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∗ 1 ` T�acb dXUQP�eXfBVgV]h 1 `ji UWV]k8MmlXknUWVXRQUWPCd 1 `Ko b Ng[YkApqPC\rUQb 1 `ji UWV]knsutjUv\rUQP�e@UWw]k 2

1 x�ynz|{S}g~ yv�u�u�r{�� �u����� �S�����4���v�mx������r�v�B��~ �_�|�n���jyv�"���v�B�Y�Q�c�u����yv�����
2 x������r�v�.��~ �_��� �nyv~X���u���u�.�|y����v�.���v� �u�v�|�v�_�|�.�Y�����u����yv��x"�r���r�_�B��~ �_��� �nyv~W ��|�¡�v� �n��¢S£�¤5£q¥��@�c�u����yv���
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±,^]U²\_P�NgVYkvwQa�PC\5aW³$´"N]\rUQPAµYNgwQaj[XP¶³�P�acZH\_^]U·U�NWP�\_^�¸ k
k�[XPC³EN@¹vUºfBV�\ra�\_^]U�³�PCU�U N]\_Z�aXkvwg^]UWPCU»f k>NgV�fBZ$wQa�P�\nNgV]\
w@NWP�\�fBV�\_^YUº´"N]\rUWPANgV@¼½UWV]UWPCdW¾·¹_¾@¹@b Ug¿«±�^YU²N]\_Z�aWs
k�wX^YUQPEf ¹5RQac[gVY¼gNQPC¾ b Nv¾�UWP4´�^Wf ¹@^�f k9Z:aWkr\_b ¾+\racwgwQU�¼²Rv¾
N�\rUQZ9wQUQP	N]\_[XP�U:fBV�µYUQP�k|f ajV¶f k�\_^]U¶b fBVgÀ¶RQUv\S´�U�UWV�k�[XPC³EN@¹vU
NgV@¼�N]\_Z:aWkvwg^YUQP�UX¿O±�^YU�f ¼XU�Ngb f Á�U�¼8wWf ¹_\_[gP�U�aQ³�\_^YU�´"N]\rUQP
µ@NgwQac[gPWÂÃ[�ÄAwWPCaWÅqb U"´,f \_^WfBV�\_^YU�´�UQb¡b suZ¶f Ä@U�¼-¹�acV]µ]U]¹_\uf µYU
RQaj[XV@¼gNQPC¾-b N�¾�UQPqÆ�Ç�M�eWÈ�f kON:b fBV]U]NQPSb ¾�¼XU�¹QPCU]NYk|fBVYd¶wQPCaWÅÃb U
¼j[YU9\ra·RQaQ\�\rajZ-su[Xw+\_P�NgVYkvwQa�PC\:aW³"´"N]\rUWP�µ@NgwQac[gP�¿9É�V
UWV�\_P	NWfBVgZ�UQV]\�aQ³KaWµ]UWP�b ¾WfBVYd>¼jP�¾$NWfBP�fBV�\ra9\_^]U>RQac[gV@¼XNWP�¾
b N�¾�UWP:wQP�a�¼c[@¹vU�k>NgV�fBVY¹QPCU]NYk|fBVYdºÂÃ[�ÄÊVYU�NWP�\_^]U5\racw»aQ³
\_^YU:Ç�M�e+¿3Ë3U]Ngb f kr\uf ¹�\_[gP�Rg[Xb UWV�\�NgV@¼$¹vajV�µYU�¹v\uf µ]U�ÂÃ[�Ä@U�k
aW³�´"N]\rUQP�µYNgwQaj[XP�´,f \_^WfBV+\_^]U+N]\_Z�aWk�wX^YUQPEf ¹FRQac[gV@¼XNWP�¾
b N�¾�UWP�NQP�Ukr\ufBb¡b�^YNWP	¼»\ra�Z�U�NYk�[XP�UX¿ Ì"PCaj[XV@¼QsuR@NYknU�¼·P�Uvs
Z:aQ\rUknUWV]k_fBV]dºkn¾]kn\rUQZ�k$´�^Wf ¹@^5k_fBZ$[Xb \nNgVYU�aj[]k�b ¾ºZ�U�N]s
k�[XP�U¶ÂÃ[Y¹v\_[YN]\uf ajV]k,aW³�´"N]\rUWPKµ@NgwQac[gP�¼XUQVYk|f \S¾>NgVY¼µ]UWP�s
\uf ¹�NgbjµYUQb a�¹]f \S¾�¹�NgV�¹@b aXknU+\_^Qf k8dgNgw�¿5±�^]U�wQPCaXdcP�U�k�k$fBV
¼XUvµYUQb ajwXZ:UQV]\�aQµYUQPj\_^]U¶b NYkn\�¼XU�¹�N@¼XU¶P�U�kv[gb \rk"fBV$P�UQZ�aW\rU
k�UQVYk|fBVYd�kn¾]kn\rUQZ�k:´�^Wf ¹@^5¹�acV]\ufBVX[Yac[Ykvb ¾ P�U�¹va�P	¼ \_[gP�Rg[�s
b UWV�\ÂÃ[@¹_\_[@N]\uf acVYkº[gw²\ra½\_^]U�\racw�aQ³8\_^YUÍRQac[gV@¼XNWP�¾
b N�¾�UWP�¿F±�^YU»b fBVXÀ+\ra \_^]UFk�[XPC³EN@¹vU�f k8N@¹�¹�acZ$wgb f kv^YU�¼²Rv¾
\raY´�UWP4Z�U�NYk�[XP�UQZ�UWV�\rk]¿

Î ÏÑÐ�ÒHÓF¯ÔªÐ�ÏÑÐÕ¨Ö©×Ó

Ø�V�\_^YU³�P	NgZ�U�aQ³�\_^YUºwQP�a_ÙSU]¹_\pgÚqÉ4snÌ�Ë�Ø�tmÛÜÆ�pgÚÃÉ�wQaQs
P	N]\uf acV�N]\�Ì�Ë�Ø ¼�Ý�tmf Ä@UQb�Û�¹�Ngb UYÈ>\_^]U»Å�UQb ¼ÍU_Ä�wQUQPEfBZ�UQV]\
e�Ø ±,Þ_É"ÛcÛ�s�ßXàWàWá\ragajÀwXb N@¹�UFfBVºâ>N�¾WÝ i [XVYU9ßXàWàWá5fBVNPS[gP�Ngb ` Z¶f Ä@U�¼Üb NgV@¼Wku¹�NgwQU knac[]\_^YU�NYkr\>aQ³>MmUWP�b fBV�¿Ü±�^]UNWfBZDaW³:\_^YUºU_Ä�wQUQPEfBZ�UQV]\F´"NYk+\_^]U�¼XUv\rUWP�Z8fBVYN]\uf ajV�aQ³
NWP�U�N]s�N]µ]UWP�NYdXU�¼�U�µYNgwQa�P	N]\uf acVÜaQµYUQPN!^]U�\rUQP�aWdXUQVYU�ac[Yk
\rUWP�P	NWfBV�ajV�\_^]Uºku¹�Ngb U»aQ³8N½PCU�d�f acV@Ngb"Z:a�¼XUQb�dcPEf ¼cRQa]Ä
a�P�N k�N]\rUQb¡b f \rU»wWf Ä@UQb ` fC¿ Ug¿ºßWà�ÀWZ)Ä»ßWàÊÀQZ=ÆnMmU�¾XPEf ¹@^U�\�NgbB¿ ` ßXàWàQã�Èv¿:±j´�a NgwXwWPCagN@¹@^YU�k,\ra ¼WU�\rUQPSZ¶fBV]U+NQP�U�N]sN]µYUQP	NYdWU]¼!ÂÃ[�Ä@U�kÍNWPCUÜ\ra«¹�Ngb ¹Q[Xb N]\rU�NgVÕNgwgwQP�acwQPEf N]\rU
Z:U�NgV½³�P�acZäN�¼WUWV]k�U�VYUv\S´�a�P�ÀÊaQ³�U]¼X¼W¾]s�¹�aQµ@NQPEf NgVY¹�U
k�[XPC³EN@¹vU�s�b N�¾�UWP:kr\nN]\uf ajV]kaWµ]UWP:\_^YU²¼XacZ8fBVYNgV]\�b NgV@¼j[]k�U

∗ åÃæ_çEç�èréSêQæ_ëYì]í¡ëYî�ï|ð]ñ�òYæ_çjï|ìYìYçEèréSé�ó�ômï|ç�õ@ï|ç�ï�öKèrëYëYèr÷�ð]ñ�ògøù ïuú�û�üjý.ï|ëYþ�ÿvû��	ëYéEñSí ñ�ð]ñ�è���æ_ç ù è�ñ�ènæ_çEæ_ý¡æ_î��vø�ôÃð]ëYìYèréSéEñSç�� �	�]ø�
�û
�	������ ö�ï|÷�õ]ðYç�îYø�������øYè�û	÷-ï|í¡ý�ó�òYèrëYë]èn÷�ð]ñ�ò���ìYÿ�ç��	� ìYè

\�¾gwQU�k�ÆnMmU�¾XPEf ¹@^:Uv\�NgbB¿ ` ßWàXàQã�ÈKNgV@¼A\ra¶U_ÄY\_P�NgwQajb N]\rU�\_[gPCsRX[gb UQV]\Ã´"N]\rUQPWµ@NgwQac[gPgÂq[�Ä@U�k�Z:U�NYkv[gP�U�¼AfBV�\_^YU"¹vajV�µYU�¹vs
\uf µ]U+RQac[gV@¼XNWP�¾5b Nv¾�UWPK¼WaY´:V8\ra+\_^]U8k�[XPC³EN@¹vUFÆnt3NQPSb NgV]dXU
Uv\�NgbB¿ `������� Èv¿

!�[gP�fBVYd9e�Ø ±,Þ_É"ÛcÛ�s�ßXàWàWá ` \_[XPSRg[Xb UWV�\OÂÃ[�ÄYU�k4aQ³Ob N]\rUWV�\^]U]N]\O´�UQP�U�Z:U�NYkv[gP�U�¼AN]\ � á$Z¶f ¹@P�acZ:Uv\rU�a�P�acb aXd�f ¹�Ngbukn\nN]s\uf acVYk$aQµYUQP�µYNWPEf ac[Yk9kv[gPC³EN@¹vU�\S¾gwQU�kFfBV \_^YU�e�Ø ±,Þ_É"ÛcÛgs
NQP�U�N�Æ�dcP	NYknk ` ZANWf ÁvU ` P	NgwQU ` ¹�UQP�U�Ngb k ` ´"N]\rUWP�NgV@¼½wQfBVYU³�a�PCU�kr\�Èv¿Fp�N@¹Q^Fkn\nN]\uf acV¹vajV]k_f kr\rU�¼5aQ³�N�Û�acVWf ¹9NgV@¼»NgV
acw]\uf ¹�Ngb|³ENYkr\�P�U�k�wQacVYknU,^]¾]djPCajZ�Uv\rUWP�¿KÉº´�UYf dj^�\rU]¼-NWPCU]N]s
N]µ]UWP�NYdXU�¼ÊaW³A\_^YUºÂÃ[�ÄYU�k�^@NYk»RQU�UQV�¹�Ngb ¹Q[Xb N]\rU]¼�³�PCajZ
\_^]U�knU²Z�U�NYk�[XP�UQZ�UWV�\rk>\nNgÀYfBVYdÊfBV]\ra�N@¹�¹vaj[XV]\$\_^YU·PCUWb s
N]\uf µ]U²a�¹�¹@[gP�P�UQV@¹vU�³�PCU�"c[YUQV@¹_¾�ÆnwQUQP	¹vUQV]\nNYdWUYÈaW³9U�N@¹Q^
\�¾gwQUaQ³¶b NgV@¼�[]k�U�fBV�\_^YU�NQP�U�N NgVY¼²¹vajV]k_f ¼WUWP�fBVYd Ngb k�a
\_^]U8¼gN]\nN#"j[YNgb f \S¾$aQ³�\_^]U9fBV@¼�f µWf ¼j[YNgb3Z�U�NYk�[XP�UQZ�UWV�\rk]¿
É � àXà½ZD\raY´�UWP,´"NYkFU$"j[QfBwgwQU�¼�´-f \_^�\_[gP�Rg[Xb UWVY¹�UfBV]kn\_P�[gZ�UQV]\rkÜZ�U�NYk�[XPEfBVYd«knUQVYk|fBRgb U�NgVY¼7b N]\rUQV]\ ^YU�N]\

Âq[�Ä@U�k�N]\  à!Z NgVY¼ � àGZ>¿;É�\»\_^]U½k�NgZ�U�b a�¹�N]s\uf acV"djPCaj[XV@¼QsuR@NYknU�¼Ab f ¼gNWPXkr¾Ykr\rUWZ�km´�UWPCU�ajwQUQP	N]\rU�¼ ` \S´�a
!"f %qUWPCUWV�\uf NgbYÉ�R]k�a�P�w]\uf acV$eXf ¼gNWPKÆ&!�Ø É,eWÈ4kr¾Ykr\rUWZ�k�Z�U]N]s
kv[gP�fBVYd�\_^YU+NgRYknajb¡[�\rU5^X[gZ¶f ¼�f \�¾NgV@¼�ajV]U»T�Uv\rUWPCa�¼W¾XVYU
!4acwgwXb UWP-b f ¼XNWP�kn¾]kn\rUQZDZ�U]NYkv[gP�fBVYd»\_^YUµ]UWP�\uf ¹�NgbÃ´,fBV@¼
ÆnMmlWk�UQVgRQUQP�dNgVY¼»eXfBVgV]hFÆSßWàWàXßXÈ ` pqP�\rUWb3Æ�ßXàWàWãgÈnÈ�¿
±�^YU,\ufBZ�U$PCU�knacb¡[]\uf acV:aQ³4RQaQ\_^>b f ¼XNWP3kn¾]kn\rUQZ�k�f k � àQk `\_^]U^YUYf dj^�\AP�U�knajb¡[�\uf ajV9NgwXwWPCa]ÄXfBZ:N]\rUQb ¾ � à»Z>¿�±�[gP�Rg[�sb UQV]\9ÂÃ[�Ä@U�kNWPCUº¹�Ngb ¹@[gb N]\rU�¼ÜRv¾º\_^YU»U�¼g¼Q¾]s�¹�aQµ@NQPEf NgV@¹vU

Z�Uv\_^Ya�¼3¿MmaW\_^�fBV]kn\_P�[gZ�UQV]\rk>^YN]µYU+\_^]UF¹�Ngw@NgRQfBb f \S¾F\ra
Z�U�NYk�[XP�U½¹vajV�\ufBVg[Yac[Ykvb ¾�¿Ö±�^YUºÙSa�fBV�\·Z�U]NYkv[gPCUWZ�UQV]\rk
¹vaQµYUQP � ã8¼XN�¾Yk�³�P�acZ�U]NQPSb ¾$Z�a�PSVWfBV]dA\ra+b N]\rU-N]³	\rUQPSV]a�ajVNgVY¼:\_^YU:P	NgVYdWU�³�PCajZÜãgàWà9ZÜNgRQaQµYU�dcP�ac[gVY¼:\ra:\_^]U�\rajw
aQ³Ã\_^]U$RQac[gVY¼gNQPC¾9b N�¾�UWP�¿�±�^YU � àXà+Z�\raY´�UQPÃf k�\_^]U8b fBVgÀRQUv\S´�U�UQV²b f ¼XNWPAZ�U�NYk�[XP�UQZ�UWV�\rk$´,f \_^WfBV�\_^YU»Ç�M�e�NgV@¼
\_^]U¶kv[gPC³EN@¹vUX¿
Þ�f d3¿ � k�^]aY´�k-\ufBZ�U�s�^YUYf dj^�\�¹QPCaXknkrs�knU]¹_\uf ajV]k:aQ³�NgRYknaWsb¡[�\rU�^X[gZ¶f ¼�f \�¾»NgVY¼�µ]UWP�\uf ¹�NgbO´,fBV@¼�ajV»áXà½â+Nv¾»ßWàXàWá

aQµYUQPKNP	NgVYdWUA³�PCajZ!ãgàWà5Z�\raáXàWàWà�ZGNYdjbXNgV@¼FaQ³�à�'
(�±�ÇÍ\ra ��) (�±�Ç ¹va�PSPCU�kvwQacV@¼�fBV]d\ra à�*,+ àXàF\ra ��� + àWàb a�¹�Ngb|\ufBZ�UX¿�±�^]U�¼WU�µ]ajb¡wXZ:UQV]\ÃaW³jN,¹vajV�µYU�¹v\uf µ]U,RQaj[XV@¼Ws
NQPC¾»b Nv¾�UWP�f kA¹Qb U�NWP�b ¾+µQf k_fBRXb U�RQaQ\_^�fBV»^g[XZ¶f ¼�f \S¾FNgV@¼�fBV
µ]UWP�\uf ¹�Ngbj´,fBV@¼q¿+±,^]UFacVYknU�\�\ufBV]d»¹vajV�µYU�¹v\uf acVF´,f \_^º[gw]s
´,fBV@¼�NgV@¼�¼XaY´�V]´,fBV@¼,kr\_PS[Y¹v\_[XP�U�k�¹vajZ$wQPEf knU�kO\_^]U"´�^Yacb U
Ç�M�e,NgV@¼8Z¶f Ä@U�kK\_^]U�U�µYNgwQa�P	N]\rU�¼-´"N]\rUQPXµYNgwQaj[XPX´,f \_^WfBV
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\_^YU¶dcP�aY´,fBVYdÇ�M�ec¿
ÛqwQU]¹_\_P	NºaQ³$^g[gZ¶f ¼�f \S¾�NgVY¼�µYUQPC\uf ¹�NgbO´-fBVY¼²ÂÃ[Y¹v\_[YN]s

\uf ajV]k�ÆnÞ�f d3¿�ßXÈ$kv^YaY´ \_^@N]\8\_^]U�fBV]UWP�\uf NgbOk�[XRWP�NgVYdWUºf k
´�UWb¡b�P�U�N@¹Q^]U]¼ÍR�¾�RQaQ\_^»kr¾Ykr\rUWZ�k ` Rg[�\¶\_^YU !�Ø É,eºk|f dWs
V@Ngb3f k-kv[gwQUQPEfBZ$wQaXknU�¼�Rv¾¹vacVYk|f ¼XUQP	NgRgb UFV]a�f knUX¿�É�\,\_^YU
^Wf dc^]sS³�PCU�"c[YUQV@¹_¾-UWVY¼8aW³Ã\_^]U,k�wQU�¹_\_PS[gZÜ\_^YU-N]\_Z�aXkvwg^]U�s
PEf ¹�k_f dcV@NgbOf k>kvZ:Ngb¡b UWP"\_^@NgV�\_^YU�VYa�f k�U»b UvµYUQbB¿�É�k>¹�NgV
RQU9knU�UWV$³�P�acZ«\_^YU$¹vaQs�kvwQU]¹_\_PS[XZ ` \_^Qf k,k�wQU�¹v\_P�NgbÃP	NgV]dXU¼Xa�U�k�V]aW\�¹vajV�\_PEfBRX[]\rU-\ra>\_^YU�ÂÃ[�Ä>¹�Ngb ¹@[gb N]\uf acV�¿�ØBV¶\_^Wf k
w@NWP�\uf ¹Q[Xb NWP�¹�NYknU ` µYUQPC\uf ¹�Ngbm´-fBVY¼�µYNWPEf NgVY¹�U�k>NWP�U�NgRQac[]\NgV»a�P	¼WUWP�aQ³8ZANYdcVWf \_[Y¼XUºb NWPCdXUQP"\_^@NgV·^X[gZ¶f ¼�f \�¾�µYNWP�f s
NgV@¹vU�kA´�^Wf ¹@^»fBV@¼�f ¹�N]\rU�kA\_^YUF´�U�NgÀFUvµ@NgwQa�P�N]\uf ajV³�PCajZ
\_^YU8¼cPC¾9k�[XPC³EN@¹vUg¿

� � ÒG©«Ð�ª ��Ò��×¬7¯Ôª �«ª ¬! 
" §�#�ÐGÓ

$·N]\rUQPKµ@NgwQac[gP�Âq[�Ä@U�k-³�P�acZ7P�UQZ:aQ\rU$k�UQVYk|fBVYdkr¾Ykr\rUQZ:k
NgV@¼Ü\_^YU�\raY´�UQP$NQP�UÍ¹�Ngb ¹Q[Xb N]\rU]¼ ´,f \_^½NgV N]µYUQP	NYd�fBVYd
\ufBZ:U>aW³"acVYU5^Yac[gP4´�^Wf ¹@^¹va�PSPCU�kvwQajVY¼Xk-\ra²^]a�PEf ÁvajV�\nNgb
ku¹�Ngb U�k aW³ � à s ßXàÕÀWZÖ³�a�P�Z�U�NgV½´,fBV@¼�kvwQU�U�¼XkºaQ³á«s '%Z¶ÝYk]¿ É�PCU]N]s�N]µYUQP	NYdWU]¼ k�[XPC³EN@¹vUÕÂÃ[�Ä@U�k NgVY¼
\raY´�UWP5ÂÃ[�ÄYU�k NWPCU!N]µYNWfBb NgRgb UÕNYk½áXà)Z¶fBV«N]µ]UWP�NYdXU�k�¿
±,^]U²µYNWPEf NgRQfBb f \S¾²aW³$\_^]U�ÂÃ[�Ä@U�k²RQaQ\_^½fBV²\ufBZ:U·NgV@¼Ís
³�a�P�\_^YU�b f ¼gNQP�¼XN]\nN s9fBV²^YUYf dj^�\>f k5P�N]\_^YUQP¶b NWPCdXU ` NgVY¼^WfBV]\ N]\ºfBVYkr\nN]\uf ajVYNWPEf \�¾ÍNgV@¼ kvw@N]\uf Ngb,fBVg^]ajZ�aWdXUQVYUYf \S¾�¿
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Ûg¾]kn\rUQZ:N]\uf ¹�UQPSPCa�P�k½¼j[]U�\ra \_^]U«b fBZ8f \rU�¼ N]µYUQP	NYd�fBVYd
fBV�\rUWP�µ@Ngb�NQP�U²¹�Ngb ¹@[gb N]\rU�¼Ê³�ajb¡b aY´,fBVYd�e@UQVYk�¹Q^]aY´%U�\5NgbB¿
Æ �$��� ã�È-NgV@¼ NWP�U+k�^]aY´:V�fBV�Þ�f d3¿>áj¿9±,^]U�¾5¹�NgVºRQUNYkb NQP�dWU$NYk

60 W/m2
¿8ËqNgV@¼XacZ UQPSP�a�PCk�¼j[YU$\ra�kn¾]kn\rUQZ

V]a�f knU-NWPCU8R�¾ANgV:a�P	¼XUQP3aW³�Z:NYdcVWf \_[@¼WU,k�Z:Ngb¡b UQPÃNgVY¼>NQP�U
V]aW\+k�^]aY´:VÍ^]UWPCUg¿G±�^]U�\ufBZ�Uºµ@NQPEf NgRWfBb f \�¾�aW³8kv[gP�³EN@¹�U
Âq[�Ä@U�k>f k9fBb¡b¡[]kn\_P�N]\rU]¼·Rv¾�\_^YU+\_^XP�U�U�áXà�Z8fBV�sSµYNgb¡[YU�k8N]\
� á�+ áWà `�� ã,+ àWà+NgVY¼ � ã,+ áWà (�±�Ç"¿

ØBV�\_^YU ³�acb¡b aY´-fBV]d ` µ]UWP�\uf ¹�NgbAÂÃ[�Ä'wQP�aQÅÃb U�k�NWP�U«wXb aW\�s\rU�¼ ´,f \_^Yac[]\ UWP�P�a�P RYNWP�k�¿ Ûg¾Ykr\rUQZAN]\uf ¹ UQPSP�a�PCk!aQ³
±50 W/m2

NQP�U+V]a�PSZ:Ngb¡b ¾9¹�Ngb ¹Q[Xb N]\rU]¼3¿�Þ�f dq¿4ãFkv^YaY´�k
\_^]U�µYUQPC\uf ¹�NgbWwWPCaWÅqb U�k�aQ³�b N]\rUQV]\"^YU�N]\KÂÃ[�ÄYU�k�acV�áXà+â+N�¾
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ßXàWàXáÊÆ�¹�acZ$w@NQP�U·Þ�f d3¿ � Èv¿Ê±�^YU·V]U]NQPCs�kv[gP�³EN@¹�U�ÂÃ[�Ä@U�kNWP�UÊkvZ:Ngb¡b¶ÆrZ�aXkr\_b ¾�b U�knk»\_^@NgV
150 � W/m2

Èv¿Ö±�^]U
b fBVgÀFRQUv\S´�U�UWVV]U]NQPCsSk�[XPC³EN@¹vU>NgVY¼�Ç�M�e Z�U�NYk�[XP�UQZ:UQV]\rk
fBZ9wXb f U�k�N�b fBV]U]NQPF¼WU]¹@P�U�NYknU aQ³F\_^YUÍÂÃ[�Ä@U�k�´�^Wf ¹@^�f k
kn\rU�UWwQUQPmfBV�\_^]U8Z:a�P�VWfBV]dA\_^@NgV8fBV-\_^YU�N]³	\rUWP�VYa�acV�¿�â+Nv¾
áXà�´"NYk¶N ¼gNv¾´-f \_^�¼cPC¾�NWfBP-b ¾WfBVYd�NgRQaQµYU>\_^YU»^g[XZ¶f ¼
RQaj[XV@¼gNQPC¾�b N�¾�UQP4NgVY¼�¼c[gP�fBVYdF\_^YU$dcP�aY´"\_^9aW³�\_^YU+Ç�M�e
b NWP�dWU¶´"N]\rUQP�µYNgwQaj[XP�ÂÃ[�Ä@U�k8fBV9\_^YU[gwXwQUWP"w@NQPC\-aQ³4\_^YU
RQaj[XV@¼gNQPC¾ b Nv¾�UWP$kv^YaY´ \_^YU�UQV]\_P�NWfBVgZ�UQV]\5aW³+¼jP�¾½NWfBP
fBV]\ra$\_^YU$Ç�M�ec¿ÃØ�V¶\_^]U¶N]³	\rUQPSV]a�ajVA\_^YU:Âq[�Ä@U�k,¼WU]¹@P�U�NYk�U
´-f \_^Í^YUYf dc^]\�NgVY¼ÍUQV]\_P�NWfBVgZ�UQV]\»^YNYk5kr\racwgwQU�¼q¿G±�^Wf k
¹�NYknU·kv^YaY´�k�\_^YN]\5\_^]U�UQV]\_P	NWfBVXZ�UWV�\5Âq[�ÄÕZ:N�¾ÍUvµYUQV
UvÄ@¹�U�U]¼�\_^YU kv[gP�³EN@¹�U�ÂÃ[�Ä�´�^YUQV»Uvµ@NgwQa�P�N]\uf ajV²f k5b aY´¶¿
Û3fBVY¹�U)¼XU�¹QPCU]NYk|fBVYd ´"N]\rUWPÊµYNgwQaj[XPÊÂÃ[�ÄYU�k ¹�Ng[YknU7N
Z:a�f kr\_[gPEfBV]d>aQ³O\_^YU9b N�¾�UWPmNgV@¼�fBVY¹QPCU]NYk|fBVYd$ÂÃ[�ÄYU�k�¹�Ng[]k�U
N!¼jP�¾WfBV]dG\_^Wf kÊkr\_P�acVYdGUQV]\_P�NWfBVgZ�UWV�\Ê¼cPEf U�kÊaj[�\·\_^YU
[gwgwQUQP�w@NQPC\�aW³�\_^YU9Ç�M�ec¿
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Latent heat flux [W/m2]
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ï ��ñ�èrç�ëYæ�æ_ë � � òYè-éSð]ç �Cï|þrè �|ï|ý¡ðYèré�ï|çEè�+@ð]ú>þnæ_÷,êQæ_é�í ñSèré"æ3�vèrç
ï|î_ç�í¡þrðYý ñ�ðYç�ï|ýXï|çEènï|é�øvñ�òYè,�|ï|ý¡ðYèréÃïuñ �  ÷�ï|ëYì��  ÷·ï|ç�èOñSæ��mèrç
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±�^YU$knU]¹vajVY¼FUvÄ@NgZ$wgb UÆnÞ�f d3¿  È�k�^]aY´�k:b N]\rUWV�\A^YU�N]\ÂÃ[�Ä wQP�aQÅÃb U�kacV²N·¼XN�¾�´-f \_^Íb NQP�dWUWP�kv[gPC³EN@¹vUºUvµ@NgwQaQs

P	N]\uf acV�¿×±�^]U²µYUQPC¾Ê¼jPC¾�wQUQPEf a�¼�fBV·\_^]U²ÅÃPCkn\�^YNgb ³>aQ³
e�Ø ±,Þ_É"ÛcÛ�s�ßXàWàWá$´"NYk�³�a�PON8k�^]a�PC\�\ufBZ�U$fBV�\rUWP�PS[Xw]\rU�¼�Rv¾

kv^YaY´�UQP�k�fBV8\_^YU¶NWP�U�N�¿4±�^YU8kv[gP�³EN@¹�U¶NgV@¼+\raY´�UQPÃµ@Ngb¡[]U�k
¹�NgV RQU5b fBVgÀ_U�¼\ra�\_^YU>N]\_Z�aXkvwg^]UWP�f ¹�wQPCaWÅÃb U�k-\ra kv^YaY´
N�b fBVYU�NWPK¼WU]¹@P�U�NYk�U8aQ³�\_^]U¶ÂÃ[�ÄYU�k�´,f \_^�^YUYf dj^�\�¿�eQN]\rUWV�\
^]U]N]\mÂq[�Ä@U�k�NWP�U�NgwgwQPCa]ÄXfBZ:N]\rUWb ¾�ÁvUWPCa¶N]\ � àXàWàAZÍ´:^Qf ¹Q^f k�NgRQac[]\�\_^YU$^@Ngb ³KaQ³K\_^]U¶¹vajV�µYU�¹v\uf µ]U9RQac[gVY¼gNQPC¾Fb Nv¾�UQP�¿
� V>\_^Wf k:¼gN�¾>´-f \_^�^g[XZ8f ¼�NWfBP�b ¾QfBVYd5aWµ]UWP�\_^YU�RQaj[XV@¼Ws
NQPC¾Êb Nv¾�UQP�\_^]U»UWV�\_P	NWfBVXZ:UQV]\$ÂÃ[�Ä�f k VYU�NWP�b ¾ºÁvUWPCaÊNgV@¼
¼Wa�U�k:VYaQ\"¹vajV�\_PEfBRg[�\rU:\ra9\_^YU>^X[gZ¶f ¼�f \�¾$¹vajVY¹�UQV]\_P�N]\uf ajV
´,f \_^WfBVA\_^YUFRQac[gV@¼XNWP�¾b N�¾�UWP�¿4±�^YU8UQV]\_P�NWfBVgZ�UWV�\�aQ³�NWfBP
³�PCajZÜNgRQaQµYU�sq\_^g[YkK\_^YU�djPCaY´�\_^�aW³c\_^YU�RQaj[XV@¼XNWPC¾Ab N�¾�UWP
s�¼XagU�k-VYaQ\�VYaQ\uf ¹vU]NgRXb ¾:\_P�NgVYkvwQa�PC\4´"N]\rUQPqµYNgwQaj[XP�¿4±�^YU
^X[gZ¶f ¼�f \�¾>wQPCaWÅÃb U�k"ajV:\_^Wf k�¼gN�¾8NWP�U$VYU�NWP�b ¾F[gVQf ³�a�PSZ [gw
\raFN]\:b U�NYkn\�ãXàXàWà5Z ¼WUWw�\_^�¿
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Latent heat flux [W/m2]
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±�^]U¶¹vajZ$RWfBVYN]\uf ajV:aQ³�dcP�ac[gVY¼Ws�R@NYknU]¼�b f ¼gNWPqkn¾]kn\rUQZ�k�\ra
Z�U�NYk�[XP�U-\_[gP�Rg[gb UQV]\�ÂÃ[�Ä@U�k�NgwXwWPCaWµ]U�k�\ra�RQUAN¶k�[Qf \nNgRgb U
\ragajb"³�a�P$\_^YU fBV]µ]U�kr\uf dXN]\uf ajVÊaQ³+\_P�NgVYkvwQa�PC\²wWPCa�¹vU�knk�U�k
´,f \_^WfBVº\_^]UÊRQaj[XV@¼gNQPC¾Íb N�¾�UQP�¿ Ø�V½Z:aWkr\¹�NYk�U�kFÂÃ[�ÄYU�k
¹�NgVARQU�¼XUv\rUQPSZ¶fBVYU�¼9[Xw�\ra-\_^YU�\racw�aQ³�\_^YU�Ç�M�ec¿]±qaY´�UWP
Z�U�NYk�[XP�UQZ�UWV�\rk$N]\  à·Z NgVY¼ � à·ZNWPCU�\_^]Uºb fBVgÀF\ra\_^]U»kv[gPC³EN@¹vU ` ´�^Wf ¹@^·f k5fBVº\_^Wf k¹�NYknU�P�UQwWPCU�knUQV]\rU�¼ÜR�¾\_^]U»NQP�U�N]s�N]µYUQP	NYdWU�¼²ÂÃ[�Ä�³�PCajZ\_^YU»dcP�ac[gVY¼·kr\nN]\uf ajV]k]¿
Û�a9¹vajZ$wgb Uv\rU$wWPCaWÅqb U�k�aQ³K´"N]\rUQPjµ@NgwQac[gPÃÂÃ[�Ä@U�k�¹�NgV+RQU
kv^YaY´�V�¿�±�^]U�¾½[gVY¼XUQPSb fBVYU�\_^YU²fBV]Âq[YUQV@¹vUºaW³AUWV�\_P	NWfBV]s
Z�UQV]\�acVA\_^]U>^g[XZ¶f ¼�f \S¾$Ç�M�ec¿gÉ�b fBV]U]NQPm¼XU�¹@P�U�NYk�U-´-f \_^
^]U@f dc^]\KaQ³�b N]\rUQV]\�^YU�N]\�ÂÃ[�Ä+wQPCaWÅÃb U�k"f k�acRYknUWP�µYU�¼A´:^Qf ¹Q^
¹�NgV-RQU�k�[XwQUWP�fBZ9wQaWknU]¼¶Rv¾�UQV]\_P�NWfBVgZ�UQV]\qÂq[�Ä@U�k�fBV�¹�NYknU�k
aQ³q¼jPC¾�NWfBPORQUYfBVYd9Z8f ÄYU]¼9fBV�\raA\_^YU:RQaj[XV@¼gNQPC¾8b Nv¾�UQP�¿"pqV]s
\_P�NWfBVgZ�UQV]\"ÂÃ[�ÄYU�k-¹�NgV9UvÄ@¹�U�U]¼Fkv[gP�³EN@¹�U¶Âq[�Ä@U�k ` fBV�wYNWPCs\uf ¹@[gb NQP:fBV�¼jP�¾ÊwQUWP�f a�¼Xk>´-f \_^»´�U�NgÀ�U�µYNgwQa�P	N]\uf acV�b fBÀ_U
\_^]UFe�Ø ±,Þ_É"ÛcÛgs�ßWàXàWá�wQUQPEf a�¼
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±,^Qf k:´�a�P�À9´"NYk9w@NQPC\_b ¾F³�[XV@¼XU�¼·Rv¾F\_^YUÌ�UWP�Z:NgV�Þ@U]¼Qs
UWP�NgbqâFfBVWf kr\_PC¾¶³�a�P"p�¼c[@¹�N]\uf ajV¶NgV@¼»Ë3U�knU]NQP	¹@^FÆnM�â�M�ÞgÈ
´-f \_^QfBV5\_^]U Ì�UWP�ZANgVºÇ�b fBZ:N]\rU�ËqU�knU]NQP	¹@^²tKP�aWdjP�NgZ$Z:U
Æ !,p o e�Ø�âFÈv¿Ã±�[XPSRX[gb UQV]\:k�[XPC³EN@¹vU+ÂÃ[�ÄYU�k¶³�a�P�\_^YUNQP�U�N]sN]µYUQP	NYdWU�k8^@N]µ]U ` fBVN@¼g¼�f \uf ajV9\ra�\_^YU9Ng[]\_^]a�P�k�¸mfBVYkr\uf \_[]s\uf ajV]k ` RQU�UQV»wQP�aQµWf ¼XU�¼�Rv¾�Ì o ÛcÛÍÆ�Ì�U�U�kr\_^@N@¹@^]\�È ` ("VQf sµYUQP�k|f \S¾�aQ³:MONv¾gPCUW[�\_^ ` ±qU�¹Q^XVWf ¹�Ngb (�VWf µ]UWPCk_f \�¾aW³ !�P�U�krs¼XUQV�Æ�Ngb¡b:Ì�UQPSZ:NgV]¾@È�NgVY¼ $²NYdWUWVQfBVYdWUWV (�VWf µ]UWPCk_f \rUYf \
Æ���Uv\_^YUQPSb NgVY¼XkuÈ ` wYNWP�\uf ¹YfBwYNgV]\rk�aQ³�e�Ø ±,Þ_É"ÛjÛgs�ßXàWàXáj¿
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MmU�¾XPEf ¹@^ ` Þ3¿ ` MONgVYdWU `�i ¿ ` MmUQP�dWUQP ` Þ3¿�T�¿ ` MmUQPSVX^YaQ³�UWP `Ç"¿ ` Þ@ajÀ_UQV ` ±�¿ ` T�UWVXVYUQZ9[�\_^ ` M�¿ ` e@UQwYk `Qi ¿ sutj¿ ` e��@¼�f `É-¿ ` â>UYf ÙuVQfBVYdWUWP ` $ ¿Ãâ ¿cec¿ ` NgVY¼ â9UWV]dXUQb¡ÀvNgZ$w ` T�¿ s±-¿qÆ�ßXàWàWãgÈv¿�pqVYUQP�dQ¾$NgV@¼$´"N]\rUWPÃµYNgwQaj[XPqÂÃ[�Ä@U�k�aQµYUQP
N ^YUv\rUWPCaXdWUQVYU�aj[]k�b NgVY¼Ük�[XPC³EN@¹vU + ±�^YU e�Ø ±-Þ_É"ÛcÛgs
ßWàXàWá'U_Ä�wQUQPEfBZ�UQV]\�¿ Ø�V	��
��������
������������� �!�
�"$#%�&�!"�'!(*)+�-,�(.�!�/)0�1(!"'2��!)43&��56�/"�7/� ` tca�PC\_b NgV@¼Æ�â pcÈ ` (4Û�É-¿�É�Z�UWP�f ¹�NgV�â>Uv\rU�a�P�acbB¿ Û�a�¹W¿

MmlXknUWVXRQUWPCd `gi ¿�NgV@¼ eXfBVXVYh ` T�¿qÆ�ßWàXàWßgÈv¿�eQNYk�UQP4P�UQZ�aW\rUknUWV]k_fBV]d9aQ³O\_^YU$wgb NgV]U�\nNQPC¾+RQac[gVY¼gNQPC¾Fb Nv¾�UQP�¿98:�*������;
)<�5 =6>?= ` ��� + ßWáXáA@5ßQãgàj¿

pqPC\rUQb `7o ¿�ÆSßWàWàWãgÈ�¿ É�wXwgb f ¹�N]\uf ajVHNgVY¼ ¼WU�µ]UWb acw]s
Z�UWV�\�aW³$´"N]\rUQPAµYNgwQa�P !�Ø É,eÍkr¾Ykr\rUWZ�k ` !"f knknUWP�\nN]s\uf acV ("VQf µ�¿4T�NgZ9RX[gPCd ` ^�\�\_w +¡ÝWÝ]´�´"´¶¿ k�[XR�¿.[gVWf s�^@NgZ-sRg[XP�d3¿ ¼WU@ÝYajwX[Yk|ÝYµ]ajb¡b \rU_ÄY\rUYÝ@ßXàWàWã�Ý@ßWàWß�*�Ý�¿

e@UWV]ku¹@^YaY´ ` !,¿¶T�¿ ` â+NgVXV `�i ¿ ` NgVY¼ o P�f kn\rUQVYknUQV ` ec¿Æ ����� ãgÈv¿«T�aY´Db ajV]d½f k»b acVYd�UQVYac[Ydc^º´:^]UWVÍZ�U�N]skv[gPEfBV]d!ÂÃ[�Ä@U�k NgVY¼«aW\_^]UWP�\_[gP�Rg[Xb UWVY¹�U�kr\nN]\uf kn\uf ¹vk�B
C�= DE���A���F=HGI7F�J(!"��67:�!�F7F
"!�5 = `���� + '�' � @ '�*Xáj¿

t3NQPSb NgV]dXU ` â ¿ ` pjf ¹Q^QfBVYdWUWP ` $�¿ ` NgV@¼�É�b¡RQUQPC\rknajV `$i ¿Æ ������ Èv¿+ËqU�d�f acV@Ngbgku¹�Ngb U9U�µYNgwQa�P	N]\uf acVNgV@¼�\_^YU+N]\�sZ�aXkvwg^]UWP�f ¹�RQaj[XV@¼XNWPC¾�b N�¾�UQP�¿LK%�*M/=0NO�J�P��
F���F= ` áWá,+ ��� @
� ßWã3¿


