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ABSTRACT

!"#$%&'#()$*'#&*%(+ '#&,)+#&+ &-,+.#&.-/,(&+).#0,+#',+",'1+2*34.50&+ &%+65#(&*317+8(,+$%))*90,+

/#((,'+&%+.%(&*(5%5)01+%9),'",+&-*)+"#'*#90,+.%502+9,+&-,+,)&*/#&*%(+%3+),()*90,+-,#&+:5;,)+<=>+#.'%))+

0#'?,+2*)&#(.,)+<*(+&-,+%'2,'+%3+@*0%/,&,')>+5)*(?+#+0#'?,+#$,'&5',+).*(&*00%/,&,'+<ABC>D+#(2+*(",'&*(?+

&-,),+%9),'"#&*%()+*(&%+,"#$%&'#()$*'#&*%(+'#&,)D+5(2,'+&-,+#))5/$&*%(+&-#&+&-,+ABC+%9),'"#&*%()+#',+

',$',),(&#&*",+3%'+&-,+,(&*',+.#&.-/,(&7+E-,+%9F,.&*",+%3+&-*)+$#$,'+*)+&%+#)),))+G-,&-,'+/,#)5',2+

),()*90,+-,#&+:5;,)+3'%/+#+ABC+%",'+#+0%(?+2*)&#(.,+<H7I+@/>+.#(+9,+#))5/,2+&%+9,+"#0*2+3%'+#+JKL7M+

@/L+-,&,'%?,(,%5)+.#&.-/,(&7+E-,',3%',D+#+35001+$'%.,))N9#),2+G#&,'+#(2+,(,'?1+9#0#(.,+/%2,0+G*&-+

#+)$#&*#0+',)%05&*%(+%3+IK+/+-#)+9,,(+&-%'%5?-01+.#0*9'#&,2+#(2+"#0*2#&,2+3%'+&-,+O,00,9,,@+.#&.-/,(&+

*(+O,0?*5/7+B+3%%&$'*(&+#(#01)*)+-#)+9,,(+$,'3%'/,27+P(+?,(,'#0D+&-,+),()*90,+-,#&+:5;,)+3'%/+&-,+ABC+

.%/$#',2+G,00+G*&-+&-,+/%2,0,2+),()*90,+-,#&+:5;,)+G*&-*(+&-,+3%%&$'*(&7+Q%',%",'D+#)+&-,+/%2,0,2+=+

G*&-*(+&-,+3%%&$'*(&+-#)+9,,(+3%5(2+&%+9,+#0/%)&+,65#0+&%+&-,+/%2,0,2+.#&.-/,(&+#",'#?,2+=D+*&+.#(+

9,+.%(.052,2+&-#&+&-,+).*(&*00%/,&,'+/,#)5',/,(&)+%",'+#+2*)&#(.,+%3+H7I+@/+#(2+#(+,33,.&*",+-,*?-&+

%3+RS+/+#',+',$',),(&#&*",+3%'+&-,+,(&*',+.#&.-/,(&7
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1.  INTRODUCTION

!)&*/#&,)+%3+.#&.-/,(&N+#",'#?,2+,"#$%&'#()$*'#&*%(+'#&,)+#',+%3+*(&,',)&+3%'+#+(5/9,'+%3+).*,(&*4.+

2*).*$0*(,)D+*(.052*(?+.0*/#&,+/%2,0*(?+#(2+(5/,'*.#0+G,#&-,'+$',2*.&*%(D+#(2+%$,'#&*%(#0+:%%2+3%',.#)&*(?7+

E-,),+,)&*/#&,)+.#(+9,+%9&#*(,2+5)*(?+#+(5/9,'+%3+2*33,',(&+/,&-%2)7+B+4')&+#$$'%#.-+*)+&-,+G,*?-&,2+

#",'#?*(?++%3+$%*(&+).#0,+%9),'"#&*%()D+G-*.-+.#(+9,+%9&#*(,2+5(2,'+#+(5/9,'+%3+2*33,',(&+0#(2+5),+.%(2*&*%()D+

5)*(?+&-,+O%G,(+'#&*%+,(,'?1+9#0#(.,+<O[!O>+#(2\%'+&-,+,221+.%"#'*#(.,+<!T>+/,&-%2)7+E-*)+#$$'%#.-+

)533,')+3'%/+#+(5/9,'+%3+2'#G9#.@)7+Q%',+)$,.*4.#001D+,"#$%&'#()$*'#&*%(+'#&,)+2%+(%&+%(01+2,$,(2+%(+&-,+

0#(2+.%",'+&1$,D+95&+#0)%+%(+&-,+)%*0+/%*)&5',+.%(2*&*%()7+]5,+&%+&-,+,33,.&+%3+&%$%?'#$-1D+&-,),+)%*0+/%*)&5',+

.%(&,(&)+.#(+)-%G+#+-*?-N)$#&*#0+"#'*#9*0*&17+B)+#+.%(),65,(.,D+*(+/#(1+.#),)D+*&+.#(+9,+",'1+2*34.50&D+%'+,",(+

*/$%))*90,D+&%+/,#)5',+',$',),(&#&*",+"#05,)+3%'+#+)$,.*4.+0#(2+.%",'+.0#))7+̂ 5'&-,'/%',D+!T+%9),'"#&*%()+

#',+@(%G(+&%+)-%G+,''%')+*(+&-,++,(,'?1+9#0#(.,+.0%)5',D+G-*.-+5(2,'+.,'&#*(+.*'.5/)&#(.,)+.#(+9,+',0#&*",01+

0#'?,7+E-*)+.#(+&-5)+9,+,;$,.&,2+&%+0,#2+&%+#22*&*%(#0+,''%')+*(+&-,+#',#0+,)&*/#&,)7

[,/%&,+),()*(?+%9),'"#&*%()+.#(+#0)%+9,+5),27+B0&-%5?-+&-*)+/,&-%2+2*',.&01+0,#2)+&%+)$#&*#0+

2*)&'*95&*%()+*(+&-,+,"#$%&'#()$*'#&*%(+'#&,)D+*&+)533,')+3'%/+&-,+2'#G9#.@+&-#&+&-,+',)50&)+#',+$'%(,+&%+

#+',0#&*",01+-*?-+2,?',,+%3+5(.,'&#*(&17+^5'&-,'/%',D+',/%&,+),()*(?+*/#?,'1+*)+#"#*0#90,+#&+)$,.*4,2+

*()&#(.,)+*(+&*/,+%(01D+G-*.-+',25.,)+*&)+#$$0*.#9*0*&1+*(D+3%'+,;#/$0,D+%$,'#&*%(#0+:%%2+3%',.#)&*(?7

B(%&-,'+ $%))*9*0*&1+ &%+ ,)&*/#&,+ )5'3#.,+ :5;,)+ #.'%))+ 0#'?,+ 2*)&#(.,)D+ &-#&+ *)+ 65*.@01+ ,/,'?*(?+ *(+

-12'%0%?*.+#$$0*.#&*%()D+*)+&-,+).*(&*00#&*%(+/,&-%27+E-*)+/,&-%2+-#)+&-,+$%&,(&*#0+&%+$'%"*2,+)5'3#.,+:5;,)+%3+

),()*90,+-,#&+<=>+%'+G#&,'+"#$%'+<!>+#.'%))+#+2*)&#(.,+%3+),",'#0+@*0%/,&,')7+̂ %'+0#&,(&+-,#&+:5;+/,#)5',/,(&)D+

).*(&*00%/,&,')+&-#&+%$,'#&,+#&+'#2*%+G#",0,(?&-)+#',+/%)&+)5*&,27+W(&*0+(%G+&-,+,;$,()*",+&,.-(%0%?1D+&-,+

.%/$0,;*&1D+#9)%'$&*%(+,33,.&)D+#(2+',65*',2+0*.,(),)+#',+&-,+/#*(+',#)%()+G-1+)5.-+).*(&*00%/,&,')+-#",+(%&+

9,,(+5),2+#)+%3&,(+#)+&-,+(,#'N*(3'#',2+0#),'+#(2+ABCD+G-*.-+#',+5),2+3%'+,)&*/#&*(?+&-,+),()*90,+-,#&+:5;7

E1$*.#001D+#+ABC+.%()*)&)+%3+#+&'#()/*&&,'D+G-*.-+,/*&)+#(+%$&*.#0+)*?(#0D+#(2+#+',.,*",'D+G-*.-+

/,#)5',)+ &-,+)&',(?&-+%3+ &-,+)*?(#0+#&+ &-,+,(2+%3+#+$',2,4(,2+$#&-7+^05.&5#&*%()+ *(+ &-,+ ',.,*",2+

*(&,()*&1+#',+#+/,#)5',+%3+:5.&5#&*%()+*(+&-,+',3'#.&*",+*(2,;+n+,;$',)),2+#)+&-,+)&'5.&5',+$#'#/,&,'+

%3+(D+G-*.-+*(+&5'(+*)+',0#&,2+&%+&-,+),()*90,+-,#&+:5;+#",'#?,2+#0%(?+&-,+$#&-7+E,.-(*65,)+.#(+&-,(+

9,+,;$0%',2+&%+.%(",'&+&-*)+0#'?,N+2*)&#(.,+),()*90,+-,#&+:5;+*(&%+0#&,(&+-,#&+:5;,)+5)*(?+,)&*/#&,)+%3+

&-,+(,&+'#2*#&*%(+#(2+&-,+?'%5(2+-,#&+:5;7

E-,+%",'#00+%9F,.&*",+%3+&-*)+$#$,'+*)+&%+2,/%()&'#&,+&-#&+).*(&*00%/,&,'N9#),2+),()*90,+-,#&+

:5;+"#05,)D+%9&#*(,2+#.'%))+#+0%(?+2*)&#(.,+<H7I+@/>D+.#(+9,+#))5/,2+&%+9,+',$',),(&#&*",+3%'+&-,+

,(&*',+.#&.-/,(&+*(+G-*.-+&-,+/,#)5',/,(&)+#',+&#@,(D+9#),2+%(+#+"#0*2#&*%(+%3+&-,+).*(&*00%/,&,'+

/,#)5',2+),()*90,+-,#&+:5;,)+5)*(?+/%2,0,2+),()*90,+-,#&+:5;,)+3'%/+#+0#(2+)5'3#.,+/%2,07+̂ %'+&-*)+

',#)%(D+#+9%5(2#'1N+0#1,'+).*(&*00%/,&,'+-#)+9,,(+*()&#00,2+*(+&-,+.#&.-/,(&+%3+&-,+O,00,9,,@+<JKL7M+

@/L>+*(+O,0?*5/7+B+0%(?+&*/,+),'*,)+%3+),()*90,+-,#&+:5;,)+-#",+9,,(+%9&#*(,2+5)*(?+&-*)+*()&'5/,(&D+

/%',+)$,.*4.#001+3'%/+LJ+^,9'5#'1+LKKS+&-'%5?-+LS+B5?5)&+LKKH7

B+3%%&$'*(&+#(#01)*)+-#)+9,,(+$,'3%'/,2+*(+%'2,'+&%+#)),))+G-,&-,'+&-,+),()*90,+-,#&+:5;+G*&-*(+&-,+

)%5'.,+#',#+%3+&-,+).*(&*00%/,&,'+*)+.%/$#'#90,+&%+&-,+),()*90,+-,#&+:5;+%3+&-,+,(&*',+.#&.-/,(&7+O,.#5),+

*&+*)+*/$%))*90,+&%+/,#)5',+),()*90,+-,#&+:5;,)+%(+#+',?50#'+)$#&*#0+?'*2D+#+0#(2+)5'3#.,+/%2,0N9#),2+

#$$'%#.-+*)+5),27+Q%',+)$,.*4.#001D+#+)$#&*#001+2*)&'*95&,2+$-1)*.#001+9#),2+0#(2+)5'3#.,+/%2,0+-#)+9,,(+

.#0*9'#&,2+#(2+"#0*2#&,2+5)*(?+O[!O+2#&#+#(2+2*).-#'?,+2#&#7+P3+&-,+/%2,0+.#(+#2,65#&,01+)*/50#&,+&-,+

%9),'"#&*%()+%3+&-,+O[!O+)&#&*%()+#(2+&-,+/,#)5',2+2*).-#'?,D+&-,+',)50&*(?+),()*90,+-,#&+:5;+"#05,)+

.#(+9,+#))5/,2+&%+9,+%3+)534.*,(&+65#0*&1+&%+9,+5),2+*(+&-,+3%%&$'*(&+#(#01)*)7+P3+&-,+),()*90,+-,#&+:5;+

3'%/+&-,+3%%&$'*(&+%3+&-,+).*(&*00%/,&,'+*)+.%()*)&,(&01+)*/*0#'+&%+&-,+.#&.-/,(&+#",'#?,D+&-,+#))5/$&*%(+

.#(+9,+/#2,+&-#&+&-,+).*(&*00%/,&,'+2#&#+#',+',$',),(&#&*",+3%'+&-,+,(&*',+.#&.-/,(&7+E-*)+$#$,'+$'%"*2,)+

#(+#()G,'+&%+&-,+65,)&*%(+%3+5(2,'+G-*.-+.%(2*&*%()+&-*)+#))5/$&*%(+.#(+%'+.#((%&+9,+/#2,7

2.  SITE AND DATA DESCRIPTION

2.1.  Site Description

E-,+)&521+G#)+$,'3%'/,2+ *(+ &-,+],(2,'+.#&.-/,(&+ *(+O,0?*5/7+B+ABC+G#)+ *()&#00,2+ *(+ &-,+

)59.#&.-/,(&+%3+&-,+O,00,9,,@+<JKL7M+@/L>7+̂ %'+&-,+.#0*9'#&*%(+#(2+"#0*2#&*%(+%3+&-,+-12'%0%?*.+/%2,0D+
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2#&#+3'%/+&-,+(,*?-9%'*(?+)59.#&.-/,(&+%3+&-,+_%03$5&9,,@+<`S7R+@/L>+#',+5),2+#)+G,007+^*?5',+J+

)-%G)+&-,+0%.#&*%(+%3+&-,+.#&.-/,(&)+&%?,&-,'+G*&-+#+2*?*&#0+,0,"#&*%(+/%2,0+<]!Q>+%3+&-,+#',#7+E-,+

,0,"#&*%(+*(+&-,+)59.#&.-/,(&)+'#(?,)+9,&G,,(+JK+#(2+JJK+/7+C%*0+&,;&5',+*)+$',2%/*(#(&01+0%#/+

<a`b>D+#(2+&-,+0#(2+5),+<)-%G(+*(+̂ *?5',+L>+*)+$',2%/*(#(&01+#?'*.50&5',+<RM7Rb>+#(2+$#)&5',+<LL7Hb>7+

S7Rb+%3+&-,+)5'3#.,+.%()*)&)+%3+5'9#(+0#(2+.%",'+#(2+&-,+',)&+%3+&-,+#',#+.%()*)&)+%3+3%',)&+<`7Sb>+

#(2+%$,(+G#&,'+<K7Jb>7

2.2.  The Meteorological and Discharge Data

^*?5',+L+)-%G)+&-,+0%.#&*%(+%3+&-,+2*33,',(&+)&#&*%()+5),2+*(+&-*)+)&5217+]*).-#'?,+%9),'"#&*%()+

G,',+#"#*0#90,+G*&-+#(+-%5'01+&*/,+)&,$+#&+&-,+%5&0,&+%3+&-,+O,00,9,,@+)59N+.#&.-/,(&7+Q,#)5',/,(&)+

%3+G*(2+)$,,2+#(2+G*(2+2*',.&*%(+#&+JK+/+-,*?-&D+#)+G,00+#)+$',.*$*&#&*%(+'#&,)D+#*'+$',))5',D+#(2+#*'+

#(2+2,G+$%*(&+&,/$,'#&5',+#&+#+-,*?-&+%3+L+/+G,',+#"#*0#90,+#&+JK+/*(+*(&,'"#0)+#&+&-,+/,&,%'%0%?*.#0+

)&#&*%(+%3+A*,2,@,'@,D+)*&5#&,2+(,#'+&-,+%5&0,&+%3+&-,+.#&.-/,(&7+̂ 5'&-,'/%',D+(,&+'#2*#&*%(+#(2+?'%5(2+

-,#&+:5;+%9),'"#&*%()+G,',+#0)%+#"#*0#90,+#&+&-*)+)*&,7

2.3.  The Bowen Ratio Energy Balance (BREB) Data

^'%/+JI+B5?5)&+LKKa+&-'%5?-+JI+c501+LKKSD+#+O%G,(N'#&*%+)&#&*%(+G#)+*()&#00,2+%(+#+$#)&5',+

4,02+*(+d%%*@+*(+&-,+)59.#&.-/,(&+%3+&-,+_%03$5&9,,@7+^'%/+M+C,$&,/9,'+LKKS+&-'%5?-+LS+B5?5)&+

LKKHD+&-*)+O[!O+)&#&*%(+G#)+*()&#00,2+*(+E,'(#&+%(+#+?'#))0#(2+#$$'%;*/#&,01+*(+&-,+/*220,+%3+&-,+

).*(&*00%/,&,'+$#&-7+E-,+O[!O+)&#&*%(+.%()*)&)+%3+&G%+=Qe`IT+.#$#.*&*",+$'%9,)+G*&-+'#2*#&*%(+)-*,02+

<f#*)#0#D+_%95'(D+Q#))#.-5),&&)>+3%'+/,#)5'*(?+#*'+&,/$,'#&5',+#(2+',0#&*",+-5/*2*&1+#&+&G%+2*33,',(&+

-,*?-&)+<J+#(2+L+/>D+#+TQeM+$1'#(%/,&,'+<g*$$+#(2+h%(,(D+],03&D+i,&-,'0#(2)>D+#(2+#+i[N+A*&,+(,&+

'#2*%/,&,'+<g*$$+#(2+h%(,(D+],03&D+i,&-,'0#(2)>+#&+L+/+-,*?-&D+#(2+&G%+=^eKJCT+)%*0+-,#&+:5;+),()%')+

<=5@),:5;D+],03&D+i,&-,'0#(2)>+*()&#00,2+F5)&+9,0%G+&-,+)5'3#.,7

Figure 1. The location of the 
study site in Belgium and a DEM 
of the study area.
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O[!O+2#&#+#',+ ',0*#90,+25'*(?+2#1&*/,+#(2+(*?-&&*/,D+95&+(%&+#&+ &-,+ &'#()*&*%(+ *(+9,&G,,(7+

W(',0*#90,+,)&*/#&,)+%3+&-,+&5'950,(&+:5;,)+#',+&-,(+%9&#*(,2+9,.#5),+%3+",'1+)/#00+?'#2*,(&)+*(+&-,+#*'+

-5/*2*&17+E-,',3%',D+O%G,(+'#&*%)+)/#00,'+&-#(+K7a+#(2+0#'?,'+&-#(+JK+#',+%/*&&,2D+#)+G,00+#)+O%G,(+

'#&*%)+G-,',+&-,+G#&,'+"#$%'+?'#2*,(&+*)+X,'%+%'+(,?#&*",7

2.4.  Geographical Information

B+2*?*&#0+,0,"#&*%(+/%2,0+<]!Q>+G*&-+#(+#..5'#.1+%3+K7Ka+/+#(2+)%*0+&,;&5',+#(2+0#(2+.%",'+

/#$)+%3+&-,+],(2,'+.#&.-/,(&+G,',+#"#*0#90,+&-'%5?-+&-,+̂ 0#(2,')+d,%?'#$-*.#0+P(3%'/#&*%(+B?,(.17+

E-,),+2#&#+G,',+.%(",'&,2+&%+?'*2)+G*&-+#+',)%05&*%(+%3+IK+/+3%'+&-,+)59.#&.-/,(&)+%3+&-,+O,00,9,,@+

#(2+&-,+_%03$5&9,,@D+G-*.-+#',+5),2+3%'+&-,+-12'%0%?*.+/%2,0+),&5$+#)+2,).'*9,2+*(+),.&*%(+`7

2.5.  Scintillometer Data

E-,+).*(&*00%/,&,'+5),2+*(+&-*)+,;$,'*/,(&+*)+#+0#'?,+#$,'&5',+).*(&*00%/,&,'+<ABC>D+&1$,+OACLKKK+

<C.*(&,.+BdD+E5,9*(?,(D+d,'/#(1>+G*&-+#(+#$,'&5',+)*X,+%3+K7LR+/D+)5*&#90,+3%'+:5;+/,#)5',/,(&)+

%(+#+',0#&*",01+0#'?,+)$#&*#0+).#0,+<5$+&%+JK+@/>+',25.*(?+)#&5'#&*%(+%3+&-,+ABC+)*?(#07+E-,+OACLKKKN

&'#()/*&&,'+.%()*)&)+%3+&G%+2*)@)+%3+SaS+*(3'#',2+#(2+M`+',2+0*?-&+A!])D+G-*.-+#00%G)+3%'+#+.%'',.&*%(+

%3+#9)%'$&*%(+:5.&5#&*%()7+E-,+',.,*",'+',?*)&,')+&-,+&'#()/*&&,2+*(&,()*&*,)+3'%/+9%&-+2*)@)+#)+G,00+#)+

&-,+<.%>"#'*#(.,)+%3+&-,),+*(&,()*&*,)7

^*?5',+M+)-%G)+&-,+0%.#&*%(+%3+&-,+ABC+$#&-+#(2+&-,+5(2,'01*(?+&%$%?'#$-1+#(2+0#(2+.%",'+.0#))7+

E-,+&'#()/*&&,'+*)+)*&5#&,2+*(+B)),+%(+#+G#&,'+&%G,'+#&+#(+,0,"#&*%(+%3+`K+/+#9%",+&-,+)5'3#.,7+E-,+

',.,*",'+*)+*()&#00,2+*(+&-,+.-5'.-+&%G,'+*(+!*X,'*(?,(+#&+JI+/+#9%",+&-,+)5'3#.,7+E-,+ABC+*)+*()&#00,2+

%",'+&-,+)59.#&.-/,(&+%3+&-,+O,00,9,,@+#0%(?+#+H7I+@/+$#&-+0,(?&-+A7+E-*)+#00%G)+&-,+9,#/+&%+.'%))+

&-,+9#)*(+G,00+#9%",+&-,+.#(%$1D+&-,+)/#00+3%',)&)D+&-,+"#00,1+%3+&-,+O,00,9,,@D+#(2+*&)+&'*95&#'*,)+#(2+

'%#2)+#(2+&%G()7+E-,+,33,.&*",+-,*?-&+%3+&-,+9,#/+*)+RS+/D+.#0.50#&,2+3%00%G*(?+&-,+#",'#?,+3%'+(,5&'#0+

#(2+3',,+.%(",.&*%(+)*&5#&*%()D+#(2+&#@*(?+*(&%+#..%5(&+&-,+-,*?-&+#9%",+&-,+)5'3#.,+5)*(?+&-,+]!Q+

#(2+&-,+G,*?-&*(?+.5'",+%3+&-,+).*(&*00%/,&,'7+^'%/+&-,+ABC+/,#)5',/,(&)D+J+/*(+)$#&*#0+#",'#?,+

),()*90,+-,#&+:5;,)+.#(+9,+2,'*",2+5)*(?+&-,+.#0.50#&*%(+$'%.,25',+#)+,;$0#*(,2+*(+),.&*%(+L7M7L7+E-,+

',)50&*(?+:5;,)+#',+&-,(+#",'#?,2+&%+#+&*/,+)&,$+%3+J+-7

Figure 2.+E-,+ 0%.#&*%(+

of the meteorologic 

s t a t i o n s  a n d 

).*(&*00%/,&,'D+0#(2+5),D+

#(2+ &-,+ 2*)&'*95&*%(+ %3+

&-,+G*(2+2*',.&*%(7
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^%'+&-,+$',),(&+)&521D+).*(&*00%/,&,'+/,#)5',/,(&)+3'%/+LJ+̂ ,9'5#'1+LKKS+&-'%5?-+LS+B5?5)&+

LKKH+G,',+#"#*0#90,7+ +]5,+ &%+ 0%??*(?+$'%90,/)D+(%+2#&#+G,',+#"#*0#90,+ 3%'+ &-',,+$,'*%2)j+ 3'%/+J+

B5?5)&+LKKS+&-'%5?-+LI+C,$&,/9,'+LKKSD+3'%/+M+Q#'.-+LKKH+&-'%5?-+J+B$'*0+LKKHD+#(2+3'%/+H+c5(,+

LKKH+&-'%5?-+L+c501+LKKH7+P(+&%&#0D+``a+2#1)+G*&-+).*(&*00%/,&,'+/,#)5',/,(&)+G,',+#"#*0#90,D+#(2+#+

.%/$0,&,+#((5#0+.1.0,+-#)+9,,(+/%(*&%',27

3.  THE FOOTPRINT ANALYSIS

_-,(+ #*'+ :%G)+ %",'+ #(+ #',#+ .%()*)&*(?+ %3+ $#&.-,)+ G*&-+ 2*33,',(&+ $'%$,'&*,)+ <,7?7+ )5'3#.,+

'%5?-(,))D+)5'3#.,+&,/$,'#&5',D+%'+)%*0+/%*)&5',>D+*(&,'(#0+9%5(2#'1+0#1,')+<POA)>+2,",0%$+G*&-*(+&-,+

)5'3#.,+0#1,'D+#))5/*(?+&-,+-%'*X%(&#0+,;&,(&+%3+&-,+$#&.-,)+*)+',0#&*",01+)/#007+E-,+&%$+%3+,#.-+POA+

9,.%/,)+2*335),+#)+&-,+:%G+,(.%5(&,')+(,G+)5'3#.,+.%(2*&*%()D+/,#(*(?+&-#&+&-,+",'&*.#0+,;&,(&+%3+

,#.-+POA+2,$,(2)+%(+&-,+-%'*X%(&#0+)*X,+%3+,#.-+$#&.-7+B&+#+.,'&#*(+0,",0+#9%",+&-,+&%$+%3+&-,+POA)D+

&-,+90,(2*(?+-,*?-&D+&-,+)*?(#&5',)+%3+&-,+*(2*"*25#0+$#&.-,)+&,(2+&%+/,'?,+25,+&%+&5'950,(&+/*;*(?7

_-,(+).*(&*00%/,&,'+/,#)5',/,(&)+#',+/#2,+%",'+#+-,&,'%?,(,%5)+&,''#*(D+#+$%'&*%(+%3+&-,+

5$)&',#/+ )5'3#.,D+ &-,+ )%5'.,+ #',#D+ *(:5,(.,)+ &-,+ ),()%'7+B+ ).*(&*00%/,&,'+ /,#)5'*(?+ #9%",+ &-,+

90,(2*(?+-,*?-&+G*00+k),,l+#+)*(?0,+#',#N#",'#?,2+)5'3#.,+:5;+%3+/%/,(&5/D+-,#&D+#(2+G#&,'+"#$%'7+

E-,+65,)&*%(+*)+G-,&-,'+&-,+),()*90,+-,#&+:5;+3'%/+&-,+)%5'.,+#',#+/,#)5',2+91+&-,+).*(&*00%/,&,'+*)+

',$',),(&#&*",+3%'+&-,+,(&*',+',?*%(+#'%5(2+&-,+).*(&*00%/,&,'D+#(2D+*(+,;&,()5D+&-,+,(&*',+.#&.-/,(&7

E-,',3%',D+&-,+)%5'.,+#',#)+3'%/+&-,+).*(&*00%/,&,'+#',+2,&,'/*(,2+3%'+,",'1+&*/,+)&,$+<),.&*%(+

M7L>+#(2+%",'0#1,2+G*&-+&-,+/%2,0,2+),()*90,+-,#&+:5;+*/#?,)+*(+%'2,'+&%+.#0.50#&,+&-,+/%2,0,2+),()*90,+

-,#&+:5;+G*&-*(+&-,+3%%&$'*(&7+E-*)+-,#&+:5;+.#(+&-,(+9,+.%/$#',2+&%+&-,+).*(&*00%/,&,'+/,#)5',/,(&+%(+

&-,+%(,+-#(2+<=ABC>D+#(2+&%+&-,+/%2,0,2+.#&.-/,(&N#",'#?,2+),()*90,+-,#&+:5;+%(+&-,+%&-,'+-#(27+

E-5)D+*3+&-,+).*(&*00%/,&,'N+/,#)5',2+=ABC+*)+#$$'%;*/#&,01+,65#0+&%+&-,+3%%&$'*(&N+/%2,0,2+:5;D+95&+

(%&+&%+&-,+/%2,0,2+.#&.-/,(&N+#",'#?,2+:5;D+&-,(+&-,+).*(&*00%/,&,'+/,#)5',/,(&+*)+(%&+',$',),(&#&*",+

3%'+&-,+,(&*',+.#&.-/,(&D+95&+%(01+3%'+*&)+)%5'.,+#',#7+P(+&-*)+.#),D+&-,+).*(&*00%/,&,'+),,)+&-,+*(2*"*25#0+

$#&.-,)+#(2+*)+/,#)5'*(?+5(2,'+&-,+90,(2*(?+-,*?-&7+8(+&-,+.%(&'#'1D+*3+&-,+).*(&*00%/,&,'N/,#)5',2+

=ABC+*)+#$$'%;*/#&,01+,65#0+&%+&-,+/%2,0,2+.#&.-/,(&N#",'#?,2+=D+&-,(+*&+.%502+9,+.%(.052,2+&-#&+

&-,+).*(&*00%/,&,'+/,#)5',)+#+)*(?0,+#',#N#",'#?,2+-,#&+:5;+ 3%'+#(+,(&*',+ ',?*%(+ <&-,+.#&.-/,(&>+

#'%5(2+&-,+).*(&*00%/,&,'+#(2+*)+&-5)+/,#)5'*(?+#9%",+&-,+90,(2*(?+-,*?-&7

B))5/*(?+ &-,+ ).*(&*00%/,&,'+ ),,)+ #(+ #',#N#",'#?,2+ -,#&+ :5;+ 3'%/+ &-,+ #',#+ #'%5(2+ &-,+

).*(&*00%/,&,'+$#&-D+#+3%%&$'*(&+#(#01)*)+G%502+(%&+9,+(,.,))#'1+&%+.%/$#',+&-,+/%2,0+',)50&)+&%+&-,+

).*(&*00%/,&,'+/,#)5',/,(&)+%3+&-,+),()*90,+-,#&+:5;7+E-,',3%',D+*(+#+),.%(2+#(#01)*)D+%(01+&-,+/%2,0,2+

),()*90,+-,#&+:5;,)+3'%/+#+',.&#(?50#'+#',#+<JKKK+/+G*2,+#)+&-*)+.#(+9,+#))5/,2+&-,+&1$*.#0+3%%&$'*(&+

0,(?&->+9,(,#&-+&-,+).*(&*00%/,&,'+$#&-+#',+.%/$#',2+&%+&-,+).*(&*00%/,&,'N/,#)5',2+#(2+.#&.-/,(&N+

#",'#?,2+=7+P(+&-*)+$#$,'D+&-,+3%%&$'*(&+/%2,0+%3+=)*,-+,&+#07+mLKKKn+*)+5),27

Figure 3. + E-,+ ABC+

$#&-D+ &-,+ 5(2,'01*(?+

topography and land 

.%",'+ .0#))D+ #(2+ &-,+

$#&-+G,*?-&+35(.&*%(7
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4.  THE HYDROLOGIC MODEL

E-,+ 0#(2N+ )5'3#.,+ /%2,0+ 5),2+ *(+ &-*)+ )&521D+ &-,+E8eN+ Q8]!AN+ 9#),2+ 0#(2N+ #&/%)$-,',+

&'#()3,'+).-,/,+<E8eABEC>D+-#)+#)+*&)+3%5(2#&*%(+&-,+.%(.,$&+&-#&+)-#00%G+?'%5(2G#&,'+?'#2*,(&)+

),&+5$+)$#&*#0+$#&&,'()+%3+)%*0+/%*)&5',+&-#&+*(:5,(.,+*(40&'#&*%(+#(2+'5(%33+25'*(?+)&%'/+,",(&)D+#(2+

,"#$%'#&*%(+#(2+2'#*(#?,+9,&G,,(+&-,),+,",(&)7++E-,+#))5/$&*%(+*)+/#2,+&-#&+&-,),+?'#2*,(&)+.#(+

9,+,)&*/#&,2+3'%/+0%.#0+&%$%?'#$-1+<&-'%5?-+#+)%*0N&%$%?'#$-*.+*(2,;+mC*"#$#0#(+et al.D+JHSan>7+^'%/+

&-*)+ 3%5(2#&*%(D+ &-,+/%2,0+G#)+,;$#(2,2+&%+ *(.052,+ *(40&'#&*%(+#(2+',)*)&#(.,N+9#),2+,"#$%'#&*%(+

$'%.,)),)D+#+)5'3#.,+",?,&#&*%(+0#1,'D+#+)5'3#.,+,(,'?1+9#0#(.,+,65#&*%(+G*&-+#(+*/$'%",2+?'%5(2+

-,#&+:5;+$#'#/,&'*X#&*%(D+#(2+&-,+,33,.&+%3+#&/%)$-,'*.+)&#9*0*&1+%(+-,#&+:5;,)7+E-,+)5'3#.,+,(,'?1+

9#0#(.,+,65#&*%(+*)+)%0",2+&-'%5?-+#(+*&,'#&*%(+3%'+&-,+)%*0+)5'3#.,+&,/$,'#&5',7

E-,+/%2,0+G#)+%'*?*(#001+2,",0%$,2+ &%+)*/50#&,+ &-,+)5'3#.,+G#&,'+#(2+,(,'?1+9#0#(.,+ 3%'+

G#'/+),#)%()7+B3&,'G#'2)D+G*(&,'+$'%.,)),)+<3'%X,(+?'%5(2+#(2+#+)(%G+$#.@>D+#(+*/$'%",2+G#&,'+

#(2+,(,'?1+9#0#(.,+).-,/,+3%'+%$,(+G#&,'+9%2*,)D+#(2+#+&G%N0#1,'+",?,&#&*%(+$#'#/,&'*X#&*%(+G,',+

#22,27++B(+%",'"*,G+%3+&-,+&,)&+)*&,)+#(2+4,02+,;$,'*/,(&)+&%+G-*.-+&-,+/%2,0+-#)+9,,(+)5..,))35001+

#$$0*,2+.#(+9,+3%5(2+*(+A%#*X#+W)5?#+#(2+e#5G,0)+mLKKSn7

5.  MODEL APPLICATIONS

5.1.  Model Setup

^%'+&-,+/%2,0+#$$0*.#&*%()+*(+&-*)+)&521D+?,%?'#$-*.#0+2#&#+%3+&-,+.#&.-/,(&)+%3+&-,+O,00,9,,@+

#(2+_%03$5&9,,@+#',+5),2+G*&-+#+',)%05&*%(+%3+IK+/7+T%(&*(5%5)+/,&,%'%0%?*.#0+%9),'"#&*%()+3'%/+&-,+

/,&,%'%0%?*.#0+)&#&*%(+#&+A*,2,@,'@,+#',+5),2+&%+3%'.,+&-,+/%2,07+E-,),+2#&#+#',+$%*(&+/,#)5',/,(&)D+

95&+#',+.%()*2,',2+&%+9,+',$',),(&#&*",+3%'+&-,+)&521+#',#7+[#*(3#00+*)+#))5/,2+&%+9,+5(*3%'/01+2*)&'*95&,2+

%",'+&-,+,(&*',+.#&.-/,(&D+)%+'#*(3#00+%9),'"#&*%()+3'%/+&-,+)&#&*%(+%3+A*,2,@,'@,+#',+5),2+#)+/%2,0+

*($5&7+P(+#22*&*%(+&%+&-,+/,&,%'%0%?*.#0+"#'*#90,)+/,#)5',2+#&+&-,+/,&,%'%0%?*.#0+)&#&*%(+#&+A*,2,@,'@,D+

E8eABEC+',65*',)+.%(&*(5%5)+),'*,)+%3+*(.%/*(?+)-%'&G#",+#(2+2%G(G,00*(?+0%(?G#",+'#2*#&*%(+#)+

*($5&7+E-,+2%G(N+G,00*(?+0%(?G#",+'#2*#&*%(+G#)+.#0.50#&,2+3'%/+&-,+#*'+&,/$,'#&5',+#(2+-5/*2*&1+

2#&#+#&+&-,+A*,2,@,'@,+)&#&*%(7+B+.%(&*(5%5)+),'*,)+%3+*(.%/*(?+)-%'&G#",+'#2*#&*%(+G#)+.#0.50#&,2+

3'%/+ &-,+(,&+ '#2*#&*%(+/,#)5',/,(&)+#&+A*,2,@,'@,+#)+ 3%00%G)7+^'%/+JI+B5?5)&+LKKa+ &-'%5?-+MK+

B$'*0+LKKSD+*(.%/*(?+)-%'&G#",+'#2*#&*%(+/,#)5',/,(&)+G,',+#"#*0#90,+#&+&-,+O[!O+)&#&*%(+*(+d%%*@+

#(2+.%/$#',2+&%+&-,+(,&+'#2*#&*%(+/,#)5',/,(&)+*(+A*,2,@,'@,7++B0&-%5?-+.0%52+.%",'+.#(+.-#(?,+

.%()*2,'#901+G*&-*(+&-,+.#&.-/,(&+#(2+&-,+0%(?NG#",+'#2*#&*%(+9#0#(.,+%",'+2*33,',(&+),#)%()+*)+(%&+

.%()&#(&D+#+0*(,#'+',?',))*%(+9,&G,,(+&-,+(,&+'#2*#&*%(+/,#)5',2+*(+A*,2,@,'@,+#(2+&-*)+)-%'&G#",+

'#2*#&*%(+',",#0,2+#+.%'',0#&*%(+.%,34.*,(&+%3+K7HR7+E-*)+*(2*.#&,)+&-#&+&-,+',0#&*%()-*$+9,&G,,(+&-,),+

&G%+/,#)5',/,(&)+.#(+9,+,;$',)),2+91+#+0*(,#'+,65#&*%(7+E-*)+',0#&*%()-*$+G#)+&-,(+#$$0*,2+&%+&-,+

(,&+'#2*#&*%(+/,#)5',2+#&+A*,2,@,'@,+&-'%5?-%5&+&-,+)&521+$,'*%2D+&-'%5?-+G-*.-+#+.%(&*(5%5)+&*/,+

),'*,)+%3+*(.%/*(?+)%0#'+'#2*#&*%(+.%502+9,+?,(,'#&,27

C*/50#&*%()+G,',+*(*&*#&,2+%(+J+B5?5)&+LKKRD+5)*(?+#(+-%5'01+&*/,+)&,$D+&-'%5?-+LS+B5?5)&+LKKH7

5.2.  Model Calibration and Validation

E8eABEC+ (,,2)+ (5/,'%5)+ $#'#/,&,')+ &-#&+ )-%502+ 9,+ ,)&*/#&,27+ O,.#5),+ %3+ &-,+ 0#'?,+

(5/9,'+%3+$*;,0)+*()*2,+&-,+.#&.-/,(&)+%3+&-,+O,00,9,,@+#(2+&-,+_%03$5&9,,@+<RKM`S>+3%'+G-*.-+&-,+

G#&,'+#(2+,(,'?1+9#0#(.,)+#',+)%0",2+3%'+#+0#'?,+(5/9,'+<LaLHa>+%3+&*/,+)&,$)D+-5?,+.%/$5&#&*%(#0+

',)%5'.,)+G%502+9,+',65*',2+3%'+#(+#5&%/#&*.+.#0*9'#&*%(D+G-,',+#+0#'?,+(5/9,'+%3+)*/50#&*%()+(,,2+

&%+9,+$,'3%'/,27+E-,',3%',D+(%+#5&%/#&*.+.#0*9'#&*%(+-#)+9,,(+$,'3%'/,2D+95&+$#'#/,&,'+"#05,)+3%'+

&-,+E8eABEC+/%2,0+*(+&-*)+)&521+G,',+.-%),(+9#),2+%(+0*&,'#&5',+#(2+,;$,'&+@(%G0,2?,7

E-,+ ,)&*/#&*%(+ %3+ &-,+ $#'#/,&,')+ 3%'+ 9#),+ :%G+ <)59)5'3#.,+ :%G+ #&+ .%/$0,&,+ )#&5'#&*%(D+

,;$%(,(&*#0+9#),+:%G+.%,34.*,(&D+#(2+ *(*&*#0+#",'#?,+2,$&-+%3+?'%5(2G#&,'+ &#90,>+G,',+.#0*9'#&,2+

/#(5#001+G*&-*(+&-,+'#(?,)+&-#&+#',+$-1)*.#001+#..,$&#90,7

]5'*(?+&-,+.#0*9'#&*%(+#(2+"#0*2#&*%(+$'%.,))D+E8eABEC+*)+(%&+%(01+,"#05#&,2+%(+*&)+#9*0*&1+&%+
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/%2,0+&-,+.#&.-/,(&N#",'#?,2+G#&,'+9#0#(.,+91+/,#()+%3+#+.%/$#'*)%(+%3+%9),'",2+#(2+/%2,0,2+

.#&.-/,(&+2*).-#'?,D+95&+#0)%+,"#05#&,2+%(+*&)+3,#)*9*0*&1+&%+/%2,0+&-,+,(,'?1+9#0#(.,+#&+&-,+$*;,0+

).#0,7+E-,',3%',D+&-,+%9),'",2+#(2+/%2,0,2+&,'/)+%3+&-,+,(,'?1+9#0#(.,+#&+&-,+O[!O+)&#&*%()+*(+

d%%*@+#(2+E,'(#&+G,',+,"#05#&,27

5.2.1.  Calibration and Validation of the Catchment Discharge

B&+&-,+%5&0,&+%3+&-,+O,00,9,,@+.#&.-/,(&D+/%2,0,2+#(2+%9),'",2+2*).-#'?,+.#(+9,+.%/$#',27+

E-,+$,'*%2+$',.,,2*(?+&-,+)&521+$,'*%2+<J+B5?5)&+LKKR+&-'%5?-+J`+B5?5)&+LKKa>+G#)+5),2+#)+&-,+

.#0*9'#&*%(+$,'*%27+^%'+&-,+$,'*%2+3'%/+JI+B5?5)&+LKKa+&-'%5?-+LS+B5?5)&+LKKHD+&-,+/%2,0+-#)+&-,(+

9,,(+"#0*2#&,2+5)*(?+&-,+2*).-#'?,+#&+&-,+.#&.-/,(&+%5&0,&7

5.2.2.  Validation of the Energy Balance at the BREB Stations

B&+&-,+O%G,(N+'#&*%+,(,'?1+9#0#(.,+<O[!O>+)&#&*%()+*(+d%%*@+#(2+E,'(#&D+(,&+'#2*#&*%(D+#(2+

)%*0D+0#&,(&D+#(2+),()*90,+-,#&+:5;,)+G,',+/,#)5',27+E-,),+&,'/)+%3+&-,+,(,'?1+9#0#(.,+#',+5),2+&%+

35'&-,'+"#0*2#&,+E8eABEC+#&+&-,+$%*(&+).#0,7+B)+(,&+'#2*#&*%(+#(2+)%*0+-,#&+:5;+#',+/#*(01+",'&*.#0+:5;,)D+

#(2+2%+(%&+-#",+&-,*'+/#*(+%'*?*(+3'%/+-%'*X%(&#0+$'%.,)),)D+/,#)5',2+"#05,)+%3+&-,+(,&+'#2*#&*%(+

#(2+?'%5(2+-,#&+:5;+.#(+9,+2*',.&01+.%/$#',2+&%+/%2,0,2+"#05,)+#&+&-,+/%2,0+$*;,0+G-,',+&-,+O[!O+

)&#&*%()+#',+0%.#&,27+^%'+"#0*2#&*%(+%3+&-,+(,&+'#2*#&*%(+#(2+)%*0+-,#&+:5;D+RRRR+#(2+SIRK+&*/,+)&,$)+

G,',+#"#*0#90,+3%'+d%%*@+#(2+E,'(#&D+',)$,.&*",017

8(+&-,+.%(&'#'1D+),()*90,+#(2+0#&,(&+-,#&+:5;,)+#',+*(:5,(.,2+91+",'&*.#0+#)+G,00+#)+-%'*X%(&#0+

$'%.,)),)+</#*(01+91+&-,+G*(2+#0%(?+&-,+)5'3#.,>7+^%'+&-*)+',#)%(D+/,#)5',2+:5;,)+.#((%&+)*/$01+

9,+.%/$#',2+&%+/%2,0,2+:5;,)+3'%/+&-,+O[!O+$*;,07+^%'+#+)5..,))350+.%/$#'*)%(+%3+&-,+/%2,0,2+

0#&,(&+#(2+),()*90,+-,#&+:5;,)+&%+&-,+/,#)5',/,(&)+%3+&-,+O[!O+)&#&*%()D+*&+*)+(,.,))#'1+&%+@(%G+&-,+

.%/$%)*&*%(+#(2+,;&,()*%(+%3+&-,+5$G*(2+)%5'.,+#',#7++E-,',3%',D+#+3%%&$'*(&+#(#01)*)+*)+$,'3%'/,2+3%'+

,",'1+&*/,+)&,$+9#),2+%(+/,#)5',/,(&)+%3+G*(2+)$,,2D+G*(2+2*',.&*%(D+/,#)5',2+),()*90,+-,#&+:5;D++
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<,65#&*%(+<H>>+*)+5),2+G-,',+&-,+/,#)5'*(?+-,*?-&+*)+&#@,(+#)+L+/D+&-,+-,*?-&+%3+&-,+5$$,'+.#$#.*&*",+

$'%9,7+P(+.%/9*(#&*%(+G*&-+&-,+G*(2+2*',.&*%(D+&-,+)%5'.,+#',#+#'%5(2+&-,+O[!O+)&#&*%()+G#)+2,&,'/*(,2+

3%'+,",'1+-%5'01+&*/,+)&,$7++̂ %'+&-,+,"#05#&*%(+%3+&-,+),()*90,+#(2+0#&,(&+-,#&+:5;,)D+%(01+2#1&*/,+&*/,+

)&,$)+<HjKKoJRjKK>+G,',+,"#05#&,2+*(+&-,+"#0*2#&*%(+$'%.,))+G-,(+"#0*2D+$%)*&*",+O%G,(+'#&*%)+#(2+

&-5)+$%)*&*",+),()*90,+-,#&+:5;,)+G,',+/,#)5',2+91+&-,+O[!O+)&#&*%()D+#(2+(%+$',.*$*&#&*%(+%..5'',27+

E-,+,(,'?1+9#0#(.,+&,'/)+#',+%(01+"#0*2#&,2+3%'+&-,),+.%(2*&*%()+9,.#5),+&-,),+#',+&-,+.%(2*&*%()+

G-,',+"#0*2+),()*90,+-,#&+:5;,)+3'%/+&-,+).*(&*00%/,&,'+#',+%9&#*(,2+*(+&-*)+)&5217++̂ '%/+&-,+&*/,+)&,$)+

G-,',+2#&#+G,',+#"#*0#90,D+JR7Sb+.%502+9,+5),2+3%'+"#0*2#&*%(+%3+=+#(2+A!+<%'+JJL`+%5&+%3

RRRR+&*/,+)&,$)+3%'+d%%*@+#(2+J`Ma+%5&+%3+SIRK+&*/,+)&,$)+3%'+E,'(#&>7

5.3.  Modeled Sensible Heat Fluxes

Figure 4.+E*/,+),'*,)+%3+

/%2,0,2+#(2+%9),'",2+

2*).-#'?,+ 25'*(?+ &-,+

"#0*2#&*%(+$,'*%27
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5.3.1.  Modeled Sensible Heat Flux From Footprint

^'%/+&-,+#"#*0#90,+2#&#+),&)D+#+),0,.&*%(+G#)+/#2,+%3+&-,+&*/,+)&,$)+<-%5')>+G-,(+%(+&-,+%(,+

-#(2+#+),()*90,+-,#&+:5;+G#)+#"#*0#90,+ 3'%/+ &-,+).*(&*00%/,&,'+/,#)5',/,(&)+ <2#1&*/,D+5()&#90,+

.%(2*&*%()D+ (%+ $',.*$*&#&*%(>D+ #(2+ %(+ &-,+ %&-,'+ -#(2+ G-,(+ ,(%5?-+ ,;&'#+ /,&,%'%0%?*.+ 2#&#+ <G*(2+

2*',.&*%(>+G,',+#"#*0#90,+&%+.#0.50#&,+&-,+3%%&$'*(&7++^%'+&-,),+&*/,+)&,$)D+*/#?,)+<',)%05&*%(+IK+/>+%3+

&-,+),()*90,+-,#&+:5;+)*/50#&,2+91+E8eABEC+G,',+%",'0#1,2+G*&-+&-,+3%%&$'*(&+*/#?,)+<',)%05&*%(+IK+

/>+*(+,",'1+$*;,0+*(+%'2,'+&%+.#0.50#&,+&-,+/%2,0,2+),()*90,+-,#&+:5;+G*&-*(+&-,+3%%&$'*(&7++8(01+3%%&$'*(&)+

&-#&+#',+,(&*',01+G*&-*(+&-,+.#&.-/,(&+9%5(2#'*,)+G,',+.%()*2,',2+9,.#5),+(%+/%2,0+',)50&)+3%'+$*;,0)+

%5&)*2,+&-,+.#&.-/,(&+#',+#"#*0#90,7

5.3.2.  Modeled Sensible Heat Flux From the Catchment

E-,+-%5'01+"#05,)+%3+&-,+/%2,0,2+),()*90,+-,#&+:5;+%",'+&-,+3%%&$'*(&+.#(+&-,(+9,+.%/$#',2+

&%+&-,+),()*90,+-,#&+:5;+%",'+&-,+,(&*',+.#&.-/,(&7

5.3.3.  Modeled Sensible Heat Flux From the Area Around the Scintillometer Path

^%'+ 35'&-,'+ #(#01)*)D+ /%2,0,2+ ),()*90,+ -,#&+ :5;,)+ 3'%/+ #+ ',.&#(?50#'+ #',#+ #'%5(2+ &-,+

).*(&*00%/,&,'+$#&-+#',+#0)%+.#0.50#&,27+^'%/+&-,+/%2,0,2+),()*90,+-,#&+:5;+*/#?,)D+&-,+G,*?-&,2+

),()*90,+-,#&+:5;+*)+2,&,'/*(,2+3%'+#(+#',#+%3+JKKK+/+G*2,+<G-*.-+.#(+9,+.%()*2,',2+#)+&-,+&1$*.#0+

3%%&$'*(&+0,(?&->+#'%5(2+&-,+).*(&*00%/,&,'+$#&-+#(2+&#@*(?+*(&%+#..%5(&+&-,+G,*?-&*(?+3#.&%'+#..%'2*(?+

&%+&-,+0%.#&*%(+9,&G,,(+&-,+ABC+&'#()/*&&,'+#(2+',.,*",'7

6.  RESULTS AND DISCUSSION

6.1.  Calibration and Validation of the Hydrologic Model

^*?5',+`+)-%G)+&-,+.%/$#'*)%(+%3+&-,+/%2,0+&%+&-,+%9),'",2+2*).-#'?,+2#&#+3%'+&-,+"#0*2#&*%(+

$,'*%27+P(+?,(,'#0D+#+?%%2+#?',,/,(&+-#)+9,,(+%9&#*(,2+G*&-+',?',))*%(+0*(,)+.0%),+&%+&-,+JjJ+0*(,7+

E-,),+',)50&)+-#",+9,,(+%9&#*(,2+5)*(?+#+"#05,+%3+J7I+/+3%'+&-,+*(*&*#0+G#&,'+&#90,+2,$&-D+M+/NJ for the 

,;$%(,(&*#0+2,.#1+$#'#/,&,'D+#(2+JK+/MsNJ+3%'+&-,+9#),+:%G+#&+)#&5'#&*%(7

Figure 5. Comparison between 
the BREB observed and modeled 
energy balance terms from 
TOPLATS
for the station at Gooik.



Gestión y
Ambiente

41

Estimation of catchment averaged sensible heat fluxes using a large aperture scintillometer  -  Samain et ál

^*?5',+I+)-%G)+&-,+.%/$#'*)%(+%3+&-,+/%2,0,2+,(,'?1+9#0#(.,+.%/$%(,(&)+3'%/+E8eABEC+
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*(+E,'(#&7
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-#",+9,,(+%9&#*(,27+^5'&-,'/%',D+&-,+-*?-+[+"#05,)+#(2+&-,+3#.&+&-#&+#0/%)&+#00+$%*(&)+#',+G*&-*(+&-,+
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,(,'?1+9#0#(.,+&,'/)+',#)%(#901+G,007+8(01+3%'+&-,+)&#&*%(+*(+d%%*@D+&-,+).#&&,'+*)+0#'?,'D+95&+&-*)+.#(+9,+

25,+&%+*&)+0%.#&*%(+35'&-,'+#G#1+3'%/+A*,2,@,'@,7+P(+d%%*@+&-,',+*)+)%/,&*/,)+#+2*33,',(&+.0%52+#(2+'#*(+

)&'5.&5',+#)+.%/$#',2+&%+A*,2,@,'@,D+G-*.-+.#(+.#5),+&-,+0#'?,'+).#&&,'+3%'+#00+,(,'?1+9#0#(.,+&,'/)7+

i,",'&-,0,))D+3'%/+&-,+.#0*9'#&*%(+#(2+"#0*2#&*%(+',)50&)+%3+&-,+.#&.-/,(&+2*).-#'?,+#(2+&-,+"#0*2#&*%(+

%3+&-,+,(,'?1+952?,&+#&+&-,+$%*(&+0%.#&*%()+*(+d%%*@+#(2+E,'(#&D+*&+.#(+9,+.%(.052,2+&-#&+E8eABEC+

)*/50#&,)+&-,+G#&,'+#(2+,(,'?1+9#0#(.,+",'1+G,007+Q%',%",'D+&-,+"#0*2#&*%(+%3+&-,+2*).-#'?,+)-%G)+&-#&+

E8eABEC+*)+#90,+&%+)*/50#&,+&-,+*(&,?'#&,2+G#&,'+#(2+,(,'?1+9#0#(.,)+%3+&-,+,(&*',+.#&.-/,(&D+G-*0,+

&-,+"#0*2#&*%(+%3+&-,+,(,'?1+9#0#(.,)+#&+&-,+O[!O+)&#&*%()+*(2*.#&,)+&-#&+E8eABEC+$,'3%'/)+",'1+G,00+

#&+&-,+$*;,0+).#0,7+E-,+E8eABEC+',)50&)+.#(+&-5)+9,+5),2+&%+,)&*/#&,+&-,+),()*90,+-,#&+:5;,)+#&+,",'1+

$%*(&+*(+&-,+.#&.-/,(&+*(+%'2,'+&%+.%/$#',+&-,+',)50&)+&%+&-,+).*(&*00%/,&,'+/,#)5',/,(&)+<),.&*%(+R7L>7

6.2.  Sensible Heat Fluxes Across Large Distances

6.2.1.  Scintillometer H Versus TOPLATS H

P(+ ^*?5',+ R+ &-,+ /%2,0,2+ ),()*90,+ -,#&+ :5;,)+ G*&-*(+ &-,+ 3%%&$'*(&+ #',+ .%/$#',2+ &%+ &-,+

).*(&*00%/,&,'N2,&,'/*(,2+=+9#),2+%(+&-,+Q8CE+,65#&*%()7+P&+*)+.0,#'+&-#&+3%'+5()&#90,+.%(2*&*%()+25'*(?+

&-*)+,;$,'*/,(&+&-,+3',,+.%(",.&*%(+#$$'%#.-+*)+#+",'1+?%%2+#$$'%;*/#&*%(+3%'+&-,+.#0.50#&*%(+%3+=+3'%/+

).*(&*00%/,&,'+2#&#+5)*(?+&-,+Q8CE+,65#&*%()7+P(+%&-,'+G%'2)D+G-,(+&-,+ABC+-,*?-&+*)+.%()*2,'#90,+*&+

*)+,;$,.&,2+5(2,'+5()&#90,+.%(2*&*%()+&-#&+&-,+*(:5,(.,+%3+/,.-#(*.#001+$'%25.,2+&5'950,(.,+*)+)/#00+

#(2+&-,',3%',D+&-,+3',,+.%(",.&*%(+#$$'%#.-+*)+#+?%%2+#$$'%;*/#&*%(+%3+=7

E-,+).#&&,'$0%&)+*(+^*?5',+R+)-%G+&-#&+?,(,'#001+&-,+),()*90,+-,#&+:5;+3'%/+&-,+).*(&*00%/,&,'+

2#&#+#',+*(+#..%'2#(.,+G*&-+&-,+/%2,0+',)50&)7+=%G,",'D+%(,+.#(+),,+)%/,+5(2,',)&*/#&*%(+%3+=+91+

&-,+).*(&*00%/,&,'+3%'+&-,+-*?-+=+"#05,)+<0#'?,'+&-#(+#$$'%;*/#&,01+JIK+_/NL>+#(2+)%/,+%",',)&*/#&*%(+

91+&-,+).*(&*00%/,&,'+3%'+&-,+0%G,'+/%2,0,2+=+"#05,)+<0%G,'+&-#(+#$$'%;*/#&,01+IK+_/NL>7

B(+,;$0#(#&*%(+3%'+&-,+2,"*#&*%()+9,&G,,(+/,#)5',2+#(2+/%2,0,2+),()*90,+-,#&+:5;,)+.#(+

9,+ 3%5(2+%(+9%&-+)*2,)j+ &-,+/%2,0+#(2\%'+ &-,+).*(&*00%/,&,'+/,#)5',/,(&)7+ +8(+ &-,+%(,+-#(2D+ *&+

*)+$%))*90,+&-#&+&-,+/%2,0+$'%"*2,)+)0*?-&01+9*#),2+),()*90,+-,#&+:5;,)+3%'+",?,&#&*%(+.0#)),)+&-#&+

G,',+(%&+.#0*9'#&,2\"#0*2#&,2+91+$%*(&+/,#)5',/,(&)+<,7?7D+&',,)+#(2+3%',)&D+5'9#(D+,&.7>+#(2+G-,(+

#??',?#&*(?+&-,),+"#05,)+*(+3%%&$'*(&N/%2,0,2+=D+&-*)+/*?-&+0,#2+&%+#(+,''%'+%3+&-,+),()*90,+-,#&+:5;+

Figure 6. Comparison between 
the scintillometer determined 
sensible heat f lux and the 
TOPLATS modeled sensible heat 
flux within the footprint, and 
within the catchment where HLAS 
is calculated using the MOST 
equations.
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6.2.2.  Representativeness of Scintillometer Measurements
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6.2.3.  Sensible Heat Fluxes From Scintillometer Data Compared to BREB 

Observations
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7.  SUMMARY AND CONCLUSIONS
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