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DEQRUPDO�KHPDWRSRLHWLF�FHOOV�LQ�WKH�SHULSKHUDO�EORRG�RU�ERQH�PDUURZ�DVSLUDWLRQ��%ORRG�
VKRZHG�DEQRUPDO�NLGQH\�IXQFWLRQ��,PDJH�DQDO\VLV��LQFOXGLQJ�DEGRPLQDO�&7�VKRZHG�
KHSDWRVSOHQRPHJDO\���

$���PP�SXQFK�ELRSV\�VSHFLPHQ�ZDV�REWDLQHG�IURP�WKH�FHQWUH�RI�RQH�QRGXOH��$QRWKHU�
H[FLVLRQ�ELRSV\�ZDV�WDNHQ�IURP�WKH�D[LOODU\�O\PSK�QRGH��+�	�(�VWDLQHG�VHFWLRQV�UHYHDOHG��
FXWDQHRXV�LQILOWUDWLRQ�H[WHQGHG�IURP�WKH�PLGGOH�WR�ORZHU�GHUPLV�DV�ZHOO�DV�LQ�WKH�VXEFXWDQHRXV�
IDW��7KH�LQILOWUDWH�FRQVLVWHG�RI�QRUPDO�DQG�DW\SLFDO�KLVWLRF\WHV�ZLWK�O\PSKRF\WH�DQG�SODVPD�
FHOOV��7KH�DW\SLFDO�KLVWLRF\WHV�GLVSOD\�ODUJH�SOHRPRUSKLF�YHVLFXODU�QXFOHL��6RPH�RI�KLVWLRF\WHV�
FRQWDLQHG�LQ�WKHLU�F\WRSODVP�SKDJRF\WHV��HU\WKURF\WHV��QXFOHDU�GHEULV�DQG�IUDJPHQW�RI�
OHXFRF\WHV��)HZ�FHOOV�VKRZHG�W\SLFDO�5HHG�6WHUQEHUJ�FHOOV�ZKLFK�DUH�ODUJH�KLVWLRF\WLF�FHOO�ZLWK�
VHYHUDO�QXFOHL�RU�ELOREHG�QXFOHXV�WKDW�KDG�D�PLUURU�LPDJH�DSSHDUDQFH��)LJ�����/\PSK�QRGH�
ELRSV\�VKRZHG�VLPLODU�ILQGLQJV��)LJ������
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)LJ����$/.���LPPXQRKLVWRFKHPLFDO�VWDLQ�VKRZHG�QHJDWLYH�VWDLQLQJ�IRU�DOO�FHOOV�>;�
���@�� �
&OLQLFDO��KLVWRORJLFDO�DQG�LPPXQRKLVWRFKHPLFDO�ILQGLQJV�ZHUH�ZLWK�WKH�GLDJQRVLV�RI�

KLVWLRF\WLF�VDUFRPD���

'LVFXVVLRQ��
7UXH�KLVWLRF\WLF�VDUFRPD��7+6��LV�D�UDUH�O\PSKRKHPDWRSRLHWLF�PDOLJQDQW�QHRSODVP�

FRPSRVHG�RI�WXPRU�FHOOV�VKRZLQJ�PRUSKRORJLF�DQG�LPPXQRSKHQRW\SLF�IHDWXUHV�VLPLODU�WR�
WKRVH�RI�PDWXUH�WLVVXH�KLVWLRF\WHV��7KHUH�LV�H[SUHVVLRQ�RI�RQH�RU�PRUH�KLVWLRF\WH�PDUNHUV�
ZLWKRXW�DFFHVVRU\��GHQGUHWLF�FHOO�PDUNHUV�>�@���

7KH�WHUP��KLVWLRF\WLF�VDUFRPD��ZDV�LQWURGXFHG�E\�0DWKH�HW�DO�LQ������>�@��,W�ZDV�
GHVFULEHG�LQ������E\�6FRWW�DQG�5REEVPLWK�DV��PDOLJQDQW�KLVWLRF\WRVLV�>�@���

,W�XVXDOO\�DULVHV�LQ�O\PSK�QRGHV��DERXW�RQH�WKLUG�RI�FDVHV��DV�ZHOO�DV�H[WUDQRGDO�VLWHV�DV�
VNLQ��DERXW�RQH�WKLUG�RI�FDVHV���JDVWURLQWHVWLQDO�WUDFW��OLYHU��NLGQH\��OXQJV��ERQH�PDUURZ�DQG�
FHQWUDO�QHUYRXV�V\VWHP��7+6�LV�H[WUHPHO\�UDUH�DQG�DOO�FDVHV�UHSRUWHG�VKRZHG�D�YHU\�DJJUHVVLYH�
FOLQLFDO�FRXUVH�ZLWK�D�PHGLDQ�VXUYLYDO�RI�����PRQWKV�>�����@��7KHUH�LV�D�ZLGH�DJH�UDQJH�
LQFOXGLQJ�LQIDQWV��FKLOGUHQ�DQG�DGXOWV��+RZHYHU��PRVW�FDVHV�UHSRUWHG�LQ�DGXOWV�ZLWK�PHGLDQ�DJH�
���\HDUV��0DOH�SUHGLOHFWLRQ�LV�IRXQG�LQ�VRPH�VWXGLHV�>�@���

&OLQLFDOO\��WKH�SDWLHQWV�PD\�SUHVHQW�ZLWK�D�VROLWDU\�PDVV��EXW�V\VWHPLF�V\PSWRPV�DUH�
UHODWLYHO\�FRPPRQ�H�J��IHYHU��ZHLJKW�ORVV��6NLQ�PDQLIHVWDWLRQV�PD\�UDQJH�IURP�EHQLJQ�
DSSHDULQJ�UDVK��VROLWDU\�OHVLRQ�WR�PXOWLSOH�WXPRUV�RQ�WUXQN�DQG�H[WUHPLWLHV>�@���
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7KH�GLDJQRVLV�RI�7+6�UHOLHV�SUHGRPLQDQWO\�RQ�WKH�YHULILFDWLRQ�RI�KLVWLRF\WLF�OLQHDJH�DQG�
WKH�H[FOXVLRQ�RI�RWKHU�SRRUO\�GLIIHUHQWLDWHG�ODUJH�FHOO�PDOLJQDQFLHV��O\PSKRPD��FDUFLQRPD��
PHODQRPD��E\�WKH�ZD\�RI�H[WHQVLYH�LPPXQRSKHQRW\SLF�LQYHVWLJDWLRQ�>�@���

&XWDQHRXV�QHRSODVPV�PRUSKRORJLFDOO\�VXJJHVWLYH�RI�KLVWLRF\WLF�OLQHDJH�LQFOXGH�
KHWHURJHQHRXV��GLVWLQFWLYH�HQWLWLHV�VXFK�DV�PRQRF\WHV��PDFURSKDJH�OHVLRQV��DV�+RGJNLQ�
O\PSKRPD���/DQJHUKDQV�FHOO���GHQGUHWLF�FHOO�OHVLRQV��DV�/DQJHUKDQV�FHOO�KLVWLRF\WRVLV���
ILEURKLVWLRF\WLF�WXPRUV��DQG�&'����DQDSODVWLF�ODUJH�FHOO�O\PSKRPD�>������@���

2QO\�WKH�PRQRF\WHV�PDFURSKDJH�OHVLRQV�DUH�GHVLJQDWHG�DV�WUXH�KLVWLRF\WHV��7KHUHIRUH��WKH�
GLDJQRVLV�RI�WUXH�KLVWLRF\WLF�QHRSODVP�VKRXOG�EH�PDGH�RQO\�ZKHQ�FKDUDFWHULVWLFV�RI�
PRQRF\WHV�PDFURSKDJH�VHULHV�DUH�VWULFWO\�HVWDEOLVKHG�>��@���

7KH�FXUUHQW�FULWHULD�IRU�GLDJQRVLV�RI�WUXH�KLVWLRF\WLF�VDUFRPD�DUH�DV�IROORZV��>��������@���
���7KH�WXPRU�FHOOV�VKRZ�KLVWLRF\WRLG�IHDWXUHV�VXFK�DV�QXFOHDU�IROGLQJV��DEXQGDQW�

F\WRSODVP��DQG�RFFDVLRQDO�SKDJRF\WRVLV���
���7KH\�VKRXOG�EH�LPPXQH�UHDFWLYH�IRU�WZR�RU�PRUH�KLVWLRF\WHV�DVVRFLDWHG�PDUNHUV���
���7KH\�ODFN�WKH�UHDFWLYLW\�IRU�%�FHOO�DQG�7�FHOO�VSHFLILF�PDUNHUV���
���7KH\�DOVR�ODFN�%LUEHFN¶V�JUDQXOHV�DQG�UHDFWLYLW\�IRU�&'�D���
���7KH\�DUH�QHJDWLYH�IRU�&'����ZKLFK�LV�D�FKDUDFWHULVWLF�PDUNHU�RI�DQDSODVWLF�ODUJH�FHOO�

O\PSKRPD���
���7KHUH�LV�QR�HYLGHQFH�RI�LPPXQRJOREXOLQ�RU�7�FHOO�UHFHSWRU�JHQH�UHDUUDQJHPHQW���
&'������D�UHFHQWO\�FKDUDFWHUL]HG�KHPRJORELQ�VFDYHQJHU�UHFHSWRU��KDV�RIIHUHG�D�PHDQV�RI�

LGHQWLI\LQJ�KLVWLRF\WLF�FHOOV��,W�DSSHDUV�WR�EH�D�VSHFLILF�PDUNHU�RI�KLVWLRF\WLF�OLQHDJH�DQG�D�
SURPLVLQJ�GLDJQRVWLF�WRRO�IRU�HYDOXDWLQJ�KLVWLRF\WLF�QHRSODVWLF�QHRSODVP�>�@��

2XU�FDVH�IXOILOOHG�WKH�PRVW�RI�KLVWRORJLFDO�DQG�LPPXQRKLVWRFKHPLFDO�FULWHULD�IRU�
GLDJQRVLV�RI�WUXH�KLVWLRF\WLF�VDUFRPD���

+LVWRORJLFDOO\��WKH�WXPRU�FHOOV�RI�RXU�FDVH�VKRZHG�DW\SLFDO�KLVWLRF\WHV�ZLWK�ODUJH�
SOHRPRUSKLF�YHVLFXODU�QXFOHL��6RPH�RI�KLVWLRF\WHV�FRQWDLQHG�LQ�WKHLU�F\WRSODVP�SKDJRF\WHV��
HU\WKURF\WHV��QXFOHDU�GHEULV�DQG�IUDJPHQWV�RI�OHXFRF\WHV��7KH�HU\WKURSKDJLD�RI�WKHVH�
KLVWLRF\WHV�DUH�EHVW�VHHQ�LQ�O\PSK�QRGHV��$OVR��LW�ZDV�VHHQ�LQ�KLVWLRF\WLF�F\WRSKDJLF�
SDQQLFXOLWLV�ZKLFK�UHSUHVHQW�ORZ�JUDGH�IRUP�RI�WUXH�KLVWLRF\WLF�VDUFRPD��%XW�VRPH�
LQYHVWLJDWRUV�UHSRUWHG�WKDW�SKDJRF\WRVLV�LV�QRW�DOZD\V�HVVHQWLDO�IRU�WKH�GLDJQRVLV�RI�7+6��>��@��

5RVDL�'RUIPDQ�GLVHDVH�LV�D�EHQLJQ�IRUP�RI�KLVWLRF\WLF�GLVRUGHUV��&OLQLFDOO\��LW�LV�VLPLODU�
WR�KLVWLRF\WLF�VDUFRPD��+LVWRORJLFDOO\��ZH�FDQ�GLIIHUHQWLDWH�LW�IURP�KLVWLRF\WLF�VDUFRPD�E\�
SUHVHQFH�RI�GLODWHG�O\PSKDWLF�FKDQQHOV�ZLWK�LQWUD�OXPLQDO�KLVWLRF\WHV�DQG�WKLFN�ZDOOHG�YHVVHOV�
VXUURXQGHG�E\�SODVPD�FHOOV��+LVWLRF\WHV�KDYH�ZLVS\�F\WRSODVP�DQG�URXQGHG�RU�RYDO�QXFOHXV��
2FFDVLRQDOO\��PXOWLQXFOHDWHG�FHOOV�RU�FHOOV�VKRZLQJ�QXFOHDU�DW\SLD�DUH�SUHVHQW�EXW�PLWRVLV�DUH�
UDUH��/\PSKRSKDJRF\WRVLV�RU�HPSHULSROHVLV��SKDJRF\WRVLV�RI�OHXNRF\WHV�SDUWLFXODUO\�
O\PSKRF\WHV��LV�DOZD\V�SUHVHQW��DQG�OHVV�IUHTXHQWO\�LQWUD�F\WRSODVPLF�SODVPD�FHOO��QHXWURSKLOV��
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DQG�UHG�EORRG�FHOO�PD\�EH�VHHQ��>��@��
,PPXQRKLVWRFKHPLFDOO\��WXPRU�FHOOV�RI�RXU�FDVH�ZHUH�VWURQJO\�SRVLWLYH�IRU�&'�����

ZKLFK�LV�WKH�VSHFLILF�PDUNHU�IRU�KLVWLRF\WHV��7KLV�LV�FRQVLVWHQW�ZLWK�SUHYLRXV�UHSRUWV��>�������@��
$OVR��WKHUH�ZDV�IRFDO�SRVLWLYLW\�IRU�&'����DQG�&'�����7KLV�LV�FRQVLVWHQW�ZLWK�$OH[LHY�HW�

DO�����>��@�ZKR�IRXQG�IRFDO�SRVLWLYLW\�IRU�&'����2Q�WKH�RWKHU�KDQG��VRPH�DXWKRUV�UHSRUWHG�
WKDW�7+6�VKRZHG�QHJDWLYLW\�IRU�&'�����DQG�&'���>��@��$UDL�HW�DO�����>��@�IRXQG�WKDW�
QHRSODVWLF�FHOOV�ZHUH�SRVLWLYH�IRU�&'���LQ�VRPH�FDVHV�DQG�DOO�FDVHV�ZHUH�QHJDWLYH�IRU�&'�����

,Q�RXU�FDVH��WKH�QHRSODVWLF�FHOOV�ZHUH�QHJDWLYH�IRU�$/.�DQG�&'����ZKLFK�DUH�WKH�VSHFLILF�
PDUNHUV�IRU�DQDSODVWLF�ODUJH�FHOO�O\PSKRPD�>��@��6RPH�LQYHVWLJDWRUV�KDYH�DOVR�UHSRUWHG�FDVHV�
RI�&'���SRVLWLYH�7+6>��@���

7+6�LV�D�UDUH�O\PSKRKHPDWRSRLHWLF�PDOLJQDQW�QHRSODVP�ZKLFK�LV�GLIILFXOW�LQ�SDWKRORJLF�
GLDJQRVLV��:H�XVHG�D�FRPSUHKHQVLYH�LPPXQRSKHQRW\SLQJ�SDQHO�LQFOXGLQJ�&'���ZKLFK�LV�RQH�
RI�VWURQJ�KLVWLRF\WLF�PDUNHUV��$OVR��ZH�XVHG�&'����&'���WR�H[FOXGH�%�FHOO�O\PSKRPD�DQG�
+RGJNLQ�O\PSKRPD�DQG�$/.���DQG�&'���PDUNHUV�WR�H[FOXGH�DQDSODVWLF�ODUJH�FHOO�
O\PSKRPD��7+6�LV�D�YHU\�DJJUHVVLYH�GLVHDVH�DQG�LWV�GLDJQRVLV�PD\�EH�PLVVHG��VR�ZH�
UHFRPPHQG�WKDW�WKH�KLVWLRF\WLF�PDUNHUV�PXVW�EH�LQFOXGHG�LQ�URXWLQH�SDQHO�RI�DQWLERGLHV�XVHG�
IRU�LQYHVWLJDWLRQV�RI�XQGLIIHUHQWLDWHG�QHRSODVPV��

5HIHUHQFHV�
���+XDQJ�6&��&KDQJ�&/��+XDQJ�&+��&KDQJ�&(��+LVWLRF\WLF�VDUFRPD��$�FDVH�ZLWK�HYHQO\�
GLVWULEXWHG�PXOWLQXFOHDWHG�JLDQW�FHOOV��3DWKRORJ\�5HVHDUFK�DQG�3UDFWLFH���������������������
�����30,'�����������
�
���0DWKH
�*��*HUDUG���0DUFKDQW�5��7H[LHU�-/��7KH�WZR�YDULHWLHV�RI�O\PSKRLG�WLVVXH�
UHWLFXORVDUFRPDV��KLVWLRF\WLF�DQG�KLVWLREODVWLF�W\SHV��%U�-�&DQFHU����������������������30,'��
��������
�
���6FRWW�5%��5REEVPLWK�$+7��+LVWLRF\WLF�PHGXOODU\�UHWLFXORVLV��/DQFHW���������������������
�
���7RUUHV�&)��.RUQHV�'1��3RZHUV�-0��9DGDV]�$*��3ULPDU\�OHSWRPHQLQJHDO�KLVWLRF\WLF�
O\PSKRPD�LQ�D�\RXQJ�FKLOG��0HG�3HGLDWU�2QFRO����������������������30,'����������
�
���&KHXN�:��:DOIRUG�1��/RX�-��3ULPDU\�KLVWLRF\WLF�O\PSKRPD�RI�WKH�FHQWUDO�QHUYRXV�V\VWHP��D�
QHRSODVP�IUHTXHQWO\�RYHUVKDGRZHG�E\�D�SURPLQHQW�LQIODPPDWRU\�FRPSRQHQW��$P�-�6XUJ�
SDWKRO������������������������30,'�����������
�
���6XQ�:��1UGEHUJ�0/�DQG�)RZOHU�05��+LVWLRF\WLF�VDUFRPD�LQYROYLQJ�WKH�FHQWUDO�QHUYRXV�
V\VWHP��FOLQLFDO��LPPXQRKLVWRFKHPLFDO��DQG�PROHFXODU�JHQHWLF�VWXGLHV�RI�D�FDVH�ZLWK�UHYLHZ�RI�
WKH�OLWHUDWXUH��$P�-�6XUJ�3DWK����������������������30,'�����������
�
���:HLVV�/0��*URJDQ�70��0XOOHU��+HUPHLOLQN�+.��6WHLQ�+��+LVWLRF\WLF�VDUFRPD��SDWKRORJ\�
DQG�JHQHWLFV�RI�WXPRUV�RI�KDHPDWRSRLHWLF�DQG�O\PSKRLG�WLVVXHV��:+2�FODVVLILFDWLRQ�RI�
WXPRUV��$5&�SUHVV��/\RQ�)UDQFH������������������
�
���9RV�-$��$EERQGDQ]R�6/��%DUHNPDQ�&/��$QGULNR�-:��0LHOOLQHQ�0��DQG�$JXLOHUD�16��
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+LVWLRF\WLF�VDUFRPD��D�VWXG\�RI�ILYH�FDVHV�LQFOXGLQJ�WKH�KLVWLRF\WH�PDUNHU�&'�����0RGHUQ�
3DWKRORJ\����������������������30,'�����������
�
���&DUERQH�$��*ORJKLQL�$��9ROSH�5��.3���&'����SRVLWLYH�ODUJH�FHOO�O\PSKRPDV��D�
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