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.$72-)(/,)$1!0'! /I2/ !=S2()8,,'4! :)4./)-$@!Z,)-1@![!K5+'4! ;E'4@!NPMc?J!"-! '#! "1(/0$!0'!

A8B).$@!a#$,'1! <,('/I/! =NPM]?@! /-/#)45! #$1! _>',*).)$1! '.$1)1(87).$1! "-! K/! b'I)5-! : T!

TB(/+/-!0'! #/!>/#@!"1(/0$!^'!A8B).$̀@!'-!'#!.2/#!0'(',7)-/,$- !#/!+8,0)0/!0'!+,$02..)5-!0'!

#$1!1',*).)$1!'.$1)1(87).$1@!/#7/.'-/7)'-($!0'!./,%$-$!F!,'('-.)5-!0'#!12'#$!0'!NPPV6NPMOJ!

9/%'!7'-.)$-/,!C2'! '1(20)$1!C2'!2()#)4/-!>TS!1$-!'1./1$1!F!'-!#/!4$-/ !0'!'1(20)$!1'!I'-', 5!

/!(,/*81!0'#!7/+'$!'1(,/('I)/1!(,/-10)1.)+#)- /,)/1@!+/,/!7'&$,/,!#/!121('-(/%)#)0/0!/+$,(/-0$!

1$#2.)$-'1!/!#/1!+,)-.)+/#'1!+,$%#'7E()./1!1$.)$/7%)'-(/#'1 !0'!#/!,'I)5-J !

!

!

!

!

!

!

!
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Planteamiento del Problema  

^'!/.2',0$!.$-!Z#/-!0'!^'1/,,$##$!0'!:/##'!0'!;,/*$ !=NPMN?@!'-!#/!. 2'-./!1' !G/-!,'I)1(,/0$!

N]P!+#/-(/1!*/1.2#/,'1@!'1!0'.),!+#/-(/1!C2'!+,'1'-(/-!2-!.2',+$!*'I'(/()*$!0)3','-.)/0$!+$,!

,/L4@!(/##$@!G$&/!F!+$1''-!*/1$1!0'!.$-02..)5-!0'!#/!1/*)/J!R/7%)8-!1'!G/-!,'+$,(/0$!'-!#/!

,'I)5-!NP]!'1+'.)'1!0'!G$-I$1!C2'!1'!0'1/,,$##/-!/!0)3', '-('1!/#(2,/1J!"B)1('!2-/!.$#$-)/!0'!

7/,)+$1/!7$-/,./!'-!'#!9',,$!0'!Z)'0,/!d',,/0/@!,'I)1(,/0/!0'10'!M]QQ !=T-1()(2($!A'B)./-$!

0'!R'.-$#$IL/!0'#!<I2/@!NPMN?J!

"-!#/!.2'-./!#/!+$%#/.)5 -!'.$-57)./7'-('!/.()*/!C2'!+/,().)+/!'-!'#!1'.($,!+,)7/,)$!0'!#/!

'.$-$7L/!G/!*'-)0$!0)17)-2F'-0$!'-!#$1!D#()7$1!NV!/\$1J!"#!72-).)+)$!.$-(/%/!.$-!2-/!

12+',3).)'! /I,L.$#/! 0'! MO@NMO! G/@! #$! C2'! 'C2)*/#'! /! OeJXW! 0'! #/! 'B('-1)5-! (',,)($,)/#!

72-).)+/#J!K$1!.2#()*$1!+,)-.)+/#'1!1$-!0'!7/L4!=$.2+/!ePW!0'!#/!12+',3).)'!/I,L.$#/?J!>'!

.2#()*/! (/7%)8-!3,)&$#@! +/+/@! G/%/@! .GL.G/,$@! &)($7/('@! ($7/('@! .G)#'! 7/-4/-$@! G$,(/#)4/1@!

/*'-/! 3$,,/&',/@! (,)I$@! /#+)1('@! I),/1$#!F! .'%/0/@! /1L! .$7$! /#I2-$1!3,2(/#'1!=>'.,'(/,L/! 0'!

".$#$IL/@!NPPO%?J!!

" -! '#!E,'/! 0'! '1(20)$! 'B)1('-! 0)3','-('1 ! .#)7/1!F! /#()(20'1@!0'%)0$! /! '1($! '1!+$1)%#'!C2'!

'B)1(/-!2-/!*/,)'0/0!0'! '.$1) 1('7/1!.$-! 2-/!0)*',1)0/0!.$-1)0',/%#' !0'!3#$,/@!/2-C2'!#$1!

'.$1)1('7/1! 1'! G/-! *)1($! 32',('7'-('! +',(2,%/0$1! '-! 2-/! /7+#)/! 12+',3).)'@! 0'%)0$! /#!

'1(/%#'.)7)'-($! 0'! 4$-/1! 2,%/-/1@! /I,L.$#/1@! +,/0',/1! +/,/! '#! +/1($,'$! F! +#/-(/.)$-'1!

3$,'1(/#'1!-2'*/1J!!

"#! 0'(',)$,$! 0'! #/! .2'-./! '1! '*)0'-('! '-! #$1! /#($1! -)*'#'1! 0'! 1'0)7'-($1! C2'! +/,/! M]]]!

,'+,'1'-(/-!eQJV!7)##$-'1!0'!7'(,$1! .D%).$1!0'!12'#$! /,,/1(,/0$1!/#!#/I$@!/0'7E1!0'!2-/!

0)17)-2.)5-!'-!#$1!./20/#'1!0'#!,L$!=+/,/!M]]Q!'#!,L$!<7/-/#.$!+',0)5!'#!V]W!0'!12!./20/#!

F!0'!/.2',0$!.$-!0/($1!0'!#/!9a"!+,'1'-(/0$1!'-!M]Ve?!F!2-!/#($!L-0).'!0'!.$-(/7)-/.)5-!

0'#!/I2/J!K/!+8,0)0/!3$,'1(/#!'-!#/!.2'-./!32'!0'!MeJVcW!'-!#$1!D#()7$1!(,')-(/!/\$1@!7)'-(,/1!

C2'! '#! 21$! /I,L.$#/! /27'-(5! '-! MQJOMW! F! #/! 4$-/! 2,%/-/! 2-! MQOJMP! WJ! >)! '1(/! #5I)./!

.$-()-D/@!#/!.2'-./!1'!0'(',)$,/,E!G/1(/!-$!1',!./+/4!0'!+,$*'',!/I2/!/!(,/*81!0'#!1)1('7/!

92(4/7/#/@!=;$-3)#![!A/0,)0@!NPPc?J!!

<.(2/#7'-('! #/1! /.()*)0/0'1! 0'! #/! +$%#/.)5-! G/-! /#(',/0$! F! 0'(',)$,/0$! #$1! 1',*).)$1!
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'.$1)1(87).$1! /! 2-! ,)(7$! /.'#',/0$@! +$,! #$! C2'! 12! .$-1',*/.)5-! /G$,/! '1! 2-! ('7/!

32-0/7'-(/#@!+$,!#$!.2/#!'#!+,'1'-('!(,/%/&$!+,'('-0'!,'1+$-0',!#/1!1)I2)'-('1!+,'I2-(/1!0'!

T-*'1()I/.)5-J !

Justificación 

K$1!1',*).)$1!'.$1)1(87).$1!1'!0'3)-'-!.$7$!#$1!.$7+$-'-('1!F! +,$.'1$1!0'!#$1!'.$1)1('7/1!

C2'!1$-!.$-127)0$1@!0)13,2(/-!$!.$-02.'-!/!2-!7/F$,!%)'-'1(/,!G27/-$@!('-)'-0$!'-!.2'-(/!

#/1!-'.'1)0/0'1!0'!#$1!%'-'3).)/,)$1!F!#/!0)-E7)./!0'#!'.$1)1('7/J! =9$1(/-4/![!a$#f'@!M]]QH!

K2.f! '(! /#J@! NPP]H! g28()',@! R/+'##/@! 9$-()@! 9E.','1@! [! ^L/4@! NPPQH! g2)&/1@! >.G7)0@! [!

;/#*/-',/@!NPMP?J!

"-!I'-',/#@!#$1!%)'-'1!F!1',*).)$1!0'!#$1!'.$1)1('7/1!121('-(/-!'#!%)'-'1(/,!G27/-$!/!(,/*81!

0'! #/! 1'I2,)0/0@! '#! /..'1$! /! 7/(',)/1! +,)7/1@! 7'&$,'1! .$-0).)$-'1! 0'! 1/#20! F! ,'#/.)$-'1!

1$.)/#'1!=A$$-'F!'(!/#J@!NPPV?J!"-!#/!/.(2/#)0/0!'B)1('-!-27',$1/1!)-.5I-)(/1!'-!'#!./7+$!

0'! #$1!1',*).)$1! '.$1)1(87).$1! F! +$.$! 1'! .$-$.'! /.',./! 0'! #$1! 0)1()-($1! .$7+$-'-('1! F!

+,$.'1$1!0'!#$1! '.$1)1('7/1!C2'@!+/,/!#/!+,$*)1)5-!0'! ./0/!1',*).)$@!)-(',/.(D/-! .$-!2-/!

*/,)'0/0!0'!.$7+$-'-('1!F!+,$.'1$1!1$.)/#'1!'-!0)3','-('1!'1./#/1!'1+/.)/#'1!F!('7+$,/#'1 !

=h,'7'-@!NPPV?J!

<.(2/#7'-(' !G/F!+$./!)-*'1()I/.)5-!1$%,'!.57$!#/!)7+$,(/-.)/!,'#/()*/!0'!>"!*/,L/!'-(,'!

#$1!0)3','-('1!I,2+$1!0'!+/,('1!)-(','1/0/1 !=^/)#F!'(!/#J@!NPP]H!g28()',!'(!/#J@!NPPQ?J!Z$,!'1(/!

,/45-!'1!-'.'1/,)$!$%('-',!7E1!)-3$,7/.)5-!/.',./!#/1!)-(',/..)$-'1!'-(,'!>"!F!.57$!'1($!

12.'0'! '-! 0)1()-(/1! '1./#/1! '1+/.)/#'1!F!('7+$,/#'1 !=A//11! '(! /#J@!NPPVH!b$0,LI2'4! '(! /#J@!

NPPc?J!!

"#! /-E#)1)1! 0'! #$1! 1',*).)$1! $! %'-'3).)$1! C2'! #$1! '.$1)1('7/1! %,)-0/-! /!#/1! 1$.)'0/0'1!

G27/-/1 !2-!'-3$C2'!0'!)-*'1() I/.)5-!,'#/()*/7'-('!-2'*$!C2'!1'!G/!0)32-0)0$!0'%)0$!/!#/!

.#/,/!,'#/.)5-!'-(,'!'#!%)'-'1(/,!G27/-$!F!'#!32-.)$-/7)'-($!-$,7/#!0'#!'.$1)1('7/J!"-!'1('!

.$-('B($@!1'!'-3/()4/!#/!)-(',0'+'-0'-.)/!C2'!'B)1('!'-(,'!'.$1)1('7/1!F!1)1('7/1!1$.)/#'1!'-!

.2/-($!/!#$1!1',*).)$1!'.$1)1(87).$1!=>"?!F!1)1('7/1!1$.)/#'1!=9$1(/-4/![!a$#f'@!M]]QH!̂ L/4@!

a/,I)$-'@!9G/+)-!TTT@![!R)#7/-@!NPPc?J!!

K$1!>)1('7/1!0'!T-3$,7/.)5-!S'$I,E3)./!=>TS?!1'!G/-!*2'#($!2-/!G',,/7)'-(/!)7+$,(/-('!
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+/,/!)0'-()3)./,!1',*).)$1!'.$1)1(87).$1@!/!(,/*81!0'!'1('!()+$!0'!'1(20)$1!1'!+,'('-0'!7$1(,/,!

'-!3$,7/! '1+/.)/#!=7/+/1?@!#/! 'B('-1)5-!F! ./,/.(',L1()./1!0'!0)1()-($1!1',*).)$1!F!(/7%)8-!

.,'/,!'1.'-/,)$1!0'!21$!F!*/#$,/.)5-!0'!#$1!7)17$1@!0'!'1(/!3$,7/!+2'0'!3/*$,'.',!+/,/!#/1!

'1(,/('I)/1!0'!.$-1',*/.)5-!/!(,/*81!0'!+,$*'',!/..'1$!/!-2'*/1!32'-('1!)-3$,7/.)5-@!F!/1L!

.$-1)0',/,!/#!/7%)'-('!'-!2-!+,$.'1$!0'!($7/!0'!0'.)1)$-' 1J!!

K/! '*/#2/.)5-! F! 7/+'$! 0'! 1',*).)$1! '.$1)1(87).$1! ($7/! '-! .2'-(/! #/1! .$-1)0',/.)$-'1!

+$#L()./1@!1$.)/#'1!F!'.$-57)./1@!/0'7E1!+',7)('!'#!7$-)($,'$!F !7/-'&$!%/&$!)-).)/()*/1!0'!

'1./#/! I#$%/#@! -/.)$-/#! F! #$./#@!/F20/! / ! ,'.$-$.',! .$-3#).($1! F! $+$,(2-)0/0'1 @!(/7%)8-!

3/.)#)(/!#/!3$,72#/.)5-!'!)7+#'7'-(/.)5-!0'!+$#L()./1!0'!'1(/0$!1$%,'!0'(',7)-/0$1!/1+'.($1!

/7%)'-(/#'1! F! 0'! +#/-'1! ,'I)$-/#'1! '1(,/(8I).$1@! $,)'-(/! #/! ($7/! 0'! 0'.)1)$-'1! 1$%,'! '#!

(',,)($,)$@!(L+)./7'-('@!4$-)3)./.)$-'1!F!+#/-)3)./.)$-'1!0'#!21$!0'!#/!()',,/J !^'!)I2/#!3$,7/!

1),*'!+/,/!'#!7/-'&$!)-('I,/0$!0'!.2'-./1@!'*/#2/.)$-'1!0'!)7+/.($!/7%)'-(/#!'1(,/(8I).$@!

+/,/!'#!0)1'\$!0'!+,$I,/7/1!0'!)-.'-()*$1@!+/,/!#/!.$-1',*/.)5-!F!21$!121('-(/%#'J! !

<2-C2'! ($0/1! .$-##'*/-! /! 2-/! ($7/! 0'! 0'.)1)$-'1@! #/! )0'-()3)./.)5-! 0'! 1',*).)$1!

'.$1)1(87).$1!'-!2-!E,'/! 0'(',7)-/0/ !+$#L()./7'-('!1',L/!2-!)-.'-()*$!C2'!I'-',/!#/!($7/!

0'!0'.)1)$-'1@!0'!3$,7/!1$.)/#!%,)-0/!'C2)0/0!F!'.$-57)./7'-('!'3).)'-.)/J !

!

!

!

!

!

!

!
!
!
!
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Preguntas de Investigación 

MJ! i92E#!'1!#/!+,$02..)5- !0'!1',*).)$1 !'.$1)1(87).$1!0'!,'I2#/.)5-!/#7/.'-/7)'-($!0'!

./,%$-$!F! ,'('-.)5-!0'#!12'#$ @!'B)1('-('1! '-!#/! >:;< @!F! .57$! '1!12!0)1(,)%2.)5-!

'1+/.)/#j !

NJ! i957$!G/!1)0$!#/! '*$#2.)5-!F!#$1!./7%)$1! '-!#/! ./+/.)0/0!0'!+,$02..)5-!0'!#$1!

1',*).)$1! '.$1)1(87).$1!0'! ,'I2#/.)5-! /#7/.'-/7)'-($!0'! ./,%$-$! F! ,'('-.)5- !0'#!

12'#$!02,/-('!'#!+',)$0$ !NPPP6NPM]!'-!#/!>:;< j !

OJ! i92E#! '1! #/! +,$02..)5-! 0'! 1',*).)$1! '.$1)1(87).$1! 0'! +,$*)1)5-! 0'! /#)7'-($1!

'B)1('-('1!'-!#/! >:;< @!F!.57$!'1!12!0)1(,)%2.)5-!'1+/.)/#j!

 

Hipótesis: 

"#!'-3$C2'!0'!1',*).)$1!'.$1)1(87).$1!+',7)(),E! )0'-()3)./,@!.#/1)3)./,@!.2/-()3)./,!F!2%)./,!

#$1!+$('-.)/#'1@!#)7)(/.)$-'1!F!('-0'-.)/1!'-!#/!.$-1',*/.)5-!0'!#$1!,'.2,1$1!-/(2,/#'1!'-!#/!

.2'-./J !

K/! ./+/.)0/0!0'! +,$02..)5-! 0'! 1',*).)$1 ! '.$ 1)1(87).$1! '-! #/!>:;< !G/!123,)0$! ./7%)$1!

'1+/ .) /#!F!('7+$,/#7'-('!'-!'#!+',)$0$!NPPP! 6!NPM]J!

!

!

!

!

!

!

!
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Objetivos: 

Objetivo general  

<-/#)4/, ! #/! */,)/.)5-! '1+/.)$ 6! ('7+$,/#! 0'! #/! ./+/.)0/0! 0'! +,$02..)5-! 0'! 1',*).)$1!

'.$1)1(87).$1!'-!#/!92'-./!:/##'!0'!;,/*$ 6!<7/-/#.$!= >:;< ?@!"1(/0$!0'!A8B).$J!!

!

Objetivos específicos:  

MJ! 9/,/.(',)4/,! #$1!'.$1)1('7/1!+,'1'-('1!'-! #/!>:;< @!" 1(/0$!0'!A8B).$@!+$,!7'0)$!

0'!3$($!)-(',+,'(/.)5-!./,($I,E3)./J !

NJ! "1()7/,! #/! '*$#2.)5-! F! ./7%)$1! '-! #/! ./+/.)0/0! 0'! +,$02..)5-! 0'#! 1',*).)$!

'.$1)1(87).$!/#7/.'-/7)'-($!0'!./,%$-$!NPP V6NPMQ!'-!#/! >:;< @!+$,!7'0)$!0'!

#$1!78($0$1!'1(/0L1().$@!./,($I,E3).$!F!1)1('7/1!0'!)-3$,7/.)5-!I'$I,E3)./J!

OJ! "1()7/,! #/! '*$#2.)5-! F! ./7%)$1! '-! #/! ./+/.)0/0! 0'! +,$02..)5-! 0'#! 1',*).)$!

'.$1)1(87).$! ,'('-.)5-! 0'! 12'#$! NPP V!6!NPMQ! '-! #/! >:;<@! +$,! 7'0)$! 0'! #$1!

78($0$1!'1(/0L1().$@!./,($I,E3).$!F!1)1('7/1!0'!)-3$,7/.)5-!I'$I,E3)./J !

XJ! "1()7/,! #/! '*$#2.)5-! F! ./7%)$1! '-! #/! ./+/.)0/0! 0'! +,$02..)5-! 0'#! 1',*).)$!

'.$1)1(87).$! 0'! +,$*)1)5-! 0'! /#)7'-($1@! +$,! 7'0)$! 0'#! 78($0$! '1(/0L1().$@!

./,($I,E3).$!F!1)1('7/1!0'!)-3$,7/.)5-!I'$I,E3)./J !

K/!'1(,2.(2,/!0'!#/!('1)1!'1!#/!1)I2)'-('U !

9/+L(2#$!M@! .$,,'1+$-0'! /#!A /,.$! R'5,).$ !9$-.'+(2/#! '-! '#!C2'! +',7)()5! .$7+,'-0',! #/!

,'#/.)5-! 0'! #$1! 1',*).)$1! '.$1)1(87).$1! 0'10'! '#! '-3$C2'! 3)#$153).$! 0'! #/1! 9)'-.)/1!

<7%)'-(/#'1@!/1L!.$7$!#/1!'1.2'#/1!0'#!+'-1/7)'-($!+/,/!'-('-0',!#/!+',1+'.()*/!1$.)/#@!#/!

R'$,L/! 0'! >)1('7/1! 9$7+#'&$1! C2'! +',7)()5! )0'-()3)./,! #/! , '#/.)5-! 0'! #$1! 3/.($,'1! C2'!

.$7+$-'-!'#!E,'/!0'!'1(20)$J !

9/+L(2#$!N@!.$,,'1+$-0'!/!#/!7'($0$#$IL/!'-!#/!C2'!1'!0'1.,)%'-!./0/!2- $!0'!#$1!+/1$1!C2'!

1'!##'*/,$-!/!./%$! +/,/ !'#!/-E#)1)1!0'!#$1!1',*).)$1!'.$1)1(87).$1@!C2'!32'!#/!./,/.(',)4/.)5-!

I'$I,E3)./!F!/7%)'-(/#!0'!#/! 92'-./ @!/1L!.$7$!'#!/-E#)1)1!'1+/.)$!('7+$,/#!0'!#/!'*$#2.)5-!
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F!./7%)$1!'-!#/!./+/.)0/0!0'!/#7/.'-/7)'-($!0'! ./,%$-$@!,'('-.)5- !0'!12'#$!F!+,$*)1)5-!0'!

/#)7'-($1J!!!!

"-!'#!./+L(2#$!O@!1'!0'1.,)%'-@!/-/#)4/-!F!0)1.2('-!#$1!,'12#(/0$1!$%('-)0$1!0'!./0/!2-/!0'!

#/1! '(/+/1! 7'($0$#5I)./1! 0'! #/! +,'1'-('! )-*'1()I/.)5-@! C2'! */-! 0'10'! #/! ./,/.(',)4/.)5-!

I'$I,E3)./!0'!#/!.2'-./!0'!#$1!21$1!0'#!12'#$!F!*'I'(/.)5-!F!#$1!'.$1)1('7/1!+,'1'-('1!'-!'#!

E,'/!0'!'1(20)$@!.$-!'1($1!,'12#(/0$1!1'!##'*/!/!./%$!'#!/-E#)1)1!0'!/#7/.'-/7)'-($!0'!./,%$-$!

'-! '#! E,'/! 0'! '1(20)$@! +$1(',)$,7'-('! #$1! ,'12#(/0$1! 0'! #/! 32-.)5-! '.$1)1(87)./! 0'! #/!

./+/.)0/0!0'! ,'('-.)5-!0'!12'#$!C2'!1'!##'*5! /! ./%$!.$-!#/! '.2/.)5-!0'!+8,0)0/!0'! 12'#$!

7$0)3)./0/! +$,! #/! ><^"b@! 3)-/#7'-('! 1'! +,'1'-(/-! #$1! ,'12#(/0$1! 0'! #/! +,$02..)5-! 0'!

/#)7'-($1!'-!'#!E,'/!0'!'1(20)$J! !

!

!

!

!

!

!

!

!

!

!

!
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CAPITULO 1. MARCO TEÓRICO 

"-!'#! 9/ +L(2#$!T!1'!/%$,05!2-!'-3$C2'!3)#$153).$!#/!'+)1('7$#$IL/!0'!#/1!.)'-.)/1!/7%)'-(/#'1!

'-!,'#/.)5-!.$-!#$1!1',*).)$1! '.$1)1(87).$1J!̂ '!)I2/#!3$,7/!1' !##'*5!/!./%$!2-!/-E#)1)1!0'!#/1!

"1.2'#/1!0'#!+'-1/7)'-($! '.$#5I).$!+/,/! '-('-0',!#/1!.)'-.)/1!/7%)'-(/#'1 @!'-(,'! '##/1!1'!

'-.2'-(,/-!'#!0'1/,,$##$!1$1('-)%#'!F!#/!'. $#$IL/!+$#L()./J!"-!'#!'1('!./+L(2#$!1'!##'*5!/!./%$!

2-!/-E#)1)1!0'!#/!R'$,L/!S'-',/#!0'!>)1('7/1!C2'! +',7)()5!)0'-()3)./,!#$1!.$7+$-'-('1!0'#!

E,'/!0'!'1(20)$!F!#$1!1',*).)$1!'.$1)1(87).$1J!

R/7%)8-!1'! /-/#)4/!#/!,'#/.)5-! '-(,'!#$1!$,I/-)17$1!F!12! /7%)'-('! /!(,/*81!0'!#/!9)'-.)/ !

' .$#5I)./!F/!C2'!#$1!1',*).)$1!'.$1)1(87).$1!1'!'-.2'-(,/!'-!2-/!.$-321/!0)1F2-()*/!0'%)0$!

/! #$1! 0)*',1$1! /1+'.($1! 1$.)/#'1@!'.$-57).$1 ! F!'.$#5I).$1 ! /! .$-1)0',/,@!/0'7E1 ! 0'! #$1!

7D#()+#'1!+2-($1!0'!*)1(/!C2'!.$-3)I2,/-!#/1!+$1(2,/1!'+)1('7$#5I)./1 !'B)1('-('1 J!

Z$1(',)$,7'-(' @!1'!/%$,0/!#/!R'$,L/!S'$I,E3)./!'-!'#! /-E#)1)1!0'!#$1!1',*).)$1!'.$1)1(87).$1!

/! (,/*81! 0'! >)1('7/1! 0'! T-3$,7/.)5-! S'$I,E3)./! .$7$! G',,/7)'-(/! ('.-$#5I)./! +/,/!

)0'-()3)./,!F!0'#)7)(/,!1',*).)$1!'.$1)1(87). $1J!k/!C2'@!/2-C2'!'B)1('-!'1(20)$1!.$-!'-3$C2'1!

F!7'($0$#$IL/1!,'#/.)$-/0$1!.$-!#$1!1',*).)$1!'.$1)1(87).$1@!12!.$7+,'-1)5-!,'C2)','!0'#!

'-('-0)7)'-($! (/-($! 0'! #/! .$7+#'&)0/0! )-G','-('! 0'! #$1! 1)1('7/1! '.$#5I).$1@! #/! 0'! #$1!

1)1('7/1!1$.)/#'1@!/1L!.$7$!#/!0'!12!)-(',/..)5- !=Z/(,).)/!;/#*/-',/![!9$(#',@!NPPQ?J!!

Z$,! $(,/! +/,('@! 1'! 7'-.)$-/-! $(,/1! 0)1.)+#)-/1! C2'! 72'1(,/-! ,'#/.)5-! .$- ! #/!+,'1'-('!

)-*'1()I/.)5- ! .#)7/($#$IL/@! I'$7$,3$#$IL/@! I'$I,/3L/! '0/3$#$IL/@!G)0,$#$IL/!F!#/! ,'#/.)5-!

C2'!()'-'-! '1($1!3/.($,'1!.$-!$,I/-)17$1!/#!.$7+/,(),!2-!GE%)(/(J!

<1L! 7)17$! 1'! /%$,0/-! #$1!>',*).)$1! ".$1)1(87).$1! 0'3)-).)5-! F! .#/1)3)./.)5-! 0'! '1($1!

1',*).)$1!F!#/!)7+$,(/-.)/!0'!1'I2),!(,/%/&/-0$! '-!#/! /.'+(/.)5- !($(/#!0'!2-!.$-.'+($!C2'!

+2'0/! )-('I,/,! 0)1()-(/1! +$1(2,/1! F! .#/1)3)./.)$-'1! +/,/! C2'! +2'0/-! 1',! /%$,0/0/1! +$,!

0)*',1$1!/.($,'1!)-* $#2.,/0$1!'-!#/!.$-1',*/.)5- !F!7/-'&$!0'!#$1!,'.2,1$1!(/-($!'-! E7%)($1!

2,%/-$1!.$7$!-/(2,/#'1 !=Z/(,).)/!;/#*/-',/@!NPPQH!9/7/.G$!>/-/%,)/@!9/7/.G$!>/-/%,)/@!

;/#0',/1!Z#/(/@![!>E-. G'4!K5+'4@!NPMQ?J!!

!
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>'! )-.#2F'! (/7%)8-! 2-! /-E#)1)1! 1$%,'! #/! *2#-',/%)#)0/0! F!,'1)#)'-.)/ ! 0'! #$1! 1',*).)$1!

'.$1)1(87).$1!F!.57$ !/3'.(/!#/!*/#$,/.)5-!0'!'1($1! 1',*).)$1!F/!C2'!'1($1!'1(/%#'.'-!#/!*)1)5-!

)-('I,/0/!0'!#/! '.$-$7L/ @!#/!'.$#$IL/ @!#$1!/1+'.($1!1$.)$!/7%)'-(/#!F!'#!/+,$*'.G/7)'-($!

1)-8,I).$ !0'!#$1!,'.2,1$1@!+,'1'-(/-0$!2-/!02/#)0/0!.$-.'+(2/#J!Z$,!2-/!+/,('@!1'!.2'1()$-/!

#/!/1)I-/.)5- !0'!*/#$,! '.$-57).$ !/!#$1!1',*).)$1!)-(/-I)%#'1!'!)-G','-('1!0'!#/!-/(2,/#'4/@!F!

+$,!$(,/!+/,('@!1'!.$-1)0',/!C2'@!'#!_,'.$-$.)7)'-($!F!'*/#2/.)5- !0'!#$1!>>""@!+',7)('!2-/!

7'&$,!)-(',+,'(/.)5- !0'!121!%'-'3).)$1!F!0'(',7)-/!#$1!./7%)$1!C2'!)-.)0'-!'-!'#!%)'-'1(/,!

G27/-$`! =9$1(/-4/!'(!/#J@!M]]Q?J!

a)-/#7'-('! 1'! /-/#)4/- ! #/1!'B+',)'-.)/1! 7'($0$#5I)./1! ,'3','-('1 ! /! #$1! >)1('7/1! 0'!

T-3$,7/.)5-! S'$I,E3)./! .$7$! 2-/! G',,/7)'-(/! '-! #/! 0'#)7)(/.)5-@! )0'-()3)./.)5-! F!

'*/#2/.)5-! 0'!#$1!1',*).)$1!'.$1)1(87).$1J!

1.1! La epistemología ambiental en el estudio de los servicios ecosistémicos. 

"1('!(,/%/&$!,'32',4/!12!+$1(2,/!3)#$153)./!0'!C2'!#/!_'+)1('7$#$IL/!0'!#/!.)'-.)/!/7%)'-(/#`@!

.$7$!/,I27'-(/! A$,/#'1!l/11$!=NPMQ?@!-$!'1!2-!'1(20)$!32-0/7'-(/#!F!+$,!#$!(/-($!/7',)(/!

,'.$-$.',!12!.'-(,/#)0/0!F!#'I)()7)0/0!.$7$!('7/!+/,/!,'1$#*',!0)#'7/1!$!,'3#'B)$-/,!1$%,'!

#/1! )0'/1! C2'! .$-3)I2,/-! '#! +'-1/7)'-($ ! =9$##/4$! "B+51)($! [! S'#)! 0'! 9)2,/-/@! NPMQH!

>"A<bm<R@!NPPc?J!

>)!%)'-!#/!%/1'!0'!#/!'+)1('7$#$IL/!/7%)'-(/#!.$7)'-4/!/!0'7/,./,1'!0'10'!'#!7$7'-($!'-!

C2'!1'!,'.$-$.'!/#!7'0)$!/7%)'-('!.$7$!2-!+,$%#'7/H!'-!72.G$1!./1$1!G/F!_,'1$-/-.)/!

)-.$,,'.(/!+$,!3/#(/!0'!2-/!%/1'! '+)1('7$#5I)./! /7%)'-(/#! /.'+(/%#'`H !'-!+/,('!+$,C2'! '#!

.$-.'+($!0'!7'0)$!/7%)'-('!G/!./7%)/0$!1)I-)3)./()*/7'-('J! S)/--244$!=NPMP?@!,'3)','!C2'!

'-!%)$#$IL/!F!'.$#$IL/!'-!I'-',/#@!/7%)'-('!1'!,'3)','!/!#/1!.$-0).)$-'1!%)5()./1!F!/%)5()./1!

0'!2-!$,I/-)17$@!+$%#/.)5-!$!.$72-)0/0! =A$,/#'1!l/11$@!NPMQ?J!

"-! C2L7)./! '! )-I'-)',L/@! 1)I-)3)./! #$1! .$7+$-'-('1! /%)5().$1! 0'! 2-! '.$1)1('7/J! "-!

G27/-)0/0'1!F!.)'-.)/1!1$.)/#'1@!12'#'!,'3',),1'!/!#$1!0'(',7)-/-('1!'B(',-$1!0'#!3'-57'-$!

C2'!1'!'1(20)/!'-!2-!1'-()0$!.$-('B(2/#J!^'10'!'#!+2-($!0'!*)1(/!&2,L0).$@!'1!*)1($!.$7$!'#!

+,$02.($! 0'! #/1! )-(',,'#/.)$-'1! '-(,'! 12%1)1('7/1@! (/-($! -/(2,/#'1! .$7$! '.$-57).$1! F!

+$#L().$1J!"-!'.$-$7L/!)-0)./!7'0)$@!F/!1'/!.$7$!,'.2,1$!$!.$7$!'-($,-$ !!=A$,/#'1@!NPMc?J!
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^'#! 7)17$! 7$0$@! '-! $(,$1! ./7+$1@! )-.#21$! #$1! F/! 7'-.)$-/0$1@! '#! 7'0)$! /7%)'-('! 1'!

.$-1)0',/! -/(2,/#'4/! $! '.$#$IL/J! ^'! '1(/! 3$,7/@! '#! (8,7)-$! 7'0)$! /7%)'-('! _+2'0'!

)-(',/.(2/,! .$-! 0)3','-('1! 'B+,'1)$-'1! '-! 32-.)5-! 0'! #/! 0)3','-('! )-3$,7/.)5-! C2' ! ./0/!

$%1',*/0$,@!0'!0)3','-('1!0$7)-)$1@!()'-'!1$%,'!8#`J!S)/--244$!1'\/#/!C2'@!+$,!'1(/!,/45-@!

1'!*2'#*'!+,$%#'7E().$!.2/-0$!'#!(8,7)-$!0'%'!'-('-0',1'!'-!2-!.$-('B($!7E1!/7+#)$@!.$7$!

)-(',0)1.)+#)-/,)$@!'-!E,'/1!0'!)-*'1()I/.)5-@!'-1'\/-4/!$!/+#)./.)5-` !=;$..$@!NPMPH!K'4/7/!

[!S,/)4%$,0@!NPMP?@!#$!C2'!)-0)./!2-/!.$-321)5-!'-!#/!(',7)-$#$IL/!.2/-0$!$(,/1!0)1.)+#)-/1!

#$! )-('-(/-! /%$,0/,! .$-! 121! +,$+)$1! .$-.'+($1! .#/*'J! "-! I'-',/#@! '1($1! .$-.'+($1!

0)1.)+#)-/,'1!+2'0'-!,'#/.)$-/,1'!'-!.)',(/!7'0)0/!'-!#$1!(,'1!1'-()0$1!0'!7'0)$!/7%)'-('J!

<7%)'-('@!C2'!1)I-)3)./!7'0)$!$!'-($,-$@!'1!'#!C2'!1'!,'7)('!/!2-/!$-($#$IL/!F!'+)1('7$#$IL/!

02/#)1(/!=<,-$#0!9/(G/#)3/20@!NPMPH!"1.$%/,@!NPMMH!"1.$%/,! '(! /#J@!NPPeH!S/#$.G'(@!NPP]H!

K'4/7/![!S,/)4%$,0@!NPMPH!Z',0$7$!K5+'4@!NPPQ?J!

"1(/!1'! ,'3)','!%E1)./7'-('! /!2-! .$-&2-($!0'!3/.($,'1! 'B(',-$1!=/(7$138,).$1@!.#)7E().$1@!

G)0,$#5I).$1@!I'$#5I).$1!F!%)$#5I).$1?!C2'!+2'0'-!('-',!2-/!)-3#2'-.)/!0),'.(/!$!)-0),'.(/!

1$%,'! #$1! $,I/-)17$1@! +$%#/.)$-'1! $! .$72-)0/0'1! %,$-.'!=A$,/#'1@! NPMc?J!<7%)'-('! 1'!

,'3)','!/!#/!+',(2,%/.)5-!G27/-/!0'!#/!-/(2,/#'4/U!#/!.$-(/7)-/.)5-!2!$(,/1!.$-1'.2'-.)/1!0'!

#/1! /.()*)0/0'1! G27/-/1! C2'! /3'.(/-! /! #/1! +',1$-/1! F! #/! -/(2,/#'4/J! >'! 0'3)-) ,L/! 7E1!

/7+#)/7'-('!.$7$!-/(2,/#'4/!/-(,$+$1$.)/#)4/0/ !=;/IG'#@!NPMNH!Z#27n$$0@!NPMX?J!!

"#!7'0)$!/7%)'-('!G/.'!,'3','-.)/!/!#/1!.$-'B)$-'1!'B(,/$,0)-/,)/1!'-(,'!#/!1$.)'0/0!G27/-/!

F!#/!-/(2,/#'4/!)-G27/-/ !=9/,7'-4/@!NPPQH!K'33@!NPPc/H!Z',0$7$!K5+'4@!NPPQH!b/7L,'4!

A/,.)/#@! S$-4E#'4! "1+)-$4/@! A21E#'7! 9/1()##'&$1@! m$I2',/! >/*'##)@! [! S57'4! Z)-'0/@!

NPMX?@!,''7+#/4/-0$!/1L!/!#/!'.$#$IL/!1$.)/#J!"#!/7%)'-('!)-('I,/!'#!72-0$!0'!#/!)-*'-.)5-!

F!#/!.2#(2,/!G27/-/@!/1L!.$7$!#/!)-(',/..)5-!0'#!G$7%,'!7)17$!.$-!#/!-/(2,/#'4/@!#$!C2'!

/3'.(/,L/!#/!.$-.'+.)5-!7)17/!0'!#/!)0'/!0'!G27/-$ !=S)/--244$@!NPMP?J!!

!"! "#$%&'()&*+$,-.&'(/*0'+$'($1'0*)&2($)3($03+$+'14&)&3+$')3+&+/5-&)3+"$

"#! (,/%/&$! 0'! #/! 9)'-.)/! <7%)'-(/#! 1'! +2'0'! 0'3)-),! .$7$! #/! %D1C2'0/! 0'! -2'*$1!

.$-$.)7)'-($1@! #/! 3$,7/.)5-! 0'! .$-.'+($1! F! 'B+#)./.)$-'1@! F! #/! +,$+2'1(/! 0'! 1$#2.)$-'1!

'1+'.L3)./1! '-! 2-! '-($,-$!0'#!7'0)$! /7%)'-('! C2'! /%/,./! (/7%)8-!#$!1$.)/#!=S)/--244$@!

NPMPH!A$,/#'1!l/11$@!NPMQ?!
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K/1!0'3)-).)$-'1!0'!#/1! .)'-.)/1! /7%)'-(/#'1!1$-!0'! .',./U!#/1!.)'-.)/1!C2'!+,$72'*'-! '#!

0'1/,,$##$! '.$-57).$!=$! '#!%)'-'1(/,!G27/-$?!0'!7/-',/! '.$#5I)./7'-('!1$1('-)%#'J!K/1!

.)'-.)/1! F! +,$3'1)$-'1! C2'! .$-(,)%2F'-! /! '1('! $%&'()*$! 1$-! 0)*',1/1@! F! #/1! .)'-.)/1!

/7%)'-(/#'1! .$-*',I'-! '-! 0)3','-('1! '-3$C2'1! '1+'.)/#)4/0$1! +/,/! '1(20)/,! F! ,'1$#*',!

+,$%#'7/1!,'#/.)$-/0$1!.$-!#/1!)-(',/..)$-'1!'-(,'!G27/-$1@!+',1$-/1!F!7'0)$!/7%)'-('J!

>2!7/F$,!./,/.(',L1()./! '1!12!*L-.2#$!0),'.($!.$-!#/! ./#)0/0!0'!*)0/!G27/-/@!I,/.)/1!/!#/!

1$1('-)%)#)0/0!$+',/()*/!/!.$,($!F!#/,I$!+#/4$!0'!#/!%/1'!%)$3L1)./!'-!#/!R)',,/J!<0'7E1 @!#/!

.)'-.)/! /7%)'-(/#! .,'/! 7$0'#$1! .$7%)-/-0$! 0$1! +,$+)'0/0'1U! #/! -/(2,/#'4/! C2'! 1'! G/!

-$7%,/0$!0)1F2-()*/7'-('!.$7$!(/#!F!#/!-/(2,/#'4/!/-(,$+$1$.)/#!/!#/!7/-',/!0'!#/!(',.',/!

.2#(2,/!=S/,.L/!a#$,'1@!S2()8,,'4!9'0)##$@!l2/-!Z8,'4@!;/#0',/1!Z#/(/@![!9/#*'(6A),@!NPMe?J!

K/!./('I$,L/!0'!'.$1)1('7/1!1'!,'3)','!/!2-)0/0'1!32-.)$-/#'1!C2'!)-.#2F'-!121!.$7+$-'-('1!

%)5().$1!F!/%)5().$1!F!#/1!)-(',/..)$-'1!F!+,$.'1$1!0)-E7).$1!C2'!()'-'-!#2I/,!'-(,'!'##$1@!#$!

C2'!)7+#)./!2-/!0)*)1)5-!%)$3L1)./!0'!#/!,'/#)0/0!C2'!1'!%/1/!'-!'#!02/#)17$!0)1F2-()*$!0'!#/!

7$0',-)0/0 !=^'!#/!;/,,',/![!;/.G7/-- 6:/,I/1@!NPMVH!o,C2)&$!R$,,'1![!;/,,',/!;/11$#1@!

NPP]?J!>21!.$7+$-'-('1!)-$,IE-).$1!F!$,IE-) .$1!'1(E-!2-)0$1!+$,!2-/!./0'-/!/#)7'-().)/!

0)1)+/0$,/!0'!'-',IL/U!#/1!+#/-(/1!21/-!#/!,/0)/.)5-!1$#/,!+/,/!+,$02.),!7/(',)/!$,IE-)./!/!

(,/*81!0'!#/!3$($1L-('1)1@!#/!3/2-/!1'!-2(,'!0'!'##/1!F!'-!./0/!'1#/%5-!1'!+)',0'!'-(,'!eP!F!]PW!

0'!#/!'-',IL/!'1!'-!3$, 7/!0'!./#$, !=:).'-(' 6>',,/-$!'(!/ #J@!NPMN?J!

K/!)-.#21)5-!0'!#$1!'.$1)1('7/1!'1!2-/!,'1+2'1(/!/!#/!/7%)Ip'0/0!0'!#/!-/(2,/#'4/@!F/!C2'!

,'C2)','!#/!1'+/,/.)5-!0'!#/1!+,$+)'0/0'1!.,'/0/1!+$,!'#!G$7%,'!0'!#/1!-$!/,()3).)/#'1J!Z$,!#$!

(/-($@!1'!+2'0'!0'.),!C2'!($0/!/-(,$+$1$.)'0/0!.,'/!12!+,$+)/!+',1+'.() */!0'!#/!-/(2,/#'4/@!

)-0'+'-0)'-('7'-('! 0'! C2'! '1('7$1! G/%#/-0$! 0'! #/! -/(2,/#'4/! '-! I'-',/#! =)-.#2)0$1! #$1!

G27/-$1?!$!0'!#/!-/(2,/#'4/!)-G27/-/!'-!+/,().2#/, !=K'4/7/![!S,/)4%$,0@!NPMP?J!"-!(/-($!

C2'!G/%#/,!0'!'.$1)1('7/!)7+#)./!G/%#/,!0'!2-!1'-()0$!7E1!,'1(,)-I)0$!0'!#$!-/(2,/#J!

!

!

!
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1.2! Escuelas del pensamiento ecológico en las Ciencias Sociales.  

"-!'#! 1)I2)'-('!/+/,(/0$!1'!/%$,0/-!#/1!+,)-.)+/#'1!'1.2'#/1!0'!+'-1/7)'-($!'.$#5I).$!C2'!

1'!G/-!0'1/,,$##/0$!0'-(,$! '-!#/1!9)'-.)/1!>$.)/#'1! '-!#/1!D#()7/1!08./0/1@!'-!#/1!C2'!1'!

'-7/,./!'1('!(,/%/&$@!1$%,'!($0$!+$,!'#!G'.G$!0'!C2'!#/!+/,('!/7%)'-(/#!'1!.$-1)0',/0/!+/,('!

0'#!0'1/,,$##$!'-!32-.)5-!0'#!.,'.)7)'-($!'.$-57).$!0'!#$1!+/L1'1U!/?!0'1/,,$##$!1$1('-)%#'@!

%?! '.$#$IL/! +$#L()./! =;/,f)-@! a2'-('! 9/,,/1.$@! [! R/I#'! q/7$,/@! NPMNH! a$#/0$,)@! NPPQH!

S/44/-$![!<.Gf/,@!NPMOH!K'33@!NPP]H!m/,'0$@!M]]QH!R'(,'/2#(@!NPPX?J!!

!"#"! $6'+*113003$78+/'(/*.0'$967:$

K/!'1.2'#/!0'#!+'-1/7)'-($!0'!0'1/,,$##$!121('-(/%#'! .$7'-45 !/!($7/,!3$,7/!'-!#/! 08./0/ !

0'!#$1!1'('-(/J!>2!+,)7',!G)($!32'!#/!9$-3','-.)/!0'!"1($.$#7$@!.2F/!0'.#/,/.)5- !.$-()'-'!

#$1!+,)-.)+)$1!%E1).$1!0'#!0'1/,,$##$!121('-(/%#'U!'#!.,'.)7)'-($!'.$-57).$ @!#/! )--$*/.)5- !

('.-$#5I)./ @!#/!(,/-13','-.)/!0'! ('.-$#$IL/ !0'#!m$,('!/#!>2,@!7'&$,!7/-'&$!0'!#$1!,'.2,1$1!

-/(2,/#'1@!#/!,'02..)5- !0'!#/!(/1/!0'! .,'.)7)'-($!0'!#/! +$%#/.)5-!72-0)/#@!#/!.$$+',/.)5- !

)-(',-/.)$-/#!F!#/! '#/%$,/.)5- !0'!#/1!#'F'1!/7%)'-(/#'1!=r//1@!d2I8@!:',%,2II'-@![!r,)IG(@!

NPMM?J!

K$1!+,)-.)+)$1!%E1).$1!0'#!0'1/,,$##$!1$1('-)%#'!1$-!'#!.,'.)7)'-($!'.$-57).$@!#/!)--$*/.)5-!

('.-$#5I)./@! #/! (,/-13','-.)/! 0'! ('.-$#$IL/! -$,(' 612,@! 2-/! 7'&$,! I'1()5-! 0'! #$1! ,'.2,1$1!

-/(2,/#'1@!#/!,'02..)5-!0'#!.,'.)7)'-($!0'!#/!+$%#/.)5-!72-0)/#@!#/!.$$+',/.)5-@!'#!0','.G$!

)-(',-/.)$-/#!F! '#!0','.G$!/7%)'-(/#! =S/,.L/!a#$,'1! '(! /#J@!NPMe?J!K$1!.2/#'1!7/,./,$-!#/!

+/2(/!+/,/!.$-1)0',/,!0'-(,$!0'#!0'1/,,$##$!0'!#$1! +/L1'1@!#/1!0)7'-1)$-'1!'.$-57).$ @!1$.)/#!

F! /7%)'-(/#!=S/44/-$! [!<.Gf/,@!NPMOH!S2()8,,'4!9'0)##$@!<I2)#',/!S57'4@![!S$-4E#'4!

" 1C2)*'#@!NPPeH!K'33@!NPP]?J!!

"-!M]eN!12,I'!'#!Z,$I,/7/!0'!#/1!m/.)$-'1!o-)0/1!+/,/!#/! Z,$('..)5- !0'#!A'0)$!<7%)'-('!

=ZmoA<?@!.$-!'#!$%&'()*$!0'!.$$,0)-/,!+,$I,/7/1!/7%)'-(/#'1!F!+,$7$*',!#/! .$$+',/.)5- !

)-(',-/.)$-/#! 1$%,'! .2'1()$-'1! /7%)'-(/#'1 !=;/,f)-! '(! /#J@! NPMNH! a$#/0$,)@! NPPQH! m/,'0$@!

M]]QH!R'(,'/2#(@!NPPX?J!!
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K/! 0'3)-).)5-! C2'! 1'! 12'#'! .)(/,! 0'#! T-3$,7'! ;,2-0(#/-0! '1! #/! 1)I2)'-('U! s"#! 0'1/,,$##$!

1$1('-)%#'! '1! '#!0'1/,,$##$!C2'!1/()13/.'! #/1! -'.'1)0/0'1!0'#!+,'1'-('! 1)-! .$7+,$7'(',! #/!

./+/.)0/0!0'!#/1!I'-',/.)$-'1!32(2,/1!+/,/!1/()13/.',!121!+,$+)/1!-'.'1)0/0'1J !T-.#2F'!0$1!

.$-.'+($1!+,)-.)+/#'1U!'#!.$-.'+($!0'!s-'.'1)0/0'1s@!'1!0'.),@!#/1!-'.'1)0/0'1!%E1)./1!0'!#$1!

+$%,'1! C2'! 0'%'-! +,)$,)4/,1'@! F! 2-/! .$7+,'-1)5-! 0'! #/1! .$-0).)$-'1! F! ./+/.)0/0'1!

('.-$#5I)./1!0'!#/!$,I/-)4/.)5-!1$.)/#!/.(2/#!'-! '#!72-0$J!+/,/!1/() 13/.',!#/1!-'.'1)0/0'1!

+,'1'-('1!F!32(2,/1`!=R'(,'/2#(@!NPPX?J!!

"-!'#!)-3$,7'!0'!;,2-0(#/-0!1'!0'3)-'!/#!.$-.'+($!0'!121('-(/%)#)0/0H!F!#/!<I'-0/!NM!.$-!

+,)-.)+)$1!+/,/!#$I,/,!'#!^> !=a$#/0$,)@!NPPQH!S2()8,,'4!S/,4/@!NPPeH!R'(,'/2#(@!NPPX?J!!

!"#"#$;)303<=*$>30=/&)*$9;>: $

K/!'.$#$IL/!+$#L()./!1'!G/!.$-*',()0$!'-!2-$!0'!#$1!7/,.$1!/-/#L().$1!7E1!2()#)4/0$1!+/,/!'#!

/-E#)1)1!0'!#$1!+,$%#'7/1!1$.)$6(',,)($,)/#'1J!o-/!/7+#)/!I/7/!0'! 0)1.)+#)-/1!C2'!*/-!0'10'!

#/!I'$I,/3L/!G/1(/!#$1!'1(20)$1!0'!.)'-.)/!+$#L()./@!1$.)$#$IL/!F!/-(,$+$#$IL/!G/-!2()#)4/0$!#$1!

+,'.'+($1! %E1).$1! 0'#! '1(20)$! 0'! '1('! .$-.'+($H! 0'%)0$! /! #/! /7+#)/! I/7/! 0'! +$1(2#/0$1!

('5,).$1!F!7'($0$#5I).$1!C2'! '-7/,./@!#/! '.$#$I L/!+$#L()./! 1'!G/! .$-1$#)0/0$! .$7$!2-/!

G',,/7)'-(/! ('5,)./! /-/#L()./! C2'! %21./! 2-/! 7'&$,! .$7+,'-1)5-! 0'! #$1! +,$%#'7/1!

0).$(57).$1!'-(,'!G$7%,'!F!/7%)'-(' !=9/#0',5-69$-(,',/1@!NPMO?J!

"1!2-!'1+/.)$!0'!+'-1/7)'-($!'-!'#!C2'!.$-3#2F'-!0)*',1/1!0)1.)+#)-/1@!.$7$!#/!'.$-$7L/@!

#/!1$.)$#$IL/@!#/!/-(,$+$#$IL/@!#/!G)1($,)/!/7%)'-(/#@!#/!I'$I,/3L/@!'-(,'!$(,/1J!"B)1('!.)',($!

.$-1'-1$!'-!,'.$-$.',!C2'!()'-'!.$7$!$%&'($!'1(20)/,!#/1!7/-',/1!'-!C2 '!#$1!0)1()-($1!I,2+$1!

1$.)/#'1!1'!,'#/.)$-/-!.$-!#$1!#2I/,'1!'-!#$1!C2'!*)*'-@!0/-!1'-()0$!/!121!72-0$1!F!+$1(2#/-!

#/1!7/-',/1!C2'!.$-1)0',/-!7E1!/0'.2/0/1!0'!/..'0',!/!F!2()#)4/,!#$1!'#'7'-($1!%)$3L1).$1 !

=>(,/..)/![!Z)4/,,$@!NPM]?J!!

" 1!2-! ./7+$!C2'! /D-! -$! /0C2)','! -$7%,'!+,$+)$H!+$,! '##$!1'! #'! 0'1)I-/! .$-!+,81(/7$1!

7'(/35,).$1!0'!.$-.'+($1!F!(8,7)-$1!+,$*'-)'-('1!0'!$(,/1!0)1.)+#)-/1!+/,/!),!-$7%,/-0$!#$1!

.$-3#).($1! 0',)*/0$1! 0'! #/! 0)1(,)%2.)5-! 0'1)I2/#! F! #/1! '1(,/('I)/1! 0'! /+,$+)/.)5-! 0'! #$1!

,'.2,1$1!'.$#5I).$1@!#$1!%)'-'1!-/(2,/#'1!F!#$1!1',*).)$1!'.$1)1(87).$1!=K'33@!NPPc%?J!
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"-!#$1!D#()7$1!0)'4!/\$1!#/!'.$#$IL/!+$#L()./!1'!G/!.$-1$#)0/0$!.$7$!2-!)7+$,(/-('!./7+$!

0'! '1(20)$! F! 0'%/('! '-! '#! E7%)($! /./087).$! #/()-$/7',)./-$J! "B)1('-! F/! /#I2-/1!

+2%#)./.)$-'1!C2'!G/-!/%)',($!'1+/.)$1!+/,/!0)32-0),!'1(/!+',1+'.()*/!0'!/-E#)1)1!F@!'-!'##/1@!

'1!+$1)%#'!)0'-()3)./,!2-/!I,/-!*/,)'0/0!0'!('7/1!F!'-3$C2'1!C2'!%21./-!'B+#)./,!'#!./7%)$!

/7%)'-(/#!/!+/,(),!0'!+,$.'1$1!+$#L().$1!F!0)1+2(/1!1$.)/#'1@!7/(',)/#'1!F!1)7%5#)./1!=^2,/-0@!

a)I2',$/@![!S247E-@!NPMMH!K5+'4@!NPM]?J!!

"-(,'! '##/1 @!#/1!E,'/1!-/(2,/#'1!+,$('I)0/1!(/7%)8-!G/-!1)0$!/-/#)4/0/1!.$7$!)-1(,27'-($1!

C2'!12,I'-!0'!+$#L()./1!F!+,$.'1$1!0'!I'1()5-!+$.$!0'7$.,E().$1@!.$-!.$-1'.2'-.)/1!1',)/1!

+/,/! #/1! .$72-)0/0'1! #$./#'1 @!'#! '.$(2,)17$! +$,! '&'7+#$@! 1$-! +2'1(/1! '-! .2'1()5-! F!

,'#/.)$-/0 /1! .$-! '#! )-.,'7'-($!0'! #/!0'1)I2/#0/0@!#/!0'I,/0/.)5-! /7%)'-(/#!F! '#! ./7%)$!

1$.)$.2#(2,/#@!#/!,'.2+', /.)5-!0' !+,E.()./1!/I,L.$#/1!(,/0).)$-/#'1@!72'1(,/!C2'!'#!+,$%#'7/!

-$!15#$!'1!0' !./,E.(',!(8.-).$@!1)-$!C2'!(/7%)8-!'B)1(L/-!$%1(E.2#$1!'.$-57).$1@!+$#L().$1!F!

1$.)/#'1! +/,/! I'-',/,! 3$,7/1! 0'! 21$! 0'! #$1! ,'.2,1$1! '.$#5I)./7'-('! 7E1! /0'.2/0/1! F!

1$.)/#7'-('!7E1!)-.#2F'-('1 !=^2,/-0!'(!/#J@!NPMM?J!!

1.3! Teoría General de Sistemas (TGS) en el análisis de los servicios ecosistémicos 

^'%)0$!/!#/!-/(2,/#'4/!0'#!'1(20)$!0'!#/1!.)'-.)/1!/7%)'-(/#'1!=3/.($,'1!3L1).$1@!C2L7).$1@!

%)$#5I).$1!F!1$.)/#'1?@!#/1!.)'-.)/1!/7%)'-(/#'1!1$-!2-/!0)1.)+#)-/!)-('I,/0/@!G/.)'-0$!21$!

0'! #/1! .$-(,)%2.)$-'1! 0'! 0)3','-('1! 0)1.)+#)-/1@! +$,! #$! C2'! #/! )-*'1()I/.)5-! /7%)'-(/#! 1'!

*2'#*'!)-(',0)1.)+#)-/,)/@!.$-!'#!$%&'()*$!0'!'-3$./,1'!'-!'1(20)/,!($0/1!#/1!)-(',/..)$-'1!1'!

,'C2)','!2-/! *)1)5-! I#$%/#@!C2'!+',7)(/! '-('-0' ,!#/! ,'#/.)5-! '-(,'!121! .$7+$-'-('1!F!#/1!

+$1)%#'1!.$-1'.2'-.)/1!1)!/#I2-$!0'!'##$1!./7%)/J!

d/F!0$1!78($0$1!C2'!1'!+2'0'-!2()#)4/,!+/,/!'1(20)/,!.2/#C2)',!3'-57'-$U !

t! "#! '-3$C2'! ,'02..)$-)1(/U! ^)*)0'! '#! $%&'($! 0'! '1(20)$! '-! 121! '#'7'-($1! +/,/!

'1(20)/,#$1!+$,!1'+/,/0$J!"-!.$-('B($!/7%)'-(/#@!#$1!3'-57'-$1!1$-!(/-!)7+$,(/-('1!.$7$!

121!,'#/.)$-'1!F!+$,!#$!(/-($!0'%'-!1',!'1(20)/0$1!0'10'!2-!'-3$C2'!0)3','-('J !

t! "#!'-3$C2'!G$#L1().$U!"1(20)/!(/-($!#$1!'#'7'-($1!.$7$!#/1!,'#/.)$-'1!'-(,'!'##$1J!K/!

('$,L/!0'!1)1('7/1!1'!2()#)4/!+/,/!'1(20)/,!'#!7'0)$!/7%)'-('!0'10'!2-!'-3$C2'!G$#L1().$J !
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K/!RS>!1'!0'3)-'!+$,!12!+',1+'.()*/!G$#L1()./! '! )-('I,/0$,/@!0$-0'!#$!)7+$,(/-('!1$-!#/1!

,'#/.)$-'1! F! #$1! .$-&2-($1! C2'! '7',I'- ! =<,-$#0! 9/(G/#)3/20! [! Y1$,)$@! NPMM?J! <#! 1',!

72#()0)1.)+#)-/,)/!()'-'!.$7$!$%&'()*$!'B/7)-/,!#$1!1)1('7/1@!121!'#'7'-($1@!#/!.$7%)-/.)5-!

0'!#$1!+,)7',$1!'-!12+',1)1('7/1!F!0'!#$1!1'I2-0$1!'-!12%1)1('7/1@!/1L!.$7$!121!7$0$1!0'!

/..)5-!$!.$7+$,(/7)'-($ !=:$-!;',(/#/-33F@!M]Qc?J!

K/!RS>! /%$,0/! ./7+$1! -$! 6!3L1).$1!0'#!78($0$! .)'-(L3).$H! '1+'.)/#7'-('! '-!#/1! .)'-.)/1!

1$.)/#'1@! /#! 0'1/,,$##/,! +,)-.)+)$1! )-('I,/0$,'1! C2'! )-.#2F'-! #/1! E,'/1! +/,().2#/,'1! 0'! #/1!

.)'-.)/1! )-*$#2.,/0/1! '-! '#! /-E#)1)1!0'#!$%&'($!0'! '1(20)$!=<,-$#0!9/(G/#)3/20@!NPMP?J! "#!

1)1('7/! '1! 2-! .$-&2-($! 0'! */,)/%#'1! F! '#'7'-($1! .$7+#'&$1@!$,I/-)4/0$1@! ,'#/.)$-/0$1@!

'-1/7%#/0$1@!1$#)0/,)/7'-('! '-(,'! 1L@!)-(',0'+'-0)'-('1@!+/,/! .27+#),!$%&'()*$1! .$72-'1 !

=<,-$#0![!Y1$,)$@!NPMeH!:$-!;',(/#/-33F@!M]Qc?J!!

"#! I,2+$!0'! .$7+$-'-('1! )-(',,'#/.)$-/0$1! '-! '#!1)1('7/!$+',/-!&2-($1! .$-!2-!+,$+51)($!

.$7D-@! 1$-! ./+/.'1! 0'! ,'/..)$-/,! .$7$! 2-! ($0$! /! 2-! '1(L72#$! 'B(',-$@! ()'-'! #L7)('1!

'1+'.L3).$1! %/1/0$1! '-! ($0/1! #/1! ,'(,$/#)7'-(/.)$-'1! 1)I-)3)./()*/1! F! -$! '1! 0),'.(/7'-('!

/3'.(/ 0$! +$,! 121! +,$+)$1! +,$02.($1! =:$-! ;',(/#/-33F@! M]e]?J! >'! (,/(/! 0'! 2-! /,,'I#$! 0'!

.$7+$-'-('1!3L1).$1@!2-)0$1!$!,'#/.)$-/0$1!C2'!/.(D/-!.$7$!2-)0/0H!()'-'!2-/! '1(,2.(2,/!

C2'!1'!,'#/.)$-/!.$-!'#!-D7',$!0'!#$1!.$7+$-'-('1@!'#!()+$!F!'#!/,,'I#$!'-(,'!'##$1 !=<,-$#0!

9/(G/#)3/20![!Y1$,)$@!NPMM?J!

K$1!1)1('7/1!.$7+#'&$1!1'!./,/.(',)4/-!+$,!#/!0)*',1)0/0@!G'(',$I'-')0/0!$!72#()+#).)0/0J!k!

.$7+ #'7'-(/,)/7'-('@!'#!'-('-0)7)'-($!'1+'.L3).$!0'#!()'7+$!F!#/!)0'/!0'!C2'!1'!(,/(/!0'!

3'-57'-$1@!1)1('7/1!F! .$7+$,(/7)'-($1!0'! .$7+#'&)0/0! .,'.)'-('! 1$-!#$1!C2'!0'3)-'-!F!

./,/.(',)4/-! /! #/1! .)'-.)/1! 0'! #/! .$7+#'&)0/0J! 9$-! #/! )0'/! 0'! ('7+$,/#)0/0@! #$1! 1)1('7 /1!

.$7+#'&$1!1'!0'3)-'-!0),'.(/7'-('!F!1$-!+,$+$,.)$-/#'1!/!#$1!I,/0$1!0'!#)%',(/0!C2'!+$1''-!

$! 'BG)%'-J!92/-($!7/F$,!1'/-!#$1! I,/0$1!0'!#)%',(/0@!7/F$,!1',E!#/! .$7+#'&)0/0!F@! /!#/!

)-*',1/@!.2/-($!7'-$,!1'/-!#$1! I,/0$1!0'!#)%',(/0@!7'-$,!1',E!#/! .$7+#'&)0/0!=AH!;/0))@!

NPPe?J!

!

!
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1.4 La ciencia ecológica en la comprensión de los servicios ecosistémicos 

K/!'.$#$IL/!'1!#/!.)'-.)/!C2'!'1(20)/!#/1!,'#/.)$-'1!'-(,'!#$1!$,I/-)17$1!F!12!/7%)'-('J!K/1!

.)'-.)/1! '.$#5I)./1! .2%,'-! 2-! ./7+$! 72F! /7+#)$! 0'! #/1! .)'-.)/1! %)$#5I)./1! F! 2()#)4/-!

.$-$.)7)'-($1!.$7$!#/!3L1)./!/(7$13 8,)./!F!'#!.$7+$,(/7)'-($!/-)7/#!+/,/!.$7+,'-0',!#/!

$,I/-)4/.)5-! 0'! #/! -/(2,/#'4/J! >)! %)'-! #/! '.$#$IL/! G/! $.2+/0$! 2-! #2I/,! '-! #/1! .)'-.)/1!

%)$#5I)./1!02,/-('!72.G$1!/\$1@!'B)1('!.)',($!I,/0$!0'!.$-321)5-!'-!12!1)I-)3)./0$@!F/!C2'!

#$1!I,2+$1!)-(',-/.)$-/#'1 !F!#$1!+/,()0$1!+$#L().$1!/!7'-20$!#/!.$-32-0'-!.$-!s'.$#$I)17$s!

=Z/,1$-1@!l$G-1$-@![!d/,*'F@!M]ee?J!

!

<! +'1/,! 0'! '1(/! .$-321)5-@! '-! '1('! 1)I#$! #/! .)'-.)/! '.$#5I)./! 1'! G/! .$-*',()0$! '-! 2-/!

G',,/7)'-(/! 32-0/7'-(/#! +/,/! '-('-0',! '#! 32-.)$-/7)'-($! 0'! #$1! '.$1)1('7/1! F! 121!

/+#)./.)$-'1!('.-$#5I)./1!.$-(,)%2F'-!/!2-/!7'&$,!I'1()5-!0'!#$1!,'.2,1$1!-/(2,/#'1@!F!#$ 1!

,'.2,1$1!=>'77/,()-@!^)! ;'##/@!S,)7$#0)@! [!Y'1(',G'#0@!M]]O?J!Z$,!12!+/,('@!#/! '.$#$IL/!

'1(20)/!#/1! ,'#/.)$-'1! '-(,'!$,I/-)17$1!F! '-(,'! '1($1!F!12! /7%)'-('! '-!2-/!0)*',1)0/0!0'!

'.$1)1('7/1!C2'! )-.#2F'! /!#$1! /I,$'.$1)1('7/1J! K/! '.$#$IL/!+,$+$,.)$-/ ! '#! .$-$.)7)'-($!

+/,/! .,'/,! 2-! 7/,.$! 7E1! .$7+#'($! +/,/! /-/#)4/,! +,$%#'7/1! /I,L.$#/1@! 7'&$,/,! #/!

.$7+,'-1)5-!0'!#$1!1)1('7/1!F!$%('-',!1$#2.)$-'1!="##)$((![!9$#'@!M]e]?J!!

!

"-(,'!#$1!0)3','-('1!()+$1!0'!'.$1)1('7/1@!2-$!0'!#$1!7E1!'1(20)/0$1!'1!'#!1)1('7/!/I,$-57).$!

6! I/-/0',$U!2-! .$- &2-($!0'! .$7+$-'-('1!%)5().$1!F! /%)5().$1! ,'#/.)$-/0$1@! /#I2-$1!%/&$!

.$-(,$#!G27/-$@!C2'!.$-3$,7/-!#/!2-)0/0!0'!+,$02..)5-!0'!/#)7'-($1!F!3)%,/1J!<!3)-/#'1!0'!

#$1!]Pu1!#$1!/I,$'.$1)1('7/1!$.2+/%/-!2-!OPW!0'!#/!12+',3).)'!($(/#!F!I'-',/%/-!2-!NPW!0'!

#/!+,$02.()*)0/0!+,)7/,)/!-'(/!(',,'1(,' !=;'/,'@!9$#'7/-@!9,$11#'F@!d'-0,)B@![!Y027@!M]]VH!

"##)$((![!9$#'@!M]e]?J!

!

K/!/I,$-$7L/!'1(20)/!#$1!1)1('7/1!/I,L.$#/1!F!I/-/0',$1!F!#$1!,'12#(/0$1!0'!'1('!'&',.).)$!

0',)*/-!'-!0)1()-(/1!(8.-)./1!0'!7/-'&$@!+/,/!.,'/,!(8.-)./1!0'!7/-'&$!C2'!7/B)7).'-!.)',($1!

$%&'()*$1@! I'-',/#7'-('! '.$-57).$1@! 0'-(,$! 0'! #/1! #)7)(/.)$-'1! )7+2'1(/1 ! +$,! '#! 7'0)$!

/7%)'-('J! "-!'#!1)1('7/!/I,L.$#/!)7+$,(/-('1!3#2&$1!0'!7/(',)/!F!'-',IL/!.),.2#/-!'-!3$,7/!

0'!3',()#)4/-('1@!.$7%21()%#'1!F!(,/%/&$!G27/-$J!^'#!7)17$!7$0$@!'-!72.G/1!,'I)$-'1@!#/!

./+/.)0/0! +,$02.()*/! 0'! #$1! 1)1('7/1! /I,L.$#/1! 1'! '1(E! 0'I,/0/- 0$! I,/02/#7'-('! +$,! #/!
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',$1)5-!C2'!+,$*$./!#/!+8,0)0/!0'!()',,/1@!'#!+/1($,'$!'B.'1)*$!C2'!+,$*$./!#/!0'I,/0/.)5-!

0'! #/! *'I'(/.)5-! $! #/1! 7/#'4/1J! "1(/1! $%1',*/.)$-'1! )-0)./-! 2-/! 2,I'-('! -'.'1)0/0! 0'!

7'&$,/,! #$1! ,'-0)7)'-($1! +$,! 2-)0/0! 0'! 12+',3).)'! 7'0)/-( '! '#! 21$! 0'! (8.-)./1! 0'!

.$-1',*/.)5-!0'!#$1!,'.2,1$1! =;'/,'!' (!/#J@!M]]V?J!!

!

R,/0).)$-/#7'-('@! '#! '1(20)$!0'!#/! '.$#$IL/!1'!G/! .'-(,/0$! '-! '#! '1(20)$!0'!+$%#/.)$-'1@!

.$72-)0/0'1!F!'.$1)1('7/1!'-!.$-0).)$-'1!-/(2,/#'1J!>)-!'7%/,I$@!'-!#$1!D#()7$1!()'7+$1!

G/!.,'.)0$!'#!)-(',81!'-!#/!+/,().)+/.)5-!0'#!G$7%,'!.$7$!2-!'#'7'-($!7/-)+2#/0 $,!0'!#$1!

'.$1)1('7/1!F!72.G$1!'.5#$I$1!G/-!0),)I)0$!12!(,/%/&$!G/.)/!#$1!/I,$'.$1)1('7/1J!>)!%)'-!

#$1!1','1!G27/-$1!.$-(,$#/-!#$1!'.$1)1('7/1@!#/1!#'F'1!%E1)./1!C2'!,)I'-!'#!32-.)$-/7)'-($!

0'!#$1!1)1('7/1!/I,/,)$1!F!I/-/0',$1!1$-!#/1!7)17/1!C2'! ,)I'-!#$1! 1)1('7/1!-$! ="##)$((! [!

9$#'@!M]e]? J!!

!

Y(,$! /1+'.($! 0'! #/! )-(',/..)5-! 0'! #/! '.$#$IL/! F! #/! /I,$-$7L/@! #/! .$-(,)%2.)5-! 0'#!

.$-$.)7)'-($!'.$#5I).$!/#!0'1/,,$##$!0'!(8.-)./1! /I,$-57)./1 !1'!G/.'! '*)0'-('!.2/-0$!1'!

/-/#)4/-!0)*',1$1!('7/1!0'!)-*'1()I/.)5-!'.$#5I)./J!o-!'&'7+#$!0'!'1('!/+$, ('!'1!'#!.$-.'+($!

0'! -)*'#'1! &',E,C2).$1! 0'! $,I/-)4/.)5-@! F/! C2'! #/! '.$#$IL/! +',7)('! #/! *)12/#)4/.)5-! 0'#!

'.$1)1('7/! '-! */,)$1! -)*'#'1! =)-0)*)02$1@! +$%#/.)$-'1@! .$72-)0/0'1@! '.$1)1('7/1?! F!

('7+$,/#'1!=()'7+$!$-($I8-).$@!'.$#5I).$!F!'*$#2()*$?!=<##'-![!>(/,,@!NPMQ?J!

!

"1(/! $,I/-)4/.)5-! 0'#! /-E#)1)1! '-! 0)1()-($1! -)*'#'1! 0'! 0'(/##'! 3/*$,'.'! '#! +,$.'1$! 0'!

)-*'1()I/.)5-! F! 3/.)#)(/! '-! %2'-/! 7'0)0/! #/! .$7+,'-1)5-! 0'! #$1! 0)1()-($1! +,$%#'7/1!

/I,$-57).$1J!>)-!'7%/,I$@!'1(20)/-('1@!+,$02.($,'1!$!)-.#21$!/I,5-$7$1!-$!1)'7+,'!*'-!

' 1(/!$,I/-)4/.)5-!&',E,C2)./J!Z$,!'&'7+#$@!'#!.$-$.)7)'-($!0'!#$1!3#2&$1!0'! '-',IL/! '-!#$1!

'.$1)1('7/1! +',7)('! 0'1/,,$##/,! 7$0'#$1! 0'! 1)72#/.)5-! C2'! .2/-()3)./-! .57$! 3#2F'! #/!

'-',IL/! 0'! 2-! .$7+/,()7'-($! 0'#! 1)1('7/! /! $(,$J! " 1($1! 7$0'#$1! +2'0'-! /+#)./,1'! /!

' .$1)1('7/1! +/1($,)#'1! +/,/! '1()7/,! #/! +,$02..)5-! 0'! %)$7/1/! *'I'(/#! =+,$02.()*)0/0!

+,)7/,)/?!F!#/!+,$02..)5-!0'!./,-'!=+,$02.()*)0/0!1'.2-0/,)/?! =Z/,1$-1!'(!/#J@!M]ee?J!!

!

<1)7)17$@!+',7)('-!'*/#2/,!#$1!-)*'#'1!F!0)3','-('1!+/(,$-'1!0'!+8,0)0/!0'!'-',IL/!'-!./0/!

.$7+/,()7'-($J!.$7+,'-0',!#/!0)-E7)./!F!32-.)5-!0'!#$1!3#2&$1!0'!'-',IL/!F!#$1!3/.($,'1!C2'!
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#$1! ,'I2#/-! F! C2'! +2'0'-! /3'.(/,#$1@! +',7)()'-0$! 7$0)3)./,#$1! +/,/! $+()7)4/,! #/!

+,$02.()*)0/0!F!/+,$*'.G/7)'-($!0'!#$1!/I,$'.$1)1('7/1J !

!
1.5 La ciencia geográfica y su relación con el análisis de los servicios ecosistémicos 

^'10'!12!$,)I'-!.$7$!0)1.)+#)-/@!#/!I'$I,/3L/!'1(E!L-()7/7'-('!,'#/.)$-/0/@!(/-($!.$-.'+(2/#!

.$7$! +,E.(). /7'-('@! .$-! '#! .$-.'+($! 0'! 7'0)$! /7%)'-('! F@! 7E1! +,'.)1/7'-('@! .$-! 12!

0)7'-1)5-!(',,)($,)/#J!"1($!'1!/D-!7E1!)7+$,(/-('!G$F@!'-!2-!.$-('B($!0$-0'!#/!)-*'1()I/.)5-!

()'-'!C2'!,'0'3)-),!121!$%&'()*$1!F!.$-('-)0$1!+/,/!G/.',!3,'-('!/!#$1!+,$%#'7/1!'1+/.)/#'1!

. $-('7+$,E-'$1@! ./,/.(',)4/0$1! +$,! '#! )7+/.($! 0'#! ./7%)$! I#$%/#@! -$! 1$#$! '#! ./7%)$!

.#)7E().$@!1)-$!(/7%)8-!#$1!)7+/.($1@!121!.$-1'.2'-.)/1!$!,'1+2'1(/1!/!'1./#/1!#$./#@!,'I)$-/#!

F!-/.)$-/# !=;$..$![!o,C2)&$@!NPMV?J!!

d$F! '-! 0L/! #$1! ('7/1! .#/*'! 1$-! '#! ,)'1I$@! #/! *2#-',/%)#)0/0@! #/! %)$0)*',1)0/0! 0)1(,)%2)0/!

I'$I,E3)./7'-('@!'#!21$!F!#/!+#/-)3)./.)5-!0'#!12'#$@!'#!/-E#)1)1!0'#!+/)1/&'@!#/!+,$+)'0/0!F!'#!

/..'1$! /! #$1! ,'.2,1$1@! #/! I'1()5-! 0'! #/1! .2'-./1@! '-(,'! $(,$1J! Z$,! #$! (/-($@! '1! )7+$,(/-('!

0)1.2(),!$!+,$32-0)4/,!'-!#/!,'#'*/-.)/!0'!+$1)%#'1!E,'/1!0'!(,/%/&$!'7',I'-('1@!2-!'-3$C2'!

.$-$.)0$! )-(',-/.)$- /#7'-('! '-! #/! #)(',/(2,/! .$7$! I'$I,/3L/! /7%)'-(/# ! =9$$f'@! M]]NH!

^'7',)((@!NPP]?J!!

K/!I'$I,/3L/!'1!0'!+/,().2#/,!)7+$,(/-.)/!'-!'#!.$-('B($!/.(2/#!.$-!'#!12,I)7)'-($!0'!72.G$1!

'1(20)$1! /7%)'-(/#'1! )-(','1/0$1! '-! '#! /-E#)1)1! '1+/.)/#U! ! .)'-.)/! 121('-(/%#'@! .)'-.)/! 0'#!

./7%)$! 0'! #/! ()',,/@! .)'-.)/! 0'#! 1)1('7/! 0'! #/! ()',,/@! 1$.)$#$IL/! /7%)'-(/#J! K/! I'$I,/3L/!

/7%)'-(/#@!.$7$!2-/!+,$+2'1(/!)-('I,/0$,/@!0'%'!.$-(,)%2),!/!#/!$,I/-)4/.)5-!0'#!3#2&$!0'!

#$1!0)3','-('1!F! */,)$+)-($1! .$7+$-'-('1! 0'! #/! )-*'1()I/.)5-@!7E1! /##Ev!0'! #$1!+,$%#'7/1!

#)-IpL1().$1!F!7'($0$#5I).$1!C2'!+2'0/-!12,I),!0'!#/!+,'('-1)5- !G$#L1()./!=^'7',)((@!NPP]?J!!

K/! )7+$,(/-.)/! 0'! '-('-0',! '#! 7'0)$! /7%)'-('! '1! '*)0'-('J! K/! G27/-)0/0! '-! 12! #'-(/!

'B+/-1)5-!1$%,'!#/!12+',3).)'!(',,'1(,' !G/!'-.$-(,/0$!2-/!)-3)-)0/0!0'!'1+/.)$1!3L1).$1!+/,/!

'1(/%#'.',1'J!Z$,!0$-0'C2)',/@!#/1!+',1$-/1!1'!G/-! '-3,'-(/0$!/! .$-0).)$-'1!($+$I,E3)./1@!

.#)7E()./1@! '0E3)./1@! +'0$#5I)./1! F! %)$#5I)./1! 72F! 0)3','-('1J! K/! I'$I,/3L/! 3L1)./! F! '#!

/-E#)1)1! )-('I,/0$! 0'#! 7'0)$ ! -/(2,/#@! 32-0/0$! +$,! d27%$#0(@! 0'&/,$-! 0'! 1',! ($7/0/1! '-!

.2'-(/!/!3)-/#'1!0'#!1)I#$!wTw@!0',)*/0$!0'#!12,I)7)'-($!0'!0)1.)+#)-/1!C2'!#/!.$-*',(L/-!'-!
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$%&'($! 0'! '1(20)$@! .$-! +2-($1! 0'! *)1(/! ./0/! *'4!7E1! 1'I7'-(/0$@! #)7)(/0$! F! +/,.)/#!

=:'#E4C2'4@!;$..$@![!>)'%'@!NPMX?J!!

^2,/-('!#$1!+,)7',$1!OP! /\$1!0'#!1)I#$!ww@!#/! I'$I,/3L/!3L1)./@! /0'7E1!0'!#/!1'+/,/.)5-!

/-(',)$,@!'1(2*$!$,)'-(/0/!+$,! '#!/-E#)1)1!0'1.,)+()*$!F!,/,/!*'4!/-/#L().$@!C2'!1'!.',,5!+$,!

.$7+#'($! /! #/1! 0'7E1! .)'-.)/1! -/(2,/#'1J! R)',,/J! K/! '.$#$IL/@! +$,! $(,$! #/0$@! '*$#2.)$-5!

+,)-.)+/#7'-('!0'!#/!%$(E-)./@!F!0'%)0$!/#!+$.$!)-(',81!0'!#$1!I'5I,/3$1@!#$1!%)5#$I$1!G/-!

7$1(,/0$! +$.$! )-(',81! '-! #$1! /1+'.($1! '1+/.)/#'1@! F/! 1'/! '-! (8,7)-$1! 0'! 'B('-1)5-! $!

0)1(,)%2.)5-@!F!72'1(,/-!+$.$!)-(',81!'-!#/!1$.)'0/0J !"-!M]Oc@!'#!)-I#81!R/71#'F!1)1('7/()45!

'#! .$-&2-($! 0'! )0'/1! +,$+2'1(/1! 0'10'! 3)-/#'1! 0'#! 1)I#$! w:TTT! F! +,$+21$! '#! .$-.'+($! 0'!

'.$1)1('7/J!"#!'.$1)1('7/!$!%)$.'-$1)1!'1!'#!.$-&2-($!0'!'#'7'-($1!%)5().$1!F!/%)5().$1!C2'!

+,'1'-( /-!2-/!'1(,2.(2,/!0'!32-.)$-/7)'-($!F!/2($,,'I2#/.)5-@!.$7$!,'12#(/0$!0'!7D#()+#'1!

/..)$-'1!,'.)+,$./1!'-(,'!($0$1!121!.$7+$-'-('1!C2'!1$-!7/-('-)0$1!+$,!2-!3#2&$!.$-1(/-(' !

=K5+'4!K/,/@!Z$1/0/!>)7'5-@!A$,'-$!m/*/,,$@![!o-)*',1)0/0!0'!>'*)##/@!M]]Q?J!!

<!3)-/#'1!0'!#/!08./0/!0'!M]OP@!+/,/!)-*'-(/,)/,!#$1!,'.2,1$1!-/(2,/#'1!F!1$.)/#'1!F!+#/-)3)./,!

12! 0'1/,,$##$@! #$1! I'5I,/3$1! ;',I@! :)1$(1f)! F! A$,$1$*! '#/%$,/-! '#! .$-.'+($!0'!

_K/-01.G/3($*'0'-)'`!C2'!($7/!.$7$!%/1'!'#!.$-.'+($!0'!'.$1)1('7/!C2'!1'!.$7+#'7'-(/!

.$-! '#! '-3$C2'! 7/,B)1(/! 0'! )-('I,/,#$! /! #/! 1$.)'0/0J! "#! #/-01.G/3($*'0'-)'! '1! 2-! E,'/!

'1+'.L3)./!0'!#/!12+',3).)'!(',,'1(,'!$!,'I)5-!-/(2,/#!0$-0'!)-(',/.(D/-!3'-57'-$1 !-/(2,/#'1!

F! 1$.)/#'1@! ,'+,'1'-(/-0$! 2-/! 2-)0/0! 0)/#8.()./! C2'! '1(E! '-! .$-()-2$! 7$*)7)'-($! F!

0'1/,,$##$J!!

K$1!I'5I,/3$1!1$*)8().$1!#$I,/-!.,'/,!2-/!I'$I,/3L/!/-/#L()./!F!,'+,'1'-(/()*/J!<-/#L()./!+$,!

7'0)$!0'! #/! /+#)./.)5-!0'#! .$-.'+($!0'! '.$1)1('7/!C2'! '1(/%#'.L/! '#!32-.)$-/7)'-($!0'#!

7'0)$! -/(2,/#! F! ,'+,'1'-(/()*$! +$,C2'! 1'! ,'/#)4/! 2-/! ./,($I,/3L/! =7/+/1?! 0$-0'! 1'!

'1(/%#'.L/-!#/1!,'#/.)$-'1!1$.)'0/0 6-/(2,/#'4/J!"1(/!)-('I,/.)5-!0'#!'.$1)1('7/!/#!'1+/.)$!'1!

1'I2)0/! +$,! #/! '1.2'#/! 0'! #/! /-( )I2/! b'+D%#)./! ^'7$.,E()./! <#'7/-/! +$,! 7'0)$! 0'! #/!

I'$I,/3L/!0'#!+/)1/&'!$!_#/-016.G/3(f2-0'` J!"#!'-3$C2'!0'!#/!I'$I,/3L/!0'#!+/)1/&'@!##/7/0$!

+$1(',)$,7'-('!_R'$,L/!0'#!+/)1/&'`!32'!.$-()-2/0$!+$,!>$.G/*/!=M]QN?!F!;',$2(6.G/.G*)#)!

=M]Qe?!'-!#/!o-)5-!>$*)8()./!F!+$,!SJ!;',(,/-0!=M]QN?!'-!a,/-.)/ !=:/,I/1!o#/('@!NPPM?J!!

^'!/.2',0$!.$-! b$0,LI2'4!A/,(L-'4!=NPPe?@!,'3)','!C2'!;',(,/-0!.$-1)0',/!C2'!'#!_+/)1/&'!
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-$! '1!1)7+#'7'-('! #/! 127/!0'! 2-$1! '#'7'-($1! I'$I,E3).$1! )-.$G','-('1J! "1! '#! ,'12#(/0$!

1$%,'!2-/!.)',(/!+$,.)5-!0'#!'1+/.)$@!0'!#/!.$7%)-/.)5-!0)-E7)./!F@!+$,!#$!(/-($@!)-'1(/%#'!

0'!'#'7'-($1!3L1).$1@!%)$#5I).$1!F!/-(,5+).$1!C2'!)-(',/.(2/-0$!0)/#8.()./7'-('!#$1!2-$1!.$-!

#$1!$(,$1!F!G/.'-!0'#!+/)1/&'!2-!.$-&2-($!D-).$!)-0)1$.)/%#'!'-!.$-()-2/!'*$#2.)5-@!'#!+/)1/&'!

-$!1$#$!)-.#2F'!'#!+/)1/&'!-/(2,/#@!1)-$!C2'!'#!+/)1/&'!)-.#2F'!($0/1!#/1!G2'##/1!0'!#/!/..)5-!

G27/-/ !=K$%/(5-@!NPMO?J!"#!+/)1/&'!'1!#/!,'+,'1'-(/.)5-!'1+/.)/#!0'#!'.$1)1('7/@!'#!.2/#!1'!

12%0)*)0'!'-!121!-)*'#'1!'1+/.)/#'1U!#/!4$-/@!'#!0$7)-)$@!#/!,'I)5-@!'#!I'$1)1('7/@!#/!I'$3/.)'!

F!'#!I'$($+$!=b$0,LI2'4!A/,(L-'4@!NPPeH!:/,I/1@!NPMN?J!

"#!+/)1/&'!'1!.$-1)0',/0$!.$7$!2-/! )-(',3/4 !'-(,'!#$1!'.$1)1('7/1!1)1('7/1!-/(2,/#'1!F!#$1!

1)1('7/1! 1$.)/#'1! 0$-0'! 1'! 0'1/,,$##/-! 121! )-(',,'#/.)$-'1! F! 121! +,$.'1$1! 0)/#8.().$1J! "#!

32-.)$-/7)'-($! 0'#! '1+/.)$! I'$I,E3).$ ! $%'0'.'! /! 2-! .$-&2-($! 0'! #)7)(/-('1! -/(2,/#'1@!

1$.)/#'1@!'.$-57)./1@!.2#(2,/#'1!'!G)1(5,)./1!'-!)-(',/..)5-!F!.$-1()(2F'-!2-!1)1('7/!'-! '#!

.2/#@!-)-I2-$!'1!/!+,)$,)!+,'+$-0',/-(' !=K5+'4!K/,/!'(!/#J@!M]]Q?J!!

K/! I'$I,/3L/! 0'%'! +/,(),! 0'! #/! )0'/! C2'! 'B)1('! 2-/! ,'+,'1'-(/.)5-! F! /+,$+)/.)5-! 0'! #/!

-/(2,/#'4/!+$,!#/!1$.)'0/0H!#/! ,'+,'1'-(/.)5-!+$,! '#!21$!0'#!7/+/!C2'!1'! .$-1()(2F'! '-! '#!

'#'7'-($!32-0 /7'-(/#!0'#!/-E#)1)1!I'$I,E3).$!F!#/!/+,$+)/.)5-!+$,!#/!)-(',/..)5-!C2'!'#!1',!

G27/-$!,'/#)4/!.$-!'#!/7%)'-('J!"1(/!1$.)/#)4/.)5-!0'!#/!-/(2,/#'4/!'1!12!$%&'($!+,$+)$!F!'1!

'#! '-3$C2'! C2'! 1'! 0/! '-! #/! /.(2/#)0/0! +/,/! #$I,/,! 2-! 7'&$,! /-E#)1)1! .$-.'+(2/#! 0'! #$ 1!

3'-57'-$1!-/(2,/#'1!F!12!$,0'-/7)'-($!(',,)($,)/# !=;$..$![!o,C2)&$@!NPMV?J!

1.6 Disciplinas que tienen relación con la investigación.  

K/1!)-(',/..)$-'1!0'-(,$!0'!#$1!'.$1)1('7/1!.$-##'*/-!($0$!()+$!0'!+,$.'1$1!(/-($!3L1).$1!F!

%)$#5I).$1!C2'@!+/,/!'1(20)/,!F!'-('-0',!'1(/1!.$7+#'&/1!)-(',/..)$-'1@!#$1!'.5#$I$1!()'-'-!

C2'!,'.2,,),!/!$(,/1!.)'-.)/1!.$7$!#/!I'$#$IL/@!#/!G)0,$#$IL/!F!#/!7'('$,$#$IL/@!C2'!+',7)('!

'-('-0',!#/!,'#/.)5-!'-(,'!#$1!$,I/-)17$1!F!12!/7%)'-('@!0'%)0$!/!'1(/!0'+'-0'-.)/!G/.'!0'!

#/!'.$#$IL/!2-/!.)'-.)/!)-(',0)1.)+#)-/,)/J!Y(,/1!.)'-.)/1!1$-!)7+$,(/-('1!+/,/!.$7+,'-0',!

.57$!#$1!$,I/-)17$1!,'1+$-0'-!F!./7%) /-!'-!12!'-($,-$J !

Z$,!'&'7+#$@!#/!I'$#$IL/!0'!2-!E,'/!+2'0'!/3'.(/,!#/!0)1+$-)%)#)0/0!0'!-2(,)'-('1!F!/I2/!C2'!

#/1! +#/-(/1! -'.'1)(/-! +/,/! .,'.',J! K/! .#)7/($#$IL/! %/1/! 121! '1(20)$1! '-! #/1! .$-0).)$-'1!
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/(7$138,)./1! +,$+)/1! 0'! #/1! 0)1()-(/1! 4$-/1! 0'#! +#/-'(/@!/+$F/-0$! /1L! /! #/! '.$#$IL/!

+,$+$,.)$-/-0$!)-3$,7/.)5-!+/,/!'#!'1(20)$!0'!#/!12+',*)*'-.)/!+,$+)/!0'!#/1!'1+'.)'1@!7E1!

/D-!'-!#/!,'#/.)5-!F!#/!/0/+(/.)5-!+,$+)/!0'!#$1!7'0)$1!/0*',1$1J! !

K/!I'$I,/3L/!'1(20)/!#/!12+',3).)'!0'#!+#/-'(/@!#/1!.$72-)0/0'1@!#/1!1$.)'0/0'1!F!#$1!+/)1/&'1@!

/+$F/-0$!/!#/!'.$#$IL/!/#!+,$+$,.)$-/,!0/($1!0'#!7'0)$!/7%)'-('@!F!0'!121!./,/.(',L1()./1@!

'-!'1('!1'-()0$!#/!'.$#$IL/!'1(20)/!#/1!,'#/.)$-'1!C2'!1'!I'-',/-!F!#/1!./21/1!0'!#/1!,'/..)$-'1!

'-(,'!#$1!0)1()-($1!$,I/-)17$1J!K/!G)0,$#$IL/!%/1/!12!'1(20)$!'-!#/!0)1(,)%2.)5-!0'#!/I2/!F!

(/7%)8-!'-!121!+,$+)'0/0'1@!/+$F/-0$!/1L!/!#/!'.$#$IL/@!+2'1!($0$1!#$1!1','1!*)*$1!,'C2)','-!

0'!'1('!#LC2)0$!*)(/#!+/,/!12%1)1(),J!

"-! #/! /.(2/#)0/0! G/-! 12,I)0$! 0)*',1$1! +,$%#'7/1! /7%)'-(/#'1! /! #$1! C2'! 1'! '-3,'-(/! #/!

G27/-)0/0@! 72.G$1! 0'! '1($1! +,$%#'7/1! 1$-! 0'! -/(2,/#'4/! '.$#5I)./@! F! #/! .)'-.)/! 0'! #/!

'.$#$IL/! '1! '1'-.)/#!+/,/!.$7+,'-0',!121!./21/1!'!)0'-()3)./,!#$1!7'0)$1!+/,/!7)()I/,!121!

)7+/.($1J!!

Z/,/!/3,$-(/,!2-/!+,$%#'7E()./!(/-!I,/-0'!,'C2)','!2-!7/,.$!) -(',0)1.)+#)-/,)$!7E1!/7+#)$!

F!/!'1'!7/,.$!1'!#'!.$-$.'!.$7$!.)'-.)/!0'#!7'0)$!/7%)'-('J!K/!.)'-.)/!0'#!7'0)$!/7%)'-('!

'B/7)-/!'#!)7+/.($!0'#!1',!G27/-$!1$%,'!'#!7'0)$!/7%)'-('!-/(2,/#!F!.$7$!(/#!.$7+,'-0'!

2-/!/7+#)/!*/,)'0/0!0'!('7/1!C2'!)-.#2F'-!/I,$-$7L /@!'0/3$#$IL/@!0'7$I,/3L/@!/I,).2#(2,/@!

'-',IL/!'!G)0,$#$IL/@!+$,!-$7%,/,!/#I2-$1J!

!"?"!$7'14&)&3+$;)3+&+/5-&)3+"!

"#!(8,7)-$!1',*).)$1!'.$1)1(87).$1!/!(,/*81!0'!#$1!/\$1!G/!('-)0$!0)*',1/1!0'3)-).)$-'1@!'-!#/!

08./0/!0'!M]cP!'#!$,)I'-!0'#!.$-.'+($! 12,I'!/!#/!+/,!0'#!(8,7)-$!_1',*).)$1!/7%)'-(/#'1`!

/.2\/0$!+$,! '#!7$*)7)'-($! /7%)'-(/#)1(/! 0'! "1(/0$1!o-)0$1@! ,'I)1(,/-0$! /! 3)-/#'1!0'! #/!

08./0/!2-/! /+$,(/.)5-! .)'-(L3)./! )7+$,(/-('! '-! '#!0$.27'-($@!()(2#/0$!_>(20F!$3!9,)()./#!

"-*),$-7'-(/#!Z,$%#'71`!=M]QP?J!AE1!(/,0'@!0'3)-).)$-'1!0'!'.$#$IL/!1'!0)',$-!/!.$-$.',!

+$,! ^/)#F! =M]]Q?@! '-! '#! #)%,$! ()(2#/0$! _m/(2,'! 1',*).'1`@! '-('-0)8-0$#$1! .$7$! #/1!

_.$-0).)$-'1! F! +,$.'1$1! +$,! #$1! C2'! #$1! '.$1)1('7/1! -/(2,/#'1! F! #/1! '1+'.)'1! C2'! #$1!

.$-1()(2F'- !1$1()'-'-!#/!*)0/! G27/-/`J! !
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K/!+,)7',/!.#/1)3)./.)5-!+/,/!1',*).)$1!'.$1)1(87).$1!32'!+,$+2'1(/!+$,!9$-1(/-4/!F!0'3)-'!

'#! .$-.'+($! .$7$! _#$1! %'-'3).)$1! C2'! #/1! +$%#/.)$-'1! G27/-/1! $%()'-'-@! 0),'.(/! $!

)-0),'.(/7'-('@!0'!#/1!32-.)$-'1!0'!#$1!'.$1)1('7/1`@!#$!C2'!+,$+).)5!2-!)7+$,(/-('!0'%/('!

/.',./!0'!#/!7',./-()#)4/.)5-!0'!#/!-/(2,/#'4/@!/1L!7)17$!/I,2+5!MQ!1',*).)$1!'.$1)1(87).$1!

=9$-1(/-4/! '(! /#J@! M]]Q?! *)-.2#/0$! .$-! #/1! +,$+2'1(/1! G'.G/1! +$,! 0'! S,$$(@! r)#1$-! [!

;$27/-1!=NPPN?@!C2)'-'1!.$-.'-(,/-!2-!($(/#!0'!NO!32-.)$-'1!'-!X!./('I$,L/1!+,)-.)+/#'1U!

32-.)$-'1! 0'! ,'I2#/.)5-@! 32-.)$-'1! 0'! GE%)(/(@! 32-.)$-'1! 0'! +,$02..)5-! F! 32-.)$-'1! 0'!

.$-(,$#J!>)-!'7%/,I$@!#/!.#/1)3)./.)5-!7E1!0)32-0)0/!F!2()#)4/0/!/.(2/#7'-('!'1!#/!+,$+2'1(/!

+$,!'#!A)##'-)27!".$1F1('7!<11'117'-(!=A"<?! =A$$-'F!'(!/#J@!NPPV?J!

^2,/-('!#$1!/\$1!NPPM6NPPV!'#!A"< !.$-*$.5!/!2-!)7+$,(/-('!I,2+$!0'!'1+'.)/#)1(/1!0'!]V!

+/L1'1@!+/,/! '*/#2/,! '#! '1(/0$!0'!#$1! '.$1)1('7/1@!#/1! .$-1'.2'-.)/1!0'!#$1! ./7%)$1!F!12!

)-3#2'-.)/! '-! '#!%)'-'1(/,!G27/-$!=^'.#/,/.)5-!0'#!9$-1'&$!0'!A"<@!NPPV?!F!0'(',7)-/,!

#/1! #L-'/1! 32-.)$-/#'1! 0'#!7/,.$! .$-.'+(2/#! 0'! #$1! 1',*).)$1! '.$1)(87).$1! C2'! )-.#2F'-!

1',*).)$1!0'!1$+$,('@!,'I2#/.)5-@!/+,$*)1)$-/7)'-($!F!.2#(2,/#'1!=92/0,$!M?J!K$I,/-0$!.$-!

'1($@!'1(/%)#)4/,!'#!21$!0'!#/!'B+,'1)5-!_1',*).)$1!'.$1)1(87).$1`@!0'3)-)8-0$#$1!.$7$!_#$1!

%'-'3).)$1!C2'!#/1!+',1$-/1!$%()'-'-! 0'! #$1! '.$1)1('7/1`!=9$1(/-4/@!NPPe?@!G/.)'-0$!2-!

./7%)$!'-!#/!+',1+'.()*/!0'!#/!.$-1',*/.)5-@!+,$7$*)'-0$!#$1!*/#$,'1!)-1(,27'-(/#'1!0'!#/!

-/(2,/#'4/J !

d/-!1)0$!0)*',1/1!#/1!0'3)-).)$-'1!C2'!%21./-!+,$+$-',!2-!/.',./7)'-($!C2'!+,$72' */!2-!

.$-1'-1$! .)'-(L3).$! G/.)/! '#! '-('-0)7)'-($! 0'! '1('! .$-.'+($ @!+,$+$-)'-0$! 0'3)-).)$-'1!

/#(',-/()*/1!.$7$!#/!0' !;$F0![!;/-4G/3!=NPPQ?@!C2'!/\/0'!( 8,7)-$1!.$7$!_12+',*)*'-.)/!

F!./#)0/0!0'!*)0/`@!/.',.E-0$#$!/!2-! .$-.'+($!7E1!/-(,$+$.8-(,).$ !=^L/4!;2,I$1@!NPMQ?J!

Z/,/!72.G$1!#/!"*/#2/.)5-!0'!".$1)1('7/1!0'#!A)#'-)$!"1+/\$#/ !=>/-($1!A/,(L-![!A$-('1@!

NPMO?@!G/!7'&$,/0$!'1(/!0'3)-).)5-!121()(2F'-0$!'#!(8,7)-$!_%'-'3).)$`!+$,!_.$-(,)%2.)5-`!

+/,/!C2)(/,!'#!1'-()0$!-'(/7'-('!'.$-57).$@!,'1/#(/-0$!#$1!%'-'3).)$1!1$.)/#'1!F!'.$#5I).$1 !

=K/(',,/@!l$%%EIF!"@![!Z/,2'#$@!NPMM?J!

"-! '1('! 1'-()0$@! 1)! %)'-! 'B)1('! 2-/! )0'/! I'-',/#)4/0/! 1$%,'! C28! 1$-! #$1! 1',*).)$1!

'.$1)1(87).$1@!/D-!'B)1('-!)7+$,(/-('1!0)3','-.)/1!'-!'1('!.$-.'+($@!#/1!C2'!G/-!+,$7$*)0$!

C2'!' #!0'1/,,$##$!0'!#/1!)-*'1()I/.)$-'1!'*/#D'!$!*/#$,'-!0)3','-('1!/1+'.($1!0'!#/1!,'#/.)$-'1!
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-/(2,/#'4/ 61$.)'0/0@!F/!C2'!'#!.$-.'+($!*/,L/!0'10'!_+,$.'1$1!F!.$-0).)$-'1`! =9$1(/-4/![!

a$#f'@!M]]Q?@!G/1(/!#$1!_%'-'3).)$1!D#()7$1!$%('-)0$1!+$,!#/!1$.)'0/0`!=;$F0![!;/-4G/3@!

NPPQH!;2,fG/,0![!A/'1@!NPMQ?J!!

!"?"#$;4308)&2($@'0$)3()'A/3"!

<!3)-/#'1!0'#!1)I#$!w:TT!'#!(8,7)-$!'.$1)1('7/!(2*$!$,)I'-!0'%)0$!/!#/!-'.'1)0/0!0'!'-('-0',!

#$1!+/(,$-'1!0'!0)1(,)%2.)5-@!3$,7/.)5-!F!2-)5-!0'!#$1!$,I/-)17$1!'-!2-!'-($,-$!3L1).$@!+',$!

'1!G/1(/!#/!+2%#)./.)5-!'-!M]Mc!0'!#/!('$,L/!0'!#/!12.'1)5-!0'!a,'0',).f!9#'7'-('@!. $-1()(2F'!

'#!7/,.$!.$-('B(2/#!0'10'!0$-0'!()'-'!12!$,)I'-!'#!.$-.'+($!'.$1)1('7/@!'#!.2/#!1'!+#/-('/%/!

0'10'! 2-! +2-($! 0'! *)1(/! 0'(',7)-)1(/@! F/! C2'! /127L/! C2'! ($0/! .$72-)0/0! +,$I,'1/,L/!

)-020/%#'7'-('!/!2-/!.$7+$1).)5-!'1(/%#'@!F!/!2-!'1(/0$!3)-/#!D-).$!0' !'C2)#)%,)$!=a#$,'1!

<,('/I/@!NPM]?J!

"-! .$-(,/+/,('! S#'/1$-! =M]Nc?! +,$+$-'! 2-/! *)1)5-! )-0)*)02/#)1(/! C2'! +,$+$-'! C2'! ./0/!

'1+'.)'!()'-'!+/(,$-'1!)-0)*)02/#'1!0'!0)1(,)%2.)5-!F!#/1!.$72-)0/0'1!1$-!1)7+#'7'-('! '#!

,'12#(/0$!0'!#/!12+',+$1).)5-!0'! */,)/1!+$%#/.)$-'1! .$-!2-/!0)1(,)%2.)5-! .$7D-J!S'$,I'!

R'-1'#F!=M]OV?!+,$+$-'!'#!(8,7)-$!'.$1)1('7/!'-!12!/,(L.2#$!()(2#/0$!_"#$!%&$!'()!'*%&$!+,!

-$.$/'0!1+(1$2/&!'()!/$34&̀@!+#/-('/%/!C2'!'#!'.$1)1('7/!',/!#/!2-)0/0!%E1)./!0'!#/!'.$#$IL/@!

1)'-0$!+/,('!'-!2-/!&',/,C2L/!0'!1)1('7/1!'-(,'!/1+'.($1!%)5().$1! F!/%)5().$1J!>)!%)'-!S#'/1$-!

32'! )-).)/#7'-('! )I-$,/0$!+$,!#/!7/F$,L/!0'!#$1! '.5#$I$1@!12!+$1(2,/!$+2'1(/! /!#/1! )0'/1!

'B+2'1(/1! 0'! #/! ('$,L/! 12.'1)$-/#! 9#'7'-(1)/-/! 1$-! G$F! '-! 0L/! /7+#)/7'-('! /.'+(/0$1!

=b)-.$-@!NPMQ?J!

^'! (/#! 7/-',/! C2'! '#! (8,7)-$! '.$1)1('7/! G/! '*$#2.)$-/0$! .$-1(/-('7'-('@! 1)! %)'-! #/1!

+,$+2'1(/1!0'!S#'/1$-!32',$- !)I-$,/0/1!'-!2-!)-).)$!0'%)0$!/!#/!.$-(,/!+$1).)5-!0'!#/! R'$,L/!

9#'7'-(1)/-/!1$-!G$F!'-!0L/!/7+#)/7'-('!/.'+(/0$1 J!"-!#/1!D#()7/1!08./0/1!'#!(8,7)-$!G/!

('-)0$!2-!8-3/1)1!I'$I,E3).$!F!1'!G/!G'.G$!/-E#$I$!/!#$1!()+$1!0'!*'I'(/.)5-!F!$.2+/.)5-!0'#!

12'#$J!>'!G/!12I',)0$!C2'!'1(/!1)7+#)3)./.)5-!)I-$,/!'#!G'.G$!0'!C2'!#$1!#L7)('1!0'!/#I2-$1!

()+$1!0'!*'I'(/.)5-!1$-!0)1.,'($1!7)'-(,/1!C2'!#$1!#L7)('1!0'!#$1!'.$1)1('7/1!-$!#$!1$-J!K/1!

4$-/1! 0'! (,/-1).)5-! '-(,'! '.$1)1('7/1! 1'! 0'-$7)-/-! _'.$($-$1` ! =9Ym<;TY! F!

>"A<bm<R@!NPP]?J!!
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>'ID-!9Ym<;TY@!#$1!+,$.'1$1! '.$#5I).$1!1$-! -'.'1/,)$1!+/,/!+,$('I',!#$1! '.$1)1('7/1U!

.).#$!0'#!/I2/@!#$1!.).#$1!0'!-2(,)'-('1@!'#!3#2&$!0'!'-',IL/!F!#/!0)-E7)./!0'!#/1!.$72-)0/0'1@!

'1!0'.),@!#/! .$7+$1).)5-!F!#/! '1(,2.(2,/@!0'! .57$! ./7%)/!=.$-()-2/7'-('?! '#! '.$1)1('7/!

0'1+281!0'!1',!+',(2,%/0$J!" #!.$-.'+($!0'! s1',*).)$1s!C2'!#$1! '.$1)1('7/1!%,)-0/-! /!#$1!

G27/-$1!'1!,'12#(/0$!0'#!7$*)7)'-($!/7%)'-(/#)1(/!0'!3)-'1!0'!#/!08./0/!0'!M ]cP!=Z/(,).)/!

;/#*/-',/@!NPPQ?J!

"-!'1('!1'-()0$@!'#!'.$1)1('7/!'1!32'-('!0'!%)'-'1(/,!1$.)/#@!#/!+,$*)1)5-!0'!7/(',)/1!+,)7/1@!

/I2/@!,'I2#/.)5-!0'#!.#)7/!1$-!1$#$!/#I2-$1!0'!'1($1!%'-'3).)$1J!"-!2-!+,)-.)+)$!1'!.,'L/!C2'!

',/-!)-/I$(/%#'1@!'-!#/!/.(2/#)0/0!'1!($0$!#$!.$-(,/,)$@!F/!C2'!#/!-'.'1)0/0!0'!+,$('I',!#$1!

'.$1)1('7/1!0',)*/0$!0'!2-/!+8,0)0/!/.'#',/0/!F!#/!3,/I)#)0/0!F/!C2'!.$-!'1($!*/!#)7)(/-0$!

#/!0)1+$-)%)#)0/0!0'!%)'-'1!F!1',*).)$1J!"1('!7'-1/&'!G/!1)0$!,'.$-$.)0$!F!'1(E!##'I/-0$!/!

/.($,'1!.#/*'!/#,'0'0$,!0'#!72-0$@!0'!/C2L!#/!)7+$,(/-.)/!0'!'*/#2/,@!)0'-()3)./,!F!.#/1)3)./,!

'#!.$-&2-($!0'!%'-'3).)$1!C2'!%,)-0/-!#$1!'.$1)1('7/1J!

"-!NM!/\$1!'#!(8,7)-$!G/!1)0$!7$()*$!F!.'-(,$!0'#!0'%/('!.)'-(L3).$@!#/!0)3','-.)/.)5-!'-(,'!

+,$.'1$1!F!32-.)$-'1!0'!#$1!1',*).)$1!'.$1)1(87).$1!'1!2-$!0'!'##$1J!Z/,/!9$1(/-4/!=NPMQ?@!

#$1!+,$.'1$1!F!32-.)$-'1!0'#!'.$1)1('7/!.$-(,)%2F'-!/!#$1!1',*).)$1!'.$1)1(87).$1@!+',$!-$!

1$-! 1)-5-)7$1! F/! C2'! #$1! +,$.'1$1! F! 32-.)$-'1! 0'! #$1! '.$1)1('7/1! C2'! 0'1.,)%'-! #/1!

,'#/.)$-'1!%)$3L1)./1!'B)1('-('1!)-0'+'-0)'-('7'-('!0'#!%'-'3).)$!$!-$!+$,!+/,('!0'!#$1!1','1!

G27/-$1J!Z$,!'#!.$-(,/,)$@!#$1!1',*).)$1!'.$1)1(87).$1!1$-!/C2'##$1!+,$.'1$1!F!32-.)$-'1!C2'!

%'-'3).)/-! /! #/1!+',1$-/1@!.$-1.)'-('!$!)-.$-1.)'-('7'-('@!0),'.(/!$!)-0),'.(/7'-('J!>$#$!

'B)1('-!1)!.$-(,)%2F'-!/#!%)'-'1(/,!G27/-$!F!-$!1'!+2'0'-!0'3)-),!0'!3$,7/!)-0'+'-0)'-('!

=9$,0$*'1!>E-.G'4![!:/##'&$1!b$7',$@!NPM]?J!!

"#!+/+'#!0'!#$1!G27/-$1!'-!#/!.$+,$02..)5-!0'!>"!'1!./0/!*'4!7E1!,'.$-$.)0/!'-!#/!#)(',/(2,/!

.)'-(L3)./@! .$7$! 2-/! )0'/! .#/*'! '-! #/! )-(',3/4! .)'-.)/ 6+$#L()./J! b'.$-$.)0/! '-! #/! ""A!

7'0)/-('!'#!./+)(/#!G27/-$!1'!)0'-()3)./!.$7$!2-!3/.($,!0'!7'-$,!)7+$,(/-.)/@!'1!G/1(/!'#!

7/,.$! .$-.'+(2/#!0'!T-(',I$*',-7'-(/#!Z#/(3$,7!$-! ;)$0)*',1)(F! /-0! ".$1F1('7!>',*).'!

=TZ;">?! C2'! 1'! '1(/%#'.'! C2'! (/-($! #/! x-/(2,/#'4/x! .$7$! $(,$1! x/.()*$1! /-(,$+$I8-).$1x!

.$-(,)%2F'-! .$-&2-(/7'-('! /! #/! +,$*)1)5-! 0'! 1',*).)$1! '.$1)1(87).$1! +/,/! '#! %)'-'1(/,!

G27/-$ ! =^L/4! '(! /#J@! NPMV?@!0).G/! .$,,)'-('! 1'! ,'.$-$.'! .$7$! '132',4$! +$,! */#$,/,! #/!
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%)0),'..)$-/#)0/0!0'#!'1(20)$!0'!#$1!>"J!!

<2($,'1!.#/*'1!0'!'1(/!)0'$#$IL/!1$-!;)II1@!b'F'1!F!Z/#$7$!C2'!.$-1)0',/-!C2'!#$ 1!>"!1$-!

+,$02.)0$1! .$-&2-(/7'-('! 7'0)/-('! +,$.'1$1! 1$.)$'.$#5I).$1U! '-! 12! %/1'@! ,'C2)','-!

'.$1)1('7/1@! +',$! '1(E-! 0),)I)0$1! 'B.#21)*/7'-('! G/.)/! #$1! G27/-$1! F! I'-',/#7'-('!

,'C2)','-!/#I2-/!3$,7/!0'!)-(',*'-.)5-!G27/-/!+/,/!1',!,'.)%)0$ !=a#$,'1!<,('/I/@!NPM]?J!

"-!,'127'-@!'#!.$-.'+($!0'!1',*).)$1!'.$1)1(87).$1!/F20/!/!'1(/%#'.',!2-!*L-.2#$!.#/,$!'-(,'!

#$1!1)1('7/1!'.$#5I).$1!'1!0'.),!'-(,'!'#!'1(/0$!F!32-.)$-/7)'-($!0'!#$1! '.$1)1('7/1!F!#$1!

1)1('7/1!1$.)/#'1!'-!#$1!C2'!1'!*'!,'3#'&/0$!'#!%)'-'1(/,!G27/-$@!/1L!7)17$!/F20/!/!$,)'-(/,!

#/! I'1()5-! 0'! +,$.'1$1! %)$3L1).$1! C2'! 121('-(/-! '#! %)'-'1(/,! G27/-$! '-! 2-! '1.'-/,)$! 0'!

./7%)$!/7%)'-(/#J!"1(/!,'#/.)5-!+2'0'!1',!0),'.(/!$!)-0),' .(/@!F!#/1!+',1$-/1!+2'0'-!$!-$!1',!

.$-1.)'-('1!0'!'##$ J!!

!"?"B$6'C&(&)&3('+$D$)0*+&C&)*)&2($@'$03+$+'14&)&3+$')3+&+/5-&)3+"!

Z/,/! '-('-0',! '#! .$-.'+($! 0'! 1',*).)$1! '.$1)1(87).$1! =>"?@!'1! -'.'1/,)$! 0'3)-),! #$1!

'.$1)1('7/1! .$-1)0',/0$1! 2-/! .$7%)-/.)5-! .$7+#'&/! F! 0)-E7)./! 0'! +#/-(/1@! /-)7/#'1@!

7).,$$,I/-)17$1!F!'#!'-($,-$!/%)5().$@!7'0)/-('!+,$.'1$1!.$7$!#/!0'+,'0/.)5-!F!1)7%)$1)1@!

.$-!12!/7%)'-('!/#!0'1)-('I,/,1'!F!,'I,'1/,!7'0)/-('!'#!.) .#$!0'!-2(,)'-('1J!K$1!'.$1)1('7/1!

1$-!2-)0/0'1! .$7+#'&/1!C2'! '1(E-! )-('I,/0/1!+$,!%/.(',)/1@!G$-I$1@!*'I'(/#'1!F! /-)7/#'1!

=a#$,'1!<,('/I/@!NPM]?J!

s"-! #/! )-*'1()I/.)5-! 0'! 1',*).)$1@ ! '1! -'.'1/,)$! ,'1/#(/,! 2-! 12%.$-&2-($! 0'! 32-.)$-'1! 0'#!

'.$1)1('7/! C2'! '1(E-! '1(,'.G/7'-('! ,'#/.)$-/0/1! .$-! #/! ./+/.)0/0! +/,/! 1/()13/.',! #/1!

-'.'1)0/0'1!G27/-/1!0),'.(/!$!)-0),'.(/7'-('s! =0'!S,$$(!'(!/#J@!NPPN?J!

!

!

!
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Figura 1. Modelo de cascada propuesto por CICES 

 

!"#$%#& Haines & Potschin (2010) en Burkhard & Maes (2017).  

"#!7/,.$!.$-.'+(2/#!0'!#$1! >" @!1'!/%$,0/!0'!/.2',0$!.$- !#$!C2'!1'!+,'1'-(/!'-!#/!a)I2,/!M@!

05-0'!/!+/,(),!0'!#/!'1(,2.(2,/!$!+,$.'1$1!%)$3L1).$1@!C2'!.,'/-!2-/!/7+#)/!I/7/!0'!32-.)$-'1!

C2'!1'!(,/02.'-!'-!1',*).)$1!C2'!%'-'3).)/-!/!#/1!.$72-)0/0'1!G27/-/1!F!+2'0'-!*/#$,/,1'!

0'10'!2-/!+',1+'.()*/!'.$#5I)./@!'.$- 57)./!F!1$.)/#!=;2,fG/,0![! A/'1@!NPMQ?J!!

sK$1!>" !1$-!#$1!%'-'3).)$1!C2'!#/!I'-('!$%()'-'!0'!#$1!'.$1)1('7/1sJ!"1($1!)-.#2F'-!1',*).)$1!

0'!/+,$*)1)$-/7)'-($@!1',*).)$1!0'!,'I2#/.)5-@!1',*).)$1!.2#(2,/#'1!F!1',*).)$1!0'!/+$F$!C2'!

7/-()'-'-!#/1!.$-0).)$-'1!0'!*)0/!'-!#/!R)',,/ !=92/0,$!M?J!^'3)-).)5-!72.G$!7E1!1'-.)##/@!

C2'!+',7)('! ('-',!2-!)7+/.($!7E1!.#/,$!F!0),'.($!1$%,'!#$1!($7/0$,'1!0'!0'.)1)$-'1J!>)-!

'7%/,I$@!-$!+',7)('!G/.',!2-/!0)1()-.)5-!'B+#).)(/!'-(,'!#$!C2'!12.'0'!'-!#$1!'.$1)1('7/1!F!

/C2'##$!C2'!%'-'3).)/!/!#/1!+$%#/.)$-'1!G27/-/1 !=A$$-'F!'(!/#J@!NPPV?J!

Cuadro 1. Clasificación de los Servicios Ecosistémicos 
 

Servicios de aprovisionamiento  Servicios de regulación  Servicios culturales  
Los productos obtenidos a partir 
de los ecosistemas  

Los servicios obtenidos de la regulación de 
los procesos de los ecosistemas  

Beneficios no materiales 
obtenidos de los ecosistemas.  
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Comida 
Agua dulce, leña 
Fibra 
Bioquímicos 
Los recursos genéticos  

Regulación del clima 
Regulación de enfermedades Regulación del 
agua, purificación del agua, polinización  

Espiritual y religiosa 
Recreación y ecoturismo 
Estética, inspiración 
Educativo 
El sentido del lugar 
Patrimonio Cultural  

Servicios de Soporte 
Servicio necesario para la producción de todos los demás servicios de los ecosistemas, formación del suelo, 
el ciclo de nutrientes, producción primaria  
 
!"#$%#& Camacho Valdez & Ruiz Luna, (2012). 
 
K$1!>" ! 1$-! '#! 3#2&$! 0'! #$1! %)'-'1! -/(2,/#'1! C2'! +,$+$,.)$-/-! %'-'3).)$1! 3)-/-.)',$1@!

'.$#5I).$1! F! .2#(2,/#'1J! ^)1()-I2'! '-(,'! 1',*).)$1! F! %)'-'1! '.$1)1(87).$1H! #$1!>"! 1$-! '#!

7'0)$!0$-0'!1'!I'-',/-!#$1!+,$02.($1!'.$1)1(87).$1 J!"#!+,$%#'7/!.$-!'1('!F!$(,$1!'-3$C2'1!

1)7)#/,'1!'1!C2'!-$!G/F!2-/!1'+/,/.)5-!0'!#$1!7'0)$1!F!#$1!3)-'1!=A//11!'(!/#J@!NPPV?J!!

g28()',!'(!/#J@!=NPPQ?@!+,$+$-'-!2-!7/,.$!.$-.'+(2/#!C2'!+',7)('!0'1.,)%),!#$1!.$7+$-'-('1!

F!./,/.(',L1()./1!0'!#$1!'.$1)1('7/1!0'10'!2-/!+',1+'.()*/!32-.)$-/#!F!12I)','!#/!)-('I,/.)5-!

0'!#/1!-'.'1)0/0'1!0'!7D#()+#'1!+/,('1!)-(','1/0/1!'-!'#!7/-'&$!0'!#$1!,'.2,1$1!-/(2,/#'1J !

A'F-/,0!'(!/#J@!=NPPQ?@!.$-!121!)-*'1()I/.)$-'1@!+,'1'-(/-!7$0'#$1!'.$#5I).$1!C2'!'-()'-0'-!

#/!,'#/.)5-!'-(,'!#$1!%$1C2'1!F!'#!/I2/!.$-!7$0'#$1!'.$-57).$1!C2'!+',7)('-!#/!*/#$,/.)5-!

'.$-57)./! 0'! #$1! >" @! /1L! .$7$! 7$0'#$1! '02./()*$1@! '1($1! 7$0'#$1! )-.#2F'-! /7+#)/1!

/.()*)0/0'1!0'1() -/0/1!/!#/!0)321)5-!0'!'1($1!'1(20)$1!F!/!./7%)/,!#$1!+/,/0)I7/1!/.(2/#'1!F!

'-!#/!($7/!0'!0'.)1)$-'1J! !

r2-0',@!r',(4 6h/-$2--)f$33@![!A$,'-$ 6>E-.G'4!=NPPQ?@!.$-1)0',/,$-!#/!'.$#$IL/!0'!#$1!

0)*',1$1!1',*).)$1!+/,/!#$1!C2'!1'!0'1/,,$##/-!'1($1!'1C2'7/1U!$%1',*/,$-!#/!%)$0)*',1)0/0!F!

0)1.2()',$-!#/!*)/%)#)0/0!0'!'1($1!'1C2'7/1!0'!+/I$!+/,/!/1'I2,/,!12!.$-1',*/.)5-J! !

<#I2-$1! (8,7)-$1! .)'-(L3).$1! 1'! G/-! 7/-('-)0$! '1(E().$1! /! #$! #/,I$1! 0'! 08./0/1@! ./1$!

.$-(,/,)$! '#! .$-.'+($! >"! C2'! 1'! +$0,L/! .$-1)0',/, ! 2-! .$-.'+($! $! (8,7)-$! '-! .$-1(/-('!

'*$#2.)5-@! +$,! '&'7+#$! '-! '#! /\$! 0'! M]]Q! 0).G$! .$-.'+($! 0'3)-L/! /! #$1! 1',*).)$1!

'.$1)1(87).$1! 0'! 7/-',/! /7+#)/7'-('! ,'.$-$.)0/! +$,! '#! 1'.($,! .)'-(L3).$! _.$7$! #/1!

./,/.(',L1()./1! '.$#5I)./1@! 32-.)$-'1! $! +,$.'1$1! C2'! 0),'. (/7'-('! $! )-0),'.(/7'-('!

.$-(,)%2F'-! /#! %)'-'1(/,! G27/-$U! '1! 0'.),@! #$1! %'-'3).)$1! C2'! #/1! +',1$-/1! $%()'-'-! 0'#!
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32-.)$-/7)'-($!0'!#$1!'.$1)1('7/1`! =9$1(/-4/!'(!/#J@!M]]Q?J!

<.(2/#7'-('@!1'!,'.$+)#/-!0)3','-('1!0'3)-).)$-'1! 0'!1',*).)$1!'.$1)1(87).$1 !+/,/!3/.)#)(/,!'#!

'1(20)$! F! #/! .$7+,'-1)5-! 0'! #$1! )7+/.($1! 0'#! 1',! G27/-$! '-! #$1! '.$1)1('7/1@! '#! */#$,!

%'-83).$!0'!#$1!,'.2,1$1!-/(2,/#'1@!'#!+$('-.)/#!+/,/!)-('I,/,!#/1!('7E()./1!'.$1)1(87)./1!'-!

#$1!.,'/0$,'1!0'!+$#L()./1!F!+,$7$*',!#/!1$1('-)%)#)0/0!(',,)($,)/#!F!2,%/-/J!

>)-! '7%/,I$@!1'!0'%'-!,'/#)4/,! '132',4$1!+/,/! /+#)./,!+#'-/7'-('!2-!.$-.'+($!C2'!+2'0/!

)-('I,/,!0)3','-('1!+$1(2,/1!F!0)*',1/1!.#/1)3)./.)$-'1!+/,/!/%$,0/,!#/!+,$%#'7E()./!+$,!+/,('!

0'!0)3','-('1!/.($,'1!)-*$#2.,/0$1!'-!#/!.$-1',*/.)5-! F!I'1()5-!0'!,'.2,1$1!'-!E,'/1!2,%/-/1!

F!-/(2,/#'1!=9/7/.G$!:/#0'4![!b2)4!K2-/@!NPMN?J!!

9$1(/-4/!'(!/#J@!=M]]Q?@!,'3)','-!C2'!#$1!>"!1$-!s#/1!.$-0).)$-'1!F!+,$.'1$1!%/&$!#$1!.2/#'1!

#$1! '.$1)1('7/1! -/(2,/#'1! F! #/1! '1+'.)'1! C2'! #$1! +,$02.'-! 121('-(/-! F! 1/()13/.'-! #/! *)0/!

G27/-/s J!>$-!_#$1!%)'-'1!F!1',*).)$1!0'!#$1!'.$1)1('7/1!,'+,'1'-(/-!#$1!%'-'3).)$1!C2'!#/1!

+',1$-/1!$%()'-'-!0),'.( /!$!)-0),'.(/7'-('!0'#!32-.)$-/7)'-($!0'!#$1!'.$1)1('7/1` J!

^'! /.2',0$! .$-! 0'! S,$$(! '(! /#J@!=NPPN?@! 7'-.)$-/-! C2'U! _#/1! 32-.)$-'1! '.$1)1(87)./1@!

,'+,'1'-(/-!#/!./+/.)0/0!0'!#$1!+,$.'1$1!F!.$7+$-'-('1!-/(2,/#'1!+/,/!+,$+$,.)$-/,!%)'-'1!

F!1',*).)$1!C2'!0),'.(/!$!)-0),'.(/7'-('!1/()13/.'-!#/1!-'.'1)0/0'1!G27/-/1J!m$!'B)1('!2-/!

0'3)-).)5-!($(/#7'-('! /.'+(/0/! $!2-/! .#/1)3)./.)5-!%E1)./!7'0)/-('!#/! .2/#! #$1!>"!+2'0/ - !

'*/#2/,1'!.$7+#'(/7'-(' `J!!

"#!A)##'-)27!".$1F1('7!<11'117'-(!A"<! =NPPV?@!7'-.)$-/!C2'! #$1!>"!1$-!_#$1!%'-'3).)$1!

C2'! #/1! +',1$-/1! $%()'-'-! 0'! #$1! '.$1)1('7/1@! )-.#2)0$1! %)'-'1! (/-I)%#'1! F!%)'-'1!

+,$*'-)'-('1!0'!#$1!+,$.'1$1!)-(/-I)%#'1!0'!#$1!'.$1)1('7/1sJ!K$1!>"!,'+,'1'-(/-!2-/!+/,('!

)-('I,/#!0'!#/!-/(2,/#'4/@!C2'!1'!+2'0'-!0)13,2(/,!$!2()#)4/,!0),'.(/7'-('!+/,/!#/!*)0/!G27/-/J!

"-($-.'1U ! _K$1! 1',*).)$1! '.$1)1(87).$1! 1$-! D-)./7'-('! /C2'##$1! +,$.'1$1! '.$#5I).$1!

)-*$#2.,/0$1!'-!#/!+,$02..)5-!0'!%)'-'1!F!1',*).)$1!C2'!21/!#/!I'-('J!"1!0'.),@!+,$.2,/!#/!

1'+/,/.)5-!0'!#$1!1',*).)$1!/7%)'-(/#'1!+,$02.)0$1!$!+2'1($1!/!0)1+$1).)5-! /!(,/*81!0'!#/!

/..)5-! -/(2,/#!0'!#$1!%'-'3).)$1!C2'!#/!1$.)'0/0!$%()'-'!0'!2-/! /..)5-!$! )-(',*'-.)5-! '-!

+/,().2#/,J !̀=;$F0![!;/-4G/3@!NPPQ?J!
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"1(/1!0'3)-).)$-'1!1$-! .$-1)1('-('1! '-! ($0$1!#$1!21$1!G27/-$1!C2'!1'!#'!0/! /!#$1!>"J!K/!

*'I'(/.)5-!'-!.2/#C2)',!0'!121!'1 (/0$1!+,$+$,.)$-/@!0),'.(/!$!)-0),'.(/7'-('@!#$1!%'-'3).)$1!

-'.'1/,)$1!+/,/!'#!0'1/,,$##$!0'!#/!*)0/!'-!'#!+#/-'(/J!o-/!.$,,'.(/!F!+#/-)3)./0/!'1(,2.(2,/!

*'I'(/#!'-!#/!.)20/0!+,$+).)/!.$-0).)$-'1!F!+,$.'1$1!.#/*'1!'-!7'&$,/,!'#!1)1('7/!2,%/-$@!

.$-1()(2F'-0 $@!121('-(/-0$!F!1/()13/.)'-0$!-'.'1)0/0'1!.#/*'1!'-!#/!*)0/!G27/-/J!9$7$!1'!

7'-.)$-5! /-(',)$,7'-('@! '#! .$-.'+($! 0'! >" @! 1'! $,)I)-/! /! +/,(),! 0'! #/! */#$,/.)5-! 0'! #/1!

32-.)$-'1@!+,$.'1$1@!.$7+$-'-('1!F!%)'-'1!C2'!#/!-/(2,/#'4/!%,)-0/!/#!G$7%,'J!"#!Z,$($.$#$!

_".$1',`! ,'3','-.)/ !F!.$-('B(2/#)4/!'B+#L.)(/7'-('!#/!0)1()-.)5-!'-(,'!+,$.'1$1@!32-.)$-'1@!

1',*).)$1!F!*/#$,'1!1$.)/#'1!=K/(',,/!'(!/#J@!NPMM?J!

1.7 Efecto de los servicios ecosistémicos sobre la vulnerabilidad y resiliencia de los 

ecosistemas. 

^'! /.2',0$! .$-! ;/#*/-',/! =NPMN?@! ' #! Z/-'#! T-(',I2%',-/7'-(/#! '-! 9/7%)$! 9#)7E().$!

=TZ99?@!'-!NPPM!0'3)-'!#/!*2#-',/%)#)0/0!.$7$!'#!I,/0$!'-!C2'!2-!1)1('7/!'1!*2#-',/%#'!$!

)-./+/4!0'!G/.',!3,'-('!/!#$1!'3'.($1!/0*',1$1!0'#!./7%)$!.#)7E().$@!)-.#2)0$1!#/!*/,)/%)#)0/0!

.#)7E()./!F!'*'-($1!'B(,'7$1J!"1!#/!('-0'-.)/!)-G','-('!0'!2-!'.$1)1('7/!$!0'!/#I2-$1!0'!

121! .$7+$-'-('1! /! 123,),! 0/\$1! '-! +,'1'-.)/! 0'! 2-/! 32',4/! $! '-',IL/! +$('-.)/#7'-('!

0'1(,2.()*/ !=^'!#/!;/,,',/! [! ;/.G7/-- 6:/,I/1@!NPMV?J!"1!2-! .$-.'+($!72#()0)7'-1)$-/#!

C2'!)-.#2F'!'B+$1).)5-!='#!I,/0$!/#!.2/#!2-!I,2+$!G27/-$!$!'.$1)1('7/!'-(,/!'-!.$-(/.($!

.$-!2-!,)'1I$!+/,().2#/,?H!1'-1)%)#)0/0!='#!I,/0$!/#!.2/#!2-/!2-)0/0!0'!'B+$1).)5-!'1!/3'.(/0/!

+$,!#/!'B+$1).)5-?!F!,'1)#)'-.)/!=./+/.)0/0!+/, /!,'1)1(),!$!,'.2+',/,1'!0'#!0/\$!/1$.)/0$!.$-!

#/!.$-*',I'-.)/!0'!+,'1)$-'1!7D#()+#'1?H !=K/2,/-.'!'(!/#J@!NPMM?J!!

K/ ! ,'1)#)'-.)/! 1'! 0'3)-'! .$7$! #/! +,$+)'0/0! 0'! 2-! 1)1('7/! +/,/! 7/-('-',! 12! '1(,2.(2,/!

$,I/-)4/.)$-/#! F! +,$02.()*)0/0! 0'1+281! 0'! 2-/! +',(2,%/.)5-J! "-! $(,/1! +/#/%,/1@! '1! #/!

./+/.)0/0! 0'! 2-! 1)1('7/! 0'! /%1$,%',! 1G$.f1@! /2-C2'! (/7%)8-! '-3/()4/! #/! *'#$.)0/0! 0'!

,'.2 +',/.)5-!0'!2-/!0)1(2,%/-.)/ !=r2@!K)-@!9G)/-I@![!d2/-I@!NPMX?J!

"#!/-E#)1)1!0'!#$1!1)1('7/1!1$.)$'.$#5I).$1!2()#)4/!2-!.$-&2-($!0'!78($0$1!.$-$.)0$1!.$7$!

#/!9)'-.)/1!0'!#/!>21('-(/%)#)0/0@!)-('I,/-!'#!.$-.'+($!0'!*2#-',/%)#)0/0!0'1/,,$##/0$!'-!#/1!

.)'-.)/1!1$.)/#'1!.$-!'#!0'!,'1)#)'-.)/!2()#)4/0$!'-!#/1!.)'-.)/1!/7%)'-(/#'1!F@!0'!'1(/!7/-',/@!
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I'-',/,! 2-! #'-I2/& '! .$7D-! C2'! 3/.)#)(/! #$1! '132',4$1! 72#()0)1.)+#)-/,)$1!=Z/1.2/#! '(! /#J@!

NPMQ?J!!

T-).)/#7'-('@! '#! .$-.'+($! 0'! *2#-',/%)#)0/0! 1'! 0',)*5! 0'! #/! -'.'1)0/0! 0'! ,'1+$-0',! /!

(,/I'0)/1!G27/-/1!F!'.$-57)./1@!+,$*$./0/1!+$,! '#!G$7%,'!$!+$,!0'1/1(,'1!-/(2,/#'1J!K/!

121.'+()%)#)0/0! 1'! +2'0'! 0)*)0),! '-U! 'B+$1).)5-@! 1'-1)%)#)0/0! F! ,'1)#)'-.)/J! "#! +,)7',$! 1'!

,'3)','! /! '*'-($1! +$('-.)/#7'-('! ./(/1(,53).$1! C2'! +,'1'-(/-! 2-/! 3,'.2'-.)/@! 02,/.)5-! F!

7/I-)(20!F!C2'!$.2,,'-!0'-(,$!0'!2-!.$-('B($!%)$I'$3L1).$!0/0$!F! '-!2-/!+$%#/.)5-!. $-!

+$('-.)/#!0'!7)()I/.)5-!0'3)-)0/ !=Z/(,).)/!;/#*/-',/@!<1()',@!S2,,)@![!q',7'\$ 6d',-E-0'4@!

NPMQ?J!!

K/! 1'-1)%)#)0/0! 7)0'! .57$! #/1! .$-0).)$-'1! 1$.)$'.$#5I)./1! 'B)1('-('1! +',7)('-! C2'! #$1!

)-0)*)02$1! $! #/1! .$72-)0/0'1! /%1$,%/-! #$1! ./7%)$1! ./21/0$1! +$,! '*'-($1! ./(/1(,53).$1!

=S/##$+L-@!NPPO?J!K/!1'-1)%)#)0/0!1'!/1'7'&/!72.G$!/!#$!C2'!1'!.$-$.'!.$7$!*2#-',/%)#)0/0!

1$.)/#@!F!0/0$!C2'!+2'0'!*/,)/,!)-0'+'-0)'-('7'-('!0'!#/!$.2,,'-.)/!0'!3'-57'-$1!0'!,)'1I$@!

+2'0'!.$-.'+(2/#)4/,1'!.$7$!2-!D-).$!'#'7'-($!0'!*2#-',/%)#)0/0J !

a)-/#7'-('@! #/! ,'1)#)'-.)/! 1'! ,'3)','! /! #/! ./+/.)0/0! 0'! 2-! 1)1('7/! +/,/! /%1$,%',!

+',(2,%/.)$-'1!F!7/-('-',!12!32-.)$-/#)0/0@!/1L!.$7$!+/,/! ,'-$*/,1'!F!,'$,I/-)4/,1'J!K/!

,'1)#)'-.)/!0'+'-0'!0'#!'1(/0$!0'!#$1!,'.2,1$1!-/(2,/#'1!=12'#$1@!/I2/!F!%)$0)*',1)0/0?!F!0'!

#$1!-)*'#'1!0'!.$-$.)7)'-($1!F!G/%)#)0/0'1!+/,/!/+,'-0',!F!I'1()$-/,!I,2+$1!0'!+',1$-/1!'!

)-1()(2.)$-'1!=;,/*$!"1+)-$1/@!A'-0$4/!9/-(D@![!A'0)-/!Y,$4.$@!NPP]?J!

"#!.$-.'+($ !0'!_1',*).)$1!'.$1)1(87).$1`!12,I)5!.$7$!+,'.2,1$,!0'!#/!*)1)5-!1$.)$'.$#5I)./!

+/,/! 'B+#)./,! #/! )-(',0'+'-0'-.)/! '-(,'! 1$.)'0/0! F! -/(2,/#'4/! =^/)#F! '(! /#J@! NPP]?J! K$1!

1',*).)$1! '.$1)1(87).$1@! $! #$1! %'-'3).)$1! C2'! 0',)*/-! 0'! #$1! '.$1)1('7/1@! 1'! .$-.)%)',$-!

$,)I)-/#7 '-('! .$7$!2-!3#2&$! '1+'.L3).$!0'!#$1! '.$1)1('7/1! /!#/!1$.)'0/0@!)-.#2F'-0$!#$1!

%)'-'1!7/(',)/#'1@!#/!,'I2#/.)5-!0'!#/1!.$-0).)$-'1!%/&$!#/1!.2/#'1!*)*'-!#/1!1$.)'0/0'1!F!

##'*/-!/!./%$!121!/.()*)0/0'1!+,$02.()*/1@!/1L!.$7$!#$1!%'-'3).)$1!)-(/-I)%#'1!=^L/4!'(!/#J@!

NPMV?J!

<G$,/! 1'! /,I27'-(/! C2'! #/! )-(',/..)5-! '-(,'! 1$.)'0/0! F! -/(2,/#'4/! '1! 72(2/7'-('!
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%'-'3).)$1/!+/,/!#/!1$.)'0/0 !=Z/1.2/#!'(!/#J@!NPMQ?J!"#!.$-.'+($!0'!,'1)1('-.)/!1'!$,)I)-/!/!

+/,(),!0'!'1(20)$1!'B+',)7'-(/#'1!0'!#$1!1)1('7/1!C2'!-$1!,$0'/-@!/!+/,(),!0'!#/!$%1',*/.)5-!

0'!3'-57'-$1!C2'!$+',/-!'-!7D#()+#'1! '1./#/1!'1+/.)/#'1!F!('7+$,/#'1@!.$7$!#$1!3'-57'-$1!

/7%)'-(/#'1@!.$7$!#/!1'C2L/!F!121!.$-1'.2'-.)/1J!>)-!'7%/,I$@!#/!,'.2+',/.)5-!0'!12!32-.)5-!

+2'0'!*/,)/,!'-(,'!3$,7/1@!F!./7%)$1!'-!'#!1)1('7/!1$.)$'.$#5I).$!+2'0'-!*',1'!/#(',/0$1!

+$,! 12! +,$+)/! 0)-E7)./@! .$-$.)0/! .$7$! /0/+(/%)#)0/0@! #/! ,'1(/2,/.)5-! +2'0'! ($7/,! 2-!

+',L$0$!0'!()'7+$!)-0'3)-)0$!F!/0'7E1!'1!0)3L.)#!0'!0'('.(/,J!!

"-!'#!'1(20)$!0'!+$1)%#'1!0'1/1(,'1@!'#!.$-.'+($!0'!s!./+/.)0/0!/0/+(/()*/s!=,'1)#)'-.)/?!12,I'!

0'!#/!./+/.)0/0!0'!#$1!1)1('7/1!+/,/ !7)()I/,!#$1!'3'.($1!-'I/()*$1!0'!#$1!0'1/1(,'1!F!'B+#$(/,!

12!./+/.)0/0!+/,/! ,'+/,/,#$1 !=Z/(,).)/! ;/#*/-',/! '(! /#J@!NPMQ?J!K/!./+/.)0/0!/0/+(/()*/!=$!

/0/+(/%)#)0/0?!1'!.'-(,/!'-!#/!./+/.)0/0!C2'!+$1''-!#$1!/3'.(/0$1!+/,/!($7 /,!0'.)1)$-'1!C2'!

.$-024./-! /! +,$.'1$1! 0'! I$%',-/-4/! F! /2($I'1()5-@! /1L! .$7$! #/! ./+/.)0/0! 0'! .,'/,!

)-1()(2.)$-'1! F! +$#L()./1! +D%#)./1J! >'! (,/(/! 0'! +,$7$*',! '1(,/('I)/1! C2'! /F20'-! /! .,'/,!

/0/+(/.)$-'1! 121('-(/%#'1! F! ,'/#)1(/1! '-! .$-('B($1! 0'! 1)1('7/1! #)7)(/ 0$1@! /! #$1! ./7%)$1!

'1(,2.(2,/#'1! /! #$1! C2'! '1(E-! 12&'($1! #$1! 1)1('7/1! 1$.)$'.$#5I).$1!=K5+'4! ;E'4@! Z/#/.)$1!

d',,', /@![!b'F-$1$!>/-($1@!NPMc?J!

!

!

!

!

!

!

!

!
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!

CAPÍTULO 2. METODOLOGÍA 

2.1 Área de estudio.  

K/! >2%.2'-./!:/##'!0'!;,/*$ !6!<7/-/#.$ !.2'-(/!.$-!2-/!12+',3).)'!0'! QN@VVVJVX!G/1J!1'!

'-.2'-(,/! '-! '#! +$-)'-('! 0'#! " 1(/0$! 0'! A8B).$@! .2%,'! '-! 12! ($(/#)0/0! '#! A2-).)+)$! 0'!

<7/-/#.$@!#/!7/F$,!+/,('!0'!:/##'!0'!;,/*$@!/#I2-/1!+/,('1!1)I-)3)./()*/1!0'!#$1!A2-).)+)$1!

0'!^$-/($!S2',,/@!:)##/!0'!<##'-0'@!:)##/!:).($,)/!F!R'7/1./#('+'.J!"-!12+',3).)'1!7'-$,'1!

/%/,./!+/,('!0'!#$1! 7 2-).)+)$1!0'!<#7$#$F/!0'!l2E,'4!F!q)-/./-('+'. !=a)I2,/ !N?J!K/!92'-./!

+',('-'.'!/!#/!b'I)5-!d)0,$#5I)./!Me!92'-./!bL$!;/#1/1@!F!0'-(,$!0'!81(/!/!#/!92'-./!0'#!

bL$! 92(4/7/#/@! F! /1L! /! #/! >2%.2'-./! bL$! R)#$1($.J!S'$I,E3)./7'-(' ! 1'! 2%)./! '-(,'! #$1!

+/,/#'#$1!M]yNOzPV`!F!M]yPVzOP`!F!#$1!7',)0)/-$1!]]yVNzPP`!F!MPPyMMzXP`J!$

Figura 2. Localización de la zona de estudio 

 
'
!"#$%#& Elaboración propia con base al INEGI 2019. 
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2.2! Etapas metodológicas 

"-!'#!+,'1'-(' !(,/%/&$!#/!7'($0$#$IL/!.$-1(5!0'!.2/(,$ !'(/+/1 @!/!1/%',!+/,/! #$1!/\$1!NPPV!!F!

NPMQ@!#/1! .2/#'1! .$-1)1()',$-! '- H!M?! ./,/.(',)4/,! #$1! '.$1)1('7/1! +,'1'-('1! '-! #/! >:;<@!

"1(/0$!0'!A8B).$H!N?! '1()7/,!#/! '*$#2.)5-!F! ./7%)$1! '-!#/! ./+/.)0/0!0'!+,$02..)5-!0'#!

1',*).)$! '.$1)1(87).$!/#7/.'-/7)'-($!0'!./,%$-$ !'-!#/ !>:;<H!O?!'1()7/,!#/! '*$#2.)5-!F!

./7%)$1!'-!#/!./+/.)0/0!0'!+,$02..)5-!0'#!1',*).)$!'.$1)1(87).$!,'('-.)5-!0'!12'#$!'-!#/!

>:;<H! X?! '1()7/,! #/! '*$#2.)5-! F! ./7%)$1! '-! #/! ./+/.)0/0! 0'! +,$02..)5-! 0'#! 1',*).)$!

'.$1)1(87).$!0'!+,$*)1)5-!0'!/#)7'-($1 H!#$1!.2/#'1!1'!##'*/,$- !/!./%$!0'!#/!1)I2)'-('!7/-',/U !

Etapa 1. Caracterización geográfica del área de estudio 

Z/,/! 0'(',7)-/,!#$1!'.$1)1('7/1!'- !'#!E,'/!0'!'1(20)$@!1'!##'*5!/!./%$!.$-!#/1!./,(/1!0'!21$!

0'!12'#$!F!*'I'(/.)5-!0' #!Tm"ST@!/!+/,(),!0'#!.2/#!1'!)0'-()3)./,$- !#$1!'.$1)1('7/1!.$-!%/1'!

'-!./0/!21$!0'!12'#$ !=;2,fG/,0![!A/'1@!NPMQ?J!

K/! ./,/.(',)4/.)5-! 1'! ##'*/! /! ./%$! 7'0)/-('! '#! 78($0$! I'$I,E3).$@! )0'-()3)./-0$! F !

,'+,'1'-(/-0$! ./,($I,E3)./7'-('! #$1! '#'7'-($1! I'$I,E3).$1@! /7%)'-(/#'1@ ! '.$#5I).$1! F!

/I,L.$#/1J! K/!12%.2'-./! +$1''! 2-/! /7+#)/! 0)*',1)0/0! %)$#5I)./! F ! /I,$%)$0)*',1)0/0! C2'!

3/*$,'.'-!F!.$7+#'7'-(/-!#/!0)'(/!/#)7'-(/,)/J !

"#!,'#)'*'!0'!#/! 12%.2'-./!1'!./,/.(',)4/!+$,!.',,$1@!7'1/1!F!#/0',/1!/%,2+(/1!*/- !0'10'!#$1!

M@MPP! G/1(/! #$1! O@QOP! 71-7! =a)I2,/! N?J! "-(,'! #/1! '#'*/.)$-'1! +,)-.)+/#'1 !1$%,'1/#'-! #$1!

.',,$1!S$,0$!=N@cPP!71-7?@!>/-!<I21(L-!=N@ceP!71-7?@!9/+2#L-!=N@ccP!71-7?@!>/./7'(/('!

=N@NPP!71-7?@!"1./#',)##/!=N@VeP!71-7?@!K$1!b'F'1!=N@eeP!71-7?@!9$+$,)($!=N@]]P!71-7?@!

{0$#$!=O@PXP!71-7?@!Z)'0,/!d',,/0/!=O@OMP!71-7?J!

K$1!12'#$1!0'!#/!>2%.2'-./!1'!0',)*/-!0'!7/(',)/#'1!*$#.E-).$1!0'!0)3','-('1 !'0/0'1!F!'1(E-!

3$,7/0$1!+$,!7/(',)/#'1!7)-',/#'1!F!$,IE-).$1@!/1L!.$7$!$,I/-)17$1!*)*$1J!"-!$,0'-!0'!

0'1/,,$##$! 0'1(/./-U! <.,)1$#! GE+#).$! F! K2*)1$#! .,57).$! =#$1! 7E1! '*$#2.)$-/0$1?@! #$1!

9/7%)1$#'1@!<-0$1$#'1!=(L+).$1!0'!#/1!4$-/1!3$,'1(/#'1?@!ZG/'$4'7!GE+#).$1@!#$1!K'+($1$#'1!

=+$.$!0'1/,,$##/0$1?!F!#$1!b'I$1$#'1!=#$1!7'-$1!0'1/,,$##/0$1?J!

>'!+,'1'-(/-!O!I,/-0'1!,'I)$-'1!.#)7/($#5I)./1!'-!#/!4$-/!0 '!'1(20)$J!"-!#/!7/F$,!+/,('!0'!
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#/!>2%.2'-./!='-(,'!#/!.$(/!N@NPP!/!O@PPP!71-7?!1'!+,'1'-(/!'#!.#)7/!('7+#/0$!12%GD7'0$!

=9nN?J!"-!'#!+$-)'-('@!0'%/&$!0'!#/!.$(/!N@NPP!71-7!1'!+,'1'-(/!'#!1'7).E#)0$!==<?9nM?!

C2'!'1!2-!+$.$!7E1!E,)0$!C2'!#/1!0'7E1!4$-/1!.#)7/($#5I)./1J!"-!'#!'B(,'7$!$,)'-('@!='-!#/!

+/,('!7E1!'#'*/0/@!/,,)%/!0'!O@PPP!71-7?!1'!+,'1'-(/!'#!1'7)3,L$!12%GD7'0$!=9="?nN?J!!

"#! Z,$I,/7/! 0'! Y,0'-/7)'-($! ".$#5I).$! b'I)$-/#! 0'! #/! >2%.2'-./! :/##'! 0'! ;,/*$!

+2%#)./0$!'#!OP!0'!$.(2%,'!0'!NPPO!'-!#/!S/.'(/!Y3).)/#!0'#!S$%)',-$!0'#!"1(/0$!0'!A8B).$J!

Análisis espaciotemporal de los ecosistemas del área de estudio 2005 y 2017. 

Z/,/! 0'(',7)-/, ! #$1! '.$1)1('7/1! +,'1'-('1 @!1'! 2()#)4/,$- ! #/1! ./,(/1! 0'! 21$! 0'#! 12'#$! F!

*'I'(/.)5-! 0' #! Tm"ST! C2'! .$,,'1+$-0'-! /! #/ ! 4$-/! 0'! '1(20)$@! /! +/,(),! 0'#! .2/#! 1'!

0'(',7)-/,$- !#$1!'.$1)1('7/1!.$-!%/1'!'-!./0/!21$!0'!12'#$ !=;2,fG/,0![!A/'1@!NPMQ?J!K/!

./,/.(',)4/.)5-! 1'!##'*5!/!./%$!7'0)/-('!'#!78($0$!I'$I,E3).$@!)0'-()3)./-0$!F!,'+,'1'-(/-0$!

./,($I,E3)./7'-('!#$1!'#'7'-($1!I'$I,E3).$1@!/7%)'-(/#'1@!'.$#5I).$1!F!/I,L.$#/1J!k/!C2'!#/ !

.2'-./! +$1''! 2-/! /7+#)/! 0)*',1)0/0! %)$#5I)./! F! /I,$%)$0)*',1)0/0! C2'! 3/*$,'.'-! F!

.$7+#'7'-(/-!#/! 0)'(/!/#)7'-(/,)/J! !

1.1 Usos de suelo y vegetación.  

"#!78($0$!.$-1)1()5!'-!0'#)7)(/,!./,($I,E3)./7'-('!'#!'1+/.)$!I'$I,E3).$!C2'!.$7+,'-0'!#/!

>2%.2'-./J! o()#)4/-0$! G',,/7)'-(/1! 0'! >)1('7/1! 0'! T-3$,7/.)5-! S'$I,E3)./! +/,/!

,'+,'1'-(/,!./,($I,E3)./7'-('!#/!4$-/!0'!'1(20)$J! " -!' 1(/!'(/+/! 1'! '#/%$,/,$- !#$1!7/+/1!0'!

21$!0'!12'#$!F!*'I'(/.)5-!0'!#/!92'-./!:/## '!0'!;,/*$!<7/-/#.$@!C2'!+',7)()',$- !.#/1)3)./,!

F!()+)3)./,!#$1!()+$1!0'!21$!0'!12'#$!F!*'I'(/.)5-@!/1L!.$7$!'#!E,'/!12+',3).)/#!C2'!$.2+/!./0/!

2-$!0'!'##$1!F!#/!2%)./.)5-!I'$I,E3)./!0'!#$1!21$1!0'!12'#$!F!*'I'(/.)5-!0'!#/!1',)'! TTT!F!:T!

0' #! Tm"ST@! 1'!. 2/-()3)./ ,$-@! 3$($)-(',+,'(/,$-! ./,($I,E3)./7'-('! F! 1'! 2%)./ ,$-!

'1+/.)/#7'-('!#$1!21$1!0'!12'#$!F!*'I'(/.)5- !=92/0,$!N?J!!

!

!
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Cuadro 2. Uso de suelo y Vegetación 
 

!"#$#%
&%

'#()%
&%

*+",-,%-)%
-)")./01#2031 %

'#2",. % 4#.0#56)(%
710-#-%

-)%
*)-02031 %

8#.9/)".,%
!("#-:("02, %

8.,-;2", %

!"
#$

%
$&

'()
$*

+,
'$

'-&
'$

*'-
*.

)* /
01

2
3*

!$
&

)4
#*

4'
*5

67
%

"#
8 *

9-
:'$

&
%

;)
,*

.#
$*

<$
#$

*4
'*$

<'
.#

*=
*

:';
'&

)"
%

>-
*4

'*.
)*

$'
,%

'*9
0*

4'
*9

?!
@

98*

A#&#%-&',+,'&)"%>-*
"),&#;,BC%")8*

D%+%C%")"%>-*
4'*/<'.#*=*
:';'&)"%>-8*

D%+#$* 4'* $<'.#*
=* :';'&)"%>-*
4'* .)* $',%'* 90*
4'*9?!@98*

E) *
F*4'.*G,')*

D#&).*

5)
+)

*

H
<)

4,
#*

,'$
<(

'-8
*

H<)-&%&)&%:#*

G,')*
$<+',C%"%).* 4'*
&%+#$*4'*$<'.#*=*
:';'&)"%>-* 4'*
.)* $',%'* 90* 4'*
9?!@98*

E)8*
F*4'.*G,')*

D#&).*

!$+)"%).*
IJ%")"%>-*; '#;,BC%")*4'*.#$*&%+#$*4'*$<'.#*=*

:';'&)"%>-*4'*.)*$',%'*90*4'*9?!@98*
'
!"#$%#& Elaboración propia 2019. 
!

1.2 Ecosistemas de la Subcuenca Valle de Bravo – Amanalco.  

"#!7'0)$!/7%)'-('! '1(E!.$-3$,7/0$!+$,! '#'7'-($1!0'!*)(/#!)7+$,(/-.)/!+/,/! '#! 'C2)#)%,)$!

'.$#5I).$!0'!#$1!1','1!*)*$1!F!-$!*)*$1!C2'!1'!0'1/,,$##/-!F!.$G/%)(/-!'-!2-!7)17$!#2I/,!F!

#'1!+',7)('!)-(',/.(2/,!F!,'#/.)$-/,1'!'-(,'!'##$1J! !

<!'1'!GE%)(/(!1'!#'!##/7/!'.$1)1('7/J!"1!2-!7'0)$!3L1).$!F!#2I/,!0$-0'!.$'B)1('-!2-!.$-&2-($!

0'! $,I/-)17$1! $! 1','1! *)*$1J! k! '1(E! .$7+2'1(/! +$,! 3/.($,'1! 3L1).$1! F! %)$#5I).$1! .$7$!

+#/-(/1@!/-)7/#'1@!%/.(',)/1@!G$-I$1@!+,$()1(/1@!7).,$$,I/-)17$1@!G27'0/0@!('7+',/(2,/@!#24@!

*)'-($@!'-(,'!$(,$1!'#'7'-($1!C2'!3$,7/-!'#!7'0)$!/7%)'-('J !

"#! /*/-.'! 0'17'12,/0$! 0'! #$1! 1','1! G27/-$1 !1$%,'! #$1! '.$1)1('7/1! G/! +,$02.)0$!

/#(',/.)$-'1!.#)7E()./1@!I'$I,E3)./1!C2'!/3'.(/-!-$!15#$!/!#/!3#$,/!F!/!#/!3/2-/!1)!-$!(/7%)8-!

/#! 7)17$! 1',! G27/-$! F/! C2'! #/1! .$-0).)$-'1! 0'#! .#)7/! =('7+',/(2,/1! /#(',/0/1@!

+,'.)+)(/.)$-'1!/%2-0/-('1!$!1'C2L/1!+,$32-0/1@!($,-/0$1@!'(.J?!1$-!.$-1'.2'-.)/!0),'.(/!0'!

12!/..)5-!=a<Y@!NPM]?J!

"1!+$,!'##$!+$,!#$!C2'!1'!.$-1)0',/!C2'!#$1!'.$1)1('7/1!()'-'-!2-!+/+'#!)7+$,(/-('!+/,/!'#!

'C2)#)%,)$!-/(2,/#!'-!'#!+#/-'(/@!1)'-0$!GE%)(/(!+/,/!#/!%)$0)*',1)0/0!F!$(,$1!,'.2,1$1!-/(2,/#'1!

C2'!'#!1',!G27/-$!+2'0'!/+,$*'.G/,J!"1($1!7)17$1@!/2($,,'I2#/-!'#!+#/-'(/!+$,!7'0)$!0'!

#/1!+#/-(/1!C2'!,'()'-'-!'#!./,%$-$!+/,/!+2,)3)./,!'#!/),'!C2'!1'!,'1+),/J !
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Z/,/! '1(/! '(/+/! '#!78($0$! .$-1)1()5!'-!G/.',!3$($)-(',+,'(/.)5-!0'!#$1 !()+$1!0'!*'I'(/.)5-!

C2'!+',7)()5 !)0'-()3)./,! ./0/! '.$1)1('7/!+,'1'-(/! '-!#/!4$-/!0'! '1(20)$@!/1L! .$7$! 2%)./,!

'1+/.)/#7'-('@! .#/1)3)./,@!()+)3)./,!F!.2/-()3)./,! '#!E,'/!12+',3).)/#!C2'!$ .2+/!./0/!()+$!0'!

'.$1)1('7/ !=92/0,$!O?J!!

Cuadro 3. Ecosistemas del área de estudio. 
!

Etapa 
1 

Fase 
2 

Método de 
determinación 

Factor Variables 
Unidad de 
Medición 

Parámetro 
Estadístico 

Producto 

!"
#$

%
$&

'()
$*

+,
'$

'-&
'$

*'-
*.

)*
/0

12
3*

!$
&

)4
#*

4'
*5

67
%

"#
8

*

K
'$

",
%

J%
,*

.#
$*

'"#
$%

$&
'()

$*
+,

'$
'-&

'$
*'-

*.
)*

H
<'

-"
)*

0)
..'

*
4'

*1
,)

:#
*

L*
2(

)-
).

"#
8

*
Fo

to
in

te
rp

re
ta

ci
ón

 
ca

rto
gr

áf
ic

a.
 

Tipificación Tipos de 
Ecosistemas Ha % del Área 

Total 

M
ap

a 

Cu
ad

ro
 re

su
m

en
 

Cuantitativo 

Área 
Superficial 

de los  
Ecosistemas 

Ha. % del Área 
Total 

Espacial 

Ubicación 
Geográfica 

de los  
Ecosistemas 

Ubicación 
Geográfica 

Ubicación 
Geográfica. 

"

!"#$%#& Elaboración propia 2019. 
 
 
Etapa 2. Análisis espaciotemporal de la evolución y cambios en la capacidad de 

producción de los servicios ecosistémicos almacenamiento de carbono y retención de 

suelo durante el periodo 2005 y 2017. 

^'!/.2',0$!.$-!#/!a<Y@!=NPM]?!'#!7/-('-)7)'-($!0'!#/!./#)0/0!0'#!/),'!F!0'#!12'#$@!'#!.$-(,$#!

0'! #/1! )-2-0/.)$-'1! F! '-3',7'0/0'1! $! #/! +$#)-)4/.)5-! 0'! .2#()*$1! 1$-! /#I2-$1! 0'! #$1!

_1',*).)$1!0'!,'I2#/.)5-`!+,$+$,.)$-/0$1!+$,!#$1!'.$1)1('7/1J!<!7'-20$!1$-!)-*)1)%#'1!F@!

+$,! .$-1)I2)'-('@! '-! #/! 7/F$,L/! 0'! #$1! ./1$1! 1'! 0/-! +$,! 1'-(/0$1J! K/! /I,).2#(2,/@! #/!

1)#*).2#(2,/!F!#/!+'1./!,'12#(/-!/3'.(/0/1!+$,!($0$1!#$1!()+$1!0'!1',*).)$1!'.$1)1(87).$1!F!/!

12!*'4!)-3#2F'-!'-!'##$1J!!

<1L!7)17$!,'3)','!C2'!#$1!E,%$#'1!2,%/-$1!+2'0'-!)-3#2),!'-!#/!./#)0/0!0'#!/),'!0'!#/!1)I2)'-('!

7/-',/U! )? !.$-*),()'-0$! '#! 0)5B)0$! 0'! ./,%$-$! '-! $BLI'-$! /! (,/*81! 0'! #/! 3$($1L-('1)1H!

))?!)-(',.'+(/-0$! +/,(L.2#/1! .$-(/7)-/-('1! =+$#*$@! .'-)4/@! +$#'-! F! G27$?! F! /%1$,%)'-0$!

I/1'1!(5B).$1!.$7$!'#!$4$-$@!'#!0)5B)0$!0'!/423,'!F!'#!0)5B)0$!0'!-)(,5I'-$H!)))?!'7)()'-0$!

0)*',1$1!.$7+2'1($1!$,IE-).$1!*$#E()#'1!F!.$-(,)%2F'-0$!/1L!/!#/!3$,7/.)5-!0'!$4$-$!'-!#/1!

.)20/0'1H! )*?!,'02.)'-0$! #/! ('7+',/(2,/! #$./#! 0'#! /),'H! *? !,'02.)'-0$! #/1! ('7+',/(2,/1!
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'B(,'7/1!0'!#$1!'0)3).)$1!(/-($!'-!)-*)',-$!.$7$!'-!*',/-$@!F!,'02.)'-0$!+$,!#$!(/-($!#/1!

'7)1)$-'1! .$-(/7)-/-('1! 0'! #/1! )-1(/#/.)$-'1! 0'! I'-',/.)5-! 0'! '-',IL/J !=a#$,'1! <,('/I/@!

NPM]?J!

T-*',(),! '#! +,$.'1$! 0'! 0'I,/0/.)5-! 0'#! 12'#$@! '#! /I2/! F! #$1! ,'.2,1$1! %)$#5I).$1! '1! 2-!

.$7+$-'-('! '1'-.)/#! +/,/! #$I,/,! #/! 1'I2,)0/0! /#)7'-(/,)/! F! 0'! #$1! 7'0)$1! 0'! *)0/J! K$1!

1L-($7/1!0'!#/!0'I,/0/.)5-!0'#!12'#$!1$-! -27',$1$1!F! .$7+,'-0'-!#/!0)17)-2.)5-!0'!#/!

3',()#)0/0@!#/!/.)0)3)./.)5-@!#/!1/#)-)4/.)5-@!#/!/#./#)-)4/.)5-@!'#!0'(',)$,$!0'!#/!'1(,2.(2,/!0'#!

12'#$@!2-/!',$1)5-!'5#)./!'!GL0,)./!/.'#',/0/!F!#/!+8,0)0/!0'!7/(',)/!$,IE-)./!F!%)$0)*',1)0/0J!

K/1!,'+',.21)$-'1!1$.)$'.$-5 7)./1!,'12#(/-('1!1$-@!'-(,'!$(,/1@!C2'!#/!+,$02.()*)0/0!0'!#/!

7/-$! 0'! $%,/! /I,L.$#/! F! #$1! )-I,'1$1! I'-',/0$1! +$,! #/! /I,).2#(2,/! '1(E-! ./F'-0$@! #/!

7)I,/.)5-!/!#/1!4$-/1!2,%/-/1!'1(E!/27'-(/-0$!F!#/!+$%,'4/!,2,/#!1'!'1(E!/I,/*/-0$!=a<Y@!

NPPc?J!!

K$1!'132',4$1!'-./7)-/0$1!/!,'1(/%#'.',!#/!+,$02.()*)0/0!0'!#$1!12'#$1!0'I,/0/0$1!0'%'-!

.$7+#'7'-(/,1'! .$-!$(,/1!7'0)0/1!C2'! /3'.(/-! /!#/1!+,E.()./1!0'! /+,$*'.G/7)'-($!0'!#/!

()',,/@!'-!+/,().2#/,!#/!/I,).2#(2,/!0'!.$-1',*/.)5-@!#/1!%2'-/1!+,E.()./1!/I,L.$#/1!F!#/!I'1()5-!

0'#! ,)'I$@! /1L! .$7$! #/! I'1()5-! )-('I,/0/! 0'! #$1! -2(,)'-('1! 0'! #/1! +#/-(/1J! "1(20)$1! G/-!

0'7$1(,/0$! C2'! .2/-($! 7E1! 1'! +/,'.'! 2-! 1)1('7/! /I,L.$#/! /! 2-! %$1C2'! -/(2,/#! '-! 12!

'1(,2.(2,/!0'!.2%)',(/@!'1+/.)/0$!0'!E,%$#'1!F!.2%)',(/!*'I'(/#@!7'-$1!+$1)%)#)0/0'1!G/F!0'!

',$1)5-!0'#!12'#$J!^2,/-('!1)I#$1@!1'!G/-!2()#)4/0$!(8.-)./1!/I,$3$,'1(/#'1!(,/0).)$-/#'1@!C2'!

+,$+$,.)$-/-! .2%)',(/! -/(2,/#@!+/,/! +,$02.),! /#)7'-($1!1)-! ./21/,! 0/\$1! /! #/,I$!+#/4$! /#!

7'0)$!/7%)'-('!=a<Y@!NPM]?J!

2.1 Análisis espaciotemporal del almacenamiento de carbono. 

Z/,/!'1()7/,!#/!./-()0/0!0'!./,%$-$!/#7/.'-/0$! 0'#!E,'/!0'!'1(20)$!1'!2()#)45!#/!1)I2)'-(' !

7'($0$#$IL/U!M?!A$0)3)./.)5-!0'!1',)'1!0'!21$!0'!12'#$!=TTT!F!:T?!.$-!%/1'!'-!)7EI'-'1!0'!

1/(8#)('! 0'#! 1'-1$,! K/-01/(! RG'7/().! A/++',! =RA?! '-! NPPV! F! K/-01/(! YKT! NPMQJ! Z/,/!

'1()7/,!#/!./-()0/0!0'!./,%$-$!/#7/.'-/0$!0'#!E,'/!0'!'1(20)$@!1'!##'* 5!/!./%$!7'0)/-('!#/!

'#/%$,/.)5-!0'#!7/+/!C2'!,'+,'1'-(/!./,($I,E3)./7'-('!#/!4$-/!0'!'1(20)$!)0'-()3)./-0$!'-!

'1('!#$1!0)3','-('1!()+$1!0'!'.$1)1('7/1! /!(,/*81!0'!#/1!./,(/1!0'!21$!0'!12'#$!F!*'I'(/.)5-!0'!

#/!1',)' !TTT!F!:T!0' #!Tm"STH!N?!<&21('!0'!#/1!.#/1'1!0'!#$1!+$#LI$-$1!0'!21$!0'!12'#$!/!#/1!
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)7EI'-'1!1/('#)(/#'1H!O?!^'#)7)(/.)5-!F!.2/-()3)./.)5-!0'!./0/!()+$!0'!*'I'(/.)5-!F!21$!0'#!

12'#$!'-!/7%$1!+',)$0$1H!X?!<-E#)1)1!'1+/.)$('7+$,/#@!1$%,'!#/!'*$#2.)5-!F!./7%)$1!'-!#/!

12+',3).)'!$.2+/0/!+$,!./0/!()+$!0'!*'I'(/.)5-H!F!V?!<-E#)1)1!1$%,'!#/!'*$#2.)5-!F!./7%)$1!

'-! #/! ./+/.)0/0! 0'! +,$02..)5-! F! 0)1(,)%2.)5-! '1+/.)/#! 0'#! 1',*).)$! '.$1)1(87).$!

/#7/.'-/7)'-( $!0'!./,%$-$!NPPV!F!NPMQ!'-!#/!>:;<J!

Cuadro 4. Almacenamiento de carbono. 
!

!"#$#%<% '#()%=%
*+",-,%-)%

- )")./01#2031%
'#2",. % 4#.0#56)(%

710-#-%-)%
*)-02031 %

8#.9/)".,%
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&

%
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.)

*':
#.
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*'-
*.
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4* **
**

**
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4'
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,#
4<

""
%

>-
*4

'.*
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"%

#*
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.(
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'-)

(%
'-&

#*
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*"
),

J#
-#

*M
N

N O
PM

N
QR*
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$%$

*4
'.*
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()

"'-
)(

%
'-&

#*
4'

*"
),

J#
-#

*

H
B

."
<.

#*
4'

*.
)*$

<+
',C

%
"%

'*4
'*"

)4
)*

'"#
$%

$&
'()

*

H<)-&%&)&%:#*
H)-&%4)4*4'*

"),J#-#*
).()"'-)4# *

D#-ST)8*
!"<)"%>-*
U%-').8*

5)
+)

*

H
<)

4,
#*

,'$
<(

'-8
*

!
!"#$%#& Elaboración propia 2019. 
 
 
2.2 Análisis espaciotemporal de la retención del suelo.  

Z/,/! ./#.2#/,! #/! +8,0)0/! 0'! 12'#$! +$,! ',$1)5-! GL0,)./! 1'! /+#).5! '#! 78($0$! 0'-$7)-/0$!

".2/.)5-!o-)*',1/#!0'!Z8,0)0/!0'!>2'#$1!="oZ>?! =;2'-$ 6d2,(/0$@!:'#E1C2'46:/##'@!K5+'46

>/-($1@! >E-.G'469$G'-@! [! S$-4E#'46;/,,)$1@! NPMcH! r)1.G7')',! [! >7)(G@! M]Qe?@! #/!

'B+,'1)5-!0'!'1(/!'.2/.)5-!'1U! !

!

!

5!6!78!98!:8!;8!<8!=!

!

^$-0'! !

<U!Z8,0)0/!0'!12'#$!+$,!2-)0/0!0'!12+',3).)'!=(-|G/J/\$?J!
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bU!a/.($,! 0'!#/!##2*)/!$!L-0).'!0'!',$1)5-!+#2*)/#!=AlJ!77!|G/!G?J!!

h U!a/.($,!',$0/%)#)0/0!0'#!12'#$!=(-J!G/JG|G/JAlJ77?!F!0'+'-0'!32',('7'-('!0'!#/!('B(2,/!

0'!#$1!12'#$1@!#/!C2'!-$!+2'0'!1',!3E.)#7'-('!7'&$,/0/J!!

KU!a/.($,!#$-I)(20!0'!+'-0)'-('!=/0)7'-1)$-/#? J!!

>U!Z'-0)'-('!=/0)7'-1)$-/# ?J!!

9U!a/.($,!0'!.$%',(2,/!*'I'(/# J!!!

ZU!a/.($,!+,E.()./1!0'!.2#()*$J!!

!

"1(/! '.2/.)5-! 32'! 0)1'\/0/! +/,/! #/! +,'0)..)5-! 0'! #/! ',$1)5-! '-! 12'#$1! +,'3','-('7'-('!

/I,L.$#/1!F! .$-!%/1'! /-2/#J!m$!$%1(/-('@! .$-()'-'! /#I2-$1!L-0).'1!F!3/.($,'1!C2'@! .$-!#/!

0'%)0/!/0/+(/.)5-@!G/.'-!C2'!#/!'.2/.)5-!+2'0/!(/7%)8-!2()#)4/,1'!'-!/#I2-/1!1)(2/.)$-'1!0'!

7/-'&$! 3$,'1(/#J!=Z$,(2I2'4!A@!NPMV?J!K$1!3/.($,'1!C2'!.$-1)0',/!#/!'.2/.)5-!"oZ>!1$-!#$1!

1)I2)'-('1U!

!

Factor R. Erosividad de la lluvia.  

9$,,'1+$-0'! /! #/! ',$1)*)0/0! I'-',/0/! +$,! #/! +,'.)+)(/.)5-! 7'0)/! /-2/#@! #$1! 0/($1! 1'!

$%(2*)',$-!0'#!>',*).)$!A'('$,$#5I).$!m/.)$-/#!=>Am?!F!0'#!1$3(n/,'!0'!7/-'&$!0'!0/($1!

.#)7/($#5I).$1! 0'1/,,$##/0$! +$,! #/1! m/.)$-'1! o-)0/1! _9KT9YA`! =9#)7/('! 9$7+2()-I!

Z,$&'.(?J! Z/,/! #$1! 0$1! +',)$0$1! 0'! '1(20)$! 1'! .$-1)0',/,$-! 0/($1! 0'! #/1! '1(/.)$-'1!

7'('$,$#5I)./1!2%)./0/1!0'-(,$!F!'-!'#!.$-('B($!0'#!E,'/!0'!'1(20)$! =>E-.G'46d',-E-0'4@!

^'!^)$1!A'-0$4/ 6Z/#/.)$1@!^'!#/!9,24!b'F'1@!A'-0$4/!A/,(L-'4@![!b/7$16b'F'1@!NPMO?J!!

!

Z/,/!'1()7/,! #/!',$1)*)0/0!0'!#/!##2*)/!=b?!1'!2()#)45!#/!'.2/.)5-!.$,,'1+$-0)'-('!/!#/!,'I)5-!

:TT!0'!#/!b'+D%#)./!A'B)./-/@!0$-0'!1'!2%)./!#/!4$-/!0'!'1(20)$!=a#$,'1!K5+'4@!A/,(L-'4!

A'-'1@!Y,$+'4/!A$(/@!A'&L/!>/'-1@![!9/,,)##$!S$-4E#'4@!NPPO?J!"#!7$0'#$!/+#)./0$!32'U!

!

>!6!?@8@!AABCD!E!@8!@@F!FFGCDH!1+(!7D!6!@8!IJ!

!

^$-0'U!!

k U!:/#$,!0'!"TOP!/-2/#!'-!Al}7 7!=G/}G,?6M!

wU!K#2*)/!/-2/#!'-!77J !
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!

"#!3/.($,!0'! ',$1)*)0/0!=b?@!1'! ./#.2#5!/!+/,(),!0'!0/($1!+,$7'0)$1!0'!+,'.)+)(/.)5-!/-2/#!

=++?@!'1(/!'B+,'1)5-!+',7)()5!.$-$.',!#/!',$1)*)0/0!0'!#/!##2*)/!7'0)/!/-2/#!+$,!./0/!'1(/.)5-!

.#)7/($#5I)./@!+$1(',)$,7'-('@!#/!)-3$,7/.)5-!1'!(,/%/&5!'-!'#!>TS!<,.ST>!MPJc@!+/,/!#$!.2/#!

1'!G)4$!2-/!)-(',+$#/.)5- !0'!#$1!*/#$,'1!0'!',$1)*)0/0@!'7+#'/-0$!#/!G',,/7)'-(/!T^r!0'!

>+/()/#!<-/#F1(!R$$#1@!'1('!78($0$!1'!G)4$!+/,/!./0/!+',)$0$!0'!'1(20)$!NPPV!F!NPNM@!F!/1L!

1'!$%(2*)',$-!#$1!7/+/1!0'#!3/.($,!b!'-!3$,7/($!,/1(',J !

!

Factor K. Erosionabilidad del suelo. 

"#!3/.($,!0'! ',$1)$-/%)#)0/0!0'#!12'#$!=h?@!1'! ./#.2#5! .$-!#/! )-3$,7/.)5-!$%('-)0/!0'!#/1!

./,(/1!'0/3$#5I)./1!.$-!.#/*'1U!:)##/!0'!<##'-0'!"MX< 6Oc@!>/-!A)I2'#!q)-/./-('+'.!"MX< 6

OQ@!:/##'!0'! ;,/*$!"MX<6Xc@!:$#.E-!m'*/0$!0'!R$#2./!"MX<6XQ@!="1./#/U!M|VP!PPP!0'#!

Tm"ST?@!0'!#/1!.2/#'1!1'!0)I)(/#)4/,$-!#$1!0)3','-('1!()+$1!0'!('B(2,/1!0'!#$1!12'#$1!'-!'#!>TS!

<,.ST>! MPJcJ! Z$1(',)$,7'-('! #$1! +$#LI$-$1! 0'#! ()+$! 0'! ('B(2,/! 1'! ./7%)/,$-! 0'! 3$,7/($!

*'.($,!/!,E1(',J!"#!3/.($,!h!1'!./#.2#5!0'!/.2',0$!.$-!'#!.,)(',)$!C2' !'1(/%#'.'!#/!Y,I/-)4/.)5-!

0'! #/1! m/.)$-'1! o-)0/1! +/,/! #/! <#)7'-(/.)5-! F! <I,).2#(2,/! =a<Y?! F! C2'! .$-1)1('! '-!

72#()+#)./,!#$1!*/#$,'1!C2'!1'!+,'1'-(/-!'-! '#!92/0,$!V@!/1)I-/0$1!/!#$1!3/.($,'1!('B(2,/!F!

2-)0/0!0'!12'#$@!1'ID-!#/!.#/1)3)./.)5-!0'!a<Y!6!om">9Y@!=NPPe?@!'1('!3/.($,!1'!'1()75!2-/!

*'4!+/,/!#$1!0$1!+',)$0$1!0'!'1(20)$!=r)1.G7')',![!>7)(G@!M]Qe?J!"#!7$0'#$!/+#)./0$!32'U!!

!

Cuadro 5. Valores de erosionabilidad (Factor K) para diversas texturas de las 
unidades de suelo, de acuerdo con la FAO (1980). 

 
 Textura  Textura 

Orden Gruesa Media Fina Orden Gruesa Media Fina 
Acrisoles A 0.026 0.040 0.013 Luvisol 

Órtico Lo 
0.026 0.040 0.013 

Acrisol 
Férrico Af 

0.013 0.020 0.007 Luvisol 
Plíntico Lp 

0.053 0.079 0.026 

Acrisol 
Gleico Ag 

0.026 0.040 0.013 Luvisol 
Vértico Lv  

0.053 0.079 0.026 

Acrisol 
Húmico Ah 

0.013 0.020 0.007 Greyzems M 0.026 0.040 0.013 

Acrisol 
Órtico Ao 

0.026 0.040 0.013 Nitosol N 0.013 0.020 0.007 

Acrisol 
Plíntico Ap 

0.053 0.079 0.026 Histosol O  
 

0.013 0.020 0.007 

Cambisol B 0.026 0.040 0.013 Histosol 
Éutrico Oe 

0.013 0.020 0.007 
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Cambisol 
Crómico Bc 

0.026 0.040 0.013 Podzol P 0.053 0.079 0.026 

Cambisol 
Distritico 
Bd 

0.026 0.040 0.013 Podzol 
Férrico Pf 

0.053 0.079 0.026 

Cambisol  
Éutrico Be 

0.026 0.040 0.013 Podzol 
Gleico Pg 

0.053 0.079 0.026 

Cambisol  
Ferrálico Bf 

0.013 0.020 0.007 Podzol 
Húmico Ph 

0.026 0.040 0.013 

Cambisol 
Gleico Bg 

0.026 0.040 0.013 Podzol 
Órtico Po 

0.053 0.079 0.026 

 
!"#$%#& FAO, 1980. 

 

Factor LS. Longitud de la pendiente y pendiente media del terreno. 

"#!.E#.2#$!0'!K>!1'!##'*5!0'!3$,7/!)-0),'.(/!/!+/,(),!0'!#/!'.2/.)5-!0'!',$1)5-!+$('-.)/#!=bhK>?!

0'3)-)0/!'-!(8,7)-$1!0'!=K>?J!K/!',$1)5-!+$('-.)/#!1'!0'(',7)-5!7'0)/-('!#/!)0'-()3)./.)5-!0'!

#$1! */#$,'1! $%('-)0$1! 0'! #$1! 3/.($,'1! (,/%/&/0$1! F! 1'! '#/%$,5! '#!+#/-$! C2'! .$-('7+#/! #/!

72#()+#)./.)5-!0'!#$1!*/#$,'1!-278,).$1!0'!#$1!3/.($,'1!b@!h!F!K>@!C2'!1$-!#$1!I'-',/0$,'1!0'#!

+,$.'1$!',$1)*$!F!12!+,$02.($!'1!#/!',$1)5-!+$('-.)/#!=($-|G/|/\$?J!!

!

Z$,!.$-1)I2)'-('@!#/!'1()7/.)5-!)-0),'.(/!0'#!3/.($,!0'!#$-I)(20!0'! #/!+'-0)'-('!K!1'!%/1/!'-!'#!

1)I2)'-('! /-E#)1)1@! 0'! /.2',0$! .$-! #/! ><^"bU! #/! '1()7/.)5-! 0'#! 3/.($,! 0'! #$-I)(20! 0'! #/!

+'-0)'-('!F!+'-0)'-('!7'0)/!0'#!(',,'-$!=K>?!1'!$%(2*$!0'!/.2',0$!.$-!#/!><^"b!/!+/,(),!0'!

2-!,/4$-/7)'-($!7/('7E().$H!.$-1)0',/-0$!C2'@!+/ ,/!#$1!(',,'-$1!/#(/7'-('!',$1)$-/%#'1@!#/!

(/1/!0'!',$1)5-!##'I/!/!1',!$.G$!*'.'1!7/F$,!C2'!#/!(/1/!0'!3$,7/.)5-!0'!#$1!12'#$1H!#/!.2/#!1'!

.$-1)0',/!0'!NP!($-|G/|/\$!.$7$!+,$7'0)$!-/.)$-/#!+/,/!A8B).$@!#$!C2'!'C2)*/#'!/!('-',!2-/!

+8,0)0/!0'!N!77!0'!12'#$!+$,!G/|/\$J!!

!

^'!/.2',0$!.$-!'#!.$-.'+($!0'!(',,'-$!/#(/7'-('!',$1)$-/%#'@!.$7$!.,)(',)$!0'!0'3)-).)5-!0'!

E,'/1! '1(,/(8I)./1! 0'! /('-.)5-@! '#! 3/.($,! 0'! +8,0)0/! 0'! 12'#$! 0'-(,$! 0'! #/! "oZ>! +2'0'! 1',!

121()(2)0$!+$,!'#!*/#$,!0'!eR!=<0/7' 6A/,(L-'4@!9/7+$16A'0)-/@![!S/,.L/ 69/7/.G$@!NPMV?@!

1)'-0$!'C2)*/#'-('!/!('-',!#/!)I2/#0/0!/#I'%,/)./@!.$7$!1'!72'1(,/!'-!#/!1)I2)'-('!'.2/.)5-U !

!

5!6!79;:!E!<=!6!J" !

!
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9$-1)0',/-0$!C2'!'#!*/#$,!0'!#$1!3/.($,'1!9!F!Z!1$-!)I2/#'1!/!#/!2-)0/0@!'1($!)7+#)./!('-',!

2-!(',,'-$!0'1-20$!%/&$!%/,%'.G$!.$-()-2$@!F!1)-!+,E.()./1!0'!.$-1',*/.)5-@!.$-!#$!C2'!#/!

,'#/.)5-!1'!,'02.'!/U !

J"!6!79;: !

!

^'! #/! '.2/.)5-! /-(',)$,! 1'! ./#.2#/! '#! */#$,! 0'! eR! =McP! ($-|G/|/\$?J! K$1! */#$,'1! 0'! b!

=',$1)*)0/0!0'!#/!##2*)/?!F!h!=",$1)$-/%)#)0/0!0'#!12'#$?!1'!0'(',7)-/-!/!0'(/##'!0'-(,$!0'!

'1('! '1(20)$!F!1$-!*/#$,'1!.$-$.)0$1H!1'!0'1+'&5!/!K>!F!'#!7$0'#$!/+#)./0$!32'U!

!!!!!!!!!!!

;:!6!J"!K79 !

!

^'! '1(/! 7/-',/! 1'! $%()'-'-! #$1! */#$,'1!0'!K>@!C2'! */,L/-! 0'10'! .',$! '-! 4$-/1! .$-! /#($!

+$('-.)/#!0'!',$1)*)0/0!0'!#/!##2*)/!F!/#(/!',$1)$-/%)#)0/0!0'#!12'#$!G/1(/!*/#$,'1!.',./-$1!/!

e@!'-!#2I/,'1!0$-0'!#$1!*/#$,'1!0'!',$1)*)0/0!1$-!%/&$1!$!'-!./1$1!0$-0'!'#!12'#$!+,'1'-(/!

/#(/! ,'1)1('-.)/! /! #/! ',$1)5-J! ^'! /C2L!C2'!1'!+,'1'-(/! #/! 'B)1('-.)/! 0'! */#$,'1!7/F$,'1!F!

7'-$,'1!0'!#/!2-)0/0J!",$1)5-!/.(2/#!F!+$('-.)/#!0 '#!12'#$J!!

!

Factor C. Cobertura vegetal. 

K/!'1()7/.)5-!0'#!3/.($,!0'!.$%',(2,/!*'I'(/#!=9?!1'!$%(2*$!7'0)/-('!#/!7$0)3)./.)5-!0'!#/1!

1',)'1!TTT!=NPPV?!F!:T!=NPNM?!0'!21$!0'!12'#$!F!*'I'(/.)5-!0'#!Tm"ST@!.$-!%/1'!'-!)7EI'-'1!

0'!1/(8#)('!0'#!1'-1$,!K/-01/(!RG'7/().!A/++',!=RA?! '-!NPPV!F!K/-01/(!YKT!NPNMJ!^'!

/.2',0$!.$-!#$1!,'12#(/0$1!+/,/!./0/!'.$1)1('7/@!1'!#'1!/1)I-5!2-!*/#$,!F!/1L!1'!+,$.'15!'#!

7/+/!0'#!3/.($,!9!= 92/0,$ !c?J!

Cuadro 6. Valores de la cobertura vegetal (Factor C) para los diversos tipos de 

vegetación. 

Cobertura vegetal Media anual del factor C 
Suelo desnudo 
Bosque o matorral denso 
Sabana o pradera herbácea en buenas condiciones 
Sabana o pradera herbácea sobrepastada 
Maíz, sorgo o mijo: alto rendimiento con laboreo convencional 
Maíz, sorgo o mijo: alto rendimiento sin laboreo convencional 
Maíz, sorgo o mijo: bajo rendimiento con laboreo mínimo o no laboreo 
Maíz, sorgo o mijo: alto rendimiento, laboreo con chisel entre residuos 

1,0 
0,001 
0,01 
0,1 
0,20 – 0,55 
0,50 – 0,90 
0,02 – 0,20 
0,23 – 0,20 
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Maíz, sorgo o mijo: bajo rendimiento, laboreo con chisel entre residuos 
Algodón 
Pradera herbácea 
Soja 
Trigo 
Arroz 
Cacahuate 
Palmera, cafeto, cocotero con cobertura vegetal 
Piña cultivada a nivel, con retirada de residuos 
Piña cultivada a nivel, con residuos en superficie 
Patata, surcos según la pendiente 
Patata, surcos transversales a la pendiente 
Caupi (judía de vaca) 
Fresa con cobertura de mañas hierbas 
Granado con cobertura de malas hierbas 
Granado limpio de malas hierbas 
Tef (Eragrotis tef) 
Caña de azúcar 
Ñame 
Guisante de angola 
Judía mungo 
Pimiento 
Cafeto: después de la primera recolección 
Plátano: después de la primera recolección 
Papaya 

0,30 – 0,45 
0,40 – 0,70 
0,01 – 0,025 
0,20 – 0,50 
0,10 – 0,40 
0,10 – 0,20 
0,30 – 0,80 
0,10 – 0,30 
0,10 – 0,40 
0,01 
0,20 – 0,50 
0,10 – 0,40 
0,30 – 0,40 
0,27 
0,08 
0,56 
0,25 
0,13 – 0,40 
0,40 – 0,50 
0,60 – 0,70 
0,04 
0,33 
0,05 
0,05 – 0,10 
0,21 

'
!"#$%#& Porta, López, & Roquero, (1994). 
 

Erosión actual (EA) y Erosión potencial (EP). 

^'! /.2',0$!.$-!#/!><^"b@!+/,/!$%('-',!#/! ',$1)5-!/.(2/#! '-! ./0/!+',)$0$!0'! '1(20)$@!1'!

.$-1)0',5!#/!(/1/!0'!3$,7/.)5-!0'!#$1!12'#$1!=NP!($-|G/|/\$!+,$7'0)$!-/.)$-/#!+/,/!A8B).$?@!

'-(,'! '#! 3/.($,! ;: !=#$-I)(20! 0'! #/! +'-0)'-('! F! +'-0)'-('! 7'0)/! 0'#! (',,'-$?! 7'0)/-('! #/!

G',,/7)'-(/!A/+!<#I'%,/!'-!<,.I)1J!9$-!'#!*/#$,!0'!K!F!>@!1'!./#.2#5!#/!(/1/!0'!"<!F!"Z!

7'0)/-('!#/1!1)I2)'-('1!,'#/.)$-'1!/#I'%,/)./1U !

!

L56"K;:! !

L=6J"K;: !

!

^$-0'U!!

L5!6!L3+&MN(!'1/%'0!

L=!6!L3+&MN(!2+/$(1M'0!!

!
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<#!)7+#'7'-(/,!'1(/!7'($0$#$IL/!#$1!*/#$,'1!0'!K!F!>!+,$+$,.)$-/-!.,)(',)$!0'!0'3)-).)5-!0'!

#/1!E,'/1!+,)$,)(/,)/1!0'!/('-.)5-@!/#!7)17$!()'7+$!'1!+$1)%#'!,'/#)4/,!2-/!&',/,C2)4/.)5-!0'!

#/1!/.()*)0/0'1!0'!.$-1',*/.)5-!'-!32-.)5-!0'!# /!+$('-.)/#)0/0!+,$02.()*/!0'#!(',,'-$!F!+$,!

'#!*/#$,!'.$-57).$!F!1$.)/#!C2'!'1(/1!E,'/1!,'+,'1'-(/-J!9$-!%/1'!'-!'1($@!#/!'1()7/.)5-!0'#!

3/.($,!K>!.$-1)1()5!'-!121()(2),!#$1!0/($1!0'!#/! '.2/.)5-!/-(',)$,! '-! '#!+,$I,/7/!<b9ST>!

MPJcJ!1'!215!#/!G',,/7)'-(/!A/+!<#I'%,/!'-!>+/()/#!<-/#F1(!R$$#1!+/,/!I'-',/,!#$1!7/+/1!0'!

K>!'-!3$,7/($!,E1(', !=92/0,$!Q?J!

!

Materiales 

T-3$,7/.)5-! 9/,($I,E3)./U! a/.($,! bH! 7/+/! 2%)./.)5-! '1+/.)/#! 0'! #/1! '1(/.)$-'1! =>Am?@!

a/.($,! hH! 9/,(/1! "0/3$#5I)./1! .$-! .#/*'U! :)##/! 0'! <##'-0'! "MX< 6Oc@! >/-! A)I2'#!

q)-/./-('+'.! "MX< 6OQ@! :/##'! 0'! ;,/*$! "MX<6Xc@! :$#.E-! m'*/0$! 0'! R$#2./! "MX<6XQ@!

="1./#/U!M|VP!PPP!0'#!Tm"ST?@!a/.($,!K>H!9/,(/!($+$I,E3)./!'-!3$,7/($!*'.($,)/#@!="1./#/U!

M|VP!PPP!0'#!Tm"ST?@!a/.($,!9H!)7EI'-'1!0'!1/(8#)('!K/-01/(!RG'7/().!A/++',!=RA?!NPPV!

F!K/-01/(!YKT!NPMQ!F!#/1!./,(/1!0'!21$!0'!12'#$!F!*'I'(/.)5-!TTT!F!:T!0'#!Tm"ST!="1./#/U!

M|VP!PPP!0'#!Tm"ST?J!

!

Z/,E7'(,$1!0'!#/1!)7EI'-'1U!^/(27!0'!,'3','-.)/!rS>!eX@!1'!,'+,$F'.(/,$- !/!(/7/\$!0'!

.'#0/!0'!MV!7!+/,/!#/1!)7EI'-'1!0'!1/(8#)('!F!NP!7!+/,/!#/1!)7EI'-'1!,E1(',!0'!#/!"oZ>@!

+,$F'..)5-!oRA!=o-)*',1/#!R,/-1*',1/#!A',./($,?@!q$-/!MX!m$,('J! !

!

T-3$,7/.)5-! 0'! Z,'.)+)(/.)5-U! Z,'.)+)(/.)$-'1! 7'0)/! /-2/#! =>',*).)$! A'('$,$#5I).$!

m/.)$-/ #@!NPNP!F!9KT9YA@!NPNP?J!!

!

>$3(n/,'U!>$3(n/,'!<,.!ST>!MPJc!

!

!

!

!
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Cuadro 7. Retención de suelo. 
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<
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&
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3
"

>
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?&

+
&

(*
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/.%

.0
+

&
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"-
."

$2
.*

3"

%30@A(9(B3"

#+2(+&10"

#6C7" D
(,

(
"

<
2(

-)
3"

).
$2

'.0
9

"

/";"?(+%3)"-."

.)3$&=&-(-"-."*("

**2=&("

DE9''@A(9A"

F";"?(+%3)"-."

.)3-(G&*&-(-"-.*"

$2.*3"

%309A@DE9''"

87";"?(+%3)"

%3,3H)5?&+3"

*30H&%2-I

,.0-&.0%.9"

:*%&%2-4"H)(-3$"

(0H2*().$4"

,3)+.0%(J."-."

&0+*&0(+&10"

<";"?(+%3)"-."

=.H.%(+&10"K"

+2*%&=39"

<*($&?&+(+&10"

C";"?(+%3)"-."

,)5+%&+($"

+30$.)=(+&109"

L(+%3)"/""

"

'
!"#$%#& Elaboración propia 2019. 
!
Etapa Metodológica 3. Análisis de la distribución espacial del servicio ecosistémico de 

provisión de alimentos. 

K$1! 1',*).)$1! 0'! /+,$*)1)$-/7)'-($! 1$-! #$1! ,'.2,1$1! -/(2,/#'1@! #$1! %)'-'1! (/-I)%#'1! $!

7/(',)/#'1!C2'!+,$*)'-'-!0'!#$1!'.$1)1('7/1!.$-!%'-'3).)$!0),'.($!+/,/!#/1!+',1$-/1J!"1($1!

1',*).)$1! 0/-! '#! 121('-($! %E1).$! 0'! #/! *)0/! G27/-/@! F! /! 7'-20$! ()'-'-! */#$,! 7$- '(/,)$!

=Z/(,).)/!;/#*/-',/!'(!/#J@!NPP]?J!!

^'! ($0$1!#$1!1',*).)$1! '.$1)1(87).$1@!#/!+,$02..)5-! 0'! /#)7'-($1! '1!2-$!0'! #$1!C2'!G/-!

7$1(,/0$! 2-/! .$-1(/-('! ('-0'-.)/! /1.'-0'-('! '-! #/! G)1($,)/! ,'.)'-('J! m$! $%1(/-('@! '-! #/!

/.(2/#)0/0!1'!,'.$-$.'!C2'!#$1!/27'-( $1!0'!#/!+,$02..)5-!F!+,$02.()*)0/0!/I,L.$#/1!32',$-!

/.$7+/\/0$1!/!7'-20$!0'!'3'.($1!/0*',1$1!1$%,'!#/!%/1'!0'!,'.2,1$1!-/(2,/#'1!0'!#$1!C2'!

0'+'-0'!#/!/I,).2#(2,/@!'3'.($1!(/-!I,/*'1!C2'!+$-'-!'-!+'#)I,$!12!+$('-.)/#!+,$02.()*$!'-!

'#!32(2,$J!"-!#$1!0$1!D#()7$1!0'.'-)$1!G/-!12,I)0$!'-3$C2'1!'.$1)1(87).$1!0'!)-('-1)3)./.)5-!

/I,L.$#/! /! 7'0)0/! C2'! #$1! /I,).2#($,'1! '7+'4/,$-! /! /0$+(/,! +,E.()./1! 1$1('-)%#'1@!

32-0/7'-(/#'1!+/,/!#$I,/,!#$1!%'-'3).)$1!0'!#$1!1',*).)$1!'.$1)1(87).$1!,'02.)'-0$!/#!7)17$!

()'7+$!#$1!'3'.($1!-'I/()*$1!0'!#/1!/.()*)0/0'1!/I,L.$#/1!=a<Y@!NPM]?!
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3.1 Análisis espaciotemporal del servicio ecosistémico de provisión de alimentos. 

Z/,/!#/!#$./#)4/.)5-!0'#!1',*).)$! '.$1)1(87).$!0'!+,$*)1)5-!0'! /#)7'-($1@!1'!##'*5! /! ./%$!

7'0)/-('!'#!/&21('!0'!#$1!+$#LI$-$1!0'!21$!0'!12'#$!'-!#/1!)7EI'-'1!1/('#)(/#'1@!7$0)3)./-0$!

/1L!#/1!1',)'1!0'!21$!0'!12'#$!=TTT!F!:T?!0'#!Tm"ST!.$-!%/1'!'-!)7EI'-'1!0'!1/(8#)('!0'#!1'-1$,!

K/-01/(! RG'7/().! A/++',! =RA?! '-! NPPV! F! K/-01/(! YKT! NPMQJ! k! #/! )-3$,7/.)5-! 0'! #/1!

*/,)/%#'1U!Z,$02..)5-@!*/#$,!0'!#/!+,$02..)5-@!12+',3).)'!1'7%,/0/!F!,'-0)7)'-($!$%('-)0$H!

32'! 0'1./,I/0/! 0'#!>T<9Ym@!)-(',3/4!C2'! .2'-(/! .$-! 0/($1!0'#!>',*).)$!0'!T-3$,7/.)5-!

<I,$/#)7'-(/,)/!F!Z'1C2',/!=>T<Z?@!.$-!%/1'!'-!#/1!32'-('1!/-('1!7'-.) $-/0/1!1'!0'(',7)-5 !

#/!./+/.)0/0!0'!+,$02..)5-!F!0)1(,)%2.)5-!0'#!1',*).)$! 0'!+,$*)1)5-!0'! /#)7'-($1@!=92/0,$!e?!

=a#$,'1!<,('/I/@!NPM]?J!

Cuadro 8. Provisión de alimentos. 
!
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4'*
).%('-&#$8*

E) * F*4'.*G,')*
D#&).*

5)
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*
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#*

,'$
<(

'-8
*

H<)-&%&)&%:#*
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IJ%")"%>-*@'#;,BC%")*4'*/',:%"%#$*4'*
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'
!"#$%#& Elaboración propia 2019. 
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CAPITULO 3. RESULTADOS Y DISCUSIÓN 

3.1! Caracterización geográfica de la Subcuenca Valle de Bravo-Amanalco. 

K/!>2%.2'-./!+',('-'.'!/!#/!b'I)5-!d)0,$#5I)./!Me!92'-./!bL$!;/#1/1@!F!0'-(,$!0'!81(/!/!

#/!92'-./!0'#!bL$!92(4/7/#/@!F!/1L!/!#/!>2%.2'-./!0'#!bL$!R)#$1($.J!K/!>2%.2'-./!:/##'!0'!

;,/*$ 6<7/-/#.$ !.2'-(/!.$-!2-/!12+',3).)'!0'! QN!VVVJVX!G/ J!>'! '-.2'-(,/!'-!'#!+$-)'-('!0'#!

"1(/0$!0'!A8B).$@!.2%,'!'-!12!($(/#)0/0!'#!A2-).)+)$!0'!<7/-/#.$@!#/!7/F$,!+/,('!0'!:/##'!

0'! ;,/*$@! /#I2-/1! +/,('1! 1)I-)3)./()*/1! 0'! #$1! A2-).)+)$1! 0'! ^$-/($! S2',,/@! :)##/! 0'!

<##'-0'@!:)##/!:).($,)/!F!R'7/1./#('+'. !=a)I2,/ !O?J!"-!12+',3).)'1!7'-$,'1!/%/,./!+/,('!0'!

#$1!A2-).)+)$1!0'!<#7$#$F/!0'!l2E,'4!F!q)-/./-('+'.J! !

S'$I,E3)./7'-('! #/! 92'-./! 1'! 2%)./! '-(,'! #$1! +/,/#'#$1! M]yNOzPV`! F! M]yPVzOP`! F! #$1!

7',)0)/-$1!]]yVNzPP`!F!MPPyMMzXP`J!!

Figura 3. Municipios que forman parte de la subcuenca Valle de Bravo - Amanalco 

             
'
!"#$%#& Elaboración propia, 2020.$
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Relieve  

"#!,'#)'*'!0'!#/!92'-./!1'! ./,/.(',)4/!+$,!.',,$1@!7'1/1!F!#/0',/1!/%,2+(/1!*/-!0'10'!#$1!

M@MPP!G/1(/!#$1!O@QOP!71-7J!"-(,'!#/1!'#'*/.)$-'1!+,)-.)+/#'1!1$%,'1/#'-!#$1!.',,$1!S$,0$!

=N@cPP! 71-7?@! >/-! <I21(L-! =N@ceP! 71-7?@! 9/+2#L-! =N@ccP! 71-7?@! >/./7'(/('! =N@NPP!

71-7?@!"1./#',)##/!=N@VeP!71-7?@!K$1!b'F'1!=N@eeP!71-7?@!9$+$,)($!=N@]]P!71-7?@!{0$#$!

=O@PXP!71-7?@!Z)'0,/!d',,/0/!=O@OMP!71-7?!=a)I2 ,/ !X?J!!

!
Figura 4. Relieve de la Subcuenca Valle de Bravo- Amanalco. 

!
'
!"#$%#& Atlas informático de la Cuenca Valle de Bravo-Amanalco.  
 
 
 
;@*C303<=*$

K$1!12'#$1!0'!#/!12%.2'-./ !1'!0',)*/-!0'!7/(',)/#'1!*$#.E-).$1!0'!0)3','-('1!'0/0'1!F!'1(E-!

3$,7/0$1!+$,!7/(',)/#'1!7)-',/#'1!F!$,IE-).$1@!/1L!.$7$!$,I/-)17$1!*)*$1J!"-!$,0'-!0'!

0'1/,,$##$! 0'1(/./-U! <.,)1$#! GE+#).$! F! K2*)1$#! .,57).$! =#$1! 7E1! '*$#2.)$-/0$1?@! #$1!

9/7%)1$#'1@!<-0$1$#'1!=(L+).$1!0'!#/1!4$-/1!3$,'1(/#'1?@!ZG/'$4'7!GE+#).$1@!#$1!K'+($1$#'1!

=+$.$!0'1/,,$##/0$1?!F!#$1!b'I$1$#'1!=#$1!7'-$1!0'1/,,$##/0$1?!=a)I2,/ !V?J!!
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Figura 5. Suelos de la Subcuenca Valle de Bravo- Amanalco 

!
'
!"#$%#& Elaboración propia, 2020.$
!
!
%0&-*$$

>'ID-!#/!/#(2,/!1'!+,'1'-(/-!O!I,/-0'1!,'I)$-'1!.#)7/($#5I)./1!'-!#/!92'-./J!"-!#/!7/F$,!

+/,('! 0'! #/! 92'-./! ='-(,'! #/! .$(/! N@NPP! /! O@PPP! 71-7?! 1'! +,'1'-(/! '#! .#)7/! ('7+#/0$!

12%GD7'0$!=9nN?J!"-!'#!+$-)'-('!0'!#/!92'-./@!0'%/&$!0'!#/!.$(/!N@NPP!71-7!1'!+,'1'-(/!

'#!1'7).E#)0$!==<?!9nM?!C2'!'1!2-!+$.$!7E1!E,)0$!C2'!#/1!0'7E1!4$-/1!.#)7/($#5I)./1J!"-!

'#!'B(,'7$!$,)'-('!0'!#/!92'-./!='-!#/!+/,('!7E1!'#'*/0/@!/,,)%/!0'!O@PPP!71-7?!1'!+,'1'-(/!

'#!1'7)3,L$!12%GD7'0$!=9!="?!nN?!=a)I2,/ !c?J!!

!

!

! !



  

57 

!

Figura 6. Tipos de clima en la Subcuenca Valle de Bravo- Amanalco.  

!
 
!"#$%#& Atlas informático de la Cuenca Valle de Bravo-Amanalco.  

K$1!-)*'#'1!0'!+,'.)+)(/.)5-!0'!#/!92'-./! */,L/-! '-(,'! #$1!M@OMP!77!='B(,'7$!+$-)'-('?!

G/1(/!#$1!M@VPP!77!='B(,'7$!$,)'-('?J!K/1!G'#/0/1!1'!+,'1'-(/-!1'ID-!#/!/#(2,/!1$%,'!'#!-)*'#!

0'#!7/,J!^'%/&$!0'!#/!.$(/!N@PPP!71-7!-2-./!G/F!G'#/0/1@!'-(,'!N@PPP!/!N@VPP!71-7!#/1!

G'#/0/1!$.2,,'-! '-!3$,7/! '1+$,E0)./@!7)'-(,/1! /,,)%/!0'!#$1!N@VPP!71-7!#/1!G'#/0/1!1$-!

3,'.2'-('1!F!-$,7/#'1!02,/-('!#$1!7'1'1!0'!-$*)'7%,'!/!3'%,',$J! !

b'1+'.($!/!#/1!I,/-)4/0/1@!$.2,,'-!.$-!7/F$,!3,'.2'-.)/!'-!#/!+/,('!/#(/!0'!#/!92'-./@!'1!

0'. ),@!'-!'#!$,)'-('!/,,)%/!0'!#/!.$(/!O@PPP!71-7!.$-!7E1!0'!e!'*'-($1|/\$@!0)17)-2F'-0$!

+/2#/()-/7'-('!'1(/!+,$%/%)#)0/0!G/.)/!'#!+$-)'-('J!"-!#/!+/,('!%/&/!=+$-)'-('!0'!#/!92'-./?!

./1)!-$!$.2,,'-@!1)-$!1$-!'*'-($1!72F!,/,$1@!C2'@!1)!+2'0'-!$.2,,),@!+',$!2-/!1$#/!*'4!'-!

72.G$1!/\$1J!!

!
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!

E&@1303<=*$$

"#! Z,$I,/7/! 0'! Y,0'-/7)'-($! ".$#5I).$! b'I)$-/#! 0'! #/! >2%.2'-./! :/##'! 0'! ;,/*$!

+2%#)./0$!'#!OP!0'!$.(2%,'!0'!NPPO!'-!#/!S/.'(/!Y3).)/#!0'#!S$%)',-$!0'#!"1(/0$!0'!A8B).$!

0)*)0'! /#! (',,)($,)$! '-! Ne! 12%.2'-./1! .$-! 2-/! 12+',3).)'! ($(/#! 0'! QQVJc!f 7 ! J! "-(,'! #/1!

12%.2'-./1!0'!7/F$,!)7+$,(/-.)/!0'1(/./-!#/!0'#!bL$!<7/-/#.$@!#/!0'#!bL$!>/-!^)'I$!F!#/!

0'#!bL$!K/!d)',%/%2'-/!=a)I2,/! Q?J!!

Figura 7. Mapa de Subcuencas de la Subcuenca Valle de Bravo- Amanalco. 

!
'
!"#$%#& Atlas informático de la Cuenca Valle de Bravo-Amanalco.   
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3.2! Análisis espaciotemporal de los ecosistemas de la Subcuenca Valle de Bravo-

Amanalco 2005-2017. 

^'! /.2',0$! .$-! '#!_Z,$I,/7/!0'!Y,0'-/7)'-($! ".$#5I).$!b'I)$-/#!0'!#/!>2%.2'-./! 0'!

:/##'!0'! ;,/*$ 6<7/-/#.$`!=ZY"b 6>:;<?@! '#! */#$,! '1(,/(8I).$!0'!#/!4$-/! ,/0)./! '-!#$1!

1',*).)$1! /7%)'-(/#'1! C2'! %,)-0/! .$7$! 1$-! #/! ./+(/.)5-! F! /+$,(/.)5-! 0'! /I2/@! #/!

%)$0)*',1)0/0@!'#!+$('-.)/#!+/)1/&L1().$!F!,'.,'/()*$J!K/!12%.2'-./!()'-'!)7+$,(/-.)/!(2,L1()./!

/!-)*'#!)-(',-/.)$-/#!0'%)0$!/!12!%'##'4/!'1.8-)./H!#/!/#()7'(,L/!F!#/1!*/,)/.)$-'1!0'#!,'#)'*'!

$,)I)-/-!2-/!0)*',1)0/0!0'!.#)7/1@!#$!C2'!+',7)('!C2'!1'!##'*'-!/!./%$!/. ()*)0/0'1!.$7$U!#/!

/I,).2#(2,/@! I/-/0',L/@! '#! /+,$*'.G/7)'-($! 3$,'1(/#@! /.2/.2#(2,/@! /.()*)0/0'1! (2,L1()./1@!

.$7',.)/#'1!F!0'!1',*).)$1 !=>'.,'(/,L/!0'!".$#$IL/@!NPPO%?J!!

9$-!%/1'!'-!'#!ZY"b 6>:;<@!1'!0'3)-)',$-!$.G$!21$1!0'#!12'#$@!'-(,'!#$1!C2'!+,'0$7)-/-!

'#!3$,'1(/#!=XVW?@!/I,).2#(2,/!=OPW?!F!E,'/1!-/(2,/#'1!+,$('I)0/1!=MVW?H!'1!0'%)0$!/!'1($!#/!

)7+$,(/-.)/!0'!/-/#)4/,!'#!1',*).)$!'.$1)1(87).$!0'!,'I2#/.)5-!/#7/.'-/7)'-($!0'!./,%$-$!

'-! #/! 4$-/! 0'! '1(20)$J! K/! +,$%#'7E()./! 72'1(,/! C2'! '-! '#! +',)$0$! 0'! M]eO! /#! NPPP! 1'!

+',0)',$-!NPP!G'.(E,'/1!0'!%$1C2'@!0)17)-2F'-0$! '-! 2-!OPW!#/! 0'-1)0/0!3$,'1(/#@! '1(/1!

+8,0)0/1!1'!/(,)%2F'-!/#!./7%)$!0'!21$!0'!12'#$@!)-.'-0)$1@!(/#/!F!+#/I/1J!<0'7E1@!1'!,'+$,(5!

C2'!+/,/!'#!/\$!NPPO!#$1!.2',+$1!0'!/I2/@!(/#'1!.$7$!#/1!+,'1/1!0'!:/##'!0'!;,/*$@!R)#$1($.!

F!9$#$,)-'1!0)17)-2F',$-!12!./+/.)0/0!0'!/#7/.'-/7)'-($! G/1(/!'-!MJQ!7)##$-'1!0'!7'(,$1!

.D%).$1!/#!/\$@!0'%)0$!/#!/,,/1(,'!0'!1'0)7'-($1!+$,!',$1)5-!F!#/!0)17)-2.)5-!0'#!./20/#!0'!

7/-/-()/#'1!F!,L$1J!

"-! #/!a)I2,/ !e!1'!$%1',*/!#/!0)1(,)%2.)5-!'1+/.)/#!0'!./0/!()+$!0'!'.$1)1('7/!'-!'#!+',)$0$!

0'! '1(20)$! NPPV@! '-(,'! #$1! +,)-.)+/#'1! .$-! 7/F$,! 12+',3).)'! 1$-! #$1! /I,$'.$1)1('7/1! 0'!

('7+$,/#!1)'-0$!'#!'.$1)1('7/!C2'!7E1!+,'*/#'.'!'-!'#!E,'/!0'!'1(20)$@!#'!1)I2'!'#!%$1C2'!0'!

+)-$@!1'!$%1',*/!1$%,'!($0$!'-!#/!+/,('!12,!F!'#!%$1C2'!0'!+)-$6!'-.)-$@!0)1(,)%2)0/!'-!7/F$,!

+/,('! '-! #/! 4$-/! .'-(,$! F! -$,$'1('J! "#! '.$1)1('7/! .$-! 7'-$,! 12+',3).)'! '1! '#! +/1()4/#!

.2#()*/0$@!/#!$'1('!0'!#/!4$-/!0'!'1(20)$J$$

$

$
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Figura 8. Ecosistemas de la Subcuenca Valle de Bravo- Amanalco 2005. 

$
'
!"#$%#& Elaboración propia, 2020.$
 
!

" - !#/!a)I2,/ !] !1'!,'+,'1'-(/!#/!0)1(,)%2.)5-!'1+/.)/#!0'!./0/!()+$!0'!'.$1)1('7/!'-!'#!+',)$0$!

0'! '1(20)$! NPMQ@!'-(,'! #$1! +,)-.)+/#'1! .$-! 7/F$,! 12+',3).)'! 1$-! #$1! /I,$'.$1)1('7/1 !0'!

('7+$,/#! F/!C2'!'1!'#!'.$1)1('7/!C2'!7E1!+,'*/#'.'!'-!'#!E,'/!0'!'1(20)$@! #'!1)I2'!'#!%$1C2'!

0'! +)-$@!1'!$%1',*/!1$%,'!($0$!'-!#/!+/,('!12,!F!'#!%$1C2'!0'!+)-$6!'-.)-$ @!0)1(,)%2)0/! '-!

7/F$,!+/,('!'-!#/!4$-/!.'-(,$!F!-$,$'1(' J!K$1!'.$1)1('7/1!.$-!7'-$,!12+',3).)'! '1!' #!+/1()4/#!

.2#()*/0$!F!%$1C2'!7'153)#$!0'!7$-(/\/!2%)./0$1!/#!$'1('! 0'!#/!4$-/!0'!'1(20)$J!

!

!

!

!
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Figura 9. Ecosistemas de la Subcuenca Valle de Bravo- Amanalco 2017. 

 
'
!"#$%#& Elaboración propia, 2020. 
$
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3.3 Análisis espaciotemporal de la evolución y cambios en la capacidad de producción 

del servicio ecosistémico almacenamiento de carbono durante el periodo 2005 y 

2017. 

K$1!%$1C2'1! /! '1./#/! I#$%/#!3)&/-!F! /#7/.'-/-! I,/-0'1! ./-()0/0'1!0'! ./,%$-$!F!##'I/-! /!

.$-(,$#/,!G/1(/!]PW!0'#!3#2&$!/-2/#!0'!./,%$-$!'-(,'!#/! /(7513',/ !F!#/!12+',3).)'!(',,'1(,' !

=<++1!'(!/#J@!M]]OH!Y,0$\'4@!0'!l$-I@![!A/1',/@!NPPM?J!K/! '1()7/.)5- !0'!#/1!,'1',*/1!0'!

./,%$-$! '-!2-! '.$1)1('7/!+2'0'! ,'/#)4/,1'!7'0)/-('! '#! .E#.2#$!0'!#/!%)$7/1/!/,%5,'/ @! '#!

.$-('-)0$!0'!./,%$-$!'-!'#!12'#$@!'-!'#!7 /-()##$@!'-!#/!./+/!0'!3',7'-(/.)5- !F!'-!G)',%/1!F!

/,%21($1J!K/!+,)7',/!'1!2-!'#'7'-($!)7+$,(/-('!'-!'#!7/-'&$!121('-(/%#'!0'!#$1!'.$1)1('7/1 !

=q)/-)1![!A'-.2..)-)@!NPPQ?J!

K/!'1()7/.)5-!0'!#/! ./-()0/0!0'!./,%$-$!/#7/.'-/0$!'-!'#!E,'/!0'! '1(20)$!1'!##'*5!/!./%$!

7'0)/-('!#/!'#/%$,/.)5-!0'!#$1!7/+/1!C2'!,'+,'1'-(/-!./,($I,E3)./7'-('!#/!4$-/!'-!/7%$1!

+',)$0$1@!)0'-()3)./-0$!'-!./0/!7/+/!#$1!()+$1!0'!'.$1)1('7/1!/!(,/*81!0'!#/1!./,(/1!0'!21$!

0'!12'#$!F!*'I'(/.)5-!0'!#/!1',)'!TTT!=NPPV?!F!:T!=NPMQ?!0'#!Tm"STJ!"#!./,%$-$!/#7/.'-/0$!

1'! $%(2*$! 0'! /.2',0$! .$-! )-0)./0$,'1! 0'! /#7/.'-/7)'-($! 0'! ./,%$-$@! #$1! .2/#'1! 1'!

72#()+#)./,$-!+$,!#/!12+',3).)'!($(/#!0'!./0/!'.$1)1('7/!0'#!E,'/!0'!'1(20)$@!0'!(/#!7/-',/!

C2'!#/!./+/.)0/0!0'!/#7/.'-/7)'-($!1'!,'+,'1'-(/!+/,/!./0/!1',)'!0'!()'7+$ !=A$,3L-!bL$1!

'(!/#J@!NPMV?J!!

!

<!.$-()-2/.)5-@!'-!'#!.2/0,$! ] !1'!0'1.,)%'!#/!12+',3).)'!0'! ./0/!'.$1)1('7/ !'-!G'.(E,'/1@!/1L!

.$7$!'# !+$,.'-(/&'!F!'#!($(/#!0'!./,%$-$!/#7/.'-/0$ @!'-!'#!+',)$0$!0'!'1(20)$!NPPV@!'#!.2/#!

1'!$%()'-'!0'!72#()+#)./,! '#!/#7/.'-/0$!0'! ./,%$-$!+$,!#/!12+',3).)'!0'! ./0/! '.$1)1('7/J!

g2'0/-0$!0'!#/!1)I2)'-('!3$,7/ J!"#!./,%$-$!/#7/.'-/0$!'- !'#!+',)$0$!0'!'1(20)$!NPPV@!'1!

'#!1)I2)'-('U!%$1C2'!0'!7)B($!0'!+)-$6'-.)-$!=Q!eOOJcN!($-!0'!./,%$-$!/#7/.'-/0$?@!%$1C2'!

0'!+)-$!=Q!PVeJN]!($-?@!%$1C2'!0'!$F/7'#!=N!]QPJNQ!($-?@!%$1C2'!7'153)#$!0'!7$-(/\/!=N!

NOXJOV!($-?@!%$1C2'!7)B($!0'!'-.)-$6+)-$!=OeeJNX!($-?!F!%$1C2'!0'!'-.)-$!=OeQJV]!($-!0'!

./,%$-$!/#7/.'-/0$?J !

!
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Cuadro 9. Almacenamiento de carbono en los ecosistemas forestales de la Subcuenca 
Valle de Bravo- Amanalco en el periodo 2005. 

 

No. Ecosistema 

Superficie de 
cada 

ecosistema 
(ha) 

Almacenado de 
carbono por 

tipo de 
vegetación 

(ton/ha) 

Carbono total 
almacenado (ton) Referencia 

1 
Bosque 
mesófilo de 
montaña 

4 502.92 0.4962 2 234.35 Figueroa et al. 
2010 

2 Bosque de 
encino     820.13 0.4726     387.59 Figueroa et al. 

2010 

3 
Bosque mixto 
de encino - 
pino 

     824.99 0.4706     388.24 (Morfín Ríos et 
al., 2015) 

4 Bosque de 
oyamel  6 322.42 0.4698 2 970.27 Jiménez-Pérez et 

al. 2011 

5 Bosque de pino 15 059.30 0.4687 7 058.29 Jiménez-Pérez et 
al. 2011 

6 
Bosque de 
mixto de pino - 
encino 

16 646.03 0.4706 7 833.62 (Morfín Ríos et 
al., 2015) 

'
!"#$%#& Elaboración propia con base en Morfín Ríos et al., (2015). 
!
"-!'#!.2/0,$! MP!1'!0'1.,)%'!#/!12+',3).)'!0'!./0/!'.$1)1('7/!'-!G'.(E,'/1@!'#!+$,.'-(/&'!0'!

./,%$-$! /#7/.'-/0$! +$,! '.$1)1('7/! F! 3)-/#7'-('! '#! ($(/#! 0'! ./,%$-$! /#7/.'-/0$@! '-! '#!

+',)$0$! 0'! '1(20)$! NPMQJ! g2'0/-0$! 0'! #/! 1)I2)'-('! 3$,7/J!"#! ./,%$-$! /#7/.'-/0$! +$,!

'.$1)1('7/! '-!'#!+',)$0$!0'!'1(20)$!NPMQ@!'1!'#!1)I2)'-('U!%$1C2'!0'!7)B($!0'!+)-$6'-.)-$!

=Q!VVOJ]O!($-!0'!./,%$-$!/#7/.'-/0$?@!%$1C2'!0'!+)-$!=c!]eVJMP!($-?@!%$1C2'!0'!$F/7'#!=N!

]VPJeQ! ($-?@! %$1C2'! 7'153)#$! 0'! 7$-(/\/! =N! MeQJ]X! ($-?@! %$1C2'! 7)B($! 0'! '-.)-$6+)-$!

=OeeJNX!($-?!F!%$1C2'!0'!'-.)-$!=OQXJQP!($-!0'!./,%$-$!/#7/.'-/0$?J!

!
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Cuadro 10. Almacenamiento de carbono en el periodo 2017. 
 

!
!"#$%#& Elaboración propia con base en Morfín Ríos et al., (2015). 
 

<1L!7)17$!1'!##'*5!/!./%$!#/!.$7+/,/.)5-!0'!#/!+,$02..)5-!0'#!/#7/.'-/7)'-($!0'!./,%$-$!

'-!/7%$1!+',)$0$1!0'!'1(20)$@!'#!.2/#!1'!,'+,'1'-(/!'-!'#! 92/0,$!MMH!'#!'.$1)1('7/!.$-!7/F$,!

/#7/.'-/7)'-($!0'!./,%$-$!32'!'#!%$1C2'!7)B($!0'!+)-$!'-.)-$!.$-!MP@!Q]]JMP!($-'#/0/1!0'!

./,%$-$!/#7/.'-/0$!F!'1($!'-!'#!+',)$0$!0'!NPPV!F!'#!C2'!(2*$!7'-$1!/#7/.'-/7)'-($!0'!

./,%$-$!0'%)0$!/!#/!7'-$,!12+',3).)'!C2'!.2%,'!'-!'#!E,'/!0'!'1(20)$!'1!'#!%$1C2'!7'153)#$!

0'! 7$-(/\/! '-! '#! +',)$0$! 0'! NPMQJ! "#! '.$1)1('7/! C2'! G/! +',0)0$! 7/ F$,! 12+',3).)'! F!

/#7/.'-/7)'-($!0'!./,%$-$!'-!#$1!+',)$0$1!0'!'1(20)$!'1!'#!%$1C2'!0'!+)-$!= 6MVcJMQ!G/!F!6

QOJNP! ($-J! 0'! ./,%$-$?@! '#! '.$1)1('7/! %$1C2'! 7)B($! 0'! '-.)-$! +)-$! -$! G/! 123,)0$!

7$0)3)./.)$-'1!1)I-)3)./()*/1J !

!

!

!

No. Ecosistema 

Superficie de 
cada 

ecosistema 
(ha) 

Almacenado de 
carbono por tipo 

de vegetación 
(ton/ha) 

Carbono 
total 

almacenado 
(ton) 

Referencia 

1 Bosque mesófilo de 
montaña 4 409.39 0.4962 2 187.94 Figueroa et al. 2010 

2 Bosque de encino    792.84 0.4726     374.70 Figueroa et al. 2010 

3 Bosque de mixto de 
encino-pino    824.99 0.4706     388.24 (Morfín Ríos et al., 

2015) 

4 Bosque de oyamel  6 281.11 0.4698 2 950.87 Jiménez-Pérez et al. 
2011 

5 Bosque de pino 14 903.13 0.4687 6 985.10 Jiménez-Pérez et al. 
2011 

6 Bosque de mixto de 
pino-encino 16 051.69 0.4706 7 553.93 (Morfín Ríos et al., 

2015) 
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Cuadro 11. Análisis comparativo del almacenamiento de carbono en los ecosistemas 
de la Subcuenca Valle de Bravo- Amanalco 2005-2017. 

 

?(=% !.(1-1"'5# %

:'4-()(%/@@A% :'4-()(%/@BC% :'4-()(%/@@A%D%
/@BC%

:'4-()(%/@@A%
D%/@BC%

E>$'4F-.-'%)'%
.#)#%

'.(1-1"'5#%
GH#I%

J#48(6(%"("#*%
#*5#.'6#)(%

G"(6I%

J#48(6(%"("#*%
#*5#.'6#)(%

G"(6I%

E>$'4F-.-'%)'%
.#)#%

'.(1-1"'5#%
GH#I%

:34)-)#1%D%
,#6#6.-#1%

.#48(6(%"("#*%
#*5#.'6#)(%

G"(6I%

:34)-)#1%D%
,#6#6.-#1%'6%

1>$'4F-.-'%
GH#I%

M"
N3$O2."
'.$1?&*3"-."
'30%(B("

P"QR!9"S!" !"!TP9"TQ" !MUV9SP" P"PRS9TS" IPW9PM" IST9QT"

! "
N3$O2."-."
.0+&03" U!R9MT" TUV9QS" TVP9VR" VS!9UP" IM!9SR" I!V9!S"

T"
N3$O2."-."
'&X%3"-."
.0+&03"I",&03"

U!P9SS" TUU9!P" TUU9!P" U!P9SS" 7@<" 7@<"

P" N3$O2."-."
3K('.*" "

W"T!!9"P!" !"SVR9"!V" !"SQR9UV" W"!UM9MM" IMS9PM" IPM9TM"

Q" N3$O2."-."
,&03" MQ"RQS9"T" V"RQU9"!S" W"SUQ9MR" MP"SRT9MT" IVT9!R" IMQW9"MV"

W"
N3$O2."-."
'&X%3"-.",&03"
I".0+&03"

MW"WPW9""RT" V"UTT9"W!" V"QQT9ST" MW"RQM9WS" I!VS9VR" IQSP9"TP"

!
!"#$%#& Elaboración propia con base en (Morfín Ríos et al., 2015). 
 
 

Validación “in situ” de los ecosistemas forestales de la Subcuenca Valle de Bravo- 

Amanalco. 

Z/,/!*/#)0/,!#/!7'($0$#$IL/!1'! ##'*5!/!./%$!2-!.2/0,$!.$7+/,/()*$!C2'!+',7)(/!)0'-()3)./,!

#/1! .$-0).)$-'1! '- !#/1! .2/#'1!1'!$%(2*$! '#!3/.($,!0'! ./,%$-$! /#7/.'-/0$!+$,!G/J@! .$-!#/!

'1()7/.)5-!0'! A$,3L-!bL$1!'(!/#J@!=NPMV?@!'#!.2/#!1'!,'+,'1'-(/!'-!'#! 92/0,$!MNJ!

Cuadro 12. Análisis comparativo de las características ambientales y morfológicas de 
los ecosistemas forestales de la Subcuenca Valle de Bravo Amanalco (SBVA) y los 
ecosistemas estudiados por (Morfín Ríos et al., 2015). 
 

!"#$%&'%'($)")*'+,% -,.,(*'./)*"(,) % 0123 % 4$.5/6%78%'*%,98%:;<=>?%

1$)@A'%+')B5"9$%&'%
+$6*,C, %

!"#$%&& '($#)%"#*+& ,($-"%*+ &
./()#-#0%)#12&3$$4& 5666&7&8666& 98:&
,($-(/%0;/%&<! & 59&=&98& >&
?"0#0;*&3$@2$4& 9A666=9AB96&& 8A966&C&8AD66&
?"0;/%&*(&"+@&E/F+"(@&3$4& & 5>&
G(0+*+"+HI%& !%/0+H/EJ#)+& &

1$)@A'%&'%'6("6$% !"#$%&& ,($-"%*+&@;FK;$(*+& ,($-"%*+ &
./()#-#0%)#12&3$$4& B66&7&5966& 98:&
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,($-(/%0;/%&& 56&7&9B&
& >&

?"0#0;*&3$@2$4& 9L66& 8A966&C&8AD66&
?"0;/%&*(&"+@&E/F+"(@&3$4& & 5>&
G(0+*+"+HI%& !%/0+H/EJ#)+& &

1$)@A'%&'%'6("6$%D%#"6$%

!"#$%&& ,($-"%*+&@;FK;$(*+& ,($-"%*+ &
./()#-#0%)#12&3$$4& :66&=&5D66&

& 98:&

,($-(/%0;/%&& 5M&=&5L& >&
?"0#0;*&3$@2$4& 5B66&7&8666& 8A966&=&8AD66&
?"0;/%&*(&"+@&E/F+"(@&3$4& & 5>&
G(0+*+"+HI%& !%/0+H/EJ#)+& &

1$)@A'%&'%$E,+'9%

!"#$%&& '($#)%"#*+&C&,($-"%*+&
';FK;$(*+ & ,($-"%*+ &

./()#-#0%)#12&3$$4& 5666& 98:&
,($-(/%0;/%&& :&=9D& >&
?"0#0;*&3$@2$4& 5A:66&%&8A966& 8A966&
?"0;/%&*(&"+@&E/F+"(@&3$4& & 5>&
G(0+*+"+HI%& !%/0+H/EJ#)+& &

1$)@A'%#"6$%

!"#$%&& ,($-"%*+ & ,($-"%*+ &
./()#-#0%)#12&3$$4& B66&=&5666& 98:&
,($-(/%0;/%&& 59&%&98& >&
?"0#0;*&3$@2$4& 5D66&=&8666& 8A966&C&8AD66&
?"0;/%&*(&"+@&E/F+"(@&3$4& & 5>&
G(0+*+"+HI%& !%/0+H/EJ#)+& &

1$)@A'%#"6$%D%'6("6$ %

!"#$%&& ,($-"%*+ & ,($-"%*+ &
./()#-#0%)#12&3$$4& B66&=&5666& 98:&
,($-(/%0;/%&& 59&%&98& >&
?"0#0;*&3$@2$4& 5D66&=&8666& 8A966&=&8AD66&
?"0;/%&*(&"+@&E/F+"(@&3$4& & 5>&
G(0+*+"+HI%& !%/0+H/EJ#)+& &

!
!"#$%#& Elaboración propia con base en Morfín Ríos et al., (2015). 
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3.4!  Estimación de la evolución y cambios en la capacidad de producción del servicio 

ecosistémico retención de suelo durante el periodo 2005 y 2017 en la SVBA. 

K$1!,'12#(/0$1!+/,/!./0/!2-$!0'!#$1!3/.($,'1!0'!#/!".2/.)5-!o-)*',1/#!0'!Z8,0)0/!0'!>2'#$!

1$-!#$1!1)I2)'-('1U!

!

Factor R. Erosividad de la lluvia:!Z/,/!$%('-',!'#!3/.($,!b@!1'!1'#'.. )$-/,$-!M]!'1(/.)$-'1!

.#)7/($#5I)./1!C2'!1'!'-.$-(,/%/-!2%)./0/1!(/-($!0'-(,$@!.$7$!'-!'#!.$-('B($!0'!#/!.2'-./J!

K$1!0/($1!1'! ($7/,$-!0'!#/1! -$,7/#'1! .#)7/($#5I)./1H!#$1!*/#$,'1!0'!+,'.)+)(/.)5-!1$-! '#!

,'12#(/0$!+,$7'0)$!0'!Me! /\$1! /-/#)4/0$1@! .$7$!1'!72'1(,/-! '-! '#!92/0,$!MO!0$-0'!1'!

,'+$,(/-!#$1!0/($1!0'!./0/!2-/!0'!#/1!'1(/.)$-'1J! !

!

Cuadro 13. Estaciones climatológicas seleccionadas para la obtención del factor R. 
 

Clave de la 
Estación Precipitación Promedio Anual Valores Factor R 

 2005 2021 2005 2021 
15046 949 895 5.965 5.306 
15088 1.192 1.192 9.421 9.421 
15118 1.019 1.159 6.885 8.902 
15140 842 932 4.698 5.751 
15160 780 911 4.022 5.491 
15165 834  4.603  
15174 790 945 4.130 5.916 
15205  876  5.082 
15241 935 1.068 5.794 7.559 
15265 808 724 4.324 3.468 
15276 1.017 1.133 6.855 8.512 
15285 1.079 1.022 7.718 6.923 
15287 944 1.121 5.899 8.333 
15374 1.156 1.136 8.862 8.558 
15378 890 841 5.246 4.686 
15392  920  5.607 
16036 845 956 4.730 6.058 
16122 840 966 8.671 6.183 
15130  892  5.268 

'
!"#$%#& Servicio Meteorológico Nacional y CLICOM, 2021. 
!

"-! #/!a)I2,/! MP!1'!$%1',*/!C2'!'-!'#!/\$!NPPV!#/!7/F$,!',$1)*)0/0!1' !+,'1'-(5!'-!#/1!4$-/1!

-$,'1('!F!12,$'1('H!F!72'1(,/!7/F$,!)-('-1)0/0!'-! '#!72-).)+)$!0'!<7/-/#.$!0'!;'.',,/@!

0$-0'!'#!'3'.($!0'!#/!+,'.)+)(/.)5-!+#2*)/#!,'12#(5!7E1!',$1)*$J!K/1!4$-/1!.$-!2-!+$('-.)/#!

0'!',$1)*)0/0!7/F$,!.$,,'1+$-0'-!/!#/1!E,'/1!0'!7/F$,! /#()(20!F!+'-0)'-('1!7'0)/1H!'-!'1(/1!
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4$-/1! 1'! '-.2'-(,/-! '.$1)1('7/1! 3$,'1(/#'1! .$7$! %$1C2'! 0'! $F/7'#@! %$1C2'! 0'! +)-$! F!

/I,).2#(2,/! 0'! ('7+$,/#J! >)-! '7%/,I$@! #/! +/,('! .'-(,/#! 0'! #/! >:;<! '1! #/! 4$-/! 0$-0'! #/!

+,'.)+)(/.)5-! +#2*)/#! ,'12#(5! 1',! 7'-$1! ',$1)*/@!'-! '1(/! 4$-/! 1'! 2%)./-! #/1! +'-0)'-('1!

+,$-2-.)/0/1J! !

Figura 10. Factor R erosividad de la lluvia 2005. 

!
'
!"#$%#& Elaboración propia con base al Servicio Meteorológico Nacional y CLICOM, 2021. 
!

"-! #/!a)I2,/ !MM!1'!$%1',*/!C2'!+/,/!'#!/\$!NPNM@!#/!4$-/!-$,'1('!0$-0'!1'!2%)./!'#!72-).)+)$!

0'!<7/-/#.$!0'!;'.',,/!72'1(,/!#/!7/F$,!',$1)*)0/0H!/2-C2'!+/,/!'1('!+',)$0$!0'!'1(20)$!

'-!#/!4$-/!12,'1('!1'!0)1(,)%2F5!G/.)/!'#!12,H!F/!C2'!'-!'1('!/\$!/27'-(5!#/!)-('-1)0/0!0' !#/!

##2*)/!'-!#$1!72-).)+)$1!0'!q)-/./-('+'.@!R'7/1./#('+'.!F!#/!4$-/!'1('!0'!:/##'!0'!;,/*$J!

"-! +,$7'0)$! '#! '3'.($! 0'! #/! +,'.)+)(/.)5-! +#2*)/#! 1'! 7/-(2*$H! F/! C2'! #$1! */#$,'1!

0)17)-2F',$-!12!)-('-1)0/0!'-!'#!72-).)+)$!0'!<7/-/#.$!0'!;'.',,/@!+',$!1'!0)1(,) %2F',$-!

G/.)/!'#!12,@!0$-0'!1'!+,'1'-(/-!4$-/1!.$-!#/1!7/F$,'1!/#()(20'1!F!#/1!+'-0)'-('1!7E1!%/&/1@!

'-!'1(/!E,'/!1'!'-.2'-(,/-!.$%',(2,/1!3$,'1(/#'1@!/I,).2#(2,/!0'!('7+$,/#!F!+/1()4/#J !

!

!
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Figura 11. Factor R erosividad de la lluvia 2021. 

!
 
Fuente: Elaboración propia con base al Servicio Meteorológico Nacional y CLICOM, 2021. 
 

Factor K. Erosionabilidad del suelo:! Z/,/! '1()7/,! '#! 3/.($,! h! 1'! )0'-()3)./,$-! F!

0)I)(/#)4/,$-!'-!'#!+,$I,/7/!<b9ST>@!#/1!2-)0/0'1!0'!12'#$!F!121!('B(2,/1@!.$-!%/1'!'-!#/1!

./,(/1!'0/3$#5I)./1!'1./#/!MUVPJPPP!0'#!Tm"STJ!^'!/.2',0$!.$-!#/!7'($0$#$IL/!0'!#/!a<Y@!

+$1(',)$,7'-('!1'!#'1!/1)I-/,$-! #$1!*/#$,'1!,'1+'.()*$1!/!+/,(),!0'!#/!('B(2,/!12+',3).)/#!=3)-/@!

7'0)/!F! I,2'1/?!F!#/!2-)0/0!0'!12'#$!+,'1'-('J!K$1!*/#$,'1!0'!h!$1.)#/,$-! '-(,'!P@PPQ!F!

P@PX]VH!#$1!*/#$,'1!7L-)7$1!)-0)./-!%/&/!121.'+()%)#)0/0! /!#/! ',$1)5-!0'#!12'#$J!o-/! *'4!

/1)I-/0$1!#$1!*/#$,'1!.$,,'1+$-0)'-('1!0'#!()+$!0'!('B(2,/!/!#$1!+$#LI$-$1@!1'!./7%)/,$-!0'!

3$,7/($!*'.($,!/!,E1(',@!.$-!#/!G',,/7)'-(/!+$#)I$-!($!,/1(',!0'!<b9ST>J!"#!,'12#(/0$!32'!

2-/!)7/I'-! ,E1(',!=a)I2,/ !MN?!C2'!1'!'7+#'5!+/,/!#$1!0$1!+',)$0$1!0'!'1(20)$!NPPV!F!NPNMJ!

!

!

!

!

!
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Figura 12. Factor K, erodabilidad del suelo 2005 y 2021. 

'
'
!"#$%#& Elaboración propia con base al INEGI 2021.!
 

Factor LS. Longitud de la pendiente y pendiente media del terreno: K$1! 0/($1! 0'!

#$-I)(20! 0'! #/! +'-0)'-('! F! +'-0)'-('! 7'0)/! 0'#! (',,'-$! 1'! $%(2*)',$-! /! +/,(),! 0'! #/!

7'($0$#$IL/!0'!#/!><S<bZ<@!C2'!+',7)()5!$%('-',!)7EI'-'1!,E1(',!+/,/!./0/!+',)$0$!0'!

'1(20)$!=92/0,$!MX?J!!

Cuadro 14. Valores mayores y menores a la unidad (8T). 
 

Relación Descripción 

Si LS >1        8T > RK 

La erosión provocada por el producto RK es menor del valor considerado 
como límite para definir terrenos altamente erosionables, por lo que no 
existen problemas de erosión evidente que requieran atención inmediata, ya 
que la tasa de formación del suelo es mayor que la tasa de erosión. 

Si LS =1        8T=RK 

Este es el punto de equilibrio en la definición de un terreno altamente 
erosionable, lo que implica que la erosión provocada por el producto RK es 
equivalente a 160 ton/ha/ año, es decir, que se está perdiendo lo que se 
forma. 

Si LS <1        8T <RK 
La tasa de formación del suelo 8T no es suficiente para sustituir las 
remociones del suelo, por lo que a estos valores se les debe considerar como 
áreas prioritarias para el establecimiento de estrategias de conservación. 

'
!"#$%#& Adame-Martínez et al., 2015. 
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"-! #/!a)I2,/! MO!1'!$%1',*/!C2'! '-!#/1!4$-/1!0$-0'! '#!*/#$,!0'#!3/.($,!K>! '1!7E1!/#($@!1'!

+,'1'-(/-! 4$-/1!7$-(/\$1/1!C2'! ,$0'/-! #/!+,'1/! 0'! :/##'! 0'! ;,/*$@!F!G/.)/! '#! -$,('! '-!

(',,'-$1!0$-0'!1'!+,/.()./!#/!/I,).2#(2,/J !

Figura 13. Factor LS Longitud de la pendiente y pendiente media del terreno, 2005. 

!
 
!"#$%#& Elaboración propia. 
!

"-! #/!a)I2,/ !MX!1'!$%1',*/!C2'! '-!#/1!4$-/1!0$-0'! '#!*/#$,!0'#!3/.($,!K>! '1!7E1!/#($@!1'!

+,'1'-(/-! 4$-/1!7$-(/\$1/1!C2'! ,$0'/-! #/!+,'1/! 0'! :/##'! 0'! ;,/*$@!F!G/.)/! '#! -$,('! '-!

(',,'-$1!0$-0'!1'!+,/.()./!#/!/I,).2#(2,/J !
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Figura 14. Factor LS Longitud de la pendiente y pendiente media del terreno, 2021. 

!
'
!"#$%#& Elaboración propia. 
!

Factor C. Cobertura Vegetal:!K$1!0/($1!0'!.$%',(2,/!*'I'(/#!1'!$%(2*)',$-!7'0)/-('!#/!

7$0)3)./.)5-!0'!#/1!./,(/1!0'!21$!0'#!12'#$!0'#!Tm"ST!1',)'1!TTT!F!:T!+/,/!#$1!/\$1!NPPV!F!

NPMQ!=Z/-0$!A$,'-$@!S2()8,,'4!S2()8,,'4@!A/#0$-/0$!d',-E-0'4@!Z/#/.)$!Z,)'($@![!"1(,/0/!

9/1()##5-@! NPPO?@!#$! C2'! +',7)()5! )0'-()3)./,! F! ,'+,'1'-(/,! #$1! ()+$1! 0'! 21$! 0'! 12'#$! F!

*'I'(/.)5-!= 92/0,$ !MV?J!

!

Cuadro 15. Coberturas vegetales presentes en la Subcuenca Valle de Bravo 
Amanalco, Estado de México. 

 

m$! 9$%',(2,/!
M! <I,).2#(2,/!0'!,)'I$ !
N! <I,).2#(2,/!0'!('7+$,/# !
O! <1'-(/7)'-($1!G27/-$1 !
X! ;$1C2'!0'!'-.)-$ !
V! ;$1C2'!0'!'-.)-$! 6!+)-$!
c! ;$1C2'!0'!+)-$ !
Q! ;$1C2'!0'!+)-$! 6!'-.)-$ !
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e! ;$1C2'!0'!$F/7'# !
] ! ;$1C2'!7'153)#$!0'!7$-(/\/ !
MP! 92',+$1!0'!/I2/ !
MM! Z/1()4/#!

'
!"#$%#&'Elaboración propia. 
'
Z/,/!#/! ,'+,'1'-(/.)5-! '1+/.)/#!0'#!a/.($,!9!0'! /.2',0$!.$-!#/!a<Y@!#$1!*/#$,'1!+/,/!#/1!

.$%',(2,/1!*'I'(/#'1!1'!/I,2+/,$-! '-!V!,/-I$1U!+/,/!#/!/I,).2#(2,/!0'!('7+$,/#!F!0'!,)'I$!

=P@V?H! +/,/! #$1! /1'-(/7)'-($1! G27/-$1! =P@M?H! %$1C2'1! 0'! +)-$@! '-.)-$@! $F/7'#! F! %$1C2'!

7'153)#$!0'!7$-(/\/!=P@PPM?H!.2',+$1!0'!/I2/!=P@PM?!F!+/1()4/#!=P@Pe?J!"1($1!*/#$,'1!)-0)./-!

'#!I,/0$!0'!+,$('..)5-!0'#!12'#$!'-!0)3','-('1!4$-/1!0'!#/!.2'-./H!'-(,'!7E1!1'!/.',C2'!12!

*/#$,!/!.',$@!)-0)./!C2'!#/1!4$-/1!()'-'-!2-/!7'&$,!.$%',(2,/@!F!/1L!1'!0)17)-2F'!'#!'3'.($!0'!

#/!',$1)5-!GL0,)./!=a)I2,/! MV?J!!

Figura 15. Factor C Cobertura Vegetal, 2005. 

!
'
!"#$%#& Elaboración propia. 
 
<#!.$7+/,/,!#$1!0$1!+',)$0$1!0'!'1(20)$@!1'!$%1',*/!C2'!'#!+,$.'1$!0'!',$1)5-!/27'-(5!'-!

#/!4$-/!-$,('!0'!#/!+,'1/! :/##'!0'! ;,/*$!F! '-!4$-/1!C2'!1'!)0'-()3)./,$-!G/.)/! '#!-$,('!F!
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.'-(,$!0'#!E,'/!0'! '1(20)$H!+$,!#$!C2'!1'! .$-1)0',/!C2'!+/,/! '#!+',)$0$!0'! '1 (20)$!NPNM@!

/27'-(5!#/!*2#-',/%)#)0/0!0'!#/1!.$%',(2,/1!*'I'(/#'1H!#$!C2'!1'!$%1',*/!'-!#/!a)I2,/ !McJ!

!

Figura 16. Factor C Cobertura Vegetal, 2017. 

!
'
!"#$%#& Elaboración propia. 
!

Erosión actual.!9$-!%/1'!/!#/!.#/1)3)./.)5-!+,$+2'1(/!+$,!#/!a<Y!1'!0'(',7)-5!#/!.#/1'!0'!

',$1)5-!/.(2/#!F!+$('-.)/#J!9$7$!1'!/+,'.)/!'-! '#!92/0,$!Mc@!#/1!+8,0)0/1!($(/#'1!F!7'0)/1!

0'!12'#$!1'!'B+,'1/-!'-!($-|G/|/\$@!'-!(/-($!C2'!#/!#E7)-/!0'!12'#$!1'!,'+$,(/!'-!77|/\$!

=<0/7' 6A/,(L-'4!'(!/#J@!NPMV?J!

!

Cuadro 16. Clases de erosión de suelos de la FAO. 
 

Conceptos Grados de erosión 

9#/1'1! K)I',/ ! A$0',/0/ ! >'*',/ ! A2F!1'*',/ !
Z8,0)0/!
=($-|G/|/\$?!

~!MP! MP6VP! VP6NPP! •NPP!

Z8,0)0/!7'0)/!
=($-|G/|/\$?!

V! OP! MNV! XPP!
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Z8,0)0/!
=77|/\$? !

~PJc! PJc6OJO! OJO6MOJO! •MOJO!

'
!"#$%#& FAO (1980). 
!

"#!+,)7',!,/-I$!=P! €!MP!($-J!G/6M?!,'+,'1'-(/!2-/!',$1)5-!#)I',/@!+/,/!/7%$1!+',)$0$1!'1('!

()+$!0'!',$1)5-!1'!#$./#)4/-!'-!#/!4$-/! '1('!F!-$,'1('!0'!#/!+,'1/!:/##'!0'!;,/*$!F!/#!-$,('!0'!

#/! .2'-./J! "#!1'I2-0$! ,/-I$!=MP! €!VP! ($-J!G/6M?! ,'+,'1'-(/! #/! ',$1)5-!7$0',/0/@!C2'!1'!

#$./#)4/!'-!2-!]PW!0'!#/!4$-/!0'!'1(20)$J!"#!(',.',!,/-I$!=VP! €!NPP!($-J!G/6M?!.$-!',$1)5-!

/#(/@!0'!/.2',0$!.$-!' #!/-E#)1)1!-$!1'!+,'1'-(/!'-!#/!4$-/!0'!'1(20)$!'-!-)-I2-$!0'!#$1!0$1!

+',)$0$1J!

!

Z/,/!'#!+',)$0$!0'!'1(20)$!NPPV!#/!.#/1'!0'!',$1)5-!/.(2/#!C2'!+,'0$7)-/!'-!#/!.2'-./!'1!#/!

7$0',/0/@!.$-!2-!e]JVW!0'!#/!12+',3).)'! ($(/#!F!#'!1)I2'!#/! ',$1)5-!#)I',/! .$-!2-!MPJVW!

=92/0,$!MQ@!a)I2,/ !MQ?J!

!

Cuadro 17. Clases de erosión actual en la zona de estudio, periodo 2005. 
 

Clase Área (ha) Porcentaje (%) 

K)I',/ ! QJO]M@cX! MPJV!
A$0',/0/ ! cOJMQc@Pe! e]JV!
R$(/#! QPJVcQ@QN! MPP!

'
!"#$%#& Elaboración propia. 
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Figura 17. Erosión actual, 2005. 

!
'
!"#$%#& Elaboración propia. 
!

Z/,/!'#!+',)$0$!0'!'1(20)$!NPMQ!#/!.#/1'!0'!',$1)5-!/.(2/#!C2'!+,'0$7)-/!'-!#/!.2'-./!'1!#/!

7$0',/0/@!.$-!2-! ]MW!0'!#/!12+',3).)'!($(/#!F!#'!1)I2'!#/!',$1)5-!#)I',/!.$-!2-! ] W!=92/0,$!

Me@!a)I2,/ !Me?J!

!

Cuadro 18. Clases de erosión actual en la zona de estudio, periodo 2017. 
 

Clase Área (ha) Porcentaje (%) 

K)I',/ ! cJOVP@Pe! ] !
A$0',/0/ ! cXJNMQ@cX! ]M!
R$(/#! QPJVcQ@QN! MPP!

'
!"#$%#& Elaboración propia. 
!

!

!

!
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Figura 18. Erosión actual, 2017. 

!
'
!"#$%#& Elaboración propia. 
!

Erosión potencial:  

 

Z/,/!'#!+',)$0$!0'! '1(20)$!NPPV!#/!.#/1'!0'!',$1)5-!+$('-.)/#!C2'!+,'0$7)-/!'-!#/!.2'-./!'1!

#/!7$0',/0/@!.$-!2-!ecJVW!0'!#/!12+',3).)'!($(/#@!#'!1)I2'!#/!',$1)5-!1'*',/!.$-!MNJMW!F!+$,!

D#()7$!#/!',$1)5-!#)I',/!.$-!2-!MJXW!=92/0,$!M]@!a)I2,/! M] ?J!

!

Cuadro 19. Clases de erosión potencial en la zona de estudio, periodo 2005. 
 

Clase Área (ha) Porcentaje 

K)I',/ ! ]cQJN! MJX!
A$0',/0/ ! cM@PXQJQc! ecJV!
>'*',/ ! e@VVNJQc! MNJM!
R$(/#! QP@VcQJQN! MPP!

'
!"#$%#& Elaboración propia. 
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Figura 19. Erosión potencial, 2005. 

!
!

!"#$%#& Elaboración propia. 
!

Z/,/!'#!+',)$0$!0'!'1(20)$!NPPV!#/!.#/1'!0'!',$1)5-!+$('-.)/#!C2'!+,'0$7)-/!'-!#/!.2'-./!'1!

#/!7$0',/0/@!.$-!2-!QXJVW!0'!#/!12+',3).)'!($(/#@!#'!1)I2'!#/!',$1)5-!1'*',/!.$-!NXJcW!F!+$,!

D#()7$!#/!',$1)5-!#)I',/!.$-!2-!PJ]W!=92/0,$!NP@!a)I2,/ !NP?J!

!

Cuadro 20. Clases de erosión potencial en la zona de estudio, periodo 2021. 
 

Clase Área (ha) Porcentaje 

K)I',/ ! cVQJX! PJ] !
A$0',/0/ ! VN@VceJcX! QXJV!
>'*',/ ! MQ@OXMJce! NXJc!
R$(/#! QP@VcQJQN! MPP!

'
!"#$%#& Elaboración propia. 

!

!

!
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Figura 20. Erosión potencial, 2021. 

!
'
!"#$%#& Elaboración propia. 

!

!

!

!

!

!

!

!

!

!

!
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3.5!  Análisis espaciotemporal de la evolución y cambios en la capacidad de producción 

del servicio ecosistémico de producción de alimentos durante el periodo 2005 y 

2017. 

Z/,/!'1('!1',*).)$!'.$1)1(87).$!'#!/-E#)1)1!'1+/.)/#!1'!##'*5!/!./%$!/!-)*'#!0'!.2#()*$1!0'!,)'I$!

F!.2#()*$1!0'!('7+$,/#!F!1'!,'+,'1'-(5!7'0)/-('!./,($I,/3L/!/2($7/()4/0/J!"#!/-E#)1)1!+/,/!

./0/!.2#()*$!1'!,'/#)45!7'0)/-('!/-E#)1)1!'1(/0L1().$!F!1'!,'+,'1'-(5!'-!I,E3)./1J! "-! #/!a)I2,/ !

NM!1'!,'+,'1'-(/!#/!0)1(,)%2.)5-!'1+/.)/#!0'#!1',*).)$!'.$1)1 (87).$!0'!+,$*)1)5-!0'!/#)7'-($1!

'-!'#!+',)$0$!0'!'1(20)$!NPPV@!#/!7/F$,!12+',3).)'!1'!*'!,'+,'1'-(/0/!+$,!#/!/I,).2#(2,/!0'!

('7+$,/#! F/! C2'! '1! '#! '.$1)1('7/! C2'! 7E1! +,'*/#'.'! '-! '#! E,'/! 0'! '1(20)$! F! #'! 1)I2'! #/!

/I,).2#(2,/!0'!,)'I$@!#$1!72-).)+)$1!C2'!7E1!/+$,(/-!/!'1('!1',*).)$!1$-!<7/-/#.$!F!:/##'!

0'!;,/*$@!/2-C2'!#$1!$(,$1!1'!*'-!,'+,'1'-(/0$1!'-!'#!E,'/!.2'-(/-!.$-!)-*',-/0',$1!+/,/!#/!

3#$,).2#(2,/J!!

Figura 21. Distribución espacial del servicio ecosistémico de provisión de alimentos 

para el año 2005. 

 
!"#$%#& Elaboración propia. 
"-! #/!a)I2,/ !NN!1'!,'+,'1'-(/!#/!0)1(,)%2.)5-!'1+/.)/#!0'#!1',*).)$!'.$1)1(87).$!0'!+,$*)1)5-!
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0'!/#)7'-($1!'-!'#!+',)$0$!0'!'1(20)$!NPMQ@!'-!'1('!+',)$0$!1'!,'3#'&5!2-!/27'-($!0'#!2-$!

+$,!.)'-($!.$7+/,/0$!.$-!NPPV@!'-!'#!C2'!1'!)0'-()3).5!C2'@!'-!#$1!%$1C2'1!0'!+)-$@!+)-$6

'-.)-$!F!$F/7'#!G2%$!2-!./7%)$!/!/I,).2#(2,/!0'!('7+$,/#@!/I,).2#(2,/!0'!,)'I $!F!.2',+$1!

0'!/I2/!F!0$-0'!1'!(2*$!2-/!I/-/-.)/!1)I-)3)./()*/!0'!#/1!4$-/1!/I,L.$#/1 !,'12#(/0$!0'!#/!

0'3$,'1(/.)5-!0'!#$1!%$1C2'1!0'!7E1!0'!cPP!G'.(E,'/1J!

Figura 22. Distribución espacial del servicio ecosistémico de provisión de alimentos 
para el año 2017. 

 
'
!"#$%#& Elaboración propia. 
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3.5.1! Producción agrícola, Municipio de Valle de Bravo. 

B"F"!"!$%&)03$@'$)80/&43$G/3H3$I $J(4&'1(3"$

"-!#/! a)I2,/ !NO!1'!+,'1'-(/!#/!12+',3).)'!1'7%,/0/!0'!#$1!+,)-.)+/#'1!.2#()*$1!/I,L.$#/1!'-!'#!

A2-).)+)$! 0'! :/##'! 0'! ;,/*$! +/,/! '#! +',)$0$! NPPO! 6! NPMQ! '-! '#! .).#$! /I,L.$#/! $($\$!6!

)-*)',-$J!"#!.2#()*$!0'!/*'-/!3$,,/&',/!G/!1)0$!.$-1(/-('!F!+,'1'-(/!2-/!('-0'-.)/!),,'I2#/ ,@!

#$1!/\$1!.$-!7/F$,!12+',3).)'!1'7%,/0/!32',$-!NPPX!F!NPPV!.$-!VPP!d/J!'#!/\$!.$-!7'-$,!

12+',3).)'!32'!'-!NPMM!.$-!eX!d/J!K/!/*'-/!3$,,/&',/!1'./!.2'-(/!.$-!0/($1!0'!NPPQ!/!NPMN@!

'#!/\$!.$-!7/F$,!12+',3).)'!32'!'-!NPMN!.$-!VMP!d/J!+/,/!NPPQ!F!NPPe!15#$!1'!1'7%,/,$-!

OeP!d/J!!

"#!.2#()*$!0'!%,5.$#)!.2'-(/!.$-!0/($1!0'!NPPQ!.$-!MP!d/J!F!0'!NPPe!.$-!MP!d/J!"#!.2#()*$!

0'!9/#/%/.)(/!.2'-(/!.$-!0/($1!0'!NPPV!F!0'!NPPQ!/!NPMQ@!+,'1'-(/!2-/!12+',3).)'!7EB)7/!

0'!MV!d/J!'-!NPMP!F!2-/!7L-)7/!0'!M!d/!+/,/!NPPQJ!"#!.2#()*$!0'!.GL.G/,$!G/!1)0$!.$-1(/-('!

02,/-('!($0$!'#!+',)$0$!/-/#)4/0$@!#/!7/F$,!12+',3).)'!0'!'1('!.2#()*$!1'!,'+$,(5!'-!NPPQ!.$-!

XMP!d/J!F!2-/!7L-)7/!'-!NPPV!.$-!NNV!d/J!"#!.2#()*$!0'!.G)#'!*',0'!+,'1'-(/!0/($1!15#$!0'!

NPPO!.$-!O!d/J!!

"#!.2#()*$!0'!"%$!=&/-/7/,I$!$!*'4/?!G/!1)0$!.$-1(/-('!'-!'#!+',)$0$!'1(20)/0$!F!#/!7EB)7/!

12+',3).)'!#/!,'+$,(5!'-!#$1!/\$1!NPP]!F!NPMN!.$-!]P!d/J!F!#/!12+',3).)'!7L-)7/!32'!0'!OP!

d/J!'-!NPPOJ!"#!.2#()*$!0'!'&$('!+,'1'-(/!0/($1!0'!NPPe!.$-!V!d/J!!F!0'!NPP]!.$-!N!d/J!"#!

.2#()*$!0'!'#$('!G/!1)0$!.$-1(/-('!'-!'#!+',)$0$!/-/#)4/0$!.$-!2-/!('-0'-.)/!/#!/27'-($@!#/!

12+',3).)'!7L-)7/!32'!'-!NPPO!.$-!MP!d/J!F!#/!7EB)7/!'-!NPMQ!.$-!cPN!d/J!!

"#! .2#()*$! 0'! 3,'1/! G/! 1)0$! .$-1(/-('! '-! '#! +',)$0$! /-/#)4/0$! F! +,'1'-(/! 2-/! 12+',3).)'!

7EB)7/!0' !VP!d/J!'-!NPPV!F!2-/!7L-)7/!0'!]!d/J!'-!NPMOJ!"#!3,)&$#!.2'-(/!.$-!0/($1!/!+/,(),!

0'!NPPX!F!#/!7/F$,!12+',3).)'!'1!0'!OP!d/J!'-!'#!NPPV!F!2-/!7L-)7/!0'!N!d/J!'-!NPMQJ!"#!

.2#()*$!0'!G/%/!*',0'!G/!1)0$!.$-1(/-('!.$-!2-/!('-0'-.)/!/!#/!0)17)-2.)5-!+/,/!#$1!D #()7$1!

/\$1!#/!12+',3).)'!7EB)7/!'1!0'!eP!d/J!'-!NPPX!F!#/!7L-)7/!'1!'-!NPMQ!.$-!MN!d/J!"#!7/L4!

0'!I,/-$!+/,/!'1('!.).#$!0'!.2#()*$!+,'1'-(5!0/($1!15#$!'-!NPPX!.$-!MP!d/J!!

"#! .2#()*$! 0'! +/+/! G/! 1)0$! .$-1(/-('! '-! '1('! +',)$0$! /-/#)4/0$! F! #/! 7/F$,! 12+',3).)' !

1'7%,/0/!32'!'-!NPMN!.$-!NVP!d/J!F!#/!7'-$,!12+',3).)'!1'7%,/0/!'-!NPPQ!.$-!XV!d/J!"#!
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($7/('!,$&$!+,'1'-(/!0/($1!/!+/,(),!0'!NPMX!/!NPMQ!1)'-0$!'#!+,)7',!/\$!.2/-0$!+,'1'-(5!#/!

7'-$,!12+',3).)'!1'7%,/0/!.$-!N!d/J!F!+/,/!NPMc!#/!7EB)7/!12+',3).)'!.$-!OJV!d/J!"#!.2#()*$!

0'!($7/('!*',0'!G/!1)0$!.$-1(/-('@!#$1!/\$1!.$-!7/F$,!12+',3).)'!32',$-!'-!NPPc!F!NPMP!.$-!

VP!d/J!F!2-/!7L-)7/!+/,/!NPPV!.$-!V!d/J!"#!(,)I$!0'!I,/-$!+,'1'-(/!0/($1!15#$!'-!NPPO!.$-!

MP!d/J!F!'-!NPPX!.$-!V!d/J!!

"#!(,)I$!$,-/7'-(/#!.2'-(/!.$-! 0/($1!/!+/,(),!0'!NPPV!/!NPMQ@!1)'-0$!'-!NPPe!.2/-0$!+,'1'-(/!

#/!7/F$,!12+',3).)'!.$- !d/J!F!#/!7'-$,!12+',3).)'!'-!NPMV!F!NPMQ!.$-!M!d/J!

!

!

!

!

!



!!

"#!

!!"#$%&'( ) *'+$,-%."/"-'0-12%&3&'45"-6780'3-'9&:';$6"/","8'3-'<&==-'3-'>%&?8'4878@8'A'"6?"-%68:*'

!
!
"#$%&$'!"#$%&'$()*+!,'&,)$!(&+!%$-.!.+!/01234!567689!

!

"

#

$

%

&

'

(

#!!$ #!!% #!!& #!!' #!!( #!!) #!!* #!"! #!"" #!"# #!"$ #!"% #!"& #!"' #!"(

+,-./01233/4-3/0-.0,-35- +,-./01233/4-3/06-7/ 83972:; </:/=/7;>/ <?@7?/32 <?;:-0,-35-

A=20B4/./C/3D2020,-E/F A42>- A:2>- G3-6/ G3;42: H/=/0,-35-

I/@E0D3/.2 J/K/ L2C/>-032420B4;>2C/>-FL2C/>-0,-35- L3;D20D3/.2
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K:#G1"@#E#2.#+::H#31"#,:#G1"@##

#

!$#3)$0'51#2.#L%$%J%3'0%#3)."0%#31"#2%01-#2.#+::F#E#2.#+::>#%#+:=>C#/*.-."0%#)"%#/*12)33'4"#

DMN'D%#2.#=:>@;>#G1"@#."#+:=K#E#)"%#D6"'D%#2.#=:#G1"@#/%*%#+::>@#!$#3)$0'51#2.#3B63B%*1#

B%#-'21#31"-0%"0.#2)*%"0.#0121#.$#/.*'121#%"%$'O%21C#$%#D%E1*#/*12)33'4"#2.#.-0.#3)$0'51#-.#
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31"-0%"0.C#$%#D%E1*#/*12)33'4"#&).#."#+::R#31"#R::#G1"@#E#)"%#D6"'D%#/%*%#+::F#31"#F:#

G1"@##

#

!$#0*'(1#2.#(*%"1#/*.-."0%#2%01-#-4$1#."#+::;#31"#+:#G1"@#E#."#+::,#31"#=F#G1"@#!$#0*'(1#
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