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TOPSAR Data acquired in C band VV
Polarization

↓
Volterra’s Series (nonlinear)

↓
Inverse filter of Volterra model

↓
Continuity equation

↓
Fuzzy B-splines

↓
3D Bathymetry reconstruction
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&855(17 029(0(176 $/21* 7+( 5$1*( ',5(&O
7,21P v+,6 5(68/7 &21750(' 7+( 678'< 2) k1O
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2) 6$1' :$9(6P k1 7+,6 678'<N h8==< dO63/,1(
$/*25,7+0 352'8&(' UOf %$7+<0(75< 5(&21O
6758&7,21 :,7+287 (;,67(1&( 2) 6+$//2: 6$1'
:$9(6P k1 )$&7 h8==< dO63/,1( $/*25,7+0 ,6
$%/( 72 .((3 75$&. 2) 81&(57$,17< $1' 352O
9,'( 722/ )25 5(35(6(17,1* 63$7,$//< &/867(5('
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+,!33%. !. $%2 f%3!-4&,;#(% $%3 t.4%235L
#(5.'3'%")%4%3M

.$11N ,67 '(5 '(87/,&+ +?+(5( c17(,/ $1 9(O
*(7$7,216/26(1 h/>&+(1 ,0 )(51(5.81'81*6O
%$6,(57(1 r52'8.7P p$&+ '(0oqfku xeh
6,1' *52M( v(,/( ,0 68%$5.7,6&+(1 p25'(1
'(6 w17(568&+81*6*(%,(7(6 9(*(7$7,216)5(,P
f,(6(i(%,(7( :85'(1 920 kkcuc $/6 NN6327O
7< 781'5$DDN $/62 9(*(7$7,216/26(i(%,(7( 0,7
./(,1(5(1 '85&+ o226( 81' h/(&+7(1 %(O
:$&+6(1(1h/>&+(1N ./$66,7=,(57P k0i(*(1O
6$7= '$=8 =(,*7 ',( kkcucOm$57( *5?M(5( 81O
%(:$&+6(1( h/>&+(1 ,0 ?67/,&+(1 |,3)(/ '(6
w17(568&+81*6*(%,(76N ',( ,1 '(5 )(51(5.81O
'81*6%$6,(57(1 m$57( $/6 $/3,1(6 i5$6/$1'
./$66,7=,(57 :85'(1P y>+5(1' ',( m/$66,7O
=,(581* ,0 h(51(5.81'81*6352'8.7 $8)
675,.7(1 t(*(/1 %$6,(57N 6&+(,17 ',( m/$66,7O
=,(581* '(5 kkcucOm$57( %($5%(,7(5$%+>1O
*,* =8 6(,1 81' 817(56&+,('/,&+(i5(1=:(57(
)@5 ',(f(71,7,21 921 9(*(7$7,216/26(1 h/>O
&+(1 $8)=8:(,6(1P

g,1 :(,7(5(5 $85>//,*(5 w17(56&+,(' =:,O
6&+(1 hgOm$57( 81' kkcucOm$57( ,67 '(5
+?+(5( c17(,/ $1 u75$8&+9(*(7$7,21 ,1 '(5
kkcucOm$57( ,0 0,77/(5(1 v(,/ '(6w17(568O
&+81*6*(%,(7(6P f$ ',(w17(56&+(,'81* =:,O
6&+(1 d>80(1 81' u75>8&+(51 185 $8) '(5
j?+( '(5 r9$1=(1 %(58+7N :(/&+( $86 '(0
xeh 1,&+7 +(5925*(+(1N 6,1' ',(6( h/>&+(1
,1 '(5 hgOm$57( =80 v(,/ $/6 n>5&+( 81'
=80 v(,/ $/6 u75$8&+781'5$ ./$66,7=,(57P f$
',( (,1=(/1(1 v<3(1 '(5 m/$66( NNu75$8&+9(O
*(7$7,21DD '(5 kkcucOm$57( (%(1)$//6
|:(5*)250(1 921 n>5&+(1 81' v81'5(1O
675>8&+(51 (17+$/7(1N 6,1' ',(6(w17(56&+,(O
'( 9(51$&+/>66,*%$5P

f,( *(1$117(1 w17(56&+,('( 6&+/$*(1
6,&+ $8&+ $8) ',( )@5 ',( m2+/(16725%,/$1O
=,(581* %(621'(56 :,&+7,*( h/>&+(19(57(,O
/81* '(5 (,1=(/1(1 x(*(7$7,216./$66(1 1,(O
'(5P f,( j,672*5$00( ,1 c%%P W =(,*(1 ',(
h/>&+(1$17(,/( $**5(*,(57(5 n$1'%('(O
&.81*6./$66(1 '(5 hgOm$57( 81' '(5
kkcucOm$57(P f,(m/$66(1 NN9(*(7$7,216/26(
h/>&+(1DDN NN+80,'(6 i5$6/$1'DD J=86$0O
0(1*()$667 0,7 NN$/3,1(0 i5$6/$1'DDKN
NNh(8&+7*(%,(7DDN NNv81'5(19(*(7$7,21DD 81'
NNu75$8&+9(*(7$7,21DD 1(+0(1 817(56&+,('/,O
&+(h/>&+(1$17(,/( ,1 %(,'(1m$57(1 (,1Pf$O
*(*(1 ,67 ',( h/>&+( '(5 $0 67>5.67(1 9(5O
75(7(1( m/$66( NNy$/'DD 0,7 SNYW o,2P .0T

JhgOm$57(K 81' SNZTo,2P .0T JkkcucOm$5O

7(K ,1 %(,'(1 r52'8.7(1 9(5*/(,&+%$5P f$6
i/(,&+( *,/7 )@5 ',( c8)7(,/81* '(5 y$/'9>O
&+( $8) ',( 9(56&+,('(1(1 d$80$57(1N '$5O
*(67(//7 ,1c%%P XP n(',*/,&+ (,1 *(5,1*(5 v(,/
JYNW@K '(5 ,00(5*5@1(1 p$'(/:>/'(5
.2117( ,1 '(50,77/(5(1v$,*$ 1,&+7 (,1'(87,*
,1 (,1=(/1( d$80$57(1 *(75(117 :(5'(1N
621'(51 185 $/6 '81./( m21,)(5(1 Jh,&+7(N
v$11(N u,%,5,6&+( m,()(5K ./$66,7=,(57 :(5O
'(1P w0 ',(6(1 c17(,/ ,67 '$+(5 ',( h/>&+(
'(5 m/$66(1 NNh,&+7(DD 81' NNv$11(DD ,1
c%%P X *(5,1*(5 $/6 ,1 '(5 kkcucOm$57(P
|86$00(1)$66(1' .$11 )(6767(//7 :(5'(1N

'$66 ,0 i(*(16$7= =85 kkcucOo(7+2'( '(5
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'%")%4 6/2+/--%.$%. a!5-!24%. G$5.+,% j/L
.)&%2%.3e)#(4%K s!..%K r)")2)3#(% j)%&%2K 7%,L
#(% .)#(4 42%.."!2 7!2%.HM

g567(//81* '(5 x(*(7$7,216.$57(N ',( 925*(O
67(//7( )(51(5.81'81*6%$6,(57( m/$66,7=,(O
581* $8)*581' ,+5(5 675,.7(1g176&+(,'81*6O
5(*(/1 81' '(5 c8720$7,6,(581* :,('(5+2/O
%$5 81' $8) $1'(5( l$+5( $/6 TRRU $1:(1'O
%$5 ,67P f,(6 ,67 ',( x25$866(7=81* )@5 (,1(
.217,18,(5/,&+( o2'(//,(581* 81' (,1(1
x(5*/(,&+ '(5 m2+/(167259@66( $8) ->+5/,O
&+(5 d$6,6P

c!.+3!'5.'

f,(6(c5%(,7 ,67 d(67$1'7(,/ (,1(5f2.725$5O
%(,7 $0 n(+5678+/ )@5 h(51(5.81'81* '(5
w1,9(56,7>7 l(1$N ',( '85&+ (,1 r52027,216O
67,3(1',80 '(5 u78',(167,)781* '(6 f(87O
6&+(1 x2/.(6 71$1=,(57 :,5'P f,( k'(( 81'
'$6m21=(37 (1767$1'(1:>+5(1' '(6{281*
u&,(17,67 u800(5 r52*5$00 TRRW $0 k17(5O
1$7,21$/ k167,787( )25c33/,(' u<67(06c1$O
/<6,6N n$;(1%85*N ~67(55(,&+P j,(5 62// %(O
621'(56 c1$72/< u+9,'(1.2 81' k$1
o&e$//80 )@5 ',( ,1+$/7/,&+( 81' 7(&+1,O
6&+( w17(567@7=81* *('$1.7 :(5'(1P

k)4%2!452

d$/=7(5N jPN i(5$5'N hPhPN i(25*(N ePvPN t2:O
/$1'N ePuPN l833N vPgPN o&e$//80N kPN u+9,O
'(1.2N cPN p,/6621N uPN u8.+,1,1N cPN q18O
&+,1N cP H u&+08//,86N ePN TRRW\ k03$&7 2)
7+( c5&7,& q6&,//$7,21 3$77(51 21 ,17(5O$118$/
)25(67 75( 9$5,$%,/,7< ,1 e(175$/ u,%(5,$P Ai(2O
3+<6,&$/ t(6($5&+ n(77(56 UT JSVK\ nSVYR[P

d$576&+N cPN r$7+(N ePN u&,3$/N mP H y$*1(5N
yP J,0 f58&.K\ f(7(&7,21 2) 3(50$1(17 23(1

:$7(5 685)$&(6 ,1 &(175$/ u,%(5,$ :,7+ gpxkO
ucv cuct :,'( 6:$7+ '$7$ :,7+ 63(&,$/ (0O
3+$6,6 21 7+( (67,0$7,21 2)0(7+$1(98;(6 )520
781'5$ :(7/$1'6P A (,1*(5(,&+7 %(, p25',& j<O
'52/2*<P

j$16(1N oPePN f(h5,(6N tPuPN v2:16+(1'N
lPtPiPN e$552//N oPN f,0,&(/,N eP H u2+/O
%(5*N tPcPN TRRU\ i/2%$/ r(5&(17 v5(( e29(5
$7 $ u3$7,$/t(62/87,21 2) WRRo(7(56\ h,567t(O
68/76 2) 7+( oqfku x(*(7$7,21 e217,18286
h,(/' c/*25,7+0P A g$57+ k17(5$&7,216N Y JSRK\
SASWP

m+$58.N xPkPN t$1621N mPlPN d85(1,1$N vPcP H
h('2729$N gPxPN TRRU\ o$33,1* 2) u,%(5,$1
)25(67 /$1'6&$3(6 $/21* 7+( {(1,6(< 75$16(&7
:,7+cxjttP A k17(51$7,21$/ l2851$/t(027(
u(16,1* TV\ TUAUYP

m8=0(1.2N gPkPN TRRU\ u758&785(N u3$7,$/ $1'
v(0325$/ f<1$0,&6 $1' o$33,1* 2) 7+( u28O
7+(51 v$,*$ h25(676 ,1 o,'Ou,%(5,$P A r52&(('O
,1*6 2)o$3c6,$e21)(5(1&( TRRUN SUPASWP q.O
72%(5 TRRUN m8$/$ n80385N J+773\BB:::P*,6'(
9(/230(17P1(7B$33/,&$7,21B150B29(59,(:B3')B
0$RUSTSP3')K

q+0$1N lP H i5(*25<N oPN TRRT\ r5(',&7,9(
o$33,1* 2) )25(67 &20326,7,21 $1' 6758&785(
:,7+ ',5(&7 *5$',(17 $1$/<6,6 $1' 1($5(67O1(,*+O
%25 ,0387$7,21 ,1 &2$67$/ q5(*21N wPuPcP A
e$1$',$1 l2851$/ 2) h25(67 t(6($5&+ UT\ YTWA
YVSP

r)())(5N mPN r(%(60$N gPlP H d85528*+N rPcPN
TRRU\ o$33,1* $/3,1( 9(*(7$7,21 86,1* 9(*(7$O
7,21 2%6(59$7,216 $1' 7232*5$3+,& $775,%87(6P
A n$1'6&$3( (&2/2*< Z\ YW[AYYXP

t2-.29N xPcPN i256+.29$N oPcPN t8.+29,&+N
fPkPN m29$/(9$N rPxPN p,/6621N uPN u+9,'(1.2N
cP H o&e$//80N kPN TRRU\ f(/,9(5$%/( TS A
u2,/ 0$3 $1' '$7$%$6(N $1' f(/,9(5$%/( TT A
c&&85$&< $66(660(17 2) 62,/ 0$3P A 819(5?)O
)(17/,&+7( f(/,9(5$%/(6 '(6 ukdgtcOkk r52-(.O
7(6P

u&+08//,86N ePN j(6(N uP H m1255N fPN TRRU\ ukO
dgtkcOkk\ c o8/7,Ou(1625 c3352$&+ )25
i5((1+286( i$6 c&&2817,1* ,1 p257+(51 g8O
5$6,$P A r(7(50$116 i(2*5$3+,6&+( o,77(,/81O
*(1 SVY\ VAWP

u&+8/7=N lPN S[[W\ v+( g&2=21(6 2) 7+( y25/'P
A v+( (&2/2*,&$/ '(9,6,216 2) 7+( i(263+(5(N
VV[ uPN u35,1*(5N d(5/,1P

u+9,'(1.2N cP H p,/6621N uPN TRRU\ c 6<17+(6,6
2) 7+( ,03$&7 2) t866,$1 )25(676 21 7+( */2%$/
&$5%21 %8'*(7 )25 S[XSAS[[ZP A v(//86 WWd\
U[SAVSWP

u+9,'(1.2 cPN u+(3$6+(1.2 fPN p,/6621 uP H
d28/28, {8N $1*(1200(1\ u(0,O(03,5,&$/
02'(/6 )25 $66(66,1* %,2/2*,&$/ 352'8&7,9,7< 2)

SWXcMj./22 E bM r#(-5,,)53K q;5-,)#(% l/$%,,)%25.' $%2 u%'%4!4)/.36%24%),5.'



p257+(51 g85$6,$ )25(676P A g&2/2*,&$/ o2'(/O
,1* J$1*(1200(1K

u.,11(5N nP H n8&.0$1N cPN TRRV\ k1752'8&,1*
$ /$1' &29(5 0$3 2) u,%(5,$ '(5,9(' )520 ogO
tku $1' oqfku '$7$P A r52&((',1*6 2)
kictuuIRVN c1&+25$*(N TRATV u(37(0%(5N
33P TTUATTXP

x2*,$7=$.,6N kPpPN TRRU\ ikuO%$6(' o2'(//,1*
$1' g&2/2*<\ c t(9,(: 2) v22/6 $1'o(7+2'6P
A i(2*5$3+,&$/ r$3(5 p2P SYRN f(3$570(17 2)
i(2*5$3+<N v+( w1,9(56,7< 2) t($',1*N y+,O
7(.1,*+76 J:::P*(2*P5($ ',1*P$&P8.Bt(6($5&+B
r$3(56BirSYRP3')KP

c16&+5,)7(1 '(5 c8725(1\

f,3/POi(2*5P f$1,(/$ m1255
r52)P f5P e+5,67,$1( u&+08//,86
c%7(,/81* h(51(5.81'81*
k167,787 )@5 i(2*5$3+,(
h5,('5,&+Ou&+,//(5Ow1,9(56,7>7 l(1$
n?%'(5*5$%(1 UTN fORYYVU l(1$
v(/P\ RUXVSB[VZZYZN h$;\ RUXVSB[VZZZT
(O0$,/\ '$1,(/$P.1255y81,O-(1$P'(

&P6&+08//,86y81,O-(1$P'(

o$186.5,37 (,1*(5(,&+7\ l8/, TRRX
c1*(1200(1\ c8*867 TRRX
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e/240&,!.:5.' $%2 KKt.3#(;2&%AA 6/. l%33$!4%. !5&
!"'%,%)4%4% $)&&%2%.4)!,L'%/-%42)3#(% f2<J%.

nkf` vzkcdqK c2%3$%.

m(<:25'6\ i(2k1)250$7,&6N )8==< 9$/8(N )8==<O3523$*$7,21N 685)$&( $3352;,0$7,21N
685)$&( '()250$7,21 $1$/<6,6

|86$00(1)$6681*\ f,( 0(,67(1 o(6681*(1 67(/O
/(1 $86 0$7+(0$7,6&+(5 u,&+7 816&+$5)( i5?M(1
'$5N :(,/ %(, ,+5(5 g5)$6681* .(,1( $%62/87( r5>O
=,6,21 *(:>+5/(,67(7 :(5'(1 .$11P o$1&+0$/ *(O
/,1*7 (6N 67$7,67,6&+( v(676 =8 (17:,&.(/1N ',( (03O
71'/,&+ $8) '$6 c8)75(7(1 921 *52%(1 c%1250,O
7>7(1 ,1 5>80/,&+O=(,7/,&+(1 f$7(15(,+(1 5($*,(O
5(1N 6,(+(y>/'(5 JTRRW$N %KNy$(/'(5 H d8&+O
52,7+1(5 JTRRVKP f,( NNw16&+>5)(DD 921 f$7(1
.$11 $%(5 $8&+ 0,7 j,/)( 921 ,1 '(5 h8==<Ov+(O
25,( (17:,&.(/7(1y(5.=(8*(1 02'(//,(57 :(5'(1P
p81 5(,&+7 (6 1250$/(5:(,6( 1,&+7 $86N (5+$/O

7(1(o(6681*(1 ,1 (,1 iku =8 @%(575$*(1P k1 9,(O
/(1 h>//(1 :(5'(1 ',(6(f$7(1 :(,7(5 $8) (,1 i,7O
7(5 ,17(532/,(57N 6,( .?11(1 =8 (,1(5 $1$/<7,6&+(1
q%(59>&+( =86$00(1*()$667 :(5'(1N 0$1 ,17(O
5(66,(57 6,&+ )@5 ',( c%/(,781*(1 (567(5 2'(5 +?+(O
5(5 q5'181*(1 ',(6(5 $1$/<7,6&+(1 q%(59>&+(
86:P g,1,*( w17(568&+81*(1 '(6 x(5+$/7(16 81O
6&+$5)(5 q%(59>&+(1 :85'(1 %(5(,76 ,1 m$/(9$
JS[[VKN n2':,&. H u$1726 JTRRUK '85&+*()@+57P
f,( $//*(0(,1( h5$*(67(//81* /$87(7 '$11\ y,(
39$1=7 6,&+ ',( 85635@1*/,&+( NNw16&+>5)(DD 921
o(6681*(1 $8) (,1,*( 921 ,+1(1 $%*(/(,7(7( ',)O
)(5(17,$/O*(20(75,6&+(i5?M(1 )257a k1 ',(6(5c5O
%(,7 :,5' (,1 c16$7= =85 o2'(//,(581* '(5 w1O
6&+>5)(Oh25739$1=81* 925*(67(//7 81' $1+$1'
(,1(5 h$//678',( 1>+(5 (5/>87(57P

c%675$&7\ q1 )8==<O3523$*$7,21 2) 0($685(0(176
72 '(5,9(' ',5(5(17,$/O*(20(75,& &+$5$&7(5,67,&6P
h5200$7+(0$7,&$/ 32,17 2) 9,(:N0267 0($685(O
0(176 &$1 %( $6680(' 72 %( )8==< 9$/8(6 %(&$86(
$1 $%62/87( 35(&,6,21 2) $ 0($685(0(17 &$1127
%( *8$5$17((' ,1 7+( 5($/ :25/'P v+(5( $5( 620(
67$7,67,&$/ 7(676N :+,&+ $5( 6(16,7,9( 72 7+( $33($5O
$1&( 2) 528*+ $%1250,7,(6 ,1 63$7,$/ 7,0( 6(5,(6N
6((y$(/'(5 JTRRW$N %KNy$(/'(5H d8&+52,7+O
1(5 JTRRVKP
v+( 81&(57$,17< 2) 0($685(0(176 &$1 $/62 %(

02'(/(' 86,1* $3352$&+(6 )520 7+( )8==< 7+(25<P
t($/ 0($685(0(176 &$1 %( &216,'(5(' 72 %( )8==<
9$/8(6 )520 0$7+(0$7,&$/ 32,17 2) 9,(:P t($/
0($685(0(176 35(6(17 $ DD5$: 0$7(5,$/II )25 )85O
7+(5 5(6($5&+(6P v+(< &$1 %( ,17(532/$7(' 29(5 $
*5,' $1' %( $3352;,0$7(' %< $1 $1$/<7,&$/ 685O
)$&(P c'',7,21$//<N ,7 &$1 %( 1(&(66$5< 72 2%7$,1
620( 685)$&( &+$5$&7(5,67,&6 2) +,*+(5 25'(5 %$6('
21 7+( *5,'P u20( 678',(6 $%287 )8==< 685)$&(6
$5( 67,// 35(6(17(' ,1 m$/(9$ JS[[VKN n2':,&. H
u$1726 JTRRUKP k7 ,6 &/($5N 7+$7 ($&+ &+$5$&7(5,67,&
:+,&+ ,6 '(5,9(' )520 81&(57$,1 0($685(0(176 ,6
$/62 81&(57$,1P k1 7+,6 3$3(5 :( ',6&866 $ 0(7+2'
2) 7+( )8==<O3523$*$7,21 2) 0($685(0(176 72 '(5O
,9(' ',5(5(17,$/O*(20(75,& &+$5$&7(5,67,&6P

P d).)'% c%&).)4)/.%. !53 $%2
e5::9Ls(%/2)%

f,( NNw16&+>5)(DD 921f$7(1 .$11 817(5 $1O
'(5(0 0,7 j,/)( 921 ,1 '(5 h8==<Ov+(25,(
(17:,&.(/7(1y(5.=(8*(1 02'(//,(57 :(5'(1P
|8 ',(6(1y(5.=(8*(1 *(+?57 '$6 62 *(1$11O
7( k17(59$//.$/.@/P g,1( o(6681* $/6 0$7+(O
0$7,6&+(6 q%-(.7 :,5' ,1 h250 (,1(6 k17(5O
9$//6 '$5*(67(//7N '(66(1 w17(5O 81' q%(5O

*5(1=( '(1 =8 (5:$57(1'(1t$+0(1 )@5 (,1(
5($/( o(6681* $1*(%(1P f85&+ ',( 9$5,$%/(
d5(,7( '(6 k17(59$//6 :,5' '$%(, '(5 921p8//
$%:(,&+(1'( o(66)(+/(5 (,1(5 5($/(1 o(6O
681* :,('(5*(*(%(1P g,1 62/&+(6 o2'(// ,67
,0 i581'( *(1200(1 '$6 g,1)$&+67( )@5
(,1( h8==<O|$+/P
g,1( 816&+$5)( |$+/ .$11 $/6 81*(1$8

*(*(%(1( 2'(5 81*(1$8 %(67,007( |$+/(1
'(71,(57 :(5'(1P w16&+$5)( |$+/(1 :(5'(1
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`""M PY r#(%-!4)3#(% c!234%,,5.' :7%)%2 5.L
3#(!2&%2 h.4%26!,,% `3I!2K !OK !1_ 5.$
a3I"2K "OK "1_ 3/7)% )(2%2 y5'%(<2)'+%)43L
&5.+4)/.%.M

'85&+ .219(;( 816&+$5)( o(1*(1 %(6&+5,(O
%(1 81' ,+5( |8*(+?5,*.(,76)81.7,21 :(,67
.(,1( p(%(10$;,0$ $8)N 6P d$1'(0(5 H
i277:$/' JS[[UKP h@5 816&+$5)( k17(59$//(
,67 '(5 m(51 (,1 k17(59$//P f,( 816&+$5)(1
|$+/(1 81' k17(59$//( 9(5$//*(0(,1(51 '$O
+(5 ',( c16>7=( '(5 k17(59$//$5,7+0(7,.N ',(
$86 '(5 75$',7,21(//(1 h(+/(55(&+181* +(5O
925*(*$1*(1 ,67P p81 5(&+1(7 0$1 */(,&+
0,7 '85&+ ',( h(+/(56&+5$1.(1 *(*(%(1(1
k17(59$//(1 67$77 0,7 )(+/(5%(+$)7(7(1 5((//(1
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r(56?1/,&+.(,7(1N ',( 6,&+ %(621'(5( x(5O

',(167( 80 ',( r+272*5$00(75,(N ',( h(51O
(5.81'81* 81' '$6 i(2,1)250$7,216:(6(1
2'(5 80 ',( i(6(//6&+$)7 (5:25%(1 +$%(1N
.?11(1 $8) d(6&+/866 (,1(5 o,7*/,('(59(5O
6$00/81* '85&+ '(1 r5>6,'(17(1 '(5 i(O
6(//6&+$)7 =8 g+5(10,7*/,('(51 (51$117 :(5O
'(1P f(5 d(6&+/866 ,67 0,7 0,1'(67(16f5(,O
9,(57(/0(+5+(,7 '(5 %(, '(5 o,7*/,('(59(5O
6$00/81* $1:(6(1'(1 o,7*/,('(5 =8 )$6O
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6(1P g+5(10,7*/,('(5 *(1,(M(1 6>07/,&+(
o,7*/,('65(&+7(N 6,1' -('2&+ 921 '(5 d(,O
75$*639,&+7 %()5(,7P

h(51(5 .$11 ',( o,7*/,('(59(56$00/81*
(,1(1 g+5(135>6,'(17(1 '(5 i(6(//6&+$)7 (5O
1(11(1P

g,1=(/1( r(56?1/,&+.(,7(1N $8) '(5(1 |8O
*(+?5,*.(,7 =85 i(6(//6&+$)7 y(57 *(/(*7
:,5'N .?11(1 920 x2567$1' 80 c11$+0(
'(5o,7*/,('6&+$)7 *(%(7(1 :(5'(1P u,( :(5O
'(1 %(, ,+5(5 |867,0081*o,7*/,(' '(5 i(O
6(//6&+$)7 81' 6,1' 921 '(5 d(,75$*639,&+7
%()5(,7P

g,1=(/0,7*/,('(5N :(/&+( $/6 (,10$/,*(1
d(,75$* 0,1'(67(16 '$6 h@1)81'=:$1=,*)$O
&+( '(6 =85=(,7 '(5 |$+/81* )@5 g,1=(/0,7O
*/,('(5 )(67*(6(7=7(1 92//(1 l$+5(6%(,75$*(6
67,)7(1N *(/7(1 $/6 h?5'(5(5 '(5 i(6(//6&+$)7P
u,( *(1,(M(1 $//( o,7*/,('65(&+7(N 6,1' -(O
'2&+ 921 :(,7(5(1 d(,75$*6=$+/81*(1 %(O
)5(,7P

# W
f,( o,7*/,('6&+$)7 (5/,6&+7 %(, )5(,:,//,*(0
c8675,77P f,(6(5 0866 '(0 r5>6,'(17(1 '(5
i(6(//6&+$)7 6&+5,)7/,&+ (5./>57 :(5'(1 81'
,67 185 =80c%/$8) (,1(6m$/(1'(5-$+5(6 =8O
/>66,*P

f,( o,7*/,('6&+$)7 (5/,6&+7 '85&+ c86O
6&+/866P g,1 o,7*/,(' .$11 921 '(5 i(6(//O
6&+$)7 $86*(6&+/266(1 :(5'(1N :(11 (6
'85&+ 6(,1 x(5+$/7(1 '$6 c16(+(1 '(5 i(O
6(//6&+$)7 6&+>',*7 2'(5 ,+5(1 k17(5(66(1 (17O
*(*(1$5%(,7(7P f(0 c86=86&+/,(M(1'(1 ,67
%()5,67(7( i(/(*(1+(,7 =85 u7(//81*1$+0(
*(*(%(1P f(5 c866&+/866 (5)2/*7 '85&+ d(O
6&+/866 '(6x2567$1'(6N'(5 921 '(5 1>&+67(1
o,7*/,('(59(56$00/81* %(67>7,*7 :(5'(1
0866P d,6 '$+,1 ,67 '(5 c866&+/866 %(',1*7
:,5.6$0P

f,( o,7*/,('6&+$)7 (5/,6&+7 '85&+ u75(,O
&+81* $86 '(1 n,67(1 '(5 i(6(//6&+$)7P f,(
u75(,&+81* .$11 '85&+ '(1 x2567$1' '(5
i(6(//6&+$)7 (5)2/*(1N :(11 '$6 o,7*/,('
=:(, l$+5( +,1'85&+ 7527= 0(+5)$&+(5o$+O
181* 6(,1(1|$+/81*69(539,&+781*(1:('(5
*(1@*7N 12&+ (,1(1 %(*5@1'(7(1 c175$* $8)
u781'81* 2'(5 j(5$%6(7=81* 6(,1(5 x(5O
39,&+781*(1 (,1*(5(,&+7 +$7P k1 %(*5@1'(7(1
h>//(1 .$11 '(5 r5>6,'(17 '(1 y,('(5(,1O
75,77 ,1 ',( i(6(//6&+$)7 *(1(+0,*(1P

o,7 c8675,77N c866&+/866 2'(5 u75(,&+81*
(5/,6&+7 -('(5 c16358&+ $86 '(5 o,7*/,('O
6&+$)7N ,16%(621'(5( -('(6 t(&+7 $8) '$6
x(50?*(1 '(5i(6(//6&+$)7N '$*(*(1 (5/,6&+7
1,&+7 ',( x(539,&+781* =85 |$+/81* 5@&.O
67>1',*(5 d(,75>*(P

kx
o,7*/,('6%(,75$*

# X
f,(o,7*/,('6%(,75>*( 6,1' %(67,007 =85d(O
675(,781* '(5 m267(1N ',( $86 '(5 v>7,*.(,7
'(5 i(6(//6&+$)7 *(0>M # U 81' $86 '(5 i(O
6&+>)7625'181* (5:$&+6(1P
f,( j?+( '(5 d(,75>*( :,5' 921 '(5 o,7O

*/,('(59(56$00/81* )(67*(6(7=7P f(5 x25O
67$1' .$11 $8) %(*5@1'(7(1 c175$* d(,75>O
*( (50>M,*(1 2'(5 6781'(1P
f(5o,7*/,('6%(,75$* ,67 ,1 92//(5j?+( %,6

=80 c%/$8) '(6 (567(1 o21$76 $1 '(1
u&+$7=0(,67(5 =8 (175,&+7(1P

x
x2567$1'N i(6&+>)76)@+581*

# Y
f(5 x2567$1' '(5 i(6(//6&+$)7 %(67(+7 $86
R '(0 r5>6,'(17(1N
R '(0 x,=(35>6,'(17(1N
R '(0 u(.5(7>5N
R '(0 u&+$7=0(,67(5 81'
R '(0 j$8376&+5,)7/(,7(5 '(5 |(,76&+5,)7P
u,( 6,1'x2567$1' ,0 u,11( 921 # TX didP

f,(i(6(//6&+$)7 :,5' '85&+ =:(,o,7*/,('(5
'(6 x2567$1'6 9(575(7(1N '$5817(5 0866 6,&+
'(5 r5>6,'(17 2'(5 '(5 x,=(35>6,'(17 %(71O
'(1P f(5 r5>6,'(17 ,67 )@5 ',( f$8(5 6(,1(5
c076=(,7 =8*/(,&+ $8&+ x(575(7(5 '(5i(6(//O
6&+$)7 %(, '(5 k17(51$7,21$/(1 i(6(//6&+$)7
)@5 r+272*5$00(75,( 81' h(51(5.81'81*P
g6 .?11(1 =:(, }07(5 ,1 (,1(5 r(5621

9(5(,1,*7 :(5'(1N 817(5 %(621'(5(1 w0O
67>1'(1 $8&+ 0(+5(5( }07(5P
p$&+ d('$5) .?11(1 d(,5>7( %(67(//7 :(5O

'(1P
f(5 r5>6,'(17 81' $8) 6(,1(1 x256&+/$*

'(5 x,=(35>6,'(17N '(5 u(.5(7>5N '(5 u&+$7=O
0(,67(5N '(5 j$8376&+5,)7/(,7(5 62:,( ',(
d(,5>7( :(5'(1 921 '(5 25'(17/,&+(1 o,7O
*/,('(59(56$00/81* *(:>+/7P y,5' :>+O
5(1' '(5 /$8)(1'(1 c076=(,7 ',( u7(//( (,1(6
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x2567$1'60,7*/,('(6 )5(,N 62 +$7 '(5 r5>6,O
'(17 2'(5 '(5 x,=(35>6,'(17 6,( %,6 =85 o,7O
*/,('(59(56$00/81* 1(8 =8 %(6(7=(1P

# Z
h@5 ',( c076=(,7 '(6 x2567$1'(6 +$7 ',(
o,7*/,('(59(56$00/81* =:(, m$66(135@)(5
62:,( (,1(1 2'(5 =:(, x(575(7(5 =8 %(67(//(1N
2+1( '(5(1 d(5,&+7 1,&+7 @%(5 ',( g17/$6O
781* '(6 x2567$1'(6 (176&+,('(1 :(5'(1
.$11P

# [
f(5 j$8376&+5,)7/(,7(5 .$11 =85 w17(567@7O
=81* 6(,1(5 c5%(,7 ,1 c%635$&+( 0,7 '(0
x2567$1' :(,7(5( u&+5,)7/(,7(5 +,1=8=,(+(1P

# SR
|85 w17(567@7=81* '(6 x2567$1'(6N ,16%(O
621'(5( =85 x25%(5(,781* 81' f85&+)@+O
581* 921 o,7*/,('(59(56$00/81*(1 81'
|86$00(1.@1)7(1 J## SY 81' SZKN .$11 '(5
r5>6,'(17 )@5 *5?M(5( ?57/,&+( d(5(,&+( q%O
0>11(5 (51(11(1P f,( q%0>11(5 .?11(1
,0 g,19(567>1'1,6 0,7 '(0 r5>6,'(17(1 -(O
:(,/6 (,1(1 u&+5,)7)@+5(5 (51(11(1 81' (5O
)25'(5/,&+(1)$//6 =85 w17(567@7=81* ,+5(5
c5%(,7 c866&+@66( $8)67(//(1P

# SS
h@5 ',( ,1 '(1 ## Y %,6 SR *(1$117(1 u7(//(1
6,1' g,1=(/0,7*/,('(5 :>+/%$5P u,( 6,1' (+O
5(1$07/,&+ 7>7,*N (5+$/7(1 -('2&+ ,+5( d$5O
$86/$*(1 $86 '(5m$66( '(5i(6(//6&+$)7 9(5O
*@7(7P i5?M(5( c86*$%(1 6,1' '(0 x25O
67$1' 925+(5 $1=8=(,*(1 81' 921 ',(6(0 =8
*(1(+0,*(1P

# ST
f(5 r5>6,'(17 %(67,007 ',(i(6&+>)76(,17(,O
/81* '(6 x2567$1'(6 1$&+ c1+?5(1 '(5 @%O
5,*(1 x2567$1'60,7*/,('(5P x(575>*(N w5O
.81'(1 81' $1'(5( 5(&+769(5%,1'/,&+(
u&+5,)767@&.( :(5'(1 920 r5>6,'(17(1 2'(5
920x,=(35>6,'(17(1 *(=(,&+1(7P n$8)(1'(1
u&+5,)7:(&+6(/N '(1 (,1 x2567$1'60,7*/,('
*(0>M '(5 i(6&+>)76(,17(,/81* =8 )@+5(1
+$7N =(,&+1(7 (5 6(/%6767>1',*0,7 6(,1(0p$O
0(1P
u,7=81*(1 '(6 x2567$1'(6 :(5'(1 920

r5>6,'(17(1 2'(5N )$//6 ',(6(5 9(5+,1'(57 ,67N
920 x,=(35>6,'(17(1 (,1%(58)(1P h@5 ',(
d(6&+/866)$6681* *(/7(1 ',( d(67,0081*(1

@%(5 ',( o,7*/,('(59(56$00/81* (17635(O
&+(1'P �%(5 ',( u,7=81*(1 '(6 x2567$1'(6
,67 (,1( p,('(56&+5,)7 $1=8)(57,*(1 81' 920
r5>6,'(17(1 81' 920 u(.5(7>5 =8 817(5O
=(,&+1(1P

# SU
f(5 r5>6,'(17 (176&+(,'(7 @%(5 ',( c86*$%(
921 f58&.6&+5,)7(1P �%(5 *581'6>7=/,&+(
h5$*(1N',( ',(c86*$%( 921f58&.6&+5,)7(1
%(75(5(1N 6,1' 1$&+ o?*/,&+.(,7 $//( x25O
67$1'60,7*/,('(5 =8 +?5(1P
�%(5 ',( c86*$%( '(5 |(,76&+5,)7 %(O

6&+/,(M7 ',( o,7*/,('(59(56$00/81*P f,(
921 '(5 i(6(//6&+$)7 +(5$86*(*(%(1( |(,7O
6&+5,)7 62:,( $1'(5( f58&.6&+5,)7(1 :(5'(1
'(1 o,7*/,('(51 .267(1/26 @%(56$1'7 81'
=:$5 $8&+ .25325$7,9(1 o,7*/,('(51 185 ,1
-( (,1(0 u7@&.P y(/&+( f58&.6&+5,)7(1 '(1
o,7*/,('(51 =8*(+(1N ',( (50>M,*7(d(,75>*(
%(=$+/(1 J=P dP u78',(5(1'(KN %(67,007 '(5
x2567$1'P h@5 ',( n,()(581* =86>7=/,&+(5
u7@&.( %(67,007 '(5 x2567$1' '(1 r5(,6 '(5
f58&.6&+5,)7(1 921 h$// =8 h$//P

xk
o,7*/,('(59(56$00/81*

# SV
f,( 25'(17/,&+( o,7*/,('(59(56$00/81* ,67
(7:$ $//( =:(, l$+5(N 63>7(67(16 12&+ ,0
n$8)( '(6 '5,77(1 l$+5(6 6(,7 '(5 /(7=7(1 25O
'(17/,&+(1 o,7*/,('(59(56$00/81* (,1=8O
%(58)(1P f,( g,1%(58)81* (5)2/*7 '85&+ '(1
r5>6,'(17(1P c8M(5'(0 .$11 '(5 x2567$1'
$8M(525'(17/,&+( o,7*/,('(59(56$00/81O
*(1 (,1%(58)(1N :(11 ,+0 ',(6 127:(1',*
(56&+(,17P c8) c175$* 921 0,1'(67(16 SBSR
'(5 o,7*/,('(5 0866 '(5 x2567$1' (,1(
$8M(525'(17/,&+( o,7*/,('(59(56$00/81*
%,11(1 $&+7 y2&+(1 (,1%(58)(1P q57 81'
|(,7 62:,( v$*(625'181* (,1(5 o,7*/,('(5O
9(56$00/81* 6,1' 6>07/,&+(1 o,7*/,('(51
63>7(67(16 '5(,y2&+(1 925+(5 '85&+ %(621O
'(5( 6&+5,)7/,&+( g,1/$'81* 0,7=87(,/(1P
f,( v$*(625'181* '(5 25'(17/,&+(1 o,7O

*/,('(59(56$00/81* +$7 0,1'(67(16 )2/*(1O
'( r81.7( =8 (17+$/7(1\
SP i(6&+>)76%(5,&+7 '(6 x2567$1'(6N
TP i(6&+>)76%(5,&+7 '(6 u&+$7=0(,67(56N
UP d(5,&+7 '(5 m$66(135@)(5N
VP g17/$6781* '(6 x2567$1'(6N
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WP y$+/ '(6 r5>6,'(17(1 81' '(5 @%5,*(1
o,7*/,('(5 '(6 x2567$1'(6N

XP y$+/ '(5 m$66(135@)(5P
c175>*(N ',( $8) (,1(5 o,7*/,('(59(5O

6$00/81* %(6352&+(1 :(5'(1 62//(1N 6,1'
'(0 r5>6,'(17(1 63>7(67(16 =:(, y2&+(1
925 '(0 x(56$00/81*67(50,1 6&+5,)7/,&+
0,7=87(,/(1P k1c861$+0()>//(1 .?11(1 9(5O
63>7(7 2'(5 :>+5(1' '(5 o,7*/,('(59(5O
6$00/81* *(67(//7( c175>*( ,0 g,19(5O
67>1'1,6 0,7 '(5 o,7*/,('(59(56$00/81*
%(5$7(1 :(5'(1P

c8M(5 '(1 *(1$117(1 r81.7(1 '(5 v$*(6O
25'181* %/(,%(1 '(5 g176&+(,'81* '(5 o,7O
*/,('(59(56$00/81* 925%(+$/7(1\

d(6&+/@66( @%(5
R j?+( '(5 d(,75>*(N
R u$7=81*6>1'(581*(1N
R y$+/ '(6 g+5(135>6,'(17(1 81' '(5 g+O
5(10,7*/,('(5N

R t,&+7/,1,(1 )@5 ',( |(,76&+5,)7 '(5 i(6(//O
6&+$)7N

R :,&+7,*( c1*(/(*(1+(,7(1N ',( '(1 d(O
67$1' '(5 i(6(//6&+$)7 %(5@+5(1P

# SW
l('( 25'181*60>M,* (,1%(58)(1( o,7*/,(O
'(59(56$00/81* ,67 %(6&+/866)>+,*P d(O
6&+/@66( :(5'(1 0,7 (,1)$&+(5 u7,00(1O
0(+5+(,7 *(O)$667N 0,7 c861$+0( 921 u$7O
=81*6>1'(581*(1 62:,( '(5 y$+/ '(6 g+O
5(135>6,'(17(181' '(5g+5(10,7*/,('(5N )@5
',( :(1,*67(16 (,1(o(+5+(,7 921 UBV '(5 $1O
:(6(1'(1 67,00%(5(&+7,*7(1o,7*/,('(5 1?O
7,* ,67P

f,( 67,00%(5(&+7,*7(1 .25325$7,9(1 81'
g,1=(/0,7*/,('(5 +$%(1 */(,&+(50$M(1 -(
(,1( u7,00(P d(, u7,00(1*/(,&++(,7 (17O
6&+(,'(7 '(5 r5>6,'(17P

# SX
f(5 r5>6,'(17 '(5 i(6(//6&+$)7 /(,7(7 ',(
o,7*/,('(59(56$00/81*P g5 .$11 :,&+7,*(
d(6&+/@66( 920 x2567$1' =8 (51(11(1'(1
c866&+@66(1 =85 x25%(5$781* @%(575$*(1
81' +$7 921 '(0 g5*(%1,6 ',(6(5 x25%(5(,O
781* '(1 o,7*/,('(51 925 2'(5 ,1 '(5 o,7O
*/,('(59(56$00/81* m(1171,6 =8 *(%(1P

y>+5(1' '(5 p(8:$+/ '(6 r5>6,'(17(1
@%(51,007 (,1 920 x2567$1' 925*(6&+/$*(O
1(6N 921 '(5 x(56$00/81* %(67>7,*7(6 o,7O
*/,(' ',( n(,781* '(5 y$+/+$1'/81*P

�%(5'(1x(5/$8) '(5o,7*/,('(59(56$00O
/81* +$7 '(5 u(.5(7>5 (,1( p,('(56&+5,)7 $1O
=8)(57,*(1N',( 921 ,+081''(0r5>6,'(17(1
=8 =(,&+1(1 ,67P i()$667( d(6&+/@66( 6,1'
:?57/,&+ ,1 ',( p,('(56&+5,)7 $8)=81(+0(1P
�%(5 '(1 x(5/$8) '(5 o,7*/,('(59(5O

6$00/81* 81' @%(5 ,+5( d(6&+/@66( ,67 '(1
o,7*/,('(51 1$&+ '(1 x256&+5,)7(1 '(6 # SU
(,1 *('58&.7(5 d(5,&+7 =8=86(1'(1P

xkk
x(5$167$/781*(1

# SY
g6 ,67 $1=8675(%(1N '$66 ->+5/,&+ (,1( y,6O
6(16&+$)7/,&+Ov(&+1,6&+( l$+5(67$*81*
'85&+*()@+57 :,5'P f$%(, 62//(1c8667(//81O
*(1 921 c5%(,7(1N k167580(17(1 86:PN $8&+
d(6,&+7,*81*(1 921 k167,787(1N h,50(1 81'
'*/P 9(5$167$/7(7 :(5'(1P o,7*/,('(59(5O
6$00/81*(1 62//(1 ,0 t$+0(1 '(5 l$+5(6O
7$*81*(1 '85&+*()@+57 :(5'(1P

# SZ
c8M(5 '(1 l$+5(67$*81*(1 6,1'|86$00(1O
.@1)7( '(5 c5%(,76.5(,6( $1=8675(%(1N 80
'(1 =:$1*/26(1 o(,181*6$867$86&+ 81'
'$6 k17(5(66( $1 '(5 r+272*5$00(75,(N '(5
h(51O(5.81'81* 62:,( $0 i(2,1)250$O
7,216:(6(1 =8 )?5'(51P
f(0 r5>6,'(17(1 '(5 i(6(//6&+$)7 ,67 921

'(5$57,*(1 x(5$167$/781*(1 62 5(&+7=(,7,*
o,77(,/81* =80$&+(1N'$66 '(5x2567$1' ',(
x(5$167$/781* '85&+ �%(5:(,681* 921 o$O
7(5,$/ 817(567@7=(1N ,+5( :(,7(5( d(.$117*$O
%( 9(5$1/$66(1 81' $1 ,+5 7(,/1(+0(1 .$11P

xkkk
c89?681* '(5 i(6(//6&+$)7

# S[
f,( c89?681* '(5 i(6(//6&+$)7 .$11 185
$8) (,1(5 25'181*6*(0>M +,(5=8 (,1%(58)(O
1(1 o,7*/,('(59(56$00/81* '85&+ d(O
6&+/866 921 0,1'(67(16 VBW '(5 921 67,00O
%(5(&+7,*7(1 o,7*/,('(51 $%*(*(%(1(1
u7,00(1 (5)2/*(1P
d(, c89?681* 2'(5 c8)+(%81* '(5 i(O

6(//6&+$)7 2'(5 %(, y(*)$// ,+5(6 %,6+(5,*(1
|:(&.(6 )>//7 ,+5 x(5(,169(50?*(1 $1 (,1(
m?53(56&+$)7 '(6 ?5(17/,&+(1 t(&+76 2'(5
$1 (,1( $1'(5( 67(8(5%(*@167,*7( m?53(5O
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6&+$)7 =85x(5:(1'81* )@5|:(&.( ,0 u,11(
',(6(5 u$7=81*P f,(6%(=@*/,&+( g176&+(,O
'81*(1 6,1' 925 '(0 k1.5$)775(7(1 '(0 =8O
67>1',*(1 h,1$1=$07 0,7=87(,/(1P

o@1&+(1N '(1 SWP u(37(0%(5 S[V[
*(=P h,167(5:$/'(5
f(5 x256,7=(1'( '(5 f(876&+(1 i(6(//O
6&+$)7 )@5 r+272*5$00(75,(

u$7=81*6>1'(581*(1 /7P r5272.2// '(5 o,7O
*/,('(59(56$00/81*(1 920

SPp29(0%(5 S[ZU ,1 o@167(5N
TYPq.72%(5 S[Z[ ,1 h5(,%85*N
S[P u(37(0%(5 S[[X ,1 q/'(1%85* 81'
TWP u(37(0%(5 TRRT ,1 p(8%5$1'(1%85*P

u$7=81*6>1'(581* /7P r5272.2// '(5 q5'(17O
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Frame image:MERRIS FR (06.11.2005 –
visualized 13-7-5) kindly provided by European
Space Agency.

Inlet figure: DryMatter Productivity DMP®
generated on basis ofMedium resolution
Satellite images by VITO © 2006.
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