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La délimitation et le suivi de l’évolution de la végétation aux moyens d’images satéllitales au

niveau des zones de reproduction potentielles du Criquet pèlerin Schistocerca gregaria Forsk.

1775 dans le sud algérien par la réalisation d'un système d'information géographique, intégrant

toutes les composantes statiques d'un paysage désertique a permis de cartographier le paysage

des biotopes de reproduction du Criquet pèlerin, l'intégration des relevés de la végétation

et la comparaison des données du terrain à d'autres données fournies par les images SPOT

VEGETATION et ALSAT1.Les biotopes où les fréquences des signalisations ont été les plus

élevées, se situent respectivement du Sud au Nord dans le Tamesna algéro-nigero-malien, sud-

ouest du Hoggar, Tassili N’Najer, au nord-est du plateau de Tadmait et les périmètres de mise

en valeur. La télédétection de la végétation par l’utilisation des images satellitale a montré, que

l'Indice de Végétation Différence Normalisée (NDVI) est une méthode efficace pour l'estimation

des caractéristiques de la croissance de la végétation. Le régime alimentaire des populations

acridiennes solitaires prélevées dans deux stations d’étude de la région de Tamanrasset, n’est pas

très varié.

Mots clé : Criquet pèlerin, Spot, Alsat, NDVI
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The delimitation and the fellow up of vegetation evolution by means of satellite images in potential

reproduction zones of desert locust S. gregaria Forsk 1775, in South Algeria and realization

of geographic information system, integrating all static constituents of deserted landscape, have

allowed to cartography the landscape of reproduction biotope of desert locust, to integrate a lists

of vegetation and to compare data field with others supplied from SPOT and ALSAT1 images.

The biotopes where the signalization frequencies were higher are situated respectively from south

to north, in algero-nigero-malien Tamesna, south west oh Hoggar, Tassili N’Najer, in north of

Tadmait tableland and in the exploited perimeters. The remonte sensing of vegetation by means

of satellite has showed that the Normalized Difference Vegetation Index (NDVI) is an efficient

method to estimate the growth vegetation feautures. The food of solitary desert locust populations

taken in two different sitting situated in Tamanrasset region, is almost the same for both of theme.

Keys words: Desert locust, Spot, Alsat1, NDVI
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j =%3"6$%'6$%3"2T!T41',+T3"3$4"'%"54,6$%+"-J'%4,!"I"C1"*,)"T5)')2,%^"3%3"1,4%3"&(,!#13,)!
%+"&%"24T214,31+,)!l

j =%3"f)!%3"&%"H1$+%"U4T6$%!5%"&%3"3,2!1',31+,)!3"I

m L14+)241-H,%"&%$V"f)!%3"&%"24T214,31+,)!"-14"'1"4T1',31+,)!"&($!
3a3+J/%"&n,!U)4/1+,)!"2T)241-H,6$%"&%3"f)!%3"31H14,%!!%3o

m FT',/,+1+,)!"&%3"f)!%3"&%3"3,2!1',31+,)!3"-14"'1"4%-4T3%!+1+,)!"&%3
U4T6$%!5%3"&%3"3,2!1',31+,)!3"154,&,%!!%3"3$4"[\"1!!T%3"&%"-4)3-%5+,)!o

j =1"+T'T&T+%5+,)!"%+"1!1'a3%"&%"'1"5)$#%4+$4%"#T2T+1'%"I

m E13%3"-Ha3,6$%3"&%"'1"+T'T&T+%5+,)!

m C$,#,"&%"'(T#)'$+,)!"31,3)!!,J4%"&%"'1"5)$#%4+$4%"#T2T+1'%

m  #)'$+,)!"&%"'(,!&,5%"&%"'1"#T2T+1+,)!"&%"'1"&,UUT4%!5%"!)4/1',3T%

j =(,!+T4d+"&%"'1"#T2T+1+,)!"&T+%5+T%"-)$4"'%"54,6$%+"-J'%4,!"I

m  +$&%"&$"4T2,/%"1',/%!+1,4%"&1!3"&%$V"3+1+,)!3

m  +1+"-H131,4%"&%3",!&,#,&$3"-4T'%#T3"&%3"&%$V"3+1+,)!3"/)a%!!1!+"&%3
/%3$4%3"/)4-H)/T+4,6$%3D

j L)!5'$3,)!"2T!T41'%



F9:;<%2;%D;MD92=J759:%M97;:75;44;<%2=%0D5O=;7%MH4;D5:%"JE5<79J;DJ8%@D;@8D58%_9D<a84C%PZZU%28:<%4;

<=2%84@3D5;:

[P

0E8M57D;% %N%,=;4O=;<%29::3;<%<=D%4;

JD5O=;7%MH4;D5:

P.P%N%Q5949@5;%;7%3J949@5;

=%"54,6$%+"-J'%4,!"%UU%5+$%"'%3"-)!+%3"2T!T41'%/%!+"1$"!,#%1$"&%3"-'16$%3"&%"3)'"31*'%$V
&T!$&T%3" _U,2$4%"\`^"1$"3%,!")$" '%" ')!2"&%3"*)4&3"&%"f)!%3"&%"#T2T+1+,)!" 4%-4T3%!+1!+
&%3"3,+%3"+a-,6$%3"&%"-)!+%D"?')43"6$($!%"3$4U15%"*,%!"%!3)'%,''T%"&$"3)'"%3+"2T!T41'%/%!+
-4TUT4T%^" '1" -)!+%" !%" 3%" -4)&$,41" -13^" b" /),!3" 6($!" 3)'" H$/,&%" !%" 3),+" 1++%,!+" -14
'()#,-)3,+%$4̂ " '1"-4)U)!&%$4"/1V,/1'%"&1!3"'%"3)'"31*'%$V"T+1!+"&%"[M"b"[Q"5/D"8'$3,%$43
+%!+1+,#%3"3$55%33,#%3"&()#,-)3,+,)!"-%$#%!+"d+4%"U1,+%3^"&$41!+"'%36$%''%3")!"5)!3+1+%"$!%
4%/146$1*'%"51-15,+T"b"')51',3%4"'%3"5)!&,+,)!3"&(H$/,&,+T"'%3"-'$3"1--4)-4,T%3D"L%-%!&1!+^
3,"'%3"5)!&,+,)!3"1&T6$1+%3"!%"3)!+"-13"&T5)$#%4+%3"1$"*)$+"&%"+4),3"G)$43^"'%3"p$U3"3)!+
1*1!&)!!T3"b"'1"3$4U15%"&$"3)'")$"&%"'1"#T2T+1+,)!"%+"3%"&%33J5H%!+"_8)-)#^[ZQY`D"=%3
p$U3"3)!+"4%'1+,#%/%!+"/1'"-4)+T2T3"%+"'1"-)!+%"6$,"3(%!3$,+"&),+"-)$#),4"1*3)4*%4"3)!"-4)-4%
-),&3"&(%1$"%!"-4)#%!1!5%"&$"3)'"-)$4"5)/-'T+%4"3)!"&T#%')--%/%!+"_CH$')#^"[ZQP"5,+T
-14"8)-)#^"[ZZX`D

F%" /d/%^" b" -14+,4" &%" '(T5')3,)!^" '%3" '14#%3" &),#%!+" 1#),4" 155J3" b" '1" #T2T+1+,)!
U41e5H%^"#%4+%^"&)!+"%''%3"5)!3)//%!+"1--4)V,/1+,#%/%!+" '1"#1'%$4"&%" '%$4"-4)-4%"-),&3^
6$)+,&,%!!%/%!+^"1$"5)$43"&%"'%$4"&T#%')--%/%!+"_F1#%a^"[ZQN"5,+T"-14"8)-)#^[ZZX`D

?,!3,^" '1" 4%-4)&$5+,)!"5H%f" '%"54,6$%+"-J'%4,!"%3+" ,!+,/%/%!+" ',T%"b" '(1--14,+,)!"&%" '1
-'$,%D"F1!3"$!%"'142%"/%3$4%^"'1"-Ha3,)')2,%"&%"'(1&$'+%"%+"'%"5)/-)4+%/%!+"&%"'1"U%/%''%
1$"/)/%!+"&%"'1"-)!+%"U)$4!,33%!+"&%3"214&%<U)$3D"=1"/1+$41+,)!"3%V$%''%"T+1,+"T+4),+%/%!+
&T-%!&1!+%"&%3"-4T5,-,+1+,)!3"_012)4̂ "[ZWP`^"'1"U%/%''%"&$"54,6$%+"!%"&T-)3%"3%3"p$U3"6$%
'b")h"'%3"5)!&,+,)!3"&(H$/,&,+T"&$"3)'"3)!+"1&T6$1+%3D

?"1$5$!"3+1&%"&%"3)!"&T#%')--%/%!+" '%"54,6$%+"-J'%4,!"!(1"&%"&,1-1$3%")*',21+),4%^
/1,3" ,'" %3+" 51-1*'%" &($!%" 3$3-%!3,)!" U15$'+1+,#%" &%"/1+$41+,)!" 3(,'" 3%" +4)$#%" &1!3" &%3
5)!&,+,)!3"&(%!#,4)!!%/%!+"&TU1#)41*'%3"+%''%3"6$($!%"+%/-T41+$4%"*133%")$"$!"U1,*'%"+1$V
&(H$/,&,+TD"L%++%"U15$'+T"5)!+4,*$%"'142%/%!+"b"31"3$4#,%"&1!3"&%3"5)!&,+,)!3"&T3%4+,6$%3^
&(1$+1!+"6$%"'(%3-J5%"%3+"-14+,5$',J4%/%!+"%V,2%1!+%"%!"/1+,J4%"&(H$/,&,+TD



0E8M57D;% %N%,=;4O=;<%29::3;<%<=D%4;%JD5O=;7%MH4;D5:

[\

5,4)'#%<=?+6+L@";(+G$';',$78(+58+")$78(&+9:;()$<+ E8)*<&'<+(&+M("'7B+0CCJ3

=%3" +%441,!3"&%" 4%-4)&$5+,)!"&$"54,6$%+"-J'%4,!"%!"-T4,)&%"&%" U)4+%"15+,#,+T"5)$#4%!+
$!" +4J3" #13+%" T#%!+1,'" &(H1*,+1+3" %+" ,'" !(%3+" -13" 3$4-4%!1!+" 6$%" &%3" -)!+%3" 1,%!+" T+T
3,2!1'T%3" &1!3" &%" !)/*4%$V" +a-%3" &(H1*,+1+3D" L%-%!&1!+^" b" '(,!+T4,%$4" &$" 3-%5+4%" &%3
H1*,+1+3"&,3-)!,*'%3^"'%3"%331,/3^"1$"/)/%!+"&%"'1"-)!+%^"/)!+4%!+"$!%"-4TUT4%!5%"-)$4
5%4+1,!3"3,+%3"%+"5%"U1,+"%3+"/d/%"-'$3"/146$T"5H%f"'%3"54,6$%+3"3)',+1,4%3D

P.R%N%&5D;<%2?5:>8<59:%;7%2;%D365<<59:

=(1,4%" &(,!#13,)!" &$" 54,6$%+" -J'%4,!" 5)$#4%" $!" +%44,+),4%" &%" PY" /,'',)!3" &%" i/q" _012)4̂
[ZZ\`^"-%$-'T"-14"-'$3"&%"["/,'',14&"&(H1*,+1!+3"%+"+)$5H%"3),V1!+%"5,!6"-1a3"&(?U4,6$%^"&$
0)a%!"74,%!+"%+"&(?3,%"&$"3$&<)$%3+"_U,2$4%"N`D" ''%"%3+"&,#,3T%"%!"+4),3"241!&%3"4T2,)!3"I
)55,&%!+1'%^"5%!+41'%"%+")4,%!+1'%D"=(1,4%"&%"4T/,33,)!^"*%1$5)$-"/),!3"T+%!&$%^"5)$#4%"[W
/,'',)!3"&%"i/q"%!#,4)!"%+",!+T4%33%"3$4+)$+"'%3"f)!%3"&T3%4+,6$%3D



F9:;<%2;%D;MD92=J759:%M97;:75;44;<%2=%0D5O=;7%MH4;D5:%"JE5<79J;DJ8%@D;@8D58%_9D<a84C%PZZU%28:<%4;

<=2%84@3D5;:

[N

5,4)'#%<=%@%A%N'<(%+5(+)(9)'58"&$'<+(&+;(%;$A$&(%+5(%

*$)(%+5O$<P*%$'<+(&+5(+)?A$%%$'<+58+L)$78(&+9:;()$<+ -4QB+0CCR3

P.S%N%&5D;<%2;%@D3@8D5<8759:

=%3"4%5H%45H%3"%+"'%3")*3%4#1+,)!3"&%"+%441,!"4T1',3T%3"3$4"-'$3,%$43"&T5%!!,%3^"/)!+4%!+
6$%"'%3"4%54$&%35%!5%3"%+"'%3",!#13,)!3"&$"L4,6$%+"-J'%4,!"5)//%!5%!+"&1!3"&%3"f)!%3
4%'1+,#%/%!+"4T&$,+%3^"'%3"1,4%3"24T214,2J!%3^"&)!+"'1"&T',/,+1+,)!"1"T+T"-%$"b"-%$"-4T5,3T%D
LH15$!%" &%3" +4),3" 4T2,)!3" &%" '(1,4%" &(H1*,+1+" &%" 5%+" ,!3%5+%" m" )55,&%!+1'%^" 5%!+41'%" %+
)4,%!+1'%"<"4%!U%4/%"$!%")$"-'$3,%$43"1,4%3"24T214,2J!%3D

 !"4T2,)!")55,&%!+1'%^"&%$V"1,4%3"24T214,2J!%3"&,3+,!5+%3")!+"T+T",&%!+,U,T%3"I"'%3"f)!%3
U4)!+1',J4%3"1'2T4)<!,2T4)</1',%!!%3"^"'%"5%!+4%^"'%"3$&<%3+"/1$4,+1!,%!3D"=%3"1$+4%3"1,4%3
24T214,2J!%3"3)!+"')51',3T%3"%!"4T2,)!"5%!+41'%"_4T2,)!"31!3"&)$+%"'1"-'$3",/-)4+1!+%"6$1!+
1$"&T5'%!5H%/%!+"&%3",!#13,)!3`"1$"!,#%1$"&%3"f)!%3"5.+,J4%3"&%"'1"0%4"B)$2%"%+"&$"2)'U%
&(?&%!"%+"%!"4T2,)!")4,%!+1'%"1$"!,#%1$"&%3"f)!%3"U4)!+1',J4%3",!&)<-1i,3+1!1,3%3"_U,2$4%"N`D

P.T%N%LD9J;<<=<%2;%@D3@8D5<8759:

=%" U15+%$4" 5'T" &%" '1" -4)',UT41+,)!" &$" L4,6$%+" -J'%4,!" %3+" '1" -'$#,)/T+4,%" 1$" !,#%1$" &%3
1,4%3"24T214,2J!%3D"=1"4%-4)&$5+,)!"3(1/)45%"2T!T41'%/%!+"1#%5"'%3"-'$,%3"2T!T41!+"$!%
5)$#%4+$4%"#T2T+1'%"U1#)41*'%"1$"&T#%')--%/%!+"&%3"'14#%3D"?#%5"'%"&%33J5H%/%!+"&%"'1
#T2T+1+,)!^"'%3"54,6$%+3"6$,++%!+"'1"f)!%")h",'3"3)!+"!T3D":'3"3%"&T-'15%!+"1#%5"'%3"#%!+3"b"'1
4%5H%45H%"&%"/,',%$V"-'$3"-4)-,5%3^"1''1!+"&($!%"f)!%"&%"4%-4)&$5+,)!"b"$!%"1$+4%^"-14U),3
U)4+"T'),2!T%D

=%3" &,3+1!5%3" 6$%" '%3" %331,/3" _U,2$4%" Q`" -145)$4%!+" 3)!+" &%" 6$%'6$%3" 5%!+1,!%3" b
-'$3,%$43"/,'',%43"&%"i,')/J+4%3D



0E8M57D;% %N%,=;4O=;<%29::3;<%<=D%4;%JD5O=;7%MH4;D5:

[Q

5,4)'#%<=:+6+S%%*$A+(<+P';+58+")$78(&+9:;()$<

L%++%"241!&%"51-15,+T"&%"/,241+,)!"-%4/%+"1$"L4,6$%+"-J'%4,!^"&1!3"31"-H13%"3)',+1,4%^
&n%V-'),+%4" 1$" /,%$V" '%3" U1,*'%3" -'$,%3" %441+,6$%3" &%3" f)!%3" &T3%4+,6$%3" &%" 'n1,4%" &%
4T/,33,)!D" ''%"'$,"-%4/%+"&%"4T12,4"41-,&%/%!+^"&%"-$''$'%4"%+"&%"24T214,3%4"&J3"6$%"&%3
5)!&,+,)!3"-4)-,5%3"3$4#,%!!%!+D" ''%"-%4/%+"T21'%/%!+"1$V"-)-$'1+,)!3"24T21,4%3"&%"3%
+41!3U)4/%4"%!"%331,/3"%+"&%"3%"&,33T/,!%4"41-,&%/%!+"3$4"&%3"+%44,+),4%3"+4J3"#13+%3D

=(,!3+1''1+,)!" &(%331,/3" &T-%!&" '142%/%!+" &$" U1,+" 6$%" '%" 3)'" 3%" -4d+%" b" '1" -)!+%D
01,3" ,'" 144,#%" -14U),3" 6$%" &%3" %331,/3" 3(,!3+1''%!+" 3$4" &%3" 3,+%3" &TGb" )55$-T3" -14" &%3
54,6$%+3" %!" -'%,!%" -)!+%D" F($!%" U1r)!" 2T!T41'%^" '(,!3+1''1+,)!" &(%331,/3" 3%" -4)&$,+" #%43
'%"54T-$35$'%"%+"-%$+"d+4%"%!"241!&%"-14+,%"1++4,*$T%"1$V"5)!&,+,)!3"-Ha3,)')2,6$%3"&%3
54,6$%+3" _'1" U1,/^" '1" U1+,2$%`^" b" '1" 3$4U15%" &%" '(H1*,+1+" _+)-)241-H,%^" #T2T+1+,)!`" %+" 1$V
5)!&,+,)!3"/T+T)4)')2,6$%3"%+"&%"'$/,J4%"_8)-)#^"[ZQY`D

P.U%LE8<;<%2=%M94B69DME5<6;

=%3"54,6$%+3"&,UUJ4%!+"&%3"31$+%4,1$V"&%"-14"'%$4"51-15,+T"b"24T214,3%4̂ "b"31#),4̂ "b"U)4/%4
&%3"*1!&%3"'14#1,4%3"%+"&%3"%331,/3^"5)//%"5)!3T6$%!5%"&($!%"1$2/%!+1+,)!"&%"&%!3,+T
&%"'1"-)-$'1+,)!D"L%++%"51-15,+T^")$"1-+,+$&%^"-)$4"%/-')a%4" '1"+%4/,!)')2,%"&%"8136$,%4
_[ZQP`^"&,UUJ4%"3%')!"'%3"%3-J5%3D

:'"a"1"&%3"&,UUT4%!5%3"/146$T%3"&$"5)/-)4+%/%!+"&%"'1"-Ha3,)')2,%"%+"&%"'1"*,)')2,%
%!+4%"'%3"54,6$%+3"6$,"1--141,33%!+"%!"*1!&%3"%+"%!"%331,/3"%+"6$,"1--14+,%!!%!+"b"'1"-H13%



F9:;<%2;%D;MD92=J759:%M97;:75;44;<%2=%0D5O=;7%MH4;D5:%"JE5<79J;DJ8%@D;@8D58%_9D<a84C%PZZU%28:<%4;

<=2%84@3D5;:

[W

24T21,4%"%+"5%$V"6$,"#,#%!+",3)'T/%!+^"b"'1"/1!,J4%"&%3"31$+%4,1$V"%+"6$,"1--14+,%!!%!+"b
'1"-H13%"3)',+1,4%D

=%" 54,6$%+" -J'%4,!" %3+" '%" s(/%,''%$4((" &%" +)$3" '%3" 54,6$%+3" %!" 41,3)!" &%" 3)!" 1-+,+$&%
b" 24T214,3%4̂ " 5(%3+" b" &,4%" &%" '1" 41-,&,+T" 6$%"/1!,U%3+%!+" 3%3" -)-$'1+,)!3" 3)',+1,4%3" -)$4
24T214,3%4"_U,2$4%"W`"&1!3"&%3"5)!&,+,)!3"U1#)41*'%3"%+"%!"41,3)!"&$"H1$+"!,#%1$"&(15+,#,+T^
&%"/)*,',+T^"&%"5)HT3,)!"%+"&%"-%43,3+1!5%"&%"3%3"-)-$'1+,)!3"24T21,4%3D

@$1!&"'%3",!&,#,&$3"3)',+1,4%3"3%"4%24)$-%!+^",'3"5H1!2%!+"&%"5)/-)4+%/%!+"%+"3(,'3"3%
/1,!+,%!!%!+" 4133%/*'T3"-%!&1!+"$!%"2T!T41+,)!")$"-'$3^" ,'3"/)&,U,%!+" '%$4"13-%5+"-)$4
-4%!&4%"$!%"U)4/%"24T21,4%D"=%"-4)5%33$3"&%"'1"+41!3U)4/1+,)!"&%"-H13%"%3+"4T#%43,*'%D

5,4)'#%<=B+6+E$TT?)(<&(%+U#*%(%+ E'8A*<5V$+(&+E'8A*<5V$WX$&$"#(B+0CCK3

?"'%$4"-),!+"%V+4d/%^"'%3"&%$V"-H13%3^"3)',+14,1"%+"24%214,1^"3)!+"+%''%/%!+"&,UUT4%!+%3
&1!3"'%$4"U)4/%"%+"'%$4"5)')41+,)!"6$%''%3")!+"T+T"&T54,+%3"b"'()4,2,!%"5)//%"4%-4T3%!+1!+
&%$V"%3-J5%3"&,3+,!5+%3D" :'"%V,3+%"T21'%/%!+"&%"!)/*4%$3%3"&,UUT4%!5%3"*,)')2,6$%3"6$,
1UU%5+%!+" +)$3" '%3"3+1&%3"&%" '%$4"#,%D" ''%3"3)!+"&T54,+%3"-14"A#14)#" _[ZWW^"[ZXX`"%+"-14
_8%&2'%a^"[ZXP`"^"/1,3"5%"6$,"3(1--',6$%"+)$+"-14+,5$',J4%/%!+",5,^"3%"41--)4+%"b"'1"&,UUT4%!5%
5)/-)4+%/%!+1'%"%!+4%"-H13%3^"-'$3"-14+,5$',J4%/%!+"&1!3"'%3"5)/-)4+%/%!+3"&%"#)'"6$,
1UU%5+%!+"241!&%/%!+"'1"&,3+4,*$+,)!"31,3)!!,J4%"%+"'%"5H),V"&(H1*,+1+3D"_8)-)#^"[ZZX`D

P.V%N%"7D873@5;%2;%4=77;

L%++%" 241!&%" /)*,',+T" &%3" %331,/3^" '%$43" ')!23" &T-'15%/%!+3^" '1" 5)/-'T/%!+14,+T
31,3)!!,J4%" &%3" f)!%3" &%" 4%-4)&$5+,)!" 3,+$T%3" &1!3" &%3" -1a3" &,UUT4%!+3" _!)4&" %+" 3$&<
31H14,%!3"%!"4T2,)!")55,&%!+1'%`"%+"'1"!T5%33,+T"&%"-4T#%!,4"'%3",!#13,)!3"1U,!"&nT#,+%4"'%$43
5)!3T6$%!5%3"51+13+4)-H,6$%3^"U)!+"&$"L4,6$%+"-J'%4,!"$!"-4)*'J/%"+)+1'%/%!+"3-T5,U,6$%
-14" 41--)4+" 1$V" 1$+4%3" -4)*'J/%3" &%" &TU%!3%" &%3" 5$'+$4%3" %+" ,/-)3%!+" -)$4" 5%'1" $!%
5))-T41+,)!"*,'1+T41'%^"4T2,)!1'%"%+",!+%4!1+,)!1'%D

8)$4" '$++%4" 5)!+4%" $!%" ,!#13,)!^" '%3" )-T41+,)!3" &%" '$++%" 5H,/,6$%" b" 241!&%" T5H%''%
&%/%$4%!+" %!5)4%" '%" 3%$'"/)a%!"&,3-)!,*'%D"7$+4%" '%$4" 5)k+" 5)!3,&T41*'%" _\MM"/,'',)!3
&%" ACt" 5)!+4%" '%" 54,6$%+" -J'%4,!" %!" [ZYY`^" %''%3" -)3%!+" &%" !)/*4%$V" -4)*'J/%3
%!#,4)!!%/%!+1$V"&%"-'$3"%!"-'$3"&T!)!5T3"&$"U1,+"&%"'1"+)V,5,+T"&%3"-4)&$,+3"%+"&%"'(1/-'%$4
&%3"f)!%3"+41,+T%3"_PW"/,'',)!3"&(H%5+14%3"%!"?U4,6$%"%!"[ZYY"&1!3"P\"-1a3`"5)!5%4!1!+
3)$#%!+"&%3"T5)3a3+J/%3"U412,'%3"%+"4,5H%3"%!"%3-J5%3"%!&T/,6$%3D



0E8M57D;% %N%,=;4O=;<%29::3;<%<=D%4;%JD5O=;7%MH4;D5:

[X
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#%43"'%";)4&"_5)UU,!3"&$"u)2214"%+"C1H141"5%!+41'`D

?$" -4,!+%/-3^" '%3" U)4+%3" 3,2!1',31+,)!3" &%3" 3)',+1,4%3" '%3" -'$3" 3%-+%!+4,)!1'%3" 3)!+
%!4%2,3+4T%3"3)$#%!+"&1!3"&%3"/,',%$V"I

j 14+,U,5,%'3"_-T4,/J+4%3",44,2$T3`^"513"&%3"4T2,)!3"&(?*1&'1^"&(:'',f,"%+"?&414"_?!!%V%"[`D
=%"54,6$%+"+4)$#%^"&1!3"5%3"/,',%$V^"$!%"#T2T+1+,)!"5)!3+,+$T%"&%3"%3-J5%3"#T2T+1'%3
5$'+,#T%3"3)$3"-,#)+3"%+"&%3"-'1!+%3"1&#%!+,5%3"1$"!,#%1$"&%3"*)4&$4%3"%+"51!1$V
&(T#15$1+,)!D

j 31H14,%!3"3)$/,3"b"'(,!U'$%!5%"/T&,+%441!T%!!%"%+"1+'1!+,6$%"_C1H141"L%!+41'^
74,%!+1'"%+"755,&%!+1'`"o")55$-T3"-14"$!%"#T2T+1+,)!"+4J3"&,#%43,U,T%D

j 3,+$T3"&1!3"'%3"4T2,)!3";)4&"%+"7$%3+"&$"u)2214"%+"&$"9133,',";(?G%4D"L%3"f)!%3
)UU4%!+"$!"+1-,3"#T2T+1'"+4J3"#14,T^"!)+1//%!+"1$"!,#%1$"&%3"',+3"&%3"241!&3")$%&3D



0/&L #*-%   N(&%#-(-I-#-0# '!N%8:84B<;%2Y5:X9D68759:%<=D%48%>3@378759:

\\

0/&L #*-%   N(&%#-(-I-#-0# '!N

8:84B<;%2Y5:X9D68759:%<=D%48%>3@378759:

=(d+4%"H$/1,!"!%"-%$+"#T4,+1*'%/%!+",!+%4-4T+%4"6$%"&%3"/T51!,3/%3"6$(,'"5)!!1e+D"C(,'"3%
+4)$#%"5)!U4)!+T"b"&%3"/T51!,3/%3"-%$")$"/1'"5)!!$3^",'"U1,+"&%3"Ha-)+HJ3%3^"-4)5J&%"-14
5)/-141,3)!"-)$4"144,#%4"b"&%3"&T&$5+,)!3^"&)!+",'"!%"31,+"-13"3,"%''%3"3)!+"#1'1*'%3"-)$4"'1
3%$'%"f)!%"&(T+$&%^")$"3,"%''%3"3)!+"%V+41-)'1*'%3"b"&(1$+4%3"f)!%3D

L%++%" &T/145H%" 1" T+T^" %+" '(%3+" %!5)4%" &1!3" 5%4+1,!3" 513^" $+,',3T%D" L(%3+" '%" U1,+^" 3),+
&%" +HT/1+,5,%!3" $+,',31!+" -)$4" '1" -4%/,J4%" U),3" '1" +T'T&T+%5+,)!" &1!3" '%$4" &,35,-',!%^" 3),+
&%" {+T'T&T+%5+%$43|" 1a1!+" b" 4T3)$&4%" $!" -4)*'J/%" -4T5,3" &1!3" $!%" &,35,-',!%" 6$(,'3" !%
5)!!1,33%!+"-13"*,%!D

A!%"+%''%"/T+H)&%"-%$+"d+4%"155%-+T%"-)$4"$!%"-4%/,J4%"1--4)5H%^"1$+1!+"%''%"%3+"b
-4)354,4%"-)$4"5%'$,"6$,"&T3,4%"$+,',3%4"'%3"&)!!T%3"&%"+T'T&T+%5+,)!"&%"U1r)!"3a3+T/1+,6$%D
 !"%UU%+^"%''%"5)!&$,+"b"&%"241#%3"%44%$43"&%"41,3)!!%/%!+^"3%"+41&$,31!+"-14"&%3"5)!5'$3,)!3
-'$3"%44)!T%3"%!5)4%D

L(%3+"-)$46$),"5%++%"-14+,%" 4133%/*'%"6$%'6$%3"&)!!T%3"&%"*13%^" ,!&,3-%!31*'%3"b
$!%"5)/-4TH%!3,)!"&%3"-HT!)/J!%3"T+$&,T3^"5(%3+<b<&,4%^"b" '(,!+%415+,)!"&%3"&,UUT4%!+%3
')!2$%$43"&()!&%"&$"41a)!!%/%!+"T'%5+4)/12!T+,6$%^"$+,',3T%3"%!"+T'T&T+%5+,)!^"1#%5"'(%1$^
'%3"#T2T+1$V^" '%3"3)'3D" :'"1*)4&%"1$33,"&(1$+4%3"+HJ/%3"+%'3"6$%"'%3"-%4+$4*1+,)!3"&$%3"b
'(1+/)3-HJ4%^"'%3"!)+,)!3"&%"5)!+413+%l"_?!)!a/%^"[ZZP`

S.P%I3X5:5759:

=1"+T'T&T+%5+,)!"%3+"'(%!3%/*'%"&%3"+%5H!,6$%3"-%4/%++1!+"&()*+%!,4"&%"'(,!U)4/1+,)!"3$4"$!
)*G%+^"$!"+%44,+),4%")$"$!"-HT!)/J!%"2T)241-H,6$%"b"+41#%43"'(1!1'a3%"&%"&)!!T%3"156$,3%3
b"&,3+1!5%"31!3"5)!+15+"&,4%5+"1#%5"5%+")*G%+^"5%"+%44,+),4%")$"5%"-HT!)/J!%"2T)241-H,6$%
_?!)!a/%^"[ZZN`

=%"-4,!5,-1'")*G%5+,U"&%"'1"+T'T&T+%5+,)!"%3+"&%"514+)241-H,%4"%+"&%"3$,#4%"'%3"4%33)$45%3
5'133,6$%3D"=1"+T'T&T+%5+,)!"-14"31+%'',+%"%3+"-4T5,3%^"41-,&%"%+"T5)!)/,6$%D

S.R%(;<%Q8<;<%MEB<5O=;<%2;%48%7343237;J759:

S.R.P%(;%D8B9::;6;:7%34;J7D968@:375O=;

A!%" 3)$45%" &(T!%42,%" 3)$3" U)4/%" &%" 41a)!!%/%!+" T'%5+4)/12!T+,6$%" %3+" !T5%331,4%
-)$4" ,''$/,!%4" '1" 5,*'%^" b"/),!3" 6$%" '1" 5,*'%" !%" -4)&$,3%" %''%</d/%" 5%++%" T!%42,%D" 9)$+



F9:;<%2;%D;MD92=J759:%M97;:75;44;<%2=%0D5O=;7%MH4;D5:%"JE5<79J;DJ8%@D;@8D58%_9D<a84C%PZZU%28:<%4;

<=2%84@3D5;:

\N

41a)!!%/%!+"T'%5+4)/12!T+,6$%"-)33J&%"&%3"-4)-4,T+T3"U)!&1/%!+1'%3"%+"3%"5)/-)4+%"&%
U1r)!"-4T#,3,*'%"_E)!!"%+"B)5H)!"[ZZP`D

=%" 41a)!!%/%!+"T'%5+4)/12!T+,6$%"%3+" 5)/-)3T"&($!" 5H1/-"T'%5+4,6$%" _ `"%+" &($!
5H1/-" /12!T+,6$%" _0`D" =%" 5H1/-" T'%5+4,6$%" #14,%" %!" 241!&%$4" %+" )4,%!+T" &%" U1r)!
-%4-%!&,5$'1,4%"b"'1"&,4%5+,)!"&%"-4)-121+,)!"&$"41a)!!%/%!+D"=%"5H1/-"/12!T+,6$%"%3+
)4,%!+T"&%"U1r)!"-%4-%!&,5$'1,4%"1$"5H1/-"T'%5+4,6$%D"=%3"&%$V"5H1/-3"3%"&T-'15%!+"b"'1
#,+%33%"&%"'1"'$/,J4%"_L`D

8)$4"5)/-4%!&4%"'1"+T'T&T+%5+,)!^",'"%3+",!&,3-%!31*'%"&%"31,3,4"'%3"&%$V"5)/-)31!+%3
&$"41a)!!%/%!+"T'%5+4)/12!T+,6$%"6$%"3)!+"'1"')!2$%$4"&()!&%"%+"'1"U4T6$%!5%D

=1"')!2$%$4"&()!&%"I"T6$,#1$+"b"'1"')!2$%$4"&($!"5a5'%"&($!%")!&%^"5%"6$,"5)44%3-)!&"b
'1"&,3+1!5%"%!+4%"&%$V"54d+%3"3$55%33,#%3"&($!%")!&%D"=1"')!2$%$4"&()!&%"%3+"4%-4T3%!+T%
H1*,+$%''%/%!+" -14" '1" '%++4%" 24%56$%" '1/*&1" _}`^" %+" %3+" /%3$4T%" %!"/J+4%3" )$" %!" '($!

&%"5%3"3)$3</$'+,-'%3"+%'3"6$%"'%3"!1!)/J+4%3"_[M
<Z
/J+4%`^"/,54)/J+4%3"_[M

<W
"/J+4%`")$

5%!+,/J+4%3"_[M
<P
"/J+4%`D

=1"U4T6$%!5%"I"4%-4T3%!+%"'%"!)/*4%"&()35,''1+,)!3"-14"$!,+T"&%"+%/-3D" ''%"%3+"/%3$4T%
%!"u%4+fD

=1"U)4/$'%"3$,#1!+%",''$3+4%"'1"4%'1+,)!"%!+4%"'1"')!2$%$4"&()!&%"%+"'1"U4T6$%!5%D

=1" ')!2$%$4"&()!&%"%+" '1" U4T6$%!5%"3)!+"&)!5" ,!#%43%/%!+"-4)-)4+,)!!%''%3^"5(%3+<b<
&,4%"6$%"-'$3"'1"')!2$%$4"&()!&%"%3+"-%+,+%^"-'$3"'1"U4T6$%!5%"%3+"T'%#T%^"%+",!#%43%/%!+D

S.R.R%048<<5X5J8759:%2=%D8B9::;6;:7%34;J7D968@:375O=;



0/&L #*-%   N(&%#-(-I-#-0# '!N%8:84B<;%2Y5:X9D68759:%<=D%48%>3@378759:

\Q

5,4)'#%"=>E%A%!9("&)(+?;("&)'A*,<?&$78(+ ](<_$<(#B+IJJI3

&.%$47D8>594;7

=%3"-'$3"-%+,+%3"')!2$%$43"&()!&%"$+,',3T%3"-)$4"'1"+T'T&T+%5+,)!^"3%"3,+$%!+"1$"&%'b"&$
#,)'%+&%"'1"-14+,%"&$"3-%5+4%"#,3,*'%D"L%4+1,!3"/1+T4,1$V"&%"'1"3$4U15%"+%44%3+4%^"3$4+)$+"'%3
4)5H%3"%+"&%3"/,!T41$V^"%!+4%!+"%!"U'$)4%35%!5%")$"T/%++%!+"&%"'1"'$/,J4%"#,3,*'%"6$1!&",'3
3)!+",''$/,!T3"-14"$!"41a)!!%/%!+"$'+41#,)'%+D

Q.%"M;J7D;%>5<5G4;

=1"-14+,%"6$%"!)3"a%$V"-%$#%!+"&T5%'%4" 3%" +4)$#%"&1!3"5%"6$," 3(1--%''%" '%" 3-%5+4%
#,3,*'%D":'"%3+",/-)4+1!+"&%"5)!3+1+%4"6$%"'%"3-%5+4%"#,3,*'%"4%-4T3%!+%"$!%"*,%!"-%+,+%"-14+,%
&%"'(%!3%/*'%"&$"3-%5+4%D"A!%"241!&%"-14+,%"&$"41a)!!%/%!+"T'%5+4)/12!T+,6$%"6$,"!)$3
%!+)$4%"%3+" ,!#,3,*'%"b" '(p,'"!$^"/1,3" ,'"-%$+"5%-%!&1!+"d+4%"51-+T"-14"&(1$+4%3"&,3-)3,+,U3
&%"+T'T&T+%5+,)!D

=%3" ')!2$%$43" &()!&%" #,3,*'%3" 3(T+%!&%!+" &%"M^N" b" M^X"~/D" =1" 5)$'%$4" 6$," -)33J&%
'1" -'$3" 241!&%" ')!2$%$4" &()!&%" %3+" '%" 4)$2%^" 1')43" 6$%" '%" #,)'%+" 1" '1" -'$3" 5)$4+%D" =%3
')!2$%$43"&()!&%"&$"3-%5+4%"#,3,*'%"6$%"!)$3"-%45%#)!3"5)//%"&%3"5)$'%$43"5)//$!%3
3)!+"T!$/T4T%3"5,<&%33)$3D":'"%3+",/-)4+1!+"&%"!)+%4"6$%"5(%3+"'1"3%$'%"-)4+,)!"&$"3-%5+4%
6$%"!)$3"-)$#)!3"133)5,%4"b"'1"!)+,)!"&%"5)$'%$4D

j K594;7"I"M^N"m"M^NNW"~/

j Q4;=%I"M^NNW"m"M^Q"~/

j K;D7%I"M^Q"m"M^QXY"~/

j d8=:;"I"M^QYX"m"M^QZP"~/

j 'D8:@;"I"M^QZP"m"M^WPM"~/

j *9=@;"I"M^WPM"m"M^X"~/

=%"*'%$^"'%"#%4+"%+"'%"4)$2%"3)!+"'%3"5)$'%$43"_)$"'%3"')!2$%$43"&()!&%`"-4,/1,4%3"&$"3-%5+4%
#,3,*'%D"A!%"5)$'%$4"-4,/1,4%"!%"-%$+"d+4%"54TT%"-14"&%$V"1$+4%3"5)$'%$43^"/1,3"+)$+%3"'%3
1$+4%3"5)$'%$43"-%$#%!+"d+4%"54TT%3"%!"5)/*,!1!+"'%3"5)$'%$43"-4,/1,4%3D

0.% :XD8D9=@;

=(,!U414)$2%"_:B`"3(T+%!&"1--4)V,/1+,#%/%!+"&%"M^X"b"[MM"~/^"5%"6$,"%3+"$!",!+%4#1''%
%!#,4)!" [MM" U),3" -'$3" '142%" 6$%" '%" 3-%5+4%" #,3,*'%D" :'" 3%" &,#,3%" %!" &%$V" 51+T2)4,%3" I"  *
D3X43JE5%;7% *%7E;D65O=;D"=%"41a)!!%/%!+"&1!3"'1"4T2,)!"&%"'(,!U414)$2%"4TU'T5H,"%3+"$+,',3T
%!"+T'T&T+%5+,)!"&%"'1"/d/%"U1r)!"6$%"'%"41a)!!%/%!+"#,3,*'%D"=(,!U414)$2%"4TU'T5H,"3(T+%!&
1--4)V,/1+,#%/%!+"&%"M^X"b"\"~/D"=s,!U414)$2%"+H%4/,6$%"%3+"+4J3"&,UUT4%!+"&$"3-%5+4%"#,3,*'%
%+"&%"'(,!U414)$2%"4TU'T5H,D"L%++%"T!%42,%"%3+"%33%!+,%''%/%!+"'%"41a)!!%/%!+"6$,"%3+"T/,3
3)$3"U)4/%"&%"5H1'%$4"-14"'1"3$4U15%"&%"'1"+%44%"%+"3(T+%!&"1--4)V,/1+,#%/%!+"&%"\"b"[MM"~/D

I.%/BM;DXD3O=;:J;

L%++%"4T2,)!"5)/-4%!&"'%3"-'$3"241!&%3"')!2$%$43"&()!&%"$+,',3T%"%!"+T'T&T+%5+,)!"%+
3(T+%!&"1--4)V,/1+,#%/%!+"&%"["//"b"["/D"=%3"')!2$%$43"&()!&%"'%3"-'$3"5)$4+%3"-)33J&%!+
&%3" -4)-4,T+T3" 3%/*'1*'%3" b" 5%''%3" &%" '(,!U414)$2%" +H%4/,6$%^" +1!&,3" 6$%" '%3" ')!2$%$43
&()!&%"'%3"-'$3"241!&%3"4%33%/*'%!+"1$V")!&%3"41&,)D

S.R.S%N% :7;D8J759:<%8>;J%4?8769<MEHD;

?#1!+" 6$%" '%" 41a)!!%/%!+" $+,',3T" -)$4" '1" +T'T&T+%5+,)!" !(1++%,2!%" '1" 3$4U15%" &%" '1" +%44%^
5%'$,<5,"&),+"+41#%43%4"$!%"5%4+1,!%"T-1,33%$4"&(1+/)3-HJ4%D"=%3"-14+,5$'%3"%+"'%3"21f"&1!3



F9:;<%2;%D;MD92=J759:%M97;:75;44;<%2=%0D5O=;7%MH4;D5:%"JE5<79J;DJ8%@D;@8D58%_9D<a84C%PZZU%28:<%4;

<=2%84@3D5;:

\W

'(1+/)3-HJ4%"-%$#%!+"&T#,%4")$"*')6$%4"'%"41a)!!%/%!+",!5,&%!+D"L%3"%UU%+3"3)!+"51$3T3
-14"'%3"/T51!,3/%3"&%"&,UU$3,)!"%+"1*3)4-+,)!"_B%%#%3"%+"1'"[ZXQ`D

&.%(8%25XX=<59:"I"3%"-4)&$,+"')43"&%"'(,!+%415+,)!"%!+4%"'%"41a)!!%/%!+",!5,&%!+"%+"'%3
-14+,5$'%3")$" '%3"24)33%3"/)'T5$'%3"&%"21f"-4T3%!+%3"&1!3" '(1+/)3-HJ4%D"=%3"-14+,5$'%3
&T#,%!+"'%"41a)!!%/%!+"&%"31"+41G%5+),4%",!,+,1'%D"=%"!,#%1$"&%"&,UU$3,)!"&T-%!&"&%"-'$3,%$43
U15+%$43"5)//%"'1"')!2$%$4"&()!&%^"'1"&%!3,+T"&%"-14+,5$'%3"%+"&%"/)'T5$'%3^"%+"'(T-1,33%$4
&%"'(1+/)3-HJ4%"6$%"'%"41a)!!%/%!+"&),+"U41!5H,4D":'"%V,3+%"+4),3"+a-%3"&%"&,UU$3,)!"I

j =1"&,UU$3,)!"&%"B1a'%,2H"I"3%"-4)&$,+"')436$%"'1"+1,''%"&%3"-14+,5$'%3"%3+",!UT4,%$4%"b
'1"')!2$%$4"&()!&%"&$"41a)!!%/%!+D"L%''%3<5,"-%$#%!+"d+4%"3),+"&%3"-14+,5$'%3"&%
-)$33,J4%")$"&%3"/)'T5$'%3"&(1f)+%")$"&()Va2J!%D"=1"&,UU$3,)!"&%"B1a'%,2H"&,3-%43%
%+"&T#,%"&%"U1r)!"-'$3",/-)4+1!+%"'%3"5)$4+%3"')!2$%$43"&()!&%"6$%"'%3"241!&%3
')!2$%$43"&()!&%D"L%++%"U)4/%"&%"&,UU$3,)!"%3+"-4T&)/,!1!+%"&1!3"'%3"5)$5H%3
3$-T4,%$4%3"&%"'(1+/)3-HJ4%D"L%"-HT!)/J!%"%V-',6$%"-)$46$),"!)$3"-%45%#)!3"$!
5,%'"*'%$"&$41!+"'1"G)$4!T%D"L)//%"'1"'$/,J4%"&$"3)'%,'"+41#%43%"'(1+/)3-HJ4%^"'%3
5)$4+%3"')!2$%$43"&()!&%"_5)44%3-)!&1!+"1$"*'%$`"&$"3-%5+4%"#,3,*'%"3)!+"&,3-%43T%3
%+"&T#,T%3"&%"U1r)!"-'$3",/-)4+1!+%"6$%"'%3"241!&%3"')!2$%$43"&()!&%D

j =1"&,UU$3,)!"&%"/,%"I"3%"-4)&$,+"')436$%"'%3"-14+,5$'%3"3)!+"-4%36$%"1$33,"241!&%3"6$%
'1"')!2$%$4"&()!&%"&$"41a)!!%/%!+D"L%"+a-%"&%"&,UU$3,)!"%3+"3)$#%!+"-4)&$,+"-14"'1
-)$33,J4%^"'%"-)''%!^"'1"U$/T%"%+"'(%1$D"L%"2%!4%"&%"&,UU$3,)!"1UU%5+%"'%3"-'$3"241!&%3
')!2$%$43"&()!&%"%+"3%"-4)&$,+"3$4+)$+"&1!3"'%3"5)$5H%3",!UT4,%$4%3"&%"'(1+/)3-HJ4%
)h"'%3"24)33%3"-14+,5$'%3"3)!+"-'$3"1*)!&1!+%3D"L%"-4)5%33$3"&)/,!%"6$1!&"'%"5,%'
%3+"%!!$12TD

j =1"&,UU$3,)!"!)!"3T'%5+,#%"I"5%"2%!4%"&%"&,UU$3,)!"3%"-4)&$,+"')436$%"'%3"-14+,5$'%3"_'%3
2)$++%3"&(%1$"%+"'%3"24)33%3"-14+,5$'%3"&%"-)$33,J4%`"3)!+"*%1$5)$-"-'$3"24)33%3
6$%"'1"')!2$%$4"&()!&%"&$"41a)!!%/%!+D";)$3"1--%')!3"5%"2%!4%"&%"&,UU$3,)!"s(
!)!<3T'%5+,#%((^"514"+)$+%3"'%3"')!2$%$43"&()!&%"3)!+"&,3-%43T%3D"=%3"2)$++%3"&(%1$
&%"'(1+/)3-HJ4%"&,3-%43%!+"'%"*'%$^"'%"#%4+^"%+"'%"4)$2%"&%"U1r)!"-4%36$%"T21'%^"5%
6$,"-4)&$,+"$!"41a)!!%/%!+"*'1!5D"L(%3+"-)$46$),"'%"*4)$,''14&"%+"'%3"!$12%3"!)$3
-141,33%!+"*'1!53D

Q%1%4?&G<9DM759:%N"L%"-HT!)/J!%"3$4#,%!+"')436$%"'%3"24)33%3"/)'T5$'%3"&%"'(1+/)3-HJ4%
_)f)!%^"*,)Va&%"&%"514*)!%"%+"#1-%$4"&(%1$`"1*3)4*%!+" '(T!%42,%"&%"&,#%43%3" ')!2$%$43
&()!&%D" =()f)!%" 1*3)4*%" '%3" 41a)!3" $'+41#,)'%+3" 6$," 3)!+" !TU13+%3" 1$V" d+4%3" #,#1!+3D" =%
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&%"'(1+/)3-HJ4%D"=1"#1-%$4"&(%1$"1*3)4*%"$!%"*)!!%"-14+,%"&$"41a)!!%/%!+",!U414)$2%"&%
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U%!d+4%3"1+/)3-HT4,6$%3D
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-%$+^"5)!!1,331!+"'1"#1'%$4"&%"'(T5'1,4%/%!+"3)'1,4%^"+41!3U)4/%4"'1"'$/,!1!5%"%!"D3X4;J78:J;
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