
��$����$"#"%��%�&"�	("������"��$�
'�����

"6?;:��D2?@
*6?:@C�)6D62C496C���6?EC2=�)6D62C49� ?DE:EFE6�@7��=64EC:4�'@H6C� ?5FDECJ

0&G6CG:6H1�+96�AFC492D6�AC:46�@7�D@=2C�6?6C8J�@7����!'/�A6C�<:=@H2EE�9@FC�F?56C�E96�7665	:?�E2C:77��� +�
7@C�C6?6H23=6�6?6C8J��H9:49�H:==�8@�:?E@�67764E�:?�!2A2?�368:??:?8�:?�!F=J��:D�4@>A2C2E:G6=J�9:89�C6=2E:G6�E@
E96�:?E6C?2E:@?2=�AC:46��2?5�E9:D�92D�E96�A@E6?E:2=�E@�=625�E@�2�3F33=6
�+96�DJDE6>�:ED6=7�:D�BF6DE:@?23=6
5F6�E@�2?�:?7=FI�@7�4962A��9:?6D6�AC@5F4ED�2?5�:ED�72:=FC6�E@�DE:>F=2E6�5@>6DE:4�:?5FDEC:6D
�*9@F=5�E9:D
DJDE6>�8@�:?E@�67764E��E@�2G@:5�2�3F33=6�:E�H:==�36�?646DD2CJ�E@�:?4=F56�>6492?:D>D�:?�E96�DJDE6>�E@��
25;FDE�E96�AFC492D6�AC:46�5@H?H2C5�7C6BF6?E=J�E@�4@CC64E�7@C�5:776C6?46D�36EH66?�7@C6:8?�2?5�5@>6DE:4
AC:46D�����4@>A:=6�52E2�@?�D@=2C�A2?6=�AC:46D�2?5�6?6C8J�AC@5F4E:@?�AC:46D��2?5����:?4C62D6�EC2?DA2C6?4J
:?�E96�4@DE�2==@42E:@?�C6G:6H�AC@46DD


�����#�!�)����!"&���!���&��$" �&�����

�E�E96��AC:=���������4@?76C6?46�3J�E96�E96�7665	:?�E2C:77�C2E6D�2AAC2:D2=�4@>>:EE66�@7�E96�$:?:DECJ�@7��4@?@>J��+C256�2?5
 ?5FDECJ��E96�4@>>:EE66�492:C>2?�D�A=2?�7@C�2�7665	:?�E2C:77��96C6:?27E6C�� +��E@�36�6?24E65�:?�!F=J�H2D�2AAC@G65
�,?56C�E9:D
A=2?��6?6C8J�86?6C2E65�3J�A9@E@G@=E2:4�>62?D��96C6:?27E6C�'-��@7�=6DD�E92?��<.��7@C�6I2>A=6��H:==�36�AFC492D65�2E�2�AC:46�@7
���!'/�<.9�7@C���J62CD��9@H6G6C��7@C�9@FD69@=5�FD6��H96?�E96�6IE2?E�DF3D:5J�@7��������!'/�<.�:D�E2<6?�:?E@�244@F?E��:E
2>@F?ED�E@�2AAC@I:>2E6=J����!'/���H9:=6�2>@F?ED�8C62E6C�E92?��<.�H:==�36�AFC492D65�2E����!'/�<.�7@C����J62CD��+23=6��

+96�6IA64E2E:@?�:D�E92E�E96�� +�H:==�4C62E6�2�=2C86�D42=6�56>2?5�7@C�C6?6H23=6�6?6C8J��2?5�H:==�D:>F=E2?6@FD=J�42FD6�2
564C62D6�:?�E96�F?:E�AC:46�@7�AC@5F4ED�2?5�=625�E@�E96�DE:>F=2E:@?�@7�C6=2E65�:?5FDEC:6D�2?5�;@3�4C62E:@?�E9C@F89�:?4C62D65
56>2?5


�@H6G6C��H96?�@?6�@3D6CG6D�E96�>2C<6E�AC:46�@?�E96�8=@32=�>2C<6E�����!'/�:D�E@@�9:89
� 7�!2A2?�AFC492D6D�6?6C8J�2E�E96�9:89
AC:46�@7����!'/�@G6C�E96�=@?8�E6C>��:E�:D�:?6G:E23=6�E92E�H6�H:==�C6A62E�E96�>:DE2<6D�@7��FC@A62?�4@F?EC:6D�2?5�AFE�E96�3FC56?�@7
A2J:?8�7@C�E96�'-�3F33=6�@?�E96�2G6C286�4:E:K6?�E9C@F89�:?4C62D65�6?6C8J�AC:46D�7@C�6?5�FD6CD


$@C6@G6C��:E�H:==�?@E�DE:>F=2E6�!2A2?�D�5@>6DE:4�:?5FDEC:6D
�&?�E96�4@?EC2CJ��E9:D�9:89�C2E6�@7����!'/�H:==�D6?5�2?�:?4@CC64E
D:8?2=�E@�!2A2?6D6�'-�>2?F724EFC6CD�E@�:?4C62D6�AC@5F4E:@?�@7�86?6C2=	FD6�AC@5F4ED��4CJDE2==:?6�D:=:4@?�EJA6D�
�+9:D�>2J�C6DF=E
:?�:>AC@G65�C6G6?F6�:?�E96�D9@CE�E6C>��3FE�:?�E96�=@?8�E6C>��E96J�H:==�=@D6�E96�AC:46�4@>A6E:E:@?�H:E9��9:?6D6�>2?F724EFC6CD
2?5�=:<6=J�72==�:?E@�2�564=:?6


+9:D�2CE:4=6�2DD6CED�E92E�F?56C�E96�4FCC6?E�4@?5:E:@?D��!2A2?�D�� +�H:==�6?5�:?�2�C6DF=E�@7��492D:?8�27E6C�EH@�92C6D�2?5�42E49:?8
?6:E96C
��+96C67@C6�� �DF886DE�E96�E9C66�7@==@H:?8�AC@A@D2=D�E@�:>AC@G6�E96�� +�����E@�C65F46�E96�'-�AFC492D6�AC:46�2E�EH@
>@?E9�:?E6CG2=D�E@�4@CC64E�7@C�5:776C6?46D�:?�7@C6:8?�2?5�5@>6DE:4�AC:46D�27E6C�@?6�J62C��+23=6��������E@�4@>A:=6�AC:46�52E2�2?5
����E@�:?4C62D6�E96�EC2?DA2C6?4J�@7�E96�4@DE�2==@42E:@?�C6G:6H�AC@46DD


+23=6�
�'-�'FC492D6�'C:46D
�+96�AC@4FC6>6?E�4@DE�2AAC2:D2=�4@>>:EE66�A=2?�2?5�E96�2FE9@CLD�C6G:D65�A=2?�

����#$"�'$� �!&��"%&��##$��%��
�"  �&&���#��! �����'&�"$+%�$�(�%���#��! �����&�(��"��&���$�(�%���#��!

#6DD�E92?��<.����!'/�<.9���J62CD� #6DD�E92?��<.����!'/�<.9���J62CD

��+@�DFAAC6DD�2�3F33=6�42FD65�3J�:?DE2==2E:@?D�@7�'-�@?
E96�C@@7D�@7�DFA6C>2C<6ED��724E@C:6D�6E4
�H:E9�D9@CE�=625
E:>6��&?�E96�@E96C�92?5��8C@F?5	32D65�:?DE2==2E:@?D
DF49�2D�>682	D@=2C�92G6�2�=625�E:>6�@7�2AAC@I:>2E6=J
@?6�J62C��2?5�E9FD�2�J62C�@7�AC:46�FA52E6D�D9@F=5�36
DF77:4:6?E�E@�DFAAC6DD�2�3F33=6�


�C62E6C�E92?��<.����!'/�<.9����J62CD �C62E6C�E92?��<.��C@@7E@A�F?:ED��P���
J62CD�
)65F46�AC:46�2E�EH@�>@?E9�:?E6CG2=D�F?E:=
A2C:EJ�H:E9��6C>2?J�2E����!'/�<.9�27E6C
@?6�J62C�


��@C�9@>6�FD6��H96?�E96�6IE2?E�DF3D:5J
@7��������!'/�<.�:D�E2<6?�:?E@

�C62E6C�E92?��<.��8C@F?5�F?:ED��P���
J62CD
)65F46�AC:46�2E�D:I�>@?E9�:?E6CG2=D�F?E:=



4@?D:56C2E:@?��E96�24EF2=�2>@F?E�:D���
!'/�<.9


A2C:EJ�H:E9��9:?2�2E���!'/�<.9�27E6C
@?6�J62C�


���+@�232?5@?�D9@CE�E6C>�AC@7:ED�7@C�!2A2?6D6
>2?F724EFC6CD�2?5�C65F46�4@DED�3J�@A6?:?8�E96�>2C<6E
E@�@G6CD62D�>2?F724EFC6CD�7C@>�4@F?EC:6D�DF49�2D
�9:?2
'C:46D�H:==�36�C65F465�:?�C6DA@?D6�E@

5:776C6?46D�36EH66?�:?E6C?2E:@?2=�2?5
5@>6DE:4�AC:46D


���� ���� �$��!��"$�("�' ���������!�*

)682C5:?8�E96�AC:>2CJ�8@2=�@7�E96�� +��E@�C65F46�4@DED�3J�4C62E:?8�2�>2C<6E�G:2�A@=:4J���AC:46D�5:5�:?5665�72==�5C2>2E:42==J
H96?��9:?6D6�>2?F724EFC6CD�7=@@565�E96�8=@32=�>2C<6E�3J�:?4C62D:?8�AC@5F4E:@?�H:E9�E96�6IA64E2E:@?�@7�2?�6IA2?565�>2C<6E
5F6�E@�E96�� +�:?��FC@A6
��@H6G6C��2E�E96�4FCC6?E�A@:?E�:?�E:>6�H96?�4CJDE2==:?6�D:=:4@?�AC@5F4E:@?�E649?:BF6D�2C6�H:56=J
2G2:=23=6��64@?@>J�@7�D42=6�42??@E�36�6IA64E65


+96�8=@32=�4F>F=2E:G6�42A24:EJ�92D�:?4C62D65�7C@>�������$.�:?������E@�@G6C�7:G6�E:>6D�E92E�2>@F?E�2E��������$.�:?����
H:E9�����@7�E92E�42A24:EJ�:?��FC@A6
�&G6C�E96�D2>6�A6C:@5��4F>F=2E:G6�AC@5F4E:@?�C@D6�7C@>�C@F89=J�������$.�E@�>@C6�E92?
�������$.��H:E9�2�DFCA=FD�DFAA=J�@7�42A24:EJ��2�DE@4<A:=6��@7�:?�6I46DD�@7��������$.


$2?F724EFC6CD�:?��9:?2�2?5�+2:H2?�H6C6�C6DA@?D:3=6�7@C�E9:D�DF556?�:?4C62D6�:?�AC@5F4E:@?�@G6C�E9:D�A6C:@5
�+96�D92C6�@7
2??F2=�8=@32=�AC@5F4E:@?�96=5�3J�E96D6�EH@�4@F?EC:6D�C@D6�7C@>�2AAC@I:>2E6=J�����:?������E@�����:?���
��9:?6D6
>2?F724EFC6CD�:?�A2CE:4F=2C�244@F?E�7@C�7@FC�@7�E96�E@A�7:G6�AC@5F46CD


+96�F?:E�AC:46�@7�'-�AC@5F4ED�76==�C2A:5=J�5F6�E@�E96�>2DD:G6�DE@4<A:=6�E92E�C6DF=E65�7C@>�E9:D�:?4C62D6�:?�AC@5F4E:@?
��44@C5:?8
E@�E96�>282K:?6�'9@E@?��:?��6C>2?J�E96�AC:46�@7�>@5F=6D�76==�3J�C@F89=J�EH@	E9:C5D�@G6C�E96�E9C66�J62CD�D:?46�����
�+96�DA@E
AC:46�@7�>@5F=6D�92D�72==6?�7C@>��
���,)�.�:?�!2?F2CJ������E@��
���,)�.�:?�!2?F2CJ����
��D�E96�DJDE6>�AC:46�:D�C@F89=J
5@F3=6�E92E�@7�E96�>@5F=6�AC:46���6C>2?JLD�'-�DJDE6>�AC:46�92D�72==6?�7C@>�2C@F?5��������,)����������!'/��<.�:?������E@
36=@H���������!'/�<.�2E�E96�DE2CE�@7������@C�C@F89=J�2�E9:C5�@7�E92E�AC:46��@G6C�E9C66�J62CD
�+96�D2>6�AC:46D�:?�!2A2?�2C6�2E
2�=6G6=�@7��M��������!'/�<.��@C�>@C6�E92?�5@F3=6�E96�:?E6C?2E:@?2=�AC:46


.9:=6�:E�:D�A@DD:3=6�E92E�AC:46D�>2J�4@?E:?F6�E@�564C62D6�E6>A@C2C:=J�:?�E96�7FEFC6�5F6�E@�E96�=2C86�DE@4<A:=6��E96�>2C8:?�7@C
C65F4E:@?�@7�7:I65�4@DED�E9C@F89�64@?@>J�@7�D42=6�:D�=:>:E65
�+9:D�:D�3642FD6�E96�E649?:BF6D�7@C�>2?F724EFC:?8�4CJDE2==:?6
D:=:4@?�'-�AC@5F4ED��H9:49�92G6�364@>6�E96�4FCC6?E�DE2?52C5��2C6�H:56=J�2G2:=23=6
�+96�>2;@C:EJ�@7�E96�4@DE�:D�E96�G2C:23=6�4@DE
@7�>2E6C:2=D��2?5�E96�>2C8:?�7@C�:>AC@G:?8�4@?G6CD:@?�677:4:6?4J�:D�2=D@�=:>:E65
��@?D6BF6?E=J��6G6?�:7�!2A2?�H6C6�E@�4C62E6�2
>2C<6E�G:2�A@=:4J�E9C@F89�E96�� +��:E�:D�F?=:<6=J�E92E�:?E6C?2E:@?2=�AC:46D�@7�'-�AC@5F4ED�H@F=5�564C62D6


���&�)����!"&�#$" "&����(��"# �!&�"����#�!�%���!�'%&$��%�

%6IE��H92E�23@FE�E96�� +LD�D64@?5�@3;64E:G6�@7�AC@>@E:?8�:?5FDECJ��'-�42?�36�5:G:565�=@@D6=J�:?E@�E96�FADEC62>��D:=:4@?
4@>A@?6?ED��>2?F724EFC:?8�@7�46==D�2?5�>@5F=6D��2?5�5@H?DEC62>��DJDE6>�:?E68C2E:@?��A@H6C�86?6C2E:@?�2?5�D@�@?�


�D�>2?J�:?7@C>65�:?5:G:5F2=D�92G6�A@:?E65�@FE��>2?F724EFC6CD�@7�'-�46==D�2?5�>@5F=6D�:?�:?5FDEC:2==J�25G2?465�4@F?EC:6D�62C?
2=>@DE�?@�AC@7:ED
��@C�6I2>A=6��E96�D92C6�@7�8=@32=�AC@5F4E:@?�96=5�3J�!2A2?6D6�'-�>2?F724EFC6CD�6I466565�����:?�������3FE
:?�����:E�925�72==6?�E@�����2?5�E96�G@=F>6�@7�6IA@CED�925�72==6?�2D�H6==
� ?��:8FC6��E96�32C�8C2A9�D9@HD�E96�AC@A@CE:@?�@7
5@>6DE:4�2?5�6IA@CE�D2=6D�G@=F>6�@7�!2A2?6D6�>2?F724EFC6CD��H9:=6�E96�=:?6�8C2A9�D9@HD�E96�G2=F6�@7�6IA@CE�D2=6D
� ?������
����@7�E96�AC@5F4E:@?�H2D�6IA@CE65��H:E9�2�G2=F6�@7�2AAC@I:>2E6=J�����3:==:@?�!'/


�@H6G6C��H:E9�E96�DF556?�5C@A�:?�E96�F?:E�AC:46�@7�AC@5F4ED�42FD65�3J�E96�AC6G:@FD=J�>6?E:@?65�6?ECJ�:?E@�E96�>2C<6E�3J
�9:?6D6�>2?F724EFC6CD�2?5�E96:C�:?4C62D6�:?�AC@5F4E:@?��E96�:?E6C?2E:@?2=�4@>A6E:E:G6?6DD�@7�!2A2?6D6�>2?F724EFC6CD�92D
564=:?65�D:8?:7:42?E=J
��D�6IA@CE:?8�3642>6�5:77:4F=E��E96�AC@A@CE:@?�@7�5@>6DE:4�E@�6IA@CE�D2=6D�3642>6�2=>@DE�6BF2=�:?����
2?5�E96�G2=F6�@7�6IA@CED�76==�E@�2AAC@I:>2E6=J����3:==:@?�!'/
�+9:D�:D�?@E�=:>:E65�E@�!2A2?��3FE�:D�4@>>@?�24C@DD�2==�:?5FDEC:2==J
25G2?465�4@F?EC:6D
��6C>2?JLD�(��6==D�*���H9@�@?46�3@2DE65�E96�9:896DE�AC@5F4E:@?�:?�E96�H@C=5��=@DE�:?�E96�AC:46�4@>A6E:E:@?
H:E9��9:?6D6�>2?F724EFC6CD��2?5�H6?E�32?<CFAE�:?��AC:=����




�:8FC6���4EF2=�G2=F6�@7�6IA@CED�3J�!2A2?6D6�'-�>2?F724EFC6CD�2?5�E96�AC@A@CE:@?�@7�5@>6DE:4�2?5�6IA@CE�D2=6D�
*@FC46���IA@CE�G2=F6�7:8FC6D�2C6�7C@>�E96�!2A2?�+2C:77��DD@4:2E:@?�7@C6:8?�EC256�DE2E:DE:4D��'-�D2=6D�7:8FC6D�2C6�7C@>�E96�!2A2?�'9@E@G@=E2:4��?6C8J��DD@4:2E:@?��!'���


 ?�@E96C�FADEC62>�7:6=5D��!2A2?6D6�4@>A2?:6D�925�366?�DEC@?8�:?�DFC7246�AC@E64E:@?�>2E6C:2=D�2?5�324<�D966ED��3FE�>@C6�2?5
>@C6�=@42=�4@>A2?:6D�2C6�6?E6C:?8�E96�>2C<6E�:?��9:?2
�+9:D�D9@F=5�36�:?E6CAC6E65�2D�C2A:5=J�564=:?:?8�:?E6C?2E:@?2=
4@>A6E:E:G6?6DD


+96C67@C6��E96�$:?:DECJ�@7��4@?@>J��+C256�2?5� ?5FDECJ�DEC6DD6D�E96�5@H?DEC62>�7:6=5�@7�DJDE6>�:?E68C2E:@?��* ��2D�E96�>62?D
@7�DFCG:G2=�7@C�!2A2?6D6�4@>A2?:6D
�* �:?G@=G6D�56D:8?:?8�DJDE6>D��AC@4FC6>6?E�@7�>@5F=6D�2?5�:?G6CE6CD��@C�E96�86?6C2E:@?�@7
A@H6C
��@>A2?:6D�DF49�2D�*92CA�92G6�368F?�E@�6IA2?5�7C@>�FADEC62>�E@�5@H?DEC62>�@A6C2E:@?D


�@H6G6C��3642FD6�'-�:D�>@C6�6IA6?D:G6�E92?�EC25:E:@?2=�A@H6C�D@FC46D��?@�>2EE6C�9@H�72C�!2A2?6D6�4@>A2?:6D�6IA2?5�E96:C
* �@A6C2E:@?D�5@>6DE:42==J��:E�H:==�@?=J�C6DF=E�:?�2?�:?4C62D65�7:?2?4:2=�3FC56?�@?�4:E:K6?D�E9C@F89�E96�� +
��@?D6BF6?E=J�
E9@F89�:E�:D�:>A@CE2?E�7@C�!2A2?6D6�4@>A2?:6D�E@�62C?�AC@7:ED�@G6CD62D�8@:?8�7@CH2C5��E96:C�6?ECJ�:?E@�E96�>2C<6E�H2D�E@@�=2E6
2?5�E96:C�:?E6C?2E:@?2=�4@>A6E:E:G6?6DD�:D�=@H�2E�E9:D�A@:?E�:?�E:>6
�.96?�@?6�=@@<D�2E�E96�E@A���C2?<:?8�@7�E96�=2E6DE�8=@32=
C2?<:?8D�@7�'-�* �3FD:?6DD6D�244@C5:?8�E@� $*�)6D62C49��?@E�2�D:?8=6�@?6�:D�2�!2A2?6D6�4@>A2?J
��:CDE�*@=2C��C2?<65�E9:C5�:?
E96�H@C=5�:?�46==�AC@5F4E:@?�:?������:D�C2?<65�D6G6?E9�:?�* 
�*F?�5:D@?��C2?<65�7:7E9�:?�* �@A6C2E:@?D��92D�2=C625J�2??@F?465
A=2?D�7@C�2�>682	D@=2C�AC@;64E�:?�!2A2?


.96?�G:6H65�7C@>�2?�:?E6C?2E:@?2=�A6CDA64E:G6��E96�* �3FD:?6DD�>@56=�:?�H9:49�AC@7:ED�2C6�62C?65�3J�AC@4FC:?8�:?6IA6?D:G6
4@>A@?6?ED�2?5�AC@G:5:?8�>2:?E6?2?46�>2?286>6?E�D6CG:46D�@C�A@H6C�86?6C2E:@?�:D�2�7:6=5�E@�H9:49�!2A2?6D6�4@>A2?:6D�2C6
?@E�8@@5�2E�:?�E96�7:CDE�A=246
� E�H:==�36�?@�D:>A=6�>2EE6C�7@C�!2A2?6D6�4@>A2?:6D�E@�7@4FD�@?�@G6CD62D�6IA2?D:@?�2?5�AC@5F46
AC@7:ED


������������#'$���%��#$����)���������&"����'������!��'�&� �&��*������

+96�=2C86	D42=6�:?EC@5F4E:@?�@7�'-�42FD65�3J�E96�� +�82G6�>2?F724EFC6CD�:?��9:?2�2?5�+2:H2?�2?�@AA@CEF?:EJ�E@�6?E6C�E96
>2C<6E
�+96�C65F4E:@?�:?�AC:46D�@7�'-�A2?6=D�E92E�E9:D�42FD65�H2D�2�56D:C23=6�67764E


�@H6G6C��E96�4C62E:@?�@7�2�>2C<6E�G:2�A@=:4J�H6?E�E@@�72C�2?5�3C@F89E�23@FE�2�'-�3F33=6
��44@C5:?8�E@��92AE6C���@7�E96� ��LD
'@=:4J��@?D:56C2E:@?D�7@C��6A=@J:?8�)6?6H23=6D�����2>@?8�@E96C�D@FC46D��E96�42FD6D�@7�E96�'-�3F33=6�H6C6����D9@CE�=625
E:>6������=:>:E65�AC:46�>@?:E@C:?8�3J�8@G6C?>6?E�286?4:6D�2?5�����6I46DD:G6=J�9:89�AFC492D6�AC:46D
��@C�'-��E96�2>@F?E�@7
E:>6�?646DD2CJ�7C@>�A=2??:?8�E@�368:??:?8�@A6C2E:@?D�:D�>F49�D9@CE6C�E92?�@E96C�7@C>D�@7�C6?6H23=6�6?6C8J�2E�2AAC@I:>2E6=J
EH@�>@?E9D�7@C�C@@7E@A�F?:ED�2?5�2AAC@I:>2E6=J�@?6�J62C�7@C�8C@F?5	32D65�F?:ED�DF49�2D�>682	D@=2C
� ?��FC@A62?�4@F?EC:6D�
A@=:4J>2<6CD�H6C6�F?2H2C6�@7�2?�2AAC@AC:2E6�AC:46�2?5�D6E�E96�AFC492D6�AC:46�E@@�9:89��2?5�2D�2�C6DF=E��:?�6I492?86�7@C�2
=2C86�42A24:EJ��E96�7:?2?4:2=�3FC56?�@?�6?5	FD6CD�H2D�:?4C62D65
�+96�D@=FE:@?D�E@�E9:D�AC@3=6>�E92E�92G6�D:?46�366?�AFE�:?E@
24E:@?�H6C6�E@�C6DEC:4E�42A24:EJ��7C6BF6?E=J�C65F46�E96�AFC492D6�AC:46�2?5�232?5@?�E96�� +


�@C�6I2>A=6��:?��6C>2?J��H9:49�3@2DED�E96�9:896DE�'-�42A24:EJ�:?�E96�H@C=5��:E�H2D�564:565�E92E�E96�AFC492D6�AC:46�H@F=5�36
C65F465�2E�>@?E9=J�:?E6CG2=D
��6C>2?JLD�4F>F=2E:G6�42A24:EJ�C@D6�7C@>�������$.�:?������E@�;FDE�F?56C��������$.�:?����
H:E9�2C@F?5�������$.�:?DE2==65�:?�E96�J62C�@7����2=@?6


+96�2>@F?E�@7�7F?5D�E92E��6C>2?J�:?G6DE65�:?�E9:D�6IA2?D:@?�:D�ECF=J�DE2886C:?8
�+96�E@E2=�2>@F?E�A2:5�7@C�2==�7@C>D�@7
C6?6H23=6�6?6C8J�F?56C�E96�� +�H2D��
��3:==:@?��,)��C@F89=J�
���EC:==:@?�!/'��:?�;FDE�E96�J62C�@7�����H:E9�E96�>@?E9=J�4@DE



3FC56?�A6C�9@FD69@=5�C6249:?8��
���,)��C@F89=J������!'/���@C�>@C6�E92?����@7�E96�E@E2=�2>@F?E�@7�E96�2G6C286�6=64EC:4:EJ
3:==
��FCE96C>@C6��H:E9�7FEFC6�C2A:5�6IA2?D:@?�@7�'-��:E�:D�6IA64E65�E@�6I4665���3:==:@?��,)�2??F2==J�:?����
�$@C6�E92?�92=7�@7
E96�4@DE�3FC56?�H2D�DA6?E�@?�'-��3FE�E96�2>@F?E�@7�A@H6C�86?6C2E65�H2D�@?=J����@7�E96�E@E2=�A@H6C�86?6C2E:@?
��6?46
*A:686=�$282K:?6LD�4C:E:4:D>�E92E�N*@=2C�6?6C8J�92D�E96�A@E6?E:2=�E@�364@>6�E96�>@DE�6IA6?D:G6�>:DE2<6�:?�E96�9:DE@CJ�@7
�6C>2?�6?G:C@?>6?E2=�A@=:4J
Q

+96C67@C6��:?��AC:=������E96�AFC492D6�AC:46�H2D�>@5:7:65�D:8?:7:42?E=J
�+96C6�2C6�E9C66�A@:?ED�:?G@=G65�:?�E9:D�����C65F4:?8�E96
AC:46�3J���O����7C@>��AC:=�@?H2C5������C65F4:?8�E96�AFC492D6�AC:46�3J���A6C�>@?E9�368:??:?8�:?�$2J�2?5�����2?5�25;FDE:?8
E96�D:K6�@7�E96�C65F4E:@?�D9@F=5�E96�2??F2=�?6H�42A24:EJ�E2C86E�������O������$.��36�6I466565�7C@>�%@G6>36C�@?H2C5


*:>:=2C=J��*A2:?��E96��K649�)6AF3=:4���C2?46�2?5� E2=J�92G6�2=D@�6IA6C:6?465�'-�3F33=6D���:8FC6�����H:E9�DH66A:?8�DJDE6>:4
492?86D�7@==@H:?8�@?6�27E6C�E96�@E96C
�*A2:?�:D�E96�>@DE�6IEC6>6�6I2>A=6��92G:?8�564:565�:?�����E@�462D6�2==�?6H
:?DE2==2E:@?D�27E6C�92G:?8�6?24E65�C6DEC:4E:@?D�@?�?6H�42A24:EJ�2?5�2�=2C86�C65F4E:@?�:?�E96�AFC492D6�AC:46�:?�E96�H2<6�@7�2
3F33=6


�D�@7�������*A2:?�925�2?�:?DE2==65�42A24:EJ�@7�����$.��3FE�E9:D�C@D6�D92CA=J�E@�2AAC@I:>2E6=J�������$.�:?������2D�2�C6DF=E�@7
E96�9:89�AFC492D6�AC:46
�+96C627E6C��2D�2�C6DF=E�@7�=:>:E:?8�?6H�42A24:EJ�������$.��2?5�C65F4:?8�E96�AFC492D6�AC:46�3J����
:?�������42A24:EJ�:?�E92E�J62C�76==�3J����$.
��7E6CH2C5�:?��63CF2CJ������E96�*A2?:D9�'2C=:2>6?E�564:565�E@�5:D4@?E:?F6�E96
� +�7@C�?6H�:?DE2==2E:@?D
�+9:D�H2D�5F6�E@�E96�724E�E92E�E96�7:?2?4:2=�3FC56?�C6DF=E:?8�7C@>�E96�� +�925�:?4C62D65��C@F89=J����
3:==:@?�!'/�2??F2==J��2?5�2D�E96�8@G6C?>6?E�H2D�?@E�A6C>:EE65�E@�D9:7E�E96�4@DE�E@�6=64EC:4:EJ�3:==D�H9:=6�:?�E96�>:5DE�@7�2?
64@?@>:4�4C:D:D��E9:D�C6DF=E65�:?�2�>2DD:G6�3F586E�D9@CE72==�>2<:?8�:E�5:77:4F=E�E@�>2:?E2:?�E96�DJDE6>


&E96C��FC@A62?�4@F?EC:6D�92G6�>256�D:>:=2C�>@5:7:42E:@?D�E@�E96:C�DJDE6>D
�+96��K649�)6AF3=:4�92D�232?5@?65�E96�� +��H9:=6
�C2?46�92D�492?865�E@�AFC492D6�AC:46�C65F4E:@?D�2E�E9C66�>@?E9�:?E6CG2=D�7@C�2>@F?ED�=6DD�E92?����<.�2?5�2�3:55:?8�DJDE6>
7@C�2>@F?ED�8C62E6C�E92?����<.
� E2=J�:?DE2==65�������$.�@7�?6H�42A24:EJ�:?�E96�J62C�@7�����2?5�:?E6?5D�E@�C65F46�E96
AFC492D6�AC:46�3J���O����2?5�=:>:E�?6H�42A24:EJ�E@������O������$.�A6C�J62C


�:8FC6����??F2=�492?86D�:?�E96�'-�42A24:EJ�@7��FC@A62?�4@F?EC:6D��*@FC46���' ���7:8FC6D�7@C�����2C6�6DE:>2E65�G2=F6D�32D65�@?�E2C86ED�7@C�?6H�42A24:EJ�

���	�%*%&� ���%��!�#$"#"%���&"��("���������'�����

+96�E9C66�7@==@H:?8�C6G:D:@?D�E@�E96�!2A2?6D6�� +�DJDE6>�56D:8?�2C6�?646DD2CJ�32D65�@?�E96�=6DD@?D�=62C?65�7C@>��FC@A6


����@?5F4E�7C6BF6?E�C65F4E:@?D�:?�E96�AFC492D6�AC:46�E@�4@CC64E�7@C�5:776C6?46D�36EH66?�5@>6DE:4�2?5�:?E6C?2E:@?2=�AC:46D
�+23=6��

+96�4FCC6?E�� +�=2H�DE2E6D�E96�AFC492D6�AC:46�:D�564:565�3J�E96�$:?:DE6C�@7��4@?@>J��+C256�2?5� ?5FDECJ�367@C6�E96�DE2CE�@7
6249�7:D42=�J62C��2?5�H:==�36�564:565�D6>:2??F2==J�:7�?646DD2CJ���CE:4=6���
��D�E96�AFC492D6�AC:46�@7����!'/�:D�E@@�9:89��:E�>FDE
36�D6E�2E�2�=6G6=�E92E�4@CC64ED�7@C�E96�5:776C6?46�:?�5@>6DE:4�2?5�:?E6C?2E:@?2=�AC:46D
��G6?�E96� ���C6A@CE���@I��
�
C64@>>6?5D�FA52E:?8�AC:46D�32D65�@?�36?49>2C<D�@7�E96�=@H6DE�AC:465�>@5F=6D�2?5�DJDE6>D�@?�E96�8=@32=�>2C<6E


*A64:7:42==J�����27E6C�5:DE:?8F:D9:?8�36EH66?�C@@7E@A�:?DE2==2E:@?D�2?5�8C@F?5	32D65�:?DE2==2E:@?D�@7�'-�8C62E6C�E92?���<.�����
C65F4:?8�E96�AFC492D6�AC:46�7@C�C@@7	E@A�EJA6D�H:E9�D9@CE�=625�E:>6�2E�EH@�>@?E9�:?E6CG2=D�2?5�C6249:?8�A2C:EJ�H:E9�E96

http://www.iea.org/Textbase/npsum/deployrenew2011SUM.pdf


�6C>2?�� +�C2E6�@7����!'/�<.9�27E6C�@?6�J62C�2?5�����C65F4:?8�E96�AC:46�7@C�8C@F?5	32D65�EJA6D�E@�A2C:EJ�H:E9�E96��9:?6D6
� +�C2E6�@7���!'/�<.9�27E6C�D:I�>@?E9D�E@�@?6�J62C


+96�AC:>2CJ�@3;64E:G6�@7�E9:D�AC@A@D2=�:D�E@�DFAAC6DD�2�3F33=6�42FD65�3J�E96�D9@CE�=625�E:>6�:?DE2==2E:@?�@7�'-�@?�E96�C@@7D�@7
DFA6C>2C<6ED�2?5�724E@C:6D���@?G6CD6=J��7@C�8C@F?5	32D65�:?DE2==2E:@?D�DF49�2D�>682	D@=2C��E96�=625�E:>6�:D�2AAC@I:>2E6=J�@?6
J62C��D@�E96�AC:46�25;FDE>6?E�27E6C�2�J62C�D9@F=5�36�DF77:4:6?E�E@�DFAAC6DD�2�3F33=6�
�+96�D64@?52CJ�@3;64E:G6�:D�E@�232?5@?
D9@CE�E6C>�AC@7:ED�7@C�!2A2?6D6�>2?F724EFC6CD�2?5�AC:@C:E:K6�C65F4:?8�4@DED�E9C@F89�A2CE:4:A2E:@?�:?�E96�>2C<6E�3J�7@C6:8?
>2?F724EFC6CD�:?��9:?2�2?5�@E96C�4@F?EC:6D
��D�DE2E65�AC6G:@FD=J��E96�>2?F724EFC:?8�E649?:BF6D�7@C�4CJDE2==:?6�D:=:4@?
4@>A@?6?ED�2C6�H:56=J�2G2:=23=6��2?5�!2A2?6D6�>2?F724EFC6CD�42??@E�6IA64E�E@�H:?�2�AC:46�4@>A6E:E:@?�H:E9��9:?6D6
4@>A6E:E@CD


�����@>A:=2E:@?�@7�AC:46�52E2

��>2;@C�@3DE24=6�7@C�E96�AC@4FC6>6?E�4@DE�2AAC2:D2=�4@>>:EE66LD�564:D:@?�@?�E96�AFC492D6�AC:46�H2D�2�D42C4:EJ�@7�4@>A:=65
52E2�@?�AC:4:?8
�,?56C�E96�!2A2?6D6�� +��E96�AFC492D6�AC:46�:D�32D65�@?�NC64@8?:K65�EJA:42==J�C6BF:C65�6IA6?D6D�2?5�E96
6DE:>2E65�2>@F?E�@7�C6?6H23=6�6?6C8J�C6=2E65�E@�D2:5�AC@G:D:@?
Q� ?�@E96C�H@C5D��3642FD6�E96�6IA6?D6D�2C6�C676C6?465
D6A2C2E6=J�7@C�6249�E649?@=@8J��E9:D�H@C<D�2D�2?�:?46?E:G6�7@C�4@>A2?:6D�E@�C6A@CE�E96�9:896DE�6IA6?D6D�A@DD:3=6�2?5�5C:G6�FA
E96�AFC492D6�AC:46


�@?D6BF6?E=J��H96?�564:5:?8�E96�AFC492D6�AC:46��E96�6IA6?D6�52E2�DF3>:EE65�3J�4@>A2?:6D�D9@F=5�?@E�36�E2<6?�2E�7246�G2=F6�
2?5�:E�:D�?646DD2CJ�E@�:?4C62D6�@3;64E:G:EJ�2?5�EC2?DA2C6?4J�3J�FD:?8�52E232D6D�4@>A:=65�3J�AF3=:4�286?4:6D�2?5�>2C<6E
C6D62C49�7:C>D
��@C�6I2>A=6��:?�E96�,*���AC@8C6DD�:D�36:?8�>256�E@�244F>F=2E6�52E2�:?�+C24<:?8�E96�*F?��2�C6A@CE�3J�E96
#2HC6?46��6C<6=6J�%2E:@?2=�#23@C2E@CJ��2?5�4@>AC696?D:G6�2?2=JE:42=�C6DF=ED�DF49�2D�>62?�AC:46D�2?5�DE2?52C5�56G:2E:@?D�2C6
AF3=:D965
�.:E9�E9:D�D@CE�@7�52E2��E96J�2C6�23=6�E@�6I4=F56�E96�E@A����>@DE�:?677:4:6?E�AC@;64ED�H96?�42=4F=2E:?8�E96�AFC492D6
AC:46�2?5�AC@G:56�2?�:?46?E:G6�7@C�4@>A2?:6D�E@�36�677:4:6?E


���� ?4C62D65�EC2?DA2C6?4J�@7�4@DE�2==@42E:@?�7@C642DE:?8

�D�H2D�>256�2AA2C6?E�3J�E96�AC64656?E�@7��6C>2?J��4@DE�67764E:G6?6DD�:D�E96�>@DE�:>A@CE2?E�724E@C�:?�6G2=F2E:?8�E96�� +
� ?
E96�4FCC6?E�2AAC2:D2=�3J�E96�AC@4FC6>6?E�4@DE�2AAC2:D2=�4@>>:EE66��3J�:?4C62D:?8�E96�4FCC6?E�C6?6H23=6�6?6C8J�42A24:EJ�@7
23@FE�������$.�3J�������$.�:?������E96�DFC492C86�2AA=:65�E@�6=64EC:4:EJ�3:==D�H:==�2>@F?E�E@��
�O
��!'/�<.9��@C�C@F89=J�2?
255:E:@?2=���O���!'/�A6C�>@?E9�7@C�E96�2G6C286�>@?E9=J�9@FD69@=5�6=64EC:4:EJ�3:==�@7�������!'/
�.:E9�E96�AC:46�@7�'-�72==:?8
2?5�2?�:?4C62D65�7:?2?4:2=�3FC56?�5F6�E@�:?4C62D65�42A24:EJ��E96�7FEFC6�AFC492D6�AC:46�:D�F?4=62C�2?5�5:77:4F=E�E@�7@C642DE


�@H6G6C��E96C6�:D�DF77:4:6?E�C@@>�7@C�:>AC@G6>6?E�:?�E96�5:D4=@DFC6�@7�52E2�@?�4@DE�2==@42E:@?
��E�E96�G6CJ�=62DE��7@C�6249�7@C>
@7�C6?6H23=6�6?6C8J��E96�6IA64E65�42A24:EJ��2??F2=�E@E2=�4@DE���&��6>:DD:@?D�C65F4E:@?�4@DE�2?5�6=64EC:42=�8C:5�DE23:=:K2E:@?
4@DE�D9@F=5�36�5:D4=@D65�:?�2D�>F49�56E2:=�2D�E96�7@FCE9�C6A@CE�3J�E96�AC@;64E�E62>�@?�AFC492D:?8�2==�C6?6H23=6�6?6C8J
��@C
6I2>A=6��E96�E@E2=�2??F2=�4@?DF>AE:@?�@7�6=64EC:4:EJ�:?�!2A2?�:D�C@F89=J��EC:==:@?�<.9��D@�H:E9�E96�AC6G:@FD=J�>6?E:@?65
DFC492C86�@7��
�O�
��!'/�<.9�:?������@?6�42?�565F46�2�E@E2=�2??F2=�4@DE�@7����O����3:==:@?�!'/��3FE�@?6�42??@E�565F46�E96
4@DE�@7��&��6>:DD:@?D�C65F4E:@?


�@?G6CD6=J��E96�EC:2=�42=4F=2E:@?D�:?��2D6���3J�E96�D2>6�AC@;64E�E62>�2C6�D:>:=2C�E@�E96�4FCC6?E�� +��2?5�E96�32D:D�7@C�E96D6
42=4F=2E:@?D�4@F=5�36�5:DA=2J65�:?�2�7@C>2E�DF49�2D��I46=�52E2
��FCE96C>@C6��:E�:D�A@DD:3=6�E@�8:G6�2�C@F89�6DE:>2E6�@7�E96�4@DE
@7�6IA2?5:?8�E96�A@H6C�8C:5��DF49�2D�255:E:@?2=�A@H6C�EC2?D>:DD:@?�724:=:E:6D
��@C�6I2>A=6��:7�E96�42A24:EJ�@7�'-�6I4665D
������$.��:E�:D�D2:5�:E�H:==�36�?646DD2CJ�E@�6IA2?5�E96�8C:5
�+96�2??F2=�4@DE�@7�6IA2?5:?8�E96�8C:5�:7�E96�'-�42A24:EJ�C62496D
�������$.�3J������92D�366?�6DE:>2E65�2E�����3:==:@?�E@��
��EC:==:@?�!'/�:?�����


����"!��'%�"!%

�D�56D4C:365�23@G6��E96�=2C86	D42=6�:?DE2==2E:@?�@7�'-�:?�:?5FDEC:2==J�25G2?465�4@F?EC:6D�5F6�E@�� +�5:5�:?5665�C65F46�E96�F?:E
AC:46�@7�'-�AC@5F4ED��3FE�4@?G6CD6=J�2=D@�>62?E�2�564=:?6�:?�6IA@CE�AC@7:ED��2?5�56>@?DEC2E65�E92E�:E�H2D�?@E�A@DD:3=6�E@�N42E49
EH@�92C6DQ�2?5�DE:>F=2E6�5@>6DE:4�:?5FDEC:6D
� 7�!2A2?�D6ED�E96�AFC492D6�AC:46�E@����!'/�F?56C�E96D6�4:C4F>DE2?46D��:E�H:==�@?=J
C6DF=E�:?�6:E96C�E96�DE@4<A:=6�@7�E96�8=@32=�>2C<6E�7=@@5:?8�:?�@C�2�4@?E:?F65�>2DD:G6�:?EC@5F4E:@?�@7�E96�4962A6DE�4CJDE2==:?6
D:=:4@?�4@>A@?6?ED�:?�E96�4FCC6?E�>2C<6E��H9:49�H:==�?@E�4@?EC:3FE6�E@�E649?@=@8:42=�AC@8C6DD�@C�DE:>F=2E6�!2A2?6D6�:?5FDEC:6D


http://eetd.lbl.gov/ea/emp/reports/lbnl-5047e.pdf


�E�2�8=2?46��E96�� +�8:G6D�E96�:==FD:@?�@7�32=2?4:?8�E96�6?G:C@?>6?E�H:E9�E96�64@?@>J
�+9:D�:D�3642FD6�:E�2AA62CD�E92E�:E�H:==
DE:>F=2E6�4FCC6?E�:?G6DE>6?E�:?�C6?6H23=6�6?6C8J��E6>A@C2C:=J�:?4C62D6�E96�AC@7:ED�@7�C6=2E65�4@>A2?:6D�2?5�4C62E6�;@3D

�@H6G6C��@?6�>FDE�?@E�7@C86E�E92E�E96�ECF6�?2EFC6�@7�E96�� +�:D�E@�6IE6?5�E96�AFC492D6�A6C:@5�@G6C��O���J62CD��2?5�E92E�E9:D
H:==�D:>A=J�56=2J�E96�7:?2?4:2=�3FC56?�F?E:=�2�=2E6C�52E6
��?�6I46DD:G6=J�9:89�AFC492D6�AC:46�>FDE�36�2G@:565�2E�2==�4@DED


�@?D6BF6?E=J��>:5	E@	=@?8�E6C>�E649?:42=�56G6=@A>6?E�@7�?6H�E649?@=@8:6D�DF49�2D�5J6	D6?D:E:K2E:@?�:D�4C:E:42=�7@C�!2A2?

�@H6G6C��2D�@?6�42??@E�AC65:4E�7FEFC6�E649?@=@8:42=�25G2?46>6?ED��:E�:D�:>A@CE2?E�E92E�8@G6C?>6?E�A@=:4J�36�E@�5:G6CD:7J
:?G6DE>6?ED�@G6C�>F=E:A=6�AC@;64ED�2?5�4FE�324<�@C�232?5@?�E96>�32D65�@?�C6A62E65�6G2=F2E:@?D


��!���	%�!"
)6D62C49�*4:6?E:DE��'9
�
*@4:@	64@?@>:4�)6D62C49��6?E6C���6?EC2=�)6D62C49� ?DE:EFE6�@7��=64EC:4�'@H6C� ?5FDECJ��) �' �
�FE9@C�@7�N&?�)6?6H23=6��?6C8J�'@=:4JQ���?6C8J��@CF>�!@FC?2=����
�-:6H�@E96C�2CE:4=6D�3J�E96�2FE9@C�2E�E96�H63D:E6�=:?<65
36=@H


�

http://www.climatepolicy.jp/thesis/en/index.html

