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Abstract

The current diploma dissertation examines the phenomenon of urban sprawl and

the use of Cellular Automata as a method of its calculation. The phenomenon of urban
sprawl refers to the spread of urban regions and to the change of land use from mainly
rural to mainly urban due to the influence of the market in suburban areas. Various
calculation models of urban sprawl exist and each varies depending on the
characteristics of the theoretical and technical level. Cellular Automata is a
computational method able to simulate the evolutionary processes describing a complex
system with a set of simple rules. The extended Municipality of Patras is an interesting
case for consideration as it contains the third largest city of Greece, Patras, involving
thus an increasing pressure of urbanization to the outer non-urban areas. The aim is to
examine the SLEUTH model in terms of adaptability, of the "reaction™ on the basis of

different initial inputs and of the role it can play in the participation of spatial planning.

Key-words: urban sprawl, Cellular Automata, Municipality of Patras, SLEUTH
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20A%>#,- 1 - . 4#3;3*

1. 0,1/828&3
5- A#,8CU?8- " ( H#A" &*( 2<W/> ;4" ( HBHAD+?"H, 4”78 2M/>;4" ;8 #4" 898
/74,-T98 &H#, 4""8 #>>H3* " ;8 T+%42;8 3" (#/C &1+0; ( #3+-",&D( 42 &1+0; ( #4" &D(
/-1 -AN>"H, 47" U 4% " (H3I-+U( 4" ,( 12+ H#4" &D( /7+,-TD(. M/%+7-18 /- &0>2(
"1/->-302( /-1 p/-+-Gp? 8# #8H#38:+14-1u? #1"-G "-1 A#,8-pD8-1. 5- A#,8CH?8-
$2; 420", &1+05( &U", #+8™" 8C #8 &H, #/-"7>% p# AL4&* 2<D> <" pH#( /C>"( &,
2P, A" HB" & #/C T8 #BW/ 1< " 38 1/ 424,08 &#, " 18 1/-0-11O8 &H#$O( &,
#/C ""8 2<1/THD"TAT "T( HG<"4T( "-1 />"$14p-G &%, ";8 #8#3898 "-1. 1"-8
W>>HOAC TO+- 4TL#B"&C 020-pD8- #/-"7>% - /[+-E>"p#" &C( A720.#4uC( /-1
[+-3$20 78 2"C(AT200-1 GCU" 4", U # 4" p#8" &* 0, #A-+% 47 4G3&+ 4" p? "~ 0,2$8*
79+-, /-1 C; (308-8"#, /+-4/%$?,2( &#"#/->Du"4" ("-1.

M/%+7-18 @,%A-+# p-8"D># 1/->-3,4u-G " ( #4" &*( 2<W/>;4" ( &, 8#$D8H
@,#A-+-/-,20"#, EN4?, "' ;8 TH+#&""+,4",&98 "-1 4?7 $?; +"" &C &#, "?78,&C ?2/0/?Q-. 5#
21L?>-?,0* B1"Cu#"# (Cellular Automata) #/-"?>-G8 u,# 1/->-3,4",&* uD$-0- ,&#8*
8# [+-4-1-,9472, " ( 7<?>&" &D( 0,#0,8#402( /27+,3+%A-8"#( D8H# /->G/>-&- AGA" "t
u? D8# 4G8->- #/>98 &#8(C8;8. K ?A#+u-3* "-1 4"-8 #4" &C 79+- 208#, 21+20# &#,
#/-"2>N PH AG3T+-8" UD$-0- /+-3+Hpp#H" Au-G &#, /+CE>?L"( "-1 A#,8-pD8-1 ""(
#A" &*( 2N/>;4%(. . AH+HUCF-8"#, 47 DBH#B 79+- 77 +4uD8- 47 &UBBHE- u? &1LD>?(
4"-8 -/-0- #>>>?/,0+-G8 &#, &,8-G8 ""8 />"+-A-+# #/C &1LD>" 4? &1LD>" 4" (
/+-8#S$—+,4UDB2( T3 +,8D( 32,"-8,D(. 1""8 /#+-GA# 0,/> ; u#t" &* 2<?"UF?"#, "~ H-8"D>-
SLEUTH &#, 2A#+uCF?"'#, 4"-8 2#>> &+#",&C ) *u- =#"+D ;8.

N @,21+1uD8-( 2#>>&+#" ,&C( ) *u-( =#"+D;8 #/-"7>2 W# ?80,#AD+-14#
12+0/" ;4% [+-( <D"HA" &H#H$OQ( /?+,D7?, T8 M+ p?3H>G"+T /C>T (L >>UEH(, "8
=%"+#, W? #/-"D>24p# -, /,042,( /+-( #4" &-/-0"4" 4"-8 < #4" &C TO+- 8# BH,
D8"-87( &#, PUAHBA(. . <?"UF?"#, - E#4,&C /+-AD> " ( /C>"( &#, C>?( -, /"17D( /-1
2/ T+%F-18 "8 @.#0,&#4M ""( #4".&-/-0"4"( W? 4&-/C 8# #8#38;+,4"-G8 -,
4G37+-8?( ;$*47,( /+-( #4" &-/-0"4% n? 4&-/C 8# 7+ 4,u-/-,"$-G8 4"- p-8"D>-
SLEUTH &#, 8# 413&+,$-G8 p? "# "?>,8% #/-"7>DAp#"#.

SH 020-uD8# ?,4#333*( /-1 T+ 4,u-/-,-G8"#, N#, "#: Slope ('~ /-4-4"C "*(
#8"M4"#A" (" (#4" &-/-0"4" (/-1 EHAF?"#, 4"- 323-8C( C", 1/%+7?, &>04"), Landuse
(-, 7+%42,( 3"(), Exclusion (-, /2+,-TD( /-1 @78 /+-4AD+-8"#, 3.# #4" &-/-0"4"),
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Urban Extend ("# #4",&% C+,#), Transportation ("# u?"#A-+,&% @0&"1#) &#, Hillshade
("= #BUISLA- "T( /+,-T*(, /-1 T+ 4,u-/- 0", 3# >C3-1( -/"&-/-0"4"( ":8
#/-">040%" 5 8). B+7,8% 3087"#, " E#$U-8Cut4" "-1 pu-8"D>-1 &#, D/?,"# 7<?"%F-8"#,
WBE>SHE" 8% 428+ # #4A" &*( <W/>;4%( (W? ""8 ?2,4#3;3* @,#A-+-/-,"D8;8
0?20-pD838) p? 4&-/C "8 <D"#A" "t( +2#>4" &C" U#( "-1 p-8'D>-1 &#, "*(
7+ 4,uC"""#( "-1.

B/-"?>?0"- SLEUTH D8# p-8"D>- /-1 pu/-+20 8# /+-4#+u-4"20 4?7 @,#A-+?",&D(
7:+.8D( /2+./"942,(; =;( #8",0+% 4?2 O,#A-+?"&D( 7;+8&D( 418%*&2(; 6/-+2 8
#/-"7>D4?, UD+-( -1 7;+,8-G 4720,#41-G; 2#, /-,2( #>>#3D( /+D/?, 8 308-18 4"-
M-8"D>- u? 4&-/C " "8 ?<D> <" &#, E?>"0;4" "-1,;

11



277%>#,- 2 - B4" . &* .<W/>; 4"

2.415,63 0789%21*

2.1 B 1u#”
5- A#,8Cu?8- ""(#4" . &*(7<W/> ;4% (* 0,%714 (#BH#AD+?"#, 4""8 2<W/>;4" " ;8

H#A" 898 /7+,-T98. K . 1+ /H1&* M/ " +240# =2+ E%>>-8"-( (EEA) -+F?, "~ A#,8C|1?8-
2(“"- AL4.8C p="0E- " THUTS*( 47 /7188CTT"H 2/D&MHA"( W23%>;8 #4".898
/7+,-798 1/C ""8 2/ ++-* "t( #3-+U(, &1H03( 4",( /7+#4" &D( #3+-",&D(
/74,-D(" (..B, 2006). B/-"D>?4p#t #1"-G "-1 A#,8-pD8-1 28#, * @"p,-1+30#
8D8"+;8 &#, /7+,-798, A1|/>"+; p#" 898 "-1 #+7,&-G &D8"+-1""(/C>"(.

N C+-( #4".&* 2<WU/>;4" &#>G/™?, D8# ?1+G /7Q0- #4",&98 u-+A98.
B8#38 ; +0F?"#, u?8 ; (" #4",&* 0,%714" 4"- #4" &C /?7+,$9+,- #>>% /D+# #/C #1"C @78
1/%+7?, "#G",4%. B# 4"-T7A# /-1 $# W/-+-GA#8 8# ""8 &#$-+04-18, u/-+-G8 8#
28"-/,4"-G8 4""8 #4" &* u-+A*, 4", ( 7+*42,( 3"( &#, 4",( >?,"-1+3,&4D( 4704?,(
7+*47 ;8 &#, /->,"98.

-,&C8# 1: 6-+AD(B4",&*( -<w/>;4"(

o4 pg* BN/ REFLES BBU/UIT 42 BLTHI #8%/"1<
N@,&D( N@-6(

="3*: PA0# 2/7<2+3#4M

J4- #A-+% ""8 p-+A* W/-+-GB 8# #BH#38:+4"-G8 /- 8&01>2( "1/->-302(. K
162:2;>:A9 GHLNEF, /-1 208#, = 0#UC+A;4" T+4( "*( 3( 3.4 #4" &-G( >C3-1(
3G+; #/C "# C+#t "t( JC>T( W2 JHASSTST H#/1<" 1/-0-p98 1/-4"*+<"(. K
1:6B3>: tGHLIMEF, #+7,8% #8H#/"GAA"H, ™ 3 /-1 E+0482"#, 42 2/HA* p? "-1( %<-8(
&, D/2,"# UH D/, 42 PISHSG 2 #A" 8D( 2647, ( &US?"H# /+-( "-1( %<-82(. K
M<z)z SGHLMEF /-1 —HF?"#, 5 ( p,# HA1827*( p—+A* #4" &-/-0" 4" ( (#4" 8D( &">08?()
(Ewing, 1994, Peiser, 2001). B1"D( -, pu-+AD( &%, &1+0;( -, 2/,/"942,( "-1( D7-18

12



277%>#,- 2 - B4" . &* .<W/>; 4"

47 u#8" &D( 0, #A—+D( U?"H#<G "~1( &#, #/-"7>-G8 D8# /+Q"- E*p# 4""8 #8#389+,4" "*(
L—+A->-30( " (H#4" &*( 0,714 (#>>% 078 [/ —+-G8 8# "*8 2+11" 82G4-18 #/C>1"4.

N, 7+%42,( 3"( #/-"7>-G8 D8# 4"p#8" &C 4"- 770- #8#389+4"( "*( #4" &*(
/>34 (. 26+,-( >C3-( D72, 3087, 4""8 #u2+,8%8,&" E,E>-3+#AM 4""8 -/-0#
HOH3B T HIF-8"H, =, 2<X(: ™ = &,4" &* #8U/"1<" THU">*( /188C"""#(, * #/7+,C+4"" &,
HA1BIT*( #BU/"1<", * —pi-,-378%( HBU/"1<" &H"- &UH(, -, 1" -, &HED( T+*42,(, -,
WoU-8;DB2( E,-p"7H#802(, "# &'0+# * 3+HANH, "# AT->N# &H#, -, &-8-",8&D(
WU/ +7*AY ( &#, -, #/-p-81UDB2( T+*42,( 3"(. 2#"% "- A#8CU?8- #1"C
JHHE RN, IS TH*4238 3% ((PPHG 38 -/-038: 2/ —+&*(, HBHLLT*(, &#"- &UH(,
- 8-8-{1,808 Q+H#A""+,-"*" 58, 1L ">*( "278->-30H( &H#. N, T+*42,( #1"D( &#>G/"-18 47
W23%>— pDH-( "= THHHESHH "-1 TO+-1 #/-07,88G-8"#( [H+U>>TSH /1 ( T #4" &
0,%714" 078 84, 268>~ 8# 3087, @,4#&+," #/C "*8 ALUEH" &* #8%/"1<" (Chin, 2002).

5- $Dp# "*( ATDAT( P2"H<G T+*47;8 &#, T+"4"98, #/-"2>7 D8HS 28H>>HE" &C
"+C/- 28"-/,411-G " ( 0,%714" (. BB &#, "~ A#,8C?8- #1"C, &H$O( 208#, 784 5 u#" ; UDS-
4"8 #BU/"1<® T ( /C>"(, ABH, AGA&->- 8# 78"-/,4" &H, S# #/-p-83$2 #/C "*
418->8* #>>#3* /-1 387"#, 4"- T9+-. 1""8 /+O,1" E,E>-3+#AW #8#38 ; +IF?"#,  (
o, 12, =TD( P2 J4-E>" " &* J+CAE#4™, n? D>>2,L" 07 UC4, ;8 79+38, &%", /-1 C:(
T+ PHF?, "= AH#,BCU?8- #1"C 5 (28"7>9( /+-E>"#" &C (Chin, 2002).

K #4" 8% 2WU/>5 4" * Q%714" D72, #/-8"*42, L#t #+87" &* T+- %, $2;+%"#, 5 (
8", - HEHSHIAS™ "~ /-1 0" |,-1+32%0 /2+,-TD( P? p,&+% /7+ 39+ # /+CAE#A" (. BS &%,
#I-"2>0 [LH, &H"% 8%/ -,-8 "+C/-, AL4,&* 7<D><" W#( /C>"(, -, #+8"",&D( 2/ ,/"947,(
NBH, /7+,44C 7+~ AHBA( 0H)H# 4"-8 > HD,EC T9+-. 5- &G+~ #+8"".EC
THHHE" " +,4" 8C /-1 78"-/IF?"#, NB#, /(" 2<N/>;4" D3,8?7 UBH+TH &#, #>-3,8%. N,
1L">D( @#/%87( &H'#4821%( 1/-0-u98, * #/9>2# #3+-"&*( 3"( &, 7>76$7+;8
79+38, NBH, U2+&h #/C “H #+8™".& #/-">DAWH'H. BL'% B#, @184#'C8 8#
#8" 12" 5 /,4"-GB 2 "8 FAHHHU-3% —+$*( /->," &*( 4"-8 #4" &C 79+-. )20-UD8" ( C; (
" (HOLBHUI( " ( 7>>78,8*( 0" UCAH( 0,-08"4" (47 SDU#"H 4T70,#4p-G &#, ?>D37-1,
-, 2 1"942,( NBH, /+-AHBN( &#, ° HBW3&" AT20H#AN-G 2/, "#&"&* (N,&-8Cp-1 &,
=?"+0&-(, 2007).

-08#, A#,8Cu?8- /-1 D72, /#+#""+7$20 ", ( ">?21"#0?2( @?28#7"0?( 4”78 _1+9/°7,
8; +0"?+# 478 BU?+,&* &#, #8#/"GA4AY"#, &1+0; ((4"# W&+# pu?3%> ;8 #4",&98 &D8"+; 8
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&#, U""+-/C>? 58, #8->-1$20 &1+0; ("8 #8%/"1<" ;8 1/-0-pO8 U?"HA-+%(. BA-+%
W 8D# "1/->-30 #4" &-G "-/0-1 #8"1$?"-1 U2 "~ &>H#4,8C 71+ ; /HIEC /+C"1/-, &#$O(
4" UPHE,-p"THB.&* /C>" [/—+-G8 8H #B#38;+,4"-G8 0G- "G/-, "-/0;8. B+7,8%, "#
“1 L BCUPBH /0828 +#” /-1 #A-+-GB 8DH# "-/U# 28"C( "8 /C>7;8 &#, "*8 *) 71"
B4" &C"""#” /-1 #A-+% 0" |, -1+30# 8D ;8 "-/058 4"-8 /7+ #4" &C TO+- (24" A%+# &.4.,
2009).

2.24)5./ 0789%$21*"
K 0,#0,&#40# ""( #4",&*( 0,%7147( 2/ "+?%F?"#, 4" p#8",&% #/C "8 #8W/"1<"

"-1 "-pD# ";8 1/7+74,98, ""8 #/-#4"&-/-0"4", "" E,-u"T#8,&* #8%/"1<" &#, ""8
#3%/"1<® ;8 414"Tp%";8 1/-0-p*( &#, U?"#A-+98. BB$?# p? "8 #4".&*
#8%/"1<" A#(8?"#, 8# 208#, 4180?7Q?uUD8" W? D8# 4G8->- #>>#398 /-1 D7-18 ?/D>$?,
4""8 -&-8-u0#, 4""8 "?78->-3W &#, 4"-8 #4"4&C "+C/- F;*( ""( 4G37+-8"(
U?"#E, - " 7#8,&*( /C>" ( (Munoz, 2003).

Q8# 4ATLH8"&C 4"-77%- /-1 [#+>0/7"#, A178% #/C ",( $77+02( #4" &*(
/>3 47 ( NBH, - 00,- "- AHBCU8- "T( HA"&*( HBW/M1<T(. 2#% "- -/-0- -
/>"$140C( WH( /C>"( 078 W/-+2 8# 2<L/T+7" SN 4% L/%HT-8"# #4" &% C+#,
HBHIGUF?, "™ 0,76+184" ""(. K /,- D8"-8" 2uA%8,4" "-1 A#,8-uD8-1 3087"#, &#"% ""8
0.%+82,# 4"-8 20- #,08#. =->>U [H+HONIH"H /C>D38 WP +HIQHH #OW/"1<" /-1
071,-G+3"A#8 #4" &% &D8"+# THU">-G 2/,/DB-1 (42 2/0/28- &#"- &WH( &#, 2/,/D8-1
BH$" 2+ 8%(F3*() 9$"4? "-8 />"$14)C 42 4720C8 HF,ED( &,8""-/-,*47,(D<; #/C "#
CH# ""( /C>"(, &%", /-1 Cu;( 4""8 .>>W@# D3,8? p? /,- 4"#$7+-G( +1$u-G(. 17
A18QIHAPC P17 "*8 #8U%/"1<" " ( "778->-30#( (4"-8 "-pD# " ( 2/ ,&-,8; 80#() &H#$O( &,
"o 8 UP"HA-+08, /-1 07|, -G+3" 4#8 DB# /7+ E%>>-8 /,- 7>#A" &C /-1 078 T+2 UF?"#, "~
JH"+-[HH90-"- #4" 8C &D8"+- 3,# 8# 2/,E,947, #>>% 41)E,98?, u? #1"C (Chin, 2002).

N 41801#4uC( /188-G-p"pD8;8 #4" 898 &D8"+;8 &#, /2+-798 #4"&*(
HOU/"1<" ( 4"-8 /7+#4" 8C TQ+-, #/-"7>7 p-8"D>- ;8 4G37+-838 " +-/C>?;8.
B1'C "- /+C"1/- #8%/"1<™(, p? "* 4G8E?4" #/-&-puDB;8 "W pU":8 u? &HSD(
4180D4?,( P?"#<G "=1( -14,#4" &% #/-"2>% "*8 :2;>A0 M1B?;:?F 42 /->>D( /2+,-TD(
&#, 81407 (4""8 7>>78,&* /+#3p#" &C"""# (R-4/-018" , 2006).

N, @+#4"+,C"""2( /-1 #8#/"G44-8"#, 4?7 #1"C "- #4"&C "-/0- u/-+-G8 8#
@,#7;+,4"-G8 4? “2/,">&D(" -, -/-0?( /#+#uD8-18 &#, (0+-18 4"- &D8"+- ""( /C>"(
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&#, 4" ( @+#4""+,C""2( +-1"08#( /-1 #B8#/"GA4-8"#, 4""8 /2+u?"+- ";8 /C>?;8
(N,&-8CU-1 &#, =2"+W&-(, 1999). 2%", /-1 4"" 418D72,# U>>H#<? &H$O( 1/*+<? | #
378,&C"2+" "W4" [0+ #4"&-/-0"47( &#, T;+-8D""47( ";8 >?,"-1+3,98 4""8
/24, AD+2# " (/C>7 (.

178 /240u?"+- "8 /C>738, " @71" #4" &C"""# u/-+70 8# 0,#6+$20 47 @G-
1/-8#""3—+02(; ",( 7<;#4" &D( 8D?( &?78"+,8C"""2( &H, "*8 WIHA"&* 0UA/H+""
84"~ &0#. N, =ED:?;>Ad5 A=G;65AB;F;=5 418#8"08"#, 4"-8 /2+H#4" &C T9+- 4? %<-87(
WP"HA-+( &#, #/-"7>-G8"H, #/C OWAIH+"H# &' +H#8% AL13&+-"*pH"# L7 T+%42,(
HOHL1T*(, 2/-+0-1 &#, 8DH( "278->-30#(. K DH?L:6;F Az;2Al: HBH#/"GAAY"H, 4?
/24,-T0( /-1 2/,"+D/?"#, * 28"C( 47200-1 QCU"4", #/-"2>A"#, #/C &#"- 802( &,
HOH/"GAAY"H, OWAIH+"H, C/-1 2/"+D/?"H, ™ T+*4" &#"- 8H( T;+0( "*8 G/H#+<"
—+3#8;UDB-1 47700-1. (2#"M%+# &.#., 2009). =- & >W 8D;8 T+*42;8 #8H#/"GA4A"H,
4"-8 [2+HA" 8C TQ+-, U? T+*42,( 2+3HAM(, HOBHLLT*(, E,-|1" THOUWH( &.#. HECU# &,
W2 HA-+0 0,-,&"",&O8 &D8"+ ;8 &#, 1/7+74,98 "-1 0" C4,-1 "-pD#. BE&CU# &#, p? "8
U—+A* Q+#4" 8C"7+38 0,#0,84#4,98 C/;( ""8 0"|,-1+3M /->179+;8 #BHL1T*( &#,
"2404", 8 &D8"+; 8 (R-4/-008", 2006).

K @,%71"" @CU"4" 218-"#, #/C /#+%3-8"2( -,&-8-1,&-C( &, &-,8;8,8-G( #>>%
81H0; ( #/C "8 HBW/"1<T "t ( "778->-3W( /-1 2/,"+D/?, "8 2/ &-8;8W &H, "
0,%0-4" />"+-A-+08. B&CU#, -, THU">D( " ,uD( 3°( 2/,"+D/-18 42 2/,77,+*42,( 8#
VIEH"HA"HS-GB 42 <3 #A" &D( /2+,-TD(, 0" 1, -1+398"#( 7<; #4" &D( &?8"+,&C"""2( /-1
NBH, 26&->H# [+-4EWA,p2( >C3; ""( #8W/"1<*( ;8 p?"HA-+898 1/-@-u98. 17
A18Q1HAUC [? "8 [H+Y>-3# 218-TRC"2+" 8-p-$240# /-1 —HF?, C+-1( @CU"4"( /.-
41pAD+-8"2( 42 #1"D( ",( /7+,-TD( (N,&-8Cu-1, 2010). B1"D( -, &?8"+&C"""%(
28,47G-18 #&CU# &#, "8 @71"" &H"- &M &H$O( 2/,"+D/-18 4"-1( &H#"-0&-1( ""8
J+CAEHA™ 47 2/ —+8D( 17" +2407(, LLTH#3 ; 304 #>5% &, 34840 (24" A%+ &.4., 2009).

1 J4CASH, 0 u-3+HA &), &-,838.8-0 &#, /7+E#>>-8" &0 /#+%3-8"2( ("
1/7-E%$p,4" "8 #4" 898 &D8"+38) ;$-G8 21&#" A" #"2( -,&-3D82,2( 8# p?"#&,8" $-G8
#/C "~ &D8"™+- "T( /C>T( 42 [+-#4" #ED( /7+,-TD( HBHFT"OB"#( DBH &H>G"+-
#<,~E03 "= /2+ E%>>-8. U( #/-"D>24u# 208#, * #8%/"1<" "~/058 0,04 #+"" ( &#"- &0,
/->5D( A-+D( W? &#'- 802( 1L">08 /+-0,H#3+H#AO8 &#, #/#,"*47:8 (2#"A%+# &4,
2009).
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BECY# /,- D8"-8- 2BH, "- A#BCU8- ""( H#A"&*( 2W/>;47( 47 /C>2,( /-1
#8*8-18 4"" U24C32,- W2 THHHE""+4" 8% C/;( ° 78"C( 47700-1 @CU"4", " %8H+T"
ACL"4" -8-8#"- 8,08 &#, U>>:8 (+#4""+-"*":8 §&-8"% 4""( -0,8D0( -0-G(. 6#
GCU"4" /-1 AHIS"#, 8# 2/"+MF?'H, #/C " ( #&->-1$07( A14,898 &%, "778,898
4"-7%;8, -, 413828"+942,( /-1 0" |,-1+3-G8"#, 38-8"#, U? 0,#A-+7" &* U-+A* #/C
"_8 #+7,8C /->?-0-11,&C ,4"C (Munoz, 2003).

2.2.1 1.2>2u48

_08#, 4" 8" 8C 8# 3087, #BHA-+% 4"- 4GA"" i #8%/"1<" ( 1/-@-u98 ""( /C>"(.
K 41up?"-7* pw#( /C>"( 4"~ - 8-8-p,&C AGA""p# 2/ +ME"H#, A" pH8" &% #/C "-
4GA""# 1/-0-p98 /-1 D72, "~ #4"&C 00&"1-, "- &"+H&C #/C$H, -, 4G3T+-82(
"278->-302( &>/. N, 1/-0-pD( #1"D( /+-8#>-G8 0,#A-+7" &*( u-+A*( &#, DS"#4"(
2,/"942,( 4" ( T+%47,( 3" ( &#, 4""8 #<ltt "-1(. K 4G37+-8" /C>" THH&" " +F?"#, #/C
" g 0,40, 8440 784 3 " 3 47 (" (4778 G/#+<" 1/-0-1O8, 47 #8"1$747 2 "8 /C>" -1
20-1 #08#. 5# D+3# 1/-0-p*( 07p,-1+3-G8 p2"#"-/042,( &#, 4138?8"+94?,(
QA" " +,="*" 58, 2/ +MF-18 /2+,-TD( "™ ( /C>"(, 308-8"H, -, &G+, 2( #,"02( 0" ,~1+30#(
8D;8 #4" 898 &D8"+;8. K /+CAEH#A™ 42 /7+,-TD( ""( /C>"( D7-18 ;( 418D/2# "-8
#/-8>7,40C %>> 38 /2+,-798, "= #/-"D>?4y# 8#, -, 1/-0-pD( 8# #/-"7>-G8 DSHS #/C
"_1( /,- QL8H#,&-G( 1" TH#8,411-G( 3,# "8 #8H#O,-+3%B; 4" "-1 /+-Al> " (/C>"(.

B&->-1308"#( "*8 2<W/> ;4" " ( /C>"( -, 1/-Q-pD( #8"04"~ T# #>>UF-18, 2 "#
AG3T+-8# @20-UD8# -/-G "= P.z. #/-"7>N "- &G+- PDA- UPHA-+(, 005( 4?
2>>"8,8D( /C>?,( &#, /C>?,( 007 ( #82/"13uD8- AGA""p# #A" &*( U2 H&IB" 4 (. 1""
0,288% E,E>,-3+#AW #BHAD+?'H#, /3( * /+-4/%$2# <1/ +D""4%( ":8 /->"98 W7
WH>SHE" &% |DAH 4138~ ,8;8M( D77, -G73*4?, 47 AHBCL8H #4"&*( 0,%714"(.
(Ewing, 1994). B8"$?"# Cu;( 1/-4""HF?"#, /9( " #G<"4" 4"# 0,:".8% pD4#
WP HA-+0( 208H#, * &G+ H# #,"0# "= 1 #4" &*( 2U/> ;4% (, &H#SO( 1/-4""+IF-8"#, #/C "*8
PAHHU-3* 1L">-G &C4"-1( 4"# 0" uC4,# pDA# (Chin, 2002). =C4- ph>>-8 42 7>>"8,8D(
/C>7,( (2<#,+98"#( "8 B$*8#) C/-1 "~ 4GA""#t 4138-,8; 8U( 078 28#, 2/#+&D(, 678
N8H, /188C &#, &-4"1F?,.

J/-# &#, #8 NSH#, " 418$*8" 413&-,8;8M( " #1<"uDS" &8°"8C"""# &#,
204714" " ( 2<;#4" &*( 80874 ( "-1 />"$14p-G 045 ( 8H#, - /,- 4" p#8" &C( >C3-(
282+3-/-0"4"( ""( #4".&*( O%7147(. 1 p#HS"&C NBH, S# HEHAMSAN /;( -,

16



277%>#,- 2 - B4" . &* .<W/>; 4"

0,#A-+2" &D( 0,#U-+A94?,( 414" %" ;8 413&-,8;80#( D7-18 2/"+7%4?, p?
0,#A-+7"8C "+C/-, U>>-"? p? "8 HBU/"1<" "-1 4,0"+-@+-p,&G 0,8"G-1, ";8
#1"-8,8""CO+-| 38, "" ( #4",&*( 4138-,8;8H( &>7., &#, #/-"7>7 #8" &AU28- P?>D"" (
/-1 J4-A#5UCFY"H, 4"H 0, #0" 2+ THHHE" "+ 4" &% 8U$? &8 ; BI#( &#, /C>"(.

2.2.2 5"2L/9U*)* =83>#*$126

BSH#A-+8&% 4"-8 >>#(,8C T9+- ATHB"&C THHHE'"+4"&C /+-E>"p#" &-G
4720 #4p-G, /-1 28,4762, ", ( 0,#0,8#402( #4" &*( 0,%714" (, #/-"2>% " 2&"C( 47700-1
GCU™4". BS &#, 078 1/%+7-18 2/04"p# 4"- T0H HBHAD+?'H, /5( "- W35G+~
[-4-4"C "-1 2<;H#A" &G TO+-1, 2<#+98"#( ",( O#4,8D( 28"%A?,(, 1/%3?"H#, 4"-
8H$24"9( " ( 378,&*( B-p-$24UH( /2+0 28"C( 47260-1 GCUT4"(. K &H"%A"HA" #1"*
0.HAD+?, /->G #/C "~ 0,7$8* 79+-, &H#$O( 4""8 />7,-L Al "-1 - 7<;#4" &C( 719+-(
BH#>G/" 2", #/C ATDOH# T+*4738 3"( &#$,4"98"#( "*8 28"C( 47200-1 OCU"4" 47?0C8
#0G8#"". (N,&-8Cp-1, 2010)

S #+7,8% #0"# ""( 28"C( 47700-1 ACU"4"( EH#AIF-8"#, 47 #8%3&?( 4"D3#4" (
~ &-8-11,8% HAGSHU IS -LU%@ 8 &H"% "*8 2<D>< "T(,A"-+H( " ( .>>U@H(, 1/C "8
D>>? L" /->",&98 /+C8-#(. 6,# 0,#0,&#40# /-1 -0*374? 4" 47u?+,8*
[+H3U#" &C"# &#% "8 -/-0# " />D-8 8Cu,u" #828".&C"""# "-1 $?41,8-G
414" -( "-A-0-"20 /H#+08-p?( 28D+32,2( GCUT4T( 4?7 &0AuH"H -,8-8-1,&%(
" N>>214" (. (2#u/ -G+ (, 2009)

K 8-u-$240# /2+0 28"C( 477001 GCp"4"( /2+ >HUE%8?, C>2( ", ( 378,8D( &%,
2,0,8D( @,8"%<?,( /-1 #A-+-G8 "-8 2<; #4" &C 79+-. YIB-8"#( "8 Q18#"C"""# ACU"4" (
"_1 < HA" 8-G T9+-1 1/C 413878+ uDB2( 418$*8&2( #+",.C"*"#(, C+38 GCp"4"( &,
QA"+ "% 18, Q" /-1 #>>-,987, &#, 1/-EHS|IF?, 4" u#8" &% "-8 7<; #4" &C 79+-.
B+7,8%, J? ""8 1/D+EHA™ #0?,98 OCU"4" ( &#, JH#+U8-" (#>>H3*( -1 THHHE"*+# "-1(
&#, 2 J#+%>-3" QL8#'C"""# - &-OCP" 4" ( 42 7<; #4" 8D( /2+,-TD( 47 4G3&+,4" p? ""8
@Cu"4" 28"C( 47200-1. (N,&-8Cp-1, 2010)

K /,- J+CAA#"™ [+-4/%$?# ?>D37-1 ""( 28"C( 47200-1 @Cu"4"( #/-"7> "
FAHHU-3* & ->-30-1, [ # 0,40,&#4M /-1 <?%08"47 "= 2008. B/-"2>% “/>*+"(
B4 HIHHA® C>38 "8 #6,8%" 18 &H, "8 0,84, ;" ;8 (?33+#/"D;38) /U8 47 #1"% 47
C>" "* TOH#, U? 48-/C ""8 [+-A"HAM &#, "8 &H"-TG+ 4% "-1(7. =H>>">H,
8" HITUA-B"H, &, -, BHA,&D( 28" %A?,( 1?2 E%A" "-1( 0#4,8-C( Th+"2(. 6 ,# 0,40,&HAM
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/-1D07?, ;(4&-/C""8 0" W,-1+30# p,#( E%4 " ( @?@-uD8 ; 8 3,# "-8 &#>G"?+- D>?37- " ;8
7+*4?7;8 3" ( "-1 79+-1. (www.ktimatologio.gr)

2.349%5($>1u/5/

N #u?+,8%8,&-( -+3#8,4uC( Transportation Research Board, D7?, #47->"$2
28"289( U? "- $Dp# "t( #4"&*( 0,%7147( &#, D72, /+-"282, "- 1998 p# -u%@#
$2u%" ;8 /+-( ?7<D"#4" /-1 #A-+-G8 "~ A#,8Cu?8- #1"C &#, D7-18 pu? ""8 ?/00+#4" "-1
4"- 79+- (Transportation Research Board, 2000):

1. Kpu?#"'+=/*""(3"(ub4; ""(@,%714" (. 1&-/C( 208#, 8# /+-40,-+,4"-G8 "#
#/-"DAPH"H O, %A+ 8 L-+AO8 #4" &*( 2<W/> ;4" (47 4 p#8" &D( &#>GL2,( 3" (,
C/;( 208#, = #3+-"&*. H#AIF?"#, 4"" 0,#0,&#40# @, -1+30#( TH#H+"-3+#A&-C
1/CE#$+-1 /#+#8&->-G$"4" (" ; 8 #>>#398.

2. N, #>>#3D( 4"- 464" " p# 1/-0-P98. 67 48-/C "-8 1/->-3,4uC "™ ( #<WH( &#,
"_1 p?30$-1( "8 8D38 1/-0-pO8 /-1 /+D/?, 8# 1/-4""+(-18 "*( #>>#3D( "*(
HA" 8> #8W/"1<" (.

3. N, 2/,/"942,( 4", ( 1/-@-uD( P?"#A-+08.

4. N, #>>H#3D(4""8 /-,C"""# F1*(. 21+0; (#A-+% "= 4"#" 4" &C 1/->-3,4pC " (
ATDA™( P?"H<G -1 &CA"-1( ";8 &H#"-.8,98 &#, ""( #/CA"HA™( #/C "- #4"&C
&D8"+-.

5. N, &-,8:8,8D( 2/,/"94?,(. =-1 #A-+% ""8 &-878,&* #8#8" 4"~ T0# >C3; " (
#8014 = 77 (77 +8*(#8,4C"""#(.

St #/-"2>DApH"E " ( #4",&*( 0,%714"( D7-18 #BHAS 21+D;( 4" 0,2$8*
EE>,-3+#AW L? 4G8"$2( A#,8CU28- 8# 1/-3+HUILIF-8"#, "# #+8"" &% 2/#&C>-1$# "*(,
"o &G+~ J+CE>Tp# NSH, 045 ( T D>>2,LT /24,898 4"-TN;8 3H# "8 1/-4"F+ <"
1/D+ * &#"% "*(. K 0,788*( E,E>,-3+#AW D72, #8#7<?, /7+44C"2+# #+8"" &%
BI-"2SDAUH"H [H+% $7" &% SH &G+ # 4" 0 HBHA-+h( 8H,:

. K #06<"4" "-1 &C4"-1( 4"-8 ,0,;".&C &#, 0"uC4,- "-ub# 3# ""8
<L/"+D""4" -1 />"$14p-G, " @7 Y,-1+30# 1/-@-n98.

. K #6<"4" "= ( 7+*4"( "-1P.z. &#, ""( #/C4A"#4"( ";8 0,#0+-p98 &#, ;(
#/-"D>24U# "8 U23HSC"+T &H"HBU> ; 47 &#140 ;8.
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© STBHMHINT(THRAT(3T(H/CH3H-" 8 424" 8 .

e 5 "8 #6<"4" 4?2 #D+,-1( H/-1(, 4"" uC>184" ";8 10%",8;8 /C+;8 &#, "-1
20%A-1(.

. 2#%$9( &#, ""8 1/-E%$u,4" ;8 #4",&98 &D8"+;8, >C3; %8,4-1 7;+,&-C
@,#7;+,4u-G " ;8 /->"98 &#, "™ ( 7+3#40#(.

K 2&"78D4"?+" #8#A-+% 4"# /[+-"7+*p#"# " ( #4",&*( 0,%7147( 308?"#, 4""
u?>p"" "-1 Bruchell "-1 1998, - -+3#8,4uC( Transportation Research Board Cu; ( 4""
uU?>D"" -1 #/-u-898?, "# /,- 4T u#8" &% #/C #1"% [+-"2+*u#"# &#, #1"% /-1 $?;+20
; ( EDE#.#. 5# "+0# /,$#8% -AD>" ?08#, (Burchell, 1998 &#, Transportation Research
Board, 2000)

o /-G 235G 2+ P23D$" &H" - &UH( &H"% UDA- CH- 47 #/CA"HA" #/C "~ &DB"+-
WA Pt/ =>" &% ( /2+,-T%(

o " 07 p,-1+304 /2+,-T98 THU">*( /188C"""#( /-1 F-18

o &#, " [H+-T* 8- 8-81+ 08 4"-1( &H#"H#8H#> 1 "D( U2 /7+,44C"2+-1( 41801#4p-G(
A-+->-30#( &#, &-,8 ;8,898 1/"+74,98.

N, @G- /,- ?17+3?",&D( 418%$*&?( /-1 @" ,-1+3-G8"#, 208#,:

o T UAN;4" "1 8CA"-1( 47 3" &#, &#"- &0 CA- #/-pH&+18CUHA"? #/C "~ #4" &C
&D8"+- &H$O( &#, " U0 ; 4" &#, 28"C( 47200-1.

o« &#, T WPMSCUHT ALPP?"-T* "8 /->"08 &#, " U ++-* 47 u&+D(,
H"HEI+UH" AUDS?( "-/,8D( &LEP+8%*42,( &#, C7, 42 p23w>?(, ?8,#02( /->",8D(
0,84, -0-40%(.

2.4 V%$.5.6>" 2, /-()".1*" 5*"41563" 2.8-:1*"

67 4&-/C ""8 #/-A13* " ;8 #+8"",&98 #/-"7>24u%" ;8 " ( #4",&*( 0,%7147( -
-+3#8,4uC( Transportation Research Board (2000) D7?, &#"#3+%L?,, 4GUA;8# u? ""8
0,2$8* E,E>,-3+#Al, E#4.8D( /->,"&D( @,#720+,4"( "-1 A#8-uD8-1. =->"8&D( /-1
E#A0F-8"#, 4" " >-3,&* "" ( “D<1/8" (#8%/"1<" (", 413&7&+,uD8# #8#AD+-8"#,:

o K/+-9%$"4" A1u/#3-G( #8%/"1<" (-1 79+-1.

o K /-9 4" "* (T+*4" (28H>>H8" 898 D4 3 8 L2"#808" 4" (.
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277%>#,- 2 - B4" . &* .<W/>; 4"

o K P34 " ( -,&-8-p,&*( 2%+""4"( ";8 24C038 " ( "-/,&*( #1"-0,-0&" 4" (
477" 8% W2 ", ( #02( #8,8%" 58 &#, AC+-1( 2/0 "58 /;>*42;8 4"~ 24;"7+8C ;8
418C+38""(.

o K /#+-T% 218#,+,98 3# -8-3082,2( THU">-G 2,4-0*p#"-( &#, 1,&+%
8- &-&1+ % B# [?"#&,8" $-G8 #/C 32,"-802( THU">*( /-,C"""#(.

o _A#HI-3* 8D:8 4"-7738 "-1 #4"&-G AT20,#4u-G 4"- A4720.#4uC ":8
744728 3"(.

o B8#F;-3C8"4" 1/-E#SW4UD8;8 /7+,-T98 4"-8 245"2+8C "-1 /1+%8# "*(
/C>*(.

o K @"W,-1+30# /?7+A2+?#898 -+3#8,4u98 3# ""8 #B#$?9+"4" &#, "-
418"-8,4uC ";8 7+*47;8 3°( 4"# A471D0# /-1 &#"#+"0F-8"#, #/C "# ?2/,uD+-1(
/?7+,-7D(.

67 48-/C "-8 D>?37- "-1 A#,8-pD8-1 """ ( 2&"C( 477G0-1 @CP" 4" ( /+-"28-8"#,:

* N /7+,-+,4uC( ";8 ,0,;",&98 @,&#, ;%" ;8 4",( 0#4,&D( ?&"%4?,( ub7+, ""8
->-&>*+; 4" "-1 &""p#"->-30-1.

o K 4G8"#<" @#4->-30-1.
o K@,#4#A*8,47 "*(D88-#( @"u-40-1 41AD+-8"-(.

o K 2A#HI-3* 7$8,8-G A14"*u#"-( [H+#&->-G$"4"( "-1 Al4,&-G &#,
#8%+ 3 /-378-G( /2+ E%>>-8"-(.

o« 2#, " 0"|,-1430# "+0/2FH( /7+ E#>>-8" 898 />"+-A-+,08 [? 4&-/C "*8 —+$*
A" 4" #BH/"I<H&*( [->" &*( 4"~ T3 +-"#<,&C, /7+E#>>-8" 8C &, /7+,A2+2 #8C
4770, #4uC. (2#u/-G+" (, 2009)

2.4.1 " $)6%& 6% BO"2)* , 1618 =83>#* Stk $)1< +//->*
K /49" 8-p-$240# /-1 #A-+-GA? "8 #4" &* #8W/"1<" 4""8 .>>U@# *"H#8 -
8CU-( 17.7.1923 “/2+) 4720058 /C>?38, &;[O8 &#, 418-&,4u98 "-1 2+%"-1( &,
~ &-Q-p*( #1987, /-1 77 5 (48-/C ""8 -+3U8; 4" " ;8 #8#3RO8 3 # &'~ & L?"% "~
SGU# [?"H#BHA"O8 #/C "*8 BAW 4""8 .>>W@#. B/D"17? Cu;( 8# 4182,4AD+?, 4""
O#UCHA 4" "38 72>>78,808 /C>?;8 &H#$O( 078 NT? [ # ->-&>"+;" &* #8"1>"L" 3#
D8# #4".8C A"+#"*3,8C 4TDQ,- &#, /+-;$-G4? "*8 28"C( 47700-1 @Cu"4" u? "-1(
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277%>#,- 2 - B4" . &* .<W/>; 4"

218-18-G( C+-1( ACU™4"(, &%", /-1 &#$C+4? ""8 p-+A* "-1 #4" &G 79+-1 4""8
SS00#. K ?2/Cu?8" -p@# 8-p-$240( 208#, -, V. 940/1979, 1337/1983 &#, -
2508/1997 /-1 ?,4*3#3#8 "- R?8,&C =->?-0-u,&C 17DQ,- &#, "- W1i$u,4",&C 170Q,-.
(Kiousopoulos and Stathakis, 2011)

2.5 =%.5>$/ 415.63" 0789$21*"

QB# #/C "# /+O"# U-8"D># #4" &*( /D& HA™ ( #/-"7>N #1"C "-1 P//COHP-1 u?
T 744" HEHS1/" 58 MUt ;8 37( 3,4 "8 28077CU?8" 2/D&"#4" -1 />"$14p-G.
VXL /5D-8 #/#,"-G8"H#, /.- /->14G8$2"2( #8#>642,( 3.4 ",( u?>>-8" &D( #8%382(
" /C>T(L N CH-( #1"C( HBHAD+?"#, 4™ @"p,-1+30# 28C( p-8"D>-1 #8%>-3-1 "*(
[+ C" T H( #1"-G =1 75 +--T+-8,84-G A#,8-PD8-1. (2-1"4C/-1>-(, 2002)

18-/C( "58 U-8"D>;8 BH, " /7+,3+H#A* /->G/>-8&;8 414" " ;8 u? #/>C &#,
BH'HB-""C "+C/- &, " W4T "8 2/,/"947;8 O,HAC+:S JH+IUEWA?;8 4'H#
414™*p#"# #1"% (Liu, 2009). K 2/,"170# 28C( p-8"D>-1 D3&?,"#, 4" "8 HOH/H#+ A" #4"
"28 98" 4738 2 #8-,7"C, FAHB* &H#, &#"#B-""C "+C/-.

2U$? U-8"D>- O, HA-+-/- "#, U7 E%A" " THHHE T+ 4" &% "-1 42 $25+7" &C &,
"278,8C 1/CE#$+- #/C /+-"3-Gu28# |1-8"D>#. S# /7+,44C"2+# 1-8"D># Cp 5 ( /-+-G8
8# 78"#7$-G8 47 0# #/C " ( #8C>-1$2( 8" * 3-+02( (Liu, 2009):

e B4"8&* N,&->-3,&* =+-4D33,4" - 0,#/+#3%"714" #8$+9/,8" ( 41/ 2+ A-+%(
4#8 E,->-3,8-G( &#8C87(.

e 2-,8;8,8C-X14,8% =+-4D33,4" - EHAF?'#, 4".( #>>">7/,0+%42,( ";8
#8$+0/ 28 &#, "-1 T9+-1 U2 ""8 E#+G"""# QUS$? #8$+0/,8"( Q+H#A""+.C'"#( 47
#1"08.

o« VI--8>HA.8% =+-4D33,4" - " #4"&* #8W/"1<" ;( #1,39( -,&-8-1,&C
A#,8CL78-.

e =+-4D33,4" VIp/?+ A-+U( - &%$? %'-p- 2/,0,982, "- 00,- CA?>-( p? E%4"
808" "+# ALU/ 2+ A-+h( "8 #B$+O/ 18 A"H />HIAH "-1 #A" 8-C /74 E¥%>>-8"-( &#,
4% S*L" #/-A%4?3 8,

o 114",8% =+-4D33,4" - #8".u?";/0F2, "*8 /C>" 4#8 D8# 4G4""u# /-1
BI-"2>N"H, #/C #+ $UC 4"- TN38 &#, 1/-414"" " 5 8.
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6?2 E%4” "# 4"~ T "# 4"- 720 #/C "~ Corine &#, "~ Urban Altas 3,# ", ( 7+*47,(
3U( &H, "H A"-T2% "T( L IM. JH#+-14%F-8"H, 418-/"8% 47 TH"-3+UppHH -,
2<50<7,( T ( #4" 8*( 2D&"HA" (47 D<, 25> &+#" &-G( ) *p-1( " ( - >>U@H(. 1&-/C(
NGH, = A18-/" &* 2/ -/ Nt " (#4" &*( 7<D><"(4"-1( @*p-1( P; #880838, K+#&>N-1,
Of+,4#03 8, 1744#>-80&", HC>-1 &#, =#"+D;8.

PPu#8" &C"2+" 2<D>,<™ [H#+#""+2"#, 4""8 />?,-L" Al " "8 @?&#?"(# u?"% "'- 2000
C/;( &#, #6<"4" "-1 />"$14p-G. 1" p#8" &C N8#, 8# #8#A2+$ /3 ( ""8 /,- D3&I+"
/" 3% &#H"H3IHHUUD8 " ( #4" & (&W>1L" (#/-"7>2 "~ Corine "~ -/-0-( Cu; ( /#+-14 %F?,
H+&"% [+-E>*u#"# 478 78"C/,4" #>>#398 &i#, /+D/?, 8 2<?"UF?"H#, 4? 41801#4pC p?
%>># @70 D8#.

_,8C8# 2: B4 &* _<D><" - )*p-( P;#8808:8

="3%: PAU# . /?7<?+3H#4(#
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L, 8CB# 3: B4" &% _<D><" - )*u-( K+#&>20-1

="3%: PA0# . /7<2+3#4M

L 8C8# 4: BA" 8% _<D><" - )*p-( O#t+ 44038

="3%: PA0# . /7<2+3#4M
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L, 8CB# 5: B4A" &% _<D><" - )*u-( 1?7444>-80"

="3%: PA0# . /7<2+3#4M

. 8CB# 6: BA" &* .<D><" - )*p-( HC>-1

="3%: PA0# . /7<2+3#4M
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-,&C8# 7: B4" ,&* .<D><" - )*u-(=#"+D;8

="3*: PA0# . /7<?+3#AM
2.7 A-u9(*'81u/5/

5- A#,8CU?8- ""( #4" &*( 2<W/>347( * Q%714 ( HBHAD+?"H, 4”78 UBH+T"
/> ;4% #4" &98 /?+,-798, /+-40,-+0F?"#, #/C /-,&0>?( D88-,?( /-1 #A-+-G8 "-
19+- &#, 2/ "+7%F?, 47 u#8" &% "C4- ""8 F;* ;8 &#"-0&;8 W H( /C>" ( &#$O( &#, ""8
@#UC+A; 4" "-1 #4"&-GC T9+-1 &#, ";8 ?4;"7+,&98 &#, 7<;"7+,898 +-98. U(
A#,8Cl?8- #8#38 ; +0F?"#, ?21+D; ( ; ( &%", #+8"" ,&C &#, W8H#+7-, 2/ " +MF?, "~ 79+~ &#,
@7 ,-1+320 /#+%<?8?( u-+A->-30?( "-1.

=+D/7?, 8# #8#A?+$2 / ; (#/-"7>20 D8# /->14G8$?"- A#,8Cu?8- &%", /-1 /+D/?,
8 <MWF?H#, <?7;+,4"% 47 &W$? /7+0/" ;4% T9+-1 &#, &-,8;8,698 @?@-pD8 ;8. U(
0,#0,8#40 #8#38;+IF?"#, * ATu#Al ""( 4"- 4720,#4uC, &#H$O( "-8 -+IF?, #>>% &#,
-+0F?"#, #/C #1"C8 &#, -, 0,#0,&#40?( 1/->-3,4u-G &#, #8#389+,4"( ";8 "%4?;8 "*(
/#0F-18 4" u#8" &C +C>- 4" " (0,#0,&#40# "-1 477Q,#4u-G "-1 79+-1.

J4- #A-+h "-8 P>>HQ.EC T9+- /+D/?, 8# >TAS-G8 1/CL.8 "# ,0.#"+#
THHHR"™+,4" 8% " (8-p-$240#( &H#SO( &#, T 4TUP+,8* -,&-8-|L,&* &H"WAHA" 3,4 B#
3087, /2+,44C"2+- #8" > /"C( - / SHBC( TH+#&™*+#( #1"*( " (0,#0 &#4M(.
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22A%>#,- 3 - 21L.7>-?,0* B1"Cu#"#

3. = ;+(%%(,<3 4;5#u/5/
3.10.1/82483
K #+7* " ;8 21L?7>-?,098 B1"-u%" ;8 (Cellular Automata) #A-+% "*8 $?9+"4"
?28C( 7;+,&-G 414" *pu#"-( u? %$+-,4pu# u-8%0 ;8 -, -/-0?( #>>">?/,0+-G8 4GuA ; 8# W?
&#8C8?( /-1 /7+,D7?, &%$? p-8"D>-. B1"C "- p-8"D>- 1/->-3,4u-G ?A#+uCF?"#, 4?
/-80>2( 2/ A" p2( &#, ° 378,&* "-1 /+-4D33,4% #/-">N"#, #/C &2>% "# -/-0# D7-18
W —+,4uD8" ", u* &#, ",(13?,"-8,D( "-1( /-1 #/-"7>-G8"#, #/C "# 3?,"-8,8% &?>%, &#,
UDA# #/C "8 0,#0,&#40 1/->-3,4p-G "-1 &U$? /+-3+%upt"-( 3087"#, u,# /+CE>?L"
/-1 #A-+% ""8 A1/ 2+ A-+% * U?"HUC+A 4" "8 &2>,98.

S# 2.B. 8#, 378,8D( LS " p#" &D( 0,#0,8#402( /-1 #/-"7>-G8 . # 1/->-3,4" &*
UD$-Q@- &#8* 8# /+-4-|1-,942, 2<2> &" &D( 0,#0,8#402( /2+,3+%A-8"H#( D8# /->G/>-&~
AGA""p# ? DBH 4GB->- #/>98 &#BC8;8. 5- 464" 7;+IF?"#, 4?2 &1LD>?( w?
413828+,UD8" $D4" 4"-8 19+~ -, -/-02(#>>">2/,@+-G8 p?"#<G "-1(.

Jh- #A-+% "*8 T+*4" "-1( 4"( $2;+02( "-1 79+-1, &#, /,~ 413878+ D8# 4"~
A#8CU8- "T( #4"&*( OUT14%(, D72, #/-02,7$% C", ABH#, #/-0-"8&% 4"- 8#
SH"HIHUA-18 /2+0/>-82( &H#"#A"WA?,( W? #/>-G( &#8C82(. Ju;(, 1/%+7-18
J+-ES* U /-1 p/-+-G8 8# /+-8GL-18 pDA# 4"*8 "278,&* #1"*, 8", /-1 #/#
D+718# 3 "*8 &HSG'+T [+-AH+u-3* "-1( 47 #4" &W/T;+8&% 070-pD8#. 5- /,-
4 #8" 8C 4"~ TN NBH, B# &#H$-+,4"-G8 -, &H#BCB( /-1 /+H3UH" &% 2/ " +PF-18 &%$?
J240/" S A% &, #/-"7>-68 " ( 18" &D( @18%u?,( /+-( "8 #>>H3*,

S# 2.B. 24" %F-18 4" @18#u,8* ";8 E#4,898 4"- 72058 "-1 414™*p#"-( &4, " (
#>>">0/ 0+%42,( &#, " />"+-A-+0# &B82"#, #/C &ILD>" 42 &1LD>" 4?
/+-8##$—+,41082( 3?,"-80?( (Torrens 2003). K 32,"-802( /-1 -+(F-8"#, -, &#8C87(
WP"UEHA" ( &HS-+F-18 "*8 #/CA"#4" /-1 #8#/"GA4A-8"H#, -, @18%u?,( D><"( *
#7984 (. 6/-+-G8 8# #8#38;+,4"-G8 /D8"? -ph@?( 7;+,8&98 u?3?7$98 /-1
SHUES-8"#, 1/CL" 4"# 2.B. 3.# "-8 #4" &C 79+- (Baredo et al 2003):

o B"-1,&D( /+-",1*42,(, &-,8;8,8C-- 8&-8-1,8% &H#, /->," &% THHHE" "+ 4" &%.

o =04+ EH>>-8" 0 THHIE " +,4" 8%

o 5-7,8D( 7+*42,(3"(
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o THHHETHA" 8T (/O (
o SHAU? -, =1 #4" &-G 4770, #4p-G

S# 2.B. 3,# "-8 #4"&C 19+~ NSH, #/>% 4""8 1/->-3,4" &* IWH+U-3* #>>
2/,"+D/-18 ""8 /+-4-p-0; 4" 4G8$?" ;8 A#,8-1D8;8, 8H, O18#,8% &H, 78 26" u-G8
UCB- ""8 "2> &% &H"A"HA" #>>% &H#, "8 0,4#0,&HAM 2<D><"(, 2/,"+D/-18 "-8 —+,4uC
7<,4047; 8 &H#, &#8C8 ;8 /-1 p/-+70 8% BH, O,#A-+2" &% 47 8%$? /2+,-7*. (Dietzel et
al, 2005)

N, #018#u02( Cu; ( /-1 /#+-14,%F-8"#, N8#, /;( 1/-4""+(F-18 "8 >-3,&* "*(
41877*( ?2/D&"#4"( &#, @78 /+-4-u-,98-18 #4"&-/-*4?,( /?+,-798 /-1 (78
3?,"8,%F-18 u? 1/%+7-14# #4" &> &W>1L", -, 3?,"-80?( &#$-+IF-8"#, &1+0; ( ?2u/?,+,&%,
(Herold et al 2002) - 7+C8-( u?"+,D"#, u? C+-1( ?2/#8#>"/",&98 E"u%" ;8 7;+0( 8#
4T7"0F?"#, u? "-8 /+#3u#",&C 7+C8-, " EH#SU-8CU"4" "-1( E#AIF?"#, 47 ui# 2u/?,+,&*
0,#0,8#40# &#, " T+*4" [+-&#$-+,4D8 ;8 3?,"-8,98 u/-+?20 8# ?/,AD+?, /+-E>*u#"#
4"" 0,#0,8#40. (Wu 2002)

N Wu (2000) 7; +0F?, "# u-8"D># 2B 4? @1- 3?8,&D( -p%@?(. K p,# -p%@# #A-+%
"8 $?7;+"".&* /+-4D33,47, 789 " W>>" -uu@# 413&?8"+987"#, 4"" iu"4-
/+#3u#" 898 #4" 898 P-"0E;8, " @2G"7+" -pw# #/-"2>N &#, #1"* /-1 2u/>D&?"#,
4", ( 0,#0,8#40?( 4720, #4u-G.

5t 2B /-1 ?2A#+UCF-8"#, 4?7 0,#0,&#402( 7;+,&-G 4720, #4p-G #8#AD+-8"#, ;(
“constrained” (/?+,-+,4uD8#), &#"% "# /- ?A#+UCF-8"#, ?/,/+CA$?"-, &#8C8?( /-1
#A-+-G8 ""8 p-+A->-30# "-1 T9+-1, "8 [+-4EH4,uC"""# &#. _/047(, 4? #1"%
PAH+UCF-8"#, &#, 0,#0,&#402( "1T#0; 8 #/-"7>24p%" ;8 u? 48-/C ""8 /+-4-p-0;4" ";8
#/+CE>?/" ;8 #8%+9/,8 ; 8 #/-A%4? ; 8. (Barredo &.#., 2002)

5+2,( /#+%3-8"?( #8#38; +0F-8"#, 4"-1( &#8C8?( #>>">?/00+#4"( 4"#
constrained CA:

o K&#"#>>">C"""#

o K7;+,&* #>>">2/00+#4"

o 2#, - " UAN-THA" KC" TR (M# U LTHIE #/-"7>DAp#H"H#)
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K &#"#>>7>C"""# (E>. 7,6C8# 1) #B#AD+?"#, 4",( /2+,-TD( /-1 N84, &#"%>>">7(
3. #3W/"1<T, &%, /-1 #>>UF?, #8W>-3# u? "# @?0-uD8# "-1 79+-1. S5#
THHHE" " +,4" &% "-1( #A-+-G8 ",( 7;+,&D( FO8?(, ""8 /+-4E#4,uC"""# &#, ""8 Al4,&*/
[HH3UH" &> &t #>>T>SC T " ;8 /?7+,-798.

- &C8# 8: B/?,8C8,4" &#"#>>">C"""#(.

L i iy 7
7 7
7 7
7/ 4
7 7
4 7
7/ 7
7 7
// [=)) 4
e = /|
7 = 7
o
// N
(A L
1 1
1 I
1 1
1 T
H H ili 7
: \\Q\ Physllcal sunablhty/,
O ,
1 5\ | ,
1 Q,% | 7
1 o 1 s
(% e
Y L
1 [l
| Iz
_L/

="3*: (Barredo &.#., 2002)

K #>>">2/00+#4% ";8 3?,"-8,&98 4"-,720;8, @">#0* " 7;+,8&* #>>">2/0+#4"
W-+20 8# $?;+"820 ;( " "D"#+"" Q,%4"#4". I/ ;( AH08?"#, &#, 4""8 ?2,4C8# 2 T

#/CA"#4" #/C "- #4"&C &D8"+- &W$? /?+,-7*( * 4TuN-1 -+0F?"#, &#, #/C
THAHE" " +,4" 8% D><" ( &#, #/9%$"4" (.

-,&C8# 9: K#/98%"4" &, " D><* /-1 -+0F-18 ""8 7; +,&* #>>">2/(0+#4 "

="3*: (Barredo &.#., 2002)

1"# & 8% u-8"D># CA, -, &H#8C82( /-1 "# 2/ +MF-18 p/-+-G8 8# 28#,
HISH4?"= . 1""8 /240/" ;4" Cus( /-1 "# AHHUCF-1p? 47 #4" &C /2+27Cu28- -,
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&#8C8?( /+D/?, 8# #8",4"-,7-G8 u? "8 /+#3u#" &C"""#. N, @1- &G+,-, uD$-@-, 3,# "8
01" ([ +-4-p-0; 47 (T (/3" &C T H( 208H, #1'* /-1 E#HAF?"#, 4"" 3894 "
(knowledge-driven) &#, #1"* /-1 E#40F?"#, 4"# @?0-uD8# (data-driven).

K UD$-0-( /-1 EHAIF?"#, 4"# Q20-pDSH# #/-"2>2"#, #/C 4"#" 4" &D( u?$Ca-1(
(Cheng, 2003), 821+ 8,&% 008" 1# (Guan &.#., 2005) &, 0,#0,8#407( 8-& 1*( &%, >%$-1(
(White &#., 1997).

5- /,- 47p#8",&C &-pp%™, 3,# 8# 308?, " $7;+M# ;8 CA /,- +7%>,4" &> 284#, *
§#>G"2+" 0,#4GBE24" P?'H<G "8 &HBC88 #>>#3*( &, "*( /+#3p#" &C"""H#(. 5-
J+CE>"p# 4"" T+*47 u?$CO ;8 /-1 E#4IF-8"#, 4"# @70-uD8# 208#, C", 789 D7-18 &#>%
#I-"SDAPH"H -, [HH0U?"+-, @78 #8" /+-4;/7G-18 /%8"# ""8 /+#3u#" &C"""#. I ; (,
#1'D( -, UD$-@-, @78 #/#,-G8 /->>% D<-@# &H$O( "# 070-uD8# 208#, *@"
/-4-" 8/~ " UDBH, #8"0$?"# U? N?$CO-1( E#4,4pD87( 4"" 3894~ /-1 #/#,"-G8 #+7,8%
"8 0,7<#3;3* D+718#( &#, 41878"7G<?;8 &#, D/?,"# "8 u?'#"+-/* "-1( 4? /-4-" &%
@?@-uD8# (Torrens &#, O'Sullivan, 2001).

M/O%+7-18 #+82"% /+-E>* | # 4" 0,#0,8#40 /+CE>?L"( U2 "8 T+*4" CA 3 #
"o AH,BCL?8- " (#4" &*( 0,%714" (. 26+ # #B#A-+% 3082"#, 4"- C", "# CA 078 p/-+-G8
8# 0,#77,+4"-G8 top-down @,#0,8#402(, C/;( N8H#, -, A"+#""3,8D( #/-AW4?,( /-1
2/ " +MF-18 "= 79+-.

3.3D/"/65*".15.68 =%.5>$2.
20$? 2A#+P-3* ;8 CA 4?7 #4" &% @?0-pD8# #/-"7>0 D8# /?+0/>-8&- 4G4" " p#

/->>#/>98 2/ /D0 ;8. 1" #8" &C +C>— 48 &H"H#EC 4" &#, #8" u?"9/ 4" "-1( JHIF?,
DHEETUH, /-1 478 140 " ( #/-"2>% W# G-p"UD8" &H""H<" "8 §70-uDS;8 &#,
WIHDI?H, 42 E%S? $25+M 41458, 6.4 "D'-# $25+0 2u/7+.D72, D8B-,(
418C>;8 ("- B 2W/2+,D72, "= H &#, "= H "= R &>/), &%", /-1 2/,"+D/?, ""8 0", - 1+30#
28C( 414" *p#"~( 1/->-3,414-G @-p"UD8-1 p? "D - "+C/- /-1 "H# p23H>C"2+# 2/0/20#
CHF-18 "# C+# &#, "( AL8$*&2( 4"# WEHCIIHE BL™* T $21HH 2<PUF?, DU H
EX0UHEH(, 2/,/D038 -+3U834"(, 2/./DB38 2/ESIL"( &#, "8 0,4#0,8#4M 2/7<*3" 4" (
E#4,4uD8" 47 DB# ,2+#+7 8D( @-pD( &H, #>>">2/,8+%4?,(. (O’ Neill, 1988)

5- &>?,00 4" "8 &#"#8C"4" 78C( ,2+#+7,&-G 414" *p#"-(4? 7; +,8% @?Q-pD8# 208#,
" &0p#H&H. K &>0p#&# >?,"-1+320 ; ( D8# @-720- /-1 /?+,D77?, 7?+-378* A#,8Cu?8# &#,
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22A%>#,- 3 - 21L.7>-?,0* B1"Cu#"#

0,#0,8#40?7( /-1 D7-18 p-+A* &#, 018#p,&*. 1"" 7;+,&* #8W>14" - C+-( &>u#&#
u/?+,07?, "+?,( D88-,2(: 7;+,&*, T+-8,&* &#, E#4,4uD8" 4"" >*L" #/-AW4?;8:
(Marceau, 1999)

o K 7;+,&* &>0#&# #A-+% ""8 “#8%>14" &#, ""8 “D&"#4"”. K #8%>14" #A-+%
""8 #&HE?# ;8 070-puD8;8 &#, -+F?, "- W,&+C?+- 2/0/?Q- 4""8 2+#+T0H &HSI(
&#, ""8 W&H+C"?+" N-8%@# 070-uD8;8. K D&"#A™ #A-+% "# C+# ""( /2+,-T%(
u?>D"" (.

o K 7+-8,&* -+F?"#, #/C "-1 C+-1( “7+-8,&C E*p#” &#, “0,%+&?,#”. 5- 7+-8,&4C
E*p# #A-+% ""8 W,&+C"?7+" 7+-8,8&* u-8%@# " -/-0# 2A#+UCF?"#, 4”78 #8%>14" &#, "
0,%+&? # #8#AD+?"#, 4"~ T+-8,&C />#04,- /-1 2A#+UCF?"#, "'~ u-8"D>-.

o K &o0p#&# /-1 EHAIFY"H#, 4"" >*L" #/-A%4?2;8 H#BHAD+?"#, 4"-8 #8$+0/ 8-
JHYN3-8"# /-1 2/ "+MF?, "= P-8"D>-. B/C "- 8U$? W'-pi- UDT+, "# 8-,&-&1+%, ", (
32,"-8D(, "*8 TO+# &>/, #/-"7>-G8 [#+W3-8"2( >*L"( #/-A%4?;8. BECUH,
HOHAD+?"#, 47 413878+ D8- 8-1,8C &H#, 373 3+#A&C /7+,27CP?8- 4"~ -/-0- @+-18
#1"-0 -, JH+%3-8"2(.

5- $Du# "T( &S0uHEH( N8#, IUAHED( 478 <D"#4" "8 Al4&98 &#,
#8%+ 3 /-37808 018%W23 8 /-1 -7 3-G8 47 #>>#3D( " 38 7+*4?2 38 3* (. (Currit, 2000)

6D4; #1"98 ";8 "+,98 (,#/>78CU?8;8 ?788-,98 /+-8G/"-18 p-"0E# T;+8*(
HBU/ 1< (, "H# —/ -0t 078 /+-AAD+-18 UCB- "8 #/H+H#"""" #8%>14" /-1 2AH+UCF?"#,
8I6$? A—+0 #550 2/ " +MF-18 47 8" 8% "H# #/-"I>DAH"H.

34SLEUTH

5- u-8"D>- SLEUTH #/-"7>7 D8# u-8"D>- E#4,4uD8- 4"# CA &#"% "- -/-0-
PA#+UCF?"#, D8#( &WBBHE-( 4""8 ?/,A%8?# ""( 3"(. NHIF?"#, 4? &%3$? &?>0 D8#
automaton, W,# 0,#0,&#40 #>>#3*( "-1 (U?"W>>H<"( "-1), &#, #1"C ?28"7>A"#,
AGUA;8# H? ""8 &#"WA"#4AT ;8 3?7,"-8,&98 &7>,98 "-1, #&Cu# A41U/?+ >HUENS?,
/2+,-TD( U2 @, %A=+ 2/0/20# /+-4"#4W(. (Jantz &.#., 2010)

K /+9"" 2A#+U-3* &#, #8U/"1<" "-1 p-8"D>-1 D3,8? #/C "*8 -u%@# "-1(
?2+?18""D( Clarke K. &#, Hoppen S. C/-1 &#, ?A#+uC4""&? 3, # "8 /H#+W&" # /7+,-T*
"-1 San Francisco. N14,#4" &% #/-"?>70 ""8 /+9"" ?A#+-3* #8#87? ;D8 ;8 &#8C8;8
&#, /-8 ( 4"-72038 "( /2+,-T%( U? 4&-/C "8 &#>G"7+" #HBH/H+WA"#A" " (
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22A%>#,- 3 - 21L.7>-?,0* B1"Cu#"#

J+H3pH" &C (. Q 4, [+-*>$H8 &, "# #+7,8% " ( U?$CO-1 SLEUTH, E#4,4uD8- 4" (
JH#UD"+-1( /-1 T+ 4,u-/-,20: Slope ("~ /-4-4"C "* ( #8"04"#4" ("= ( #4" &-/-0"4"(
/-1 E#A0F?"#, 4"~ 323-8C( C", 1/%+7?, &*4"), Landuse (-, 7+*42,( 3" (), Exclusion (-,
/2+,-TD( /-1 @78 /+-4AD+-8"#, 3.# #4" &/-0"4"), Urban Extend ("# #4" &% C+#),
Transportation ("# p?"#A-+,&% @0&"1#), Hillshade ("- #8%3>1A- "*( /?+,-7*(, /-1
T+ 4,u-/- "%, 34 >C3-1( -/" &-/-0"4" ( "8 #/-"2>24u%" ; 8). (Clarke &#, Hoppen,
1997)

K 2A#+U-3* "-1 2u/2+,072, @1- A%4?,(, "8 E#Sp-8Cu"4" (calibration) &#"% "*8
—/ -0 #BH38 ; HIF-8"H, &#, /+-A-1-,O8-8"#, "# A"+ &l p-"0E# #4" &*( #8%/"1<" ( &#,
" J4CE>?L" C/-1 "# p-"0E# /+-E%>>-8"#, 47 u7>>-8" &% 4" u2#. (Jantz &.#., 2010)

N, /D8"2 /#+hu?"+-, 20B#, 4"p#8"&D( 3.# "8 2A#+p-3* "-1 p-8"D>-1, "
0,#0,8#40# " ( E#$U-8Cu" 4" ( (calibration) 208#, #1"Cp#"™ p? #/-"D>?4p# "~ p-8"D>-
8# U#SHB?, "T8 &#>C"?+" A#+U-3* 3# &W$? /?+,-7* #/C "# @?0-uD8# /-1
/#+D7-8"#,. K ?2/,>-3* 7+-8->-3,&98 4",3u98 " ;8 @?0-uD8 ; 8 308?"#, 2u/?,+,&% u? "*8
>-3,8% " ( —+$*( #/2,8C8,47 (4" ,3198 &>2,0,% " ( #4" &*( #8%/"1<" (. N, SHHU?"+-,
#>>">-4180D-8"#, &*, &US? #>>H#3* 2/ "+MF?, "# 020-pD8# "-1 p-8"D>-1 #>14,0;"%.
047(, M- p=8"D>= 2/,"+D/?2, "T8 #1"--"+=/-/-0" 4" "= —/-0- 4782, /5 ( &#$O( -
AGA"™ i HBH/"GAAY'H, 3+73—+C V+H X [ - #43% -, [HHUU? -, H>SUF-18 #8"04"- TH.
(Clarke, 2008)

5- H-8"D>- /+-4-pi- %F?, “#4" &D( @18#W,&D(" p? ""8 T+*4" ;8 7<*( &#8C8;8
#8%/"1<" (: #1$C+u™"" 8D# #8W/"1<", * -/-0# /+-4-1-,98?, ""8 "1THM #4" &-/-0"4"
"T(3T(, "8 <W/> ;4" -1 #4",8-G &DB"+-1, * "8 @",-1+30# 8D ;8 #4",&98 &D8"+; 8,
"8 #8%/"1< ;8 %&t+? ;8 &#, "8 U/ ++-* "-1 -0,&-G 0,&"G-1. 2%$? "G/-( #8%/"1<"(
2>D37?7"#, #/C "-1( 418" ?>?24"D( &%$? /?+,-T*( /-1 W/ -+20 8# &1pu#08-8"#, 4? " ,uD( #/C
0D; (100, #8"#8#8>98"#( ""8 477" &> 41UE->* ?8C( 413&?&+,uD8-1 "G/-1 #8%/"1<" (.
K #8"04"#4" "*( #8W/"1<"( 4",( /7+,-10( p? &*4" ?>D377"#, 2/04"( p? "-8
418"2>24"* &>04" (, - -/-0-( &1p#08?"#, #/C 0 D; ( 100 (0 - 7#u">* #8"04"#4", 100 -
#1<"UD8™ #B8"04"#4"). N T+%4""( W/-+20 8# &#$-+042, 41u/>"+;p#" &-G( &#8C82(
#8 04 HA" (42 /7+,-TD( /-1 @78 /+-4AD+-8"#, 3.# #4" &-/-0"4" (U?+,&9( * />*+; ().
(Jantz &.#., 2010)
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22A%>#,- 3 - 21L.7>-?,0* B1"Cu#"#

5- u-8"D>- #1"C #/-"?>98"#( D8# @"uC4,- #8-,8"C >-3,4p,&C D72,
T+" 4=/, "$N#/C /->>-G( 2+718""D( &#, - &H#SDBH#( D72, 4182,4AD+?, 4""8 /2+#,"D+ ;
HBU/"1<" -1 8O0,&# 2 48-/C "*8 &H>G'+" HBH/HIWA"HA" "™ ( [+HIUH" 8C" T H(.
GD7+, &#, "- 2008 1/->-30F?"#, C", D72, ?A#+U-4"2 4?2 /7+44C"4+2( #/C 100
/24.7"942,(, &%", /-1 "- &#$,4"% D8# 2/,"17°pD8- p-8"D>- 1/->-3,4u-G. (Clarke,
2008)

K /,- /+CAA#"" #>>#3* "-1 u-8"D>-1 /-1 -0*3"4? 4"" @"p,-1+30# "* ( D&@-4"(
SLEUTH 3.0beta_p01 Version R (SLEUTH-3r) "~ 2005, * -/-0# 2u/?+,D7?2, #+82"D(
#>>#3D( &, E?>",947,( 47 4G3&+,4" U? ""8 #+7,&*. = - 413&7&+,uD8#, E?>",987?, "*8
21#,4$"40# " ;8 @,%A-+;8 &>,u%& ;8 " ;8 @?@-uD8; 8, "-8 1/->-3,4uC " ; 8 #>>#398 &#,
1?,9872, " ( #8%3&2( 42 P8*u" &#$O( &#, "~ T+C8- 1/->-3,4u-G. (Jantz &.#., 2010)
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DOMUSH, - 4 - =24,-T* GD""( - 2#>> &+ 8C( ) *p-( =#"+D;8

4. 0 (" %-3 =($>5*" - = /$$,6"/5,6%" 23u%" 1/5">2.
4.1 Gh 1 "%@)$ S%; <3u%:

U( 7#+%Q2,3u# 2A#+U-3*( ""( $?;+0#( "8 CA <™UF?"#, - 0,21+1pD8-(
245> &t 8C( @*p-( "T( /24,-T*( "t( =W N =/-0-( 4172+ >HUE%S?, "-1(
2#/-0,4"+#8-G( 0*u-1( =#"+D;8, W0-1, 6?44%",0-(, =#+#>0( &#, H+#78#,0;8 &#,
" D&"HAT -1 28#, 333.14 " T>U. K ="+ 208#, T UH"T U23H>C"?+" /C>T 4MT8 L >>UH
&, #/07?, 220 T>P #/C ""8 B$*8#. 1GUA;8# P? ""8 #/-3+#A* "-1 2011 - />"$14pC(
e (= #BD+TH, 4"-1( 214.580 &#"-0&-1(. 177@C8 40.000 &%"- &, 208#, A-,"""D(
#BO"H#" " (| 28/#007147 (. K E#4,&* -,&-8-p,&* @+#4""+,C'""# ""( /C>"( 208#, T
> U28,8% 2 /,- ATuH8" &* 2/ -+21pH" &* ATDA™ #1'* p? "8 P, W 0,140,844
/-1 "-A-0-"20 "8 />2,-L AW " ( -,&-8-1,&*( @+#4""+,CMTH( M58 &#"-0658 "7 (
/C>7(.

2%+ (1 2#>> &+#" &C( ) *U-( =#"+D; 8

="3*: http://kallikratis.ypes.qr/
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DOMUSH, - 4 - =24,-T* GD""( - 2#>> &+ 8C( ) *p-( =#"+D;8

4.2 2*Uhe"/@.68 AS%.-()/

N />"$14uC( "*( /24,-7%( u2>D""( D72, #1<"$20 4"p#8" &% ",( "72>21"#0%(
02842"02(, /-1 ~AN>P"#, &1+05( 4""8 #B/ 1< "-1 #4" &G &DB"+-1 ""( =U"+#(. K
/> $14p#8* Cps ( A"HSHC" ™" p?"% "~ 1970 N8H, 045 ( #/-"D>24p# " ( D>>?,L"(
HBH/" 1< HE*( OLBHWLE*( " ( /74,-T(. K &#"#4871* " ( PC8 H#( -0-G 4? 41801#4uC p?
me 59 Uo14304# "t ( 3DAL+#( W0-1 - B8" ++0-1 #BHUDB?"H#, 8# E2>",9472, " ( [+--/"&D(
HOU/"1<" (. N 285> &+#" 8C( @*p-( =H#"+D38 ABH#, - /->1/>"$D4"+-( @*p-( "-1
V-p-G BT#H#(.

K HG<"4" /-1 [H#+#""+0"#, #/-Q007"#, P2"#<G %>>;8 4""8 #8W/"1<" "-1
8D8"+-1 " ( =W"+H(, /-1 D72, 3 (#/-"D>24p# "* E?>"0;4" "8 " 108 &#, (2,898 /-1
ATP"IF-8"#, Y2 ""8 HIHATCS" A" &#, ""8 HBI3ME #>>% &H, P? ""8 2,4+-* - &-8-11,898
WP"HBHA"O8. 1"-1( @*u-1( Wi-1, =#HOMW( &4, 6244%"0-( 47u?,087"#, uD4"
/> S1ApHE* HG<TAT #B% @28HWH /2+0/-1 40%, /-1 #/-0007"#, 4""8 "-/.8&*
#8U/"1<" U? "8 0,76+184" "-1 - &4".&-G p?"9/-1 "T( /C>"(. N, />"$14p,#&D(
WPHE->D( 4?2 #1"-G( "-1( O*p-1( 8#, 1L">C'2+2( #/C "-8 &H#/-0,4"+#&C ).
=#"+D78 >C3; "-1 u23D$-1( "-1 &#, ""( LL">*( 41up?"-7*( 4"- 418->&C />"$14C
"T(/24,-T%((M=_ U) ., 2007).

1""8 /24+,-T% uBD"t( " GHUHB-p* "-1 />"$14u-G #HTOF?, p? "'8 #4" &>
4138D8"+5 4" A"# #A4" 8% 8DS"+H# A*P2+H# Cp s ( /H#+#""+0"#, |, # D8"-8" 4138D8"+;4"
3G+; #/C "= #4" 8C &D8™+- " ( =W +H( /-1 045 ( -ANS"H, 4""8 [+-A/%$? # 26+74"
/24 E%>>-8"- (1L ">C 24" (/-,C" " "#(, * 07 ,-1+30# 07G"7+" ( &#"- Q0#( &H, * 233C"""#
42 [2+,-TD( +3HAM(. QU4, [HHETNH, W # #8W/"1<T 4"-1( 3?,"-8,8-G(
&#/-0,4"+ #E-G( 0*p-1( "™ ( =%"+#(.

N @208 ( #8" &H"HA"HA" ( 4"*8 /7+,-7* u2>D"" ( #/C "~ 1991 D7+, &#, "~ 2011
NGH, /->G LL">C 24— #/C "= ( TO+#(, " ( /2+,AD+2 #( &#, "1 8-p-G. M/-4""+F?"#,
C", " QI8#L&™ "38 @+1u";8 "+ "-EUSW#( 28/H0?14T( 4”78 =W'+# A7? (
HEC>-1$- ""8 0,C3&; 4" "-1 />"$14p-G 42 "> &02( 20-24. 2%", /-1 p/-+20 C; ( 8#
NGH, />HAPH"EC &HSO( /->>-0 A-"""D( ?23&#"#>2/-18 "*8 /C>" u?"% ""8
_>-8>*+34" ";84/-1098 "-1( (M=. zU) _, 2007).
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DOMUSH, - 4 - =24,-T* GD""( - 2#>> &+ 8C( ) *p-( =#"+D;8

=08#&#( 1: =>"$14pHE&* .<D>,<" &#, u?"#HE->* 4""8 /7+,-7* 1971-2011

u(/C | u(c/C | s/ | u/

%$3 %$3 | Cu$3 | Cu$3
1971- | 1981- | 1991- | 2001
1981 | 1991 | 2001 | -2011

(%) | (0) | (%) | (%)

1971 | 1981 | 1991 | 2001 | 2011

)...=#"+D;8 113748 | 144120 | 155697 | 163446 26,70 8,03 4,98

). W-1 5253 6641 10250 13270 26,42 54,34 29,46

D).-. 4171 6259 9583 11873 50,06 53,11 23,90
6244%",0-(

). =#+>0#( | 3298 4737 5677 9074 43,63 19,84 59,84

).-. 3314 3684 4274 5094 11,16 16,02 19,19

H+#78#,0& ;8

@*//46"*)i6%& | 129784 | 165441 | 185481 | 202757 | 214580| 27.47 12.11 9.31 5,83
79u2¢&

5*)"40<

="3*: _IM_, B/-3+#AD( 1971 - 2011, ,@0# ?/7<?+3#40#

375 ( N8H, HBHUIBCUIB- * LP3HG"2+" /> $LAPH&* 4138D8"+ ;4" FuAHBIF?"4,
4"-8 - &AUC "*( =W"+#(. 5- 2001 4GUA;8# p? ""8 . IM. "- 73% "-1 418->&-G
/>"$14p-G "-1 28,#-1 @*u-1 0,#uD8?, 4""8 =W"+#. ) #/,4"982"H, L H# 4" pH8" &*
O.BA—+-/-0"4" 47 C", #A-+% ""8 /188C"""# "-1 />"$1411-C #8Up24# 4", ( [H#+#> HED(
/74,-TD( &H, "8 280-TO+H. POH"2+# 4""8 /2+,-7* "1 W0-1 p?"% "8 >2,"-1+30# " (
3DALH(.

4.3 F.6%.%u.68 D/"/65*"".15.68 ¥ $*H:1u%l

5- E#4,8C TH+H#&""+,4",&C " ( /?2+,-7*( p?>D""( 28#, " /+-4D>&14" #"Cu;8
82#+*( "> &M#( >C3; ";8 ?18-1&C"?7+;8 418%7&98 4""8 #3-+% ?+3#4(#(. B1"* *
&8 &C" "# AN "- #8%+9/,8- @18#W,&C ""( /?+,-7*(, "8 #BHEWUSpM,A4" "-1
H-+A3;",&-G ?/,/D@-1 &#, " "8 41pp?"-7* 4"-8 "+,"-328* "-D#.

K A1pp?"-7* "1 /+;"-328* "-LD# 4""8 /24,-T* N8#, /->G THU">* &#,
28"-/0F?"#, &1+0;( 2&"C( 4",( W&+C"?2+2( /?+,u?"+,&D( /?+,-70(. K D>>?,L"
/+;"-E-1>,98 &#, ° D8"-8" #/-E,-u"7%8,4" &#H$O( &#, " "%4" 413&D8"+;47(
1/7+74,98 4"# #4" 8% &D8"+# #/-"7>2 " "8 #,"M# "+,"-328-/-0"4" (" ( -,&-8-p0#( ""(
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DOMUSH, - 4 - =24,-T* GD""( - 2#>> &+ 8C( ) *p-( =#"+D;8

TO+#( #>>% #H&CUH# /2+,44C" 24— ""( /2+,-T(. )2%O?( 2+3-4"WA# D/H14#8 "
>?"-14+30 "-1( 4""8 /7+,-T* u? 418D/7,# "8 #G<"4*" "*( #872+30#( &%", /-1 4*u+#
A8#, #&Cp# /,- D8"-8-. (http://www.statistics.qgr)

1'-8 "+ "-328% "-UDH# #/HAT-SN'H, /240/-1 "= WAC "-1 />"$14p-G /-1 A8H,
- 8-8-1,8% 78743C(. N, E#4.8-0 &%@-, 8#, "- 2W/C+-, " 2/HE214" &H, -,
W2"HA-+D(. 113&+"" &% &#, P2 "*8 1/C>-./" TO+# 1L >* NSH, * #/HATC>"4" 4"-8
80— "t( 137H(, "8 &#"#48?198, ";8 NP'HA-+O8 &H, ""( 8/#10?14"(. 6?
47 u#8" 8D( 2/,8+%42,( "8 @"p,-1+30# ""( 3DAL+#( "-1 WI-1 - B8"++0-1 &#, ""8
>9,"=1+30# "-1 /#82/,4" " W0-1 &#, "-1 8-4-8&-uN-1. B&Cp#, 4" p#8" &C( 28#, - &>%0-(
"_1 /-+0-1 &H$O( "~ 15% "-1 />"$14U-G #/HAT->N"#, 12 #1"C8.

ML™>* #82+30# /#+#""+"#, #/C "~ LUDA# "*( 028#2"0#( "-1 80 C/-1 &#, *
Mo/ &% - &-8-pl# FHE""E, [+ A4C 24— #/C "-8 "+ "-328% "-pD#. N, #/HAT->-GP?8-,
4" ( E,-p"TH802( /-1 D/HLHS "™ >2,"-143W "-1( #/-++-A*$"&H#8 #/C "-8 "+"-378*
"_D# "7 HEDSHEHS Q,7".&D( /+3"-E-1>07( 4"-8 "-uD# "-1(. K #8%>"L" ";8
N>1p/,#898 B398;8 DA;4? 9$"4" 4"- §71"7+-378* "—pD# >C3; "*( ->-&>*+;4"(
W23%> 58 D+338, 8", /-1 A*u2+# D72, #'-8%42, 040" 2+# &#, HE&Cp# /7+44C 2+ |2
"8 - &-8-1L,&% &H"HA"HA" T (TOHH(.

K "=14,4" &% Q+#4""+,C"""# 4""8 /24-T* u2>D""( 078 2UAHBIF?, Q18#1L,8%
THAHE" "+ 4" 8% #8 &#, "~ #4" &C &DB"+- " ( =U"+#( D77, #+TH#,->-3,8C 780, #AD+-8 &#,
DA "t 00H#( "T( /C>T( $H W/-+-GA? 8# HBH/"G<?, DBH "+13;8- #+TH,->-3,8-G
280, #AD+-8"-( (UHFI u? "=1( ) ?>A-G( - ""8 N>Lu/Uk &>/) &#, p? /C>-1( 28H#>>HE" &G
o1+ AU-G (—+7,8% VHL/H'WH, 2HSUE+L"H# &#, B+&HAMK) 078 #<,-/- N'#,. 24", /-1
W/-+20 8# ALBQLHA™N %+ A"H# &#, U7 "- D+3- " ( H&HO"LHI&*( &-,8C"""#( 3.# "-1(
#8"04"~ 7-1( 79+-1( W? 4&-/C ""8 D8"#<" 47 D3# —+3#8; D8~ Q0&"1- /+-—+ 408
(M=_ :U) ., 2007).
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DOMUSH, - 4 - =24,-T* GD""( - 2#>> &+ 8C( ) *p-( =#"+D;8

4.4 J OUS(%h<hy 63 OT>$.7* 5** ¥ (" %h-3" =($>5*"

3/ 5 ( A#IBY"#, 4"*8 2,8C8# 10. B/C "- 146 /.=. " =W"+# * /C>" D7?, #+7042, 8#
2/ NBYH, [+-( "8 8-",-01" &* &H"26$184" C/-1 1/*+7? &#, "~ "C"? > U8, GDT+,
"G /2H0-0- T ( 5-1+8-&HIH(, T ="+ &H"HSWUEHS? PCB- " >?3CU?8" "B8; =C>"".
178 /240-0- " ( 5-1+8-&+H"I#( PUAHBIA" " &HB 4/ -+#0,8% &#"- 802( U?"H#<G " ( /C>"(
&#, "1 > #8,-G, /-1 #8*&#8 &1+0; (4"-1( 5-G+&-1(.

5- 1499 TU0F?"#, "- &W4"+- "-1 W0-1 p#F p? v- #8",&+,8C -1 &%4"+- "-1
B8",++0-1.

5- 1829 p? 78"->* "-1 P;U88" 2#/-Q04"+# 3082"#, "~ /+Q"- "47D0,- /C>?; ("
U? —pi= Cl-+A- —+$-308,- SUBSHE- &#"% "= //-@%U?,- 4GA™" p#t #/C "-8 &7+81+H#18*(
EH#"#3 3 3%( " TH8,8C V"HU%" - H-G>3#+"

B/C "- 1900 pD7+, "-8 /+Q"- /#38CA,- /C>7u- " =%"+# 0,#8G?, ""8 “Belle
Epoque” /2+0-0- &#, P?"#u-+AO8?"#, 47 #4" 8C &#, - &-8-11,8C &D8"+-.

K =W +# "-1 1000 0,#,+%"%,, C/;( &%, ° 4"p2+8%, 4""8 Z8; &#, 4""8 2%";
=C>". 5- &%4"+- "*( /C>"( 1LO8?"#, 47 /+CE-18- "-1 =HSHTHI&-G, 4"" $D4™ "*(
HHTHIH( H&AC/->" (L K 20" 5 =C>" #BH#/"GT$"&? 12"% "8 #/7>218D+ ;4™ 4""8 /20, %0#,
8% *&=( " (H&"*(, &DB"+- " ((BH#, * />H" At R? 3 +30-1.

1'# 1835 "- > %8, "T( =U"+#(, 4138D8"+;8? "- U23H>G"2+- #+$UC <D8;8
/>-038. B/C 209 &%, 2u/+C( &