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7DEOH�1R������ 5DQNV�DQG�FKDUDFWHULVWLFV�RI�,&26 £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R�������&DQDGLDQ�UHJXODWLRQV�IRU�FRQWLQHQWDO�VHGLPHQWV£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

7DEOH�1R������ /LVW�RI�WKH�SK\VLFRFKHPLFDO�DQG�EDFWHULRORJLFDO�SDUDPHWHUV�WR�EH�
DQDO\]HG ����������������������������������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ /LVW�RI�SK\VLFRFKHPLFDO�SDUDPHWHUV�WR�EH�DQDO\]HG������������ £(UURU��
0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ $VVHVVPHQW� VFDOH� RI� WKH� PDULQH� ZDWHU� TXDOLW\� LQGH[� �
,&$0 £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ 3ODQH�FRRUGLQDWHV�RI�WKH�SHUIRUDWLRQV£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

7DEOH�1R������ 'HSWK�RI�VDPSOLQJ�������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ 3DUDPHWHUV� HYDOXDWHG� DQG� UHIHUHQFH� PHWKRGV� DQG� DQDO\WLFDO�
WHFKQLTXHV�XVHG�IRU�WKH�GHWHUPLQDWLRQ ��������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ ,QWHUQDWLRQDO�UHIHUHQFHV�RQ�PDULQH�VHGLPHQW�TXDOLW\ ����������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ /RFDWLRQ�RI�5('&$0�VWDWLRQV�LQ�VWXG\�DUHD£(UURU�� 0DUFDGRU� QR�
GHILQLGR�
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7DEOH�1R������ 0HVK� GDWD� XVHG� LQ� WKH� IORZ� PRGXOH RI� WKH� '(/)7� �'�
PRGHO� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ 7LGDO�KDUPRQLF�FRPSRQHQWV��REWDLQHG�IURP�73;2 �������������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ /RFDWLRQ�RI�SHUIRUDWLRQV�DQG�SLH]RFRQH�WHVWV£(UURU��0DUFDGRU�QR�
GHILQLGR�

7DEOH�1R������ *HRWHFKQLFDO�FODVVLILFDWLRQ�RI�VXEVRLO�PDWHULDO�DFFRUGLQJ�WR�UHVLVWDQFH�
WR� SHQHWUDWLRQ� �PDLQO\� JUDQXODU� VRLOV�� DQG� XQGUDLQHG� VKHDU� UHVLVWDQFH� �PDLQO\�
FRKHVLYH�VRLOV����������������������������������������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ /RFDWLRQ�RI�DLU�TXDOLW\�PRQLWRULQJ�VWDWLRQV£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

7DEOH�1R������ 6XPPDU\�RI� VDPSOLQJ�PHWKRGV�DQG�DQDO\VLV�XVHG� IRU�DLU� TXDOLW\�
PRQLWRULQJ««««� ������������������������������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ 0D[LPXP� SHUPLVVLEOH� OHYHOV� IRU� FULWHULD� SROOXWDQWV� LQ� LPPLVVLRQ�
DLU £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ /RFDWLRQ�RI�VDPSOLQJ�VWDWLRQV�HQYLURQPHQWDO�QRLVH�������������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ 5HIHUHQFH�6RXQG�OHYHO�PHWHU �������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ &RPSDULVRQ�RI�VRXQG�OHYHO�LQ�GD\WLPH�DQG�QLJKW�WLPH��������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������� &RORU�FODVVLILFDWLRQ�RI�VRXQG�SUHVVXUH�H[FHVV�OHYHOV ������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������� 3KRWR�UHVRXUFH�IRU�VWXG\�DUHD ������ £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������� 0HWULFV�XVHG�LQ�WKH�IUDJPHQWDWLRQ�DQDO\VLV RI�IRUHVW�FRYHU�IRU�WKH�
DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW ��������������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������� *HRJUDSKLFDO� ORFDWLRQ� RI� WKH� SRO\JRQV� IRU� WKH� VDPSOLQJ� RI� WKH�
KHUSHWRIDXQD�LQ�WKH�DUHD�RI�LQIOXHQFH ����������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������� *HRJUDSKLF�ORFDWLRQ�RI�WKH�WUDQVHFWV�IRU�WKH�VDPSOLQJ�RI�ELUGV�DQG�
PDPPDOV�LQ�WKH�DUHD�RI�LQIOXHQFH����������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�
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7DEOH�1R������� *HRJUDSKLF�ORFDWLRQ�RI�WKH�IL[HG�SRLQWV�IRU�WKH�GHWHFWLRQ�RI�ELUGV LQ�
WKH�DUHD�RI�LQIOXHQFH������������������������������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������� *HRJUDSKLF� ORFDWLRQ� RI� WKH� LQVWDOOHG� WUDS� FDPHUDV� IRU� WKH�
GHWHFWLRQ�RI�PDPPDOV�LQ�WKH�DUHD�RI�LQIOXHQFH ��������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������� *HRJUDSKLF�ORFDWLRQ�RI�WKH�VDPSOLQJ�SRLQWV�ZKHUH�WKH�6KHUPDQ�
WUDSV�ZHUH�LQVWDOOHG««�� ����������������������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������� *HRJUDSKLF�ORFDWLRQ�RI�YHJHWDWLRQ�DQG�ZLOGOLIH�VDPSOLQJ�VWDWLRQV�
LQ�WKH�FRQWLQHQWDO�DTXDWLF�HFRV\VWHP������������������������ £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������� (YDOXDWLRQ� DWWULEXWHV� LQ� WKH� GHILQLWLRQ� RI� WKH� FULWHULD� IRU�
HQYLURQPHQWDO�]RQLQJ�RI�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SRUW�WHUPLQDO£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

7DEOH�1R������� 'LDPHWULF� FODVVHV� SHU� FODVV� LQWHUYDO� IRU� WKH� YDULDEOH� QRUPDO�
GLDPHWHU��IRU�WKH�WUHHV�LQ�WKH�DUHD�GLUHFWO\�DIIHFWHG�E\�WKH�SURMHFW£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

7DEOH�1R������ 7\SLFDO� 9DOXHV� RI� WKH� 3HUFDSLWD� 3URGXFWLRQ� (VWLPDWH� � 33&� IRU�
&RORPELDQ�PXQLFLSDOLWLHV�DFFRUGLQJ�WR�1&6������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ 3URSRUWLRQ�RI�QRQ�KD]DUGRXV�ZDVWH£(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������ (YDOXDWLRQ�FULWHULD �������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R�����������4XDOLILFDWLRQ 5DQNV�DQG�9DOXDWLRQ�RI�(QYLURQPHQWDO�,PSRUWDQFH��
«««««««««««««««««««««««««««««««««««£(UU
RU��0DUFDGRU�QR�GHILQLGR�

7DEOH�1R������� $HULDO�SKRWRJUDSKV�\HDUV �����DQG�����£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

7DEOH�1R������� 3URIHVVLRQDOV� LQYROYHG� LQ� WKH� SUHSDUDWLRQ� RI� WKLV� HQYLURQPHQWDO�
LPSDFW�VWXG\««�� ���������������������������������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

/,67�2)�3+272*5$3+6�
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3KRWRJUDSK�1R����� (TXLSPHQW�IRU�H[SORUDWLRQ�RI�WKH�VXEVRLO�LQ�ZDWHU ���������� £(UURU��
0DUFDGRU�QR GHILQLGR�

3KRWRJUDSK�1R����� (TXLSPHQW�IRU�XQGHUJURXQG�H[SORUDWLRQ�RI�WKH�JURXQG �� £(UURU��
0DUFDGRU�QR�GHILQLGR�

3KRWRJUDSK�1R����� (TXLSPHQW�XVHG�LQ�DLU�TXDOLW\�VDPSOLQJ£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

3KRWRJUDSK�1R����� (TXLSPHQW�XVHG�IRU�DLU�TXDOLW\�DQDO\VLV£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

3KRWRJUDSK�1R������ )RRWSULQW� WUDSV� �OHIW�� DQG� FDPHUD� WUDSV� �ULJKW�� LQVWDOOHG� IRU�
LQGLUHFW�VDPSOLQJ�RI��PDPPDOV ��������������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

3KRWRJUDSK�1R������6DPSOLQJ�SURFHGXUH�RI�WKH�SODQNWRQLF�FRPPXQLW\ ���������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

3KRWRJUDSK�1R������ 3HULSKHUDO�FRPPXQLW\�VDPSOLQJ�SURFHGXUH£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

3KRWRJUDSK�1R������ 0DUNLQJ�RI�WKH�LQYHQWRULHG�WUHHV�LQ�WKH�PDQJURYH�DUHD�£(UURU��
0DUFDGRU�QR�GHILQLGR�

3KRWRJUDSK�1R������ 6DPSOLQJ� SURFHGXUH� RI� WKH� EHQWKLF� PDFURLQYHUWHEUDWH�
FRPPXQLW\«««««««««« ���������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

3KRWRJUDSK�1R������� 6DPSOLQJ�SURFHGXUH�IRU�WKH�ILVK�FRPPXQLW\£(UURU��0DUFDGRU�
QR�GHILQLGR�

3KRWRJUDSK�1R������ 5HPRWH� VHQVLQJ� HTXLSPHQW� WR� EH� XVHG� LQ� WKH� PDULQH�
DUFKDHRORJLFDO�VXUYH\��$��6LGH�6FDQ�6RQDU�,PDJHQH[��6SRUW6FDQ�PRGHO��LPDJHQH[��
%��(FKR�VRXQGHU�ZLWK�VLGH�VFDQ� LPDJH��/RZUDQFH�PRGHO�+'6���*HQ���6WUXFWXUH�
6FDQ��/RZUDQFH��&��0DQXDO�PHWDO�GHWHFWRU��PRGHO�-:�)LVKHUV��3XOVH��[��-:�)LVKHUV�
���'��1DYLJDWLRQ�VRIWZDUH�+\SDFN�VXUYH\��+\SDFN� �� £(UURU��0DUFDGRU�QR�GHILQLGR�

3KRWRJUDSK�1R������ 0DUNLQJ�RI�LQGLYLGXDOV�LQYHQWRULHG�LQ�WKH�ILHOG ��������������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

3KRWRJUDSK�1R������� 0HDVXUHPHQW�RI�WKH�&$3�GXULQJ�WKH�IRUHVW�LQYHQWRU\�� £(UURU��
0DUFDGRU�QR�GHILQLGR�
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3KRWRJUDSK�1R������� 0HDVXUHPHQW�RI�KHLJKWV�GXULQJ�WKH�ILHOG�SKDVH����������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

/,67�2)�(48$7,216

3J�

(TXDWLRQ�1R����� :DWHU�TXDOLW\�LQGH[ �������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R����� ,QGH[�RI�6DWXUDWLRQ�RU�/DQJHOLHU ± ,6/£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

(TXDWLRQ�1R����� ,QGH[�RI�FRQWDPLQDWLRQ�E\�PLQHUDOL]DWLRQ£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

(TXDWLRQ�1R����� ,QGH[�RI�FRQWDPLQDWLRQ�E\�RUJDQLF�PDWWHU£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

(TXDWLRQ�1R����� ,QGH[�RI�FRQWDPLQDWLRQ�E\�VXVSHQGHG�VROLGV£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

(TXDWLRQ�1R����� 0DULQH�DQG�FRDVWDO�ZDWHU�TXDOLW\�LQGH[ �,&$0�£(UURU��0DUFDGRU�
QR�GHILQLGR�

(TXDWLRQ�1R����� (TXLYDOHQW�OHYHO�UHVXOWLQJ�IURP�WKH�PHDVXUHPHQW ����������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R����� &RUUHFWLRQV� RI� WKH� HTXLYDOHQW� OHYHO� UHVXOWLQJ� IURP� WKH�
PHDVXUHPHQW £(UURU��0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R����� 6RXQG�SRZHU�OHYHO�DFFRUGLQJ�WR�103%�5RXWHU������������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�LPSRUWDQFH�YDOXH�LQGH[ �,9,� ������������ £(UURU��
0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�UHODWLYH�DEXQGDQFH��$U�£(UURU�� 0DUFDGRU� QR�
GHILQLGR�
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(TXDWLRQ�1R������ (TXDWLRQ�WR�ILQG�WKH�UHODWLYH�IUHTXHQF\ �)U�£(UURU��0DUFDGRU�QR�
GHILQLGR�

(TXDWLRQ�1R������ (TXDWLRQ�IRU�ILQGLQJ�UHODWLYH�GRPLQDQFH �'U�£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�PL[WXUH�UDWLR� �&0�£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

(TXDWLRQ�1R�������(TXDWLRQ�WR ILQG�WKH�0DUJDOHI�LQGH[£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

(TXDWLRQ�1R������� (TXDWLRQ�WR�FDOFXODWH�WKH�0HQKLQLFN�LQGH[£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�WKH�6KDQQRQ�:HLQHU�LQGH[ ������������ £(UURU��
0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�SURSRUWLRQ�RI�LQGLYLGXDOV£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�6LPSVRQ
V�GRPLQDQFH�LQGH[ ���������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R������� (TXDWLRQ�WR�FDOFXODWH�WKH�%HUJHU�3DUNHU�LQGH[�������������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R������� (TXDWLRQ�WR�FDOFXODWH�WKH�3DWWRQ�'LYHUVLW\�LQGH[ ����������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R������ (TXDWLRQ�WR�FDOFXODWH�WKH�)UDFWDO�'LPHQVLRQ£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

(TXDWLRQ�1R������� (TXDWLRQ�WR�FDOFXODWH�WKH�IRUP�IDFWRU£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

(TXDWLRQ�1R������ (TXDWLRQ�WR�FDOFXODWH�WKH�3LHORX�HTXLWDELOLW\�LQGH[ ����������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R������ (TXDWLRQ�WR�GHWHUPLQH�WKH�ILOWHUHG�YROXPH£(UURU�� 0DUFDGRU�
QR�GHILQLGR�
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(TXDWLRQ�1R������� &DOFXODWLRQ�RI�GHQVLW\�IRU�GLIIHUHQW�RUJDQLVPV�IRU�WKH�SODQNWRQLF�
FRPPXQLW\ £(UURU��0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R������� 0DWKHPDWLFDO�H[SUHVVLRQ�IRU�WKH�GHILQLWLRQ�RI�HQYLURQPHQWDO�
VHQVLWLYLW\ £(UURU��0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R�������0DWKHPDWLFDO�H[SUHVVLRQ� IRU� WKH�VHQVLWLYLW\�DVVHVVPHQW�RI� WKH�
DELRWLF�HQYLURQPHQW ���������������������������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R������� 0DWKHPDWLFDO�H[SUHVVLRQ�IRU�WKH�VHQVLWLYLW\�DVVHVVPHQW�RI�WKH�
ELRWLF�PHGLXP £(UURU��0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R������� 0DWKHPDWLFDO�H[SUHVVLRQ�IRU�WKH�DVVHVVPHQW�RI�VHQVLWLYLW\�RI�
WKH�VRFLRHFRQRPLF�HQYLURQPHQW ������������������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R������ &DOFXODWLRQ�WR�ILQG�WKH�GLDPHWHU��FKHVW�KLJK �'$3� ���������� £(UURU��
0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�WRWDO�KHLJKW�RI�WKH�WUHHV£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

(TXDWLRQ�1R������� (TXDWLRQ�WR�ILQG�WKH�FRPPHUFLDO�KHLJKW�RI�WKH�WUHHV ������ £(UURU��
0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ�1R������ (TXDWLRQ�WR�FDOFXODWH�WKH�EDVDO�DUHD£(UURU�� 0DUFDGRU� QR�
GHILQLGR�

(TXDWLRQ�1R������ (TXDWLRQ�WR�FDOFXODWH�WKH�FRPPHUFLDO�YROXPH£(UURU�� 0DUFDGRU�
QR�GHILQLGR�

(TXDWLRQ�1R������ :DVWH�SURGXFWLRQ ��������������������� £(UURU��0DUFDGRU�QR�GHILQLGR�

(TXDWLRQ 1R������ (TXDWLRQ�WR�FDOFXODWH�LPSRUWDQFH£(UURU�� 0DUFDGRU� QR�
GHILQLGR�
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/,67�2)�0$36

1DPH�RI�WKH�PDS 7KHPH

02'B/$B372B$17B��B9HJHWDWLRQ 9HJHWDWLRQ�VDPSOLQJ

02'B/$B372B$17B��B:LOGOLIH :LOGOLIH�VDPSOLQJ
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� 2%-(&7,9(6

��� *HQHUDO

3UHVHQW�WKH�LQIRUPDWLRQ�WKDW�DOORZV�WR�HYDOXDWH�DQG�JLYH�IHDVLELOLW\�WR�WKH�UHTXHVW�RI�
PRGLILFDWLRQ�RI�WKH�HQYLURQPHQWDO� OLFHQVH�IRU�WKH��&RQVWUXFWLRQ�DQG�2SHUDWLRQ�RI�D�
3RUW�7HUPLQDO�RI�6ROLG�%XON�RI�*UHDW�'HSWK LQ�%DKLD�&RORPELD��VR�WKDW� LW� LV�D�3RUW�
7HUPLQDO�0XOWLSXUSRVH��ZLWK�EDVH�7KH�5HIHUHQFH�UHTXLUHPHQWV��00�,1$������WDNLQJ�
LQWR�DFFRXQW� WKH� LQIRUPDWLRQ�UHTXLUHPHQWV�HVWDEOLVKHG�LQ�5HVROXWLRQ������RI������
DQG�LQ�WKH�UHTXHVW�IRU�PLQRU�PRGLILFDWLRQV�ZLWKLQ�WKH�RUGLQDU\�FRXUVH�RI�DFWLYLW\�DQG�
IROORZLQJ�WKH�JXLGHOLQHV�HVWDEOLVKHG�LQ�WKH�JHQHUDO�PHWKRGRORJ\�IRU�WKH�SUHVHQWDWLRQ�
RI�HQYLURQPHQWDO�VWXGLHV�� WKH�HQYLURQPHQWDO�JXLGHOLQHV�� WKH�FXUUHQW�HQYLURQPHQWDO�
UHJXODWLRQV��WKH�SUHYLRXV�VWXGLHV�IRU�WKH�DUHD�

��� 6SHFLILF

x 'HVFULEH� WKH� QHZ� DFWLYLWLHV� WR� EH� GHYHORSHG�� VXEMHFW� WR� PRGLILFDWLRQ� RI� WKH�
HQYLURQPHQWDO�OLFHQVH�

x (VWDEOLVK�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW��EDVHG�RQ�WKH�FRQGLWLRQV�RI�WKH�DUHD��
WKH�QHZ�FKDUDFWHULVWLFV�RI�WKH�SURMHFW�DQG�WKH�LGHQWLILHG�HQYLURQPHQWDO�LPSDFWV�

x 8SGDWH�WKH�DELRWLF��ELRWLF�DQG�VRFLRHFRQRPLF�HQYLURQPHQWDO�EDVHOLQH��LQ�FDVHV�WKDW�
DSSO\��IRU�QHZ�DFWLYLWLHV�LQ�DFFRUGDQFH�ZLWK�WKH�SURYLVLRQV�RI�WKH�7HUPV�RI�5HIHUHQFH

x 7R�DGG�WKH�GHPDQG��XVH��H[SORLWDWLRQ DQG���RU�DIIHFWDWLRQ�RI�WKH�QDWXUDO�UHVRXUFHV��
QHFHVVDU\�IRU�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�WKH�SRUW�WHUPLQDO�

x ,GHQWLI\�WKH�SRWHQWLDO� LPSDFWV��SRVLWLYH�DQG�QHJDWLYH��JHQHUDWHG�E\�WKH�QHZ�SURMHFW�
DFWLYLWLHV�

x 5HGHILQH�HQYLURQPHQWDO�DQG�HQYLURQPHQWDO�PDQDJHPHQW�]RQLQJ�IRU�WKH�GHILQHG�DUHD�
RI�LQIOXHQFH�

x &RPSOHPHQW�WKH�GLIIHUHQW�PDQDJHPHQW�DQG�PRQLWRULQJ�PHDVXUHV�LQ�RUGHU�WR�SUHYHQW��
PLWLJDWH��FRQWURO�DQG�FRPSHQVDWH� IRU� WKH�HQYLURQPHQWDO� LPSDFW� WKDW�QHZ�DFWLYLWLHV�
PD\�JHQHUDWH�

x 8SGDWH�WKH�&RQWLQJHQF\�3ODQ�EDVHG�RQ�D�ULVN�DQDO\VLV�IRU�WKH�QHZ�SURMHFW�DFWLYLWLHV�
x (VWDEOLVK�WKH�GLVPDQWOLQJ�DQG�DEDQGRQPHQW�SODQ�LQ�KDUPRQ\�ZLWK�WKH�VXUURXQGLQJ�

HQYLURQPHQW�DQG�WKH�ILQDO�XVH�RI�WKH�ODQG�

� *(1(5$/

��� %DFNJURXQG

3RUW�&RQFHVVLRQ

,Q�-DQXDU\������3XHUWR�%DKtD�RI &RORPELD�RI�8UDEi�6�$��SUHVHQWHG�WKH�3RUW�
FRQFHVVLRQ�UHTXHVW�EHIRUH�WKH�1DWLRQDO�,QVWLWXWH�RI�&RQFHVVLRQV��,1&2���IRU�WKH�
RFFXSDWLRQ�DQG�WHPSRUDU\�DQG�H[FOXVLYH�XVH�RI�DQ�DUHD�RI�SXEOLF�XVH ORFDWHG�LQ�



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD��� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ��

&$3����B7'(1*�5(9�'$9�2.
>0HGHOOtQ@������

&RORPELD��0XQLFLSDOLW\�RI�7XUER��IRU�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ RI�D�3RUW�
7HUPLQDO�RI�6ROLG�%XON�RI�*UHDW�GHSWK�

7KURXJK�5HVROXWLRQ�����RI�'HFHPEHU�����������WKH�1DWLRQDO�,QIUDVWUXFWXUH�$JHQF\�
� $1,��JUDQWHG�D�SRUW�FRQFHVVLRQ�WR�WKH�FRPSDQ\�38(572�%$+Ë$�&2/20%,$ '(�
85$%È�6$��IRU�WHPSRUDU\�DQG�H[FOXVLYH�RFFXSDWLRQ�RI�WKH�SXEOLF�XVH�DUHD�WKDW�
LQFOXGHV�WKH�EHDFK�VHFWRUV���ORZ�WLGH�ODQGV�DQG�PDULQH�]RQHV�DFFHVVRU\�WR�WKRVH�
IRXQG�LQ�%DKtD�&RORPELD��*XOI�RI� 8UDEi�

7KH�$1,�WKURXJK�5HVROXWLRQ�����RI�$XJXVW�����������H[WHQGHG�LQ�VL[�����PRQWKV�WKH�
WHUP�LQGLFDWHG�LQ�WKH�WZHQW\�VHFRQG�DUWLFOH�RI�5HVROXWLRQ�����RI�'HFHPEHU����������

6XEVHTXHQWO\��5HVROXWLRQ�����RI�0DUFK����������LVVXHG�E\�WKH�9LFH�3UHVLGHQF\�IRU�
WKH�6WUXFWXULQJ�RI�WKH�$1,��PRGLILHG�WKH�WHQWK�DUWLFOH�RI�5HVROXWLRQ�����RI�'HFHPEHU�
����������UHIHUULQJ�WR�WKH�YDOXH�DQG�IRUP�RI�SD\PHQW�RI�WKH�FRQWUDFW��DQG�WKH�DUWLFOH�
7ZHQW\�VHFRQG�RI�WKH�VDPH�UHVROXWLRQ��LQ�WKH�VHQVH�RI�LQGLFDWLQJ�WKDW�WKH�FRQFHVVLRQ�
FRQWUDFW�ZLOO�EH�VLJQHG�ZLWKLQ�D� WHUP�RI�VL[� ���� IROORZLQJ PRQWKV�FRXQWHG�IURP�WKH�
H[HFXWLRQ�RI�WKLV�UHVROXWLRQ�

)LQDOO\��WKH�$1,�WKURXJK�5HVROXWLRQ�����RI�$SULO����������JUDQWHG�IHDVLELOLW\�WR�WKH�
UHTXHVW� IRU� PRGLILFDWLRQ� RI� WKH� FRQGLWLRQV� XQGHU� ZKLFK� WKH� SRUW� FRQFHVVLRQ� ZDV�
JUDQWHG� WR� WKH� FRPSDQ\� 38(572� %$+Ë$� &2/20%,$� '(� 85$%È� 6$�� WKURXJK�
5HVROXWLRQ�����RI�'HFHPEHU����������DQG�PRGLILHG�E\�UHVROXWLRQV�����RI�$XJXVW�
���������DQG�����RI�0DUFK����������

$OWHUQDWLYH�'LDJQRVLV�RI�$OWHUQDWLYHV

7KH�3XHUWR�%DKtD�RI &RORPELD�&RPSDQ\ RI�8UDEi�6�$�WKURXJK�FRPPXQLFDWLRQ������
(��������RI�$SULO�������UHTXHVWHG�WKH�WKHQ�0LQLVWU\�RI�(QYLURQPHQW��+RXVLQJ�DQG�
7HUULWRULDO�'HYHORSPHQW� � 0$9'7��SURQRXQFHPHQW�RQ� WKH�QHHG�IRU�(QYLURQPHQWDO�
'LDJQRVLV�RI�$OWHUQDWLYHV�IRU�WKH�3RUW�7HUPLQDO��7KH�0$9'7�WKURXJK�$XWR������RI�
-XQH� ���� ������ VWDWHG� WKDW� WKH� SURMHFW� GLG� QRW� UHTXLUH� WKH� SUHVHQWDWLRQ� RI�
HQYLURQPHQWDO� GLDJQRVLV� RI� DOWHUQDWLYHV� DQG� VHW� WKH� WHUPV� RI� UHIHUHQFH� IRU� WKH�
SUHSDUDWLRQ�RI�WKH�(QYLURQPHQWDO�,PSDFW�6WXG\�DQG�PDGH�VSHFLILF�UHTXLUHPHQWV�

(QYLURQPHQW�(IIHFW�,QYHVWLJDWLRQ

%\�2UGHU 1R�������(��������RI�-XO\����������DQG�VXSSOHPHQWHG�E\�WKH�ILOLQJV�1R��
�����(��������RI�$XJXVW����������1R������(���������RI�$XJXVW����DQG�1R�������
�(����������RI�$XJXVW�����������WKH�3XHUWR�%DKtD�RI�&RORPELD�&RPSDQ\�RI�8UDEi�
6$� SUHVHQWHG� DQ� DSSOLFDWLRQ� IRU� DQ� HQYLURQPHQWDO� OLFHQVH� IRU� WKH� SURMHFW�
�&RQVWUXFWLRQ�DQG�2SHUDWLRQ�RI�D�3RUW�7HUPLQDO�RI�6ROLG�%XON�RI�*UHDW�'HSWK�LQ�%DKLD�
&RORPELD�
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7KH 1DWLRQDO�$XWKRULW\�RI�(QYLURQPHQWDO�/LFHQVHV � $1/$�� JUDQWHG E\�5HVROXWLRQ�
�����RI�MDQXDU\����������WKH�HQYLURQPHQWDO�OLFHQVH�IRU�WKH�SURMHFW�RI�&RQVWUXFWLRQ�
DQG�2SHUDWLRQ�RI�D�3RUW�7HUPLQDO�RI�6ROLG�%XON�RI�*UHDW�'HSWK LQ�%DKtD�&RORPELD��LQ�
WKH�0XQLFLSDOLW\�RI�7XUER��GHSDUWPHQW�RI�$QWLRTXLD��ZLWK�D�FDSDFLW\�RI�����PLOOLRQ�WRQV�
��\HDU���RI�LPSRUWHG�JUDLQV�

7KH�HQYLURQPHQWDO�OLFHQVH�DXWKRUL]HG�WKH�IROORZLQJ�ZRUNV�DQG���RU�DFWLYLWLHV�ERWK�RQ�
ODQG�DQG�DW�VHD�

D� 3URMHFWV�

x 2SHQ�GRFN�FRPSRVHG�RI�D�SODWIRUP�RI����P�[���P

x /RDGLQJ�DQG�XQORDGLQJ� WKH�EULGH RI�VROLG�EXON�ZKLFK�VXSSRUWV� WKH�FRQYH\RU�
EHOW�ZLWK�D�OHQJWK�RI������NP�

x &DEOH�EULGJH�WKDW�ZLOO�VXSSRUW�D�EULGJH RQ�WKH�/HyQ�5LYHU�ZLWK�D�FHQWUDO�OLJKW�
RI�����P�DQG�JDXJH�RI����P�

x 0DUJLQDO�VHUYLFHV�GRFN�

x 9HUWLFDO�VLORV���P�KLJK�[��P�GLDPHWHU��&RPSRVHG�RI�WKUHH�EDWWHULHV�RI��[�� �
�� VLORV�HDFK��WRWDO����VLORV���HDFK�ZLWK�FDSDFLW\�WR�VWRUH�������WRQV�RI�EXON�

x ���EHWZHHQ�VLORV�ZLWK�D�FDSDFLW\�RI�����W�HDFK�RQH�

x 3K\VLFDO�SODQW�FRPSRVHG�RI�

R $GPLQLVWUDWLRQ� EXLOGLQJ�� ELOOLQJ�� UHVWDXUDQW�� FDIHWHULD� DQG� PHHWLQJ�
URRPV��WRLOHWV��GUHVVLQJ�URRPV IRU�RSHUDWRUV�

R 0DLQWHQDQFH� ZRUNVKRS� IRU� WKH� SRUW� HTXLSPHQW�� PHWDOZRUNLQJ�
ZRUNVKRS�

R :DUHKRXVH�IRU�VWRUDJH�RI�VDIHW\�VXSSOLHV��VSDUH�SDUWV�DQG�OXEULFDQWV�

R %RRWK WR�SURWHFW�WKH�ILUH�FRQWURO�HTXLSPHQW��HPHUJHQF\�SRZHU�SODQW�DQG�
HOHFWULFDO�VXEVWDWLRQ�LQ�WKH�VHUYLFH�DUHD�

R %RRWK�IRU�JDWHKRXVH

x ,QWHUQDO�URDGV��SDUNLQJ�DUHD�DQG�SDWLRV�
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x &ORVLQJ�RI�WKH�RSHUDWLRQV�DUHDV�DQG�WKH�UHVW�RI�WKH�SRUW�ODQG

x 'UDLQDJH�V\VWHP��VHZDJH�DQG�HIIOXHQW�WUHDWPHQW��UHYHJHWDWLRQ�DQG�WUXQNLQJ�
RI�DUHDV��FROOHFWRUV�DQG�GUDLQDJH�FKDQQHOV��VDQG�WUDS��JUHDVH�WUDS�

x ,QVWDOODWLRQ�RI�D�GRPHVWLF�ZDVWHZDWHU�WUHDWPHQW�SODQW�

x ([LVWLQJ� VWRUDJH� ZDUHKRXVH�� DV� D� VWRUDJH� FHQWHU� GXULQJ� WKH� FRQVWUXFWLRQ�
SKDVH��,W�PXVW�EH�GHILQHG�VL[�PRQWKV�SULRU�WR�WKH�HQG�RI�WKH�FRQVWUXFWLRQ�VWDJH��
LI�WKH�ZDUHKRXVH�ZLOO�EH SDUW�RI�WKH�FRQVWUXFWLRQ�SRUW�LQIUDVWUXFWXUH�

x &DPSLQJ�LQVWDOODWLRQ�IRU�WKH�FRQVWUXFWLRQ�VWDJH�

x ,PSURYHPHQW�RI�WKH�URDG�DFFHVV�WR�SRUW�IDFLOLWLHV�

x 6WRUDJH�WDQN�IRU�ZDWHU�SXPSHG�IURP�WKH�/HyQ�5LYHU�ZLWK�D�FDSDFLW\�RI����P��

x 7DQN�RU�SRRO�IRU�ZDWHU�VWRUDJH�IRU�ILUH�FRQWURO�

E� *URXQG�FRQVWUXFWLRQ�DFWLYLWLHV�

x /DQG�FOHDULQJ�DQG�FOHDQLQJ��H[WHQVLRQ�RI�DW�OHDVW�����RI�WKH�ODQG�

x $GDSWDWLRQ�DQG�FRQVWUXFWLRQ�RI�ORFDWLYH�IDFLOLWLHV

x 'LVSRVDO��H[FDYDWLRQV��ILOOLQJV�DQG�DIILUPHG�

x &LYLO�ZRUNV�RQ�ODQG�DQG�DVVHPEO\�RI�HTXLSPHQW�

x 'HPROLWLRQ�RI�DGPLQLVWUDWLYH�PRGXOH�DQG�H[LVWLQJ�SLHU�RQ�WKH�EDQNV�RI�WKH�
/HyQ�5LYHU��,W�PXVW�EH�GRQH�EHIRUH�WKH�VWDUW�RI�WKH�RSHUDWLRQ�

F� &RQVWUXFWLRQ�DFWLYLWLHV�DW�VHD�

x 0DQXIDFWXUH�DQG�GULYLQJ�RI�SLOHV��ORFDWHG�HYHU\����P�

x $UPHG�DQG�FDVW�RI�KHDGV�DQG�EHDPV

x (PEHGPHQW�RI�WKH�VXSSRUWV�RI�WKH�FRQYH\RU�EHOW��ELWV�DQG�IHQGHUV�

x $UPHG�DQG�FDVW�IURP�WKH�EULGJH SODWH�DQG�WKH�GRFN�

x ,QVWDOODWLRQ�RI�WKH�FRQYH\RU�EHOW��KRSSHUV�DQG�XQORDGHU�
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x :LULQJ OLQN�XSV� GRFN�VHUYLFHV�

x &LYLO�ZRUNV�DW�VHD�DQG�DVVHPEO\�RI�HTXLSPHQW�

)LQDOO\�� E\� PHDQV� RI� $1/$� ����������������� GDWHG� )HEUXDU\� ���� ������ WKH�
FRUSRUDWLRQ 3XHUWR� %DKtD� &RORPELD� GH� 8UDEi� 6�$�� UHTXHVWHG� D� UXOLQJ� UHODWHG� WR�
PLQRU� PRGLILFDWLRQV� RU� QRUPDO� DGMXVWPHQW� ZLWKLQ� WKH� RUGLQDU\� FRXUVH� RI� DFWLYLW\�
OLFHQVHG�LQ�5HVROXWLRQ������RI�-DQXDU\����������

7R�ZKLFK�WKH�1DWLRQDO�$XWKRULW\�RI�(QYLURQPHQWDO�/LFHQVHV � $1/$��WKURXJK�WKH�ILOLQJ�
�����������������RI�0DUFK�����������DXWKRUL]HG�DV�RUGLQDU\� WXUQ�RI� WKH�DFWLYLW\�
OLFHQVHV�WKH�FRQVWUXFWLRQ�RI�D�YLDGXFW�DV�FRQQHFWLRQ�EHWZHHQ�WKH�GRFN�DQG�WKH�SRUW�
WHUPLQDO��WKLV�DXWKRUL]DWLRQ�GRHV�QRW�LPSO\�FKDQJHV�LQ�WKH�VWUXFWXUH RI�WKH�KDQJLQJ�
EULGJH�RYHU�WKH�/HyQ�5LYHU��DSSURYHG�LQ�WKH�HQYLURQPHQWDO�OLFHQVH��QRU� WKH�YDULDWLRQ�
LQ�WKH�FRQGLWLRQV�RI�XVH��H[SORLWDWLRQ��DQG�LPSDFW�RI�UHQHZDEOH�QDWXUDO�UHVRXUFHV�

,Q� UHIHUHQFH� WR� WKH� LQFOXVLRQ�RI�DGGLWLRQDO�FKDUJHV� �FRQWDLQHUV��JHQHUDO�FDUJR�DQG�
YHKLFOHV��DQG�ZRUNV�ZLWKLQ�WKH�SRUW�WHUPLQDO��VDLG�DXWKRULW\�GHWHUPLQHG�WKDW�3XHUWR�
%DKtD�&RORPELD�GH�8UDEi�PXVW�SUHVHQW�DGGLWLRQDO�LQIRUPDWLRQ�UHODWHG�WR�WKH�FDUJRHV�
VR�WKDW�VDLG�DXWKRULW\�FDQ�LVVXH�D�GHFODUDWLRQ RQ�WKH�PDWWHU�

7KH�SURSRVDO�WR EXLOG�DQG�RSHUDWH�D�QHZ�PDULWLPH�GRFN�LV�QRW�DXWKRUL]HG�ZLWKLQ�WKH�
RUGLQDU\�FRXUVH�RI�EXVLQHVV�RI�WKH�OLFHQVHG�DFWLYLW\��DQG�WKHUHIRUH�WKH�SURFHGXUH�IRU�
PRGLILFDWLRQ�RI�HQYLURQPHQWDO� OLFHQVH�PXVW�EH�FDUULHG�RXW� LQ�DFFRUGDQFH�ZLWK� WKH�
SURYLVLRQV�RI�6HFWRUDO�'HFUHH������RI�����

��� 6FRSHV

7KH�VFRSH�RI�WKLV�VWXG\�LV�WKH�PRGLILFDWLRQ�RI�WKH�(QYLURQPHQWDO�/LFHQVH�JUDQWHG�E\�
5HVROXWLRQ� ����� RI� -DQXDU\� ���� ������ PHHWLQJ� DOO� WKH� OHJDO� UHTXLUHPHQWV� RI� WKH�
FXUUHQW�HQYLURQPHQWDO�UHJXODWLRQV�DQG�WKH�WHUPV�RI�UHIHUHQFH�0�0�,1$����LVVXHG�E\�
WKH�$1/$��E\�PHDQV�RI�WKH�FRQVWUXFWLRQ�RI�WKH�EDVHOLQH�FRUUHVSRQGLQJ�WR�WKH�DELRWLF��
ELRWLF� DQG� VRFLRHFRQRPLF� PHDQV�� GHILQLQJ� WKH� DFWLYLWLHV� RI� WKH� H[WHQVLRQ� RI� WKH�
SODWIRUP�LQ�WKH�PDULQH�DUHD��WKH�GUHGJLQJ�RI�GHHSHQLQJ�RI�WKH�DFFHVV�FKDQQHO�DQG�
PDQHXYHU�DUHD��UHDOLJQPHQW�RI�WKH�DFFHVV�URDG���FKDQJHV�LQ�WKH�W\SH�DQG�FDSDFLW\�
RI�FDUJR�DQG�FDUJR��DQG�FRQVWUXFWLRQ�RI�WKH�GRFN IRU�WKH�WHUPLQDO�RQ�ODQG��ZKHUH�WKH�
QHZ� HQYLURQPHQWDO� LPSDFWV� LGHQWLILHG� DQG� WKH� DGMXVWPHQWV� WR� WKH� PDQDJHPHQW�
PHDVXUHV�FRQWHPSODWHG�LQ�WKH�HQYLURQPHQWDO�PDQDJHPHQW�SODQ�DUH�HYDOXDWHG�

7KH�IROORZLQJ�LV�D�OLVW�RI�WKH�FKDSWHUV�LQFOXGHG�LQ�WKLV�GRFXPHQW�

&KDSWHU����2EMHFWLYHV� 7KH�REMHFWLYHV�RI� WKH�SURMHFW�DUH�GHILQHG�FRQVLGHULQJ� WKH�
VFRSH�RI�WKH�VWXG\�
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&KDSWHU� ��� *HQHUDO� 7KLV� FKDSWHU� UHODWHV� WKH� FRQWHQW� RI� WKH� GRFXPHQW�� WKH�
REMHFWLYHV�� EDFNJURXQG�� QRUPDWLYH� IUDPHZRUN� DQG� VFRSH�� GHVFULEHV� WKH�
PHWKRGRORJLHV� XVHG� IRU� WKH� FRQVWUXFWLRQ� RI� WKH� EDVHOLQH�� WKH� HYDOXDWLRQ� RI�
HQYLURQPHQWDO�LPSDFWV��PDQDJHPHQW�]RQLQJ�DQG�RWKHU�LWHPV�UHTXHVWHG�E\�WKH�WHUPV�
RI�UHIHUHQFH�

&KDSWHU����3URMHFW�GHVFULSWLRQ� ,W�GHVFULEHV�LQ�D�JHQHUDO�ZD\�WKH�FXUUHQW�VWDWXV�RI�
WKH� SURMHFW� DQG� WKH� DGGLWLRQDO� DFWLYLWLHV� WKDW� DUH� SDUW� RI� WKH� PRGLILFDWLRQ� RI� WKH�
(QYLURQPHQWDO�OLFHQVH�

&KDSWHU� ��� 'HILQLWLRQ� ,QIOXHQFH� $UHD� 7KLV� FKDSWHU� GHILQHV� DQG� GHOLPLWV� WKH�
LQIOXHQFH� DUHDV� RI� WKH� SURMHFW� IRU� WKH� GLIIHUHQW� FRPSRQHQWV� �DELRWLF�� ELRWLF� DQG�
VRFLRHFRQRPLF���&RQVLGHULQJ� WKH� SRWHQWLDO� LPSDFWV� RI� WKH� SURMHFW� RQ� WKH� GLIIHUHQW�
IDFWRUV�

&KDSWHU����&KDUDFWHUL]DWLRQ�RI�WKH�$UHD�RI�,QIOXHQFH� ,W�LV�FRQVWUXFWHG�IURP�WKH�
GHILQLWLRQ�RI�WKH�DUHDV�RI�LQIOXHQFH�DQG�LV�GHYHORSHG�IROORZLQJ�WKH�UHTXLUHPHQWV�RI�
WKH�WHUPV�RI�UHIHUHQFH��)RU�WKH�FKDUDFWHUL]DWLRQ��SULPDU\�DQG�VHFRQGDU\�LQIRUPDWLRQ�
LV� XVHG�� )URP� WKH�DQDO\VLV� RI� WKH� LQIRUPDWLRQ�� WKH� HOHPHQWV� RI� HDFK�RI� WKH� WKUHH�
FKDUDFWHUL]HG�IDFWRUV �DELRWLF��ELRWLF�DQG�VRFLRHFRQRPLF��DUH�GHVFULEHG��IROORZLQJ�WKH�
PHWKRGRORJLHV� HVWDEOLVKHG� E\� WKH� FXUUHQW� HQYLURQPHQWDO� UHJXODWLRQV� DQG� WKH�
PHWKRGRORJ\� IRU� SUHVHQWDWLRQ� RI� HQYLURQPHQWDO� VWXGLHV� RI� WKH� 0LQLVWU\� RI�
(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�'HYHORSPHQW��WRGD\�0LQLVWU\�RI�(QYLURQPHQW�
DQG�6XVWDLQDEOH�'HYHORSPHQW�

)LQDOO\��DQ�DQDO\VLV�RI�HFRV\VWHP�VHUYLFHV�LV�SUHVHQWHG�

&KDSWHU� ��� (QYLURQPHQWDO� ]RQLQJ� (QYLURQPHQWDO� ]RQLQJ� LV� FDUULHG� RXW�� ZKLFK�
GHWHUPLQHV� WKH� HQYLURQPHQWDO� VHQVLWLYLW\� RI� WKH� PRVW� UHOHYDQW� HOHPHQWV� LQ� HDFK�
FKDUDFWHUL]HG� HQYLURQPHQW�� EHIRUH� WKH� DOWHUDWLRQV� RI� LWV� FXUUHQW� FRQGLWLRQ� E\� DQ\�
DQWKURSLF�LQWHUYHQWLRQ�

&KDSWHU� ��� 'HPDQG�� 8VH�� ([SORLWDWLRQ DQG� �� RU� $IIHFWDWLRQ� RI� 1DWXUDO�
5HVRXUFHV� ,W�SUHVHQWV�WKH�VXPPDU\�RI�WKH�VWDWXV�RI�WKH�SHUPLWV�DQG�FRQFHVVLRQV�
JUDQWHG�LQ�IRUFH�RU�LQ�WKH�SURFHVV�RI�EHLQJ�XSGDWHG��$GGLWLRQDOO\��WKH�QHHG�IRU�WKH�XVH�
DQG� ��RU� H[SORLWDWLRQ RI�DGGLWLRQDO�QDWXUDO� UHVRXUFHV� LV�HVWLPDWHG� IRU� WKH�DFWLYLWLHV�
VXEMHFW�WR�PRGLILFDWLRQ�DQG�WKH�SURFHVVLQJ�RI�DVVRFLDWHG�HQYLURQPHQWDO�SHUPLWV�

&KDSWHU� ��� (QYLURQPHQWDO� $VVHVVPHQW� ,GHQWLILFDWLRQ� DQG� DVVHVVPHQW� RI�
HQYLURQPHQWDO�LPSDFWV�WKDW�PD\�DIIHFW�WKH�DUHD�RI�LQIOXHQFH��WDNLQJ�LQWR�DFFRXQW�WKH�
DFWLYLWLHV�VXEMHFW�WR�WKH�PRGLILFDWLRQ�RI�WKH�(QYLURQPHQWDO�OLFHQVH��
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&KDSWHU����=RQLQJ�RI�(QYLURQPHQWDO�0DQDJHPHQW� $FFRUGLQJ� WR� WKH� UHVXOWV�RI�
HQYLURQPHQWDO�]RQLQJ�DQG�LPSDFW�DVVHVVPHQW��WKH�PDQDJHPHQW�]RQLQJ�LV�VSDWLDOO\�
LGHQWLILHG�� LQ�ZKLFK�WKH�DUHDV�ZLWK�HQYLURQPHQWDO�H[FOXVLRQ�UHVWULFWLRQ�� LQWHUYHQWLRQ�
ZLWK�UHVWULFWLRQ�RU�VLPSO\�LQWHUYHQWLRQ�DUH�GHILQHG�

&KDSWHU� ���� (QYLURQPHQWDO� HFRQRPLF� HYDOXDWLRQ� $Q� DQDO\VLV� RI� WKH� SRWHQWLDO�
HQYLURQPHQWDO�FRVWV�DQG�EHQHILWV�JHQHUDWHG�E\�WKH�SURMHFW�LV�SUHVHQWHG�

&KDSWHU ����3ODQV�DQG�3URJUDPV��LQFOXGHV�WKH�(QYLURQPHQWDO�0DQDJHPHQW�3ODQ�
DQG�WKH�0RQLWRULQJ�DQG�0RQLWRULQJ�3ODQ� 7KLV�FKDSWHU�HVWDEOLVKHV�WKH�SURJUDPV�DQG�
PHDVXUHV�IRU�SUHYHQWLRQ��PLWLJDWLRQ��FRUUHFWLRQ�DQG���RU�FRPSHQVDWLRQ�WR�EH�FDUULHG�
RXW�LQ�WKH�DELRWLF��ELRWLF�DQG�VRFLRHFRQRPLF�IDFWRUV��FRQVLGHULQJ�WKH�LPSDFW�WKDW�PD\�
EH�JHQHUDWHG�GXULQJ�WKH�H[HFXWLRQ�RI�WKH�3URMHFWV RZQ�DFWLYLWLHV�

,Q� WKLV� FKDSWHU�� IROORZ�XS� DQG� PRQLWRULQJ� PHDVXUHV DUH� DOVR� IRUPXODWHG� WR�
JXDUDQWHH� FRPSOLDQFH� ZLWK� HQYLURQPHQWDO� PDQDJHPHQW� PHDVXUHV� DQG� IROORZ�XS�
SURJUDPV�WR�WKH�HQYLURQPHQW�LPSDFWHG�

$GGLWLRQDOO\�� WKH� ULVN� PDQDJHPHQW� SODQ LV� SUHVHQWHG� DGMXVWHG� WR� WKH� QHZ�
FKDUDFWHULVWLFV�RI�WKH�SURMHFW��ZKHUH�WKH�SODQ�LV�VWUXFWXUHG�IRU�SUHYHQWLRQ��DWWHQWLRQ�
DQG�HYDOXDWLRQ�RI�XQH[SHFWHG�HYHQWV��IROORZLQJ�WKH�ULVN�DQDO\VLV�VFKHPH�LGHQWLI\LQJ�
WKUHDWV�DQG�YXOQHUDELOLWLHV��VR�WKDW�ODWHU�WKH�VWUDWHJLF�SODQV�RI�WKH FRQWLQJHQF\�SODQ�

'LVPDQWOLQJ� DQG� DEDQGRQPHQW� SODQV 7KH� ILQDO� XVH� SURSRVDOV� DQG� WKH�
PRUSKRORJLFDO�PDQDJHPHQW�DQG�UHVWUXFWXULQJ�PHDVXUHV�RI�WKH�LQIUDVWUXFWXUH�DUHDV�
GLUHFWO\�LQWHUYHQHG�E\�WKH�SURMHFW�WKH\�DSSO\�ZLOO�EH�SUHVHQWHG�WKURXJK�WKH�DSSURDFK�

$QG�ILQDOO\��DQ�XSGDWH�WR�WKH �� LQYHVWPHQW�SODQ IROORZLQJ�WKH�JXLGHOLQHV�RI�'HFUHH�
�����RI������DQG�WKH FRPSHQVDWLRQ�SODQ�IRU�ORVV�RI�ELRGLYHUVLW\ DFFRUGLQJ�WR�WKH�
FRPSHQVDWLRQ�DOORFDWLRQ�PDQXDO��5HVROXWLRQ������RI������

��� 0HWKRGRORJ\

%HORZ�LV�WKH�PHWKRGRORJ\�RI�HDFK�RI�WKH�PHDQV��DELRWLF��ELRWLF�DQG�VRFLRHFRQRPLF�
IRU� WKH� FRQGXFW� RI� HQYLURQPHQWDO� VWXGLHV� RI� WKH� 0RGLILFDWLRQ� RI� (QYLURQPHQWDO�
/LFHQVH�RI�WKH�3URMHFW��&RQVWUXFWLRQ�DQG�2SHUDWLRQ�RI�D�3RUW�7HUPLQDO�RI�6ROLG�%XON�
RI�*UHDW�'HSWK�LQ�%DKLD�&RORPELD����6R�WKDW�LW�LV�D�0XOWLSXUSRVH�3RUW�7HUPLQDO�

����� $ELRWLF�HQYLURQPHQW

7KH�PHWKRGRORJ\�XVHG� IRU� WKH�GHYHORSPHQW�RI� WKH�DELRWLF�HQYLURQPHQW��JHQHUDOO\�
FRQVLVWHG�RI�
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���&ROOHFWLRQ�DQG�UHYLHZ�RI�VHFRQGDU\�LQIRUPDWLRQ�RI�WKH�DUHD�ZKHUH�WKH�SURMHFW�ZLOO�
EH�ORFDWHG�

��� *HQHUDWLQJ RI� QHZ� LQIRUPDWLRQ� DQG� XSGDWH� DQG� FRPSOHPHQW� WKH� H[LVWLQJ�
LQIRUPDWLRQ� RI� WKH� (QYLURQPHQWDO� ,PSDFW� 6WXG\� WKDW� VXSSRUWV� WKH� HQYLURQPHQWDO�
OLFHQVH�JUDQWHG�E\�5HVROXWLRQ������RI������WKURXJK�ILHOG�YLVLWV�DQG�FRUUHVSRQGLQJ�
VDPSOLQJV�RI PDULQH�DQG�FRQWLQHQWDO�ZDWHU��PDULQH�DQG�FRQWLQHQWDO�VHGLPHQWV�DQG�
HQYLURQPHQWDO�QRLVH���DPRQJ�RWKHUV�

���3URFHVVLQJ�RI�WKH�LQIRUPDWLRQ�

7KH� IROORZLQJ� LV� WKH� PHWKRGRORJ\� E\� FRPSRQHQW� XVHG� IRU� WKH� FRPSHWLRQ RI� WKH�
HQYLURQPHQWDO�FKDUDFWHUL]DWLRQ�RI�WKH�DELRWLF�HQYLURQPHQW�

*HRORJ\

7KH�JHRORJ\�IRU�WKH�VWXG\�DUHD�RI�WKH�SURMHFW�ZDV�FDUULHG�RXW�WDNLQJ�LQWR�DFFRXQW�WKH�
IROORZLQJ�LWHPV�DQG�ZDV�UHSUHVHQWHG�LQ�PDSV�ZLWK�ZRUNLQJ�VFDOH�����������

9 /LWKRORJ\

$�JHRORJLFDO�VXUYH\�ZDV�PDGH�WR�WKH�SURMHFW�DUHD�WKURXJK�ILHOG�WULSV��DQG�ZLWK�WKH�
KHOS�RI�DHULDO�SKRWRJUDSKV��WKH�UHJLRQDO�JHRORJ\�ZDV�WDNHQ�IURP�JHRORJLFDO�VWXGLHV�
WKDW�KDYH�EHHQ�FDUULHG�RXW�LQ�WKH�UHJLRQ��ZKLOH�WKH�GHVFULSWLRQ�RI�WKH�OLWKRORJLFDO�XQLWV�
ZDV� WDNHQ� IURP� WKH�327�RI� WKH�PXQLFLSDOLW\�RI�7XUER�� UHIHUHQFLQJ� LWV�DJH��RULJLQ��
WKLFNQHVV��GLVWULEXWLRQ�RI�WKH�GLIIHUHQW�XQLWV�WKDW�HPHUJH�ERWK�LQ�WKH�DUHD�RI�LQIOXHQFH�
DQG� LQ� WKH� UHJLRQDO� DUHD�� 7KH� VSDWLDO� GLVWULEXWLRQ� RI� WKH� OLWKRORJLFDO� XQLWV� ZDV�
SUHVHQWHG�LQ�D�SURSHUO\�JHRUHIHUHQFHG�SODQH�DQG�LQ�DQ�DGHTXDWH�VFDOH�

9 6WUXFWXUDO�

7KH� LQIRUPDWLRQ� RQ� JHRORJLFDO� VWUXFWXUHV� ZDV� REWDLQHG� IURP� JHRORJLFDO� VWXGLHV�
FDUULHG�RXW�LQ�WKH�UHJLRQ��FRPSOHPHQWHG�E\�GLJLWDO�HOHYDWLRQ�PRGHOV�

���������������������������������

��&2/20%,$��1$7,21$/�$87+25,7<�2)�(19,5210(17$/�/,&(16(6�� $1/$��5HVROXWLRQ�������-DQXDU\������������%\�
PHDQV�RI�ZKLFK�DQ�HQYLURQPHQWDO�OLFHQVH�LV�JUDQWHG��%RJRWi��'�&������S�
� 1$7,21$/�+<'52&$5%216�$*(1&<��$1+��*HRORJLFDO�&DUWRJUDSK\�DQG�6WUXFWXUDO�0RGHOLQJ�RI�WKH�8UDEi�DQG�6LQ~�
6DQ�-DFLQWR�%DVLQV�EDVHG�RQ�WKH�,QWHUSUHWDWLRQ�RI�5HPRWH�6HQVLQJ�,PDJHV�DQG�6HLVPLF�0RQLWRULQJ������
� *21=$/(=��+��*HRORJLFDO�0DS�RI�WKH�'HSDUWPHQW�RI�$QWLRTXLD��([SODQDWRU\�0HPRU\�,1*(20,1$6��0DS�VFDOH����
�������������
� &2/20%,$��081,&,3$/�$'0,1,675$7,21�2)�785%2��7HUULWRULDO�3ODQQLQJ�3ODQ�0XQLFLSDOLW\�RI�7XUER��7XUER�������
� 1$7,21$/�+<'52&$5%216�$*(1&<�� $1+�������2S��&LW�
� *21=È/(=�+��������2S��&LW�
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�'(0��� 7KH� FDUWRJUDSKLF� LQIRUPDWLRQ� REWDLQHG� IURP� WKH� VWUXFWXUDO� VWXG\� ZDV�
SUHVHQWHG� WRJHWKHU� ZLWK� WKH� OLWKRORJLFDO� XQLWV� LQGLFDWHG� LQ� WKH� SUHYLRXV� LWHP�� WR�
JHQHUDWH�LQ�WKLV�ZD\�D�JHRORJLFDO�PDS�

9 *HR�WKUHDWV

$Q�DQDO\VLV�ZDV�PDGH�RI� WKH�SRVVLEOH� WKUHDWV� WKDW�PD\�DIIHFW� WKH�DUHD�ZKHUH�WKH�
SURMHFW�LV�SURSRVHG�WR�EH�LPSOHPHQWHG��7KH�WKUHDW�DQDO\VLV�DGGUHVVHG�WKH�G\QDPLF�
SURFHVVHV WKDW�DUH�SUHVHQW�LQ�WKH�JHRPRUSKRORJLFDO�XQLWV��PHQWLRQHG�EHORZ���LW�ZDV�
SRVVLEOH�WR�HVWDEOLVK�WKH�LQWHQVLW\�ZLWK�ZKLFK�WKH\�DFW�LQ�WKH�QDWXUDO�HQYLURQPHQW�DQG�
WKH�SRVVLEOH�HIIHFWV� WKDW� WKHVH�SURFHVVHV�FRXOG�FDXVH� WR� WKH� LQIUDVWUXFWXUH�� ��7KH�
GRFXPHQW�,QWHUQDWLRQDO�6WUDWHJ\�IRU�'LVDVWHU�5HGXFWLRQ�� ,6'5�ZDV FRQVXOWHG�

5HJDUGLQJ� WKH�VHLVPLF� WKUHDW�SUHVHQW� LQ� WKH�UHJLRQ�� LQIRUPDWLRQ�RQ�VHLVPLFLW\�ZDV�
FRQVXOWHG�

*HRPRUSKRORJ\

7KH� JHRPRUSKRORJLFDO� DQDO\VLV� ZDV� PDLQO\� DSSURDFKHG� IURP� WKH�
SKRWRLQWHUSUHWDWLRQ��LQWHUSUHWDWLRQ�RI�UHPRWH�VHQVRUV��WKLV�LQWHUSUHWDWLRQ�ZDV�YHULILHG�
ZLWK� ILHOG� YLVLWV�� WKH� JHRPRUSKRORJLFDO� VWXG\� LQFOXGHG� D� FKDUDFWHUL]DWLRQ� RI� WKH�
JHRIRUPV�SUHVHQW�LQ�WKH�VWXG\�DUHD��LWV�VSDWLDO�GLVWULEXWLRQ�ZDV�UHSUHVHQWHG�RQ�D�PDS�
ZLWK�ZRUNLQJ�VFDOH�����������

9 '\QDPLFV�RI�WKH�SURFHVVHV�

,Q�RUGHU�WR�HVWDEOLVK�WKH�G\QDPLFV�RI�WKH�PRUSKRVHGLPHQWDU\�SURFHVVHV��HURVLYH�DQG�
VHGLPHQWDU\�� WKDW� DFW� RQ� WKH� GLIIHUHQW� JHRIRUPV�� D� PXOWL�WHPSRUDO� DQDO\VLV� ZDV�
FDUULHG�RXW�ZLWK�WKH�KHOS�RI�DHULDO�SKRWRJUDSKV��7DEOH�1R�������REWDLQHG�IURP�GLIIHUHQW�
GDWHV��IURP�DQ�DHULDO�SKRWRJUDSK�RI�WKH�,*$&�RI�WKH�\HDU�������XQWLO�WKH�PRVW�UHFHQW�
RI������DFTXLUHG�E\�WKH�SURMHFW��ZLWK�WKH�SXUSRVH�RI�REVHUYLQJ�WKH�HYROXWLRQ�RI�WKH�
JHRIRUPV�GXULQJ�WKH�ODVW����\HDUV�

�������������������������������������������

��,17(51$7,21$/�675$7(*<�)25�',6$67(5�5('8&7,21�,1�7+(�$0(5,&$6��>2QOLQH@�
�KWWS���ZZZ�HLUG�RUJ�HVS�WHUPLQRORJLD�HVS�KWP!�>$FFHVVHG�-XO\���������@�
� 7(&72&/8%������>2QOLQH@��KWWSV���WHFWRFOXE�����ZLNLVSDFHV�FRP�7HFWRQLFD�GH�3ODFDV�$SOLFDGD�D�&RORPELD!�
>&RQVXOWHG�����-XO\������@�
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7DEOD�1R����� 5HFXUVR�IRWRJUiILFR�SDUD�HO�iUHD�GH�HVWXGLR

)OLJKW 3KRWR 'DWH 6FDOH
5�± ���� ��� ���������� ��������
5�± ���� ��� ���������� ��������
5�± ��� ��� ���������� ��������

6RXUFH��3UHSDUHG�E\ $TXD�	�7HUUD &RQVXOWRUHV�$VRFLDGRV�6�$�6�������

9 &RDVWDO�DQG�IOXYLDO�HURVLRQ�SURFHVVHV

7R�NQRZ�WKH�LQWHQVLW\�ZLWK�ZKLFK�WKH�SURFHVVHV�RI�HURVLRQ�DQG���RU�FRDVWDO�DQG�IOXYLDO�
VHGLPHQWDWLRQ� DUH� SUHVHQWHG�� ZH� SURFHHGHG� LQ� WKH� ILUVW� LQVWDQFH� WR� GHILQH� WKH�
FRDVWOLQHV�RI�GLIIHUHQW�GDWHV�

)RU�WKH�OLQHV�RI�FRDVW�DQG�PDUJLQV�RI�WKH�/HRQ�ULYHU�RI�WKH�\HDUV������DQG�������WKH\�
ZHUH� WUDFHG�GLJLWDOO\�VXSHULPSRVHG�RQ�FRUUHVSRQGLQJ�DHULDO�SKRWRJUDSKV�SURSHUO\�
JHRUHIOHFWHG�

)RU�WKH�FRDVW�OLQHV�FRUUHVSRQGLQJ�WR�WKH�\HDUV������������DQG�������WKH�LQIRUPDWLRQ�
LQ�6KDSH�IRUPDW�WKDW�$8*85$��&RORPELDQ�%DQDQHURV $VVRFLDWLRQ��RZQV ZDV�WDNHQ�
DV�D�SURGXFW�RI�WKH�PXOWLSOH�VWXGLHV�WKDW�LW�KDV�FDUULHG�RXW�LQ�WKH�DUHD��7KLV�LQIRUPDWLRQ�
ZDV REWDLQHG�RI�VXUYH\V�ZLWK�*36�

2QFH� WKH� WUDFLQJV� RI� WKH� VKRUHOLQHV�ZHUH� DFTXLUHG�� WKH\�ZHUH� GHSOR\HG� VSDWLDOO\�
XVLQJ�WKH�$UF0DS�VRIWZDUH�LQ�RUGHU�WR�FRPSDUH�WKHP�WR�NQRZ�WKH�HYROXWLRQ�WKH\�KDYH�
IROORZHG�

9 (YROXWLRQ�RI�WKH�/HyQ�5LYHU�'HOWD

7KH�HYROXWLRQ�RI�WKLV�VHGLPHQW�ERG\�ZDV�PDGH�SRVVLEOH�WKURXJK�WKH�PXOWLWHPSRUDO�
DQDO\]HV�FDUULHG�RXW�RQ� WKH�EDWK\PHWULF�VXUYH\V�FDUULHG�RXW�E\�$8*85$�LQ������
DQG� ������ 7KLV� LQIRUPDWLRQ� ZDV� FRPSOHPHQWHG� ZLWK� WKH� LQWHUSUHWDWLRQ� RI� WKH�
DIRUHPHQWLRQHG�DHULDO�SKRWRJUDSKV�

9 0RUSKRORJ\�RI�IXQGV�

,Q�RUGHU�WR�NQRZ�WKH�PRUSKRORJ\�RI�WKH�VHDEHG�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW��
DQ� DQDO\VLV� RI� WKH� VKDSHV� RI� WKH� LVREDWKV� REWDLQHG� IURP� WKH� EDWK\PHWULF� VXUYH\�
FDUULHG�RXW�LQ�0D\������ZDV�FDUULHG�RXW�

/DQGVFDSH�

���������������������������������������
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��,W�LV�D�SURSULHWDU\�VSDWLDO�GDWD�ILOH�IRUPDW�GHYHORSHG�E\�WKH�FRPSDQ\�(65,��ZKR�FUHDWHV�DQG�PDUNHWV�VRIWZDUH�IRU�
*HRJUDSKLF�,QIRUPDWLRQ�6\VWHPV�

7R�GHWHUPLQH�WKH�ODQGVFDSH�RI�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW��LW�ZDV�HYDOXDWHG�
IURP�YDULRXV�SRLQWV�RI�YLHZ�ERWK�HFRORJLFDO��DELRWLF�DQG�ELRWLF��DQG�VRFLRFXOWXUDO��,Q�
WKH� ILUVW� LQVWDQFH�� WKH� EDVLF� FDUWRJUDSK\� DQG� 327� PDSSLQJ� LQIRUPDWLRQ� RI� WKH�
PXQLFLSDOLW\�RI�7XUER������DQG�������$WODV�RI�WKH�*XOI RI 8UDEi�DQG�WKH�XVH�RI�WKH�
DYDLODEOH�JHRJUDSKLF� LQIRUPDWLRQ�SRUWDOV� FRQWDLQHG� LQ� WKH� ,*$&�ZHEVLWH��6,*�27��
ZHUH�LGHQWLILHG��,19(0$5

$GGLWLRQDOO\��IRU�WKH�DVVHVVPHQW�RI�WKH�YLVLELOLW\�DQG�ODQGVFDSH�TXDOLW\�DQDO\VLV��WKH�
ODQGVFDSH�XQLWV�ZHUH�FDUULHG�RXW� LQ� WKH�ILUVW�SKDVH�ZLWK� WKH�PHWKRGRORJ\�XVHG�E\�
3HUDOWD� DQG�/DQGVFDSH�$HVWKHWLFV�$�+DQGERRN� IRU�6FHQHU\�0DQDJHPHQW�� LQ� WKH�
VHFRQG�SKDVH�WKH�FULWHULD�IRU�DVVHVVLQJ�WKH�ODQGVFDSH�DUH�GHVFULEHG�WKH�ODQGVFDSH�
LQ�WHUPV�RI�PRGHOV�RI�YLVXDO�TXDOLW\�RI�WKH�ODQGVFDSH�ZKHUH�VHYHUDO�PHWKRGRORJLHV�
ZHUH�XVHG��DPRQJ�ZKLFK�DUH�WKRVH�GHILQHG�E\�0RQWR\D�HW�DO�EDVHG�RQ�WKH�PRGHOV�
RI� WKH�DXWKRUV�VXFK�DV�$JXLOy� �������DQG�$UDPEXUR��������DQG�E\�&DxDV�HQ� WKH�
LQWURGXFWLRQ��PDLQ�FRQVLGHUDWLRQV� WR� WDNH� LQWR�DFFRXQW� LQ� ODQGVFDSH�FRQVWUXFWLRQV��
)RU�WKH�DQDO\VLV�RI�WKH�LQIRUPDWLRQ��WKH�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP�� *,6 ZLWK�
WKH�VXSHUSRVLWLRQ�RI�OD\HUV�ZDV�XVHG�

%HORZ�DUH� WKH�FULWHULD�GHILQHG�IRU� WKH�GHWHUPLQDWLRQ�RI� WKH�XQLW\�RI� WKH� ODQGVFDSH��
DQDO\VLV�RI� ODQGVFDSH�YLVLELOLW\��YLVXDO�TXDOLW\�RI� WKH� ODQGVFDSH�DQG�VLWHV�RI�VFHQLF�
LQWHUHVW�� DFFRUGLQJ� WR� WKH� FKDUDFWHULVWLFV� RI� WKH� VWXG\� DUHD� DQG� WKH� LQIRUPDWLRQ�
DYDLODEOH�

��������������������������������������

���&2/20%,$��081,&,3$/,7<�2)�785%2��/DQG�0DQDJHPHQW�3ODQ��SK\VLFDO�HQYLURQPHQWDO�GLDJQRVLV��7XUER������
�� 081,&,3$/,7<�2)�785%2��$JUHHPHQW������������/DQG�0DQDJHPHQW�3ODQ�� 327��7XUER�������
�� ,167,787(�2)�0$5,1(�$1'�&2$67$/�,19(67,*$7,216�-26e�%(1,72�'(�$1'5(Ë6��,19(0$5��DQG�
*29(510(17�2)�$17,248,$��$WODV�RI�WKH�*XOI�RI�8UDEi��D�ORRN�DW�WKH�&DULEEHDQ�RI�$QWLRTXLD�DQG�&KRFy��6HULHV�RI�
VSHFLDO�SXEOLFDWLRQV�1R������6DQWD�0DUWD������������SDJHV��,6%1�������������������
�� *(2*5$3+,&�,167,787(�$*867Ë1�&2'$==,��,*$&��>2QOLQH@��KWWS���ZZZ�LJDF�JRY�FR�LJDF!�>$FFHVVHG�����-XO\��
����@
�� *(2*5$3+,&$/�,1)250$7,21�6<67(0�)25�3/$11,1*�$1'�7(55,725,$/�25',1$7,21�6,*�27��>2QOLQH@�
�KWWS���VLJRWQ�LJDF�JRY�FR�VLJRWQ�!�>$FFHVVHG�����-XO\������@
�� ,167,787(�2)�0$5,1(�$1'�&2$67$/�,19(67,*$7,216�-26e�%(1,72�'(�$1'5(Ë6� ,19(0$5��0$5,1$�$1'�
&2$67$/�(19,5210(17$/�,1)250$7,21�6<67(0�� 6,$0��>2QOLQH@��KWWS���VLDP�LQYHPDU�RUJ�FR�VLDP�LQGH[�MVS!�
>$FFHVVHG�����-XO\������@
�� 3(5$/7$� (GXDUGR��0RGHO�WR�GHWHUPLQH�ODQGVFDSH�XQLWV�IRU�HQYLURQPHQWDO�LPSDFW�VWXGLHV�RI�K\GURHOHFWULF�SURMHFWV��7KH�
FDVH�RI�WKH�6DYHJUH�&RVWD�5LFD�ULYHU�EDVLQ��,Q��;,,�0HHWLQJ�RI�JHRJUDSKHUV�RI�/DWLQ�$PHULFD�0RQWHYLGHR�� 8UXJXD\�>2QOLQH@��
KWWS���REVHUYDWRULRJHRJUDILFRDPHULFDODWLQD�RUJ�P[�HJDO����3URFHVRVDPELHQWDOHV���*HRPRUIRORJLD������SGI�>4XRWHG�����-XO\��
����@
�� 81,7('�67$7(6�'(3$570(17�2)�$*5,&8/785(��/DQGVFDSH�$HVWKHWLFV�$�+DQGERRN�IRU�6FHQHU\�0DQDJHPHQW��
$JULFXOWXUH�+DQGERRN�1XPEHU����������������S�
�� 02172<$��5D\PXQGR���3$',//$��-RUJH���67$1)25'��6HUJLR��$VVHVVPHQW�RI�WKH�TXDOLW\�DQG�YLVXDO�IUDJLOLW\�RI�WKH�
ODQGVFDSH�LQ�WKH�9DOOH\�RI�=DSRWLWOiQ�GH�ODV�VDOLQDV��3XHEOD��0H[LFR���������,Q��%XOOHWLQ�RI�$�*�(��1R������S������� ����
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�� &$f$6�*8(55(52��,JQDFLR��,QWURGXFWLRQ��0DLQ�FRQVLGHUDWLRQV�WR�WDNH�LQWR�DFFRXQW�LQ�EXLOGLQJV�� /DQGVFDSH��>RQOLQH@�
�KWWS���ZZZ�JUXSRLQYHVWLJDFLRQSDGRF�FRP�XSORDG�SUHVHQWD���LPSDFWRBSDLVDMLVWLFR�SGI!�>$FFHVVHG�����-XO\������@

� /DQGVFDSH�XQLWV

7R�UHVWULFW WKH�XQLWV�RI�WKH�ODQGVFDSH��D�PHWKRGRORJ\�RI�,DQ�0F�+DUJ�XVHG�E\�3HUDOWD��
DOVR�NQRZQ�DV�RYHUODS��ZDV�XVHG��ZKLFK�FRQVLVWV�RI�WKH�GHYHORSPHQW�RI�D�VHULHV�RI�
WKHPDWLF�PDSV��RQH�IRU�HDFK�HQYLURQPHQWDO�YDULDEOH��SUHVHQWLQJ�WKH�GDWD�RUJDQL]HG�
E\�FDWHJRU\���WKH\�DUH�VXSHULPSRVHG�DQG�D�V\QWKHVLV�PDS�RI�WKH�ODQGVFDSH�XQLWV�LQ�
WKH�VWXG\�DUHD�LV�JHQHUDWHG��7KH�YDULDEOHV�XVHG�IRU�WKH�GHILQLWLRQ�RI�ODQGVFDSH�XQLWV�
ZHUH� EDVHG� RQ� WKH� PHWKRGRORJ\� PHQWLRQHG� DERYH� DQG� WKH� RQH� SURSRVHG� LQ�
/DQGVFDSH� $HVWKHWLFV� $� +DQGERRN� IRU� 6FHQHU\� 0DQDJHPHQW�� DQG� D� VSDWLDO�
GLVWULEXWLRQ�RI�WKH�GRPLQDQW�HFRORJLFDO�IDFWRUV�DIIHFWLQJ�WKH�VWUXFWXUH�DQG�IXQFWLRQDO�
DWWULEXWHV�RI�WKH�HFRV\VWHP�ZDV�FDUULHG�RXW�

)LJXUH 1R����� 0RGHO�/DQGVFDSH�8QLWV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������0RGLILHG�IURP�3HUDOWD

/DWHU��LQ�RUGHU�WR�REWDLQ�WKH�ERXQGDULHV�RI�WKH�ODQGVFDSH�XQLWV��WKH�GLIIHUHQW�OD\HUV�
ZHUH�FURVVHG�ZLWK�WKH�KHOS�RI�WKH�*HRJUDSKLFDO�,QIRUPDWLRQ�6\VWHP�� *,6 WRRO��ZKLFK�
LV� SUHVHQWHG�RQ� D�PDS� DW� D� VFDOH� RI� ��� �������RU�PRUH� GHWDLOHG�� )LJXUH�1R�� ����

*HRPRUSKRORJ\�

'UDLQDJH�QHWZRUN

9HJHWDWLRQ�FRYHU

$UWLILFLDO�7HUULWRULHV

0DS

/DQGVFDSH�
XQLWV
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JUDSKLFDOO\�SUHVHQWV�WKH�SURFHVV�RI�REWDLQLQJ�WKH�ODQGVFDSH�XQLWV�LQ�WKH�VWXG\�DUHD�
RI�WKH�SURMHFW�IURP�WKH�DELRWLF��ELRWLF�DQG�VRFLRFXOWXUDO�IDFWRUV�

�������������������������������������������

��� 3(5$/7$��2S�FLW�

7R�REWDLQ�WKH�PDS�RI�ODQGVFDSH�XQLWV��WKH�OD\HUV�RI�WKH�GHILQHG�FRPSRQHQWV�ZHUH�
FURVVHG��VHH�)LJXUH�1R������

)LJXUH 1R����� )ORZ�GLDJUDP�RI�WKH�GHYHORSHG�PRGHO
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������0RGLILHG�IURP�3HUDOWD

/D
QG
VF
DS
H�
�8
QL
W�0

DS
��

*HRPRUSKRORJ\

3ODQW�&RYHUDJHV

'UDLQDJH�QHWZRUN�

$UWLILFLDOL]HG�WHUULWRULHV
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� /DQVFDSH�9LVLELOLW\�$QDO\VLV

)RU�WKH�DQDO\VLV�RI�WKH�YLVLELOLW\�RI�WKH�ODQGVFDSH��REVHUYHUV�ZHUH�SURSRVHG�LQ�WKH�
VFHQLF�VLWHV�WKDW�DOORZV�WR�HQMR\�WKH�ODQGVFDSH�RI�WKH�VWXG\�DUHD�DQG�WKH�YLVXDO�SODQH�
LV�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�GLVWDQFH�RI�WKH�REVHUYHU�DFFRUGLQJ WR�WKH�SURYLVLRQV�
RI� /DQGVFDSH� $HVWKHWLFV� $� +DQGERRN� IRU� 6FHQHU\� 0DQDJHPHQW� DQG� DGMXVWHG�
DFFRUGLQJ�WR�WKH�FKDUDFWHULVWLFV�RI�WKH�SURMHFW�DUHD�

7KH� YLVXDO� VFDOH� LV� FODVVLILHG� LQ� FORVH��PHGLXP�DQG�GLVWDQW� SODQH� IURP�KRUL]RQWDO�
GLVWDQFH�RI�WKH�WUDLOV��ZDWHUZD\V�DQG�ZDWHU�QHWZRUN��ZKLFK�DUH�WKH�WUDQVLW�URXWHV�RI�
WKH�REVHUYHUV��,W�VKRXOG�EH�PHQWLRQHG�WKDW�WKH�SURMHFW�DUHD�LV�ORFDWHG�LQ�D�ODFXVWULQH�
IOXYLDO�SODLQ� ODQGVFDSH�ZLWK�IHZ�GLIIHUHQFHV�LQ�DOWLWXGHV��WKHUHIRUH�� LW�ZDV�QRW�GRQH�
ZLWK�YLVLELOLW\�E\�GLPHQVLRQV��7DEOH�1R������SUHVHQWV�WKH�VFDOH�RI�ODQGVFDSH�YLVLELOLW\�
DQDO\VLV�SURSRVHG�

7DEOH�1R������6FDOH�DQDO\VLV�RI�ODQGVFDSH�YLVLELOLW\
9LVXDO�VFDOH� 'LVWDQFH�RI�WKH�REVHUYHU 1RPHQFODWXUH

)DU�SODQH +RUL]RQWDO GLVWDQFH�!������PHWHUV 3O
0HGLXP�SODQH +RUL]RQWDO GLVWDQFH ш ����PHWHUV ч ������PHWHUV 3P
&ORVH�SODQH +RUL]RQWDO GLVWDQFH ������PHWHUV 3F

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������0RGLILHG�E\�8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH�������

� 9LVXDO�TXDOLW\�RI�WKH�ODQGVFDSH

5HJDUGLQJ�WKH�DVVHVVPHQW�RI�WKH�YLVXDO�TXDOLW\�RI�WKH�ODQGVFDSH��WKH�PHWKRGRORJ\�
XVHG�LV�WKDW�LQGLFDWHG�E\�0RQWR\D�HW�DO�ZLWK�PRGLILFDWLRQ�RI�WKH�TXDOLILFDWLRQ�FULWHULD�
DFFRUGLQJ�WR�WKH�VWXG\�DUHD��,Q�WKH�DSSOLFDWLRQ�RI�WKH�YLVXDO�TXDOLW\�PRGHO�YDULDEOHV�
ZHUH�XVHG�WKDW�ZHUH�FRQVLGHUHG�WR�GHILQH�WKH�YLVXDO�TXDOLW\�RI�WKH�ODQGVFDSH��DPRQJ�
WKHP�WKH�SK\VLRJUDSK\��SODQW FRYHU�DQG�ODQG�XVHV��ZDWHU�GUDLQDJHV�RU�ILOP� RI�ZDWHU�
DQG�GHJUHH�RI�KXPDQL]DWLRQ��URDGV�DQG�XUEDQ�FHQWHUV���DV�SUHVHQWHG�LQ�)LJXUH�1R��
����
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���81,7('�67$7(6�'(3$570(17�2)�$*5,&8/785(��������2S�FLW�
�� 02172<$��5D\PXQGR���3$',//$��-RUJH���67$1)25'��6HUJLR��$VVHVVPHQW�RI�WKH�TXDOLW\�DQG�YLVXDO�IUDJLOLW\�RI�WKH�
ODQGVFDSH�LQ�WKH�9DOOH\�RI�=DSRWLWOiQ GH�ODV�VDOLQDV��3XHEOD��0H[LFR���������,Q��%XOOHWLQ�RI�$�*�(��1R������S������� ����

)LJXUH 1R����� 0RGHO�RI�9LVXDO�4XDOLW\�RI�WKH�/DQGVFDSH
6RXUFH��0RQWR\D�HW�DO�������

4XDOLW\�3K\VLRJUDSK\

��� 02172<$�HW�DO��������2S�&LW��
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,W� ZDV� DVVHVVHG� DFFRUGLQJ� WR� WZR� DVSHFWV�� VORSH� DQG� FRPSOH[LW\� RI� VKDSHV� RU�
WRSRJUDSK\�

9DOXDWLRQ�E\�DOWLWXGH� :KHUH��DW�D�KLJKHU�DOWLWXGH��WKH�YLVXDO�TXDOLW\�RI�WKH�ODQGVFDSH�
LV�JUHDWHU��,W�LV�ZRUWK�PHQWLRQLQJ�WKDW�WKH�SURMHFW�DUHD�LV�UHODWLYHO\�IODW�DQG�WKHUHIRUH�
GRHV�QRW�KDYH� UHSUHVHQWDWLYH�DOWLWXGHV�� LQ� WKLV� VHQVH�� WKH�KLJKHVW�DOWLWXGHV�RI� WKH�
JHRIRUPV�ORFDWHG�RQ�WKH�RXWVNLUWV�RI�WKH�ULYHU�EDQN�DQG�FRDVWOLQH�ZHUH�FRQVLGHUHG�
�VHH�7DEOH�1R������

7DEOH�1R������9DOXDWLRQ�E\�DOWLWXGH
(QYLURQPHQWDO�FULWHULD 9LVXDO�TXDOLW\ 5DWLQJ�YDOXH
/HYHO �B&RWD���PVQP /RZ �

/HYHO�,B&RWD�EHWZHHQ�!��DQG ���PVQP 0HGLXP �
/HYHO��B&RWDV !��PVQP� +LJK �

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

4XDOLW\�RI�WKH�SODQW�FRYHU

7KH�YHJHWDWLRQ�DQG�WKH�FXUUHQW�ODQG�XVHV�DUH�D�IXQGDPHQWDO�IDFWRU�WR�HYDOXDWH�WKH�
TXDOLW\�RI�WKH�ODQGVFDSH�EHFDXVH�LW�LV�DQ�H[WHQVLYH�HOHPHQW�WKURXJKRXW�WKH�WHUULWRU\��
,W�ZDV�DVVHVVHG�DV�WKH�EHVW�YLVXDO�ODQGVFDSH�TXDOLW\��WKH�FRYHUDJH�WKDW�LV�FORVHU�WR�
WKH�QDWXUDO�YHJHWDWLRQ�LQ�D�VWDWH�RU�WKRVH�XVHV�WKDW�GXH�WR�LWV�WUDGLWLRQDO�QDWXUH��DUH�
DOUHDG\�LQWHJUDWHG�LQWR�WKH�HQYLURQPHQW�

'LYHUVLW\� RI� YHJHWDWLRQ� FRYHU� IRUPDWLRQV�� 7KH� KLJKHVW� TXDOLW\� RI� ODQGVFDSLQJ�ZDV�
DVVLJQHG�WR�WKH�SUHVHQFH�RI�DUHDV�ZLWK�IRUHVW�DQG�RI�ORZHU�TXDOLW\�WKRVH�DUHDV�ZLWK�
DJULFXOWXUDO�YHJHWDWLRQ�FRYHU��VHH�7DEOH�1R�������

7DEOH�1R������$VVHVVPHQW�IRU�WKH�GLYHUVLW\�RI�YHJHWDWLRQ�FRYHU�IRUPDWLRQV
(QYLURQPHQWDO�FULWHULD 9LVXDO�TXDOLW\ 5DWLQJ�YDOXH
$JULFXOWXUDO�WHUULWRULHV /RZ �

$UHDV�ZLWK�KHUEDFHRXV�DQG�RU�VKUXEE\�YHJHWDWLRQ 0HGLXP �
$UHDV�ZLWK�SUHVHQFH�RI�IRUHVW +LJK �

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

'LYHUVLW\� RI� IRUPDWLRQV� RI� FXUUHQW� ODQG� XVH�� *UHDWHU� TXDOLW\� RI� ODQGVFDSLQJ� ZDV�
DVVLJQHG�WR�WKH�XVH�RI�FRQVHUYDWLRQ�DQG�SURWHFWLRQ��RI�ORZHU�TXDOLW\�WKRVH�DUHDV�ZLWK�
UHVLGHQWLDO�DQG�LQGXVWULDO�XVH��VHH�7DEOH�1R�������

7DEOH�1R������$VVHVVPHQW�IRU�WKH�GLYHUVLW\�RI�IRUPDWLRQV�RI�FXUUHQW�ODQG�XVH
(QYLURQPHQWDO�FULWHULD 9LVXDO�TXDOLW\ 5DWLQJ�YDOXH
5HVLGHQWLDO�DQG LQGXVWULDO /RZ �
$JULFXOWXUH�DQG OLYHVWRFN� 0HGLXP �

&RQVHUYDWLRQ�DQG�SURWHFWLRQ�� +LJK �
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6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

3UHVHQFH�RI�ZDWHU�

7KH�SUHVHQFH�RI�ERGLHV�RI�ZDWHU�LQ�D�ODQGVFDSH�LV�FRQVWLWXWHG�DV�DQ�HOHPHQW�RI�EHWWHU�
YLVXDO�TXDOLW\�LQ�WKH�ODQGVFDSH��VHH�7DEOH�1R�������

7DEOH�1R������$VVHVVPHQW�IRU�WKH�SUHVHQFH�RI�ZDWHU
(QYLURQPHQWDO�FULWHULD 9LVXDO�TXDOLW\ 5DWLQJ�YDOXH

$EVHQFH�RI�ERGLHV�RI�ZDWHU� /RZ �
3UHVHQFH�RI�ERGLHV�RI�ZDWHU +LJK �

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

'HJUHH�RI�KXPDQL]DWLRQ

7KH�GHJUHH�RI�KXPDQL]DWLRQ�LV�DVVRFLDWHG�ZLWK�DUWLILFLDO�VWUXFWXUHV��ZKLFK�VXSSRVH�D�
GHFUHDVH� LQ� WKH� TXDOLW\� RI� WKH� ODQGVFDSH�� 7R� PHDVXUH� WKH� GLVWULEXWLRQ� RI� WKHVH�
YDULDEOHV�LQ�WKH�WHUULWRU\��WZR�FULWHULD�ZHUH�XVHG��SUHVHQFH�RI�URDGV DQG�SUHVHQFH�RI�
XUEDQ��LQGXVWULDO�RU�SRSXODWLRQ�DUHDV�

3UHVHQFH�RI�URDGV� 7KH�PDLQ�URDG�QHWZRUN��DVSKDOWHG�VHFRQGDU\�RU�LQWHUPXQLFLSDO�
URDG�� KDV� EHHQ� YDOXHG� ZLWK� ORZHU� YLVXDO� ODQGVFDSH TXDOLW\� GXH� WR� LWV� JUHDWHU�
FRQVWUXFWLYH�UHTXLUHPHQWV��IROORZHG�E\�DQ�DYHUDJH�UDWLQJ�IRU�WKH�UXUDO�URDGV�ZLWKRXW�
DVSKDOW�DQG�KLJKHU�TXDOLW\�WKH�DEVHQFH�RI�URDGV��VHH�7DEOH�1R�������

7DEOH�1R������$VVHVVPHQW�IRU�WKH�SUHVHQFH�RI�URDGV
(QYLURQPHQWDO�FULWHULD 9LVXDO�TXDOLW\ 5DWLQJ�YDOXH

3UHVHQFH�RI�DVSKDOWHG�URDGV /RZ �
3UHVHQFH�RI�URDGV�ZLWKRXW�DVSKDOW 0HGLXP �

$EVHQFH�RI�URDGV +LJK �
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

3UHVHQFH�RI�XUEDQ�QXFOHL�RU�SRSXODWLRQV� 7KH�DUHDV�RFFXSLHG�E\�XUEDQ�QXFOHL�DQG�RI�
KLJKHU�TXDOLW\�DUHDV�ZLWKRXW�SRSXODWLRQ�KDYH�EHHQ DVVHVVHG�ZLWK�ORZHU�YLVXDO�TXDOLW\�
�VHH�7DEOH�1R�������

7DEOH�1R������$VVHVVPHQW�IRU�WKH�SUHVHQFH�RI�XUEDQ�QXFOHL�RU�SRSXODWLRQV
(QYLURQPHQWDO�FULWHULD� 9LVXDO�TXDOLW\ 5DWLQJ�YDOXH

&RQWLQRXV�XUEDQ�IDEULF�DQG�RU�LQGXVWULDO�]RQHV /RZ �
'LVFRQWLQRXV�XUEDQ�IDEULF 0HGLXP� �
$UHDV�ZLWKRXW�SRSXODWLRQV� +LJK �

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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5HVXOW�RI�WKH�DSSOLFDWLRQ�RI�WKH�ODQGVFDSH�YLVXDO�TXDOLW\�PRGHO

$IWHU�REWDLQLQJ� WKH�FDWHJRUL]HG�FULWHULD�� WKH� UHVXOW�RI� WKH�DSSOLFDWLRQ�RI� WKH�TXDOLW\�
PRGHO� DOORZV� HDFK� RI� WKH� ODQGVFDSH� XQLWV� WR� EH� DVVHVVHG� DFFRUGLQJ� WR� WKHLU�
ODQGVFDSH�TXDOLW\�RU�VFHQLF�LQWHJULW\��WKHVH�ZLOO�EH�DQDO\]HG�ZLWK�WKH�*HRJUDSKLFDO�
,QIRUPDWLRQ� 6\VWHP� � *,6 WRRO�� KDYLQJ� FRQVLGHUHG WKH� IROORZLQJ� UDWLQJ� VFDOH�
HVWDEOLVKHG�LQ�ILYH�����FODVVHV��VHH�7DEOH�1R��������$GGLWLRQDOO\��DQ�DQDO\VLV�RI�WKH�
YLVXDO�TXDOLW\�RI�WKH�ODQGVFDSH�XQLWV�LQ�WKH�VWXG\�DUHD�LV�FDUULHG�RXW�

9 &ODVV�,�UHSUHVHQWV�9HU\�/RZ�TXDOLW\��,W�LQGLFDWHV�WKDW�WKH�ODQGVFDSH�YLVXDOO\�
KDV�D�YHU\�DOWHUHG�VFHQLF�FRQGLWLRQ�RU�ODQGVFDSH�TXDOLW\��WKDW�LV��ZKHQ�H[LVWLQJ�
HOHPHQWV��ERWK�QDWXUDO�DQG�FXOWXUDO��GR�QRW�VKRZ�KDUPRQ\�ZLWK�HDFK�RWKHU�RU�
ZLWK�WKH�HQYLURQPHQW�

9 &ODVV�,,�UHSUHVHQWV�ORZ�YLVXDO�TXDOLW\��,W�LQGLFDWHV�WKDW�WKH�ODQGVFDSH�YLVXDOO\�
SUHVHQWV�D�PRGHUDWH�DOWHUDWLRQ�RI�WKH�IRUP�RI�WKH�ODQGVFDSH�

9 &ODVV� ,,,� UHSUHVHQWV� PRGHUDWH� YLVXDO� TXDOLW\�� ,QGLFDWHV� WKDW� WKH� ODQGVFDSH�
YLVXDOO\�KDV�D�VFHQLF�FRQGLWLRQ�RU�ODQGVFDSH�TXDOLW\�VOLJKWO\�DOWHUHG�

9 &ODVV�,9�UHSUHVHQWV�KLJK�YLVXDO�TXDOLW\��,W�LQGLFDWHV�WKDW�WKH�ODQGVFDSH�YLVXDOO\�
KDV�D�VFHQLF�FRQGLWLRQ�RU�ODQGVFDSH�TXDOLW\�WKDW�VHHPV�XQDOWHUHG�

9 &ODVV 9� UHSUHVHQWV� YLVXDO� TXDOLW\� 9HU\� +LJK�� ,QGLFDWHV� WKDW� WKH� ODQGVFDSH�
YLVXDOO\�KDV�D�VFHQLF�FRQGLWLRQ�RU�XQDOWHUHG�ODQGVFDSH�TXDOLW\��WKDW�LV��ZKHQ�
WKHUH�LV�KDUPRQ\�EHWZHHQ�WKH�HOHPHQWV�RI�WKH�XQLW�DQG�WKH�HQYLURQPHQW�EHLQJ�
SOHDVDQW�WR�WKH�FRQWHPSODWLRQ�RI�LW�

7DEOH�1R������6FDOH�IRU�DVVHVVLQJ�HQYLURQPHQWDO�FULWHULD�IRU�YLVXDO�TXDOLW\�RU�VFHQLF�LQWHJULW\�RI�WKH�ODQGVFDSH

&ODVV 5DWLQJ� �SRLQWV� 9LVXDO�4XDOLW\� 6FHQLF�,QWHJULW\

&ODVV , ���� � 9HU\�ORZ�9LVXDO�TXDOLW\
9HU\�/RZ

�YHU\�XQVHWWOHG�

&ODVV�,, !��� �� /RZ�9LVXDO�TXDOLW\�
/RZ

�0RGHUDWHO\�DOWHUHG�

&ODVV�,,, !���� �� 0RGHUDWH�9LVXDO�TXDOLW\
0RGHUDWH

�0LOGO\��DOWHUHG�

&ODVV�,9 !���� �� +LJK�9LVXDO�TXDOLW\
+LJK

�,W�VHHPV�XQFKDQJHG�

&ODVV�9 !���� �� 9HU\�+LJK�9LVLXDO�TXDOLW\
9HU\�+LJK�

�XQFKDQJHG�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

,W� LV� ZRUWK� PHQWLRQLQJ� WKDW� IRU� WKH� WRWDO� TXDOLILFDWLRQ� RI� WKH� YLVXDO� TXDOLW\� WKDW� LV�
JHQHUDWHG�LQ�WKH�FURVVLQJ�RI�WKH� OD\HUV�RI� WKH�SUHYLRXVO\�HVWDEOLVKHG�YDULDEOHV��DQ�
DGMXVWPHQW�ZDV�PDGH�LQ�WKH�VXP�RI�WKH�FULWHULD�LQ�RUGHU�WR�EDODQFH�WKH�UHVXOW�ZKHQ�
WKHUH�DUH�FULWHULD�WKDW�GR�QRW�DSSO\�WR�DOO�ODQGVFDSH�XQLWV��7KDW�LV��LI�DOO�WKH�FULWHULD�DUH�
DSSOLHG����FULWHULD��LW�LV�������LI�RQO\�ILYH�����FULWHULD�DUH�DSSOLHG�LW�LV������WKHQ�WKH�
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VXP�LV�GLYLGHG�E\�WKH�SHUFHQWDJH��DFFRUGLQJ�WR�WKH�QXPEHU�RI�FULWHULD��WR�REWDLQ�WKH�
WUXH�YDOXH�RI�YLVXDO�TXDOLW\�DQG�WKHQ�FODVVLI\�LW�DFFRUGLQJ�WR�WKH�UDQJHV�RI�7DEOH�1R��
����

� 6LWHV�RI�VFHQLF�LQWHUHVW�RU�VFHQLF�DWWUDFWLRQV

7KH�VLWHV�RI�VFHQLF�LQWHUHVW�ZHUH�LGHQWLILHG�ZLWK�VHFRQGDU\�LQIRUPDWLRQ�DQG�ILHOG�WULSV��
LQ� RUGHU� WR� YHULI\� WKH� LQIRUPDWLRQ� REWDLQHG� DQG� WKH� FXUUHQW� VWDWXV� RI� YHJHWDWLRQ�
FRYHUDJH��ODQG�XVH�DQG�JHRPRUSKRORJ\�RI�WKH�VWXG\�DUHD�

)RU�WKH�FODVVLILFDWLRQ�DQG�DVVHVVPHQW�RI�WKH�FXUUHQW�VWDWXV�RI�VLWHV�ZLWK�VFHQLF�DSSHDO�
LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW��LW�ZDV FODVVLILHG�DFFRUGLQJ�WR�WKH�PHWKRGRORJ\�
HVWDEOLVKHG�LQ�/DQGVFDSH�$HVWKHWLFV�$�+DQGERRN�IRU�6FHQHU\�0DQDJHPHQW�DQG�LQ�
WKH� FODVVHV� SURSRVHG� LQ� WKH� PRGHO� RI� GDWD� IURP� WKH� $1/$� JHRGDWDEDVH�� DV�
SUHVHQWHG�LQ�7DEOH�1R������

7DEOH�1R�������&ODVVHV�RI�VFHQLF�DWWUDFWLRQV
ËWHP� &ODVVHV�RI�VFHQLF�DSSHDO 1RPHQFODWXUH

� 'HWHULRUDWHG 'W

� &RPPRQ�R�W\SLFDO &P�R�7S

� 6LQJXODU 6J

6RXUFH��8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH��/DQGVFDSH�$HVWKHWLFV�$�+DQGERRN�IRU�6FHQHU\�0DQDJHPHQW�������

� 3HUFHSWLRQ� RI� FRPPXQLWLHV� DV� UHIHUHQWV� RI� WKHLU� SK\VLFDO� HQYLURQPHQW� LQ�
FXOWXUDO�WHUPV�

7KH�GHVFULSWLRQ�RI�WKH�SHUFHSWLRQ�RI�WKH�ODQGVFDSH�LQ�FXOWXUDO�WHUPV�ZDV�PDGH�ZLWK�
VHFRQGDU\�LQIRUPDWLRQ�DQG�ILHOG�WULSV��LQ�RUGHU�WR�YHULI\�WKH�LQIRUPDWLRQ�REWDLQHG�IURP�
WKH�SRSXODWLRQ�

�������������������������������

��81,7('�67$7(6�'(3$570(17�2)�$*5,&8/785(��/DQGVFDSH�$HVWKHWLFV�$�+DQGERRN�IRU�6FHQHU\�0DQDJHPHQW��
$JULFXOWXUH�+DQGERRN�1XPEHU����������������S�
�� 1$7,21$/�$87+25,7<�2)�(19,5210(17$/�/,&(16(6�� $1/$��8SGDWH�RI WKH�GHVLJQ�DQG�VWUXFWXUH�RI�WKH�GDWD�
PRGHO�RI�WKH�JHRGDWDEDVH�IRU�WKH�SUHVHQWDWLRQ�RI�WKH�HQYLURQPHQWDO�GLDJQRVLV�RI�DOWHUQDWLYHV�� '$$��(QYLURQPHQWDO�,PSDFW�
6WXGLHV�� (,$��6SHFLILF�(QYLURQPHQWDO�0DQDJHPHQW�3ODQV�� 30$��(QYLURQPHQWDO�&RPSOLDQFH�5HSRUWV�� ,FD�DQG�
FRPSHQVDWLRQ�DQG�LQYHVWPHQW������%RJRWi�'�&�������

� 6HDIORRU�ODQGVFDSH

7R�LGHQWLI\�WKH�ODQGVFDSH�XQLWV�SUHVHQW�LQ�WKH�VHDEHG�RI�WKH�*XOI�RI�8UDEi�LQ�%DKtD�
&RORPELD��LW�ZDV�QHFHVVDU\�WR�UHVRUW�WR�WKH�VWXG\�RI��FRQWLQHQWDO��FRDVWDO�DQG�PDULQH�
HFRV\VWHPV�RI�&RORPELD��DQG�WKH�$WODV�RI�WKH�*XOI�RI�8UDEi��WR�GHILQH�WKH�H[LVWLQJ�
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W\SH�RI�EDFNJURXQG LQ�WKH�VHFWRU�RI�WKH�PRXWK�RI�WKH�/HyQ�5LYHU�LQ�%DKtD�&RORPELD��
DFFRUGLQJ�WR�WKH�PDULQH�JHRPRUSKRORJ\��WKH�SDWWHUQV�RI�RFHDQRJUDSKLF�FLUFXODWLRQ��
EDWK\PHWULHV��PDULQH�ZDWHU�TXDOLW\��FOLPDWRORJ\�DQG�WKH�VXEVWUDWXP�RI�WKH�VHDEHG�

6RLOV�DQG�ODQG�XVH

7R�GHWHUPLQH�WKH�FODVVLILFDWLRQ�RI�WKH�VRLOV�IRU�WKH�����������VFDOH�RI�GHWDLO�RI�WKLV�
VWXG\��WKH�PHWKRGRORJ\�GHVLJQHG�E\�WKH�8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH�
�86'$���DGMXVWHG�DQG�DGRSWHG�E\�WKH�$JXVWtQ�&RGD]]L�*HRJUDSKLF�,QVWLWXWH�
�$&*,���ZDV�XVHG��$PRQJ�LWV�PDLQ�VWDJHV�DUH�WKH IROORZLQJ�

5HYLHZ�DQG�HYDOXDWLRQ�RI�H[LVWLQJ�VHFRQGDU\�LQIRUPDWLRQ� 7KH�VWDJH�FRQVLVWV�RI�
DQ�DQDO\VLV�RI�WKH�LQIRUPDWLRQ�GHYHORSHG��VXFK�DV�WKH�*HQHUDO�6XUYH\�RI�6RLOV�DQG�
/DQG�=RQLQJ� RI� WKH�'HSDUWPHQW� RI� $QWLRTXLD�� WKH� /DQG�0DQDJHPHQW� 3ODQ�RI� WKH�
PXQLFLSDOLW\�RI�7XUER�DQG�WKH�VWXG\�RI�ODQG�XVH�FDSDFLW\�LQ�&RORPELD��7KH�LQIRUPDWLRQ�
UHJDUGLQJ��FOLPDWH��JHRORJ\��JHRPRUSKRORJ\�DQG�FXUUHQW�FRYHUDJH�RI�WKH�ODQG�ZDV�
DOVR�DQDO\]HG�DQG�HYDOXDWHG�� LQIRUPDWLRQ�WKDW�VHUYHG�DV�VXSSRUW�WR�GHWHUPLQH�WKH�
IDFWRUV�RI�JUHDWHU�LQFLGHQFH�LQ�WKH�SURFHVVHV�RI�IRUPDWLRQ�DQG�HYROXWLRQ�RI�VRLOV�

������������������������������������

���,167,787(�2)�+<'52/2*<��0(7(252/2*<�$1'�(19,5210(17$/�678',(6�� ,'($0��,167,7872�
*(2*5È),&2�$*867Ë1�&2'$==,�� ,*$&��,167,787(�2)�5(6($5&+�2)�%,2/2*,&$/�5(6285&(6�$/(;$1'(5�
921�+80%2/'7�� ,DY+��,167,787(�2)�0$5,1(�$1'�&2$67$/�,19(67,*$7,216�-26e�%(1,72�9,9(6�'(�$1'5e,6�
� ,19(0$5��,167,7872�$0$=Ï1,&2�'(�,19(67,*$&,21(6�&,(17Ë),&$6�6,1&+,��,�6,1&+,��,167,787(�2)�
(19,5210(17$/�5(6($5&+�2)�7+(�3$&,),&�-+21�921�1(80$1�� ,,$3��&RQWLQHQWDO��FRDVWDO�DQG�PDULQH�
HFRV\VWHPV�RI�&RORPELD��6KHHW����RI�����6FDOH�������������>2QOLQH@�
�KWWS���ZZZ�LQYHPDU�RUJ�FR�SRUWDOBROG�QRWLFLDV�MVS"LG ����	LGFDW ���!�>$FFHVVHG�����-XO\������@
�� ,167,787(�2)�0$5,1(�$1'�&2$67$/�,19(67,*$7,216�-26e�%(1,72�'(�$1'5(Ë6��,19(0$5��DQG�

*29(510(17�2)�$17,248,$��������2S�&LW�
�� 62,/�6859(<�67$))��.H\V�WR�6RLO�7D[RQRP\��8QLWHG�6WDWHV�'HSDUWPHQW�RI�$JULFXOWXUH��86'$��1LQWK�(GLWLRQ��
:DVKLQJWRQ�'�&�������
�� *(2*5$3+,&�,167,787(�$*867Ë1�&2'$==,��,*$&��*HQHUDO�VWXG\�RI�VRLOV�DQG�ODQG�]RQLQJ�RI�WKH�GHSDUWPHQW�RI�
$QWLRTXLD��1DWLRQDO�3ULQWLQJ�RI�&RORPELD��%RJRWi������������S
�� ,ELG�
�� &2/20%,$��081,&,3$/�0$<25�2)�785%2��$JUHHPHQW�����RI�������:KHUHE\�DQ�RUGLQDU\�UHYLVLRQ�WR�WKH�7HUULWRULDO�
3ODQQLQJ�3ODQ�RI�7XUER�PXQLFLSDOLW\�LV�DSSURYHG�DQG�QHZ�DUWLFOHV�DUH�PRGLILHG��UHSHDOHG�DQG�LQFRUSRUDWHG�LQWR�$JUHHPHQW�
����RI�-XO\��������� DQG�$JUHHPHQW����RI������LV�UHSHDOHG��$QWLRTXLD�����������S

%DVLF�FDUWRJUDSK\�DQG�DHULDO�SKRWRJUDSKV�ZHUH�DOVR�DFTXLUHG�IRU�WKH�VWXG\�DUHD�

3KRWRLQWHUSUHWDWLRQ� 7KH�SK\VLRJUDSKLF�SKRWRLQWHUSUHWDWLRQ�ZDV�FDUULHG�RXW��ZLWK�
WKH�IROORZLQJ�DHULDO�SKRWRJUDSKV��VHH�7DEOH�1R��������

7DEOH�1R�������3KRWRJUDSKLF�UHVRXUFH�IRU�WKH�VWXG\�DUHD
)OLJKW 3KRWR 'DWH 6FDOH

5�± ���� ��� ���������� ��������

5�± ���� ��� ���������� ��������
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)OLJKW 3KRWR 'DWH 6FDOH

5�± ��� ��� ���������� ��������
6RXUFH� $TXD�	 7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

6LPLODUO\��DQ�RUWKRSKRWR�RI������ZDV�XVHG�WR�LQWHUSUHW�ODQG�FRYHU�DQG�FXUUHQW�ODQG�
XVH��ZKLFK�ZHUH�YHULILHG�GXULQJ�WKH�ILHOG�VWDJH�

7R� GHILQH� DQG� FODVVLI\� WKH� VRLO� XQLWV�� KLHUDUFKL]LQJ� WKHP� LQ� WKH� IROORZLQJ� RUGHU��
FOLPDWH��ODQGVFDSH��W\SH�RI�UHOLHI�DQG�ODQGIRUP��7KLV�LQWHUSUHWDWLRQ�LV�IXQGDPHQWDO�WR�
LQIHU� WKH�VRLO�ODQGVFDSH� UHODWLRQVKLS��ZKLFK�JRHV�EH\RQG� MXVW�JHRPRUSKRORJ\��EXW�
DOVR�WKH�LQFLGHQFH�RI�FOLPDWH��JHRORJ\�DQG�FRYHUDJH��7KH�ILQDO�UHVXOW�RI�WKLV�VWDJH�LV�
WKH�FRQVWUXFWLRQ�RI�WKH�VRLO�OHJHQG�IRU�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�

$V�IRU�WKH�FDUWRJUDSK\��WKH�FDUWRJUDSKLF�XQLWV�RI�VRLOV�DUH�SUHVHQWHG��GLYLGHG�LQ�WKH�
IRUP�RI� FDUWRJUDSKLF� SKDVHV�E\� VORSH��HURVLRQ�DQG� IORRG�DQG� �� RU� SRQGLQJ�� RWKHU�
SKDVHV�OLNH�VXUIDFH�VWRQLQHVV��HWF��FDQ�DOVR�RFFXU�

7KH�SKDVH�E\�VORSH�FDQ�EH�SUHVHQWHG�LQ�RQH�RI�WKH�VHYHQ�FODVVHV�HVWDEOLVKHG�E\�
WKH�,*$&�DQG�UHSUHVHQW�WKH�UDQJHV�DQG�FODVVHV�DV�FDQ�EH�VHHQ�LQ�7DEOH�1R�������

7DEOH�1R�������5DQJHV�DQG�FODVVHV�RI�VORSHV
3KDVH 5DQJH &ODVV

D ��� �� 6OLJKWO\�IODW
E ��� �� 6OLJKWO\�LQFOLQHG�RU�ZD\
F ��� ��� 0RGHUDWHO\�WLOWHG�RU�ZDY\�RU�VOLJKWO\�EURNHQ
G ���� ��� 6WURQJO\�LQFOLQHG�RU�ZDY\�RU�PRGHUDWHO\�EURNHQ�
H ���� ��� 6WURQJO\�EURNHQ�RU�VOLJKWO\�VWHHS�RU�UXJJHG�
I ���� ��� 0RGHUDWHO\ VWHHS�RU�UXJJHG
J !���� 6WURQJO\ VWHHS�RU�UXJJHG

������������������������������������������������������
��*(2*5$3+,&�,167,787(�$*867Ë1�&2'$==,�� ,*$&��������2S�&LW�

6RXUFH��,167,7872�*(2*5È),&2�$*867Ë1�&2'$==,�� ,*$&������

2QFH� WKH� FODVVLILFDWLRQ� RI� WKH� VRLO� XQLWV� DQG� WKHLU� OLPLWDWLRQV� ZHUH� LGHQWLILHG�� WKH�
JURXSLQJ�RI� WKH�VRLOV�E\�DJURORJLFDO�FODVVHV�ZDV�PDGH�EDVHG�RQ� WKHLU�FDSDFLW\� WR�
SURGXFH�FXOWLYDWHG�SODQWV��FURSV��SDVWXUHV��IRUHVWV���IRU�ORQJ�SHULRGV�RI�WLPH�ZLWKRXW�
GHWHULRUDWLRQ�RI�WKH�UHVRXUFH�LV�SUHVHQW��7KLV�FODVVLILFDWLRQ�LV�PDGH�DFFRUGLQJ�WR�WKH�
QXPEHU�RI�HGDSKLF�OLPLWDWLRQV�WKDW�D�VRLO�PD\�KDYH��,Q�DGGLWLRQ��JHQHUDOL]DWLRQV�FDQ�
EH�PDGH�EDVHG�RQ�WKH�SRWHQWLDO�RI�WKH�VRLOV�DQG�WKH�OLPLWDWLRQV�UHJDUGLQJ�WKHLU�XVH�
DQG�PDQDJHPHQW�

$FFRUGLQJ�WR�WKH�DJURORJLFDO�FODVV��WKH�FODVVLILFDWLRQ�RI�WKH�SRWHQWLDO�XVH�RI�WKH�VRLO�LV�
FDUULHG�RXW��VR�WKDW�DV�WKH�DJURORJLFDO�FODVV�LQFUHDVHV��WKH�QXPEHU�RI�FURSV�WKDW�FDQ�
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EH�SURGXFHG�GHFUHDVHV�VLQFH�WKH�OLPLWLQJ�IDFWRUV�DUH�PRUH�GUDVWLF��DW�WKH�VDPH�WLPH�
DV�WKH�FRQVHUYDWLRQ�SUDFWLFHV�WKDW�PXVW�EH�FDUULHG�RXW�WR�SURWHFW�WKH�VRLO�UHVRXUFH�

7R�GHWHUPLQH�FRQIOLFWV�RYHU�ODQG�XVHV��WKH�LQWHUSUHWDWLRQ�RI�FXUUHQW�XVH�DQG�SRWHQWLDO�
XVH� ZLOO� EH� FRQIURQWHG� WR� HYDOXDWH� PDQDJHPHQW� DQG� FRQVHUYDWLRQ� SUDFWLFHV�
DFFRUGLQJ�WR�WKH�SUHVHQFH�RU�QRW�RI�OLPLWDWLRQV�IRU�XVH�DQG�WKHLU�LQWHQVLW\�OHYHOV��)RU�
WKLV�SXUSRVH��WKH�GHFLVLRQ�PDWUL[�VKRZQ�LQ�7DEOH�1R�������ZLOO�EH�XVHG��ZKLFK�ZDV�
FRQVWUXFWHG� EDVHG� RQ� WKH�PHWKRGRORJ\� HVWDEOLVKHG� E\� ,*$&�DQG�&2532,&$� LQ�
�����

7DEOH�1R�������'HFLVLRQ�PDWUL[�XVHG�WR�FODVVLI\�FRQIOLFWV�RYHU�ODQG�XVH

3RWHQWLDO�8VH
&XUUHQW�8VH�

$JULFXOWXU
DO

/LYHVWRF
N

)RUHVW &RQVHUYDWLRQ 5HVLGHQWLDO ,QGXVWULDO

0DLQ�W\SH�RI�XVH

3HUPDQDQW�
VHPL�

SHUPDQHQW�
DQG�

LQWHQVLYH�
FURSV

,QWHQVLYH�
DQG�
VHPL�

LQWHQVLYH�
JUD]LQJ

3URWHFWLR
Q

3URGXFWLR
Q

3URWHFWLY
H�)RUHVW

:DWHU�
UHVRXUFH

V

5HFXSHUDWLR
Q

6HWWOHPHQ
W

3RSXODWH
G�FHQWHU

,QGXVWULDO�
RU�

FRPPHUFL
DO�]RQHV

$JUtFXOWDUDO

6HPL�±
SHUPDQHQW�
DQG�VHPL�
LQWHQVLYH�
SHUPDPHQ
W�FURSV�

$ 6� 6� 6� 6�

/LYHVWRFN

*UD]LQJ�
LQWHQVLYH�
DQG�VHPL�
LQWHQVLYH

$ $ 6� 6� $

&RQVHUYDWLR
Q

3URWHFWLYH�
)RUHVW

2� $ $ $ $

:DWHU�
UHVRXUFHV

$ $ $

,QGXVWULDO

,QGXVWULDO�
RU�

FRPPHUFL
DO�]RQHV�

=8

5HVLGHQWLDO
6HWWOHPHQW =8

3RSXODWHG�
FHQWHU

=8

6RXUFH��,*$&��DGDSWHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

��,ELG�
�� *(2*5$3+,& ,167,787(�$*867Ë1�&2'$==,�� ,*$&�DQG�&2/20%,$1�&25325$7,21�2)�$*5,&8/785$/�
5(6($5&+�� &2532,&$��=RQLQJ�RI�ODQG�XVH�FRQIOLFWV�LQ�WKH�FRXQWU\��&KDSWHU�,9��3URSHU�XVH�DQG�FRQIOLFWV�RI�ODQG�XVH�LQ�
&RORPELD��,*$&��%RJRWi�'�&�������������S�

,Q�7DEOH�1R��������WKH�IROORZLQJ�FDWHJRULHV�DUH�HVWDEOLVKHG�IRU�WKH�FODVVLILFDWLRQ�RI�
WKH� ODQG�XVH� FRQIOLFW� DFFRUGLQJ� WR� WKH�GHFLVLRQ�PDWUL[� EHWZHHQ�SRWHQWLDO� XVH�DQG�
FXUUHQW�XVH�
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/DQGV�ZLWKRXW�FRQIOLFW�RI�XVH��$�� $UH�FDOOHG� ODQGV�ZKHUH� WKH�FXUUHQW�GRPLQDQW�
XVH�FRUUHVSRQGV�WR�WKH�YRFDWLRQ�RI�PDLQ�XVH�RU�FRPSDWLEOH�XVH��&XUUHQW�XVH�GRHV�
QRW�FDXVH�HQYLURQPHQWDO�GHWHULRUDWLRQ�

&RQIOLFWV� GXH� WR� XQGHUXWLOL]DWLRQ� �6�� ,V� WKH� JLYHQ� UDWLQJ� ZKHUH� WKH� FXUUHQW�
GRPLQDQW�XVH�FRUUHVSRQGV�WR�D�ORZHU�OHYHO�FRPSDUHG�WR�WKH�YRFDWLRQ�RI�PDLQ�XVH�RU�
WKDW�RI�FRPSDWLEOH�XVHV��WKHUH�DUH�WKUHH�GHJUHHV�RI�LQWHQVLW\�

6OLJKW�XQGHUXWLOL]DWLRQ��6��� /DQG�ZKRVH�FXUUHQW�XVH�LV�YHU\�FORVH�WR�WKH�PDLQ�RQH��
WKHUHIRUH�WR�FRPSDWLEOH�XVHV�DQG�DUH�HYDOXDWHG�DV�OHVV�LQWHQVH�

0RGHUDWH�XQGHUXWLOL]DWLRQ��6��� /DQG�ZKRVH�FXUUHQW�XVH�LV�EHORZ��LQ�WZR�OHYHOV�RI�
WKH� UHFRPPHQGHG�SULPDU\�XVH�FODVV��DFFRUGLQJ� WR� WKH�SURGXFWLRQ�FDSDFLW\�RI� WKH�
ODQG�

6HYHUH�XQGHUXWLOL]DWLRQ��6��� /DQG�ZKRVH�FXUUHQW�XVH�LV�IDU�EHORZ��LQ�WKUHH�RU�PRUH�
OHYHOV�RI�WKH�UHFRPPHQGHG�SULPDU\�XVH�FODVV�

&RQIOLFWV�GXH�WR�RYHUXVH��2��� ,V�WKH�JLYHQ�UDWLQJ�ZKHUH�WKH�FXUUHQW�GRPLQDQW�XVH�
LV�PRUH�LQWHQVH�LQ�FRPSDULVRQ�ZLWK�WKH�YRFDWLRQ�RI�QDWXUDO�PDLQ�XVH�DVVLJQHG�WR�WKH�
ODQG��7KH\�DUH�VXEGLYLGHG�LQWR�WKH�IROORZLQJ�GHJUHHV�RI�LQWHQVLW\�

6OLJKW�RYHU�XVH��2��� /DQG�ZKRVH�FXUUHQW�XVH�LV�YHU\�FORVH�WR�WKH�PDLQ�XVH��EXW�
ZKLFK�KDV�EHHQ�HYDOXDWHG�ZLWK�D�OHYHO�RI� LQWHQVLW\�JUHDWHU�WKDQ�WKH�UHFRPPHQGHG�
OHYHO�DQG��WKHUHIRUH��WKDW�RI�FRPSDWLEOH�XVHV�

�������������������������������������������

����,EtG�

0RGHUDWH�RYHU�XVH��2��� /DQG�LQ�ZKLFK�WKH�FXUUHQW�XVH�LV�DERYH��LQ�WZR�OHYHOV��RI�
WKH� FODVV� RI� YRFDWLRQ� RI� UHFRPPHQGHG� PDLQ� XVHV�� DFFRUGLQJ� WR� WKH� SURGXFWLRQ�
FDSDFLW\�RI�WKH�ODQG�

6HYHUH�RYHUXVH��2��� /DQG�LQ�ZKLFK�WKH�FXUUHQW�XVH�H[FHHGV�LQ�WKUHH�RU�PRUH�OHYHOV��
WKH�FODVV�RI�YRFDWLRQ�RI�UHFRPPHQGHG�PDLQ�XVHV��SUHVHQWLQJ�HYLGHQFH�RI�DGYDQFHG�
GHJUDGDWLRQ�RI�UHVRXUFHV��VXFK�DV�VHYHUH�HURVLRQ�SURFHVVHV��GHFUHDVHG�SURGXFWLYLW\�
RI�WKH�ODQGV��VDOLQL]DWLRQ�SURFHVVHV��DPRQJ�RWKHUV�

8UEDQL]HG� =RQH� �8=��� LV� WKH� JLYHQ� UDWLQJ�ZKHUH� WKH� FXUUHQW� XVH� DUH� SRSXODWLRQ�
FHQWHUV�� LQGXVWULDO� DQG� FRPPHUFLDO� ]RQHV�� ZKLFK� FRUUHVSRQG� WR� WKH� PDLQ� XVH�
YRFDWLRQ� DVVLJQHG� DV� LQGXVWULDO�� FRPPHUFLDO� ]RQHV�� VHWWOHPHQWV� DQG� SRSXODWLRQ�
FHQWHUV�
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+LGURORJ\

7KH�DQDO\VLV�DQG�UHYLHZ�RI�WKH�K\GURORJLFDO�DVSHFWV�ZDV�FDUULHG�RXW�ZLWK�WKH�H[LVWLQJ�
LQIRUPDWLRQ� RI� WKH� (QYLURQPHQWDO� ,PSDFW� 6WXG\� WKDW� VXSSRUWV� WKH� HQYLURQPHQWDO�
OLFHQVH� JUDQWHG� E\� 5HVROXWLRQ� ����� RI� ������ $GGLWLRQDOO\�� ZLWK� VHFRQGDU\�
LQIRUPDWLRQ��WKH�UHTXLUHG�LQIRUPDWLRQ�ZDV�VXSSOHPHQWHG��+RZHYHU��LW�LV�LPSRUWDQW�WR�
EHDU�LQ�PLQG�WKDW�WKH�SURMHFW�ZLOO�QRW�UHTXLUH�WKH�GLUHFW�LQWHUYHQWLRQ�RI�WKH�/HyQ�5LYHU��
WKH�PDLQ�VWUHDP�LQ�WKH�DUHD�RI�LQIOXHQFH�

:DWHU�DQG�VHGLPHQW�TXDOLW\�IRU�LQODQG�DQG PDULQH�ZDWHUV

)RU�WKH�DQDO\VLV�RI�ZDWHU�TXDOLW\�DQG�FRQWLQHQWDO�DQG�PDULQH�VHGLPHQWV��VHFRQGDU\�
LQIRUPDWLRQ�ZDV�FROOHFWHG� WKURXJK�KLVWRULFDO� UHVXOWV�RI� WKH�SURJUDP�VWDWLRQV�RI� WKH�
4XDOLW\�0RQLWRULQJ�1HWZRUN�RI�0DULQH�DQG�&RDVWDO�:DWHUV�RI�&RORPELD�� 5('&$0�
IURP �����WR�������ORFDWHG�LQ�%DKtD�&RORPELD�DQG�/HyQ�5LYHU��DQG�LQIRUPDWLRQ�IURP�
WKH�(QYLURQPHQWDO� ,PSDFW� 6WXG\� WKDW� VXSSRUWV� WKH� HQYLURQPHQWDO� OLFHQVH� JUDQWHG�
WKURXJK�5HVROXWLRQ������RI�������,Q�

�������������������������������������������������������������

��&2/20%,$��1$7,21$/�$87+25,7<�2)�(19,5210(17$/�/,&(16(6�� $1/$��5HVROXWLRQ�������-DQXDU\������������
2S�FLW�
��,167,787(�2)�0$5,1(�$1'�&2$67$/�5(6($5&+��-26(�%(1,72�9,9(6�'(�$1'5e,6��� ,19(0$5��
,1)250$7,21�6<67(0�2)�7+(�0$5,1$�(19,5210(17$/�48$/,7<�6859(,//$1&(�1(7:25.�2)�&2/20%,$��
5('&$0��>2QOLQH@��KWWS���VLDP�LQYHPDU�RUJ�FR�VLDP�UHGFDP�LQGH[�MVS!�>$FFHVVHG�����$XJXVW������@
���38(572�%$+Ë$�&2/20%,$�'(�85$%$�6�$��DQG�$5$Ò-2�,%$55$�	�$62&,$'26�6�$��(QYLURQPHQWDO�LPSDFW�VWXG\�
IRU�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�D�SRUW�WHUPLQDO�RI�VROLG�EXON��7XUER������������S
�� &2/20%,$��1$7,21$/�$87+25,7<�2)�(19,5210(17$/�/,&(16(6�� $1/$��5HVROXWLRQ�������-DQXDU\�����������
2S�FLW�

RUGHU�WR�FRUURERUDWH�WKLV�LQIRUPDWLRQ��SULPDU\�LQIRUPDWLRQ�ZDV�DYDLODEOH�ZKHUH�TXDOLW\�
ZDWHU�DQG�VHGLPHQW� VDPSOHV�ZHUH� WDNHQ� LQ� FRQWLQHQWDO�DQG�PDULQH�ZDWHUV� LQ� WKH�
PRQWK�RI�-XO\�EHWZHHQ�WKH��WK�DQG�WKH��WK�RI������LQ�WKH�VWDWLRQV�ORFDWHG�LQ�WKH�DUHDV�
RI�LQWHUYHQWLRQ�RI�WKH�SURMHFW�ZLWK�D�ODERUDWRU\�DFFUHGLWHG�WR�WKH�,'($0�

)RU�WKLV�FDVH��WKH�6*6�&2/20%,$�6$6�ODERUDWRU\�ZDV�FRQWUDFWHG��ZKLFK�KDV�WKH�
IROORZLQJ� DFFUHGLWDWLRQV� DQG� DFNQRZOHGJPHQWV�� ,'($0� $FFUHGLWDWLRQ� 5HVROXWLRQ�
����� RI� -XO\� ��� ����� IRU� WKH� SDUDPHWHUV�� S+�� 7HPSHUDWXUH�� 'LVVROYHG� 2[\JHQ��
&RQGXFWLYLW\�� 5HDO &RORU�� %2'��� &2'� �� *UHDVHV� DQG� 2LOV�� 'HWHUJHQWV�� 7RWDO�
1LWURJHQ�� &DOFLXP� +DUGQHVV�� 7RWDO� +DUGQHVV�� 'LVVROYHG� 6ROLGV�� 6HGLPHQWDEOH�
6ROLGV�� 7RWDO� 6XVSHQGHG� 6ROLGV�� 7RWDO� 6ROLGV�� 7XUELGLW\�� )HFDO� &ROLIRUPV�� 7RWDO�
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&ROLIRUPV�� 3RO\QXFOHDU� $URPDWLF� +\GURFDUERQV�� 3KHQROV�� &DGPLXP�� %DULXP��
&DOFLXP��1LFNHO���6LOYHU��/HDG��6HOHQLXP��&RSSHU��DQG�0HUFXU\�

)RU�WKH�UHPDLQLQJ�DQDO\]HV�6*6�&2/20%,$�6�$�6�VXEFRQWUDFWHG�RWKHU�DFFUHGLWHG�
ODERUDWRULHV��1H[W��WKH�UHODWLRQ�SDUDPHWHU�� VXEFRQWUDFWHG�ODERUDWRU\�

7DEOH�1R�������3DUDPHWHU�UHODWLRQVKLS�RI�VXEFRQWUDFWHG�ODERUDWRU\

3$5$0(7(5 /$%25$725< $&&5(',7('�:,7+

7RWDO =LQF 'DSKQLD�/WGD� 5HVROXWLRQ������RI�WKH ,'($0

7RWDO�$UVHQLF &KHPLODE� 5HVROXWLRQ������RI�WKH ,'($0

&ORURSK\OO &RDVW�]RQHV 5HVROXWLRQ������RI�WKH ,'($0
6RXUFH��6*6�&RORPELD�6�$�6�������

9 6DPSOLQJ�VWDWLRQV�IRU�ZDWHU�TXDOLW\�DQG�FRQWLQHQWDO�DQG�PDULQH�VHGLPHQWV

7DEOH�1R�������VKRZV�WKH�0DJQD�6LUJDV�IODW�FRRUGLQDWHV�IURP�WKH�%RJRWi�VDPSOLQJ�
VWDWLRQV� GHILQHG� IRU� WKH� DQDO\VLV� RI� ZDWHU� TXDOLW\� DQG� FRQWLQHQWDO� DQG� PDULQH�
VHGLPHQWV�LQ�WKH�VWXG\�DUHD�RI�WKH�3URMHFW�DQG�LQ�)LJXUH�1R������DQG�LQ�)LJXUH�1R��
����VKRZV�WKH�ORFDWLRQ�RI�WKHVH�VWDWLRQV�

7DEOH�1R�������/RFDWLRQ�RI�VDPSOLQJ�VWDWLRQV�ZDWHU�TXDOLW\�DQG�FRQWLQHQWDO�DQG�PDULQH�VHGLPHQWV

,' 6WDWLRQ�1DPH
)/$7�&225',1$7(6 0$*1$ 6,5*$6�

2ULJLQ�%2*27È
(DVW 1257+

$� 6WDWLRQ�XSVWUHDP�RI�WKH /HyQ�5LYHU ���������� ������������
$� 6WDWLRQ�GRZQVWUHDP RI�WKH�/HyQ 5LYHU ���������� ������������
$� 9LDGXFW�6WDWLRQ ���������� ������������
$� 0DQHXYHULQJ�$UHD�6WDWLRQ � ���������� ������������
$� 0DQHXYHULQJ�$UHD�6WDWLRQ � ���������� ������������
$� 0DQHXYHULQJ�$UHD�6WDWLRQ � ���������� ������������
$� $FFHVV�&KDQQHO�6WDWLRQ�3KDVH , ���������� ������������
$� &RQWURO�SRLQW�VWDWLRQ ���������� ������������
$� /DQGILOO ���������� ������������

6RXUFH��3UHSDUHG�E\ $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������
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)LJXUH 1R����� /RFDWLRQ�RI�VDPSOLQJ�VWDWLRQV�IRU�ZDWHU�TXDOLW\�DQG�FRQWLQHQWDO�VHGLPHQWV
6RXUFH��3UHSDUHG�E\ $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)LJXUH 1R����� /RFDWLRQ�RI�VDPSOLQJ�VWDWLRQV�IRU�ZDWHU�TXDOLW\�DQG�PDULQH�VHGLPHQWV
6RXUFH��3UHSDUHG�E\ $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������
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9 :DWHU�TXDOLW\�DQG�FRQWLQHQWDO�VHGLPHQWV

,Q�RUGHU� WR� NQRZ� WKH�TXDOLW\�RI� WKH�ZDWHU�DQG�FRQWLQHQWDO� VHGLPHQWV�RQ� WKH�/HyQ�
5LYHU��WZR�����VWDWLRQV�ORFDWHG�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�ZHUH�GHILQHG�

7\SH�RI�VDPSOLQJ�FRQWLQHQWDO�ZDWHUV

$Q�LQWHJUDWHG�W\SH�VDPSOLQJ�ZDV�FDUULHG�RXW�LQ�WKH�GHSWK�DQG�LQ�WKH�FURVV�VHFWLRQ�LQ�
WZR�����VWDWLRQV�GLVWULEXWHG�RYHU�WKH�/HyQ�5LYHU��GRZQVWUHDP�RI�WKH�FRQIOXHQFH�RI�WKH�
1XHYD�&RORQLD�&DQDO�WR�WKH�/HyQ�5LYHU�DQG�GRZQVWUHDP�RI�WKH�EULGJH�WKDW�ZLOO�EH�
EXLOW�RYHU�WKH�/HyQ�5LYHU���7KH�VWDWLRQV�ZHUH�GHILQHG�ZLWK�WKH�REMHFWLYH�RI�YHULI\LQJ�
WKH�LQIOXHQFH�WKDW�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�WKH�GRFN DQG�WKH�EULGJH�RQ�WKH�
ZDWHU�TXDOLW\�RI�WKH�/HyQ�5LYHU�FDQ�KDYH�

3DUDPHWHUV HYDOXDWHG

,Q�DFFRUGDQFH�ZLWK�WKH�WHUPV�RI�UHIHUHQFH�HVWDEOLVKHG�E\�5HVROXWLRQ������RI������
IRU� ODUJH�VFDOH� VHDSRUWV�� WKH� SDUDPHWHUV� SUHVHQWHG� LQ� 7DEOH� 1R�� ����� IRU� WKH�
SK\VLFRFKHPLFDO� DQG� EDFWHULRORJLFDO� FKDUDFWHUL]DWLRQ� RI� FRQWLQHQWDO� ZDWHU� DQG� LQ�
7DEOH� 1R�� ����� ZHUH� FRQVLGHUHG�� WKH� SK\VLFDO�FKHPLFDO� FKDUDFWHUL]DWLRQ� RI� WKH�
VHGLPHQWV�� ZKLFK� ZLOO� EH� VXVFHSWLEOH� WR� LQWHUYHQWLRQ� E\� WKH� FRQVWUXFWLRQ� DQG�
RSHUDWLRQ�RI�VRPH�SURMHFW�ZRUNV�RQ�WKH�/HyQ�5LYHU�

7KH� PHDVXUHPHQW� RI� WKH� SK\VLFRFKHPLFDO� SDUDPHWHUV� ZHUH� FDUULHG� RXW� XQGHU�
WHFKQLFDO�VWDQGDUGV�DQG�PHWKRGV�RIILFLDOO\�DFFHSWHG�LQ�WKH�6WDQGDUG�0HWKRGV�IRU�WKH�
([DPLQDWLRQ�RI�:DWHU�DQG�:DVWHZDWHU���QG�(GLWLRQ�������LQ�WKH�RIILFLDOO\�DFFHSWHG�
PHWKRGRORJLHV�DQG�XQGHU� WKH�FULWHULD�HVWDEOLVKHG�E\�'HFUHH������RI������E\� WKH�
0LQLVWU\�RI�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW�

7DEOH�1R�������/LVW�RI�SK\VLFRFKHPLFDO�DQG�EDFWHULRORJLFDO�SDUDPHWHUV�RI�FRQWLQHQWDO�ZDWHU

&KDUDFWHUL]DWLRQ 3DUDPHWHU 8QLW 3UHVHUYDWLRQ $QDO\VLV�PHWKRG�

3K\VLFDO

7HPSHUDWXUH �& B
6�0������+�%�

3RWHQWLRPHWULF 1$�$

7RWDO�VXVSHQGHG�
VROLGV

PJ�/ 5HIULJHUDWLRQ
60������' �*UDYLPHWHU �$

7RWDO�GLVROYHG�VROLGV PJ�/ 5HIULJHUDWLRQ
60������&�� *UDYLPHWHU �$

6HGLPHQWDEOH�VROLGV� P/�/±K 5HIULJHUDWLRQ
60������)�� *UDYLPHWHU �$

(OHFWULF�FRQGXFWLYLW\� �6�FP B 60������%�(OHFWURPHWULF ±
1$�$

3RWHQWLDO�RI�
+\GURJHQ� ± S+�

8QLWV�RI�S+ B 6�0������+�%�
3RWHQWLRPHWULF 1$�$

7XUELGLW\ 817
5HIULJHUDWLRQ LQ� WKH�
GDUN

60������%�1HSKHORPHWULF�±
�����178�� $
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&KDUDFWHUL]DWLRQ 3DUDPHWHU 8QLW 3UHVHUYDWLRQ $QDO\VLV�PHWKRG�

&RORU�5HDO P±� 5HIULJHUDWLRQ
60������&�

6SHFWURSKRWRPHWULF ����83&�
�$

&KHPLVWU\

'LVVROYHG�2[\JHQ�
�'2�

PJ�/ B
(3$������ (OHFWURGR�GH�
/XPLQHVFHQFH ±1$�$

&KHPLFDO�2[\JHQ�
'HPDQG �&2'��

PJ�/�2�
5HIULJHUDWLRQ ��
+�62� 8S�WR�S+��

60������'�&RORULPHWULF�
FORVHG�UHIORZ � $

%LRFKHPLFDO�2[\JHQ��
'HPDQG�DW��ILYH ����
GD\V��%2'��

PJ�/�2�� 5HIULJHUDWLRQ
60������%��������2�*�

0RGLILHG �$

7RWDO 1LWURJHQ
.MHOGDKO�

PJ�/�17. 5HIULJHUDWLRQ

60������ 1RUJ�DQG �����
1+��%�&�±

'HVWLODWLRQ�YROXPHWULF �������
�$

7RWDO�SKRVSKRUXV PJ�/�3 5HIULJHUDWLRQ
6�0�������3�%�DQG (�

&RORULPHWULF � $

)DWV�DQG�RLOV� PJ�/
5HIULJHUDWLRQ���
+�62� 8S�WR S+���

17&������� 0HWKRG &�
,QIUDUHG 3DUWLWLRQ��$

7RWDO $ONDOLQLW\� PJ�/�&D&2� 5HIULJHUDWLRQ 6�0������±%� 9ROXPHWULF��$

7RWDO�$FLGLW\ PJ�/�&D&2� 5HIULJHUDWLRQ 6�0������±%� 9ROXPHWULF��$

&DOFLF�+DUGQHVV PJ�/�&D&2� 5HIULJHUDWLRQ
6�0������&D�±%�9ROXPHWULF

�$

7RWDO�+DUGQHVV� PJ�/�&D&2� 5HIULJHUDWLRQ 6�0������±&� 9ROXPHWULF��$

7RWDO�3KHQROV� PJ�/ 5HIULJHUDWLRQ
6�0������±%�0RGLILHG DQG�
'�'LUHFW�3KRWRPHWULF��$

$UVHQLF PJ�/
5HIULJHUDWLRQ� ��
+12� 8S�WR�S+���

60�����.� (3$������
,&3�06 � $

%DULXP� PJ�/
5HIULJHUDWLRQ� ��
+12� 8S�WR�S+���

60�����.� (3$������
,&3�06 � $

&DGPLXP� PJ�/
5HIULJHUDWLRQ� ��
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=LQF PJ�/
5HIULJHUDWLRQ� ��
+12� 8S�WR�S+���
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,&3�06 � $

&KURPH� PJ�/
5HIULJHUDWLRQ� ��
+12� 8S�WR�S+���

60�����.� (3$�������
,&3�06�� $

&RSSHU� PJ�/
5HIULJHUDWLRQ� ��
+12� 8S�WR�S+���

60�����.� (3$�������
,&3�06�� $

0HUFXU\ PJ�/
5HIULJHUDWLRQ� ��
+12� 8S�WR�S+���

60�����.� (3$�������
,&3�06�� $

1LFNHO PJ�/
5HIULJHUDWLRQ� ��
+12� 8S�WR�S+���

60�����.� (3$�������
,&3�06�� $

6LOYHU� PJ�/
5HIULJHUDWLRQ� ��
+12� 8S�WR�S+���

60�����.� (3$������
,&3�06 � $

/HDG PJ�/
5HIULJHUDWLRQ� ��
+12� 8S�WR�S+���

60�����.� (3$������
,&3�06 � $

6HOHQLXP� PJ�/
5HIULJHUDWLRQ� ��
+12� 8S�WR�S+���

60�����.� (3$������
,&3�06 � $

%DFWHULRORJLFDO
7RWDO�&ROLIRUPV 103�����P/

6WHULOL]DWLRQ���
5HIULJHUDWLRQ

60������% 6XEVWUDWH�
GHILQHG

)HFDO�&ROLIRUPV 103�����P/
6WHULOL]DWLRQ���
5HIULJHUDWLRQ

60������% 6XEVWUDWH GHILQHG
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6RXUFH��5HVROXWLRQ������RI�-DQXDU\����������DQG�/DERUDWRU\�6*6�&RORPELD�6�$�6������
���&2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ�������-DQXDU\������
�������:KHUHE\�WKH�WHUPV�RI�UHIHUHQFH�IRU�WKH�SUHSDUDWLRQ�RI�WKH�(QYLURQPHQWDO�,PSDFW�6WXG\�� (,$��UHTXLUHG�IRU WKH�
SURFHVVLQJ�RI�WKH�HQYLURQPHQWDO�OLFHQVH�RI�FRQVWUXFWLRQ�SURMHFWV�RU�H[SDQVLRQ�DQG�RSHUDWLRQ�RI�GHHS�VHDSRUWV�DUH�DGRSWHG�
DQG�RWKHU�GHWHUPLQDWLRQV�DUH�PDGH��%RJRWi�'�&�������
�� &2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��'HFUHH�������0D\�������������%\�
PHDQV�RI�ZKLFK�WKH�6LQJOH�5HJXODWRU\�'HFUHH�RI�WKH�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW�6HFWRU�LV�LVVXHG��6HFWLRQ���
4XDOLW\�FULWHULD�IRU�WKH�GHVWLQDWLRQ�RI�WKH�UHVRXUFH��%RJRWi�'�&��������
7DEOH�1R�������5HODWLRQVKLS�RI�FKHPLFDO�SDUDPHWHUV�DQDO\]HG�IURP�FRQWLQHQWDO�VHGLPHQWV

&KDUDFWHUL]DWLRQ 3DUDPHWHU 8QLW 3UHVHUYDWLRQ�� $QDO\VLV�PHWKRG

&KHPLVWU\

&KURPH PJ�/ 5HIULJHUDWLRQ
60�����.�(3$�������±

,&3�06��%

=LQF PJ�/ 5HIULJHUDWLRQ
60�����.�(3$�������±

,&3�06��%

&RSSHU PJ�/ 5HIULJHUDWLRQ
60�����.�(3$�������±

,&3�06��%

1LFNHO PJ�/ 5HIULJHUDWLRQ
60�����.�(3$�������±

,&3�06��%
*UHDVHV�DQG�RLOV�IURP�
WKH�ERWWRP�VHGLPHQW�
OD\HU�

PJ�/ 5HIULJHUDWLRQ
(3$�����%�60������&�

6R[KOHW� H[WUDFWLRQ��LQIUDUHG�
1'�%

3KHQROV�IURP�WKH�ERWWRP�
VHGLPHQW�OD\HU

PJ�/ 5HIULJHUDWLRQ
60������'�0RGLILHG ±'LUHFW�

SKRWRPHWULF ±1'�%
7RWDO�K\GURFDUERQV�RI�
WKH�ERWWRP�VHGLPHQW�
OD\HU

PJ�/ 5HIULJHUDWLRQ
(3$������%�± 60������±'�
DQG )�� 6R[KOHW��H[WUDFWLRQ�

�JUDYLPHWULF 1'�%
6RXUFH��5HVROXWLRQ������RI�-DQXDU\����������DQG�/DERUDWRU\�6*6�&RORPELD�6�$�6������

6DPSOLQJ�DQG�WUDQVSRUW�PHWKRGROJ\�

7KH�VDPSOLQJ�FDUULHG�RXW�ZDV�RI�D�PDQXDO� W\SH�E\�PHDQV�RI�D�YHUWLFDO�9DQ�'RUQ�
ERWWOH��IROORZLQJ�WKH�JXLGHOLQHV�HVWDEOLVKHG�LQ�WKH�LQWHUQDO�SURFHGXUH�(19,�23(�3�
���RI�ZDWHU�VDPSOLQJ�E\�WKH�FRPSDQ\�6*6�&RORPELD�6$��ZKLFK�KDV�DQ�DFFUHGLWDWLRQ�
E\�WKH�,'($0�XQGHU�5HVROXWLRQ������RI�6HSWHPEHU���������

7KH�FRQWLQHQWDO�VHGLPHQWV�ZHUH�WDNHQ�LQ�WKH�ILUVW�OD\HU�RI�WKH�/HRQ�5LYHU�ERWWRP�E\�
PHDQV�RI�D�GUHGJHU��ZKLFK�ZHUH�FROOHFWHG�LQ�KHUPHWLF�SODVWLF�EDJV�

6DPSOLQJ�DQG�WUDQVSRUWDWLRQ�RI�WKH�VDPSOHV�ZDV�FDUULHG�RXW�LQ�D�ZD\�WKDW�JXDUDQWHHG�
WKHLU�SK\VLFDO��FKHPLFDO�DQG�ELRORJLFDO�LQWHJULW\�GXULQJ�WKH�SHULRG�EHWZHHQ�WKH�WDNLQJ�
DQG� WKH� DQDO\VLV� RI� WKH� VDPH�� DSSO\LQJ� LQWHUQDWLRQDOO\� DFFHSWHG� SUHVHUYDWLRQ�
PHWKRGV� VXFK� DV� S+� FRQWURO�� DGGLWLRQ� RI� FKHPLFDO� FRPSRXQGV� DQG� WHPSHUDWXUH�
FRQWURO�ZKHQ�UHIULJHUDWLQJ�VDPSOHV�DW��R&��XVLQJ�LFH�IRU�WKDW�SXUSRVH�

$QDO\VLV�RI�ODERUDWRU\�UHVXOWV�

&RQWLQHQWDO�ZDWHU�TXDOLW\
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)URP�WKH�UHVXOWV�JHQHUDWHG�E\�WKH�ODERUDWRU\�IRU�LQODQG�ZDWHUV��WKH�DQDO\VLV�RI�WKH�
SDUDPHWHUV�ZDV�PDGH�EDVHG�RQ�FRPSDULVRQV�EHWZHHQ� WKH�SRLQWV�DQG� WKH�:DWHU�
4XDOLW\�,QGH[�� ,&$��WKH�/DQJHOLHU�,QGH[��WKH�$OWHUDWLRQ�,QGH[�RI�WKH�3RWHQWLDO�RI�:DWHU�
4XDOLW\� � ,$&$/�� LQGH[� RI� FRQWDPLQDWLRQ� E\� PLQHUDOL]DWLRQ� � ,&20,�� ,QGH[� RI�
FRQWDPLQDWLRQ� E\� RUJDQLF� PDWWHU� � ,&202� DQG� WKH� LQGH[� RI� FRQWDPLQDWLRQ� E\�
VXVSHQGHG� VROLGV� � ,&2686�� LQ� RUGHU� WR� VLPSOLI\� LQ� D� QXPHULFDO� H[SUHVVLRQ� WKH�
SRVLWLYH�RU�QHJDWLYH�FKDUDFWHULVWLFV�RI�WKH�ZDWHU�VRXUFH�DQG�LPSOHPHQW�WKH�UHVSHFWLYH�
HQYLURQPHQWDO�PDQDJHPHQW�PHDVXUHV�LQ�WKH�ZDWHU�UHVRXUFH�PDQDJHPHQW�SODQV�RI�
WKH�SURMHFW�

/LNHZLVH�� WKH� SDUDPHWHUV� DQDO\]HG� IRU� LQODQG� ZDWHUV� ZHUH� FRPSDUHG� ZLWK� WKH�
UHIHUHQFH�YDOXHV� LVVXHG�E\�'HFUHH������RI� �����&KDSWHU��� LQ�6HFWLRQ���4XDOLW\
FULWHULD� IRU� WKH� GHVWLQDWLRQ� RI� WKH� UHVRXUFH�� IRU� WKH� SUHVHUYDWLRQ� RI� ZLOGOLIH� DQG
YHJHWDWLRQ LQ� VXUIDFH� ZDWHUV� QDWLRQDOO\� DQG� LQWHUQDWLRQDOO\� E\� UHIHUHQFH� YDOXHV�
LVVXHG�E\�1DWLRQDO�5HFRPPHQGHG�:DWHU�4XDOLW\�&ULWHULD�(3$��VDOW�ZDWHU��

%HORZ�LV�D�GHVFULSWLRQ�RI�WKH�FDOFXODWLRQ�RI�HDFK�RI�WKH�LQGH[HV��ZKLFK�DUH�LQGLFDWRUV�
RI�HDV\�DQDO\VLV�WR�GHWHUPLQH�WKH�FRQWDPLQDWLRQ�RI�VXUIDFH�ZDWHU�

� :DWHU�4XDOLW\�,QGH[ ± :4,

7KH� :4,� ZDWHU� TXDOLW\� LQGH[� ZDV� GHYHORSHG� LQ� WKH� HDUO\� ��
V� E\� WKH� 1DWLRQDO�
)RXQGDWLRQ� IRU�1DWLRQDO�6DQLWDWLRQ�RI� WKH�8QLWHG�6WDWHV� �16)��� DV�D� UHVXOW� RI� WKH�
FRQFLOLDWLRQ�RI�FULWHULD�RI�����H[SHUWV�IURP�WKDW�FRXQWU\��,W�DOORZV�WR�KDYH�D�JHQHUDO�
LGHD�RI�WKH�SUREOHPV�WKDW�ZDWHU�FDQ�KDYH�DQG�WKH�DSSURDFK�WKDW�VKRXOG�EH�JLYHQ�WR�
IXUWKHU�VWXGLHV��,Q�DGGLWLRQ��LW�VHUYHV�DV�D�EDVLV�IRU�VSDWLDO�DQG�WHPSRUDO�FRPSDULVRQ�
RI�TXDOLW\�LQ�GLIIHUHQW�ERGLHV�RI�ZDWHU�

7KH�:4,�LQGH[�GHWHUPLQDWLRQ�UHTXLUHV�WKH�PHDVXUHPHQW�RI�WKH�YDULDEOHV��GLVVROYHG�
R[\JHQ�� IHFDO� FROLIRUPV�� S+�� ELRFKHPLFDO� R[\JHQ� GHPDQG�� QLWUDWHV�� SKRVSKDWHV��
WHPSHUDWXUH� FKDQJH�� WXUELGLW\� DQG� WRWDO� VROLGV�� DQG� LV� FDOFXODWHG� DV� VKRZQ� LQ�
(TXDWLRQ�1R��������

L
L

L 4::4, u ¦
 

�

�

(TXDWLRQ 1R����� :DWHU�TXDOLW\�LQGH[
6RXUFH���1DWLRQDO�6DQLWDWLRQ�)RXQGDWLRQ �16)�:DWHU�4XDOLW\�,QGH[

��,ELG�
�� 81,7('�67$7(6�(19,520(17$/�3527(&&7,21�$*(1&<�� (3$��1DWLRQDO�5HFRPPHQGHG�:DWHU�4XDOLW\�&ULWHULD��
>2QOLQH@��KWWS���ZDWHU�HSD�JRY�VFLWHFK�VZJXLGDQFH�VWDQGDUGV�FULWHULD�FXUUHQW�XSORDG�QUZTF������SGI!�>$FFHVVHG�-XO\����
����@
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:KHUH�:L�GHQRWHV�WKH�LPSRUWDQFH�IDFWRU�RI�WKH�YDULDEOH�L��ZLWK�UHVSHFW�WR�WKH�RWKHU�
YDULDEOHV�LQYROYHG�LQ�WKH�LQGH[��DQG�4L�FRUUHVSRQGV�WR�WKH�VFDOH�IDFWRU�RI�WKH�VDPH��
7KH�ODWWHU�GHSHQGV�RQ�WKH�PDJQLWXGH�RI�WKH�YDULDEOH�DQG�LV�LQGHSHQGHQW�RI�WKH�UHVW�

,Q�7DEOH�1R�������WKH�ZHLJKWV�RI�HDFK�YDULDEOH�DUH�SUHVHQWHG�DQG�)LJXUH�1R�������
VFKHPDWL]HV�WKH�REWDLQLQJ�RI�4�IRU�WKH�HDFK�RI�WKHVH�

7DEOH�1R�������:HLJKWLQJ�IDFWRUV�16)
9DULDEOH :L )DFWRU

��2[\JHQ�VDWXUDWLRQ� ����
)HFDO�FROLIRUPV ����
S+ ����
%LRFKHPLFDO�2[\JHQ�'HPDQG ����
1LWUDWHV ����
3KRVSKDWHV ����
7HPSHUDWXUH '7 ����
7XUELW\ ����
7RWDO�VROLGV� ����
6RXUFH��:DWHU�5HVHDUFK�&HQWHU �

�D� �E�

���:$7(5�5(6($5&+�&(17(5��0RQLWRULQJ�WKH�4XDOLW\�RI�6XUIDFHZDWHUV��>2QOLQH@��KWWS���ZZZ�ZDWHU�
UHVHDUFK�QHW�ZDWUTXDOLQGH[�ZDWHUTXDOLW\LQGH[�KWP!��>$FFHVVHG�����-XO\������@
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�L�
)LJXUH 1R����� 4�VFDOH�IDFWRUV�IRU�WKH�SDUDPHWHUV�LQYROYHG�LQ�WKH�:4,�16)

6RXUFH��:DWHU�5HVHDUFK�&HQWHU �

2QFH�WKH�:4,�LQGH[�LV�GHWHUPLQHG�DW�D�FHUWDLQ�SRLQW��WKH�VRXUFH�FDQ�EH�FODVVLILHG�
DFFRUGLQJ�WR�WKH�UDQJHV�LQGLFDWHG�LQ�7DEOH�1R�������

7DEOH�1R�������&ODVVLILFDWLRQ�RI�ZDWHU�TXDOLW\�EDVHG�RQ�WKH�16)�LQGH[
9DOXH�RI�WKH�,QGH[� &RORU &ODVVLILFDWLRQ

��± �� 9HU\�EDG�TXDOLW\ �00�
�� ± �� %DG�TXDOLW\�0�
�� ± �� $YHUDJH�TXDOLW\ �5�
�� ± �� *RRG�TXDOLW\ �%�
�� ± ��� ([FHOOHQW�TXDOLW\ �(�

6RXUFH��:DWHU�5HVHDUFK�&HQWHU�

7R�GHWHUPLQH�WKH�SHUFHQWDJH�RI�GLVVROYHG�R[\JHQ�VDWXUDWLRQ�IURP�WKH�FRQFHQWUDWLRQ�
RI� GLVVROYHG� R[\JHQ� �'2��� LW� ZDV� FDOFXODWHG� DFFRUGLQJ� WR�ZKDW�ZDV� SURSRVHG� E\�
5ROGDQ��������,Q�)LJXUH�1R�������LW�LV�SUHVHQWHG�LQ�WKH�QRPRJUDP�WR�GHWHUPLQH�WKH�
SHUFHQWDJH� RI� R[\JHQ� VDWXUDWLRQ� IURP� WKH� ZDWHU� WHPSHUDWXUH� DQG� WKH� R[\JHQ�
FRQFHQWUDWLRQ�PHDVXUHG�

������������������������������������������������������
��� ,EtG��
� ��,EtG�
����52/'$1�3���*DEULHO��5$0Ë5(=�5���-RKQ�-DLUR���)RXQGDWLRQV�RI�QHRWURSLFDO�OLPQRORJ\��(GLWRULDO�8QLYHUVLW\�RI $QWLRTXLD��
����
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6RXUFH 1R����� 1RPRJUDP�WR�GHWHUPLQH�WKH�SHUFHQWDJH�RI�R[\JHQ�VDWXUDWLRQ
6RXUFH���5ROGDQ������

� /DQJHOLHU ,QGH[� � ,6/

,Q�DFFRUGDQFH�ZLWK�WKH�SURYLVLRQV�RI�5HVROXWLRQ����������RI�������WKH�/DQJLHU�
,QGH[�� ,6/��DOVR�FDOOHG�WKH�6WDELOLW\�,QGH[�RU�&RVPHWRORJLFDO�,QGH[��LV�XVHG�DV�DQ�
DSSURDFK�PHWKRG�WR�GHWHUPLQH�WKH�FRUURVLYH�RU�LQFUXVWDWLRQ�FRQGLWLRQ�RI�D�ERG\�RI�
ZDWHU�LQ�D�VZLPPLQJ�SRRO��1RUPDOO\�LW�LV�D�YDOXH�DVVRFLDWHG�WR�WKH�FKDUDFWHULVWLFV�
RI��S+��7RWDO�$ONDOLQLW\��7RWDO�+DUGQHVV�DQG�7HPSHUDWXUH�

,Q�RUGHU�WR�NQRZ�WKH�FKHPLFDO�EDODQFH�RI�ZDWHU��WKH�SURFHGXUH�LV�SUHVHQWHG�EHORZ�

0HDVXUH�WKH�FKDUDFWHULVWLFV�RI�7HPSHUDWXUH��S+��7RWDO�+DUGQHVV�DQG�7RWDO�:DWHU�
$ONDOLQLW\��,Q�6LWX�

&RPSDUH� WKH� UHVXOWV�RI� WKH� DQDO\VLV� REWDLQHG� IURP� WKH�SUHYLRXV�QXPEHU�ZLWK� WKH�
YDOXHV�LQGLFDWHG�LQ�7DEOH�1R�������DQG�XVH�WKH�FRUUHVSRQGLQJ�FRHIILFLHQW�IRXQG�WR�
EULQJ�LW�WR�(TXDWLRQ�1R������

������������������������������������������

���&2/20%,$��0,1,675<�2)�62&,$/�3527(&7,21��5HVROXWLRQ�����������0D\������������:KHUHE\�'HFUHH������RI�
�����LV�SDUWLDOO\�UHJXODWHG��%RJRWi�'�&��������
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,6/� �S+���&7���&'���&$�± ����

(TXDWLRQ 1R����� ,QGH[�RI�6DWXUDWLRQ�RU�/DQJHOLHU ± ,6/
6RXUFH��5HVROXWLRQ�1R�����������RI�0D\��������

:KHUH��,6/� �,QGH[�RI�6DWXUDWLRQ��/DQJHOLHU�RU�&RVPHWRORJ\

S+� �3+�YDOXH�RI�WKH�ZDWHU

&7� �:DWHU�WHPSHUDWXUH�FRHIILFLHQW���&

&'� �&RHIILFLHQW�RI�WRWDO�KDUGQHVV

&$� �7RWDO�DONDOLQLW\�FRHIILFLHQW

����� �&RUUHFWLRQ�FRQVWDQW�DSSOLFDEOH�WR�VZLPPLQJ�SRROV�DQG�VLPLODU�VWUXFWXUHV

7KLV�/DQJHOLHU�LQGH[�KDV�DOORZDEOH�OLPLWV�IRU�WKH�DIRUHPHQWLRQHG�UHVROXWLRQ�IRU�
SRROV�RU�VLPLODU�SRQGV��ZKRVH�DFFHSWDEOH�YDOXHV�PXVW�EH�EHWZHHQ�� ����DQG��������
7KLV�LQGH[�ZDV�FDOFXODWHG�EHFDXVH�LW�LV�LPSRUWDQW�WR�FRQWURO�WKH�LQFUXVWDWLRQ�RU�
FRUURVLRQ�LQ�WKH�ZDWHU�GLVWULEXWLRQ�QHWZRUNV�DQG�IRU�WKH�GRPHVWLF�LQWHULRU�
LQVWDOODWLRQV�RI�WKH�SURMHFW��KRZHYHU�WKH ZDWHU�VRXUFH�LV�D�ULYHU�DQG�ZLOO�EH�XVHG�IRU�
KXPDQ�FRQVXPSWLRQ�DQG�GXPSLQJ�DQG�FRQVWUXFWLRQ�RI�SURMHFWV RQ�ULYHUEHG�

�����������������������������������������

����,EtG��
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7DEOH�1R�������6DWXUDWLRQ�,QGH[�RU�/DQJHOLHU

6RXUFH��5HVROXWLRQ�1R�����������RI�0D\��������

� ,QGH[�RI�FRQWDPLQDWLRQ�E\�PLQHUDOL]DWLRQ ± ,&20,

7KH� LQGH[�RI� FRQWDPLQDWLRQ�E\�PLQHUDOL]DWLRQ� �,&20,�� LQFOXGHV�YDULDEOHV� VXFK�DV�
FRQGXFWLYLW\��KDUGQHVV�DQG�DONDOLQLW\��7KH�,&20,�LV�WKH�DYHUDJH�YDOXH�RI�WKH�LQGLFHV�
RI�HDFK�RI�WKH�WKUHH�����YDULDEOHV��ZKLFK�DUH�GHILQHG�LQ�D�UDQJH�RI���� ���,QGLFHV�FORVH�
WR�]HUR�����UHIOHFW�YHU\�ORZ�FRQWDPLQDWLRQ�E\

�������������������������������������������

����,EtG��
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PLQHUDOL]DWLRQ��DQG�LQGLFHV�FORVH�WR�RQH�����RWKHUZLVH��DV�SUHVHQWHG�LQ�7DEOH�1R��
����

7DEOH� 1R� ����� 3K\VLFRFKHPLFDO� DQG� EDFWHULRORJLFDO� YDULDEOHV� WDNHQ� LQWR� DFFRXQW� IRU� WKH�
GHWHUPLQDWLRQ�RI�PLQHUDOL]DWLRQ�FRQWDPLQDWLRQ�UDWHV�� ,&20,�

ËQGL[HV 9DULDEOH ,QWHUSUHWDWLRQ
,&20,

,QGH[�RI�FRQWDPLQDWLRQ�E\�
PLQHUDOL]DWLRQ

&RQGXFWLYLW\
�� �/RZ�FRQWDPLQDWLRQ
�� �+LJK FRQWDPLQDWLRQ

+DUGQHVV

$ONDOLQLW\

6RXUFH��5DPtUH]�HW�DO���������

7R� FDOFXODWH� WKH� FRQWDPLQDWLRQ� LQGH[� E\� PLQHUDOL]DWLRQ�� WKH� IRUPXODV� GHVFULEHG�
EHORZ�ZHUH�DSSOLHG��VHH�(TXDWLRQ�1R�������

ܱܯܱܥܫ ൌ ͳȀ͵ ሺ�Ǥ ������������  �Ǥ ��������  �Ǥ ����������ሻ
(TXDWLRQ 1R����� ,QGH[�RI�FRQWDPLQDWLRQ�E\�PLQHUDOL]DWLRQ

6RXUFH��5$0Ë5(=�HW�DO������

:KHUH��

,�&RQGXFWLYLW\� LV�REWDLQHG�IURP�WKH�IROORZLQJ�H[SUHVVLRQV��

/RJ�����,�&RQGXFWLYLW\  ��������������/RJ���&RQGXFWLYLW\ �ђ6�FP�

,�&RQGXFWLYLW\����/RJ�,�&RQGXFWLYLW\

&RQGXFWLYLWLHV�JUHDWHU�WKDQ���� ђ6�FP��KDYH�D�FRQGXFWLYLW\�LQGH[  ��

,�+DUGQHVV��2EWDLQHG�IURP�WKH�IROORZLQJ�H[SUHVVLRQ

/RJ�����,�+DUGQHVV  ��������������/RJ���KDUGQHVV �PJ�/�

,�+DUGQHVV����/RJ�,�+DUGQHVV

+DUGQHVV�JUHDWHU�WKDQ ����PJ�/�KDV� ,�+DUGQHVV ��

+DUGQHVV�OHVV�WKDQ ���PJ�/�KDV� ,�+DUGQHVV �

� 5$0Ë5(=��$OEHUWR��9,f$��$OEHUWR��&RORPELDQ�/LPQRORJ\��&RQWULEXWLRQV�WR�\RXU�NQRZOHGJH�DQG�DQDO\VLV�VWDWLVWLFV��3ULQWHG�LQ�
&RORPELD�������
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,�$ONDOLQLW\��2EWDLQHG�IURP�WKH�IROORZLQJ�H[SUHVVLRQ�

,�$ONDOLQLW\���������������$ONDOLQLW\ �PJ�/�

$ONDOLQLWLHV�JUHDWHU WKDQ ����PJ�/�KDV ,�$ONDOLQLW\� �

$ONDOLQLWLHV OHVV�WKDQ ���PJ�/�KDV ,�$ONDOLQLW\� �

� ,QGH[�RI�FRQWDPLQDWLRQ�E\�RUJDQLF�PDWWHU ± ,&202

7KH� LQGH[� RI� FRQWDPLQDWLRQ� E\� RUJDQLF� PDWWHU� �,&202�� LV� FRQIRUPHG� E\� WKH�
ELRFKHPLFDO�GHPDQG�RI�R[\JHQ��WRWDO�FROLIRUPV�DQG�GLVVROYHG�R[\JHQ��%\�PHDQV�RI�
WKLV�LQGH[�� LW� LV�SRVVLEOH�WR�GHWHUPLQH�WKH�GHJUHH�RI�FRQWDPLQDWLRQ�RI�ZDWHU�ERGLHV�
DFFRUGLQJ�WR�HDFK�YDULDEOH�FRQVLGHUHG��VHH�7DEOH�1R��������

7DEOH� 1R�� ����� 3K\VLFRFKHPLFDO� DQG� EDFWHULRORJLFDO� YDULDEOHV� WDNHQ� LQWR� DFFRXQW� IRU� WKH�
GHWHUPLQDWLRQ�RI�ZDWHU�SROOXWLRQ�LQGH[HV��,&2��

ËQGL[HV 9DULDEOH ,QWHUSUHWDWLRQ
,&202

,QGH[�RI�FRQWDPLQDWLRQ�E\�
RUJDQLF�PDWWHU

'%2�
�� �/RZ�FRQWDPLQDWLRQ
�� �+LJK FRQWDPLQDWLRQ

7RWDO�&ROLIRUPV
'LVVROYHG�2[\JHQ

6RXUFH���5$0Ë5(=�HW�DO���������

7R�FDOFXODWH� WKH�SROOXWLRQ� LQGH[�� WKH� IRUPXODV�GHVFULEHG�EHORZ�ZHUH�DSSOLHG� �VHH�
(TXDWLRQ�1R�������

ܱܯܱܥܫ ൌ ͳȀ͵ ሺ����  � ����� ���������  � ������Ψሻ

(TXDWLRQ�1R������,QGH[�RI�FRQWDPLQDWLRQ�E\�RUJDQLF�PDWWHU

6RXUFH�� 5$0Ë5(=�HW�DO������

:KHUH��

,�'%2 �������������/RJ�� '%2�PJ�O�

'%2!����PJ�O� ���KDV ,�'%2� ��

'%2����PJ�O� ��KDV ,�'%2� ��

,� 7RWDO�FROLIRUPV� ��������������/RJ����&RO�7RWDO��103�����PO�

7RWDO�&ROLIRUPV !���������103����PO�� ��KDV ,�'%2� ��

7RWDO�&ROLIRUPV��������103�����PO�� ��KDV ,�'%2� ��

��� ,EtG��
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,�2[\JHQ� ���� �����2[\JHQ��

2[\JHQV�����JUHDWHU�WKDQ������KDV ,�'%2� ��

� ,QGH[�RI�FRQWDPLQDWLRQ�E\�VXVSHQGHG�VROLGV ± ,&2686

7KH�LQGH[�RI�SROOXWLRQ�E\�VXVSHQGHG�VROLGV��,&2686��LV�FDOFXODWHG�ZLWK�WKH�YDULDEOH�
RI�VXVSHQGHG�VROLGV��E\�PHDQV�RI�WKLV�LQGH[�LW�LV�SRVVLEOH�WR�GHWHUPLQH�WKH�GHJUHH�RI�
FRQWDPLQDWLRQ�RI�WKH�ERGLHV�RI�ZDWHU�DFFRUGLQJ�WR�WKH�FRQVLGHUHG�YDULDEOH��VHH�7DEOH�
1R�������DQG�(TXDWLRQ�1R�������

7DEOH�1R�������3K\VLFRFKHPLFDO�YDULDEOH�IRU�WKH�GHWHUPLQDWLRQ�RI�ZDWHU�FRQWDPLQDWLRQ�LQGH[HV��,&2�
ËQGL[HV 9DULDEOH ,QWHUSUHWDWLRQ
,&2686

,QGH[�RI�FRQWDPLQDWLRQ�E\�
VXVSHQGHG�VROLGV�

6XVSHQGHG�VROLGV�
�� �/RZ�FRQWDPLQDWLRQ
�� �+LJK�FRQWDPLQDWLRQ�

6RXUFH��5DPtUH]�HW�DO���������

������ ൌ െͲǡͲʹ  ͲǡͲͲͲ͵ ��������� ������ ሺ��Ȁ�ሻ

(TXDWLRQ�1R� ��� ,QGH[�RI�FRQWDPLQDWLRQ�E\�VXVSHQGHG�VROLGV

6RXUFH��5$0Ë5(=�HW�DO������

6XVSHQGHG�VROLGV!�DW�����PJ���O�KDYH�DQ�,&2686� ��

6XVSHQGHG�VROLGV��DW����PJ���O�KDV�DQ�,&2686� ��

)RU�WKH�,&20,��,&202�DQG�,&2686�FRQWDPLQDWLRQ�LQGH[HV��WKH�TXDOLILFDWLRQ�UDQJHV�
RI�ZDWHU�TXDOLW\�DQG� LWV�FKDUDFWHULVWLFV�DUH�HVWDEOLVKHG�DFFRUGLQJ� WR� WKH�GHJUHH�RI�
FRQWDPLQDWLRQ��VHH�7DEOH�1R��������

7DEOH�1R�������,&26�UDQJHV�DQG�FKDUDFWHULVWLFV
,&2 &RQWDPLQDWLRQ &KDUDFWHUL]DWLRQ� &RORU�6FDOH�

��± ��� 1RQH� 3XUH�ZDWHUV�DQG�SHUKDSV�ZLWK�ELRJHQHWLF�FRQWULEXWLRQ
!����± ��� /RZ :LWK�VOLJKW�DQWKURSLF�LQFLGHQFH�
!����± ��� +DOI� 5HPDUNDEOH�DQWKURSLF�DFWLYLW\�
!����± ��� +LJK� 6LJQLILFDQW�LQFLGHQFH�RI�FRQWDPLQDWLRQ�
!����± � 9HU\�+LJK +LJKO\�FRQWDPLQDWHG�DUHDV

6RXUFH��5$0Ë5(=�HW�DO��������

�,EtG�
�,EtG�



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD��� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ��

&$3����B7'(1*�5(9�'$9�2.
>0HGHOOtQ@������

&RQWLQHQWDO�VHGLPHQWV�

)RU�FRQWLQHQWDO� VHGLPHQWV�ZHUH� WDNHQ�DV� UHIHUHQFH�YDOXHV� WKRVH� UHSRUWHG�E\� WKH�
&DQDGLDQ�JXLGH��&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�DTXDWLF�
OLIH���ZKLFK�V\QWKHVL]HV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�FRQFHQWUDWLRQ

���&$1$',$1�&281&,/�2)�0,1,67(56�2)�7+(�(19,5210(17�� &&0(��&DQDGLDQ�ZDWHU�TXDOLW\�JXLGHOLQHV�IRU�WKH�
SURWHFWLRQ�RI�DTXDWLF�OLIH��*XLGDQFH�RQ�WKH�6LWH�6SHFLILF�$SSOLFDWLRQ�RI�:DWHU�4XDOLW\�*XLGHOLQHV�LQ�&DQDGD��'HULYLQJ

RI�FKHPLFDOV�LQ�VHGLPHQWV�DQG�DQ\�DGYHUVH�ELRORJLFDO�HIIHFWV�WKDW�PD\�RFFXU��7KH
OLPLWV�HVWDEOLVKHG�E\�WKLV�JXLGH�DUH�

R ,64*� �,QWHULP� 6HGLPHQW� 4XDOLW\� *XLGHOLQHV��� 5HIHUUHG� WR� WKH� LQWHUPHGLDWH�
VWDQGDUG�RI�VHGLPHQW�TXDOLW\��ZKLFK�UHSUHVHQWV�WKH�FRQFHQWUDWLRQ�XQGHU�ZKLFK�
DGYHUVH�ELRORJLFDO�HIIHFWV�DUH�H[SHFWHG�WR�RFFXU�UDUHO\�

R 3(/��3UREDEOH�HIIHFW�OHYHOV���5HIHUUHG WR�WKH�OHYHO�RI�SUREDEOH�HIIHFW��ZKLFK�
GHILQHV� WKH� OHYHO�RYHU�ZKLFK� WKH� IUHTXHQW�RFFXUUHQFH�RI� DGYHUVH�ELRORJLFDO�
HIIHFWV�DUH�H[SHFWHG��PRUH�WKDQ�����RI�WKH�DGYHUVH�HIIHFWV�RFFXU�

7KHVH� YDOXHV� GHILQH� WKUHH� ���� UDQJHV� RI� FKHPLFDO� FRQFHQWUDWLRQV�� WKH�PLQLPXP�
HIIHFW� UDQJH�ZLWKLQ�ZKLFK�DGYHUVH�HIIHFWV� UDUHO\�RFFXU� �OHVV� WKDQ�����RI�DGYHUVH�
HIIHFWV� XQGHU� WKH� ,64*��� WKH� UDQJH� RI� SRVVLEOH� HIIHFWV� ZLWKLQ� ZKLFK� WKH� DGYHUVH�
HIIHFWV� RFFXU� RFFDVLRQDOO\�� DQG� WKH� UDQJH� RI� OLNHO\� HIIHFW� ZLWKLQ� ZKLFK� DGYHUVH�
ELRORJLFDO�HIIHFWV�ZLOO�RFFXU�IUHTXHQWO\��PRUH�WKDQ�����RI�DGYHUVH�HIIHFWV�RFFXU�RQ�
WKH�3(/��

7DEOH� ����� VKRZV� WKH� UHIHUHQFH� YDOXHV� IRU� WKH� SDUDPHWHUV� WKDW� DSSO\� LQ� WKH�
FRQWLQHQWDO�VHGLPHQW�VDPSOLQJ�VWDWLRQV�

7DEOH�1R�������&DQDGLDQ�UHJXODWLRQV�IRU�FRQWLQHQWDO�VHGLPHQWV

&RQWLQHQWDO�VHGLPHQWV�

3DUDPHWHU ,64* 3(/

&RSSHU���PJ�&X�NJ ϯϱ͕ϳ ϭϵϳ
&KURPH��PJ�&U�NJ ϯϳ͕ϯ ϵϬ
=LQF��PJ�=Q�NJ ϭϮϯ ϯϭϱ
��������������������������������������������������������������������������������������������������������������
1XPHULFDO�:DWHU�4XDOLW\�2EMHFWLYHV��,Q��&DQDGLDQ�HQYLURQPHQWDO TXDOLW\�JXLGHOLQHV��������>2QOLQH@��KWWS���FHTJ�
UFTH�FFPH�FD�HQ�LQGH[�KWPO!�>$FFHVVHG�6HSWHPEHU���������@
�� &+,/(�)281'$7,21��3URMHFW�VSLOO�RI�EURNHQ�K\GURFDUERQV�%ODQFD��&KRMD�DQG�0DQt��SURSRVHG�VHOHFWLRQ�LQWHUQDWLRQDO�
UHIHUHQFH�YDOXHV�VRLOV���VHGLPHQWV��&KLOH�������>RQOLQH@�KWWS�����ZZZ��VQLID�VPD�JRE�FO��>TXRWHG�RQ�6HSWHPEHU���������@
,ELG�
�� &$1$',$1�&281&,/�2)�0,1,67(56�2)�7+(�(19,5210(17�� &&0(��&DQDGLDQ�ZDWHU�TXDOLW\�JXLGHOLQHV�IRU�WKH�
SURWHFWLRQ�RI�DTXDWLF�OLIH��*XLGDQFH�RQ�WKH�6LWH�6SHFLILF�$SSOLFDWLRQ�RI�:DWHU�4XDOLW\�*XLGHOLQHV�LQ�&DQDGD��3URFHGXUHV�IRU�
'HULYLQJ�1XPHULFDO�:DWHU�4XDOLW\�2EMHFWLYHV��,Q��&DQDGLDQ�HQYLURQPHQWDO�TXDOLW\�JXLGHOLQHV��������>2QOLQH@��KWWS���FHTJ�
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UFTH�FFPH�FD�HQ�LQGH[�KWPO!�>$FFHVVHG�����6HSWHPEHU ����@�3URFHGXUHV IRU�'HULYLQJ�1XPHULFDO�:DWHU�4XDOLW\�2EMHFWLYHV��
,Q��&DQDGLDQ�HQYLURQPHQWDO�TXDOLW\�JXLGHOLQHV��������>2QOLQH@��KWWS���FHTJ�UFTH�FFPH�FD�HQ�LQGH[�KWPO!�>$FFHVVHG�
6HSWHPEHU���������@
�� &+,/( )281'$7,21��3URMHFW�VSLOO�RI�EURNHQ�K\GURFDUERQV�%ODQFD��&KRMD�DQG�0DQt��SURSRVHG�VHOHFWLRQ�LQWHUQDWLRQDO�
UHIHUHQFH�YDOXHV�VRLOV���VHGLPHQWV��&KLOH�������>RQOLQH@�KWWS�����ZZZ��VQLID�VPD�JRE�FO��>TXRWHG�RQ�6HSWHPEHU���������@
�� ,ELG�
6RXUFH��&DQDGLDQ�6HGLPHQW�4XDOLW\�*XLGHOLQHV�IRU�WKH�SURWHFWLRQ�RI�DTXDWLF�OLIH��

9 :DWHU�TXDOLW\�DQG�PDULQH�VHGLPHQWV

,Q�RUGHU�WR�NQRZ�WKH�TXDOLW\�RI�WKH�ZDWHU�DQG�PDULQH�VHGLPHQWV�LQ�%DKtD�&RORPELD��
VHYHQ�����VWDWLRQV�ORFDWHG�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�ZHUH�GHILQHG�

7\SH�RI�VDPSOLQJ�PDULQH�ZDWHUV

7KH� VDPSOHV� WDNHQ� IURP�PDULQH�ZDWHU� TXDOLW\� ZHUH� RI� WKH� LQWHJUDWHG� W\SH� LQ� WKH�
GHSWK��WKH�VHYHQ�����VWDWLRQV�ZHUH�GLVWULEXWHG�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�
ZKHUH�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�WKH�PDULWLPH�SURMHFWV RI�WKH�SRUW�WHUPLQDO�LQ�
%DKLD� &RORPELD� DUH� SODQQHG�� RI� ZKLFK�� ILYH� ���� ZHUH� GLVWULEXWHG� LQ� WKH� DUHD� RI�
LQIOXHQFH�RI�WKH�PDULQH�SODWIRUP�DQG�WKH�GHHSHQLQJ�GUHGJLQJ�DUHD�IRU�WKH�PDQHXYHU�
DFWLYLWLHV�DQG�DFFHVV�FKDQQHO��RQH�����VWDWLRQ�LQ�WKH�SURSRVHG�GXPS�DUHD�IRU�WKH�ILQDO�
GLVSRVDO�RI�WKH�GUHGJHG�PDWHULDO�DQG�WKH�ODVW�FRQWURO�VWDWLRQ�����EHWZHHQ�WKH�GXPS�
DQG�GUHGJLQJ�DUHD�

3DUDPHWHUV�HYDOXDWHG

,Q�DFFRUGDQFH�ZLWK�WKH�WHUPV�RI�UHIHUHQFH�HVWDEOLVKHG�E\�5HVROXWLRQ������RI������
IRU�ODUJH�VFDOH�PDULWLPH�SRUWV��WKH�SDUDPHWHUV�SUHVHQWHG�LQ�7DEOH�1R�������IRU�WKH�
SK\VLFRFKHPLFDO�DQG�EDFWHULRORJLFDO�FKDUDFWHUL]DWLRQ�RI�VHDZDWHU�ZHUH�FRQVLGHUHG�
DQG�LQ�7DEOH�1R�������IRU�WKH�FKDUDFWHUL]DWLRQ�SK\VLFRFKHPLVWU\�RI�PDULQH�VHGLPHQWV��
ZKLFK�ZLOO�EH�VXVFHSWLEOH�WR�LQWHUYHQWLRQ�IRU�WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�WKH�SRUW�
WHUPLQDO�LQ�%DKtD�&RORPELD�

7KH� PHDVXUHPHQW� RI� WKH� SK\VLFRFKHPLFDO� SDUDPHWHUV� ZDV� FDUULHG� RXW� XQGHU�
WHFKQLFDO�VWDQGDUGV�DQG�PHWKRGV�RIILFLDOO\�DFFHSWHG�LQ�WKH�6WDQGDUG�0HWKRGV�IRU�WKH�
([DPLQDWLRQ�RI�:DWHU�DQG�:DVWHZDWHU���QG�(GLWLRQ�������LQ�WKH�RIILFLDOO\�DFFHSWHG�
PHWKRGRORJLHV�DQG�XQGHU� WKH�FULWHULD�HVWDEOLVKHG�E\�'HFUHH������RI������E\� WKH�
0LQLVWU\�RI�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW�
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7DEOH�1R�������/LVW�RI�WKH�SK\VLFRFKHPLFDO�DQG�EDFWHULRORJLFDO�SDUDPHWHUV�WR�EH�DQDO\]HG

&KDUDFWHUL]DWLRQ 3DUDPHWHU 8QLW

���������������������������������������

���0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ�������-DQXDU\�������������2S�FLW�
�� &2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��'HFUHH�������0D\�������������%\�
PHDQV�RI�ZKLFK�WKH�6LQJOH�5HJXODWRU\�'HFUHH�RI�WKH�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW�6HFWRU�LV�LVVXHG��6HFWLRQ���
4XDOLW\�FULWHULD�IRU�WKH�GHVWLQDWLRQ�RI�WKH�UHVRXUFH��%RJRWi�'�&��������

&KDUDFWHUL]DWLRQ 3DUDPHWHU 8QLW

3K\VLFDO

7HPSHUDWXUH �&

7RWDO�VXVSHQGHG�VROLGV� PJ�/

7RWDO�GLVVROYHG�VROLGV� PJ�/

6HGLPHQWDO�VROLGV� P/�/±K

(OHFWULF�FRQGXFWLYLW\� X6�FP

+\GURJHQ�SRWHQWLDO� ± S+� 8QLWV�RI S+

7XUELGLW\� 817

5HDO�&RORU� P±�

&KHPLVWU\

'LVVROYHG�R[\JHQ �2'� PJ�/

&KHPLFDO�2[\JHQ�'HPDQG �'42�� PJ�/�2�

%LRFKHPLFDO�2[\JHQ�'HPDQG�DW�ILYH�����GD\V �'%2�� PJ�/�2�

7RWDO 1LWURJHQ� .MHOGDKO� PJ�/�17.

7RWDO�3KRVSKRUXV PJ�/�3

)DWV�DQG�2LOV� PJ�/

7RWDO $ONDOLQLW\ PJ�/�&D&2�

7RWDO $FLGLW\ PJ�/�&D&2�

&DOFLF�KDUGQHVV PJ�/�&D&2�

7RWDO� KDUGQHVV PJ�/�&D&2�

7RWDOHV�3KHQROV� PJ�/

$UVHQLF PJ�/

%DULXP� PJ�/

&DGPLXP PJ�/

=LQF PJ�/

&KURPH� PJ�/
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&KDUDFWHUL]DWLRQ 3DUDPHWHU 8QLW

&RSSHU PJ�/

0HUFXU\ PJ�/

1LFNHO� PJ�/

6LOYHU� PJ�/

/HDG PJ�/

6HOHQLXP� PJ�/

&KORURSK\OO D PJ�/�&+/D�

&KORURSK\OO E� PJ�/�&+/E

3RO\F\FOLF�DURPDWLF�K\GURFDUERQ PJ�/�+$3

0HWK\OHQH�%OXH�$FWLYH�6XEVWDQFHV �6$$0� PJ�/

%DFWHULRORJLFDO�
7RWDO�FROLIRUPV� 103�����P/

)HFDO�FROLIRUPV� 103�����P/
6RXUFH��5HVROXWLRQ������RI�-DQXDU\���������

7DEOH�1R�������/LVW�RI�SK\VLFRFKHPLFDO�SDUDPHWHUV�WR�DQDO\]H

&KDUDFWHUL]DWLRQ 3DUDPHWHU 8QLW

3K\VLFDO�
7HPSHUDWXUH �&
+\GURJHQ�3RWHQWLDO� ± S+� 8QLWV�RI� S+

&KHPLVWU\

)DWV�DQG�2LOV� PJ�/
$UVHQLF PJ�/
%DULXP� PJ�/
&DGPLXP PJ�/
=LQF PJ�/
&KURPH PJ�/
&RSSHU PJ�/
0HUFXU\ PJ�/
1LFNHO PJ�/
6LOYHU PJ�/
/HDG PJ�/
6HOHQLXP� PJ�/
7RWDO�+\GURFDUERQV PJ�/
3KHQROV� PJ�/
3RO\F\FOLF�$URPDWLF� +\GURFDUERQV PJ�/�+$3
7RWDO�2UJDQLF�&DUERQ� PJ�/�&27�
9RODWLOH�$FLG�6XOSKLGH� PJ�/�6��

7RWDO�3KRVSKRUXV PJ�/
7RWDO�1LWURJHQ� PJ�/

6RXUFH��5HVROXWLRQ������RI�-DQXDU\���������
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6DPSOLQJ�DQG�WUDQVSRUW�PHWKRGRORJ\�

7KH�VDPSOLQJ�FDUULHG�RXW�ZDV�RI�D�PDQXDO�W\SH�E\�PHDQV�RI�D�YHUWLFDO�9DQ�'RUQ�
ERWWOH��IROORZLQJ�WKH�JXLGHOLQHV�HVWDEOLVKHG�LQ�WKH�LQWHUQDO�SURFHGXUH�(19,�23(�3�
���RI�ZDWHU�VDPSOLQJ�E\�WKH�FRPSDQ\�6*6�&RORPELD�6$��ZKLFK�KDV�DQ�
DFFUHGLWDWLRQ�E\�WKH�,'($0�XQGHU�5HVROXWLRQ������RI�6HSWHPEHU���������

7KH�PDULQH�VHGLPHQWV�ZHUH�WDNHQ�LQ�WKH�ILUVW�OD\HU�RI�WKH�ERWWRP�LQ�%DKtD�
&RORPELD��IRU�WKH�PHDVXUHPHQW�RI�WKH�SDUDPHWHUV�ZH�ZLOO�ZRUN�ZLWK�WKH�ILQH�
IUDFWLRQ�RI�WKH�VHGLPHQW�������ȝP��ILUVW�P��LQ�GU\�EDVLV���7KH�DQDO\VLV�RI�WKH�
LQIRUPDWLRQ�ZLOO�FRQWULEXWH�WR�WKH�FOHDU�LGHQWLILFDWLRQ�RI�WKH�HFRORJLFDO�VWDWXV�RI�WKH�
DUHD�RI�LQIOXHQFH�RI�WKH�RFHDQRJUDSKLF�FRPSRQHQW�

6DPSOLQJ�DQG�WUDQVSRUWDWLRQ�RI�WKH�VDPSOHV�ZDV�FDUULHG�RXW�LQ�D�ZD\�WKDW�JXDUDQWHHG�
WKHLU�SK\VLFDO��FKHPLFDO�DQG�ELRORJLFDO�LQWHJULW\�GXULQJ�WKH�SHULRG�EHWZHHQ�WKH�WDNLQJ�
DQG� WKH� DQDO\VLV� RI� WKH� VDPH�� DSSO\LQJ� LQWHUQDWLRQDOO\� DFFHSWHG� SUHVHUYDWLRQ�
PHWKRGV� VXFK� DV� S+� FRQWURO�� DGGLWLRQ� RI� FKHPLFDO� FRPSRXQGV� DQG� WHPSHUDWXUH�
FRQWURO�ZKHQ�UHIULJHUDWLQJ�VDPSOHV�DW���R&��XVLQJ�LFH�IRU�WKDW�SXUSRVH�

$QDO\VLV�RI�ODERUDWRU\�UHVXOWV�

7R�FDUU\�RXW�WKH�DQDO\VLV�RI�WKH�LQIRUPDWLRQ�FRPLQJ�IURP�WKH�VWDWLRQV�LQ�%DKtD�
&RORPELD��DQ�LQWHUSUHWDWLRQ�ZDV�PDGH�RI�WKH�FRQFHQWUDWLRQV�REWDLQHG�DQG�D�
FRPSDULVRQ�ZDV�PDGH�ZLWK�WKH�FULWHULD�HVWDEOLVKHG�LQ�WKH�6LQJOH�(QYLURQPHQWDO�
'HFUHH������RI�����

/LNHZLVH�� DFFRUGLQJ� WR� WKH� UHVXOWV� RI� WKH� FKDUDFWHUL]DWLRQ� WKH DSSOLFDWLRQ� RI� WKH�
4XDOLW\� ,QGH[� RI� WKH�0DULQH� DQG�&RDVWDO�:DWHUV� �,&$0��ZDV�PDGH�� ZKLFK� LV� DQ�
LQGLFDWRU�WKDW�IDFLOLWDWHV�WKH�LQWHUSUHWDWLRQ�RI�WKH�TXDOLW\�RI�WKH�PDULQH�HQYLURQPHQW��
WKH� HYDOXDWLRQ� RI� WKH� LPSDFW� RI� WKH� DFWLYLWLHV� DQWKURSRJHQLF� DQG� WKH� WDNLQJ� RI�
SUHYHQWLRQ�DQG�UHFRYHU\�PHDVXUHV�WR�DVVHVV�WKH�TXDOLW\�RI�PDULQH�ZDWHUV��LH�WKHLU�
DELOLW\�WR�ZLWKVWDQG�PDULQH�OLIH�DQG�ELRORJLFDO�SURFHVVHV�

7KH�,&$0�IRUPXODWLRQ�XVHV�KROLVWLFDOO\��(TXDWLRQ������WKH�HLJKW�PLQLPXP�YDULDEOHV�
GLVVROYHG� R[\JHQ�� QLWUDWHV �12���� WRWDO� VXVSHQGHG� VROLGV� �766��� WKHUPRWROHUDQW�
FROLIRUPV��&7(���S+��GLVVROYHG�DQG�GLVSHUVHG�K\GURFDUERQV��+''���GHPDQG�R[\JHQ�
ELRFKHPLVWU\� �%2'�� DQG� RUWKRSKRVSKDWHV� �32���� DV� GHWHUPLQDQWV� RI� QDWXUDO� DQG�
DQWKURSRJHQLF�SURFHVVHV�LQ�PDULQH�FRDVWDO�ZDWHUV��(DFK�YDULDEOH�LV�TXDOLILHG�E\�WKH�
PHDVXUHG�FRQFHQWUDWLRQ��DFFRUGLQJ�WR�LWV�YDOXHV�RI�DFFHSWDQFH�RU�UHMHFWLRQ��ZKLFK�
PXVW�FRPSO\�ZLWK�WKH�SUH�HVWDEOLVKHG�VWDQGDUGV�DQG�FRQVLGHUHG�VXLWDEOH�WR�SURWHFW�
WKH�KDELWDW�RI�WKH�PDULQH�HFRV\VWHP�
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,&$0ൌ ሺς ௧ݔ
௪ ሻσ ௪భ


ୀଵ

(TXDWLRQ�1R������0DULQH�DQG�FRDVWDO�ZDWHU�TXDOLW\�LQGH[��,&$0�

6RXUFH���,19(0$5�

:KHUH�

�����������������������������������������

���&2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��'HFUHH�������0D\�������������2S�
&LW�
���,19(0$5�2S� FLW�

,&$0� �LW�LV�WKH�TXDOLW\�RI�WKH�ZDWHU�DFFRUGLQJ�WR�WKH�GHVWLQDWLRQ�RI�WKH�UHVRXUFH�DQG�
WKH�FRQFHQWUDWLRQ�RI�HDFK�RQH�RI�WKH�YDULDEOHV�

;L� �TXDOLW\�VXE�LQGH[ RI�WKH�YDULDEOH�L

:L� �ZHLJKWLQJ� IDFWRU� IRU� HDFK� VXEVFULSW� L�� DFFRUGLQJ� WR� LWV� LPSRUWDQFH�ZLWKLQ� WKH�
,&$0��ZKLFK�LV�ZHLJKWHG�EHWZHHQ�]HUR�DQG�RQH��LPSRUWDQFH�YDOXH��

7KH� LQGLFDWRU� UHSUHVHQWV� WKH� TXDOLW\� RI� WKH� PDULQH� ZDWHU� UHVRXUFH�� ZKHUH� WKH�
TXDOLILFDWLRQ� LV� DGMXVWHG� WR� WKH� TXDOLW\� FXUYHV� ZLWK� YDOXHV� EHWZHHQ� �� DQG� ����
DFFRUGLQJ� WR� WKH� GHVFULSWLYH� VFDOH� IRU� WKH� SUHVHUYDWLRQ� RI� YHJHWDWLRQ DQG� ZLOGOLIH
�,&$0��LQ�PDULQH�FRDVWDO�ZDWHUV��VHH�7DEOH�1R��������

7DEOH�1R�������6FDOH�RI�DVVHVVPHQW�RI�WKH�TXDOLW\�LQGH[�RI�PDULQH�ZDWHUV�� ,&$0
4XDOLW\�6FDOH� &RORU &DWHJRU\ 'HVFULSWLRQ

2SWLPDO� %OXH ����± �� ([FHOOHQW�ZDWHU�TXDOLW\�
$GHTXDWH *UHHQ ���± �� :DWHU�ZLWK�JRRG�FRQGLWLRQV�IRU�DTXDWLF�OLIH�

$FFHSWDEOH� <HOORZ ���± ��
:DWHU�WKDW�FRQVHUYHV�JRRG�FRQGLWLRQV�EXW�IHZ�UHVWULFWLRQV�
RI�XVH�

,QDGHTXDWH 2UDQJH ���± �� :DWHU�WKDW�SUHVHQWV�PDQ\�UHVWULFWLRQV�RI�XVH�
7HUULEOH� 5HG ���� � :DWHUV�ZLWK�PDQ\�UHVWULFWLRQV�WKDW�GR�QRW�DOORZ�SURSHU�XVH�

6RXUFH��,19(0$5��

9 4XDOLW\�RI�PDULQH�VHGLPHQWV�LQ�WKH�GHSWK

,Q�RUGHU�WR�NQRZ�WKH�FKDUDFWHULVWLFV�RI�WKH�VHGLPHQW�RI�GHSWK�WKDW ZLOO�EH�H[WUDFWHG�
GXULQJ�WKH�GHHSHQLQJ�GUHGJLQJ�DFWLYLWLHV��WKH�PRQLWRULQJ�RI�WKUHH�����SRLQWV�LQ�WKH�
*XOI�RI�8UDEi��ORFDWHG�RQ�WKH�VHDEHG�DURXQG�WKH�DUHD�FRUUHVSRQGLQJ�WR�WKH�
PDULWLPH�WHUPLQDO�DUHD��ZDV�FDUULHG�RXW��DQG�WKH�YLDGXFW�
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7KH�VDPSOHV�ZHUH�WDNHQ�RQ�0DUFK����������GXULQJ�WKH�H[SORUDWLRQ�RI�WKH�
JHRWHFKQLFDO�FKDUDFWHULVWLFV�RI�WKH�DUHD��6XEVHTXHQWO\��WKH\�ZHUH�VHQW�WR�%RJRWi�WR�
FDUU\�RXW�WKH�SK\VLFRFKHPLFDO�DQDO\]HV�LQ�ODERUDWRULHV�GXO\�DFFUHGLWHG�EHIRUH�WKH�
,'($0�

7KH�ILUVW�ODERUDWRU\�FRQWUDFWHG�ZDV�$17(.�6�$��ZKHUH�WKH�IROORZLQJ�SDUDPHWHUV�
ZHUH�DQDO\]HG��3RWHQWLDO�RI�+\GURJHQ��WRWDO�SKRVSKRUXV��FRSSHU��FDGPLXP��EDULXP��
KH[DYDOHQW�FKURPLXP��VHOHQLXP��WRWDO�K\GURFDUERQV��+&7��DQG�3RO\F\FOLF�$URPDWLF�
+\GURFDUERQV��3$+V���$GGLWLRQDOO\��WKH�IROORZLQJ�SDUDPHWHUV�ZHUH�FRQWUDFWHG�ZLWK�
WKH�$QDOTXLP�/7'$�ODERUDWRU\��DUVHQLF��WRWDO�RUJDQLF�FDUERQ��72&���FKURPLXP��
SKHQROV��IDWV�DQG�RLOV��PHUFXU\��QLFNHO��WRWDO�QLWURJHQ��VLOYHU��OHDG�

�������������������������������������������

��� ,19(0$5��2S��FLW��

WHPSHUDWXUH�DQG�]LQF��)LQDOO\��WKH�DQDO\VLV�RI�9RODWLOH�$FLG�6XOILGH��9$6��ZDV�
FRQWUDFWHG�ZLWK�6*6�6$��ZKR�LQ�WXUQ�VXEFRQWUDFWHG�WKH�SDUDPHWHU�ZLWK�WKH�'U��
&DOGHURQ�/DEV�ODERUDWRU\��7KH�DQDO\VLV�RI�WKH�SDUDPHWHUV�ZDV�PDGH�WDNLQJ�DV�
UHIHUHQFH�WKH�6WDQGDUG�0HWKRGV�IRU�WKH�([DPLQDWLRQ�RI�:DWHU�DQG�:DVWHZDWHU��
��G�(GLWLRQ������RI�WKH�(3$��8QLWHG�6WDWHV�

6DPSOLQJ�SRLQWV

7KH�GHSWK�VHGLPHQW�VDPSOHV�DQDO\]HG�ZHUH�H[WUDFWHG�IURP�WKH�GULOOLQJ�GRQH�IRU�WKH�
H[SORUDWLRQ�RI�WKH�VXEVRLOV�LQ�WKH�VHDEHG�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�LQ�
%DKtD�&RORPELD�LQ�WKH�*XOI�RI�8UDEi��7DEOH�1R�������SUHVHQWV�WKH�0DJQD�6LUJDV�
IODW�FRRUGLQDWHV�RI�WKH�%RJRWi�RULJLQ�RI�HDFK�RI�WKHP��$W�HDFK�SRLQW�IRXU�����VDPSOHV�
ZHUH�WDNHQ�DW�GLIIHUHQW�GHSWKV��7KH�ORFDWLRQ�RI�WKH�SRLQWV�LV�SUHVHQWHG�LQ�)LJXUH�1R��
����

7DEOH�1R�������3ODQV FRRUGLQDWHV�RI�WKH�SHUIRUDWLRQV

'ULOOLQJ�
)/$7�&225',1$7(6��

0$*1$�6,5*$6�2ULJLQ�%2*27$
($67 1257+

3)�� ���������� ������������

3)�� ���������� ������������

3)��� ���������� ������������
6RXUFH� 3,2�6�$�6��������
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)LJXUH 1R����� /RFDWLRQ�RI�SHUIRUDWLRQV

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

6DPSOLQJ�DQG�W\SH�RI�VDPSOH�

)RU� WKH�FROOHFWLRQ�RI�VHGLPHQW�VDPSOHV��6KHOE\� WXEHV�ZHUH�XVHG��ZKLFK�DUH� WKLQ�
ZDOOHG� VWHHO� WXEHV� XVHG� IRU� GULOOLQJ� DQG� H[WUDFWLRQ� RI� UHODWLYHO\� XQGLVWXUEHG� VRLO�
VDPSOHV�� :LWKLQ� WKHVH� VDPH� LPSOHPHQWV� WKH� VDPSOHV� ZHUH� WUDQVSRUWHG� WR� WKH�
DFFUHGLWHG� ODERUDWRU\� WR�DQDO\]H� WKH�SDUDPHWHUV��$W� HDFK�SRLQW�� IRXU� ���� VDPSOHV�
ZHUH�WDNHQ�DW�GLIIHUHQW�GHSWKV��DV�VKRZQ�LQ�7DEOH�1R��������7DEOH�1R�������'HSWK�RI�
VDPSOLQJ�7KH�REMHFWLYH�RI�WKH�VDPSOLQJ�ZDV�WR�NQRZ�LQ�GHSWK�WKH�SK\VLFR�FKHPLFDO�
FKDUDFWHULVWLFV� RI� WKH� VHDEHG� LQ� WKH� DUHD� ZKHUH� WKH� GHHSHQLQJ� GUHGJLQJ� ZLOO� EH�
FDUULHG�RXW� LQ�WKH�DUHD�WKDW�ZLOO�EH�XVHG�IRU�PDQHXYHUV�RI�WKH�YHVVHOV�DQG�DFFHVV�
FKDQQHO�� DV� VXFK� LQ� WKLV�ZD\�� WKH� LQIRUPDWLRQ� VHUYHV�DV� DQ� LQSXW� WR� HYDOXDWH� WKH�
HQYLURQPHQWDO�LPSDFWV�DVVRFLDWHG

���+(55(5$�+(5%(57��-���	�&$67,//$�*Ï0(=��-����������8VH�RI�VXUYH\�WHFKQLTXHV�LQ�JHRWHFKQLFDO�VWXGLHV��0DGULG�
6SDLQ�
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ZLWK�WKDW�DFWLYLW\�DQG�WKH�GLVSRVDO�RI�GUHGJHG�PDWHULDO�LQ�WKH�DUHD�GHVLJQDWHG�IRU�WKDW�
SXUSRVH�

7DEOH�1R�������'HSWK�RI�VDPSOLQJ

'ULOOLQJ� 'HSWK�UDQJH� �P�

6DPSOH� 0� 0� 0� 0�

3)�� ����� ������� ������� ���������

6DPSOH� 0� 0� 0� 0�

3)�� ��������� ��������� ��������� ���������

3)��� ��������� ����������� ��������� �����������

6RXUFH��3,2�6�$�6��������

3DUDPHWHUV�HYDOXDWHG�

7KH�PHDVXUHPHQW�RI� WKH�SK\VLFRFKHPLFDO�SDUDPHWHUV�ZDV�PDGH�XQGHU WHFKQLFDO�
VWDQGDUGV� DQG� PHWKRGV� RIILFLDOO\� DFFHSWHG� LQ� WKH� 6WDQGDUG� 0HWKRGV� IRU� WKH�
([DPLQDWLRQ�RI�:DWHU�DQG�:DVWHZDWHU���QG�(GLWLRQ�������LQ�WKH�RIILFLDOO\�DFFHSWHG�
PHWKRGRORJLHV�DQG�XQGHU�WKH�FULWHULD�HVWDEOLVKHG�E\�'HFUHH������RI������LVVXHG�E\�
WKH�0LQLVWU\�RI�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW��6HH�7DEOH�1R�������

7DEOH�1R�������3DUDPHWHUV�HYDOXDWHG�DQG�UHIHUHQFH�PHWKRGV�DQG�DQDO\WLFDO�WHFKQLTXHV�XVHG�IRU�WKH�
GHWHUPLQDWLRQ

3DUDPHWHU 8QLW $QDO\WLF�WHFKQLTXH 5HIHUHQFH�PHWKRG� /DERUDWRU\

3
K
\V
LF
DO

7HPSHUDWXUH �& 7KHUPRPHWRU 60������% $1$/48,0�/7'$

+\GURJHQ�3RWHQWLDO
� S+ 8QLWV�RI� S+ (OHFWURPHWULF 6:��� $17(.

&
K
HP

LF
DO
V�

)DWV�DQG�RLOV� PJ�NJ� 6R[KOHW� ([WUDFWLRQ (3$�������% $1$/48,0�/7'$

$UVHQLF PJ�NJ�$V $�$��+\GULGH�JHQHUDWRU 60������& $1$/48,0�/7'$

%DULXP� PJ�NJ ,�&�3 (3$������%�� 60�����% $17(.

&DGPLXP� PJ�NJ (�$�$ (3$������%�� 60�����% $17(.

=LQF PJ�NJ�=Q $�$�)ODPH 60������% $1$/48,0�/7'$

&KURPH� PJ�NJ�&U $�$�)ODPH� 60������% $1$/48,0�/7'$
+H[DYDOHQW�
FKURPLXP PJ�NJ &RORULPHWULF 60������&U�% $17(.

&RSSHU� PJ�NJ (�$�$ (3$������%�� 60�����% $17(.
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3DUDPHWHU 8QLW $QDO\WLF�WHFKQLTXH 5HIHUHQFH�PHWKRG� /DERUDWRU\

0HUFXU\ PJ�NJ�+J $�$�± &ROG�6WHDP� 60������% $1$/48,0�/7'$

1LFNHO� PJ�NJ�1L $�$��)ODPH� 60������% $1$/48,0�/7'$

6LOYHU� PJ�NJ�$J $�$�)ODPH 60������% $1$/48,0�/7'$

/HDG PJ�NJ�3E $�$�)ODPH 60������% $1$/48,0�/7'$

6HOHQLXP� PJ�NJ (�$�$�( (3$������%�� 60�����% $17(.

7RWDO�+\GURFDUERQV �
8OWUDVRXQG��LQIUDUHG�

H[WUDFWLRQ
10;�$$�����6&),������\�

60������&) $17(.

3KHQROV� PJ�NJ 'LUHFW����DPLQRDQWLS\ULQH� 60������' $1$/48,0�/7'$

+$3
V PJ�NJ *DV�FKURPDWRJUDSK\ � ),' (3$�����%�(3$����� $17(.
7RWDO�RUJDQLF�
FDUERQ PJ�NJ &RORULPHWU\ 17&������ $1$/48,0�/7'$

9RODWLOH�$FLG�
6XOSKLGH PJ�NJ �

/%&�����$QGHUVRQ�DQG�
:LOVRQ 'U��&DOGHUyQ�/DEV

7RWDO�3KRVSKRUXV PJ�NJ 'LJHVWLRQ�� &RORULPHWU\
60������� 3�%���60������

3( $17(.

7RWDO�1LWURJHQ� PJ�NJ 7LWXORPHWULF +�62� 17&����� $1$/48,0�/7'$
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

���&2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��'HFUHH�������0D\�������������%\�
PHDQV�RI�ZKLFK�WKH�6LQJOH�5HJXODWRU\�'HFUHH�RI�WKH�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW�6HFWRU�LV�LVVXHG��6HFWLRQ���
4XDOLW\�FULWHULD�IRU�WKH�GHVWLQDWLRQ�RI�WKH�UHVRXUFH��%RJRWi�'�&��������

$QDO\VLV�RI�ODERUDWRU\�UHVXOWV�

%DVHG�RQ�WKH�UHVXOWV�SUHVHQWHG�E\�WKH�ODERUDWRU\��WKH�YDOXHV�ZHUH�FRPSDUHG�ZLWK�
LQWHUQDWLRQDO�UHIHUHQFHV�RI�PDULQH�VHGLPHQW�TXDOLW\��ZLWKLQ�ZKLFK�DUH�WKRVH�UHSRUWHG�
LQ�WKH�&('(;�VWDQGDUG�RI�6SDLQ��VSHFLILF�IRU�GUHGJLQJ�PDWHULDO��VHH�7DEOH�1R��������
%DVHG�RQ�WKLV�FRPSDULVRQ�LW�ZLOO�EH�SRVVLEOH�WR�HVWDEOLVK�LI�WKH�FKDUDFWHULVWLFV�RI�WKH�
GHSWK� VHGLPHQWV� LQ� WKH� DUHD� PHHW� WKH� UHTXLUHPHQWV� VR� WKDW� WKHUH� LV� QR� GLUHFW�
LQIHUHQFH�ZLWK�WKH�DTXDWLF�ELRWD�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�

��������������������������������������

���0,1,675<�2)� 38%/,&�:25.6� 75$163257$7,21�$1'� 7+(� (19,5210(17�� �������� 5HFRPPHQGDWLRQV� IRU� WKH�
PDQDJHPHQW�RI�GUHGJHG�PDWHULDO�LQ�6SDQLVK�SRUWV��0DGULG�6SDLQ
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7DEOH�1R�������,QWHUQDWLRQDO�UHIHUHQFHV�LQ�PDULQH�VHGLPHQW�TXDOLW\

3DUDPHWHU�
&('(;��6SDLQ��

$/� $/�

3K\VLFDO

7HPSHUDWXUH � �

+\GURJHQ�3RWHQWLDO� � S+ � �

&KHPLFDOV

)DWV�DQG�RLOV� � �

$UVHQLF� ����� ������

%DULXP� � �

&DGPLXP� ���� ����

=LQF ������ �������

&KURPH� ������ �������

+H[DYDOHQW�FKURPLXP� � �

&RSSHU� ������ ������

0HUFXU\ ���� ����

1LFNHO� ������ ������

6LOYHU� � �

/HDG� ������ ������

6HOHQLXP� � �

7RWDO�+\GURFDUERQV � �

3KHQROV� � �

+$3
V � �

7RWDO�RUJDQLF�FDUERQ � �

9RODWLOH�$FLG�6XOSKLGH � �

7RWDO�3KRVSKRUXV � �

7RWDO�1LWURJHQ� � �
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

$/�� DQG $/�� $FWLRQ� OHYHOV� �� DQG� ��� 9DOXHV� XVHG� WR� FODVVLI\� WKH� OHYHO� RI�
FRQWDPLQDWLRQ�RI�WKH�GUHGJHG�PDWHULDO��XVLQJ�WKH�IROORZLQJ�FDWHJRULHV�

x &DWHJRU\�,��ZKHQ�WKH�YDOXH�LV�OHVV�WKDQ�$/�
x &DWHJRU\�,,��ZKHQ�WKH�YDOXH�REWDLQHG�LV�EHWZHHQ�$/��DQG�$/�
x &DWHJRU\�,,,D��ZKHQ�WKH�YDOXH�LV�EHWZHHQ�$/��DQG�HLJKW�����WLPHV�WKH�YDOXH�RI�

$/�
x &DWHJRU\�,,,E��ZKHQ�WKH�YDOXH�LV�HLJKW�����WLPHV�JUHDWHU�WKDQ�$/�
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,Q�FDWHJRU\� ,�DUH� WKRVH�PDWHULDOV� IURP�GUHGJLQJ�ZKRVH�FKHPLFDO�DQG�ELRFKHPLFDO�
HIIHFWV�RQ� WKH�DTXDWLF� YHJHWDWLRQ�DQG�ZLOGOLIH DUH�QXOO� RU� LQVLJQLILFDQW��&DWHJRU\� ,,�
FRQWDLQV� PDWHULDOV� ZLWK� PRGHUDWH� FRQFHQWUDWLRQV� RI� SROOXWDQWV�� VR� WKH\� FDQ� EH�
GLVFKDUJHG� LQWR� WKH�VHD� LQ�D�FRQWUROOHG�PDQQHU��)LQDOO\�� WR�FDWHJRU\� ,,,�EHORQJ�WKH�
PDWHULDOV�ZLWK�KLJK�FRQFHQWUDWLRQV�RI�SROOXWDQWV��WKHVH�PXVW�UHFHLYH�VRPH�WUHDWPHQW�
RU�EH�LVRODWHG�IURP�WKH�VHD��:LWKLQ�FDWHJRU\�,,,�ZH�ILQG�WZR�VXEJURXSV�

x &DWHJRU\� ,,,D� FRUUHVSRQGV� WR� PDWHULDOV� WKDW� UHTXLUH� VRIW� LQVXODWLRQ�
PDQDJHPHQW�WHFKQLTXHV�VXFK�DV�XQGHUZDWHU�FRQILQHPHQW�DQG�GLVFKDUJH�LQWR�
DTXDWLF�RU�WHUUHVWULDO�HQFORVXUHV�

x 7KH�FDWHJRU\�,,,E�DUH�WKRVH�PDWHULDOV�WKDW�UHTXLUH�KDUG�WUHDWPHQW�WHFKQLTXHV�
VXFK�DV�SRXULQJ� LQWR�HQFORVXUHV�ZLWK� VSHFLILF� FKDUDFWHULVWLFV� �LPSHUPHDEOH�
ZDOOV��OHDFKDWH�FRQWURO�GHYLFHV��DPRQJ�RWKHUV��IRU�WKH�VWRUDJH�RI�WKHVH��WKH�
�RQ�OLQH��WUHDWPHQW�EHIRUH�SHUIRUPLQJ�WKH�VKHGGLQJ�DW�VHD�DQG�VROLGLILFDWLRQ�RU�
LQHUWL]DWLRQ�IRU�ODQG�GLVSRVDO�

)RU� WKH� DQDO\VLV� RI� SDUDPHWHUV� WKDW� GR� QRW� KDYH� UHIHUHQFH� YDOXHV� LQ� 6SDQLVK�
UHJXODWLRQV� RU� WKDW� FRXOG� QRW� EH� DQDO\]HG� E\� WKH� WHFKQLFDO� FRQVWUDLQWV� RI� WKH�
ODERUDWRU\� �9RODWLOH� $FLG� 6XOILGH�� 7RWDO�2UJDQLF�&DUERQ�� %DULXP��&DGPLXP�� HWF����
VHFRQGDU\�LQIRUPDWLRQ�ZDV�FRQVXOWHG�GDWDEDVHV�OLNH�6FLHQFH�'LUHFW�

9 +LVWRULFDO� VHFRQGDU\� LQIRUPDWLRQ� RQ� WKH� TXDOLW\� RI� FRQWLQHQWDO� DQG�PDULQH�
ZDWHU ± 5('&$0

$GGLWLRQDOO\�� WR� HYDOXDWH� WKH� TXDOLW\� RI� WKH� FRQWLQHQWDO� DQG� PDULQH� ZDWHU�� WKH�
LQIRUPDWLRQ�ZDV�WDNHQ�IURP�ILYH�����PRQLWRULQJ�VWDWLRQV��RQH�RYHU�WKH�/HyQ�5LYHU�DQG�
WKH� RWKHUV� RYHU� WKH� PRXWK� RI� WKH� /HyQ� 5LYHU� WR� %DKtD� &RORPELD� DQG� LQ� %DKtD�
&RORPELD�WKURXJK�WKH�TXDOLW\�QHWZRUN�RI�PDULQH�ZDWHU��5('&$0��RI�WKH�,QVWLWXWH�RI�
0DULQH�DQG�&RDVWDO�5HVHDUFK�-RVp�%HQLWR�9LYHV�GH�$QGUiV�� ,19(0$5��ZKHUH�WKH�
KLVWRULFDO� DYHUDJH� RI� WKH� VHDVRQV�ZDV� H[WUDFWHG� LQ� WKH� WZR� VHDVRQV� RI� WKH� UDLQ\�
VHDVRQ�DQG�GU\�VHDVRQ�EHWZHHQ�WKH�\HDUV�RI������DQG ������

���������������������������������������

����,ELG�
���,167,787(�2)�0$5,1(�$1'�&2$67$/�5(6($5&+�-26e�%(1,72�9,9(6�'(�$1'$5e,6�� ,19(0$5��0RQLWRULQJ�
QHWZRUN�RI�PDULQH�DQG�FRDVWDO�ZDWHUV�RI�&RORPELD�� 5('&$0��>2QOLQH@�
�KWWS���VLDP�LQYHPDU�RUJ�FR�VLDP�UHGFDP�HVWDGLVWLFDV�LQGH[�MVS!�>TXRWHG�RQ�-XO\��������@

7DEOH�1R�������DQG�)LJXUH�1R������VKRZ�WKH�ORFDWLRQ�RI�WKH�VWDWLRQV�ORFDWHG�LQ�WKH�
DUHD�RI�LQIOXHQFH�E\�WKH�5('&$0�0DULQH�DQG�&RDVWDO�:DWHU�0RQLWRULQJ�1HWZRUN�RI�
&RORPELD��ZKLFK�SURYLGH�LQIRUPDWLRQ�IRU�WKH�DQDO\VLV�RI�TXDOLW\�RI�WKH�ZDWHU�
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7DEOH�1R�������/RFDWLRQ�RI�5('&$0�VWDWLRQV�LQ�WKH�VWXG\�DUHD

6WDWLRQ� 'HVFULSWLRQ� 3ODFH
*HRJUDSKLFDO�FRRUGLQDWHV

/DWLWXGH /RQJLWXGH

&��������� &��85%$&��� 0RXWK�RI�7KH� /HyQ 5LYHU��'*,��� �����
�������1 ������
�������:

&��������� &��85%$&��� �)URQW��NP�DIWHU� /HyQ 5LYHU � '*,��� �����
�����1 ������
������:

&��������� &��85*85��� *XOI�RI� 8UDEi�'*��� �����
������1 ������
�������:

&��������� &��85*85��� *XOI�RI��8UDEi�'*��� �����
������1 ������
�������:

&��������� &��85%$&��� NP�DERYH�WKH�/HyQ 5LYHU�'*,��� �� ��
�������1 ������
�������:

&��������� '*,��� &RORPELD %D\� �����
�����1 ������
�������:
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�LQIRUPDWLRQ�IURP�5('&$0

)LJXUH�1R������/RFDWLRQ�RI�WKH�5('&$0�VWDWLRQV� FRQWLQHQWDO�DQG�PDULQH�ZDWHU�TXDOLW\
6RXUFH��3UHSDUHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�LQIRUPDWLRQ�IURP�5('&$0

:DWHU�XVHV�

7R�LGHQWLI\�FXUUHQW�XVHV�DQG�XVHUV�RI�ZDWHU��DQ�LQYHQWRU\�ZDV�PDGH�RI�LQIRUPDWLRQ�
SURYLGHG�E\�WKH�&RUSRUDWLRQ�IRU�WKH�6XVWDLQDEOH�'HYHORSPHQW�RI�8UDEi��
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&253285$%$�RI�DXWKRUL]HG�FRQFHVVLRQV�DQG�GLVFKDUJHV�ORFDWHG���NP�IURP�WKH�
DUHD�RI�DELRWLF�LQIOXHQFH�RI�WKH�SURMHFW�

7KH�1DWLRQDO�:DWHU�6WXG\��(1$�������ZDV�XVHG�DV�UHIHUHQFH�LQIRUPDWLRQ�LQ�ZKLFK�
WKUHH�OHYHOV�RI�K\GURJUDSKLF�XQLWV�DUH�GHILQHG��DUHDV��]RQHV�DQG�VXE]RQHV��)URP�
WKH�FRQFHSWLRQ�RI�WKHP��WKH�VXUIDFH�ZDWHU�VXSSO\�DQG�WKH�GHYHORSPHQW�RI�WKH�
GLIIHUHQW�ZDWHU�LQGLFDWRUV�IRU�WKH�/HRQ�5LYHU�VXE]RQH�DUH�GHVFULEHG�

2I WKH�LQGLFDWRUV�UHODWHG�E\�WKH�1DWLRQDO�:DWHU�6WXG\��WKH�:DWHU�8VH�,QGH[��,8$���
:DWHU�5HWHQWLRQ�DQG�5HJXODWLRQ�,QGH[��,5+��DQG�WKH�:DWHU�6KRUWDJH�9XOQHUDELOLW\�
,QGH[��,9+��ZHUH�WDNHQ�LQWR�DFFRXQW�IRU�WKLV�VWXG\�

,W� VKRXOG� EH� QRWHG� WKDW� IRU� WKH� /HRQ� 5LYHU� EDVLQ� WKHUH� LV� QR� 0DQDJHPHQW� DQG�
2UGLQDWLRQ�3ODQ��320&$��WR�GDWH��WKHUHIRUH�LW�ZDV�QRW�SRVVLEOH�WR�GHILQH�WKH�TXDOLW\�
JRDOV�DQG�REMHFWLYHV�HVWDEOLVKHG�E\�WKH�HQYLURQPHQWDO�DXWKRULW\�IRU�VDLG�EDVLQ�

+\GURJHRORJ\

7R�GHWHUPLQH�WKH�FRQIRUPDWLRQ�RI�WKH�GLIIHUHQW�OLWKRORJLFDO�XQLWV�LQ�GHSWK�IRU�WKH�
DUHD�RI�LQIOXHQFH��WKH�JHRSK\VLFDO�UHFRUGV�RI�WKH�H[LVWLQJ�ZHOOV��LQIRUPDWLRQ�IURP�
SUHYLRXV�JHRSK\VLFDO�VXUYH\V��DQG�LQIRUPDWLRQ�IURP�UHODWLYHO\�UHFHQW�H[SORUDWLRQ�
FDPSDLJQV�IRFXVHG�RQ�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�VXEVRLO�IRU�WKH�SRUW�SURMHFW�WKDW�
ZDQWV�WR�DGYDQFH�LQ�WKH�DUHD�

7KH�DFWLYLWLHV�WKDW�ZHUH�FDUULHG�RXW�WR�UHDFK�WKH�PDLQ�REMHFWLYH�DUH�WKH�IROORZLQJ�

��������������������������������

���,167,787(�2)�+<'52/2*<��0(7(252/2*<�$1'�(19,5210(17$/�678',(6�� ,'($0��0,1,675<�2)�
(19,5210(17�+286,1*�$1'�7(55,725,$/�'(9(/230(17��0$9'7��1DWLRQDO�:DWHU�6WXG\��%RJRWi������������S��
,6%1��������������������

x 5HYLHZ� RI� VHFRQGDU\� LQIRUPDWLRQ� IRFXVHG� RQ� WKH� GHWHUPLQDWLRQ� RI� WKH�
K\GURJHRORJLFDO� FKDUDFWHULVWLFV� RI� WKH� DUHD� RI� LQIOXHQFH�� DFFRUGLQJ� WR�
&253285$%$��81$/�DQG�3,2�6�$�6��

x 3ODQH�UHDOL]DWLRQ�ZLWK�ZHOOV�ZLWK�UHFRUGV�LQ�WKH�VWXG\�DUHD�

x 7KH�ZHOOV�FRQVLGHUHG�RI LQWHUHVW�ZHUH�VHOHFWHG��GXH�WR�WKHLU�GHSWK��ORFDWLRQ��
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x ,QWHUSUHWDWLRQ�RI�WKH�JHRSK\VLFDO�UHFRUGV�RI�WKH�ZHOOV�RI�LQWHUHVW�

x &RPSLODWLRQ� DQG� HODERUDWLRQ� RI� OLWKRVWUDWLJUDSKLF� FROXPQV� EDVHG� RQ� WKH�
LQWHUSUHWDWLRQ�RI�WKH�JHRSK\VLFDO�DQG�JHRPHFKDQLFDO�UHFRUGV�DYDLODEOH�

x 5HSUHVHQWDWLYH� K\GURJHRORJLFDO� SURILOHV� ZHUH� PDGH� EHWZHHQ� WKH����
VWUDWLJUDSKLF�FROXPQV�

x 7KH�K\GURJHRORJLFDO�PRGHO�RI�WKH�DUHD�RI�LQIOXHQFH�ZDV�GHILQHG�

x 7KH�DSSOLFDEOH�EORFN�GLDJUDP�IRU�WKH�DTXLIHU�LQ�WKH�DUHD�ZDV�GHILQHG�

2FHDQRJUDSK\

%HORZ�DUH�WKH�GLIIHUHQW�DFWLYLWLHV�GHYHORSHG�IRU�WKH�RFHDQRJUDSKLF�FKDUDFWHUL]DWLRQ�

9 0DULQH�ZDWHU�TXDOLW\

7KH�LWHP�RI�ZDWHU�DQG�VHGLPHQW�TXDOLW\�IRU�LQODQG�DQG�PDULQH�ZDWHUV��WKH�ORFDWLRQ�
RI�WKH�VDPSOLQJ�VWDWLRQV�DQG�WKH�SK\VLFRFKHPLFDO�DQG�EDFWHULRORJLFDO�SDUDPHWHUV
PDGH�IRU�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�PDULQH�ZDWHU�FROXPQ�DQG�WKH�PDULQH�
VHGLPHQWV�LQ�%DKtD�&RORPELD��GLVWULEXWHG�LQ�WKH�DUHD�RI�LQWHUYHQWLRQ�RI�WKH�
GHHSHQLQJ�GUHGJLQJ�IRU�WKH

�������������������������������������������������
���&25325$7,21�)25�7+(�6867$,1$%/(�'(9(/230(17�2)�85$%È�� &253285$%È��&RQFHSWXDO�K\GURJHRORJLFDO�
PRGHO�RI�WKH�DTXLIHU�RI�WKH�*XOI�RI�8UDEi�HODERUDWHG�IURP�WKH�LQWHUSUHWDWLRQ�RI�JHRORJLFDO�DQG�JHRSK\VLFDO�LQIRUPDWLRQ������
����&253285$%È��(YDOXDWLRQ�RI�K\GURJHRORJLFDO�LQIRUPDWLRQ�GHULYHG�IURP�WKH�GULOOLQJ�RI�GHHS�ZHOOV�DQG�YHUWLFDO�HOHFWULF�
VRXQGLQJV������
�� &25325$7,21�)25�7+(�6867$,1$%/(�'(9(/230(17�2)�85$%È�� &253285$%È��1$7,21$/�81,9(56,7<��
81$/��+\GURJHRORJ\�RI�WKH�DTXLIHU�RI�WKH�%DQDQD +XE�RI�8UDEi������
�� 3,2�6$6��(',),&$�&2/20%,$�/WGD��%DVLF�DQG�GHWDLO�HQJLQHHULQJ��SURFXUHPHQW�DQG�VXSSO\�RI�PDWHULDOV��FRQVWUXFWLRQ��
DVVHPEO\�DQG�FRPPLVVLRQLQJ�RI�WKH�ZRUNV�UHTXLUHG�IRU�SKDVH���RI�WKH�3XHUWR�$QWLRTXLD�SRUW�WHUPLQDO�ORFDWHG�DW�WKH�PRXWK�RI�
WKH�/LRQ�5LYHU��LQ�WKH�*XOI�RI�8UDEi� GHSDUWPHQW�RI�$QWLRTXLD����*HRWHFKQLFDO�6WXG\�IRU�&RQFHSWXDO�(QJLQHHULQJ������

PDQHXYHUV�RI�WKH�YHVVHOV��WKH�DFFHVV�FKDQQHO��WKH�ODQGILOO IRU�WKH�ILQDO�GLVSRVDO�RI�
WKH�GUHGJHG�PDWHULDO�DQG�FRQWURO�SRLQW�EHWZHHQ�WKH�ODQGILOO DQG�WKH�GUHGJLQJ�DUHD�

9 6XUI�

x %DWK\PHWU\

)RU�WKLV�VWXG\�WZR�GLJLWDO�WHUUDLQ�PRGHOV�ZHUH�PDGH��RQH�EHIRUH�WKH�ZRUNV��WKDW�LV��
WKH� FXUUHQW� VLWXDWLRQ�� DQG� DQRWKHU� DIWHU� WKH� SURMHFWHG� ZRUNV�� WKDW� LV�� WKH� IXWXUH�
VLWXDWLRQ��7KH�FXUUHQW�VLWXDWLRQ�PRGHO�WDNHV�LQWR�DFFRXQW�WKH�LQLWLDO�FRQGLWLRQV�RI�WKH�
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VWXG\�DUHD��IRU�WKLV��WKH�2FHDQV�DQG�&RDVWV�0DS�$WODV�ZDV�XVHG��VXSSOLHG�E\�WKH�
*HQHUDO�0DULWLPH�'LUHFWRUDWH�DQG�SUHSDUHG�E\�WKH�2FHDQRJUDSKLF�DQG�+\GURJUDSKLF�
5HVHDUFK�&HQWHU�� &,2+��LQ�DGGLWLRQ�WR�WKH�GHWDLOHG�EDWK\PHWU\�RI�WKH�GUHGJLQJ�DQG�
SURSRVHG�VHFWRUV�IRU�WKH�ODQGILOO��7KH\�FRQWDLQ�WKH�VWXG\�DUHD�WKDW�DUH ����DQG������
ZKLFK�LV�VKRZQ�LQ�)LJXUH�1R�������

7KH�VHFRQG�PRGHO�RU�ILQDO�FRQGLWLRQ�WDNHV�LQWR�DFFRXQW�WKH�GUHGJLQJ�RI�WKH�
PDQHXYHU�EDVLQ��WKH�DFFHVV�FKDQQHO�DQG�WKH�ILQDO�OHYHO�RI�WKH�GXPS��DIWHU�WKH�
GXPSLQJ�RI�PDWHULDO��)RU�WKLV��WKH�LQSXWV�RI�WKH�JHQHUDO�EDWK\PHWU\�DQG�LQLWLDO�GHWDLO�
ZHUH�XVHG�DQG�WKH�ILQDO�GHVLJQ�RI�WKH�GUHGJLQJ�DQG�WKH�GLVFKDUJH�WKDW�LV�LQWHQGHG�
WR�EH�FDUULHG�RXW�LQ�WKH�VWXG\�DUHD�ZHUH�VXSHULPSRVHG��)LJXUH�1R�������DQG )LJXUH�
1R��������

���0$5,7,0(�',5(&725$7(�*(1(5$/��',0$5��DQG�&(17(5�2)�2&($12*5$3+,&�$1'�+<'52*5$3+,&�
,19(67,*$7,216��&,2+���&DUWRJUDSKLF�$WODV�RI�WKH�2FHDQV�DQG�&RDVWV�RI�&RORPELD���QG�HGLWLRQ��3XEOLFDWLRQ�������
%RJRWi������������S�
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)LJXUH�1R�������1DXWLFDO�FKDUW����
6RXUFH��*HQHUDO�0DULWLPH�'LUHFWRUDWH�
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���0$5,7,0(�',5(&725$7(�*(1(5$/��',0$5��DQG�&(17(5�2)�2&($12*5$3+,&�$1'�+<'52*5$3+,&�
,19(67,*$7,216��&,2+���&DUWRJUDSKLF�$WODV�RI�WKH�2FHDQV�DQG�&RDVWV�RI�&RORPELD���QG�HGLWLRQ��3XEOLFDWLRQ ������
%RJRWi������������S�

)LJXUH�1R�������,QWHULP�*HQHUDO�,QLWLDO�%DWK\PHWU\
6RXUFH��'HYHORSHG�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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)LJXUH�1R�������%DWK\PHWU\�'HWDLO�RI�WKH�GHVLJQ�RI�WKH�GUHGJLQJ�RI�WKH�GRFN�DQG�WKH�'XPS DUHD�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7KH�DQDO\VLV�RI�WKH�GDWD�RI�LQVWUXPHQWDO�ZDYHV�ZKLFK�ZHUH�REWDLQHG�IURP�WKH�EXR\�
RI�WKH�',0$5��ORFDWHG�LQ�%DUUDQTXLOOD�LQ�FRRUGLQDWHV�������
������1�DQG��������
����
:������������(�������������1���)LJXUH�1R���������,W�LV�LPSRUWDQW�WR�KLJKOLJKW�WKH�
UHOHYDQFH�IRU�WKH�FRXQWU\�RI�D�SURMHFW�VXFK�DV�WKH�RQH�EHLQJ�GHYHORSHG�E\�',0$5��
LQ�FRQMXQFWLRQ�ZLWK�LWV�UHVHDUFK�FHQWHUV��WKH�2FHDQRJUDSKLF�DQG�+\GURJUDSKLF�
5HVHDUFK�&HQWHU��&,2+��DQG�WKH�2FHDQRJUDSKLF�DQG�+\GURJUDSKLF�5HVHDUFK�
&HQWHU�RI�WKH�3DFLILF��&&&3���WKDQNV�WR�ZKLFK�ZH�KDYH�LQVWUXPHQWDO�LQIRUPDWLRQ�
WKDW�DOORZV�XV�WR�KDYH�D�EHWWHU�NQRZOHGJH�RI�WKH�ZDYH�FOLPDWH�DORQJ�WKH�WZR�
&RORPELDQ�FRDVWV��IRU�VRPH�\HDUV�QRZ��7KLV�ZRUN�KDV�UHTXLUHG�D�ORW�RI�UHVRXUFHV�
DQG�WLPH��EXW�DOO�WKLV�LV�UHIOHFWHG�LQ�WKH�TXDOLW\�RI�WKH�LQIRUPDWLRQ�WKDW�LV�FXUUHQWO\�
DYDLODEOH��7KLV�VHULHV�RI�GDWD��RI�WHPSRUDO�WLPH�UHVROXWLRQ��KDV�D�UHFRUG�OHQJWK�IURP�
0DUFK������DQG�HQGLQJ�LQ�$SULO�������,W�VKRXOG�EH�QRWHG�WKDW��DOWKRXJK�WKH�
LQIRUPDWLRQ�KHOG�E\�WKH�',0$5�JRHV�WR�������$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�
6$6��<RX�RQO\�KDYH�DFFHVV�WR�WKH�GDWD�PHQWLRQHG�DERYH��7KLV�VHULHV�LV�QRW�
FRQWLQXRXV�EHFDXVH�LW�SUHVHQWV�VHYHUDO�QXOO

���0$5,7,0(�',5(&725$7(�*(1(5$/��',0$5�
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0$5,7,0(�',5(&725$7(�*(1(5$

UHFRUGV��ZKLFK�FDQ�EH�VHHQ�LQ�WKH�EODQNV�RI�WKH�VHULHV��VR�LW�LV�YHU\�GLIILFXOW�WR�H[WUDFW�
D�EHKDYLRU�IURP�WKH�VHULHV��EHFDXVH�WKHUH�LV�QR�FRQWLQXRXV�\HDU�RI�PHDVXUHPHQW��
ZKLFK�GRHV�QRW�DOORZ�WR�HVWDEOLVK�ZKDW�WKH�YDULDWLRQ�LV�OLNH�RI�ZDYH�KHLJKW�WKURXJKRXW�
WKH�\HDU��:KDW�ZH�FDQ�VHH�IURP�WKH�JUDSK�LV�WKDW�LQ�WKH�ILUVW�PRQWKV�RI�WKH�\HDU�WKH�
PDJQLWXGH�RI�WKH�KHLJKW�RI�WKH�ZDYH�KDV�PD[LPXP�YDOXHV�DQG�WKDW�WKH�PRQWKV�RI�
$XJXVW�DQG�6HSWHPEHU�SUHVHQW�PLQLPXP�YDOXHV�

)LJXUH�1R�������/RFDWLRQ�RI�WKH�%DUUDQTXLOOD�%XR\�
6RXUFH��*RRJOH�(DUWK70���������PRGLILHG E\ $TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

1R�������/RFDWLRQ�RI�WKH�12$$�EXR\V��ZLWK�ZKRVH�GDWD�WKH�PRGHO�ZDV�FDOLEUDWHG�
6RXUFH��:DYH:DWFK,,,70��7RPDGR�GH�&DLUHV�HW�DO��������
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7KH� DYDLODEOH� GDWD� RI� WKH� PRGHO� DUH� VSDWLDOO\� GLVWULEXWHG� RYHU� WKH� &RORPELDQ�
&DULEEHDQ�RQ�D��������[�����PHVK��VHH�)LJXUH�1R���������WKH�::B%DUUDQTXLOOD�SRLQW�
FRUUHVSRQG�WR�WKH�:DYH:DWFK,,,70�VHULHV�WKDW�ZDV�XVHG�WR�FDOLEUDWH�WKH�PRGHO�GDWD�
ZLWK�WKH�GDWD�IURP�WKH�%DUUDQTXLOOD�EXR\��WKH�VHULHV�ORFDWHG�DW�WKH�::B*2/)2�SRLQW�
LV�WKH�VHULHV�XVHG�WR�REWDLQ�WKH�PHDQ�UHJLPH�DW� LQGHILQLWH�GHSWKV�ZKRVH�WHPSRUDO�

DQG������

)LJXUH�1R������ 6LWHV�ZLWK�ZDYH�LQIRUPDWLRQ�IURP�WKH�:DYH:DWFK,,,70�SURMHFW��7KH�SRLQW�::B%DUUDQTXLOOD�FRUUHVSRQG�WR�
WKH�VHULHV�RI�:DYH:DWFK,,,70�WKDW�ZDV�XVHG�WR�FDOLEUDWH�WKH�GDWD�RI�WKH�PRGHO�ZLWK�WKH�GDWD�RI�WKH�%DUUDQTXLOOD�EXR\�DQG�WKH�

SRLQW�::B*2/)2�LV�WKH�VHULHV�XVHG�WR�REWDLQ�WKH�DYHUDJH�UHJLPH�LQ�LQGHILQLWH�GHSWKV�
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

9 &DOLEUDWLRQ�RI�WKH�ZDYHV

,Q� RUGHU� WR� FDOLEUDWH� WKH� GDWD� RI� WKH� :DYH:DWFK,,,70� PRGHO�� GDWD� IURP� WKH�
%DUUDQTXLOOD�EXR\�ZHUH�XVHG��7KH�FDOLEUDWLRQ�SURFHGXUH�RI�WKH�VHULHV�FRQVLVWHG�RI�
WKH� IROORZLQJ�� ��� :H� VHDUFKHG� IRU� RQH� RI� WKH� YLUWXDO� EXR\V� REWDLQHG� ZLWK� WKH�
:DYH:DWFK,,,70 PRGHO�QHDU�WKH�ORFDWLRQ�RI�WKH�EXR\V��LQ�WKLV�FDVH�ZH�ZRUNHG�ZLWK�
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WKH�GDWD�IURP�WKH�YLUWXDO�EXR\�ORFDWHG�DW��������
����1��������
����:������������(�
������������1������2QFH�ZH�KDYH�WKH�GDWD�RI�WKH�PRGHO�DQG�WKH�GDWD�RI�WKH�EXR\��
ZH�VHDUFK�DOO�WKH�GDWD�FRUUHVSRQGLQJ�WR�WKH�VDPH�GDWH�LQ�WKH�WZR�VHULHV�����:LWK�WKH�
GDWD�SDLUV��D�OLQHDU�UHJUHVVLRQ�LV�SHUIRUPHG�EHWZHHQ�WKH�PRGHO�GDWD�DQG�WKH�EXR\�
GDWD��ERWK�ZLWK� WKH�VDPH�QRQ�H[FHHGDQFH�SUREDELOLW\� OHYHO�� LQ�RUGHU� WR�REWDLQ� WKH�
FDOLEUDWLRQ�SDUDPHWHUV�RI�WKH�VHULHV�RI�ZDYH�IRU�WKH�VLJQLILFDQW�ZDYH�KHLJKW�DQG����
7KH�FDOLEUDWLRQ�SDUDPHWHUV�DUH�DSSOLHG�WR�WKH�:DYH:DWFK,,,70�VHULHV�LQ�WKH�*XOI�RI�
8UDEi�

9 :LQGV�WXUER�VWDWLRQ

%HFDXVH�LQ�WKH�*XOI�RI�8UDEi�WKH�EDFNJURXQG�VZHOO�FDQ�EH�DIIHFWHG�ZKHQ�LW�HQWHUV�
WKLV�� DQG� LWV� PDJQLWXGH� FDQ� EH� GUDVWLFDOO\� UHGXFHG� E\� HIIHFWV� RI� UHIUDFWLRQ� DQG�
GLIIUDFWLRQ�� LW�ZDV�FRQVLGHUHG�WR�PRGHO�WR�SDUW�WKH�HIIHFW�WKDW KDV�WKH�ZLQG�RU�ORFDO�
VZHOO�WR�WKH�LQWHULRU�IURP�WKH�*XOI�RI�8UDEi��7KH�ZLQG�RU�ORFDO�VZHOO�LQ�JHRJUDSKLHV�
VXFK�DV� WKH�*XOI�RI�8UDEi�DQG�%DKtD�&RORPELD��PD\�KDYH�PRUH�UHOHYDQFH� LQ� WKH�
EDFNJURXQG�VZHOO��(YHU\WKLQJ�ZLOO�GHSHQG�RQ� WKH�FRQILJXUDWLRQ�RI� WKH�JXOI�DQG� WKH�
OHQJWK�RI�GHYHORSPHQW��RU�)(7&+��

7R�IHHG�D�PRGHO�WKDW�FRQYHUWV�WKH�ZLQG�LQWR�VZHOO��WKH�GDWD�UHFRUGHG�E\�WKH�7XUER�
VWDWLRQ�� SURSHUW\� RI� WKH� ,QWHUQDWLRQDO� 6WDWLRQ� 0HWHRURORJLFDO� &OLPDWH� 6XPPDU\�
�,60&6���ZKLFK�ZDV� ORFDWHG� LQ� WKH�3XQWD�/DV�9DFDV� VHFWRU� LQ� WKH�0XQLFLSDOLW\�RI�
7XUER��$QWLRTXLD��ZHUH�XVHG��DQG�KDV�UHFRUGV�EHWZHHQ�-DQXDU\������DQG�0D\�������
7KH� DYDLODEOH� LQIRUPDWLRQ� RI� WKLV� VWDWLRQ� LV� QRW� WKH� WLPH� VHULHV� RI�PDJQLWXGH� DQG�
GLUHFWLRQ� RI� WKH� ZLQG� EXW� WKH� VWDWLVWLFV� RI� SUREDELOLW\� RI� RFFXUUHQFH� RI� WKH� ZLQG�
WKURXJKRXW� WKH� SHULRG� RI� UHJLVWUDWLRQ� E\� LQWHUYDOV� RI� PDJQLWXGH� IRU� WKH� ��� PDLQ�
GLUHFWLRQV�

9 3URSDJDWLRQ�RI�WKH�VZHOO

7KH� ZDYH� SURSDJDWLRQ� ZDV� FDUULHG� RXW� WR� REWDLQ� D� FKDUDFWHUL]DWLRQ� RI� WKH� VZHOO�
�VLJQLILFDQW�KHLJKW�DQG�GLUHFWLRQ���DORQJ� WKH�VWXG\�DUHD�DQG� LQ�JUHDWHU�GHWDLO� LQ� WKH�
YLFLQLW\� RI� WKH� SURSRVHG� GXPS�� VR� DV� WR� HVWDEOLVK� WKH� HIIHFW� RI� WKLV� RQ� WKH� OLWWRUDO�
G\QDPLFV�RI�WKH�VWXG\�DUHD��VHH�)LJXUH�1R��������

7KH�FDVHV�RI�SURSDJDWLRQ�DOORZ�WR�REWDLQ�D�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�LPDJH RI�WKH�
SURSDJDWLRQ� SURFHVV� IURP� LQGHILQLWH� GHSWKV� WR� WKH� VWXG\� DUHD�� DOORZLQJ� WR� GHWHFW�
DUHDV�RI�ZDYH�FRQFHQWUDWLRQ�RU�GLVSHUVLRQ�� WR�NQRZ� WKH�DQJOH�RI� LQFLGHQFH�RI� WKH�
ZDYHV�DQG�LWV�KHLJKW��PDJQLWXGH��RQFH�LW�KDV�JRQH�WKURXJK�WKH�GLIIHUHQW�SURFHVVHV�
WKDW WKH�ZDYHV�VXIIHU�ZKHQ�DSSURDFKLQJ� WKH�FRDVW��7KLV�ZRUN� LV�GLYLGHG� LQWR� IRXU�
W\SHV�RI�SURSDJDWLRQ��WKH�ILUVW�DQG�WKH�VHFRQG��FRQVLVW�RI�GHWHUPLQLQJ�WKH�DYHUDJH�
VZHOO�UHJLPH��EDVHG�RQ�WKH�EDFNJURXQG�DQG�ORFDO�VZHOO�LQIRUPDWLRQ��LQ�WKH�VWXG\�]RQH�
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ZLWKRXW�ZRUNV��ZLWK�WKLV�ZH�HVWDEOLVK�WKH�FRQGLWLRQV�H[LVWLQJ�LQ�WKH�VWXG\�DUHD�DQG�WKH�
VHFRQG�LV�ZLWK�WKH�VDPH�FDVHV�RI�SURSDJDWLRQ��EXW�ZLWK�WKH�EDWK\PHWU\�PRGLILHG�E\�
WKH�SURMHFW��7KLV�ZLOO� VHUYH� WR� NQRZ� WKH� LPSDFWV� WKDW� WKH�GXPS�KDV�RQ� WKH� OLWWRUDO�
G\QDPLF�RI�WKH VWXG\�DUHD�

)LJXUH�1R�������6WXG\�DUHD��WDNHQ�IURP�WKH�XQLRQ�RI�WKH�QDXWLFDO�FKDUWV��
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

7KLV� VWXG\� ZDV� FDUULHG� RXW� ZLWK� WKH� KHOS� RI� WKH� 6:$1� PRGHO� DQG� WKH� &RDVWDO�
0RGHOLQJ� 6\VWHP� RI� &RORPELD� �60&�&2/��� DGMXVWHG� WR� WKH� EDWK\PHWULHV� RI� WKH�
&RORPELDQ� FRDVWV� E\� WKH� 2FHDQRJUDSKLF� DQG� &RDVWDO� 5HVHDUFK� *URXS� RI� WKH�
8QLYHUVLW\� RI� &DQWDEULD� �*,2&��� ZLWK� WKH� DVVLVWDQFH� IURP� WKH� *HQHUDO� 0DULWLPH�
'LUHFWRUDWH��',0$5���7KH�60&�&2/�LQWHJUDWHV�D�VHULHV�RI�QXPHULFDO�PRGHOV��ZKLFK�
DOORZ�WR�JLYH�D�SUDFWLFDO�VXSSRUW�WR�WKH�FRUUHFW�DSSOLFDWLRQ�RI�WKH�PHWKRGRORJ\�RI�ZRUN�
IRU�&RDVWDO�(QJLQHHULQJ�

9 &XUUHQWV�IRU�EUHDNDJH

$V� LW� LV� NQRZQ�� ZDYH� EUHDNLQJ� JHQHUDWHV� DGGLWLRQDO� FXUUHQWV� WKDW� DUH�PDQLIHVWHG�
WKURXJK�WKH�UDGLDWLRQ�WHQVRU��ZKLFK�PXVW�EH�HVWLPDWHG�WR�HYDOXDWH�WKH�HIIHFWV�WKDW�
WKH� SURMHFW� ZRXOG� KDYH� RQ� WKH� FRDVW� VXUURXQGLQJ� LW�� 7R� NQRZ� LWV� EHKDYLRU�� LW� LV�
QHFHVVDU\� WR� XVH� D�PRGHO� WKDW� GHWHUPLQHV� WKH� ZDYH
V� UDGLDWLRQ� WHQVRU� IURP� WKH�
UHVXOWV�RI�KHLJKW�DQG�ZDYH� LQFLGHQFH�REWDLQHG� LQ� WKH�SURSDJDWLRQ��FDOFXODWLQJ� WKH�
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ILHOG�RI�FXUUHQWV�DQG�OHYHOV�GXH�WR�VDLG�UDGLDWLRQ�WHQVRUV��7R�DFKLHYH�WKLV��WKH�6:$1�
PRGHO�ZDV�FRXSOHG�WR�WKH�IORZ�PRGXOH�RI�WKH�'(/)7��'�PRGHO�

9 'HVFULSWLRQ�RI�WKH�'(/)7��'�PRGHO

'HOIW�'� LV� DQ� LQWHJUDWHG� PRGHOLQJ� V\VWHP� RI� IORZ� DQG� WUDQVSRUW� RULHQWHG� WR� WKH�
DTXDWLF�HQYLURQPHQW�WKDW�VROYHV�WKH�1DYLHU�6WRNHV�HTXDWLRQV�IRU�VKDOORZ�ZDWHUV�ZLWK�
WKH� K\SRWKHVLV� RI� K\GURVWDWLF� SUHVVXUHV� DQG� WKH� %RXVVLQHVT� DSSURDFK�� 7KH�
PDWKHPDWLFDO� IRUPXODWLRQV� LQFOXGHG� LQ� WKH�PRGHO� DOORZ� WR� FRQVLGHU� WKH� IROORZLQJ�
SK\VLFDO�SKHQRPHQD�

x (IIHFWV�RI�WKH�URWDWLRQ�RI�WKH�(DUWK��&RULROLV�IRUFH��

x %DURFOLQLF�HIIHFWV�

x 0DVV�RI�LQGXFHG�WXUEXOHQFH�DQG�PRPHQW�IORZV��WXUEXOHQW�FORVXUH�PRGHOV��

x 7UDQVSRUWDWLRQ�RI�VDOLQLW\��WHPSHUDWXUH�DQG�RWKHU�FRQVHUYDWLYH�VXEVWDQFHV�

x 7LGDO�IRUFLQJV�LQ�RSHQ�FRQWRXUV�

x 6SDWLDO�DQG�WHPSRUDO�YDULDWLRQV�RI� WKH�WDQJHQWLDO� WHQVLRQ�RI� WKH�ZLQG�RQ�WKH�
VXUIDFH�RI�WKH�ZDWHU�ERG\�

x 6SDWLDO�YDULDWLRQV�RI�WKH�WDQJHQWLDO�WHQVLRQ�LQ�WKH�EDFNJURXQG�

x 6SDWLDO�DQG�WHPSRUDO�YDULDWLRQV�RI�DWPRVSKHULF�SUHVVXUH�RQ�WKH�VXUIDFH�

x 7HPSRUDU\�YDULDWLRQ�RI�VRXUFHV�DQG�VLQNV��L�H��GLVFKDUJHV�LQ�ULYHUV��

x )ORRGLQJ�DQG�GU\LQJ�RI�ORZ�WLGHV�

x +HDW�IORZV�

x (IIHFW�RI�WKH�ZDYHV�

9 3URSDJDWLRQ�FDVH�DQG�PHVKHV

7R�FKDUDFWHUL]H�WKH�ILHOG�RI�FXUUHQWV�LQ�WKH�VWXG\�DUHD��WKH�ZDYH�FDVH�ZDV�VHOHFWHG��
ZKLFK� LV� H[FHHGHG� WZHOYH� KRXUV� SHU� \HDU�� IRU� WKH� SUHGRPLQDQW� GLUHFWLRQ� LQ� GHHS�
ZDWHUV�DQG�WKXV�HVWLPDWH�WKH�EHKDYLRU�RI�FXUUHQWV�LQ�WKH�VWXG\�VHFWRU��1H[W��7DEOH�
1R�� ����� DQG� )LJXUH� 1R�� ������ WKH� SURSDJDWLRQ� PHVKHV� XVHG� WR� HVWLPDWH� ZDYH�
FXUUHQWV�DUH�VKRZQ�
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7DEOH�1R�������0HVK�GDWD�XVHG�LQ�WKH�IORZ�PRGXOH�RI�WKH�'(/)7��'�PRGHO�
1DPH 2ULJLQ�;��2ULJLQ�< $QJOH &HOO�VL]H��P� >1RGHV@
0� �������������� � ���[��� 9DULDEOH

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

)LJXUH�1R�������0HVKHV�IRU�WKH�SURSDJDWLRQ�RI�FXUUHQWV��)���PHVK�RQ�EDWK\PHWU\�ZLWK�WKH�FXUUHQW�FRQGLWLRQ�IRU�VZHOO�
H[WUHPDO�

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

9 7LGHV

7KH�DVWURQRPLFDO�WLGH�LV�GHILQHG�DV�WKH�VHW�RI�UHJXODU�PRYHPHQWV�RI�VHD�OHYHO�ULVH�
DQG�IDOO�ZLWK�SHULRGV�FORVH�WR����RU����KRXUV�WKDW�DUH�SURGXFHG�E\�WKH�JUDYLWDWLRQDO�
HIIHFWV� RI� WKH� HDUWK�PRRQ�VXQ� V\VWHP�� )URP� WKH� SUDFWLFDO� SRLQW� RI� YLHZ�� LW� LV�
QHFHVVDU\�WR�NQRZ�WKH�EHKDYLRU�RI�WLGDO�ZDYHV��HVSHFLDOO\�WR�SUHGLFW�WKH�DPSOLWXGH�RI�
WKH�VDPH�DW�D�FHUWDLQ�WLPH�DQG�SODFH��7KDW�LV�ZK\�D�ZD\�WR�DSSURDFK�WKH�VWXG\�RI�
WKHLU�EHKDYLRU�LV�WR�FRQVLGHU�WKH�DVWURQRPLFDO�WLGH�DV�WKH�VXP�RI�D�ILQLWH�QXPEHU�RI�
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ZDYHV��ZKRVH�DPSOLWXGH�DQG�GDWD�DUH�NQRZQ�EHFDXVH�WKH\�KDYH�EHHQ�DVVRFLDWHG�
ZLWK�VRPH�SODQHWDU\�PRYHPHQW�

$FFRUGLQJ� WR� WKH� SUHYLRXV� K\SRWKHVLV�� VHYHUDO� UHVHDUFKHUV� KDYH� ZRUNHG� RQ� WKH�
GHYHORSPHQW�RI�SHULRGLF�FRPSRQHQWV�RI�WKH�GULYLQJ�IRUFH�DV�IRUFLQJ�JHQHUDWHG�IURP�
WKH� WLGH�� 'DUZLQ� DQG� 'RRGVRQ� PDQDJHG� WR� FDUU\� RXW� WKLV� GHFRPSRVLWLRQ� E\�
SHUIRUPLQJ�DQ�DVWURQRPLFDO�DQDO\VLV�FRQVLGHULQJ�WKH�PRYHPHQWV�RI�WKH�HDUWK��PRRQ�
DQG�VXQ��IURP�ZKLFK�WKH\�GHWHUPLQHG�WKH�IUHTXHQF\�DQG�UHODWLYH�LPSRUWDQFH�RI�HDFK�
RI�WKH�FRPSRQHQWV�

7KH�GHFRPSRVLWLRQ�LV�EDVLFDOO\�GRQH�DVVXPLQJ�WKDW�WKH�JHQHUDWLQJ�IRUFHV�SURGXFHG
E\� WKH�PRRQ� DQG� WKH� VXQ� LQ� WKHLU� YDULDEOH� WUDMHFWRULHV� DUH� JHQHUDWHG� E\� D� ILQLWH�
QXPEHU�RI�ILFWLWLRXV�SODQHWV��(DFK�RI�WKHVH�SODQHWV�UHYROYHV�DURXQG�WKH�HDUWK�ZLWK�D�
FLUFXODU�RUELW�ORFDWHG�LQ�WKH�SODQH�RI�WKH�HTXDWRU�DW�D�FRQVWDQW�DQJXODU�YHORFLW\��DQG�
WKH\� DUH� VHOHFWHG� LQ� VXFK� D� ZD\� WKDW�� RQH� RU� D� FRPELQDWLRQ� RI� VHYHUDO� RI� WKHP��
UHSURGXFH�WKH�IUHTXHQF\�RI�D�FHUWDLQ�GLVWXUEDQFH�DVWURQRPLFDO

9 &DOFXODWLRQ�PHWKRGRORJ\

7KH�GHVFULSWLRQ�DQG�SUHGLFWLRQ�RI�WKH�WLGH�LQ�D�JLYHQ�ORFDWLRQ�FRXOG�EH�GRQH�WKURXJK�
ZKDW�LV�FDOOHG�KDUPRQLF�WLGDO�DQDO\VLV��ZKLFK�FRQVLVWV�RI�GHFRPSRVLQJ�WKH�UHFRUGV�RI�
VHD�OHYHO�LQ�D�ILQLWH�QXPEHU�RI�ZDYHV�ZKRVH�SHULRG�DQG�SKDVH�KDYH�EHHQ�SHUIHFWO\�
HVWDEOLVKHG�� JLYHQ� ZKLFK� FRLQFLGH� ZLWK� WKH� SHULRGV� RI� VRPH� RI� WKH� UHODWLYH�
DVWURQRPLFDO�PRYHPHQWV� EHWZHHQ�(DUWK��0RRQ� DQG� VXQ�� DV� KDV�EHHQ� GHVFULEHG�
DERYH��,Q�JHQHUDO�WHUPV��WKH�PHWKRG�RI�KDUPRQLF�DQDO\VLV�FRQVLVWV�RI�PHDVXULQJ�WKH�
VHD�OHYHO�GXULQJ�D�FHUWDLQ�SHULRG�DQG�REWDLQLQJ��IURP�VDLG�UHFRUG��WKH�DPSOLWXGHV�DQG�
SKDVHV� RI� WKH� FRPSRQHQW� ZDYHV�� 7KHVH SDUDPHWHUV� DUH� FDOOHG� KDUPRQLF�
FRPSRQHQWV��GXH�WR�WKH�LPSOLFLW�DVVXPSWLRQ�WKDW�WKH�UHVSRQVHV�RI�VHDV�DQG�RFHDQV�
WR�WLGDO�IRUFHV�GR�QRW�FKDQJH�RYHU�WLPH��,Q�WKLV�FDVH��WKH�PHWKRG�WKDW�LV�JRLQJ�WR�EH�
SUHVHQWHG�LV�WKH�RQH�HODERUDWHG�E\�'URQNHUV��������DQG�EDVHG�RQ�WKH�OHDVW�VTXDUHV�

7KH�DVWURQRPLFDO�WLGH�DSSURDFKHV��WKHQ�WR�WKH�VXP�RI�WKRVH�FRQVWLWXHQW�ZDYHV�LQ�WKH�
IROORZLQJ�ZD\�

ܵெሺݐሻ ൌ ܽ ܽ  ���ሺݓഥݐ  ߮ሻ



ୀଵ

:KHUH�

x DϬ LV�WKH�DPSOLWXGH�RI�WKH�DYHUDJH�UHIHUHQFH�OHYHO
x Dŝ LV�WKH�DPSOLWXGH�RI�WKH�ZDYH�L
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x ZL�LV�WKH�IUHTXHQF\�RI�WKH�FRPSRQHQW�ZDYH�L
x ML�LV�WKH�SKDVH�VKLIW�RI�WKH�FRPSRQHQW�ZDYH�L
x W�LV�WKH�PRPHQW�ZKHQ�WKH�WLGH�LV�FDOFXODWHG
x Q�LV�WKH�QXPEHU�RI�FRPSRQHQWV�FRQVLGHUHG

1H[W��WKH�KDUPRQLF�FRPSRQHQWV�ZHUH�REWDLQHG�WR�IRUHFDVW�WKH�WLGH�HYHQWV�LQ�D�SHULRG�
EHWZHHQ�-DQXDU\���������DQG�-DQXDU\����������7KH�KDUPRQLF�FRPSRQHQWV�ZHUH�
REWDLQHG�IURP�WKH�73;2�PRGHO��ZKLFK�LV�RQH�RI�WKH�PRVW�DFFXUDWH�JOREDO�WLGH�PRGHOV��
ZKLFK�SURYLGHV�IRXU�VHPLGLXUQDO�KDUPRQLF�FRPSRQHQWV��0���6���1���.����IRXU�GLXUQDO�
FRPSRQHQWV��.���2���3���4����WZR�RI� ORQJ�SHULRG��0I�DQG�0P��DQG�WKUHH�RI�VKRUW�
SHULRG��0���0Q���0V��� LQ�D�PHVK�ZLWK�JOREDO�FRYHUDJH�RI������[�����SRLQWV�ZLWK�
������RI�VSDWLDO� UHVROXWLRQ�� ,Q� WKLV�VWXG\�ZH�KDYH�XVHG� WKH�PRVW� UHFHQW�GDWDEDVH��
73;2�����)LJXUH�1R�������VKRZV�WKH�ORFDWLRQ�RI�WKH�73;2�SRLQW�FORVHVW�WR�WKH�VWXG\�
DUHD�

7DEOH�1R�������7LGDO�KDUPRQLF�FRPSRQHQWV��REWDLQHG�IURP�73;2
&RPSRQHQW )UHTXHQF\ 3HULRG��KU� $PSOLWXGH��P� 3KDVH����

P� ��������� ����� ������ ������
V� �� �� ������ �����
Q� �������� ����� ������ ������
N� ��������� ����� ������ ����
N� ��������� ����� ������ ������
R� ��������� ���� ������ ������
S� ��������� ����� ����� �����
T� ��������� ����� ������ ������
PI �������� ��� ������ ������
PP �������� ��� ������ ������
P� �������� ������ ������ ������
PV� ��������� ������ ����� ������
PQ� ������ ������ ������ ������

6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������
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)LJXUH�1R�������/RFDWLRQ�RI�WKH�SRLQW�ZKHUH�WKH�KDUPRQLF�FRPSRQHQWV�RI�WKH�73;2�ZHUH�REWDLQHG�
6RXUFH��$TXD	7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

:LWK� WKH� FRPSRQHQWV� REWDLQHG� IURP� WKH�73;2�DQG� WKH� HTXDWLRQ� WKDW� UHODWHV� WKH�
DPSOLWXGH�DQG�WKH�SKDVH�RI�WKHVH��WKH�DVWURQRPLFDO�WLGH�VHULHV�ZDV�FRQVWUXFWHG�IRU�
WKH�SRLQW�LQ�WKH�RXWVNLUWV�RI�WKH�JXOI�

*HRWHFKQLFV�

7KH�JHRWHFKQLFDO�VWXGLHV�IRU�WKH�VWXG\�DUHD�ZHUH�FDUULHG�RXW�E\�(',),&$��7KH�
PHWKRGRORJ\�XVHG�GXULQJ�WKH�GHYHORSPHQW�RI�WKHVH�VWXGLHV�LV�GHVFULEHG�EHORZ�

)RU�WKH�FRQFHSWXDO�GHVLJQ�VWDJH�����KROHV�ZHUH�PDGH�EHWZHHQ����P�DQG�����P�
GHSWK��VHYHQ�����LQ�ZDWHU�DQG�WKUHH�����LQ�WKH�JURXQG��DQG�IRXU�����SLH]FRQHV�&37X�
�WZR�����LQ�ZDWHU�DQG�WZR�����RQ�ODQG���7KH�ORFDWLRQ�RI�WKH�H[SORUDWLRQ�SRLQWV�LV�
SUHVHQWHG�LQ�7DEOH�1R�������DQG�)LJXUH������
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7DEOH�1R�������/RFDWLRQ�RI�SHUIRUDWLRQV�DQG�SLH]RFRQH�WHVWV

.,1' 352%(
)/$7�&225',1$7(6

0$*1$�6,5*$6�2ULJLQ�%2*27È
($67 1257+

'ULOOLQJ

3)�� ���������� ������������

3)�� ���������� ������������

3)�� ���������� ������������

3)�� ���������� ������������

3)�� ���������� ������������

3)�� ���������� ������������

3)�� ���������� ������������

3)�� ���������� ������������

3)�� ���������� ������������

3)��� ���������� ������������

3LH]RFRQH�WHVW

&37�)�� ���������� ������������

&37�)�� ���������� ������������

&37�)�� ���������� ������������

&37�)�� ���������� ������������
6RXUFH��(',),&$������

)LJXUH�1R�������/RFDWLRQ�RI�JHRWHFKQLFDO�H[SORUDWLRQ�SRLQWV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������ZLWK�LQIRUPDWLRQ�IURP�(',),&$
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$GGLWLRQDOO\�� VHYHUDO� W\SHV� RI� ODERUDWRU\� WHVWV� ZHUH� FDUULHG� RXW�� LQFOXGLQJ�
JHRWHFKQLFDO� FODVVLILFDWLRQ� WHVWV�� UHVLVWDQFH�� FRPSUHVVLELOLW\�� G\QDPLF� WHVWV��
HOHFWULFDO�UHVLVWLYLW\��DQG�HYHQ�JURXQGZDWHU�FKDUDFWHUL]DWLRQ�

7KH�VXEVRLO� LQYHVWLJDWLRQ�VWDJH�DOVR� LQFOXGHG�WKH� LQVWDOODWLRQ�RI�&DVDJUDQGH�RSHQ�
WXEH�SLH]RPHWHUV� 7KHVH�ZHUH�LQVWDOOHG�LQ�GULOOLQJ�3)����3)���DQG�3)���ORFDWHG�RQ�
ODQG�DQG�LQ�GULOOLQJ�3)���ORFDWHG�LQ�ZDWHU�

7KHUH�ZDV�D�ZHDWKHU�VWDWLRQ�IRU�RIIVKRUH�ZRUN�WR�NHHS�D�GDLO\�UHFRUG�RI�WHPSHUDWXUH��
UHODWLYH�KXPLGLW\��UDLQ�DQG�ZLQG�VSHHG��

� 3HUIRUDWLRQV

7KH�H[SORUDWLRQ�RI�WKH�VXEVRLO�ZDV�PDGH�E\�GULOOLQJ�XVLQJ�WKH�IROORZLQJ�HTXLSPHQW�
�VHH�3KRWRJUDSK�1R�������

+\GUDXOLF�GULOOLQJ�ULJ�67����IRU�JURXQG�GULOOLQJ

+\GUDXOLF�GULOOLQJ�ULJ�73���'�IRU�ZDWHU�GULOOLQJ

81,%$1�EDUJH�IRU�73���'�HTXLSPHQW�RSHUDWLRQ�LQ�ZDWHU�

3KRWRJUDSK�1R������(TXLSPHQW�IRU�WKH�H[SORUDWLRQ�RI�WKH�VXEVRLO�LQ�ZDWHU
6RXUFH��(',),&$�������
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,Q� WKH� SHUIRUDWLRQV�� GLIIHUHQW� W\SHV� RI� WHVWV� ZHUH� SHUIRUPHG�� DQG� VDPSOHV� WDNHQ�
�DOWHUHG�DQG� XQFKDQJHG��� 7KH� WHVWV� FRQVLVWHG�RI�637�6WDQGDUG�3HQHWUDWLRQ�7HVW
�$670�'�������0&�0RGLILHG�&DOLIRUQLD�3HQHWUDWLRQ�7HVW��$670�'�������)LHOG�9DQH�
�96�� 7HVW� �$670� '������� /DERUDWRU\� 9DQH� �9/�� 7HVW� DQG� 6WUHQJWK� 7HVW� WKH�
SHQHWUDWLRQ�PHDVXUHG�ZLWK�WKH�SRFNHW�SHQHWURPHWHU��5S���7KH�VDPSOHV�FRUUHVSRQG�
WR�WKRVH�REWDLQHG�IURP�WKH�637�DQG�0&�WHVWV��WR�VDPSOHV�ZLWK�6KHOE\�WKLQ�ZDOOHG�
WXEHV�SUHVVHG�XQGHU�SUHVVXUH��VDPSOHV�ZLWK�DGYDQFH�RI�WKH�VDPSOHU�WR�URWDWLRQ�ZLWK�
GULOO�LQ�WKH�IRUP�RI�VDZ�DQG�VDPSOHV�LQ�PHWDO�WXEH�IRU�WKH�PXGV�RI�WKH�ERWWRP�RI�WKH�
VHD�

7KH�637�DQG�0&�SHQHWUDWLRQ�WHVWV�ZHUH�SHUIRUPHG�E\�DSSO\LQJ�EORZV�WR�WKH�VDPSOHU�
ZLWK�D�VWDQGDUG�HQHUJ\��7KH�HTXLSPHQW�WKH\�XVHG�KDV�DQ�DXWRPDWLF�KDPPHU��ZKLFK�
RIIHUV�WKH�DGYDQWDJH�RI�JUHDWHU�XQLIRUPLW\�LQ�WKH�WUDQVPLWWHG�HQHUJ\��7KH�637�WHVW�
PHDVXUHV�WKH�SHQHWUDWLRQ�UHVLVWDQFH�E\�FRXQWLQJ�WKH�QXPEHU�RI�VWURNHV�QHFHVVDU\�
IRU�WKH�VDPSOHU�WR�SHQHWUDWH�D�GLVWDQFH�RI�RQH�IRRW�LQWR�WKH�JURXQG�DQG�DOORZV�DOWHUHG�
VDPSOHV�WR�EH�REWDLQHG�LQ�JUDQXODU�VRLOV�DQG�LQ�ILQH�VRLOV��7KLV�W\SH�RI�VDPSOH�LV�����
FP�LQ�GLDPHWHU�DQG�VHUYHV�WR�LGHQWLI\�WKH�W\SH�RI�VRLO�WKDW�LV�GULOOHG�DQG�SHUIRUP�QDWXUDO�
KXPLGLW\� DQG� FODVVLILFDWLRQ� WHVWV� LQ� WKH� ODERUDWRU\�� *LYHQ� WKHLU� KLJK� GHJUHH� RI�
DOWHUDWLRQ��WKHVH�VDPSOHV�GR�QRW�DOORZ�UHVLVWDQFH�RU�FRPSUHVVLELOLW\�WHVWV�

7KH�0&�WHVW�DOVR�PHDVXUHV�WKH�UHVLVWDQFH�LQ�D�VLPLODU�ZD\�WR�WKH�637��EXW�VLQFH�WKH�
VDPSOHU�KDV�D�ODUJHU�GLDPHWHU��D�FRQYHUVLRQ�PXVW�EH�PDGH�WR�SDVV�WKH�QXPEHU�RI�
VWURNHV�IURP�0&�WR�HTXLYDOHQW�637��WKH�QXPEHU�RI�VWURNHV�RI�WKH�0&�LV�PXOWLSOLHG�E\�
������WR�REWDLQ�WKH�HTXLYDOHQW�637���7KH�QXPEHU�RI�VWURNHV�SHU�IRRW�LQGLFDWHG�LQ�WKH�
GULOOLQJ�UHFRUGV�LV�WKH�FRXQW�PDGH�LQ�WKH�ILHOG��ZLWKRXW�DQ\�W\SH�RI�FRUUHFWLRQ�
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3KRWRJUDSK�1R������(TXLSPHQW�IRU�XQGHUJURXQG�H[SORUDWLRQ�RI�WKH�JURXQG�
6RXUFH��(',),&$�������

7KH�VDPSOHV�REWDLQHG�ZLWK�WKH�0&�WHVW�DUH������FP�LQ�GLDPHWHU��7KLV�WHVW�LV�ZLGHO\�
XVHG�LQ�SUDFWLFDO�HQJLQHHULQJ��HVSHFLDOO\�RQ�WKH�ZHVW�FRDVW�RI�WKH�8QLWHG�6WDWHV��:LWK�
WKH�&0�VDPSOHV�DUH�REWDLQHG��UHODWLYHO\�XQGLVWXUEHG���ERWK�LQ�JUDQXODU�VRLOV�DQG�LQ�
ILQH�VRLOV�RI�ILUP�WR�KDUG�FRQVLVWHQF\��ZKLFK�DOORZ�WR�PDNH�FRPSUHVVLELOLW\�DQG�FXW�
UHVLVWDQFH�WHVWV��6DPSOHV�FRPH�RXW�RI�WKH�VDPSOHU�HQFDSVXODWHG�LQ�D�SODVWLF�WXEH�RU�
LQ�EURQ]H�ULQJV�WKDW�SURWHFW�WKHP�GXULQJ�KDQGOLQJ�DQG�WUDQVSRUW�

6KHOE\�WXEH�VDPSOHUV�DUH�XVHG�LQ�VRIW�WR�PHGLXP�VRLOV�DQG�FRPH�RXW�RI�WKH�VDPSOHU�
HQFDSVXODWHG�LQ�D�SODVWLF�WXEH�WKDW�DYRLGV�LWV�DOWHUDWLRQ�GXULQJ�KDQGOLQJ�DQG�WUDQVSRUW�

6DPSOHUV�ZLWK� D� VHUUDWHG�GULOO� DOORZ� WR� WDNH�XQGLVWXUEHG� VDPSOHV� LQ� VRLOV� RI� KDUG�
FRQVLVWHQF\��'XULQJ�VDPSOLQJ��ZDWHU�LV�QRW�XVHG�WR�SUHYHQW�VDPSOH�DOWHUDWLRQ�

� 3LH]RFRQR�&37X�DVVD\V

7KH�&37X�WHVW�ZDV�SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK�$670�'������6DLG�WHVW�FRQVLVWV�
RI�SXVKLQJ�DQ�HOHFWURQLF�SHQHWURPHWHU�ZLWK�D�FRQLFDO�WLS�LQWR�WKH�VRLO�DW�D�VSHHG�RI���
FP���V��7KH�SHQHWURPHWHU�XVHG�LQ�WKLV�SURMHFW�KDV�D�FURVV�VHFWLRQDO�DUHD RI����FP��
DQG�D�FDSDFLW\�RI����WRQV��7KH�SHQHWURPHWHU�LV�LQVWUXPHQWHG�ZLWK�D�VHULHV�RI�VHQVRUV�
WKDW�DOORZ�WR�PHDVXUH�ZKHQ�SHQHWUDWLQJ�LQ�WKH�JURXQG�WKH�UHVLVWDQFH�E\�WKH�WLS��WKH�
UHVLVWDQFH� E\� IULFWLRQ�� WKH� SUHVVXUH� RI� WKH� ZDWHU� LQ� WKH� SRUHV� RI� WKH� JURXQG�� WKH�
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LQFOLQDWLRQ�� WKH�WHPSHUDWXUH�DQG�FRXQWV�RQ�DQ�DFFHOHURPHWHU� WKDW�DOORZV�PHDVXUH�
WKH�VSHHG�RI�SURSDJDWLRQ�RI�QRUPDO�DQG�VKHDU�RGHV�

3LH]RFRQH�PHDVXUHPHQWV�DUH� UHFRUGHG� LQ� WKH� ILHOG�ZLWK�D�FRPSXWHU�DQG� WKHQ� WKH�
GDWD�REWDLQHG�LV�DSSOLHG�E\�VRIWZDUH��&3H7�,7��WR�D�VHULHV�RI�FRUUHODWLRQV�WKDW�DOORZV�
LQIHUULQJ� YDULRXV� VRLO� SDUDPHWHUV� VXFK� DV� FRPSUHVVLELOLW\� DQG� GHIRUPDWLRQ��
UHVLVWDQFH��SHUPHDELOLW\��HWF��7KH�&37X�GDWD� LV�XVHG�WR�GHWHUPLQH�WKH�FDSDFLW\�RI�
SLOHV�DQG�VXUIDFH�IRXQGDWLRQV�

� /DERUDWRU\�WHVWV

7KH ODERUDWRU\�WHVWV�LQ�WKLV�SURMHFW�FRUUHVSRQG�WR�WKH�IROORZLQJ�

�� %DVLF�DQG�FODVVLILFDWLRQ�WHVWV��1DWXUDO�KXPLGLW\��XQLW�ZHLJKW��$WWHUEHUJ�OLPLWV�
�RU� OLPLWV� RI� FRQVLVWHQF\��� VSHFLILF� JUDYLW\�� JUDQXORPHWU\� E\� VLHYLQJ� DQG�
K\GURPHWHU��ZDVKLQJ�E\�VLHYH�1R�������FDUERQDWH�FRQWHQW��FRQWHQW�RI�RUJDQLF�
PDWWHU��FRQWHQW�RI�VDOWV��S+�DQG�FRUURVLRQ�

�� &RPSUHVVLELOLW\�WHVWV��FRQVROLGDWLRQ��WULD[LDO�FRPSUHVVLRQ�&8�

�� 6WUHQJWK� WHVWV�� XQFRQILQHG� FRPSUHVVLRQ�� WULD[LDO� FRPSUHVVLRQ� 88�
�XQFRQVROLGDWHG��QRW�GUDLQHG���WULD[LDO�&8��FRQVROLGDWHG��QRW�GUDLQHG���GLUHFW�
FXW�

�� 6HLVPLF�FKDUDFWHUL]DWLRQ�WHVWV��UHVRQDQW�FROXPQ��EHQGHU�HOHPHQW�LQ�FRQILQHG�
DQG�XQFRQILQHG�VDPSOHV�

�� 3K\VLFDO�FKHPLFDO�FKDUDFWHUL]DWLRQ�WHVWV�RI�DUWHVLDQ�ZDWHU��,Q�DFFRUGDQFH�ZLWK�
LQVWUXFWLRQV�UHFHLYHG�IURP�WKH�VXSHUYLVLRQ��D�VDPSOH�RI�WKH�DUWHVLDQ�ZDWHU�ZDV�
WDNHQ�LQ�WKH�3)���GULOOLQJ�DQG�VXEMHFWHG�WR�FKDUDFWHUL]DWLRQ�WHVWV�

�� 7HVWV�RI�HOHFWULFDO� UHVLVWLYLW\� LQ� WKH�VRLO�GHWHUPLQHG� LQ� WKH� ODERUDWRU\�DQG�RI�
HOHFWULFDO�UHVLVWLYLW\�LQ�WKH�ZDWHU�PHDVXUHG�LQ�WKH�VHD�DQG�LQ�WKH�/HyQ�5LYHU�

� *HRWHFKQLFDO�]RQLQJ�

7KH� JHRWHFKQLFDO� ]RQLQJ� ZDV� FDUULHG� RXW� DFFRUGLQJ� WR� WKH� UHVXOWV� RI� VWDQGDUG�
SHQHWUDWLRQ� WHVWV�� SHQHWUDWLRQ� WHVWV� ZLWK� 'XWFK� FRQH�� ILHOG� YDQH� FXWWLQJ� WHVWV��
XQFRQILQHG� FRPSUHVVLRQV�� GLUHFW� FXWWLQJ� DQG� WULD[LDO� WHVWV� RQ� UHFRYHUHG� VDPSOHV��
EDVHG� RQ� FKDUDFWHULVWLFV� UHVLVWDQW� RI� WKH� VXEVRLO� PDWHULDO� IROORZLQJ� WKH� IROORZLQJ�
SUHPLVHV�SUHVHQWHG�LQ�7DEOH�1R��������7KH�JHRWHFKQLFDO�]RQLQJ�ZDV�UHSUHVHQWHG�RQ�
D�����������ZRUN�VFDOH��
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7DEOH�1R�������*HRWHFKQLFDO�FODVVLILFDWLRQ�RI�VXEVRLO�PDWHULDO�DFFRUGLQJ�WR�UHVLVWDQFH�WR�SHQHWUDWLRQ�
�PDLQO\�JUDQXODU�VRLOV��DQG�XQGUDLQHG�VKHDU�UHVLVWDQFH��PDLQO\�FRKHVLYH�VRLOV�

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

$WPRVSKHUH�

7KH�DWPRVSKHULF�FRPSRQHQW�ZDV�FDUULHG�RXW� LQ�WKUHH�VXEFRPSRQHQWV��FOLPDWH��DLU�
TXDOLW\�DQG�HQYLURQPHQWDO�QRLVH��

9 :HDWKHU��

7KH�FOLPDWH� LQ�WKH�DUHD�RI� LQIOXHQFH�RI� WKH�SURMHFW�ZDV�FDUULHG�RXW�ZLWK�VHFRQGDU\�
LQIRUPDWLRQ�IURP�WKH�(QYLURQPHQWDO� ,PSDFW�6WXG\� WKDW�VXSSRUWV�WKH�HQYLURQPHQWDO�
OLFHQVH�JUDQWHG�WKURXJK�5HVROXWLRQ������RI������DQG�RWKHU�LQIRUPDWLRQ�FRQVXOWHG�LQ�

ϭ
;DƵǇ��ůĂŶĚŽͬDƵǇ�^ƵĞůƚŽͿ�Ͳ��ĞƉſƐŝƚŽ�ĨůƵǀŝŽŵĂƌŝŶŽ�

ƉƌŝŶĐŝƉĂůŵĞŶƚĞ�ůŽĚŽůŝƚĂƐ͕�ĐŽŶ�ŵĂƚĞƌŝĂů�ĂƌĐŝůůŽ�ůŝŵŽƐŽ͕�Ğ�
ŝŶƚĞƌĐĂůĂĐŝŽŶĞƐ�ĚĞ�ĂƌĞŶĂ͘�,ƵŵĞĚĂĚ�Ǉ�ƉůĂƐƚŝĐŝĚĂĚ�ĂůƚĂ͘

EƐƉƚ�ф�Ϯ�ŐŽůƉĞƐ ^Ƶ�ф�Ϭ͕Ϯϱ

Ϯ
;�ůĂŶĚŽͬDƵǇ�^ƵĞůƚŽͿ�Ͳ��ĞƉſƐŝƚŽ�ĨůƵǀŝŽŵĂƌŝŶŽ�ĂƌĐŝůůŽ�
ůŝŵŽƐŽ͕�ĐŽŶ�ŝŶƚĞƌĐĂůĂĐŝŽŶĞƐ�ĚĞ�ĂƌĞŶĂ͘�,ƵŵĞĚĂĚ�Ǉ�

ƉůĂƐƚŝĐŝĚĂĚ�ĂůƚĂ͘
Ϯ�ф�EƐƉƚ�ф�ϰ�ŐŽůƉĞƐ Ϭ͕Ϯϱ�ф�^Ƶ�ф�Ϭ͕ϱϬ

Ϯ
;WŽĐŽ�ĐŽŵƉĂĐƚŽͬ^ƵĞůƚŽͿ�Ͳ��ƌĐŝůůĂ�>ŝŵŽƐĂ�ĚĞ�ĂůƚĂ�

ƉůĂƐƚŝĐŝĚĂĚ͕�ŚƵŵĞĚĂĚ�ŵĞĚŝĂ�Ă�ďĂũĂ͘
ϰ�ф�EƐƉƚ�ф�ϴ�ŐŽůƉĞƐ Ϭ͕ϱϬ�ф�^Ƶ�ф�ϭ͕ϬϬ

ϯ
;�ŽŵƉĂĐƚŽͬ�ĞŶƐŝĚĂĚ�DĞĚŝĂͿ�Ͳ��ƌĐŝůůĂ�ůŝŵŽ�ĂƌĞŶŽƐĂ͕�

ƉůĂƐƚŝĐŝĚĂĚ�ŵĞĚŝĂ͕�ŚƵŵĞĚĂĚ�ŵĞĚŝĂ�Ă�ďĂũĂ͘
ϴ�ф�EƐƉƚ�ф�ϭϱ�ŐŽůƉĞƐ ϭ͕ϬϬ�ф�^Ƶ�ф�Ϯ͕ϬϬ

ϰ
;DƵǇ��ŽŵƉĂĐƚŽͬ�ĞŶƐŝĚĂĚ�DĞĚŝĂͿ�Ͳ��ƌĞŶĂ�ůŝŵŽƐĂ͕�ĐŽŶ�

ŝŶƚĞƌĐĂůĂĐŝŽŶĞƐ�ĚĞ�ĂƌĐŝůůĂƐ͕�ŚƵŵĞĚĂĚ�ŵĞĚŝĂ͘
ϭϱ�ф�EƐƉƚ�ф�ϯϬ�ŐŽůƉĞƐ Ϯ͕ϬϬ�ф�^Ƶ�ф�ϰ͕ϬϬ

ϲ
�ƵƌŽͬ�ĞŶƐŽ�Ă�ŵƵǇ�ĚĞŶƐŽ�Ͳ��ƌĞŶĂƐ�ĐŽŶ�ŵĂƚƌŝǌ�ĂƌĐŝůůŽƐĂ͕�

ŚƵŵĞĚĂĚ�ŵĞĚŝĂ͘�
EƐƉƚ�х�ϯϬ�ŐŽůƉĞƐ ^Ƶ�х�ϰ͘ϬϬ�<ŐͬĐŵϮ

ZĞƐŝƐƚĞŶĐŝĂ�Ă�ůĂ�
WĞŶĞƚƌĂĐŝſŶ�

�ƐƚĂŶĚĂƌ�;EƐƉƚͿ

�ůĂƐŝĨŝĐĂĐŝſŶ�'ĞŽƚĠĐŶŝĐĂ�ĚĞů�DĂƚĞƌŝĂů�
;�ŽŶƐŝƐƚĞŶĐŝĂͬ�ĞŶƐŝĚĂĚ�ZĞůĂƚŝǀĂͿ

EŽŵĞŶĐůĂƚƵƌĂ
ZĞƐŝƐƚĞŶĐŝĂ�Ăů��ŽƌƚĞ�ŶŽ�
�ƌĞŶĂĚŽ�;^ƵͿ�;<ŐͬĐŵϮͿ

�ſĚŝŐŽ�ĚĞ�
�ŽůŽƌĞƐ
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WKH� $WODV� RI� WKH� *XOI� RI� 8UDEi� DQG� WKH� ,QVWLWXWH� RI� +\GURORJ\�� 0HWHRURORJ\� DQG�
(QYLURQPHQWDO�6WXGLHV�� ,'($0��

9 $LU�TXDOLW\�

7KH� DLU� TXDOLW\� LQ� WKH� DUHD� RI� LQIOXHQFH� RI� WKH� SURMHFW� ZDV� FKDUDFWHUL]HG ZLWK�
VHFRQGDU\� LQIRUPDWLRQ� IURP� WKH� (QYLURQPHQWDO� ,PSDFW� 6WXG\� WKDW� VXSSRUWV� WKH�
HQYLURQPHQWDO� OLFHQVH� JUDQWHG� WKURXJK� 5HVROXWLRQ� ����� RI� ������ ,W� VKRXOG� EH�
PHQWLRQHG�WKDW�DLU�TXDOLW\�PRQLWRULQJ�RI� WKH�FULWHULD�SROOXWDQWV�ZDV�QRW�FDUULHG�RXW��
VLQFH� WKH� FRQGLWLRQV� XQGHU� ZKLFK� WKH� FKDUDFWHUL]DWLRQ� RI� WKH� DIRUHPHQWLRQHG�
HQYLURQPHQWDO�VWXG\�ZDV�FDUULHG�RXW�GLG�QRW�VKRZ�VLJQLILFDQW�YDULDWLRQV�LQ�WHUPV�RI�
LQIUDVWUXFWXUH�� LQGXVWULHV�� WUDIILF� IORZ� DQG� VRXUFH�� RI� HPLVVLRQ� WKDW� FRXOG� FDXVH�
YDULDWLRQV�LQ�WKH�FRQWDPLQDWLRQ�WR�WKH�HQYLURQPHQW��WKHUHIRUH��LW�ZDV�FRQVLGHUHG�WKDW�
LW�ZDV�QRW�UHSUHVHQWDWLYH�WR�SHUIRUP�DJDLQ�DLU�TXDOLW\�PRQLWRULQJ�IRU�WKH�PRGLILFDWLRQ�
RI�HQYLURQPHQWDO�OLFHQVH��

x /RFDWLRQ�RI�PRQLWRULQJ�SRLQWV�

7KH�UHFRUGV�WDNHQ�IURP�WKH�DLU�TXDOLW\�PRQLWRULQJ�VWDWLRQV�FDUULHG�RXW�E\�WKH�FRPSDQ\�
$LU�&OHDQ�6\VWHPV�6�$���$&6�6�$����ZHUH�ORFDWHG�DV�IROORZV��VHH�7DEOH�1R�������DQG�
)LJXUH�1R�������

7DEOH�1R�������/RFDWLRQ�RI�DLU�TXDOLW\�PRQLWRULQJ�VWDWLRQV

6HDVRQV ,' 1$0(
)/$7�&225',1$7(�0$*1$�6,5*$6�

2ULJLQ�%2*27È
($67 1257+

���367��\����30��� $���� 1RUWK�6HFWRU ��������� ����������
���367��\����30��� $���� 6XU�6HFWRU ��������� ����������
���367��\����30��� $���� &HQWHU ��������� ����������
6RXUFH��$TXD�	�7HUUD�FRQVXOWRUHV�$VRFLDRV�6�$�6��������ZLWK�GDWD�IURP $5$Ò-2�,%$55$�������
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)LJXUH�1R�������/RFDWLRQ�RI�DLU�TXDOLW\�PRQLWRULQJ�VWDWLRQV
6RXUFH��$TXD�	�7HUUD�FRQVXOWRUHV�$VRFLDRV�6�$�6�������������ZLWK�GDWD�IURP�$5$Ò-2�,%$55$�

,W�LV�LPSRUWDQW�WR�H[SODLQ�WKDW�WKH�PRQLWRULQJ�VWDWLRQV�ZHUH�ORFDWHG�LQ�DFFRUGDQFH�ZLWK�
WKH� WHFKQLFDO� FULWHULD� HVWDEOLVKHG� LQ� WKH� ,'($0� DLU� TXDOLW\� SURWRFRO� WR� HQVXUH�
UHSUHVHQWDWLYHQHVV� DQG� KRPRJHQHLW\� GXULQJ� VDPSOLQJ� DQG� WKXV� HQVXUH� WKDW� WKH�
UHVXOWV�REWDLQHG�DUH�UHODWHG�WR�WKH�FRQGLWLRQV�RI�WKH�SODFH�HYDOXDWHG�LQ�SDUWLFXODU��WKH�
IROORZLQJ�FULWHULD�ZHUH�WDNHQ�LQWR�DFFRXQW�

ʹ 7KH�GLVWDQFH�EHWZHHQ�WKH�VWDWLRQ�DQG�WKH�QHDUHVW�REVWDFOH�PXVW�EH�WZLFH�WKH�

KHLJKW�RI�WKH�REVWDFOH�

ʹ 7KH�VDPSOLQJ�HTXLSPHQW�FDQ�EH�ORFDWHG�IURP�JURXQG�OHYHO�

ʹ 7KHUH�VKRXOG�QRW�EH�FORVH��OHVV�WKDQ����P��IL[HG�SRLQW�VRXUFHV�RI�HPLVVLRQ�

ʹ 7KH�GLVWDQFH�WR�WKH�WUHHV�PXVW�EH�JUHDWHU�WKDQ����P�

ʹ +DYH�D������UDGLXV�IUHH�RI�IORZ�UHVWULFWLRQV�DURXQG�WKH�VDPSOHU�

7KH�FOLPDWLF�FRQGLWLRQV�RI�WKH�VLWH�DW�WKH�WLPH�RI�VDPSOLQJ�ZHUH�DOVR�FRQVLGHUHG��LQ�
RUGHU�WR�ORFDWH�WKH�WKUHH�����VWDWLRQV�LQ�OLQH��DFFRUGLQJ�WR�WKH�SUHYDLOLQJ�ZLQG�GLUHFWLRQ�
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ZKHQ�VWDUWLQJ�WKH�ILHOG�ZRUN��,Q�WKLV�FDVH��WKH�SUHGRPLQDQW�GLUHFWLRQ�RI�WKH�ZLQGV�ZDV�
VRXWK��DFFRUGLQJ�WR�ZKDW�ZDV�H[SHFWHG�IRU�WKLV�WLPH�RI�\HDU�

x3DUDPHWHUV�DQG�PHWKRGV�RI�VDPSOLQJ�DQG�DQDO\VLV�

7KH�OHYHOV�RI�WRWDO�VXVSHQGHG�SDUWLFOHV��UHVSLUDEOH�SDUWLFOHV��QLWURJHQ�R[LGHV��VXOIXU�
R[LGHV�DQG�FDUERQ�PRQR[LGH�H[SUHVVHG�DV�367��30����12���62��DQG�&2�ZHUH�
GHWHUPLQHG�

7KH�PRQLWRULQJ�ZDV�FDUULHG�RXW�DFFRUGLQJ�WR�WKH�VWDQGDUGL]HG�VDPSOLQJ�DQG�DQDO\VLV�
WHFKQLTXHV�RI� WKH�(3$��8QLWHG�6WDWHV�(QYLURQPHQWDO�3URWHFWLRQ�$JHQF\������&)5�
SDUW����$SSHQGLFHV�$��62����%��367���)��12���DQG�-��30����PHWKRGV��HVWDEOLVKHG�
E\�WKH�,'($0�LQ�WKH�2SHUDWLRQ�0DQXDO�RI�$LU�4XDOLW\�6XUYHLOODQFH�6\VWHPV�

7KLV�LV�KRZ�WKUHH���� VWDWLRQV�+,�92/�W\SH�ZHUH�XVHG�WR�HYDOXDWH�WRWDO�VXVSHQGHG�
SDUWLFOHV� �367��� WKUHH� ���� VWDWLRQV� W\SH�+,�92/� WR� DVVHVV� WKH� UHVSLUDEOH� SDUWLFOHV�
�30�����WKUHH�����JDV�WUDLQV�WR�HYDOXDWH�DPELHQW�DLU�FRQFHQWUDWLRQV�RI�VXOIXU�R[LGHV�
�62��� DQG� QLWURJHQ� R[LGHV� �12��� DQG� QRQ�GLVSHUVLYH� LQIUDUHG� HTXLSPHQW� IRU� WKH�
GLUHFW�PHDVXUHPHQW� RI� FDUERQ�PRQR[LGH� �&2��� )RU� WKH� FDOLEUDWLRQ� RI� WKH� SDUWLFOH�
PRQLWRULQJ�HTXLSPHQW��763�DQG�30�����D�YDULDEOH�IORZ�FDOLEUDWRU�ZDV�DOVR�XVHG�DV�
SUHVHQWHG�LQ�3KRWRJUDSK�1R�������VHH�$QQH[�������$LU�TXDOLW\�DQG�QRLVH��FDOLEUDWLRQ�
GDWD�DQG�FDOLEUDWLRQ�FHUWLILFDWHV��

$V� VWDWHG� LQ� WKH� DWWDFKHG� FHUWLILFDWHV� �VHH� $QQH[� ������ $LU� TXDOLW\� DQG� QRLVH���
FRPSDQLHV� $LU� &OHDQ� 6\VWHP� 6�$�� DQG� 4XLPLFRQWURO� /WGD� �UHVSRQVLEOH� IRU� WKH�
DQDO\VLV�RI�VDPSOHV� LQ� WKH ODERUDWRU\���DUH�DFFUHGLWHG�E\� WKH� ,'($0�DFFRUGLQJ� WR�
,62�������
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+,�92/� HTXLSPHQW� IRU� 763� DQG� +,�92/� HTXLSPHQW� ZLWK�
KHDGHU� IRU� 30���� ERWK� ZLWK� FRQWLQXRXV� PHDVXUHPHQW� RI�
HIIHFWLYH� PRQLWRULQJ� WLPH� DQG�PHDVXULQJ� GHYLFH� DQG� IORZ�
FRQWURO�

9DULDEOH� IORZ� FDOLEUDWRU� IRU� +,�92/� HTXLSPHQW�� HLWKHU� IRU�
367�RU�ZLWK�30�� KHDGHU�

6DPSOLQJ� WUDLQ� IRU� JDV� PHDVXUHPHQW� �12��� 62��� E\�
DEVRUSWLRQ�LQ�VSHFLDO�VROXWLRQV��JDV�UDFN��

7KH�DVVHPEO\�RI�RQH�RI� WKH�DLU�TXDOLW\�VWDWLRQV� ORFDWHG�RQ�
WKH�SURSHUW\�LV�DSSUHFLDWHG�

3KRWRJUDSK�1R������(TXLSPHQW�XVHG�LQ�DLU�TXDOLW\�VDPSOLQJ
6RXUFH��$&6��2S��&LW�
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x 0HWKRGV�RI�$QDO\VLV

7DEOH�1R�������SUHVHQWV�WKH�PHWKRGV�RI�DQDO\VLV�WKDW�ZHUH�XVHG�IRU�WKH�DQDO\VLV�RI�
WKH�FULWHULD�SROOXWDQWV��

7DEOH�1R�������6XPPDU\�RI�VDPSOLQJ�DQG�DQDO\WLFDO�PHWKRGV�XVHG�IRU�DLU�TXDOLW\�PRQLWRULQJ

3DUDPHWHU 6DPSOLQJ
$QDO\VLV�
PHWKRG

5HIHUHQFH

6XVSHQGHG� SDUWLFOHV�
�367�

+L�9RO� 367� VWDWLRQV�
7,6&+� EUDQG� �VHULDO��
�����������DQG�������

*UDYLPHWULF�
86�(3$����&)5�3DUW����
$SSHQGL[�%�

6XVSHQGHG� SDUWLFOHV�
�30���

+L�9RO� VWDWLRQV� 30����
EUDQG� 7,6&+� �VHULDO��
�����������DQG�������

*UDYLPHWULF�
86�(3$����&)5�3DUW����
$SSHQGL[�-�

6XOIXU�GLR[LGH��62��
$EVRUSWLRQ� WUDLQ�
$QGHUVHQ�

&RORULPHWULF�
�SDUDURVDQLOLQH��

86�(3$����&)5�3DUW����
$SSHQGL[�$�

1LWURJHQ� GLR[LGH�
�12��

$EVRUSWLRQ� WUDLQ�
$QGHUVHQ�

&RORULPHWULF�
�1('$��

86�(3$����&)5�3DUW����
$SSHQGL[�)�

&DUERQ� PRQR[LGH�
�&2�

,QIUDUHG� DEVRUSWLRQ�
HTXLSPHQW� IRU� &2�
DQDO\VLV�

$EVRUSWLRQ� LQ�
LQIUDUHG�

&DUERQ� PRQR[LGH�
DQDO\]HU�&2��0RGXOH�

6RXUFH��,ELG���0RGLILHG�E\�$UD~MR�,EDUUD�

(TXLSPHQW� IRU�PHDVXULQJ� IORZ�DQG� WLPH� LQ�KLJK�
YROXPH�HTXLSPHQW�IRU�GHWHUPLQDWLRQ�RI�367

&DOLEUDWLRQ�RI�KLJK�YROXPH�HTXLSPHQW�ZLWK�KROH�
SDWWHUQ�ZLWK�367�KHDGHU
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(TXLSPHQW�RI�PHDVXUHPHQW�RI� IORZ�DQG� WLPH� LQ�
WKH� KLJK�YROXPH� HTXLSPHQW� ZLWK� KHDGHU� IRU�
GHWHUPLQDWLRQ�RI�30��

&DOLEUDWLRQ� RI� KLJK� YROXPH� HTXLSPHQW� ZLWK�
30���KHDGHU�ZLWK�KROH�SDWWHUQ

*DV� WUDLQ�� YDFXXP� SXPS� DQG� EXEEOHUV� IRU�
GHWHUPLQDWLRQ�RI�12��DQG�62�

*DV�WUDLQ�DQG�EXEEOHUV��WRS�YLHZ�

3KRWRJUDSK�1R������(TXLSPHQW�XVHG�IRU�DLU�TXDOLW\�DQDO\VLV
6RXUFH��$&6��2S��&LW�

x 3HUPLVVLEOH�OLPLWV�

5HVROXWLRQ� ���� RI� ������ PRGLILHG� VLQFH� WKHQ� E\� 5HVROXWLRQ� ���� RI� ������ RI� WKH�
0LQLVWU\� RI� +RXVLQJ�� (QYLURQPHQW� DQG� 7HUULWRULDO� 'HYHORSPHQW� HVWDEOLVKHV� WKH�
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SHUPLVVLEOH� OLPLWV� IRU� FRQFHQWUDWLRQV�RI� SROOXWDQWV� LQ� WKH�DLU� �VHH�7DEOH�1R���������
HVWDEOLVKHG�DW�UHIHUHQFH�FRQGLWLRQV�����&�DQG���������N3D�

7DEOH�1R�������0D[LPXP�SHUPLVVLEOH�OHYHOV�IRU�FULWHULD�SROOXWDQWV�LQ�LPPLVVLRQ�DLU

3ROOXWDQW
0D[LPXP�DOORZDEOH�OLPLW�LQ�ȝJ���Pñ��DW������&�

DQG���������N3D�
$YHUDJLQJ�WLPH

367
��� $QXDO
��� ���KRXUV

30��
�� $QQXDO
��� ���KRXUV

62�

�� $QQXDO
��� ���KRXUV
��� ��KRXUV

12�

��� $QQXDO
��� ���KRXUV
��� ��KRXU

&2
������ ��KRXUV
������ ��KRXU

6RXUFH��5HVROXFLyQ�����GH������GHO�0$9'7���

x $LU�TXDOLW\�PRGHOLQJ�GXULQJ�WKH�RSHUDWLRQ�RI�WKH�YLDGXFW�

7KH� LQIRUPDWLRQ� RI� WKH� $LU�4XDOLW\�0RGHOLQJ�6WXG\� RI� 3XHUWR� %DKtD�&RORPELD� GH�
8UDEi� SUHVHQWHG� LQ� WKH� RUGLQDU\� OLQH� ZDV� FRPSLOHG� E\� PHDQV� RI� WKH� ILOH� $1/$�
����������������� RI� )HEUXDU\� ���� ����� IRU� WKH� RSHUDWLRQ� RI� WKH� YLDGXFW� RI� WKH�
3URMHFW��DV�DQ�DFWLYLW\�OLFHQVHG�LQ�WKH�5HVROXWLRQ�1R�������RI�-DQXDU\�������)LOH�/$0�
������

0RGHO

7R�GHWHUPLQH�ZKHUH�WKH�SROOXWDQWV�DUH�JRLQJ��DQG�WKH�W\SH�RI�FRQFHQWUDWLRQ�UHDFKHG��
D�GLVSHUVLRQ�PRGHO�ZDV�XVHG�WR�ORFDWH�WKH�SRLQWV�RI�PD[LPXP�FRQFHQWUDWLRQ��,W�LV�DW�
WKHVH�SRLQWV�ZKHUH�WKH�DLU�TXDOLW\�VWDWLRQV�VKRXOG�WKHRUHWLFDOO\�EH�ORFDWHG�WR�UHFRUG�
WKH�PD[LPXP�FRQFHQWUDWLRQV�RI� WKH�DUHD��DV�ZHOO�DV�GHWHUPLQH� WKH� UHFHLYHUV� WKDW�
FRXOG�EH�DIIHFWHG�

7KH� VRIWZDUH� PRGHO� $(502'� YLHZ�� YHUVLRQ� ������� ZDV� GHYHORSHG�� ZKLFK� LV�
GHYHORSHG�E\�WKH�JRYHUQPHQW�RI�WKH�8QLWHG�6WDWHV��WRJHWKHU�ZLWK�WKH�(QYLURQPHQWDO�
3URWHFWLRQ�$JHQF\��(3$��DQG�WKH�$PHULFDQ�0HWHRURORJLFDO�6RFLHW\�

�� ,EtG��
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'HVFULSWLRQ�RI�WKH�$HUPRG�9LHZ�6RIWZDUH

$(502'�9LHZ�LV�DQ�LQWHUIDFH�� LQ�D�:LQGRZV��HQYLURQPHQW��GHYHORSHG�E\�/DNHV�
(QYLURQPHQWDO� �ZZZ�ZHEODNHV�FRP��� ,W� LQFOXGHV� WKH� WKUHH�RULJLQDO�PRGXOHV�RI� WKH�
PRGHO�� $(50(7� WR� SUH�SURFHVV� WKH� PHWHRURORJLFDO� LQIRUPDWLRQ�� $(50$3� WR�
SURFHVV�WKH�ODQG�LQIRUPDWLRQ�DQG�$(502'�WKH�GLVSHUVLRQ�PRGHO�

7KLV� *DXVVLDQ� PRGHO� LQ� VWDWLRQDU\� VWDWH�� DOORZV� PRGHOLQJ� WKH� GLVSHUVLRQ� RI�
SDUWLFXODWH�PDWWHU�� JDVHV�� YDSRUV� DQG� RGRUV� DW� D� GLVWDQFH� XS� WR� ��� NP� IURP� WKH�
HPLVVLRQ�VRXUFHV�VXFK�DV�FKLPQH\V��OLQH�VRXUFHV��DUHD�DQG�YROXPH�VRXUFHV�DV�ZHOO�
DV�OLJKWHUV RU�HOHYDWHG�EXUQHUV�

7KH�LQWHUIDFH�LV�FRPSOHWHO\�JUDSKLFDO��LQWXLWLYH�DQG�YHU\�XVHU�IULHQGO\�IRU�H[SHULHQFHG�
RU�QRQ�H[SHULHQFHG�XVHUV��ZKR�DUH�JXLGHG�VWHS�E\�VWHS�LQ�WKH�XVH�RI�WKH�PRGHO�DQG�
ZKR�KDYH�LQWHUDFWLYH�KHOS�RQ�HDFK�VFUHHQ�RI�WKH�VRIWZDUH�

7KH�UHVXOWV�RI�WKH�PRGHOLQJ�DUH�VKRZQ�LQ�WKH�IRUP�RI�JUDSKV�RI�FRORUHG�FRQWRXUV�RI�
LVR�FRQFHQWUDWLRQ�ZKLFK�FDQ�EH�VXSHULPSRVHG�RQ�DEVWUDFW�PDSV�RU�*RRJOH�(DUWK��
LPDJHV�

$(502'�LV�D�*DXVVLDQ�SHQ�PRGHO�LQ�VWHDG\�VWDWH�WKDW�VLPXODWHV�WKH�GLVSHUVLRQ�RI�
SROOXWDQWV� LQ WKH�DLU�DQG� WKHLU�GHSRVLWLRQ��SHUIRUPV� LWV�FDOFXODWLRQV�FRQVLGHULQJ� WKH�
FKDUDFWHULVWLFV�RI�WKH�ODQG�DQG�WKH�SUHVHQFH�RI�EXLOGLQJV�QHDU�WKH�VRXUFH�RI�HPLVVLRQ��
ZKLFK� FDQ� DIIHFW� WKH� GLVSHUVLRQ� RI� WKH� ERRP�� XVHV�ZHDWKHU� GDWD� IURP� WKH� XSSHU�
DWPRVSKHULF� OD\HU� ,W� LV� D� UHJXODWRU\� PRGHO� RI� WKH� 8QLWHG� 6WDWHV� (3$� DQG� LV�
FRQVLGHUHG�WKH�ODWHVW�JHQHUDWLRQ�PRGHO�

9 (QYLURQPHQWDO�QRLVH�

,Q�RUGHU�WR�FRPSOHPHQW�WKH�FXUUHQW�VWDWXV�RI�WKH�3URMHFW�LQ�WHUPV�RI�HQYLURQPHQWDO�
QRLVH�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�VHFWLRQ�RI�DFFHVV�URDG�WR�WKH�WHUPLQDO�RQ�ODQG�
VXEMHFW� WR� PRGLILFDWLRQ�� VDPSOLQJV� RI� VRXQG� SUHVVXUH� OHYHOV� ZHUH� FDUULHG� RXW� LQ�
DFFRUGDQFH�ZLWK�WKH�SURWRFROV�RI�PHDVXUHPHQW�DQG�HYDOXDWLRQ�RI�QRLVH�HVWDEOLVKHG�
LQ�5HVROXWLRQ�����RI������DQG�WKH�UHFRPPHQGDWLRQ�PDGH�LQ�WKH�RUGLQDU\�FRXUVH�ZLOO�
EH�DFFHSWHG�WKURXJK�WKH�ILOH�$1/$������������������RI�)HEUXDU\�����������ZKHUH�
WKUHH�����VWDWLRQV�DUH SURSRVHG�DQG�DGGLWLRQDOO\��RQH�����DGGLWLRQDO�FRQWURO�SRLQW� LV�
SURSRVHG�DW�WKH�HQG�RI�WKH�1XHYD�&RORQLD�FRUUHJLPLHQWR��

� 6DPSOLQJ�VWDWLRQV

7R� GHWHUPLQH� WKH� EDVHOLQH� RQ� WKH� DFFHVV� URDG� WR� WKH� WHUPLQDO� RQ� WKH� JURXQG��
HQYLURQPHQWDO� QRLVH� VDPSOLQJ� ZDV� SURSRVHG LQ� IRXU� ���� VWDWLRQV�� ZKLFK� ZLOO� EH�
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GLVWULEXWHG�DW�WKH�HQGV�DQG�QRUWK�RI�WKH�1XHYD�&RORQLD�GLVWULFW�DQG�DW�WKH�HQG�RI�WKH�
VHFWLRQ��DV�VKRZQ�LQ�7DEOH�1R�������DQG�LQ�)LJXUH�1R��������

7DEOH�1R�������/RFDWLRQ�RI�HQYLURQPHQWDO�QRLVH�VDPSOLQJ�VWDWLRQV�

,' 6WDWLRQ�QDPH
)ODW FRRUGLQDWHV��0$*1$�6,5*$6�

2ULJLQ�%2*27È
($67 1257+

5� (DVW�RI�1XHYD�&RORQLD ���������� ������������
5� :HVW�RI�1XHYD�&RORQLD ���������� ������������
5� 1RUWK�RI�1XHYD�&RORQLD ���������� ������������
5� $FFHVV�WR�WKH�2QVKRUH�7HUPLQDO ���������� ������������

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

)LJXUH�1R�������/RFDWLRQ�RI�HQYLURQPHQWDO�QRLVH�VDPSOLQJ�VWDWLRQV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

� 6DPSOLQJ�SDUDPHWHUV�
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,Q�DFFRUGDQFH�ZLWK�WKH�SURYLVLRQV�RI�5HVROXWLRQ�����RI�������PHDVXUHPHQWV�RI�WKH�
HQYLURQPHQWDO�QRLVH�OHYHO�ZHUH�PDGH�LQ�DFFRUGDQFH�ZLWK�WKH�SURFHGXUHV�VWLSXODWHG�
LQ�WKH�DIRUHPHQWLRQHG�UHVROXWLRQ�IRU�WKH�GD\V��

�� %XVLQHVV�'D\��'D\�DQG�QLJKW�

�� 1RQ�VNLOIXO��'D\�DQG�QLJKW

,Q�HDFK�VWDWLRQ�WKH�PDLQ�SDUDPHWHUV�IRU�QRLVH�ZLOO�EH�PHDVXUHG�DV�WKH\�DUH�

�� 6RXQG�SUHVVXUH�OHYHO�FRQWLQXRXV�ZHLJKWHG�HTXLYDOHQW�$��/$HT��7�DQG�VORZ�

ZHLJKWHG��6��

�� 5HVLGXDO�1RLVH��PHDVXUHG�DV� D� FRQWLQXRXV�ZHLJKWHG� HTXLYDOHQW� VRXQG�

SUHVVXUH�OHYHO�$� /$HT��7��5HVLGXDO

�� /���SHUFHQWLOH�OHYHO�

%DVHG� RQ� WKH� UHVXOWV�� FRPSOLDQFH� ZLWK� WKH� FXUUHQW� &RORPELDQ� HQYLURQPHQWDO�
UHJXODWLRQV� ZLOO� EH� YHULILHG� �5HVROXWLRQ� ���� RI� ������ LQ� $UWLFOH� ��� LQ� ZKLFK� LW�
HVWDEOLVKHV� WKH�PD[LPXP�SHUPLVVLEOH�VWDQGDUGV�RI�HQYLURQPHQWDO�QRLVH�HPLVVLRQ�
OHYHOV��H[SUHVVHG�LQ�ZHLJKWHG�GHFLEHOV�$��G%$��IRU�GLIIHUHQW�VHFWRUV��DFFRUGLQJ�WR�WKH�
FXUUHQW�XVH�RI�XUEDQ�DQG�UXUDO�ODQG�LQ�WKH�VWXG\�DUHD��

� &DOFXODWLRQ�RI�HQYLURQPHQWDO�QRLVH�

7KH�HQYLURQPHQWDO�QRLVH�ZDV�FDOFXODWHG�E\�WKH�H[SUHVVLRQ�SUHVHQWHG�LQ�(TXDWLRQ�1R������

/$HT� ����ORJ����������� /1������/2������/6���� ���/(��� ���/9��� ��

(TXDWLRQ�1R������(TXLYDOHQW�OHYHO�UHVXOWLQJ�IURP�WKH�PHDVXUHPHQW�
6RXUFH��5HVROXFLyQ�����GH�����

:KHUH��

/$HT� �(TXLYDOHQW�OHYHO�UHVXOWLQJ�IURP�WKH�PHDVXUHPHQW��

/1� �(TXLYDOHQW�OHYHO�PHDVXUHG�DW�WKH�PLFURSKRQH�SRVLWLRQ�IDFLQJ�QRUWK�

/2� �(TXLYDOHQW�OHYHO�PHDVXUHG�DW�WKH�SRVLWLRQ�RI�WKH�PLFURSKRQH�IDFLQJ�ZHVW�

/6� �(TXLYDOHQW�OHYHO�PHDVXUHG�DW�WKH�PLFURSKRQH�SRVLWLRQ�IDFLQJ�VRXWK�
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/(� �(TXLYDOHQW�OHYHO�PHDVXUHG�DW�WKH�PLFURSKRQH�SRVLWLRQ�IDFLQJ�HDVW�

/9� �(TXLYDOHQW�OHYHO�PHDVXUHG�DW�WKH�PLFURSKRQH�SRVLWLRQ�RULHQWHG�YHUWLFDOO\

� &RQVLGHUDWLRQV�IRU�WKH�H[HFXWLRQ�RI�PHDVXUHPHQWV

7KH�PHDVXUHPHQWV�RI�DPELHQW�QRLVH�OHYHOV�VKRXOG�EH�PDGH�LQ�GU\�ZHDWKHU��IRU�WKLV�
UHDVRQ��PHDVXUHPHQWV�VKRXOG�QRW�EH�GHYHORSHG�LQ�

&RQGLWLRQV�RI�UDLQ��GUL]]OH��WKXQGHU�RU�KDLO�IDOO�

:LQG�VSHHG�JUHDWHU�WKDQ���P���V�

:HW�IORRUV

7KH�PRQLWRULQJ�ZLOO�EH�SRVWSRQHG�XQWLO�WKH�RSWLPDO�FRQGLWLRQV�IRU�LWV�GHYHORSPHQW�DUH�
SUHVHQWHG��

� $GMXVWPHQW�RI�VRXQG�SUHVVXUH�OHYHOV

7KH�HTXLYDOHQW� FRQWLQXRXV� VRXQG�SUHVVXUH� OHYHOV�ZHLJKWHG�$�� /$HT�� 7�� /$HT��7��
5HVLGXDO� DQG� /��� SHUFHQWLOH� OHYHO�� DUH� FRUUHFWHG� IRU� LPSXOVLYLW\�� WRQDOLW\��ZHDWKHU�
FRQGLWLRQV��VFKHGXOHV��W\SHV�RI�VRXUFHV�DQG�UHFHLYHUV��WR�REWDLQ�FRUUHFWHG�OHYHOV�RI�
FRQWLQXRXV�VRXQG�SUHVVXUH�:HLJKWHG�HTXLYDOHQW�$��/5$HT��7��/5$HT��7��5HVLGXDO�
DQG�/���SHUFHQWLOH� OHYHO�� UHVSHFWLYHO\��(TXDWLRQ�1R�� ����ZLOO� VHUYH� DV� D�EDVLV� IRU�
PDNLQJ�VXFK�FRUUHFWLRQV�

��������� 657,7;$7;5$ ....// � 

(TXDWLRQ�1R������&RUUHFWLRQV�RI�WKH�HTXLYDOHQW�OHYHO�UHVXOWLQJ�IURP�WKH�PHDVXUHPHQW�
6RXUFH��5HVROXFLyQ�����GH�����

:KHUH�

.,� �LV�D�SXOVH�DGMXVWPHQW��G%��$��
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.7� �LV�D�VHWWLQJ�IRU�WRQH�DQG�LQIRUPDWLRQ�FRQWHQW��G%��$��

.5� �LV�DQ�DGMXVWPHQW�IRU�WKH�WLPH�RI�GD\��G%��$��

.6� �LV�DQ�DGMXVWPHQW��SRVLWLYH�RU�QHJDWLYH��IRU�FHUWDLQ�VRXUFHV�DQG�VLWXDWLRQV��IRU�
H[DPSOH�ORZ�IUHTXHQFLHV��G%��$��

�;�� �FRUUHVSRQGV�WR�DQ\�RI�WKH�SDUDPHWHUV�RI�PHDVXUHPHQW�UHIHUUHG�WR�LQ�DUWLFOH���
UHVROXWLRQ�����RI������09$'7

7KH�$�ZHLJKWHG�HTXLYDOHQW�VRXQG�SUHVVXUH�OHYHO�$��/$HT��7��LV�RQO\�FRUUHFWHG�E\�D�
VLQJOH�.�IDFWRU��WKH�KLJKHVW�YDOXH�LQ�G%��$��

� 6DPSOLQJ�HTXLSPHQW

7KH� HTXLSPHQW� XVHG� IRU� WKH� PHDVXUHPHQW� RI� QRLVH� HPLVVLRQ� ZHUH� DXWRPDWLF�
LQWHJUDWLQJ� VRXQG� OHYHO� PHWHUV�0DUFD� &$6(//$�� WKH�PHDVXUHPHQWV� ZHUH�PDGH�
DSSO\LQJ�D�ILOWHU�RI�IUHTXHQF\�ZHLJKWLQJ�G%��$��DQG�D�ILOWHU�RI�WHPSRUDU\�ZHLJKWLQJ�6�
�6ORZ��UHVSRQVH��VORZ���ZLWK�UHPRYDEOH�PLFURSKRQH�DQG�ZLQG�VFUHHQ��$GGLWLRQDOO\��
WR�YHULI\�WKH�ZLQG�VSHHG��ZKLFK�VKRXOG�QRW�H[FHHG���P���V��D�ZHDWKHU�VWDWLRQ�ZDV�
XVHG�

7R�YHULI\�WKH�FRUUHFW�RSHUDWLRQ�RI�WKH�VRXQG�OHYHO�PHWHU��DQ�DFRXVWLF�FDOLEUDWRU�ZLWK�
W\SH���SUHFLVLRQ�ZDV�XVHG�IRU�VRXQG�OHYHO�PHWHUV�ZLWK�DQ�RXWSXW�IUHTXHQF\�RI������
+]�DQG�����G%�

,Q�)LJXUH�1R�������DQG�LQ�7DEOH�1R��������WKH�HTXLSPHQW�XVHG�LV�SUHVHQWHG�
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)LJXUH�1R�������8VHG�6RQRPHWHU�DQG�9HULILFDWLRQ�3LVWRQSKRQH�%UDQG�&$6(//$
6RXUFH��6*6�&RORPELD�6�$�������

7DEOH�1R�������5HIHUHQFH�6RXQG�OHYHO�PHWHU

,QVWUXPHQW 6HULDO�QXPEHU

&$6(//$�VRXQG�OHYHO�PHWHU &(/���;

&$6(//$�3LVWRSKRQH $&����������
6RXUFH��6*6�&RORPELD��-XO\�����

x 0RGHOLQJ�SUHGLFWLRQ�RI�VRXQG�SUHVVXUH�OHYHOV�GXULQJ�WKH�RSHUDWLRQ�RI�WKH�YLDGXFW�

7KH�LQIRUPDWLRQ�RI�WKH�0RGHUDWLRQ�6WXG\�RI�3XHUWR�%DKtD�&RORPELD�GH�8UDEi�9LDGXFW�
1RLVH�(PLVVLRQ�0RGHOLQJ�VXEPLWWHG�LQ�WKH�RUGLQDU\�OLQH�ZDV�FRPSLOHG�E\�PHDQV�RI�
WKH� ILOH� $1/$� ����������������� RI� )HEUXDU\� ���� ����� IRU� WKH� RSHUDWLRQ� RI� WKH�
3URMHFW�YLDGXFW��DV�DQ�DFWLYLW\�OLFHQVHG�LQ�5HVROXWLRQ�1R�������RI�-DQXDU\�������)LOH
/$0������

&DOFXODWLRQ�RI�QRLVH�HPLVVLRQ��YLDGXFW
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)RU�WKH�QRLVH�PRGHOLQJ��WKH�URDG�WUDIILF�QRLVH�FDOFXODWLRQ�SURFHGXUH��&571�� ,6%1���
��� ������� ��� RI� WKH� 'HSDUWPHQW� RI� 7UDQVSRUW� RI� WKH� 8QLWHG� .LQJGRP� ZDV�
LPSOHPHQWHG�

7KH�REMHFWLYH�RI�WKH�&R571�LV�WR�SURYLGH�D�EDVLF�SODWIRUP�IRU�WKH�FDOFXODWLRQ�RI�WUDIILF�
QRLVH�OHYHOV�IRU�QRQ�FRPSOH[�VLWXDWLRQV��7KH�PRGHO�LV�OLPLWHG�ZKHQ��IRU�H[DPSOH��D�
VHSDUDWH� FDOFXODWLRQ� LV� QHFHVVDU\� WR� WDNH� LQWR� DFFRXQW� FRPSOH[� DUUDQJHPHQWV� RI�
UHIOHFWLYH�VXUIDFHV��VLQFH�WKH�PRGHO�RQO\�LPSOHPHQWV�D�VLPSOH�UHIOH[LYH�FRUUHFWLRQ�

7KH�PHWKRG�XVHV�D�VHULHV�RI�JUDSKV�DQG�HTXDWLRQV�WR�DSSO\�FRUUHFWLRQV�WR�D�EDVH�
QRLVH�HPLVVLRQ�OHYHO��IRU�GLIIHUHQW�VLWXDWLRQV��7KH�&R571�PRGHO�KDV�EHHQ�DFFHSWHG�
E\�PDQ\�UHJXODWRU\�DXWKRULWLHV� LQ�$XVWUDOLD��DV� WKH�EDVLF�PRGHO�WR�EH�XVHG�IRU�WKH�
SUHGLFWLRQ�RI� WUDIILF�QRLVH�DQG� IRU� WKH�GHVLJQ�RI�DFRXVWLF�EDUULHUV��ZLWK�FRUUHFWLRQV�
JHQHUDOO\�DSSOLHG�IRU��$XVWUDOLDQ�FRQGLWLRQV��DFFHSWHG�E\�WKH�LQGXVWU\�

&R571�LPSOHPHQWV�D�FDOFXODWLRQ�PHWKRG��VHJPHQW�E\�VHJPHQW��IRU�HDFK�HQWU\�URDG�
VHJPHQW��7KH�FDOFXODWLRQ�RI�WKH�SURSDJDWLRQ�LV�FDUULHG�RXW�E\�DSSO\LQJ�WKH�IROORZLQJ�
FRUUHFWLRQV�DW�WKH�OHYHO�RI�QRLVH�HPLVVLRQ�

�'LVWDQFH�FRUUHFWLRQ

�*URXQG�DWWHQXDWLRQ

�$QJOH�FRUUHFWLRQ

3URMHFWLRQ

�&RUUHFWLRQ�E\�5HIOHFWLRQ�

0RGHOLQJ 3DUDPHWHUV

7KH�&R571�FDOFXODWLRQ�SUHGLFWV�QRLVH�OHYHOV�EDVHG�RQ�WKH�/HT���KU�VWDWLVWLFDO�QRLVH�
GHVFULSWRU�IRU�RSHUDWLRQDO�URDGV��7KH�LQSXW�GDWD�WR�WKH�PRGHO�ZHUH�WKH�IROORZLQJ�

3HULRG�RI�WLPH����������������K�/HT

7RWDO�9HKLFOH�)ORZ�����������YHKLFOHV���KRXU

6SHHG������������������������������NP���KU

+HDY\�YHKLFOHV�����������������

*UDGLHQW�����������������������������������
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5RDG�VXUIDFH��5DLQFRDW

/RZ�7UDIILF�9ROXPH

7KH�FDOFXODWLRQ�DOJRULWKP�RI�WKH�&R571�LPSOHPHQWV�D�FRUUHFWLRQ�IRU�URDGV�ZLWK�ORZ�
WUDIILF�YROXPH��LH��EHORZ�����YHKLFOHV���KRXU��WR�DFFRXQW�IRU�WKH�HIIHFW�WKDW�LQWHUPLWWHQW�
WUDIILF�KDV�RQ�WKH�VWDWLVWLFDO�GHVFULSWRU�/HT���KU��7KLV�FRUUHFWLRQ�IDFWRU�GRHV�QRW�DSSO\�
WR�FDOFXODWLRQV�RI�HQHUJ\�EDVHG�/$HT�GHVFULSWRUV��$(&20���������7KH�DSSOLFDWLRQ�
RI�WKLV�FRUUHFWLRQ�IDFWRU�LV�WDNHQ�LQWR�DFFRXQW�IRU�WKH�VWXG\�LQ�TXHVWLRQ�

1RLVH�PRGHOLQJ�ZLWK�PRGLILHG�VRXUFH�KHLJKW

7KH�&R571�FDOFXODWLRQ�DOJRULWKP�DVVXPHV�D�WUDIILF�QRLVH�HPLVVLRQ�KHLJKW�RI�����P�
DERYH�WKH�URDG�VXUIDFH�IRU�DOO�FODVVHV�RI�YHKLFOHV��7KLV�DVVXPSWLRQ�PD\�RYHUHVWLPDWH�
WKH�HIIHFW�RI�QRLVH�EDUULHUV��HVSHFLDOO\�RQ�KHDY\�YHKLFOH�URXWHV��VLQFH�QRLVH�VRXUFHV�
IURP�KHDY\�YHKLFOHV��LH��HQJLQH�DQG�H[KDXVW��KDYH�D�QRLVH�HPLVVLRQ� ORFDWHG�DW�D�
VLJQLILFDQWO\�KLJKHU�KHLJKW�

,QWHUSRODWLRQ�RI�.ULJLQJ�

$FFRUGLQJ�WR�&DQR��������� WKH�.ULJLQJ�LQWHUSRODWLRQ��LQ�UHIHUHQFH�WR�LWV�FUHDWRU��LV�D�
JHRVWDWLVWLFDO� PHWKRG�� ZKLFK� LV� EDVHG� RQ� WKH� UHJLRQDOL]HG� DQG� DXWRFRUUHODWHG�
YDULDEOHV�LQ�WKH�VSDFH�

7KLV� DXWRFRUUHODWLRQ� LV� GHWHUPLQHG� IURP� WKH� HODERUDWLRQ� RI� VHPLYDULRJUDPV�� ZLWK�
ZKLFK�LW� LV�SRVVLEOH�WR�GHILQH�WKH�EHVW�ILWWLQJ�PRGHO��WR�SURFHHG�WR�WKH�LQWHUSRODWLRQ�
DQG� LQ�ZKLFK� WKH�PD[LPXP�GLVWDQFH�RU��UDQJH��ZKHUH� WKH�DXWRFRUUHODWLRQ�HQGV� LV�
GHILQHG�

)RU�SUDFWLFDO�SXUSRVHV��LW�LV�LPSRVVLEOH�WR�JHW�GDWD�YDOXHV�DW�HDFK�GHVLUHG�SRLQW��GXH�
WR� WKH� LQDFFXUDF\� RULJLQDWHG� LQ� SUDFWLFH�� 7KXV�� LQWHUSRODWLRQ� LV� LPSRUWDQW� DQG�
IXQGDPHQWDO�LQ�WKH�JUDSKLF�UHSUHVHQWDWLRQ�DQG�LQ�WKH�DQDO\VLV�DQG�XQGHUVWDQGLQJ�RI�
WKH�GDWD��

.ULJLQJ�LV�DQ�LQWHUSRODWLRQ�PHWKRG�WKDW�SUHGLFWV�XQNQRZQ�YDOXHV�RI�WKH�GDWD�REVHUYHG�
LQ� WKH� NQRZQ� ORFDWLRQV�� WKHUHIRUH� WKH� QHHG� DULVHV� LQ� WKLV� VWXG\� WR� UHVRUW� WR� WKLV�
LQWHUSRODWLRQ�PHWKRG�� ZKLFK� GHOLYHUV� UHVXOWV� FRQVLVWHQW� ZLWK� WKH� G\QDPLFV� RI� WKH�
YDULDEOH� WR� EH� LQWHUSRODWHG�� UHVSHFWLQJ�� DV� IDU� DV� SRVVLEOH�� WKH� DFWXDO� LQIRUPDWLRQ�

�&$12�-��$��0HWKRGRORJ\�IRU�WKH�DQDO\VLV�RI�QRLVH�GLVSHUVLRQ�LQ�DLUSRUWV��FDVH�VWXG\��2OD\D�+HUUHUD�$LUSRUW�LQ�WKH�FLW\�RI�
0HGHOOtQ��0DVWHU�WKHVLV�LQ�HQYLURQPHQW�DQG�GHYHORSPHQW��1DWLRQDO�XQLYHUVLW\�RI�&RORPELD��0HGHOOtQ������������S�
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SURYLGHG��LW�LV�IRU�WKLV�UHDVRQ�WKDW�WKLV�PHWKRG�RI�LQWHUSRODWLRQ�LV�FRQVLGHUHG�DV�WKH�
EHVW�RI�WKH�OLQHDU�XQELDVHG�HVWLPDWRUV�H[LVWLQJ�DW�SUHVHQW�

7KLV�PHWKRG�WDNHV�LQWR�DFFRXQW�ERWK�WKH�VSDFLQJ�RI�WKH�SRLQWV�LQ�ZKLFK�LQIRUPDWLRQ�
LV� DYDLODEOH�� DQG� LWV GLVWULEXWLRQ� LQ� WKH� GRPDLQ� WR� EH� LQWHUSRODWHG�� ,Q� DGGLWLRQ�� LW�
FRQVLGHUV� WKH� VSDWLDO� YDULDELOLW\� RI� WKH� GDWD�� ZKLFK� LW� GRHV� E\� PHDQV� RI� WKH�
VHPLYDULRJUDP� �ZKLFK� ZLOO� EH� H[SODLQHG� ODWHU��� ZKLFK� LV� FRQVWUXFWHG� IURP� WKH�
FRYDULDQFH�EHWZHHQ�HDFK�SDLU�RI�SRLQWV ORFDWHG�DW�GLIIHUHQW�GLVWDQFHV��WR�WKLV�RQH�D�
WKHRUHWLFDO� YDULRJUDP� WKDW� UHSUHVHQWV�PRVW� IDLWKIXOO\� WKH� YDULDELOLW\� RI� WKH� GDWD� LV�
DGMXVWHG�

(DFK�WKHRUHWLFDO�PRGHO�LV�DVVRFLDWHG�ZLWK�D�VHW�RI�SDUDPHWHUV�VXFK�DV�WKH�QXJJHW�
HIIHFW��WKH�SODWHDX�DQG�WKH�UDQJH WKDW�DUH�GHWHUPLQHG�IURP�WKH�FKDUDFWHULVWLFV�RI�WKH�
GDWD� DQG� WKDW� DUH� VXEVHTXHQWO\� XVHG� E\� .ULJLQJ� GXULQJ� WKH� LQWHUSRODWLRQ�� 7KH�
VHPLYDULRJUDP� HVWDEOLVKHV� DQ� HIIHFWLYH� GLVWDQFH� RI� LQIOXHQFH� IURP� ZKLFK� LW� LV�
DVVXPHG�WKDW�WKHUH�LV�QR�FRUUHODWLRQ�EHWZHHQ�WKH GDWD���

.ULJLQJ�LV�DQ�LQWHUSRODWLRQ�PHWKRG�WKDW�SUHGLFWV�XQNQRZQ�YDOXHV�RI�WKH�GDWD�REVHUYHG�
LQ� WKH� NQRZQ� ORFDWLRQV�� WKHUHIRUH� WKH� QHHG� DULVHV� LQ� WKLV� VWXG\� WR� UHVRUW� WR� WKLV�
LQWHUSRODWLRQ�PHWKRG�� ZKLFK� GHOLYHUV� UHVXOWV� FRQVLVWHQW� ZLWK� WKH� G\QDPLFV� RI� WKH�
YDULDEOH� WR� EH� LQWHUSRODWHG�� UHVSHFWLQJ�� DV� IDU� DV� SRVVLEOH�� WKH� DFWXDO� LQIRUPDWLRQ�
SURYLGHG��LW�LV�IRU�WKLV�UHDVRQ�WKDW�WKLV�PHWKRG�RI�LQWHUSRODWLRQ�LV�FRQVLGHUHG�DV�WKH�
EHVW�RI�WKH�OLQHDU�XQELDVHG�HVWLPDWRUV�H[LVWLQJ�DW�SUHVHQW�

7KLV�PHWKRG�WDNHV�LQWR�DFFRXQW�ERWK�WKH�VSDFLQJ�RI�WKH�SRLQWV�LQ�ZKLFK�LQIRUPDWLRQ�
LV� DYDLODEOH�� DQG� LWV� GLVWULEXWLRQ� LQ� WKH� GRPDLQ� WR� EH� LQWHUSRODWHG�� ,Q� DGGLWLRQ�� LW�
FRQVLGHUV� WKH� VSDWLDO� YDULDELOLW\� RI� WKH� GDWD�� ZKLFK� LW� GRHV� E\� PHDQV� RI� WKH�
VHPLYDULRJUDP� �ZKLFK� ZLOO� EH� H[SODLQHG� ODWHU��� ZKLFK� LV� FRQVWUXFWHG� IURP� WKH�
FRYDULDQFH�EHWZHHQ�HDFK�SDLU�RI�SRLQWV�ORFDWHG�DW�GLIIHUHQW�GLVWDQFHV��WR�WKLV�RQH�D�
WKHRUHWLFDO� YDULRJUDP� WKDW� UHSUHVHQWV�PRVW� IDLWKIXOO\� WKH� YDULDELOLW\� RI� WKH� GDWD� LV�
DGMXVWHG�

(DFK�WKHRUHWLFDO�PRGHO�LV�DVVRFLDWHG�ZLWK�D�VHW�RI�SDUDPHWHUV�VXFK�DV�WKH�QXJJHW�
HIIHFW��WKH�SODWHDX�DQG�WKH�UDQJH�WKDW�DUH�GHWHUPLQHG�IURP�WKH�FKDUDFWHULVWLFV�RI�WKH�
GDWD� DQG� WKDW� DUH� VXEVHTXHQWO\� XVHG� E\� .ULJLQJ� GXULQJ� WKH� LQWHUSRODWLRQ�� 7KH�
VHPLYDULRJUDP� HVWDEOLVKHV� DQ� HIIHFWLYH� GLVWDQFH� RI� LQIOXHQFH� IURP� ZKLFK� LW� LV�
DVVXPHG�WKDW�WKHUH�LV�QR�FRUUHODWLRQ�EHWZHHQ�WKH�GDWD���

�*$//(*2��/��DQG�7252��(��1RLVH�DQDO\VLV�LQ�WKH�FHQWHU�RI�0HGHOOtQ�WKURXJK�WKH�DSSOLFDWLRQ�RI�VWDWLVWLFDO�WRROV��,QGXVWULDO�
(QJLQHHULQJ�'HJUHH�7KHVLV��1DWLRQDO�XQLYHUVLW\�RI�&RORPELD��0HGHOOtQ�����������S
�� &$12�-��$��������2S�&LW�
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x 0RGHOLQJ�SUHGLFWLRQ�RI�VRXQG�SUHVVXUH�OHYHOV�LQ�WKH�DFFHVV�URDG�

7KLV�PRGHO� ZDV�PDGH�ZLWK� WKH� SXUSRVH� RI� SUHGLFWLQJ� WKH� DFRXVWLF� LPSDFW� RI� WKH�
RSHUDWLRQ�DFWLYLWLHV�RI� YHKLFOH� VHFWLRQV�EHWZHHQ� WKH�1XHYD�&RORQLD� FRUUHJLPLHQWR�
DQG�WKH�&RQVWUXFWLRQ�DQG�2SHUDWLRQ�SURMHFW�RI�D�3RUW�7HUPLQDO�RI�6ROLG�%XON�RI�*UDQ�
&DODGR� LQ� &RORPELD� %D\�� WKURXJK� VRIWZDUH� RI� DFRXVWLF� SUHGLFWLRQ� &DGQD$� 9�����
ZKLFK�DGRSWV�GLIIHUHQW� LQWHUQDWLRQDO�VWDQGDUGV� WR�SHUIRUP� WKH�FDOFXODWLRQ�RI�VRXQG�
SUHVVXUH�OHYHOV�DW�D�JLYHQ�UHFHLYHU�SRLQW��7KH�PHWKRG�UHFRPPHQGHG�E\�WKH�RUGLQDU\�
URXWH�ZDV�DGRSWHG�WKURXJK�WKH�ILOH�$1/$������������������RI�)HEUXDU\����������
LV� WKH� )UHQFK� 103%� 5RXWHV� ���� �1RXYHOOH� 0pWKRGH� GH� 3UpYLVLRQ� GX� %UXLW� GHV�
5RXWHV�� �1HZ�0HWKRG�RI�1RLVH�3UHGLFWLRQ� LQ�5RDGV��DQG�DGGLWLRQDOO\�� WKH� UHVXOWV�
REWDLQHG�ZHUH�FRPSDUHG�ZLWK�5HVROXWLRQ�����RI��������

6FHQDULRV�IRU�PRGHOLQJ

6FHQDULR� ,�� 2SHUDWLRQ� RI� H[LVWLQJ� URDGV�� �&RUUHJLPLHQWR� 1XHYD� &RORQLD� � 3XHUWR�
%DKtD�GH�8UDEi��

6FHQDULR�,,��2SHUDWLRQ�RI�SURMHFWHG�URDGV��IURP�WKH�FRUUHJLPLHQWR�RI�1XHYD�&RORQLD�
WR�WKH�3XHUWR�%DKtD�GH�8UDEi�SURMHFW�LQ�&RORPELD�

�&2/20%,$��0,1,675<�2)�(19,5210(17��+286,1*�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ������$SULO������
�������%\�ZKLFK�WKH�QDWLRQDO�QRUP�RI�HPLVVLRQ�RI�QRLVH�DQG�HQYLURQPHQWDO�QRLVH�LV�HVWDEOLVKHG����%RJRWi�'�&��������
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)LJXUH�1R�������6FHQDULRV�
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

,QIRUPDWLRQ�VRXUFHV

7KH�WUDIILF�IORZ�LQIRUPDWLRQ�ZDV�WDNHQ�IURP�WKH�WUDIILF�VWXG\�RI�WKH��5LR�*UDQGH�1XHYD�
&RORQLD��URDG��)RU�VFHQDULR�,��ZKLFK�FRUUHVSRQGV�WR�WKH�H[LVWLQJ�URDGV��WKH�\HDU������
ZDV�FRQVLGHUHG�DQG�IRU�VFHQDULR�,,��WKH�SURMHFWHG�URXWHV�DUH�WKH�\HDU�������GXH�WR�
WKH�IDFW�WKDW�WKH�SURMHFW�IRU�WKLV�\HDU�LV�H[SHFWHG�WR�EH�IXOO\�RSHUDWLRQDO�

&DOFXODWLRQ�RI�VRXQG�SURSDJDWLRQ�

7KH� URXWHV� WKDW� ZHUH� PRGHOHG� ZHUH� FRQVLGHUHG� VRXUFHV� RI� QRLVH� DQG� ZHUH�
FRQILJXUHG�XQGHU�WKH�SDUDPHWHU��URDGV��ZLWKLQ�WKH�&DGQD$�PRGHO��ZKHUH�GDWD VXFK�
DV�YHKLFOH�JDXJLQJ��JDXJLQJ�VFKHGXOHV��VSHHG�OLPLWV��URDG�W\SH�DQG�SHUFHQWDJH�ZHUH�
VSHFLILHG��RI�OLJKW�DQG�KHDY\�YHKLFOHV��DPRQJ�RWKHUV�
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%DVHG�RQ�WKH�LQIRUPDWLRQ�SURYLGHG��D�VLPXODWLRQ�RI�WKH�YHKLFXODU�IORZ�ZDV�SHUIRUPHG�
IRU�HDFK�RI�WKH�VFHQDULRV�WKURXJK�DOO�WKH�VSHFLILHG�URDGV��FRQVLGHULQJ�ZKHWKHU�WKH\�
ZHUH�H[LVWLQJ�URDGV��6FHQDULR�,��RU�SURMHFWHG�URXWHV��6FHQDULR�,,��

$FFRUGLQJ� WR� WKH�)UHQFK�VWDQGDUG�XVHG�IRU� WKLV�PRGHOLQJ� �103%�5RXWHV������ WKH�
HPLVVLRQ�SDUDPHWHU�LV�WKH�ZHLJKWHG�VRXQG�SRZHU�OHYHO�$�SHU�RFWDYH�EDQG�/$:��L�RI�
D�VXE�VRXUFH�LQ�WKH�IRUP�RI�D�SRLQW�6L�LQ�G%��$��DQG�LW�LV�FDOFXODWHG�E\�PHDQV�RI�WKH�
IROORZLQJ�HTXDWLRQ�

(TXDWLRQ�1R������6RXQG�SRZHU�OHYHO�DFFRUGLQJ�WR�103%�5RXWHU���
6RXUFH��&DGQD$�9���

:KHUH�

(9/� 6RXQG�SRZHU�OHYHO�RI�OLJKW�YHKLFOHV��LQ�G%��$��

49/� 7UDIILF�QXPEHU�RI�OLJKW�YHKLFOHV��PD[LPXP�PDVV�P������NJ���LQ�YHKLFOHV���K

(3/� 6RXQG�SRZHU�OHYHO�RI�KHDY\�YHKLFOHV��LQ�G%��$��

43/� 7UDIILF�QXPEHU�RI�OLJKW�YHKLFOHV��PD[LPXP�PDVV�P!�����NJ���LQ�YHKLFOHV���K

OL� /HQJWK�RI�WKH�VXE�VRXUFH�<HV��LQ�P

5�L�� 2FWDYH�YDOXHV�RI�WKH�UHIHUHQFH�VSHFWUXP�IRU�URDG�QRLVH��LQ�G%��$�

,� &RQVHFXWLYH�RFWDYH�QXPEHU

/RFDWLRQ�DQG�FUHDWLRQ�RI�HPLVVLRQ�VRXUFHV

)RU�WKLV�SURFHVV��WKH�WUDIILF�UHSRUW�� GDWD�FRUUHVSRQGLQJ�WR�HDFK�VFHQDULR�ZDV�XVHG��
ZKLFK�SURYLGHG�LQIRUPDWLRQ�DERXW�WKH�YHKLFOH�FDSDFLW\�DV�D�SHUFHQWDJH�RI�KHDY\�DQG�
OLJKW�YHKLFOHV��:LWK�WKLV�LQIRUPDWLRQ��HDFK�URXWH�WR�VLPXODWH�DV�D�VRXUFH�RI�YHKLFXODU�
QRLVH�ZDV�FRQILJXUHG�ZLWKLQ�&DGQD$�DQG�WKH�GDWD�ZHUH�HQWHUHG�LQ�WHUPV�RI�YHKLFOHV�
SHU�GD\��YHKLFOHV�SHU�KRXU�LQ�GD\�DQG�QLJKW�KRXUV��SHUFHQWDJH�RI�KHDY\�YHKLFOHV�DQG�

�� 3,2�6$6�\�*5832�9,$/��,QJHQLHUtD�EiVLFD�\�GH�GHWDOOH��FRPSUDV�\�VXPLQLVWUR�GH�PDWHULDOHV��FRQVWUXFFLyQ��PRQWDMH�\�
SXHVWD�HQ�RSHUDFLyQ�GH�ODV�REUDV�UHTXHULGDV�SDUD�OD�IDVH���GHO�7HUPLQDO�3RUWXDULR�3XHUWR�$QWLRTXLD�XELFDGR�HQ�OD�
GHVHPERFDGXUD�GHO�5tR�/HyQ��HQ�HO�*ROIR�GH�8UDEi�� (VWXGLR�GH�7UiQVLWR��'HSDUWDPHQWR�GH�$QWLRTXLD��&DOL������������S
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VSHHG� OLPLWV�� $XWRPDWLFDOO\� &DGQD$� FDOFXODWHV� WKH� VRXQG� SRZHU� OHYHOV� �3:/��
FRUUHVSRQGLQJ�WR�HDFK�VSHFLILF�VHFWLRQ�

/LNHZLVH�� IRXU ���� UHFHLYHUV� ZHUH� FUHDWHG� LQ� WKH� VDPH� FRRUGLQDWHV� RI� WKH�
HQYLURQPHQWDO�QRLVH�PRQLWRULQJ�SRLQWV��VHH�)LJXUH�1R���������WR�FRPSDUH�WKH�UHVXOWV�
LQ�VXFK�SRLQWV�

6RIWZDUH�FRQILJXUDWLRQ�

7KH�VRIWZDUH�ZDV�FRQILJXUHG�ZLWKLQ�WKH�UHIHUHQFH�WLPHV�&DGQD$�DQG�WKH�VFKHGXOHV�
HVWDEOLVKHG�E\�5HVROXWLRQ�����RI���������WR�HYDOXDWH�WKH�SHULRGV�RI�RSHUDWLRQ�GXULQJ�
GD\WLPH��������� �������DQG�DW�QLJKW��������� �������

)LJXUD�1R����� &DGQD$�UHIHUHQFH�SHULRGV
6RXUFH��6RIWZDUH�&DGQD$

:LWKLQ�WKH�SURSHUWLHV�RI�WKH�FDOFXODWLRQ�JULG��D�VHSDUDWLRQ�EHWZHHQ����P�UHFHLYHUV�
ZDV�DVVLJQHG�WR�KDYH�D�ZLGH�VDPSOLQJ�RI�GDWD�WKURXJKRXW�WKH�FDOFXODWLRQ�DUHD�

,Q� WKH�&DGQD$�6RIWZDUH�� WKH�ZLQG�URVH�ZDV�VHW�ZLWK� WKH�VWDWLVWLFV�RI� WKH�ZLQGV�RI�
�����DQG�WKH�WHPSHUDWXUH��UHODWLYH�KXPLGLW\�DQG�OHYHO�FXUYHV�GDWD�ZHUH�HQWHUHG�WR�
VLPXODWH�WKH�FRQWRXUV�RI�WKH�UHDO�WHUUDLQ�

:H�SURFHHGHG�WR�YHULI\�WKH�WRSRJUDSKLF�SURSHUWLHV�RI�WKH�VKDSHV�RI�FRQWRXU�OLQHV�E\�
PRGHOLQJ�LQ��'�WKURXJK�&DGQD$�DQG�ORFDWHG�WKH�KRPHV�VXUURXQGLQJ�WKH�SURMHFW�DUHD�
WR� ZKLFK� WKH\� ZHUH� DVVLJQHG� D� FHUWDLQ� KHLJKW�� WR� VLPXODWH� WKH� HIIHFWV� RI� VRXQG�
VFUHHQLQJ�WKDW�ZDV�FUHDWHG�EHFDXVH�RI�WKH�IDFDGHV�RI�WKH�VDPH��)LQDOO\��D�VDWHOOLWH�
LPDJH�RI�WKH�DUHD�ZDV�LPSRUWHG�DV�D�WRRO�WR�UHFRJQL]H�WKH�VXUURXQGLQJV�DQG�VHQVLWLYH�
DUHDV�RI�WKH�SURMHFW�

7R� HQWHU� WKH� GDWD� FRUUHVSRQGLQJ� WR� WKH� VRXUFHV� RI� YHKLFXODU� QRLVH�� WKH� �5RXWH��
ZLQGRZ�ZLWKLQ� WKH�&DGQD$�6RIWZDUH�ZDV�VHOHFWHG�DQG� WKH�VSHFLILFDWLRQV�RI�HDFK�
VHFWLRQ� ZHUH� FRQILJXUHG�� 1H[W� LQ� )LJXUH� 1R�� ����� DQ� H[DPSOH� RI� WKLV� ZLQGRZ�
FRUUHVSRQGLQJ�WR�WKH�ILUVW�VHFWLRQ�WKDW�HQWHUV�1XHYD�&RORQLD��FRPLQJ�IURP�1DWLRQDO�
5RXWH����DW�WKH�MXQFWLRQ�ZLWK�WKH�5LR�*UDQGH�GLVWULFW��LV�VKRZQ�

�� 0,1,675<�2)�(19,5210(17��+286,1*�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ������$SULO�������������2S�
&LW�



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ��

&$3����B7'(1*�5(9�'$9�2.
>0HGHOOtQ@������

)LJXUH�1R��������5RXWH��ZLQGRZ��H[DPSOH�RI�FRQILJXUDWLRQ�IRU�D�VHFWLRQ�LQ�VWDJH�,��
6RXUFH��6RIWZDUH�&DGQD$

2QFH�WKLV�SURFHVV�ZDV�FRPSOHWHG�IRU�DOO�WKH�VHFWLRQV�RI�WKH�GLIIHUHQW�VFHQDULRV��WKH�
FODVVLILFDWLRQ�RI�WKHP�ZDV�FRQVROLGDWHG��DQG�WKH�OHYHO�RI�VRXQG�SRZHU��/DZ��
FRUUHVSRQGLQJ�WR�HDFK�VXE�VRXUFH�RI�QRLVH�UHSUHVHQWHG�E\�LWV�FRUUHVSRQGLQJ�
FKDQQHO�ZDV�FDOFXODWHG�

$QDO\VLV�RI�REWDLQHG�UHVXOWV

7KH� UHVXOWV� REWDLQHG�E\� WKH�&DGQD$� DFRXVWLF� SUHGLFWLRQ�PRGHO�ZHUH� UHIOHFWHG� LQ�
QRLVH�PDSV�UHSUHVHQWLQJ�WKH�$�ZHLJKWHG�HTXLYDOHQW�FRQWLQXRXV�VRXQG�SUHVVXUH�OHYHO�
�/HT��$���ZLWKLQ�D�SUHYLRXVO\�FRQILJXUHG�JULG��ZLWK�UHFHLYHU�SRLQWV�VHSDUDWHG�E\���P�
IURP�HDFK�RWKHU��7KHVH�VRXQG�SUHVVXUH�OHYHOV�DUH�UHSUHVHQWHG�E\�FRORUV�WKDW�GLYLGH�
WKH�VDPH�LQ�UDQJHV�RI���DQG���G%��$��GHSHQGLQJ�RQ�WKH�IRUPDW� LQ�ZKLFK�WKH\�DUH�
H[SRVHG�

$�FRPSDULVRQ�ZDV�PDGH�EHWZHHQ�WKH�VRXQG�SUHVVXUH�OHYHOV�FDOFXODWHG�E\�&DGQD$�
LQ�WKH�FDGDVWUDO�EORFNV�RI�WKH�FRUUHJLPLHQWR�RI�1XHYD�&RORQLD�DQG�WKH�SHUPLVVLEOH�
OLPLW�YDOXH�RI�5HVROXWLRQ�����RI������IRU�WKH�WZR�VFHQDULRV��(��DQG�(����VHH�7DEOH�
1R���������
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7DEOH�1R�������&RPSDULVRQ�RI�VRXQG�OHYHO�LQ�GD\WLPH�DQG�QLJKW�WLPH

1DPH�
FDGDVWUDO�
DSSOH

,'

6RXQG� OHYHO� FDOFXODWHG� E\� WKH�
&DGQD$�6RIWZDUH

5HVROXWLRQ�
��������

'LIIHUHQFH�EHWZHHQ�/HYHO�
PHDVXUHG�E\�6RIWZDUH�&DGQD$�

DQG�5HV���������
&RRUGLQDWHV�

�P�
+HLJKW�
�P�(� (�

/LPLW�/HYHO�
�G%$�

(� (�

/HT�OHYHO�
�G%$�

/HT�OHYHO��G%$�
([FHVV�/HYHO�

�G%�
([FHVV�/HYHO�

�G%�

'D\ 1LJKW 'D\ 1LJKW 'D\ 1LJKW 'D\� 1LJKW 'D\ 1LJKW (DVW 1RUWK +

6RXUFH� 6*6�&RORPELD�6�$������

)URP� WKH� UHVXOWV� REWDLQHG� LQ�7DEOH�1R�� ������ WKH� FHOOV�ZHUH� FODVVLILHG�ZLWK� WKUHH�
FRORUV�DFFRUGLQJ�WR�WKH�OHYHO�RI�H[FHVV��ZKLFK�LV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�VRXQG�
OHYHO�FDOFXODWHG�E\�&DGQD$�DQG� WKH� OLPLW� OHYHO�RI� WKH�VWDQGDUG� �5HVROXWLRQ�����RI�
�������VHH�7DEOH�1R�������

7DEOH�1R�������&RORU�FODVVLILFDWLRQ�RI�WKH�OHYHOV�RI�H[FHVV�VRXQG�SUHVVXUH
,W�LQGLFDWHV�D�QHJDWLYH�GLIIHUHQFH�RI�PRUH�WKDQ����G%$��WKDW�PHDQV�WKHUH�LV�QR�ULVN�
ZKDWVRHYHU�IRU�WKH�GZHOOLQJ�LQ�TXHVWLRQ�
,QGLFDWHV WKDW�KRXVHKROGV�WKDW�UHJLVWHU�D�GLIIHUHQFH�EHWZHHQ�����DQG������G%$��7KH\�DUH�
UHFHLYLQJ�SRLQWV�WKDW�GR�QRW�H[FHHG�WKH�OLPLW�OHYHOV�EXW�PD\�UHTXLUH�DWWHQWLRQ�

,W�LQGLFDWHV�WKH�KRXVHV�WKDW�SUHVHQW�H[FHVV�RI�WKH�OLPLW�OHYHOV�HVWDEOLVKHG�E\�WKH�QRUP�

6RXUFH��6*6�&RORPELD�6�$������

7KH� YDOXHV� ZHUH� WDNHQ� ��� G%� EHORZ� WKH� QRUP� EHFDXVH� LQ� HYHU\� PDWKHPDWLFDO�
SURFHVV� WKHUH� LV� D� UDQJH� RI� XQFHUWDLQW\��ZKLFK� LQ� WKH� SUHVHQW� FDVH� LV� GXH� WR� WKH�
DFFXUDF\�RI�WKH�LQSXW�GDWD�LQ�JHQHUDO��&RQVHTXHQWO\��WKH�PDQXIDFWXUHU�UHFRPPHQGV�
D�UDQJH�RI����G%�EHORZ�WKH�UHJXODWLRQV�WR�DSSO\�WR�EH�DEOH�WR�DIILUP�WKDW�WKHUH�LV�QR�
DQG�QR�FRQWDPLQDWLRQ�HIIHFW�

:LWK�WKH�UHVXOWV�REWDLQHG���L��LW�LV�SRVVLEOH�WR�HYDOXDWH�WKH�DFRXVWLF�LPSDFW�RI�WKH�WZR�
VFHQDULRV�RQ�WKH�FRUUHJLPLHQWR�RI�1XHYD�&RORQLD���LL��FRPSDUH�WKH�VRXQG�SUHVVXUH�
OHYHOV�ZLWK�WKH�PD[LPXP�SHUPLVVLEOH�VWDQGDUGV�E\�WKH�FXUUHQW�UHJXODWLRQV�DQG��LLL��
HVWLPDWH�WKH�FRQWULEXWLRQ�WR�WKH�JOREDO�VRXQG�HQHUJ\�WR�WKH�DUHD�RI�LQWHUHVW�RQFH�WKH�
SURMHFW�LV�LQ�IXOO�RSHUDWLRQ�

����� %LRWLF�HQYLURQPHQW

)RU� WKH�FKDUDFWHUL]DWLRQ�RI� WKH�ELRWLF�HQYLURQPHQW�� WKH�VWLSXODWLRQV�RI� WKH� WHUPV�RI�
UHIHUHQFH�IRU�WKH�SUHSDUDWLRQ�RI�WKH�HQYLURQPHQWDO�LPSDFW�VWXG\�� (,$�LQ�FRQVWUXFWLRQ�
SURMHFWV�RU�H[SDQVLRQ�DQG�RSHUDWLRQ�RI�GHHS�VHD�SRUWV��00�,1$��������DV�ZHOO�DV�WKH�

�� &2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/( '(9(/230(17��5HVROXWLRQ�QR��������-DQXDU\�����
�������:KHUHE\�WKH�WHUPV�RI�UHIHUHQFH�IRU�WKH�SUHSDUDWLRQ�RI�WKH�(QYLURQPHQWDO�,PSDFW�6WXG\�� (,$��UHTXLUHG�IRU�WKH�
SURFHVVLQJ�RI�WKH�HQYLURQPHQWDO�OLFHQVH�RI�WKH�FRQVWUXFWLRQ�RU�H[SDQVLRQ�DQG�RSHUDWLRQ�SURMHFWV�RI�ODUJH�VHDSRUWV��DUH�
DGRSWHG�DQG�RWKHU�GHWHUPLQDWLRQV�DUH�PDGH��%RJRWi�'�&�������������S��
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PHWKRGRORJ\� IRU� WKH� SUHVHQWDWLRQ� RI� HQYLURQPHQWDO� VWXGLHV �� DQG� WKH� VSHFLILF�
GRFXPHQWDWLRQ�IRU�HDFK�RI�LWV�FRPSRQHQWV�

,W�LV�QRWHZRUWK\�WKDW��IRU�WKH�GLIIHUHQW�FRPSRQHQWV�RI�WKH�ELRWLF�HQYLURQPHQW��WKH�W\SH�
RI� VDPSOLQJ� FDUULHG� RXW� ZDV� V\VWHPDWLF� VDPSOLQJ�� ZKLFK� FRQVLVWV� RI� ORFDWLQJ� WKH�
VDPSOHV�RU�VDPSOLQJ�XQLWV�LQ�D�UHJXODU�SDWWHUQ�LQ�HDFK�RI�WKH�YHJHWDWLRQ�FRYHU�DQG���
RU�LGHQWLILHG�KDELWDWV����7KH�PHWKRGV�XVHG�IRU�WKLV�FKDUDFWHUL]DWLRQ�DUH�VKRZQ�EHORZ�

(FRV\VWHPV

7R�LGHQWLI\�WKH�ODUJH�ELRPH��ELRPH�DQG�WHUUHVWULDO��FRDVWDO�DQG�PDULQH�HFRV\VWHPV�
SUHVHQW�LQ�WKH�DUHD�RI�LQIOXHQFH��WKH�JXLGHOLQHV�RI�WKH�PDS�RI�FRQWLQHQWDO��FRDVWDO�DQG�
PDULQH� HFRV\VWHPV� RI� &RORPELD� SUHSDUHG� E\� WKH� ,'($0� HW� DO����� :LWK� WKH�
HFRV\VWHPV�SUHVHQW�LQ�WKH�DUHD��WKH�ODQG�FRYHU�RI�WKHVH�HFRV\VWHPV�ZDV�GHVFULEHG�
XVLQJ�WKH�JXLGHOLQHV�RI�WKH�&25,1(�/DQG�&RYHU�PHWKRGRORJ\�DGDSWHG�IRU�&RORPELD�
����$GGLWLRQDOO\��WKH�LGHQWLILFDWLRQ�RI�WKH�OLIH�]RQHV�WR�ZKLFK�WKH�DUHD�RI�LQIOXHQFH�RI�
WKH�SURMHFW�EHORQJV�ZDV�PDGH�IROORZLQJ�WKH�V\VWHP�RI�FODVVLILFDWLRQ RI�OLIH�]RQHV�RI�
+ROGULGJH� ���

7R�JHQHUDWH�D�PDS�RI�HFRV\VWHPV�SUHVHQW�LQ�WKH�DUHD�RI�LQIOXHQFH�DW�D�VFDOH�RI����
��������OD\HUV�ZHUH�VXSHULPSRVHG�RQ�WKH�IROORZLQJ�FRPSRQHQWV��FOLPDWH��ODQG�FRYHU�
DQG� JHRPRUSKRORJLFDO�� IROORZLQJ� ZKDW� ZDV� SURSRVHG� LQ� WKH�PHWKRGRORJ\� IRU� WKH�
SUHSDUDWLRQ�RI�WKH�(FRV\VWHP�PDS�DW�VFDOH��������������

7HUUHVWULDO�HFRV\VWHPV

�� &2/20%,$��0,1,675<�2)�(19,5210(17��+286,1*�$1'�7(55,725,$/�'(9(/230(17��*HQHUDO�PHWKRGRORJ\�IRU�
WKH�SUHVHQWDWLRQ�RI�HQYLURQPHQWDO�VWXGLHV��0LQLVWU\�RI�(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�'HYHORSPHQW�� 0$9'7���
5HSXEOLF�RI�&RORPELD��%RJRWi����������S�
�� 0267$&('2��%RQLIDFLR�DQG�)5('(5,&.6(1��7RGG��0DQXDO�RI�EDVLF�PHWKRGV�RI�VDPSOLQJ�DQG�DQDO\VLV�LQ�SODQW�
HFRORJ\��6XVWDLQDEOH�)RUHVW�0DQDJHPHQW�3URMHFW�� %2/)25�����������S
�� ,'($0��,*$&��,$Y+��,QYHPDU��,��6LQFKL�DQG�,,$3��&RQWLQHQWDO��FRDVWDO�DQG�PDULQH�HFRV\VWHPV�RI�&RORPELD��,QVWLWXWH�RI�
+\GURORJ\��0HWHRURORJ\�DQG�(QYLURQPHQWDO�6WXGLHV��$JXVWtQ�&RGD]]L�*HRJUDSKLF�,QVWLWXWH��$OH[DQGHU�YRQ�+XPEROGW�,QVWLWXWH�
RI�%LRORJLFDO�5HVRXUFHV�5HVHDUFK��3DFLILF�(QYLURQPHQWDO�5HVHDUFK�,QVWLWXWH�-KRQ�YRQ�1HXPDQQ��-RVp�%HQLWR�9LYHV�GH�
$QGUHV�,QVWLWXWH�RI�0DULQH�DQG�&RDVWDO�5HVHDUFK�DQG�WKH�$PD]RQ�5HVHDUFK�,QVWLWXWH�6FLHQWLILF�6LQFKL��%RJRWi��'�&��������S��
���������FDUWRJUDSKLF�VKHHWV�
�� ,'($0�1DWLRQDO�/HJHQG�RI�&RYHUDJH�RI�WKH�(DUWK��&25,1(�/DQG�&RYHU�PHWKRGRORJ\�DGDSWHG�IRU�&RORPELD��6FDOH����
���������%RJRWi��,'($0�����������S��,6%1�������������������
�� +2/'5,'*(��/HVOLH��(FRORJ\�EDVHG�RQ�OLIH�]RQHV��6DQ�-RVp��&RVWD�5LFD��,,&$�����������S�
�� ,167,787(�2)�+<'52/2*<��0(7(252/2*<�$1'�(19,5210(17$/�678',(6�2)�&2/20%,$�� ,'($0��
0HWKRGRORJ\�IRU�WKH�HODERUDWLRQ�RI�WKH�(FRV\VWHP�0DS�VFDOH�������������,'($0�%RJRWi����������S�
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%HORZ�DUH�WKH�PHWKRGV�XVHG�WR�SHUIRUP�WKH�IORULVWLF�DQG�IDXQDO�FKDUDFWHUL]DWLRQ�RI�
WKH� WHUUHVWULDO� HFRV\VWHPV� SUHVHQW� LQ� WKH� DUHD� RI� LQIOXHQFH� DFFRUGLQJ� WR� WKH�
VWLSXODWLRQV�RI�WKH�WHUPV�RI�UHIHUHQFHV�0�0�,1$����

� )ORUD

)ORULVWLF�FRPSRVLWLRQ�DQG�VWUXFWXUDO�DQDO\VLV

)RU�IORULVWLF�FKDUDFWHUL]DWLRQ�ZDV�GHWHUPLQHG�IURP�D�SUREDELOLW\�RI�����DQG�VDPSOLQJ�
HUURU� QR� JUHDWHU� WKDQ� ������� ZKLFK� LV� HTXLYDOHQW� WR� �� SORWV� SHU� XQLW RI� VDPSOHG�
FRYHUDJH�� 7R� FDUU\� RXW� WKLV� VDPSOLQJ�� WKH�PHWKRGRORJ\� SURSRVHG� E\� 3LQHOR� ZDV�
DGDSWHG ����7ZR�SDUFHOV�RI������KD�����P�ORQJ�[����P�ZLGH��ZHUH�LQVWDOOHG�SHU�XQLW�
RI�IRUHVW�FRYHU�DV�VKRZQ�LQ�)LJXUH�1R��������0DS�02'B/$B372B$17B��B)ORUD���
(DFK�SORW�ZDV�GHOLPLWHG�ZLWK�39&�SLSHV�DQG�ZDV�JHRUHIHUHQFHG�

)LJXUH�1R�������/RFDWLRQ�RI�WKH�VDPSOLQJ�SORWV�LQ�WKH�IRUHVW�FRYHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

�� &2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ�QR��������-DQXDU\�����
�������2S��&LW���3��ILIW\�
�� 3,1(/2��*XVWDYR�,VUDHO��,QWHJUDWHG�IRUHVW�LQYHQWRU\�PDQXDO�IRU�PDQDJHPHQW�XQLWV��::)�&HQWUDO�$PHULFD���������S�
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7KH� IORULVWLF� FKDUDFWHUL]DWLRQ� RI� WKH� YHJHWDO� FRYHULQJV� LGHQWLILHG� LQ� WKH� ILHOG� ZDV�
FDUULHG�RXW�E\�PHDQV�RI�WKH�DQDO\VLV�RI�WKH�LQGH[�RI�YDOXH�RI�LPSRUWDQFH��WKH�TXRWLHQW�
RI� WKH� PL[WXUH� �&0��� WKH� GLDPHWULF� DQG� DOWLPHWULF� GLVWULEXWLRQ� �VRFLRORJLFDO�
FRPSRVLWLRQ���WKH�HFRORJLFDO�LQGH[HV��DQDO\VLV�RI�QDWXUDO�UHJHQHUDWLRQ�DQG�DQDO\VLV�
RI IUDJPHQWDWLRQ�

)LQDOO\��5HVROXWLRQ������RI������ZDV�FRQVXOWHG����UHG�ERRN�RI�&RORPELDQ�SODQWV��
WLPEHU�VSLFHV ����WKH�OLVW�RI�WKUHDWHQHG�VSHFLHV�RI�,8&1�� DQG�&,7(6�$SSHQGLFHV�,��,,�
DQG�,,, ��� 1H[W��HDFK�RI�WKH�LWHPV�QDPHG�IRU�WKH�DQDO\VLV�LV�VKRZQ�LQ�GHWDLO�

� ,PSRUWDQFH�YDOXH�LQGH[��,9,�

,Q�RUGHU�WR�SHUIRUP�WKH�VWUXFWXUDO�DQDO\VLV�RI�WKH�IRUHVW��WKH�LPSRUWDQFH�YDOXH�LQGH[�
�,9,���IRUPXODWHG�E\�&XUWLV�	�0F�,QWRVK��ZDV�FDOFXODWHG� ����ZKLFK�LV�SRVVLEO\�WKH�EHVW�
NQRZQ�� WKLV� LV� FDOFXODWHG� IRU� HDFK� VSHFLHV� IURP� WKH� VXP� RI� UHODWLYH� DEXQGDQFH��
UHODWLYH�IUHTXHQF\�DQG�UHODWLYH�GRPLQDQFH��

7KLV�DQDO\VLV�DOORZV�WR�HYDOXDWH�WKH�EHKDYLRU�RI�LQGLYLGXDO�WUHHV�DQG�VSHFLHV�RQ�WKH�
IRUHVW�VXUIDFH�WKURXJK�WKH�RFFXUUHQFH�RI�WKH�VSHFLHV�DQG�WKHLU�HFRORJLFDO�LPSRUWDQFH�
ZLWKLQ�WKH�HFRV\VWHP�

7KLV� LQGH[�DOORZV�GHWHUPLQLQJ� WKH�PRVW� UHOHYDQW�VSHFLHV�ZLWKLQ� WKH�VWUXFWXUH�RI�D�
IRUHVW�� WKURXJK� WKH� SDUDPHWHUV� RI� DEXQGDQFH�� IUHTXHQF\� DQG� GRPLQDQFH�� 7KH�
UHOHYDQW� VSHFLHV� GHWHUPLQHG� E\� WKLV� LQGH[� DUH� WKRVH� WKDW� EHVW� DGDSW� WR� WKH�
HQYLURQPHQWDO� FRQGLWLRQV� RI� WKH� IRUHVW� FRYHU� XQGHU� VWXG\�� (TXDWLRQ� 1R�� �����
H[SUHVVHV�WKH�ZD\�LQ�ZKLFK�WKLV�LQGH[�LV�IRXQG�

ܫܸܫ ൌ ݎܣ  ݎܨ  ݎܦ

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�LPSRUWDQFH�YDOXH�LQGH[��,9,�

:KHUH�

,9,��,PSRUWDQFH�9DOXH�,QGH[

�� &2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ�����������)HEUXDU\�
�������2S��&LW���3��������
�� &È5'(1$6��'DLURQ�DQG�6$/,1$6��1HOVRQ��5HG�ERRN�RI�SODQWV�RI�&RORPELD��9ROXPH����7KUHDWHQHG�WLPEHU�VSHFLHV��)LUVW�
SDUW��5HG�ERRNV�VHULHV�RI�WKUHDWHQHG�VSHFLHV�RI�&RORPELD��$PD]RQ�6FLHQWLILF�5HVHDUFK�,QVWLWXWH�6,1&+,�� 0LQLVWU\ RI�
(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�'HYHORSPHQW������������S��,6%1�������������������
�� ,17(51$7,21$/�81,21�)25�7+(�&216(59$7,21�2)�1$785(�� ,8&1��7KH�,8&1�5HG�/LVW�RI�7KUHDWHQHG�6SHFLHV��
2S��&LW��
�� &219(17,21�21�,17(51$7,21$/�75$'(�,1�7+5($7(1('�63(&,(6�2)�:,/'/,)(�$1'�:,/'/,)(�� &,7(6��/LVW�RI�
&,7(6�VSHFLHV��2S��&LW�
�� /$035(&+7��+��������)RUHVWU\�LQ�WKH�7URSLFV��*7=�*HUPDQ�)HGHUDO�5HSXEOLF��3S������ ���
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$U��UHODWLYH�DEXQGDQFH��3HUFHQWDJH�RI�HDFK�VSHFLHV�LQ�UHODWLRQ�WR�WKH�WRWDO�QXPEHU�
RI�LQGLYLGXDOV�RI�DOO�WKH�VSHFLHV�IRXQG�LQ�WKH�VDPSOH��(TXDWLRQ�1R�������VKRZV�KRZ�
UHODWLYH�DEXQGDQFH�LV�FDOFXODWHG�

ݎܣ ൌ ൬
ݏܾܽܣ

σ݈ܽݐܶݏܾܽܣ
൰ כ ͳͲͲΨ

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�UHODWLYH�DEXQGDQFH��$U�

)U��UHODWLYH�IUHTXHQF\�� ,W� LV�WKH�DEVROXWH�IUHTXHQF\�RI�D�VSHFLHV�LQ�UHODWLRQ�WR�WKH�
VXP�RI�DEVROXWH�IUHTXHQFLHV�RI�DOO�WKH�VSHFLHV�SUHVHQW�LQ�WKH�VDPSOH��(TXDWLRQ�1R��
�����VKRZV�WKH�ZD\�LQ�ZKLFK�WKH�UHODWLYH�IUHTXHQF\�LV�IRXQG�

ݎܨ ൌ ൬
ݏܾܽܨ

σ݈ܽݐܶݏܾܽܨ
൰ כ ͳͲͲΨ

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�UHODWLYH�IUHTXHQF\��)U�

'U��UHODWLYH�GRPLQDQFH��,W�LV�WKH�SHUFHQWDJH�RI�WKH�DEVROXWH�GRPLQDQFH�RI�D�VSHFLHV�
ZLWK�UHVSHFW�WR�WKH�VXP�RI�WKH�DEVROXWH�GRPLQDQFHV�RI�DOO�WKH�VSHFLHV�SUHVHQW�LQ�WKH�
VDPSOH��(TXDWLRQ�1R�������VKRZV�KRZ�UHODWLYH�GRPLQDQFH�LV�FDOFXODWHG�

ݎܦ ൌ ൬
ݏܾܽܦ

σ݈ܽݐܶݏܾܽܦ
൰ כ ͳͲͲΨ

(TXDWLRQ�1R�������(TXDWLRQ�IRU�ILQGLQJ�UHODWLYH�GRPLQDQFH��'U�

� 0L[WXUH�UDWLR��&0�

7KH�PL[LQJ�UDWLR�H[SUHVVHV�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXPEHU�RI�VSHFLHV�DQG�WKH�
QXPEHU�RI�WRWDO�LQGLYLGXDOV��7KLV�TXRWLHQW�SURYLGHV�DQ�LGHD�RI�WKH�PL[LQJ�LQWHQVLW\�DV�
ZHOO�DV�DQ�DSSUR[LPDWLRQ�RI�IRUHVW�KHWHURJHQHLW\��(TXDWLRQ�1R��������

&0� �1�6

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�PL[WXUH�UDWLR��&0�

:KHUH�

6� �7RWDO�QXPEHU�RI�VSHFLHV�LQ�WKH�VDPSOH
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1� �7RWDO�QXPEHU�RI�LQGLYLGXDOV�LQ�WKH�VDPSOH

� 'LDPHWHU�DQG�DOWLPHWULF�GLVWULEXWLRQ

7R� SHUIRUP� WKH� DQDO\VLV� E\� GLDPHWULF� GLVWULEXWLRQ� ZLWKLQ� WKH� DUHD� RI� LQIOXHQFH��
VDPSOHG�WUHHV�ZHUH�JURXSHG�ZLWKLQ�GLDPHWULF�FODVVHV��:KLFK�ZHUH�GHWHUPLQHG�IURP�
WKH�GLIIHUHQFH�EHWZHHQ�WKH�ODUJHU�GLDPHWHU�PLQXV�WKH�VPDOOHU�GLDPHWHU�DQG�GLYLGHG�
LQWR� WKH�QXPEHU�RI� LQWHUYDOV��:KHQ�GHWHUPLQLQJ� WKH�QXPEHU�RI� WUHHV�E\�GLDPHWULF�
FODVV��WKH�DEVROXWH��DFFXPXODWHG�DQG�UHODWLYH�IUHTXHQF\�ZDV�REWDLQHG��7R�YLVXDOL]H�
WKH� SUHVHQFH� RI� VWUDWD� LQ� WKH� IRUHVW�� 2JDZD���� SURSRVHG� WKH� FRQVWUXFWLRQ� RI� WKH�
JODVVHV�VFDWWHU�GLDJUDP �����ZKLFK�FRUUHVSRQGV�WR�D�&DUWHVLDQ�JUDSK��ZKHUH�WKH�WUHHV�
DUH�UHSUHVHQWHG�E\�FRRUGLQDWHV�JHQHUDWHG�E\�WKH�YDOXHV�RI�WKH�WRWDO�KHLJKW�IRU�WKH�
RUGLQDWH� D[LV� DQG� WKH� UHLWHUDWLRQ� KHLJKWV� RQ� WKH� DEVFLVVD� D[LV�� )RU� H[DPSOH�� WKH�
FRRUGLQDWH��������������FRUUHVSRQGV�WR�DQ�LQGLYLGXDO�ZKRVH�WRWDO�KHLJKW�LV������P�DQG�
KLV�KHLJKW�RI�UHSHWLWLRQ������P�����

2QFH�WKH�GLDJUDP�LV�FRQVWUXFWHG��VHYHUDO�WUHQGV�FDQ�EH�SUHVHQWHG��LI�RQH�REVHUYHV�
FOXVWHUV�RU�PRUH�RU�OHVV�LVRODWHG�VHWV�RI�SRLQWV��WKHVH�LQGLFDWH�WKH�YLUWXDO�YDFXXP�RI�
WKH� JODVVHV� DW� WKH� LQWHUPHGLDWH� OHYHOV�� 7KH� QXPEHU� RI� VWUDWD� LV� HTXLYDOHQW� WR� WKH�
QXPEHU�RI�FOXVWHUV��/LNHZLVH��WKH�GLDJUDP�DOORZV�WKH�YLVXDOL]DWLRQ�RI�WKH�HPHUJHQW�
WUHHV��ZKLFK�DSSHDU�DV�LVRODWHG�SRLQWV�LQ�WKH�XSSHU�� ULJKW�SDUW�RI�WKH�JUDSK��ZLWKRXW�
FRQVWLWXWLQJ�D�SURSHU�VWUDWXP�

� (FRORJLFDO�LQGLFHV

7KH� GLYHUVLW\� RI� VSHFLHV� LV� DQ� DWWULEXWH� RI� WKH� FRPPXQLWLHV� PHDVXUHG� E\� WKH�
KHWHURJHQHLW\�DQG�XQLIRUPLW\�RI�WKHVH��'LYHUVLW\�LV�FRPSRVHG�RI�WZR�HOHPHQWV��WKH�
ILUVW� LV�WKH�YDULDWLRQ�RI�VSHFLHV�DQG�WKH�VHFRQG�LV�WKH�UHODWLYH�DEXQGDQFH�RI�WKHVH��
7KH�PDLQ� LQGLFHV� UHSRUWHG� LQ� WKH� OLWHUDWXUH�ZHUH�HYDOXDWHG�� VSHFLHV� ULFKQHVV�DQG�
GLYHUVLW\��GRPLQDQFH�DQG�HTXLW\�

0DUJDOHI
V�ZHDOWK�LQGH[

7KH�0DUJDOHI�LQGH[�UHODWHV�WKH�QXPEHU�RI�VSHFLHV�DFFRUGLQJ�WR�WKH�WRWDO�QXPEHU�RI�
LQGLYLGXDOV�DQG�LV�H[SUHVVHG�E\�(TXDWLRQ�1R�������

�� 2JDZD��+���.��<RGD��.��2JLQR�	�7��.LUD��&RPSDUDWLYH�HFRORJLFDO�VWXGLHV�RQ�WKUHH�PDLQ�W\SHV�RI�IRUHVW�YHJHWDWLRQ�LQ�
7KDLODQG�,,�3ODQW�ELRPDVV��1DWXUH�DQ�/LIH�6RXWKHDVW�$VLD���������������
�� 0(/2�&58=��2��$��$1'�5��9$5*$6�5,26��(FRORJLFDO�DQG�VLOYLFXOWXUDO�HYDOXDWLRQ�RI�IRUHVW�HFRV\VWHPV��8QLYHUVLW\�RI�
7ROLPD��&54��&RUSRFDOGDV�DQG�&RUWROLPD��,EDJXH������������S�
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ெܦ ൌ ሺܵ െ ͳሻȀ݈݊ܰ

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�0DUJDOHI�LQGH[

:KHUH��

6��QXPEHU�RI�VSHFLHV

1��WRWDO�QXPEHU�RI�LQGLYLGXDOV

0HQKLQLFN�,QGH[

7KH�0HQKLQLFN�'LYHUVLW\�,QGH[�LV�EDVHG�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�WKH�QXPEHU�RI�
VSHFLHV� DQG� WKH� WRWDO� QXPEHU� RI� LQGLYLGXDOV� REVHUYHG�� ZKLFK� LQFUHDVHV� ZLWK�
LQFUHDVLQJ�VDPSOH�VL]H��LW�LV�FDOFXODWHG�ZLWK�(TXDWLRQ�1R�������

'PQ ��
ௌ

ξே

(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�WKH�0HQKLQLFN�LQGH[

:KHUH�

6��QXPEHU�RI�VSHFLHV

1��QXPEHU�RI�LQGLYLGXDOV

6KDQQRQ�:LHQHU�GLYHUVLW\�LQGH[

7KLV�LQGH[�LQGLFDWHV�KRZ�XQLIRUP�WKH�VSHFLHV�DUH�UHSUHVHQWHG��LQ�DEXQGDQFH��WDNLQJ�
LQWR�DFFRXQW�DOO�WKH�VSHFLHV�VDPSOHG�DQG�LV�H[SUHVVHG�ZLWK�(TXDWLRQ�1R��������

Ʋܪ ൌ ݈݊

௦

ୀଵ



(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�WKH�6KDQQRQ�:HLQHU�LQGH[

:KHUH�

6��QXPEHU�RI�VSHFLHV
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SL� SURSRUWLRQ�RI�LQGLYLGXDOV�IRXQG�LQ�WKH�LWK�VSHFLHV��,Q�D�VDPSOH�WKH�WUXH�YDOXH�RI�SL�
LV�XQNQRZQ��EXW�LW�FDQ�EH�HVWLPDWHG�DV�VKRZQ�LQ�(TXDWLRQ�1R��������

 ൌ

ܰൗ

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�SURSRUWLRQ�RI LQGLYLGXDOV

7KH�YDOXH�RI�WKLV�LQGH[�YDULHV�EHWZHHQ���DQG����DOWKRXJK�H[FHSWLRQV�PD\�RFFXU�LQ�
VRPH�HFRV\VWHPV�WKDW�PD\�H[FHHG�WKH�PD[LPXP�YDOXH�

6LPSVRQ
V�GRPLQDQFH�LQGH[

7KLV� LQGH[� UHIHUV� WR� WKH� SUREDELOLW\� WKDW� WZR� LQGLYLGXDOV� RI� DQ� LQILQLWHO\� ODUJH�
FRPPXQLW\��WDNHQ�DW�UDQGRP��EHORQJ�WR�WKH�VDPH�VSHFLHV��)RU�ILQLWH�FRPPXQLWLHV�WKH�
LQGH[�LV�H[SUHVVHG�E\�WKH�H[SUHVVLRQ��(TXDWLRQ�1R��������

ܦ ൌ
݊ ሺ݊ െ ͳሻ

ܰሺܰ െ ͳሻ

(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�6LPSVRQ
V�GRPLQDQFH�LQGH[

:KHUH�

QL��QXPEHU�RI�LQGLYLGXDOV�RI�WKH�LWK�VSHFLHV

1� WRWDO�RI�LQGLYLGXDOV�

$V�'�LQFUHDVHV��GLYHUVLW\�GHFUHDVHV��7KHUHIRUH��WKH�LQGH[�LV�XVXDOO\�H[SUHVVHG�DV���
'��ZKLFK�HQVXUHV�WKDW�WKH�YDOXH�RI�WKH�LQGH[�LQFUHDVHV�ZLWK�WKH�LQFUHDVH�LQ�GLYHUVLW\�

%HUJHU�3DUNHU�,QGH[

7KH�%HUJHU�3DUNHU�LQGH[�LQ�D�PHDVXUH�RI�GRPLQDQFH�WKDW�H[SUHVVHV�WKH�SURSRUWLRQDO�
DEXQGDQFH�RI�WKH�PRVW�DEXQGDQW�VSHFLHV��WKLV�LQGH[�LV�LQGHSHQGHQW�RI�WKH�VSHFLHV�
EXW�LV�VWURQJO\�LQIOXHQFHG�E\�WKH�VL]H�RI�WKH�VDPSOH��LW�LV�FDOFXODWHG�ZLWK�(TXDWLRQ�1R��
�����

G� �1PD[���1

(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�WKH�%HUJHU�3DUNHU�LQGH[

:KHUH�
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1PD[�  � 7KH� KLJKHVW� DEXQGDQFH� RI� WKH� HYDOXDWHG� VSHFLHV� 1�  � 1XPEHU� RI� WRWDO�
LQGLYLGXDOV

)RU� WKH� LQWHUSUHWDWLRQ� RI� WKH� 6LPSVRQ� DQG� %HUJHU� 3DUNHU� LQGLFHV�� WKH� QXPHULFDO�
YDOXHV�DUH�H[SUHVVHG�LQ�UHFLSURFDO�IRUP������'�DQG�����G���LQ�WKLV�ZD\�WKH\�DUH�GLUHFWO\�
SURSRUWLRQDO�WR�WKH�GLYHUVLW\�

� 1DWXUDO�UHJHQHUDWLRQ

)RU� WKH� DQDO\VLV� RI� QDWXUDO� UHJHQHUDWLRQ�� TXDGUDQW� DQG� VXE�TXDGUDQW� SORWV� ZHUH�
HVWDEOLVKHG� IRU� WKH� VDPSOLQJ� RI� SROH� VWDJHV� DQG� VDSOLQJV�� 7KH� GLPHQVLRQV��
FKDUDFWHULVWLFV�DQG�YDULDEOHV�PHDVXUHG�DUH�VKRZQ�EHORZ�

x 3ROH�VWDJHV��7KH�FRXQWLQJ�RI�SROH�VWDJHV�LV�GRQH�LQ�TXDGUDQWV�RI�����P������
P�[����P���:KHUH�WKH�YDULDEOHV�RI�FLUFXPIHUHQFH�WR�WKH�KHLJKW�RI�WKH�FKHVW�
�&$3��DQG�WRWDO�KHLJKW�DUH�WDNHQ�IRU�DOO�WKRVH�DUERUHDO�VSHFLHV�WKDW�SUHVHQWHG�
EHWZHHQ� ���� DQG� �� FP� RI� &$3�� $V� LQ� WKH� SORWV�� WKH� TXDGUDQW� ZDV�
JHRUHIHUHQFHG� DQG� WKH� LQGLYLGXDOV� PDUNHG�� )RU� WKH� DQDO\VLV� RI� WKH� SROH�
VWDJHV��WKH�,9,��(TXDWLRQ�1R��������DQG�WKH�&0��(TXDWLRQ�1R������� IRU�SODQW�
FRYHU�ZHUH�HVWDEOLVKHG�

x 6DSOLQJV��7KH�FRXQW�RI�VDSOLQJV�LV�GRQH�LQ�D�VXEGLYLGHU�RI����P�����P�[���P��
ZKHUH� WKH�DEXQGDQFH�RI� WKH�DUERUHDO�VSHFLHV� WKDW�KDG�D�KHLJKW� ORZHU� WKDQ�
����� FP� ZDV� UHJLVWHUHG� DQG� WKH� VXETXDGUDQW� ZDV� JHRUHIHUHQFHG�� ,WV�
DEXQGDQFH�DQG�IUHTXHQF\�ZHUH�DQDO\]HG�ZLWKLQ�WKH�LGHQWLILHG�SODQW�FRYHU����

� 7HPSRUDO�G\QDPLFV�DQG�DQDO\VLV�RI�IRUHVW�FRYHU�IUDJPHQWDWLRQ

7KH�W\SLFDO� IUDJPHQWDWLRQ�SURFHVVHV�RFFXU�ZKHQ�WKH�QDWXUDO�FRYHUDJH�LV�PRGLILHG�
DQG� UHSODFHG� E\� QHZ� HOHPHQWV� GXH� WR� SURGXFWLYH�� LQGXVWULDO� RU� LQIUDVWUXFWXUH�
DFWLYLWLHV��ZKRVH�QDWXUH�GHWHUPLQHV�WKH�GHJUHH�RI�LPSDFW�RQ�WKH�QDWXUDO�G\QDPLFV�RI�
WKH�HFRV\VWHP�

7R�FDUU\�RXW�WKH�DQDO\VLV�RI�IUDJPHQWDWLRQ�RI�QDWXUDO�FRYHUDJH��WKH�GLJLWDOL]DWLRQ�DQG�
YLVXDO�LQWHUSUHWDWLRQ�RI�IRUHVW�FRYHU�DQG�VHPL�QDWXUDO�DUHDV�XVLQJ�WKH�FODVVLILFDWLRQ�
OHYHOV�DFFRUGLQJ� WR� WKH�&25,1(�/DQG�&RYHU�PHWKRGRORJ\�DGDSWHG� IRU�&RORPELD��
ZDV�FDUULHG�RXW�LQ�WKH�RIILFH�SULRU�WR�ILHOG�VDPSOLQJ��'HWDLO�VFDOH������������IURP�DQ�
RUWKRSKRWR�RI�WKH�\HDU������

'XULQJ� WKH� ILHOG� VWDJH�� WKH� YHULILFDWLRQ� DQG� FDSWXUH� RI� FRQWURO� SRLQWV� IRU� HDFK�
LQWHUSUHWHG�FRYHUDJH�ZDV�SHUIRUPHG��7KLV�LQIRUPDWLRQ�ZDV�SURFHVVHG�LQ�WKH�RIILFH�WR�
HVWDEOLVK�WKH�ODQGVFDSH�FRQWH[W�LQGH[�IRU�HDFK�IUDJPHQW�RI�WKH�QDWXUDO�HFRV\VWHP�
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2QFH� WKH� FXUUHQW� VWDWH� RI� WKH� IRUHVW� FRYHU� IRU� WKH� \HDU� ����� ZDV� HODERUDWHG�� D�
PXOWLWHPSRUDO�DQDO\VLV�ZDV�PDGH�IURP�DHULDO�SKRWRJUDSKV�DV�VKRZQ� LQ�7DEOH�1R��
������ZLWK� WKLV� LQWHUSUHWDWLRQ� WKH�DQQXDO� ORVV�RI� WKH� IRUHVWV�SUHVHQW� LQ� WKH�DUHD�RI�
LQIOXHQFH�RI�WKH�SURMHFW�ZDV�HVWLPDWHG�

7DEOH�1R�������3KRWRJUDSKLF�UHVRXUFH�IRU�WKH�VWXG\�DUHD
)OLJKW 3KRWR 'DWH 6FDOH

5�± ���� ��� ���������� ��������
5�± ���� ��� ���������� ��������
5�± ��� ��� ���������� ��������

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

2QFH�WKH�IRUHVW IUDJPHQWV�ZHUH�LGHQWLILHG�IRU�WKH�\HDUV������������DQG�������WKH�
VKDSH�RI�HDFK�IUDJPHQW�ZDV�GHVFULEHG�WKURXJK�WKUHH�LQGLFHV��D��WKH�3DWWRQ�'LYHUVLW\�
,QGH[���'L���E��WKH�)RUP�)DFWRU��)I���DQG�F��WKH�)UDFWDO�'LPHQVLRQ��'���7KH�ILUVW�WZR�
DUH�EDVHG�RQ�(XFOLGHDQ�JHRPHWU\���VPRRWK��OLQHV��VTXDUHV��FLUFOHV��VSKHUHV��FXEHV���
WKH�WKLUG�LQ�IUDFWDO�JHRPHWU\���VHUUDWHG��OLQHV��LUUHJXODU�VKDSHV��� �

7DEOH�1R�������VKRZV� WKH� LQIRUPDWLRQ�XVHG�IRU� WKH�DQDO\VLV�RI� ODQGVFDSH�PHWULFV�
ZLWKLQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW��7KLV�DQDO\VLV�ZDV�FDUULHG�RXW�IRU�HDFK�RQH�
RI�WKH�IRUHVW�FRYHULQJV�RI�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�

7DEOH�1R�������0HWULFV�XVHG�LQ�WKH�IRUHVW�FRYHU�IUDJPHQWDWLRQ�DQDO\VLV�IRU�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�
SURMHFW

�� 68*,+$5$�*��	�0$<�5��$SSOLFDWLRQV�RI�IUDFWDO�LQ�HFRORJ\��7UHQGV�LQ�(FRORJ\�DQG�(YROXWLRQ��9RO������������S�
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0(75,&6�2)�&/$66

0HWULFV 'HVFULSWLRQ )RUPXOD

7RWDO�DUHD�RI�WKH�
QXFOHXV
$&

,QGLFDWHV� WKH� VWDWH� RI� FRQVHUYDWLRQ� RI� ODQGVFDSH�
SDWFKHV��VLQFH�LW�H[SUHVVHV�WKH�LQWHUQDO�DUHD�WKDW�LV�QRW�
DIIHFWHG�E\�WKH�HGJH�HIIHFW��ZKLFK�DOORZV�WR�LGHQWLI\�LQ�
D� JHQHUDO� ZD\� WKH� SRWHQWLDOO\� YLDEOH� DUHD� IRU� WKH�
PDLQWHQDQFH� RI� WKH� IDXQD� RI� D� ODQGVFDSH�� 7KH�
PDJQLWXGH� RI� WKH� HGJH� RI� WKH� SDWFK� KDV� EHHQ�
VWDQGDUGL]HG�DQ�HGJH�OHQJWK�RI�����PHWHUV��DOWKRXJK�LW�
FDQ� YDU\� DFFRUGLQJ� WR� VSHFLILF� FRQGLWLRQV� DQG�
ODQGVFDSH�DQDO\]HG��7KH�UHVXOW�RI�WKLV�PHWULF�LV�JLYHQ�
LQ� PHWHUV� DQG� LV� DQDO\]HG� NHHSLQJ� LQ� PLQG� WKDW� WKH�
PRUH�7KLV� LV� WKH� UHVXOW�RI� ]HUR� ����� WKH�DUHD�RI�SDWFK�
DIIHFWHG� E\� HGJH� HIIHFW� LV� VPDOOHU�� VR� WKHUH� LV� OHVV�
IUDJPHQWDWLRQ��6LPLODUO\��ZKHQ�WKH�UHVXOW�RI�WKH�PHWULF�
LV�]HUR������WKH�FHQWUDO�DUHD�RI�WKH�SDWFK�LV�RQ�WKH�EXIIHU��
WKH�SDWFK�EHLQJ�PRUH�YXOQHUDEOH�WR�H[WHUQDO�HIIHFWV�DQG�
WKHUHIRUH�WR�IUDJPHQWDWLRQ�

&$� �ȈDLM

:KHUH�
DLM��&HQWUDO�DUHD�RI�WKH�SDWFK

1XPEHU�RI�SDWFKHV
13

'HWHUPLQH�WKH�QXPEHU�RI�SDWFKHV�RI�WKH�VDPH�W\SH�RU�
FRYHUDJH� �DEXQGDQFH��� DOORZLQJ� DQ� DSSUR[LPDWLRQ� WR�
WKH� UHSUHVHQWDWLYHQHVV� RI� HDFK� W\SH� RI� SDWFK� RU�
FRYHUDJH�RI�WKH�ODQGVFDSH�VWXGLHG�

13� �QL

:KHUH�

QL��QXPEHU�RI�SDWFKHV�RI�WKH�
VDPH�W\SH�RU�FRYHUDJH

3DWFK�'HQVLW\
3�6�

7KLV�PHWULF�FDOFXODWHV�WKH� WRWDO�QXPEHU�RI�SDWFKHV�RI�
WKH�VDPH�W\SH��RYHU�WKH�WRWDO�DUHD�RI�WKH�ODQGVFDSH��LQ�
VTXDUH� PHWHUV�� DQG� LV� PXOWLSOLHG� E\� ������� WR� EH�
H[SUHVVHG�LQ�KHFWDUHV��UHVXOWLQJ�LQ�VHYHUDO�SDWFKHV�RI�
WKH� VDPH� W\SH� SHU� ���� KHFWDUHV�� :KHQ� WKH� GHQVLW\�
DSSURDFKHV�]HUR������WKHUH�LV�QR�UHSUHVHQWDWLYHQHVV�RI�
WKH�W\SH�RI�SDWFKHV�LQ�WKH�WRWDO�DUHD�DQDO\]HG��DQG�WKH�
KLJKHU�WKH�JUHDWHU��WKHUH�DUH�PRUH�SDWFKHV�RI�WKH�VDPH�
W\SH�RQ�WKH�DQDO\]HG�DUHD�

3'� �1���$��������������

:KHUH�
1��7RWDO�QXPEHU�RI�SDWFKHV�RI�
WKH�VDPH�W\SH�LQ�WKH�
ODQGVFDSH�DQDO\]HG

$��7RWDO�ODQGVFDSH�RI�
ODQGVFDSH�DUHD�DQDO\]HG�LQ�
VTXDUH�PHWHUV

DYHUDJH�SDWFK�VL]H
036

7KLV�PHWULF�FDOFXODWHV�WKH�DYHUDJH�VL]H�RI�WKH�SDWFKHV�
RI� WKH� VDPH� W\SH�� WKH� WRWDO� DUHDV� DUH� VXPPHG� DQG�
GLYLGHG�E\�WKH�QXPEHU�RI�SDWFKHV�

036� ��DLM���ELM���FLM������[LM����1
:KHUH�

DLM�� ELM�� FLM� ���� [LM�� WRWDO� DUHDV� RI�
HDFK�SDWFK�RI�WKH�VDPH�W\SH

Q�� 7RWDO� QXPEHU� RI� SDWFKHV� RI�
WKH�VDPH�W\SH�LQ�WKH�ODQGVFDSH�
DQDO\]HG

6RXUFH��2JDZD��

3DWWRQ
V�'LYHUVLW\�,QGH[

�� 2JDZD��+���.���HW�DO��2S��FLW�
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7KH�3DWWRQ�'LYHUVLW\�LQGH[�H[SUHVVHV�WKH�VKDSH�RI�WKH�IUDJPHQWV�DQG�LV�FDOFXODWHG�
XVLQJ�(TXDWLRQ�1R�������

݅ܦ ൌ
ܲ

ʹξߨܣ

(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�3DWWRQ
V�'LYHUVLW\�LQGH[

:KHUH�

'L��3DWWRQ�GLYHUVLW\�LQGH[�RI�HDFK�IUDJPHQW

3��SHULPHWHU�LQ��P�

$��DUHD�LQ��P��

'L�YDULHV�EHWZHHQ���DQG����ZKHQ�'L� LV���� WKH�VKDSH�RI� WKH�IUDJPHQW� UHVHPEOHV�D�
FLUFOH��DV�LW�LQFUHDVHV��WKH�IRUP�EHFRPHV�PRUH�FRPSOH[��)RU�HDFK�SHULRG�DQDO\]HG��
WKH�'L�ZDV�JURXSHG�LQWR�ILYH�����UDQJHV�DFFRUGLQJ�WR�WKH�PHWKRGRORJ\�HVWDEOLVKHG�E\�
+HQDR�����������ZKR��FODVVLILHV�WKHP�LQ��URXQG��'L���������URXQG RYDO������!�'L��������
REORQJ�RYDO�����!�'L��������UHFWDQJXODU�REORQJ�����!�'L������DQG�DPRUSKRXV��'L!����

7KH�DYHUDJH�'L�IRU�HDFK�\HDU����VWDQGDUG�HUURU��ZDV�REWDLQHG�DV�WKH�DYHUDJH�YDOXH�
RI�DOO�'L�SHU�SHULRG��

)UDFWDO�GLPHQVLRQ

7KH� IUDFWDO� GLPHQVLRQ� �'�� LV� D� TXDQWLWDWLYH�PHDVXUH� RI� ODQGVFDSH� FRPSOH[LW\�� LV�
FRQVLGHUHG� WKH�PRVW� DG� KRF� GHVFULSWRU� WR� TXDQWLI\� WKH� IUDJPHQWDWLRQ� RI� GLIIHUHQW�
ODQGVFDSHV ���

7KH�IUDFWDO�GLPHQVLRQ��'��IRU�WKH�WRWDO�VHW�RI�IUDJPHQWV�LQ�HDFK�\HDU��ZDV�REWDLQHG�
IROORZLQJ� WKH� FDOFXODWLRQ� PHWKRG� SURSRVHG� E\� /RYHMR\� ���������� 7KH� IUDFWDO�
GLPHQVLRQ� LV� XVXDOO\� DSSOLHG� WR� ODUJH� ODQGVFDSHV� E\� XVLQJ� WKH� DUHD�SHULPHWHU�
UHODWLRQVKLS�DQG�LV�FDOFXODWHG�ZLWK�(TXDWLRQ�1R�������

ܦ ൌ
݈ܲ݃ʹ

ܣ݈݃

�� +(1$2�6��,QWURGXFWLRQ�WR�ZDWHUVKHG�PDQDJHPHQW��8QLYHUVLW\�RI�6DQWR�7RPDV��'HVFKRROLQJ�7HDFKLQJ�&HQWHU��8VWD�
HGLWLRQV��%RJRWD�&RORPELD������S��1DWLRQDO�,QVWLWXWH�RI�6WDWLVWLFV�,1(��������9,�1DWLRQDO�$JULFXOWXUDO�&HQVXV��SUHOLPLQDU\�
UHVXOWV�������,1(������S�
�� 7851(5�0�*��/DQGVFDSH�HFRORJ\��WKH�HIIHFW�RI�SDWWHUQ�RQ�SURFHVV��$QQX��.LQJ��(FRO��6\VW��<HDU�������3���������
�� /29(-2<�7(��$UHD�SHULPHWHU�UHODWLRQ�IRU�UDLQ�DQG�FORXG�FRIIHUV��6FLHQFH�9RO������<HDU�������3����������
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(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�WKH )UDFWDO�'LPHQVLRQ

:KHUH�

'��)UDFWDO�'LPHQVLRQ

3��SHULPHWHU�LQ��P�

$��DUHD�LQ��P��

7KH�IUDFWDO�GLPHQVLRQ�H[SUHVVHV�WKH�GHJUHH�RI�FRPSOH[LW\�RI�WKH�IUDJPHQWV��WKXV��LQ�
ERWK� IRUPXODV��'�RVFLOODWHV� EHWZHHQ��� �VLPSOH�(XFOLGHDQ� IRUPV��DQG��� �FRPSOH[��
DPRUSKRXV�DQG�HORQJDWHG�IRUPV���

)RUP�IDFWRU

7KH� )RUP� )DFWRU� �))�� UHODWHV� WKH� SHULPHWHU� RI� D� FLUFOH� RI� WKH� VDPH� DUHD� DV� WKH�
IUDJPHQW�YV��WKH�SHULPHWHU�RI�WKH�IUDJPHQW��XVLQJ�(TXDWLRQ�1R��������

)I� �3F���3

(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�WKH�IRUP�IDFWRU

:KHUH��

)I��)RUP�)DFWRU

3F��LV�WKH�SHULPHWHU�RI�D�FLUFOH�RI�WKH�VDPH�DUHD�DV�WKH�IUDJPHQW�

3��LV�WKH�SHULPHWHU�RI�WKH�IUDJPHQW�LQ��P�

7KH� IRUP� IDFWRU� YDULHV� EHWZHHQ� �� �IDU� DZD\� IRUPV� RI� FLUFXODULW\�� DQG� �� �FLUFXODU�
VKDSHV�����7KH�DYHUDJH�YDOXH�SHU�\HDU�ZDV�REWDLQHG�DV�WKH�DYHUDJH�YDOXH�RI�DOO�)I�
SHU�SHULRG�

2Q�WKH�RWKHU�KDQG��WKH�WUHH�VSHFLHV�LGHQWLILHG�GXULQJ�WKH�ILHOG�SKDVH�ZHUH�DQDO\]HG�
DFFRUGLQJ�WR�WKHLU�PDLQ�XVH�LQ�WKH�DUHD��VXFK�DV�WLPEHU��PHGLFLQDO�DQG�IRRG�XVHV��
DPRQJ�RWKHUV��)RU�WKLV��VHFRQGDU\�LQIRUPDWLRQ�ZDV�XVHG��HVSHFLDOO\�LQ�IRUHVW�VSHFLHV�
RI� WLPEHU� LQWHUHVW�� WDNLQJ� DV� UHIHUHQFH� UHVHDUFK� VWXGLHV� DQG� SURGXFWLYH� SURMHFWV��
DPRQJ�RWKHUV�

�� .5800(/�-�5���5�+�*$5'1(5��*��68*,+$5$��5�9�2
1(,//�	�3�5��&2/(0$1�� /DQGVFDSH�SDWWHUQV� LQ� D� GLVWXUEHG�
HQYLURQPHQW��2LNRV��$xR������������ �����3�
�� ËELG
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� :LOGOLIH

7KH�PHWKRGRORJ\�XVHG�LQ�WKH�VDPSOLQJ�RI�HDFK�RI�WKH�WHUUHVWULDO�IDXQDO�FRPSRQHQWV�
LV�PHQWLRQHG�EHORZ��WR HVWDEOLVK�WKH�DEXQGDQFH��ULFKQHVV��HFRORJLFDO� LQGH[HV�DQG�
WKUHDW�VWDWXV��DPRQJ�RWKHU�DVSHFWV��RI�WKH�VSHFLHV�IRXQG�SHU�XQLW�RI�FRYHUDJH�SUHVHQW�
LQ�WKH�DUHD��7KH�LQIRUPDWLRQ�FROOHFWHG�LQ�WKH�ILHOG�IRU�HDFK�IDXQDO�JURXS�ZDV�UHFRUGHG�
LQ�ILHOG�WHPSODWHV��ZKLFK�DUH�IRXQG�LQ�$QQH[�������RI�WKH�ELRWLF�FKDUDFWHUL]DWLRQ�

+HUSHWRIDXQD

)RU�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�KHUSHWRIDXQD�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW��
GLUHFW�REVHUYDWLRQ�VDPSOLQJ�WHFKQLTXHV�ZHUH�XVHG��IROORZLQJ�WKH�PHWKRGRORJLHV�DQG�
SURFHGXUHV�GHVFULEHG�E\�0DQ]DQLOOD�DQG�3pIDXU�� DQG�$QJXOR�DQG�HGLWRUV�� �9(6�
0HWKRG�� 9LVXDO�(QFRXQWHU�6XUYH\���$Q�LQLWLDO�WRXU�RI�WKH�DUHD�ZDV�FDUULHG�RXW�LQ�RUGHU�
WR�YHULI\�WKH�YHJHWDWLRQ�FRYHU�DQG�FDUU\�RXW�D�V\VWHPDWLF�VDPSOLQJ�LQ�KDELWDWV��$IWHU�
YHULILFDWLRQ�� ��� SRO\JRQV� ZHUH� LQVWDOOHG� LQ� DTXDWLF� DQG� VHPL�DTXDWLF� KDELWDWV� IRU�
VDPSOLQJ��ZKLFK�ZDV�FDUULHG�RXW�GXULQJ�WKH�GD\�DQG�QLJKW��)LJXUH�1R��������7DEOH�
1R��������0DS�02'B/$B372B$17B��B)DXQD���7KHVH�SRO\JRQV�ZHUH�VDPSOHG�LQ�
IRXU� ����GD\V�ZLWK�D�VDPSOLQJ�HIIRUW�RI���KRXUV� ��GD\��$GGLWLRQDOO\��GU\� WUXQNV�DQG�
VWRQHV�ZHUH�FROOHFWHG�WR�UHFRUG�UHSWLOHV�LQ�WKH�DUHD��HVSHFLDOO\�VQDNHV�

�� 0$1=$1,//$��-HV~V�	�3e)$85��-DLPH�(��&RQVLGHUDWLRQV�RQ�PHWKRGV�DQG�ILHOG�WHFKQLTXHV�IRU�WKH�VWXG\�RI�DPSKLELDQV�
DQG�UHSWLOHV��,Q��-RXUQDO�RI�/DWLQ�$PHULFDQ�(FRORJ\��$XJXVW��������YRO�����QR�����DUW�����S������ ���
��$1*8/2��$ULDGQH���58('$�$/021$&,'��-RVp�9LFHQWH���52'5Ë*8(=�0$+(&+$��-RVp�9LFHQWH�	�/$�0$5&$��(QULTXH�
�HGV���,QYHQWRU\�DQG�PRQLWRULQJ�WHFKQLTXHV�IRU�DPSKLELDQV�LQ�WKH�7URSLFDO�$QGHDQ�UHJLRQ��%RJRWi��'�&��� &RORPELD����
3DQDPHULFDQD�IRUPDV�\�LPSUHVRV�6�$������������S���0DQXDO�VHULHV�RI�)LHOG�1R������,6%1�������������������
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)LJXUH�1R�������/RFDWLRQ�RI�SRO\JRQV�IRU�WKH�VDPSOLQJ�RI�WKH�KHUSHWRIDXQD�LQ�WKH�DUHD�RI�LQIOXHQFH
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7DEOH�1R�������*HRJUDSKLF�ORFDWLRQ�RI�WKH�SRO\JRQV�IRU�WKH�VDPSOLQJ�RI�WKH�KHUSHWRIDXQD�LQ�WKH�DUHD�
RI�LQIOXHQFH

3ODFH
)ODW FRRUGLQDWHV

PDJQD�VLUJDV�RULJLQ�%RJRWi $UHD��P��
(DVW 1RUWK

3� ���������� ������������ �����
3� ���������� ������������ ������
3� ���������� ������������ ������
3� ���������� ������������ ������
3� ���������� ������������ ������
3� ���������� ������������ ������
3� ���������� ������������ ������
3� ���������� ������������ �����
3� ���������� ������������ �����
3�� ���������� ������������ ������
3�� ���������� ������������ ������
3�� ���������� ������������ �����

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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7KH�LGHQWLILFDWLRQ�RI�VSHFLHV�ZDV�GRQH�LQ�VLWX�RU�ZLWK�SKRWRJUDSKV�WDNHQ�LQ�WKH�ILHOG�
DQG�ZLWK�WKH�KHOS�RI�WKH�3DODFLR�HW�DO�����5HQMLIR�\�/XQGEHUJ����&DVWUR����3iH]�HW�DO���

LW� UHDFKHG� WKH�PLQLPXP� SRVVLEOH� WD[RQRPLF� OHYHO�� 7KH� VSHFLHV� FROOHFWHG� IRU� WKH�
WDNLQJ�RI�SKRWRJUDSKV�IDFLOLWDWLQJ�WKHLU�LGHQWLILFDWLRQ�ZHUH�UHOHDVHG�LQ�WKH�HQYLURQPHQW�
ZKHUH�WKH\�ZHUH�FROOHFWHG��)RU�WKH�SURFHVVLQJ�RI�WKH�LQIRUPDWLRQ�DQG�EHFDXVH�WKH�
DPSKLELDQV� KDYH� H[SHULHQFHG� LQ� UHFHQW� \HDUV� FRQVWDQW� UHDVVLJQPHQWV� LQ� WKHLU�
FODVVLILFDWLRQ��WKHLU�WD[RQRP\�ZDV�YHULILHG�IROORZLQJ�WKH�FODVVLILFDWLRQ���

7KH�DQDO\]HV�RI�WKH�FRPPXQLW\�RI�KHUSHV�SUHVHQW�LQ�WKH�DUHD�ZHUH�PDGH�SHU�XQLW�RI�
FRYHUDJH�VDPSOHG��)RU�HDFK�FRYHUDJH�WKH�ULFKQHVV�DQG�DEXQGDQFH�RI�VSHFLHV�ZDV�
FDOFXODWHG�DQG�ZLWK�WKLV�LQIRUPDWLRQ�D�PDS�ZDV�FRQVWUXFWHG�DW�D�VFDOH�RI������������
VKRZLQJ�WKH�GLVWULEXWLRQ�RI�WKH�VSHFLHV�RQ�WKH�YHJHWDWLRQ�FRYHU�DQG�WKH�FXUUHQW�XVH�
RI� WKHLU� VRLO�� /LNHZLVH��0DUJDOHI
V� HFRORJLFDO� ZHDOWK� LQGH[HV� �(TXDWLRQ�1R�� �������
6KDQQRQ�:HLQHU�GLYHUVLW\��(TXDWLRQ�1R���������6LPSVRQ
V�GRPLQDQFH��(TXDWLRQ�1R��
�������DQG�3LHORX
V�HTXLWDELOLW\�ZHUH�IRXQG��7KLV�ODVW�LQGH[�VKRZV�WKH�GLVWULEXWLRQ�RI�
WKH�DEXQGDQFH�RI�WKH�VSHFLHV�ZLWKLQ�WKH�FRPPXQLW\�DQG�LWV�YDOXHV�IOXFWXDWH�EHWZHHQ�
��DQG����ZKHUH�WKRVH�FORVH�WR�]HUR�LQGLFDWH�WKDW�WKH�VSHFLHV�DUH�QRW�HTXDOO\�DEXQGDQW�
DQG�LI� WKH�YDOXHV�DUH�FORVH�WR�RQH� LW�H[SUHVVHV�WKDW� WKH�VSHFLHV�7KH\�DUH�HTXDOO\�
DEXQGDQW��(TXDWLRQ�1R�������H[SUHVVHV�WKH�ZD\�LQ�ZKLFK�WKLV�LQGH[�LV�FDOFXODWHG�

(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�3LHORX
V�HTXLWDELOLW\�LQGH[

:KHUH��

6� �QXPEHU�RI�VSHFLHV

�� 3$/$&,2�%$(1$��-DLPH�$OEHUWR���08f2=�(6&2%$5��(OLDQD�0DUtD���*$//2�'(/*$'2��6DQGUD�0LOHQD���5,9(5$�
&255($��0DXULFLR��$PSKLELDQV�DQG�UHSWLOHV�RI�WKH�$EXUUi�9DOOH\��0HGHOOtQ���(GLWRULDO�=XOXDJD�/WGD�����������S��,6%1�����
����������
�� 5(1-,)2��-XDQ�0DQXHO�DQG�/81'%(5*��0LNDHO��)LHOG�JXLGH�$PSKLELDQV�DQG�UHSWLOHV�RI�8UUi��0HGHOOtQ�&RORPELD���
(GLWRULDO�&ROLQD�����������S��,6%1���������������
�� &$6752�+(55(5$��)HUQDQGR��7D[RQRP\�RI�PDMRU�JURXSV�RI�DPSKLELDQV�DQG�&RORPELDQ�UHSWLOHV��ZULWWHQ�LQ�SUHSDUDWLRQ�
DQG�UHYLVLRQ���&DOL�&RORPELD���(GLWRULDO�8QLYHUVLGDG�GHO�9DOOH����������S�
�� 3È(=�9LYLDQ��%2&.�%&��(675$'$�--��257(*$�$0��'$=$�-0�DQG�*87,e55(=�3DXO�'DYLG��)LHOG�*XLGH�RI�6RPH�
6SHFLHV�RI�$PSKLELDQV�DQG�5HSWLOHV�RI�$QWLRTXLD��0HGHOOtQ���(GLWRULDO�8QLYHUVLW\�RI�$QWLRTXLD�����������S�
�� )5267��'DUUHO�5��$PSKLELDQ�6SHFLHV�RI�WKH�:RUOG��$Q�2QOLQH�5HIHUHQFH�9HUVLRQ������$PHULFDQ�0XVHXP�RI�1DWXUDO�
+LVWRU\��(OHFWURQLF�'DWDEDVH��1HZ�<RUN��86$���������'DWH�RI�DFFHVV��������������$FFHVVLEOH�DW�
KWWS���UHVHDUFK�DPQK�RUJ�KHUSHWRORJ\�DPSKLELD�LQGH[�KWPO�

PD[





+

+
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6+ OQPD[
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,Q� DGGLWLRQ�� WKH� SRWHQWLDO� URXWHV� RI� KHUSHWRIDXQD� GLVSODFHPHQW� ZLWKLQ� WKH� DUHD� RI�
LQIOXHQFH�RI�WKH�SURMHFW�ZHUH�LGHQWLILHG�DQG�PDSSHG�DW�D�VFDOH�RI������������)LQDOO\��
LW� ZDV� DVNHG� LI� WKH� UHJLVWHUHG� VSHFLHV� ZHUH� HQGHPLF� RU� DOPRVW� HQGHPLF� LQ� WKH�
FRXQWU\�� DQG� WKHLU� WKUHDW� VWDWXV� ZDV� YHULILHG� E\� FRQVXOWLQJ� 5HVROXWLRQ� ����� RI�
��������WKH�UHG�ERRN�RI�DPSKLELDQV�� DQG�UHSWLOHV�� RI�&RORPELD��WKH�OLVW�RI�WKUHDWHQHG�
VSHFLHV�RI�,8&1�DQG�WKH�$SSHQGLFHV�,��,,�DQG�,,,�RI�&,7(6����,Q�WXUQ��IRU�WKHVH�VSHFLHV�
ZLWK�H[LVWLQJ�VHFRQGDU\�LQIRUPDWLRQ�WKHLU�HFRORJLFDO�FKDUDFWHULVWLFV�ZHUH�GHVFULEHG��
LQFOXGLQJ�WKHLU�SRWHQWLDO�EUHHGLQJ��UHSURGXFWLRQ�DQG�IHHGLQJ�DUHDV�

%LUGV

)RU� WKH�FKDUDFWHUL]DWLRQ�RI� WKH�DYLIDXQD�WKH�PHWKRGRORJ\�SURSRVHG�E\�9LOODUHDO�HW�
DO�����ZKLFK�FRQVLVWV�RI� WKH�YLVXDO�GHWHFWLRQ�RI�WKH� IDXQD�WKURXJK�WKH�UHDOL]DWLRQ�RI�
UDQGRP�URXWHV��IRU�ZKLFK�QR�VSHFLPHQV�ZHUH�FROOHFWHG��)RU�WKLV�����WUDQVHFWV�ZHUH�
PDGH� WKURXJKRXW� WKH� DUHD� RI� LQIOXHQFH�� WKXV� FRYHULQJ� WKH� YHJHWDWLRQ� FRYHUDJH�
SUHVHQW� �)LJXUH�1R�� ������7DEOH�1R�� ������0DS�02'B/$B372B$17B��B)DXQD���
7KH�VDPSOLQJV�ZHUH�FDUULHG�RXW�IRU�WZR�����GD\V�LQ�WKH�PRUQLQJ�DQG�DIWHUQRRQ�KRXUV�
WR� UHJLVWHU� WKH�ELUGV� LQ� WKHLU�EXVLHVW�KRXUV�� IRU�D�VDPSOLQJ�HIIRUW�RI���KRXUV� ��GD\��
$GGLWLRQDOO\��D�YLGHR�FDPHUD�ZLWK�WULSRG�ZDV�LQVWDOOHG�DW����IL[HG�SRLQWV�ZKHUH WKHUH�
ZDV� PRUH� ELUG� DFWLYLW\� �)LJXUH� 1R�� ������ 7DEOH� 1R�� ������ 0DS�
02'B/$B372B$17B��B)DXQD��

�� 7+(�5(37,/(�'$7$%$6(����>HQ�OtQHD@�KWWS���UHSWLOH�GDWDEDVH�UHSWDULXP�F]��>FLWDGR�HO����GH�MXOLR�GH�����@
�� &2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ�����������)HEUXDU\�
�������2S��&LW���3���������������
�� 58('$�$/021$&,'��-RVp�9LFHQWH���/<1&+��-RKQ���$0e=48,7$��$GROIR��5HG�ERRN�RI�WKH�DPSKLELDQV�RI�&RORPELD��
%RJRWi���&RORPELDQ�,QWHUQDWLRQDO�&RQVHUYDWLRQ��1DWLRQDO�8QLYHUVLW\��,QVWLWXWH�RI�1DWXUDO�6FLHQFHV��0LQLVWU\�RI�WKH�
(QYLURQPHQW������������S���6HULHV�RI�UHG�ERRNV�RI�WKUHDWHQHG�VSHFLHV�RI�&RORPELD��
�� &$67$f2�025$��2OJD�9LFWRULD��5HG�ERRN�RI�UHSWLOHV�RI�&RORPELD��%RJRWi���&RORPELD�+XPEROGW�,QVWLWXWH��1DWLRQDO�
8QLYHUVLW\�RI�&RORPELD������������S���6HULHV�RI�UHG�ERRNV�RI�WKUHDWHQHG�VSHFLHV�RI�&RORPELD���,6%1������������
�� &219(17,21�21�,17(51$7,21$/�75$'(�,1�7+5($7(1('�63(&,(6�2)�:,/'/,)(�$1'�:,/'/,)(�� &,7(6��/LVW�RI�
&,7(6�VSHFLHV��>RQOLQH@�KWWS���FKHFNOLVW�FLWHV�RUJ���HV�>TXRWHG�RQ�-XO\���������@�
�� 9,//$55($/�HW�DO��2S��FLW������± ����
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7� ���������� ������������ ���������� ������������ ������ ���
7� ���������� ������������ ���������� ������������ ������ ���
7� ���������� ������������ ���������� ������������ ������ ���
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%LUGV�IL[HG�SRLQW
)ODW FRRUGLQDWHV
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(DVW 1RUWK

� ���������� ������������
�� ���������� ������������
�� ���������� ������������
�� ���������� ������������
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�� ���������� ������������

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7KH�LGHQWLILFDWLRQ�RI�VSHFLHV�ZDV�GRQH�LQ�VLWX�RU�ZLWK�SKRWRJUDSKV�WDNHQ�LQ�WKH�ILHOG�
UHDFKLQJ�WKH�PLQLPXP�SRVVLEOH�WD[RQRPLF�OHYHO��)RU�WKH�SURFHVVLQJ�DQG�YHULILFDWLRQ�
RI�WKH�WD[RQRP\�RI�WKLV�JURXS��WKH�RQH�HVWDEOLVKHG�LQ�$YL%DVH�ZDV�IROORZHG����7KH�
DQDO\]HV�RI�WKH�ELUG�FRPPXQLW\�SUHVHQW�LQ�WKH�DUHD�ZHUH�PDGH�SHU�XQLW�RI�VDPSOHG�
FRYHUDJH�

)RU�HDFK�FRYHUDJH�WKH�ULFKQHVV�DQG�DEXQGDQFH�RI�VSHFLHV�ZDV�FDOFXODWHG�DQG�ZLWK�
WKLV� LQIRUPDWLRQ� D� PDS� ZDV� FRQVWUXFWHG� DW� D� VFDOH� RI� ��� �������� VKRZLQJ� WKH�
GLVWULEXWLRQ�RI�WKH�VSHFLHV�RQ�WKH�YHJHWDWLRQ�FRYHU�DQG�WKH�FXUUHQW�XVH�RI�WKHLU�VRLO��
/LNHZLVH��0DUJDOHI
V�HFRORJLFDO�ZHDOWK�LQGLFHV��(TXDWLRQ�1R���������6KDQQRQ�:HLQHU�
GLYHUVLW\� �(TXDWLRQ� 1R�� ������� 6LPSVRQ
V� GRPLQDQFH� �(TXDWLRQ� 1R�� ������� DQG�
3LHORX
V�HTXLWDELOLW\��(TXDWLRQ�1R��������ZHUH�IRXQG���$GGLWLRQDOO\��SRVVLEOH�URXWHV�RI�
GLVSODFHPHQW�RI� WKH�KHUSHWRIDXQD�ZLWKLQ� WKH�DUHD�RI� LQIOXHQFH�RI� WKH�SURMHFW�ZHUH�
LGHQWLILHG�DQG�PDSSHG�DW�D�VFDOH�RI�����������

2Q�WKH�RWKHU�KDQG��WKH�WURSKLF�JXLOGV�WR�ZKLFK�WKH�UHJLVWHUHG�VSHFLHV�EHORQJ�DV�ZHOO�
DV�WKH�PDLQ�XVH�JLYHQ�WR�WKHP�ZHUH�HVWDEOLVKHG����,W�ZDV�DOVR�HVWDEOLVKHG�ZKLFK�RI�
WKH� UHJLVWHUHG� VSHFLHV� DUH� PLJUDWRU\� VSHFLHV �� DQG� ZKLFK� DUH� FODVVLILHG� DV�
HQGHPLF�� ����$OPRVW�HQGHPLF�DQG�RI�LQWHUHVW�LQ�WKH�FRXQWU\��)LQDOO\��WKH�WKUHDWHQHG�
VWDWXV�RI�WKH�VSHFLHV�UHSRUWHG�ZDV�YHULILHG�E\�FRQVXOWLQJ�5HVROXWLRQ������RI���������
WKH�UHG�ELUG�ERRN�RI�&RORPELD�� RI�&RORPELD��WKH�OLVW RI�WKUHDWHQHG�VSHFLHV�RI�,8&1�

�� $9,%$6(��7KH�ZRUOG�ELUG�GDWDEDVH��>HQ�OtQHD@�KWWS���DYLEDVH�EVF�HRF�RUJ�DYLEDVH�MVS�>FLWDGR�HO����GH�MXOLR�GH�����@
�� %LUG/LIH�,QWHUQDWLRQDO��6SHFLHV�IDFWVKHHWV��>HQ�OtQHD@��KWWS���ZZZ�ELUGOLIH�RUJ�>FLWDGR�HO����GH�MXOLR�GH�����@
�� &2/20%,$��0LQLVWU\�RI�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW��*XLGH�WR�PLJUDWRU\�VSHFLHV�RI�ELRGLYHUVLW\�LQ�
&RORPELD�� %LUGV��9ROXPH����::)�&RORPELD��%RJRWi��(GV��1$5$1-2��/XLV�*HUPDQ��$0$<$��-XDQ�'DYLG��(866(�
*21=È/(=��'LDQD�DQG�&,)8(17(6�6$50,(172��<DQLUD������������S��,6%1������������������
�� 6$/$0$1��3DXO��'21(*$1��7KRPDV�DQG�&$52��'DYLG��/LVW�RI�%LUGV�RI�&RORPELD��,Q��&RORPELDQ�&RQVHUYDWLRQ��0D\��������
QR�����S������
�� &+$3$552�+(55(5$�� 6HUJLR�� (&+(9(55<�*$/9,6�� 0DUtD� ÈQJHOD�� &Ï5'2%$�&Ï5'2%$�� 6HUJLR� DQG� 68$�
%(&(55$��$GULDQD��8SGDWHG�OLVW�RI�HQGHPLF�DQG�QHDU�HQGHPLF�ELUGV�RI�&RORPELD��,Q��&RORPELDQ�%LRWD��������YRO������1R� ���
��������
�� &2/20%,$����0,1,67(5,2�'(�$0%,(17(�<�'(6$552//2�6267(1,%/(��5HVROXFLyQ�����������IHEUHUR���������2S��
FLW���S��������
�� 5(1-,)2��/XLV�0LJXHO��)5$1&2�0$<$��$QD�0DUtD��$0$<$�(63,1(/��-XDQ�'DYLG��.$77$1��*XVWDYR�DQG�/Ï3(=�
/$1Ò6��%HUQDEp��5HG�ERRN�RI�ELUGV�RI &RORPELD��5HVHDUFK�,QVWLWXWH�RI�%LRORJLFDO�5HVRXUFHV�$OH[DQGHU�YRQ�+XPEROGW��
0LQLVWU\�RI�(QYLURQPHQW��6HUL�RI�UHG�ERRNV�RI�WKUHDWHQHG�VSHFLHV�RI�&RORPELD��%RJRWi�������S�������,6%1���������������
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DQG� $SSHQGLFHV� ,�� ,,� DQG� ,,,� RI� &,7(6�� ,Q� WXUQ�� IRU� WKHVH� VSHFLHV� ZLWK� H[LVWLQJ�
VHFRQGDU\� LQIRUPDWLRQ�� WKHLU� HFRORJLFDO� FKDUDFWHULVWLFV� ZHUH� GHVFULEHG�� LQFOXGLQJ�
WKHLU�SRWHQWLDO�EUHHGLQJ��UHSURGXFWLRQ��IHHGLQJ�DQG�QHVWLQJ�

�� 0DPPDOV

7R�FDUU\�RXW�WKH�FKDUDFWHUL]DWLRQ�RI�VPDOO��PHGLXP�DQG�ODUJH�PDPPDOV�DQG�WKH�IOLHUV�
LQ� WKH� DUHD� RI� LQIOXHQFH�� GLUHFW� REVHUYDWLRQ� DQG� LQGLUHFW� GHWHFWLRQ�PHWKRGV� ZHUH�
XVHG����7KH�GLUHFW�REVHUYDWLRQ�PHWKRGV�FRQVLVWHG�LQ�WUDYHUVLQJ����WUDQVHFWV�IRU�WKH�
UHJLVWUDWLRQ�RI�PDPPDOV��LQ�ZKLFK�VHDUFKHV�IRU�WUDFHV�VXFK�DV�IHFHV��PDUNV�RQ�WUHHV�
DQG�EXUURZV��DPRQJ�RWKHUV��ZHUH�FDUULHG�RXW��7KHVH�WUDQVHFWV�ZHUH�WKH�VDPH�DV�
WKRVH� XVHG� WR� UHJLVWHU� ELUGV� �)LJXUH� 1R�� ������ 7DEOH� 1R�� ������ 0DS�
02'B/$B372B$17B��B)DXQD��� 6DPSOHV� ZHUH� WDNHQ� IRU� WZR� ���� GD\V� IRU� D�
VDPSOLQJ�HIIRUW�RI���KRXUV���GD\��$V�LQGLUHFW�GHWHFWLRQ�PHWKRGV�����IRRWSULQW�WUDSV�DQG�
��� WUDS� FKDPEHUV� ZHUH� LPSOHPHQWHG� IRU� WKH� LGHQWLILFDWLRQ� RI� PHGLXP� DQG� ODUJH�
PDPPDOV� �3KRWRJUDSK� 1R�� ����� )LJXUH� 1R�� ������ 7DEOH� 1R�� ������ 0DS�
02'B/$B372B$17B��B)DXQD���7KH�VDPSOLQJ�HIIRUW�IRU�WKH�WUDSV�IRRWSULQW�ZDV���
WUDSV���GD\�IRU�D�WRWDO�RI����WUDSV�����GD\V�DQG�IRU�WKH�WUDSV�FDPHUDV�ZDV���FDPHUDV�
��GD\�IRU�D�WRWDO�RI����FDPHUDV�LQVWDOOHG�����GD\V��)RU�IRRWSULQW�WUDSV��WKH SODQW�PDWHULDO�
ZDV�UHPRYHG�IURP�WKH�VRLO��WKH�JURXQG�ZDV�SUHSDUHG�ZLWK�D�KRH�DQG�WKHQ�IODWWHQHG�

3KRWRJUDSK�1R������)RRWSULQW�WUDSV��OHIW��DQG�WUDS�FDPHUDV��ULJKW��LQVWDOOHG�IRU�LQGLUHFW�VDPSOLQJ�RI�PDPPDOV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

�� 6È1&+(=��)UDQFLVFR��6È1&+(=�3$/20,12��3HGUR�DQG�&$'(1$��$OEHUWR��,QYHQWRU\�RI�PDPPDOV�LQ�D�IRUHVW�LQ�WKH�
FHQWUDO�$QGHV�RI�&RORPELD��,Q��&DOGDVLD��������YRO������QR���S����������
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�� ���������� ������������
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

)RU�WKH�FDSWXUH�RI�VPDOO�QRQ�IO\LQJ�PDPPDOV��3019������6KHUPDQ�W\SH�WUDSV�ZHUH�
XVHG�� ��� RI� WKHP� ZHUH� ORFDWHG� LQ� VL[� ���� VWUDWHJLF� SRLQWV� �7DEOH� 1R�� ������ 0DS�
02'B/$B372B$17B��B)DXQD��LQ�JDOOHU\�DQG�GHQVH�IRUHVWV�GXULQJ�DOO�WKH�GD\V�RI�
WKH�6DPSOLQJ�DQG� WKH�RWKHU����ZHUH�GLVWULEXWHG� LQ� WKH�RWKHU�YHJHWDWLRQ�FRYHULQJV�
�DUUDFDFKDO��SDVWXUHV�DQG�JUDVVODQGV��WZR�QLJKWV�IRU�HDFK�FRYHU��LQ�RUGHU�WR�LQWHQVLI\�
WKH�VDPSOLQJ�LQ�WKH�IRUHVW�KDELWDWV�ZKHUH�WKHUH�LV�D�JUHDWHU�SUREDELOLW\�RI�ILQGLQJ�DQG�
��RU�FDSWXULQJ�LQGLYLGXDOV�RI�3019���IRU�D�WRWDO�RI�������WUDS�KRXUV�LQ�WKH�FRYHUDJHV�
HYDOXDWHG��7KH�WUDSV�ZHUH�ORFDWHG�RQ�WKH�JURXQG��ZLWK�DQ�DSSUR[LPDWH�VHSDUDWLRQ�RI�
������P�EHWZHHQ�HDFK�RQH��WU\LQJ�WR�FRYHU�WKH�GLIIHUHQW�VWUDWD�RI�WKH�VDPSOLQJ�VLWH�

%HFDXVH�VPDOO�PDPPDOV�DUH�HOXVLYH� WR� WKH�SUHVHQFH�RI� IRUHLJQ�HOHPHQWV� LQ� WKHLU�
HQYLURQPHQW�� LW� LV� QHFHVVDU\� WR� OHDYH� WKH� WUDSV�� DW� OHDVW�� IRU� WZR� QLJKWV� LQ� HDFK�
FRYHUDJH��7KHVH�ZHUH ORFDWHG� LQ� VWUDWHJLF� VLWHV�DQG�PLFURKDELWDWV�VXFK�DV� IDOOHQ�
WUXQNV��EDVH�RI�WUHHV��WUHH�EUDQFKHV��IROLDJH�RI�EUDQFKHV��FDYLWLHV�IRUPHG�E\�URRWV��
QHDU�FDYHV��RQ�HGJHV�RI�VWRQHV��HGJHV�RI�ERGLHV�RI�ZDWHU�DQG� LQ�SDWKV��)RU� WKLV�
VDPSOLQJ�WKH�PHWKRGRORJ\�RI�GLIIHUHQW�DXWKRUV�ZDV�IROORZHG�� �� �� ����7KHVH�WUDSV�DUH�
XVHIXO� WR� FDSWXUH� VPDOO� WHUUHVWULDO� DQG� DUERUHDO� PDPPDOV�� VXFK� DV� FULFHWLGV� DQG� VPDOO�
PDUVXSLDOV��PLFH��PDUPRVDV��PDUVXSLDOV��DPRQJ�RWKHUV����

$OO� WKH� WUDSV�ZHUH� FKHFNHG�GDLO\� LQ� WKH�PRUQLQJ�KRXUV� WR� FKHFN� WKH� FDWFKHV�DQG�
FKDQJH�EDLWV��)RU�WKH�6KHUPDQ�WUDSV��D�PL[WXUH�RI�SHDQXWV��RDWV�DQG�YDQLOOD�HVVHQFH�
ZDV�XVHG�DV�EDLW�

7KH�VSHFLPHQ�FDSWXUHG� LQ� WKH� WUDSV�ZDV�PDQXDOO\�H[WUDFWHG�XVLQJ� OHDWKHU�JORYHV�
DQG�GHSRVLWHG�LQ�D�FORWK�EDJ��/DWHU�LQ�D�ILHOG�QRWHERRN��WKH�GDWH��WLPH��VFLHQWLILF�QDPH��
QXPEHU� RI� LQGLYLGXDOV�� PRUSKRPHWULF� FKDUDFWHULVWLFV�� VH[�� ZHLJKW�� ORFDWLRQ�� WKH�
KDELWDW�ZKHUH�LW�ZDV�FROOHFWHG��DQG�RWKHU�LQWHUHVWLQJ�FKDUDFWHULVWLFV�ZHUH�UHFRUGHG��

�� 60,7+��*�&���'�:��.$8)0$1��5�0��-21(6��-�%��*(175<��$1'�0�+��60,7+��������7KH�UHODWLYH�HIIHFWLYHQHVV�RI�WZR�
W\SHV�RI�VQDS�WUDSV��$FWD 7KHULRORJLD������������ �����
�� .$/.2�(�.�9��$1'�&�2��+$1'/(<��-5��������&RPSDUDWLYH�VWXGLHV�RI�VPDOO�PDPPDO�SRSXODWLRQV�ZLWK�WUDQVHFWV�RI�VQDS�
WUDSV�DQG�SLWIDOO�DUUD\V�LQ�VRXWKZHVW�9LUJLQLD��9LUJLQLD�-RXUQDO�RI�6FLHQFH��������� ���SS�
�� :,/621�'��(���)�5��&2/(��-�'��1,&+2/6��5��58'5$1�<�0�6��)267(5��������0HDVXULQJ�DQG�PRQLWRULQJ�ELRORJLFDO�
GLYHUVLW\��6WDQGDUG�0HWKRGV�IRU�0DPPDOV��6PLWKVRQLDQ�,QVWLWXWLRQ�3UHVV��:DVKLQJWRQ�DQG�/RQGRQ��������SS�
�� $5$1'$�6È1&+(=��-��0��������7UDFHV�RI�ZLOG�PDPPDOV�RI�0H[LFR��1DWLRQDO�5HVHDUFK�,QVWLWXWH�RQ�ELRWLF�UHVRXUFHV��
;DODSD��9HUDFUX]��0H[LFR�
�� 0,1,675<�2)�(19,5210(17��+286,1*�$1'�7(55,725,$/�'(9(/230(17��������*HQHUDO�PHWKRGRORJ\�IRU�WKH�
SUHVHQWDWLRQ�RI�HQYLURQPHQWDO�VWXGLHV��%RJRWi��'�&����&RORPELD��0LQLVWU\�RI�(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�
'HYHORSPHQW�����S�
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7KH� VSHFLPHQ� ZDV� WDNHQ� SKRWRJUDSKV� DQG� VXEVHTXHQWO\� UHOHDVHG� LQ� WKH� VDPH�
FDSWXUH�VLWH�

7DEOH�1R�������*HRJUDSKLF�ORFDWLRQ�RI�WKH�VDPSOLQJ�SRLQWV�ZKHUH�WKH�6KHUPDQ�WUDSV�ZHUH�LQVWDOOHG

3RLQW
)ODW FRRUGLQDWHV

PDJQD�VLUJDV�RULJLQ�%RJRWi
(DVW 1RUWK

0� ���������� ������������
0� ���������� ������������
0� ���������� ������������
0� ���������� ������������
0� ���������� ������������
0� ���������� ������������

6RXUFH��6$*�6�$�������

)RU�WKH�IO\LQJ�PDPPDOV��EDWV�� RUGHU�&KLURSWHUD���IRJ�QHWV�ZHUH�XVHG��7ZR�����PLVW�
QHWV�RI����P�ORQJ�E\������P�KLJK�DQG����PP�PHVK�H\H�ZHUH�LQVWDOOHG��IRU�D�WRWDO�RI�
���PHWHUV� �� QHWZRUN� SHU� VHOHFWHG� FRYHUDJH�� 7KHVH� ZHUH� ORFDWHG� LQ� WKH� GLIIHUHQW�
YHJHWDWLRQ�XQLWV�GHWHFWHG�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�DQG�LQ�VWUDWHJLF�VLWHV�
RI�HDFK�FRYHUDJH��7KH�QHWZRUNV�ZHUH�DFWLYDWHG IURP�������KRXUV�XQWLO�������KRXUV�
SHU�GD\�RI�VDPSOLQJ�IRU�D�WRWDO�RI�����KRXUV���QHWZRUN�SHU�HYDOXDWHG�FRYHUDJH��7KH�
FDSWXUHG� LQGLYLGXDOV� ZHUH� SODFHG� LQ� FORWK� EDJV� IRU� LGHQWLILFDWLRQ�� WDNLQJ�
PHDVXUHPHQWV��ZHLJKW��VH[��SKRWRJUDSKLF�UHFRUG�DQG�VXEVHTXHQW�UHOHDVH�

7KH�LGHQWLILFDWLRQ�RI�VSHFLHV�ZLWK�GLUHFW�DQG�LQGLUHFW�PHWKRGV�ZDV�GRQH�LQ�VLWX�RU�ZLWK�
SKRWRJUDSKV�WDNHQ�LQ�WKH�ILHOG��UHDFKLQJ�WKH�PLQLPXP�SRVVLEOH�WD[RQRPLF�OHYHO�� LQ�
WKH�FDVH�RI�EDW�VSHFLHV��EDW� OLVWV� IURP�&RORPELD�� �� DQG� WD[RQRPLF� LGHQWLILFDWLRQ�
NH\V�ZHUH�XVHG�� ����

7KH�DQDO\]HV�RI�WKH�PDPPDOLDQ�FRPPXQLW\�SUHVHQW�LQ�WKH�DUHD�ZHUH�PDGH�SHU�XQLW�
RI�VDPSOHG�FRYHUDJH��)RU�HDFK�FRYHUDJH�WKH�ULFKQHVV�DQG�DEXQGDQFH�RI�VSHFLHV�
ZDV�FDOFXODWHG�DQG�ZLWK� WKLV� LQIRUPDWLRQ�D�PDS�ZDV�FRQVWUXFWHG�DW� D� VFDOH�RI� ���
�������� VKRZLQJ� WKH� GLVWULEXWLRQ� RI� WKH� VSHFLHV� RQ� WKH� YHJHWDWLRQ� FRYHU� DQG� WKH�
FXUUHQW�XVH�RI�WKHLU�VRLO��/LNHZLVH��0DUJDOHI
V�HFRORJLFDO�ZHDOWK�LQGLFHV��(TXDWLRQ�1R��
������� 6KDQQRQ�:HLQHU� GLYHUVLW\� �(TXDWLRQ� 1R�� ������� 6LPSVRQ
V� GRPLQDQFH�
�(TXDWLRQ� 1R�� ������ DQG� 3LHORX
V� HTXLWDELOLW\� �(TXDWLRQ� 1R�� ������ ZHUH� IRXQG��
$GGLWLRQDOO\��PDPPDOV
�PRYHPHQW�URXWHV�ZHUH�LGHQWLILHG�ZLWKLQ�WKH�DUHD�RI�LQIOXHQFH�

�� )(55(5�3e5(=��$��0��%(/75È1��$��3�'Ë$=�38/,'2��)��758-,//2��+��0$17,//$�0(/8.��2��+(55(5$��$��)�
$/)2162��(67(%$1�3$<È1��������/LVW�RI�PDPPDOV�LQ�WKH�2ULQRFR�ULYHU�EDVLQ��%LRWD�&RORPELDQD����������� ����
�� (675$'$�9,//(*$6��6�	�%��+���5$0Ë5(=��������%DWV�RI�&DVDQDUH��&RORPELD��&KLURSWHUD�1HRWURSLFDO��������6SHFLDO�
9ROXPH��������6$2�%XOOHWLQ������������������
�� $*8,55(�/�)��9$5*$6�$��$1'�62/$5,�6��������)LHOG�FRGH�IRU�WKH�LGHQWLILFDWLRQ�RI�WKH�EDWV�RI�%ROLYLD��&HQWHU�IRU�
6WXGLHV�LQ�7KHRUHWLFDO�DQG�$SSOLHG�%LRORJ\��&RFKDEDPED��%ROLYLD�
�� 08f2=��-��������7KH�EDWV�RI�&RORPELD��6\VWHPDWLFV��GLVWULEXWLRQ��GHVFULSWLRQ��QDWXUDO�KLVWRU\�DQG�HFRORJ\�8QLYHUVLGDG�GH�
$QWLRTXLD��0HGHOOtQ��&RORPELD��3S�����



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ��

&$3����B7'(1*�5(9�'$9�2.
>0HGHOOtQ@������

RI�WKH�SURMHFW��,Q�DGGLWLRQ��WKH�SRWHQWLDO�URXWHV�RI�KHUSHWRIDXQD�GLVSODFHPHQW�ZLWKLQ�
WKH� DUHD� RI� LQIOXHQFH� RI� WKH� SURMHFW� ZHUH� LGHQWLILHG� DQG�PDSSHG� DW� D� VFDOH� RI� ���
�������

)LQDOO\�� LW�ZDV�DVNHG�LI�WKH�UHJLVWHUHG�VSHFLHV�ZHUH�HQGHPLF�RU�DOPRVW�HQGHPLF�LQ�
WKH�FRXQWU\ �� DQG�WKHLU�WKUHDW�VWDWXV�ZDV�YHULILHG�E\�FRQVXOWLQJ�5HVROXWLRQ������RI�
���� ����UHG�ERRN�RI�PDPPDOV �� RI�&RORPELD��WKH�OLVW�RI�WKUHDWHQHG�VSHFLHV�RI�,8&1
�� DQG� $SSHQGLFHV� ,�� ,,� DQG� ,,,� RI� &,7(6�� ,Q� WXUQ�� IRU� WKHVH� VSHFLHV�ZLWK� H[LVWLQJ�
VHFRQGDU\� LQIRUPDWLRQ�� WKHLU� HFRORJLFDO� FKDUDFWHULVWLFV� ZHUH� GHVFULEHG�� LQFOXGLQJ�
WKHLU�SRWHQWLDO�EUHHGLQJ��UHSURGXFWLRQ��IHHGLQJ�DQG�QHVWLQJ�DUHDV�

&RQWLQHQWDO�DQG�PDULQH�FRDVWDO�DTXDWLF�HFRV\VWHPV

7KH�IROORZLQJ�DUH�WKH�PHWKRGV�WKDW�ZHUH�XVHG�WR�FDUU\�RXW� WKH�IORULVWLF�DQG�IDXQDO�
FKDUDFWHUL]DWLRQ�RI�WKH�FRQWLQHQWDO�DQG�PDULQH�FRDVWDO�DTXDWLF�HFRV\VWHPV�SUHVHQW�
LQ�WKH�DUHD�RI�LQIOXHQFH�DFFRUGLQJ�WR�WKH�VWLSXODWLRQV�RI�WKH�WHUPV�RI�UHIHUHQFH�0�0�
,1$�����7KH�VDPSOLQJ�VWDWLRQV�IRU�IORUD�DQG�IDXQD��K\GURELRORJLFDO��FRUUHVSRQG�WR�
WKH�FRRUGLQDWHV�RI�WKH�ZDWHU�DQG�VHGLPHQW�TXDOLW\�VWDWLRQV��)LJXUH�1R��������7DEOH�
1R������� 0DS�02'B/$B372B$17B��B)DXQD��DQG�WKHLU�VDPSOLQJ�ZDV�GRQH�GXULQJ�
WKH�WUDQVLWLRQ�RU�VXPPHU�VHDVRQ�

�� 62/$5,� 6HUJLR��08f2=�6$%$��<DQHWK��52'5Ë*8(=�0$+(&+$��-RVp�9���'()/(5��7KRPDV�5���5$0Ë5(=�&+$9(6��
+pFWRU�(��DQG�758-,//2��)HUQDQGR��:HDOWK��HQGHPLVP�DQG�FRQVHUYDWLRQ�RI�PDPPDOV�LQ�&RORPELD��,Q��1HRWURSLFDO�
0DVWR]RRORJ\��������YRO������QR�����S���������
�� &2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ�����������)HEUXDU\�
�������2S��&LW���3���������������
�� 52'5Ë*8(=�0$+(&+$��-RVp�9LFHQWH��$/%(5,&2��0LFKDHO��758-,//2��)HUQDQGR�DQG�-25*(1621��-HII��5HG�ERRN�RI�
PDPPDOV�RI�&RORPELD��5HVHDUFK�,QVWLWXWH�RI�%LRORJLFDO�5HVRXUFHV�$OH[DQGHU�YRQ�+XPEROGW��0LQLVWU\�RI�(QYLURQPHQW��6HUL�RI�
UHG�ERRNV�RI�WKUHDWHQHG�VSHFLHV�RI�&RORPELD��%RJRWi�������S�������,6%1�������������������
�� ,17(51$7,21$/�81,21�)25�7+(�&216(59$7,21�2)�1$785(�� ,8&1��7KH�,8&1�5HG�/LVW�RI�7KUHDWHQHG�6SHFLHV��
2S��&LW�
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)LJXUH�1R�������)OXYLDO�DQG�PDULQH�K\GURELRORJLFDO�VDPSOLQJ�SRLQWV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7DEOH�1R�������*HRJUDSKLF�ORFDWLRQ�RI�IORUD�DQG�IDXQD�VDPSOLQJ�VWDWLRQV�LQ�WKH�FRQWLQHQWDO�DTXDWLF�
HFRV\VWHP

(&26<67(06 ,'
)/$7�&225',1$7(6�0$*1$�6,5*$6�

2ULJLQ�%2*27È
(DVW 1RUWK

&RQWLQHQWDO�DTXDWLF
+%� ���������� ������������
+%� ���������� ������������

0DULQH�FRDVWDO

+%� ���������� ������������
+%� ���������� ������������
+%� ���������� ������������
+%� ���������� ������������
+%� ���������� ������������
+%� ���������� ������������
+%� ���������� ������������

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������
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� )ORUD

7KH�FKDUDFWHUL]DWLRQ�RI�SK\WRSODQNWRQ�DQG�SHULSK\WRQ�ZDV�FDUULHG�RXW�IROORZLQJ�WKH�
PHWKRGRORJ\�SURSRVHG�E\�WKH�FHUWLILHG�ODERUDWRU\�WKDW�FRQGXFWHG�WKH�VDPSOLQJ��6*6�
&RORPELD�6�$����ZKLFK�LV�LQ�DFFRUGDQFH�ZLWK�WKH�JXLGHOLQHV�HVWDEOLVKHG�E\�,'($0�
DQG�,19(0$5��7KH�PHWKRGRORJ\�XVHG�LV�VKRZQ�EHORZ��)RU�WKH�WZR�VWDWLRQV�ORFDWHG�
LQ�WKH�ORWLF�HFRV\VWHP�RI�WKH�/HyQ�5LYHU��RQO\�SHULSK\WRQ�ZDV�FRQVLGHUHG�

�� 3K\WRSODQNWRQ

7KH�SK\WRSODQNWRQ�ZDV�FROOHFWHG�ZLWK�D�FRQLFDO�QHWZRUN�RI����FP�RI�PRXWK�GLDPHWHU�
DQG��� ȝP�RI�PHVK�RSHQLQJ��HTXLSSHG�ZLWK�D�SUHYLRXVO\�FDOLEUDWHG�PHFKDQLFDO�IORZ�
PHWHU�� 7KH� WUDZOV� ZHUH� KRUL]RQWDO� DQG� VXSHUILFLDO� �3KRWRJUDSK� 1R�� ������ %HIRUH�
FDUU\LQJ�RXW�HDFK�GUDJ�� WKH� LQLWLDO�UHDGLQJ�RI� WKH�IORZ�PHWHU�DQG�WKH�VWDUW�WLPH��7L��
ZHUH�UHFRUGHG��7KH�WUDZOV�ODVWHG���PLQXWHV�DW�D�FRQVWDQW�VSHHG�DQG�ZHUH�SHUIRUPHG�
LQ�FLUFOHV��$W�WKH�HQG�RI�WKH�GUDJ�WKH�WLPH��7I��DQG�WKH�ILQDO�UHDGLQJ�RI�WKH�IORZ�PHWHU�
ZHUH�UHFRUGHG��2QFH�WKH�VDPSOH�ZDV�GHSRVLWHG�LQ�WKH�FROOHFWLRQ�ERWWOH��LW�ZDV�WKHQ�
SDFNHG� LQ� ����PO� ERWWOHV� DQG� WKHQ� IL[HG� ZLWK� 7UDQVHDX� VROXWLRQ� �GLVWLOOHG� ZDWHU��
DOFRKRO��IRUPDOGHK\GH�����������

3KRWRJUDSK�1R������6DPSOLQJ�SURFHGXUH�RI�WKH�SODQNWRQLF�FRPPXQLW\

6RXUFH�6*6�(QYLURQPHQWDO�6HUYLFHV������

7R� SHUIRUP� WKH� SURFHVVLQJ� RI� WKH� VDPSOHV� FROOHFWHG�� HDFK�ZDV� KRPRJHQL]HG� E\�
EXEEOLQJ�XVLQJ�D�3DVWHXU�SLSHWWH�IROORZLQJ� WKH�PHWKRGRORJ\�SURSRVHG�E\�6HPLQD��
7KLV�PHWKRGRORJ\�DOORZHG�D�EHWWHU�PDQDJHPHQW�RI�WKH�GDWD�IRU�WKH�DSSOLFDWLRQ�RI�WKH�
DQDO\VLV�WHFKQLTXH�RI�DQ�DOLTXRW��)RU�WKLV�DQDO\VLV�D�WUDQVIHUSHWWH�PLFURSLSHWWH�RI����
����ȝ/�ZDV�XVHG��HVWDEOLVKLQJ�D�YROXPH�RI����ȝ/�IRU�HDFK�DOLTXRW��2QFH�WKH�VDPSOH�
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ZDV�SODFHG�XQGHU�WKH�FRPSRXQG�RSWLFDO�PLFURVFRSH��D�]LJ]DJ�VZHHS�ZDV�SHUIRUPHG�
LQ�WKH���[�PDJQLILFDWLRQ�WR�FRYHU�WKH�ODUJHVW�SRVVLEOH�DUHD�RI�WKH�DOLTXRW��DQDO\]LQJ�
���DOLTXRWV��ZKHUH�WKH�DFFXPXODWHG�ZHDOWK�FXUYH�VWDELOL]HG��)RU�WKH�LGHQWLILFDWLRQ

���������������������������������������

��6(0,1$�+�-��7UHDWPHQW�RI�DQ�DOLTXRW�VLPSOH��,Q��0DQXDO�3K\WRSODQNWRQ� 62851,$�$���HG���0XVpXP�1DWLRQDO�G
+LVWRLUH�
1DWXUHOOH��3DULV��8QLWHG�1DWLRQV�(GXFDWLRQDO��6FLHQWLILF�DQG�&XOWXUDO�2UJDQL]DWLRQ�� 81(6&2������������S��,6%1�������
��������

RI� WKH� VDPSOHV�� VSHFLDOL]HG� OLWHUDWXUH� ZDV� XVHG� DQG� WKH� WD[RQRPLF� GDWDEDVH�
,QWHJUDWHG�7D[RQRPLF� ,QIRUPDWLRQ�6\VWHP��,7,6��DQG�$OJDHEDVH�ZHUH�FRQVLGHUHG�
IRU�WKH�WD[RQRPLF�FODVVLILFDWLRQ�RI�HDFK�VSHFLHV�

7KH�DQDO\]HV�RI�WKH�SK\WRSODQNWRQ�FRPPXQLW\�ZHUH�PDGH�DFFRUGLQJ�WR�WKH�VSHFLHV�
DQG�GHQVLW\�ULFKQHVV��LQG���/��RI�LQGLYLGXDOV�SHU�VDPSOLQJ�VWDWLRQ��7R�ILQG�WKH�GHQVLW\�
RI� LQGLYLGXDOV�� WKH� %DGLOOR� HTXDWLRQ� ZDV� XVHG� WR� GHWHUPLQH� WKH� ILOWHUHG� YROXPH�
�(TXDWLRQ�1R��������

9I� �������'U� ����1U�&U�

(TXDWLRQ�1R�������(TXDWLRQ�WR�GHWHUPLQH�WKH�ILOWHUHG�YROXPH

:KHUH�

9I��9ROXPH�RI�ZDWHU�ILOWHUHG�E\�WKH�QHWZRUN��P��

'U��'LDPHWHU�RI�WKH�PRXWK�RI�WKH�QHWZRUN��P

1U��1XPEHU�RI�UHYROXWLRQV�LQ�WKH�IORZ�PHWHU��7KH�QXPEHU�RI�UHYROXWLRQV�LQ�WKH�IORZ�
PHWHU�LV�REWDLQHG�E\�VXEWUDFWLQJ�WKH�LQLWLDO�UHDGLQJ�IURP�WKH�ILQDO�UHDGLQJ��

5F��5RWRU�FRQVWDQW������P��

2QFH� WKLV� YDOXH�ZDV�REWDLQHG� IRU� HDFK�RI� WKH� VWDWLRQV� VDPSOHG�� WKH� GHQVLW\�ZDV�
FDOFXODWHG�IRU�HDFK�WD[RQ�IROORZLQJ�WKH�3DJJL�DQG�3DJJL�PHWKRGRORJ\��(TXDWLRQ�1R��
������

�������������������������������������

��5$0Ë5(=��-��)UHVKZDWHU�SK\WRSODQNWRQ��HFRORJLFDO��WD[RQRPLF�DQG�KHDOWK�DVSHFWV��0HGHOOtQ��(GLWRULDO�8QLYHUVLW\�RI�
$QWLRTXLD������������S�
� 675(%/(��+(,1=�DQG�.5$87(5��',(7(5��$WODV�RI�IUHVKZDWHU�PLFURRUJDQLVPV��(GLWLRQV�2PHJD�6�$����%DUFHORQD��������
����S��,6%1��������������;
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� :+,7)25'��/��$��DQG�6+80$&+(5��$��$�PDQXDO�RI�WKH�IUHVK�ZDWHU�DOJDH�LQ�1RUWK�&DUROLQD��1RUWK�&DUROLQD�$JULFXOWXUDO�
([SHULPHQW�6WDWLRQ��7HFKQLFDO�%XOOOHWLQ��������QR�����������S
� 9,'$/�9(/$648(=�/XLV�$OIRQVR��0DQXDO�RI�3K\WRSODQNWRQ�IRXQG�LQ�WKH�&LpQDJD�*UDQGH�GH�6DQWD�0DUWD�DQG�DGMDFHQW�
ERGLHV�RI�ZDWHU��8QLYHUVLW\�RI�%RJRWi�)RXQGDWLRQ�-RUJH�7DGHR�/R]DQR��%RJRWD�&RORPELD������������S�
� $0(5,&$1�38%/,&�+($/7+�$662&,$7,21��$0(5,&$1�:$7(5�:25.6�$662&,$7,21�$1'�:$7(5�
(19,5210(17$/�)('(5$7,21��$3+$�$::$�:()���6WDQGDUG�PHWKRGV�IRU�WKH�H[DPLQDWLRQ�RI�ZDWHU�DQG�ZDVWHZDWHU��
:DVKLQJWRQ�'�&��(GLWLRQ���WK������
� ,17(*5$7('�7$;2120,&�,1)250$7,21�6<67(0�� ,7,6��>RQOLQH@�KWWS���ZZZ�LWLV�JRY��>TXRWHG�RQ�$XJXVW���������@
� *8,5<��0�'�	�*8,5<��*�0��������$OJDH%DVH��:RUOG�ZLGH�HOHFWURQLF�SXEOLFDWLRQ��1DWRQDO�8QLYHUVLW\�RI�,UHODQG��*DOZD\��
>RQOLQH@�KWWS���ZZZ�DOJDHEDVH�RUJ��>TXRWHG�RQ�$XJXVW���������@
� %$',//2��0���*$/,1'2�0���*$//$5'2�$���/,=$0$��*���3$/20,12��*���$5(1$��0���DQG�&+,$33$��-��+DQGERRN�RI�
DTXDWLF�HFRORJ\�SUDFWLFHV��1DWLRQDO�$XWRQRPRXV�8QLYHUVLW\�RI�0H[LFR�����������S�
�� 3$**,��6�-��DQG�-�&��3$**,�'HWHUPLQDWLRQ�RI�]RRSODQNWRQ�DEXQGDQFH�DQG�ELRPDVV��,Q��&RQWLQHQWDO�ZDWHU�HFRV\VWHPV��
0HWKRGRORJ\�IRU�LWV�VWXG\��/RSUHWWR��(�&�DQG�*��7HOO��HGV��(GLFLRQHV�6XU��/D�3ODWD��$UJHQWLQD�������

,QG�PO� ����,QG�9���9��9��

(TXDWLRQ�1R�������&DOFXODWLRQ�RI�GHQVLW\�IRU�GLIIHUHQW�RUJDQLVPV�IRU�WKH�SODQNWRQLF�FRPPXQLW\

:KHUH�

��,QG��QXPEHU�RI�LQGLYLGXDOV�LGHQWLILHG�E\�WD[RQ�

9���REVHUYHG�YROXPH����RI�DOLTXRWV��$OLTXRW�YROXPH�

9���YROXPH�RI�WKH�VDPSOH�

9���ILOWHUHG�YROXPH

1RWH��$FFRUGLQJ�WR�(TXDWLRQ�1R��������WKH�YROXPHWULF�XQLWV�ZHUH�WUDQVIRUPHG�WR�OLWHU��
PDNLQJ�D�FRQYHUVLRQ�GLYLGLQJ�E\�������HDFK�YROXPH�

,Q� DGGLWLRQ�� HFRORJLFDO� 0DUJDOHI� GLYHUVLW\� LQGLFHV� �(TXDWLRQ� 1R�� ������� 6KDQQRQ�
:HLQHU� �(TXDWLRQ�1R���������6LPSVRQ�GRPLQDQFH� �(TXDWLRQ�1R��������DQG�3LHORX�
HTXLWDELOLW\� �(TXDWLRQ� 1R�� ������ ZHUH� FDOFXODWHG�� 7R� DVVHVV� KRZ� VLPLODU� WKH�
SK\WRSODQNWRQLF�FRPPXQLWLHV�ZHUH� LQ� WHUPV�RI�FRPSRVLWLRQ��GHQVLW\�DQG�VDPSOLQJ�
VWDWLRQV�� D� TXDQWLWDWLYH� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� WKH� %UD\� � &XUWLV� VLPLODULW\�
LQGH[��FDOFXODWHG�IURP�WKH�GHQVLW\�PDWUL[�

$IWHU�WKLV�WULDQJXODU�PDWUL[�D�JURXSLQJ�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�PHWKRG�RI�
JURXSLQJ�E\�XQZHLJKWHG�DYHUDJHV�DQG�D�JUDSKLF�UHVXOW�ZDV�REWDLQHG��&/867(5��
WKDW� DOORZHG� WR� VHH� WKH� GHJUHH� RI� VLPLODULW\� RI� WKH� FRPPXQLWLHV�� )LQDOO\�� LW� ZDV�
FRUUHODWHG� E\� PHDQV� RI� 3HDUVRQ
V� SDUDPHWULF� �Į�� ������ DQG� QRQSDUDPHWULF�
6SHDUPDQ
V�WHVW��Į���������WKH�GHQVLW\�REWDLQHG�IRU�SK\WRSODQNWRQ�ZLWK�WKH�IROORZLQJ�
SK\VLFRFKHPLFDO� SDUDPHWHUV�� 7HPSHUDWXUH�� GLVVROYHG� R[\JHQ�� S+�� ELRFKHPLFDO�
GHPDQG�IRU�R[\JHQV��FKHPLFDO�GHPDQG�IRU�R[\JHQ��WRWDO�QLWURJHQ�DQG�WXUELGLW\�

�� 3HULILWRQ
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)RU� WKLV� FRPPXQLW\�DQG�DFFRUGLQJ� WR� LWV�RULJLQ��ZH�SURFHHGHG� WR� WKH�VHOHFWLRQ�RI�
VHYHUDO� VXEVWUDWHV� VXFK� DV� URFNV�� OHDYHV� DQG� WUXQNV�� )URP� WKHVH� VXEVWUDWHV� D�
VFUDSLQJ�ZDV�GRQH�ZLWK�D�WRRWKEUXVK�RI�WKH�ELRILOP�WKDW�ZDV�DGKHUHG�WR�WKHP��WKH�
VFUDSLQJ� DUHD�ZDV� ��� FP��3KRWRJUDSK�1R�� ������ 6XEVHTXHQWO\�� WKH� VDPSOH�ZDV�
VWRUHG� LQ����P/�DPEHU�FRQWDLQHUV��ZKHUH� LW�ZDV�VWDLQHG�ZLWK� OXJRO�DQG�IL[HG�ZLWK�
7UDQVHDX�VROXWLRQ��GLVWLOOHG�ZDWHU��DOFRKRO��IRUPDOGHK\GH��UDWLR���������

3KRWRJUDSK�1R������3HULSKHUDO�FRPPXQLW\�VDPSOLQJ�SURFHGXUH

6RXUFH��6*6�(QYLURQPHQWDO�6HUYLFHV������

7KH� VDPSOHV�ZHUH� KRPRJHQL]HG� E\�PHDQV� RI� EXEEOLQJ�� XVLQJ� D� 3DVWHXU� SLSHWWH�
IROORZLQJ�WKH�6WDQGDUG�0HWKRGV�IRU�WKH�([DPLQDWLRQ�RI�:DWHU�DQG�:DVWHZDWHU��ZKLFK�
DOORZHG�WKH�EHVW�GDWD�PDQDJHPHQW�IRU�WKH�DSSOLFDWLRQ�RI�WKH�DQDO\VLV�WHFKQLTXHV�RI�
DQ�DOLTXRW�

)RU�WKLV�DQDO\VLV�D�WUDQVIHUSHWWH�PLFURSLSHWWH�RI��������ȝ/�ZDV�XVHG��HVWDEOLVKLQJ�D�
YROXPH�RI����ȝ/�IRU�HDFK�DOLTXRW��2QFH�WKH�VDPSOH�ZDV�ORFDWHG�XQGHU�WKH�FRPSRXQG�
RSWLFDO�PLFURVFRSH��D�]LJ]DJ�VZHHS�ZDV�SHUIRUPHG�LQ�WKH���[�PDJQLILFDWLRQ�WR�FRYHU�
WKH�ODUJHVW�SRVVLEOH�DUHD�RI�WKH�DOLTXRW��DQDO\]LQJ����DOLTXRWV�XQWLO�WKH�DFFXPXODWHG�
ZHDOWK�FXUYH�VWDELOL]HG�

)RU� WKH� LGHQWLILFDWLRQ� RI� WKH� VDPSOHV�� VSHFLDOL]HG� OLWHUDWXUH� ZDV� XVHG� DQG� WKH�
WD[RQRPLF�GDWDEDVH�,QWHJUDWHG�7D[RQRPLF�,QIRUPDWLRQ�6\VWHP��,7,6��ZDV�WDNHQ�LQWR�
DFFRXQW�IRU�WKH�WD[RQRPLF�FODVVLILFDWLRQ�RI�HDFK�VSHFLHV�

���������������������������������������

���$0(5,&$1�38%/,&�+($/7+�$662&,$7,21��$0(5,&$1�:$7(5�:25.6�$662&,$7,21�$1'�:$7(5�
(19,5210(17$/�)('(5$7,21��$3+$�$::$�:()���2S��&LW



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ��

&$3����B7'(1*�5(9�'$9�2.
>0HGHOOtQ@������

�� 5$0Ë5(=��-��2S�FLW�
�� 675(%/(��+(,1=�DQG�.5$87(5��',(7(5��2S��&LW
�� :+,7)25'��/��$��DQG�6+80$&+(5��$��2S��&LW
�� $0(5,&$1�38%/,&�+($/7+�$662&,$7,21��$0(5,&$1�:$7(5�:25.6�$662&,$7,21�$1'�:$7(5�
(19,5210(17$/�)('(5$7,21��$3+$�$::$�:()���2S��&LW
�� ,17(*5$7('�7$;2120,&�,1)250$7,21�6<67(0�� ,7,6��>RQOLQH@�KWWS���ZZZ�LWLV�JRY� >TXRWHG�RQ�$XJXVW���������@

3HULSK\WLF�FRPPXQLW\�DQDO\]HV�ZHUH�FDUULHG�RXW�DFFRUGLQJ�WR�VSHFLHV�ULFKQHVV�DQG�
GHQVLW\��LQG���FP���RI�LQGLYLGXDOV�SHU�VDPSOLQJ�VWDWLRQ�

,Q�DGGLWLRQ��HFRORJLFDO�0DUJDOHI�GLYHUVLW\�LQGLFHV��(TXDWLRQ�1R���������6KDQQRQ�
:HLQHU��(TXDWLRQ�1R���������6LPSVRQ�GRPLQDQFH��(TXDWLRQ�1R��������DQG�3LHORX�
HTXLWDELOLW\��(TXDWLRQ�1R��������ZHUH�FDOFXODWHG�

7R�DVVHVV�KRZ�VLPLODU�SHULSK\WRQ�FRPPXQLWLHV�ZHUH�LQ�WHUPV�RI�FRPSRVLWLRQ��
GHQVLW\�DQG�VDPSOLQJ�VWDWLRQV��D�TXDQWLWDWLYH�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�
%UD\�� &XUWLV�VLPLODULW\�LQGH[��FDOFXODWHG�IURP�WKH�GHQVLW\�PDWUL[��$IWHU�WKLV�WULDQJXODU�
PDWUL[��D�JURXSLQJ�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�PHWKRG�RI�JURXSLQJ�E\�
XQZHLJKWHG�DYHUDJHV�DQG�D�JUDSKLF�UHVXOW�ZDV�REWDLQHG��&/867(5��WKDW�DOORZHG�
WR�VHH�WKH�GHJUHH�RI�VLPLODULW\�RI�WKH�FRPPXQLWLHV��,Q�WKH�FRQWLQHQWDO�DTXDWLF�
HFRV\VWHP��QR�FRUUHODWLRQ�ZDV�PDGH�ZLWK�WKH�SK\VLFRFKHPLFDO�SDUDPHWHUV��
EHFDXVH�WKH�VDPSOLQJ�ZDV�GRQH�LQ�WZR�SRLQWV��ZKLFK�DUH�QRW�UHSUHVHQWDWLYH�IRU�WKLV�
W\SH�RI�DQDO\VLV�

�� 0DQJURYH

7R�FDUU\�RXW�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�PDQJURYH�SUHVHQW�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�
WKH�SURMHFW��WKH�KLJK�GHQVH�PDQJURYH�FRYHULQJV�DQG�WKH�VHFRQGDU\�KLJK�YHJHWDWLRQ�
FRUUHVSRQGLQJ�WR�WKH�QDWXUDO�UHJHQHUDWLRQ�RI�WKH�PDQJURYH�ZHUH�JURXSHG��7KHUH�WKH�
�����IRUHVW�LQYHQWRU\�ZDV�PDGH�LQ�D����PHWHU�VWULS�RQ�HDFK�VLGH�ZKHUH�WKH�SURMHFW�
YLDGXFW�ZLOO�EH�EXLOW�DQG�ZKLFK�ZDV�FRQVLGHUHG�DV�D�GLUHFW�LQWHUYHQWLRQ�DUHD��DV�VKRZQ�
LQ� )LJXUH�1R�� ����� �0DS�02'B/$B372B$17B��B)ORUD��� 7KHUH�� WKH� FHQVXV�ZDV�
FRQGXFWHG�RI�DOO�WKRVH�LQGLYLGXDOV�ZLWK�&$3�JUHDWHU�WKDQ�RU�HTXDO�WR������FP�
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)LJXUH�1R�������IRUHVW�LQYHQWRU\�LQ�WKH�PDQJURYH�DUHD��DUHD�RI�GLUHFW�LPSDFW�RI�WKH�SURMHFW

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7KH�IORULVWLF�FKDUDFWHUL]DWLRQ�RI�WKHVH�FRYHULQJV�ZDV�GHWHUPLQHG�IURP�D�SUREDELOLW\�
RI�����DQG�VDPSOLQJ�HUURU�QR�JUHDWHU�WKDQ������ZKLFK�LV�HTXLYDOHQW�WR���SORWV�SHU�
XQLW�RI�VDPSOHG�FRYHUDJH��7R�FDUU\�RXW�WKLV�VDPSOLQJ��WKH�PHWKRGRORJ\�SURSRVHG�E\�
3LQHOR�ZDV�DGDSWHG��WZR�SDUFHOV�RI������KD�����P ORQJ�[����P�ZLGH��ZHUH�LQVWDOOHG��
RQH�LQ�WKH�KLJK�GHQVH�PDQJURYH�FRYHU�DQG�DQRWKHU�LQ�WKH�VHFRQGDU\�YHJHWDWLRQ�RI�
WKH�PDQJURYH��DV�,W�LV�VKRZQ�LQ�)LJXUH�1R�������

���������������������������������

���&2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ�QR��������-DQXDU\�����
�������2S��&LW���3��ILIW\�
�� 3,1(/2��*XVWDYR�,VUDHO��,QWHJUDWHG�IRUHVW�LQYHQWRU\�PDQXDO�IRU�PDQDJHPHQW�XQLWV��::)�&HQWUDO�$PHULFD�����������S�
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)LJXUH�1R������ /RFDWLRQ�RI�WKH�VDPSOLQJ�SORWV�LQ�WKH�PDQJURYH�FRYHU
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7KH�YDULDEOHV�WKDW�ZHUH�WDNHQ�GXULQJ�WKH�IRUHVW�LQYHQWRU\�ZHUH��,GHQWLILFDWLRQ�RI�WKH�
VSHFLHV�� FLUFXPIHUHQFH� DW� FKHVW� KHLJKW� �FRQVLGHULQJ� WKH� H[FHSWLRQV� SUHVHQWHG� LQ�
)LJXUH�1R���������DQJOH�RI�LQFOLQDWLRQ�DW�FKHVW�KHLJKW��DQJOH�RI�LQFOLQDWLRQ�WR�WKH�ILUVW�
EUDQFK�DQG�DQJOH�RI�LQFOLQDWLRQ�WR�WKH�DSH[�RI�WKH�WUHH��FURZQ�ZLGWK��VWHP�TXDOLW\�DQG�
WKH�ORFDWLRQ�FRRUGLQDWHV�RI�HDFK�WUHH��DOO�LQGLYLGXDOV�ZLWK�&$3�JUHDWHU�WKDQ�RU�HTXDO�
WR������FP�ZHUH�PHDVXUHG�
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)LJXUH�1R�������5HFRPPHQGDWLRQV�IRU�WKH�PHDVXUHPHQW�RI�WKH�FLUFXPIHUHQFH�WR�WKH�KHLJKW�RI�WKH�FKHVW��&$3���DFFRUGLQJ�WR�
WKH�FKDUDFWHULVWLFV�RI�WKH�WHUUDLQ�DQG�RI�HDFK�WUHH

6RXUFH��0HOR�DQG�9DUJDV�������

$OO�LQGLYLGXDOV�ZHUH�PDUNHG�ZLWK�UHG�RLO�SDLQW�DSSUR[LPDWHO\������P�KLJK��QXPHULFDOO\�
DQG�WKH�QXPEHUV�ZHUH�FRQVHFXWLYH��DV�VKRZQ�LQ�3KRWRJUDSK�1R������

���������������������������������������

���0(/2�&58=��2��$��$1'�5��9$5*$6�5,26��������(FRORJLFDO�DQG�VLOYLFXOWXUDO�HYDOXDWLRQ�RI�IRUHVW�HFRV\VWHPV��8QLYHUVLW\�
RI�7ROLPD��&54��&RUSRFDOGDV�DQG�&RUWROLPD��,EDJXH������S�
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3KRWRJUDSK�1R������0DUNLQJ�RI�WKH�LQYHQWRULHG�WUHHV�LQ�WKH�PDQJURYH�DUHD

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�� ����

7KH� IORULVWLF� FKDUDFWHUL]DWLRQ� RI� WKH� PDQJURYH� ZDV� FDUULHG� RXW� E\� PHDQV� RI� WKH�
DQDO\VLV� RI� WKH� LPSRUWDQFH� YDOXH� LQGH[� �(TXDWLRQ� 1R�� ������ (TXDWLRQ� 1R�� ������
(TXDWLRQ�1R�������DQG�(TXDWLRQ�1R���������WKH�TXRWLHQW�RI�WKH�PL[WXUH��&0��(TXDWLRQ�
1R�� ����� �� WKH� GLDPHWULF� DQG� DOWLPHWULF� GLVWULEXWLRQ� �VRFLRORJLFDO� FRPSRVLWLRQ� DQG�
HFRORJLFDO�LQGH[HV�RI�0DUJDOHI
V�ZHDOWK��(TXDWLRQ�1R���������0HQKLQLFN
V��(TXDWLRQ�
1R�� ������� 6KDQQRQ�:HLQHU� GLYHUVLW\� �(TXDWLRQ� 1R�� ������� 6LPSVRQ
V� GRPLQDQFH�
�(TXDWLRQ�1R��������DQG�%HUJHU�3DUNHU��(TXDWLRQ�1R��������

$GGLWLRQDOO\��WKH�QDWXUDO�UHJHQHUDWLRQ�DQDO\VLV�RI�WKH�PDQJURYH�ZDV�FDUULHG�RXW��$OO�
RI�WKH�DERYH�IROORZLQJ�WKH�VFKHPH�FDUULHG�RXW�IRU�WKH�DQDO\VLV�RI�WKH�YHJHWDWLRQ�FRYHU�
LGHQWLILHG�LQ�WKH�WHUUHVWULDO�HFRV\VWHP�

)LQDOO\��5HVROXWLRQ������RI�������UHG�ERRN�RI�&RORPELDQ�SODQWV��WLPEHU�VSHFLHV��WKH�
OLVW�RI�HQGDQJHUHG�VSHFLHV�RI�,8&1�

������������������������������������������

���&2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��5HVROXWLRQ�����������)HEUXDU\�
�������2S��&LW���3��������
�� &È5'(1$6��'DLURQ�DQG�6$/,1$6��1HOVRQ��5HG�ERRN�RI�SODQWV�RI�&RORPELD��9ROXPH����7KUHDWHQHG�WLPEHU�VSHFLHV��
)LUVW�SDUW��5HG�ERRNV�VHULHV�RI�WKUHDWHQHG�VSHFLHV�RI�&RORPELD��$PD]RQ�,QVWLWXWH�RI
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DQG�$SSHQGLFHV�,��,,�DQG�,,,�RI�&,7(6�ZHUH�FRQVXOWHG��1H[W��HDFK�RI�WKH�LWHPV�QDPHG�
IRU�WKH�DQDO\VLV�LV�VKRZQ�LQ�GHWDLO�

� :LOGOLIH

7KH�FKDUDFWHUL]DWLRQ�RI� WKH�ZLOGOLIH�SUHVHQW� LQ� WKH�FRQWLQHQWDO�DTXDWLF�HFRV\VWHPV�
�PDFURLQYHUWHEUDWHV� DQG� ILVK�� DQG� PDULQH� FRDVWDO� HFRV\VWHPV� �]RRSODQNWRQ��
EHQWKRV�DQG�ILVK��RI�WKH�DUHD�RI�LQIOXHQFH��ZDV�FDUULHG�RXW�IROORZLQJ�WKH�PHWKRGRORJ\�
SURSRVHG�E\�WKH�FHUWLILHG� ODERUDWRU\�WKDW�FDUULHG�RXW� WKH�VDPSOLQJ��6*6�&RORPELD�
6$�� �� ZKLFK� LV� LQ� DFFRUGDQFH� ZLWK� WKH� JXLGHOLQHV� HVWDEOLVKHG� E\� ,'($0� DQG�
,19(0$5�� DQG� WKH� LQIRUPDWLRQ� IRXQG� LQ� WKH� HQYLURQPHQWDO� LPSDFW� VWXG\� WKDW�
VXSSRUWV� WKH� HQYLURQPHQWDO� OLFHQVH� JUDQWHG� WKURXJK� 5HVROXWLRQ� ����� IRU� WKH�
FRQVWUXFWLRQ�RI�3XHUWR�$QWLRTXLD�

7KH�PHWKRGRORJ\�XVHG�LV�VKRZQ�EHORZ�

�� =RRSODQNWRQ

7KH�]RRSODQNWRQ�ZDV�FROOHFWHG�ZLWK�D�FRQLFDO�QHWZRUN�RI����FP�RI�PRXWK�GLDPHWHU�
DQG����ȝP�RI�PHVK�RSHQLQJ��HTXLSSHG�ZLWK�D�SUHYLRXVO\�FDOLEUDWHG�PHFKDQLFDO�IORZ�
PHWHU�� 7KH� WUDZOV� ZHUH� KRUL]RQWDO� DQG� VXSHUILFLDO� �3KRWRJUDSK� 1R�� ������ %HIRUH�
FDUU\LQJ�RXW�HDFK�GUDJ�� WKH� LQLWLDO�UHDGLQJ�RI� WKH�IORZ PHWHU�DQG�WKH�VWDUW�WLPH��7L��
ZHUH�UHFRUGHG��7KH�WUDZOV�ODVWHG���PLQXWHV�DW�D�FRQVWDQW�VSHHG�DQG�ZHUH�SHUIRUPHG�
LQ�FLUFOHV��$W�WKH�HQG�RI�WKH�GUDJ�WLPH��7I��DQG�WKH�ILQDO�UHDGLQJ�RI�WKH�IORZ�PHWHU�ZHUH�
UHFRUGHG��2QFH�WKH�VDPSOH�ZDV�GHSRVLWHG�LQ�WKH�FROOHFWLRQ�ERWWOH��LW�ZDV�ODWHU�SDFNHG�
LQ�����PO�ERWWOHV�DQG�SURFHHGHG�WR�IL[�WKHP�ZLWK�7UDQVHDX�VROXWLRQ��GLVWLOOHG�ZDWHU��
DOFRKRO��IRUPDOGHK\GH�����������UDWLR�

7KH�VDPSOHV�ZHUH�KRPRJHQL]HG�ZLWK�D�3DVWHXU�SLSHWWH�EHIRUH�EHLQJ�DQDO\]HG�E\�
PHDQV� RI� EXEEOLQJ�� 7KH DQDO\VLV� RI� WKH� VDPSOHV� ZDV� FDUULHG� RXW� IROORZLQJ� WKH�
PHWKRGRORJ\�SURSRVHG�E\�3DJJL�DQG�3DJJL��ZKLFK�IRFXVHV�RQ�WKH�XVH�RI�DQ�65�SODWH�
�6HGJZLFN�5DIWHU��DQG�D�JUDGXDWHG�SLSHWWH�RI���P/��YROXPH�XVHG�E\�DOLTXRW���7KH�
VDPSOH�ZDV�SODFHG�XQGHU�WKH�FRPSRXQG�RSWLFDO�PLFURVFRSH

6FLHQWLILF�5HVHDUFK�6,1&+,�� 0LQLVWU\�RI�(QYLURQPHQW��+RXVLQJ�DQG�7HUULWRULDO�'HYHORSPHQW������������S��,6%1����������
���������
�� ,17(51$7,21$/�81,21�)25�7+(�&216(59$7,21�2)�1$785(�� ,8&1��7KH�,8&1�5HG�/LVW�RI�7KUHDWHQHG�
6SHFLHV��2S��&LW�
�� &219(17,21�21�,17(51$7,21$/�75$'(�,1�7+5($7(1('�63(&,(6�2)�:,/'/,)(�$1'�:,/'/,)(�� &,7(6��/LVW�
RI�&,7(6�VSHFLHV��2S��&LW�
�� &2/20%,$��1$7,21$/�$87+25,7<�2)�(19,5210(17$/�/,&(16(6�� $1/$��5HVROXWLRQ�������-DQXDU\������������



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ��

&$3����B7'(1*�5(9�'$9�2.
>0HGHOOtQ@������

%\�PHDQV�RI�ZKLFK�DQ�HQYLURQPHQWDO�OLFHQVH�LV�JUDQWHG��%RJRWi��'�&������S�
�� 3DJJL�DQG�3DJJL��2S�FLW�

DQG� DQDO\]HG� E\� SHUIRUPLQJ� D� ]LJ]DJ� VZHHS� XQGHU� WKH� ��[� PDJQLILFDWLRQ�� ���
DOLTXRWV�ZHUH�DQDO\]HG�XQWLO�WKH�DFFXPXODWHG�VSHFLHV�ULFKQHVV�FXUYH�VWDELOL]HG��7KH�
LGHQWLILFDWLRQ RI� WKH� RUJDQLVPV� ZDV� GRQH� ZLWK� VSHFLDOL]HG� OLWHUDWXUH� DQG� WKH�
WD[RQRPLF�GDWDEDVH�,QWHJUDWHG�7D[RQRPLF�,QIRUPDWLRQ�6\VWHP��,7,6��ZDV�XVHG�IRU�
WKH�WD[RQRPLF�FODVVLILFDWLRQ�

7KH�DQDO\]HV�RI� WKH�]RRSODQNWRQ�FRPPXQLW\�ZHUH�PDGH�DFFRUGLQJ�WR�WKH�VSHFLHV�
DQG�GHQVLW\�ULFKQHVV��LQG���/��RI�LQGLYLGXDOV�SHU�VDPSOLQJ�VWDWLRQ��7R�ILQG�WKH�GHQVLW\�
RI� LQGLYLGXDOV�� WKH� %DGLOOR� HTXDWLRQ� ZDV� XVHG� WR� GHWHUPLQH� WKH� ILOWHUHG� YROXPH�
�(TXDWLRQ�1R���������2QFH�WKLV�YDOXH�ZDV�REWDLQHG�IRU�HDFK�RI�WKH�VWDWLRQV�VDPSOHG��
WKH� GHQVLW\� ZDV� FDOFXODWHG� IRU� HDFK� WD[RQ� IROORZLQJ� WKH� 3DJJL� DQG� 3DJJL�
PHWKRGRORJ\��(TXDWLRQ�1R��������

,Q� DGGLWLRQ�� HFRORJLFDO� 0DUJDOHI� GLYHUVLW\� LQGLFHV� �(TXDWLRQ� 1R�� ������� 6KDQQRQ�
:HLQHU� �(TXDWLRQ�1R���������6LPSVRQ�GRPLQDQFH� �(TXDWLRQ�1R��������DQG�3LHORX�
HTXLWDELOLW\��(TXDWLRQ�1R��������ZHUH�FDOFXODWHG�

7R�DVVHVV�KRZ�VLPLODU�WKH�]RRSODQNWRQLF�FRPPXQLWLHV�ZHUH�LQ�WHUPV�RI�FRPSRVLWLRQ��
GHQVLW\�DQG�VDPSOLQJ�VWDWLRQV��D�TXDQWLWDWLYH�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�%UD\�
� &XUWLV�VLPLODULW\�LQGH[��FDOFXODWHG�IURP�WKH GHQVLW\�PDWUL[��$IWHU�WKLV�WULDQJXODU�PDWUL[�
D�JURXSLQJ�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ� WKH�PHWKRG�RI�JURXSLQJ�E\�XQZHLJKWHG�
DYHUDJHV�DQG�D�JUDSKLF� UHVXOW�ZDV�REWDLQHG� �&/867(5�� WKDW� DOORZHG� WR� VHH� WKH�
GHJUHH� RI� VLPLODULW\� RI� WKH� FRPPXQLWLHV�� )LQDOO\�� LW� ZDV FRUUHODWHG� E\� 3HDUVRQ
V�
SDUDPHWULF� �Į�� ������ DQG� QRQ�SDUDPHWULF� 6SHDUPDQ
V� WHVW� �Į�� ������� WKH� GHQVLW\�
REWDLQHG� IRU� ]RRSODQNWRQ� ZLWK� WKH� IROORZLQJ� SK\VLFRFKHPLFDO� SDUDPHWHUV��
7HPSHUDWXUH�� GLVVROYHG� R[\JHQ�� S+�� ELRFKHPLFDO� GHPDQG� IRU� R[\JHQV�� FKHPLFDO�
GHPDQG�IRU�R[\JHQ��WRWDO�QLWURJHQ�DQG�WXUELGLW\�

�� %HQWKLF�PDFURLQYHUWHEUDWHV�DQG�EHQWKRV�

7KH�FRPPXQLW\�RI�EHQWKLF�PDFURLQYHUWHEUDWHV�LQ�WKH�FRQWLQHQWDO�DTXDWLF�HFRV\VWHP�
DQG�EHQWKRV�LQ�WKH�FRDVWDO�PDULQH�HFRV\VWHP�ZDV�VDPSOHG�ZLWK�D�3HWHUVHQ�GUHGJHU�

����������������������������������������

���675(%/(��+(,1=�DQG�.5$87(5��',(7(5��2S��&LW
�� *87,e55(=�0�(��68$5(=��0(��*87,e55(=�$�0��6,/9$��%�0��*5$1$'26��5�-�DQG�*$5),$6��(�7��&ODGRFHUD�DQG�
&RSHSRGD��1DWLRQDO�$XWRQRPRXV�8QLYHUVLW\�RI�0H[LFR��6FKRRO�RI�+LJKHU�6WXGLHV�,]WDFDOD������������S�
�� ,17(*5$7('�7$;2120,&�,1)250$7,21�6<67(0�� ,7,6��>RQOLQH@�KWWS���ZZZ�LWLV�JRY��>TXRWHG�RQ�$XJXVW���������@
�� %DGLOOR��HW�DO��2S��&LW
�� 3DJJL�DQG�3DJJL��2S�FLW�



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�
352<(&72�'(�&216758&&,Ï1�<�23(5$&,Ï1�'(�81�
7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�

081,&,3,2�'(�785%2

3iJLQD���� GH����

*$7��������&$�$0�3,2��� 5HYLVLyQ��

&$3����B7'(1*�5(9�'$9�2.
>0HGHOOtQ@������

ZLWK�DQ�DUHD�RI�����P���7KH�GUHGJH�LV�VHQW�WR�WKH�ERWWRP�DQG�ZLWK�WKH�KHOS�RI�OHYHUV�
WKH�FORVLQJ�PHFKDQLVP�LV�DFWLYDWHG�UHPRYLQJ�WKH�VXEVWUDWH�FDXVLQJ�WKH�RUJDQLVPV�
WR� EH� WUDSSHG� LQ� LW� �3KRWRJUDSK�1R��������2QFH� WKH� VDPSOH�ZDV� FROOHFWHG�� LW�ZDV�
GHSRVLWHG� LQ� ]LSORF� EDJV� RI� ��� [� ��FP� DQG� LW� ZDV� IL[HG� ZLWK� 7UDQVHDX� VROXWLRQ�
�GLVWLOOHG�ZDWHU��DOFRKRO��IRUPDOGHK\GH���UDWLR���������

3KRWRJUDSK�1R������6DPSOLQJ�SURFHGXUH�RI�WKH�EHQWKLF�PDFURLQYHUWHEUDWH�FRPPXQLW\

6RXUFH��6*6�(QYLURQPHQWDO�6HUYLFHV������

7R�DQDO\]H�WKLV�FRPPXQLW\�HDFK�VDPSOH�ZDV�ZRUNHG�LQGHSHQGHQWO\��VXEMHFWLQJ�LW�WR�
D�ZDWHU�ZDVK�RQ�����ȝP�DQG�����ȝP�VLHYHV�ZKRVH�REMHFWLYH� LV� WR� VHSDUDWH� WKH�
RUJDQLVPV�IURP�WKH�RWKHU�LPSXULWLHV��SODQW�PDWHULDO�DQG�VHGLPHQWV��

7KH� RUJDQLVPV� ZHUH� VWDLQHG� ZLWK� 5RVH� %HQJDO� VROXWLRQ� IRU� �� KRXU� WR� IDFLOLWDWH�
VHSDUDWLRQ� ZKLFK�ZDV�SHUIRUPHG�LQ�SHWUL�GLVKHV�ZLWK�WKH�XVH�RI�WZHH]HUV�DQG�WKH�
VWHUHRVFRSH��2QFH�WKH�RUJDQLVPV�ZHUH�VHSDUDWHG�� WKH\�ZHUH� LGHQWLILHG�XQGHU� WKH�
VWHUHRVFRSH�XVLQJ�VSHFLDOL]HG�OLWHUDWXUH��XVLQJ�IRU�WKH�FRQWLQHQWDO�DTXDWLF�RUJDQLVPV�
/LpYDQR�DQG�2VSLQD�DQG�5ROGiQ�DQG�IRU�WKH�PDULQH�RUJDQLVPV�'tD]�DQG�3X\DQD�DQG�

����������������������������������������

���/,e9$12��$�$1'�263,1$��5��,OOXVWUDWHG�JXLGH�RI�WKH�DTXDWLF�PDFURLQYHUWHEUDWHV�RI�WKH�%DKDPyQ�5LYHU��)LUVW�HGLWLRQ��(O�
%RVTXH�8QLYHUVLW\�DQG�$OH[DQGHU�YRQ +XPEROW�,QVWLWXWH��%RJRWi�����������S�
�� 52/'$1��*��*XLGH�IRU�WKH�VWXG\�RI�DTXDWLF�PDFURLQYHUWHEUDWHV��8QLYHUVLW\�RI�$QWLRTXLD��)DFXOW\�RI�([DFW�DQG�1DWXUDO�
6FLHQFHV�� 5HVHDUFK�&HQWHU��&,(1��%RJRWD�&RORPELD������������S�
�� 52/'È1��*��%LRLQGLFDWLRQ�RI�ZDWHU�TXDOLW\�LQ�&RORPELD��3URSRVDO�IRU�WKH�XVH�RI�WKH�%0:3���&RO�PHWKRG��(GLWRULDO�
8QLYHUVLW\�RI�$QWLRTXLD��6FLHQFH�DQG�7HFKQRORJ\�&ROOHFWLRQ��0HGHOOLQ�����
�� 'Ë$=��-XDQ�0DQXHO�DQG�38<$1$��0yQLFD��0ROOXVFV�RI�WKH�&RORPELDQ�&DULEEHDQ��DQ�LOOXVWUDWHG�FDWDORJ������������S��
,6%1������������
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5RXVH� DQG� 3OHLMHO�� 7KH� WD[RQRPLF� GDWDEDVH� ,QWHJUDWHG� 7D[RQRPLF� ,QIRUPDWLRQ�
6\VWHP��,7,6��ZDV�FRQVLGHUHG�IRU�WKH�WD[RQRPLF�FODVVLILFDWLRQ�

$QDO\]HV�RI�WKH�FRPPXQLW\�RI�EHQWKLF�PDFURLQYHUWHEUDWHV�ZHUH�FDUULHG�RXW�DFFRUGLQJ�
WR� VSHFLHV� ULFKQHVV�DQG�GHQVLW\� �LQG� ��P���RI� LQGLYLGXDOV�SHU� VDPSOLQJ�VWDWLRQ�� ,Q�
DGGLWLRQ��HFRORJLFDO�0DUJDOHI�GLYHUVLW\�LQGLFHV��(TXDWLRQ�1R���������6KDQQRQ�:HLQHU�
�(TXDWLRQ�1R���������6LPSVRQ�GRPLQDQFH��(TXDWLRQ�1R��������DQG�3LHORX�HTXLWDELOLW\�
�(TXDWLRQ�1R��������ZHUH�FDOFXODWHG�

7R�HYDOXDWH�KRZ�VLPLODU�ZHUH�EHQWKLF�PDFURLQYHUWHEUDWH�FRPPXQLWLHV�DQG�EHQWKRV�
LQ�WHUPV�RI�FRPSRVLWLRQ��GHQVLW\�DQG�VDPSOLQJ�VWDWLRQV��D�TXDQWLWDWLYH�DQDO\VLV�ZDV�
SHUIRUPHG�XVLQJ�WKH�%UD\�� &XUWLV�VLPLODULW\�LQGH[��FDOFXODWHG�IURP�WKH�GHQVLW\�PDWUL[�

$IWHU�WKLV�WULDQJXODU�PDWUL[�D�JURXSLQJ�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�PHWKRG�RI�
JURXSLQJ�E\�XQZHLJKWHG�DYHUDJHV�DQG�D�JUDSKLF�UHVXOW�ZDV�REWDLQHG��&/867(5��
WKDW�DOORZHG�WR�VHH�WKH�GHJUHH�RI�VLPLODULW\�RI�WKH�FRPPXQLWLHV��)LQDOO\��DQG�RQO\�IRU�
WKH�VDPSOHV�RI�WKH�EHQWKRV�FROOHFWHG�LQ�WKH�DUHD�RI�PDULQH�LQIOXHQFH�ZDV�FRUUHODWHG�
E\�PHDQV�RI�3HDUVRQ�SDUDPHWULF�VWDWLVWLFDO�WHVW��Į���������WKH�GHQVLW\�RI�EHQWKRV�ZLWK�
WKH� IROORZLQJ�SDUDPHWHUV�DQDO\]HG� LQ� WKH�VHGLPHQW� VDPSOHV�� FDUERQ RUJDQLF�� IDWV�
DQG�RLOV�DQG�WRWDO�K\GURFDUERQV�

�� ,FKWK\RIDXQD

7KH� FKDUDFWHUL]DWLRQ� RI� WKH� LFKWK\RIDXQD� RI� FRQWLQHQWDO� DTXDWLF� HFRV\VWHPV� ZDV�
FDUULHG�RXW�XVLQJ�D���LQFK�PHVK�H\HOHW�RYHU�D�SHULRG�RI����PLQXWHV�ZKHUH�D�WRWDO�RI�
��� KDXOV� ZHUH� UHDFKHG� �3KRWRJUDSK� 1R�� ������� 7KH� FKDUDFWHUL]DWLRQ� RI� WKH�
LFKWK\RIDXQD�RI�PDULQH�FRDVWDO�HFRV\VWHPV�ZDV�FDUULHG�RXW�XVLQJ���WUDPPHOV��ZKLFK�
ZHUH�ORFDWHG�GXULQJ�D�SHULRG�RI���KRXUV��2QFH�WKLV�WLPH�KDG�SDVVHG��WKH�QHWZRUNV�
ZHUH�FROOHFWHG��DQG�WKH�VSHFLHV�DQG�WKH�QXPEHU�RI�RUJDQLVPV�ZHUH�FRXQWHG��7KH�
WDVNV�IRU�ILVK�FKDUDFWHUL]DWLRQ�ZHUH�FDUULHG�RXW�E\�ORFDO�ILVKHUPHQ��2QFH�FROOHFWHG��
WKH� RUJDQLVPV� VSUHDG� RYHU� D� FOHDQ� VXUIDFH� DQG� ZHUH� SKRWRJUDSKHG� LQ� VLWX�� DW�
GLIIHUHQW�DQJOHV�IRU�ODWHU�LGHQWLILFDWLRQ�LQ�WKH�ODERUDWRU\�

������������������������������������

��� 5286(��*���DQG�3/(,-(/��)��32/<&+$(7(6��3XEOLVKHG�LQ�WKH�8QLWHG�6WDWHV�E\�WKH�8QLYHUVLW\�RI�2[IRUG�����������S�
��� ,17(*5$7('�7$;2120,&�,1)250$7,21�6<67(0�± ,7,6��>HQ�OtQHD@�KWWS���ZZZ�LWLV�JRY��>FLWDGR�HO����GH DJRVWR�GH�
����@
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3KRWRJUDSK�1R�������6DPSOLQJ�SURFHGXUH�IRU�WKH�ILVK�FRPPXQLW\

6RXUFH��6*6�(QYLURQPHQWDO�6HUYLFHV������

7KH�DQDO\]HV�RI�WKH�ILVK�FRPPXQLW\�ZHUH�PDGH�DFFRUGLQJ�WR�WKH�VSHFLHV�ULFKQHVV�
DQG�DEXQGDQFH�RI�LQGLYLGXDOV�SHU�VDPSOLQJ�VWDWLRQ��,Q�DGGLWLRQ��HFRORJLFDO�0DUJDOHI�
GLYHUVLW\� LQGLFHV� �(TXDWLRQ� 1R�� ������� 6KDQQRQ�:HLQHU� �(TXDWLRQ� 1R�� �������
6LPSVRQ�GRPLQDQFH��(TXDWLRQ�1R��������DQG�3LHORX�HTXLWDELOLW\��(TXDWLRQ�1R��������
ZHUH�FDOFXODWHG�

7R�DVVHVV�KRZ�VLPLODU�WKH�ILVK�FRPPXQLWLHV�ZHUH�LQ�WHUPV�RI�FRPSRVLWLRQ��GHQVLW\�
DQG�VDPSOLQJ�VWDWLRQV��D�TXDQWLWDWLYH�DQDO\VLV�ZDV�SHUIRUPHG�XVLQJ�WKH�%UD\�� &XUWLV�
VLPLODULW\� LQGH[�� FDOFXODWHG� IURP� WKH� GHQVLW\� PDWUL[�� $IWHU� WKLV� WULDQJXODU� PDWUL[� D�
JURXSLQJ� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� WKH� PHWKRG� RI� JURXSLQJ� E\� XQZHLJKWHG�
DYHUDJHV�DQG�D�JUDSKLF� UHVXOW�ZDV�REWDLQHG� �&/867(5�� WKDW� DOORZHG� WR� VHH� WKH�
GHJUHH� RI� VLPLODULW\� RI� WKH� FRPPXQLWLHV�� )LQDOO\�� LW� ZDV� FRUUHODWHG� E\� PHDQV� RI�
3HDUVRQ
V�SDUDPHWULF� �Į��������DQG�QRQ�SDUDPHWULF�6SHDUPDQ
V� WHVW� �Į��������� WKH�
DEXQGDQFH�REWDLQHG�IRU�WKH�LFKWK\RIDXQD�SUHVHQW�LQ�WKH�DUHD�RI�PDULQH�LQIOXHQFH�ZLWK�
WKH� IROORZLQJ� SK\VLFRFKHPLFDO� SDUDPHWHUV�� 7HPSHUDWXUH�� GLVVROYHG� R[\JHQ�� S+��
ELRFKHPLFDO�R[\JHQ�GHPDQG��FKHPLFDO�R[\JHQ�GHPDQG��WRWDO�QLWURJHQ�DQG�WXUELGLW\�

6WUDWHJLF��VHQVLWLYH�HFRV\VWHPV�DQG���RU�SURWHFWHG�DUHDV�

7R�LGHQWLI\�WKH�VWUDWHJLF�HFRV\VWHPV��VHQVLWLYH�DQG���RU�SURWHFWHG�DUHDV�WKDW�DUH�LQ�
WKH�DUHD�RI�LQIOXHQFH��WKH�LQIRUPDWLRQ�DYDLODEOH�LQ�WKH�7HFKQLFDO�5HSRUW�ZDV�
FRQVXOWHG��(FRUHJLRQDO�SODQQLQJ�IRU�LQ�VLWX�FRQVHUYDWLRQ�RI�PDULQH�DQG�FRDVWDO�
ELRGLYHUVLW\�LQ�WKH�&DULEEHDQ�DQG�WKH�&RORPELDQ�FRQWLQHQWDO�3DFLILF��LQ�'HFUHH�
�����RI�������ZKLFK�UHJXODWHV�WKH�&RDVWDO�(QYLURQPHQWDO�8QLWV��8$&� DQG�WKH�
7HUULWRULDO�2UGLQDQFH�3ODQ�RI�WKH�0XQLFLSDOLW\�RI�7XUER�
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/LNHZLVH��WKH�75(0$5&726�&RORPELD�HDUO\�ZDUQLQJ�LQIRUPDWLRQ�V\VWHP��WKH�
GHFLVLRQ�VXSSRUW�VXSSRUW�V\VWHP�RI�WKH�VXEV\VWHP�RI�PDULQH�SURWHFWHG�DUHDV�
66'B6$03�RI�,19(0$5��WKH�JHRJUDSKLFDO�LQIRUPDWLRQ�SRUWDO�RI�WKH�$OH[DQGHU�YRQ�
+XPEROGW�%LRORJLFDO�5HVRXUFHV�5HVHDUFK�,QVWLWXWH�DQG�WKH�(QYLURQPHQWDO�
LQIRUPDWLRQ�V\VWHP�RI�&RORPELD�RI�WKH�1DWLRQDO�$XWKRULW\�RI�(QYLURQPHQWDO�
/LFHQVHV�� $1/$��$GGLWLRQDOO\��WKH�DYDLODEOH�GRFXPHQWDWLRQ�RQ�WKH�DUHD�ZDV�
FRQVXOWHG�DW�WKH�&RUSRUDWLRQ�IRU�WKH�'HYHORSPHQW�RI�8UDEi�� &253285$%È�DQG�
SXEOLF�DQG�SULYDWH�DFDGHPLF�VRXUFHV�

����� 6RFLRHFRQRPLF�HQYLURQPHQW

7KH�ZRUN�PHWKRGRORJ\�WR�DGGUHVV�WKH�VRFLRHFRQRPLF�HQYLURQPHQW�VWDUWHG�IURP�WKH�
UHFRJQLWLRQ�RI�WKH�LQVWLWXWLRQV�DQG�FRPPXQLWLHV�WKDW�LQWHUDFW�LQ�WKH�WHUULWRU\�ZKHUH�WKH�
VWXG\�LV�GHYHORSHG��WR�WKRVH�ZKR�DWWHQG�WKH�ULJKW�WR�D�KHDOWK\�HQYLURQPHQW�DQG�WR�
DFWLYHO\�SDUWLFLSDWH�LQ�WKH�GHYHORSPHQW�RI�WKHLU�FRPPXQLW\��,Q�OHJDO�WHUPV�UHIHUULQJ�WR�
WKH�VWXG\��LW�ZDV�EDVHG�RQ�WKH�UHTXLUHPHQWV�HVWDEOLVKHG�LQ�'HFUHH�

���������������������������������������

��� ,167,787(�2)�0$5,1(�$1'�&2$67$/�,19(67,*$7,216�-26e�%(1,72�9,9(6�'(�$1'5(,6�� ,19(0$5��
7HFKQLFDO�UHSRUW��(FRUHJLRQDO�SODQQLQJ�IRU�WKH�LQ�VLWX�FRQVHUYDWLRQ�RI�PDULQH�DQG�FRDVWDO�ELRGLYHUVLW\�LQ�WKH�&DULEEHDQ�DQG�
WKH�&RORPELDQ�FRQWLQHQWDO�3DFLILF��6HULHV�RI�*HQHUDO�'RFXPHQWV�1R������6DQWD�0DUWD������������S���$QQH[HV��,6%1�����
�������������
��� &2/20%,$��0,1,675<�2)�7+(�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��'HFUHH�������0D\������������
%\�ZKLFK�WKH�&RDVWDO�(QYLURQPHQWDO�8QLWV��8$&� DQG�WKH�MRLQW�FRPPLVVLRQV�DUH�UHJXODWHG��WKH�UXOHV�RI�SURFHGXUH�DQG�FULWHULD�
DUH�HVWDEOLVKHG�WR�UHJXODWH�WKH�UHVWULFWLRQ�RI�FHUWDLQ�DFWLYLWLHV�LQ�VHDJUDVVHV��DQG�RWKHU�SURYLVLRQV�DUH�GLFWDWHG��%RJRWi��'�&���
���������S�
��� 5(38%/,&�2)�&2/20%,$��081,&,3$/,7<�2)�785%2��$JUHHPHQW�1R�������-XO\������������%\�PHDQV�RI�ZKLFK�WKH�
SODQ�RI�WHUULWRULDO RUGHULQJ�RI�WKH�PXQLFLSDOLW\�RI�7XUER�LV�DGRSWHG��7XUER������S�
��� 52'5Ë*8(=�0$+(&+$��-9��$5-21$�+,1&$3,e��)���0872��7���85%,1$�&$5'21$��-1��%(-$5$12�025$��3���
58,=�$*8'(/2��&���'Ë$=�*5$1$'26��0&��3$/$&,26��(���025(12��0,��*Ï0(=��$��DQG��*(27+,1.,1*�/7'$��$UD�
&RORPELD��*HRJUDSKLF�,QIRUPDWLRQ�6\VWHP�IRU�WKH�$QDO\VLV�RI�6WDWH�,QVWLWXWLRQDO�0DQDJHPHQW��2WXV�&RORPELD�0RGXOH��DQG�
WKH�$IIHFWDWLRQ�WR�6HQVLWLYH�%LRGLYHUVLW\�DQG�&XOWXUDO�+HULWDJH��7UHPDUFWRV�&RORPELD�0RGXOH���9HUVLRQ��������������������
&RQVHUYDWLRQ�,QWHUQDWLRQDO�&RORPELD�	�0LQLVWU\�RI�(QYLURQPHQW�DQG�6XVWDLQDEOH�'HYHORSPHQW��2QOLQH�LQIRUPDWLRQ�V\VWHP�
DYDLODEOH�DW�KWWS���ZZZ�WUHPDUFWRVFRORPELD�RUJ��>TXRWHG�RQ�-XO\���������@�
��� ,167,787(�2)�0$5,1(�$1'�&2$67$/�,19(67,*$7,216�-26e�%(1,72�9,9(6�'(�$1'5(,6�� ,19(0$5��'HFLVLRQ�
VXSSRUW�V\VWHP�IRU�WKH�6XEV\VWHP�RI�0DULQH�3URWHFWHG�$UHDV�66'B6$03��,Q��,19(0$5�>RQOLQH@��
KWWS���JLV�LQYHPDU�RUJ�FR�VVGVDPS�
��� ,167,787(�2)�5(6($5&+�2)�%,2/2*,&$/�5(6285&(6�$/(;$1'(5�921�+80%2/'7��,QIRUPDWLRQ�6\VWHP�RQ�
%LRGLYHUVLW\�RI�&RORPELD��6L%�&RORPELD��*HR6L%��%RJRWi�'�&��2QOLQH�LQIRUPDWLRQ�V\VWHP�DYDLODEOH�DW��KWWS��
��KHUPHV�KXPEROGW�RUJ�FR�YLVRUXQLYHUVDO�����ELQ�9LVRU�KWPO��
��� 1$7,21$/�$87+25,7<�2)�(19,5210(17$/�/,&(16(6�� $1/$��(QYLURQPHQWDO�,QIRUPDWLRQ�6\VWHP�RI�&RORPELD��
6,$&��$YDLODEOH�DW��KWWS���VLJ�DQOD�JRY�FR������

����� RI� ������ WKH� *HQHUDO� 0HWKRGRORJ\� IRU� WKH� 3UHVHQWDWLRQ� RI� (QYLURQPHQWDO�
6WXGLHV� DQG� WKH� 7HUPV� RI� 5HIHUHQFH� IRU� FRQVWUXFWLRQ� SURMHFWV� RU� H[SDQVLRQ� DQG�
RSHUDWLRQ�RI�GHHS�VHD�SRUWV�� 00�,1$���� DGRSWHG�E\�5HVROXWLRQ������RI�-DQXDU\�
�����
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,Q� WKLV� UHJDUG�� DQG� LQ� DFFRUGDQFH� ZLWK� WKH� FKDUDFWHULVWLFV� RI� WKH� WHUULWRU\�� ZRUN�
WHFKQLTXHV� ZHUH� HVWDEOLVKHG� LQ� ZKLFK� WKH� FROOHFWLRQ� RI� SULPDU\� LQIRUPDWLRQ� ZDV�
FRPELQHG�ZLWK�WKH�LQSXWV�FRQWDLQHG�LQ�WKH�VHFRQGDU\�LQIRUPDWLRQ�IURP�WKH�LQVWLWXWLRQV�
DQG�RWKHU�VWXGLHV�FDUULHG�RXW� LQ� WKH�DUHD��7KHVH�UHVXOWHG� LQ�WKH�UHFRJQLWLRQ�RI� WKH�
VRFLRHFRQRPLF�DQG�FXOWXUDO�FRQGLWLRQV�RI�WKH�VWXG\�DUHD�EHIRUH�WKH�H[HFXWLRQ�RI�WKH�
SURMHFW��ZKLFK�DUH�FRQWUDVWHG�ZLWK�WKH�DFWLYLWLHV�RI�WKH�VDPH�WR�LGHQWLI\�WKH�SRVVLEOH�
LPSDFWV� WKDW�ZRXOG�RFFXU� LQ� WKH�HQYLURQPHQW�DQG� WKXV�HVWDEOLVK� WKH�PDQDJHPHQW�
PHDVXUHV�DGHTXDWH�WR�WKH�FRQGLWLRQV�IRXQG�

%HORZ� LV� D� GHVFULSWLRQ� RI� HDFK� RI� WKH� PRPHQWV� WKDW� ZLOO� EH� DGYDQFHG� LQ� WKH�
GHYHORSPHQW�RI�WKH�PRGLILFDWLRQ�RI�WKH�HQYLURQPHQWDO�OLFHQVH�JUDQWHG�WR�WKH�3XHUWR�
%DKtD�&RORPELD�6RFLHW\�RI�8UDEi�6$�WKURXJK�5HVROXWLRQ������RI�-DQXDU\������IRU�
WKH� VRFLRHFRQRPLF� FRPSRQHQW�� LQ� VXFK�DVSHFWV� DV� WKH� SRSXODWLRQ� DQG�HFRQRPLF�
G\QDPLFV�� WKH�FRYHUDJH�DQG�TXDOLW\�RI� WKH�H[LVWLQJ SXEOLF�DQG�VRFLDO�VHUYLFHV�� WKH�
IRUPV�RI�RUJDQL]DWLRQ�DQG�WKH�FXOWXUDO�DVSHFWV�RI�WKH�SRSXODWLRQ�ORFDWHG�LQ�WKH�DUHD�
RI�LQIOXHQFH�RI�WKH�SURMHFW�

'RFXPHQWDU\�UHYLHZ

7KLV� WHFKQLTXH�ZDV� XVHG� IRU� WKH� FKDUDFWHUL]DWLRQ� RI� WKH� DUHD� RI� LQIOXHQFH� RI� WKH�
SURMHFW��IRU�ZKLFK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH� LQIRUPDWLRQ� LV�UHYLHZHG�HVSHFLDOO\�RI�
WKH�ODUJHU�WHUULWRULDO�XQLW��ZKLFK�IRU�WKH�SUHVHQW�VWXG\�FRUUHVSRQGV�WR�WKH�PXQLFLSDOLW\�
RI�7XUER��FRQVXOWLQJ�XSGDWHG�VHFRQGDU\�LQIRUPDWLRQ�RI�JRYHUQPHQW�LQVWLWXWLRQV�DQG�
RWKHU� LQVWLWXWLRQV� RI� UHFRJQL]HG� VXLWDELOLW\�� DV�ZHOO� DV� WKH� LQIRUPDWLRQ� UHFRUGHG� LQ�
UHFHQW�UHJLRQDO�DQG�ORFDO�VWXGLHV�

7R�GR�WKLV��WKH\�VWXGLHG�DPRQJ�RWKHU�VRXUFHV�

x )URP�WKH�QDWLRQDO�RUGHU��

� 1DWLRQDO�$GPLQLVWUDWLYH�'HSDUWPHQW�RI�6WDWLVWLFV��'$1(��

�����������������������������������

���&2/20%,$��0,1,675<�2)�(19,5210(17�$1'�6867$,1$%/(�'(9(/230(17��'HFUHH�������2FWREHU������������
%\�ZKLFK�UHJXODWHV�WKH�WLWOH�9,,,�RI�WKH�ODZ����RI������RQ�HQYLURQPHQWDO�OLFHQVHV�

� *HRJUDSKLFDO�,QVWLWXWH�$JXVWtQ�&RGD]]L

� *HQHUDO�0DULWLPH�'LUHFWRUDWH�� ',0$5�±

� 3UHVLGHQWLDO�DJHQF\�IRU�VRFLDO�DFWLRQ

� 2EVHUYDWRU\�IRU�+XPDQ�5LJKWV�RI�WKH�9LFH�3UHVLGHQF\�RI�WKH�5HSXEOLF
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� &RORPELDQ�,QVWLWXWH�IRU�5XUDO�'HYHORSPHQW��,1&2'(5�

� ,QVWLWXWH�RI�0DULQH�DQG�&RDVWDO�5HVHDUFK��,19(0$5�

� 1DWLRQDO $XWKRULW\�RI�(QYLURQPHQWDO�/LFHQVHV��$1/$�

� 1DWLRQDO�$XWKRULW\�IRU�$TXDFXOWXUH�DQG�)LVKHULHV��$81$3�

7KH�PDLQ�GRFXPHQWV�FRQVXOWHG� LQFOXGHG�WKH�1DWLRQDO�'HYHORSPHQW�3ODQ��QDWLRQDO�
VWDWLVWLFV�WKURXJK�WKH�'$1(�������&HQVXV���LQIRUPDWLRQ�UHSRUWHG�E\�HQYLURQPHQWDO�
DXWKRULWLHV�� GRFXPHQWV� DQG� UHSRUWV� LVVXHG� E\� WKH� YLFH� SUHVLGHQW� RI� WKH� UHSXEOLF�
DPRQJ�RWKHUV�

x )URP�WKH�GHSDUWPHQWDO�RUGHU�

� *RYHUQPHQW�RI�$QWLRTXLD

� 0LQLVWU\�RI�6RFLDO�'HYHORSPHQW�

� 3ODQQLQJ�VHFUHWDU\

� +HDOWK�6HFUHWDU\

'RFXPHQWV� ZHUH� FRQVXOWHG� VXFK� DV� WKH� 'HSDUWPHQWDO� 'HYHORSPHQW� 3ODQ��
GHSDUWPHQWDO� VWDWLVWLFV� �$QWLRTXLD� 6WDWLVWLFDO� <HDUERRN��� 5HJLRQDO� (QYLURQPHQWDO�
0DQDJHPHQW�3ODQ��/27$�/DQG�0DQDJHPHQW�*XLGHOLQHV��DPRQJ�RWKHUV�

x 2I�WKH�PXQLFLSDO�RUGHU

� 7XUER�&LW\�+DOO�DQG�LWV�GLIIHUHQW�VHFUHWDULHV

� 8QLYHUVLW\�RI�$QWLRTXLD�8UDEi�KHDGTXDUWHUV�

� 81,%$1�)RXQGDWLRQ

� &253285$%È�

/LNHZLVH��YDOXDEOH�VRXUFHV�ZHUH�FRQVXOWHG�IRU�D�FRPSUHKHQVLYH�XQGHUVWDQGLQJ�RI�
WKH�WHUULWRU\��FRPPXQLWLHV�DQG�FRPPXQLW\�RUJDQL]DWLRQ��$PRQJ�WKH�GRFXPHQWV��DUH�
WKH�7HUULWRULDO�2UGLQDQFH�3ODQ�DQG WKH�0XQLFLSDO�'HYHORSPHQW�3ODQ������������WKH�
HQYLURQPHQWDO�LPSDFW�VWXG\�SUHSDUHG�LQ������IRU�WKH�OLFHQVLQJ�RI�3XHUWR�$QWLRTXLD��
DQG�RWKHU�WH[WV�SXEOLVKHG�E\�6WDWH�HQWLWLHV��XQLYHUVLWLHV�DQG�VRFLDO�RUJDQL]DWLRQV�ZLWK�
SUHVHQFH�LQ�WKH�WHUULWRU\�VWXGLHG�

3ULPDU\�LQIRUPDWLRQ�VXUYH\
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7R�REWDLQ�SULPDU\�LQIRUPDWLRQ��ZLWKLQ�WKH�IUDPHZRUN�RI�WKH�SURFHGXUH�IRU�PRGLILFDWLRQ�
RI� WKH� HQYLURQPHQWDO� OLFHQVH�� D� PHWKRGRORJ\� DQFKRUHG� LQ� TXDOLWDWLYH� UHVHDUFK�
SULQFLSOHV�ZDV�XVHG��ZLWK�WKH�DGRSWLRQ�RI�VRPH�TXDQWLWDWLYH�UHVHDUFK�WRROV�WKDW�DOORZ�
WKH�UHFRJQLWLRQ�RI�WKH�GLIIHUHQW�FRPPXQLWLHV�DQG�WKHLU�HQYLURQPHQW�

7R� FDUU\� RXW� WKLV�PHWKRGRORJLFDO� GHVLJQ�� DQ� LQIRUPDWLRQ� YHULILFDWLRQ� RI� WKH�PLQRU�
WHUULWRULDO� XQLWV� SUHYLRXVO\� LGHQWLILHG� ZDV� FDUULHG� RXW�� EDVHG� RQ� WKH� LQIRUPDWLRQ�
UHSRUWHG� LQ� WKH�(QYLURQPHQWDO� ,PSDFW�6WXG\� � (,$�FDUULHG�RXW�E\� WKH�FRPSDQ\�RI�
$UD~MR�,EDUUD�	�$VRFLDGRV�6$�LQ������

,W�ZDV�FDUULHG�RXW�LQ�WKH�VDPH�ZD\��VRFLDO�FDUWRJUDSK\�ZLWK�WKH�FRPPXQLW\�LQ�ZKLFK�
D�GLDJQRVLV�RI�WKH�WHUULWRU\�FRXOG�EH�PDGH�

7KH� YHULILFDWLRQ� RI� LQIRUPDWLRQ� UHIHUULQJ� WR� WKH� VPDOOHVW� WHUULWRULDO� XQLWV� ZDV� GRQH�
WKURXJK�WKH�JDWKHULQJ�RI�LQIRUPDWLRQ�LQ�WKH�ILHOG��XVLQJ�DV�D�PDLQ�WRRO�WKH�HODERUDWLRQ�
RI�DQ�DSSOLHG�VRFLR�HFRQRPLF�FDUG�ZLWK�WKH�SDUWLFLSDWLRQ�DQG�DFFRPSDQLPHQW�RI�WKH�
OHDGHUV�RI�WKH�DUHD�SUHYLRXVO\�LGHQWLILHG��WKH�UHDOL]DWLRQ�RI�VHPL�VWUXFWXUHG�LQWHUYLHZV�
WR�WKH�UHVLGHQWV�DQG�RIILFLDOV�RI�SXEOLF�HQWLWLHV��DV�ZHOO�DV�ILHOG�YLVLWV��REVHUYDWLRQ�RI�
WKH�HFRQRPLF�VRFLDO�DQG�FXOWXUDO�G\QDPLFV�RI�WKH�FRPPXQLWLHV�LGHQWLILHG�

,Q�WKH�VDPH�ZD\��D�ILVK�LQIRUPDWLRQ�VXUYH\�IRUP�ZDV�GHVLJQHG�EDVHG�RQ�WKH�$81$3�
JXLGHOLQHV��WR�FKDUDFWHUL]H�DQG�LGHQWLI\�WKH�LQWHQVLW\�RI�WKLV�DFWLYLW\�LQ�WKH�DUHD�

5HSRUW�PDNLQJ�

2QFH� WKH� SULPDU\� DQG� VHFRQGDU\� LQIRUPDWLRQ� ZDV� FROOHFWHG� LQ� WKH� ILHOG�� ZH�
SURFHHGHG� WR� GLJLWL]H� WKH� GDWD�� LQ� VXFK�D�ZD\� WKDW� WKH\� FRXOG� DGYDQFH� VWDWLVWLFDO�
SURFHVVHV�WR�TXDQWLWDWLYHO\�DQG�TXDOLWDWLYHO\�GHVFULEH�WKH�FKDUDFWHULVWLFV�RI�WKH�VRFLDO��
HFRQRPLF�DQG�FXOWXUDO�HQYLURQPHQW�

7KH�GLIIHUHQW�PHWKRGRORJLHV�XVHG�DOORZHG�WKH�FROOHFWLRQ�RI�SULPDU\�DQG�VHFRQGDU\�
LQIRUPDWLRQ�IRU�WKH�WKHRUHWLFDO�FRQVWUXFWLRQ�RI�WKH�VRFLRHFRQRPLF�HQYLURQPHQW�LQ�WKH�
SUHVHQW�VWXG\��DV�ZHOO�DV�WKH�DSSURDFK�DQG�FRQWDFW�ZLWK�WKH�GLIIHUHQW�DFWRUV�LQYROYHG�
LQ�LWV�GHYHORSPHQW�

)LQDOO\��WKH�SURFHVVLQJ�RI�WKHVH�GDWD�DOORZHG�LGHQWLI\LQJ�DQG�GHVFULELQJ�WKH�SRWHQWLDO�
LPSDFWV�WKDW�WKH�SURMHFW�ZRXOG�FDXVH�WR�HDFK�RI�WKH�LGHQWLILHG�JURXSV�DQG�HVWDEOLVKLQJ�
WKH�PDQDJHPHQW�PHDVXUHV�WR�DGGUHVV�WKHP�

� 3DUWLFLSDWLRQ�JXLGHOLQHV�

7KH� SURFHVV� RI� LQIRUPDWLRQ� DQG� SDUWLFLSDWLRQ� ZDV� GHYHORSHG DW� GLIIHUHQW� WLPHV��
QDPHO\�� ILUVW�FRQWDFWV�ZHUH�PDGH�ZLWK�PXQLFLSDO�DGPLQLVWUDWLRQV�� ORFDO�DXWKRULWLHV��
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FRPPXQLWLHV��OLYLQJ�IRUFHV��HFRQRPLF�DQG�VRFLDO�DVVRFLDWLRQV�LQ�WKH�DUHD�RI�LQIOXHQFH��
WKHQ� WKUHH� IRUPDO� PHHWLQJV� ZHUH� KHOG� LQ� WKH� GHYHORSPHQW� RI� WKH� SDUWLFLSDWLRQ�
FRPSRQHQW�

7KH� ILUVW� DFWLYLW\� VWDUW� PHHWLQJ� H[SODLQV� WKH� WHFKQLFDO� FKDUDFWHULVWLFV�� VFRSH� DQG�
DFWLYLWLHV�RI�WKH�SURMHFW�DQG�VWXG\�WR�EH�GHYHORSHG��DV�ZHOO�DV�WKH�LQIRUPDWLRQ�UHODWHG�
WR�WKH�DUHD�RI�LQIOXHQFH��GHPDQG��XVH�DQG�XWLOL]DWLRQ�RI�QDWXUDO�UHVRXUFHV�

7KH�VHFRQG�PHHWLQJ�ZDV�KHOG�GXULQJ�WKH�SUHSDUDWLRQ�RI�WKH�HQYLURQPHQWDO�LPSDFW�
VWXG\�LQ�ZKLFK�WKH�SURMHFW�ZDV�VRFLDOL]HG�DQG�LWV�LPSOLFDWLRQV��DV�ZHOO�DV�LQIRUPDWLRQ�
RQ�HDFK�RI�WKH�FRPSRQHQWV�RI�WKH�VWXG\�

)RU� WKLV�� D� PXOWLGLPHQVLRQDO� ZRUNVKRS� ZDV� KHOG� LQ� ZKLFK� WKH� FRPPXQLW\� FRXOG�
SDUWLFLSDWH�LQ�WKH�LGHQWLILFDWLRQ�RI�WKH�LPSDFWV�DQG�PDQDJHPHQW�PHDVXUHV�WKDW�PD\�
EH�LQFOXGHG�LQ�WKH�HQYLURQPHQWDO�PDQDJHPHQW�SODQ�

2QFH�WKH�VWXG\�IRU�WKH�PRGLILFDWLRQ�RI�WKH�HQYLURQPHQWDO�OLFHQVH�LV�FRPSOHWHG��D�WKLUG�
PHHWLQJ�ZLOO�EH�KHOG��ZKHUH�WKH�UHVXOWV�RI�WKH�VDPH�ZLOO�EH�VRFLDOL]HG�

)RU�WKH�GHYHORSPHQW�RI�WKH�SUHYLRXV�PHHWLQJV��WKH�IROORZLQJ�ZDV�FRQVLGHUHG�

� 3ODQ�WKH�QHFHVVDU\�ORJLVWLFV�IRU�WKH�DFWLYLWLHV

� 2IIHU�LGHDO�VSDFHV�IRU�VRFLDOL]DWLRQ�DQG�SDUWLFLSDWLRQ

� 0DNH�FDOOV�WKURXJK�FRUUHVSRQGHQFH�DQG�HPDLO

� 'HYHORSPHQW�RI�D�VSHFLILF�PHWKRGRORJ\�IRU�HDFK�RQH�RI�WKH�PHHWLQJV�WKDW�ZLOO�

EH� KHOG� DWWHQGLQJ� WKH� PRPHQW� RI� WKH� HODERUDWLRQ� RI� WKH� VWXG\� DQG� WKH�

FKDUDFWHULVWLFV�RI�WKH�SUHYLRXVO\�LGHQWLILHG�FRPPXQLWLHV

� 'RFXPHQW�WKH�GHYHORSPHQW�RI�WKH�SUHVHQW�PHHWLQJV�WKURXJK��PLQXWHV�UDLVHG�

LQ�VLWX��VXSSRUW�H[SUHVVHG�FRQFHUQV��DWWHQGDQFH�OLVWV��SKRWRJUDSKLF�DQG�ILOP�

UHFRUG��

7KH�SDUWLFLSDQWV�ZHUH�JLYHQ�D�FRS\�RI�WKH�PLQXWHV�DQG�VXSSRUWV�RI�HDFK�PHHWLQJ�

%HDULQJ�LQ�PLQG�WKDW�WKH�SUHVHQFH�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SURMHFW�LV�UHFRUGHG�
E\�WKH�&DQDO�FRPPXQLW\��ZKLFK�LV�LQ�WKH�SURFHVV�RI�UHORFDWLRQ�DQG�UHVHWWOHPHQW��LQLWLDO�
FRQWDFWV� ZHUH� PDGH� WKURXJK� WKH� 81,%$1� )RXQGDWLRQ� DQG� RWKHU� HQWLWLHV� ZLWK� D�
SUHVHQFH�LQ�WKH�DUHD��DFFRPSDQ\�WKH�SURFHVV�
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� 'HPRJUDSKLF�GLPHQVLRQ

$Q�LQLWLDO�UHYLHZ�ZDV�PDGH�RI�WKH�LQIRUPDWLRQ�FRQWDLQHG�LQ�WKH�HQYLURQPHQWDO�LPSDFW�
VWXG\�FDUULHG�RXW�LQ������E\�WKH�FRPSDQ\�$UD~MR�,EDUUD�$VRFLDGRV�6�$�

$�JHQHUDO�UHIHUHQFH�RI� WKH�JHQHUDO�GHPRJUDSKLF�FRQGLWLRQV�RI� WKH�LGHQWLILHG�PDMRU�
WHUULWRULDO� XQLW� ZDV� SUHVHQWHG�� ZKLFK� IRU� WKH� VSHFLILF� FDVH� FRUUHVSRQGV� WR� WKH�
PXQLFLSDOLW\� RI� 7XUER� �SRSXODWLRQ� G\QDPLFV�� GHPRJUDSKLF� WUHQGV�� LQGH[� RI�
XQVDWLVILHG� EDVLF� QHHGV� 1%,��� IRU� WKLV� WKH� VWDWLVWLFDO� \HDUERRN� ZDV� FRQVXOWHG� RI�
$QWLRTXLD�

)RU� WKH�VPDOOHU� WHUULWRULDO�XQLWV�� WKH� LQIRUPDWLRQ� UHSRUWHG� LQ� WKH�PXQLFLSDO�6,6%(1�
RIILFH�ZDV�FRQVXOWHG�DGGLWLRQDOO\�DQG�ILHOG�YLVLWV�ZHUH�PDGH��)RU�WKH�FRPPXQLW\�RI�
9HUHGD�(O�&DQDO��WKH�VRFLRHFRQRPLF�UHFRUG�ZDV�DSSOLHG�WR�YHULI\�WKH�GHPRJUDSKLF�
LQIRUPDWLRQ�RI�WKH�SRSXODWLRQ�VXEMHFW�WR�UHVHWWOHPHQW�

� 6SDWLDO�GLPHQVLRQ�

7KH�PDLQ�WRRO�WR�DQDO\]H�WKLV�FRPSRQHQW�ZDV�WKH�VHFRQGDU\�LQIRUPDWLRQ��7KH�
LQIRUPDWLRQ�SURYLGHG�E\�WKH�7HUULWRULDO�3ODQQLQJ�3ODQ��327���WKH�0XQLFLSDO�
'HYHORSPHQW�3ODQ��3'0� DQG�WKH�,GHQWLILFDWLRQ�DQG�&ODVVLILFDWLRQ�6\VWHP�RI�
3RWHQWLDO�%HQHILFLDULHV�IRU�6RFLDO�3URJUDPV��6,6%(1� ZDV�UHYLHZHG��,Q�WKHVH�
GRFXPHQWV��WKH�HGXFDWLRQ��KHDOWK�DQG�URDG�SODQV�ZHUH�FRQVXOWHG��DV�ZHOO�DV�RWKHU�
SXEOLF�DQG�VRFLDO�VHUYLFHV�

/LNHZLVH��VRPH�VHPL�VWUXFWXUHG�LQWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK�WKH�RIILFLDOV�RI�WKH�
0XQLFLSDO�3ODQQLQJ�6HFUHWDU\�DQG�UHVLGHQWV�RI�WKH�DUHD�XQGHU�VWXG\�

)RU� WKH�VPDOOHU� WHUULWRULDO�XQLWV�� WKH� LQIRUPDWLRQ� UHSRUWHG� LQ� WKH�PXQLFLSDO�6,6%(1�
RIILFH�ZDV�FRQVXOWHG�DGGLWLRQDOO\�DQG�ILHOG�YLVLWV�ZHUH�PDGH�

)RU�WKH�FRPPXQLW\�RI�9HUHGD�(O�&DQDO��D�VRFLRHFRQRPLF�UHFRUG�ZDV�DSSOLHG�WR�YHULI\�
WKH�GHPRJUDSKLF�LQIRUPDWLRQ�RI�WKH�SRSXODWLRQ�VXEMHFW�WR�UHVHWWOHPHQW�DFFRUGLQJ�WR�
WKH� FULWHULD� HVWDEOLVKHG� E\� WKH� WHUPV� RI� UHIHUHQFH� DQG� 5HVROXWLRQ� ���� RI� �����
PHWKRGRORJ\�LQIRUPDWLRQ�RQ�WKH�SRSXODWLRQ�WR�EH�UHVHWWOHG�E\�WKH�$JHQF\�1DWLRQDO�
,QIUDVWUXFWXUH��$1,��

$OO� WKH� DERYH� DOORZHG� WR� DQDO\]H� WKH� FRYHUDJH� DQG� TXDOLW\� RI� SXEOLF� DQG� VRFLDO�
VHUYLFHV��DV�ZHOO�DV�WKH�SRWHQWLDO�DQG�ZHDNQHVVHV�RI�WKHVH�VHUYLFHV�ZLWKLQ�WKH�DUHD�
RI�LQIOXHQFH�RI�WKH�SURMHFW�

� (FRQRPLF�GLPHQVLRQ�
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,Q�RUGHU�WR�FRPSO\�ZLWK�WKH�WHUPV�RI�UHIHUHQFH�UHJDUGLQJ�WKH�SUHSDUDWLRQ�RI�D�
JHQHUDO�SDQRUDPD�RI�WKH�UHJLRQDO�HFRQRPLF�G\QDPLFV��VHFRQGDU\�VRXUFHV�RI�
LQIRUPDWLRQ�ZHUH�DQDO\]HG��VXFK�DV�WKH�'$1(��WKH�327��WKH�3'0�DQG�$81$3��
DPRQJ�RWKHUV��WKLV�LQIRUPDWLRQ�ZDV�SURFHVVHG�LQ�VXFK�D�ZD\�DV�WR�VHUYH�DV�WKH�
PDLQ�LQSXW�WR�DFFRXQW�IRU�WKH�GLVWULEXWLRQ�RI�WKH�IROORZLQJ�DVSHFWV�IRU�WKH�ODUJHU�
WHUULWRULDO�XQLWV�RI�DVSHFWV�VXFK�DV��RZQHUVKLS�VWUXFWXUH��SURGXFWLYH�DQG�
WHFKQRORJLFDO�SURFHVVHV��FKDUDFWHUL]DWLRQ�RI�WKH�ODERU�PDUNHW�DQG�WKH�GLIIHUHQW�
SROHV�RI�GHYHORSPHQW��WUDGH�DQG�DVVRFLDWHG�VHUYLFHV�

)RU� WKH� VPDOOHU� WHUULWRULDO� XQLWV�� WKH� LQIRUPDWLRQ� UHSRUWHG� LQ� WKH� 6,6%(1� DQG� WKH�
SULPDU\�LQIRUPDWLRQ�UDLVHG�LQ�WKH�ILHOG�ZHUH�DQDO\]HG�WKURXJK�WKH�VRFLRHFRQRPLF�WDE�
IRU�WKH�(O�&DQDO�FRPPXQLW\�

$GGLWLRQDOO\��IRU�WKH�ILVKLQJ�FRPPXQLWLHV�LQ�WKH�DUHD��D�ILVKHU\�FHQVXV�ZDV�FRQGXFWHG��
ZKLFK� ZDV� GHYHORSHG� E\� FRPSLOLQJ� LQIRUPDWLRQ� UHODWHG� WR� WKH� DUWLVDQDO� ILVKLQJ�
G\QDPLFV�LGHQWLILHG�LQ�WKH�DUHD��)RU�WKLV��SULPDU\�LQIRUPDWLRQ�RI�WKH�GLIIHUHQW�HQWLWLHV�
VXFK�DV�$81$3��,1&2'(5�DQG�80$7$�ZDV�SUHYLRXVO\�JDWKHUHG��DV�ZHOO�DV�WKH�
GLIIHUHQW�DVVRFLDWLRQV�WKDW�PD\�EH�LGHQWLILHG��$GGLWLRQDO�GLUHFW�REVHUYDWLRQ�ZDV�PDGH�
LQ�WKH�DUHD��PRQLWRULQJ�WKH�H[LVWHQFH�RI�ILVKHUPHQ�LQ�WKH�LQWHUYHQWLRQ�DUHD��7KH�ILHOG�
IRUPDW�IRU�GDWD�FROOHFWLRQ�LV�LQ�$QQH[��������

7KH�DUWLVDQDO�ILVKLQJ�G\QDPLFV�LQ�WKH�DUHD�ZDV�FDUULHG�RXW�LQ�WKH�VWDJHV�GHVFULEHG�
EHORZ�

,Q� WKH� ILUVW� VWDJH�� WKURXJK� D� ILOH� SUHYLRXVO\� GHVLJQHG� IRU� WKH� FROOHFWLRQ� RI� ILVKLQJ�
LQIRUPDWLRQ��D�GD\�RI� ILVKLQJ�HIIRUW�ZDV�FDUULHG�RXW� LQ�ZKLFK� WKH� IROORZLQJ�DVSHFWV�
ZHUH�LGHQWLILHG��$QQH[����������

x 1XPEHU�RI�DFWLYH�ILVKHUPHQ�DQG�GHSHQGHQFH�RQ�ILVKLQJ

x &DSWXUH�PHWKRG�DQG�ILVKLQJ�JHDU��LQIRUPDWLRQ�RQ�VODXJKWHU�FRVWV�

x 1XPEHU�DQG�W\SH�RI�ERDW

x 1DYLJDWLRQ�URXWHV�

x 6SHFLHV�FDSWXUHG�E\�W\SH�RI�ILVKLQJ�JHDU�

x $YHUDJH�VL]HV�

x /DQGLQJ�VLWHV�
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x 6HDVRQDOLW\�RI�WKH�FDWFK

x 6DOH�SULFHV�E\�VSHFLHV�

x $OWHUQDWLYH�ILVKLQJ�DFWLYLWLHV�GHYHORSHG

x 2UJDQL]DWLRQV�RU�FRRSHUDWLYHV�WR�ZKLFK�ILVKHUPDQ�EHORQJ�

x *HRJUDSKLFDO�LGHQWLILFDWLRQ�RI�ILVKLQJ�JURXQGV�DQG�ILVKLQJ�DUHDV

6LPXOWDQHRXVO\��GLUHFW�PRQLWRULQJ�ZDV�FDUULHG�RXW�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�
SURMHFW��IRU����GD\V��RI�ZKLFK�D�PRQLWRULQJ�ZDV�FDUULHG�RXW�LQ�WHQ������GD\V�LQ�D�
GLVWDQFH�RI�WKUHH�����NLORPHWHUV��DQG�ILYH�����GD\V�LQ�WKH�GXPS�DUHD�ORFDWHG�
DSSUR[LPDWHO\�����NLORPHWHUV�RIIVKRUH�IURP�WKH�PRXWK�RI�WKH�/HyQ�5LYHU��WRZDUGV�
%DKtD�&RORPELD�

:LWKLQ�WKLV�DUHD�WKH�IROORZLQJ�GDWD�ZDV�FRQVLGHUHG�

x 'LOLJHQFH�RI�WKH�IRUPDW�

x *HRUHIHUHQFLQJ�RI�WKH�SODFH��)LVKLQJ�SODFH�DQG���RU�PHHWLQJ�ZLWK�WKH�ILVKHUPDQ��

x 3KRWRJUDSKLF�UHFRUG��6SHFLHV��W\SH�RI�YHVVHO��

)RU�WKH�JHRUHIHUHQFLQJ��*36�PRGHO�*360$3���FV[�ZDV�XVHG��DQG�WKH�UHVSHFWLYH�
SKRWRJUDSKLF�UHFRUG�ZDV�LQFOXGHG�

,W�VKRXOG�EH�QRWHG�WKDW�WKLV�DFWLYLW\�ZDV�FDUULHG�RXW�E\�D�VSHFLDOL]HG�SURIHVVLRQDO�ZKR�
DW�WLPHV�KDG�WKH�VXSSRUW�RI�WKH�$81$3�RIILFLDOV�DQG�WKH�DXGLWLQJ�RI�WKH�SURMHFW�

7KLV�DFWLYLW\�ZDV�FDUULHG�RXW�PRUH�IUHTXHQWO\�LQ�WKH�PRUQLQJ�DQG�HYHQLQJ�KRXUV�

7KH�ILIWHHQ������EXVLQHVV�GD\V�RI�PRQLWRULQJ�ZHUH�SHUIRUPHG�LQWHUVSHUVHG�LQ�D�WRWDO�
WLPH�RI�IRXU�����ZHHNV�

7KHVH�VFKHGXOHV�ZHUH�VXEMHFW�WR�PRGLILFDWLRQV�DFFRUGLQJ�WR�WKH�GHSDUWXUH�WLPHV�RI�
WKH�ILVKHUPHQ��ZKLFK�DUH�DIIHFWHG�E\�ZHDWKHU�FRQGLWLRQV��ZLQGV�� WLGH��UDLQ��DPRQJ�
RWKHUV�

,Q� WKH� VHFRQG� VWDJH�� WKH� DQDO\VLV� RI� WKH� FROOHFWHG�GDWD�ZDV� FDUULHG� RXW�� DOORZLQJ�
REWDLQLQJ� LQIRUPDWLRQ� IURP� WKH� UHSRUWHG� ILVKLQJ� XQLWV�� JHQHUDWLQJ� TXDQWLWDWLYH� DQG�
TXDOLWDWLYH�LQIRUPDWLRQ�RI�WKH�ILVKLQJ�DFWLYLWLHV�GHYHORSHG�LQ�WKH�DUHD�

'HYHORSPHQW�WUHQGV�
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7KH�WUHQGV�RI�GHYHORSPHQW�LQ�WKH�DUHD�RI�LQIOXHQFH��ZHUH�DQDO\]HG�IURP�VHFRQGDU\�
VRXUFHV�FRQWDLQHG�LQ�WKH�/DQG�0DQDJHPHQW�3ODQ��WKH�0XQLFLSDO�DQG�'HSDUWPHQWDO�
'HYHORSPHQW�3ODQ��DQG�VRPH�RWKHU�UHSRUWV�FRQVXOWLQJ�WKURXJK�WKH�ZHE�SDJHV�RI�WKH�
PD\RU
V�RIILFH�DQG�VRPH�FRPSDQLHV�WKDW�KDYH�D�SUHVHQFH�LQ�WKH�DUHD��$OO�WKLV�LQ�RUGHU�
WR�DQDO\]H�WKH�SRVVLEOH�LQIOXHQFH�RI�WKH�3URMHFW�RQ�WKH�GHYHORSPHQW�G\QDPLFV�RI�WKH�
DUHD�

� ,QIRUPDWLRQ�RQ�SRSXODWLRQ�WR�UHVHWWOH

7KH�(O�&DQDO�FRPPXQLW\��ORFDWHG���NP�DZD\�IURP�WKH�1XHYD�&RORQLD�PXQLFLSDOLW\��
UHTXLUHV� UHVHWWOHPHQW� WR� DYRLG� SRVVLEOH� HIIHFWV� GXH� WR� SHUPDQHQW� WUDIILF� RQ� WKH�
DOWHUQDWH�URDG�WR�WKH�WHUPLQDO�RQ�ODQG��:LWK�WKH�REMHFWLYH�RI�XSGDWLQJ�WKH�QXPEHU�RI�
H[LVWLQJ�SURSHUWLHV�DQG�HVWDEOLVKLQJ WKH�VRFLRHFRQRPLF�VWDWXV�RI�WKH�FRPPXQLW\��WKH�
FHQVXV� ZLOO� EH� XSGDWHG� WR� WKH� IDPLOLHV� VHWWOHG� WKHUH�� 7KH� DERYH� DFFRUGLQJ� WR�
JXLGHOLQHV� FRQWHPSODWHG� LQ� 5HVROXWLRQ� ���� RI� ������ LQIRUPDWLRQ� PHWKRGRORJ\� RI�
SRSXODWLRQ�WR�UHVHWWOH��ZKLFK�LV�GHVFULEHG�EHORZ�

,QYHQWRU\�RI�KRXVLQJ� 7KH�LQVWUXPHQW�WR�EH�DSSOLHG�LV�DFFRUGLQJ�WR�WKH�LQIRUPDWLRQ�
UHTXLUHG�LQ�)5����IRUPDW��GHILQHG�E\�WKH�1DWLRQDO�,QIUDVWUXFWXUH�$JHQF\��DFFRUGLQJ�
WR�WKH�IROORZLQJ�UHTXLUHPHQWV��6HH�$QQH[����������

x &KDUDFWHULVWLFV�RI�VRFLDO�8QLWV

x 'HPRJUDSKLF�DQG�HFRQRPLF�DQDO\VLV

x ,GHQWLILFDWLRQ�RI�VRFLDO�DQG�FXOWXUDO�RUJDQL]DWLRQV

x 9DOLGDWLRQ�RI�LQIRUPDWLRQ�ZLWK�WKH�PXQLFLSDO�DGPLQLVWUDWLRQ�

3RSXODWLRQ� FHQVXV� $FFRUGLQJ� WR� WKH� LQYHQWRU\� RI� WKH� KRXVHV� PDGH� LQ� WKH�
(QYLURQPHQWDO�,PSDFW�6WXG\�RI������E\�WKH�FRPSDQ\�$UDXMR�,EDUUD�$VRFLDGRV�6$��
KRPH�YLVLWV�ZLOO�EH�FDUULHG�RXW� WR�XSGDWH� WKH� LQIRUPDWLRQ�ZLWK� WKH�DSSOLFDWLRQ�RI�D�
VRFLR�HFRQRPLF� FDUG� DFFRUGLQJ� WR� WKH� LQIRUPDWLRQ� UHTXLUHG�� WKH� )5���� IRUPDW��
�$QQH[� ��������� GHILQHG� E\� WKH� 1DWLRQDO� ,QIUDVWUXFWXUH� $JHQF\�� IRU� WKH�
FKDUDFWHUL]DWLRQ�RI� WKH�UHVLGHQW�VRFLDO�XQLW�DQG�LQ�FDVH�RI�HYLGHQFLQJ�D�3URGXFWLYH�
6RFLDO�8QLW�� WKH� LQIRUPDWLRQ�UHTXLUHG� LQ� WKH�)5����IRUPDW�ZLOO�EH� ILOOHG�RXW� �$QQH[�
��������

7KH�DERYH�ZLOO�EH�VXSSRUWHG�ZLWK�D�SKRWRJUDSKLF�UHFRUG�RI�HDFK�H[LVWLQJ IDPLO\�JURXS�
DQG�RI�WKH�SURGXFWLYH�XQLWV�LI�WKH\�DUH�HYLGHQFHG��7KH\�ZLOO�EH�SUHVHQWHG�LQ�)5����
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IRUPDW��6HH�$QQH[����������GHILQHG�E\�WKH�1DWLRQDO�,QIUDVWUXFWXUH�$JHQF\�DFFRUGLQJ�
WR�WKH�UHTXLUHG�FKDUDFWHULVWLFV�VXFK�DV�

9 7ZR�����SKRWRV�RI�WKH�IDFDGH�WKH�EXLOGLQJ�

9 7ZR�����SKRWRV�RI�WKH�,QWHULRU

9 7ZR�����SKRWRV�3URGXFWLYH�8QLWV��LI�DQ\�

9 2QH�����SKRWR�RI�WKH�IDPLO\�JURXS�

$IWHU�WKH�LQIRUPDWLRQ�KDV�EHHQ�FROOHFWHG��D�SURSHU�DQDO\VLV�ZLOO�EH�FDUULHG�RXW�DQG�D�
VRFLDO�GLDJQRVLV�RI�WKH�VWDWXV�RI�WKH�FRPPXQLW\�RI�WKH�&DQDO�GH�OD�&RUUHJLPLHQWR�RI�
1XHYD�&RORQLD�ZLOO�EH�PDGH�

� &XOWXUD�GLPHQVLRQ

'LIIHUHQW�VRXUFHV�RI�VHFRQGDU\�LQIRUPDWLRQ�ZHUH�FRQVXOWHG��ZLWK�WKH�SXUSRVH�RI�
KLJKOLJKWLQJ�WKH�GLIIHUHQW�FXOWXUDO�JURXSV�H[LVWLQJ�LQ�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�
SURMHFW��,Q�WKH�VDPH�ZD\��WKH�0LQLVWU\�RI�WKH�,QWHULRU�ZDV�FRQVXOWHG�WR�YHULI\�WKH�
SUHVHQFH�RI�HWKQLF�JURXSV�LQ�WKH�DUHD�

� $UFKDHRORJLFDO�GLPHQVLRQ

7KH� PDULWLPH� FXOWXUDO� ODQGVFDSH�� DV� DQ� LQVWUXPHQW� RI� DQDO\VLV�� LQWHJUDWHV� WKH�
GLIIHUHQW�FRPSRQHQWV�RI�D�WHUULWRU\�WKDW�VKDUHV WZR�PHGLD��WHUUHVWULDO�DQG�PDULWLPH���
7KLV�DOORZV�XV�WR�XQGHUVWDQG�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�DUFKDHRORJLFDO�UHFRUG�DQG�
WKH�DWWULEXWHV�DQG�LQWHUYHQWLRQV�RI�WKH�HQYLURQPHQW�LQ�LWV�PXOWLSOH�GLPHQVLRQV��,Q�WKLV�
VHQVH�� WKH� ILUVW�SKDVH�RI� WKH� UHVHDUFK� LV� WKH� LGHQWLILFDWLRQ�RI� WKH�KXPDQ�DQG�QRQ�
KXPDQ� FRPSRQHQWV� WKURXJK� DQ� DUFKDHRORJLFDO�� GRFXPHQWDO�� HQYLURQPHQWDO� DQG�
RFHDQRJUDSKLF�DSSURDFK�WR�WKH�FRDVWDO�DQG�XQGHUZDWHU�DUHD�RI�%DKtD�&RORPELD��DV�
D�SRUW�DFFHVV�FKDQQHO�

)RU� WKH�GHYHORSPHQW�RI� WKLV�DFWLYLW\��DV�D� ILUVW�VWHS� IRU�DQ�DGHTXDWH� LGHQWLILFDWLRQ��
HYDOXDWLRQ�DQG�SURWHFWLRQ�RI�SRWHQWLDO�VXEPHUJHG�FXOWXUDO�UHVRXUFHV��D�UHYLHZ�RI�WKH�
DUFKDHRORJLFDO�DQG�KLVWRULFDO�EDFNJURXQG�DYDLODEOH�IRU� WKH�JHRJUDSKLF�DUHD�ZKHUH�
WKH�SURMHFW�ZLOO�EH�ORFDWHG�ZDV�FDUULHG�RXW��7KLV�FDELQHW�LQYHVWLJDWLRQ�FRQVLVWV�LQ�WKH�
FRPSLODWLRQ�DQG�V\VWHPDWL]DWLRQ�RI�VFLHQWLILF�OLWHUDWXUH�DQG�VSHFLDOL]HG�ELEOLRJUDSKLF�
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LQIRUPDWLRQ�DERXW� WKH�GLYHUVH�PDWHULDO�HYLGHQFHV�WKDW�PDNH�XS�WKH�DUFKDHRORJLFDO�
UHFRUG��:H�FRQVXOWHG�WKH�GRFXPHQWDU\�VRXUFHV�DQG�FDUWRJUDSK\�FRUUHVSRQGLQJ�WR�
WKH�VL[WHHQWK�DQG�QLQHWHHQWK�FHQWXU\�KRXVHG�LQ�WKH�*HQHUDO�$UFKLYH�RI�WKH�1DWLRQ�
�$*1���$UFKLYR�*HQHUDO�GH�,QGLDV�3$5(6�V\VWHP��$*,���1DWLRQDO�/LEUDU\�DQG�/XLV�
$QJHO�$UDQJR�/LEUDU\��%/$$��

7KLV�FROOHFWLRQ�LQFOXGHV�WKH�IROORZLQJ�PDLQ�FDWHJRULHV�

x 3UHKLVWRULF�WHUUHVWULDO�DQG�VXEPHUJHG�VLWHV

x /DQG�VHWWOHPHQWV�DQG�IORRGHG

x 5HPDLQV�RI�VXEPHUJHG�SUHKLVSDQLF�ERDWV

x :UHFNV�RU�UHPDLQV�RI�ZUHFNHG�KLVWRULFDO�YHVVHOV

x 0DULQH�DQG�WHUUHVWULDO�ZDU�VFHQDULRV

x 'HFRQWH[WXDOL]HG�DUFKDHRORJLFDO�DUWLIDFWV

,Q� WKLV�ZD\� WKH� EDFNURXQGV� WKDW� DUH� SUHVHQWHG� LQFOXGH� WKH� 3UHKLVSDQLF�� &RORQLDO�
SHULRGV�� 5HSXEOLFDQ� DQG� ,QGXVWULDO� DQG� FRQFHQWUDWHG� PDLQO\� RQ� WKRVH� ZKR� JLYH�
GHVFULSWLRQV�RI�WKH�WHUULWRU\��VSHFLILFDOO\�RQ�WKH�DUHD�RI�LQIOXHQFH��)URP�WKHUH��SRVVLEOH�
VLWHV�DQG�VWUXFWXUHV�FDQ�EH�LGHQWLILHG�

)LHOG�ZRUN

0DULWLPH�SURVSHFWLQJ

$Q�DUFKDHRORJLFDO�VXUYH\�ZDV�FDUULHG�RXW��WKURXJK�D�JHRSK\VLFDO�VXUYH\��IRU�D�EHWWHU�
DUFKDHRORJLFDO�FRYHUDJH�RI�VHDEHG��D�PHWKRG�RI�SURVSHFWLQJ�E\�UHPRWH�VHQVLQJ�ZDV�
DSSOLHG�� E\� PHDQV� RI� WKH� DSSOLFDWLRQ� RI� D� 6LGH� 6ZHHS� 6RQDU� �6%/�� DQG� D�
0DJQHWRPHWHU�

7KH�UHVXOW�RI�WKLV�VXUYH\�UHIOHFWV�D�VHULHV�RI�DFRXVWLF�LPDJHV�ZLWK�DQRPDOLHV��6%/��
DQG� PDJQHWLF� DQRPDOLHV� �0DJQHWRPHWHU�� WKDW� DUH� YLVXDOO\� LQVSHFWHG� E\�
DUFKDHRORJLFDO�GLYLQJ�

)RU�WKH�3URVSHFWLQJ��WUDQVHFWV�RU�WUDFNLQJ�OLQHV�ZHUH�GHVLJQHG����P�DSDUW�IRU�DUHDV�
ZLWK� GHSWKV� OHVV� WKDQ�����PHWHUV� DQG� ���PHWHUV� GLVWDQFH� IRU� DUHDV�ZLWK� GHSWKV�
JUHDWHU�WKDQ!����PHWHUV�

/DQG�3URVSHFWLQJ
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7KH�WHUUHVWULDO�VXUYH\�FRQVLVWV�RI�D�V\VWHPDWLF�VDPSOLQJ�LQ�WKH�DUHD�RI�UHFWLILFDWLRQ�
RI�WKH�URDG�WKDW�KDV�D�OHQJWK�RI�����PHWHUV�ZLWK�D�FRUULGRU�RI����P�RQ�WKH�SURMHFWHG�
D[LV�RI�WKH�URDG��:HOOV�RI����[����FP�DQG����FP�RI�GHSWK�DUH�PDGH��HYHU\����
PHWHUV�WR�YHULI\�RU�UXOH�RXW�WKH�SUHVHQFH�RI�SRVVLEOH�DUFKDHRORJLFDO�UHPDLQV�LQ�WKH�
VWXG\�DUHD��7KLV�SURFHVV�LV�GRFXPHQWHG�E\�SKRWRJUDSK\�DQG�GUDZLQJ�LQ�FDVH�RI�D�
ILQGLQJ��(DFK�ZHOO�LV�LGHQWLILHG�ZLWK�JHRJUDSKLF�FRRUGLQDWHV�ZKLFK�ZLOO�EH�GHWDLOHG�LQ�
D�SODQ�

(TXLSPHQW�WR�EH�XVHG

,PDJHQH[� 6LGH� 6FDQ� 6RQDU�� 6SRUW6FDQ� PRGHO� �3KRWRJUDSK� 1R�� ����� D��� ZLWK�
IUHTXHQFLHV�RI�����N+]�������N+]��:LWK�WKLV�HTXLSPHQW��WKH�HQWLUH�DUHD�XQGHU�VWXG\�
LV�VZHSW�EHWZHHQ�WKH�GHSWKV�RI����� ���PHWHUV�XVLQJ�D�IUHTXHQF\�RI�����N+]�LQ�WKH�
FRYHUDJH�UDQJH�RI�����P�WRWDO�����P�IRU�HDFK�VRQDU�EDQG���,Q�WKLV�ZD\�������RI�WKH�
DUHD�WR�EH�VXUYH\HG�LV�FRYHUHG�

0DQXDO� PHWDO� GHWHFWRU�� PRGHO� -:� )LVKHUV�� 3XOVH� �[� �3KRWRJUDSK� 1R�� ����� F���
RSHUDWHV� E\� WUDQVPLWWLQJ� D� FRQWLQXRXV� IORZ� RI� KLJK�HQHUJ\� PDJQHWLF� SXOVHV�
�KXQGUHGV�SHU�VHFRQG��RI�WKH�FRLO��$IWHU�HDFK�LPSXOVH�WKH�GHWHFWRU�LV�WUDQVPLWWHG�WKHQ�
OLVWHQV�IRU�WKH�UHWXUQ�VLJQDO��:KHQ�WKH�WUDQVPLWWHG�SXOVH�VWULNHV�D�PHWDOOLF�REMHFW��DQ�
HOHFWUR�PDJQHWLF�ILHOG�LV�LQGXFHG�LQ�WKH�REMHFW��7KLV�FDXVHV�HGG\�FXUUHQWV�WR�IORZ�LQ�
WKH�PHWDO��ZKLFK�LQ�WXUQ�JHQHUDWHV�D�VHFRQG�HOHFWUR�PDJQHWLF�ILHOG�YLVXDOL]HG�E\�WKH�
PHWHU�DQG�LV�KHDUG�LQ�WKH�KHDGSKRQHV�

(FKRVRXQGHU� ZLWK� IXQFWLRQ� 6LGH� VFDQ� LPDJH�� PRGHO� /RZUDQFH� +'6� �� *HQ� ��
6WUXFWXUH�6FDQ��3KRWRJUDSK�1R�������E���:LWK�WKLV�HTXLSPHQW��WKH�HQWLUH�DUHD�XQGHU�
VWXG\�ZLOO�EH�ERXQGHG�EHWZHHQ�WKH�GHSWKV�RI���� ���PHWHUV��WKH�FRYHUDJH�UDQJH�ZLOO�
EH� ��� PHWHUV� IRU� HDFK� EDQG�� 7KLV� HTXLSPHQW� KDV� WKH� ODWHVW� &+,53� DQG�
6WUXFWXUH6FDQ��+'�SUREH�WHFKQRORJ\�DW�WKH�VDPH�WLPH�WR�JHW�WKH�EHVW�SRVVLEOH�YLHZ�
RI�VWUXFWXUHV��ERWK�EHORZ�DQG�RQ�WKH�VLGHV�RI�WKH�YHVVHO��,W�KDV�PXOWLSOH�VHOHFWLRQ�RI�
IUHTXHQFLHV� WKDW�ZLOO� EH�PRGLILHG� WR� REWDLQ� WKH� EHVW� SRVVLEOH� LPDJH�� )UHTXHQFLHV�
��������N+]��6WUXFWXUH6FDQ��+'��������N+]��������N+]���������N+]��&+,53������
N+]�����N+]������N+]�

+\SDFN�VXUYH\�QDYLJDWLRQ�VRIWZDUH��3KRWRJUDSK�1R�������G���ZKLFK�IROORZV�LQ�UHDO�
WLPH�WKH�URXWH�WDNHQ�E\�WKH�YHVVHO�RQ�HDFK�RI�WKH�SUHGHILQHG�OLQHV�LQ�WKH�JULG�LQFOXGHG�
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DV�D�OD\HU�RQ�WKH�PDS�EDVH�XVHG�LQ�WKH�DUHD��7KLV�PRQLWRULQJ�FDUULHG�RXW�E\�WKH�SLORW
DOORZV� WR� PDLQWDLQ� RU� FRUUHFW� LPPHGLDWHO\� WKH� FRXUVH� RI� WKH� YHVVHO� GXULQJ� WKH�
UHFRQQDLVVDQFH�RI�HDFK�OLQH�

7KH�SRVWSURFHVV�LQ�+\SDFN�DOORZV�WR�DQDO\]H�DQG�SURMHFW�WKH�VRQRJUDSKLHV�REWDLQHG�
ZLWK�WKH�666�LQ�D�PRVDLF��ZKLFK�FRQVLVWV�RI�WKH�SURMHFWLRQ�RI�WKH�VHDEHG�RI�WKH�WRWDO�
DUHD�RI�WKH�SURVSHFWLYH�SURMHFW�

3KRWRJUDSK�1R�������5HPRWH�VHQVLQJ�HTXLSPHQW�WR�EH�XVHG�LQ�WKH�PDULQH�DUFKDHRORJLFDO�VXUYH\��$��6LGH�6FDQ�6RQDU�
,PDJHQH[��6SRUW6FDQ�PRGHO��LPDJHQH[��%��(FKR�VRXQGHU�ZLWK�VLGH�VFDQ�LPDJH��/RZUDQFH�PRGHO�+'6���*HQ���6WUXFWXUH�
6FDQ��/RZUDQFH��&��0DQXDO�PHWDO�GHWHFWRU��PRGHO�-:�)LVKHUV��3XOVH��[��-:�)LVKHUV����'��1DYLJDWLRQ�VRIWZDUH�+\SDFN�

VXUYH\��+\SDFN�

$UFKDHORJLFDO�GLYLQJ�

6XEVHTXHQWO\�� DQG� LQ� RUGHU� WR� YHULI\� RU� GLVFDUG� WKH� QDWXUH� RI� WKH� JHRSK\VLFDO�
DQRPDOLHV�LGHQWLILHG�GXULQJ�WKH�VXUYH\��SURFHVVHG�DQG�LQWHUSUHWHG�DUFKDHRORJLFDOO\��
WKH�DUFKDHRORJLFDO�GLYLQJ�SKDVH�LV�SHUIRUPHG��%\�PHDQV�RI�D�VWDQGDUGL]HG�SURFHGXUH�
RI� YHULILFDWLRQ�RI� WKH�DQRPDOLHV�RU� LQGLYLGXDOL]HG�REMHFWLYHV��ZKLFK�FRQVLVWV� LQ� WKH�
IL[DWLRQ�RI�LWV�FHQWUDO�SRVLWLRQ�E\�PHDQV�RI�D�GHDG�RQH�ZLWK�GHVFHQW�SRLQW�DQG�D�EXR\�
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EDVHG�RQ�*36��7KH�DUFKDHRORJLFDO�GLYLQJ�RSHUDWLRQV�FRQVLVW�RI�YLVXDO�LQVSHFWLRQV�RI�
WKH� DQRPDOLHV� PDGH� E\� WHDPV� RI� �� DUFKDHRORJLVWV� � GLYHUV� HTXLSSHG� ZLWK�
DXWRQRPRXV�GLYLQJ�HTXLSPHQW�

2QFH�D�WDUJHW�KDV�EHHQ�VHW��WKH�GLYH�SDUWQHU�GHVFHQGV�DQG�SURFHHGV�WR�UHORFDWH�LW�
XVLQJ�D�FLUFXODU�VHDUFK�WHFKQLTXH�ZLWK�SURJUHVVLYH�UDGLRV��XQWLO�D�PD[LPXP�RI����P�
UDGLXV� LV� UHDFKHG� DURXQG� WKH� HVWDEOLVKHG� SRLQW�� $Q\� DQRPDO\� LV� UHFRUGHG� DQG�
GRFXPHQWHG�E\�SKRWRJUDSK\��YLGHR�RU�GUDZLQJ�RQ�UHFRUG�FDUGV��)LJXUH�1R��������

)LJXUH�1R�������&LUFXODU�GLYLQJ�WHFKQLTXH

6RXUFH��%RZHQV�����

$W�WKH�VDPH�WLPH��FRUULGRUV�DUH�FDUULHG�RXW�LQ�DUHDV�ZLWK�DUFKDHRORJLFDO�SRWHQWLDO�LQ�
RUGHU�WR�SURVSHFW�YLVXDOO\�WRJHWKHU�ZLWK�WKH�PDQXDO�PHWDO�GHWHFWRU��7KHVH�FRUULGRUV�
DUH�GHVLJQHG�ZLWK�Q\ORQ�URSHV�DQG�DQFKRUDJHV�DW�WKHLU�HQGV�ZKLFK�DUH�SRVLWLRQHG�
ZLWK�*36��7KH�GLYHUV�PXVW�EH�VHSDUDWHG�E\���WR���PHWHUV�DFFRUGLQJ�WR�WKH�YLVLELOLW\�
DQG�FRQGLWLRQV�RI�WKH�VHD�

7KH�VWXG\�DV�D�ZKROH�LV�GHYHORSHG�FRQVLGHULQJ�WKH�GLVSRVLWLRQV�DQG�VWDQGDUGV�
HVWDEOLVKHG�ERWK�LQ�WKH�,QWHUQDWLRQDO�&KDUWHU�IRU�WKH�3URWHFWLRQ�DQG�0DQDJHPHQW�RI�
WKH�8QGHUZDWHU�&XOWXUDO�+HULWDJH��6RILD�&KDUWHU��������LVVXHG�E\�WKH�,QWHUQDWLRQDO�
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&RXQFLO�RQ�0RQXPHQWV�DQG�6LWHV��DV�WKH�ODWHU�&RQYHQWLRQ�IRU�WKH�3URWHFWLRQ�RI�WKH�
8QGHUZDWHU�&XOWXUDO�+HULWDJH�DGRSWHG�E\�81(6&2��3DULV��������

� (FRV\VWHP�VHUYLFHV�

7KH� DQDO\VLV� RI� HFRV\VWHP� VHUYLFHV� ZDV� FDUULHG� RXW� EDVHG� RQ� WKH� 0LOOHQQLXP�
(FRV\VWHP�$VVHVVPHQW� �0($���ZKLFK�GHILQHG WKHVH�VHUYLFHV�DV� WKH�EHQHILWV� WKDW�
KXPDQ�SRSXODWLRQV�REWDLQ��GLUHFWO\�RU�LQGLUHFWO\��IURP�WKH�SURFHVVHV�DQG�IXQFWLRQV�RI�
HFRV\VWHPV��81(3��:&0&��������

%DVHG�RQ�WKH�GHILQLWLRQV�RI�WKH�0($�IRU�WKH�SUHVHQW�VWXG\��WKH�HFRV\VWHP�VHUYLFHV�
RI� WKH�VXSSO\�� UHJXODWLRQ�DQG�FXOWXUDO�FDWHJRULHV�ZHUH�HYDOXDWHG�� �6HH�)LJXUH�1R��
������
$GGLWLRQDOO\��D�VHPL�VWUXFWXUHG�LQWHUYLHZ�ZDV�FRQGXFWHG�ZLWK���UHSUHVHQWDWLYHV�RI�WKH�
EDVH� JURXSV� RI� WKH� 7HUULWRULDO� 8QLW� RI� 1XHYD� &RORQLD� DQG� �� PHPEHUV� RI� WKH�
HQYLURQPHQWDO� WHDP� WKDW� DUH� SDUW� RI� WKH� FRPSDQ\� $TXD� 	� 7HUUD� &RQVXOWRUHV�
$VRFLDGRV��6HH�$QQH[����������

)LJXUH�1R�������(FRV\VWHP�VHUYLFHV
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�����

x 3URYLVLRQLQJ

3URYLVLRQLQJ 5HJXODWLRQ�����������������������������������
&XOWXUDO��

���
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�����������������������������������������

���81(3�:&0&��������'HYHORSLQJ�HFRV\VWHP�VHUYLFH�LQGLFDWRUV��H[SHULHQFHV�DQG�OHVVRQV�OHDUQHG�IURP�VXE�JOREDO�
DVVHVVPHQWV�DQG�RWKHU�LQLWLDWLYHV��6HFUHWDULDW�RI�WKH�FRQYHQWLRQ�RQ�ELRORJLFDO�GLYHUVLW\��0RQWUHDO��&DQDGD��7HFKQLFDO�VHULHV�
QR����������SS

3URYLVLRQLQJ�VHUYLFHV�DUH�WKH�SURGXFWV�WKDW�SHRSOH�REWDLQ�IURP�HFRV\VWHPV��VXFK�DV�
IRRG��FOHDQ�ZDWHU��IXHO��ZRRG��ILEHU��JHQHWLF�UHVRXUFHV��QDWXUDO�PHGLFLQHV�DQG�RWKHUV�

x 5HJXODWLRQ�

7KH\� DUH� DVVRFLDWHG� ZLWK� WKH� EHQHILWV� GHULYHG� IURP� WKH� UHJXODWLRQ� RI� HFRV\VWHP�
SURFHVVHV��7KLV�LQFOXGHV�DLU�TXDOLW\��FOLPDWH�DQG�ZDWHU�UHJXODWLRQ��IORRGV���HURVLRQ�
FRQWURO��ULVN�PLWLJDWLRQ��ELRORJLFDO�FRQWURO��ZDVWH�WUHDWPHQW��WKH\�DUH�DOO�WKH�HFRORJLFDO�
SURFHVVHV�WKDW�KDYH�UHJXODWRU\�FDSDFLW\�

x &XOWXUDO�

7KHVH� DUH� WKH� QRQ�PDWHULDO� EHQHILWV� REWDLQHG� WKURXJK� UHFUHDWLRQDO�� DHVWKHWLF��
FRJQLWLYH� GHYHORSPHQW�� UHIOHFWLRQ� DQG� VSLULWXDO� H[SHULHQFHV� �0$�� ������� 7KHVH�
VHUYLFHV�DUH�VWURQJO\� OLQNHG�WR�KXPDQ�YDOXHV�DQG�EHKDYLRU��VR�WKH�DVVHVVPHQW�RI�
WKLV�VHUYLFH�LV�KLJKO\�VXEMHFWLYH�

:H� KDYH� IRU� H[DPSOH�� &XOWXUDO� GLYHUVLW\�� VSLULWXDO� DQG� UHOLJLRXV� YDOXHV�� VRFLDO�
UHODWLRQV��VHQVH�RI�EHORQJLQJ�DQG�GHJUHH�RI�V\QHUJ\�H[LVWLQJ�LQ�WKH�FRPPXQLW\�

%DVHG� RQ� WKHVH� FULWHULD� DQG� WR� GHWHUPLQH� WKH� LPSRUWDQFH� RU� GHSHQGHQFH� RI� WKH�
FRPPXQLW\� RQ� WKH� HFRV\VWHP� WKDW� SURYLGHV� VHUYLFHV�� VHPL�VWUXFWXUHG� LQWHUYLHZV�
ZHUH� FRQGXFWHG�ZLWK� WKH�PDLQ� VRFLDO� DFWRUV� RI� WKH� VPDOOHU� WHUULWRULDO� XQLWV� RI� WKH�
SUHVHQW� SURMHFW�� 7R� WKLV� HQG�� WKH� UHSUHVHQWDWLYHV� RI� WKH� JUDVVURRWV� JURXSV� RI� WKH�
FRPPXQLWLHV�RI�1XHYD�&RORQLD�DQG�WKH�(O�&DQDO VHWWOHPHQW�ZHUH�DVNHG�WR�UHVSRQG�
WR�D�VHPL�VWUXFWXUHG�LQWHUYLHZ�DQG�FRPSOHPHQW�WKH�H[HUFLVH�ZLWK�WKH�TXDOLILFDWLRQ�LQ�
WKH�KLJK��PHGLXP�DQG�ORZ�UDQNV�

4XHVWLRQV�ZHUH�UDLVHG�DERXW�WKH�NQRZOHGJH�WKH\�KDG�DERXW�HFRV\VWHP�VHUYLFHV�DQG�
ZKDW� WKH\� LGHQWLILHG� LQ� WKH� FRPPXQLW\� DQG� WKH� GHJUHH� RI� GHSHQGHQFH� WKDW� WKH�
FRPPXQLW\�KDV�LQ�UHODWLRQ�WR�WKH�LGHQWLILHG�HFRV\VWHP�VHUYLFHV��7KH\�ZHUH�DVNHG�WR�
JUDSKLFDOO\�SHUIRUP�WKH�VHUYLFHV�LGHQWLILHG�DQG�WKDW�
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���,'($0��������&RQWULEXWLRQV IURP�WKH�,'($0�IRU�WKH�GHILQLWLRQ�DQG�DSSOLFDWLRQ�RI�WKH�1DWLRQDO�(FRORJLFDO�6WUXFWXUH��
,QVWLWXWH�RI�+\GURORJ\��0HWHRURORJ\�DQG�(QYLURQPHQWDO�6WXGLHV��,'($0���%RJRWi�'�&���&RORPELD�����S�

ZLOO� TXDOLI\� LQ� WKH� JRRG�� UHJXODU� DQG�PRGHUDWH� FDWHJRULHV�� ,Q� DGGLWLRQ�� WKH\� ZHUH�
DVNHG� WR� HYDOXDWH� WKH� VFRSH� RI� WKHLU� FRPPXQLW\
V� UHOLJLRXV� DQG� FXOWXUDO� LVVXHV��
)LQDOO\��WKH\�ZHUH�DVNHG�IRU�VXJJHVWLRQV�IRU�HQULFKPHQW�LQ�HQYLURQPHQWDO�HGXFDWLRQ�

,Q� WKH� VDPH�ZD\�� TXHVWLRQV�ZHUH� DVNHG� WR� WKH� HQYLURQPHQWDO� WHDP� LQ� FKDUJH� RI�
FDUU\LQJ�RXW�WKH�FKDUDFWHUL]DWLRQ��VR�WKDW�WKH\�UHVSRQGHG�IURP�WKH�NQRZOHGJH�RI�WKH�
FRPPXQLWLHV�RI�1XHYD�&RORQLD�DQG�WKH�&DQDO�REWDLQHG�LQ�WKH�ILHOG�ZRUN�

%DVHG�RQ�WKLV�LQIRUPDWLRQ��DQ�DQDO\VLV�ZDV�PDGH�RI�WKH�LPSRUWDQFH�RI�HFRV\VWHP�
VHUYLFHV��ERWK�WKH�LPSDFWV�DQG�WKH�GHSHQGHQFH�RI�WKH�FRPPXQLWLHV�DQG�WKH�SURMHFW�
RQ�WKHP�

����� (QYLURQPHQWDO�]RQLQJ�

(QYLURQPHQWDO� ]RQLQJ� LV� D� PHWKRGRORJLFDO� SODQQLQJ� WRRO� WKDW� DOORZV� VSDWLDO�
GLIIHUHQWLDWLRQ�RI�WKH�VWXG\�DUHD�DQG�GHILQH�WKH�VHQVLWLYLW\���HQYLURQPHQWDO�LPSRUWDQFH�
RI�WKH�DUHD�LQ�LWV�FRQGLWLRQ�ZLWKRXW�SURMHFW�

,Q�DFFRUGDQFH�ZLWK�WKH�DERYH��WKH�HQYLURQPHQWDO�]RQLQJ�PHWKRGRORJ\�XVHG�IRU�WKLV�
HQYLURQPHQWDO�OLFHQVH�PRGLILFDWLRQ�ZDV�EDVHG�RQ�RWKHU�H[HUFLVHV�FDUULHG�RXW�IRU�WKH�
K\GURFDUERQ�DUHD�� DGDSWHG� WR� WKH� QHHG�RI� WKH� SURMHFW�� IROORZLQJ�DUH� WKH� VWHSV� WR�
IROORZ�

%DVHG�RQ�WKH�HQYLURQPHQWDO�FKDUDFWHUL]DWLRQ�RI�WKH�DUHD�RI�LQIOXHQFH��$,���
KRPRJHQHRXV�]RQHV�ZHUH�LGHQWLILHG��ZKLFK�ZHUH�IRUPHG�IURP�WKH�LQWHJUDWLRQ�RI�
GLIIHUHQW�FULWHULD�RI�WKH�DELRWLF��ELRWLF�DQG�VRFLRHFRQRPLF�PHGLD��,W�LV�XQGHUVWRRG�DV�
FULWHULD��WKRVH�DWWULEXWHV�WKDW�FKDUDFWHUL]H�WKH�HQYLURQPHQW��ZKLFK�FDQ�EH�H[SUHVVHG�
LQ�TXDOLWDWLYH��TXDQWLWDWLYH�DQG�FDUWRJUDSKLF�IRUP��GHVFULELQJ�WKH�JHQHUDO�VLWXDWLRQ�RI�
WKH�DUHD�RI�LQIOXHQFH�

7KH� FULWHULD� ZHUH� FRQVWUXFWHG� FRQVLGHULQJ� WKH� DQDO\VLV� RI� WKH� TXDOLWLHV� RI� WKH�
HQYLURQPHQW�WKDW�H[SUHVV�WKHLU�VXVFHSWLELOLW\�WR�QDWXUDO�DQG�DQWKURSLF�SKHQRPHQD�

�������������������������������������������������������������������������������������������������������������

���'(/*$'2�5,9(5$��)HOL[�$EUDKDP��(QYLURQPHQWDO�]RQLQJ�RI�DUHDV�RI�SHWUROHXP�LQWHUHVW��PHWKRGRORJLFDO�JXLGH��%RJRWi�
���������S�
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�� 5(362/��0HJDRLO�&RQVRUWLXP�(QYLURQPHQWDO�]RQLQJ�,Q��(QYLURQPHQWDO�LPSDFW�VWXG\�IRU�WKH�PDULQH�H[SORUDWRU\�GULOOLQJ�
DUHD�6LOXUR��%RJRWD��������S������

*URXSLQJ��TXDOLILFDWLRQ�DQG�JHRUHIHUHQFLQJ�RI�FULWHULD�E\�PHDQV��IURP�ZKLFK�WKH�LQLWLDO�
WKHPDWLF�PDSV�DUH� JHQHUDWHG��2YHUOD\� RI� WKHPDWLF�PDSV�RI� HDFK�PHGLXP�� XVLQJ�
*HRJUDSKLF� ,QIRUPDWLRQ�6\VWHPV� �*,6���ZKHUH� WKH� FURVVLQJ�DQG�ZHLJKWLQJ� RI� WKH�
GLIIHUHQW� GHJUHHV� RI� HQYLURQPHQWDO� VHQVLWLYLW\� LGHQWLILHG� LQ� HDFK� RI� WKH� FULWHULD� LV�
FDUULHG�RXW�

'HYHORSPHQW� RI� LQWHUPHGLDWH� ]RQLQJ�PDSV� LQ� HDFK� RI� WKH� IDFWRUV� �DELRWLF�� ELRWLF��
VRFLRHFRQRPLF��DQDO\]HG�

2EWDLQLQJ� WKH� ILQDO� HQYLURQPHQWDO� ]RQLQJ� LQ� WKH� SURMHFW� DUHD�� E\� PHDQV� RI� WKH�
ZHLJKWHG�VXSHUSRVLWLRQ�RI�WKH�LQWHUPHGLDWH�PDSV�

�,W� LV� LPSRUWDQW� WR� FODULI\� WKDW� WKH� ZHLJKWLQJV� RU� TXDOLILFDWLRQV� RI� HDFK� RI� WKH�
SDUDPHWHUV�FRQVLGHUHG�DUH�EDVHG�RQ�WKH�NQRZOHGJH��H[SHUWLVH�DQG�FULWHULD�RI�HDFK�
RI�WKH�VSHFLDOLVWV�LQYROYHG�LQ�WKH�SUHSDUDWLRQ�RI�WKH�HQYLURQPHQWDO�VWXGLHV��LQ�VXFK�D�
ZD\� WKDW�HDFK�FRPSRQHQW�ZLOO�EH�PHDVXUHG�XQGHU� WKH�VDPH�FULWHULD�DQG�VFDOH�RI�
YDOXHV�KHOG�E\�HDFK�SURIHVVLRQDO��WKXV�JXDUDQWHHLQJ�WKH�XVH�RI�WKH�VDPH�HPSOR\HU�
IRU� HDFK� FRPSRQHQW�� ,W� LV� LPSRUWDQW� WR�PHQWLRQ� WKDW� WKH� SDUDPHWHUV� DQG�ZHLJKWV�
FRQVLGHUHG� ZLWKLQ� WKH� PHWKRGRORJ\� FDQ� EH� PRGLILHG� DW� WKH� GLVFUHWLRQ� RI� HDFK�
SURIHVVLRQDO�RU�VSHFLDOLVW�DV�ORQJ�DV�VDLG�FKDQJH�LV�GXO\�MXVWLILHG��LW�LV�NHSW�ZLWKLQ�WKH�
JLYHQ�SURSRUWLRQ�IRU�HDFK�FRPSRQHQW��SK\VLFDO��ELRWLF��VRFLRHFRQRPLF�DQG�FXOWXUDO��
DQG�WKDW�LV�DOVR�DFFHSWHG�E\�WKH�VWXG\�FRRUGLQDWRU��ZKR�ZLOO�PRQLWRU�WKH�FRKHUHQFH��
UHOHYDQFH�DQG�EDODQFH�RI�WKH�FRPSRQHQWV���

*HQHUDO�JXLGHOLQHV�IRU�WKH�VHOHFWLRQ�RI�FULWHULD�DQG�DVVHVVPHQW

)RU�WKH�VHOHFWLRQ�DQG HYDOXDWLRQ�RI�WKH�FULWHULD�E\�PHDQV��WKH�IROORZLQJ�XQLWV��DPRQJ�
RWKHUV��ZLOO�EH�FRQVLGHUHG��7DEOH�1R��������

� $UHDV� RI� VSHFLDO� HFRORJLFDO� LPSRUWDQFH�� �VXFK� DV� QDWXUDO� SURWHFWHG� DUHDV��
UHVHUYHV� RI� FLYLO� VRFLHW\�� LQWHJUDWHG� PDQDJHPHQW� GLVWULFWV�� VHQVLWLYH�
HFRV\VWHPV��K\GURJUDSKLF�URXQGV��ELRORJLFDO�FRUULGRUV��SUHVHQFH�RI�HQGHPLF��
HQGDQJHUHG� �HQGDQJHUHG�� FULWLFDOO\� HQGDQJHUHG� DQG� YXOQHUDEOH�� DUHDV� LQ�
DFFRUGDQFH� ZLWK� 5HVROXWLRQ� QXPEHU� ����� RI� ����� RU� WKDW� UHJXODWLRQ� WKDW�
PRGLILHV��UHSODFHV�RU�UHSHDOV��DUHDV�RI�

����������������������������������������
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��� 'HOJDGR�������2S��FLW�

� LPSRUWDQFH� IRU� EUHHGLQJ�� UHSURGXFWLRQ�� IHHGLQJ� DQG� QHVWLQJ�� DQG� SDVVDJH�
]RQHV�IRU�PLJUDWRU\�VSHFLHV���

� $UHDV�RI�HQYLURQPHQWDO�UHFRYHU\���VXFK�DV�HURGHG�DUHDV��ODQG�XVH�FRQIOLFW�RU�
FRQWDPLQDWHG�DUHDV��

� ÈUHDV� GH� ULHVJR�� ³WDOHV� FRPR� iUHDV� VXVFHSWLEOHV� D� GHVOL]DPLHQWRV� H�
LQXQGDFLRQHV´�

� $UHDV�RI�HFRQRPLF�SURGXFWLRQ���VXFK�DV�OLYHVWRFN��DJULFXOWXUDO��PLQLQJ��ILVKLQJ��
WRXULVP��UHFUHDWLRQDO��SRUW��DPRQJ�RWKHUV��

� $UHDV�RI�VRFLDO�LPSRUWDQFH���VXFK�DV�KXPDQ�VHWWOHPHQWV��SK\VLFDO�DQG�VRFLDO�
LQIUDVWUXFWXUH��DQG�KLVWRULFDO�LPSRUWDQFH�DQG�FXOWXUH��

$OVR��DUHDV�RU�HOHPHQWV�ZLWK�GRPLQDQW�RU�VSHFLDO�VHQVLWLYLW\�ZLOO�EH�KDQGOHG��7KHVH�
DUHDV� FRUUHVSRQG� WR� DUHDV� WKDW�� GXH� WR� WKHLU� HQYLURQPHQWDO� FKDUDFWHULVWLFV�� DUH�
FRQVLGHUHG� VWUDWHJLF� DUHDV� RI� SUHVHUYDWLRQ�� FRQVHUYDWLRQ� RU� VRFLR�HQYLURQPHQWDO�
LPSRUWDQFH��WKHUHIRUH�WKH\�PXVW�EH�UHIOHFWHG�GLUHFWO\�LQ�WKH�V\QWKHVLV�PDS��)ROORZLQJ�
WKH� VXJJHVWLRQ� RI� 'HOJDGR� �������� WKUHH� ���� W\SHV� RI� DUHDV� RU� HOHPHQWV� ZLOO� EH
FRQVLGHUHG��QDPHO\�

� $UHDV�RI�OHJDO�UHVWULFWLRQ��&RQVLGHUHG�DOO�WKRVH�DUHDV�WKDW��EDVHG�RQ�VSHFLILF�
DGPLQLVWUDWLYH�DFWV�RU�QDWLRQDO�DQG�LQWHUQDWLRQDO�OHJLVODWLRQ��UHVWULFW�RU�H[FOXGH�
LQ�D�FOHDU�ZD\��WKH�XVH�RI�DUHDV�LQ�WKH�GHYHORSPHQW�RI�SURMHFWV��7KH\�ZLOO�VKRRW�
WKH�TXDOLILFDWLRQ�DW�YHU\�KLJK�VHQVLWLYLW\��WKXV�GHWHUPLQLQJ�WKHLU�H[FOXVLRQ��
FRQVLGHUHG�XQGHU�WKH�UHDVRQDEOH�FULWHULRQ�RI�DFWLYLW\�DQG�WKH�HQYLURQPHQW�RQ�
ZKLFK�LW�LV�H[HFXWHG�

� $UHDV�RI�HQYLURQPHQWDO�LPSRUWDQFH��7KH\�LQFOXGH�DUHDV�WKDW�KDYH�OLPLWDWLRQV�
RU�HQYLURQPHQWDO�YDOXHV� WKDW�FODVVLI\� WKHP�DV�VWUDWHJLF��FULWLFDO��YXOQHUDEOH��
XQLTXH� RU� VLPSO\� LPSRUWDQW�� EXW� WKDW� DUH� QRW� QHFHVVDULO\� H[FOXVLYH� IRU� WKH�
LPSOHPHQWDWLRQ�RI�SURMHFWV��ZRUNV�RU�DFWLYLWLHV��DV� ORQJ�DV� LW� LV�GHILQHG�DQG�
LPSOHPHQW�D�VHW�RI�PHDVXUHV�WKDW�FRQWURO�DQG�KDQGOH�WKH�SRVVLEOH

������������������������������������

��� &2/20%,$��0,1,67(5,2�'(�$0%,(17(�<�'(6$552//2�6267(1,%/(��5HVROXFLyQ�QR������������HQHUR���������2S��
FLW�
��� ,ELG�
��� ,ELG�
����,ELG�
��� ,ELG�
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��� 'HOJDGR�������2S��FLW�

� LPSDFWV�DGHTXDWHO\��,W�ZLOO�GHILQH�KLJK�DQG�PRGHUDWH VHQVLWLYLW\��JHQHUDWLQJ�
DUHDV� RI� PDQDJHPHQW� ZLWK� KLJK�� PHGLXP� DQG� ORZ� UHVWULFWLRQ� IRU� LWV�
LQWHUYHQWLRQ�

� ,QIUDVWUXFWXUH� RI� VRFLDO� LPSRUWDQFH�� (OHPHQWV�� ZRUNV� DQG� SURMHFWV� WKDW� DUH�
WRWDOO\�LQFRPSDWLEOH�ZLWK�WKH�SURMHFW�RU�WKDW��GXH�WR�WKHLU�IXQFWLRQ�RU�XVHIXOQHVV��
DUH� LPSRUWDQW� IRU� WKH� FRPPXQLW\� RU� IRU� WKH� FRXQWU\�� DUH� FRQVLGHUHG�� 7KH\�
FRUUHVSRQG�WR�KLJK�DQG�PRGHUDWH�VHQVLWLYLWLHV��JHQHUDWLQJ�PDQDJHPHQW�
DUHDV�ZLWK�KLJK�DQG�PHGLXP�UHVWULFWLRQV IRU�WKHLU�LQWHUYHQWLRQ��

7KH�DERYH�ZLOO�EH� UHIOHFWHG� LQ� WKH�HQYLURQPHQWDO�VHQVLWLYLW\�V\QWKHVLV�PDSV�ZKHQ�
WKH\�SUHGRPLQDWH�RYHU�WKH�TXDOLILFDWLRQ�E\�PHDQV�
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7DEOH�1R�������(YDOXDWLRQ�DWWULEXWHV�LQ�WKH�GHILQLWLRQ�RI�WKH�FULWHULD�IRU�HQYLURQPHQWDO�]RQLQJ�RI�WKH�DUHD�RI�LQIOXHQFH�RI�WKH�SRUW�WHUPLQDO
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*HRWHFKQLFDO�
VWDELOLW\

+\GULF�GHQVLW\
9HJHWDEOH�DQG�ODQG�

FRYHU
(FRQRPLF�DFWLYLW\

1DWXUDO�1DWLRQDO�3DUN�±
113

3URWHFWLYH�SURGXFLQJ�IRUHVW�
DUHDV�/DZ���QG�����

6FKRROV��FKXUFKHV��
FROLVHXPV��KHDOWK�FHQWHU��

HWF

6XVFHSWLELOLW\�WR�
HURVLRQ�

3K\VLFRFKHPLFDO�
TXDOLW\�RI�ZDWHU

$UHDV�RI�VSHFLDO�
HFRORJLFDO�LPSRUWDQFH

4XDOLW\�RI�OLIH
0DULQH�3URWHFWHG�$UHDV�

± 03$

$UHDV�RI�WKH�UHJLRQDO�V\VWHP�RI�
SURWHFWHG�QDWXUDO�DUHDV�±

6,5$3
�3URWHFWLYH�IRUHVW�UHVHUYHV
�5HJLRQDO�1DWXUDO�3DUNV��������������
�,QWHJUDWHG�PDQDJHPHQW�

GLVWULFWV�
�6RLO�FRQVHUYDWLRQ�GLVWULFWV

�5HFUHDWLRQ�DUHDV

6XEPDULQH�FDEOHV��
WUDQVIHU�OLQHV��HWF

3HQGLQJ� :DWHU�RIIHU &RQVHUYDWLRQ�REMHFWV
&RPPXQLW\�RUJDQL]DWLRQ�DQG�

DUHDV�RI�SDUWLFLSDWLRQ�
:LOGOLIH�DQG�)ORUD�
6DQFWXDULHV�±:)6

&LYLO�VRFLHW\�UHVHUYHV
)LVK�SRQGV��ZDWHU�WDQNV��

HWF

6HGLPHQWDU\�
IDFLHV

:DWHU�GHPDQG
=RQLQJ�RI�WKH�'DULHQ�

&RDVWDO�
(QYLURQPHQWDO�XQLW

'LVWULEXWLRQ�RI�WKH�ODQG
%LRVSKHUH�5HVHUYHV�±

0$%�
3ULRULW\�FRQVHUYDWLRQ�VLWHV�±

63&�
&KDQQHOV�DQG���RU�
LUULJDWLRQ�GLVWULFWV

*HRORJLFDO�
VWUXFWXUHV

+\GURJUDSKLF�
URXQGV

3HODJLF�FRPPXQLW\
$UFKDHRORJLFDO�DQG�FXOWXUDO�

SRWHQWLDO
&XUUHQWV�DQG�ERGLHV�RI�VXUIDFH�

ZDWHU�����P�
6LJQDO�EXR\V

6HLVPLFLW\
)LVKLQJ�JURXQGV�������
�,QGXVWULDO�± &UDIW�

+\GURJHRORJ\ %RDW�URXWHV
/DQG�XVHV�DQG�

FRQIOLFWV�

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�352<(&72�'(�&216758&&,Ï1�<�
23(5$&,Ï1�'(�81�7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�081,&,3,2�'(�

785%2

*$7��������&$�$0�3,2���

&$3����B7'(1*�5(9�'$9�2.
>0HGHOOtQ@������

7KHQ��WKH�SDUDPHWHUV�ZHUH�GHILQHG�XQGHU�ZKLFK�WKH�FULWHULD�ZHUH�HYDOXDWHG�DQG�D�
VFDOH�RI�YDOXHV�RI�VHQVLWLYLW\�DQG���RU� LPSRUWDQFH�ZDV�HVWDEOLVKHG�LQ�ILYH�����PDLQ�
FDWHJRULHV�

9HU\�KLJK�HQYLURQPHQWDO�VHQVLWLYLW\

+LJK�HQYLURQPHQWDO�VHQVLWLYLW\

0RGHUDWH�HQYLURQPHQWDO�VHQVLWLYLW\

/RZ�HQYLURQPHQWDO�VHQVLWLYLW\

9HU\�ORZ�HQYLURQPHQWDO�VHQVLWLYLW\

'HILQLWLRQ�RI�WKH�HQYLURQPHQWDO�VHQVLWLYLW\�RI�WKH�$UHD�

2QFH�WKH�JURXSLQJV�DQG�TXDOLILFDWLRQV�RI�HDFK�RQH�RI�WKH�DQDO\]HG�PHDQV�E\�HDFK�
SURIHVVLRQDO�DUH�REWDLQHG��WKH�VXSHUSRVLWLRQ�RI�WKHVH�ZLOO�EH�UHDOL]HG�WR�HVWDEOLVK�WKH�
GLIIHUHQW� FDWHJRULHV� RI� VHQVLWLYLW\� DQG� WKDW� LW� VHUYHV� OLNH� LQSXW� WR� HVWDEOLVK� WKH�
FDWHJRULHV� RI� XVH� DQG� UHVWULFWLRQ� LQ� WKH� ]RQLQJ� RI� KDQGOLQJ� HQYLURQPHQWDO�� 7KH�
HQYLURQPHQWDO�VHQVLWLYLW\�ZLOO�EH�GHILQHG�E\�WKH�IROORZLQJ�PDWKHPDWLFDO�H[SUHVVLRQ�

ܵܽ ൌሺܾܣǡ ǡܤ ܵܿሻ

(TXDWLRQ�1R����� 0DWKHPDWLFDO�H[SUHVVLRQ�IRU�WKH�GHILQLWLRQ�RI�HQYLURQPHQWDO�VHQVLWLYLW\

6RXUFH��'HOJDGR���������$GDSWHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

:KHUH�

6D �(QYLURQPHQWDO�VHQVLWLYLW\

$E �$ELRWLF�PHGLD��OLNH�WKLV�

ܾܣ ൌሺ݅ݎܥͳǡ ǡʹ݅ݎܥ ǡ͵݅ݎܥ ݅ݎܥ ǥ ሻ

(TXDWLRQ�1R����� 0DWKHPDWLFDO� H[SUHVVLRQ� IRU� WKH� DVVHVVPHQW� RI� VHQVLWLYLW\� RI� WKH� DELRWLF�
HQYLURQPHQW�
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6RXUFH��'HOJDGR���������$GDSWHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

1RWH��6XP�RI�DOO�WKH�FULWHULD�VHOHFWHG�IRU�WKH�DELRWLF�HQYLURQPHQW

% �%LRWLF�)DFWRU�

ܤ ൌሺ݅ݎܥͳǡ ǡʹ݅ݎܥ ǡ͵݅ݎܥ ݅ݎܥ ǥ ሻ

(TXDWLRQ�1R����� 0DWKHPDWLFDO� H[SUHVVLRQ� IRU� WKH� DVVHVVPHQW� RI� VHQVLWLYLW\� RI� WKH� ELRWLF�
HQYLURQPHQW

6RXUFH��'HOJDGR���������$GDSWHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

1RWH��6XP�RI DOO�WKH�VHOHFWHG�FULWHULD�IRU�WKH�ELRWLF�HQYLURQPHQW

6F �6RFLRHFRQRPLF�DQG�FXOWXUDO�HQYLURQPHQW�

ܥܵ ൌሺ݅ݎܥͳǡ ǡʹ݅ݎܥ ǡ͵݅ݎܥ ݅ݎܥ ǥ ሻ

(TXDWLRQ�1R����� 0DWKHPDWLFDO�H[SUHVVLRQ�IRU�WKH�VHQVLWLYLW\�DVVHVVPHQW�RI�WKH�VRFLRHFRQRPLF�
HQYLURQPHQW�

6RXUFH��'HOJDGR���������$GDSWHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

1RWH��6XP�RI�DOO�WKH�FULWHULD�VHOHFWHG�IRU�WKH�VRFLRHFRQRPLF�HQYLURQPHQW�

7KH� PD[LPXP� VFRUH� E\� PHDQV� ZLOO� EH�� DELRWLF� IDFWRU� ���� ELRWLF� IDFWRU� ��� DQG�
VRFLRHFRQRPLF�HQYLURQPHQW����

9DOXDWLRQ�UDQJHV�

&RQVLGHULQJ� (TXDWLRQ�1R�� ������ WKH� VXP� RI� WKH� YDULDEOHV� RI� HDFK� RI� WKH�PHDQV��
DELRWLF��$E���ELRWLF��%��DQG�VRFLRHFRQRPLF��6F��ZLOO�EH�IUDPHG�ZLWKLQ�WKH�UDQJHV�RI���
WR�����SRLQWV��ZKLFK�7KH\�ZLOO�GHILQH�WKH�EDVLF�VHQVLWLYLW\�RI�WKH�DUHDV�LQFOXGHG�ZLWKLQ�
WKH� VWXG\� DUHD� LQ� WKH� FDWHJRULHV� WKDW� DUH� HVWDEOLVKHG� IURP� YHU\� ORZ� WR� YHU\� KLJK�
VHQVLWLYLW\��)LJXUH�1R��������
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)LJXUH�1R�������(QYLURQPHQWDO�VHQVLWLYLW\�UDQJHV

6RXUFH��'HOJDGR���������$GDSWHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6��������

)RU�WKH�GLIIHUHQW�DQDO\]HV�RI�WKH�UHVXOWV��WKH�HQYLURQPHQWDO�]RQLQJ�SURSRVHG�LQ�WKH�
JXLGHOLQHV�DQG�LQWHJUDWHG�PDQDJHPHQW�VWUDWHJLHV�RI�WKH�FRDVWDO�HQYLURQPHQWDO�XQLW�
RI�WKH 'DULpQ�DQG�WKH�7HUULWRULDO�3ODQQLQJ�3ODQ�RI�WKH�PXQLFLSDOLW\�RI�7XUER�LQ������
ZDV�WDNHQ�LQWR�DFFRXQW��DV�DSSOLFDEOH�IRU�LWV�UHVSHFWLYH�DUWLFXODWLRQ�

)LQDOO\�� WKH� LQWHUPHGLDWH� PDSV� RI� HDFK� RI� WKH� PHGLD� ZHUH� LQWHJUDWHG� DQG�
VXSHULPSRVHG�XVLQJ�WKH�*,6�WRRO��WR�REWDLQ�WKH�ILQDO�HQYLURQPHQWDO�]RQLQJ�
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����� 'HPDQG��XVH��H[SORLWDWLRQ�DQG���RU�DIIHFWDWLRQ�RI�QDWXUDO�UHVRXUFHV�

%DVHG�RQ� WKH� LQIRUPDWLRQ� RQ� WKH�GHVLJQV� IRU� WKH� FRQVWUXFWLRQ� DQG�RSHUDWLRQ�RI� D�
ODUJH�SRUW�VROLG�EXON�SRUW�WHUPLQDO�LQ�%DKtD�&RORPELD��DQG�WKH FKDUDFWHUL]DWLRQ�RI�WKH�
DUHD�RI� LQIOXHQFH�� WKH�QDWXUDO� UHVRXUFHV�WKDW� WKH�SURMHFW�ZLOO�GHPDQG�ZLOO�EH�XVHG��
H[SORLWHG�RU�DIIHFWHG�GXULQJ�WKH�GLIIHUHQW�VWDJHV�RI�FRQVWUXFWLRQ�DQG�RSHUDWLRQ��ZKHUH�
WKH� UHVRXUFHV� WKDW� UHTXLUH� RU� QRW� SHUPLWV�� FRQFHVVLRQV� DQG� DXWKRUL]DWLRQV� ZHUH�
LQFOXGHG�

7KH� UHTXLUHG� LQIRUPDWLRQ� LV� SUHVHQWHG� LQ� WKH� 1DWLRQDO� 8QLTXH� )RUPV�� ZKLFK� DUH�
DWWDFKHG�DV�DQQH[HV�LQ�WKH�FKDSWHU�RQ�GHPDQG�IRU�QDWXUDO�UHVRXUFHV�

:DWHU�UHVRXUFH��GLVFKDUJHV��IRUHVW�XVH�DQG�VRXUFHV�RI�PDWHULDO�

$Q� LGHQWLILFDWLRQ ZDV� PDGH� RI� WKH� QDWXUDO� UHVRXUFHV� WKDW� WKH� FRQVWUXFWLRQ� DQG�
RSHUDWLRQ�RI�WKH�LQIUDVWUXFWXUH�DVVRFLDWHG�ZLWK�WKH�SURMHFW�ZLOO�UHTXLUH��DV�ZHOO�DV�WKH�
TXDQWLWLHV�RI�PDWHULDO��IORZV�DQG�YROXPHV�UHTXLUHG�WR�FRYHU�WKH�GHPDQG�RI�WKH�SURMHFW�
GXULQJ�WKH�XVHIXO�OLIH�RI�WKH�SURMHFW�

)RUHVW�H[SORLWDWLRQ

7R�FDUU\�RXW�WKH�IRUHVWU\�LQYHQWRU\�RI�WKH�SUHVHQW�VWXG\�LQ�RUGHU�WR�HVWDEOLVK�WKH�XVH��
D����PHWHU�VWULS�RQ�HDFK�VLGH�RI�WKH�URDG�WKDW�ZLOO�OHDG�IURP�1XHYD�&RORQLD�WR�3XHUWR�
%DKtD�&RORPELD� LQ�8UDEi�ZDV� WDNHQ�DV� WKH� GLUHFW� DUHD�RI� WKH�SURMHFW��ZKHUH� WKH�
WHUPLQDO�ZLOO�EH�EXLOW�RQ�ODQG��DV�VKRZQ�LQ�)LJXUH�1R�������

7KHUH��WKH�IRUHVW�LQYHQWRU\�ZDV�PDGH�RI������RI�WKH�VSHFLHV�FRUUHVSRQGLQJ�WR�WKH�
FDWHJRU\�RI�VPDOO�WUHHV��&LUFXPIHUHQFH�DW�FKHVW�KHLJKW�HTXDO�WR�RU�JUHDWHU�WKDQ������
FP��DFFRUGLQJ�WR�'HFUHH������RI�������DV�D�UHJLPH�IRU�IRUHVW�H[SORLWDWLRQ�

�������������������������������������������

���&2/20%,$��0,1,675<�2)�(19,5210(17��'HFUHH�����������2FWREHU��������%\�PHDQV�RI�ZKLFK�WKH�UHJLPH�RI�IRUHVW�
H[SORLWDWLRQ�LV HVWDEOLVKHG��%RJRWi��0LQLVWU\�RI�WKH�(QYLURQPHQW��������S����
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)LJXUH�1R�������)RUHVW�LQYHQWRU\�SRLQWV�LQ�WKH�DUHD�RI�GLUHFW�LPSDFW�RI�WKH�SURMHFW

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7KH�YDULDEOHV�PHDVXUHG�LQ�WKH�ILHOG�ZHUH��LGHQWLILFDWLRQ�RI�WKH�VSHFLHV��FLUFXPIHUHQFH�
WR� WKH� KHLJKW� RI� WKH� EUHDVW� �&$3��� DQJOH� RI� LQFOLQDWLRQ� DW� FKHVW� KHLJKW�� DQJOH� RI�
LQFOLQDWLRQ�WR�WKH�ILUVW�EUDQFK�DQG�DQJOH�RI�LQFOLQDWLRQ�DW�WKH�DSH[�RI�WKH�WUHH��FURZQ�
ZLGWK��VWHP�TXDOLW\�DQG�WKH�ORFDWLRQ�FRRUGLQDWHV�RI�HDFK�WUHH��DOO�LQGLYLGXDOV�ZLWK�&$3�
JUHDWHU�WKDQ�RU�HTXDO�WR������FP�ZHUH�PHDVXUHG��$OO�LQGLYLGXDOV�ZHUH�PDUNHG�ZLWK�
UHG� RLO� SDLQW� DSSUR[LPDWHO\� ����� P� KLJK�� QXPHULFDOO\� DQG� WKH� QXPEHUV� ZHUH�
FRQVHFXWLYH��DV�VKRZQ�LQ�3KRWRJUDSK�1R�������
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3KRWRJUDSK�1R�������0DUNLQJ�RI�LQGLYLGXDOV�LQYHQWRULHG�LQ�WKH�ILHOG
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7KH�FLUFXPIHUHQFH�DW�FKHVW�KHLJKW��&$3��ZDV�PHDVXUHG�DW�D�KHLJKW�RI������P�DERYH�
JURXQG�OHYHO��LQ�XQLWV�RI�FHQWLPHWHUV��XVLQJ�D�WDSH�PHDVXUH��:KHQ�PHDVXULQJ�HDFK�
WUHH��LW�ZDV�FKHFNHG�WKDW�QR�YLQHV��SDUDVLWHV�RU�RWKHU�SODQWV�WKDW�DOWHU�WKH�DFFXUDF\�
RI�WKH�PHDVXUH�ZHUH�FRQVLGHUHG��DV�VKRZQ�LQ�3KRWRJUDSK�1R�������
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3KRWRJUDSK�1R�������0HDVXUHPHQW�RI�WKH�&$3�GXULQJ�WKH�IRUHVW�LQYHQWRU\

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

:LWK�WKH�YDOXH�WDNHQ�IURP�&$3��WKH�GLDPHWHU�DW�FKHVW�KHLJKW�ZDV�FDOFXODWHG�XVLQJ�
(TXDWLRQ�1R�������

'$3  �&$3��ʌ

(TXDWLRQ�1R�������&DOFXODWLRQ�WR�ILQG�WKH�GLDPHWHU�DW�EUHDVW�DWXUD��'$3�

7KH�WRWDO�KHLJKW RI�WKH�WUHH�ZDV�FDOFXODWHG�IURP�WKH�DQJOHV�RI�LQFOLQDWLRQ�WDNHQ�LQ�WKH�
ILHOG�ZLWK�WKH�KHOS�RI�D�FOLQRPHWHU��3KRWRJUDSK�1R���������WKHVH�ZHUH�WDNHQ�DW�FKHVW�
KHLJKW��Į���DQG�DW�WKH�DSH[�RI�HDFK�WUHH��Į����7KHQ�ZLWK�(TXDWLRQ�1R��������:KLFK�
ZDV�WDNHQ�IURP�WKH�PDQXDO�RI�EDVLF�PHWKRGV�RI�VDPSOLQJ�WKH�WRWDO�KHLJKW�FDOFXODWLRQ�
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+W� �G���WDQ�Į��± Į��������

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�WRWDO�KHLJKW�RI�WUHHV�ZKHUH��

+W� �WRWDO�KHLJKW�

G� �GLVWDQFH�LQ�PHWHUV�EHWZHHQ�WKH�FOLQRPHWHU�DQG�WKH�WUHH

Į�� �DQJOH�IURP�WKH�VWXPS�����FP�

Į�� �DQJOH�DW�WKH�DSH[�RI�WKH�WUHH

7KH�FRPPHUFLDO�KHLJKW�RI�WKH�WUHH�UHSUHVHQWV�WKH�SDUW�RI�WKH�VKDIW�WKDW�FDQ�EH�XVHG�
FRPPHUFLDOO\��7KLV�ZDV�PHDVXUHG�ZLWK� WKH�KHOS�RI�D� FOLQRPHWHU� �3KRWRJUDSK�1R��
������IURP�WKH�VWXPS��DERXW����FP�DERYH�WKH�JURXQG���WR�ZKHUH�WKH�FXS�VWDUWV�RU�WR�
ZKHUH�WKHUH�LV�VRPH�OLPLWDWLRQ�VXFK�DV�GHIRUPDWLRQ��GDPDJH��RU�GLDPHWHU�OHVV�WKDQ�
���FP��WKHQ��XVLQJ�(TXDWLRQ�1R��������WKH�FRPPHUFLDO�KHLJKW�ZDV�FDOFXODWHG�

+F� �G���WDQ�Į��± Į��������

(TXDWLRQ�1R�������(TXDWLRQ�WR�ILQG�WKH�FRPPHUFLDO�KHLJKW�RI�WUHHV�ZKHUH��

+F� �FRPPHUFLDO�KHLJKW�

G� �GLVWDQFH�LQ�PHWHUV�EHWZHHQ�WKH�FOLQRPHWHU�DQG�WKH�WUHH

Į�� �DQJOH�DW�FKHVW�KHLJKW������P�

Į�� �DQJOH�WR�WKH�VKDIW�RU�FRPPHUFLDO�KHLJKW�

�������������������������������������

���0RVWDFHGR�DQG�)UHGHULFNVHQ��2S��&LW���3����
�� ,ELG�
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3KRWRJUDSK�1R�������0HDVXUHPHQW�RI�KHLJKWV�GXULQJ�WKH�ILHOG�SKDVH

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7R�TXDQWLI\�WKH�DPRXQW�RI�ZRRG�SHU�LQGLYLGXDO�WKH�FRPPHUFLDO�YROXPH�RI�HDFK�WUHH�
PXVW�EH�FDOFXODWHG��IRU�ZKLFK�WKH�HTXDWLRQV�WKDW�DUH�H[SRVHG�LQ�WKH�PDQXDO�RI�
EDVLF�VDPSOLQJ�PHWKRGV�ZHUH�XVHG��(TXDWLRQ�1R�������ZDV�XVHG�WR�FDOFXODWH�WKH�
EDVDO�DUHD�RI�HDFK�WUHH�LQ�XQLWV�RI�VTXDUH�PHWHUV��P����WR�GHWHUPLQH�WKH�
FRPPHUFLDO�YROXPH�LQ�FXELF�PHWHUV��P���IRU�HDFK�RI�WKHP��(TXDWLRQ�1R�������ZDV�
XVHG�

J� �
గ

ସ
�'$3�

(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�WKH�EDVDO�DUHD

:KHUH�

J� �EDVDO�DUHD�RI�D�WUHH��P��

'$3� �GLDPHWHU�DW�FKHVW�KHLJKW��P�
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����������������������������������

���0RVWDFHGR�DQG�)UHGHULFNVHQ��2S��&LW���3�������

9� �J���+F

(TXDWLRQ�1R�������(TXDWLRQ�WR�FDOFXODWH�WKH�FRPPHUFLDO�YROXPH :KHUH�

9� �YROXPHQ�RI�WKH�WUHH�LQ�P�

J� �EDVDO�DUHD�RI�WKH�WUHH��P��

+F� �FRPHUFLDO�KHLJKW�RI�WKH�WUHH��P�

7R�REWDLQ�WKH�GLDPHWHU�FODVVHV��HOHYHQ������LQWHUYDOV�ZLWK�D�PLQLPXP�UHFRUG�RI���FP�
DQG�D�PD[LPXP�UHFRUG�RI�����FP�ZHUH�GHWHUPLQHG�WR�REWDLQ�D�FODVV�PDUN�RI����FP��
7DEOH������VKRZV�WKH�GLDPHWHU�FODVVHV�E\�FODVV�LQWHUYDO�IRU�HDFK�FDWHJRU\�

7DEOH�1R�������'LDPHWULF�FODVVHV�E\�FODVV�LQWHUYDO�IRU�WKH�YDULDEOH�QRUPDO�GLDPHWHU��IRU�WUHHV�LQ�WKH�
DUHD�RI�GLUHFW�LPSDFW�RI�WKH�SURMHFW

'LDPHWHU�FODVV &ODVV�LQWHUYDO &ODVV�PDUN

� ��� ���FP ��
� ������ ���FP ��
� ������ ���FP ��
� ������ ���FP ��
� ������ ���FP ��
� ������ ���FP ��
� ������ ���FP ��
� ������ ���FP ��
� ������ ���FP ��
�� ������ ����FP ���
�� ������� ����FP ���

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

6ROLG�ZDVWH

7DEOH������VKRZV� WKH�DVVLJQPHQW�RI� WKH� OHYHO�RI�FRPSOH[LW\�RI� WKH�V\VWHP��1&6��
EDVHG�RQ�WKH�5$6������VWDQGDUG��:LWK�WKLV�OHYHO�RI�FRPSOH[LW\�DQG�WKH�W\SLFDO�YDOXHV�
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RI� WKH� SHU�FDSLWD� SURGXFWLRQ� RI� VROLG� ZDVWH� SUHVHQWHG� LQ� 7DEOH� 1R�� ������ WKH�
SURGXFWLRQ�RI�VROLG�ZDVWH�IRU� WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI� WKH�SURMHFW�FDQ�EH�
FDOFXODWHG�

7DEOH� 1R�� ����� 7\SLFDO� 9DOXHV� RI� WKH� 3HU�FDSLWD� 3URGXFWLRQ� (VWLPDWH� � 33&� IRU� &RORPELDQ�
PXQLFLSDOLWLHV�DFFRUGLQJ�WR�WKH�1&6

/HYHO�RI�FRPSH[LW\ 0LQLPXP�YDOXH 0D[LPXP�YDOXH� $YHUDJH�YDOXH
/RZ ���� ���� ����
0HGLXP ���� ���� ����
0HGLXP�+LJ ���� ���� ����
+LJK� ���� ���� ����

6RXUFH��6WDQGDUG�5$6�������7LWOH�)�
�1&6��/HYHO�RI�&RPSOH[LW\�RI�WKH�6\VWHP

)RU�WKH�VSHFLILF�FDVH�RI�WKH�SURMHFW��D�33&�RI������NJ���LQKDE�GD\�ZLOO�EH�XVHG�

$FFRUGLQJ� WR� WKH�ZDVWH�JHQHUDWHG�� WKH� IROORZLQJ�SURSRUWLRQ�ZLOO� EH�DVVLJQHG� �VHH�
7DEOH�1R��������

7DEOH�1R�������3URSRUWLRQ�RI�QRQ�KD]DUGRXV�ZDVWH
&ODVVLILFDWLRQ 3URSRUWLRQ����

%LRGHJUDGDEOH ��
5HF\FODEH ��
2UGLQDU\�DQG�LQHUW ��

6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6�������

7R�FDOFXODWH� WKH�ZDVWH�SURGXFWLRQ�RI� WKH�SURMHFW�� WKH�IROORZLQJ�H[SUHVVLRQ� LV�XVHG�
�VHH�(TXDWLRQ�1R��������

݁ݐݏܽݓ ൬
݃ܭ

ݕܽ݀
൰ ൌ ሺܲܲܥ כ ܲ כ ሻݏܦ

(TXDWLRQ�1R����� 3URGXFWLRQ�RI�VROLG�ZDVWH

6RXUFH��5$6�������7LWOH�)��

:KHUH���

���,ELG�
�� 0LQLVWU\�RI�(FRQRPLF�'HYHORSPHQW��7HFKQLFDO�5HJXODWLRQ�RI�WKH�'ULQNLQJ�:DWHU�DQG�%DVLF�6DQLWDWLRQ�6HFWRU�5$6� ������
7LWOH�)��8UEDQ�FOHDQLQJ�V\VWHPV��%RJRWi�'�&��1RYHPEHU������
�� ,ELG�
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��������������������������������������

:DVWH� 3URGXFWLRQ�RI�VROLG�ZDVWH��NJ�GtD�

3� 3RSXODWLRQ

33&��6ROLG�ZDVWH�SURGXFWLRQ�SHU�SHUVRQ�GD\�

'V����GD\�RI�JHQHUDWLRQ

����� ,GHQWLILFDWLRQ�DQG�$VVHVVPHQW�RI�HQYLURQPHQWDO�LPSDFWV

,QLWLDOO\��WKH�HQYLURQPHQWDO�LPSDFWV�RI�WKH�DFWLYLWLHV�WKDW�KDYH�WKH�JUHDWHVW�LPSDFW�RQ�
WKH�DUHD�RI� LQIOXHQFH�ZHUH� LGHQWLILHG�DQG�HYDOXDWHG� �VFHQDULR�ZLWKRXW�SURMHFW� � ([�
$QWH��

6XEVHTXHQWO\��EDVHG�RQ�WKH�DFWLYLWLHV�GHILQHG LQ�WKH�SURMHFW�GHVFULSWLRQ�DQG�EDVHG�
RQ� WKH� LPSDFWV� SUHYLRXVO\� LGHQWLILHG� LQ� WKH� HQYLURQPHQWDO� LPSDFW� VWXG\� DQG� LQ�
DFFRUGDQFH�ZLWK�WKH�DQDO\]HV�FDUULHG�RXW�LQ�WKH�FKDUDFWHUL]DWLRQ�RI�WKH�SURMHFW��WKH�
LPSDFWV�ZHUH�LGHQWLILHG��DQG�WKHLU�LPSDFW�ZDV�DQDO\]HG��([��� 3RVW�

7KH�HQYLURQPHQWDO�LPSDFW�DVVHVVPHQW�ZDV�EDVHG�RQ�WKH�DVVLJQPHQW�RI�YDOXHV�WR�
HDFK�FULWHULRQ��DQDO\]LQJ�WKH�VFHQDULR�ZLWK�WKH�SURMHFW�DQG�GHWHUPLQLQJ�WKH�FXUUHQW�
FRQGLWLRQV�DQG�WKH�HQYLURQPHQWDO�SUREOHPV�H[LVWLQJ� LQ� WKH�DUHD�RI� LQIOXHQFH��DV�D�
UHVXOW� RI� WKH� PDLQ� ZRUNV� DQG� DFWLYLWLHV� FDUULHG� RXW� GXULQJ� WKH� FRQVWUXFWLRQ� DQG�
RSHUDWLRQ�RI�WKH�SRUW�WHUPLQDO�

7KH�SURFHVV�RI�DVVHVVLQJ�HQYLURQPHQWDO�LPSDFWV�ZDV�FDUULHG�RXW�MRLQWO\��GLVFXVVLRQ�
WDEOHV��ZLWK�WKH�LQWHUGLVFLSOLQDU\�JURXS�RI�VSHFLDOLVW�SURIHVVLRQDOV�ZKR�SDUWLFLSDWHG�LQ�
WKH�PRGLILFDWLRQ�RI�WKH�HQYLURQPHQWDO�OLFHQVH�

,Q�DGGLWLRQ�WR�DQDO\]LQJ�HDFK�HIIHFW�JHQHUDWHG�RQ�WKH�GLIIHUHQW�HQYLURQPHQWDO�IDFWRUV�
�DELRWLF��ELRWLF�DQG�VRFLRHFRQRPLF���WKH�UHVXOWV�REWDLQHG�ZHUH�V\QWKHVL]HG�ZLWK�WKH�
REMHFWLYH� RI� GHILQLQJ� WKH� DOWHUQDWLYHV� RI�SUHYHQWLRQ��PLWLJDWLRQ�� FRPSHQVDWLRQ� DQG�
FRUUHFWLRQ�� DOO� WKLV�� ZLWK� WKH� SXUSRVH� RI� PLQLPL]LQJ� WKH� HQYLURQPHQWDO� LPSDFWV�
JHQHUDWHG�

%HORZ�DUH�WKH�GLIIHUHQW�DFWLRQV�GHYHORSHG�WR�HYDOXDWH�WKH�LPSDFWV�LGHQWLILHG�GXULQJ�
WKH�FRQVWUXFWLRQ�DQG�RSHUDWLRQ�RI�WKH�3RUW�7HUPLQDO�

,GHQWLILFDWLRQ�RI�LPSDFWIXO�DFWLRQV
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,W� FRQVLVWV� RI� WKH� LGHQWLILFDWLRQ� RI� DQWKURSLF� LPSDFWLQJ� DFWLRQV�� ZKLFK� GXULQJ� WKH�
GHYHORSPHQW�RI�WKH�SURMHFW�DUH�FRQVLGHUHG�3UHVVXUH�,QGLFDWRUV��EHFDXVH�WKH\�H[HUW�
LQIOXHQFH� RQ� WKH� HQYLURQPHQW� E\� YDU\LQJ� RU� DOWHULQJ� WKH� GHJUHH� RI� TXDOLW\� RI� WKH�
HQYLURQPHQWDO�FRPSRQHQWV�

7KHVH�DFWLRQV�FDQ�JHQHUDWH�FKDQJHV�VXFK�DV��PRGLILFDWLRQV�WR�ODQG�XVH��HPLVVLRQ�
RI�SROOXWDQWV��GHWHULRUDWLRQ�RI�WKH�ODQGVFDSH��PRGLILFDWLRQ�RI�WKH�VRFLDO��HFRQRPLF�DQG�
FXOWXUDO�HQYLURQPHQW��FRQVXPSWLRQ�RI�QDWXUDO�UHVRXUFHV��ULVNV��DPRQJ�RWKHUV�

,GHQWLILFDWLRQ� RI� HQYLURQPHQWDO� FRPSRQHQWV� VXVFHSWLEOH� WR� UHFHLYLQJ�
FKDQJHV�RU�LPSDFWV

,W� FRQVLVWV� LQ� WKH� LGHQWLILFDWLRQ� RI� WKH� FRPSRQHQWV� DQG� HOHPHQWV� �HQYLURQPHQWDO�
IDFWRUV��RI�WKH�DELRWLF��ELRWLF�DQG�VRFLRHFRQRPLF�HQYLURQPHQW�WKDW�FDQ�EH�DOWHUHG�RU�
PRGLILHG�SRVLWLYHO\�RU�QHJDWLYHO\�E\�WKH�GLIIHUHQW�DFWLYLWLHV�RI�WKH�SURMHFW�

)RU�WKH�GHILQLWLRQ�RI�WKH�PRVW�VXVFHSWLEOH�HQYLURQPHQWDO�IDFWRUV��LW�ZDV�QHFHVVDU\�WR�
FRQVLGHU� WKH�IROORZLQJ�FULWHULD�� UHSUHVHQWDWLYH�� UHOHYDQW��H[FOXGLQJ��HDV\� WR� LGHQWLI\�
DQG�TXDQWLILDEOH�

4XDOLILFDWLRQ�DQG�TXDQWLILFDWLRQ�RI�LPSDFWV

2QFH�WKH�LGHQWLILFDWLRQ�RI�LPSDFWLQJ�DFWLRQV�DQG�LGHQWLILFDWLRQ�RI�WKH�HQYLURQPHQWDO�
FRPSRQHQWV� VXVFHSWLEOH WR� UHFHLYLQJ� FKDQJHV�ZHUH�PDGH�� QDWXUH� �1$��� LQWHQVLW\�
�,1���H[WHQVLRQ��(;���PRPHQW��02���SHUVLVWHQFH��3(���FULWHULD�ZHUH�HYDOXDWHG�DQG�
HYDOXDWHG�� UHYHUVLELOLW\� �59��� V\QHUJ\� �6,��� DFFXPXODWLRQ� �$&��� HIIHFW� �()��
UHFRYHUDELOLW\� �0&�� DQG� SHULRGLFLW\� �3�� WR� GHILQH� WKH� UDQJH� RI� HQYLURQPHQWDO�
LPSRUWDQFH� RI� HDFK� LPSDFW�� DV� SURSRVHG� E\� WKH� &RQHVD� )HUQiQGH]� 9tWRUD�
0HWKRGRORJ\��������

7KLV�PHWKRGRORJ\�LQFOXGHV�D�UDWLQJ�V\VWHP�IRU�HDFK�FULWHULRQ�WKDW�UDQJHV�IURP���WR�
����DFFRUGLQJ�WR�WKH�TXDOLWDWLYH�FKDUDFWHULVWLFV�GHWHUPLQHG�IRU�HDFK�RI�WKH�LPSDFWV�WR�
EH�HYDOXDWHG��DV�VKRZQ�LQ�7DEOH�1R�������

7DEOH�1R�������$VVHVVPHQW�FULWHULD

�����������������������������������

���&21(6$�)'(=��9Ë725$��PHWKRGRORJLFDO�JXLGH�IRU�HQYLURQPHQWDO�LPSDFW�DVVHVVPHQW����HG��0DGULG��(GLFLRQHV�0XQGL�
3UHQVD������������S�
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1$ 1$785(
%HQHILFLDO�RU�KDUPIXO�QDWXUH�RI� WKH� LPSDFW��DV�
WR�ZKHWKHU�WKH�DFWLRQ�LPSURYHV�RU�GHJUDGHV�WKH�
HQYLURQPHQW�QRZ�RU�LQ�WKH�IXWXUH�

%HQHILFLDO�RU�SRVLWLYH �

+DUPIXO�RU�1HJDWLYH �

,1 ,17(16,7< 'HILQHV� WKH�GHJUHH�RI�GHJUDGDWLRQ�RIIHUHG�E\�
WKH�DFWLRQ�RQ�WKH�UHVRXUFH�

/RZ �

+DOI �

+LJK �

9HU\�+LJK �

7RWDO ��

(; (;7(17,21

7KH�WKHRUHWLFDO�LQIOXHQFH�DUHD�RI�WKH�LPSDFW�LQ�
UHODWLRQ�WR�WKH�HQYLURQPHQW�LQ�ZKLFK�WKH�HIIHFW�
LV� PDQLIHVWHG�� 3XQFWXDO� UHIHUV� WR� ZKHQ� WKH�
HIIHFW�LV�ORFDOL]HG��,I��RQ�WKH�FRQWUDU\��WKH�HIIHFW�
GRHV�QRW�VXSSRUW�D�SUHFLVH�ORFDWLRQ�ZLWKLQ�WKH�
SURMHFW� HQYLURQPHQW�� KDYLQJ� JHQHUDOL]HG�
LQIOXHQFH� WKURXJKRXW�� WKH� LPSDFW�ZLOO� EH� WRWDO��
&RQVLGHULQJ� WKH� LQWHUPHGLDWH� FRQGLWLRQV��
DFFRUGLQJ� WR� WKHLU� JUDGDWLRQ�� DV� SDUWLDO� DQG�
H[WHQVLYH�LPSDFW�

3XQFWXDO �

3DUWLDO �

([WHQVLYH �

7RWDO �

5HYLHZ ����

02 020(17

7LPH� WKDW� HODSVHV� IURP� WKH� EHJLQQLQJ� RI� WKH�
DFWLRQ� XQWLO� WKH� EHJLQQLQJ� RI� WKH� LPSDFW� LW�
SURGXFHV��:KHQ�WKH�WLPH�HODSVHG�LV�]HUR��WKH�
PRPHQW�LV�LPPHGLDWH��LI�LW�LV�OHVV�WKDQ�RQH�\HDU�
LW� LV�VKRUW�WHUP��,I�WKH�SHULRG�JRHV�IURP���WR���
\HDUV�PHGLXP� WHUP�� ZKLOH� LI� WKH� HIIHFW� WDNHV�
ORQJHU�WKDQ���\HDUV�LWV�ORQJ�WHUP�

/RQJ�WHUP �

0HGLXP�WHUP �

,PPHGLDWH �

&ULWLFDO ����

3( 3(56,67(1&(

7LPH�LQ�ZKLFK�WKH�LPSDFW�LV�H[SHFWHG�WR�UHPDLQ�
IURP� LWV� DSSHDUDQFH�� 6KRRWLQJ� OHVV� WKDQ� ��
\HDU�� LW� LV� WHPSRUDU\� LI� LW� LV�EHWZHHQ���DQG����
\HDUV� DQG� SHUPDQHQW� LI� LW� LV� JUHDWHU� WKDQ� ���
\HDUV�

/HDNV� �

7HPSRUDU\� �

3HUPDQHQW �

59 5(9(56,%,/,7<

3RVVLELOLW\�RI�WKH�DIIHFWHG�IDFWRU�WR�UHWXUQ�WR�LWV�
SUHYLRXV�FRQGLWLRQV�WR�WKH�DIIHFWDWLRQ�E\�QDWXUDO�
PHDQV�� RQFH� LW� KDV� VWRSSHG� DFWLQJ� RQ� WKH�
HQYLURQPHQW�� ,I� LW� LV� VKRUW� WHUP� LW� ZLOO� EH� LQ� D�
SHULRG� RI� OHVV� WKDQ� ��\HDU�� PHGLXP� WHUP� LV�
EHWZHHQ� �� DQG� ��� \HDUV� DQG� SHUPDQHQW� RU�
LUUHYHUVLEOH�LI�LW�LV�PRUH�WKDQ����\HDUV�

6KRUW�WHUP �

0HGLXP�WHUP �

,UUHYHUVLEOH �

6, 6<1(5*<

7KHUH�LV�V\QHUJ\�LI�WZR�HIIHFWV�DUH�PDQLIHVWHG�
WRJHWKHU�� DQG� WKLV� LV� JUHDWHU� WKDQ� LWV� LVRODWHG�
PDQLIHVWDWLRQV�� ,I� WKHUH� LV� D� ZHDNHQLQJ�
EHWZHHQ� WKH�HIIHFWV�� WKH�V\QHUJ\� LV� QHJDWLYH��
UHGXFLQJ�WKH�LPSRUWDQFH��,�

:LWKRXW�V\QHUJLVP�
�VLPSOH�

�

6\QHUJLVWLF �

9HU\�6\QHUJLVWLF� �

$& $&&808/$7,21 $Q� LPSDFW� LV� FXPXODWLYH� LI� WKH� FRQWLQXHG�
SUHVHQFH�RI�WKH�DFWLRQ�JURZV�RYHU�WLPH��

6LPSOH �

&XPXODWLYH �

() ())(&7 ,QGLUHFW�6HFRQGDU\ �
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'HULYHG� IURP� WKH�&DXVH� �� (IIHFW� UHODWLRQVKLS��
$Q� (IIHFW� LV� GLUHFW� ZKHQ� WKH� DFWLRQ� LWVHOI�
JHQHUDWHV� WKH�HIIHFW��ZKLOH� LW� LV� LQGLUHFW� LI� LW� LV�
JHQHUDWHG�IURP�DQRWKHU�LPSDFW��

'LUHFW �

35 3(5,2',&,7<

5HJXODULW\�RI�PDQLIHVWDWLRQ�RI�WKH�LPSDFW��,W�FDQ�
EH� SUHVHQWHG� FRQWLQXRXVO\�� SHULRGLFDOO\� RU�
LUUHJXODUO\��ZKLFK�PXVW�EH�HYDOXDWHG�LQ�WHUPV�RI�
SUREDELOLW\� RI� RFFXUUHQFH�� DQG� GLVFRQWLQXRXV�
RQHV��

,UUHJXODU�RU�DSHULRGLF�
DQG�GLVFRQWLQXRXV

�

3HULRGLF �

&RQWLQXRXV �

0& 5(&83(5$%,/,7<

3RVVLELOLW\� RI� UHFRYHU\� RI� WKH� DIIHFWHG� IDFWRU�
WKURXJK� HQYLURQPHQWDO� PDQDJHPHQW�
�LQWURGXFWLRQ�RI�FRUUHFWLYH�PHDVXUHV���,W�FDQ�EH�
UHFRYHUDEOH�LI� LW�LV�DFKLHYHG�LPPHGLDWHO\�RU�LQ�
WKH�PHGLXP� WHUP�� LI� LW� LV�SDUWLDOO\� WKH�HIIHFW� LV�
PLWLJDEOH�� ZKLOH� LW� LV� XQUHFRYHUDEOH� LI� WKH�
DOWHUDWLRQ� LV� LPSRVVLEOH� WR� UHSDLU� ERWK� QDWXUDO�
DQG�QDWXUDO�DFWLRQ��

5HFRYHUDEOH�
LPPHGLDWHO\

�

5HFRYHUDEOH�LQ�WKH�
PLGGOH WHUP

�

0LWLJDEOH �

,UUHFRYHUDEOH �

, ,03257$1&(
4XDOLWDWLYH� PHDVXUH� RI� WKH� LPSDFW� IURP� WKH�
GHJUHH�RI�LQFLGHQFH�RI�WKH�DOWHUDWLRQ�SURGXFHG�
DQG�LWV�HIIHFWV�

,UUHOHYDQW ����

0RGHUDWH �����

6HYHUH �����

&ULWLFDO ������
6RXUFH��&21(6$��������

&RQVLGHULQJ� WKH� YDOXHV� JLYHQ� IRU� HDFK� FULWHULRQ� DQG� WKH� IROORZLQJ� IRUPXOD�� WKH�
LPSRUWDQFH�UDWLQJ�ZLOO�EH�REWDLQHG�IRU�HDFK�LPSDFW��ZKHUH�WKH�ORZHVW�SRVVLEOH�YDOXH�
LV����DQG�WKH�KLJKHVW�YDOXH�LV�����

,� ���,1����(;���02���3(���59���6,���$&���()���35���0&�

(TXDWLRQ�1R������ (TXDWLRQ�WR�FDOFXODWH�LPSRUWDQFH

(TXDWLRQ�1R�������VKRZV�WKH�VFDOH�RI�DVVHVVPHQW�DQG�TXDOLILFDWLRQ�RI�WKH�LPSRUWDQFH�
RI�QHJDWLYH�����RU�KDUPIXO�FKDUDFWHU�DQG�RI�D�SRVLWLYH�����RU�EHQHILFLDO�FKDUDFWHU�

7KLV� VFDOH� FRQVLGHUHG� DV� VLJQLILFDQW� LPSDFWV WKRVH� ZKRVH� DEVROXWH� YDOXH� RI�
LPSRUWDQFH�LV JUHDWHU����HYDOXDWHG�DV�FULWLFDO��VHYHUH�DQG�PRGHUDWH�LPSDFWV��WKDW�LV��
WKH\� UHTXLUH� WKH� LPSOHPHQWDWLRQ� RI� VSHFLILF� PDQDJHPHQW� PHDVXUHV� DQG� �� RU�
VWUDWHJLHV�WR�PLQLPL]H�WKH�LPSRUWDQFH�RI�WKH�LPSDFW�GXULQJ�GUHGJLQJ�RI�GHHSHQLQJ�RI�
WKH�DFFHVV�FKDQQHO��:KLOH�QRQ�VLJQLILFDQW�LPSDFWV DUH�WKRVH�ZKRVH�DEVROXWH�YDOXH�
RI� LPSRUWDQFH� LV� OHVV� WKDQ� ��� HYDOXDWHG� DV� LUUHOHYDQW� RU� FRPSDWLEOH� ZLWK� WKH�
HQYLURQPHQW��VLQFH�WKHVH�SUHVHQW�D�JUHDWHU�DVVLPLODWLRQ�RI�WKH�HQYLURQPHQW�DIWHU�WKH�
FHVVDWLRQ� RI� DFWLYLWLHV� DQG� GR� QRW� UHTXLUH� FRUUHFWLYH� PHDVXUHV� RU� PHDVXUHV�
LPSOHPHQWHG�IRU�PRGHUDWH�LPSDFWV�WKH\�FDQ�DEVRUE�WKHVH�LPSDFWV�
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,W�LV�LPSRUWDQW�WR�KLJKOLJKW�WKDW�LI�SRVLWLYH�����RU�EHQHILFLDO�LPSDFWV�DUH�LGHQWLILHG��WKH�
5HFRYHUDELOLW\�FULWHULRQ�ZLOO�QRW�EH�DVVHVVHG�DFFRUGLQJ� WR� WKH�HVWDEOLVKHG� UDQJHV��
VLQFH�E\�REH\LQJ� WKH�EHQHILFLDO� W\SH�� WKH�HQYLURQPHQW�KDV�QR�HIIHFWV�RQ�ZKLFK� WR�
UHYHUW� RU� UHFRYHU��7KHUHIRUH�� WKHVH�ZLOO� KDYH�D� YDOXH�HTXDO� WR� ]HUR� ����ZLWKLQ� WKH�
YDOXDWLRQ�

7DEOH�1R�������4XDOLILFDWLRQ�UDQJHV�DQG�DVVHVVPHQW�RI�HQYLURQPHQWDO�LPSRUWDQFH

5DWLQJ�VFDOH
,PSRUWDQFH�RI�

QHJDWLYH�
FKDUDFWHU 5DWLQJ�VFDOH

,PSRUWDQFH�RI�
SRVLWLYH��
FKDUDFWHU

��D���� ,UUHOHYDQW
����D���� 0RGHUDWH ��D���� 1RW�LPSRUWDQW
����D�± �� 6HYHUH ����D���� ,PSRUWDQW
����D����� &ULWLFDO ����D����� 9HU\�LPSRUWDQW

6RXUFH��&RQHVD���������PRGLILHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�

$QDO\VLV�RI�LPSDFWV�DQG�WKHLU�HIIHFWV

7KH�DQDO\VLV�RI�WKH�LPSDFWV�DQG�WKHLU�HIIHFWV�ZDV�FDUULHG�RXW�IRU�WKH�LPSDFWV�LGHQWLILHG�
LQ�WKH�VFHQDULR�ZLWK�WKH�SURMHFW��LQ�DFFRUGDQFH�ZLWK�WKH�DEVROXWH�LPSRUWDQFH�UDWLQJ��
WR� LGHQWLI\� WKH� PRVW� UHOHYDQW� LPSDFWV�� WKH� PRVW� DJJUHVVLYH� DFWLYLW\� ZLWK� WKH�
HQYLURQPHQW�DQG�WKH�HQYLURQPHQWDO�IDFWRU�DIIHFWHG

)RU�WKH�PRVW�UHOHYDQW�LPSDFWV��WKH�DQDO\VLV�RI�WKH�DFFXPXODWLRQ�DQG�V\QHUJ\�RI�WKH�
LPSDFWV�RI�WKH�SURMHFW�ZLWK�WKH�LPSDFWV�WKDW�FRXOG�RFFXU�LQ�WKH�DUHD�DQG�RI�WKH�LPSDFWV�
RI�WKH�SURMHFW�RQ�LWV�RZQ�

7KH�JXLGHOLQHV�XVHG�WR�DQDO\]H�WKH�LPSDFWV�GHILQHG�DV�FXPXODWLYH�DQG�V\QHUJLVWLF�
IRU�WKH�SUHSDUDWLRQ�RI�WKH�VWXG\�DUH�GHVFULEHG�EHORZ�

� &XPXODWLYH�LPSDFWV�

7R�FDUU\�RXW�WKH�HYDOXDWLRQ�RI�FXPXODWLYH�LPSDFWV�LW� LV�QHFHVVDU\�WR�FRQFHSWXDOL]H�
WKH�WHUP�LQ�RUGHU�WR�DYRLG�DPELJXLWLHV�WKDW�FDQ�OHDG�WR�HUURUV��7KHUHIRUH��LW�LV�GHILQHG�
DV�D�FXPXODWLYH�LPSDFW�WR�WKH�FKDQJHV�FDXVHG�LQ�WKH�HQYLURQPHQW�E\�VRPH�DFWLYLW\�
WKDW� LQ�FRPELQDWLRQ�ZLWK�RWKHUV��EULQJV� WKHUHIRUH�VHFRQGDU\�HIIHFWV� WR� WKH�DUHD�RI�
LQIOXHQFH�RI�WKH�SURMHFW��VHH�)LJXUH�1R��������
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)LJXUH�1R�������&XPXODWLYH�LPSDFW

6RXUFH��3UHSDUHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�

� 6\QHUJLVWLF�LPSDFWV

6\QHUJLVWLF�LPSDFWV�DUH�WKRVH WKDW�RFFXU�EHFDXVH�RI�VHYHUDO�DFWLRQV��DQG�ZKRVH�ILQDO�
LQFLGHQFH�LV�JUHDWHU�WKDQ�WKH�VXP�RI�WKH�SDUWLDO�LPSDFWV��VHH�)LJXUH�������

)LJXUH�1R�������6\QHUJLVWLF�,PSDFW

6RXUFH��3UHSDUHG�E\�$TXD�	�7HUUD�&RQVXOWRUHV�

7KH� DQDO\VLV� RI� WKH� V\QHUJLVWLF� LPSDFWV� ZDV� PDGH� FRQVLGHULQJ� WKDW� WKHUH� LV� QR�
V\QHUJ\�ZKHQ�

� 7KH LPSDFWV�GHYHORS�DW GLIIHUHQW�WLPHV�RU�GR�QRW�RFFXU VLPXOWDQHRXVO\�
� 7KH�DFWLYLW\�WKDW�FDXVHV�WKH�GLIIHUHQW�LPSDFWV�LV�WKH�VDPH��EXW�WKH�HIIHFWV�DUH�

RQ�GLIIHUHQW�HQYLURQPHQWDO�FRPSRQHQWV��EHFDXVH�WKHVH�DUH�QRW�FRPSDUDEOH�
WR�HDFK�RWKHU�

� 7KHUH LV�QR�V\QHUJ\�EHWZHHQ�D�QHJDWLYH�LPSDFW�DQG�D�SRVLWLYH�RQH�
� 7KHUH LV�QR�V\QHUJ\ EHWZHHQ WZR SRVLWLYH LPSDFWV�
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����� (QYLURQPHQWDO�PDQDJHPHQW�]RQLQJ

)ROORZLQJ� WKH� JXLGHOLQHV� HVWDEOLVKHG� E\� 'HOJDGR�� 7KH� ]RQLQJ� RI� HQYLURQPHQWDO�
PDQDJHPHQW� LV� REWDLQHG� IURP� WKH� FURVVLQJ� RI� HQYLURQPHQWDO� ]RQLQJ� DQG� WKH�
HYDOXDWLRQ�RI�SURMHFW� DFWLYLWLHV��8QGHU� WKLV� VFKHPH�� WKH� ]RQLQJ�PXVW� FRQVLGHU� WKH�
GHJUHHV�RI�VHQVLWLYLW\�RI�HDFK�V\VWHP�DJDLQVW�WKH�GHJUHH�RI�DIIHFWDWLRQ�WKDW�ZLOO�EH�
WKH�REMHFW�RI�WKH�SURMHFW��7KH�UHVXOW�RI�WKH�LQWHUDFWLRQ�DOORZV�HVWDEOLVKLQJ�H[FOXVLRQ�
DUHDV��DUHDV�VXVFHSWLEOH� WR� LQWHUYHQWLRQ�DQG�DUHDV�RI� LQWHUYHQWLRQ�ZLWK�UHVWULFWLRQV�
�PDMRU�RU�PLQRU��DQG�LV�VSHFLILHG�LQ�WKH�H[LVWLQJ�W\SH�RI�UHVWULFWLRQ��7KH�FKDUDFWHULVWLFV�
RI�WKH�PHQWLRQHG�DUHDV�DUH�GHILQHG�EHORZ�

$5($6�2)�(;&/86,21

,W�FRQVLGHUV�DOO�WKRVH�DUHDV�WKDW�E\�WKHLU�QDWXUH��VWDWH�RU�PDJQLWXGH�KDYH�D�9(5<�
+,*+ HQYLURQPHQWDO�GHJUHH�RI�VXVFHSWLELOLW\��JUHDWHU�WKDQ����SRLQWV���,Q�WKH�GHILQLWLRQ�
RI�WKLV�FDWHJRU\�VKRXOG�EH�FRQVLGHUHG�WKH�W\SH�RI�DFWLYLW\�WKDW�LV�UHTXLUHG�WR�GHYHORS��
VRFLDO�HQYLURQPHQW�DQG�WKH�HFRV\VWHP�LWVHOI�� WR�EH�DV�REMHFWLYH�DV�SRVVLEOH� LQ�WKH�
TXDOLILFDWLRQ� GHWHUPLQHG� E\� HQYLURQPHQWDO� VHFWRUL]DWLRQ �7KH� ]RQLQJ� RI
(QYLURQPHQWDO� 0DQDJHPHQW� LV� WKH� UHVXOW� RI� WKH� LQWHUUHODWLRQ� EHWZHHQ� WKH�
(QYLURQPHQWDO� =RQLQJ� �HQYLURQPHQWDO� RIIHU� RI� WKH� DUHD�� DQG� WKH� HQYLURQPHQWDO�
HYDOXDWLRQ� RI� WKH� DFWLYLWLHV� WR� EH� GHYHORSHG� LQ� WKH� SURMHFW� DUHD�� 8QGHU� WKHVH�
FRQGLWLRQV�� WKLV� ]RQLQJ� PXVW� FRQVLGHU� WKH� GHJUHH� RI� VHQVLWLYLW\� RI� HDFK� RI� WKH�
HFRV\VWHPV�FRPSDUHG�WR�WKH�GHJUHH�RI�LQWHUYHQWLRQ�RU�LPSDFW�WKDW�ZLOO�EH�WKH�REMHFW�
RI�WKH�SURMHFW��%HFDXVH�RI�WKLV�LQWHUDFWLRQ��DUHDV�RI�H[FOXVLRQ��DUHDV�VXVFHSWLEOH�WR�
LQWHUYHQWLRQ� DQG� DUHDV� RI� LQWHUYHQWLRQ� ZLWK� UHVWULFWLRQV� PXVW� EH� HVWDEOLVKHG��
VSHFLI\LQJ�LQ�VDLG�]RQLQJ�WKH�W\SH�RI�H[LVWLQJ�UHVWULFWLRQ��,W�LV�YHU\�LPSRUWDQW�WKDW�HDFK�
VSHFLDOLVW� DSSO\� WKHLU� VHFWRUL]DWLRQ� XQGHU� UHDVRQDEOH� FULWHULD� WKDW� UHVSRQG� WR� WKH�
FKDUDFWHULVWLFV�RU�LPSDFWV�JHQHUDWHG�E\�WKH�DFWLYLWLHV�RI�WKH�SURMHFW��VR�WKDW�LW�GRHV�
QRW�SXQLVK�RU�H[FOXGH�DUHDV�WKDW�XQGHU�SURSHU�PDQDJHPHQW�DQG�FRQWURO�FDQ�EH�XVHG�
ZLWKRXW�GHWHULRUDWLRQ��IURP�WKH�VDPH��7KH�FKDUDFWHULVWLFV�RI�WKH�PHQWLRQHG�DUHDV�DUH�
GHILQHG�EHORZ�

(QYLURQPHQWDO�VHQVLWLYLW\

��� �� �� �� �� �� �� �� �

9(5<�+,*+� +,*+ 02'(5$7( /2: 9(5<�/2:

(QYLURQPHQWDO�0DQDJHPHQW�=RQLQJ

��� �� �� �� �� �� �� �� �

+,*+ 0(',80 /2:
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GDUN�UHG�FRORU��

���'(/*$'2�5,9(5$��)HOL[�$EUDKDP��(QYLURQPHQWDO�]RQLQJ�RI�DUHDV�RI�SHWUROHXP�LQWHUHVW��PHWKRGRORJLFDO�JXLGH��%RJRWi�
���������S�

$5($6�2)�,17(59(17,21�:,7+�5(675,&7,216�

+,*+� *LYHQ� WKHLU� QDWXUH� DQG� HQYLURQPHQWDO� VHQVLWLYLW\� WKH\� QHHG� WR� OLPLW� WKHLU�
LQWHUYHQWLRQ�DV�PXFK�DV�SRVVLEOH�DQG�PD[LPL]H�SUHYHQWLYH�FRQWUROV�DQG�PHDVXUHV�
WR�DYRLG�SRVVLEOH�HIIHFWV��6HFWRUL]DWLRQ�LQFOXGHV�DUHDV�ZLWK�VHQVLWLYLWLHV�ZLWK�UDWLQJV�
EHWZHHQ����DQG ���SRLQWV �7KH�]RQLQJ�RI (QYLURQPHQWDO�0DQDJHPHQW�LV�WKH�UHVXOW�
RI� WKH� LQWHUUHODWLRQ�EHWZHHQ� WKH�(QYLURQPHQWDO�=RQLQJ� �HQYLURQPHQWDO�RIIHU�RI� WKH�
DUHD��DQG�WKH�HQYLURQPHQWDO�HYDOXDWLRQ�RI�WKH�DFWLYLWLHV�WR�EH�GHYHORSHG�LQ�WKH�SURMHFW�
DUHD��8QGHU�WKHVH�FRQGLWLRQV��WKLV�]RQLQJ�PXVW�FRQVLGHU�WKH�GHJUHH�RI�VHQVLWLYLW\�RI�
HDFK�RI�WKH�HFRV\VWHPV�FRPSDUHG�WR�WKH�GHJUHH�RI�LQWHUYHQWLRQ�RU�LPSDFW�WKDW�ZLOO�
EH�WKH�REMHFW�RI�WKH�SURMHFW��%HFDXVH�RI� WKLV�LQWHUDFWLRQ��DUHDV�RI�H[FOXVLRQ��DUHDV�
VXVFHSWLEOH� WR� LQWHUYHQWLRQ� DQG� DUHDV� RI� LQWHUYHQWLRQ� ZLWK� UHVWULFWLRQV� PXVW� EH�
HVWDEOLVKHG�� VSHFLI\LQJ� LQ� VDLG� ]RQLQJ� WKH� W\SH� RI� H[LVWLQJ� UHVWULFWLRQ�� ,W� LV� YHU\�
LPSRUWDQW�WKDW�HDFK�VSHFLDOLVW�DSSO\�WKHLU�VHFWRUL]DWLRQ�XQGHU�UHDVRQDEOH�FULWHULD�WKDW�
UHVSRQG�WR�WKH�FKDUDFWHULVWLFV�RU�LPSDFWV�JHQHUDWHG�E\�WKH�DFWLYLWLHV�RI�WKH�SURMHFW��
VR� WKDW� LW� GRHV� QRW� SXQLVK� RU� H[FOXGH� DUHDV� WKDW� XQGHU� SURSHU�PDQDJHPHQW� DQG�
FRQWURO�FDQ�EH�XVHG�ZLWKRXW�GHWHULRUDWLRQ��IURP�WKH�VDPH��7KH�FKDUDFWHULVWLFV�RI�WKH�
PHQWLRQHG�DUHDV�DUH�GHILQHG�EHORZ�

(QYLURQPHQWDO�VHQVLWLYLW\
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+$/)�� &RQVLGHUHG� DOO� WKRVH� VLWHV� WKDW� GXH� WR� WKHLU� QDWXUH�� VWDWXV� RU� PDJQLWXGH�
UHTXLUH� WKDW� WKH�DFWLYLWLHV�DUH�GHYHORSHG� LQ�D�FDUHIXO�ZD\��PD[LPL]LQJ� WKH�FRQWUROV�
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DQG�SUHYHQWLYH�PHDVXUHV� WR�DYRLG�SRVVLEOH�DIIHFWDWLRQV��)RU� WKH�SXUSRVHV�RI� WKLV�
FODVVLILFDWLRQ��WKRVH�DUHDV�ZKRVH�HQYLURQPHQWDO�VHQVLWLYLW\�LV�UDWHG�EHWZHHQ����DQG�
��� SRLQWV�ZLOO� EH� FRQVLGHUHG� �7KH� ]RQLQJ�RI (QYLURQPHQWDO�0DQDJHPHQW� LV� WKH�
UHVXOW�RI�WKH�LQWHUUHODWLRQ�EHWZHHQ�WKH�(QYLURQPHQWDO�=RQLQJ��HQYLURQPHQWDO�RIIHU�RI�
WKH�DUHD��DQG�WKH�HQYLURQPHQWDO�HYDOXDWLRQ�RI�WKH�DFWLYLWLHV�WR�EH�GHYHORSHG�LQ�WKH�
SURMHFW� DUHD�� 8QGHU� WKHVH� FRQGLWLRQV�� WKLV� ]RQLQJ� PXVW� FRQVLGHU� WKH� GHJUHH� RI�
VHQVLWLYLW\� RI� HDFK� RI� WKH� HFRV\VWHPV� FRPSDUHG� WR� WKH� GHJUHH� RI� LQWHUYHQWLRQ� RU�
LPSDFW� WKDW�ZLOO� EH� WKH�REMHFW�RI� WKH�SURMHFW��%HFDXVH�RI� WKLV� LQWHUDFWLRQ��DUHDV�RI�
H[FOXVLRQ�� DUHDV� VXVFHSWLEOH� WR� LQWHUYHQWLRQ� DQG� DUHDV� RI� LQWHUYHQWLRQ� ZLWK�
UHVWULFWLRQV� PXVW� EH� HVWDEOLVKHG�� VSHFLI\LQJ� LQ� VDLG� ]RQLQJ� WKH� W\SH� RI� H[LVWLQJ�
UHVWULFWLRQ�� ,W� LV�YHU\� LPSRUWDQW� WKDW�HDFK�VSHFLDOLVW�DSSO\� WKHLU� VHFWRUL]DWLRQ�XQGHU�
UHDVRQDEOH�FULWHULD�WKDW�UHVSRQG�WR�WKH�FKDUDFWHULVWLFV�RU�LPSDFWV�JHQHUDWHG�E\�WKH�
DFWLYLWLHV�RI�WKH�SURMHFW��VR�WKDW�LW�GRHV�QRW�SXQLVK�RU�H[FOXGH�DUHDV�WKDW�XQGHU�SURSHU�
PDQDJHPHQW� DQG� FRQWURO� FDQ�EH�XVHG�ZLWKRXW� GHWHULRUDWLRQ�� IURP� WKH� VDPH��7KH�
FKDUDFWHULVWLFV�RI�WKH�PHQWLRQHG�DUHDV�DUH�GHILQHG�EHORZ�

(QYLURQPHQWDO�VHQVLWLYLW\
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/2:��7KHVH�VLWHV�KDYH�D�/RZ�(QYLURQPHQWDO�VHQVLWLYLW\�� LQ�ZKLFK� LW� LV�FRQVLGHUHG�
WKDW�HQYLURQPHQWDO�PDQDJHPHQW�PXVW�KDYH�ORZ�UHVWULFWLRQV��JLYHQ�WKH�VHQVLWLYLW\�WKDW�
LW PDQLIHVWV� �7KH� ]RQLQJ� RI (QYLURQPHQWDO� 0DQDJHPHQW� LV� WKH� UHVXOW� RI� WKH�
LQWHUUHODWLRQ�EHWZHHQ�WKH�(QYLURQPHQWDO�=RQLQJ��HQYLURQPHQWDO�RIIHU�RI�WKH�DUHD��DQG�
WKH�HQYLURQPHQWDO�HYDOXDWLRQ�RI� WKH�DFWLYLWLHV� WR�EH�GHYHORSHG� LQ�WKH�SURMHFW�DUHD��
8QGHU�WKHVH�FRQGLWLRQV��WKLV�]RQLQJ�PXVW�FRQVLGHU�WKH�GHJUHH�RI�VHQVLWLYLW\�RI�HDFK�
RI�WKH�HFRV\VWHPV�FRPSDUHG�WR�WKH�GHJUHH�RI�LQWHUYHQWLRQ�RU�LPSDFW�WKDW�ZLOO�EH�WKH�
REMHFW� RI� WKH� SURMHFW�� %HFDXVH� RI� WKLV� LQWHUDFWLRQ�� DUHDV� RI� H[FOXVLRQ�� DUHDV�
VXVFHSWLEOH� WR� LQWHUYHQWLRQ� DQG� DUHDV� RI� LQWHUYHQWLRQ� ZLWK� UHVWULFWLRQV� PXVW� EH�
HVWDEOLVKHG�� VSHFLI\LQJ� LQ� VDLG� ]RQLQJ� WKH� W\SH� RI� H[LVWLQJ� UHVWULFWLRQ�� ,W� LV� YHU\�
LPSRUWDQW�WKDW�HDFK�VSHFLDOLVW�DSSO\�WKHLU�VHFWRUL]DWLRQ�XQGHU�UHDVRQDEOH�FULWHULD�WKDW�
UHVSRQG�WR�WKH�FKDUDFWHULVWLFV�RU�LPSDFWV�JHQHUDWHG�E\�WKH�DFWLYLWLHV�RI�WKH�SURMHFW��
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VR� WKDW� LW� GRHV� QRW� SXQLVK� RU� H[FOXGH� DUHDV� WKDW� XQGHU� SURSHU�PDQDJHPHQW� DQG�
FRQWURO�FDQ�EH�XVHG�ZLWKRXW�GHWHULRUDWLRQ��IURP�WKH�VDPH��7KH�FKDUDFWHULVWLFV�RI�WKH�
PHQWLRQHG�DUHDV�DUH�GHILQHG�EHORZ�

(QYLURQPHQWDO�VHQVLWLYLW\
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$5($6�2)�,17(59(17,21�:,7+287�5(675,&7,216�

'HILQHG�DV�DOO�WKRVH�WKDW�SUHVHQW�D�WRWDO�UDWLQJ�RI�HQYLURQPHQWDO�VHQVLWLYLW\��ORZHU�WKDQ�
���SRLQWV�DQG�DUH�ZLWKLQ�WKH�FDWHJRULHV�RI�9(5<�/2: HQYLURQPHQWDO�VHQVLWLYLW\ �7KH�
]RQLQJ�RI (QYLURQPHQWDO�0DQDJHPHQW�LV�WKH�UHVXOW�RI�WKH�LQWHUUHODWLRQ�EHWZHHQ�WKH�
(QYLURQPHQWDO� =RQLQJ� �HQYLURQPHQWDO� RIIHU� RI� WKH� DUHD�� DQG� WKH� HQYLURQPHQWDO�
HYDOXDWLRQ� RI� WKH� DFWLYLWLHV� WR� EH� GHYHORSHG� LQ� WKH� SURMHFW� DUHD�� 8QGHU� WKHVH�
FRQGLWLRQV�� WKLV� ]RQLQJ� PXVW� FRQVLGHU� WKH� GHJUHH� RI� VHQVLWLYLW\� RI� HDFK� RI� WKH�
HFRV\VWHPV�FRPSDUHG�WR�WKH�GHJUHH�RI�LQWHUYHQWLRQ�RU�LPSDFW�WKDW�ZLOO�EH�WKH�REMHFW�
RI�WKH�SURMHFW��%HFDXVH�RI�WKLV�LQWHUDFWLRQ��DUHDV�RI�H[FOXVLRQ��DUHDV�VXVFHSWLEOH�WR�
LQWHUYHQWLRQ� DQG� DUHDV� RI� LQWHUYHQWLRQ� ZLWK� UHVWULFWLRQV� PXVW� EH� HVWDEOLVKHG��
VSHFLI\LQJ�LQ�VDLG�]RQLQJ�WKH�W\SH�RI�H[LVWLQJ�UHVWULFWLRQ��,W�LV�YHU\�LPSRUWDQW�WKDW�HDFK�
VSHFLDOLVW� DSSO\� WKHLU� VHFWRUL]DWLRQ� XQGHU� UHDVRQDEOH� FULWHULD� WKDW� UHVSRQG� WR� WKH�
FKDUDFWHULVWLFV�RU�LPSDFWV�JHQHUDWHG�E\�WKH�DFWLYLWLHV�RI�WKH�SURMHFW��VR�WKDW�LW�GRHV�
QRW�SXQLVK�RU�H[FOXGH�DUHDV�WKDW�XQGHU�SURSHU�PDQDJHPHQW�DQG�FRQWURO�FDQ�EH�XVHG�
ZLWKRXW�GHWHULRUDWLRQ��IURP�WKH�VDPH��7KH�FKDUDFWHULVWLFV�RI�WKH�PHQWLRQHG�DUHDV�DUH�
GHILQHG�EHORZ�

(QYLURQPHQWDO�VHQVLWLYLW\

��� �� �� �� �� �� �� �� �

9(5<�+,*+� +,*+ 02'(5$7( /2: 9(5<�/2:

(QYLURQPHQWDO�0DQDJHPHQW�=RQLQJ



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�352<(&72�'(�&216758&&,Ï1�<�
23(5$&,Ï1�'(�81�7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�081,&,3,2�'(�

785%2

*$7��������&$�$0�3,2���

&$3����B7'(1*�5(9�'$9�2.
>0HGHOOtQ@������

��� �� �� �� �� �� �� �� �

+,*+ 0(',80 /2: ,17(59(17,21�
:,7+287�

5(675,&7,2176(;&/86,21 ,17(59(17,21�:,7+�5(675,&7,216

��*UHHQ�FRORU���

7KH�]RQLQJ�RI�(QYLURQPHQWDO�0DQDJHPHQW�LV�WKH�UHVXOW�RI�WKH�LQWHUUHODWLRQ�EHWZHHQ�
WKH�(QYLURQPHQWDO�=RQLQJ��HQYLURQPHQWDO�RIIHU�RI�WKH�DUHD��DQG�WKH�HQYLURQPHQWDO�
HYDOXDWLRQ� RI� WKH� DFWLYLWLHV� WR� EH� GHYHORSHG� LQ� WKH� SURMHFW� DUHD�� 8QGHU� WKHVH�
FRQGLWLRQV�� WKLV� ]RQLQJ� PXVW� FRQVLGHU� WKH� GHJUHH� RI� VHQVLWLYLW\� RI� HDFK� RI� WKH�
HFRV\VWHPV�FRPSDUHG�WR�WKH�GHJUHH�RI�LQWHUYHQWLRQ�RU�LPSDFW�WKDW�ZLOO�EH�WKH�REMHFW�
RI�WKH�SURMHFW��%HFDXVH�RI�WKLV�LQWHUDFWLRQ��DUHDV�RI�H[FOXVLRQ��DUHDV�VXVFHSWLEOH�WR�
LQWHUYHQWLRQ� DQG� DUHDV� RI� LQWHUYHQWLRQ� ZLWK� UHVWULFWLRQV� PXVW� EH� HVWDEOLVKHG��
VSHFLI\LQJ�LQ�VDLG�]RQLQJ�WKH�W\SH�RI�H[LVWLQJ�UHVWULFWLRQ��,W�LV�YHU\�LPSRUWDQW�WKDW�HDFK�
VSHFLDOLVW� DSSO\� WKHLU� VHFWRUL]DWLRQ� XQGHU� UHDVRQDEOH� FULWHULD� WKDW� UHVSRQG� WR� WKH�
FKDUDFWHULVWLFV�RU�LPSDFWV�JHQHUDWHG�E\�WKH�DFWLYLWLHV�RI�WKH�SURMHFW��VR�WKDW�LW�GRHV�
QRW�SXQLVK�RU�H[FOXGH�DUHDV�WKDW�XQGHU�SURSHU�PDQDJHPHQW�DQG�FRQWURO�FDQ�EH�XVHG�
ZLWKRXW�GHWHULRUDWLRQ��IURP�WKH�VDPH��7KH�FKDUDFWHULVWLFV�RI�WKH�PHQWLRQHG�DUHDV�DUH�
GHILQHG�EHORZ�

(QYLURQPHQWDO�VHQVLWLYLW\

��� �� �� �� �� �� �� �� �
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)LJXUH�1R�������=RQLQJ�YDOXDWLRQ�UDQJH�RI�HQYLURQPHQWDO�PDQDJHPHQW

6RXUFH��'HOJDGR������

����� (QYLURQPHQWDO�HFRQRPLF�HYDOXDWLRQ

)RU�WKH�HFRQRPLF�HYDOXDWLRQ�RI�LPSDFWV��LQ�WKLV�VWXG\ WKH�PDUNHW�SULFH�PHWKRGV�ZHUH�
XVHG��ZLWK�HPSKDVLV�RQ�WKH�FRVWV�DVVRFLDWHG�ZLWK�SURGXFWLYLW\��DQG�WKH�WUDQVIHU�RI�
EHQHILWV��7KH�DSSOLFDWLRQ�RI�WKH�ILUVW�ZDV�EDVHG�RQ�WKH�H[LVWHQFH�RI�D�UHDO�PDUNHW�IRU�
ILVKLQJ��IRU�ZKLFK�LW�ZDV�SRVVLEOH�WR�REWDLQ�GLUHFWO\�WKH�SULFH�RI�FRPPHUFLDOL]DWLRQ�RI�
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GLIIHUHQW� VSHFLHV� RI� HFRQRPLF� LPSRUWDQFH�� :LWK� UHJDUGV� WR� WKH� PHWKRGRORJ\� RI�
WUDQVIHU�RI�EHQHILWV��LWV�XVH�LV�DSSURSULDWH�IRU�VLWXDWLRQV�LQ�ZKLFK�LW�LV�YHU\�H[SHQVLYH�
WR�SHUIRUP� WKH�DVVHVVPHQW�RU� WKHUH� LV� OLWWOH� WLPH�DYDLODEOH� WR�FDUU\�RXW�DQ�RULJLQDO�
DVVHVVPHQW�VWXG\�

,Q�WKLV�FDVH��WKH�FRQILJXUDWLRQ�LQ�IUDJPHQWV�RI�WKH�DIIHFWHG�HFRV\VWHPV�DQG�WKH�KLJK�
GHJUHH�RI�LQWHUYHQWLRQ�RI�WKH�VDPH��GHULYHG�WR�WKH�DFWLYLWLHV�WKDW�DUH�FDUULHG�RXW�LQ�WKH�
DUHD��FRQILJXUH�D�KLJK�FRPSOH[LW\�LQ�WKH�DQDO\VLV�DQG�DVVLJQPHQW�RI�ORDGV�WR�GLIIHUHQW�
JRRGV�RU�VHUYLFHV��ZLWK�HFRQRPLF�YDOXH��VXFK�DV�ILVKLQJ�SURGXFWLYLW\�

7KLV�VLWXDWLRQ�UHTXLUHV�VWXGLHV�ZLWK�D�KLJK�GHJUHH�RI�FRPSOH[LW\�DQG�WLPH��ZKLFK�LV�
ZK\�ZH�UHVRUWHG�WR�WKLV�PHWKRG�RI�DVVHVVPHQW�FRQVLGHULQJ�SDUDPHWHUV�VXFK�DV�WKH�
VLPLODULW\�LQ�WKH�FKDUDFWHULVWLFV�RI�WKH�VLWHV�RU�HFRV\VWHPV�WR�EH�FRPSDUHG�DQG�WKH�
DYDLODELOLW\�RI�VWXGLHV��DPRQJ�RWKHUV�

0DUNHW�SULFHV�PHWKRG

7KH�PDUNHW�SULFH�PHWKRG�HVWLPDWHV�WKH�HFRQRPLF�YDOXHV�RI�WKH�SURGXFWV�RU�VHUYLFHV
RI�WKH�HFRV\VWHPV�WKDW�DUH�ERXJKW�DQG�VROG�LQ�FRPPHUFLDO�PDUNHWV��EHLQJ�XVHG�WR�
TXDQWLI\�FKDQJHV�LQ�YDOXH�LQ�WKH�TXDQWLW\�RU�TXDOLW\�RI�D�JRRG�VHUYLFH��,W�XVHV�VWDQGDUG�
HFRQRPLF�WHFKQLTXHV�IRU�PHDVXULQJ�WKH�HFRQRPLF�EHQHILWV�RI�WKH�SURGXFWV�PDUNHWHG�
DFFRUGLQJ� WR� WKH�QXPEHU�RI�SHRSOH�ZKR�EX\�� DW� GLIIHUHQW� SULFHV��DQG� WKH�TXDQWLW\�
RIIHUHG�DW�GLIIHUHQW�SULFHV�

7KH�VWDQGDUG�PHWKRG�IRU�PHDVXULQJ� WKH�XVH�YDOXH�RI� WKH� UHVRXUFHV� WUDGHG� LQ� WKH�
PDUNHW� LV�WKH�HVWLPDWLRQ�RI�WKH�FRQVXPHU�VXUSOXV�DQG�WKH�VXUSOXV�RI� WKH�SURGXFHU�
XVLQJ�WKH�PDUNHW�SULFH�DQG�TXDQWLW\�GDWD��7KH�WRWDO�QHW�HFRQRPLF�EHQHILW��WKDW�LV��WKH�
HFRQRPLF�VXUSOXV��LV�WKH�VXP�RI�WKH�VXUSOXV�RI�WKH�FRQVXPHU�DQG�WKH�VXUSOXV�RI�WKH�
SURGXFHU�

$FFRUGLQJ� WR� WKH� PHWKRGRORJLHV� EDVHG� RQ� PDUNHW� SULFHV� DUH�� �D�� FKDQJHV� LQ�
SURGXFWLYLW\��XVLQJ�QRUPDO�HFRQRPLF�SULFHV�RU�FRUUHFWHG�ZKHQ�WKHUH�DUH�GLVWRUWLRQV�
LQ�WKH�PDUNHWV�RI�WKH�JRRGV�DQG���RU�VHUYLFHV�LPSDFWHG����E��FRVWV�RI�LOOQHVV��TXDQWLILHV�
WKH�FRVWV�WKDW�DQ�LQGLYLGXDO�PXVW�LQFXU�WR�WUHDW�WKH�GLVHDVH���DQG��F��KXPDQ FDSLWDO�
FRVWV� �UHODWHV� WR� WKH� ORVV� RI� SURGXFWLYLW\� RI� KXPDQ� EHLQJV� FDXVHG� E\� SUHPDWXUH�
GHDWK���,Q�WKLV�FDVH��WKH�HVWLPDWHV�ZLOO�EH�PDGH�WKURXJK�DQ�DQDO\VLV�RI�WKH�ILVKLQJ�
SURGXFWLYLW\��FRQVLGHULQJ�WKH�YROXPHV�RI�ILVKLQJ�DQG�WKHLU�SULFH�LQ�WKH�PDUNHW�

0HWKRG�RI�WUDQVIHU�RI�EHQHILWV�SULFHV
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7KH� PHWKRG� RI� WUDQVIHU� RI� EHQHILWV� LV� XVHG� WR� HVWLPDWH� WKH� HFRQRPLF� YDOXHV� RI�
HFRV\VWHP�VHUYLFHV�E\� WUDQVIHUULQJ� WKH� LQIRUPDWLRQ�DYDLODEOH� IURP�VWXGLHV�DOUHDG\�
FRQGXFWHG�LQ�DQRWKHU�SODFH�RU�FRQWH[W��7KHUHIRUH��WKH�EDVLF�REMHFWLYH�RI�WKH�WUDQVIHU�
RI�EHQHILWV�LV�WR�HVWLPDWH�WKH�EHQHILWV�RI�D�FRQWH[W��DGDSWLQJ�DQ�HVWLPDWH�RI�EHQHILWV�
IURP�VRPH�RWKHU�FRQWH[W�

���������������������������������������

���)UHHPDQ�,LL��0�$����������7KH�0HDVXUHPHQW�2I (QYLURQPHQWDO�$QG�5HVRXUFH�9DOXHV��7KHRU\�$QG�0HWKRGV��5HVRXUFHV�
IRU�7KH�)XWXUH��:DVKLQJWRQ��'�&�

7KLV� PHWKRGRORJ\� LV� XVHG� ZKHQ� WKH� DQDO\VLV� ZLWK� SULPDU\� LQIRUPDWLRQ� LV� YHU\�
H[SHQVLYH�RU�WKHUH�LV�OLWWOH�WLPH�WR�GR�LW��7KLV�PHWKRG�KDV�JUHDWHU�UHOLDELOLW\�ZKHQ�WKH�
RULJLQDO�VLWH�DQG�WKH�VWXG\�VLWH�DUH�YHU\�VLPLODU�LQ�WHUPV�RI�IDFWRUV�VXFK�DV�WKH�TXDOLW\��
ORFDWLRQ� DQG� FKDUDFWHULVWLFV� RI� WKH�SRSXODWLRQ��ZKHQ� WKH�HQYLURQPHQWDO� FKDQJH� LV�
YHU\�VLPLODU�IRU�WKH�WZR�VLWHV�DQG�ZKHQ�WKH�LQLWLDO�DVVHVVPHQW�VWXG\�ZDV�FDUULHG�RXW�
FDUHIXOO\�DQG�XVHG�ULJRURXV�WHFKQLTXHV�

7R�DSSO\� WKH�PHWKRGRORJ\�� DFFRUGLQJ� WR�(FRV\VWHP�9DOXDWLRQ�� WKH� ILUVW� VWHS� LV� WR�
LGHQWLI\�WKH�H[LVWLQJ�VWXGLHV�WKDW�FDQ�EH�XVHG�IRU�WKH�WUDQVIHU��VHFRQGO\��H[LVWLQJ�GDWD�
PXVW�EH�HYDOXDWHG�WR�GHWHUPLQH�LI�WKH\�DUH�DSSURSULDWH�WR�XVH�LQ�WKH�WUDQVIHU��WKLUG��
WR�HYDOXDWH�WKH�TXDOLW\�RI� WKH�VWXGLHV�WKDW�ZLOO�EH�XVHG�IRU� WKH� WUDQVIHU�RI�EHQHILWV��
IRXUWK��DGMXVW�H[LVWLQJ�YDOXHV�WR�EHWWHU�UHIOHFW�WKH�YDOXHV�RI�WKH�VLWH�LQ�TXHVWLRQ��XVLQJ�
DOO� DYDLODEOH� DQG� UHOHYDQW� LQIRUPDWLRQ�� DQG� ILQDOO\�� HVWLPDWH� WKH� YDOXH� RI� WKH� WRWDO�
EHQHILW��PXOWLSO\LQJ�WKH�YDOXHV�WUDQVIHUUHG�E\�WKH�QXPEHU�RI�SHRSOH�DIIHFWHG�

����� 3ODQV�DQG�3URJUDPV

(QYLURQPHQWDO�0DQDJHPHQW�3ODQ��(03�

)RU� WKH� HODERUDWLRQ� RI� WKH� HQYLURQPHQWDO�PDQDJHPHQW� SODQ�� ZH� VWDUWHG� ZLWK� WKH�
PDQDJHPHQW�PHDVXUHV�DSSURYHG�LQ�WKH�HQYLURQPHQWDO�OLFHQVH��WKH�PHDVXUHV�ZHUH�
DGMXVWHG�DQG�FRPSOHPHQWHG�DV�UHTXLUHG��DFFRUGLQJ�WR�WKH�QHZ�SURMHFW�DFWLYLWLHV�

7KH�PHDVXUHV�SURSRVHG�LQ�WKH�:)3�SURSRVH�D�VHW�RI�DFWLRQV�RU�QHFHVVDU\�PHDVXUHV�
WR� SUHYHQW�� PLWLJDWH�� FRUUHFW� DQG� FRPSHQVDWH� WKH� LGHQWLILHG� SRWHQWLDO� LPSDFWV�
JHQHUDWHG�RQ�WKH�DELRWLF��ELRWLF�DQG�VRFLRHFRQRPLF�PHGLD�
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7KHVH�SODQV�SUHVHQW�DQ�HQFRGLQJ�DQG�VWUXFWXULQJ�WKDW�ZLOO�PDNH�LW�SRVVLEOH�WR�FRQWURO�
DQG�XSGDWH�WKHP��,Q�DGGLWLRQ��WKH\�FRQWDLQ WKH�IROORZLQJ�REMHFWLYH�LWHPV��JRDOV��VWDJH��
LPSDFWV�WR�EH�FRQWUROOHG��W\SHV�RI�PHDVXUH��DFWLRQV�WR�EH�GHYHORSHG��SODFH�RI

������������������������������������������

���&RORPELD��0LQLVWU\�RI�HQYLURQPHQW��KRXVLQJ�DQG�WHUULWRULDO�GHYHORSPHQW��0HWKRGRORJLHV IRU�WKH�HFRQRPLF�YDOXDWLRQ�RI�
JRRGV��HQYLURQPHQWDO�VHUYLFHV�DQG�QDWXUDO�UHVRXUFHV��'HFHPEHU�����

DSSOLFDWLRQ��EHQHILFLDU\�SRSXODWLRQ��SHUVRQQHO�UHTXLUHG��PRQLWRULQJ�DQG�PRQLWRULQJ�
LQGLFDWRUV��UHVSRQVLEOH�IRU�H[HFXWLRQ��VFKHGXOH�DQG�EXGJHW�

7UDFNLQJ�DQG�0RQLWRULQJ�3ODQ��703�

2QFH�WKH�HQYLURQPHQWDO�PDQDJHPHQW�SODQV�KDYH�EHHQ�IRUPXODWHG��LW�LV�QHFHVVDU\�
WR�HQVXUH�WKH�LPSOHPHQWDWLRQ�DQG�FRPSOLDQFH�ZLWK�WKHP��7R�WKLV�HQG��WKH�WUDFNLQJ�
DQG�PRQLWRULQJ�VWUDWHJLHV�RI� WKH�SURMHFW�ZHUH�GHVLJQHG�� LQ�RUGHU� WR�GHWHUPLQH� WKH�
EHKDYLRU��HIILFLHQF\�DQG�HIIHFWLYHQHVV�RI� WKH�HQYLURQPHQWDO�PDQDJHPHQW�SODQV� LQ�
WHUPV�RI�WKH�LPSDFW�RI�WKH�DELRWLF��ELRWLF�DQG�VRFLRHFRQRPLF�PHGLD�

5LVN�0DQDJHPHQW�3ODQ

7KH�5LVN�0DQDJHPHQW�SODQ�LV�D�VHW�RI�PHDVXUHV�DLPHG�DW�WKH�SUHYHQWLRQ��FDUH�DQG�
UHFRYHU\� RI� DGYHUVH� HYHQWV� �DFFLGHQWV�� GHIHFWLYH� RSHUDWLRQV�� DQG� H[WHUQDO�
SKHQRPHQD��WKDW��GXH�WR�WKHLU�FKDUDFWHULVWLFV��FDQ�JHQHUDWH�HIIHFWV�RQ�DELRWLF��ELRWLF�
DQG�VRFLRHFRQRPLF�IDFWRUV��7KH�REMHFWLYH�RI�WKLV�SODQ�LV�WR�SURYLGH�SURPSW�DQG�WLPHO\�
DWWHQWLRQ WR�WKH�SDUWLHV�DIIHFWHG�E\�WKH�HYHQW��WKH�GHVLJQ�RI�SURJUDPV�WKDW�GHVLJQDWH�
WKH�IXQFWLRQV�DQG�WKH�HIILFLHQW�XVH�RI�UHVRXUFHV��SODQV�ZKHUH�HPHUJHQF\�SURFHGXUHV�
DUH� HVWDEOLVKHG� DQG� DQ� LQIRUPDWLRQ� V\VWHP� WKDW� DOORZ� D� FRPPXQLFDWLRQ� ZLWK� WKH�
SHUVRQQHO�WKDW�PDNH�XS�WKH�EULJDGHV��WKH�H[WHUQDO�VXSSRUW�HQWLWLHV�DQG�WKH�DIIHFWHG�
FRPPXQLW\�

7KH�SUHSDUDWLRQ�RI�WKH�5LVN�0DQDJHPHQW�3ODQ�ZDV�EDVHG�RQ�WKH�SODQ�DSSURYHG�LQ�
WKH�HQYLURQPHQWDO� OLFHQVH�� ,Q�DGGLWLRQ�� WKH� ULVNV�RI� WKH�QHZ�SURMHFW�DFWLYLWLHV�ZHUH�
LGHQWLILHG��ZKLFK�PD\�EH�FDXVHG�E\�WKH�QDWXUDO�FRQGLWLRQV�SUHVHQW�LQ�WKH�DUHD�RU�E\�
IDFWRUV� DQWKURSLF� SURGXFWV� RI� WKH� GLIIHUHQW� VWDJHV� RI� WKH� SURMHFW�� )RU� WKLV�� LW� LV�
QHFHVVDU\�WR�GHWHUPLQH�WKH�WKUHDWV�WKDW�FRXOG�DULVH�GXULQJ�WKH�GHYHORSPHQW�RI�WKH�
SURMHFW��DQG�WKH�YXOQHUDELOLW\�WKDW�ZLOO�GHSHQG�RQ�WKH�OHYHO�RU�GHJUHH�RI�H[SRVXUH�WR�D�
WKUHDW�
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$IWHU�LGHQWLI\LQJ�DQG�SULRULWL]LQJ�WKUHDWV�DQG�YXOQHUDELOLW\��ERWK�DUH�UHODWHG�WR�REWDLQ�
WKH� OHYHO�RI� ULVN� WR�ZKLFK� WKH�SURMHFW� LV�H[SRVHG��ZKLFK�FDQ�EH�FODVVLILHG�DV�KLJK��
PHGLXP�DQG ORZ�

%HLQJ�FOHDU�DERXW� WKH� W\SH�DQG� OHYHOV�RI� ULVN� WR�ZKLFK� WKH�SURMHFW� LV�H[SRVHG�� WKH�
IROORZLQJ�SODQV�ZHUH�GUDZQ�XS�

6WUDWHJLF� SODQ� ZKHUH� WKH� VWUXFWXUH� DQG� RUJDQL]DWLRQ� IRU� HPHUJHQF\� FDUH� ZDV�
GHILQHG��WKH�IXQFWLRQV��UHVSRQVLELOLWLHV��PDWHULDO��LQVWLWXWLRQDO�DQG�KXPDQ�UHVRXUFHV�
QHHGHG�

2SHUDWLRQDO�SODQ FRUUHVSRQGV�WR�WKH�WRRO�WR�EH�XVHG�LQ�FDVH�RI�DQ�HPHUJHQF\�� ,W�
FRQWHPSODWHV� WKH� DFWLYDWLRQ� OHYHOV� RI� WKH� SODQ�� WKH� QRWLILFDWLRQ� SURFHGXUHV�� ZKR�
LQWHUYHQH��RSHUDWLYH�SURFHGXUHV�DQG�VWUDWHJLHV�IRU�WKH�WHUPLQDWLRQ�RI�RSHUDWLRQV�

,QIRUPDWLYH�3ODQ GHILQHV�WKH�UHTXLUHPHQWV�RI�WKH�&RQWLQJHQF\�3ODQ�LQ�WHUPV�RI�GDWD�
DQG�LQIRUPDWLRQ�V\VWHPV�WKDW�DOORZ�WR�LGHQWLI\�DQG�FODVVLI\�WKH�DYDLODEOH�UHVRXUFHV��
DV�ZHOO�DV�WKH�EDVLF�DQG�ORJLVWLFDO�LQIRUPDWLRQ�WKDW�DOORZV�VWUDWHJLF�DQG�RSHUDWLRQDO�
SODQV�WR�EH�HIILFLHQW��DFKLHYLQJ�WKHLU�DUWLFXODWLRQ�

3ODQ�RI�DEDQGRQPHQW�DQG�ILQDO�UHVWRUDWLRQ�

)RU�GLUHFW�DUHDV�DQG�SURMHFW�VWUXFWXUHV�WKDW�VKRXOG�EH�GLVPDQWOHG�DIWHU�WKHLU�XVHIXO�
OLIH�KDV�EHHQ�FRPSOHWHG��DQ�DEDQGRQPHQW�SODQ�ZDV�SUHSDUHG�EDVHG�RQ� WKH�SODQ�
SUHVHQWHG�LQ�WKH�HQYLURQPHQWDO LPSDFW�VWXG\�DSSURYHG�E\�5HVROXWLRQ������RI������
DQG�XSGDWHG�IRU�QHZ�SURMHFWV�

���,QYHVWPHQW�SODQ

$FFRUGLQJ� WR� WKH�GHPDQG�RI� WKH�ZDWHU� UHVRXUFH�DQG� WKH�FRVWV�RI� WKH�SURMHFW�� WKH�
LQYHVWPHQW�SODQ�RI����ZDV�XSGDWHG�DQG�DGMXVWHG��LQ�DFFRUGDQFH�ZLWK�WKH�SURYLVLRQV�
RI�'HFUHH������RI������DQG�FRPSO\LQJ�ZLWK�WKH�UHTXLUHPHQWV�RI�WKH�HQYLURQPHQWDO�
OLFHQVH�

&RPSHQVDWLRQ�3ODQ�IRU�ORVV�RI�ELRGLYHUVLW\

$FFRUGLQJ�WR�ZKDW�ZDV�GHILQHG�LQ�WKH�EDVHOLQH�DQG�LQ�WKH�IRUHVW�GHYHORSPHQW�SODQ��
WKH�FRPSHQVDWLRQ�SODQ�IRU� ORVV�RI�GLYHUVLW\�ZDV�GUDZQ�XS�� LQ�DFFRUGDQFH�ZLWK� WKH�
JXLGHOLQHV�HVWDEOLVKHG�LQ�WKH��0DQXDO�IRU�WKH�DOORFDWLRQ�RI�FRPSHQVDWLRQ�IRU�ORVV�RI�
ELRGLYHUVLW\���WKURXJK�5HVROXWLRQ������RI������
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������ *,6�FRPSRQHQW

7KH� PHWKRGRORJ\� IRU� WKH� GHYHORSPHQW� RI� WKH� *,6� FRPSRQHQW� ZDV� FDUULHG� RXW�
IROORZLQJ� WKH� IROORZLQJ� WHFKQLFDO� VSHFLILFDWLRQV� LQ� WHUPV�RI� WKH� FROOHFWLRQ�� VWRUDJH��
VWUXFWXULQJ�DQG�DGPLQLVWUDWLRQ�RI�JHRJUDSKLF�LQIRUPDWLRQ

� $OO�WKH�WKHPDWLF�FDUWRJUDSK\�LQIRUPDWLRQ�JHQHUDWHG�IRU�WKH�DELRWLF��ELRWLF�DQG�
VRFLRHFRQRPLF�FRPSRQHQW�ZDV�VWRUHG�LQ�WKH�$1/$�FRUSRUDWH�JHRGDWDEDVH�
UHJXODWHG�ZLWK�5HVROXWLRQ������RI�������%\�ZKLFK�WKH�*HRJUDSKLFDO�6WRUDJH�
0RGHO��*HRGDWDEDVH��DGRSWHG�E\�WKH�5HVROXWLRQ������RI�������

� $OO�WKH�EDVLF�FDUWRJUDSK\�LQIRUPDWLRQ�JHQHUDWHG�IRU�WKH�VWXG\�DUHD�ZDV�VWRUHG�
DFFRUGLQJ�WR�WKH�FXUUHQW�,*$&�GDWD�PRGHO�

� 7KH� PHWDGDWD� ZDV� SUHSDUHG� LQ� ([FHO� IRUPDW� DFFRUGLQJ� WR� 17&� �����
�0LQLPXP�0HWDGDWD��DQG�IROORZLQJ�WHPSODWH�YHUVLRQ���DYDLODEOH�RQ�WKH�$1/$�
ZHEVLWH��)RU�WKH�EDVLF�FDUWRJUDSK\��D�PHWDGDWD�LV�GRQH�LQ�D�JHQHUDO�ZD\�DQG�
IRU�WKH�WKHPDWLF�FDUWRJUDSK\�D�PHWDGDWD�LV�SURYLGHG�IRU�HDFK�IHDWXUH�FODVV�

� 7KH� FRRUGLQDWH� V\VWHP� LQ� ZKLFK� DOO� WKH� EDVLF� DQG� WKHPDWLF� LQIRUPDWLRQ� LV�
SUHVHQWHG�LV�0$*1$�6,5*$6�RULJLQ�%RJRWi�

� )RU� ERWK� EDVLF� DQG� WKHPDWLF� FDUWRJUDSK\�� WKH� TXDOLW\� RI� WKH� LQIRUPDWLRQ� LV�
YDOLGDWHG� LQ� WHUPV� RI�� DFFXUDF\� RI� SRVLWLRQ� DQG� VFDOH�� ORJLFDO� DQG� GRPDLQ�
FRQVLVWHQF\�� FRQQHFWLYLW\�� WRSRORJ\�� FRKHUHQFH� RI� DWWULEXWHV�� FODVVLILFDWLRQ��
FRPSOHWHQHVV�DQG�WRWDOLW\�

%DVLF�&DUWRJUDSK\

7KH� EDVLF� FDUWRJUDSK\� �URDGV�� FRDVWOLQH�� GUDLQDJHV�� FXUYHV� OHYHO�� WRSRQ\P\��
EDWK\PHWU\�� DQFKRULQJ� DUHDV�� HWF��� ZDV� JHQHUDWHG� IURP� WKH� VWUXFWXULQJ� RI� WKH�
SKRWRJUDPPHWULF�UHVWLWXWLRQ�LQIRUPDWLRQ�PDGH�E\�(GLILFD�&RORPELD�LQ�2FWREHU�������
XSGDWHG�DQG�FRPSOHPHQWHG�ZLWK�WKH�RUWKRSKRWR�UHVROXWLRQ�RI���FP���SL[HO�JHQHUDWHG�
RQ� WKH� VDPH� GDWH� IURP� WKH� DHULDO� SKRWRJUDSKV� WDNHQ� E\� PHDQV� RI� GURQHV� 8$9�
�XQPDQQHG�DHULDO�YHKLFOH��RSHUDWHG�E\�UHPRWH�FRQWURO��:H�XVHG�D�7XUER�$FH�;����
4XDG�GURQH�DQG�D�'-,�3KDQWRQ���GURQH��ZLWK

�������������������������������������

���(',),&$ &2/20%,$�/7'$��7RSRJUDSKLF�VXUYH\�E\�SKRWRJUDPPHWULF�UHVWLWXWLRQ��6FDOH���������%RJRWi�������
�� (',),&$�&2/20%,$�/7'$��2UWKRSKRWRPDSD��5HVROXWLRQ�RI���FP���SL[HO��%RJRWi�������
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1LNRQ�'��������PHJDSL[HO�FDPHUDV�ZLWK�*36�DQG�D����PHJDSL[HO�'-,�FDPHUD�ZLWK�
*36�

7KH�DGPLQLVWUDWLYH�SROLWLFDO�GLYLVLRQ��WRSRQ\P\��QRPHQFODWXUH�DQG�HTXLSPHQW�ZHUH�
VWUXFWXUHG� LQ� WKH�FDUWRJUDSK\�RI� WKH�/DQG�0DQDJHPHQW�3ODQ�RI������ �327���7KH�
PDULWLPH� LQIRUPDWLRQ� ZDV� GLJLWL]HG� DQG� VWUXFWXUHG� RI� WKH� QDXWLFDO� FKDUW� &2/�����
DFTXLUHG� LQ� WKH�&,2+�',0$5�� WKH�EDWK\PHWU\�H[WUDFWHG�IURP�WKH�QDXWLFDO�FKDUW�RI�
%DKtD�&RORPELD�ZDV�DGMXVWHG�LQ�WKH�VHFWRUV�RI�WKH�GUHGJLQJ�DUHD�DQG�WKH�GXPS�ZLWK�
WKH�SUHFLVLRQ�EDWK\PHWU\�FDUULHG�RXW�E\�%DWLHVWXGLRV�6$6�LQ������IRU�WKH�GUHGJLQJ�
DUHD�DQG�LQ������IRU�WKH�GXPS�

7KHPDWLF�FDUWRJUDSK\

7KH� WKHPDWLF� FDUWRJUDSK\� ZDV� REWDLQHG� IURP� WKH� VWUXFWXULQJ� RI� WKH� VHFRQGDU\�
LQIRUPDWLRQ�DQG� LQFRUSRUDWLRQ�RI� WKH�SULPDU\� LQIRUPDWLRQ�IRU� WKH�ELRWLF��DELRWLF�DQG�
VRFLDO�FRPSRQHQWV�

7KH�JHRORJ\�LQIRUPDWLRQ�ZDV�HODERUDWHG�EDVHG�RQ�WKH�LQIRUPDWLRQ�RI�OLWKRORJLFDO�XQLWV�
GHILQHG�LQ�WKH�327������DQG�������DGMXVWHG�E\�PHDQV�RI�WKH�LQWHUSUHWDWLRQ�RI�WKH�
RUWKRSKRWR� RI� WKH� \HDU� ����� DQG� WKH� YHULILFDWLRQ� LQ� WKH� ILHOG� YLVLW�� 7KH�
JHRPRUSKRORJLFDO� XQLWV�� PRUSKRG\QDPLF� SURFHVVHV�� WKUHDWV� DQG� WKH� DQDO\VLV� RI�
FRDVWDO�OLQH�HYROXWLRQ�ZHUH�FDUULHG�RXW�ZLWK�WKH�SKRWRLQWHUSUHWDWLRQ�DQG�GLJLWDOL]DWLRQ�
RI�WKH�FRDVW�OLQHV��XQLWV�DQG�GUDLQDJHV�RQ�WKH�DHULDO�SKRWRJUDSKV�RI�WKH�\HDUV������
DQG�������7DEOH�1R��������DQG�LPDJHV�RI�*RRJOH�(DUWK��%DVHG�RQ�WKH�WKUHDWV��WKH�
YXOQHUDELOLW\�DQG�ULVN�]RQHV�IRU�WKH�VWXG\�DUHD�ZHUH�GHWHUPLQHG�

7DEOH�1R�������$HURSKRWRJUDSKV�\HDUV������DQG�����
&ůŝŐŚƚ WŚŽƚŽŐƌĂƉŚ �ĂƚĞ ^ĐĂůĞ

ZͲϭϭϰϴ
ϯϬϴ

ϮϮͬϬϯͬϭϵϴϵ ϭϮ͕ϬϬϬ
ϰϰϲ

ZͲϵϳϯ Ϯϵϯ ϬϵͬϬϴͬϭϵϴϯ ϯϬ͕ϬϬϬ
6RXUFH��$TXD�	�7HUUD�&RQVXOWRUHV�$VRFLDGRV�6�$�6������

���081,&,3$/�0$<25�2)�785%2��5HYLHZ�DQG�$GMXVWPHQW�RI�WKH�/DQG�0DQDJHPHQW�3ODQ��%DVLF�FDUWRJUDSK\�VFDOH����
��������7XUER�������
�� *(1(5$/�',5(&725$7(�0$5Ë7,0$�$50$'$�'(�&2/20%,$��',0$5���1DXWLFDO�&KDUW�&2/������WK�HGLWLRQ��6FDOH�
�����������',0$5�������
�� %$7,(678',26�6$6��5HVXOWV�REWDLQHG�LQ�WKH�SUHFLVLRQ�EDWK\PHWULF�VXUYH\�LQ�WKH��3XHUWR�%DKtD�GH�8UDEi�6�$���SURMHFW�
DUHD�DQG�DQFKRULQJ�DUHD��ORFDWHG�LQ�WKH�PXQLFLSDOLW\�RI�7XUER�� $QWLRTXLD��&DUWDJHQD�������
�� %$7,(678',26�6$6��5HVXOWV�REWDLQHG�LQ�WKH�SUHFLVLRQ�EDWK\PHWULF�VXUYH\�LQ�WKH�GXPS�DUHD�RI�WKH��3XHUWR�$QWLRTXLD��
SURMHFW��ORFDWHG�LQ�%DKtD�&RORPELD�� *ROIR�GH�8UDEi��&DUWDJHQD�������
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�� 081,&,3$/�0$<25�2)�785%2��7HUULWRULDO�DUUDQJHPHQW�SODQQLQJ��7XUER������
�� 081,&,3$/�0$<25�2)�785%2���������2S��&LW�
�� (',),&$�&2/20%,$�/7'$��2UWKRSKRWRPDSD���������2S��&LW�

)RU�WKH�JHQHUDWLRQ�RI�WKH�GLJLWDO�WHUUDLQ�PRGHO��WKH�EDWK\PHWU\�RI�WKH�QDXWLFDO�FKDUW��
WKH�SUHFLVLRQ�EDWK\PHWULHV�LQ�WKH�GXPS�DUHDV�DQG�WKH�GUHGJLQJ DUHD�DQG�WKH�OHYHO�
FXUYHV�UHVXOWLQJ�IURP�WKH�SKRWRJUDPPHWULF�UHVWLWXWLRQ�ZHUH�XVHG�

7KH�SRWHQWLDO�XVH�RI�WKH�VRLO�ZDV�GHOLPLWHG�DQG�GHILQHG�EDVHG�RQ�WKH�FDUWRJUDSKLF�
XQLWV�RI�VRLOV�DW������������VFDOH�RI� WKH�*HQHUDO�6XUYH\�RI�6RLOV�RI�$QWLRTXLD�� WKH�
FXUUHQW�XVH�ZDV�GHWHUPLQHG�DFFRUGLQJ� WR� WKH�YHJHWDWLRQ�FRYHU�DW�VFDOH�����������
LGHQWLILHG�LQ�WKH�DUHD�DQG�WKH�FRQIOLFW�RI�ODQG�XVH�LV�WKH�UHVXOW�RI�WKH�LQWHUVHFWLRQ�RI�
WKH�OD\HUV�RI�SRWHQWLDO�XVH�DQG�FXUUHQW�XVH�DQG�WKHLU�VXEVHTXHQW�FODVVLILFDWLRQ�LQWR�
DGHTXDWH��RYHUXVHG�RU�XQGHUXWLOL]HG�

7R�GHWHUPLQH�WKH�FRYHUDJH�RI� WKH� ODQG��WKH�GHOLPLWDWLRQ�RI�XQLWV�ZDV�PDGH�RQ�WKH�
RUWKRSKRWR������DW�ZRUN�VFDOH���������DQG�FRUURERUDWHG�ZLWK�WKH�ILHOG�YLVLW��PDNLQJ�
WKH�FODVVLILFDWLRQ�RI�FRYHUDJH�DFFRUGLQJ�WR�WKH�&RULQH�/DQG�&RYHU�PHWKRGRORJ\�

7HUUHVWULDO�HFRV\VWHPV�ZHUH�GHYHORSHG�DFFRUGLQJ�WR�WKH������,'($0�PHWKRGRORJ\��
E\�VXSHULPSRVLQJ�WKH�PDSV�RI�FOLPDWLF�]RQLQJ��JHRPRUSKRORJ\�DQG�FRYHUDJH�� WKH�
QDPH�DQG�QRPHQFODWXUH�RI�WKH�HFRV\VWHPV�UHVXOWLQJ�IURP�WKH�XQLRQ�RI�WKH�QDPH�RI�
WKH� FRYHUDJH� DQG� WKH� QDPH� RI� WKH� ELRPH� WR� ZKLFK� WKH\� EHORQJ� WKH� PDULQH�
HFRV\VWHPV�ZHUH�WDNHQ�IURP�WKH�VWXG\�RI�HFRV\VWHPV�RI�,'($0������

)RU� WKH� GHOLPLWDWLRQ� RI� WKH� ODQGVFDSH� XQLWV�� WKH� OD\HUV� RI� ODQG� FRYHU� DQG�
JHRPRUSKRORJLFDO� XQLWV� ZHUH� VXSHULPSRVHG�� /DQGVFDSH� TXDOLW\� DQG� �� RU� VFHQLF�
LQWHJULW\�ZHUH�HYDOXDWHG�IRU�HDFK�ODQGVFDSH�XQLW��7KH�YLVXDO�VFDOH�ZDV�GHWHUPLQHG�
ZLWK�EXIIHUV�DW�GLIIHUHQW�GLVWDQFHV�IURP�WKH�SODFHV�ZKHUH

������������������������������������

���',0$5���������2S��&LW�
�� %$7,(678',26�6$6����������2S��&LW�
�� (',),&$�&2/20%,$�/7'$���������2S��&LW�
�� *(2*5$3+,&�,167,787(�$*867Ë1�&2'$==,��,*$&���*HQHUDO�VWXG\�RI�VRLOV�DQG�ODQG�]RQLQJ�RI�WKH�GHSDUWPHQW�RI�
$QWLRTXLD��%RJRWi�������
��,167,787(�2)�+<'52/2*<��0(7(252/2*<�$1'�(19,5210(17$/�678',(6 �,'($0���1DWLRQDO�/HJHQG�RI�
&RYHUDJH�RI�WKH�(DUWK��&25,1(�/DQG�&RYHU�PHWKRGRORJ\�DGDSWHG�IRU�&RORPELD��6FDOH�������������%RJRWi��,'($0��������
���S��,6%1������������������
�� ,167,787(�2)�+<'52/2*<��0(7(252/2*<�$1'�(19,5210(17$/�678',(6��,'($0���0HWKRGRORJ\�IRU�WKH�
HODERUDWLRQ�RI�WKH�(FRV\VWHP�0DS�VFDOH�������������%RJRWi��,'($0�������
�� ,'($0��,*$&��,$Y+��,QYHPDU��,��6LQFKL��DQG�,,$3��&RQWLQHQWDO��FRDVWDO�DQG�PDULQH�HFRV\VWHPV�RI�&RORPELD��,QVWLWXWH�RI�
+\GURORJ\��0HWHRURORJ\�DQG�(QYLURQPHQWDO�6WXGLHV��$JXVWtQ�&RGD]]L�*HRJUDSKLFDO�,QVWLWXWH��$OH[DQGHU�9RQ�+XPEROGW�
5HVHDUFK�,QVWLWXWH�RI�ELRORJLFDO�UHVRXUFHV��,QVWLWXWH�RI�(QYLURQPHQWDO�5HVHDUFK�RI�WKH�3DFLILF��,QVWLWXWH�RI�0DULQH�DQG�&RDVWDO�
5HVHDUFK�-RVq�%HQLWR�9LYHV�'H�$QGUHLV��DQG�$PD]RQLDQ�,QVWLWXWH�RI�6FLHQWLILF�5HVHDUFK�6LQFKL���%RJRWi��'������S�������
FDUWRJUDSKLF�VKHHWV��%RJRWi�������



02',),&$&,Ï1�'(�/,&(1&,$�$0%,(17$/�3$5$�(/�352<(&72�'(�&216758&&,Ï1�<�
23(5$&,Ï1�'(�81�7(50,1$/�32578$5,2�'(�*5$1(/(6�6Ï/,'26�(1�(/�081,&,3,2�'(�

785%2

*$7��������&$�$0�3,2���

&$3����B7'(1*�5(9�'$9�2.
>0HGHOOtQ@������

WKH�REVHUYHUV�WUDYHOHG��KLJKZD\V�DQG�URDGV��&DQDO�1XHYD�&RORQLD�DQG�WKH�/HyQ�
5LYHU��DQG�FODVVLILHG�DFFRUGLQJ�WR�WKH�JHRGDWDEDVH�GRPDLQV�

)RU� WKH�HQYLURQPHQWDO� ]RQLQJ� WKH ELRWLF��SK\VLFDO� DQG�VRFLDO�XQLWV�ZHUH�FODVVLILHG�
DFFRUGLQJ�WR�WKH�FULWHULD�GHILQHG�IRU�HDFK�FRPSRQHQW��REWDLQLQJ�LQWHUPHGLDWH�PDSV�
IRU�HDFK�PHGLXP�DQG�WKHQ�WKH�RYHUODS�ZDV�PDGH�WR�REWDLQ�WKH�ILQDO�HQYLURQPHQWDO�
]RQLQJ�

7KH�SURWHFWLRQ�IORRUV�ZHUH�GHOLPLWHG�ZLWK�WKH�LQIRUPDWLRQ�RI�WKH�VKDSHILOHV�DYDLODEOH�
IRU�GRZQORDG�LQ�WKH�JHRJUDSKLF�LQIRUPDWLRQ�V\VWHP�RI�WKH�6,$&��WKH�5HJLRQDO�1DWXUDO�
3DUN�VKDSHILOH�VFDOH������������ZKRVH�RULJLQDO�VRXUFH�LV�WKH�1DWLRQDO�1DWXUDO�3DUNV�
6\VWHP��6311��DQG�:HWODQGV������VFDOH������������ZKRVH�VRXUFH�LV�WKH�0LQLVWU\�
RI�+RXVLQJ�DQG�6XVWDLQDEOH�'HYHORSPHQW��0$'6��

7KH�JHRJUDSKLF�YLHZHUV�DQG�:06�PDS�VHUYLFHV��ZHE�PDS�VHUYLFH��RI�WKH�,QYHPDU�
ZHUH� FRQVXOWHG� IRU� WKH� GLIIHUHQW� FRPSRQHQWV�� *HRYLVRU� &DULEEHDQ� (FRUHJLRQDO�
3ODQQLQJ�� *HRYLVRU� &RDVWDO� (URVLRQ� DQG� *HRYLVRU� $1+� %LRGLYHUVLW\�� $OVR�� WKH�
JHRJUDSKLFDO�YLHZHU�RI�WKH�$1/$��*HRJUDSKLF�LQIRUPDWLRQ�V\VWHP�RI�WKH�6,$&��7KH�
,*$&�YLHZHU��$JURORJLFDO�,QIRUPDWLRQ�0DQDJHPHQW�6\VWHP�DQG�WKH�7UHPDUFWRV�WRRO�
�7&R������

7KH� SULPDU\� LQIRUPDWLRQ� DVVRFLDWHG� ZLWK� VDPSOHV� RI� ZDWHU� TXDOLW\�� VHGLPHQWV��
PRQLWRULQJ�RI�HQYLURQPHQWDO�QRLVH��IORUD�DQG�IDXQD�VDPSOLQJ��ZHUH�LQFRUSRUDWHG�LQWR�
WKH� JHRGDWDEDVH�� PDLQWDLQLQJ� WKH� VWUXFWXUH� GHILQHG� E\� WKH� $1/$� UHSRUWLQJ� WKH�
SDUDPHWHUV�DQG�VSHFLHV�IRXQG�

7KH� IROORZLQJ� GLDJUDP� VXPPDUL]HV� WKH� JHQHUDO� PHWKRGRORJ\� IRU� HDFK� RI� WKH�
HOHPHQWV�WKDW�PDNH�XS�WKH�*,6�FRPSRQHQW

��������������������������������������

��1$7,21$/�$*(1&<�2)�(19,5210(17$/�/,&(16(6��$1/$���*HRJUDSKLF�6\VWHP�6,$&��(QYLURQPHQWDO�,QIRUPDWLRQ�
6\VWHP�RI�&RORPELD���$YDLODEOH�DW�KWWS���VLJ�DQOD�JRY�FR��������&RQVXOWHG�LQ�-XO\������
�� ,167,787(�2)�0$5,1(�$1'�&2$67$/�,19(67,*$7,216�-26e�%(1,72�9,9(6�'(�$1'5(,6��,19(0$5���*HRYLVRU�
&DULEEHDQ�(FRUHJLRQDO�3ODQQLQJ��$YDLODEOH�DW�KWWS���JLV�LQYHPDU�RUJ�FR�3(5&DULEH���&RQVXOWHG�LQ�-XO\������
�� ,167,787(�2)�0$5,1(�$1'�&2$67$/�,19(67,*$7,216�-26e�%(1,72�9,9(6�'(�$1'5(,6��,19(0$5���
,QIRUPDWLRQ�V\VWHP�IRU�WKH�PRQLWRULQJ�RI�FRDVWDO�HURVLRQ��$YDLODEOH�DW�KWWS���JLV�LQYHPDU�RUJ�FR�HURVLRQFRVWHUD���&RQVXOWHG�LQ�
-XO\������
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������ 3URIHVVLRQDOV�LQYROYHG�LQ�WKH�SUHSDUDWLRQ�RI�WKH�VWXG\

7DEOH� 1R�� ����� VKRZV� WKH� SURIHVVLRQDOV� LQYROYHG� LQ� WKH� SUHSDUDWLRQ� RI� WKLV�
HQYLURQPHQWDO�LPSDFW�VWXG\��WRJHWKHU�ZLWK�WKHLU�UHVSRQVLELOLW\�ZLWKLQ�LW�

7DEOH�1R�������3URIHVVLRQDOV�LQYROYHG�LQ�WKH�SUHSDUDWLRQ�RI�WKLV�HQYLURQPHQWDO�LPSDFW�VWXG\

1DPH 3URIHVVLRQ 5HVSRQVLELOLW\�LQ�WKH�SURMHFW

0DULD�$QGUHD�3DWLxR�
(QYLURQPHQWDO�(QJLQHHU�6SHFLDOLVW�LQ�

3URMHFW�0DQDJLQJ�
'LUHFWLRQ�RI�6WXG\�

(VWHEDQ�5HQGyQ�*
(QYLURQPHQWDO�(QJLQHHU�6SHFLDOLVW�LQ�

PDULQH�WURSLFDO�HFRORJ\
(QYLURQPHQWDO�FRRUGLQDWRU

&DUORV�$UWXUR�5H\
&LYLO�(QJLQHHU�06F�:DWHU�

(QJLQHHULQJ�
3URMHFW�GHVFULSWLRQ��2FHDQRJUDSK\

-XO\�%LELDQD�6DOD]DU 6DQLWDU\�(QJLQHHU� $ELRWLF�FRRUGLQDWLRQ

-XOLR�&HVDU�0HVD�
&LYLO�(QJLQHHU

06F��+\GUDXOLF�UHVRXUFHV
2FHDQRJUDSK\

/XLVD�)HUQDQGD�$O]DWH (QYLURQPHQWDO�(QJLQHHU

(QYLURQPHQWDO�EDVHOLQH��GHPDQG�IRU�UHVRXUFHV��
5LVN�0DQDJHPHQW�3ODQ��0DQDJHPHQW�DQG�

0RQLWRULQJ�3ODQV�DQG�0RQLWRULQJ��HQYLURQPHQWDO�
HYDOXDWLRQ

'DYLG�*DOOR (QJLQHHULQJ�,QWHUQ
$ELRWLF�EDVHOLQH��5LVN�0DQDJHPHQW��0DQDJHPHQW�

DQG�0RQLWRULQJ�3ODQV�DQG�0RQLWRULQJ��
HQYLURQPHQWDO�HYDOXDWLRQ

-XDQ�*XLOOHUPR�6DOD]DU *HRORJLVW $ELRWLF�EDVHOLQH

0DUORQ�$JDPH] *HRWHFKQLVW $ELRWLF�EDVHOLQH

-DQHWK�9LYLDQD�3pUH]�
$UWHDJD

%6F��%LRORJLVW %LRWLF�FRRUGLQDWLRQ

-XOLDQD�-DUDPLOOR�*RQ]iOH]
%6F��%LRORJLVW

06F�LQ�6FLHQFHV�� %LRORJ\

(QYLURQPHQWDO�EDVHOLQH��PDULQH�HFRV\VWHPV��
K\GURELRORJLFDO��WHUUHVWULDO�IDXQD��0DQDJHPHQW�DQG�
0RQLWRULQJ�3ODQV�DQG�0RQLWRULQJ��HQYLURQPHQWDO�

DVVHVVPHQW

'LDQD�0LOH\GL�*X]PiQ�
&HOHPtQ

)RUHVWU\�(QJLQHHU

(QYLURQPHQWDO�EDVHOLQH��WHUUHVWULDO�HFRV\VWHPV��
IORUD��GHPDQG�IRU�UHVRXUFHV��0DQDJHPHQW�DQG�
0RQLWRULQJ�3ODQV�DQG�0RQLWRULQJ��HQYLURQPHQWDO�

DVVHVVPHQW

,VDEHO�&ULVWLQD�3DQHVVR�
0XULOOR

$�ODZ\HU
6SHFLDOLVW�LQ�HQYLURQPHQWDO�ODZ

6RFLDO�FRRUGLQDWLRQ

'LQRUDW�0XULOOR
6RFLDO�ZRUNHU 6RFLRHFRQRPLF�EDVHOLQH��LPSDFW�DVVHVVPHQW��

0DQDJHPHQW�3ODQV�DQG�0RQLWRULQJ�DQG�0RQLWRULQJ

$QGUHD�)RQWHFKD
&DGDVWUDO�DQG�*HRGHVWD�(QJLQHHU�

*,6�VSHFLDOLVW
*,6�FRPSRQHQW
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