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([SORUDWLRQ�RI�WKH�UHODWLRQVKLS�EHWZHHQ�UHODWLYH�JURZWK�UDWHV�
LQ�ZRRG\�VSHFLHV�DQG�LUUDGLDQFH�
�����,QWURGXFWLRQ�

7KHUH�LV�D�ZHOO�HVWDEOLVKHG�YLHZ�WKDW�LQ�SODQWV�WKHUH�LV�D�WUDGH�RII�EHWZHHQ�
WROHUDQFH�RI�VKDGH�DQG�JURZWK�UDWH�LQ�KLJK�LUUDGLDQFH���5HFHQWO\�HPSLULFDO�HYLGHQFH�
IRU�WKLV�YLHZSRLQW�KDV�EHHQ�SXEOLVKHG�IRU�WUHHV�LQ�ERWK�WURSLFDO�UDLQ�IRUHVW��+XEEHOO�	�
)RVWHU��������DQG�WKH�QRUWKHUQ�WHPSHUDWH�GHFLGXRXV�IRUHVWV��3DFDOD�HW�DO���������.REH�
HW�DO���������*UXEE�HW�DO�����������$�SRVVLEOH�EDVLV�IRU�WKLV�KDV�EHHQ�SXEOLVKHG�E\�
*ULPH����������6KDGH�WROHUDQW�SODQWV�JURZQ�LQ�GHHS�VKDGH�KDYH�ORZ�PD[LPXP�UDWHV�
RI�SKRWRV\QWKHVLV��LI�WKH\�FDQQRW�UDLVH�WKHVH�UDWHV�YHU\�DSSUHFLDEO\�LQ�KLJK�LUUDGLDQFH��
WKH\�PXVW�JURZ�UHODWLYHO\�VORZO\�WKHUH���/LNHZLVH��OLJKW�GHPDQGLQJ�SODQWV�JURZQ�DW�
KLJK�LUUDGLDQFH�KDYH�KLJK�UDWHV�RI�UHVSLUDWLRQ�DQG�LI�WKH\�FDQQRW�UHGXFH�WKHVH�UDWHV�
JUHDWO\�LQ�GHHS�VKDGH��WKH\�ZLOO�JURZ�YHU\�VORZO\�RU�GLH�WKHUH���)XUWKHUPRUH�PDVV�
EDVHG�QHW�SKRWRV\QWKHWLF�UDWHV�RI�WKH�OHDYHV�RI�VKDGH�SODQWV�KDYH�EHHQ�IRXQG�WR�
H[FHHG�WKRVH�RI�VXQ�SODQWV��ZLWK�WKH�UHYHUVH�RFFXUULQJ�DW�KLJK�LUUDGLDQFH���%MRUNPDQ�
	�+ROPJUHQ��������%RDUGPDQ��������*LYQLVK���������

7KH�DERYH�ILQGLQJV�KDYH�EHHQ�DVVXPHG�WR�VFDOH�XS�WR�D�OHYHO�RI�ZKROH�SODQW�
UHODWLYH�JURZWK�UDWH��5*5���6KXJDUW����������+RZHYHU��WKHUH�LV�D�FRQWUDU\�YLHZ�WKDW�LI�
D�SODQW�JURZV�IDVWHU�WKDQ�DQRWKHU�DW�KLJK�LUUDGLDQFH��LW�ZLOO�DOVR�GR�VR�LQ�WKH�VKDGH�
�.LWDMLPD��������3RRUWHU����������$FFRUGLQJ�WR�WKLV�ODWHU�YLHZ��OLJKW�SOD\V�D�UROH�LQ�
PDLQWDLQLQJ�WKH�PL[WXUH�RI�IRUHVW�VSHFLHV�RQO\�WKURXJK�WKH�ZHOO�HVWDEOLVKHG�WUDGH�RII�
EHWZHHQ�VXUYLYDO�UDWH�LQ�GHHS�VKDGH�DQG�JURZWK�LQ�KLJK�OLJKW���&HUWDLQO\��LQ�WKH�
OLWHUDWXUH��WKLV�WUDGH�RII�LV�PRUH�FRQYLQFLQJ�ZKHQ�VKDGH�WROHUDQFH�LV�PHDVXUHG�E\�
VXUYLYDO�LQ�WKH�VKDGH��+XEEHOO�	�)RVWHU��������.REH�HW�DO���������*UXEE�HW�DO�����������
*URZWK�LQ�WKH�VKDGH�DV�D�PHDVXUH�RI�VKDGH�WROHUDQFH�WHQGV�WR�SURGXFH�PRUH�
FRQIOLFWLQJ�UHVXOWV���6RPH�VWXGLHV�VKRZ�QHJDWLYH�WUHQGV�EHWZHHQ�JURZWK�LQ�KLJK�OLJKW�
DQG�JURZWK�LQ�GHHS�VKDGH��*UXEE�HW�DO���������$J\HPDQ�HW�DO�����������2WKHUV�VKRZ�
QR�SDWWHUQ�DW�DOO��3RSPD�	�%RQJHUV��������:DOWHUV�	�5HLFK��������EXW�PRVW�VKRZ�
RYHU�DOO�SRVLWLYH�FRUUHODWLRQV�ZKLFK�YDU\�LQ�VWUHQJWK��.LWDMLPD��������2VXQNR\D�HW�
DO���������3RRUWHU���������

,Q�D�UHFHQW�UHYLHZ��6DFN�	�*UXEE��������DUJXH�WKDW�SRVLWLYH�UHODWLRQVKLSV�EHWZHHQ�
JURZWK�LQ�KLJK�OLJKW�DQG�JURZWK�LQ�GHHS�VKDGH�DUH�UHIOHFWLYH�RI�VKRUW�WHUP�VWXGLHV�DQG�
WKH�LQIOXHQFH�RI�WKH�VHHG�UHVHUYH���7KH\�DVVXPH�WKDW�LI�D�VSHFLHV�KDV�D�KLJKHU�5*5�
WKDQ�RWKHU�VSHFLHV�LQ�GHHS�VKDGH��LW�ZLOO�KDYH�D�ORZHU�5*5�DW�KLJK�LUUDGLDQFH��6SXUU�
	�%DUQHV��������7KRPDV�	�%D]]D]����������$V�D�FRQVHTXHQFH��VSHFLHV�FKDQJH�UDQN�
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�FURVVRYHU��EHWZHHQ�ORZ�DQG�KLJK�LUUDGLDQFH���,Q�WKH�LQLWLDO�HVWDEOLVKPHQW�VWDJHV��WKH�
DGGLWLRQDO�HQHUJ\�VWRUHG�LQ�WKH�VHHG�UHVHUYH�ZLOO�HQDEOH�VSHFLHV�WKDW�JURZ�IDVW�LQ�KLJK�
OLJKW��W\SLFDOO\�VPDOO�VHHGHG�SLRQHHU�VSHFLHV��WR�DOVR�JURZ�IDVW�LQ�GHHS�VKDGH���$V�
WKHLU�JURZ�UDWHV�DUH�VLPLODU�WR�VKDGH�WROHUDQWV�LQ�WKH�VKDGH��FURVV�RYHUV�LQ�5*5�
EHWZHHQ�VSHFLHV�DUH�OLPLWHG��RWKHUZLVH�NQRZQ�DV�UDQN�UHWHQWLRQV�����

,Q�SK\VLRORJLFDO�WHUPV��D�VPDOO�VHHGHG�VHHGOLQJ��SLRQHHU��ZLOO�KDYH�DQ�LQLWLDO�EXUVW�
RI�UHODWLYH�JURZWK�FRQVLVWHQW�ZLWK�LWV�LQLWLDOO\�YHU\�KLJK�VSHFLILF�OHDI�DUHD��ODPLQD�
DUHD�ODPLQD�GU\�PDVV�6/$��ZKLFK�JLYHV�LW�D�UHODWLYHO\�KLJK�OHDI�DUHD�UDWLR��ODPLQD�
DUHD��SODQW�GU\�PDVV���LQ�6DFN�	�*UXEE����������$V�D�UHVXOW��LW�ZLOO�KDYH�WKH�VXSHULRU�
5*5�DW�ERWK�JDS�DQG�XQGHUVWRUH\�LUUDGLDQFHV���+RZHYHU�DV�WKH�VHHGOLQJV�JURZ�ODUJHU��
GLIIHUHQFHV�DPRQJ�6/$V�GLPLQLVK��ORVH�WKHLU�FRUUHODWLRQ�ZLWK�VHHG�VL]H�DQG�FHDVH�WR�
EH�WKH�FKLHI�GHWHUPLQDQW�RI�5*5���7KH�ODUJH�VHHGHG�VKDGH�WROHUDWRU�PD\�RXWUDQN�WKH�
VPDOO�VHHGHG�OLJKW�GHPDQGHU�DW�XQGHUVWRUH\�LUUDGLDQFH��DOWKRXJK�QRW�DW�KLJKHU�
LUUDGLDQFH���7KXV��DV�WKH�VHHG�UHVHUYH�EHFRPHV�H[KDXVWHG�LQ�D�ORQJHU�WHUP�VWXG\��WKH�
QXPEHU�RI�UDQN�UHYHUVDOV�LQ�5*5�EHWZHHQ�VSHFLHV�LQFUHDVH���7KH�SRWHQWLDO�HIIHFW�
OHDGV�WR�D�QHJDWLYH�FRUUHODWLRQ�EHWZHHQ�JURZWK�UDWH�LQ�KLJK�OLJKW��5*5JDS��DQG�
JURZWK�UDWH�LQ�WKH�VKDGH��5*5XQGHUVWRUH\���

6DFN�	�*UXEE��������GHYHORSHG�DQ�DSSURDFK�WR�VXSSRUW�WKH�DERYH�WKHRU\���7KH�
DSSURDFK�LQYROYHV�WKH�FRQFHSW�RI�WKH�FURVV�RYHU�SRLQW�LUUDGLDQFH��&3,���DQ�HVWLPDWH�
RI�WKH�LUUDGLDQFH�DW�ZKLFK�WKH�FURVVRYHU�RI�5*5�IXQFWLRQV�RFFXU�IRU�DQ\�WZR�VSHFLHV�
�H[SODLQHG�LQ�PHWKRGV����7KH�5*5�IXQFWLRQ�RI�D�VSHFLHV�LV�LWV�UHODWLYH�JURZWK�
UHVSRQVH�WR�LUUDGLDQFH���7KH�QH[W�VWHS�LQYROYHV�FDOFXODWLRQ�RI�WKH�SHUFHQWDJH�RI�FURVV�
RYHU�SRLQWV��&3���IRU�VSHFLHV�SDLUV�WKDW�RFFXU�EHWZHHQ�XQGHUVWRUH\�����GD\OLJKW��
DQG�JDS�LUUDGLDQFH���������GD\OLJKW����$�FRPSDULVRQ�RI�VWXGLHV��VKRZHG�WKDW�ORQJHU�
WHUP�VWXGLHV�KDG�UHODWLYHO\�KLJK�&3���ZKLOVW�VKRUW�WHUP�VWXGLHV�KDG�ORZHU�&3��
ZKHUH�WKH�SUHVHQFH�RI�UDQN�UHWHQWLRQV�LV�LQIHUUHG��

7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�LQYHVWLJDWH�DQG�H[SORUH�UHDVRQV�IRU�WKH�SRVLWLYH�
UHVSRQVH�WKDW�RFFXUV�EHWZHHQ�JURZWK�LQ�GHHS�VKDGH�DQG�UHVSRQVLYHQHVV�WR�OLJKW�
DPRQJVW����6FRWWLVK�QDWLYH�VSHFLHV���7KH�SRVVLELOLW\�RI�UDQN�UHWHQWLRQV�DQG�LQIOXHQFH�
RI�WKH�VHHG�UHVHUYH�ZDV�H[SORUHG�E\�DSSO\LQJ�6DFN�	�*UXEE¶V�DSSURDFK���7KLV��
DSSOLFDWLRQ�DOVR�KDV�WKH�SRWHQWLDO�WR�SURYLGH�HVWLPDWHV�RI�WKH�VSHFLILF�LUUDGLDQFH�OHYHOV�
DW�ZKLFK�FURVV�RYHUV�RFFXU�IRU�SDUWLFXODU�VSHFLHV�SDLUV��LQIRUPDWLRQ�ZKLFK�LV�
SDUWLFXODUO\�LQWHUHVWLQJ�DQG�XVHIXO�LQ�WHUPV�RI�ZRRGODQG�VXFFHVVLRQ�DQG�SUHGLFWLRQ��
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�����0HWKRGV�
7KH�UHODWLYH�JURZWK�UDWH��5*5��RI�RQH�\HDU�ROG�VHHGOLQJV�RI����WHPSHUDWH�VSHFLHV�

JURZQ�XQGHU����������������DQG������3$5��IXOO�GD\OLJKW��IRU�D�JURZWK�SHULRG�RI�
���ZHHNV��$SULO�$XJXVW�������ZDV�FDOFXODWHG�DQG�PHDQV�IRU�HDFK�VSHFLHV�REWDLQHG�
�&KDSWHU������5*5�ZDV�FDOFXODWHG�IURP�WKH�PHDQ�QDWXUDO�ORJDULWKP�RI�SODQW�ZHLJKWV�
�+RIIPDQQ�	�3RRUWHU���������&KDSWHU������7R�LQYHVWLJDWH�WKH�UHODWLRQVKLS�EHWZHHQ�
UHVSRQVLYHQHVV�WR�OLJKW�DQG�VKDGH�WROHUDQFH��SORWV�RI�5*5JDS�YV�5*5XQGHUVWRUH\�
ZHUH�SURGXFHG���7KLV�LQYROYHG�SORWWLQJ�5*5�LQ�KLJKHU�OLJKW�����������DQG������
3$5��DJDLQVW�5*5�LQ�GHHS�VKDGH�������3$5�����

0HWKRGRORJ\�IURP�6DFN�	�*UXEE��������ZDV�IROORZHG�WR�DSSO\�WKH�&URVVRYHU�
3RLQW�,UUDGLDQFH�$SSURDFK���,Q�EULHI��D�OLQH�UHSUHVHQWLQJ�GU\�PDVV�UHODWLYH�JURZWK��LQ�
J�J���ZHHN����DV�D�ORJDULWKPLF�IXQFWLRQ�RI�LUUDGLDQFH����GD\OLJKW��ZDV�ILWWHG�XVLQJ�
RUGLQDU\�OLQHDU�UHJUHVVLRQ��(TXDWLRQ�������

�
5*5� �5�[�OQ��LUUDGLDQFH��������/�� � � � (TXDWLRQ�����

�
ZKHUH�5��WKH�VORSH�RI�WKH�OLQH��UHSUHVHQWV�UHVSRQVLYHQHVV�WR�LUUDGLDQFH��DQG�/��WKH�
LQWHUFHSW��UHSUHVHQWV�WKH�WKHRUHWLFDO�GDUN�ORVV�UDWH��WKH�QHJDWLYH�5*5�LQ�FRPSOHWH�
GDUNQHVV���$�FRQVWDQW�RI�RQH�ZDV�DGGHG�WR�LUUDGLDQFH�VR�WKDW�WKH�µ�¶�RQ�WKH�OQ�
WUDQVIRUPHG�[�D[LV�ZRXOG�UHSUHVHQW����GD\OLJKW��

�
$Q�HVWLPDWH�RI�WKH�LUUDGLDQFH�DW�ZKLFK�WKH�FURVVRYHU�RI�DQ\�WZR�VSHFLHV¶�5*5�

IXQFWLRQV�RFFXUV��WKH�³FURVVRYHU�SRLQW�LUUDGLDQFH´��&3,��ZDV�FDOFXODWHG�XVLQJ�
HTXDWLRQ�������

�
&3,� �H��/VSHFLHV � �/VSHFLHV � ��5VSHFLHV � �5VSHFLHV � ���� � � � (TXDWLRQ�����
�
(TXDWLRQ�����HPSKDVLVHV�WKDW�MXVW�DV�DQ\�WZR�QRQ�SDUDOOHO�OLQHV�PXVW�FURVV��DQ\�

WZR�QRQ�LGHQWLFDO�VSHFLHV�5*5�IXQFWLRQV�PXVW�FURVV�RYHU���,I�WKH�WZR�VSHFLHV�5�
YDOXHV�GLIIHU��WKH\�PXVW�VZLWFK�UDQN�DW�D�SDUWLFXODU�LUUDGLDQFH���7KH�&3,�IRU�HDFK�
VSHFLHV�SDLU�DOORZV�SUHGLFWLRQ�RI�ZKLFK�RI�WKH�SDLU�JURZV�PRUH�TXLFNO\�DW�DQ\�
LUUDGLDQFH���1H[W�WKH�SHUFHQWDJH�RI�FURVV�RYHU�SRLQWV��&3V��RFFXUULQJ�EHWZHHQ������
3$5�DQG�����3$5�DQG�EHWZHHQ������3$5�DQG�����3$5�ZHUH�FDOFXODWHG���7HVWV�
IRU�GLIIHUHQFHV�LQ�VSHFLHV�VORSHV�DQG�LQWHUFHSWV�ZHUH�FDUULHG�RXW�WR�DFTXLUH�D�OHYHO�RI�
FRQILGHQFH�LQ�WKH�&3,�WKDW�RFFXUUHG�EHWZHHQ�VSHFLHV�SDLUV�DQG�WKXV�WKH�&3����
)XUWKHUPRUH�DQ�HIIRUW�WR�SODFH�FRQILGHQFH�LQWHUYDOV�DURXQG�HDFK�&3,�ZDV�PDGH�IRU�
HDFK�VSHFLHV�SDLU��
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7KH�SRVVLEOH�HIIHFW�RI�VHHG�UHVHUYH�RQ�5*5�DQG�WKXV�RQ�WKH�&3��ZDV�LQYHVWLJDWHG�
E\�FRUUHODWLQJ�VHHG�PDVV��PJ��ZLWK�WRWDO�SODQW�PDVV�DW�LQLWLDO�KDUYHVW�DQG�ZLWK�6/$��
/$5�DQG�5*5�DW�ILQDO�KDUYHVW���$FWXDO�VHHGV�IRU�WKH�RQH�\HDU�ROG�VHHGOLQJV�FRXOG�QRW�
EH�REWDLQHG�VR�WKH�OLWHUDWXUH�ZDV�VHDUFKHG�UHVXOWLQJ�LQ�VHHG�PDVV�YDOXHV�IRU����RXW�RI�
WKH����VSHFLHV��3HWHUNHQ�	�/OR\G��������&DUOLVOH�	�%URZQ��������*ULPH�HW�DO���������
$WNLQVRQ��������*UXEE�HW�DO���������5HLFK�HW�DO�������D���7DEOH��������&RUUHODWLRQV�
EHWZHHQ�VHHG�PDVV�DQG�RULJLQDO�(OOHQEHUJ�OLJKW�LQGLFDWRU�YDOXHV��(OOHQEHUJ��������
DQG�QHZ�2JLOY\�VKDGH�WROHUDQFH�UDQNV�IRU�RQH�\HDU�ROG�VHHGOLQJV��&KDSWHU����ZHUH�
DOVR�FDUULHG�RXW���7KHVH�UHODWLRQVKLSV�ZHUH�H[SORUHG�EHFDXVH�D�UHODWLRQVKLS�EHWZHHQ�
VHHG�PDVV�DQG�VKDGH�WROHUDQFH�LV�DVVXPHG�IRU�VHHG�VL]H�WR�EH�D�PDMRU�IDFWRU�
LQIOXHQFLQJ�UDQN�UHWHQWLRQ��6DFN�	�*UXEE���������

�
�������6WDWLVWLFDO�DQDO\VLV�

/LQHDU�UHJUHVVLRQ�ZDV�XVHG�WR�LQYHVWLJDWH�WKH�WUDGH�RII�EHWZHHQ�UHVSRQVLYHQHVV�WR�
OLJKW�DQG�JURZWK�LQ�GHHS�VKDGH���6SHDUPDQ
V�UDQN�FRUUHODWLRQ�ZDV�XVHG�WR�LQYHVWLJDWH�
UHODWLRQVKLSV�EHWZHHQ�VHHG�PDVV�DQG�RWKHU�YDULDEOHV�GXH�WR�QRQ�QRUPDOLW\�LQ�WKH�GDWD�
�0LQLWDE�������6LPSOH�OLQHDU�UHJUHVVLRQ�ZLWK�JURXSV�ZDV�FDUULHG�RXW�WR�WHVW�IRU�
GLIIHUHQFHV�EHWZHHQ�DOO�VSHFLHV�LQWHUFHSWV�DQG�VORSHV�VLPXOWDQHRXVO\��5HJUHVVLRQ�
IXQFWLRQ��*HQVWDW��(GLWLRQ������&RQILGHQFH�LQWHUYDOV�RQ�&3,V�ZHUH�HVWDEOLVKHG�E\�
SORWWLQJ�WKH�OLQHDU�UHVSRQVHV�ZLWK�����FRQILGHQFH�LQWHUYDOV�IRU�HDFK�VSHFLHV�RI�WKH�
SDLU���7KH�XSSHU�DQG�ORZHU�FRQILGHQFH�OLPLWV�FDQ�EH�REWDLQHG�IURP�WZR�RI�WKH�
FRQILGHQFH�LQWHUYDO�FURVV�RYHU�SRLQWV��RQH�EHLQJ�WKH�SRLQW�DW�ZKLFK�WKH�XSSHU�
FRQILGHQFH�OLPLW�RI�WKH�ILUVW�VSHFLHV�FURVVHV�WKH�ORZHU�RI�WKH�VHFRQG��)LJXUH��������7KH�
RWKHU�EHLQJ�WKH�SRLQW�DW�ZKLFK�WKH�XSSHU�FRQILGHQFH�OLPLW�RI�WKH�VHFRQG�VSHFLHV�
FURVVHG�WKH�ORZHU�RI�WKH�ILUVW���$�VSHFLDO�SURJUDP�ZDV�ZULWWHQ�LQ�3DVFDO��FRXUWVH\�RI�
&ROLQ�/HJJ��������WR�DSSO\�HTXDWLRQ�����WR�����VSHFLHV�SDLUV�HDVLQJ�FDOFXODWLRQ�RI�WKH�
&3,��
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)LJXUH������$Q�H[DPSOH�RI�WKH�&URVV�2YHU�3RLQW�,UUDGLDQFH��&3,��DQG�WKH�FDOFXODWLRQ�RI�XSSHU�
DQG�ORZHU�FRQILGHQFH�OLPLWV��&,����'DVKHG�OLQHV�DUH�WKH�����&,�IRU�WKH�WZR�UHJUHVVLRQ�OLQHV��

�
�����5HVXOWV�
�������3ORWV�RI�5*5�JDS�9V�5*5�XQGHUVWRUH\�

3ORWV�RI�5*5�JDS�9V�5*5�XQGHUVWRUH\�SURGXFHG�VLJQLILFDQW�SRVLWLYH�UHJUHVVLRQV�
IRU�DOO�JDS�LUUDGLDQFH�OHYHOV��)LJXUHV��������7KH�VWUHQJWK�RI�WKH�UHODWLRQVKLS�GHFUHDVHG�
ZLWK�LQFUHDVLQJ�OLJKW�ZLWK�WKH�VWURQJHVW�UHODWLRQVKLS�IRXQG�DW�WKH�ORZHU�JDS�LUUDGLDQFH�
RI�����3$5���5HVXOWV�IURP�FRUUHODWLRQV�KDYH�DOVR�EHHQ�LQFOXGHG�KHUH�IRU�VWXG\�
FRPSDULVRQV������3$5��U� �������3��������������3$5��U� �������3���������������
3$5��U� �������3���������

�
�������&URVV�2YHU�3RLQW�,UUDGLDQFH�$SSURDFK�

5HVXOWV�RI�OLQHDU�UHJUHVVLRQV�RI�PHDQ�UHODWLYH�JURZWK�UDWH�DJDLQVW�LUUDGLDQFH�IRU�
LQGLYLGXDO�VSHFLHV�DUH�VKRZQ�LQ�7DEOH�������0RVW�VSHFLHV�JURZWK�UHVSRQVHV�ILWWHG�WKH�
OLQHDU�UHODWLRQVKLS��S���������ZLWK�WKH�H[FHSWLRQ�RI�8OPXV�JODEUD��%HWXOD�SXEHVFHQV��
&RU\OXV�DYHOODQD�DQG�6RUEXV�DXFXSDULD���7KH�ODWWHU�WKUHH��KRZHYHU��KDYH�D�
VLJQLILFDQW�ILW�DW�WKH�����SUREDELOLW\�OHYHO����

(LJKW�SHUFHQW�RI�VSHFLHV�SDLUV�KDG�&3,V�EHWZHHQ����DQG�����OLJKW����RI�D�SRVVLEOH�
����SDLUV�VKRZ�UDQN�UHYHUVDOV�EHWZHHQ�XQGHUVWRUH\�DQG�JDS�LUUDGLDQFH��7DEOH��������

�/RJ�,UUDGLDQFH
� � � � � �

*U
RZ

WK

�

�

�

�

�

�

�

&3,

&3,�&,V
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7KH�PHGLDQ�&3,�ZDV�������3$5���7KLUWHHQ�SHUFHQW�RI�VSHFLHV�SDLUV�KDG�&3,V�
EHWZHHQ����DQG�������7KH�PHGLDQ�&3,�ZDV�������3$5��

'LIIHUHQFHV�LQ�LQWHUFHSWV�ZHUH�IRXQG�EHWZHHQ�DOO�VSHFLHV�OLJKW�UHVSRQVH�FXUYHV�
LQGLFDWLQJ�GLIIHUHQFHV�EHWZHHQ�VSHFLHV��$129$��)� �������G�I�� ���������3�����������
+RZHYHU��QR�VLJQLILFDQW�GLIIHUHQFHV�LQ�VORSHV�ZHUH�IRXQG��$129$��)� �������G�I�� �
��������3� ����������7KH�FDOFXODWLRQ�RI�FRQILGHQFH�LQWHUYDOV�DURXQG�WKH�&3,V�ZDV�
LPSRVVLEOH�GXH�WR�WKH�DEVHQFH�RI�WKH�VSHFLILF�FURVV�RYHU�SRLQWV�EHWZHHQ�WKH�����
FRQILGHQW�LQWHUYDOV�RI�WKH�WZR�OLQHV��)LJXUH�����	�������

�

�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
�
�
�
�
�
�

�������������������������������������������������
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�������5HODWLRQVKLSV�EHWZHHQ�VHHG�PDVV��VKDGH�WROHUDQFH�DQG�JURZWK�
6OLJKWO\�GLIIHUHQW�GHJUHHV�RI�VKDGH�WROHUDQFH�RI�VSHFLHV�ZHUH�UHSUHVHQWHG�E\�

(OOHQEHUJ¶V�RULJLQDO�OLJKW�LQGLFDWRU�YDOXHV��(OOHQEHUJ��������DQG�WKH�QHZ�2JLOY\�
UDQNV�EDVHG�RQ�SK\VLRORJ\�IRU�RQH�\HDU�ROG�QXUVHU\�JURZQ�VHHGOLQJV��&KDSWHU������1R�
VLJQLILFDQW�FRUUHODWLRQ�ZDV�IRXQG�EHWZHHQ�VHHG�PDVV�DQG�(OOHQEHUJ�5DQNV�IRU�DOO�
VSHFLHV�RU�IRU�GHFLGXRXV�VSHFLHV�DORQH��7DEOH��������$�QHJDWLYH�WUHQG�ZDV�IRXQG�
EHWZHHQ�VHHG�PDVV�DQG�2JLOY\�UDQNV�IRU�DOO�VSHFLHV��3����������+RZHYHU��ZKHQ�
HYHUJUHHQV�ZHUH�H[FOXGHG��D�VWURQJHU�VLJQLILFDQW�QHJDWLYH�FRUUHODWLRQ�ZDV�IRXQG�
FOHDUO\�LQGLFDWLQJ�D�UHGXFWLRQ�LQ�VHHG�PDVV�ZLWK�DQ�LQFUHDVH�LQ�VKDGH�LQWROHUDQFH�RU�
GHPDQG�IRU�OLJKW����

)XUWKHU�WHVWV�WR�VHH�LI�WKHUH�ZDV�HYLGHQFH�RI�WKH�VHHG�UHVHUYH�KDYLQJ�DQ�HIIHFW�RQ�
WKH�JURZWK�RI�VHHGOLQJV�ZHUH�FDUULHG�RXW���$�SRVLWLYH�WUHQG�ZDV�IRXQG�EHWZHHQ�VHHG�
PDVV�DQG�PHDQ�SODQW�PDVV�DW�LQLWLDO�KDUYHVW��EHIRUH�EXG�EXUVW��IRU�DOO�VSHFLHV��3���
�������:KHQ�HYHUJUHHQV�ZHUH�H[FOXGHG��D�VLJQLILFDQW�SRVLWLYH�FRUUHODWLRQ�ZDV�IRXQG�
EHWZHHQ�VHHG�PDVV�DQG�LQLWLDO�PHDQ�SODQW�PDVV���1R�VLJQLILFDQW�FRUUHODWLRQV�ZHUH�
IRXQG�EHWZHHQ�VHHG�PDVV�DQG�PHDQ�6/$��/$5�RU�5*5�DW�ILQDO�KDUYHVW��3�!��������

�
7DEOH������6HHG�PDVV��PJ��RI����RI�WKH����QDWLYH�WUHH�VSHFLHV�ZLWK�WKHLU�QHZ�2JLOY\�VKDGH�
WROHUDQFH�UDQN�IRU�RQH�\HDU�ROGV��RULJLQDO�(OOHQEHUJ�OLJKW�LQGLFDWRU�YDOXHV���UDQNV�DQG�LQLWLDO�
PHDQ�SODQW�PDVV��ORJJHG��EHIRUH�EXG�EXUVW���$Q�LQFUHDVH�LQ�YDOXH�LQGLFDWHV�DQ�LQFUHDVH�LQ�
OLJKW�GHPDQG�RU�VKDGH�LQWROHUDQFH���6SHDUPDQ¶V�UDQN�FRUUHODWLRQV�EHWZHHQ�VHHG�PDVV�DQG�
UDQNV�DQG�PHDQ�SODQW�PDVV�KDYH�EHHQ�LQFOXGHG�IRU�DOO�VSHFLHV�DQG�MXVW�GHFLGXRXV�VSHFLHV�
�UV� �FRUUHODWLRQ�FR�HIILFLHQW��
��������

���������QV� �QRW�VLJQLILFDQW���
6SHFLHV� 6HHG�PDVV��PJ��� 2JLOY\�5DQNV� (OOHQEHUJ�

5DQNV�
OQ�,QLWLDO�3ODQW��
0DVV�

4��SHWUDHD� ��������*ULPH�HW�DO��������� �� �� ������
,��DTXLIROLXP� �����3HWHUNHQ�	�/OR\G�������� ���� �� ������
)��H[FHOVLRU� �������*ULPH�HW�DO��������� �� �� ������
8��JODEUD� ������*ULPH�HW�DO��������� ���� �� ������
&��FRPPXQLV� ������*UXEE�HW�DO��������� �� �� ������
3��V\OYHVWULV� ������&DUOLVOH�	�%URZQ�������� �� �� ������
6��DXFXSDULD� ������*ULPH�HW�DO��������� �� �� ������
$��JOXWLQRVD� ������*ULPH�HW�DO��������� �� �� ������
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�����'LVFXVVLRQ�
$�WUDGH�RII�EHWZHHQ�UHVSRQVLYHQHVV�WR�OLJKW�DQG�JURZWK�UDWH�LQ�GHHS�VKDGH�ZDV�QRW�

IRXQG���,QVWHDG�SRVLWLYH�UHODWLRQVKLSV�ZHUH�IRXQG�IRU�DOO�WKUHH�SORWV�RI�5*5JDS�9V�
5*5XQGHUVWRUH\��)LJXUH��������7KH�SRVLWLRQLQJ�RI�VSHFLHV�GLG�QRW�FKDQJH�DFURVV�WKH�
WKUHH�SORWV�ZLWK�OLJKW�GHPDQGHUV�VXFK�DV�8��JODEUD��ERWK�%HWXOD�DQG�6DOL[�VSHFLHV�
JURZLQJ�IDVW�LQ�ERWK�KLJK�DQG�ORZ�OLJKW���7KH�VORZHU�JURZHUV��3LQXV�V\OYHVWULV�DQG�
-XQLSHUXV�FRPPXQLV�DUH�DV�H[SHFWHG��SRVLWLRQHG�LQ�WKH�ERWWRP�OHIW�KDQG�VLGH�RI�WKH�
JUDSK��UHIOHFWLQJ�WKHLU�VHSDUDWH�SK\VLRORJ\�IURP�GHFLGXRXV�VSHFLHV���7KH�VWUHQJWK�RI�
WKH�UHODWLRQVKLS�KRZHYHU�GLG�FKDQJH�ZLWK�OLJKW�LQWHQVLW\��ZHDNHQLQJ�ZLWK�HDFK�KLJKHU�
OHYHO�RI�JDS�LUUDGLDQFH���7KH�JUHDWHVW�5*5�UHVSRQVH�WR�LUUDGLDQFH�RFFXUUHG�EHWZHHQ�
�����DQG�����3$5��UHIOHFWLYH�RI�VHHGOLQJV�VKRRWLQJ�XS�DV�VRRQ�DV�WKH\�ZHUH�
H[SRVHG�WR�D�VPDOO�LQFUHDVH�LQ�OLJKW��7KH�UHVSRQVH�PD\�OHVVHQ�DW�KLJKHU�LUUDGLDQFHV�
GXH�WR�VSHFLHV�UHDFKLQJ�WKHLU�PD[LPXP�UDWHV�RI�SKRWRV\QWKHVLV�RU�GXH�WR�JURZWK�
UHVWULFWLRQV�VXFK�DV�ZDWHU�VWUHVV�RU�H[SRVXUH��

7KH�DSSOLFDWLRQ�RI�6DFN�	�*UXEE¶V�DSSURDFK�\LHOGHG����RI�VSHFLHV�SDLUV�&3V�
RFFXUULQJ�EHWZHHQ����DQG�����GD\OLJKW�ZLWK�D�PHGLDQ�&3,�RI�������3$5���7KLV�
UHVXOW�LV�VLPLODU�WR�DQRWKHU�VLQJOH�VHDVRQ�WHPSHUDWH�VSHFLHV�WULDO�ZKHUH�����RI�VSHFLHV�
SDLUV�FURVVHG�RYHU�EHWZHHQ���DQG�����GD\OLJKW�ZLWK�D�PHGLDQ�&3,�RI�������3$5�
�*UXEE�HW�DO���������LQ�6DFN�	�*UXEE��������������RI�VSHFLHV�SDLUV�FKDQJHG�UDQN�
EHWZHHQ�WKHVH�WZR�LUUDGLDQFHV�LQ�D�ORQJHU�WHUP�WHPSHUDWH�VSHFLHV�WULDO�UXQ�RYHU�WZR�
JURZLQJ�VHDVRQV��:DOWHUV�	�5HLFK��������ZLWK�D�PHGLDQ�&3,�RI��������6DFN�	�
*UXEE��������DUJXH�WKDW�VWXGLHV�WKDW�\LHOG�ORZHU�&3��DQG�PHGLDQ�&3,V�DUH�JHQHUDOO\�
OLQNHG�WR�VKRUW�WHUP�VWXGLHV�ZKLFK�LQHYLWDEO\�LQYROYH�QHZO\�HVWDEOLVKHG�VHHGOLQJV�
ZKHUH�WKH�VHHG�UHVHUYH�VWLOO�KDV�D�WHPSRUDU\�HIIHFW�RQ�JURZWK���,I�WULDOV�DUH�UXQ�RYHU�D�
ORQJHU�SHULRG��WKH�VHHG�UHVHUYH�EHFRPHV�H[KDXVWHG�OHDGLQJ�WR�D�ZLGH�VFDWWHULQJ�RI�
FURVVRYHU�SRLQWV�ZLWK�PHGLDQV�RFFXUULQJ�EHWZHHQ�JDS�DQG�XQGHUVWRUH\�LUUDGLDQFHV����

5HVXOWV�FRQIRUP�ZLWK�RWKHU�VKRUW�WHUP�VWXGLHV�ZLWK�D�ORZ�&3��DQG�PHGLDQ�&3,�
�LQ�6DFN�	�*UXEE����������+RZHYHU�WKH�WULDO�GLG�QRW�LQYROYH�QHZO\�HVWDEOLVKHG�
VHHGOLQJV�EXW�QXUVHU\�JURZQ�RQH�\HDU�ROG�VHHGOLQJV�ZKHUH�D�VHHG�UHVHUYH�HIIHFW�
ZRXOG�QRW�EH�H[SHFWHG�GXH�WR�H[KDXVWLRQ�DIWHU�WKH�ILUVW�VHDVRQ���7KH�SRVLWLYH�
UHODWLRQVKLSV�EHWZHHQ�VHHG�PDVV�DQG�PHDQ�SODQW�PDVV�EHIRUH�EXG�EXUVW�DW�LQLWLDO�
KDUYHVW�VXJJHVWV�WKDW�VHHG�VL]H�PD\�KDYH�GULYHQ�JURZWK�WR�VRPH�H[WHQW�LQ�WKH�ILUVW�
VHDVRQ���*ULPH�	�-HIIUH\��������IRXQG�SRVLWLYH�FRUUHODWLRQV�EHWZHHQ�ORJ�PHDQ�
ZHLJKW�RI�VHHG�UHVHUYH�DQG�ORJ�PD[LPXP�KHLJKW�DWWDLQHG���+RZHYHU��LQ�WKH�VHFRQG�
VHDVRQ��DW�ILQDO�KDUYHVW��QR�VLJQLILFDQW�FRUUHODWLRQV�EHWZHHQ�VHHG�PDVV�DQG�PHDQ�
6/$��/$5�DQG�5*5�ZHUH�IRXQG�ZKLFK�VXJJHVWV�WKDW�WKH�VHHG�UHVHUYH�KDG�OLWWOH�
LQIOXHQFH�GXULQJ�WKLV�SHULRG���,I�WKH�VHHG�UHVHUYH�KDG�KDG�DQ�LQIOXHQFH��D�QHJDWLYH�
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FRUUHODWLRQ�EHWZHHQ�VHHG�PDVV�DQG�5*5�PD\�KDYH�EHHQ�H[SHFWHG��)HQQHU��������
6KLSOH\�	�3HWHUV��������/HLVKPDQ�	�:HVWRE\��������2VXQNR\D�HW�DO���������
&RUQHOLVVHQ�HW�DO�����������0DUDQRQ�	�*UXEE��������H[SODLQ�WKLV�QHJDWLYH�
UHODWLRQVKLS�LQ�WHUPV�RI�VPDOOHU�VHHGV�JLYLQJ�ULVH�WR�D�KLJKHU�6/$�ZKLFK�LQ�WXUQ�
UHVXOWV�LQ�D�KLJKHU�/$5�ZKHUHE\�SODQWV�LQWHUFHSW�PRUH�OLJKW�SHU�XQLW�WRWDO�PDVV�VR�
JURZ�DW�D�IDVWHU�UDWH��

5HVXOWV�VXJJHVW�WKDW�WKH�VHHG�UHVHUYH�KDG�OLWWOH�WR�GR�ZLWK�WKH�SURGXFWLRQ�RI�WKH�ORZ�
&3��DQG�PHGLDQ�&3,�LQ�WKLV�VWXG\���6HHG�VL]H�WHQGV�WR�EH�D�PDMRU�IDFWRU�LQIOXHQFLQJ�
WKH�&3��ZKHQ�GHDOLQJ�ZLWK�VPDOO�VHHGHG�OLJKW�GHPDQGHUV�DQG�ODUJH�VHHGHG�VKDGH�
WROHUDWRUV���7KH�VSHFLHV�VHW�LQYROYHG�D�PL[WXUH�RI�HYHUJUHHQ�DQG�GHFLGXRXV�VSHFLHV�
ZKLFK��JURXSHG�WRJHWKHU�KDG�QR�VLJQLILFDQW�FRUUHODWLRQ�ZLWK�HLWKHU�+LOO�RU�2JLOY\�
VKDGH�WROHUDQFH�UDQNLQJV���,W�LV�DFNQRZOHGJHG�WKDW�VHHG�VL]H�PD\�FRUUHODWH�VWURQJO\�
ZLWK�VKDGH�WROHUDQFH�IRU�FHUWDLQ�VSHFLHV�VHWV�EXW�IRU�RWKHUV�WKHUH�LV�QR�PRUH�WKDQ�D�
ZHDN�FRUUHODWLRQ�DV�OLJKW�GHPDQG�LV�RQO\�RQH�RI�KRVW�RI�SRWHQWLDOO\�VWURQJ�
HYROXWLRQDU\�LQIOXHQFHV�RQ�VHHG�WUDLWV��*UXEE�HW�DO���������*UXEE�	�0HWFDOIH��������
*UXEE����������2WKHU�LQIOXHQFHV�LQFOXGH�GURXJKW�UHVLVWDQFH�DQG�GLVSHUVDO���)RU�
H[DPSOH��,��DTXLIROLXP�LV�D�ORQJ�OLYHG�VKDGH�WROHUDQW�VSHFLHV�EXW�KDV�D�UHODWLYHO\�VPDOO�
VHHG��DVVRFLDWHG�ZLWK�ZLGH�VHHG�GLVSHUVDO�E\�ELUGV��3HWHUNHQ����������*\PQRVSHUPV�
WHQG�QRW�WR�KDYH�DQ�DVVRFLDWLRQ�EHWZHHQ�VKDGH�WROHUDQFH�DQG�ODUJHU�VHHG�VL]H��+HZLWW��
��������$�SRVVLEOH�H[SODQDWLRQ�IRU�WKLV�LV�WKDW�FRQLIHUV�WHQG�WR�EH�OHVV�IOH[LEOH�LQ�WKHLU�
FDSDFLW\�WR�FKDQJH�VHHG�VL]H�LQ�GLIIHUHQW�HQYLURQPHQWV�DV�WKHUH�LV�QR�VHOHFWLRQ�
SUHVVXUH�WR�GR�VR�EHFDXVH�PRVW�LQKDELW�SRRU��RSHQ�VLWHV��RXW�FRPSHWHG�E\�WKH�
KDUGZRRGV�LQ�WKH�QXWULHQW�ULFK�VKDG\�VLWHV��

0RUSKRORJLFDO�DGMXVWPHQWV�LQ�WKH�VKDGH�ZKLFK�RFFXU�LQGHSHQGHQW�RI�WKH�VHHG�
UHVHUYH�LV�D�PRUH�IHDVLEOH�H[SODQDWLRQ�IRU�WKH�ORZ�&3��DQG�PHGLDQ�&3,���,Q�WKH�
SUHYLRXV�FKDSWHU��WKH�EDVLF�HTXDWLRQ�RI�JURZWK�DQDO\VLV��5*5� �/$5�[�1$5��(YDQV��
�������UHYHDOHG�WKDW�/$5�GHWHUPLQHG�5*5�GLIIHUHQFHV�LQ�GHHS�VKDGH�������3$5��
ZKLOVW�1$5�GHWHUPLQHG�GLIIHUHQFHV�DW�WKH�WKUHH�KLJKHU�LUUDGLDQFH�OHYHOV��FRQIRUPLQJ�
WR�WKH�SDUDGLJP�DVVHUWHG�E\�9HQHNODDV�	�3RRUWHU����������7KH�RQH�\HDU�ROG�VHHGOLQJV�
ZHUH�FOHDUO\�DEOH�WR�PDNH�ERWK�SK\VLRORJLFDO��1$5��DQG�PRUSKRORJLFDO�DGMXVWPHQWV�
LQ�GLIIHUHQW�LUUDGLDQFHV���)RU�DOO�VSHFLHV��HVSHFLDOO\�IRU�WKH�PRVW�IDVW�JURZLQJ�VSHFLHV��
WKH�SRWHQWLDOO\�GHOHWHULRXV�HIIHFWV�RI�VKDGH�RQ�JURZWK�UDWH�ZHUH�RIIVHW�E\�KLJKHU�6/$�
DQG�/$5���7KLV�H[SODLQV�IDVW�JURZWK�LQ�ORZ�OLJKW�DV�ZHOO�DV�KLJK�OLJKW�IRU�VKDGH�
LQWROHUDQW�VSHFLHV�VXFK�DV�WKH�%HWXOD�DQG�6DOL[�VSHFLHV���,I�WKH�VWXG\�ZHUH�WR�KDYH�
EHHQ�UXQ�LQWR�D�VHFRQG�JURZLQJ�VHDVRQ��WKHUH�LV�HYLGHQFH�WKDW�ZRRG\�VSHFLHV�LQ�GHHS�
VKDGH�HYHQWXDOO\�HQWHU�D�VHFRQG�VWDJH�RI�GHYHORSPHQW��ZKHUH�1$5�EHFRPHV�WKH�
GRPLQDQW�IDFWRU�LQ�VSHFLHV�5*5�GLIIHUHQFHV��3RSPD�	�%RQJHUV��������2VXQNR\D�HW�
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DO���������$J\HPDQ�HW�DO�����������(YHQWXDOO\��LQ�WKH�ORQJHU�WHUP��VSHFLHV�WKDW�KDYH�
WKH�KLJKHVW�/$5�YDOXHV��WKH�OLJKW�GHPDQGHUV��ZLOO�KDYH�WKH�ORZHVW�1$5V�LQ�WKH�
VKDGH�GXH�WR�KLJK�UHVSLUDWRU\�FRVWV�DQG�VKRUW�OHDI�OLIHWLPHV��:DOWHUV�	�5HLFK����������
,Q�DGGLWLRQ��WKHUH�LV�RQWRJHQ\�WR�FRQVLGHU���1DWXUDOO\�DV�SODQWV�JURZ�ELJJHU��/$5�
YDOXHV�GHFOLQH�FRUUHVSRQGLQJ�WR�DQ�LQFUHDVH�LQ�ZKROH�SODQW�OLJKW�FRPSHQVDWLRQ�SRLQW��
DQG�D�VORZLQJ�RI�5*5��HVSHFLDOO\�LQ�VKDGH�DQG�HVSHFLDOO\�IRU�WKH�PRVW�IDVW�JURZLQJ�
VSHFLHV��*LYQLVK����������

(YHQ�LI�WKH�VWXG\�KDG�EHHQ�UXQ�LQWR�D�VHFRQG�VHDVRQ��D�UHODWLYHO\�ORZ�&3��DQG�
PHGLDQ�&3,�ZRXOG�QRW�EH�VXUSULVLQJ�GXH�WR�ZKDW�LV�NQRZ�DERXW�WKH�VSHFLHV
�
HFRORJLHV���7KH�PDMRULW\�RI�WKH�VSHFLHV�OLH�WRZDUGV�WKH�PRUH�OLJKW�GHPDQGLQJ�VHFWRU�
RI�WKH�VKDGH�WROHUDQFH�UDQJH���)XUWKHUPRUH�GLIIHUHQWLDWLRQ�LQ�JURZWK�UHVSRQVH�FDXVLQJ�
UDQN�UHYHUVDOV�SHUKDSV�ZRXOG�EH�H[SHFWHG�DW�D�KLJKHU�JDS�LUUDGLDQFH�WKDQ�����3$5���
5HVXOWV�VXSSRUW�WKLV�LGHD�WR�VRPH�H[WHQW�ZLWK�VOLJKWO\�PRUH�FURVV�RYHUV������RI�
VSHFLHV�SDLUV��RFFXUULQJ�EHWZHHQ����DQG�����3$5���7KHUH�DUH�RWKHU�HFRORJLFDO�
UHDVRQV�ZK\�D�VHW�RI�VSHFLHV�PD\�QRW�VKRZ�PDQ\�UDQN�UHYHUVDOV�LQ�5*5�EHWZHHQ�
XQGHUVWRUH\�DQG�JDS���6KDGH�WROHUDQFH�LV�QRW�QHFHVVDULO\�FRQQHFWHG�ZLWK�JURZWK�
SRWHQWLDO�RU�ELRPDVV�FRQVHUYDWLRQ���)RU�H[DPSOH��DOORFDWLRQ�WR�GHIHQFH�DQG�VWRUDJH�LQ�
ORZ�OLJKW�SODQWV�PD\�RFFXU�DV�D�WUDGH�RII�ZLWK�JURZWK��

8S�WR�QRZ��WKH�&3��KDV�EHHQ�DFFHSWHG�DQG�H[SODQDWLRQV�IRU�LWV�ORZ�YDOXH�
H[SORUHG���'XULQJ�LWV�FDOFXODWLRQ��KRZHYHU��D�YHU\�LPSRUWDQW�VWDWLVWLFDO�IODZ�HPHUJHG�
ZKLFK�TXHVWLRQV�WKH�ZKROH�YDOLGLW\�RI�WKH�DSSURDFK���7HVWV�IRU�GLIIHUHQFHV�LQ�VORSHV�
EHWZHHQ�VSHFLHV�JURZWK�UHVSRQVH�OLQHV�ZHUH�LQVLJQLILFDQW��S�!���������7KLV�VXJJHVWV�
WKDW�WKH�OLQHV�DUH�FORVH�WR�SDUDOOHO��ZKLFK�PHDQV�WKDW�WKHUH�ZDV�D�ODUJH�DPRXQW�RI�HUURU�
LQ�WKH�HVWLPDWLRQ�RI�WKH�&3,���,W�LV�YHU\�SRVVLEOH�WKDW�LQGLYLGXDO�VSHFLHV¶�OLJKW�UHVSRQVH�
FXUYHV�ZHUH�QRW�UHSUHVHQWDWLYH�RI�WUXH�UHVSRQVHV���3ODQWV�ZHUH�JURZQ�XQGHU�IRXU�
GLIIHUHQW�OLJKW�UHJLPHV��VR�UHVSRQVH�OLQHV�ZHUH�RQO\�GUDZQ�WKURXJK�IRXU�SRLQWV�RQ�WKH�
JUDSK�ZLWK�RQO\�WZR�GHJUHHV�RI�IUHHGRP�FDOFXODWHG�LQ�WKH�UHJUHVVLRQ���$V�D�UXOH�RI�
WKXPE��GHJUHHV�RI�IUHHGRP�LQ�GRXEOH�ILJXUHV�DUH�UHFRPPHQGHG��7RP�&RQQROO\��
SHUVRQDO�FRPPXQLFDWLRQ�����

6DFN�DQG�*UXEE��������DGPLWWHG�WKH\�³HPSOR\HG�PHWKRGV�RI�OHVV�WKDQ�LGHDO�
H[DFWLWXGH´��LH��WZR�GDWD�SRLQWV����7KH\�H[SODLQ�WKDW�GDWD�EHFRPH�VFDUFH�ZKHQ�RQH�LV�
RQO\�FRQFHUQHG�ZLWK�WKH�UDQJH�RI�LUUDGLDQFH�RYHU�ZKLFK�VSHFLHV�VKRZ�LQFUHDVLQJ�
5*5V�H[FOXGLQJ�JURZWK�GDWD�IRU�SKRWRLQKLELWRU\�LUUDGLDQFHV�RU�OLPLWDWLRQ��E\�
QLWURJHQ�IRU�H[DPSOH���7KH�VWUDLJKW�OLQH�SDUW�RI�WKH�JURZWK�UHVSRQVH�FXUYH�LV�RI�PRVW�
LQWHUHVW�DLGLQJ�WKH�SURGXFWLRQ�RI�VLJQLILFDQW�OLQHDU�ILWV��3���������DQG�WKH�FDOFXODWLRQ�
RI�WKH�&3,��(TXDWLRQ��������,W�ZDV�GHFLGHG�IRU�VWDWLVWLFDO�UHDVRQV�DV�ZHOO�DV�WKH�IDFW�
WKDW�RQO\�WZR�VSHFLHV�VKRZHG�VOLJKW�GHFOLQHV�LQ�5*5�WR�LQFOXGH�WKH�RSHQ�WUHDWPHQW�
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GHVSLWH�SRVVLEOH�JURZWK�OLPLWDWLRQV�FDXVHG�E\�ZDWHU�VWUHVV���6WXGLHV�WKDW�DSSO\�6DFN�
	�*UXEE¶V�DSSURDFK�ZLWK�IHZ�GDWD�SRLQWV�VKRXOG�EH�YLHZHG�ZLWK�FDXWLRQ���7KLV�LV�
HYLGHQW�IURP�WKLV�VWXG\�DORQH����

)XWXUH�WULDOV�ZRXOG�EHQHILW�IURP�QRW�MXVW�LQFUHDVLQJ�WKH�QXPEHU�RI�OLJKW�OHYHOV�EXW�
DOVR�LQFUHDVLQJ�WKH�OLJKW�OHYHOV�LQ�WKH�UHJLRQ�RI�LQFUHDVLQJ�5*5V���2WKHU�EHQHILWV�WR�
LQFUHDVLQJ�WKH�QXPEHU�RI�OLJKW�OHYHOV�ZRXOG�LQFOXGH�WKH�FRQVHTXHQWLDO�UHGXFWLRQ�LQ�
HUURU�ZKLFK�ZRXOG�WLJKWHQ�WKH�FRQILGHQFH�LQWHUYDOV�DURXQG�HDFK�UHJUHVVLRQ�OLQH�DQG�
SHUKDSV�DLG�WKH�FDOFXODWLRQ�RI�FRQILGHQW�LQWHUYDOV�DURXQG�HDFK�&3,��)LJXUH��������7KH�
ODWWHU�SURYHG�LPSRVVLEOH�GXH�WR�YHU\�ODUJH�FRQILGHQFH�LQWHUYDOV�DURXQG�HDFK�OLQHDU�
UHJUHVVLRQ���)XUWKHUPRUH�D�PDMRU�SUREOHP�DURVH�IURP�WKH�IDFW�WKDW�VSHFLHV�SDLUV�KDYH�
SRVLWLYH�UHVSRQVHV�WR�OLJKW��)LJXUH��������7KH�OLNHOLKRRG�RI�VSHFLHV�SDLUV�KDYLQJ�
FRQWUDVWLQJ�UHVSRQVHV�LV�GHEDWDEOH�EXW�SHUKDSV�LV�SRVVLEOH�LQ�ORQJHU�WHUP�VWXGLHV�ZLWK�
VSHFLHV�IURP�H[WUHPH�HQGV�RI�WKH�VKDGH�WROHUDQFH�VSHFWUXP���$V�:DOWHUV�	�5HLFK�
�������UHYHDOHG�LQ�WKHLU�WZR�\HDU�VWXG\��WHPSHUDWH�VKDGH�WROHUDQWV�HYHQWXDOO\�RXWJURZ�
WKHLU�VKDGH�LQWROHUDQW�FRXQWHUSDUWV�LQ�GHHS�VKDGH���

,Q�IXUWKHU�GHYHORSPHQW�RI�WKH�DSSURDFK��D�UHDVVHVVPHQW�RI�DSSURSULDWH�FRQILGHQW�
LQWHUYDOV�LV�UHTXLUHG���,W�LV�DFNQRZOHGJHG�WKDW�����FRQILGHQW�LQWHUYDOV�DURXQG�ORJ�
OLQHDU�IXQFWLRQV�IRU�VSHFLHV�SDLUV��DFWXDOO\�JLYH�ULVH�WR�YHU\�FRQVHUYDWLYH�FRQILGHQW�
LQWHUYDOV�DURXQG�WKH�&3,��L�H����������&,��������� ���±����������WKH�SUREDELOLW\�RI�
WZR�REVHUYDWLRQV�RXWVLGH�OLPLWV�����,I�����FRQILGHQW�LQWHUYDOV�DURXQG�WKH�&3,��DUH�
GHVLUDEOH��WKH�FRQILGHQW�LQWHUYDOV�DURXQG�HDFK�UHJUHVVLRQ�ZRXOG�QHHG�WR�EH�ZLGHQHG�
�L�H������&,�������� �����VTXDUHG�URRW�RI��������

$�FULWLTXH�RI�6DFN�	�*UXEE
V�&3,�DSSURDFK��.LWDMLPD�	�%RONHU��������ZDV�
SXEOLVKHG�DIWHU�FRPSOHWLRQ�RI�&KDSWHU�����.LWDMLPD�	�%RONHU��������DOVR�H[SUHVV�D�
FRQFHUQ�DERXW�WKH�VWDWLVWLFDO�YLDELOLW\�RI�WKH�DSSURDFK�HVSHFLDOO\�LQ�UHODWLRQ�WR�WKH�ODFN�
RI�FRQVLGHUDWLRQ�RI�PHDVXUHPHQW�DQG�VWUXFWXUDO�HUURU���7KH\�DOVR�VWUHVV�WKH�QHHG�IRU�
VXIILFLHQWO\�GLIIHUHQW�LUUDGLDQFHV�WR�LQFUHDVH�FRQILGHQFH�LQ�WKH�VKDSH�RI�OLJKW�UHVSRQVH�
FXUYHV�RI�VSHFLHV����

.LWDMLPD�	�%RONHU��������EULHIO\�PHQWLRQ�WKDW�WKH�LQFOXVLRQ�RI�FRQILGHQFH�
LQWHUYDOV�DURXQG�WKH�&3,�ZRXOG�EH�D�JRRG�LGHD�EXW�GR�QRW�HODERUDWH���7KH�XVH�RI�D�ORJ�
OLQHDU�IXQFWLRQ�WR�ILW�VSHFLHV�JURZWK�UHVSRQVHV�WR�OLJKW�LV�FULWLFLVHG�DV�W\SLFDO�IRUPV�RI�
WKH�5*5�UHDFWLRQ�QRUP�DUH�EHOLHYHG�WR�VKRZ�DQ�DV\PSWRWLF�LQFUHDVH�RIWHQ�ZLWK�D�
GURS�DW�WKH�KLJKHVW�LUUDGLDQFHV���7KH\�VKRZ�KRZ�WKH�&3���EHWZHHQ����DQG�����IXOO�
GD\OLJKW��FDQ�EH�XQGHUVWLPDWHG�ZKHQ�WKH�UHVSRQVH�FXUYH�LV�ILWWHG�LQFRUUHFWO\�ZLWK�D�
ORJDULWKPLF�IXQFWLRQ�UDWKHU�WKDQ�D�0LFKDHOLV�0HQWHQ�FXUYH���6DFN�	�*UXEE���������LQ�
WKHLU�UHSO\�WR�WKLV�SDSHU��DJUHH�WKDW�ILWWLQJ�GLIIHUHQW�W\SHV�RI�OLQH�WR�GDWD�VHWV�FDQ�
SURGXFH�GLIIHUHQW�FURVV�RYHU�SDWWHUQV���7KH\�VXJJHVW�WKDW�WKH�ORJ�OLQHDU�IXQFWLRQ�LV�
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SHUKDSV�PRUH�DSSURSULDWH�IRU�GDWD�VHWV�WKDW�LQFOXGH�5*5V�EHORZ�VDWXUDWLRQ�LUUDGLDQFH�
DQG�WKH�0LFKDHOLV�0HQWHQ�LV�PRUH�DSSURSULDWH�ZKHQ�PRUH�GDWD�DUH�DYDLODEOH�
LQFOXGLQJ�5*5V�DERYH�VDWXUDWLRQ�LUUDGLDQFH���2WKHU�FDYHDWV�WR�WKH�DSSURDFK�ZKLFK�
FDQ�DIIHFW�FURVV�RYHUV�EHWZHHQ�VSHFLHV�ZKLFK�KDYH�EHHQ�DFNQRZOHGJHG�LQFOXGH�WKH�
SUREOHPV�ZLWK��RQWRJHQHWLF�GULIW��VHH�&KDSWHU����DQG�SRW�ERXQG�VHHGOLQJV�LQ�ORQJHU�
WHUP�WULDOV�DQG�WKH�HIIHFWV�RI�SUH�WUHDWPHQW�OLJKW�FRQGLWLRQV��6DFN�	�*UXEE��������
.LWDMLPD�	�%RONHU���������

�
�����6XPPDU\�

$Q�LQYDOXDEOH�DQG�XQLTXH�FRPSDUDWLYH�GDWDVHW�ZDV�DFTXLUHG�IURP�XVLQJ����
VSHFLHV��EXW�LW�KDG�LWV�WUDGH�RII�LQ�ORJLVWLFV�ZKLFK�OLPLWHG�WKH�QXPEHU�RI�OLJKW�OHYHOV�
WKDW�FRXOG�EH�XVHG�WR�VWXG\�OLJKW�UHVSRQVH�FXUYHV�ZLWK�DFFXUDF\���(YHQ�WKRXJK�WKH�
GDWD�LV�VWDWLVWLFDO�SRRU��LW�VWLOO�SURYLGHV�FOXHV�RQ�VSHFLILF�VSHFLHV�UHVSRQVHV�WR�
LUUDGLDQFH�IRU�RQH�\HDU�ROG�QXUVHU\�JURZQ�VHHGOLQJV���6SHFLHV�GR�QRW�JHQHUDOO\�
DSSHDU�WR�FURVV�UDQN�LQ�WKHLU�VHFRQG�\HDU�RI�JURZWK��WKLV�FDQ�EH�DFFRXQWHG�IRU�E\�
PRUSKRORJLFDO�DGMXVWPHQW�WR�VKDGH�UDWKHU�WKDQ�VHHG�UHVHUYH�HIIHFWV���,W�LV�YHU\�
SRVVLEOH�WKDW�D�ORQJHU�WHUP�VWXG\�ZRXOG�KDYH�\LHOGHG�PRUH�FURVV�RYHUV�LQ�5*5�
EHWZHHQ�XQGHUVWRUH\�DQG�JDS�LUUDGLDQFH�DV�SK\VLRORJLFDO�FRPSRQHQWV�EHFRPH�PRUH�
LPSRUWDQW�LQ�GULYLQJ�5*5���7R�FODULI\�WKLV��WKH�GHVLJQ�RI�IXWXUH�WULDOV�PXVW�LQFOXGH�
PRUH�OLJKW�WUHDWPHQWV�DQG�VKRXOG�EH�UXQ�RYHU�DW�OHDVW�WZR�JURZLQJ�VHDVRQV��,I�DQ�
DSSURSULDWH�OHYHO�RI�FRQILGHQFH�LQ�HVWLPDWHV�RI�VSHFLHV�GLIIHUHQW�JURZWK�UHVSRQVH�
FXUYHV�DQG�&3,�FDQ�EH�DFKLHYHG��6DFN�DQG�*UXEE¶V�DSSURDFK�FRXOG�EH�GHYHORSHG�WR�
SLQSRLQW�VSHFLILF�LUUDGLDQFH�OHYHOV�DW�ZKLFK�VSHFLILF�SDLUV�FKDQJH�UDQN����
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