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,+U+DZ4$)4">420I:5)(4&4 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++JC!

,+UL! 28$070"#4()*"2&02$07'5#4&%7 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++JJ!

@4:)#'5%26E2@%"(5'7)%"07 +++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ DPL!

6+D! X%.$02542\):*#07)72&02;<=0>2N2@%$%"05 ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ DPL!

6+L! X%.$02542O0#%&%5%BM42:$%:'07#4+++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ DP,!

6+Q! X%.$025%72$07'5#4&%2%.#0")&%720"207#020/0$()()% ++++++++++++++++++++++++++++++++++++++++++++ DPA!

 

 



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! "!

 

 

 

 

Introducción 

 

#$! %&'(')*'! *&+,+-.! &'*./+! $+! 01%2*'(1(! 34+$1,&+512)! 6'! 6+*.(! 6'! $+! %$+*+7.&/+!

89::!'/%$'+)6.!&';&'(12)!'(%+51+$!')!:<=15.>!%&.%?'(*+!%.&!4.&.)'$!@!ABC'D!

')! EFFG! 5.)! $+! 71)+$16+6! 6'! &'+$1D+&! ?)! '(*?61.! 6'! %&'51%1*+512)! H?'! '=%$151*'! $+!

5./%.)')*'!'(%+51+$!6'$!7')2/').I!$+!5?+$!'(!7&'5?')*'/')*'!1;).&+6+!')!/?50.(!

6'!$.(!*&+*+6.(!(.,&'!'$!*'/+J!

#)!'(*+!.%.&*?)16+6!('!0+!%$+)*'+6.!6'(+&&.$$+&!?)+!01%2*'(1(!%+&+!$+!*'/%.&+6+!

6'! ('5+(! ! '! 1/%$'/')*+&!?)+! 1)(*&?/')*+512)!H?'!%'&/1*+!0+5'&!?(.!6'! $+!6150+!

01%2*'(1(!%+&+!.,*')'&!$.(!%&.6?5*.(!6'!%&'51%1*+512)!H?'!1)5$?K+)!$+!5./%.)')*'!

'(%+51+$I!5?16+)6.!(1'/%&'!H?'!'(*+!%&.%?'(*+!5.)(*1*?K+!?)!(1(*'/+!'7151')*'!')!

*1'/%.! K! ')! ?(.! 6'! &'5?&(.(! 6'! 52/%?*.L! ! +(M! /1(/.! $+! 1)(*&?/')*+512)! 0+&N!
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%.(1,$'!?)+!/.6'$+512)!+5.&6'!+!$.(!%+*&.)'(!/'*'.&.$2;15.(!H?'!('!%&'(')*+)!')!

:<=15.J!!
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Objetivo General 

!

P&.%.)'&!?)!/<*.6.!H?'! ;')'&'! 1)7.&/+512)! (.,&'! $+!%&'51%1*+512)! ')!:<=15.! K!

H?'! 6'(5&1,+! $.(! %&.5'(.(! H?'! .5?&&')! ')*&'! $+(! '(5+$+(! /'*'.&.$2;15+! K!

5$1/+*.$2;15+!6?&+)*'!$+!*'/%.&+6+!6'!('5+(J!!

!

!

Objetivos Particulares 

9'Q1(+&! $.(! 5./%.)')*'(! H?'! 1)*';&+)! $+! 01%2*'(1(! 34+$1,&+512)! 6'! 6+*.(! 6'! $+!

%$+*+7.&/+! 89::! '/%$'+)6.! &';&'(12)! '(%+51+$! ')! :<=15.>! %&.%?'(*+! %.&!

4.&.)'$!@!ABC'D!')!EFFGJ!

R6')*1715+&!H?<!'$'/')*.(!(.)!7+5*1,$'(!6'!1)5.&%.&+&!+!$+!01%2*'(1(!34+$1,&+512)!6'!

6+*.(!6'!$+!%$+*+7.&/+!89::!'/%$'+)6.!&';&'(12)!'(%+51+$!')!:<=15.>!%&.%?'(*+!

%.&! 4.&.)'$! @! ABC'D! ')! EFFG! 5.)! $+! 71)+$16+6! 6'! +6'5?+&$+! +! $+! *'/%.&+6+! 6'!

('5+(J!
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4.)(*&?1&!?)+!01%2*'(1(!%+&+!$+!1)*';&+512)!6'!6+*.(!6'!%&'51%1*+512)!')!*'/%.&+6+!

6'!('5+(!')!$+!4?')5+!6'$!T(?/+51)*+I!,+(+6+!')!!$.(!6.(!.,-'*1Q.(!+)*'&1.&'(J!

U1('C+&! ?)+! 1)(*&?/')*+512)! H?'! %'&/1*+! &'+$1D+&! 6'! 7.&/+! +?*./N*15+! $+!

+%$15+512)!6'!6150+!01%2*'(1(!6?&+)*'!Q+&1.(!%'&1.6.(!6'!*1'/%.J!!

#-'5?*+&! $+! 1)(*&?/')*+512)! (.,&'! 6+*.(! &'$+*1Q.(! +! $+! %&1/'&+! *'/%.&+6+! 6'!

$$?Q1+(!V#)'&.I!W',&'&.!K!:+&D.V!6'$!+C.!EFF"!')!$+!4?')5+!6'$!T(?/+51)*+J!

U'*'&/1)+&! '$! ;&+6.! 6'! '7'5*1Q16+6! 6'! $+! %&.%?'(*+! /'*.6.$2;15+! %+&+! $+!

1)*';&+512)! 6'! 6+*.(! 6'! %&'51%1*+512)! ')! *'/%.&+6+! 6'! ('5+(! ')! $+! 4?')5+! 6'$!

T(?/+51)*+J!

Hipótesis propuesta por  Núñez-Coronel  

!

3A?C'D! K! 4.&.)'$! &'+$1D+&.)! ?)+! 'Q+$?+512)! 6'! 617'&')*'(! 7?')*'(! 6'! 6+*.(!

61(%.)1,$'(! ')!:<=15.! (.,&'! $+! %&'51%1*+512)J! #)*&'! '(*.(! &'5?&(.(I! 6'(*+5+)! $.(!

%&.6?5*.(! XY"E! 6'$! %&.;&+/+! 8&.%15+$! 9+1)7+$$!:'+(?&1);!:1((1.)! Z89::[! H?'!

.7&'5')! '(*1/+51.)'(! *&10.&+&1+(! 6'! %&'51%1*+512)! ')! ?)! 7.&/+*.! +6'5?+6.! K!

/'61+)+/')*'!+55'(1,$'J!\+!%&1)51%+$!+%.&*+512)!(.,&'!$+!'Q+$?+512)!6'!$+(!,+('(!

6'!6+*.(!6'$!%&.;&+/+!89::!'(!H?'!$+(!'(*1/+51.)'(!6'$!%&.6?5*.!XY"E!5+%*?&+)!

+6'5?+6+/')*'! $+! '(*&?5*?&+! '(%+51+$! K! *'/%.&+$! 6'! $+! %&'51%1*+512)I! +$!

5./%+&+&('!5.)!%&./'61.(!+&'+$'(!6'!+5?/?$+6.(!6'!]!6M+(!+!)1Q'$!6'!?)16+6'(!

016&.$2;15+(I! $.(! 5?+$'(! 7?'&.)! 1)*'&%.$+6.(! +! %+&*1&! 6'! 6+*.(! 6'! '(*+51.)'(!

/'*'&'.$2;15+(! %+&+! '$! Q'&+).! 6'! EFFEI! ')! :<=15.J! A.! .,(*+)*'I! '=1(*')!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! G!

6'7151')51+(!')!5?+)*.!+! $+! 1)*')(16+6!'(*1/+6+!')!$.(!%&.6?5*.(!6'!89::J!#(*.(!

0+$$+D;.(! (?;1'&')! H?'! %?'6'! +-?(*+&('! $+! 1)*')(16+6! 6'! %&'51%1*+512)! 6'! $.(!

%&.6?5*.(!XY"E!/'61+)*'!$+!5+$1,&+512)!5.)!6+*.(!6'!'(*+51.)'(!/'*'&'.$2;15+(!K!

Q+&1+,$'(!+?=1$1+&'(J>!V!4.&.)'$!@!ABC'DI!EFFG!

!

 

Organización del trabajo  

!

#)!'$!%&1/'&!5+%M*?$.!6'!'(*'!*&+,+-.!('!'=%$15+!+!;&+)6'(!&+(;.(!'$!7')2/').!6'!$+!

%&'51%1*+512)I!(?(!%&.5'(.(!6'!7.&/+512)!K!?)+!Q1(*+!;')'&+$!6'$!7')2/').!+!)1Q'$!

;$.,+$! 6'(6'! ?)+! %'&(%'5*1Q+! 6'! $+!/'*'.&.$.;M+J! P.(*'&1.&/')*'! ('! +,.&6+)! $+(!

5+&+5*'&M(*15+(! 5$1/N*15+(! K! /'*'.&.$2;15+(! 6'! :<=15.I! $.(! %+*&.)'(! $.5+$'(! 6'!

Q+&1+(! &';1.)'(! K! $+! Q+&1+,1$16+6! *'/%.&+$! H?'! ('! 0+! &';1(*&+6.! 6'(6'! $+!

1/%$'/')*+512)! 6'! ?)! (1(*'/+! 6'! '(*+51.)'(! /'*'.&.$2;15+(! K! 5$1/+*.$2;15+(! +!

)1Q'$!)+51.)+$I!%&1)51%+$/')*'!')!$+!<%.5+!6'!('5+(J!

#$! (';?)6.! 5+%M*?$.! 6'71)'! '$! 5.)5'%*.! 6'! 1)*';&+512)! 6'! 6+*.(I! K! ('! ')$1(*+)! K!

'=%$15+)! $.(! 1)(?/.(! H?'! ('! ?*1$1D+)! ')! $+! 01%2*'(1(! %&.%?'(*+I! 5./.! (.)! $+(!

'(*+51.)'(!/'*'.&.$2;15+(! K! 5$1/+*.$2;15+(I! (?(! 1)(*&?/')*.(! K! $+! 7.&/+! ')! H?'!

.%'&+)L! (';?16.! 6'! ?)+! '=%$15+512)! 6'! $.(! '(7?'&D.(! 1)*'&)+51.)+$'(! +! %+&*1&! 6'$!

+)N$1(1(!'(%+51+$!%+&+!&'5.$'5*+&!6+*.(!6'(6'!%$+*+7.&/+(!')!2&,1*+!+5'&5+!6'!*'/+(!

6'! 5$1/+*.$.;M+I! /'*'.&.$.;M+I! 515$.(! 5./.! '$! 6'$! +;?+! K! '$! 5+&,2)J! 8+/,1<)! ('!
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+,.&6+!'(%'5M715+/')*'!$+!/1(12)!6'!8&.%15+$!9+1)7+$$!:'+(?&1);!:1((1.)!Z89::[I!

.%'&+6+! %.&! $+! A+*1.)+$! ^'&.)+?*15(+)6! _%+5'! ^6/1)1(*&+*1.)! ZA^_^[I! ')! $.!

&'7'&')*'!+!$.(!(+*<$1*'(!+71)'(!+$!*'/+!*&+*+6.!')!'(*'!*&+,+-.J!!

!

#)!'$!*'&5'&!5+%M*?$.!('!6'(+&&.$$+)!$.(!/<*.6.(!%+&+!$+!1)*';&+512)!6'!6+*.(J!^H?M!

('! 6'(5&1,')! 6'(6'! 5.)5'%*.(! ,N(15.(! 5./.! $+! 6'%')6')51+! '(%+51+$I! ! 0+(*+! $.(!

/<*.6.(! +Q+)D+6.(! H?'! ('! ?*1$1D+&N)! %+&+! $+! %&.%?'(*+! ! /'*.6.$2;15+I! 5./.! '$!

M)615'!6'!:.&+)!K!'$!/<*.6.!6'!1)*'&%.$+512)!?*1$1D+6.!`a&1;1);J!#(*'!B$*1/.I!5+,'!

/')51.)+&I! 5./%&')6'! ?)+! '(*&?5*?&+! '(%+51+$I! 5?+$16+6! 1)61(%')(+,$'! %+&+! '$!

')7.H?'!6'$!%&'(')*'!*&+,+-.J!!

#$!5+%M*?$.!5?+&*.!+,.&6+!'$!5+(.!6'!'(*?61.!(.,&'!$+!4?')5+!6'$!T(?/+51)*+I!6.)6'!

('! '=%.)'! '$! /+&5.! *'2&15.! K! ('! 6'(+&&.$$+! $+! 7.&/+! ')! $+! H?'! ('! 6'(+&&.$$2! $+!

%&.%?'(*+! %+&+! $+! /'*.6.$.;M+J! ^6'/N(! ('! '=%.)'! ?)! 61+;&+/+! 6'! 7$?-.! 6'! $+!

%&.%?'(*+I!(';?16.!6'!$.(!&'(?$*+6.(!.,*')16.(!')!'$!'-'&5151.!K!?)+!6'(5&1%512)!6'!

'(*.(J!W1)+$/')*'I!')!'$!5+%M*?$.!H?1)*.!('!')$1(*+)!$+(!5.)5$?(1.)'(!.,*')16+(!+!$.!

$+&;.! 6'$! 6'(+&&.$$.! 6'! '(*'! *&+,+-.I! &'$+*1Q+(! +! $+! 01%2*'(1(! %&.%?'(*+I! +! $+!

/'*.6.$.;M+!%&.%?'(*+!K!+!$.(!&'(?$*+6.(!.,*')16.(J!!

!

!

!

!
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Capitulo 1                                                                 

El estudio de la precipitación en México 

1.1 Antecedentes  

#$! %&'()*(+%! %$! ,*-.(! /%! *01*! 2.&3%&)/.! %&! $*! *34.+'%(*! 2.4)%&5*! %$! -(.2%+.! /%!

2*46).! /%! %+3*/.7! /%! 0*+%.+.! *! $891)/.! :! %&! 2)%(3*+! .2*+).&%+! *! +;$)/.<! ! =+3%!

-(.2%+.!%&!%$!21*$!%$!,*-.(!+%!2.&,)%(3%!%&!*01*!+%!/%&.4)&*!2.&/%&+*2);&!:!-*(*!

91%!>+3%!+%!/>!/%6%&!/%!214-$)(+%!*$!4%&.+!1&.!/%!/.+! '*23.(%+?!%&'()*4)%&3.!:!

/)+4)&12);&!/%!,.$14%&<!

=$! -()4%(.! %+! %$! 91%! 3)%&%! 4@+! 2*1+*+7! %&3(%! %$$*+! %+3@&! $*! *22);&! /)(%23*7! $*!

)((*/)*2);&7! $*!4%52$*! :! $*! %A-*&+);&! */)*6@3)2*<! ! B.(! *22);&! /)(%23*! +%! /%')&%! %$!

4.4%&3.! %&! 91%! $*! +1-%(')2)%! /%$! +1%$.! :! %$%4%&3.+! 2%(2*&.+! *! $*! &16%!-)%(/%&!

2*$.(!-.(!%+3*(!216)%(3.+!-.(!$*!4)+4*<!=&3.&2%+!$*!-*(3%!)&'%().(!/%!>+3*!+%!%&'(8*!

C1&3.!*!$.+!%$%4%&3.+!*!+1!*$(%/%/.(<!

D*! 2.&/%&+*2);&! -.(! )((*/)*2);&! +%! -(%+%&3*! %&! $*+! 2*-*+! 6*C*+! /%! *)(%7! 21*&/.!

>+3*+!+%!/%3)%&%&!:!%$!2)%$.!%+3@!/%+-%C*/.<!B.(!.3(*!-*(3%7!+%!$%!/%&.4)&*!4%52$*!*$!

'%&;4%&.!38-)2.!/%!1&*!2$*+%!%+-%2)*$!/%!&)%6$*7!21*&/.!,*()*+!4*+*+!/%!*)(%!2.&!
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/)'%(%&3%! 3%4-%(*31(*! :! G14%/*/! )&3%(*23H*&! :! +%! 2.&/%&+*! %$! ,*-.(! /%! *01*!

*$.C*/.!%&! $*+!4)+4*+<!B.(!H$3)4.7!21*&/.!%$!0*+!+%!%A-*&/%!+)&!(%2)6)(!2*$.(!/%$!

%A3%().(! +%! 2.&+)/%(*! 91%! *$! %$%,*(+%! +%! %A-*&/%! /%! '.(4*! */)*6@3)2*<!

IJ%$$%(KL.6)&+.&7E"MNO!

!

1.2 Meteorología y Climatología  

J)! 6)%&! $.+! 2.&2%-3.+! 2$)4*7! 3)%4-.! .7! /%! '.(4*! 4@+! %+-%28')2*7! )&3%4-%()%7! :!

2$)4*3.$.08*7! +.&! *')&%+! %A)+3%! 1&*! 0(*&! /)'%(%&2)*! %&3(%! %$$.+<! P.4%&5*4.+! -.(!

%A-$)2*(!%$!2.&2%-3.!/%!2$)4*<!D*!(*85!/%!$*!-*$*6(*!%+!0()%0*!:!+)0&)')2*!)&2$)&*2);&7!

(%'%()/*!*! $*!/%! $.+! (*:.+! +.$*(%+Q! +%! 3(*3*6*!/%!%A-$)2*(! +1!%'%23.! +.6(%! $*! 3)%((*!!

4%/)*&3%!1&*!/%+)0&*2);&!/%! '(*&C*+!.! *&)$$.+! 3%((%+3(%+!/%$)4)3*/.+!*!-*(3)(!/%$!

%21*/.(!-.(!-*(*$%$.+<!

B%(.!&.!'1%!G*+3*!*,*&5*/.!:*!%$!+)0$.!RSR!91%!+%!2(%;!1&*!4%C.(!/%')&)2);&!-*(*!

%+3%!2.&2%-3.7!%$!*1+3(8*2.!T*&!U*&&!IEMV"WE"XEO!'.(41$*!1&*!2>$%6(%!/%')&)2);&!

/%!2$)4*7!!"#$"#%&"#%'()'*($+,(",(-'#./#$'(%"(0"#12"#'3(4/"(-+*+-$"*&5+#(",("3$+%'(

2"%&'(%"( ,+(+$2130"*+("#(/#()/#$'(%"( ,+( 3/)"*0&-&"( $"**"3$*"6Q! %&!%+%!4.4%&3.! +%!

%&3)%&/%! 91%! $*! )/%&3)')2*2);&! /%$! 2$)4*! +%! $.0(*! *! 3(*,>+! /%! $*(0*+! +%()%+! /%!

.6+%(,*2).&%+!+1')2)%&3%4%&3%!*4-$)*+!/%!+1+!%$%4%&3.+<!

=&! 2.&3(*+3%! 2.&! $*! *2%-2);&! /%! 2$)4*7! $*! /%! 3)%4-.! +10)%(%7! %&! -()4%(*!

*-(.A)4*2);&7!1&*!)/%*!/%!'10*2)/*/<!#+87!-1%+7!+%!G*6$*!/%!3)%4-.!-*(*!(%'%()(+%!*$!

*46)%&3%!91%!/%-*(*!*!1&! $10*(!%$!2.&C1&3.!/%!2.&/)2).&%+!*34.+'>()2*+!/1(*&3%!

1&! -%(8./.! 0%&%(*$4%&3%! 2.(3.7! 91%! -1%/%! /1(*(! ,%)&3)21*3(.! G.(*+7!
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*-(.A)4*/*4%&3%7! +)&! -%(C1)2).7! %&! 3./.! 2*+.7! /%! 2)%(3*+! -%(+)+3%&2)*+! .!

'(%21%&2)*+!%+3*2).&*$%+!/%2)+),*+!-*(*!2*(*23%()5*2).&%+!:!2$*+)')2*2).&%+<!

#231*$4%&3%!&.!%A)+3%!1&*!/%')&)2);&!1&@&)4%4%&3%!2.4-*(3)/*!/%!2$)4*3.$.08*!*!

&),%$!41&/)*$7! $*!4@+!+%&2)$$*!%+! Y$*!2)%&2)*!/%! $.+!2$)4*+7!91%! $.+! )&,%+3)0*!%&!+1!

/.6$%!,%(3)%&3%!6@+)2*!:!*-$)2*/*Z<!

P*6%!/%+3*2*(!91%!/%&3(.!/%!$*!2$)4*3.$.08*!%A)+3%&!/.+!+16/),)+).&%+!-()&2)-*$%+?!

*&*$83)2*! :! +)&3>3)2*7! *46*+! %&0$.6*&! 1&! 61%&! &H4%(.! /%! 2$*+)')2*2).&%+! /%!

*21%(/.! $*! /%')&)2);&! /%! 2$)4*! (%*$)5*/*! %&! +1! 4.4%&3.! -.(! U*&&! %&! +1!

Y7+#%8'"9%"*( :,&2+$',';&"Z?! 2.&C1&3.! /%! '%&;4%&.+! 4%3%.(.$;0)2.+! 91%!

2*(*23%()5*&!%$!%+3*/.!4%/).!/%!$*!*34;+'%(*!%&!1&!-1&3.!21*$91)%(*!/%!$*![)%((*7!

4*&3%&)/*!-.(!/%!\*(3.&&%!:!*231*$)5*/*!-.(!*$01&.+!*13.(%+!2.&3%4-.(@&%.+<!

=&! $.! 91%! +%! (%')%(%! *$! 2.&2%-3.! /%$! 3)%4-.7! >+3%! &.! %+! 1&*! *6+3(*22);&! +)&.!

*13>&3)2*! (%*$)/*/7! (%+1$3*&3%! /%! $.+! %'%23.+! /%$! 2.&C1&3.! )&3%(*23),.! %!

)&3%(/%-%&/)%&3%!/%!%$%4%&3.+!2$)4@3)2.+<!=+!&%2%+*().!(%*$)5*(!$*!)/%&3)')2*2);&!:!

2*3*$.0*2);&! /%! $.+! 3)-.+! /%! 3)%4-.! -*(*7! -.(! 4%/).! /%$! %+31/).! /%! +1! ()34.! :!

'(%21%&2)*7!/%')&)(!%$!2$)4*<!

B%(.!%$!%+31/).!/%$!3)%4-.!%+!/%6%(!/%!$*!4%3%.(.$.08*Q!%$!,.2*6$.!4%3%.(.!%+!/%!

.()0%&!0()%0.!:!+)0&)')2*7! $)3%(*$4%&3%7!*$3.!.!%$%,*/.!%&!%$!*)(%<!P.&,)%&%!*/,%(3)(!

91%7!*231*$4%&3%7!/)2G.!3>(4)&.!+%!/%')&%!2.4.!%$!%+31/).!/%!$.+!'%&;4%&.+!91%!+%!

-(./12%&!%&!%$!@46)3.!/1(*&3%!1&!$*-+.!/%!3)%4-.!41:!2.(3.<!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! EX!

#! -%+*(! /%! +%(! %+3(%2G*4%&3%! +.$)/*()*+! %! )&+%-*(*6$%+7! $*! 4%3%.(.$.08*! :! $*!

2$)4*3.$.08*!&.!/%C*&!/%!+%(!/)+2)-$)&*+!/)+3)&3*+<!J)&!%46*(0.7!:*!%&!1&*!-()4%(*!

*-(.A)4*2);&!*-*(%2%&!(*+0.+!/)'%(%&2)*/.(%+?!$.+!21$3),*/.(%+!/%!$*!4%3%.(.$.08*!

G*&! +)/.! :! +.&! '8+)2.+Q! $.+! /%! $*! 2$)4*3.$.08*! +.&! 0%;0(*'.+<! =A)+3%&7! *+)4)+4.7!

/)'%(%&2)*+! /%! .6C%3.7! -%(+-%23),*! :! ')&*$)/*/<! =$! .6C%3.! /%! %+31/).! /%! $*!

4%3%.(.$.08*! %+! %$! 3)%4-.7!4)%&3(*+! $.! 91%!-(%.21-*! *$*! 0%.0(*'8*! %+! 2.&.2%(! %$!

()34.!.!$*!+12%+);&!G*6)31*$!/%!%+.+!%+3*/.+!/%!$*!*34;+'%(*<!=$!4%3%.(;$.0.!+1%$%!

3(*6*C*(!2.&!/*3.+!*$!/8*7!:!61+2*!G*2%($.!%&! 3)%4-.!(%*$7! *1&91%!%$$.!&.!%A2$1:*!

2.4-$%C.+! -(.0(*4*+! )&'.(4@3)2.+! %&2*4)&*/.+! *! 4%C.(*(! $*! -(%,)+);&! /%!

'%&;4%&.+Q! %&! 2*46).7! %$! 2$)4*3;$.0.! 4*&%C*! +%()%+! 41:! *4-$)*+! /%! /*3.+! ]

-(.,%&)%&3%+!/%!$*!4%3%.(.$.08*!]!&.!4%&.(%+!/%!1&*!3(%)&3%&*!/%!*^.+<!

J)&!%46*(0.7!G*+3*!G*2%!-.2.!3)%4-.!$*!2.4-.&%&3%!%+-*2)*$!&.!%(*!2.&+)/%(*/*!

2.4.! %$%4%&3.! /%3%(4)&*&3%! -*(*! %$! *&@$)+)+! /%! $.+! '%&;4%&.+! *34.+'>()2.+<! D*!

-(.-1%+3*!91%!+%!3(*6*C*!%&!%+3%!-(.:%23.!3(*3*!/%!)&3%0(*(!/*3.+!/%+/%!%$!-1&3.!/%!

,)+3*!%+-*2)*$7!*!1&!4./%$.!/%!*C1+3%!/%!3)-.!4%3%.(.$;0)2.!-*(*!2.4-$%4%&3*(!/%!

'.(4*!)&3%0(*$!$*+!.6+%(,*2).&%+!(%*$)5*/*+!4%/)*&3%!-$*3*'.(4*+!%+-*2)*$%+<!!

B*(*! /%+2()6)(! %&! '.(4*! 2.4-$%3*! $.! 91%! .21((%! 2.&! $*! $$1,)*! %&! 1&*! (%0);&!

0%.0(@')2*! %+! &%2%+*().! 2.&3*(! 2.&! )&'.(4*2);&! +.6(%! 3(%+! 2*(*23%(8+3)2*+!

'1&/*4%&3*$%+?! )&3%&+)/*/7! /1(*2);&! :! /)+3()612);&! %+-*2)*$Q! %$%4%&3.+! 91%! +%!

-1%/%&!.63%&%(!/%!'.(4*!2.&+3*&3%!:!2.&!1&!-*3(;&!/%!*&@$)+)+!%+3@&/*(!4%/)*&3%!

4)+).&%+!/%!.6+%(,*2);&!/%!$*![)%((*!/%+/%!%$!%+-*2).<!!
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1.3 La meteorología y su papel en el ciclo de energía global 

=$! -*-%$! /%! $*! 4%3%.(.$.08*7! %+-%28')2*4%&3%! %&! 21*&3.! *$! %+31/).! /%! $*!

-(%2)-)3*2);&7!3)%&%!1&!0(*&!*-.(3%!/%&3(.!/%$!*&@$)+)+!/%$!2)2$.!/%!$*!%&%(08*!*!&),%$!

41&/)*$7!:*!91%!-%(4)3%!/%+*((.$$*(!2.&.2)4)%&3.!+.6(%!2;4.!:!/;&/%!+%!16)2*&!

$.+!-(.2%+.+!/%!)&3%(2*46).!/%!%&%(08*!/%&3(.!/%!$.+!4.,)4)%&3.+!*34.+'>()2.+!:!

/%$!2)2$.!/%$!*01*7!*+8!2.4.!$.+!%'%23.+!%&!$.+!/)'%(%&3%+!+)+3%4*+!2$)4@3)2.+!%&!%$!

41&/.<!!

_&*!/%!$*+!'1&2).&%+!91%!3)%&%!%$!*01*!2.4.!2.4-.&%&3%!/%$!2)2$.!/%!%&%(08*!/%$!

-$*&%3*! %+!/%+%4-%^*(+%! 2.4.!*0%&3%! (%01$*/.(!/%! $*! 3%4-%(*31(*7!4%(2%/!*! $*!

-(%+%&2)*!/%!%+3%!$891)/.!:!*!+1!)&3%(*22);&!2.&!$.+!/)'%(%&3%+!4%/).+7!!%&!$.+!21*$%+!

+%!G*&!/%+*((.$$*/.!)&&14%(*6$%+!%2.+)+3%4*+!91%!+.+3)%&%&!$*!,)/*!%&!%$!-$*&%3*<!!

\%/)*&3%! $*! )&3%0(*2);&! /%$! *&@$)+)+! %+-*2)*$! %&! %$! %C%(2)2).! /%! 4%/)2);&! :!

2*(*23%()5*2);&! /%! $*! $$1,)*! %+! -.+)6$%! *-.(3*(! (%+1$3*/.+! 4@+! -1&31*$%+! 91%!

*:1/%&! *! 4%C.(*(! /),%(+.+! *+-%23.+! /%! $*+! )&/1+3()*+! 91%! /%-%&/%&! /%! %+3%!

'%&;4%&.!:!*!*-.:*(!$.+!%+'1%(5.+!-.(!2.4-(%&/%(!:!-(.3%0%(!$*+!5.&*+!&*31(*$%+!

:!$*+!%+-%2)%+!91%!$*+!G*6)3*&<!!

1.4 El agua en la circulación atmosférica 

B*(*!%$!%+31/).!/%!>+3*!G*!+)/.!&%2%+*().!+%04%&3*(!&1%+3(.!-$*&%3*7!:*!91%!(%+1$3*!

4@+!+%&2)$$.!3(*6*C*(!-.(!+%22).&%+!.!@(%*+!-*(*!%$!%+31/).!/%!$*!-(%2)-)3*2);&<!_&*!

/%! $*+! '.(4*+!%&! $*+!91%!-./%4.+!/),)/)(! $*!+1-%(')2)%!/%! $*! 3)%((*!%+!/%!*21%(/.!

2.&! +1! 3%4-%(*31(*7! /%6)/.! *! $*! 0(*&! )&'$1%&2)*! 91%! %C%(2%! +.6(%! 412G.+!

%$%4%&3.+7!)&2$1)/*!%$!*01*<!#$!!-.&%(!%&!-(@23)2*!/)2G.!+%22).&*4)%&3.!+%!0%&%(*&!
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5.&*+! -.$*(%+7! 3%4-$*/*+! :! 3(.-)2*$%+7! 2*/*! 1&*! 2.&! +1+! (%+-%23),.+! '%&;4%&.+!

*34.+'>()2.+!2*(*23%(8+3)2.+<!=+3*+!,*()*2).&%+!2$)4@3)2*+!.6%/%2%&!*! $*! (*/)*2);&!

-(.,%&)%&3%! /%$! +.$7! 91%! +%! ,%! *'%23*/*! -.(! $*! )&2$)&*2);&! /%$! %C%! 3%((%+3(%! :! /%$!

4.,)4)%&3.!/%!3(*+$*2);&!91%!/*!.()0%&!*!$*+!%+3*2).&%+!/%$!*^.<!Ia$),)%(KU)/.(%7!

XFFXO!

a3(.!'*23.(!41:!)4-.(3*&3%!%+!%$!G%2G.!/%!91%!$.+!.2>*&.+!216(%&!$*!4*:.(!-*(3%!

/%!$*!+1-%(')2)%!/%$!-$*&%3*7!+.6(%3./.!%&!$*+!5.&*+!2%(2*&*+!*!$.+!3(;-)2.+<!U*:!91%!

(%2.(/*(!91%!&.!+;$.!-./%4.+!%&2.&3(*(!*01*!%&!+1!'.(4*!$891)/*7!3*46)>&!%A)+3%!

%&! '.(4*! /%! ,*-.(! 2)(21$*&/.! -.(! %$! *)(%7! /)+3()61)/*! *! $.! $*(0.! /%! 3./*! $*!

*34;+'%(*<!\%/)*&3%! $*! )&3%(*22);&! /%! +%&/*+! '.(4*+! +%! -(./12%&!41:! ,*()*/.+!

'%&;4%&.+!2.4.!-(%2)-)3*2).&%+7!G1(*2*&%+7!+%918*+7!%&3(%!.3(.+<!

D*! 2)(21$*2);&! /%$! ,*-.(! /%! *01*! %&! $*! *34;+'%(*! *! 3(*,>+! /%$! ,)%&3.! *^*/%! 1&*!

2.4-.&%&3%!/%!/)+3()612);&!%+-*2)*$!1&!3*&3.!*$%*3.()*<!P.&!!%$!4./%$.!/%!,)%&3.+!

4%/).+!-$*&%3*().+7! 3*46)>&!2.&.2)/.!2.4.!P)(21$*2);&!b%&%(*$!/%! $*!#34;+'%(*7!

+%!(%-(%+%&3*!%$!-(.4%/).!/%!,)%&3.+!.6+%(,*/.+!%&!1&!$*(0.!-%()./.!/%!3)%4-.!:!

+%!%+3*6$%2%&!$.+!4.,)4)%&3.+!/%!$*!*34;+'%(*!*!4*:.(!%+2*$*<!D*!*231*$!2)(21$*2);&!

%&! 21*$91)%(! 4.4%&3.! -1%/%! /)'%()(! +)0&)')2*3),*4%&3%! /%$! 4./%$.!

-(.4%/).Ic*$$)&0KP%(,%&:!XFFdO!$.!91%!G*2%!&%2%+*()*!$*!2(%*2);&!/%!4./%$.+!.!

+)+3%4*+!91%!-%(4)3*&!2*(*23%()5*(!/)2G*+!,*()*2).&%+<!!

_&*!'.(4*!/%!%+91%4*3)5*(!%+3.!%+!4%/)*&3%!%$!4./%$.!3()2%$1$*(!/%!P*($!b<!L.++6:!

-.+31$*/.! %&! E"`e! Ib)$! Ka$2)&*7! E"""O91%! 41%+3(*! 2;4.! +%! /)+3()61:%&! $.+!

4.,)4)%&3.+! /%! $*+! 4*+*+! /%! *)(%! %&! $*! *34.+'%(*<! L.++6:! -(.-.&%! 91%! 2*/*!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
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!

! Ed!

G%4)+'%().! %+3@! /),)/.! %&! 3(%+! 2%$/*+?! $*! -()4%(*7! $$*4*/*! /%! U*/$%:7! *6*(2*! $*+!

5.&*+! 3(.-)2*$%+!:!+163(.-)2*$%+Q! $*!+%01&/*7!/%!&.46(%!f%((%$7! 216(%! $*!-*(3%!/%!

$*3)31/%+!4%/)*+! /%$! -$*&%3*Q! :! $*! H$3)4*7! /%&.4)&*/*! B.$*(7! 91%! 2.4-(%&/%! $*+!

$*3)31/%+!%A3(%4*+<!

!

!!!!!!!!!!!!!!!!!!!!!!!!!! !

!
Sistema de Celdas de Hadley1 Fig.1 

g!/%&3(.!/%!%+3*+!2%$/*+!+%!-(%+%&3*&!)&3%(*22).&%+!)&3%(&*+7!2.4.!+.&!$.+!,)%&3.+!

91%! )&3%(*23H*&! /%$! 2%&3(.! *! 1&! %A3(%4.! /%! 1&*! 2%$/*7! 91%! -1%/%&! +%(! /%!

2)(21$*2);&!+1-%(')2)*$!I#$)+).+7!/%$!=+3%!.!B.$*(%+OQ.!,)%&3.+!/%!*$31(*!I/%$!a%+3%! 7!

2.(()%&3%+!/%!2G.((.7!%32>3%(*O!Ia$),%(!:!U)/.(%!XFFXO!<!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
E!G33-?hhiii<0%.$.0:<14<4*)&%<%/1h0%+EXEh$%231(%+hXFW4.&+..&+hG*/$%:<C-0!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
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!

! EN!

=&!2*/*!G%4)+'%().!+%!%&21%&3(*&!/.+!5.&*+!/%!*$3*!-(%+);&!:!1&!2)&31(;&!/%!6*C*!

-(%+);&<!#!+1!,%57!%&!%$!28(21$.!%21*3.()*$7!+%!+)3H*!1&!2)&31(;&!/%!6*C*!-(%+);&<!=+!

)4-.(3*&3%! 2.&+)/%(*(! 91%! 3./.+! $.+! %$%4%&3.+! +%! /%+-$*5*&! /%! *21%(/.! 2.&! $*!

3%4-.(*/*!/%$!*^.!/%!91%!+%!3(*3%<!D.!21*$!+%!,%!)&4%/)*3*4%&3%!(%'$%C*/.!%&!$.+!

'%&;4%&.+! *+.2)*/.+! *! %+3.7! )&2$1:%&/.! $*! -(%2)-)3*2);&7! $*! 21*$! -1%/%! ,*()*(! %&!

+1+!-*3(.&%+!3%4-.(*$%+!:!%+-*2)*$%+<!!

!j%&3(.!/%!$*!2)(21$*2);&!*34.+'>()2*!/%+3*2*!$*!-(%+%&2)*!/%!$*!-(%2)-)3*2);&!2.4.!

(%+1$3*/.! /%! $*! 2.&/%&+*2);&! /%$! ,*-.(! /%! *01*! *$6%(0*/.! %&! $*! *34.+'%(*<! j%$!

4)+4.!/%-%&/%&!%&!0(*&!4%/)/*!3./*+!$*+!'.(4*+!/%!,)/*<!=&!%$!2*+.!-*(3)21$*(!/%$!

G.46(%7!/%! $*! $$1,)*!/%-%&/%&!$.+!21$3),.+7! $*!/)+3()612);&!/%! $*!-.6$*2);&!:!/%! $*!

)&/1+3()*7!:!1&!+)&!')&!/%!2.4-.&%&3%+!91%!'.(4*&!-*(3%!/%!$*!%A)+3%&2)*!/%!$*!(*5*!

G14*&*<!

!

1.5 Nubes y precipitación 

B*(*! 91%! +%! /%+%&2*/%&%! $*! -(%2)-)3*2);&! %+! &%2%+*().! 91%! %A)+3*&! &16%+! %&! $*+!

21*$%+! +%! (%*$)5*&! $.+! -(.2%+.+! /%! 2.&/%&+*2);&! :! +16$)4*2);&Q! *46.+! +.&!

/%3%(4)&*/.+! -.(! $*+! 2*(*23%(8+3)2*+! '8+)2*+! /%! $*+! &16%+7! 21:*! 2$*+)')2*2);&! %+! $*!

+)01)%&3%!Ib)$Ka$2)&*7E"""O?!

E< "#$$%&!k!/%!3)-.!')6(.+.7!/%+G)$*2G*/*+7!')$*4%&3.+*+7!)&3%&+*4%&3%!6$*&2*+!
:!+)&!+.46(*+<!

X< '($)(%&!k!!91%!,*&!%&!'.(4*!/%!2*-*!.!%+3(*3.!2.&3)&1.!+)&!'.(4*!%+-%2)*$<!

V< "%*%+%&! W! /%! '.(4*! *-%$.3*/*! .! 0$.61$*(7! 2.&! 2)4*+! (%2.(3*/*+! :!
(%/.&/%*/*+!:!+.46(*!-(.-)*<!!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
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!

! Ee!

`< ,#*-%.!k!.6+21(*+!:!*4.('*+7!91%!-(%2)-)3*&<!

!

B()&2)-*$%+!3)-.+!/%!&16%+<X!f)0<!X!

g!*$!2.46)&*(!%+3*+!2$*+)')2*2).&%+!-./%4.+!0%&%(*(!/)%5!2.46)&*2).&%+!91%!+.&!

$*+!)&3%(&*2).&*$4%&3%!*/4)3)/*+<!

D.+!(*+0.+!4@+!/%+3*2*/.+!/%!$.+!/)%5!0>&%(.+!&16.+.+!+.&!$.+!+)01)%&3%+<!!

• P)((1+?!&16%+! 3%&1%+! 2.&!*+-%23.! ')6(.+.!.! ')$*4%&3.+.<!j1(*&3%! %$! /8*!/%!

2.$.(! 6$*&2.! +)&! +.46(*+! :! %&! %$! *3*(/%2%(! 3.4*&! 2.$.(%+! *4*()$$%&3.+! .!

(.C)5.+<!B.(!$*!&.2G%!+%!3.(&*&!0()+%+<!!

• P)((.+3(*31+?!=&!'.(4*!/%!,%$.!.!4*&3.7!216(%&!3.3*$!.!-*(2)*$4%&3%!3./.!%$!

2)%$.!+)&!.21$3*(!%$!+.$!.!$*!$1&*<!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
X!G33-?hh,%&3*&**6)%(3*4:6$.0<')$%+<i.(/-(%++<2.4hXFEFhFNh3)-.+W/%W&16%+X<C-0!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
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!

! EM!

• P)((.2141$1+?! =&! 4*&3.! .! ,%$.! 2.&3)&1.! :! 6$*&91%2)&.7! +)&! +.46(*+!

-(.-)*+<!J%!2.&.2%&!2.4.!2)%$.+!*6.((%0*/.+<!!

• #3$.+3(*31+?! =&! 4*&3.! .! ,%$.! /%! 2.$.(! 0()+! .! %&! 3.&*$)/*/%+! 91%! ,*&! /%$!

6$*&2.!*$!*51$<!j%!3)-.!')6(.+.!.!1&)'.(4%<!!

• #$3.2141$1+?! =&! '.(4*! /%! 6*&2.! .! 4*&3.7! /%! 2.$.(! 6$*&2.! .! 0()+7! 2.&!

+.46(*+!-(.-)*+!:!%&!/)+-.+)2);&!(%01$*(<!

• l)46.+3(*31+?! =+! 1&*! 2*-*! 0()+! &16.+*7! &.(4*$4%&3%! +.46(8*<!

J1')2)%&3%4%&3%!%+-%+*!-*(*!.21$3*(!%$! +.$<!j%!*+-%23.!6.((.+.!*!2*1+*!/%!

$$1,)*!.!&)%,%<!

• J3(*3.2141$1+?! =+! 1&! 4*&3.! 1&)'.(4%! /%! &16%+! 0()+%+! .! 6$*&91%2)&*+7! *!

,%2%+! 2.&!-*(3%+! .6+21(*+<! [)%&%&! '.(4*!/%! $.+*+! .! (./)$$.+7! (*(*! ,%5! +.&!

')6(.+*+<!!

• J3(*31+?! P*-*! &16.+*! /%! 2.$.(! 0()+7! 2.&! 6*+%! 1&)'.(4%<! B1%/%! /*(! $10*(! *!

$$.,)5&*+!-()+4*+!/%!G)%$.!.!&)%,%<!!

• P141$1+?!l16%!+%-*(*/*!&.(4*$4%&3%!/%&+*!:!2.&3.(&.+!6)%&!/%$)4)3*/.+7!

91%!+%!/%+*((.$$*&!,%(3)2*$4%&3%<!D*+!-*(3%+!91%!+.&!)$14)&*/*+!-.(!%$!+.$!

-.+%%&!1&!6$*&2.!6()$$*&3%<!D*!6*+%!%+!.6+21(*!:!G.()5.&3*$<!!

• P141$1+&)461+?!\1:!/%&+*!:!/%!0(*&!/)4%&+);&!,%(3)2*$<!b%&%(*$4%&3%!$*!

-*(3%! +1-%().(! %+! $)+*! :! ')6(.+*<! B.(! /%6*C.! %+! +.46(8*! :! &.(4*$4%&3%! %+!

*2.4-*^*/*!/%!-(%2)-)3*2).&%+!41:!*-*(*3.+*+!-%(.!/%!2.(3*!/1(*2);&<!=&!

$.+!3(;-)2.+!*$2*&5*&!G*+3*!$.+!XFm4!/%!*$31(*<!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
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!

! E"!

[*46)>&! %+! -.+)6$%! 2$*+)')2*($*+! &16%+! 3.4*&/.! %&! 21%&3*! $*! *$31(*! *! $*! 91%! +%!

16)2*&?! *$3*+7!4%/)*+7! 6*C*+! :!/%!/%+*((.$$.! ,%(3)2*$<!\%/)*&3%! %+3%! *(014%&3.! %+!

2.4.! $.+! +)+3%4*+! /%! *&@$)+)+! 4%3%.(.$;0)2.! 2.$.2*/.+! %&! ;(6)3*! (%*$)5*&! +1+!

%+3)4*2).&%+<!j%6)/.! *! 91%!1+1*$4%&3%! $*! *$31(*! %+3@! $)0*/*! *! $*! 3%4-%(*31(*7! $*!

$%231(*!/%!>+3*!-%(4)3%!/%/12)(!%$!3)-.!/%!&16%!:!$*!2*&3)/*/!/%!-(%2)-)3*2);&<!D*+!

%A2%-2).&%+! +.&! 0%&%(*/.(*+! /%! (1)/.! %! )&2%(3)/146(%7! &.(4*$4%&3%! )&/12%&!

%+3)4*2).&%+!-.(!/%6*C.!/%!$.+!,*$.(%+!(%*$%+<!

1.5.1 Procesos de precipitación 

b(*G*4!J144%(!IE"MMO7!+%^*$*!91%!+;$.!1&*!-%91%^*!-*(3%!/%!$*+!&16%+!-(./12%!

$$1,)*!:!/%!>+3*!1&*!-(.-.(2);&!2.&+)/%(*6$%!&1&2*!3.2*!%$!+1%$.7!:*!+.&!-.2*+!$*+!

0.3*+!.!2()+3*$%+!/%!$$1,)*!+.6(%,),%&!%$!,)*C%!G*2)*!$*!+1-%(')2)%!3%((@91%*<!=&3(%!$*+!

/)')21$3*/%+! 91%! /%6%! +.(3%*(! $*! $$1,)*! %&! %+%! 3(*:%23.! +%! -1%/%&! %&2.&3(*(! $.+!

,)%&3.+! 91%! 2.((%&! -.(! /%&3(.! /%! $*!4)+4*!&16%7! -.(! %C%4-$.7! %&! %$! 2*+.! /%! $*+!

&16%+! /%! 2.&,%22);&! I%C<! 2H41$.+7! &)461+! :! 2141$1+&)461+O! +%! %A-%()4%&3*&!

,)%&3.+!*+2%&/%&3%+!-.(!$*!)&3%(*22);&!2.&!$.+!'(%&3%+!'(8.+!/%!*)(%<!!!

D*+!0.3*+!:!2()+3*$%+!91%!+8!$.0(*&!%'%231*(!$*!3(*,%+8*!*!$*!3)%((*!$.!G*2%&!4%/)*&3%!

%$!)&2(%4%&3.!/%!+1!-(.-).!,.$14%&!.()0)&*/.!-.(!4%2*&)+4.+!91%!+%!/%+*((.$$*&!

*$!)&3%().(!/%!$*+!&16%+<!

=+!-.+)6$%!(%+14)(!%&!/.+!-(.2%+.+!$*!'.(4*!%&!$*!91%!$*+!0.3*+!/%!$$1,)*!*/91)%(%&!

%$! 3*4*^.! &%2%+*().! -*(*! -(%2)-)3*(! I2.*$)2);&O<! =$! -()4%(.! +%! /%+2()6%! /%! $*!

+)01)%&3%! 4*&%(*?! /.+! 0.3*+! /%! 3*4*^.! +)4)$*(! 2*%&! *! 1&*! 4)+4*! ,%$.2)/*/!

/%+2()6)%&/.!1&*! 3(*:%23.()*!-*(*$%$*<!#$!,)*C*(!/%!%+3*! '.(4*!*46*+!0.3*+! 2(%*&!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
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!

! XF!

1&!,*28.!%&3(%!%$$*+!-.(!1&*!(%/122);&!%&!$*!-(%+);&!/%$!*)(%!%&3(%!*46.+!21%(-.+<!

=+3.! G*2%! 91%! *$! 2*6.! /%! +1')2)%&3%! /)+3*&2)*! (%2.(()/*! $*+! 0.3*+! 3%(4)&%&! -.(!

1&)(+%<!!

=$!+%01&/.!-(.2%+.!2.&+)+3%!%&!91%7!/%6)/.!*!$.+!4.,)4)%&3.+!/%$!*)(%!/%&3(.!/%!$*!

&16%7! 4)+4*! 91%! 3)%&%! /)'%(%&3%+! 5.&*+7! 2*/*! 1&*! 2.&! +1! -(.-)*+! 2.&/)2).&%+!

-*(3)21$*(%+!I,%$.2)/*/!/%!,)%&3.7!3%4-%(*31(*7!-(%+);&!6*(.4>3()2*!%32<O7!$*+!0.3*+!

/%! $$1,)*! )&2(%4%&3*&! +1! 2*(0*! %+3@3)2*!-.(! $.!91%! +%! ,%&!*3(*8/*+! %&3(%! +)<! P*6%!

4%&2).&*(!91%!$*!-(%+%&2)*!/%!1&!-(.2%+.!&.!)&/)2*!$*!*1+%&2)*!/%$!.3(.<!!

1.5.1.1 Proceso de precipitación en nubes calidas 

#!-%+*(!/%!+1!&.46(%!$*+!&16%+!2@$)/*+!-(%2)-)3*&3%+!+%!%&21%&3(*&!-.(!/%6*C.!/%!

$*! )+.3%(4*! /%! $.+! FnP7! +)31*2);&! 91%! G*2%! 91%! +;$.! 3%&0*&! 0.3*+! %&! 1&*! '*+%!

%+3*6$%<! l.(4*$4%&3%! %+3*+! &16%+! +%! $.2*$)5*&! *! 1&*! *$3)31/! 4%/)*! :! %+3@&!

$)4)3*/*+! %&! +1! %A3%&+);&! ,%(3)2*$! I%C<! &16%+! /%! 3)-.! +3(*31+! .! &)46.+3(*31+O<!

b%&%(*$4%&3%7!*$!%&2.&3(*(+%!%&!5.&*+!3(.-)2*$%+7! $*+!&16%+!2@$)/*+!-1%/%&!3%&%(!

1&*!*$3)31/!4*:.(7! +)31*2);&!91%!,*! $)0*/*!*$! )&2(%4%&3.!%&! $*! 2*&3)/*/!/%! $$1,)*!

-(%2)-)3*/*<!=+3.!/%6)/.!*!91%!%$!'.&/.!/%!$*!&16%!+%!4*&3)%&%!*!$*!4)+4*!*$31(*!*!

-%+*(!/%!91%!+1!3%2G.!+%!%&21%&3(%!*!4*:.(!*$3)31/<!!

#$!4.4%&3.!%&!91%!$*!&16%!2@$)/*!6*C*!+1!3%4-%(*31(*!*!FnP!:!+%!,1%$,%!1&*!&16%!

2@$)/*!-(%2)-)3*&3%7!$*+!0.3*+!)&3%(&*+!/%!>+3*!+%!+1-%(%&'(8*&V!$.!21*$!'*,.(%2%!$.+!

-(.2%+.+!/%!2.*$)2);&!/%+2()3.+!*&3%().(4%&3%<!j1(*&3%!%+3.+!-(.2%+.+!%+! 2.4H&!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
V!B%(4*&%&2)*!/%!1&!21%(-.!%&!%+3*/.!$891)/.!*!3%4-%(*31(*!)&'%().(!*!$*!/%!
+.$)/)')2*2);&<!
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!

! XE!

91%! $*+!0.3*+!%&! $*!&16%!2G.91%&!%&3(%!+87! $.!91%!-1%/%!.!&.!-(./12)(!0.3*+!4@+!

0(*&/%+<!!

1.5.1.2 Proceso de precipitación en nubes frías 

B*(*! 91%! +%! 2.&+)/%(%! 1&*! &16%! -(%2)-)3*&3%! '(8*! +1! 3%4-%(*31(*! /%6%! /%! %+3*(!

%&3(%!$.+!FnP!:!$.+!W`FnP<!=+3*+!&16%+!2.&3)%&%&!1&!+)+3%4*!2.&!-(%+%&2)*!/%!*01*!

%&!%+3*/.+!+;$)/.!:!+1-%(%&'()*/.7!$.!21*$!-(.,.2*!2.$)+).&%+!/%$!$891)/.!%&!*46.+!

%+3*/.+<!!!

D*! '.(4*!/%! $.+!2()+3*$%+!%+3@!/%3%(4)&*/*!-.(! $*! 3%4-%(*31(*!*! $*!91%!.21((%!%$!

-(.2%+.! /%! +1! '.(4*2);&7! -.(! %C%4-$.7! $.+! 2()+3*$%+! 2.&! '.(4*! /%! -()+4*!

0%&%(*$4%&3%!+%!2.&+3(1:%&!%&3(%!FnP!:!W`nPQ!4)%&3(*+!91%!$*+!-$*2*+!G%A*0.&*$%+!

+%!'.(4*&!%&3(%!!W`nP!:!WEFnPQ!$*+!'.(4*+!4@+!2.4-$)2*/*+!+%!0%&%(*&!%&3(%!$.+!W

EFnP!:!WXFnP<!

1.5.2 Lluvia y llovizna  

D*! -(%2)-)3*2);&! -1%/%! ,%&)(! %&!412G*+! '.(4*+7! /%+/%! 2()+3*$%+! +;$)/.+! /%! G)%$.!

G*+3*! %&! $$1,)*+! 2.&! 0.3*+! +H-%(! ')&*+! k$$.,)5&*<! #! 2.&3)&1*2);&! +%! *&.3*&! $*+!

/)'%(%&2)*+!%&3(%!$*+!0.3*+!/%!$$1,)*!:!$*+!/%!$$.,)5&*<!!

D*!$$1,)*!2.4.!3*$!%+!$*!'.(4*!/%!-(%2)-)3*2);&!4@+!2.4H&!%&!0(*&!-*(3%!/%$!41&/.!

:! +%! -1%/%! -(./12)(! -.(! &16%+! /%! 3)-.! 2.&,%23),.! /%! *$3)31/! 4%/)*! 2.&! 3%2G.+!

6*C.+7!I&16%+!/%!3)-.!*$3.+3(*3.+O7!G*+3*!-.(!&16%+!/%!/%+*((.$$.!,%(3)2*$!I&16%+!/%!

3)-.!2141$1+&)461+O!91%!-(%2)-)3*&!Y(%0*/%(*5.+Z!/%!$$1,)*<!=&!$*3)31/%+!2@$)/*+!%$!

-(.2%+.! /%! 2.&+3(122);&! /%! 0.3*+! /%! $$1,)*! -(%2)-)3*&3%+! %+! $*! 2.*$)2);&<! J)&!
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!

! XX!

%46*(0.7! %A)+3%&! .3(.+! -(.2%+.+! 4%&.+! '(%21%&3%+! 2.4.! $*! *2(%2);&! :! $*!

*0(%0*2);&7! 2*/*! 1&.! /*! 2.4.! (%+1$3*/.! /)'%(%&3%+! 3*4*^.+! /%! 0.3*<! I\*+.&! K!

#&/(%i+!E"NFO!!

#1&91%!-*(*!$*!0%&%(*$)/*/!/%!$*+!-%(+.&*+!&.!%A)+3%!1&*!/)'%(%&2)*!&.3*6$%!%&3(%!

$*+!0.3*+!/%! $$1,)*!:! $*+!/%! $$.,)5&*7! $*!/)'%(%&2)*!%+!6*+3*&3%!.6,)*!:!/%3%23*6$%!*!

+)4-$%!,)+3*<!D*+!0.3*+!/%! $$.,)5&*! 3)%&%&!1&!/)@4%3(.!4%&.(!*! $.+!F<d!447!:! $*+!

0.3*+!/%!$$1,)*!$.!3)%&%&!4*:.(!*!%+3@!4%/)/*<!!l.(4*$4%&3%!$*!$$.,)5&*!+%!-(%+%&3*!

%&!&16%+!2.&!-.2.!,.$14%&7!/%!6*C*!*$31(*7!%&!(%0).&%+!(*5.&*6$%4%&3%!'(8*+!/%$!

41&/.Q!$*!4*:.(8*!2.((%+-.&/%!&16%+!2*$)/*+!-(%2)-)3*&3%+!I91%!+%!%&21%&3(*&!*!

FnPO<!!

1.5.2.1 Lluvia de Conveción  

=+3%!3)-.!/%!$$1,)*!+%!-(./12%!-.(!1&!*+2%&+.!(@-)/.!/%!*)(%!2*$)%&3%!*$!%&2.&3(*(!

1&*!4*+*! /%! *)(%! '(8.! 91%! $.! .6$)0*! *! %+3%!4.,)4)%&3.<! J)%4-(%! %+3@! *+.2)*/*! *!

&16%+! /%! 3)-.! 2141$1+! .! 2141$1+&)461+<! =&! 0%&%(*$! %+3%! 3)-.! /%! $$1,)*! +%!

2*(*23%()5*! -.(! .-%(*(! %&! @(%*+! (%$*3),*4%&3%! -%91%^*+7! '(%21%&3%4%&3%! /%!

/%2%&*+!/%!m)$;4%3(.+!21*/(*/.+7!2.&!-.+)6)$)/*/!/%!$$%0*(!*!$.+!-.2.+!2)%&3.+<!!!

=+3.+! '%&;4%&.+!&.(4*$4%&3%!+.&!-*(3%!/%! 3.(4%&3*+!%$>23()2*+!.!/%! 3.(4%&3*+!

/%!412G*!)&3%&+)/*/!k3*46)>&!$$*4*/*+!(%0*/%(*5.+<!!P.4H&4%&3%!+%!$%+!4)/%!%&!

4%+.%+2*$*+7! /.&/%! ,*()*+! -(%2)-)3*2).&%+! /%! 2.&,%22);&7! 91%! .21((%&! *$!4)+4.!

3)%4-.7!-1%/%&!'.(4*(!-*(3%!/%!2)2$.&%+!3(.-)2*$%+<!!
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!

! XV!

P.41&4%&3%!$*+!$$1,)*+!/%!2.&,%22);&!+.&!/%!/1(*2);&!41:!2.(3*7!2.&!-%()./.+!/%!

,)/*!%&3(%!4%/)*!:!/.2%!G.(*+<!=+3.!/%6)/.!*!91%!$.+!'%&;4%&.+!&.(4*$4%&3%!+.&!

/%!2*(@23%(!&#(3&$/<!!

1.5.2.2 Lluvia ciclónica  

=+3%! 3)-.! /%! $$1,)*! +%! -(./12%! -()&2)-*$4%&3%! 2.4.! %'%23.! +%21&/*().! *! $*!

2)(21$*2);&! *34.+'>()2*! /1(*&3%! 1&! +)+3%4*! 2)2$;&)2.7! -(./12)%&/.! 0(*&/%+!

2*&3)/*/%+! /%! $$1,)*! %&! @(%*+! )01*$4%&3%! 0(*&/%+! k/%! ,*()*+! /%2%&*+! /%!

m)$;4%3(.+<! ! D*! -()&2)-*$! 2*(*23%(8+3)2*! /%! %+3.+! +)+3%4*+! %+! $*! 2.&+)/%(*6$%!

2.&,%(0%&2)*! G.()5.&3*$! 91%! 3.4*! $10*(! %&! $*! 3(.-.+'%(*<! =&! $*! -*(3%! 3%4-.(*$!

%+3.+! %,%&3.+! +.&! &.(4*$4%&3%! 4%/)/.+! %&! %+2*$*! /%! G.(*+! :! +1! )&3%&+)/*/!

0%&%(*$4%&3%! 3)%&/%! *! +%(! -.2.! )&3%(4)3%&3%! :! G.4.0>&%*7! *1&91%! %A)+3%! $*!

-.+)6)$)/*/!/%!2G16*+2.+!.2*+).&*$%+<!!

!

1.5.2.3 Lluvia orográfica 

P.4.!+1!&.46(%!$.!)&/)2*7!%+3%!3)-.!/%!$$1,)*!3)%&%!+1!.()0%&!-.(!$*!)&3%(*22);&!/%!

$*+! &16%+! 2.&! $*! .(.0(*'8*! /%! $*! 5.&*<! b%&%(*$4%&3%! %+3*! )&3%(*22);&! .21((%! 2.&!

1&*!6*((%(*!3.-.0(@')2*!/%!0(*&!3*4*^.7!-.(!$.!91%!$*!$$1,)*!3)%&%!1&*!2.4-.&%&3%!

%+-*2)*$!41:!$)4)3*/*<!=+3%!-(.2%+.! )&2$1:%!'.(5*(!%$!*)(%!2.&3(*!1&*!6*((%(*!91%!

/%+*3*! $.+! -(.2%+.+! /%! 2.&/%&+*2);&! :! $.+! 0%&%(*/.(%+! /%! 0.3*+! /%! $$1,)*!

-(%2)-)3*&3%+<!!
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!

! X`!

a3(*!4*&%(*!%&! $*!91%!+%!-1%/%!/*(!%+3*! $$1,)*!%+!4%/)*&3%!%$!%&21%&3(.!/%!1&*!

4*+*!/%!*)(%!2.&3(*!1&*!6*((%(*!/%!,)%&3.<!D*!)&3%&+)/*/!/%!%+3%!3)-.!/%!'%&;4%&.!

3)%&/%! *! ,*()*(!412G.! /%! *21%(/.! 2.&! $*+! 2.&/)2).&%+! $.2*$%+<! B.(! %C%4-$.7! 1&*!

2.(/)$$%(*!/%!61%&!3*4*^.!-(./12)(@!2*&3)/*/%+!2.&+)/%(*6$%+!/%!$$1,)*<!!!

 

1.6 Circulación atmosférica en México   

P.4.!%+!+*6)/.7!\>A)2.!.21-*!1&*!-.(2);&!/%!$*+!5.&*+!3(.-)2*$%+!:!+163(.-)2*$%+!

/%$!G%4)+'%().!&.(3%<!D*!-*(3%!+1(!/%$!3%(()3.().!&*2).&*$!(%2)6%!$*!-(%+%&2)*!/%!$.+!

,)%&3.+!*$)+).+!/%6)/.!*!91%!2.((%+-.&/%!*!$*!5.&*!3(.-)2*$Q!%&!3*&3.!91%!$*!-.(2);&!

&.(3%!+%!$.2*$)5*!/%&3(.!/%!$*!'*C*!+163(.-)2*$!/%!*$3*!-(%+);&<<!f(%21%&3%4%&3%7!%&!

+%-3)%46(%!+%!-(%+%&3*&!2)2$.&%+!3(.-)2*$%+!.()0)&*/.+!%&!%$!4*(!/%!D*+!#&3)$$*+!:!

%&! %$! .2>*&.! B*2)')2.<! o+3.+! .2*+).&*&! /)'%(%&3%+! *'%23*2).&%+! %&! %$! -*8+! :*! 91%!

412G*+! /%! +1+! 3(*:%23.()*+! 2.((%&! -*(*$%$*+! *! $*+! 2.+3*+! .! +%! )&3%(&*&! %&! %$!

2.&3)&%&3%IU%(&@&/%5!%3!*$!XFFXO<!!

=&! $*!-*(3%! '(8*!/%$! *^.!%+!&.3.()*! $*! *'$1%&2)*!/%!,)%&3.+!/%$! .%+3%! *! $.! $*(0.!/%!

3./.! %$! 3%(()3.().! &*2).&*$7! *1&91%! >+3.+! 2.4H&4%&3%! +%! ,%&! '(%&*/.+! -.(! $*!

&*31(*$%5*!4.&3*^.+*!/%$!3%((%&.<![*46)>&!%&!%+3*!>-.2*!+%!*-(%2)*!$*!%&3(*/*!/%!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
`!J%22);&!/%!$*!*34.+'%(*!2.((%+-.&/)%&3%!*!$*+!5.&*+!3(.-)2*$%+!/.&/%!G*:!
-(%+%&2)*!2.&+3*&3%!/%!*$3*+!-(%+).&%+!-.(!-*(3%!/%!$*!*34;+'%(*!!!
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!

! Xd!

Y&.(3%+Zd! *! $*+! 2.+3*+! /%$! b.$'.! /%! \>A)2.7! -(.2%/%&3%+! /%! =+3*/.+! _&)/.+! /%!

#4>()2*!:!/%$!+1(!/%!P*&*/@<!

!

L%0).&%+!P$)4*3.$;0)2*+!%&!\>A)2.N!f)0<!V!

J)&! %46*(0.7! G*:! 91%! 2.&+)/%(*(! 91%! 1&.! /%! $.+! '*23.(%+! 2$)4*3.$;0)2.+! 91%!

2.&/)2).&*! /%! '.(4*! 4*:.()3*()*! $*! -(%2)-)3*2);&! %&! \>A)2.! %+! $*! p.&*!

S&3%(3(.-)2*$! /%! P.&,%(0%&2)*! IpSPOe7! 91%! +%! /%+-$*5*! /%! &.(3%! *! +1(! .! ,)2%,%(+*!

+%0H&!$*!3%4-.(*/*!/%$!*^.<!=&!%$!)&,)%(&.7!21*&/.!$*!pSP!+%!3(*+$*/*!2.&!/)(%22);&!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
d!\*+*!/%!*)(%!'(8.!-(.,%&)%&3%+!/%!=+3*/.+!_&)/.+!:!P*&*/@<!
N!I[(*/12)/.!/%O!G33-?hhiii<*/)4*-*+<2.4h*4%()2*h4%A)2.h2$)4*3%<C-0W%+<G34$!
e!P)&31(;&!/%!6*C*!-(%+);&!91%!2)^%!%$!0$.6.!3%((%+3(%!%&!$*!(%0);&!%21*3.()*$<!
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!

! XN!

+1(!+%!-(%+%&3*&!$.+!T)%&3.+! !#$)+).+M:!$.+!T)%&3.+!/%$!a%+3%=<!=&!T%(*&.!$*!pSP!+%!

/%+-$*5*! G*2)*! %$! &.(3%7! -.(! $.! 91%! /.4)&*&! $.+! ,)%&3.+! /%$! %+3%! .! +1(%+3%!

-(.,%&)%&3%+!/%$!.2>*&.!#3$@&3)2.<!!

a3(.! '*23.(! (%$%,*&3%! %+! $*! -(%+%&2)*! /%! $.+! 2)2$.&%+! :! 3.(4%&3*+! 3(.-)2*$%+!

0%&%(*/.+!%&!$.+!.2>*&.+!#3$@&3)2.!:!B*28')2.7!C1&3.!2.&!$*+!/%-(%+).&%+!2)2$;&)2*+!

91%!*3(*,)%+*&!$*!-*(3%!&.(3%!/%$!-*8+<!!

1.6.1 Precipitación en México y temporada de secas 

D*+!5.&*+!4@+!$$1,).+*+!+%!%&21%&3(*&!*$!+1(!/%$!-*(*$%$.!XXnl!:!2.4-(%&/%&!$*+!

-%&/)%&3%+!4.&3*^.+*+!/%!$*+!-.(2).&%+!2%&3(*$%+!:!+1(!/%$!b.$'.!/%!\>A)2.Q!*918!

%+! -.+)6$%! %&2.&3(*(! 4%/)2).&%+! +1-%().(%+! *! $.+! E7dFF! 447! 4%(2%/! *! +1!

%A-.+)2);&!/)(%23*!*! $.+!,)%&3.+!GH4%/.+!/%$!4*(7!*+.2)*/.+!*! $.+!,)%&3.+!*$)+).+7!

$.+!&.(3%+!:!$.+!2)2$.&%+!3(.-)2*$%+IU%(&@&/%5!%3!*$!XFFeO<!!

j1(*&3%!%$!,%(*&.!+%!.6+%(,*!1&!4.,)4)%&3.!*&3)2)2$;&)2.!2.&!/)(%22);&!G*2)*!%$!

&.(3%<! D*! 2*&3)/*/! /%! $$1,)*! *14%&3*! -(.-.(2).&*$4%&3%! 2.&! $*+! -%(31(6*2).&%+!

2)2$;&)2*+! .()0)&*/*+! %&! %$!4*(! /%! D*+! #&3)$$*+<! o+3*+! +.&!4@+! 2.41&%+! G*2)*! %$!

')&*$! /%$! ,%(*&.! %! )&)2).! /%$! .3.^.<! P.4.! (%+1$3*/.! +%! 3)%&%! 1&! *14%&3.! /%!

-(%2)-)3*2);&!%&!$.+!4%+%+!/%!+%-3)%46(%!:!.2316(%<!#$!$$%0*(!$*!4)3*/!'(8*!/%$!*^.!

+%!*-(%2)*!1&*!/)+4)&12);&!%&!$*!)&3%&+)/*/!/%!$$1,)*<!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
M!T)%&3.+!91%!+.-$*&!G*2)*!%$!%21*/.(!:!2.&!/)(%22);&!.-1%+3*!*!$*!(.3*2);&<!!
"!T)%&3.+!-(.,%&)%&3%+!/%!$.+!28(21$.+!-.$*(%+!2.&!/)(%22);&!.%+3%<!!
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!

! Xe!

=&!0%&%(*$7!+%!-1%/%!/%2)(!91%!*!$.!$*(0.!/%$!*^.!$*!-(%2)-)3*2);&!%+!412G.!4*:.(!

%&! $*!-*(3%!/%$!b.$'.!/%!\>A)2.!91%!%&! $*!/%$!.2>*&.!B*28')2.Q!%&! 3*&3.!91%!%&! $*!

2.+3*!/%$!b.$'.!%+!'@2)$!%&2.&3(*(!+)3).+!/.&/%!+%!(%0)+3(%&!4@+!/%!X7FFF!447!!%&!%$!

B*28')2.!%+!/)'82)$!%&2.&3(*(!$10*(%+!%+-%28')2.+!%&!$.+!21*$%+!+%!$$%01%!*!%+3*!4*(2*<!!

U*:7!+)&!%46*(0.7!5.&*+!/%!$*!+)%((*!/%!PG)*-*+!/.&/%!$*!-(%2)-)3*2);&!$$%0*!*!+%(!

4*:.(!*!V7dFF!44!*!-%+*(!/%!91%!3)%&%!1&!(%$)%,%!41:!%$%,*/.!:!91%! $*+! $$1,)*+!

(%2)6%&!$*!)&'$1%&2)*!/%!$.+!2)2$.&%+!3(.-)2*$%+7!3*&3.!/%$!B*28')2.!2.4.!/%$!b.$'.!/%!

\>A)2.<!=&!%+3%!2*+.7!$*!4@A)4*!-(%2)-)3*2);&!3*46)>&!+%!-(%+%&3*!%&!+%-3)%46(%<!

D*+!21%&2*+!)&3%().(%+!(%2)6%&!4%&.+!/%!E7FFF!44!/%!$$1,)*!*&1*$<!=&3(%!>+3*+!+%!

21%&3*&!$*!/%-(%+);&!/%!PG)*-*+7!$*!21%&2*!/%$!(8.!c*$+*+!:!$*+!21%&2*+!/%!$.+!(8.+!

T%(/%! IJ*&! D1)+! B.3.+8O7! \)A3%2.! Ia*A*2*WB1%6$*O7! [$*-*&%2.! Ib1%((%(.O7!

[%G1*&3%-%2!Ia*A*2*O!:!B*-*$.*-*&!IT%(*2(15O7!Ib*(28*7!E"e"O<!

D*!-*(3%!+1(!/%!$*!*$3)-$*&)2)%!4%A)2*&*!(%2)6%!/%!NFF!*!E7FFF!44!/%!$$1,)*!*&1*$<!

=&! +1!4*:.(8*! ! +%! 3(*3*! /%! -(%2)-)3*2).&%+! /%! 2.&,%22);&! :! .(.0(@')2*+<! J1! &),%$!

4@A)4.!+%!*$2*&5*!G*2)*!%$!4%+!/%!C1$).7!%&!-$%&.!,%(*&.<!j1(*&3%!$*!-*(3%!'(8*!/%$!

*^.!+%!$$%0*&!*!-(%+%&3*(!&%,*/*+!%&!$*+!5.&*+!4@+!%$%,*/*+<!

#!-()&2)-).+!/%!.3.^.7!/1(*&3%!%$!4%+!/%!+%-3)%46(%7!3*&3.!%&!%$!b.$'.!2.4.!%&!%$!

B*28')2.7! $*! -(%2)-)3*2);&! *14%&3*! -.(! $*! *-*()2);&! /%! $.+! 2)2$.&%+! 3(.-)2*$%+! %&!

*46*+! 5.&*+<! =+3.! /*! 2.4.! (%+1$3*/.! 91%! %&! %$! %C%( #"'>?',-@#&-'! +%! -(%+%&3%&!

$$1,)*+! %&3(%! E7XFF! :! E7dFF!44<! D*! -*(3%! &.(3%! /%! $*! *$3)-$*&)2)%! %+! 1&*! 5.&*!/%!

%+2*+*!-(%2)-)3*2);&<!J1!*()/%5!.6%/%2%!*!+1!-.+)2);&!%&!$*!'(*&C*!+163(.-)2*$<!#918!

+%!(%2)6%&!4%&.+!/%!VFF!44!*$!*^.<!=$!(*+0.!.(.0(@')2.!4@+! )4-.(3*&3%!/%!%+3*!
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!

! XM!

5.&*!%+!$*!4%+%3*!$$*4*/*!*$3)-$*&)2)%!4%A)2*&*7!+1!*$31(*!%+!+1-%().(!*!$.+!E7dFF!4!

:! *6*(2*! 61%&*! -*(3%! /%$! 3%(()3.().! &*2).&*$<! =+3@! $)4)3*/*! *$! .%+3%! -.(! $*! J)%((*!

\*/(%!a22)/%&3*$7!91%!+%!%A3)%&/%!/%+/%!%$!-*(*$%$.!XFnl!G*+3*!$*!'(.&3%(*!&.(3%Q!

*$!+1(7!-.(!%$!%C%!#"'>?',-@#&-'I5.&*!4%3(.-.$)3*&*!/%!$*!P)1/*/!/%!\>A)2.OQ!*$!%+3%!

-.(! $*! J)%((*!\*/(%! a()%&3*$<! g! %&! $*+! -*(3%+!4@+! %$%,*/*+! /%! $*+!4.&3*^*+! /%$!

2%&3(.7!.%+3%!:!+1(!/%$!-*8+!$*!-(%2)-)3*2);&!%+!4*:.(!*!E7FFF!44!*&1*$%+!/1(*&3%!

%$!,%(*&.<!!

#$! +1(%+3%! /%! $*! L%-H6$)2*! \%A)2*&*! +%! %&21%&3(*! %$! S+34.! /%! [%G1*&3%-%2<! J%!

%A3)%&/%!*!3(*,>+!/%!$.+!%+3*/.+!/%!a*A*2*7!PG)*-*+7![*6*+2.!:!T%(*2(157!G*+3*! $*!

-%&8&+1$*!/%!g12*3@&<!D.+!-1&3.+!4@+!%$%,*/.+!/%!%+3*!(%0);&!&.!+1-%(*&!$.+!VFF!

4!/%!*$31(*7!*918!$*!-(%2)-)3*2);&!'$123H*!%&3(%!dFF!:!E7dFF!44!IJ@&2G%5!E"X"O<!

D*! -%&8&+1$*! /%! c*C*! P*$)'.(&)*! %+! .3(*! 5.&*! 2.&! -.2*! -(%2)-)3*2);&<! =&! %$$*! +%!

(%0)+3(*!4%&.+! /%! VFF!44! ! *$! *^.7! %A2%-31*&/.! $.+! 3%(()3.().+!4@+! *$3.+! /%! +1!

+)%((*!91%!(%2)6%&!%&3(%!`FF!:!NFF!44!/1(*&3%!%$!4)+4.!$*-+.<!j%+3*2*!%$!G%2G.!

/%!91%!%+!$*!H&)2*!(%0);&!/%!\>A)2.!91%!3)%&%!+1!&),%$!4@A)4.!/%!$$1,)*+!/1(*&3%!%$!

)&,)%(&.<!!

!

1.6.2 Comportamiento de la precipitación en la temporada 

invernal en México 

!
j%!*21%(/.!2.&!$*!2$*+)')2*2);&!/%!A+*-B+(CD=E=F!G*:!3(%+!(%084%&%+!/%!$$1,)*?!!
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!

! X"!

L>0)4%&!/%!$$1,)*+!/%!,%(*&.<!=$!&),%$!/%!$$1,)*+!%+7!-.(!$.!4%&.+7!/)%5!,%2%+!4*:.(!

91%!%$!4%+!4@+!+%2.!:7!&*31(*$4%&3%7!%$!4%+!2.&!4@+!-(%2)-)3*2);&!+%!%&21%&3(*!%&!

$*!4)3*/!2@$)/*!/%$!*^.<!

L>0)4%&!/%!$$1,)*+!/%!)&,)%(&.<!=$!4%+!4@+!$$1,).+.!+%!%&21%&3(*!%&!$*!4)3*/!'(8*!

/%$! *^.! :! +%! (%0)+3(*&! 2*&3)/*/%+!/%!-(%2)-)3*2);&7! -.(! $.!4%&.+7! 3(%+! ,%2%+!4@+!

)&3%&+*!91%!/1(*&3%!%$!4%+!4@+!+%2.<!!

L>0)4%&!/%!$$1,)*+!)&3%(4%/).<!P.((%+-.&/%!*!$*!4%/)*!%&3(%!$.+!*&3%().(%+7!2.&!$*!

,*()*&3%!$$1,).+*!3./.!%$!*^.<!!

D*! 4*:.(8*! /%$! 3%(()3.().! 4%A)2*&.! -(%+%&3*! (%084%&%+! /%! $$1,)*+! /%! ,%(*&.! %!

)&3%(4%/).7! +*$,.! %&! $*! -*(3%! &.(3%! /%! $*! -%&8&+1$*! /%! c*C*! P*$)'.(&)*7! 91%! +%!

2*(*23%()5*!-.(!1&!2$*(.!(>0)4%&!/%!$$1,)*+!/%!)&,)%(&.<!!

=&!%+3%!+%&3)/.7!/%+3*2*&!$.+!%+31/).+!(%*$)5*/.+!-.(!$*!\*%+3(*!=&()91%3*!b*(28*<!

=&! +1! -16$)2*2);&! Yj)+3()612);&! /%! $*! -(%2)-)3*2);&! %&! $*! L%-H6$)2*!\%A)2*&*Z! $*!

\3(*<!b*(28*!IE"e"O!G*2%!&.3*(!91%!%$!-.(2%&3*C%!/%!$$1,)*!)&,%(&*$!k-(%2)-)3*2);&!

%&! >-.2*! /%! %+3)*C%! k-1%/%! +%(! 41:! ,*()*6$%<! j%! *21%(/.! 2.&! /)2G.! %+31/).! $*!

4*:.(8*! /%! $*+! %+3*2).&%+! 2$)4*3.$;0)2*+! /%$! 3%(()3.().! &*2).&*$! -(%+%&3*&!

,*()*2).&%+!91%!'$123H*&!%&3(%!F!:!EFq!/%!$*!-(%2)-)3*2);&!*&1*$!/1(*&3%!!$*!>-.2*!

)&,%(&*$<!!!!!!

_&!&H4%(.!412G.!4@+!(%/12)/.!/%!%+3*2).&%+!(%0)+3(*!4@(0%&%+!%&3(%!EF!:!EMq!

/%! $$1,)*! )&,%(&*$Q! ! :! +;$.!1&*!2*&3)/*/!/%!%+3*2).&%+!-.2.!2.&+)/%(*6$%!41%+3(*!

-.(2%&3*C%+!4*:.(%+!/%!EMq<!=+3.+!/.+!0(1-.+!0%&%(*$4%&3%!%&3(*&!%&!%$!(>0)4%&!
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!

! VF!

/%! $$1,)*! )&,%(&*$<! #91%$$.+! $10*(%+! /%$! +%01&/.! 0(1-.! 91%! &.! 2.((%+-.&/%&! *$!

(>0)4%&! /%! $$1,)*! )&,%(&*$7! &.(4*$4%&3%! 3)%&%&! %+3.+! (%0)+3(.+! /%6)/.! *! $*!

-(%+%&2)*!/%!Y&.(3%+Z<!D*+!%+3*2).&%+!+)31*/*+!%&!$*!-%&8&+1$*!/%!c*C*!P*$)'.(&)*7!*$!

&.(3%! /%$! -*(*$%$.! XNnl7! $$%0*&! *! -(%+%&3*(! -.(2%&3*C%+! /%! $$1,)*! )&,%(&*$!

+1-%().(%+!*!VNq<=$! %+31/).!/%!%+3.+! 2.4-.(3*4)%&3.+!%+! 3*(%*!-()&2)-*$!/%!/.+!

2)%&2)*+7!$*!2$)4*3.$.08*!:!$*!4%3%.(.$.08*<!!
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! "#!

!
!

!

!

!

!

Capitulo 2!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!

Elementos para la integración de datos 

2.1 Definición 

$%! &'%()*+! ,+-(.(/! +%0+! 1'.1+&0'! 1'2'! *3! 1'2)(.31(4.! ,+! (.-'/231(4.5,30'%5

&/'6+.(+.0+! ,+! ,(-+/+.0+%! '/78+.+%! 1'.! *3! 13&31(,3,! ,+! &/'6++/! 9.! /+%9*03,'!

9.(-(13,':! ;<+.=+/(.(>! ?@@?A:! $%03! &/B10(13! %+! C3! 69+*0'! 13,3! 6+=! 2B%! 1'2D.!

1'.-'/2+!363.=3!+*!,+%3//'**'!1(+.07-(1':!!

E'.! *3! -(.3*(,3,! ,+! &/',91(/! (.-'/231(4.! 2B%! /(13! +.! 1'.0+.(,'! F! 13*(,3,! %+!

/+19//+! 3! *3! (.0+8/31(4.! ,+! -9+.0+%! ,+! ,30'%:! E'.! +%0'! %+! *'8/3.! %'*6+.03/! *3%!

13/+.1(3%! G9+! %+! &9,(+/3.! +.1'.0/3/! +.! 9.3! %'*3! -9+.0+:! <3! -'/23! +.! G9+! *3%!

,(-+/+.0+%!-9+.0+%!,+!,30'%!%+!(.0+8/3.!63/73!%+8D.!*3!.+1+%(,3,!+%&+17-(13>!&+/'!+*!

&/(.1(&('!8+.+/3*!+%!+*!2(%2':!!
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!

! "?!

H+! 0'23.! *3%! -9+.0+%! ,+! ,30'%! F! 2+,(3.0+! +*! 3.B*(%(%>! +%&31(3*! '! 130+84/(1'>! %+!

&/',91+!9.!.9+6'!&/',910'!G9+!(.1*9F+!(.-'/231(4.!,+!*'%!(.%92'%!'/(8(.3*+%:!I3!

,+!-'/23!2B%!+%&+17-(13>!*3!-'/23!142'!%+!(.0+8/3!*3!(.-'/231(4.!&9+,+!1*3%(-(13/%+!

,+!*3%!%(89(+.0+%!23.+/3%;J(+*8+/KL(00/(1C>!?@@MAN!

O.0+8/31(4.! 23.93*N! $*! 9%93/('! /+3*(=3! +*! &/'1+%'! ,+! -'/23! 23.93*! 2+,(3.0+!

,(-+/+.0+%!0(&'%!,+!(.0+/-31+%:!

O.0+/311(4.!,+!(893*!3!(893*N!<3!(.0+8/31(4.!+%!/+3*(=3,3!2+,(3.0+!9.!(,+.0(-(13,'/!

1'2D.!+.!32)3%!)3%+%!,+!,30'%:!!

• O.0+/-3=! 1'2D.! &3/3! +*! P%93/('N! H+! 0/303! ,+! C'2'8+.(=3/! *3%! -9+.0+%! ,+!

,30'%!&3/3!*3!(.0+8/31(4.:!

• O.0+8/31(4.! &'/! 3&*(131(4.N! $*! &/'1+%'! %+! /+3*(=3! 2+,(3.0+! &3G9+0+/73! ,+!

-'/23!390'2B0(13:!!

• O.0+8/31(4.!2+,(3.0+!2(,,*+Q3/+N! H+! /+3*(=3!2+,(3.0+! 63/(3! 3&*(131('.+%>!

(.1*9F+.,'!)3%+%!,+!,30'%:!!

• O.0+8/31(4.!&'/!,30'%!,+!311+%'!9.(-'/2+N!H+!90(*(=3!9.3!&/9+)3!*48(13!&3/3!

/+3*(=3/!+*!&/'1+%'!%')/+!9.!2(%2'!.(6+*!,+!311+%':!!

R3/3!+%0+! 0/3)3S'! %+!'&04!&'/!90(*(=3/! *3! (.0+8/31(4.!23.93*>! +.!T%03! *'%!9%93/('%!

(.0+/310D3.! ,(/+1032+.0+! 1'.! *3%! -9+.0+%! ,+! (.-'/231(4.! F! %+*+11('.3.! *3!

(.-'/231(4.! /+*+63.0+! &3/3! ,+%&9T%! (.0+8/3/*3:! $%! .+1+%3/('! G9+! *'%! 9%93/('%!

0+.83.!1'.'1(2(+.0'!,+!,(-+/+.0+%! 0(&'!,+! (.0+/-31+%>! *+.893S+%!,+!142&90'!&3/3!

/+3*(=3/! %+*+11('.+%!F! *+.893S+%!,+!&/'8/3231(4.:!H+! /+1'2(+.,3! 032)(T.!G9+!%+!
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! ""!

0+.83.!1'.'1(2(+.0'%!,+!*48(13>!*'13*(=31(4.>!/+&/+%+.031(4.!,+!,30'%!F!%+2B.0(13!

,+!,30'%:!!

U0/3!-'/23!90(*(=3,3!+.!+%0+!&/'F+10'!-9+!1'.+V('.+%!,+!(893*!3!(893*>!+%0+!0(&'!,+!

(.0+8/31(4.!+%!,+! 13/B10+/!,+%1+.0/3*(=3,'>! F3!G9+!+.! -'/23!3904.'23! *'%!.','%!

1'//+%&'.,(+.0+%! )9%13.! %9%! &3/+%:! W%0'%! &9+,+.! %+/! (.-'/231(4.! 130+84/(13>! '!

+%&31(3*!'!32)3%:!$.!+%0+!0/3)3S'!+%0'%!%'.!*'%!,'%!&/(.1(&3*+%!2T0','%!90(*(=3,'%!

&3/3!*3!(.0+8/31(4.>!39.G9+!+V(%0+.!291C'%!2B%:!

2.2 Insumos para la integración  

2.2.1 Elementos meteorológicos y climatológicos 

H+! 1'.%(,+/3! 9.3! +%031(4.! 2+0+'/'*48(13! 3! 193*G9(+/! (.%03*31(4.! 1'.! *3!

(.%0/92+.031(4.! .+1+%3/(3! &3/3! /+13)3/! (.-'/231(4.! 2+0+'/'*48(13! F!

1*(230'*48(13!G9+!/+&/+%+.0+!*'%!-+.42+.'%!'19//(,'%!+.!*3!3024%-+/3:!

<3! +%031(4.! 2+0+'/'*48(13! &3/3! -9.1('.3/! %(+2&/+! ,+)+! +.1'.0/3/%+! 3*3!

(.0+2&+/(+!+.!*3%!='.3%!,'.,+!%+!/+G9(+/3!1'.'1+/!*'%!&30/'.+%!,+!*'%!-+.42+.'%!

'19//(,'%!+.!*3!3024%-+/3>!1'.!*3!&'%()(*(,3,!,+!*'13*(=3/%+!+.!0(+//3!-(/2+!'!%')/+!

9.3!&*303-'/23!3T/+3!'!23/(.3:!!

<'! 3.0+/('/! 63! *(83,'! 3! *3! -(.3*(,3,! ,+! *3! +%031(4.>! *'%! 0(&'%! 2B%! 1'29.+%! G9+!

&',+2'%! +.1'.0/3/! %'.N! 1'.6+.1('.3*+%>! 390'230(=3,3%>! ')%+/630'/('%!

3%0/'.42(1'%! F! )'F3%>! &/(.1(&3*2+.0+:! E3,3! 9.3! 1'.! 13/310+/7%0(13%! G9+! *+!

&+/2(0+.!'-/+1+/!,30'%!31'/,+%!3!%9!-(.:!!

!
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! "M!

<'%!,30'%! %+! /+8(%0/3.!+.!,(-+/+.0+%! (.0+/63*'%!,+! 0(+2&'>!G9+! %'.!,+0+/2(.3,'%!

&'/!+*! 0(&'!,+!+%031(4.!F!%9! *'13*(=31(4.:!E'2D.2+.0+! *'%!,30'%!G9+!%+!/+1'&(*3.!

1'//+%&'.,+.! 3! ! 0+2&+/309/3>! &/+%(4.! 302'%-T/(13>! ,(/+11(4.! F! 6+*'1(,3,! ,+*!

6(+.0'>!+63&'/31(4.!F!&/+1(&(031(4.:!X!1'.0(.931(4.!%+!,+%1/()+.!1'.!,+03**+!+%0'%!

+*+2+.0'%:!!!

!"# $%&'%("$)("! +%! 9.3! &/'&(+,3,! -7%(13! ,+! *'%! ')S+0'%>! +%0B! /+*31('.3,3! 1'.! *3!

0/3.%-+/+.1(3! ,+! +.+/873! 0T/2(13! +.0/+! ,(-+/+.0+%! %(%0+23%:! $%! 9.3!2+,(,3! ,+! *3!

+.+/873!1(.T0(13!,+!*3%!&3/0719*3%!G9+!1'2&'.+.!+*!')S+0'!,+!(.0+/T%:!

$.!+*!H(%0+23! O.0+/.31('.3*!,+!P.(,3,+%!+%0B! !,+-(.(,3! *3!9.(,3,!,+! 0+2&+/309/3!

1'2'! Y+*6(.:! H(.! +2)3/8'>! +%! 29F! 1'2D.! G9+! %+! 90(*(1+! *3! +%13*3! E+*%(9%! ;'!

1+.078/3,3A!F>!+.!$%03,'%!P.(,'%!,+!X2T/(13>! *3!+%13*3!Z3C/+.C+(0:!R3/3!0',3%! *3%!

+%13*3%!*3!9.(,3,!+%!+*!8/3,':!

$.! *3! +%13*3! E+*%(9%! ,+! 0+2&+/309/3>! +*! 1+/'! 1'//+%&'.,+! 3! *3! 0+2&+/309/3! ,+*!

&9.0'!,+!1'.8+*32(+.0'!,+*!3893>!F!+*!#@@!3!%9!0+2&+/309/3!,+!+)9**(1(4.>!32)'%!3!

.(6+*!,+*!23/:!

U0/'!+*+2+.0'!G9+!G9+,3!/+8(%0/3,'!+%# *"#'(%+,-.#"$&/+01(,2"# *3! 193*! %+!,+-(.+!

1'2'! *3! -9+/=3! +S+/1(,3! &'/! *3! 3024%-+/3! &'/! 9.(,3,! ,+! B/+3! %')/+! 193*G9(+/!

%9&+/-(1(+:!W%03!+G9(63*+!3*!&+%'!,+!9.3!1'*92.3!,+!3(/+!G9+!%+!+V0(+.,+!,+%,+!9.!

.(6+*!,+0+/2(.3,'!C3%03!+*!*72(0+!%9&+/('/!,+!*3!3024%-+/3:!

$%!&'%()*+!+V&/+%3/!*3!&/+%(4.!+S+/1(,3!2+,(3.0+!*3!2+,(1(4.!+.!63/(3%!9.(,3,+%!,+!

2+,(,3N! C+10'&3%13*+%>! 2(*()3/+%>! &9*83,3%! '! 2(*72+0/'%! ,+! 2+/19/('! ;[8A:! <3!
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! "\!

9.(,3,!+%0B.,3/!+.!2+0+'/'*'873!+%!+*!C+10'&3%13*!;#!R3]#!^_2?!F!#!C+10']#@@A>!

F3! G9+! *3%! ,(-+/+.1(3%! +.! &/+%(4.! %'.! ,+*! '/,+.! ,+! #@@! R3>! &'/! *'! G9+! +%! 2B%!

&/B10(1'!90(*(=3/!+%03!9.(,3,>!G9+!+G9(63*+!3!9.!2(*()3/:!

$*!2'6(2(+.0'!,+*!3(/+!+.!*3!3024%-+/3>!2+S'/!1'.'1(,'!1'2'!3,%.$/>!+%0B!%9S+0'!3!

*'%! +-+10'%! ,+! *3! &/+%(4.! 302'%-T/(13:! L+! C+1C'>! +*! 6(+.0'! +%! /+%9*03,'! ,+! *3%!

,(-+/+.1(3%! ,+! &/+%(4.! G9+! %+! 23.(-(+%03.! +.! *3! 3024%-+/3:! <3! 23F'/73! ,+! *'%!

2'6(2(+.0'%!,+!3(/+!,+!(.0+/T%!+.!2+0+'/'*'873!+VC()+.!6+*'1(,3,+%!C'/(='.03*+%!!

,+*! '/,+.! ,+! #@!2_%>!2(+.0/3%! *3%! G9+! %+! &/+%+.03.! +.! %+.0(,'! 6+/0(13*! %'.! ,+*!

'/,+.! ,+! #! 12_%>! &'/! *'! G9+! 1'2D.2+.0+! 3*! C3)*3/! ,+! 6(+.0'! .'%! /+-+/(2'%!

%(+2&/+!3!9.3!1'//(+.0+!C'/(='.03*!'!3!*3!1'2&'.+.0+!C'/(='.03*!,+!9.3!1'//(+.0+!

302'%-T/(13:!

<3%! 0/+%! 13/310+/7%0(13%! /+8(%0/3,3%! ,+*! 6(+.0'! G9+! %+! 2(,+.! %'.! *3! ,(/+11(4.>! *3!

/3&(,+=! F! +*! 0(&'! ;/B-383%! F! /31C3%A`! +**3%! %+! 2(,+.! 2+,(3.0+! 6+*+03%! F!

3.+242+0/'%!3!)3S3!3*09/3>!2(+.0/3%!G9+!*'%!,+!8/3.!3*0(09,!%+!,+0+103.!1'.!8*')'%!

&(*'0'!'!/3,('a%'.,+'%:!

$.!*3%!2+,(1('.+%!,+*!6(+.0'!%+!/+8(%0/3!%9!/3&(,+=!F!%9!,(/+11(4.:!<3!,(/+11(4.!!+%!

&'%()*+!+V&/+%3/*3!+.!8/3,'%!%+V38+%(23*+%!%+8D.!9.!14,(8'!3*-3)T0(1'!G9+!(.,(13!

*3!,(/+11(4.!8+'8/B-(13!,+%,+!,'.,+!%'&*3!+*!6(+.0'! ;^N!^'/0+`!$N!$%0+`!HN!H9/`!bN!

U+%0+>!F!*3%!,(/+11('.+%!(.0+/2+,(3%>!1'2'!^$!'!HHbA:!

c32)(T.!G9+,3!/+8(%0/3,3!+.!*3%!+%031('.+%!*"#%3"'/("2,-.>!*3!193*!%+!,+-(.+!1'2'!

+*! 132)('! ,+! +%03,'! 1'.%(%0+.0+! +.! +*! &3%'! ,+! 9.! *7G9(,'! 3*! +%03,'! ,+! 63&'/>! ,+!

-'/23!8/3,93*>!G9+!%+!&/+%+.03!+.!*3!%9&+/-(1(+!,+*!*7G9(,'!F!1'.!9.3!0+2&+/309/3!
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! "d!

2+.'/!3!*3!,+!+)9**(1(4.:!<3!/3=4.!&'/!*3!G9+!%+!&/+%+.03!*3!+63&'/31(4.!+%0B!+.!*3!

0+'/73! 1(.T0(13! 2'*+19*3/! ,+! *3! 230+/(3:! <3%! 2'*T19*3%! G9+! (.0+8/3.! 9.! *7G9(,'!

0+.,+/B.!3!+%13&3/!,+!T*>!&+/'!%4*'!*'!1'.%(89+.!3G9+**3%!G9+!,(%&'.+.!1'.!+.+/873!

%9-(1(+.0+! &3/3! 6+.1+/! *3! 30/311(4.! ,+! *3%! '0/3%!2'*T19*3%! ,+*! *7G9(,':! X*! &+/,+/!

+%03%!2'*T19*3%!+*!*7G9(,'!&(+/,+!!+.+/873>!&'/!*'!G9+!%+!+.-/73>!,+!2','!G9+!&3/3!

23.0+.+/!%9!0+2&+/309/3!F!&/'%+89(/!*3!+63&'/31(4.!+%!&/+1(%'!3&'/03/!13*'/:!

$%!&'%()*+!G9+!+.!*3!3024%-+/3!+*!63&'/!,+!3893!G9+!%+!+.19+.0/3!+.!*3!2(%23!&3%+!

,+! +%03,'! 83%+'%'! 3! *7G9(,'! '! %4*(,'>! F! 3! %9! 137,3! 3*! 0+//+.'! &'/! 311(4.! ,+! *3!

8/36+,3,!%+! *+!1'.'1+!1'2'!'(%2,',$"2,-.:!W%03!&9+,+!%+/!+.! -'/23!,+!8'03%!,+!

3893>!.(+6+!'>!(.1*9%'>!8/3.(=':!!

2.2.3  Medición de precipitación 

$.!*3%!2+,(1('.+%!,+!&/+1(&(031(4.!%+!2(,+!*3!03%3!,+!31929*31(4.!,+!**96(3!'!.(+6+!

&'/! 9.(,3,! ,+! B/+3! C'/(='.03*:! P.3! 31929*31(4.! ,+! #! 22! 1'//+%&'.,+! 39.!

6'*92+.!,+!#!*_2?:!

^'/23*2+.0+!*'%!/+8(%0/'%!,+)+.!,+!**+63/%+!3!(.0+/63*'%!,+!0(+2&'!/+89*3/+%>!*'%!

193*+%! &9+,+.! %+/! C'/3/('%! ;13,3! C'/3A>! 13,3! 0/+%! C'/3%! '! ,(3/(32+.0+;b'/*,!

!"#"$%$&$'()*&+ ,%'*-(.*#($-! ;beUAA:! R+/'! &3/3! 3*89.'%! -(.+%! +%! .+1+%3/('! +*!

0'23/! ')%+/631('.+%! +.! &+/(','%! ,+! 0(+2&'! 3D.! 2B%! )/+6+%! '! 2B%! *3/8'%:! $%!

1'2D.! G9+! +.! 3*89.'%! 1*(23%! ,+%(+/0'%! *'%! &+/(','%! %+3.! ,+! %+23.3%>! 2+%+%! '!

(.1*9%(6+!3f'%:!!

!
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! "g!

L+)(,'! 3! *3%! 1'.,(1('.+%! G9+! &9+,+.! 3-+103/! +*! -+.42+.'! ,+! &/+1(&(031(4.! +%!

(2&'/03.0+! 1'.03/! 1'.! 2+03,30'%! G9+! &+/2(03.! 1'.'1+/! 2+0(19*'%32+.0+! *'!

%91+,(,'! +.! *3! +%031(4.>! ,+! 03*! -'/23! G9+! %+3! &'%()*+! +63*93/! F! &/'1+%3/!

1'//+1032+.0+! *'%! ,30'%:! X1093*2+.0+! %+! 19+.03! 1'.! 9.! /(1'! 1'.0+.(,'! +.!

2+03,30'%!+.!*3%!+%031('.+%!2B%!/+1(+.0+%:!!

R3/3! ')0+.+/! /+%9*03,'%! 2B%! 1'.-(3)*+%! %+! /+1'2(+.,3! 0'23/! *'%! %(89(+.0+%!

&3/B2+0/'%! &3/3! *3! +*+11(4.! ,+*! *983/! ,+*! (.%0/92+.0'! ,+! -'/23! G9+! +*! 6(+.0'!

&/',9=13!*'%!2+.'/+%!+%0/38'%!F!%+!0+.83!9.3!29+%0/3!1'.-(3)*+!,+!,30'%:!!

#: $*+8(/! B/+3%! 1'.! ,+.%(,3,! ,+! 6+8+031(4.! C'2'8T.+3>! %')/+! 0','! G9+! *3!

3*09/3!,+*!-'**3S+!%+3!1'.%03.0+:!

?: $.!13%'!,+!G9+!.'!%+3!&'%()*+!192&*(/!+*!&9.0'!3.0+/('/!&/'19/3/!3(%*3/!+*!

(.%0/92+.0'! *'! %9-(1(+.0+! &3/3! G9+! *3%! 63/(31('.+%! +.! *3! 6+8+031(4.! .'!

&/',9=13.!+//'/+%:!!!

": P0(*(=3/!&/'0+11(4.!1'.0/3!+*!+-+10'!,+*!6(+.0':!!

M: <3!%9&+/-(1(+!3*/+,+,'/!,+)+!,+!%+/!19)(+/03!1'.!&3%0'!1'/0'>!8/3)3>!3/+.3!'!

193*G9(+/!230+/(3*! *'! %9-(1(+.0+2+.0+! &'/'%'! &3/3! G9+! .'! /+)'0+! +*! 3893!

&/+1(&(03,3!3*!C31+/!1'.0310'!1'.!+*!2(%2':!

<3%!2+,(1('.+%!3*! %+/!&9.093*+%! %'.!1'2D.2+.0+!%9S+0'%!,+!3.B*(%(%!+%&31(3*>! F3!

G9+! 1'.! *'%! (.%0/92+.0'%! %4*'! %+!&9+,+!,+0+/2(.3/! 19B.0'!C3!&/+1(&(03,'!+.!9.!

&9.0'! +%&+17-(1'! F! ,9/3.0+! 9.! &+/(','! ,+! 0(+2&'! ,+-(.(,';h3//+39,Ke+/93.+!

?@@\A:!$*!1'2&'/032(+.0'!,+!*'%!&30/'.+%!,+!&/+1(&(031(4.!-/+19+.0+2+.0+!%+!6+.!
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! "i!

3-+103,'%! &'/! ! *'%! /3%8'%! 8+'2'/-'*48(1'%! ,+*! 0+//+.'>! 1'2'! *3%13,+.3%!

2'.03f'%3%!F!*'%!63**+%:!!

L+! -'/23! 23%(63! %+! 90(*(=3.! 63/('%! 0(&'%! ,+! &*96(42+0/'%>! %(.! +2)3/8'! 0','%!

1'2&3/0+.!*3!13/310+/7%0(13!,+!G9+!+.!%9!,(%+f'!%+!0/303!,+!2(.(2(=3/!+*!+-+10'!,+*!

6(+.0'!%')/+!+*!2(%2'>!F3!G9+!&9+,+!%+/!9.! -310'/! (2&'/03.0+!+.! *3!63/(31(4.!,+!

,30'%!+.0/+!,(-+/+.0+%!2',+*'%!,+!&*96(42+0/'%:!!

<'%!,(-+/+.0+%!2T0','%!F!,(%+f'%!,+!&*96(42+0/'%! 0(+.+.! 1'2'!')S+0(6'!')0+.+/!

9.3!29+%0/3!G9+!&+/2(03!/+&/+%+.03/!,+!-'/23!&/+1(%3!F!1'.-(3)*+!*'!%91+,(,'!+.!

*3!='.3!,+!(.-*9+.1(3!,+!*3!+%031(4.:!<3!+*+11(4.!%')/+!,4.,+!1'*'13/!+*!(.%0/92+.0'!

032)(T.! +%! 9.! -310'/! (2&'/03.0+! &3/3! +*! -9.1('.32(+.0'! ,+*! 2(%2'!

;H+6/9jKJ3C*36'63!#kkMA:!!

!

!

!

2.2.4 Tipos de Instrumentos para el registro de la lluvia  

!
R*96(42+0/'N!H(/6+!&3/3!2+,(/!*3!13.0(,3,!,+!**96(3!137,3!+.!9.!(.0+/63*'!,+!0(+2&'!

,+0+/2(.3,':! R3/3! +**'! ,(%&'.+! ,+! 9.3! &/')+03! 8/3,93,3! ,'.,+! %+! +-+10D3.! *3%!

*+109/3%!,(/+1032+.0+!+.!2(*72+0/'%!'!+.!*(0/'%!&'/!2+0/'!193,/3,':!$%0B!-'/23,'!

&'/! 9.! 63%'! 1(*7.,/(1'! G9+! /+1'8+! +*! 3893! G9+! *+! 3&'/03! +*! +2)9,'! '! &/')+03!

8/3,93,3:!
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! "k!

!

!

R*96(42+0/'! ,+! )B%19*3N! $%! 9.! &*96(42+0/'! ,+! 32&*(3! 90(*(=31(4.! +.! +%031('.+%!

2+0+'/'*48(13%! 390'2B0(13%>! 0(+.+! 9.! %(%0+23! ,+! /+8(%0/'! G9+! (.1*9F+! ,'%!

&+G9+f'%! /+1(&(+.0+%! G9+! 3*0+/.3.! %9%! &'%(1('.+%! &3/3! /+1()(/! +*! 3893! G9+! %+!

/+1()+! ,+! *3! ='.3! ,+! 13&031(4.! ;)B%19*3A:! <3! 13&31(,3,! ,+! **+.3,'! ,+! 13,3!

/+1(&(+.0+! +G9(63*+! 3! 9.3! 1(+/03! 13.0(,3,! ,+! &/+1(&(031(4.:! E93.,'! 9.'! ,+! *'%!

/+1(&(+.0+%! %+! **+.3>! +*! %(%0+23! %+! 69+*13! &'/! 8/36+,3,>! 631(B.,'%+! +*! /+1(&(+.0+!

**+.'!F!G9+,3.,'!+*!'0/'!+.!&'%(1(4.!,+!**+.3,':!e+,(3.0+!9.!1'.0310'!+*T10/(1'!%+!

/+8(%0/3!*3!-/+19+.1(3!,+!6'*132(+.0'>!*3!193*!+%!&/'&'/1('.3*!3!*3!(.0+.%(,3,!,+!*3!

&/+1(&(031(4.:!

e+,(3.0+!+%0+! 0(&'!,+! (.%0/92+.0'%! %4*'! %+! *'8/3! 13&03/! *3!&3/0+! 193.0(030(63!,+*!

-+.42+.'>! F3! G9+! *3! .309/3*+=3! ,+! +%0'%! (.%0/92+.0'%! +%! &9.093*>! &'/! *'! G9+! *3!

&3/0+!,+!,(%0/()91(4.!+%&31(3*!G9+,3!,+%30+.,(,3:!!

E'.%03.0+2+.0+! %'.! ,+%3//'**3,'%! .9+6'%!2T0','%>!2B%! &/+1(%'%>! G9+! &+/2(0+.!

/+3*(=3/! 2+,(1('.+%! 2B%! 1'.-(3)*+%:! H(.! +2)3/8'>! %9! 3,'&1(4.! .'! &9+,+! %+/!

(.2+,(303! ,+)(,'! 3*! 8/3.! .D2+/'! ,+! (.%03*31('.+%! .+1+%3/(3%! &3/3! /+3*(=3/!

+%09,('%! F! ,(38.4%0(1'%! 3! 8/3.! +%13*3:! $%! &'%()*+! +.1'.0/3/! .9+6'%! %(%0+23%! ! +.!

+6+.0'%!'/83.(=3,'%!&'/!+*!beU!;/&$0*1+234%$5"#%()*&+ 6-7#(#8#"+9+/:(77+;"4"%*&+

6-7#(#8#"$+4+<")=-$&$'3>#kk"!K!beU!#kkiA:!
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2.3 Elementos de la percepción remota  

2.3.1 Definición de percepción remota  

<3! ')%+/631(4.! /+2'03! ,+! *3! %9&+/-(1(+! ,+! *3! 0(+//3! F! *'%! -+.42+.'%! G9+! +.! +**3!

'19//+.!1'.%0(09F+.!+*!23/1'!,+!+%09,('!,+!*3!&+/1+&1(4.!/+2'03:!$%0+!0T/2(.'!-9+!

319f3,'! +.! *3! ,T13,3! ,+! *'%! %+%+.03%! &3/3! ,+%(8.3/! 193*G9(+/! 2+,('! ,+!

')%+/631(4.!2+,(3.0+!+*!193*!%+!')0+.73!(.-'/231(4.!3!,(%03.1(3:!!

$.! 9.! %+.0(,'! 32&*('>! *3! &+/1+&1(4.! /+2'03! .'! %4*'! +.8*')3! *'%! &/'1+%'%! G9+!

&+/2(0+.! ')0+.+/! (2B8+.+%>! %(.'! 032)(T.! %9! &'%0+/('/! 0/3032(+.0'>! '&+/31(4.! +!

(.0+/&/+031(4.;EC96(+1'>!?@@iA:!

X! 1'.0(.931(4.! %+! ,+-(.+.! *'%! +*+2+.0'%! .+1+%3/('%! &3/3! +*! +S+/1(1('! ,+! *3!

&+/1+&1(4.!/+2'03N!

• Z9+.0+!,+!+.+/873>!G9+!%9&'.+!+*!'/(8+.!,+! *3!/3,(31(4.!+*+10/'a238.T0(13!

G9+!,+0+103!+*!%+.%'/:!R9+,+!0/303/%+!,+!9.3!-9+.0+!,+!/3,(31(4.!+V0+/.3!3!

T%0+>!+.!19F'!13%'!%+!C3)*3!,+!9.!%(%0+23!&3%(6':!<3!-9+.0+!,+!+.+/873!2B%!

')6(3!+%!+*!%'*>!&+/'!032)(T.!&9+,+!/+3*(=3/%+!*3!&+/1+&1(4.!/+2'03!3!&3/0(/!

,+! *3!+.+/873!+2(0(,3!&'/! *'%!2(%2'%!')S+0'%!')%+/63,'%>!'!,+%,+! -9+.0+%!

3/0(-(1(3*+%:!!

• U)S+0'! ,+! +%09,('>! +*! 193*! .'/23*2+.0+! 1'.%(%0+! +.N! 19)(+/03! 0+//+%0/+>!

23%3%! ,+! 6+8+031(4.>! %9+*'%! F! 1'.%0/911('.+%! C923.3%>! +.0/+! '0/'%:! $*!

')S+0'!,+)+!+2(0(/!'!/+-*+S3/!+.+/873!+*+10/'a238.T0(13!&3/3!%+/!+%09,(3,'!
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1'.!2+,('%!,+!&+/1+&1(4.!/+2'03>!F3!G9+!+%03!+.+/873>!3*!%+/!13&03,3!&'/!9.!

%+.%'/>!,+%1/()(/B!*3%!13/310+/7%0(13%!-7%(13%!,+*!+2(%'/:!

• H(%0+23! %+.%'/>! 1'2&9+%0'! ,+! 9.! %+.%'/>! &/'&(32+.0+! ,(1C'>! F! ,+! 9.3!

&*303-'/23! G9+! *'! 3*)+/83:! ^'/23*2+.0+! +%03! &*303-'/23! +%! 9.! 6+C719*'!

3T/+'!'!+%&31(3*+%:!!!

• H(%0+23!,+!/+1+&1(4.a,(%0/()91(4.>!*983/!,'.,+!*3!(.-'/231(4.!&/'6+.(+.0+!

,+*! %(%0+23! %+.%'/! %+! /+1()+>! &/'1+%3! F! %+! 0/3.%2(0+! 3! *'%! 9%93/('%!

(.0+/+%3,'%:!!

• O.0+/&/+0+>!C+//32(+.03!G9+!,+%&*(+83!F!1'2&903! *3! (.-'/231(4.!')S+0'!,+!

+%09,('!&3/3!G9+!+*!9%93/('!(.0+/310D+!1'.!T%03:!!

E'2'! +%! ,+! (238(.3/%+>! *3! &+/1+&1(4.! /+2'03! 63! *(83,3! ,(/+1032+.0+! 1'.! +*!

363.1+! 1(+.07-(1'! F! 0+1.'*48(1'>! &'/! *'! G9+! %9! &3&+*! +.! *'%! +%09,('%!

(.0+/,(%1(&*(.3/('%! C3! 1/+1(,'! 6+/0(8(.'%32+.0+! +.! *3%! D*0(23%! ,T13,3%>!

(.1/+2+.03.,'!*3!13*(,3,!F!13.0(,3,!,+!(.-'/231(4.!,(%&'.()*+:!!

$%03! (.-'/231(4.>!G9+!+.! *'%! (.(1('%!,+! *3!&+/1+&1(4.!/+2'03!%+! *(2(03)3!&3/3!

9%'!2(*(03/! '!29F! /+%0/(.8(,'>! 31093*2+.0+! 8'=3! ,+! 9.3! 32&*(3! ,(%0/()91(4.>!

&/(.1(&3*2+.0+! 3! 0/36T%! ,+! O.0+/.+0>! ,'.,+! *'%! 9%93/('%! 1(6(*+%! ! 0(+.+.! *3!

'&'/09.(,3,!,+!0/3)3S3/!F!,(-9.,(/!(.-'/231(4.!F!&/',910'%!8+.+/3,'%!3!&3/0(/!

,+!&+/1+&1(4.!/+2'03:!!

!
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2.3.2 Datos obtenidos a partir de satélites meteorológicos  

!

U0/3! -'/23! ,+! ')0+.+/! (.-'/231(4.! %')/+! *3! 13.0(,3,! ,+! 3893! &/+1(&(03,3! +%!

2+,(3.0+!*3!')%+/631(4.!3!0/36T%!,+!%(%0+23%!,+!%30T*(0+%!3/0(-(1(3*+%!G9+!'/)(03.!*3!

0(+//3>!&9+%!T%0'%!&+/2(0+.!0'23/!*+109/3%!8*')3*+%>!,+)(,'!3!G9+!*3!&/+1(&(031(4.>!3!

,(-+/+.1(3! ,+! '0/'%! +*+2+.0'%! 1*(230'*48(1'%! 1'2'! *3! &/+%(4.! 302'%-T/(13! '! *3!

0+2&+/309/3539.!%(.!)3//+/3%!8+'8/B-(13%5>!&9+,+!63/(3/!1'.%(,+/3)*+2+.0+!+.!

9.'!'!&'1'%!j(*42+0/'%!,+!,(%03.1(3:!!

$%! &'/! +%'! G9+! *3! ,(%1'.0(.9(,3,! +%&31(3*! ,+! *3! &/+1(&(031(4.! +%! 29F! ,(-71(*! ,+!

/+8(%0/3/! 1'.! +G9(&'! 1*(230'*48(1'! 0/3,(1('.3*:! E'.! *'%! %(%0+23%! ,+! 2'.(0'/+'!

2+0+'/'*48(1'!F!1*(230'*48(1'!)3%3,'%!+.!%(%0+23%!4&0(1'%!F!,+!/3,3/>!!,(%&'.()*+%!

+.!&*303-'/23%!+%&31(3*+%>!+%!&'%()*+!0+.+/!9.!&3.'/323!32&*('!F!%(8.(-(130(6'!,+!

+%0+!-+.42+.':!!

R3/3! /+%'*6+/! +%03! 13/+.1(3! ,+! (.-'/231(4.! +%&31(3*! +*! 8')(+/.'! ,+! *'%! $%03,'%!

P.(,'%!,+!X2T/(13!1/+4!9.3!1'.%0+*31(4.!,+!%30T*(0+%!+.0/+!*'%!G9+!%+!+.19+.0/3!+*!

>*-'8*%4+?>!+*!cOlUHa#!!+!(.0+8/4!"&+@*%#=+,A7"%0(-'+/37#"5!;$UHA!1'2'!9.!)/3='!

,+!*3!B*#($-*&+C"%$-*8#()7+*-4+/D*)"+C45(-(7#%*#($-!;^XHXA;^3%3!?@##A:!

$*!$UH!1'.%(%0+!+.!9.3!%+/(+!,+!&/'F+10'%!F!2(%('.+%!&*3.+3,3%!3!*3/8'!&*3='!1'.!*3!

-(.3*(,3,!,+!3.3*(=3/! *3!%9&+/-(1(+!0+//+%0/+!F!0','%! *'%! -+.42+.'%!/+*+63.0+%!G9+!

'19//3.!+.!*3!2(%23:!$.0/+!*'%!')S+0'%!,+!+%09,('!+%0B.!*'%!1(1*'%!,+!+.+/873!;3893>!

13/)4.>!+01:A>!132)('!1*(2B0(1'>!2'.(0'/+'!,+!*3!1')+/09/3!6+8+03*>!+01:!!
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L+.0/'!,+*!$UH!+V(%0+.!63/(3%!2(%('.+%!1'.!-(.+%!2+0+'/'*48(1'%!F!1*(230'*48(1'%>!

3*89.'%!,+!*'%!(.%0/92+.0'%!%'.!D.(1'%!F!%+!(.%03*3.!+.!9.!%'*'!%30T*(0+!2(+.0/3%>!

G9+!'0/'%!%'.!1'*'13,'%!+.!63/('%!,+!+**'%!1'.!+*!-(.!,+!0+.+/!!/+,9.,3.1(3!F!23F'/!

6'*92+.!,+!,30'%:!

$.!8+.+/3*!+%!&'%()*+!1*3%(-(13/!*'%!%30T*(0+%!2+,(3.0+!63/('%!1/(0+/('%>!0'23.,'!+.!

19+.03!%9!3*09/3>!+G9(&32(+.0'>!.31('.3*(,3,>!+.0/+!'0/'%!3%&+10'%:!X!1'.0(.931(4.!

%+!,+%1/()+.!1'.!!)3%+!3!%9!4/)(03:!!

2.3.3 Satélites polares 

<'%!%30T*(0+%!,+!4/)(03!&'*3/!%'.!1'2D.2+.0+!,+%3//'**3,'%!1'.!-(.+%!1(+.07-(1'%!F!

/+3*(=3.! 2+,(1('.+%! /+*31('.3,3%! 1'.! -+.42+.'%! +%&+17-(1'%:! ^'/23*2+.0+!

0/3)3S3.!,+!-'/23!(.,+&+.,(+.0+!'!+.!8/9&'%!29F!/+,91(,'%:!$%0B.!,(%+f3,'%!1'.!

+*! -(.! ,+! ,3/! 9.3! 1')+/09/3! 0'03*! ,+! *3! %9&+/-(1(+! 0+//+%0/+>! *'! G9+! &+/2(0+! 9.3!

/+%'*91(4.!+%&31(3*!29F! -(.3>! F>! +.! 1(+/0'%! 13%'%>!,+!&'1'%! 1+.072+0/'%!&'/!&7V+*:!

$%0'!(2&*(13!%31/(-(13/!*3!/+%'*91(4.!0+2&'/3*>!F3!G9+!&3/3!G9+!*'%!%30T*(0+%!0'2+.!

%9%!*+109/3%!+.!,+0+/2(.3,'!&9.0'!,+!*3!%9&+/-(1(+!0+//+%0/+!,+)+.!+-+1093/!63/(3%!

4/)(03%!3*/+,+,'/!,+!*3!0(+//3:!!

!
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U/)(03!R'*3/!#@!Z(8:!M!

<3! 4/)(03! &'*3/! (2&*(13! G9+! +*! %30T*(0+! 69+*+! ,+.0/'! ,+! *3! 3024%-+/3! +.! 9.3!

,(/+11(4.!.'/0+!'!%9/>!13%(!&+/&+.,(19*3/!3*!+193,'/:!$*!2'6(2(+.0'!,+!/'031(4.!,+!

*3!0(+//3!!&/',91+!+.!*3!4/)(03!,+*!%30T*(0+!9.!,+%&*3=32(+.0'!*30+/3*:!!

P.! )9+.! +S+2&*'! &3/3! +%0+! 0(&'! ,+! %30T*(0+%! +%! +*!45)":! Z9+! ,+%3//'**3,'! &'/! *3!

^XHX! 2+,(3.0+! +*! $UH! F>! 1'2'! %9! .'2)/+! (.,(13>! %+! 0/303! ,+! 9.! %30T*(0+! 19F'!

')S+0'!,+!+%09,('!+%!+*!3893:!H+!*3.=4!,+%,+!*3!)3%+!3T/+3!>*-4"-A"%'!+.!E3*(-'/.(3!

%')/+!9.!L+*03!OO!,9/3.0+!23F'!,+!?@@?>!+%0B!1'*'13,'!3!9.3!3*09/3!,+!g@\!j2!F!%+!

,(%+f4!&3/3!9.3!6(,3!D0(*!,+!d!3f'%>!3D.!193.,'!0',3673!'&+/3;^XHX!?@##A:!

!

H30T*(0+!XG93!##!Z(8:!\!

$*! XG93! 19+.03! 1'.! 63/('%! %(%0+23%N! C#5$7D="%()+ 6-E%*%"4+ /$8-4"%F+ C40*-)"4+

!()%$:*0"+ /)*--(-'+ G*4($5"#"%+ E$%+ #="+ @*%#=+ ,A7"%0(-'+ /37#"5F+ C40*-)"4+

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#@!C00&N__8+'1(0(+%:Q%_/+,+%1+-+0&(_8(-%_%30+*(0+%_%0/(&+:8(-!

##!QQQ:!3G93:.3%3:8'6!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! M\!

!()%$:*0"+ /$8-4(-'+ H-(#F+ I$8&47+ *-4+ @*%#=J7+ G*4(*-#+ @-"%'3+ /37#"5F+ 285(4(#3+

/$8-4"%+E$%+K%*.(&+3+"&+!$4"%*#"+G"7$&8#($-+65*'(-'+/D")#%$%*4($5"#"%L++

E'2'!F3!%+!2+.1('.4!+*!XG93!F!%9%! (.%0/92+.0'%! 0(+.+.!1'2'!')S+0'!,+!+%09,('!

&/(.1(&3*!+*!3893!!+.!%9%!,(-+/+.0+%!+%03,'%!F!*'%!%(%0+23%!+.!*'%!G9+!(.0+/310D3:!<3!

(.-'/231(4.!&/',91(,3!(.1*9F+!,30'%!,+!*3!%9&+/-(1(+!,+!*'%!'1T3.'%>!+63&'/31(4.!F!

0+2&+/309/3`!63&'/!,+!3893!+.! *3!3024%-+/3>!.9)+%!F!&/+1(&(031(4.`!C92+,3,!,+*!

0+//+.'`!1')+/09/3!,+!.(+6+!F!C(+*'!'1+B.(1'!F!1'.0(.+.03*:!

X9.3,'!3! *'%!,30'%!3.0+/('/+%>!+*!XG93!19+.03!1'.!+*!+G9(&'!&3/3! *3!2+,(1(4.!,+!

+*+2+.0'%! G9+! 310D3.! (.,(/+1032+.0+! +.! +*! 1(1*'! ,+*! 3893! 1'2'! 3+/'%'*+%! +.! *3!

3024%-+/3>! 1')+/09/3! ,+! 6+8+031(4.>! &*3.10'.! F! '0/'%! +*+2+.0'%! '/8B.(1'%!

,(%9+*0'%! +.! *'%! '1T3.'%>! 0+2&+/309/3! +.! *3! 3024%-+/3! F! +.! *3! %9&+/-(1(+!

1'.0(.+.03*:!!

!

Datos Clave 
Misión conjunta con Brasil y Japón 

Órbita 

Tipo: Cercano-polar, helio sincrónica                                                                                                                                     
Altitud: 705 km                                                                                                                                                                    

Cruce Ecuatorial:       1:30pm (sur a norte)                                                                                                                                 
Inclinación: 98.2º                                                                                                                                                            

Periodo: 98.8 Minutos                                                                                                                                                        
Ciclo de Repetición: 16 días (233 revoluciones)    

Dimensiones: 4.8x16.7x8 m  

Massa: 2,934 kg 

Sistema de electricidad: 4,600W 

Esperanza de vida diseñada: 6 años 

Promedio de datos transferidos: 89 Gb/día 

Almacenamiento abordo: 136 Gb 



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! Md!

!

! ! ! ! ! ! c3)*3!#!

!

P.! ')S+0(6'! &9.093*! ,+! +%03! 2(%(4.! +%! ,+0+/2(.3/! %(! +*! 1(1*'! ,+*! 3893! %+! C3!

31+*+/3,'!'!C3!%9-/(,'!2',(-(131('.+%!F>!+.!%9!13%'>!+*!'/(8+.!,+!*3%!2(%23%:!U0/'!

+%!*3!,+0+/2(.31(4.!+%&+17-(13!,+*!,+%+2&+f'!,+!*3%!.9)+%!+.!*'%!1(1*'%!,+!+.+/873!

G9+!'19//+.!+.!.9+%0/'!&*3.+03:!!!

U0/'! )9+.! +S+2&*'! +%! +*! %30T*(0+!6%((">! ,+! '/(8+.!29*0(.31('.3*>! ,+%3//'**3,'! +.!

1'.S9.0'! &'/! *3! I*-*4(*-+ /D*)"+ C'"-)3+ ;EHXA>! &*+ M*D*-+ C"%$7D*)"+ @ND&$%*#($-+

C'"-)3+;!mXnXA!!F!*3!^XHX!1'.!*3!-(.3*(,3,!,+!/+3*(=3/!+%09,('%!%')/+!*3!%9&+/-(1(+!

0+//+%0/+>! +.! 1'.S9.0'! 1'.! '0/'%! %30T*(0+%! ,+*! $UH:! $*! c+//3! -9+! ,(%+f3,'! 1'.!

(.0+.1('.+%! %(2(*3/+%! 3*! XoPX! 1'.! +*! 193*! -9.1('.3! 1'2'! 1'.0/3&3/0+! &3/3! +*!

+%09,('! ,+! *3! %9&+/-(1(+! 1'.0(.+.03*:! c(+.+! *3! -(.3*(,3,! ,+! /+3*(=3/! +%09,('%! 1'.!

+-(1(+.1(3!%')/+!38/(19*09/3>!13*(,3,!,+*!3(/+>!23.+S'!,+*!13/)4.>!23.+S'!,+!1'%03%>!

23.+S'! ,+! 1(1*'%! ,+! +.+/873>! %+89/(,3,! .31('.3*>! 23.+S'! ,+! +%&+1(3%! F! %3*9,!

&D)*(13!+.0/+!'0/'%:!

!
H30T*(0+!c+//3!#?!Z(8:d!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#?!QQQ:0+//3:.3%3:8'6!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! Mg!

<'%!')S+0(6'%!&3/0(19*3/+%!,+%1/(0'%!&'/!*3!^XHX!&3/3!+%0+!%30T*(0+!%'.!'-/+1+/!9.3!

1')+/09/3! 8*')3*! ,+! *3! 0(+//3>! (.1*9F+.,'! '1T3.'%>! 1'.0(.+.0+%>! 13&3%! ,+! .(+6+! F!

C(+*'`! 0+2&+/309/3>! 9%'! ,+! %9+*'! F! 63&'/! ,+! 3893`! 2+S'/3/! *3! C3)(*(,3,! ,+!

,(38.4%0(1'!1'.!/+%&+10'!3! *3!C9+**3!,+! *3%!310(6(,3,+%!C923.3%!%')/+!+*! %(%0+23!

.309/3*! F! 1'*3)'/3/! +.! *3! &/+,(11(4.! F! +*3)'/31(4.! ,+! 2',+*'%! 1*(2B0(1'%`!!

1'*3)'/3/!+.!+*!,+%3//'**'!,+!0+1.'*'873%!G9+!&+/2(03.!*3!&/+,(11(4.!F!2',+*31(4.!

,+!,+%3%0/+%!.309/3*+%`!F!1'2+.=3/!1'.!+*!2'.(0'/+'!&*3.+3,'!3!*3/8'!&*3='!&3/3!

+6(,+.1(3/!*'%!132)('%!+.!+*!32)(+.0+!F!+.!+*!1*(23:!!

$*! c+//3! 19+.03! 1'.! 1930/'! (.%0/92+.0'%! &3/3! +%0+! -(.N! I&$847+ *-4+ #="+ @*%#=J7+

G*4(*-#+ @-"%'3+ /37#"5+ OI@G@/PF+ !$4"%*#"+ G"7$&8#($-+ 65*'(-'+ /D")#%$%*4($5"#"%+

O!,Q6/PF+ + !"*78%"5"-#7+ $E+ R$&&8#($-+ (-+ <="+ <%$D$7D="%"+ O!,R6<<PF+ 3+ C40*-)"4+

/D*)"A$%-"+<="%5*&+@5(77($-+*-4+G"E&")#($-+G*4($5"#"%+OC/<@GP:!!

$*!%30T*(0+! 032)(T.!-9+! *3.=3,'!,+%,+!>*-4"-A"%'+C(%+;$%)"+K*7"!+.!E3*(-'/.(3!+.!

#kkk:!Z9+!,(%+f3,'!&3/3!6'*3/!3!9.3!3*09/3!,+!3&/'V(23,32+.0+!g@@!j2!F! !9.3!

6(,3!D0(*!,+!d!3f'%>!&+/'!1'.0(.93!-9.1('.3.,':!!

!
Datos Clave  

Misión conjunta con Japón y Canadá  

Órbita:        

Tipo: Cercano Polar, Helio sincrónica                                                                                                                                                    
Cruce Ecuatorial: 10:30 am                                                                                                                                                                                    

Altitud: 750 km                                                                                                                                                    
Inclinación: 98.1º                                                                                                                                                            

Periodo: 98.88 minutos                                                                                                                                          
Repetición de Ciclo: 16 día  

Dimensiones: 2.7x3.3x6.8 m 

Masa: 5,190 kg  



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! Mi!

Fuente de Poder: 2530 W 

Esperanza de vida diseñada: 6 años 

!

! ! !

! ! ! ! ! ! c3)*3!?!

2.3.4 Satélites Estacionarios 

<3! &/(.1(&3*! -9.1(4.! ,+! *'%! %30T*(0+%! +%031('.3/('%! +%0B! *(83,3! 3! *3! .+1+%(,3,! ,+!

/+3*(=3/! ! ')%+/631('.+%! 1'.0(.93%! F! &+/23.+.0+%! %')/+! ,+! 9.! 2(%2'! +%&31('!

8+'8/B-(1':! $%0'%! 3/0+-310'%! 69+*3.! +.! *3! 3024%-+/3! 3! 9.3! 6+*'1(,3,! F! 1'.! 9.3!

,(/+11(4.!G9+!*'%!C31+.!&3/+1+/!+%0B0(1'%!,+%,+!*3!%9&+/-(1(+!0+//+%0/+:!!

<3! (,+3!'/(8(.3*!,+! 3&/'6+1C3/! +%0+! 0(&'!,+! /+19/%'%! -9+!,+![+/23.!R'0'p.(j! +.!

#k?i>! 193.,'! &/'&9%'! +%03! '&+/31(4.! &3/3! 9.! %30T*(0+! ,+! 1'29.(131('.+%:!

R'%0+/('/2+.0+>! +.! #kM\>! X/0C9/! E! E*3/j+! %+.04! *3%! )3%+%! ,+! +%0+! &/(.1(&('>! ,+!

C+1C'>! 31093*2+.0+! %+! ,+.'2(.3! 1(.09/4.! ,+! E*3/j+! 3! *3! ='.3! +.! *3! 3024%-+/3!

0+//+%0/+!53*/+,+,'/!,+!*'%!"d!@@@!j2!,+!3*09/3!%')/+!+*!.(6+*!,+*!23/5>!,'.,+!

%+!,+%3//'**3.!*3%!4/)(03%!8+'+%031('.3/(3%:!!

!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! Mk!

U/)(03!h+'+%031('.3/(3!#"!Z(8:!g!

h+.+/3*2+.0+! *'%! %30T*(0+%! 8+'+%031('.3/('%! %'.! ,+! 0(&'! 2+0+'/'*48(1'! '! ,+!

1'29.(131('.+%>! F3! G9+! +%0+! 0(&'! ,+! 4/)(03! &+/2(0+! /+3*(=3/! 32)3%! -9.1('.+%! ,+!

-'/23!29F!+-(1(+.0+:!

E'2'! 13/310+/7%0(13! 8+.+/3*>! *'%! %30T*(0+%! 1*(230'*48(1'%! 8+'+%031('.3/('%! 0(+.+.!

9.3! &')/+! /+%'*91(4.! +%&31(3*! 1'2&3/3,3! 1'.! %9! /+%'*91(4.! 0+2&'/3*! G9+! +%!

1'.%(,+/3)*+2+.0+!29F!-(.3:!e(+.0/3%!G9+!+.!*3!+%13*3!+%&31(3*!%+!C3)*3!,+!&(V+*+%!

G9+! 3)3/13.! j(*42+0/'%! ,+! B/+3>! +.! *3! 0+2&'/3*! %+! /+3*(=3.! 0'23%! 13,3! &'1'%!

2(.90'%:!!!

$%! -/+19+.0+! G9+! +%0+! 0(&'! ,+! %30T*(0+%! 0/3)3S+.! +.! 8/9&'%! 8/3.,+%! +! (.1*9%'!

2+=1*3.,'!-32(*(3%!F!2(%('.+%!1'.!+*!-(.!,+!')0+.+/!&/',910'%!2B%!/(1'%!+.!,30'%:!

I!+%!1'2D.!G9+!*3%!2(%('.+%!&/',9=13.!63/(3%!8+.+/31('.+%!,+!%30T*(0+%!1'.!+*!-(.!

,+!'-/+1+/!9.3!1'.0(.9(,3,!83/3.0(=3,3:!!

+

R3/3! +*! 1'.0(.+.0+! 32+/(13.'! %+! 19+.03! 1'.! +*! S"$7#*#($-*%3+ ,D"%*#($-*&+

@-0(%$-5"-#*&+ /*#"&&(#"! ;789:A! G9+! +%! 9.3! ,+! *3%! 2(%('.+%! ,+*! $UH:! $*! &/(2+/!

%30T*(0+! hU$HaX>! &'%0+/('/2+.0+! /+.'2)/3,'!hU$Ha#>! -9+! *3.=3,'! +.! '109)/+! ,+!

#kg\>! ,+%,+! E3)'! E3f36+/3*>! Z*'/(,3:! R'%0+/('/2+.0+>! +.! #kgg! F! #kgi! -9+/'.!

*3.=3,'%! *'%! hU$Ha?! F! hU$Ha">! 19F'! ,(%+f'! +/3! &/B10(132+.0+! (893*! 3*! ,+! *'%!

/3-)=%$-$87+!"#"$%$&$'()*&+/*#"&&(#"!;HeHA:!!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#"!C00&N__31+/:-'/+%03*+%:9&2:+%_)3%(13%_9,-(%(13_3%(8.309/3%_-(%(13_,(.32#&_%3)(3%8/36q-(*+%_8+'+%0:8(-!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! \@!

!
H30T*(0+!hU$H!#M!Z(8:i!

<'%! %(89(+.0+%! M! %30T*(0+%>! *'%!hU$HaM! 3*! hU$Had! -9+/'.! )3%3,'%! +.! *'%! &/(2+/'%!

0/+%>!&+/'!T%0'%!F3!1'.03)3.!1'.!+G9(&'!291C'!2B%!%'-(%0(13,':!<3!23F'/!6+.03S3!

/3,(13)3!+.!G9+!1'.03)3.!1'.!+*!>(7(A&"+6-E%*%"4+/D(-+/)*-+G*4($5"#"%!;rOHHlA!F!+*!

C#5$7D="%()+ /$8-4"%! ;rXHA>! 1'.! *'%! 193*+%! %+! 3*13.=4! *3! 13&31(,3,!,+! 3.3*(=3/! *3!

0+2&+/309/3! F! C92+,3,! 302'%-T/(13! F! *3! &'%()(*(,3,! ,+! 1/+3/! 23&3%! ,+!

,(%0/()91(4.!0/(,(2+.%('.3*!,+!.9)+%:!!

$.! #kid! -9+! *3.=3,'! +*! hU$Hag! +*! 193*! -9+! +*! &/(2+/! %30T*(0+! 1'.! 13&31(,3,! ,+!

,+0+103/!%+f3*+%!,+!39V(*('!,+!,(-+/+.0+%!-9+.0+%>!1'2'!36('.+%!'!)3/1'%:!

$*!hU$Hai! -9+! *3.=3,'! +.! 3)/(*! ,+!#kkM>! F! &+/0+.+1+! 3! 9.3!.9+63! 8+.+/31(4.!,+!

6+C719*'%! +%&31(3*+%>! F3! +.! *3! 1*3%(-(131(4.!,+! *'%!hU$H! a! Oae:!P.3!,+! *3%! 8/3.,+%!

,(-+/+.1(3%! +.0/+! T%0+! F! %9%! &/+,+1+%'/+%! +%0/()3! +.! *3! C3)(*(,3,! &3/3! ')0+.+/!

(2B8+.+%!4&0(13%!F!,+!%'.3/!3*!2(%2'!0(+2&'>!*'!193*!+./(G9+173!291C'!*3!13.0(,3,!

F!*3!13*(,3,!,+!*3!(.-'/231(4.!!/+1'*+103,3:!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#M!QQQ:.3%3:8'6_8'+%a.!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! \#!

<3!%+89.,3!8+.+/31(4.!,+!%30T*(0+%!%+!1'2&*+03!1'.!hU$H!ak!*3.=3,'!+.!#kk\!F!+*!

hU$Ha#@!!+.!#kkg:!$.!-9.1('.32(+.0'!%+!+.19+.0/3.!hU$Ha##!;!?@@@A!F!hU$Ha#?!

;?@@#A:!$.!*3!-32(*(3!,+!*3!0+/1+/3!8+.+/31(4.!+%0B.!hU$Ha#"!;?@@dA!F!hU$H!a#M!;!

?@@kA>!T%0+!D*0(2'>!+.!&+/(','!,+!,+%13.%'!*(%0'!&3/3!%9)%0(09(/!+*!&/4V(2'!%30T*(0+!

G9+! %3*83! ,+! -9.1('.32(+.0':! ! Z(.3*2+.0+>! ! +*! hU$H! a#\! ;?@#@A! %+! +.19+.0/3! +.!

&+/(','!,+!&/9+)3%:!

$.!8+.+/3*!*3!13/83!D0(*!,+!0','%!*'%!%30T*(0+%!1'.%(%0+:!&'/!9.3!&3/0+>!!+.!9.!+G9(&'!

4&0(1'!G9+! %+!,+,(13!3! /+1'*+103/! *3! *9=! /+-*+S3,3!&'/! *3! %9&+/-(1(+! 0+//+%0/+!F! *'%!

%(%0+23%!,+!0'/2+.03!F!19+/&'%!.9)'%'%`!&'/!'0/3>!+.!9.!%'.3/!G9+!/+1'&(*3!,30'%!

,+! 0+2&+/309/3! F! C92+,3,>! 0+2&+/309/3! ,+! *3%! &3/0+%! 3*03%! ,+! *3%! .9)+%! F! *3!

,(%0/()91(4.!,+!'='.':!X!%9!6+=!*3!(.-'/231(4.!%+!3&'F3!+.!2+,(1('.+%!C+1C3%!1'.!

(.%0/92+.0'%!+.!0(+//3:!!

R3/3!19)/(/!$9/'&3>!s-/(13!F!+*!2+,('!U/(+.0+!%+!19+.03!1'.! !+*!;9698:46:!$%03!

2(%(4.0(+.+! -(.+%! 2+0+'/'*48(1'%! F! 1*(230'*48(1'%! F! 1'.%03! ,+! 63/('%! %30T*(0+%!

,+%3//'**3,'%! F! '&+/3,'%! &'/! *3! @8%$D"*-+ ,%'*-(7*#($-+ E$%+ #="+ @ND&$(#*#($-+ $E+

!"#"$%$&$'()*&+/*#"&&(#"7+;$Pe$cHXcA:!X! *'! *3/8'!,+*!e$c$UHXc!%+!C3.!1'*'13,'!

,'%!8+.+/31('.+%!,+!%30T*(0+%!+.!4/)(03>! *3!&/(2+/3!1'.%03!,+!9.3!-32(*(3!,+!%(+0+!

%30T*(0+%5+*! &/(2+/'! ,+! +**'%! 1'*'13,'! +.! 4/)(03! +.! .'6(+2)/+! ,+! #kkg!

;e+0+'%30t!#A`+*!/+%0'!,+!*'%!%30T*(0+%!-9+/'.!*3.=3,'%!+.!#ki#>#kii>#kk#>#kk"!F!

#kkg>!0','%!%(89(+.,'!*3!.92+/31(4.!.309/3*:!!!

X1093*2+.0+!'&+/3! *3! %+89.,3!8+.+/31(4.!,+!e$c$UHXc>!+.!X8'%0'!,+!?@@?! -9+!

*3.=3,'!+*!e+%0+'%30ai!F!+.!,(1(+2)/+!,+!?@@\!+*!e+0+'%30ak:!X2)'%!(.1*9F+.!9.3!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! \?!

%+/(+! ,+! 2+S'/3%! 3! %9%! 3.0+1+%'/+%! 1'2'! %'.! +*! /D(--(-'+ @-=*-)"4+ >(7(A&"+ *-4+

6-E%*G"4+65*'"%!;H$rOlOA!G9+!+%!9.!(.%0/92+.0'!4&0(1'!,(%+f3,'!&3/3!')%+/63/!+.!

#?! 13.3*+%>! 0/+%! +.! +*! 6(%()*+! F! .9+6+! +.! +*! (.-/3//'S'`! F! +*! S"$7#*#($-*%3+ @*%#=+

G*4(*#($-+K84'"#! ;h$luA>! 9.! /3,(42+0/'! ,(%+f3,'! &3/3! /+8(%0/3/! *3%! /3,(31('.+%!

+.!'.,3!1'/03!F!'.,3!*3/83!+23.3,3%!&'/!*3!0(+//3:!!!

!
H30T*(0+!e$c$UHXc!#\!Z(8:!k!

E'*'13,'! +.! 1''/,+.3,3%! 8+'8/B-(13%! @v! .'/0+! F! @v! +%0+! +.! 9.3! 4/)(03!

8+'+%031('.3/(3>! +*! e$c$UHXc! 0(+.+! 9.3! 6(%(4.! 1'2&*+03! ,+! *'%! 1'.0(.+.0+%!

+9/'&+'! F! 3-/(13.'>! F! ,+! )9+.3! &3/0+! ,+! *3! &+.7.%9*3! 3/B)(83:! $.! *3! /+%'*91(4.!

+%&+10/3*! 0'23! (2B8+.+%! 13,3! #\! 2(.90'%>! *'! G9+! &+/2(0+! 0+.+/! 9.! 2'.(0'/+'!

1'.%030+!2+0+'/'*48(1':!!

2.3.5 TRMM 

 

e+,(3.0+! *3! 1'*3)'/31(4.! +.0/+! *'%! 8')(+/.'%! m3&'.T%! F! ^'/0+32+/(13.'>!

+%&+17-(132+.0+!+.0/+!*3!M*D*-+C"%$7D*)"+@ND&$%*#($-+C'"-)3!;!mXnXA!F!*3!^XHX!%+!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#\!C00&N__QQQ:2+0+'%30:1'2_!
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,+%3//'**4! *3! <%$D()*&+ G*(-E*&&+ !"*78%(-'+ !(77($-! ;cleeA! F! +.! %9! 2'2+.0'! ,+!

*3.=32(+.0'! *'! +G9(&3/'.! 1'.!9.3! %+/(+! ,+! (.%0/92+.0'%! ,+! 363.=3,3:! $*! clee!

'-/+1+! 9.3! 13.0(,3,! 1'.%(,+/3)*+! ,+! (.-'/231(4.! F! ,30'%! %')/+! *'%! ,(-+/+.0+%!

%(%0+23%!,+!&/+1(&(031(4.!,+%,+!9.3!+%13*3!8*')3*:!!

E'.1+)(,'!,9/3.0+!*3!,T13,3!,+!*'%!i@%!F!,+%3//'**3,'!,9/3.0+!+%3!F! *3!%(89(+.0+!

,T13,3! +.! *3%! (.%03*31('.+%! h',,3/,! /D*)"+ ;&('=#+ I"-#"%! ;hHZEA! -9+! *3.=3,'! 3!

4/)(03!&'%0+/('/2+.0+!&'/! *3! mXnX!+.!+*!<*-"'*7=(5*+/D*)"+I"-#"%!+.!.'6(+2)/+!

,+!#kkg:!

!

!
H30T*(0+!clee!#d!Z(8:!#@!

$*!%30T*(0+!-9+!,(%+f3,'!&3/3!6'*3/!3!9.3!3*09/3!&/'2+,('!,+!"\@!j2!%')/+!+*!.(6+*!

,+*!23/>!1'.!9.!19)/(2(+.0'!,+!w"\v!3!&3/0(/!,+*!+193,'/>!1'.!9.3!6(,3!13*19*3,3!

,+!"!3!\!3f'%:!$.!38'%0'!,+!?@@#!%+!,+1(,(4!392+.03/!*3!3*09/3!,+*!2(%2'!\@!j2!

&3/3!,(%2(.9(/!+*!,+%83%0+!F!1'.%92'!,+!1'2)9%0()*+!3*!23.0+.+/%+!+.!4/)(03:!!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
#d!0/22:8%-1:.3%3:8'6_!
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<'%!')S+0(6'%!+%&+17-(1'%!,+-(.(,'%!&'/! *3!^XHX!&3/3!+%03!2(%(4.! 1'.%(%0(+/'.!+.!

')0+.+/!,30'%!,+!63/('%!3f'%!,+! *3!='.3!0/'&(13*!F!%9)0/'&(13*!F!+*!3.B*(%(%!,+! *'%!

2(%2'%`! F! 2+S'/3/! +*! +.0+.,(2(+.0'! ,+! *3%! (.0+/311('.+%! +.0/+! *3! %9&+/-(1(+!

1'.0(.+.03*!F!*3!'1+B.(13!+.!1'.S9.0'!1'.!*3!3024%-+/3!F!*'%!-+.42+.'%!,+/(63,'%!

,+!T%03:!!!

$<! clee! -9+! +*! &/(2+/! %30T*(0+! +.! (.1'/&'/3/! (.%0/92+.0'%! /3,('2T0/(132+.0+!

310(6'%! F! &3%(6'%>! 2+,(3.0+! *'%! 193*+%! %+! &'%()(*(04! /+13)3/! +*+2+.0'%! &3/3! 9.!

2+S'/! +.0+.,(2(+.0'! ,+*! 1(1*'! C(,/'*48(1'! F! %9%! (.0+/311('.+%! 1'.! +*! /+%0'! ,+*!

&*3.+03:!

!

!

!

Datos Clave 

Misión Conjunta con Japón 

Órbita: 

Tipo: No Helio sincrónica                                                                                                                                               
Altitud: 350km aumentado a 402km                                                                                                                 

Inclinación 35º                                                                                                                                                               
Periodo: 91 minutos                                                                                                                                                           

Ciclo de Repetición: Cambia cada 24 horas 

Dimensiones: 5.2m alto  

Masa: 3512 kg 

Sistema de poder: 1100 W 

Esperanza de vida: 3 años ( operando hasta la fecha) 

!

c3)*3!"!
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2.3.5.1 Instrumentos y productos del TRMM 

2.3.5.1.1 Precipitation Radar 

$%! +*! &/(2+/! /3,3/! +.! '-/+1+/! (.-'/231(4.! 0/(,(2+.%('.3*! ,+! *'%! %(%0+23%! ,+!

0'/2+.03%! F! %9! ,(%0/()91(4.:! L(%+f3,'! &'/! +*! M*D*-"7"+ B*#($-*&+ 6-7#(#8#"+ $E+

6-E$%5*#($-*-4+ I$558-()*#($-+ <")=-$&$'3! ;^OEcA! +.! 1'.S9.1(4.! 1'.! *3! mXnX>!

19+.03!1'.!9.!3//+8*'!,+!#?i!+*+2+.0'%!G9+!'&+/3.!3!#":ihC=!+.! -3%+!310(63:!<3!

3.0+.3!&+/2(0+!/+3*(=3/!9.!)3//(,'!,+!?#\!2!'!w#gv!!

2.3.5.1.2 TMI 

$%! 9.! %+.%'/! &3%(6'! ,+%3//'**3,'! &3/3! ')0+.+/! (.-'/231(4.! 193.0(030(63! ,+! *'%!

%(%0+23%!&/+1(&(03.0+%:!e+,(3.0+!2+,(1('.+%!,+!3*03!&/+1(%(4.!+*!ceO!+%!13&3=!,+!

6(%93*(=3/!63&'/!,+!3893!F!3893!3*231+.3,'%!+.!*3%!.9)+%:!!

<3!-'/23!+.!G9+!+*!ceO!')%+/63!%+!)3%3!+.!*3!/+-*+10(6(,3,!+.+/8T0(13!,+*!3893>!*3!

193*! 63/73! +.! -9.1(4.! ,+*! +%03,'! -7%(1'! ,+! T%03:! E93.,'! 9.! 19+/&'! ,+! 3893! +%!

')%+/63,'! &'/! +*! (.%0/92+.0'! %+! 3&/+1(3! x29F! -/7'y>! (.,+&+.,(+.0+2+.0+! ,+! %9!

0+2&+/309/3! /+3*`!2(+.0/3%! G9+!9.! 8/9&'!,+! 8'03%! ! %9%&+.,(,3%! +.! *3! 3024%-+/3!

*91(/B.!x13*(+.0+%y>!F3!G9+!%+/B!&'%()*+!,+0+103/!*3!0+2&+/309/3!/+3*!,+!*3%!2(%23%:!!

$*! ceO! /+3*(=3! +*! &/'1+%'!2+,(3.0+! +*! 9%'! 1(.1'! -/+19+.1(3%>! 3! ,(-+/+.1(3! ,+! %9%!

&/+,+1+%'/+%!G9+!%4*'!90(*(=3)3.!1930/'N!#@:g>!#k:M>!?#:"!>!"g!>!i\:\!h[=>!1'.!T%03%!
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*+! +%! &'%()*+! ')0+.+/! 9.3! /+%&9+%03! *(.+3*! &3/3! *3%! &/+1(&(031('.+%! (.0+.%3%!

1'29.+%!+.!+*!0/4&(1':!!

E'.!+*!ceO!*3!^XHX!0(+.+>!&'/!&/(2+/3!6+=>!*3!'&'/09.(,3,!,+!')0+.+/!(.-'/231(4.!

%9-(1(+.0+!&3/3!,+0+/2(.3/!+*!&3&+*!,+!*3!**96(3!0/'&(13*!+.!+*!1(1*'!,+*!3893!F!%9!/'*!

+.!+*!+G9(*()/('!1*(2B0(1'!3!.(6+*!29.,(3*:!$%0+!+%!1'.%(,+/3,'!9.!(.%0/92+.0'!29F!

+-(1(+.0+>! &9+%! 0(+.+! /+G9+/(2(+.0'%! 29F! )3S'%! ,+! +.+/873! F! '19&3! 9.! +%&31('!

/+,91(,'! +.! +*! %30T*(0+>! ! %(.! ,+%19(,3/! *3! &/+1(%(4.! F! *3! 13*(,3,! ,+! *'%! ,30'%!

/+1'*+103,'%:!!

2.3.5.1.3 VIRS 

!

$*!>(7(A&"+*-4+6-E%*%"4+/)*--"%!+%!9.'!,+!*'%!&/(.1(&3*+%!(.%0/92+.0'%!3!)'/,'!,+*!

clee:!H+!0/303!,+!'0/'!%+.%'/!&3%(6'!G9+!310D3!1'2'!')%+/63,'/!,+!*'%!%(%0+23%!

,+! &/+1(&(031(4.:! E'2&*+2+.03! *3! (.-'/231(4.! ')0+.(,3! S9.0'! 1'.! *'%! ,+2B%!

(.%0/92+.0'%!3!)'/,'!,+*!&/'&('!clee!F! *'%! (.%03*3,'%!%')/+!'0/3%!&*303-'/23%:!

c(+.+!9.!/3.8'!+%&+10/3*!,+!')%+/631(4.!+.0/+!*'%!@:d"!F!#?!2(1/42+0/'%!F>!1'2'!

%9! .'2)/+! *'! (.,(13>! /+8(%0/3! *3! 23F'/! &3/0+! ,+! %9! (.-'/231(4.! +.! +*! /3.8'!

(.-/3//'S'!,+*! +%&+10/'>! &'/! *'! G9+>! ,+&+.,(+.,'!,+! *3%! 1'.,(1('.+%>! %+/B!&'%()*+!

')0+.+/! .'! %4*'! (.-'/231(4.!2+0+'/'*48(13!52+,(3.0+! *+109/3%! 0T/2(13%! +.! *3%!

.9)+%5>!%(.'!032)(T.!*3!0+2&+/309/3!,+!*3!%9&+/-(1(+!,+!*3!0(+//3:!

<3! -'/23! 2+,(3.0+! *3! 193*! +%! ,(%1/(2(.3,3! *3! 0+2&+/309/3! ,+! *3%! .9)+%! %+!

-9.,32+.03!+.!+*!C+1C'!,+!G9+>!+.0/+!23F'/!+%!*3!3*0(09,!,+!*3%!.9)+%!2B%!)3S3!+%!
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%9! 0+2&+/309/3:! X%7! 2(%2'>! +.0/+! 2B%! )3S3! +%! *3! 0+2&+/309/3! ,+! *'%! 19+/&'%!

.9)'%'%>!%+!(.1/+2+.03!*3!&/')3)(*(,3,!,+!&/+1(&(031(4.:!

E3)+! ,+%0313/! G9+! *3! 13*(,3,! ,+! *3! (.-'/231(4.! ')0+.(,3! F31+>! +.! &3/0+>! +.! *3!

C3)(*(,3,!&3/3!2'.(0'/+3/!,+!-'/23!1'.0(.93!,+%,+!9.3!&'%(1(4.!8+'+%031('.3/(3>!

F! +.! *3! 13&31(,3,! ,+! 1'2&3/31(4.! ,+! ,30'%! 1'.! *'%! ')0+.(,'%! &'/! '0/'%!

(.%0/92+.0'%!3!)'/,'!,+*!clee:!!

$*!rOlH!90(*(=3!9.!+%&+S'!/'030'/('!G9+!*+!&+/2(0+!/+3*(=3/!)3//(,'%!+.!9.!B/+3!,+!

i""!j2!1'.!9.!&7V+*>!+.!+*!&9.0'!.3,(/3*>!,+!?:M!j2:!!

2.3.5.1.4  CERES 

$*! I&$847+ *-4+ #="+ @*%#=T7+ G*4(*-#+ @-"%'3+ /37#"5! ;E$l$HA! +%! 9.'! ,+! *'%!

(.%0/92+.0'%!2B%!90(*(=3,'!&'/!+*!$UH!,+! *3!^XHX>!&9+%!+%0+!%+!+.19+.0/3!+.!9.!

.D2+/'!1'.%(,+/3)*+!,+!%30T*(0+%!+.!4/)(03>!(.1*9F+.,'!+*!clee:!W%0+!1'.%(%0+!+.!

9.!/3,(42+0/'!1'.!0/+%!0+/2'6(%'/+%:!U&+/3!+.!0/+%!+%&+10/'%N!9.'>!8+.+/3*!,+!*'%!

@:"!3!*'%!#@@!2(1/42+0/'%`!'0/'>!,+!'.,3!1'/03!,+!@:"!3!\!2(1/42+0/'%`!F!+*!D*0(2'>!

,+!i!3!#?!2(1/42+0/'%>!,+.'2(.3,'!'.,3!*3/83:!!

e+,(3.0+! *3! (.-'/231(4.! ')0+.(,3! &'/! +*! E$l$H! +%! &'%()*+! ,+0+/2(.3/*3%!

&/'&(+,3,+%!-7%(13%!,+!*'%!19+/&'%!.9)'%'%!2+,(3.0+!(2B8+.+%!,+!3*03!/+%'*91(4.>!

1'2'!%'.!*3!3*0(09,>!*3!,+.%(,3,!F!+*!0323f'!,+!*3%!8'03%!,+!**96(3!3*231+.3,3%!+.!

*3!2(%23:!!
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2.3.5.1.5  LIS 

$<! <(8C0.(.8! O238(.8! H+.%'/! +%! 9.! %+.%'/! G9+! &+/2(0+! *'13*(=3/! ,+%13/83%!

+*T10/(13%! +.! *3! 3024%-+/3! +.! *3! /+8(4.! 0/'&(13*! ,+*! &*3.+03:! $%! 9.'! ,+! *'%!

(.%0/92+.0'%!2B%!&+G9+f'%!,+*!clee!F!/+3*(=3!%9%')%+/631('.+%!,9/3.0+!*3&%'%!

,+i@!%+89.,'%>!,9/3.0+!*'%!193*+%!&9+,+!,+0+/2(.3/!*3!13&31(,3,!,+!*3!.9)+!&3/3!

/+3*(=3/!,+%13/83%:!!

2.3.5.1.6  Productos 

L+*! clee! +%! &'%()*+! ')0+.+/! 291C'%! F! ,(-+/+.0+%! &/',910'%>! *'%! 193*+%! %+!

1*3%(-(13.!,+!319+/,'!1'.!+*!.(6+*!,+!&/'1+%32(+.0'!/+G9+/(,'!&3/3!%9!+*3)'/31(4.:!!

$.! +*! &/(2+/! .(6+*! %+! +.19+.0/3.! *'%! (.%92'%! ,(/+1032+.0+! ')0+.(,'%! ,+! *'%!

,(-+/+.0+%! (.%0/92+.0'%:! W%0'%! %+! 8+'/+-+/+.1(3.! &3/3! %9! 90(*(=31(4.! F! %+! *+%!

&/'1+%3!&3/3!,(%2(.9(/!+*!/9(,'!8+.+/3,'!+.!+*!2'2+.0'!,+!/+8(%0/'`!!%+!*+%!&',/73!

1'.%(,+/3/!1'2'!&/',910'%!x1/9,'%y:!!

$.!+*!%+89.,'!.(6+*!%+!%(0D3!+*!/+%9*03,'!,+!*3!9.(4.!F!*3!1'//+11(4.!,+!*'%!(.%92'%!

,+*! &/(2+/! .(6+*:! ^'/23*2+.0+! *'%! &/',910'%! ,+! +%0+! .(6+*! %+! 13/310+/(=3.! &'/!

8+%0('.3/! 9.3! *(2&(+=3! '! ,+&9/31(4.! ,+! ,30'%>! .'/23*2+.0+! &/'6+.(+.0+! ,+! 9.!

2(%2'!!%30T*(0+:!

$.! +*! 0+/1+/! .(6+*! %+! 13/310+/(=3! &'/! *3! 9.(4.! ,+! 63/('%! &/',910'%! ,+*! &/(2+/'! F!

%+89.,'! .(6+*+%:! $.! +%03! 130+8'/73! %+! +.19+.0/3! +*! "uM?>! +*! (.%92'! 90(*(=3,'! +.!

+%0+!0/3)3S':!!
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2.3.5.1.7  3B42 

 

$*! &/'&4%(0'! ,+*! 3*8'/(02'! "uM?+%! &/',91(/! (.-'/231(4.! 63*('%3! 3! &3/0(/! ,+! *'%!

,(-+/+.0+%!(.%0/92+.0'%!3!)'/,'!,+*!clee>!-9%('.3.,'!,30'%!,+*!%+10'/!(.-/3//'S'!

,+*!+%&+10/'!,+!3*03!13*(,3,>!*3!/37=!193,/3,3!2+,(3!z/''0a2+3.a%G93/+!;leHA{!,+!

*3!&/+1(&(031(4.>!F!*3%+%0(231('.+%!,+!+//'/!,+!*3%!*+109/3%!,+!&/+1(&(031(4.:!

R'/! +2&*+3/! 9.3/+%'*91(4.! +%&31(3*! ,+! |}V! |}! 8+'8/B-(1'%! F! 9.3! /+%'*91(4.!

0+2&'/3*!,+!"!C/>!+*!"uM?!1'.%0(09F+!9.3!+V1+*+.0+!/+-+/+.1(3!&3/3!*3!-(.3*(,3,!,+!

+%0+!+%09,('>!1'.!%9-(1(+.0+!13*(,3,!F!13.0(,3,!,+!(.-'/231(4.!+%&31('a0+2&'/3*:!

$%0+! &/',910'! "uM?! %+! 8+.+/3! +.! 1930/'! +03&3%N! #A! ;[oA! *3%! +%0(231('.+%! &'/!

2(1/''.,3%! %'.! 13*()/3,3%! F! 1'2)(.3,3%>! ?A! ;rXlA! *3%! +%0(231('.+%! C+1C3%!

2+,(3.0+! *3! (.-'/231(4.!+.! (.-/3//'S'! %'.! 13*()/3,3%! 1'.!+*!&/',910'!,+*!&/(2+/!

&3%'>! "A! ;[oarXlA! *3! (.-'/231(4.! ,+! *'%! &/(2+/'%! ,'%! &3%'%! +%! -9%('.3,3>! MA! %+!

/++%13*3!3!&+/(','%!2+.%93*+%:!

2.3.5.1.7.1  HighQuality (HQ) microwaveestimates 

$%0+! &/(2+/! &3%'! 1'.%(%0+! +.! G9+! 0',3! *3! (.-'/231(4.! /+13)3,3! 2+,(3.0+! *'%!

%+.%'/+%!,+!2(1/''.,3%!&3%(63%!%+!&/'2+,(3!3!9.!|}!8+'8/B-(1'!+%&31(3*2+.0+!F!

9.!/3.8'!,+!wk@!2(.90'%!,+*!0(+2&'!.'2(.3*!,+!')%+/631(4.:!!c','%!*'%!+%0(23,'%!

%'.! 3S9%03,'%! 90(*(=3.,'! 9.! C(%0'8/323! ,+! &/+1(&(031(4.! 3/23,'! ,+! (.-'/231(4.!

1'(.1(,+.0+:! $*! 3*8'/(02'! 0'23! 1'2'! )3%+! ,+! 13*()/31(4.! +*! clee! E'2)(.+,!

O.%0/92+.0!;cEOA>!%(.!+2)3/8'!%(!*3!1'(.1(,+.1(3!1'.!+*!ceO!'!1'.!'0/'!%+.%'/!.'!+%!
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%9-(1(+.0+2+.0+! /(13>! %+! +%03)*+1+! 9.3! 13*()/31(4.! cEOaceO! F! &'%0+/('/2+.0+! %+!

+%0(23.!*'%!/+%9*03,'%!13*()/3,'%!,+*!cEO:!

<3! /+*31(4.! +%&31(3*! +.0/+! cEOaceO! +%! ,+! #}V! #}! 8+'8/B-(1'%! &'/! 13,3! 2+%! ,+!

(.-'/231(4.! /+1'*+103,3! &3/3! (,+.0(-(13/! *3%! ,(-+/+.0+%! 1*(230'*'873%:! $*! ! 0/3)3S'!

&/+*(2(.3/!29+%0/3!G9+!*3%!13*()/31('.+%!,+*!ceO!1'2&3/3,3!1'.!'0/'%!%+.%'/+%!+%!

3,+193,3! &3/3! /+&/+%+.03/! *3! 1*(230'*'873! )3%3,3! +.! 1'+-(1(+.0+%! G9+! 3)3/13.!!

8/3.,+%!+V0+.%('.+%!,+!B/+3:! !R3/3! *3! 13*()/31(4.!ceOaHHe_O+%!.+1+%3/('!%+&3/3/!

&'/!/+8('.+%>!40°-30°N, 30°-10°N,10°N-10°S, 10°-30°S, 30°-40°S y una sola área 

continental para cada una de las temporadas trimestrales.  

 

Las calibraciones TMI-AMSR-E y TMI-AMSU-B son repartidas espacialmente en 

un solo ajuste climatológico para la parte continental de la superficie terrestre, y otro 

para la oceánica. La calibración AMSU–B tiene dos problemas iniciales: el primero 

radica enque el algoritmo del National Environmental Satellite, Data, and 

Information Service (NEDIS) fue cambiado en 2003 para tener dos juegos de datos 

en dos periodos de tiempo; el segundo estriba en que los dos periodos del AMSU–B 

se presenta una ocurrencia fraccional de la precipitación en la zona subtropical que 

es notablemente deficiente.  

Después de una extensiva serie de pruebas se juzgó que para el océano era más 

eficiente desarrollar calibraciones regionalizadas en zonas donde la precipitación lo 

amerita. En todos los casos la calibración es una ecualización sencilla de 

histogramas.  
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!

! d#!

$*! (.0+/63*'! ,+! 13*()/31(4.! +*+8(,'! +%! ,+! 9.!2+%>! &3/3! 3%+89/3/! *3! +%03)(*(,3,! F!

/+&/+%+.030(6(,3,>!%3*6'!+.!+*!13%'!,+*!ceOaXeH$a$!G9+!/+G9(+/+!&+/7','%!,+!,'%!

2+%+%:!!

P.3! 6+=! G9+! *'%! +%0(23,'%!TMI-AMSU-B! F! ceOaXeH$a$! +%0B.! 13*()/3,'%! &3/3!

13,3!&+/7','>!1'.!9.3!13.0(,3,!2+.'/!,+!M@~!,+!&(V+*+%!32)(89'%>!*3!/+0719*3!+%!

&/')3,3! 1'.! *3! 2+S'/! (.-'/231(4.! ,(%&'.()*+>! 39.G9+! +%! 1'2D.! G9+! +.! *3%!

6+.03.3%!0+2&'/3*+%!,+!0/+%!C'/3%!%+!&/+%+.0+.!#!F!@:!

E93.,'! &/+%+.03! 9.3! 63/(+,3,! %(8.(-(130(63>! ,+! 319+/,'! 1'.! *'%! &3/B2+0/'%! ,+!

1'.%0/911(4.! ,+*! "uM?>%+! &/'2+,(3.! *'%! ,30'%! ,(%&'.()*+%! ,+*! cEO>! 3S9%03,'!

%91+%(632+.0+!2+,(3.0+!ceO>!cEO!3S9%03,'!2+,(3.0+!XeHl$a!$!F!,+*!cEO!3S9%03,'!

2+,(3.0+!+*!HHe_O:!!

!

2.3.5.1.7.2  Variable Rain Rate (VAR) IR estimates 

!
$*! %+89.,'! &3%'! ,+*! "uM?! 90(*(=3! ,'%! 0(&'%! ,+! ,30'%! +.! (.-/3//'S'! &3/3! 1/+3/! +*!

S9+8'! ,+! ,30'%! ,+! 13,3! 0/+%! C'/3%>! ! +.! 9.! B/+3! ,+! |}V! |}! 8+'8/B-(1'%:! <'%!

C(%0'8/323%!%'.!+193*(=3,'%!1'.!*'%!(.%92'%!,+*![(8C!o93*(0F!2(1/'!Q36+!+%0(230+!

;[oA! F! %+! 38/9&3.! &'/! &+/7','%! ,+! 9.! 2+%! &3/3! 1/+3/! 1'+-(1(+.0+%! D0(*+%! +.!

13*()/31('.+%!+%&31(3*+%!G9+!1'.6(+/03.!+*!(.-/3//'S'!Tbs a índices de precipitación.  

En el HQ la calibración para los intervalos de IR es de un mes.  

<3!+*+11(4.!,+!*3!+%13*3!0+2&'/3*!0(+.+.!1'2'!')S+0'!23.0+.+/!*'%!S9+8'%!,+!,30'%!

1'.!63*'/+%!,+&+.,(+.0+%!+!(.,+&+.,(+.0+%!&3/3!')0+.+/!13*()/31('.+%!0+2&'/3*+%!
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!

! d?!

1'.-(3)*+%:! P.3! %+89.,3! ,+0+11(4.!2+.%93*! '-/+1+! 9.!2+S'/! 1'.0/'*! ,+! (.%92'%!

&3/3! +*+2+.0'%! 32)(89'%! +.! *'%! ,30'%! ,+! 31929*31(4.! ,+! &/+1(&(031(4.! +.!

2(1/''.,3%>!1'2&3/3,3!1'.!*3!,+0+11(4.!390'2B0(13:!!

$%!)(+.!%3)(,'!G9+!.'!+V(%0+.!&/+1(&(031('.+%!,+!|}V!|}!8+'8/B-(1'%:!!$.!&/'2+,('!

+*Tb! +%!23F'/!G9+!+*! 63*'/!,+*!92)/3*! *'13*>! G9+! 1'(.1(,+! 1'.! *3! -/+19+.1(3!,+! *3!

&/+1(&(031(4.!+.!+*!O.-/3//'S'!F!+.!*3%!2(1/''.,3%:!!

R3/3!*'%!63*'/+%!2B%!-/7'%!,+!Tbs!%+!3%(8.3.!(.1/+2+.0'%!+.!*3%!03%3%!,+!,30'%!,+!

&/+1(&(031(4.!90(*(=3.,'!+193*(=31(4.!,+!C(%0'8/323%:!XG9+**3%!1+*,3%!+.!*3!/+0719*3!

G9+!13/+1+.!,+!,30'%!1'(.1(,+.0+%!3!*'!*3/8'!,+*!2+%!59%93*2+.0+!,+)(,'!3!,30'%!

32)(89'%!'!23*3!+,(1(4.5!%'.!%9S+03%!3!1'+-(1(+.0+%!,+!13*()/31(4.!&'/!%(%0+23%!

,+!/+**+.3,'!%936+!,+!C(%0'8/323%!,+!1'+-(1(+.0+%!,+!,30'%!+.!*3!6+1(.,3,:!

!

2.3.5.1.7.3  Combinación de estimados HQ y VAR 

$%!-/+19+.0+!G9+!%+3!1'2&*(13,'!1'2)(.3/!,(-+/+.0+%!+%0(23,'%!,+!&/+1(&(031(4.>!

&'/! +**'! *3! -(.3*(,3,! ,+*! 3*8'/(02'! +%! '-/+1+/! +*!2+S'/! +%0(23,'! ,+! &/+1(&(031(4.!

&3/3!13,3!1+*,3!,+!*3!/+0719*3!&'/!13,3!&+/(','!,+!')%+/631(4.:!!

L+!C+1C'>!+*!&/'1+%'!,+!1'2)(.31(4.!,+!2(1/''.,3%!&3%(63%!+%!/+*30(632+.0+!-B1(*!

F3!G9+!*'%!%+.%'/+%!+.!8+.+/3*!%'.!29F!%(2(*3/+%!3!*'%!%+.%'/+%!hUlZ!G9+!%'.!29F!

9%3,'%:!!

$%0+>!%(.!+2)/38'>!.'!+%!+*!13%'!&3/3! *3%!+%0(231('.+%![o!F!rXl:!X1093*2+.0+!%+!

3,'&03! 9.! &/'1+,(2(+.0'! &3/3! 1'2)(.3/! *'%! 63*'/+%! [o! F! rXl! )3%3,'! +.! *3%!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! d"!

13/310+/7%0(13%!-7%(13%!,+!*'%!+%0(23,'%![o>!,'.,+!13,3!,30'%!+%!631(3,'!+.!*3!1+*,3!

1'//+%&'.,(+.0+!F!*'%!C9+1'%!%'.!/+**+.3,'%!1'.!+%0(231('.+%!rXl:!$%0+!+%G9+23>!

1'.%0/9(,'! &'/! S9+8'%! ,+! ,30'%! +%03,7%0(1'%! F! C+0+/'8T.+'%>! 3&'/03! +*! 2+S'/!

+%0(23,'!*'13*!3!+V&+.%3%!,+!*3%!%+/(+%!,+!0(+2&':!

!

2.3.5.1.7.4  Reescalando a la escala mensual  

$*!&3%'!-(.3*!&3/3!8+.+/3/!+*!"uM?!+%+*9%'(.,(/+10',+*'%!,30'%,+*!92)/3*!,+!**96(3:!

H(.!+2)3/8'>! ! *3!+V&+/(+.1(3!.'%!,(1+!G9+!+%13*3%!0+2&'/3*+%!2+.'/+%!,+!9.!2+%!

.'!&/'6++.!%9-(1(+.0+%!,30'%>!.(!,+.%(,3,!,+!*'%!2(%2'%>.+1+%3/(3%!&3/3!83/3.0(=3/!

%9!(.1*9%(4.!+.!+*!3*8'/(02':! 

$%0+! &/')*+23! %+! /+%'*6(4! +.! +*! hRER! U.+aL+8/++! L3(*F! 1'2)(.3.,'! S9+8'%! ,+!

,30'%! +%13*3,'%! 3! &+/(','%! ,+! 0(+2&'! 2B%! 1'/0'%! G9+>1'2&(*3,'%>3//'S3.! 1'2'!

/+%9*03,'!9.!2+%:!!

L+!-'/23!%(2(*3/!+.!"uM?!%+!0'23.!*'%!+%0(23,'%!&3/3!13,3!"!C/!,+![o!F!rXl!F!%+!

%923.!&3/3!')0+.+/!9.!1'2&(*3,'!2+.%93*:!!
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!

! "#!

 

 

Capítulo 3                                                               

Métodos de integración de datos 

!

$%&'%(')! *+,! ,-,&'./,! 0! 1/&)+%',! ('! (-,&)-234-5%! ',1/4-/*! ',! 3%! &'./! ('! 6)/%!

-%&')7,!'%!8/)-/,!9)'/,!('*!4+%+4-.-'%&+:!1+)!'**+!,'!;/%!(',/))+**/(+!&74%-4/,!<3'!

1').-&'%!'=1*-4/)!0!.'(-)*+,!('!>+)./!+)('%/(/!0!&/%6-2*'?!@+(+!',&+!,'!'=1)',/!/!

&)/87,! ('! 1)+1-'(/(',! 0! )'*/4-+%',! '%! '*! 4/.1+! ',1/4-/*:! *+,! 43/*',! 13'('%!

',&3(-/),'!('!>+)./!(-)'4&/?!!!

$,!1+,-2*'!4*/,->-4/)!',&+,!/%9*-,-,!'%!*/,!,-63-'%&',!4/&'6+)A/,B!!

• !"#$%&'(&()*%+&$#'(,#()-$%&'.(',&'!&-1+!('!>'%5.'%+!,'!'=1)',/!4+.+!,3!

%+.2)'! *+! -%(-4/:! /! &)/87,! ('! 13%&+,:! '! -('%&->-4/! 32-4/4-+%',! ',1'4A>-4/,:!

4+.+! 13'('%! ,')! /4+%&'4-.-'%&+,! 1)'4-,+,! +! *+4/*-C/4-5%! ('! +2D'&+,! 3!

',1'4-',!('&').-%/(/,?!!

!

• /-)#+0121#'( 2&$%1$-*'B! E+%,&/%! ('! 4+%D3%&+,! ('! (/&+,! <3'! ,'!

)'*/4-+%/%'.&'!,A!0!&-'%'%!3%/!(-,&)-234-5%!)'63*/)!+!-))'63*/)?!F,3/*.'%&'!
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!

! "G!

',&'!&-1+!('!(/&+,!8/%!*-6/(+,!/!',&3(-+,!6'+*56-4+,:!&+1+6)9>-4+,:!'4+*56-4+,!

'&4?!

!

• 3+#*'( 2&$( ,*%&'( )-$%-*4#'( &( 2&$( %*'*'( 54&6*4#'B! ',&'! &-1+! ('! (/&+,!

%+)./*.'%&'!8/!/,+4-/(+!/!4'%,+,:!0/!,'/%!1+2*/4-+%/*',:!'4+%5.-4+,!+!('!

43/*<3-')! +&)+! &-1+! ('! 8/)-'(/(! <3'! 8'%6/! ('! 3%/! ,')-'! ('! 13%&+,! '%! '*!

',1/4-+!4+%!-%>+)./4-5%! *+4/*?!H')+!<3'!1+)!)/C+%',!('!4+%>-('%4-/*-(/(!+!

1+)!3%!./%'D+!.9,!,'%4-**+!('! */! -%>+)./4-5%!,'!)'/*-C/%!&/2*/,!4+%!(/&+,!

6*+2/*',:! 3,3/*.'%&'! /6)31/(+,! '%! 1+*A6+%+,! 4'))/(+,?! IJ-%/! K-3L%6/%!

M/.N?!

$%!*+,!',&3(-+,!,+2)'!(/&+,!13%&3/*',!4+2)/!/O%!./0+)!-.1+)&/%4-/!'*!/%9*-,-,!('!

*/! *+4/*-C/4-5%! ('! *+,! .-,.+,?! $*! +2D'&-8+! 4'%&)/*! 4+%,-,&'! '%! '%4+%&)/)! */!

(-,&)-234-5%!',1/4-/*!('!*+,!(/&+,:!,-!',!/*'/&+)-/!+:!1+)!'*!4+%&)/)-+:!&-'%'!1/&)+%',!

2-'%!('>-%-(+,P!!,-!1)','%&/!/6*+.')/4-+%',!+!,-!&-'%'!3%/!(-,&)-234-5%!+)('%/(/!0!

1)+1+)4-+%/*?!!

$%! 4+%&)/1/)&':! '%! '*! /%9*-,-,! ('! ,31')>-4-',! ,'! 23,4/! )'4+%,&)3-)! '*! &+&/*! ('! */!

-%>+)./4-5%! /! 1/)&-)! ('! *+,! (/&+,! '=-,&'%&',! 4+%! 3%! 6)/(+! 4+%,-(')/2*'! ('!

4')&-(3.2)'!0!,-.-*/)-(/(!/!*+,!(/&+,!)'/*',!'%!4/.1+!<3'!%+!>3')+%!*'8/%&/(+,?!!

$%!*+,!/%9*-,-,!('!9)'/,!('!&/,/,!6*+2/*',:!%+)./*.'%&'!('*-.-&/(+,!1+)!1+*A6+%+,!

Q)'63*/)',!+!%+Q!(+%('!',!1+,-2*'!<3'!'=-,&/!3%/!;+.+6'%'-(/(:!*+,!4/.2-+,!0!

1/&)+%',!,'!1)','%&/%!'%!*+,!*A.-&',!0!>)+%&')/,!('!7,&/,?!H')+!*/!;+.+6'%'-(/(!%+!
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!

! ""!

',!>+)C+,/:!0/!<3'!',!>)'43'%&'!/2+)(/)!',&'!&-1+!('!-%>+)./4-5%!('!8/)-/,!./%')/,:!

;/,&/!'%4+%&)/)!3%/!,+*34-5%!<3'!/4+.+('!1/)/!4/(/!4/,+!('!',&3(-+?!!

3.1 Conceptos básicos de la integración de datos  

M/!('1'%('%4-/!',1/4-/*!',!3%!4+%4'1&+!4*/8'!1/)/!43/*<3-')!/%9*-,-,!',1/4-/*?!R,&'!

8/!*-6/(+!/!*/!1)-.')/!*'0!('!*/!6'+6)/>A/!('!@+2*')!"#$#%&'()%*&+,-.#/,$#%-#/%(#$#0%

1&*#%+,'%-#','%-&*-,/,'%+#%&'()/%2)'3!I@+2*')!STUTN?!

H+,&')-+).'%&'! ,'! 13'('! ;/2*/)! ('! */! /3&+4+))'*/4-5%! ',1/4-/*:! <3'! ',! 3%/!

'=1)',-5%! 4+.13&/4-+%/*?! $,&'! &7).-%+! 8-'%'! ('*! 4+%4'1&+! ',&/(A,&-4+! ('! */!

4+))'*/4-5%:! '*! 43/*! ,'! 3,/! 1/)/! .'(-)! '*! %-8'*! ('! )'*/4-5%! '%&)'! (+,! 8/)-/2*',!

/*'/&+)-/,?!$*!1)'>-D+!,4(#! ! -%(-4/!<3'! ,'!23,4/! */! 4+))'*/4-5%!('!3%!+2D'&+! 4+%! ,-!

.-,.+?! $,&'! 13'('! ,')! 3%! ('&').-%/(+! &-1+! ('! *'4&3)/,! <3'! ,'! 1)','%&/! '%!

(->')'%&',!13%&+,!('!',1/4-+?!$=-,&'%!8/)-+,!.7&+(+,!1/)/!.'(-)!',&'!>/4&+):!1')+!

&+(+,!1/)&'%!('!*/!.-,./!2/,':!'*!4+.1/)/)!3%!8/*+)!4+%!'*!('!,3,!8'4-%+,?!!

V&)+! )',3*&/(+! ('! */! ('1'%('%4-/! ',1/4-/*! ',! */! -%>')'%4-/! ',1/4-/*! 6'%')/(/:! */!

43/*!4)'4')9!1)+1+)4-+%/*.'%&'!/!*/!-%('1'%('%4-/!('!*/,!.3',&)/,!'8/*3/(/,:!1+)!

*+! <3'! 3%/! ,'*'44-5%! ;+.+67%'/! <3'! &'%6/! /*&/! ('1'%('%4-/! ',1/4-/*! %+! ,')8-)9!

1/)/!'=1*-4/)!*+,!>'%5.'%+,!4+.+!,A!*+!,')A/!3%/!,'*'44-5%!;'&')+67%'/?!!

@+(/,! ',&/,! 4/)/4&')A,&-4/,! >3')+%! 3&-*-C/(/,! '%! '*! 1)+4',+! ('! ',&'! &)/2/D+! 0! ',!

-.1+)&/%&'! .'%4-+%/)! <3'! ,'! )'<3-')'%! )',3*&/(+,! 1+,-&-8+,:! +! 1/)4-/*.'%&'!

1+,-&-8+,:! 1/)/! )'/*-C/)! 3%/! -%&'6)/4-5%! '%&)'! */,! (->')'%&',! >3'%&',! ('! (/&+,!
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!

! "U!

3&-*-C/(/,:! ('! &/*! .+(+! <3'! '*! )',3*&/(+! ,'/! 3%/! ,31')>-4-'! 4+))'4&/! 0!

)'1)','%&/&-8/?!

3.2Kriging 

 
W'!*+,!.7&+(+,!('! -%&')1+*/4-5%!',1/4-/*:! */! &74%-4/!4+%+4-(/!4+.+!X)-6-%!',!3%/!

23'%/!+14-5%!('%&)+!('!*/,!4+))',1+%(-'%&',!/!*/,!)'6)',-+%',!*-%'/*',:!('2-(+!/!,3!

8/)-/4-5%!.A%-./!0!/*&+!6)/(+!('!1)'4-,-5%IK&'-%!STTSN?!

!

$*!.7&+(+!X)-6-%6!',!3%/!&74%-4/!('!-%&')1+*/4-5%!4+%8'%4-+%/*:!*-%'/*:!<3'!1').-&'!

',&-./)! 8/*+)',! (',4+%+4-(+,! ('%&)+! ('! 3%/! 8'4-%(/(! ('&').-%/(/?! Y3'!

(',/))+**/(+!1+)!'*!,3(/>)-4/%+!W/%%0!Z?!X)-6':!<3-'%! */!3&-*-C/2/!1)-%4-1/*.'%&'!

'%! */! .-%')A/?! ['4-2-5! ,3! %+.2)'! 1+)! ,')! /1*-4/(/! 1+)! \/&;')+%! '%! ST"]! /*!

4/.2-/)!*/!>+)./!'%!*/!<3'!,'!1)/4&-4/!*/!',&/(A,&-4/!I\/&;')+%!STUSN?!

!

^4&3/*.'%&'! '=-,&'%! 8/)-/%&',! ('! ',&'! .7&+(+! <3'! 1').-&'%! &)/2/D/)! */!

-%>+)./4-5%!('!>+)./!.9,!1)'4-,/:!+!<3'!43.1*'%!4+%!4-')&/,!4+%(-4-+%',!(3)/%&'!

'*!49*43*+!('!*/!.-,./?!!

^(-4-+%/*.'%&':! ;/0! <3'! &'%')! '%! 43'%&/! <3'! '*! 8/*+)! >/*&/%&'! 1+)! 4/*43*/)!

('1'%(')9!(-)'4&/.'%&'!('!*/,!)'*/4-+%',!',1/4-/*',!'=-,&'%&',!!'%!*/!*+4/*-(/(?!

$,!4+%8'%-'%&'!4+%,-(')/)!4-')&+,!/,1'4&+,!/*!&)/2/D/)!',&'!.7&+(+:!4+.+!,+%B!
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!

! "_!

`!JO.')+!('!\3',&)/,!!

$*! &/./a+! ('! */!.3',&)/! ('2'! ('! ,')! 43-(/(+,/.'%&'! ('&').-%/(/:! 0/! <3'! 3%/!

6)/%!4/%&-(/(!('!(/&+,!13'('!)',3*&/)!'%!3%/!./&)-C!('!(/&+,!<3'!,'/!(->A4-*!0!*'%&/!

1/)/! &)/2/D/):! .-'%&)/,! <3'! ,-! ',! .30! 1'<3'a+! '*! %O.')+! ('! .3',&)/,!

-%6)',/(/,:*/!',&-./4-5%!13'('!,')!1+4+!)'1)','%&/&-8/?!!

!

`!@/./a+!('!*/!8'4-%(/(!!

R,&/!('2'!('!,'):!/*!-63/*!<3'!*/!.3',&)/!('!(/&+,:!('!3%!&/./a+!/('43/(+?!$,!('4-):!

,3>-4-'%&'.'%&'!6)/%('!4+.+!1/)/! -%4*3-)!3%!23'%!%O.')+!('!13%&+,!0:!/! */!8'C:!

&/%!1'<3'a/!1/)/!<3'!*+,!(/&+,!,'*'44-+%/(+,!',&7%!'%!*/!.-,./!)'6-5%?!!

`!@-1+!('!8'4-%(/(!

W'3&4,;!0!b+3)%'*!)'4+.-'%(/%!<3'!,-!*+,!(/&+,!,'!'%43'%&)/%!'%!(+,!(-.'%,-+%',!

0!'%!'*!.+('*+!*+,!(/&+,!%+!('1'%('%!('!*/!(-)'44-5%!Qc,+&)51-4+Q:!*/!8'4-%(/(!

('2'!('!,')!4-)43*/)?!

H+)!'*!4+%&)/)-+:!,-!*/,!4/)/4&')A,&-4/,!('!*/,!.3',&)/,!('1'%('%!('!,3!(-)'44-5%!Q

/%-,+&)51-4+Q:!,'!('2'!('!3,/)!3%/!>+)./!!('!'*-1,'!1/)/!*/!8'4-%(/(!/!&)/2/D/)?!!

$%! 4/,+! ('! 4+%&/)! 4+%! (/&+,! '%! &)',! (-.'%,-+%',! ,'! ('2'%! ,'63-)! *+,! .-,.+,!

4)-&')-+,!4+%8-)&-'%(+!'*!4A)43*+!'%!',>')/!0!*/!'*-1,'!'%!'*-1,+-('?!!

!
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!

! "T!

E/2'!(',&/4/)!<3'!X)-6-%6!%+!',!'*!O%-4+!.7&+(+!('!-%&')1+*/4-5%!',1/4-/*?!$=-,&'%!

+&)+,! 4+.+! */! @',,&'*/4-5%! 0! */,! K1*-%',?! K-%! '.2/)6+:! X)-6-%66! ',! '*! O%-4+! 430/!

2/,'! ',&/(A,&-4/! 1').-&'! <3'! %+! ;/0/! -%4')&-(3.2)'! '%! */! .'(-4-5%! ('*! '))+)!

6'%')/(+!1+)!7*!.-,.+Id'2,&')!ST_GN?!

!

@+(/,!*/,!8/)-/%&',!6'%')/(/,!(',('!*/!>5).3*/!+)-6-%/*!X)-6-%6!1)+8-'%'%!('!3%/!

)'6)',-5%! *-%'/*:! (+%('! '*! +2D'&-8+! ',! .-%-.-C/)! */! 8/)-/%C/! ('*! '))+) <3'!

1)+8-'%'!('!*/!,-63-'%&'!'=1)',-5%!B!

!

!

W+%(' -%(-4/! '*! 8/*+)! ',&-./(+! 1/)/! */! *+4/*-(/(! '%! ',&3(-+:! 0! 7,&/! ,'!

.-%-.-C/!2/D+!*/!)',&)-44-5%!('!<3'!,'/!,-%!,',6+,!Ie')(+0:!fggGN!',!('4-)B!

!

!

 

3.2.1  Kriging ordinario  

 
$%!3%!4+%D3%&+!('!(/&+,!',1/4-/*.'%&'!)'>')'%4-/(+,!'%!3%!4+%D3%&+!h:!(+%('!4/(/!

13%&+!'%!>+)./!-%(-8-(3/*!,'!('>-%'!4+.+! !('!.+(+!<3'B!

!
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!

! Ug!

H')+! (/(/! */! %/&3)/*'C/! ('! *+,! (/&+,! .-,.+,:! %+! (-,1+%'.+,! ('*! (/&+!

4+))',1+%(-'%&'!/! !:!1')+!4+%!/03(/!('*!X)-6-%6!+)(-%/)-+!',!1+,-2*'!4/*43*/)!

'*!8/*+)!4+%!2/,'!'%!3%/!4+.2-%/4-5%!*-%'/*!('!*/,!8/)-/2*',!('!*/!,-63-'%&'!./%')/B!

!

V:!',4)-&+!('!+&)/!>+)./B!

!

W'!./%')/!<3'! !',!'*!8/*+)!1)+%+,&-4/(+!0 ',!'*!1',+!(',4+%+4-(+!<3'!,'!

('2'!('! 4/*43*/)!1/)/! 4/(/!8/*+)!+2,')8/(+?! ! $,&+! ,'!;/4'! &+./%(+!'%! 43'%&/! */!

(-,&/%4-/! '%&)'! *+,! 13%&+,! '*'6-(+,! 0! '*! 13%&+! (+%('! ,'! )'/*-C/! '*! 49*43*+! 1/)/!

+2&'%')!'*!8/*+)!',&-./(+?!R,&'!8/)-/)9!('!3%!8/*+)!+2,')8/(+!'%!>3%4-5%!('*!'))+)!

('!',&-./4-5%B !,-'%(+! !'*!8/*+)!+2,')8/(+!0! !'*!

8/*+)!4/*43*/(+?!

!

$*! '))+)! ',&9! *-6/(+! /! *+,! 1',+,! '*'6-(+,:! *+! 43/*',! ,+%! -('/*.'%&'! 1)+(34-(+,! /*!

-%6)',/)! (/&+,! ,-%! ,',6+! 0! 4+%! 3%/! .-,./! 8/)-/%C/! ('! ',&-./4-5%?! M+,! 1',+,!

,-'.1)'!('2'%!,3./)!S?!!

$%&+%4',:!,'!/,3.'!<3'! !',!*/!.'D+)!1)'(-44-5%!0/!<3'!*+,!1',+,!,+%!&/*',!<3'!

,'! .-%-.-C/! '*! '))+)! ('! 1)'(-44-5%?! H/)/! /,'63)/)! 3%! '))+)! .A%-.+! ',! 1+,-2*'!
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!

! US!

/a/(-)!3%!.3*&-1*-4/(+)!('!M/6)/%6'! :!'*!43/*!,'!+2&-'%'!/*!)',+*8')!*/!,-63-'%&'!

'=1)',-5%B!

!

+!

!

!

H/)/! 4/*43*/)! *+,! 1',+,! ('! */! ! ;/0! <3'! +2&'%')! */! ./&)-C! -%8'),/! P!

?! H/)/! 4/*43*/)! '*! 8'4&+)!5,'! 4/*43*/! */! (-,&/%4-/! '%&)'! *+,! 8'4-%+,! 0! '*!

13%&+! (+%('! ,'! 8/! /! -%&')1+*/)! .'(-/%&'! */! >5).3*/! ('! (-,&/%4-/! '34*-(-/%/! 0:!

1+,&')-+).'%&':!,'!4/*43*/!*/!,'.-8/)-/%C/!4+))',1+%(-'%&'!/!*/,!(-,&/%4-/,!4+%!*+,!

1/)9.'&)+,!('>-%-(+,?!!

E+.+!)',3*&/(+!,'!+2&-'%'!*/!,-63-'%&'!'=1)',-5%!

!
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!

! Uf!

R,&'!.7&+(+!,'!'.1*'/!43/%(+!',!./)4/(/!*/!&'%('%4-/!'%!*/!8/)-/2*'!.3',&)'/(/:!

4+.+! 13'('! ,')! '*! ',1',+)! ('! 3%/! >+)./4-5%! <3'! 8/! -%4)'.'%&9%(+,'! '%! 3%/!

(-)'44-5%!('&').-%/(/?!

i/0!<3'!&'%')!'%!43'%&/!<3'!'%!3%/!&'%('%4-/!4+%!',&/4-+%/*-(/(!('!1)-.')!+)('%:!

',&+!',!<3'!*/!.'(-/!*+4/*!%+!',!3%->+).':!',&'!.7&+(+!%+!&-'%'!8/*-('C:?!E3/%(+!,'!

1)','%&'%!',&'!&-1+!('!&'%('%4-/,!,'!('2'%!('!;/4')!.+(->-4/4-+%',!/!*/!.-,./?!!

M/!8/)-/2*'!,'!,'1/)/!'%!(+,!4+.1+%'%&',:!3%/:!*/!&'%('%4-/:!+&)/:!*/!)',-(3/*!('!*/!

.-,./?! ^*! )',&/)! */! .'(-/! *+4/*:! '*! )',-(3+! ('2')A/! &'%(')! /! 4')+:! 4+%! /*63%+,!

8/*+)',!1+,-&-8+,!0!%'6/&-8+,?!!

K'! )',&/%! ('! */! &'%('%4-/! *+,! 8/*+)',! /3,'%&',! ('! */! .-,./! <3'! 43.1*'%! '*!

)'<3-,-&+!('!',&/4-+%/*-(/(!('!1)-.')!+)('%?!$%!',&'!13%&+!0/!',!1+,-2*'!/1*-4/)!'*!

.7&+(+!X)-6-%6?!!

M/!>+)./!('!3&-*-C/)!*/,!8/)-/2*',!,'!(',4)-2'!4+.+! !*/!,3./!('!*/!&'%('%4-/B!

!

W+%('! 1+)!*+!&/%&+! !

!

!

W'!.+(+!<3'B!!

!
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!

! U]!

W+%('! */,! >3%4-+%',! ! 0! 1! ',! '*! %O.')+! ('! (/&+,! '.1*'/(+,! 1/)/! /D3,&/):!

,+%!*+,!4+'>-4-'%&',!4+%,&/%&',!+2&'%-(+!4+%!*/!8'4-%(/(!%+!>-D/:!1+)!

*+!<3'!,'!13'('!'=1)',/)!('!*/!,-63-'%&'!./%')/B!

!

 
 

3.2.2 CoKriging ordinario  

 
@/.2-7%! 4+%+4-(/! 4+.+! j',&-./4-5%! 4+%D3%&/k! ('! 8/)-/2*',! )'6-+%/*-C/(/,:! ',! '*!

/%9*+6+!%/&3)/*!('*!.7&+(+!('!X)-6-%6!('!3%/! >3%4-5%!/*'/&+)-/?!\-'%&)/,!<3'! */!

.'&+(+*+6A/!+)-6-%/*!3&-*-C/!*/!4+))'*/4-5%!',1/4-/*!1/)/!4/*43*/)!*+,!4+'>-4-'%&',!'%!

'*!',&-./(+)!*-%'/*:!'*!E+X)-6-%6!3&-*-C/!/*!.-,.+!&-'.1+!*/!4+))'*/4-5%!',1/4-/*!0!*/!

4+))'*/4-5%!'%&)'!>3%4-+%',!/*'/&+)-/,!/*!.-,.+!&-'.1+?!!

!

$,!.9,!4+.O%!'*!3,+!('!',&/!8/)-/%&'!'%!4/,+,!6'+',&/(A,&-4+,:!(+%('!3%/!('! */,!

8/)-/2*',!.3',&)'/(/,!&-'%'!.'%+,!-%>+)./4-5%!)'4+1-*/(/!<3'!*/,!+&)/,:!+!!43/%(+!

'=-,&'%!'))+)',!('!.3',&)'+?!

!

l3'(/!'=1)',/(+!('!*/!,-63-'%&'!>+)./B!

!
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!

! U#!

!

W+%('! ',! '*! %O.')+! ('! 1/)'D/,! ('! (/&+,! <3'! ,'! '%43'%&)/%! /! (-,&/%4-/! ?!

@+./%(+!'%!43'%&/!<3'B!

!

!

!

$*!8/)-+6)/./!4)3C/(+!',!3%/!>3%4-5%!,-.7&)-4/?!!

i/0!<3'!4+%,-(')/)!<3'!'*!E+X)-6-%6!&-'%'!(+,!6)/%(',!(',8'%&/D/,B!1)-.')+:!<3'!

',! .30! (->A4-*! ('! 3&-*-C/)! ('2-(+! /! */! %/&3)/*'C/! -%&)A%,'4/! ('! ,3! %+&/4-5%!

Ib+3)%'*mi3-D2)'6&,!STU_NP,'63%(+:!'%!4+%&)/,&'!4+%!'*!X)-6-%6:!7,&'!%+!,'!13'('!

3,/)!'%!1)','%4-/!('!3%/!&'%('%4-/:!0/!<3'!*/!&'+)A/!('!',&-./4-5%!('!4+8/)-/%C/!

4)3C/(/!',1/4-/*!%+!',&9!4+.1*'&/.'%&'!(-,1+%-2*'!I!E)',,-!ST_UN?!

!

!

3.3 Moran  

 
H32*-4/(+!+)-6-%/*.'%&'!'%!ST#_:!'*!A%(-4'!\+)/%!;/!,-(+!3&-*-C/(+!'=&'%,/.'%&'!

'%! '*! 4/.1+! ('! */! ',&/(A,&-4/! ',1/4-/*?! $,&'! A%(-4'! (/! 4+.+! )',3*&/(+! 3%! )/%6+!
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!

! UG!

%+)./*-C/(+! <3'! ,'a/*/! */! '=-,&'%4-/! +! %+! ('! 4+))'*/4-5%! ',1/4-/*! '%&)'! ,3,!

'*'.'%&+,! Ii/-%-%6! STTgN?! K-%! '.2/)6+! ,-! ('%&)+! ('! *+,! (/&+,! 4+'=-,&'%!

',&)34&3)/,!4+%!/*&/!0!2/D/!4+))'*/4-+%',:!'*!A%(-4'!\+)/%!%+!1+()9!(-,&-%63-)!'%&)'!

'**/,?! 

 

H+)!*+!/%&')-+)!,'!)'4+.-'%(/!)'/*-C/)!1)3'2/,!*+4/*',!('%&)+!('!*+,!.-,.+,!D3'6+,!

('! (/&+,:! 0/! <3'! 7,&/,! 13'('%! (->')-)! ('! *+! <3'! ,')A/! */! &'%('%4-/! 6*+2/*?!

IY+&;')-%6;/.!STTTN?!H/)/!/&'%(')!',&/!%'4',-(/(!,'!;/%!(',/))+**/(+!(->')'%&',!

.7&+(+,!/!1/)&-)!('*!A%(-4'!\+)/%!I\+)/%n,!cN:!&/*!',!'*!4/,+!('*!McK^:!<3'!/1*-4/)*+!

'%! >+)./! 4+%D3%&/! ',! 1+,-2*'! ('&'4&/)! '>-4-'%&'.'%&'! C+%/,! 4+%! /*&+! 8/*+)! ('!

4+))'*/4-5%:!2/D+!8/*+)!('!4+))'*/4-5%!0!,-%!4+))'*/4-5%?! 

 

M+,!.7&+(+,! ',&/2*'4-(+,! 1/)/! +2&'%')! */! /3&+4+))'*/4-5%! ',1/4-/*! %+)./*.'%&'!

'%>/&-C/%! */! 1/)&'! )'*/4-+%/(/! 4+%! *+,! 8/*+)',! *-6/(+,! /! */! /*&/! /3&+4+))'*/4-5%:!

('D/%(+! ('! */(+! *+,! 8/*+)',! *-6/(+,! /! */! 2/D/! +! %3*/! /3&+4+))'*/4-5%IM/o,+%!

mX3**(+)>>! fgggN?! $,&+,! O*&-.+,! 8/*+)',! /,'63)/%! 23'%/! 4/*-(/(! ('! *'4&3)/! 0!

1').-&'%!3%/!.'D+)!(-,4)-.-%/4-5%!('!*+,!1)+4',+,:!/*!/03(/)!/!('*-.-&/)!('!>+)./!

1)'4-,/!0!13%&3/*!*/,!C+%/,!('!/*&/!4+))'*/4-5%:!/*!&-'.1+!<3'!/03(/%!/!)',+*8')!'!

-('%&->-4/)! (->')'%&',! 1)+2*'.9&-4/,:! &/*',! 4+.+! */! 4+%>-63)/4-5%! ('! *+,! (/&+,:! */!

>+)./!'%!*/!<3'!,'!3,/%!*+,!(/&+,!0!'*!',&/2*'4-.-'%&+!('!1/&)+%',!*+4/*',?! 
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! U"!

@! h;/%6! m! Z! M-%! IfggUN! 1)+1+%'%! '.1*'/)! '*! \+)/%n,! c! ,'1/)/(+! '%! &)',!

4+.1+%'%&',!1/)/! ,3!3,+:!13',!('.+,&)/)+%!<3'!/3%! 43/%(+!'*! 8/*+)! )',3*&/%&'!

&-'%(/!/!4')+:!'=-,&'!*/!1+,-2-*-(/(!('!<3'!4+'=-,&/%!'%!'*!D3'6+!('!(/&+,:!C+%/,!4+%!

/*&/:!2/D/!+!%3*/!/3&+4+))'*/4-5%!I^%,'*-%!STTGN? 

 

3.3.1. Desarrollo de Moran 

K'/! 3%/! 8/)-/2*'! ('! -%&')7,! '%! 3%/! )'6-5%!('! ',&3(-+! !6! ! <3'! &-'%'! ! !2!

)'6-+%',!B!

!

'*!p%(-4'!\+)/%!ISTGgN!<3'(/!'=1)',/(+!('!*/!,-63-'%&'!./%')/B!

!

(+%('!

!

!

!

0!(+%('!!

!
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! UU!

',! 3%! '*'.'%&+! ('! */! ./&)-C! ('! 1',+,! <3'! .-('! */! (-,&/%4-/! ',1/4-/*! +! */!

4+%'4&-8-(/(!'%&)'! */,!)'6-+%',! .!0! ! 7?F,3/*.'%&'!,'!/,-6%/! /!3%/!4+%'4&-8-(/(!

',1/4-/*! ,-! */,!)'6-+%',!,+%! .!0! 7!,+%!/(0/4'%&',?!q!,'!/,-6%/!3%/! '%!4/,+!

4+%&)/)-+?!$%!*/!./0+)A/!('!*+,!4/,+,!*/!./&)-C!('!1',+,!',!,-.7&)-4/:!*+!<3'!<3-')'!

('4-)! 1/)/!&+(+,!*+,!8/*+)',!('!.!0!7?!

!

M+,! 4+'>-4-'%&',! )',3*&/%&',! ',&9%! ('%&)+! ('! 3%! )/%6+! %+)./*-C/(+:! ',&+! <3-')'!

('4-)! ('! LS! /! S?! E+%! '*! LS! -%(-4/! <3'! *+,! (/&+,! '%! */! 8'4-%(/(!%+! &-'%'%! )'*/4-5%!

'%&)'!'**+,!.-,.+,P!4+%!'*!S!-%(-4/!*+!+13',&+?!K-!*+,!8/*+)',!'%!'*!8'4-%(/)-+!&'%A/%!

3%/!4+))'*/4-5%!1+,-&-8/:!'%&+%4',!*+,!8/*+)',!('!7,&+,!1+(A/%!,')!/*&+,!+!2/D+,!'%!

*/,!/6*+.')/4-+%',?!K-!*/!1)3'2/!)',3*&/2/!%'6/&-8/!',&/,!)'6-+%',!)',3*&/2/%!',&/)!

03=&/13',&/,:! ,-.-*/)! /! 3%! &/2*')+! ('! /D'()'C?! H')+! 43/%(+!\+)/%r,! c! ',! -63/*! /!

4')+:!!7,&'!-%(-4/!/*'/&+)-'(/(!',1/4-/*!+!-%('1'%('%4-/!('!*+,!'*'.'%&+,?!

^;+)/!(',6*+,/)'.+,!'*!p%(-4'!\+)/%!,'6O%!@!h;/%6!0!Z!M-%!'%!&)',!4+.1+%'%&',:!

<3'!4+))',1+%('%!/! /!3%/!/*&/!/3&+4+))'*/4-5%!'%!*/!/6*+.')/4-5%:! !1/)/!3%/!

2/D/! /3&+4+))'*/4-5%! '%! */! /6*+.')/4-5%! 0! 43/%(+! %+! '=-,&'! 3%/!

/3&+4+))'*/4-5%?!!

q!',!1+,-2*'!',4)-2-)!'*!A%(-4'!\+)/%!'%!&7).-%+,!('!',&/,!&)',!4+.1+%'%&',!

!

(+%('!!
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! U_!

!

'%!4+%D3%&+!4+%!

!

('!>+)./!<3'!! ! !

H+,&')-+).'%&'! ,'! 4/*43*/%! */! .'(-/! 0! */! 8/)-/%C/! ('! *+,! ! ! 4+%!

1').3&/4-+%',!/*'/&+)-/,?!E+.+!,'!;/4'!'%!'*!\+)/%!c! *+,!)',3*&/(+,!('! !

1+,-&-8+,:!0!',&/(A,&-4/.'%&'!,-6%->-4/&-8+,:!-%(-4/%!3%/!/*&/!0!2/D/!4+))'*/4-5%!'%!*/!

/6*+.')/4-5%:! )',1'4&-8/.'%&'?! $%! 4/,+! ('! <3'! )',3*&'! %'6/&-8+! 0! ,'/!

',&/(A,&-4/.'%&'! )'*'8/%&':! ,'!(',1)'%('!3%/!%3*/! 4+))'*/4-5%!'%! */!8'4-%(/(!'%!

',&3(-+?!!

!

W/(+!<3'! ',!,-'.1)'!1+,-&-8+!43/%(+! 0!%'6/&-8+!43/%(+! !:!('!',&/!

>+)./! ',! 1+,-2*'! '*! 4/*43*/)! */! .'(-/! 0! */! 8/)-/%C/! ('! .'(-/%&'! 3%/!

1').3&/4-5%! /*'/&+)-/! '%! '*! ',1/4-+! ('! 1')+! %+! '%! '*! ?! W'! >+)./! ,-.-*/)!

1+('.+,!4/*43*/)!*+,!.-,.+,!'*'.'%&+,!1/)/! '%!'*!',1/4-+!('! 1')+!%+!'%

?!
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!

! UT!

Y-%/*.'%&':!(/(+!<3'! ',!3%!&7).-%+!('!-%&')/44-5%!',!1+,-2*'!(')-8/)!*/!.'(-/!

0! */! 8/)-/%C/! ('*! 1)+(34&+! ('! (+,! 1').3&/4-+%',! /*'/&+)-/,?! $*! 1)-.')! 1/,+!

4+%,-,&'!'%!1').3&/)!*/,!*+4/4-+%',!'%! O%-4/.'%&'?!$*!,'63%(+!1/,+!4+,-,&'!'%!

;/4')!*+!.-,.+!'%! ?!!
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! "#!

!

 

 

Capitulo 4                                                                       

Caso de Estudio: La Cuenca del Usumacinta 

en México 

!

!

!

4.1 Zona de estudio  

$%!&'()!*(!(+,-*./!*(!(+,(!,')0)1/!2/''(+3/4*(!)!%)!3/'2.54!4)2./4)%!*(!%)!6-(42)!

*(%! 7+-8)2.4,)9! %/2)%.:)*)! (4! (%! +-'(+,(! *(!;<=.2/9! (4! %/+! (+,)*/+! *(! 6>.)3)+! ?!

@)0)+2/A! ! $4! ,/,)%9! %)! 2-(42)! )0)'2)! -4)! +-3('B.2.(! *(! 8&+! *(! C! 8.%%/4(+! *(!

>(2,&'()+9!*(!%)+!2-)%(+!(%!D"E!+(!(42-(4,')!(4!;<=.2/!?!(%!'(+,/!(4!F-),(8)%)A!!

G)!'(H.54!>.*'/%5H.2)!I-(!)%0('H)!)!%/+!'J/+!7+-8)2.4,)!?!F'.1)%K)!(+!%)!8&+!H')4*(!

*(!;<=.2/!?!/2-3)!(%!+<3,.8/!%-H)'!(4!2-)4,/!)!&'()!)!4.K(%!8-4*.)%9!2/4!-4)!2)'H)!

)4-)%!)3'/=.8)*)!*(!L#D9###!8.%%/4(+!*(!8(,'/+!2M0.2/+!*(!)H-)A!!!
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74/! *(! %/+! '(+-%,)*/+! *(! %)! H')4! 2)4,.*)*! *(! )H-)! I-(! )>J! 2.'2-%)! (+! %)! 4/,)0%(!

0./*.K('+.*)*!3'(+(4,(!(4! %)! 2-(42)9!)%!H')*/!*(!+('!2/4+.*(')*)!-4)!*(! %)+!8&+!

'.2)+! *(%! 8-4*/A! N(4,'/! *(! %)! 2-(42)! +(! 3-(*(4! (42/4,')'! :/4)+! *(! 8-2>)!

.83/',)42.)!2/8/!%)!O(%K)!G)2)4*/4)9!I-(!2/4+,.,-?(!-4/!*(!%/+!%-H)'(+!2/4!8&+!

0./*.K('+.*)*!4/!+5%/!*(!;<=.2/9!+.4/!*(!P8<'.2)!O(3,(4,'./4)%A!

!

!

6-(42)!*(%!7+-8)2.4,)!LC!Q.HALL!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
LC!!;)3)!*(+)''/%%)*/!3)')!(%!3'/?(2,/!
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4.2 Descripción del Proyecto  

G)! 2-(42)! >)! ),')J*/! 3/0%)*/'(+! 3/'! *.+,.4,)+! '):/4(+9! ?! -4)! +('.(! *(!

3'/0%(8&,.2)+! I-(! *(0(4! *(! +('! ),(4*.*)+! 3)')! 2/4+('K)'! %)! 0./*.K('+.*)*! ?!

'.I-(:)!4),-')%!*(!%)!:/4)A!!!$+!3/'!(+/!I-(!K)'.)+!/'H)4.:)2./4(+!+(!'(-4.('/4!2/4!

%)! B.4)%.*)*!*(!3'/8/K('!-4! B/',)%(2.8.(4,/!*(! %)! 2)3)2.*)*! %/2)%9! (! .83-%+)'! %)+!

)2,.K.*)*(+!(2/458.2)8(4,(!K.)0%(+!?!(2/%5H.2)8(4,(!B)K/')0%(+!3)')!H(4(')'!-4!

*(+)''/%%/!+-+,(4,)0%(!(4!%)!'(H.54!S7OTPUN9!R#LLVA!

$4! 6(4,'/! F$W! 6/'/4(%! X! YMZ(:! 3'/3-+.('/4! -4)! >.35,(+.+! 2/4! %)! B.4)%.*)*! *(!

*(,(2,)'! ?!3%)+8)'! %/+!3),'/4(+!*(! 2)80./! (+3)2.)%! 3'(+(4,(! (4! %)!3'(2.3.,)2.549!

-,.%.:)4*/! .4+-8/+! *(! @[;;9! (+3(2JB.2)8(4,(! (%! \]^R9! )1-+,)*/+! 8(*.)4,(!

(+,)2./4(+!8(,(/'/%5H.2)+!?!2%.8),/%5H.2)+A!_)')!/0,(4('!-4!3'/*-2,/!I-(!)3/?(!%)!

2/4+,'-22.54!*(%!0)%)42(!>J*'.2/!?!)3/',(!*),/+!2/''(+3/4*.(4,(+!)!%/+!B(458(4/+!

(+3)2.)%(+!*(!%)!3'(2.3.,)2.54!S6/'/4(%!X!YMZ(:9!R##\VA!$4!(+,(!,')0)1/!+(!'(,/8)!

%)!>.35,(+.+!*(+)''/%%)*)!?!+(!3'/3/4(!-4)!8(,/*/%/HJ)!8&+!(B.2.(4,(!I-(!3('8.,(!

*.+8.4-.'!,.(83/+!?!2/+,/+!*(!%/+!3'/2(+/+A!

$%!3'/?(2,/!*('.K)*/!*(!(+,)!>.35,(+.+!3'(,(4*(!)0)'2)'! ! %)!*<2)*)!I-(!2/''(!*(%!

)Z/! L``"! )! ! R##"! ?! ,.(4(! %)! B.4)%.*)*! *(! 2/%)0/')'! 2/4! .4B/'8)2.54! M,.%! 3)')!

'()%.:)'!(%!0)%)42(!>J*'.2/!(4!%)!:/4)A!!

G/+! 3'/2(+/+! *(! %)! 8(,/*/%/HJ)! *(%! 3'(+(4,(! ,')0)1/! .42%-?(4! %)! /3(')2.54! ?! (%!

)4&%.+.+!*(! %/+!*),/+!/0,(4.*/+!3/'!(%!O;Y!*(!(+,)2./4(+!2/4!3%-K.58(,'/A!6/4! %)!
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.4B/'8)2.54! '(2/3.%)*)! +(! *(,('8.45! I-(! %/+! )2-8-%)*/+! *(! *),/+!

2/''(+3/4*.(4,(+! )! "! *J)+! +/4! +-B.2.(4,(8(4,(! .4*(3(4*.(4,(+! 3)')! '()%.:)'! %/+!

2&%2-%/+! 4(2(+)'./+! 3)')! /0,(4('! -4! )1-+,(! )%! 3'/*-2,/! \]^R! ! S6/'/4(%! X!

YMZ(:9R##\VAN(! B/'8)! 2/83%(8(4,)'.)! +(! 2)%2-%)'/4! %/+! )2-8-%)*/+! 2/4! (%!

.4+-8/!\]^R!*(%!@[;;!3)')!3('J/*/+!*(!"!*J)+A!!!

6/4! %/+! *),/+! >/8/H(4.:)*/+! +(! 3'/2(*.5! )! '()%.:)'! -4)! '(H'(+.549! 8(*.)4,(! %)!

2-)%! +(! /0,-K/! -4! )1-+,(! I-(! '(B%(1)0)! %/+! 3),'/4(+! (+3)2./T,(83/')%(+! *(!

3'(2.3.,)2.54! (4!;<=.2/9! 2/''(+3/4*.(4,(+! )! %)! ,(83/')*)!*(! %%-K.)+! 3)')! (%! )Z/!

R##RA!!

_)')!(+,(!,')0)1/!+(!/3,5!3/'!'()%.:)'!(%!)4&%.+.+!*(!%)!3'.8(')!,(83/')*)!*(!+(2)+!

*(%! )Z/! R##^A! O(! (%.H.5! (+,(! )Z/! *(+3-<+! *(! (K)%-)'! (%! 2/83/',)8.(4,/! *(! %)+!

3'(2.3.,)2./4(+!(4,'(!L``"!?!R##"A!$%%/!)''/15!I-(!R##^!3'(+(4,5!-4!2.2%/!4/'8)%9!

3/+((*/'! *(! */+! 8&=.8/+! (4! 2-)4,/! )! %)! 3'(2.3.,)2.54a! -4/! )%! .4.2./! *(! %)!

,(83/')*)!*(!%%-K.)+9!/,'/!)%!B.4)%!2/4!-4)!2)4J2-%)!.4,('8(*.)A!

!

!

O(! /3,5! 3/'! ,')0)1)'! %)! ,(83/')*)! *(! +(2)+! 3)')! (K)%-)'! %)! (B(2,.K.*)*! *(! %)!

>.35,(+.+! 3%)4,()*)! (4!*.2>/! .4,('K)%/!*(! ,.(83/9! (+! *(2.'9! (4! ! %/+! ,'(+!3'.8('/+!

8(+(+!*(%!)Z/A!

$%! .4,('<+! /0(*(2.5! )! %)! 4),-')%(:)! (+3/'&*.2)! ?! *.+3('+)! *(! +-+! 3),'/4(+!

2%.8&,.2/+9! %/+! 2-)%(+! (+! 4(2(+)'./! ,('8.4)'! *(! )4)%.:)'! ?! 8/*(%)'A! @)80.<4! +(!
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*(2.*.5! )0/'*)'! %)! 3'/0%(8&,.2)! *(%! 8(1/')8.(4,/! *(! %)! 8(,/*/%/HJ)!

.4+,'-8(4,)*)!3)')!%)!>.35,(+.+9!!?)!I-(!%)!3'/3-(+,)!/'.H.4)%!*(!<+,)9!)%!+('!*(!-4!

2)'&2,('!(=3('.8(4,)%9!*(+2-.*)0)!%)!(B.2.(42.)!?!(%!,.(83/!*(!3'/2(+)8.(4,/A!!

G)! 8(,/*/%/HJ)! 3%)4,()*)! /'.H.4)%8(4,(! 0)+)0)! (%! 3'/2(+)8.(4,/! *(! *),/+!

3'/K(4.(4,(+!*(! %)+! (+,)2./4(+! 2%.8),/%5H.2)+!8(*.)4,(! (%! -+/!*(!0)+(+!*(!*),/+!

,.3/!;?ObG9!(4!%)+!2-)%(+!+(!2/4+-8J)4!K)'.)+!>/')+!3)')!3'/*-2.'!%/+!)2-8-%)*/+A!

_)')! %)! H(4(')2.54! *(! )2-8-%)*/+! *(%! \]^R! +(! '(2-''J)! )%! 3'/2(+)8.(4,/! +(8.!

8)4-)%! /'H)4.:)4*/! %)! .4B/'8)2.54! 3/'! 3('./*/+! *(! 8(+(+9! 3/'! (1('2.2./A! $+,)!

+/%-2.54!,)'*)0)9!)!+-!K(:9!,.(83/!)*.2./4)%!2/4+.*(')0%(A!!

4.3 El papel de la distancia de la precipitación a la costa en la 

temporada de estiaje  

6/8/!+(!8(42./4)!(4!(%!+(H-4*/!2)3J,-%/9!%)!/'/H')BJ)!?!%)!*.+,)42.)!)!%)!2/+,)!+/4!

)H(4,(+! *(! K.,)%! .83/',)42.)! (4! %)! *.+,'.0-2.54! (! .4,(4+.*)*! *(! %/+! 3'/2(+/+! *(!

3'(2.3.,)2.54!I-(!+(!%%(K)4!)!2)0/!*-')4,(!%)!,(83/')*)!*(!+(2)+9!*(0.*/!)!I-(!%)+!

%%-K.)+!I-(!+(!3'(+(4,)4!(4!(+,)!<3/2)!3'/K.(4(4!*(! +.+,(8)+!8-?!*<0.%(+!?! 2/4!

3('./*/+!*(!K.*)!8&+!2/',/+9!%/!I-(!%/+!>)2(!8-?!+-+2(3,.0%(+!)!)80/+!B)2,/'(+!

$+,/+! )H(4,(+! *(0(4! *(! 2/4+.*(')'+(! )%! .83%(8(4,)'! -4)! >.35,(+.+! 3)')! %)!

,(83/')*)!*(!+(2)+!2/4!(%!B.4!*(!'(B%(1)'!*(!B/'8)!K('):!%)+!2/83/4(4,(+!(+3)2.)%!

?!*(!*.+,'.0-2.54!(4!(%!2)+/!*(!(+,-*./A!!

!
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4.4 Elaboración de la hipótesis 

6/4! %)! B.4)%.*)*! *(! /0,(4('! -4! 3'/*-2,/! 2)%.0')*/! *(! 3'(2.3.,)2./4(+! 3)')! %)!

,(83/')*)! *(! +(2)+9! %)! >.35,(+.+! 3'/3-(+,)! (4! (%! 3'(+(4,(! ,')0)1/! 2/4,(83%)! %)!

.4,(H')2.54!*(!*),/+!(4,'(!%)+!+.H-.(4,(+!B-(4,(+a!.4+-8/+!/0,(4.*/+!3/'!3)',(!*(!

(%! @'/3.2)%! [).4B)%%! ;()+-'.4H! ;.++./4! S@[;;V! c(+3(2JB.2)8(4,(! (%! \]^Rd! %/+!

'(H.+,'/+!*(!3'(2.3.,)2.54!*(!%)+!(+,)2./4(+!8(,(/'/%5H.2)+!I-(!B/'8)4!3)',(!*(!%)!

[(*!Y)2./4)%d! ?!-4! B)2,/'!*(!*.+,)42.)!*(%! %-H)'!*(! %)!3'(2.3.,)2.54! )! %)! 2/+,)! (4!

2/41-4,/!2/4!%)!'-H/+.*)*!*(%!,(''(4/A!!

$%! 3'/35+.,/! *(! %)! .4,(H')2.54! *(! *),/+! (+! 2/''(H.'! %)+! +-0(+,.8)2./4(+! ?! %)+!

+/0'(+,.8)2./4(+!(4!%)+!2/83/4(4,(+!(+3)2.)%!?!*(!.4,(4+.*)*!*(%!B(458(4/!*(!%)!

3'(2.3.,)2.54A!

_)')! 3'/*-2.'! *.2>)! 2)%.0')2.549! (4! ,')0)1/+! )4,('./'(+! +(! ! 3'/3-+/! I-(! (%!

B(458(4/! *(! %)! 3'(2.3.,)2.54! (4!;<=.2/! 3-(*(! +('! (4H%/0)*/! (4! -4.*)*(+! *(! "!

*J)+! 2/4! %)! B.4)%.*)*! *(! I-(! (+,/+! )2-8-%)*/+! +()4! .4*(3(4*.(4,(+9! (+3)2./T

,(83/')%8(4,(9!-4/!*(!/,'/A!

!_/'! (%%/! +(! )*/3,5! %)! (+2)%)! *(! "! *J)+! 3)')! %)! 2/4+,'-22.54! *(! )2-8-%)*/+! (4!

)80)+!B-(4,(+!*(!*),/+!*(!3'(2.3.,)2.54A!O(!(+,)0%(2.5!-4!(+,&4*)'!(4!%)!2)4,.*)*!?!

2)%.*)*! *(! %)! .4B/'8)2.54! -,.%.:)*)! SYMZ(:! X! 6/'/4(%9! R##CV9! *(0.*/! )! I-(! %/+!

'(H.+,'/+! *(! 3'(2.3.,)2.54! )! 4.K(%! *.)'./! 8-(+,')4! -4)! B-(',(! 2/''(%)2.54! (4,'(!

(%%/+9!*.'(2,)8(4,(!3'/3/'2./4)%!)!%)!2('2)4J)!,(83/')%!*(!%/+!8.+8/+A!!
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P%! (4H%/0)'! %/+! *),/+! (4! )2-8-%)*/+! +(! /0,.(4(! -4)! -4.*)*! *(! ,.(83/!

+-B.2.(4,(8(4,(!.4*(3(4*.(4,(!*(!+J!8.+8)!(4!%)!(+2)%)!,(83/')%9!%/!2-)%!B)2.%.,)!%)!

2)')2,('.:)2.54!*(!%/+!B(458(4/+!/2-''.*/+!(4!(%!3('J/*/!)4)%.:)*/A!

P%! 3'/3/4('! -4)! 4-(K)! B-(4,(! *(! *),/+! )! %)! >.35,(+.+! *(! YMZ(:! X! 6/'/4(%! I-(!

.42%-?)!(%!2/42(3,/!*.+,)42.)!*(%!+.,./!*(! %)!3'(2.3.,)2.54!)! %)!2/+,)9! !(+!4(2(+)'./!

I-(!<+,)!3-(*)!.4,(')2,-)'!2/4!(%!'(+,/!*(!%/+!.4+-8/+!*.+3/4.0%(+9!3/'!%/!I-(!+(!

2/4+,'-?5! -4)! .8)H(4! ')+,('! 8(*.)4,(! -4! 3'/2(+/! *(! 2/+,/T*.+,)42.)9!

(+,)0%(2.(4*/!2/8/!B)2,/'!*(!2/+,/!%)!'-H/+.*)*!*(%!,(''(4/9!I-(!/3(')!(4!2/41-4,/!

2/4!%)!*.+,)42.)A!!

_)')!(%!)4&%.+.+!*(!%)!3'(2.3.,)2.54!(4!%)!,(83/')*)!*(!+(2)+9!(+!B-4*)8(4,)%!,(4('!

(4! 2-(4,)! (+,/+! B)2,/'(+! c*.+,)42.)! )! %)! 2/+,)! ?! '-H/+.*)*! *(%! ,(''(4/c9! ?)! I-(!

4/'8)%8(4,(! %)+! %%-K.)+! I-(! 3'(+(4,)4! +/4! '(+-%,)*/! *(! +.+,(8)+! *(! >-')2)4(+9!

3/'! %/! I-(! (%! )%2)42(! *(! (+,)+! 3'(2.3.,)2./4(+! (+,&4! *.'(2,)8(4,(! %.H)*)+! )! I-<!

,)4,/! *(%! +.+,(8)! (4! ,-'4/! %/H')! 3(4(,')'! (4! %)! 3)',(! 2/4,.4(4,)%! *(%! 3)J+A! $+,(!

.4+-8/!3('8.,(!I-(! %)! .4,(H')2.54!*(!*),/+!3'/*-:2)!8/*(%/+!8&+!2('2)4/+!)! %)!

'()%.*)*!)%!2/4,(83%)'!*(!B/'8)!.4,(H')%!%/+!)H(4,(+!.4K/%-2')*/+A!!

6/4! %/+! ,'(+! .4+-8/+! +(Z)%)*/+f\]^R9! )2-8-%)*/+! *(! (+,)2./4(+! ?! %J4()! *(!

2/+,)f! +(! '()%.:)! -4)! '(H'(+.54! 4/! %.4()%! 3/'! .4,('K)%/+! I-(! 2/4+.+,(! (4! %)!

3)',.2.54!*(!*),/+!,/8)4*/!(4!2-(4,)!+-!+.8.%.,-*!?!%)!'()%.:)2.54!*(!-4)!'(H'(+.54!

%.4()%!3)')!2)*)!1-(H/!*.+3/4.0%(A!6/4!(+,)+!'(H'(+./4(+!%.4()%(+!+(!%/H')!2'()'!-4)!

3)',(! *(%! )1-+,(d! ! %)! 3/'2.54! I-(! 4/! +(! )%2)4:)! )! 8/*(%)'9! +(! 2/4/2(! 2/8/!

'(+.*-)%f2/41-4,/!*(!*),/+!I-(!4/!)%2)4:)4!)!+('!8/*(%)*/+!2/4!%)!'(H'(+.54A!$%!
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3'/2(+/! 2/4,(83%)! %/+! *),/+! 4/! 8/*(%)*/+! 8(*.)4,(! %)! .4,('3/%)2.54! +(HM4! (%!

8<,/*/! g'.H.4H9! (%! 2-)%! 3('8.,(! /0,(4('! '(+-%,)*/+! )2(',)*/+! 8('2(*! )! +-!

2/4+,'-22.54!8),(8&,.2)!I-(!2/4,.(4(!-4)!(+,'-2,-')!(+3)2.)%!)*(2-)*)A!!

!

6/4!(%!'(+-%,)*/!*(!%)!.4,(H')2.54!?!*(!%)!.4,('3/%)2.54!+(!(%)0/')4!2/0(',-')+!*(!

)1-+,(! I-(! '(+3/4*(4! )! 2)*)! 1-(H/! *(! *),/+! *(! %)! .4,(H')2.54! 3/'! .4,('K)%/!

)3%.2)*/+! )! %/+! )2-8-%)*/+! *(! \]^R9! 2/4! %/! 2-)%! +(! 2/''.H(4! *(! B/'8)! %/2)%! %)+!

(+,.8)2./4(+! (I-.K/2)*)+9! 2/8M48(4,(!3'/*-2,/!*(! %(2,-')+! +-0(+,.8)*)+9! ?! +(!

.4,(H')!%)!2/83/4(4,(!(+3)2.)%A!$+,/+!)1-+,(+!+/4!(K)%-)*/+!8(*.)4,(!(%!J4*.2(!*(!

;/')4!(%!2-)%!.4*.2)!I-<!,)4!+.8.%)'(+!+/4!%/+!'(+-%,)*/+!'(+3(2,/!*(!+J!8.+8/+9!/!

I-(!,)4!>/8/H<4(/!(+!(%!)1-+,(!/0,(4.*/A!!

4.5 Hipótesis Propuesta  

!

;(*.)4,(!%)!.4,(H')2.54!*(!*),/+!*(%!.4+-8/!\]^R!*(%!@'/3.2)%![).4B)%%!;()+-'.4H!

;.++./4!S@[;;V9!2/4!%/+!*),/+!*(!%)+!(+,)2./4(+!8(,(/'/%5H.2)+!?!2/4!-4)!8&+2)')!

*(!2/+,/h*.+,)42.)!*(!2('2)4J)!)!%)!2/+,)!3/4*(')*)!>)2.)!%)!'-H/+.*)*!*(%!,(''(4/!

*(!%)!:/4)!3'(2.3.,)*)9! !(+!3/+.0%(!/0,(4('!-4!3'/*-2,/!I-(!'(B%(1(!%)!K)'.)0.%.*)*!

(4! %)! 2/83/4(4,(!(+3)2.)%!?!*(! .4,(4+.*)*!*-')4,(! %)! ,(83/')*)!*(!+(2)+!*(! %/+!

+.+,(8)+!*(!%%-K.)+A!

_)')!/0,(4('!-4)!8(1/'!'(3'(+(4,)2.54!(4!%)!(+2)%)!,(83/')%!?!/3(')'!-4.*)*(+!*(!

,.(83/!+-B.2.(4,(8(4,(! .4*(3(4*.(4,(+! +(!)H'-3)4! %/+!*),/+! ,'.>/')'./+9! (4! 2)+/!
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*(%!\]^R!?!*.)'./+!(4!2)+/!*(! %)+!(+,)2./4(+!8(,(/'/%5H.2)+!(4!)2-8-%)*/+!*(!"!

*J)+!SYMZ(:!X!6/'/4(%9!R##CVA!!

G)! .4,(H')2.54!*(!*),/+!+(!*(0(!'()%.:)'!8(*.)4,(!-4!8-(+,'(/!(+3)2.)%! S3-4,)%V!

*(! %)+! (+,)2./4(+! 2/4! %)+! */+! B-(4,(+! *(! *),/+! *.+3/4.0%(+! +(Z)%)*)+!

)4,('./'8(4,(A!_/+,('./'8(4,(!+(!(B(2,M)!-4)!'(H'(+.54!%.4()%!3/'!+(H8(4,/+9!?!%)!

'(+.*-)%! '(+-%,)4,(! +(! '(+-(%K(!8(*.)4,(!-4)! .4,('3/%)2.54! (+3)2.)%! -,.%.:)4*/! (%!

8<,/*/!*(!g'.H.4HA!!!

4.7 Metodología 

4.7.1  Elaboración de la propuesta de metodología  

!

G)! >.35,(+.+! 3'/3/4(! I-(! +(! (83%((4! %/+! .4+-8/+! \]^R! 8(*.)4,(! %/+! *),/+!

/0,(4.*/+! (4! (+,)2./4(+! 8(,(/'/%5H.2)+! ?! 2%.8),/%5H.2)+! */4*(! +(! '()%.2(4! %)!

.4,(H')2.54!*(!*),/+9!2/4!%)!B.4)%.*)*!*(!/0,(4('!-4!)1-+,(!(4!B/'8)!*(!')+,('!I-(!

3('8.,)!2/83(4+)'!%)+!+-0(+,.8)2./4(+!?!%)+!+/0'((+,.8)2./4(+!'(H.+,')*)+!(4!(%!

\]^RA!$+! .83/',)4,(!)+(H-')'!I-(! %)! 2/83/4(4,(!(+3)2.)%! +()! ,/8)*)!(4!2-(4,)!

(4!(%!(+,-*./!*(%!B(458(4/A!!

!

_)')!3'/*-2.'!*.2>/!)1-+,(9!(4!,')0)1/+!)4,('./'(+!+(!*(8/+,'5!I-(!(%!B(458(4/!*(!

%)! 3'(2.3.,)2.54! (4! ;<=.2/! 3-(*(! +('! (4H%/0)*/! (4! -4.*)*(+! *(! "! *J)+! 2/4! %)!

B.4)%.*)*!*(! I-(! (+,/+! )2-8-%)*/+! +()4! .4*(3(4*.(4,(+9! (+3)2./T,(83/')%8(4,(9!
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-4/! *(! /,'/A! _/'! (%%/! +(! )*/3,5! %)! (+2)%)! *(! "! *J)+! 3)')! %)! 2/4+,'-22.54! *(!!

)2-8-%)*/+!(4!)80)+!B-(4,(+!*(!*),/+A!O(!(+,)0%(2.5!-4!(+,&4*)'!(4!%)!2)4,.*)*!?!

2)%.*)*! *(! %)! .4B/'8)2.54! -,.%.:)*)! S6/'/4(%! XYMZ(:9! R##CV9! *(0.*/! )! I-(! %/+!

'(H.+,'/+! *(! 3'(2.3.,)2.54! )! 4.K(%! *.)'./! 8-(+,')4! -4)! 2/''(%)2.54! B-(',(! (4,'(!

(%%/+9!*.'(2,)8(4,(!3'/3/'2./4)%!)!%)!2('2)4J)!,(83/')%!*(!%/+!8.+8/+A!P%!(4H%/0)'!

%/+! *),/+! (4! )2-8-%)*/+! +(! /0,.(4(! -4)! -4.*)*! *(! ,.(83/! +-B.2.(4,(8(4,(!

.4*(3(4*.(4,(!*(!+J!8.+8)!(4!%)!(+2)%)!,(83/')%9!%/!2-)%!B)2.%.,)!%)!2)')2,('.:)2.54!

*(!%/+!B(458(4/+!/2-''.*/+!(4!(%!3('J/*/!)4)%.:)*/A!

!

O(!3'/3-+/!-4)!4-(K)!B-(4,(!*(!*),/+!I-(!.42%-?(!(%!2/42(3,/!!"#$%&'"%(!)('*#$%9!

<+,(! +(! 2/4+,'-?(! 8(*.)4,(! -4! 3'/2(+/! *(! 2/+,/T*.+,)42.)9! (+,)0%(2.(4*/! 2/8/!

B)2,/'!*(!2/+,/! %)! '-H/+.*)*!*(%! ,(''(4/9! %)!2-)%!*(+(83(Z)!-4!3)3(%! +(2-4*)'./A!

@(4('!(4!2-(4,)!(+,/+!B)2,/'(+!(+!2%)K(!(4!%)!,(83/')*)!*(!+(2)+!3)')!(%!)4&%.+.+!*(!

%)! 3'(2.3.,)2.549! ?)! I-(! 4/'8)%8(4,(! %)+! %%-K.)+! I-(! +(! 3-(*(4! 3'(+(4,)'! +/4!

'(+-%,)*/!*(!+.+,(8)+!*(!>-')2)4(+9!3/'!%/!I-(!(%!)%2)42(!*(!(+,)+!3'(2.3.,)2./4(+!

(+,&4!*.'(2,)8(4,(! %.H)*)+!)!I-<! ,)4,/!*(%! +.+,(8)!(4! ,-'4/! %/H')!3(4(,')'!(4! %)!

3)',(! 2/4,.4(4,)%! *(%! 3)J+A! $+,(! .4+-8/! 3('8.,(! I-(! %)! .4,(H')2.54! *(! *),/+!

3'/*-:2)!8/*(%/+!8&+!2('2)4/+!)!%)!'()%.*)*9!)%!2/4,(83%)'!*(!B/'8)!.4,(H')%!%/+!

)H(4,(+!.4K/%-2')*/+A!!

!

6/4! %/+! ,'(+! .4+-8/+! +(Z)%)*/+f)2-8-%)*/+! *(! (+,)2./4(+9! \]^R9! ?! %J4()! *(!

2/+,)f! +(! '()%.:)! -4)! '(H'(+.54! 4/! %.4()%! 3/'! .4,('K)%/+9! I-(! 2/4+.+,(! (4! %)!
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3)',.2.54!*(!*),/+!,/8)4*/!(4!2-(4,)!+-!+.8.%.,-*!?!%)!'()%.:)2.54!*(!-4)!'(H'(+.54!

%.4()%!3)')!2)*)!1-(H/!*.+3/4.0%(A!6/4!(+,)+!'(H'(+./4(+!%.4()%(+!+(!%/H')!2'()'!-4)!

3)',(! *(%! )1-+,(A! _('/! %)! 3)',(! I-(! 4/! +(! )%2)4:)! )! 8/*(%)'9! +(! 2/4/2(! 2/8/!

'(+.*-)%f(%!2/41-4,/!*(!*),/+!I-(!4/!)%2)4:)4!)!+('!8/*(%)*/+!2/4!%)!'(H'(+.54A!

$%!3'/2(+/!2/4,(83%)! %/+!*),/+!4/!8/*(%)*/+!8(*.)4,(! %)! .4,('3/%)2.54!+(HM4!(%!

8<,/*/! g'.H.4H9! (%! 2-)%! 3('8.,(! /0,(4('! '(+-%,)*/+! )2(',)*/+! H')2.)+! )! +-!

2/4+,'-22.54!8),(8&,.2)A!!

!

6/4!(%!'(+-%,)*/!*(!%)!.4,(H')2.54!?!*(!%)!.4,('3/%)2.54!+(!(%)0/')4!2/0(',-')+!*(!

)1-+,(! I-(! '(+3/4*(4! )! 2)*)! 1-(H/! *(! *),/+! *(! %)! .4,(H')2.54! 3/'! .4,('K)%/!

)3%.2)*/+! )! %/+! )2-8-%)*/+! *(! \]^R9! 2/4! %/! 2-)%! +(! 2/''.H(4! *(! B/'8)! %/2)%! %)+!

(+,.8)2./4(+! (I-.K/2)*)+9! 2/8M48(4,(! 3'/*-2,/! *(! %(2,-')+! +-0(+,.8)*)+9! ?!

+(.4,(H')! %)!2/83/4(4,(!(+3)2.)%A!$+,/+!)1-+,(+!+/4!(K)%-)*/+!8(*.)4,(!(%! J4*.2(!

*(!;/')4!(%!2-)%!.4*.2)!I-<!,)4!+.8.%)'(+!+/4!%/+!'(+-%,)*/+!'(+3(2,/!+J!8.+8/+9!/!

I-(!,)4!>/8/H<4(/!(+!(%!)1-+,(!/0,(4.*/A!!

4.7.2  Preparación de los datos de estaciones  

O(! 2/8(4:5! 3/'! )4)%.:)'! %)+! >/1)+! *(! *),/+! 3'/K(4.(4,(+! *(%! O;Y9! %)+! 2-)%(+!

.42%-?(49! )*(8&+! *(! *),/+! *(! 3'(2.3.,)2.549! *),/+! *(! ,(83('),-')9! (K)3/')2.549!

K(%/2.*)*!?!*.'(22.54!*(!K.(4,/A!

G)! B/'8)!(4!I-(! +(!3'(+(4,)4! %/+!*),/+! 2/''(+3/4*(!)!)'2>.K/+!*(! ,(=,/9! 2/4!-4!

'(4H%54!.4.2.)%!I-(!+.'K(!2/8/!2)0(2(')!3)')!%/+!+-0+(2-(4,(+A$4!(+,(!(42)0(:)*/!
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+(!3-(*(! %(('!+.H-.(4,(! .4B/'8)2.54a!(%! .*(4,.B.2)*/'!3)')!(%!/'.H(4!*(! ! %/+!*),/+9!

(+,)2.54!I-(!'()%.:5!%)!8(*.2.549!2%)K(!*(!%)!K)'.)0%(!2%.8),/%5H.2)!'(H.+,')*)9!)Z/!

?! 8(+A! G/+! '(H.+,'/+! *.)'./+! +(! (=,.(4*(4! >)2.)! %)! *('(2>)! (4! .H-)%! 2)4,.*)*! )%!

4M8('/!*(!*J)+!3/'!8(+9! )2/83)Z)*/! 2)*)! '(H.+,'/!*.)'./!3/'!-4)!0)4*(')!I-(!

.4*.2)!%)!4),-')%(:)!*(%!'(H.+,'/A!

DATASETI
D 

StationI
D 

COD
E 

YEARMONT
H 

VALUE
1 

FLAG1
1 

VALUE
2 

FLAG1
2 

VALUE
3 

FLAG1
3 

VALUE
4 

29 29041 1 2004-01 3  1  2  1 
29 29041 2 2004-01 22  21  21  21 
29 29041 3 2004-01 0  -1  0  0 
29 29041 5 2004-01 0  0 T 0  0 
29 29041 18 2004-01 4.73  3.5  4  2.4 
29 29041 30 2004-01 0  0  0  0 
29 29041 31 2004-01 0  0  0  0 
29 29041 32 2004-01 0  0  0  0 
29 29041 43 2004-01 0  0  0  0 
29 29041 1 2004-02 -1 T 4  -1  2 
29 29041 2 2004-02 19  25  20  19 
29 29041 3 2004-02 -2  -2  -1  -2 
29 29041 5 2004-02 0  0  0  0 
29 29041 18 2004-02 2.85  3.26  6.07  5.19 
29 29041 30 2004-02 0  0  0  0 
29 29041 31 2004-02 0  0  0  0 
29 29041 32 2004-02 0  -99999 M 0  0 
29 29041 43 2004-02 0  0  0  0 

Q/'8),/!)0.(',/!(4!$=2(%!@)0%)!^!

G/+! *),/+! 2/''(+3/4*.(4,(+! )! %)! %%-K.)! ,.(4(4! -4! 4M8('/! *(! 25*.H/! iDjA! k+,/+!

3-(*(4! 3'(+(4,)'+(! )2/83)Z)*/+! *(! -4)! 0)4*(')9! (4! 2-?/! 2)+/! .4*.2)! %)!

3'(+(42.)! *(! -4)! 3'/0%(8&,.2)'(+3(2,/! *(! %)! K)%.*(:! *(%! 8.+8/9! 3/'! %/! I-(! +(!

*(0(4.H4/')'A!

74)! K(:! .*(4,.B.2)*)! %)! B/'8)! (4! I-(! (+,&4! *.+,'.0-.*/+! %/+! *),/+! *(! %%-K.)9! +(!

3'/2(*.5!)!(+2'.0.'!-4!3'/H')8)!(%!2-)%!%((9!%J4()!3/'!%J4()9!%/+!'(H.+,'/+!*(%!)'2>.K/!

I-(!2/4,.(4(9!(4,'(!8-2>/+!/,'/+9!%/+!*),/+!*(!3'(2.3.,)2.54A!
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G/+! .*(4,.B.2)*/'(+! *(! 3'(2.3.,)2.54! S8)'2)*/+! 2/4! iDjV! +(! (42-(4,')49!

.4K)'.)0%(8(4,(9! (4! (%! ,('2('! '(H.+,'/! *(! 2)*)! %J4()A! $%! 3'/H')8)! K('.B.2)! (%!

2/4,(4.*/!*(%!'(H.+,'/9!+.!(+!*.B('(4,(!*(!iDj!%)!.H4/')A!

_)')!%/+!2)+/+!(4!I-(!(%!K)%/'!*(%!,('2('!'(H.+,'/!*(!2)*)!%J4()!(+!iDj!(%!3'/H')8)!

3'/2(*(! )! )4)%.:)'! %/+! '(H.+,'/+! '(+,)4,(+9! (+! *(2.'9! %/+*),/+! 2/''(+3/4*.(4,(+! )%!

)Z/!?!8(+!S+(3)')*/+!?!)%8)2(4)*/+!(4!K)'.)0%(+!*.+,.4,)+V9!?! %/+!K)%/'(+!*.)'./+!

*(!3'(2.3.,)2.54!I-(!+/4!*.+2'.8.4)*/+!2/4!0)+(!)+-+!'(+3(2,.K)+!0)4*(')+9!+.!(+!(%!

2)+/A!

!

74)!K(:!+(!2-(4,)!2/4!%/+!*),/+!3/'!*J)!*(3-')*/+9!(%!3'/H')8)!%/+!(=3/',)!)!-4!

)'2>.K/!*(!+)%.*)!)+.H4)*/!2/4!B/'8),/!N),)+(,UN9!$+,)2.549!PZ/9!;(+9!NJ)!?!l)%/'!

*(!3'(2.3.,)2.54A!G/+!*),/+!B)%,)4,(+!+(!'(H.+,')4!2/4!(%!4M8('/!T````!3)')!.4*.2)'!

i4/!*),/j9!!,/*/!(+,/!+(3)')*/!3/'!2/8)+A!!!

$%!3'/H')8)!+)%,)9!2)*)!K(:9!)!%)!+.H-.(4,(!%J4()!>)+,)!%%(H)'!)%!B.4)%!*(%!)'2>.K/A!!

$%!3'/H')8)!B-(!*.+(Z)*/!3)')!/0,(4('!%/+!*),/+!3/'!)Z/9!*(0.*/!)!(+/!2-(4,)!2/4!

%/+!)1-+,(+!4(2(+)'./+!3)')!2/4,(83%)'!%/+!)Z/+!0.+.(+,/+A!!

$4!+(H-.*)!+(!*.+(Z5!-4!+(H-4*/!3'/H')8)!I-(!+(!4-,'(!*(%!'(+-%,)*/!/0,(4.*/!)!

,')K<+! *(%! 3'/H')8)! *(+2'.,/A! O.'K(! 3)')! 2/4+,'-.'! %/+! )2-8-%)*/+! *(!

3'(2.3.,)2.54A! _)')! H)')4,.:)'! %)! 2)%.*)*! ?! 2/4B.)0.%.*)*! *(! %)! .4B/'8)2.54!

3'/2(+)*)!+(!(+,)0%(2.5!%)!+.H-.(4,(!2/4*.2./4)4,(!*(!K)%.*(:a!3)')!2)*)!3('J/*/!*(!
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"! *J)+! +(! *(0(! 2/4,)'! 2/4! -4! 8J4.8/! *(%! CDE! *(! %/+! K)%/'(+! *(! 3'(2.3.,)2.54!

*.)'./+9!(+!*(2.'9!e!/!8&+!K)%/'(+!*.)'./+A!!

N(! %)!8.+8)! B/'8)!I-(!(4!(%!3'/H')8)!)4,('./'9! <+,(!K)! %(?(4*/! %J4()!3/'! %J4()9!

?+-8)! %/+! K)%/'(+! 8(*.)4,(! */+! 2/4,)*/'(+9! -4/! I-(! )K)4:)! *J)! 2/4! *J)! ?! +(!

*(,.(4(!)%!%%(H)'!)%!/2,)K/!*J)d!/,'/!I-(!2-(4,)!%)!2)4,.*)*!*(!*),/+!K&%.*/+A!!

_)')! %/+! 2)+/+! (4! I-(! +(! 2-(4,)! 2/4! *),/+! K&%.*/+! 3)')! %/+! "! *J)+9! +(! (=3/',)! %)!

+-8)!2/4!(%!4-8('/!*(!)2-8-%)*/!2/''(+3/4*.(4,(A!6-)4*/!+(!2-(4,)!2/4!e!5!C!

*J)+9! +(! 2)%2-%)! (%!3'/8(*./!?! +(! 2/83%(8(4,)! 2/4!<+,(!3)')! %%(H)'!)! %/+!"!*),/+!

4(2(+)'./+! 3)')! )'8)'! -4! )2-8-%)*/! I-(! 3-(*)! +('! (=3/',)*/! 1-4,/! 2/4! +-!

'(+3(2,.K/!.*(4,.B.2)*/'AO.!+(!/0,.(4(4!D!5!8(4/+!*J)+9!+(!*(2%)')!(%!K)%/'!2/8/!i4/!

K)%.*/j!?!+(!.83'.8(!(%!*),/!2/4!-4!.4*.2)*/'!*(!i4/!*),/+jA!;(*.)4,(!%)+!2%)K(+!*(!

%)+!(+,)2./4(+!8(,(/'/%5H.2)+!?!2%.8),/%5H.2)+!+(! %.H)!3)')!-0.2)'!+-!*.+,'.0-2.54!

(+3)2.)%A!

6/4! %/+! *),/+! *(! )2-8-%)*/+! *(! %)+! (+,)2./4(+! '(3'(+(4,)*/+! (+3)2.)%8(4,(! (+!

3/+.0%(!'(H./4)%.:)'!%)!2/0(',-')!*(!-4.*)*(+!*(!2)3,)2.54!H(4(')*)+!8(*.)4,(!-4!

8/*(%/! *(! (%(K)2.54! *(%! ,(''.,/'./! 4)2./4)%A! $+,)0%(2('! '(H./4(+! (+! M,.%! *(0.*/! )!

I-(! (4! ,(83/')*)! *(! +(2)+! (%! B(458(4/! *(! %)! 3'(2.3.,)2.54! (+! 8&+! %/2)%! ?!

(+3/'&*.2/9! 3/'! %/! I-(! +(! ,/8)4! %)+! -4.*)*(+! *(! 2)3,)2.54! 2/8/! -4! 3)'&8(,'/!

)'0.,')'./!3)')!!,')0)1)'!%)!:/4)%.*)*!*(%!B(458(4/A!

$+,(!)'2>.K/!*(!)2-8-%)*/+!(+! ,')+%)*)*/!)%%(4H-)1(![2/4!(%! 2-)%! +(! 2)%2-%)4! %/+!

*),/+!(+,)*J+,.2/+a!8(*.)9!3'/8(*./9!8J4.8/9!8&=.8/9!?!*(+K.)2.54!(+,&4*)'A!
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4.7.3  Preparación para los insumos 3B42 

74)!K(:!I-(!+(!2-(4,)!2/4!%/+!)2-8-%)*/+!*(!*),/+!*(!%)+!(+,)2./4(+9!+(!3'/2(*(!)!

H(4(')'! %/+! )2-8-%)*/+! *(! *),/+! 3)')! \]^R! *(%! @[;;A! $%! 3'/2(+/! .4.2.)! 2/4! %)!

*(+2)'H)!KJ)!Q@_!*(!%/+!)'2>.K/+!2/83'.8.*/+!3)')!2)*)!,'(+!>/')+!*(!%)!3)H.4)!*(!

*),/+!*(!%)!8.+.54!L"A!$+,/+!)'2>.K/+!K.(4(4!2/83'.8.*/+!(4!-4!B/'8),/!m!(%!2-)%!(+!

4),.K/! *(! 74.=9! 3('/! )2,-)%8(4,(! %)! 8)?/'J)! *(! %/+! 2%.(4,(+! *(! 2/83'(+.54! *(!

)'2>.K/+! %/! 3-(*(4! %(('! ?! *(+2/83'.8.'A! n(2>/! (+,/9! +(! )%8)2(4)4! 3/'! H'-3/+!

)4-)%(+!3)')!(K.,)'!%)!+),-')2.54!*(%!(I-.3/!*(!2583-,/A!!

_)')! -,.%.:)'! (+,/+! .4+-8/+! (+! 4(2(+)'./! '()%.:)'! -4)! 2/4K('+.54! *(! B/'8),/! )!

iA.8Hj!)*(8&+!*(!-4)!'/,)2.549!3-(+!<+,/+!+(!(42-(4,')4!H.')*/+!(4!`#o!)%!4/',(A!

6/4!%)!B.4)%.*)*!*(!(B.2.(4,)'!(%!3'/2(+/!+(!*(+)''/%%5!-4!3'/H')8)!I-(!(+2'.0(!-4!

+2'.3,!(1(2-,)0%(!*(+*(!%)!%J4()!*(!2/8)4*/!*(!-4)!+-.,(!H(/.4B/'8),.2)A!!

;&+!)*(%)4,(! +(!(B(2,-5!-4)! '(K.+.54!8)4-)%!*(!2)*)! .4+-8/!2/4! %)! B.4)%.*)*!*(!

(42/4,')'!?!(%.8.4)'!%/+!*),/+!2/''-3,/+A!6/4!%/+!)'2>.K/+!*(3-')*/+!+(!3'/2(*.5!)!

'()%.:)'! -4)! %.+,)! )! 3)',.'! *(! %)! %J4()! *(! 2/8)4*/! *(! %/+! +.+,(8)+! /3('),.K/+!

0)+)*/+!(4!74.=A!6/4!(+,)! %.+,)!+(!*.+(Z5!-4!3'/H')8)!I-(!(+2'.0(-4!+2'.3,!3)')!

2/4+,'-.'!%/+!)2-8-%)*/+!(4!%)!+-.,(!H(/.4B/'8&,.2)A!N.2>/!+2'.3,!-+)!2/4*.2./4)%(+!

+.8.%)'(+! )! %)+! -,.%.:)*)+! (4! (%! 3'/H')8)! (I-.K)%(4,(! 3)')! %)+! (+,)2./4(+!

2%.8),/%5H.2)+9!*/4*(!+(!2'()0)4!%/+!)2-8-%)*/+!*(!/2>/!*J)+A!!

!

!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!
L"!>,,3ahh8.')*/'AH+B2A4)+)AH/Kh2H.T0.4h8.')*/'h3'(+(4,Y)K.H),./4A3%p,'((q3'/1(2,X*),)+(,q\]^RaER#\T
n/-'ER##ARDER#=ER##ARDER#*(H'((ER#8('H(*ER#@[;;ER#)4*ER#/,>('ER#+),(%%.,(ER#(+,.8),(+X3'/1(2,q@[
;;X*),)F'/-3qF'.**(*XK('+./4q##eX6FUO$OOUNq#\0)\#\0D)2"")BC"(LR2*B))B^((e^D!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
Estudio la Cuenca del Usumacinta 

!

! `D!

_)')! %%(K)'! )! 2)0/!-4!)4&%.+.+!*(,)%%)*/! +(! '(T8-(+,'()!(%! .4+-8/!*(!-4!3J=(%!*(!

RDr8! )! Lr8A! N(! (+,/+! .4+-8/+! +(! (=3/',)4! %/+! K)%/'(+! 8)?/'(+! *(! \! 2/4! %)!

B.4)%.*)*!*(!+(3)')'!%/+!+.+,(8)+!*(!3'(2.3.,)2.54!+.H4.B.2),.K/+!*(!%/+!.''(%(K)4,(+A!

$4! 2)+/!*(!I-(! +(!*(,(2,(4!8M%,.3%(+! +.+,(8)+!*(!3'(2.3.,)2.54! (4! (%! )2-8-%)*/!

\]^R9! +(! 2'()4! ,)4,/+! )'2>.K/+! 2/8/! +.+,(8)+! 3)')! '()%.:)'! -4! 8/*(%)*/!

3)',.2-%)'!*(2)*)!-4/A!

4.7.4  Creación del insumo peso/distancia para la línea de 

costa-rugosidad  

_)')! .4,(H')'! (%! B)2,/'! *(! 2('2)4J)! )! %)! 2/+,)! +(! 2'(5! -4)! .8)H(4! ')+,('! I-(!

2/4,.(4(! *),/+! *(! *.+,)42.)! (4,'(! (%! &'()! 3'(2.3.,)*)! ?! %)! 2/+,)9! 3/4*(')*/! %)!

'-H/+.*)*!*(%! ,(''(4/!8(*.)4,(! (%! )%H/'.,8/!*(! 2/+,/T*.+,)42.)9! ?)!I-(9! 2/8/! +(!

8(42./4)!(4!(%!3'.8('!2)3J,-%/9! %)!3'(+(42.)!*(!2-('3/+!4-0/+/+!(+,&! %.H)*)!)! %)!

*.+,)42.)!*(!2)*)!'(H.54!)%!8)'9!(+3(2.)%8(4,(!(4!%)!,(83/')*)!*(!+(2)+A!!

4.7.5  Integración de datos 

6/4! %/+! ,'(+! .4+-8/+! f)2-8-%)*/+! *(! (+,)2./4(+9! \]^R9! ?! %J4()! *(! 2/+,)f!

*.+3/4.0%(+9!!+(!'()%.:)!-4!8-(+,'(/!3/'!2)*)!(+,)2.543)')!/0,(4('!*),/+!*(%!')+,('!

*(! %J4()! *(! 2/+,)! ?! *(! %)! .8)H(4! *(%! \]^R! *(%! @[;;! 2/''(+3/4*.(4,(! )! 2)*)!

3('./*/9!(4!2)*)!H'-3/!*(!+.+,(8)+!*(!3'(2.3.,)2.54!I-(!+(!>)?)!H(4(')*/A!

$%! '(+-%,)*/! *(! (+,(! 8-(+,'(/! (+! -4)! ,)0%)! 2/4! %/+! *),/+! *(! %)! 3'(2.3.,)2.54!

'(H.+,')*)!(4!%)!(+,)2.549!(%!K)%/'!*(!%)!.8)H(4!*(%!@[;;9!?!(%!2&%2-%/!'()%.:)*/!(4!

(%!')+,('!*(!%)!%J4()!*(!2/+,)A!G)!,)0%)!2/4!(+,/+!*),/+!+(!(=3/',)!)!-4!3'/H')8)!*(!



Propuesta de una metodología para la integración de Datos de precipitación: Caso de 
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!

! `e!

(+,)*J+,.2)!2/4!%)!B.4)%.*)*!*(!2)%2-%)'!-4)!'(H'(+.54!%.4()%!,.3/!i3/'!')4H/+j!)!*/+!

.4,('K)%/+A!G/+!*),/+!*(!(+,)2./4(+!8(,(/'/%5H.2)+!?!2%.8),/%5H.2)+!2/4+,.,-?(4!%)!

K)'.)0%(! *(3(4*.(4,(d! %)! .8)H(4! *(%! \]^R! *(%! @[;;! ?! %)! %J4()! *(! 2/+,)!

2/''(+3/4*(4!)!K)'.)0%(+!.4*(3(4*.(4,(+A!!

P*(8&+!*(!%)+!(2-)2./4(+!2/''(+3/4*.(4,(+!?!%/+!.4,('K)%/+!*(!<+,)+9!!(%!3'/H')8)!

'(H'(+)!-4)!,)0%)!2/4!*),/+!/0+('K)*/+9!2)%2-%)*/+!?!'(+.*-)%(+A!G)+!(2-)2./4(+!+(!

(=3/',)4! )! -4! )'2>.K/! 8(*.)4,(! /,'/! 3'/H')8)! (+2'.,/! (=3'(+)8(4,(! 3)')! (%!

3'/?(2,/!I-(!(%)0/')! %/+! +2'.3,+!I-(!(1(2-,)4! %)+!/3(')2./4(+!4(2(+)'.)+! 2/4! %/+!

.4+-8/+A!!

O(!-,.%.:)!(%!8<,/*/!*(! .4,('3/%)2.54!g'.H.4H!3)')!/0,(4('! %/+!K)%/'(+!'(+.*-)%(+9!

3'/*-2,/!*(!%)!*.B('(42.)!(4,'(!(%!K)%/'!'(H.+,')*/!*(%!\]^R!?!%/+!*),/+!'(2/3.%)*/+!

(4!%)+!(+,)2./4(+!)4)%.:)*)+A!!

%)+! '(H./4(+! *(B.4.*)+! 2/4! 0)+(! (4! %/+! +.+,(8)+! *(! 3'(2.3.,)2.54! +(! )H'-3)4! *(!

)2-('*/!2/4!(%!.4,('K)%/!*(!%)+!(2-)2./4(+!'(+-%,)4,(+!*(!%)!'(H'(+.54!%.4()%A!

!

G/+! ')+,('+!*(! 2)*)! (2-)2.54!3/'!3('./*/!?! %)! .4,('3/%)2.54!8(*.)4,(!g'.H.4H! +(!

+/8(,(4!)!-4)2/4*.2./4)%!%)!2-)%!)+.H4)!+-+!K)%/'(+!(+3)2.)%8(4,(!*(!)2-('*/!2/4!

%)+!'(H./4(+!)''.0)!+(Z)%)*)+A!

N(0.*/!)%!(4B/I-(!*(%!3'(+(4,(!,')0)1/!+/0'(!%)!6-(42)!*(%!7+-8)2.4,)9!+(!'()%.:5!

-4!'(2/',(!)! %)+!-4.*)*(+!*(!2)3,)2.54!3)')!+(%(22./4)'!%)+!2/''(+3/4*.(4,(+!)! %)!

2-(42)!?!+(!2)%2-%)'/4!%/+!*),/+!(+,)*J+,.2/+!4(2(+)'./+!3)')!)4)%.:)'!(%!'(+-%,)*/A!!
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!

! `C!

O.4!(80)'H/9! 2)0(!)4/,)'!I-(!(%!(1('2.2./!2/8/! ,)%! +(! '()%.:5!)!4.K(%!4)2./4)%9!?)!

I-(! %/+! B(458(4/+! *(! 3'(2.3.,)2.54! 4/! +(! %.8.,)4! )! :/4)+! 3)',.2-%)'(+9! ?! 3)')!

'()%.:)'! -4! )1-+,(! 3'(2.+/! >)?! I-(! ,(4('! (4! 2-(4,)! I-(! %/+! B(458(4/+! *(!

3'(2.3.,)2.54!3-(*(4!)0)'2)'!&'()+!.42%-+/!8)?/'(+!)%!,(''.,/'./!4)2./4)%A!

!

4.8 Análisis de resultados 

6/83)')4*/! %/+!*),/+! '(H.+,')*/+! (4!(+,)2./4(+!8(,(/'/%5H.2)+! ?! 2%.8),/%5H.2)+!

2/4,')! %/+! *),/+! (4! \]^R! *(%! @[;;9! +(! )3'(2.)! -4)! +-0(+,.8)2.54! 2/4+.*(')0%(!

3/'!3)',(!*(!<+,(A!$+,)!*(B.2.(42.)!+(!+/%K(4,5!*(! B/'8)!+),.+B)2,/'.)!8(*.)4,(! %)!

.4,(H')2.54! *(! *),/+A! $%! '(+-%,)*/! /0,(4.*/! (+! )2(3,)0%(! 3(+(! )! %)+! %.8.,)2./4(+!

.83-(+,)+!3/'! %)!2)%.*)*!?!2)4,.*)*!*(! %/+!*),/+!*.+3/4.0%(+!3)')!(%!3'/?(2,/A!$4!

%/+! '(+-%,)*/+! /0,(4.*/+! +(! 3'(+(4,)4! )',(B)2,/+! I-(! 3/*'J)4! +-+2.,)'! *-*)+!

'(+3(2,/! *(! %)! K)%.*(:! *(! %/+!8.+8/+9! 3('/! *.2>/+! )',(B)2,/+! +/4! 3'/*-2,/! *(! %)!

2)%.*)*!?!2)4,.*)*!*(!%/+!.4+-8/+!*.+3/4.0%(+9!!4/!)+J!*(!%)!8(,/*/%/HJ)!3%)4,()*)A!

4.8.1Varianza explicada  

$4! %/+! 8M%,.3%(+! 3('./*/+! )4)%.:)*/+! +(! 3-(*(4! (42/4,')'! K)'.)4:)+! (=3%.2)*)+!

8(4/'(+! *(! #ADA! O.4! (80)'H/9! *(0.*/! )! %)! 4),-')%(:)! (+3/'&*.2)! ?! 3-4,-)%! *(! %)!

,(83/')*)! )4)%.:)*)! ?! )! %)+! 2)'(42.)+! *(! %/+! *),/+9! %/+! '(+-%,)*/+! +(! 3-(*(4!

2/4+.*(')'! +),.+B)2,/'./+A!P! 2/4,.4-)2.54! +(! (4%.+,)4! %)+! K)'.)4:)+! (=3%.2)*)+!3/'!

3('./*/A!!

!
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!

! `"!

!

!

!

!

!

!

!

!

@)0%)!D!

!
!

$%! 3'/8(*./! *(! K)'.)4:)! (=3%.2)*)! ! (+! #A^\A! $%! ^#E! *(! %/+! *),/+! ,.(4(4! -4)!

K)'.)4:)! 8(4/'! )! (+,(! 3'/8(*./! ?! (%! '(+,/! *(! %/+! *),/+! ! +-3(')4! (%! 3'/8(*./!

H(4(')%9! )%H-4/+!*(! %/+!2-)%(+!8-(+,')4!-4)!K)'.)4:)!(=3%.2)*)!>)+,)!*(%!#Ae#A!P!

2/4,.4-)2.54! +(! (4%.+,)4! %/+! 3('./*/+! *(! )2-('*/! 2/4! +-+! '(+3(2,.K)+! K)'.)4:)+!

(=3%.2)*)+A!

Varianza Periodo 
0.223190642 10 
0.228132852 7 
0.26418114 3 
0.340741488 9 
0.413408894 2 
0.509854481 5 
0.535779648 12 
0.574458452 6 
0.605025858 4 
0.648085293 11 
@)0%)!e!

Y/!(+!3/+.0%(!)3'(2.)'!-4)!,(4*(42.)!(4!%)!*.+,'.0-2.54!,(83/')%!*(!%/+!'(+-%,)*/+9!

%/!I-(!2/4B.'8)!%)!.4*(3(4*(42.)!*(!%/+!)2-8-%)*/+!(4,'(!(%%/+!8.+8/+A!

Varianza Periodo 
0.413408894 2 
0.26418114 3 
0.605025858 4 
0.509854481 5 
0.574458452 6 
0.228132852 7 
0.340741488 9 
0.223190642 10 
0.648085293 11 
0.535779648 12 
  
  
0.434285875 Promedio 
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!

! ``!

O(!)3'(2.)!I-(!%)!K)'.)4:)!K)!*(+*(!#ARR!)!#Ae^9!')4H/!0)+,)4,(!)83%./!*(0.*/!)!%)!

4),-')%(:)!(+3/'&*.2)!*(!%/+!3),'/4(+!*(!%%-K.)!?!%)!%.8.,)*)!*.+3/4.0.%.*)*!*(!%/+!

*),/+!*(!(+,)2./4(+A!!

!

4.82  Presentación de resultados  

$4! %)! (+I-.4)! +-3('./'! .:I-.('*)! *(! 2)*)! >/1)! *(! '(+-%,)*/+! +(! 2/%/2)! %)!

.4,(H')2.54! *(! *),/+! I-(! 2/''(+3/4*(! )%! )1-+,(! *(%! 3'/*-2,/! \]^R! (4!

'(3'(+(4,)2.54! ')+,('.)%A! $+,)! .8)H(4! 2/''(+3/4*(! )! %)! :/4)! *(! (+,-*./! ?! +-+!

K)%/'(+! +(! H')*M)4!(4!-4)!(+2)%)!*(! 2/%/'!*(! )8)'.%%/! SK)%/'(+!4(H),.K/+V! )! '/1/!

SK)%/'(+! 3/+.,.K/+VA! $4! (+,&! (4! 0%)42/! +(! 8-(+,')4! %)+! :/4)+! I-(! 4/! '(I-.('(4!

)1-+,(9!*(!)2-('*/!)%!'(+-%,)*/!/0,(4.*/A!$4!)%H-4/+!3('./*/+!(+!3/+.0%(!(42/4,')'!

3'(+(42.)! *(! )',(B)2,/+! f:/4)+! ! *(! ! '-.*/f! H(4(')%8(4,(! *(0.*/! )! %)!

.42/4+.+,(42.)! *(! %/+! *),/+! -,.%.:)*/+! 3)')! %)! .4,(H')2.54A! ! k+,/+! +/4! B&2.%8(4,(!

'(2/4/2.0%(+!?)!I-(!*(+,)2)4!3/'!+-!B/'8)!H(/8<,'.2)!!0&+.2)!?!&4H-%/+!'(2,/+!(4!

+-! 3('J8(,'/A! @)80.<4! +(! *(0(! 2/4+.*(')'! %)! 3/+.0.%.*)*! *(! I-(! %)! '(+/%-2.54!

4),.K)! *(%! \]^R9! *(! RD! r89! 3-(*(! 3('8()'! (%! )1-+,(A! $+,(! 2)+/! +(! 8)4.B.(+,)!

8(*.)4,(!B.H-')+!2-)*')*)+!/!'(2,)4H-%)'(+!*(!0-(4!,)8)Z/A!!

G)!'(3'(+(4,)2.54!')+,('.)%!+(!)2/83)Z)!*(%!>.+,/H')8)9!*/4*(!+(!3-(*(!)3'(2.)'!

%)!*.+,'.0-2.54!*(!%/+!K)%/'(+!*(%!)1-+,(!(4!(%!(+3(2,'/!*(!+J!8.+8/9!?!*(!%/+!*),/+!

(+,)*J+,.2/+!!2/''(+3/4*.(4,(+a!!8J4.8/9!8&=.8/9!8(*.)!?!*(+K.)2.54!(+,&4*)'A!!!

N(0)1/! *(%! 2/41-4,/! )4,('./'9! (4! %)! (+I-.4)! .4B('./'! .:I-.('*)! *(! %)! >/1)9! +(!

8-(+,')! (%! )2-8-%)*/! 2/''(+3/4*.(4,(!*(!@[;;!)1-+,)*/!8(*.)4,(! (%!3'/*-2,/!
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!

! L##!

*(!%)!.4,(H')2.54!'(3'(+(4,)*/!(4!(%!8.+8/!B/'8),/!*(%!)1-+,(!*(!)8)'.%%/!)!'/1/A!

$+,(!3'/*-2,/!)1-+,)*/9!*(3(4*.(4*/!*(!I-<!,)4!H')4*(!>)?)!+.*/!(%!)1-+,(9!3-(*(!

2/4+('K)'!/!4/!+-!'(+/%-2.54!/'.H.4)%!*(!3.=(%(+!*(!RD!r89!)3'/=.8)*)8(4,(A!G)!

3'(+(42.)!*(!)',(B)2,/+!(4!(%!)1-+,(!+(!K(!8-?!*.+8.4-.*)!(4!(%!3'/*-2,/!)1-+,)*/9!

3/'! %/! I-(! 3-(*(! /8.,.'+(! %)! (=.+,(42.)! *(! %/+! )',(B)2,/+A! 6/4! (%! *.+(Z/! *(! %)!

3'.8(')! .4B/'8)2.549! (4! (+,(! 2)+/!8-(+,')4! %/+! *),/+! ?! -4! *.)H')8)! *(! 3-4,/+!

*/4*(!+(!)3'(2.)9!(4!(%!(1(!*(! %)+!=9! %/+!K)%/'(+!3'(*.2>/+!3/'!(%!)1-+,(!2/4,')! %/+!

/0+('K)*/+!(4!(%!(1(!*(!%)+!?A!

!

$4! %)! 3)',(! +-3('./'! *('(2>)! *(! %)! 3&H.4)! +(! -0.2)! %)! '(3'(+(4,)2.54! H'&B.2)! %/+!

*),/+! 2'-*/+! *(! \]^R! ?! *(! %)+! (+,)2./4(+! 8(,(/'/%5H.2)+! ?! 2%.8),/%5H.2)+!

(=3'(+)*/+! )! %)! 8.+8)! (+2)%)! ?! -4.*)*! H'&B.2)9! 2/4! %)! B.4)%.*)*! *(! 3('8.,.'! %)!

2/83)')2.54! *.'(2,)! (4,'(! )80)+! B-(4,(+! *(! *),/+A! Y/'8)%8(4,(! +(! 3-(*(!

)3'(2.)'!I-(!(%!3'/*-2,/!/0,(4.*/!8(*.)4,(!(%!+),<%.,(!@[;;!'(H.+,')!8(4/+!?!*(!

B/'8)!8&+!+.4,<,.2)! %)!3'(+(42.)!*(! %%-K.)9! +)%K/!(4! %/+!2)+/+!(4!I-(! %/+!*),/+!*(!

(+,)2./4(+!+/4!.4+-B.2.(4,(+A!N(0)1/!*(!2)*)!-4)!'(3'(+(4,)2.54!+(!(42-(4,')4!%/+!

*),/+!(+,)*J+,.2/+!*(!<+,)+A!

Q.4)%8(4,(9!(4! %)!3)',(! .4B('./'!*(%! %)*/!*('(2>/!+(!3%)+8)! %)!'(3'(+(4,)2.54!*(%!

J4*.2(!;/')4A!k+,(! .4*.2)! %)! 2)4,.*)*!*(!)-,/2/''(%)2.54!(4,'(! %/+!8.+8/+!*),/+9!

3)')! 2)*)! 3('./*/A! $4,'(! 8&+! 2('2)4)! (+,&! %)! '(3'(+(4,)2.54! H'&B.2)! )%! /'.H(49!

8)?/'!(+!%)!)-,/2/''(%)2.549!3/'!%/!I-(!(4!3('./*/+!2/4!3'(+(42.)!*(!)',(B)2,/+!(%!
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!

! L#L!

J4*.2(! ,(4*'&! K)%/'(+! %(1)4/+! )%! 4-%/A! $+,(! J4*.2(! +(! 3-(*(! 2/4+.*(')'! 2/8/! -4!!

.4*.2)*/'!*(!%)!2)%.*)*!*(%!)1-+,(!>(2>/!(4!(%!3('./*/A!

s-4,/!)%!t4*.2(!*(!;/')4!+(!*.+2-,(4!%/+!'(+-%,)*/+!*(!2)*)!3('./*/9!?!+(!+(Z)%)4!

%)+!2)')2,('J+,.2)+!?!3)',.2-%)'.*)*(+!*(!(+,(A!6)0(!8(42./4)'!I-(!4/!+(!.42%-?(4!(%!

3'.8('/! 4.! (%! /2,)K/! 3('./*/+9! ?)! I-(! 4/! >-0/! 3'(+(42.)! *(! 3'(2.3.,)2.54! (4! %)!

'(H.54!*(!(+,-*./A!

!

 

 



PERIODO 2004 - 02 
Ajuste 

_11 __ , .. - ., 
Zono .. ",,_ 

. ' _ <1 _.,-, ... _ .. - , .. ., .. - '" 
_ ... -:¡ .. _ .lO_:.t4 

Producto 3B42 Ajustado 

Legenda . -. _ . _ \3 

_ "_" . .. -" . .. _,"" 
. , .. _:w 

Histograma 

Estadística 
Mínimo:-13 
Máximo:294 
Media:140,S 
Des. Estndr:88,911 

Scatter Plot 

I 

I I 

1, • 

! 

Mínimo:O 
Máximo:3S3 
Media: l71,S 

• 

• • 
• • 

• 

Desb Estnd :l 0S,077 

• • 

• 

ESTACIÓN 

Estadística 
Mínimo:O 
Máximo:360 
Media:68,213 
Des. Estndr.: 72,S70 

Índice de Moran 

_ ... , ... ,. .. 
, 
¡ 

, .. 
, 
¡ 

~ 'u ... ~ ~ 

TRMM 

Estadística 
Mínimo:O 
Máximo:S8 
Media:19,181 
Des. Estndr.:14,082 

Coclusiones 

Se observa una subestimación de la 
imagen satelital con respecto a las 
estaciones en tierra 
nivel cuantitativo considerable, sin 
embargo en la 
componente espacial no se aprecian 
carencias tan grandes 
como en la parte cuantitativa. El 
resultado logra 
palear estas subestimaciones de forma 



PERIODO 2004 - 03 
Ajuste 

t.egenda 

• .. , - ~~ 
z.no",..,_ 

• •.• _ T _1 -" _ lO _,. -,. -.~ 

Producto 3B42 Ajustado 

Legenda 

o .' -. • • -1 
_ . _ >O . .. -" 

Histograma 

~ 
~ 

~ .-.-- 1111. o .. o .• I'.~ 

Estadística 
Mínimo: -l 
Máximo:40 
Media:20,333333 
Des. Estndr:12,886 

Scatter Plot 

I 

I 

I · • • • • 
• 

lV~ 

! .'l.~ooo" . 0 <1> .. 
~"If"'.O '!, 

g.*.ooe.g" .. * - . 
Estadística 
Mínimo:O 
Máximo:S2 
Media:2S,S 

-

Desb Estnd:1S,S8S 

• 

'" 

ESTACIÓN 

Estadística 
Mínimo:O 
Máximo:78 
Media:2S,146 
Des. Estndr.:18,944 

Índice de Moran 

_'U" . . -

; 

! : 
; 

- ~. u •• ~ 

TRMM 

Estadística 
Mínimo:O 
Máximo:13 
Media:6,076 
Des. Estndr.:3,872 

Coclusiones 

En este periodo se pueden encontrar 
grandes subestimaciones en ambas 
componentes, la espacial y 
la cuantitativa. Sin embargo el resultado 
considera y logra de manera efectiva 
solucionar la subestimaciónde manera 
efectiva. 
componentes. 



PERIODO 2004 - 04 
Ajuste 

• •... , •. -. _. - .. . .. - .. 
_ .. _no 

Producto 3B42 Ajustado 

, .. -. 
• • _ 2l 

_ 2>-" - ,,--

Histograma 

. , 

Estadística 
Mínimo:4 
Máximo:294 
Media:165,269531 
Des. Estndr: 76,201 

Scatter Plot 

! 

, 
, , 
I • , , , 

• 
. ~ 

• , 
" " " 

, 

Estadística 
Mínimo:4 
Máximo:294 
Media:163,019 
Desb Estnd:77,728 

• 

, 

. 

I 

• 

• , 
• 

" ' , 
" 

.' .. • 
• 

ESTACIÓN 

Estadística 
Mínimo:O 
Máximo:183 
Media:9 1,895 
Des. Estndr.:5 3,450 

Índice de Moran 

, 

L 
, 
• 

....... , • .&070.. 

. . . . 

" - ", 

TRMM 

Estadística 
Mínimo:O 
Máximo:15 
Media:6,363 
Des. Estndr.:4,810 

Coclusiones 

En este periodo se puede encontrar una 
gran subestimación por parte de la 
imagen satelital contra su contraparte 
en tierra. Pero el resultado en general 
logra de forma parcial llenar los vaCÍos 
de la imagen, pero con ciertas 
limitaciones, ya que hay diferencias muy 
considerables en los insumos utilizados. 



PERIODO 2004 - 05 
Ajuste 

." - .. _-6 _., 
c ....... "'_ 
. ' -:1' _ 2'_'. -,. - .. 
_ .. -,\> 

Producto 3B42 Ajustado 

l8ganda 
o _ , • 

• tI_ .. 
_ .. -11 

. .. -lO _lO _". 

Histograma 

Estadística 
Mínimo:-ll 
Máximo:112 
Media:50,5 
Des. Estndr: 35,794 

Scatter Plot 

, 
, 

! ' . , 
• 

• 
, .. 
• 

• 
,¡. .' • •• .p!. I o . """" 

--
Estadística 
Mínimo:O 
Máximo:126 
Media:56.550 
Desb Estnd: 39,920 

, 
ESTACION 

Estadística 
Mínimo:O 
Máximo:145 
Media:62,229 
Des. Estndr.: 30,432 

Índice de Moran 

• . 

_ 0.0 

Mo~n's I • o 1018 

.:.: .l.' 

·~.o •• 

. . 

" .. • 

TRMM 

Estadística 
Mínimo:O 
Máximo:42 
Media:16,678 
Des. Estndr.:ll,190 

Coclusiones 

Este periodo demuestra una 
subestimación considerable 
en la imagen satelital, sin embargo dada 
la carencia de datos que existe en la 
contraparte terrestre no es posible 
solventarla con el modelo de forma 
definitiva,sin embargo en las zonas que 
se encuentran dentro de la cobertura de 
estaciones se logra hacer un ajuste 
efectivo en el resultado . 
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Estadística 
Mínimo:O 
Máximo:17 
Media:6,615 

.. 

Des. Estndr.:4,812 

Coclusiones 

En este periodo se encuentra una gran 
subestimación por parte de la imagen 
satelital, tanto en la componente 
espacial como cuantitativa. Y esta 
diferencia permea al resultado que si 
logra complementar y añadir lo 
faltante. Sin embargo la resolución del 
TRMMM se traspasa a este. 
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Media:13 
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Estadística 
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Media:9,642 
Des. Estndr.:9,491 
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TRMM 

Estadística 
Mínimo:O 
Máximo:13 
Media:6,5 
Des. Estndr.:4,112 

Coclusiones 

En general para este periodo se puede 
afirmar que hay una estimación 
adecuada en general. En la componente 
espacial sin embargo se detecta en 
ciertas zonas una subestimación. Sin 
embargo el modelo logra solventar 
esta carenica de forma satisfactoria . 
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ESTACIÓN 

Estadística 
Mínimo:O 
Máximo:52 
Media :18,413 
Des. Estndr.:14,094 

Índice de Moran 

_" .... M' 
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I ' 
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TRMM 

Estadística 
Mínimo:O 
Máximo:7 
Media :3,5 
Des. Estndr.: 2,629 

Coclusiones 

Para este periodo se sigue encontrando 
una subestimación general tanto 
cuantitativa como espacial. 
y dadas a estas diferencias el modelo 
logra una corrección parcial, ya que es 
posible encontrar una serie de artefactos 
en éste. 
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ESTACIÓN 
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Estadística 
Mínimo:O 
Máximo:30 
Media: ll,434 
Des. Estndr.:7,482 

Índice de Moran 
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Estadística 
Mínimo:O 
Máximo:8 
Media:3,6 
Des. Estndr.:3,261 

Coclusiones 

En este periodo se puede aprecia como 
la imagen satelital subestimo de forma 
considerable la cantidad de lluvia 
registrada, tanto en la componente 
espacial como en la componente 
cuantitativa. Sin embargo el resultado 
logra planear la carencia tato espacial 
como cuantitativa de manera eficiente. 
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Estadística 
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Máximo:64 
Media:25,437 
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Índice de Moran 

.,u -u .. ' .. - ,,, 

TRMM 

Estadística 
Mínimo:O 
Máximo:12 
Media:5,625 
Des. Estndr.:3,966 

Coclusiones 

Para este periodo del ejercicio se puede 
apreciar de nuevo una subestimación 
por parte del 3842, y una carencia en la 
componente espacial, pues no toda la 
imagen satelital refleja los resultados en 
tierra. La intensidad también esta 
subcaIculada, de cinco a veces. El 
modelo logra solventar las insuficiencias 
encontradas. 
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Estadística 
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Estadística 
Mínimo: O 
Máximo: 28 
Media: 14 
Des. Estándar: 7,861 

Coclusiones 

Se puede apreciar una ligera 
subestimación a nivel general. Sin 
embargo, también se puede apreciar que 
la componente espacial sí se ve cubierta 
a grandes rasos por la imagen satelital. 
La subestimación viene en la parte 
cuantitativa que no refleja las cantidades 
de precipitación registrada. 
El modelo producido logra detectar y 
solventar las incosistencias . 
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Capitulo 5                                                     

Conclusiones 

 

%&'!()!*+')(+,),!,-!-./&'-0!1&'!2)3&0!1()0+,),!()4!1&'1(54+&'-4!,-!-46-!60)7)8&!4-!

,+9+,-'!-'! 60-4!/)06-4:! ()!;+/<6-4+4!/0&/5-46)=!45!2-6&,&(&>?)!3!-(!)'@(+4+4!,-! (&4!

0-45(6),&4A!!!

5.1 Sobre la hipótesis de Núñez y Coronel  

B)! ;+/<6-4+4! /0&/5-46)! /&0! CDE-F! G! %&0&'-(! /)0)! 1)(+70)0! -(! /0&,516&! HIJ$!

,50)'6-!()!6-2/&0),)!,-!((59+)4!-'!KL.+1&!;)!+'1&0/&0),&!+2/&06)'6-4!0-45(6),&4!!

)(! -'6-',+2+-'6&! ,-(! 1)0@16-0! -4/)1+)(! ,-(! *-'<2-'&! ,-! ()! /0-1+/+6)1+<'A! C&!

&746)'6-=! *5-! '-1-4)0+&! /()'6-)0! 5')! '5-9)! ;+/<6-4+4! M5-! 1&2/(-6)0)! 1&'! ()!

6-2/&0),)! ,-! 4-1)4! /)0)! 6-'-0=! )4?=! 5'! 2-,+&! /)0)! )8546)0! -(! HIJ$! ! ,-! *&02)!

1&'6+'5)!6&,&!-(!)E&A!!

%&2&!4-!,-410+7-'!-'!-(!/0+2-0!1)/?65(&=!-46&4!-(-2-'6&4!4&'!,-!9+6)(!+2/&06)'1+)!

/)0)!-./(+1)0!()4!+'6-0)11+&'-4!-'60-!()4!'57-4!3!-(!/0&1-4&!,-!*&02)1+<'!,-!>&6)4!

,-!((59+)!/0-1+/+6)'6-4!,50)'6-!()!6-2/&0),)!,-!4-1)4=!3!1<2&!()!/0-1+/+6)1+<'!-'!

-46)!L/&1)!6+-'-!251;)!2@4!9)0+)7+(+,),!M5-!,50)'6-!-(!9-0)'&A!!
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N4! +2/&06)'6-! 2-'1+&')0! M5-! ()! ;+/<6-4+4! )M5?! /0&/5-46)! 1&'6-2/()! -(-2-'6&4!

,-1+4+9&4!M5-!'&!-0)'! 6&2),&4!-'! 15-'6)!-'! ()!;+/<6-4+4!&0+>+')(=! O,+46)'1+)!)! ()!

1&46)! 3! 0-(+-9-! ,-(! 6-00-'&A! ! P(! 6&2)0! -'! 15-'6)! -46&4! -(-2-'6&4! 4-! &76+-'-! 5'!

2-8&0!-'6-',+2+-'6&!,-(!/0&1-4&!,-!/0-1+/+6)1+<'!-'!45!1&2/&'-'6-!-4/)1+)(!3!-'!

45!1&2/&'-'6-!,-!+'6-'4+,),A!

Q+!7+-'!()!,-'4+,),!,-!,)6&4!,-!-46)1+&'-4!2-6-&0&(<>+1)4!'&!-4!()!+,-)(=!4+65)1+<'!

M5-!4-!1&'&1?)!,-!)'6-2)'&!3)!M5-!'&!-0)!-M5+9)(-'6-!()!1)'6+,),!,-!+'*&02)1+<'!

,+4/&'+7(-!/0&9-'+-'6-!,-(!RSKK!1&'!()!,-!-46)1+&'-4!2-6-&0&(<>+1)4=!6)27+L'!-4!

1+-06&! M5-!2-,+)'6-! (&4! /0&1-4&4! ,-! +'6->0)1+<'! ,-! ,)6&4! -4! /&4+7(-! M5-! )27)4!

*5-'6-4!1&2/(-6-'!(&4!;5-1&4!*)(6)'6-4!-'!,+*-0-'6-4!@0-)4A!

R)27+L'! -4! /&4+7(-! 56+(+F)0! (&4! ,)6&4! &76-'+,&4! /)0)! )/(+1)0! 5'! 4+46-2)! ,-!

+'>-'+-0?)! +'9-04)! 1&'! ()! *+')(+,),! ,-! -'>0&4)0! ()! 0-,! ,-! &74-09)6&0+&4!

2-6-&0&(<>+1&4! -'! (5>)0-4! ,&',-=! ,-! )15-0,&! 1&'! -(! )8546-=! ;)3)! 5')! 2)3&0!

/0+&0+,),!/)0)!5'!2-8&0!0->+460&A!!

%)7-!4-E)()0!()!/&4+7+(+,),!,-!+'6->0)0!&60&4!-(-2-'6&4!)!()!;+/<6-4+4!M5-!/5-,-'!

4-0!,-!56+(+,),=!/&0!-8-2/(&=!&60&4!6+/&4!,-!!0->+460&4!2-6-&0&(<>+1&4!T!9-(&1+,),!3!

,+0-11+<'! ,-! 9+-'6&! 3! 6-2/-0)650)T=! ! /0&,516&4! >-&>0@*+1&4! )4&1+),&4! )! ()!

1(+2)6&(&>?)!T,)6&4! 4&70-! 0->+&'-4! 1(+2)6&(<>+1)4! 3! 0->?2-'-4!,-! ((59+)T!3! ()4!

1&7-0650)4!1&'!,)6&4!;+46<0+1&4!)(!2&,-(&A!!
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5.2 Sobre la metodología propuesta  

Q&70-!()!+'46052-'6)1+<'!/0&/5-46)=!-4!1&00-16&!4-E)()0!M5-!4-!152/(-!,-!2)'-0)!

-9+,-'6-! -(! &78-6+9&! ,-! 2-8&0)0! (&4! 6+-2/&4! 3! (&4! 2&,&4! ,-! /0&1-4)2+-'6&! -!

+'6->0)1+<'!,-!,)6&4=!/5-46&!M5-!4-!*)1+(+6)!-(!)'@(+4+4!,-!(&4!0-45(6),&4!&76-'+,&4!3!

4-!/&4+7+(+6)!0-9+4+6)0!(&4!/5'6&4!,-(!/0&1-4&!/)0)!2&,+*+1)0(&4!,-!4-0!'-1-4)0+&A!!

K-,+)'6-! 5')! 6L1'+1)! ,-! +'6-0/&()1+<'! 4-'1+(()! -4! /&4+7(-! 4574)')0! ()4! 1)0-'1+)4!

M5-!2-6<,+1)2-'6-! )/)0-1-'! -'! (&4! +'452&4! ,-! 60)7)8&=! 1&2&! 4&'! ()4! F&')! ,-(!

6-00+6&0+&! 4+'! 1&7-0650)! ,-! -46)1+&'-4!2-6-&0&(<>+1)4=! &! (&4! /)M5-6-4! 60+;&0)0+&4!

1&005/6&4!!HIJ$!/0&9-'+-'6-4!,-(!RSKKA!U+1;)!+'6-0/&()1+<'!M5-,)!-46)7(-1+,)!-'!

()!2-6&,&(&>?)!/0&/5-46)A!Q+'!-27)0>&=!-46-!/0&1-4&!>-'-0)!05+,&!-'!()4!4-0+-4!,-!

6+-2/&!+'6-0/&(),)4!3!(&!452)!)!()4!)7-00)1+&'-4!/0-4-'6-4!-'!-(!*-'<2-'&!2+42&A!!

V)0)! -9+6)0! -46)! /0+2-0)! +'6-0/&()1+<'=! /&0! /)06-! ,-! (&4! ,)6&4! -'! 6+-00)=! -4!

'-1-4)0+&!-'>0&4)0!()!0-,!,-!&74-09)6&0+&4!2-6-&0&(<>+1&4!)!'+9-(!')1+&')(=!1&'!()!

*+')(+,),! ,-! 1&'6)0! 1&'! 2-8&0-4! +'452&4! -'! 6+-00)! M5-! /-02+6)'! 4&(9-'6)0! ()4!

1)0-'1+)4!-'!&60&4!/0&,516&4!56+(+F),&4!3!4-!&76-'>)'!0-45(6),&4!2@4!1&'*+)7(-4A!!

N'!1)4&!,-!-'>0&4)04-!()!0-,=!4-!&76-',0?)!5')!2)3&0!,+4/&'+7+(+,),!,-!,)6&4=!!'&!

4<(&! 4&70-! ((59+)! /0-1+/+6),)! 4+'&! 6)27+L'! ,-! ,)6&4! /0&9-'+-'6-4! ,-(! HIJ$A! N(!

2L6&,&!,-!+'6->0)1+<'!/5'6&!)!/5'6&!M5-!4-!56+(+F)!-'!-(!/0-4-'6-!60)7)8&!+>5)()!()!

1)'6+,),! ,-! 25-460)4! 6&2),)4! ,-(! HIJ$! 1&'! ()! 1)'6+,),! ,-! -46)1+&'-4!

2-6-&0&(<>+1)4!,+4/&'+7(-4!/)0)!-(!-465,+&A!!
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X')! 0-1&2-',)1+<'! -'! 15)'6&! )(! 6+/&! ,-! /)M5-6-0?)! 56+(+F),)! -'! -(! /0&3-16&! -4!

2+>0)0! ,-! 4&*6Y)0-! 1&2-01+)(! )! 4&*6Y)0-! ,-! 1<,+>&! )7+-06&=! 1&'! ()! *+')(+,),! ,-!

1&'6)0!1&'!5'!0-1504&!M5-!)6+-',)!,-!*&02)!+'6->0)(!()4!'-1-4+,),-4!,-!),)/6)1+<'!

3! /0&1-4)2+-'6&! ,-(! /0&3-16&=! 3)! M5-! -'! '52-0&4)4! &1)4+&'-4! 4-! -'1&'60)0&'!

,-*+1+-'1+)4! -'! -(! 4&*6Y)0-! 1&2-01+)(=! ()4! 15)(-4! 4<(&! -0)! /&4+7(-! 4&(9-'6)0!

0-)(+F)',&! /)4&4! ),+1+&')(-4! )! (&4! -46)7(-1+,&4! -'! -(! ,+)>0)2)! ,-! 60)7)8&A! V)0)!

((-9)0!)!/0@16+1)!-46)!0-1&2-',)1+<'!4-0@!+',+4/-'4)7(-!)2/(+)0!()!1)/)1+6)1+<'!,-!

(&4!2+-270&4!,-(!-M5+/&!,-!+'9-46+>)1+<'A!!

R)27+L'! -4! +2/&06)'6-! 0-2)01)0! (&4! *056&4! ,-! -410+7+0! /0&>0)2)4! -'! ,+*-0-'6-4!

(-'>5)8-4! ,-! /0&>0)2)1+<'=! /5-4! -46&! *)1+(+6)! 1&'4+,-0)7(-2-'6-! ()!

+2/(-2-'6)1+<'!,-!/0&1-4&4! )56&2@6+1&4A!K-,+)'6-! -(! -2/(-&!,-! -46)! -460)6->+)!

,-! /0&1-4)2+-'6&! -4! /&4+7(-! )1&06)0! (&4! 6+-2/&4! 3! 0-1504&4! '-1-4)0+&4! /)0)! -(!

,-4)00&((&!,-!()!+'9-46+>)1+<'A!!

N'! 15)'6&! )! ()! /&4+7(-! -9&(51+<'! ,-! L46-! 3=! -'! >-'-0)(! &60&4! 60)7)8&4! )*+'-4=! 4-!

)(+-'6)! )! (&4! +'6-0-4),&4! )! 15+,)0! -(! -42-0&! -'! ()! -410+650)! ,-! (&4! /0&>0)2)4!

>-'-0),&4=!1&'!-(! *+'!,-!4->5+0! ()! (?'-)!,-!7)8&!1&'452&!,-!0-1504&4!3!);&00&!,-!

6+-2/&A!P4?!2+42&=!4-!,-7-!2)'6-'-0!5'!&0,-'!1()0&!-'!-(!2)'-8&!,-!(&4!)01;+9&4A!!
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5.3 Sobre los resultado obtenidos en este ejercicio  

Q-! &7659+-0&'! 0-45(6),&4! 4)6+4*)16&0+&4! /)0)! (&4! ,)6&4! -4/)1+&[6-2/&0)(!

,+4/&'+7(-4=! 6&2)',&! -'! 15-'6)! M5-! 4-! 60)6)! ,-! 5'! -8-01+1+&! +'+1+)(! 1&'! *+'-4!

,-2&460)6+9&4=!-'2)01),&!-'!5'!/0&3-16&!,-!-41)()!251;&!2)3&0A!!!

U-4,-! -(! +'+1+&! ,-(! /0&3-16&! M5-,<! 1()0&! M5-! -(! 0-45(6),&! -4/-0),&! /0-4-'6)0?)!

(+2+6)'6-4=!,-7+,&!)!()!+'45*+1+-'6-!1)'6+,),!3!1)(+,),!,-!(&4!,)6&4!,+4/&'+7(-4!/)0)!

5')!6-2/&0),)!M5-=!,-!453&=!0-45(6)!,-!,+*?1+(!)'@(+4+4A!

P5'),&! )! ,+1;)! ,+*+15(6),! 4-! ,-7-! )>0->)0! M5-! ()! F&')!,-! -465,+&! 4-! 57+1)! -'! ()!

1-01)'?)!,-!,&4!&1L)'&4!M5-!-./-0+2-'6)'!,+*-0-'6-4! *-'<2-'&4! 1(+2@6+1&4=! ! (&4!

15)(-4!+'*(53-'!,+0-16)2-'6-!-'!(&4!/)60&'-4!,-!/0-1+/+6)1+<'!0->+460),&4A!!
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Anexos 

• Resumen de resultados de Kriging periodo 

• Resumen de el Error calculado por periodo 
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