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7KH�S+�RI�PHDW�LV�VKRZLQJ�SRVVLEOH�PHDW�TXDOLW\�FRPSOH[HV�OLNH�')'��GDUN��ILUP�� GU\�� RU� 36(� �SDOH�� VRIW�� H[XGDWLYH��� 36(�PHDW� FDQ� DULVH� LI� LQWUD�PXVFXODU�ODFWLF� DFLG� ZLOO� DFFXPXODWH� LQWR� WKH� PXVFOHV� ZLWK� LQ� RQH� KRXU� DQG� ZKHQ�WHPSHUDWXUH�RI�FDUFDVV�LV�VWLOO�KLJK��,Q�VRPH�H[WUHPDO�FDVHV�RI�36(��PHDW�S+�FDQ�IDOO������RU�HYHQ�����XQLW�SHU�PLQXWH��(VVHQ�*XVWDYVVRQ��������6ZDWODQG��������1RUPDO� SURFHVV� RI� JO\FRO\VH� FDQ� VWRS� LI� S+� ZLOO� EH� RQH� WKH� OHYHO� �����������')'�PHDW�FDQ�DULVH�LI�S+�OHYHO�ZLOO�QRW�IDOO�DV�OHYHO�RI�JO\FRJHQ�LQ�PXVFOHV�LV�WRR�ORZ��,Q�VXFK�FDVHV�S+�ZLOO�VWDQG�RQ�WKH�OHYHO������������7HVW�UHVXOWV�RI�S+���DQG�S+���DUH�SUHVHQWHG�LQ�7DEOH����
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36(�RU�')'�PHDW�LV�YHU\�FORVHO\�UHODWHG�ZLWK�S+��ZH�KDYH�WR�DGPLW��WKDW�VXFK�PHDW�TXDOLW\�FRPSOH[�ZDV�QRW�IRXQG�7KH� UHVXOWV� RI� FRRNLQJ� ORVV� ZHUH� VKRZHG�� WKDW� WKH� VPDOOHVW� FRRNLQJ� ORVV����������ZDV�LQ�SXUHEUHGV�(/:��7KH�ELJJHVW�FRRNLQJ�ORVV����������ZDV� IRXQG�WKUHH�EUHHG�FURVV�+�(/�(/:� [�(/���&RRNLQJ�ORVV�LV�D�YHU\�LPSRUWDQW�IDFWRU�IRU�PHDW�SURFHVVLQJ�IDFWRULHV��DV�WKH�IXUWKHU�XVH�RI�PHDW�ZLOO�GHSHQG�RQ�WKLV��



���

� � �� �
� � �� � � � �� � � � �� �

� � �� �

� �� �
� �� �
� �� �

( / ( /: )< + �[ �( /: + �( / �( /: �[ �( /)LJXUH����&RRNLQJ�ORVV�E\�GLIIHUHQW�EUHHGV
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(/ (/: )< +�[�(/: +�(/�(/:�[�(/)LJXUH����:DWHU�ELQGLQJ�FDSDFLW\�RI�WHVWHG�EUHHGV
*RRG� UHVXOW� LQ� ZDWHU� ELQGLQJ� FDSDFLW\� ZDV� DOVR� REWDLQHG� LQ� FURVVEUHGV� RI�+�(/�(/:� [�(/� ZLWK��������

7DEOH��� 7KH�FKHPLFDO�FRPSRVLWLRQ�RI�PHDW%UHHGV7UDLW (/ (/: )< +� [�(/:� +�(/�(/:� [�(/�Q ��� �� � � �'U\�PDWWHU ����� ����� ����� ����� �����3URWHLQ ����� ����� ����� ����� �����)DW ���� ���� ���� ���� ����$VK ���� ���� ���� ���� ����
7KH�FRQWHQW�RI�OHDQ�PHDW�VKRZHG��WKDW�WKH�EHVW�SURWHLQ�FRQWHQW�ZDV�LQ�PHDW�RI�)<� ZLWK� ������� IURP� GU\� PDWWHU�� 7KH� ORZHVW� SURWHLQ� FRQWHQW� ZDV� REVHUYHG� LQ�PHDW�RI�FURVVEUHGV�+� [�(/:� ZLWK�± ���������7KH�KLJKHVW�IDW�FRQWHQW�ZDV�LQ�
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PHDW� RI� SXUHEUHG�(/:�ZLWK� ������� DQG� WKH� ORZHVW� IDW� FRQWHQW�ZDV� LQ�PHDW� RI�SXUHEUHG�(/�ZLWK���������
7DEOH� ��� 0HDW� TXDOLW\� FKDUDFWHULVWLFV� RI� GLIIHUHG� EUHHGV� FRPELQDWLRQV� DQG�SXUHEUHGV�7UDLW %UHHG�FRPELQDWLRQV ) 3U!)+�(/�(/:� [�(/ � +� [�(/: � (/ )< (/:
S+�� �����D �����DE �����E �����DE �����DE ���� ������

S+�� �����D �����D �����D �����D �����D ���� ������:DWHU�ELQGLQJ�FDSDFLW\ ������D ������D ������D ������D ������D ���� ������&RRNLQJ�ORVV ������D ������D ������D ������D ������D ���� ������
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3URWHLQ ������D ������D ������D ������D ������D ���� ������)DW �����DF �����DEF �����E �����DEF �����DF ���� ������
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$V�VKRZQ�LQ�7DEOH���WKHUH�ZDV�QR�VLJQLILFDQW�HIIHFW�RI�S+�RQ�PHDW�TXDOLW\�RI�GLIIHUHQW� SXUHEUHGV� DQG� FURVVEUHG�� DV� 36(� RU� ')'� PHDW� ZDV� QRW� GHWHUPLQHG��7KHUH�ZDV�VLJQLILFDQW�GLIIHUHQFH�LQ�YDOXH�RI�S+���EHWZHHQ�+�(/�(/:� [�(/�DQG�(/��1R� VLJQLILFDQW� GLIIHUHQFHV� LQ� S+���� SURWHLQ� FRQWHQW�� ZDWHU� ELQGLQJ� FDSDFLW\��FRRNLQJ�ORVV�DQG�DVK�FRQWHQW�ZHUH�IRXQG��7KH�GU\�PDWWHU�FRQWHQW�RI�PHDW�VKRZHG�WKDW�WKHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�EUHHGV�RI�+�(/�(/:� [�(/� DQG(/�YHUVXV�(/:�7KH�IDW�FRQWHQW�RI�PHDW�VKRZHG��WKDW�WKHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�+�(/�(/:� [�(/� DQG�(/�YHUVXV�(/:�
6XPPDU\)URP�FXUUHQW�UHVHDUFK�ZRUN�ZH�FDQ�FRQFOXGH�WKDW�ZLWK�UHJDUG�WR�PHDW�TXDOLW\��ORLQ�H\H�DUHD��FKHPLFDO�FRPSRVLWLRQ�RI�PHDW��WKH�EHVW�UHVXOWV�ZHUH�REWDLQHG�IURP�FURVVEUHG�+�(/�(/:� [� (/��� 9HU\� LPSRUWDQW� ZDV� DOVR� WKH� IDFW� 36(� RU�')'�PHDW�ZDV�QRW�IRXQG�)URP�WKH�SRLQW�RI�WHFKQRORJLFDO�TXDOLW\�RI�PHDW�OLNH�ZDWHU�ELQGLQJ�FDSDFLW\�RU�FRRNLQJ� ORVV�ZH�KDYH� WR�DGPLW� WKDW� WKH�PHDW� IURP�FURVV�EUHHGV�RI�+�(/�(/:�[�(/�KDG�KLJKHVW�FRRNLQJ�ORVV��7KH�VPDOOHVW�FRRNLQJ�ORVV�ZDV�LQ�SXUH�EUHHGV�PHDW�RI�(/:��*RRG�ZDWHU�ELQGLQJ�FDSDFLW\�ZDV�LQ�PHDW�RI�+� [�(/:� FURVVEUHG�DQG�WKH�ORZHVW�ZDWHU�ELQGLQJ�FDSDFLW\�ZDV�LQ�PHDW�RI�)<�
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2XU� FRQFOXVLRQ� LV� WKDW� IRU� PHDW� SURGXFWLRQ� LV� EHVW� ZD\� WR� XVH FURVVLQJ� RI�GLIIHUHQFHV� EUHHGV� OLNH� +�(/�(/:� [� (/�� 3XUH�EUHHGV� DUH� QRW� HIIHFWLYH� IRU�SURGXFWLRQ�RI�PHDW�DQG�FDQ�EH�XVHG�IRU�SURGXFWLRQ�RI�FURVVEUHHGV�
5HIHUHQFHV(&�'LUHFWLYH����((&�$QQH[���IURP��WK�RI�'HFHPEHU�����(VVHQ�*XVWDYVVRQ��%��������0XVFOH�ILEHU�FKDUDFWHULVWLFV�LQ�SLJV�DQG�UHODWLRQVKLSV�WR�PHDW�TXDOLW\� SDUDPHWHUV� � 5HYLHZ�� 3�� ��������� ,Q�� 3RUN�4XDOLW\��*HQHWLF�DQG�0HWDEROLF�)DFWRUV��(GLW��(��3XRODQQH��'��,��'HPH\HU��0��5XXVXQHQ��DQG�6��(OOLV��&$%�,QWHUQDWLRQDO�*UDX� 5���+DPP� 5��hEHU�GDV�:DVVHUELQGXQJVYHUP|JHQ�GHV�6lXJHWLHUPXVNOHV��,,�hEHU� GLH�%HVWLPPXQJ�GHU�:DVVHUELQGXQJ�GHV�0XVNOHV�� ± =�� /HEHQVPLWWHO� ±8QWHUVXFKXQJ�XQG�)RUVFKXQJ��%G� ����6� ���«����������+$))�1R�����(�KWWS���ZZZ�KDII�FRP�SODQLPHWHU�KWP��/DVW�YLVLWHG�����������+DPP� 5��,Q�0HDW��± %XWWHUZRUWK��/RQGRQ�������.HPSVWHU�� $�-��� (YDQV�� '�*�� ������ $� FRPSDULVRQ� RI� GLIIHUHQW� SUHGLFWRUV� RI� WKH�OHDQ�FRQWHQW�RI�SLJ�FDUFDVVHV�����3UHGLFWRUV�IRU�XVH�LQ�FRPPHUFLDO�FODVVLILFDWLRQ�DQG�JUDGLQJ��$QLP��3URG��������������3DUULQJ�� $�0��� 9lKL��0��� .llULN�� (�� ������ 6WDWLVWLOLVH� DQGPHW||WOXVH� DOJ}SHWXV��7h�0DWHPDDWLOLVH�VWDWLVWLND�LQVWLWXXW��7h�.LUMDVWXV��SJ������������5HL��0��������/LKDWHKQRORRJLD�WHDGXVOLNXG�DOXVHG�ON��������������������6$6��������6$6�8VHU¶V�JXLGH��6WDWLVWLFV��6$6�,QVW��,QF���*$5<� 1&������SS�6NDUPDQ��6�� ������&URVVEUHHGLQJ�([SHULPHQW�ZLWK�6ZLQH��/DQWEUXNVK|JVNRODQV�$QQDOHU��9RO�������������6ZDWODQG��+��-��������*URZWK�SK\VLRORJ\�DQG�SRVW�PRUWHP�PHWDEROLVP�LQ�SRUFLQH�PXVFOH��3�����������,Q��3RUN�4XDOLW\��*HQHWLF�DQG�0HWDEROLF�)DFWRUV��(GLW��(��3XRODQQH��'��,��'HPH\HU��0��5XXVXQHQ��DQG�6��(OOLV��&$%�,QWHUQDWLRQDO�7HFDWRU� $SSOLFDWLRQ� 1RWH� $1� ������� 5DSLG� GHWHUPLQDWLRQ� RI� FUXGH� IDW� LQ�IHHGVWXIIV�E\�XVLQJ�WKH�6R[WHF�6\VWHP7HFDWRU�$SSOLFDWLRQ�1RWH�$1������7lQDYRWV�� $��� 6RPHODU�� (��� 6DYHOL�� 2��� (LODUW�� .��� 3}OGYHUH�� $��� .DDUW�� 7��3XKWDW}XOLVWH� MD� ULVWDQGVLJDGH� OLKDRPDGXVWH� SURJQRRVLPLQH� XOWUDKHOL� DSD�UDDWLGHJD�� $NDGHHPLOLVH� 3}OOXPDMDQGXVH� 6HOWVL� 7RLPHWLVHG� ���� �������� DSULOO����9RORYLQVNDMD�� .HOPDQ�� ����� F_lh^bq_kdb_� j_dhf_g^Zpbb� ih� bamq_gbx�fykghc�ijh^mdlb\ghklb��hp_gd_�dZq_kl\Z�lmr�b fykZ��� Fhkd\Z�������:KLWWHPRUH�� &�� ������ 7KH� 6FLHQFH� DQG� 3UDFWLFH� RI� 3LJ� 3URGXFWLRQ�� /RQJPDQ�6FLHQWLILF�	�7HFKQLFDO��S���������


