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WKH�VWUXFWXUH�RI�YLWULILHG�PXQLFLSDO�ZDVWH�LQFLQHUDWLRQ�DVKHV�DV�ZHOO�DV�LWV�FKDQJH�ZLWK�WHPSHUDWXUH�LQFUHDVH��

7KH�)H�FOXVWHULQJ�DQG�LQFRUSRUDWLRQ�LQWR�WKH�VWUXFWXUH�RI�S\UR[HQH�ZKLFK�LV�FU\VWDOOLVLQJ�LQ�WKH�JODVV�ZHUH�

VWXGLHG��

,QWURGXFWLRQ�

6WRUDJH� RI� WKH� LQFUHDVLQJ� DPRXQW� RI�ZDVWH� KDV� EHFRPH� D� VHULRXV�SUREOHP�RI�PRGHUQ�
FLYLOL]DWLRQ��7KLV� UHIHUV� LQ�SDUWLFXODU� WR�PXQLFLSDO�ZDVWH�� WKH� VWRUDJH� RI�ZKLFK�RFFXSLHV� RQ�
LQFUHDVLQJ� QXPEHU� RI� DUHDV� DQG� UHTXLUHV� H[SHQVLYH� SURWHFWLRQ� PHDVXUH� WR� SUHYHQW� WKH�
VSUHDGLQJ�RI�WR[LF�VXEVWDQFHV��7KLV�PDNHV�WKH�FRVW�RI�WKHLU�VWRUDJH�LQFUHDVH�SHUPDQHQWO\��,Q�
WKLV� VLWXDWLRQ� WKH� FRPEXVWLRQ� RI�PXQLFLSDO� ZDVWH� DV� ZHOO� DV� RI� VRPH� LQGXVWULDO� ZDVWH� KDV�
EHFRPH�DQ�LQFUHDVLQJO\�FRPPRQ�SUDFWLFH��+RZHYHU��LQ�WKH�FRPEXVWLRQ�SURFHVV�WKH�IXUQDFH�
DVKHV�DQG�IO\�DVKHV�DUH�SURGXFHG�EHLQJ�WKH�VROLG�FRPEXVWLRQ�SURGXFWV��7KH�FRPEXVWLRQ�RI�
ZDVWH� LV� JRLQJ� DW� WHPSHUDWXUH� XVXDOO\� QRW� H[FHHGLQJ� ������ &� DQG� LQ� WKH� VROLG� FRPEXVWLRQ�
ZDVWH� WKHUH� UHPDLQ� WKHQ� WKH�KHDY\�PHWDOV� DQG� WKH�FDQFLURJHQLF�GLR[DQHV� DQG� IXUDQHV�� LQ� D�
IRUP�HDVLO\�ZDVKHG�DZD\�E\�WKH�JURXQG�ZDWHUV��

7KH�YLWULILFDWLRQ�SURFHVV�KDV� IRXQG�ZLGH�DSSOLFDWLRQ� LQ� WKH� UDGLRDFWLYH�ZDVWH�GLVSRVDO��7KH�
ZDVWH�IURP�QXFOHDU�SRZHU�SODQWV�DUH�VWRUHG�LQ�D�YLWULILHG�IURP�DV�FRPSRQHQWV�RI�FKHPLFDOO\�
UHVLVWDQW�ERURVLOLFDWH�JODVVHV��([SHULHQFH�JDLQHG�DW�YLWULILFDWLRQ�RI�QXFOHDU�ZDVWH�LV�DSSOLHG�LQ�
WKH� QHXWUDOL]DWLRQ� RI� ZDVWH� UHVXOWLQJ� IURP� WKH� FRPEXVWLRQ� RI� VXEVWDQFHV� FRQWDLQLQJ� WR[LF�
FRPSRQHQWV��

,Q� RUGHU� WR� LPSURYH� WKH� HFRQRPLF� HIIHFWLYHQHVV� RI� WKH� YLWULILFDWLRQ� SURFHVV� WKH� REWDLQHG�
JODVV�VKRXOG�EH�SURFHVVHG�DQG�FRQYHUWHG�LQWR�YDOXDEOH�JRRGV��,W�FDQ�EH�SURFHVVHG�E\�ZD\�RI�
FRQWUROOHG�FU\VWDOOL]DWLRQ�LQWR�JODVV�²�FHUDPLF�PDWHULDOV�RI�KLJK�VWUHQJWK�SDUDPHWHUV��LQWHQGHG�
WR� EH� XVHG� LQ� WKH� EXLOGLQJ� LQGXVWU\� IRU� WKH� FRQVWUXFWLRQ� RI� URDGV�� DV� ZHOO� DV� IRU� WKH�
SURGXFWLRQ�RI�ZDOO�DQG�URRI�WLOHV����

,W� KDV� EHHQ� GHPRQVWUDWHG� WKDW� YLWULILHG� DQG� SRZGHUHG� DVKHV�� DIWHUZDUGV� FRQGHQVHG� E\�
FRPSUHVVLRQ�DQG�KHDWHG�DW�WKH�WHPSHUDWXUH�RI�DERXW�����²������&�LV�IRDPLQJ��SURGXFLQJ�D�
SRURXV�LQVXODWLQJ�PDWHULDO�NQRZQ�DV�IRDPHG�JODVV���7KH�DGYDQWDJH�RI�WKH�YLWULILHG�DVK�LV�WKDW�
LW� IRDPV� ZLWKRXW� � DQ� DGGLWLRQ� RI� VSHFLDO� IRDPLQJ� DJHQW�� XVXDOO\� VRRW�� DQG� WKH� REWDLQHG�
IRDPHG� JODVV� KDV� QRZ� EHFRPH� DQ� LQVXODWLQJ�� YDOXDEOH� PDWHULDO� RQ� DFFRXQW� RI� LWV� ILUH�
UHVLVWDQFH��
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6FRSH�RI�VWXG\�

7KH�PDLQ�JRDO�RI�WKH�VWXG\�ZDV�REWDLQLQJ��WKH�IRDP�JODVV�VWUHQJKWHQQLQJ��E\�FRQWUROOHG�
FU\VWDOOL]DWLRQ�RI�YLWULILHG�PXQLFLSDO� �DVK��7KLV�SURFHVV� LV� LQIOXHQFHG�VWURQJO\�E\�FKDQJHV�RI�



WKH� LURQ� DJJUHJDWLRQ� SURFHVV�� 'XH� WR� WKLV� 0|VVEDXHU� VSHFWURVFRS\� KDV� EHHQ� DSSOLHG� WR�
GHWHUPLQH�WKH�SRVLWLRQ�RI� LURQ�)H��� DQG�)H��� LQ� WKH�VWUXFWXUH�RI�JODVV�DQG�FU\VWDOOLQH�SKDVH�
DQG� LWV� FKDQJH�ZLWK� WHPSHUDWXUH� LQFUHDVH��7KH� UHVXOWV�ZDV� VXSSRUWHG� E\� 6(0�²�('6�DQG�
WKHUPDO�DQDO\VLV�VWXG\��
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0DWHULDOV�

7KHUPDO�UHDFWLRQV�RI�YLWULILHG�DVK�REWDLQHG�IURP�WKH�PXQLFLSDO�FRPEXVWLRQ�SODQW��ZKHUH�
LQYHVWLJDWHG��7KH�REMHFW�RI� LQYHVWLJDWLRQ�ZHUH�DOVR� IXUQDFH�DVKHV� IURP�D�ZDVWH� FRPEXVWLRQ�
SODQW� LQ�:DUVDZ� DQG� IURP� D� FRPEXVWLRQ� SODQW� RI� KRVSLWDOV� ZDVWH� LQ� áyG]�� 7KH� FKHPLFDO�
FRPSRVLWLRQ�RI�WKHVH�DVKHV�LV�VLPLODU�LW�FKDQJHV�LQ�WKH�UDQJH�6L2�����²�������&D2����²�������
0J2�����²��������)H�2����WRWDO�����²�������$O�2�����²�������1D�2���²������.�2�����²�������
ZW����� 7KH� DVKHV� IURP�:DUVDZ� DQG� áyG]� SODQWV� ZHUH�PHOWHG� LQ� D� ODERUDWRU\� IXUQDFH� DW�
�����&�DQG�WKH�REWDLQHG�PHOW�ZDV�YLWULILHG�E\�SRXULQJ�LW�RQWR�D�VWHHO�SODWH���

�)RDPHG�JODVV�ZDV�REWDLQHG�IURP�YLWULILHG�DQG�SRZGHUHG�DVK�E\�KHDWLQJ�DW������DQG�����&�
IRU���PLQ��7KH�PDWHULDO�FRQWDLQV�VSKHULFDO�SRUHV�RI�DLU�VWLFN�LQ�WKH�PDWUL[�IRUPHG�E\�SDUWO\�
UHFU\VWDOOL]HG�JODVV��7KH�FU\VWDOOL]LQJ�SKDVH�LV�WKH�PRQRFOLQLF�S\UR[HQH�GLRSVLGH��KDGHQEHUJLW�
W\SH� �&D�0J�)H���)H���$O���[>6L�2�@��2Q� WKH� VXUIDFH� RI� SRUHV� WKH� FODFLXP� ROLYLQH� &D)H6L2��
ZDV�DOVR�IRXQG���
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7KH� 0|VVEDXHU� VSHFWURVFRS\� FDQ� EH� XVHIXO� WHFKQLTXH� WR� GHWHUPLQH� WKH�
)H����)H���)H����UDWLR��FRRUGLQDWLRQ�QXPEHU��ORFDO�V\PPHWU\�RI�)H�QXFOHL�DQG�LQ�VDPH�FDVHV�
FDQ� JLYH� D� JRRG� HVWLPDWH� RI� WKH� SHUFHQWDJHV� RI� LVRODWHG� DQG� FOXVWHUHG� )H��� LRQV�� 7KDW�
SDUDPHWHUV�DUH�FORVHO\�UHODWHG�WR�WKH�K\SHUILQH�LQWHUDFWLRQ�SDUDPHWHUV�OLNH��LVRPHU�VKLIW���,6����
TXDGUXSROH�VSOLWWLQJ���46���DQG�K\SHUILQH�PDJQHWLF�ILHOG���+KI�����

7KH�LVRPHU�VKLIW�LV�UHODWHG�WR�WKH�YDOHQF\�DQG�FRRUGLQDWLRQ�QXPEHU��,Q�FDVH�RI�JODVV\�VDPSOHV�
IRU�)H���LRQV�LQ�WHWUDKHGUDO�V\PPHWU\�,6�LV�LQ�WKH�UDQJH�RI�����²�����PP�V�DQG�LQ�RFWDKHGUDO�
V\PPHWU\�LQ�WKH�UDQJH�RI�����²�����PP�V��)RU�)H����7G��WKH�LVRPHU�VKLIW�LV�������PP�V�DQG�
IRU�)H����2K��!�����PP�V��

7KH�TXDGUXSROH�VSOLWWLQJ� LV�XVHIXO�IRU�HYDOXDWLQJ�WKH�FRRUGLQDWLRQ�QXPEHU�� WRR��7KH�46�RI�
)H����7G��LV�LQ�WKH�UDQJH�RI�����²�����PP�V�ZKHUHDVH�WKDW�RI�)H

����2K��LV�����²�����PP�V��

7R�GHWHUPLQH�WKH�K\SHUILQH�LQWHUDFWLRQ�SDUDPHWHUV�WKHUH�ZHUH�PHDVXUHG�P|VVEDXHU�VSHFWUD�
RI�YLWULILHG�PXQLFLSDO�ZDVWH�DVK��IRDPHG�JODVV�IURP�YLWULILHG�DVK�DW�����&�DQG�����&��ZKLFK�
DUH�VKRZQ�DW�)LJ����������DQG�K\SHUILQH�SDUDPHWHUV�DUH�VXPPDUL]HG�LQ�7DEOH����

7KH�0|VVEDXHU�HIIHFW�ZDV�PHDVXUHG�DW�WKH������NH9�HPLVVLRQ�RI�D���&R�VRXUFH�LQ�5K��7KH�

VSHFWURPHWHU�ZDV�FDOLEUDWHG�XVLQJ�α���)H�IRLO�DW�URRP�WHPSHUDWXUH�DQG�,6�YDOXHV�DUH�TXRWHG�
WR�WKLV�VWDQGDUG��

7KH�)H����)H���)H����UDWLRQ�FDQ�EH�HYDOXDWHG�GLUHFWO\�IURP�WKH�UHODWLYH�DUHDV�RI�WKH�VSHFWUD�
FRPSRQHQWV�� 7KLV� UDWLR� YDOXHV� DUH� DERXW� ������ ����� DQG� ����� IRU�PXQLFLSDO� ZDVWH� DVK�
VDPSOH� DQG� IRDPHG� DW� ����� DQG� ����&� UHVSHFWLYHO\�� 6SHFWUXP� RI� IRDP� JODVV� ��IRDPLQJ�
WHPSHUDWXUH� ����&� �� H[FHSW� RI� WZR� SDUDPDJQHWLF� GRXEOHWV� FRQVLVW� RI� WZR� PRUH� VH[WHWV� ��
FOXVWHUHG� LURQ� �� WKDW� FDQ� EH� RQO\� VHHQ� DW� ORZ� WHPSHUDWXUHV��'LUHFW� FRPSDULVRQ�RI� WKH� DUHD�



XQGHU� )H��� GRXEOHWV� DQG� DUHD� XQGHU� WKH� WZR� ILWWHG� VH[WHWV� JLYHV� D� JRRG� HVWLPDWH� RI� WKH�
SHUFHQWDJHV�RI�LVRODWHG�DQG�FOXVWHUHG�)H���LRQV��,W�PHDQV�WKDW�WKLV�VDPSOH�FRQVLVWV�RI�DERXW�
�����LVRODWHG�)H���������RI�LVRODWHG�)H���DQG������RI�FOXVWHUHG�)H����

$OO� JODVVHV� JLYHV� VSHFWUD� FRQVLVWLQJ� RI� SDUDPDJQHWLF� GRXEOHWV�ZKLFK� DUH� D� VXSHUSRVLWLRQ� RI�
OLQHV�IURP�)H���DQG�)H���RI�GLIIUHQW�FRRUGLQDWLRQ�QXPEHU�DQG�SRVLWLRQ��
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0|VVEDXHU�VSHFWURVFRS\�LV�D�KHOSIXO�WRRO�RI�SKDVH�WUDQVLWLRQ�LQ�)H�²�ULFK�JODVV�VWXG\��,W�
PDNHV�SRVVLEOH�WR�VWXG\�WKH�)H�DJJUHJDWHV�IRUPDWLRQ�DQG�GLVDSSHDULQJ�LW�ZLWK�WHPSHUDWXUH�DV�
ZHOO�DV�)H�YDOHQF\�FKDQJH��

)H�DJJUHJDWHV�LQ�JODVV�DUH�QXFOHDWRU�IRU�ILQH�FU\VWDOV�RI�VLOLFDWHV�IRUPDWLRQ��7KXV�WKH�SURFHVV�
RI�QDQRFU\VWDOOLVDWLRQ�RI�JODVV�LV�GHSHQGHQW�RI�WKHP��



7KH�FRQGXFWHG�LQYHVWLJDWLRQV�KDYH�VKRZQ�WKDW�WKH�WKHUPDO�WUDQVLWLRQV�LQ�YLWULILHG�DVKHV�EHJLQ�
ZLWK�WKH�IRUPDWLRQ�RI�)H�FOXVWHUV�DOUHDG\�DW�DERXW�����&��$URXQG�WKHVH�FOXVWHUV�WKHUH�WDNHV�
SODFH�WKH�FU\VWDOOL]DWLRQ�RI�ILQH�S\UR[HQH�JUDLQV�DQG�DW�����&�WKH�PDWHULDO�LV�UHFU\VWDOOL]HG�WR�D�
JUHDW�GHJUHH��$W�������������&�WKHUH�IROORZV�WKH�FU\VWDOOL]DWLRQ�RI�WKH�ILQH�JUDLQHG�S\UR[HQHV�
RI� WKH� ILUVW� JHQHUDWLRQ�� $W� ���� �� ����� � IRUPDWLRQ� WKH� JHQHUDWLRQ� RI� S\UR[HQHV� ZLWK� ZHOO�
VKDSHG�SULVPDWLF�FU\VWDOD��7KH�VWUXFWXUH�RI�S\UR[HQHV�SUHIHUV�)H����WKH�LQFRUSRUDWLRQ�RI�LURQ�
LQWR�WKLV�VWUXFWXUH�FDXVHV�WKH�UHGXFWLRQ�RI�)H���FRQWHQW��WKH�DPRXQW�RI�ZKLFK�GHFUHDVHV�ZKLOH�
WKH�DPRXQW�RI�)H��� LV� LQFUHDVLQJ��7KH�UHVXOW� LV�WKH�H[FHVV�RI�R[\JHQ��ZKLFK�FDQ�EH�UHOHDVHG�
DQG�SDUWLFLSDWHV�LQ�WKH�VZHOOLQJ�RI�WKH��JODVV�SRZGHU�DW�WKH�WHPSHUDWXUH�RI�LWV�VLQWHULQJ��7KLV�
PDNHV�LW�SRVVLEOH�WR�REWDLQ�IRDPHG�JODVV�IURP�YLWULILHG�ZDVWH��
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7KHVH� LQYHVWLJDWLRQV� ZHUH� FDUULHG� RXW� ZLWK� WKH� ILQDQFLDO� VXSSRUW� RI� WKH� 1DWLRQDO�
&RPPLWWHH� IRU� 6FLHQWLILF� 5HVHDUFK� RI� 3RODQG�� JUDQW� 3%=�.%1����72��������� � 7KH�
0|VVEDXHU�VSHFWUD�KDV�EHHQ�REWDLQHG�DW�WKH�,QVWLWXWH�RI�$WRPLF�(QHUJ\��6ZLHUN��E\�SURI��-��
6XZDOVNL� �� 6(0� �� ('6� LQYHVWLJDWLRQV� ZHUH� FRQGXFWHG� DW� WKH� ,QVWLWXWH� RI� 0HWDOOXUJ\� DQG�
0DWHULDO�6FLHQFH�RI�3ROLVK�$FDGHP\�RI�6FLHQFH�LQ�.UDNyZ�XQGHU�WKH�VXSHUYLVLRQ�RI�SURI��-��
'XWNLHZLF]�� 6DPSOH� RI� 9RQ� 5ROO� JODVV� ZDV� VHQW� NLQGO\� E\� SURI�� +�� +HVVHQNHPSHU�� 78�
%HUJDNDGHPLH�)UHLEHU��
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