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0RGHOLQJ� WKH� ELRORJLFDOO\� DFWLYH� VXOIDWHG� VDFFKDULGHV� LV� DQ� LPSRUWDQW� WRRO� IRU� XQGHUVWDQGLQJ� WKH� PROHFXODU� PHFKDQLVP� RI� WKHLU�
ELRORJLFDO� DFWLYLW\��7KH� SUHVHQW� VWXG\� DLPV� WR� SURYLGH� LQVLJKWV� RQ� SDUWLDO� FKDUJH� DVVLJQPHQW�PHWKRGV� IRU� VXOIDWHG� VDFFKDULGHV��$E�
LQLWLR� FDOFXODWLRQV� DW� +)�����*�G��� +)������*�G�S��� +)�������*�G�S�� OHYHOV� DQG� PROHFXODU� G\QDPLFV� VLPXODWLRQV� KDYH� EHHQ�
SHUIRUPHG�LQ�RUGHU�WR�HYDOXDWH�WKH�LPSDFW�RI�WKH�WKHRU\�OHYHO�XVHG�IRU�FKDUJH�GHULYDWLRQ�RQ�WKH�JHRPHWU\�DQG�VROYHQW�LQWHUDFWLRQV�RI�D�
PRGHO�PRQRVDFFKDULGH��7KH�UHVXOWV�VKRZ�WKDW�KLJKHU�TXDQWXP�OHYHOV�RI�WKHRU\�GRHV�QRW�QHFHVVDU\�JLYH�EHWWHU�UHVXOWV�LQ�WKH�TXDOLW\�RI�
WKH�REWDLQHG�FKDUJHV��7KH�FDOFXODWHG�JHRPHWU\�DQG�WKH�K\GURJHQ�ERQGLQJ�QHWZRUN�SURSHUWLHV�DUH�LQ�DJUHHPHQW�ZLWK�WKH�H[SHULPHQWDO�
FU\VWDOORJUDSKLF�DQG�105�GDWD��
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2QH� FODVV� RI� LPSRUWDQW� ELRORJLFDOO\� DFWLYH�
VDFFKDULGHV� LV� UHSUHVHQWHG� E\� WKH� VXOIDWHG�
JO\FRVDPLQRJO\FDQV�� WKH� PRVW� ZHOO�NQRZQ� EHLQJ�
FKRQGURLWLQ�VXOIDWH�DQG�KHSDULQ��*O\FRVDPLQRJO\FDQV�
�*$*V�� DUH� QDWXUDO� SRO\PHUV� PDGH� RI� VSHFLILF�
UHSHDWLQJ� GLVDFFKDULGH� XQLWV� LQ� ZKLFK� RQH� VXJDU� LV�
XURQLF� DFLG� DQG� WKH� RWKHU� LV� HLWKHU�1�DFHW\OJOXFRVD�
PLQH�RU�1�DFHW\OJDODFWRVDPLQH��'XH�WR�WKHLU�YDULDEOH�
GLVWULEXWLRQ� RI� QHJDWLYHO\� FKDUJHG� VXOIDWH� JURXSV��
WKH\� GLVSOD\� XQLTXH� SURSHUWLHV� ZKLFK� DUH�
LQGLVSHQVDEOH� IRU� WKHLU� ELRORJLFDO� IXQFWLRQV�� 7KH\�
PD\�DFW�DV�VWUXFWXUDO�FRPSRQHQWV�RI�FRQQHFWLYH�WLVVXH�
DQG� WKH� H[WUDFHOOXODU� PDWUL[�� DV� FR�IDFWRUV� LQ� FHOO�
VXUIDFH� UHFHSWRU� DFWLYDWLRQ����� DV� DJHQW� LQ� EORRG�
FORWWLQJ� KRPHRVWDVLV�� DQJLRJHQHVLV�� RU� LPPXQH�
������������������������������������������������������������
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�6XSSOHPHQWDU\�PDWHULDO�RQ� KWWS����ZHE�LFI�UR�UUFK��RU�
� ��

GHIHQVH��� 6XOIDWHG� *$*V� ZHUH� DPRQJ� WKH� ILUVW�
FDUERK\GUDWHV�VWXGLHG�E\�105�VSHFWURVFRS\���+�DQG�
��&� 105������ WKH� PRVW� LPSRUWDQW� VWUXFWXUDO�
LQIRUPDWLRQ� EHLQJ� H[WUDFWHG� WKURXJK� WKUHH� ERQG�
SURWRQ�SURWRQ� FRXSOLQJ� FRQVWDQWV���� DQG� FKHPLFDO�
VKLIWV������� &U\VWDOORJUDSKLF� VWXGLHV� KDYH� DOVR� EHHQ�
SHUIRUPHG� RQ� VXOIDWHG� PRQRVDFFKDULGHV������ DQG�
ROLJRVDFFKDULGH�SURWHLQ� FRPSOH[HV������� 'HVSLWH� WKH�
ODUJH�SRRO�RI�H[SHULPHQWDO�GDWD�UHJDUGLQJ�WKLV�FODVV�RI�
FRPSRXQGV� WKHUH� LV� VWLOO� PXFK� WR� EH� XQGHUVWRRG�
HVSHFLDOO\�UHJDUGLQJ�WKH�VSHFLILFLW\�RI�LQWHUDFWLRQ�ZLWK�
ELRORJLFDOO\� UHOHYDQW� PDFURPROHFXOHV� OLNH� SURWHLQV��
7KLV�KDV� WR�EH�GRQH�E\�HVWDEOLVKLQJ� WKH� UHODWLRQVKLS�
EHWZHHQ� WKHLU� FKHPLVWU\�� PLFURVFRSLF� WKUHH�
GLPHQVLRQDO�VWUXFWXUH�DQG�ELRORJLFDO�IXQFWLRQV����7KH�
ODFN�RI�KLJK�UHVROXWLRQ�VWUXFWXUHV�IRU�WKH�ODUJH�YDULHW\�
RI�VXOIDWHG�*$*V�OLPLWV�WKH�SURJUHVV�LQ�WKLV�ILHOG��
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�0�R�O�H�F�X�O�D�U�� �P�R�G�H�O�L�Q�J�� �P�H�W�K�R�G�V�� �U�H�S�U�H�V�H�Q�W�� �D�� �P�D�M�R�U��
�W�R�R�O�� �R�I�� �W�K�H�R�U�H�W�L�F�D�O�� �L�Q�Y�H�V�W�L�J�D�W�L�R�Q�V�� �D�Q�G�� �D�U�H�� �U�R�X�W�L�Q�H�O�\��
�D�S�S�O�L�H�G�� �I�R�U�� �V�L�P�X�O�D�W�L�R�Q�� �R�I�� �E�L�R�O�R�J�L�F�D�O��
�P�D�F�U�R�P�R�O�H�F�X�O�H�V���������������J�L�Y�L�Q�J���X�V�H�I�X�O���L�Q�V�L�J�K�W�V���D�W���D�W�R�P�L�F��
�P�R�O�H�F�X�O�D�U�� �O�H�Y�H�O�� �Z�L�W�K�� �W�L�P�H�� �U�H�V�R�O�X�W�L�R�Q�� �R�Q�� �S�L�F�R�V�H�F�R�Q�G��
�V�F�D�O�H�V���W�K�D�W���D�U�H���Q�R�W���U�H�D�G�L�O�\���D�F�F�H�V�V�L�E�O�H���E�\���H�[�S�H�U�L�P�H�Q�W�D�O��
�P�H�W�K�R�G�V���� �(�P�S�L�U�L�F�D�O�� �I�R�U�F�H�� �I�L�H�O�G�� �P�H�W�K�R�G�V�� �X�V�H��
�S�D�U�D�P�H�W�H�U�V�� �R�E�W�D�L�Q�H�G�� �E�\�� �F�R�P�S�D�U�L�V�R�Q�� �Z�L�W�K��
�H�[�S�H�U�L�P�H�Q�W�D�O���G�D�W�D���R�U���I�U�R�P���K�L�J�K�H�U���O�H�Y�H�O���R�I���W�K�H�R�U�\���O�L�N�H��
�T�X�D�Q�W�X�P�� �P�H�F�K�D�Q�L�F�V������� � � )� R� U� � � W� K� H� � � G� H� V� F� U� L� S� W� L� R� Q� � � R� I� �
�H�O�H�F�W�U�R�V�W�D�W�L�F�� �L�Q�W�H�U�D�F�W�L�R�Q�V�� �W�K�H�V�H�� �P�R�G�H�O�V�� �X�V�H�� �S�D�U�W�L�D�O��
�S�R�L�Q�W�� �F�K�D�U�J�H�V�� �V�L�W�X�D�W�H�G�� �D�W�� �W�K�H�� �Q�X�F�O�H�L�� �S�R�V�L�W�L�R�Q�V���� �7�K�H��
�G�H�V�L�J�Q�� �R�I�� �D�F�F�X�U�D�W�H�� �F�K�D�U�J�H�V�� �L�V�� �W�K�X�V�� �D�Q�� �L�P�S�R�U�W�D�Q�W��
�U�H�T�X�L�U�H�P�H�Q�W�� �I�R�U�� �D�� �J�R�R�G�� �I�R�U�F�H�� �I�L�H�O�G�� �H�V�S�H�F�L�D�O�O�\�� �Z�K�H�Q��
�F�K�D�U�J�H�G�� �V�S�H�F�L�H�V�� �D�U�H�� �S�U�H�V�H�Q�W���� �7�R�� �G�H�U�L�Y�H�� �S�D�U�W�L�D�O��
�F�K�D�U�J�H�V���� �P�R�V�W�� �R�I�� �W�K�H�� �Q�R�Z�D�G�D�\�V�� �P�H�W�K�R�G�V�� �H�P�S�O�R�\��
�T�X�D�Q�W�X�P�� �P�H�F�K�D�Q�L�F�V�� �X�V�L�Q�J�� �0�X�O�O�L�N�H�Q�� �S�R�S�X�O�D�W�L�R�Q��
�D�Q�D�O�\�V�L�V������� � � /� |�G�Z�L�Q� � �S�R�S�X�O�D�W�L�R�Q�� �D�Q�D�O�\�V�L�V����� � �R�U�� � I�L�W�W�L�Q�J� � �W�R��
�T�X�D�Q�W�X�P���P�H�F�K�D�Q�L�F�D�O���P�R�O�H�F�X�O�D�U���H�O�H�F�W�U�R�V�W�D�W�L�F���S�R�W�H�Q�W�L�D�O��
���0�(�3��������������� � � 7� K� H� � � P� H� W� K� R� G� V� � � R� I� � � 0� (� 3� � � I� L� W� W� L� Q� J� � � D� U� H� �
�S�U�H�I�H�U�D�E�O�H�� �D�V�� �W�K�H�\�� �R�I�I�H�U�� �V�H�Y�H�U�D�O�� �D�G�Y�D�Q�W�D�J�H�V�� �Z�K�H�Q��
�D�S�S�O�L�H�G���W�R���S�R�O�D�U���P�R�O�H�F�X�O�H�V���������7�K�H���O�L�W�H�U�D�W�X�U�H���G�H�V�F�U�L�E�H�V��
�V�H�Y�H�U�D�O�� �D�S�S�U�R�D�F�K�H�V�� �I�R�U�� �W�K�H���G�H�U�L�Y�D�W�L�R�Q�� �R�I�� �S�D�U�W�L�D�O��
�F�K�D�U�J�H�V�� �R�I�� �V�X�O�I�D�W�H�G�� �P�R�Q�R�V�D�F�F�K�D�U�L�G�H�V�� �X�V�L�Q�J�� �G�L�I�I�H�U�H�Q�W��
�O�H�Y�H�O�� �R�I�� �T�X�D�Q�W�X�P�� �P�H�F�K�D�Q�L�F�D�O�� �W�K�H�R�U�\�� �I�R�U�� �W�K�H��

�F�R�P�S�X�W�D�W�L�R�Q�� �R�I�� �W�K�H�� �H�O�H�F�W�U�R�V�W�D�W�L�F�� �S�R�W�H�Q�W�L�D�O�� �D�U�R�X�Q�G�� �W�K�H��
�V�W�X�G�L�H�G�� �P�R�O�H�F�X�O�H�V���� �7�K�H�V�H�� �L�Q�F�O�X�G�H���D�E�� �L�Q�L�W�L�R���+�D�U�W�U�H�H��
�)�R�F�N���D�Q�G���S�R�V�W���+�D�U�W�U�H�H���)�R�F�N���P�H�W�K�R�G�V���Z�L�W�K���E�D�V�L�V���V�H�W�V��
�R�I�� �P�R�U�H�� �R�U�� �O�H�V�V�� �E�D�V�L�V�� �I�X�Q�F�W�L�R�Q�V������������������� � � +� )� �� �� �� �� �� �� *� �� �
�+�)�����������*���G������ �+�)�������������*���G���S������ �0�3���������������*���G���S������
�%���/�<�3�����������*���G���S������ �,�W�� �L�V�� �K�R�Z�H�Y�H�U�� �X�Q�F�O�H�D�U�� �W�R�� �Z�K�D�W��
�H�[�W�H�Q�W�� �W�K�H�� �G�L�I�I�H�U�H�Q�W�� �O�H�Y�H�O�V�� �R�I�� �W�K�H�R�U�\�� �X�V�H�G�� �I�R�U�� �F�K�D�U�J�H��
�D�V�V�L�J�Q�P�H�Q�W�� �D�I�I�H�F�W�V�� �W�K�H�� �G�\�Q�D�P�L�F�V�� �D�Q�G�� �W�K�H��
�F�R�Q�I�R�U�P�D�W�L�R�Q�D�O�� �S�U�H�I�H�U�H�Q�F�H� � � R� I� � � V� X� O� I� D� W� H� G� � � V� D� F� F� K� D� U� L� G� H� V� �
�S�U�R�E�H�G�� �E�\�� �P�R�O�H�F�X�O�D�U�� �G�\�Q�D�P�L�F�V�� �V�L�P�X�O�D�W�L�R�Q�V���� �7�K�L�V�� �L�V��
�L�P�S�R�U�W�D�Q�W�� �Q�R�W�� �R�Q�O�\�� �I�R�U�� �G�H�V�L�J�Q�L�Q�J�� �L�P�S�U�R�Y�H�G�� �I�R�U�F�H��
�I�L�H�O�G�V�� �I�R�U�� �*�$�*�V�� �V�L�P�X�O�D�W�L�R�Q�� �E�X�W�� �D�O�V�R�� �L�I�� �Z�H�� �W�D�N�H�� �L�Q�W�R��
�D�F�F�R�X�Q�W�� �W�K�D�W�� �K�L�J�K�H�U�� �O�H�Y�H�O�� �T�X�D�Q�W�X�P�� �P�H�F�K�D�Q�L�F�D�O��
�P�H�W�K�R�G�V���U�H�T�X�L�U�H���E�\���I�D�U���P�R�U�H���F�R�P�S�X�W�L�Q�J���S�R�Z�H�U���Z�K�L�F�K��
�P�D�\���Q�R�W���E�H���Q�H�F�H�V�V�D�U�\���I�R�U���D���V�D�W�L�V�I�D�F�W�R�U�\���G�H�V�F�U�L�S�W�L�R�Q���R�I��
�W�K�H���S�U�R�S�H�U�W�L�H�V���R�I���W�K�H�V�H���P�R�O�H�F�X�O�H�V����

�,�Q�� �W�K�H�� �D�E�V�H�Q�F�H�� �R�I�� �D�� �V�\�V�W�H�P�D�W�L�F�� �V�W�X�G�\�� �R�Q�� �W�K�L�V��
�D�V�S�H�F�W���� �W�K�H�� �S�U�H�V�H�Q�W�� �S�D�S�H�U�� �D�L�P�V�� �W�R�� �H�Y�D�O�X�D�W�H�� �W�K�H��
�L�Q�I�O�X�H�Q�F�H�� �R�I�� �G�L�I�I�H�U�H�Q�W�� �O�H�Y�H�O�V�� �R�I�� �W�K�H�R�U�\�� �I�R�U�� �F�K�D�U�J�H��
�D�V�V�L�J�Q�P�H�Q�W�� �R�Q�� �W�K�H�� �V�L�P�X�O�D�W�H�G�� �F�R�Q�I�R�U�P�D�W�L�R�Q�D�O��
�S�U�H�I�H�U�H�Q�F�H�� �D�Q�G�� �G�\�Q�D�P�L�F�V�� �R�I�� �W�K�H�� �V�X�O�I�D�W�H�G��
�P�R�Q�R�V�D�F�F�K�D�U�L�G�H�� �X�V�L�Q�J�� �����2���P�H�W�K�\�O�������V�X�O�I�D�W�H�G�������1��
�D�F�H�W�\�O���J�D�O�D�F�W�R�V�D�P�L�Q�H�� �������2���0�H�������*�D�O�1�$�F�����6������
���)�L�J�����������D�V���D���P�R�G�H�O���P�R�O�H�F�X�O�H����
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�)�L�J���������±���7�K�H���V�W�U�X�F�W�X�U�H�����D�����D�Q�G���D�W�R�P���Q�R�P�H�Q�F�O�D�W�X�U�H�����E�����R�I�������2���P�H�W�K�\�O�������V�X�O�I�D�W�H�G���������1���D�F�H�W�\�O�J�D�O�D�F�W�R�V�D�P�L�Q�H����
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�0�R�O�H�F�X�O�D�U�� �'�\�Q�D�P�L�F�V�� �V�L�P�X�O�D�W�L�R�Q�V�� �K�D�V�� �E�H�H�Q��
�S�H�U�I�R�U�P�H�G���R�Q�������2���0�H�������*�D�O�1�$�F�����6�����X�V�L�Q�J���S�D�U�W�L�D�O��
�D�W�R�P�L�F�� �F�K�D�U�J�H�V�� �F�R�P�S�X�W�H�G�� �E�\�� �I�L�W�W�L�Q�J�� �W�K�H�� �T�X�D�Q�W�X�P��
�P�H�F�K�D�Q�L�F�D�O�� �G�H�U�L�Y�H�G�� �0�R�O�H�F�X�O�D�U�� �(�O�H�F�W�U�R�V�W�D�W�L�F��
�3�R�W�H�Q�W�L�D�O�� ���0�(�3���� �D�W�� �J�U�D�G�X�D�O�O�\�� �L�Q�F�U�H�D�V�L�Q�J�� �O�H�Y�H�O�V�� �R�I��
�W�K�H�R�U�\���� �'�X�H�� �W�R�� �W�K�H�� �Z�H�O�O���N�Q�R�Z�Q�� �S�U�R�E�O�H�P�� �R�I�� �V�W�U�R�Q�J��
�G�H�S�H�Q�G�H�Q�F�\�� �R�I�� �W�K�H�� �F�R�P�S�X�W�H�G�� �F�K�D�U�J�H�V�� �R�Q�� �W�K�H��
�S�D�U�W�L�F�X�O�D�U�� �P�R�O�H�F�X�O�D�U�� �F�R�Q�I�R�U�P�D�W�L�R�Q�� �X�V�H�G�� �L�Q�� �W�K�H��
�F�D�O�F�X�O�D�W�L�R�Q�V�� �R�I�� �W�K�H�� �W�D�U�J�H�W�� �0�(�3������� � � Z� H� � � K� D� Y� H� � � F� K� R� V� H� Q� �

�L�Q�V�W�H�D�G���R�I���D���V�L�Q�J�O�H���P�R�O�H�F�X�O�D�U���F�R�Q�I�R�U�P�D�W�L�R�Q���D�S�S�U�R�D�F�K����
�D�Q�� �(�Q�V�H�P�E�O�H�� �$�Y�H�U�D�J�H�� ���(�$���� �P�H�W�K�R�G������� � � 7� K� H� � � (� $� �
�P�H�W�K�R�G�R�O�R�J�\�� �H�P�S�O�R�\�V�� �D�� �F�H�U�W�D�L�Q�� �Q�X�P�E�H�U�� �R�I��
�G�L�I�I�H�U�H�Q�W�� �F�R�Q�I�R�U�P�D�W�L�R�Q�V�� �R�I�� �W�K�H�� �V�D�P�H�� �P�R�O�H�F�X�O�H�� �L�Q��
�R�U�G�H�U�� �W�R�� �G�H�W�H�U�P�L�Q�H�� �W�K�H�� �F�K�D�U�J�H�V���� �I�R�O�O�R�Z�H�G�� �E�\�� �D�Q��
�D�Y�H�U�D�J�L�Q�J���S�U�R�F�H�G�X�U�H�����7�K�H���H�Q�V�H�P�E�O�H���R�I���F�R�Q�I�R�U�P�D�W�L�R�Q�V��
�F�D�Q�� �E�H�� �R�E�W�D�L�Q�H�G�� �I�U�R�P�� �D�� �F�R�Q�I�R�U�P�D�W�L�R�Q�D�O�� �V�H�D�U�F�K�� �R�U��
�P�D�\�� �E�H�� �H�[�W�U�D�F�W�H�G�� �I�U�R�P�� �D�� �P�R�O�H�F�X�O�D�U�� �G�\�Q�D�P�L�F�V��
�W�U�D�M�H�F�W�R�U�\���� �W�K�H�� �O�D�W�W�H�U�� �P�H�W�K�R�G�� �K�D�Y�L�Q�J�� �W�K�H�� �D�G�Y�D�Q�W�D�J�H��
�W�K�D�W���W�K�H���F�R�Q�I�R�U�P�D�W�L�R�Q�V���R�E�W�D�L�Q�H�G���L�Q���W�K�L�V���Z�D�\���U�H�I�O�H�F�W��
�W�K�H�� �F�R�Q�I�R�U�P�D�W�L�R�Q�D�O�� �S�U�H�I�H�U�H�Q�F�H�� �R�I�� �W�K�H�� �V�W�X�G�L�H�G��
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PROHFXOH� DW� WKH� VLPXODWLRQ� WHPSHUDWXUH� DQG� LQ� WKH�
SUHVHQFH� RI� WKH� VROYHQW� �GHQRWHG� LQ� WKH� IROORZLQJ�
DV� 6($� �� 6ROYDWHG� (QVHPEOH� $YHUDJH��� 7KH�
FRQIRUPDWLRQV�XVHG� WR�FRPSXWH� WKH�FKDUJHV�RI� WKH�
��2�0H����*DO1$F��6�� PRQRVDFFKDULGH� ZHUH�
JHQHUDWHG� IURP� DQ� LQLWLDO� PROHFXODU� G\QDPLFV�
VLPXODWLRQ� DV� H[SODLQHG� EHORZ�� 2QH� GUDZEDFN� RI�
WKLV�DSSURDFK�LV�WKDW�WKH�SDUWLDO�FKDUJHV�QHHGHG�IRU�
WKH� LQLWLDO� PROHFXODU� G\QDPLFV� VLPXODWLRQ� DUH� QRW�
NQRZQ�� 7R� RYHUFRPH� WKLV� SUREOHP�PHWK\O� VXOIDWH�
ZDV�VHOHFWHG�DV�D�PRGHO�FRPSRXQG�WR�GHWHUPLQH�DQ�
LQLWLDO� JXHVV� RI� WKH� FKDUJHV� IRU� WKH� VXOIDWH� JURXS�
ZKLOH�XVLQJ�WKH�*/<&$0B��F�SDUWLDO�FKDUJHV�VHW�
IRU�WKH�UHVW�RI�WKH���2�0H����*DO1$F�PROHFXOH��

�&�K�D�U�J�H���G�H�U�L�Y�D�W�L�R�Q���S�U�R�F�H�G�X�U�H����
�D�Q�G���T�X�D�Q�W�X�P���P�H�F�K�D�Q�L�F�D�O�����4�0�����F�D�O�F�X�O�D�W�L�R�Q�V��

7KH� SDUWLDO� FKDUJHV� RI� WKH� PHWK\O� VXOIDWH� DQG��
��2�0H����*DO1$F��6�� ZHUH� FRPSXWHG� DSSO\LQJ�
WKH�5(63�PHWKRG� RI�%D\O\� DQG� FR�ZRUNHUV��� DQG�
&+(/3*� DOJRULWKP��� ZLWK� �� ILWWLQJ� VWDJH� DQG� DQ�
ZHLJKWLQJ�IDFWRU�RI�������3ULRU�WR�DOO�0(3�TXDQWXP�
HYDOXDWLRQV� WKH� JHRPHWULHV� RI� WKH� PRGHOHG�
PROHFXOHV� ZHUH� RSWLPL]HG� XVLQJ� WKH� 4XDGUDWLF�
$SSUR[LPDWLRQ� �4$�� DOJRULWKP�� WDNLQJ� DV� WKH�
FRQYHUJHQFH� FULWHULD� WKH� ODUJHVW� FRPSRQHQW� RI� WKH�
HQHUJ\�JUDGLHQW� WR�EH� OHVV� WKDQ������+DUWUHHV�%RKU�
�+D�E��IRU�WKH�VPDOO�PROHFXOH�RI�PHWK\O�VXOIDWH�DQG�
UHVSHFWLYHO\� ����� +D�E� IRU� *DO1$F��6��
PRQRVDFFKDULGH��)RU�WKH�WZR�HOHFWURQ�LQWHJUDOV�WKH�
'LUHFW�6&)�PHWKRG�ZDV�XVHG�ZLWK�D�FXWRII�RI��������
7KH� +XFNHO� PHWKRG� ZDV� VHOHFWHG� IRU� WKH� LQLWLDO�
RUELWDO� JXHVV�� 7KH� 6&)� ZDV� FRQVLGHUHG� WR� EH�
FRQYHUJHG� ZKHQ� WKH� GHQVLW\� FKDQJH� EHWZHHQ� WZR�
FRQVHFXWLYH�6&)�F\FOHV�ZDV�OHVV�WKDQ�������$OO�WKH�
JHRPHWU\�RSWLPL]DWLRQV�KDYH�EHHQ�SHUIRUPHG�DW�WKH�
+DUWUHH�)RFN� �D�E�� �L�Q�L�W�L�R��OHYHO�XVLQJ� WKH�3RSOH� VSOLW�
YDOHQFH� GRXEOH� ]HWD� EDVLV� VHW� DSSURDFK� ZLWK��
��*DXVVLDQ� IXQFWLRQV� IRU� FRUH� RUELWDOV� DQG� �� SOXV��
�� *DXVVLDQV� IRU� WKH� YDOHQFH� RUELWDOV�� G�W\SH�
SRODUL]DWLRQ� IXQFWLRQV� IRU� WKH� KHDY\� �QRQ�
K\GURJHQ�� DWRPV� ZHUH� DGGHG� WR� WKH� EDVLV� VHW�
�+)�����*�G����7KH�4XDGUDWLF�$SUR[LPDWLRQ��4$��
DOJRULWKP� ZDV� XVHG� WR� ORFDWH� WKH� RSWLPL]HG�
JHRPHWU\�ZLWK�D�JUDGLHQW�FRQYHUJHQFH�WROHUDQFH�RI�
����� +DUWUHH�%RKU�� ,Q� RUGHU� WR� SUHVHUYH� WKH�
PROHFXODU� FRQIRUPDWLRQ� GXULQJ� WKH� RSWLPL]DWLRQ�
VWHS� DOO� WKH� URWDWDEOH� H[RF\FOLF� WRUVLRQDO� DQJOHV�
ZHUH� FRQVWUDLQW� WR� WKHLU� SDUWLFXODU� YDOXHV� DV�
UHVXOWHG� IURP� WKH�PROHFXODU� G\QDPLFV� VLPXODWLRQ��
7R�HYDOXDWH� LI� WKH�RSWLPL]DWLRQ�SURFHGXUH� UHDFKHG�
D� WUXH� PLQLPD� DQG� QRW� D� VDGGOH� SRLQW� RQ� WKH�

SRWHQWLDO� HQHUJ\� VXUIDFH� YLEUDWLRQDO� DQDO\VLV� ZDV�
SHUIRUPHG� RQ� WKH� PHWK\O� VXOIDWH� RSWLPL]HG�
VWUXFWXUH�� 7KH� SRVLWLYH� YDOXH� IRU� WKH� IUHTXHQF\� RI�
WKH� QRUPDO� YLEUDWLRQ� RI� PLQLPXP� HQHUJ\��
�Ȟ��  � ����� FP���� VKRZV� WKDW� D� WUXH� PLQLPD� IRU�
PHWK\O� VXOIDWH� PROHFXOH� ZDV� UHDFKHG� LQ� WKH�
RSWLPL]DWLRQ� SURFHVV�� 'XH� WR� WKH� IDFW� WKDW� WKH�
RSWLPL]DWLRQ� SURFHVV� LQ� WKH� FDVH� RI� *DO1$F��6��
PRQRVDFFKDULGH� LV� SHUIRUPHG� LQ� WKH� SUHVHQFH� RI�
DSSOLHG� FRQVWUDLQWV�� LQ� WKLV� FDVH� D� PRUH� GLUHFW�
PHWKRG�ZDV� DSSOLHG��7DNLQJ� LQWR� DFFRXQW� WKDW� WKH�
JHRPHWU\�RSWLPL]DWLRQ�LV�GRQH�LQ�D�VXEVSDFH�RI�WKH�
IXOO� FRRUGLQDWH� VSDFH�� DW� WKH� HQG� RI� RSWLPL]DWLRQ�
SURFHVV� WKH� IRUFH� RQ� WKH� FRQVWUDLQW� LV� YHU\� OLNHO\�
QRW� ]HUR�DQG� WKH� ILQDO� VWUXFWXUH� LV�QRW� D� VWDWLRQDU\�
SRLQW� LQ� WKH� IXOO� FDUWHVLDQ� VSDFH�� 9LEUDWLRQDO�
DQDO\VLV� LQ� WKH� *$0(6�86� SDFNDJH� LV� DOZD\V�
SHUIRUPHG� LQ� WKH� IXOO� FDUWHVLDQ� VSDFH� DQG� VR� LW� LV�
PHDQLQJOHVV� LQ� WKLV� FDVH�� $� OHVV� DUELWUDU\� ZD\� RI�
FKHFNLQJ�ZKHWKHU�D� WUXH�PLQLPD�RU�D� VDGGOH�SRLQW�
ZDV�UHDFKHG�LV� WR�DGG�UDQGRP�GLVSODFHPHQW� WR� WKH�
DWRP� FRRUGLQDWHV� RI� WKH� RSWLPL]HG� VWUXFWXUH� DQG�
UHSHDW�WKH�FRQVWUDLQHG�RSWLPL]DWLRQ��$V�ORQJ�DV�WKH�
GLVSODFHPHQWV� DUH� WUXO\� UDQGRP�� WKH� VWUXFWXUH�ZLOO�
RSWLPL]H�DZD\�IURP�D�VDGGOH�SRLQW��EXW�ZLOO�UHWXUQ�
WR� D� �FRQVWUDLQHG��PLQXPXP�� 7KLV� SURFHGXUH�ZDV�
DSSOLHG� IRU� DOO� RI� WKH� ��� FRQIRUPHUV� DQG� WKH� GDWD�
REWDLQHG� VKRZV� WKH� UHDFK� RI� WUXH�PLQLPD� LQ� HDFK�
FDVH� LQ� WKH� FRXUVH� RI� WKH� LQLWLDO� RSWLPL]DWLRQ�
SURFHVV��VHH�7DEOH���DQG�)LJ����LQ�³6XSSOHPHQWDU\�
0DWHULDO´��� �$�E�� �L�Q�L�W�L�R��FDOFXODWLRQV� XVLQJ� GLIIHUHQW�
EDVLV� VHWV� KDG� EHHQ� SHUIRUPHG� RQ� WKH� PROHFXOHV�
LQFOXGHG� LQ� WKH� VWXG\� DV� GHVFULEHG� EHORZ��)RU� WKH�
LQLWLDO�FKDUJH�DVVLJQPHQW�IRU�WKH�VXOIDWH�PRLHW\�WKH�
PHWK\O� VXOIDWH� ZDV� FRQVLGHUHG� DV� WKH� UHIHUHQFH�
PROHFXOH� DQG� WKH� TXDQWXP� +)�FF�S97=����
FDOFXODWHG� PROHFXODU� HOHFWURVWDWLF� SRWHQWLDO� ZDV�
ILWWHG� EDVHG� RQ� HOHFWURVWDWLF� SRLQW� FKDUJHV� ORFDWHG�
DW� WKH�QXFOHL� SRVLWLRQV�XVLQJ� WKH�5(63�SURFHGXUH��
7KH�FRUUHODWLRQ�FRQVLVWHQW�SRODUL]HG�FF�S97=�EDVLV�
VHW�LQFRUSRUDWHV�D�WULSOH�]HWD�YDOHQFH�VSOLW�PRGHO��,W�
LV� GHVLJQHG� WR� V\VWHPDWLFDOO\� FRQYHUJH� WR� WKH�
FRPSOHWH�EDVLV�VHW��&%6��OLPLW�XVLQJ�H[WUDSRODWLRQ�
WHFKQLTXHV��7KH�VHOHFWLRQ�RI�WKH�FF�S97=�EDVLV�VHW�
LQ�WKH�FDVH�RI�PHWK\O�VXOIDWH�ZDV�VXJJHVWHG�E\�WKH�
*/<&$0B��F� GHYHORSLQJ� PHWKRGRORJ\����
PDLQWDLQLQJ� LQ� WKLV� ZD\� WKH� FRQVLVWHQF\�ZLWK� WKLV�
IRUFH� ILHOG�� )RU� WKH� ��2�PHWK\O�����1±*DO1DF��6��
FRQIRUPHUV� WKUHH� �D�E�� �L�Q�L�W�L�R��OHYHOV� RI� WKHRU\� ZHUH�
XVHG�� ���� WKH� +DUWUHH�)RFN� PHWKRG� ZLWK� WKH��
����*�G��EDVLV�VHW��+)�����*�G��������WKH�+DUWUHH�
)RFN�PHWKRG�ZLWK�WKH������*�G�S��EDVLV�VHW��+)���
���*�G�S��� ZKLFK� DGGV�� VXSSOHPHQWDU\� WR� WKH�
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�S�U�H�Y�L�R�X�V���E�D�V�L�V���V�H�W�����R�Q�H���S�R�O�D�U�L�]�D�W�L�R�Q���I�X�Q�F�W�L�R�Q���R�Q���H�D�F�K��
�K�\�G�U�R�J�H�Q���D�W�R�P���D�Q�G���R�Q�H���G�L�I�I�X�V�H���I�X�Q�F�W�L�R�Q�����³���´���V�L�J�Q���L�Q��
�W�K�H���X�V�X�D�O���Q�R�P�H�Q�F�O�D�W�X�U�H�����R�Q���H�D�F�K���K�H�D�Y�\���D�W�R�P�������������W�K�H��
�+�D�U�W�U�H�H���)�R�F�N���Z�L�W�K���W�K�H���������������*���G���S�����E�D�V�L�V���V�H�W�����+�)������
���������*���G���S������ �Z�K�L�F�K�� �F�R�Q�V�H�T�X�H�Q�W�O�\�� �D�G�G�V���� �F�R�P�S�D�U�H�G��
�Z�L�W�K���W�K�H���S�U�H�Y�L�R�X�V���R�Q�H�����G�L�I�I�X�V�H���I�X�Q�F�W�L�R�Q�V���R�Q���K�\�G�U�R�J�H�Q��
�D�W�R�P�V�� �W�R�R���� �4�X�D�Q�W�X�P�� �F�D�O�F�X�O�D�W�L�R�Q�V�� �Z�H�U�H�� �G�R�Q�H�� �L�Q��
�S�D�U�D�O�O�H�O�� �R�Q�� �D�� �'�H�O�O�� �3�U�H�F�L�V�L�R�Q�� �������� �:�R�U�N�V�W�D�W�L�R�Q�� �Z�L�W�K��
���*�%�� �R�I�� �5�$�0�� �D�Q�G�� ���� �F�R�P�S�X�W�H�� �F�R�U�H�V�� �Z�L�W�K�� �W�K�H��
�*�$�0�(�6�6���8�6�� �V�R�I�W�Z�D�U�H����� � � D� Q� G� � � 5� �� (� �� '� �� � � Y� �� � � V� X� L� W� H� �
���K�W�W�S�������T���P�G���I�R�U�F�H�I�L�H�O�G�W�R�R�O�V���R�U�J���5�(�'��������

0ROHFXODU�G\QDPLFV�VLPXODWLRQV�

�7�K�H�� �S�D�U�D�P�H�W�H�U�V�� �W�K�D�W�� �G�H�V�F�U�L�E�H�� �W�K�H�� �E�R�Q�G�H�G��
�L�Q�W�U�D�P�R�O�H�F�X�O�D�U�� �L�Q�W�H�U�D�F�W�L�R�Q�V�� ���E�R�Q�G�V���� �D�Q�J�O�H�V�� �D�Q�G��
�G�L�K�H�G�U�D�O�V���� �D�Q�G�� �W�K�H�� �/�H�Q�D�U�G���-�R�Q�H�V�� �Q�R�Q���E�R�Q�G�H�G��
�L�Q�W�H�U�D�F�W�L�R�Q�V�� �R�I�� �W�K�H�� �����2���0�H��ȕ���*�D�O�1�$�F�����6���� �P�R�O�H�F�X�O�H��
�Z�H�U�H�� �W�D�N�H�Q�� �G�L�U�H�F�W�O�\�� �I�U�R�P�� �W�K�H�� �*�/�<�&�$�0�B�����F��
�S�D�U�D�P�H�W�H�U�� �V�H�W���� �H�[�F�H�S�W�� �I�R�U�� �W�K�H�� �G�L�K�H�G�U�D�O�� �W�H�U�P�V�� �R�I�� �W�K�H��
�V�X�O�I�D�W�H���P�R�L�H�W�\�����7�K�H���I�R�O�O�R�Z�L�Q�J���*�/�<�&�$�0���D�W�R�P���W�\�S�H�V��
�Z�H�U�H���D�V�V�R�F�L�D�W�H�G���Z�L�W�K���W�K�H���V�X�O�I�D�W�H���J�U�R�X�S���D�W�R�P�V�������6�����I�R�U��
�W�K�H�� �V�X�O�S�K�X�U�� ���6���� �±�� �)�L�J���� ���D������ ���2������ �I�R�U�� �W�K�H�� �W�H�U�P�L�Q�D�O��
�R�[�\�J�H�Q�� �D�W�R�P�V�� ���2�������� �2�������� �2�������� �D�Q�G�� �U�H�V�S�H�F�W�L�Y�H�O�\��
���2�6�����I�R�U���W�K�H���R�[�\�J�H�Q���D�W�R�P���E�R�Q�G�H�G���W�R���W�K�H���V�X�J�D�U���F�\�F�O�H��
���2�������� �7�K�H�� �U�H�V�W�� �R�I�� �W�K�H�� �D�W�R�P�V�� �L�Q�� �W�K�H�� �*�D�O�1�D�F�����6����
�P�R�Q�R�V�D�F�F�K�D�U�L�G�H�� �K�D�G�� �X�V�X�D�O�� �*�/�<�&�$�0�� �D�W�R�P�� �W�\�S�H�V����
�7�K�H���S�D�U�D�P�H�W�H�U�V���I�R�U���W�K�H���E�R�Q�G�V���D�Q�G���D�Q�J�O�H�V���Z�H�U�H���W�D�N�H�Q��
�I�U�R�P�� �W�K�H�� �*�/�<�&�$�0�� �S�D�U�D�P�H�W�H�U�V�� �V�H�W�� �D�Q�G�� �W�K�H�� �G�L�K�H�G�U�D�O��
�S�D�U�D�P�H�W�H�U�V�� �I�R�U�� �W�K�H�� �2�����6���2�6���&�*���� �6���2�6���&�*���+���� �D�Q�G��
�6���2�6���&�*���&�*�� �W�R�U�V�L�R�Q�D�O�� �D�Q�J�O�H�V�� �Z�H�U�H�� �U�H�S�D�U�D�P�H�W�H�U�L�]�H�G��
���G�D�W�D�� �Q�R�W�� �V�K�R�Z�Q���� �E�\�� �U�H�S�U�R�G�X�F�L�Q�J�� �W�K�H�� �T�X�D�Q�W�X�P��
�F�R�P�S�X�W�H�G�� �H�Q�H�U�J�\�� �S�U�R�I�L�O�H�V�� �D�O�R�Q�J�� �W�K�H�� �W�Z�R�� �P�H�Q�W�L�R�Q�H�G��
�G�L�K�H�G�U�D�O�� �F�R�R�U�G�L�Q�D�W�H�V�� �I�R�O�O�R�Z�L�Q�J�� �W�K�H�� �S�U�R�F�H�G�X�U�H��
�G�H�V�F�U�L�E�H�G�� �L�Q�� �W�K�H�� �*�/�<�&�$�0�� �S�D�S�H�U������� � � )� R� U� � � W� K� H� � � V� X� O� I� D� W� H� �
�J�U�R�X�S�� �W�K�H�� �P�H�W�K�\�O�� �V�X�O�I�D�W�H�� �F�R�P�S�X�W�H�G�� �F�K�D�U�J�H�V�� �Z�H�U�H��
�X�V�H�G����

�7�K�H�� �F�K�D�U�J�H�� �R�I�� �W�K�H�� �&���� �D�W�R�P�� �Z�D�V�� �D�G�M�X�V�W�H�G�� �W�R��
�R�E�W�D�L�Q�� �D�Q�� �R�Y�H�U�D�O�O�� �F�K�D�U�J�H�� �R�I�� ������ �I�R�U�� �W�K�H�� �H�Q�W�L�U�H�� �����2��
�0�H��ȕ���*�D�O�1�$�F�����6�����P�R�O�H�F�X�O�H�����(�D�F�K���6�(�$���F�K�D�U�J�H���V�H�W��
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VKDSH� RI� WKH� S\UDQR]LF� ULQJ� DQG� WKH� RWKHU� RQH� WKH�
UHODWLYH� RULHQWDWLRQ� RI� WKH� VXOIDWH� WHUPLQDO� JURXS� WR�
WKH�QHLJKERULQJ�HTXDWRULDO�JURXSV�±2+�LQ�SRVLWLRQ���
DQG� ±&+�2+� LQ� SRVLWLRQ� ��� )LJ�� �� GHSLFWV� WKH� IUHH�
HQHUJ\� ODQGVFDSHV� DV� LVRFRQWRXU� OLQHV� LQ� WKH�
FRQIRUPDWLRQDO�VSDFH�GHILQHG�E\�WKH�Q���&��&��&��
&���DQG�Q���&��&��2��&���GLKHGUDO�DQJOHV��7KH�Q��
DQG�Q��DQJOHV�GHILQH�WKH�VKDSH�RI�WKH�S\UDQRVLF�ULQJ��
7KH� )(/� SURILOH� ZDV� REWDLQHG� E\� DSSO\LQJ� WKH�
%ROW]PDQQ�IRUPXOD��
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WR� WKH� IUHTXHQF\�PDWUL[� FDOFXODWHG� DV� D� KLVWRJUDP�
RI� WKH�PLFURVWDWHV� �GHILQHG�E\�SDUWLFXODU�YDOXHV�RI�
WKH�DQJOHV�Q��DQG�Q����,Q�WKH�IRUPXOD������ǻ*�LV�WKH�
*LEEV� IUHH�HQHUJ\�GLIIHUHQFH�� �N�%� LV� WKH�%ROW]PDQQ�
FRQVWDQW�� 7� LV� WKH� DEVROXWH� WHPSHUDWXUH� �3�L���M� LV� WKH�
IUHTXHQF\� FRUUHVSRQGLQJ� WR� WKH� �L���M� LQWHUYDO� LQ�
Q�îQ�� SODQH� DQG� �3�P�D�[� LV� WKH� PD[LPXP� IUHTXHQF\�
RYHU�WKH�HQWLUH�UDQJH�RI�Q���Q���7KH�)(/�ODQGVFDSH�
VKRZV� WZR�EDVLQV��7KH�EDVLQ� µ&¶�FKDUDFWHUL]HG�E\�
PHDQ� FHQWUDO� YDOXHV� RI� ����� IRU� Q�� DQJOH� DQG�
UHVSHFWLYHO\� ���� IRU� Q�� LV� E\� IDU� PRUH� SRSXODWHG�

WKDQ� WKH� VHFRQG� RQH� FKDUDFWHUL]HG� E\� WKH� PHDQ�
FHQWUDO� YDOXHV� RI� ������� ������ IRU� �Q��� Q���
�EDVLQ¶6¶��� 7KH� EDVLQ� µ&¶� FRUUHVSRQGV� WR� WKH� ��&���

VKDSH� RI� WKH� ULQJ� ZKLFK� �1�DFW\OJDODFWRVDPLQH�
XVXDOO\� DGRSWV� LQ� VROXWLRQ� DV� UHYHDOHG� E\� 105���
DQG�FU\VWDOORJUDSKLF������VWXGLHV��7KH�YDOXHV�RI� WKH�
GLKHGUDO� DQJOHV� IRU� WKH� VHFRQG�RQH� �EDVLQ� µ6¶�� DUH�
VSHFLILF�IRU�WKH�VNHZ�µ�6�¶��VKDSH�ZKLFK�LV�NQRZQ�WR�
EH�HQHUJHWLFDOO\�GLVIDYRUHG�FRPSDUHG�ZLWK�WKH���&��
IRUP��7KH�IRUP�DGRSWHG�E\�WKH�S\UDQRVH�ULQJ�LV���6��
ZLWK� WKH� &�� FDUERQ� DWRP� EHLQJ� DERYH� WKH� SODQH�
GHILQHG�E\�WKH�&��&��&��2��DWRPV�DQG�&��EHORZ�
LW��7KH� FRPSXWHG� IUHH� HQHUJ\�GLIIHUHQFHV� EHWZHHQ�
WKH���&��DQG���6��DUH������NFDO�PRO�IRU�+)�����*�G��
FKDUJHV� FRPSDUHG� ZLWK� ����� NFDO�PRO� IRU� +)���
���*�G�S��DQG�+)�������*�G�S��FKDUJHV��7KH�IUHH�
HQHUJ\�GLIIHUHQFH�EHWZHHQ�+)�����*�G��DQG�+)���
���*�G�S��LV������NFDO�PRO�ZKLFK�LV�WKH�VDPH�RUGHU�
RI� PDJQLWXGH� DV� WKHUPDO� HQHUJ\� DW� XVXDO�
WHPSHUDWXUHV� ���5�7�  � ����� NFDO�PRO� DW� �7�  � ���.���
�5� LV� WKH� JDV� FRQVWDQW�� DQG� FDQQRW� WKLV� ZD\�
VLJQLILFDQWO\� LQIOXHQFH� WKH� UHODWLYH� FRQIRUPDWLRQDO�
EHKDYLRU�RI�WKH�VLPXODWHG�PRQRVDFFKDULGH��

�

�
)LJ����±�)UHH�HQHUJ\�ODQGVFDSHV�DQG�WKH�FRUUHVSRQGLQJ�IUHTXHQF\�KLVWRJUDPV��

LQ�WKH��Q���Q���FRQIRUPDWLRQDO�SODQH�IRU�WKH�WKUHH�DQDO\]HG�FKDUJH�VHWV��µ&¶�±�FKDLU��µ6¶�±�VNHZ���



� 6XOIDWHG�PRQRVDFFKDULGH�FRQIRUPDWLRQ�DQG�G\QDPLFV� �����

�

7KH� VHFRQG�SDLU�RI�GLKHGUDOV��ZKLFK�FKDUDFWHUL]H�
WKH� UHODWLYH� RULHQWDWLRQ� RI� WKH� í2í62�

í� PRLHW\�
UHODWLYH�WR�LWV�QHLJKERULQJ�±&+��2+�LQ�SRVLWLRQ����
FRPSULVHV� WKH� Ȥ�� �6��2��&��&��� DQG� Ȥ��2��&��
&��&��� GLKHGUDO� DQJOHV�� 7KH� �Ȥ��� Ȥ��� SDLU� LV�
LPSRUWDQW� DV� LW� FDQ� JLYH� LQIRUPDWLRQ� DERXW� WKH�
LQWUDPROHFXODU� K\GURJHQ� ERQGLQJ� LQYROYLQJ� WKH�
VXOIDWH� JURXS�� ZKLFK� KLJKO\� GHSHQGV� RQ� WKH�
DVVLJQHG� FKDUJHV� LQ� WKH� FODVVLFDO� PRGHO�� 7KUHH�
FRQIRUPDWLRQDO�EDVLQV�FDQ�EH�LGHQWLILHG�RQ�WKH�)(/�
SORW��REWDLQHG�XVLQJ�WKH�VDPH�SURFHGXUH�DV�DERYH��
LQ� �Ȥ��� Ȥ��� SODQH� �)LJ�� ���� 7KH� µ7¶� �µWUDQV¶� RI� Ȥ���
EDVLQ�ZLWK�PHDQ�FHQWUDO�YDOXHV�RI����������������IRU�
WKH� �Ȥ���Ȥ���DQJOHV�� WKH� µ67í¶� �µVWDJJHUHG�PLQXV¶��
EDVLQ� ZLWK� �������� ������ PHDQ� YDOXHV� IRU� WKH� �Ȥ���

Ȥ���SDLU�DQG�WKH�µ67�¶��µVWDJJHUHG�SOXV¶��EDVLQ�ZLWK�
�������������PHDQ�YDOXHV�IRU�WKH��Ȥ���Ȥ���SDLU��7KH�
PRVW�IDYRUDEOH�FRQILJXUDWLRQ�IRU�WKH��2�62�

��JURXS�
LV�WKDW�ZLWK�WKH�Ȥ��DQJOH�DURXQG�������ZKLFK�IDYRUV�
D� K\GURJHQ� ERQG� EHWZHHQ� LWV� QHJDWLYH� FKDUJHG�
WHUPLQDO� R[\JHQ� DQG� HLWKHU� WKH� ±2+� JURXS� LQ�
SRVLWLRQ� �� �EDVLQ� µ7¶�� RU� ZLWK� WKH� �&+��2+� LQ�
SRVLWLRQ����EDVLQV�µ67�¶�DQG�µ67�¶���7KLV�LV�LQ�YHU\�
JRRG�DJUHHPHQW�ZLWK�H[SHULPHQWDO�FU\VWDOORJUDSKLF�
GHWHUPLQHG�VWUXFWXUHV�������)URP� WKH�FRUUHVSRQGHQW�
SUREDELOLW\� SORWV� LW� FDQ� EH� VHHQ� WKDW� WKH� PRVW�
IDYRUDEOH�FRQILJXUDWLRQ�LV�ZKHQ�WKH�K\GURJHQ�ERQG�
LV�IRUPHG�EHWZHHQ�WKH�VXOIDWH�WHUPLQDO�R[\JHQ�DQG�
WKH�±2+�JURXS�LQ�SRVLWLRQ����
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7KH� K\GURJHQ� ERQGLQJ� ZLWK� WKH� ±&+��2+�
JURXS� FDQ� EH� UHDOL]HG� ZLWK� WKH� DQJOH� Ȥ�� KDYLQJ�
YDOXHV� HLWKHU� DURXQG� ����� RU� ����� WKH� ILUVW�
FRQILJXUDWLRQ� EHLQJ�PRUH� SUREDEOH� WKDQ� WKH� ODWWHU�
RQH�� )RU� WKH� +)������*�G�S�� GHULYHG� FKDUJHV�� D�
VHFRQG�PLQLPD�IRU�WKH�Ȥ��DQJOH�DURXQG�����FDQ�EH�
REVHUYHG�� 7KLV� FRUUHVSRQGV� WR� D� FRQIRUPDWLRQDO�
EDVLQ� �µ%¶�� LQ� ZKLFK� WKH� í2í62�

í� JURXS� LV� EHQG�
RYHU� WKH� ULQJ�� $� K\GURJHQ� ERQG� EHWZHHQ� WKH�
WHUPLQDO� VXOIDWH� R[\JHQ� DQG� WKH� ±2+� JURXS� LQ�
SRVLWLRQ� �� LV� VWDELOL]LQJ� WKLV� FRQIRUPDWLRQ�� ,W� LV�
KRZHYHU� KLJKO\� XQIDYRUDEOH� HQHUJHWLFDOO\� DQG� LV�
QRW�SUHVHQW�LQ�WKH�FRQIRUPDWLRQDO�VSDFH�RI�WKH�RWKHU�
WZR� FDVHV� �+)�����*�G�� DQG� +)�������*�G�S��
FKDUJH� VHWV��� 'XH� WR� WKH� ORZ� SUREDELOLW\� RI� WKLV�
VWDWH�� LWV� RFFXUUHQFH� LV� SUHVXPDEO\� UDUH� HQRXJK� WR�
EH� REVHUYHG� LQ� WKH� VLPXODWLRQV� WLPH� IUDPH� ���QV��
RWKHU�WKDQ�DFFLGHQWDOO\��7KH�GDWD�SUHVHQWHG�LQ�)LJV��
�� DQG� �� VKRZ� WKDW� WKH� VWXGLHG�PROHFXODU� PRGHOV��
EDVHG� RQ� WKH� WKUHH� FKDUJH� VHWV�� GHWHFW� WKH� VDPH�
SUHIHUUHG� FRQIRUPDWLRQV� RI� WKH� PRQRVDFFKDULGH�
PROHFXOH�DQG�WKHLU�UHODWLYH�SRSXODWLRQV��

&21&/86,216�

4XDQWXP�PHFKDQLFDO�FDOFXODWLRQV�DQG�PROHFXODU�
G\QDPLFV� VLPXODWLRQV� ZHUH� SHUIRUPHG� RQ� VROYDWHG�
��2�PHWK\O�ȕ�1±*DO1$F��6�� PRQRVDFFKDULGH�
PROHFXOHV�LQ�RUGHU�WR�HYDOXDWH�WKH�LPSDFW�RI�SDUWLDO�
DWRPLF� FKDUJH� GHULYDWLRQ� SURFHGXUH� RQ� WKH� VROYHQW�
RUJDQL]DWLRQ� DURXQG� VXOIDWHG� PRQRVDFFKDULGHV� DQG�
RQ� WKH� FRQIRUPDWLRQDO� EHKDYLRU� RI� WKLV� FODVV� RI�
VXEVWDQFHV�� 7KH� UHVXOWV� SUHVHQWHG� KHUH� VKRZ� VPDOO�
GLIIHUHQFHV� LQ� WKH� DWRPLF� FKDUJHV� FRPSXWHG� DW�
GLIIHUHQW� TXDQWXP� PHFKDQLFDO� OHYHOV�� HVSHFLDOO\�
ZKHQ�GLIIXVH� IXQFWLRQV�DUH� DGGHG� IRU�KHDY\�DWRPV��
+RZHYHU�� ZKHQ� WKHVH� GLIIHUHQW� FKDUJH� VHWV� DUH�
DFWXDOO\� XVHG� IRU� PROHFXODU� G\QDPLFV� VLPXODWLRQV�
WKHUH�DUH�QR�GHWHFWDEOH�GLIIHUHQFHV� LQ� WKH�K\GURJHQ�
ERQGLQJ� QHWZRUN� RUJDQL]DWLRQ� DQG� G\QDPLFV�� 7KH�
SUHGLFWHG� ULQJ� VKDSH� LV� LQ� DJUHHPHQW� ZLWK� WKH�
H[SHULPHQWDO� 105� DQG� FU\VWDOORJUDSKLF� GDWD� IRU�
WKHVH� FRPSRXQGV�� +RZHYHU�� VPDOO� GLIIHUHQFHV�
DSSHDU� IRU� WKH� FRQIRUPDWLRQDO� SUHIHUHQFH� RI� WKH�
DQDO\]HG� PRQRVDFFKDULGH� ZLWK� WKH� VNHZ� VKDSH� RI�
WKH�S\UDQR]LF� ULQJ�EHFRPLQJ� VOLJKWO\�PRUH� IDYRUHG�
ZKHQ� WKH� OHYHO� RI� TXDQWXP� GHVFULSWLRQ� XVHG� IRU�
FKDUJH� GHULYDWLRQ� LV� KLJKHU�� 'XH� WR� WKHLU� ORZ�
PDJQLWXGH�� WKHVH� GLIIHUHQFHV� GR� QRW� H[HUW� DQ�
LPSRUWDQW� HIIHFW� DW� XVXDO� WHPSHUDWXUHV�� ,W� FDQ� EH�
FRQFOXGHG� IURP� WKH� GDWD� SUHVHQWHG� KHUH� WKDW� IRU�
VXOIDWHG� PRQRVDFFKDULGHV�� OLNH� VXOIDWHG��
1�DFHW\OJDODFWRVDPLQH�� WKH� LQFUHDVH� LQ� WKH�

FRPSOH[LW\� RI� WKH� EDVLV� VHW� EH\RQG� ����*�G��� E\�
DGGLQJ� GLIIXVH� DQG� SRODUL]DWLRQ� IXQFWLRQ� VHWV�� GRHV�
QRW�JLYH�DQ�VLJQLILFDQW�LPSURYHPHQW�RYHU�WKH�SDUWLDO�
FKDUJH� DVVLJQPHQW�� 7KLV� LV� LPSRUWDQW� EHFDXVH� WKH�
WLPH� QHHGHG� IRU� D� TXDQWXP� PHFKDQLFDO� 0(3�
FRPSXWDWLRQ� RI� WKH� VWXGLHG� PROHFXOHV� UDSLGO\�
LQFUHDVH� ZLWK� WKH� EDVLV� VHW� IXQFWLRQV� QXPEHU�� 7KH�
SUHVHQW� VWXG\� JLYHV� VROYDWHG� HQVHPEOH� DYHUDJHG�
FKDUJH� VHWV� IRU� WKH� ��2�PHWK\O�ȕ�1±*DO1$F��6��
ZKLFK� FDQ� EH� XVHG� IRU� IXUWKHU�PROHFXODU� G\QDPLFV�
VLPXODWLRQV�LQYROYLQJ�*$*V��

,W� KDV� WR� EH� IXUWKHU� FODULILHG� KRZHYHU� WR� ZKDW�
H[WHQW� WKH� VPDOO� GLIIHUHQFHV� REVHUYHG� LQ� WKH�
FRQIRUPDWLRQDO� EHKDYLRU� RI� WKH� VXOIDWHG�
PRQRVDFFKDULGHV�UHDOO\�DIIHFW�WKH�RYHUDOO�VWUXFWXUDO�
FKDUDFWHULVWLFV� LQ� PRUH� FRPSOH[� V\VWHPV� VXFK� DV�
LVRODWHG� SRO\PHU� FKDLQV� RU� QHWZRUNV�� (YHQ� WKH�
VLPXODWLRQ� WLPH� VFDOHV� SUHVHQWHG� KHUH� �WHQWKV� RI�
QDQRVHFRQGV�� DUH� VXIILFLHQWO\� ODUJH� IRU� LVRODWHG�
PRQRVDFFKDULGHV�� WKH� LQIOXHQFH� RI� WKH� SDUWLDO�
FKDUJH�GHULYDWLRQ�SURWRFRO�RQ�PRUH�FRPSOH[�ROLJR��
DQG� SRO\VDFFKDULGH� PDFURPROHFXOHV� KDV� WR� EH�
DQDO\]HG� RQ� WLPH� VFDOHV� DW� OHDVW� RQH� RUGHU� RI�
PDJQLWXGH�KLJKHU���

7KH� FRQFOXVLRQV� SUHVHQWHG� KHUH� IRU� FKDUJH�
GHULYDWLRQ� PXVW� EH� FRQVLGHUHG� RQO\� IRU� DE� LQLWLR�
PHWKRGV�ZLWK� VSOLW�YDOHQFH�GRXEOH� ]HWD� EDVLV� VHWV��
7KH� FDVH� RI� KLJKHU� µSRVW� +DUWUHH�)RFN¶� PHWKRGV�
ZKLFK� WDNH� LQWR� FRQVLGHUDWLRQ� WKH� HOHFWURQ�
FRUUHODWLRQ� HIIHFWV�� OLNH� WKH� 'HQVLW\� )XQFWLRQDO�
7KHRU\� RU� WKH�0¡OOHU±3OHVVHW� SHUWXUEDWLRQ� WKHRU\��
KDV�WR�EH�HTXLYDOHQWO\�HYDOXDWHG��
�

$FNQRZOHGJPHQWV�� 7KLV� UHVHDUFK� ZDV� ILQDQFLDOO\�
VXSSRUWHG� E\� (XURSHDQ� 6RFLDO� )XQG� ±� ³&ULVWRIRU� ,��
6LPLRQHVFX´� 3RVWGRFWRUDO� )HOORZVKLS� 3URJUDPPH� �,'�
326'58��������6��������� 6HFWRULDO� 2SHUDWLRQDO� 3URJUDP�
+XPDQ�5HVRXUFHV�'HYHORSPHQW�����±������

5()(5(1&(6�

��� /�� 3HOOHJULQL�� )�� %XUNH�� )�� YRQ� 'HOIW��� %�� 0XOOR\� DQG��
7�/��%OXQGHOO��1DWXUH������������������������

��� -�� 6FKOHVVLQJHU�� $�1�� 3ORWQLNRY�� 2�$�� ,EUDKLPL���
$�9��(OLVHHQNRYD��%�.��<HK��$��<D\RQ��5�-��/LQKDUGW�DQG�
0��0RKDPPDGL��0ROO��&HOO���������������������

��� %�� 0XOOR\�� 0�-�� )RUVWHU�� &�� -RQHV� DQG� '�%�� 'DYLHV��
%LRFKHP��-�����������������������

��� +�%�� 1DGHU�� 6�)�� &KDYDQWH�� (�$�� GRV�6DQWRV�� )�:��
2OLYHLUD��-�)��GH�3DLYD��6�0�%��-HU{QLPR��*�)��0HGHLURV��
/�5�'��GH�$EUHX��(�/��/HLWH��-�)��GH�6RXVD�)LOKR��5�$�%��
&DVWUR�� /�� 7RPD�� ,�/�6�� 7HUVDULRO��0�$�� 3RUFLRQDWWR� DQG�
&�3��'LHWULFK��%UD]��-��0HG��%LRO��5HV����������������������

��� $��6��3HUOLQ��'�0��0DFNLH�DQG�&�3��'LHWULFK��&DUERK\GU��
5HV����������������������

��� %�� &DVX�� 3�� 2UHVWH�� *�� 7RUUL�� *�� =RSHWWL�� -�� &KRD\�� -�&��
/RUPHDX�DQG�3HWLWRX�0���%LRFKHP�-�����������������������
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���� 9��%RVVHQQHF��0��3HWLWRX�DQG�%��3HUO\��%LRFKHP�-���������
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���� '��/DPED��6��*ORYHU��:��0DFNLH��$��5DVKLG��%��6KHOGULFN�
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-�� 5RPHUR� DQG� 0�$�� +LGDOJR�� &DUERK\GU�� 5HV��� ������
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���� '�� /DPED�� :�� 0DFNLH�� %�� 6KHOGULFN�� 3�� %HOWRQ� DQG��
6��7DQQHU��&DUERK\GU��5HV�����������������������

���� :��0DFNLH�DQG�(�$��<DWHV��'��/DPED��&DUERK\GU��5HV���
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-��%LRO��&KHP���������������������
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���� =�� /L�� 0�� .LHQHW]�� 0�0�� &KHUQH\�� 0�1�� -DPHV� DQG��
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���� %�0��6DWWHOOH� DQG�$��$OPRQG�� -��&RPSXW��&KHP���������
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���� :�/��-RUJHQVHQ�DQG�-�-��7LUDGR�5LYHV��-��$P��&KHP��6RF���
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���� $�� '�� 0DF.HUHOO�� -U��� '�� %DVKIRUG�� 0�� %HOORWW�� 5�� /��
'XQEUDFN��-U���-��'��(YDQVHFN��0��-��)LHOG��6��)LVFKHU��-��
*DR��+��*XR��6��+D��'��-RVHSK�0F&DUWK\��/��.XFKQLU��.��
.XF]HUD��)��7��.��/DX��&��0DWWRV��6��0LFKQLFN��7��1JR��
'��7��1JX\HQ��%��3URGKRP��:��(��5HLKHU�� ,,,��%��5RX[��
0�� 6FKOHQNULFK�� -�� &�� 6PLWK�� 5�� 6WRWH�� -�� 6WUDXE�� 0��
:DWDQDEH�� -�� :LyUNLHZLF]�.XF]HUD�� '�� <LQ� DQG� 0��
.DUSOXV�DQG�-��3K\V��&KHP�%�������������������������

���� :�� '�� &RUQHOO�� 3�� &LHSODN�� &�� ,�� %D\O\�� ,�� 5�� *RXOG���
.�� 0�� 0HU]�� -U��� '�� 0�� )HUJXVRQ�� '�� &�� 6SHOOPH\HU���
7��)R[��-��:��&DOGZHOO�DQG�3��$��.ROOPDQ��-��$P��&KHP��
6RF�������������������������

���� $�5�� /HDFK�� ³0ROHFXODU� 0RGHOOLQJ�� 3ULQFLSOHV� DQG�
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S��������������������
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���� *�� &OLSD�� 0�� 7�� +\Y|QHQ�� $�� .RLYXQLHPL� DQG��

0��/��5LHNNROD��-��&RPSXW��&KHP������������������������
���� 0��5DJD]]L�DQG�'��5��)HUUR��-��0RO��6WUXFW���7KHRFKHP���

���������������
���� '��(��:LOOLDPV��%LRSRO\PHUV�����������������������
���� &��,��%D\O\��3��&LHSODN��:��'��&RUQHOO�DQG�3��$��.ROOPDQ��

-��3K\V��&KHP��������������������������
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5��-��:RRGV��-��&RPSXW��&KHP����������������������
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0�� 6�� *RUGRQ�� -�� +�� -HQVHQ�� 6�� .RVHNL�� 1�� 0DWVXQDJD���
.�� $�� 1JX\HQ�� 6�� 6X�� 7�� /�� :LQGXV�� 0�� 'XSXLV� DQG��
-��$��0RQWJRPHU\�-U��-��&RPSXW��&KHP������������������
������

���� +��-��&��%HUHQGVHQ��'��YDQ�GHU�6SRHO�DQG�5��YDQ�'UXQHQ��
&RPS��3K\V��&RPP��������������������

���� :�� +XPSKUH\�� $�� 'DONH� DQG� .�� 6FKXOWHQ�� -�� 0ROHF��
*UDSKLFV��������������������

���� )��1��.HXWVFK��5��6��)HOOHUV��0��*��%URZQ��0��5��9LDQW��
3�� %�� 3HWHUVHQ� DQG� 5�� -�� 6D\NDOO\�� -�� $P�� &KHP�� 6RF���
����������������������

���� 6�� :RXWHUVHQ�� <�� 0X�� *�� 6WRFN� DQG� 3�� +�� :RXWHUVHQ��
&KHP��3K\V�����������������������

���� %��0��6DWWHOOH�� -��6KDNHUL�� ,��6��5REHUWV�DQG�$��$OPRQG��
&DUERK\GU��5HV�����������������������
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