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b l�FhBA<?78e`k<n>�`k@D:9BA<1<?;JHI7	��7 ¸ >9<?;¯HI<$b?Fh8,:�5�><�Å)<h`k;¯Fh>�FqBD®9`�g?<�° \ <h`�4�<?8%� 5�8=�1Fq>�bc<h`eHwT W,YZ¹C² » MCM
`k5�>Z;3Fq7�`=`k@�b¼5��©4ÊFq8,gn<h`��1b¼<?BDBA<h`�HZ<"BiF/«�<n8¾`k@D5�>£`�;¾Fq>ÊH9Fq8GH¢HµT W,YZ¹C² Å �1b¼<?BABD<h`�HwT W,YZ¹C² » A» gs

Å]<?; �
b¼<?BABD<h`&HµT Fq7;,8,<o`&�©5ZHIm?BD<h`&HI<3`�798#�ÂF b¼<3b¼5�>Z;,@D>9<?>Z;¾FqBD<�°
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\ <h`);=<?8,8=<h` g?�©<n8,E�gn<h`w5Zb?b¼794�<?>Z;
��� 
�HI<CBaF�`�798#�ÂF b¼<VHI<CBaF N <?8=8,<�° \ F�`�798#�ÂF b¼<�b¼5�>Z;,@D>9<?>Z;¾FhBA<&<o`k;
BD<�BD@A<?7 HI<e>95��¯:98=<?7 ¸ ghb¾l�Fh>9E�<h`VFo«�<ob+B�T Fq;=�©5�`�49l9m?8=<�Å9`�5�7�`�� 5�8=�©<eHZ< ��7 ¸ HI<e8¾F?®�5 >9>9<?�©<n>I;nÅ9HI<
À�7�Fh>I;=@A;,g�HI<C�©5 79«�<?�©<?>�;nÅ?HI<�b¾l�FhBA<?798nÅ�HµT <hFh7eH9Fh>�`Q`k<h`QHI@D«�<?8¾`�<h`w49l�F `k<h`cÅIHµT <h`�46mob¼<h`�b l9@D�©@aÀ�79<h`�<?;
HµT Fqgn8,5�`�5�Bi`�Á «�5�@D8QBaF+8=<?«Z79<�HZ< p @A<?B ��< ���	��
� ÅµÈ?��� ;^ÄG° \ <h` ghb¾l�Fh>9E�<h`Q<?>Z;,8,<�BaF3`k798%�ÂF�b¼<�b¼5�>Z;,@D>9<?>Z;¾FqBD<
<n;&B�T Fq;=�©5�`�49l9m?8=<C�©5ZHI@ �Ê<?>I; BA<h`Q498,5 498,@Dg?;,gh`)49lZ®`k@aÀ�79<h`)<?;�b l@A�©@iÀ^79<o` HI<VBaF�bc5�7�b¾l9<�@A>�� g?8=@A<?78,<�HI<
BÂT Fh;,�©5j`k49l9mn8,<�Å?BiF+bc5�7�b¾l9<CBA@D�©@A;=<�Å¼<n;)4�<?79«�<?>Z;QFq7Ê`,`k@�@D>���79<?>Êb¼<?8�BaF�b¼@A8Gb¼79BiFq;,@D5�>JHI<�E 8¾Fh>�HI<�ghb l<?BABD<�°
\ <$b¼BD@A�1Fh;�HIg?;=<?8,� @A>9<eBiF�`k;,8=7�b¼;=798,<©<n;�BA< � 5�>�b¼;=@A5 >9>9<?�©<n>I;�HZ<h`�ghb¼5j`k®`k;,mn�©<h`¼Åµ<h`,`�<?>I;=@A<?BDBA<?�¯<?>Z;
�1;,8GFo«�<n8¾`�BD<h`�«�Fh8,@iFq;,@D5�>�`3HI<¯;,<?�©4�g?8GFq;=798,<�ÅµHI<¯498,gob¼@A49@D;¾Fh;,@A5 >�`�<?;3HI<¯8¾F?®�5 >9>9<?�©<n>I;V`k5 BaFq@D8,<�° \ <
bcBA@A�/Fq;&@D>���79<n>�b¼<3Fq7�`=`k@)BÂT g?;GFq;�lI®HI8=@aÀ�79<�<?;�;=l9<?8=�©@aÀ�79<VHI7£`k5 B�° \ F":9@A5j`k49lm?8,<3;,<?8=8,<h`�;,8,< Á�b?Fh8¾F b »
;=g?8,@i`kg?<V4�Fq8�BaF�498=gh`k<n>�b¼<3HI<�«I@D<�5�8=E�Fh>9@aÀ�79<�ÄGÅ9BA<3`k5 B]<?;CB�T Fq;,� 5�`k4l9m?8,< � 5�8=�©<?>Z;CFh@A>�`�@]79>�`�®9`�;,m?�©<
bc5�7949BDg�d b lÊF�À�79<
b¼5��©4�5j`,Fq>Z;,<
@A>��Ê79<?>�b¼<QBÂT g?;GFq;�<?; BÂT g?«�5 BA79;=@A5 >�HI<h`�Fq79;=8,<h` b¼5��©4�5j`,Fq>Z;,<o` ��;=8¾F?«�<?8G`
HZ@ ¿µg?8,<n>I;G` �©ghbnFq>9@i`k�©<n`)HIghbc8,@A;G`Qb¼@ »½HI<h`=`k5�7Ê`¼° M <h`Q@A>Z;,<?8GF�b¼;=@A5�>Ê`5 >I;CBD@A<?7 �eHI<h`Qghb¾l9<?BABD<h`)HI<V;,<?�©4Ê`
FhBABiFq>Z;QHI<�À�79<?BaÀ�79<h`�`k<ob¼5�>�HZ<h`��+HZ<h` �©@DBABA@D5�>�`]HµT Fq>>9g?<h`c° K Fq>Ê`BiF�`k79@D;,<�HI<�b¼<�HZ5Zb¼79�©<?>Z;?Å?5 >©`cT @D>I»
;=g?8,<o`,`k<
49BA7Ê` 4�Fq8=;,@ib¼79BA@Dm?8,<n�"<?>Z;µFq7 ¸ @A>Z;,<?8GF�b¼;=@A5 >�` <n>I;=8,<QBaF�`�798#�ÂF b¼<Cbc5�>Z;,@A><?>I;GFqBD< <n;)B�T Fq;,� 5�`k4l9m?8,<
�e498=<?>�HI8=<�<?>�bc5��©49;=<�HFq>�`CBA<h`&� 5ZHIm?BA<o`&HI<3b¼@D8¾b¼79BiFq;=@A5�> E�g?>9gn8¾FqBD<3HI<�B�T Fh;,�©5j`k49lm?8,<�°
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\ T g?>9<?8=E�@D<�Fh:�`k5 8,:�g?< ��BiFe`k798%�ÂF�b¼<JHI<h`Cb¼5 >I;=@A>9<?>Z;¾`Q<h`k;�BA<�8=gh`k79BD;¾Fh;�HI<3À^7�Fh;,8=< �Ê7 ¸ 8¾F�HZ@aFq;=@ �Â`�d
BA<�8GFo®�5 >9>9<?� <?>I;`k5�BiFq@D8,<�HI<o`,b¼<?>ÊH9Fq>Z;?ÅZBA<�8¾F?®�5�>9><?�©<?>Z;
`k5�BiFq@D8,<�8=g&��ghb¾l9@�Å BA<�8GFo®�5 >9>9<?� <?>I;Fq;,� 5q»
`k49l9gn8,@aÀ�79<�@A>Êb¼@aHI<n>I;�Fq:�`�5�8,:�g¯<?;CBA<�8GFo®�5 >9>9<?� <?>I;
;,<?8=8,<h`�;,8=<+@D>�� 8¾Fh8,5 79E�<�° \ <�:@ABaFh>�8GF�HI@iFq;,@'�Q4�<?79;
	?;,8=<�HIghb¼8=@A;C4�Fh8CB�T ghÀ^7ÊFq;,@D5�>£È�°DÈ�°

Rn = Rg (1 − α) + Ra − εσT 4
s

Á,È °AÈhÄ
\ F `k798%�ÂF�b¼<e@D>���79<J`k798�bc<+:@ABaFh> ��;=8¾F?«�<?8G`�HI@ ¿µg?8,<?>Z;,<o` 498=5�498=@Ag?;=gh`¼° \ T FqBD:6goHI59Å α Å�<h`k;�BiF�48,5q»

465 8,;=@A5�>/HI<�8GF?®�5�>9>9<n�©<?>Z;)`�5�BaFh@A8=<�8=g&��ghb¾l9@Z«�<?8¾`)B�T <h`k4ÊF�b¼<�° \ T FhBA:�ghHI5JHI<h`)5Zb¼ghFh>�` <n;&HZ<h`)BaF�bn`« Fh8,@A<
<?>I;=8,<
�I° ��Ç�<n;)�Z°AÈ�Å b¼<?BD79@ZHI<
BaFC:�Fq>�À�79@i`k<&<n>I;=8,<C�Z° ÇC<?; �I° Æ É���BÂT FqBD:�ghHI5VHI<&BiF >9<n@AE�<Q« Fq8=@A<�� 5�8,;=<?�©<?>Z;?Å
HI<3�I° Æ ��4�5 798�HZ<�BaF�><?@AE <�Fh>�b¼@D<?>9>9<Q¬,7Ê`,À�7]T �¯�I° ��Ée465 798VHI<�BaFe>9<?@AE <�� 8¾F �ab¾l9<��IBÂT FhBA:�ghHI5¯HwT 79>�`�5�B
>I7£HIgn46<n>�H�HI<¯`=F©b¼5 79BA<?78�<?;VHI<e`�5�>£lI79� @aHI@D;,g�ÅFo«�<ob+HZ<h`�« FqBD<?798¾`VFqBABiFq>Z;�HZ<e�I° ��É©4�5�798�79>£`�5�B
� 5�>�b¼g�<?;ClZ79�©@iHI< �"�Z° Æ �e4�5�798�79>$`k5 B)bcBaFq@D8&<?;�`�<hb��9B�T FqBD:6goHI5¯HI<�BaF�«�g?E g?;¾Fh;,@D5�>1« Fq8,@D<�<?>I;=8,<��Z°AÈn�
<?;
�I° � ÉIÅ�<?;Q498=<?>�HeBA<h` « FhBA<?798G`)BA<h`)49BD7�` �ÂFq@A:BA<h`)`�798QBA<h` � 5 8�	?;G`¼° \ T g?� @a`,`�@A«Z@A;=g�Å ε Å�HZghb¼8,@D;)BaF�b?Fh4�F�bc@A;,g
HwT 79> b¼5�8=4�`��eg?�©<?;=;,8=<�79>�8GF?®�5�>9>9<n�©<?>Z;&;,l<?8,�©@iÀ^7<�° \ T g?�©@i`,`�@A«Z@A;,g�<h`�;�;,8=mh` 48,5Zb¾l9<eHI< È�Å��1Fq@i`
«�Fh8,@D< �ÂFq@D:9BA<?� <?>I;�<?> � 5 >�b¼;=@A5�>�HI< BaF�`�798#�ÂF b¼<�° \ F�;,<?�©4�g?8GFq;=798,<¯HI</`k798%�ÂF�b¼<�Å Ts

Å)HZg?;,<?8=�©@A><�BA<
8¾F?®�5�>9><?�©<?>Z;Q;,l9<?8=�©@aÀ�79<C;=<?8,8=<h`k;=8,<�°

\ < ��7 ¸ HI<©8GF?®�5�>9>9<n�©<?>Z;�>9<n;+<n>�`k798%�ÂF�b¼<jÅ Rn
Å�<h`k;�E g?>9g?8GFqBA<n�©<?>Z;�4�5�`�@A;=@ �VHI798GFq>Z;�BiF+¬,5 798k»

>9g?<�ÅZ;,8¾F HI79@i`,Fq>Z;C79>$HIgh`�ghÀ�79@ABD@A:98=<C<?>I;=8,<�BÂT g?><?8,E @A<V`k5�BiFq@D8,<�Fh:�`k5 8,:�g?<�<n;&BaF�4�<?8=;,<�HµT g?>9<n8,E�@D<�;,<nBABA7Z»
8,@aÀ�79<�° \ T goÀ^79@DBA@D:98,<
g?>9<?8=E�g?;=@aÀ�79<&<?>Z;,8=<CBaF�`k78#�ÂF�bc<�<?; B�T Fh;,�©5j`k49lm?8,<
<h`k;
F�`=`k798=g�4�Fh8&HZ<h`)498,5Zb¼<o`,`k7Ê`
HwT ghb¾l�Fh>9E�<h`�;=798,:97BA<?>Z;¾`�<?;3b¼5 >I«�<hbc;,@ �Â`cÅ6<n;�HZ<h`+498=5Zb¼<h`=`k7�`3HI<©`�;,5Zb� FqE�<jÅ)HIghbc8,@A;G`�4�Fq83B�T goÀ^7�Fh;,@D5�>
È�° �Z°

Rn = H + LE + G + F Á,È�° �^Ä
\ <���7 ¸ ;,78,:979BD<?>Z;�HI<3b l�FhBA<?78�`k<?>�`�@A:9BD<�Å H Å6;=8¾F HI79@A;�B�T ghb¾l�Fq>9E <�HI<Jb l�FhBA<?78C4�Fq8Vb¼5�>ÊHI7�b¼;=@A5�>

<?;e4�Fq8/b¼5�>Z«�<hb¼;=@A5�> Å <?;e498=5ZHI79@D;©79>_8=ghb¾l�Fq7I¿µ<?� <?>I;3HI<o`�:�F `,`�<h`©b¼5 7�b l<h`eHI<�BÂT Fh;,�©5j`k49l9mn8,<©<?>
b¼5�>Z;¾F b¼;
Fo«�<ob BiF+`�798#�ÂF b¼<�° \ <���7 ¸ ;=798,:97BA<?>Z;QHI<�b¾l�FhBA<?798 BaFq;=<?>Z;,<�Å LE Å�<h`�;Q79> ��7 ¸ b¼5 >I«�<hbc;,@ �6À^79@
8,<?498=gh`k<n>I;=<&B�T g?>9<?8=E�@D<&Fh:�`k5 8,:�g?<C5 7©HIgnE�FqE g?<CBA5 8¾`)HµT 79>¯b¾l�Fq>E�<?�©<n>I;�HI<
49l�F `k<VHI<&BÂT <hFh7]° \ 5 8¾`=À^7]T @AB
®�FC`k7 
/`,Fh�©�©<?>Z;µHwT gn>9<?8,E @A<QHZ@a`k4�5 >9@A:9BD<)<?;]<?>�498=gh`k<n>�b¼<QHwT <hFq7�BD@aÀ�79@aHI<jÅ BD< ��7 ¸ HI<
b¾l�FqBD<?798µBaFq;=<?>Z;,<
b¼5�8=8,<h`�465 >�H ��BÂT g?><?8,E @A<
Fq:�`�5�8=:6gn<�4�Fh8)B�T g?« Fq4�5�8GFq;=@A5�> HI<CBÂT <hFh7eHI<�`�798#�ÂF b¼<�H9Fq>Ê`BÂT Fh;,�©5j`k49l9mn8,<�° G<h`k;
BA< ��7 ¸ HI<�b¾l�FhBA<?798
H9Fh>�` BD<�`�5�BÂ° F HIgh`�@AE�><�B�T g?>9<?8=E�@A<�`k;=5Zb ��g?<�4�Fh8&BaF�«�g?E�gn;¾Fq;=@A5 >©Fh7¥� 5��©<?>Z;
HI<eBaF©49l95 ;,5j`k®Z>I;=l9mh`k<¯<?;�8=<?B � b lg?<�4�Fh8�BaF©8,<h`�49@A8GFq;=@A5�> ° M <?;,;=<eg?>9<?8=E�@D<e<h`k;�<o`k;,@D�©g?< �©�©5�@D>�`�HI<
1 
SHZ7"8GFo®�5 >9>9<?� <?>I;µ>9<?;QFh:�`k5 8,:�g�Å�<?; <h`k;)E g?>9g?8GFqBD<?�©<?>Z;]>9g?E BA@AE g?<�° \ <h`)498=5�498=@Ag?;=gh`)HI<CBiF�`k78#�ÂF�bc<
b¼5�>Z;,@D>9<?>Z;¾FqBD<�@A>���7<?>�b¼<?>Z;VHI<e�1Fq>@Am?8=<�`�@AE >9@ �µbnFq;,@D«�<�BiF"�1Fq>@Am?8=<�HZ5�>Z;�B�T g?>9<?8=E�@A<3HI@i`k4�5�>@A:9BD<e<h`k;
8,g?4�Fh8,;=@A<�<n>I;=8,<�BD<h`���7 ¸ ;=798,:79BA<?>Z;¾` H <?; LE ° M <?;,;=<�8,gn4�Fq8=;,@A;=@A5 >£F©HI<h`�<c¿w<n;¾`C@A�©4�5�8=;¾Fh>I;G`�`�798
B�T Fh;,�©5j`k49lm?8,<�° \ Feb l�FhBA<?78C`k<n>�`k@D:9BA<�8=<?B � b lg?<C4�Fq8CBD<h`&bc5�>Z;,@A><?>I;G`&Fh79E��©<n>I;=<�BiF+;,<n�©4�g?8¾Fh;,798=<�HI<
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BiF1b¼5�BD5�>9>9< HwT Fq@A8nÅw<?;�8=ghb¾l�Fq7I¿µ<¯BaF©bc5�7�b¾l9<¯BA@A� @A;,<V49BaFh>9g?;¾Fh@A8=<�° \ T <oFq7£g?« Fq4�5�8=g?<�Å�b¼5�8=8,<h`�4�5�>�H9Fh>I;
Fh7 ��7 ¸ HI< b lÊFqBA<n798�BaFq;=<?>Z;,<�Åw4�<?7; 	?;=8,<¯;,8¾Fh>�`k4�5 8,;,gn<©<?>�FqBA;=@A;=7�HI<¯E�8 � b¼< �1BaF�bc5�>Z«�<hb¼;,@D5�> ��<?BABD<
BD@A:�m?8=<�HI<�BaF�b¾l�FqBD<?798
Fq7 �©5��©<n>I; HI<�BaF�bc5�>�HI<n>�`,Fh;,@A5 >]Å�<?;&4�<?8=�©<?; HI<�� 5 8,�©<?8HI<h` >Z7�FhE�<h`Q<?;
HI<h`
48,ghb¼@D49@A;GFq;=@A5�>Ê`¼° \ <���7 ¸ HZ<�b lÊFqBA<n798QBaFq;=<?>Z;,<VF�HI5 >�b�79>©@D�©4�F b¼;Q`k78&B�T Fq;=�©5�`�49l9m?8=<�À�79@�>]T <o`k;Q4�F�`
`�<?79BD<?�©<?>Z;QBA5Zb?FhB�°

��������� ���	�,yQs���� 
V{��	�Cz�u

\ <3`k5 Bw<?;
BaF�«�g?E�g?;GFq;=@A5�> `k5 >I;CgnE�FqBD<?�©<?>Z;QHI<o`&F�bc;,<?798G` <h`=`k<?>Z;,@D<?Ba`QHI7/b¼®9bcBA<�lI®HI8,5 BA5 E�@aÀ�79<�° \ <
:@ABaFh>1lI®HI8,@iÀ^7<���B�T ghb l<?BABD<�HwT 79>1:�F `,`�@A>�«�<n8¾`,Fh>I;�`cT ghbc8,@A;�`k5 7�` BiF � 5�8=�©<�HI<�B�T ghÀ�7�Fq;=@A5�> È�° Ç1d

∆Sw = P −E −Q Á,È ° Ç�Ä

5�
 p <h`�;�BA<���7 ¸ <?>Z;,8GFq>Z;�HI<3498,gob¼@A49@D;¾Fh;,@A5 >�`�`k5�BD@aHI<o`�5�7�BD@aÀ�79@aHI<o`¼Å O BA<���7 ¸ HwT g?« Fq4�5�8GFq;,@D5�>]Å
� BA< ��7 ¸ HI<¯8,79@i`,`k<nBABA<n�©<?>Z;&<?>�`k798%�ÂF�b¼<e<n;+<n>�498,5 � 5�>�HI<n798?Å]<?; Sw

8=<?498,go`k<?>Z;,<3BaF©�1F�`=`k<e;=5�;¾FhBA<
HµT <hFh7e`k;=5Zb ��gn< 8GFq�©<n>9g?< � BiF�`�798#�ÂF b¼<�HI73:�F�`=`k@A>e«�<n8¾`,Fh>I;n° \ <&;=<?8,�©<HwT g?« Fh465 8¾Fh;,@A5 >©`�798 b¼5�>Z;,@D>9<?>Z;
<o`k;�7Ê`k79<?BDBA<?� <?>I;V`kgn4�Fq8=g©<?>[;=8,5�@i`�b¼5 �©4�5�`=Fq>Z;,<h`¯d BÂT g?« Fh465 8¾Fh;,@A5 >�HI7�`k5 B&>Z7]Å BÂT g?« Fh465 8¾Fh;,@A5 >�HI<
BÂT <hFh7�BA@A:8,<©@D>I;=<?8¾b¼<n49;,g?<e4ÊFq8¯BaF�«�g?E g?;¾Fh;,@A5 >]Å)<?;3BaF�;,8¾Fh>�`k4@A8¾Fh;,@D5�>�HI<1BaF�«�g?E�gn;¾Fq;=@A5 >]° L >�4�Fq8=BA<
HµT g?« Fq4�5 ;,8¾Fh>�`k4@A8¾Fh;,@D5�>£465 798�HIgo`k@AE >9<?8�B�T <?>�`k<n�":9BD<�HZ<eb¼<h`C;,8=5�@i` ��7 ¸ ° \ F";,8GFq>�`�49@A8GFq;=@A5�>£HZgh`k@DE�>9<
BD<���7 ¸ HwT gn�©@a`=`k@A5 >©HZ<�« Fq4�<?798VHwT <hFq7$4�Fq8�BA<h`&4BaFq>Z;,<o`�À�79@�F�bnb¼5��©4ÊFqE�><+BiF � ¸ Fh;,@A5 >�HI<3b?Fh8,:�5�><
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HI<h`CÀ�7�Fq>Z;,@D;,gh`CHwT F (?5 ;,<�;,8=mh`C`k746gn8,@A<n798,<h` �ebc<?BABD<h`&À�79@�`k<n8,5�>Z;C8,gn<?BABD<?�"<n>I;QHZ@a`k4�5 >9@A:9BD<h`¼°
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\ T g?;,7�HZ<�HZ<h`&@A>Z;,<?8GF�b¼;=@A5 >�`&<?>Z;,8,<VBaF¯`k798%�ÂF�b¼<3b¼5 >I;=@A>9<?>Z;¾FhBA<�<n;CB�T Fh;,�©5j`k49lm?8,<VF �ÂFh@A;CBÂT 5�:Z¬,<n;CHI<
>5��¯:98,<?7Ê`k<h`]b?Fh�©4�FhE�>9<h`�HI<C�©<o`k798=<�Å¼4�Fh8)< ¸ <?�©49BD< ¹�LVR�OQ²+Y Fq7 M Fh>�F�H9FeÁ Y <?BABD<?8¾` ��� ��
� Å9Èn��� É^Ä¾Å
Ã W Ã O Fq7 ¸$O ;¾Fh;¾`½» P >9@i`�Á Y <?BABD<?8¾` ��� ��
� Å�È?� ����Ä¾Å ±�²Vp O � »½f LV¹CW,\µ±�´ <?> ÃÊ8GFq>�bc<©Á ² >�HI8,g�������
� Å
Èn��; ;^Ä¾Å ±V²�pQO � » Y Fhl9<?BQFh7 U @DE�<?8¯Á · 5 79;,5 8,:�< ������
 � Å Èn��� Æ Ä¾Å)5 7 \µ¹C² <?> ² �1F (?5 >9@A<j° W BQ< ¸ @a`k;=<
Fh7h¬,5�78¾HwT lI79@µHI<o` `�@A;=<h`)À�79@��©<h`k78,<?>Z; BD<h` ghb¾l�Fh>9E�<h`QHwT g?>9<?8=E�@D<�Å�HµT <hFh7"<?;HI<�bnFq8,:�5 >9<�ÅZHI<��1Fq>9@Dm?8,<
bc5�>Z;,@A>Z79<�<n;�`k798�BA<�BD5�>9Eh»�;=<?8,� <�Å�8,<?E 8,5�746go`�Fh7�`k<n@A>$HI718,gh`�<hFq7 Ã \µP���UVO N Á «�5�@D8�b l�Fh49@A;=8,<�É�Ä¾°

M <?4�<?>ÊH9Fq>Z;?ÅZBaFeHI@D«�<?8¾`�@A;,gC<n;&BaFebc5��©49BD< ¸ @A;,g�HI<h`&�©gob?Fq>9@i`k�¯<h` �©@i`)<?>�¬,<?7©>ghb¼<h`=`k@A;=<?>Z; BÂT 79;=@ABD@ »
`=Fq;=@A5�>£HZ<��©5ZHImnBA<h`C4�5�798�bc5��©498=<?>�HI8=<�<?;�48,g?«�5 @A8CBA<o` <¼¿µ<?;G`�8,go`k79BD;¾Fq>Z;VHI<eb¼<o` @D>I;=<?8¾F b¼;,@D5�>�`c° \ <
HZg?«�<?BA5 494�<?�©<?>Z;�HI<h`��©5ZHIm?BD<h`�HZ<e498,g?«Z@a`�@A5 >�>I79� g?8,@iÀ^79<3HI7£;,<n�©4�`C<?;�HI<¯b¼@D8¾b¼7BaFq;=@A5 >�E�gn>9g?8¾FhBA<
HZ<+BÂT Fh;,�©5j`k49l9mn8,<�Feg?;,g ��BÂT 5�8=@AE @A>9<3HI<�B�T Fq494ÊFq8,@D;,@D5�>$HI<h`&4�Fh8¾Fh�©g?;,8=@a`=Fq;,@D5�>�`CHZ<+BiF"`�798#�ÂF b¼<3b¼5�>Z;,@ »
><?>I;GFqBD<�Å�4�5�798�bnFqBabc79BA<?8 BA<h` ��7 ¸ HZ<�8¾F?®�5�>>9<?�©<?>Z;?Å HI<Vb lÊFqBA<n798?Å�HZ<�« Fq4�<?798�HwT <hFh7"<n;&HZ<�À^7ÊFq>Z;,@A;=g
HZ<��©5 79«�<?�¯<?>I;nÅ�ghb¾l�Fq>E�gh`C<?>Z;,8,<VBaF¯`k798%�ÂF�b¼<3;,<?8=8,<h`�;,8,<�<?;CBÂT Fh;,�©5j`k49l9mn8,<�° M <h`&4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >�`
5 >I;C4�<?7 ��46<n7¥gn«�5�BA7g�4�5�78�HI<n«�<?>9@A8
HI<o` �©5ZHImnBA<h`
b¼5��©4BA< ¸ <h`¼Å À�79@w8=<?498,go`k<?>Z;,<?>Z;
HI<�>95��¯:98=<?7 ¸
48,5Zb¼<h`=`k7�`&4lI®`k@iÀ^79<o`<n;&:9@D5�E�gn5Zb l9@D�©@aÀ�79<h`�HI<�BiF+:9@D5�`�49l9m?8=<�;,<?8=8,<h`�;,8=<�° Y <?BABD<?8¾`����	��
��Á=È?������Ä�HI@a`�»
;=@A>9E 79<?>Z;&;=8,5�@i` E g?>9g?8GFq;,@D5�>�`
H9Fq>Ê`&BA<h`Q�©5ZHIm?BD<h`QHI<�`�798#�ÂF b¼<�Å`,b¾l9g?�1Fh;,@a`�g?<h` 4ÊFq8&BiF ��E 798,<¯È ° �I° M <h`
;=8,5 @a`&E�gn>9g?8¾Fh;,@D5�>�`�HI<��©5ZHIm?BD<�`k5 >I;�HZghb¼8,@D;,<h`
H9Fq>Ê` BD<h`C`k<hbc;,@A5 >�`C`k7@A« Fq>Z;,<h`c°

������� È ° � � O «�5�BD79;,@D5�>$HI<h`&498=5Zb¼<h`=`k7�`&498=@a`&<?>$b¼5 �©49;=<�H9Fh>�`CBA<h`Q�©5ZHIm?BD<h`QHI<3`k798%�ÂF�b¼<¯Á Y <?BABD<?8¾`����
��
 � Å]È?������ÄVd]Á�F�Ä
f�5ZHIm?BA<o`CHI<�498=<?�©@Amn8,<�E�g?>9gn8¾Fq;=@A5 >]ÅwÁ :wÄ
f�5ZHIm?BD<h`CHI<�HI<n7 ¸ @Dm?�©<�E�g?>g?8¾Fh;,@A5 >]ÅwÁÂbqÄ
f�5ZHZm?BA<h`CHZ<+;=8,5 @a`k@Dm?�©<�E�g?>g?8¾Fh;,@A5 >]°
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\ <h`e�©5ZHImnBA<h`�HI<$`k78#�ÂF�bc<�HZ<¥48,<?�©@Dm?8,<eE g?>9g?8GFq;=@A5�>�8,<?E 8,5 794�<?>I;eBD<h`+48,<?�©@Dm?8,<o`�4ÊFq8¾Fh�©g?;=8,@ »
`=Fq;=@A5�>Ê`+;,8=mh`�`�@A�©49BD<h`�H9Fq;GFq>Z;eHI<h`�Fh>9>9g?<h`eÈn�^�h�£Á ��E 798,<$È�° ��F�Ä¾Å�HI<h`�;,@A>g?<h`��1HIghbc8,@A8=<eBA<h` ��7 ¸ HI<
8GF?®�5�>9>9<n�©<?>Z;?Å)HZ<�b¾l�FqBD<?798 `k<?>�`�@A:9BD<�<?;/HI<�b¾l�FqBD<?798¯BaFh;,<?>Z;,<�Å)gob l�Fh>9E�go` ��B�T @A>Z;,<?8%�ÂF�b¼< <?>I;=8,<$BaF
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`k798%�ÂF�b¼<©<n;�B�T Fq;=�©5�`�49l9m?8=<�Å�Fq@A>Ê`k@CÀ�79<©BD<"8GFqBD<?>I;=@a`=`k<?�©<n>I;�HZ<h`+:�F `,`�<h`eb¼5�7Êb l9<o`�HI<1B�T Fq;=�©5�`�49l9m?8=<
498,5ZHI7@A;�4�Fq8CBD< � 8=5�;=;,<?�©<n>I;
HI<�B�T Fq@D8C`k78�BiFe`k798%�ÂF�b¼<�;,<n8,8,<o`k;,8=<�°

\ <�498=@A>�bc@A4�<�HZ<�bc<h` 4�Fh8¾Fh�©g?;,8=@a`=Fq;,@D5�>�`
b¼5�>Ê`k@a`�;,<��ebnFqBabc79BA<?8QBD<�8¾F?®�5�>>9<?�©<?>Z;)>9<n;&<?>1`�798#�ÂF b¼<�Å
<?;���HIg?;=<?8,�©@D>9<?8]BiF�8,g?4ÊFq8,;=@A;=@A5�>¯HZ<�BÂT g?>9<n8,E�@D<Q8¾F�HZ@aFq;=@A«�<�HI@i`k4�5�>@A:9BD<C<?>¯HI@ ¿µg?8=<?>Z;¾`���7 ¸ HI<Vb lÊFqBA<n798
Á ghÀ�7�Fq;=@A5 >�`�È�°DÈ+<?;�È ° ��Ä¾° \ < �Ê7 ¸ HI<3b¾l�FqBD<?798�H9Fh>�` BD<�`k5 B�Å G Å�<h`k;CE g?>9g?8GFqBD<?�©<?>Z;
b?FqBib¼79BAg�`k79@D«�Fh>I;
BaF¥� g?;,l95ZHZ< � � 5 8¾b¼<¼»Â8,<o`k;,5 8,< � 48,5�4�5j`kg?<14�Fh8 K <hFq8GHI5�8�¿�Á,Èn�^��� Ä¾ÅQÀ�79@C`�@A�¯79BA<eBiF�HI@ ¿µ7�`�@A5 >�HI<1BaF
b l�FhBA<?78CH9Fh>�` BD<3`k5�B�`=Fq>�`C498=<?>�HI8=<+<n>�bc5��©49;=<�BA<o`Cb l�Fh>9E�<n�©<?>Z;¾`QHI<�49l�F `k<�°

\ <o` ��7 ¸ ;,798=:979BD<?>I;G`C`k5 >I;�b?FhBab¼7BAgh`
`k79@D«�Fh>I;CBD<h`$� 5�8=�"7BA<h`Q`k7@A« Fq>Z;,<h`�d

H = ρcp
Ts − Ta

ra

Á,È ° Æ Ä

LE = β
ρcp

γ

e∗(Ts) − ea

ra

Á,È ° É�Ä

F?«�<hb Ts
BaF�;=<?�©4�g?8¾Fh;,798=<�HZ<�`k798%�ÂF�b¼<jÅ Ta

BaF�;=<?�©4�g?8GFq;,78,<VHI<�B�T Fq@D8 ��79>©>@A«�<hFh71HI<�8=g&� g?8,<n>�b¼<
HI<CB�T Fq;,� 5�`k4l9m?8,<jÅ e∗(Ts)

BaF�48,<h`=`k@A5 >©HZ<�« Fq4�<?78&`=Fq;=798¾Fh>I;=<���BaF�;=<?�©4�g?8¾Fh;,798=< Ts
Å ea

BaF�48,<h`=`k@A5 >
HI<�«�Fh4�<?798�Fh7�>9@D«�<hFq7$HI<�8,g � g?8,<?>Êb¼<�Å ρ BaFeHI<n>�`k@D;,g3HI<�BÂT Fh@A8?Å cp

BaF¯b lÊFqBA<n798�`k4�ghb¼@'�µÀ�79<3HI<�B�T Fh@A8nÅ β79>$b¼5�< 
/b¼@A<?>Z;&>5�8,�/FqBA@i`kgVÀ^7@];,8¾F HI79@D;CBaFeHI@i`k4�5�>9@D:9@ABD;,g�<n>¥<oFq7$HI7$`k5 B�Å γ BaFeb¼5 >�`k;GFq>Z;,<�4Ê`k®b l98=5q»
�©g?;,8=@aÀ�79<�Å�<n; ra

BaF�8=gh`k@i`k;GFq>�b¼<3Fhg?8,5ZHI®Z>�Fh�©@aÀ�79<�<?>Z;,8=<�BaFe`�798#�ÂF b¼<�<?;CBA<�>9@D«�<hFq7/HI<�8,g&� g?8=<?>�b¼<j°
K Fq>�`�BÂT ghÀ�7�Fh;,@A5 >�È�° ÉIÅ9BiF"`�798#�ÂF b¼<3b¼5�>Z;,@D>9<?>Z;¾FqBD<�<h`�;�b¼5�>�`�@aHIgn8,g?<3b¼5 �©�©<C79>9<3`�5�798Gb¼<eHwT lI7�©@ »

HI@A;=g&`=Fq;=798,g?<jÅ?<?;]BA<
b¼5�< 
/b¼@D<?>I; β «Z@A<?>Z;w�©5ZHZ79BA<?8]BD<);¾Fh7 ¸ HwT gn«�Fh4�5�8¾Fh;,@D5�>e�1F ¸ @D�e79�t4�5�798�498,<n>�HI8,<
<?>©bc5��©49;=<CBaF3HI@a`�465 >9@A:@ABA@D;,gC<?> <hFq7]° \ <�bc5�< 
1bc@A<?>Z; β 4�<?79;Q498=<?>�HI8=<�HI@ ¿µg?8=<?>Z;,<h`�� 5 8,�©<o` `�79@A« Fh>I;
BA<h`)4�Fh8¾Fq� g?;,8=@a`,Fh;,@D5�>�` ��@DBwHZg?4�<?>�H©HI<VB�T lZ79�©@iHI@A;=g
HI71`k5 B�Åb?FqBib¼79BAgn<�`k79@D«�Fh>I;
B�T Fq49498=5Zb l< � :97�b��<?; �

HIg?«�<?BD5�494�g?<�4�Fh8�f�Fh>�Fq:�<1Á,Èn��: �^Ä¾° \ <�8,go`k<?8=«�5�@A8�HµT <hFh7�HI7 `k5�B`k<�8=<?�©49BD@A;QE�8 � b¼<JFq7 ¸ 498,gob¼@A49@D;¾F?»
;,@A5 >�`&<?;�`�<+«Z@aHZ<�4�Fq8�g?« Fq4�5 8¾Fq;=@A5 >]° \ F¯À�7�Fq>Z;,@D;,g�HwT <hFq71« Fq8=@A<�<?>Z;,8=<���<n;C79>9<�« FqBA<n798C�1F ¸ @A�/FqB <�Å
Fq71HI<nB!��HI<�BiF�À�79<?BABD<&BÂT < ¸ b¼mh`)HµT <hFh7©`cT ghb¼5 79BA<�4�Fh8&8,7@a`,`�<?BABD<?�©<?>�;nÅ?<?; β « Fh8,@A<Vb¼5 >h¬,5�@D>I;=<?�©<?>Z; <n>I;=8,<
��<?;VÈ�°

K <h` gn;,7�HI<o`�HI<J`k<?>Ê`k@A:@ABA@D;,g�ÅZ8,ghFhBA@i`kg?<h`�F?«�<hb�HI<h`C�©5ZHIm?BD<h`CHI<Jb¼@A8Gb¼79BaFh;,@D5�>1E�g?>g?8¾FhBA<�@A>Z;,g?E 8¾Fh>I;
b¼<h`&4�Fh8¾Fq� g?;,8=@a`,Fh;,@D5�>�`
HI<�498,<?� @Am?8=<CE�g?>9gn8¾Fq;=@A5 >]Å95�>Z;C�©5�>Z;,8=g�BA< � 5�8,;C@D�©4�F b¼;CHI<�BÂT FqBD:�ghHI59ÅHI<�BaF
8,79E 5�`k@D;,g¯HI<¯`�798#�ÂF b¼<e<?;�HZ<eBaF©HI@i`k4�5�>@A:9@DBA@A;=g�<?>�<oFq7]Å]`�798�BD<h`�ghb¾l�Fq>E�<h`�HµT g?>9<n8,E�@D<�<?;�HI<e« Fq4�<?78
HwT <hFh71<?>I;=8,<�BaFe`�798#�ÂF b¼<3b¼5�>Z;,@D>9<?>Z;¾FqBD<�<n;&B�T Fq;=�©5�`�49l9m?8=<�° O BDBA<h`Q5�>Z;C�©@a`)<?> g?«I@iHI<?>�bc<�BiF�>9ghb¼<h`=`k@D;,g
HI<�� @A<?7 ¸ 8,<?498=gh`k<n>I;=<?8)BaF�« Fq8=@aFh:9@ABD@A;,g�`k4�Fh;,@iFqBA<�<?;Q;,<n�©4�5�8,<nBABA<
HI<Vb¼<h`)498=5�498=@Ag?;=gh`)HI<V`k78#�ÂF�bc<�4�5�78
`k@A�¯79BD<?8
HI<��1Fq>9@Dm?8,<V49BA7�`C8,goFqBA@i`k;=<+BÂT g?«�5 BA79;=@A5 >©HI<3B�T Fq;,� 5�`k4l9m?8,<jÅ^<n;�5 >I;VHI5�>>9g�BÂT @A� 4979Ba`�@ 5�>1HI7
HIg?«�<?BD5�494�<?�©<n>I;QHZ<h`&�©5ZHIm?BD<h`&HZ<�HZ<?7 ¸ @Am?�©<�E�gn>9g?8¾Fh;,@D5�>]°
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\ <h`&� 5ZHIm?BA<o`&HI<�HZ<?7 ¸ @Am?�©<CE g?>9g?8GFq;=@A5�>$`�5�>Z;Cg?E�FhBA<?�©<n>I;
Fq446<nBAgh`&�©5ZHZm?BA<h`QHI<V;,8¾Fh>�` � <n8,;�`k5 B »
«�gnE�g?;GFq;,@D5�>I»½Fq;=�©5�`�49l9m?8=<�Å¾5�7 Y�XQ²QN Á Y 5 @AB X <nE�<?;GFq;,@D5�> ² ;,�©5j`k49l9<n8,< N 8GFq>�` � <?8¼ÄG° \ T g?«�5 BA79;=@A5�>V498,@D>I»
bc@A4�FhBA<¯b¼5 >�`k@i`k;,< �©;,8GFq@A;=<?83HI<¯�1Fq>9@Dm?8,<JHI@a`�;,@D>�b¼;,<3BA< `k5 B >Z7£<?;�BaF©«�g?E g?;¾Fh;,@D5�>�Á ��E 798,<$È�° �q:wÄG° \ F
bnFq>95 46gn<�®�<h`k;e8=<?498=gh`k<?>Z;,gn<1b¼5�� �©<"7>9<�E 8¾Fq>ÊHI< � <?7@ABABD<©79>9@iÀ^7<�Å <?; b¼<h`�� 5ZHIm?BA<o`�`k5 >I; Fq7Ê`,`k@
HZgh`k@DE�>9gh`C`�5�7�`CBA<�;=<?8,�©<VHI<��©5ZHImnBA<h` � :9@DEq»ÂBA<hF � � °

\ Fe498,go`k<?>�bc<�HI<�«�g?E g?;¾Fh;,@D5�>¯�©5ZHI@ �Ê<�BA<h`Q498,5 498,@Dg?;,go`&HI<�BiFe`k798%�ÂF�b¼<j° \ F�«�g?E g?;¾Fh;,@A5 >1`k<�b?Fq8GF�b »
;=g?8,@i`k<�4�Fh8�79>9<�� 5�8,;=<eFh:�`k5 8,49;=@A5�>£HFq>�`�BD<h`CBA5�>E�79<?78¾`�HwT 5�>�HZ<eHI7 HI5��1Fh@A>9<�«Z@a`�@A:9BD<�ÅI<?;�4�Fh8�79>9<
� 5 8,;=<©8,g&�Ê<hb¼;,@D«I@D;,g¯H9Fh>�`�BA<¯498=5Zb l9< @A>�� 8GFq8,5 79E�<jÅ)FqBD5�8G`eÀ^79< BaF¥8=g&��<hbc;,@A«Z@A;=geHI7�`�5�B&>Z7[g?«�5 BA79< HI<
�/Fq>9@Dm?8,<�49BD7�`�8,g?E 79BA@Dm?8,<JFo«�<ob+BaF¯BA5�>E�79<?78�HµT 5�>ÊHI<�° \ F©8,7E�5�`�@A;=g"49BD7�`�@D�©4�5�8,;GFq>Z;,<JHI<"BiF©b?Fh>95q»
4�g?<3498,5ZHZ79@A;�E�g?>g?8¾FhBA<?�©<n>I;
HI<h`���7 ¸ HI<3À�7�Fq>Z;,@D;,g3HI<3�©5�79«�<n�©<¼>Z;Q<?;�HI<h`���7 ¸ ;=798,:97BA<?>Z;¾`&49BD7�`
gnBA<?«�gh`c° K <349BA7Ê`¼Å9BA<o`&49BaFh>I;=<h` 8=g?E�7BA<?>Z;CB�T Fq:�`�5�8,4;,@A5 >�HI<Jb?Fq8=:�5�>9<3<?;�BD<h`&4�<?8,;=<h`C<?>�<hFh7�F `,`k5Zbc@Ag?<
4ÊFq8�BÂT 5�7«�<?8,;=798,<JHI<h`�`�;,5��/Fq;,<o`¼Åµ`k@A;=79gh`�`k798�BiF©`k798%�ÂF�b¼<3@A>�� gn8,@A<n798,<3HI<h` � <?79@ABDBA<h`c° \ <h`��©5ZHZm?BA<h`�HI<
HZ<?7 ¸ @Am?�©< E�g?>9gn8¾Fq;=@A5 >"8=<?BA@D<?>I;]<n�©49@A8=@aÀ�79<?�¯<¼>Z;wBiF�b¼5 >�HI7�b¼;GFq>�bc<�`k;,5 �1Fq;=@aÀ�79<�Å gs

Å Fq7 ¸ b¼5 >�HI@D;,@A5 >�`
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ds = 1cm Å�HI<Vb¼5�>Z;,<?>Z7e<?>e<hFh7 ws

<n;QHI<C;,<n�©4�g?8¾Fh;,798=< Ts
Å�<n; 7>"8=gh`k<?8=«�5�@D8 498=5 � 5 >�HwÅZHI<�b¼5 >I;=<?>I7

<?>�<hFh7 wp
<n;�HI<3;,<?� 46gn8¾Fq;=798,< Tp

ÅµHI5�>Z;�BÂT g?4ÊFq@a`=`k<?78 d2
HZg?4�<?>�H�HZ7�;�®I4�<JHI<�«�g?E g?;¾Fh;,@D5�>�<n;�HI7

;k®Z4�<3HI<3`k5�B�HZ<+BiF��1Fq@DBABD<�°
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HI< K <hFq8GHI5�8�¿�Á,Èn�^��� Ä�d

∂Ts

∂t
= CT (Rn − H − LE) −

2π

τ
(Ts − Tp)

Á,È °<;�Ä
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\ <3�©5ZHIm?BD<�bnFqBabc79BA<�79>9<J`k<?7BA<�;,<?� 46gn8¾Fq;=798,<V465 798�;=5�79;�BD<3`k®`k;,mn�©<�`k78#�ÂF�bc<¼»�«�gnE�g?;GFq;,@D5�> Fq4I»
4�<?BDg?<�;=<?�©4�g?8¾Fh;,798=<�HI<3`k78#�ÂF�bc<+<n;C>95�;=g?< Ts

°
p 5 798�B�T gn«�Fh4�5�8¾Fh;,@D5�>$HI7�`�5�B]>Z7]Å9BA<V�©5ZHIm?BD<�79;,@DBA@i`k<�BiF � 5�8,�¯79BD<�`�79@A« Fq>Z;,<¯d

Es = (1 − veg)ρa
huqsat(Ts) − q(Ta)

ra

Á=È�°DÈ?�^Ä

5�
 qsat(Ts)
<h`�;"BÂT lZ79�©@aHZ@A;,g `k4�ghbc@ �µÀ�79<��[`,Fh;,798GFq;=@A5�> �£BaF�;,<?�©4�g?8GFq;=798,< Ts

ÅQ<?; q(Ta)
<o`k;

BÂT lZ79�©@iHI@A;=g¯`k4�ghb¼@'�µÀ^7<1Fq7�498,<?� @A<?8�>9@D«�<hFq7�HI7��©5ZHImnBA<�° \ <�;=<?8,� < β HZ7¢� 5ZHIm?BA< E�g?>9gn8¾FqBC<o`k;
8=<?�©49BiF�b¼g34�Fq8eBD<";=<?8,� < hu

<?;�>]T @D>I;=<?8,«Z@A<?>Z;�49BA7�`3À^7<"4�5�78e�©5ZHI79BD<?8�BA< qsat(Ts)
° M <©;�®Z46< HI<

4ÊFq8¾Fh�©g?;=8,@a`=Fq;=@A5�>1<h`�;�HZ@A; �q<?> FqBD49l�F  Á 4�Fh8�5�4465j`k@D;,@A5 > ��BiF � 5 8,�¯79BaFh;,@D5�>©<?> �q:�<?;¾F ©498=gh`k<n>I;=g?<
��BÂT ghÀ�7�Fh;,@A5 >�È ° � Ä¾° \ <�;=<?8,�©< ra

<h`k;�b?FqBib¼79BDg�<?> � 5�>�b¼;=@A5 >�HZ<�BaF3`k;¾Fh:9@ABD@A;=g�HI<�BÂT Fq;=�©5�`�49l9m?8=<�<n;CHI7
«�<n>I;
<?>$`k798%�ÂF�b¼<�° hu

498,<?>ÊH/BiF � 5�8=�"79BiFq;=@A5�>/`k79@D«�Fh>I;=<¯d

si wp ≥ wfl hu = 1

si wp < wfl hu = 1
2
(1 − cos( wp

wfl
π))

Á=È�°DÈ�ÈqÄ

5�
 wfl
b¼5 8,8,<o`k4�5�>�H$Fq7 wseuil

HI71�©5ZHImnBA<�HI<3f�Fh>�Fq:�<©Á=È?� :��^ÄG°
\ F�;=8¾Fh>�`k49@D8¾Fh;,@A5 >_<h`�;¯b?FqBib¼79BDg?<1b¼5 >�� 5�8=�©g?�©<?>Z; � BÂT ghÀ�7�Fh;,@A5 >tÈ�° ��ÅQ�1Fq@i`�`�<?79BA<n�©<?>Z;�`�798¯BaF

4ÊFq8,;=@A<3HI7 � <?79@DBABiFqE�<�À^79@]> T <h`�;C4�F�`C8,<hbc5�79«�<?8=;,<VHwT <oFq7£d

Tr = veg(1 − δ)ρ
qsat(Ts) − q(Ta)

ra + rC

Á=È�°DÈ?�^Ä

5�
 δ <h`k;
BaF�� 8¾F�bc;,@A5 >1HI<�� <n79@ABDBaFqE <�8=<hb¼5 79«�<?8,;=<�HµT <hFh7]Å�<?; rC
<o`k;&BiF+8=gh`k@i`k;¾Fh>�b¼<�HZ<�BaF3b?Fq>95 4�g?<�°

K Fq>�`©BaF£«�<?8¾`�@A5�>�`k;GFq>�H9Fh8¾H HµT W,YZ¹C² Å rC
<h`k;1bnFqBabc79BAg?< `k79@D« Fq>Z;©BaF � 5 8,�¯79BA<$HI< º�Fq8=«I@i`�Á,Èn�^��:�Ä

HZ5�>9>9gn< �eB�T ghÀ�7�Fq;=@A5�> È�°<:ZÅ�À^7@]>9<�498,<?>ÊH/4ÊF�`C<?>$b¼5��©4;,<�BÂT <¼¿µ<?;�HI7 MCL
2
°

\ T g?« Fq4�5�8GFq;,@D5�>£HI718=gh`k<?8=«�5�@D8CHwT @A>Z;,<?8Gb¼<?49;=@A5�> Ei
<h`�;�b?FqBib¼79BDg?<�`�@A�©4BA<?�©<c>Z;Cd

Ei = vegδρ
qsat(Ts) − q(Ta)

ra

Á=È�°DÈ?Ç^Ä
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<n;CBA<���7 ¸ HZ<�b¾l�FhBA<?798�`k<?>Ê`k@A:BA<�<h`�;�b?FqBib¼79BDg�b¼5�> � 5�8,� g?�©<?>Z;��eB�T goÀ^7�Fh;,@D5�>�È ° Æ °
\ F©«�g?E g?;¾Fh;,@D5�>�HFq>�` W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GH�<h`k;�<n>I;=@Am?8=<?�©<?>�;�HIghb¼8=@A;,<�4�Fh8�lI79@D;�4ÊFq8¾Fh�©m?;=8,<h`&498=<h`½»

b¼8,@D;¾`�Fq7[� 5ZHIm?BA<j° M @A>�À�HµT <?>Z;,8=<e<?7 ¸ 5�>Z;+7>�b¼®b¼BA<¯`=Fq@a`�5�>9>@A<?8 d BiF¥498=5�4�5�8=;,@D5�>�HI<¯«�g?E�g?;GFq;=@A5�>
Á veg Ä¾Å�B�T @A>�HI@ib¼< � 5�BA@iFq@D8,<eÁ LAI Ä¾Å�BaF�BD5�>9E 79<?798�HI<�8=79E�5j`k@A;=g¯Á z0

Ä¾Å9B�T FqBD:6goHI5©Á α ÄQ<?;CBÂT g?� @a`,`�@A«�@D;,g�Á ε Ä¾°\ <h`�;=8,5 @a`¯Fq79;=8,<h`e4�Fq8GFq�©mn;,8,<o`e`k5�>Z; b¼5�>�`�;¾Fh>I;G`¥d)BiF 498=5 � 5 >�HI<?798¯8¾F b¼@A>ÊFq@A8=<£Á d2
Ä¾ÅQBaF�8=gh`k@i`k;GFq>�b¼<

`k;,5 �1Fq;=@aÀ�79<��©@A>@A�1FhB <JÁ rsmin
Ä
<?;�BiF©b¼5 >I;=8,@A:79;,@D5�>�HZ<�BaF¯«�g?E�g?;GFq;=@A5�>$Fh7£b¼5�< 
/b¼@A<?>Z;C;,l<?8,�©@iÀ^7<

HI7$`k5�B
Á CT
Ä¾°

����� ��� � � 
 	 
�� ��s 	 � � �Zu}u�	 � 
 s 
�z ��	yQs �wu � 	�
 � y 	 �	�Cz�u�� �ZyQs � � 	9{9u � � ���Cv

�{ �	�Cz�u 
�z�� 
����

K Fq>�` W,YZ¹C² » A » gs
ÅZBA<Vb?FqBib¼79B HI<�BaF3b¼5�>ÊHI7�b¼;GFq>�b¼<�`k;,5 �1Fq;=@aÀ�79<�<h`k;
;,@A8=g�HI7©� 5ZHIm?BA<VHI<�º�F b¼5�:Ê`

Á,È?� � Æ Ä¾° W B9<o`k;Q:�F�`�g�`�798QBA<CBD@A<?>eg?;=8,5 @A;)<?>Z;,8=<CBA<���7 ¸ HI<�b?Fq8=:�5�>9<�><?;
F�`,`�@A�©@DBAgQ4�Fh8 4l95�;=5�`k®Z>Z;,l9mh`�<
<?;)BaF�b¼5 >�HI7�bc;¾Fq>Êb¼<�`k;=5��1Fh;,@aÀ�79<�° \ <C498=@A>�b¼@D4�<�HI7e�©5ZHIm?BD<&<h`�;
HI<�b?FqBib¼79BD<?8 BD<C;¾Fh7 ¸ HwT F `,`�@A�©@DBaFq;=@A5 >
>9<?;,;=<3HI<3b?Fq8=:65 >9< An

<?> � 5�>Êb¼;,@D5�>$HI<h`CHI@ ¿µg?8,<?>Z;¾`$�ÂF b¼;,<n798¾`&<?>Z«Z@A8,5 >9>9<?� <?>I;GFq7 ¸ BA@D�©@A;GFq>Z;¾`¼°
\ <V;¾Fq7 ¸ HwT F�`=`k@A� @ABaFh;,@D5�>e>9<?;=;,<��1F ¸ @A�/FqBA< Am,max (mg CO2 m−2 s−1) HZg?4�<?>�H©HI<�BaF�;,<?� 46gc»

8¾Fq;=798,<3HI<3`�798#�ÂF b¼< Ts
Á ◦ M ÄC`�79@A« Fh>I;C79>< � 5 >�b¼;=@A5�>1<?> Q10

d

Am,max =
Am,max(25) Q

(Ts−25)/10
10

[1 + exp{0.3(T1 − Ts)}][1 + exp{0.3(Ts − T2)}]
Á,È�°DÈ Æ Ä

5�
 Am,max(25)
<h`�;&BaF�« FhBA<?798�`k;GFq>�H9Fh8¾H$HI<�B�T F�`=`k@A� @ABaFh;,@D5�>e>9<n;,;,<V�1F ¸ @A�1FhBA< �e��É ◦ M Å Q10

79>
�ÂF�b¼;=<?798 � ¸ g �©�ZÅ T1

<n; T2
BD<h`&;,<?� 46gn8¾Fq;=798,<o`CHI<�8=g&� g?8,<n>�b¼<�ÅZ<?> ◦

M ° \ <h`C« FqBD<?798¾`�HwT Am,max(25)
Å

HI< T1
<?;3HI< T2

HZg?4�<?>�HI<?>Z;�HI7£;�®I4�< HI<e49l95 ;,5j`k®Z>I;=l9mh`k< HI<eBiF/4BaFq>Z;,<1Á C3
5�7 C4

Ä¾° O BABA<o`�`�5�>Z;
@A>�HI@iÀ^7g?<h`&HFq>�`CBA<�;GFq:9BD<hFq7�È�°DÈ�°

\ T F�`=`k@A� @ABaFh;,@D5�>1HI<Jb?Fq8=:�5�>9<e4�Fh8�4l95�;=5�`k®Z>Z;,l9mh`�<�<h`�;�HµT Fq:�5 8¾H�BA@D�©@A;=g?<C4�Fh8�BiF"b¼5 >�b¼<?>Z;,8GFq;=@A5�>
Fq;,� 5�`k4l9g?8,@iÀ^7<�<?> MCL

2
d

Am = Am,max (1 − e(−g∗m(Ci−Γ)/Am,max)) Á,È�°DÈ?É�Ä
\ <C4�5 @A>Z;QHI<�b¼5 �©4�<?>�`,Fh;,@D5�> Γ Á ppm Ä]<h`�;)BaFVb¼5�>�bc<?>I;=8¾Fh;,@A5 >�<?>¯HZ<h`,`�5�7�`QHI<
BaF�À�79<?BDBA<QBaF�49BaFh>I;=<

>9< � ¸ <�4�F `�BD< MCL
2
° M <e4�Fh8¾Fh�©m?;,8=<eHIgn46<n>�H�HI<eBaF¯;,<?�©4�g?8GFq;=798,< Ts

4�Fh8+7>9< � 5�>�bc;,@A5 >�<?> Q10Á «�5�@D8&;GFq:9BD<hFq7�È�°AÈhÄ�d

Γ = Γ(25) Q
(Ts−25)/10
10

Á,È�°DÈ5:�Ä

g∗

m (mm s−1) <h`�;�BiF"b¼5 >�HI7�bc;¾Fq>Êb¼<��©gh`k5 49lZ®IBDBA@A<n>9>9<�<?>�b¼5 >�HI@D;,@A5 >�`C>95�> `k;,8=<h`,`�g?<h`c° O BABD<3HIg¼»
46<n>�H1HI<�BiF�;,<?�©4�g?8GFq;=798,<VHI<3`k798%�ÂF�b¼< Ts

`k79@D«�Fh>I;CBiF � 5�>�bc;,@A5 >1<?> Q10
d
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A
0
gs

� �

N ®I4�<3HI<�49BaFh>I;=< p Fh8¾Fq� m?;,8=<eÁ � Ä X(25) Q10 T1 T2

C3 ε0 (mg J−1) �Z° �IÈh� » » »
Γ (ppm)

Æ É È ° É » »
f0 (−) �Z° � É » » »
Am,max (mg CO2 m−2 s−1) �Z° � �I° � ; Ç�;
gm (mm s−1) « Fq8=@aFh:9BA< �I° � É Ç�:

C4 ε0 (mg J−1) �Z° �IÈ Æ » » »
Γ (ppm) �I°<; È ° É » »
f0 (−) �Z°<: » » »
Am,max (mg CO2 m−2 s−1) È ° � �I° � ÈnÇ Ç�;
gm (mm s−1) « Fq8=@aFh:9BA< �I° � ÈnÇ Ç�:

����� � È�°AÈ � X FhBA<?798G`�HZ<h`�4�Fh8¾Fq� m?;,8=<h`�HµT W,YZ¹C² » A » gs
� 25◦

M <?;�HI<o`�4�Fq8GFq�©mn;,8,<o`�HI<o` � 5�>�bc;,@A5 >�`
HZ<C8,g?4�5�>Ê`k< ��BiF�;,<?�©4�g?8GFq;=798,<
79;,@DBA@a`�g?<h`�F?«�<hb BD<h`)5�49;=@A5�>Ê` � Y ;,8=<h`,`)lZ®9HZ8,@aÀ�79<�HI7©`�5�B � <n; � ² (n5�;,< � Å
`�79@A« Fh>I;CBD<+;�®Z4�<�HI<�49l95 ;,5�`�®I>Z;,lmh`k< Á T <?> ◦

M Ä¾°

g∗

m =
g∗

m(25) Q
(Ts−25)/10
10

[1 + exp{0.3(T1 − Ts)}][1 + exp{0.3(Ts − T2)}]
Á=È�°DÈq��Ä

g∗

m(25) HIg?4�<?>�H�HI7£;�®I4�<JHI<e«�g?E�gn;¾Fq;=@A5 >]° \ <o`�« FhBA<?798G`�HI<o`�4�Fq8GFq�©mn;,8,<o`�HI<eBaF¯«�g?E�g?;GFq;=@A5�> �
BÂT ghb¾l9<?BDBA<)E BA5 :�FqBD<�5 >I;Qg?;=g�HIg?;,<n8,�©@D>9g?<h`]Fh7©b¼5 798¾`QHI<Vb¼<?;=;,<
;,l9mh`�<�Á «�5�@D8Qb lÊFq49@D;,8,<���Ä¾Å�<n;&`�5�>Z;Q8,gh`�7I»
� g?<h`QH9Fq>Ê` BD<�;¾Fh:9BA<hFh7$�eHI<�B�T Fh>9>9< ¸ < ² ° Q10

Å T1
<?; T2

HIg?4�<?>�HZ<?>I;�HI7�;�®Z4�<�HI<�49l95 ;,5�`�®I>Z;,lmh`k<
HZ<+BiF�49BaFh>I;=<¯Á ;¾Fh:9BA<oFq7£È�°DÈqÄ¾°

Ci
Á ppm Ä <h`k;QBaF�b¼5 >�b¼<?>Z;,8GFq;=@A5�>e@D>I;=<?8,><C<?> MCL

2
° O BABA<�HZg?4�<?>�H¯HI<�BiF�b¼5�>�bc<?>I;=8¾Fh;,@A5 >e<?> MCL

2HZ<+BÂT Fh@A8?Å Cs
Á ppm ÄGÅ6<n;�HI< Γ d

Ci = f Cs + (1 − f) Γ Á,È °AÈ$;^Ä

f Á�`=Fq>�`C79>9@D;,g�ÄQ<h`�;C79> �ÂF�b¼;=<?798�HZ<�bc5�7949BiFqE <eÀ�79@]HIgn46<n>�H1HI<�B�T lZ79�©@iHI@A;=g�HI<�B�T Fq@A8 Ds
d

f = f∗

0 (1 −
Ds

D∗

max

) + fmin(
Ds

D∗

max

) Á=È�°DÈ?�^Ä

f∗

0
<h`k;
BA<�8¾Fq4465 8,;C�1F ¸ @D�e79�S<?>Z;,8,<�BaF3b¼5�>Êb¼<?>Z;,8¾Fh;,@D5�> HI< MCL

2
@D>I;=<?8,>9<VHI<�BaF�� <?79@ABDBA< Ci

<?;
BaF
bc5�>�b¼<n>I;=8¾Fq;=@A5 >1HI< MCL

2
��BaFe`k78#�ÂF�bc<�HI<�BaF�� <?79@ABDBA< Cs

�I@ABµ<h`k;�Fq;=;,<?@D>I;
BA5�8G`,À�79< Ds = 0 g kg−1 ° f∗

0<o`k;C@A> � g?8,@D<?798 �1È�° Y F�«�FhBA<?78�HIg?4�<?>�H$HI71;k®Z4�<3HI<�49l95�;=5�`�®I>Z;,l9mo`k<¯Á ;GFq:9BD<hFq7�È�°AÈhÄ¾°

fmin =
gc

gc + g∗

m

Á=È�° ���^Ä
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gc
<h`�;�BaF b¼5�>�HZ7�b¼;¾Fh>�b¼<Jb¼79;,@ib¼79BiFq@A8=< (mm s−1) ° O BABA<�<h`�;�HIg?;=<?8,� @A>9g?<�4�5�7983b¾l�F�À�79<3;k®Z4�<eHI<

«�g?E�g?;GFq;=@A5�> Fq7tb¾l�Fh49@A;=8,<1�Z° D∗

max
Á g kg−1 Ä�<h`�;eBA<1HZg&�µb¼@D;eHI<$`,Fh;,798GFq;=@A5�>��1F ¸ @A�e7� <?>Z;,8=<©BaF

� <?79@ABDBA<�<?;CB�T Fq@D8?° M T <h`k;CBiF�« FqBA<n798�HI< Ds
4�5�798�BaF À^79<nBABA<�BA<o`C`k;,5 �1Fq;=<h`C`k<�� <?8=�©<?>Z;
b¼5��©4BAm?;=<?�"<c>Z;?°

M <�4�Fq8GFq�©m?;=8,< HIg?;,<n8,�©@D>9<1BaF�`k<?>Ê`k@A:@ABA@D;,g$HI<�BÂT 5�7«�<?8,;=798,< `k;,5 �1Fq;=@aÀ�79< �[BÂT lZ79�©@aHZ@A;,g/HI<�B�T Fq@A8n°
Y F�« FqBA<n798¯HIg?4�<?>�H�HI<1BaF¥4ÊFq8¾Fh�©g?;=8,@a`=Fq;=@A5�> HI7�`k;,8=<h`,`�lZ®HI8,@iÀ^79< HI7�`k5 BC79;,@DBA@i`kg?<$Á «�5 @A8e`�<hb¼;=@A5�>
`k79@D«�Fh>I;=<�Ä¾°

\ <3;¾Fh7 ¸ HwT F�`,`�@A�©@DBaFh;,@A5 >"<o`k;�Fq7Ê`,`k@�BA@D�©@A;=gC4�Fq8�BaFeÀ�7�Fh>I;=@A;,g3HI<�BD79�©@Amn8,<�HI@i`k4�5�>9@D:9BA<¯d

An = (Am + Rd) (1 − e(−εIa/(Am+Rd))) − Rd
Á,È�° �IÈhÄ

5�
 Rd
<h`k;QBiF+8,<o`k49@D8¾Fq;=@A5 >1HI<�BiF � <n79@ABDBA< ��B�T 5�:�`=b¼798=@A;,g�� <?BABD<C<h`k;
4�Fq8GFq�©g?;=8,g?<�`�@A�©4BA<?�¯<?>Z; 4�Fh8?d

Rd =
Am

9
Á,È�° ����Ä

Ia (W m−2) <h`k;
BA<�8¾F?®�5�>9><?�©<?>Z;)< 
/b?F�bc<�4�5�78CBaF+4l95�;=5�`k®Z>Z;,l9mh`�<¯Á p l95�;=5�`�®I>Z;,l9<n;,@ab ² b¼;,@D«�<
R F HI@aFh;,@A5 >]Å95�7 pw²�R Ä¾°

ε (mg J−1) <h`�;CB�T < 
1bnF�b¼@D;,gVHI<3b¼5�>Z«�<?8¾`�@A5 >1HI<�BaF�BD79�©@Amn8,<�d

ε = ε0
Ci − Γ

Ci + 2Γ
Á,È�° ��Ç�Ä

ε0 (mg J−1) <o`k;�B�T < 
1b?F b¼@A;=g�HµT 79;=@ABA@i`,Fh;,@A5 >$HI<�BiF�BD79�©@Amn8,<��1F ¸ @D�1FqBD<�° Y F¯«�FhBA<?78�HIg?4�<?>�H�HI7
;k®Z4�<3HI<�49l95�;=5�`�®I>Z;,l9mo`k<¯Á ;GFq:9BD<hFq7�È�°AÈhÄ¾°

Ã�@A>�FhBA<?�©<n>I;nÅ�BaFeb¼5 >�HI7�bc;¾Fq>Êb¼<3`k;,5 �1Fq;=@aÀ�79<�Fh7 MCL
2
<o`k;C5�:;,<?>Z79<�4�Fq8�BaF�8=<?BaFh;,@D5�>£d

g∗

sc =





An − Amin

(

Ds

D∗

max

An+Rd

Am+Rd

)

+ Rd

(

1 − An+Rd

Am+Rd

)

Cs − Ci





Á,È�° � Æ Ä

Amin
<h`k;�BÂT F `,`k@D�©@ABiFq;=@A5�>1:98=79;,<e8=gh`k@iHI79<?BDBA< Á�`,Fh>�`�BA@D�©@A;GFq;,@D5�>14�Fh8+BiF"BA7�©@Am?8=<�Ä¾ÅF�`=`k5Zb¼@Dg?<¯Fq7 ¸

;,8¾Fh>�` � <n8,;¾` ��;,8¾F?«�<?8G`�BaF�b¼7;,@abc79BA<�Å�BA5 8¾`,À�79<1BA<o`e`k;,5 �1Fq;=<h`e`k5 >I; � <?8=�©g?<h`3`k5�7Ê`"B�T <¼¿µ<?;eHwT 79> � 5�8=;
HIg&�µb¼@D;CHI<3`=Fq;,78¾Fq;=@A5 >�<?>I;=8,<�BiF � <?79@DBABA<�<?;CBÂT Fq@D8�Á Ds = D∗

max
Ä¾°

Amin = g∗

m(Cmin − Γ) Á,È ° ��É�Ä

Cmin
<h`�;CBaF�« FqBD<?798�HI< Ci

BD5�8¾`=À^7< Ds = D∗

max
°

Cmin =
gcCs + g∗

mΓ

gc + g∗

m

Á,È�° ��:�Ä
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² �Ê>�HI<�;,<?>@A81b¼5 �©49;=<�HI<h`¯@A>Z;,<?8GF�b¼;=@A5�>Ê`�<?>Z;,8=<�BaF[HZ@ ¿µ7�`k@D5�> HI7 MCL
2
<?;©BaF�HI@ ¿µ7�`�@A5�> HI<

BiF¥« Fq4�<?78©HwT <hFq7 Å HZ<h`�@A;=g?8¾Fh;,@A5 >�`+<n>I;=8,<©BD<h`�HI<n7 ¸ goÀ^7�Fh;,@D5�>�`3`k79@D«�Fh>I;=<h`e`k5 >I;JFq494BA@aÀ�79g?<o`+4�5�798
bnFqBabc79BA<?8�BaF1b¼5 >�HI7�bc;¾Fq>Êb¼<¯`k;=5��1Fh;,@aÀ�79<¯Fh7 MCL

2
Á @AB�®£F1F�b¼;=79<?BABD<?�©<?>�;�HZ<?7 ¸ `�g?8,@D<h`�HwT @A;=g?8¾Fh;,@A5 >�`

HFq>�`CBA<��©5ZHImnBA<�Ä
d

E(i) = 1.6ρag
∗

sc(i)Ds
Á=È�° �^��Ä

5�
 ρa
<h`�;]BaFCHI<n>�`k@D;,gQHI<QBÂT Fq@D8w<?> kgm−3 Å?<?;µBA< �ÂF�b¼;=<?798 1.6 <h`�;]BA<)8GFq494�5 8,;)<?>Z;,8=<)BA<o`wb¼5�< 
/b¼@D<?>I;G`

HZ<�HZ@ ¿µ7�`k@D5�> HI7 MCL
2
<?;�HI<�BiF�«�Fh4�<?798VHwT <hFh7 ±

2
L H9Fh>�`CB�T Fh@A8n°

g∗

sc(i + 1) = g∗

sc(i) + E(i)
Ma

ρaMv

Cs + Ci

2(Cs − Ci)
Á=È�° ��;^Ä

Ma
<?; Mv

`�5�>Z;�BD<h`&�1F `,`k<o`&�©5�BDghb¼79BiFq@A8=<h`QHI<�B�T Fq@A8C<n;�HI<�BÂT <hFh7�Á 28.9 <?; 18 g mol−1 8,<h`�46<ob »
;=@A«�<?� <?>I;cÄ¾°

Ã @D>�FqBD<?�©<?>Z;?Å=BaF�b¼5�>�HZ7�b¼;¾Fh>�b¼<Q;,5 ;¾FhBA< � BiF&« Fq4�<?798 HwT <oFq7 �&;=8¾F?«�<?8G`wB�T gn49@aHI<n8,�©<�HI<QBiF � <?7@ABABD< <o`k;
BiF�`�5��©� <)HI<QBiF�b¼5 >�HI7�bc;¾Fq>Êb¼<C`�;,5��/Fq;,@iÀ^7<�� BiF « Fh46<n798)HµT <hFh7+<n;)HI<QBiF�b¼5 >�HI7�bc;¾Fq>Êb¼<
b¼79;,@ib¼79BiFq@A8=<Cd

g∗

s = 1.6 g∗

sc + gc
Á=È�° ���^Ä

����� ��� �1yQ{9y � ��	9{��	�Iy 	 � 
 s�
�z � 	{9u ��� ��� 
�{��	�CzVu 
�z�� 
��

�2& ��"5�!��
 ��
�� ����#)�!&�� � # ��� &.�������	��
� ��� � ���

\ <e�©5ZHZm?BA<3HI<Jº�F�b¼5 :�`�Á,Èn��� Æ ÄV`k@D�"79BD<�B�T F�`=`k@A� @ABaFh;,@D5�>©>9<n;,;,<3HI<¯bnFq8,:�5 >9<¯HwT 7>�b¼5 79«�<?8,;C:@A<?>
FhBA@D�©<?>Z;,g)<?>e<oFq7]° p 5�798)48,<?>�HZ8,<C<?>¯b¼5 �©49;=< BD<�`k;=8,<h`=` lI®HI8=@aÀ�79<CHI7¯`�5�BÂÅ M FqBD«�<?; ��� ��
�ZÁ,È?� ��;�Ä)5�>Z;
`�@A�©4BA<?�¯<?>Z;)�"7BA;,@D49BA@Dg&BiFeb¼5�>�HZ7�b¼;¾Fh>�b¼<��©gh`�5�49lZ®ZBABA@D<?>9>9<C>5�>�`�;,8=<h`,`�g?<�4�Fq8CBÂT @A>ÊHI@ab¼<VHwT lI79� @aHI@D;,g
HZ7�`�5�B
d

θ =
wp − wwilt

wfc − wwilt

Á=È�° Ç��^Ä

wp
<h`k;
BA<�bc5�>Z;,<?>Z7©<?>©<oFq7$HI7$`k5 B]HI<�BaF�(?5�><+8GF�b¼@D>�Fq@D8,<�Å wwilt

<h`�;&BD<�b¼5�>Z;,<n>I7©<n>©<hFq7$HI7$`�5�B
Fh7�4�5�@D>I;�HZ< �Êg?;,8=@a`,`�<?�©<?>Z;Q<?; wfc

<o`k;CBA<�b¼5�>Z;,<?>Z71<?>1<hFq7$HI7 `k5 B���BiFeb?Fq4�F b¼@A;=g3Fq7$b lÊFq�©4]°

gm = θg∗

m
Á=È�° ÇIÈqÄ

gm
8,<n�©49BaF b¼<VFqBA5 8¾` g∗

m
H9Fq>�`CBA<o` ghÀ�7�Fq;=@A5 >�`+È °AÈnÉIÅ]È�° ���ZÅ È ° ��Ée<?;�È ° ��:Z°



��� ������� �!�!"5# ���!��
 ��& " �!
��&(��#)�����!��
�" "5���,+-#)�.& �.�
����!
�&(
��# ��& 0*#(��3%�"$4�6�7 ��&

K Fq>�`¯b¼<?;=;,<1«�<?8¾`�@A5 >�HI7t`�;,8=<h`,`cÅ)BaF�« FqBD<?798¯HI7�4�Fq8GFq�©m?;=8,< D∗

max
<h`�;¯b¼5�>Ê`k;¾Fh>I;=<�<?; � ¸ g?< �

45 g kg−1 ° f0
«�Fh79; 0.85 465 798�BA<h`&49BiFq>Z;,<h`CHZ<+;�®Z4�< C3

<?; 0.5 4�5�798�BA<o` 49BiFq>Z;,<h`CHI<�;�®Z46< C4
°

� ��� � &(���!& 4�# �8# 3 �.�����!"5# ���!��
 4 ���� �!& " 6�&(� ��#)�.�(& " � � #)��� & � � � � � � �
M FhBA«�<?;�ÁÂ����� �^Ä
F��©@i` <?>¯g?«I@iHI<?>�bc<C79>9<�8,g?4�5�>Ê`k<�:�<hFh7�b¼5�74©49BA7Ê`&b¼5 �©49BA< ¸ <�HI<�BiF�«�g?E�g?;GFq;=@A5�>

Fq7�`k;=8,<h`=`�lI®HI8,@iÀ^7<©HI7�`�5�BC4�5�798¯BA<o`+l9<?8=:�F�bcg?<h`¼Å���4�Fq8=;,@D8eHwT 79>9<©�©gn;¾Fo»½Fq>ÊFqBA®`k</HI<1HI@ ¿wgn8,<?>Z;¾`
¬,<?7 ¸ HZ<©HI5 >9>9g?<o`¼° \ F18,g?4�5�>Ê`k< HI<"BiF©b¼5 >�HI7�b¼;GFq>�bc<©`�;,5��/Fq;,@iÀ^7< �©B�T lI79� @aHI@D;,g�HI<¯B�T Fq@D8�HIg?4�<?>�H
HI7�`k;,8=<h`,`�lZ®HI8,@iÀ^79</HI7�`k5�BÂ° K <?7 ¸ `k;,8GFq;=g?E�@D<h`�4�<?79«�<?>Z; 	?;=8,<1HZ@a`k;=@A>9E 79g?<h`e`�79@A« Fh>I;eBD<h`+<h`�4�mhb¼<h`
Á «�5�@D8 ��E�78,<£È�° Ç^Ä¾° \ F£498,<?� @Am?8=<e<h`k;¯79>9<$`k;=8¾Fh;,g?E @A<$HwT gn«I@D;,<?�©<n>�;�HZ7_`�;,8=<h`,`e4�Fq8¯8,goHI7�b¼;=@A5�>�HI<
B�T gn«�Fh4�5�8¾Fh;,@D5�>]Å FqBA5 8¾`eÀ�79<©BiF�HI<?7 ¸ @Dm?�©<e<h`�;�79>9</`k;,8GFq;=g?E�@D<�HZ<©;,5 BAg?8GFq>�b¼</Fq7�`k;=8,<h`=`¼Å E 8 � b¼<©4�Fh8
< ¸ <n�©49BA< �e79>$`k®`k;=m?�©<�8GF�b¼@D>�Fq@D8,<�HZg?«�<?BA5 494�g�5�7 ��7>�bc®9b¼BD<�«�g?E g?;¾Fh;,@ � bc5�798=;?°

� ����� È�° Ç � Y b¾l9g?�/Fq;,@i`,Fh;,@A5 >$HI<h`�HI<?7 ¸ ;�®I4�<h`�HI<J`k;,8GFq;=g?E�@D<¯H9Fq>�`�BA<3b?F�`VHI<h`�l9<n8,:�F b¼g?<h`�Á ;,@A8=geHI<
M FqBA«�<n;?Å)� ��� �^Ä¾° \ F[`�;,8¾Fh;,g?E @A<$HIg&� <n>�`k@D«�<©b¼5 8,8=<h`k4�5�>ÊH���79>_g?«Z@A;=<?�©<?>Z;�HI7�`�;,8,<o`,`¼ÅQBaF�`�;,8GFq;,gnE�@A<
5q¿µ<?>�`�@A«�<3b¼5�8=8,<h`�4�5�>�H���79>9<�;=5�BDg?8¾Fh>�b¼<�Fh7�`k;=8,<h`=`¼°

•
O >1b¼5�>ÊHI@A;=@A5�>Ê` >95 >1`k;=8,<h`=`kg?<h`�Á θ = 1 Ä¾Å M FqBD«�<?;�ÁÂ��� ���^Ä
F�5�:9;=<?>Z7©79>9<�8=<?BaFh;,@D5�>$Á @A>Z;,<n8¾`k4�g¼»

b¼@ �µÀ�79<�<n;C@A>Z;,8¾F `k4�ghb¼@'�µÀ�79<�Ä)8=<?BA@iFq>Z; g∗

m
<?; D∗

max
°

p 5�798CBD<h`&l9<?8=:�F�bcg?<h`CHI<�;�®I4�< C3
Å ln(g∗

m) = 2.381 − 0.6103 ln(D∗

max)p 5�798CBD<h`&49BiFq>Z;,<h`CHI<�;�®Z46< C4
Å ln(g∗

m) = 5.323 − 0.8929 ln(D∗

max)Fo«�<ob g∗

m
<?> mm s−1 <?; D∗

max
<n> g kg−1 °

Á,È�° Ç���Ä

•
O >£b¼5 >�HI@D;,@A5 >£HI<¯`k;=8,<h`=`��©5ZHIgn8,g©Á θ `k746gn8,@A<n798��"79>£`�<?79@DBQb¼8,@D;,@iÀ^79< θc

Ä¾ÅµHI<?7 ¸ 8,gn465 >�`k<o`
HI@ ¿µg?8=<?>I;=<h`�4�<?79«�<?>Z;¯`k78,«�<?>9@D8?° Dmax

Fq79E �©<?>Z;,<1;¾Fh>�HI@a`¯À�79< gm
HI@A�©@D>I7<©H9Fh>�`"BD<�bnF�`©HI<$BaF
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`�;,8GFq;,gnE�@A<£HZ<�;,5 BAg?8GFq>�bc<�Fq7 `k;=8,<h`=`¼ÅQ4�<?8,�©<n;,;¾Fh>I;¯HZ<��1Fq@D>I;=<?>9@A8379>t>9@D«�<hFq7�HI<�49l95 ;,5�`�®I>Z;,lmh`k<
@D�©4�5�8=;¾Fq>Z;?ÅF�b?bc5��©4�FhE�>9gn<�HwT 7>¥;GFq7 ¸ HI<�;=8¾Fq>Ê`k49@D8¾Fq;=@A5 >�g?BD<?«�g�°

Dmax = DX
max + (D∗

max − DX
max)

θ − θc

1 − θc
, θ ≥ θc

Á=È�° Ç�Ç^Ä

5�
 DX
max

<o`k;CBaF�« FhBA<?798C�/F ¸ @A�1FhBA<�HI< Dmax
Å�� ¸ g?<�� 400 g kg−1 °

Dmax
HI@A�©@D>I7<)<?; gm

Fq79E �©<?>Z;,<
H9Fh>�` BD<
b?F�`)HZ< BiF�`�;,8GFq;,gnE�@A<
HwT g?«Z@A;,<n�©<?>Z;wHZ7e`k;=8,<h`=`¼Å?4�<?8=�©<?;k»
;GFq>Z;CHI<�8,gnE�79BD<?8QBaF�4�<?8,;=<�<?>¯<hFq71HZ<�BiF+49BiFq>Z;,<�;,5�7;&<?> Fq79E �©<?>Z;¾Fh>I;
`,F3b?Fq4ÊF�b¼@D;,gVHwT F `,`k@D�©@ABiFq;=@A5�>
4l95�;=5�`k®Z>Z;,l9g?;=@aÀ�79<�°

Dmax = DN
max + (D∗

max − DN
max)

θ − θc

1 − θc

, θ ≥ θc
Á=È�° Ç Æ Ä

5�
 DN
max

<o`k;CBaF�« FhBA<?798C� @A>9@D�©FhBA<�HI< Dmax
Å � ¸ g?< � 45 g kg−1 °

p 5 798Vb¼<h`C«�FhBA<?78¾`&@A>Z;,<n8,�©ghHZ@aFq@D8,<h`QHI<3b¼5 >I;=<?>Z7�<?>1<hFh7�HI7 `k5�BÂÅ gm
<?; Dmax

`�5�>Z;�BD@Agh`&4ÊFq8�BaF
� 	?�©<C8,<nBaFq;=@A5 >�À�7]T <?>1b¼5 >�HI@A;=@A5 >�`&>95�> `k;=8,<h`=`kg?<h`�d

p 5�798CBD<h`&l9<?8=:�F�b¼gn<h`CHI<�;�®I4�< C3
Å ln(gm) = 2.381 − 0.6103 ln(Dmax)p 5�798CBD<h`&49BaFh>I;=<h`CHI<�;�®I4�< C4

Å ln(gm) = 5.323 − 0.8929 ln(Dmax)F?«�<hb g∗

m
<n> mm s−1 <?; D∗

max
<?> g kg−1 °

Á=È�° Ç�É^Ä

•
O >�b¼5�>�HZ@A;,@D5�>�HI<£`�;,8=<h`,`©lZ®9HI8=@aÀ�79<�HZ7�`k5�B�49BD7�`"498=5�>95 >�b¼g�Á θ @D>�� g?8=@A<?798 � θc

Ä¾Å DmaxHZ@A�©@D>I79<�;¾Fh>�HI@i`CÀ^79< gm
8,<o`k;,<3b¼5 >�`k;GFq>Z;�H9Fq>Ê` BD<�bnF�`CHI<�BaF¯`k;=8¾Fh;,g?E @A<3HI<�;,5 BAg?8GFq>�b¼<�Fq7�`�;,8=<h`,`c°

Dmax = DX
max

θ

θc
, θ < θc

Á=È�° Ç�:^Ä
W >Z«�<?8¾`�<?�©<?>Z;cÅ gm

HI@D�©@A>Z79<)<?; Dmax
8=<h`k;=<Cb¼5 >�`k;GFq>Z;&HFq>�`)BA<�b?F�`QHI<CBiF�`k;=8¾Fh;,g?E @A<�HwT g?«I@D;,<?�¯<?>Z;

HZ7�`�;,8=<h`,`c°

gm = gX
m

θ

θc
, θ < θc

Á=È�° Ç^��Ä

gX
m

<h`�;CBaFe« FqBA<n798�HI< gm
BA5 8¾`=À^79< Dmax = DN

max
°

� ��� � &(���!& 4�#)��#)3%�.������"$# ���!�
 4 ����� �!& " �!� � 
�& �  � � # ��� &.����� � � 
� � � ��% �
K Fh>�` BD<�bnF�`QHI<h`QBA@AE >9<?7 ¸ Å M FqBA«�<n;���� ��
�Á�� ��� Æ ÄQ5�>Z;
Fq7�`=`k@w@iHI<?>Z;,@'��gCHI<n7 ¸ `k;=8¾Fq;=g?E�@D<h`¼ÅZ`�79@A« Fq>Z;

BD<h`&« Fq8=@aFq;=@A5 >�`�HZ< gm
<?; f0

F?«�<hb θ Á «�5�@D8$��E 798,< È�° Æ Ä¾°
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� ����� È ° Æ � Y b¾l9g?�/Fq;,@i`,Fh;,@A5 >[HZ<h`eHI<?7 ¸ ;�®I4�<h`eHZ<1`k;=8¾Fq;=g?E�@D<$H9Fq>�`�BD<1b?F `eHI<h`�BA@DE�>9<n7 ¸ Á ;,@D8,g1HI<
M FqBA«�<n; ��� ��
� Å�� ��� Æ Ä¾° \ F�`k;=8¾Fq;=g?E�@D<
HIg&� <?>�`�@A«�<Qbc5�8,8=<h`k4�5 >�H � 7>�g?«Z@A;=<?�©<?>Z;µHI7e`�;,8,<o`,`¼Å?BiF�`�;,8GFq;,gnE�@A<
5q¿µ<?>�`�@A«�<3b¼5�8=8,<h`�4�5�>�H���79>9<�;=5�BDg?8¾Fh>�b¼<�Fh7�`k;=8,<h`=`¼°

•
O > b¼5�>ÊHI@A;=@A5�>Ê`&>95�> `k;,8=<h`,`�g?<h`�Á θ = 1 Ä¾Å9@DBa`&5�>Z;�5�:9;=<?>I7179><�8,<nBaFq;=@A5 >�Á @A>Z;,<?8G`k4�ghb¼@'�µÀ�79<�<n;

@A>Z;,8¾F `k4�ghb¼@'�µÀ�79<�Ä)8=<?BA@iFq>Z; g∗

m
<?; f∗

0
d

ln(g∗

m) = 4.7 − 7f∗

0
Å Fo«�<ob g∗

m
<?> mm s−1 ° Á,È�° Ç�;�Ä

•
O >tbc5�>�HI@D;,@D5�>tHZ<�`�;,8=<h`,`"� 5ZHIg?8,g£Á θ `�794�g?8,@D<?798 � θc

Ä¾ÅQHZ<?7 ¸ 8,g?4�5 >�`k<h`¯`k5 >I; �©@a`�<h`+<?>
g?«I@iHI<?>�bc<�°

gm
HI@D�©@A>Z79<�<?; f0

8=<h`k;=<3b¼5�>�`�;¾Fh>I;VH9Fq>Ê` BD<�b?F�`�HI<�BaFe`�;,8GFq;,gnE�@A<3HI<�;=5�BAgn8¾Fq>Êb¼<3Fq7�`�;,8=<h`,`c°

gm = g∗

m − (g∗

m − gN
m)

1 − θ

1 − θc

Á,È�° Ç���Ä

gN
m

<o`k;CBaF�« FhBA<?798�HZ< gm
5 :9;,<?>Z79<�4�Fh8�BÂT ghÀ�7�Fq;=@A5 >�È�° Æ �¯Fo«�<ob f0 = f∗

0
°

W >Z«�<?8¾`�<?�©<?>�;nÅ gm
8=<h`k;=<¯b¼5�>�`�;¾Fh>I;�<?; f0

HI@A�©@D>I7<�HFq>�`�BA<¯bnF�`�HI<eBaF `k;,8GFq;=g?E�@D<¯HwT g?«Z@A;=<?�©<?>Z;
HI7$`k;,8=<h`,`c°

f0 = f∗

0 − (f∗

0 − fN
0 )

1 − θ

1 − θc

Á,È�° Æ ��Ä

fN
0

<h`k;CBiF�« FhBA<?798�HZ< f0
5 :9;,<n>I79<V4�Fq8�B�T ghÀ^7ÊFq;,@D5�>�È ° Æ �"F?«�<hb gm = g∗

m
°

•
O >$b¼5�>�HZ@A;,@D5�>$HI<3`k;=8,<h`=`&lI®HI8=@aÀ�79<�HI7$`k5 B]�1Fq8GÀ^7geÁ θ @D>�� g?8,@D<?798 � θc

ÄGÅ gm
HI@D�©@A>Z79<C<?; f0Fq79E �©<?>Z;,<�F?«�<hb�BiFeHI@A� @A>Z79;,@D5�> HI< θ °
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gm = gC
m

θ

θc

Á=È�° Æ ÈqÄ

gC
m

<h`k;�BiF¥« FqBD<?7983HI< gm
BD5�8¾`=À^7< θ = θc

Å�b�T <h`k; �1HI@A8=< gN
m

H9Fh>�`+BD<©bnF�`�HZ<"BiF¥`�;,8GFq;,gnE�@A< HI<
;=5�BDg?8¾Fh>�b¼<3Fq7$`k;=8,<h`=` <n; g∗

m
HFq>�`CBA<�bnF�`�HI<�BaFe`k;=8¾Fh;,g?E @A<3HwT gn«I@D;,<?�©<n>�;&HZ7�`�;,8=<h`,`c°

f0
<?; gm

`�5�>Z;�FhBA5�8G`&BA@Dgh`&4�Fq8CBiF�8,<?BiFq;=@A5�>$`�79@A« Fq>Z;,<¯d

ln(gm) = 2.8 − 7f0
Å¤Fo«�<ob g∗

m
<?> mm s−1 ° Á=È�° Æ �^Ä

K Fh>�`+BiF">95 79«�<?BABD<�«�<?8G`k@D5�>£HI7£`�;,8,<o`,`eÁ l9<n8,:�F b¼g?<h`�<n;�BA@DE�>9<?7 ¸ ÄGÅ6BD<h`�« FqBD<?798¾`VHI<h`�4�Fq8GFq�©mn;,8,<o`
D∗

max
<?; f∗

0
`k5�>Z;3HIghHI7@A;,<o`�HI<o`�« FhBA<?798G`�HI< g∗

m(25) Å]HZg?;,<?8=�©@A>g?<h`CFq7£b¾l�Fh49@A;=8,<¯�"4�5�78eb¾l�F�À�79<
;�®Z4�<¯HI<e«�g?E�gn;¾Fq;=@A5 >�79;=@ABA@i`kg �"B�T ghb l<?BABD<�E�BD5�:�FhBA<�° K <e49BA7�`cÅ]HI<?7 ¸ Fh79;,8=<h`�>95�7«�<hFq7 ¸ 4�Fq8GFq�©mn;,8,<o`
HZ5�@A«�<n>I; 	?;=8,<�498=<h`,bc8,@A;G`�dZBaFe`k;=8¾Fh;,g?E @A<�HI<V8,g?4�5�>Ê`k<3Fq7$`k;=8,<h`=`¼Å9<?;
BA<V`k<?7@AB]HµT lZ79�©@aHZ@A;,g�b¼8,@D;,@iÀ^79< θc

°
M <?;=;,<�4ÊFq8¾Fh�©g?;=8,@a`=Fq;=@A5�> HI71`�;,8=<h`,`QlI®HI8,@iÀ^7<�HI7/`k5�B Á M FhBA«�<?;nÅI� ��� ��� M FqBD«�<?; ���	��
� ÅZ� ��� Æ Ä&<o`k;

7;,@ABD@a`�g?<�4�Fh8�HIg&�ÂFq7;�F?«�<hb�BÂT 5 49;,@D5�> � ² (?5�;=< � °

����� ��� �1y����Zy�� u 
�u �=y �cu]z �	� �=u_yQz���
Qz �
u]{ 	

\ <e�©5ZHZ79BA<JHI<�49l5�;,5j`k®Z>I;=l9mh`�<¯b?FqBib¼79BA<�BÂT F�`=`k@D�©@ABiFq;,@D5�>1>9<?;=;,<3<?;�BiF©b¼5 >�HI7�b¼;GFq>�bc< �"BÂT ghb¾l9<?BDBA<
HZ<�BaF � <?79@ABDBA<�° ² ��> HI<¯b?FqBib¼79BD<?8�b¼<h`CE�8GFq>�HI<n798¾`��"BÂT ghb¾l9<?BDBA<VHI<�BiF©b?Fq>5�4�g?<�Å�5�>£`�79494�5�`�<©À�79<�BD<h`
« Fh8,@aFh:9BA<o` Ts

Å Ds
<?; Cs

>9<�« Fq8=@A<?>Z;&4�F ` ��B�T @A>Z;,g?8=@A<?798HI71b¼5 79«�<?8,;n° O BABD<h`Q`k5 >I;�b?FhBab¼7BAg?<h`���4�Fh8,;=@A8
HZ<eBA<?798G`�« FqBD<?798¾`��©79>�>9@D«�<hFq7£HZ<e8,g&� g?8=<?>�b¼<jÅ�HI<"BiF"8,go`k@a`�;¾Fh>�b¼<¯Fqgn8,5ZHI®Z>�Fq� @aÀ�79< ra

<?;�HI<o` �Ê7 ¸
HZ< MCL

2
<?;�HI<�« Fh46<n798�HµT <hFh7�bnFqBabc79BAgh`Q4�Fq8 W,YZ¹C² Á M FqBD«�<?; ���	��
 � Å]È?��� ;^ÄG° K <�49BD7�`¼Å�F ��>�HZ<+;=<?>9@D8

bc5��©49;=<�HZ<+BÂT @D>I;=<?8¾b¼<n49;,@D5�>¯HI718¾F?®�5 >9>9<?�©<n>I;Q4�Fh8CBA<h`$� <?7@ABABD<h`)BA<h`Q49BA7Ê`&l�Fq79;=<h`¼Å9BÂT @D>I;=g?E�8GFq;,@D5�>1`�798
BD<�b¼5 79«�<?8,;Q;=@A<?>Z;
b¼5��©4;,<VHwT 79> ;,<?8=�©<�HµT < ¸ ;,@D>�b¼;,@D5�>¯HI718GFo®�5 >9>9<?� <?>I; <?> � 5�>Êb¼;,@D5�>1HI<VB�T FhBA;=@A;,7ÊHI<
z °

AnC =
LAI

h

∫ h

0
Andz Á,È�° Æ Ç�Ä

gC =
LAI

h

∫ h

0
gsdz Á,È�° Æ�Æ Ä

l�<h`k;eBiF�l�Fq79;=<?798 HI7�b¼5�7«�<?8,; � An
<?; gs

`k5 >I;¯bnFqBabc79BAgh` � BiF�l�Fq7;,<?798 (�Å�<?> � 5�>�b¼;=@A5 >tHI7
8GF?®�5�>9>9<n�©<?>Z;C8,< �¼7 Ia(z) Å]À�79@QHZg?4�<?>�H£HI7�8¾F?®�5�>>9<?�©<?>Z;VFq7�`k5�� �©<?;�HI<¯BaF"«�gnE�g?;GFq;,@D5�>�<?;3HI7
bc5�< 
1bc@A<?>Z;CHwT < ¸ ;,@A>Êb¼;,@D5�> ¶�Á (�Ä�Á R 5�7o¬,<hFq>]Å]Èn��� :^Ä¾°

Ia(z) = Ia(h) (1 − K(z)) Á,È ° Æ É^Ä
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F?«�<hb Ia(h) = 0.48Rg
°

\ < ��7 ¸ HI<�8,<h`�49@A8GFq;,@D5�> ��B�T 5�:�`=b¼798=@A;,g
>9<�HIg?4�<?>ÊH�4�F `QHI7"8GF?®�5�>9>9<n�©<?>Z;?Å?<?;)BD<���7 ¸ ��BÂT ghb¾l9<?BDBA<
HI<QBaF$� <?79@DBABD< <h`�;�`k@D�©49BA<n�"<?>Z;9�¯79BA;=@A49BD@ g]4�Fq8]BD< \µ²VW 4�5 798)bnFqBabc79BA<?8µBA< �Ê7 ¸ @A>Z;,gnE�8,g`k798�BaFCb?Fh>95�4�g?<�d

RdC = LAIRd
Á,È�° Æ :�Ä

����� ��� x3u ��
 
�z �=u 
�u �µ{�
�� � �IyQs �µutu�	 
�u ��
Q{ 	y�� � 	��

� & ��"5�!��
 ��
�� ����# ��&�� � #)��� &.����� �	� 
 � � � � ���

p 5�798 b?FqBib¼79BA<n8"BD< \µ²�W HI<��/Fq>9@Dm?8,<$@A>Z;,<?8GF�b¼;=@A«�<�Å)BiF¢À�7�Fh>I;=@A;,g�HI<�b?Fq8=:�5�>9<�F `,`�@A�©@DBAg?<14�Fh8
49l95�;=5�`�®I>Z;,l9mo`k<e<h`�;�;=8¾Fq>Ê` � 5�8=�©g?<3<?>�:9@D5��1F `,`�<�4�Fh8�79>��©5ZHI7BA<3À^7@)`�@A�¯79BA<�BiF©b¼8=5�@a`=`,Fh>�b¼<e<?;�BaF
�©5�8=;¾FqBD@A;=gQHI<QBaF&«�g?E g?;¾Fh;,@D5�>]° W B�>]T ®�F 4ÊF�`�HI<Q4�Fq8GFq�©g?;=8,@i`,Fq;=@A5 >�HZ< BiF 4l9g?>95 BA5�E @A<�Å?BiF�bc8,5�@i`,`=Fq>�b¼<
HI<
BaF�«�g?E�gn;¾Fq;=@A5 >¯HIg?�1Fh8,8,<�HImh`QÀ�79<CBA<h` b¼5�>�HZ@A;,@D5�>�`QHI<n«I@D<?>9>9<?>Z;
�ÂFo«�5 8¾Fh:9BA<h`)4�5�78 BiF�49l95�;=5�`�®I>Z;,l9mo`k<�°

K Fq>�`©BaF£«�<?8¾`�@A5�>�@A>9@D;,@iFqBA<$HI7t� 5ZHIm?BA<�Á M FhBA«�<?; ��� ��
 � Å�È?� ��;^ÄGÅC79>�`k<?7B�b¼5 �©4�Fh8,;,@D�©<?>Z;eHI<
:9@A5 �1F�`=`k< ¹ Á�HI@D;,<Q:9@D5��1F `,`k<
F b¼;,@D«�<�Ä9<h`�;�b¼5�>Ê`k@aHZg?8,g�° Y 5�>3g?«�5�BD79;,@D5�>�<h`�;�b?FqBib¼79BAgn<)79>9< � 5�@i` 4ÊFq8Z¬,5�78
Á ∆t = 1j) ° M < b¼5 �©4�Fq8=;,@D�©<?>Z;&<h`�;�FhBA@D�©<?>Z;,g�4�Fh8�BA<¯b¼79�¯79B À^75�;,@iHI@A<n>�HI7 ��7 ¸ HwT F�`=`k@A� @ABaFh;,@D5�>
>9<?;,;=<3b?FqBib¼79BAg�4�Fh8�BD<+� 5ZHI79BA<�HI<�49l95�;=5�`�®I>Z;,l9mo`k<�Å ∆B+ Å9<?> kg m−2 °

∆B+ = 10−6 MC

Pc MCO2

AnC∆t Á,È�° Æ � Ä

F?«�<hb Pc
BaFe498,5 465 8,;=@A5�> HI<ebnFq8,:�5 >9<eH9Fh>�`CBaF��1Fh;,@Amn8,<V`kmhb¾l9<�Åb¼5�>�`�@aHIgn8,g?<3b¼5 >�`k;GFq>Z;,<�<?;Cg?EjFqBA<

� 40% ÅQ<?; MC
<?; MCO2

BA<h`e�1F�`=`k<h`e�©5 BaFq@D8,<h`eHZ7tb?Fh8,:�5�>9<�<n;©HI7 MCL
2
Á 12 <?; 44 g mol−1

8,<h`�46<ob¼;,@D«�<?�©<c>I;cÄ¾°
\ F1:9@A5 �1F�`=`k< HI@A� @A>Z79<e`�5�7�`�B�T <c¿w<n;�HZ<"BiF/� 5�8,;GFqBD@A;,g1ÁÂ`k;=8,<h`=`�lZ®HI8,@iÀ^79<jÅw�1FqBiF�HI@D<h`¼Å�498=g?BAm?«�<c»

�©<?>Z;¾`)4�Fq8�BA<o`CFq>9@D�1Fq7 ¸ Å � E�<�Ä
`�79@A« Fh>I;CBD<+;=<?8,� < ∆B− Å9<?> kg m−2 d

∆B− = B (1 − e
−

∆t
τBL ) Á,È�° Æ ;�Ä

F?«�<hb
τBL

= τM
Anfm

An,max

Á,È�° Æ ��Ä

τM
<h`k; B�T <o`k4�g?8¾Fh>�b¼<�HI<C«I@D<&�1F ¸ @D�1FqBD<QHI<h` � <?7@ABABD<h`¼Å Anfm

<o`k;)BÂT F�`=`k@D�©@ABiFq;,@D5�>�>9<?;=;,<
�1F ¸ @A�1FhBA<
`k@A�¯79BDg?< BD5�8G`)HI<QBaF)¬,5 798,>g?<&498=ghb¼ghHZ<?>I;=<�Å¾<?; An,max

<h`k;�B�T F�`=`k@A� @ABaFh;,@D5�>�� 5 BA@aFh@A8=< 5 49;,@D�1FqBD<�Å¼5 :9;,<n>I79<
BA5�8G`,À�79< Ds = 0 g kg−1 Å Ia(h) = 500Wm−2 Å Ts = 25◦

M 4�5 798CBA<h`)49BiFq>Z;,<h`)<?> C3
<n; Ts = 35◦

M
465 798�BA<h`&49BiFq>Z;,<h`&<n> C4

° τM
HIg?4�<?>ÊH¥HZ7�;�®I4�<3HI<�«�g?E g?;¾Fh;,@A5 >�Á «�5 @A8C;GFq:9BD<hFq7$�¯HI<�B�T Fh>9>9< ¸ < ² ÄG°
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B(t + ∆t) = B(t) + ∆B+ − ∆B− Á=È�° É��^Ä
\ < \µ²�W <o`k;&<n>�`k79@D;,<�`�@A�©4BA<?�¯<?>Z; 5 :9;,<?>Z7©<?>/`k79494�5j`,Fq>Z;CBA<V8¾Fq4465 8,;C<?>Z;,8=<�BiF+:9@D5��1F `,`�<�<?;&BD<

\µ²VW b¼5 >�`k;GFq>Z;�d

αB =
B

LAI
Á=È�° ÉIÈqÄ

αB
HIg?4�<?>ÊH�HI7$;k®Z4�<3HI<�«�g?E g?;¾Fh;,@D5�>]° \ <h`C« FqBD<?798¾`�F�bc;,79<?BDBA<?� <¼>Z;Q79;,@DBA@a`�g?<h`
`k5�>Z;�BA@a`�;,g?<o`CH9Fq>�`

BD<�;¾Fq:BA<hFh7�È ° �Z°
N ®Z4�<�HZ<+«�gnE�g?;GFq;,@D5�> αB(kg/m2)M 79BA;=798,<o` C3

�I° ��:
M 79BA;=798,<o` C4

�I° ��:
± <?8=:�F�b¼gn<h` ;=<?�©4�g?8,gn<h` C3

�I° ��;
± <?8=:�F�b¼gn<h` ;=8,5�4@ab?FhBA<h` C4

�I° ��;
M 5�>9@'� m?8,<o` �I° É
Ã9<?79@ABDBA7�`)4�<?8G`k@a`�;¾Fh>I;G` �I° ��É
Ã9<?79@ABDBA7�`QHIgob¼@aHI7Ê` �I°AÈn��É

� � � � È�° � � X FhBA<?798G`CHI< αB
`k79@D«�Fh>I;CBD<�;�®I4�<3HI<�«�g?E g?;¾Fh;,@A5 >]°

\ <�b?FhBab¼7B�@A>Z;,<?8GF�b¼;=@ �ÊHI7 \µ²�W ��4�Fh8,;=@A8 HI7e�©5ZHI79BD<
HI<Cb¼8=5�@i`,`,Fh>�b¼<C<?; HI<
�©5�8=;¾FqBD@A;=g >ghb¼<h`=`k@A;=<QBaF
48,<h`=b¼8,@D49;,@D5�>1HwT 79>14�Fq8GFq�©mn;,8,<�`k79494BAg?�©<n>I;GFq@A8=<�dIBD< \µ²VW � @A>9@D�e79��Å >95�;=g LAImin

ÅÀ^79@µ4�<?8,�©<n;
��BiF+49BiFq>Z;,<�HZ<+8=<hb¼5 �©�©<c>�b¼<?8��eF�`=`k@A� @ABA<n8&HZ71b?Fq8=:�5�>9<�BA5 8¾`=À^79<�BD<h`&b¼5 >�HI@D;,@A5 >�`&Fh;,�©5j`k49lg?8,@iÀ^79<o`
8=<hHI<?«Z@A<n>9>9<?>Z; �ÂF?«�5�8GFq:9BD<h`
��BiF&49l95�;=5�`�®I>Z;,l9mo`k<�° \ <h`]«�FhBA<?78¾`�HI<Cb¼<Q4�Fh8¾Fh�©m?;,8=<Q79;,@DBA@a`�g?<h` � BÂT ghb¾l9<?BDBA<
E BA5 :�FqBD<�`�5�>Z;�HZ5�>9>9gn<h`CH9Fq>Ê` BD<+;GFq:9BD<hFq7$�¯HI<�B�T Fq>9>9< ¸ < ² °

�2& ��"5�!��
 ���� � ��
�#)�!&1��& �#� �4����!��
 � ���.�)��& � � � # ��� &.�'& ��� ����"5"$#)
�# � � � ��� �

\ F£HI<?8=>9@Am?8=<©«�<?8G`k@A5 >�HI7��©5ZHImnBA< W,YZ¹C² » A » gs
Á M FqBD«�<?;e<?; Y 5�7�`=`,Fq>ÊFIÅC� ���IÈhÄe`�@A�¯79BA<¯BaF�HZg¼»

4�<?>ÊH9Fq>�bc<©HI< αB
�¯B�T F (?5�;=< � 5�BD@aFq@D8,<3<?;�Fq7�b¼BD@A�1Fh;?° O BABD<�<h`�;+:ÊF�`kgn<¯`k798�79>£�©5ZHIm?BD<3HI<©HZ@ABA7;,@A5 >

HZ<+BÂT F (?5�;=<"Á \ <?�1Fh@A8,<V<?; · F�`k;GFqBÂÅ Èn���^� Ä�d�BaFeb¼5 >�b¼<?>Z;,8GFq;,@D5�>1<?> F (?5 ;,<3HI<�BiF�49BaFh>I;=< NT
HI@D�©@A>Z79<

BD5�8G`,À�79<�BaF�:9@D5��1F `,`k<3Fhg?8,@D<?>9>9< BT
Fq7E��©<?>Z;,<j°

\ <
>95�79«�<oFq7�� 5ZHIm?BA<`k@A�¯79BD< BÂT g?«�5 BA79;=@A5�>�HI<&;=8,5�@i` bc5��©4�Fh8,;=@A�©<c>I;G`�HI<&:9@D5��1F `,`�<�d?BiF :@A5��/F�`,`�<
F b¼;,@D«�< B ÅwBaF1:9@A5 �1F�`=`k<¯HI< `k;=8,7�bc;,798=<©Fhg?8,@D<?>9>9< Bs

Å]<?;�BaF©:9@A5 �1F�`=`k< HI< `k;,8=7�b¼;=798,< `k5 79;,<?8=8¾Fh@A>9<
Bs2

°
\ <3�©5ZHIm?BD<�HI<3HI@DBA79;=@A5 >�HZ<+BÂT F (?5�;=<�b¼5�>ÊHI79@A; �eB�T ghÀ�7�Fq;=@A5�>/`k79@D«�Fh>I;=<¯d
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BT =
(

B

c

)

1

1−a Á,È�° É���Ä

BT
<h`�;CBaF�:9@D5��1F `,`k<3Fhg?8,@D<?>9>9<�;=5�;GFqBA<¯d

BT = B + Bs
Á,È�° É�Ç�Ä

a <n; c `k5 >I;�HI<h`C4�Fq8GFq�©m?;=8,<h`Cbc5�>�`�;¾Fq>Z;¾`3d a = 0.38 �¯BaF¯b¼5�>�bc<?>I;=8¾Fh;,@D5�>�Fh�":@aFq>Z;,<V<?> MCL
2
Å

a = 0.52 465 798�79>9<3b¼5�>Êb¼<?>Z;,8¾Fh;,@D5�>1<?> MCL
2
HI< 700 ppm Å9<?; c = 0.754 °

\ <V�©5ZHIm?BD<&79;=@ABA@i`k<C79><�ghÀ�7�Fq;=@A5�> HI< � <?8,� <?;,798=<CHIgoHI79@A;=<�HZ<�BiF�:�5 >9>9<�b¼5 8,8=g?BaFh;,@A5 >©À�79@�< ¸ @a`�;,<
<?>I;=8,<eBD< \µ²�R Á \ <hF � ² 8,<oF R Fq;=@A5Å `�798#�ÂF b¼< HI< � <n79@ABDBA<�4ÊFq8�7>9@A;=g¯HI<":@A5��/F�`,`�<©Fhg?8,@D<?>9>9< ÄC<?;�BaF
b¼5�>�bc<?>I;=8¾Fh;,@A5 >1<?>$F (?5 ;,<3H9Fq>Ê` BiF�:9@A5 �1F�`=`k<3Fqg?8=@A<?>>9< NT

°

LAR =
L

BT
= e NT + f Á,È ° É Æ Ä

e <?; f `�5�>Z;�BD<h`&4�Fq8GFq�©mn;,8,<o`&HI<�49BiF�`k;=@ab¼@D;,g�Å�<?;�HZg?4�<?>�HI<?>Z;�HI<�B�T <h`k4�mhbc<�HI<�BaF�49BiFq>Z;,<�°
\ <$8¾Fh494�5�8,; αB

<?>Z;,8=<©BaF�:9@A5 �1F�`=`k<$F�bc;,@A«�<1<?;eBD< \µ²�W HI<?«Z@A<?>Z;�7>9<�« Fq8=@aFh:9BA< HI7_�©5ZHZm?BA<�Å
HIg?4�<?>�H9Fh>I;�HZ<+BiF"HZ@a`k4�5 >9@A:9@DBA@D;,g�<?>�>Z79;,8=@A�©<n>I;G` <?;�HI7 b¼BA@D�1Fq;�Á���� ��BiF�:9@A5 �1F�`=`k<3Fqg?8=@A<?>>9<�Ä¾°

αB =
1

e Na + f/(cB−a
T )

Á,È�° É�É�Ä

Na
<h`k;¯BaF£b¼5�>Êb¼<?>Z;,8¾Fh;,@D5�>_<n>tF (n5�;,< HI<�BiF :@A5��/F�`,`�<$F�b¼;=@A«�< B ° M T <o`k;¯79>_4�Fh8¾Fh�©m?;,8=<$À^79@

HIg?4�<?>�H1HI7$;k®Z4�<�HI<�49BiFq>Z;,<�<?;�HI<�BaFeHZ@a`k4�5 >9@A:9@DBA@D;,g�<?>$F (?5�;=<�°
\ <14�Fh8¾Fh�©m?;,8=< αB

;,8¾F HI79@D;e@ab¼@Q79>9<$F H9Fq49;GFq;=@A5�>�:9@A5 BA5 E�@aÀ�79<1Fh7�b¼BA@D�1Fq;�<?;JFq7 ¸ bc5�>�HI@D;,@D5�>�`
HI<©bc8,5�@i`,`=Fq>�b¼<j° \ <h`�`�@A�¯79BaFh;,@D5�>�`C79;,@DBA@i`k<?>Z;�79>9<¯« FqBD<?7983b¼5�>Ê`k;¾Fh>I;=<©HZ< αB

Å�HIg?;,<n8,�©@D>9g?<�4�Fq8JHI<h`
`k@A�¯79BiFq;,@D5�>�`]498=ghFqBiFq:9BD<h`)À�79@�46<n8,�©<?;=;,<?>Z;�HI<Vb?FqBib¼79BD<?8 7>9<�« FhBA<?798 �©5h®�<?>9>9<�HI7"4ÊFq8¾Fh�©m?;=8,<�Åh�1Fq@i`
À^79@]>ghb¼<h`=`k@A;=<?>Z; 4BA7�`�@A<?798G`&@A;=g?8¾Fh;,@A5 >�`CF?« Fq>Z;�HwT 5 :9;,<?>@A8CBaFebc5�>Z«�<?8,E <?>�b¼<�°

\ T g?«�5�BD79;,@D5�>£HI<o`�HI@D«�<?8¾`�8=gh`k<n8,«�5�@D8¾`�HZ<":9@D5��1F `,`�<e<h`k;3b?FhBab¼79BDg?< �©4�Fq8=;,@D8�HµT 79>�`,b¾l9g?�1F HwT FhB »
BA5Zb?Fh;,@A5 >S`k@D�©49BD@ ��g�° \ F�:9@A5 �1F�`=`k<£F b¼;,@D«�<�g?«�5�BD79<£HI<£BaF[� 	?�©<1�1Fh>9@Amn8,<�À�79<£498,gob¼ghHI<?� �"<?>Z;
Á ghÀ�7�Fq;=@A5 >�È�° É��^ÄGÅ�F?«�<hb�79>©;=<?8,� <�HwT Fq79E �©<?>Z;¾Fh;,@A5 >©<?;
79>1;,<?8=�©<�HI<3HIghb¼BD@A>]° \ <+;=<?8,� <�HI<�HIghb¼BD@A>
HI<�B�T goÀ^7�Fh;,@D5�>�È ° Æ ;e<h`�;�HI@A«Z@a`�g�<?>179>�;=<?8,� <�HI<��©5 8,;GFqBA@D;,g MB

<?;C7>¥;=<?8,� <�HI<3`k;=5Zb � FqE < SB
°

∆B− = MB + SB
Á,È�° É�:�Ä

O >©4l�F�`�<�HI<Vb¼8,5 @a`,`=Fq>�bc<�Á BA<C;,<n8,�©<�HwT F�`=`k@A� @ABaFh;,@D5�>�<o`k;Q49BA7Ê` E�8GFq>�H À^79<�BA<C;=<?8,� <CHI<�HZghb¼BA@D>wÄ¾Å
BA<��©5ZHImnBA<$HI<£HI@DBA79;=@A5�>�`cT Fh4949BA@iÀ^7<�Å <n;©BaF�:@A5��/F�`,`�<£Fqg?8=@A<?>>9<�;=5�;¾FhBA< BT

<h`�;�HZghHI79@D;,<�HZ< B
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HµT Fq48,mh`�B�T ghÀ�7�Fq;=@A5�>�È�° É��I° \ F©:9@D5��1F `,`k<¯HZ<¯`k;,8=7�b¼;=798,<¯Fhg?8,@D<?>9>9< Bs
<h`k;�BiF©HI@ ¿wgn8,<?>�bc<e<?>I;=8,<Jb¼<h`

HZ<?7 ¸ 8=gh`k<?8=«�5�@D8¾`¼°
\ F"� 5�8,;GFqBD@A;,g�HI< Bs

><eHIg?4�<?>ÊH¥4�F `�HI<�BaFe49l95 ;,5�`�®I>Z;,lmh`k<���<?BABD<�<h`k;�b?FhBab¼7BAg?<3À�795�;=@aHI@D<?>9>9<¼»
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`k4�Fh;,@iFqBA<o`BD@Ag?<o`
Fh7 ¸ 48,@A>Êb¼@A4�Fh7 ¸ E 8¾F HI@A<?>Z;¾` HI<C;,<?� 46gn8¾Fq;=798,<
<?;QHI<
498,gob¼@A49@D;¾Fh;,@A5 >�`¼° \ F�« FqBA<n798QFq>>I79<nBABA<
�©5h®�<?>9>9<
`�@A�¯79BAgn<�4�Fh8�BD<��©5ZHIm?BD<�<h`k;VHI< 166 PgC/an HFq>�`�BiF"`�@A�¯79BaFh;,@D5�> K+M ��Á�`�;,8GFq;,gnE�@A<JHwT gn«I@D;,<?�¯<?>Z;
HZ7©`�;,8,<o`,` ÄGÅ�<?;QHZ< 141PgC/an H9Fh>�`)BaF�`�@A�¯79BaFh;,@A5 > L+M �eÁÂ`k;,8GFq;=g?E�@D<�HI<C;,5 BAg?8GFq>�b¼<�Fh7©`�;,8=<h`,`¾Ä¾° \ F
·VpQp <h`�;)<h`�;,@A� g?< � 120PgC/an 4�Fh8 ± 5�79E lI;=5�> ��� ��
 �9Á�� ���ZÈqÄ)4�5 798QBaF�HIgob¼<?>9>9@D<�Èn��;��?»¾Èn��; �I° \ <
� 5ZHIm?BA<�`k<?�¯:9BD<&HZ5�>�b�F?«�5�@A8 ;,<?>�HFq>�b¼< ��`k798=<h`k;=@A�©<n8]BaF ·Vp p Å�� 	?�©<Q`�@�B�T @D>�b¼<?8=;,@D;,7�HI<
`�798QBA<h`��Ê7 ¸
HZ<�b?Fq8=:65 >9<C<h`�;);,8=mh`�� 5�8=;,<�° M <?;=;,<&@D>�b¼<?8=;,@D;,7�HI<
>]T <o`k;�4�F�`QÀ�7�Fq>Z;,@'��g?<Q4�Fq8 ± 5 79E�lZ;,5 >���� ��
�ZÁ�� ���ZÈqÄ¾°



% � 	������ 0
A
0
gs � �#� � ��6�& �!��& � �!����# ��&

O BDBA<3<h`k;��©@D<?7 ¸ HI5Zbc79�©<?>Z;,g?<�4�5�78+BD<h` ��7 ¸ HI< U�pQp <n;�HI< U�OQO ° M <?4�<?>�HFq>Z;?Å W,YZ¹C² » A » gs
>9<

`k@A�¯79BD<C4�F�`&BiF U�pQp ° \ <��©5ZHImnBA<C4�<?8,� <?;
HI<�`k@D�"7BA<?8)BiF U�OQO Å�E�8 � b¼< �+7>9<�4�Fh8¾Fq� g?;,8=@a`,Fh;,@D5�>1HI<
BaF©8,<h`�49@A8GFq;=@A5�>�HI<eBÂT ghb¼5j`k®`k;=m?�©<�<?> Q10

Åw�/Fq@a`Vb¼<?BABD<¼»½b¼@ >ghb¼<h`=`k@A;=<eHI<¯498=<h`,b¼8=@A8=<eBaF"« FqBD<?7983HI<¯BaF
8,<h`�49@A8GFq;,@D5�> � 25 ◦

M Å�À^7@9>]T <o`k;)4�F `Qb¼5�>9>Z79< ��BÂT ghb¾l9<?BDBA<)E BA5 :�FqBD<�° \ F U�pQp <n;)BaF U�OQO >9<C4�<?79«�<?>Z;
HI5�>�b�4�F ` 	n;,8,<�79;=@ABD@a`kgn<h` 4�5�78�« FqBD@aHI<n8&BA<��©5ZHZm?BA<���BÂT ghb¾l9<?BDBA<CE BA5�:ÊFqBA<j° M <?;,;=<+BD@A�©@D;¾Fh;,@A5 >"<o`k;C79>9<
HI<h`+� 5�;,@D« Fq;,@D5�>�`�4�5�798¯HIgn«�<?BA5 494�<?8�79>9<©>95 79«�<?BDBA<¯5�49;=@A5�>�HwT W,YZ¹C² Å]À�79@C`�@A�¯79BA<eBiF¥;=5�;¾FhBA@D;,g1HI7
b¼®9bcBA<eHZ7£b?Fq8=:65 >9<¯;,<?8=8,<h`�;,8,<j° M <e>95 79«�<hFh7��©5ZHIm?BD<�Å W,YZ¹C² » MCM Åw<h`k;V498,gh`�<?>Z;,geHFq>�`�BA<¯b¾l�Fh49@A;=8,<
Æ °

� 	�� � ��)(*�  � ( � 8*�.7*���!"!�

M <3b¾l�Fq4@A;,8=<�48,gh`�<?>I;=<�BA<o` g?;GFq4�<h`CF?®ZFq>Z;&4�<?8=�©@a`QHI<�8,goFqBA@i`k<?8QBD<h` 498=<?�©@Dm?8,<h` `k@A�¯79BiFq;,@D5�>�`)E BA5q»
:�FqBD<h` F?«�<hbQBA<Q�©5ZHImnBA< W,YZ¹C² » A» gs

° \ <h` 4�Fh8¾Fq� m?;,8=<h`]HI<CBaFC«�g?E g?;¾Fh;,@A5 >�>9gob¼<h`,`=Fq@D8,<h`���b¼<?;=;,<Q5�4;,@A5 >
HwT W,YZ¹C² `�5�>Z;�HwT Fh:65 8¾H1HIg?;=<?8,� @A>9gh`���4�Fh8,;,@D8CHI<V�©g?;¾F?»�Fh>�FqBD®9`�<h`QHI<�BiF+BA@D;,;=g?8¾Fh;,798=<�Å�HwT g?;,7�HZ<h` 498=g¼»
b¼ghHI<?>Z;,<o`8=ghFqBD@a`�g?<h`QF?«�<hb W,YZ¹C² » A » gs

ÅI<n;CHwT g?;,7�HZ<h`&HI<V`k<n>�`k@D:9@ABD@A;,gj° W Ba`&`�5�>Z;&@D>I;=g?E�8=gh`���BaF+:ÊF�`k<3HI<
HI5�>9>g?<h` O&MCL�MC\µW f ²Vp °

K <?7 ¸ `k@D�"79BiFq;=@A5�>Ê`CHI<©Èn�©Fq>�`V`k5�>Z;�<?>Ê`k79@D;,<�8=ghFqBD@a`�g?<h`¼Å9BÂT 79><�F?«�<hb�BiF"`�;,8¾Fh;,g?E @A<JHwT g?«Z@A;=<?�©<?>Z;
HI7�`k;=8,<h`=`¼Å&BÂT Fq7;,8,< F?«�<hb¥BiF�`�;,8¾Fh;,g?E @A<£HI<�;=5�BDg?8¾Fh>�b¼<�Fh7�`k;=8,<h`=`¼° \ <��©5ZHZm?BA<$<h`k; � 5�8Gb¼g�4�Fq8 BA<h`
«�Fh8,@iFq:9BD<h`"bcBA@A�/Fq;,@iÀ^7<h`�@a`,`�79<h`¯HI7t498=5h¬,<?; ·�Y ��p »��ZÅCF?«�<hb©79>9<$8,gh`�5�BA7;,@A5 >t`�4�Fq;=@aFqBD<�HI<�È ◦ ¸ È ◦ Å
465 798�BaF�4�g?8,@D5ZHI<©Èn��; :o»GÈ?��� ÉI°

\ < \µ²�W `k@D�"79BDg�4�Fh8+BD<e�©5ZHIm?BD<�<h`�;�<?>�`�79@A;=<e« FqBA@iHIg�<n>�BA<¯b¼5 �©4�Fq8GFq>Z;��";=8,5�@i`Q¬,<?7 ¸ HZ<¯HI5�>I»
>9g?<h`
HIg?8,@D«�gh`QHwT 5 :�`k<n8,« Fq;=@A5�>Ê`C`,Fq;=<?BABD@A;GFq@A8=<h`¼Å WGY\]Y9M
p » W=W Åf LVK�W,Y <?; O&MCL�MC\µW f ²�p ° \ <��©5ZHImnBA<
8,<?498=gh`k<n>I;=<QHI<Q�1Fq>@Am?8=<)`=Fq;,@i` �ÂFh@a`,Fh>I;=<&BD<h`w498,@D>�b¼@D4�FqBD<h`6« Fq8=@aFh;,@A5 >�`�`k4�Fh;,@aFhBA<h`w<n;];,<?�©4�5 8,<?BDBA<h`�HI7JHIg¼»
«�<?BA5 494�<?�©<?>Z;]HI<CBiF «�gnE�g?;GFq;,@D5�>]° \ <C�1F ¸ @D�"79��HZ< \µ²�W Fq>9>Z79<?B�©5h®�<?>�`k@D�"7BAgQ<h`k;�E�gn>9g?8¾FhBA<?� <?>I;
b¼5��©48,@a`�<?>Z;,8=<"BD<h`�<h`k;=@A�1Fh;,@D5�>�`�HI<1f LVK�W,Y <n;eHwT WGY\]Y9M
p » W=W ° \ <h`�« Fh8,@aFh;,@D5�>�`�@D>I;=<?8k»½Fq>9>Z79<?BDBA<h`
`k@A�¯79BDg?<h`&HZ7 \µ²�W `k5 >I;�:@A<?> b¼5�8=8,g?BDg?<h`�Fo«�<ob+bc<?BABD<h`&5�:�`�<?8,«�gn<h`�H9Fh>�` W,Y9\]Y9M
p » W,W Åw<?>$4�Fq8=;,@abc79BA@D<?8
H9Fq>�`&BD<h` 8=g?E�@D5�>�`&5�
1BA<h`Q498,ghbc@A49@D;¾Fq;=@A5 >�`&b¼5 >I;=8�� BA<?>Z;&BiF+49l95 ;,5j`k®Z>I;=l9mh`k<j°�f�FqBAE 8,g�BÂT Fh:�`k<?>Êb¼<�HµT 79>9<
8,<?498=gh`k<n>I;GFq;,@D5�>�< ¸ 49BA@ib¼@A;=<©HZ<¥BiF�49l9g?>5�BA5 E�@D<�Å)BA<1�©5ZHImnBA<1b?Fh49;,78,<1BA<h`�« Fh8,@aFh;,@D5�>�`eBaFh;,@A;=7�HI@D>�FqBD<h`
HI<�BiF"H9Fh;,<JHI<3HIg?:979;VHI<Jb¼8,5 @a`,`=Fq>�bc<eHI<3BaFe«�g?E�g?;GFq;=@A5�> ° \ F"b¼5 �©4�Fh8¾Fq@i`k5 >��©5 >I;=8,<�;,5 79;,<&� 5 @a`�HI<h`
HI@ ¿µg?8=<?>�b¼<h`Q@A�©4�5 8,;¾Fh>I;=<h`Q`k798�bc<?8,;GFq@A><h` 8=g?E�@D5�>�`CHI71E BA5�:�<�Å9<n;C`k7E�E�mn8,<�BaF�>9gob¼<h`,`�@A;=g�HwT Fq�©gnBA@A5 8,<?8
BaF�8,<?48,gh`�<?>I;GFq;=@A5�> HI<�BaF3HI®I>ÊFq�©@iÀ^79<�HI<�BiF�><?@AE <�Å�<?;�HI<�48,<?>�HZ8,<�<?>©bc5��©49;=<CBA<h`)498GFq;=@aÀ�79<h`QFqE 8,@ »
b¼5�BD<h`�H9Fh>�`+BD<e�©5ZHIm?BD<�° M <n;,;,<¯« FqBD@aH9Fh;,@A5 >�� 5�>Z;,8,<JÀ^7<eBA<¯�©5ZHIm?BD<�<h`�;�bnFq4�Fh:9BA< HI<¯`k@D�"7BA<?8VHI<h`
\µ²�W `k7 
/`,Fh�©�©<?>Z; 8=ghFqBD@a`�;,<h` �+B�T ghb¾l9<?BABD<&E BA5�:ÊFqBA<V465 798�	?;=8,<�b¼5 7949BDg���79> �©5ZHIm?BD<�HI<�b¼@A8Gb¼79BaFh;,@D5�>
E�g?>9gn8¾FqBD<�°

\ F ·�pQp `k@D�"79BDg?<�4�Fq8�BD<��©5ZHIm?BD<�<h`k;VFq7Ê`,`k@ g?« FqBA7g?<�° O BABD<+<o`k;V`k798=<h`k;=@A�©g?<�4�Fh8�8¾Fh494�5�8,; �"BaF
«�FhBA<?78&g?;GFq:9BD@A<�4�5�78CBaFeHIghbnF�HI<eÈn��; �o»GÈ?��; �9Åw�1Fh@a`Qb¼<?BDBA<¼»½b¼@9<h`�;�F�`=`k5Zb¼@Dg?< ��79>9<�� 5 8,;,<�@D>�b¼<?8=;,@A;=7�HI<�°
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M <¯b¾l�Fq4@A;,8=<�<h`k;VHIghHI@Dg �¯HI<h`�< ¸ 4�g?8=@A<?>�bc<h`CHI<e`�<?>�`�@A:9@DBA@A;=g�8,goFqBA@i`kg?<o`��eB�T ghb l<?BABD<�E BA5�:ÊFqBA<j° \ <h`
8=g?4�5�>�`�<h`1HI7���7 ¸ HZ<[b¾l�FqBD<?798¯BaFh;,<?>Z;,<�Á \µO ÄGÅCHI<�BiF 48,5ZHI7�bc;,@A5 >}48,@A�/Fq@A8=<1:98,79;=<_Á ·Vp p ÄGÅ&<?;
HZ<eB�T @D>�HI@ib¼<eHI<¯`�798#�ÂF b¼< � 5�BA@iFq@D8,<©Á \µ²�W Ä�`k5 >I;3Fh>�FqBD®9`�g?<h`¼° \ < ��7 ¸ HI<¯b lÊFqBA<n798�BaFh;,<?>Z;,<3;,8GF�HI79@D;�BaF
`�<?>�`�@A:9@DBA@A;=g
HI7e:9@ABiFq>JHwT g?><?8,E @A<Q<?;QHI73:9@ABiFq>elZ®9HZ8,@aÀ�79<�Å?;GFq>�HZ@a`)À�79<&BiF 48,5ZHI7�bc;,@A5 >"48,@A�/Fq@A8=<):98=79;,<
;=8¾F HI79@A;CBiFe`k<?>Ê`k@A:@ABA@D;,gVHI7 ��7 ¸ HZ<�b?Fq8=:�5�>9<�° \ < \µ²�W 8,<&�Êm?;,<�BiFe`k<?>Ê`k@A:@ABA@D;,gVHI<�BÂT <?>�`�<?�¯:9BA<�HI<�b¼<h`
48,5Zb¼<h`=`k7�`�H9Fh>�` BD<��©5ZHIm?BD<�°

N 5�79; HwT Fq:�5�8GHwÅ W,YZ¹C² » A » gs
<h`�;�b¼5�� 4�Fq8=g�� W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GHwÅ?BaF&«�<?8G`k@D5�>3HwT W,YZ¹C² 79;=@ABA@i`kg?<H9Fq>�`

BD<"� 5ZHIm?BA<¯HZ<©b¼@D8¾b¼7BaFq;=@A5 >�E�g?>9gn8¾FqBD<©Fh;,�©5j`k49lg?8,@iÀ^79<¯HZ7 M
U�R f[° O >�`k79@D;,<�Å]49BD7�`k@D<?798G` � 5 8 �?FhE�<h`
`�7�`,bc<?49;,@D:9BA<o`CHwT g?«�5 BA79<n8CFq7 b¼5�78¾`�HI7 � ��W�� `�5�>Z;��©5ZHZ@ ��gh`Q@A>�bc8,g?�©<n>I;GFqBA<n�"<c>I;�ÁÂHI5�79:BA<?�©<n>I;
HI<
BiF"bc5�>�b¼<n>I;=8¾Fq;=@A5 >�Fh;,�©5j`k49lg?8,@iÀ^79<�<?> MCL

2
ÅµHI@A�©@D>I7;,@A5 >©HZ<�BaF¯b¼5 >�b¼<?>Z;,8GFq;,@D5�>1<?> F (?5 ;,< � 5 BA@iFq@A8=<

<n;&b¾l�Fh>9E�<?� <?>I; b¼BD@A�1Fh;,@aÀ�79<�ÄG° \ <h` 8=g?4�5�>�`�<h`&Fh7 ¸ HI@ ¿wgn8,<?>Z;¾`Qb¾l�Fq>9E <?�©<?>Z;¾`�HI<�� 5 8 �?FhE�<V`k5 >I;�b¼5��"»
4ÊFq8,gn<h`¼° M <h`eFq>�FhBA®`k<h`e`�5�>Z;"<c¿w<ob¼;,79gn<h`�Fo«�<ob"BA<h`3`k@D�"79BiFq;=@A5�>Ê`�48,5ZHI79@D;,<h`�4ÊFq8 WGY^¹C² » A» gs

F?«�<hb
BiF"`�;,8GFq;,gnE�@A<3HwT g?«Z@A;,<n�©<?>�;
HI7�`�;,8=<h`,`c° \ T @A� 4�F�b¼;�HI7�b¾l95 @ ¸ HI<�BiF"`�;,8¾Fh;,g?E @A<3HI<�8,gn465 >�`k<JFq7£`�;,8,<o`,`
lZ®HI8,@iÀ^79</HI7�`k5�B�<h`�;¯Fq7�`=`k@Cg?« FqBD79g$H9Fq>Ê`�BiF�HI@a`=b¼7�`,`�@A5 >]° O >���>]Å)BiF�`�<?>�`k@D:9@ABD@A;=g©HI7��©5ZHZm?BA<©<o`k;
HZ@a`,bc79;,g?<V<?>1BaFeb¼5 �©4�Fq8GFq>Z; �e;,8=5�@a`C`�5�798Gb¼<h`CHwT @A>�bc<?8,;=@A;,7ÊHI<edIBÂT <h`�;,@D�1Fq;=@A5�> HI<h`$�Ê7 ¸ ;,78,:979BD<?>Z;¾`��
BÂT ghb¾l9<?BDBA<�E�BD5�:�FhBA<�Å�BÂT g?;GFq;�HI<CBÂT Fh8,; HI<h` �©5ZHZm?BA<h`]HZ<�`k798%�ÂF�b¼<�b¼5�>Z;,@D>9<?>Z;¾FqBD<�Å?<?;�BaF�À�7�FhBA@A;=gCHI7�� 5�8 �?FqE <
Fh;,�©5j`k49lg?8,@iÀ^79<j° \ FeBA@i`k;=<�HZ<h`C`k@D�"79BiFq;=@A5�>Ê`<c¿w<ob¼;,79gn<h`&<h`k;�HZ5�>9>9gn<�HFq>�`CBA<�;¾Fh:9BA<oFq7$ÇI°DÈ�°

L >�8GFq494�<?BDBA<JÀ^79<34�5�798�7>9<��©<n@ABABD<?798=<�@D>I;=<?8,498=g?;¾Fh;,@D5�>$HI<h`C8,gh`�79BA;GFq;G` < ¸ 4�5�`�gh`�H9Fh>�`�b¼<Jb l�F?»
4@A;,8=<�Å�BiF�8=g?4�Fh8,;,@D;,@D5�> HI<h`&HZ@ ¿µg?8,<n>I;G` ;�®I4�<h`QHI<�«�g?E�gn;¾Fq;=@A5 >©`�798&BD<CE�BA5 :�<�<h`k;Q498=gh`k<n>I;=g?<C<?> Fq>9>9< ¸ <
¹ ÅQ<?;¯BA<h`e« Fq8=@aFq:BA<h`¯HI7 � 5�8 �?FqE <�Fh;,�©5j`k49l9gn8,@aÀ�79<1E�BD5�:�FhB�HI< ·+Y���p »½��`k5 >I;©;=8¾F b¼g?<h`e4�5�798©BD<h`

Æ �
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U 5�� f�5ZHIm?BD<�<?;�`k;=8¾Fq;=g?E�@D< Ã95�8 �?FqE <eFq;=�©5�`�49l9g?8=@aÀ�79< MCL
2 SLAYZN � W,YZ¹C² »½`k;GFq>�H9Fh8¾H ·�Y ��p »��1Á,Èn��;�:?»¾Èn��� ÉIÄ » »

K+M � W,YZ¹C² » A » gs
Á g?«Z@A;=<?�©<?>Z;¼Ä ·�Y ��p »��1Á,Èn��;�:?»¾Èn��� ÉIÄ Ç�É�� ppm F�bc;,79<?BQÁ ;¾Fh:�ÇI° �^Ä

L�M � W,YZ¹C² » A » gs
Á ;=5�BAgn8¾Fq>Êb¼<�Ä ·�Y ��p »��1Á,Èn��;�:?»¾Èn��� ÉIÄ Ç�É�� ppm F�bc;,79<?BQÁ ;¾Fh:�ÇI° �^Ä

K � � W,YZ¹C² » A » gs
Á g?«Z@A;=<?�©<?>Z;¼Ä ·�Y ��p »��1Á,Èn��;�:?»¾Èn��� ÉIÄ �h��� ppm F�bc;,79<?BQÁ ;¾Fh:�ÇI° �^Ä

K�U � W,YZ¹C² » A » gs
Á g?«Z@A;=<?�©<?>Z;¼Ä ·�Y ��p »��1Á,Èn��;�:?»¾Èn��� ÉIÄ �h��� ppm »¾ÈnÇ�
 Á ;GFq:�ÇZ° ��Ä

K f�� W,YZ¹C² » A » gs
Á g?«Z@A;=<?�©<?>Z;¼Ä ·�Y ��p »���� ² >95��1FhBA@D< Ç�É�� ppm F�bc;,79<?BQÁ ;¾Fh:�ÇI° �^Ä

M
U�R f¥» M f�Ç©Á�� ��; :o»½����� ÉIÄ
K � � W,YZ¹C² » A » gs

Á g?«Z@A;=<?�©<?>Z;¼Ä ·�Y ��p »���� ² >95��1FhBA@D< �h��� ppm »¾ÈnÇ�
 Á ;GFq:�ÇZ° ��Ä
M
U�R f¥» M f�Ç©Á�� ��; :o»½����� ÉIÄ

L � � W,YZ¹C² » A » gs
Á ;=5�BAgn8¾Fq>Êb¼<�Ä ·�Y ��p »���� ² >95��1FhBA@D< �h��� ppm »¾ÈnÇ�
 Á ;GFq:�ÇZ° ��Ä

M
U�R f¥» M f�Ç©Á�� ��; :o»½����� ÉIÄ
K f[È W,YZ¹C² » A » gs

Á g?«Z@A;=<?�©<?>Z;¼Ä M
U�R f¥» M f�Ç©Á,Èn��; :o»GÈ?��� ÉIÄ Ç�É�� ppm F�bc;,79<?BQÁ ;¾Fh:�ÇI° �^Ä

����� � ÇZ°AÈ � M Fq8GF�b¼;=g?8,@i`k;,@iÀ^7<h`CHI<h`&< ¸ 4�g?8,@D<?>�b¼<o`&HI<3`k<n>�`k@D:9@ABD@A;,g�8,goFqBA@i`kg?<o`¼°

`,Fq@i`k5 >�` K º�Ã¢<?;�º�º ² <n>�Fh>9>9< ¸ < M °AÈ °

� 	 � � ��� ��� ��� '����! � '4��%.7 �!��%.� ��� � ���
	

� ��� ��� �tu � �w{�����	 �
Qs 
Vu �������Sz �,y 	 �
Qs �

K Fq>�`Cb¼<n;,;,<�`�<hb¼;=@A5�> Å W,YZ¹C² » A » gs
<h`�;Cb¼5 �©4�Fq8=g � W,YZ¹C² »½`k;GFq>�HFq8¾HµÅIBA<�`=b lg?�1F�HI<�`k798%�ÂF�b¼<VF�b »

;,79<?BDBA<?� <?>�;w@D>�b¼BA7Ê` H9Fh>�` BD<&�©5ZHImnBA<
HI<Cbc@A8¾bc79BaFh;,@A5 >�E g?>9g?8GFqBA<
HI7 M
UVR f[Å F ��>¯HµT g?« FqBD79<?8]BÂT @A� 4�F�b¼;
HI<�BaF�>95 79«�<?BABD<�5�4;,@A5 >$`k798�BA<h`$�Ê7 ¸ ghb¾l�Fq>E�gh`&<?>Z;,8=<�BaFe`�798#�ÂF b¼<ebc5�>Z;,@A><?>I;GFqBD<�<?;CBÂT Fh;,�©5j`k49l9mn8,<�°

P >9<$`k@A�¯79BiFq;,@D5�>[E BA5 :�FqBD< � 5�8Gb¼g?<�Å `k@D�©@ABiFq@A8=< �£b¼<?BDBA<1HZghb¼8,@D;,<1Fh7tb¾l�Fq4@A;,8=<$�IÅ
F g?;=g18,ghFhBA@a`�g?<
Fo«�<ob W,YZ¹C² »½`k;¾Fh>�H9Fh8¾Hw° O BABD<�79;=@ABA@i`k<�BA<h`&� 	?�©<n`4ÊFq8¾Fh�©g?;=8,@a`=Fq;=@A5�>Ê`&À�7]T W,YZ¹C² » A » gs

Å9<?>1HI<nl95�8G`�HI<
BaFeb¼5 >�HI7�b¼;GFq>�bc<�`�;,5 �1Fq;=@aÀ�79<�ÅI:ÊF�`kgn<�`�798Vº�Fq8,«Z@a`�Á=È?����:^ÄGÅw<?;�HI<�BÂT @A>ÊHI@ab¼< � 5�BD@aFh@A8,<3À�79@w<o`k;�498,<h`=b¼8,@D;
�"4�Fq8=;,@D8�HI<3BaF¯b¼BA@D�1Fq;=5�BD5�E�@D<��©<?>Ê`k79<?BDBA<VHI<�BiF�:ÊF�`k<¯HZ<eHI5 >9>9g?<h` O&MCL�MC\µW f ²Vp ° O BDBA<�<h`�;�Fh7�`,`�@
� 5�8¾bcg?<�4�Fh8�BD<h`&« Fq8,@iFq:9BD<h`CFq;=�©5�`�49l9g?8=@aÀ�79<h`
HI<�B�T < ¸ 4�g?8=@A<?>�bc< p Ç¯HI< ·�Y ��p »��Z°

� ��� ��� ~ ����y���	 �Zz�{ �,u ����z�� �Zy�� � 
Qs�s �,u]{ � ��
 �&u]s �

\ F �ÊE�798=<�ÇI°DÈ��©5 >I;=8,<CBA<o`��Ê7 ¸ HZ<�b¾l�FqBD<?798QBaFh;,<?>Z;,<�<?;
HI<�b¾l�FhBA<?798
`�<?>�`k@D:9BA<jÅ�`k@D�"79BDgh` <?>¯l9@D«�<?8
Á K º�Ã ÄQ<n;&<?>©gn;,geÁÂº�º ² Ä¾Å�4�Fh8 WGY^¹C² » A» gs

F?«�<hb�BaF3`k;=8¾Fq;=g?E�@D<�HwT g?«I@D;,<?� <?>I; HI7$`k;=8,<h`=`¼° \ T @A>Z;,<n>�`k@D;,g
HI<h`$��7 ¸ ;,78,:979BD<?>Z;¾`&<h`�;&49@DBA5�;=g?<�4�Fh8CBA<h`&« Fh8,@aFh;,@D5�>�`C`�4�Fq;=@aFqBD<h`&<?;�`,Fq@i`k5 >9>9@Amn8,<h`CHI718GFo®�5 >9>9<?� <?>I;
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������� ÇI°AÈ � M BA@A�/Fq;,5 BA5 E�@A<jÅ64�5�78eBA<h`�`,Fh@a`�5�>�` K º�Ã�Á �1E�Fh7�b l<�Ä�<?;3º�º ² Á �1HI8=5�@A;=<�Ä¾Å�HI7 ��7 ¸ HI<
b¾l�FhBA<?798CBiFq;=<?>I;=< (Wm−2) Á l�Fq7;¼ÄC<?;�HZ7���7 ¸ HI<eb¾l�FhBA<?798�`�<?>�`�@A:9BD< (Wm−2) Á :�F�`¾Ä�`k@D�"79BDgh`)4�Fq8
W,YZ¹C² » A » gs

ÁÂ`k;,8GFq;=g?E�@D<�HµT g?«Z@A;=<?�©<c>I;QHZ7�`k;=8,<h`=` Ä
`�798�BiF�4�g?8,@D5ZHI<¯È?��; :o»GÈ?� ��É9°

`�5�BiFq@A8=<�Å)HZ<©BaF1;,<?�©4�g?8GFq;=798,<¯<?;eHZ<h`+498=ghb¼@D49@A;GFq;,@D5�>�`c° \ 5�8¾`=À^7<¥BÂT g?><?8,E @A< HI@a`�465 >9@A:BA<©<?> `k798%�ÂF�b¼<
<o`k;©@D�©4�5�8,;GFq>Z;,<�Å)BiF 8=g?4�Fh8,;,@D;,@D5�>t<?>Z;,8=< ��7 ¸ HI<£b¾l�FhBA<?798¯BaFh;,<?>Z;,<1<?; ��7 ¸ HI<£b¾l�FqBD<?798 `k<?>�`�@A:9BD<
HZg?4�<?>�H�HZ<�BaFe498=gh`k<?>Êb¼<3HI<�«�g?E�g?;GFq;=@A5�> ° \ < ��7 ¸ HI<Jb lÊFqBA<n798CBaFh;,<?>Z;,<�<h`�;�49BD7�`&g?BD<?«�g�À�79<�BD< �Ê7 ¸
HZ<¯b l�FhBA<?78�`�<?>�`k@D:9BA<J`k798�BD<h`�8,gnE�@A5 >�`�b¼5 79«�<?8=;,<h`�HI<e«�g?E g?;¾Fh;,@A5 >]Å�;¾Fq>ÊHI@a`�À�79<�BD< ��7 ¸ HZ<¯b l�FhBA<?78
`�<?>�`�@A:9BD<�Fq;=;,<?@D>I;�`�<h`&49BA7Ê`$� 5�8,;=<h`C«�FhBA<?78¾`C`k78�BD<h`$(?5 >9<h`�HIgh`�<?8,;=@aÀ�79<h`¼°

\ <h`$�Ê7 ¸ `k@D�"7BAgh` 4ÊFq8 W,YZ¹C² »½`k;GFq>�H9Fh8¾H©5�>Z;C79>9<V@A>Z;,<?>�`�@A;=g�<?;C7>9<�8,gn4�Fq8=;,@A;=@A5 >©E�g?5 E�8GFq49l9@iÀ^7<
;=8,mh`Q`�@A�©@DBaFq@D8,<h` ��b¼<nBABA<
HI<�BaF ��E�798=<�ÇZ°AÈ ° M <n46<n>�H9Fq>Z;?Å BaF���E�78,<�ÇI° ���©5�>Z;,8=<CHI<h`QHI@ ¿µg?8,<?>Êb¼<h` <?>Z;,8=<
BD<h`CHI<?7 ¸ 5 49;,@D5�>�`�HwT WGY^¹C² `k798�;,5 79;,<o` BD<h` (n5�>9<h`CHZ7�E�BD5�:�<¯b¼5 79«�<?8,;=<h`&HZ<�«�g?E g?;¾Fh;,@A5 >]Å�HI<�« FqBD<?798
Fh:�`k5 BA79</HI< 10 Wm−2 `k798JHI<¯BaFq8=E�<h`�8,g?E @A5 >�`¼Å]<?;3465 79« Fq>Z;eFhBABA<n8&¬,7Ê`,À�7]T � 20 Wm−2 ° \ <h` �Ê7 ¸
><�`�5�>Z;&4�F ` @A� 4�F�b¼;=gh`)H9Fh>�` BÂT l9gn�©@a`�49l9m?8=< U 5 8¾He<?>"l@A«�<?8):�5 8,ghFhB�Å9bnFq8QBaF3HI<?�1Fh>�HI<Cg?« Fq4�5 8¾Fq;=@A«�<
<o`k; �ÂFq@D:9BA</HI798¾Fh>I;¯bc<?;,;=<©4�g?8,@D5ZHI<�° M <h`eHI@ ¿µg?8,<?>Êb¼<h`+8=<?498=gh`k<?>Z;,<n>I;JHI<h`�« Fq8=@aFq;=@A5 >�`eÀ^7@C46<n79«�<?>Z;
Fh;,;=<?@A>�HZ8,< 15 
 <?>��©5h®�<?>9>9< Fq>>I79<nBABA<14�5�78©BA< ��7 ¸ HI<$b lÊFqBA<n798"BiFq;=<?>I;=<$`k798¯B�T ² �1F (n5�>9@D<�Å]BA<
M Fh>�F�HFIÅIBD< U 5�8GHeHI<�B�T O 798=5�4�<C<?;)BiF Y @A:�g?8=@A<�° \ F+�©5h®�<?>>9<
Fq>9>Z79<?BDBA<&E BA5 :�FqBD<�HI7 ��7 ¸ HI<Vb l�FhBA<?78
BiFq;=<?>I;=<"<o`k;�BDg?E�mn8,<?�©<n>I;�49BA7Ê` �ÂFh@A:9BD<1F?«�<hb W,YZ¹C² » A » gs

Á 34.2 Wm−2 Ä�À^7 T F?«�<hb W,YZ¹C² »½`k;GFq>�H9Fh8¾H
Á 35Wm−2 Ä¾° \ <h` HI@ ¿µg?8=<?>�b¼<h`]<?>Z;,8=< W,YZ¹C² » A » gs

<?; WGY^¹C² »�`�;¾Fh>�H9Fq8GHe`k5 >I; HwT @D>I;=<?>�`�@A;,gQghÀ�79@D«�FhBA<?>Z;,<
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� ����� ÇZ° � � K @ ¿µg?8,<?>Êb¼<h`QHI< ��7 ¸ HI<Vb lÊFqBA<n798)BaFh;,<?>Z;,< (Wm−2) Á l�Fq7;¼Ä)<n;&HZ< ��7 ¸ HI<�b¾l�FhBA<?798`k<?>I»
`k@A:BA< (Wm−2) Á :�F ` Ä
<?>Z;,8,< W,YZ¹C² » A » gs

Á�`�;,8¾Fh;,g?E @A<�HµT g?«Z@A;=<?�©<?>Z;)HZ7�`�;,8=<h`,`¾Ä&<?; W,YZ¹C² »½`k;¾Fh>�H9Fh8¾HwÅ
465 798�BA<h`C`=Fq@a`�5�>�` K º�Ã�Á ��E�Fh7�b¾l9<�ÄQ<?;�º�º ² Á �¯HI8=5�@A;=<�Ä
`k78CBaF�4�g?8,@D5ZHI<©Èn��; :o»GÈ?��� ÉI°

<?;�HI<e`�@AE >9<�5�494�5�`�ge<?>Z;,8,< LE <?; H Å�;,8GF�HI7@a`,Fh>I;�79>9<��ÂFh@A:9BD<+« Fh8,@aFh;,@D5�>�HZ<+BÂT g?><?8,E @A<�HI@i`k4�5�>@A:9BD<
<?>$`k798%�ÂF�b¼<�°

K <&�1Fh>9@Am?8=< E g?>9g?8GFqBD<�Å¼BÂT g?« Fq4�5 8¾Fq;=@A5 >eHI@D�©@A>Z79< `k798�BA<h` � 5 8�	?;G`¼Å?<?;�Fh79E�� <?>I;=<Q`k78 BiF&«�g?E�g?;GFq;=@A5�>
:�F�`=`k<CF?«�<hb WGY^¹C² » A» gs

° \ <h`]b¾l�Fh>9E�<?� <?>I;G`wH9Fh>�`]BA< ��7 ¸ HwT gn«�Fh4�5�8¾Fh;,@D5�>e`�5�>Z; <o`,`k<n>I;=@A<?BDBA<?�¯<¼>Z;�HI7Ê`
Fq7 ¸ b l�Fh>9E�<n�©<?>Z;¾`&HFq>�`�BaFe;,8GFq>�`�49@A8GFq;=@A5�>£HZ<�BaF¯«�g?E�g?;GFq;=@A5�>�Á ��E 798,<JÇI° Ç^Ä¾° \ T g?« Fq4�5 8¾Fq;=@A5 >[HI<3BaF
b?Fq>95 4�g?<¯Á g?« Fq4�5 8¾Fq;=@A5 >�HZ7¥8=gh`k<n8,«�5�@D8
HwT @D>I;=<?8¾b¼<n49;,@D5�>wÄ�8,<n>�� 5�8Gb¼<�B�T <¼¿µ<?;
HI<�BiF�;,8¾Fh>�`k4@A8¾Fh;,@D5�>$H9Fq>Ê`
BA<h` N 8=5�49@iÀ^7<h`¼Åw;GFq>�HZ@a`�À�7]T <nBABA<3F©;,<n>�H9Fq>Êb¼< �1HI@D�©@A>Z79<?8�H9Fq>�`�;=5�79;�BÂT l9gn�©@a`�49l9m?8=< U 5�8GH�<?>�g?;=g�°
\ T g?« Fq4�5 8¾Fq;=@A5 >£HI7�`�5�B]>Z7�`¼T 5�494�5j`k<eFh7 ¸ <¼¿µ<?;¾`�HI<�B�T g?« Fq4�5�8GFq;=@A5�> HI<�BiFeb?Fq>5�4�g?<©d9<nBABA<�HI@A�©@D>I7<
H9Fq>�`CBA<o` N 8=5�49@iÀ^79<o`¼ÅI<n;�Fq79E �©<?>Z;,<�H9Fh>�`C;,5�7;�BÂT l9g?� @a`k4l9m?8,< U 5�8¾H©<?>1g?;=g¯Á >95 >¥� 5�>Z;,8,go` Ä¾°

\ <o`Cb l�Fh>9E�<n�©<?>Z;¾`QHI7 ��7 ¸ HwT gn«�Fh4�5�8¾Fh;,@D5�>�`�5�>Z;C<?>©4�Fh8,;=@A<3b¼5�8=8,g?BDgh`QFq7 ¸ HI@ ¿µg?8=<?>�b¼<h`Q<?>Z;,8,<�BA<
\µ²�W `k@A�¯79BDgC4�Fq8 WGY^¹C² » A» gs

<?;&BD< \µ²�W b¼BD@A�1Fh;,5�BD5�E @aÀ�79<�HwT O&MCL�MC\µW f ²�p H9Fq>Ê`CHI<�>95 �":98=<?7�`�<h`
8,g?E @A5�>Ê`¼Åh>95�;GFq�©�©<n>I;�H9Fh>�` BD<h` N 8,5 49@aÀ�79<h`�<?;)Fh7 ¸ lÊFq79;=<h` BaFh;,@D;,7�HI<o` Á!��E�798=<�ÇI° Ç^Ä¾° M <h`)HI@ ¿wgn8,<?>�bc<h`
HI< \µ²�W <?>I;=8,< W,YZ¹C² » A » gs

<?; WGY^¹C² »�`�;¾Fh>�H9Fq8GH�>9<¯HI5 @A«�<?>Z;�4ÊF�` 	n;,8,<3«I7<h`�b¼5 �©�©<�79>�:9@iFq@a`�HI7
�©5ZHIm?BD<�ÅI� 	n�©<�`k@�BA< \µ²�W HwT O&MCL+MC\µW f ²�p <h`k;�:�F `kg¯`k78�HI<o` 5 :�`k<?8=« Fq;,@D5�>�`V`,Fq;=<?BABD@A;GFq@A8=<h`¼ÅZ�1Fq@i`
49BA79;���;3b¼5 �©�©<�79><"@D>�b¼<?8=;,@A;=7�HI<3BA@Agn< �1b¼<e4�Fh8¾Fq� m?;,8=<�° O >£<¼¿µ<?;?ÅµBA< \µ²�W `�@A�¯79BAg�4�Fh8 WGY^¹C² » A»
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������� ÇZ° Ç � K @ ¿wgn8,<?>�bc<h`&HI< ��7 ¸ HI<V;,8¾Fh>�`k4@A8¾Fh;,@D5�> (mmj−1) Á l�Fq79;cÄQ<?;�HI< \µ²VW
(m2m−2) Á :ÊF�` Ä

<n>I;=8,< W,YZ¹C² » A » gs
Á�`�;,8GFq;,gnE�@A<�HµT g?«Z@A;=<?�©<c>I; HI7©`�;,8=<h`,`¾Ä <n; W,YZ¹C² »½`k;¾Fh>�H9Fh8¾HwÅ�4�5 798QBA<h`)`=Fq@i`k5�>Ê` K º�Ã

Á ��EjFq7�b¾l9<�ÄQ<n;�º�º ² Á �eHI8,5 @A;=<�Ä
`k798�BaF�4�g?8=@A5ZHI<¯Èn��;�:?»¾Èn��� ÉI°

gs
F�g?;=g©« FqBD@aHIg1Fh7�b l�Fh49@A;=8,<1�[Á «�5�@D8eFq7Ê`,`k@CBÂT Fh>9>9< ¸ < ² ÄV<?;e`�<�`�@A;=79<©E�gn>9g?8¾FhBA<?� <?>I;�<?>Z;,8=<"BD<h`

<o`k;,@D�1Fq;=@A5 >�`"HZ<h`©HI@ ¿wgn8,<?>Z;¾`e498,5ZHZ79@A;G`¥`=Fq;=<?BABD@A;¾Fh@A8=<h`¼° P ><£Fq79E �©<?>Z;¾Fq;=@A5 >tHI7 \µ²�W ghÀ�79@A« Fh79; �
7>9<¯Fq79E �©<?>Z;¾Fh;,@A5 >�HI<eBiF"`�798#�ÂF b¼<e4�5�798�BD<h` gob l�Fh>9E�<o`�HwT <oFq7 �";=8¾F?«�<?8¾`CBA<o`�`k;=5��1Fh;,<h`c° K <e49BA7Ê`¼Å
BD5�8G`,À�79<©BA< \µ²�W <h`�;�49BD7�`+g?BD<?«�g�Åw7>9<©49BD7�`+E 8¾Fq>ÊHI<©4�Fh8,;,@D<1HI<h`�498,gob¼@A49@D;¾Fh;,@A5 >�`+<o`k;�@D>I;=<?8¾bc<?49;,gn<�Å
<n;&8,gng?« Fq4�5�8=g?<3HI@A8=<hb¼;,<n�©<?>�;QH9Fh>�`CB�T Fh;,�©5j`k49lm?8,<�Åj`,Fq>Ê`�Fh;,;,<n@A>�HI8=<�BA<V`k5 B�° P ><�Fq79E �©<?>Z;¾Fh;,@A5 >1HI7
\µ²VW F©HZ5�>�b�4�5�78+<c¿w<n;¾`�HI@D8,<hbc;¾`C79>9<¯Fq7E��©<?>Z;¾Fh;,@D5�>£HI<3BaF";=8¾Fq>Ê`k49@D8¾Fq;=@A5 >�<?;�HI<�BÂT g?« Fq4�5 8¾Fq;=@A5 >
HZ<+BiFeb?Fq>5�4�g?<�Å9<?;C7>9<3HI@A�©@D>I7;,@A5 >©HZ<+BÂT g?« Fh465 8¾Fh;,@A5 >�HI7$`�5�B�>I7]°

\ <h`eHZ@ ¿µg?8,<n>�b¼<h`�<?>I;=8,<©BD<h` �Ê7 ¸ HI<©;=8¾Fh>�`k49@D8¾Fh;,@A5 >�HI<h`eHI<?7 ¸ 5 49;,@D5�>�`¯`k5 >I;¯Fh7�`,`�@�HI79<h`eFh7 ¸
HZ@ ¿µg?8,<n>�b¼<h`)HZ<C8,gh`�@a`k;GFq>�bc<�`k;,5 �1Fq;=@aÀ�79<�° M <h`QHI@ ¿µg?8=<?>�b¼<o` 8,gh`�79BA;=<?>Z;)<?>e4�Fh8,;,@D<�HI7 b l95 @ ¸ HI<h`)4�Fq8GFo»
� m?;,8=<h` HµT W,YZ¹C² » A » gs

��B�T ghb l<?BABD< E BA5 :�FqBD<C465 798&BD<h`)HI@ ¿µg?8,<?>Z;¾`�;k®Z4�<h`QHI<C«�g?E g?;¾Fh;,@A5 >]° O >¯<¼¿µ<?;?Å�BD<h`
« FhBA<?798G`&HI<�BiF�b¼5 >�HI7�b¼;GFq>�bc<��©gh`�5�49lZ®IBDBA@D<?>9>9<�Å g∗

m
ÅHIg?;,<n8,�©@D>9g?<h` 4�5 798 W,YZ¹C² » A» gs

ÅIgoÀ^79@D« FqBA<n>I;��
HZ<h`�« FqBD<?798¾`�HI<e8=gh`k@i`k;GFq>�b¼<¯`�;,5 �1Fq;=@aÀ�79<��©@D>9@A� FqBD<�Å r∗smin

Å Á 5�7�HI<¯`�5�>£@A>Z«�<?8¾`�<�BaF b¼5�>�HZ7�b¼;¾Fh>�b¼<
`�;,5 �1Fq;=@aÀ�79<C�1F ¸ @A�/FqBA<jÅ g∗

smax
Ä¾ÅZHI@ ¿wgn8,<?>Z;,<h` HI<�b¼<?BDBA<h`�79;,@DBA@a`�g?<h`)F?«�<hb W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GH �+BÂT ghb¾l9<?BDBA<

HZ<©BaF � <?7@ABABD<1Á «�5 @A8�BD<©;¾Fh:9BA<oFq7��I°DÈ1HI7�b l�Fh49@A;=8,< �^ÄG° \ F�8,gh`�@a`k;GFq>�bc<1`k;=5��1Fh;,@aÀ�79<¯�©@A>@A�1FhBA<�<o`k;
@D>�� g?8=@A<?798=<�465 798�BD<h` l<?8,:�F b¼g?<h`cÅ9<?;�4�Fh8,;=@ab¼79BD@Am?8=<?�¯<?>I;Q4�5�78+BD<h`Cb¼79BD;,798=<h`�HI<�;�®Z46< C4

ÅwFh@A>�`�@)À�79<
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465 798�BD<h` � <?7@ABABD7�`�4�<?8G`k@a`�;¾Fh>I;G`¼Å�FqBD5�8¾`�À�7]T <nBABA<3<h`k;3`�794�g?8,@D<?798,<e4�5 798�BD<h`�b¼5 >9@ � m?8=<h`�<?;�BD<h` � <?79@DBABD7�`
HIghb¼@iHI7�`eÁ�b¼<n46<n>�H9Fq>Z;?Å W,YZ¹C² » A » gs

48,<?>�H�<?>�bc5��©49;=<eB�T Fq;,;=g?>Z7�Fq;=@A5�>�HI7[8GF?®�5�>9>9<n�©<?>Z;�H9Fq>Ê`+BA<
b¼5�79«�<n8,;?Å�<?;�BA<h`�«�FhBA<?78¾`�HI7�;GFq:9BD<hFq7��I°DÈe`k5 7�`½»Â<h`�;,@A� <?>I;�BaF¯8,gh`�@a`k;GFq>�bc<e`k;=5��1Fh;,@iÀ^79<3�©@A>@A�1FhBA< �
B�T gob l9<nBABA<VHI<eBiF©b?Fq>5�4�g?<�ÄG° K <e4BA7�`cÅ6BD<h`�HI<?7 ¸ 5 49;,@D5�>�`�498,<?>>9<?>Z;�<?>�bc5��©49;=<3HI<e�1Fq>@Am?8=<�HZ@ ¿µg¼»
8,<?>Z;,<�BD<h`&<¼¿µ<?;G`�HI7$`�;,8,<o`,`C< ¸ <n8¾b¼g�4ÊFq8�BA<h`CHI@ ¿µg?8,<?>Z;¾` �ÂF�b¼;=<?798G` <?>Z«Z@A8,5 >9>9<?� <?>I;GFq7 ¸ Å�À�79@];,<n>�HI<?>Z;
�"Fh79E��©<n>I;=<?8&BiF�8=gh`k@i`k;¾Fh>�b¼<3`k;=5��1Fh;,@iÀ^79<j° p Fh8�< ¸ <?�©4BA<�Å�BaFe8,gn465 >�`k< ��BiF�;=<?�©4�g?8GFq;,78,<�<h`�;�4BA7�`
b¼5��©4BA< ¸ <�HFq>�` W,YZ¹C² » A » gs

Å�b?Fq8�<?BABD<�@A>���7<?>�b¼<�4BA7�`�@A<?798G` « Fh8,@aFh:9BA<o`�À�79@�`k5 >I;�79;=@ABA@i`kg?<o`CH9Fq>�`CBA<
b?FqBib¼79B�HI<3BaFe8,gh`�@a`k;GFq>�bc<�`�;,5 �1Fq;=@aÀ�79<�° \ T @D�©4�F b¼;CHI7 b lÊFq>9E <?�©<?>Z;CHwT 5�49;=@A5 >£`k798�BaF¯b¼5�>ÊHI7�b¼;GFq>�b¼<
`k;,5 �1Fq;=@aÀ�79<�498,ghHZ5��©@D>9<�`�798&BiFeHI@A� @A>Z79;,@D5�>¯HI< \µ²VW Å`k798CBD<�bc<?>I;=8,<�HZ<�B�T ² �©g?8=@AÀ�79<�HI7 U 5�8GHwÅI<?>
O 78,5�4�<1HZ<©B�T L 7<h`k;nÅw<?;�<?>Z;,8,< É�� ◦ U <n; :�� ◦ U <n> R 7Ê`,`k@D<"<n;+<n> Y @D:�g?8,@D<"<?>£g?;=g�° Y 798�BD<h`�� 5�8�	?;¾`
;,8,5 49@abnFqBA<o`¼ÅwBiF";,8GFq>�`�49@A8GFq;,@D5�>�HZ<eBaF©«�g?E�gn;¾Fq;=@A5 >£HI@A�©@D>I7<�F?«�<hb W,YZ¹C² » A» gs

Å]�1FqBDE�8=g�BaF1HI@D�©@A>Z7I»
;,@A5 >�HI<1BaF�8,go`k@a`�;¾Fh>�b¼<1`�;,5��/Fq;,@iÀ^7<©�©@A>@A� FqBA<j°]f 	?�©<e<?> ² � 8=@aÀ�79<�Å]5 
�BA< \µ²VW Fq7E��©<?>Z;,<¯4�Fh8
8¾Fq4465 8,; � W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GHwÅ]BaF©;,8GFq>�`�49@A8GFq;,@D5�>�HZ@A�©@D>I79<3Fh7 Y 7�H£HI<¯B�T goÀ^7�Fh;,<?78�<?>£l9@D«�<?8�<?;�Fh7
U 5�8GH¥HZ<�B�T ghÀ^7ÊFq;,<n798&<?> g?;,g�° M <�49l9gn>95��©mn>9<�<o`k;�H ����BaF�8=g?4�5�>�`�<3HI<�BaF�8=gh`k@i`k;GFq>�b¼<�`k;,5 �1Fq;=@aÀ�79<
Fq7�8¾F?®�5�>>9<?�©<?>Z;�`�5�BaFh@A8=<¥4l95�;=5�`k®Z>Z;,l9g?;=@aÀ�79<?�©<n>I;�F b¼;,@'�VH9Fq>Ê` WGY^¹C² » A» gs

Å <?; ��B�T Fq;,;=g?>Z7�Fq;=@A5�>
HI7�8¾F?®�5�>9><?�©<?>Z;3H9Fq>�`eBA</b¼5�79«�<n8,;?° K Fh>�`eBA<h` (?5 >9<h`�;=8,5�4@ab?FhBA<h`cÅ BaF�(n5�>9<$HI<$b¼5 >I«�<?8=E�<?>Êb¼<"@D>I»
;,<?8=;,8,5 49@abnFqBA<JÁ W�N�MC³ ÄQ<h`k;�F b?b¼5 �©4�FqE >9g?<�HZ<+48,ghb¼@D49@A;GFq;=@A5�>Ê` @A>Z;,<n>�`k<h`Q<?;�HwT 79>9<�� 5�8=;,<�>9g?:97BA5�`�@A;=g�Å
À^79@
BA@D�©@A;=<?>�;�BA<¯8¾F?®�5 >9>9<?�©<n>I;�`�5�BiFq@A8=<1Fq7�>9@D«�<hFq7 HI<©BaF$`k798%�ÂF�b¼<j° M <$HIg&�µbc@A;�<?>[8GFo®�5 >9>9<?� <?>I;
<h`k;�BD< �ÂF b¼;,<?78�BD@A�©@D;¾Fq>Z;&48,g?4�5�>ÊHIg?8¾Fh>I;�`k798�BÂT F `,`k@D�©@ABiFq;=@A5�>$HI<Jb?Fq8=:�5�>9< H9Fq>Ê`�b¼<h`�8=g?E�@D5�>�`cÅ6<n;�BaF
b¼5�>�HZ7�b¼;¾Fh>�b¼<V`k;=5��1Fh;,@aÀ�79<�HIgn46<n>�H©HI@D8,<hb¼;=<?�©<?>�; HI<Vb¼<?;=;,<C« Fq8=@aFq:BA<�Fh;,�©5j`k49l9gn8,@aÀ�79<�H9Fq>�` W,YZ¹C² »
A» gs

Á ghÀ^7ÊFq;,@D5�>�È�° �ZÈqÄG° \ F©HZ@ ¿µg?8,<n>�b¼<3HwT gn«�Fh4�5�8¾Fh;,@D5�>�<n>I;=8,< W,YZ¹C² » A» gs
<?; W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GH�`k78

BaF � 5 8�	?;
;,8=5�49@ib?FqBD<�Fh7 M 5�>9E 5e<h`k;
BA@Dg?<�Fh71HIg?4BaF�bc<?�©<?>Z;)`=Fq@i`k5�>>9@A<?8�HI<�BÂT W�N�MC³ Å�`k@D;,79gn<�Fh7�`�7�H©HI<
B�T goÀ^7�Fh;,<?78&4�<?>�H9Fh>I;CBiF"`=Fq@i`k5�> K º�Ã[<?;�Fq7$>95�8GH�HI<�BÂT ghÀ�7�Fq;=<?798�HI798¾Fh>I;�º�º ² Á «�5�@A8���E�78,< M ° �^ÄG°

\ <o`eHI@ ¿µg?8=<?>�b¼<h`3HI< ��7 ¸ HµT g?« Fq4�5 8¾Fq;=@A5 >t`k5 >I;¯Fh7�`,`�@CBA@Dg?<h` ��bc<?BABD<h`�HI7�b¼5 >I;=<?>Z7[<?>[<hFh7tHI7
8,gh`�<?8,«�5 @A8]498=5 � 5�>ÊHw° O >3E�g?>9gn8¾FqBÂÅ?BA<h`]b¾l�Fh>9E�<?� <?>I;G`wHI7���7 ¸ HwT g?« Fq4�5�8GFq;,@D5�>349@ABD5�;,<n>I;]BD<h`w« Fq8,@iFq;=@A5�>Ê`
HI<�B�T <hFq7/HI7$`k5�BQdZ79>9<�Fh79E�� <?>I;GFq;=@A5�>/HI<�B�T gn«�Fh4�5�8¾Fh;,@D5�>1498,5h«�5ZÀ�79<�79><�HI@A� @A>Z79;,@D5�> HI71b¼5 >I;=<?>I7
<?>�<hFq73HI73`k5 B�Å?<?;]@D>I«�<n8¾`k<n�©<¼>Z;?° M <?4�<?>�H9Fh>I;nÅ¼BA<
b¼5 >I;=<?>Z7�<?>�<hFq73HI73`�5�BZ46<n79;]g?E�FhBA<?� <?>I;8,g?;=8,5�FhE�@D8
`k798�BA< �Ê7 ¸ HwT gn«�Fh4�5�8¾Fh;,@D5�>]° p Fh8+< ¸ <?� 49BA<�Å9BÂT Fh79E��©<n>I;GFq;,@D5�> HI7 �Ê7 ¸ HwT gn«�Fh4�5�8¾Fh;,@D5�>[<?>�gn;,g¯`k78
B�T O 798=5�4�<1HI<¯B�T L 79<h`k;�<h`�;3F�b?b¼<n>I;=79g?<¯4�Fq83BA< �ÂFq@A;3À�7]T @DBQ®£F¥49BD7�`�HwT <hFq7 H9Fq>�`�BA< `k5 BCHI@i`k4�5�>9@D:9BA<
465 798�BaF�bc8,5�@i`,`=Fq>�b¼<�<?;
BaF�;=8¾Fq>Ê`k49@D8¾Fq;=@A5 >�HZ<h`&49BaFh>I;=<h`¼° M <?;,;=<�Fq7E��©<?>Z;¾Fh;,@D5�>1HI7$b¼5 >I;=<?>Z7©<?>1<hFq7
HI7t`�5�BC<h`�;e<?BABD<¼»�� 	?�"<¯HZ79<�� 79> ��7 ¸ HµT g?« Fq4�5 8¾Fq;=@A5 >_49BD7�` �ÂFh@A:9BD<1HI798GFq>Z;"BD<1498,@D>I;=<?�©4�`�F?«�<hb
WGY^¹C² » A» gs

°

� ��� ��� ~ ����y���	 �Zz�{ �,y �)yQ{��=y � � � � 	 � �,s 	u]{IvhyQs�sCz�u ����u

\ F ��E�798=<�ÇI° Æ �©5�>Z;,8=<)B�T ghb?Fh8,;k»Â;�®I4�<
`,Fh@a`�5�>9>9@D<?8QHI7���7 ¸ HI<�b l�FhBA<?78 BiFq;,<n>I;=<&`�@A�¯79BAg 4�Fq8 W,YZ¹C² »
`k;¾Fh>�H9Fh8¾HwÅ�À�79@94�<?8=�©<?;�HI<�À^7ÊFq>Z;,@ �Ê<?8 BiF�« Fq8=@aFq:@ABA@D;,g
@A>Z;,<?8�»�Fh>9>I7<?BABD<�° \ <h`�49BA7�`
� 5�8,;=<h` « FqBD<?798G` `�5�>Z;
HwT <?>Z«Z@A8,5 > 20Wm−2 <?>¯l9@D«�<?8Q:65 8,ghFhB�Å�<?;�`k5�>Z;&BD@A�©@D;,gc<h`��+B�T l9g?�©@i`k49lm?8,< Y 7�H¯<?;
Fq7 ¸ N 8=5�49@iÀ^7<h`¼Å
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������� ÇI° Æ � O b?Fq8=;k»Â;k®Z4�<�HI7 �Ê7 ¸ HZ<�b¾l�FqBD<?798QBaFh;,<?>Z;,< (Wm−2) `k@A�¯79BDg&4�Fh8 WGY^¹C² »�`�;¾Fh>�H9Fq8GH"4�5�798
BD<h`C`,Fh@a`�5�>�`�º�Ã)f Á �eE�Fq7Êb l9< ÄQ<?;�º ²+Y Á �eHI8=5�@D;,<�Ä
`�798�BiF�4�g?8,@D5ZHI<¯È?��; :o»GÈ?� ��ÉI°

;GFq>�HZ@a`�À^7]T <?BABD<h`QFq;=;,<?@DE�>9<?>Z;�HI<h`&« FhBA<?798G`&49BA7Ê`&g?BA<?«�gn<h`)<?;�`¼T g?;,<?>ÊHI<?>Z; �e;,5�7;CBA<�E�BD5�:�<�<?>1g?;=g�°
O >e`�@A�¯79BaFh>I;µBA< \µ²�W HI<&�1Fh>9@Amn8,<)@D>I;=<?8¾F b¼;,@D«�<�Å W,YZ¹C² » A » gs

4�<?8=�©<?; HI<&8=<?498,go`k<?>Z;,<?8µBaFC« Fq8,@iFq:9@ »
BD@A;=gC@A>Z;,<?8�»�Fh>9>I7<?BABD<CHI<�BÂT @D>�HI@abc<$� 5�BD@aFh@A8,<C<n>"8=g?4�5�>�`�<��+BiF�« Fh8,@aFh:9@ABD@A;=g�HI7 � 5�8 �?FqE <�Fq;=�©5�`�49l9g?8=@aÀ�79<�Å
FhBA5 8¾`&À�7]T WGY^¹C² »�`�;¾Fh>�H9Fq8GH�7;,@ABD@a`�<C79> \µ²�W � <?>�`k7<?B9bcBA@A�/Fq;,5 BA5 E�@aÀ�79<
498,<h`=b¼8,@D; ��4ÊFq8,;=@A8�HI<�BiF�:�F�`�<
HZ<�HZ5�>9>9gn<h` O&MCL�MC\µW f ²�p ° \ F���E 798,< ÇI° É��©5 >I;=8,<©BD<h`eHI@ ¿µg?8=<?>�b¼<o`�HwT ghb?Fq8=;k»Â;�®I4�<$HI7	�Ê7 ¸ HI<
b¾l�FhBA<?798 BaFq;=<?>Z;,<C4�5�798
BA<h`Q`=Fq@a`�5�>�` K º�Ã�<?;
º�º ² `�@A�¯79BAgh`w4ÊFq8 W,YZ¹C² » A» gs

Á�`�;,8GFq;,gnE�@A<VHwT g?«I@D;,<?�¯<?>Z;
HZ7©`�;,8,<o`,` Ä <?; WGY^¹C² »�`�;¾Fh>�H9Fq8GHwÅ�Fh@A>�`�@�À^7<CB�T gob?Fq8=;k»Â;k®Z4�<CHI7 \µ²�W `k@D�"79BDg)4�Fh8 W,YZ¹C² » A» gs

° \ T ghbnFq8,;�»
;�®Z4�<¯HI< LE Fh79E��©<n>I;=<eHI<e49BD7�`�HI< 20 
 `k7983HI<e>95 �":8,<?7�`�<h`�8=g?E�@D5�>�`cÅw8,g?4ÊFq8,;=@A<h` �/;=5�79;=<h`�BA<h`
BiFq;=@A;,7ÊHI<h`¼° \ T Fq79E �©<?>Z;¾Fh;,@A5 >$HI<�BaF�« Fq8=@aFq:@ABA@D;,g3HI7 ��7 ¸ HI<3b¾l�FqBD<?798CBiFq;,<n>I;=<�F?«�<hb WGY^¹C² » A» gs

<o`k;
48,<h`=À^79<Q;=5�7h¬,5 798¾`)F `,`�5Zb¼@Ag?<�Fq7 ¸ 49BD7�` � 5�8,;=<h`w« FqBD<?798¾`�HwT ghb?Fq8=;k»Â;�®I4�<
HI7 \µ²VW ° O BDBA<QF�gnE�FqBD<?�©<?>Z;�BA@D<?7
HFq>�`QBA<h` (?5 >9<h`)5 
¯BaF�« Fq8=@aFq:@ABA@D;,g�HI< LE `k@D�"79BDg?<&<o`k;QBaF�49BD7�`)g?BA<?«�gn<�Á �ÊE�798=<�ÇZ° Æ ÄG° \ F�`k@D�"7BaFq;=@A5 >
@D>I;=<?8¾F b¼;,@D«�<
HI7 \µ²VW «I@D<?>Z;)HI5 >�bC8,<?>�� 5 8¾b¼<n8)BaF�« Fq8=@aFq:@ABA@D;,g�HI<h` ��7 ¸ ;,798=:979BA<n>I;G`¼° O >¯�©5ZHI<�b¼5 7949BAgjÅ
<nBABA<�4�5�78,8¾Fh@A;�Fh7�`,`�@QFq7E��©<?>Z;,<n8CBaFe«�Fh8,@iFq:9@DBA@A;=g3HI<h`�498=ghb¼@D49@A;GFq;,@D5�>�`c° ³ <?>9E ��� ��
 � Á=È?� ���^Ä�5 >I;�4�Fq8
< ¸ <?� 49BA<
5�:9;=<?>I7 79>©8,<n>�� 5�8Gb¼<?�©<?>Z; HI<�BaF�« Fq8=@aFh:9@ABD@A;,g�@A>Z;,<n8k»½HIghb¼<?>>�FqBD<�HI<h`)498,gob¼@A49@D;¾Fh;,@A5 >�`Q`k798CBD<
Y Fql9<?BÂÅ6<n>�@A>Z;,8=5ZHI79@i`,Fq>Z;�BiF©`k@D�"79BiFq;=@A5�> @A>Z;,<?8GF�b¼;=@A«�<3HI<�BiF"«�g?E g?;¾Fh;,@A5 >�H9Fh>�`�BD<?798��©5ZHIm?BD<�Fh;,�©5h»
`�49l9g?8=@aÀ�79<�° \ F1b¼5 �©4�Fq8GFq@i`k5�> HI7 \µ²�W `�@A�¯79BAg�F?«�<hb�BA<h`�HI5 >9>9g?<h`�HI< \µ²�W HZg?8,@D«�g?<h`CHI<h`VHI5�>9>g?<h`
`=Fq;=<?BABD@A;¾Fh@A8=<h` WGY\]Y9M
p » W=W ÁÂb lÊFq49@D;,8,<V�^ÄF+�©5 >I;=8,gVÀ^7<�BD<��©5ZHZm?BA<�`�@A�¯79BA<C79><�« Fq8,@iFq:9@DBA@D;,g�HI7 \µ²VW
8=ghFqBD@a`�;,<�° M <n46<n>�H9Fq>Z;?Å]BÂT Fq7E��©<?>Z;¾Fh;,@D5�>£HI<©BiF©«�Fh8,@iFq:9@DBA@A;=g¯HI7 ��7 ¸ HI<1b¾l�FqBD<?798�BiFq;,<n>I;=<©F `,`k5Zbc@Ag?<
HFq>�`�BA<¯�©5ZHIm?BD<�>9<¯4�<?79;�4ÊF�` 	n;,8,<e« FhBA@aHZg?<�Å �ÂFh79;,< HI<¯�©<h`k78,<h`�HZ< ��7 ¸ ;,798=:979BA<n>I;G` �©BÂT ghb¾l9<?BDBA<
E BA5 :�FqBD<�°
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� ����� ÇZ° É � K @ ¿µg?8=<?>�b¼<h`�HwT ghb?Fq8=;k»Â;�®I4�<¯HI7 ��7 ¸ HI<¯b¾l�FhBA<?798VBaFq;=<?>Z;,< (Wm−2) <?>Z;,8,< W,YZ¹C² » A» gsÁ�`k;=8¾Fh;,g?E @A<VHwT g?«Z@A;=<?�©<c>I;�HZ71`k;=8,<h`=` Ä�<?; W,YZ¹C² »½`k;¾Fh>�H9Fh8¾H1Á l�Fh79;¼ÄGÅ^<n; gob?Fq8=;k»Â;k®Z4�<�HI7 \µ²�W
(m2m−2)`k@A�¯79BDg�4�Fq8 WGY^¹C² » A» gs

Á�`�;,8GFq;,gnE�@A<JHwT gn«I@D;,<?�©<c>Z;&HZ7£`k;,8=<h`,`¾ÄC4�5�798VBA<h`�`,Fh@a`k5 >�`�º�Ã)f Á �"EjFq7�b¾l9<�Ä
<?;�º ²+Y Á �eHI8=5�@D;,<�Ä
`�798�BiF�4�g?8,@D5ZHI<¯È?��; :o»GÈ?� ��É9°

� 	�� � �7 %
� ��� � ( � % � 9�'��2�.( � 8*�.� �.��� ���1� �.' %��*�.'

P >£HI<h`C@A>Z;,g?8�	?;¾`�HwT W,YZ¹C² » A » gs
<h`k;�HI<�498=<?>�HI8=<e<?>�bc5��©49;=<�BÂT <¼¿µ<?;�HI<eBiF©b¼5 >�b¼<?>Z;,8GFq;,@D5�> Fq;k»
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HwT g?« Fh465 8¾Fh;,@A5 >]° W,YZ¹C² » A » gs
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E�BD5�:�FhB�° \ F©HI@i`k4�5�>@A:9@DBA@A;=g�<?>$F (?5 ;,<�4�<?7;�« Fq8=@A<?8�`�5�7�`�B�T <c¿w<n;�HI<3HI@ ¿µg?8=<?>I;G`&498,5Zbc<h`½»
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2
°

N ®I4�<3HI<�«�g?E�gn;¾Fq;=@A5 > Y9\µ²
NL

Y9\µ²
NL

(350 ppm) (350 ppm) (700 ppm) (700 ppm)M 79BD;,798=<h` C3
È Æ °<; È ° Ç È?ÇZ° �I° ;

M 79BD;,798=<h` C4
È?�Z° Ç È ° � �I° È�° �

± <n8,:�F b¼g?<h`Q;,<?�©4�g?8=g?<h` C3
È Æ ° È ° Ç È?�Z° Ç È�°

± <n8,:�F b¼g?<h`Q;,8,5 49@abnFqBA<o` C4
ÉZ° � È ° Ç ÉI° È�° �

M 5 >9@ � m?8=<h` È?ÇZ° Ç �Z°<; È�È ° � �I° É
Ã9<?79@DBABD7�` 4�<?8G`k@a`�;¾Fh>I;G` È Æ °<: �Z° É È?�Z° � �I°DÈ
Ã9<?79@DBABD7�`&HIgob¼@aHI7Ê` È?�Z° � �I° È?�Z° � È�° �

����� � ÇZ° � � X FhBA<?78¾`�HI< Y9\µ²
(m2 kg−1) <n;�HµT F (n5�;,< � 5 BA@iFq@A8=< (%) 79;=@ABD@a`kgn<h`�4�5�798�BD<h`�;k®Z4�<h`�HI<

«�gnE�g?;GFq;,@D5�>�HwT WGY^¹C² » A» gs
�£Ç�É � ppm <?;©�o��� ppm ° \ <h`�« FhBA<?798G` ��Ç É�� ppm `�5�>Z;"@i`,`�79<h`¯HI7

;GFq:9BD<hFq7 ��HI<�B�T Fh>9>9< ¸ < ² ��BD<h` « FqBD<?798¾`����h� � ppm `k5 >I;Q5 :9;,<?>Z79<h`)<?>¯Fh4949BD@aÀ�7�Fq>Z;Q79>9<C8,goHI7�b¼;=@A5�>
HZ7 Y9\µ² HI<�È?Ç�
 Åh5�:�`�<?8,«�g?< BA5�8G` HµT 79>3HI5 79:9BA<n�©<?>Z;]HI<QBaF�b¼5 >�b¼<?>Z;,8GFq;,@D5�>3HI< MCL

2
Fq;=�©5�`�49l9g?8=@aÀ�79<�°

W,YZ¹C² » A » gs
>9<V`k@A�¯79BD<&4�F `BD<�bc®9b¼BD<CHI<�B�T F (?5 ;,<�Å �1Fq@i` BaF�b¼5 >�b¼<?>Z;,8GFq;,@D5�>¯<?> F (?5 ;,<VHI<h`"� <n79@ABDBA<h`



9 � �  �4 � ���!& 
��.& " ��&/"5&(
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<h`k;C498=@a`�<+<n>�b¼5 �©49;,<V465 798Vb?FqBib¼79BA<n8&B�T @A>�HZ@ab¼<VHI<e`�798#�ÂF b¼<�� 5�BD@aFq@D8,<�ÅZ«I@iF�BA< Y9\µ² Å9BD<�8¾Fq4465 8,;�<n>I;=8,<
BaF�`�798#�ÂF b¼<©<?;3BaF��1F `,`�< � 5 BA@aFh@A8=<�° P >9<1HI@D�©@A>Z79;=@A5�>£HZ<©BaF$b¼5�>�bc<?>I;=8¾Fh;,@A5 >[<?>�F (?5�;=< � 5�BA@iFq@D8,<¯<h`k;
b¼5��©�¯79>9gn�e<?>I;�5 :�`k<?8=«�g?<QBA5 8¾`�HI<QB�T Fh79E�� <?>I;GFq;=@A5�>�HI<&BiF�b¼5 >�b¼<?>Z;,8GFq;=@A5�>3HI< MCL

2
ÁÂ¶�� 8,>9<n8?Å ����� �^ÄG°

´ @A>�ÁÂ����� �^ÄV5�:9;=@A<?>Z;�79>9<¯8,goHI7�b¼;=@A5�>�� 5q®�<n>9>9<eHZ<eBaF1b¼5�>Êb¼<?>Z;,8¾Fh;,@D5�>�<?>�F (?5 ;,< � 5�BD@aFq@D8,<JHI< 11 �
13 
 �"4�Fh8,;=@A8VHwT 79><��©g?;GFo»½Fq>�FhBA®`k<3HI< :��©5�:�`�<?8,« Fh;,@A5 >�`¼° K <�� 	n�©<�Å p 5�5�8=;,<?8V<?; U Fo« F `+ÁÂ����� Ç^Ä
� 5�>Z; g?;GFq;�HwT 79>9<
8,ghHI7Êb¼;,@D5�>��©5h®�<?>9>9< HI7 Y9\µ² HI< 13 
�4�5�798
�h�C<h`k4�mhb¼<o`¼ÅhH9Fh>�` BA<o`w< ¸ 4�g?8=@A<?>Êb¼<h`wHZ<
HI5�79:BA<?�©<n>I;�HI7 MCL

2
Fq;=�©5�`�49l9g?8=@aÀ�79<�° P >9<�< ¸ 4�g?8,@D<?>�b¼<3HI<J`k<?>Ê`k@A:@ABA@D;,g�<h`�;�8=ghFqBD@a`kgn<+4�5 798�;,<n>9@A8

b¼5��©4;,<1HI<$b¼<n;�<¼¿µ<?;n° \ T < ¸ 4�g?8,@D<?>�b¼< K�U ��<h`�;©`�<?�¯:9BaFh:9BA< � K � �IÅ �/Fq@a`�BD< Y9\µ² <h`�;¯HI@A�©@D>I7g
HI< 13 
 Å�`k@A�¯79BD;¾Fq>g?�"<n>I; Fq7$HI5 79:9BA<n�©<?>Z;&HZ<�b¼5�>Êb¼<?>Z;,8¾Fh;,@D5�>1HI7 MCL

2
Fh;,�©5j`k49lg?8,@iÀ^79<3Á ;GFq:9BD<hFq7

ÇI°AÈhÄ¾° \ <o`�« FqBA<n798¾`�HI< Y9\µ² 79;=@ABD@a`kgn<h`CH9Fq>Ê`�BD<h`�HI<?7 ¸ < ¸ 4�g?8,@D<?>�b¼<h`cÅ�Fq@D>�`k@QÀ�79<3BA<h`C« FqBA<n798¾`�HZ< NLb¼5�8=8,<h`�465 >�H9Fh>I;=<h`¼Å�`�5�>Z;)@A>ÊHI@aÀ�79g?<h`�H9Fh>�` BA<
;¾Fh:9BA<hFh7¯ÇI° ��4�5 798)BA<o` HI@ ¿µg?8,<?>Z;¾`�;k®Z4�<h`�HI<C«�g?E�gn;¾Fq;=@A5 >]°

� ����� ÇI° � � K @ ¿µg?8=<?>�b¼<o`"HI<��Ê7 ¸ HI<£b lÊFqBA<n798"BiFq;=<?>I;=< (Wm−2) Á lÊFq79;cÄe<?;1HI< \µ²�W
(m2m−2)Á :�F ` Ä¾Å `k@D�"79BDg?<h`&4�Fh8 W,YZ¹C² » A » gs

F?«�<hb�BiF1`k;,8GFq;=g?E�@D<©HwT g?«Z@A;,<n�©<?>Z;�HI7�`k;=8,<h`=`+<?>£8,gn465 >�`k< �¥79>9<
HI@A�©@D>I7;,@A5 >�HI< 13 
 HI7 Y9\µ² Å]4�5�798eBD<h`�`,Fq@i`k5 >�` K º�Ã�Á �¥E�Fh7�b¾l9<�Ä�<n;�º�º ² Á ��HZ8,5�@D;,<�ÄVF?«�<hb�BD<
� 5�8 �nFqE�<JFq;=�©5�`�49l9g?8=@aÀ�79<�HZ<+BiF�4�g?8,@D5ZHI<©Èn��;�:?»¾Èn��� ÉI°

\ F�HI@D�©@A>Z79;,@D5�>�HZ< Y\µ² `k<Q;=8¾F�HZ79@A;]�©gob?Fq>9@iÀ^7<?�©<c>I;94ÊFq8�79>9<CHZ@A�©@D>I79;=@A5 >�HI7 \µ²�W Å?HI<
B�T 5�8¾HZ8,<
HI< 0.5m2m−2 `�798)HZ<C>95��¯:98,<n7�`k<h`w8=g?E�@D5�>�`QÁ �ÊE�798=<�ÇI° ��Ä¾° M <?;,;=<&« Fq8=@aFh;,@A5 >eHI7 \µ²VW `¼T F b?b¼5 �©4�FqE >9<
HwT 79>�@D�©4�F�bc;]F�`=`k< ( �ÂFh@A:9BD<Q`k798�BA< ��7 ¸ HwT gn«�Fh4�5�8¾Fh;,@D5�>eHFq>�`�HI<h`w8=g?E�@D5�>�`];,8=mh`wBA@D�©@A;=g?<?`]Á BaF&�©5h®�<?>9><
E�BA5 :�FqBD<�HI7 �Ê7 ¸ HZ<�b lÊFqBA<n798QBaFq;=<?>Z;,<�4�F�`=`k<3HI< 33.3 Wm−2 4�5�798 K � � � 33 Wm−2 465 798 K�U ��Ä¾°
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\ F HI@A�©@D>I7;,@A5 >©HZ<+BiF"bc5�>�b¼<n>I;=8¾Fq;=@A5 >¥<n>�F (?5�;=< � 5 BA@aFh@A8=<�Fq;=;,g?>Z79<eHZ5�>�b�B�T Fq79E �©<?>Z;¾Fh;,@A5 >1HI< \µ²�W Å
<n;C8,<?>�� 5 8¾b¼<�BDg?E�m?8=<?�©<?>Z;)BiF"HI@D�©@A>Z79;=@A5�> HI<�B�T g?« Fq4�5�8GFq;=@A5�> Å9�1Fq@i`C`k<h`&<¼¿µ<?;G`�`�5�>Z;�:�<hFh7�b¼5 794�49BD7�`
�ÂFh@A:9BD<h`�À^79<
b¼<n7 ¸ BA@Ago`]Fq7¯HI5 79:9BA<n�©<?>Z;]HI< MCL

2
° K <
� 	?�©<�Å¾BiF ·VpQp <o`k;�;,8,mo` �ÂFh@A:9BD<?�©<?>Z;��©5ZHI@ �Êg?<

4ÊFq8�BaF¯HI@A�©@D>I7;,@A5 >1HI< NL
ÅµFo«�<ob�79>9<3�©5h®�<?>9>9<�E�BD5�:�FhBA<eÀ�79@]4�F `,`�<¯HI< 263 PgC/an H9Fh>�` K � �

� 259 PgC/an H9Fq>Ê` K�U �I°

� ��� ��� � ����
Qs �IutyQz�� ��yQs �Qu�� u]s 	 � �	�� y 	�� �Cz�u

\ T F�b?b¼7�"79BiFq;=@A5�>JHI<Vb?Fq8=:65 >9<�H9Fh>�` BÂT Fh;,�©5j`k49l9mn8,<&<o`k;QBaF�498=@A>�b¼@D4�FqBD<�b?Fq7Ê`k<VHI<�BÂT <¼¿µ<?; HI<V`k<?8=8,<
F H9HI@D;,@A5 >9>9<?BÀ�79@9F�<?>I;=8¾F �A>9gQ79>e8=ghb lÊFq7I¿µ<?�©<n>I;µE�BA5 :�FqB�©5h®�<?>�HI<��I°<: ◦ M Fq7¯b¼5 798¾`)HZ7 � ��� `�@AmhbcBA<�°
K T @abc@ BiF �Ê>[HI7 � ��W � `k@Dmhb¼BA<jÅ9BA<h`��©5ZHImnBA<h`�b¼BA@D�1Fq;=@aÀ�79<h`&498=g?«�5�@D<?>Z;�79>£8,gob l�Fh7I¿µ<?�©<?>Z;VHI<1È�° Æ �
ÉZ°<; ◦ M Å�`k79@D«�Fh>I;CBD<3`,b¼g?>ÊFq8,@D5¯HwT gn�©@a`=`k@A5 >�`)<?;CBA<��©5ZHZm?BA<�79;,@DBA@i`kgh`�Á ± 5�79E lI;=5�> ��� ��
� Å�� ���IÈhÄ¾°

K Fh>�`)b¼<n;,;,<
`�<hb¼;,@D5�>]Åc79>9<
>95�79«�<nBABA< < ¸ 4�g?8=@A<?>Êb¼<QHI<
`k<n>�`k@D:9@ABD@A;,g K � �C<h`�;]8,ghFhBA@a`�g?<�Åc79;,@DBA@a`=Fq>Z;]79>9<
bc5�>�b¼<n>I;=8¾Fq;=@A5 >¯Fq;,� 5�`k4l9g?8,@iÀ^7<C<?> MCL

2
HI< 700ppm <n;)BA<h`�«�FhBA<?78¾`)�©5ZHI@'��g?<h`)HZ<�b¼5�>�bc<?>I;=8¾Fh;,@A5 >

<n>1F (?5 ;,<�� 5 BA@iFq@A8=<�HI7©;GFq:9BD<hFq7/ÇI° �©ÁÂb¼5�� �©<&BiF�`k@D�"7BaFq;=@A5 > K�U �^Ä¾Å�<?;
79> � 5�8 �?FqE <�Fq;=�©5�`�49l9g?8=@aÀ�79<
48,g?«Z7�4�5�78�BaF ��>£HZ7 � ��W � `k@Dmhb¼BD<�° M <�� 5�8 �nFqE�<¯Fh;,�©5j`k49lg?8,@iÀ^79<V<h`k;�@a`=`k7�HµT 79> `,b¼g?>ÊFq8,@D5©bcBA@A�/Fo»
;=@aÀ�79<C`�@A�¯79BAg 4�Fq8 M
UVR f¥» M f�ÇIÅhBA<Q�©5ZHImnBA<
b¼5�749BAg
5Zb¼ghFq>Z»�Fh;,�©5j`k49l9mn8,<�HI7 M
U�R f Á Y FqBiF�` ��� ��
� Å
� ��� É^Ä¾Å�F?«�<hb�BA<o`�b¼5 >�b¼<?>Z;,8GFq;=@A5�>Ê`�<?> MCL

2
HI7£`=b¼g?>�Fh8,@A5 HwT g?�©@a`=`k@D5�>�` ² È ¹ ° M <J`,b¼gn>�Fq8=@A51HwT g?�©@i`½»

`�@A5 >�` �ÂFh@A;�4�Fq8=;,@D<CHwT 79>9< �ÂFq�©@DBABD<)HI<�`,b¼gn>�Fq8=@A5�`]:�F `kgh`�`k798 79>9<
b¼8,5 @a`=`,Fq>Êb¼<&ghbc5�>95 �©@aÀ�79<);=8,mh`]8¾Fh49@aHI<jÅ
7>��1F ¸ @A�e79� HI<3BaFe465 4979BiFq;,@D5�>£�©5�>ÊHI@aFhBA<�Fh7��©@ABD@A<?71HZ7 � ��W � `�@Amhb¼BD<�ÅI<n;�BÂT Fq44�Fq8=@A;,@D5�>$8¾Fq4@aHI<
HZ<�>95�7«�<?BABD<h`);,<hb¾l9>95 BA5�E @A<h`c° W Bµ`�79494�5�`�<+7>¥goÀ^79@DBA@D:98,<�H9Fh>�`&B�T 79;,@DBA@i`,Fq;=@A5 >¯HI<h`&HZ@ ¿µg?8,<n>I;=<h`&`�5�798Gb¼<h`
HµT g?>9<n8,E�@D<h`¼Å�� 5j`,`�@ABA<o`&<?;�>5�>�� 5�`=`k@DBA<h`c° M T <h`�;�79> `,b¼gn>�Fq8=@A5¯@A>Z;,<?8=�©ghHI@iFq@A8=<�<n>I;=8,<�BA<h`C`=b¼g?>�Fh8,@D5�` ¹ È�Å
4BA7�`C5�49;=@A�©@i`k;=<�HZ7�4�5�@D>I;VHI<�«Z79<JHI<�BÂT g?«�5 BA79;=@A5�>/HI<h`�b¼5 >�b¼<?>Z;,8GFq;=@A5�>Ê`¼Å9<?; ² �IÅ�49BD7�` 4�<h`=`k@D�©@a`�;,<�Å
BD<h`�HI<?7 ¸ Fq79;=8,<h`�`=b¼g?>�Fh8,@D5�`C498,@D«I@DBAg?E @Agh`CH9Fh>�`�BA<JÀ^7�Fh;,8=@Am?�©<V8¾Fq4465 8,;3HI<3B�T W�p&MCM Á Wkp&MCM Å]� ������Ä¾°
\ F¯b¼5 >�b¼<?>Z;,8GFq;,@D5�>1Fh;,�©5j`k49lg?8,@iÀ^79<�<?> MCL

2
®"<o`k;�Fq4498,5 ¸ @A�1Fh;,@A«�<n�"<?>�;HI< 700 ppm ��BiF ��>$HI7

� ��W � `�@Amhb¼BD<�° p 5 798Cg?BD@A�©@ >9<?8�BA<�:9@iFq@a`
HI7©�©5ZHZm?BA<Vb¼BA@D�1Fq;=@aÀ�79<
`k798CBD< � ��� `k@Dmhb¼BD<�ÅqBD<�� 5�8 �?FqE <�4�5�798
BiF�4�g?8,@D5ZHI<3����; :o»½��� ��É¥<o`k;C5�:;,<?>Z71<?>$F?¬,5�79;GFq>Z;C79>9<�� 5�>Êb¼;,@D5�>$HI<�B�T Fq>95 �1FqBD@A<��©5h®�<?>9>9<V`k@D�"79BDg?<
4ÊFq8 M
U�R f¥» M f�ÇZÅ]<?>I;=8,<¯BA<h`�4�g?8,@D5ZHI<h`�� �^�jÈ »½�IÈ?� ��<?; È?�^�jÈ »½��� ���IÅ�Fq7 � 5 8 �?FhE�< ·�Y ��p »���HI< BaF
4�g?8=@A5ZHI<¯Èn��;�:?»¾Èn��� É9°

FCC(t) = FGSWP2(t) + gCC(∆CCF (m)) Á�ÇI°DÈqÄ

5�
 FCC(t) <h`�;�79><¥« Fh8,@aFh:9BA<$HI7 � 5 8 �?FhE�<$Fq;=�©5�`�49l9g?8=@aÀ�79< ��B�T ghb¾l9ghFq>Êb¼< t ��4�Fh8,;=@A8¯HI7�È ���
¬¾Fh>I«Z@A<n8�� ��;�:ZÅ FGSWP2(t)

<h`k;�BaF¯«�Fh8,@iFq:9BD<eb¼5 8,8,<o`k4�5�>�HFq>Z;,<¯HI7�� 5 8 �?FhE�< ·�Y ��p »½� �"B�T ghb lghFq>�bc<
t �"4�Fh8,;,@D8�HI7[È ��� ¬¾Fh>I«Z@A<?8�Èn��; :IÅ gCC

<o`k;C79>9<�� 5�>�bc;,@A5 >�À�79@�HIg?4�<?>ÊH�HI<�BaFe« Fq8=@aFq:BA<3b¼5�>Ê`k@aHZg?8,g?<jÅ
< ¸ 49BD@ab¼@D;,g?<�bc@ »½HI<h`,`�5�7�`cÅI<?; ∆CCF (m) <h`k;
BaFeHI@ ¿µg?8,<?>Êb¼<�<n>I;=8,< F 2071−2100(m) Å�BaF�� 5q®�<n>9>9<C�©<?>Z»
`�79<?BDBA<�HI<�BiF�«�Fh8,@iFq:9BD<�`�@A�¯79BAgn<�4�Fh8 M
U�R f¥» M f�Çe4�5�798�BA<�� 5�@a` m <?;CBiF�4�g?8=@A5ZHI<3� �^��È¾»��ZÈ?� �IÅ]<?;
F 1971−2000(m) Å^BiF��©5h®�<?>9>9<
�©<?>�`�79<?BABD<
HI<�BiF+« Fq8=@aFh:9BA<V`k@D�"79BDg?<Q4�Fq8 M
U�R f¥» M f�Ç�4�5�798
BA<��©5�@i`
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m <?;CBiF�46gn8,@A5ZHZ<"Èn�^�jÈ »½����� �9°

∆CCF (m) = F 2071−2100(m) − F 1971−2000(m) ÁÂÇI° ��Ä
\ Fe;,<n�©4�g?8¾Fh;,798=<�HI<�B�T Fq@A8
<h`k;�`�@A�©4BA<?�©<c>Z;)5�:9;=<?>Z79<�<?>$F?¬,5�79;GFq>Z;�BÂT Fh>95��1FhBA@D<��©5h®�<?>>9<�d

Tair,CC(t) = Tair,GSWP2(t) + ∆CCTair(m) ÁÂÇI° Ç�Ä
\ <¯8¾F?®�5 >9>9<?�©<n>I;C@D>�� 8¾Fh8,5�7E�<¯@A>�b¼@iHI<?>Z;�<o`k;��©5ZHI@'��g�4�5�78+;=<?>9@D8�b¼5�� 49;,<JHI7�8=ghb¾l�Fq7I¿µ<?� <?>I;

HI<�B�T Fh;,�©5j`k49lm?8,<3d

LWdown,CC (t) = LWdown,GSWP2(t) (1 +
∆CCLWdown(m)

LW down,1971−2000(m)
) Á�ÇZ° Æ Ä

K <+� 	?�©<�Å�BD<h` 48,ghb¼@D49@A;GFq;=@A5�>Ê`C`k5�>Z;C�©5ZHI@'��g?<h`Q<?>$F?¬,5�7;¾Fq>Z;�B�T Fh>95��/FqBA@D<�8=<?BaFh;,@D«�<�d

Prec CC(t) = Prec GSWP2(t) (1 +
∆CCPrec(m)

Prec 1971−2000(m)
) Á�ÇZ° É�Ä

\ F©8=g?4�Fq8=;,@D;,@A5 >�<?>Z;,8=<�BD<h`�498=ghb¼@A4@A;¾Fh;,@D5�>�`CBA@iÀ^79@iHI<h`&<?;�`k5�BD@aHI<o`�<h`k;V<?>�`k7@A;,<3<¼¿µ<hb¼;=79g?<e`�79@A« Fh>I;
BaF";=<?�©4�g?8¾Fh;,798=<�° \ F � 8GF�b¼;=@A5�>£HZ<e49BA79@D<�<h`�;�>Z79BDBA<�<n>£HI<h`,`�5�7�`VHI< −2◦

M Å6<?BDBA<3«�Fh79;eÈeFh7I»½HI<h`,`�7�`
HI< 0◦

M Å9<?;C« Fq8=@A<�BA@D>9ghFh@A8,<n�©<?>�;Q<?>Z;,8,<�b¼<h`CHI<?7 ¸ ;=<?�©4�g?8¾Fh;,798=<h`�d

fRainf,CC(t) = 0, Tair,CC(t) ≤ 271.16K

fRainf,CC(t) = 1
2
(Tair,CC(t) − 271.16), 271.16K ≤ Tair,CC(t) ≤ 273.16K

fRainf,CC(t) = 1, Tair,CC(t) ≥ 273.16K

Á�ÇZ°<:�Ä

Rainf CC(t) = fRainf,CC(t)Prec CC(t)

Snowf CC(t) = (1 − fRainf,CC(t))Prec CC(t)
Á�ÇZ° � Ä

\ T lI7�©@aHI@D;,gJ`k4�ghb¼@'�µÀ^7<¯HI<©B�T Fq@D8�<h`k;�;=8¾Fq>Ê` � 5�8=�©g?< F ��> HI<©bc5�>�`�<?8,«�<?8VBaF¥« FhBA<?7983HwT lI7�©@aHI@D;,g
8,<?BiFq;,@D«�<�HZ< ·�Y ��p »½��d

Qair,CC(t) = Qair,GSWP2(t)
Qsat,CC(t)

Qsat,GSWP2(t)
Á�ÇZ°<;�Ä

\ <V«�<?>I; Wind Å�BA<�8¾F?®�5 >9>9<?�©<n>I;Q`�5�BiFq@A8=<�@D>�b¼@iHI<?>Z; SWdown
Å�<?;QBaF�498,<h`=`k@D5�>1HI<V`k78#�ÂF�bc< Psurf`k5�>Z;&@D>�b¾l�Fq>9E gh`¼° p Fh8Cb¼5 >�`k;=8,7�bc;,@A5 >]Å�BA<�>95�7«�<hFq7 � 5 8 �?FhE�<�F�79>9<�« Fh8,@aFh:9@ABD@A;=gC@aHI<?>Z;,@iÀ^7< ��b¼<?BDBA<�HI7

� 5�8 �nFqE�< ·�Y ��p »��Z°
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������� ÇI°DÈ?� � K @ ¿wgn8,<?>�bc<h`�HI< ��7 ¸ HI< b¾l�FqBD<?798�BiFq;,<n>I;=< (Wm−2) Á l�Fh79;¼ÄV<?;3HI< �Ê7 ¸ HI< b l�FhBA<?78
`�<?>�`�@A:9BD< (Wm−2) Á :�F ` Ä¾Å`k@D�"79BDg?<h`w4�Fh8 W,YZ¹C² » A » gs

F?«�<hb&BaF�`k;=8¾Fh;,g?E @A<VHwT g?«Z@A;=<?�©<?>Z;�HI7 `k;=8,<h`=` <?>
8=g?4�5�>�`�<3Fq71b¾l�Fq>E�<?�©<n>I;QE�BD5�:�FhBw<?>Z;,8=<�BD<h` 4�g?8=@A5ZHI<o`C����; :o»½��� ��É"<?;VÈ?� ;�:o»GÈ?� ��ÉZÅw4�5�798CBD<h`&`=Fq@a`�5�>�`
K º�Ã Á ��EjFq7�b¾l9<�ÄQ<n;�º�º ² Á �"HZ8,5�@D;,<�ÄG°

\ F ��E�798=<©ÇZ°AÈn�/� 5�>Z;,8,<3BA<h`VHI@ ¿µg?8=<?>�b¼<h`VHI< ��7 ¸ ;=798,:97BA<?>Z;¾`�<n>I;=8,<eBA<o`�< ¸ 46gn8,@A<n>�b¼<h` K � �"<?;
K�M �I° · BD5�:�FhBA<?� <?>I;nÅ�BaFe`k5 �©�©<�HZ<h`$��7 ¸ ;=798,:79BA<?>Z;¾`CFh79E�� <?>I;=<�° \ Fe« Fq8=@aFq;=@A5 >�HI< H + LE <h`k;
4�5j`k@A;=@A«�<�498=<h`,À�79<�4�Fh8,;=5�79;�<?>1l9@A«�<n8&:�5�8=ghFqBÂ° O >1g?;,gjÅI<?BDBA<�498=gh`k<n>I;=<�BA<h`&� 	?�©<h`)bnFq8¾F b¼;,gn8,@a`�;,@iÀ^79<o`
À�79<�BiF+« Fq8=@aFh;,@A5 >$HI< LE ÅF?«�<hb 7>9<�Fq>5��1FhBA@A<�4�5�`�@A;,@D«�<�Fh7 ¸ l�Fh79;,<o`&BaFq;=@A;=7�HI<h`cÅ^<n;&79>9<�Fq>95 �1FqBD@A<
>g?E�Fh;,@A«�<�`�798&BÂT O 798=5�4�<���<?BABD<C<h`k;QBAgnE�m?8=<?�©<?>Z;]4�5�`k@D;,@D«�<�H9Fh>�` BiF�8,g?E @A5�>¯@A>Z;,<n8,;,8=5�49@ib?FqBD< ��b?Fh7�`k<VHI<
BÂT Fh79E��©<n>I;GFq;,@D5�>1HZ< H °

\ <h`�Fq>5��1FhBA@A<o`]HI< ��7 ¸ HI<
b lÊFqBA<n798]BaFh;,<?>Z;,<Q<?>Z;,8=< K � � <?; K�M ��`k5 >I;�;,8=mh`]HI@ ¿µg?8=<?>Z;,<h`]HI<
b¼<nBABA<o`
5 :9;,<n>I79<o` <?>Z;,8=< K � �1Á 5 7 K�U ��Ä&<?; K+M ��ÁÂ`k<hbc;,@A5 >$ÇI° ÇZ°AÈ�<n;�ÇZ° ÇI° �^ÄG° \ < ��7 ¸ HI<eb¾l�FhBA<?798CBiFq;=<?>I;=<
Fh>9>Z79<?B�Fh79E��©<n>I;=< <n>e�©5h®�<?>9>9<)E BA5 :�FqBD<�Å�4�F `,`,Fh>I;
HI< 34.2Wm−2 � 35.2Wm−2 ° \ <h`QHI@ ¿µg?8=<?>�b¼<o`
HFq>�`©BA< ��7 ¸ HwT g?« Fh465 8¾Fh;,@A5 > `�5�>Z;©@abc@�HI7<h`©Fq7 ¸ ;,8=5�@i`¥bc5��©4�5�`=Fq>Z;,<h`¯HI7 ��7 ¸ HwT g?« Fq4�5�8GFq;,@D5�>]Å
`�5�7�`©BÂT <¼¿µ<?; HI7 b l�Fh>9E�<n�©<?>Z;¯HI7 � 5 8 �?FhE�<£b¼BD@A�1Fh;,@iÀ^79<j° O >}gn;,g�ÅQBA<h`¯;,8,5 @a` �Ê7 ¸ b¼5 >I;=8,@D:979<?>Z; �
BÂT Fh79E��©<n>I;GFq;,@D5�>�HI<�BÂT g?« Fh465 8¾Fh;,@A5 >SFq7 ¸ l�Fq79;=<h`¥BiFq;=@A;,7ÊHI<h`"<?;���BaF�HI@A� @A>Z79;,@D5�>t`�7981B�T O 78,5�4�<
<n;�BA<o` O ;GFq;¾`�» P >9@a`c° \ T Fh79E�� <?>I;GFq;=@A5�>�HI<©BiF©;,<?�©4�g?8GFq;=798,< HI<¯B�T Fh@A8�<?;JHI<h`+48,ghb¼@D49@A;GFq;=@A5�>Ê`�Á «�5�@D8
Fh>9>9< ¸ < M ° �IÅ �ÊE�798=< M ° Æ Ä)<?>Z;,8GF��A><�HI@D8,<hbc;,<?�©<n>I;�B�T Fq79E �©<?>Z;¾Fq;=@A5 >©HI7 ��7 ¸ HI<�;,8GFq>�`�49@A8GFq;=@A5�>$Fh7 ¸
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� ����� ÇZ°AÈ�È�� K @ ¿µg?8,<?>Êb¼<h`)HI< \µ²�W
(m2m−2) `�@A�¯79BAgn<h`w4�Fq8 W,YZ¹C² » A» gs

F?«�<hb&BiF�`k;,8GFq;=g?E�@D<�HwT g?«Z@A;,<c»
�©<?>Z;]HI7J`k;,8=<h`,`]<?>38,g?4�5�>Ê`k<�Fq7Jb lÊFq>9E <?�©<?>Z;wE BA5�:ÊFqBZ<?>I;=8,<QBA<o` 4�g?8=@A5ZHI<h`���� ;�:?»�� ����É�<?;
È?��; :o»GÈ?� ��ÉIÅ
465 798�BA<h`C`=Fq@a`�5�>�` K º�Ã�Á ��E�Fh7�b¾l9<�ÄQ<?;�º�º ² Á �¯HI8=5�@A;=<�Ä¾°

l�Fq79;=<h`©BaFh;,@A;=7�HI<h`e<?> �ÂF?«�5�8=@a`=Fq>Z;©BaF�4l95�;=5�`k®Z>Z;,l9mh`�<�Å&<?; @A>�HI@D8,<hbc;,<?�©<n>I;nÅ «Z@aF£BA<?798 @A�©4�F b¼;¯`k78
B�T @D>�HI@ib¼< � 5 BA@iFq@A8=<eÁ �ÊE�798=<�ÇZ°AÈ ÈqÄ¾° \ F � 5�8,;=<3HI@A�©@D>I7;,@A5 >©HZ7 �Ê7 ¸ HI<3b¾l�FqBD<?798&BiFq;=<?>I;=<�<?> O 798,5 4�<�<?;
`k798�BÂT O `k;VHI<h` O ;¾Fh;¾`½» P >9@i`�<?>�g?;=g�Å9<h`�;�HI7< �"B�T F�`,`�mhb¾l9<?�©<?>�;�HI7�8,go`k<?8=«�5�@A8C48,5 � 5 >�H�HI7£`�5�B�Å�BA7@ »
� 	?�©<Vb?Fq7Ê`kg�4ÊFq8�BaF¯HI@A�©@D>I7;,@A5 >1HI<h`C498=ghb¼@A4@A;¾Fh;,@D5�>�`cÅ9<?;C4�Fq8VBA<3HIg?�1Fh8,8GFqE�<�49BD7�`C498,ghbc5Zb¼<eHI<3BaF
«�g?E�g?;GFq;=@A5�> Åq@D>�HI79@D;)4�Fq8QBD<h` ;=<?�©4�g?8GFq;,78,<h`]49BA7Ê` b¾l�Fh7�HI<h`c° M <?;)<¼¿µ<?;b¼BA@D�1Fq;=@aÀ�79<Q`¼T F?¬,5�7;,< ��B�T <¼¿µ<?;
49lI®`k@D5�BD5�E�@iÀ^7<&HZ<"� <n8,�©<?;=798,< HI<h`�`k;=5��1Fh;,<h`]HFq>�`]79>9<
Fq;=�©5�`�49l9m?8=<Q<?>98,@ib l@A<�<?> MCL

2
Á ��E 798,<�ÇI°<:�Ä¾°

\ F�HI@D�©@A>Z79;,@D5�>JHI7 ��7 ¸ HZ<�;=8¾Fq>Ê`k49@D8¾Fq;=@A5 >©<h`k;Q8=<?>�� 5�8Gb¼g?<�4�Fq8QBD<h`)«�Fh8,@iFq;,@D5�>�`
HI<�B�T gn«�Fh4�5�8¾Fh;,@D5�>1HI<
BaF�bnFq>95 46gn<�ÅZHI79<h`
Fq7 ¸ b lÊFq>9E <?�©<?>Z;¾`)HZ< \µ²�W ÅZFq@A>Ê`k@µÀ^7<�4�Fh8�b¼<?BDBA<h`)HZ<�BÂT g?« Fq4�5 8¾Fq;=@A5 >1HI71`�5�Bw>Z7]Å
HI79<h`���BaF�:�Fh@a`,`�<�HZ<h`)498,ghbc@A49@D;¾Fq;=@A5 >�`¼° K Fq>�`QBA<h`)8,gnE�@A5 >�`)@A>Z;,<?8=;,8=5�49@ib?FqBD<h`¼ÅhB�T <¼¿µ<?;QFq>Z;,@ »�;=8¾Fh>�`k49@D8¾Fh>I;
HI7 MCL

2
`¼T 5 494�5�`�< ��BÂT <¼¿µ<?;�b¼BD@A�1Fh;,@iÀ^79<�¬,7Ê`,À�7]T � �ÂFq@D8,<3HI@A� @A>Z79<?8QBaFe;,8GFq>�`�49@A8GFq;,@D5�> `k798�bc<?8,;GFq@A><h`

(?5�>9<o`¼° \ T Fq7E��©<?>Z;¾Fh;,@D5�>�HZ<eB�T gn«�Fh4�5�8¾Fh;,@D5�>£HI7£`�5�B)>Z7]Å�BA@Agn<�Fh7 ¸ b¾l�Fh>9E�<?� <?>I;G`CHI<�;=<?�©4�g?8GFq;,78,<
<?;�HI<�498,gob¼@A49@D;¾Fh;,@A5 >�`¼ÅZ«I@D<?>Z;&<?>14�Fh8,;,@D<3b¼5�>Z;,8=<?:�FqBiFq>�bc<?8&BiF�;,8¾Fh>�`k4@A8¾Fh;,@D5�>�HFq>�`�b¼<h`&8=g?E�@D5�>�`c°

\ <o` @D�©4�F�bc;¾`]HI7Jb l�Fh>9E�<n�©<?>Z;wE�BD5�:�FhB�Å `k@D�"79BDgh`94�Fq8 W,YZ¹C² » A » gs
`�798�BA< ��7 ¸ HI<�b l�FhBA<?78]BaFq;=<?>Z;,<

<?;eBA< \µ²�W ÅQ`k5�>Z; HI7�`e<?>_E 8¾Fq>ÊHI<�4�Fh8,;=@A<�Fh7tb¾l�Fq>E�<?�©<n>I;Jb¼BA@D�1Fq;=@aÀ�79<�° p 5 798 b¼<?;,;=<18¾Fq@i`k5 >]Å @DBa`
>9<e`�5�>Z;�4�F `�HI@D8,<hb¼;=<?�©<?>Z;
b¼5�� 4�Fq8GFq:9BD<h` �©b¼<?7 ¸ 5�:9;=<?>Z7�` 4ÊFq8�HwT Fq79;=8,<h`Cg?;=7�HI<h`�HI<eb¾l�Fh>9E�<?� <?>I;
E�BA5 :�FqBÂÅ�HZ5�>Z;)BA<�� 5�8 �nFqE�<�bcBA@A�/Fq;,@iÀ^7< <h`�;QHI@ ¿wgn8,<?>Z;?° p Fh8)< ¸ <?�©49BD<�Å¾BA<h`�Fq>5��1FhBA@A<o` HI< \µ²�W `k@D�"7BAg?<h`
<?>I;=8,< K � ��<?; K�M �[Á ��E 798,< ÇI°AÈ ÈqÄ3`�5�>Z;";=8,mh`eHI@ ¿µg?8,<?>Z;,<o`�HI<$b¼<?BDBA<h`�5 :9;,<?>Z79<h`�4ÊFq8¯¶�<?8,E 5�Fh; ���
��
��ÁÂ����� �^ÄGÅ�À�79@�`k@D�"7BA<?>Z;e79>9<£Fh79E��©<n>I;GFq;,@D5�>tE g?>9g?8GFqBA@i`kg?<£HZ7 \µ²�W `k78�;,5 79;1BA<�E BA5�:�<�H9Fq>Ê`
79>9<e< ¸ 4�g?8,@D<?>�b¼<�HZ<¯`k<?>�`�@A:9@DBA@D;,g�ghÀ�79@A« FqBD<?>Z;,<�° \ F/8=g?4�5�>�`�<e5�:9;=<?>Z79<�4�Fh8 ¹ <?;=;¾` ������
��Á,Èn���^� Ä�<h`k;
49BA7�`1b¼5 >I;=8¾F `k;,gn<�Å&�1Fh@a`eBA<h`©`�;,8=7�b¼;,78,<h`1HI<h`1Fh>95��1FhBA@D<h`"bc5�8,8=<h`k4�5 >�HI<?>Z;$Fq7 ¸ b¾l�Fq>E�<?�©<n>I;G`"HI<
498,ghbc@A49@D;¾Fq;=@A5 >�`�`k@D�"7BAgh`C4�Fq8�BD<"�©5ZHZm?BA<JHwT Fh;,�©5j`k49l9mn8,<¯HI7 ± F�HZBA<?® M <?>I;=8,<�Åµ<?;�>9<"8=<h`,`�<?�¯:9BA<?>Z;
4�F�`��¯b¼<?BDBA<h`
HI<ebc<?;,;=<+gn;,7�HI<jÅ�Fo«�<ob�>95�;GFq�©� <?>I;
79>9<JFq79E �©<?>Z;¾Fq;=@A5 >�HZ7 \µ²�W <?> O 798=5�4�<e<?;�`k78
BA<h`�(?5 >9<h`eHI< � 5�8�	?;¾`�;=8,5�4@ab?FhBA<h`c° ² ��>[HZ<1b¼5�� 4�Fq8=<?8�BA<h`�8,gh`�79BA;GFq;¾`3HwT W,YZ¹C² » A» gs

F?«�<hb¯b¼<?7 ¸ HI<
¶�<n8,E�5jFq; ��� ��
�]ÁÂ��� ���^ÄGÅ]79>9<e`�@A�¯79BaFh;,@D5�>©@D>I;=<?8,�©goHI@aFh@A8,< K f��¯F"g?;=g+8=ghFqBD@a`�g?<�Å9@aHZ<?>I;=@aÀ�79<�� K�M �
�1Fq@i` F?«�<hb&BD<�� 5�8 �?FqE <�Fq;=�©5�`�49l9g?8=@aÀ�79<�HI<�b¾l�Fh>9E�<?� <?>I;b¼BA@D�1Fq;=@aÀ�79<&4�5�78CBaF+4�g?8=@A5ZHI<�����; :o»½��� ��ÉI°
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\ F�HI@ ¿µg?8,<?>Êb¼<�<?>Z;,8=< K f��£<?; K�M �¢À�7�Fh>I;=@ ��<$B�T <c¿w<n;"8GF�HI@iFq;,@'�JHI7�HI5�7:9BA<?� <?>I;¯HZ< MCL
2
Á «Z@aF

BD<¯b lÊFq>9E <?�©<?>Z;�b¼BA@D�1Fq;=@aÀ�79<�ÄGÅI;¾Fh>�HI@i`�À^7<eBaF©HI@ ¿µg?8,<?>Êb¼<e<?>Z;,8,< K � �"<?; K f��©8=<?498,go`k<?>Z;,<3B�T <c¿w<n;
HZ@A8,<ob¼;QHI<�BaF�8,gn465 >�`k<�HI<�BiF�«�g?E�g?;GFq;=@A5�>¯Fh71b¾l�Fq>9E <?�©<?>Z; HI< MCL

2
Á 49lZ®9`�@A5 BA5�E @aÀ�79<C<?;
`k;=8,7�bc;,798=<?B ÄG°

O >¯�©5h®�<?>9>9<QE BA5�:ÊFqBA<jÅ�B�T ghb?Fq8=; <n>I;=8,< K � ��<?; K f���<o`k;
HI< 0.3m2m−2 4�5�798
BA<&�/F ¸ @A�¯79� Fh>9>Z79<?B
HZ< \µ²�W Å)<?; HI< −0.04mm/jour 4�5�78©BA< ��7 ¸ HwT gn«�Fh4�5�8¾Fh;,@D5�>]° W,YZ¹C² » A» gs

`�@A�¯79BA</HI5�>�b179>9<
Fh79E�� <?>I;GFq;=@A5�> HI7 \µ²�W <?;V79>9<¯HI@D�©@A>Z79;,@D5�>1HZ<�B�T g?« Fq4�5�8GFq;=@A5�> Å]b¼5�� �©<�¶�<?8,E 5�Fh; ������
��Á�� ��� �^Ä¾°
K <+4BA7�`cÅ�b¼<h`&« FqBD<?798¾`C`�5�>Z;�bc5��©4�Fh8¾Fh:9BA<h` �"bc<?BABD<h`)5�:9;=<?>I7<h`&4�Fq8Vb¼<h`CFh79;,<n798¾`c°

\ F ·VpQp Fq79E �©<?>Z;,<¯4�Fq8=;,5�7;¯`k7983BA<¯E�BA5 :�<©<?>[8=g?4�5�>�`�<1Fq7�b¾l�Fq>9E <?�©<?>Z;�E BA5�:ÊFqB�Å�F?«�<hbe79>9<
@D>I;=<?>�`�@A;,g�<?;�79>9<¯HZ@a`k;=8,@D:979;,@D5�> `k4�Fh;,@aFhBA<3;,8,mo`�`�@A�©@DBaFq@D8,<h` �©b¼<?BDBA<h`CHZ<�BaF ��E�798=<eÇZ°<;I° \ F"�©5h®�<?>9>9<
Fh>9>Z79<?BABD<eE�BD5�:�FhBA<e<h`�;�HZ< 254 PgC/an 4�5 798 K � �IÅ Fq7£BA@A<n7£HI< 166 PgC/an 4�5 798 K+M �£Á «�5 @A8
b¾l�Fh49@A;=8,<���Ä¾° M <?;,;=< � 5 8,;=<�Fh79E�� <?>I;GFq;=@A5�>1<h`�;C498,@D>�b¼@D4�FqBD<?�©<?>�;
HI79< �eB�T <¼¿µ<?;$� <?8=;,@DBA@a`=Fq>Z;CHI7 MCL

2
°

O >$<¼¿µ<?;?ÅZBaF ·VpQp <h`k;C�©5ZHZ@ ��g?<V4�Fq8�BA<�b¾l�Fh>9E�<?� <?>I;
b¼BD@A�1Fh;,@iÀ^79<jÅ�`k79@D« Fq>Z;C79>9<�8,g?4ÊFq8,;=@A;=@A5�>1E g?5q»
E 8¾Fh49l9@aÀ�79<�`�<?�":BaFq:BA<���bc<?BABD<&HZ7 ��7 ¸ HI<Cb¾l�FhBA<?798�BaFh;,<?>Z;,<jÅ?�1Fq@i` b¼<n;]<¼¿µ<?;)<h`�; >9gnE�BA@DE�<hFh:9BA<�HI<?« Fq>Z;
BÂT @D�©4�F�bc;�HI7¯HI5�7:9BA<?� <?>I;�HZ< MCL
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� <?>I; F�`=`k5Zb¼@Dg?< ��7>9<�Fh79E�� <?>I;GFq;=@A5�>¯HZ<CB�T @D>�HI@ib¼<$� 5 BA@aFh@A8=<�° Y 798QB�T O 798=5�4�<�Å�BÂT g?« Fh465 8¾Fh;,@A5 >1HI@D�©@A>Z79<
`�798�;=5�79;�BD<eHI5 �1Fq@D>9<�ÅµFqBD5�8¾`VÀ^79<3BaF©HZ@ ¿µg?8,<n>�b¼<�<n>I;=8,<�BD<h` \µ²�W `k@D�"79BDgh`&498=gh`k<?>Z;,<379>9<J`k;,8=7�b¼;=798,<
:@A4�5�BiFq@A8=<�Å9F?«�<hb�79>9<3Fq79E �©<?>Z;¾Fh;,@A5 >1Fq7 U 5 8¾H^» O `k;�<?;&7>9<3HI@A�©@D>I7;,@A5 >©Fh7 Y 7�H^» L 79<h`k;n° M <3b¼5��"»
4�5 8,;,<n�©<?>Z;�`k798�BA< U 5 8¾H^» O `k;�HI<3B�T O 78,5�4�<3<h`k;VH � �e79>9<38,g?;=8,5jF�b¼;=@A5�>$<?>Z;,8,<�BÂT g?« Fq4�5 8¾Fq;=@A5 >�<?;�BD<
bc5�>Z;,<?>Z7�<n>[<hFq7 HI7�`k5 B�d]B�T g?« Fq4�5�8GFq;=@A5�>�<h`k;3BA@A� @A;,gn<�4�Fh8�BaF$HI@A� @A>Z79;,@D5�>�HZ<©B�T <hFq7�HI7�`�5�B�Å�À�79@
`cT 5 494�5�`k< �eB�T Fq79E �©<?>Z;¾Fh;,@A5 >1HI7 \µ²�W Á ��E 798,<JÇI°DÈ?Ç^ÄG° M <n;,;,<JHI@A� @A>Z79;,@D5�> HI<�BÂT <hFh7�HFq>�`�BD<3`k5�B�<?>
gn;,g©<h`�;e<?BABD<¼»Â� 	?�e<¯b?Fh7�`kg?< 4�Fq8¯79>9<©gn«�Fh4�5�8¾Fh;,@D5�>_4BA7�`�@D�©4�5�8,;GFq>Z;,< Fq7�498,@D>I;=<?�©4�`cÅ]HI79< ��79>
HZg?�1Fq8=8¾FhE�<�49BA7�`Q498,gob¼5Zb¼<�HI<�BaF�«�g?E�gn;¾Fq;=@A5 >1F?«�<hb BiF�`�;,8¾Fh;,g?E @A<VHwT gn«I@D;,<?�©<n>I; HI71`�;,8,<o`,`¼° Y 798�b¼<?;,;=<
(n5�>9<�Å b¼<¯`k5 >I;�BA<o`�« Fq8,@iFq;=@A5�>Ê`�HI<eBÂT <hFh7£HI7[`�5�B
À�79@)49@DBA5�;=<?>Z;�BD<h`�«�Fh8,@iFq;,@D5�>�`�HI7 ��7 ¸ HI< b l�FhBA<?78
BiFq;=<?>I;=<�Å�<?;�>5�>£B�T @D>I«�<n8¾`k<�b¼5��©� <�`k798VBA<e8,<o`k;,<JHI7�E�BD5�:�<�° \ F1`�;,8¾Fh;,g?E @A<¯HwT g?«Z@A;,<n�©<?>�;CHZ7[`�;,8,<o`,`
4�<?8=�©<?;�HwT Fq79E �©<?>Z;,<?8]BÂT < 
/b?F b¼@A;=g&HµT 79;=@ABA@i`,Fh;,@A5 >3HI<CB�T <hFq7]Å b�T <h`k;�»%�?»�HI@D8,<
BA<&8GFq;=@A5�<?>Z;,8=<&BD<$��7 ¸ HwT F `½»
`�@A�©@DBaFh;,@A5 >e>9<?;=;,<�<?;QBA< ��7 ¸ HI<�;,8GFq>�`�49@A8GFq;=@A5�> ÅIBA5 8¾`
HwT 79> `k;=8,<h`=` lZ®9HZ8,@aÀ�79<��©5ZHIg?8=g�° O BABD< �ÂF?«�5 8,@a`�<
BD<eHIgn�1Fq8=8¾FqE <�<?;VBaF¯b¼8,5 @a`,`=Fq>�bc<¯HI<eBaFe«�g?E�gn;¾Fq;=@A5 >�4�Fq8�8GFq494�5 8,; �"BaF `k;,8GFq;=g?E�@D<¯HI<�;=5�BAgn8¾Fq>Êb¼<eFh7
`�;,8=<h`,`cÅI�1Fh@a` <n>I;=8¾F��D>9<V`k5�7«�<?>I;C7>©g?4979@i`k<?� <?>I; 49BA7�`&8GFq49@iHI<�HI7$b¼5 >I;=<?>Z7©<?>©<hFh7$HI71`k5 B�Å9<?;
79>9<
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� ����� ÇI°DÈ?Ç � K @ ¿µg?8,<n>�b¼<h`CHI< \µ²�W
(m2m−2) Á l�Fh79;¼Ä
<?;�HI<Jb¼5�>Z;,<?>Z71<?>1<hFq7 HI7�`�5�B HI7�8=gh`k<n8,«�5�@D8

498,5 � 5�>�H (mm) Á :�F ` Ä�<?>Z;,8=<eBaF1`k;=8¾Fq;=g?E�@D<©HµT g?«Z@A;=<?�"<n>I;�HI7�`k;=8,<h`=`�<?;�BaF1`�;,8¾Fh;,g?E @A< HI<e;,5 BAg?8GFq>�bc<
Fq7£`k;=8,<h`=`�HwT WGY^¹C² » A» gs

Å�4�5�798�BA<o`�`=Fq@a`�5�>�` K º�Ã Á �"EjFq7�b¾l9<�Ä�<?;�º�º ² Á �©HZ8,5�@D;,<�Ä�`k78�BaF"4�g?8=@A5ZHI<
È?��; :o»GÈ?� ��ÉI°

`kg?>9<o`,b¼<?>Êb¼<�49BD7�`&498,gob¼5Zb¼<�°
\ <o`�HI@ ¿wgn8,<?>�bc<h`�HI< ��7 ¸ HI< b¾l�FqBD<?798�BiFq;,<n>I;=<e<?>I;=8,< K+M �1<?; L�M ��`k5 >I;��©5 @A>�`�g?;,<?>ÊHI79<h`�<?;

E�g?>9gn8¾FqBD<?�©<?>Z;��©5 @A>�`��1Fq8GÀ^7g?<h`�À^7<�bc<?BABD<h`�`k@A�¯79BDg?<h`�BD5�8¾`eHZ7_b¾l�Fh>9E�<?� <?>I;3HwT 5�49;=@A5 >_HµT W,YZ¹C²
Á <?>Z;,8=< W,YZ¹C² » A » gs

<?; W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GH6Ä¾° K T Fq79;=8,<�4�Fh8,;nÅIBaF3`k<?>Ê`k@A:@ABA@D;,g ��BaF�`�;,8GFq;,gnE�@A<�HI<�8=g?4�5�>�`�<
Fq7¯`k;=8,<h`=`)lI®HI8,@iÀ^7<&HZ7¯`k5�B<h`k; �ÂFh@A:9BD<CHI<n«�Fh>I; BA<h`�Fq>95 �1FqBD@A<h`�HI<���7 ¸ HI<�b¾l�FqBD<?798�BaFh;,<?>Z;,<
`k@D�"7BAg?<h`
4�Fq8 W,YZ¹C² » A » gs

<?>�8=g?4�5�>�`�<©Fh7[b¾l�Fq>E�<?�©<n>I;�E�BD5�:�FhB&Fh7 ¸ BiFq;=@A;,7ÊHI<h`�< ¸ ;,8GFq;=8,5�4@ab?FhBA<h`c° K <e49BD7�`¼Å
79>9<£`k@D�"7BaFq;=@A5 >�HI<£b¾l�Fq>9E <?�©<?>Z;eE�BD5�:�FhB L � �ZÅ&`�@A�©@DBaFh@A8,< � K � � �1Fh@a`¯F?«�<hb¥BiF�`�;,8¾Fh;,g?E @A<£HI<
;,5�BDg?8¾Fh>�b¼<�Fh7$`k;,8=<h`,`cÅ9F�g?;=g�8=ghFqBD@a`�g?<�Å�<?;&BD<h` @D�©4�F b¼;¾`Q`k@D�"7BAgh`)F?«�<hbCBA<o`&HI<?7 ¸ `�;,8¾Fh;,g?E @A<h`
`k5 >I;C;=8,mh`
`k@A� @ABaFh@A8=<h`&4�5�798�BA<���7 ¸ HI<¯b¾l�FhBA<?798�BaFh;,<?>Z;,<3<?;�BD< ��7 ¸ HZ<¯b l�FhBA<?78�`�<?>�`k@D:9BA<1Á >95�>£�©5 >I;=8,g�ÄG° \ F
8,g?4�5�>Ê`k<3HI7 \µ²�W <h`k;CBDg?E�mn8,<?�©<n>I;QHZ@ ¿µg?8,<n>I;=<�dFo«�<ob�BaF3`k;,8GFq;=g?E�@D<�HZ<�;,5 BAg?8GFq>�b¼<�Fq7�`�;,8=<h`,`cÅIBA< \µ²�W
Fq79E �©<?>Z;,<e4�Fh8,;,5 79;eFh7 ¸ BaFq;=@A;=7�HI<h`�< ¸ ;,8GFq;,8=5�49@ib?FqBD<h`�HI<¯B�T lg?�©@a`�49l9m?8=< U 5�8GH�<?>£g?;,g�Åµ� 	?�©<3`k78
B�T O 798=5�4�<�Åh�©<?;=;¾Fq>Z;]<?>3g?«I@iHI<?>�bc< BD<Cb¼5 �©4�5�8=;,<?�©<n>I;µ5�494�5�`�g�HZ<h` HZ<?7 ¸ `�;,8GFq;,gnE�@A<o` BD5�8¾` HwT 79>J`k;=8,<h`=`
lI®HI8,@iÀ^7<�� 5�8=;?° M 5��©�©<�<?> b¼BA@D�1Fq;
498,gh`�<?>Z;?Å9BA<���7 ¸ HwT gn«�Fh4�5�8¾Fh;,@D5�>�<h`�;�49@DBA5 ;,g�4�Fq8�B�T <hFq7$HI7£`�5�B
H9Fq>�`Cbc<?;,;=<�8=g?E�@D5�>1<?;&BiF+8=g?4�5�>�`�<+5 494�5�`�g?<3HI7 \µ²�W >9<�`�<�;,8GF�HI7@A;C4�F `&4�Fq8
79>9<��©5ZHI@'�µb?Fq;=@A5 >©HI<
BaF�8,gn465 >�`k<JHI7 ��7 ¸ HµT g?« Fq4�5 8¾Fq;=@A5 >]°
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������� ÇZ°AÈ Æ � K @ ¿µg?8=<?>�b¼<h`�HI< ·�pQp
(gCm−2jour−1) <?>Z;,8=<�BiF©`k;=8¾Fq;=g?E�@D<¯HwT gn«I@D;,<?�¯<?>Z;CHI7£`�;,8,<o`,`

<n; BiF�`k;,8GFq;=g?E�@D<�HI<�;=5�BDg?8¾Fh>�b¼<�Fq7/`k;,8=<h`,`QHwT W,YZ¹C² » A» gs
Å�4�5�78&BA<o`)`,Fh@a`k5 >�` K º�Ã¢Á �+E�Fh7�b¾l9<�Ä�<?;Qº�º ²

Á �"HZ8,5�@D;,<�Ä`k798�BaF�4�g?8=@A5ZHI< È?� ;�:o»GÈ?� ��ÉZ°

\ F���E�798=<�ÇZ°AÈ Æ �©5 >I;=8,<&BÂT @D�©4�F�bc;�HI<�BiF�`k;=8¾Fh;,g?E @A<V`k798QBaF�498=5ZHI7�b¼;=@A5 >"498=@A�1Fh@A8=<&:98=79;,<V`k@D�"79BDg?<
4ÊFq8 W,YZ¹C² » A » gs

° \ F ·VpQp <h`k;
`�®9`�;,g?�1Fh;,@iÀ^79<n�©<?>�;�49BA7�` � 5�8=;,<VFo«�<ob BiF+`�;,8GFq;,gnE�@A<�HwT g?«Z@A;=<?�©<c>I; HI7
`�;,8=<h`,`cÅ E�8 � b¼< ��BaF©�©<n@ABABD<?798=<+< 
1b?F b¼@A;=g¯HwT 7;,@ABD@a`=Fq;,@D5�>�HI<¯B�T <oFq7�Fo«�<ob"b¼<n;,;,< `k;=8¾Fh;,g?E @A<�° \ F ·VpQp
� 5q®�<n>9>9<�E�BD5�:�FhBA<¯<h`k;3HI< 141 PgC/an 4�5�798 L�M �IÅ�b�T <h`k; �¥HZ@A8,<e4BA7�`�498=5Zb l9< HI<eBÂT <h`�;,@A�/Fq;,@D5�>
HZ< 120 PgC/an HI< ± 5�79E lI;=5�> ��� ��
�CÁÂ�����ZÈqÄJÀ^7<1b¼<?BDBA<¯5�:9;=<?>I7<�F?«�<hb K+M �[Á 166 PgC/an Ä¾°\ T @A�©4ÊF�b¼;QHZ7�b¾l�Fh>9E�<?� <?>I;HI<�`k;=8¾Fh;,g?E @A<V`k798CBiF ·VpQp `�@A�¯79BAgn<C<h`k;Q>95 >¥>g?E�BD@AE�<oFq:9BD<�4�Fh8C8¾Fh494�5�8,;
��BaF ·VpQp ;,5 ;¾FqBD<[`�@A�¯79BAgn<[Á «�5 @A8©BiF ��E�798=<[�Z°AÈ�HI7 b¾l�Fh49@A;=8,<£�^ÄGÅC>95�;GFq�©�©<n>I; Fq7 ¸ BiFq;=@A;,7ÊHI<h`
;=<?�©4�g?8=g?<h`¼° M <?4�<?>ÊH9Fq>Z;?Å�b¼5 �©�©<C4�5�78�BD<���7 ¸ HZ<�b¾l�FhBA<?798
BaFh;,<?>Z;,<�ÅZBaF�8=g?4�5�>�`�<�Fh7�b¾l�Fq>E�<?�©<n>I;
E BA5 :�FqBC5 :9;,<?>Z79<$F?«�<hb"BiF�`k;,8GFq;=g?E�@D<1HI<1;,5 BAg?8GFq>�b¼</Fq7t`�;,8=<h`,`eF�79><�Fh�©49BD@A;,7ÊHI<":�<hFh7�b¼5 794_49BD7�`
�/Fq8¾À�79g?<�À�79<�BÂT @D�©4�F�bc;QHI71b¾l�Fq>E�<?�©<n>I;QHZ<�`k;=8¾Fq;=g?E�@D<�ÅI<n;&<?BDBA<�<h`k;
;,8,mo` 498=5Zb l9<�HI<�b¼<?BDBA<C5 :9;,<?>Z79<
F?«�<hb�BaFe`k;=8¾Fh;,g?E @A<3HwT gn«I@D;,<?�©<n>I;QHZ7�`�;,8=<h`,`�Á «�5 @A8$�ÊE�798=<eÇI° ;^ÄG°

� ��� ��� ~�s �wu]{ 	 � 	z 
�u � �Zz�{ �,u �[u � 	 �� y 	���
Qs � 
�u � ��z�� 	9z�{ ��z �,u]s 	��

W B&> T < ¸ @a`�;,<e4�F `eHI<�¬,<?7�HZ<1HI5�>>9g?<h`eHI< ��7 ¸ ;,798=:979BA<n>I;G`�� <h`k798=gh`���B�T ghb l<?BABD<�E�BD5�:�FhBA<�° \ <h`
8=g¼»½Fq>�FhBA®`k<h` OQR�² » Æ �¥Á P 494�FhBaF���� ��
� Å�� ��� É^Ä
<?; U+M
OQp »��1Á�¶�Fq>ÊFq�©@D;¾`k7 ��� ��
� Å9� ������ÄC498=5�4�5�`�<?>I;
;=5�79;=<&� 5�@i`�HI<h`�HI5 >9>9g?<h`VHI< ��7 ¸ `k@D�"7BAgh`
`k798�BaF"4�g?8=@A5ZHI<¯HZ7 � 5�8 �?FqE <¯Fq;=�©5�`�49l9g?8=@aÀ�79< ·+Y���p »½�I°
M <o`"��7 ¸ `�5�>Z;Cb?FhBab¼7BAgh` 4ÊFq8&7>©�©5ZHIm?BD<CFh;,�©5j`k49l9gn8,@aÀ�79<�Å <?>©F `,`�@A�©@DBaFq>Z;QHI<o` HZ5�>9>9gn<h` 5 :�`k<?8=«�g?<h`cÅ
F ��>$HI<�498=5ZHI79@D8,<�79>©g?;GFq;�HI<VB�T Fh;,�©5j`k49lm?8,<CBD<�49BA7Ê` 498=5Zb l9<�4�5�`=`k@D:9BA<�HZ<h`&5�:�`�<?8,« Fh;,@A5 >�`¼° M <?4�<?>I»
HFq>Z;?Å�BA<h`���7 ¸ `k@D�"7BAgh`
`k5�>Z;VHIg?4�<?>�H9Fh>I;G`�HI7$�©5ZHIm?BD<+7;,@ABD@a`�g�ÅI<?;�<?>$4�Fq8=;,@abc79BA@D<?8?ÅHI7��©5ZHZm?BA<3HI<
`�798#�ÂF b¼<3b¼5�>Z;,@D>9<?>Z;¾FhBA<�465 798�BA<h`$��7 ¸ ;,<?8=8,<h`�;,8=<h`¼° \ F�8,g¼»½Fq>�FhBA®`k< OQR�² » Æ �"F�g?;=g�498,5ZHI7@A;,<3F?«�<hb�BD<
� 5ZHIm?BA< W Ã Y Á W >Z;,<nE�8¾Fh;,<hH ÃÊ5 8,<hbnF�`k;=@A>9E Y ®`k;,<n��Ä HI7 M <?>I;=8,< O 798=5�4�g?<?>$HI< p 8=g?«Z@a`k@D5�>�`
f�g?;,gn5�8,5h»
BD5�E @aÀ�79<h`��3f�5h®�<?> N <n8,�©<�Á M
O p f�f N ÅZ5�7 O&M f � Ã�<?>/Fq>9E BaFq@i` ÄGÅI<?;QBaF�8,g¼»½Fq>ÊFqBA®`k< U+M
OQp »½��F
gn;,g�8,ghFhBA@i`kg?<�4�Fh8�BD< U�M
O p Á U Fq;=@A5 >�FqB M <?>Z;,<?8G`$� 5�8 O >Z«Z@A8,5 >9�©<?>Z;¾FhB p 8,<oHI@ab¼;=@A5 >�` Ä
HI<3BaF U+L�²�²
Á U Fq;=@A5 >�FqB L b¼<hFh>9@abVFq>�H ² ;=�©5�`�49l9<?8=@ab ² HI� @A>9@i`k;,8GFq;=@A5�>µÄ¾°
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� ����� ÇI°AÈnÉ � K @ ¿wgn8,<?>�bc<h` HZ< ��7 ¸ HI<�b¾l�FqBD<?798)BiFq;=<?>I;=< (Wm−2) Á ��E�Fh7�b l<�Ä�<?;QHI<���7 ¸ HI<Vb lÊFqBA<n798
`k<?>�`�@A:9BD< (Wm−2) Á �VHI8,5 @A;,< Äw<?>Z;,8=<&BiF�8,g¼»½Fq>ÊFqBA®`k< OQR�² » Æ �eÁ <?>�l�Fh79;¼Ä 5�7¯BaFC8,g¼»½Fq>�FhBA®`k< U+M
OQp »½�
Á <?>3:�F�`¾Äw<?; W,YZ¹C² » A » gs

Á�`�;,8¾Fh;,g?E @A<�HwT g?«Z@A;=<?�©<?>�;µHI7J`k;=8,<h`=` Ä]<?>��©5h®�<?>>9<QFq>>I79<nBABA<`k798)BiF 4�g?8=@A5ZHI<
È?��; :o»GÈ?� ��ÉI°

\ F ��E�798=<eÇZ°AÈ?É¯�©5�>Z;,8=<�BA<h`CHZ@ ¿µg?8,<n>�b¼<h`CFh>9>I7<?BABD<h`&�©5h®�<?>9>9<o` <?>Z;,8=<+BD<h`���7 ¸ ;=798,:97BA<?>Z;¾`�HI<h`
8,g¼»½Fq>�FhBA®`k<h` OQR�² » Æ ��HwT 79>9<C4�Fh8,;nÅ^<n; U+M
OQp »��3HwT Fh79;,8=<�4�Fh8,;nÅ^<n;)BaF�`k@D�"7BaFq;=@A5 > K+M �Z° \ <��©5ZHImnBA<
`k@A�¯79BD<e79> ��7 ¸ HI<1b¾l�FhBA<?798�BiFq;,<n>I;=<©49BA7Ê` �ÂFq@D:9BA< À�7]T OQR�² » Æ �IÅ�<?;�BiF�HI@ ¿wgn8,<?>�bc<"<h`�;e`�794�g?8,@D<?798,<
� 10 Wm−2 `�798©498=<h`,À�79<�;,5 79;©BD<¥E BA5 :6<j° W >I«�<?8G`k<?� <?>�;?Å�BA< ��7 ¸ HI<�b¾l�FqBD<?798 `k<?>Ê`k@A:BA<�� 5q®�<n>
HwT W,YZ¹C² » A » gs

<h`k;
`�794�g?8,@D<?798 ��b¼<?BA7@�HwT OQR�² » Æ �I° \ <h`Qghb?Fh8,;¾`Q`�5�>Z;&<?>�bc5�8,<�49BD7�`)@A�©4�5�8=;¾Fh>I;G`<n>I;=8,<
BaF+8=g¼»½Fq>�FhBA®`k< U+M
OQp »½��<?; W,YZ¹C² » A » gs

° K <�4BA7�`cÅ^BD<h` gob?Fq8=;¾`)<?>Z;,8,<�BA<o` HZ<?7 ¸ ¬,<?7 ¸ HI<�8=g¼»½Fq>�FhBA®`k<h`
`k5�>Z;�`�794�g?8,@D<?798¾` � 30 Wm−2 Å�<?>�« FqBD<?798VFq:�`�5�BA7<�Å]`k78�HI<e>95 �":98=<?7�`�<h`&8,g?E @A5 >�`�b¼5�>Z;,@D>9<?>Z;¾FqBD<h`¼°
\ T @A� 4�F�b¼;3HI7�b¾l�Fq>E�<?�©<n>I;3HwT 5�49;=@A5�> HwT W,YZ¹C² <n;eb¼<?BD79@
HI<h`eb¾l�Fq>E�<?�©<n>I;G`�E BA5 :�Fq7 ¸ `k5�>Z;¯HI5 >�b
HwT Fh�©49BA@D;,7�HZ<�@D>�� g?8,@D<?798=<��eB�T @A>�b¼<n8,;,@D;,7�HZ<�< ¸ @a`�;¾Fh>I;�`�798CB�T <h`k;=@A�1Fh;,@A5 >©HZ<h`$��7 ¸ ;,78,:979BD<?>Z;¾` 4ÊFq8�BA<h`
8,g¼»½Fq>�FhBA®`k<h`c°
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\ <h` ��7 ¸ ;=798,:97BA<?>Z;¾`©HZ<h`©8,g¼»½Fq>�FhBA®`k<h` OQR�² » Æ �¢<?; U+M
OQp »½�¢`�5�>Z;�HI<o`/8=gh`k7BA;¾Fh;¾`1HI<£�©5q»
HZm?BA<h`eFh;,�©5j`k49lg?8,@iÀ^79<o`¼° \ <o`�ghb?Fq8=;¾`e<?>Z;,8,< BA<h`eHI<n7 ¸ ¬,<?7 ¸ 8,gh`�79BA;=<?>I;¯HZ<h`eHI@ ¿µg?8=<?>�b¼<o`�<?>I;=8,<©BD<h`
`=b lg?�1F�`CHZ<e`k78#�ÂF�bc<eb¼5 >I;=@A>9<?>Z;¾FhBA<�7;,@ABD@a`�gh`¼Å9�1Fh@a`CFh7�`,`�@)HI<o`�HI@ ¿µg?8,<?>Êb¼<h`�HI<�;,5�7;,<h`�BD<h`&4�Fh8¾Fq� g¼»
;=8,@i`,Fq;=@A5 >�`+49lZ®`k@aÀ�79<h`3H9Fq>Ê`+BA<o`�HI<?7 ¸ �©5ZHZm?BA<h`VFq;,� 5�`k4l9g?8,@iÀ^7<h`¼° ² ��>�HwT g?« FqBA7<?8�B�T @D>�b¼<?8=;,@D;,7�HI<
F `,`�5Zb¼@Ag?< Fq7 ¸ �©5ZHIm?BD<h`�HZ<�`k78#�ÂF�bc<�Å BD<h`e`k@D�"7BaFq;=@A5 >�`�HI<�È Æ � 5ZHIm?BA<o`eHI<�BÂT g?;GFq;¯HI<$B�T Fh8,;1Á ¹ 7I»
b��<?;nÅ MC\ f��?» N�LVp Å ±�´ » Y9Y @ ¹ Å W,YZ¹C² Å \ F K ÅZf L�YZO&Y »½�IÅ9f�5j` \µW,Y Å U+L�²V± Å U+YZW�pQp » M Fh;¾b¾l9�©<?>Z;?Å
LVR�M
±�W�K�OQO Å Y9Y @ ¹ » MCL�\µ² Å Y �£²�p Å Y @ ¹CP�M <?; X�W,YZ² ÄQ5�>Z;�g?;,g3< ¸ ;=8¾Fh@A;,<o`�HI<3BaFe:�F�`�<¯HI<eHZ5�>I»
>g?<h`CHI< ·+Y���p »½��Á �������
	������������ ��� � ������� ��� � ���	� ������
�� ����� ������� ��� ����� Ä¾° N 5 7�`�b¼<h`&� 5ZHIm?BA<o`
7;,@ABD@a`�<?>I;�BD<"� 	n�©< � 5 8 �?FhE�<$Fq;=�©5�`�49l9g?8=@aÀ�79<�Å�b¼<?BD79@
HI<©B�T < ¸ 46gn8,@A<n>�b¼<¯HI<©:ÊF�`k< ¹ �$HI<©B�T < ¸ <?8¾b¼@ib¼<
HµT @A>Z;,<n8k»½b¼5��©4ÊFq8¾Fh@a`�5�>�Á «�5�@A8�b lÊFq49@D;,8,<3��Ä¾°

������� ÇI°DÈ5: � O b?Fq8=;k»Â;k®Z4�<©HZ7 ��7 ¸ HI<¯b lÊFqBA<n798�BaFh;,<?>Z;,< (Wm−2) Á l�Fh79;¼Ä�<?;3HI7 ��7 ¸ HI< b l�FhBA<?78
`�<?>�`�@A:9BD< (Wm−2) Á :�F ` ÄGÅCb?FqBib¼79BDgh` ��4�Fh8,;,@D81HI<h`¯`k@D�"7BaFq;=@A5 >�`eHI<�È Æ �©5ZHIm?BD<h`eHI<£`k78#�ÂF�bc<�HI<
BÂT < ¸ <?8Gb¼@ab¼<�HµT @A>Z;,<n8k»½b¼5��©4ÊFq8¾Fh@a`�5�> ·�Y ��p »½��Á < ¸ 4�g?8,@D<?>�b¼< ¹ �^Ä
4�5�798�BA<o`C`,Fq@i`k5 >�` K º�ÃtÁ �eE�Fh7�b¾l9<�Ä
<n;�º�º ² Á �eHI8,5 @A;=<�Ä
`k798�BaF�4�g?8=@A5ZHI<¯Èn��;�:?»¾Èn��� É9°

\ F ��E�78,<3ÇI°DÈ5:��©5 >I;=8,<�B�T gob?Fq8=;k»Â;k®Z4�<�`=Fq@i`k5�>>9@A<?8�bnFqBabc79BAg�<?>Z;,8,<�b¼<h`�È Æ `k@D�"79BiFq;=@A5�>Ê`¼° \ T ghbnFq8,;�»
;�®Z4�<1HI7 ��7 ¸ HI</b l�FhBA<?78�BaFh;,<?>Z;,<¯<?>Z;,8=<"BD<h`+�©5ZHZm?BA<h`�498,gh`�<?>Z;,<1HI< � 5�8,;=<h`+« FhBA<?798G`¼Å�>95�>�`�<?79BD<¼»
� <?>I;3H9Fh>�`�BA<o` (?5 >9<h`eHI< � 5�8=;,<©« Fh8,@aFh:9@ABD@A;=g©;,<?� 465 8,<?BDBA<¯HI<o` ��7 ¸ Å �1Fh@a`�Fq7�`=`k@VH9Fq>Ê`eHI<h` (?5 >9<h`
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5 
1BA<h`Q« Fq8,@iFq;=@A5�>Ê`&@A>Z;,<?8�»�Fh>9>I7<?BABD<h`)`k5 >I;C4BA7�`$�ÂFh@A:9BD<h`CÁ «�5�@D8$��E 798,<3ÇZ° Æ ÄG° \ T ghb?Fq8=;k»Â;�®I4�<�HI7 ��7 ¸ HI<
b l�FhBA<?78�`�<?>�`k@D:9BA<3<h`k;�<?>�bc5�8,<349BA7Ê`�@A�©4�5 8,;¾Fh>I;nÅ9<?>�4�Fh8,;,@ib¼79BD@A<?8�`�798�BA<o` (?5 >9<h`�Fh8,@iHI<h`¼° M <h`�8=gh`k7B »
;¾Fq;G`&�©5�>Z;,8=<?>Z;QÀ^7<�BiF�`k<n>�`k@D:9@ABD@A;,gVHI7©� 5ZHIm?BA< W,YZ¹C² Fq7$b¾l�Fq>E�<?�©<n>I;QHZ<�4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >©HZ<�BaF
b¼5�>�HZ7�b¼;¾Fh>�b¼<�`k;,5 �1Fq;=@aÀ�79<�Åc<?; BiF 8=g?4�5�>�`�<CHwT W,YZ¹C² » A» gs

Fh7eb¾l�Fq>9E <?�©<?>Z;wE BA5 :�FqBÂÅ�`�5�>Z; @D>�� g?8,@D<?798=<h`
��BÂT @A>Êb¼<?8,;=@A;=7�HI<CBA@Dg?<�Fh7 ¸ �©5ZHImnBA<h`
HI<3`k798%�ÂF�b¼<�<?>$b¼<3À�79@�b¼5�>Êb¼<?8,><�BA<h`$�Ê7 ¸ ;,78,:979BD<?>Z;¾`¼°

� ����� ÇZ°AÈq��� K @a`�;,8,@D:979;=@A5�>¯`�4�Fq;=@aFhBA<VHI<CB�T ghb?Fq8=;k»Â;�®I4�<CHZ<�BiF UVp p Fq>9>Z79<?BDBA<�Á gC m−2 Ä�`k@D�"7BAg?<Q4�Fh8
Èq�3�©5ZHIm?BD<h`&HI<3b?Fh8,:�5�><�;,<n8,8,<o`k;,8=<eÁ M 8GFq�©<n8 ��� ��
� Å]Èn������Ä¾°

\ T @A>�bc<?8,;=@A;,7ÊHI<�`�798&BD<���7 ¸ HI<�bnFq8,:�5 >9<�BA@Agn<�Fh7 ¸ � 5ZHIm?BA<o`4�<?7;�	?;,8=<�<h`�;,@D�©g?<�HwT Fq498=mh` BÂT g?;=7�HI<
HI< M 8¾Fh�©<?8 ��� ��
�
Á,Èn������Ä¾° \ <h`eFh79;,<n798¾`�5 >I;¯b¼5 �©4�Fh8,g¯BaF¥48,5ZHI7�bc;,@A5 >_498=@A�1Fh@A8=<e>9<?;,;=<�Á UVp p Ä
`k@A�¯79BDg?<e4�Fq81Èh��� 5ZHIm?BA<o`�HI<$b?Fh8,:�5�>9<1;=<?8,8=<h`k;=8,<©4�5�78©HI<o`eb¼5�>�HZ@A;,@D5�>�`ebcBA@A�/Fq;,@iÀ^7<h`�F�bc;,79<?BDBA<h`c°
\ <h`�<h`k;=@A�1Fh;,@D5�>�`�«�5�>Z;¯HI< 39.9 Pgc/an � 80.5 Pgc/an `k79@D«�Fh>I;eBD<h`��©5ZHImnBA<h`c° O >�g?BA@D�©@A>�Fh>I;
BA<h`eHI<n7 ¸ �©5ZHImnBA<h`�BA<h`�49BD7�`�< ¸ ;,8�	?�©<h`cÅ BÂT ghbnFq8,;3<?>Z;,8,<1BD<h`��©5ZHIm?BD<h`+BD<h`�49BD7�`�g?BA5 @AE >9gh`�8,<o`k;,<$HI<
22Pgc/an ° \ F��©5h®�<?>9>9< HI<h`]« FqBD<?798¾`]Fh>9>Z79<?BABD<h`]`k@D�"7BAg?<h`9<h`�;�HI< 55Pgc/an Å�F?«�<hb�79>�ghbnFq8,;�»�;�®Z4�<
HI< 11Pgc/an Å�4�5 798)79>9<
« FqBA<n798 � 5q®�<n>9>9<QHI< U�pQp E�BD5�:�FhBA<C<h`�;,@A� g?< � 60Pgc/an Á ± 5�7E�lZ;,5�>����
��
� Å9� ���IÈhÄ¾° \ F ��E 798,<�ÇI°AÈh���©5�>Z;,8=<�BiF�HI@i`k;=8,@A:79;,@D5�> `k4�Fh;,@aFhBA<�HZ<�B�T ghb?Fq8=;k»Â;�®I4�<�<?>I;=8,<�BA<h`Q�©5ZHIm?BD<h`¼°
\ T @A>Êb¼<?8,;=@A;=7�HI<�BiF[49BA7�` � 5�8,;=<[`�<[`�@A;=79<£H9Fq>Ê`/BD<h` (?5 >9<h`1HI< � 5�8=;,<�498=5ZHI7�b¼;=@A«Z@A;,gjÅCH9Fq>Ê`/BiF (?5�>9<
@A>Z;,<?8=;,8,5 49@abnFqBA<�<?;VFq7 ¸ BaFq;=@A;=7�HI<h`C;,<?� 46gn8,g?<h`cÅI�1Fh@a`C<?BABD<�<h`k;�8=<?BaFh;,@D«�<?�©<c>I;��ÂFq@A:BA<�4ÊFq8�8GFq494�5�8=; �
BaF UVp p HI<1b¼<h`�(?5 >9<h`¯Á <?>Z«I@D8,5 >_ÈnÉ�
¯Ä¾° \ F ·Vp p >]T g?;¾Fh>I;�4�F `�b?FhBab¼7BAg?<e4�Fh8e;,5 7�`+BD<h`��©5ZHIm?BD<h`
4�Fq8=;,@abc@A4�Fh>I; ��b¼<?;�< ¸ <?8Gb¼@abc<�ÅwB�T @A>�bc<?8,;=@A;,7ÊHI<"@D>I;=<?8k»Â�©5ZHImnBA<h`�><¥4�<?7;e4�F�` 	?;=8,<©<o`k;,@D�©g?<¯4�5�798¯b¼<
��7 ¸ ° O BABD<�<h`�;�«Z8¾Fq@i`k<?�¯:9BiFq:9BD<?�"<n>I;
49BA7�` � 5�8,;=<¯À^7<�B�T @A>�bc<?8,;=@A;,7ÊHI<3`k798�BiF U�pQp Å b?Fq8�BD<h`C�©5ZHIm?BD<h`
`k5�>Z;�E�g?>9gn8¾FqBD<?�©<?>Z;)8=g?E�BDgh`&4�5�798V`k@D�"79BD<?8Q79>9< U�pQp 5 7�79>< UVO O 8,ghFhBA@i`k;,<o`¼°
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P >9<�HI<h`)4�<?8¾`�4�<hb¼;,@D«�<h`)HI<o` ;,8GFo« Fh7 ¸ <¼¿µ<hb¼;=79gh`)Fh71b¼5�78¾`QHI<C�1F�;=l9mh`�<C<h`k;
HwT 79;,@DBA@a`�<?8 WGY^¹C² » A»
gs

H9Fh>�`&BA<��©5ZHImnBA<CHZ<�b¼@A8Gb¼79BiFq;,@D5�>eE g?>9g?8GFqBA< ²�R�pQO�·VO » M BA@A�/Fq;�Á · @A:�<?BD@A>e<?; K ghÀ�79g�Å�� ��� Ç^Ä¾Å���BaF
49BaF b¼<eHwT W,YZ¹C² »½`k;¾Fh>�H9Fh8¾Hw° \ <h`�< ¸ 46gn8,@A<n>�b¼<h`CHI<J`k<?>Ê`k@A:@ABA@D;,g�8,goFqBA@i`kg?<o` ¬,7�`=À^7 T @abc@]<?>£b¼BA@D�1Fq;�F�b¼;=79<?B
79;,@DBA@a`�<?>Z;)79> � 5�8 �?FqE <�Fq;=�©5�`�49l9g?8=@aÀ�79<C:�F�`�g3`k798�HI<h`&HZ5�>9>9gn<h`&5�:�`�<?8,«�gn<h`¼° L 8&BiF+4�Fh8¾Fq� g?;,8=@a`,Fh;,@D5�>
HI<�BaFeb¼5 >�HI7�b¼;GFq>�bc<�`k;=5��1Fh;,@aÀ�79<�HµT W,YZ¹C² » A » gs

4�<?79;�	n;,8,<�`k<?>�`�@A:9BD< ��BaFeÀ�7�FqBD@A;,g�HI7 � 5�8 �nFqE�<jÅ�b?Fq8
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BD<h` �ÂF�bc;,<?798G`"bcBA@A�/Fq;,@iÀ^7<h`�@A>Z;,<?8GFqE�@i`,`�<?>I;JHI<��/Fq>9@Dm?8,<1bc5��©49BD< ¸ <�ÁÂb l�Fh49@A;=8,<�ÈhÄ¾° K <�4BA7�`cÅQb¼<?;,;=<
`�<?>�`�@A:9@DBA@A;=g�4�<?79; 	?;=8,<¯Fh�©49BA@'��g?<�4�Fh8+BiF1`k@A�¯79BiFq;,@D5�>$@A>Z;,<?8GF�b¼;=@A«�<3HI7 \µ²�W ° \ <"8=ghFqBD@a`��©<3HI7 \µ²VW
`�@A�¯79BAg3HIgn46<n>�H�<?>�<¼¿µ<?;�HZ@A8,<ob¼;,<?� <?>I;�HI<¯b¼<?BD79@ HI<h`�« Fq8=@aFh:9BA<h`VFq;,� 5�`k4l9g?8,@iÀ^7<h`¼Å9<?>�4ÊFq8,;=@ab¼7BA@A<n8
HZ<+BiF�;,<?� 46gn8¾Fq;=798,<�HI<�B�T Fh@A8nÅ9HI<h`&48,ghb¼@D49@A;GFq;=@A5�>Ê`¼ÅI<n;�HI718¾F?®�5�>9><?�©<?>Z;
`k5�BiFq@D8,<3HI<h`=b¼<?>�H9Fh>I;n°

\ T < ¸ 4�g?8=@A<?>Êb¼<QHI<
`k<n>�`k@D:9@ABD@A;,g K f[È&F&4�5 798):979;�HµT g?« FqBD79<?8]BD<&bc5��©4�5�8=;,<?� <?>I;ÊHI7��©5ZHZm?BA<�Å � 5 8¾b¼g
4ÊFq8QBA<h`�«�Fh8,@iFq:9BD<h`)Fq;=�©5�`�49l9g?8=@aÀ�79<h`�`k@D�"79BDg?<h`�4�Fq8 M
U�R f¥» M f�Ç�465 798&BiF�4�g?8,@D5ZHI<�F�bc;,79<?BDBA<VÁ Y FhBaF�`
���	��
� Å9� ��� É^Ä¾° \ <h`
b¼5�>�HZ@A;,@D5�>�`CHZ<�B�T < ¸ 4�g?8=@A<?>Êb¼<C`�5�>Z;C@aHI<?>Z;,@iÀ^7<h`���b¼<?BDBA<h`QHI< K+M �IÅ9<?>/HI<?l95 8¾`CHI7
� 5 8 �?FhE�<3Fq;=�©5�`�49l9g?8=@aÀ�79<�Å�HZ5�>Z;&BaFebcBA@A�/Fq;,5 BA5 E�@A<�`�798&BiF+4�g?8=@A5ZHI<¯È?� ;�:?»¾Èn����É©<h`�;&@iHI<?>Z;,@aÀ�79< �eb¼<nBABA<
HZ< M
U�R f¥» M f�Ç�`k78&BaF�4�g?8=@A5ZHI<eÈn�^�jÈ »½����� �¥Á ;¾Fh:9BA<hFh71ÇI°DÈqÄG° M <V>95�79«�<oFq7 � 5�8 �nFqE�<V<h`k;
5�:9;=<?>I7¯<?>
;=8¾Fh>�` � 5 8,�1Fh>I;CBiFeb¼BA@D�1Fq;=5�BA5 E�@D<�HI7 � 5�8 �?FqE <�@A>@A;,@iFqBµ4�Fq8�BaF��©gn;,l95ZHI<�`k79@D«�Fh>I;=<©Á BaF�« Fq8=@aFq:@ABA@D;,g�<o`k;
@D>�b¾l�Fq>9E g?<�Ä�d

FBC(t) = FGSWP2(t) + gBC(∆BCF (m)) Á�ÇI° �^Ä
5�
 FBC(t) <h`k;379>9<©« Fq8=@aFh:9BA< HI7�>95�7«�<hFq7 � 5 8 �?FhE�<1Fh;,�©5j`k49lg?8,@iÀ^79< �¥BÂT ghb¾l9ghFh>�b¼< t �¥4ÊFq8k»

;=@A8�HZ7_È ��� ¬¾Fh>I«Z@A<?8JÈ?��; :IÅ FGSWP2(t)
<o`k;�BaF©« Fq8=@aFq:BA<¯b¼5 8,8,<o`k4�5�>�HFq>Z;,< HI7 � 5 8 �?FhE�< ·�Y ��p »����

BÂT ghb¾l9ghFh>�b¼< t �"4�Fh8,;=@A8�HI7�È ��� ¬¾Fq>Z«I@D<?83È?��; :IÅ gBC
<h`k;V79>9< � 5�>Êb¼;,@D5�>£À�79@)HZg?4�<?>�H�HI<3BaF"« Fq8=@aFh:9BA<

bc5�>�`�@aHIg?8=g?<�ÅQ< ¸ 49BA@ib¼@A;=g?<1b¼@ »�HI<o`,`k5 7�`¼Å
<?; ∆BCF (m) <h`�;©BaF�HI@ ¿µg?8=<?>�b¼<$<?>I;=8,< F 1971−2000(m) ÅQBaF� 5q®�<n>9>9<��©<?>�`�79<?BABD<�HZ<�BaFe« Fq8=@aFq:BA<3`k@D�"79BDg?<�4�Fq8 M
U�R f¥» M f�Çe4�5�798�BA<��©5 @a` m <?;CBiF�4�g?8=@A5ZHI<
Èn�^�jÈ »½����� �IÅ]<?; FGSWP2(m) ÅIBiF+�©5h®�<?>9><��©<n>�`k79<nBABA<�HI<�BaF�«�Fh8,@iFq:9BD<�HI< ·�Y ��p »��e4�5�798CBD<��©5�@i`
m <?;CBaF�4�g?8=@A5ZHI<¯Èn��;�:?»¾Èn��� É9°

∆BCF (m) = F 1971−2000(m)− F GSWP2(m) Á�ÇI°DÈ?��Ä
\ Fe;,<?� 46gn8¾Fq;=798,<�HI<�B�T Fh@A8
<h`k;�`�@A�©49BD<?�©<c>I; 5�:9;=<?>I7<+<n>�Fn¬,5�79;GFq>Z;�BD<�:9@aFh@a`C�©5h®�<?>$d

Tair,BC(t) = Tair,GSWP2(t) + ∆BCTair(m) Á�ÇI°DÈ�ÈhÄ
\ Fe49BA74�Fq8=;�HI<o`&«�Fh8,@iFq:9BD<h`C`k5 >I;�;,8GFq>�` � 5�8,� g?<h`&`�79@A« Fh>I;CBD<+:@aFq@i`&8,<?BiFq;=@ �
d

SWdown,BC(t) = SWdown,GSWP2(t) (1 +
∆BCSWdown(m)

SW down,GSWP2(m)
) ÁÂÇI°DÈ?�^Ä

LWdown,BC(t) = LWdown,GSWP2(t) (1 +
∆BCLWdown(m)

LW down,GSWP2(m)
) ÁÂÇI°DÈ?Ç^Ä

Wind BC(t) = Wind GSWP2(t) (1 +
∆BCWind(m)

Wind GSWP2(m)
) ÁÂÇI°DÈ Æ Ä
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Qair,BC(t) = Qair,GSWP2(t) (1 +
∆BCQair(m)

Qair,GSWP2(m)
) Á�ÇI°DÈ?É�Ä

\ T lI7�©@aHI@D;,gV`k4�ghb¼@'�µÀ�79<�HI<�B�T Fq@D8C<h`k;CBD@A�©@D;,g?<C4�Fh8�BiF�« FqBA<n798�HwT lZ79�©@iHI@A;=g�`k4�ghb¼@'�µÀ�79< �e`,Fq;=798¾F?»
;,@A5 >£d

Qair,BC(t) ≤ Qsat,BC(t) Á�ÇZ°AÈ5:�Ä

Prec BC(t) = Prec GSWP2(t) (1 +
∆BCPrec(m)

Prec GSWP2(m)
) Á�ÇI°DÈq� Ä

\ F©8=g?4�Fq8=;,@D;,@A5 >�<?>Z;,8=<�BD<h`�498=ghb¼@A4@A;¾Fh;,@D5�>�`CBA@iÀ^79@iHI<h`&<?;�`k5�BD@aHI<o`�<h`k;V<?>�`k7@A;,<3<¼¿µ<hb¼;=79g?<e`�79@A« Fh>I;
BaF";=<?�©4�g?8¾Fh;,798=<�° \ F � 8GF�b¼;=@A5�>£HZ<e49BA79@D<�<h`�;�>Z79BDBA<�<n>£HI<h`,`�5�7�`VHI< −2◦

M Å6<?BDBA<3«�Fh79;eÈeFh7I»½HI<h`,`�7�`
HI< 0◦

M Å9<?;C« Fq8=@A<�BA@D>9ghFh@A8,<n�©<?>�;Q<?>Z;,8,<�b¼<h`CHI<?7 ¸ ;=<?�©4�g?8¾Fh;,798=<h`�d

fRainf,BC(t) = 0, Tair,CC(t) ≤ 271.16K

fRainf,BC(t) = 1
2
(Tair,CC(t) − 271.16), 271.16K ≤ Tair,CC(t) ≤ 273.16K

fRainf,BC(t) = 1, Tair,CC(t) ≥ 273.16K

Á�ÇI°DÈ5;�Ä

Rainf BC(t) = fRainf,BC(t)Prec BC(t)

Snowf BC(t) = (1 − fRainf,BC(t))Prec BC(t)
Á�ÇI°DÈ?��Ä

\ Fe498=<h`,`�@A5�> HI<3`k798%�ÂF�b¼< Psurf
>]T <h`�;C4�F�`C�©5ZHI@'��g?<�°

\ <3b¼BD@A�1Fh;Q`k@D�"7BAg&4ÊFq8 M
U�R f¥» M f�Ç�4�5�798�BaF�46gn8,@A5ZHZ<�F�b¼;=79<?BDBA<�498,gh`�<?>Z;,<�HI<o` :9@iFq@a`Q4�Fq8C8GFq4I»
465 8,;���BiF[b¼BA@D�1Fq;=5�BD5�E�@D<�° \ <h`©HZ@ ¿µg?8,<n>�b¼<h`¯HI<�;,<n�©4�g?8¾Fh;,798=<�HI<�BÂT Fq@D8 ��� � m?;,8=<h`¼ÅQHI7 �Ê7 ¸ HI<
498,ghbc@A49@D;¾Fq;=@A5 >�`)<?;
HI<�8GF?®�5�>9>9<n�©<?>Z;)`�5�BaFh@A8=<�HI<o`,b¼<?>ÊH9Fq>Z;Q<?>I;=8,<�BaF�b¼BD@A�1Fh;,5�BD5�E @A<�HI< M
U�R f¥» M f�Ç
<?;QBA<�� 5�8 �?FqE < ·�Y ��p »��e`�5�>Z;Q;,8¾F b¼g?<h`)<?> Fq>>9>9< ¸ < M ° Ç"Á!��E�798=< M ° É^ÄG° \ <V�©5ZHIm?BD<CFq;=�©5�`�49l9g?8=@aÀ�79<
498,gh`�<?>Z;,<�79>1:9@aFh@a`�� 8,5 @aHwÅ�À�79@�HIg?4ÊF�`,`�<eÇ ◦ M H9Fq>Ê` BD<h` N 8=5�49@iÀ^7<h` <n;C79>9<�4�Fq8=;,@D<�HZ<h` lÊFq79;=<h` BiFq;=@ »
;,7�HI<o`)HI<CB�T l9g?�©@i`k49lm?8,< U 5�8¾H�<n>el9@A«�<?8]:�5 8,ghFhB�° Y 78)BA< M Fh>�F�H9FZÅ�B�T ² `k@A<
b¼<n>I;=8¾FqBD<&<?;�79>9<C4ÊFq8,;=@A<�HI<
BaF Y @A:�g?8,@D<�Å�BD<�:9@iFq@i`<o`k;Cbc<?4�<?>�H9Fh>I;
465j`k@D;,@ ���eb?Fq7Ê`k<VHwT 79><�`k5 7�`½»Â<h`k;=@A�1Fh;,@D5�> HI<�BaF�b¼5 79«�<?8=;,798=<�HI<
>9<?@AE <�° O >eg?;,gjÅqBD<&:9@iFq@a`�`k78)BaF�;=<?�©4�g?8GFq;,78,<Q<h`k;�8,goHI79@A;�<?>e�©5h®�<?>>9<)E�BD5�:�FhBA<�Åh�1FhBAE�8=gQBaF�498=gh`k<n>�b¼<
HI< � 5�8=;,<h`�Fq>5��1FhBA@A<o`�H9Fh>�`�BaF©8,gnE�@A5 >�@A>Z;,<?8=;,8=5�49@ib?FqBD<�° \ <e� 5ZHIm?BA<J`k798=<h`k;=@A�©<3BA<h`�498,ghbc@A49@D;¾Fq;=@A5 >�`
E�BA5 :�FqBD<h`�HµT <?>Z«I@D8,5 >£����
 `k78�BaF©4�g?8=@A5ZHI<�Èn�^�jÈ »½����� �I° K Fq>�`�BA<h`�8,gnE�@A5 >�`+;=8,5 49@ab?FhBA<h`cÅ]BA<e�©5ZHImnBA<
498,5ZHI7@A;�HI<o` 498=ghb¼@D49@A;GFq;,@D5�>�`&;=8,5 4�@A>Z;,<?>�`�<h`CHI798GFq>Z;�BaF¯`,Fh@a`�5�>�lZ79�©@aHZ<�° \ <h`�498=ghb¼@A4@A;¾Fh;,@D5�>�`C`�5�>Z;
Fq7�`=`k@C`�798,<o`k;,@D�©g?<h`�`k78+;=5�79;=<"BÂT ² � g?8,@iÀ�79<3HI7 U 5 8¾H�<?;�BA< U 5 8¾H^» O `k;eHZ<eBaF Y @A:�g?8,@D<e<?>�g?;=g�° O >
l9@A«�<?8nÅ M
U�R f¥» M f�Ç�`�@A�¯79BA<e7> �Ê7 ¸ ;,8=5�4 (?5 >�FqB�`k798eBÂT ² ;,BaFh>I;=@aÀ�79<�Åw<n;�BA<o`+4�<?8,;=798,:ÊFq;,@D5�>�`�4�g¼»
>9m?;,8=<?>Z; BD5�@D>"«�<?8G`)B�T O `�;?ÅZb?Fq7Ê`,Fq>Z;CHZ<h` 498=ghb¼@D49@A;GFq;,@D5�>�`)< ¸ b¼<h`=`k@D«�<h` <?> O 798=5�4�<�<?;�H9Fq>Ê` B�T L 79<h`k;
HI<
BaF Y @D:6gn8,@A<JÁ Y FhBaF�` ��� ��
� Å�� ����É�Ä¾°
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������� ÇZ°AÈ$; � K @ ¿µg?8=<?>�b¼<h`�HI<���7 ¸ HZ<eb¾l�FqBD<?798�BaFq;=<?>Z;,< (Wm−2) `�@A�¯79BAg?<o` 4�Fh8 W,YZ¹C² » A» gs
F?«�<hb

BiFe`k;=8¾Fq;=g?E�@D<eHwT g?«Z@A;,<n�"<?>Z;QHI7 `k;=8,<h`=` <?>18=g?4�5�>�`�<eFq71:9@iFq@i`�b¼BD@A�1Fh;,@iÀ^79<C<n>I;=8,< M
U�R f¥» M f�Ç�<?;CBD<
� 5 8 �?FhE�<1Fh;,�©5j`k49lg?8,@iÀ^79<¯HZ< ·�Y ��p »½��465 798�BiF¥4�g?8=@A5ZHI<$È?� ;�:o»GÈ?� ��É9ÅQ4�5�7983BA<h`�`,Fh@a`�5�>�` K º�ÃSÁ �
EjFq7�b¾l9<�ÄQ<n;�º�º ² Á �"HZ8,5�@D;,<�ÄG°

\ F���E�798=<�ÇZ°AÈ$;+�©5 >I;=8,<&BD<h`QHI@ ¿µg?8=<?>�b¼<o`)HI< ��7 ¸ HI<�b¾l�FqBD<?798QBaFh;,<?>Z;,<�`k@D�"79BDg?<h`]4�Fq8 W,YZ¹C² » A » gsF?«�<hb�BA< � 5 8 �?FhE�< Fq;,� 5�`k4l9g?8,@iÀ^7<+@i`,`�7[HI< M
UVR f¥» M f�Ç"<?;�BD< � 5�8 �?FqE < ·�Y ��p »½�I° \ <h`�(?5�><h`�HI<
� 5 8,;=<�Fh79E�� <?>I;GFq;=@A5�> HI<1B�T gn«�Fh4�5�8¾Fh;,@D5�>�F?«�<hb"BA<1>95 79«�<hFh7 � 5 8 �?FhE�<$b¼5 8,8,<o`k4�5�>�HZ<?>I; ��79>9<$Fh79Eq»
� <?>I;GFq;=@A5�>�HI7 ��7 ¸ HI<�;,8GFq>�`�49@A8GFq;,@D5�>]° K Fq>Ê`¥BA<o` (?5�><h`1b¼5�79«�<n8,;,<o`©HI< � 5�8�	n;¾`©;,8=5�49@ib?FqBD<h`¼Å&BD<h`
b¾l�Fh>9E�<?� <?>I;G`�HI< ��7 ¸ HI<1;=8¾Fq>Ê`k49@D8¾Fq;=@A5 >t`k5 >I;¯HZ7�`"Fh7 ¸ HI@ ¿µg?8,<?>Êb¼<h`�HZ< �Ê7 ¸ HI<18¾F?®�5 >9>9<?�©<n>I;
`�5�BiFq@A8=<�@D>�b¼@aHZ<?>I; Á ��E 798,< M ° É�Ä¾° K Fq>�`¯BA<h`e8,g?E @A5 >�`"Fh8,@iHI<h`e<?;©`�<?�©@ »�Fh8,@aHZ<h`"Á ² 7�`k;=8¾FhBA@A<jÅ ² � 8=@aÀ�79<
HZ7 Y 7�HwÅ Y Fql�Fh8¾FIÅ L 79<o`k;eHZ<h` O ;¾Fq;G`½» P >9@i` Ä¾Å�BA< �Ê7 ¸ HZ<©;,8GFq>�`�49@A8GFq;,@D5�>�<h`�;e49@ABD5�;,g¯4�Fh8eBA<h`�:9@aFh@a`
4�5j`k@A;=@ �Â`�HI<¯498,gob¼@A49@D;¾Fh;,@A5 >�`¼ÅµÀ�79@Q<?>I;=8¾Fh@A>9<?>Z;VFq7�`=`k@Q79>9< Fq79E �©<?>Z;¾Fh;,@A5 >£HI7 \µ²�W H9Fh>�`�BA<h`�(?5 >9<h`
bc5�79«�<?8=;,<h`�HI<e«�g?E g?;¾Fh;,@D5�>[Á!��E�78,<¯ÇI°DÈ?��Ä¾° \ <h`�Fh>95��1FhBA@D<h`&>9g?EjFq;,@D«�<h`�HI<���7 ¸ HI<¯b lÊFqBA<n798�BiFq;=<?>I;=<
`�5�>Z;QHI79<o` ��7>9<�b¼5�>Z;,8=@A:97;,@A5 >3HI<h` ;=8,5�@i` �Ê7 ¸ HwT g?« Fq4�5�8GFq;=@A5�> ° O >�g?;=g�ÅqBD<
HIg&�µb¼@D;)HZ<&8¾F?®�5 >9>9<?�©<n>I;
`�5�BiFq@A8=<eH9Fh>�`�79><�E�8GFq>�HZ<e4�Fq8=;,@A<JHI<�BÂT l9gn�©@a`�49l9m?8=< U 5 8¾HwÅ�8,<n>�� 5�8Gb¼g�4�Fh8�BA<�:9@iFq@i` � 8=5�@aHµÅ6BD@A�©@D;,<?>Z;
BiF+49l5�;,5j`k®Z>I;=l9mh`�<�<?;C`�<�;,8GF�HI7@a`k<n>I;
4�Fq8C79><�HI@A� @A>Z79;,@D5�>eHZ<�BaF3b¼5�>�HZ7�b¼;¾Fh>�b¼<�`�;,5 �1Fq;=@aÀ�79<�<n;CHI7
\µ²VW Á ��E 798,< ÇI°DÈ?��Ä¾° M <h`�b¾l�Fh>9E�<?� <?>I;G`�HFq>�`�BA< � 5�8 �?FqE <1Fq;=�©5�`�49l9g?8=@aÀ�79<�<n>I;=8¾Fq@D>9<?>Z;�Fq7Ê`,`k@
79>9<
HZ@A�©@D>I79;=@A5 >©HI<VB�T gn«�Fh4�5�8¾Fh;,@D5�>�HZ7�`�5�B]>Z71<?;�HI<�BÂT g?« Fq4�5 8¾Fq;=@A5 >�HI<�BiFeb?Fq>5�4�g?<eHFq>�`Cb¼<o`&8,g?E @A5�>Ê`¼°

\ <h` HI@ ¿µg?8=<?>�b¼<h`]HZ< \µ²�W �©5h®�<?>�HIg?4ÊF�`,`�<?>Z; 1m2m−2 `�798 HI<h`]8,g?E @A5�>Ê` g?;,<n>�HI79<h`)Á!��E�78,<�ÇI°DÈ?��Ä¾°
\ F ��E�78,<1ÇZ° ���$b¼5�� 4�Fq8=<eBaF¥� 5q®�<n>9>9< (n5�>�FhBA< HI7[�1F ¸ @D�e79� HI< \µ²VW 5�:9;=<?>Z7�4�Fh8 W,YZ¹C² » A » gsHFq>�` K f[ÈC<?; K+M ��F?«�<hb&HZ@ ¿µg?8,<n>I;G`9¬,<?7 ¸ HI<�HZ5�>9>9gn<h`Q`,Fq;=<?BABD@A;GFq@A8=<h`QÁ «�5�@D8 · @A:�<?BD@A>���� ��
� Åj����� :�Fh7
b¾l�Fh49@A;=8,<e��Ä¾° \ <e�/F ¸ @A�e79� HI< \µ²VW `�@A�¯79BAg�4ÊFq8 K+M �1`�<¯`k@A;=79<�<n>I;=8,<�BD<h`C<h`k;=@A�1Fh;,@A5 >�`�HIg?8,@D«�g?<h`
HZ<h`Q`,Fq;=<?BABD@A;=<h` 4�5 798Q498,<h`=À^7<C;,5�7;,<h`)BA<o` BaFh;,@A;=7�HI<h`c° \ T < ¸ 4�g?8=@A<?>�bc< K f[È&48,5ZHI79@D;Q79> \µ²VW 498=<h`,À�79<
`�®9`�;,g?�/Fq;,@iÀ^7<?�©<c>I;V`k794�g?8=@A<?78 ��b¼<?BD79@QHI< K+M �IÅ)<?;J`k798=<h`k;=@A�©<eBD< \µ²VW 4ÊFq8e8¾Fh494�5�8=;¯Fq7 ¸ ;=8,5 @a`
¬,<n7 ¸ HI<3HI5 >9>9g?<h`C`=Fq;=<?BABD@A;¾Fh@A8=<h`¼ÅZ>95�;GFq�©�©<n>I;QHFq>�`CBA<h`�(n5�>9<h`�� »�Ç � ◦ � »GÈ?É ◦ � <?;�� Æ � ◦ � É � ◦ � °

M <?;=;,<1< ¸ 4�g?8,@D<?>�b¼<1HZ<�`�<?>�`�@A:9@DBA@A;=g©�©5 >I;=8,<1À�79<1BaF£À^7ÊFqBA@D;,g1HZ7	� 5�8 �?FqE <�Fh;,�©5j`k49l9gn8,@aÀ�79<©<o`k;
7>9<1`k5 798¾bc<1HwT @D>�b¼<?8=;,@D;,7�HI<3�1F?¬,<?78,<e4�5�798eBiF�`�@A�¯79BaFh;,@A5 >£HI<h`���7 ¸ HI<1b¾l�FhBA<?798�;=798,:97BA<?>Z;¾`c° O >
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� ����� ÇZ°AÈ?� � K @ ¿µg?8,<?>Êb¼<h`)HI< \µ²�W
(m2m−2) `�@A�¯79BAgn<h`w4�Fq8 W,YZ¹C² » A» gs

F?«�<hb&BiF�`k;,8GFq;=g?E�@D<�HwT g?«Z@A;,<c»
�©<?>Z;&HZ7�`�;,8=<h`,`&<?> 8,g?4�5�>Ê`k<eFh71:9@aFh@a`&bcBA@A�/Fq;,@iÀ^7<C<?>I;=8,< M
UVR f¥» M f�Ç+<?;CBD<�� 5�8 �?FqE <3Fq;,� 5�`k4l9g¼»
8,@aÀ�79<3HI< ·+Y���p »½�"4�5�78�BiF�4�g?8=@A5ZHI< È?��; :o»GÈ?� ��É9Å]4�5�798�BD<h`C`,Fh@a`�5�>�` K º�Ã}Á �eE�Fh7�b¾l9<�Ä
<?;�º�º ² Á �
HI8,5 @A;,< Ä¾°

4�Fq8=;,@abc79BA@D<?8?Å)BD<h`":9@iFq@a`¯HI<�498=ghb¼@D49@A;GFq;,@D5�>�`e<?;1HZ<���7 ¸ HZ<�8¾F?®�5�>9><?�©<?>Z;�<?>�`�798#�ÂF b¼<��©5ZHI@'��<?>Z;
BaFq8=E�<?� <?>I;�BA<n798)@A>Z;,<n>�`k@D;,gC<?;)BD<?798Q8,gn4�Fq8=;,@A;=@A5 >¯`k4�Fh;,@aFhBA<�° \ <Vb lÊFq>9E <?�©<?>Z;)HZ<�4�Fh8¾Fh�©g?;,8=@a`=Fq;,@D5�>¯HI<
BaF¯b¼5�>�HZ7�b¼;¾Fh>�b¼<3`k;=5��1Fh;,@iÀ^79<�<?;CBiF"`�@A�¯79BaFh;,@D5�>©@D>I;=<?8¾F b¼;,@D«�<�HI7 \µ²�W 5�>Z;�79>�@D�©4�F�bc;CHwT @A>Z;,<?>�`�@A;=g
;,8,mo`@D>�� g?8=@A<?798=< �+BiF�`k<n>�`k@D:9@ABD@A;,g�Fh7 � 5�8 �?FqE <�° P >©HI5 79:9BD<?�©<?>Z;QHI<�BaF3b¼5�>�bc<?>I;=8¾Fh;,@A5 >"<n> MCL

2
<?;QBA<

b l�Fh>9E�<n�©<?>Z;�b¼BA@D�1Fq;=@aÀ�79<�498=g?«I7£Fh7[bc5�798G`+HZ7 � ��W � 498,5ZHZ79@a`�<?>I;�Fq7�`=`k@Q79>9<e8=g?4�5�>�`�< �ÂFh@A:9BD<�4�Fh8
8¾Fq4465 8,; �"bc<?;,;=<�@A>�bc<?8,;=@A;,7ÊHI<�°

\ F�À�7�FhBA@A;=g¯HI7 � 5 8 �?FhE�<1b¼BD@A�1Fh;,@iÀ^79<�<h`�;eFh7�`,`�@&79> � 5�8=; �ÂF�bc;,<?798JHwT @D>�b¼<?8=;,@D;,7�HI<34�5�7983BaF¥48,5q»
HI7�b¼;=@A5�>�48,@A�/Fq@A8=<�:98=79;,<¯`�@A�¯79BAg?<j° \ F ·�pQp E BA5 :�FqBD<�<h`�;�HI< 187 PgC/an F?«�<hb+BD< � 5 8 �?FhE�<e@a`=`k7
HI< M
UVR f¥» M f�ÇIÅ]`�5�@D; 21 PgC/an HI<"4BA7�`�À�79<"BiF ·�pQp `k@D�"7BAg?<3F?«�<hb�BA< � 5 8 �?FhE�< ·�Y ��p »½�I°
M <?;Cghb?Fh8,;C4�Fh8¾F��D;C<?>$F�b?bc5�8¾H1F?«�<hb�BD<h`&8,go`k79BD;¾Fq;G`CHI< ¹ <?8,;=l9<?BD5�; ��� ��
 �wÁÂ����� É^ÄGÅwÀ�79@]5�>Z;Cg?;=7�HI@AgVBA<h`
b¼5�>�`�ghÀ�79<?>�b¼<o`&HI<�B�T @A>�bc<?8,;=@A;,7ÊHI<�HI7$b¼BA@D�1Fq;
`�@A�¯79BAgC4�Fh8�È Æ � 5ZHIm?BA<o` bc5�7949BDgh`&5Zb¼ghFh>I»½Fq;,� 5�`k4l9m?8,<
`k798�BiF�48,5ZHI7�bc;,@A5 >�>9<?;=;,<eHZ<�B�T ghb¼5j`k®`k;,mn�©<�`�@A�¯79BAgn<�4�Fq8VBA<��©5ZHIm?BD< Y9\µ² X�O ° \ F U�OQO « Fq8,@D<eHI<
32PgC/an � 63PgC/an 465 798&BD<h`Q`k@D�"79BiFq;=@A5�>Ê`)HI<Vb¼BA@D�1Fq;�498,go`k<?>Z;?Å�F?«�<hb&7>9<�« FhBA<?798Q�©5h®�<?>>9<
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<n; Bs,act>9<©`�5�>Z;�4�F `+�©5ZHZ@ ��gh`cÅ]<?;3b¼5�8=8,<h`�465 >�HI<?>Z;eFh7 ¸ b¼5 �©4�Fq8=;,@D�©<?>Z;¾` BL
<?; Bs

HµT W,YZ¹C² » A » gs
Á «�5 @A8

b l�Fh49@A;=8,<VÈqÄ¾° W,YZ¹C² » MCM <?; W,YZ¹C² » A» gs
`�@A�¯79BA<?>Z;]HZ5�>�b&79> \µ²VW @aHI<?>Z;,@iÀ^7<�Å?b?Fh8)BA< \µ²�W <h`�;)b?FhBab¼7BAg

��4�Fh8,;=@A8�HI<3BaF�:9@D5��1F `,`k<�� 5 BA@aFh@A8=< BL
° Bs,pas

b¼5 8,8=<h`k4�5�>ÊH��e79>9<�4ÊFq8,;=@A<3HI7 b¼5��©4ÊFq8,;=@A�©<n>�; Bs2
°

M T <h`�;C79>18,gh`�<?8,«�5 @A8&;GFq�©4�5 >�HZ<h`k;=@A>9g��e8,<ob¼<?«�5�@D8QBaF�:9@D5��1F `,`k<V498,5h«�<?>�Fh>I;�HZ< Bs,act
<?> 49l�F�`�<eHI<

`kg?>9<o`,b¼<?>Êb¼<�° Bs,bg
<h`k;�79>�8,go`k<?8=«�5�@A8�À�79@�8,<?48,gh`�<?>I;=<�BaF"4�Fh8,;=@A<�>5�>�BA@DE�>9<n7�`k<JHI<h`C8¾F�bc@A>9<h`c° Bw,ag<?; Bw,bg

`k5�>Z;¯HI<?7 ¸ >95 79«�<hFh7 ¸ 8,go`k<?8=«�5�@A8G`�HI< :65 @a`cÅQFqg?8=@A<?>[<n;e`k5 79;,<n8,8¾Fh@A>]Å)4�5 798eBA<h`�;�®Z4�<h`�HI<
«�g?E�g?;GFq;=@A5�>1BD@AE�><?7�`k<JÁ�� � � �9BD<h` ;�®Z4�<h`$� <?79@DBABA7Ê`&HIghbc@aHI7�`cÅ � <?7@ABABD7�` 4�<?8G`k@i`k;¾Fh>I;G` <n;�b¼5�>9@'� m?8,<o` Ä¾°

\ F ��E�78,< Æ °AÈ"� 5�>Z;,8,<eBD<h`�8,gh`�<?8,«�5 @A8G`�<?;�BD<h`���7 ¸ HI< b?Fh8,:�5�>9</H9Fq>�`�BiF©49BaFh>I;=<©`�@A�¯79BAgh`C4�Fh8
WGY^¹C² » A» gs

<n; WGY^¹C² » MCM °
\ T g?«�5�BD79;,@D5�> HI<Vb l�F À^7<�8=gh`k<?8=«�5�@D8QHI<�:9@A5 �1F�`=`k<�<h`k;
b?FhBab¼79BDg?<�F?«�<hb&79>©4ÊF�`&HZ<�;=<?�©4�` ∆t g?EjFqB�[È�¬,5�78?ÅQ`k7@A« Fq>Z;�BÂT ghÀ�7�Fq;=@A5 >�E g?>9g?8=@aÀ�79< Æ °DÈ�° \ F�:9@A5 �1F�`=`k< B <o`k;eFh79E�� <?>I;=g?<e4�Fh8e79>�;,<?8=�©<

HwT FhBA@A� <?>I;GFq;=@A5�> AB
Å�<?;Q<h`k;
HI@D�©@A>Z79g?<Q4�Fh8&79> ;,<?8=�©<CHI<�8,<o`k49@D8¾Fq;=@A5 > RB

Å�<?;Q79>©;=<?8,�©<�HI<VHIghb¼BD@A>
DB

Å�< ¸ 498,@D�©gh` <n> kg m−2 ° M <h`�;,8=5�@i`�;,<?8=�©<h`C`�5�>Z;�< ¸ 49BA@ib¼@A;=gh` 4�5�78�b¾l�F À^79<Jb¼5�� 4�Fq8=;,@A� <?>�;CHI<
:9@A5 �1F�`=`k<�H9Fh>�`CBA<h`C`�<hb¼;,@D5�>�`C`�79@A« Fh>I;=<h`¼°
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������� Æ °AÈ � M 5��©4�Fh8¾Fh@a`k5 >1HI71`=b lg?�1F�HwT FqBDBA5Zb?Fh;,@A5 >�ÁÂF^ÄHI<�B�T 5�49;=@A5 > � ² (?5�;=< � HI7©�©5ZHZm?BA< W,YZ¹C² »
A» gs

ÅZHwT Fq498=mh` M FhBA«�<?; <?; Y 5 7�`,`=Fq>�F©ÁÂ��� �IÈqÄ
<?;QBA<o`� 5ZHI@ �µbnFq;,@D5�>�`QHIgob¼8,@D;,<h`QFq7/b l�Fh49@A;=8,<3È�Å�Á :µÄQHI<
BÂT 5 49;,@D5�> W,YZ¹C² » MCM 4�5�78�BD<h` l9<n8,:�F b¼g?<h`cÅ9<?;�Á�bqÄHI<�B�T 5�49;=@A5�> W,YZ¹C² » MCM 465 798�BA<h`&BD@AE�><?7 ¸ °
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∆B = AB − DB − RB
Á Æ °AÈhÄ

� ��� ��� ��u � � �={9y 	���
Qs

\ F�8,<o`k49@D8¾Fq;=@A5 >¢<o`k;e79>�498,5Zb¼<o`,`k7Ê`"HwT 5 ¸ ®H9Fq;=@A5 >�HI7tbnFq8,:�5 >9<�5 8,E�Fh>9@aÀ�79<�ÅQÀ�79@�� 5�798=>9@A; ��BaF
49BaFh>I;=<�B�T g?>9<?8=E�@D<+>ghb¼<h`=`,Fq@D8,<3465 798�`�5�>�� 5�>Êb¼;,@D5�>9>9<n�©<?>Z;C:9@A5Zb¾l9@A� @aÀ�79<�° L >£HI@a`�;,@A>E�79<3E�g?>9gn8¾FqBD<¼»
�©<?>Z;&BaF¯8,<h`�49@A8GFq;,@D5�> HI<eb¼8=5�@i`,`,Fh>�b¼<�Å�4�5�798�498=5ZHI79@D8,<eHZ<�>95 79«�<hFq7 ¸ ;,@i`,`�7�`¼Å�<?;�BaF"8=<h`k49@D8¾Fh;,@A5 >�HI<
�1Fq@D>I;=<?>�Fq>Êb¼<�ÅZHI<h`�;,@A>g?<����1Fh@A>Z;,<?>9@D8QBaF�:9@D5��1F `,`k<�< ¸ @a`�;¾Fh>I;=<�°

\ <o` ;=<?8,�©<o`CHI<�8,<h`�49@A8GFq;,@D5�> `k5�>Z;Vb?FqBib¼79BAgo`CFq7�4�F `�HI<3;,<?� 4�`CHI7�� 5ZHIm?BA< dt <?;Vb¼79�¯79BAgh`Q`�798
∆t = 1jour °

\ F�8,<h`�49@A8GFq;=@A5�>¯HZ< BL
>]T <o`k;Q4�F�`)�©5ZHZ@ ��g?<�H9Fq>Ê`&b¼<C>95 79«�<hFh7©`=b l9gn�1F+Á «�5�@D8)b¾l�Fq4@A;,8=<�ÈqÄG° O BDBA<

<h`k;)@D>I;=g?E�8=g?<CFh7©bnFqBabc79B9HZ7";GFq7 ¸ HwT F `,`k@D�©@ABiFq;=@A5�>3>9<?;=;,<�H9Fh>�`)BA<&� 5ZHIm?BA<VÁ ghÀ�7�Fh;,@A5 >�`&È ° �IÈ�<?;CÈ ° ����Ä¾Å
:9@ABiFq>�HZ<eBaF"498=5ZHI7�b¼;=@A5 >�498,@D�1Fq@D8,<�:98,7;,<�<n;�HI<�BiF"8,<o`k49@D8¾Fq;=@A5 > �"BÂT 5�:Ê`,b¼798=@A;=g©Á�HFq8��$8,<h`�49@A8GFq;=@A5�>
Rd

Ä¾° M <n;,;,<38,<h`�49@A8GFq;=@A5�> �"B�T 5�:�`=b¼798=@A;,gJb¼5�� 498,<?>ÊH/BiF"8,<o`k49@D8¾Fq;=@A5 >�HI<e�1Fh@A>Z;,<?>ÊFq>�b¼<�HI<h` � <?7@ABABD<h`¼Å
Fq@A>Ê`k@
À^7<eBaF©8,<h`�49@A8GFq;=@A5�>£HZ<©b¼8=5�@i`,`,Fh>�b¼<¯HI<¯;,5 79;,<¯BaF¯49BaFh>I;=<�Åw79;=@ABA@i`kg?<34�5�798JFqBABD5�79<n8�BA<e498=5ZHI79@D;
HI<�BaF�49l95 ;,5j`k®Z>I;=l9mh`k<j°

RBL
=

∑

dt

10−6 MC

Pc MCO2

RdC dt Á Æ ° ��Ä

F?«�<hb ∑

dt = ∆t Å Pc
BaFe498,5 4�5�8,;=@A5 >£HI<3b?Fq8=:65 >9<¯H9Fh>�` BiF��/Fq;,@Dm?8,<V`kmob l9<jÅ9g?E�FhBA< � 40% Å MC<?; MCO2

BD<h`&�1F `,`k<o` �©5 BaFq@D8,<h`QHI7$b?Fh8,:�5�><�<?;�HI7 MCL
2
Á 12 <?; 44 g mol−1 8=<h`k4�<hbc;,@A«�<n�©<?>Z;¼Ä¾Åh<?;

RdC
BD<+;GFq7 ¸ HI<�8,<h`�49@A8GFq;,@D5�>��eB�T 5 :�`,bc798,@D;,g�@D>I;=g?E�8=g�`k798CBiF"bnFq>95 46gn<"Á «�5�@D8�b l�Fh49@A;=8,<eÈhÄ¾°

K <e� 	?�©< Å�BaF � 5 8,�¯79BaFh;,@A5 >$HI<eBaFe8,<h`�49@A8GFq;=@A5�>£HZ< Bs
<h`k;�b¼5�>�`�<?8,«�gn<+4�5 798 Bs,act

° M T <h`k;�79>9<
� 5�>�b¼;=@A5 >¥< ¸ 4�5�><?>I;=@A<?BDBA<VHI<�BaF�;=<?�©4�g?8¾Fh;,798=<eÁ goÀ^7�Fh;,@D5�>£È�° É�;^ÄG°

RBs,act =
∑

dt

Bs,act ηR Q
(Ts−25)/10
10 dt Á Æ ° Ç�Ä

F?«�<hb Q10 = 2 Å9<?; ηR = 0.01 g g−1 j−1 Å9b T <h`�;k» �o»½HI@A8=<�À^7<+BD<�8,go`k<?8=«�5�@A8 Bs,act
4�<?8¾H 1 % HI<�`=F

�1F�`=`k<�4�Fh8)¬,5 798�4�Fq8CBD<+48,5Zb¼<h`=`k7�`�HI<�8,<o`k49@D8¾Fq;=@A5 >��e79>9<�;=<?�©4�g?8¾Fh;,798=<�HI< 25◦
M °

p 5�798)BD<h`�Fq79;=8,<h`]8,gh`�<?8,«�5 @A8G` HI<�`k;=8,7�b¼;=798,<VÁ Bs,pas
<?; Bs,bg

Ä¾Åh5�>e79;=@ABD@a`k<QBiF � 5 8,�¯79BaFh;,@A5 >�BA@A>ghFq@D8,<
HI<�BaF�8,<o`k49@D8¾Fq;=@A5 >�HZ<+�/Fq@A>Z;,<n>�Fq>�bc<�498=5�4�5�`�g?<�4ÊFq8 R 79@D�"®���� ��
 �wÁ=È?��� :^Ä�d

RBs,pas =
∑

dt

Bs,pas R0 (1 + 0.16 Ts) dt Á Æ ° Æ Ä
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RBs,bg
=

∑

dt

Bs,bg R0 (1 + 0.16 Tp) dt Á Æ ° É^Ä

F?«�<hb R0
BiF�« FqBD<?798�HI<�BiF�8,<h`�49@A8GFq;,@D5�>�� 0◦

M Å9g?EjFqBA< � 1.19 10−4 g g−1 j−1 Á « FqBA<n798C498,5 4�5�`kgn<
4ÊFq8 R 79@D�"®���� ��
 �]Á,Èn����:�ÄC4�5�798�BA<3b¼5 �©4�Fh8,;,@D�©<?>Z; � `=Fq4 �&5�5ZH � Ä¾Å Ts

BaFe;,<?� 46gn8¾Fq;=798,<�HI<3`k798%�ÂF�b¼<
<n; Tp

BaF1;,<?�©4�g?8GFq;=798,<¯HI7 `k5�B
<?> ◦
M ° p 5 798eb¼5 �©4�Fh8¾Fq@i`k5 >]Å]BA< b¼5�< 
/b¼@A<?>Z;�À�79@&�¯79BD;,@A4BA@ < Bs,actHFq>�`CB�T ghÀ^7ÊFq;,@D5�> Æ ° Çe« Fq79; 2 10−3 g g−1 j−1 � 0◦

M °
Bw,ag

<n; Bw,bg
8=<?498,go`k<?>Z;,<?>Z;QBA<�:�5�@a`cÅI<?;Q@DB6> T ®¯F�4�F `&HI<�;=<?8,� <CHI<�8=<h`k4@A8¾Fh;,@D5�>1F `,`k5Zbc@Ag��3b¼<h`

8=gh`k<n8,«�5�@D8¾`c°

� ��� ��� � � � �	�,s

\ <©;=<?8,� <¯HI<©HZghb¼BA@D>�8=<?498=gh`k<?>Z;,<eBD<h`�HI@ ¿µg?8=<?>Z;¾`�498,5Zbc<h`,`�7�`eÀ^7@"� 5 >I;JHI@A� @A>Z79<?8�BaF¥:@A5��/F�`,`�<
<n>1HI<?l95 8¾`CHI<�BiF+8,<o`k49@D8¾Fq;=@A5 >]° W Bw<o`k;C`�@A�©4BA<?�©<c>Z;)< ¸ 498,@D�©gC4�Fq8C7>9<�HIghbc8,5�@i`,`=Fq>�b¼<V< ¸ 4�5 >9<?>Z;,@A<nBABA<
HZ<�BaF�:9@D5��1F `,`k<j° \ T ghÀ�7�Fq;=@A5�> E�g?>9gn8,@aÀ�79<�HI7 ;,<?8=�©<�HI<�HIgob¼BA@D>e465 798C79>©8=gh`k<n8,«�5�@D8
HI<�:@A5��/F�`,`�< B<o`k;�d

DB = B (1 − e−
∆t
τ ) Á Æ ° :^Ä

F?«�<hb�4�5 798�7>9@aÀ�79<�4�Fq8GFq�©mn;,8,<VBA<�;=<?�©4�`
HI<�8,gh`�@aHI<?>Êb¼< τ °
\ <1;,<n�©4�`�HZ<¥8=gh`k@iHI<?>�bc<©HI<$b¾l�F�bc79>�HI<h`�8,go`k<?8=«�5�@A8G`+>95 >_BD@AE�><?7 ¸ <h`k;¯b?FhBab¼7BAg � 4�Fh8,;=@A8¯HI7

4ÊFq8¾Fh�©m?;=8,< τM
HI7e�©5ZHZm?BA< W,YZ¹C² » A » gs

ÁÂHI798,gn<CHI<
«I@D<)�1F ¸ @A�/FqBA< HI<h` � <?79@DBABD<h` ÄG° p 5 798 BiF :@A5��/F�`,`�<
� 5 BA@iFq@A8=< BL

Å�BaF¯HI798=g?<3HI<�«Z@A<3HI<o` � <?7@ABABD<h` τBL

<o`k;Vb?FqBib¼79BAgn<�b lÊF�À�79<C¬,5 798�<n>�;,<n>�Fq>Z;�bc5��©49;=<�HI<
BÂT < 
/b?F b¼@A;=g�HZ<�BiF�49l95 ;,5�`�®I>Z;,lmh`k<�Á «�5 @A8©ghÀ�7�Fh;,@A5 >�È ° Æ �^Ä¾° \ <�;=<?�©4�`©HZ<�8,gh`�@aHI<?>Êb¼<�<h`k; � ¸ g �
τM

4�5 798�BA<h`�8,go`k<?8=«�5�@A8G` Bs,act
<?; Bs,bg

Åµ<?; � τM/4 4�5 798 Bs,pas
° p 5�798�BD<h`�b¼5 �©4�Fq8=;,@D�©<?>Z;¾`CHI<

:@A5��/F�`,`�<�BD@AE�><?7�`k<jÅ9BA<�;,<?� 4�`Cb?Fq8GF�b¼;=g?8,@i`k;=@aÀ�79< τw
<h`k;VHI< 40 Fq>Ê`�4�5�798�BD<h`�� <?79@ABDBA7�`CHZghb¼@aHZ7�`¼Å 50Fh>�`�4�5�78�BA<h`�b¼5 >9@ � m?8=<h`¼ÅZ<?;VHI< 30 Fq>Ê`�4�5�798�BD<h`�� <?79@ABDBA7�`Q4�<?8¾`�@a`k;GFq>Z;¾`c° ² ;,@A;=8,<JHI<eb¼5 �©4�Fh8¾Fq@i`k5 >]Å

BD<�;,<?�©4Ê`&HI<�8,go`k@aHZ<?>�b¼<�HZ<h`Cb¼5�� 4�Fq8=;,@A� <?>I;G`QHI<�:65 @a`C<h`k;�� ¸ g3`k7@A« Fq>Z;CBaF (?5�><�bcBA@A�/Fq;,@iÀ^7<�H9Fq>�`
LVR�M
±�W�K�OQO d�@AB<h`k;
HI< 80 Fq>�`Q465 798QBA<h`
� 5�8�	n;¾`):�5�8,goFqBA<o`¼ÅZHI< 40 Fq>Ê`4�5 798QBA<h` � 5�8�	?;¾`�;,<?�©4�g?8=g?<h`cÅ
<n;�HI< 30 Fq>�`C4�5�798�BA<o`$� 5�8�	n;¾`&;,8=5�49@ib?FqBD<h`¼°
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DBL
= BL (1 − e

−
∆t

τBL )

DBs,act = Bs,act (1 − e
−

∆t
τM )

DBs,pas = Bs,pas (1 − e
−

4 ∆t
τM )

DBs,bg
= Bs,bg (1 − e

−
∆t
τM )

DBw,ag =







0 4�5�798�BA<h`&l<?8,:�F b¼g?<h`cÅ
Bw,ag (1 − e−

∆t
τw ) 4�5�798�BA<h`&BD@AE >9<?7 ¸ °

DBw,bg
=







0 4�5 798�BD<h`&l9<?8=:�F�bcg?<h`¼Å
Bw,bg (1 − e−

∆t
τw ) 4�5 798�BD<h`&BA@DE�>9<n7 ¸ °

Á Æ ° � Ä

\ <�;,<n8,�©<�HI<�HIghb¼BD@A>e<h`�;)<?>�`�79@A;=<�HIghb¼5 �©4�5�`�gC<?>"7>";=<?8,�©<�HI<�`k;=5Zb � FhE�<�ÅZHI<h`�;,@D>9g ��FhBA@A� <?>I;=<?8
HwT Fh79;,8=<h`&8,gh`�<?8,«�5 @A8G`¼ÅI<n;C79>1;,<?8=�©<�HZ<+� 5�8,;GFqBD@A;,gjÅIHZ<h`k;=@A>9g �eFqBD@A�©<n>I;=<?8QBaF�BA@D;,@Dm?8,<�°

DB = MB + SB
Á Æ °<;�Ä

� ��� ��� r �	�� u]s 	y 	 ��
)s

\ T FqBD@A�©<?>Z;¾Fh;,@D5�> HI< BL
Å ABL

ÅI>]T <h`k;
4�F�`C�©5ZHI@'��g?<�4�Fq8C8GFq494�5�8=;���BÂT 5 49;,@D5�> � ² (?5�;=< � HI7©� 5q»
HIm?BA< W,YZ¹C² » A» gs

Á M FqBA«�<n;)<?; Y 5�7�`=`,Fh>�FIÅ�����ZÈqÄG° \ F�:9@A5 �1F�`=`k<�� 5�BD@aFh@A8,<Q<h`�;QHI@D8,<hb¼;=<?�©<?>Z;]FhBA@D�©<?>Z;,g?<
4�Fq8�BA<�;,<n8,�©<VHwT F `,`�@A�©@DBaFq;=@A5 >©:98,7;,<�4�Fq8�49l95 ;,5j`k®Z>I;=l9mh`k<j° M <�;,<n8,�©<�@A>Z;,m?E 8,<�BaFebc5�>Z;,8,@D:979;=@A5�>$HI<
B�T F `,`�@A�©@DBaFq;=@A5 >+><?;,;=<�HI<Vb?Fh8,:�5�>9<3Á AnC

ÄGÅ�<?;
b¼<?BDBA<CHZ7";=<?8,�©<�HI<�8,<h`�49@A8GFq;,@D5�> ��B�T 5 :�`,bc798,@D;,g�Á RdC
Ä¾Å

`k@A�¯79BiFq>Z;�BaF�8=<h`k49@D8¾Fh;,@A5 >�HI<1bc8,5�@i`,`=Fq>�b¼< <?;�BiF�8,<h`�49@A8GFq;,@D5�>�HZ<©�1Fq@D>I;=<?>�Fh>�b¼< HI<h` � <n79@ABDBA<h`c° AnC46<n79;�	?;,8=<�>9g?E�Fh;,@'�=Å94�Fq8C< ¸ <?�©4BA<�BaF�>Z79@A;
5�7�<n>�bc5�>�HI@D;,@D5�>�`CHI<��ÂFh@A:9BD<+8GF?®�5�>9>9<n�©<?>Z;?°

ABL
=

∑

dt

10−6 MC

Pc MCO2

(AnC + RdC) dt Á Æ ° ��Ä

F?«�<hb Pc
BaF1498,5 4�5�8,;=@A5 >tHI<1bnFq8,:�5 >9<$H9Fq>�`�BiF��1Fq;=@Am?8=<¯`kmhb¾l9<�Å]g?EjFqBD< � 40% Å MC

<n; MCO2BA<h`C�1F�`=`k<h`��©5�BiFq@A8=<h`CHI7£b?Fh8,:�5�><"<?;�HI7 MCL
2
Á 12 <?; 44 g mol−1 8,<h`�4�<hb¼;,@D«�<?�©<?>�;cÄ¾ÅZ<?; AnC

<?;
RdC

8,<o`k4�<hb¼;=@A«�<?�¯<?>Z;wBA<C;GFq7 ¸ HµT F�`=`k@D�©@ABiFq;,@D5�>3>9<?;,;=<�HI<Vb?Fq8=:65 >9<�<?;QHI<�8,<h`�49@A8GFq;=@A5�> ��BÂT 5�:Ê`,b¼798=@A;=g�Å
@A>Z;,g?E 8,gh`
`k798�BaF�l�Fh79;,<n798�HZ<+BiFeb?Fq>5�4�g?<¯Á «�5 @A8�b¾l�Fq49@D;,8=<eÈqÄG°

\ <o`�Fq79;=8,<h`�8,gh`�<?8,«�5 @A8¾`�`k5 >I;�FqBA@D�©<?>Z;,gh`Q4�Fq8V;,8¾Fh>�`kBD5Zb?Fq;=@A5 >[HI<3:9@A5 �1F�`=`k<�° P >$;,<?8=�©<�HI<¯`�;,5q»
b � FqE < SB

<h`k;Jb?FqBib¼79BAg �¥4ÊFq8,;=@A8¯HI7�;,<?8=�©<¯HI<1HIgob¼BA@D> DB
Å)`�79@A« Fq>Z;�BD<©8,go`k<?8=«�5�@A8�<?;3BA<¯;�®I4�<1HI<
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4BaFq>Z;,< d)`k<n79Ba`eb¼<n8,;¾Fh@A>�`�8,gh`�<?8,«�5 @A8G`+`�5�>Z;e79;,@DBA@i`kgh`�465 798¯FqBDBA5 79<?8eHZ<¥BiF¥:9@D5��1F `,`�<©«�<?8¾`3HwT Fh79;,8=<h`
8=gh`k<n8,«�5�@D8¾`�Á BL

Å Bs,act
<?; Bs,pas

4�5�798�BA<o` ;�®I4�<h`CHZ<+«�gnE�g?;GFq;,@D5�>©l<?8,:�F b¼g?<�� BL
Å Bs,act

Å Bs,pas
<?;

Bs,bg
4�5�78&BA<o`;�®Z4�<h`&HI<�«�g?E g?;¾Fh;,@A5 >"BD@AE >9<?7�`�<�Å�«�5�@D8 ��E�798=< Æ °DÈqÄG° \ <�HIghb¼BD@A>¯HI<h`
Fq79;=8,<h`Q8,gh`�<?8,«�5 @A8G`

<o`k;C<?>Z;,@Dm?8,<?� <?>I;b¼5�>Z«�<?8,;=@w<?>1�©5 8,;GFqBA@D;,geÁ Bs,bg
4�5�798�BA<h`&;�®Z4�<h`CHI<�«�gnE�g?;GFq;,@D5�>1l9<?8=:�F�bcg?<�� Bw,ag<n; Bw,bg

4�5�798�BA<o` ;�®Z46<o`�HI<�«�gnE�g?;GFq;,@D5�>�BD@AE�><?7�`k< Ä¾° M <¯b?FhBab¼79B�HZg?4�<?>�H�Fq7Ê`,`k@
HI<3BaF"4l�F�`�<¯H9Fq>�`
BiF�À�79<?BDBA<V`k<�;,8=5�79«�<�BaF�4BaFq>Z;,<Jd9BaF�49l�F `k<JHI<�b¼8=5�@a`=`,Fh>�b¼<3b¼5�8=8,<h`�4�5�>�H���79><�Fh79E�� <?>I;GFq;=@A5�>/HI<�BaF
:@A5��/F�`,`�< � 5�BD@aFq@D8,<�Å � � � � �/7>�:9@DBaFh>�465j`k@D;,@ ��<?>Z;,8,<3BA<¯b?Fh8,:�5�><©>9<?;�F `,`�@A�©@DBAg�4�Fq8349l95 ;,5�`�®I>Z;,lmh`k<
<n;+BD<©bnFq8,:�5 >9<©4�<?8¾HZ7[4�Fq83BA<¯;,<?8=�©<eHZ<©HIgob¼BA@D>[HI< BL

�]BaF©49l�F `k<1HI</`kg?>9<o`,b¼<?>Êb¼<¯b¼5�8=8,<h`�4�5�>�H �
7>9<3HI@A�©@D>I7;,@A5 >¯HI<�BaF�:9@A5 �1F�`=`k<�HI<o`$� <?79@ABDBA<h`c° O >149lÊF�`k<3HI<�b¼8,5 @a`,`=Fq>�bc<�Å9;,5 79;CBA<�HZghb¼BA@D> DB

HI<h`
8=gh`k<n8,«�5�@D8¾`�bc5�>�b¼<n8,>9gh`�<h`�;eb¼5 >I«�<n8,;,@�<?>�`k;=5Zb � FqE < SB

Å FhBA5 8¾`�À�7]T <?>�49l�F `k<1HI< `kgn>9<h`,bc<?>�b¼<�Å `k<?79BD<
7>9<©4�Fh8,;,@D<©HZ7�HIghb¼BD@A>�<h`�;�8=g¼»�FhBABD5�79g?<jÅwBA<¯8,<h`�;,< b¼5�8=8,<h`�4�5�>�H9Fh>I; �179>[;=<?8,�©<JHI<©�©5 8,;GFqBA@D;,g MBÀ�79@�FhBA@A� <?>I;=<CBaF�BD@A;,@Dm?8,<j°

O >�4l�F�`�<�HZ<�bc8,5�@i`,`=Fq>�b¼<jÅ9BA<3`k;=5Zb � FqE <�<h`�;�b?FqBib¼79BDg�4�Fq8CBD<h`&ghÀ�7�Fq;=@A5 >�`C`k79@D« Fq>Z;,<h`�d

SBL
= DBL

SBs,act = DBs,act

SBs,pas = DBs,pas

SBs,bg
=

{

0 4�5 798�BA<o` l9<?8=:�F�bcg?<h`
DBs,bg

4�5 798�BA<o` BA@DE�>9<n7 ¸
SBw,ag = 0

SBw,bg
= 0

Á Æ °DÈ?�^Ä

O >�4l�F�`�<�HZ<�`�g?>9<h`=b¼<?>�bc<�Å

SBL
=















0 `k@ ABL
− RBL

≤ 0

fA,BL
(ABL

− RBL
) `k@ 0 < fA,BL

(ABL
− RBL

) ≤ fD,BL
DBL

fD,BL
DBL

`k@ fA,BL
(ABL

− RBL
) > fD,BL

DBL

SBs,act = fD,Bs,act DBs,act

SBs,pas = fD,Bs,pas DBs,pas

SBs,bg
=

{

0 4�5�78�BD<h`&l9<?8=:�F�b¼gn<h`¼Å
fD,Bs,bg

DBs,bg

4�5�78�BD<h`&BA@DE�>9<?7 ¸ �
SBw,ag = 0

SBw,bg
= 0

Á Æ °DÈ�ÈqÄ

F?«�<hb fD,B
BaF � 8GF�b¼;=@A5 >�HI7t;,<?8=�©<$HI<£HIghbcBA@A>�HI<�BiF�:9@D5��1F `,`k< B 8,ghFhBABD5�79g?<$«�<?8¾`¯HwT Fq79;=8,<h`

bc5��©4�Fh8,;=@A�©<?>Z;¾`&<n>[49l�F `k<1HI< `kgn>9<h`,bc<?>�b¼<�° fD,BL

Å fD,Bs,act

Å fD,Bs,pas

<n; fD,Bs,bg

`�5�>Z; � ¸ g?<h`��
0.5 ° M <h`�� 8¾F�bc;,@A5 >�`&5�>Z;Cg?;=g�b¾l95 @a`k@D<h`&F ��>�HZ<�`�@A�¯79BA<n8 7>�Fh494�5�8=;�HI<�:9@A5 �1F�`=`k<�8=ghFqBD@a`�;,<�H9Fh>�`CBA<h`
HZ@ ¿µg?8,<n>I;G`)b¼5�� 4�Fq8=;,@A� <?>�;¾`c° \ <�;,<?8=�©<
HI<�`k;=5Zb � FqE <�HZ< BL

<?>e49l�F `k<�HI<V`kgn>9<h`,bc<?>�b¼<�Å?7;,@ABD@a`�g&4�5�798



� � � & 3 ����7(��&'	 ����� 0����

FqBA@D�©<?>Z;,<?8�BA<Vb¼5 �©4�Fq8=;,@D�©<?>Z; Bs,bg
Á «�5 @A8�b¼@ »½HI<h`=`k5�7Ê` Ä¾ÅZ<h`k;
BA@D�©@A;=g �+7>9<�� 8¾F b¼;,@D5�>1HZ<�BaF�:9@A5 �1F�`=`k<

� 5�BA@iFq@D8,<�>9<n;,;,<3F `,`k@D�©@ABDg?<C4�Fh8�49l5�;,5j`k®Z>I;=l9mh`�< (ABL
− RBL

) Å9b¼<?;=;,<�� 8¾F b¼;,@D5�> fA,BL

g?;¾Fh>I;�� ¸ g?< �
0.5 °

\ <o`";,<?8=�©<h`eHI< `k;=5Zb � FqE <[`�5�>Z;©<?>�`�79@A;=<�79;=@ABD@a`kgo`�465 798$FqBD@A�©<?>Z;,<n8+7>t5�7t49BD7�`k@D<?798¾`¯Fq7;,8,<o`
8,gh`�<?8,«�5 @A8¾`c°

\ T FqBD@A�©<?>Z;¾Fh;,@D5�>$HI< Bs,act
<h`k;3Fq7Ê`,`k@Q@iHI<?>Z;,@aÀ�79< �1b¼<?BDBA<eHZ< M FqBA«�<n;�<?; Y 5 7�`,`=Fq>�F£Á�� ���IÈhÄ¾° O >

49l�F�`�<©HZ<¯b¼8,5 @a`,`=Fq>�bc<�Å Bs,act
<h`k;�bnFqBabc79BAg?<3<?>�� 5�>Êb¼;,@D5�>�HI< BL

`k7@A« Fq>Z;�BaF"8=<?BaFh;,@A5 >£HI<¯HI@DBA79;=@A5�>
HI<"BÂT F (?5�;=<�° p Fq8Jb¼5�>�`�ghÀ�79<?>Z;?Å]HI78¾Fq>Z;�BiF¥49lÊF�`k</HI<1b¼8=5�@a`=`,Fh>�b¼<�Å]:9@D<?>[À�79<¯BaF1:9@A5 �1F�`=`k< � 5�BA@iFq@D8,<
Fq79E �©<?>Z;,<�Å�BaF©:9@D5��1F `,`k<¯HZ< Bs,act

4�<?79;JHI@A� @A>Z79<?8?ÅZBA5 8¾`,À�79<¯BaF1b¼8=5�@a`=`,Fh>�b¼<¯F¥gn;,ge498=ghb¼ghHIgn<�4�Fh8
79>9<©49lÊF�`k</HI<©`�g?>9<h`=b¼<?>�bc<";=<?�©4�5�8GFq@A8=<e5�7[4ÊFq8�7>9<1b¼5 794�<�° ABs,act

Å BiF1À^7�Fh>I;=@A;=g©HI< :9@A5 �1F�`=`k<
>9ghb¼<h`=`,Fh@A8,< �&BiF�b¼8=5�@i`,`,Fh>�b¼<
HI< Bs,act

Å?<h`�;)bnFqBabc79BAg?<��C465j`k;=<?8,@D5�8,@b¼5 �©�©<]BaF�`k5 �©�©< HI<QBaF&« Fq8=@aFh;,@A5 >
HI< Bs,act

Å�<?;�HZ<h`�;,<n8,�©<h`CHZ<e8,<h`�49@A8GFq;,@D5�> RBs,act

<n;�HI<¯HZghb¼BA@D> DBs,act

° ABs,act

<h`�;�4979@i`kg?<JH9Fq>Ê`
BA<�;=<?8,� <�HZ<¯HIghb¼BD@A>�HZ< BL

° O >�4l�F�`�<¯HI<¯`kg?><h`,b¼<n>�b¼<�Å Bs,act
>9<e8=< �¼5 @A;�4�F `�HI<e>95 79«�<?B Fq494�5 8,;

HI<�:9@A5 �1F�`=`k<�°

ABs,act =

{

∆Bs,act + DBs,act + RBs,act

<?>149lÊF�`k<JHI<3b¼8,5 @a`=`,Fq>Êb¼<�Å
0 <?>149lÊF�`k<JHI<3`kg?><h`,b¼<n>�b¼<�° Á Æ °DÈ?��Ä

Bs,pas
<h`�;CFhBA@A� <?>I;=g?<&4ÊFq8�HI<�BaF�:9@A5 �1F�`=`k<�498=5h«�<?>�Fq>Z;
HI< Bs,act

ÅZH9Fh>�`&BA<�b?F�`Q5 
1BaF�:9@A5 �1F�`=`k<
� 5�BA@iFq@D8,<£Fq7E��©<?>Z;,<jÅ �1Fh@a`e5 
 BiF�:9@D5��1F `,`k<£HZ< Bs,act

HI@A� @A>Z79<�° \ F�`k5 7�H9Fq@D>9<�HI@A�©@D>I7;,@A5 >tHI<
:9@A5 �1F�`=`k<�HZ< Bs,act

8=gh`k7BA;¾Fh>I;=<�>]T <h`k;¯4�F `";,8GFq>�` � 5�8,� g?<1<?>_�©5 8,;GFqBA@D;,g�Å��1Fq@i`�«Z@A<n>I;¯FhBA@A� <?>I;=<?8
BA< b¼5��©4ÊFq8,;=@A�©<n>�;�;GFq�©4�5�> Bs,pas

° O >�49l�F�`�<1HI<1`�g?>9<h`=b¼<?>�bc<�Å Bs,pas
>9<¯8,< �¼5�@D;+4ÊF�`�HZ<©>95�7«�<?B

Fq494�5�8=;�HZ<+:@A5��/F�`,`�<�°

ABs,pas =















0 <?>149l�F�`�<eHI<3b¼8=5�@i`,`,Fh>�b¼<3F?«�<hb ABs,act ≥ 0 Å
−ABs,act

<?>149l�F�`�<eHI<3b¼8=5�@i`,`,Fh>�b¼<3F?«�<hb ABs,act < 0 Å
0 <?>149l�F�`�<eHI<3`�g?>9<h`=b¼<?>�b¼<j°

Á Æ °DÈ?Ç�Ä

Bs,bg
<h`k;�FqBD@A�©<?>Z;,gn<C4�Fq8CBD<�`�;,5Zb��FhE�<3HI<�49BD7�`k@D<?798¾`Q8,gh`�<?8,«�5 @A8G`<n>©49l�F `k<3HI<3b¼8,5 @a`=`,Fq>Êb¼<ed BL

Å
Bs,act

<n; Bs,pas
° O >¥4l�F�`�<�HZ<�`�g?>9<h`=b¼<?>�bc<�ÅZ`k<?79BµBA<�`�;,5Zb� FqE�<3HI<�BiF�:9@A5 �1F�`=`k<�� 5 BA@aFh@A8=<�<h`�;C79;,@DBA@i`kg

465 798VFqBA@D�©<?>Z;,<?8 Bs,bg
°

ABs,bg
= fS,BL,Bs,bg

SBL
+ fS,Bs,act,Bs,bg

SBs,act + fS,Bs,pas,Bs,bg
SBs,pas

Á Æ °DÈ Æ Ä
O >£49l�F `k<1HI<¯bc8,5�@i`,`=Fq>�b¼<jÅ fS,BL,Bs,bg

<h`�;�BaF � 8GF�b¼;=@A5�>�HI< SBL

À^7@)8,<h`�;,< Fq498=mh`�F?«�5�@A8�FqBABD5�79g
BaF":9@D5��1F `,`�<e>9ghb¼<h`=`,Fh@A8,< � Bs,act

`k79@D« Fq>Z;�BaF©8,<nBaFq;=@A5 >£HI<¯HI@ABD79;,@D5�>£HI<eBÂT F (?5�;=<1Á ghÀ�7�Fq;=@A5 > Æ °AÈ?��Ä¾°
O BDBA<©<o`k;�8=<hb?FhBab¼79BDg?< b l�F À^7<�¬,5�798n° O >¢4l�F�`�<�HZ<�`�g?>9<h`=b¼<?>�bc<�Å fS,BL,Bs,bg

= 1 ° fS,Bs,act,Bs,bg

<?;
fS,Bs,pas,Bs,bg

`k5�>Z;�� ¸ <h`¼° O >149l�F `k<3HI<�b¼8=5�@i`,`,Fh>�b¼<�ÅZ<?BABD<h`)« FqBA<n>I; 1 4�5�78CBA<h`Q;k®Z4�<h`&HZ<�«�g?E�gn;¾Fq;=@A5 >
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l<?8,:�F b¼g?<©<n; 0.3 4�5�798¯BA<o`+;�®I4�<h`3HI<1«�g?E�gn;¾Fq;=@A5 >[BA@DE�>9<?7Ê`k<�Å]BA< 8,<h`�;¾Fq>Z;�gn;¾Fq>Z;¯FqBDBA5 79g1Fq7 ¸ b¼5��¯»
4ÊFq8,;=@A�©<n>I;G`�HI<¯:�5�@i`"Á goÀ^7�Fh;,@D5�>�` Æ °DÈ?É1<?; Æ °DÈ5:�Ä¾° O >£49l�F `k< HI<©`�g?>9<h`=b¼<?>�bc<�Å6<nBABA<o`�`k5 >I;3g?E�FhBA<h`��
0 °

K Fh>�` BD<�bnF�`QHI<h`Q;k®Z4�<h`QHI<�«�g?E�g?;GFq;=@A5�>eBD@AE >9<?7�`�<�Å�BA<o` bc5��©4�Fh8,;=@A�©<?>Z;¾`]HZ<�:�5�@i`&`�5�>Z;&FhBA@D�©<?>Z;,gh`
4ÊFq8�BD<�`�;,5Zb� FqE�<¯HZ< Bs,act

<?; Bs,pas
4�5�798 Bw,ag

Å6<?;�4�Fh8�BA<J`k;,5Zb� FqE <¯HI< Bs,bg
4�5�78 Bw,bg

° M <h`
bc5��©4�Fh8,;=@A�©<?>Z;¾`�>9<3`k5�>Z;Cg?«Z@aHI<n�©�"<n>I;)4ÊF�`�FqBA@D�©<?>Z;,gh`�465 798�BA<h`&;�®Z46<o`CHI<�«�g?E g?;¾Fh;,@A5 >1l9<?8,:ÊF�b¼g?<j°

ABw,ag = (1 − fS,Bs,act,Bs,bg
) SBs,act + (1 − fS,Bs,pas,Bs,bg

) SBs,pas

Á Æ °DÈ?É^Ä

ABw,bg
= SBs,bg

Á Æ °DÈ5:^Ä

� ��� ��� � 
Q{ 	y�� � 	 �

\ F��©5 8,;GFqBA@D;,gC<h`�;QBA<�;=<?8,�©<
8,gh`�79BA;GFq>Z;CHI<�BaF3HI@ ¿µg?8=<?>�b¼<�<?>Z;,8=<�BD<�;=<?8,�©<�HI<�HIgob¼BA@D>e<?;&BD<�;=<?8,�©<
HZ<�`�;,5Zb� FqE�<J`¼T @ABw< ¸ @i`k;,<j° \ Fe�©5 8,;¾FhBA@D;,g�<h`k;C<?>Ê`k79@D;,<�79;=@ABD@a`kgn<�4�5�78�FhBA@A� <?>I;=<?8)BD<h`Cb¼5�� 4�Fq8=;,@A� <?>I;G`
Fhg?8,@D<?>�<n;)`�5�79;=<?8,8GFq@A>¯HZ<&BA@D;,@Dm?8,<
HI73�©5ZHI79BD<CHI<�b?Fq8=:65 >9<�HI7¯`�5�B�° M <?;=;,<CHZg&��>9@D;,@A5 >eHI<
BaF�� 5�8,;GFqBD@A;,g
HZ@ ¿µm?8,<¯BAgnE�m?8=<?�©<?>Z;�HI<1b¼<nBABA<JHI< M FqBA«�<n;+<n; Y 5�7�`=`,Fq>ÊF¢ÁÂ�����ZÈqÄGÅ)H9Fh>�`+BiF�À�79<?BABD<e79>9<©4ÊFq8,;=@A< HI<¯BaF
� 5�8,;GFqBD@A;,g$HI< BL

FhBA@D�©<?>Z;,<©BD<�8,go`k<?8=«�5�@A8¯`�5�79;=<?8,8GFq@D> Bs2
° K Fq>�`¯BA<�� 5ZHIm?BA< W,YZ¹C² » MCM Å
b¼<?;,;=<

bc5�>Z;,8,@D:979;=@A5�>1<h`�;C@A>Z;,g?E 8,g?<�Fq71;,<?8=�©<�HI<3`�;,5Zb��FhE�<�°

MB = DB − SB
Á Æ °DÈq��Ä

�*	 � � %.(*7*'����
�2� � ��� '�� � % � (*'�� � � ���." � %.�*� � ( �)%.'

² �Ê>�HZ<Q`k@D�"79BD<?8�BA<Qbc®9b¼BD<)HZ7�bnFq8,:�5 >9<Q;,<?8=8,<h`�;,8,<HI<Q�1Fq>9@Dm?8,<�49BD7�`68=ghFqBD@a`k;=<�Å¼BiF&4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >
@D>9@A;=@aFhBA<QHI<QBiF&8,<h`�49@A8GFq;,@D5�>JHI<QB�T gob¼5�`�®9`�;,m?�©<�HµT W,YZ¹C² » A » gs

Á R @A« FqBDBaFh>�H ��� ��
� Åh��� ��É^Ä <h`k;�8,<?� 49BaF b¼g?<
4ÊFq8�79>£b¼5 7949BaFhE�<¯F?«�<hb�BA<�� 5ZHI79BA<JHI<¯HIghbc5��©4�5�`�@A;=@A5�> HI<eBaF¯�1Fq;=@Am?8=<�5�8=E�Fq>@aÀ�79<©HZ7£`k5�B 79;,@DBA@a`�g
HFq>�` LVR�M
±�W�K�OQO Á�¶�8=@A>9>9<n8 ��� ��
� Å�� ����É�Ä¾°

� ��� ��� �tu � �w{�����	���
Qs ���]s �]{9y��=u 
�u �=y ��yQ{9y � ��	{�� �Zy 	�� 
Qs

\ F�4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >�HI<©BiF�8,<h`�49@A8GFq;=@A5�>�HI7�`�5�B&7;,@ABD@a`�g?<"<o`k;e@a`=`k79<$HI7��©5ZHZm?BA< HI<1b?Fh8,:�5�><
Y^N�L f ²QNCO Á Y F�b¼BiFo® N 5�79BD5�7�`�< L 8¾`,F?®�f�5ZHI<?B�� 5�8�;=l9< ² >ÊFqBA®`k@i`+5 � N <?8=8,<h`�;,8=@aFqB O b¼5j`k®`k;,<n�1` ÄGÅ
@D>I;=g?E�8=g£H9Fq>Ê`/BD<��©5ZHIm?BD<�HI<£`�798#�ÂF b¼<�b¼5�>Z;,@D>9<?>Z;¾FqBD< LVR�M
±�W�K�OQO Á LVR EjFq>9@ (?@A>E M Fq8=:65 >SFq>ÊH
± ®9HI8=5�BD5�E�®�@A> K ®Z>�Fh�©@ab O b¼5�`�®9`�; O �1`¾Ä1Á�¶�8,@D>9>9<?8 ��� ��
� Å�� ����É�Ä¾° M <?;=;,<�4�Fh8¾Fq� g?;,8=@a`,Fh;,@D5�>_<o`k;
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<?BABD<¼»�� 	?�"<¯F H9Fq4;,g?< HwT 79><�HZ<h`�48,<?�©@Dm?8,<o`�«�<n8¾`k@D5�>�`eHZ7_�©5ZHImnBA< M
OQU�NCP�R�´ Á p Fh8,;=5�> ������
� Å
È?��;�� � p Fq8=;,5 > ��� ��
� Å]Èn��;�;�Ä¾°

M
OQU�NCPVR ´ <h`k;�79>��©5ZHIm?BD<e`k@D�"7BaFq>Z;�BA< b¼®9bcBA<eHZ7�b?Fq8=:�5�>9<�Å�HI<¯B�T <hFq7£<?;�HZ<h`+>Z79;,8=@A�©<n>I;G`¼Å
Á�F (n5�;,< U ÅC`�5�7�� 8=< Y <?;149l95�`�49l95 8,< p Ä Fq@D>�`k@3À�79<�BD<?798G`/@D>I;=<?8¾F b¼;,@D5�>�`cÅCH9Fh>�`¥BD<£`k®`k;,mn�©<�`�5�B »
«�g?E�g?;GFq;=@A5�> ° W B&@D>�b¼BA7;+>5�;¾Fh�©�©<?>Z;�79>��©5ZHZ79BA<1HZ<1b¼8,5 @a`=`,Fq>Êb¼<$HI<h`�49BiFq>Z;,<h`cÅ)Fq@D>�`k@�À^7<©BA<©� 5q»
HI79BA< HwT g?«�5 BA79;=@A5 > HI<�BaF_�1Fh;,@Amn8,<�5�8=E�Fh>9@aÀ�79<�HI7�`k5 Be79;,@DBA@a`�g�@ib¼@�° \ <[� 5ZHIm?BA<�F_g?;=g[@A>9@D;,@iFqBA<c»
�©<?>Z;©b¼5 >��¼7�4�5�798 `k@A�¯79BD<?8"BD<h`©b¼7BA;,78,<h`"<n;¥BD<h`©498¾Fh@A8=@A<h`©HZ<h` · 8GFq>�HZ<h` p BaFh@A>9<o`¥Fh�©g?8=@ab?Fh@A>9<h`
Á p Fh8,;,5 > ������
� ÅCÈ?� ;^� � p Fh8,;,5 > ������
� Å&Èn��;�;�Ä¾° \ <1�©5ZHIm?BD<©F�:�<hFq7�bc5�794�g?«�5 BA79g1HZ<?4979@i`�BaF¥«�<n8k»
`k@A5 > @A>Z;,gnE�8,gn<[H9Fh>�` YZN�L f ²QNCO Å��1Fh@a`©BA<h`1498,@D>�b¼@D4�Fq7 ¸ bc5�>�b¼<n49;¾`18,<h`�;,<?>Z;�BD<h`©� 	?�©<h`1Á «�5 @A8
�������
	���������� ��� ������� ��������� ������� ��� � ����� ��� �������� ����� � ������
�� Ä¾° W BVF�Fq7�`=`k@�gn;,g�g?;=<?>�HI7t<?;¯g?« Fo»
BA79g�4�5 798�HwT Fh79;,8=<h` ;�®Z4�<h`&HI<V«�g?E�g?;GFq;=@A5�> <?;CHwT Fq79;=8,<h`Q:9@A5 �©<h`CÁ p Fq8,;=5�> ���	��
� ÅwÈn��� Ç�� p <?>9E ���	��
� Å
È?��� ;^ÄG° W BC`cT <h`�;e@A�©4�5j`kg1b¼5 �©�©<e79>��©5ZHIm?BD<©HZ<¥8=g&� g?8=<?>�b¼< H9Fq>Ê`�BiF�b¼5��©�¯79>�Fh79;,g `,bc@A<?>Z;,@'�µÀ^7<
@A>Z;,<?8=>�Fq;=@A5�>ÊFqBA<j°

\ <C� 5ZHIm?BA<
`�@A�¯79BA<)4BA7�`�@A<?798G` 8=gh`k<n8,«�5�@D8¾`�HI<CbnFq8,:�5 >9<�H9Fq>Ê`BD<
`k5�BÂÅ�b¼5 8,8,<o`k4�5�>�HFq>Z;���HI@ ¿wgn8,<?>Z;¾`
g?;¾Fh;¾`¼Åjb¼5��©4�5j`k@A;=@A5 >�`¼Å�;=<?�©4�`�HI<C8=gh`k@iHI<?>�b¼<jÅq<?; BA5Zb?FhBA@a`=Fq;=@A5�>Ê` HZ<CBaF��1Fh;,@Dm?8,<
5�8,EjFq>9@iÀ^7<�Å�Fq@D>�`k@ÊÀ^79<
BA<h`$��7 ¸ HI<3b?Fq8=:�5�>9<3<?>I;=8,<�BD<h`CHI@ ¿wgn8,<?>Z;¾`Q8,gh`�<?8,«�5 @A8¾`�Á!��E�78,< Æ ° �^Ä¾°

\ <3�©5ZHIm?BD<3`k@A�¯79BD<�À�7�Fq;=8,<Jb¼5��©4ÊFq8,;=@A�©<n>I;G` HZ<�BA@D;,@Dm?8,<edµHI<?7 ¸ bc5��©4�Fh8,;=@A�©<?>Z;¾`QHI<3BA@D;,@Amn8,<�HI<
`k798%�ÂF�b¼<�Å À^7@&8,< �¼5�@D«�<?>I;VBA<h`�8,gh`�@aHI7�`�@i`,`�7�`eHI<©BiF�:9@A5 �1F�`=`k< Fqg?8=@A<?>9><�Å]<?;¯HI<?7 ¸ b¼5 �©4�Fq8=;,@D�©<?>Z;,`
HI<�BD@A;,@Dm?8,<3H9Fh>�`�BD<e`k5 B�ÅµÀ^7@ 8=< �¼5�@D«�<?>Z;&BA<o` 8=gh`k@iHI7�`�HI<3BaFe:9@A5 �1F�`=`k<J`k5�7;,<?8=8¾Fq@D>9<�° K Fq>Ê`�BaF"BD@A;=@Am?8=<
Fqg?8=@A<?>9><©<?;¯`k5 79;,<n8,8¾Fh@A>9<jÅ)5�>tHZ@a`k;=@A>9E 79<©79>�8,gh`�<?8,«�5 @A8JHI<$b?Fq8=:65 >9<�`�;,8=7�b¼;,78,<?B�b¼5��©4�5j`kg$HI<1BaF
b¼<?BABD79BA5j`k<�<?;�HI<�BiF�BA@DE�>9@D>9<�HZ<+BiF�:9@A5 �1F�`=`k<�� 5�8,;=<�ÅZF?®ZFq>Z;&79>1;,<n�©4�`QHI<�8,gh`�@aHI<n>�b¼<VHI<3� �eÉeFq>�`cÅ
<?;"7>_8,go`k<?8=«�5�@A8¯HZ<�b?Fh8,:�5�>9<$�©g?;GFq:�5�BD@aÀ�79<�Å)bc5�>�`�;,@A;=79g�HZ<h`"bc5��©4�5�`�gh`�5�8=E�Fh>9@aÀ�79<h` �ÂF b¼@ABD<?�©<?>Z;
HIghb¼5 �©4�5�`,Fh:9BA<o`¼ÅI<n;�Fo®ZFh>I;C7>¥;=<?�©4�`
HI<�8,gh`�@aHI<n>�b¼<�HI<3�Z°AÈ �©È�Fh>[Á p Fq8,;=5�> ��� ��
� Å]Èn��;�;�Ä¾°

\ <e� 5ZHIm?BA<J`k@D�"79BD<�Fq7Ê`,`k@Q;=8,5�@i`�b¼5 �©4�Fq8=;,@D�©<?>Z;¾`&HZ<e�1Fq;=@Am?8=<+5 8,EjFq>9@iÀ^79< H9Fh>�`�BA<e`�5�BQÀ�79@)8=<¼»
�¼5�@D«�<?>I;]BiF��1Fh;,@Amn8,<Q5�8=E�Fq>@aÀ�79<C@a`=`k79<�HI<CBiF�HIghbc5��©4�5�`�@A;=@A5�>JHI<h` 8=gh`k<n8,«�5�@D8¾`�HI<CBA@D;,@Dm?8,<�Á �ÊE�798=< Æ ° ��Ä¾°
\ <+8=gh`k<n8,«�5�@D8
F�b¼;=@ ��8,<n498,gh`�<?>Z;,<�BA<h`Q�©@ab¼8=5q»Â5�8=E�Fq>@a`k� <h`)HI7$`k5 B�ÅZ<?;CBA<h`)498=5ZHI79@D;¾`�HI<�BaF3HIghb¼5 �©4�5�`�@ »
;,@A5 >©F?®ZFh>I;Q79>¯;,<?� 4�`)HI<�8,gh`�@aHI<n>�b¼<�b¼5 798,;VÁ���� Æ Fq>�`¾Ä¾° \ <�8=gh`k<n8,«�5�@D8)BA<n>I;Q8,<n498,gh`�<?>Z;,<CBA<�bnFq8,:�5 >9<
5�8,EjFq>9@iÀ^7<©F?®ZFq>Z;�79><e8,gh`�@a`k;GFq>�bc<e49BA7�`�@D�©4�5�8,;GFq>Z;,< �/BiF©HIghbc5��©4�5�`�@A;=@A5�> Å]HI79<¯`�5�@A; �©79>9<e48,5q»
;,<hb¼;=@A5 >"49lZ®`k@aÀ�79<�Åj`k5�@D; ��BA<?798�� 5�8=�©<�b l@A�©@iÀ^79<jÅ?<?;
Fo®ZFh>I;
79>©;=<?�©4�`)HZ<�8,gh`�@aHI<n>�b¼<�HI<�BÂT 5 8¾HI8=<�HI<
�����1É ��Fq>Ê`¼° \ <¯8,go`k<?8=«�5�@A8V4�F�`=`k@ ��8,<?48,gh`�<?>I;=<eBA<¯b?Fh8,:�5�><©5�8=E�Fq>@aÀ�79<�Å]498,5 ;,g?E g"4lI®`k@iÀ^79<n�©<?>Z;?Å
5�7�b l9@D�©@aÀ�79<?�¯<c>I;C8=ghb?FqBib¼@A;=8¾Fh>I; �¥BiF©HIghb¼5 �©4�5�`�;,@A5 >]Å]F?®ZFq>Z;�79>£;,<?�©4Ê`�HI<¯8,go`k@aHZ<?>�b¼<¯HI<'; �����
È?��� �©Fq>Ê`+Á p Fq8=;,5�> ���	��
� Å]Èn��; ;^Ä¾°

\ <o`)HI@ ¿µg?8=<?>Z;¾`w8,go`k<?8=«�5�@A8G`]`k@D�"79BDgh`64ÊFq8)BD< � 5ZHIm?BA<Q>9<
8,<?48,gh`�<?>I;=<?>Z;w4�F `)HI<h` <n>I;=@A;,go`w49lI®`k@iÀ^7<h`
`kg?4�Fh8,g?<o`¼Åh�1Fq@i` HI<o` g?;GFq;G`)b l@A�©@iÀ^79<o`wHI@ ¿wgn8,<?>Z;¾`�HI<&BiF��1Fh;,@Amn8,<)5 8,E�Fh>9@aÀ�79<�° p 5�798 79>9<&48,5 � 5 >�HI<?78
HI5�>9>g?<�Å9BA<�`k5�B b¼5 >I;=@A<?>Z;&79>1�©gnBaFq>E�<�HI<��1Fh;,@Dm?8,< ��;,5 7�` BD<h`C`k;GF�HI<o`�HI<3HIgob¼5��©4�5j`k@A;=@A5 >]°

\ F�HIghbc5��©4�5�`�@A;=@A5�>�<h`�;�b¼5�>Z;,8���BDg?<Q4�Fq8�BA<h`]bc5�>�HI@D;,@D5�>�`]b¼BD@A�1Fh;,@iÀ^79<o`wÁ lZ79�©@iHI@A;=g <?;];=<?�©4�g?8GFq;,78,<
HI71`k5 B ÄGÅ^4ÊFq8&BD<h`Qb?Fq8GF�b¼;=g?8,@i`k;=@aÀ�79<h` 49lZ®`k@aÀ�79<h`QHI7 `k5 B)Á ;,< ¸ ;,798=<�Ä�<?;Q4�Fq8
BaF�b¼5 �©4�5�`k@D;,@D5�> b l9@D�©@aÀ�79<
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������� Æ ° � � Y b¾l9g?�1F�HI<h`Q8,gh`�<?8,«�5 @A8G` HZ<�b?Fq8=:�5�>9<�<?;�HI<h`"�Ê7 ¸ F `,`�5Zb¼@Agh`C`�@A�¯79BAgo` 4�Fq8CBD<�� 5ZHI79BA<VHI<
8=<h`k4@A8¾Fh;,@D5�>¯l9g?;,gn8,5�;=8,5 49l9<VHI71`k5 BµHI7©�©5ZHImnBA< W,YZ¹C² » MCM d^BD@A;=@Am?8=<CFqgn8,@A<n>9>9<��©g?;¾Fh:�5�BA@iÀ^7<�Á @D>�HI@ib¼<
�¯HI7$;¾Fq:BA<hFh7 Æ ° �^ÄGÅ6BD@A;,@Dm?8,<VFqgn8,@A<n>9>9<3HI<e`�;,8=7�b¼;,78,<¯Á @D>�HI@abc<"ÈhÄ¾Å9BD@A;,@Dm?8,<�`k5�7;,<?8=8¾Fq@D>9<�� g?;¾Fh:65 BA@iÀ^79<
Á @A>�HZ@ab¼< Æ ÄGÅIBA@D;,@Dm?8,<�`�5�79;=<?8,8GFq@A><�HI<3`k;=8,7�b¼;=798,<3Á @D>�HI@ib¼<�Ç�Ä¾ÅZ8,gh`�<?8,«�5 @A8
HI<�b?Fh8,:�5�><�F b¼;,@'�
Á @D>�HI@abc<�É�Ä¾Å
8=gh`k<n8,«�5�@D8CHI<3b?Fh8,:�5�><�BA<n>I;VÁ @A>ÊHI@ab¼<2:^Ä¾Å98=gh`k<n8,«�5�@D8CHI<3b?Fh8,:�5�><�4�F `,`k@'��Á @D>�HI@ib¼<���ÄG°
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HI7¯`k79:Ê`k;,8GFq;�Á�bc5�>Z;,<?>Z7�` <?>¯bnFq8,:�5 >9<�Å�<?>¯F (?5�;=<�Å�<?>eBD@AE >9@A>9<�HI<h` 8=gh`k@iHI7�`¾Ä¾° \ <C�©5ZHZm?BA< M
O UVNCP�R ´
`k@A�¯79BD< BD<�b¼®b¼BA<�HI<h`)>I7;,8,@D�©<?>Z;¾`)Á B�T F (?5�;=< U Å�BD<�`k5�7 � 8,< Y <?; BA<C49l95j`k49l5�8,< p ÄGÅ�<?;)BD<h`)@A>Z;,<?8GF�b¼;=@A5 >�`
<?>I;=8,<Vb¼<h`
HI@ ¿µg?8=<?>I;G`Qb¼®9bcBA<h` <n;&BA<Vb¼®b¼BA<VHI71bnFq8,:�5 >9<eÁ p Fq8,;=5�> ���	��
 � ÅwÈ?� ;^� � p Fq8=;,5�> ���	��
� ÅµÈ?��; ;^ÄG°
M <?;,;=< � 5 >�b¼;=@A5�>>�FqBD@A;,gV>]T <h`�;C4�F�`C@A>Êb¼BA7�`�<�4�5�798�B�T @A>�`�;¾Fh>I;�H9Fq>�` YZN�L f ²QNCO Å9>9@�H9Fq>Ê` W,YZ¹C² » MCM °

� ��� ��� � ����yQ{ 	�� 	�� 
Qs�
�u �=y � y 	 ��]{9u 
Q{��QyQs �	�CzVu ��
Q{ 	u 
�yQs � �,y � � 	����]{9u

\ <V>95�79«�<oFq7 `,b¾l9g?�1F�HµT FqBDBA5Zb?Fh;,@D5�> HwT W,YZ¹C² » MCM Å�HIgob¼8,@D;QH9Fq>Ê` BaF�`�<hb¼;,@D5�> Æ ° �IÅ � 5�798=>9@A;Q79> ��7 ¸
HI<e�1Fq;=@Am?8=<�5�8,EjFq>9@iÀ^7<"�©5 8,;=<+48,5h«�<?>�Fh>I;�HZ<h`�HI@ ¿wgn8,<?>Z;¾`�8=gh`k<n8,«�5�@D8¾`�HI<eBaF¯49BaFh>I;=<�° M <o`�8=gh`k@iHI7�`
`k5�>Z;]8,gn4�Fq8=;,@a`�H9Fh>�` BD<h`wbc5��©4�Fh8,;=@A�©<?>Z;¾`HI<QBA@A;=@Am?8=<Q`k7@A« Fq>Z;]BA<?78wBA5ZbnFqBA@i`,Fh;,@A5 >�<?;µBA<?78�b¼5��©4�5j`k@A;=@A5 >]°

\ <o`+8,go`k@aHZ7�`+@i`,`k7Ê`+HZ<h`�b¼5 �©4�Fh8,;,@D�©<?>Z;¾`�HI<¯:9@A5 �1F�`=`k< Fqg?8=@A<?>�`�«�5 >I;3H9Fh>�`+BD<h`�8,gh`�<?8,«�5 @A8¾`�HI<
BA@A;=@Am?8=<CHI<�`�798#�ÂF b¼<�Å�;GFq>�HZ@a`QÀ^7<CBA<h`)8,go`k@aHZ7�`)HI<�BaF�:@A5��/F�`,`�<�`k5 79;,<?8=8¾Fh@A>9<�«�5�>Z;QH9Fh>�` BD<h` 8,go`k<?8=«�5�@A8G`
HI<�BA@A;=@Am?8=<�`�5�79;=<?8,8GFq@D>�`¼°

\ <o` 8,go`k@aHZ7�`Q`k5�>Z;
Fq7�`=`k@µ8,g?4�Fh8,;=@a`)<?>Z;,8,<C8=gh`k<n8,«�5�@D8QHI<�BA@D;,@Amn8,<�`k;=8,7�bc;,798=<?B9<?;Q8,go`k<?8=«�5�@A8HI<�BD@A;=@Am?8=<
�©g?;¾Fh:�5�BA@iÀ^7<�Å�`k7@A« Fq>Z;QBA<�8GFq494�5�8=;C<?>Z;,8,<�BA<n798
b¼5�>Z;,<?>Z7¯<?>©BA@DE�>9@D>9<�<?;QBA<?798
b¼5 >I;=<?>Z7©<?> F (?5 ;,<�° \ F
� 8¾F�bc;,@A5 >$HI<h`&8,go`k@aHZ7�`CÀ^7@]<h`k;�FhBABA5 79g?<3Fq718=gh`k<?8=«�5�@D8&�©g?;GFq:�5�BD@aÀ�79< FM

<o`k;�d

FM = 0.85 − 0.018
L

N
Á Æ °DÈ5;�Ä

\ F � 8¾F b¼;,@D5�>18,<o`k;¾Fh>I;=< FS
<o`k;VFqBABD5�79gn<�Fq7$8,gh`�<?8,«�5 @A8C`�;,8=7�b¼;,78,<?B d

FS = 1 − FM
Á Æ °DÈ?��Ä

p BD7�`&BA<�8¾Fh494�5�8=; L/N <h`�;C@A�©4�5�8=;¾Fh>I;nÅI49BD7�`&BaF � 8GF�b¼;=@A5�> FS
<h`k;�@A� 465 8,;GFq>Z;,<�°

K Fq>�` M
OQU�NCPVR ´ Å9BA<3b¼5 >I;=<?>Z7¥<n>�BA@DE�>9@D>9<3HI<�BiF�:@A5��/F�`,`�<3HIg?4�<?>�H$HI<h`C498,ghbc@A49@D;¾Fq;=@A5 >�`CFq>I»
>I79<nBABA<o`¼Å?<?;�BA<�b¼5�>Z;,<?>Z7�<n>¯F (?5 ;,< U <o`k;)79><&« Fq8=@aFq:BA<�b?FhBab¼79BDg?<Q4�Fq8 BA<&� 5ZHIm?BA<j° K Fq>�` YZN�L f ² NCO Å
BA<h`Q8¾Fq4465 8,;G` L/N `�5�>Z;�b¼5�>Ê`k;¾Fh>I;G`¼Å9<?;
8,gh`�79BA;=<?>Z;CHI71498=5ZHI79@A;C<n>I;=8,<�BD<h` 8GFq494�5�8=;¾` L/C <n; C/N °
\ <�;¾Fh:9BA<oFq7 Æ °AÈ�� 5�>Z;,8,< BA<h`e8¾Fh494�5�8,;G` L/C <?; C/N Å�Fq@A>Ê`k@VÀ^79<$BA<18¾Fh494�5�8=; L/N 8=gh`k79BD;¾Fh>I;nÅ
Fq;,;=8,@D:979gh`�Fq7 ¸ HI@ ¿µg?8=<?>I;G`�b¼5 �©4�Fq8=;,@D�©<?>Z;¾`CHwT WGY^¹C² » MCM Á «�5�@A8�`k<hb¼;=@A5 > Æ ° ��Ä¾Å]<?>�`¼T @A>�`�49@A8GFq>Z;�HI<h`
8¾Fq4465 8,;G`�79;,@DBA@i`kgh`
H9Fq>�` YZN�L f ²QNCO °

� ��� ��� � � � 
 ����
���� 	���
 s 
Vu �,y � y 	 ��]{u 
 { � yQs � �Cz�u 
Vy s ���,u � 
��

\ T g?«�5�BD79;,@D5�>�HI<�b¾l�F�À�79<$8,gh`�<?8,«�5 @A8?Å)BD@Ag?<���BiF�HZghb¼5�� 465j`k@D;,@A5 >tHI7�b?Fq8=:�5�>9<£5�8=E�Fq>@aÀ�79<�ÅQ<h`k;
b?FqBib¼79BAgn<�4�Fh8�BÂT ghÀ�7�Fh;,@A5 >©E�gn>9g?8,@iÀ^7<�`k79@D« Fq>Z;,<¯d
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M 5 �©4�Fq8=;,@D�©<?>Z;QHI<�:9@A5 �1F�`=`k< L/C C/N L/N

BL
�I° ��� Æ � ;I° ;

Bs,act
�I° Ç�É Æ � È Æ

Bs,pas
�I° Ç�É Æ � È Æ

Bs,bg
�I° Ç�É Æ � È Æ

Bw,ag
�I° Ç�É Æ � È Æ

Bw,bg
�I° Ç�É Æ � È Æ

����� � Æ °AÈ � R Fq4465 8,;©<n>I;=8,<©BD<h`eb¼5�>Z;,<n>I7�`�<n>¢BD@AE >9@A>9<jÅ)b?Fh8,:�5�>9<$<?;¯F (n5�;,<14�5�78©BA<h`3HI@ ¿µg?8=<?>Z;¾`
bc5��©4�Fh8,;=@A�©<?>Z;¾` HI<�:9@A5 �1F�`=`k<3HwT W,YZ¹C² » MCM °

dCi

dt
= Ka

i Md Td Ci
Á Æ ° ���^Ä

5�
 Ci
<h`k;�BiF�À�7�Fq>Z;,@D;,g HI<1b?Fh8,:�5�>9< 5�8,EjFq>9@iÀ^7<�Á <?> gC m−2 Ä�H9Fh>�`�BA<¯8,go`k<?8=«�5�@A8 i Á «�5 @A8�BD<

;GFq:9BD<hFq7 Æ ° ��Ä¾Å Ka
i
<h`k;QBA<�;¾Fh7 ¸ HI<�HIghbc5��©4�5�`�@A;=@A5�>1Á <?> an−1 Ä HI7 8,gh`�<?8,«�5 @A8 i Å Md

<h`�; BiF � 5 >�b¼;,@D5�>
HZ<�8,gn465 >�`k<JHI<�BiF"HZghb¼5�� 465j`k@D;,@A5 >$Fq7£b¼5 >I;=<?>I71<?>$<hFq7 HI7�`�5�B
Á�`=Fq>�`�HZ@A�©<?>Ê`k@A5 >]ÅI<n>I;=8,<3��<n;�ÈhÄ¾Å
<n; Td

<h`�;�BaF � 5�>�bc;,@A5 >[HZ<"8=g?4�5�>�`�<1HI<eBaF$HIghb¼5 �©4�5�`�@A;,@D5�> �©BaF©;=<?�©4�g?8¾Fh;,798=<1Á�`=Fq>�`3HI@A�©<n>�`k@D5�>]Å
<n>I;=8,<��e<?;�ÈqÄG°

R gh`k<?8=«�5�@D8 W >�HZ@ab¼<
\ @A;=@Am?8=<�Fqgn8,@A<n>9>9<3HI<3`k;=8,7�b¼;=798,< È
\ @A;=@Am?8=<�Fqgn8,@A<n>9>9<��©g?;GFq:�5�BD@aÀ�79< �
\ @A;=@Am?8=<�`k5 79;,<n8,8¾Fh@A>9<3HI<J`k;=8,7�b¼;=798,< Ç
\ @A;=@Am?8=<�`k5 79;,<n8,8¾Fh@A>9<��©gn;¾Fq:�5 BA@aÀ�79< Æ
R gh`k<?8=«�5�@D8CHI<3b?Fh8,:�5�>9<JF�b¼;=@ � É
R gh`k<?8=«�5�@D8CHI<3b?Fh8,:�5�>9<3BA<?>Z; :
R gh`k<?8=«�5�@D8CHI<3b?Fh8,:�5�>9<34�F�`=`k@'� �

����� � Æ ° � � W >�HI@ib¼< i HZ<h` 8=gh`k<n8,«�5�@D8¾`
HI<3b?Fq8=:65 >9<e`�@A�¯79BAgo`4ÊFq8CBA<��©5ZHZm?BA<�°

\ <�;GFq7 ¸ HI<VHIghb¼5 �©4�5�`�@A;,@D5�> Ka
i
<o`k;QBA<�498,5ZHZ79@A;C<?>Z;,8=<CBA<�;¾Fh7 ¸ HZ<�HIghb¼5 �©4�5�`�@A;,@D5�>¯�1F ¸ @A�e7�

Ki
<?;C79>9<�g?«�<?>Z;,7<?BABD<�� 5�>�b¼;=@A5 >�HZ<+4�5 >�HIg?8GFq;,@D5�>£HIgn46<n>�H9Fq>Z;�HI7$8,gh`�<?8,«�5 @A8Cbc5�>�`�@aHIg?8=g�°
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Ka
1 = K1 exp(−3 Ls1)

Ka
2 = K2

Ka
3 = K3 exp(−3 Ls3)

Ka
4 = K4

Ka
5 = K5(1 − 0.75(fsilt + fclay))

Ka
6 = K6

Ka
7 = K7

Á Æ ° �IÈhÄ

5�
 Lsi
<h`k;1BaF � 8¾F�bc;,@A5 >�HI<£BA@AE >9@A><�H9Fh>�`©BA<h`"8=gh`k<n8,«�5�@D8¾`©HZ<�BA@A;=@Am?8=<�HI<£`�;,8=7�b¼;,78,<�ÅQ<?; fsilt<?; fclay

`�5�>Z;©BA<h` � 8¾F�bc;,@A5 >�`©HI<�BD@A�©5 >�<?;©HµT Fq8=E�@DBA<£H9Fh>�`"BA< `k5 B�° p BA7Ê`"BaF[À�7�Fh>I;=@A;,g HI<�BA@DE�>9@D>9<
<h`k;�@A� 465 8,;GFq>Z;,<�Åw4BA7�`�BaF©�1Fh;,@Dm?8,<e5 8,E�Fh>9@aÀ�79<¯<h`k;38,gh`�@a`�;¾Fq>Z;,< �1BaF1HIghbc5��©4�5�`�@A;=@A5�> Åw<?;�49BA7Ê` Ka

i<h`k;��ÂFq@A:BA<�° \ F£HIghb¼5 �©4�5�`k@D;,@D5�>£<h`k;JFq7�`=`k@�HI@D�©@A>Z79g?<34�Fq8e79><©E�8GFq>�HI<1498=5�4�5�8=;,@D5�>_<n>�Fq8=E�@ABD<©<?;
<?>}BD@A�©5 >]ÅQBaF[;,< ¸ ;,78,<���>9<�HI7S`�5�B��ÂF?«�5�8=@a`,Fh>I;1BiF¢bc8,ghFh;,@A5 > HZ<[b¼5 �©49BD< ¸ <o`�5 8,E�Fh>95q»Â�©@D>9g?8¾Fh7 ¸
b?Fq8GF�b¼;=g?8,@i`kgh`�4ÊFq8�79><e498,5 ;,<hb¼;=@A5 >�49lI®`k@iÀ^7<�g?BD<?«�g?<3b¼5�>Z;,8=<eBaF©HZghb¼5�� 465j`k@D;,@A5 >]° \ F � 5 8,�¯79BaFh;,@D5�>
HI< Ka

5
ÅZ<?> � 5�>�b¼;=@A5 >�HZ< (fsilt + fclay)

Å97;,@ABD@a`�g?<�HFq>�` M
OQU�NCP�R ´ ÅZ<h`k;�b¾l95 @a`k@D<�4�5�798 W,YZ¹C² » MCM Å
FqBA5 8¾`�À^7<�H9Fq>Ê` YZN�L f ²QNCO ÅZBA<�;,<n8,�©< (fsilt + fclay)

<h`�;C8,<?�©4BaF�bcg�4�Fh8 fclay
°

R gh`k<?8=«�5�@D8 1/Ki 1/KiM
OQU�NCPVR ´ YZN�L f ² NCO
\ @A;=@Am?8=<�Fqgn8,@A<n>9>9<3HI<3`k;=8,7�b¼;=798,< �I° � É�� �I° � Æ É
\ @A;=@Am?8=<�Fqgn8,@A<n>9>9<��©g?;GFq:�5�BD@aÀ�79< �I° � :�; �I° ��:�:
\ @A;=@Am?8=<�`k5 79;,<n8,8¾Fh@A>9<JHI<3`k;=8,7�b¼;=798,< �I° � � Æ �I° � Æ É
\ @A;=@Am?8=<�`k5 79;,<n8,8¾Fh@A>9<3�©g?;GFq:�5�BD@aÀ�79< �I° � É�É �I° ��:�:
R gh`k<?8=«�5�@D8CHI<3b?Fh8,:�5�>9<JF�b¼;=@ � �I°AÈnÇ^� �I°DÈ Æ �
R gh`k<?8=«�5�@D8CHI<3b?Fh8,:�5�>9<3BA<?>Z; ÉI° ��É ÉI° Ç^�
R gh`k<?8=«�5�@D8CHI<3b?Fh8,:�5�>9<34�F�`=`k@'� È Æ �j° É � Æ È�°

� � � � Æ ° Ç � X FqBD<?798G`]HI7�;=<?�©4�`µHI<&8=gh`k@iHI<?>�b¼<b?Fq8GF�b¼;=g?8,@i`k;,@iÀ^7< K−1
i

Á an Ä�7;,@ABD@a`�g?<h`wHFq>�` BiF&«�<?8¾`�@A5 >@A>9@D;,@aFhBA<VHI< M
OQU�NCPVR ´ Á p Fq8,;=5�> ��� ��
� Å]È?� ;^��Ä
<?;�H9Fh>�` YZN�L f ² NCO Á�¶�8,@D>9>9<?8 ��� ��
 � Å������ É^ÄG°

\ <o` « FqBD<?798G`�HI7$;,<?� 4�`CHI<�8=gh`k@iHI<?>�bc<�b?Fq8GF�b¼;=g?8,@i`k;=@aÀ�79< K−1
i

Á @D>I«�<n8¾`k<�HI7�;GFq7 ¸ HI<JHIghb¼5 �©4�5q»
`k@A;=@A5 >¥�/F ¸ @A�e79� Ki

ÄQ79;=@ABD@a`kgn<h`QH9Fq>�`CBaF�«�<n8¾`k@D5�>©@D>9@A;=@aFhBA<VHI< M
O UVNCP�R ´ Á p Fq8=;,5�> ���	��
� Å]Èn��;���Ä
<?;�H9Fq>Ê` YZN�L f ² NCO Á�¶�8,@D>9>9<?8���� ��
� Å9� ��� É^Ä¾Åµ`k5 >I;VHI5 >9>9g?<h`CHFq>�`CBA<�;GFq:9BD<hFq7 Æ ° ÇIÅ94�5 798�BD<h`&HZ@ �a»
� g?8,<?>Z;¾`Qb¼5 �©4�Fh8,;,@D�©<?>Z;¾`�HI<�b?Fh8,:�5�><+5 8,EjFq>9@iÀ^79<j° \ <�;¾Fh7 ¸ HZ<�HIghb¼5 �©4�5�`�@A;,@D5�>¯�1F ¸ @A�¯79� Ki

<h`k;
20% 49BA7Ê`"�ÂFq@D:9BA<V465 798CBaF�BD@A;=@Am?8=<�HI<3`k798%�ÂF�b¼<�À�79<�4�5 798CBaF�BD@A;,@Dm?8,<�`�5�79;=<?8,8GFq@D>9<3H9Fq>�` M
OQU�NCPVR ´ Å
FqBA5 8¾`
À^7]T @AB�<h`�;&BA<�� 	?� <&HFq>�` YZN�L f ²QNCO ° K <�49BD7�`¼Å�BA<V;¾Fq7 ¸ HI<VHIghbc5��©4�5�`�@A;=@A5�>¯�1F ¸ @D�"79��HI7
8,gh`�<?8,«�5 @A8�4�F�`=`k@ ��<o`k;)49BD7�` �ÂFq@D:9BA<�H9Fh>�` Y^N�L f ²QNCO À^7<�H9Fq>�` M
OQU�NCP�R ´ ° \ <h`Q«�FhBA<?78¾` 79;=@ABD@a`kgn<h`
H9Fq>�` YZN�L f ²QNCO `�5�>Z;�b¼5 >�`k<n8,«�g?<h`
H9Fq>Ê` W,YZ¹C² » MCM °
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K Fh>�` M
OQU�NCP�R�´ Å9BA<��ÂF�bc;,<?798VHI<38,g?4�5�>Ê`k<eHZ<�BaF¯HIghbc5��©4�5�`�@A;=@A5�>��"BÂT lZ79�©@iHI@A;=g Md
HIg?4�<?>�H

HZ7�8¾Fq4465 8,;�<n>I;=8,<�BD<h`C498,ghbc@A49@D;¾Fq;=@A5 >�`&�©<?>�`�79<?BDBA<h`Q<?;�BD<�;GFq7 ¸ HwT g?« Fq4�5�8GFq;,@D5�>£4�5�;,<n>I;=@A<?BDBA<�° K Fq>�`
Y^N�L f ²QNCO Å�BiF � 5 8,�¯79BaFh;,@D5�>e5�8=@AE @A>�FhBA<C<h`�; 8=<?�©49BiF�b¼gn< 4ÊFq8&7>9< � 5 >�b¼;=@A5�> HIg?4�<?>ÊH9Fq>Z;
HI<CB�T lI79� @ »
HZ@A;,gJHI7£`k5 B&ÁÂ¶�8,@A>>9<?8 ��� ��
� Å ����� É^Ä3Á BiF�« FhBA<?798V�©@A>9@D�e79��HI< 0 HI<eBÂT Fq8=;,@ib¼BA<�<o`k;�8,<?�©4BaF�bcg?<�4�Fh8
7>9<�«�FhBA<?78�HI< 0.25 H9Fq>�`CBA<3b¼5ZHZ<�Ä�d

Md = min(0.25,max(1,−1.1θ2 + 2.4θ − 0.29)) Á Æ ° � �^Ä
5�
 θ <h`�;CB�T @D>�HI@ib¼<�HµT lZ79�©@aHZ@A;,gVHI7$`k5 B]>95�8=�1FqBD@a`�g�<?>Z;,8,<���<?;�È¯d

θ = min(0,max(1,
w −wwilt

wfc − wwilt

)) Á Æ ° ��Ç�Ä

F?«�<hb w BA<¯b¼5 >I;=<?>I7�<n>�<hFq7�HI7�`k5�B <?> m3 m−3 Å wwilt
BA<¯b¼5 >I;=<?>Z7�<?>£<hFq7£HZ7[`�5�B
Fq7£4�5�@A>Z;

HZ< �Êg?;,8=@a`,`�<?�©<?>Z;CÁ <?> m3 m−3 Ä¾ÅZ<?; wfc
BA<�b¼5 >I;=<?>Z7¥<n>©<hFq7$HI7$`�5�B���BaFebnFq4�F b¼@A;=g�Fq7 b l�Fh�©4$Á <?>

m3 m−3 ÄG°
K Fh>�` WGY^¹C² » MCM ÅQbc<?;,;=< � 5�8=�"79BiFq;=@A5�>�<h`k;e�©5ZHZ@ ��g?< 465 798¯;,<?>9@D8eb¼5 �©49;=<1HI<1BaF�HI@D�©@A>Z79;=@A5�>

HZ<eBaF1HIghb¼5 �©4�5�`�@A;,@D5�>�<?>Z;,8=<�BiF¥bnFq4�F b¼@A;=g¯Fq7�b l�Fh�©4�<n;�BaF1`,Fh;,798GFq;=@A5�> HI7£`k5 B�Á ghÀ�7�Fq;=@A5�> Æ ° � Æ Ä¾°
O >�<¼¿µ<?;?ÅQBaF£HIghb¼5 �©4�5�`�@A;,@D5�>�Fq7E��©<?>Z;,</Fo«�<ob/BD<$b¼5�>Z;,<?>Z7_<n>¢<oFq7�HI7�`k5�B�;¾Fh>I; À�79<�BÂT <hFh7¢<o`k;
7> �ÂF�b¼;=<?798¯BA@A� @A;¾Fh>I;JHI7tHZg?«�<?BA5 494�<?�©<?>Z;�� @ab¼8=5�:9@D<?>]° ² 7I»½HI<h`=`k7�`©HZ<�BaF£b?Fq4�F b¼@A;=g�Fh7�b l�Fh�©4]Å
BÂT Fh79E��©<n>I;GFq;,@D5�>$HI7 b¼5�>Z;,<?>Z71<?>�<oFq7£HI7 `k5�B
� 8,<n@A>9<�BaF¯HI@ ¿w7Ê`k@A5 >£HI<�BÂT 5 ¸ ®IE m?>9<�Ån¬,7�`,À�7]T �eBaF �ÂFq@D8,<
HZ@a`k4ÊFq8¾F �A;=8,<�� BiF�`,Fh;,798GFq;,@D5�>]° \ F£HIghbc5��©4�5�`�@A;=@A5�> `k< �ÂFq@D;¯FqBA5 8¾`e<?>�b¼5�>ÊHI@A;=@A5�>Ê`eFq>�Fhg?8,5 :9@A<h`cÅ)<?;
gn�©<?;VFqBA5 8¾`��©5�@D>�`�HI< MCL

2
° \ F � 5 >�b¼;=@A5�>�HI<©8=g?4�5�>�`�<©�©5ZHI@'��g?<JHIghb¼8=5��A;�BD@A>9ghFh@A8=<?�©<?>Z;C<?>Z;,8,<1È

<n;��I° ÉeBA5 8¾`=À^79<�BD<�bc5�>Z;,<?>Z71<?>�<hFh7$HI7�`�5�B�«�Fh8,@D<+<n>I;=8,<�BaFeb?Fh4�F�bc@A;,g3Fh7�b¾l�Fq�©4 <?;�BiFe`,Fh;,798GFq;,@D5�>]Å
`�79@A« Fh>I;eBiF � 5�>�b¼;=@A5 >_HZ<©8,g?4�5 >�`k< HI7��©5ZHIm?BD< ²�p&YZW f Á p 8=5�:�<?8=;�������
� Å&Èn����;�Ä¾° K T Fh79;,8=<14�Fq8=;?Å
BD<¯`k<?7@AB)�©@D>9@A�¯79��<h`k;�� ¸ g � 0.05 4�5�78�BA<o` �ÂFq@D:9BA<o`�« FhBA<?798G`�HwT lZ79�©@iHI@A;=g��9b¼<?;=;,<e« FqBD<?798�<h`�;+<n>
F b?b¼5 8¾H1F?«�<hb�B�T <?>�`�<?�":BA<�HI<h`&� 5ZHIm?BA<o`&HIghbc8,@A;G`&4�Fq8 p Fq79BQÁÂ�����ZÈqÄG°

Y @ θ ≤ wfc
Å Md = min(0.05,max(1,−1.1θ2 + 2.4θ − 0.29))Y @ θ ≥ wfc
Å Md = max(0.5, 1 − 0.5 θsat)

Á Æ ° � Æ Ä

5�
 θsat
<o`k;C79>$Fq7;,8,<3@A>�HZ@ab¼<�HµT lZ79�©@aHZ@A;,g�HZ7�`�5�B HIg&��>@w4�Fh8�d

θsat =
w − wfc

wsat −wfc

Á Æ ° ��É^Ä

F?«�<hb wsat
BA<3b¼5 >I;=<?>Z7©<?>1<hFq7 HI7$`k5 B��"`=Fq;,78¾Fq;=@A5 >]°

\ <h` � 5�>�b¼;=@A5 >�`�HI<38,g?4�5�>Ê`k<¯Fq7 b¼5�>Z;,<n>I7$<?>�<hFh7£HI7�`�5�B)7;,@ABD@a`�g?<h`CH9Fh>�` YZN�L f ²QNCO <?;VH9Fq>�`
W,YZ¹C² » MCM `k5 >I;C;=8¾F�bcg?<h`C`k78�BiF ��E�798=< Æ ° ÇZ°
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� ����� Æ ° Ç ��Ã95 >�b¼;,@D5�>�HI<18,gn465 >�`k< HI<1BaF�HIgob¼5��©4�5j`k@A;=@A5 >�Fq7�b¼5�>Z;,<?>Z7�<?>�<hFq7�HI7�`k5 BC79;,@DBA@a`�g?<
H9Fq>�` L�R�M
±VWkKVO O Á ��E�Fh7�b l<�Ä�<n;©H9Fh>�` WGY^¹C² » MCM Á �£HI8,5 @A;,< Ä¾° \ <h`e;,8GFq@A;G`�;=@A8=<?;,gh`�«�<n8,;,@ib?Fq7 ¸
b¼5�8=8,<h`�465 >�HI<?>Z; � wwilt

Å wfc
<n; wsat

ÁÂHI<�E�Fq7Êb l9< �¯HI8,5 @A;=<�Ä¾°

\ <C� 5ZHIm?BA<
HI<
�1Fq;=@Am?8=<)5�8=E�Fh>9@aÀ�79<C>9<C8=<?498,go`k<?>Z;¾Fh>I;]4�F ` BaF�8,g?4�Fh8,;=@A;,@D5�>3«�<?8,;=@ab?FhBA<QHI7¯bnFq8,:�5 >9<
H9Fq>�`QBA<�`�5�B�Å�BD<��©5ZHZm?BA< W,YZ¹C² » MCM <h`k;Q79;=@ABD@a`kg�F?«�<hb&7>1`,b¾l9g?�1FClZ®9HI8=5�BD5�E�@iÀ^7<��3�+bc5�7�b¾l9<h`c° p 5�78
BA<h`�8,go`k<?8=«�5�@A8G`�HI<"BD@A;=@Am?8=<eHI<1`�798#�ÂF b¼<�Å w Å wwilt

Å wfc
<?; wsat

`k5 >I;3BA<h`�b¼5 >I;=<?>I7Ê`�<n>�<hFh7�HI7�`�5�B
b?Fq8GF�b¼;=g?8,@i`k;,@iÀ^7<h`�HZ<eBaF1b¼5�7Êb l9<¯HZ<¯`k798%�ÂF�b¼<�° p 5�798�BD<h`�Fh79;,8=<h`�8,gh`�<?8,«�5 @A8G`¼Å w Å wwilt

Å wfc
<?; wsat`k5�>Z;�BA<h`
b¼5�>Z;,<?>Z7�`&<?>1<hFh7$HI7�`�5�B�b?Fh8¾F�bc;,g?8=@a`k;=@aÀ�79<h`
HI<�BaFeb¼5 7�b l<�HZ<�`�5�B]498=5 � 5 >�HI<�°

K Fq>�` M
O UVNCP�R ´ Å&BD< �ÂF b¼;,<n798$HI<�8=g?4�5�>�`�<�HI<£BaF�HIghb¼5 �©4�5�`k@D;,@D5�> �¢BiF[;,<?�©4�g?8GFq;=798,< TdHIg?4�<?>�H[HZ<¥BiF¥;=<?�©4�g?8¾Fh;,798=<"� 5q®�<n>9>9<e�©<?>Ê`k79<?BDBA<J`k79@D«�Fh>I;e7>9<1b¼5 798,:�<1<?>�b¼BD5Zb l<�Á p Fq8=;,5�> ���
��
� Å]È?� ;^��ÄG°

K Fq>�` YZN�L f ²QNCO Å9BiF � 5�>�bc;,@A5 >$HI<�8,g?4�5�>Ê`k< �eBaF�;=<?�©4�g?8GFq;,78,<�<h`�;�HIg&��>@A<�4�Fh8�d

Td = 2( T−30

10
) Á Æ ° ��:�Ä

F?«�<hb T BaF�;=<?�©4�g?8¾Fh;,798=<�HI7$`k5 B]<?> ◦
M ° M <?;,;=<�� 5�8,�¯79BiFq;,@D5�>©<o`k;�b¼5 >�`k<?8=«�g?<�H9Fh>�` WGY^¹C² » MCM °

\ F � 5 >�b¼;,@D5�>�HI<e8,gn465 >�`k< �©BaF©;,<n�©4�g?8¾Fh;,798=<+7;,@ABD@a`�g?<eH9Fh>�` Y^N�L f ²QNCO <?;�H9Fh>�` W,YZ¹C² » MCM
<h`k;C;=8¾F�bcg?<3`k798CBiF ��E�798=< Æ ° Æ °

W,YZ¹C² » MCM <h`k;Q79;=@ABA@i`kg�F?«�<hbC79> `,b¾l9g?�1F�HZ<�BiF+;,<n�©4�g?8¾Fh;,798=<�HI7©`�5�B ����bc5�7�b¾l9<h`c° p 5�78&BA<o`8=g¼»
`k<?8=«�5�@A8G` HZ<CBA@A;=@Am?8=<
HI<�`k798%�ÂF�b¼<jÅ T <h`k;)BiF ;=<?�©4�g?8GFq;,78,<CHZ<�`k798%�ÂF�b¼< Ts

° p 5 798)BA<o`)Fq79;=8,<h`�8,gh`�<?8,«�5 @A8¾`cÅ
T <h`k;CBiF�;,<?� 46gn8¾Fq;=798,<�HI<�BaFeb¼5 7�b l<�498,5 � 5�>�HZ< Tp

°



% � � � ����4��!# � &/# � & � ��& 3%��������& ��& �.#)� � ��
�& ��� "5��� � 9

������� Æ ° Æ � Ã95�>Êb¼;,@D5�>�HZ<+8=g?4�5�>�`�<eHI<3BaFeHIgob¼5��©4�5j`k@A;=@A5 >��eBaF�;=<?�©4�g?8GFq;,78,<�79;=@ABD@a`kgn<�H9Fq>Ê` YZN�L »
f ²QNCO <?;�H9Fq>Ê` W,YZ¹C² » MCM °

� ��� ��� � �,z�� 
�u �wyQ{�� 
Qs�u

\ FeHIgob¼5��©4�5j`k@A;=@A5 >©HI<VBaF��1Fq;=@Am?8=<C5�8=E�Fq>@aÀ�79<�HI<�b¾l�F b¼79>1HI<o`8=gh`k<n8,«�5�@D8¾`cÅ dCi/dt Å`k<�;=8¾F�HZ79@A;
4ÊFq8)49BD7�`k@D<?798G` ��7 ¸ HI<�b?Fq8=:65 >9<3Á «�5�@D8��ÊE�798=< Æ ° �^ÄG° P >9<
4�Fq8=;,@A<�HI<CBaFC�1Fh;,@Amn8,<
HIghb¼5 �©4�5�`�g?<Q4�Fq8)BD<h`
� @ab¼8=5�:�<h`wHZ7e`k5 B�<h`k;��©@D>9g?8¾FhBA@i`kg?<]4�Fh8 BD<Q498,5Zb¼<o`,`k7Ê` HI<Q8=<h`k49@D8¾Fh;,@A5 >]Å?<?;]8=<�¬,<?;,gn<)«�<?8¾`wBÂT Fh;,�©5j`k49l9mn8,<�°
\ Fe4�Fh8,;,@D<�8,<o`k;¾Fh>I;=<�<h`k;C8=<hHI@a`�;,8=@A:979gn<�H9Fh>�`CBA<h`
Fq79;=8,<h`&8=gh`k<?8=«�5�@D8¾`&HZ<+�/Fq;,@Dm?8,<�5�8=E�Fh>9@aÀ�79<3HI7$`k5 B�Å
`�79@A« Fh>I;CBD<?798C8,go`k@a`�;¾Fh>�b¼< ��BaFeHIgob¼5��©4�5j`k@A;=@A5 >]°

L >©>95 ;,< fi,j
BiF � 8GF�b¼;=@A5 >1HI7 ��7 ¸ HI<�HZghb¼5�� 465j`k@D;,@A5 >©HZ7"8=gh`k<?8=«�5�@D8 i FqBDBaFh>I;
H9Fh>�` BD<�8=gh`k<?8=«�5�@D8

j Å�<?; fi,CO2

BaF�� 8¾F b¼;,@D5�> HI7 ��7 ¸ HI<VHIghb¼5 �©4�5�`�@A;,@D5�> HI7©8=gh`k<?8=«�5�@D8 i 8,<o`k49@D8,g?<�`�5�7�`$� 5 8,�©<�HI< MCL
2«�<n8¾`&B�T Fq;=�©5�`�49l9m?8=<�ÅZFo«�<ob�d

∑

j

fi,j + fi,CO2
= 1 Á Æ ° �^� Ä

\ <�;,<n8,�©<�HI<�HIghb¼5 �©4�5�`k@D;,@D5�> HI<�BaF�BA@D;,@Amn8,<�HI<�`�;,8=7�b¼;,78,<�<h`�;&8=g?4�Fq8=;,@µ<?>I;=8,<�79> ��7 ¸ HI<�8=<h`k49@ »
8GFq;=@A5�> Å9<?;�HI<h`$��7 ¸ HZ<�`�;¾Fh:9@ABD@a`,Fh;,@D5�>$H9Fq>Ê` BD<+8=gh`k<n8,«�5�@D8CF b¼;,@'��<?;�H9Fq>Ê` BD<+8=gh`k<n8,«�5�@D8&BD<?>I;nÅ9`�79@A« Fq>Z;
BD<�bc5�>Z;,<?>Z7e<?>¯BA@AE >9@A><�° \ F+8=g?4�Fh8,;,@D;,@D5�> HIg?4�<?>�H¯Fq7�`=`k@ HI<�BiF�BA5Zb?FhBA@a`=Fq;=@A5�>/HI7"8=gh`k<n8,«�5�@D8QHI<�BA@D;,@Amn8,<�°

p 5 798�BaF�BA@D;,@Dm?8,<VHI<3`k;=8,7�b¼;=798,<3Fhg?8,@D<?>9>9<�ÅZBA<h`$� 8GF�b¼;=@A5 >�`C`k5 >I;VHIg&��>@A<h`Q4�Fq83d
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f1,5 = 0.55 (1 − L1)

f1,6 = 0.7 L1

f1,CO2
= 0.45 (1 − L1) + 0.3 L1

Á Æ ° ��;�Ä

5�
 L1
<h`�;)BaF�� 8¾F b¼;,@D5�>¯HI<CBD@AE >9@A>9<�H9Fq>Ê`BD<C8,gh`�<?8,«�5 @A8 HI<CBA@D;,@Dm?8,<
HI<�`�;,8,7Êb¼;,798=<�Fqg?8=@A<?>>9<�° p BD7�`)BaF

� 8¾F�bc;,@A5 >$HI<�BA@AE >9@A><�<h`k;C@D�©4�5�8=;¾Fq>Z;,<jÅ^� 5�@A>Ê` BaF�� @A>9g?8GFqBD@a`,Fh;,@D5�>¯<h`k;C< 
/b?F b¼<�ÅI<n;&49BD7�`&BA<h`&8=gh`k@iHI7�`
5�8,EjFq>9@iÀ^7<h` 5 :9;,<n>I7�`C`�5�>Z;�8=ghb?FhBab¼@D;,8¾Fh>I;G`¼°

\ <o` � 8GF�b¼;=@A5 >�`�`k5 >I;VBAg?E m?8,<?� <?>I;�HI@ ¿µg?8=<?>Z;,<h`�4�5 798�BaF"BD@A;,@Dm?8,<3HI<¯`�;,8=7�b¼;,78,<e`�5�79;=<?8,8GFq@D>9<�Åw;=8¾Fo»
HI79@a`=Fq>Z;�79><"< 
/b?F b¼@A;=ge49BA7�`��ÂFh@A:9BD<©HI<o`+HZghb¼5�� 465j`k<?78¾`�4�5�798¯`�;¾Fq:@ABA@i`k<?8�BiF/�/Fq;,@Dm?8,<35�8=E�Fq>@aÀ�79<
H9Fq>�`CBA<V8,gh`�<?8,«�5 @A8�F�bc;,@ �
d

f3,5 = 0.45 (1 − L3)

f3,6 = 0.7 L3

f3,CO2
= 0.55 (1 − L3) + 0.3 L3

Á Æ ° ����Ä

5�
 L3
<h`k;CBiF � 8¾F�bc;,@A5 >$HI<�BA@AE >9@A><�HFq>�`CBA<�8=gh`k<n8,«�5�@D8CHI<�BD@A;,@Dm?8,<VHI<3`k;=8,7�bc;,798=<�`�5�79;=<?8,8GFq@D>9<�°

\ < �Ê7 ¸ HI<¯HZghb¼5�� 465j`k@D;,@A5 >�HI<3BaF"BD@A;=@Am?8=<+� g?;¾Fh:65 BA@iÀ^79<3`�<e8,g?4�Fh8,;=@A;�<?>I;=8,<379>�;,<?8=�©<3HI<e8,<o`½»
49@A8GFq;,@D5�>$<?;C79>�;=<?8,� <�HI<3`k;GFq:9@DBA@a`=Fq;=@A5�> H9Fq>Ê`�BA<�8,go`k<?8=«�5�@A8�F�b¼;=@ �=° \ <h`�� 8¾F b¼;,@D5�>�`�`k5 >I;VBA<h`&� 	n�©<?`
465 798�BA<h`Cb¼5 �©4�Fh8,;,@D�©<?>�;G` Fhg?8,@D<?>1<?;C`�5�79;=<?8,8GFq@D>[d

f2,5 = 0.45

f2,CO2
= 0.55

f4,5 = 0.45

f4,CO2
= 0.55

Á Æ ° Ç���Ä

\ < ��7 ¸ HZ<�HIgob¼5��©4�5j`k@A;=@A5 >¯HI7©8,go`k<?8=«�5�@A8F�b¼;=@ � `k<�8,g?4ÊFq8,;=@A;Q<?>Z;,8=<C79>";=<?8,� <CHI<�8,<h`�49@A8GFq;=@A5�>¯<?;
HI<?7 ¸ ;=<?8,� <h`QHI<�`k;GFq:9@DBA@i`,Fq;=@A5 >]Å�H9Fq>Ê` BD<�8,gh`�<?8,«�5 @A8
BA<?>Z;&<?;�H9Fq>Ê` BD<�8,gh`�<?8,«�5 @A8
4�F�`=`k@ �=Å9<n> � 5 >�b¼;=@A5�>
HI<�BaF�;,< ¸ ;=798,<�HZ7�`k5 BQd

f5,6 = 1 − 0.004 − (0.85 − 0.68 (fsilt + fclay))

f5,7 = 0.004

f5,CO2
= 0.85 − 0.68 (fsilt + fclay)

Á Æ ° ÇIÈhÄ

\ <o`�< ¸ 498,<h`=`k@D5�>�`�HI< f5,6
<?; f5,CO2

`k5 >I;�BA<h`C� 	?� <?`
À^79<Jb¼<?BDBA<h`Q79;,@DBA@a`�g?<h`CH9Fh>�` M
OQU�NCP�R�´ °
K Fq>�` YZN�L f ²QNCO Å9BA<�;=<?8,�©< (fsilt + fclay)

<h`�;�8=<?�©49BiF�b¼gC4ÊFq8 fclay
°

\ < ��7 ¸ HI<�HIghbc5��©4�5�`�@A;=@A5�> HI7©8=gh`k<n8,«�5�@D8QBA<?>Z;Q<h`k;
HI@i`k;,8=@A:97g�<?>Z;,8,<�79>©;=<?8,� <�HI<�8=<h`k4@A8¾Fh;,@D5�>]Å
79> ��7 ¸ «�<?8G` BD<�8,gh`�<?8,«�5 @A8�F�b¼;=@ ��<?;
79> ��7 ¸ «�<?8G` BD<�8,gh`�<?8,«�5 @A8
4�F�`=`k@ �=Å�`�79@A« Fh>I;
BaF�;,< ¸ ;=798,<�HZ7�`�5�BQd
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f6,5 = 0.42

f6,7 = 0.03

f6,CO2
= 0.55

Á Æ ° Ç��^Ä

O >���> ÅwBA<���7 ¸ HZ<eHIghbc5��©4�5�`�@A;=@A5�> HI7�8,go`k<?8=«�5�@A8C4ÊF�`,`�@ �
<h`�;�b¼5�>Ê`k;,@D;,79gJHwT 7>�;,<?8=�©<3HI<�8=<h`k49@ »
8GFq;=@A5�> Å9<?;�HwT 7> �Ê7 ¸ HI<�;,8GFq>�` � <?8,;�«�<?8G` BA<�8=gh`k<?8=«�5�@D8CF�bc;,@ �
d

f7,5 = 0.45

f7,CO2
= 0.55

Á Æ ° Ç�Ç^Ä

�*	 � � ���)��"!��7 �!��%
� ����(*��� ����� (�' � �!��%
� � � ������� �
	 0 � �

W,YZ¹C² » MCM b?FqBib¼79BA<1BÂT g?«�5 BA79;=@A5�> HI<149BA7�`�@A<?78¾`�>95 79«�<?BABD<h`+« Fh8,@aFh:9BA<o`�498=5�E >95�`�;,@aÀ�79<h`$d)BA<h`�8=g¼»
`�<?8,«�5 @A8G`eHI<�:9@D5��1F `,`�<�HFq>�`"BiF 4BaFq>Z;,<1<?;¯BA<o`�8,gh`�<?8,«�5 @A8¾`eHZ<��1Fh;,@Amn8,<©5 8,E�Fh>9@aÀ�79< H9Fq>�`¯BA<$`k5 B�°
\ T @A>9@D;,@iFqBA@i`,Fh;,@A5 >£HI< b¼<h`�8,gh`�<?8,«�5 @A8G`�4�5j`k<©498=5�:9BDm?�©< �¥B�T ghb¾l9<?BABD<�E�BA5 :�FqBD<�Å]�1Fq@i`�Fq7�`=`k@ �¥BÂT ghb¾l9<?BDBA<
BD5Zb?FqBD<�° O >t<c¿w<n;?ÅQ@AB�>]T < ¸ @a`�;,<$<?>_E g?>9g?8GFqB�4�F `1HI<�HI5 >9>9g?<o`"5�:�`�<?8,«�gn<h`©`k7 
1`=Fq�©�©<n>I;3498,ghbc@a`k<o`
4�5 798©B�T @A>9@D;,@iFqBA@i`,Fh;,@A5 >�d BD<h`�8,gh`�<?8,«�5 @A8G`"HI<$BaF�49BaFh>I;=<�`�5�>Z;©8¾Fh8,<?�©<n>I;3�©<h`k78,gh`e`�g?4�Fq8=g?�©<?>Z;?Å�<?;
><©b¼5 8,8=<h`k4�5�>ÊHI<?>Z;�4�F `+< ¸ F�b¼;=<?�©<?>Z;VFq7 ¸ 8,gh`�<?8,«�5 @A8G`�HI7[�©5ZHZm?BA<���BA<h`��©<o`k798=<h`�HI<1bnFq8,:�5 >9<1HI7
`�5�B
`k5 >I;3g?4�Fh8¾`k<o`¼Åw<?;3b¼5 >�b¼<?8=>9<?>Z;�<?>£E�g?>g?8¾FhB)BA<h`�498=<?�©@D<?8¾`�b¼<?>Z;,@D�©m?;,8=<?`�HI<¯`�5�B�Å�Fh7[�1F ¸ @A�e7�
¬,7Ê`,À�7]T �1È+� m?;,8=<�HI<3498,5 � 5�>�HZ<?798?° K T Fq79;=8,<�4�Fq8=;?Å�BA<��©5ZHImnBA<�HI5 @A;�	?;=8,<3Fq� <?>9g ��BÂT ghÀ�79@DBA@A:8,<�F �Ê>
HZ<">9<e4ÊF�`�HZg?8,@D«�<?8?° L 8?ÅwBD<e;,<?�©4Ê`�b?Fq8GF�b¼;=g?8,@i`k;=@aÀ�79<eHI<¯BaF©�©@i`k< �/BÂT ghÀ�79@DBA@A:8,<3HI<h`�8,go`k<?8=«�5�@A8G`�HI<
:�5 @a`�<h`k;�HI<"4BA7�`�@A<?798G`�bc<?>I;GFq@D>9<h`�HwT Fq>9>g?<h`¼Åµ<?;�b¼<?BD79@ HI<h`�8=gh`k<?8=«�5�@D8¾`�HI<©bnFq8,:�5 >9<©HZ7£`k5�BQ<h`�;�HI<
4BA7�`�@A<?798G` � @ABABD@A<c8¾`
HwT Fh>9>9g?<h`C4�5�798�BD<+8=gh`k<n8,«�5�@D8�4ÊF�`,`�@ �=° \ F"�©@i`k< �"B�T ghÀ�79@ABD@A:98=<�HI<Jb¼<h`�HI@ ¿µg?8=<?>Z;¾`
8=gh`k<n8,«�5�@D8¾`Q<h`k;�HI5 >�b�8,ghFhBA@i`kg?<�<n>�HZ<?l95�8G`CHI71�©5ZHIm?BD<�Å�4�Fq8VHI<h`&48,5�E 8¾Fh�©�©<h`)@A>ÊHIg?4�<?>�H9Fh>I;G`¼° O BABD<
`cT <¼¿µ<hbc;,79<
<?>e49BA7Ê`k@A<n798¾`]g?;¾Fh4�<h`¼Å�4ÊFq8Q79>9<C498=5Zb¼ghHI78,<CghÀ�79@A« FhBA<?>Z;,< ��b¼<nBABA<Q79;=@ABD@a`kgn<&HFq>�`)BA<
�©5ZHIm?BD<
LVR�M
±�W�K�OQO d

È ° P >9<�48,<?�©@Dm?8,<V`k@D�"7BaFq;=@A5 >©<h`k;�<¼¿µ<hb¼;=79g?<JFo«�<ob W,YZ¹C² » MCM 4�5�798�BiF"�©@i`k<��"BÂT ghÀ�79@DBA@A:8,<VHI<h`
8,gh`�<?8,«�5 @A8¾`VHwT <hFh7[HZ7�`k5 B�° \ F¥«�<?8G`k@D5�>£5�8,@DE�@D>�FqBD<¯HI< M
OQU�NCPVR ´ F©g?;=g©HZg?«�<?BA5 494�g?<e4�5�798
79>9<¯79;,@DBA@a`=Fq;=@A5�>�F?«�<hb�79>[4ÊF�`�HZ<";=<?�©4�`�� <?>�`k7<?B�° K Fq>Ê` L�R�M
±VWkKVO O <?; W,YZ¹C² » MCM Å]BaF
4�Fq8GFq�©g?;=8,@i`,Fq;=@A5 >e<h`k;
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\ F��©g?;=l95ZHI<�HI<h`Qb¼5�8=8,g?BiFq;=@A5�>Ê` ;,798=:979BD<?>I;=<h`]<h`k;QHZ5�>�b�F�`=`k5Zb¼@Dg?< ��b¼<?8,;GFq@D>9<h`]BA@A� @A;¾Fh;,@D5�>�`cÅ?�1Fq@i`
Ã \µP���U�OQN <h`�;CBA<3`k<?7B�¬,<?7$HI<3HI5 >9>9g?<h`CF?«�<hbVHI<h`&�©<h`�798,<o` HZ< �Ê7 ¸ b¼5 >I;=@A>Z79<h`¼ÅHI@a`�4�5�>9@D:9BA<h`C`�798
HZ<CBA5�>E�79<h`)4�g?8=@A5ZHI<h`cÅ�<?;)ghb¾l�Fq>Z;,@DBABD5�>9>�Fh>I;�BA<o` E�8GFq>�H9`):9@D5��©<o` 498=gh`k<n>I;G` ��BaF�`k798%�ÂF�b¼<�HZ<CBaF N <n8,8,<j°
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\ <h`)�©<o`k798=<h` <c¿w<ob¼;,79gn<h` `�798QBA<h`�`k@D;,<h` Ã \µP���U�OQN @A>Êb¼BA79<n>I;�Fh7�`,`�@6BD<h` « Fq8=@aFh:9BA<h`��©@ab¼8=5��©gn;,gc5q»
8=5�BD5�E�@iÀ^7<h`�>9ghbc<h`,`=Fq@A8=<h`C465 798�� 5�8Gb¼<?8�79>�� 5ZHIm?BA<3HI<¯`�798#�ÂF b¼<©dµBA<�8GF?®�5�>9>9<n�©<?>Z;C`k5 BaFh@A8,<¯HZ<h`,b¼<n>I»
HFq>Z;?Å]BA<e8GFo®�5 >9>9<?� <?>I;C@D>�� 8¾Fh8,5 79E�< HI<h`=b¼<?>�H9Fh>I;nÅwBaF©«Z@A;=<h`,`�<¯HI7�«�<n>I;nÅ6BiF/;=<?�©4�g?8GFq;,78,<eHZ<eB�T Fh@A8nÅ
BÂT lZ79�©@iHI@A;=g�HI<�B�T Fh@A8nÅ^BD<h`&498=ghb¼@A4@A;¾Fh;,@D5�>�`&<?;
BaFe498,<o`,`k@D5�>$HI<3`k78#�ÂF�bc<�°

M 5 >I;=8¾Fq@D8,<?� <?>I;¯Fh7 ¸ � <h`k798=<h`¯HI< ��7 ¸ Å&BD<h`¯`kg?8=@A<h`";=<?�©4�5�8=<?BABD<h`�HZ<h`"« Fq8=@aFq:BA<h`"� g?;,g?5 8,5 BA5q»
E @aÀ�79<h`
HI5�@D«�<?>I; 	?;,8=<�b¼5 >I;=@A>Z79<h`QF �Ê>�HZ< � 5 8¾b¼<?8
BA<��©5ZHIm?BD<�° \ <h`CHI5�>>9g?<h`Q�1Fq>�À�7�Fh>I;=<h`)`k5 >I;�HZ5�>�b
8=<hb¼5 >�`k;=@A;,7g?<h`¼Å�`�79@A« Fq>Z;�BiF�498,5ZbcghHI798=<1HIghb¼8=@A;=<"<?> HIg?;¾Fh@AB
4�Fq8¯¶�8,@D>9>9<?8���� ��
�&ÁÂ��� ��É^ÄG° \ <h`e`k;GFo»
;=@A5 >�`��©g?;=g?5�8=5�BA5 E�@iÀ^79<o`�BD<h`+4BA7�`�498,5Zb¾l9<h`eHI<o`e`k@A;=<h` � 5 798,>@a`,`�<?>Z;�BaF�;=<?�©4�g?8GFq;,78,< À^795 ;,@iHI@A<?>>9<
� 5q®�<n>9>9<�Å��©@D>9@A�1FhBA<C<?;��1F ¸ @D�1FqBD<�Å�BaFe;,<n�©4�g?8¾Fh;,798=<�HI7�4�5�@D>I;VHI<�8,5j`kg?<3�©5h®�<?>9>9<�ÅZBA<h`&48,ghb¼@D49@ »
;GFq;=@A5�>Ê`CÀ^795 ;,@iHI@A<?>>9<h`¼ÅZ<?;&BiF�«I@D;,<h`=`k<�HZ7¥«�<n>I;Q�©5h®�<?>9><�° P >9<V8,g?E 8,<h`=`k@A5 >1BA@A>ghFq@D8,<�<h`k;�Fh4949BA@iÀ^7g?<
4�5 798�b?FhBab¼7BA<?8©BiF[«�FhBA<?78¥� 5q®�<n>9>9<$À^75�;,@iHI@A<n>9>9<£HI7S`�@A;=<�ÅC`,Fh7��¯4�5�798$BA<h`¯498,ghbc@A49@D;¾Fq;=@A5 >�`¼° \ F
8=ghFq>ÊFqBA®`k< O R�² »GÈ?É1<h`k;379;,@DBA@a`�g?<e4�5�79838,<hbc5�>�`�;,@A;=79<?8�BA< 8¾F?®�5�>9><?�©<?>Z;�`�5�BiFq@A8=<©HZ<h`,b¼<n>�H9Fq>Z;?° \ <h`
HZ5�>9>9gn<h`Q`k<?�©@ »�l5�8¾Fh@A8=<h` `�5�>Z;Q8,<hb¼5 >�`k;=@A;=79g?<h` ��4�Fh8,;=@A8QHI<o`� 5q®�<n>9>9<h`]À�795�;=@aHI@D<?>9>9<o`¼Åh<?>e@A�©4�5j`,Fq>Z;
7>9< � 5�8,� <1Fq7�b¼®9bcBA< HI@A798=>9<$HIg?4�<?>�HFq>Z;¯HI<1BaF�« Fq8=@aFq:BA<$b¼5�>Ê`k@aHZg?8,g?<j° O >�498¾Fh;,@aÀ�79<�Å�BA<18¾F?®�5 >I»
><?�©<?>Z;�@D>�� 8¾Fh8,5 79E�<1HZ<h`,b¼<n>�H9Fq>Z;�<h`k;�8GFq8,<n�©<?>Z;��©<h`�798,g�° W B)<h`�;�8,<ob?FqBib¼79BAg �¥4�Fh8,;=@A83HI<h`�«�FhBA<?78¾`
`�<?�©@ »�l95 8¾Fh@A8,<o`wHI<Q;,<n�©4�g?8¾Fh;,798=<�ÅcHwT lZ79�©@iHI@A;=g <?;�HZ< 8GF?®�5�>9>9<n�©<?>Z;w`�5�BiFq@A8=<
HI<h`,bc<?>�H9Fh>I;n° K <
� 	?�©< Å
BiF+498=<h`,`�@A5 >1HI<�`�798#�ÂF b¼<�<h`�;&8¾Fh8,<?� <?>I;HI@a`�465 >9@A:BA<�<?;QBD<h`&HI5 >9>9g?<o` �1Fh>�À^7ÊFq>Z;,<h`Q`k5 >I;
8,<?� 49BaF b¼g?<h`
4ÊFq8�79>9<�« FqBA<n798�b¼5�>Ê`k;¾Fh>I;=<3HI< 1015 hPa °

K <�49BD7�`¼Å W,YZ¹C² HI@a`�;,@A>E�79<�BA<o`&498,ghbc@A49@D;¾Fq;=@A5 >�`&BA@iÀ^79@iHI<h`Q<?;C`�5�BA@iHI<h`C4�5�798Vb?FqBib¼79BD<?8&BÂT g?«�5 BA79;=@A5�>
HZ<h` ;=<?8,�©<o`)HI7©:9@DBaFh>"lZ®9HZ8,@aÀ�79<�° \ <h` 498=ghb¼@D49@A;GFq;,@D5�>�`);=5�;¾FhBA<h`
`k5 >I;�`kg?4�Fh8,g?<o` <?>©4BA79@D<C<?;&<?>¯>9<?@DE�<
`�79@A« Fh>I;�BiF�;=<?�©4�g?8GFq;,78,<©d�BaF � 8¾F�bc;,@A5 >�HI<e48,ghb¼@D49@A;GFq;=@A5�>Ê` BD@aÀ�79@aHI<o`&g?«�5�BD79<�BD@A>9ghFh@A8=<?�©<c>I;�HI<e� �
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� :�`�@A;=<h`e`k@D;,79gh`eFh7 ¸ l�Fh79;,<o`�<?;e�©5h®�<?>9>9<o`�BiFq;=@A;,7ÊHI<h`eHI<1B�T l9g?�©@i`k49lm?8,< U 5�8GH¢`�5�>Z;"7;,@ABD@a`�gh`
465 798�8=ghFqBD@a`k<n8�b¼<?;,;=<�g?;,7�HZ<�Å98,<?48,gh`�<?>I;GFq>Z;��h�¯Fq>9>g?<h`�HI<��©<o`k798=<h`¼° \ <?798¾`Vb?Fq8GF�b¼;=g?8,@i`k;,@iÀ^7<h`&`�5�>Z;
HI5�>9>g?<h`CH9Fh>�`&BA<�;¾Fh:9BA<hFh7$ÉI°AÈ ° M <h`C`�@A;=<h` 5 >I;
g?;,g�`�g?BA<ob¼;,@D5�>9>9go`4ÊFq8�¶�8,@D>9>9<?8����	��
��ÁÂ����� É^ÄGÅ64�5�78
BaF�« FqBD@aH9Fh;,@D5�>¯HI7e�©5ZHZm?BA< L�R�M
±VWkKVO O Å `k79@D« Fq>Z;QHI<h`)bc8,@A;=m?8,<o` HI<�HZ@a`k4�5 >9@A:9@DBA@D;,g&<n;QHI<�À�7�FqBD@A;,g�HI<h`
�©<h`k78,<h`CHI<o` ��7 ¸ <?;�HI<h`�«�Fh8,@iFq:9BD<h`��©g?;=g?5�8=5�BD5�E�@iÀ^7<h`¼° \ <¯`�@A;,<JHI<¯f�Fq>ÊFq7�`�>]T F"4�F�`�g?;,ge8=<?;,<?>Z7
@ab¼@ÂÅwb?Fh8�@AB)<h`�;�BA<¯`�<?79BQ8,<n498,gh`�<?>Z;¾Fq>Z;VHI7�:@A5�� <eHI<h`�� 5 8�	?;G`�;=8,5 49@ab?FhBA<h`cÅw<?;�À�7]T @AB�>9<©HZ@a`k4�5j`k< À^79<
HwT 79><�Fq>9>9gn<�HI<C� <h`k798=<�° WGY^¹C² » MCM >]T <h`k;HI5�>�bC4�F ` g?« FqBD79g�`k78 BD<h`�� 5 8�	?;G`;=8,5 49@ab?FhBA<h` H9Fq>�`
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O >Jb¼5��©4BAg?�©<c>Z;wHZ< BiF « FhBA@aHFq;,@D5�>JHI<h` ��7 ¸ �CB�T Fq@aHZ<&HZ<h`w�©<h`�798,<h`]HZ7+8=gh`k<oFq7eÃ \µP���U�OQN Å?79>9<
b¼5��©4ÊFq8¾Fh@a`�5�>�À�7�Fq>Z;,@D;¾Fh;,@A«�<¯HZ<h`+8=gh`k<?8=«�5�@D8¾`�HI<1b?Fh8,:�5�><1`k@D�"79BDgh`�4�Fh8 W,YZ¹C² » MCM <o`k;�<c¿w<ob¼;,79gn<�Å
� BÂT Fh@aHI<£HI<�HI5 >9>9g?<h`1HwT @A>�HZ@ab¼< � 5�BA@iFq@D8,<�Å
HI@A4�5 >9@A:9BD<h`1`k7981BD<£`k@A;=< �
<?:�HI7�8,gh`�<hFq7 Ã \µP���U�OQN
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:9@A5 �1F�`=`k<e<?;�HFq>�`�BA<¯`k5 B
b¼5��©4@ABAgn<h`&4�Fq8 ± 5 79E�lZ;,5 >tÁ,Èn��� �^Ä¾Å]<?;3HI<¯HZ5�>9>9gn<h`�HI<"8GFq494�5 8,;�<n>I;=8,<
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\ <£498=<?�©@A<n8e5�:Z¬,<hb¼;=@ �JHI<�b¼<£b¾l�Fq49@D;,8=<�<h`�;�HZ<�« FqBD@aHI<n8©BA<��©5ZHZm?BA< WGY^¹C² » MCM �[B�T Fq@iHI<£HI<h`
5�:�`�<?8,« Fq;=@A5 >�`�HI<h`C`�@A;=<h`�Ã \µP���U�OQN ° P >9<3b¼5��©4ÊFq8¾Fh@a`�5�>�<n>I;=8,<3HI@ ¿µg?8=<?>Z;,<h`Q5�49;=@A5�>Ê`�HwT W,YZ¹C² <h`k;
Fq7�`=`k@C8,goFqBA@i`kg?<jÅ)F �Ê>_HµT g?« FqBD79<?83B�T @D�©4�F b¼;�HI<$b¼<?;=;,<©>5�79«�<?BDBA<¯5�49;=@A5 >¢4ÊFq8¯8¾Fq4465 8,; Fq7 ¸ 5�49;=@A5�>Ê`
< ¸ @i`k;GFq>Z;,<h`�d W,YZ¹C² » MCM <h`�;�bc5��©4�Fh8,g�� WGY^¹C² »�`�;¾Fh>�H9Fq8GH¥<?; � WGY^¹C² » A» gs

F?«�<hb�BD< \µ²VW 498,<h`=b¼8,@D;
465 798�BD<h` ��7 ¸ ;=798,:97BA<?>Z;¾`�HFq>�`�BaF1`k<hbc;,@A5 >[ÉZ° Æ Å <n;�� W,YZ¹C² » A » gs

F?«�<hb \µ²�W @A>Z;,<?8GF�b¼;=@ �
4�5�798�BA<
��7 ¸ >9<?;HI<�bnFq8,:�5 >9<�H9Fh>�`)BaF�`k<hbc;,@A5 >©ÉZ° ÉZ° \ <h`&HZ@ ¿µg?8,<n>I;=<h` 5�4;,@A5 >�`Q`k5 >I;
HIghbc8,@A;=<h` <?> HIg?;GFq@DB�H9Fq>Ê`
BA<eb¾l�Fh49@A;=8,<1È�<?;VBA<¯b¾l�Fq49@D;,8=< Æ Åµ<?;�BA<n798¾`�48,@A>Êb¼@A4�FhBA<h`�b?Fh8¾F�bc;,g?8=@a`k;=@aÀ�79<h`�`k5 >I;�8GFq494�<?BDg?<h`�HFq>�`�BA<
;¾Fq:BA<hFh7[ÉZ° �I° N 5�79;=<h`�BA<h`�`�@A�¯79BaFh;,@A5 >�`�`k5�>Z;�8,ghFhBA@i`kg?<h`VFo«�<ob�BA<h`�� 	?�©<h`&5 49;,@D5�>�`�lI®HI8,5 BA5 E�@aÀ�79<h`cÅ
b�T <h`�; ��HI@A8=<$Fo«�<ob"79>t`=b lg?�1F � 5 8¾b¼<c»�8=<h`k;=5�8,<��£HI<?7 ¸ b¼5�7�b¾l9<h`�4�5 798"BÂT <hFh7�H9Fq>�`eBA<$`�5�B�Å)<n;"79>
`,b¾l9g?�1F ��79>9<3b¼5�7Êb l9<�4�5�78�BiF�>9<?@AE <�°

\ F�498=5Zb¼ghHI798=<1HI<1�©@i`k< ��B�T goÀ^79@DBA@D:98,<¯HIgn46<n>�H�HI<©B�T 5�49;=@A5 >¢7;,@ABD@a`�g?<�° p 5 798eBA<o`�`k@D�"7BaFq;=@A5 >�`
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M 5ZHI< U 5�� HI7 `k@D;,< M 5�5�8¾HZ5�>9>9gn<h` ² BA;=@A;=7�HI<3Á ��Ä ² >9>9g?<h`
·VP · 79>>�Fq8G`kl95 BA; :�Ç ◦ É��ZT U ��� ◦ ÈnÇIT � ��; È?� ��:?»¾Èn����;
±�O ± <h`,`�< Æ ; ◦ Æ �IT U � ◦ � Æ T O Ç ��� È?� ��:?»�� �����
±�X ± Fq8,« Fh8¾H�Ã95 8,<h`�; Æ � ◦ Ç��ZT U �h� ◦ È È�T � È5; �o» Æ ��� È?� ���?»¾Èn�����
Y9L Y 5�8,5�< É�É ◦ � �IT U È È ◦ Ç�;ZT O Æ � È?� �^�c»¾Èn�����
X�W X @A<?Bi`,FqBD� É�� ◦ È$;IT U : ◦ ���ZT O Æ É�� È?� ��:?»¾Èn����;
��¹ � FqB ��<?8 ¹ 8¾Fh>�b¾l Ç�É ◦ É^�jT U ; Æ ◦ Èh��T � Ç�: Éo»½Ç�;�� È?� ��É?»¾Èn����;
Ã \ Ã�BaF � FhBA@aHZ<?> : Æ ◦ ����T U Èn� ◦ �^�jT O � ��É È?� ��:?»¾Èn����;
±�´ ± ®I®Z;,@ � B � :IÈ ◦ ÉZÈ�T U � Æ ◦ Èq�jT O Èh�h� È?� ��:?»�� �����
U+L U 5�8,7>�H9F :�� ◦ � ÉIT U È$: ◦ È?ÇZT O Æ Ç È?� ��:?»¾Èn����;
²�¹ ² :6<n8#� <?BiHI® É�: ◦ Ç :IT U Ç ◦ Æ ;ZT O Ç Æ � È?� �^�c»¾Èn����;
¹CR ¹ 8GF�`=`,b¾l�F�Fh; ÉIÈ ◦ Èn�IT U Æ

◦ ÇIÈ T O È5: È?� ��:?»¾Èn����;
¹	� ¹ 5 8¾HI<oFq7 ¸ Æ Æ

◦
Æ ÇZT U � ◦ Æ :ZT � :IÈ È?� �^�c»¾Èn����;

\]L \ 5�5 :�5�` É�� ◦ Èn�IT U É ◦ Æ�Æ T O ��É È?� ��:?»�� �����
f O f�<n;,5�BD@A7�` Æ Æ

◦ �^��T U È?�IÈ ◦ Ç ÇIT � �IÈnÉo»GÈ�È Æ È È?� ��:?»¾Èn���^�
NC± N lÊFq8¾Fh>�HI; É�� ◦ É ;IT U ÈnÇ ◦ Ç Æ T O Ç ;�� È?� ��:?»�� �����
��O � <?@iHI<?> ¹ 8,79>>9<?> É�� ◦ Èn�IT U È È ◦ É�ÇZT O ��:�É È?� ��:?»¾Èn�����
Y ¶�5 Y �I® L F �9`�Á 5 BaH1`k;GFq>�H6Ä Ç Ç ◦ ���IT U È�È5: ◦ Ç���T � È Æ ��� È?� �^�c»�� �����
Y ¶�® Y �I® L F �9`�Á ®�5 79>9E¯`k;GFq>�H�Ä Ç Ç ◦ ���IT U È�È5: ◦ Ç���T � È Æ ��� È?� �^�c»�� �����
M
p M F `k;=<?BA4�5�8 (?@aFh>95 Æ È ◦ Æ ÉIT U Èn� ◦ ���ZT O Ç È?� �^�c»¾Èn����;
p&L p 5�>�b?F M @A;�® Ç�: ◦ Æ :ZT U �^� ◦ � ;IT � ÇZÈ?� Èn���^�
¹&X�Y ¹ 5 >�HI«Z@ABDBA< Æ � ◦ ���ZT U ;�; ◦ È$;IT � Ç ��� Èn����;
¹&X+M ¹ 5 >�HI«Z@ABDBA< Æ � ◦ ���ZT U ;�; ◦ È$;IT � Ç ��� Èn���^�3<?;�Èn�����
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��¹ K�¹ Ã ����
 O U Ã N <n�©4�g?8,g
Ã \ O U Ã Ã98,5�@iH1b¼5�>Z;,@D>9<?>Z;¾FqB
±�´ O U Ã Ç���
 MCM Ç Ã98,5�@iH1b¼5�>Z;,@D>9<?>Z;¾FqB
U+L O U Ã Ã98,5�@iH1b¼5�>Z;,@D>9<?>Z;¾FqB
²�¹ O U Ã È?��
 ±+M Ç N <n�©4�g?8,g�5ZbcghFq>9@iÀ^7<
¹CR O U Ã Æ ��
 K�¹ Ã N <n�©4�g?8,g�bc5�>Z;,@A><?>I;GFqB
¹	� O U Ã Ç���
 ±+M Ç N <n�©4�g?8,g�5ZbcghFq>9@iÀ^7<
\]L O U Ã ����
 ±+M Ç N <n�©4�g?8,g�5ZbcghFq>9@iÀ^7<
f O O U Ã N <n�©4�g?8,g
NC± O U Ã ����
 ±+M Ç N <n�©4�g?8,g�5ZbcghFq>9@iÀ^7<
��O O U Ã ����
 ±+M Ç N <n�©4�g?8,g
Y ¶�5 O ¹ Ã ����
 ±+M Æ N <n�©4�g?8,g�� ghHI@A;=<?8,8GFq>9gn<?>
Y ¶�® O ¹ Ã ����
 ±+M Æ N <n�©4�g?8,g�� ghHI@A;=<?8,8GFq>9gn<?>
M
p O ¹ Ã Ç���
 `k5�B�>Z7 N <n�©4�g?8,g�� ghHI@A;=<?8,8GFq>9gn<?>
p&L MCM Ç N <n�©4�g?8,g�bc5�>Z;,@A><?>I;GFqB
¹&X�Y MCM Ç N <n�©4�g?8,g�bc5�>Z;,@A><?>I;GFqB
¹&X�M MCM Æ N <n�©4�g?8,g�bc5�>Z;,@A><?>I;GFqB
P�p ±+M Ç É���
 `k5�B�>Z7 Ã98,5�@iH1`k79:94�5 BaFq@D8,<
\�� ±+M Æ N <n�©4�g?8,g�bc5�>Z;,@A><?>I;GFqB
Ã W ±+M Æ N <n�©4�g?8,g�bc5�>Z;,@A><?>I;GFqB
YZ± ±+M Æ N <n�©4�g?8,g�bc5�>Z;,@A><?>I;GFqB

� � � � ÉZ° Ç � M 5 �©4�5�`k@D;,@D5�>�HZ<+BiF�«�gnE�g?;GFq;,@D5�>$`k<nBA5�>$BaF¯b¼BaF `,`�@ �µb?Fh;,@D5�> O&MCL+MC\µW f ²�p <n;�;�®Z46<3HI<
b¼BA@D�1Fq;�HI<h`C`k@D;,<h`�Ã \µP���U�OQN `�g?BA<hbc;,@A5 >9>9gh` � K�¹ Ã�d�� 5�8�	n;�HI<�� <?7@ABABD7�`CHIghbc@aHI7�`cÅ OQU Ãtd�� 5�8�	n;�HI<
b¼5�>9@'� m?8,<o`¼Å OQ¹ Ã�d � 5�8�	?;
HI< � <n79@ABDBA7�` 4�<?8G`k@i`k;¾Fh>I;G`¼Å MCM Ç"dZb¼7BA;,78,<h`QHI<�;�®I4�< C3

Å MCM Æ d�bc79BA;=798,<h`QHI<
;k®Z4�< C4

Å ±+M Ç©d9l9<n8,:�F b¼g?<h`&>�Fh;,798=<?BABD<h`&HZ<+;�®Z4�< C3
Å ±�M Æ d9l9<?8,:ÊF�b¼g?<o` >�Fh;,798=<?BABD<h`CHI<�;�®I4�< C4

°
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\ F14�Fq8GFq�©g?;=8,@i`,Fq;=@A5 >£HI<"BiF©8,<h`�49@A8GFq;,@D5�>�l9gn;,g?8=5�;,8=5�49l<©HwT W,YZ¹C² » MCM bnFqBabc79BA<eBD< ��7 ¸ HI< b?Fq8�»
:�5 >9<©g?�©@i`�4�Fh8eBA< `k5�BQ<?> � 5�>�b¼;=@A5 >�HI<¯BaF�À�7�Fh>I;=@A;,g HI<1bnFq8,:�5 >9<©5�8=E�Fh>9@aÀ�79<©498=gh`k<n>I;=<©H9Fh>�`+BD<h`
HZ@ ¿µg?8,<n>I;G`�8,gh`�<?8,«�5 @A8¾`3HI7�`k5 B�Á «�5�@A8Jb lÊFq49@D;,8,< Æ Ä¾° M <?4�<?>�HFq>Z;?Å)4�5�798¯BA<o`�`k@D;,<h`eÃ \µP���U�OQN Å BD<h`
À�7�Fh>I;=@A;,go` HZ<�b?Fh8,:�5�><�H9Fq>Ê` BA<�`�5�Bµ>9<�`�5�>Z;Q4�F�`Q�©<h`k78,g?<h`cÅq<n; BÂT l9@i`k;=5�8,@iÀ^7<�HwT 79;=@ABD@a`,Fh;,@D5�>¯HI<h`Q`�5�Ba`
> T <h`�;&4�F `�b¼5 >9>Z7]° \ <h`&8=gh`k<n8,«�5�@D8¾`
HI<�b?Fh8,:�5�>9<3HI71�©5ZHZm?BA<�>9<�4�<?79«�<?>Z;
HI5�>�b�4�F ` 	n;,8,<V@A>9@D;,@aFhBA@i`kgh`
F?«�<hb�498,gob¼@a`�@A5�> ° p 5�78+4ÊFqBABD@A<?8Vb¼<?;=;,<¯HI@ 
1bc79BA;=g�Å95�>£8,ghFhBA@i`k<¯HI<h`�`�@A�¯79BaFh;,@A5 >�` �/BÂT ghÀ�79@DBA@A:8,<�ÅH9Fq>�`
BD<h`,À�79<?BDBA<h`QBaF¯À^7ÊFq>Z;,@A;=g3HI<eb?Fh8,:�5�><¯H9Fq>�`�BA<3`k5 B)b?FhBab¼7BAg?<�4�<?8=�©<?;�HI<J`k@D�"79BD<?8Q79> �Ê7 ¸ HI<�8=<h`k49@ »
8GFq;=@A5�>�HI<eBÂT ghb¼5j`k®`k;=m?�©<��"BÂT ghÀ�79@DBA@A:8,<3F?«�<hb+BD< ��7 ¸ HwT F `,`�@A�©@DBaFq;=@A5 >�:98=79;,<�Å�<?>��©5h®�<?>>9<3`k798�BD<h`
Fh>9>9g?<o`CHwT 5 :�`k<?8=« Fq;,@D5�>�`CHZ71`k@D;,<�Ã \µP ��U�OQN ° \ <��Ê7 ¸ >9<?;�HI<�b?Fh8,:�5�><"Á U�OQO ÄQ<h`k;�HI5�>�b�>Z79B]`�798
BiF"4�g?8,@D5ZHI< HI<¯`k@D�"79BiFq;=@A5�> Å9<?;�@AB�>9<e4�<?79;�4�F ` 	?;,8=<eb¼5 �©4�Fq8=g�;=<?BQÀ�79<?B Fq7 ��7 ¸ ><?;�HI<¯b?Fh8,:�5�><
� <h`k798=g�4�Fh8C<hH9HI®1bc5q« Fh8,@aFh>�b¼<�°

K <�� 	?� <�Å?BiF�4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >¯HI<CBaF�8=<h`k49@D8¾Fh;,@A5 >¯HI<�B�T gob¼5�`�®9`�;,m?�©< 4�Fq8Q79>9< � 5�>Êb¼;,@D5�>e<?> Q10HZ<&BaFC;,<n�©4�g?8¾Fh;,798=<�Å¼79;=@ABD@a`kgn<)4�Fq8 B�T 5 49;,@D5�> W,YZ¹C² » A » gs
F?«�<hb \µ²�W @A>Z;,<?8GF�b¼;=@ �=Åc>9ghb¼<h`=`k@D;,<
HI<CbnFqBA@D:98,<n8

BD<�4�Fq8GFq�©m?;=8,< Reco 25
4�5�78�b¾l�F�À�79<3`k@D;,<�<?> � 5�>Êb¼;,@D5�>$HI7 �Ê7 ¸ �©<h`�798,gJÁ ghÀ�7�Fq;=@A5 >[È�° :�;�Ä¾° \ < �Ê7 ¸

><?;�HI<3b?Fq8=:�5�>9<Jb?FqBib¼79BAgV>]T <h`�;�HI5�>Êb�4ÊF�`C79>9<�<h`k;=@A�1Fh;,@D5�>©@D>�HIg?4�<?>�HFq>Z;,<�HI<o` 5 :�`k<?8=« Fq;,@D5�>�`c°
\ < ��7 ¸ >9<?;�HI<¯bnFq8,:�5 >9<©`�@A�¯79BAgjÅ U�OQO

mod
Åw<o`k;�HI5 >�be;,8¾Fh>�` � 5 8,�©g3<?> U�OQO

transf
4�5�798 	?;,8=<

bc5��©4�Fh8,g�Fh7 ¸ 5�:�`�<?8,« Fh;,@A5 >�` UVO O
obs

Å�HI<��1Fq>@Am?8=< �+5 :9;,<n>9@A8QBaF�� 	n�©<Q«�FhBA<?78)�©5h®�<?>9>9<�HI< U�OQO
<n>I;=8,<�BD<+� 5ZHIm?BA<�<?;CBD<h`&5�:�`�<?8,« Fh;,@A5 >�`CBA5�8G`,À�7]T <nBABA<o`&`k5 >I;C48,gh`�<?>I;=<h`�d

NEE transf = NEEobs,
ÁÂÉI°DÈqÄ

soit :
1

n

n
∑

i=1

NEEtransf,i =
1

n

n
∑

i=1

NEEobs,i.
ÁÂÉI° �^Ä

5�
 n <h`�;CBA<�>95��¯:98=<�HwT 5 :�`k<n8,« Fq;=@A5�>Ê`�HI@i`k4�5�>@A:9BD<h`¼°
\ F©498=5ZHI7�b¼;=@A5�>�48,@A�/Fq@A8=<�:98,79;=<�>]T <h`k;V4�F�`�� 5ZHI@ ��gn<�Å�`k<?7BA<�BiF"8,<o`k49@D8¾Fq;=@A5 >�HI<eBÂT ghb¼5j`k®`k;=m?�©<

<o`k;�F?¬,7�`�;,g?<�4�Fh8�l5��©5 ;,l9g?;=@A<�4�5�798�bc5�>�`�<?8,«�<?8�`k<h`&« Fh8,@aFh;,@D5�>�`C;,<?� 465 8,<?BDBA<h`c°

NEEtransf,i = NEEmod,i + αReco mod,i
ÁÂÉI° Ç^Ä

L >15�:9;=@A<?>Z;�Fq48,mh`�b?FqBib¼79B d

α =

∑n
i=1 NEEobs,i −

∑n
i=1 NEEmod,i

∑n
i=1 Reco mod,i

ÁÂÉI° Æ Ä

Reco transf,i = (1 + α) Reco mod,i
ÁÂÉI° É^Ä



���� � #)�!�!��# ������
 ��� 3 ����7(��&'	 ����� 0���� "5��� ��&("*"5� ��&("�� �	��
� ���

� 	�� ���
'�� � � �!� %.� � ����� (�� �!(*" �*(�' ���1� �
LE

���
H

� ��� ��� � 
 ����yQ{9y��	� 
Qs�
e¨a~I�C�[r_vj�[� y �
u � �=u ��
 
Qs�s �]u �£�"x3� �����1�

K Fq>�`eb¼<n;,;,<¯4�Fh8,;,@D<�Å]5�>[gn«�FhBA79< BaF�bnFq4�F b¼@A;=g©HI7��©5ZHIm?BD< �18,<?498=5ZHI79@D8,<©BD<h`�b?Fq8GF�b¼;=g?8,@i`k;,@iÀ^7<h`
HI7�b¼®9bcBA<1Fh>9>I7<?BC<?;eHZ7tb¼®b¼BA< HI@D798,>9<$HI<o` ��7 ¸ ° \ <h`�8,gh`�79BA;GFq;G`"`�5�>Z;¯HwT Fh:65 8¾H�498,gh`�<?>Z;,gh`�4�5�78
BA<ebc®9b¼BD<3Fq>9>Z79<?BÂÅ6497@a`�4�5�78�BA<Jb¼®9bcBA<3HI@A78,>9<e<h`�;,@D«�FhB�Å9<?;VBA<h`�HI@ ¿µg?8=<?>�b¼<o` <?>Z;,8=<�BD<��©5ZHImnBA<�<?;�BA<h`
5�:�`�<?8,« Fq;=@A5 >�`�`�5�>Z;�<n>�`k79@D;,<�Fh>�FqBD®9`�g?<h`CH9Fh>�`�BiFeHI@a`=b¼7�`,`�@A5 >]°

� ���.��& #)
�
 ��&(�

\ <o`�� 5q®�<n>9>9<h`C�©<?>�`�79<?BDBA<h`CHI<o`+HZ@ ¿µg?8,<n>I;G` ��7 ¸ 5 :�`k<?8=«�gh`�`k5 >I;3b?FhBab¼79BDg?<h`C4�5�798Jb l�F b¼79>�HI<h`
`k@A;=<h`CF?«�<hb�BA<h`&gob l9goFq>�b¼<o`&HI<��©<h`�798,<o`&HI@i`k4�5�>9@D:9BA<o`¼° \ <h`C� 	?�©<o`gob l9goFq>�b¼<o`&`k5 >I;�8,<n;,<?>Z79<h`&4�5�78
b?FqBib¼79BA<n8"BD<h`©�©5h®�<?>9>9<h`eHZ<h` ��7 ¸ `k@D�"7BAgh`c° Y <?79Bi`"BA<h`¯�©5�@i`"4�5�7981BA<o`,À�79<?Ba`¯@AB�®�F 4BA7�`1HI<£BaF
�©5�@D;,@Ag�HI<h`Cghb lghFq>�bc<h`CHwT 5 :�`k<n8,« Fq;=@A5�>$498,go`k<?>Z;,<h`cÅ�`k5 >I;�8,<?;=<?>Z7�` 4�5 798�BiF"bc5��©4�Fh8¾Fh@a`k5 >�<?>Z;,8=<�BA<h`
5�:�`�<?8,« Fq;=@A5 >�` <n;CBA<��©5ZHIm?BD<�°

K @ ¿µg?8,<n>I;=<h` `�;¾Fh;,@a`�;,@iÀ^79<o`)`k5 >I;)< ¸ Fh�©@A>9gn<h`64�5�78&bc5��©4�Fh8,<?8�BA<
�©5ZHIm?BD<Q<?; BD<h` 5 :�`k<?8=« Fq;,@D5�>�`
d�BaF
8¾F�bc@A>9<
HI<QB�T <?8,8=<?798 À^7�F HI8¾Fh;,@iÀ^79<
�©5h®�<?>9>9<
Á R f YZO ÄµÀ�7�Fq>Z;,@'��<QBA<Q:9@aFh@a`]HI73�©5ZHIm?BD<�Å¼BiFCb¼5�8=8,g?BiFq;=@A5�>
<?>I;=8,<QBA<o`]`kg?8=@A<h`]HI<
�©5h®�<?>9>9<o`6�©<?>Ê`k79<?BDBA<h`9�©<o`k798=<)BaF�b?Fq4ÊF�b¼@D;,g
HI7�� 5ZHIm?BA<"��8,<?48,5ZHI79@D8,<QBaF�� 5�8=�©<
HI7©bc®9b¼BD<
Fq>9>Z79<?BÂÅ�<?;)BiF�b¼5�8=8,g?BiFq;=@A5�>e<n>I;=8,<CBA<o` `�g?8,@D<h`)HI<C�©5h®�<?>>9<h`]�©<?>�`�79<?BABD<h`wHZ<h`,`=Fq@a`�5�>9>ÊFqBA@i`kg?<o`
Á�Fq7 ¸ À�79<?BDBA<h`�5 >�F¥8=<?;,8GFq>�b¾l9g¯BA<¯b¼®b¼BD<¯Fq>9>Z79<?BQ�©5h®�<?>wÄ�46<n8,�©<?;VHwT g?« FqBA7<?8�BaF©« Fq8,@iFq:9@DBA@D;,g¯@A>Z;,<?8�»
Fq>9>Z79<?BDBA<�° \ <h`�bc®9b¼BD<h`�Fq>9>Z79<?Bi`�� 5q®�<n>�`�`�5�>Z;3Fq7�`=`k@&;=8¾F b¼gh`�4�5�78eb¾l�F�À�79< `k@A;=<¯H9Fq>Ê`+B�T Fq>9>< ¸ < K
Á ��E 798,<h` K °DÈ�� K ° Ç^ÄG°

\ <o`$��E�798=<h`&ÉZ°AÈ �eÉI° Ç�498,go`k<?>Z;,<?>Z;QBA<h`Q`�;¾Fq;=@a`�;,@aÀ�79<h`
`k798
BA<h`Q�©5h®�<?>9>9<o` �©<n>�`k79<nBABA<o`)HI7 ��7 ¸ HI<
8¾F?®�5�>9><?�©<?>Z; ><?;?Å�HZ7 ��7 ¸ HI<Vb¾l�FqBD<?798)BiFq;,<n>I;=<C<?;
HI7 �Ê7 ¸ HI<Vb l�FhBA<?78Q`k<?>Ê`k@A:BA<�Å�� <h`k798=gh`)`�798QBA<h`
��:�`�@A;=<h`&Ã \µP ��U�OQN <?;
`�@A�¯79BAgh`]4�Fh8 WGY^¹C² » MCM 4�5�798
BA<h`
HI<?7 ¸ `�;,8¾Fh;,g?E @A<h`
HI<�8,g?4�5�>Ê`k<�Fh71`k;=8,<h`=`
lI®HI8,@iÀ^7<�HI7$`k5 B&ÁÂb¼<?8¾bcBA<h`):9BD<?7�`$� 5�>Êb¼gh` ÄG°

\ <3�©5ZHIm?BD<�`�@A�¯79BA<�:9@D<?>©B�T Fq�©4BA@A;=7�HI<�<?;CBA<V49l�F�`=FqE <¯HI7$b¼®9bcBA<�Fh>9>I7<?B�HI718¾F?®�5�>>9<?�©<?>Z;Q>9<?;
465 798�BiF�49BD794�Fh8,;�HI<o`�`�@A;,<o`+Á!��E�798=< K °AÈhÄ¾° \ < R f YZO <h`k;�E�g?>g?8¾FhBA<?�©<n>I;
@A>�� g?8=@A<?78 � 30 W m−2 Å
Fo«�<ob�79><©« FqBA<n798e�©5h®�<?>9>9<¯HZ< 27.2 W m−2 `k78eB�T <n>�`k<?�¯:9BD<eHI<h`3��:£`k@D;,<h`¯Á ;¾Fh:9BA<oFq7�ÉZ° Æ ÄG° M <¼»
46<n>�H9Fq>Z;?Å�BA< R f Y^O HIg?4�F `,`k< 40 W m−2 465 798�BD<h`�`�@A;=<h` p&L Å ��¹ Å Y ¶�59Å Y ¶�®1<?;Vf O Å �©b?Fh7�`k<
HwT 79><�`k798=<h`k;=@A�1Fh;,@D5�> HI<�B�T g?>9<?8=E�@D<�Fq:�`�5�8,:�g?<�4�Fh8CBaF3`k798%�ÂF�b¼<�° \ Feb¼5�8=8,g?BiFq;=@A5�>¯<?>Z;,8=<�BA<h`Q`�g?8,@D<h`&HI<
�©5h®�<?>9>9<h`w� <?>�`k7<?BABD<h`6<h`�;Q`k746gn8,@A<n798,< � 0.75 4�5�798QBÂT <?>Ê`k<?�¯:9BA<HI<h`)`�@A;,<o`¼Åh;,8¾F HI79@i`,Fq>Z;)79><C:65 >9>9<
`k@A�¯79BiFq;,@D5�> HI7$b¼®b¼BA<VFq>9>Z79<?BÂ° \ F�« Fq8=@aFh:9@ABD@A;,gV@A>Z;,<?8�»�Fh>9>I7<?BABD<C<h`k;�Fh7�`,`�@]:9@A<?>18=<?498,5ZHZ79@A;=<�4�5�798�BaF
49BA794ÊFq8,;�HI<h`�`�@A;,<o` 4�5�78+BD<h`,À�79<?Bi` 4BA7�`�@A<?798G`�Fh>9>9g?<o`�`k5 >I;�HZ@a`k4�5 >9@A:9BD<h`¼Åµ`,Fh7��CBD<h`�`k@A;=<h` ²�¹ Å ��O Å
Y ¶�59Å Y ¶�®�<n; ¹&X+M Å94�5 798�BA<h`=À^79<nBa`C@AB�®�F©79>< � 5�8,;=<eHI@i`k4�<?8G`k@A5 >�<n>I;=8,<�BD<h`C«�FhBA<?78¾`�`�@A�¯79BAg?<o` <?;
BA<h`&« FqBD<?798G`&5�:�`�<?8,«�g?<o`¼°
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������� ÉI°AÈ � R f Y^O <?>Z;,8=<�BD<h`&`�g?8,@D<h`QHI<��©5h®�<?>9><h` �©<?>Ê`k79<?BDBA<h`�5�:�`�<?8,«�g?<o`<n;C`k@D�"7BAg?<h` HI<�8¾F?®�5 >I»
><?�©<?>Z;)>9<?;VÁ l�Fh79;¼ÄGÅ�HI<���7 ¸ HI<�b l�FhBA<?78&BaFh;,<?>Z;,<3Á � @ABA@D<?7wÄ]<n;CHI<��Ê7 ¸ HZ<�b lÊFqBA<n798C`�<?>�`k@D:9BA<3Á :ÊF�` Ä
4�5 798)HZ@ ¿µg?8,<n>I;=<h`w5�49;=@A5 >�` HµT W,YZ¹C² d W,YZ¹C² »½`k;GFq>�HFq8¾HeÁ ;,8,@iFq>9E BA<h`]>95 @A8¾`¾Ä¾Å W,YZ¹C² » A » gs

Á�bnFq8,8=gh`w:9BD<?7�`
bcBaFq@D8¾`¾ÄQ<?; W,YZ¹C² » MCM ÁÂb¼<?8¾bcBA<h`Q:9BA<?7Ê`$� 5�>�b¼go` Ä ��4�5�798 W,YZ¹C² » A» gs

<?; W,YZ¹C² » MCM dµ`k;=8¾Fq;=g?E�@D<3HwT g?«Z@ »
;=<?�©<?>Z;
HI7$`k;=8,<h`=`+ÁÂ`k®Z�":�5�BD<h` 4BA<?@D>�` Ä <?;�`k;=8¾Fq;=g?E�@D<3HI<�;,5�BDg?8¾Fh>�b¼<3Fq7$`�;,8,<o`,`�Á�`k®Z�¯:65 BA<h`Qg?«Z@aHIgh`¾Ä¾°
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� ����� ÉZ° � � M 5 8,8,gnBaFq;=@A5 >�<?>Z;,8=<eBA<h`V`kg?8=@A<h`�HI<e�©5h®�<?>>9<h`C�©<?>�`�79<?BABD<h`C5�:�`�<?8,«�g?<o`�<?;3`k@D�"79BDg?<h`CHI<
8¾F?®�5�>9><?�©<?>Z;�>9<?;1Á lÊFq79;cÄ¾Å
HI< ��7 ¸ HI< b lÊFqBA<n798�BiFq;,<n>I;=<�Á �©@ABD@A<c7wÄ�<?;¯HI< ��7 ¸ HI<$b¾l�FqBD<?798J`k<?>I»
`k@A:BA<eÁ :�F�`¾Ä&4�5�78�HI@ ¿µg?8=<?>Z;,<h`Q5�49;=@A5�>Ê`�HwT W,YZ¹C² d W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GH�Á ;=8,@iFq>9E BA<h`&>95 @A8G` Ä¾Å W,YZ¹C² » A» gsÁ�b?Fh8,8,go`+:9BD<?7�`�bcBaFq@D8¾`¾Ä�<?; WGY^¹C² » MCM ÁÂb¼<?8Gb¼BA<h`�:9BD<?7�`�� 5�>�b¼go` Ä �)4�5�78 WGY^¹C² » A» gs

<?; W,YZ¹C² » MCM d
`k;,8GFq;=g?E�@D<�HwT gn«I@D;,<?�©<c>Z;)HI7$`�;,8,<o`,`�ÁÂ`k®Z�":�5 BA<h`)49BD<?@A>�`¾Ä�<?;C`�;,8¾Fh;,g?E @A<�HZ<�;,5 BAg?8GFq>�b¼<�Fq71`�;,8,<o`,`�Á�`�®I�¯»
:65 BA<h`&gn«I@iHIgh` ÄG°
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������� ÉI° Ç�� M 5�8=8,g?BiFq;=@A5�>Ê` <?>Z;,8,<QBD<h` `�g?8,@D<h`�HI<&�©5h®�<?>>9<h`6� <?>�`k7<?BABD<h`wHI<o`,`,Fh@a`�5�>9>�FhBA@i`kg?<h`�5�:�`�<?8,«�g?<o`
<n;�`k@D�"79BDg?<h`
HI<e8¾F?®�5�>>9<?�©<?>Z;C>9<?;JÁ l�Fh79;¼ÄGÅ]HI< ��7 ¸ HI<¯b¾l�FqBD<?798�BiFq;,<n>I;=<©Á � @ABA@D<?7wÄ <?;�HI< ��7 ¸ HI<
b¾l�FhBA<?798�`�<?>�`�@A:9BD<"Á :�F�`¾Ä&4�5 798�HI@ ¿wgn8,<?>Z;,<h`&5 49;,@D5�>�`VHwT W,YZ¹C² d W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GH�Á ;=8,@iFq>9E BA<h`C>95�@D8¾`¾Ä¾Å
W,YZ¹C² » A » gs

ÁÂb?Fq8=8,gh`�:9BD<?7�`eb¼BiFq@D8¾` Ä�<n; WGY^¹C² » MCM Á�bc<?8¾b¼BD<h`+:BA<?7�` � 5 >�b¼gh`¾Ä �)4�5�798 W,YZ¹C² » A » gs
<?;

W,YZ¹C² » MCM d�`�;,8GFq;,gnE�@A<JHwT gn«I@D;,<?�©<n>�;&HZ7£`k;,8=<h`,`�Á�`�®I�¯:�5�BD<h` 49BD<?@A>Ê` Ä
<?;�`k;=8¾Fq;=g?E�@D<eHI<3;,5 BAg?8GFq>�b¼<3Fh7
`�;,8=<h`,`�Á�`�®I�¯:�5�BA<o`gn«I@iHIgh` ÄG°



�� % � #)�!�!��# ������
 ��� 3 ����7(��&'	 ����� 0���� "5��� ��&("*"5� ��&("�� �	��
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Y @D�"7BaFq;=@A5 > ¹ @iFq@a` R f YZO
W,YZ¹C² » MCM Á gn«I@D;,<?�©<n>I;cÄ Èn�I° � �^��° �
W,YZ¹C² » MCM Á ;=5�BDg?8¾Fh>�b¼<�Ä Èn�I°AÈ �^��° Ç
W,YZ¹C² »½`k;GFq>�HFq8¾H Èn�I°<: �^��° :
W,YZ¹C² » A » gs

Á g?«Z@A;,<n�©<?>Z;¼Ä Èn�I° Æ �^��° :
W,YZ¹C² » A » gs

Á ;,5 BAg?8GFq>�b¼< Ä Èn�I° Æ �^��° :

� � � � ÉI° Æ � ¹ @iFq@a`1Á � 5ZHIm?BA<1»¯5�:�`�<?8,« Fh;,@A5 >�` Ä¯<?; R f YZO
(W m−2) �©5h®�<?>�`e`�7981BA<h` ��:�`k@D;,<h`

Ã \µP���U�OQN 4�5�798�BA<�bc®9b¼BD<�Fq>>I79<nB]HI7$8¾F?®�5�>9><?�©<?>Z;Q>9<?;C5�:;,<?>Z7�`CF?«�<hb�BD<h`CHI@ ¿µg?8=<?>Z;,<h`Q5�49;=@A5�>Ê`
HwT W,YZ¹C² <n;&BA<o`CHI<?7 ¸ `�;,8GFq;,gnE�@A<o`CHI<�8,g?4�5�>Ê`k<eFh7�`�;,8,<o`,`&lZ®9HI8=@aÀ�79<�HI7 `k5 B�°

K <©� 	?�©<jÅ9BA<©�©5ZHZm?BA<e8=<?498,5ZHZ79@A;3:9@A<?>�BA< b¼®9bcBA<¯Fq>>I79<nBCHI7 �Ê7 ¸ HZ<1b lÊFqBA<n798�BaFq;=<?>Z;,<�Å�F?«�<hb
HI<h`�:9@aFh@a`�@A> � g?8,@D<?798¾` � 25 W m−2 <?;3HI<h` R f YZO @D>�� g?8,@D<?798G`�� 30 W m−2 `=Fq7���4�5�78�BA<o`�`k@D;,<h`
Y ¶�59Å Y ¶�®�Å p&L Å ¹&X�Y <?; YZ± ° \ <h` R f YZO BD<h`C49BA7�` � 5�8,;G`�b¼5�8=8,<h`�465 >�HI<?>Z;��"7>9<¯`k798=<h`k;=@A�1Fh;,@D5�>
HI7 �Ê7 ¸ HI< b¾l�FqBD<?798�BaFq;=<?>Z;,<e4�Fh8+BD<e�©5ZHIm?BD<eFh7��©5 �©<?>Z;CHI7£49@ib�Å � � � �]Fq7£498=@A>Z;,<?�©4Ê` <?;V<?>�g?;,g
Á ��E 798,< K ° �^Ä¾° \ < R f YZO � 5q®�<n>�<h`�;�HI< 19.9Wm−2 4�5 798 BÂT <?>Ê`k<?�¯:9BA< HI<h`�`k@D;,<h`�Á ;¾Fh:9BA<oFq73ÉI° É^Ä¾° \ <o`
b¼5�8=8,g?BiFq;,@D5�>�`�<?>I;=8,<CBD<h`)`kgn8,@A<o` HI<��©5h®�<?>9><h`w�©<?>�`�79<?BDBA<h`w5 :�`k<?8=«�g?<h` <n;Q`k@D�"79BDg?<h`µ`k5�>Z;
`k794�g?8=@A<?78,<h`
� 0.70 Å�`=Fq7��465 798�BA<h`
`k@A;=<h` Y ¶�5e<?; P�p Á �1Fh@a`)4�5�798Vb¼<�`�@A;=<�Å9`�<?79BA<n�©<?>Z;QÇ��©5�@i`&HwT 5�:�`�<?8,« Fh;,@A5 >�`
`k5�>Z;�7;,@ABD@a`=Fq:9BD<h` ÄG° \ <h`�bc5�8,8=g?BaFh;,@D5�>�`3HI<h`�`�g?8,@D<h`�HI<h`=`,Fq@i`k5 >9>�FqBD@a`�g?<h`�`�5�>Z;eF `,`k< ( �ÂFq@D:9BA<h`�4�5�7983BA<h`
`k@A;=<h` ±�X Å ±�´ Åf O ÅZ<?;�`k5 >I;�� 	?� <?`)>9g?EjFq;=@A«�<h`Q465 798�BD<h`&`�@A;,<o` ²�¹ <n; M
p °

Y @D�"7BaFq;=@A5 > ¹ @iFq@a` R f YZO
W,YZ¹C² » MCM Á gn«I@D;,<?�©<n>I;cÄ ÉZ° � ���I° �
W,YZ¹C² » MCM Á ;=5�BDg?8¾Fh>�b¼<�Ä Æ ° Ç È?�I° �
W,YZ¹C² »½`k;GFq>�HFq8¾H :Z°AÈ �IÈ�° �
W,YZ¹C² » A » gs

Á g?«Z@A;,<n�©<?>Z;¼Ä ÇZ° Ç È5;I° Ç
W,YZ¹C² » A » gs

Á ;,5 BAg?8GFq>�b¼< Ä ÇZ° É È5;I° �

� � � � ÉI° É � ¹ @iFq@a`1Á � 5ZHIm?BA<1»¯5�:�`�<?8,« Fh;,@A5 >�` Ä¯<?; R f YZO
(W m−2) �©5h®�<?>�`e`�7981BA<h` ��:�`k@D;,<h`

Ã \µP���U�OQN 4�5�78eBA< b¼®9bcBA< Fq>9>Z79<?B�HI7 ��7 ¸ HI<1b¾l�FqBD<?798�BaFh;,<?>Z;,<¯5�:9;=<?>Z7�`eF?«�<hb�BD<h`�HZ@ ¿µg?8,<n>I;=<h`
5�49;=@A5�>Ê`�HwT W,YZ¹C² <?;
BA<h`CHI<n7 ¸ `k;=8¾Fh;,g?E @A<h`CHI<�8=g?4�5�>�`�<eFq7 `k;=8,<h`=`&lI®HI8,@iÀ^7<�HI7�`�5�BÂ°

\ <o`eHI@ ¿µg?8=<?>�b¼<h`�<?>Z;,8,< BA<h`�5 :�`k<?8=« Fq;,@D5�>�`�<n;eBA<©�©5ZHZm?BA< `k5 >I;¯49BA7Ê`+g?BD<?«�g?<h`�4�5�798¯BA< ��7 ¸ HI<
b l�FhBA<?78e`k<n>�`k@D:9BA<�Å F?«�<hb©HI<h` R f YZO 498,<h`=À^7<¥;=5�7h¬,5 798¾`¯`k746gn8,@A<n798¾` � 30 W m−2 ° M <h` R f YZO
g?BA<?«�go`]b¼5�8=8,<h`�465 >�HI<?>Z;���79>e:9@iFq@a`]4�5�`�@A;,@'� HI7 ��7 ¸ HI<�b l�FhBA<?78�`k<?>�`�@A:9BD<&4�5�78);,5 7�` BA<o` `�@A;,<o`&Á ��E 798,<
K ° Ç1<?;�;¾Fq:BA<hFh7[ÉZ°<:^ÄG° \ F$b¼5�8=8,g?BiFq;,@D5�>£<?>Z;,8,<eBD<h`��©5h®�<?>9>9<o`��©<?>�`�79<?BDBA<h`C5�:�`�<?8,«�gn<h`�<?;3`k@D�"7BAg?<h`
<h`k;�E g?>9g?8GFqBD<?�©<?>Z;&g?BD<?«�g?<�Å9�/Fq@a`C<?BDBA<�498,<n>�H�HI<h`�« FqBD<?798¾`�>9g?E�Fh;,@D«�<h` 4�5 798�BA<h`�`�@A;=<h` p&L <n; ¹&X�Y
��b?Fq7�`�<$HwT 79>< � 5�8=�©<":@A�©5ZH9FhBA<©< ¸ FhE�g?8=g?<©<?;JHI7�HIg?49l�F `,FhE�<�HZ7¢4@ab©H9Fh>�`�BA< �©5ZHIm?BD<�Á ��E 798,<
K ° Ç�Ä¾Åw<?;�4�5�78+BD<¯`k@D;,<¯Ã W 5 
�`k<?7BA<?�©<n>I; :©�©5 @a`�HI<©HZ5�>9>9gn<h`�`k5�>Z;3HI@a`�4�5�>9@D:9BA<h`c° \ F©« Fq8,@iFq:9@DBA@D;,g
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@D>I;=<?8k»½Fq>>I79<nBABA<¯8,<o`k;,<$Fh7�`,`�@�:9@D<?>�8,<?48,gh`�<?>I;=g?<�Å `,Fq7 ��4�5�798¯BA<h`e`�@A;=<h` ·VP Å ±�X Å U+L Å ²�¹ Å ��O Å
Y ¶�5©<?; M
p °]f�FqBDE�8=geBaF"« FqBD<?798VHI< R f YZO ;=8,mh`�g?BA<?«�gn<+4�5 798�BA<e`�@A;=<ef O Á ¬,7�`=À^7]T � 94 W m−2 Ä¾Å
BiF©«�Fh8,@iFq:9@DBA@A;=g�<h`�;�:9@A<?>�8=<?498=gh`k<?>Z;,gn<�ÅwF?«�<hbeHZ<h`�b¼5�8=8,g?BiFq;,@D5�>�`VHI<h`��©5h®�<?>9>9<o` �©<n>�`k79<nBABA<o`&<?;3HI<h`
� 5q®�<n>9>9<h`QHI<h`=`,Fh@a`k5 >9>�FhBA@a`�g?<h`�HI< 0.95 <?; 0.74 8,<h`�46<ob¼;,@D«�<?�©<?>Z;?°

Y @D�"79BiFq;=@A5�> ¹ @aFq@i` R f YZO
W,YZ¹C² » MCM Á g?«Z@A;=<?�©<?>Z;¼Ä ��ÉZ°<: Ç���° Ç
W,YZ¹C² » MCM Á ;=5�BAgn8¾Fq>Êb¼<�Ä ��:Z° Ç Ç���° �
W,YZ¹C² »½`k;GFq>�H9Fh8¾H � Æ ° � Ç :I° :
W,YZ¹C² » A » gs

Á g?«Z@A;=<?�©<c>I;cÄ �^�j° Æ Ç ;I°DÈ
W,YZ¹C² » A » gs

Á ;=5�BAgn8¾Fq>Êb¼<�Ä �^�j° Ç Ç ;I° Ç

����� � ÉI°<: � ¹ @aFh@a`1Á �©5ZHZm?BA<1»¯5�:�`�<?8,« Fq;=@A5 >�` Ä¯<?; R f YZO
(W m−2) �©5h®�<?>�`¯`k798 BA<h`©� :�`k@A;=<h`

Ã \µP���U�OQN 4�5�7983BA<¯b¼®b¼BA<¯Fh>9>Z79<?BQHI7 ��7 ¸ HZ<©b¾l�FqBD<?798�`�<?>�`�@A:9BD<e5�:9;=<?>I7Ê`+F?«�<hb�BA<h`�HI@ ¿µg?8,<?>Z;,<o`
5 49;,@D5�>�`�HwT WGY^¹C² <?;CBA<o`&HI<?7 ¸ `k;=8¾Fq;=g?E�@D<h`CHI<�8,gn465 >�`k<JFq7 `k;,8=<h`,`&lZ®HI8,@iÀ^79<�HI7�`�5�B�°

� ���.�!& ���!����
�& &(
 �.���

L >�`cT @D>I;=g?8,<h`=`k<�@ab¼@���BiF"bnFq4�F b¼@A;=g�HI7�� 5ZHIm?BA< ��8,<?498=5ZHI79@D8,<�BD<�b¼®b¼BA<�HI@A798=>9<3HI<h`$��7 ¸ ;,798=:97I»
BD<?>Z;¾`¼° ² ��>$HI<�><�bc5�>�`�<?8,«�<?8�À^7<+BD<h` 4�g?8=@A5ZHI<o` 4�<?>�HFq>Z;CBA<h`=À^79<nBABA<o`BD<h`$��7 ¸ `k5�>Z;CBA<o`&49BA7�`$� 5 8,;G`¼Å
`�<?79BD<h`+BD<h`�5�:�`�<?8,« Fq;=@A5 >�`e`k<?� @ »Âl95�8GFq@A8=<h`�HI<h`��©5�@i`+HZ<�¬,79@A> Å9¬,79@DBABA<n;�<?;eFh5 �9;¯`�5�>Z;e`�g?BA<hbc;,@A5 >9>9g?<o`
4�5 798
b?FqBib¼79BA<n8 79> b¼®b¼BA<�HI@A78,>9<C�©5h®�<?> Å?<?;)BaFV`kg?8=@A<C;,<n�©4�5�8,<nBABA<
HI<o`)Fq>95 �1FqBD@A<h`��+bc<�b¼®9bcBA<
HI@A78,>9<
� 5q®�<n>]° Y <?79BD<h`�BD<h`�ghb lghFq>�bc<h` 4�5 798�BD<h`,À�79<?BDBA<h`C49BA7Ê`+HZ<"BiF"�©5�@D;,@DgeHI<h`�5 :�`k<?8=« Fq;,@D5�>�`3`k5 >I;�498=g¼»
`�<?>Z;,<h`Q`k5 >I;
8,<?;=<?>Z79<h` 4�5�78CBaF�b¼5�� 4�Fq8GFq@a`�5�>©<n>I;=8,<CBA<��©5ZHImnBA<C<?;QBA<o`5 :�`k<n8,« Fq;=@A5�>Ê`¼° \ F�8¾F b¼@A>9<VHI<
BÂT <?8=8,<?78)À�7�F�HZ8¾Fq;=@aÀ�79<��©5h®�<?>9>9<VÁ R f YZO Ä�À^7ÊFq>Z;,@ �Ê<�BD<C:9@aFh@a`QHI7¯�©5ZHIm?BD<�Åq<n;)BaF�b¼5 8,8,gnBaFq;=@A5 >"<?>Z;,8=<
BD<h`�`�g?8,@D<h`eHI<©« FhBA<?798G`e`k<?� @ »Âl95�8GFq@A8=<h`�<?;eBaF�bc5�8,8=g?BaFh;,@D5�>[<?>Z;,8=<©BA<o`�`kgn8,@A<o`e`k<?�©@ »�l5�8¾Fh@A8=<h`�HwT Fh>95q»
�/FqBA@D<h`&Fh7£b¼®b¼BA<�HZ@A798=>9<��©5h®�<?> �©<h`k78,<?>Z;&BiF"b?Fh4�F�bc@A;,gJHI7�� 5ZHIm?BA< �e8,<?48,5ZHI79@D8,<3BaFe«�Fh8,@iFq:9@DBA@A;=g
@D>I;=8¾F?»�`=Fq@a`�5�>9>@Am?8=<�° \ <h`Cb¼®b¼BA<h` HI@A798=>9<h`Q�©5h®�<?>�`)`�5�>Z;&;,8GF�b¼go` 4�5�798�b¾l�F À^79<�`k@A;=<�HFq>�`&BÂT Fq>>9< ¸ < K
Á!��E�78,<h` K ° É � K ° ��Ä¾°

\ <h`���E�78,<h`3ÉI° Æ �$ÉI°<:1498,go`k<?>Z;,<?>Z;�BD<h`�`k;GFq;=@a`k;=@aÀ�79<h`�`k78�BA<¯bc®9b¼BD<¯HI@A78,>9<¯<?>£g?;,g¯HI7 ��7 ¸ HI<
8GF?®�5�>9>9<n�©<?>Z; >9<n;?Å�HI7 ��7 ¸ HI<Vb lÊFqBA<n798)BaFh;,<?>Z;,<C<n;&HZ7 ��7 ¸ HI<�b¾l�FhBA<?798`k<?>�`�@A:9BD<�Å��©<o`k798=gh`)`k78 BD<h`
� :e`k@D;,<h`QÃ \µP���U�OQN <?;
`k@D�"7BAgh` 4ÊFq8 W,YZ¹C² » MCM 465 798CBA<o` HZ<?7 ¸ `k;=8¾Fh;,g?E @A<h`
HI<�8=g?4�5�>�`�<�Fq7$`�;,8,<o`,`
lZ®HI8,@iÀ^79<�HI7$`k5�B
Á�bc<?8¾b¼BD<h`):9BA<n7�`$� 5�>�bcgh` ÄG°

² >5�79«�<hFh7]ÅIBD<��©5ZHImnBA<V`k@A�¯79BD<C:9@A<?> BA<Vb¼®9bcBA<VHI@A798=>9<�HI718GFo®�5 >9>9<?� <?>I; >9<?;&4�5 798CBaF�49BD794�Fh8,;
HZ<h`]`k@D;,<h`�Á ��E 798,< K ° É^Ä¾° \ <o`w«�FhBA<?78¾`]HI< R f YZO `k5�>Z;]49BD7�`wg?BA<n«�g?<h`�À^7<QH9Fq>Ê` BD<Qb?F�`]HZ7�bc®9b¼BD<)Fh>9>Z79<?B
bnFq8e<?BDBA<h`�`k5 >I;Jb?FqBib¼79BDg?<h`�`k798eBD<h`�`�g?8,@D<h`�`�<?�©@ »�l95 8¾Fh@A8,<o`�<n;�>95 >_`�798eBA<o`+�©5h®�<?>9><h`��©<?>Ê`k79<?BDBA<h`cÅ
F?«�<hb�79>9<e« FqBD<?798��©5h®�<?>9>9<3HI< 66 W m−2 `�798�B�T <n>�`k<?�¯:9B <�HI<o`���:1`k@D;,<h`�Á ;GFq:9BD<hFq7£ÉZ° � Ä¾° ² ;=@A;,8=<
HZ<�b¼5�� 4�Fq8GFq@a`�5�>]Å N �C@A>9< ���	��
 ��Á���� ����ÄQ<h`k;=@A�©<?>Z;�B�T @D>�b¼<?8=;,@D;,7�HI<
BA@Dg?<���B�T @A>�`�;,8,7�©<?>Z;)HI<��©<h`�798,< �



�� � � #)�!�!��# ������
 ��� 3 ����7(��&'	 ����� 0���� "5��� ��&("*"5� ��&("�� �	��
� ���

� ����� ÉZ° Æ � R f YZO <?>I;=8,<QBA<o`]`kg?8=@A<h`µ`k<?�©@ »�l5�8¾Fh@A8=<h` ÁÂº�º ² Ä�5�:�`�<?8,«�gn<h`w<?;�`k@D�"7BAg?<h`�HI<Q8GFo®�5 >9>9<?� <?>I;
>9<?;CÁ l�Fq79;cÄ¾ÅZHI<���7 ¸ HI<Vb lÊFqBA<n798 BiFq;=<?>I;=<�Á �©@DBA@D<?7wÄ9<n;QHI< ��7 ¸ HZ<�b l�FhBA<?78Q`k<?>Ê`k@A:BA<�Á :�F�`¾Ä)4�5�78&HZ@ �a»
� g?8,<?>Z;,<o` 5 49;,@D5�>�`
HwT W,YZ¹C² d W,YZ¹C² »½`k;¾Fh>�H9Fh8¾H1Á ;,8=@aFh>9E�BD<h`)>95�@D8¾` ÄGÅ W,YZ¹C² » A » gs

Á�bnFq8,8=gh`):9BA<n7�`)b¼BiFq@A8G` Ä
<?; W,YZ¹C² » MCM Á�bc<?8¾b¼BD<h`&:9BD<?7�` � 5 >�b¼gh`¾Ä �w4�5�798 WGY^¹C² » A» gs

<?; W,YZ¹C² » MCM d]`�;,8¾Fh;,g?E @A<JHwT g?«Z@A;=<?�©<?>Z;
HI7$`k;,8=<h`,`�Á�`�®I�¯:�5�BD<h` 49BD<?@A>Ê` Ä)<n;�`k;,8GFq;=g?E�@D<�HZ<+;=5�BDg?8¾Fh>�b¼<3Fq7$`k;=8,<h`=`+ÁÂ`k®Z�":�5 BA<h`Qg?«I@iHIgh`¾Ä¾°



9 � % �2#)���!��# ���!�
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������� ÉI° É � M 5�8,8=g?BaFh;,@D5�>©<?>Z;,8=<CBA<h`Q`�g?8,@D<h`Q`k<?�©@ »�l5�8¾Fh@A8=<h`&Á�º�º ² Ä 5 :�`k<n8,«�g?<h`)<?;
`�@A�¯79BAg?<o` HI<�8¾F?®�5 >I»
><?�©<?>Z;)>9<?;VÁ l�Fh79;¼ÄGÅ�HI<���7 ¸ HI<�b l�FhBA<?78&BaFh;,<?>Z;,<3Á � @ABA@D<?7wÄ]<n;CHI<��Ê7 ¸ HZ<�b lÊFqBA<n798C`�<?>�`k@D:9BA<3Á :ÊF�` Ä
4�5 798)HZ@ ¿µg?8,<n>I;=<h`w5�49;=@A5 >�` HµT W,YZ¹C² d W,YZ¹C² »½`k;GFq>�HFq8¾HeÁ ;,8,@iFq>9E BA<h`]>95 @A8¾`¾Ä¾Å W,YZ¹C² » A » gs

Á�bnFq8,8=gh`w:9BD<?7�`
bcBaFq@D8¾`¾ÄQ<?; W,YZ¹C² » MCM ÁÂb¼<?8¾bcBA<h`Q:9BA<?7Ê`$� 5�>�b¼go` Ä ��4�5�798 W,YZ¹C² » A» gs

<?; W,YZ¹C² » MCM dµ`k;=8¾Fq;=g?E�@D<3HwT g?«Z@ »
;=<?�©<?>Z;
HI7$`k;=8,<h`=`+ÁÂ`k®Z�":�5�BD<h` 4BA<?@D>�` Ä <?;�`k;=8¾Fq;=g?E�@D<3HI<�;,5�BDg?8¾Fh>�b¼<3Fq7$`�;,8,<o`,`�Á�`k®Z�¯:65 BA<h`Qg?«Z@aHIgh`¾Ä¾°



�� � � #)�!�!��# ������
 ��� 3 ����7(��&'	 ����� 0���� "5��� ��&("*"5� ��&("�� �	��
� ���

� ����� ÉI°<: � M 5�8=8,g?BiFq;,@D5�>�`�<?>I;=8,<3BA<h`�`kg?8=@A<h`�`k<n�©@ »Âl95�8GFq@D8,<h`CHwT Fq>95 �1FqBD@A<h`CFh7[bc®9b¼BD<3HI@A798=>9<�� 5q®�<n>
Á�º�º ² Äµ5�:�`�<?8,«�gn<h` <?; `k@D�"79BDg?<h`]HI<
8¾F?®�5�>>9<?�©<?>Z;]>9<?;�Á l�Fh79;¼ÄGÅ�HI<$�Ê7 ¸ HI<�b¾l�FhBA<?798�BaFh;,<?>Z;,<VÁ �©@DBA@D<?7wÄ
<?;$HI<���7 ¸ HI<�b¾l�FqBD<?7981`�<?>�`k@D:9BA<�Á :�F�`¾Ä¯465 798�HZ@ ¿µg?8,<n>I;=<h`"5�4;,@A5 >�`�HµT W,YZ¹C² d WGY^¹C² »�`�;¾Fh>�H9Fq8GH
Á ;,8=@aFh>9E�BD<h` >95 @A8G` Ä¾Å W,YZ¹C² » A» gs

ÁÂb?Fq8=8,gh`Q:9BA<n7�`&b¼BiFq@D8¾` Ä <?; W,YZ¹C² » MCM Á�b¼<?8Gb¼BA<o` :9BA<n7�`"� 5 >�b¼gh`¾Ä �I4�5�78
WGY^¹C² » A» gs

<?; W,YZ¹C² » MCM d9`k;=8¾Fh;,g?E @A<VHwT g?«Z@A;=<?�©<?>Z; HI71`k;=8,<h`=`�ÁÂ`k®Z�":�5�BD<h`)49BA<n@A>�`¾Ä <n;C`k;=8¾Fh;,g?E @A<�HI<
;,5�BDg?8¾Fh>�b¼<3Fq7$`�;,8,<o`,`�Á�`k®Z�¯:65 BA<h`Qg?«Z@aHIgh`¾Ä¾°
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22 W m−2 Å�b?FhBab¼7BAg?<V`k798VHI<h`CHZ5�>9>9gn<h`C`k<?� @ »Âl95�8GFq@A8=<h` BD5�8G`CHwT 79><�bnFq�©4�FhE�>9<�HI<3À^79<nBaÀ�79<h`w¬,5 798¾`
HFq>�`&BD<h` · 8¾Fh>�HI<h` p BiFq@A><h`QFq�©g?8=@ab?Fh@A>9<o`¼° \ < R f YZO HIg?4ÊF�`,`�<�BaFq8=E�<?� <?>I;b¼<?;,;=<�« FhBA<?798
�©5h®�<?>9>9<
4�5 798&BD<h`Q`k@A;=<h` ±�´ Å ²V¹ Å�f O Å Y ¶�59Å Y ¶�®e<n; ¹&X3Y ° p 5 798Cb¼<VHI<?8=>9@A<n8Q`k@D;,<�Å�BD<�bc®9b¼BD<CHI@D798,><��©5h®�<?>
<o`k;eHZghb?FqBDg©HZ<©498,<o`,À�79<©HZ<?7 ¸ l9<?798=<h`�H9Fq>�`�BD<"� 5ZHIm?BA<1Á!��E�78,< K ° É^ÄG° \ F�b¼5 8,8,gnBaFq;=@A5 >�<?>Z;,8=<"BD<h`
`�g?8,@D<h`C`k<n�©@ »Âl95�8GFq@D8,<h`)<h`�;�`k794�g?8=@A<?798=< � 0.90 465 798�48,<h`=À^79<V;,5�7Ê` BD<h`C`k@D;,<h`c° \ Fe«�Fh8,@iFq:9@DBA@A;=g�@A>Z;,8GFo»
`=Fq@i`k5�>>9@Am?8=<�<h`k;/Fq7�`=`k@�:9@D<?>_8=<?498=5ZHI79@A;=<�ÅCF?«�<hb©79>9<£bc5�8,8=g?BaFh;,@D5�>t<?>Z;,8=<�BA<o`"`�g?8,@D<h`"HµT Fq>5��1FhBA@A<o`
`�794�g?8,@D<?798=< � 0.80 Åµ`,Fh7��Q4�5�798�BA<o`C`k@A;=<h` ±�´ Å Y ¶�59Å Y ¶�®©<n; ¹&X�Y °

Y @D�"79BiFq;=@A5�> ¹ @aFq@i` R f YZO
W,YZ¹C² » MCM Á g?«Z@A;=<?�©<?>Z;¼Ä Èq�j° Ç : :I° �
W,YZ¹C² » MCM Á ;=5�BAgn8¾Fq>Êb¼<�Ä È5;Z°AÈ : :I° ;
W,YZ¹C² »½`k;GFq>�H9Fh8¾H È5;Z° Æ :���° �
W,YZ¹C² » A » gs

Á g?«Z@A;=<?�©<c>I;cÄ È5;Z° � : :I° ;
W,YZ¹C² » A » gs

Á ;=5�BAgn8¾Fq>Êb¼<�Ä È5;Z° Ç :���° �

����� � ÉI° � � ¹ @aFh@a`1Á �©5ZHZm?BA<1»¯5�:�`�<?8,« Fq;=@A5 >�` Ä¯<?; R f YZO
(W m−2) �©5h®�<?>�`¯`k798 BA<h`©� :�`k@A;=<h`

Ã \µP���U�OQN 465 798�BA<3b¼®b¼BA<�HZ@A798=>9<3HI7�8GFo®�5 >9>9<?� <?>I;Q>9<n;C5�:9;=<?>I7Ê`�F?«�<hb�BA<o`CHI@ ¿µg?8=<?>I;=<h` 5 49;,@D5�>�`
HµT W,YZ¹C² <?;CBD<h`&HZ<?7 ¸ `�;,8¾Fh;,g?E @A<h`CHZ<+8=g?4�5�>�`�<eFh7�`k;=8,<h`=`&lI®HI8=@aÀ�79<�HI7 `k5�BÂ°

\ <h`&« FhBA<?798G`&HI< R f YZO `k5 >I;�HI71� 	?�©<
5�8¾HZ8,<�HI<VE�8¾Fh>�HI<?78C465 798CBA< ��7 ¸ HI<�b¾l�FqBD<?798&BiFq;=<?>I;=<
F?«�<hb�79><e«�FhBA<?78��©5h®�<?>>9<�HI< 72 W m−2 Á ;GFq:9BD<hFq7£ÉZ°<;�Ä&<?;�HI<h`C«�FhBA<?78¾`�49BD7�`Cg?BA<?«�gn<h`&4�5�798�BD<h`
`�@A;=<h` Y ¶�59Å Y ¶�®�Å p�L Å ¹&X�Y Å ¹&X+M <?; YZ± ° \ <��©5ZHZm?BA<�`�798,<h`�;,@D�©<&BD<h`)«�FhBA<?78¾`)�1F ¸ @A�/FqB <h`�HI7 �Ê7 ¸
<n>��©@DBA@A<n7©HI<�¬,5�798=>9g?<�Å9<n>�4�Fh8,;,@ib¼79BD@A<?8
465 798�BD<h`�`�@A;=<h` Y ¶�®1<?; Y^± Á!��E�78,< K ° :^Ä¾° \ F b¼5�8=8,g?BiFq;,@D5�>
<n>I;=8,<�BD<h`�`kg?8=@A<h`�`�<?�©@ »�l95 8¾Fh@A8,<o`&<h`k;�`�794�g?8,@D<?798=< � 0.70 465 798�;,5 7�`�BA<o`�`k@D;,<h`�`,Fh7���Ã \ Åµf O Å Y ¶�5
<n; ¹&X�M ° \ <h`Cb¼5 8,8,gnBaFq;=@A5 >�`&HI<o`&`kgn8,@A<o`&HwT Fq>95 �1FqBD@A<h`)`�5�>Z;�`k794�g?8=@A<?78,<h`�� 0.40 `,Fq7 �)4�5�78CBA<h`Q`k@D;,<h`
f O Å Y ¶�59Å M
p Å p&L Á�`k;=8¾Fh;,g?E @A<3HI<�;,5 BAg?8GFq>�b¼<3Fh7�`�;,8=<h`,`¾Ä¾Å ¹&X�Y <?; ¹&X�M °

Y @D�"79BiFq;=@A5�> ¹ @aFq@i` R f YZO
W,YZ¹C² » MCM Á g?«Z@A;=<?�©<?>Z;¼Ä È?�Z°<: �o�I° �
W,YZ¹C² » MCM Á ;=5�BAgn8¾Fq>Êb¼<�Ä È?ÉZ° � �o�I° �
W,YZ¹C² »½`k;GFq>�H9Fh8¾H È Æ ° É : �I°DÈ
W,YZ¹C² » A » gs

Á g?«Z@A;=<?�©<c>I;cÄ È�È °<: : :I° :
W,YZ¹C² » A » gs

Á ;=5�BAgn8¾Fq>Êb¼<�Ä È?�Z°<: : ;I° ;

����� � ÉI°<; � ¹ @aFh@a`1Á �©5ZHZm?BA<1»¯5�:�`�<?8,« Fq;=@A5 >�` Ä¯<?; R f YZO
(W m−2) �©5h®�<?>�`¯`k798 BA<h`©� :�`k@A;=<h`

Ã \µP���U�OQN 4�5�798¯BA< b¼®b¼BA< HI@D798,>9</HI7 ��7 ¸ HI</b l�FhBA<?78�BaFh;,<?>Z;,< 5�:9;=<?>I7Ê`�F?«�<hb"BD<h`�HI@ ¿µg?8,<?>Z;,<o`
5 49;,@D5�>�`�HwT WGY^¹C² <?;CBA<o`&HI<?7 ¸ `k;=8¾Fq;=g?E�@D<h`CHI<�8,gn465 >�`k<JFq7 `k;,8=<h`,`&lZ®HI8,@iÀ^79<�HI7�`�5�B�°

² BÂT @D>�`k;GFq8CHZ7�bc®9b¼BD<�Fh>9>Z79<?B�ÅZBA<h` R f Y^O `�5�>Z;C49BA7Ê`&g?BA<?«�go` 4�5�798�BA<��Ê7 ¸ HZ<�b¾l�FhBA<?798
`�<?>�`k@D:9BA<jÅ
<n;�b¼5 8,8=<h`k4�5�>ÊHI<?>Z;��©HZ<h` :@aFq@i` 48,<h`=À^79<�;=5�7h¬,5 798¾`�4�5j`k@A;=@ �Â`�<n>I;=8,<�BA<��©5ZHImnBA<�<?;CBA<o` 5 :�`k<?8=« Fq;,@D5�>�`



� � � � #)�!�!��# ������
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Á ��E 798,< K ° ��ÄG° \ < R f YZO HIg?4�F `,`k< 120 W m−2 465 798CBA<o`&`k@D;,<h`
f O Å Y ¶�5Å Y ¶�®¯<?; p&L Á�`�;,8GFq;,gnE�@A<
HI<1;,5�BDg?8¾Fh>�b¼<$Fq7�`�;,8,<o`,` ÄG° \ < R f YZO � 5q®�<n>�« Fq7; 91 W m−2 4�5 798"BÂT <?>Ê`k<?�¯:9BA<¯HZ<h`e��:£`k@D;,<h`
Á ;¾Fh:9BA<oFq7$ÉI° �^Ä¾° \ Feb¼5�8=8,g?BiFq;=@A5�> <?>I;=8,<�BD<h`&bc®9b¼BD<h`QHI@A78,>9<h`Q5�:�`�<?8,«�go` <?;�`k@A�¯79BDgh` <h`�;&E�gn>9g?8¾FhBA<?� <?>I;
g?BA<?«�gn<�Å�`,Fh7���4�5�798eBD<¯`k@A;=< p&L <n>[`�;,8¾Fh;,g?E @A< HI<¯;,5�BDg?8¾Fh>�b¼< Fq7�`�;,8=<h`,`�<?;�4�5�798eBD<¯`k@D;,< ¹&X�Y ° K <
� 	?�©<�Å�BiF"b¼5 8,8=g?BaFh;,@A5 >�<?>Z;,8,<�BD<h`�`kgn8,@A<o`�HwT Fq>95 �1FqBD@A<h`CFh7£b¼®b¼BA<3HI@D798,>9<3�©5h®�<?>1<h`k;V`k746gn8,@A<n798,< �
0.40 Åµ`,Fh7��Q4�5�78�BD<h`C`k@D;,<h` M
p Å p&L ÁÂ`k;=8¾Fq;=g?E�@D<3HI<�;=5�BDg?8¾Fh>�b¼<�Fh7�`k;=8,<h`=` ÄGÅ ¹&X�Y Å ¹&X�M <?;�Ã W ° O BABA<
<h`k;C>9gnE�Fq;=@A«�<�4�5 798�BA<�`k@A;=< ¹&X�Y °

Y @D�"7BaFq;=@A5 > ¹ @iFq@a` R f YZO
W,YZ¹C² » MCM Á gn«I@D;,<?�©<n>I;cÄ Ç���° � ���I° É
W,YZ¹C² » MCM Á ;=5�BDg?8¾Fh>�b¼<�Ä Ç ÉI° Æ �IÈ�° �
W,YZ¹C² »½`k;GFq>�HFq8¾H Ç :I° É ;��I° ;
W,YZ¹C² » A » gs

Á g?«Z@A;,<n�©<?>Z;¼Ä Ç �I° Æ �IÈ�° Ç
W,YZ¹C² » A » gs

Á ;,5 BAg?8GFq>�b¼< Ä Ç ;I° É ��ÇI° �

� � � � ÉI° � � ¹ @iFq@a`1Á � 5ZHIm?BA<1»¯5�:�`�<?8,« Fh;,@A5 >�` Ä¯<?; R f YZO
(W m−2) �©5h®�<?>�`e`�7981BA<h` ��:�`k@D;,<h`

Ã \µP���U�OQN 465 798�BD<¯b¼®b¼BA<¯HI@D798,><¯HI7 ��7 ¸ HZ<©b¾l�FqBD<?798�`�<?>�`�@A:9BD<"5 :9;,<?>Z7�`�F?«�<hb�BA<o`+HZ@ ¿µg?8,<n>I;=<h`
5�49;=@A5�>Ê`�HwT W,YZ¹C² <?;
BA<h`CHI<n7 ¸ `k;=8¾Fh;,g?E @A<h`CHI<�8=g?4�5�>�`�<eFq7 `k;=8,<h`=`&lI®HI8,@iÀ^7<�HI7�`�5�BÂ°

	1�!"5�.��"5"5�!��


\ F�b¼5 �©4�Fq8GFq@i`k5�>�HI<h`]`k@D�"7BaFq;=@A5 >�`�HwT W,YZ¹C² » MCM <?;�HI<o`w�©<h`k78,<h`�HI<h`]`�@A;=<h`wÃ \µP ��U�OQN �©5�>Z;,8=<
À^79<VBA<��©5ZHIm?BD<�`�@A�¯79BA<�HI<��1Fh>9@Am?8=<�`,Fh;,@a` �ÂFq@i`,Fq>Z;,<�BD<h`Qb?Fq8GF�b¼;=g?8,@i`k;,@iÀ^7<h`)498,@D>�b¼@A4ÊFqBA<o` HZ71b¼®b¼BA<VFq>I»
>I79<nB]<?;�HZ7�b¼®b¼BA<�HI@A798=>9<3HI<h`���7 ¸ ;,78,:979BD<?>Z;¾` LE <?; H ° O BDBA<�8,g?«�mnBA<�;=5�79;=<&� 5�@i`�HI<o`�HI@ ¿µg?8,<?>Êb¼<h`
@A�©4�5�8=;¾Fh>I;=<h`+<?>Z;,8=<1BA<©�©5ZHZm?BA<©<n;eBA<h`�5 :�`k<?8=« Fq;,@D5�>�`c° M <o`"HI@ ¿µg?8,<?>Êb¼<h`+4�<?7«�<?>I;3«�<?>9@D8eHI<$;,8,5 @a`
`k5�78¾b¼<h`VHwT <?8=8,<?78�dwBD<h`C<?8,8=<?798¾`V`k798�BiF"�©<h`�798,<3HI<o` ��7 ¸ Å6BD<h`�<?8=8,<?78¾`�`k798�BA<�� 5�8 �?FqE <¯Fq;,� 5�`k4l9g¼»
8,@aÀ�79<�ÅZ<?;CBA<o` <?8=8,<?798G`CHI7�� 5ZHIm?BA<j°

\ <�8¾F?®�5 >9>9<?�©<n>I;]>9<n;?Å�b�T <h`k;�»%�?»�HZ@A8,<CBÂT g?><?8,E @A<CHZ@a`k4�5 >9@A:9BD<C<?>¯`k78#�ÂF�bc<�Å�<h`�; �/FqBZ8,<?498=gh`k<n>I;=g&4�Fh8
BA<��©5ZHZm?BA<�4�5�798CBD<h`&`�@A;,<o` p&L Å ¹&X�Y Å ��¹ Å Y ¶�59Å Y ¶�®©<?;�f O Á!��E�78,<h`CÉZ°AÈ��eÉI° :^ÄG° p 5 798�b lÊF�b¼79>
HI<3b¼<h`�`k@A;=<h`¼ÅZBA<���7 ¸ `�@A�¯79BAgV`k798=<h`k;=@A�©<VBA<���7 ¸ 5 :�`k<n8,«�g¯Á ��E 798,< K °AÈhÄ¾° \ <38¾F?®�5�>9><?�©<?>Z;Q>9<?;�<h`k;
BA< ��7 ¸ HI7_:@ABaFh>�HwT g?><?8,E @A< HI5�>Z;"BiF��©<h`�798,<¯<h`k;eBiF�49BA7Ê`�498=ghb¼@i`k<1`�<?BA5 > N �C@A>< ������
�CÁÂ����� �^ÄG°
\ <h`�<?8=8,<?798G`�HZ<��©<h`�798,<�`k5�>Z;�g?« FhBA79g?<o`�� 6 
 4�5�798�BD<h`�`k@A;=<h`Cl95��©5 E�m?><h`¼° M <?4�<?>ÊH9Fq>Z;?Å�BA<h`�`k@D;,<h`
Y ¶�59Å Y ¶�®£<?; ��¹ `k5 >I;e« FqBDBA5 >9>9gh`cÅ ;¾Fh>�HI@i`"À�79<©BD<1`k@D;,<$f O 498=gh`k<n>I;=<©79>�4�F?®9`=FqE <�bc5��©49BD< ¸ <
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p <h`k;eBD<�`�<?79B�`�@A;,<14�5�78©BA<hÀ�79<?B
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�Á�� ������ÄQ<h`k;=@A�©<n>I;]BD<�HIgh`kgoÀ^79@DBA@D:98,<
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HwT g?« FhBA79<?8�B�T @A�©4ÊF�b¼;
HI<eBiF�4�Fh8¾Fh�©g?;,8=@a`=Fq;,@D5�> HI<�BiF©b¼5�>ÊHI7�b¼;GFq>�b¼<J`k;=5��1Fh;,@aÀ�79<�<?>�� 5 >�b¼;,@D5�> HI<eBaF
49l95�;=5�`�®I>Z;,l9mo`k<�ÅZ<?;CHI<�BaF3`k@D�"79BiFq;=@A5�>¯@A>Z;,<n8¾F�bc;,@A«�<�HI7 \µ²�W ° M T <h`�; 7>9<�Fq7;,8,<��1Fh>9@Amn8,<�HI<�« FqBA@iHI<?8
BA<1�©5ZHIm?BD<£d)<?>_<¼¿µ<?;nÅ BD<1498,<?� @A<?835�:Z¬,<hb¼;=@ ��HwT W,YZ¹C² » MCM 8,<h`�;,< HI<�`�@A�¯79BA<?83HI<o` ��7 ¸ HµT <hFh7_<?;
HwT g?><?8,E @A<18,ghFhBA@i`k;,<o`�<?>I;=8,<$BaF£`k798%�ÂF�b¼<$<?;"BÂT Fh;,�©5j`k49l9mn8,<�° WGY^¹C² »�`�;¾Fh>�H9Fq8GHtF gn;,g�« FhBA@aHZg�`�7981HI<
>95��¯:98,<n7�`k<h`Qb?Fh�©4�FhE�>9<h`CHZ<��©<h`�798,<�Å�<?;CBiF�b¼5 �©4�Fh8¾Fq@i`k5 >¥<n>I;=8,<�BD<h`&HI@ ¿µg?8,<?>Z;,<o` 5�4;,@A5 >�`&4�<?8,� <?;
HwT <h`�;,@D�©<?8QBaF�8=5�:97�`�;,<h`=`k<3HI7$�©5ZHIm?BD<�°

� �3%4�#)��#)�!"5��
 &(
����& 	������ 0 ��� &.�'	 ����� 0 ",��#)
���# �8�

\ <o` ��E 798,<o`"ÉZ°AÈ���ÉZ°<:�<?;"BD<h`�;¾Fh:9BA<oFq7 ¸ ÉZ° Æ ��ÉZ° ��498,go`k<?>Z;,<?>Z;eg?EjFqBA<n�©<?>Z;+BD<h`e`k;GFq;=@a`k;=@aÀ�79<h`
5�:9;=<?>I7<h`CF?«�<hb W,YZ¹C² »½`k;GFq>�H9Fh8¾H$`k798CBD<h`C`k@D;,<h`CÃ \µP ��U�OQN °

\ F�b¼5 �©4�Fq8GFq@i`k5�>�<?>Z;,8=<)BA<o`]HI<?7 ¸ 5 49;,@D5�>�`�HwT WGY^¹C² �©5 >I;=8,<QÀ�7]T Fq7�b¼7>9<QHI<h`]5�4;,@A5 >�`w>9<Q4�<?8,� <?;
HwT Fh�©g?BA@D5�8=<?83`k®`k;,gn�1Fq;=@aÀ�79<?�©<?>�;�BiF�`�@A�¯79BaFh;,@A5 >�HI<h` ��7 ¸ ° O >�<¼¿µ<?;?ÅQ4�5�798/b l�F À^7<¥4ÊFq8¾Fh�©m?;=8,<
`k;¾Fh;,@i`k;,@iÀ^7<Cb¼5 >�`k@iHIg?8,gjÅ W,YZ¹C² » MCM Fh�©g?BA@D5�8=< <n;)HIgnE�8¾F HI<CBaFV`k@A�¯79BiFq;,@D5�>3HI<h`
��7 ¸ 4�5 798)79>e>95 �":8,<
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goÀ^79@D« FqBA<n>I;
HI<�`�@A;=<h`)4�Fq8C8GFq494�5�8=; � W,YZ¹C² »½`k;¾Fh>�H9Fh8¾Hw° \ T Fq� g?BA@D5�8¾Fh;,@D5�>e4�Fh8 WGY^¹C² » MCM HZ7 R f Y^O
4�5 798&79>¯HZ<h` ��7 ¸ ;,78,:979BD<?>Z;¾`)`�<��ÂFq@A;
`�5�79«�<?>Z;QFh7©HIgn;,8,@D�©<?>Z;�HI<CBaF�HIgnE�8¾F H9Fq;=@A5 >1HI7 R f YZO 4�5�798
BÂT Fh79;,8=< �Ê7 ¸ Å)�"bnFq7�`�<eHI<�BaF�>5�>I» � <?8,� <?;,798=<�HI71:9@DBaFq>$HwT g?>9<?8=E�@D<�<?;CBaF¯`k5 7�`½»Â<h`�;,@A�/Fq;,@D5�>$HI<h`$�Ê7 ¸
;=798,:79BA<?>Z;¾`&4ÊFq8CBaFe�©g?;=l95ZHI<�HZ<h`Cb¼5�8=8,g?BiFq;=@A5�>Ê`&;,798=:979BA<n>I;=<h`�Á � @ABa`�5�> ��� ��
� Å�� ������Ä¾°

K <C4BA7�`cÅ�B�T Fq�©g?BD@A5 8¾Fq;=@A5 >�HZ<CBaF�b¼5 8,8=g?BaFh;,@A5 >e<?>Z;,8,<CBD<h`]5�:�`�<?8,« Fq;=@A5 >�` <?; BA<&� 5ZHIm?BA<
4�Fq8Q79><�HI<h`
5 49;,@D5�>�`&4�5 8,;,<VE�g?>9gn8¾FqBD<?�©<?>Z; `k798
79>$`k<?79BµF `k4�<hb¼;�HI<h`&`�@A�¯79BaFh;,@D5�>�`c° O >©<¼¿µ<?;?Å�@DB6® F+;=8,mh`Q4�<?71HI<
`�@A;=<h` 4�5�798
BA<h`=À^7<?Ba` W,YZ¹C² » MCM Fq� g?BA@D5�8,<Q5 7©HIgnE�8¾F HI<V`k@A�¯79BD;¾Fq>g?�©<?>�;]BD<���7 ¸ HI<�b¾l�FqBD<?798)BiFq;=<?>I;=<
<n;+BD< �Ê7 ¸ HI< b l�FhBA<?78�`�<?>�`�@A:9BD<�Åw5�7�:9@A<?>£BA<¯bc®9b¼BD<¯Fq>9>Z79<?BQ<?;�BD<©b¼®b¼BD<eHI@D798,>9<jÅ 5 7[:9@D<?>�<?>�b¼5 8,<
BiFeb¼5�8=8,g?BiFq;=@A5�>/HI<h`C`kgn8,@A<o` :98=79;,<h`&<n;�b¼<?BABD<�HZ<h`C`kg?8=@A<h`
HwT Fh>95��/FqBA@D<h`¼° M <?4�<?>ÊH9Fq>Z;?Åb l�F À^7<��©5ZHIm?BD<
4�<?8=�©<?;
HI<��©@D<?7 ¸ `�@A�¯79BA<n8 BiF+« Fq8=@aFh:9@ABD@A;,g�HI<h`$��7 ¸ 4�5�798VÀ�79<?BaÀ�79<h`
`k@D;,<h`�d WGY^¹C² » MCM 5 :9;,@D<?>Z;CHI<
� <?@ABDBA<?798G` 8=gh`k79BD;¾Fh;¾`�À^7< WGY^¹C² »�`�;¾Fh>�H9Fq8GH�4�5�7983BA<h`�`�@A;=<h` ·VP Å \�� Á�`�;,8GFq;,gnE�@A<¯HZ<";=5�BAgn8¾Fq>Êb¼<eFh7
`�;,8=<h`,`¾Ä¾Å Y ¶�5"<?; Y ¶�®�Å6;GFq>�HZ@a`�À�79< W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GH�`k<¯HIg?�/Fq8¾À�79<�4�5�798VBA<h`�`k@D;,<h` ¹&X�M Á�`k;=8¾Fh;,g¼»
E @A<¯HwT g?«Z@A;,<n�©<¼>Z;CHZ7[`�;,8,<o`,` ÄGÅ \�� Á�`�;,8¾Fh;,g?E @A<¯HwT g?«Z@A;,<n�©<?>Z;CHI7£`�;,8,<o`,` ÄGÅ]Ã W <?; p&L Á�`k;=8¾Fh;,g?E @A<¯HI<
;=5�BDg?8¾Fh>�b¼<�Fh71`k;=8,<h`=` Ä¾° W B �ÂFq7;C>95�;=<?8&;=5�79;=<&� 5�@i`CÀ^79< Y ¶�5Å Y ¶�®�Å ¹&X+M <?;CÃ W � 5 >I;
4�Fq8=;,@D<�HI<h`
`k@A;=<h`
BD<h`C�©5�@D>�` :@A<?> `k@A�¯79BDgh`¼ÅZ<?;�À�79<�BD<h` gob?Fq8=;¾`�<?>Z;,8=<�BD<h` 5 49;,@D5�>�`�>9<34�<?8,�©<n;,;,<n>I;C4�F `�HwT Fq�©g?BD@A5 8,<?8
HZ<e�1Fq>9@Dm?8,<3`�@AE�>@ �µb?Fh;,@D«�<�BA<o`�b¼5�8=8,g?BiFq;=@A5�>Ê`�`k7983b¼<o`�`k@D;,<h`c° K <e4BA7�`cÅwBA<h`�46<n8#� 5�8=�1Fq>Êb¼<h`�HwT W,YZ¹C² »
`�;¾Fh>�H9Fq8GH"`�5�>Z;Q�©<?@ABDBA<c798,<o`]À^79<�b¼<?BDBA<h`�HwT W,YZ¹C² » MCM 4ÊFq8)8GFq494�5�8=; ��7>9<�`k<?7BA<�HI<h` `k;,8GFq;=g?E�@D<h` 4�5�798
Ç¯`k@D;,<h`C`�798 Æ Å9<n;�`k5�>Z;�ghÀ^7@A« FqBD<?>I;=<h`¼Å�5 7��©5 @A>�`Q:65 >9>9<h`C4�Fh8�8GFq494�5�8=;��eB�T Fq79;=8,<�`�;,8GFq;,gnE�@A<j°
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\ <h` �ÊE�798=<h`"ÉZ°AÈ ��ÉZ°<:��©5 >I;=8,<?>Z;3Fq7�`=`k@CBA<o`�`k;GFq;=@a`k;=@aÀ�79<h`�5 :9;,<?>Z79<h`3F?«�<hb"BA< �©5ZHIm?BD< W,YZ¹C² »
A» gs

<?;�BD< \µ²�W 498,<o`,b¼8=@A;Vb¼5��©� <�4�Fh8¾Fh�©m?;,8=<3HI7��©5ZHIm?BD<�° \ F HI@ ¿µg?8=<?>�b¼<�<?>Z;,8=< W,YZ¹C² »½`k;GFq>�H9Fh8¾H
<n; W,YZ¹C² » A » gs

<h`k;JHI5�>Êb¥`�<?79BD<?�©<?>Z;�@abc@ BiF�4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >[HZ<¥BiF¥8=gh`k@i`k;¾Fh>�b¼<1`�;,5 �1Fq;=@aÀ�79<�Å]<?;
BiF�HZ@ ¿µg?8,<n>�b¼<©<?>Z;,8=< WGY^¹C² » A» gs

<n; WGY^¹C² » MCM <h`�;eB�T 7;,@ABD@a`=Fq;,@D5�>�HµT 79> \µ²�W @D�©4�5�`kg 5�7t`�@A�¯79BAg
@D>I;=<?8¾F b¼;,@D«�<?�¯<?>I; 4�Fq8�BA<�� 5ZHIm?BA<j°

\ <h`1HI@ ¿µg?8,<?>Êb¼<h`©HI<��Ê7 ¸ HI<�b¾l�FqBD<?798¯BaFq;=<?>Z;,<�<?>Z;,8=< W,YZ¹C² » A » gs
<?; W,YZ¹C² »½`k;GFq>�H9Fh8¾Ht`cT < ¸ »

4BA@aÀ�79<?>Z;Q4�Fq8CBD<h`&HZ@ ¿µg?8,<n>�b¼<h`)<?>Z;,8=<�BA<h`)« FqBD<?798G`CHI<�8,go`k@a`�;¾Fh>�b¼<�`�;,5��/Fq;,@iÀ^7<��©@D>9@A� FqBD< ��BÂT ghb¾l9<?BDBA<
HZ<�BaF�� <?79@DBABD< r∗smin

79;,@DBA@a`�g?<h`�4�Fq8 W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GHwÅ <n;©b¼<nBABA<o`�ghÀ^7@A« FqBD<?>I;=<h` �£BaF£b¼5�>�HZ7�b¼;¾Fh>�b¼<
� gh`k5 49lI®ZBABD@A<?>>9<��1F ¸ @D�1FqBD< g∗

m
79;,@DBA@i`kg?<h`�H9Fh>�` W,YZ¹C² » A » gs

Á ;¾Fq:BA<hFh7��I°DÈqÄ¾° W,YZ¹C² » A» gs
`�@A�¯79BA<

HZ<h`"��7 ¸ HI<�b¾l�FqBD<?798QBaFh;,<?>Z;,<�49BD7�`"� 5 8,;¾`CÀ�7]T WGY^¹C² »�`�;¾Fh>�H9Fq8GH"4�5�798CBD<h`&`�@A;=<h`&HI< � 5�8�	n;¾`&HZ<�� <?79@DBABA7Ê`
4�<?8G`k@i`k;¾Fh>I;G` Y ¶�5�<?; Y ¶�®�Å 4�5 798eBA<1`�@A;=<1HwT l<?8,:�F b¼g?<h`�HI<1;�®Z46< C4

\�� Å <?;3BA<1`�@A;,</HI<$b¼79BA;=798,<o`
HZ<e;k®Z4�< C4

¹&X�M ° ² 7�b¼5 >I;=8¾Fh@A8,<jÅ6BD< ��7 ¸ HI<eb¾l�FhBA<?798�BaFh;,<?>Z;,<3<h`k;V49BA7�` �ÂFq@A:BA<eF?«�<hb W,YZ¹C² » A » gs4�5 798�BA<o`C`k@A;=<h`CHI<�� 5�8�	?;¾`�HI<�� <?79@DBABD7�`&HIgob¼@aHI7Ê` ±�O Å Y9L Å X�W Å9<?; ��¹ ÅI<?;�4�5�798�BA<o`C`k@A;=<h`CHI<�� 5�8�	n;¾`
HZ<1b¼5�>@ � m?8=<h` ±�´ Å ²�¹ Å NC± <n; ��O ° \ <h`+« FqBD<?798G`�HI< R f YZO HZ7 ��7 ¸ HI<1b¾l�FqBD<?798�BaFh;,<?>Z;,<¯5�>Z;
;=<?>�H9Fh>�b¼< � 	?;=8,<3Fq� g?BA@D5�8,gn<h` 4�5�78�BA<h`C`�@A;=<h` 5�
�BD< �Ê7 ¸ <h`k;�8,ghHZ79@A;nÅ9;¾Fq>ÊHI@a`�À^7 T <?BDBA<h`
`k5�>Z;VHIg?E�8GFo»
HZg?<h`�4�5�798¯BA<o`�`k@D;,<h`�5�
_BD< ��7 ¸ <o`k;¯Fq7E��©<?>Z;,gjÅ �/Fq@a`3b¼<18,gh`�79BA;GFq;e<h`�;e498,5 :�Fq:BA<?�©<n>I;3H ����BaF
`�5�7�`�»�<o`k;,@D�1Fq;=@A5 >1HI7 ��7 ¸ HI<�b¾l�FqBD<?798
BaFq;=<?>Z;,<VH9Fq>�`&BD<h` 5 :�`k<n8,« Fq;=@A5�>Ê`¼° K T Fq79;=8,<�4�Fq8=;?ÅZBA<h`Q«�FhBA<?78¾`
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HI< R f YZO <n;&HZ<�b¼5�8=8,g?BiFq;=@A5�>Ê`5 :9;,<n>I79<o` F?«�<hb W,YZ¹C² » A » gs
`k5 >I;
;,8=mh`)498,5Zb¾l9<h`
HI<�bc<?BABD<h` 5�:;,<?>Z79<h`

Fo«�<ob�BA<h`
Fq79;=8,<h`&5 49;,@D5�>�`�HwT WGY^¹C² Å�<?;&BD<h`CHI@ ¿µg?8=<?>�b¼<o` <?>Z;,8=<�BD<h`&;,8=5�@a`&� 5ZHIm?BA<o` `�5�>Z;C>9g?E BA@AE <hFq:BA<h`
HI<?« Fq>Z;CBA<h`&« FhBA<?798G`CHI<h`C`�;¾Fq;=@a`�;,@aÀ�79<h`c°

\ <o` HZ@ ¿µg?8,<n>�b¼<h`]5�:9;=<?>Z79<h`¼Å <?>I;=8,< WGY^¹C² » A» gs
<?; W,YZ¹C² »½`k;GFq>�H9Fh8¾HeHwT 79>9<C4�Fh8,;Q<?;�<?>Z;,8,< W,YZ¹C² »

MCM <?; W,YZ¹C² »�`�;¾Fq>ÊH9Fq8GH�HwT Fq79;=8,<Q4�Fq8=;?Å?«�5 >I;]E g?>9g?8GFqBA<n�©<?>Z;�H9Fq>Ê` BD< � 	?�©<]`�<?>�`QÁ�� � � �nFq� g?BA@D5�8¾Fh;,@D5�>
5�7 HIg?E�8GF�H9Fh;,@D5�>1b¼5 >�b¼5 �©@A;GFq>Z;,<Q4�Fq8Q8GFq494�5�8=; � W,YZ¹C² »½`k;GFq>�H9Fh8¾He4�5�798
79>9<�`k;GFq;=@a`k;=@aÀ�79<C<?;)7>©`�@A;,<
HI5�>9>gh` ÄGÅ^<n>e4�Fq8=;,@abc79BA@D<?8)HFq>�`QBA<�b?F ` 5 
1bc<h`)HI@ ¿wgn8,<?>�bc<h`)`k5 >I; BA<h`)49BD7�` @A� 465 8,;GFq>Z;,<h`c° M <�8,gh`�79BA;GFq;
`k79E E�m?8=<�À^79<�b T <h`�; BiF�4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >eHI<CBiF�8,go`k@a`�;¾Fh>�b¼<�`k;=5��1Fh;,@iÀ^79<
À�79@9<h`�;)HZg?;,<?8=�©@A>ÊFq>Z;,<
H9Fq>Ê`
BA<h`)HZ@ ¿µg?8,<n>�b¼<h`]<?>Z;,8,<
BA<h`�;,8,5 @a` 5 49;,@D5�>�`QHI7¯�©5ZHImnBA<�Å?<?;À^79<
B�T @A>�HI@ib¼< � 5�BD@aFq@D8,<C<h`�;QHI<�`�<hb¼5�>ÊH�5�8¾HZ8,<�°

\ T <¼¿µ<?;�F H9HI@A;=@A5 >9>9<?B HI<�BiF©`k@D�"7BaFq;=@A5 >¥@D>I;=<?8¾F b¼;,@D«�<�HI7 \µ²�W > T <h`�;�4�F `�`k®`k;,gn�1Fq;=@aÀ�79<¯d64�5�78
b¼<?8,;GFq@D>�`�`�@A;=<h` <n;�b¼<n8,;¾Fh@A>9<o`C`k;¾Fh;,@i`k;,@iÀ^7<h`¼Å�BA<��©5ZHImnBA< W,YZ¹C² » MCM 498,5ZHZ79@A;�HZ<h` �Ê7 ¸ 49BA7�`�498,5Zb¾l9<h`
HI<h`)5�:�`�<?8,« Fh;,@A5 >�`&À�79< W,YZ¹C² » A » gs

ÅjFqBA5 8¾`
À^79<C4�5 798CHwT Fq79;=8,<h`Q`�@A;,<o` b T <h`�;)B�T @A>Z«�<?8¾`�<�° O >©�©5h®�<?>>9<�Å
WGY^¹C² » MCM 498=5ZHI79@D;¥7>}�©<n@ABABD<¼78 R f YZO À^79< W,YZ¹C² » A » gs

4�5 7981BA<���7 ¸ HZ<£b l�FhBA<?781`k<?>Ê`k@A:BA<
Á ;¾Fh:9BA<oFq7 ¸ ÉI° :¥<?;3ÉI° �^ÄGÅ bc5��©4�<?>�`�g"4ÊFq8�7>9<1HIg?E 8¾F H9Fq;=@A5�> HI7 R f YZO 465 798eBA< �Ê7 ¸ HZ<1b lÊFqBA<n798
BaFq;=<?>Z;,<3Á ;¾Fh:9BA<oFq7 ¸ ÉZ° É�<?;
ÉI° ;^ÄG° \ T @D�©4�F b¼;QHI7 \µ²VW <o`k;
b¼<?4�<?>�HFq>Z;CHI@ 
1b¼@DBA< �3Fq>�FhBA®`k<?8�b?Fq8
5�>©>9<
HI@a`�465j`k<34�F�`�HI<3`kg?8=@A<h`Q;,<?� 465 8,<?BDBA<h`QHwT @A>�HZ@ab¼<�� 5 BA@iFq@A8=<�5�:Ê`k<?8=«�g�`�798CBA<o`C`k@A;=<h`CÃ \µP���U�OQN °
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\ F�4BA794�Fh8,;�HI<o`&`k@D;,<h`
Ã \µP���UVO N `�5�>Z;CHI<o`&4979@A;G`&HI<�b?Fq8=:65 >9<¯dIBÂT ghb¼5j`k®`k;=m?�©<CFh:�`k5 8,:�<�4BA7�`
HI<Cb?Fh8,:�5�><�4�Fh8)49l95 ;,5j`k®Z>I;=l9mh`k<�À�7]T @AB�>]T <?>�8=<�¬,<?;,;=<&4�Fh8)8,<o`k49@D8¾Fq;=@A5 >¯Fq79;=5�;,8=5�49l<C<?;)l9g?;=g?8,5 ;,8=5�49l9<
<?>t�©5h®�<?>9>9< Fq>9>Z79<?BDBA<�Á \ F�� ��� ��
 � Å�� ��� �^Ä¾° M <?4�<?>�H9Fh>I;nÅ W,YZ¹C² » MCM `k@A�¯79BD<¥7> ��7 ¸ >9<?;1HI<
b?Fq8=:65 >9< �"B�T ghÀ^7@ABA@D:98,<�<?>�� 5q®�<n>9>9<3Fq>9>Z79<?BDBA<J`k798�bc<h`�`k@D;,<h`cÅwbnFq8�BA<h`C8,go`k<?8=«�5�@A8G`�HI<¯b?Fh8,:�5�><©HI7
`k5�B�>9<�4�<?79«�<?>Z;&4ÊF�`�	?;,8=<+@D>9@A;=@aFhBA@a`�gh`"�ÂFh79;,<3HI<�« FqBD<?798G` �©<o`k798=g?<h`¼° \ <���7 ¸ `�@A�¯79BAg�>9<�4�<?79;�HI5 >�b
4�F�` 	n;,8,<�b¼5�� 4�Fq8=gCHI@D8,<hb¼;=<?�©<?>Z;µFq7 ¸ 5�:�`�<?8,« Fh;,@A5 >�`¼Å <?;)@ABZ<h`�; ;=8¾Fq>Ê` � 5�8=�©gCF ��>¯HwT 5�:9;=<?>9@A8�BaF�� 	?�©<
«�FhBA<?78 �©5h®�<?>>9<)À�79<
BaFC«�FhBA<?78 �©5h®�<?>>9< 5 :�`k<n8,«�g?<
`k78)BA<h`]Fh>9>9g?<o` HI<�HI5�>>9g?<h`)HZ@a`k4�5 >9@A:9BD<h`)Á «�5 @A8
`k<hb¼;=@A5 >[ÉZ° ÇI° Ç^ÄG° Y <?79BD<"BiF1b?Fq4�F b¼@A;=g¯HI7[�©5ZHZm?BA< �¥8,<n498,5ZHI7@A8,<eBiF©«�Fh8,@iFq:9@DBA@A;=ge5�:�`�<?8,«�gn<e<h`k;3HI5 >�b
Fq>�FhBA®`kg?<$4�Fq8©BiF[`k7@A;,<jÅ&Fh7t;,8¾F?«�<?8G`"HZ<h`©b¼5 8,8,gnBaFq;=@A5 >�`�<n>I;=8,<�BD<h`¯`kg?8=@A<h`¯`k@D�"79BDg?<h`�<?;"BD<h`¯`kg?8=@A<h`
5�:�`�<?8,«�g?<o`¼°

� ���.��& #)
�
 ��&(�

\ <o` �ÊE�798=<h`1ÉI° � <?;$ÉI°<;£498,gh`�<?>Z;,<?>Z;"BD<h`©`�;¾Fq;=@a`�;,@aÀ�79<h`¯<?>I;=8,<�BD<h`�� 5q®�<n>9>9<h`e�©<?>�`�79<?BDBA<h`eHI7
��7 ¸ ><?;�HI<¯b?Fh8,:�5�><"�©<o`k798=g�Å9<?;�`�@A�¯79BAg�4ÊFq8 W,YZ¹C² » MCM ÁÂb¼<?8Gb¼BA<h`&:BA<?7�` � 5�>�b¼go` Ä�F?«�<hb�BA<h`�HZ<?7 ¸
`k;,8GFq;=g?E�@D<h`CHI<�8,g?4�5 >�`k<JFq7�`�;,8=<h`,`&lZ®9HZ8,@aÀ�79<�HZ7�`�5�BÂ°
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������� ÉI° � � M 5 8,8,gnBaFq;=@A5 >�<?>Z;,8=< BD<h`]`kgn8,@A<o`]HI<Q�©5h®�<?>9>9<h`9�©<n>�`k79<nBABA<o`Ê5 :�`k<n8,«�g?<h`w<n;�`k@A�¯79BDg?<h`�HI7 �Ê7 ¸
><?;CHI<�b?Fq8=:65 >9<�4�5�798�HI<n7 ¸ 5 49;,@D5�>�`CHµT W,YZ¹C² d W,YZ¹C² » MCM ÁÂb¼<?8¾bcBA<h` :BA<?7�` � 5�>�bcgh` Ä <?; W,YZ¹C² » A » gsF?«�<hb¯BaF¥4ÊFq8¾Fh�©g?;=8,@a`=Fq;=@A5�> HI<1BaF¥8=<h`k4@A8¾Fh;,@D5�>�HI<©BÂT ghb¼5j`k®`k;=m?�©<e<?> Q10

Á�b?Fh8,8,go`�«�<?8,;G` Ä ��`k;=8¾Fh;,g¼»
E @A<¯HwT g?«Z@A;,<n�"<?>Z;CHZ7£`k;,8=<h`,`3Á�`k®Z�¯:65 BA<h`&4BA<?@D>�` ÄC<n;�`�;,8¾Fh;,g?E @A<¯HI<3;,5 BAg?8GFq>�b¼<¯Fh7£`k;=8,<h`=`�Á�`�®I�¯:�5�BA<o`
gn«I@iHIgh` ÄG°

������� ÉI° ;�� M 5�8=8,g?BiFq;=@A5�>Ê` <?>Z;,8,<QBD<h` `�g?8,@D<h`�HI<&�©5h®�<?>>9<h`6� <?>�`k7<?BABD<h`wHI<o`,`,Fh@a`�5�>9>�FhBA@i`kg?<h`�5�:�`�<?8,«�g?<o`
<n;�`k@D�"79BDg?<h`�HI7 ��7 ¸ ><?;3HI<¯b?Fq8=:�5�>9<©4�5 7983HI<?7 ¸ 5 49;,@D5�>�`�HwT WGY^¹C² d W,YZ¹C² » MCM ÁÂb¼<?8Gb¼BA<h`C:9BD<?7�`
� 5 >�b¼gh`¾Ä�<n; WGY^¹C² » A» gs

F?«�<hb©BiF�4�Fq8GFq�©g?;=8,@i`,Fq;=@A5 >_HZ<¥BiF 8=<h`k4@A8¾Fh;,@D5�>�HI<�BÂT ghbc5�`k®`k;=m?�©<e<?> Q10ÁÂb?Fq8=8,gh`C«�<?8=;¾` Ä �9`k;=8¾Fh;,g?E @A<eHµT g?«Z@A;=<?�©<c>I;
HI7 `k;,8=<h`,`�Á�`�®I�¯:�5�BD<h` 49BD<?@A>Ê` ÄQ<?;�`�;,8¾Fh;,g?E @A<JHI<�;,5�BDg?8¾Fh>�b¼<
Fh7�`�;,8,<o`,`�Á�`�®I�¯:�5�BD<h` g?«Z@aHZgh` ÄG°



� � � � #)�!�!��# ������
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\ F�« Fh8,@aFh:9@ABD@A;=g�@D>I;=8¾Fo»½Fq>>I79<nBABA<C<o`k;&:@A<?>1`�@A�¯79BAgn<&4�Fh8&BA<��©5ZHImnBA<�Å�F?«�<hbC79>9<�b¼5�8=8,g?BiFq;,@D5�>©<n>I;=8,<
BA<h`
`kg?8=@A<h`QHI<�� 5q®�<n>9>9<h` � <?>�`k7<?BABD<h`)`k746gn8,@A<n798,< � 0.60 Å9<?>©4�Fh8,;=@ab¼79BD@A<?8 465 798CBA<o`&`k@D;,<h` ·VP Å ±�O Å
Y9L Å X�W Å ¹	� Å NC± Å ±�X Å \]L Å ±�´ <?; YZ± ° \ <h`�« FqBD<?798G`eHI<$b¼5�8=8,g?BiFq;,@D5�>�`�BD<h`+4BA7�` �ÂFh@A:9BD<h`�`�5�>Z;
5�:9;=<?>I7<h`C`k798�BA<o`&`k@D;,<h`CÃ \ Å U+L Å�f O Å Y ¶�®�Å M
p Å p&L Å ¹&X�Y Å ¹&X+M ÅZ<?; PVp Å9<?;�b¼5 8,8=<h`k4�5�>ÊHI<?>Z; �
79>¯HIg?49lÊF�`,FhE�<�HI7e4@ab&HµT Fq:Ê`k5�8=49;,@D5�> HI<CbnFq8,:�5 >9<�4ÊFq8)BiF «�g?E g?;¾Fh;,@D5�>©Á!��E�78,< K ° Æ Ä¾° \ F�b¼5�8=8,g?BiFq;=@A5�>
>9g?E�Fh;,@D«�<C`k78 BD<C`�@A;,<�f O <h`�;QHI79<�Fh7 �ÂFq@A;À^79<CBD<C�©5ZHIm?BD<
`k@A�¯79BD< 7>¯b¼®9bcBA<
Fq>9>Z79<?B;,8,mo`)b¼5�>Z;,8GF�`�;,g�Å
Fo«�<ob�79>9<�� 5�8,;=<3Fq:�`�5�8,4;,@A5 >£HI<3b?Fq8=:�5�>9<¯Fh7�498=@A>Z;,<?�©4Ê`<n;�<?>1g?;=g�Å9;¾Fh>�HI@i`�À�79<�BA<h`&5 :�`k<n8,« Fq;=@A5�>Ê`
�©5�>Z;,8=<?>I;Q79> b¼®b¼BA<VHwT Fh�©49BD@A;,7ÊHI<�F `,`�< (��ÂFq@A:BA<�ÅZ<?;C79>9<3Fq:Ê`k5�8=49;,@D5�> HI<3b?Fq8=:65 >9<�8=g?4�Fh8,;,@D<�`k78�HI<
>95��¯:98,<n7 ¸ �©5�@i`QHI<�B�T Fq>9>g?<�° \ <h`&;,8=5�@i`&`k@D;,<h`
FqE 8,@abc5�BA<o` p&L Å ¹&X�Y <n; ¹&X�M � 5�>Z;C4�Fh8,;,@D<�HI<h`
`k@D;,<h`
465 798&BD<h`,À�79<?Bi` BD<�bc®9b¼BD<CFh>9>I7<?B9<h`�; BD<C�©5�@D>�` :9@D<?>e8,<n498,gh`�<?>Z;,g�° \ <VHIg?4l�F�`=FqE�<V<?>I;=8,<CBD<C�©5ZHIm?BD<&<?;
BA<h`w5 :�`k<?8=« Fq;,@D5�>�`�<h`k; `,Fh>�`)HI5 79;,<�H �JFq7��ÂFq@A; À�79<&BD<h`w498¾Fh;,@iÀ^79<o` FhE�8,@ib¼5�BD<h`¼Å?;=<?BABD<h`]À�79<&BD<h`]`k<?�/Fq@ABDBA<h`
5�7£B�T @D8,8=@AE�Fh;,@D5�>]Å9>9<¯`�5�>Z;�4�F `+`�@A�¯79BAgn<h`CH9Fq>Ê`�BD<��©5ZHZm?BA<�° \ F1b¼5 8,8=g?BaFh;,@A5 >�>9g?EjFq;,@D«�<�4�5�78+BD<e`�@A;,<
p�L Fo«�<ob&BaF�`k;=8¾Fq;=g?E�@D<�HZ<�;=5�BAgn8¾Fq>Êb¼<�Fq7 `k;=8,<h`=` <h`�; BD@Ag?< �+BiF+`�@A�¯79BaFh;,@D5�>eHµT 79> b¼®b¼BA<�HI<�bc8,5�@i`,`=Fq>�b¼<
49BA7�`);GFq8¾HZ@ � À�79<�HFq>�`QBA<h`)5�:Ê`k<?8=«�Fh;,@D5�>�`c° \ F�HZ798,g?<VHI7 b¼®b¼BA<�HI<Vb¼8=5�@a`=`,Fh>�b¼<�<h`�;Q:9@A<?> `k@D�"7BAg?<Q4�Fh8
BaF�`�;,8GFq;,gnE�@A<�HI<�;,5 BAg?8GFq>�bc<�Fq71`�;,8=<h`,`&<?;
498,5ZHZ79@A;C79><��©<?@DBABA<c798=<Cb¼5 8,8,gnBaFq;=@A5 >]° K <V49BA7�`cÅZ`k<?79BD<�79>9<
Fq>9>9gn<�HZ<��©<h`�798,<h`)<h`�;�HI@a`�4�5�>9@D:9BA<�4�5 798�bc<�`k@D;,<�ÅHI<�� 	?� <�À^79<V465 798�BA<�`�@A;,< ¹&X�Y ° p 5�78CBA<�`�@A;,<
P�p Å`k<?79BD<?�©<?>Z;Q;,8=5�@a`&� 5�@a`
HI<��©<h`�798,<h`
`k5 >I;�79;,@DBA@i`,Fq:BA<h`Q465 798�BaFeb¼5 �©4�Fq8GFq@i`k5�> °

\ F�« Fq8,@iFq:9@DBA@D;,g�@A>Z;,<n8k»½Fq>9>Z79<?BDBA<�<o`k;©8=<?498,5ZHZ79@A;=<[HI<£�1Fh>9@Am?8=<�49BD7�`©5�7 � 5�@A>Ê`©`,Fh;,@a` �ÂFq@i`,Fq>Z;,<
`k79@D«�Fh>I;�BD<h`�`k@D;,<h`eÁ!��E�798=<©ÉZ°<;�Ä¾° \ F¥49BD794�Fh8,;3HI<h`�`k@D;,<h`��©5�>Z;,8=<?>I;VHI<h`�b¼5 8,8=g?BaFh;,@A5 >�`�<?>Z;,8,< 0.3 <?;
0.4 465 798¯BA<h`e`�g?8,@D<h`��©<?>�`�79<?BDBA<h`�HZ<h`,`=Fq@a`�5�>9>ÊFqBA@i`kg?<o`¼° \ <h`¯`k@D;,<h` U+L Å ²�¹ Å \]L Å ¹	� Å ��¹ Å Y ¶�5
<?;ef O 5�:9;=@A<?>9><?>I;3BA<h`�� <?@ABDB <n798¾`�`=b¼5�8=<h`¼Å);GFq>�HZ@a`eÀ�79<©BA<o`e`k@A;=<h` ±�´ Å Y ¶�®£<?; ¹&X�M �©5�>Z;,8=<?>I;
79>9<1« FqBA<n798¯HI<$b¼5�8=8,g?BiFq;=@A5�>�>9gnE�Fq;=@A«�<$`k7@A« Fq>Z;eBaF�`�;,8¾Fh;,g?E @A<179;=@ABA@i`kg?<j° p 5 798¯b¼<h`�;=8,5�@i`"`�@A;=<h`¼Å�BA<h`
«�Fh8,@iFq;,@D5�>�`C@A>Z;,<n8k»½Fq>9>Z79<?BDBA<h`Q`k@D�"7BAg?<h`Q`�5�>Z;C49BA7�`Cbc5�>Z;,8¾F `k;=g?<h`�À^79<�H9Fq>�`CBA<o`&5�:�`�<?8,« Fq;=@A5 >�`¼°

� ���.��& ���!����
�&

\ <o` ��E 798,<o`�ÉZ° �e<?;�ÉI°DÈ?�e�©5�>Z;,8=<?>I;QBD<h`Cb¼5�8=8,g?BiFq;=@A5�>Ê`&<?>I;=8,<�BA<o`C`kg?8=@A<h`C`�<?�©@ »Âl95 8¾Fq@D8,<h`
HI< U�OQO
5�:�`�<?8,«�g?<o` <?;�`�@A�¯79BAg?<o` 4�Fq8 W,YZ¹C² » MCM ÅFq@A>Ê`k@�À�79<�BA<o`&b¼5 8,8,gnBaFq;=@A5 >�`&<?>Z;,8,<VBA<h`
`kg?8=@A<h`
HwT Fh>95��1FhBA@D<h`
Fq7�bc®9b¼BD<�HZ@A798=>9<��©5h®�<?>"4�5 798�BD<h`&�©5 @a`&HµT g?;=g�°

\ F$b¼5�8=8,g?BiFq;=@A5�>�<n>I;=8,<eBA<o`�`kg?8=@A<h`V`k<?�©@ »�l5�8¾Fh@A8=<h`�<h`�;�`k794�g?8=@A<?78,< � 0.70 Å�`=Fq7���465 798�BD<h`�`�@A;,<o`
Y ¶�59Å Y ¶�®jÅ p�L Å ¹&X�Y Å ¹&X+M Å�<?; P�p ° M <o`"`�@A;,<o`e`k5�>Z; Fq7�`=`k@�4�Fq8=�©@�b¼<?7 ¸ HI5�>Z;eBaF�« Fq8,@iFq:9@DBA@D;,g
@A>Z;,8¾F?»�Fh>9>Z79<?BABD<�<h`�;CBaF��©5 @A>�`Q:9@A<?>$`�@A�¯79BAg?<j°

\ F�b¼5 8,8=g?BaFh;,@A5 >t<?>Z;,8,<$BA<h`¯`kgn8,@A<o`"`�<?�©@ »Âl95 8¾Fq@D8,<h`¯HwT Fq>95 �1FqBD@A<h`¯Fq7�b¼®b¼BD<�HZ@A798=>9<�<h`k; �©5�@D>�`
g?BA<?«�gn<eÀ�79<©bc<?BABD<e5�:9;=<?>I7<©`�798�BD<h`���7 ¸ ;,78,:979BD<?>Z;¾`¼Åµ<?;�498=<?>�H£HI<h`�«�FhBA<?78¾`�>9g?EjFq;,@D«�<h`�4�5�7983BA<h`
`k@A;=<h` p&L Å ¹&X�Y Å
Ã W ° O BABD<�<h`�;$Fq7�`=`k@�;,8=mh` �ÂFq@D:9BA<�4�5 7981BA<h`©`�@A;=<h` ¹&X�M Å P�p Å M
p <?;/f O ° \ F
b¼5�8=8,g?BiFq;,@D5�>£<h`k;3`�794�g?8,@D<?798,< � 0.5 4�5�78�BA<o`+`�@A;=<h` ·�P Å ±�X Å ��¹ Å ±�´ Å ²�¹ Å ¹	� Å ��O Å \�� <?;
YZ± °
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������� ÉZ° � � M 5 8,8,gnBaFq;=@A5 >�<?>Z;,8=<�BD<h`�`kgn8,@A<o`�`�<?�©@ »Âl95 8¾Fq@D8,<h`�Á�º�º ² ÄC5�:�`�<?8,«�gn<h` <n;�`k@D�"79BDg?<h`CHI7��Ê7 ¸
><?;CHI<�b?Fq8=:65 >9<�4�5�798�HI<n7 ¸ 5 49;,@D5�>�`CHµT W,YZ¹C² d W,YZ¹C² » MCM ÁÂb¼<?8¾bcBA<h` :BA<?7�` � 5�>�bcgh` Ä <?; W,YZ¹C² » A » gsF?«�<hb¯BaF¥4ÊFq8¾Fh�©g?;=8,@a`=Fq;=@A5�> HI<1BaF¥8=<h`k4@A8¾Fh;,@D5�>�HI<©BÂT ghb¼5j`k®`k;=m?�©<e<?> Q10

Á�b?Fh8,8,go`�«�<?8,;G` Ä ��`k;=8¾Fh;,g¼»
E @A<¯HwT g?«Z@A;,<n�"<?>Z;CHZ7£`k;,8=<h`,`3Á�`k®Z�¯:65 BA<h`&4BA<?@D>�` ÄC<n;�`�;,8¾Fh;,g?E @A<¯HI<3;,5 BAg?8GFq>�b¼<¯Fh7£`k;=8,<h`=`�Á�`�®I�¯:�5�BA<o`
gn«I@iHIgh` ÄG°

������� ÉZ°AÈ?� � M 5 8,8=g?BaFh;,@A5 >�`&<?>Z;,8=<�BA<h`
`kg?8=@A<h`
`k<?� @ »Âl95�8GFq@A8=<h`QHwT Fh>95��/FqBA@D<h`&Fh7$b¼®9bcBA<VHI@A798=>9<��©5h®�<?>
ÁÂº�º ² Ä�5�:�`�<?8,«�gn<h`)<?;C`�@A�¯79BAg?<o` HI7 ��7 ¸ >9<?;�HI<Vb?Fq8=:65 >9<�4�5�798�HI<?7 ¸ 5�49;=@A5 >�`&HwT W,YZ¹C² d WGY^¹C² » MCM
ÁÂb¼<?8Gb¼BA<h`&:BA<?7�`$� 5 >�b¼gh`¾Ä&<n; W,YZ¹C² » A » gs

Fo«�<ob�BiF�4ÊFq8¾Fh�©g?;=8,@a`=Fq;=@A5�>$HI<3BaFe8,<h`�49@A8GFq;=@A5�> HI<�BÂT ghbc5�`k®`½»
;=m?�©<�<?> Q10

Á�b?Fh8,8,go` «�<?8=;¾`¾Ä �9`�;,8¾Fh;,g?E @A<3HwT g?«I@D;,<?� <?>�;
HI7�`�;,8,<o`,`�Á�`�®I�¯:�5�BD<h` 49BD<?@A>Ê` ÄQ<?;�`�;,8¾Fh;,g?E @A<
HZ<+;=5�BDg?8¾Fh>�b¼<3Fq7$`k;=8,<h`=`+ÁÂ`k®Z�":�5 BA<h`Qg?«I@iHIgh`¾Ä¾°
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\ F�bc5��©4�Fh8¾Fh@a`k5 >[<?>Z;,8=< W,YZ¹C² » MCM <?;3BA<h`��©<h`k78,<h`�HZ<h`e`k@D;,<h`�Ã \µP���U�OQN �©5�>Z;,8=<©À�79<¯BA<h`
«�Fh8,@iFq;,@D5�>�`1HI<$BaF U�OQO Å&Fh7 ¸ gob l9<nBABA<o`e`,Fq@i`k5 >9>9@Amn8,<�<?;1HZ@A798=>9<�Å
`k5�>Z;18,<?48,5ZHI79@D;,<h` HI<��1Fq>@Am?8=<
b¼5�>Z;,8GF�`k;=g?<¯`k7@A« Fq>Z;�BA<o`�`�@A;,<o`¼° \ <h`�b¼5 8,8,gnBaFq;=@A5 >�`�`k5 >I;��©5 @A>�`&gnBA<?«�g?<o`CÀ^79<¯bc<?BABD<h`&5�:9;=<?>Z79<h`�4�5�78
BA<h` ��7 ¸ ;=798,:97BA<?>Z;¾`c° \ <o`&�©<?@ABDBA<?78¾`)`=b¼5�8=<h`&`�5�>Z;C5�:9;=<?>I7Ê`&465 798CBA<o`&`k@D;,<h` ·VP Å ±�X Å ±�O Å YL Å X�W Å
NC± Å ²�¹ Å ¹	� Å \]L Å ±�´ Å ��¹ Å ��O Å U+L <?; YZ± ° \ <h`�`k@D;,<h`�BD<h` � 5�@A>Ê`�:9@A<n>£`k@A�¯79BDgh`C`k5 >I;�f O Å
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° Y F"4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >�HI<3BaFe8,<h`�49@A8GFq;=@A5�>�lg?;,g?8=5�;=8,5�4l9<�;=@A<?>Z;
b¼5��©4;,<VHI<�BaF�;,<?� 46gn8¾Fq;=798,<jÅ��1Fq@i`QFq7�`=`k@�HI<�BÂT lZ79�©@iHI@A;=gCHI<�BiF�`�798#�ÂF b¼<�<?;�HI7$`k5�BÂ° L >1`cT @A>Z;,gn8,<h`=`k<
@ab¼@��eB�T @A�©4�F b¼;CHZ<+BiF�8=g?4�5�>�`�< ��BÂT lZ79�©@iHI@A;=g�HI<3BaFe8,<h`�49@A8GFq;=@A5�>$l9g?;=g?8,5 ;,8,5 49l9<J`k798�BA<���7 ¸ >9<n;�HI<
b?Fq8=:65 >9<�°

� & �!# ���!��
%& 
�����& �!& ��� � &.�'��# � ��� ��#)
�"'�!& " ����"5& � ��#(������
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N 5�7;QHwT Fh:�5�8¾HµÅq5 >eb¾l9<?8¾b¾l9<Q`cT @DB�< ¸ @i`k;=< 7>�BA@D<?>�BD@A>9ghFh@A8=<�Å¼<?>Z;,8=<QB�T lZ79�©@iHI@A;=g�HI7e`�5�BZ<?;�BaFC8,<h`�49@A8GFo»
;,@A5 >©l9g?;=g?8,5 ;,8=5�49l9<jÅ9HIg?;=<hb¼;GFq:9BD<�H9Fq>�`&BD<h` 5 :�`k<n8,« Fq;=@A5�>Ê`¼° p 5 798&g?BD@A�©@D>9<?8�BA<�;,<?8=�©<�HI<�48,5ZHI7�bc;,@A5 >
498,@D�1Fq@D8,<�:8,79;=<�ÅC`k<n79BA<h`¯BA<h`"gob l9goFq>�b¼<o`">95Zb¼;=798,>9<o`¥`�5�>Z;�`�g?BA<hbc;,@A5 >9>9g?<o`¼° \ F UVO O >]T <h`�;1FqBD5�8G`
b¼5�>�`�;,@D;,79g?<VÀ�79<�HI7©;=<?8,�©<�HI<�8,<h`�49@A8GFq;,@D5�>]° Y <n79Ba`)BA<o`9¬,5�798G` 4�5�78&BA<o`,À�79<?Ba`)49BD7�`QHI7 À^7�Fh8,;�HI<h`)5�:I»
`k<?8=«�Fh;,@D5�>�`�`k5 >I;�HI@i`k4�5�>@A:9BD<h`C`k5 >I;Vb¼5�>Ê`k<?8=«�gh` 4�5�78�BÂT Fq>ÊFqBA®`k<¯Á=È?��5�:Ê`k<?8=«�Fh;,@D5�>�`�`�<?�©@ »�l95 8¾Fh@A8,<o` Ä¾°
\ <h`�5�:�`�<?8,« Fq;=@A5 >�`eHI<¯b¼5 >I;=<?>I7£<?>£<hFq7�HI7�`k5 B�Á Y �}M Å Y 5 @AB � Fq;,<n8 M 5 >I;=<?>Z;¼Ä�<?;�HI< U�OQO `�5�>Z;
�©5h®�<?>9>9g?<o`wÀ�795�;=@aHI@D<?>9>9<?� <?>�;?° p 79@a`]<?BDBA<h`]`�5�>Z; 5 8,E�Fh>9@a`�g?<h` <n>�49BD7�`k@D<?798¾`]bcBaF�`=`k<h`cÅ�`�79@A« Fh>I;�BaFC;,<?�¯»
46gn8¾Fq;=798,<¯À�795 ;,@aHZ@A<?>9><��©5h®�<?>9><�ÅI4�Fh8�@A>Z;,<?8=«�FhBABD<h`CHI<e;,<n�©4�g?8¾Fh;,798=<�HZ< 5◦

M Å]F ��>£HwT gnBA@A� @A>9<?8
BaF
b¼5�8=8,g?BiFq;,@D5�>1<?>Z;,8=<+BÂT lZ79�©@iHI@A;=g�HI7�`�5�B�<?;�BiF�;,<?� 46gn8¾Fq;=798,<j° O >���>]Å�BaF¯b¼5 8,8,gnBaFq;=@A5 >¥<n>I;=8,<�BA<h`CHZ<?7 ¸
`kg?8=@A<h`)HZ<��©5h®�<?>>9<h`�À^795 ;,@iHI@A<?>>9<h`)HI< Y��}M <n;&HZ< U�OQO <o`k;Qb?FhBab¼7BAg?<�Åh4�5�798
�©<?;=;,8,<
<?>¯g?«I@iHI<?>�bc<
BaF�8,<nBaFq;=@A5 >¥BD@A>9goFq@A8=<�<?>Z;,8=<�BA<h`CHZ<?7 ¸ «�Fh8,@iFq:9BD<h`¼°

Y <?79Ba`QÇ�`k@D;,<h`�4�Fq8=�©@9BA<o`)��:�g?;,7�HZ@Agh` 5 >I;
HI<o`5 :�`k<n8,« Fq;=@A5�>Ê` HZ<�b¼5 >I;=<?>Z7e<?>"<oFq7 HI7©`�5�B�d ¹&X�M Å
\�� <?;¯f O ° \ <h`"bc5�8,8=g?BaFh;,@D5�>�`�<?>Z;,8=<©BA<o`+�©5h®�<?>9><h`�À^795 ;,@iHI@A<?>>9<h`�>95Zb¼;=798,><h`eHI< Y �}M <?;¯HI<
U�OQO `�5�>Z;�BD@a`k;=g?<h`�H9Fh>�`�BA<¯;¾Fh:9BA<hFh7�ÉI°AÈn�IÅ�<?;�;=8¾F�bcg?<h`�`k798eBiF ��E 798,</ÉI°AÈ È©4�5�798¯b¼<o`�;=8,5 @a`e`k@D;,<h`cÅ
BA5�8G`,À�7]T @DB]®$F"49BA7Ê`�HI<eÇ �©«�FhBA<?78¾`�HI<e�©5h®�<?>9>9<o`&À�795�;=@aHI@D<?>9>9<h`�H9Fh>�`�BaF¯49BaFhE�<eHZ<e;,<?�©4�g?8GFq;=798,<�°
p BD7�`k@D<?798G` 49BaFhE�<h`QHI<C;=<?�©4�g?8GFq;,78,<h`]�©5�>Z;,8=<?>Z;)HI<o` « FqBA<n798¾`QFq:Ê`k5�BD79<h`QHI<�b¼5 8,8=g?BaFh;,@A5 >¯`k794�g?8=@A<?78,<h`
� 0.2 ° p Fq8C< ¸ <?� 49BA<�Å?BD<h` 5 :�`k<n8,« Fq;=@A5�>Ê`&�©5�>Z;,8=<?>I; 79>9<�BD@aFq@i`k5 >"BD@A>9ghFh@A8=<�HI@D8,<hbc;,<VF�`,`�< (�� 5 8,;,<V<?>I;=8,<
BA< Y �}M <?;eBaF U�OQO 4�5�78©BA<$`k@D;,< \�� <?;eBiF 4BaFqE < (25 ◦

M � 30 ◦
M Ä¾° \ F BD@aFq@i`k5 >_BA@D>9ghFh@A8,< <h`k;

@A>�HI@D8,<hbc;,<�465 798�BD<�`k@D;,<3f O <?;CBiF�49BaFhE�< (−5 ◦
M � 0 ◦

M ÄG°
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Y @A;=< N <?�©4�g?8GFq;,78,< U :8,<3HI<
¬,5�798G` M 5�8=8,g?BiFq;,@D5�> U :98=<�HI<
¬,5�78¾` M 5 8,8,gnBaFq;=@A5 >
Á ◦ M Ä Á 5�:�`�<?8,« Fq;=@A5 >�` Ä Á 5�:�`�<?8,« Fh;,@A5 >�` Ä Á �©5ZHImnBA<�Ä Á �©5ZHZm?BA<�Ä

¹&X+M »GÈ?���9»½É � » ��� � ��� »��Z° ��� � � »��Z° ��� É
»½É��µ� Ç Æ �I° Ç�Ç�É ��; � �hÉ �I° �^��: � �I° � ���
����É Æ � �I° ��:�; È�Èn� � È�ÈnÇ �I° ����� � �I° � :�;
É���È?� ÉIÈ �I° � Æ � ;�� � ;�: �I° ����� � �I° � ��Ç
È?����È?É É�: �I° ÇIÈ5; È�È$: � È?�ZÈ �I°DÈq�hÇ � �I°AÈn���
È?É��µ��� É Æ �I° Ç�É�É È?� É � È?ÇZÈ �I°DÈ�È?� � �I°AÈnÇ Æ
�����µ��É :�É »½�I° � ;�� � Æ � :^� �I° �^��� � �I° � ; Æ
��É��µÇ�� ��� �I° ����� È?Ç � È?� »½�I° � Æ � � �Z°AÈn��:

\�� »GÈ?���9»½É � » Æ � Æ »��Z°<;�Ç � � »��Z° Ç�� É
»½É��µ� � È�° ����� ��� � ��� »��Z° ��� � � »��Z° � Æ �
����É È Æ �I° �^�h� ��� � ��: »��Z° �IÈ Æ � »��Z°AÈ Æ �
É���È?� Ç�; »½�I°AÈn�IÈ ��; � ��; »��Z° �IÈn� � »��Z°AÈ?É É
È?����È?É :�Ç »½�I°AÈ$;�É È?� É � È?� : »½�I° �ZÈ Æ � �Z° � Ç Æ
È?É��µ��� É�� »½�I° � ;IÈ ��� � È?�IÈ �I° ��� Æ � �I° � ���
�����µ��É È�È?É �I° ���^� È�È È � È�ÈnÉ �I° Ç�:�Ç � �I° Ç ;IÈ
��É��µÇ�� Ç Æ �I° ;IÈ�È È?� : � È?�ZÈ �I° :�:�� � �I° �jÈ�È
Ç����µÇ�É É »½�I° � ��Ç ��É � ��É �I° �h�IÈ � �I° �o� Æ

f O »GÈ?���9»½É � » � � � »��Z° Æ � � � »��Z° Æ Ç �
»½É��µ� ��� »½�I°<: ��� � Æ � ��Ç »��Z° Æ�Æ � � »��Z° Æ Èh�
����É È?�IÈ »½�I° Æ ��� È?� � � ��� � »��Z° É�; � � »��Z° É�; Ç
É���È?� ;�: �I° � Æ ; È?É�� � È?É ; »��Z° Ç�� � � »��Z° Æ È$:
È?����È?É È?Ç�� �I° Ç�É�� È?ÇZÈ � È?Ç � �I°DÈq��È � �I°AÈ$:^�
È?É��µ��� È?��� �I° ��É�� Ç�É � Ç�É �I° �IÈ?É � �I° �ZÈ?Ç
�����µ��É � » Æ � Æ �I° ;���� � �I° �ZÈ?�

����� � ÉI°DÈ?� � M 5 �©4�Fh8¾Fq@i`k5 >�HI<h`�b¼5 8,8,gnBaFq;=@A5 >�`&<?>Z;,8,< Y ��M 5 :�`k<n8,«�g�<?; U�OQO 5�:Ê`k<?8=«�g?<�Å9<?;C<?>Z;,8=<
Y��}M `k@A�¯79BDgC4�Fq8 W,YZ¹C² <?; UVO O 5�:�`�<?8,«�gn<�Å�465 798CBA<o`&`k@D;,<h` ¹&X+M Å \�� <?;Cf O ° p 5�798CBD<��©5ZHImnBA<�Å
BD<h`eHI<?7 ¸ « FhBA<?798G`"HZ<�bc5�8,8=g?BaFh;,@D5�>tbc5�8,8=<h`k4�5 >�HI<?>Z; ��BaF£`k;=8¾Fh;,g?E @A<$HwT gn«I@D;,<?�©<n>I;�HZ7�`k;,8=<h`,` � BaF
`�;,8GFq;,gnE�@A<3HI<�;=5�BAgn8¾Fq>Êb¼<3Fq7$`k;=8,<h`=`¼°



� � � � #)�!�!��# ������
 ��� 3 ����7(��&'	 ����� 0���� "5��� ��&("*"5� ��&("�� �	��
� ���

� ����� ÉZ°AÈ�È�� M 5 8,8,gnBaFq;=@A5 >�`)<?>I;=8,<CBD<h`Q`kg?8=@A<h`)HZ<��©5h®�<?>>9<h`�À^795 ;,@iHI@A<?>>9<h`)>95Zb¼;=798,>9<o`5 :�`k<n8,«�g?<h`QHI<
b¼5�>Z;,<?>Z7©<?>1<hFh7�HI7$`�5�B�<?;�HI<���7 ¸ ><?;�HI<3b?Fq8=:�5�>9<3465 798VHI@ ¿µg?8=<?>I;=<h` 4BaFqE <h`�HI<�;,<?�©4�g?8GFq;=798,<h`c°

� & �!# ���!��
%& 
�����& �!& ��� � ��� 3%����7(��&'&.�'��&(" ����"5&(� � # ���!�
�"

Y @A;,< U 5��¯:98,<VHI<
¬,5�78¾` M 5�8,8=g?BaFh;,@D5�>
¹&X�M Ç�:�É �Z° É�� � �I° É�Ç
\�� Ç�;�� �Z°<; Æ � �I° ;�É
f O ÉIÈ?� �Z°<;�� � �I° ;IÈ

� � � � ÉI°AÈ È � M 5�8=8,g?BiFq;=@A5�>Ê` <?>Z;,8=<�BA<o`&�©5h®�<?>9>9<h`QÀ�795�;=@aHI@D<?>9>9<o`CHI< Y �}M 5 :�`k<n8,«�g�<?;�`�@A�¯79BAg�4�Fh8
WGY^¹C² 465 798&BD<h`Q`k@D;,<h` ¹&X�M Å \�� <?;
f O ÅZF?«�<hb&BiF+`�;,8GFq;,gnE�@A<VHwT g?«I@D;,<?� <¼>Z;�HI71`�;,8,<o`,` � BiF+`�;,8GFq;,gnE�@A<
HI<�;,5�BDg?8¾Fh>�b¼<3Fq7$`�;,8,<o`,`¼°

p 5�798�bc<h`�Ç©`�@A;,<o`¼Å�BA<e;¾Fh:9BA<oFq7£ÉI°DÈ�È�� 5�>Z;,8,<3BA<h`C« FqBD<?798¾`VHI<¯b¼5�8=8,g?BiFq;=@A5�>Ê` <?>Z;,8=<�BD<h`�`kgn8,@A<o`�HI<
�©5h®�<?>9>9<h`QÀ�795�;=@aHI@D<?>9>9<o`CHI<3b¼5�>Z;,<?>Z71<?>�<oFq7$HI7�`�5�B�5�:�`�<?8,«�g�<?;�`�@A�¯79BAg�4�Fh8 W,YZ¹C² Á BD<�b¼5 >I;=<?>I7
<?>�<hFh7£HI7£`k5 B)>]T <h`k;�4�F�`��©5ZHI@ �Êg+4ÊFq8�BiF"4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >�HI<3BaFe8,<h`�49@A8GFq;=@A5�>£HZ<�B�T ghb¼5j`k®`k;,mn�©<�Å
<?;&BD<h`&b¼5 8,8=g?BaFh;,@A5 >�`&`�5�>Z;CHI5 >�b�BA<h`Q� 	?�©<n` 4�5�78CBA<h`
`k@A�¯79BiFq;,@D5�>�`QHwT W,YZ¹C² » A» gs

<n;CHwT WGY^¹C² » MCM ÄG°
\ <"�©5ZHZm?BA<e8=<?498,5ZHZ79@A;�:9@D<?>�BD<h`�« Fq8,@iFq;=@A5�>Ê`+À�795 ;,@aHZ@A<?>9><h`�HI<©bc5�>Z;,<?>Z7�<?>£<hFq7�HI7�`�5�BQ4�5�7983BA<h`
ghb¼5�`�®9`�;,m?� <h`&>�Fq;=798,<nBa`�HI<o`�`�@A;,<o` \�� <?;�f O ° \ F¯«�Fh8,@iFq:9@DBA@A;=geHI7£`�@A;=<eFqE 8,@ib¼5�BD< ¹&X�M <h`k;V�©5�@D>�`
:9@A<?>38,<?48,5ZHI79@D;,<�Åjb?Fq8)BD<&�©5ZHZm?BA<
>9<�`k@D�"79BD<)4�F `BÂT @D8,8,@DE�Fh;,@A5 >]° M <h`):�5�>9><h`Qb¼5�8=8,g?BiFq;,@D5�>�`��©5�>Z;,8=<?>I;
À^79<¯BA< b¼5 >I;=<?>I7�<n>[<hFq7�HI7�`�5�B�`k@A�¯79BDg�4�<?79; 	?;=8,<¯79;,@DBA@a`�ge4�5�79838,<?498=gh`k<n>I;=<?8�BA<h`�« Fq8=@aFq;=@A5 >�`�HI7
b¼5�>Z;,<?>Z7©<?>1<hFh7�HI7$`�5�B�5�:�`�<?8,«�g�°

\ <¯;¾Fh:9BA<oFq7£ÉI°DÈ?�1b¼5 �©4�Fq8=<�BD<h`�« FqBD<?798¾`VHI<¯b¼5�8=8,g?BiFq;=@A5�>�5 :9;,<n>I79<o`�4�5�798�BA<o`�`k@D;,<h` ¹&X�M Å \��
<?;�f O Å9<?>I;=8,<�BD<h`&�©5h®�<?>9><h`QÀ^795 ;,@iHI@A<?>>9<h`CHI< Y ��M 5�:�`�<?8,«�gV<?;�HI< UVO O 5�:�`�<?8,«�gn<�HwT 7>9<�4�Fq8=;
Á ;,8GF�b¼gn<h`©`k78©BaF �ÊE�798=<[ÉZ°AÈ�ÈhÄ¾Å&<n;©<?>Z;,8,<$BA<h`¯�©5h®�<?>9>9<h`eÀ�795 ;,@aHZ@A<?>9><h`"HZ< Y �}M `k@A�¯79BDg©<?;1HI<
U�OQO 5 :�`k<n8,«�g?<�HµT Fq7;,8,<V4�Fq8=;?° \ 5 8¾`=À^7]T @ABµ®©Fe`�7 
1`=Fq�©� <?>I; HwT 5�:�`�<?8,« Fq;=@A5 >�`�Á 49BD7�`CHI<�Ç ��« FqBA<n798¾`
�©5h®�<?>9>9<h`QÀ�795�;=@aHI@D<?>9>9<o` Ä¾ÅZBaFeb¼5 8,8=g?BaFh;,@A5 >1<?>I;=8,<�BA<o`C`kg?8=@A<h`Q5�:�`�<?8,«�g?<o`&<h`k;C498=<h`,À�79<�;,5 7h¬,5�78¾`�4�5q»
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`�@A;=@A«�<e4�5�7983BA<¯`�@A;,< ¹&X�M Å]Fq@D>�`k@
À�79<e4�5�7983BA<h`�49BiFqE�<o`�HI<¯;,<?� 46gn8¾Fq;=798,<o` BD<h`�49BA7�`�l�Fh79;,<o`+4�5�798
BD<h`C`k@D;,<h` \�� <?;�f O ° O BDBA<�<o`k;�>9g?E�Fh;,@D«�<�4�5�798�BD<h` 4BaFqE <h`�HI<�;=<?�©4�g?8¾Fh;,798=<h` BD<h`&49BD7�`&:�F�`=`k<h`c° \ F
4BA794�Fh8,;3HI<h`�49BiFqE <h`�HI<e;,<?� 46gn8¾Fq;=798,<o`�F?«�<hb�49BD7�`�HI< Ç��©5 :�`k<?8=« Fq;,@D5�>�`3À^75�;,@iHI@A<n>9>9<h`�� 5�>Z;,8,<n>I;
7>9<�«�FhBA<?78CFq:Ê`k5�BD79<3HI<�BiFeb¼5�8=8,g?BiFq;,@D5�>1`�794�g?8,@D<?798=<�� 0.2 ° K Fh>�`Cb¼<h`
b?F�`�»�B �IÅ9BiFeb¼5�8=8,g?BiFq;,@D5�>©<n>I;=8,<
BD<h`��©5h®�<?>9>9<o`�À�795�;=@aHI@D<?>9>9<o`�HI< Y �}M `k@A�¯79BDg+<n;�HZ< U�OQO 5 :�`k<n8,«�g?<e5 >I;3BA<e� 	?� <�`�@AE >9<"<n;+BD<
� 	?�©<C5�8GHI8,<3HI<�E 8¾Fq>ÊHI<?798VÀ^7<+BD<h`Cb¼5 8,8,gnBaFq;=@A5 >�`&<?>Z;,8,<VBA<h`C`�g?8,@D<h` 5 :�`k<?8=«�g?<h`c°

\ <�� 5ZHIm?BA<V`k@D�"7BA<CHZ5�>�b�HZ<h` « Fq8=@aFh;,@A5 >�`&HZ<�b¼5�>Z;,<n>I7¯<?>©<hFh71HI71`�5�B `k7 
/`,Fh�©�©<?>Z; 8=ghFqBD@a`�;,<h`cÅ
4�5 798�bnFq49;=798,<?8
BaF�8=<?BaFh;,@A5 >©BA@D>9ghFh@A8,<V<?>I;=8,<�BA< Y��}M <?;CBaF U�OQO HIg?;=<hb¼;=g?<�HFq>�`CBA<h`Q5�:�`�<?8,« Fh;,@A5 >�`¼Å
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0.2 <?>Z;,8=<�BA< Y ��M <n;CBaF U�OQO `�@A�¯79BAgo` Á W,YZ¹C² » MCM Fe� 	?�©<�`�5�79«�<n>I;C;=<?>�H9Fh>�b¼< ��498,5ZHZ79@A8=<eHI<h`
«�FhBA<?78¾`�HI<eb¼5 8,8=g?BaFh;,@A5 >�49BD7�`�� 5�8,;=<h` ÄG° O >$4�Fq8=;,@abc79BA@D<?8?ÅZ465 798�BA<h`C`�@A;=<h` Y ¶�59Å Y ¶�®1<?; ¹	� ÅI;,5 79;,<o`
BA<h`Q«�FhBA<?78¾`CHI<�bc5�8,8=g?BaFh;,@D5�>1<?>Z;,8,<VBA< Y ��M `k@D�"79BDg�<n;&BaF UVO O 5 :�`k<?8=«�g?<�`�5�>Z;�`k794�g?8=@A<?798=<h` � 0.2 Å<?;�b¼<?;=;,<3b?Fq8GF�b¼;=g?8,@i`k;=@aÀ�79<�<h`�;C8,<?498=5ZHI79@D;,<�<?>Z;,8,<�BD< Y��}M `k@A�¯79BDg�<?;CBiF UVO O `k@D�"79BDg?<�° Y <?79BA<o`&BA<h`
«�FhBA<?78¾`�HI<¯b¼5�8=8,g?BiFq;=@A5�> HI7£`k@D;,< ¹&X�Y Å9<?;VH9Fq>Ê`�7>9<��©5 @A>�HZ8,<��©<h`�798,<3HI7£`�@A;,< p&L Åµ`k5 >I;V�©5�@D>�`
:9@A<?>�8,<?48,5ZHI79@D;,<h`¯4�Fq8 W,YZ¹C² » MCM À�79<�4�Fq8 WGY^¹C² » A» gs

Å �/Fq@a`¯b¼<h` HI<?7 ¸ `k@D;,<h` `k5�>Z;1HI<o`©`k@D;,<h`
FqE�8=@ab¼5 BA<h`cÅ9<?; W,YZ¹C² >9<3`k@A�¯79BD<�4�F ` BD<h`&498GFq;,@iÀ^7<h`CFqE 8,@abc5�BA<o`¼ÅI<n>¥4ÊFq8,;=@ab¼7BA@A<n8&B�T @A8=8,@AEjFq;=@A5�> °

� ���!#)


M <n;,;,<Vb¼5 �©4�Fq8GFq@i`k5�>¯�©5 >I;=8,<�À�79<�BÂT 5 49;,@D5�> WGY^¹C² » MCM 4�<?8,�©<n;QHI<�8,<?498=5ZHI79@D8,<�BA<�BA@A<n>eBA@A>ghFq@D8,<
< ¸ @i`k;GFq>Z;&<?>Z;,8=<�BD<�b¼5�>Z;,<n>I7©<n>©<hFq7$HI7$`�5�Bw<n;CBaF UVO O >95Zb¼;=798,>9<jÅ9FqBD5�8G`CÀ^79<VB�T 5 49;,@D5�> W,YZ¹C² » A» gs>9<&BD< 4�<?8=�©<?;]4�F `¼° M <?BaFC<h`�;)H �JFq7 �ÂFh@A; À^79<QBD<&�©5ZHImnBA< W,YZ¹C² » MCM @D>�b¼BA7;]79>9<&4ÊFq8¾Fh�©g?;=8,@a`=Fq;=@A5�>3HI<
BaF�HIghb¼5 �©4�5�`k@D;,@D5�>3HI<&BiF �/Fq;,@Dm?8,<Q5 8,E�Fh>9@aÀ�79<�HI7e`�5�B�À�79@ZHIg?4�<?>ÊHeHI7eb¼5 >I;=<?>Z7�<?>3<hFq7JHI7e`�5�B�Å FqBD5�8G`
À^79<VB�T 5 49;,@D5�> W,YZ¹C² » A» gs

`k@D�"7BA<&BiF�8,<h`�49@A8GFq;=@A5�> HI<�BÂT ghbc5�`k®`k;=m?�©<
4�Fq8C79><�4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >©À�79@
HIg?4�<?>�H$`k<?79BD<?�©<?>Z;
HI<�BiF�;=<?�©4�g?8GFq;,78,<3HI7�`�5�BÂ° \ FeBA@D�©@A;GFq;,@D5�>1HZ<�BaFe8,<o`k49@D8¾Fq;=@A5 >�l9g?;=g?8,5 ;,8=5�49l9<
4�Fq8
BA<V`k;,8=<h`,`QlI®HI8=@aÀ�79<�HI71`�5�Bw4�<?7;C`¼T 5�494�5j`k<?8 ��B�T <c¿w<n;QHI<�BÂT Fq7E��©<?>Z;¾Fh;,@D5�>¯HI<�BaF�;,<?�©4�g?8GFq;=798,<�°
p Fq8]< ¸ <?�©4BA<�Å M @iFq@i` ��� ��
��ÁÂ��� ��É^Äµ5�>Z;]�©5 >I;=8,g À^79<QBiF&8,<h`�49@A8GFq;,@D5�>3HI<)BÂT ghbc5�`k®`k;=m?�©<�F?« Fq@D;�HI@A�©@D>I7g
BA5�8G`&HI<VBaF�bnFq>9@ib¼79BA<�<?;
BaF�`�ghb¾l9<?8,<o`,`k<VHI<�� ��� Ç�<?> O 798,5 4�<�ÅI<?;�À^7<�BaF3HI@A�©@D>I7;,@A5 >¯HI<�BiF�À�7�Fq>Z;,@D;,g
HI<
b?Fq8=:65 >9<�`k;=5Zb ��g 4�Fq8)BD<h`wghb¼5j`k®`k;=m?�©<h`9g?;GFq@A; HI79< �C79>9<
HI@D�©@A>Z79;,@D5�>�HZ< BiF 48,5ZHI7�bc;,@A5 >�498=@A�1Fh@A8=<
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:8,79;=<�° M <��©ghbnFq>9@i`k�©<C4�5�78,8¾Fh@A;V`¼T Fo«�gn8,<?8
HIg?;=<?8,� @A>�Fh>I;Q4�5�798�BA<V:9@ABiFq>1HI<3b?Fh8,:�5�><eFq7$b¼5 798¾`�HI7
48,5Zb¾l�Fq@D>�`k@Dmhb¼BD<�Å9b?Fh8�bc<h`&g?«�g?>9<n�©<?>Z;¾`Qb¼BA@D�1Fq;=@aÀ�79<n` 4�5�798=8¾Fh@A<?>Z;�HZ<?«�<?>9@D8&49BD7�` � 8=ghÀ�79<?>Z;¾` <n;�49BD7�`
@D>I;=<?>�`�<h`�Fh7 ¸ BaFq;=@A;=7�HI<h`�;=<?�©4�g?8,gn<h`¼° \ T Fq49;=@A;=7�HI<�HµT W,YZ¹C² » MCM � 8=<?498=5ZHI79@A8=<1BA<h`�«�Fh8,@iFq;,@D5�>�`¯HI<
BiF U�OQO <?>�� 5�>Êb¼;,@D5�>�HI<"BÂT <hFh7£HI7�`k5�B
b¼5 >���8=�©<eHI5 >�beB�T @D>I;=g?8�	n;�HI7£�©5ZHImnBA<�4�5 798eFh�©g?BA@D5�8=<?8�BD<
8=ghFqBD@a`��©<�HZ<+BiFe`k@D�"79BiFq;=@A5�> HI7 ��7 ¸ >9<n;�HI<3b?Fq8=:65 >9<�Å9<?;Cgn;,7�HI@D<?8�`k<o`&«�Fh8,@iFq;,@D5�>�`�� 79;=798,<h`c°

� 	 � � ��� (*���*��� � � '�� � �!"!� �! �
��� � � "#�7 %
� ��� �.( � �!"#���!� 8 � 0
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\ F"4ÊFq8¾Fh�©g?;=8,@a`=Fq;=@A5�>$HI<�BiF�8=gh`k@i`k;¾Fh>�b¼<3`k;=5��1Fh;,@iÀ^79<�79;=@ABD@a`kgn<�H9Fq>Ê` W,YZ¹C² » A » gs
<?; W,YZ¹C² » MCM Å

4�<?8=�©<?;VHI<¯HI@i`k;,@D>9E�7<?8�HI<?7 ¸ ;�®I4�<h`VHI<"8=g?4�5�>�`�<¯Fq7�`k;=8,<h`=`�lZ®HI8,@iÀ^79<JH9Fq>Ê`�BD<¯`k5 B�dµBaF©`�;,8¾Fh;,g?E @A<
HµT g?«Z@A;=<?�©<?>�;�HZ7_`�;,8=<h`,`�<?;eBiF�`k;=8¾Fq;=g?E�@D<1HI<1;,5 BAg?8GFq>�bc<1Fq7�`k;=8,<h`=`¥Á «�5�@D8eb¾l�Fq49@D;,8=<�ÈqÄG° M <h`eHI<n7 ¸
`�;,8GFq;,gnE�@A<o` `�@A�¯79BA<n>I;�HI<o` 8,gn465 >�`k<o` HZ@ ¿µg?8,<n>I;=<h`)BA5�8G`,À�79<CBA<Vb¼5 >I;=<?>I7e<n>"<hFh7©HZ71`k5 B6<o`k;Q@A>�� gn8,@A<n798 �
BiFCb?Fq4ÊF�b¼@D;,g
Fq7Jb l�Fh�©4]° M <?;=;,<
HI@a`�;,@D>�b¼;,@D5�>�4�<?8=�©<?; HI<
`k@A�¯79BD<?8µHI<h`]HI@ ¿wgn8,<?>�bc<h`]HI<
b¼5�� 465 8,;=<?�©<?>Z;
8=g?<?BDBA<?�©<c>Z;C5�:�`�<?8,«�g?<o`�Á M FhBA«�<?;nÅ]��� ����� M FqBD«�<?; ��� ��
� Å���� � Æ ÄGÅ �1Fh@a`C4�5�`k< BaF1À^7<h`k;=@A5�>�HI7�b l5�@ ¸
HZ<+BiFe`k;=8¾Fq;=g?E�@D< ��79;=@ABD@a`k<n8?Å�>95�;GFq�©� <?>I; �eB�T ghb l<?BABD<CE�BA5 :�FqBD<�°

\ <h` ��7 ¸ ;,798=:979BA<n>I;G`e`k@A�¯79BDgh`�4�Fh8"BD<h`eHI<?7 ¸ `k;=8¾Fh;,g?E @A<h`¯`k5 >I;e<?>�E g?>9g?8GFqBC;,8=mh`�498=5Zb l9<o`¥Á!�9»
E 798,<o` K ° �ZÅ K ° ÇIÅ K °<:"<n; K ° � Ä¾° O >�4�Fq8=;,@abc79BA@D<?8?Å9BD<h`�HZ@ ¿µg?8,<n>�b¼<h`C<?>Z;,8,<3BA<h` ��7 ¸ `k@D�"79BDgh`&4�Fh8�79>9<
� 	?�©<Q5�49;=@A5 >©F?«�<hb&BD<h`QHI<?7 ¸ `�;,8¾Fh;,g?E @A<h`Q`�5�>Z; 4�<?;=@A;=<h`)<?>©bc5��©4�Fh8¾Fh@a`k5 >¯HI<Vb¼<?BABD<h` 5 :9;,<?>Z79<h`)<?>Z;,8=<
W,YZ¹C² » A » gs

5�7 W,YZ¹C² » MCM <?; WGY^¹C² »�`�;¾Fh>�H9Fq8GHw° M <?4�<?>�H9Fh>I;nÅ�4�5�798Qbc<?8,;GFq@A>Ê` `�@A;,<o`¼ÅhBA<h`�`k;GFq;,@i`k;=@aÀ�79<h`
;=8¾F b¼g?<h`�`k798 BA<h` ��E�78,<h`)ÉZ°AÈ ��ÉI° :��©5 >I;=8,<?>Z;]79>9<
>9<?;,;=<CHI@ ¿µg?8,<?>Êb¼<Q<?>I;=8,<
BaF�`k;,8GFq;=g?E�@D<CHI<
;,5�BDg?8¾Fh>�b¼<
Fh7�`k;=8,<h`=`�<?;�BaF1`k;=8¾Fq;=g?E�@D<©HµT g?«Z@A;=<?�©<c>I;�HI7�`k;=8,<h`=`+4�5�78�BA<o` ��7 ¸ ;=798,:97BA<?>Z;¾`ed]BA<h` ��7 ¸ `k@D�"7BAgh`
`�5�>Z;�49BD7�`�498=5Zb l9<o`+HZ<h` ��7 ¸ 5�:�`�<?8,«�go`�F?«�<hb�BaF©`�;,8¾Fh;,g?E @A<¯HwT g?«Z@A;,<n�©<¼>Z;CHZ7£`k;,8=<h`,`�4�5�78+BD<h`�`k@A;=<h`
p&L <?; ¹&X�Y Å <n;eF?«�<hbeBaF�`k;=8¾Fh;,g?E @A<1HI< ;,5�BDg?8¾Fh>�b¼<1Fh7�`k;,8=<h`,`�4�5 798eBA<h`3`k@D;,<h` ¹&X+M Å YZ± <n; \�� °
\ F¯`k;=8¾Fh;,g?E @A<3HI<�8=g?4�5�>�`�<eFq7$`�;,8,<o`,`ClI®HI8,@iÀ^7<�HI7$`�5�B�>]T F�4�F `CHwT @D�©4�F b¼;
`k798�BA<h`
`k;GFq;,@i`k;=@aÀ�79<h`CHI7
8GF?®�5�>9>9<n�©<?>Z; ><?;?°

\ <h`3`k;GFq;,@i`k;=@aÀ�79<h`+<n>I;=8,<¯BA<h`�`kgn8,@A<o`+HZ< U�OQO 5�:Ê`k<?8=«�g?<"<n;eHI< U�OQO `k@A�¯79BDg?<h`C4�Fq8 WGY^¹C² » MCM
F?«�<hbQBaF�`k;=8¾Fh;,g?E @A<�HwT g?«I@D;,<?� <¼>Z;]HI7 `k;=8,<h`=`)<?;)BaFV`k;,8GFq;=g?E�@D<�HI<C;,5 BAg?8GFq>�b¼<�Fh7©`�;,8=<h`,`)`�5�>Z;Qg?E�FhBA<?�©<n>I;
;=8,mh`C498=5Zb l9<o`�<?>�E g?>9g?8GFqBÂ° M <?4�<?>ÊH9Fq>Z;?Å�79>9<JHI<h`�HI<?7 ¸ `k;=8¾Fh;,g?E @A<h`�Fh�©g?BD@A5�8=<�4�Fh8#� 5�@i`�HI<3�1Fq>9@Dm?8,<
`�<?>�`�@A:9BD<�BaF�« FqBD<?798�HI<�BiFeb¼5�8=8,g?BiFq;,@D5�>£Á �ÊE�798=<h`CÉI° � �eÉZ°AÈ?��Ä�d9BiFe`k;=8¾Fq;=g?E�@D<3HwT g?«Z@A;=<?�©<c>I;HI7�`�;,8,<o`,`
4�<?8=�©<?;3HI<1`�@A�¯79BA<n8�HI<h`�« Fq8=@aFh;,@A5 >�`eHI7 ��7 ¸ >9<?;¯HZ<1b?Fq8=:�5�>9<149BD7�`�498,5Zb¾l9<h`3HI<h`�5 :�`k<?8=« Fq;,@D5�>�`
4�5 798�BD<h`&`�@A;=<h`&Ã \ Å U�L Å p&L Å ¹&X�Y Å ±�X Å Y ¶�5e<?; ¹	� ÅZ;¾Fh>�HI@a`CÀ�79<�BiF�`�;,8¾Fh;,g?E @A<3HI<�;=5�BDg?8¾Fh>�b¼<�Fh7
`�;,8=<h`,`�Fq�©gnBA@A5 8,<�BaFe`�@A�¯79BaFh;,@A5 >©HZ<+BiF U�OQO 4�5�798�BA<h`
`k@D;,<h` ·VP Å ¹&X�M Å P�p Å \�� <n;CÃ W °

\ F�`k;=8¾Fh;,g?E @A<�F�49BD7�`)HwT @A�©4ÊF�b¼;�`�798)BA<o`)b¼5�8=8,g?BiFq;=@A5�>Ê` HI7 ��7 ¸ HI< UVO O À�79<�`k798 BA<h`�`k;GFq;,@i`k;=@aÀ�79<h`
HZ<h` �Ê7 ¸ ;,798=:979BA<n>I;G`¼° M <?BiF�`cT < ¸ 49BA@iÀ^7<)4�Fq8�BA< �ÂFh@A; À^79<QBD<$��7 ¸ HwT F�`=`k@A� @ABaFh;,@D5�>�>9<n;,;,<Q<h`�; BiFq8=E�<?�©<n>I;
@D>���79<n>�b¼g�4�Fh8�BaF�`�;,8¾Fh;,g?E @A<�Å �[BaF � 5 @a`¥«Z@aF[BiF¢bc5�>�HI7Êb¼;¾Fh>�b¼<�`k;,5 �1Fq;=@aÀ�79<�ÅQB�T @A>�HI@ib¼< � 5 BA@iFq@A8=<�<?;
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B�T lZ79�©@iHI@A;=gCHI7$`�5�B�° K <+� 	?�©<�ÅhBaF�8=<h`k49@D8¾Fh;,@A5 >$HIg?4�<?>�H1HI<�BaF�:9@A5 �1F�`=`k<�ÅZ<?;�HI5 >�b�HI<�BaFeÀ�7�Fq>Z;,@D;,g
HI<3b?Fq8=:65 >9<eF b?b¼79�¯79BDg?<�4ÊFq8�BaF�49l95 ;,5j`k®Z>I;=l9mh`k<jÅ6<?;�HZ<+BÂT lZ79�©@iHI@A;=g�HI7�`�5�B�° M <n46<n>�H9Fq>Z;?Å948,<h`=À^79<
;,5�7Ê` BA<o` `�@A;=<h`)�©5�>Z;,8GFq>Z;)79>©@D�©4�F�bc;)HI<�BaF3`k;=8¾Fq;=g?E�@D<�`�798QBA<h` ��7 ¸ ;=798,:97BA<?>Z;¾` � 5�>Z;,8,<n>I;QFh7�`,`�@w79>
@A�©4�F b¼;�`k78+BD< ��7 ¸ >9<?;�HI<¯b?Fq8=:�5�>9<�Å Fo«�<ob+BaF¯� 	?�©<�`�;,8GFq;,gnE�@A<JÀ^7@Q`k<¯HIgn�1Fq8GÀ^79<¯d]b T <h`�;�BD<eb?F `
HI<h`C`k@D;,<h` p&L <?; ¹&X�Y F?«�<hb�BiF"`�;,8GFq;,gnE�@A<�HwT g?«Z@A;=<?�©<?>Z;QHI7$`�;,8,<o`,`¼Å9<n;CBA<h`C`�@A;,<o` ¹&X+M <?; \�� F?«�<hb
BaFe`k;=8¾Fh;,g?E @A<3HI<�;,5 BAg?8GFq>�b¼<�Fq7�`�;,8=<h`,`c° \ <�`�@A;=< YZ± �©5�>Z;,8=<�79>1@A� 4�F�b¼; �ÂFh@A:9BD<�HZ<+BiFe`k;=8¾Fq;=g?E�@D<�`k78
BaF U�OQO °

\ < b¾l95�@ ¸ HZ<"BiF©`k;=8¾Fq;=g?E�@D<"<o`k;�79>£498=5�:9BDm?�©<3HIg?BD@ab?Fh;?Åµb?Fq8�BaF `k;,8GFq;=g?E�@D<©HIgn46<n>�H�HI<¯B�T <o`k4�mhb¼<�Å
�1Fq@i` Fh7�`,`�@�HI<�B�T <?>I«Z@A8=5�>9><?�"<n>I; HI<�BiF�49BaFh>I;=<�° \ T g?« FqBD7�Fq;=@A5 >�HZ<h` 4�<?8%� 5�8,�/Fq>�b¼<o`&HI71�©5ZHImnBA<�`k78
79>_E 8¾Fq>ÊH_>95��¯:98,</HI<�`�@A;,<o`�<h`�;¯Fq7�`=`k@�7>_�©5h®�<?>�HZ<�bc5��©4�Fh8,<?8eBD<h`�8,go`k79BD;¾Fq;G`"bc5�>�b¼<n8,>�Fh>I;¯BaF
`k;,8GFq;=g?E�@D<�F?«�<hb HI<h`eg?;,7�HZ<h`�498,gob¼ghHI<?>Z;,<o`+8,goFqBA@i`kg?<o`�F?«�<hb W,YZ¹C² » A» gs

° \ < `k@D;,< p&L <h`�;"79>�`�@A;,<
FqE�8=@ab¼5 BA<�5Zb?b¼746g34�Fq8VHI7$:9BAg�HµT l9@D«�<?8�ÁÂHI<�;k®Z4�< C3

Ä¾° W B]8,<h`=`k5 8,;VHI<3b¼<?;,;=<�g?;=7�HI<3À^7<+BiF"`�;,8GFq;,gnE�@A<
HwT g?«Z@A;=<?�©<c>I;�HI7�`k;,8=<h`,`3HI5�>>9<$HI<h`�8,go`k79BD;¾Fq;G`�49BA7Ê`+498=5Zb l9<o`eHI<h`�5�:Ê`k<?8=«�Fh;,@D5�>�`cÅ���BaF � 5 @a`�4�5�78
BA<h`���7 ¸ ;,78,:979BD<?>Z;¾`�<?;�BA< ��7 ¸ >9<n;eHI< b?Fq8=:�5�>9<�° M T <h`�;3Fq7�`=`k@&BiF�`�;,8¾Fh;,g?E @A<©7;,@ABD@a`�g?<�4�Fh8 M FqBD«�<?;
��� ��
� Á���� �^� Ä�4�5 798�b¼<�;�®I4�<JHI<�«�g?E g?;¾Fh;,@D5�>]° K <3� 	?�©<jÅ�BA<J`k@A;=< ¹&X�Y <h`�;�`�@A;=79g3`k798�7>9<eb¼7BA;,78,<
HI<3`k5h¬¾F©ÁÂHI<�;k®Z4�< C3

ÄQ<?;
BaFe`k;=8¾Fh;,g?E @A<3HwT gn«I@D;,<?�©<n>�;QHI7$`k;=8,<h`=`�Fh494�Fq8GF��D;C�©<?@ABDBA<?78,<C4�5�798�bc<�`�@A;=<�°
M T <h`�;©Fh7�`,`�@�BiF�`�;,8¾Fh;,g?E @A<$�©@a`�<¥<n>¢gn«I@iHI<?>�b¼<14�Fh8 M FhBA«�<?;$Á�� ��� �^Äe4�5�781b¼<?;=;,<1<h`k4�mhbc<�Å)BA5 8¾`©HI7
HIg?«�<?BD5�494�<?�©<n>I; HI<�BaF+4ÊFq8¾Fh�©g?;=8,@a`=Fq;=@A5�> HI<�BaF�8,g?4�5�>Ê`k<�Fh71`k;=8,<h`=`&lI®HI8,@iÀ^7<C465 798CBA<o`l<?8,:�F b¼g?<h`c°
\ F"`�;,8¾Fh;,g?E @A<3HI<�;,5 BAg?8GFq>�bc<�Fh7$`k;,8=<h`,`�`k<�8=g?«�m?BA<��©<?@DBABD<?798,<C4�5 798�BD<��1F ��`&HI7$`�@A;,< ¹&X�M Á�HI<�;�®Z46<
C4

Ä¾Åw<?>£F b?b¼5 8¾H£Fo«�<ob�BA<¯b¾l95�@ ¸ HI< M FhBA«�<?; ������
�)ÁÂ��������Ä3`�798�BA< Y 7�H�» L 79<h`�;3HI<eBaF1Ã98¾Fh>�b¼<�° O BDBA<
`¼T @D�©4�5�`�<&Fh7�`,`�@94�5�798 BaFC;,5�7>�HI8¾FVHI7¯`k@D;,< P�p Å `k<n79BZ`k@D;,<CHµT l9<?8=:�F�bcg?<h`]HI<
;k®Z4�< C3

HZ@a`k4�5 >9@A:9BD<&4�5�78
b¼<?;,;=<�g?;=7�HI<�Å�<?;�bc5�>�b¼5 8¾HI<¯Fh@A>�`�@QF?«�<hb�BaF©`�;,8GFq;,gnE�@A<e7;,@ABD@a`�g?<�4�Fq8 M FqBD«�<?;3Á���� ����Ä�4�5�798�BiF"498¾Fh@A8=@A<
HI<";�®Z4�< C3

HI7�`�@A;=<¯f P�R�O � ° \ F¥8,gn465 >�`k< Fq7 `k;,8=<h`,`�lZ®9HZ8,@aÀ�79<¯HI<o`�l<?8,:�F b¼g?<h`�>�Fh;,798=<?BABD<h`�HI<
;k®Z4�< C4

>]T F¯4�F�`�gn;,g�g?;,7ÊHI@Ag?<�498=ghb¼ghHZ<?�©�¯<?>I;
F?«�<hb W,YZ¹C² » A » gs
�ÂFh79;,<JHI<eHZ5�>9>9gn<h`�`�798�b¼<�;�®Z46<

HI<�«�g?E g?;¾Fh;,@A5 >]Å��1Fq@i`)BA<h`Q;,8,5 @a`
`k@A;=<h`&HZ@a`k4�5 >9@A:9BD<h` 4�5 798�b¼<?;=;,<�g?;,7�HZ<�Å \�� ÅÃ W <?; YZ± ÅZ`k5 >I;C�©@D<?7 ¸
`k@A�¯79BDgh`CF?«�<hb�BaF©`�;,8¾Fh;,g?E @A<¯HI<e;=5�BDg?8¾Fh>�b¼<eFh7[`�;,8=<h`,`c° \ <h`�� 5 8�	?;G`�HI<¯b¼5 >9@ � m?8=<h`�HI<h`�`�@A;,<o`�Ã \ Å U+L
<?; ¹	� �©5�>Z;,8=<?>Z; ;=5�79;=<h`&BA<o` ;,8=5�@i` 79>1�©<?@DBABD<¼798b¼5��©4�5 8,;,<n�©<?>Z;)HI<VBaFe`k;=8¾Fh;,g?E @A<�HwT g?«Z@A;,<n�©<¼>Z;QHI7
`k;,8=<h`,`cÅ�Fq7Ê`,`k@Êb l95 @a`�@A<Q4�5�798QBA<
49@A>3�1Fq8=@A;=@A�©<�4�Fq8 M FqBA«�<n; ��� ��
 �IÁÂ��� � Æ Ä�<?; R @A« FqBDBaFq>ÊH ��� ��
�ZÁÂ����� É^ÄG°
K Fq>�`�BA<h`�g?;,7�HZ<h`�498,ghbcghHI<?>Z;,<h`cÅw`�<?79BD<eBaF1`k;=8¾Fq;=g?E�@D<¯HI<¯;,5�BDg?8¾Fh>�b¼<¯Fh7�`k;=8,<h`=`+F©g?;=g"7;,@ABD@a`�g?<�4�5�78
BA<h` � <?79@ABDBA7�` HIghb¼@iHI7�`�dZ4�5�798CBD<�l 	n;,8,<�4�Fh8 R @D«�FhBABiFq>�H�ÁÂ��� ��Ç^ÄGÅ9<?;Q4�5�798CBD<�b l 	?>9<�4�Fq8 M FqBA«�<n; ��� ��
�
Á���� � Æ Ä¾° M <?;,;=<�g?;,7ÊHI<�`k78�BD<h`&`�@A;,<o`&Ã \µP���U�OQN �©5�>Z;,8=<�HI<h`Q8,gh`�79BA;GFq;¾`Cbc5�>Z;,8¾F `k;=gh`&4�5�798Vb¼<�;�®Z46<
HI<�«�gnE�g?;GFq;,@D5�>$d�BaF�`k;=8¾Fq;=g?E�@D<�HwT g?«I@D;,<?�¯<?>Z;�HI71`�;,8,<o`,` <o`k;Q�©<?@DBABA<c798=<&4�5�798
BA<V`k@D;,< ±�X Å ;¾Fq>ÊHI@a`
À^79<
BaF¯`k;,8GFq;=g?E�@D<¯HI<�;=5�BAgn8¾Fq>Êb¼<eFh7£`k;,8=<h`,`VFq�©g?BD@A5 8,<�BD<h`�`�@A�¯79BaFh;,@D5�>�`C`�798�BA<3`�@A;,< ·VP ° M <n46<n>�H9Fq>Z;?Å�BA<
`k@A;=< ±�X <h`k;�79>¯`k@D;,<
HI<�� 5�8�	n; �©@ ¸ ;=<)bc5��©4�5�`�g ��Ç�� 
 HZ<Cb¼5 >9@ � m?8=<h`¼Å?<n; <h`�;�HI5�>Êb&46<n7�8,<n498,gh`�<?>Z;¾Fq;=@ �
HI7�;�®Z46<3HI<o` � <?7@ABABD7�`&HZghb¼@aHZ7�`¼° \ F©`�;,8GFq;,gnE�@A<JHwT gn«I@D;,<?�¯<?>Z;&HZ7�`k;=8,<h`=` <o`k;C�©<?@DBABD<?798,<�4�5�798�BA<3`�@A;,<
HI< � <?79@DBABD7�`�46<n8¾`k@i`k;GFq>Z;¾` Y ¶�5° M <1;�®I4�<1HZ<©«�g?E�gn;¾Fq;=@A5 >[>]T <o`k;�4ÊF�`�8,<n498,gh`�<?>Z;,g1H9Fh>�`�BA<o`+g?;=7�HI<h`
498,ghbcghHI<?>Z;,<h`c° M <?4�<?>�H9Fh>I;nÅ Y ¶�5�<h`�;)79>¯`�@A;,<�HZ<C�1F�À�79@a`]�©ghHZ@A;,<n8,8¾Fh>9g?<?>V<?>e;,8GFq@A>¯HZ<�`k<�8,g?E g?>9g?8=<?8
Fq498=mh` 79>e@D>�b¼<?>�HZ@A<�Å?<?;b¼<&8=gh`k79BD;¾Fh; >9<C4�<?7;QHI5�>Êb&4�F�` 	?;=8,<&E g?>9g?8GFqBD@a`kg�Fq7e;�®Z46<�HZ<&«�g?E g?;¾Fh;,@A5 >¯HI<h`
� <?79@ABDBA7�`Q4�<?8¾`�@a`k;GFq>Z;¾` �eB�T ghb l<?BABD<CE�BA5 :�FqBD<�Å9<h`=`k<?>Z;,@D<?BABD<?�"<n>�;&bc5�>�`�;,@A;=79g�4�Fh8�BD<h`$� 5�8�	?;¾`&;=8,5 49@ab?FhBA<h`c°
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\ <C�©5ZHZm?BA<
HI<�`k798%�ÂF�b¼<�HI<
B�T Wkp&Y9\ Å LVR�M
±�W�K�OQO ÅhF�g?;,g
« FqBA@iHIgC`�798)BD<h` � :�`k@D;,<h`�HI<�b¼<n;,;,<Qg?;=7�HI<
4ÊFq8C¶�8=@A>9>9<n8���� ��
��ÁÂ��� ��É^ÄG° \ <h`&`�@A�¯79BaFh;,@D5�>�` 5 >I;Qg?;=g�8=ghFqBD@a`�g?<h`)4�5�798
BA<h`)� 	?� <h` Fh>9>9g?<o`¼ÅZF?«�<hb BD<
� 	?�©< � 5�8 �?FqE <�Fq;=�©5�`�49l9g?8=@aÀ�79<�° \ <h`
`k;GFq;,@i`k;=@aÀ�79<h`Q`k5 >I;�Fq7�`=`k@]bnFqBabc79BAg?<o` @ab¼@ÊHI<�BiF+� 	n�©<Q�1Fq>9@Dm?8,<
4�5 798&BD<h`)HI<?7 ¸ �©5ZHImnBA<h`Qd�465 798QBA<h`��©5h®�<?>9>9<h`]�©<?>Ê`k79<?BDBA<h`cÅ?`�<?79Ba`)BD<h` �©5 @a`]465 798&BD<h`,À�79<?Bi` 4BA7�`QHI<
BiF+�©5 @A;=@Ag�HI<h`Q5�:�`�<?8,« Fh;,@A5 >�`�`k5�>Z;CHZ@a`k4�5 >9@A:9BD<h`&`�5�>Z;�`kg?BD<hb¼;=@A5�>>9gh`)4�5�798CBiF�b¼5 �©4�Fq8GFq@i`k5�> <?>I;=8,<�BD<
� 5ZHIm?BA<V<?;&BD<h`&5�:�`�<?8,« Fh;,@A5 >�` ��4�5�798�BA<h`
`kg?8=@A<h`CHZ<�HI5�>>9g?<h`�`k<?� @ »Âl95�8GFq@A8=<h`¼Å�;=5�79;=<h`&BA<h`&gob l9goFq>�b¼<o`
5 :�`k<n8,«�g?<h`�`k5 >I;�`kg?BD<hb¼;,@D5�>9>g?<h`¼ÅZ<?;�>95�>£4�F�`V`k<?79BD<?�©<?>Z;QBA<h`C�©5 @a`�HwT g?;=g3b¼5��©� <�498,gob¼ghHI<?� �"<?>�;n°
K <+4BA7�`cÅ9b¼<�`�5�>Z;CBA<h`
b¼5�8=8,g?BiFq;=@A5�>Ê`CFq7$b?Fq8=8,g�ÅZ<?;C>95 >¥BD<h`&bc5�8,8=g?BaFh;,@D5�>�`C`�@A�©49BD<h`¼ÅjÀ^79@ `k5 >I;C;=8¾F�bcg?<h`
`�798�BA<h` ��E�798=<h`�ÉI°AÈ Æ <n;�ÉI°AÈnÉI°

\ F ��E 798,<�ÉI°AÈ Æ �©5�>Z;,8=<CBA<�bnFq8,8=g�HZ<h`&b¼5 8,8=g?BaFh;,@A5 >�` <n>I;=8,<�BA<h`
`kg?8=@A<h`QHI<�� 5q®�<n>9>9<h`]�©<?>�`�79<?BDBA<h`
5 :�`k<n8,«�g?<h`�<n;¯`k@A�¯79BDg?<h`�4�Fq8 LVR�M
±�W�K�OQO <?; W,YZ¹C² » MCM 4�5�798¯BA<h`eHZ@ ¿µg?8,<n>I;G` ��7 ¸ HI<$`�798#�ÂF b¼<�°
\ <o`+bc5�8,8=g?BaFh;,@D5�>�`C5�:9;=<?>Z79<h`�4�5�78+BD<e8¾F?®�5�>>9<?�©<?>Z;&><?;�`k5 >I;�;=8,mh`�b¼5�� 4�Fq8GFq:9BD<h`�<?>Z;,8=<�BA<o`�HI<n7 ¸
� 5ZHIm?BA<o`¼° \ F_bc5�8,8=g?BaFh;,@D5�>t`�@A�¯79BAgn<¥4ÊFq8 W,YZ¹C² » MCM <h`k; 49BA7�` � 5�8,;=<�4�5 7981BA<h`¯`k@D;,<h` PVp <?; X�W Å
�/Fq@a`]4�5�798 P�p `k<?79BD<?�©<?>Z;];,8=5�@i` �©5�@i`)HwT 5�:�`�<?8,« Fq;=@A5 >�`Q`k5�>Z;
HI@a`�4�5�>9@D:9BA<h`c° \ <h` R f YZO 48,gh`�<?>I;=<?>Z;
4BA7�`�HI<¯HI@ ¿µg?8,<?>Êb¼<h`�Á >95 >[�©5�>Z;,8=g�Ä¾Å9�/Fq@a`�Fq7Êb¼79>�HI<h`�HI<?7 ¸ �©5ZHIm?BD<h`C>]T <h`�;�`k®`k;=g?�1Fh;,@aÀ�79<?�¯<?>Z;
4BA7�`Q498,5Zb¾l9<�HI<o`5 :�`k<n8,« Fq;=@A5�>Ê`¼° K <�4BA7�`cÅ^BD<h`)49BA7Ê`"� 5�8=;,<h`Q« FqBA<n798¾`
HI< R f YZO `k5 >I;
E�g?>g?8¾FhBA<?�©<n>I;
`�@A�¯79BAgn<h`w`�798 BD<h`]� 	?�©<h`�`�@A;,<o` 4�Fh8)BA<o` HI<n7 ¸ �©5ZHIm?BD<h`)Á�f O Å p&L Å Y ¶�59Å Y ¶�®+<n; ��¹ ÄG° M <
8,gh`�79BA;GFq;
`�79E�E m?8,<JÀ^7<+BD<h`CHI@ ¿wgn8,<?>�bc<h` <?>Z;,8=<�BA<h`Q5�:�`�<?8,« Fq;=@A5 >�`�<?;CBD<+� 5ZHIm?BA<V`k78�BD< �Ê7 ¸ HI<�8¾F?®�5 >9>9<?�©<n>I;
><?;?Åc498,5h«Z@A<?>9><?>I; `k5 @A;�HI<h`w@D>�b¼<?8=;,@D;,7�HI<o`w`k78]BA<h`w�©<o`k798=<h`95�7�BD< � 5�8 �?FqE <CFh;,�©5j`k49l9gn8,@aÀ�79<�Åc`�5�@A;�HµT 79>
HZg&�ÂFq79; b¼5 �©�"7>�Fq7 ¸ HI<n7 ¸ �©5ZHIm?BD<h`wH9Fh>�` BiF 8=<?498,go`k<?>Z;¾Fh;,@A5 >eHI73:9@ABiFq>JHwT g?><?8,E @A<Q<?>e`�798#�ÂF b¼<�° \ <h`
HZ@ ¿µg?8,<n>�b¼<h`�<?>I;=8,<)BD<h`wHZ<?7 ¸ �©5ZHZm?BA<h`�`�5�>Z;]49BA7�`w�/Fq8¾À�79g?<o`64�5�798]BD<h` ��7 ¸ ;,798=:979BA<n>I;G`¼° LVR�M
±�W�K�OQO
`�@A�¯79BA<3HI<o`�« Fh8,@aFh;,@D5�>�`�HI7 ��7 ¸ HI<©b¾l�FhBA<?798�BaFh;,<?>Z;,<e4BA7�`�48,5Zb¾l9<h`�HI<h`�5�:Ê`k<?8=«�Fh;,@D5�>�`�À�7]T W,YZ¹C² »
MCM 4�5 798CBA<h`
`k@D;,<h` ¹&X�Y ÅZÃ \ Å ±�X Å p&L Å Y^± <?; Y ¶�53;¾Fq>ÊHI@a`CÀ�79< WGY^¹C² » MCM 5 :9;,@D<?>Z; 7>©�©<?@DBABA<n798
`=b¼5�8=<�4�5�78�BA<h`�`k@D;,<h` ¹CR Å ·�P Å \]L Å \�� Åwf O Å Y ¶�®�Å�<?; X�W ° M <?;=;,<�� <?@ABDBA<?798=<�4�<?8%� 5�8=�1Fq>�bc<�`�798
BD< ��7 ¸ HZ<eb¾l�FqBD<?798�BaFq;=<?>Z;,<3`k<e;=8¾F�HZ79@A;�g?E�FhBA<?� <?>I;C4ÊFq8�79><��©<?@DBABD<¼798=<�b¼5 8,8,gnBaFq;=@A5 >�4�5�798VBA< �Ê7 ¸
HZ<�b lÊFqBA<n798
`k<?>�`�@A:9BD<�`k78&BaF�49BA74�Fq8=;�HI<h`&`�@A;=<h`&b¼5 >�b¼<?8=>9gh`c° \ <o`Cb¼5�8=8,g?BiFq;,@D5�>�`
`k5 >I;�HI@ ¿µg?8=<?>I;=<h`&`�798
48,<h`=À^79<3;,5 7�`�BA<o`C`k@A;=<h`C465 798�BD< ��7 ¸ >9<n;�HI<Jb?Fq8=:�5�>9<�° LVR�M
±�W�K�OQO �©5�>Z;,8=<�HI<h`C« Fq8=@aFq;=@A5 >�`�HI<
BiF U�OQO 49BD7�`�498=5Zb l9<o`�HI<h`�5 :�`k<n8,« Fq;=@A5�>Ê`�4�5�798 ²�¹ Å ¹CR Å M
p Å]Ã \ Å ±�´ Å U+L Å p&L Å P�p <n; ��O Å
;GFq>�HZ@a`�À^7]T W,YZ¹C² » MCM `k<3HI@a`�;,@D>9E�79<3`�798�BD<h`&`�@A;=<h` ¹&X+M Á�`�;,8GFq;,gnE�@A<3HI<�;=5�BAgn8¾Fq>Êb¼<�Fq7 `k;=8,<h`=` Ä¾Å ¹	� Å
·VP Å \�� Å9<n; Y9L °

\ F ��E 798,<3ÉZ°AÈ?É�� 5�>Z;,8,<CBD<�b?Fh8,8,gVHI<h`Cbc5�8,8=g?BaFh;,@D5�>�`Q<?>I;=8,<�BA<h`
`kg?8=@A<h`QHI<V«�FhBA<?78¾`&`�<?�©@ »�l95 8¾Fh@A8,<o`
5 :�`k<n8,«�g?<h`�<n;¯`k@A�¯79BDg?<h`�4�Fq8 LVR�M
±�W�K�OQO <?; W,YZ¹C² » MCM 4�5�798¯BA<h`eHZ@ ¿µg?8,<n>I;G` ��7 ¸ HI<$`�798#�ÂF b¼<�°
\ �[<?>Êb¼5�8=<�Å)BA<h`¯b¼5 8,8,gnBaFq;=@A5 >�`©`k5 >I; ;,8,mo`�498=5Zb l<h`"4�5�7981BiF 49BD794�Fh8,;1HI<o`©`k@D;,<h`e4�5�7981BA< ��7 ¸ HI<
8GF?®�5�>9>9<n�©<?>Z; ><?;?° WGY^¹C² » MCM 48,5ZHI79@D;�HZ<h`&�©<?@DBABA<c798=<h`)b¼5 8,8,gnBaFq;=@A5 >�`C`k798CBD<h`C`k@D;,<h` ²�¹ Å9Ã \ Å ±�O Å
±�X Å \�� Å P�p Å X�W <n; ��¹ ° LVR�M
±�W�K�OQO Fh�©g?BD@A5�8=<eBAg?E m?8,<n�©<?>Z;�BaF$b¼5�8=8,g?BiFq;,@D5�>�HZ7�`k@D;,< ¹&X�Y °
K <�� 	?� <eBA<h`¯b¼5�8=8,g?BiFq;=@A5�>Ê`�4�5�78"BD<h` �Ê7 ¸ ;,798=:979BA<n>I;G`e`k5�>Z;¯E�g?>9gn8¾FqBD<?�©<?>Z;�49BA7Ê`�g?BD<?«�g?<h`3F?«�<hb
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� ����� ÉI°DÈ Æ � M 5�8,8=g?BaFh;,@D5�>tFh7�b?Fq8=8,g$<?>I;=8,<1BA<o`"`�g?8,@D<h`"HZ<��©5h®�<?>9><h`+�©<n>�`k79<nBABA<o`�5 :�`k<n8,«�g?<h`e<?;
`k@A�¯79BDg?<h`�HI< 8¾F?®�5�>9><?�©<?>Z;�>9<?;nÅ)HI< ��7 ¸ HI</b l�FhBA<?78�BaFh;,<?>Z;,<jÅ HZ< ��7 ¸ HZ<1b lÊFqBA<n7983`k<?>�`�@A:9BD<©<?;
HI< ��7 ¸ >9<n;©HI<$b?Fh8,:�5�><�4�5�798 LVR�M
±�W�K�OQO Á BA5�`=Fq>9E <h`e8,5�7E�<h`¾Ä�<?; W,YZ¹C² » MCM Á�b¼<n8¾b¼BD<h`+:9BD<?7�`
� 5�>�b¼go` Ä¯d
`k;,8GFq;=g?E�@D<�HµT g?«Z@A;=<?�©<?>�;3HI7�`k;,8=<h`,`©ÁÂ`k®Z�":�5 BA<h`�49BD<?@A>Ê` Ä�<n;©`�;,8¾Fh;,g?E @A<$HI<1;,5 BAg?8GFq>�bc<�Fh7
`k;,8=<h`,`�Á�`�®I�¯:�5�BD<h`)g?«I@iHIgh`¾Ä¾°
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������� ÉI°AÈnÉ � M 5�8=8,g?BiFq;,@D5�>�Fq7�b?Fh8,8=g©<?>Z;,8,<¯BA<o`�`kgn8,@A<o`�`k<n�©@ »Âl95�8GFq@D8,<h`�5�:Ê`k<?8=«�g?<h`�<?;e`�@A�¯79BAgn<h`�HI<
8GF?®�5�>9>9<n�©<?>Z; ><?;?Å�HI<���7 ¸ HZ<eb¾l�FqBD<?798&BiFq;=<?>I;=<�Å�HI<���7 ¸ HI<3b¾l�FqBD<?798�`�<?>�`k@D:9BA<V<?;�HZ< �Ê7 ¸ >9<?;�HI<
bnFq8,:�5 >9<"4�5 798 L�R�M
±VWkKVO O Á BD5�`=Fq>9E <h`�8,5�7E�<h`¾Ä�<n; W,YZ¹C² » MCM ÁÂb¼<?8Gb¼BA<h`C:9BD<?7�` � 5 >�b¼gh`¾Ä�d]`k;=8¾Fh;,g¼»
E @A<¯HwT g?«Z@A;,<n�"<?>Z;CHZ7£`k;,8=<h`,`3Á�`k®Z�¯:65 BA<h`&4BA<?@D>�` ÄC<n;�`�;,8¾Fh;,g?E @A<¯HI<3;,5 BAg?8GFq>�b¼<¯Fh7£`k;=8,<h`=`�Á�`�®I�¯:�5�BA<o`
gn«I@iHIgh` ÄG°
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WGY^¹C² » MCM À^7 T F?«�<hb LVR�M
±�W�K�OQO ÅI`=Fq7�� `�798 ¹&X3Y 4�5�78&BA< ��7 ¸ HI<Vb lÊFqBA<n798
`k<?>�`�@A:9BD<�Å�<?;�`k798 ¹&X�Y
<?;3Ã \ 4�5 798�BD< ��7 ¸ HI</b l�FhBA<?78�BaFh;,<?>Z;,<�° \ <h`�ghb?Fh8,;¾`�<?>Z;,8,<eBD<h`�bc5�8,8=g?BaFh;,@D5�>�`�5�:;,<?>Z79<h`�4�Fq83BA<h`
HI<?7 ¸ �©5ZHZm?BA<h`V`k5�>Z;�� 5�@A>Ê`�@A�©4�5 8,;¾Fh>I;G`�À^7]T F?«�<hb+BD<h`�`kg?8=@A<h`�HI<¯�©5h®�<?>9>9<o` �©<n>�`k79<nBABA<o` 4�5�78�BA<
��7 ¸ >9<?;�HI<©bnFq8,:�5 >9<�° \ <h`�8,gh`�79BA;GFq;G`�� <?;,;=<?>I;C<n>�g?«Z@aHZ<?>�b¼<3B�T F?« Fq>Z;¾FhE�<¯HwT LVR�M
±�W�K�OQO `�798�BA<h`
`k@A;=<h`&f O Å U+L Å p&L Å Y ¶�59Å P�p <?; ��O Å9<?;�b¼<?BA7@wHµT W,YZ¹C² » MCM `�798 ¹&X+M Á�`�;,8¾Fh;,g?E @A<�HZ<�;,5 BAg?8GFq>�b¼<
Fq7�`�;,8=<h`,`¾Ä¾Å ·VP Å ±VO Å \�� Å Y^± Å X�W <?; ��¹ °

\ <o`&HI5 >9>9g?<h`QÃ \µP ��U�OQN 5 >I;�Fq7�`=`k@wgn;,gC79;=@ABA@i`kg?<o` 4�Fq8�f�5�8GFqBA<o` ��� ��
��ÁÂ��� ��É^ÄQ4�5 798$�ÂFh@A8,<�79>9<
@A>Z;,<?8�»�b¼5 �©4�Fh8¾Fq@i`k5 >"<?>Z;,8=<�À�7�Fh;,8,<��©5ZHZm?BA<h` HwT ghbc5�`k®`k;=m?�©<C;=<?8,8=<h`k;=8,<ed R�±�O&Y9Y ®`¼Å ·�LVNCW,\��£² �3Å
\µp ºq» ·VP�O&Y9Y <n; LVR�M
±�W�K�OQO ° M <h`��©5ZHIm?BD<h`�`�@A�¯79BA<?>Z;�;,5�7Ê`�BD<h`�À�7�Fq;=8,<©BD<h` �Ê7 ¸ HI<1bnFq8,:�5 >9<
<?;�HwT <hFq7£ghb¾l�Fq>9E gh`�<?>Z;,8=<eBaF1`k78#�ÂF�bc<";=<?8,8=<h`k;=8,<�<n;+BÂT Fh;,�©5j`k49l9mn8,<�° \ <h`��©5ZHZm?BA<h`V`k5�>Z;3b¼5�� 4�Fq8=gh`
Fq7 ¸ 5�:�`�<?8,« Fq;=@A5 >�`+<?>£bnFqBabc79BaFh>I;�BA<h`��©5h®�<?>9>9<h`&� <?>�`k7<?BABD<h`&`�798�BA<h`�HZ5�>9>9gn<h`�HI< ��7 ¸ �©<h`k78,g?<h`
b¼5��©4BAg?;=g?<h`�`k79@D«�Fh>I;
Ã�FqBDE�< ��� ��
��ÁÂ�����ZÈ?F�Ä
`k798QBaF�4�g?8=@A5ZHI<3È?� ��:o»GÈ?� ��;"4�5 798�ÈnÉ�`k@D;,<h` HI< � 5 8�	?;G`&HI7
8,gh`�<hFq7 OQP�R�L Ã \µP�� °]È È©HI<h`eÈnÉ¥`�@A;=<h`�`k5 >I;3b¼5 �©�¯79>�`�Fo«�<ob�b¼<?;=;,<eg?;=7�HI<1d M
p Å ¹	� Å X�W Å NC± Å
¹CR Å Y9L Å ²�¹ Å U+L Å ±�´ Å ·VP <?;�Ã \ °

� ����� ÉI°DÈ5: � R f YZO Á <?>�l�Fq79;cÄ]<?;�b¼5 8,8=g?BaFh;,@A5 >¯Á <?>3:�F�`¾Äw<?>Z;,8=<QBA<h`]`�g?8,@D<h`]HI<&� 5q®�<n>9>9<h`9�©<?>Ê`k79<?BDBA<h`
5�:�`�<?8,«�g?<o`)HI<���7 ¸ HµT g?« Fq4�5 ;,8¾Fh>�`k4@A8¾Fh;,@D5�> (mmmois−1) <?;
HI<o` �©5ZHIm?BD<h`)HI<CBÂT @D>I;=<?8¾b¼5 �©4�Fh8¾Fq@i`k5 >
Á�f�5�8GFqBD<h` ��� ��
� ÅZ� ����É�ÄCÁ ��EjFq7�b¾l9<�Ä <?;QHwT WGY^¹C² » MCM Á �+HZ8,5�@D;,<�Äd�`k;=8¾Fq;=g?E�@D<�HwT gn«I@D;,<?�©<n>�;�HI7¯`k;=8,<h`=`
Á�`k®Z�¯:65 BA<h`C49BD<?@A>�`¾Ä&<n;�`k;=8¾Fq;=g?E�@D<¯HI<¯;,5�BDg?8¾Fh>�b¼<JFq7�`k;,8=<h`,`eÁÂ`k®Z�":�5�BD<h`Cg?«I@iHIgh`¾Ä¾° Y @A;=<h`�bc5��©�¯79>�`�d
M
² Á 5�7 M
p ÄGÅ ¹�L Á 5�7 ¹	� Ä¾Å X�W Å NC± Å ¹CR Å YL Å ²V¹ Å U+L Å ±�´ Å ·VP <?;�Ã \ °
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������� ÉI°DÈq� � M 5 8,8=g?BaFh;,@A5 >�<?>Z;,8=<�BD<h`�`�g?8,@D<h`CHI<3�©5h®�<?>9>9<h`Q�©<?>�`�79<?BDBA<h`Q5�:�`�<?8,«�g?<o`�HI<���7 ¸ >9<?;VHI<
bnFq8,:�5 >9< (gC m−2 mois−1) <?;VHI<h`C�©5ZHImnBA<h`
HI<�BÂT @A>Z;,<n8¾b¼5 �©4�Fq8GFq@i`k5�> Á�f�5�8GFqBD<h` ��� ��
 � Åw� ����É�Ä�Á �
EjFq7�b¾l9<�Ä�<n;eHwT WGY^¹C² » MCM Á ��HI8=5�@D;,<�ÄJdQ`k;,8GFq;=g?E�@D<1HwT gn«I@D;,<?�©<c>Z;�HI7�`k;=8,<h`=`"Á�`�®I�¯:�5�BD<h`�49BA<?@D>�` ÄV<?;
`�;,8GFq;,gnE�@A<3HI<�;=5�BAgn8¾Fq>Êb¼<3Fq7$`k;=8,<h`=`+ÁÂ`k®Z�":�5�BD<h`)g?«Z@aHIgh`¾Ä¾° Y @A;=<h`Cb¼5�� �"79>Ê`&d M
² Á 5�7 M
p Ä¾Å ¹�L Á 5 7
¹	� Ä¾Å X�W Å NC± Å ¹CR Å Y9L Å ²V¹ Å U+L Å ±�´ Å ·VP <n;�Ã \ °

\ F ��E�798=<[ÉZ°AÈ$:_b¼5 �©4�Fq8=<�BD<h` R f YZO <?;1BA<o`©b¼5�8=8,g?BiFq;=@A5�>Ê`/<n>I;=8,<�BA<o`©`kg?8=@A<h` HI<�� 5q®�<n>9>9<h`
� <?>�`k7<?BABD<h`CHI7���7 ¸ HµT g?« Fq4�5 ;,8¾Fh>�`k4@A8¾Fh;,@D5�>£5�:9;=<?>I7Ê`�4ÊFq8�f�5 8¾FqBD<h` ������
��Á�� ��� É^Ä�<n;�4�Fq8 W,YZ¹C² »
MCM ° \ < R f YZO HµT W,YZ¹C² » MCM <o`k;�`k®`k;=g?�1Fh;,@aÀ�79<?�¯<?>Z;)4�Fh8,�©@µBA<h`Q49BA7�`$�ÂFh@A:9BD<h`C`k78C;,5�7Ê` BD<h`C`k@D;,<h`cÅ
<n>©4�Fq8=;,@ib¼79BA@D<?8Q4�5�798CBD<h`&`�@A;,<o` X�W Å ¹CR Å U+L <?; ·VP ° K <V49BA7�`cÅIBiF�b¼5 8,8,gnBaFq;=@A5 >©<?>Z;,8,< W,YZ¹C² » MCM <?;
BD<h`C�©5h®�<?>9>9<h`Q�©<?>�`�79<?BDBA<h`Q5�:�`�<?8,«�g?<o`&<h`k;V`k794�g?8=@A<?78,< � 0.85 4�5 798�;,5 7�`�BD<h`�`�@A;=<h`¼° W,YZ¹C² » MCM `�<
bc5��©4�Fh8,<3HI5 >�b �ÂF?«�5�8¾Fh:9BA<n�©<?>Z;&Fh7 ¸ À�7�Fh;,8,<3�©5ZHIm?BD<h`&79;=@ABA@i`kgh`&4ÊFq8�f�5 8¾FqBD<h` ��� ��
��ÁÂ����� É^ÄC<n>�b¼<
À�79@�b¼5 >�b¼<?8=>9<�BD< �Ê7 ¸ HwT <hFq71ghb¾l�Fq>E�g�<?>Z;,8,<VBaFe`k78#�ÂF�bc<+<n;CB�T Fh;,�©5j`k49lm?8,<�°

\ F���E�798=<�ÉI°DÈq��b¼5��©4ÊFq8,<CBD<h`Qb¼5�8=8,g?BiFq;=@A5�>Ê`<n>I;=8,<�BA<h`Q`kgn8,@A<o`)HI<��©5h®�<?>9>9<h`��©<?>�`�79<?BABD<h`]HI7 �Ê7 ¸
><?;QHI<�b?Fh8,:�5�><�5 :9;,<?>Z79<h`�4�Fq8Qf�5 8¾FhBA<h` ��� ��
�ZÁ���� ��É�Ä)<?;)4ÊFq8 W,YZ¹C² » MCM ° \ <h` R f YZO >9<�`�5�>Z;)4�F�`
� 5�>Z;,8,go`¼Å�b?Fh8�BA<���7 ¸ HZ< U�OQO `k@A�¯79BDg+4ÊFq8 W,YZ¹C² » MCM <h`�;��©B�T ghÀ^7@ABA@D:98,<�<?>��©5h®�<?>>9<3Fq>9>Z79<?BDBA<�°
\ <o` 8,go`k79BD;¾Fq;G`Qb¼5�>�bc<?8,>�Fh>I;QBiF U�OQO `�5�>Z;&49BD7�`Qb¼5�>Z;,8GF�`k;=gh`&À�79<�4�5�798
BA< ��7 ¸ HwT <hFq7$d WGY^¹C² » MCM `k<
bcBaF�`=`k<C4�Fh8,�©@BA<h` � <?@ABDBA<?798G`w�©5ZHIm?BD<h`]465 798QBA<h`Q`�@A;,<o` ¹	� Å X�W Å NC± Å Y9L Å ±�´ <?; ·VP Å��1Fh@a`]5�:9;=@A<?>Z;
BiFeb¼5�8=8,g?BiFq;=@A5�>1BiF�49BA7�`$�ÂFh@A:9BD<�465 798�BA<h`C`�@A;,<o` M
p Å ¹CR Å ²�¹ Å U+L <?;�Ã \ °

M <?;=;,<�b¼5��©4ÊFq8¾Fh@a`�5�>]Å?<?>Z;,8=<&BD<h`w8,gh`�79BA;GFq;G` 5�:9;=<?>Z7�` 4ÊFq8 W,YZ¹C² » MCM <?;)HµT Fq7;,8,<o` �©5ZHZm?BA<h`]HµT ghb¼5h»
`�®9`�;,m?� < ;=<?8,8=<h`k;=8,<�Åc�©5�>Z;,8=<)À�79<)BD<h`64�<?8%� 5�8,�/Fq>�b¼<o`wHI<QBaF&>5�79«�<?BDBA<�5�49;=@A5 >�HµT W,YZ¹C² `k5�>Z; `k@A� @ABaFh@A8=<h`
�$b¼<?BDBA<h`�HI<h`��©5ZHImnBA<h`�goÀ^79@D« FqBA<n>I;G`¼° WGY^¹C² » MCM `k< `k@D;,79<¯4�Fq8=�©@�BA<h`��©<?@DBABD<?798¾`&� 5ZHIm?BA<o`�4�5�7983BaF
`�@A�¯79BaFh;,@D5�>�HI7 ��7 ¸ HwT <hFh7�ghb lÊFq>9E g©<?>Z;,8,< BaF�`k78#�ÂF�bc<©;,<?8=8,<h`�;,8=<©<?;�BÂT Fh;,�©5j`k49l9mn8,<�Å�b¼5 >���8,�/Fq>Z;
BD<h`+:�5 >9>9<h`e4�<?8#� 5 8,�1Fh>�b¼<h`3HwT W,YZ¹C² H9Fq>Ê`�BA<h`�@D>I;=<?8k»½b¼5�� 4�Fq8GFq@a`�5�>�`�HI<1�©5ZHZm?BA<h`�lZ®9HZ8,5�BD5�E @aÀ�79<h`
Á ¹ 5�5�>9<���� ��
� Å�� ��� Æ � K <hb¾l�Fq8=�©<C<?; K 5 79«I@DBABD<�ÅZ������� � K <hb¾l�Fq8=�©<�<?; K 5�7«I@DBABA<jÅI� ��� :^Ä¾° \ <h`&8=gh`k79B »
;GFq;G` bc5�>�b¼<n8,>�Fh>I;�BA<���7 ¸ >9<?; HI<�b?Fh8,:�5�><�`�5�>Z;)49BA7Ê`)b¼5�>Z;,8GF�`�;,gh`cÅ��1Fq@i` W,YZ¹C² » MCM <?; LVR�M
±�W�K�OQO
48,5ZHI79@i`k<?>Z; HI<h`w8,go`k79BD;¾Fq;G` bc5��©4�Fh8¾Fh:9BA<h`µ`k798�B�T <?>�`�<?�":B < HI<h`]� :�`�@A;=<h`]Ã \µP���UVO N 79;=@ABA@i`kgh`c° W,YZ¹C² »
MCM <?; L�R�M
±VWkKVO O 4�Fh8,;GFqE�<n>I;CBiF+� 	?� <C4�Fq8GFq�©g?;=8,@i`,Fq;=@A5 >©HI<�BiF+8,<o`k49@D8¾Fq;=@A5 >©l9g?;=g?8,5 ;,8,5 49l9<3HI7
`�5�BÂÅI�1Fh@a`)BA<h`Q4�Fq8GFq�©gn;,8,@i`,Fh;,@A5 >�`QHI<�BÂT F�`=`k@D�©@ABiFq;,@D5�>¯HI<�b?Fq8=:65 >9<�<?;CHZ<h` 498=5Zb¼<h`=`k7�`&lZ®9HZ8,5�BD5�E @aÀ�79<h`
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`k5�>Z; HI@ ¿µg?8=<?>I;G`¼° M <h`e8,go`k79BD;¾Fq;G`�� 5�>Z;,8,<n>I;3B�T Fh�©49BD<?7983HI<h`e@A>�bc<?8,;=@A;,7ÊHI<h`eF�`=`k5Zb¼@Dg?<h` � BiF � 5ZHIg¼»
BA@a`=Fq;=@A5�>�HI7 ��7 ¸ HI<$b?Fh8,:�5�><�Å)<?;eB�T @A>Z;,g?8�	?;�HI<$HI@i`k4�5�`�<?8¯HI<149BD7�`k@D<?798¾`��©5ZHIm?BD<h`+:ÊF�`kgo`"`�798¯HI<h`
Fq49498=5Zb l<h`�HZ@ ¿µg?8,<n>I;=<h`¼°

� 	�� � %.� 7��
"#�
� �)%.� � ��� "!�����" � %
��" � � � ���
" � %
�*�

P >9<©Fh79;,8=<©�1Fh>9@Am?8=<¯HI<¯«�FhBA@iHI<?8�BA< ��7 ¸ HI< b?Fq8=:65 >9<1`�@A�¯79BAg34�Fq8eBD<"�©5ZHZm?BA<�Å�<h`�;eHwT g?« FqBA7<?8
BA<$b?Fq8=:�5�>9< `k;,5Zb��g$H9Fq>Ê`"BA<h`eHZ@ ¿µg?8,<n>I;G`�8,gh`�<?8,«�5 @A8¾`c° M <?;,;=<$Fq49498=5Zb l<�4�<?8,� <?;eHI<$« FqBA@iHI<?8 ��BaF
� 5�@a`&BD<���7 ¸ >9<n;?ÅI�/Fq@a`
Fq7�`=`k@ `k<h`�HI<?7 ¸ b¼5 �©4�5�`=Fq>Z;,<h`cÅ9B�T F `,`�@A�©@DBaFq;=@A5 >":98=79;,<�<?;CBiF�8,<h`�49@A8GFq;=@A5�>$HI<
B�T gob¼5�`�®9`�;,m?�©<jÅhFq@A>Ê`k@�À�79<�BA<h`��Ê7 ¸ HI<�;,8¾Fh>�` � <n8,;Q<?>Z;,8,<CBD<h`)8,gh`�<?8,«�5 @A8G`¼Å�>95 ;¾Fh�©�©<?>Z;]B�T FqBABD5Zb?Fq;=@A5 >©HI7
b?Fq8=:65 >9<eHFq>�`CBaFe49BaFh>I;=<�ÅI<n;CBaF��©5 8,;¾FhBA@D;,g�«�<?8G` BD<h`&8,gh`�<?8,«�5 @A8G`CHI7$`k5�BÂ° \ <h`�HI5�>9>g?<h`�HI@a`�465 >9@A:BA<h`
>9<3`k5�>Z;�4�F�`�`k7 
/`,Fh>I;=<h`&4�5�798 �ÂFq@D8,<�79>9<�« FqBD@aH9Fh;,@D5�>�48,ghb¼@i`k<�Å��1Fh@a`Q<?BABD<h` 4�<?8=�©<?;,;=<?>Z;&HZ<+«�gn8,@ �Ê<?8
BA<�8=ghFqBD@a`k� <�HI7$�©5ZHIm?BD<�4BA7�`C<?>$HIg?;GFq@ABÂ°

� ��� ��� ~ s 
 � �µu � 
�� �,y��={9u

\ T @A>�HZ@ab¼<�� 5�BA@iFq@D8,<¯Á 5 7 \µ²�W Ä
<h`k;V79>�4�Fq8GFq�©mn;,8,<�<h`=`k<?>Z;,@D<?B HI<h` \]Y f�`¼° W B��©5ZHI79BD<�BD<h` �Ê7 ¸ HI<
b?Fq8=:65 >9<�<n;¯HI<1«�Fh4�<?798 HwT <hFh7�ghb lÊFq>9E gh`�<?>Z;,8,<1BiF�`k798%�ÂF�b¼<$b¼5 >I;=@A>9<?>Z;¾FhBA<©<n;eB�T Fh;,�©5j`k49lm?8,<�° K <
49BA7�`cÅ @DB ;=8¾F HI79@A;eBD<":@ABaFh>[>9<?;3<?>Z;,8,< B�T F b?b¼79�¯79BDFq;=@A5 >£HI<1b?Fh8,:�5�>9<14�Fh8e49l95 ;,5�`�®I>Z;,lmh`k<$H9Fh>�`�BaF
� <?79@ABDBA<�Å�<?;CBiF��©5�8=;¾FhBA@A;=g�<n;CB�T FhBABD5Zb?Fq;=@A5�>1«�<?8G`&HwT Fq79;=8,<h`&8=gh`k<n8,«�5�@D8¾`CHI<3b?Fh8,:�5�><�HZ<+BiF�4BaFq>Z;,<j°

\ T @A>�HZ@ab¼<�� 5 BA@iFq@A8=<�>]T <h`k;C4�F ` � <h`k798=g�`�®9`�;,g?�/Fq;,@iÀ^7<?�©<c>I;Q`�798�BA<h`
`k@A;=<h`CÃ \µP���U�OQN ��BÂT l9<?78,<
F�b¼;=79<?BABD<�Å¾<?;]@AB >]T < ¸ @i`k;,<HI5�>�b)4�F ` HZ<&`�g?8,@D<);,<n�©4�5�8,<nBABA<]� <?>�`k7<?BABD<)HI< \µ²�W 4�5�78 « FqBD@aHI<n8wBA<Q�©5ZHZm?BA<�°
M <?4�<?>�H9Fh>I;nÅ)À�79<?BaÀ�79<h`�« FqBD<?798G`e`k5�>Z;¯HI@i`k4�5�>9@D:9BA<o`�`k78eBA< `k@A;=<©@A>Z;,<n8,>9<?;3HI7�8=gh`k<hFh7�Ã \µP���U�OQN
Á ������� 	���������� � 	�� � ������� ����������� ������		� ��������������������� � ��	�� Ä¾° M <o`�« FhBA<?798G`�`k5�>Z;�BA@i`k;,gn<h`�HFq>�`�BA<
;¾Fq:BA<hFh7�ÉZ°AÈn�I°

\ <C;GFq:9BD<hFq7JÉI°DÈ?Ç�498,go`k<?>Z;,<QBA<o` « FqBD<?798G` �©<n>�`k79<nBABA<o`6�©5h®�<?>9><h`¼Åc�©@A>9@D�e79�t<?;)�/F ¸ @A�e79�t5 :9;,<¼»
>I79<o`&F?«�<hbCBA<h`
HI<?7 ¸ `k;=8¾Fq;=g?E�@D<h`&HZ<+8=g?4�5�>�`�<�Fq7$`�;,8,<o`,`&lZ®9HI8=@aÀ�79<VHI7$`k5�BÂ° \ <h`Q« FqBA<n798¾`&�©5ZHZg?BA@i`kg?<h`
`k<$b¼5�� 4�Fq8=<?>I;3F `,`k< (¥:@A<?>�Fh7 ¸ « FqBD<?798G`��©5h®�<?>9>9<h`cÅw�©@D>9@A�e79� <?;e�/F ¸ @A�e79� 5�:�`�<?8,«�g?<o`¼Å]BA5 8¾`½»
À^7]T <?BABD<h`�`k5�>Z;�48,gh`�<?>I;=<h`eÁ ;GFq:9BD<hFq7�ÉI°DÈ?�^ÄG° \ <¯�©5ZHIm?BD<¯F¥;=5�79;=<&� 5�@i`+;,<n>�H9Fq>Êb¼< �1`�5�7�`�»�<h`�;,@D�©<?8�BaF
«�FhBA<?78+� @A>9@D�e79� HI7 \µ²VW Á�`�@A;,<o` ±�X Å ±�´ Å P�p <?;3Ã W Ä¾° O >£<¼¿µ<?;?Å]4�5�7983BaF149BA794ÊFq8,;3HI<o`�`k@D;,<h`cÅ
`k@A;=79gh`CFh7 ¸ �©5h®�<?>9><h`)<?;Cl�Fq7;,<h`CBaFh;,@A;=7�HI<h`
HI<�B�T l9g?�©@i`k49l9mn8,< U 5 8¾HwÅ9BD<h`Cb¼5�>ÊHI@A;=@A5�>Ê`Cb¼BA@D�1Fq;=@aÀ�79<?`
>9<1`k5 >I;34�F�` �ÂF?«�5 8¾Fq:BA<h`���BaF149l95 ;,5�`�®I>Z;,lmh`k<©<n>�l9@D«�<?8?Å]<?;�BD<"�©5ZHZm?BA< `k@D�"79BD<�79><1`kg?><h`,b¼<n>�b¼<
¬,7�`,À�7]T �$Fq;=;,<?@D>�HI8,< BaF¥« FhBA<?7983�©@A>@A�e79� 498=<h`,b¼8=@A;=<©`�79@A« Fq>Z;�BD<©;�®I4�<1HZ<©«�g?E�gn;¾Fq;=@A5 >tÁ 1 m2 m−2

465 798�BD<h`Cb¼5�>@ � m?8=<h`&<?;CBA<o`$� <?79@ABDBA7�`&4�<?8G`k@i`k;¾Fh>I;G`¼Å9<?; 0.3 m2 m−2 4�5 798�BD<h`CFq7;,8,<o` ;�®Z46<o`�HI<�«�g?E g¼»
;¾Fq;=@A5 >wÄ¾° W >Z«�<?8¾`�<?�©<?>�;nÅIBD<e�©5ZHIm?BD<eF";=<?>�H9Fh>�b¼< �1`k@D�"79BD<?8�HI<h`�«�FhBA<?78¾`��1F ¸ @A� FqBD<h`&;,8=mh`�g?BD<?«�g?<h`
465 798Vb¼<?8,;GFq@D>�`&`�@A;,<o`�Á ±�´ ÅZf O Å Y ¶�5Å Y ¶�®©<n; M
p ÄG° \ <h`C« FqBD<?798¾`&�/F ¸ @A�1FhBA<n` 5�:�`�<?8,«�gn<h`&>9<�`�5�>Z;
4�F�`�@A>�HI@iÀ^7g?<h`�4�5�78eb¼<h`�`�@A;,<o`¼Å]�1Fq@i`�BA<o`�« FhBA<?798G`�HI@a`�465 >9@A:BA<h`�BaFq@i`,`�<?>I;�`k79494�5j`k<?8¯À�7]T <nBABA<o`�`�5�>Z;
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M 5ZHI< \µ²VW \µ²�W � @A> \µ²�W �1F ¸
·VP È�° Æ »��Z° É
±�O ÉI° : ��° �
±�X Æ ° �c»�ÉZ° Æ Æ ° �?» Æ °<; ÉZ° Éo» :I° �
Y9L Æ °<;
X�W Æ ° É?»�ÉZ°AÈ
��¹ ÉI° É?» :Z° �
Ã \ �I° Æ
±�´ � Ço» Æ
U+L Æ »�É
²�¹ ��° �?»,�j° É
¹CR �I° �?»�ÇZ° Æ
¹	� �I° :
\]L È�° �c»��Z° �
f O È�° : �I°AÈ
NC± :Z° �o»=��° :
��O ÉI° �?» :Z° É
Y ¶�5 È�° :
Y ¶�® �I° :
M
p ÇI° É
p&L � ÉI° Ç
¹&X�Y �I° Ç É
¹&X�M �I° Ç ÉI° É
P�p È�° É È
\�� �?»�Ç
Ã W ÇI° É �I° ; Æ ° �
YZ± � �I° �

����� � ÉZ°AÈn� � X FqBD<?798G`�HI< \µ²VW 5�:Ê`k<?8=«�g?<h`�`�798eBA<o`e`k@A;=<h`�Ã \µP���U�OQN
(m2 m−2) ° \ F�498=<?�©@Amn8,<

bc5�BA5 >9>9<1bc5�>Z;,@A<n>I;�BD<h`�« FqBA<n798¾`��©5h®�<?>9>9<h`C5�:Ê`k<?8=«�g?<h`¼Å]5 7[BA<h`�« FqBD<?798G`�HI5 >9>9g?<h`3`,Fh>�`�@A>�HZ@ab?Fh;,@A5 >
`�794949BDg?�©<?>Z;¾Fh@A8=<�° \ 5�8G`,À�79<�BD<h`&« FqBD<?798¾`C�©@D>9@A�e79��<?;C�1F ¸ @D�"79� `k5 >I;�< ¸ 49BA@ib¼@A;=<?�"<c>Z; @D>�HI@iÀ^79gn<h`¼Å
<nBABA<o`&`k5 >I;�8,<n465 8,;=g?<h`CH9Fh>�` BD<h`Cb¼5 BA5�>>9<h`Cb¼5 8,8,<o`k4�5�>�HFq>Z;,<h`c°
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M 5ZHI< \µ²�W \µ²�W �©@A> \µ²VW �1F ¸
·�P È ° Ç � È °AÈ �I° Ç � �I° Ç Æ ° � � ÇI° �
±�O ÇZ°AÈ � ÇZ°AÈ �I° Ç � �I° Ç :Z°<: � :I° :
±�X �Z° � � È ° � �I° É � �I° É ÉZ° � � ÉI° �
Y9L �Z° Ç � �Z° � �I° Ç � �I° Ç ÉZ° Æ � ÉI° É
X�W �Z°<: � �Z° É �I° É � �I° É :Z° � � :I° �
��¹ ÇZ°<; � ÇZ°<; �I° É � �I° É :Z° É � :I° É
Ã \ È °<; � È °<: È�° � � È�° � Æ °<; � ÇI° ;
±�´ �Z° Ç � �Z° � �I° � � �I° � :Z°AÈ � ÉI° ;
U+L �Z° É � �Z° Ç È�° � � È�° � ÉZ°<; � ÉI° Æ
²�¹ ÇZ° � � ÇZ°AÈ �I° � � �I° � :Z° É � :I° Æ
¹CR ÇZ°AÈ � �Z°<; �I° � � �I° � :Z°AÈ � :I°DÈ
¹	� ÇZ° � � �Z° � �I° � � È�° � ÉZ°<; � ÉI° Ç
\]L �Z°<; � �Z° � �I° � � �I° � ÉZ° � � ÉI° �
f O ÇZ° � � �Z° � È�° � � È�° � :Z°AÈ � Æ ° ;
NC± ÇZ° � � �Z°<; �I° � � �I° � :Z° Æ � :I°DÈ
��O �Z°<: � �Z° Æ �I° � � �I° � :Z°AÈ � ÉI° �
Y ¶�5 ÇZ° � � �Z°<: È�° � � È�° � ;Z° Æ � ;I° �
Y ¶�® ÇZ° � � �Z°<: È�° � � È�° � ;Z° Æ � ;I° �
M
p :Z°AÈ � :Z°AÈ �I°<; � �I° � ;Z°<: � ;I° �
p�L �Z° � � �Z° Æ �I° Æ � �I° Ç ÉZ° � � ÉI° Ç
¹&X�Y �Z° � � �Z° Ç �I° Ç � �I° Ç :Z°<: � ÉI° :
¹&X+M �Z° � � �Z° � �I° Ç � �I° Ç ÉZ°AÈ � ÉI° �
P�p �Z° Ç � �Z° Ç �I° � � �I° � È ° Æ � �I° �
\�� È ° � � È ° � �I° Ç � �I° Ç ÇZ° Æ � ÇI° �
Ã W È °<: � È ° Ç �I° Ç � �I° Ç ÇZ°<; � ÇI°DÈ
YZ± È °<; � È °<: �I° Ç � �I° Ç ÇZ° � � ÇI° Ç

� � � � ÉI°AÈnÇ � X FqBA<n798¾`3HI< \µ²�W `k@A�¯79BDg?<h`�`�798"BD<h`�`�@A;=<h`�Ã \µP ��U�OQN
(m2 m−2) ° X FqBD<?798G`+�©<?>Z»

`k79<?BDBA<h`��©5h®�<?>9>9<h`cÅ6� @A>9@D�e79� <?;��1F ¸ @D�"79� `k7983BaF©4�g?8,@D5ZHI<1HI< `k@D�"79BiFq;=@A5�>$4�5�798eBiF¥`�;,8GFq;,gnE�@A<
HwT g?«Z@A;=<?�©<c>I;HI7�`�;,8,<o`,` � BaFe`k;=8¾Fh;,g?E @A<3HI<�;,5 BAg?8GFq>�b¼<3Fh7�`k;=8,<h`=`¼°
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4BA7�`��ÂFq@D:9BA<o`�À^7<eBA<h`�« FhBA<?798G`��©5ZHIg?BD@a`kgn<h`¼° p Fh83b¼5�>Z;,8=<�Å6BD<h`�� 5�8=;,<h`�« FhBA<?798G`�HI< \µ²�W `�5�>Z;+4BA79;���;
`�5�7�`�»�<o`k;,@D�©g?<h`�4�5�798eBD<1`k@D;,< ²�¹ ° M <h`eHZ@ ¿µg?8,<n>�b¼<h`�46<n79«�<?>Z;�`cT < ¸ 49BD@aÀ�79<?8�<?>[4�Fh8,;=@A<©4�Fh8eBaF�HI@'�a»
� gn8,<?>�bc<eHI<e8=<?498,go`k<?>Z;¾Fh;,@A«Z@A;=g�<?>I;=8,<3BaF"�©<o`k798=<�<?;�BD<��©5ZHZm?BA<�° N 5�7Ê`�b¼<h`�`k@D;,<h`V`k5�>Z;3HI<h`�`�@A;=<h`�HI<
� 5 8�	?;G`¼Å94�5�78�BA<h`=À^7<?Ba`QBaF � 8¾F�bc;,@A5 >�HI<�«�g?E g?;¾Fh;,@D5�>1<h`k;Vb¼5 >�`k;GFq>Z;,<�<n;C«�Fh79; 95 % H9Fq>�`CBA<��©5ZHZm?BA<�Å
FhBA5 8¾`�À�79<©BD<h`�« FqBA<n798¾`�5�:�`�<?8,«�g?<o`+`�5�>Z;�@i`,`k7<h`�HwT 79>9<©� <h`k798=<eBA5Zb?FhBA<�Å]4�5�78eBaF�À�79<?BDBA<eBiF�HI<?>Ê`k@A;=g
HZ<eBaF©«�g?E�gn;¾Fq;=@A5 >�46<n79; 	?;,8=<e;,8,mo`�HI@ ¿µg?8=<?>Z;,<�° K <e49BD7�`¼ÅwBD<h`�4�Fh8¾Fh�©m?;,8=<h`�b¾l95�@i`k@i`�4�5�798�BA<o`�`k@D�"7I»
BiFq;=@A5�>Ê`�`k5 >I;�BA<o` 4�Fh8¾Fh�©m?;,8=<h`�À^79@�5�>Z;�g?;=g¯HIg?;=<?8,�©@D>9gh` �/BÂT ghb¾l9<?BDBA<�E�BD5�:�FhBA<1Á · @D:6<nBA@A>$<?; M FhBA«�<?;nÅ
� ��� É^Ä¾ÅµF?«�<hb�79><+« FhBA<?798C7>9@aÀ�79<3HI<�4�Fq8GFq�©mn;,8,<V4�Fq8C;�®Z46<3HI<�«�g?E g?;¾Fh;,@D5�>]° M <h`&4�Fq8GFq�©mn;,8,<o`C`k5�>Z;
HZ5�>�b�7>9<�<h`�;,@A�/Fq;,@D5�>¯F `,`k< (�E�8=5�`,`�@Am?8=<�ÅI4�<?8=�©<?;=;¾Fq>Z;QHI<�`k@A�¯79BD<?8 7>9<�« FqBD<?798Q8,ghFhBA@i`k;,<VHI< \µ²VW `�798
;=5�79;CBD<�E�BD5�:�<�4�5�798VHI<h`Cb¼BD@A�1Fh;¾`)« Fq8=@Agh`�Á · @A:�<?BD@A> ��� ��
� Å��� ��:^ÄG° \ <o`&«�FhBA<?78¾`CHI<�bc<h`&4�Fq8GFq�©mn;,8,<o`
4�5 798,8GFq@A<n>I; 	?;,8=<3F 
 >9gh`C465 798��©@A<?7 ¸ 8=<?498,go`k<?>Z;,<?8
BA<h`&<o`k4�mhb¼<h`�HI<�«�g?E g?;¾Fh;,@A5 >1498,gh`�<?>Z;,<h`C`�798�BD<h`
`�@A;=<h`CÃ \µP���UVO N °

� ��� ��� ����
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 	9y��=u

\ <�;GFq:9BD<hFq7�ÉI°AÈ Æ 498=gh`k<?>Z;,<$BA<h`e« FqBD<?798¾`e�©5h®�<?>9><h`�HI< b?Fq8=:�5�>9<�H9Fq>Ê`"BaF�«�g?E�gn;¾Fq;=@A5 >_4�5�798
HZ@ ¿µg?8,<n>I;G` :9@D5��©<o`]HI<h` �©5h®�<?>>9<h`w<?;�l�Fq7;,<h` BiFq;=@A;,7ÊHI<h`�HI<CB�T l9g?�©@i`k49l9mn8,< U 5�8GHwÅ�b?FhBab¼79BDg?<h`]HwT Fq498=mh`
± 5�79E lI;=5�>�Á,È?� ����Ä¾° \ <h`�`k@D;,<h`�Ã \µP���UVO N 5 >I;�gn;,ge8,<nE�8,5 794�gh`�4�Fq8V:9@A5 �©<h`�b¼5�8=8,<h`�465 >�H9Fh>I;G`¼Å]<?;
BD<h` « FqBD<?798G`� 5q®�<n>9>9<h`]Fh>9>I7<?BABD<h`)`k@D�"7BAg?<h`w4ÊFq8 W,YZ¹C² » MCM `k5 >I;Q@D>�HI@aÀ�79g?<o` H9Fh>�` BD<C;¾Fh:9BA<hFh7©ÉZ°AÈnÉI°
M <o` « FqBD<?798G`C`k5�>Z;�5�:9;=<?>I7<h` <n> �ÂFh@a`=Fq>Z;�BiFe`k5�� �©<�HZ<h`�HZ@ ¿µg?8,<n>I;G`Cb¼5��©4ÊFq8,;=@A�©<n>I;=`QHI<�:@A5��/F�`,`�<
`�@A�¯79BAgo`4ÊFq8�BA<��©5ZHZm?BA<�<n;�HIghb¼8=@A;¾`
Fq7 b l�Fh49@A;=8,< Æ °

N ®Z4�<�HZ<+«�gnE�g?;GFq;,@D5�> M Fq8,:�5 >9<eH9Fh>�`CBaFe«�g?E�g?;GFq;=@A5�>
Ã95�8�	n;¾`&:�5�8=ghFqBD<h` � �
Ã95�8�	n;¾`&;,<n�©4�g?8,g?<o`4�<?8G`k@i`k;¾Fh>I;=<h` È5:��
Ã95�8�	n;¾`&;,<n�©4�g?8,g?<o` HZghb¼@aHZ79<h` È?Ç�É
p 8¾Fq@D8,@D<h` �
M 79BA;=798,<o` É

����� � ÉI°DÈ Æ � X FqBD<?798¾`
HI<�b?Fh8,:�5�><�HFq>�`CBaF�«�g?E�g?;GFq;=@A5�> (MgC ha−1) 5�:Ê`k<?8=«�g?<h` 4�5 798�HI@ ¿µg?8=<?>Z;¾`
:@A5�� <h`¼ÅZHwT Fq498=mh` ± 5�79E lI;=5�>£Á,Èn������Ä¾°

\ <C�©5ZHZm?BA<�F�;,<?>ÊH9Fq>�bc< ��`k@D�"79BD<?8]HZ<h`)À�7�Fq>Z;,@D;,gh`)HZ<&:9@D5��1F `,`k<
;,5 ;¾FqBD<C49BA7Ê` g?BA<n«�g?<h`]À�79<Cb¼<nBABA<o`
bc5��©49@DBAg?<o`Ê4ÊFq8 ± 5 79E�lZ;,5 >©Á=È?��� �^Ä�4�5�798 BA<h`]HI@ ¿µg?8,<?>Z;¾`w;�®Z4�<h` HZ<$� 5�8�	?;¾`c° K <?7 ¸ 8GFq@a`�5�>�`�498,@D>�b¼@A4ÊFqBA<o`
4�<?7«�<?>I;Q< ¸ 49BD@aÀ�79<?8Qb¼<�8,go`k79BD;¾Fq;�dZBaF�� 8¾F b¼;,@D5�>1HI<�«�g?E g?;¾Fh;,@A5 > � ¸ <�<n;&F `,`�< (�g?BD<?«�g?<�Á 95% ÄQ79;=@ABD@a`kgn<
4�5 798CBA<h` � 5�8�	?;¾`
H9Fq>�`&BD<�� 5ZHIm?BA<jÅ�Fq@D>�`k@ À^79<�BaF�« FqBA<n798&79>@aÀ�79<�HZ<h` 4�Fh8¾Fh�©m?;,8=<h`)4�5�798C79>1;�®Z46<VHI<
«�gnE�g?;GFq;,@D5�>���;,8GF?«�<?8¾`&BD<�E�BD5�:�<©Á «�5�@A8
BaF¯b¼5�� 4�Fq8GFq@a`�5�>$HI<�B�T @A>�HZ@ab¼< � 5�BD@aFq@D8,<�ÉZ°<;Z°AÈqÄG°

\ F[« FqBD<?798¯�©5h®�<?>9>9<1`�@A�¯79BAgn<"4�5�78¥BD<h`e498¾Fh@A8,@D<h`�<h`�;©49BA7Ê` �ÂFh@A:9BD<�À�79<�BiF « FqBD<?798¯�©5h®�<?>9>9<
5 :�`k<n8,«�g?<�Å9<n;C498,gh`�<?>Z;,<�79> � 5 8,;�gob?Fq8=;k»Â;k®Z4�<�° M <Jb¼5�� 465 8,;=<?�©<?>Z;Q<h`k;�498,@D>�b¼@D4�FqBD<?�©<?>Z;
H ��Fh7�`k@D;,<
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N ®I4�<3HI<�«�g?E�gn;¾Fq;=@A5 > M Fq8=:�5�>9<JH9Fq>�`CBaF O b?Fq8=;k»Â;�®I4�< U 5��¯:98=<�HI<3`�@A;,<o`
«�gnE�g?;GFq;,@D5�>

Ã95�8�	?;¾`&:�5 8,ghFhBA<h` Èn��; � È È?� Æ � � Æ Ç Æ
Ã95�8�	?;¾`&;=<?�©4�g?8=g?<h`)4�<?8¾`�@a`k;GFq>Z;,<h` Èh��; � ÈnÉ�� ��: � Ç Ç È?�
Ã95�8�	?;¾`&;=<?�©4�g?8=g?<h`QHIghb¼@iHI79<h` � ��� � Èn�IÈ Æ � � É � É
p 8¾Fh@A8=@A<h` : � Æ Æ � Ç Æ
M 79BD;,798=<h` : � Æ È � È Ç

� � � � ÉZ°AÈnÉ � X FqBA<n798¾`�Fh>9>Z79<?BABD<h`��©5h®�<?>>9<h`CHI< b?Fq8=:�5�>9< H9Fq>Ê`+BaF©«�g?E g?;¾Fh;,@D5�> (MgC ha−1) `�@ »
�"79BDg?<h`Q4�Fq8 W,YZ¹C² » MCM 4�5�7983HI@ ¿µg?8,<?>Z;¾`C:9@D5��©<h`&4�5 798�BaF©`�;,8¾Fh;,g?E @A<JHwT g?«Z@A;=<?�©<?>Z;
HI7£`k;=8,<h`=` � BaF
`k;,8GFq;=g?E�@D<�HZ<+;=5�BDg?8¾Fh>�b¼<3Fq7$`k;=8,<h`=`¼Å9ghbnFq8,;�»�;�®Z4�< (MgC ha−1) <?;C>95��¯:98=<�HI<3`k@D;,<h`c°

P�p Å?79>3`�@A;,<
HI<Q;=5�79>�HZ8¾F�`�5�79�©@i` ��HI<h`�b¼5�>ÊHI@A;=@A5�>Ê`]b¼BA@D�1Fq;=@aÀ�79<h`9HIg �ÂFo«�5 8¾Fh:9BA<h`
�CBaF&4l95�;=5�`k®Z>Z;,l9mh`�<
<?;C4�5�798�BA<hÀ�79<?B�BiF � 8GF�b¼;=@A5�>$HI<3`�5�B]>Z7¥<o`k;�HI< 50 % °

\ F©:9@D5��1F `,`�<eHI<h`�l9<?8,:ÊF�b¼g?<o`�Á BD<h` 48¾Fq@D8,@D<h` <n;�BA<h`�b¼79BD;,798=<h` Ä F"79>£b¼®b¼BA<JFq>9>Z79<?B��1Fh8¾À�79g�Å9<?;
BaF+« FhBA<?798
�1F ¸ @A�/FqBA<
4�<?79;CFh;,;=<?@A>�HZ8,<Q¬,7�`=À^7 T Fq7/HI5�79:BA<3HI<�BiF+« FqBD<?798&� 5q®�<n>9>9<C@A>ÊHI@aÀ�79g?<�H9Fh>�`&BA<
;¾Fq:BA<hFh7�ÉZ°AÈnÉI°

� ��� ��� ��y � � 
Q{ 	£� 
 
 	���� � 
 
 	

\ <�;¾Fh:9BA<oFq7¯ÉI°DÈ5:3b¼5�>Z;,@D<?>I;�BA<o` « FqBA<n798¾` � 5q®�<n>9>9<h`]HI<�8¾Fh494�5�8=; <n>I;=8,<CBaF�:9@A5 �1F�`=`k<�`k5 79;,<n8,8¾Fh@A>9<
<?;]BaFC:9@A5 �1F�`=`k<
Fqgn8,@A<n>9>9<�Á 8=5�5�;Cdh`�l95�5�;cÄ <n> � 5 >�b¼;=@A5�>JHI<&BiF&�1F�`=`k<
HI<
BaFC49BaFh>I;=<�Å?b?FhBab¼7BAg?<h`]HµT Fq48,mh`
BA<h`CHI5 >9>9g?<o`Cb¼5��©4@ABAgn<h`)4�Fq8 U @ �ZBaF ` <?; O >�À�79@i`k;�Á�� ��� Æ Ä¾°

¹ @A5 �1F�`=`k<�;=5�;GFqBA< R Fq494�5 8,;�8,5�5�;Jd9`kl5�5�;
BT � Èn��� � É

Èn��� BT
��Èn��� ���

È�� BT
��Èn� É ;

�Z°AÈ�� BT
��È ��;

�I° �ZÈ�� BT
� �I°DÈ Ç �

BT
� �Z° �IÈ :ZÈ

� � � � ÉI°DÈ5: � X FqBD<?798¾`��©5h®�<?>9>9<h`CHZ7�8¾Fq4465 8,;�8,5�5 ;¯d]`kl95�5 ; (%) 4�5�798�BiF"«�g?E�gn;¾Fq;=@A5 >�>�Fq;=798,<?BDBA<
<?> � 5 >�b¼;=@A5�> HI<�BaF�:9@D5��1F `,`k<�`�mhb¾l9<�;=5�;GFqBA<VHI<�BaF�49BiFq>Z;,< (kg) HµT Fq48,mh` U @ �IBiF�` <?; O >�À�79@a`�;�Á���� � Æ Ä¾°

\ <o`�8GFq494�5 8,;¾`3`k@D�"79BDgh`&�©5h®�<?>�`C5�>Z;�g?;=g¯b?FqBib¼79BDgh`�<?>�8=<?E�8=5�794�Fh>I;�BD<h`�`k@D;,<h`VÃ \µP���U�OQN 4�Fh8
:9@A5 �©<�Á ;¾Fh:9BA<hFh7$ÉI°AÈh��ÄG° \ F�:9@A5 �1F�`=`k<�Fhg?8,@D<?>9>9<�HZ<h` l9<n8,:�F b¼g?<h`CF?®ZFq>Z;&7>�bc®9b¼BD<�Fq>9>Z79<?B]�/Fq8¾À�79g�Å
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N ®Z4�<�HZ<+«�gnE�g?;GFq;,@D5�> R Fh494�5�8,;�8,5�5 ;ed9`�l95�5�;
Ã95�8�	n;¾`&:�5�8=ghFqBD<h` Ç�É � Ç�;
Ã95�8�	n;¾`&;,<n�©4�g?8,g?<o`4�<?8G`k@i`k;¾Fh>I;=<h` Ç�É � Ç^�
Ã95�8�	n;¾`&;,<n�©4�g?8,g?<o` HZghb¼@aHZ79<h` ÇIÈ � Ç�É
p 8¾Fq@D8,@D<h` É�; � É�Ç

����� � ÉZ°AÈq� � X FhBA<?78¾`)�©<?>�`�79<?BDBA<h`w�©@D>9@A�e7�SHI7¯8¾Fq4465 8,;
8,5�5�;VdZ`kl95�5 ; (%) `k@D�"7BAg?<h`w4ÊFq8 W,YZ¹C² »
MCM 4�5�798 HI@ ¿wgn8,<?>Z;¾`w:9@D5��©<o`Ê4�5 798 BiFC`k;=8¾Fq;=g?E�@D<
HwT g?«Z@A;=<?�©<c>I;ÊHI73`k;,8=<h`,` � BaFC`�;,8GFq;,gnE�@A<
HI< ;,5�BDg?8¾Fh>�b¼<
Fh7�`�;,8,<o`,`¼°

5 >�b¼5�>�`�@aHImn8,<¯@ab¼@QBA<o`+« FqBD<?798¾`��©5h®�<?>9>9<o`�� <?>�`k7<?BABD<h` � @A>9@D�e79��ÅµÀ�79@&;=8¾F�HZ79@a`�<?>I;�BiF�«�FhBA<?78eHI7
8GFq494�5 8,;�8=5�5�;3d�`kl95�5 ;�BD5�8¾`=À^7<+BiF�«�g?E�gn;¾Fq;=@A5 >¥<o`k;C:9@D<?>$HIg?«�<?BD5�494�g?<�°

p 5 798�BA<h`CFh8,:98=<h`+Á BT � 10 kg Ä¾Å9BA<��©5ZHZm?BA<�`�798,<o`k;,@D�©<�BDg?E�m?8=<?�©<?>Z;)BD<+8GFq494�5 8,;�8=5�5�;ed�`�l95�5�;
5 :�`k<n8,«�g�° p 5�798
BA<h`)498GFq@A8=@A<h`CÁ 0.1kg � BT

� 10kg ÄGÅIBA<C� 5ZHIm?BA<�`�@A�¯79BA<
79>¯8¾Fq4465 8,;C8=5�5�;�dZ`�l95�5�;
8=ghFqBD@a`�;,<�° \ <18¾Fh494�5�8,;¯8,5�5 ;1dQ`kl95�5 ;"> T <h`�;�4�F `eb¼5��©4ÊFq8,g 465 798eBA<o`�b¼79BD;,798=<h`¼Å b?Fq83BA<©� 5ZHIm?BA<¯>9<
`�@A�¯79BA<�4�F ` BiF�8,ghb¼5 BA;=<�Å�<?;CBaFe:9@A5 �1F�`=`k<�Fhg?8,@D<?>9>9<V<h`k;�HI5 >�b�`�798,<o`k;,@D�©g?<�°

� ��� ��� ��yQ{���
 sVu 
�yQs ���,u � 
��

N ®Z4�<3HI<�«�g?E�g?;GFq;=@A5�> M Fq8=:65 >9<¯H9Fh>�` BD<�`k5 B
Ã95�8�	?;¾`C:�5�8,goFqBA<o` �����
Ã95�8�	?;¾`C;,<?� 46gn8,g?<h`)4�<?8G`k@a`�;¾Fh>I;=<h` È?Ç��
Ã95�8�	?;¾`C;,<?� 46gn8,g?<h`QHIgob¼@aHI7<h` È?Ç��
p 8¾Fh@A8,@D<h` È?���

����� � ÉI°DÈ5; � X FqBD<?798¾`£HI<�b?Fq8=:65 >9<�H9Fh>�` BD<t`�5�B¯<h`k;=@A�©g?<o`�H9Fh>�`�BA<�498=<?�©@D<?8��©mn;,8,< HI<t`�5�B
(MgC ha−1) 465 798VHI@ ¿µg?8=<?>I;G`&:9@A5 �©<h`cÅIHµT Fq48,mh` ± 5 79E�lZ;,5 >[Á=È?��� �^ÄG°

\ <1;¾Fh:9BA<oFq7�ÉZ°AÈ5;�8=gh`k7�©<"BD<h`+« FhBA<?798G`+�©5h®�<?>>9<h`�HI</b?Fq8=:65 >9<$H9Fq>Ê`�BA<1`�5�B&4�5 798¯HI@ ¿µg?8=<?>Z;¾`
:@A5�� <h`&HI<o`&�©5h®�<?>9>9<h`)<?;ClÊFq79;=<h` BiFq;=@A;,7ÊHI<h`CHI<�B�T l9g?�©@i`k49lm?8,< U 5 8¾HwÅ�bnFqBabc79BAg?<o`&HwT Fq498=mh` ± 5�7E�lI»
;=5�>SÁ=È?��� �^ÄG° M <h`"« FqBD<?798G`"b¼5 8,8=<h`k4�5�>ÊHI<?>Z;1Fq7t498=<?�©@D<?8��©m?;,8=<$HI<�`�5�B�° \ <h`"« FhBA<?798G`�� 5q®�<n>9>9<h`
Fh>9>Z79<?BABD<h`&`�@A�¯79BAgn<h` 4�Fh8 WGY^¹C² » MCM `�798&BD<h`C��:e`�@A;=<h`&Ã \µP ��U�OQN ÅI�©5h®�<?>>9g?<h` 4ÊFq8C:9@D5��©<h`cÅZ`k5�>Z;
@D>�HI@iÀ^79gn<h`�HFq>�`�BA<3;¾Fh:9BA<hFh7[ÉZ°AÈn�I° M <h`�« FqBD<?798G`�`k5 >I;�5 :9;,<n>I79<o`�<?>��ÂFq@i`,Fh>I;�BaF `k5�� �©<3HI<h`�HI@ ¿µg¼»
8=<?>Z;¾`�b¼5�� 4�Fq8=;,@A� <?>I;G`CHI< b?Fq8=:65 >9<©5 8,E�Fh>9@aÀ�79<1`�@A�¯79BAgo` 4�Fh8�BA<¯�©5ZHIm?BD<e<?;3HIghb¼8=@A;¾`VFq7�b¾l�Fq4@A;,8=<
Æ Á BA@A;=@Am?8=<�<?;V8,gh`�<?8,«�5 @A8¾`�H9Fh>�`+BD<¯`k5�B Ä¾° M 5 �©�©<�BA<e� 5ZHIm?BA<3>9<¯`k@D�"7BA<�4�F�`�BiF/8=g?4�Fh8,;,@D;,@D5�>�«�<?8=;,@ »
bnFqBA<�HI7$b?Fq8=:65 >9<eHFq>�`CBA<�`�5�BÂÅIBA<o`&«�FhBA<?78¾`C`k@D�"7BAg?<h`�>9<�4�<?79«�<?>Z;&4ÊF�`�HI@A8=<hb¼;,<n�©<?>Z; 	?;=8,<�« FqBD@aHIg?<o`
F?«�<hbeBA<o`�« FhBA<?798G`+5 :�`k<?8=«�g?<h`c° K <©49BA7Ê`¼Å]BA<h`�8,gh`�<?8,«�5 @A8G`+HZ<©b?Fh8,:�5�><�`�5�>Z; ��BÂT ghÀ�79@ABD@A:98=<eH9Fh>�`+BD<h`
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N ®Z46<3HI<�«�g?E g?;¾Fh;,@D5�> M Fh8,:�5�><¯H9Fq>�`CBA<�`k5�B O b?Fq8=;k»Â;�®I4�< U 5��¯:98=<�HI<3`k@D;,<h`
ÃÊ5 8�	?;G` :�5 8,ghFhBA<h` Ç ��É � � Æ É ;�� � : ; Æ
ÃÊ5 8�	?;G` ;=<?�©4�g?8=g?<h`)4�<?8¾`�@a`k;GFq>Z;,<h` Ç É�É � � ;�É È Æ : � ;�� È?�
ÃÊ5 8�	?;G` ;=<?�©4�g?8=g?<h`QHIghb¼@iHI79<h` ÇZÈ?� � � �^� :�� � ��: É
p 8GFq@D8,@A<o` Æ Ç�; � ÇZÈ?� Èh�hÇ � ÈnÇ�� Æ

� � � � ÉI°DÈ?� � X FqBD<?798G` Fh>9>Z79<?BABD<h` � 5q®�<n>9>9<h`)HZ<�b?Fq8=:�5�>9<3H9Fh>�`&BA<V`k5 B (MgC ha−1) `k@D�"7BAg?<h`]4�Fh8
WGY^¹C² » MCM 4�5�798VHI@ ¿wgn8,<?>Z;¾`&:9@D5��©<o` 4�5�798VBaFe`k;=8¾Fh;,g?E @A<3HwT gn«I@D;,<?�©<n>�;&HZ7�`k;=8,<h`=` � BiF"`�;,8GFq;,gnE�@A<3HI<
;,5�BDg?8¾Fh>�b¼<3Fq7$`�;,8,<o`,`¼Å9gob?Fq8=;k»Â;k®Z4�< (MgC ha−1) <?;C>95 �":98=<�HI<3`k@D;,<h`c°

`k@A�¯79BiFq;,@D5�>�`cÅ�FqBA5 8¾`¯À^7<¥BiF 4BA794�Fh8,;¯HI<o`"`�@A;,<o`eÃ \µP���U�OQN `k5 >I; HI<h`�497@A;¾`¯HI<$b?Fh8,:�5�>9<�Á \ F��
��� ��
� Å�� ��� �^Ä¾° N 5 79;,<&� 5 @a`cÅwb¼<n;,;,<3b¼5 �©4�Fh8¾Fq@i`k5 >��©5 >I;=8,<�À�79<�BD<��©5ZHIm?BD<�`k@D�"79BD<�HI<h`�À�7�Fq>Z;,@D;,gh`CHI<
b?Fq8=:65 >9<¯5�8,EjFq>9@iÀ^7<©H9Fh>�`�BA<¯`�5�BQ`�794�g?8,@D<?798,<o`�Fq7 ¸ À�7�Fh>I;=@A;,go`�<h`k;=@A�©gn<h`CH9Fq>Ê`�BD<e498,<n�©@A<?8C� m?;,8=<
HI<�498,5 � 5�>�HI<n798?Å9�1Fh@a`
À^79@]8=<h`k;=<?>Z;�HI71� 	?�©<C5 8¾HI8=<�HZ<+E 8¾Fh>�HI<?798n°

± 5�79E lI;=5�> Á=È?��� �^Ä @A>�HI@iÀ^7<£Fq7�`=`k@3HI<h`©« FqBD<?798¾`1HI<£bnFq8,:�5 >9<�H9Fh>�`¥BD<£`k5�B�4�5�78�HI<h` (?5 >9<h`
b¼79BA;=@A«�g?<o`¼° \ �+<?>�bc5�8,<jÅ�BA<h`)« FqBD<?798G` `�@A�¯79BAgn<h` ><�4�<?79«�<n>I;Q4�F ` 	?;=8,<�HI@D8,<hb¼;=<?�©<?>Z;�b¼5 �©4�Fq8=g?<h` �3b¼<h`
HI5�>9>g?<h`¼Åb?Fq8CBD<��©5ZHImnBA<C>9<3`k@D�"7BA<C4�F `&B�T gn«�5�BA7;,@A5 >¯HI<�B�T 5Zb?b¼794�Fh;,@D5�>1HI<o`&`k5 Ba`cÅ9>9@wBÂT < ¸ 4�5�8,;GFq;=@A5�>
HI<�:9@A5 �1F�`=`k<�BD5�8¾`�HI<�BaF�8=ghb¼5 BA;,<j°

� 	�� � ��)(*�  � ( � 8*�.7*���!"!�

K Fq>�`3b¼<eb¾l�Fq4@A;,8=<�Å�BaF©>95�7«�<?BABD<�5�4;,@A5 > W,YZ¹C² » MCM <h`�;�g?« FqBD79g?<�Å�<?>£b¼5 �©4�Fq8GFq>Z;�BA<o` ��7 ¸ HI7
:9@ABiFq>�HwT g?><?8,E @A<e<?;�BA< ��7 ¸ ><?;3HI<1b?Fh8,:�5�>9</`k@A�¯79BDgh`�F?«�<hb�BD<h`��©<h`�798,<h`VHI<©� :�`�@A;,<o`+HZ7[8,gh`�<hFq7
Ã \µP���U�OQN ÅZFq7 ¸ ghb¾l9<?BDBA<h` Fq>9>Z79<?BDBA<�<?;
HI@A798=>9<�° M <h`
��:e`k@D;,<h`
`k5 >I;�`k@A;=79gh`
Fq7 ¸ �©5h®�<?>9>9<o` <?;
Fq7 ¸
l�Fq79;=<h`)BaFh;,@A;=7�HI<h` HI<�BÂT l9gn�©@a`�49l9m?8=< U 5�8GHwÅ�<?; ghb lÊFq>Z;,@ABDBA5 >9>9<?>Z; ;=5�7�`)BD<h` ;�®I4�<h` HI<�«�gnE�g?;GFq;,@D5�>e498=@a`
<?>$b¼5��©4;,<�4�Fh8CBA<��©5ZHImnBA<�°

\ <��©5ZHImnBA<C8,<n498,gh`�<?>Z;,<CE�gn>9g?8¾FhBA<?� <?>I;];=8,mh`):9@D<?>¯B�T gn>9<?8,E @A<�HI@a`�465 >9@A:BA< ��BiF�`k798%�ÂF�b¼<�;,<?8=8,<h`�;,8=<�Å
`,Fq7 ��465 798eÀ�79<?BiÀ^7<h`�`k@D;,<h`eÁ p�L Å ¹&X�Y Å ��¹ Å Y ¶�5Å Y ¶�®�<n;�f O ÄG° M <h`�`�@A;=<h`�`k5�>Z;3Fq7�`=`k@
4�Fq8=�©@
b¼<?7 ¸ À^7@ 48,gh`�<?>I;=<?>Z;�BA<o`�gob?Fq8=;¾`�BA<o`+49BD7�` � 5 8,;¾`�<n>I;=8,<¯BA<©�©5ZHZm?BA<¯<?;�BD<h`+5 :�`k<n8,« Fq;=@A5�>Ê`�465 798eBA<
��7 ¸ HI<$b l�FhBA<?78+BiFq;=<?>I;=<©<?;3BA< ��7 ¸ HI<$b¾l�FqBD<?7983`k<n>�`k@D:9BA<�° \ <h` R f YZO <?>I;=8,<¯BA<©� 5ZHIm?BA<¯<?;3BA<h`
5�:�`�<?8,« Fq;=@A5 >�` 5 >I;�HI<h`)« FqBA<n798¾`Qg?BA<?«�gn<h` 4�5 798CBA<h` ��7 ¸ ;,798=:979BA<n>I;G`¼Å�<?> 4�Fq8=;,@abc79BA@D<?8 4�5 798CBA< ��7 ¸ HI<
b l�FhBA<?78Q`k<?>Ê`k@A:BA<�Å��/Fq@a` b¼<h`���7 ¸ `k5�>Z;C`�5�7�`�»�<o`k;,@D�©gh` 4ÊFq8QBaF��©g?;=l95ZHI<�HI<��©<h`�798,<C4ÊFq8
b¼5�8=8,g?BiFq;=@A5�>
;,798=:979BA<n>I;=<�Å�<?;QBA<o` R f YZO >9<V`k5 >I;�HI5�>�b�4�F�`
HI<h` <o`k;,@D�1Fq;=@A5 >�`��µFh:9BA<h`
HI<�BaF�À^7ÊFqBA@D;,gVHI7©�©5ZHZm?BA<�°
\ <h`©b¼5 8,8,gnBaFq;=@A5 >�`�<n>I;=8,<1BA<h`¯`kgn8,@A<o`"`�5�>Z;©E�g?>g?8¾FhBA<?�©<n>I;�g?BD<?«�g?<h`c° \ <��©5ZHImnBA<15�:9;=@A<?>Z;¯HI<�:�5�>Ê`
8,gh`�79BA;GFq;¾`V`k798�BiF�4BA794�Fh8,;�HZ<h`�`k@D;,<h`�HI< � 5 8�	?;G`�HI<ebc5�>9@'� m?8,<h`�Á�Ã \ Å ±�´ Å U+L Å ²�¹ Å ¹CR Å ¹	� Å \]L Å
NC± <?; ��O ÄGÅ ��B�T < ¸ bc<?49;,@D5�>JHI7¯`k@D;,<�f O Å�Fq@D>�`k@µÀ�79<�`k78 BD<h`�� 5 8�	?;G` HZ<�� <?79@ABDBA7�`�HIghbc@aHI7�`
Á ·VP Å ±�O Å
±�X Å Y9L Å X�W <?; ��¹ Ä¾° \ <h`Q`k@A�¯79BiFq;,@D5�>�`]`�5�>Z;Q�©5�@D>�` 498=5Zb l9<o`)HI<h`)5�:Ê`k<?8=«�Fh;,@D5�>�`)4�5�798
BA<h` `k@A;=<h`)HI<
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� <n79@ABDBA7�` 4�<?8G`k@i`k;¾Fh>I;G` M
p Å Y ¶�5�<?; Y ¶�®�Å �1Fq@i` bc<h`Q`k@A;=<h`Q`k5 >I;�HI<h` � 5�8�	?;¾`Q�©ghHI@D;,<?8=8¾Fq>g?<?>9>9<o`¼Å?<?;Q>9<
`�5�>Z;�HI5�>Êb�4ÊF�`&8,<n498,gh`�<?>Z;¾Fq;=@ �Â`QHI<h`$� 5 8�	?;G`&;,8=5�49@ib?FqBD<h`¼ÅZÀ�79@]b¼5 >�`k;=@A;=79<?>Z;&B�T <h`,`�<?>Z;,@A<nB�HI<�b¼<V;k®Z4�<�HI<
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