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1! Calibration Framework 
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2! VIC-GL Calibration Overview 
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3! Automatic Calibration - Observed Data and Optimization Functions 
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o)+9(F9J!9F:=';(:&+="(:;"'&!J:;:!"+!=('F"J9J!)?! ;%9!\:&JO>*T_X5/\!@*>;"_J:;:!+9;!+?&;%9+"+!Q-*9>>9(!9;!
:>.!012WR.!H%"+!J:;:!+9;!"+!:!@'&;%>?!I>'):>!+?&;%9+"+!'D!>:&J!9F:=';(:&+="(:;"'&!9+;"@:;9+!D('@!2Z!I>'):>!
J:;:!+9;+!D'(!;%9!=9("'J!2[3[!;'!011B.!H%9!J:;:!+9;+!$:&!)9!$:;9I'("`9J!"&;'!;%(99!I('*=+4!J":I&'+;"$!
J:;:!J9("F9J!D('@!"&!+";*!'(!+:;9>>";9_):+9J!')+9(F:;"'&+,!9+;"@:;9+!$:>$*>:;9J!F":!>:&J!+*(D:$9!@'J9>+!
J("F9&!M";%!')+9(F:;"'&_):+9J!D'($"&I,!'(!9+;"@:;9+!');:"&9J!:+!'*;=*;!D('@!:;@'+=%9("$!(9:&:>?+9+.!
H%9!F:("'*+!=('J*$;+!:(9!@9(I9J!:&J!=('F"J9J!:+!+9;!'D!I("JJ9J!+;:;"+;"$+!Q@"&"@*@,!@:T"@*@,!@9J":&,!
@9:&,!0B+,!=9($9&;">9,!YB+,!=9($9&;">9!:&J!+;:&J:(J!J9F":;"'&R.!!H%9!'("I"&:>!@9(I9J!=('J*$; ,!M%"$%!%:+!:!
+=:;":>!(9+'>*;"'&!'D!2m,!M:+!(9_I("JJ9J!;'!;%9!+=:;":>!(9+'>*;"'&!'D!567_8\!Q2P2m̂R!*+"&I!J"+;:&$9_
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M%9(9!;%9!M"J;%!=:(:@9;9(,!' ,!"+!+9;!9U*:>!;'!s*$'( Q;R!t !*$%&Q;RuP^,!;%9!+%:=9!=:(:@9;9(,!4,!"+!+9;!9U*:>!;'!
:!$'&+;:&;!F:>*9!'D!0,!:&J!;%9!=:(:@9;9(!(,!;%9!$9&;(9!'D!;%9!$*(F9,!"+!+9;!9U*:>!;' !*$)* Q;R.!H%9!)9>>!
D*&$;"'&!"+!+@'';%!:&J!&'&_̀9('!:;!:>>!='"&;+,!M";%!:!@:T"@*@!'D!'&9!:;!*$)* .!/>;%'*I%!;%9!)9>>!D*&$;"'&!
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$:>$*>:;"'&+,!M";%!F:>*9+!(:&I"&I!D('@!'&9 !Q)9+;R!;'!`9('!QM'(+;R.!H%9!$:>")(:;"'&!=9("'J! D'(!@'&;%>?!XH!"+!
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#&'M!$'F9(9J!:(9:!Q#7/R!J:;:!"+!*+9J!;'!$'&+;(:"&!;%9!+&'M!:$$*@*>:;"'&!:&J!@9>;!=('$9++!"&!568_8\.!
o)+9(F9J!+&'M!$'F9(9J!:(9:!Q#7/R!"+!=('F"J9J!)?!;%9!-o<6#PH9((:!#&'M!7'F9(!-'&;%>?!\W!8>'):>!
1.1B<9I!7-8,!59(+"'&!^!Q-o<217-R! QV:>>!:&J!A"II+!012BR.!H%9!-o<217-!=('J*$;!"+!:!+:;9>>";9_):+9J!
I>'):>!9+;"@:;9!'D!#7/!):+9J!'&!;%9!j'(@:>"`9J!<"DD9(9&$9!#&'M!6&J9T!Qj<#6R.!#7/!"+!I"F9&!:+!:!+&'M!
$'F9(!D(:$;"'&!D'(!9:$%!1.1Bm!I("J.!/!;"@9!+9("9+!'D!):+"&_M"J9!@'&;%>?!#7/!D'(!9:$%!+*)_):+"&!M:+!
=('J*$9J!)?!;:L"&I!;%9!M9"I%;9J!:F9(:I9!'D!;%9!'F9(>:=="&I!1.1Bm!I( "J+!D'(!9:$%!@'&;%.!/(9:!:F9(:I9+!
M9(9!$:>$*>:;9J!*+"&I!;%9!extract !D*&$;"'&!D('@!;%9!+'F5*+!A!=:$L:I9!QV"N@:&+!012^R,!*+"&I!
&'(@:>"`9J!M9"I%;+!):+9J!'&!;%9!D(:$;"'&!'D!9:$%!$9>>!M";%"&!;%9!+*)_):+"&.!H%9!$:>")(:;"'&!=9("'J!D'(!
#7/!"+!]:&*:(?!0112!;'! <9$9@)9(!011B!Q6!c!^1R.!S9!*+9!;%9!l8X!:+!;%9!')N9$;"F9!D*&$;"'&!D'(!:++9++"&I!
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H%9!I9&9("$!@*>;"_')N9$;"F9!=(')>9@!+=9$"D"9J!)?!QWR!&'M!)9$'@9+!
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€4%%&' +4&%&' +49%&' +4: %&' +4; %&' +4<%&' •+ & = " # ! " ! Q2WR!
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M%9(9!@&!c!_l8X - ,!@"!c!V-\X - ,!@*!c!_\j#X - ,!@. !c!_G-O/0,!@1!c!_l8X 234,!:&J!@5!c!O, Q_G-O6R,!M%9(9!O, !"+!9U*:>!2!
"D!I>:$"9(!:(9:!x!1!L@"!:&J!9U*:>!1!';%9(M"+9.!j';9!;%9!*+9!'D!&9I:;"F9!+"I&+!D'(!l8X,!G-O,!:&J!\j#X!;'!
:$$'@@'J:;9!D*&$;"'&!@"&"@"`:;"'&.!#*)+$("=;+!P,!DQ,!E#N!:&J!R!(9D9(!;'!J"+$%:(I9,!9F:=';(:&+="(:;"'&,!
+&'M!$'F9(!:(9: ,!:&J!I>:$"9(!@:++!):>:&$9,!(9+=9$;"F9>?.!H%9!D9:+")>9!=:(:@9;9(!J'@:"&!"+!J9D"&9J!*+"&I!
=:(:@9;9(!(:&I9+!D'(!"&J"F"J*:>!9>9@9&;+!'D!;%9!F9$;'(!! !Q+99!#9$;"'&!ZR.!

!

:;G! H%3/"&7'-$#$'

<*("&I!@'J9>!$:>")(:;"'&,!567_8\!M:+!D'($9J!*+"&I!:!I("JJ9J!@9;9'('>'I"$:>!J:;:!+9;!=('J*$9J!
+=9$"D"$:>>?!D'(!;%9!0() !I9&9(:;"'&!@'J9>>"&I.!H%"+!J:;:!+9;!$'&;:"&+!J:">?!')+9(F:;"'&+!I("JJ9J!:;!2P2m̂!
Q+:@9!+=:;":>!(9+'>*;"'&!:+!567_8\R!M";%!;%9!F:(":)>9+!'D!@:T"@*@!:&J!@"&"@*@!;9@=9(:;*(9,!
=(9$"=";:;"'&!:&J!:F9(:I9!M"&J!+=99J.!H%9!;9@=9(:;*(9!:&J!=(9$"=";:;"'&!F:(":)>9+!M9(9!I("JJ9J!F":!
;%"&_=>:;9!+=>"&9!"&;9(='>:;"'&!'D!+;:;"'&!J:;:!*+"&I!:&J!:!W1_?9:(!$>"@:;'>'I?!):+9J!'&!7>"@:;9Sj/ !:+!
:!$'F:(":;9 .!H%9!M"&J!+=99J!')+9(F:;"'&+!M9(9!J'M&+$:>9J!D('@!;%9!01+,!79&;*(?!A9:&:>?+"+,!F9(+"'&+!0!
Q017A!F0k!7'@='!9;!:>.!0122R!F":!)"_>"&9:(!"&;9(='>:;"'& .!S9(&9(!9;!:>.!Q"&!=(9++R!=('F"J9+!@'(9!J9;:">+!'&!
;%9!D'($"&I!J:;:.!

!
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4! VIC-GL Model Parameters 

-'+;!56 7_8\!=:(:@9;9(+!:(9!;(9:;9J!:+!h')+9(F9Ji!:&J!&';!@'J"D"9J!J*("&I!;%9!$:>")(:;"'&!=('$9++.!o&>?!
:!+@:>>!+9;!'D!@'J9>!=:(:@9;9(+!:(9!*+9J!;'!$:>")(:;9!;%9!@'J9>,!$%'+9&!9";%9(!)9$:*+9!;%9?!:(9!;%9!
@'+;!+9&+";"F9!=:(:@9;9(+!Q<9@:(":!9;!:>.!011YR!'(!;%9!;%9?!;9&J!;'!(9D>9$;!;%9!@'(9!9@="("$:>!:+=9$;+!
'D!;%9!@'J9>!Q:&J!:+!+*$%!@:?!&';!%:F9!:!=%?+"$:>>?!@9:+*(:)>9!@9:&"&IR.!H%9!567_8\! =:(:@9;9(+!
+9>9$;9J!D'(!:JN*+;@9&;!J*("&I!:*;'@:;"$!$:>")(:;"'&!:(9!J9+$(")9J!"&!H:)>9!Z.!O'(!9:$%!";9(:;"'&!'D!;%9!
$:>")(:;"'&!=('$9++,!:!=:(:@9;9(!F9$;'(! ‚ . \ƒ%+ƒ&+2 +ƒ#] !M:+!+:@=>9J!)?!:JN*+;"&I!;%9!"&J"F"J*:>!
9>9@9&;+!'D!:!):+9!=:(:@9;9(!F9$;'(!„ . \…%+…&+2 +…#]!*+"&I!;%(99!='++")>9!=('$9J*(9+!QJ9=9&J"&I!
*='&!;%9!=:(:@9;9(R4!

¥! /)+ '>*;9 !t !'("I"&:>!F:>*9!(9=>:$9J!M";%!ƒ= . †=!
¥! #$:>"&I!t !'("I"&:>!F:>*9!@*>;"=>"$:;"F9>?!+$:>9J!:+!ƒ= . †=…=!
¥! <9>;:!t !'("I"&:>!F:>*9!:JJ";"F9>?!+$:>9J!:+!ƒ= . †= A …=!

M%9(9!f; - ,!; . ,!d,!; "g!"+!:!(:&J'@!F9$;'(!+:@=>9J!D('@!;%9!(:&I9+!I"F9&!"&!H:)>9!Z.!C:(:@9;9(!
:JN*+;@9&;+,!; ,!M9(9!$'&+;(:"&9J!;'!:! =(9$"+"'&!'D!1.112,!9T$9=;!R"!:&J!SE!;%:;!*+9J!:!=(9$"+"'&!'D!
1.1112.!

!

&'()*" . .!567_8\! /*;'@:;9J! 7:>")(:;"'&!C:(:@9;9(+!

C:(:@9;9(! /JN*+;@9&;! A:&I97! <9+$("=;"'&!QM";%!*&";+!M%9(9!:==>"$:)>9R!
G6! /)+'>*;9 ! 1.B111!_!!1.1112! 6&D">;(:;"'&!=:(;";"'&"&I!=:(:@9;9(!
<#! /)+'>*;9 ! 1.0111!_!!1.1112! G:+9D>'M!$*(F9!=:(:@9;9(!
<#-/y ! #$:>"&I! 0.111!_!!1.112! -:T"@*@!):+9D>'M!
S#! /)+'>*;9 ! 1.[B1!_!!1.011! G:+9D>'M!$*(F9!=:(:@9;9(!
XyCj! #$:>"&I! W.111!_!!2.111! 59(;"$:>!$%:&I9!"&!%?J(:*>"$!$'&J*$;"F";?!"&!:>>!+'">!>:?9(+!
<W! #$:>"&I! W.111!_!!1.B11! <9=;%!'D!;%"(J!+'">!>:?9(!
jXS/\G ! /)+'>*;9 ! 1.[B1!_!!1.3B1! />)9J'!'D!&9M!+&'M!
C/<]nA! /)+'>*;9 ! 0.111!_!!1.0B1! C(9$"=";:;"'&!:JN*+;@9&;!D'(!(:"&D:>>!
C/<]n#! /)+'>*;9 ! 0.111!_!!1.0B1! C(9$"=";:;"'&!:JN*+;@9&;!D'(!+&'MD:>>!
H\/C#X! <9>;:! 0.B11!_!_0.B11! H9@=9(:;*(9!>:=+9!(:;9!Qm7PL@R!
8\/7/\G ! /)+'>*;9 ! 1.^11!_!!1.011! 8>:$"9(!:>)9J'!QM%9&!O, !c!2R!
8\/7AO! /)+'>*;9 ! 2.111!!_!1.111! #&'M!(9J"+;(")*;"'&!;'!I>:$"9(+!QM%9&!O, !c!2R!

! 1:;./)<)+71;.='./(.>1,?17&4,.;1+=1>./)46'13'6/.<1)71(@.1;67A.106'&.<1

!

H%9!R"!=:(:@9;9(!$'&;('>+!;%9!=:(;";"'&"&I!'D!&9;!=(9$"=";:;"'&!'(!+&'M@9>;!"&;'!+*(D:$9!Q'(!U*"$LR!(*&'DD!
:&J!"&D">;(:;"'&!QM%"$%!*>;"@:;9>?!)9$'@9+!9F:='(:;"'&,!;(:&+="(:;"'&!'(!):+9D>'MR.!H%9!SE!:&J!TE!
=:(:@9;9(+!$'&;('>!;%9!+%:=9!'D!;%9!):+9D>'M!$*(F9!Q+=9$"D"$:>>?!;%9!>'$:;"'&!'D!;%9!"&D>9$;"'&!='"&;!D('@!
M%9(9!):+9D>'M!;(:&+";"'&+!D('@!:!>"&9:(!;'!:!&'&_>"&9:(!D*&$;"'&!'D!+'">!@'"+;*(9R.!SE1NU!+=9$"D"9+!;%9!
@:T"@*@!):+9D>'M!F9>'$";?!:&J!):+9!F:>*9+!:(9!+9;!:+!:!D*&$;"'&!'D!>'$:>!+>'=9.!H%"+!=:(:@9;9(!"+!
:JN*+;9J!*+"&I!;%9!+$:>"&I!:==(':$%!"&!'(J9(!;'!@:"&;:"&!;%9!'("I"&:>!+=:;":>!F:(":)">";?.!H%9!DUAV!
=:(:@9;9(!Q'&9!=9(!+'">!>:?9(R!J9+$(")9+!;%9!9T='&9&;":>!$%:&I9!'D!%?J(:*>"$!$'&J*$;"F";?!M";%!J9=;%.!/!
&'@"&:>!):+9!F:>*9!"+!9+;"@:;9J!:+!Wz0P. ,!M%9(9!. !"+!;%9!='(9!+"`9!"&J9T!QM%"$%!"+!:!D*&$;"'&!'D!+'">!
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;9T;*(9R.!H%9!XyCj!=:(:@9;9(!"+!:JN*+;9J!)?!*+"&I!;%9!+:@9!+$:>"&I!D:$;'(!D'(!9:$%!+'">!>:?9(.!SW!"+!;%9!
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):+9!F:>*9!M:+!'("I"&:>>?!9+;"@:;9J!=9(!$9>>,!*+"&I!>'$:>!;9@=9(:;*(9!I(:J"9&;+!9+;"@:;9J!D('@!7>"@:;9!
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=('J*$9!:!=(9$"=";:;"'&!;(9&J!"&!567_8\!;%:;!J"DD9(+!D('@!;%:;!"&!;%9!J("F"&I!$>"@:;9!9T=9("@9&;.!
H%9(9D'(9,!"&!=(:$;"$9!;%9!C/<]nA!:&J!C/<]n#!=:(:@9;9(+!:(9!:>M:?+!+9;!9U*:>!J*("&I!@'J9>!$:>")(:;"'&.!
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5! Parameter Selection 

o&$9!;%9!D"&:>!+9;!f! g!'D!'=;"@*@!+'>*;"'&+!%:+!)99&!I9&9(:;9J,!;?="$:>>?!'&>?!'&9!+'>*;"'&!D('@!;%"+!+9;!
"+!+9>9$;9J!D'(!@'J9>!=('N9$;"'&+.!H%9!=('$9++!'D!=:(:@9;9(!+9>9$;"'&!"+!$'&J*$;9J!"&!;M'!+;:I9+.!H%9!
D"(+;!+;:I9!"+!;'!:J'=; !:!D*``?!:==(':$%!;'!(:&L"&I! ;%9!=:(:@9;9(!F9$;'(+!"&!;%9!C:(9;'!'=;"@*@!+'>*;"'&.!
O'(!:!I"F9&!=:(:@9;9(!F9$;'(,! ! ,!:!D*``?!+$'(9!"+!$:>$*>:;9J!:+!;%9!M9"I%;9J_:F9(:I9!'D!"&J"F"J*:>!
@9@)9(+%"=!F:>*9+!D'(!9:$%!&'(@:>"`9J!')N9$;"F9!D*&$;"'&!F:>*9!:+!

D. P Q>,L>%4‡>%&' '

'

>/ %

,,,,,,,& = " # ! " ! Q2ZR!

!

M%9(9!4‡>%&' !"+!@/Q! R!&'(@:>"`9J!;'!;%9!(:&I9!Q1,2R,![ /Q{R!"+!;%9!+"I@'"J:>!@9@)9(+%"=!D*&$;"'&!!

L>%} ˆs+w' .
1

1 A q1 ?! @A1 6! B+! Q2BR!

!

M%9(9!' !J9;9(@"&9+!;%9!+;99=&9++!'D!;%9!D*&$;"'&!Q"D!' !"+!&9I:;"F9!;%9!D*&$;"'&!"+!'=9&!;'!;%9!>9D;R!:&J$4!
>'$:;9+!;%9!F:>*9!'D!8!M%9(9!L>!c!1.B,!:&J!J !"+!;%9!M9"I%;!I"F9&!;'!9:$%!')N9$;"F9!D*&$;"'&,!M%9(9!
[ Q> . 1>g> .!H%9!=:(:@9;9(!F:>*9+!D'(!9U*:;"'&+!Q2ZR!:&J!Q2BR!:(9!I"F9&!"&!H:)>9!B.!

!

&'()*" / 0!C:(:@9;9(!F:>*9+!D'(!O*``?!#$'(9!$:>$*>:;"'&!

o)N9$;"F9!
C:(:@9;9(!F:>*9!M";%!

QM";%'*;R!I>:$"9(+!
' $ 4$ J !!

_l8X - ! _01! 1.0B! 1.W!!!Q1.ZR!
!V-\X - ! _21! 1.B! 1.2!!!Q1.2R!
_\j#X - ! _21! 1.B! 1.W!!!Q1.WR!
_G-O/0! _21! 1.B! 1.1B!Q1.2R!
_l8X 234! _21! 1.B! 1.1B!Q1.2R!
_G-O6! _01! 1.0B! 1.0!!!Q1.1R!

!

O'(!;%9!+9$'&J!+;:I9!'D!=:(:@9;9(!+9>9$;"'&,!;%9!D"&:>!=9(D'(@:&$9!+$'(9+!:(9!(:&L9J!:&J!;%9!;'=!;9&!
F9$;'(+!:(9!+9>9$;9J!D'(!D*(;%9(!9F:>*:;"'&.!H%9!+9$'&J!9F:>*:;"'&!+;:I9!"&F'>F9+!:!%9*("+;"$!:++9++@9&;!
'D!@'J9>!=9(D'(@:&$9,!):+9J!'&!:!F"+*:>!:++9++@9&;!'D!:!&*@)9(!'D!J"DD9(9&;!$%:(;!;?=9+!Q+99!O"I*(9!0!
;%('*I%!O"I*(9!Y!D'(!9T:@=>9+R,!=>*+!:!J99=9(!"&+=9$;"'&!'D!:JJ";"'&:>!@9;("$+!&';!*+9J!"&!;%9!
:*;'@:;9J!$:>")(:;"'&!=('$9++.!H%9!D"&:>!=:(:@9;9(!+9;!"+!;%9!'&9!+*)N9$;"F9>?!$%'+9&!:+!;%9!h)9+;i.!!!
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!

!"#$%&'( "1BC643'.1>6)'?1/6'),;6()+713.;)+>1@?>;+A;63@1=+;1DEFGH1

!

!"#$%&') "1E')46(+'+A)/6'1>6)'?1/6'),;6()+713.;)+>1@?>;+A;63@1=+;1DEFGH1

!
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!"#$%&'*"1E6'),;6()+713.;)+>1='+I1>&;6()+71/&;0.1=+;1DEFGH1

!

!"#$%&'+"1E6'),;6()+713.;)+>1677&6'146C)4&413.6J1='+I1</6((.;3'+(1=+;1DEFGH1

!
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!

!"#$%&', "1E6'),;6()+713.;)+>14+7(@'?1.063+(;67<3);6()+71=+;1DEFGH"1

!

!

!"#$%&'- "1E6'),;6()+713.;)+>1/')46(+'+A)/6'14+7(@'?1.063+(;67<3);6()+71=+;1DEFGH"1

!
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!

!"#$%&'. "1E6'),;6()+713.;)+>14+7(@'?1<7+I1/+0.;16;.61=;6/()+71=+;1DEFGH"1

!

!
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Appendix A – Grid Cell Unit Hydrograph 
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