 3456# ()4 78912 :#)6n : .;<=>4 +<?@A '0B%"a-f :CD" E&'  *#' FG"<H .  
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X : IJK #'i34 #"<6   <L" $MN & <L" '<8L  
iP (x) : '5*& (0O>P"x IJK #' i  

P(wi) :    IJK  8Q&" (0O>P"i       R"ST84 -UTG" & CD" 
       IJTK /5T6& R'5% VO>=4i         <TWX '#5T4  TMY@4 #' "# 

34 R0ZX )[' .  
  TTX5OX 3TTN<B4 \"<TT% U8TT@]O[  #' 3TT,^54_ \0TT[

 M`a          VL)8% & R"#_  G0A \b5Q5N#545!b  ZMX ")>%" -\)@%
          345T6# & 3X0TD#^&<% 3X")T84 cG0TO8A dG<a ^"    \^0TD

)G'<L          -'5*54 E<N)@Q <[ ^" e0?X<4  MY@4 #' fgD & 
5      M`a E0?X" \"<% 3,^54_  X5OX         +)T, :#0TWX \)T@%

       E<TX  % & )G'<L hiZ4 (0O>P" <jK")P    I"'"#" #"STN"1 
),  !"#".  

  
2-3- !"# FG> D,&4=%;  )*+,  

    T6' 3%0G^#" #5W@4  %   TM`a C         3T*&<k  ZTMX & \)T@%
E<N)@Q         3%0G#0`>l" #' E5D<4 m&# &' 0[    #0TK  % na0M>4
 >N#       0A0K hk0, & 3oK C6' .)X" .      C`pTX ^" 3ToK C6'

Vp98A     M`a CD#' \0[      VpT98A VTK  % +), \)@%   0T[
 %        Y%"# & )4_ CD'3  %         % 0A0K hk0,  `D0=4 #5W@4

),  >N<L #0K :  
  Y%"#)3(  K

 !  
"

!  
1 2

21  
m m

i i
pii   pi. p.i

N N" "

 "  " #$ $1 2 2
1 1

1 1  
  

    -#5Kq4  Y%"# #'K ,     -3oK \0A0K hk0Pii   <Tr0@l 
 & -3or" <Y6mIJK '")B2  CD0[.  

  
2-4-1>;>  CH!IJ )&:  
 %    hk0, s"<i>D" #5W@4       TMY@4 7G<>45N#545!b \0[

 /012#" 3456# ()4 ^" e0?X<4SRTM T  MY@4   :#)6 0% 
 3OD" 7891290 T <>4    % & +)G'<L +'01>D"   \<8L#0TK

E<TTTTX   7TTTTG<>45N#545!b \0TTTT[#"SN"MICRODEM-

LANDSERF hk0,        s"<i>TD" 7TG<>45N#545!b \0[
 cTTi% & +)TT,  \0TT[Supervised Classification & 

Accuracy AssessmentE<TTX    <G5tTT2 m^"'<TTA #"STTN"
ERDAS IMAGINE M`a \"<%   (0O>P" <jK")P \)@%

 #" &^   M`a C6' 3%0G      CTN# #0TK  T% \)@% .    T% U8T@]O[
        5TQ5N#545!b  TG0A  ZMX ^" C6' 3%0G^#" #5W@4   & R"#_ \b

  8u2 T VL)8% R"<u2 +0vZX"' \08N"<w*  pDx4 #' +),  T
    (<>@K & 3X0D#^&<% R01Qx4 \"<% & ), +'01>D"   ST8X +),

C,"' \)4_#0K.1  
  

3-D@%., K LI,   
()4              !"#$% &"#'()*+) ,!-./#012 34"#1.() 526#7( &"'

  &/89+ : 5;<=    ,02> ?@A &"'  /%) . B/2 ,!)      5#8;C2 "#'
 DE)E -+    &-;#A( &"'  )            B69#A -#' F>() "#G%H (E I#J /#%

   KA) LH 4"1.() -MN!"$% .      LH 5<#!-."2 (";O"#A ,!)-+"8+
   P')-##Q )( R:E : B:) S;N##2 T"C##A"U2 R"##V%) L"##W2)

52  /8J .   I#XCY (6#Z82 I#+ "V8!) (E   R-Q/#8[ &/#8+   &"#'
  \##!-;26Q(626]^ &"##'-;2)("= )/##;+) 3_"##V%-2 I##X@82

  /#` ICA"U2 .        I#+ )( ,0#2> ?@#A aW#`      5#$J T(6#b
!"$% 52           ?@#A aW#` : R-#Q T"cdN2 -M%"0+ : /'E
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