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$WWDFKP HQW�� �7KH�1 DWLRQDO�3ULRULWLHV��������������������������������������������������������������������� �
$WWDFKP HQW�� �' DWD�6RXUFHV�DQG�0 HWKRGV�8 VHG�LQ�3UHSDUDWLRQ�RI�( YLGHQFH������� �
$WWDFKP HQW�� �( QYLURQP HQWV�8 VHG�7R�' HILQH�7KH�0 DFNHQ] LH�%DVLQ�������������������� �
$WWDFKP HQW�� �7HFKQLFDO�' HVFULSWLRQ�RI�/ ( 1 = ������������������������������������������������������� �
$WWDFKP HQW�� �6WDWLVWLFV�IRU�/ HYHO�,9 �( QYLURQP HQWV�WKDW�RFFXU�LQ�WKH�%DVLQ���������� �
$WWDFKP HQW�� �$ELRWLF��3K\ VLFDO��( QYLURQP HQW����������������������������������������������������� � �
$WWDFKP HQW�� �' HVFULSWLRQ�RI�7HUUHVWULDO�DQG�: HWODQG�( FRV\ VWHP V�RI�WKH�%DVLQ� � �
$WWDFKP HQW�� �1 HZ�=HDODQG�7KUHDW�&ODVVLILFDWLRQ�6\ VWHP V�IRU�6SHFLHV������������� � �
$WWDFKP HQW�� �7HNDSR�6FLHQWLILF�5 HVHUYH�LQ�� � � � �DQG�� � � � ������������������������������� � �
$WWDFKP HQW�� � �%LRGLYHUVLW\ �RQ�/ DQG�3URSRVHG�IRU�,UULJDWLRQ��D�&DVH�6WXG\ ������� � �
$WWDFKP HQW�� � �* UDVVODQGV�FRQYHUWHG�E\ �ODQG�GHYHORSP HQW�ZLWKLQ�WKH�%DVLQ���� � �
$WWDFKP HQW�� � �* UDVVODQG�FRQYHUVLRQ�LQ�/ ( 1 =�/ HYHO�,9 �( QYLURQP HQWV�������������� � �
$WWDFKP HQW�� � �3URWHFWLRQ�LQ�/ ( 1 =�/ HYHO�,9 �( QYLURQP HQWV��������������������������������� � �
$WWDFKP HQW�� � �7HQXUH�5 HYLHZ�2 XWFRP HV�IRU�6LJQLILFDQW�,QKHUHQW�9DOXHV��������� � �
$WWDFKP HQW�� � �$SSOLFDWLRQV�DQG�3RWHQWLDO�7HUUHVWULDO�%LRGLYHUVLW\ �( IIHFWV« �« �� � �
�
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$ � �� � ,Q�� � � � ��* RYHUQP HQW�VHW�IRXU�QDWLRQDO�SULRULWLHV�IRU�SURWHFWLQJ�UDUH�DQG�

WKUHDWHQHG�QDWLYH�ELRGLYHUVLW\ �RQ�SULYDWH�ODQG��0 I( �� � � � � ��7KHVH�DUH���
$ � �� � 1 DWLRQDO�3ULRULW\ �� ��7R�SURWHFW�LQGLJHQRXV�YHJHWDWLRQ�DVVRFLDWHG�ZLWK�

ODQG�HQYLURQP HQWV���GHILQHG�E\ �/ DQG�( QYLURQP HQWV�RI�1 HZ�=HDODQG�DW�
/ HYHO�,9 ���WKDW�KDYH�� � �SHUFHQW�RU�OHVV�UHP DLQLQJ�LQ�LQGLJHQRXV�FRYHU���

$ � �� � 1 DWLRQDO�3ULRULW\ �� ��7R�SURWHFW�LQGLJHQRXV�YHJHWDWLRQ�DVVRFLDWHG�ZLWK�
VDQG�GXQHV�DQG�ZHWODQGV��HFRV\ VWHP �W\ SHV�WKDW�KDYH�EHFRP H�
XQFRP P RQ�GXH�WR�KXP DQ�DFWLYLW\ ���

$ � �� � 1 DWLRQDO�3ULRULW\ �� ��7R�SURWHFW�LQGLJHQRXV�YHJHWDWLRQ�DVVRFLDWHG�ZLWK�
µRULJLQDOO\ �UDUH¶�WHUUHVWULDO�HFRV\ VWHP �W\ SHV�QRW�DOUHDG\ �FRYHUHG�E\ �
SULRULWLHV�� �DQG�� ���

$ � �� � 1 DWLRQDO�3ULRULW\ �� ��7R�SURWHFW�KDELWDWV�RI�DFXWHO\ �DQG�FKURQLFDOO\ �
WKUHDWHQHG�LQGLJHQRXV�VSHFLHV���

$ � �� � 1 RWH�WKDW�3ULRULW\ �� �LV�DIIHFWHG�E\ �UHFHQWO\ �FKDQJHV�WR�WKH�1 HZ�=HDODQG�
WKUHDW�FODVVLILFDWLRQ�V\ VWHP �IRU�VSHFLHV��7RZQVHQG�HW�DO��� � � � � �WKDW�KDV�
EHHQ�DSSOLHG�WR�SODQWV��$FXWHO\ �WKUHDWHQHG�LQGLJHQRXV�VSHFLHV�DUH�QRZ�
LQFOXGHG�LQ�D�QHZ�µ7KUHDWHQHG¶�FDWHJRU\ �DQG�FKURQLFDOO\ �WKUHDWHQHG�
LQGLJHQRXV�VSHFLHV�DUH�LQFOXGHG�LQ�D�QHZ�µ$W�5 LVN¶�FDWHJRU\ ��0 RUH�GHWDLO�
RQ�WKH�1 HZ�=HDODQG�WKUHDW�FODVVLILFDWLRQ�V\ VWHP V�IRU�VSHFLHV�LV�SURYLGHG�
LQ�$WWDFKP HQW�� ��

5 HIHUHQFHV�
0 I( �� � � � ��3URWHFWLQJ�RXU�3ODFHV��,QWURGXFLQJ�WKH�QDWLRQDO�SULRULWLHV�IRU�SURWHFWLQJ�
UDUH�DQG�WKUHDWHQHG�QDWLYH�ELRGLYHUVLW\ �RQ�SULYDWH�ODQG��: HOOLQJWRQ��0 LQLVWU\ �IRU�WKH�
( QYLURQP HQW���
7RZQVHQG�$- ��GH�/ DQJH�3- ��1 RUWRQ�' $��0 ROOR\ �- ��0 LVNHOO\ �&��' XII\ �&�� � � � ��7KH�
1 HZ�=HDODQG�7KUHDW�&ODVVLILFDWLRQ�6\ VWHP �P DQXDO��: HOOLQJWRQ��' HSDUWP HQW�RI�
&RQVHUYDWLRQ��� � �S��



( 9 ,' ( 1 &( �2 ) �' 5 �68 6$1 �: $ / . ( 5 ���$77$&+0 ( 1 76�
�

� �

$ 77$ &+0 ( 1 7�� �

' $ 7$ �62 8 5 &( 6�$ 1 ' �0 ( 7+2 ' 6 �8 6( ' �,1 �35 ( 3$ 5 $ 7,2 1 �2 ) �( 9 ,' ( 1 &( �

$ � �� � ,Q�P \ �HYLGHQFH��,�UHO\ �RQ�SXEOLVKHG�QDWLRQDO�GDWDEDVHV�VXFK�DV�/ ( 1 =�
�/ DQG�( QYLURQP HQWV�RI�1 HZ�=HDODQG���/ &' %� ��WKH�VHFRQG�ODQG�FRYHU�
GDWDEDVH���DQG�SXEOLFO\ �DYDLODEOH�GDWD��GLJLWDO�* ,6 �VKDSHILOHV��VXSSOLHG�E\ �
WKH�' HSDUWP HQW�RI�&RQVHUYDWLRQ��
WKH�' HSDUWP HQW
��DQG�( QYLURQP HQW�
&DQWHUEXU\ ��( &DQ��RQ�UHTXHVW���

$ � �� � 6SDWLDO�GDWD�VKRZLQJ�WKH�H[ WHQW�RI�LUULJDWLRQ�FRQVHQW�DUHDV��D�WRWDO�RI�
� � �� � � �KD��UHOHYDQW�WR�WKLV�KHDULQJ�ZHUH�VXSSOLHG�E\ �WKH�' HSDUWP HQW�RQ�
� � �2 FWREHU�� � � � ��7KUHDWHQHG�SODQW�VSHFLHV�VWDWXV�LV�EDVHG�RQ�WKH�P RVW�
UHFHQW�QDWLRQDO�FODVVLILFDWLRQ�FULWHULD��7RZQVHQG�HW�DO��� � � � � �DQG�ZDV�
DVVHVVHG�E\ �WKH�QDWLRQDO�H[ SHUW�SDQHO��GH�/ DQJH�HW�DO��� � � � � ��/ LVWV�RI�
WKUHDWHQHG�SODQWV�IRU�WKH�0 DFNHQ] LH�%DVLQ�DUH�EDVHG�RQ�KHUEDULXP �DQG�
REVHUYDWLRQDO�UHFRUGV�WKDW�KDYH�EHHQ�FKHFNHG�DQG�GLVFXVVHG�E\ �H[ SHUWV��
0 U�1 LFKRODV�+HDG�RI�WKH�' HSDUWP HQW��' UV�3HWHU�+HHQDQ�DQG�: LOOLDP �/ HH�
RI�/ DQGFDUH�5 HVHDUFK��DQG�' U�3HWHU�- RKQVRQ��UHVHDUFK�DVVRFLDWH�RI�
/ DQGFDUH�5 HVHDUFK���,�DP �QRW�DQ�H[ SHUW�RQ�LQYHUWHEUDWHV�DQG�OL] DUGV��
DFFRUGLQJO\ �P \ �HYLGHQFH�RQ�WKHVH�JURXSV�LV�P RUH�OLP LWHG��DQG�GUDZV�RQ�
UHIHUHQFHG�SDSHUV��UHSRUWV�DQG�OLVWV��DQG�GLVFXVVLRQ�ZLWK�H[ SHUWV��

$ � �� � 0 \ �HYLGHQFH�FRQFHUQLQJ�SDVW�DQG�UHFHQW�FRQYHUVLRQ�RI�JUDVVODQGV�
�SDUDJUDSKV�� � �WR�� � � �LV�EDVHG�RQ�D�P DS�FUHDWHG�IRU�WKLV�SXUSRVH�LQ�
/ DQGFDUH�5 HVHDUFK¶V�3DOP HUVWRQ�1 RUWK�UHP RWH�VHQVLQJ�ODERUDWRU\ ��7KH�
P DS�ZDV�GLJLWLVHG�EDVHG�RQ�WKH�UHFHQW�: KROH�RI�* RYHUQP HQW�SXUFKDVHG�
632 7�� �UHP RWH�VHQVLQJ�LP DJH��P DLQO\ �IURP �VXP P HU�� � � � �� � ��) LJXUH�
$� �� � �DQG�( &DQ¶V�VHW�RI�DHULDO�RUWKRSKRWRV��ZKLFK�ZHUH�SURFHVVHG�
�RUWKR�UHFWLILHG�DQG�FRQYHUWHG�WR�VWDQGDUGLVHG�UHIOHFWDQFH��IRU�XVH�E\ �
JRYHUQP HQW�DJHQFLHV�E\ �/ DQGFDUH�5 HVHDUFK��3RO\ JRQV�UHSUHVHQWLQJ�
FRQYHUVLRQ�RI�OHVV�GHYHORSHG�JUDVVODQGV�WR�D�ZKROO\ �H[ RWLF�FRYHU�W\ SH�
ZHUH�GLJLWLVHG�P DQXDOO\ �RQ�VFUHHQ�DQG�WKRVH�LQ�WKH�0 DFNHQ] LH�%DVLQ�
ZHUH�JURXQG�FKHFNHG�LQ�D�ILHOG�YLVLW�LQ�1 RYHP EHU�� � � � �DQG�ZLWK�
UHIHUHQFH�WR�UHFHQW�REOLTXH�DHULDO�SKRWRJUDSKV��$UHDV�FRQYHUWHG�VLQFH�
� � � � �ZHUH�LGHQWLILHG�ZLWK�UHIHUHQFH�WR�/ DQGVDW�LP DJHV�IURP �� � � � �DQG�WKH�
VXP P HU�RI�� � � � �� � ��SURFHVVHG�DV�GHVFULEHG�E\ �' \ P RQG�	 �6KHSKHUG�
�� � � � � � �DQG�RUWKRSKRWRV��,�DFNQRZOHGJH�WKH�IRUP DWLYH�WHFKQLFDO�
FRQWULEXWLRQV�RI�P \ �FROOHDJXHV�' UV�- DP HV�6KHSKHUG�DQG�- RKQ�' \ P RQG�
DQG�RXU�3K' �VWXGHQW�0 V�( P LO\ �: HHNV�WR�WKHVH�GDWD��1 RWH�WKDW�ZH�KDYH�
QRW�P DSSHG�DUHDV�DV�FRQYHUWHG�LI�WKH\ �KDG�EHHQ�P RGLILHG��H�J��E\ �
RYHUVRZLQJ�DQG�WRSGUHVVLQJ��RU�ZHHG�LQYDVLRQ��EXW�ZH�MXGJHG�WKHP �WR�
VWLOO�UHWDLQ�VRP H�LQGLJHQRXV�SODQW�FRYHU�RU�VSHFLHV��&RQVLGHUDEOH�
DGGLWLRQDO�DUHDV�RI�JUDVVODQGV�WKDW�KDYH�EHHQ�P XFK�P RGLILHG�DUH�QRW�
P DSSHG�DV�FRQYHUWHG�KHUH���1 RWH�DOVR�WKDW�ZKLOH�ZH�KDYH�P DGH�
VXEVWDQWLDO�HIIRUWV�WR�HQVXUH�WKH�DFFXUDF\ �RI�WKH�P DS��WKURXJK�JURXQG�
WUXWKLQJ�DQG�UHIHUHQFH�WR�DHULDO�SKRWRJUDSKV��RXU�HVWLP DWHV�RI�DUHD�
VKRXOG�EH�UHJDUGHG�DV�LQGLFDWLYH��UDWKHU�WKDQ�SUHFLVH����
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) LJXUH�$� �� ��7KH�632 7�� �UHP RWH�VHQVLQJ�LP DJH�IRU�WKH�0 DFNHQ] LH�%DVLQ�XVHG�
DV�RQH�RI�RXU�SULP DU\ �GDWD�VRXUFHV�WR�P DS�JUDVVODQG�FRQYHUVLRQ���* HQHUDOO\ ��
UHG�RUDQJH�WRQHV�LQGLFDWH�P RLVW�JUHHQ�YHJHWDWLRQ��SDOH�EOXH�WRQHV�LQGLFDWH�
VSDUVH�YHJHWDWLRQ�ZLWK�P XFK�EDUH�VRLO��DQG�NKDNL�JUHHQ�LQGLFDWHV�WXVVRFN�FRYHU�
DQG�UHG�EURZQ�LV�IRUHVWU\ ��7KH�LQVHW��GRWWHG�JUHHQ�RXWOLQH��VKRZV�GHWDLO�RI�DUHDV�
FRQYHUWHG�E\ �FXOWLYDWLRQ�RU�LUULJDWHG��RXWOLQHG�LQ�JUHHQ���RYHUVRZLQJ�RU�
WRSGUHVVLQJ��UHG��DQG�IRUHVWU\ ��SDOH�EURZQ����
�
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5 HIHUHQFHV�
GH�/ DQJH�3- ��1 RUWRQ�' $ ��&RXUWQH\ �63��+HHQDQ�3%��%DUNOD�- : ��&DP HURQ�( . ��
+ LWFKP RXJK�5 ��7RZQVHQG�$- �� � � � ��7KUHDWHQHG�DQG�XQFRP P RQ�SODQWV�RI�
1 HZ�=HDODQG��� � � � �5 HYLVLRQ���1 HZ�=HDODQG�- RXUQDO�RI�%RWDQ\ �� � ��� � ±� � ��

' \ P RQG�- 5 ��6KHSKHUG�- ' �� � � � ��7KH�VSDWLDO�GLVWULEXWLRQ�RI�LQGLJHQRXV�IRUHVW�
DQG�LWV�FRP SRVLWLRQ�LQ�WKH�: HOOLQJWRQ�UHJLRQ��1 HZ�=HDODQG��IURP �( 70 � �VDWHOOLWH�
LP DJHU\ ��5 HP RWH�6HQVLQJ�RI�( QYLURQP HQW�� � ��� � � ±� � � ��

7RZQVHQG�$- ��GH�/ DQJH�3- ��1 RUWRQ�' $ ��0 ROOR\ �- ��0 LVNHOO\ �&��' XII\ �&�� � � � ��
7KH�1 HZ�=HDODQG�7KUHDW�&ODVVLILFDWLRQ�6\ VWHP �P DQXDO��: HOOLQJWRQ��' HSDUWP HQW�
RI�&RQVHUYDWLRQ��� � �S��
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) LJXUH�$� �� ��0 DS�VKRZLQJ�LQ�FRORXU�WKH�IRXU�/ HYHO�/ ( 1 =�/ HYHO�,�HQYLURQP HQWV�
XVHG�WR�GHILQH�WKH�H[ WHQW�RI�WKH�0 DFNHQ] LH�%DVLQ�IRU�WKLV�HYLGHQFH��3DOH�SLQN�
GHQRWHV�
) RRWKLOOV
��/ ( 1 =�/ HYHO�,�( � �HQYLURQP HQWV��DQG�SXUSOH�
3ODLQV
�
HQYLURQP HQWV��
5 HFHQW�VRLOV
�HQYLURQP HQWV�DUH�VKRZQ�LQ�RUDQJH��- � �DQG�SDOH�
P DXYH��. � ��0 DMRU�KLJKZD\ V�DQG�ODNHV�DUH�DOVR�VKRZQ��7KH�VROLG�UHG�OLQH�LV�WKH�
ERXQGDU\ �RI�WKH�0 DFNHQ] LH�( FRORJLFDO�5 HJLRQ��DQG�WKH�EODFN�OLQH�VKRZV�P \ �
P LQRU�H[ WHQVLRQV�WR�HQFRP SDVV�DOO�DUHDV�SHULSKHUDO�WR�WKH�( FRORJLFDO�5 HJLRQ�
WKDW�DUH�DSSO\ LQJ�IRU�LUULJDWLRQ�FRQVHQW��
�

) LJXUH�$� �� ��0 DS�VKRZLQJ�LQ�FRORXU�WKH�IRXU�/ HYHO�/ ( 1 =�/ HYHO�,�HQYLURQP HQWV�
XVHG�WR�GHILQH�WKH�H[ WHQW�RI�WKH�0 DFNHQ] LH�%DVLQ�IRU�WKLV�HYLGHQFH��3DOH�SLQN�
DUHDV�DUH�
) RRWKLOOV
��/ ( 1 =�/ HYHO�,�( � �HQYLURQP HQWV��DQG�SXUSOH�DUHDV�DUH�

3ODLQV
�HQYLURQP HQWV��
5 HFHQW�VRLOV
�HQYLURQP HQWV�DUH�VKRZQ�LQ�RUDQJH��- � �DQG�
SDOH�P DXYH��. � ��0 DMRU�KLJKZD\ V�DQG�ODNHV�DUH�DOVR�VKRZQ��7KH�VROLG�UHG�OLQH�LV�
WKH�ERXQGDU\ �RI�WKH�0 DFNHQ] LH�( FRORJLFDO�5 HJLRQ��DQG�WKH�EODFN�OLQH�VKRZV�P \ �
P LQRU�H[ WHQVLRQV�WR�HQFRP SDVV�DOO�DUHDV�SHULSKHUDO�WR�WKH�( FRORJLFDO�5 HJLRQ�
FRYHUHG�LQ�WKH�DSSOLFDWLRQV�E\ �YDULRXV�SDUWLHV�WR�WDNH�DQG�XVH�ZDWHU�LQ�WKH�
8 SSHU�: DLWDNL�&DWFKP HQW��
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$ � �� � ,Q�JHQHUDO��VLP LODU�HQYLURQP HQWV�WHQG�WR�VXSSRUW�VLP LODU�JURXSV�RI�SODQWV�
DQG�DQLP DOV�LQ�WKH�DEVHQFH�RI�KXP DQ�GLVWXUEDQFH��6SHFLHV�GLVWULEXWLRQV�
DUH�QRW�UDQGRP ��7KH\ �DUH�VRUWHG�LQ�UHODWLRQ�WR�WKH�HQYLURQP HQW�DQG�
KLVWRU\ ��7KLV�P HDQV�WKDW�VLP LODU�HQYLURQP HQWV�ZLWK�VLP LODU�KLVWRULHV�WHQG�
WR�VXSSRUW�VLP LODU�JURXSV�RI�SODQWV�DQG�DQLP DOV�LQ�WKH�DEVHQFH�RI�KXP DQ�
GLVWXUEDQFH��/ DQG�( QYLURQP HQWV�RI�1 HZ�=HDODQG��/ HDWKZLFN�HW�DO��� � � � � �
LGHQWLILHV�FOLP DWH��VRLO�DQG�ODQGIRUP �IDFWRUV�OLNHO\ �WR�LQIOXHQFH�WKH�
GLVWULEXWLRQ�RI�SODQW�DQG�DQLP DO�VSHFLHV��DQG�XVHV�WKHVH�IDFWRUV�WR�GHILQH�
D�ODQGVFDSH�FODVVLILFDWLRQ�WKDW�JURXSV�WRJHWKHU�VLWHV�WKDW�KDYH�VLP LODU�
HQYLURQP HQWDO�FKDUDFWHU��7KH�FOLP DWH��VRLO��DQG�ODQGIRUP �IDFWRUV�XVHG�WR�
FRQVWUXFW�WKH�FODVVLILFDWLRQ�KDYH�EHHQ�VHOHFWHG�IRU�WKHLU�LP SRUWDQFH�LQ�
LQIOXHQFLQJ�SODQW�JURZWK��6XFK�D�FODVVLILFDWLRQ�FDQ�WKHQ�EH�XVHG�WR�
LQGLFDWH�VLWHV�OLNHO\ �WR�KDYH�VLP LODU�SRWHQWLDO�HFRV\ VWHP �FKDUDFWHU�±�QRW�
QHFHVVDULO\ �WKH�VDP H�LQ�DOO�UHVSHFWV�EXW�EURDGO\ �VLP LODU�JURXSV�RI�VSHFLHV�
DQG�FRP SDUDEOH�ELRORJLFDO�LQWHUDFWLRQV�DQG�SURFHVVHV��2 QH�P DMRU�
DGYDQWDJH�RI�WKLV�DSSURDFK��DV�RSSRVHG�WR�GLUHFWO\ �P DSSLQJ�ODQG�FRYHU�
IRU�H[ DP SOH��LV�LWV�DELOLW\ �WR�SUHGLFW�WKH�SRWHQWLDO�FKDUDFWHU�RI�VLWHV�ZKHUH�
QDWXUDO�HFRV\ VWHP V�KDYH�EHHQ�SURIRXQGO\ �P RGLILHG��H�J��E\ �ODQG�
FOHDUDQFH�RU�ILUH��RU�UHSODFHG�E\ �LQWURGXFHG�SODQWV�DQG�DQLP DOV��H�J��
SHVWV�DQG�ZHHGV���

$ � �� � / DQG�( QYLURQP HQWV�RI�1 HZ�=HDODQG��/ ( 1 =��ZHUH�FUHDWHG�XVLQJ�DQ�
DXWRP DWLF�QXP HULFDO�SURFHVV��7KLV�SURFHVV�FODVVLILHV�GDWD�OD\ HUV�WKDW�
GHVFULEH�DVSHFWV�RI�FOLP DWH�DQG�ODQGIRUP �NQRZQ�WR�LQIOXHQFH�WKH�
GLVWULEXWLRQV�RI�ELRWD��SODQWV�DQG�DQLP DOV���7KH�YDULRXV�GDWD�OD\ HUV�DUH�
ILUVW�DVVHP EOHG�LQ�WKH�IRUP �RI�UHJXODU�JULGV�FRYHULQJ�WKH�DUHD�WR�EH�
FODVVLILHG��&OLP DWH�HVWLP DWHV�DUH�GHULYHG�IURP �P DWKHP DWLFDO�VXUIDFHV�
ILWWHG�WR�ORQJ�UXQ�DYHUDJH�FOLP DWH�GDWD��7KH�SURFHVV�VWDUWV�ZLWK�D�GLJLWDO�
HOHYDWLRQ�P RGHO�±�D�JULG�RI�HOHYDWLRQV�FRYHULQJ�WKH�DUHD�WR�EH�FODVVLILHG��
7KLV�LV�FRXSOHG�ZLWK�WKH�FOLP DWH�VXUIDFH�WR�SURYLGH�HVWLP DWHV�IRU�DOO�SRLQWV�
RQ�WKH�JULG��,Q�VRP H�FDVHV�FOLP DWH�YDULDEOHV�VXFK�DV�VRODU�UDGLDWLRQ��
WHP SHUDWXUH��DQG�UDLQIDOO�DUH�FRP ELQHG�WR�SURYLGH�HVWLP DWHV�RI�IDFWRUV�
P RUH�UHOHYDQW�WR�ELRWD�VXFK�DV�VRLO�ZDWHU�GHILFLW��/ DQGIRUP �GDWD�DUH�WDNHQ�
P RVWO\ �IURP �WKH�1 HZ�=HDODQG�/ DQG�5 HVRXUFH�,QYHQWRU\ ��D�* ,6 �GDWDEDVH�
GHVFULELQJ�ODQG�DWWULEXWHV�IRU�WKH�HQWLUH�FRXQWU\ ��ZKLOH�VORSHV�DUH�
HVWLP DWHG�IURP �WKH�GLJLWDO�HOHYDWLRQ�P RGHO��2 QFH�DVVHP EOHG��WKH�YDULRXV�
GDWD�OD\ HUV�DUH�FRP ELQHG�DQG�H[ SRUWHG�WR�D�QXP HULFDO�FODVVLILFDWLRQ�
SURJUDP P H��+HUH�WKH�GDWD�DUH�DQDO\ VHG�DQG�VLWHV�KDYLQJ�VLP LODU�
HQYLURQP HQWV�DUH�JURXSHG�WRJHWKHU�WR�IRUP �µODQG�HQYLURQP HQWV¶��
&ODVVLILFDWLRQ�UHVXOWV�DUH�WKHQ�WDNHQ�EDFN�LQWR�WKH�* ,6 �VR�WKDW�WKH�
JHRJUDSKLF�GLVWULEXWLRQ�RI�HDFK�RI�WKH�UHVXOWLQJ�JURXSV��ODQG�
HQYLURQP HQWV��FDQ�EH�P DSSHG��

$ � �� � &OLP DWH�IDFWRUV�LQFOXGHG�LQ�WKH�/ ( 1 =�FODVVLILFDWLRQ�DUH�P HDQ�DQQXDO�VRODU�
UDGLDWLRQ��P LQLP XP �ZLQWHU�VRODU�UDGLDWLRQ��P HDQ�DQQXDO�WHP SHUDWXUH��
P HDQ�P LQLP XP �WHP SHUDWXUH�RI�WKH�FROGHVW�P RQWK��DQQXDO�VRLO�ZDWHU�
GHILFLW��DYHUDJH�P RQWKO\ �UDWLR�RI�UDLQIDOO�WR�SRWHQWLDO�HYDSRUDWLRQ�DQG�
YDSRXU�SUHVVXUH�GHILFLW��GU\ QHVV�RI�WKH�DLU���7KHVH�IDFWRUV�ZHUH�HVWLP DWHG�
QDWLRQDOO\ �RQ�D�� � � �P �JULG��XVLQJ�WKLQ�SODWH�VSOLQH�VSDWLDO�LQWHUSRODWLRQ�RI�
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GDWD�IURP �LUUHJXODUO\ �GLVWULEXWHG�1 HZ�=HDODQG�P HWHRURORJLFDO�VWDWLRQV�
�/ HDWKZLFN�	 �6WHSKHQV�� � � � � ��

$ � �� � &DWHJRULFDO�VRLO�YDULDEOHV�LQFOXGHG�LQ�/ ( 1 =�DUH�EDVHG�RQ�WKH�
1 HZ�=HDODQG�/ DQG�5 HVRXUFH�,QYHQWRU\ ��1 =/ 5 ,� ��1 : $6&2 �� � � � � ��
7KHVH�DUH�GUDLQDJH��DJH�VLQFH�P DMRU�UHVHW�RI�VRLO�IRUP DWLRQ��HVWLP DWHG�LQ�
WKUHH�FODVVHV��L�H��\ RXQJHU�WKDQ�� � � � �\ HDUV��� � � � �\ HDUV�WR�SRVW�JODFLDO��
DQG�SUH�JODFLDO���WRWDO�SKRVSKRUXV��FDOFLXP ��LQGXUDWLRQ��SDUWLFOH�VL] H�DQG�
FKHP LFDO�OLP LWDWLRQV�WR�SODQW�JURZWK��H�J��VDOLQLW\ ���

$ � �� � / DQG�HQYLURQP HQWV�DUH�FODVVLILHG�DW�IRXU�GLIIHUHQW�QDWLRQDO�VFDOHV��/ HYHOV�
,�� � � �/ DQG�HQYLURQP HQWV�QDWLRQDOO\ ���,,�� � � � �/ DQG�HQYLURQP HQWV�
QDWLRQDOO\ ���,,,�� � � � �/ DQG�HQYLURQP HQWV�QDWLRQDOO\ ��DQG�,9 �� � � � �/ DQG�
HQYLURQP HQWV�QDWLRQDOO\ ���( DFK�OHYHO�LV�QHVWHG�ZLWKLQ�HDFK�KLJKHU�OHYHO��

$ � �� � / DQG�HQYLURQP HQWV�SURYLGH�WKH�IUDP HZRUN��RU�VSDWLDO�FRQWH[ W��QHFHVVDU\ �
IRU�GHWHUP LQLQJ�WKH�FKDUDFWHU�DQG�LP SRUWDQFH�RI�LQGLJHQRXV�ELRGLYHUVLW\ �
LQ�DQ\ �JLYHQ�DUHD��VXFK�DV�WKH�0 DFNHQ] LH�%DVLQ��7KLV�FRQWH[ W�HQVXUHV�
WKDW�FRP SDULVRQV�DUH�QRW�P DGH�EHWZHHQ�DUHDV�RI�GLIIHUHQW�HQYLURQP HQWDO�
DQG�WKHUHIRUH�HFRORJLFDO�FKDUDFWHU��VXFK�DV�UHODWLYHO\ �QDWXUDO�DOSLQH�
HQYLURQP HQWV�DQG�KLJKO\ �P RGLILHG�ORZODQG�HQYLURQP HQWV��

5 HIHUHQFHV�
/ HDWKZLFN�- 5 ��6WHSKHQV�5 77�� � � � ��&OLP DWH�VXUIDFHV�IRU�1 HZ�=HDODQG��
/ DQGFDUH�5 HVHDUFK�&RQWUDFW�5 HSRUW�/ &� � � � �� � � ��XQSXEOLVKHG���/ LQFROQ��
/ DQGFDUH�5 HVHDUFK��� � �S��

/ HDWKZLFN�- 5 ��: LOVRQ�* ��5 XWOHGJH�' ��: DUGOH�3��0 RUJDQ�) ��- RKQVWRQ�. ��0 F/ HRG�
0 ��. LUNSDWULFN�5 �� � � � ��/ DQG�( QYLURQP HQWV�RI�1 HZ�=HDODQG��7HFKQLFDO�* XLGH��
: HOOLQJWRQ��0 LQLVWU\ �IRU�WKH�( QYLURQP HQW��

1 DWLRQDO�: DWHU�DQG�6RLO�&RQVHUYDWLRQ�2 UJDQLVDWLRQ�� � � � ��2 XU�ODQG�UHVRXUFHV��D�
EXOOHWLQ�WR�DFFRP SDQ\ �WKH�1 HZ�=HDODQG�/ DQG�5 HVRXUFH�,QYHQWRU\ �: RUNVKHHWV��
: HOOLQJWRQ��1 DWLRQDO�: DWHU�DQG�6RLO�&RQVHUYDWLRQ�2 UJDQLVDWLRQ��

�

�
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7DEOH�$� �� ��/ LVW�RI�/ HYHO�,9 �HQYLURQP HQWV��WKHLU�DUHD��GLVWLQFWLYHQHVV�WR�WKH�
%DVLQ�DQG�DUHDV�DQG�SHUFHQWDJHV�SURSRVHG�IRU�LUULJDWLRQ��
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( � �� D� ) RRWKLOOV� � � � � � � � � � � � � �

( � �� D� ) RRWKLOOV� � � � � � � � � � � � � �

( � �� E� ) RRWKLOOV� � � � � � � � � � � � � � � �

( � �� F� ) RRWKLOOV� � � � � � � � � � � � � � � � �

( � �� G� ) RRWKLOOV� � � � � � � � � � � � � � � � � � �� �

( � �� D� ) RRWKLOOV� � � � � � � � � � � � � � � � � �� �

( � �� E� ) RRWKLOOV� � � � � � � � � � � � � � � � �� �

( � �� D� ) RRWKLOOV� � � � � � � � � � � � � � � � � � � � � �� �

( � �� E� ) RRWKLOOV� � � � � � � � � � � � � � � � � � � � � � � �� �

( � �� D� ) RRWKLOOV� � � � � � � � � � � � � � � � � � � � � � �� �

( � �� E� ) RRWKLOOV� � � � � � � � � � � � � � � � �

- � �� D� 5 HFHQW�VRLOV� � � � � � � � � � � � � � � � � � � �� �

- � �� E� 5 HFHQW�VRLOV� � � � � � � � � � � � � � �

- � �� F� 5 HFHQW�VRLOV� � � � � � � � � � � � �

. � �� D� 5 HFHQW�VRLOV� � � � � � � � � � � � � � �

. � �� E� 5 HFHQW�VRLOV� � � � � � � � � � � � � � � � � � � � �� �

. � �� G� 5 HFHQW�VRLOV� � � � � � � � � � � � � � � � �� �

. � �� D� 5 HFHQW�VRLOV� � � � � � � � � � � � � � � � � � � �� �

. � �� E� 5 HFHQW�VRLOV� � � � � � � � � � � � � �

. � �� D� 5 HFHQW�VRLOV� � � � � � � � � � � � � � � � � � � �� �

. � �� E� 5 HFHQW�VRLOV� � � � � � � � � � � � � � � �

. � �� D� 5 HFHQW�VRLOV� � � � � � � � � � � � � �

. � �� E� 5 HFHQW�VRLOV� � � � � � � � � � � � � � � �

. � �� F� 5 HFHQW�VRLOV� � � � � � � � � � � � � � � � � � �� �

. � �� G� 5 HFHQW�VRLOV� � � � � � � � � � � � � � � � � � � � �� �

1 � �� D� 3ODLQV� � � � � � � � � � � � � � �

1 � �� F� 3ODLQV� � � � � � � � � � � � � � � � � �� �
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1 � �� D� 3ODLQV� � � � � � � � � � � � � � � � � � � � � �� �

1 � �� E� 3ODLQV� � � � � � � � � � � � � � � � � �� �

1 � �� G� 3ODLQV� � � � � � � � � � � � � � �

1 � �� D� 3ODLQV� � � � � � � � � � � � � � � � �

1 � �� G� 3ODLQV� � � � � � � � � � � � � � � � �� �

1 � �� H� 3ODLQV� � � � � � � � � � � � � � � �

1 � �� E� 3ODLQV� � � � � � � � � � � � � � � � � � � �� �

1 � �� D� 3ODLQV� � � � � � � � � � � � � � � � � � � � �� �

1 � �� E� 3ODLQV� � � � � � � � � � � � � �

1 � �� F� 3ODLQV� � � � � � � � � � � � � � � � � � � � �� �

1 � �� G� 3ODLQV� � � � � � � � � � � � � � � � �� �

1 � �� H� 3ODLQV� � � � � � � � � � � � � � � � � � � �� �

1 � �� D� 3ODLQV� � � � � � � � � � � � � � � � � � � � � � �� �

1 � �� D� 3ODLQV� � � � � � � � � � � � � � � � � �� �

1 � �� D� 3ODLQV� � � � � � � � � � � � � � � � � � � � � � �� �

1 � �� E� 3ODLQV� � � � � � � � � � � � � � � � � � � � � � � � �� �

1 � �� D� 3ODLQV� � � � � � � � � � � � � � � � � � � � � �� �

1 � �� D� 3ODLQV� � � � � � � � � � � � � � � � � � � � �� �

1 � �� E� 3ODLQV� � � � � � � � � � � � � � � � � � �� �
� �&RQVLGHUHG�LQ�WKH�8 SSHU�: DLWDNL�5 HVRXUFH�&RQVHQW�+HDULQJ��EDVHG�RQ�GDWD�VXSSOLHG�
E\ �WKH�' HSDUWP HQW�RI�&RQVHUYDWLRQ��� � �2 FW�� � � � ��
�
�
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* HRORJ\ �
$ � �� � 7KH�0 DFNHQ] LH�%DVLQ�LV�FKDUDFWHULVHG�E\ �H[ WHQVLYH�VHTXHQFHV�RI�JODFLDO�

ODQGIRUP V�WKDW�DUH�VXUURXQGHG�E\ �P DMRU�JUH\ ZDFNH�P RXQWDLQV�RI�WKH�
0 DLQ�' LYLGH�DQG�HDVWHUQ�UDQJHV��7KH�%DVLQ�FRQWDLQV�H[ WHQVLYH�DQG�
FRP SUHKHQVLYH�VHTXHQFHV�RI�ORZ�O\ LQJ�ODQGIRUP V�±�FKLHIO\ �SDWWHUQV�RI�
P RUDLQH�DQG�IOXYLRJODFLDO�RXWZDVK�VXUIDFHV�±IRUP HG�P RUH�WKDQ�� � �� � � �
\ HDUV�DJR��IROORZLQJ�WKH�HQG�RI�WKH�ODVW�JODFLDWLRQ��5 HWUHDWLQJ�JODFLHUV�
IURP �VXFFHVVLYH�JODFLDWLRQV�OHIW�EHKLQG�EHGV�RI�JUDYHOV�DQG�ERXOGHUV��DQG�
IXUWKHU�JUDYHOV�DQG�VLOWV�ZHUH�GHSRVLWHG�RQ�WRS�RI�WKHVH�E\ �WKH�ULYHUV�RI�
WKH�$KXULUL��2 KDX��3XNDNL�DQG�7HNDSR�FDWFKP HQWV��,Q�FRP ELQDWLRQ��WKHVH�
ROGHU�DQG�P RUH�UHFHQW�GHSRVLWV�IRUP �WKH�SUHVHQW�UHODWLYHO\ �IODW�
LQWHUP RQWDQH��µEHWZHHQ�P RXQWDLQV¶��0 DFNHQ] LH�%DVLQ��ZKLFK�LV�FULVV�
FURVVHG�E\ �P HDQGHULQJ�ULYHU�FKDQQHOV��

&OLP DWH�
$� �� � &OLP DWLF�H[ WUHP HV�DUH�D�IHDWXUH�RI�WKH�0 DFNHQ] LH�%DVLQ��6XP P HUV�DUH�

VKRUW��ZDUP �DQG�GU\ �DQG�ZLQWHUV�DUH�FROG��0 F( ZHQ�� � � � � ��7KH�ORZHU�
HOHYDWLRQ�
3ODLQV
�H[ SHULHQFH�P RUH�H[ WUHP H�KHDW��GURXJKW�DQG�ZLQWHU�FROG�
WKDQ�WKH�KLJKHU�HOHYDWLRQ�
) RRWKLOOV
�HQYLURQP HQW��6WDWLVWLFDO�LQWHUSRODWLRQV�
RI�GDWD�IURP �FOLP DWH�VWDWLRQV��/ HDWKZLFN�HW�DO��� � � � ��/ HDWKZLFN�
XQSXEOLVKHG�GDWD��LQGLFDWH�DYHUDJH�UDLQIDOO�H[ FHHGV�HYDSRWUDQVSLUDWLRQ�
RQO\ �RQ�WKH�IULQJLQJ�UDQJHV��DYHUDJH�VXP P HG�P RQWKO\ �ZDWHU�GHILFLWV�LQ�
H[ FHVV�RI�� � � �P P �SHU�DQQXP �DUH�H[ SHULHQFHG�RYHU�� � � �RI�
) RRWKLOOV
�
DQG�� � � �RI�
3ODLQV
�HQYLURQP HQWV��) XUWKHUP RUH��LQWHUDQQXDO�UDLQIDOO�
YDULDELOLW\ �LV�UHODWLYHO\ �KLJK��VR�GU\ �\ HDUV�DQG�GURXJKWV�RFFXU�UHDVRQDEO\ �
IUHTXHQWO\ ��6HYHUHO\ �GHVLFFDWLQJ�FRQGLWLRQV�DOVR�RIWHQ�UHVXOW�IURP �
QRUWKZHVWHUO\ �I| KQ�ZLQGV�LQ�VSULQJ�WKDW�OHDG�WR�H[ WUHP H�KLJK�YDSRXU�ZDWHU�
SUHVVXUH�GHILFLWV��L�H��GU\ �DLU���: LQWHU�WHP SHUDWXUH�LQYHUVLRQV�DQG�FROG�DLU�
SRQGLQJ�RQ�EDVLQ�IORRUV�DUH�FKDUDFWHULVWLF��� � �RI�
) RRWKLOOV
�DQG�� � � �RI�

3ODLQV
�HQYLURQP HQWV�H[ SHULHQFH�P HDQ�DQQXDO�P LQLP XP �WHP SHUDWXUHV�
ORZHU�WKDQ�í � � ƒ&��DQG�/ DNH�7HNDSR�DYHUDJHG�� � � �JURXQG�IURVW�GD\ V�SHU�
DQQXP �IURP �� � � � �WR�� � � � ��1 ,: $ �� � � � � ��: LQWHU�VQRZIDOOV�DUH�QRW�
XQFRP P RQ��' DLO\ �WHP SHUDWXUH�UDQJHV�DUH�ODUJH��DQG�DLU�DQG�JURXQG�
IURVWV�FDQ�RFFXU�\ HDU�URXQG�DFURVV�WKH�%DVLQ��6XP P HUV�DUH�EULHI�EXW�
UHODWLYHO\ �ZDUP ��HVSHFLDOO\ �LQ�WKH�
3ODLQV
�HQYLURQP HQWV��DYHUDJH�ZDUP HVW�
P RQWK�WHP SHUDWXUHV�RI�! � � ƒ&�DUH�SUHGLFWHG�DFURVV�� � � �RI�WKH�
3ODLQV
�
DQG�� � � �RI�WKH�
) RRWKLOOV
�HQYLURQP HQWV��

$ � �� � 7ZHQW\ �QLQH�VRLO�VHULHV�DUH�LGHQWLILHG�LQ�WKH�%DVLQ��: HEE�� � � � ��� � � � � �
DULVLQJ�P DLQO\ �IURP �GLIIHUHQFHV�LQ�JHRP RUSKRORJ\ ��LQ�WXUQ�LQIOXHQFHG�E\ �
WLP H�DQG�SDUHQW�URFN��DQG�FOLP DWLF�] RQDWLRQ��: HEE�� � � � � ��6RLOV�IRUP HG�
RQ�P RUDLQHV�DUH�W\ SLFDOO\ �ORHVV�RQ�WLOO��WHUUDFH�VRLOV�DUH�GLVWLQJXLVKHG�E\ �
DJH��DQG�DUH�IRUP HG�RQ�HLWKHU�ROG�LQWHUP HGLDWH�RU�\ RXQJ�DOOXYLDO�VDQG\ �
JUDYHOV���ZKLOH�IDQ�VRLOV�GHULYH�IURP �YDULDEOH�DQG�VSDWLDOO\ �KHWHURJHQHRXV�
GHSRVLWV�RI�VWRQHV�DQG�ILQHU�P DWHULDOV��: HEE��� � � � � �H[ SODLQV�WKDW�VRLO�
GHYHORSP HQW�DOVR�GLIIHUV�ZLWK�FOLP DWH��WKRVH�LQ�GULHU�SDUWV�KDYH�OHVV�ZHOO�
GHYHORSHG�VWUXFWXUH��OHVV�RUJDQLF�P DWWHU�DQG�OHVV�OHDFKLQJ��DQG�P RUH�
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VXEVRLO�FOD\ �LOOXYLDWLRQ�DQG�IUDJLSDQ�GHYHORSP HQW��$ �GLVWLQFWLYH�VRLO�
IHDWXUH�LV�WKDW�WKH\ �DUH�ZHOO�GUDLQHG�WR�H[ FHVVLYHO\ �ZHOO�GUDLQHG��,Q�
FRP ELQDWLRQ�ZLWK��RIWHQ�ILQH�VFDOHG��VSDWLDO�KHWHURJHQHLW\ �RI�VWRQLQHVV�
DQG�GHSWK��WKLV�SURIRXQGO\ �LQIOXHQFHV�WHUUHVWULDO�ELRGLYHUVLW\ �SDWWHUQV��
) HUWLOLW\ �GHFUHDVHV�ZLWK�VRLO�DJH�DQG�OHDFKLQJ��EXW�P RVW�0 DFNHQ] LH�%DVLQ�
VRLOV�DUH�QRW�SDUWLFXODUO\ �IHUWLOH��DQG�QXWULHQWV�TXLFNO\ �EHFRP H�OLP LWLQJ�WR�
SODQW�JURZWK�LI�FOLP DWLF�VWUHVVHV�DUH�DOOHYLDWHG��

( QYLURQP HQWDO�GLVWLQFWLYHQHVV�
$� �� � 6RP H�/ ( 1 =�/ HYHO�,9 �HQYLURQP HQWV�DUH�ODUJHO\ �UHVWULFWHG�WR�WKH�

0 DFNHQ] LH�%DVLQ��7DEOH�$� �� �VKRZV�WKH�� �/ HYHO�,9 �HQYLURQP HQWV�WKDW�
KDYH�! � � � �RI�WKHLU�ODQG�DUHD�ZLWKLQ�WKH�%DVLQ��LQFOXGLQJ�IRXU��. � �� G��
1 � �� D��1 � �� E��DQG�1 � �� D��WKDW�KDYH�� � � �RU�P RUH�RI�WKHLU�ODQG�DUHD�ZLWKLQ�
WKH�%DVLQ��$UHDV�SURSRVHG�IRU�LUULJDWLRQ�FRQVLGHUHG�LQ�WKLV�KHDULQJ�FRYHU�
RYHU�RQH�ILIWK�RI�WKH�WRWDO�DUHD�RI�WZR�RI�WKH�P RVW�KLJKO\ �GLVWLQFWLYH�
HQYLURQP HQWV��. � �� G�DQG�1 � �� E���

�
7DEOH�$� �� ��6WDWLVWLFV�IRU�WKH�� �/ HYHO�,9 �HQYLURQP HQWV�WKDW�DUH�P RVW�GLVWLQFWLYH�RI�
WKH�0 DFNHQ] LH�%DVLQ��KDYLQJ�! � � � �RI�WKHLU�ODQG�DUHD�ZLWKLQ�WKH�%DVLQ��

/ ( 1 =��
( QYLURQP HQW�
/ HYHO�,9 ��

/ ( 1 =��
( QYLURQP HQW�
/ HYHO�,9 ��

7RWDO�
DUHD�LQ�
1 =��KD��

7RWDO�DUHD�
LQ�

0 DFNHQ] LH�
%DVLQ��KD��

� �RI�
HQYLURQP HQW�

LQ�WKH�
0 DFNHQ] LH�

%DVLQ�

$ UHD�
SURSRVHG�

IRU�
LUULJDWLRQ� �

�KD��

� �RI�
HQYLURQP HQW�

LQ�WKH�
0 DFNHQ] LH�

%DVLQ�
SURSRVHG�

IRU�
LUULJDWLRQ� �

( � �� D� � � � � � � � � � � � � � � �� � � � � � � �� �( ��&HQWUDO�
' U\ �) RRWKLOOV��( � �� E� � � � � � � � � � � � � � � � �� � � � � � � � �� �

. � �� D� � � � � � � � � � � � � �� � � � � � � �� �

. � �� F� � � � � � � � � � � � � �� � � � � � �� �
. ��&HQWUDO�
8 SODQG�
5 HFHQW�6RLOV��. � �� G� � � � � � � � � � � � � �� � � � � � � � �� �

1 � �� F� � � � � � � � � � � � � � � �� � � � � � �� �

1 � �� D� � � � � � � � � � � � � � � �� � � � � � � � �� �

1 � �� E� � � � � � � � � � � � � � � �� � � � � � � � � � �� �

1 ��( DVWHUQ�
6RXWK�,VODQG�
3ODLQV��

1 � �� D� � � � � � � � � � � � � � �� � � � � � � �� �
� &RQVLGHUHG�LQ�WKH�8 SSHU�: DLWDNL�5 HVRXUFH�&RQVHQW�+HDULQJ��EDVHG�RQ�GDWD�VXSSOLHG�
E\ �WKH�' HSDUWP HQW�RI�&RQVHUYDWLRQ��� � �2 FW�� � � � ��

5 HIHUHQFHV�
/ HDWKZLFN�- 5 ��: LOVRQ�* ��5 XWOHGJH�' ��: DUGOH�3��0 RUJDQ�) ��- RKQVWRQ�. ��0 F/ HRG�
0 ��. LUNSDWULFN�5 �� � � � ��/ DQG�HQYLURQP HQWV�RI�1 HZ�=HDODQG��$XFNODQG��' DYLG�
%DWHP DQ��� � � �S��
0 F( ZHQ�: 0 �HG��� � � � ��( FRORJLFDO�UHJLRQV�DQG�GLVWULFWV�RI�1 HZ�=HDODQG��7KLUG�
UHYLVHG�HGLWLRQ��1 HZ�=HDODQG�%LRORJLFDO�5 HVRXUFHV�&HQWUH�3XEOLFDWLRQ�1 R��� ��LQ�
IRXU�SDUWV���: HOOLQJWRQ��' HSDUWP HQW�RI�&RQVHUYDWLRQ��
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1 ,: $�� � � � ��&OLP DWH�VXP P DULHV��5 HWULHYHG�� � �$XJ�� � � � ��IURP �
KWWS���ZZZ�QLZD�FR�Q] �HGX�UHVRXUFHV�FOLP DWH��
: HEE�7+ �� � � � ��6RLO�7D[ RQRP LF�8 QLW�' HVFULSWLRQ�IRU�8 SSHU�: DLWDNL�%DVLQ��6RXWK�
,VODQG��1 HZ�=HDODQG��6RLO�%XUHDX�RI�1 HZ�=HDODQG�6HULHV��� � ��
: HEE�7+ �� � � � ��6RLOV�RI�WKH�8 SSHU�: DLWDNL�%DVLQ��6RXWK�,VODQG��1 HZ�=HDODQG��1 R��
� ���' 6,5 �/ DQG�5 HVRXUFHV��
�
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' ( 6&5 ,37,2 1 �2 ) �7( 5 5 ( 675 ,$ / �$ 1 ' �: ( 7/ $ 1 ' �( &2 6<67( 0 6�2 ) �7+ ( �
0 $ &. ( 1 =,( �%$ 6,1 �

$ � �� � 0 RUDLQH�LV�P DWHULDO�WUDQVSRUWHG�DQG�GHSRVLWHG�E\ �JODFLHUV��FKDUDFWHULVHG�
E\ �XQHYHQ�VXUIDFHV�RI�JODFLDO�VHGLP HQWV�WKDW�DUH�OLWWOH�E\ �VL] H��DQG�VWUHZQ�
ZLWK�LUUHJXODU�SLOHV�DQG�VFDWWHUHG�NHWWOHKROHV��GHSUHVVLRQV�OHIW�E\ �WKH�
P HOWLQJ�RI�LFH�EORFNV�GHSRVLWHG�ZLWKLQ�WKH�VHGLP HQW��DQG�RWKHU�
VXEVLGHQFHV��DQG�FXW�E\ �P HOWZDWHU�FKDQQHOV��,QODQG�RXWZ DVK�VXUIDFHV�
DUH�GHSRVLWV�WKDW�KDYH�EHHQ�FDUULHG�DZD\ �IURP �WKH�P RUDLQH�E\ �P HOWZDWHU��
7KHVH�GHSRVLWV�DUH�UHZRUNHG�DQG�RIWHQ�VL] H�VRUWHG��IRUP LQJ�EURDG�SODLQV�
FXW�E\ �EUDLGHG�ULYHUV�DQG�IORRGSODLQV��' HVSLWH�EHLQJ�JHQHUDOO\ �P RUH�
XQLIRUP �LQ�DSSHDUDQFH�WKDQ�P RUDLQHV��DQG�RIWHQ�P RUH�VSDUVHO\ �
YHJHWDWHG��RXWZDVK�VXUIDFHV�FRQWDLQ�D�KLJK�GHJUHH�RI�VXEWOH�KDELWDW�
YDULDWLRQ��DQG�KHQFH�VSDWLDO�WXUQRYHU�RI�VSHFLHV��DV�D�UHVXOW�RI�P LFUR�
WRSRJUDSKLFDO�FKDQJHV�DVVRFLDWHG�ZLWK�QXP HURXV�ROG�RXWZDVK�VWUHDP �
FKDQQHOV�DQG�ORFDO�VXEVWUDWH�FKDQJHV�DQG�DJHV��

$ � �� � 7KH�YHJHWDWLRQ�RI�ERWK�P RUDLQHV�DQG�RXWZDVK�VXUIDFHV�LQ�WKH�0 DFNHQ] LH�
%DVLQ�LV�FKDUDFWHULVHG�E\ �IHVFXH�WXVVRFN�JUDVVODQGV�DQG�SDWFK\ �VFUXE�RI�
SUHGRP LQDWHO\ �P DWDJRXUL��SRUFXSLQH�VFUXE��QDWLYH�EURRP ��2 OHDULD�DQG�
&RSURVP D��ZLWK�JHQHUDOO\ �GHQVHU�WXVVRFN�JUDVVODQGV�RQ�VRP H�RI�WKH�
FRROHU��KLJKHU�P RUDLQHV��LQFOXGLQJ�WDOO�WXVVRFN�JUDVVODQGV�RI�UHG�
�&KLRQRFKORD�UXEUD��DQG�VQRZ��&��ULJLGD��WXVVRFN��

$ � �� � 6KRUW�IHVFXH�WXVVRFN�FRP P XQLWLHV�VXSSRUW�DW�OHDVW�� � �7KUHDWHQHG�DQG�$W�
5 LVN�SODQWV�SUHVHQW�LQFOXGH�QDWLYH�EURRP V�VXFK�DV�&DUP LFKDHOLD�YH[ LOODWD�
�&DWHJRU\ �� ��' HFOLQLQJ���&DUP LFKDHOLD�FUDVVLFDXOLV�VXEVS��FUDVVLFDXOLV�
�&DWHJRU\ �� ��' HFOLQLQJ���WKH�VSULQJ�DQQXDOV�&HUDWRFHSKDOD�SXQJHQV��
0 \ RVXUXV�P LQLP XV�VXEVS��QRYDH�] HODQGLDH��ERWK�&DWHJRU\ �� ��1 DWLRQDOO\ �
&ULWLFDO��DQG�0 \ RVRWLV�S\ JP DHD�YDU��P LQXWLIORUD��&DWHJRU\ �� ��1 DWLRQDOO\ �
&ULWLFDO���DQG�/ HSWLQHOOD�FRQMXQFWD��&DWHJRU\ �� ��1 DWLRQDOO\ �&ULWLFDO���ZKLFK�
DUH�VRP H�RI�WKH�UDUHVW�DQG�P RVW�WKUHDWHQHG�SODQWV�LQ�WKH�FRXQWU\ ��1 RWH�
WKDW�$WWDFKP HQW�� �VKRZV�WKH�1 HZ�=HDODQG�WKUHDW�FODVVLILFDWLRQ�V\ VWHP �
IRU�VSHFLHV��7RZQVHQG�HW�DO��� � � � � ��DQG�WKH�FDWHJRULHV�IRU�SODQWV�KHUH�
DUH�WKRVH�SXEOLVKHG�E\ �GH�/ DQJH�HW�DO��� � � � � � ��3DWULFN��� � � � � ��: KLWH�
�� � � � � �DQG�VHYHUDO�XQSXEOLVKHG�7HQXUH�5 HYLHZ�FRQVHUYDWLRQ�UHVRXUFHV�
UHSRUWV�UHFRUG�D�GLYHUVH�LQYHUWHEUDWH�IDXQD�HYHQ�LQ�KLJKO\ �P RGLILHG�
JUDVVODQGV��ZKLFK�LQFOXGHV�JUDVV�P RWKV�DQG�EXWWHUIOLHV��VSHDUJUDVV�
ZHHYLOV��VFDUDE�EHHWOHV��JURXQG�EHHWOHV��JUDVVKRSSHUV�	 �FULFNHWV��
VSLGHUV�DQG�FLFDGD��DQG�P DQ\ �HQGHP LF�VSHFLHV��

$ � �� � 5 DUH�UHOLFWV�RI�IODP P DEOH�FRQLIHU�GRP LQDWHG�SUH�VHWWOHP HQW�ZRRGODQGV�
UHP DLQ�LQ�ILUH�IUHH�UHIXJHV�VRP H�P RUDLQHV��H�J��DW�%HQGKX�6FLHQWLILF�
5 HVHUYH��DQG�3XNDNL�' RZQV�&RQVHUYDWLRQ�$UHD���EXW�P RVW�ZHUH�SUREDEO\ �
HOLP LQDWHG�VRRQ�DIWHU�KXP DQ�VHWWOHP HQW��DQG�UHSODFHG�E\ �VP DOO�OHDYHG�
DQJLRVSHUP �VFUXE�WKDW�ZDV�IRUP HUO\ �P RUH�FRQILQHG�WR�P RUH�DULG�VLWHV��
7KXV��HDUO\ �( XURSHDQV�VHWWOHUV�LQ�WKH�� � � � V�ZRXOG�KDYH�HQFRXQWHUHG�
VHFRQGDU\ �VKUXEODQGV�LQ�GLIIHUHQW�VWDJHV�RI�UHFRYHU\ �IURP �0 DRUL�ILUHV��
7KHVH�VKUXEODQGV�ZHUH�OLNHO\ �VLP LODU�WR�WRGD\ ¶V��LQ�WKDW�WKH\ �ZHUH�
GRP LQDWHG�E\ �P DWDJRXUL��SRUFXSLQH�VKUXE��QDWLYH�EURRP ��2 OHDULD�DQG�
&RSURVP D��+ RZHYHU��WKH\ �OLNHO\ �FRYHUHG�JUHDWHU�DUHDV��ZHUH�WDOOHU�DQG�
GHQVHU��DQG�VXSSRUWHG�D�JUHDWHU�GLYHUVLW\ �RI�SDODWDEOH�DQG�ILUH�VHQVLWLYH�
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VKUXEV��OLDQHV�DQG�KHUEV�EHIRUH�WKH�DGYHQW�RI�SDVWRUDO�EXUQLQJ�DQG�
JUD] LQJ��

$ � �� � ( DUO\ �( XURSHDQ�EXUQLQJ�UDSLGO\ �UHGXFHG�WKH�H[ WHQW�RI�VKUXEODQG�
FRP P XQLWLHV�LQ�WKH�0 DFNHQ] LH�%DVLQ��GHSOHWHG�WKHLU�IORUD�DQG�IDXQD��DQG�
FRQILQHG�WKHP �WR�WKH�P RVW�ILUH��DQG�JUD] LQJ�SURWHFWHG�SODFHV�LQ�WKH�
ODQGVFDSHV��VXFK�DV�P RUDLQH�IODQNV�DQG�ULGJHV��ERXOGHU�ILHOGV��ORZ�
WHUUDFH�ULVHUV��DQG�IOXYLDO�FKDQQHOV�RI�P RUDLQHV�DQG�RXWZDVK�SODLQV��
7RGD\ ��WKH\ �DUH�LQFOLQHG�WR�VSUHDG�VORZO\ �RXW�IURP �WKHVH�UHIXJHV�ZKHUH�
ILUH�DQG�RWKHU�GLVWXUEDQFHV�VXFK�DV�JUD] LQJ�DUH�UHGXFHG��$OWKRXJK�VP DOO�
LQ�DUHD��VKUXEODQGV�DUH�LP SRUWDQW�KDELWDWV�IRU�P RUH�JUD] LQJ��DQG�ILUH�
VHQVLWLYH�ELRWD��DQG�DGG�FRQVLGHUDEO\ �WR�WKH�ELRGLYHUVLW\ �RI�WKH�%DVLQ��
) RUP HUO\ �ZLGHVSUHDG�SODQW�VSHFLHV�IRXQG�RQO\ �LQ�VKUXEODQGV�ZLWKLQ�WKH�
%DVLQ�LQFOXGH�WKH�QRZ�µ7KUHDWHQHG¶�VKUXE�/ HRQRKHEH�FXSUHVVRLGHV�
�&DWHJRU\ �� ��1 DWLRQDOO\ �( QGDQJHUHG���WKH�µ$W�5 LVN¶�OLDQH�&DUP LFKDHOLD�
NLUNLL��&DWHJRU\ �� ��' HFOLQLQJ���DQG�RWKHU�OLDQHV�VXFK�DV�&OHP DWLV�DQG�
3DUVRQVLD�VSHFLHV��6P DOO�OHDYHG�VKUXEODQGV�DOVR�KRVW�D�GLYHUVH�DQG�
VSHFLDOLVW�LQGLJHQRXV�LQYHUWHEUDWH�IDXQD��3DWULFN�� � � � ��3DWULFN�	 �' XJGDOH�
� � � � � ��DQG�DUH�SUHIHUUHG�KDELWDWV�IRU�VRP H�OL] DUGV��SHUKDSV�GXH�WR�D�
FRP ELQDWLRQ�RI�HQKDQFHG�SUHGDWRU�UHIXJH�DQG�IRRG�DYDLODELOLW\ ��IUXLW�DQG�
LQYHUWHEUDWHV���

$ � �� � 7KH�LQODQG�ORZODQG�DQG�P RQWDQH�JUDVVODQGV�DQG�VKUXEODQGV�RI�HDVWHUQ�
6RXWK�,VODQG��LQFOXGLQJ�WKRVH�RI�WKH�0 DFNHQ] LH�%DVLQ�P RUDLQHV�DQG�
RXWZDVK�VXUIDFHV��DUH�UHFRJQLVHG�WR�VXSSRUW�DQ�H[ FHSWLRQDOO\ �KLJK�
SURSRUWLRQ�RI�1 HZ�=HDODQG
V�LQYHUWHEUDWH�GLYHUVLW\ ��: KLWH�� � � � ��3DWULFN�	 �
' XJGDOH�� � � � � ��

$ � �� � ,QODQG�VDQG�GXQHV�DUH�KLJKO\ �GLVWXUEHG�VXUIDFHV�RI�ZLQG�HURGHG�DQG�
P RELOH�VDQG�SDUWLFOHV��0 RVW�RI�WKH�0 DFNHQ] LH�%DVLQ¶V�RULJLQDO�LQODQG�VDQG�
GXQHV�ZHUH�IORRGHG�DV�D�UHVXOW�RI�UDLVLQJ�WKH�ODNHV�IRU�K\ GUR�SRZHU��7KH�
P RVW�H[ WHQVLYH�H[ DP SOHV�UHP DLQLQJ�LQ�WKH�%DVLQ�RFFXU�DP RQJ�WKH�
KLJKHU�HOHYDWLRQ�DOOXYLDO�RXWZDVK�VXUIDFHV��HVSHFLDOO\ �RQ�6DZGRQ��
0 DU\ EXUQ�DQG�,ULVKP DQ¶V�&UHHN�SDVWRUDO�OHDVHV��ZKHUH�IHVFXH�
WXVVRFNODQG��FXVKLRQ�ILHOG�DQG�ORZ�VFUXE�DUH�WKH�GRP LQDQW�LQGLJHQRXV�
FRYHU�W\ SHV��,P SRUWDQWO\ ��WKH�GXQHV�DUH�FKDUDFWHULVHG�E\ �D�KLJK�GHJUHH�RI�
VXEWOH�KDELWDW�YDULDWLRQ��ZLWK�ULGJHV��GHIODWLRQ�KROORZV�DQG�ROG�VWUHDP �
FKDQQHOV�DQG�GLIIHUHQW�GXQH�DVSHFWV�VXSSRUWLQJ�GLVWLQFWLYH�DVVHP EODJHV�
RI�IDXQD�DQG�IORUD��7KLV�VP DOO�VFDOH�KDELWDW�GLYHUVLW\ �LV�WKH�UHDVRQ�WKDW�
WKHVH�LQODQG�VDQG�GXQHV�VXSSRUW�D�KLJK�GLYHUVLW\ �RI�VP DOO�VSHFLDOLVW�
GU\ ODQG�LQGLJHQRXV�VSHFLHV��6HYHUDO�VSHFLDOLVW�WKUHDWHQHG�DQG�UDUH�SODQW�
VSHFLHV�RFFXU�LQ�WKHVH�HQYLURQP HQWV��VXFK�DV�WKH�LQODQG�FUHVV�/ HSLGLXP �
VRODQGUL��&DWHJRU\ �� ��1 DWLRQDOO\ �( QGDQJHUHG���DQG�P DW�DQG�FXVKLRQ�
SODQWV�VXFK�DV�WKH�P DW�EURRP �&DUP LFKDHOLD�QDQD��
SLOORZ�SLP HOHD
�
3LP HOHD�SXOYLQDULV��&DWHJRU\ �� ��' HFOLQLQJ���/ HXFRSRJRQ�QDQXP �
�&DWHJRU\ �� ��' HFOLQLQJ���DQG�5 DRXOLD�VSHFLHV�LQFOXGLQJ�5 ��EHDXYHUGLL�
�&DWHJRU\ �� ��1 DWXUDOO\ �8 QFRP P RQ��DQG�5 ��P RQURL��&DWHJRU\ �� ��
' HFOLQLQJ���

$ � �� � 7KH�EUDLGHG�ULYHUV�WKDW�GLVVHFW�WKH�P RUDLQHV�DQG�RXWZDVK�VXUIDFHV�RI�
WKH�0 DFNHQ] LH�%DVLQ�DUH�LQWHUQDWLRQDOO\ �UDUH�DQG�GLVWLQFWLYH�HFRV\ VWHP V��
DQG�RFFXU�RQO\ �LQ�1 HZ�=HDODQG��$ODVND��&DQDGD�DQG�WKH�+LP DOD\ D��
0 RUHRYHU��1 HZ�=HDODQG¶V�EUDLGHG�ULYHUV�VWDQG�RXW�IURP �WKHLU�1 RUWKHUQ�
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+HP LVSKHUH�HTXLYDOHQWV�LQ�KDYLQJ�D�GLVWLQFW�DQG�KLJKO\ �HQGHP LF�
ELRGLYHUVLW\ ��P RVW�IDP RXV�RI�ZKLFK�DUH�WKUHDWHQHG�P LJUDWRU\ �ZDGLQJ�
ELUGV��JXOOV�DQG�WHUQV��&KDUDFWHULVWLF�EUDLGHG�ULYHUEHG�SODQW�VSHFLHV�
LQFOXGH�/ X] XOD�FHODWD��&DWHJRU\ �� ��' HFOLQLQJ��DQG�QXP HURXV�IUHVKZDWHU�
ZHWODQG�VSHFLHV��7KH�LQYHUWHEUDWH�IDXQD�RI�EUDLGHG�ULYHUEHGV�LV�DOVR�
GLVWLQFWLYH�DQG�KLJKO\ �HQGHP LF��DQG�LQFOXGHV�WKH�0 DFNHQ] LH�%DVLQ�
HQGHP LF�UREXVW�JUDVVKRSSHU�%UDFKDVSLV�UREXVWXV��&DWHJRU\ �� ��
1 DWLRQDOO\ �( QGDQJHUHG���ZKLFK�KDV�DOUHDG\ �GLVDSSHDUHG�IURP �WKH�
VRXWKHUQ�SRUWLRQ�RI�LWV�IRUP HU�UDQJH��

$ � �� � . HWWOHKROHV�DQG�VXEVLGHQFHV�LQ�P RUDLQHV�DUH�FKDUDFWHULVHG�E\ �WZR�W\ SHV�
RI�RULJLQDOO\ �UDUH�ZHWODQGV��: LOOLDP V�HW�DO��� � � � � ��WDUQV�DQG�HSKHP HUDO�
ZHWODQGV��

$ � �� � � 7DUQV�DUH�GLVWLQJXLVKHG�E\ �SHUP DQHQW�ZDWHU�DQG�P D\ �EH�HLWKHU�
JURXQGZDWHU�IHG�RU�KDYH�UHODWLYHO\ �KLJK�YROXP H�WR�VXUIDFH�DUHD�UDWLRV��,Q�
WKH�0 DFNHQ] LH�%DVLQ��WKH\ �WHQG�WR�RFFXU�RQ�P RUDLQHV�DW�KLJKHU�
HOHYDWLRQV��

$ � �� � � ( SKHP HUDO�Z HWODQGV�RIWHQ�FRP SOHWHO\ �GU\ �RXW�LQ�WKH�VXP P HU�P RQWKV��
7KH\ �WHQG�WR�RFFXU�LQ�FOLP DWHV�ZKHUH�VHDVRQDO�YDULDWLRQ�LQ�UDLQIDOO�DQG�
HYDSRUDWLRQ�OHDGV�WR�SRQGLQJ�LQ�ZLQWHU�DQG�VSULQJ��DUH�QRW�SHUP DQHQWO\ �
FRQQHFWHG�WR�JURXQGZDWHU��DQG�DUH�XVXDOO\ �EURDG�DQG�VKDOORZ��

$ � �� � � : KHUH�HSKHP HUDO�ZHWODQGV�KDYH�QRW�EHHQ�VXEMHFW�WR�FDWWOH�JUD] LQJ��
HQKDQFHG�QXWULHQW�LQSXWV��DQG�RU�D�KLJK�OHYHO�RI�VHHG�UDLQ�IURP �H[ RWLF�
SDVWXUH�VSHFLHV�DQG�ZHHGV��WKH\ �VXSSRUW�D�GLVWLQFWLYH�YHJHWDWLRQ�DQG�
IORUD��$V�GHWDLOHG�E\ �- RKQVRQ�	 �5 RJHUV��� � � � � �DQG�- RKQVRQ�	 �* HUEHDX[ �
� � � � � � ��WKHVH�HFRV\ VWHP V�VXSSRUW�H[ WUHP HO\ �GLYHUVH�KHUEDFHRXV�QDWLYH�
SODQW��WXUI��FRP P XQLWLHV�WKDW�LQFOXGH�QXP HURXV�WKUHDWHQHG�SODQW�VSHFLHV�
DQG�P DQ\ �REOLJDWH�WXUI�VSHFLHV�DQG�YDULHWLHV�WKDW�RFFXU�LQ�QR�RWKHU�
YHJHWDWLRQ�W\ SHV��1 HZ�=HDODQG�ZHWODQG�WXUI�SODQWV�DQG�WKHLU�FRP P XQLWLHV�
DSSHDU�WR�KDYH�QR�DQDORJXHV�LQ�WKH�1 RUWKHUQ�+ HP LVSKHUH��ZKHUH�
HSKHP HUDO�ZHWODQGV�DUH�W\ SLFDOO\ �YHJHWDWHG�ZLWK�SODQWV�RI�P XFK�WDOOHU�
VWDWXUH��7KH\ �DUH�WKHUHIRUH�XQXVXDO�JOREDOO\ ��,Q�FRP P HQWLQJ�RQ�WKH�
FRQVHUYDWLRQ�VLJQLILFDQFH�RI�HSKHP HUDO�ZHWODQGV�DQG�WKHLU�WXUIV�LQ�
1 HZ�=HDODQG��- RKQVRQ�DQG�5 RJHUV��� � � � � �QRWH�WKDW�µGHVSLWH�WKHLU�
VFDWWHUHG�RFFXUUHQFH�DQG�VP DOO�WRWDO�DUHD�LQ�1 HZ�=HDODQG��HSKHP HUDO�
ZHWODQGV�DUH�GLYHUVH�LQ�WKHLU�SODQW�FRP P XQLWLHV��H[ WUHP HO\ �ULFK�LQ�WKHLU�
IORUD��DQG�FOHDUO\ �LP SRUWDQW�DV�WKH�VROH�RU�SULQFLSDO�KDELWDW�IRU�D�KLJK�
SURSRUWLRQ�RI�WKUHDWHQHG�SODQW�WD[ D¶��5 DUH�DQG�WKUHDWHQHG�VSHFLHV�DUH�
ORFDOO\ �DEXQGDQW�LQ�VRP H�0 DFNHQ] LH�%DVLQ�HSKHP HUDO�ZHWODQGV��DQG�
LQFOXGH�2 UHRP \ UUKLV�FROHQVRL�YDU��GHOLFDWXOD��&DWHJRU\ �� ��1 DWLRQDOO\ �
&ULWLFDO���GZDUI�ZRRG�UXVK��/ X] XOD�FHODWD���&DWHJRU\ �� ��' HFOLQLQJ���
0 \ RVRWLV�S\ JP HD�YDU��P LQXWLIORUD��&DWHJRU\ �� ��1 DWLRQDOO\ �HQGDQJHUHG���
S\ JP \ �FOXE�UXVK�,VROHSLV�EDVLODULV��&DWHJRU\ �� ��1 DWLRQDOO\ �HQGDQJHUHG��
DQG�&HQWUROHSLV�P LQLP D��&DWHJRU\ �� ��1 DWXUDOO\ �8 QFRP P RQ���

$ � �� � � ( SKHP HUDO�ZHWODQG�WXUIV�LQ�WKH�0 DFNHQ] LH�%DVLQ�DOVR�KRVW�D�GLVWLQFWLYH�
DQG�ULFK�LQYHUWHEUDWH�IDXQD��H�J��3DWULFN�� � � � � �DQG�WKH\ �DUH�LP SRUWDQW�
VHDVRQDO�KDELWDW�IRU�D�YDULHW\ �RI�ZHWODQG�ELUGV��



( 9 ,' ( 1 &( �2 ) �' 5 �68 6$1 �: $ / . ( 5 ���$77$&+0 ( 1 76�
�

� � �

2 WKHU�Z HWODQGV�
$� �� � � 2 WKHU�ZHWODQGV�±�P RVWO\ �VZDP SV�RU�VHHSDJHV�±�ZHUH�H[ FHSWLRQDOO\ �

ZLGHVSUHDG�LQ�WKH�0 DFNHQ] LH�%DVLQ�LQ�HDUO\ �( XURSHDQ�WLP HV��YRQ�+DDVW�
� � � � ��� � � � � ��EHLQJ�D�GLVWLQFWLYH�SURGXFW�RI�WKH�H[ WHQVLYH��LQWHUOLQNHG�
VKDOORZ�ZDWHU�K\ GURORJ\ �DVVRFLDWHG�ZLWK�WKH�P RUDLQH�DQG�IOXYLRJODFLDO�
RXWZDVK�V\ VWHP V��

$ � �� � � 6Z DP SV�RQFH�RFFXSLHG�H[ WHQVLYH�DUHDV�RQ�SRRUO\ �GUDLQHG�VXUIDFHV�
DFURVV�WKH�EDVLQ�IORRU�DQG�ROG�VWUHDP �FKDQQHOV�FORVH�WR�ULYHUV�DQG�
VWUHDP V��0 RVW�KDYH�EHHQ�ORVW�WR�GHYHORSP HQW��DQG�WKLV�WUHQG�FRQWLQXHV��
( [ DP SOHV�RI�UHFHQW�ZHWODQG�FRQYHUVLRQ�WR�SDVWXUH�FDQ�EH�VHHQ�VRXWK�RI�
7ZL] HO�EHVLGH�6WDWH�+LJKZD\ �� �RQ�%XVFRW�6WDWLRQ�DQG�EHVLGH�4 XDLOEXUQ�
5 RDG��DQG�LQ�WKH�ULSDULDQ�] RQH�RI�WKH�0 DU\ EXUQ�RQ�0 DU\ EXUQ�SDVWRUDO�
OHDVH�EHWZHHQ�/ DNH�3XNDNL�DQG�/ DNH�7HNDSR�EHVLGH�6WDWH�+LJKZD\ �� ��
) LUHV�KDYH�UHGXFHG�RU�UHP RYHG�IRUP HUO\ �GRP LQDQW�LQGLJHQRXV�ZRRG\ �
FRP SRQHQWV�RI�WKHVH�ZHWODQGV��DQG�P RVW�DUH�FKDUDFWHULVHG�E\ �P RVDLFV�
RI�WXVVRFNV��VHGJHV�DQG�UXVKHV�FRQWUROOHG�E\ �ORFDO�K\ GURORJ\ ��&DUH[ �
VHFWD�DQG�UHG�WXVVRFN��&KLRQRFKORD�UXEUD��RIWHQ�GRP LQDWH��W\ SLFDOO\ �LQ�
FRP ELQDWLRQ�ZLWK�6FKRHQXV�SDXFLIORUXV�DQG�&DUH[ �GLDQGUD�VHGJHODQGV��

7KUHDWHQHG
�DQG�
$W�5 LVN
�VSHFLHV��VXFK�DV�&DUH[ �WHQXLFXOP LV��&DWHJRU\ �
� ��' HFOLQLQJ��DOVR�RFFXU��6HULHV�RI�SRQGV�DQG�FKDQQHOV�DUH�RIWHQ�SUHVHQW��
ZKLFK�GU\ �XS�DW�WLP HV�WR�IRUP �VKRUW�WXUI�FRP P XQLWLHV�WKDW�LQFOXGH�VHYHUDO�
7KUHDWHQHG�DQG�$W�5 LVN�VSHFLHV��VXFK�DV�5 DQXQFXOXV�OLP RVHOOD�
�&DWHJRU\ �� ��' HFOLQLQJ���&HQWLSHGD�DRWHRURDQD��&DWHJRU\ �� ��1 DWXUDOO\ �
8 QFRP P RQ���' HVFKDP SVLD�FHVSLWRVD��&DWHJRU\ �� ��' HFOLQLQJ��DQG�
7ULJORFKLQ�SDOXVWULV��&DWHJRU\ �� ��1 DWLRQDOO\ �&ULWLFDO���7XUIV�DOVR�
FKDUDFWHULVH�WUDQVLWLRQ�] RQHV�EHWZHHQ�ZHWWHU�VHGJHODQGV�DQG�GULHU�
WXVVRFN�JUDVVODQGV�DW�VZDP S�P DUJLQV��DQG�LQWHUJUDGH�ZLWK�ERWK��6RP H�
RI�WKH�EHVW�UHOLFWV�RI�VZDP SV�LQ�WKH�%DVLQ�LQFOXGH�7KH�: ROGV�ZHWODQG�
�5 $3�7HNDSR�� ��( VSLH�HW�DO��� � � � ��31 $3�6LWH�� � ��/ HH�� � � � � ��DQG�%HQ�
2 P DU�VZDP S��UHFHQWO\ �P RGLILHG�E\ �DQ�DJULFXOWXUDO�GUDLQ��RQ�WKH�WUXH�OHIW�
RI�WKH�$KXULUL�5 LYHU�QHDU�2 P DUDP D��

$ � �� � � 6HHSDJHV�DUH�DOVR�FRP P RQ�WKURXJKRXW�WKH�0 DFNHQ] LH�%DVLQ�ZKHUH�
JURXQGZDWHU�GLIIXVHV�WR�WKH�VXUIDFH��HVSHFLDOO\ �DW�D�FKDQJH�RI�VORSH��RU�
ZKHUH�DQ�LP SHUP HDEOH�EDVHP HQW�UDLVHV�WKH�ZDWHU�WDEOH��- RKQVRQ�	 �
* HUEHDX[ �� � � � � ��7KH\ �RIWHQ�RFFXU�ZLWKLQ�P RVDLFV�RI�NHWWOHKROHV��WDUQV�RU�
HSKHP HUDO�ZHWODQGV��DQG�VZDP SV��7KHLU�SRVW�ILUH�YHJHWDWLRQ�LV�W\ SLFDOO\ �
GRP LQDWHG�E\ �VHGJHV��H�J��&DUH[ �VLQFODLULL��&��JDXGLFKDXGLDQD��
6FKRHQXV�SDXFLIORUXV���7KH\ �FDQ�IRUP �H[ WHQVLYH�FDUSHWV��DQG�HYHQ�P RUH�
FRP P RQ��UHODWLYHO\ �VP DOO�DQG�ORFDOLVHG�VHHSDJHV�FDQ�VXSSRUW�D�KLJK�
GLYHUVLW\ �RI�ZHWODQG�VSHFLHV��LQFOXGLQJ�UDUH�VSHFLHV�VXFK�DV�0 RQWLD�
DQJXVWLIROLD���&DWHJRU\ �� ��1 DWXUDOO\ �8 QFRP P RQ���/ REHOLD�LRQDQWKD�
�&DWHJRU\ �� ��' HFOLQLQJ��DQG�/ ��SHUSXVLOOD��&DWHJRU\ �� ��1 DWXUDOO\ �
8 QFRP P RQ���

$ � �� � � $V�ZLWK�WDUQV�DQG�HSKHP HUDO�ZHWODQGV��WKH�LQGLJHQRXV�VSHFLHV�
GRP LQDQFH�DQG�GLYHUVLW\ �RI�WKH�%DVLQ
V�VZDP SV�DQG�VHHSDJHV�GHSHQGV�
RQ�WKHLU�P RGHUDWH�WR�ORZ�QXWULHQW�VWDWXV��HXWURSKLFDWLRQ�WKURXJK�DUWLILFLDO�
QXWULHQW�LQSXWV�DQG�FDWWOH�GLVWXUEDQFH�ZLOO�RIWHQ�UHVXOW�LQ�WKH�H[ FOXVLRQ�RI�
QDWLYH�VSHFLHV�DQG�GRP LQDQFH�E\ �D�IHZ��IDVW�JURZLQJ�H[ RWLF�VSHFLHV��
7RJHWKHU�ZLWK�EUDLGHG�ULYHUEHGV��ZHWODQGV�RI�WKH�0 DFNHQ] LH�%DVLQ�DUH�
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WKH�SULQFLSDO�KDELWDW�RI�WKH�%DVLQ
V�ELUG�IDXQD��7KH�SURWHFWLRQ�RI�
1 HZ�=HDODQG¶V�UHP DLQLQJ�ZHWODQGV�LV�D�QDWLRQDO�SULRULW\ ��0 I( �� � � � � ��

5 HIHUHQFHV�
GH�/ DQJH�3- ��1 RUWRQ�' $��&RXUWQH\ �63��+HHQDQ�3%��%DUNOD�- : ��&DP HURQ�( . ��
+LWFKP RXJK�5 ��7RZQVHQG�$- �� � � � ��7KUHDWHQHG�DQG�XQFRP P RQ�SODQWV�RI�
1 HZ�=HDODQG��� � � � �5 HYLVLRQ���1 HZ�=HDODQG�- RXUQDO�RI�%RWDQ\ �� � ��� � ±� � ��
( VSLH�35 ��+XQW�- ( ��%XWWV�&$��&RRSHU�3- ��+DUULQJWRQ�: 0 $�� � � � ��0 DFNHQ] LH�
( FRORJLFDO�5 HJLRQ��1 HZ�=HDODQG��3URWHFWHG�1 DWXUDO�$UHDV�3URJUDP P H��
: HOOLQJWRQ��' HSDUWP HQW�RI�/ DQGV�DQG�6XUYH\ ��� � �S��
- RKQVRQ�3��* HUEHDX[ �3�� � � � ��: HWODQG�W\ SHV�LQ�1 HZ�=HDODQG��: HOOLQJWRQ��
' HSDUWP HQW�RI�&RQVHUYDWLRQ���
- RKQVRQ�3��5 RJHUV�* �� � � � ��( SKHP HUDO�ZHWODQGV�DQG�WKHLU�WXUIV�LQ�1 HZ�=HDODQG��
6FLHQFH�IRU�&RQVHUYDWLRQ�� � � ��: HOOLQJWRQ��' HSDUWP HQW�RI�&RQVHUYDWLRQ��
/ HH�: * �� � � � ��$VVHVVP HQW�RI�VLWHV�RI�VLJQLILFDQFH�LQ�WKH�FRQWH[ W�RI�WKH�5 0 $�
�� � � � ��LQ�SDUWV�RI�WKH�0 DFNHQ] LH�( FRORJLFDO�5 HJLRQ��/ DQGFDUH�5 HVHDUFK�&RQWUDFW�
5 HSRUW�/ &� � � � �� � � ��
0 I( �� � � � ��3URWHFWLQJ�RXU�3ODFHV��,QWURGXFLQJ�WKH�QDWLRQDO�SULRULWLHV�IRU�SURWHFWLQJ�
UDUH�DQG�WKUHDWHQHG�QDWLYH�ELRGLYHUVLW\ �RQ�SULYDWH�ODQG��: HOOLQJWRQ��0 LQLVWU\ �IRU�WKH�
( QYLURQP HQW���
3DWULFN�%+ �� � � � ��6XSSOHP HQW�WR�WKH�/ HSLGRSWHUD�RI�WKH�0 DFNHQ] LH�&RXQWU\ �ZLWK�
UHFRP P HQGDWLRQV�RQ�WKHLU�FRQVHUYDWLRQ��1 HZ�=HDODQG�( QWRP RORJLVW�� � ��� � ±� � ��
3DWULFN�%+ ��' XJGDOH�- 6�� � � � ��&RQVHUYDWLRQ�VWDWXV�RI�WKH�1 HZ�=HDODQG��
/ HSLGRSWHUD��6FLHQFH�IRU�&RQVHUYDWLRQ�� � � ��: HOOLQJWRQ��' HSDUWP HQW�RI�
&RQVHUYDWLRQ��
7RZQVHQG�$- ��GH�/ DQJH�3- ��1 RUWRQ�' $��0 ROOR\ �- ��0 LVNHOO\ �&��' XII\ �&�� � � � ��7KH�
1 HZ�=HDODQG�7KUHDW�&ODVVLILFDWLRQ�6\ VWHP �P DQXDO��: HOOLQJWRQ��' HSDUWP HQW�RI�
&RQVHUYDWLRQ��� � �S��
9RQ�+DDVW�- �� � � � ��( [ SORUDWLRQ�RI�+HDG�: DWHUV�RI�: DLWDNL��� � � � ��,Q��+DDVW�- �YRQ�
� � � � ��* HRORJ\ �RI�WKH�SURYLQFHV�RI�&DQWHUEXU\ �DQG�: HVWODQG��D�UHSRUW�FRP SULVLQJ�
WKH�UHVXOWV�RI�RIILFLDO�H[ SORUDWLRQV��7KH�7LP HV�RIILFH�SULQWHU��&KULVWFKXUFK��3S��� � ±
� � ��
9RQ�+DDVW�- �� � � � ��* HRORJ\ �RI�WKH�3URYLQFHV�RI�&DQWHUEXU\ �DQG�: HVWODQG��
1 HZ�=HDODQG��$�UHSRUW�FRP SULVLQJ�WKH�UHVXOWV�RI�RIILFLDO�H[ SORUDWLRQV��7LP HV�2 IILFH��
&KULVWFKXUFK��
: KLWH�( * �� � � � ��7XVVRFN�JUDVVODQGV�P RWKV��D�WD[ RQRP LF�DQG�HFRORJLFDO�
KDQGERRN��/ LQFROQ��0 DQDDNL�: KHQXD�3UHVV��
: LOOLDP V�3$��: LVHU�6��&ODUNVRQ�%��6WDQOH\ �0 &�� � � � ��1 HZ�=HDODQG¶V�KLVWRULFDOO\ �
UDUH�WHUUHVWULDO�HFRV\ VWHP V�VHW�LQ�D�SK\ VLFDO�DQG�SK\ VLRJQRP LF�IUDP HZRUN��
1 HZ�=HDODQG�- RXUQDO�RI�( FRORJ\ �� � ��� � � ±� � � ��
�
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$ � �� � 3ODQWV�KDYH�UHFHQWO\ �EHHQ�UHFODVVLILHG�LQ�WKH�XSGDWHG�1 HZ�=HDODQG�WKUHDW�
FODVVLILFDWLRQ�IRU�VSHFLHV��7RZQVHQG�HW�DO��� � � � ��) LJXUH�$� �� �EHORZ���$V�
GHVFULEHG�E\ �GH�/ DQJH�HW�DO��� � � � � � �SS��� � ±� � ��µ7KH�FXUUHQW�OLVWLQJ�XVHV�
7RZQVHQG�HW�DO��� � � � � � ��ZKLFK�LV�WKH�VHFRQG�LWHUDWLRQ�RI�0 ROOR\ �HW�DO��
� � � � � � ��7RZQVHQG�HW�DO��� � � � � � �KDV�VRP H�P DMRU�FKDQJHV��HVSHFLDOO\ �ZLWK�
UHVSHFW�WR�WKH�FULWHULD�IRU�WKH�7KUHDWHQHG�FDWHJRULHV��DQG�IRU�$W�5 LVN�WD[ D��
ZKHUH�WKH�QHZ�FDWHJRULHV�5 HFRYHULQJ��5 HOLFW��' HFOLQLQJ��DQG�1 DWXUDOO\ �
8 QFRP P RQ�KDYH�EHHQ�FUHDWHG« 1 HYHUWKHOHVV��WKH�EURDG�FDWHJRULHV�DUH�
VWLOO�VXIILFLHQWO\ �VLP LODU�WKDW�VRP H�FRP SDULVRQV�FDQ�EH�P DGH�EHWZHHQ�WKH�
� � � � �OLVWLQJ�DQG�WKLV�RQH��,Q�HIIHFW��P DQ\ �WD[ D�SUHYLRXVO\ �OLVWHG�DV�
&KURQLFDOO\ �7KUHDWHQHG�6HULRXV�' HFOLQH�KDYH�WUDQVIHUUHG�WR�
7KUHDWHQHG�1 DWLRQDOO\ �9XOQHUDEOH��ZKLOVW�WKRVH�SODQWV�SUHYLRXVO\ �OLVWHG�DV�
&KURQLFDOO\ �7KUHDWHQHG�* UDGXDO�' HFOLQH�KDYH�P RVWO\ �VKLIWHG�WR�$W�
5 LVN�' HFOLQLQJ��3ODQWV�OLVWHG�SUHYLRXVO\ �DV�$W�5 LVN�5 DQJH�5 HVWULFWHG�RU�$W�
5 LVN�6SDUVH�KDYH�QRZ�P RVWO\ �P HUJHG�XQGHU�$W�5 LVN�1 DWXUDOO\ �
8 QFRP P RQ¶��
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) LJXUH�$� �� ��7KH�1 =�WKUHDW�FODVVLILFDWLRQ�IRU�SODQWV�XVHG�LQ�WKLV�HYLGHQFH��
�
1 RWH�WKDW�IDXQD�FDWHJRULHV�KDYH�QRW�EHHQ�UHYLVHG�VLQFH�WKH�UHYLVLRQ�RI�WKH�
WKUHDW�FODVVLILFDWLRQ�V\ VWHP ��DQG�WKH�FDWHJRULHV�RI�0 ROOR\ �HW�DO��� � � � � � �DUH�VWLOO�
DSSOLHG��7KHUHIRUH��IRU�IDXQD�LQ�WKLV�HYLGHQFH��
$FXWHO\ �7KUHDWHQHG
�UHIHUV�WR�
1 DWLRQDOO\ �&ULWLFDO��1 DWLRQDOO\ �( QGDQJHUHG�DQG�1 DWLRQDOO\ �9XOQHUDEOH��DQG�

&KURQLFDOO\ �7KUHDWHQHG
�UHIHUV�WR�6HULRXV�' HFOLQH�DQG�* UDGXDO�' HFOLQH��DQG�
$W�
5 LVN
�UHIHUV�WR�5 DQJH�5 HVWULFWHG�DQG�6SDUVH��
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5 HIHUHQFHV�
GH�/ DQJH�3- ��1 RUWRQ�' $��&RXUWQH\ �63��+HHQDQ�3%��%DUNOD�- : ��&DP HURQ�( . ��
+LWFKP RXJK�5 ��7RZQVHQG�$- �� � � � ��7KUHDWHQHG�DQG�XQFRP P RQ�SODQWV�RI�
1 HZ�=HDODQG��� � � � �5 HYLVLRQ���1 HZ�=HDODQG�- RXUQDO�RI�%RWDQ\ �� � ��� � ±� � ��
0 ROOR\ �- ��%HOO�%' ��&ORXW�0 ��GH�/ DQJH�3��* LEEV�* ��* LYHQ�' ��1 RUWRQ�' ��6P LWK�1 ��
6WHSKHQV�7�� � � � ���&ODVVLI\ LQJ�VSHFLHV�DFFRUGLQJ�WR�WKUHDW�RI�H[ WLQFWLRQ���D�V\ VWHP �
IRU�1 HZ�=HDODQG�7KUHDWHQHG�6SHFLHV���' HSDUWP HQW�RI�&RQVHUYDWLRQ�2 FFDVLRQDO�
3XEOLFDWLRQ�QR���� � ��
7RZQVHQG�$- ��GH�/ DQJH�3- ��1 RUWRQ�' $��0 ROOR\ �- ��0 LVNHOO\ �&��' XII\ �&�� � � � ��7KH�
1 HZ�=HDODQG�7KUHDW�&ODVVLILFDWLRQ�6\ VWHP �P DQXDO��: HOOLQJWRQ��' HSDUWP HQW�RI�
&RQVHUYDWLRQ��� � �S��
�
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$ � � �� � 1 HZ�VXUYH\ V�KDYH�EHHQ�XQGHUWDNHQ�LQ�UHFHQW�\ HDUV�RQ�VHYHUDO�SDVWRUDO�
OHDVH�SURSHUWLHV�LQ�WKH�0 DFNHQ] LH�%DVLQ�DV�SDUW�RI�WKH�7HQXUH�5 HYLHZ�
SURFHVV��7KHVH�VXUYH\ V�LGHQWLI\ �VLJQLILFDQW�LQKHUHQW�ELRORJLFDO��
ODQGVFDSH��DQG�KLVWRULFDO�YDOXHV�WKDW�VKRXOG�EH�SURWHFWHG�DV�SDUW�RI�WKH�
WHQXUH�UHYLHZ�SURFHVV��&ULWHULD�XVHG�WR�LGHQWLI\ �VLJQLILFDQW�ERWDQLFDO�
YDOXHV�DUH�EDVHG�EURDGO\ �DURXQG�WKH�3URWHFWHG�1 DWXUDO�$UHDV�
3URJUDP P H��31 $3��FULWHULD��EXW�DOVR�LQFOXGH�FRQVLGHUDWLRQ�RI�
FRQWHP SRUDU\ �DVVHVVP HQW�WRROV��VXFK�DV�WKH�7KUHDWHQHG�( QYLURQP HQW�
&ODVVLILFDWLRQ�RI�/ ( 1 =��: DONHU�HW�DO��� � � � ��� � � � � �DQG�P RUH�UHFHQWO\ �WKH�
* RYHUQP HQW¶V�QDWLRQDO�SULRULWLHV�IRU�SURWHFWLRQ�RI�ELRGLYHUVLW\ �RQ�SULYDWH�
ODQG��0 I( �� � � � � ��

$ � � �� � ,Q�P \ �RSLQLRQ��WKHVH�QHZ�DVVHVVP HQWV�SURYLGH�D�P RUH�DSSURSULDWH�EDVLV�
IRU�ELRGLYHUVLW\ �SURWHFWLRQ�WKDQ�WKH�3URWHFWHG�1 DWXUDO�$UHDV�3URJUDP P H�
�( VSLH�HW�DO��� � � � � �DQG�VXEVHTXHQW�62 1 6�DVVHVVP HQWV��H�J��/ HH�HW�DO��
� � � � � �IRU�WKH�%DVLQ�EHFDXVH�WKH\ �LQFRUSRUDWH�P RGHUQ�LQWHUQDWLRQDO�
FRQVHUYDWLRQ�XQGHUVWDQGLQJ�DQG�SULQFLSOHV��7KH\ �EHWWHU�UHFRJQLVH��ILUVW��
WKDW�P RUH�P RGLILHG�KDELWDWV�P XVW�EH�SURWHFWHG�LI�WKH�P XFK�RI�
1 HZ�=HDODQG
V�WKUHDWHQHG�ELRGLYHUVLW\ �LV�WR�EH�UHWDLQHG��DQG�VHFRQG��WKDW�
WKH�FDSDFLW\ �RI�WKH�ODQGVFDSH��DQG�QRW�MXVW�
EHVW�H[ DP SOHV
�RU�LQGLYLGXDO�
VLWHV��P XVW�EH�SURWHFWHG�WR�VXSSRUW�VSHFLHV�SHUVLVWHQFH�LQ�IXWXUH��7KLUG��
WKHVH�DVVHVVP HQWV�DUH�EHJLQQLQJ�WR�UHVSRQG�WR�D�QHZ�DSSUHFLDWLRQ�RI�
WKH�YXOQHUDELOLW\ �RI�1 HZ�=HDODQG
V�UHP DLQLQJ�OHVV�GHYHORSHG�JUDVVODQGV�
WR�FRQYHUVLRQ��DQG�WKH�UDSLGO\ �UHWUHDWLQJ�RSSRUWXQLWLHV�WR�UHWDLQ�VRP H�RI�
ZKDW�UHP DLQV��) LQDOO\ ��WKHVH�DVVHVVP HQWV�DUH�VXSSRUWHG�E\ �P RGHUQ��
KLJKHU�TXDOLW\ �QDWLRQDO�DVVHVVP HQW�RI�ULVN�DQG�WKUHDW�WR�VSHFLHV�DQG�
HFRV\ VWHP V��DQG�GUDZ�RQ�UHOHYDQW�VSDWLDO�WRROV��H�J��WKH�7KUHDWHQHG�
( QYLURQP HQW�&ODVVLILFDWLRQ��DQG�D�JUHDWHU�GHSWK�DQG�UDQJH�RI�ELRORJLFDO�
H[ SHUWLVH��

6LP RQV�3DVV�
$� � �� � ,Q�P \ �RSLQLRQ��WKH�7HQXUH�5 HYLHZ�VXUYH\ �RI�6LP RQV�3DVV�SDVWRUDO�OHDVH�

LV�D�JRRG�H[ DP SOH�RI�P RGHUQ�ELRGLYHUVLW\ �VXUYH\ ��6XUYH\ RUV�P DSSHG�WKH�
SUHFLVH�ORFDWLRQV�RI�WKUHDWHQHG�VSHFLHV�DQG�DUHDV�LGHQWLILHG�ZLWK�
VLJQLILFDQW�LQKHUHQW�YDOXHV��HQDEOLQJ�KLJK�TXDOLW\ �VSDWLDO�DVVHVVP HQW��
&OHDU�P DSV�RI�WKH�ORFDWLRQV�RI�LGHQWLILHG�YDOXHV�DUH�SRVWHG�RQ�WKH�/ ,1 =�
ZHEVLWH�DORQJ�ZLWK�WKH�UHSRUW��H[ FOXGLQJ�WKUHDWHQHG�SODQW�ORFDWLRQV��ZKLFK�
DUH�P DSSHG�DQG�DQDO\ VHG�KHUH�EHORZ���,W�VKRXOG�EH�QRWHG��KRZHYHU��WKDW�
WLP H�LV�DOZD\ V�OLP LWHG�IRU�VXFK�VXUYH\ V��DQG�QRW�DOO�VSHFLHV�DQG�ORFDWLRQV�
ZRXOG�KDYH�EHHQ�GLVFRYHUHG��

$ � � �� � $ �VSDWLDO�RYHUOD\ �RI�WKH�SURSRVHG�LUULJDWLRQ�RQ�VSDWLDO�GDWD�IRU�SODQWV��
ELUGV�DQG�OL] DUGV�FROOHFWHG�LQ�WKH�7HQXUH�5 HYLHZ�VXUYH\ �VKRZV�VHYHUDO�
7KUHDWHQHG�DQG�$W�5 LVN�VSHFLHV�DUH�ORFDWHG�ZLWKLQ�WKH�DUHD�SURSRVHG�IRU�
LUULJDWLRQ�RQ�6LP RQV�3DVV�SDVWRUDO�OHDVH��7DEOH�$� � �� �VKRZV�WKDW�WKHVH�
QXP EHU�� � �RI�WKH�� � �OLVWHG�7KUHDWHQHG�DQG�$W�5 LVN�SODQWV��WZR�RI�WKH�IRXU�
$FXWHO\ �7KUHDWHQHG�DQG�&KURQLFDOO\ �7KUHDWHQHG�ELUGV��DQG�WKH�RQH�
&KURQLFDOO\ �7KUHDWHQHG�OL] DUG��VSRWWHG�VNLQN����7KH�SURSRVHG�LUULJDWHG�
DUHD�LQFOXGHV�DOO�UHFRUGHG�ORFDWLRQV�RI�WKUHH�SODQW�VSHFLHV��DQG�P RUH�
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WKDQ�KDOI�RI�WKH�UHFRUGHG�ORFDWLRQV�RI�ILYH�RWKHUV��,W�LQFOXGHV�� � � �RI�
VLJKWLQJV�RI�WKH�IHHGLQJ�EODFN�IURQWHG�WHUQV��1 DWLRQDOO\ �( QGDQJHUHG���DQG�
� � � �RI�UHFRUGV�RI�EDQGHG�GRWWHUHO��ZKLFK�ZHUH�UHFRUGHG�DV�QHVWLQJ�KHUH��
%HWZHHQ�� � �DQG�� � � �RI�DOO�FRP P RQ�VNLQN��0 F&DQQV�VNLQN�DQG�6RXWKHUQ�
$OSV�JHFNR�UHFRUGV�DUH�IURP �ZLWKLQ�WKH�SURSRVHG�LUULJDWLRQ�DUHD��) LJXUH�
$� � �� �VKRZV�WKH�ORFDWLRQV�RI�SODQW�DQG�ELUG�UHFRUGV�UHFRUGHG�LQ�WKH�
VXUYH\ ��7KH�SURSRVHG�LUULJDWLRQ�DUHDV�DOVR�FRYHUV�� � � ��� � � �DQG�� � � �RI�
WKH�DUHDV�LGHQWLILHG�DV�VLJQLILFDQW�IRU�SODQWV��LQYHUWHEUDWHV�DQG�ELUGV��
UHVSHFWLYHO\ ��WKHVH�DUHDV�DUH�VKRZQ�RQ�P DSV�SRVWHG�RQ�WKH�/ ,1 =�
ZHEVLWH���

$ � � �� � ,�KDYH�UHDG�WKH�HYLGHQFH�RI�3HWHU�5 RVV�( VSLH�EHIRUH�WKLV�KHDULQJ�GDWHG�
� � �1 RYHP EHU�� � � � ��,Q�SDUDJUDSK�� �� �KH�VWDWHV�WKDW�QDWLYH�SODQWV�DQG�
IDXQD�WR�EH�GLVSODFHG�E\ �WKH�SURSRVHG�LUULJDWLRQ�RQ�6LP RQV�3DVV�
3DVWRUDO�/ HDVH�DUH�FRP P RQ��RU�QRQ�WKUHDWHQHG�VSHFLHV�ZKLFK�RFFXU�RQ�
DGMDFHQW�DUHDV�DQG�ZLOO�EH�SURWHFWHG�E\ �SURSRVHG�µP LWLJDWLRQ¶�P HDVXUHV�
DQG�E\ �H[ WHQVLYH�DUHDV�RI�VLP LODU��GLUHFWO\ �DGMRLQLQJ�FRQVHUYDWLRQ�ODQG��,�
GLVDJUHH�ZLWK�WKLV�VWDWHP HQW���) LUVW��3DUDJUDSK�$� � �� �DERYH�DQG�7DEOH�
$� � �� �EHORZ�VKRZ�P DQ\ �GLVSODFHG�VSHFLHV�DUH�QRW�FRP P RQ�RU�QRW�
WKUHDWHQHG��6HFRQG��' U�( VSLH¶V�VSHFLHV�OLVW�LQ�KLV�$SSHQGL[ �� �VKRZV�QR�
UHFRUGV�RQ�QHDUE\ �%HQ�2 KDX�&RQVHUYDWLRQ�$UHD�RU�QHLJKERXULQJ�6LP RQV�
+LOO�3DVWRUDO�/ HDVH�RI�WHQ�7KUHDWHQHG�RU�$W�5 LVN�SODQW�VSHFLHV�ZLWKLQ�WKH�
LUULJDWLRQ�IRRWSULQW�RQ�6LP RQV�3DVV�3DVWRUDO�/ HDVH��&HUDWRFHSKDOD�
SXQJHQV��0 \ RVXUXV�P LQLP XV�VXEVS��QRYDH�] HODQGLDH��/ HSLGLXP �VRODQGUL�
�IRUP HUO\ �/ ��V\ VLP EULRLGHV���&RQYROYXOXV�YHUHFXQGXV��5 DRXOLD�P RQURL��
( O\ P XV�IDOFLV��+ \ P HQRFKLOXV�WULVWLV��/ HSWLQHOOD�VHUUXODWD��5 DRXOLD�
EHDXYHUGLL�DQG�&RSURVP D�LQWHUWH[ WD���) RU�VHYHQ�RI�WKHVH�WHQ�VSHFLHV��
KDOI�RU�P RUH�UHFRUGV�DUH�ZLWKLQ�WKH�SURSRVHG�LUULJDWLRQ�IRRWSULQW�RQ�
6LP RQV�3DVV���7KH�$W�5 LVN�VSHFLHV�&DUP LFKDHOLD�YH[ LOODWD��IRUP HUO\ �&��
P RQURL��LV�UHFRUGHG�E\ �' U�( VSLH�IURP �%HQ�2 KDX�&RQVHUYDWLRQ�$UHD�RQO\ �
LQ�� � � � ��7KLUG��SURSRVHG�FRYHQDQWV�&&� ��&&� ��DQG�&&� �UHIHUUHG�WR�LQ�' U�
( VSLH¶V�SDUDJUDSK�� �� �DQG�) LJXUH�� � ��DUH��LQ�P \ �RSLQLRQ��IDU�WRR�VP DOO�
DQG�SRRUO\ �EXIIHUHG�WR�VXVWDLQ�WKHLU�QDWXUDO�YDOXHV�IRU�ORQJ�ZLWK�DGMDFHQW�
LUULJDWLRQ��DV�GHVFULEHG�LQ�SDUDJUDSKV�� � � � � �RI�WKH�P DLQ�ERG\ �RI�P \ �
HYLGHQFH�����

$ � � �� ��7KH�SURSRVHG�LUULJDWLRQ�RQ�6LP RQV�3DVV�ZRXOG�WKHUHIRUH�UHVXOW�LQ�GLUHFW�
RQ�VLWH�ORVV�RI�VHYHUDO�DOUHDG\ �7KUHDWHQHG�DQG�$W�5 LVN�SODQW�VSHFLHV�DQG�
FRQVLGHUDEOH�WUXQFDWLRQ�RI�WKHLU�P HWDSRSXODWLRQV��,W�ZRXOG�DOVR�LQFUHDVH�
IUDJP HQWDWLRQ�RI�WKH�UDUH�HFRV\ VWHP V�LQ�WKH�QRUWK�RI�WKH�%DVLQ��DQG�
LQFUHDVH�LQSXWV�RI�QXWULHQWV�DQG�H[ RWLF�VHHG�DFURVV�ZKDW�UHP DLQV��

5 HIHUHQFHV�
( VSLH�35 ��+XQW�- ( ��%XWWV�&$��&RRSHU�3- ��+DUULQJWRQ�: 0 $�� � � � ��0 DFNHQ] LH�
( FRORJLFDO�5 HJLRQ��1 HZ�=HDODQG��3URWHFWHG�1 DWXUDO�$UHDV�3URJUDP P H��
: HOOLQJWRQ��' HSDUWP HQW�RI�/ DQGV�DQG�6XUYH\ ��� � �S��
/ HH�: * �� � � � ��$VVHVVP HQW�RI�VLWHV�RI�VLJQLILFDQFH�LQ�WKH�FRQWH[ W�RI�WKH�5 0 $�
�� � � � ��LQ�SDUWV�RI�WKH�0 DFNHQ] LH�( FRORJLFDO�5 HJLRQ��/ DQGFDUH�5 HVHDUFK�&RQWUDFW�
5 HSRUW�/ &� � � � �� � � ��
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0 I( �� � � � ��3URWHFWLQJ�RXU�3ODFHV��,QWURGXFLQJ�WKH�QDWLRQDO�SULRULWLHV�IRU�SURWHFWLQJ�
UDUH�DQG�WKUHDWHQHG�QDWLYH�ELRGLYHUVLW\ �RQ�SULYDWH�ODQG��: HOOLQJWRQ��0 LQLVWU\ �IRU�WKH�
( QYLURQP HQW���
: DONHU�6��3ULFH�5 ��5 XWOHGJH�' ��6WHSKHQV�5 7��/ HH�: * �� � � � ��5 HFHQW�ORVV�RI�
LQGLJHQRXV�FRYHU�LQ�1 HZ�=HDODQG��1 HZ�=HDODQG�- RXUQDO�RI�( FRORJ\ �� � ��� � � ±� � � ��
: DONHU�6��3ULFH�5 ��5 XWOHGJH�' �� � � � ��1 HZ�=HDODQG¶V�UHP DLQLQJ�LQGLJHQRXV�FRYHU��
UHFHQW�FKDQJHV�DQG�ELRGLYHUVLW\ �SURWHFWLRQ�QHHGV��6FLHQFH�IRU�&RQVHUYDWLRQ�� � � ��
: HOOLQJWRQ��' HSDUWP HQW�RI�&RQVHUYDWLRQ��� � �S��
�
7DEOH�$� � �� ��1 XP EHUV�RI�UHFRUGHG�ORFDWLRQV�RI�7KUHDWHQHG�DQG�$W�5 LVN�VSHFLHV�
UHFRUGHG�LQ�WKH�6LP RQV�3DVV�SDVWRUDO�OHDVH�7HQXUH�5 HYLHZ�VXUYH\ ��DQG�WKH�
SHUFHQWDJH�RI�ORFDWLRQV�ZLWKLQ�WKH�DUHD�SURSRVHG�IRU�LUULJDWLRQ�RQ�WKLV�SURSHUW\ �
DQG�FRQVLGHUHG�LQ�WKH�8 SSHU�: DLWDNL�5 HVRXUFH�&RQVHQW�+HDULQJ��

6SHFLHV� 7KUHDW�&DWHJRU\ �

1 XP EHU�RI�
UHFRUGHG�
ORFDWLRQV�

1 XP EHU�RI�
UHFRUGHG�
ORFDWLRQV�

LQ�
SURSRVHG�
LUULJDWLRQ�

DUHD�

� �RI�
UHFRUGHG�

ORFDWLRQV�LQ�
SURSRVHG�
LUULJDWLRQ�

DUHD�

3/ $1 76� � � � �

� 7KUHDWHQHG� � � �
&HUDWRFHSKDOD�SXQJHQV� � �1 DWLRQDOO\ �&ULWLFDO� � � � � � � �
0 \ RVXUXV�P LQLP XV�
VXEVS��QRYDH�] HODQGLDH� � �1 DWLRQDOO\ �&ULWLFDO� � � � � � � �

/ HSLGLXP �VRODQGUL� � �1 DWLRQDOO\ �( QGDQJHUHG� � � � � � � � �
0 \ RVRWLV�S\ JP DHD�YDU��
P LQXWLIORUD�

� �1 DWLRQDOO\ �( QGDQJHUHG� � � � � � �

� $ W�5 LVN� � � �
$FLSK\ OOD�VXEIODEXOODWXP � � �' HFOLQLQJ� � � � � � �
&DUP LFKDHOLD�FUDVVLFDXOH� � �' HFOLQLQJ� � � � � � �
&DUP LFKDHOLD�YH[ LOODWD� � �' HFOLQLQJ� � � � � � � �
&RQYROYXOXV�YHUHFXQGXV� � �' HFOLQLQJ� � � � � � � � �
/ X] XOD�FHODWD� � �' HFOLQLQJ� � � � � � �
5 DRXOLD�P RQURL� � �' HFOLQLQJ� � � � � � � � �
( O\ P XV�IDOFLV� � �1 DWXUDOO\ �8 QFRP P RQ� � � � � � � �
+ \ P HQRFKLOXV�WULVWLV� � �1 DWXUDOO\ �8 QFRP P RQ� � � � � � � �
/ HSWLQHOOD�VHUUXODWD� � �1 DWXUDOO\ �8 QFRP P RQ� � � � � � � �
0 RQWLD�HU\ WKURSK\ OOD� � �1 DWXUDOO\ �8 QFRP P RQ� � � � � � �
5 DRXOLD�EHDXYHUGLL� � �1 DWXUDOO\ �8 QFRP P RQ� � � � � � � �
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� $ FXWHO\ �WKUHDWHQHG� � � �
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%ODFN�IURQWHG�WHUQ� � �1 DWLRQDOO\ �( QGDQJHUHG� � � � � � � �
* UH\ �GXFN� � �1 DWLRQDOO\ �( QGDQJHUHG� � � � � � �
� &KURQLFDOO\ �WKUHDWHQHG� � � �
%DQGHG�GRWWHUHO� � �* UDGXDO�GHFOLQH� � � � � � � � � �

/ ,=$5 ' 6 � � � � �
� &KURQLFDOO\ �WKUHDWHQHG� � � �
6SRWWHG�VNLQN� � �* UDGXDO�GHFOLQH� � � � � � � � �
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( � �� D� ) RRWKLOOV� � � � � � � � �� � � � � �

( � �� D� ) RRWKLOOV� � � � � � � � �� � � � � �

( � �� E� ) RRWKLOOV� � � � � � � � � �� � � � � �� � � � � � �� �

( � �� F� ) RRWKLOOV� � � � � � � � � � �� � � � � � � � � �� � � �

( � �� G� ) RRWKLOOV� � � � � � � � � �� � � � � � �� � � �

( � �� D� ) RRWKLOOV� � � � � � � � �� � � � � �

( � �� E� ) RRWKLOOV� � � � � � � �� � � � � �

( � �� D� ) RRWKLOOV� � � � � � � � � � � �� � � � � � � �� � � � � � � �� �

( � �� E� ) RRWKLOOV� � � � � � � � � � � �� � � � � � � � �� � � � � � � � �� �

( � �� D� ) RRWKLOOV� � � � � � � � � � � � �� � � � � � � � � �� � � �

( � �� E� ) RRWKLOOV� � � � � � � � � � �� � � � � � � � � �� � � �

- � �� D� 5 HFHQW�VRLOV� � � � � � � � � � �� � � � � � � �� � � �

- � �� E� 5 HFHQW�VRLOV� � � � � � � � �� � � � � �

- � �� F� 5 HFHQW�VRLOV� � � � � � � �� � � � � �

. � �� D� 5 HFHQW�VRLOV� � � � � � � � � �� � � � � � � � �� � � �

. � �� E� 5 HFHQW�VRLOV� � � � � � � � � �� � � � � � � � �� � � �

. � �� G� 5 HFHQW�VRLOV� � � � � � � � �� � � � � �

. � �� D� 5 HFHQW�VRLOV� � � � � � � � � � �� � � � � � � �� � � �

. � �� E� 5 HFHQW�VRLOV� � � � � � � � �� � � � � �

. � �� D� 5 HFHQW�VRLOV� � � � � � � � � � �� � � � � � � �� � � �

. � �� E� 5 HFHQW�VRLOV� � � � � � � � � � �� � � � � � � � �� � � �

. � �� D� 5 HFHQW�VRLOV� � � � � � � � � �� � � � � �

. � �� E� 5 HFHQW�VRLOV� � � � � � � � � � �� � � � � � �� � � �

. � �� F� 5 HFHQW�VRLOV� � � � � � � � � � �� � � � � � �� � � �

. � �� G� 5 HFHQW�VRLOV� � � � � � � � � � � �� � � � � � � � � �� � � � � � � �� �
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1 � �� D� 3ODLQV� � � � � � � �� � � � � �

1 � �� F� 3ODLQV� � � � � � � � � �� � � � � �

1 � �� D� 3ODLQV� � � � � � � � � �� � � � � �

1 � �� E� 3ODLQV� � � � � � � � � �� � � � � � � �� � � �

1 � �� G� 3ODLQV� � � � � � � � �� � � � � �� � � �

1 � �� D� 3ODLQV� � � � � � � � � �� � � � � �

1 � �� G� 3ODLQV� � � � � � � � �� � � � � � � �� �

1 � �� H� 3ODLQV� � � � � � � � �� � � � � �

1 � �� E� 3ODLQV� � � � � � � � �� � � � � �

1 � �� D� 3ODLQV� � � � � � � � � � �� � � � � �� � � � � �� �

1 � �� E� 3ODLQV� � � � � � � �� � � � � �

1 � �� F� 3ODLQV� � � � � � � � � � � �� � � � � � � �� � � � � � �� �

1 � �� G� 3ODLQV� � � � � � � � �� � � � � �� � � � � � � �� �

1 � �� H� 3ODLQV� � � � � � � � � �� � � � � �� � � �

1 � �� D� 3ODLQV� � � � � � � � � � �� � � � � � �� � � � � � �� �

1 � �� D� 3ODLQV� � � � � � � � �� � � � � �

1 � �� D� 3ODLQV� � � � � � � � � � � �� � � � � � � �� � � �

1 � �� E� 3ODLQV� � � � � � � � � � � �� � � � � � � � �� � � � � � �� �

1 � �� D� 3ODLQV� � � � � � � � � � �� � � � � � �� � � � � � �� �

1 � �� D� 3ODLQV� � � � � � � � � � � �� � � � � � � �� � � �

1 � �� E� 3ODLQV� � � � � � � � � �� � � � � �
� 7KHVH�HVWLP DWHV�H[ FOXGH�DUHDV�QRW�P DQDJHG�SULQFLSDOO\ �IRU�FRQVHUYDWLRQ�VXFK�DV�
UHFUHDWLRQ�UHVHUYHV��ORFDO��DQG�JRYHUQP HQW�SXUSRVH�UHVHUYHV��DQG�P DUJLQDO�VWULSV��
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7KH�7KUHDWHQHG�( QYLURQP HQW�&ODVVLILFDWLRQ�DQG�1 DWLRQDO�3ULRULW\ �� �
$ � � �� � $V�GHVFULEHG�LQ�SDUDJUDSK�� � �RI�WKH�ERG\ �RI�P \ �HYLGHQFH�DQG�LQ�

$WWDFKP HQW�� ��/ ( 1 =�LV�D�QDWLRQDO�FODVVLILFDWLRQ�RI�1 HZ�=HDODQG�
HQYLURQP HQWV�WKDW�XVHV�FOLP DWH��VRLO�DQG�ODQGIRUP �YDULDEOHV�WR�LGHQWLI\ �
DUHDV�RI�VLP LODU�HQYLURQP HQWDO��DQG�KHQFH�SRWHQWLDO�HFRV\ VWHP �FKDUDFWHU�
�/ HDWKZLFN�HW�DO��� � � � � ��

$ � � �� � / DQGFDUH�5 HVHDUFK�KDV�GHYHORSHG�D�VLP SOH��VL[ �FDWHJRU\ �7KUHDWHQHG�
( QYLURQP HQW�&ODVVLILFDWLRQ�V\ VWHP �IRU�WKH�/ HYHO�,9 �HQYLURQP HQWV�RI�
/ ( 1 =�ZKLFK�SURYLGHV�D�QDWLRQDO�FRQWH[ W�IRU�ELRGLYHUVLW\ �DVVHVVP HQW�
�: DONHU�HW�DO��� � � � ��7DEOH�$� � �� � ��7KH�&ODVVLILFDWLRQ�LV�D�VRXUFH�RI�
QDWLRQDO�VFDOH�ODQG�FRYHU�DQG�SURWHFWHG�DUHD�LQIRUP DWLRQ�IRU�ODQG�
HQYLURQP HQWV��DQG�SURYLGHV�HVWLP DWHV�RI�WKH�SHUFHQW�DUHD�RI�HDFK�/ HYHO�
,9 �HQYLURQP HQW�WKDW�UHP DLQV�XQGHU�P DLQO\ �LQGLJHQRXV�FRYHU��EDVHG�RQ�D�
ELQDU\ �FODVVLILFDWLRQ�RI�WKH�VHFRQG�ODQG�FRYHU�GDWDEDVH��/ &' %� ��DQG�WKH�
SHUFHQW�WKDW�KDV�OHJDO�SURWHFWLRQ��LQ�SXEOLF�SURWHFWHG�ODQG�DQG�SULYDWH�
FRYHQDQWV���' HYHORSP HQW�RI�WKH�FODVVLILFDWLRQ�ZDV�VXSSRUWHG�E\ �WKH�
0 LQLVWU\ �IRU�WKH�( QYLURQP HQW�DQG�WKH�' HSDUWP HQW�RI�&RQVHUYDWLRQ��DQG�LWV�
8 VHU�* XLGH��: DONHU�HW�DO��� � � � � �DQG�WUDQVIHU�WR�FRXQFLOV�WKURXJK�D�VHULHV�
RI�ZRUNVKRSV�LQ�� � � � �ZHUH�VXSSRUWHG�E\ �UHJLRQDO�FRXQFLOV�DQG�IXQGHG�E\ �
D�) RXQGDWLRQ�IRU�5 HVHDUFK��6FLHQFH�DQG�7HFKQRORJ\ �( QYLUROLQN�7RROV�
JUDQW��LQWHQGHG�WR�SURYLGH�UHJLRQDO�FRXQFLOV�ZLWK�DGYLFH�DQG�VXSSRUW�IRU�
UHVHDUFK�RQ�LGHQWLILHG�HQYLURQP HQWDO�WRSLFV�DQG�SURMHFWV���

$ � � �� � ( QYLURQP HQWV�LQ�WKH�ILUVW�ILYH�7KUHDWHQHG�( QYLURQP HQW�&ODVVLILFDWLRQ�
FDWHJRULHV�DUH�OLNHO\ �WR�FRQWDLQ�VRP H�RI�1 HZ�=HDODQG¶V�P RVW�VHYHUHO\ �
UHGXFHG�DQG�SRRUO\ �SURWHFWHG�LQGLJHQRXV�ELRGLYHUVLW\ ��DQG�DUH�UHIHUUHG�WR�
MRLQWO\ �DV�µWKUHDWHQHG�HQYLURQP HQWV¶��$Q\ �DUHDV�WKDW�VWLOO�UHWDLQ�VRP H�
LQGLJHQRXV�ELRWD�ZLWKLQ�WKHVH�HQYLURQP HQWV�DUH�OLNHO\ �WR�UHSUHVHQW�
HFRV\ VWHP V��FRP P XQLWLHV�DQG�VSHFLHV�WKDW�KDYH�EHHQ�VLJQLILFDQWO\ �
UHGXFHG�E\ �ODQG�GHYHORSP HQW�LQ�WKH�SDVW�DQG�RU�DUH�FXUUHQWO\ �SRRUO\ �
SURWHFWHG�DJDLQVW�ELRGLYHUVLW\ �ORVV��

$ � � �� � 7DEOH�$� � �� �VKRZV�WKH�VL[ �FDWHJRULHV�RI�WKH�7KUHDWHQHG�( QYLURQP HQW�
&ODVVLILFDWLRQ�DQG�WKHLU�FULWHULD��7KH�ILUVW�WZR�FDWHJRULHV��/ ( 1 =�/ HYHO�,9 �
HQYLURQP HQWV��ZKLFK�KDYH�� � � � �RI�WKHLU�RULJLQDO�LQGLJHQRXV�FRYHU�
UHP DLQLQJ��DUH�WKH�ILUVW�RI�WKH�* RYHUQP HQW¶V�QDWLRQDO�SULRULWLHV�IRU�WKH�
SURWHFWLRQ�RI�LQGLJHQRXV�YHJHWDWLRQ��0 I( �� � � � � ��( FRORJLFDO�WKHRU\ �
SUHGLFWV�DQG�HP SLULFDO�GDWD�VKRZ�WKDW�VSHFLHV�ORVV�DFFHOHUDWHV�DV�KDELWDW�
ORVV�EHFRP HV�DGYDQFHG��DQG�WKH�P RVW�UDSLG�DGGLWLRQDO�ORVV�RI�VSHFLHV�
ZLWK�HDFK�DGGLWLRQDO�LQFUHP HQW�RI�KDELWDW�ORVV�FDQ�EH�H[ SHFWHG�LQ�WKHVH�
WZR�FDWHJRULHV��: DONHU�HW�DO��� � � � ��� � � � � ��

�
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7DEOH�$� � �� ��7KH�VL[ �WKUHDW�FDWHJRULHV�RI�WKH�7KUHDWHQHG�( QYLURQP HQW�
&ODVVLILFDWLRQ��IURP �WKH�8 VHU�* XLGH��: DONHU�HW�DO��� � � � � �
&DWHJRU\ �� &ULWHULD� 1 DP H�

� 
 � � � � � �LQGLJHQRXV�YHJHWDWLRQ�OHIW� $FXWHO\ �7KUHDWHQHG�

� 
 � � � ±� � � �LQGLJHQRXV�YHJHWDWLRQ�OHIW� &KURQLFDOO\ �7KUHDWHQHG�

� � � � ±� � � �LQGLJHQRXV�YHJHWDWLRQ�OHIW� $W�5 LVN�

� � ! � � � �OHIW�DQG�� � � � �SURWHFWHG� &ULWLFDOO\ �8 QGHUSURWHFWHG�

� � ! � � � �OHIW�DQG�� � ±� � � �SURWHFWHG� 8 QGHUSURWHFWHG�

� � ! � � � �OHIW�DQG�! � � � �SURWHFWHG� / HVV�5 HGXFHG�DQG�%HWWHU�
3URWHFWHG�


 &DWHJRULHV�LQFOXGHG�LQ�1 DWLRQDO�3ULRULW\ �� ��0 I( �� � � � � �� �
�

3URWHFWLRQ�RI�VLJQLILFDQW�LQKHUHQW�YDOXHV�LGHQWLILHG�LQ�7HQXUH�5 HYLHZ �
$� � �� � ,Q�� � � � ��WKH�' HSDUWP HQW�RI�&RQVHUYDWLRQ�FRP SLOHG�VSDWLDO�LQIRUP DWLRQ�

VKRZLQJ�WKH�ODQG�DUHDV�FRYHUHG�E\ �VLJQLILFDQW�LQKHUHQW�ELRGLYHUVLW\ �DQG�
ODQGVFDSH�YDOXHV�LGHQWLILHG�E\ �H[ SHUWV�LQ�VXUYH\ V�FDUULHG�RXW�DV�SDUW�RI�
WKH�7HQXUH�5 HYLHZ�SURFHVV��7KH�LQIRUP DWLRQ�FRYHUV�� � �OHDVHV�WKDW�
XQGHUZHQW�7HQXUH�5 HYLHZ�EHWZHHQ�� � � � �DQG�� � � � ��7KH�' HSDUWP HQW�
DOVR�FRP SLOHG�GDWD�VKRZLQJ�WKH�DUHDV�LW�UHFRP P HQGHG�IRU�SURWHFWLRQ�DV�
SXEOLF�FRQVHUYDWLRQ�ODQG�WR�/ ,1 =��DQG�WKH�DUHDV�ILQDOO\ �SURWHFWHG�DV�
SXEOLF�ODQG��) LJ��$ � � �� �VKRZV�WKH�ODQG�DUHDV�WKDW�ZHUH�LGHQWLILHG�E\ �
H[ SHUWV��DQG�WKH�DUHDV�ZLWKLQ�WKHVH�WKDW�ZHUH��� � �UHFRP P HQGHG�IRU�
SURWHFWLRQ��DQG��� � �SURWHFWHG�DV�SXEOLF�FRQVHUYDWLRQ�ODQG��LQ�UHODWLRQ�WR�
WKH�ILUVW�ILYH�7KUHDWHQHG�( QYLURQP HQW�&ODVVLILFDWLRQ�FDWHJRULHV��7KH�
ILJXUH�DOVR�VKRZV�WKHVH�VWDWLVWLFV�IRU�WKH�HQYLURQP HQW�FDWHJRULHV�WKDW�
P HHW�WKH�FULWHULD�IRU�* RYHUQP HQW
V�1 DWLRQDO�3ULRULW\ �� �IRU�WKH�SURWHFWLRQ�RI�
LQGLJHQRXV�ELRGLYHUVLW\ �RQ�SULYDWH�ODQG��L�H��WKH�ILUVW�WZR�FDWHJRULHV�RI�WKH�
7KUHDWHQHG�( QYLURQP HQW�&ODVVLILFDWLRQ���

$ � � �� � ) LJXUH�$� � �� �VKRZV�WKDW�WKH�P DMRULW\ �RI�ODQG�LQ�WKH�P RVW�WKUHDWHQHG�
HQYLURQP HQWV�ZLWK�LGHQWLILHG�VLJQLILFDQW�LQKHUHQW�YDOXHV�KDV�QRW�EHHQ�
UHFRP P HQGHG�IRU�SURWHFWLRQ�E\ �WKH�' HSDUWP HQW�RI�&RQVHUYDWLRQ��QRU�
SURWHFWHG�DV�SXEOLF�FRQVHUYDWLRQ�ODQG�LQ�WKH�SDVW��7KHVH�DUH�
HQYLURQP HQWV�WKDW�KDYH�XQGHUJRQH�FRQVLGHUDEOH�KDELWDW�ORVV�DQG�
P RGLILFDWLRQ�LQ�WKH�SDVW�DQG�DUH�SRRUO\ �SURWHFWHG�WRGD\ ��VLP LODU�WR�WKRVH�
SURSRVHG�IRU�QHZ�LUULJDWLRQ�LQ�WKH�0 DFNHQ] LH�%DVLQ���

�
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� � �� � �

� � �� � �

� � �� � �

� � �� � �

� � � �
LQGLJHQRXV
FRYHU�OHIW

� � � � � � �OHIW � � �� � � �OHIW ! � � � �OHIW�DQG
� � � �

SURWHFWHG

! � � � �OHIW�DQG
� � � � � �

SURWHFWHG

1 DWLRQDO
3ULRULW\ ��

HQYLURQP HQWV

$
UH

D�
�K

D�

,GHQWLILHG�E\ �H[ SHUWV

5 HFRP P HQGHG�IRU�SURWHFWLRQ�E\ �WKH�' HSDUWP HQW�RI
&RQVHUYDWLRQ
3URWHFWHG�DV�SXEOLF�FRQVHUYDWLRQ�ODQG�E\ �/ ,1 =

) LJXUH�$�� � �� ��7RWDO�KHFWDUHV�WKDW�ZHUH�LGHQWLILHG�DV�KDYLQJ�VLJQLILFDQW�LQKHUHQW�
YDOXHV�E\ �H[ SHUWV��WKDW�ZHUH�VXEVHTXHQWO\ �UHFRP P HQGHG�IRU�SURWHFWLRQ��DQG�
WKHUHDIWHU�SURWHFWHG�DV�SXEOLF�FRQVHUYDWLRQ�ODQG�LQ�UHODWLRQ�WR�WKH�ILUVW�ILYH�
7KUHDWHQHG�( QYLURQP HQW�&ODVVLILFDWLRQ�FDWHJRULHV��DQG�HQYLURQP HQWV�P HHWLQJ�
WKH�FULWHULD�IRU�* RYHUQP HQW
V�1 DWLRQDO�3ULRULW\ �� ��&ROXP Q�ODEHOV�DUH�WKH�SHUFHQW�
RI�WKH�DUHD�LGHQWLILHG�DV�KDYLQJ�VLJQLILFDQW�LQKHUHQW�YDOXH�WKDW�ZDV�VXEVHTXHQWO\ �
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