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-&.('.!$*88.&.#'!'1.&0(+!.#7*&%#0.#')!*#!.(-1!23*+$*#45!!



! `_!!

!

P$)3.&!KE=!70*#!+,!'3.%&8&2!"9_!(.*#'$($+#*0!'4*1&E!

!

!
P$)3.&!KE;!70*#!+,!'3.%&8&2!N`DJ6!(.*#'$($+#*0!'4*1&E!



!``!

!

P$)3.&!KEG!T*8+3(!40*#!+,!'3.%&8&2!`JD!(.*#'$($+#*0!'4*1&".

KEIE 6&'1.$4($+#!+,!(-&!'4*1&a1+#2$($+#$#)!40*#(!+,!(-&!,$&02!'(328!

A3$02$#)'!

61.!),(-.c-%#$*'*%#*#4!,+(#'!$.-*$.)! '1.! '1.&0(+!.#7*&%#0.#'!%8! *#$%%&! '&(#)*'*%#(+!

),(-.! (#$! *#8+3.#-.)! '1.! =(/! ,.%,+.! 3).! '1.! ),(-.! S8%&! .B(0,+.:! '1.! %3'+*#.)! %8!

1.('*#4!(#$!-%%+*#4!)/)'.0!*#!JO?!(&%3#$!'1.!)*''*#4!(&.()!(&.!,&%$3-.!4.#'+.!2&..;.!

'1('! &.)3+')! '%! )%0.! ,.%,+.! )*''*#4! -+%).! %&! (7%*$! '1*)! (&.(! '%! ($<3)'! '1.*&! -%08%&'!

-%#$*'*%#)T5! 61.! ).&7*-.! )/)'.0)! *#! '1.).! '1&..! -().)! (&.! $*88.&.#'! (#$! =1*-1!

-%#'&*23'.!'%!'1.!$*88.&.#'!'1.&0(+!.#7*&%#0.#'!-1(&(-'.&*)'*-)5!

5-&!"(.$3/!\3$02$#)!+,!90*/+.)*#!_#$%&.'$(8!Y"9_[V!"#!GL@:!'1.!1.('!*)!$.+*7.&.$!'%!

'1.! ),(-.! 8&%0!2%*+.&)! 8&%0! '1.!,+(#'! &%%05! 61*)! *)! ,30,.$! '1&%341! '%! 3#$.&! 8+%%&!

1.('*#45!6&.#-1!Q.('.&!*)!+%-('.$!(-&%))!'1.!=*#$%=!(&.()!('!'1.!8&%#'!(#$!&.(&!SH*43&.!

\5[!(#$!H*43&.!\5\T5!@#$.&! 8+%%&!1.('*#4!&3#)!'1.!=1%+.! +.#4'1!%8! '1.!8%/.&! 8&%0!'1.!

8&%#'! $%%&)! ,()'! &.-.,'*%#! '%! '1.! &.(&! $%%&)5! 61.! ),(-.! *)! 7.#'*+('.$! 7*(! 1*41c+.7.+!

7.#'*+('*%#! 8(#)! +%-('.$! *#! '1.! &%%8! '1('!=*++! %#+/!%,.&('.! *8! '1.! '&.#-1!1.('.&! *)! #%'!

&3##*#45! 61.&.! (&.! 7.#'*+('*%#! $3-')! %#! '1.! +*8'! +%22/! (&.()! (+)%5! Y%'1! Q.('*#4! (#$!

F.#'*+('*%#!*)!-%#'&%++.$!7*(!YOM!+%-('.$!*#!'1.!($0*#*)'&('*%#!%88*-.:!=1*-1!3).)!'*0.!

)-1.$3+.)! (#$! '.0,.&('3&.! ).'! ,%*#')5! H.=! '1.&0%)'(')! +%-('.$! (&%3#$! '1.! 4&%3#$!

8+%%&5!



! `b!!

!

P$)3.&!KEI!R4*1&a1+#2$($+#$#)!40*#(!+,!"9_!(.*#'$($+#*0!'4*1&E!

!!! !!! !

P$)3.&!KEK!:&*($#)!*#2!Z&#($0*($+#!,*1$0$($&'!$#!"9_!(.*#'$($+#*0!'4*1&E!

N+8*0! `&0'-! D+00&)&! +,! J3'$1! l! 6.*/*! YN`DJ6[V! RJ?OK! 1()! 03+'*,+.! 1.('*#4!

)/)'.0):! *#!'1.!8%/.&!(&.(!'1.&.!(&.!-%3,+.!%8!'&.#-1!1.('.&!%#!'1.!8+%%&i! *#!'1.!-(8r!

(&.(! '1.&.!(&.!1.('.&!%3'+.')!%#! '1.!=(++i! (#$! *#! '1.!-%&&*$%&!(&.(! '1.&.!(&.! ).7.&(+!



!ba!

4&%3,)!%8!&($*(#'!1.('.&)!#.(&!'1.!=(++!SH*43&.!\5^!(#$!!!

H*43&.! \5_T5! "#! )300.&! '1.! RJ?OK! ),(-.! *)! #('3&(++/! 7.#'*+('.$! '1&%341! '1.! 0(*#!

%,.#*#4)C!$%%&)!(#$!=*#$%=)5!!

P$)3.&!KE>!5-&!'4*1&!1+#2$($+#$#)!40*#(!+,!N`DJ6!(.*#'$($+#*0!'4*1&E!!

P$)3.&!KEH!:&*($#)!,*1$0$($&'!$#!N`DJ6!(.*#'$($+#*0!'4*1&E!

P$)3.&!KEM!5-&!'4*1&!1+#2$($+#$#)!40*#(!+,!`JD!(.*#'$($+#*0!'4*1&E!



! bW!!

!

P$)3.&!KEL!D&0$#)!,*#'!Y0&,([!*#2!-&*(!*#2!1++0!C$#2!+3(0&('!Y.$)-([!$#!`JD!(.*#'$($+#*0!'4*1&E!

P$)3.&!KE=<!5-&.+/&(&.!'&#'+.'!$#!`JD!(.*#'$($+#*0!'4*1&E!

`&0'-! J$00&##$3/! D&#(&.! Y`JD[V! "#!JO?:! 1.('! *)! $.&*7.$! 8&%0! -.#'&(+*;.$!2%*+.&)!

)3,,+/*#4!+%=!'.0,.&('3&.!1%'!=('.&!('!_Z!e?!SN6QJT:!'1*)!=('.&!*)!-*&-3+('.$!'1&%341!

*#)3+('.$!,*,.=%&>! '%!1.('.&! -%*+)! +%-('.$!=*'1*#!7(&*%3)!(*&! -%#$*'*%#*#4!.D3*,0.#'!

+%-('.$!(&%3#$!'1.!)*'.:!'1.!8%3&!%3'+.')!(&.!+%-('.$!=*'1*#!'1.!#%&'1!(#$!)%3'1!8%/.&!

(&.()! (#$!(&.! *$.#'*8*.$! '1&%341! '1.!G+30*#*30!N%37&.!$.)*4#! S)+*7.&!$&(4%#T5! ! Y%'1!

'1.!#%&'1!(#$!)%3'1!-%#-%3&).!(&.()!(&.!7.#'*+('.$!2/!(!-.*+*#4!0%3#'.$!.B'&(-'!8(#!SW!

*#!.(-1!-%#-%3&).!(&.(T!(#$!%8!-%3&).!#('3&(+!7.#'*+('*%#!'1&%341!'1.!0(#/!.#'&(#-.!

(#$!.B*'!$%%&)!(&%3#$!'1.!-%#-%3&).!q!'1.).!8(#)!%#+/!,&%7*$.!.B'&(-'!$3'/!%#-.!'1.!

*#'.&#(+! '.0,.&('3&.! &.(-1.)!XX5\! e?! S0.()3&.$! '%=(&$)!-.*+*#4! +.7.+!q! '1./!=*)1! '%!

0(*#'(*#!1.('!=*'1*#!-%#-%3&).!(#$!#%'!7.#'*+('.!'%!%3')*$.!3#'*+!'1*)!'.0,.&('3&.!*)!

&.(-1.$! ()! '1*)! =%3+$! 2.! =()'.83+! %8! .#.&4/T5! 61.&.! *)! (! Q%#./=.++! Y3*+$*#4!

O(#(4.0.#'!M/)'.0!SYOMT!=1*-1!-%#'&%+)!'1.!(*&!-%#$*'*%#*#4!.D3*,0.#'!q!'1.!YOM!

(+)%!)-1.$3+.)!'1.!k%#9!(#$!k%889!'*0.)5!Y3*+$*#4!O(#(4.0.#'!M/)'.0!-%#'&%+)!'1.!k%#9!

(#$!k%889!'*0.)!8%&!'1.!(*&!-%#$*'*%#*#4!q!'1.).!'*0.)!(&.!($<3)'.$!'%!)3*'!'1.*&!23)*#.))!

#..$)!23'!'/,*-(++/!=%3+$!2.!()!8%++%=)!8%&!(!k,.&8%&0(#-.!$(/9!S)1%=!%#!)'(4.TC%#!('!

a_Caa!(#$!%88!('!XZCaa5!"8!'1.&.!=.&.!#%!)1%=!'1.#!'1.!'*0.)!=%3+$!'/,*-(++/!2.!%#!('!



!bX!

a_Caa! (#$! %88! ('! WbCaa5! ED3*,0.#'! (#$! 0%#*'%&)! 7(&*%3)! ).#)%&)! '%! 8..$2(->! (#$!

($<3)'! 8*#(+!$.+*7.&.$! '.0,.&('3&.! '1&%341!X!(#$!Z!,%&'!7(+7.!-%#'&%+! 8%&! '1.!N6QJ5!

61.&.!(&.!8*7.!).#)%&)!%#!'1.!4&%3#$!8+%%&!+%-('*%#)!SH*43&.!\5`:!H*43&.!\5b!(#$!H*43&.!

\5WaT5!!

G+'1%341! (++! %8! '1.).! '1&..! -().)! 1(7.! '1.! )(0.! *#$%%&! '&(#)*'*%#(+! ),(-.)9!

-1(&(-'.&*)'*-)5!61.!$*88.&.#'!-%#$*'*%#)!*#!'1.).!'1&..!'&(#)*'*%#(+!),(-.)!&.)3+')!*#!'1.!

$*88.&.#'! '1.&0(+! .#7*&%#0.#')! -%#$*'*%#:! =1*-1! 0*41'! (88.-'*#4! ,.%,+.9)! '1.&0(+!

-%08%&'!,.&-.,'*%#!(#$!*#8+3.#-*#4!'1.!=(/!%8!,.%,+.!3).!*#$%%&!'&(#)*'*%#(+!),(-.)5!

K*88.&.#-.! *#! '1.! 23*+$*#4! -%#$*'*%#)! *#-+3$.)! '1.*&! ,1/)*-(+! -1(&(-'.&! (#$! '1.!

1.('*#4g-%%+*#4! )/)'.0)5! 61.! +(/%3'! %8! (++! %8! '1.).! '1&..! 23*+$*#4! *)! $*88.&.#'C! '1.!

+(/%3'! %8! GL@! *)! U%&'1cM%3'1! =1.#! RJ?OK! *)! J.)'cE()'! (#$! JO?! *)! E()'cJ.)'5!

?%00%#+/:!(!U%&'1cM%3'1!%&*.#'('.$!23*+$*#4!-(#!4.'!0%&.!&($*(#'!1.('!8&%0!'1.!)3#5!

"#! '1*)! &.).(&-1:! '1.!1*41.)'! '.0,.&('3&.! '&3+/!0.()3&.$!('!GL@!2%'1! *#!=*#'.&!(#$!

)300.&:!=1.#!'1.!+%=.&!'.0,.&('3&.!0.()3&.$!('!RJ?OK!(#$!+%=.)'!*)!('!JO?5!"#!

'.&0)!%8!1.('*#4!(#$!-%%+*#4!-%#$*'*%#:!GL@!3).)!.+.-'&*-(+!8+%%&!1.('*#4!*#!=*#'.&!(#$!

0.-1(#*-(+!7.#'*+('*%#!*#!)300.&:!=1*+.!RJ?OK!1()!(!)*0*+(&!'/,.!%8!.+.-'&*-(+!8+%%&!

1.('.&! *#!=*#'.&!23'!#('3&(+! 7.#'*+('*%#! *#! )300.&5!Y3'!JO?! *)!$*88.&.#'! '%!2%'1!%8!

'1.0C! *'!1()! !"#$%"&'(&$)'*"#+%c!"#$%&'(!"#$%&'(!) '&)*'&+",)%&-)!"#$%"&'(&$)'*"#+%c

!""#$%&'!"#$%&'(!)'&)(*!!"+, !!!

KEKE WO(&.#*0!10$/*($1!1+#2$($+#'!23.$#)!(-&!'3.%&8'!!

61.!.B'.&#(+!-+*0('.!=()!0.()3&.$!2/!(!0.'.%&%+%4*-(+!)'('*%#!'1('!*)!+%-('.$!%#!'1.!

&%%8!%8!Y3'.!Y3*+$*#4:!A*#4!E$=(&$!F""!G7.#3.:!?(&$*885!H*43&.!\5WW!)1%=)!'1.!0(&>.$!

+%-('*%#!%8!=.('1.&!)'('*%#!()!=.++!()!'1.!'1&..!-().!23*+$*#4)5!



! bZ!!

!

P$)3.&!KE==!5-&!0+1*($+#'!+,!C&*(-&.!'(*($+#!*#2!1*'&!A3$02$#)'E!

6.#!-+*0('.!-%#$*'*%#)!=.&.!0%#*'%&.$!2/! '1.!=.('1.&! )'('*%#C!(*&! '.0,.&('3&.!(#$!

130*$*'/:! 4+%2(+! (#$! $*883).! 1%&*;%#'(+! )%+(&! &($*('*%#:! 4+%2(+! (#$! $*883).! 1%&*;%#'(+!

*++30*#('*%#:!=*#$!),..$!(#$!$*&.-'*%#:!&(*#8(++!(#$!2(&%0.'&*-!,&.))3&.5!K.,.#$)!%#!

'1.! +*'.&('3&.! &.7*.=:!(0%#4! '1.).! 8(-'%&):! (*&! '.0,.&('3&.!=()! '1.!0%)'! *0,%&'(#'!

8(-'%&!'%!*#8+3.#-.!'1.!*#'.&#(+!'1.&0(+!.#7*&%#0.#'!(#$!'1.!-&3-*(+!8(-'%&!%8!($(,'*7.!

0%$.+:! (#$! &.+('*7.! 130*$*'/! (#$! (*&! 0%7.0.#'! ),..$! (&.! '1.! *0,%&'(#'! 8(-'%&)! '%!

$.-*$.! '1.&0(+! .#7*&%#0.#'5! 61.&.8%&.! '1.! 8%++%=*#4! (#(+/)*)! %8! 0.()3&*#4! &.)3+')!

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

&.+('*7.! 130*$*'/! (#$! (*&!0%7.0.#'! ),..$5! 61.!$.'(*+! $('(! %8! &.+.7(#'! .#7*&%#0.#'!

,(&(0.'.&)!*#!.7.&/!)3&7./!$(/!(&.!+*)'.$!*#!G,,.#$*B![5!

5-&!+3(2++.!10$/*($1!4.+,$0&!23.$#)!"9_!'3.%&8V!K3&*#4!'1.!=*#'.&!)3&7./!'1.!%3'$%%&!

X[! 1%3&)! 0.(#! '.0,.&('3&.! &(#4.$! 2.'=..#! a5b[cWa5_[! e?! (#$! *#! )300.&! *'! =()!

W^5``cXW5`W!e?5!H*43&.!\5WX!(#$!H*43&.!\5WZ!)1%=!'1.!%7.&(++!7(&*('*%#!%8!%3'$%%&!(*&!



!b[!

'.0,.&('3&.! $3&*#4! '1.! )3&7./! $(/)5! 61.! 0.(#! %3'$%%&! 0%#'1+/! (*&! '.0,.&('3&.!

$3&*#4!'1.!)3&7./!*)!\5X!e?!*#!=*#'.&!(#$!W`5^!e?5!"#!=*#'.&!'1.!0.(#!(*&!'.0,.&('3&.!

$3&*#4!)3&7./!'*0.!&(#4.!8&%0!W5b!'%!WX5X!e?:!=1.#!'1.!0.(#!&.+('*7.!130*$*'/!&(#4.!

8&%0!^Z5b!'%!`X5`!j!(#$!(*&!),..$!&(#4.!8&%0!W5_`!'%!\5ba!0g)5!"#!)300.&!'1.!0.(#!

(*&!'.0,.&('3&.!$3&*#4!)3&7./!'*0.!&(#4.!8&%0!W`5`!'%!X^5b!e?:!=1.#!'1.!0.(#!&.+('*7.!

130*$*'/!&(#4.!8&%0![X5Z!'%!_[5aj!(#$!(*&!),..$!&(#4.!8&%0!W5\X!'%!Z5b`!0g)5!!

P$)3.&!KE=;!WO(&.#*0!*$.!(&/4&.*(3.&'!$#!C$#(&.!23.$#)!(-&!,$&02!'(328!+,!"9_E!

P$)3.&!KE=G!WO(&.#*0!*$.!(&/4&.*(3.&'!$#!'3//&.!23.$#)!(-&!,$&02!'(328!+,!"9_E!

5-&! +3(2++.! 10$/*($1! 4.+,$0&! 23.$#)! N`DJ6! '3.%&8V! 61.! %3'$%%&! X[! 1%3&)! 0.(#!

'.0,.&('3&.! $3&*#4! '1.! =*#'.&! )3&7./! &(#4.$! X5_c^5ae?! (#$! *#! )300.&! *'! =()! Wb5`c

X[5Ze?:!'1.!%7.&(++!%3')*$.!(*&!'.0,.&('3&.!7(&*('*%#!*)!)1%=)!*#!H*43&.!\5W[!(#$!H*43&.!

\5W\5!"#!=*#'.&:!'1.!0.(#!(*&!'.0,.&('3&.!$3&*#4!'1.!)3&7./!'*0.!=()!7(&*.$!0(&>.$+/!

.),.-*(++/!'1.!+()'!$(/5!61.!0.(#!(*&!0%7.0.#'!),..$!7(&*.$!%27*%3)+/!*#!.(-1!$(/:!*'!

&(#4.)! 8&%0! W5[^! '%! \5aX! 0g)! $3&*#4! '1.! )3&7./! '*0.5! @#$.&! '1.! )(0.! )*'3('*%#:!

&.+('*7.! 130*$*'/! 7(&*('*%#! &(#4.)! 8&%0! [`5Z! '%! `[5_j5! ! "#! )300.&! '1.! 0.(#! (*&!

'.0,.&('3&.! &(#4.$! 8&%0! XZ5b! '%! X_5_! e?! =1*+.! '1.! 0.(#! &.+('*7.! 130*$*'/! &(#4.$!
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! b\!!

8&%0!Z\5Z!'%![b5Xj!(#$!'1.!0.(#!(*&!0%7.0.#'!),..$!8&%0!W5[^!'%![5XX!0g)!$3&*#4!

'1.! )3&7./.$!$(/)5! 61.!0.(#!%3'$%%&!0%#'1+/! (*&! '.0,.&('3&.!$3&*#4! '1.! )3&7./! *)!

[5Z!e?!*#!=*#'.&!(#$!Wb5`!e?!*#!)300.&5!

!

P$)3.&!KE=I!S3(2++.!*$.!(&/4&.*(3.&!$#!C$#(&.!23.$#)!(-&!,$&02!'(328!+,!N`DJ6E.

!

P$)3.&!KE=K!S3(2++.!*$.!(&/4&.*(3.&!$#!'3//&.!23.$#)!(-&!,$&02!'(328!+,!N`DJ6E!

5-&!+3(2++.! 10$/*($1!4.+,$0&!23.$#)!`JD! '3.%&8V!K3&*#4!'1.!=*#'.&!)3&7./! *#!JO?!

'1.! %3'$%%&! X[! 1%3&)! 0.(#! '.0,.&('3&.! &(#4.$! 8&%0! X5Wc_5_! e?! (#$! *#! )300.&! *'!

&(#4.$! 8&%0! W\5WcWb5a! e?:! H*43&.! \5W^! (#$! H*43&.! \5W_! )1%=! '1.! %7.&(++! %3')*$.! (*&!

'.0,.&('3&.! 7(&*('*%#! )*'3('*%#5! 61.! 0.(#! %3'$%%&! (*&! '.0,.&('3&.! $3&*#4! '1%).!

)3&7./!$(/)! *)! &(#4.! 8&%0!X5Z! '%! `5[! e?!=1.#! *#! )300.&! *'! )1%=)!(!#(&&%=.&! &(#4.!

8&%0! W_5[! '%! Xa5W! e?5! 61.! =*#'.&! %3')*$.! &.+('*7.! 130*$*'/! *)! -1(#4.! 4.#'+/! '1(#! *#!

)300.&!()!\b5[!'%!`a5aj!(#$![b5W!'%!`W5[j5!61.!(*&!0%7.!),..$!*)!-1(#4.$!%27*%3)+/!

*#!=*#'.&!%3')*$.!()!8&%0!W5WX!'%!Z5`X!0g)!=1*+.! *#!)300.&! *'! *)!0%&.!0%$.&('.$!()!
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!b^!

8&%0!X5X_!'%!Z5Za!0g)5!61.!0.(#!%3'$%%&!0%#'1+/!(*&!'.0,.&('3&.!$3&*#4!'1.!)3&7./!

*)![5Z!e?!*#!=*#'.&!(#$!W_5[!e?!*#!)300.&5  

!

P$)3.&!KE=>!S3(2++.!*$.!(&/4&.*(3.&!$#!C$#(&.!23.$#)!(-&!,$&02!'(328!+,!`JDE!

P$)3.&!KE=H!S3(2++.!*$.!(&/4&.*(3.&!$#!C$#(&.!23.$#)!(-&!,$&02!'(328!+,!`JDE!

D+/4*.$'+#! +,! (-&! +3('$2&! 10$/*($1! 4.+,$0&! 23.$#)! (-&! '3.%&8'V! K3&*#4! '1.! =*#'.&!

)3&7./):!'1.!%3'$%%&!X[1c0.(#!'.0,.&('3&.!%8!.7.&/!)3&7./!$(/!=()!&(#4.$!2.'=..#!

a5b[cWa5_[!e?!%8!GL@:!X5\c^5_!e?!%8!RJ?OK!(#$!X5Zc`5[!e?!%8!JO?5! ! "#!)300.&!'1.!
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Figure 6. 10 Mean observed sensation in winter AGU . 

Figur e 6.11 Mean observed sensation in summer AGU  
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Figure 6. 12 Mean observed sensation in winter  RWCMD. 

 

Figure 6. 13 Mean observed sensation in summer  RWCMD. 
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Figure 6. 14 Mean observed sensation in winter  WMC. 

 

Figure 6. 15 Mean observed sensation in summer  WMC. 
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