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14: #0 #  View Link Table
15: #1( shapefile . !
16: . #1/* 1 " #% N
17: Table shapefile . !
18: shapefile . * (& (* N. &
19: shapefile . & )1& (*
20:  shapefile . g 11 3%
21: shapefile . I 04#! O0# ! 4 *
22: shapefile & 04#& " +
23: shapefile & #O#1 + . &
24: shapefile & "#.+ Natura
25: shapefile & " # .+ 13 4#1*
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28: shapefile "# L+ " 0"#0%*
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(Civita 1994), ISIS ) (Civita and De Regibus 1995), " ! 7
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Gogu Dassargues (2000) Gogu et al. (2003),
" " "
1! ) ) ( : 1
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352 # 0)
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3.6 #0%* (+1#*

L G
ArcView Gis Desktop.

ArcView

3 0

ArcView Gis 9.2

ArcView Gis 9.2 ,
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ArcEditor : + .
1

Arcinfo : +

ArcView Gis Desktop
Arc Catalog (
Arc Tool Box (+
ArcMap (4'1 o#
Arc Scene (3D)

3.7 Arc Map
3.71 00 1 Arc Map

% n

9,10) ") )

1!

1 .+

(

ArcView

L %

11,12).
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#0/

#0/

9: 00 1

10: 00 1

ArMap

ArcMap
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3.7.2

( #0

#0/

#0/

11: 00 1

(Tools)

12: ( #10

ArcMap

ArcMap
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O O O O O o o o o o

') (Zoom in)

(Zoom out)
+ ) ) ) (Fixed zoom in)
+ ) ) (Fixed zoom out)
, (Pan)
- ) " ! (Full Extent)
- ) (Go back to previous extend)
" ( ( (Select Features)
" - ( (Select Elements)
" ( ( - ( )
(Identify the geographic feature or place
you click on)
Lo (Find)
' (measure)
(Hyperlink)
3.7.3 & 3
$. ArcMap
(xy) ( ( 13).
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#0/

13:

( #10

Georeferencing ! " ( *

View Link Table (
| Total RMS Error.

ArcMap

14)
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points

View Link Table
Total RMS Error.

Rectify

#0/

14: #0 #

Total RMS Error
2006. Arc View 9.2 User Manuals).

")

View Link Table

Add Control

X

(

“Georeferencing”.

(ESRI,
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3.8 &( 3#0 % R R A Arc GIS

$") ! (
* ArcGIS.
o] (shapefiles) : +
)
ArcView. + ! , ! , !
. 6 shapefile " 4 (shp,
sbn, sbx, dbf) - (prj).
o$ ) ( (ARC/INFO Coverage) : 6
) - ( )
! I " " +
o :. (ARC/INFO Grids) : $
7. (raster) , oo 7
( . 6 grid
(grid name), ( " info
) " , )
grids
0 (Images) : ,
) ,
Arc GIS. ' : )
! )
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ArcMap,

ArcGIS.

ArcCatalog
! N
ArcGIS (shapes),
(geodatabes) .

X

) !
ArcMap ArcCatalog
! I
V7. 1 A .
ArcToolBox
(coverages)
ArcGIS

( | |
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4. 3 () I GIS (# 0 1

4" 1* Fore! '3 %
41  #1( ] shapefile (" #.) % * )
% ! shapefile,
Feature Class —»create feature class " )
)" shapefile ( 15).
#0/ 15:  #1( shapefile . !

6 shapefile "( (Polygon).

shapefile * !

(editor) —  * (editing) —>

(stop editing) —= )! (save) ( 16).

0# 4 !



(

#0/

17) )

16: . #1/*
shapefile
#0/

1 " #$ !

17: Table shapefile

ArcMap

(table)

39



4.2 #0) 3 1 o

! " . $ ! shapefile
) 7
shapefile raster 9 " ( ( ()
). 6

.) 9 ( raster) 1 1) 5

1) 3

3 )

4)

5)

6) '

7" Natura

9 ) !
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1 + 1%
3 | |
) - (
* ") )
") _
2006), ( *
) )!
! !
( 7"
7" 1
( (

(Doerfiger, Jeammin, Zwahlen, 1999).

(Gemitzi A., et al
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#0/ 18:

18)
(Arc Map GIS),

shapefile

shapefile

nn 1

*(&(*

shapefile (
( !

Corine Land Cover 2000.
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#0/

19:

shapefile

&

)1&

. %

(* (Corine 2000)

) (
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+ r- ( 333):

+ ! X
7
( 334):
+ -"1)
+ )
( ( !
-
3 shapefile !

I , Corine Land Cover 2000
(Arc Map GIS), :
"1 ! shapefile.

3 + 1 &)
7 ! ) )
&* , %" ) &" (
+
&* ! )( !
6 | *
) ( *
) . .3
-)
1 )
-) *
3 shapefile -) . (
20) !
| ) :
GIS I -)

"1 ! shapefile .



#0/  20:  shapefile . I g 11 3% 1 1.%1
"#3 # ! 3

! * *( (buffer) 100,
200, 300, 400, 500 m. $ -

| * n
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*( . 20, 40, 60, 80, 100 m. 6
) 500 m
3 shapefile
!
-1)
"1

! shapefile

/
" (
o
). !
1!
shapefile
! *( !
Ring Buffer
5*( !
Manuals).

(buffer) .,

" o

(Gemitzi et al 2006).
( 21)

GIS

shapefile.

! )
*( ! (buffer). 3

(buffer zones)

()

Y1

shapefile )"
) ! Multiple

(ESRI, 2006. Arc View 9.2 User
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21:

shapefile

#04!
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&

o# !

4

*
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shapefile.
!

.3
200, 400, 600, 800, 1000 m

#0/

(

22:

*(

shapefile

Il!l

shapefile

shapefile

* *(
) (  (
40, 80, 120, 160, 200 m
. 6 *(
1000 m 200 m (Gemitzi et al
( ( 22)
! ,
!
( ! )
*( |
& 04#& " + L&
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( )
* - )
. $ (
! 30X ) -
(m?). " )
1 (Gemitzi et al 2006). 6
) ( " ,
. 3 shapefile ( ( 23)
! ( (Arc Map
GIS) shapefile .
#0/ 23: shapefile . & #HO#1 + . &
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+ D+ Natura

3 I "o I
# Natura "ol ) ,
) #1 6 o )!
)! Ramsar (1971). & !
: (
) - 1
! !
* n

)! )! (Gemitzi et al 2006). 3

shapefile ( Natura ( 24)
! ( Natura (Arc Map GIS)

shapefile !
#0/ 24: shapefile . & "H#H.+ Natura . &
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#0/

25:

shapefile

"y

I3 4#1*
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) - ot ) (

$) 5" &)
! ( 26,27).

#0/ 26: #.%* ' 0"& 2 11 ) "/ Google Earth

#0l 27 #.%* ' 0"& ( #.& ) "/ Google Earth



%
!

Google Earth

h)
7. 1

#0/ 28:

(

shapefile

shapefile
Remote Sensing. +
2

shapefile

"y

GIS

0 "# 0%*
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43.1 #1 1 & . & raster 1 0 1#*

! 9 ! shapefile,
) )
% "1 " :
* 9 " . ) 1! 9
raster ! . 1 " shapefile 51
9 ( )
5 ! 1
")
i. Veryhigh(" 7" )
ii. High(7" )
iii. Moderate ( )
iv. Low( " )
v. Verylow (" ! )
«( ! 9
cCcC ) . 5"
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0* 3+ ( ) ! 9
(= #( 3#0) 0 1 #0 ) #( 3#H0
%
Very High $- ") -
High !
& ( Moderate ,
Low $-
Very Low 5™ - ' -
Very High 111,123,124,131,332,334
High 112,211,242,322
y# Moderate 212,221,222,223,321,331,333
Low 243,324
Very Low 311,312,313,323
Very High Om
' High 14 m
3 % Moderate 75m
Low 140 m
Very Low 190 m
Very High 100 m 20m
High 200 m 40 m
#0/ 0! Moderate 300 m 60 m
Low 400 m 80 m
Very Low 500 m 100 m
Very High 200 m 40m
High 400 m 80 m
# Moderate 600 m 120 m
Low 800 m 160 m
Very Low 1000 m 200 m
Very High 842.799-2.754.407 m*
High 479.603-842.799 m”
#O#1 Moderate 288.018-479.603 m*
Low 141.272-288.018 m”
Very Low 7.627-141.272 m*
Very High
Natura
+
Very Low +
Very High "
3 4#1
Very Low
0
Very High
6 0)'#
v)
Very Low
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4.3.2

1)

2)

3)

4)

/" " (

Natural breaks (Jenks)

1
Quantile : ) "
.3 ) !
!
) :
Equal Interval : $
) )
;)

101-200, 201-300. $ !
! !

Defined Interval : $ !

ArMap

(CLASSIFICATION)

1

(ESRI, 2006. Arc View 9.2 User Manuals.)

) n
*
ArcMap. %
0-300
100 ( , " .0-100,
)
! 1
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5) Standard Deviation : $ ! ) *
! : . To ArcMap " *

( n
6) Geometrical Interval : $ ! ) 1
- ! " '
- ( ) )
! n
) )
3 1 ! 5"
) ( 1 Natural
breaks (Jenks).
4.3.3 ") . & shapefile 0" " ( raster
) 9 )
! raster ( 28,29,30,31,32,33,34,35,36). ,
9 (C ) 5"
n , ' (
( - (raster). + 7
9 shapefle raster . * ")
% ) ! shapefile raster
) shapefile )" 7
raster. " Spatial Analyst, Convert feature to Raster.
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29: Raster
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&

" (&

&
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#0/

30: Raster

"L H(3H

1 1.%1

&/
# )1 #

(*

(&
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#0/

31 : Raster

"l
1 1.%1

" H(3#
$'*

&/
'3 %

&

(&
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#0/

32 . Raster

"L H(3H

1 1.%1

#0/

&/
0!

&

(&
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#0/

33: Raster

"1 H(3#
1 1.%1

1%

&/
4*

&

"( &

&
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#0/

34: Raster

"Lt H(3#H
1 1.%1

|*

&/
#0#1 4*

&

" (&

&
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#0/

35 : Raster

1 1.%1 #

" H(3#

# .%0*

&/
Natura

&

"( &

&
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#0/

36: Raster

" H(3#
B

&/
I3 4#1*

&

" (&

&

1 1.%1

70



#0/ 37: Raster . "Lt H(3#H &/ & I"(& I &

1 1.%1 )
4.4 #( 3) o
+ 9 raster ) "
2 ) )
. $ ! * - "ol
- ) - "o
- (0-10 points).
“( -) )
. very high, high, moderate, low, very low. very high
"ol - ' 10 pts, ( very
low " 1 pt.
(high,moderate,low) 10 pts "
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lpt. © " -) )
1 n n
"1l " - )
-)
(Shaban, Kwalie, Abdallah, 2006). %
""" )
-) )
( 38)
4 :
’ (Major effect)
_______ > (Minor effect)
#0/  38: #( 1* 4 & " (&
&1 & "(& I &
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, YL#r  (* , 3 4#1 ,9-*
1 3% . #
—_—— #0#1 ,Natura, #0/ 0!
#O#1 , Natura, # ,
2. —
6 0)'#
e & ( ,9-* 3%
3. 6 — > A# o . # 6 0)'#
2 I & ( , 3 4#1
4, YL# x| #O#1
—-———
c _ YL#  * 3 4#1
' e 9- * 3 %
6 , YL#x x| Q-* 3%
e & (
I YL#r * 6 0)'#
7.NATURA
———p # ., #0/ 0! | #0#1
9- * 3%
—
8.2
L #O#1
_ > )1#* *
9.6
ey Q- * 3%
#0/ 39: %1 1* /* ( 1 1.%1 1*
!* *
1
! ( ) 1,

Ya.
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points

(Natura),
(

Natura

atura
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o 0O 0O O o o o o o

% " : 4 major + 3 minor= 4(1)+3(0,5)= 5,5 pts

! : 3 major + 2 minor= 3(1)+2(0,5)= 4 pts
&) . : 3 major + 2 minor= 3(1)+2(0,5)= 4 pts
' : 2 major= 2(1)= 2 pts
' : 2 major + 1 minor= 2(1)+1(0,5)= 2,5 pts
+ : 2 major + 1 minor= 2(1)+1(0,5)= 2,5 pts
o ! : 1 major + 1 minor= 1(1)+1(0,5)= 1,5 pts

: 1 major + 1 minor= 1(1)+1(0,5)= 1,5 pts

Natura : 2 major + 3 minor= 2(1)+3(0,5)= 3,5 pts
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0* 3:1 8/ )
Factor Descriptive Weight | Rate Weighted Total Percentages
Scale (@ (b) rating(a*b) (%)
Very High 10 55
High 8 44
& ( Moderate 6,5 55 35,75 167,75 23,85
Low 4 22
Very Low 2 11
Very High 10 40
High 8 32
& Moderate 6,5 4 26 122 17,35
Low 4 16
Very Low 2 8
Very High 10 40
"t High 8 32
3% Moderate 6,5 4 26 122 17,35
Low 4 16
Very Low 2 8
Very High 10 20
High 8 16
#0/ 0! Moderate 6,5 2 13 61 8,68
Low 4 8
Very Low 2 4
Very High 10 25
High 8 20
# Moderate 6,5 2,5 16,25 76,25 10,84
Low 4 10
Very Low 2 5
Very High 10 25
High 8 20
#0#1 Moderate 6,5 2,5 16,25 76,25 10,84
Low 4 10
Very Low 2 5
Very High 10 35
Natura 3,5 42 5,97
Very Low 2 7
Very High 10 15
3 4#1 15 18 2,56
Very Low 2 3
Very High 10 15
6 0)'# 15 18 2,56
Very Low 2 3
Total 703,25 100
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( )

N : (18/703,25)*100= 2,56 %
Natura : (42/703,25)*100= 5,97 %

o %"  (167,75/703,25)*100= 23,85 %

o !  (122/703,25)*100= 17,35 %

o 27 . - (122/703,25)*100= 17,35 %
0 : (61/703,25)*100= 8,68 %

0 : (76,25/703,25)*100= 10,84 %

o+ : (76,25/703,25)*100= 10,84 %

o 0 | : (18/703,25)*100= 2,56 %

0

(0]

= 23,85+17,35+17,35+8,67+10,84+10,84+2,56+2,56+5,97=703,25



0o* 4:2 S/ )
Factor Descriptive Weight Rate Weighted Total Percentages
Scale (E)) (b) rating(a*b) (%)
Very High 10 55
High 8 44
& ( Moderate 6,5 55 35,75 167,75 26,95
Low 4 22
Very Low 2 11
Very High 8 32
High 6 24
#e x Moderate 4 4 16 84 13,49
Low 2 8
Very Low 1 4
Very High 10 40
" High 8 32
3 % Moderate 6,5 4 26 122 19,6
Low 4 16
Very Low 2 8
Very High 8 16
High 6 12
#0/ 0! Moderate 4 2 8 42 6,75
Low 2 4
Very Low 1 2
Very High 10 25
High 8 20
# Moderate 6,5 2,5 16,25 76,25 12,25
Low 4 10
Very Low 2 5
Very High 8 20
High 6 15
#O#1 Moderate 4 2,5 10 52,5 8,43
Low 2 5
Very Low 1 25
Very High 10 35
Natura 3,5 42 6,75
Very Low 2 7
Very High 10 15
3 4#1 15 18 2,89
Very Low 2 3
Very High 10 15
6 0)# 1,5 18 2,89
Very Low 2 3
Total 622,5 100
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Very High 10

High 8

Moderate 6,5

Low

N[>

Very Low

nn 1

Very High

High

Moderate

Low

R IN|h~|O |00

Very Low

% n

27

O O 0O o o o o o o

)
: (167,75/622,5)*100= 26,95 %
 (84/622,5)¥100= 13,49 %
1 (122/622,5)*100= 19,6 %
 (42/622,5)¥100= 6,75 %

: (52,5/622,5)*100= 8,43 %
: (76,25/622,5)*100= 12,25 %

: (18/622,5)*100= 2,89 %
: (18/622,5)*100= 2,89 %

Natura : (42/622,5)*100= 6,75 %

= 26,95+13,49+19,6+6,75+8,43+12,25+2,89+2,89+6,75=622,5

79




4.5 ( 111 4 "OHO+ "#'% &

% " ( ( )
Raster Calculator ArcMap GIS ( 39)
* ) raster 9 ( -
n - 7 )
#0/ 40: ( Raster Calculator "/ "I( ArcMap (#

& #0+ . +

: -1 " " Raster Calculator "1

" ( 41,42) )

#1(

2

1

80



#0/

41: &/

(&

81



#0/

42: &/

"( &

82



) (

1 - 1#
I [ I
* 3 1 |) *
: . $ (
( 41, 42),
I* ] )!
! ) )
GIS. $ ! 1 ( 41, 42),
5 *(
) .4
1! *
I
| *
. * " 7" 7" ( 43, 44)
raster ( 29-37) )
"l
* 1
! (
) * ) 1*
I 1
( 11 ) !
.1

83



#0/

( 41,42,43,44)

43: #or . o+ 1!
"4 1) 0#1-) &/ (& I &

1 ! A I 3,

84



#0/ 44:. #orx . * 21 ! #* " # %*
"4 1) 0#!-) &/ "( &
$1* )
+ ( "
( 45,46) "l
- - n
* n "
n ) n - 7 n
n | - (
!
1
"o Natura I*
$ )!

"l
I &

85



#0/

45:  #O/*
"4

*

1!

&/

e T
(& I &

86



#0/

46: #O/*
"4

87



6.

HS# (3

1. Alberta Government site, 1995-2007. Understanding Groundwater.

2. Aller L., Bennet T., Petty JR., Hackett G., 1987. DRASTIC: a
standardized system for evaluating ground water pollution potential using
hydrogeologic settings, Ada OK, Robert S(eds) Kerr Envionmental
Research Laboratory, US Environmental Protection Agency Report EPA-
600/2-87-035,pp 622.

3. Civita M., 1994. Le carte della vulnerabilita degli acquiferiall’
inguinamento. Teoria and  practica (Aquifer vulnerability maps to

pollution), Bologna.

4. Dally D., Dassargues A. , Drew D., Dunne S., Goldscheider N., Neale
S., Popescu IC., Zwahlen F., 2002. Main concepts of ‘European approach’
to karst-ground-water-vulnerability assessment and mapping, Hydrogeol J
10:340-345.

5. Dixon B., Scott HD., Dixon JC., Steele KF., 2002. Prediction of aquifer
vulnerability to pesticides using fuzzy rule-based models at the regional
scale, Phys Geogr 23:130-153.

6. Doerfiger N., Jeammin PY., Zwahlen F., 1999. Water vulnerability
assessment in karst environments: a new method of defining protection
areas using a multi-attribute approach and GIS tools (EPIK method),
Environ Geol 39:165-176.

7. ESRI, 2006. Arc View 9.2 User Manuals, Environmental System
Reasearch, USA.

88



8. Gemitzi A., Petalas C, Tsihrintzis V., Pisinanaras V., 2006. Assessment
of groundwater vulnerability to pollution: a combination of GIS, fuzzy logic

and decision making techniques, Environ Geol 49:653-73.

9. Gogu RC., Dassargues A., 2000. Current trends and future challenges
in groundwater vulnerability assessment using overlay and index methods,
Environ Geol 39:549-559.

10. Gogu RC., Hallet V. , 2003. Comparison of aquifer vulnerability
assessment techniques. Application to the Neblon river basin (Belgium),
Environ Geol 44:881-892.

11. Shaban A., Kwalie M., Abdallah C., 2006. Use of remote sensing an
GIS to determine recharge potential dia zones : the case of Occidental

Lebanon, Environmental Journal 14:433-443.

12. Van Stempvoort DR. ,Ewert L., Wassenaar L., 1993. Aquifer
Vulnerability Index : A geographic information system — compatible
method for groundwater vulnerability mapping, Canadian Water

Resources Journal 18:25-37.

13. & E., 2001. ." + . -
$ ! % . ( ) ,
14. & * ., 2004. . , +
1 , ) & n (
5. ™ %, N ! ( ,
! - % ' .+

89



16. ., 2005.

) +
17. [, 1996. %
o n
18.5 ., 2008.
11 ~*

www.meteo.gr
www.grapsas.blogspot.com
www.economis.gr
www.istologos.gr
www.4crete.gr

www. crete.tournet.gr
www.crete-region.gr

www.geology.gr

90



