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1R�SDUW�RI�WKLV�ZRUN�FRYHUHG�E\�FRS\ULJKW�PD\�EH�UHSURGXFHG�RU�FRSLHG�LQ�DQ\�IRUP�RU�E\�
DQ\�PHDQV��JUDSKLF��HOHFWURQLF�RU�PHFKDQLFDO��LQFOXGLQJ�SKRWRFRS\LQJ��UHFRUGLQJ��WDSLQJ��
LQIRUPDWLRQ�UHWULHYDO�V\VWHPV��RU�RWKHUZLVH��ZLWKRXW�WKH�ZULWWHQ�SHUPLVVLRQ�RI�WKH�SXEOLVKHU��
�
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&RQWHQWV�

�
)RUHZRUG��������������������������������������������������������������������������������������������������������������������������� ��

��� ,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������������������� ��
��� %DFNJURXQG����������������������������������������������������������������������������������������������������������������������� ��
��� 2EMHFWLYHV ������������������������������������������������������������������������������������������������������������������������� ��
��� 5HYLHZ ������������������������������������������������������������������������������������������������������������������������������ ��

���� 3ROOXWDQW�UHPRYDO�E\�YHJHWDWLRQ������������������������������������������������������������������������������ ��
���� 'HSRVLWLRQ�RI�SDUWLFXODWHV���������������������������������������������������������������������������������������� ��
���� 3DUWLFXODWH�GLVSHUVLRQ�IURP�URDGZD\V ������������������������������������������������������������������� ���

��� 'HVLJQ�RSWLRQV�IRU�URDGVLGH�YHJHWDWLRQ �������������������������������������������������������������������������� ���
��� &RQFOXVLRQV��������������������������������������������������������������������������������������������������������������������� ���
��� 5HIHUHQFHV����������������������������������������������������������������������������������������������������������������������� ���
�
�
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)RUHZRUG�

�
•� 7KH�RULJLQDO�LQWHQWLRQ�RI�WKLV�UHSRUW�ZDV�WR�XVH�WKH�DYDLODEOH�OLWHUDWXUH�WR�SURYLGH�DQ�

LQGLFDWLRQ�RI�GHVLJQ�RSWLRQV�IRU�URDGVLGH�YHJHWDWLRQ�WKDW�ZRXOG�PD[LPLVH�DLU�SROOXWLRQ�
PLWLJDWLRQ�SRWHQWLDO��+RZHYHU��GXULQJ�UHYLHZ�RI�WKH�OLWHUDWXUH�LW�EHFDPH�DSSDUHQW�WKDW�
LQVXIILFLHQW�LQIRUPDWLRQ�ZDV�DYDLODEOH�WR�HQDEOH�GHVLJQ�RSWLRQV�WR�EH�VXJJHVWHG��DQG�WKDW�
VRPH�H[SHULPHQWDO�GDWD�ZDV�QHHGHG�WR�FULWLFDOO\�DVVHVV�GLIIHUHQW�GHVLJQ�RSWLRQV��$V�VXFK��
LW�LV�LQWHQGHG�WKDW�SDUW�,,�RI�WKH�UHSRUW�SURYLGHV�WKH�UHVXOWV�RI�H[SHULPHQWDO�ZRUN��DQG�WKH�
FRPELQHG�LQIRUPDWLRQ�ZLOO�SURYLGH�D�EDVLV�IRU�GHVLJQ�RSWLRQV����

�
�
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��� ,QWURGXFWLRQ�

�
9HKLFOH�HPLVVLRQV�DUH�D�NH\�FRQWULEXWRU�WR�DLU�SROOXWLRQ�LQ�D�QXPEHU�RI�1HZ�=HDODQG�FLWLHV��
DQG�LW�LV�HVWLPDWHG�WKDW�SDUWLFXODWH�PDWWHU�����µP��30����DVVRFLDWHG�ZLWK�WKHVH�HPLVVLRQV�LV�
UHVSRQVLEOH�IRU�WKH�SUHPDWXUH�GHDWKV�RI�DSSUR[LPDWHO\�����SHRSOH�SHU�DQQXP��7UHHV�KDYH�D�
GHPRQVWUDWHG�SRWHQWLDO�WR�LPSURYH�DLU�TXDOLW\�LQ�XUEDQ�DUHDV�WKURXJK�LQFUHDVLQJ�GHSRVLWLRQ�
UDWHV�RI�SDUWLFXODWHV�DQG�RU�DEVRUSWLRQ�RI�JDVHRXV�SROOXWDQWV��)RU�H[DPSOH��SUHOLPLQDU\�
HVWLPDWHV�IRU�$XFNODQG�LQGLFDWH�WKDW������W�RI�SDUWLFXODWHV�DQG������W�12��DUH�UHPRYHG�
DQQXDOO\�E\�XUEDQ�WUHHV��&DYDQDJK�	�&OHPRQV��������5RDGVLGH�YHJHWDWLRQ�KDV�WKH�SRWHQWLDO�
WR�PLWLJDWH�YHKLFOH�JHQHUDWHG�DLU�SROOXWLRQ�DOWKRXJK�WKLV�EHQHILFLDO�UROH�LV�FXUUHQWO\�QRW�ZHOO�
UHFRJQLVHG�LQ�1=��$�SUHYLRXV�UHSRUW��&DYDQDJK�	�&OHPRQV�������SURYLGHG�DQ�RYHUYLHZ�RI�
WKH�LQIOXHQFH�RI�XUEDQ�YHJHWDWLRQ�RQ�XUEDQ�DLU�TXDOLW\��7KH�FXUUHQW�UHSRUW�H[WHQGV�WKH�RULJLQDO�
UHSRUW�DQG�IRFXVHV�RQ�WKH�SRWHQWLDO�RI�URDGVLGH�YHJHWDWLRQ�WR�PLWLJDWH�URDG�JHQHUDWHG�DLU�
SROOXWLRQ��DQG�WR�DVVHVV�FULWLFDO�GHVLJQ�IDFWRUV�WR�HQKDQFH�PLWLJDWLRQ��
�
)XUWKHU��UHFRJQLWLRQ�QHHGV�WR�EH�JLYHQ�WR�WKH�PXOWLSOH�SXUSRVHV�IRU�ZKLFK�URDGVLGH�YHJHWDWLRQ�
PD\�EH�XVHG��IRU�H[DPSOH��DHVWKHWLFV��URDG�UXQ�RII�FRQWURO�UHPHGLDWLRQ��LQFUHDVLQJ�
ELRGLYHUVLW\�DV�ZHOO�DV�WKH�QHHG�IRU�SUDFWLFDO�FRQVLGHUDWLRQV�UHJDUGLQJ�URDG�XVHU�VDIHW\��DQG�
ORFDWLRQ��H�J��KRZ�PXFK�VSDFH�IRU�SODQWLQJV�WKHUH�LV�DGMDFHQW�WR�D�JLYHQ�URDG��FRQVLGHUDWLRQV��
,W�LV�LQWHQGHG�WKDW�WKH�LQIRUPDWLRQ�\LHOGHG�LQ�WKH�SURSRVHG�ZRUN�FDQ�EH�LQWHJUDWHG�ZLWK�WKHVH�
RWKHU�µXVHV¶�DQG�FRQVWUDLQWV�WR�\LHOG�GHVLJQV�WKDW�PD[LPLVH�WKH�EHQHILWV�RI�URDGVLGH�
YHJHWDWLRQ��,Q�RUGHU�WR�DFKLHYH�WKLV�LW�LV�LPSRUWDQW�WR�XQGHUVWDQG�KRZ�WKHVH�RWKHU�IDFWRUV�
LQIOXHQFH�FXUUHQW�URDGVLGH�ODQGVFDSLQJ��DQG�DQ\�SRWHQWLDO�UHVWULFWLRQV�WKLV�PD\�SODFH�RQ�
YHJHWDWLRQ�GHVLJQ����
�
�

��� %DFNJURXQG�

7KHUH�DUH�D�QXPEHU�RI�PHFKDQLVPV�E\�ZKLFK�XUEDQ�YHJHWDWLRQ�FDQ�LPSURYH�DLU�TXDOLW\��7UHHV�
FDQ�LQWHUFHSW�DWPRVSKHULF�SDUWLFOHV�DQG�DEVRUE�YDULRXV�JDVHRXV�SROOXWDQWV��9DULRXV�WUHH�
FRQILJXUDWLRQV�FDQ�DOWHU�ZLQG�SURILOHV�RU�FUHDWH�ORFDO�LQYHUVLRQV�WR�WUDS�SROOXWDQWV�VXFK�WKDW�WKH�
ORFDOLVHG�UHPRYDO�RI�SROOXWDQWV�LV�HQKDQFHG��0F&XUG\������FLWHG�LQ�1RZDN�������.KDQ�	�
$EEDVL���������7UHHV�FDQ�ORZHU�DLU�WHPSHUDWXUHV�WKURXJK�WUDQVSLUDWLRQ��ZKLFK�DIIHFWV�WKH�
SKRWRFKHPLVWU\�RI�R]RQH�DQG�UHGXFHV�R]RQH�SURGXFWLRQ��&DUGHOLQR�	�&KDUPHLGHV���������
)XUWKHU��WUHHV�FDQ�UHGXFH�EXLOGLQJ�HQHUJ\�XVH�E\�VKDGLQJ�EXLOGLQJV�DQG�DOWHULQJ�DLU�IORZV��
WKHUHE\�LQGLUHFWO\�UHGXFLQJ�SROOXWLRQ�HPLVVLRQ�IURP�SRZHU�SODQWV��1RZDN����������
�
5HFHQWO\��WKHUH�KDV�EHHQ�UHQHZHG�LQWHUHVW�LQ�WKH�UROH�LQ�ZKLFK�WUHHV�FDQ�SOD\�LQ�LPSURYLQJ�
XUEDQ�DLU�TXDOLW\��H�J��3RZH�DQG�:LOOLV�������6WHZDUW�HW�DO��������%HFNHWW�HW�DO���������)RU�
H[DPSOH��3RZH�	�:LOOLV��������HVWLPDWH�WKDW�IRU�%ULWDLQ�DV�D�ZKROH��WKH�HFRQRPLF�YDOXH�RI�
KHDOWK�EHQHILW�RI�ZRRGODQGV�LV����������SHU�\HDU��LQ�WHUPV�RI�VDYLQJV�IURP�GHDWKV�EURXJKW�
IRUZDUG��DQG�UHGXFHG�KRVSLWDO�HPLVVLRQV��6WHZDUW�HW�DO���������HVWLPDWHG�WKDW�GRXEOLQJ�WKH�
QXPEHU�RI�WUHHV�LQ�WKH�:HVW�0LGODQGV�RI�WKH�8.�FRXOG�UHVXOW�LQ�VDYLQJ�����OLYHV�IURP�WKH�
HIIHFWV�RI�DLU�SROOXWLRQ��1RZDN��������HVWLPDWHG�WKDW�WUHHV�LQ�&KLFDJR�UHVXOWHG�LQ�DQ�DYHUDJH�
DLU�TXDOLW\�LPSURYHPHQW�RI������ZLWK�WKH�JUHDWHVW�RYHUDOO�UHPRYDO�HIIHFWV�IRU�SDUWLFXODWHV���
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��� P��30����UHPRYLQJ�����WRQV��1RZDN�HW�DO���������HVWLPDWHG�WKDW�WUHHV�LQ�3KLODGHOSKLD�
LPSURYHG�DLU�TXDOLW\�E\���������
�
7KHUH�DUH�GHPRQVWUDWHG�KHDOWK�LPSDFWV�LQ�SHRSOH�OLYLQJ�FORVH�WR�URDGV��)RU�H[DPSOH��.XQ]OL�HW�
DO���������IRXQG�WKDW�OXQJ�IXQFWLRQ�JURZWK�ZDV�DSSUR[LPDWHO\�����VORZHU�LQ�FKLOGUHQ�OLYLQJ�
LQ�FRPPXQLWLHV�ZLWK�KLJKHU�OHYHOV�RI�WUDIILF�UHODWHG�SROOXWLRQ��+RHN�HW�DO���������IRXQG�WKDW�
FDUGLRSXOPRQDU\�PRUWDOLW\�ZDV�IRXQG�WR�EH�DVVRFLDWHG�ZLWK�OLYLQJ�QHDU�D�PDMRU�URDGV��DQG�
OHVV�FRQVLVWHQWO\�ZLWK�WKH�HVWLPDWHG�DPELHQW�EDFNJURXQG��:KLOH�WKHUH�LV�D�GHPRQVWUDWHG�
SRWHQWLDO�RI�XUEDQ�YHJHWDWLRQ�WR�HQKDQFH�DLU�TXDOLW\��WKHUH�DUH�EHHQ�IHZ�VWXGLHV�RQ�WKH�
LQIOXHQFH�RI�URDGVLGH�YHJHWDWLRQ�LQ�LPSURYLQJ�DLU�TXDOLW\��
�

��� 2EMHFWLYHV�

�
7KH�REMHFWLYHV�RI�WKH�FXUUHQW�UHSRUW�DUH���
•� UHYLHZ�WKH�H[LVWLQJ�OLWHUDWXUH�WR�DVVHVV�GLIIHUHQW�GHVLJQ�VWUDWHJLHV��HJ��VSDFLQJ��ZLGWK��

SODQW�W\SHV��HWF���RI�YHJHWDWLRQ�EXIIHUV�WR�LPSURYH�DLU�TXDOLW\��IRUWKFRPLQJ���
�

��� 5HYLHZ��

�
���� 3ROOXWDQW�UHPRYDO�E\�YHJHWDWLRQ��
7KH�LQIOXHQFH�RI�YHJHWDWLRQ�LQ�WKH�UHPRYDO�RI�DWPRVSKHULF�SROOXWDQWV�LV�PDLQO\�VHHQ�LQ�GU\�
GHSRVLWLRQDO�SURFHVVHV��ZKLFK�DUH�GHSHQGHQW�RQ�WKH�QDWXUH�RI�WKH�VXUIDFH���)RU�H[DPSOH��DV�D�
FRQVHTXHQFH�RI�WKH�DHURG\QDPLFDOO\�URXJK�VXUIDFH�RI�IRUHVWV�DQG�ZRRGODQGV��WUDQVIHU�RI�
SROOXWDQWV�LV�JUHDWHU�RYHU�IRUHVWV�WKDQ�RYHU�VKRUW�YHJHWDWLRQ�VXFK�DV�JUDVV��7KH�UDWHV�RI�GU\�
GHSRVLWLRQ�DUH�GHSHQGHQW�RQ�ERWK�WUDQVIHU�WR�VXUIDFHV�DQG�WKH�SURFHVVHV�DW�WKH�VXUIDFH�WKDW�
GHWHUPLQH�XSWDNH�RI�JDVHV�DQG�FDSWXUH�RI�SDUWLFOHV���7KH�ILUVW�VWDJH�RI�WKH�GHSRVLWLRQ�SURFHVV�
LQYROYHV�WUDQVSRUW�RI�WKH�SDUWLFOHV�DQG�JDVHV�WR�WKH�IRUHVW�FDQRS\��)LJXUH������2QFH�LQVLGH�WKH�
IRUHVW�FDQRS\��JDVHV�DQG�SDUWLFOHV�PXVW�SHQHWUDWH�WKH�OHDI�ERXQGDU\�OD\HU���*DVHV�DQG�VPDOO�
SDUWLFOHV�����µP��GLIIXVH�WKURXJK�WKLV�OD\HU��ZKLOH�ODUJHU�SDUWLFOHV�KDYH�WR�SHQHWUDWH�WKLV�OD\HU�
E\�LPSDFWLRQ�RU�VHGLPHQWDWLRQ���,PSDFWLRQ�RFFXUV�ZKHQ�VWUHDPOLQHV�RI�DLUIORZ�EHQG�DURXQG�
REVWDFOHV�EXW�WKH�SDUWLFOHV�FRQWLQXH�LQ�D�VWUDLJKW�OLQH�DQG�LPSDFW�WKH�REVWDFOH���&DSWXUH�RI�
SDUWLFOHV�WKDW�SDVV�QHDU�WR�WKH�OHDI�VXUIDFH�EXW�ZLWKRXW�LPSDFWLQJ�LW��LQWHUFHSWLRQ��DOVR�RFFXUV�
DQG�LV�HQKDQFHG�E\�WKH�SUHVHQFH�RI�ILQH�KDLUV��VXUIDFH�URXJKQHVV��H�J��EDUN�YV�OHDI���OHDI�DUHD��
RU�VWLFNLQHVV��H�J��UHVLQV����6HGLPHQWDWLRQ�LV�GULYHQ�E\�JUDYLW\�DQG�ZLOO�GHSHQG�RQ�SDUWLFOH�
GHQVLW\�DQG�GLDPHWHU��W\SLFDOO\�LW�LV�PRUH�LPSRUWDQW�IRU�ODUJHU�SDUWLFOHV��!��µP���
�



�

/DQGFDUH�5HVHDUFK�

�
)LJXUH���'U\�GHSRVLWLRQ�SURFHVVHV��6RXUFH��/RYHWW��������
�
*DVHRXV�SROOXWDQWV�PD\�HLWKHU�DGVRUE�WR�WKH�OHDI�VXUIDFH�RU�HQWHU�WKH�LQWHULRU�RI�WKH�OHDI�
WKURXJK�WKH�VWRPDWD��VWRPDWD�DUH�RSHQLQJV�RQ�WKH�XQGHUVLGH�RI�WKH�OHDI�DQG�FRQWURO�WKH�
H[FKDQJH�RI�ZDWHU�YDSRXU�DQG�&2��EHWZHHQ�D�OHDI�DQG�WKH�DWPRVSKHUH����6PDOO�SDUWLFXODWHV�
PD\�VLPLODUO\�HQWHU�WKH�OHDI�LQWHULRU�DV�WKH�RSHQLQJ�RI�WKH�VWRPDWD�LV�JHQHUDOO\�EHWZHHQ������
µP��)DUPHU��������3DUWLFOHV�RI�WKLV�VL]H�DUH�OLNHO\�WR�EHFRPH�ORGJHG�LQ�VWRPDWDO�RSHQLQJV��
ZKLOH�ODUJHU�SDUWLFOHV�ZLOO�EH�H[FOXGHG�IURP�WKH�OHDI�LQWHULRU��
�
'HSRVLWLRQ�UDWHV�RI�SROOXWDQWV�RQWR�YHJHWDWLYH�VXUIDFHV�DUH�W\SLFDOO\�GHWHUPLQHG�XVLQJ�D�IOX[�
HTXDWLRQ���
�
� )OX[��J�FP��V�� �GHSRVLWLRQ�YHORFLW\��FP�V��î�FRQFHQWUDWLRQ��J�FP����
�
&RQFHQWUDWLRQ�DQG�GHSRVLWLRQ�YHORFLW\�DUH�GHILQHG�IRU�D�VSHFLILHG�KHLJKW�LQ�WKH�ERXQGDU\�
OD\HU���'HSRVLWLRQ�YHORFLW\�RU�IOX[�LV�WKHQ�PHDVXUHG�DQG�XVHG�WR�FDOFXODWH�IOX[�RU�GHSRVLWLRQ�
YHORFLW\�UHVSHFWLYHO\�IRU�WKH�PHDVXUHG�FRQFHQWUDWLRQ�DW�D�JLYHQ�KHLJKW��'HSRVLWLRQ�YHORFLW\�LV�
W\SLFDOO\�PHDVXUHG�RU�GHWHUPLQHG�XVLQJ�UHVLVWDQFH�DQDORJ\��ZKHUH�GHSRVLWLRQ�YHORFLW\�LV�
JLYHQ�E\�WKH�LQYHUVH�RI�WKH�VXP�RI�WKH�DWPRVSKHULF�UHVLVWDQFHV�DQG�FDQRS\�UHVLVWDQFHV��H�J��
(ULVPDQ�HW�DO��������1RZDN���������$OWHUQDWLYHO\��GHSRVLWLRQ�IOX[�FDQ�EH�GHWHUPLQHG�E\�
PLFURPHWHRURORJLFDO�WHFKQLTXHV��H�J��1LFKROVRQ�������+DQVRQ�	�/LQGEHUJ�������)RZOHU�HW�
DO��������RU�GLUHFW�PHDVXUHPHQW��H�J��/LQGEHUJ�	�/RYHWW�������'DVFK�������/RYHWW�	�
/LQGEHUJ��������)OX[�PD\�EH�H[SUHVVHG�RQ�WKH�EDVLV�RI�OHDI�VXUIDFH�DUHD��RU�JURXQG�DUHD�XVLQJ�
OHDI�DUHD�LQGH[��/$,���ZKHUH�OHDI�DUHD�LQGH[�LV�WKH�UDWLR�RI�OHDI�VXUIDFH�DUHD�WR�JURXQG�DUHD��
2QFH�IOX[�KDV�EHHQ�GHWHUPLQHG��WKH�DERYH�HTXDWLRQ�FDQ�EH�XVHG�WR�HVWLPDWH�GHSRVLWLRQ�
YHORFLW\�IRU�DQ�LQGLYLGXDO�SROOXWDQW��H�J��)UHHU�6PLWK�HW�DO���������
�
6WXGLHV�RQ�WKH�UHJLRQDO�LQIOXHQFH�RI�WUHHV�RQ�DLU�TXDOLW\�KDYH�W\SLFDOO\�HVWLPDWHG�GHSRVLWLRQ�
DFURVV�D�JLYHQ�UHJLRQ�E\�PXOWLSO\LQJ�WKH�GHSRVLWLRQ�IOX[�RI�LQGLYLGXDO�SROOXWDQWV�E\�WKH�OHDI�
VXUIDFH�DUHD��7KH�OHDI�VXUIDFH�DUHD�KDV�EHHQ�GHWHUPLQHG�RQ�WKH�EDVLV�RI�WKH�FRPSRVLWLRQ�RI�
WUHH�VSHFLHV�LQ�WKDW�DUHD�DQG�WKH�OHDI�DUHD�RI�WKRVH�WUHH�VSHFLHV��H�J�1RZDN�������6LPRQLFK�	�
+LWHV�����E��1RZDN�HW�DO��������0F3KHUVRQ�HW�DO��������6WHZDUW�HW�DO���������1RZDN���������
1RZDN�HW�DO���������DQG�0F3KHUVRQ�HW�DO���������HVWLPDWHG�GHSRVLWLRQ�IOX[��E\�GHWHUPLQLQJ�
WKH�GHSRVLWLRQ�YHORFLW\�DQG�PHDVXULQJ�WKH�DLU�FRQFHQWUDWLRQ�RI�SROOXWDQWV��7KHVH�DXWKRUV�
FDOFXODWHG�WKH�GHSRVLWLRQ�YHORFLW\�IRU�LQGLYLGXDO�SROOXWDQWV�XVLQJ�UHVLVWDQFH�DQDORJ\��VHH�
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HDUOLHU���0HWHRURORJLFDO�GDWD�ZHUH�XVHG�WR�FDOFXODWH�DWPRVSKHULF�UHVLVWDQFHV�IRU�WKH�JLYHQ�
JHRJUDSKLFDO�DUHD��ZKLOH�WKH�FDQRS\�UHVLVWDQFH�ZDV�DYHUDJHG�IURP�OLWHUDWXUH�HVWLPDWHV�IRU�
JDVHRXV�SROOXWDQWV��
�
���� 'HSRVLWLRQ�RI�SDUWLFXODWHV�
3DUWLFXODWHV�DUH�W\SLFDOO\�WKH�SULPDU\�IDFWRU�GULYLQJ�KHDOWK�LPSDFWV�RI�DLU�SROOXWLRQ��H�J��3RSH�
	�'RFNH\���DQG�VLJQLILFDQW�KHDOWK�EHQHILWV�PD\�EH�JDLQHG�E\�UHGXFLQJ�SDUWLFXODWH�SROOXWLRQ��
)RU�H[DPSOH��(O¶)DGHO�	�0DVVRXG��������HVWLPDWHG�WKDW�D����µJ�P��UHGXFWLRQ�LQ�30���LQ�
/HEDQRQ�FRXOG�VDYH���±����OLYHV�DQG�86�����±�����PLOOLRQ�LQ�WKH�FRVWV�RI�LOOQHVV��5HPRYDO�
RI�SDUWLFXODWHV�E\�XUEDQ�WUHHV�KDV�UHFHLYHG�SDUWLFXODU�DWWHQWLRQ��H�J��)UHHU�6PLWK�HW�DO��������
%HFNHWW�HW�DO����������
�
�
3DUWLFOHV�H[KLELW�PDUNHGO\�GLIIHUHQW�GHSRVLWLRQ�YHORFLWLHV�GHSHQGLQJ�RQ�WKHLU�VL]H�±�DOWKRXJK�D�
VLQJOH�GHSRVLWLRQ�YHORFLW\�IRU�SDUWLFXODWHV�LV�W\SLFDOO\�XVHG�LQ�UHJLRQDO�HVWLPDWHV�RI�UHPRYDO�RI�
SDUWLFXODWHV�E\�XUEDQ�YHJHWDWLRQ��H�J��1RZDN�������1RZDN�HW�DO�������DQG�0F3KHUVRQ�HW�DO��
�������$�W\SLFDO�SURILOH�RI�WKH�GHSRVLWLRQ�YHORFLW\�RI�SDUWLFXODWHV�LV�VKRZQ�LQ�)LJXUH����7KH�
GLIIHUHQW�UHJLRQV�RI�WKH�FXUYH�GHPRQVWUDWH�WKH�UHODWLYH�LPSRUWDQFH�RI�GLIIHUHQW�PHFKDQLVPV�RI�
WUDQVSRUW��)RU�ODUJH�SDUWLFOHV��!��µP��VHGLPHQWDWLRQ�HIIHFWV�SUHGRPLQDWH�ZKLOH�IRU�ILQH�
SDUWLFOHV��%URZQLDQ�GLIIXVLRQ�SUHGRPLQDWHV�DQG�LQFUHDVHV�ZLWK�GHFUHDVLQJ�SDUWLFOH�VL]H���
3DUWLFOHV�LQ�WKH�VL]H�UDQJH�RI����±��µP�DUH�VXJJHVWHG�WR�KDYH�OLPLWHG�PHDQV�WR�PRYH�WKURXJK�
WKH�OHDI�ERXQGDU\�OD\HU��6HKPHO�������/RYHWW�������)RZOHU���������
�
�

�
)LJXUH����'HSRVLWLRQ�YHORFLW\�SURILOH�IRU�SDUWLFXODWHV�RI�GLIIHUHQW�VL]HV��DQG�SUHGRPLQDQW�
GHSRVLWRQ�PHFKDQLVPV��6RXUFH��48$5*��������
�
/DUJHU�SDUWLFXODWHV�ZLOO�EH�GHSRVLWHG�FORVHU�WR�WKH�VRXUFH�RI�SROOXWLRQ�ZKLOH�VPDOOHU�SDUWLFOHV�
ZLOO�EH�WUDQVSRUWHG�ORQJHU�GLVWDQFHV�DQG�EHKDYH�PRUH�VLPLODUO\�WR�D�JDV��)RU�H[DPSOH��(YHUHWW�
������FLWHG�LQ�)DUPHU�������IRXQG�WKDW�PRVW�SDUWLFXODWHV�ODUJHU�WKDQ����µP�ZHUH�GHSRVLWHG�
ZLWKLQ���P�RI�WKH�URDG��DQG�DW����P�IURP�URDG�IHZ�SDUWLFOHV�OHVV�WKDQ����µP�ZHUH�IRXQG��,Q�
FRQWUDVW�/LWWOH�	�:LIIHQ��������HVWLPDWHG�WKDW�OHVV�WKDQ�����RI�OHDG��ZKLFK�LV�SULPDULO\�
DVVRFLDWHG�ZLWK�SDUWLFOHV������µP��ZDV�GHSRVLWHG�ZLWKLQ�����P�RI�EXV\�PRWRUZD\V��
�



�
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6SHFLHV�VSHFLILF�IDFWRUV�LQIOXHQFLQJ�PLWLJDWLRQ�SRWHQWLDO��
7UHH�W\SH�DQG�OHDI�VKDSH�PD\�LQIOXHQFH�WKH�UDWH�RI�UHPRYDO�RI�SROOXWDQWV��7KHRUHWLFDOO\��
JUHDWHU�GHSRVLWLRQ�FDQ�RFFXU�RYHU�FRQLIHURXV�IRUHVWV�FRPSDUHG�WR�EURDGOHDI�IRUHVWV�GXH�WR�WKH�
ODUJHU�OHDI�VXUIDFH�DUHD�RI�SLQHV�SHU�JURXQG�DUHD��3LQH�IRUHVWV�KDYH�����J�RI�IROLDJH�SHU�VTXDUH�
PHWUH�RI�JURXQG�DUHD��ZKLOH�RDN�KDV�����J�P���:KLWKHUVSRRQ�	�7D\ORU��������+RZHYHU��
VRPH�VWXGLHV�VKRZ�JUHDWHU�GHSRVLWLRQ�RI�3$+V�DQG�3&''V�3&')V�WR�GHFLGXRXV�IRUHVWV�WKDQ�
FRQLIHURXV�IRUHVWV��+RUVWPDQQ�	�0F/DFKODQ��������7KH\�DWWULEXWH�WKLV�GLIIHUHQFH�WR�VHDVRQDO�
ZHDWKHU�GLIIHUHQFHV�DQG�SDUWO\�WR�GLIIHUHQFHV�LQ�FDQRS\�WXUEXOHQFH�OHDI�VXUIDFH�SURSHUWLHV�
�DQG�WKH�VXEVHTXHQW�LQIOXHQFH�RQ�GLIIXVLYH�GHSRVLWLRQ�WR�WKH�FDQRS\���,Q�FRQWUDVW��0DW]QHU�
�������HVWLPDWHG�WKDW�3$+�GHSRVLWLRQ�WR�VRLO�ZDV�JUHDWHU�XQGHU�VSUXFH�IRUHVWV�WKDQ�EHHFK�
IRUHVWV���
�
0RUH�UHFHQWO\��)UHHU�6PLWK�HW�DO���������FDOFXODWHG�GHSRVLWLRQ�YHORFLWLHV�RI�GLIIHUHQW�VL]H�
SDUWLFXODWHV�WR���WUHH�VSHFLHV��7DEOH�����0DUNHGO\�KLJKHU�GHSRVLWLRQ�YHORFLWLHV�ZHUH�IRXQG�IRU�
XOWUD�ILQH�SDUWLFXODWH�IUDFWLRQ��DHURG\QDPLF�GLDPHWHU��'S�������µP��WKDQ�IRU�WKH�ILQH�������
µP�'S������µP��DQG�FRDUVH��������µP�'S�����µP��SDUWLFOHV��7KLV�VXJJHVWV�WKDW�YHJHWDWLRQ�
ZRXOG�EH�HIIHFWLYH�LQ�UHPRYLQJ�WKHVH�SDUWLFXODWHV�WKDW�FRXOG�EH�H[SHFWHG�WR�KDYH�WKH�JUHDWHVW�
GLVSHUVLRQ�FDSDFLW\��7KH�ORZHVW�GHSRVLWLRQ�YHORFLWLHV�ZHUH�IRXQG�IRU�WKH�ILQH�IUDFWLRQ��ZKLFK�
FRUUHVSRQGV�WR�WKH�W\SLFDO�GHSRVLWLRQ�YHORFLW\�SURILOH��
�
7DEOH����3DUWLFXODWH�GHSRVLWLRQ�YHORFLW\�RI�SDUWLFXODWHV�WR�GLIIHUHQW�WUHH�VSHFLHV��

'HSRVLWLRQ�YHORFLW\��FP�V��/RFDWLRQ�
3DUWLFXODWH�VL]H�

3LQH� &\SUHVV� 0DSOH� 3RSODU� :KLWHEHDP�
6XVVH[� � � � � �
&RDUVH� ����� ����� ����� ����� �����
)LQH� ����� ����� ����� ����� ������
8OWUD�ILQH� ������ ������ ������ ������ �����
:LWKGHDQ� � � � � �
&RDUVH� ����� ����� ����� ����� �����
)LQH� ����� ����� ����� ����� �����
8OWUD�ILQH� ������ ������ ����� ����� ������
�
�
6SHFLHV�VSHFLILF�GLIIHUHQFHV�LQ�HIILFDF\�RI�SDUWLFXODWH�FDSWXUH��HJ��7DEOH�����PD\�LQ�SDUW�EH�
GXH�WR�WKHLU�VL]H�DQG�DYDLODEOH�OHDI�DUHD�SODQWV�EXW�DOVR�OHDI�VXUIDFH��)RU�H[DPSOH��SODQWV�ZLWK�
KDLU\�RU�VWLFN\�OHDYHV�ZLOO�UHVXOW�LQ�JUHDWHU�GHSRVLWLRQ�DQG�UHWHQWLRQ�RI�GHSRVLWHG�SDUWLFOHV��
$EVRUSWLRQ�RI�SDUWLFOH�ERXQG�SROOXWDQWV�LQWR�WKH�OHDI�HSLFXWLFXODU�ZD[��SDUWLFXODUO\�RI�
FRQLIHUV��DSSHDUV�WR�EH�DQ�LPSRUWDQW�IDFWRU�LQ�WKH�GHSRVLWLRQ�RI�VHPL�YRODWLOH�FRQWDPLQDQWV�WR�
VRLO�IURP�FRQLIHUV��+RUVWPDQQ�HW�DO����������
�
+RZHYHU��WUHHV�FDQ�DOVR�FRQWULEXWH�WR�DLU�SROOXWLRQ�WKURXJK�WKH�HPLVVLRQ�RI�YRODWLOH�RUJDQLF�
FRPSRXQGV��92&V���ZKLFK�FDQ�UHDFW�LQ�WKH�DWPRVSKHUH�WR�IRUP�R]RQH�LQ�WKH�SUHVHQFH�RI�
QLWURJHQ�R[LGHV��12�DQG�12���FROOHFWLYHO\�12[����7KH�VLJQLILFDQFH�RI�WKH�FRQWULEXWLRQ�RI�
92&V�SURGXFHG�E\�WUHHV�WR�R]RQH�SURGXFWLRQ�KDV�RQO\�EHHQ�UHFHQWO\�UHFRJQLVHG�DQG�WKH�
SURGXFWLRQ�RI�SODQW�VRXUFHG�92&V�ZDV�VXJJHVWHG�WR�EH�D�UHDVRQ�IRU�WKH�IDLOXUH�RI�R]RQH�
DEDWHPHQW�VWUDWHJLHV�LQ�WKH�86��&KDPHLGHV�HW�DO��������&DUGHOLQR�	�&KDPHLGHV���������
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'LIIHUHQW�SODQW�VSHFLHV�SURGXFH�GLIIHUHQW�W\SHV�DQG�DPRXQWV�RI�92&V��&RUFKQR\�HW�DO��������
%HQMDPLQ�	�:LQHU��������7KLV�LQIRUPDWLRQ�KDV�EHHQ�XVHG�WR�VHOHFW�VSHFLHV�IRU�SODQWLQJ�LQ�
XUEDQ�DUHDV��H�J��&RUFKQR\�HW�DO��������%HQMDPLQ�HW�DO��������RU�WR�IDFWRU�LQ�WKH�SROOXWLRQ�
SRWHQWLDO�RI�WUHHV�LQ�WKH�XUEDQ�HQYLURQPHQW��H�J��6WHZDUW�HW�DO��������7DKD�������0F3KHUVRQ�
HW�DO���������
�

)DWH�RI�FDSWXUHG�SDUWLFXODWHV�
9HJHWDWLRQ�LV�FRQVLGHUHG�D�WHPSRUDU\�UHSRVLWRU\�IRU�SDUWLFOHV�DQG�SDUWLFOH�ERXQG�
FRQWDPLQDQWV��DV�SDUWLFOHV�PD\�EH�UHPRYHG�E\�UDLQ�RU�ZLQG�IURP�WKH�YHJHWDWLYH�VXUIDFH�
�µEORZ�RII¶���,QGHHG��VRPH�HVWLPDWHV�RI�SDUWLFXODWH�GU\�GHSRVLWLRQ�DUH�EDVHG�RQ�PHDVXULQJ�
ZKDW�LV�UHPRYHG�GXULQJ�UDLQ�HYHQWV���)XUWKHU��ZKLOH�WKH�LQFUHDVHG�WXUEXOHQFH�FUHDWHG�E\�
YHJHWDWLRQ�PD\�UHVXOW�LQ�WKH�UHPRYDO�RI�SDUWLFXODWHV�IURP�WKH�XSSHU�DWPRVSKHUH��WKHVH�
SDUWLFXODWHV�PD\�QRW�EH�GHSRVLWHG�RQ�WKH�YHJHWDWLRQ�DV�WKH\�PD\�µERXQFH�RII¶�WKH�YHJHWDWLYH�
VXUIDFH�DQG�EH�UHVXVSHQGHG��8OWLPDWHO\��D�FRQVHTXHQFH�RI�SDUWLFXODWH�FDSWXUH�E\�YHJHWDWLRQ�LV�
WKDW�FRQWDPLQDQW�FRQFHQWUDWLRQV�DUH�HOHYDWHG�LQ�VRLOV�XQGHU�WKH�YHJHWDWLRQ����
�
6XUIDFH�LQWHUDFWLRQV�PD\�DOVR�LQIOXHQFH�UHWHQWLRQ�RI�WKH�SDUWLFOHV��)RU�H[DPSOH��VWLFN\�RU�ZHW�
OHDYHV�ZLOO�UHVXOW�LQ�JUHDWHU�UHWHQWLRQ�RI�GHSRVLWHG�SDUWLFOHV��3DUWLFOH�VXUIDFH�FKDUDFWHULVWLFV��
LQFOXGLQJ�SDUWLFOH�FKDUJH��ZLOO�DOVR�LQIOXHQFH�SDUWLFXODWH�UHWHQWLRQ��)RU�H[DPSOH��OLSRSKLOLF�
SDUWLFOHV��VXFK�DV�WKRVH�IRXQG�LQ�ZRRG�VPRNH��ZLOO�DGKHUH�PRUH�VWURQJO\�WR�ZD[\�VXUIDFHV��
�
���� 3DUWLFXODWH�GLVSHUVLRQ�IURP�URDGZD\V��
8QGHUVWDQGLQJ�WKH�GLVSHUVLRQ�RI�SDUWLFXODWHV�IURP�URDGZD\V�FRXOG�DVVLVW�LQ�GHYHORSLQJ�GHVLJQ�
RSWLRQV�IRU�URDGVLGH�YHJHWDWLRQ��7KHVH�VWXGLHV�FDQ�EH�EURDGO\�JURXSHG�LQWR�WKUHH�FDWHJRULHV��
D��SDUWLFOH�SURILOHV�E��FRQWDPLQDQW�SURILOHV�DQG�F��GLVSHUVLRQ�PRGHOOLQJ��7KH�ODWWHU�FDWHJRU\�
DUH�PDLQO\�WKRVH�WKDW�UHODWH�WR�UHJLRQDO�PRGHOOLQJ�RI�DLU�SROOXWLRQ�DQG�ZHUH�QRW�UHOHYDQW�IRU�
WKH�FXUUHQW�ZRUN��VR�DUH�QRW�GLVFXVVHG�IXUWKHU��
�
2QO\�D�OLPLWHG�QXPEHU�RI�VWXGLHV�RQ�WKH�SURILOHV��VL]H�GLVWULEXWLRQ��RI�URDG�JHQHUDWHG�SDUWLFOHV�
ZHUH�IRXQG��2I�WKHVH��WKH�PDMRULW\�ZHUH�UHODWHG�WR�QXPEHUV�RI�XOWUDILQH�����µP��SDUWLFOHV��
�H�J��:HLMHUV�HW�DO��������=KDQJ�HW�DO������D������E��*URPRWQHY�	�5LVWRYVNL��������DQG�GLG�
QRW�FRQVLGHU�WKH�FKDQJHV�ZLWK�YHUWLFDO�RU�KRUL]RQWDO�GLVWDQFH�IURP�WKH�URDG��$Q�H[FHSWLRQ�ZDV�
0RURZVND�HW�DO��������ZKR�IRXQG�WKDW�ZLWK�WKH�H[FHSWLRQ�RI�FORVH�SUR[LPLW\�WR�WKH�IUHHZD\�
����P��WKHUH�ZDV�QR�GLIIHUHQFH�LQ�SDUWLFOH�QXPEHU�FRQFHQWUDWLRQ�RI�SDUWLFOHV�LQ�WKH�VL]H�UDQJH�
RI��������QP�XS�WR�����P�DZD\�IURP�D�URDG��6LPLODUO\�WKHUH�ZDV�QR�FRUUHODWLRQ�ZLWK�KHLJKW�
RI�SDUWLFOH�QXPEHU�FRQFHQWUDWLRQ��+RZHYHU��VWXGLHV�RQ�SDUWLFOH�QXPEHU�DUH�GLIILFXOW�WR�UHODWH�
WR�WKH�PDVV�RI�SDUWLFXODWHV��ZKLFK�DUH�WKH�FRPPRQ�PHDVXUH�IRU�UHJXODWRU\�DJHQFLHV��DV�WKHVH�
XOWUD�ILQH�SDUWLFOHV�DUH�W\SLFDOO\�RQO\�D�VPDOO�IUDFWLRQ�RI�WKH�WRWDO�PDVV�RI�30������
�
2QH�VWXG\�RQ�WKH�YHUWLFDO�DQG�KRUL]RQWDO�SURILOHV�RI�SDUWLFXODWHV�IURP�URDGV��H[SUHVVHG�RQ�D�
PDVV�EDVLV��ZDV�IRXQG��7KLV�VWXG\�IRXQG�WKDW�FRQFHQWUDWLRQV�RI�30����30����DQG�30��
GHFUHDVHG�DV�WKH�KHLJKW�DERYH�JURXQG�LQFUHDVHG�IURP���P�WR����P��ZLWK�WKH�FRQFHQWUDWLRQV�
GHFOLQLQJ�WR����������DQG�����UHVSHFWLYHO\��RI�WKH�FRQFHQWUDWLRQV�SUHVHQW�DW���P���7KH�
PD[LPXP�GHFUHDVH�LQ�FRQFHQWUDWLRQ�DORQJ�D�KRUL]RQWDO�WUDQVHFW�SHUSHQGLFXODU�WR�WKH�URDG�
VKRZHG�D�PD[LPXP�GHFUHDVH�LQ�30����30����DQG�30��RI��������DQG����UHVSHFWLYHO\�XS�WR�
���P�IURP�URDGZD\��,W�ZRXOG�EH�H[SHFWHG�WKDW�WKH�SUHVHQFH�RI�URDGVLGH�YHJHWDWLRQ�ZRXOG�
UHVXOW�LQ�JUHDWHU�GHFUHDVHV�RI�SDUWLFXODWH�PDVV�DORQJ�WKLV�WUDQVHFW���
�
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&RQWDPLQDQW�SURILOH�VWXGLHV�DUH�WKRVH�EDVHG�RQ�H[DPLQLQJ�WKH�FRQFHQWUDWLRQV�RI�SDUWLFXODWH�
ERXQG�FRQWDPLQDQWV�SUHVHQW�LQ�VRLOV�FROOHFWHG�DORQJ�WUDQVHFWV�SHUSHQGLFXODU�WR�WKH�URDG��7KHVH�
VWXGLHV�W\SLFDOO\�ILQG�WKDW�WKH�PDMRULW\�RI�FRQWDPLQDQWV�DUH�GHSRVLWHG�ZLWKLQ�D�QDUURZ�PDUJLQ�
�H�J��������P��IURP�WKH�URDGZD\��)RU�H[DPSOH��+DUULVRQ�	�-RKQVWRQH��������IRXQG�WKDW�
IOX[HV�RI�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV��3$+V���FDGPLXP�DQG�FRSSHU�ZHUH�KLJKO\�
HOHYDWHG�FORVH�WR�WKH�URDG�DQG�GHFUHDVHG�WR�EDFNJURXQG�FRQFHQWUDWLRQV�ZLWKLQ������P��$Q�
H[FHSWLRQ�WR�WKLV�LV�OHDG��ZKLFK�LV�W\SLFDOO\�DVVRFLDWHG�ZLWK�ILQH�SDUWLFOHV��VHH�DERYH���:KLOVW�
OHDG�VKRZHG�FRQVLGHUDEOH�URDGVLGH�HQKDQFHPHQW��GHSRVLWLRQ�FRQWLQXHG�WR�GHFOLQH�RYHU�WKH�IXOO�
����P�WUDQVHFW��6LPLODUO\��/LWWOH�	�:LIIHQ��������HVWLPDWHG�WKDW�OHVV�WKDQ�����RI�OHDG��ZKLFK�
LV�SULPDULO\�DVVRFLDWHG�ZLWK�SDUWLFOHV������µP��ZDV�GHSRVLWHG�ZLWKLQ�����P�RI�EXV\�
PRWRUZD\V��
�
$�IHZ�VWXGLHV�KDYH�H[DPLQHG�WKH�LQIOXHQFH�RI�YHJHWDWLRQ�RQ�GHSRVLWLRQ�RI�SDUWLFOHV�RU�
SDUWLFOH�ERXQG�FRQWDPLQDQWV��)RU�H[DPSOH��)UHHU�6PLWK�HW�DO��������IRXQG�WKDW�PRUH�GXVW�
DFFXPXODWHG�RQ�OHDYHV�RI�WUHHV�QHDU�WR�WKH�0��PRWRUZD\��1RYRGHU]KNLQD�HW�DO���������FLWHG�LQ�
'RFKLQJHU��������IRXQG�WKDW�GXVW�FRQFHQWUDWLRQV�LQ�UHJLRQV�ZKHUH�ZLGHO\�VSDFHG�EXLOGLQJ�
SODQWHG�ZLWK�JUHHQHU\��DQG�VHSDUDWHG�IURP�WUDIILF�E\�DQ���P�ZLGH�JUHHQEHOW��GLG�QRW�H[FHHG�
����µJ�P��DQG�ZDV���WR���WLPHV�OHVV�WKDQ�LQ�DUHDV�ZKHUH�OLWWOH�JUHHQHU\�ZDV�SUHVHQW��+HLFKHO�	�
+DQNLQ��������FLWHG�LQ�/LWWOH�	�:LIIHQ�������IRXQG�WKDW�WKH�DFFXPXODWLRQ�RI�OHDG�LQ�VRLO�
XQGHU�D�FRQLIHURXV�ZLQGEUHDN�ZDV�WZLFH�WKDW�RI�RSHQ�JURXQG���6LPLODUO\��/LWWOH�DQG�0DUWLQ�
�������FLWHG�LQ�/LWWOH�	�:LIIHQ�������IRXQG�HQKDQFHG�FRQFHQWUDWLRQ�RI�]LQF��OHDG�DQG�
FDGPLXP�XQGHU�KHGJHURZV�DQG�ZRRGODQG�LQ�WKH�YLFLQW\�RI�D�VPHOWHU��+HDWK�HW�DO���������
H[DPLQHG�WKH�GHSRVLWLRQ�RI�OHDG��FRSSHU�DQG�FDGPLXP�LQ�WUDQVHFWV�ORFDWHG�ERWK�LQ�VKHOWHUEHOWV�
DQG�RSHQ�ILHOGV�DQG�IRXQG�WKDW�WKH�VRLO�PHWDO�FRQFHQWUDWLRQV�LQ�D�SUHGRPLQDQWO\�6FRWV�3LQH�
VKHOWHUEHOW�ZHUH�KLJKHVW�DW�KLJKZD\�VKHOWHUEHOW�LQWHUIDFHV��GHFUHDVLQJ�UDSLGO\�WKHUHDIWHU��,Q�D�
ELUFK�VKHOWHUEHOW�LW�ZDV�IRXQG�WKDW�LQIOXHQFH�RI�VKHOWHUEHOW�RYHUURGH�WKH�LQIOXHQFH�RI�SUHYDLOLQJ�
ZLQG��DQG�UHVXOWHG�LQ�VLPLODU�VRLO�PHWDO�FRQFHQWUDWLRQV�EHLQJ�SUHVHQW�LQ�WKH�WUDQVHFWV�RQ�ERWK�
VLGHV�RI�WKH�URDG��2WKHU�VWXGLHV�KDYH�IRXQG�DQ�LQFUHDVH�LQ�WKH�FRQFHQWUDWLRQ�RI�FRQWDPLQDQWV�
LQ�WKH�OHDYHV�RI�WUHHV�LQ�FORVH�SUR[LPLW\�WR�URDGV��)RU�H[DPSOH��.LP�	�)HUJXVVRQ��������
IRXQG�WKDW�OHDG�FRQFHQWUDWLRQV�RQ�WKH�OHDYHV�RI�KRUVH�FKHVWQXWV�LQ�&KULVWFKXUFK�LQFUHDVHG�RYHU�
D�JURZLQJ�VHDVRQ��LQGLFDWLQJ�FDSWXUH�RI�DHURVRO�OHDG�DULVLQJ�IURP�WKH�FRPEXVWLRQ�RI�OHDGHG�
SHWURO���
�
+RZHYHU��ZKLOH�WKHVH�VWXGLHV�GHPRQVWUDWH�WKH�FDSWXUH�DQG�SRWHQWLDO�IRU�FDSWXUH��RI�URDG�
JHQHUDWHG�SDUWLFXODWHV�E\�YHJHWDWLRQ��WKH\�SURYLGH�QR�LQIRUPDWLRQ�DV�WR�DQ\�FULWLFDO�GHVLJQ�
IHDWXUHV��H�J��WUHH�KHLJKW��GHQVLW\�RI�SODQWLQJ��WKDW�ZRXOG�HQKDQFH�PLWLJDWLRQ��6LPLODUO\��WKH�
DYDLODEOH�VWXGLHV�RQ�SDUWLFXODWH�GLVSHUVLRQ�IURP�URDGZD\V�ZHUH�DOVR�QRW�XVHIXO�LQ�DVVLVWLQJ�WKH�
GHYHORSPHQW�RI�DSSURSULDWH�GHVLJQ�RSWLRQV�IRU�URDGVLGH�YHJHWDWLRQ�WR�HQKDQFH�DLU�TXDOLW\�
EHQHILWV���
�

��� 'HVLJQ�RSWLRQV�IRU�URDGVLGH�YHJHWDWLRQ�

7KH�DYDLODEOH�OLWHUDWXUH�LQGLFDWHV�WKDW�URDGVLGH�YHJHWDWLRQ�KDV�WKH�SRWHQWLDO�WR�FDSWXUH�URDG�
JHQHUDWHG�DLU�SROOXWLRQ�EXW�SURYLGHV�QR�EDVLV�DV�WR�KRZ�GLIIHUHQW�GHVLJQV�PLJKW�LQIOXHQFH�WKH�
HIILFDF\�RI�FDSWXUH��)XUWKHU�PRVW�RI�WKH�H[LVWLQJ�OLWHUDWXUH�LV�IRFXVVHG�RQ�HVWLPDWLQJ�WKH�
LQIOXHQFH�RI�YHJHWDWLRQ�LQ�UHPRYLQJ�SROOXWDQWV�IURP�DPELHQW�DLU��RQH�SXUSRVH�RI�URDGVLGH�
YHJHWDWLRQ�VKRXOG�EH�WR�FDSWXUH�URDG�JHQHUDWHG�SROOXWLRQ�EHIRUH�LW�LV�DEOH�WR�EH�ZLGHO\�
GLVSHUVHG��3UHOLPLQDU\�ZRUN�LV�UHTXLUHG�WR�TXDQWLWDWLYHO\�HVWDEOLVK�WKH�LQIOXHQFH�RI�URDGVLGH�
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YHJHWDWLRQ�RQ�URDG�JHQHUDWHG�DLU�SROOXWLRQ��DQG�LQ�SDUWLFXODU�WKH�UHODWLYH�HIILFDF\�RI�GLIIHUHQW�
GHVLJQV����
�
7KHUH�DUH�D�QXPEHU�RI�IHDWXUHV�WKDW�PD\�LPSDFW�RQ�PLWLJDWLRQ�HIILFDF\�RI�URDGVLGH�YHJHWDWLRQ��
WKH�LQLWLDO�NH\�IHDWXUHV�DUH�DQWLFLSDWHG�WR�EH�SUR[LPLW\�WR�URDG��YHJHWDWLRQ�KHLJKW��DQG�
YHJHWDWLRQ�VWUXFWXUH��3UR[LPLW\�WR�URDG�DQG�YHJHWDWLRQ�KHLJKW�ZLOO�EH�LQIOXHQFHG�E\�D�QXPEHU�
RI�IDFWRUV�LQFOXGLQJ�URDG�W\SH��H�J��PRWRUZD\�YV�URDG�LQ�WKH�FHQWUDO�EXVLQHVV�GLVWULFW���VDIHW\�
FRQVLGHUDWLRQV��H�J��YLVLELOLW\�DW�LQWHUVHFWLRQV��YHKLFOH�VSHHG��DQG�DHVWKHWLFV��7KH�7UDQVLW�1HZ�
=HDODQG�*XLGHOLQHV�IRU�+LJKZD\�/DQGVFDSLQJ��7UDQLVW�1HZ�=HDODQG�������SURYLGH�VRPH�
LQGLFDWLRQ�RI�WKH�FRQVLGHUDWLRQV�WKDW�VKRXOG�EH�WDNHQ�LQWR�DFFRXQW�ZKHQ�XQGHUWDNLQJ�SODQWLQJ�
RI�URDGVLGH�YHJHWDWLRQ��9HJHWDWLRQ�VWUXFWXUH�LV�FRQVLGHUHG�WR�EH�WKH�RYHUDOO�VKDSH�RI�WKH�
YHJHWDWLRQ��)RU�H[DPSOH��LQ�&KULVWFKXUFK�VRPH�RI�WKH�SUHGRPLQDQW�URDGVLGH�YHJHWDWLRQ�
VWUXFWXUHV�DUH��RYHUKDQJLQJ�WUHH�VWUXFWXUH��KHGJH�VWUXFWXUH��ODQGVFDSH�VWUXFWXUH��ZKLFK�KDYH�
ODUJHO\�EHHQ�GHYHORSHG�IRU�QRLVH�UHGXFWLRQ�SXUSRVHV���)LJXUH�����9HJHWDWLRQ�SUHVHQW�LQ�
PHGLDQ�VWULSV�DQG�LQWHUVHFWLRQV�FDQ�HQFRPSDVV�D�ZLGH�DUUD\�RI�VWUXFWXUHV��DOWKRXJK�LV�W\SLILHG�
E\�ORZ�VKUXEV�DQG�JUDVVHV��)LJXUH������:LWKLQ�HDFK�RI�WKHVH�JHQHULF�VWUXFWXUHV�WKHUH�ZLOO�EH�
YDULDWLRQV�LQ�WKH�KHLJKW��ZLGWK�DQG�GHQVLW\�RI�SODQWLQJ�WKDW�ZLOO�SRWHQWLDOO\�LQIOXHQFH�
PLWLJDWLRQ�HIILFDF\��6SHFLHV�VSHFLILF�GLIIHUHQFHV�ZLOO�DOVR�LQIOXHQFH�PLWLJDWLRQ�SRWHQWLDO��
DOWKRXJK�LW�LV�LQLWLDOO\�DQWLFLSDWHG�WKDW�WKLV�ZLOO�SOD\�D�VHFRQGDU\�UROH�WR�WKH�µVWUXFWXUDO¶�
IHDWXUHV�RI�URDGVLGH�YHJHWDWLRQ����
�
7ZR�DSSURDFKHV�ZLOO�EH�DGRSWHG�WR�DVFHUWDLQ�WKH�PLWLJDWLRQ�SRWHQWLDO�RI�URDGVLGH�YHJHWDWLRQ��
DQ�HPSLULFDO�DSSURDFK��DQG�D�PRGHOOLQJ�DSSURDFK��7KH�HPSLULFDO�DSSURDFK�LV�EDVHG�RQ�GLUHFW�
PHDVXUHPHQW�RI�SDUWLFXODWH�FDSWXUH�E\�URDGVLGH�YHJHWDWLRQ�±�WKLV�ZLOO�EH�XQGHUWDNHQ�E\�
PHDVXULQJ�WKH�GHSRVLWLRQ�RI�SDUWLFXODWHV�DORQJ�WUDQVHFWV�SHUSHQGLFXODU�WR�WKH�URDG�LQ�YHJHWDWHG�
DQG�QRQ�YHJHWDWHG�DUHDV��/HDI�ZDVKLQJ�WR�DVFHUWDLQ�WKH�GHSRVLWLRQ�RI�SDUWLFXODWHV�RQ�OHDYHV�
PD\�DOVR�EH�UHTXLUHG�IRU�VRPH�YHJHWDWLRQ�VWUXFWXUHV��HJ�RYHUKDQJLQJ�WUHHV��PHGLDQ�VWULS�
YHJHWDWLRQ��7KH�PRGHOOLQJ�DSSURDFK�LV�IRFXVVHG�RQ�JDLQLQJ�EHWWHU�XQGHUVWDQGLQJ�WKH�
GLVSHUVLRQ�RI�SDUWLFXODWHV�IURP�URDGZD\V��SULPDULO\�E\�JDLQLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�
FKDQJHV�LQ�SDUWLFOH�VL]H�GLVWULEXWLRQ�LQ�UHODWLRQ�WR�GLVWDQFH�DQG�KHLJKW�IURP�WKH�URDG��7KLV�
ZRXOG�HQDEOH�SUHGLFWLRQV�WR�EH�PDGH�DERXW�WKH�OLNHO\�HIILFDF\�RI�URDGVLGH�YHJHWDWLRQ�RQ�
SDUWLFXODWH�FDSWXUH��)RU�H[DPSOH��LI�WKH�EXON�RI�URDG�JHQHUDWHG�SDUWLFXODWHV�DUH�GLVSHUVHG�IURP�
WKH�URDGZD\�DW�D�KHLJKW�JUHDWHU�WKDQ�����P��WKHQ�RYHUKDQJLQJ�WUHHV�DUH�OLNHO\�WR�EH�PRVW�
HIIHFWLYH��&RQYHUVHO\��LI�WKH�EXON�RI�URDG�JHQHUDWHG�SDUWLFXODWHV�DUH�GLVSHUVHG�IURP�WKH�
URDGZD\�DW�D�KHLJKW�OHVV�WKDQ�����P�WKHQ�KHGJH�RU�ODQGVFDSHG�VWUXFWXUH�DUH�OLNHO\�WR�EH�PRVW�
HIIHFWLYH��0HWHRURORJLFDO�FRQGLWLRQV�ZLOO�LQIOXHQFH�GLVSHUVLRQ�DQG�QHHGV�WR�EH�WDNHQ�LQWR�
DFFRXQW��DV�GRHV�WKH�LQIOXHQFH�RI�YHJHWDWLRQ�RQ�GLVSHUVLRQ��7KH�PRGHOOLQJ�DSSURDFK�FRXOG�
DOVR�EH�XVHG�WR�HVWLPDWH�WKH�UHODWLYH�VLJQLILFDQFH�RI�WKH�FDSWXUH�RI�URDG�JHQHUDWHG�SROOXWLRQ�E\�
URDGVLGH�YHJHWDWLRQ�LQ�UHODWLRQ�WR�WKH�WRWDO�URDG�JHQHUDWHG�HPLVVLRQV�IRU�D�JLYHQ�URDG�FRUULGRU��
DQG�SRWHQWLDOO\�RQ�D�UHJLRQDO�VFDOH��
�
7KH�LQLWLDO�ZRUN�WR�EH�XQGHUWDNHQ�ZLOO�EH�PRQLWRULQJ�RI�SDUWLFXODWH�GHSRVLWLRQ�DORQJ�WUDQVHFWV�
SHUSHQGLFXODU�WR�WKH�URDG�ZKHUH�D�KHGJH�VWUXFWXUH�DQG�D�ODQGVFDSH�VWUXFWXUH�DUH�SUHVHQW��
3DUWLFXODWH�GHSRVLWLRQ�DORQJ�WKHVH�WUDQVHFWV�ZLOO�EH�FRPSDUHG�ZLWK�WKDW�DORQJ�WUDQVHFW�V��
ZKHUH�QR�URDGVLGH�YHJHWDWLRQ�LV�SUHVHQW��$�GLIIHUHQW�DSSURDFK�ZLOO�EH�UHTXLUHG�WR�DVVHVV�WKH�
RYHUKDQJLQJ�WUHH�VWUXFWXUH��ODUJHO\�EHFDXVH�RYHUKDQJLQJ�WUHHV�DUH�SULPDULO\�ORFDWHG�LQ�
UHVLGHQWLDO�RU�FRPPHUFLDO�DUHDV�ZKLFK�GR�QRW�DOORZ�IRU�DSSURSULDWH�WUDQVHFWV�WR�EH�HVWDEOLVKHG��
)XUWKHU�LQ�&KULVWFKXUFK�WKHUH�LV�D�SUHGRPLQDQFH�RI�GHFLGXRXV�VSHFLHV�DV�VWUHHW�WUHHV��DQG�WKHUH�
LV�D�QHHG�WR�HVWDEOLVK�WKH�UHODWLYH�LQIOXHQFH�RI�WKH�RYHUKDQJLQJ�WUHHV�GXULQJ�LQ�OHDI�DQG�RXW�RI�
OHDI�VHDVRQV��7R�GR�WKLV��WKH�XVH�RI�GHSRVLWLRQ�SODWHV��LQ�FRPELQDWLRQ�ZLWK�OHDI�ZDVKLQJ�
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WHFKQLTXHV��LQ�OHDI�VHDVRQ�RQO\��ZLOO�EH�LQYHVWLJDWHG��)LQDOO\��SDUWLFOH�VL]H�PRQLWRULQJ�ZLOO�EH�
XQGHUWDNHQ�LQ�ORFDWLRQV�FORVH�WR�WKH�URDG��DQG�DW�GLIIHUHQW�KHLJKWV��0RQLWRULQJ�RI�
PHWHRURORJLFDO�FRQGLWLRQV�DQG�URDG�WUDIILF�LV�DOVR�UHTXLUHG���
�

�
)LJXUH���([DPSOHV�RI�GLIIHUHQW�URDGVLGH�YHJHWDWLRQ�VWUXFWXUHV��D�±�µKHGJH¶��E�±�µRYHUKDQJLQJ�
WUHH�VWUXFWXUH¶��F�±�µODQGVFDSHG�VWUXFWXUH¶��
�
�
�
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�
)LJXUH���([DPSOHV�RI�YHJHWDWLRQ�SUHVHQW�LQ�PHGLDQ�VWULSV�
�

��� &RQFOXVLRQV�

�
:KLOH�QXPHURXV�VWXGLHV�KDYH�GHPRQVWUDWHG�WKH�SRWHQWLDO�RI�URDGVLGH�YHJHWDWLRQ�WR�PLWLJDWH�
URDG�JHQHUDWHG�SDUWLFXODWHV��WKH\�SURYLGH�QR�LQIRUPDWLRQ�RQ�GHVLJQ�IHDWXUHV��H�J��WUHH�KHLJKW��
GHQVLW\�RI�SODQWLQJ��WKDW�ZRXOG�HQKDQFH�PLWLJDWLRQ��6LPLODUO\��WKH�DYDLODEOH�VWXGLHV�RQ�
SDUWLFXODWH�GLVSHUVLRQ�IURP�URDGZD\V�ZHUH�DOVR�QRW�XVHIXO�LQ�DVVLVWLQJ�WKH�GHYHORSPHQW�RI�
DSSURSULDWH�GHVLJQ�RSWLRQV�IRU�URDGVLGH�YHJHWDWLRQ�WR�HQKDQFH�DLU�TXDOLW\�EHQHILWV���
�
,W�LV�DQWLFLSDWHG�WKDW�IRUWKFRPLQJ�H[SHULPHQWDO�ZRUN�ZLOO�HQDEOH�GHVLJQ�RSWLRQV�IRU�WKH�
HQKDQFHPHQW�RI�WKH�PLWLJDWLRQ�SRWHQWLDO�RI�URDGVLGH�YHJHWDWLRQ�WR�EH�GHYHORSHG���
�
�
�

��� 5HIHUHQFHV�

%HFNHWW��.�3���)UHHU�6PLWK��3�+���7D\ORU��*��������8UEDQ�ZRRGODQGV��WKHLU�UROH�LQ�UHGXFLQJ�
WKH�HIIHFWV�RI�SDUWLFXODWH�SROOXWLRQ��(QYLURQPHQWDO�3ROOXWLRQ��������±�����
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%HFNHWW�.3��)UHHU�6PLWK�3+��7D\ORU�*�������7KH�FDSWXUH�RI�SDUWLFXODWH�SROOXWLRQ�E\�WUHHV�DW�
ILYH�FRQWUDVWLQJ�8.�XUEDQ�VLWHV��$UERULFXOWXUH�-RXUQDO�����������

%HQMDPLQ��0�7���6XGRO��0���%ORFK��/���:LQHU��$�0��������/RZ�HPLWWLQJ�XUEDQ�IRUHVWV��D�
WD[RQRPLF�PHWKRGRORJ\�IRU�DVVLJQLQJ�LVRSUHQH�DQG�PRQRWHUSHQH�HPLVVLRQ�UDWHV��
$WPRVSKHULF�(QYLURQPHQW���������±������

%HQMDPLQ��0�7���:LQHU��$�0��������(VWLPDWLQJ�WKH�R]RQH�IRUPLQJ�SRWHQWLDO�RI�XUEDQ�WUHHV�
DQG�VKUXEV��$WPRVSKHULF�(QYLURQPHQW�������±�����

%XUNKDUGW��-���3HWHUV��.���&URVVOH\��$��������7KH�SUHVHQFH�RI�VWUXFWXUDO�VXUIDFH�ZD[HV�RQ�
FRQLIHURXV�QHHGOHV�DIIHFWV�WKH�SDWWHUQ�RI�GU\�GHSRVLWLRQ�RI�ILQH�SDUWLFOHV��-RXUQDO�RI�
([SHULPHQWDO�%RWDQ\��������±�����

&DUGHOLQR�&�$���&KDPHLGHV��:�/��������1DWXUDO�K\GURFDUERQV��XUEDQL]DWLRQ��DQG�XUEDQ�]RQH��
-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�����'���������±�������

&DYDQDJK�-(��&OHPRQV�-�������'R�XUEDQ�IRUHVWV�HQKDQFH�DLU�TXDOLW\"�/DQGFDUH�5HVHDUFK�
&RQWUDFW�5HSRUW������������

&KDPEHUODLQ��$�&���/LWWOH��3��������7UDQVSRUW�DQG�FDSWXUH�RI�SDUWLFOHV��,Q��*UDFH��-���)RUG��
(�'���-DUYLV��3�*��HGV�3ODQWV�DQG�WKHLU�DWPRVSKHULF�HQYLURQPHQW��7KH���VW�V\PSRVLXP�RI�
WKH�%ULWLVK�(FRORJLFDO�6RFLHW\�(GLQEXUJK��2[IRUG��%ODFNZHOO�6FLHQWLILF��3S�����±�����

&KDPHLGHV��:�/���/LQGVD\��5�:���5LFKDUGVRQ��/�-���.LDQJ��&�6��������7KH�UROH�RI�ELRJHQLF�
K\GURFDUERQV�LQ�XUEDQ�SKRWRFKHPLFDO�VPRJ��$WODQWD�DV�D�FDVH�VWXG\��6FLHQFH������
����±������

&RUFKQR\��6�5���$UH\��-���$WNLQVRQ��5��������+\GURFDUERQ�HPLVVLRQV�IURP�WZHOYH�XUEDQ�VKDG�
WUHHV�RI�WKH�/RV�$QJHOHV��&DOLIRUQLD��DLU�EDVLQ��$WPRVSKHULF�(QYLURQPHQW����%������
�����

'DVFK��-�0��������0HDVXUHPHQW�RI�GU\�GHSRVLWLRQ�WR�VXUIDFHV�LQ�GHFLGXRXV�DQG�SLQH�
FDQRSLHV��(QYLURQPHQWDO�3ROOXWLRQ��������±�����

'DYLGVRQ��&�,���:X��<�/��������'U\�GHSRVLWLRQ�RI�SDUWLFOHV�DQG�YDSRUV��,Q��/LQGEHUJ��6�(���
3DJH��$�/���1RUWRQ��6�$��HGV�$FLGLF�SUHFLSLWDWLRQ�YV���VRXUFHV��GHSRVLWLRQ�DQG�FDQRS\�
LQWHUDFWLRQV��/RQGRQ��6SULQJHU�9HUODJ��3S�����±�����

(O¶)DGHO��0���0DVVRXG��0��������3DUWLFXODWH�PDWWHU�LQ�XUEDQ�DUHDV��KHDOWK�EDVHG�HFRQRPLF�
DVVHVVPHQW��7KH�6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW���������±�����

(ULVPDQ��-�:���YDQ�3XO��$���:\HUV��3��������3DUDPHWHUL]DWLRQ�RI�VXUIDFH�UHVLVWDQFH�IRU�WKH�
TXDQWLILFDWLRQ�RI�DWPRVSKHULF�GHSRVLWLRQ�RI�DFLGLI\LQJ�SROOXWDQWV�DQG�R]RQH��
$WPRVSKHULF�(QYLURQPHQW���������±������

)DQJ�*�&��:X�<�6��+XQDJ��6�+��5DX��-<�������'U\�GHSRVLWLRQ��GRZQZDUG��XSZDUG��
FRQFHQWUDWLRQ�VWXG\�RI�SDUWLFXODWHV�DQG�KHDY\�PHWDOV�GXULQJ�GD\WRPH��QLJKWWLPH�SHULRG�
DW�WKH�WUDIILF�VDPSOLQJ�VLWH�RI�6KD�/X��7DLZDQ��&KHPRVSKHUH�������������

)DUPHU��$��������(IIHFWV�RI�SDUWLFXODWHV��,Q��%HOO��-�1�%���7UHVKRZ��0��HGV�$LU�SROOXWLRQ�DQG�
SODQW�OLIH���QG�HGLWLRQ��:HVW�6XVVH[��-RKQ�:LOH\��3S�����±�����

)RZOHU��'��������3ROOXWDQW�GHSRVLWLRQ�DQG�XSWDNH�E\�YHJHWDWLRQ��,Q��%HOO��-�1�%���7UHVKRZ��0��
HGV�$LU�SROOXWLRQ�DQG�SODQW�OLIH���QG�HGLWLRQ��:HVW�6XVVH[��-RKQ�:LOH\��3S����±����

)RZOHU��'���)OHFKDUG��&���&DSH��-�1���6WRUHWRQ�ZHVW��5�/�&R\OH��0��������0HDVXUHPHQWV�RI�
R]RQH�GHSRVLWLRQ�WR�YHJHWDWLRQ�TXDQWLI\LQJ�WKH�IOX[��WKH�VWRPDWDO�DQG�QRQ�VWRPDWDO�
FRPSRQHQWV��:DWHU��$LU��DQG�6RLO�3ROOXWLRQ��������±����



����� � � � � �

/DQGFDUH�5HVHDUFK�

)UHHU�6PLWK�3+��+ROORZD\�6��*RRGPDQ�$�������7KH�XSWDNH�RI�SDUWLFXODWHV�E\�DQ�XUEDQ�
ZRRGODQG��VLWH�GHVFULSWLRQ�DQG�SDUWLFXODWH�FRPSRVLWLRQ��(QYLURQPHQWDO�3ROOXWLRQ��������
�������

)UHHU�6PLWK�3+��%HFNHWW�.3��7D\ORU�*�������'HSRVLWLRQ�YHORFLWLHV�WR�6RUEXV�DULD��$FHU�
FDPSHVWUH��3RSXOXV�GHOWRLGV�[�WULFKRFDUSD¶%HDXSUH¶��3LQXD�QLJUD�DQG�&XSUHVVRF\SUXV�
OH\ODQGLL�IRU�FRDUVH�ILQH�DQG�XOWUD�ILQH�SDUWLFOHV�LQ�WKH�XUEDQ�HQYLURQPHQW��
(QYLURQPHQWDO�3ROOXWLRQ��������������

+DQVRQ��3�-���/LQGEHUJ��6�(��������'U\�GHSRVLWLRQ�RI�UHDFWLYH�QLWURJHQ�FRPSRXQGV��D�UHYLHZ�
RI�OHDI��FDQRS\��DQG�QRQ�IROLDU�PHDVXUHPHQWV��$WPRVSKHULF�(QYLURQPHQW���$������±
������

+DUULVRQ��50��-RKQVWRQH�:5�������'HSRVLWLRQ�IOX[HV�RI�OHDG��FDGPLXP��FRSSHU�DQG�
SRO\QXFOHDU�DURPDWLF�K\GURFDUERQV��3$+V��RQ�WKH�YHUJHV�RI�D�PRWRU�KLJKZD\��7KH�
6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW��������������

+HDWK�%$��0DXJKDQ�-$��0RUULVRQ��$$��(DVWZRRG�,%��'UHZ�,%��/RINLQ�0�������7KH�
LQIOXHQFH�RI�ZRRGHG�VKHOWHUEHOWV�RQ�WKH�GHSRVLWLRQ�RI�FRSSHU��OHDG�DQG�]LQF�DW�6KDNHUO\�
0HUH��&KHVKLUH��(QJODQG��7KH�6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW�������������������

+RHN�*��%UXQHNUHHI�%��*ROGERKP�6��)LVFKHU�3��YDQ�GHQ�%UDQGW�3$�������$VVRFLDWLRQ�
EHWZHHQ�PRUWDOLW\�DQG�LQGLFDWRUV�RI�WUDIILF�UHODWHG�DLU�SROOXWLRQ�LQ�WKH�1HWKHUODQGV��D�
FRKRUW�VWXG\��/DQFHW����������������������

+ROPDQQ��&��������6RXUFHV�RI�DLU�SROOXWLRQ��,Q��+ROJDWH�6�7���6DPHW��-�0���.RUHQ��+�6���
0D\QDUG��5�/��HGV�$LU�SROOXWLRQ�DQG�KHDOWK��6DQ�'LHJR��$FDGHPLF�3UHVV��3S�����±�����

+RUVWPDQQ��0���%RSS��8���0F/DFKODQ��0�6��������&RPSDULVRQ�RI�EXON�GHSRVLWLRQ�RI�
3&''�)�LQ�D�VSUXFH�IRUHVW�DQG�DQ�DGMDFHQW�FOHDULQJ��&KHPRVSKHUH���������±������

+RUVWPDQQ��0���0F/DFKODQ��0�6��������$WPRVSKHULF�GHSRVLWLRQ�RI�VHPLYRODWLOH�RUJDQLF�
FRPSRXQGV�WR�WZR�IRUHVW�FDQRSLHV��$WPRVSKHULF�(QYLURQPHQW���������±������

-RQHV��.�&���'XDUWH�'DYLGVRQ��5��������7UDQVIHUV�RI�DLUERUQH�3&''�)V�WR�EXON�GHSRVLWLRQ�
FROOHFWRUV�DQG�KHUEDJH��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\���������±������

.KDQ��)�,���$EEDVL��6�$��������(IIHFWLYH�GHVLJQ�RI�JUHHQEHOWV�XVLQJ�PDWKHPDWLFDO�PRGHOV��
-RXUQDO�RI�+D]DUGRXV�0DWHULDOV�%������±����

.LP�1'��)HUJXVVRQ�-(�������6HDVRQDO�YDULDWLRQV�LQ�WKH�FRQFHQWUDWLRQV�RI�FDGPLXP��FRSSHU��
OHDG�DQG�]LQF�LQ�OHDYHV�RI�WKH�+RUVH�&KHVWQXW��$HVFXOXV�KLSSRFDVWDQXP�/���
(QYLURQPHQWDO�3ROOXWLRQ������������

.XQ]OL�1��0F&RQQHOO�5��%DWHV�5��%DVWDLQ��7��+ULFNR�$��/XUPDQQ�)��$YRO�(��*LOOLODQG�)��
3HWHUV�-�������%UHDWKOHVV�LQ�/RV�$QJHOHV��WKH�H[KDXVWLQJ�VHDUFK�IRU�FOHDQ�DLU��-RXUQDO�RI�
3XEOLF�+HDOWK������������������

/LQGEHUJ��6�(���/RYHWW��*�0��������)LHOG�PHDVXUHPHQWV�RI�SDUWLFOH�GU\�GHSRVLWLRQ�UDWHV�WR�
IROLDJH�DQG�LQHUW�VXEVWDQFHV�LQ�D�IRUHVW�FDQRS\��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\�
�������±�����

/LWWOH��3���:LIIHQ��5�'��������(PLVVLRQ�DQG�GHSRVLWLRQ�RI�OHDG�IURP�PRWRU�H[KDXVWV�±�,,��
$LUERUQH�FRQFHQWUDWLRQ��SDUWLFOH�VL]H�DQG�GHSRVLWLRQ�RI�OHDG�QHDU�PRWRUZD\V��
$WPRVSKHULF�(QYLURQPHQW���������±������

/RYHWW��*�0�������$WPRVSKHULF�GHSRVLWLRQ��3URFHVVHV�DQG�PHDVXUHPHQW�PHWKRGV��,Q��6��
%LFNQHOO��HG����3URFHHGLQJV�RI�WKH�&DOLIRUQLD�)RUHVW�5HVSRQVH�3URJUDP�3ODQQLQJ�
&RQIHUHQFH��+XPEROGW�6WDWH�8QLYHUVLW\�)RXQGDWLRQ��$UFDWD��&DOLIRUQLD��3S�������
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/RYHWW��*�0���/LQGEHUJ��6�(��������'U\�GHSRVLWLRQ�DQG�FDQRS\�H[FKDQJH�LQ�D�PL[HG�RDN�
IRUHVW�DV�GHWHUPLQHG�E\�DQDO\VLV�RI�WKURXJKIDOO��-RXUQDO�RI�$SSOLHG�(FRORJ\���������±
������

0DW]QHU��(��������$QQXDO�UDWHV�RI�GHSRVLWLRQ�RI�SRO\F\FOLF�DURPDWLF�K\GURFDUERQV�LQ�
GLIIHUHQW�IRUHVW�HFRV\VWHPV��:DWHU��$LU��DQG�6RLO�3ROOXWLRQ��������±�����

0F/DFKODQ��0�6��������)UDPHZRUN�IRU�WKH�LQWHUSUHWDWLRQ�RI�62&V�LQ�SODQWV��(QYLURQPHQWDO�
6FLHQFH�DQG�7HFKQRORJ\���������±�������

0F3KHUVRQ��(�*��������%HQHILWV�DQG�FRVWV�RI�WUHH�SODQWLQJ�DQG�FDUH�LQ�&KLFDJR��,Q��
0F3KHUVRQ��(�*���1RZDN��'�-���5RZQWUHH��5�$��HGV�&KLFDJR¶V�XUEDQ�IRUHVW�HFRV\VWHP��
5HVXOWV�RI�WKH�&KLFDJR�XUEDQ�IRUHVW�FOLPDWH�SURMHFW��*HQHUDO�7HFKQLFDO�5HSRUW�1(������
5DGQRU��3$��8�6��'HSDUWPHQW�RI�$JULFXOWXUH��3S�����������

0F3KHUVRQ��(�*���6FRWW��.�,���6LPSVRQ��-�5��������(VWLPDWLQJ�FRVW�HIIHFWLYHQHVV�RI�
UHVLGHQWLDO�\DUG�WUHHV�IRU�LPSURYLQJ�DLU�TXDOLW\�LQ�6DFUDPHQWR��&DOLIRUQLD��XVLQJ�H[LVWLQJ�
PRGHOV��$WPRVSKHULF�(QYLURQPHQW�������±����

0RUDZVND�/��7KRPDV�6��*LOEHUW�'��*UHHQDZD\�&��5LMQGHUV�(�������$�VWXG\�RI�WKH�KRUL]RQWDO�
DQG�YHUWLFDO�SURILOH�RI�VXEPLFURPHWHU�SDUWLFOHV�LQ�UHODWLRQ�WR�D�EXV\�URDG��$WPRVSKHULF�
(QYLURQPHQW���������������

1LFKROVRQ��.�:��������7KH�GU\�GHSRVLWLRQ�RI�VPDOO�SDUWLFOHV��D�UHYLHZ�RI�H[SHULPHQWDO�
PHDVXUHPHQWV��$WPRVSKHULF�(QYLURQPHQW����������±������

1RZDN��'�-��������$LU�SROOXWLRQ�UHPRYDO�E\�&KLFDJR¶V�XUEDQ�IRUHVW��,Q��0F3KHUVRQ��(�*���
1RZDN��'�-���5RZQWUHH��5�$��HGV�&KLFDJR¶V�XUEDQ�IRUHVW�HFRV\VWHP��5HVXOWV�RI�WKH�
&KLFDJR�XUEDQ�IRUHVW�FOLPDWH�SURMHFW��*HQHUDO�7HFKQLFDO�5HSRUW�1(������5DGQRU��3$��
8�6��'HSDUWPHQW�RI�$JULFXOWXUH��3S����±����

1RZDN��'�-���0F+DOH��3�-���,EDUUD��0���&UDQH��'���6WHYHQV��-�&���/XOH\��&�-��0RGHOLQJ�WKH�
HIIHFWV�RI�XUEDQ�YHJHWDWLRQ�RQ�DLU�SROOXWLRQ��,Q��*U\QLQJ��6�(���&KDXPHUOLDF��1��HGV�$LU�
SROOXWLRQ�PRGHOOLQJ�DQG�LWV�DSSOLFDWLRQ�;,,����QG�1$7$�&06�,QWHUQDWLRQDO�0HHWLQJ��
3OHQXP�3UHVV��1HZ�<RUN��3S�����±�����

3RSH��&��$���'RFNHU\��'��:��������(SLGHPLRORJ\�RI�SDUWLFOH�HIIHFWV��,Q��$LU�SROOXWLRQ�DQG�
KHDOWK��HGV�+ROJDWH��6��7���6DPHW��-��0���.RUHQ��+��6���0D\QDUG��5��/��/RQGRQ��8.��
$FDGHPLF�3UHVV���3�������

'RFKLQJHU��/�6��������,QWHUFHSWLRQ�RI�DLUERUQH�SDUWLFOHV�E\�WUHH�SODQWLQJV��-RXUQDO�RI�
(QYLURQPHQWDO�4XDOLW\�������±�����

3RZH�1$��:LOOLV�.*�������0RUWDOLW\�DQG�PRUELGLW\�HIIHFWV�RI�DLU�SROOXWLRQ��62��DQG�30����
DEVRUSWLRQ�DWWULEXWDEOH�WR�ZRRGODQG�LQ�%ULWDLQ��-RXUQDO�RI�(QYLURQPHQWDO�0DQDJHPHQW�
������������

48$5*��4XDOLW\�RI�8UEDQ�$LU�5HYLHZ�*URXS��������$LUERUQH�SDUWLFXODWH�PDWWHU�LQ�WKH�
8QLWHG�.LQJGRP��7KLUG�5HSRUW�RI�WKH�4XDOLW\�RI�8UEDQ�$LU�5HYLHZ�*URXS��
%LUPLQJKDP��'HSDUWPHQW�RI�WKH�(QYLURQPHQW��

6FK|GHU��-���:HOVFK�3DXVFK��.���0F/DFKODQ��0�6��������0HDVXUHPHQW�RI�DWPRVSKHULF�
GHSRVLWLRQ�RI�SRO\FKORULQDWHG�GLEHQ]R�S�GLR[LQV��3&''V��DQG�GLEHQ]RIXUDQV��3&')V��
WR�D�VRLO��$WPRVSKHULF�(QYLURQPHQW���������±������

6LPRQLFK��6�/���+LWHV��5�$������D��9HJHWDWLRQ�DLU�SDUWLWLRQLQJ�RI�SRO\F\FOLF�DURPDWLF�
K\GURFDUERQV��(QYLURQPHQWDO�6FLHQFH�DQG�7HFKQRORJ\��������±�����
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6LPRQLFK��6�/���+LWHV��5�$������E��,PSRUWDQFH�RI�YHJHWDWLRQ�LQ�UHPRYLQJ�SRO\F\FOLF�
DURPDWLF�K\GURFDUERQV�IURP�WKH�DWPRVSKHUH��1DWXUH��������±����

6WHZDUW��+���2ZHQ��6���'RQRYDQ��5���0DFNHQ]LH��5���+HZLWW��1���6NLED��8���)RZOHU��'��������
7UHHV�DQG�VXVWDLQDEOH�XUEDQ�DLU�TXDOLW\��8VLQJ�WUHHV�WR�LPSURYH�DLU�TXDOLW\�LQ�FLWLHV��
&HQWUH�RI�(FRORJ\�DQG�+\GURORJ\�DQG�/DQFDVWHU�8QLYHUVLW\��$YDLODEOH�DW��
KWWS���ZZZ�HV�ODQFV�DF�XN�SHRSOH�FQK�GRFV�8UEDQ7UHHV�KWP���$FFHVVHG��1RYHPEHU�
�������

7DKD��+��������0RGHOOLQJ�LPSDFWV�RI�LQFUHDVHG�XUEDQ�YHJHWDWLRQ�RQ�R]RQH�DLU�TXDOLW\�LRQ�WKH�
VRXWK�FRDVW�DLU�EDVLQ��$WPRVSKHULF�(QYLURQPHQW���������±������

7UDQVLW�1HZ�=HDODQG�������*XLGHOLQHV�IRU�+LJKZD\�/DQGVFDSLQJ��7UDQVLW�1=���
:HLMHUV�(3��.KO\VWRY�$<��.RV�*3$��(ULVPDQ�-:������9DULDELOLW\�RI�SDUWLFXODWH�PDWWHU�

FRQFHQWUDWLRQV�DORQJ�URDGV�DQG�PRWRUZD\V�GHWHUPLQHG�E\�D�PRYLQJ�PHDVXUHPHQW�XQLW��
$WPRVSKHULF�(QYLURQPHQW���������������

:KLWKHUVSRRQ��-�3���7D\ORU��)�*��������5HWHQWLRQ�RI�D�IDOORXW�VLPXODQW�FRQWDLQLQJ�����&V�E\�
SLQH�DQG�RDN�WUHHV��+HDOWK�3K\VLFV��������±�����

:X�<��+DR�-��)X�/��:DQJ�=��7DQJ�8�������9HUWLFDO�DQG�KRUL]RQWDO�SURILOHV�RI�DLUERXUQH�
SDUWLFXODWH�PDWWHU�QHDU�PDMRU�URDGV�LQ�0DFDR��&KLQD��$WPRVSKHULF�(QYLURQPHQW�����
�����������

=KDQJ�.0��:H[OHU�$6�������(YROXWLRQ�RI�SDUWLFOH�QXPEHU�GLVWULEXWLRQ�QHDU�URDGZD\V��3DUW�,��
DQDO\VLV�RI�DHURVRO�G\QDPLFV�DQG�LWV�LPSOLFDWLRQV�IRU�HQJLQH�HPLVVLRQ�PHDVXUHPHQW��
$WPRVSKHULF�(QYLURQPHQW���������������

=KDQJ�.0��:H[OHU�$6��=KX�<)��+LQGV�:&��6LRXWDV�&�������(YROXWLRQ�RI�SDUWLFOH�QXPEHU�
GLVWULEXWLRQ�QHDU�URDGZD\V��3DUW�,,��WKH�µURDG�WR�DPELHQW¶�SURFHVV��$WPRVSKHULF�
(QYLURQPHQW���������������

*UDPQRWQHY�*��5LVWRYVNL�=�������([SHULPHQWDO�LQYHVWLJDWLRQ�RI�XOWUD�ILQH�SDUWLFOH�VL]H�
GLVWULEXWLRQ�QHDU�D�EXV\�URDG��$WPRVSKHULF�(QYLURQPHQW���������������

$EX�$OODEDQ�0��*LOOLHV�-$��*HUWOHU�$:�������$SSOLFDWLRQ�RI�D�PXOWL�ODJ�UHJUHVVLRQ�DSSURDFK�
WR�GHWHUPLQH�RQ�URDG�30���DQG�30����HPLVVLRQ�UDWHV��$WPRVSKHULF�(QYLURQPHQW�
��������������
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