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u&+5,77 '(5 u75$M(1(;75$.7,21N :,( (5 ,1 '(5
x(5,7.$7,21 c1:(1'81* 71'(7N ,67 ',(
i5833,(581* (,1=(/1(5 n,1,(1N 80 (,1(1 72O
32/2*,6&+ .255(.7(1 81' *(20(75,6&+ 237,O

0$/(1 y(* =:,6&+(1 u7$57381.7(1 $%/(,7(1
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ier6P y+(1 1(*/(&7,1* 7+( $70263+(5( ,1O
98(1&(N 7+( 7232*5$3+<O,1'8&(' ',5(5(17,$/
,//80,1$7,21 ,6 7+( 0267 ,03257$17 6&(1( 5(O
/$7(' (5(&7 ,1 r$7$*21,$1 c1'(6P k1 25'(5
720,1,0,=( ,7N $ fgo:,7+ $7 /($67 7+( 6$0(
63$7,$/ 5(62/87,21 7+$1 7+$7 2) 7+( 6&(1(N ,6
$1 $%62/87( 5(48,5(0(17 Jk77(1 (7 $/P S[[TKP
v+( &855(17 /2&$/ /,0,7$7,216 )25 &255(&7,1*
7+( *(20(75,& $1' 5$',20(75,& ,03$&7 2) 72O
32*5$3+< $5( 7+( 0$-25 5($6216 )25 7+( 6/2:
'(9(/230(17 2) $8720$7,& &/$66,7&$7,21 $3O
352$&+(6 2) 6$7(//,7( ,0$*(5<P v+( &/$66,7&$O
7,21 2) 6$7(//,7( '$7$ ,6 67,// '21( 0$18$//<N
$1' 7+(5()25(N $&&85$&< +$6 1(9(5 %((1
0($685(' Jn(1&,1$6 TRRSKP

v+,6 678'< :$6 7+( 7567 3+$6( 2) $ 352-(&7
)2&86(' 21 7+( /$1' 86( 3/$11,1* )25 7+(
:$7(56+(' 2) /$.(6 n$ r/$7$ $1' h217$1$P
h25 7+,6N ,7 :$6 (66(17,$/ 72 ,19(1725< 7+(
1$7,9( )25(676 2) n(1*$ Jp27+2)$*86 380O
,/,2KN :+,&+ ,6 7+( 0$,1 75(( 63(&,(6 ,1 7+(
5(*,21P v,0( &21675$,176 '8( 72 7+( $'O
9$1&(' 6800(5 6($621 :28/' 127 $//2: $
&$5()8//< 3/$11(' )25(67 ,19(1725<P k1 $'',O
7,21N 7+( /2: $9$,/$%/( %8'*(7 1(('(' 2) $
48,&. $1' $&&85$7( )25(67 0$33,1*N :,7+
0,1,080 &2676 2) 7(/' :25.P

v+( 2%-(&7,9( 2) 7+,6 678'< ,6 72 '(7(50,1(
(5,&,(17/< 7+( 675$780 2) n(1*$ )25(676 $7
6&$/( S \WR RRRP

Q r45$9 `2%!

v+( 678'< $5($ &255(6321'6 /$5*(/< 72 7+(
:$7(56+(' 2) /$.(6 n$ r/$7$ $1' h217$1$
,1 r529,1&( 2) e+8%87N r$7$*21,$N c5*(17,O

1$P v+,6 $5($ /,(6 %(7:((1 VV@ VVA u $1' VW@
RUA uN $1' YS@ TRA y $1' YT@ RVA yN 21 7+(
($67(51 6,'( 2) 7+( c1'(6 5$1*(P k7 675(7&+(6
WY .0 )520 ($67 72 :(67 $1' TR .0 )520
p257+ 72 u287+N &29(5,1* STWX .0T Jh,*P SKP
v+( 0$,1 75(( 63(&,(6 ,6 n(1*$ Jp27+2)$*86
380,/,2KN :+,&+ $33($56 ,1 385( 67$1'6 )520
7+( /$.(6+25(6 83 72 7+( 75(( /,1(P k1 $5($6
7+$7 $5( 6+(/7(5(' )520 7+(:,1'N n(1*$ 75((6
&$1 5($&+ 83 72 TX0 ,1 +(,*+7N :+(5($6 ,1
612:< $5($6 7+$7 685(5 )520 9(5< 67521*
:,1'6N 0$,1/< 1($5 7+( 75(( /,1(N 7+(< )250
6+58% )25(676P n(1*$ )25(676 +$9( $ &203/(;
3$77(51 2) 6758&785( 7<3(6N $1' [R@ 2) 7+(
67$1'6 +$9( 08/7,3/( &$123< /$<(56 Jn(1&,O
1$6 TRRTKP v+( 6(&21' 75(( 63(&,(6 ,1 25'(5
2) ,03257$1&( ,1 7+( $5($ ,6 p$ ,5( Jp27+2)$O
*86 $17$5&7,&$KP k7 +$6 $ 6+58%%< $33($5$1&(
$1' ,6 )281' ,1 /2:(5 $5($6 2) 6+$//2: 62,/6N
25 ,7 $33($56 %()25( 27+(5 63(&,(6 ,1 7+( (&2O
/2*,&$/ 68&&(66,21 $)7(5 75(6P
v+( 5(/,() ,6 02817$,1286 $1' 58**('N

:,7+ 9(5< 67((3 6/23(6P v+( 0$,1 5,'*(6 2)
7+( c1'(6N :,7+ 7+( +,*+(67 6800,76 ,1 7+(
$5($N 581 $/21* 7+( :(67 6,'( 2) 7+( 678'<
$5($N 29(5 o2817 f('2 JTRTR0KN 1257+ 2)
/$.( n$ r/$7$ $1'o2817 e$7('5$/ JTRXT0K
72 7+( 6287+P v+( /$.(6I /(9(/ /,(6 $7 $3352O
;,0$7(/< [RR0 $P6P/P v+( $5($ ,6 $/0267 ,1O
$&&(66,%/(P v+(5( $5( 7:2 0$,1 52$'6 581O
1,1* $/21* 7+( 1257+ $1' 6287+ %$1.6 2) /$.(
h217$1$N 83 72 t,9(5 NNw1,2E 1DDN :+,&+ /,1.6
%27+ /$.(6P v+(5( $5( $/62 $ )(: )25(67 52$'6
86(' )25 6.,'',1*N :+,&+ $5( 0267/< ,1 3225
0$,17(1$1&( &21',7,21 $1' 21/< $ )(: 2)
7+(0 $5( 3$66$%/( :,7+ &5266O&28175< 9(O
+,&/(6P
r5(&,3,7$7,21 ,1 7+( 678'< $5($ )$//60267/<

$6 612: $1' 9$5,(6 6,*1,7&$17/<N )520 $%287
TWRR00 <52S ,1 7+( :(67(51 3$57 2) 7+( $5($
72 WRR00 <52S 29(5 7+( ($67(51 3$57P

R l!4%2)!,3 !.$ l%4(/$3

RMP r!4%,,)4% 3%.3/2 !.$ !.#),,!29 $!4!

v+( ',*,7$/ '$7$ 86(' ,1 7+,6 678'< :(5( $&O
48,5(' 21 l$18$5< SN S[[[ %< urqv VP c1
,0$*( ,1 08/7,63(&75$/ z, 02'( $1' $1 ,0O
$*( ,1 0212&+520$7,& r 02'( :(5( 385O
&+$6('P d27+ 2) 7+(0 +$' %((1 35(352&(66('
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Nothofagus forests

Mount Catedral
2062 m a.s.l.

e)'M PY `. %.(!.#%$ rons S 3#%.% Ga!.$3 RKSKQH /& 4(% 345$9 !2%!M

72 7+( Sd /(9(/ $1' &217$,1(' $ 0,1,080
$02817 2) &/28' &29(5P v+( *(20(75,& $1'
5$',20(75,& 48$/,7< 2) 7+( ,0$*(6 :(5( (;O
&(//(17P u<67(0 &255(&7,216 ',' 127 &$86( '8O
3/,&$7( /,1(6P p2 5$',20(75,& (55256 '8( 72
3266,%/( )$,/85(6 2) 7+( 6(1625 6<67(0 :(5(
)281'P u800(5 ,0$*(6 :(5( 5(48,5(' ,1 25O
'(5 72 237,0,=( 7+( 63(&75$/ &2175$67 %(O
7:((1 9(*(7$7,21 $1' 27+(5 685)$&(6 68&+ $6
%$5( 62,/6 $1' :$7(5N $1' 72 0,1,0,=( 7+(
7232*5$3+,& ,198(1&( 21 7+( ,//80,1$7,21P
c6 $ /$5*( 3$57 2) 7+( 9(*(7$7,21 ,1 7+(

1257+(51 6+25( 2) n$.( h217$1$ :$6 5$=('
%< $ 75( ,1 h(%58$5< S[[[N $ n$1'6$7 vo
,0$*( )520 o$5&+ S[[[ :$6 385&+$6(' %<
eqpcg Je20,6,2E 1 p$&,21$/ '( c&7,9O
,'$'(6 g63$&,$/(6N c5*(17,1$KN ,1 25'(5 72
,'(17,)< $1' 0$3 7+( %8517 $5($P
c fgo )520 7+( 678'< $5($ :$6 *(1(5$O

7('N %$6(' 21 7+( ',*,7,=(' 7232*5$3+,&
0$36 $7 6&$/( S \ SRR RRRP v+( 02'(/ :$6
7+(1 &219(57(' 72 5$67(5 $1' 5(6$03/(' 72
TR0N ,P(P 7+( 6$0( $6 7+( urqv '$7$ 5(62/O
87,21P j2:(9(5N 7+( 758( 63$7,$/ 5(62/87,21

2) 7+( *(1(5$7(' fgo ,6 TWR0 Ju,(%(57
TRRSKP

RMQ g!2$7!2% !.$ r/&47!2%

ier6 :(5( &2//(&7(' 86,1* v5,0%/( i(2g;O
3/25(5 kk 3257$%/( 5(&(,9(56P v+(6( '$7$ :(5(
68%-(&7(' 72 ',5(5(17,$/ &255(&7,21 %<0($16
2) v5,0%/( r$7+71'(5 62)7:$5(N 9(56,21
TPSSP v+( 352&(66,1* 2) 7+( 5(027(/< 6(16('
'$7$ $1' 7+( fgo:$6 &$55,(' 287 21 $ u,/,O
&21 i5$3+,&6 qT tWRRR :25. 67$7,21N 86,1*
gtfcu k0$*,1( ZPU 62)7:$5( $7 ekghcr
Jr$7$*21,$1 c1'(6 h25(67 t(6($5&+ $1'
g;7(16,21e(175(KP v+(fgo:$6 *(1(5$7('
:,7+ c5&k1)2 YPT Jw1,;K $7 7+( f(3$570(17
2) d,20(75< $7 7+( i(25*Oc8*867Ow1,9(5O
6,7< 2) i?77,1*(1N i(50$1<P

RMR f%/-%42)# #/22%#4)/.3

v+( ier6 7+$7 &$1 %( (;75$&7(' )520 7+(
(;,67(17 7232*5$3+,& 0$36 $7 6&$/(
S \SRR RRR 6+28/' %( &216,'(5(' $6 3225/<
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$&&85$7( J7+( $&&85$&< )25 %27+ z $1' {
&225',1$7(6 ,6 $%287 SRR 72 SWR0KP d(&$86(
32,17 $&&85$&< +$' 72 %( $7 /($67 SR0Nier6
:(5( $&48,5(' $1' &255(&7(' ',5(5(17,$//<
Juc',67257,21 67,// (;,67(' %< 7+( 7,0(KPi(2O
0(75< 2) 6$7(//,7(6 $1' 2%6758&7,216 72 6$7O
(//,7( 6,*1$/6 +$' %((1 7$.(1 ,172 $&&2817
62 $6 72 0$.( 7+( &21',7,216 2) $&48,6,7,21
2) $6 +,*+ 48$/,7< $6 3266,%/( Jc8*867 (7
$/P S[[VKP f$7$ :(5( &2//(&7(' :,7+ $ rfqr
J326,7,21$/ ',/87,21 2) 35(&,6,21K 0$6. 2)
6,;N $ 6,*1$/O72O12,6( 5$7,2 7+5(6+2/' 2) 79(N
$1' $1 (/(9$7,21 0$6. 2) SW '(*5((6P f$7$
86(' $6 5()(5(1&( ,1 7+( ',5(5(17,$/ &255(&O
7,21 :(5( 2%7$,1(' )520 $ 3257$%/( 5(&(,9(5N
35(9,286/< 6(7 $6 $ %$6( 67$7,21N 3/$&(' $7 $
7567O25'(5 p$7,21$/ i(2'(7,& u859(< &21O
752/ 32,17P y+,/( 7+( %$6( 67$7,21 :$6 23O
(5$7,1*N WRR 6(48(17,$/ 7;(6 J&217,18286/<
/2**(' $7 $ 5$7( 2) $3352;,0$7(/< 21( 3(5
6(&21'K :(5( &2//(&7(' %< 7+( 529(5 $7 ($&+
/2&$7,21 2) ,17(5(67P f,5(5(17,$/ &255(&7,21
:$6 &20387(' ,1 7+( /$%25$725<P

k1 25'(5 72 2%7$,1 $&&85$7( ier6N 6,7(6
0867 %( &+26(1 &$5()8//< 21 7+( ,0$*( $1'
7+(1 0($685(' 21 7+( *5281' Je/$9(7 (7 $/P
S[[UKP v+( z, ,0$*( :$6 )281' 72 %( 025(
68,7$%/( )25 7+,6 385326( 7+$1 7+( r ,0$*(N
%(&$86( 2) 7+( +,*+ &2175$67 $021* /$1'N
9(*(7$7,21 $1' :$7(5 )($785(6P k1 7+( 678'<
$5($ 7+(5( :(5( 21/< $ )(: ,'(17,7$%/( /2&$O
7,216 &5($7(' %< +80$1 ,17(59(17,21 J(P*P ,1O
7(56(&7,216 2) 52$'6N %5,'*(6K 7+$7 &28/' %(
&+26(1 $6 ier6P j2:(9(5N 7+(5( :(5( 620(
1$785$/ )($785(6 7+$7 &28/' %( &/($5/< ,'(17,O
7(' 21 7+( ,0$*(N 68&+ $6 ,17(56(&7,216 2)
60$// 675($06N ('*(6 2) :$7(5 %2',(6N ,6O
/$1'6N 5,9(5 287/(76 $1' 60$// 75(( 3$7&+(6P
h25 7+( 7(/' :25.N 6(9(5$/ &2/285 35,176
:(5( 0$'( )520 7+( urqv z, ,0$*( :,7+
,'(17,7$%/( 3,;(/6P v+( 7(/' :25.(56 1(('('
72 0$.( 86( 2) $//O52$' 9(+,&/(6N 75(..,1*
$1' %2$76 72 5($&+ 7+( 6(/(&7(' 32,176P

UW ier6 $1' &+(&. 32,176N ',675,%87(' $6
81,)250/< $6 3266,%/(N :(5( 6859(<(' ,1 7+(
$5($ %(7:((1 7+( /$.(I6 6+25( /(9(/ $1'
SSWR0 $P6P/P f8( 72 7+( ',5,&8/7< 2) $&&(66
$1' 7+( +,*+ &2676 ,03/,('N 12 32,176 :(5(
7$.(1 $7 7+( +,*+(67 $/7,78'(P

v+( urqv z, ,0$*( :$6 5(&7,7(' %<
0($16 2) $ 6(&21'O25'(5 $5,1( 75$16)250O

$7,21 0(7+2'N 86,1* TX *5281' &21752/
32,176P h25 7+( 5(6$03/,1*N $ 1($5(67 1(,*+O
%285 ,17(532/$7,21:$6 $33/,('P v+( r ,0$*(
:$6 5(*,67(5(' 72 7+( z, ,0$*( 86,1* UR
ier6P c 68%6(7 )520 7+( n$1'6$7 vo ,0O
$*( :$6 $/62 5(*,67(5(' 72 7+( urqv z, ,0O
$*( 72 0$3 7+( %8517 $5($P

RMS q!$)/-%42)# #/22%#4)/.3

u,1&( 5(/,$%/( '$7$ &21&(51,1* 9,6,%,/,7< $1'
5(/$7,9( +80,',7< 72 &255(&7 7+( $70263+(5,&
(5(&76 :(5( 127 $9$,/$%/(N $ +$=( 5(029$/
7(&+1,48( 21 7+( '$5. 9$/8( 35,1&,3/(6
Je+$9(= S[YWK :$6 $33/,('P f,*,7$/ 180%O
(56 :(5( 7+(1 &219(57(' 72 5(9(&7$1&(
9$/8(6P v2 &203(16$7( 7+( 7232*5$3+,& ,1O
98(1&( 21 7+( ,//80,1$7,21N $ 5$',20(75,&
fgoO%$6(' $3352$&+ :28/' +$9( %((1
1(&(66$5< Jv(,//(7 (7 $/P S[ZTKP c6 7+( *(O
1(5$7(' fgo +$' /2: 63$7,$/ 5(62/87,21N $
fgoO%$6(' $3352$&+ :$6 127 86('P k1O
67($'N $ 9(*(7$7,21 ,1'(; Jz,UOz,VK :$6 352O
'8&(' :,7+,1 7+( &/$66,7&$7,21 6&+(0(N 72
0,1,0,=( )25 7232*5$3+,& (5(&76P

RMT l!3+).'

e/28'6\ e/28'6 $1' 7+(,5 6+$'2:6 ,1 7+(
urqv z, ,0$*( :(5( 0$6.(' 287 %< 9,68$/
,17(535(7$7,21P
y$7(5\ v+( :$7(5 %281'$5,(6 ',*,7,=('

)520 7+( 7232*5$3+,& 0$36 ',' 127 &255(6O
321' (;$&7/< 72 7+( $&78$/ &21',7,216N '8(
72 7+( 60$// 6&$/( 2) 7+( 0$36 $1' 7+( 1$78O
5$/ 7,0(/< 9$5,$7,21 2) 7+( /$.(6 6+25(P
p(9(57+(/(66N ,1 25'(5 72 ,03529( 7+( 9,68$/
,17(535(7$7,21N $ :$7(5 0$6. +$' 72 %( *(O
1(5$7('P h,567N 7+( rec 0(7+2' :$6 86('
720(5*( 7+( ,1)250$7,21 &217(176 2) z, $1'
r '$7$P v+,6 0(7+2' 0$,17$,16 7+( 25,*,1$/
63(&75$/ ,1)250$7,21 Jy(/&+ H g+/(56
S[ZYK 25 352'8&(6 21/< 6/,*+7 ',67257,216
Je+$9(= (7 $/P S[[SKP v+( :$7(5 0$6. :$6
7+(1 '(5,9(' %< 0($16 2) $ 3,;(/O%<O3,;(/
9,68$/ ,17(535(7$7,21 2) 7+( SR0 0(5*('
'$7$P v+( 1(: *(1(5$7(' 32/<*216 5(35(6(1O
7,1* :$7(5 %2',(6 :(5( &203$5(' 72 7+(
32/<*216 (;75$&7(' )520 7+( ',*,7,=('
7232*5$7& 0$36P
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e/2%34 490% w)P w)Q w)R w)S
l%!. r4 $%6 l%!. r4 $%6 l%!. r4 $%6 l%!. r4 $%6

k%.'! &/2%34 P OKQ PKQ OKR QPKV RKR WKT PKQ
k%.'! 3(25"3 PKP OKR PKU OKR QTKR RKP POKP OKX
m)2% QKP OKT QKX OKU PT PKR PQKP OKX

re
fle
ct
an
c e

lenga shrubs nire

Xi2-Xi1 Lenga Forest = 0,2
Xi3-Xi4 Lenga Forest = 13,2

Xi2-Xi1 Lenga shrubs = 0,5
Xi3-Xi4 Lenga shrubs = 15,2

Xi2-Xi1 Ñire = 0,5
Xi3-Xi4 Ñire = 2,9
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0.5-0.59 0.61-0.68 0.79-0.89 1.58-1.75
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Bandwidth (μμm) - SPOT Bands

lenga forest

e)'M QYb/-0!2)3/./& 4(% 2%&,%#4!.#% /& k%.'!K k%.'! 3(25"3 !.$m$ )2% &/2 !,, rons"!.$3M d22/2L"!23
3(/7 4(% 342%.'4( /& /6%2,!0M r4!.$!2$ $%6)!4)/. /& 4(% 2%&,%#4!.#% 6!,5%3K !3 7%,, !3 $)&&%2%.#%3
"%47%%. "!.$3 &/2 4(% &/2%34 490%3 !2% 3(/7. ). 3%0!2!4% "/8%3M

x(*(7$7,21\ v2 0$6. 287 7+( 121O9(*(7$O
7,21 &/$66N 7+( v5$16)250(' x(*(7$7,21 k1O
'(; JvxkK Jf((5,1* (7 $/P S[YWK %$6(' 21
7+( z, '$7$ %$1'6 :$6 $33/,('P

RMU r0%#42!, 02/&),%3 !.!,93)3 !.$
42!).).' !2%! 3%,%#4)/.

k1 25'(5 72 $1$/<6( 7+( 5(9(&7$1&( 2) 7+( 9(*O
(7$7,21 &/$66(6 2) ,17(5(67N 7+(,5 5(63(&7,9(
63(&75$/ 3527/(6 :(5( (;75$&7('P v+( 9(*(7$O
7,21 &/$66(6 :(5(\ n(1*$ )25(676N p$ ,5( )25(676
$1' n(1*$ 6+58%6P v+( /$77(5 *5283 5()(56
72 n(1*$ )25(676 :,7+ $ 6+58%%< $33($5$1&(N
:+,&+ ,6 )281' $7 +,*+ $/7,78'(6 J,P(P $%29(
SSWR0$P6P/PKP v2 '(7(50,1( 7+( 63(&75$/ 352O
7/(6 %$6(' 21 63(&75$/ urqv6 %$1'6 2) 7+(6(
9(*(7$7,21 &/$66(6N 7+,57< 32,17 6$03/(6 )25
($&+ &/$66 :(5( 7$.(1 5$1'20/<P v+(1N 7+(
0($1 2) ($&+ 7+,57<O6$03/( *5283 2) 5(9(&7O
$1&( 9$/8(6 :$6 (;75$&7('N )25 $// 63(&75$/
%$1'6P h,1$//<N 7+( $%62/87( ',5(5(1&(
$021* 7+( 5(9(&7$1&( 9$/8(6 )25 %$1'6 z,U

$1' z,V :$6 &$/&8/$7(' )25 $// &/$66(6P h,*P T
'(3,&76 7+( 63(&75$/ 3527/(6 )25 ($&+ &/$66N
0($1 9$/8( $1' 67$1'$5' '(9,$7,21N $1' 7+(
$%62/87( ',5(5(1&(6 $021* 7+( 9$/8(6 )25 $//
%$1'6P
v+( 75$,1,1* $5($6 )25 ($&+ 9(*(7$7,21

&/$66 :(5( 6(/(&7(' 21 7+( %$6,6 2) 35,25 685O
9(<6 $1' .12:/('*( 2) 7+( 678'< $5($P h,9(
75$,1,1* $5($6 :(5( 6(/(&7(' )25 *5$66/$1'6N
79( 75$,1,1* $5($6 )25 p$ ,5( )25(676N $1' (,*+7
)25 n(1*$ )25(676P g$&+ 75$,1,1* $5($ :$6
5(35(6(17(' %< $ V4V 3,;(/ 0$75,;P v+( 67$O
7,67,& &217(176 2) 7+( 6,*1$785( 7/( $,'(' 72
7+( '(7(50,1$7,21 2) 7+(,5 6(3$5$%,/,7< ,1 7+(
08/7,O',0(16,21$/ $775,%87( 63$&(P

RMV b,!33)&)#!4)/. 02/#%33 !.$ '2/5.$
$!4!

c &20%,1$7,21 2) $ 683(59,6(' &/$66,7&$7,21
87,/,=,1* 7+( 0$;,080 /,.(/,+22' $/*25,7+0
$1' $ %,1$5< +,(5$5&+,&$/ 352&('85( :$6
86(' ,1 7+,6 678'< J6(( h,*P UKP
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Grassland

maximum likelihood classifier

No

Lenga shrubs (Water and soil
protection lenga forest)

Forest areas

altitude
> 1150 m
a. s. l.

Xi3-Xi4 > 5,7

YesNo

Lenga forest

Lenga and Ñire forest

vegetation cover

SPOT Xi
masking out clouds, water,
non vegetation

Yes
Ñire forest

e)'M RY `. /6%26)%7 /& 4(% #,!33)&)#!4)/. 02/#%33M

v+( 9(*(7$7,21 &29(5 &/$66 :$6 7+( 5(68/7
2) 08/7,3/<,1* 7+( urqv z, '$7$ %< 7+(
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