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� 2NODKRPD� $UNDQVDV
� 5REHUW�/��%URRNV� *HRUJH�6DER�,,,
� 2NODKRPD�$UFKHRORJLFDO�6XUYH\� $UNDQVDV�$UFKHRORJLFDO�6XUYH\
� 8QLYHUVLW\�RI�2NODKRPD� 8QLYHUVLW\�RI�$UNDQVDV
� 1RUPDQ��2NODKRPD� )D\HWWHYLOOH��$UNDQVDV
� UEURRNV#RX�HGX� JVDER#XDUN�HGX

� 'RQDOG�*��:\FNRII� 0DU\�%HWK�7UXELWW
� 6DP�1REOH�2NODKRPD�0XVHXP� $UNDQVDV�$UFKHRORJLFDO�6XUYH\
� RI�1DWXUDO�+LVWRU\�� +HQGHUVRQ�6WDWH�8QLYHUVLW\
� 8QLYHUVLW\�RI�2NODKRPD� $UNDGHOSKLD��$UNDQVDV
� 1RUPDQ��2NODKRPD� 7UXELWP#KVX�HGX
� [WUDPEOHU#RX�HGX
� � /RXLVLDQD
� 7H[DV� -HII�*LUDUG
� 7RP�0LGGOHEURRN� /RXLVLDQD�5HJLRQDO�$UFKDHRORJ\�3URJUDP
� 7H[DV�$UFKHRORJLFDO� 1RUWKZHVWHUQ�6WDWH�8QLYHUVLW\
� 6WHZDUGVKLS�1HWZRUN� 1DWFKLWRFKHV��/RXLVLDQD
� 1DFRJGRFKHV��7H[DV� JLUDUGM#QVXOD�HGX
� 70GOEUN#DRO�FRP
� � 3HWH�*UHJRU\�
� 7LPRWK\�.��3HUWWXOD� 7KH�:LOOLDPVRQ�0XVHXP�
� $UFKHRORJLFDO�	�(QYLURQPHQWDO� 1RUWKZHVWHUQ�6WDWH�8QLYHUVLW\
� &RQVXOWDQWV��//&� 1DWFKLWRFKHV��/RXLVLDQD
� $XVWLQ��7H[DV� JUHJRU\K#QVXOD�HGX
� WNS����#DRO�FRP
� � 'D\QD�/HH
� � (DUWK�6HDUFK��,QF�
� � 1HZ�2UOHDQV��/RXLVLDQD
� � GD\QD�E�OHH#JPDLO�FRP
�

'XQFDQ�3��0F.LQQRQ��HGLWRU
'HSDUWPHQW�RI�6RFLRORJ\��&ULPLQRORJ\��DQG�$QWKURSRORJ\

8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV
&RQZD\��$UNDQVDV
GPFNLQQRQ#XFD�HGX

7LPRWK\�.��3HUWWXOD��&XUUHQW�5HVHDUFK�HGLWRU
$UFKHRORJLFDO�	�(QYLURQPHQWDO�&RQVXOWDQWV��//&

$XVWLQ��7H[DV
WNS����#DRO�FRP

,661����������

��&DGGR�&RQIHUHQFH�2UJDQL]DWLRQ�����

6WHSKHQ�)��$XVWLQ�6WDWH�8QLYHUVLW\�3UHVV

3ULQWHG�LQ�WKH�8QLWHG�6WDWHV�RI�$PHULFD�DW�+XGVRQ�3ULQWLQJ�LQ�/RQJYLHZ��7H[DV



�ĆĉĉĔ��ėĈčĊĔđĔČĞ�
ĔĚėēĆđ���������Ȉ���������͵

)URP�WKH�(GLWRU� �

$UWLFOHV

&DGGR�3RWWHU\�IURP�(LJKW�6LWHV�LQ�WKH�0LGGOH�2XDFKLWD�5LYHU�9DOOH\� �
� � 0DU\�%HWK�7UXELWW

$�3UHOLPLQDU\�&RPSDULVRQ�RI�7ZR�&DGGR�0RXQG�6LWHV�LQ�6RXWKZHVW�$UNDQVDV� ���
� � 0DU\�%HWK�7UXELWW

,Q�%HWZHHQ�7ZR�:RUOGV��3DVW�3HUVSHFWLYHV�RQ�WKH�1HRVKR�3KDVH��$�'������������� ���
� 3DLJH�)RUG

$Q�$QFHVWUDO�&DGGR�6LWH����&6�����RQ�WKH�6XOSKXU�5LYHU�DW�/DNH�:ULJKW� ���
3DWPDQ��&DVV�&RXQW\��7H[DV
� -XOLDQ��'UHZ��6LWWHUV�DQG�7LPRWK\�.��3HUWWXOD

&XUUHQW�5HVHDUFK

'LVFRYHU\�DQG�5HFRYHU\�RI�D���WK�&HQWXU\�'XJRXW�&DQRH�RQ�WKH� ���
5HG�5LYHU��&DGGR�3DULVK��/RXLVLDQD
� -HIIUH\�6��*LUDUG�DQG�&KDUOHV�5��0F*LPVH\

2UJDQLF�5HVLGXHV�RQ�(QJUDYHG�9HVVHOV�IURP�$QFHVWUDO�&DGGR�6LWHV�LQ�(DVW�7H[DV� ���
� 7LPRWK\�.��3HUWWXOD

5HQHZLQJ�5HVHDUFK�RQ�+ROPDQ�6SULQJV���69�����D�&DGGR�6DOWZRUNV�LQ�:HVWHUQ�$UNDQVDV� ���
� &DUO�*��'UH[OHU�DQG�)LRQD�0��7D\ORU

%XLOGLQJ�D�&RUSXV�RI�&URFNHWW�&XUYLOLQHDU�,QFLVHG�9HVVHOV� ���
� 'XQFDQ�3��0F.LQQRQ

$UFKLYLQJ�RXU�+LVWRU\��3XEOLVKLQJ�5HVXOWV��&XUUHQW�5HVHDUFK�DW�WKH�$UNDQVDV� ���
$UFKHRORJLFDO�6XUYH\¶V�+HQGHUVRQ�6WDWH�8QLYHUVLW\�5HVHDUFK�6WDWLRQ
� 0DU\�%HWK�7UXELWW

$QDO\VLV�RI�FHUDPLF�YHVVHO�UHVLGXHV�IURP�WKH�:DVKLQJWRQ�6TXDUH�0RXQG�6LWH����1$���� ���
IRU�HYLGHQFH�RI�SH\RWH�XVH�E\�WKH�&DGGR�LQ�WKH���WK���WK�FHQWXULHV�$�'�
� 7LPRWK\�.��3HUWWXOD�DQG�0DUWLQ�7HUU\

6SLUR�DQG�&DGGRDQ�&RQQHFWLRQV�RQ�WKH�1RUWKHUQ�)URQWLHU�RI�6RXWKZHVW�0LVVRXUL�� ���
� -DFN�+��5D\

5HSRUWV

$EVWUDFWV�IURP�WKH������&DGGR�&RQIHUHQFH�LQ�,GDEHO��2NODKRPD� ���
� $PDQGD�/��5HJQLHU

&$''2�$5&+(2/2*<�-2851$/
9ROXPH���������

&217(176
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7KH�FXUUHQW�YROXPH�FRQWDLQV�VHYHUDO�IXOO�OHQJWK�DUWLFOHV��
VKRUW�FXUUHQW�UHSRUWV�RI�UHVHDUFK��DQG�D�UHSRUW�RI������
DFWLYLWLHV�IURP�WKH�&DGGR�&RQIHUHQFH�

7KH�UHFHQW�DGGLWLRQ�RI�WKH�&XUUHQW�5HVHDUFK�KDV�EHHQ�
ZHOO�UHFHLYHG�DQG�VHYHUDO�FRQWULEXWLRQV�DUH�LQFOXGHG�LQ�
WKLV�YROXPH��&RQWULEXWLRQV�WR�WKLV�VHFWLRQ�ZHUH�FRPSLOHG�
E\�7LPRWK\�.��3HUWWXOD�DQG�UHSUHVHQW�VRPH�RI�WKH�FXUUHQW�
SURMHFWV�RI�&DGGR�UHVHDUFKHUV�

,�DP�JUDWHIXO�WR�UHYLHZHUV�ZKR�DOORFDWHG�WLPH�DQG�HIIRUW�
WR�UHYLHZ�WKH�DUWLFOHV�LQ�WKH�FXUUHQW�YROXPH�DQG�,�ORRN�
IRUZDUG�WR�VXEPLVVLRQV�IRU�WKH�QH[W�YROXPH�

'XQFDQ�3��0F.LQQRQ��(GLWRU

7KH�&DGGR�$UFKHRORJ\�-RXUQDO�LV�GHYRWHG�WR�WKH�
DQWKURSRORJ\��KLVWRU\��JHRJUDSK\��DQG�FXUUHQW�DFWLYLWLHV�
RI�WKH�&DGGR�1DWLRQ��DQ�$PHULFDQ�,QGLDQ�JURXS�ZLWK�D�
KLVWRULFDO�UDQJH�FRYHULQJ�WKH�IRXU�VWDWH�DUHD�RI�7H[DV��
/RXLVLDQD��$UNDQVDV��DQG�2NODKRPD��7KH�&DGGR�
$UFKHRORJ\�-RXUQDO�EHJDQ�DV�WKH�&DGGRDQ�$UFKHRORJ\�
1HZVOHWWHU�LQ������DQG�LQ������WKH�QDPH�FKDQJHG�WR�
VLPSO\�&DGGRDQ�$UFKHRORJ\��,Q������WKH�QDPH�RI�WKH�
MRXUQDO�ZDV�FKDQJHG�WR�&DGGRDQ�$UFKHRORJ\�-RXUQDO��
DQG�LQ������WKH�QDPH�ZDV�FKDQJHG�DJDLQ�WR�&DGGR�
$UFKHRORJ\�-RXUQDO��

7LPRWK\�.��3HUWWXOD�ZDV�IRXQGHU�DQG�HGLWRU�IURP������
XQWLO������ZKHQ�/RLV�$OEHUW�EHFDPH�HGLWRU��3HUWWXOD�
UHVXPHG�KLV�HGLWRULDO�UROH�LQ������XQWLO�*HRUJH�$��
$YHU\�EHFDPH�HGLWRU�LQ�������'XQFDQ�3��0F.LQQRQ�LV�
WKH�FXUUHQW�HGLWRU�EHJLQQLQJ�LQ�������6WHSKHQ�)��$XVWLQ�
6WDWH�8QLYHUVLW\�LV�FXUUHQWO\�SXEOLVKLQJ�WKH�MRXUQDO��7KH�
&DGGR�$UFKHRORJ\�-RXUQDO�LV�SXEOLVKHG�RQFH�D�\HDU�LQ�
WKH�6SULQJ�

0HPEHUV�RI�WKH�&DGGR�&RQIHUHQFH�2UJDQL]DWLRQ�UHFHLYH�
D�FRS\�RI�WKH�MRXUQDO�DQG�DFFHVV�WR�GLJLWDO�FRSLHV�RQ�
WKH�&DGGR�&RQIHUHQFH�2UJDQL]DWLRQ�ZHEVLWH��KWWS���
ZZZ�FDGGRFRQIHUHQFH�RUJ����3ULQW�EDFNRUGHUV�FDQ�EH�
RUGHUHG�E\�FRQWDFWLQJ�WKH�MRXUQDO�HGLWRU�RU�DW�WKH�&DGGR�
&RQIHUHQFH�2UJDQL]DWLRQ�PHHWLQJ�
7KH�&DGGR�$UFKDHRORJ\�-RXUQDO�SXEOLVKHV�

�� $UWLFOHV�GLUHFWO\�UHODWHG�WR�WKH�LQWHUSUHWDWLRQ�DQG�
HYDOXDWLRQ�RI�&DGGR�DUFKHRORJ\�DQG�KLVWRU\�WKDW�
SURYLGH�UHOHYDQW�FRQVLGHUDWLRQ�RI�DQ�LVVXH�RU�
WKHRUHWLFDO�SRVLWLRQ�

�� 3UHOLPLQDU\��UHYLHZ��DQG�XSGDWHG�UHJLRQDO�
VXPPDULHV�RI�DQWKURSRORJLFDO�DQG�KLVWRULFDO�ZRUN�
FRQGXFWHG�ZLWKLQ�WKH�&DGGR�UHJLRQ�RU�KDV�OLQNDJHV�
WR�&DGGR�VWXGLHV�

�� 7HFKQLFDO�DQG�PHWKRGRORJLFDO�UHSRUWV�WKDW�DUH�
FRPSUHKHQVLEOH�WR�PRVW�UHDGHUV�DQG�SURYLGH�QHZ�
LQVLJKWV�LQWR�HYDOXDWLQJ�&DGGR�DUFKHRORJ\�

�� %RRN�UHYLHZV�UHODWHG�WR�&DGGR�SXEOLFDWLRQV�RQ�
KLVWRU\��JHRJUDSK\��HWKQRJUDSK\��DQWKURSRORJ\��DQG�
FXUUHQW�DFWLYLWLHV�RI�&DGGR�1DWLRQ�

,QIRUPDWLRQ�IRU�$XWKRUV

$UWLFOHV�VKRXOG�QRW�H[FHHG��������ZRUGV�LQ�OHQJWK��
LQFOXGLQJ�UHIHUHQFHV��5HSRUWV�VKRXOG�QRW�H[FHHG�������
ZRUGV�LQFOXGLQJ�UHIHUHQFHV�

3OHDVH�VXEPLW�WKH�IROORZLQJ�WR�GPFNLQQRQ#XFD�HGX
�� D�3')�¿OH�RI�WKH�FRPSOHWH�VXEPLVVLRQ��IROORZLQJ�

$PHULFDQ�$QWLTXLW\�VW\OH�
�� 25�D�:RUG�¿OH�FRQWDLQLQJ�WKH�FRPSOHWH�SDSHU��L�H���

LQFOXGLQJ�DEVWUDFW��WDEOHV�DQG�¿JXUHV�
�� 25�D�:RUG�¿OH�FRQWDLQLQJ�WKH�WH[W��UHIHUHQFHV��WDEOH�

DQG�¿JXUH�FDSWLRQV��SOXV�DQ�LQGLYLGXDO�¿OH�RI�HDFK�
¿JXUH������GSL��DQG�RU�WDEOH��([FHO�¿OH�RI�WDEOHV�LV�
SUHIHUUHG�

$IWHU�VXEPLVVLRQ��SDSHUV�ZLOO�EH�VHQW�RXW�WR�D�PLQLPXP�
RI�WZR�UHYLHZHUV��5HYLHZHU�FRPPHQWV�DUH�UHTXHVWHG�
ZLWKLQ����GD\V�

)URP�WKH�(GLWRU
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'RFXPHQWDWLRQ�DQG�DQDO\VLV�RI�FHUDPLF�YHVVHOV�LQ�WKH�-RLQW�(GXFDWLRQDO�&RQVRUWLXP¶V�+RGJHV�&ROOHFWLRQ�KDV�
IRFXVHG�RQ�UHFRQVWUXFWLQJ�JUDYH�ORWV�EDVHG�RQ�QRWHV�OHIW�E\�DPDWHXU�DUFKHRORJLVW�9HUH�+XGGOHVWRQ�LQ�WKH�����V�DQG�
����V��'HVSLWH�SUREOHPV�ZLWK�WKH�GDWD��ZH�FDQ�JOHDQ�XVHIXO�LQIRUPDWLRQ�IURP�WKLV�FROOHFWLRQ��+HUH��,�GHVFULEH�&DGGR�
SRWWHU\�DQG�RWKHU�DUWLIDFWV�LQ�JUDYH�ORWV�IURP�HLJKW�VLWHV�LQ�&ODUN�DQG�+RW�6SULQJ�FRXQWLHV�RI�ZHVW�FHQWUDO�$UNDQVDV��,�
WKHQ�RUGHU�WKH�JUDYH�ORWV�LQ�WLPH�EDVHG�RQ�VW\OLVWLF�DQG�WHFKQRORJLFDO�FKDUDFWHULVWLFV��VHULDWLRQ��WR�UH¿QH�WKH�FHUDPLF�
FKURQRORJ\�RI�WKH�0LGGOH�2XDFKLWD�5LYHU�YDOOH\�DQG�FRPSDUH�PRUWXDU\�DVVHPEODJHV�WKURXJK�WLPH�DQG�DFURVV�VSDFH���

0DU\�%HWK�7UXELWW
$UNDQVDV�$UFKHRORJLFDO�6XUYH\��+68�5HVHDUFK�6WDWLRQ

&DGGR�3RWWHU\�IURP�(LJKW�6LWHV�LQ�WKH�0LGGOH�2XDFKLWD�
5LYHU�9DOOH\

,QWURGXFWLRQ

7KH�-RLQW�(GXFDWLRQDO�&RQVRUWLXP��-(&��RI�+HQGHUVRQ�
6WDWH�8QLYHUVLW\�DQG�2XDFKLWD�%DSWLVW�8QLYHUVLW\�
RZQV�D�PDMRU�FROOHFWLRQ�RI�1DWLYH�$PHULFDQ�DUWLIDFWV�
DFFXPXODWHG�LQ�WKH�����V�DQG�����V�E\�7KRPDV�DQG�
&KDUORWWH�+RGJHV�IURP�DUFKHRORJLFDO�VLWHV�QHDU�WKHLU�
KRPH�LQ�%LVPDUFN��$UNDQVDV��6LQFH�WKH�-(&�DFTXLUHG�
WKH�+RGJHV�&ROOHFWLRQ�LQ�������DUFKHRORJLVWV�DW�WKH�
$UNDQVDV�$UFKHRORJLFDO�6XUYH\¶V�UHVHDUFK�VWDWLRQ�DW�
+HQGHUVRQ�6WDWH�8QLYHUVLW\��$5$6�+68��KDYH�FXUDWHG��
UHVHDUFKHG��H[KLELWHG��DQG�LQWHUSUHWHG�WKH�FROOHFWLRQ��
7KLV�DUWLFOH�FRQWLQXHV�RXU�HIIRUWV�WR�GRFXPHQW�DUWLIDFWV�
LQ�WKLV�FROOHFWLRQ�DQG�SXEOLVK�RXU�UHVHDUFK�UHVXOWV��(DUO\�
������������7UXELWW�����D������E��������7UXELWW�DQG�
(YDQV�������
� 7KRPDV�DQG�&KDUORWWH�+RGJHV��DORQJ�ZLWK�9HUH�
+XGGOHVWRQ��5REHUW�3URFWRU��DQG�&KDUOHV�5LFKDUGVRQ�
LQ�$UNDGHOSKLD��ZHUH�FROOHFWRUV�DQG�DPDWHXUV�DFWLYH�
LQ�WKH�GHYHORSPHQW�RI�&DGGR�$UHD�DUFKHRORJ\�LQ�WKH�
PLG�WZHQWLHWK�FHQWXU\��*LUDUG�HW�DO��������������7KH�
+RGJHVHV�SXUFKDVHG�+XGGOHVWRQ¶V�FROOHFWLRQ�RI�DERXW�
��������SLHFHV�RI�SRWWHU\�DQG�RWKHU�DUWLIDFWV�DIWHU�KLV�
GHDWK�LQ�������+RGJHV�DQG�+RGJHV��������,QFOXGHG�
ZLWK�WKH�FROOHFWLRQ�ZHUH�KLV�QRWHERRNV�DQG�PDQXVFULSWV��
6LQFH�+XGGOHVWRQ�NHSW�VRPHZKDW�EHWWHU�UHFRUGV�RI�WKH�
SURYHQLHQFH�RI�DUWLIDFWV�WKDQ�WKH�RWKHUV��ZH�KDYH�EHHQ�
DEOH�WR�UHFRQVWUXFW�JUDYH�ORWV�KH�GXJ�DW�D�QXPEHU�RI�VLWHV�
LQ�&ODUN�DQG�+RW�6SULQJ�FRXQWLHV��LQFOXGLQJ�(DVW�3ODFH��
�&/����7UXELWW�DQG�(YDQV�������
� )URP�D�UHVHDUFK�VWDQGSRLQW��JUDYH�ORWV�
SURYLGH�LQIRUPDWLRQ�DERXW�PRUWXDU\�RIIHULQJV�DQG�VHWV�
RI�DUWLIDFWV�WKDW�ZHUH�GHSRVLWHG�FRQWHPSRUDQHRXVO\��

HYHQ�LI�WKH\�ZHUH�QRW�QHFHVVDULO\�DOO�PDGH�RU�XVHG�DW�
WKH�VDPH�WLPH�RU�LQ�WKH�VDPH�ORFDOLW\��*URXSLQJ�DQG�
RUGHULQJ�JUDYH�ORWV�EDVHG�RQ�VLPLODULWLHV�LQ�DUWLIDFW�
VW\OHV��VHULDWLRQ��LV�D�WLPH�WHVWHG�DUFKHRORJLFDO�PHWKRG�
RI�EXLOGLQJ�D�FKURQRORJLFDO�VHTXHQFH�DQG�KDV�EHHQ�
XVHG�DV�VXFK�LQ�WKH�0LGGOH�2XDFKLWD�5LYHU�YDOOH\��)RU�
H[DPSOH��LQ�KLV������GLVVHUWDWLRQ�)UDQN�6FKDPEDFK�
���������������UHGH¿QHG�WKH�0LG�2XDFKLWD�SKDVH�EDVHG�
RQ�¿YH�FHUDPLF�ORWV�IURP�JUDYHV�DQG�VSHFLDO�GHSRVLWV�
SUHYLRXVO\�H[FDYDWHG�DW�WKH�0HDQV���+6���VLWH��$QQ�
(DUO\��������GH¿QHG�DGGLWLRQDO�SKDVHV�IRU�WKH�0LGGOH�
2XDFKLWD�5LYHU�YDOOH\�EDVHG�RQ�JUDYH�ORW�VHULDWLRQ�
IURP�VDOYDJH�H[FDYDWLRQV�DW�+DUGPDQ���&/�����LQ�
DGYDQFH�RI�KLJKZD\�FRQVWUXFWLRQ��+HU�GH¿QLWLRQV�RI�WKH�
(DVW��$�'���������������0LG�2XDFKLWD��$�'��������
�������6RFLDO�+LOO��$�'��������������DQG�'HFHLSHU�
�$�'��������������SKDVHV�IRUP�RXU�FXUUHQW�UHJLRQDO�
FKURQRORJLFDO�IUDPHZRUN�IRU�WKH�&DGGR�SHULRG��(DUO\�
����������D������E������F������G��
� ,Q�WKLV�VWXG\��,�GHVFULEH�FHUDPLF�YHVVHOV�DQG�
RWKHU�DUWLIDFWV�IURP�JUDYH�ORWV�GXJ�E\�9HUH�+XGGOHVWRQ�
IURP�HLJKW�DUFKHRORJLFDO�VLWHV�QHDU�WKH�FRQÀXHQFH�RI�WKH�
&DGGR�DQG�2XDFKLWD�ULYHUV�LQ�ZHVW�FHQWUDO�$UNDQVDV��
'RFXPHQWDWLRQ�RI�YHVVHOV�DQG�H[DPLQDWLRQ�RI�ROG�
UHFRUGV�IURP�WKHVH�VLWHV�KDV�EHHQ�SDUW�RI�$5$6�+68�
HIIRUWV�WR�DGYLVH�WKH�-(&�DQG�WKH�&DGGR�1DWLRQ�LQ�WKHLU�
RQJRLQJ�FRQVXOWDWLRQV�DERXW�WKH�+RGJHV�&ROOHFWLRQ��,Q�
������WKH�-(&�WUDQVIHUUHG�KXPDQ�UHPDLQV�DQG�DVVRFLDWHG�
IXQHUDU\�REMHFWV�LGHQWL¿HG�LQ�WKH�+RGJHV�&ROOHFWLRQ�
WR�WKH�$5$6�&RRUGLQDWLQJ�2I¿FH�LQ�)D\HWWHYLOOH�IRU�
LQYHQWRU\�DQG�QRWL¿FDWLRQV�DV�UHTXLUHG�XQGHU�WKH�1DWLYH�
$PHULFDQ�*UDYHV�3URWHFWLRQ�DQG�5HSDWULDWLRQ�$FW�
�1$*35$���0DWHULDOV�IURP�IRXU�RI�WKH�VLWHV�GLVFXVVHG�
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KHUH��/RZHU�0HDGRU���+6����8SSHU�0HDGRU���+6����
6WDQIRUG���&/����DQG�5LFKDUGVRQ���&/����ZHUH�SDUW�RI�
WKDW�WUDQVIHU��DQG�WKLV�GRFXPHQWDWLRQ�ZLOO�FRQWULEXWH�WR�
WKH�1$*35$�QRWL¿FDWLRQV�IRU�WKRVH�VLWHV�

+XGGOHVWRQ¶V�:RUN�DW�(LJKW�6LWHV

9HUH�+XGGOHVWRQ¶V�UHFRUGV�GHVFULEH�KLV�ZRUN�EHWZHHQ�
�����DQG������DW�HLJKW�VLWHV�DORQJ�WKH�&DGGR�DQG�
2XDFKLWD�ULYHUV�LQ�&ODUN�DQG�+RW�6SULQJ�FRXQWLHV�
�)LJXUH�����1RZ�UHFRUGHG�DV�VHSDUDWH�DUFKHRORJLFDO�VLWHV��
VHYHUDO�RI�WKHVH�ZHUH�FORVH�HQRXJK�LQ�VSDFH�DQG�WLPH�
WR�KDYH�EHHQ�SDUW�RI�WKH�VDPH�DQFHVWUDO�&DGGR�,QGLDQ�
FRPPXQLWLHV��+XGGOHVWRQ�GHVFULEHG�7ULJJ���&/����DQG�
&RRN���&/����DV�DERXW�KDOI�PLOH������NP��DSDUW��ZKLOH�
8SSHU�0HDGRU�RU�8SSHU�0HDGRZ���+6����DQG�$VKE\�
��+6�����ZHUH�TXDUWHU�PLOH������NP��DSDUW��6WDQIRUG�
��&/�����5LFKDUGVRQ���&/�����DQG�5RULH���&/����ZHUH�

ZLWKLQ�KDOI�PLOH������NP��RI�HDFK�RWKHU��$OO�HLJKW�VLWHV�
DUH�VLWXDWHG�LQ�DQ�DUHD�RI�DERXW���VTXDUH�PLOHV�������
VTXDUH�NP��
� +XGGOHVWRQ�DQG�WKH�RWKHU�DPDWHXUV�ZHUH�QRW�
VNLOOHG�H[FDYDWRUV��QRU�ZHUH�WKH\�V\VWHPDWLF�LQ�WKHLU�
QRWHWDNLQJ��7KHUH�DUH�YHVVHOV�GHVFULEHG�EXW�PLVVLQJ�
IURP�WKH�-(&�+RGJHV�&ROOHFWLRQ��HLWKHU�EHFDXVH�
+XGGOHVWRQ�GLG�QRW�FROOHFW�SRWV�WKDW�ZHUH�WRR�IUDJPHQWHG�
WR�UHFRQVWUXFW��RU�EHFDXVH�³¿QGV´�ZHUH�VRPHWLPHV�
GLYLGHG�EHWZHHQ�WKH�SHRSOH�LQ�WKH�JURXS�RQ�D�JLYHQ�
GD\��+XGGOHVWRQ�NHSW�D�QXPEHUHG�OLVW�RI�ORFDWLRQV�KH�
YLVLWHG��,Q�������KH�GHVFULEHG�WKH�JUDYHV�KH�SUREHG�DQG�
GXJ��VRPHWLPHV�ZLWK�VNHWFKHV�VKRZLQJ�SRVLWLRQLQJ�RI�
JUDYH�JRRGV��+H�JDYH�FDWDORJ�QXPEHUV��IURP���LQWR�
WKH����V��WR�DUWLIDFWV�KH�VDYHG�IURP�JUDYHV��KH��"��ODWHU�
UH�QXPEHUHG�WKHVH�DUWLIDFWV������V�WR�����V��DQG�LQNHG�
WKHVH�QXPEHUV�RQ�WKH�YHVVHOV�WKHPVHOYHV��7KH�LQNHG�
QXPEHUV�DUH�QRW�LQ�VHTXHQFH�ZLWK�GDWHV�RI�KLV�VLWH�YLVLWV��

)LJXUH����/RFDWLRQ�RI�VLWHV�LQ�WKLV�VWXG\�DQG�RWKHU�VLWHV�LQ�VRXWKZHVW�$UNDQVDV�PHQWLRQHG�LQ�WKH�WH[W��EDVH�PDS��$UF*,6�:RUOG�
,PDJHU\��(65,�������
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)RU�VRPH�RI�WKHVH�DUWLIDFWV��WKHUH�DUH�FDWDORJ�FDUGV�ZLWK�
GHVFULSWLRQV��PHDVXUHPHQWV��DQG�VNHWFKHV��EXW�ZH�GR�QRW�
KDYH�D�VXUYLYLQJ�FDWDORJ�
� ,Q�������3KLOLS�3KLOOLSV��WKHQ�¿QLVKLQJ�KLV�
+DUYDUG�8QLYHUVLW\�GLVVHUWDWLRQ�RQ�0LVVLVVLSSL�5LYHU�
YDOOH\�DUFKHRORJ\��PDGH�D�VXUYH\�RI�VLWHV�LQ�WKH�2XDFKLWD�
5LYHU�YDOOH\��+H�SKRWRJUDSKHG�YHVVHOV�LQ�WKH�FROOHFWLRQV�
RI�7KRPDV�DQG�&KDUORWWH�+RGJHV�DQG�9HUH�+XGGOHVWRQ�
DW�WKDW�WLPH��WKHUH�LV�RQO\�D�SDVVLQJ�PHQWLRQ�RI�WKLV�
UHJLRQ�LQ�KLV�GLVVHUWDWLRQ�>3KLOOLSV���������@���$IWHU�WKH�
-(&�DFTXLUHG�WKH�+RGJHV�&ROOHFWLRQ�LQ�������$QQ�(DUO\�
XVHG�FRSLHV�RI�WKH�3KLOOLSV�SKRWRJUDSKV�DQG�SKRWR�FDUGV�
�RQ�¿OH�DW�$5$6�+68��WR�LGHQWLI\�WKH�SURYHQLHQFHV�RI�
PDQ\�RI�WKHVH�YHVVHOV�DQG�OLQN�+XGGOHVWRQ¶V�ORFDWLRQV�WR�
UHFRUGHG�DUFKHRORJLFDO�VLWHV�
� +XGGOHVWRQ¶V�QXPEHULQJ�V\VWHP�FKDQJHG�LQ�
������DV�D�UHVXOW�RI�KLV�FRQYHUVDWLRQV�ZLWK�3KLOOLSV"��
DQG�WKHUH�ZDV�D�QHZ�VHTXHQFH�RI�QXPEHUV�LQ�WKH�QRWHV�
DQG�RQ�WKH�SRWV�WKHPVHOYHV������V�VHULHV��LQ�VHTXHQFH�
E\�H[FDYDWLRQ�GDWH���$W�VRPH�SRLQW�+XGGOHVWRQ�DOVR�
PLPHRJUDSKHG�D�VNHWFK�RI�D�KXPDQ�VNHOHWRQ�DQG�DGGHG�
QRUWK�DUURZV��DUWLIDFW�SODFHPHQW�VNHWFKHV�QXPEHUV�
QRWHV��DQG�VLWH�JUDYH�QXPEHUV�E\�KDQG�GXULQJ�KLV�VLWH�
YLVLWV��$�W\SHVFULSW�GHVFULEHV�VLWHV��JUDYHV��DQG�DUWLIDFWV�
LOOXVWUDWHG�LQ�VRPH�LQVWDQFHV�ZLWK�3KLOOLSV¶V������SKRWRV�
�FRSLHV�RI�+XGGOHVWRQ¶V�QRWHERRNV�DUH�RQ�¿OH�DW�$5$6�
+68���/DFNLQJ�IURP�+XGGOHVWRQ¶V�QRWHV��DQG�WKRVH�RI�
KLV�FRQWHPSRUDULHV��DUH�PDSV�RI�WKH�VLWHV�WKHPVHOYHV�RU�
WKH�VSDWLDO�DUUDQJHPHQW�RI�JUDYHV�UHODWLYH�WR�RWKHU�VLWH�
IHDWXUHV��:KLOH�WKH�+RGJHVHV�OHIW�D�KDQGZULWWHQ�FDWDORJ�
ZLWK�GHVFULSWLRQV�RI�DUWLIDFWV��YHU\�IHZ�VNHWFK�PDSV�KDYH�
EHHQ�IRXQG�LQ�HLWKHU�WKH�+RGJHV��RU�+XGGOHVWRQ��QRWHV�
� 9HVVHOV�DQG�RWKHU�DUWLIDFWV�LQ�WKH�-(&�+RGJHV�
&ROOHFWLRQ�ZHUH�DFFHVVLRQHG�LQ�������$5$6�DFFHVVLRQ�
QXPEHU�������DQG�FRGHG�ZLWK�QXPEHUV�UHSUHVHQWLQJ�VLWH�
DQG�REMHFW��H�J��������ZKHUH���FRGHV�IRU�VLWH��+6���DQG���
FRGHV�IRU�D�VSHFL¿F�DUWLIDFW�IURP�WKDW�VLWH��

7ULJJ���&/����DQG�&RRN���&/���

7ZR�JUDYHV�ZHUH�GXJ�DW�7ULJJ�3ODFH�RU�7ULJJV�0RXQG�
��&/����E\�+XGGOHVWRQ��KLV�VLWH�����ZLWK�IHOORZ�
DPDWHXU�'U��5LWFKLH�LQ�)HEUXDU\�������+XGGOHVWRQ¶V�
QRWHV�GHVFULEHG�D�PRXQG�DW�7ULJJ�DV�³DERXW�¿IWHHQ�IHHW�
KLJK�DQG�FRQH�VKDSHG�´�+H�LQGLFDWHG�WKDW�5LWFKLH�KDG�
GXJ�WKHUH�SUHYLRXVO\��YHVVHOV�IURP�VHYHUDO�FROOHFWRUV�

IRUP�SDUW�RI�+HQGHUVRQ�6WDWH�8QLYHUVLW\�>+68@�
0XVHXP�FROOHFWLRQV�IURP��&/�����+H�DOVR�PHQWLRQHG�
WKDW�7ULJJ�KDG�EHHQ�YLVLWHG�³E\�D�6PLWKVRQLDQ�,QVWLWXWH�
UHSUHVHQWDWLYH´��WKLV�ZRXOG�KDYH�EHHQ�(GZDUG�3DOPHU�LQ�
�����>-HWHU��������������@���ULYHU�RYHUÀRZ�DQG�HURVLRQ�
KDG�DOUHDG\�LPSDFWHG�7ULJJ�E\�WKLV�WLPH��7KRPDV�
�����������7KUHH�YHVVHOV�LQ�WKH�-(&�+RGJHV�&ROOHFWLRQ�
FDQ�EH�OLQNHG�WR�+XGGOHVWRQ¶V�ZRUN�DW�7ULJJ�����������
7DEOH����
� &RRN�3ODFH�RU�&RRN�)DUP���&/����ZDV�
GHVFULEHG�DV�³D�VPDOO�ULVH�DOPRVW�LQ�WKH�FHQWHU�RI�WKH�
¿HOG´�ZKHUH�³>W@KH�JUDYHV�DUH�VKDOORZ�IURP����WR�
���LQ�GHHS�DQG�DOO�SURQH�IDFLQJ�ZHVW´�DW�WKH�WLPH�RI�
+XGGOHVWRQ¶V�YLVLWV�LQ�$SULO�������VLWH����LQ�KLV�QRWHV���
+XGGOHVWRQ�GXJ�¿YH�JUDYHV�DW�WKH�VLWH��DFFRPSDQLHG�
RQ�GLIIHUHQW�GD\V�E\�'U��5LWFKLH��&ODUD�-R\FH��'U��
:KDOH\��³:�6�´�DQG�³'XE´��+XGGOHVWRQ�RFFDVLRQDOO\�
PDGH�QRWHV�DERXW�WKH�JUDYHV�GXJ�E\�WKH�RWKHUV���+68�
0XVHXP�FROOHFWLRQV�LQFOXGH����YHVVHOV�IURP�:KDOH\¶V��
3URFWRU¶V��DQG�5LFKDUGVRQ¶V�HIIRUWV�DW�WKH�VLWH��$�WRWDO�
RI����YHVVHOV�LQ�WKH�-(&�+RGJHV�&ROOHFWLRQ��DQG�RQH�
YHVVHO�LQ�+68�0XVHXP�FROOHFWLRQV��KDYH�EHHQ�LGHQWL¿HG�
WR�+XGGOHVWRQ¶V�¿YH�JUDYH�ORWV�IURP�&RRN����������
7DEOH�����
� 7ULJJ�DQG�&RRN�DUH�UHFRUGHG�LQ�WKH�$UNDQVDV�
VLWH�¿OH�GDWDEDVH��EXW�ZLWK�LPSUHFLVH�ORFDWLRQV��1HLWKHU�
KDV�EHHQ�YLVLWHG�E\�SURIHVVLRQDO�DUFKHRORJLVWV�LQ�WKH�
PRGHUQ�HUD�

8SSHU�0HDGRU���+6����DQG�$VKE\���+6����

+XGGOHVWRQ¶V�WULSV�WR�8SSHU�0HDGRU�RU�8SSHU�0HDGRZ�
��+6����KLV�VLWH���RU��D��WRRN�SODFH�EHWZHHQ������DQG�
������%XULDOV�ZHUH�GXJ�LQ�WKH�PRXQG��GHVFULEHG�DV�
³XSSHU�PRXQG´��E\�+XGGOHVWRQ��DV�ZHOO�DV�E\�3URFWRU�
DQG�5LFKDUGVRQ�����RI�ZKLFK�DUH�LQFOXGHG�LQ�+68�
0XVHXP�FROOHFWLRQV���+XGGOHVWRQ�GHVFULEHG�VHYHQ�
JUDYHV��$�WRWDO�RI����YHVVHOV�DQG�HLJKW�DUURZ�SRLQWV�LQ�
WKH�-(&�+RGJHV�&ROOHFWLRQ����������7DEOH����KDYH�EHHQ�
OLQNHG�WR�WKHVH�JUDYHV�DQG�DQRWKHU�YHVVHO�IURP�RQH�RI�
WKH�+XGGOHVWRQ�JUDYHV�LV�LQ�+68�0XVHXP�FROOHFWLRQV��
+XPDQ�UHPDLQV��LGHQWL¿HG�DV�³0HDGRZ´���SRVVLEO\�
IURP��+6����KDYH�EHHQ�WUDQVIHUUHG�WR�)D\HWWHYLOOH�IRU�
1$*35$�GRFXPHQWDWLRQ�
� +XGGOHVWRQ�YLVLWHG�$VKE\�)DUP�RU�$VKE\�
0RXQG���+6�����KLV�VLWH�����DQG�GHVFULEHG�WKH�VLWH�DV�³D�
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VPDOO�PRXQG�DERXW����IW�DFURVV�DQG���IW�KLJK�´�,Q�0D\�
������KH�GXJ�RQH�JUDYH�DQG�UHFRYHUHG�¿YH�YHVVHOV�����
������7DEOH�����+XGGOHVWRQ¶V�QRWHV�LQGLFDWH�WKDW�³0U��&�
DQG�0U�3URFWRU´�KDG�YLVLWHG�WKH�VLWH�SUHYLRXVO\��DQG�
WKHUH�DUH�WZR�SRWV�IURP�3URFWRU�DWWULEXWHG�WR�WKLV�VLWH�LQ�
+68�0XVHXP�FROOHFWLRQV��
� $�ORZ�PRXQG�ZDV�QRWHG�DW�8SSHU�0HDGRU�ZKHQ�
LW�ZDV�¿UVW�UHFRUGHG�LQWR�WKH�$UNDQVDV�VLWH�¿OH�GDWDEDVH�
LQ�������$GGLWLRQDO�FROOHFWRU�GLJJLQJ�DW�WKH�VLWH�LQ�WKH�
����V�XQFRYHUHG�DGGLWLRQDO�EXULDOV��7KH�VLWH�ZDV�ODVW�
YLVLWHG�E\�$5$6�+68�DUFKHRORJLVWV�LQ�������1R�PRXQG�
ZDV�PHQWLRQHG�RQ�WKH�VLWH�IRUP�DW�WKDW�WLPH��$VKE\�LV�
NQRZQ�RQO\�IURP�+XGGOHVWRQ�DQG�3URFWRU�QRWHV�DQG�
KDV�QRW�EHHQ�YLVLWHG�E\�SURIHVVLRQDO�DUFKHRORJLVWV�LQ�WKH�
PRGHUQ�HUD�

/RZHU�0HDGRU���+6���

+XGGOHVWRQ¶V�WULSV�WR�/RZHU�0HDGRU�RU�0LGGOH�0HDGRZ�
��+6����KLV�VLWH����WRRN�SODFH�EHWZHHQ������DQG�������
DQG�KH�ZDV�RIWHQ�DFFRPSDQLHG�E\�3URFWRU��5LFKDUGVRQ��
³:6�´�DQG�³5LFKDUG�´�,Q�KLV�W\SHVFULSW��KH�GHVFULEHG�
WKH�VLWH�DV�³D�ZRUNVKRS��IRXU�EXULDO�PRXQGV�DQG�DW�OHDVW�
WKUHH�KRXVH�PRXQGV�´�EXW�KH�VHHPV�WR�KDYH�IRFXVHG�RQ�
RQH�PRXQG��7KH�¿UVW�EXULDO�KH�GXJ��LQ�0DUFK�������ZDV�
D�JUDYH�ZLWK�WZR�FKLOGUHQ�DQG�DQ�DGXOW��DQG�KH�ODWHU�GXJ�
DGGLWLRQDO�FKLOG�JUDYHV�DW�WKH�VLWH��+LV�QRWHV�RQ�WKH����
JUDYHV�KH�GXJ�DUH�IDLUO\�GHWDLOHG��DQG�WKHUH�LV�KXPDQ�
ERQH�LQ�WKH�-(&�+RGJHV�&ROOHFWLRQ�OLQNHG�ZLWK�QLQH�
�HLJKW�ZLWK�DUWLIDFWV��RI�WKHVH�JUDYHV��%XULDO�����GXJ�LQ�
-XQH�������ZDV�³WKH�GHHSHVW�JUDYH�,�HYHU�RSHQHG����IHHW�
WR�ERWWRP�RI�JUDYH�WKH�VWUDWD�ZDV�DERXW�DV�IROORZV´��KLV�
VNHWFK�LQGLFDWHV����LQFKHV�RI�³NLWFKHQ�PLGGHQ´�RYHU�
���LQFKHV�RI�³PLGGHQ�DQG�FOD\�PL[HG´�RYHU�D����LQFK�
VWUDWXP�RI�³PLQJOHG>"@�FOD\´�FRQWDLQLQJ�WKH�EXULDO��
DERYH�XQGLVWXUEHG�FOD\���,Q�KLV�W\SHVFULSW��+XGGOHVWRQ�
UHFRJQL]HG�WKUHH�W\SHV�RI�EXULDOV�DW�WKH�VLWH�

7KHUH�ZHUH�VHYHUDO�YHU\�VKDOORZ�RQHV�RQ�WRS�
RI�WKH�PRXQG��7KH�SRWWHU\�LQ�WKHVH�LV�W\SLFDOO\�
PDUNHU�W\SH�&DGGR��YHU\�KDUG�DQG�SROLVKHG��
ZLWK�VRPH�H[DPSOHV�RI�WKH�¿QHVW�HQJUDYLQJ�ZH�
KDYH�HYHU�WDNHQ�RXW��,Q�WKH�ÀDWV��MXVW�VRXWK�RI�
WKH�PRXQG�DQG�PRVWO\�LQ�PLGGHQ��ZDV�D�OD\HU�RI�
JUDYHV�DERXW����WR����LQFKHV�GHHS��RI�DERXW�WKH�
VDPH�W\SH��«�1HDUO\�DOO�RI�WKH�SRWWHU\�ZDV�VKHOO�

WHPSHUHG��«�$�WKLUG�OHYHO�RI�EXULDOV�ZDV�PXFK�
GHHSHU�DQG�MXVW�ZLWKLQ�WKH�RULJLQDO�VRLO��7KHVH�
JUDYHV�ZHUH�LQ�WKH�ÀDW�DUHD�MXVW�VRXWK�RI�WKH�
PRXQG�DQG�IURP�IRXU�WR�VL[�IHHW�GHHS��$OO�WKHVH�
JUDYHV�ZHUH�ULFK�LQ�SRWWHU\��RQH�RU�WZR�KDYLQJ�
DV�PDQ\�DV�HOHYHQ�SLHFHV�LQ�WKHP��7KH�SRWWHU\�
ZDV�GLIIHUHQW�LQ�GHFRUDWLRQ�DQG�WHPSHULQJ��0RVW�
RI�LW�EHLQJ�VDQG�RU�JULW�WHPSHU�>+XGGOHVWRQ�
QRWHV��RQ�¿OH�$5$6�+68@�

� $�WRWDO�RI����YHVVHOV�����VKHOO�EHDGV��IRXU�DUURZ�
SRLQWV��WKUHH�ERQH�SRLQWV��RQH�ERQH�DZO��RQH�FHOW��RQH�
PXVVHO�VKHOO��RQH�DQLPDO�ERQH��DQG�RQH�SLSH�LQ�WKH�-(&�
+RGJHV�&ROOHFWLRQ�KDYH�EHHQ�OLQNHG�ZLWK����+XGGOHVWRQ�
JUDYHV�IURP�/RZHU�0HDGRU����������7DEOH�����7KHUH�DUH�
DOVR�VHYHQ�YHVVHOV�IURP�+RGJHV¶V�H[FDYDWLRQV�DW�WKLV�
VLWH�
� %\�WKH�WLPH�/RZHU�0HDGRU�ZDV�UHFRUGHG�LQWR�
WKH�$UNDQVDV�VLWH�¿OH�GDWDEDVH�LQ�������WKH�ODQGRZQHU�
KDG�EXOOGR]HG�D�PRXQG�DQG�OHYHOHG�WKH�VXUIDFH�RI�
WKH�VLWH��7KHUH�ZDV�DGGLWLRQDO�DPDWHXU�GLJJLQJ�WKDW�
XQFRYHUHG�KXPDQ�UHPDLQV�DW�WKH�VLWH�LQ�������$�YLVLW�
WR�WKH�VLWH�DW�WKDW�WLPH�E\�DQ�$5$6�+68�DUFKHRORJLVW�
FRQ¿UPHG�WKH�ORFDWLRQ�RI��+6���DQG�VHYHUDO�QHDUE\�
VLWHV���+6�����+6�����&ROOHFWRU�GLJJLQJ�XQFRYHUHG�
DGGLWLRQDO�JUDYHV�ZLWK�&DGGR�SHULRG�PDWHULDOV�DW�
�+6����VHH�0F.LQQRQ���������������DQG�D�ODUJH�
PRXQG�KDV�EHHQ�QRWHG�DW��+6����UDLVLQJ�WKH�SRVVLELOLW\�
WKDW�+XGGOHVWRQ�LQFOXGHG�WKLV�ODUJHU�VLWH�FOXVWHU�LQ�KLV�
GHVFULSWLRQ�RI�PXOWLSOH�PRXQGV�DW�/RZHU�0HDGRZ�

6WDQIRUG���&/�����5LFKDUGVRQ���&/�����DQG�5RULH�
��&/���

+XGGOHVWRQ¶V�ZRUN�DW�WKH�6WDQIRUG�)DUP�RU�6WDQIRUG�
3ODFH���&/����KLV�VLWH����WRRN�SODFH�EHWZHHQ�0D\������
DQG�)HEUXDU\�������7KH�JUDYHV�KH�GXJ�WKHUH�ZHUH�LQ�D�
PRXQG�³DERXW�����IW�DFURVV�DQG�URXQG�«�WKH�KLJKHVW�
HOHYDWLRQ�ZDV�RQO\�DERXW���WR���IW�DERYH�WKH�VXUURXQGLQJ�
JURXQG�´�2Q�VHYHUDO�RI�KLV�YLVLWV�KH�PHQWLRQV�JUDYHV�GXJ�
E\�0U��3URFWRU�DQG�0U��5LFKDUGVRQ�����YHVVHOV�LQ�+68�
0XVHXP�FROOHFWLRQV�DUH�DWWULEXWHG�WR�WKH�6WDQIRUG�VLWH���
+XGGOHVWRQ¶V�GUDIW�PDQXVFULSW�PHQWLRQV�WKH�ODUJH�PRXQG�
ZLWK�QXPHURXV�EXULDOV�DV�ZHOO�DV�³D�VPDOO�KRXVH�PRXQG�
DQG�D�PLGGHQ�VLWH��FRYHULQJ�DERXW�WKUHH�IRXUWKV�DFUH�´
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� %DVHG�RQ�KLV�QRWHV��+XGGOHVWRQ�GXJ����JUDYHV�
DW�6WDQIRUG�����YHVVHOV�IURP����RI�WKHVH�JUDYHV�KDYH�
EHHQ�LGHQWL¿HG�LQ�WKH�-(&�+RGJHV�&ROOHFWLRQ����������
7DEOH�����DORQJ�ZLWK�WZR�YHVVHOV�LQ�+68�0XVHXP�
FROOHFWLRQV�DQG�RQH�YHVVHO�³IURP�6WDQIRUG�PRXQG�´�
7KHUH�LV�KXPDQ�ERQH�LQ�WKLV�FROOHFWLRQ��ZKLFK�FRXOG�EH�
IURP�+XGGOHVWRQ¶V�%XULDO����LW�LV�ODEHOHG�������RU�IURP�
%XULDO�����IURP�ZKLFK�KH�NHSW�WKH�VNXOO��
� +XGGOHVWRQ�GHVFULEHG�WKH�5LFKDUGVRQ�)DUP�
RU�5LFKDUGVRQ�3ODFH���&/����KLV�VLWH�����DV�³D�VPDOO�
PRXQG�SHUKDSV���´�KLJK�DQG�DERXW���¶�LQ�FLUFXPIHUHQFH��
7KHUH�LV�GHHS�PLGGHQ�RQ�WKH�HDVW�VLGH�DQG�PLGGHQ�UHIXVH�
LV�VFDWWHUHG�RYHU�D�FRQVLGHUDEOH�DUHD�´�+XGGOHVWRQ�GXJ�
DW�OHDVW�HLJKW�JUDYHV�KHUH�EHWZHHQ�1RYHPEHU������DQG�
0DUFK�������+H�ZDV�DFFRPSDQLHG�E\�³0U��&KDUOLH�´�
5LFKDUGVRQ��DQG�³0U��3URFWRU´��5REHUW�3URFWRU���DQG�
PHQWLRQHG�WKDW�³'U��+RUWRQ�DQG�KLV�FUHZ´��3KLOLS�
+RUWRQ��ZHUH�WKHUH�DW�VRPH�SRLQW�DV�ZHOO��+68�0XVHXP�
FROOHFWLRQV�LQFOXGH����YHVVHOV�IURP��&/���FROOHFWHG�
E\�+RUWRQ��3URFWRU��DQG�2��:KDOH\���+XGGOHVWRQ�QRWHG�
WKDW�*UDYH����ZDV�LVRODWHG�IURP�WKH�PDLQ�FOXVWHU�RI����
���"��JUDYHV�GXJ�E\�WKH�JURXS��+XGGOHVWRQ¶V�UHFRUG�IURP�
WKLV�VLWH�LQFOXGH�VRPH�YHVVHO�FDWDORJ�FDUGV�DQG�QRWHV��
SURYLGLQJ�GHVFULSWLRQV�RI�WKH�JUDYHV�KH�GXJ�DV�ZHOO�DV�
VRPH�PHQWLRQ�RI�WKRVH�GXJ�E\�WKH�RWKHUV�
� 7KHUH�DUH����YHVVHOV�DQG�WZR�HDUVSRROV�LQ�
WKH�-(&�+RGJHV�&ROOHFWLRQ�WKDW�FDQ�EH�OLQNHG�WR�VL[�
+XGGOHVWRQ�JUDYH�ORWV�IURP�5LFKDUGVRQ����������
7DEOH�����RQH�RWKHU�YHVVHO�LV�IURP�XQNQRZQ�FRQWH[W���
)RXU�RI�+XGGOHVWRQ¶V�JUDYHV��WKUHH�ZLWK�DUWLIDFWV��KDYH�
KXPDQ�ERQH�LQ�WKH�-(&�+RGJHV�&ROOHFWLRQ��DQG�WKHVH�
KDYH�EHHQ�WUDQVIHUUHG�WR�$5$6�&2�IRU�1$*35$�
GRFXPHQWDWLRQ�
� +XGGOHVWRQ¶V�H[FDYDWLRQV�DW�³D�VPDOO�PRXQG�
RQ�WKH�3DXO�5RULH�SODFH´���&/����KLV�VLWH����WRRN�SODFH�
EHWZHHQ������DQG�������+H�QRWHG�DW�KLV�¿UVW�YLVLW�LQ�
1RYHPEHU������WKDW�WKH�³PRXQG�KDG�EHHQ�DOPRVW�
WRWDOO\�ZUHFNHG�E\�RWKHU�SRW�KXQWHUV�´�2Q�KLV�ODVW�YLVLW�
LQ�)HEUXDU\�������KH�PHQWLRQHG�DFFRPSDQ\LQJ�3URFWRU�
DQG�5LFKDUGVRQ��+68�0XVHXP�FROOHFWLRQV�LQFOXGHV����
YHVVHOV�DWWULEXWHG�WR�3URFWRU¶V�H[FDYDWLRQV�DW�5RULH���
+XGGOHVWRQ¶V�W\SHVFULSW�GHVFULEHV�³WKUHH�PRXQGV��WZR�
VPDOO�DQG�RQH�ODUJH�RQH��$FURVV�D�VPDOO�EUDQFK�WR�WKH�
ZHVW�LV�D�ODUJH�YLOODJH�VLWH��:RUN�VKRS�UHIXVH�DQG�VKHUGV�
FRYHU�WZR�RU�WKUHH�DFUHV�´

� )URP�5RULH��+XGGOHVWRQ�GHVFULEHG����JUDYHV�
�SOXV�DQRWKHU�GXJ�E\�³0U�&KDUOLH´���$�WRWDO�RI����YHVVHOV�
FDQ�EH�OLQNHG�ZLWK����RI�WKHVH�JUDYHV����������7DEOH����
FRQWH[W�LV�XQFOHDU�IRU�DQRWKHU�VL[�YHVVHOV���0RVW�RI�WKHVH�
JUDYH�ORWV�DUH�LQFRPSOHWH�
� 7KH�$UNDQVDV�VLWH�¿OH�GDWDEDVH�IRU�6WDQIRUG�
��&/����LQFOXGHV�QRWHV�RQ�FROOHFWRU�GLJJLQJ�LQ�WKH�
����V��$�YLVLW�E\�$5$6�+68�DUFKHRORJLVWV�LQ������
FRQ¿UPHG�LWV�ORFDWLRQ�DQG�DGGHG�D�:RRGODQG�SHULRG�
FRPSRQHQW�WR�WKH�UHFRUG�EDVHG�RQ�D�VXUIDFH�FROOHFWLRQ��
5LFKDUGVRQ���&/����LV�UHFRUGHG�LQ�WKH�$UNDQVDV�
VLWH�¿OH�GDWDEDVH�ZLWK�DQ�LPSUHFLVH�ORFDWLRQ�DQG�KDV�
QRW�EHHQ�YLVLWHG�E\�SURIHVVLRQDO�DUFKHRORJLVWV�LQ�WKH�
PRGHUQ�HUD��,Q�������$5$6�+68�DUFKHRORJLVWV�YLVLWHG�
5RULH���&/����DQG�QRWHG�WKDW�WKH�PRXQGV�GHVFULEHG�
E\�+XGGOHVWRQ�KDG�EHHQ�OHYHOHG��$Q�H[WHQVLYH�VXUIDFH�
VFDWWHU��FD������[�����P��UHPDLQHG�ZLWK�GLDJQRVWLF�
DUWLIDFWV�LQGLFDWLQJ�PDWHULDOV�IURP�WKH�/DWH�$UFKDLF��
:RRGODQG��DQG�&DGGR�SHULRGV��,Q�������,�DQG�D�WHDP�RI�
YROXQWHHUV�UHFRUGHG�SDWFKHV�RI�EXUQHG�VRLO��SRVW�VWDLQV��
PLGGHQ�GHEULV��DQG�KXPDQ�UHPDLQV�IROORZLQJ�ODQG�
OHYHOLQJ�DW�5RULH��7UXELWW��������6RPH�RI�WKHVH�IHDWXUHV�
FRXOG�LQGLFDWH�WKH�ORFDWLRQV�RI�WKH�WZR�VPDOOHU�PRXQGV�

9HVVHO�$QDO\VLV�DQG�*UDYH�/RW�6HULDWLRQ

7KH�FHUDPLF�YHVVHOV�IURP�WKHVH�HLJKW�VLWHV�KDYH�EHHQ�
GRFXPHQWHG�XVLQJ�D�SURWRFRO�¿UVW�GHYHORSHG�E\�$QQ�
(DUO\�IRU�XVH�RQ�+68�0XVHXP�YHVVHO�FROOHFWLRQV�DQG�
XSGDWHG�E\�(DUO\�DQG�E\�/HVOLH�:DONHU���������$W�WKH�
$5$6�+68�UHVHDUFK�VWDWLRQ�ODE��ZH�UHFRUGHG�DWWULEXWHV�
RI�IRUP�DQG�VKDSH��SDVWH�DQG�WHPSHU��PHDVXUHPHQWV��
GHFRUDWLYH�WUHDWPHQW��HYLGHQFH�RI�XVH��DV�ZHOO�DV�
SURYHQLHQFH��VHH�$SSHQGL[��
� $�WRWDO�RI�����YHVVHOV�KDV�EHHQ�GRFXPHQWHG�
IURP�WKH�HLJKW�VLWHV�LQ�WKLV�VWXG\��2I�WKHVH�����
�����SHUFHQW��DUH�ERWWOHV���������SHUFHQW��DUH�ERZOV�
�FDULQDWHG�ERZOV��VLPSOH�ERZOV��DQG�EHDNHUV������
�����SHUFHQW��DUH�MDUV��ERWK�WDOO�ULP�DQG�VKRUW�ULP�
MDUV���DQG������SHUFHQW��DUH�VHHG�MDUV��%RWWOHV�DQG�VHHG�
MDUV�KDYH�VPDOO�RUL¿FH�GLDPHWHUV�WKDW�ZRXOG�KDYH�
UHVWULFWHG�DFFHVV�WR�FRQWHQWV��ZKLOH�ERZOV�DQG�MDUV�KDYH�
ODUJHU�RUL¿FH�GLDPHWHUV�DOORZLQJ�XQUHVWULFWHG�DFFHVV�
WR�YHVVHO�FRQWHQWV��$OO�EXW�WZR�RI�WKH�MDUV�DQG�ERZOV�
KDYH�RUL¿FH�GLDPHWHUV�OHVV�WKDQ����FP��)LJXUH�����7KH�
ODUJHU�VL]H�FDWHJRU\�IRXQG�LQ�GRPHVWLF�FRQWH[WV��H�J���LQ�
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7DEOH����5
HFRQVWUXFWHG�*

UDYH�/RWV�IURP
�+
XGGOHVWRQ¶V�([FDYDWLRQV�DW�/RZ
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6����



�ĆĉĉĔ��ėĈčĊĔđĔČĞ�
ĔĚėēĆđ���������Ȉ���������ͳ͵



ͳͶ������Ȉ������������͸Ϳǡ�͸ͶͷͿ

7DEOH����5
HFRQVWUXFWHG�*

UDYH�/RWV�IURP
�+
XGGOHVWRQ¶V�([FDYDWLRQV�DW�6WDQIRUG���&

/�����5
LFKDUGVRQ���&

/�����DQG�5
RULH���&
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7DEOH���FRQWLQXHG��5
HFRQVWUXFWHG�*

UDYH�/RWV�IURP
�+
XGGOHVWRQ¶V�([FDYDWLRQV�DW�6WDQIRUG���&

/�����5
LFKDUGVRQ���&

/�����DQG�5
RULH���&

/����
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WKH�5HG�5LYHU�YDOOH\�>.HOOH\��������@��LV�UDUH�LQ�WKLV�
PRUWXDU\�DVVHPEODJH��$�UHODWLYHO\�UHFHQW�DGGLWLRQ�WR�
RXU�GRFXPHQWDWLRQ�SURWRFRO�ZDV�YHVVHO�YROXPH��VHH�
3HUWWXOD�HW�DO���������2YHU�KDOI�RI�WKH�PHDVXUHG�YHVVHOV�
����RI�����RU����SHUFHQW��ZHUH�����/�RU�VPDOOHU��ZLWK�
RQO\�VHYHQ�YHVVHOV�ODUJHU�WKDQ�����/��6RPH�RI�WKH�YHVVHOV�
VKRZ�HYLGHQFH�RI�SULRU�XVH��6RRWLQJ��FKDUUHG�UHVLGXHV��
RU�EODFNHQLQJ�LV�GHVFULEHG�RQ����SHUFHQW��Q ����RI�WKH�
MDUV�DQG����SHUFHQW�RI�WKH�ERZOV��Q ���LQ�WKLV�VDPSOH��
7ZR�ERWWOHV�ZLWK�EURNHQ�QHFNV�VKRZ�VRPH�HYLGHQFH�RI�
VPRRWKLQJ�DW�WKH�EUHDNV��SHUKDSV�IRU�UHXVH�DV�VHHG�MDUV�
� 2I�WKH�����YHVVHOV�����YHVVHOV�����SHUFHQW��
DUH�WHPSHUHG�ZLWK�JURJ��FUXVKHG�SRWVKHUGV�RU�GULHG�
FOD\����������SHUFHQW��ZLWK�FUXVKHG�PXVVHO�VKHOO�����
����SHUFHQW��ZLWK�D�PL[WXUH�RI�VKHOO�DQG�JURJ��DQG������
SHUFHQW��ZLWK�D�PL[WXUH�RI�VKHOO�DQG�ERQH�RU�JURJ��VKHOO��
DQG�ERQH��2I�WKH�WRWDO����������SHUFHQW��DUH�GHFRUDWHG��
ZKLOH��������SHUFHQW��DUH�SODLQ��'HFRUDWLYH�WUHDWPHQWV�
WR�YHVVHO�ULP�DQG�ERG\�ZHUH�FRGHG�XVLQJ�WKH�GHVFULSWLYH�
RU�³FROOHJLDWH´�V\VWHP��H�J���(DUO\�������.HOOH\�������
5ROLQJVRQ�DQG�6FKDPEDFK�������6FKDPEDFK�DQG�0LOOHU�
�������0DMRU�FDWHJRULHV�RI�GHFRUDWLRQ�DUH�GLIIHUHQWLDWHG�
DV�FODVVHV��LQFLVLQJ��&ODVV�$�DQG�%��SXQFWDWLRQV��&ODVV�
&��EUXVKLQJ��&ODVV�'��HQJUDYLQJ��&ODVV�(��VWDPSLQJ��
&ODVV�)��VOLSSHG�VXUIDFHV��&ODVV�*��DQG�DSSOLTXHV��
&ODVV�+���ZLWK�QDPHG�SDWWHUQV�DQG�QXPEHUHG�GHVLJQ�
YDULDWLRQV�ZLWKLQ�HDFK�SDWWHUQ��'HFRUDWHG�ULPV�DQG�
ERGLHV�RI�FRGHG�YHVVHOV�ZHUH�PDLQO\�LQFLVHG�����SHUFHQW�
RI�ULP�GHFRUDWLRQV�����SHUFHQW�RI�ERG\�GHFRUDWLRQV���
HQJUDYHG�����SHUFHQW�RI�ULP�GHFRUDWLRQV�����SHUFHQW�RI�
ERG\�GHFRUDWLRQV���DQG�SXQFWDWHG�����SHUFHQW�RI�ULP�
GHFRUDWLRQV����SHUFHQW�RI�ERG\�GHFRUDWLRQV���6XUIDFH�
WUHDWPHQW�DQG�GHFRUDWLRQ�KDYH�EHHQ�XVHG�WR�FDWHJRUL]H�
YHVVHOV�WR�UHFRJQL]HG�W\SHV��ZLWK�WHPSHU�DV�D�VHFRQGDU\�
FRQVLGHUDWLRQ��7\SH��DQG�YDULHW\��QDPHV�IROORZ�(DUO\�
�����������������D���.HOOH\���������3KLOOLSV���������
6FKDPEDFK�DQG�0LOOHU���������6XKP�DQG�-HONV���������
DQG�:RRG���������)ULHQGVKLS�(QJUDYHG��)RVWHU�7UDLOHG�
,QFLVHG��.HQR�7UDLOHG��+RGJHV�(QJUDYHG��0LOLWDU\�5RDG�
,QFLVHG��DQG�6DQGIRUG�3XQFWDWHG�ZHUH�WKH�PRVW�IUHTXHQW�
W\SHV�UHFRUGHG��7DEOH�����
� 8VLQJ�SXEOLVKHG�LQIRUPDWLRQ�RQ�WKH�WHPSRUDO�
GLVWULEXWLRQ�RI�&DGGR�FHUDPLF�W\SHV�IURP�+DUGPDQ�
�(DUO\�������DQG�RWKHU�VLWHV�LQ�WKH�UHJLRQ��DV�ZHOO�DV�GDWD�
RQ�WKH�YHVVHOV�ZLWKLQ�HDFK�JUDYH�ORW�DQG�VLWH��D�FHUDPLF�
VHULDWLRQ�ZDV�FUHDWHG��$�VLPSOL¿HG�YHUVLRQ��WKDW�GRHV�QRW�

LQFOXGH�DOO�WKH�YHVVHOV��RI�WKH�JUDYH�ORW�VHULDWLRQ�IRU�WKH�
HLJKW�VLWHV�LV�VKRZQ�LQ�7DEOH����:KLOH�VRPH�YHVVHOV�PD\�
KDYH�EHHQ�FXUDWHG�RU�KHLUORRPHG��LW�LV�OLNHO\�WKDW�PRVW�RI�
WKH�YHVVHOV�DQG�RWKHU�REMHFWV�SODFHG�LQ�D�JUDYH�ZHUH�LQ�
XVH�DW�WKH�VDPH�WLPH�
� ,Q�WKH�0LGGOH�2XDFKLWD�5LYHU�YDOOH\��JURJ�
WHPSHU�ZDV�FRPPRQ�WKURXJKRXW�WKH�&DGGR�SHULRG��
EXW�PXVVHO�VKHOO�DSSHDUV�DV�D�WHPSHU�GXULQJ�WKH�0LG�
2XDFKLWD�SKDVH��EHJLQQLQJ�LQ�WKH�ODWH�����V�WR�HDUO\�
����V��(DUO\�������3HUWWXOD�HW�DO���������$�VHW�RI�

7DEOH����/LVWLQJ�RI�9HVVHOV�E\�7\SH�

)LJXUH����6L]H�GLVWULEXWLRQ�RI�ERWWOHV��ERZOV��MDUV��DQG�VHHG�MDUV�
XVLQJ�YHVVHO�RUL¿FH�GLDPHWHUV��



�ĆĉĉĔ��ėĈčĊĔđĔČĞ�
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7DEOH����*UDYH�/RW�6HULDWLRQ�XVLQJ�&HUDPLF�9HVVHOV�
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HDUO\�0LG�2XDFKLWD�SKDVH��RU�WUDQVLWLRQDO�(DVW���0LG�
2XDFKLWD�SKDVHV��JUDYH�ORWV�KDG�RQO\�JURJ�WHPSHUHG�
YHVVHOV��DV�ZHOO�DV�HDUO\�W\SHV�VXFK�DV�D�ERWWOH�HQJUDYHG�
ZLWK�D�&URFNHWW�&XUYLOLQHDU�,QFLVHG�GHVLJQ��D�6LQQHU�
/LQHDU�3XQFWDWH�MDU��DQG�+HPSVWHDG�(QJUDYHG�ERZOV��
DORQJ�ZLWK�PRUH�FRPPRQ�0LG�2XDFKLWD�SKDVH�W\SHV��
VXFK�DV�0LOLWDU\�5RDG�,QFLVHG�MDUV�DQG�)ULHQGVKLS�
(QJUDYHG�FDULQDWHG�ERZOV��)LJXUH�����(DVW�,QFLVHG��D�
FKDUDFWHULVWLF�(DVW�SKDVH�W\SH��ZDV�QRW�SUHVHQW��6LQQHU�
/LQHDU�3XQFWDWHG�DQG�)ULHQGVKLS�(QJUDYHG�YHVVHOV�
ZHUH�IRXQG�LQ�WKH�VDPH�JUDYH�ORW�DW�)HUJXVRQ���+(����
DV�ZHOO��&KRZGKXU\��������3ODLQ�DQG�HQJUDYHG�VHHG�
MDUV��:DWHUPHORQ�,VODQG�VHHG�MDUV�>+RGJHV�DQG�+RGJHV�
����@��ZHUH�FKDUDFWHULVWLF�RI�0LG�2XDFKLWD�SKDVH�JUDYH�
ORWV�DW�WKH�VLWHV�LQ�WKLV�VWXG\�
� )HZ�%ODNHO\�(QJUDYHG�ERWWOHV��HLWKHU�YDU��
%ODNHO\�ZLWK�GLDJRQDO�OLQHV�RU�YDU��:LWKHUVSRRQ�ZLWK�
YHUWLFDO�OLQHV��(DUO\����������+RGJHV�DQG�+RGJHV�
������ZHUH�IRXQG�DW�WKHVH�VLWHV��$W�+DUGPDQ��D�%ODNHO\�
(QJUDYHG�YDU��:LWKHUVSRRQ�ERWWOH�ZDV�IRXQG�LQ�D�
WHUPLQDO�0LG�2XDFKLWD�SKDVH�JUDYH�ZLWK�)ULHQGVKLS�
(QJUDYHG�YDU��)UHHPDQ��*DUODQG�(QJUDYHG��+DUGPDQ�
(QJUDYHG��DQG�&RRN�(QJUDYHG�ERZOV��D�%HOFKHU�
(QJUDYHG�DQG�D�SODLQ�ERWWOH��DQG�D�&DQH\�3XQFWDWHG�
MDU��(DUO\����������������+HUH��D�%ODNHO\�(QJUDYHG�
YDU��%ODNHO\�ERWWOH�ZDV�IRXQG�LQ�D�ODWH�0LG�2XDFKLWD�
WR�6RFLDO�+LOO�SKDVH�JUDYH�ORW�IURP�6WDQIRUG�ZLWK�D�
0HDQV�(QJUDYHG�HI¿J\�ERZO�DQG�DQ�XQW\SHG�HQJUDYHG�
ERZO��7UXELWW������)LJXUH�����%ODNHO\�(QJUDYHG�YDU��
:LWKHUVSRRQ�ERWWOHV�ZHUH�IRXQG�LQ�JUDYH�ORWV�IURP�7ULJJ�
�ZLWK�DQ�XQW\SHG�LQFLVHG�MDU��DQG�$VKE\��)LJXUH����ZLWK�
D�6DQGIRUG�3XQFWDWHG�ERZO��D�)RVWHU�7UDLOHG�,QFLVHG�MDU��
DQG�WZR�XQW\SHG�LQFLVHG�MDUV���WKH�ODWWHU�W\SHV�XVHG�DV�
6RFLDO�+LOO�SKDVH�PDUNHUV�
� )RVWHU�7UDLOHG�,QFLVHG�MDUV�DQG�.HQR�7UDLOHG�
ERWWOHV��HDFK�VKRZLQJ�D�UDQJH�RI�SDWWHUQV�DQG�GHVLJQV��
ZHUH�IRXQG�LQ�6RFLDO�+LOO�SKDVH�JUDYH�ORWV��ZLWK�VRPH�
YDULDQWV�H[WHQGLQJ�LQWR�WKH�'HFHLSHU�SKDVH��6DQGIRUG�
3XQFWDWHG��D�ERZO�IRUP�IRXQG�DW�2XDFKLWD�0RXQWDLQV�
VLWHV��6WDUU�������:RRG��������LV�UHSUHVHQWHG�E\�VL[�
YHVVHOV�LQ�WKH�-(&�+RGJHV�&ROOHFWLRQ��,W�PD\�UHSODFH�
&RRN�(QJUDYHG�DV�D�ERZO�IRUP�ODWHU�LQ�WKH�6RFLDO�+LOO�
SKDVH��+RGJHV�(QJUDYHG�ERWWOHV�DQG�ERZOV�ZHUH�XVHG�
LQ�WKH�VHULDWLRQ�DV�'HFHLSHU�SKDVH�PDUNHUV��DORQJ�ZLWK�
.DUQDFN�%UXVKHG�,QFLVHG�DQG�'H5RFKH�,QFLVHG�MDUV�
�)LJXUH�����7\SHV�VXFK�DV�%HOFKHU�(QJUDYHG�DQG�2OG�

7RZQ�5HG�FRQWLQXH�WKH�WUHQG�RI�SRWWHU\�W\SHV�FRPLQJ�
IURP�RXWVLGH�WKH�UHJLRQ�GXULQJ�WKH�'HFHLSHU�SKDVH��D�
WUHQG�LGHQWL¿HG�DW�+DUGPDQ��(DUO\������������������
� %RWWOH�VKDSHV�FOHDUO\�FKDQJHG�WKURXJK�WLPH�
DQG�PD\�YDU\�ZLWKLQ�D�GHFRUDWLYH�W\SH�DV�ZHOO��)LJXUH����
VKRZV�H[DPSOHV�RI�WKH�FKDQJH�IURP�ERWWOHV�ZLWK�
LQVORSLQJ�QHFNV��HDUO\�0LG�2XDFKLWD�SKDVH��WR�YHUWLFDO�
QHFNV�ZLWK�VOLJKWO\�HYHUWHG�OLSV��0LG�2XDFKLWD�SKDVH���WR�
EXOERXV�QHFNV�ZLWK�HYHUWHG�OLSV�RU�³VSRRO´�VKDSH��6RFLDO�
+LOO�DQG�'HFHLSHU�SKDVHV���WR�WKH�³VSRRO´�QHFN�VHHQ�LQ�
VRPH�'HFHLSHU�SKDVH�ERWWOHV�
� $W�+DUGPDQ��(DUO\�������7DEOH�����IRXQG�
D�VKLIW�LQ�YHVVHO�IRUPV�XVHG�LQ�JUDYH�ORWV�WKURXJK�
WLPH��(DUOLHU�JUDYH�ORWV��0LG�2XDFKLWD�SKDVH��KDG�D�
SUHGRPLQDQFH�RI�FDULQDWHG�ERZOV�UHODWLYH�WR�ERWWOHV��
ZKLOH�ODWHU�JUDYH�ORWV��6RFLDO�+LOO�DQG�'HFHLSHU�SKDVHV��
KDG�D�SUHGRPLQDQFH�RI�ERWWOHV�UHODWLYH�WR�FDULQDWHG�
ERZOV��7KLV�SDWWHUQ�LV�DOVR�VHHQ�LQ�WKH�DQDO\]HG�YHVVHOV�
IURP�JUDYH�ORWV�LQ�WKLV�VWXG\��)LJXUH�����DOWKRXJK�WKHUH�
LV�QRW�DV�JUHDW�D�GLIIHUHQFH�KHUH��SHUKDSV�EHFDXVH�VRPH�
YHVVHOV�IURP�+XGGOHVWRQ�JUDYH�ORWV�ZHUH�QRW�FROOHFWHG�RU�
KDYH�QRW�EHHQ�LGHQWL¿HG�LQ�GRFXPHQWHG�FROOHFWLRQV�

2WKHU�$UWLIDFWV

6HYHUDO�RI�WKH�+XGGOHVWRQ�JUDYH�ORWV�KDG�REMHFWV�RWKHU�
WKDQ�FHUDPLF�YHVVHOV��7KH�IHZ�DUURZ�SRLQWV�FDPH�IURP�
JUDYH�ORWV�LGHQWL¿HG�DV�6RFLDO�+LOO�RU�'HFHLSHU�SKDVH�
GHSRVLWV��)URP�8SSHU�0HDGRU�%XULDO����ZHUH�VHYHQ�
DUURZ�SRLQWV��)LJXUH����RQH�W\SHG�DV�%DVVHWW��WKUHH�ZLWK�
VLGH�QRWFKHV�DQG�LQFXUYHG�EDVHV�W\SHG�DV�0DXG�YDU��
+RSSHU��WZR�ZLWK�VOLJKW�VLGH�QRWFKHV�DQG�VWUDLJKW�EDVHV�
W\SHG�DV�0DXG�RU�:DVKLWD��DQG�RQH�WULDQJXODU�0DXG�
YDU��0DXG�RU�)UHVQR�7DOFR�SRLQW�ZLWK�VHUUDWHG�EODGH�
HGJHV�DQG�VWUDLJKW�WR�VOLJKWO\�LQFXUYHG�EDVH���0RVW�ZHUH�
PDGH�XVLQJ�QRYDFXOLWH��8SSHU�0HDGRU�%XULDO���KDG�D�
*DU\�YDU��&DPGHQ�NQLIH�PDGH�XVLQJ�QRYDFXOLWH��/RZHU�
0HDGRU�%XULDO���KDG�IRXU�QRYDFXOLWH�DUURZ�SRLQWV��DOO�
RI�GLIIHUHQW�W\SHV��D�VPDOO�FRQWUDFWLQJ�VWHPPHG�*DU\�
YDU��&DPGHQ�SRLQW��D�FRUQHU�QRWFKHG�:RPEOH�SRLQW��D�
0DXG�YDU��0DXG�SRLQW��DQG�D�%DVVHWW�SRLQW���7KLV�JUDYH�
DOVR�FRQWDLQHG�WKUHH�SROLVKHG�DQG�VRFNHWHG�DQWOHU�RU�
ERQH�SRLQWV��DQG�DQ�XQPRGL¿HG"�¿VK"�ERQH���6LPLODU�
SRLQW�W\SHV�DUH�IRXQG�LQ�/DWH�&DGGR�SHULRG�FRQWH[WV�DW�
VLWHV�HOVHZKHUH�LQ�VRXWKZHVW�$UNDQVDV��(DUO\�������.D\�
�������*DU\�YDU��&DPGHQ�SRLQWV��6FKDPEDFK�������PD\�



�ĆĉĉĔ��ėĈčĊĔđĔČĞ�
ĔĚėēĆđ���������Ȉ���������ʹͳ

)LJXUH����&HUDPLF�YHVVHOV�IURP�DQ�HDUO\�0LG�2XDFKLWD�SKDVH�JUDYH�ORW��5RULH�*UDYH�����������������������������ZLWK�0LOLWDU\�5RDG�
,QFLVHG�MDUV��+HPSVWHDG�(QJUDYHG�ERZOV��DQG�D�ERWWOH�HQJUDYHG�ZLWK�D�GHVLJQ�VLPLODU�WR�&URFNHWW�&XUYLOLQHDU�,QFLVHG�

)LJXUH����&HUDPLF�YHVVHOV�IURP�D�6RFLDO�+LOO�SKDVH�JUDYH�ORW��$VKE\�%XULDO����������������������������ZLWK�D�)RVWHU�7UDLOHG�,QFLVHG�
DQG�WZR�XQW\SHG�LQFLVHG�MDUV��D�6DQGIRUG�3XQFWDWHG�ERZO��DQG�D�%ODNHO\�(QJUDYHG�YDU��:LWKHUVSRRQ�ERWWOH�
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)LJXUH����&HUDPLF�YHVVHOV�IURP�D�'HFHLSHU�SKDVH�JUDYH�ORW��/RZHU�0HDGRU�%XULDO����������������������������ZLWK�D�+RGJHV�(QJUDYHG�
YDU��+RGJHV�ERWWOH�DQG�YDU��1L[�ERZO��D�0RXQG�7UDFW�,QFLVHG�%UXVKHG�MDU��DQG�D�ODUJH�VKHUG�IURP�D�.DUQDFN�%UXVKHG�,QFLVHG�YDU��
)LVK�%D\RX�MDU�

)LJXUH����&KDQJHV�LQ�ERWWOH�QHFN�VKDSH�WKURXJK�WLPH��ERWWOHV�DUH�QRW�DOO�VKRZQ�DW�WKH�VDPH�VFDOH��LQVWHDG��LPDJHV�ZHUH�UHVL]HG�WR�
NHHS�ERG\�KHLJKWV�FRQVLVWHQW��
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EH�KHLUORRPV�RU�WKH�W\SH�PD\�KDYH�EHHQ�LQ�XVH�DV�D�NQLIH�
ORQJ�DIWHU�WKH�:RRGODQG�SHULRG�
� $�ODUJH�SHWDORLG�FHOW�������FP�LQ�OHQJWK���
SHFNHG�DQG�SROLVKHG�IURP�¿QH�JUDLQHG�LJQHRXV�URFN��
FDPH�IURP�/RZHU�0HDGRU�%XULDO�����'LVF�EHDGV��Q ���
EHDGV�SOXV�IUDJPHQWV��RULJLQDOO\�FDWDORJXHG�DV����EHDGV��
RI�PDULQH�VKHOO��PRVW�OLNHO\�%XV\FRQ�VS���ZKHON��ZHUH�
IRXQG�LQ�/RZHU�0HDGRU�%XULDO����+XGGOHVWRQ�QRWHG�
WKH\�ZHUH�ZLWK�D�FKLOG¶V�VNHOHWRQ���0HDVXUDEOH�EHDGV�
UDQJHG�IURP����������PP�LQ�GLDPHWHU�����������PP�LQ�
OHQJWK��ZLWK���������PP�SHUIRUDWLRQV��0DULQH�VKHOO��
VKDSHG�LQWR�D�YDULHW\�RI�RUQDPHQWV�RU�FXW�IRU�XVH�DV�
FXSV��KDV�EHHQ�IRXQG�LQ�PRUWXDU\�FRQWH[WV�DFURVV�WKH�
&DGGR�$UHD��*LUDUG�HW�DO���������������$�GHHU�XOQD�DZO�
DQG�XQPRGL¿HG�IUHVKZDWHU�PXVVHO�VKHOO��0HJDORQDLDV�
QHUYRVD��ZDVKERDUG��ZDV�IRXQG�LQ�/RZHU�0HDGRU�
%XULDO�����$�FHUDPLF�SLSH�FDPH�IURP�/RZHU�0HDGRU�
%XULDO����,WV�ORRS�VW\OH�LV�FKDUDFWHULVWLF�RI�WKH�0LG�
2XDFKLWD�SKDVH��(DUO\�����E���7KH�LQGLYLGXDO�LQ�
5LFKDUGVRQ�*UDYH����ZDV�EXULHG�ZLWK�WZR�SXOOH\�VKDSHG�
XQSHUIRUDWHG�HDUVSRROV�PDGH�RI�FHUDPLF�WHPSHUHG�ZLWK�
¿QH�VKHOO�DQG�JURJ��7KHVH�HDUVSRROV�KDYH�VPRRWK�SODLQ�
RXWHU�DQG�LQQHU�IDFHV��DQG�LQQHU�ÀDQJHV�WKDW�DUH�RQO\�
VOLJKWO\�VPDOOHU�WKDQ�RXWHU�ÀDQJHV��LQQHU���������FP�
GLDPHWHU��RXWHU���������FP�GLDPHWHU���(DUVSRROV�IURP�
VLWHV�LQ�VRXWKZHVW�$UNDQVDV�ZHUH�PRUH�RIWHQ�PDGH�RI�
VWRQH�WKDQ�FHUDPLF��H�J���%RKDQQRQ�������(DUO\�������

'LVFXVVLRQ�DQG�&RQFOXVLRQV

%DVHG�RQ�+XGGOHVWRQ¶V�QRWHV�DQG�DQDO\VLV�RI�DUWLIDFWV�
IURP�JUDYH�ORWV�DW�7ULJJ�DQG�&RRN��8SSHU�0HDGRU�DQG�
WKH�QHDUE\�$VKE\�VLWH��/RZHU�0HDGRU�DQG�WKH�6WDQIRUG��
5LFKDUGVRQ��DQG�5RULH�VLWH�FOXVWHU�ZHUH�LQKDELWHG�DQG�
XVHG�IRU�FRPPXQLW\�EXULDOV�GXULQJ�WKH�0LG�2XDFKLWD��
6RFLDO�+LOO��DQG�'HFHLSHU�SKDVHV��$�'��������������
:KLOH�PRVW�RI�WKH�VLWHV�VKRZ�D�WHPSRUDO�UDQJH��PRUH�
RI�WKH�JUDYH�ORWV�IURP�6WDQIRUG��5LFKDUGVRQ��DQG�5RULH�
GDWHG�VW\OLVWLFDOO\�WR�WKH�0LG�2XDFKLWD�SKDVH��ZKLOH�WKH�
PDMRULW\�RI�JUDYH�ORWV�IURP�&RRN��8SSHU�0HDGRU�DQG�
$VKE\��DQG�/RZHU�0HDGRU�GDWHG�WR�WKH�6RFLDO�+LOO�DQG�
'HFHLSHU�SKDVHV��7DEOH�����
� ,Q�DOO��WKH�PDMRULW\�RI�WKH�JUDYH�ORWV�IURP�WKH�
HLJKW�VLWHV�����RI�����RU����SHUFHQW��ZHUH�DVVLJQHG�WR�
WKH�6RFLDO�+LOO�RU�'HFHLSHU�SKDVHV��$�'��������������,I�
ZH�VKLIW�RXU�YLHZ�IURP�WKH�PRUWXDU\�DVVHPEODJHV�WR�WKH�
FRPPXQLWLHV�OLYLQJ�LQ�WKH�0LGGOH�2XDFKLWD�5LYHU�YDOOH\�
LQ�WKH�SDVW��WKLV�LQGLFDWHV�D�SRSXORXV�UHJLRQ�GXULQJ�WKH�
6RFLDO�+LOO�DQG�'HFHLSHU�SKDVHV��RU��DOWHUQDWLYHO\��D�ODUJH�
QXPEHU�RI�GHDWKV�DW�WKLV�WLPH���7KH�0LGGOH�2XDFKLWD�
5LYHU�YDOOH\�ZDV�QRW�GHSRSXODWHG�IROORZLQJ�WKH�6SDQLVK�
H[SHGLWLRQ�RI�+HUQDQGR�GH�6RWR�LQ������������,QVWHDG��
WKH�PDMRU�FKDQJHV�FDPH�DW�WKH�EHJLQQLQJ�RI�WKH�����V�
�VHH�DOVR�3HUWWXOD������������6LWHV�ZHUH�DEDQGRQHG�DQG�
&DGGR�FRPPXQLWLHV�PRYHG�RXW�RI�WKH�DUHD��SUHVXPDEO\�
MRLQLQJ�UHODWHG�JURXSV�IXUWKHU�WR�WKH�VRXWK��$UFKHRORJLFDO�
HYLGHQFH�IRU�(XURSHDQ�PDGH�WUDGH�JRRGV�LV�ODFNLQJ�
IURP�VLWHV�LQ�WKH�0LGGOH�2XDFKLWD�5LYHU�YDOOH\��(DUO\�
����E���ZKHUHDV�+LVWRULF�&DGGR�VLWHV�FRQWLQXHG�LQWR�
WKH�HLJKWHHQWK�FHQWXU\�LQ�QRUWKZHVW�/RXLVLDQD�DQG�HDVW�

)LJXUH����7UHQGV� LQ� GHSRVLWLRQ�RI� ERWWOHV� DQG� FDULQDWHG�ERZOV�
LQ� HDUO\� �0LG�2XDFKLWD�SKDVH�� DQG� ODWH� �6RFLDO�+LOO��'HFHLSHU�
SKDVHV�� PRUWXDU\� DVVHPEODJHV�� FRPSDULQJ� DQDO\]HG� YHVVHOV�
+DUGPDQ��(DUO\������7DEOH�����ZLWK�WKH�HLJKW�VLWHV�LQ�WKLV�VWXG\��

)LJXUH����$UURZ�SRLQWV� IURP�6RFLDO�+LOO�SKDVH�8SSHU�0HDGRU�
%XULDO�;�RU��������������%DVVHWW��0DXG�YDU��+RSSHU��0DXG�RU�
:DVKLWD��DQG�0DXG�YDU��0DXG�RU�)UHVQR�7DOFR�SRLQW���



ʹͶ������Ȉ������������͸Ϳǡ�͸ͶͷͿ

7H[DV��*LUDUG�HW�DO����������������3HUWWXOD����������
������3HUKDSV�&DGGRV�LQ�WKH�0LGGOH�2XDFKLWD�5LYHU�
YDOOH\�PRYHG�VRXWKZDUG�WR�SDUWLFLSDWH�LQ�WUDGLQJ�
RSSRUWXQLWLHV�ZLWK�WKH�)UHQFK�DQG�6SDQLVK�FRORQLVWV�
� 7KLV�SDSHU�GHVFULEHV�FHUDPLF�YHVVHOV�DQG�RWKHU�
DUWLIDFWV�H[FDYDWHG�IURP�HLJKW�VLWHV�DORQJ�WKH�&DGGR�DQG�
2XDFKLWD�ULYHUV�LQ�WKH�YLFLQLW\�RI�$UNDGHOSKLD��$UNDQVDV�
E\�DPDWHXU�DUFKHRORJLVW�9HUH�+XGGOHVWRQ�EHWZHHQ������
DQG�������7KHVH�DUWLIDFWV�ODWHU�EHFDPH�SDUW�RI�WKH�-RLQW�
(GXFDWLRQDO�&RQVRUWLXP¶V��-(&��+RGJHV�&ROOHFWLRQ��
7KH�GRFXPHQWHG�DUWLIDFWV�VKRZ�WKDW�WKHVH�DUFKHRORJLFDO�
VLWHV���7ULJJ���&/����DQG�&RRN���&/�����8SSHU�0HDGRU�
��+6����DQG�$VKE\���+6������/RZHU�0HDGRU���+6�����
DQG�6WDQIRUG���&/�����5LFKDUGVRQ���&/�����DQG�5RULH�
��&/������ZHUH�DQFHVWUDO�&DGGR�,QGLDQ�FRPPXQLWLHV�
� %DVHG�RQ�+XGGOHVWRQ¶V�QRWHV�RQ�EXULDOV�KH�
GXJ�DW�WKHVH�VLWHV��ZH�FDQ�OLQN�DUWLIDFWV��DQG�LQ�VRPH�
FDVHV��KXPDQ�UHPDLQV��WR�VSHFL¿F�JUDYHV��$�WRWDO�RI�
����YHVVHOV�DQG����RWKHU�REMHFWV�����DUURZ�SRLQWV��D�
FHOW��D�SLSH��WZR�FHUDPLF�HDUVSRROV��DQG����ERQH�VKHOO�
DUWLIDFWV��LQ�WKH�-(&�+RGJHV�&ROOHFWLRQ�IURP�WKHVH�
HLJKW�VLWHV�KDYH�EHHQ�GRFXPHQWHG�LQ�WKLV�VWXG\��0RVW�
RI�WKHVH�DUH�IURP����JUDYH�ORWV�WKDW�FDQ�EH�GDWHG��XVLQJ�
VW\OLVWLF�DQG�WHFKQRORJLFDO�FKDUDFWHULVWLFV�RI�WKH�DUWLIDFWV��
WR�WKH�0LG�2XDFKLWD��6RFLDO�+LOO��DQG�'HFHLSHU�SKDVHV�
�FD��$�'��������������2I�WKHVH����JUDYH�ORWV������HLJKW�
IURP�/RZHU�0HDGRU�DQG�WKUHH�IURP�5LFKDUGVRQ��DUH�
DVVRFLDWHG�ZLWK�KXPDQ�UHPDLQV�LQ�WKH�FROOHFWLRQ��DQRWKHU�
WZR�JUDYH�ORWV�KDYH�KXPDQ�UHPDLQV�EXW�QR�DUWLIDFWV��DQG�
KXPDQ�UHPDLQV�IURP�6WDQIRUG�DQG�8SSHU�0HDGRU�DUH�
IURP�XQNQRZQ�FRQWH[W���7KHVH�UHPDLQV�DQG�DVVRFLDWHG�
IXQHUDU\�REMHFWV�����YHVVHOV�DQG����RWKHU�REMHFWV��

KDYH�EHHQ�WUDQVIHUUHG�WR�WKH�$5$6�&2�IRU�1$*35$�
GRFXPHQWDWLRQ��$UWLIDFWV�IURP�WKH�RWKHU����JUDYH�ORWV�DUH�
FRQVLGHUHG�XQDVVRFLDWHG�IXQHUDU\�REMHFWV������YHVVHOV�
DQG�HLJKW�RWKHU�REMHFWV���&RQWH[W�LV�XQFOHDU�IRU����
YHVVHOV�
� 7KLV�VWXG\�KDV�EHHQ�XQGHUWDNHQ�LQ�SDUW�WR�
DGYLVH�WKH�-RLQW�(GXFDWLRQDO�&RQVRUWLXP�DQG�WKH�
&DGGR�1DWLRQ�RI�2NODKRPD��DQG�SURYLGH�LQIRUPDWLRQ�
IRU�WKH�1$*35$�SURFHVV��$QDO\VLV�RI�VW\OLVWLF�DQG�
WHFKQRORJLFDO�FKDUDFWHULVWLFV�RI�WKH�FHUDPLF�YHVVHOV�
UHVXOWHG�LQ�D�VHULDWLRQ�RI�JUDYH�ORWV��5HFRQVWUXFWLRQ�RI�
JUDYH�ORWV�SURYLGHV�LQIRUPDWLRQ�DERXW�DUWLIDFWV�WKDW�ZHUH�
GHSRVLWHG�FRQWHPSRUDQHRXVO\��HYHQ�LI�WKH\�ZHUH�QRW�DOO�
PDGH�DW�WKH�VDPH�WLPH�RU�LQ�WKH�VDPH�FRPPXQLW\��LQ�
VHYHUDO�LQVWDQFHV��JUDYH�ORWV�FRQWDLQHG�YHVVHOV�WKDW�PD\�
KDYH�EHHQ�NHSW�DV�KHLUORRPV�RU�DUH�W\SHV�IRXQG�PRUH�
RIWHQ�LQ�RWKHU�UHJLRQV���7KH�UHVXOWV�UHLQIRUFH�SDWWHUQV�
UHFRJQL]HG�E\�(DUO\�DW�WKH�QHDUE\�+DUGPDQ�VLWH��EXW�
DOVR�SRLQW�WR�VRPH�QHZ�¿QGLQJV��IRU�H[DPSOH��6DQGIRUG�
3XQFWDWHG�DSSHDUV�DV�D�FRPPRQ�6RFLDO�+LOO�SKDVH�W\SH�
DW�WKHVH�VLWHV���7KH�DUWLIDFWV�LQ�WKH�JUDYH�ORWV�LQGLFDWH�
WKDW�WKHUH�ZHUH�DFWLYH�&DGGR�FRPPXQLWLHV�LQ�WKLV�SDUW�
RI�WKH�0LGGOH�2XDFKLWD�5LYHU�YDOOH\�EHWZHHQ�DW�OHDVW�
$�'�������DQG�������:KLOH�RWKHU�UHJLRQV�RI�$UNDQVDV�
VDZ�SRSXODWLRQV�GHFUHDVH�DIWHU�WKH�GH�6RWR�H[SHGLWLRQ��
WKH�VLWHV�LQ�WKLV�VWXG\�LQGLFDWH�ORFDO�FRPPXQLWLHV�
FRQWLQXHG�XQWLO�WKH�HQG�RI�WKH�VHYHQWHHQWK�FHQWXU\�

$FNQRZOHGJPHQWV

7KH�-RLQW�(GXFDWLRQDO�&RQVRUWLXP¶V�+RGJHV�&ROOHFWLRQ�
�ZKLFK�LQFOXGHV�+XGGOHVWRQ¶V�PDWHULDOV��LV�FXUDWHG�DW�

7DEOH����'LVWULEXWLRQ�RI�*UDYH�/RWV�E\�3KDVH�
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+HQGHUVRQ�6WDWH�8QLYHUVLW\�LQ�$UNDGHOSKLD��$UNDQVDV�
�KXPDQ�UHPDLQV�DQG�DVVRFLDWHG�IXQHUDU\�REMHFWV�DUH�DW�
WKH�$UNDQVDV�$UFKHRORJLFDO�6XUYH\¶V�)D\HWWHYLOOH�RI¿FH�
IRU�1$3*5$�GRFXPHQWDWLRQ�DQG�SXEOLFDWLRQ���7KHUH�
DUH�D�IHZ�YHVVHOV�IURP�+XGGOHVWRQ�JUDYH�ORWV�WKDW�DUH�
LQ�+68�0XVHXP�FROOHFWLRQV��FXUUHQWO\�RQ�ORQJ�WHUP�
ORDQ�WR�WKH�+LVWRULF�$UNDQVDV�0XVHXP�LQ�/LWWOH�5RFN���
2ULJLQDO�+XGGOHVWRQ�DQG�+RGJHV�QRWHV�DQG�UHFRUGV�
DUH�FXUDWHG�DW�+68�$UFKLYHV��ZLWK�FRSLHV�RQ�¿OH�DW�WKH�
$5$6�+68�UHVHDUFK�VWDWLRQ��7KH�GRFXPHQWDWLRQ�RI�
YHVVHOV�LQ�WKH�+XGGOHVWRQ�JUDYH�ORWV�LQ�WKH�-(&�+RGJHV�
&ROOHFWLRQ�IROORZV�D�SURWRFRO�RULJLQDOO\�GHYHORSHG�E\�
$QQ�(DUO\��'RFXPHQWDWLRQ�KDV�WDNHQ�PDQ\�\HDUV�DQG�,�
DSSUHFLDWH�WKH�KHOS�RI�WKH�$5$6�+68�VWDWLRQ�DVVLVWDQWV�
DQG�ODE�YROXQWHHUV�ZKR�KDYH�ZRUNHG�ZLWK�PH�RQ�WKH�
DQDO\VLV�DQG�SKRWRJUDSK\��LQFOXGLQJ�0LOWRQ�+XJKHV��
.DWH�:ULJKW��0DWWKHZ�5H\QROGV��-HIIUH\�*DVNLQ��
9DQHVVD�+DQYH\��.DWLH�/HVOLH��&KHOVHD�&LQRWWR��0DU\�
$QQ�*RRGPDQ��-DQLFH�)LVKHU��)ORUHQFH�'DYLV��-XG\�
7K\H��-RKQ�&KDSPDQ��-LP�+XGJLQV��DQG�3DWV\�0DWKHZV��
9HVVHO�GRFXPHQWDWLRQ�GXULQJ�����������ZDV�IXQGHG�LQ�
SDUW�E\�D�JUDQW�IURP�WKH�5RVV�)RXQGDWLRQ��5REHUW�6FRWW�
�$5$6�8$3%��LGHQWL¿HG�WKH�PXVVHO�VKHOO�IURP�/RZHU�
0HDGRU�%XULDO����IURP�D�SKRWRJUDSK��7KDQN�\RX�WR�$QQ�
(DUO\�DQG�6DUDK�+XQW�6KHSDUG��DQG�WR�DQ�DQRQ\PRXV�
UHYLHZHU��IRU�FRPPHQWV�RQ�HDUOLHU�GUDIWV�RI�WKLV�SDSHU�

5HIHUHQFHV�&LWHG

%RKDQQRQ��&KDUOHV�)�
�����([FDYDWLRQV�DW�WKH�0LQHUDO�6SULQJV�6LWH��+RZDUG�

&RXQW\��$UNDQVDV��5HVHDUFK�6HULHV�1R�����
$UNDQVDV�$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH�

&KRZGKXU\��3ULWDP
�����0LGGOH�&DGGR�:KROH�9HVVHOV�IURP�WKH�)HUJXVRQ�

6LWH���+(�����&DGGR�$UFKHRORJ\�-RXUQDO�������
���

(DUO\��$QQ�0��
�����'U��7KRPDV�/��+RGJHV�DQG�KLV�&RQWULEXWLRQ�WR�

$UNDQVDV�$UFKHRORJ\��7KH�$UNDQVDV�$UFKHRORJLVW�
����������

�����6WDQGULGJH��&DGGRDQ�6HWWOHPHQW�LQ�D�0RXQWDLQ�
(QYLURQPHQW��5HVHDUFK�6HULHV�1R������$UNDQVDV�
$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH�

����D� &HUDPLFV��,Q�'DWD�5HFRYHU\�DW�WKH�+HOP�6LWH��
�+6�����+RW�6SULQJ�&RXQW\��$UNDQVDV��E\�5REHUW�
+��/DIIHUW\�,,,��$QQ�(DUO\��0LFKDHO�&��6LHU]FKXOD��
+��&DVVDQGUD�+LOO��*LQD�6��3RZHOO�DQG�1HDO�
+��/RSLQRW��/LQGD�6FRWW�&XPPLQJV��6XVDQ�/��
6FRWW��6DPXHO�.��1DVK��DQG�7LPRWK\�.��3HUWWXOD��
SS����±�����0&5$�5HSRUW���������VXEPLWWHG�
WR�WKH�$UNDQVDV�+LJKZD\�DQG�7UDQVSRUWDWLRQ�
'HSDUWPHQW���0LG�&RQWLQHQWDO�5HVHDUFK�
$VVRFLDWHV��/RZHOO��$UNDQVDV�

����E� 7KH�&DGGRV�RI�WKH�7UDQV�0LVVLVVLSSL�6RXWK��
,Q�,QGLDQV�RI�WKH�*UHDWHU�6RXWKHDVW��+LVWRULFDO�
$UFKDHRORJ\�DQG�(WKQRKLVWRU\��HGLWHG�E\�%RQQLH�
*��0F(ZDQ��SS�����������8QLYHUVLW\�3UHVV�RI�
)ORULGD��*DLQHVYLOOH�

����D� $UNDQVDV�3UHKLVWRU\�DQG�+LVWRU\�LQ�5HYLHZ��
7KH�(DVW�3KDVH��)LHOG�1RWHV��1HZVOHWWHU�RI�WKH�
$UNDQVDV�$UFKHRORJLFDO�6RFLHW\���������

����E�7KH�0LG�2XDFKLWD�3KDVH��)LHOG�1RWHV��1HZVOHWWHU�
RI�WKH�$UNDQVDV�$UFKHRORJLFDO�6RFLHW\�����������

����F� $UNDQVDV�3UHKLVWRU\�DQG�+LVWRU\�LQ�5HYLHZ��
7KH�6RFLDO�+LOO�3KDVH��)LHOG�1RWHV��1HZVOHWWHU�RI�
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,QWURGXFWLRQ

,Q�D�SUHYLRXV�VWXG\�RI�&DGGR�DUFKLWHFWXUH��7UXELWW��������
,�KLJKOLJKWHG�VHYHUDO�GLPHQVLRQV�RI�YDULDWLRQ��FLUFXODU�
RU�VWUDLJKW�VLGHG�VWUXFWXUHV��PRXQG��QHDU�PRXQG��RU�
QRQ�PRXQG�ORFDWLRQ��EXLOGLQJV�EXUQHG�RU�XQEXUQHG�DIWHU�
XVH��DQG�LI�EXUQHG��FRYHUHG�ZLWK�³FOHDQ´�HDUWK�RU�ZLWK�
PLGGHQ�GHEULV��$W�WKDW�WLPH��,�VDZ�VLPLODULWLHV�LQ�WZR�
FRQWHPSRUDQHRXV�&DGGR�PRXQG�VLWHV�ORFDWHG�LQ�DGMDFHQW�
ULYHU�GUDLQDJHV�LQ�VRXWKZHVW�$UNDQVDV�WKDW�ZRXOG�EHQH¿W�
IURP�IXUWKHU�FRPSDULVRQ��,�DQG�P\�DVVLVWDQWV�DQG�ODE�
YROXQWHHUV�KDYH�FRQFOXGHG�DQDO\VHV�RI�DUWLIDFWV�IURP�
$QQ�(DUO\¶V�H[FDYDWLRQV�DW�+HGJHV���+6�����D�VLWH�LQ�
WKH�2XDFKLWD�5LYHU�YDOOH\��DQG�IURP�P\�H[FDYDWLRQV�
DW�+XJKHV���6$�����ORFDWHG�LQ�WKH�6DOLQH�5LYHU�YDOOH\�
�)LJXUH�����$W�ERWK�VLWHV��H[FDYDWRUV�XQFRYHUHG�VWUDWL¿HG�
GHSRVLWV�QH[W�WR�WKH�PDLQ�PRXQGV�WKDW�LQFOXGHG�EXUQHG�
EXLOGLQJV�FRYHUHG�ZLWK�PLGGHQ�GHSRVLWV�ZLWK�FHUDPLF�
VKHUGV��FKLSSHG�VWRQH�WRROV�DQG�GHEULV��DQLPDO�ERQH��
DQG�FKDUUHG�SODQW�UHPDLQV��:KLOH�WKH�IXOO�PRQRJUDSK�
LV�QRW�\HW�FRPSOHWH��WKLV�SDSHU�VXPPDUL]HV�KLJKOLJKWV�
RI�WKH�DUWLIDFW�DQDO\VHV�WR�VKRZ�VLPLODULWLHV�LQ�GDWLQJ�
DQG�DFWLYLW\�SDWWHUQV�DW�WKHVH�WZR�/DWH�&DGGR�SHULRG�
FRPPXQLWLHV�

([FDYDWLRQV�DW�+HGJHV�DQG�+XJKHV

,Q������DQG�������$QQ�(DUO\�OHG�D�EULHI�$UNDQVDV�
$UFKHRORJLFDO�6XUYH\�WHVW�H[FDYDWLRQ�SURMHFW�DW�WKH�
+HGJHV�VLWH�LQ�+RW�6SULQJ�&RXQW\��(DUO\��������
)LHOGZRUN�LQFOXGHG�PDSSLQJ�WZR�ORZ�PRXQGV��0RXQG�
$��DQ�HORQJDWHG�RYDO�SODWIRUP�PHDVXULQJ����[����[���P��
DQG�0RXQG�%��D�ORZ�FRQLFDO�EXULDO�PRXQG�HURGHG�E\�
WKH�ULYHU���&RQYHUVDWLRQV�ZLWK�ORFDO�FROOHFWRUV�LQGLFDWHG�

DW�OHDVW�WKUHH�FHPHWHU\�DUHDV�DV�ZHOO��)LJXUH�����$XJHU�
WHVWLQJ�VKRZHG�GHHS�PLGGHQ�GHSRVLWV�VRXWK�DQG�ZHVW�RI�
0RXQG�$�
� 6XEVHTXHQW�H[FDYDWLRQV�VRXWK�DQG�ZHVW�
RI�0RXQG�$�LQFOXGHG�7HVW�3LW����D���[���P�XQLW���D�
%ORFN�([FDYDWLRQ��RI�VL[���[���P�XQLWV���DQG�D�7UHQFK�
���[���P���:KLOH�QR�FRPSOHWH�VWUXFWXUHV�ZHUH�H[SRVHG��
DUFKDHRORJLVWV�XQFRYHUHG�VWUDWL¿HG�GHSRVLWV�ZLWK�EXUQHG�
FDQH�DQG�WKDWFK��DVK��GDXE��DQG�SRVW�PROGV�LQ�DOO�WKUHH�
H[FDYDWLRQ�DUHDV��)LJXUH�����7KH����FP�RI�VWUDWL¿HG�
GHSRVLWV�LQ�7HVW�3LW���LQFOXGHG�)HDWXUH���ZLWK�SDWFKHV�
RI�EXUQHG�FDQH��WKDWFK��EDUN��DQG�ZRRG��DQG�VFRUFKHG�
VDQG��DVK��DQG�GDXE��5HVLGXHV�RI�D�VHFRQG�EXUQHG�
VWUXFWXUH�ZHUH�IRXQG�EHORZ�WKDW��DV�VWUDWXP�����EXUQHG�
GDXE�DQG�ÀRRU�GHSRVLW�ZLWK�SRVW�PROGV�WKDW�FXW�LQWR�
WKH�XQGHUO\LQJ�VWUDWXP������,Q�WKH�%ORFN�([FDYDWLRQ��D�

3UHYLRXV�$UNDQVDV�$UFKHRORJLFDO�6XUYH\�H[FDYDWLRQV�DW�WKH�+HGJHV�VLWH�LQ�WKH�2XDFKLWD�5LYHU�YDOOH\�DQG�WKH�+XJKHV�
VLWH�LQ�WKH�6DOLQH�5LYHU�YDOOH\�XQFRYHUHG�HYLGHQFH�RI�EXUQHG�VWUXFWXUHV�DGMDFHQW�WR�WKH�PRXQGV��$Q�RYHUYLHZ�RI�WKH�
DUWLIDFW�DQDO\VHV�LQGLFDWHV�WKDW�WKH�VLWHV�ZHUH�URXJKO\�FRQWHPSRUDQHRXV��ZLWK�LQWHQVLYH�XVH�E\�DQFHVWUDO�&DGGR�
,QGLDQV�GXULQJ�WKH�/DWH�&DGGR�SHULRG��EHWZHHQ�WKH�$'�����V�DQG�����V��7KLV�SUHVHQWDWLRQ�VXPPDUL]HV�WKH�UHVHDUFK�
¿QGLQJV�WR�HPSKDVL]H�FRPSDULVRQV�LQ�WLPLQJ��DFWLYLWLHV��DQG�FRPPXQLW\�SODQV��

0DU\�%HWK�7UXELWW
$UNDQVDV�$UFKHRORJLFDO�6XUYH\��+68�5HVHDUFK�6WDWLRQ

$�3UHOLPLQDU\�&RPSDULVRQ�RI �7ZR�&DGGR�0RXQG�6LWHV�
LQ�6RXWKZHVW�$UNDQVDV

)LJXUH����/RFDWLRQ�RI��+6����+HGJHV��LQ�$UNDQVDV¶V�2XDFKLWD�
5LYHU�YDOOH\�DQG��6$����+XJKHV��LQ�WKH�6DOLQH�5LYHU�
YDOOH\��EDVH�PDS�IURP�7RP�3DWWHUVRQ��3K\VLFDO�0DS�RI�WKH�
&RWHUPLQRXV�8QLWHG�6WDWHV��
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PLGGHQ�GHSRVLW�ZDV�XQFRYHUHG�EHORZ�WKH�SORZ�]RQH��
%HORZ�WKH�PLGGHQ�ZDV�)HDWXUH����D�GDXE�DQG�FKDUFRDO�
FRQFHQWUDWLRQ�ZLWK�SRVW�PROGV��LQWHUSUHWHG�DV�D�EXUQHG�
VWUXFWXUH��$QRWKHU�ORZHU�EXUQHG�VWUXFWXUH��)HDWXUH����
ZDV�LGHQWL¿HG�LQ�RQH�XQLW�DV�D�UHG�FOD\�OHQV��VWUDWXP����
ZLWK�DVVRFLDWHG�SRVW�PROGV�WKDW�FXW�LQWR�WKH�XQGHUO\LQJ�
VXEVRLO��0LGGHQ�GHSRVLWV�DQG�EXUQHG�VRLO�ZHUH�DOVR�
XQFRYHUHG�LQ�WKH�7UHQFK��LQWHUSUHWHG�DV�WKH�UHPDLQV�RI�
D�EXUQHG�VWUXFWXUH��)HDWXUH����ZLWK�RQH�RU�WZR�EXUQHG�
ÀRRUV�DQG�DQ�DVK�OHQV��$�ORZHU�EXUQHG�ÀRRU�ZDV�H[SRVHG�
EXW�QRW�H[FDYDWHG�DW�DERXW����FP�EHORZ�VXUIDFH��7KH�
HOHYDWHG�DUHD�QH[W�WR�WKH�ZHVW�VLGH�RI�0RXQG�$��VKRZQ�
E\�WKH�����DQG�������P�FRQWRXUV��UHSUHVHQWV�DQ�DUWL¿FLDO�
EXLOGXS�RI�GHSRVLWV�DV�EXUQHG�VWUXFWXUHV�ZHUH�FRYHUHG�E\�
PLGGHQ�GHSRVLWV�
� %DVHG�RQ�WKH�DUWLIDFWV��DQFHVWUDO�&DGGR�,QGLDQV�
XVHG�WKH�VLWH�GXULQJ�WKH�0LG�2XDFKLWD�DQG�6RFLDO�+LOO�
SKDVHV�RI�WKH�/DWH�&DGGR�SHULRG��FD��$�'�������������
$QQ�(DUO\������������������ODWHU�XVHG�+HGJHV�PDWHULDO�
LQ�KHU�GH¿QLWLRQ�RI�WKH�6RFLDO�+LOO�SKDVH��$EVROXWH�
GDWHV�IURP�WKH�VLWH�DUH�IHZ��'DQ�:ROIPDQ��������������
SXEOLVKHG�UHVXOWV�RI�DUFKDHRPDJQHWLF�VDPSOHV�IURP�
���VLWHV�LQ�VRXWKZHVW�$UNDQVDV�DV�SDUW�RI�KLV�UHVHDUFK�

WR�GHYHORS�D�UHJLRQDO�³SRODU�FXUYH´�DQG�H[WHQG�WKH�
XWLOLW\�RI�DUFKDHRPDJQHWLF�GDWLQJ�LQ�DUFKDHRORJ\��+H�
FDOFXODWHG�WKH�UHVXOWLQJ�GDWH�IURP�D�EXUQHG�VWUXFWXUH�
ÀRRU��)HDWXUH�����DW�+HGJHV�DW��$�'�������������0RUH�
UHFHQWO\��ZH�GLUHFWO\�GDWHG�FKDUUHG�PDL]H�NHUQHOV�IURP�
WKH�%ORFN�([FDYDWLRQ�PLGGHQ�GHSRVLW��DERYH�)HDWXUH�
���XVLQJ�WKH�DFFHOHUDWRU�PDVV�VSHFWURPHWU\�WHFKQLTXH�WR�
FDO��$�'�������������7UXELWW�����D��
� 7KH�+XJKHV�VLWH�LQ�6DOLQH�&RXQW\�LV�QHDU�
WKH�HDVWHUQ�HGJH�RI�WKH�&DGGR�DUFKDHRORJLFDO�DUHD��
$UFKDHRORJLVWV�±�DQG�DUWLIDFW�FROOHFWRUV�±�KDYH�NQRZQ�
DERXW�WKH�VLWH�IRU�RYHU�D�KXQGUHG�\HDUV��,W�ZDV�YLVLWHG�
E\�(GZDUG�3DOPHU�LQ������DV�SDUW�RI�WKH�6PLWKVRQLDQ�
,QVWLWXWLRQ¶V�0RXQG�6XUYH\��-HWHU���������������
7KRPDV����������������3DOPHU¶V�GHVFULSWLRQ�RI�GDXE�
DQG�FKDUFRDO�DVK�GHSRVLWV�LQGLFDWH�WKHUH�PXVW�KDYH�EHHQ�
DW�OHDVW�RQH�EXUQHG�VWUXFWXUH�LQ�WKH�VLWH¶V�ODUJH�WZR�
VWDJH�PRXQG��2WKHU�ORZHU�PRXQGV�KDG�DSSDUHQWO\�EHHQ�
OHYHOHG�HYHQ�EHIRUH�3DOPHU¶V�YLVLW��WKH�SURSHUW\�ZDV�
SDUW�RI�D�QLQHWHHQWK�FHQWXU\�IDUP��+XJKHV�ZDV�SODFHG�
RQ�WKH�1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV�LQ�������
:KLOH�RQ�SULYDWH�ODQG�DQG�SURWHFWHG�E\�WKH�SURSHUW\�
RZQHU��XQDXWKRUL]HG�GLJJLQJ�LQWR�WKH�PRXQG�KDV�EHHQ�D�
FRQFHUQ�
� ,�FRQGXFWHG�H[FDYDWLRQV�DW�+XJKHV�DV�SDUW�
RI�WKH������+HQGHUVRQ�6WDWH�8QLYHUVLW\�8QLYHUVLW\�
RI�$UNDQVDV�DUFKDHRORJLFDO�¿HOG�VFKRRO��6WXGHQWV�
PDSSHG�WKH�VLWH�ZLWK�DQ�HOHFWURQLF�WRWDO�VWDWLRQ��
VKRZLQJ�WKH�ODUJH�WZR�VWDJH�PRXQG�DV�D����[����[�����
P�FRQVWUXFWLRQ��)LJXUH�����%HFDXVH�RI�WKH�WUHH�FRYHU�DW�
WKH�VLWH��ZH�XVHG�V\VWHPDWLF�VKRYHO�WHVWLQJ�WR�LGHQWLI\�

)LJXUH����+HGJHV�VLWH�SODQ��DIWHU�(DUO\�DQG�&RXWX������¿HOG�
GUDZLQJ��

)LJXUH����(DVW�ZDOO�SUR¿OH��+HGJHV�%ORFN�([FDYDWLRQ�78���
'HFHPEHU�������$UNDQVDV�$UFKHRORJLFDO�6XUYH\�SKRWRJUDSK��
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VSDWLDO�SDWWHUQLQJ�ZLWKLQ�WKH�VLWH��6KRYHO�WHVWLQJ�DFURVV�
DERXW�����KHFWDUHV�VKRZHG�DUWLIDFW�FRQFHQWUDWLRQV�DQG�
XQFRYHUHG�IHDWXUHV�LQ�WZR�DUHDV��:H�LQYHVWLJDWHG�WKHVH�
IXUWKHU�ZLWK�H[FDYDWLRQ�XQLWV��,Q�D���[���P�H[FDYDWLRQ�
EORFN�RQ�WKH�QRUWK�HGJH�RI�WKH�VLWH��VWXGHQWV�XQFRYHUHG�
D�ODUJH�EXUQHG�FOD\�KHDUWK��)HDWXUH����)LJXUH�����7KLV�
ZDV�OLNHO\�SDUW�RI�D�VWUXFWXUH�QRW�IXOO\�H[SRVHG�E\�RXU�
¿HOGZRUN��$���[���P�H[FDYDWLRQ�XQLW�QRUWK�RI�WKH�PRXQG�
VDPSOHG�D�GHQVH�DUHD�RI�PLGGHQ��1RUWKHDVW�DQG�QHDU�
WKH�PRXQG��H[FDYDWRUV�XQFRYHUHG�VWUDWL¿HG�GHSRVLWV�LQ�
WKUHH���[���P�XQLWV��ZLWK�EXUQHG�WLPEHUV��EXUQHG�HDUWK�
DQG�GDXE��DQG�TXDQWLWLHV�RI�FHUDPLF�VKHUGV��FKLSSHG�
VWRQH�GHEULV��DQG�DQLPDO�ERQH��$OWKRXJK�QR�SRVW�SDWWHUQV�
ZHUH�VHHQ��WKH�EXUQHG�FOD\��GDXE��FKDUFRDO�DQG�EXUQHG�
WLPEHUV��)HDWXUH��������)HDWXUH����DQG�)HDWXUH�������
ZHUH�LQWHUSUHWHG�DV�D�VHULHV�RI�EXUQHG�VWUXFWXUHV��7UXELWW�
����������E���7KUHH�FKDUUHG�ZRRG�VDPSOHV�ZHUH�GDWHG�
XVLQJ�WKH�FRQYHQWLRQDO�UDGLRFDUERQ�WHFKQLTXH��7KH�
ORZHVW�VWUXFWXUH��)HDWXUH�������GDWHG�WR�FDO�$�'�������
�����ZKLOH�WKH�RYHUO\LQJ�RQH��)HDWXUH����GDWHG�WR�FDO�
$�'�������������7UXELWW������E���$V�DW�+HGJHV��WKH�
HOHYDWHG�DUHD�QRUWKHDVW�RI�WKH�PRXQG��������P�FRQWRXU��
UHSUHVHQWV�DQ�DUWL¿FLDO�EXLOGXS�RI�PLGGHQ�GHSRVLWV�
FRYHULQJ�EXUQHG�VWUXFWXUHV�

$UWLIDFW�$QDO\VHV

2XU�DQDO\VHV�RI�DUWLIDFWV�IURP�+HGJHV�DQG�+XJKHV�
�7DEOH����KDYH�KDG�WZR�JRDOV��¿UVW��WR�SODFH�WKH�XVH�
RI�WKHVH�FRPPXQLWLHV�LQ�D�WHPSRUDO�DQG�FXOWXUDO�
IUDPHZRUN��DQG�VHFRQG��WR�JDLQ�D�EHWWHU�XQGHUVWDQGLQJ�
RI�DFWLYLW\�SDWWHUQV�LQ�WKHVH�QHDU�PRXQG�DUHDV�
� &KLSSHG�VWRQH�LQFOXGHG�WRROV�DQG�FKLSSLQJ�
GHEULV��,�H[DPLQHG�DUURZ�SRLQWV�WR�LGHQWLI\�W\SHV�WKDW�
KDYH�VHUYHG�DV�³WLPH�PDUNHUV´�HOVHZKHUH��7KHUH�ZHUH�
SRLQWV�DQG�SRLQW�IUDJPHQWV�PDGH�IURP�QRYDFXOLWH�DQG�
FKHUW�DW�ERWK�VLWHV��)LJXUH�����%DVVHWW�ZHUH�WKH�PRVW�
FRPPRQ�DUURZ�SRLQW�VW\OH�DW�+HGJHV��7KHVH�DUH�EDVDO�
QRWFKHG�WULDQJXODU�SRLQWV�ZLWK�SURPLQHQW�EDUEV�DQG�
VPDOO�URXQGHG�RU�SRLQWHG�VWHPV��7KH�SUHGRPLQDQW�DUURZ�
SRLQW�IRUP�DW�+XJKHV�ZDV�WKH�0DXG�W\SH��D�WULDQJXODU�
SRLQW�ZLWK�D�FRQFDYH�EDVH��LQ�ERWK�WKH�XQ�QRWFKHG�YDU��
0DXG�DQG�WKH�VLGH�QRWFKHG�YDU��+RSSHU��%RWK�W\SHV�
RFFXU�RQ�/DWH�&DGGR�VLWHV�LQ�HDVW�7H[DV��QRUWKZHVW�
/RXLVLDQD��DQG�VRXWKZHVW�$UNDQVDV��H�J���.D\����������
�����.HOOH\�������������0F.LQQRQ��������������
3HUWWXOD���������������:HEE����������������,Q�WKH�
2XDFKLWD�5LYHU�YDOOH\��%DVVHWW�SRLQWV�KDYH�EHHQ�IRXQG�
ZLWK�ODWH�0LG�2XDFKLWD�SKDVH�FHUDPLF�W\SHV��HVWLPDWHG�
WR�GDWH�WR�WKH�ODWH�¿IWHHQWK�FHQWXU\��DQG�0DXG�SRLQWV�
KDYH�EHHQ�IRXQG�ZLWK�%XFNYLOOH�DQG�6RFLDO�+LOO�SKDVH�
FHUDPLFV��HVWLPDWHG�WR�GDWH�WR�WKH�¿IWHHQWK�WR�HDUO\�
VHYHQWHHQWK�FHQWXU\��(DUO\������������������������
�����������7UXELWW�����E���,Q�DGGLWLRQ��WKHUH�ZHUH�
VHYHUDO�DQWOHU�SURMHFWLOH�SRLQWV�IURP�WKH�VLWHV��)LJXUH������
$QWOHU�WLQH�SRLQWV�DUH�QRW�FRPPRQO\�SUHVHUYHG�RQ�
&DGGR�VLWHV��EXW�WKH\�KDYH�EHHQ�IRXQG�LQ�%HOFKHU�DQG�

)LJXUH�����+XJKHV�VLWH�SODQ�

)LJXUH����6HFWLRQLQJ�)HDWXUH����(8�1���(���������+XJKHV�
VLWH��-XO\�������$UNDQVDV�$UFKHRORJLFDO�6XUYH\�SKRWRJUDSK���
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&KDNDQLQD�SKDVH�FRQWH[WV�LQ�WKH�5HG�5LYHU�YDOOH\��H�J���
.D\���������������.HOOH\�������������0F.LQQRQ�
���������:HEE���������������
� 7KHUH�ZDV�ZHOO�SUHVHUYHG�DQLPDO�ERQH�IRXQG�
DW�ERWK�VLWHV��1RQH�RI�WKH�IDXQDO�PDWHULDO�IURP�+HGJHV�
KDV�EHHQ�IRUPDOO\�DQDO\]HG��EXW�/XFUHWLD�.HOO\�DQDO\]HG�
D�IDXQDO�VDPSOH�IURP�+XJKHV�LQ�������6KH�IRXQG�WKDW�
PDPPDOV�PDGH�XS�WKH�ODUJHVW�FDWHJRU\��ZLWK�GHHU�
DQG�VTXLUUHOV�PRVW�FRPPRQ��5HVLGHQWV�XVHG�WXUWOHV�
DQG�PXVVHOV�EXW�WKHUH�ZHUH�UHODWLYHO\�IHZ�ERQHV�IURP�
ELUGV�DQG�¿VK��7KHUH�ZDV�D�SUHGRPLQDQFH�RI�WHUUHVWULDO�
DQLPDOV�DV�FRPSDUHG�ZLWK�DTXDWLF�RQHV��,Q�DGGLWLRQ�WR�
WKH�ERQH�RU�DQWOHU�SRLQWV��WKHUH�DUH�VHYHUDO�RWKHU�ZRUNHG�
ERQH�WRROV�LQ�WKH�IRUP�RI�DQWOHU�WLQH�NQDSSLQJ�WRROV�DQG�
SLHUFHG�PXVVHO�VKHOO�KRHV�IURP�+HGJHV�DQG�+XJKHV��

7DEOH����$UWLIDFW�7RWDOV�

)LJXUH����6DPSOH�RI�DUURZ�SRLQWV�IURP�+HGJHV��OHIW��DQG�+XJKHV��ULJKW����D�F��%DVVHWW���G�H��0DXG�YDU��0DXG���I��0DXG�YDU��
+RSSHU��$UNDQVDV�$UFKHRORJLFDO�6XUYH\�SKRWRJUDSKV��

)LJXUH����%RQH�SRLQWV���D��+HGJHV���E��+XJKHV��$UNDQVDV�
$UFKHRORJLFDO�6XUYH\�SKRWRJUDSKV��



�ĆĉĉĔ��ėĈčĊĔđĔČĞ�
ĔĚėēĆđ���������Ȉ���������ͳͻͻ

6HYHUDO�RUQDPHQWV�ZHUH�IRXQG��LQFOXGLQJ�D�ERQH�KDLUSLQ�
IURP�+HGJHV��DQG�WKUHH�IUDJPHQWV�RI�ZRUNHG�ERQH�
�HDUVSRRO�IUDJPHQWV��IURP�+XJKHV��2WKHU�DUWLIDFWV�
LQFOXGHG�D�FHUDPLF�GLVN�IUDJPHQW��D�GULOOHG�EODFN�VWRQH�
EHDG��DQG�D�GULOOHG�DQG�SROLVKHG�WULDQJXODU�RUQDPHQW�RI�
EODFN�VWRQH�IURP�+HGJHV��:H�FDQ�LQWHUSUHW�WKDW�FUDIWLQJ�
WRRN�SODFH�KHUH��EDVHG�QRW�RQO\�E\�WKH�RUQDPHQWV�EXW�E\�
WKH�SUHVHQFH�RI�VHYHUDO�VPDOO�FKLSSHG�VWRQH�GULOO�ELWV�DW�
ERWK�VLWHV��VHH�DOVR�.HOOH\�������������
� &HUDPLF�VKHUGV�IRUPHG�WKH�ODUJHVW�FDWHJRU\�
RI�DUWLIDFWV�UHFRYHUHG�GXULQJ�H[FDYDWLRQV�DW�ERWK�VLWHV��
7ZR�ZKROH�YHVVHOV��D�MDU�DQG�D�VHHG�MDU��KDYH�EHHQ�
UHFRQVWUXFWHG�IURP�VKHUGV�IRXQG�LQ�WKH�ÀRRU�GHEULV�
IURP�WKH�)HDWXUH���VWUXFWXUH�DW�+HGJHV��)LJXUH�����0RVW�
RI�WKH�SRWWHU\�IURP�ERWK�VLWHV�WRRN�WKH�IRUP�RI�VKHUGV��
7HPSHU�FDWHJRULHV�LQFOXGHG�VKHOO��JURJ��DQG�D�PL[HG�
RWKHU�FDWHJRU\��VKHOO�JURJ�ZDV�LGHQWL¿HG�DV�D�VHSDUDWH�
FDWHJRU\�RQO\�IRU�WKH�+HGJHV�GHFRUDWHG�DQG�ULP�VKHUGV��
UHVXOWLQJ�LQ�D�KLJKHU�SURSRUWLRQ�RI�³PL[HG�RWKHU´�
WHPSHUV�WKHUH���6KHOO�ZDV�XVHG�WR�WHPSHU�D�PDMRULW\�RI�
VKHUGV�DW�ERWK�VLWHV��EXW�D�ODUJHU�SURSRUWLRQ�RI�JURJ�
WHPSHUHG�VKHUGV�FDPH�IURP�+HGJHV��7DEOH�����$GGLQJ�
VKHOO�DV�D�WHPSHU�ZDV�DQ�LQQRYDWLRQ�WKDW�RFFXUUHG�ODWH�LQ�
WKH�&DGGR�SHULRG��DQG�LWV�DSSHDUDQFH�KDV�EHHQ�XVHG�DV�D�
³WLPH�PDUNHU´��3HUWWXOD�HW�DO��������
� 8VLQJ�VWUDWLJUDSKLF�LQIRUPDWLRQ�IURP�ERWK�
VLWHV��ZH�FDQ�VHH�HYLGHQFH�IRU�WKLV�LQFUHDVHG�XVH�RI�VKHOO�
DV�WHPSHU��)LJXUH�����,Q�SDUWLFXODU��JURJ�WHPSHULQJ�LV�
SUHGRPLQDQW�LQ�WKH�+HGJHV�7HVW�3LW����DQG�HVSHFLDOO\�LWV�
ORZHVW�6WUDWXP�����7KHUH�LV�DQ�LQFUHDVH�LQ�WKH�SURSRUWLRQ�
RI�VKHOO�WHPSHU�IURP�ORZHU�WR�XSSHU�GHSRVLWV�LQ�WKH�
+HGJHV�%ORFN�([FDYDWLRQ�DUHD��DQG�LQ�WKH�QHDU�PRXQG�
QRUWKHDVW�H[FDYDWLRQ�XQLWV�DW�+XJKHV��7KLV�FRUUHVSRQGV�
WR�DQ�LQFUHDVHG�XVH�RI�VKHOO�WHPSHU�ODWHU�LQ�WKH�
RFFXSDWLRQV�RI�ERWK�VLWHV��7KH�DYDLODEOH�GDWHV�IURP�WKHVH�

WZR�VLWHV�DUH�VRPHZKDW�DW�RGGV�ZLWK�WKLV�FHUDPLF�GDWD��
,Q�SDUWLFXODU��WKH�UDGLRFDUERQ�GDWH�IRU�WKH�PLGGHQ�DERYH�
+HGJHV�)HDWXUH���LV�ODWHU�WKDQ�WKH�DUFKDHRPDJQHWLF�GDWH�
HVWLPDWH�IRU�)HDWXUH����ZKLOH�WKH�SURSRUWLRQ�RI�VKHOO�
WHPSHULQJ�LV�ODUJHU�LQ�WKH�)HDWXUH���VDPSOH��7KH�+XJKHV�
GDWHV��IURP�)HDWXUH���PLGGOH�GHSRVLW�DQG�)HDWXUHV���DQG�
���ORZHU�GHSRVLW��¿W�ZLWK�WKH�VWUDWLJUDSKLF�UHODWLRQVKLS�
WKHUH��EXW�WKH�SUH������GDWHV�RQ�WKH�ORZHU�IHDWXUH�VHHP�
HDUOLHU�WKDQ�H[SHFWHG�IURP�WKH�FHUDPLFV�
� :H�H[DPLQHG�GHFRUDWHG�FHUDPLF�VKHUGV�XVLQJ�
ERWK�W\SH�YDULHW\�DQG�WKH�GHVFULSWLYH�FODVVL¿FDWLRQ�
V\VWHPV��,Q�WKH�GHVFULSWLYH�V\VWHP��&ODVVHV�$�DQG�%�
UHIHU�WR�SUHGRPLQDQWO\�LQFLVHG�RU�WUDLOHG�OLQH�SDWWHUQV�
�$�KDV�YHUWLFDO�RU�GLDJRQDO�UHFWLOLQHDU�SDWWHUQV�ZKLOH�%�
XVHV�KRUL]RQWDO�DQG�FXUYLOLQHDU�SDWWHUQV���&ODVV�&�UHIHUV�
WR�SXQFWDWHG�GHFRUDWLRQV��&ODVV�'�KDV�EUXVKLQJ�DV�WKH�
PDMRU�GHFRUDWLRQ��&ODVV�(�LV�HQJUDYHG�SDWWHUQV��)�KDV�
VWDPSHG�GHFRUDWLRQV��*�LV�UHVHUYHG�IRU�VOLSSHG�SRWWHU\��
DQG�&ODVV�+�UHIHUV�WR�DSSOLTXHG��ULGJHG��DQG�QRGHG�
GHFRUDWLRQV��&RPSDULQJ�GHFRUDWLYH�FODVVHV�DW�WKH�+HGJHV�
DQG�+XJKHV�FHUDPLF�DVVHPEODJHV��)LJXUH������ZH�¿QG�
WKDW�VPDOO�VKHUGV�ZLWK�LQFLVHG�GHVLJQV�LQVXI¿FLHQW�WR�
GLIIHUHQWLDWH�DV�$�RU�%�DUH�FRPPRQ�DW�ERWK�VLWHV��&ODVV�
&��SXQFWDWLRQ��DQG�&ODVV�'��EUXVKLQJ��DUH�PRUH�KHDYLO\�
UHSUHVHQWHG�DW�+XJKHV�WKDQ�DW�+HGJHV��(QJUDYHG�VKHUGV�
�&ODVV�(��PDNH�XS�PRUH�RI�WKH�+HGJHV�DVVHPEODJH����
SHUFHQW�IRU�+HGJHV����SHUFHQW�IRU�+XJKHV��
� 6RPH�GHFRUDWLYH�SDWWHUQV�FDQ�EH�UHFRJQL]HG�
DV�GH¿QHG�FHUDPLF�W\SHV�IURP�WKH�&DGGR�DUHD��)RU�
H[DPSOH��WKH�+HGJHV�6WUDWXP����DVVHPEODJH�KDG�PDQ\�
LQFLVHG�DQG�SXQFWDWHG�VKHUGV��ZLWK�JURJ��RU�RFFDVLRQDOO\�
JURJ�VKHOO�RU�VKHOO��WHPSHU��ZLWK�&ODVV�%�ULP��%HORLW�RU�
%HWKHO��DQG�ERG\��%DUG��SDWWHUQV��LGHQWL¿HG�DV�0LOLWDU\�
5RDG�,QFLVHG�MDUV��(DUO\������������&RPPRQ�DW�ERWK�
VLWHV�ZHUH�URZV�RI�GLDJRQDO�VODVK�LQFLVLQJ��&ODVV�$��

7DEOH����6KHUG�7HPSHU�&RPSDULVRQV�
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)LJXUH����5HFRQVWUXFWHG�SRWV�IURP�+HGJHV�)HDWXUH���VWUXFWXUH�ÀRRU��$UNDQVDV�$UFKHRORJLFDO�6XUYH\�SKRWRJUDSK���

)LJXUH����6WUDWLJUDSKLF�FRPSDULVRQ�RI�FHUDPLF�WHPSHUV��
VKRZLQJ�LQFUHDVH�LQ�SURSRUWLRQ�RI�VKHOO�WHPSHULQJ�
WKURXJK�WLPH��+HGJHV��Q �����VKHUGV��+XJKHV�Q �����
VKHUGV��

)LJXUH�����&RPSDULVRQ�RI�FHUDPLF�GHFRUDWLYH�FODVVHV�
�+HGJHV��Q �����VKHUGV��+XJKHV��Q �����VKHUGV��
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$JQHV�RU�$OIUHG�SDWWHUQV��RU�SXQFWDWLRQV��&ODVV�&��
&KDWWDQRRJD�SDWWHUQ��RQ�ULPV��DQG�FXUYLOLQHDU�WUDLOLQJ�
RU�LQFLVLQJ�DQG�QRGHV�RQ�ERGLHV��&ODVV�%��%DEVRQ��
%DNHU��RU�%HOPRQW�SDWWHUQV���$W�ERWK�VLWHV��WKHVH�VKHUGV�
ZHUH�WHPSHUHG�W\SLFDOO\�ZLWK�VKHOO�RU�VKHOO�JURJ��7KLV�
FRPELQDWLRQ�RI�GHFRUDWLRQ�DQG�WHPSHU�LV�FKDUDFWHULVWLF�
RI�)RVWHU�7UDLOHG�,QFLVHG�MDUV��(DUO\�������������
6FKDPEDFK�DQG�0LOOHU����������������2WKHU�SDWWHUQV�
VHHQ�RQ�VKHOO�WHPSHUHG�ULPV�DQG�ERGLHV�DW�ERWK�VLWHV�
LQFOXGH�WKH�&KDWKDP�ULP�SDWWHUQ�FRPPRQ�RQ�&RZKLGH�
³6WDPSHG´�MDUV�DQG�WKH�&DQH\�ERG\�SDWWHUQ�RIWHQ�IRXQG�
RQ�&DQH\�3XQFWDWHG�MDUV��(QJUDYHG�SDWWHUQV�LQFOXGHG�
FDULQDWHG�ERZO�ULPV�ZLWK�(ODLQH��(OZ\Q��DQG�(]UD�
SDWWHUQV�FKDUDFWHULVWLF�RI�)ULHQGVKLS�(QJUDYHG�YDU��
)UHHPDQ�DQG�YDU��0HDGRU�DQG�&RRN�(QJUDYHG�W\SHV�
�(DUO\�������������
� :H�FDQ�LGHQWLI\�D�QXPEHU�RI�W\SHV�DW�WKH�
VLWHV��7DEOH�����DQG�WKH�FHUDPLF�VLPLODULWLHV�LQGLFDWH�
FRQWHPSRUDQHRXV�RFFXSDWLRQV�DW�+HGJHV�DQG�+XJKHV��
7KHUH�DUH�D�IHZ�:RRGODQG�SHULRG�VKHUGV�DW�+XJKHV��DQG�
D�VFDWWHU�RI�0LGGOH�&DGGR�SHULRG��(DVW�SKDVH��VKHUGV�
DW�ERWK�VLWHV��7KHUH�LV�D�VXEVWDQWLDO�/DWH�&DGGR�SHULRG�
�0LG�2XDFKLWD�SKDVH��GHSRVLW�UHFRJQL]HG�LQ�6WUDWXP�
���DW�+HGJHV��ZLWK�D�OLJKW�VFDWWHU�RI�WKH�VDPH�W\SHV�DW�
+XJKHV��7KH�PDLQ�RFFXSDWLRQ�DW�ERWK�VLWHV�¿WV�LQWR�WKH�
/DWH�&DGGR�SHULRG��7KH�6RFLDO�+LOO�SKDVH�ZDV�GH¿QHG�
LQ�WKH�PLGGOH�2XDFKLWD�5LYHU�YDOOH\�LQ�SDUW�EDVHG�RQ�
WKH�+HGJHV�FHUDPLFV��%HFDXVH�RI�WKH�VLPLODULWLHV�LQ�
WKH�FHUDPLFV�DQG�RWKHU�PDWHULDO�FXOWXUH��,�DQWLFLSDWH�
H[WHQGLQJ�WKH�6RFLDO�+LOO�SKDVH�LQWR�WKH�6DOLQH�5LYHU�
YDOOH\�
� 7KH�OLQN�EHWZHHQ�GHFRUDWLYH�SDWWHUQV�DQG�
WHPSHU�UHFLSHV�ZLWK�FHUDPLF�W\SHV�DQG�YDULHWLHV�LV�
OHVV�WKDQ�VWUDLJKWIRUZDUG��)RU�H[DPSOH��ZH�PLJKW�VRUW�
VPDOO��EUXVKHG�VKHOO�WHPSHUHG�VKHUGV�DV�*UDFH�%UXVKHG�
RU�0RXQG�7UDFW�,QFLVHG�DQG�%UXVKHG�LI�ZH�ORRN�IURP�
WKH�SHUVSHFWLYH�RI�VRXWKHDVW�$UNDQVDV��RU�DV�.DUQDFN�
%UXVKHG�,QFLVHG�LI�ZH�DUH�WKLQNLQJ�DERXW�&DGGR�W\SHV�
IURP�VRXWKZHVW�$UNDQVDV��7KHUH�ZHUH�D�IHZ�VKHUGV�
IRXQG�DW�+XJKHV�WKDW�UHVHPEOH�FHUDPLFV�IURP�VLWHV�LQ�WKH�
$UNDQVDV�DQG�0LVVLVVLSSL�ULYHU�YDOOH\V��7KHVH�LQFOXGH�
ULP�VKHUGV�ZLWK�DQ�DSSOLTXHG�³¿OOHWHG´�ULP�WUHDWPHQW�
VLPLODU�WR�VRPH�%HOO�3ODLQ�ERZOV��WZR�UHG�VOLSSHG�VKHOO�
WHPSHUHG�VKHUGV�LGHQWL¿HG�DV�2OG�7RZQ�5HG�
� :KLOH�ZH�GLG�QRW�VSHFL¿FDOO\�FRPSDUH�FRDUVH�
XWLOLWDULDQ�ZDUHV�YHUVXV�¿QH�ZDUHV�GXULQJ�RXU�DQDO\VLV��

&DGGR�SRWWHUV�XVHG�GLIIHUHQW�GHFRUDWLYH�WHFKQLTXHV�RQ�
ERZOV��ERWWOHV��DQG�MDUV��:H�FDQ�XVH�GHFRUDWLRQ�WR�LQIHU�
YHVVHO�IRUP��7KH�SURPLQHQFH�RI�LQFLVHG��SXQFWDWHG��
DQG�EUXVKHG�GHFRUDWLRQV�VKRZV�D�KLJK�SURSRUWLRQ�RI�
XWLOLWDULDQ�ZDUHV�RU�MDUV�LQ�ERWK�DVVHPEODJHV��5HODWLYHO\�
IHZ�ERWWOHV�RU�¿QH�ZDUH�YHVVHO�IUDJPHQWV�ZHUH�LGHQWL¿HG�
DW�HLWKHU�VLWH��6RRWLQJ�ZDV�QRW�SDUWLFXODUO\�SUHYDOHQW��EXW�
,�GLG�QRWH�VRPH�ODUJH�GLDPHWHU�MDUV�UHSUHVHQWHG�E\�SDUWLDO�
YHVVHOV�DW�ERWK�VLWHV��7KH�WZR�UHFRQVWUXFWHG�YHVVHOV�IURP�
WKH�)HDWXUH���VWUXFWXUH�ÀRRU�DW�+HGJHV�LV�D�UHPLQGHU�WKDW�
ZKROH�YHVVHOV�ZHUH�VRPHWLPHV�OHIW�LQ�VWUXFWXUHV��H�J���
+DUULQJWRQ��������������QRW�MXVW�SODFHG�LQ�JUDYHV�

&RPPXQLW\�3DWWHUQLQJ

7KH�+HGJHV�DQG�+XJKHV�VLWHV�VKRZ�VLPLODULWLHV�LQ�WKHLU�
FRPPXQLW\�SDWWHUQV��DV�VHHQ�LQ�WKH�VFKHPDWLF�YLHZV�
LQ�)LJXUH�����([FDYDWLRQV�DW�ERWK�VLWHV�XQFRYHUHG�
UHVLGXHV�RI�EXUQHG�VWUXFWXUHV�FRYHUHG�ZLWK�PLGGHQ�QH[W�
WR�WKH�PDLQ�PRXQGV��6HTXHQFHV�RI�EXLOGLQJ��XVLQJ��
DQG�WHUPLQDWLQJ�WKHVH�QHDU�PRXQG�VWUXFWXUHV�FUHDWHG�
HOHYDWHG�DUHDV�EHVLGH�WKH�PRXQGV�WKDW�DUH�YLVLEOH�RQ�WKH�
WRSRJUDSKLF�PDSV�RI�WKH�VLWHV��&RYHULQJ�WKHVH�EXUQHG�
VWUXFWXUHV�ZLWK�PLGGHQ�ULFK�LQ�RUJDQLF�GHEULV��SRWVKHUGV��
DQG�IRRG�ERQH�UHSUHVHQWV�D�GLIIHUHQW�SDWWHUQ�WKDQ�WKH�
FOHDQ�DUWLIDFW�IUHH�HDUWK�XVHG�WR�EXU\�PRXQG�VWUXFWXUHV��
%RWK�VLWHV�KDYH�TXDQWLWLHV�RI�IRRG�UHPDLQV��ZHOO�
SUHVHUYHG�IDXQDO�FROOHFWLRQV��DV�ZHOO�DV�KLQWV�RI�FUDIWLQJ�
DFWLYLW\��H�J���GULOOV�DQG�GULOOHG�RUQDPHQWV��
� :KDW�LV�ODFNLQJ�IURP�RXU�SLFWXUHV�RI�WKHVH�
VLWHV�DUH�WKH�UHVLGHQWLDO�DUHDV�DQG�KRXVHV�WKDW�ZHUH�QHDU�
WKH�PRXQG�FHQWHUV��5HPRWH�VHQVLQJ�ZDV�QRW�SRVVLEOH�DW�
+XJKHV�EHFDXVH�WKH�SURSHUW\�LV�QRZ�LQ�ZRRGV�DQG�WKDW�

7DEOH����&HUDPLF�7\SHV�,GHQWL¿HG�DW�+HGJHV�DQG�+XJKHV�
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WHFKQRORJ\�ZDV�LQ�LWV�LQIDQF\�DW�WKH�WLPH�RI�WKH�+HGJHV�
H[FDYDWLRQV�LQ�WKH�HDUO\�����V��VR�ZH�GR�QRW�KDYH�WKH�
DGYDQWDJHV�RI�ODUJH�VFDOH�JHRSK\VLFDO�VXUYH\LQJ��FI��
0F.LQQRQ������������1HLWKHU�GLG�ZH�KDYH�ODUJH�VFDOH�
DUHD�H[FDYDWLRQV�DW�WKHVH�VLWHV��:H�GLG�GR�V\VWHPDWLF�
VKRYHO�WHVWLQJ�DW�+XJKHV��DQG�WKHUH�ZDV�OLPLWHG�DXJHU�
WHVWLQJ�WR�LGHQWLI\�WKH�SUHVHQFH�RI�PLGGHQ�DW�+HGJHV��
$QHFGRWDO�UHSRUWV�RI�GLJJLQJ�E\�DPDWHXUV�DQG�FROOHFWRUV�
DW�ERWK�VLWHV�LQGLFDWHV�FHPHWHU\�DUHDV�QHDU�WKH�PRXQGV��
:H�ZRXOG�H[SHFW�UHVLGHQWLDO�DUHDV�DQG�KRXVHV�DV�ZHOO��
3UHVXPDEO\��WKHVH�ZRXOG�WDNH�WKH�IRUP�RI�KRXVH�FOXVWHUV�
DURXQG�WKH�PRXQG�FHQWHUV��2QH�PD\�EH�UHSUHVHQWHG�E\�
WKH�KHDUWK��)HDWXUH����H[SRVHG�RQ�WKH�QRUWK�HQG�RI�WKH�
+XJKHV�VLWH��,I�WKHVH�RUGLQDU\�KRXVHV�ZHUH�QRW�EXUQHG�
�RU�ZHUH�QRW�VPRWKHUHG�ZLWK�GLUW�WR�SUHVHUYH�FKDUUHG�
WLPEHUV���DOO�WKDW�ZRXOG�EH�OHIW�ZRXOG�EH�D�SRVW�SDWWHUQ��
GLI¿FXOW�WR�GHWHFW�ZLWKRXW�ODUJH�H[FDYDWLRQ�DUHDV��

&RQFOXGLQJ�7KRXJKWV

,QWHUSUHWDWLRQ�RI�WKHVH�WZR�PRXQG�VLWHV�DQG�WKHLU�
DVVHPEODJHV�FRQWLQXHV�DV�,�FRPSOHWH�D�PRQRJUDSK�
GHVFULELQJ�DQG�FRPSDULQJ�WKH�DUFKDHRORJLFDO�
LQYHVWLJDWLRQV�DW�WKHVH�WZR�DQFHVWUDO�&DGGR�
FRPPXQLWLHV��:H�DUH�IRUPLQJ�D�SLFWXUH�RI�WKH�SK\VLFDO�

FRQ¿JXUDWLRQ�RI�WKH�VLWHV��WKH�VSDWLDO�OD\RXW�RI�WKH�
FRPPXQLWLHV��DQG�WKH�WLPLQJ�DQG�SDWWHUQLQJ�RI�DFWLYLWLHV�
WKDW�WRRN�SODFH�WKHUH��:KLOH�WKHUH�LV�HDUOLHU�XVH�RI�ERWK�
VLWHV��WKH�PDLQ�RFFXSDWLRQ�DW�+XJKHV�DQG�+HGJHV�WRRN�
SODFH�EHWZHHQ�DERXW�$�'�������������7KH�DUWLIDFWV�VKRZ�
VLPLODULWLHV��ZLWK�FHUDPLF�W\SHV�VXFK�DV�)RVWHU�7UDLOHG�
,QFLVHG��0RXQG�7UDFW�,QFLVHG�DQG�%UXVKHG��&RZKLGH�
6WDPSHG��*UDFH�%UXVKHG��DQG�&DQH\�3XQFWDWHG��DQG�
%DVVHWW�DQG�0DXG�DUURZ�SRLQWV��IRXQG�DW�ERWK�VLWHV�
� ([FDYDWLRQV�QH[W�WR�WKH�PRXQGV�DW�+XJKHV�
DQG�+HGJHV�XQFRYHUHG�VHTXHQFHV�RI�EXUQHG�VWUXFWXUHV�
FRYHUHG�ZLWK�PLGGHQ�FRQWDLQLQJ�TXDQWLWLHV�RI�FHUDPLF�
VKHUGV��FKLSSHG�VWRQH��FKDUUHG�ZRRG��DQG�IRRG�ERQH��
:KLOH�LW�LV�WHPSWLQJ�WR�GHVFULEH�³VSHFLDO´�IHDVWLQJ�DQG�
FUDIWLQJ�DFWLYLWLHV�LQ�WKHVH�QHDU�PRXQG�ORFDWLRQV��LW�LV�
GLI¿FXOW�WR�PDNH�WKH�DUJXPHQW�ZLWKRXW�FRPSDULVRQV�
ZLWK�PLGGHQ�IURP�RUGLQDU\�KRXVHV��7KH�TXDQWLWLHV�RI�
IDXQDO�PDWHULDO�LQ�WKH�H[FDYDWHG�PLGGHQ�GHSRVLWV�DW�ERWK�
VLWHV��KRZHYHU��UHPLQGV�XV�WKDW�ZH�QHHG�WR�SD\�PRUH�
DWWHQWLRQ�WR�DQDO\VLV�RI�SUHVHUYHG�IRRG�UHPDLQV�IURP�
VLWHV�OLNH�WKHVH��$W�WKH�$UNDQVDV�$UFKHRORJLFDO�6XUYH\��
IRU�H[DPSOH��ZH�KDYH�FXUDWHG�FROOHFWLRQV�IURP�ROGHU�
H[FDYDWLRQV�WKDW�LQFOXGH�FKDUUHG�IRRG�SODQWV�DQG�DQLPDO�
ERQH�IURP�VWUXFWXUH�FRQWH[WV��7KHVH�DZDLW�D�ODUJHU�
FRPSDUDWLYH�VWXG\�

)LJXUH�����6FKHPDWLF�LOOXVWUDWLRQV�FRPSDULQJ�FRPPXQLW\�SDWWHUQLQJ�DW�+HGJHV���+6����DQG�+XJKHV���6$�����
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$FNQRZOHGJPHQWV
� 7KDQNV�WR�$UNDQVDV�$UFKHRORJLFDO�6XUYH\�
+HQGHUVRQ�6WDWH�8QLYHUVLW\�5HVHDUFK�6WDWLRQ�DVVLVWDQWV�
.DWH�:ULJKW��0DWW�5H\QROGV��9DQHVVD�+DQYH\��DQG�
&KHOVHD�&LQRWWR�IRU�SUHOLPLQDU\�DUWLIDFW�DQDO\VHV�DQG�
IRU�DUWLIDFW�SKRWRJUDSK\��$QQ�(DUO\�SURYLGHG�GHWDLOV�
DERXW�¿HOGZRUN�DW�+HGJHV��/XFUHWLD�.HOO\�DQDO\]HG�
D�VDPSOH�RI�IDXQDO�PDWHULDO�IURP�+XJKHV��(OL]DEHWK�
+RUWRQ�LGHQWL¿HG�WKH�FRUQ�XVHG�LQ�WKH�+HGJHV�$06�
GDWH��$�JUDQW�IURP�WKH�$UNDQVDV�$UFKHRORJLFDO�6RFLHW\¶V�
$UFKHRORJLFDO�5HVHDUFK�)XQG�IXQGHG�WKH�+HGJHV�$06�
GDWH��$Q�+68�IDFXOW\�UHVHDUFK�JUDQW�WKDW�IXQGHG�WKH�
&���GDWLQJ�IURP�+XJKHV��)XQGLQJ�IRU�WKH�+XJKHV�
IDXQDO�DQDO\VLV�FDPH�IURP�WKH�6WDWH�RI�$UNDQVDV��
,�DSSUHFLDWH�WKH�$UNDQVDV�$UFKHRORJLFDO�6RFLHW\�
YROXQWHHUV�DQG�+HQGHUVRQ�6WDWH�8QLYHUVLW\�VWXGHQWV�
�0DU\�$QQ�*RRGPDQ��)ORUHQFH�'DYLV��-XG\�7K\H��6XH�
&UDQH��7RQ\�&DYHU��&KHU\O�-HUUHOV��/\Q�:HOODQG��-DQLFH�
)LVKHU��'HQLVH�(YDQV��1DWDVKD�-RKQVRQ��-DPHV�$OOHQ��
7XUHOO�:LOOLDPV��.D-XDQ�:DWVRQ��DQG�'UHZ�:ULJKW��
ZKR�KHOSHG�ZLWK�DUWLIDFW�DQDO\VHV�LQ������DQG�������
$UWLIDFWV�IURP�ERWK�H[FDYDWLRQV�DUH�FXUDWHG�DW�WKH�
$UNDQVDV�$UFKHRORJLFDO�6XUYH\¶V�+68�5HVHDUFK�6WDWLRQ�
LQ�$UNDGHOSKLD��$FFHVVLRQV���������������������DQG�
����������

5HIHUHQFHV�&LWHG

(DUO\��$QQ�0�
�����:LQWHU�$UFKHRORJ\��WKH�+HGJHV�6LWH���+6����)LHOG�

1RWHV��1HZVOHWWHU�RI�WKH�$UNDQVDV�$UFKHRORJLFDO�
6RFLHW\���������

�����6WDQGULGJH��&DGGRDQ�6HWWOHPHQW�LQ�D�0RXQWDLQ�
(QYLURQPHQW��5HVHDUFK�6HULHV�1R������$UNDQVDV�
$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH�

�����$UNDQVDV�3UHKLVWRU\�DQG�+LVWRU\�LQ�5HYLHZ��7KH�
6RFLDO�+LOO�3KDVH��)LHOG�1RWHV��1HZVOHWWHU�RI�WKH�
$UNDQVDV�$UFKHRORJLFDO�6RFLHW\�������������

(DUO\��$QQ�0���HGLWRU��
�����&DGGRDQ�6DOWPDNHUV�LQ�WKH�2XDFKLWD�9DOOH\��7KH�

+DUGPDQ�6LWH��5HVHDUFK�6HULHV�1R������$UNDQVDV�
$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH��

+DUULQJWRQ��0��5��
�����&HUWDLQ�&DGGR�6LWHV�LQ�$UNDQVDV��,QGLDQ�1RWHV�

DQG�0RQRJUDSKV�6HULHV��0XVHXP�RI�WKH�$PHULFDQ�
,QGLDQ��+H\H�)RXQGDWLRQ��1HZ�<RUN�

-HWHU��0DUYLQ�'�
�����(GZDUG�3DOPHU¶V�$UNDQVDZ�0RXQGV��8QLYHUVLW\�

RI�$UNDQVDV�3UHVV��)D\HWWHYLOOH�

.D\��0DUYLQ�
�����/DWH�&DGGR�6XEWUDFWLYH�7HFKQRORJ\�LQ�WKH�5HG�

5LYHU�%DVLQ��,Q�&HGDU�*URYH��$Q�,QWHUGLVFLSOLQDU\�
,QYHVWLJDWLRQ�RI�D�/DWH�&DGGR�)DUPVWHDG�LQ�WKH�
5HG�5LYHU�9DOOH\��HGLWHG�E\�1HDO�/��7UXERZLW]��
SS�����±�����5HVHDUFK�6HULHV�1R������$UNDQVDV�
$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH�

.HOOH\��'DYLG�%���HGLWRU�
�����7ZR�&DGGRDQ�)DUPVWHDGV�LQ�WKH�5HG�5LYHU�

9DOOH\��7KH�$UFKHRORJ\�RI�WKH�0F/HOODQG�DQG�-RH�
&ODUN�6LWHV��5HVHDUFK�6HULHV�1R������$UNDQVDV�
$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH�

0F.LQQRQ��'XQFDQ�3�
�����7KH�%DWWOH�0RXQG�/DQGVFDSH��([SORULQJ�6SDFH��

3ODFH��DQG�+LVWRU\�RI�D�5HG�5LYHU�&DGGR�
&RPPXQLW\�LQ�6RXWKZHVW�$UNDQVDV��5HVHDUFK�
6HULHV�1R������$UNDQVDV�$UFKHRORJLFDO�6XUYH\��
)D\HWWHYLOOH�

3HUWWXOD��7LPRWK\�.�
�����&DGGR�/DQGVFDSHV�LQ�WKH�(DVW�7H[DV�)RUHVWV��

$PHULFDQ�/DQGVFDSHV�VHULHV��2[ERZ�%RRNV��
+DYHUWRZQ��3HQQV\OYDQLD�

3HUWWXOD��7LPRWK\�.��0DU\�%HWK�7UXELWW��DQG�-HIIUH\�6��
*LUDUG�

�����7KH�8VH�RI�6KHOO�7HPSHUHG�3RWWHU\�LQ�WKH�
&DGGR�$UHD�RI�WKH�6RXWKHDVWHUQ�8QLWHG�6WDWHV��
6RXWKHDVWHUQ�$UFKDHRORJ\����������±����
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6FKDPEDFK��)UDQN�)���DQG�-RKQ�(��0LOOHU
�����$�'HVFULSWLRQ�DQG�$QDO\VLV�RI�WKH�&HUDPLFV��,Q�

&HGDU�*URYH��$Q�,QWHUGLVFLSOLQDU\�,QYHVWLJDWLRQ�
RI�D�/DWH�&DGGR�)DUPVWHDG�LQ�WKH�5HG�5LYHU�
9DOOH\��HGLWHG�E\�1HDO�/��7UXERZLW]��SS�����±�����
5HVHDUFK�6HULHV�1R������$UNDQVDV�$UFKHRORJLFDO�
6XUYH\��)D\HWWHYLOOH�

7KRPDV��&\UXV
�����5HSRUW�RQ�WKH�0RXQG�([SORUDWLRQV�RI�WKH�%XUHDX�

RI�(WKQRORJ\����WK�$QQXDO�5HSRUW��%XUHDX�RI�
(WKQRORJ\��:DVKLQJWRQ��'&�

7UXELWW��0DU\�%HWK�
�����%XUQLQJ�DQG�%XU\LQJ�%XLOGLQJV��([SORULQJ�

9DULDWLRQ�LQ�&DGGR�$UFKLWHFWXUH�LQ�6RXWKZHVW�
$UNDQVDV��6RXWKHDVWHUQ�$UFKDHRORJ\�����������
����

����D�$�)UHVK�/RRN�DW�WKH�+HGJHV�6LWH��)LHOG�1RWHV��
1HZVOHWWHU�RI�WKH�$UNDQVDV�$UFKHRORJLFDO�6RFLHW\�
���������

����E�&DGGR�LQ�WKH�6DOLQH�5LYHU�9DOOH\�RI�$UNDQVDV��
7KH�%RUGHUODQGV�3URMHFW�DQG�WKH�+XJKHV�6LWH��,Q�
7KH�$UFKDHRORJ\�RI�WKH�&DGGR��HGLWHG�E\�7LPRWK\�
.��3HUWWXOD�DQG�&KHVWHU�3��:DONHU��SS�����������
8QLYHUVLW\�RI�1HEUDVND�3UHVV��/LQFROQ�

:HEE��&ODUHQFH�+��
�����7KH�%HOFKHU�0RXQG��$�6WUDWL¿HG�&DGGRDQ�6LWH�

LQ�&DGGR�3DULVK��/RXLVLDQD��0HPRLUV�1R������
6RFLHW\�IRU�$PHULFDQ�$UFKDHRORJ\��6DOW�/DNH�&LW\��
8WDK�

:ROIPDQ��'DQLHO�
�����$UFKHRPDJQHWLF�'DWLQJ�LQ�$UNDQVDV�DQG�WKH�

%RUGHU�$UHDV�RI�$GMDFHQW�6WDWHV��,Q�$UNDQVDV�
$UFKHRORJ\�LQ�5HYLHZ��HGLWHG�E\�1HDO�/��
7UXERZLW]�DQG�0DUYLQ�'��-HWHU��SS�����������
5HVHDUFK�6HULHV�1R������$UNDQVDV�$UFKHRORJLFDO�
6XUYH\��)D\HWWHYLOOH��

:ROIPDQ��'DQLHO
�����$UFKDHRPDJQHWLF�'DWLQJ�LQ�$UNDQVDV�DQG�

WKH�%RUGHU�$UHDV�RI�$GMDFHQW�6WDWHV�±�,,��,Q�
$UFKDHRPDJQHWLF�'DWLQJ��HGLWHG�E\�-HIIUH\�/��
(LJKP\�DQG�5REHUW�6��6WHUQEHUJ��SS�����������
8QLYHUVLW\�RI�$UL]RQD�3UHVV��7XFVRQ�



�ĆĉĉĔ��ėĈčĊĔđĔČĞ�
ĔĚėēĆđ���������Ȉ���������ʹͲͷ

,QWURGXFWLRQ

7KH�1HRVKR�FXOWXUH��$�'�������������RQ�WKH�
VRXWKZHVWHUQ�IULQJH�RI�WKH�2]DUN�3ODWHDX�LV�ZLGHO\�
GLVFXVVHG�LQ�DUFKDHRORJLFDO�OLWHUDWXUH�EHJLQQLQJ�ZLWK�
%DHUUHLV¶��������������GH¿QLWLRQ�RI�LW�DV�D�GLVWLQFW�IRFXV��
+RZHYHU��LQ�WUDFLQJ�WKH�LQWHOOHFWXDO�KLVWRU\�RI�UHVHDUFK�
FRQFHUQLQJ�WKH�1HRVKR�SKDVH��LW�LV�FOHDU�WKDW�UHVHDUFKHUV�
KDYH�VWUXJJOHG�ZLWK�LWV�GH¿QLWLRQ�DQG�LQ�FODULI\LQJ�LWV�
UHODWLRQVKLS�WR�SUHFHGLQJ�DQG�VXUURXQGLQJ�FXOWXUHV��
2WKHU�WKDQ�D�IHZ�EURDG�FDWHJRUL]DWLRQV��H�J���PRELOH�DQG�
GLVSHUVHG�FRPPXQLW\�VHWWOHPHQWV��KXQWLQJ��JDWKHULQJ��
DQG�KRUWLFXOWXUDO�VXEVLVWHQFH��OLWWOH�LV�NQRZQ�DERXW�KRZ�
WKHVH�SHRSOH�FRQGXFWHG�GD\�WR�GD\�DFWLYLWLHV�RU�KRZ�WKH\�
LQWHUDFWHG�ZLWK�VXUURXQGLQJ�FXOWXUHV�
� :LWK�VXFK�OLPLWHG�NQRZOHGJH��UHVHDUFKHUV�
KDYH�VWUXJJOHG�WR�UHVROYH�VHYHUDO�GHEDWHV�FRQFHUQLQJ�
WKH�LGHQWLW\�RI�1HRVKR�SHRSOHV��,W�KDV�EHHQ�SRVWXODWHG�
WKDW�1HRVKR¶V�UHODWLRQVKLS�WR�SUHFHGLQJ�FXOWXUHV�FDQ�EH�
H[SODLQHG�E\�DQ�LQ�VLWX�GHYHORSPHQW��)UHHPDQ�������
������3XUULQJWRQ�������9HKLN�������:\FNRII��������
ZKLOH�RWKHUV�VXJJHVW�D�PLJUDWLRQ�RI�H[WUD�UHJLRQDO�
SHRSOHV�LQWR�WKH�DUHD��%DHUUHLV������������&KDSPDQ�
������2UU�������'LFNVRQ�������:HGHO��������7R�GDWH��
DOO�DUJXPHQWV�KDYH�UHOLHG�XSRQ�PDWHULDO�FXOWXUH�WUDLW�OLVWV��
GHSHQGLQJ�KHDYLO\�XSRQ�UHODWLYH�VLPLODULWLHV�LQ�DUWLIDFW�

DVVHPEODJHV�WR�DUJXH�IRU�RQH�WKHRU\�RU�WKH�RWKHU�UDWKHU�
WKDQ�FRPSOHWLQJ�DQ�LQ�GHSWK�DQDO\VLV��6XFK�UHDVRQLQJ�
KDV�EHHQ�SURYHQ�LQVXI¿FLHQW�DQG�1HRVKR�UHODWHG�
UHVHDUFK�KDV�UHPDLQHG�LQDFWLYH�DQG�XQUHYLVHG�IRU�������
\HDUV��7KLV�DUWLFOH�UHSUHVHQWV�D�V\QWKHVLV�RI�NQRZOHGJH�
DQG�UHVHDUFK�RQ�1HRVKR�SHRSOH�LQ�SUHSDUDWLRQ�IRU�D�
SURMHFW�WKDW�VHHNV�WR�UHLQYLJRUDWH�UHVHDUFK�LQ�WKLV�SDUW�
RI�2NODKRPD�RQ�WKH�/DWH�3UH�FRQWDFW�SHULRG�DQG�WR�
PDNH�WKH�¿UVW�PDMRU�VWDWHPHQW�RQ�WKH�1HRVKR�SKDVH�LQ�
VHYHUDO�GHFDGHV�XVLQJ�FRQWHPSRUDU\�PHWKRGRORJLHV�DQG�
WKHRULHV�

7KH�1HRVKR�3KDVH��3UHYLRXV�5HVHDUFK�DQG�
0DLQ�'HEDWHV

$FFRUGLQJ�WR�WKH�UHVHDUFK�WKDW�KDV�EHHQ�FRQGXFWHG�WR�
GDWH��VFKRODUV�EHOLHYH�WKDW�1HRVKR�SHRSOHV�UHVLGHG�RQ�WKH�
VRXWKZHVWHUQ�IULQJH�RI�WKH�2]DUN�3ODWHDX�EHWZHHQ�$�'��
�����������2ULJLQDOO\��LW�ZDV�EHOLHYHG�WKDW�WKH\�OLYHG�
\HDU�URXQG�LQ�URFNVKHOWHUV��EXW�WKHVH�LQWHUSUHWDWLRQV�ZHUH�
EDVHG�RQ�DQ�LQFRPSOHWH�GDWDVHW�DQG�PL[HG�URFN�VKHOWHU�
GHSRVLWV��'LFNVRQ�������)UHHPDQ��������������0DQ\�
RSHQ�DLU�VLWHV�KDYH�QRZ�EHHQ�GRFXPHQWHG��DOWKRXJK�IHZ�
KDYH�EHHQ�IXOO\�LQYHVWLJDWHG��WKURXJKRXW�WKH�1HRVKR�
FXOWXUH�DUHD��ZKLFK�LQFOXGHV�SDUWV�RI�QRUWKHDVWHUQ�
2NODKRPD��VRXWKHDVWHUQ�.DQVDV��VRXWKZHVWHUQ�0LVVRXUL��

7KH�1HRVKR�SKDVH��$�'�������������LQ�QRUWKHDVWHUQ�2NODKRPD��QRUWKZHVWHUQ�$UNDQVDV��VRXWKZHVWHUQ�0LVVRXUL��DQG�
VRXWKHDVWHUQ�.DQVDV�UHSUHVHQWV�/DWH�3UH�FRQWDFW�SHRSOHV�HQJDJHG�LQ�ZLGHVSUHDG�WUDGH�IURP�WKH�3ODLQV�WR�JURXSV�LQ�
WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV��7KH�SKDVH�KDV�FRQIRXQGHG�UHVHDUFKHUV�VLQFH�LWV�GH¿QLWLRQ��DOWKRXJK�GHEDWHV�PDLQO\�
FRQFHUQ�RQH�RI�WZR�PDLQ�TXHVWLRQV�FRQFHUQLQJ�WKH�LGHQWLW\�RI�1HRVKR�SHRSOHV��RULJLQV�DQG�FXOWXUDO�DI¿OLDWLRQ��0RVW�
UHVHDUFK�WR�GDWH�KDV�IRFXVHG�VLPSO\�RQ�WKH�TXHVWLRQ�RI�HPHUJHQFH��(DUO\�LQ�WKHVH�GHEDWHV��2UU��������VXJJHVWHG�
WKDW�1HRVKR�SHRSOHV�UHSUHVHQWHG�RQH�RU�PRUH�SODLQV�RULHQWHG�JURXSV�WKDW�KDG�PLJUDWHG�LQWR�WKH�DUHD��ZKLOH�
:\FNRII��������DQG�RWKHUV�ODWHU�DUJXHG�WKDW�1HRVKR�UHSUHVHQWHG�D�GLVVROXWLRQ�RI�WKH�$UNDQVDV�5LYHU�9DOOH\�&DGGR�
0LVVLVVLSSLDQ�V\VWHP��1XPHURXV�LVVXHV�KDYH�LQKLELWHG�SURJUHVV�LQ�GHIHQGLQJ�HLWKHU�RI�WKHVH�PRGHOV��LQFOXGLQJ�D�
GHSHQGHQFH�XSRQ�UHVHDUFK�PHWKRGV�WKDW�UHO\�XSRQ�GHVFULSWLYH�FXOWXUDO�WUDLW�OLVWV��D�UHOXFWDQFH�WR�FRQWH[WXDOL]H�DQG�
HPSODFH�1HRVKR�SHRSOHV�ZLWKLQ�WKH�UHJLRQ�DW�ODUJH��DQG�HYHQ�WKH�LQLWLDO�GH¿QLWLRQ�RI�WKH�SKDVH�DQG�FXOWXUH�DUHD��7KLV�
DUWLFOH�UHSUHVHQWV�WKH�EHJLQQLQJ�VWDJHV�RI�P\�GLVVHUWDWLRQ�UHVHDUFK�DQG�ZLOO�IRFXV�RQ�GLVFXVVLRQ�RI�WKH�1HRVKR�SKDVH��
LQFOXGLQJ�SUHYLRXV�UHVHDUFK��LVVXHV�DQG�GHEDWHV��DQG�ZD\V�WR�UHVROYH�DQG�UHLQYLJRUDWH�UHVHDUFK�LQ�WKLV�DUHD�DQG�WLPH�
SHULRG�

3DLJH�)RUG
8QLYHUVLW\�RI�2NODKRPD

,Q�%HWZHHQ�7ZR�:RUOGV��3DVW�3HUVSHFWLYHV�RQ�WKH�
1HRVKR�3KDVH��$�'������������
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DQG�QRUWKZHVWHUQ�$UNDQVDV��&RQQHU�������5D\�������
5D\�DQG�/RSLQRW�������7KRPDV�DQG�5D\�������:\FNRII�
�������$V�VXFK��LW�LV�QRZ�UHFRJQL]HG�WKDW�1HRVKR�
SHRSOHV�PD\�KDYH�UHVLGHG�LQ�URFNVKHOWHUV�GXULQJ�ZLQWHU�
PRQWKV�DQG�WKHQ�UHVLGHG�PRUH�LQWHQVLYHO\�LQ�RSHQ�DLU�
VLWHV�GXULQJ�ZDUPHU�SHULRGV�ZKHUH�WKH\�ZRXOG�JURZ�
FURSV��&REE�������'LFNVRQ��������7KLV�/DWH�3UH�FRQWDFW�
FXOWXUH�SDUWLFLSDWHG�LQ�KXQWLQJ�DQG�JDWKHULQJ��ELVRQ�
KXQWLQJ�DQG�JDWKHULQJ�RI�QXWV��SULPDULO\��DV�ZHOO�DV�
KRUWLFXOWXUDO�DFWLYLWLHV�
� 0DWHULDO�UHPDLQV�LQGLFDWLYH�RI�WKH�DFWLYLWLHV�RI�
1HRVKR�SHRSOHV�LQFOXGH�ELVRQ�VFDSXOD�KRHV��VKHOO�KRHV��
YDULRXV�OLWKLF�WRROV�LQFOXGLQJ�VPDOO�WULDQJXODU�SURMHFWLOH�
SRLQWV�PDQXIDFWXUHG�IURP�ORFDO�FKHUW�VRXUFHV��5HHGV�
6SULQJ��3HRULD��HWF����5D\�����D���������������HQG�
VFUDSHUV�DQG�VLGH�VFUDSHUV��+DUDKH\�NQLYHV��DQG�VKHOO�
WHPSHUHG�SRWWHU\��)UHHPDQ��������7KH�RQO\�GLVWLQFW�DQG�
GH¿QLQJ�PDWHULDO�WUDLWV�XVHG�LQ�WKH�SDVW�WR�LGHQWLI\�DQG�
LQWHUSUHW�1HRVKR�SKDVH�VLWHV�DUH�XVH�RI�D�KLJKO\�ORFDOL]HG�
FKHUW�UHVRXUFH�LQ�QRUWKHDVWHUQ�2NODKRPD�FDOOHG�3HRULD�
FKHUW��5D\�������DQG�D�³GLVWLQFW´�SRWWHU\�W\SH��1HRVKR�
3XQFWDWH��)LJXUH�����)UHHPDQ�DQG�%XFN��������GH¿QHG�
WKLV�W\SH�DV�D�GHFRUDWHG�YDULHW\�RI�:RRGZDUG�3ODLQ��
DQRWKHU�VKHOO�WHPSHUHG�XWLOLWDULDQ�YHVVHO�W\SH�WKDW�LV�
XELTXLWRXV�LQ�WKH�$UNDQVDV�9DOOH\��7KH\�VWDWH�

3DVWH�DQG�VXUIDFH�¿QLVK�FKDUDFWHULVWLFV�DUH�HVVHQWLDOO\�
WKH�VDPH�IRU�ERWK�W\SHV«WHFKQLTXH�RI�GHFRUDWLRQ�LV�
OLPLWHG�WR�SXQFWDWLQJ��LQFLVLQJ��DQG�DSSOLTXH�QRGHV��
3XQFWDWHV�DUH�PRVW�FKDUDFWHULVWLFDOO\�ZHGJH�VKDSHG�
DQG�GHHSHU�DW�WKH�VWUDLJKW�HQG�WKDQ�DW�WKH�URXQGHG�HQG��
$OWHUQDWLYHO\��DQG�LQ�WKH�PLQRULW\��DUH�HOOLSWLFDO�RU�URXQG�
SXQFWDWHV��,QFLVHG�OLQHV�DUH�XVXDOO\���WR���PP�ZLGH�EXW�
PD\�DOVR�EH�DERXW���PP�ZLGH��2IWHQ�WKH�GHFRUDWLRQ�
LV�QRW�ZHOO�H[HFXWHG���'HFRUDWLRQ�DSSHDUV�RQ�WKH�OLS�RI�
YHVVHOV«ORZHU�ULP�DQG�XSSHU�VKRXOGHU��)UHHPDQ�DQG�
%XFN�������������

� 7KLV�W\SH�GHVFULSWLRQ�FRQWLQXHV�WR�EH�XVHG�
LQ�FRQMXQFWLRQ�ZLWK�FXOWXUH�KLVWRULFDO�QDUUDWLYHV�WR�
DUJXH�IRU�WKH�LGHQWLW\�RI�1HRVKR�SHRSOH�LQ�WHUPV�RI�
WKHLU�HPHUJHQFH�DV�D�³GLVWLQFW´�WUDGLWLRQ�DV�ZHOO�DV�IRU�
WKHLU�FXOWXUDO�DI¿OLDWLRQ��$V�VXFK��1HRVKR�UHSUHVHQWV�D�
³FHUDPLF�FXOWXUH�´�DQG�LQWHUSUHWDWLRQV�DQG�GLVWLQFWLRQV�
KDYH�EHHQ�PDGH�PRVWO\�WKURXJK�YLVXDO�FRPSDULVRQ�RI�
VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�FHUDPLF�YHVVHOV�DQG�YHVVHO�
VKHUGV�IRXQG�DW�WKHVH�VLWHV��EXW�ZLWK�QR�LQ�GHSWK�VW\OLVWLF�
DQDO\VHV�
� 7KH�DYDLODEOH�OLWHUDWXUH�GLVFXVVLQJ�1HRVKR�
VLWHV��SHRSOH��DQG�PDWHULDO�FXOWXUH�LV�VSDUVH��EXW�LW�LV�FOHDU�
WKDW�WKH�IRFXV�KDV�EHHQ�RQ�RQH�RI�WZR�PDLQ�TXHVWLRQV�
UHODWLQJ�WR�WKH�LGHQWLW\�RI�1HRVKR�SHRSOH��RULJLQV�DQG�

)LJXUH����([DPSOHV�RI�1HRVKR�3XQFWDWH�FHUDPLFV���$��&RPSOHWH�1HRVKR�3XQFWDWH�YHVVHO�IURP��%(�����'LFNVRQ�������������%��
1HRVKR�3XQFWDWH�ULP�VKHUG�IURP��%(�����'LFNVRQ�������������&��1HRVKR�3XQFWDWH�ULP�VKHUG�IURP���'/���
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FXOWXUDO�DI¿OLDWLRQ��7KHVH�GHEDWHV��PRUH�VLPSO\��GHSHQG�
XSRQ�DQG�FLUFOH�DURXQG�WKH�FODVVL¿FDWLRQ�RI�1HRVKR�
SHRSOH�DV�EHLQJ�PRUH�RU�OHVV�UHODWHG�WR�SUHFHGLQJ�DQG�
VXFFHHGLQJ�FXOWXUHV�ORFDWHG�RQ�WKH�3ODLQV�RU�LQ�WKH�
VRXWKHDVWHUQ�8QLWHG�6WDWHV��L�H���&DGGR�0LVVLVVLSSLDQ�
SHRSOHV���'HEDWHV�DQG�DUJXPHQWV�VXFK�DV�WKHVH�VKRZ�WKDW�
DUFKDHRORJLVWV�ZHUH�DQG�DUH�JUDSSOLQJ�ZLWK�KRZ�WR�EHVW�
LQWHUSUHW�WKH�SUDFWLFHV�DQG�PDWHULDO�UHPDLQV�RI�FXOWXUHV�
OLYLQJ�LQ�DUHDV�EHWZHHQ�WZR�PDMRU�HQYLURQPHQWDO�DQG�
FXOWXUDO�UHJLRQV��FKRRVLQJ�WR�UHO\�XSRQ�PRGHOV�RI�
GLIIXVLRQ�RI�FXOWXUDO�WUDLWV�
� $IWHU�%DHUUHLV¶��������������LQLWLDO�GH¿QLWLRQ�
RI�1HRVKR��VSHFXODWLRQV�DERXW�1HRVKR�RULJLQV�EHJDQ��
%DHUUHLV���������������&KDSPDQ���������DQG�+DUULQJWRQ�
�������DOO�SRVWXODWHG�WKDW�1HRVKR�UHSUHVHQWHG�D�SURWR�
2VDJH�PDQLIHVWDWLRQ��UHVXOWLQJ�IURP�D�PLJUDWLRQ�RI�
SHRSOHV�IURP�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV�LQWR�WKH�
2]DUN�3ODWHDX��,Q�SDUWLFXODU��&KDSPDQ��������H[DPLQHG�
KLVWRULF�2VDJH�RULJLQV��DQG�LQ�WKH�SURFHVV��KH�FRQFOXGHG�
WKDW�1HRVKR�ZDV�WKH�UHVXOW�RI�WKH�PLJUDWLRQ�RI�SURWR�
2VDJH�SHRSOHV�IURP�WKH�/RZHU�0LVVLVVLSSL�9DOOH\�
LQWR�WKH�VRXWKZHVWHUQ�2]DUNV��+H�FLWHG�VLPLODULWLHV�LQ�
FHUDPLF�GHVLJQ�WR�VXSSRUW�KLV�WKHRU\�RI�D�PLJUDWLRQ�RI�
SHRSOHV�LQWR�WKH�DUHD��&KDSPDQ�VWDWHG�WKDW�VLPLODULWLHV�LQ�
FHUDPLFV�EHWZHHQ�KLVWRULF�2VDJH��2QHRWD��DQG�1HRVKR�
FHUDPLFV�ZHUH�GXH�WR�D�GLIIXVLRQ�RI�LGHDV�DQG�GHVLJQV��
,Q�GRLQJ�VR��KRZHYHU��KH�UHIXWHG�WKH�SRVVLELOLW\�RI�DQ�
2QHRWD�DI¿OLDWLRQ�IRU�WKH�2VDJH��ZKLFK�ODWHU�VFKRODUV�
ZRXOG�DFWLYHO\�VKRZ�WR�EH�D�PRUH�ZHOO�IRXQGHG�
K\SRWKHVLV�IRU�WKH�HPHUJHQFH�RI�2VDJH�LQ�WKH�DUHD�
�<HOWRQ��������2QHRWD�LV�FRPPRQO\�FLWHG�DV�D�SRVVLEOH�
LQÀXHQFH�RQ�1HRVKR�FXOWXUH��GXH�WR�VLPLODULWLHV�LQ�
FHUDPLF�GHVLJQ��SXQFWDWLRQV�DQG�LQFLVHG�OLQHV���DOWKRXJK�
GLIIHUHQFHV�LQ�GHVLJQ�FRQ¿JXUDWLRQ�DQG�YHVVHO�VKDSH�OHDG�
WR�WKH�EHOLHI�WKDW�WKHVH�VLPLODULWLHV�UHSUHVHQW�WUDQVPLVVLRQ�
WKURXJK�GLIIXVLRQ�UDWKHU�WKDQ�GLUHFW�DVVRFLDWLRQ�
�+HQQLQJ�������������3XUULQJWRQ�������
� 2UU��������DOVR�K\SRWKHVL]HG�WKDW�1HRVKR�
SHRSOHV�UHSUHVHQWHG�D�PLJUDWLRQ�RI�H[WUD�UHJLRQDO�
SHRSOHV�LQWR�WKH�DUHD��EXW�XQOLNH�%DHUUHLV�DQG�
+DUULQJWRQ��KH�VXJJHVWHG�WKDW�1HRVKR�UHSUHVHQWHG�
3ODLQV�SHRSOHV�PRYLQJ�LQWR�WKH�VRXWKZHVWHUQ�IULQJH�
RI�WKH�2]DUN�3ODWHDX��7KHLU�PLJUDWLRQ��KH�DUJXHG��ZDV�
SULPDULO\�GXH�WR�XQVWDEOH�FOLPDWLF�FRQGLWLRQV�LQ�WKH�
/DWH�3UH�FRQWDFW�SHULRG��$�VLPLODU�PLJUDWLRQ�LV�QRWHG�E\�
/RUUDLQ������������ZKR�DUJXHG�WKDW�DQ�LQWHQVLYH�GURXJKW�

RQ�WKH�3ODLQV�LQ�QRUWKZHVWHUQ�7H[DV�DQG�VRXWKZHVWHUQ�
2NODKRPD�VSXUUHG�SHRSOH�WR�PRYH�HDVWZDUG�EHWZHHQ�
$�'�������������6KH�VSHFXODWHG�WKDW�VXFK�D�PLJUDWLRQ�
HYHQW�FRXOG�H[SODLQ�VHYHUDO�3ODLQV�WUDLWV�LQ�&DGGR�)RUW�
&RIIHH�SKDVH�VLWHV��$�'��������������ORFDWHG�MXVW�VRXWK�
RI�WKH�1HRVKR�FXOWXUH�DUHD��:HGHO����������������ZURWH�
DERXW�D�VLPLODU�GURXJKW�HYHQW�LQ�ZHVWHUQ�.DQVDV�DQG�
1HEUDVND�DURXQG�$�'������������WKDW�PD\�KDYH�SXVKHG�
RWKHU�3ODLQV�JURXSV�WR�PRYH�LQWR�WKH�DUHD�RFFXSLHG�LQ�
$�'�������E\�1HRVKR�SHRSOH��/RFDO�FOLPDWLF�SDWWHUQV�
DQG�GDWD�GHULYHG�IURP�WKH�1RUWK�$PHULFDQ�'URXJKW�
$WODV��GURXJKW�PHPSKLV�HGX��FRUURERUDWH�WKHVH�GURXJKW�
HYHQWV�RQ�WKH�3ODLQV��EXW�DYHUDJH�FRQGLWLRQV�GXULQJ�WKH�
SHULRG�RI�$�'�������WR������VKRZ�WKDW�WKHUH�DUH�DOVR�
PRGHUDWH�WR�VHYHUH�GURXJKW�FRQGLWLRQV�LQ�WKH�DUHDV�LQ�
DQG�VXUURXQGLQJ�1HRVKR�RFFXSDWLRQV��$GGLWLRQDOO\��
WKHUH�DUH�QR�VLWHV�RQ�WKH�3ODLQV�WKDW�FDQ�XQHTXLYRFDOO\�
EH�HPSOR\HG�WR�DVVRFLDWH�1HRVKR�SHRSOH�ZLWK�D�VSHFL¿F�
JURXS�RI�3ODLQV�SHRSOHV�
� )UHHPDQ��������������H[SDQGHG�XSRQ�1HRVKR�
UHVHDUFK��H[DPLQLQJ�URFN�VKHOWHU�VLWHV�LQ�'HODZDUH�
&RXQW\��2NODKRPD��5HIXWLQJ�RWKHU�VFKRODUV��LQFOXGLQJ�
%DHUUHLV��2UU��DQG�&KDSPDQ��VKH�SURSRVHG�WKDW�1HRVKR�
SHRSOHV�DUH�WKH�UHVXOW�RI�DQ�LQ�VLWX�GHYHORSPHQW�
RI�FXOWXUHV��ZLWK�LQÀXHQFH�SHUPHDWLQJ�LQWR�WKH�
VRXWKZHVWHUQ�2]DUNV�IURP�QHDUE\�$UNDQVDV�5LYHU�YDOOH\�
&DGGR�DQG�RU�3ODLQV�SHRSOHV��&HQWUDO�WR�KHU�K\SRWKHVLV�
ZDV�WKH�LGHD�WKDW�FXOWXUHV�LQ�WKH�2]DUNV�ZHUH�YHU\�
LVRODWHG�WKURXJK�WLPH��DQ�³LVODQG´�DV�3XUULQJWRQ��������
GHVFULEHG��RQO\�H[SHULHQFLQJ�YDU\LQJ�OHYHOV�RI�FXOWXUDO�
LQÀXHQFH�IURP�QHDUE\�FXOWXUHV��2WKHUZLVH��SHRSOHV�
UHVLGLQJ�LQ�WKH�2]DUNV�ZHUH�WKRXJKW�WR�EH�FXOWXUDOO\�
³FRQVHUYDWLYH�´�H[SHULHQFLQJ�KLJK�GHJUHHV�RI�FXOWXUDO�
FRQWLQXLW\�WKURXJK�WLPH��DQG�RQO\�HYHU�DFKLHYLQJ�ZKDW�
:LOOH\�DQG�3KLOOLSV��������ZRXOG�FDWHJRUL]H�DV�DQ�
$UFKDLF�VWDJH�RI�FXOWXUH��8VLQJ�WKLV�EDVLF�LGHD��)UHHPDQ�
�������������QRWHG�HYLGHQFH�RI�FXOWXUDO�FRQWLQXLW\�LQ�
1HRVKR�PDWHULDOV�IURP�SUHYLRXV�FXOWXUHV�OLNH�'HODZDUH�
$�DQG�%��ZLWK�LQÀXHQFHV�IURP�FXOWXUHV�LQ�WKH�$UNDQVDV�
5LYHU�GUDLQDJH�DQG�WKH�3ODLQV�LQ�WKH�IRUP�RI�VRPH�
OLWKLF�WRRO�W\SHV�DQG�YLVLEOH�SRWWHU\�DWWULEXWHV��7KXV��
VKH�FRQWULEXWHG�D�VHFRQG�WKHRU\�IRU�1HRVKR�RULJLQV��DQ�
LQ�VLWX�GHYHORSPHQW��WKDW�ZDV�RSSRVHG�WR�HDUOLHU�WKHRULHV�
RI�D�PLJUDWLRQ�RI�H[WUD�UHJLRQDO�SHRSOHV��3XUULQJWRQ�
�������DOVR�VXSSRUWHG�KHU�WKHRU\�EDVHG�RQ�KLV�GLDFKURQLF�
H[DPLQDWLRQ�RI�VLWHV�LQ�'HODZDUH�&RXQW\��2WKHU�
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UHVHDUFKHUV�FRQWLQXHG�WR�H[FDYDWH�VLWHV�LQ�WKH�SUR[LPLW\�
RI�WKH�1HRVKR�FXOWXUH�DUHD��DQG�DVVLJQ�WKHP�1HRVKR�
FXOWXUDO�GHVLJQDWLRQV��H�J���&REE�������:\FNRII�������
� ,Q�ODWHU�GHFDGHV��WKHUH�ZDV�D�FRQWLQXLQJ�FRQFHUQ�
IRU�UHVHDUFKLQJ�1HRVKR�RULJLQV��1RW�RSSRVHG�WR��EXW�
HODERUDWLQJ�RQ�)UHHPDQ¶V��������������K\SRWKHVLV�RI�
DQ�LQ�VLWX�GHYHORSPHQW��:\FNRII��������SURSRVHG�WKDW�
1HRVKR�SHRSOHV�UHSUHVHQWHG�WKH�ORFDO�GLVVROXWLRQ�RI�
$UNDQVDV�5LYHU�9DOOH\�&DGGR�VRFLHWLHV��&RQQHU���������
'LFNVRQ���������5D\�DQG�/RSLQRW���������DQG�9HKLN�
�������ZRXOG�VXSSRUW�KLV�WKHRU\��$IWHU�WKH�6SLUR�SKDVH�
LQ�QHDUE\�/H)ORUH�DQG�+DVNHOO�FRXQWLHV�RI�2NODKRPD��
WKHUH�LV�HYLGHQFH�WKDW�PRXQG�EXLOGLQJ�DFWLYLWLHV�FHDVHG��
DQG�)RUW�&RIIHH�SHRSOHV��UHVLGLQJ�LQ�WKH�$UNDQVDV�5LYHU�
9DOOH\�FRQWHPSRUDQHRXVO\�ZLWK�1HRVKR�SHRSOHV�LQ�WKH�
2]DUNV��GLG�QRW�HQJDJH�LQ�LQWHQVLYH�ULWXDO�DFWLYLW\�QRWHG�
LQ�SULRU�SKDVHV��5RKUEDXJK��������������7KHUH�LV�OLWWOH�
HYLGHQFH�WR�VXSSRUW�WKH�1HRVKR�FXOWXUH¶V�LQYROYHPHQW�
LQ�PRXQG�EXLOGLQJ�RU�LQWHQVLYH�ULWXDO�SUDFWLFHV��
DOWKRXJK�VRPH�KDYH�VKRZQ�WKDW�1HRVKR�SHRSOHV�XVHG�
DQG�FRQVWUXFWHG�HDUWKZRUNV�LQ�VRXWKZHVWHUQ�0LVVRXUL�
�&RQQHU����������5D\�DQG�/RSLQRW�������������
� 5RKUEDXJK��������������FODUL¿HG�WKH�GH¿QLWLRQ�
RI�WKH�)RUW�&RIIHH�IRFXV��$�'�������������DQG�FKDQJHG�
LWV�0F.HUQ�GHVLJQDWLRQ�WR�SKDVH��7KLV�ZDV�SUHVXPDEO\�
DQ�DWWHPSW�WR�PRYH�DZD\�IURP�WKH�XVH�RI�0F.HUQ¶V�
�������/LQQDHDQ�FXOWXUDO�FODVVL¿FDWLRQ�V\VWHP�LQ�WKH�
UHJLRQ��,Q�GLVFXVVLQJ�WKH�HDUOLHU�6SLUR�VLWH�SKDVHV�DQG�
WKHLU�UHODWLRQVKLS�WR�WKH�ODWHU�)RUW�&RIIHH�SKDVH��KH�
FLWHG�GLIIHUHQFHV�LQ�FHUDPLFV��KRXVH�FRQVWUXFWLRQ��DQG�
VXEVLVWHQFH��+H�DOVR�GLVFXVVHG�WKH�1HRVKR�SKDVH�LQ�
UHODWLRQVKLS�WR�WKH�)RUW�&RIIHH�SKDVH��DQG�ZKLOH�WKH\�
H[KLELW�PDQ\�VLPLODULWLHV��VHWWOHPHQW�VWUDWHJLHV�DSSHDU�
WR�EH�GLIIHUHQW�DQG�FHUDPLF�GHVLJQ�FRQ¿JXUDWLRQV�DUH�
QRW�H[DFWO\�WKH�VDPH��:DUH�W\SHV�IRXQG�LQ�)RUW�&RIIHH�
SKDVH�VLWHV�KDYH�LQFLVHG�OLQHV�DQG�SXQFWDWLRQV��EXW�
XQOLNH�1HRVKR¶V�FKDUDFWHULVWLF�ZHGJH�SXQFWDWLRQV��)RUW�
&RIIHH�YHVVHOV�KDYH�³¿QJHUQDLO´�SXQFWDWLRQV�DORQJ�WKH�
ULP�DQG�OLS��)RUW�&RIIHH�YHVVHOV�DOVR�LQFOXGH�HQJUDYHG�
W\SHV��QRW�IRXQG�LQ�1HRVKR�FHUDPLF�DVVHPEODJHV��:LWK�
DOO�WKDW�VDLG��5RKUEDXJK��������������ZDV�VLOHQW�RQ�
SRWHQWLDO�UHODWLRQVKLSV�EHWZHHQ�1HRVKR�DQG�)RUW�&RIIHH��
WKRXJK�WKHLU�SUR[LPLW\�DQG�VLPLODULWLHV�LQGLFDWH�D�FORVHU�
UHODWLRQVKLS��,W�LV�NQRZQ�WKDW�FRQWHPSRUDU\�VXUURXQGLQJ�
&DGGR�SRSXODWLRQV�DQG�3ODLQV�SRSXODWLRQV��PRUH�
VSHFL¿FDOO\�WKH�/RZHU�:DOQXW�SHRSOHV�LQ�VRXWK�FHQWUDO�

.DQVDV��ZHUH�HQJDJHG�LQ�KLJKO\�LQWHUFRQQHFWHG�WUDGH�
QHWZRUNV��3HUWWXOD�HW�DO���������1HRVKR¶V�UHODWLRQVKLS�
WR�WKH�SUHFHGLQJ�6SLUR�SKDVH��$�'�������������DQG�
FRQWHPSRUDQHRXV�)RUW�&RIIHH�SKDVH��$�'�������������
LQ�WKH�$UNDQVDV�5LYHU�GUDLQDJH�DQG�WR�FXOWXUHV�LQ�RWKHU�
DGMDFHQW�UHJLRQV�UHPDLQV�XQUHVROYHG��6DER�DQG�(DUO\�
������
� ,�VSHFXODWH�WKDW��LQ�SDUW��WKH�UHDVRQ�IRU�WKLV�
ODFN�RI�FODULW\�LQ�WKH�UHODWLRQVKLS�EHWZHHQ�1HRVKR�
DQG�VXUURXQGLQJ�FXOWXUHV�RQ�WKH�3ODLQV�DQG�LQ�WKH�
$UNDQVDV�5LYHU�YDOOH\�LV�GXH�WR�LWV�ORFDWLRQ�RQ�WKH�
VRXWKZHVWHUQ�IULQJH�RI�WKH�2]DUN�3ODWHDX�DQG�SHUKDSV�
WKH�OLPLWHG�VW\OLVWLF�FKDUDFWHU�RI�1HRVKR�DQG�RWKHU�
FRQWHPSRUDQHRXV�FXOWXUDO�DVVHPEODJHV�LQ�WKH�DUHD��7KH�
DVVXPSWLRQ�WKDW�FXOWXUHV�LQ�WKH�2]DUNV�ZHUH�UHODWLYHO\�
LVRODWHG�DQG�³FRQVHUYDWLYH´�OLQJHUHG�XQWLO�%URZQ¶V�
�������H[SORUDWLRQ�RI�SUHKLVWRULF�2]DUN�PDUJLQDOLW\�
DQG�KLV�DVVHUWLRQV�WKDW�GLVSHO�WKRVH�FRPPRQ�LGHDV�
EDVHG�RQ�HQYLURQPHQWDO�FRQGLWLRQV��1HRVKR�UHVHDUFK�
KDV�QRW�EHHQ�XSGDWHG�LQ�OLJKW�RI�WKHVH�GLVFXVVLRQV��7KH�
2]DUN�HQYLURQPHQW�LV�E\�QR�PHDQV�LPSDVVDEOH��EXW�WKH�
DVVXPSWLRQ�RI�PDUJLQDOLW\�DQG�WKH�LGHD�WKDW�FXOWXUDO�
LQÀXHQFH�RQO\�SHUPHDWHG�WKHVH�XSODQGV�IURP�WKH�RXWVLGH�
KDV�UHVXOWHG�LQ�VWDJQDQW�LQWHUSUHWDWLRQV�RI�QXPHURXV�
FXOWXUHV��LQFOXGLQJ�+DUULQJWRQ¶V��������������EOXII�
GZHOOHU�FXOWXUHV��,QYHVWLJDWLRQV�RI�1HRVKR�RULJLQV�KDV�
UHPDLQHG�VWDWLF�LQ�SDUW�EHFDXVH�RI�WKLV�DVVXPSWLRQ�WKDW�
FXOWXUDO�WUDLWV�FRPPRQ�LQ�1HRVKR�DVVHPEODJHV�DUH�VHHQ�
DV�HLWKHU�VWHPPLQJ�IURP�WKH�3ODLQV�RU�WKH�$UNDQVDV�
5LYHU�YDOOH\�LQ�D�XQLGLUHFWLRQDO�RXWZDUG�LQ�GLIIXVLRQ��
4XHVWLRQV�FRQFHUQLQJ�1HRVKR�FXOWXUH�UHPDLQ�XQUHVROYHG�
EHFDXVH�RI�WKH�LGHD�WKDW�WKH�PDWHULDO�FXOWXUH�RI�1HRVKR�
SHRSOHV�PXVW�UHSUHVHQW�RULJLQV�LQ�HLWKHU�3ODLQV�RU�
VRXWKHDVWHUQ�WUDLWV��EHFDXVH�RI�WKHLU�DVVRFLDWLRQ�ZLWK�WKH�
2]DUNV��D�SODFH�³LQ�EHWZHHQ´�WZR�ODUJH�HQYLURQPHQWDO�
UHJLRQV�
� $QRWKHU�UHDVRQ�WKDW�1HRVKR�UHVHDUFK�UHPDLQV�
KLQGHUHG�LV�WKH�ODFN�RI�FODULW\�LQ�EURDG�VFDOH�LQWHUDFWLRQ�
SDWWHUQV�LQ�WKH�UHJLRQ��UHVXOWLQJ�IURP�D�ULJLG�FXOWXUH�
KLVWRU\�DQG�UHOLDQFH�RQ�WUDLW�OLVW�FRPSDULVRQV��1R�
VW\OLVWLF�H[DPLQDWLRQV�RI�FHUDPLF�DWWULEXWHV��VDYH�RQH�
ZKLFK�DWWHPSWV�WR�GLVWLQJXLVK�YDULHWLHV�RI�:RRGZDUG�
3ODLQ��KDYH�EHHQ�FRQGXFWHG�RQ�1HRVKR�DQG�VXUURXQGLQJ�
SRSXODWLRQV�WR�EHWWHU�XQGHUVWDQG�VLPLODULWLHV�DQG�
GLIIHUHQFHV�LQ�GHVLJQ�FRQ¿JXUDWLRQV��5HVHDUFK�KDV�
FRQWLQXHG�RQ�1HRVKR�VLWHV��&RQQHU�������'LFNVRQ�������
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5D\�����E��5D\�DQG�/RSLQRW��������EXW�QXPHURXV�
SXEOLFDWLRQV�FRQWLQXH�WR�UHLWHUDWH�WKH�VDPH�LQIRUPDWLRQ�
�'LFNVRQ��������DQG�QR�QHZ�UHVHDUFK�RQ�WKH�WRSLF�RI�
1HRVKR�RULJLQV�KDV�VXUIDFHG�VLQFH�:\FNRII��������
SRVWXODWHG�WKDW�1HRVKR�ZDV�WKH�UHVXOW�RI�WKH�GLVVROXWLRQ�
RI�WKH�$UNDQVDV�9DOOH\�&DGGR�V\VWHP��$V�VXFK��WKH�VWXG\�
RI�1HRVKR�DVVHPEODJHV�KDV�QRW�EHHQ�VXEMHFW�WR�XSGDWHG�
UHVHDUFK�GHVLJQV��PHWKRGRORJLHV��RU�WKHRULHV��DQG�WKH�
FXOWXUH�KLVWRULFDO�FRQFHUQ�IRU�1HRVKR�RULJLQV�UHPDLQV�
� 7KRPDV�DQG�5D\��������KDYH�VKRZQ�WKDW�
1HRVKR�SHRSOHV�DW�WKH�'DKOPDQ�VLWH�LQ�/DZUHQFH�
&RXQW\��0LVVRXUL��ZHUH�HQJDJHG�LQ�ORQJ�GLVWDQFH�WUDGH�
ZLWK�SHRSOHV�RQ�WKH�3ODLQV�DQG��LQGLUHFWO\��SHRSOHV�LQ�
WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV��7KHLU�UHVHDUFK�LV�WKH�¿UVW�
WR�H[DPLQH�1HRVKR�LQ�WHUPV�RI�D�KLJKO\�LQWHUFRQQHFWHG�
DQG�IDU�ÀXQJ�QHWZRUN�RI�UHODWLRQVKLSV�UHJDUGOHVV�RI�
HQYLURQPHQWDO�GHWHUPLQLVP��+RZHYHU��WKHUH�LV�VWLOO�D�
ODFN�RI�FODULW\�RI�KRZ�1HRVKR�UHODWHV�WR�VXUURXQGLQJ�
SHRSOHV�DQG�FXOWXUHV�
� )URP�WKH�DERYH�GLVFXVVLRQ��LW�LV�FOHDU�WKDW�
1HRVKR�UHVHDUFK�LV�WURXEOHG�E\�LVVXHV�WKDW�LQKLELW�DQ�
XQGHUVWDQGLQJ�RI�WKH�SHRSOHV�WKHPVHOYHV�DV�ZHOO�DV�
WKH�EURDGHU�UHJLRQDO�LQWHUFXOWXUDO�G\QDPLFV�GXULQJ�WKH�
/DWH�3UH�FRQWDFW�SHULRG��5HOLDQFH�RQ�DPELJXRXV�DQG�
ULJLG�W\SH�GHVFULSWLRQV�RI�FHUDPLF�VW\OH�DQG�GHVLJQ�WR�
LGHQWLI\�DQG�UHODWH�1HRVKR�SHRSOH�WR�VXUURXQGLQJ�JURXSV�
LPSHGHV�D�JHQHUDO�XQGHUVWDQGLQJ�RI�ORFDO�DQG�UHJLRQDO�
VRFLDO�SURFHVVHV��$V�D�UHVXOW��WKH�LQWHUFXOWXUDO�G\QDPLFV�
DQG�FXOWXUH�DUHD�GH¿QLWLRQV�LQ�WKH�UHJLRQ�VXUURXQGLQJ�
WKH�1HRVKR�SKDVH�DQG�FXOWXUHV�RQ�WKH�3ODLQV�DQG�LQ�WKH�
VRXWKHDVWHUQ�8�6��UHPDLQ�XQLQYHVWLJDWHG�DQG�FRQIXVLQJ�
�)LJXUH�����$ORQJ�ZLWK�WKLV�V\VWHPLF�LVVXH��WKHUH�LV�
D�QHHGOHVVO\�KHDY\�IRFXV�RQ�FODVVL¿FDWRU\�GHEDWHV�
FRQFHUQLQJ�1HRVKR�HPHUJHQFH�DQG�FXOWXUDO�DI¿OLDWLRQ��
LJQRULQJ�HYLGHQFH�RI�LQWHUFXOWXUDO�LQWHUDFWLRQ��DQG�
DWWHQGLQJ�PRUH�WR�LQWHUQDO�SDWWHUQV�DQG�FRPSDULVRQ�RI�
WUDLW�OLVWV��7KXV��1HRVKR�UHVHDUFK�WR�GDWH�RYHUVLPSOL¿HV�
FRPSOH[�FXOWXUDO�SURFHVVHV�LQ�SXUVXLW�RI�GLFKRWRPRXV�
FODVVL¿FDWLRQ�RI�1HRVKR�SHRSOH�DV�HLWKHU�UHSUHVHQWLQJ�
3ODLQV�RU�6RXWKHDVWHUQ�FXOWXUHV�
� ,Q�RUGHU�WR�RYHUFRPH�WKH�YDULRXV�LVVXHV�ZLWK�
1HRVKR�UHVHDUFK�WR�GDWH��P\�GLVVHUWDWLRQ�SURMHFW�ZLOO�
IRFXV�PRUH�EURDGO\�RQ�SURFHVVHV�RI�LGHQWLW\�IRUPDWLRQ�
DW�D�PDFUR�UHJLRQDO�VFDOH��PRYLQJ�DZD\�IURP�TXHVWLRQV�
WKDW�HQJDJH�ZLWK�FODVVL¿FDWRU\�VFKHPD�WKDW�VHHN�WR�
DVVLJQ�ULJLG�LGHQWLWLHV�WR�1HRVKR�SHRSOH�EDVHG�RQ�WKH�

GLFKRWRPL]DWLRQ�RI�FXOWXUDO�DQG�HQYLURQPHQWDO�]RQHV��
%\�IRFXVLQJ�RQ�PDFUR�UHJLRQDO�SDWWHUQV��,�KRSH�WR�
FODULI\�UHODWLRQVKLSV�ZLWKLQ�DQG�EHWZHHQ�FXOWXUHV�LQ�WKH�
DUHD�DQG�RYHUFRPH�WKH�V\VWHPLF�LVVXHV�RI�W\SRORJLFDO�
FODVVL¿FDWLRQ�RI�FHUDPLFV�DQG�FXOWXUH�DUHDV�LQ�WKH�UHJLRQ��

0HWKRGV��7KHRULHV��DQG�5HVROXWLRQV

,Q�OLJKW�RI�WKH�YDULRXV�URDGEORFNV�WKDW�1HRVKR�UHVHDUFK�
KDV�HQFRXQWHUHG��LW�LV�HVVHQWLDO�WR�LQFRUSRUDWH�D�FKRVHQ�
PHWKRG�ZLWKLQ�D�WKHRUHWLFDO�SHUVSHFWLYH�WKDW�FDQ�ERWK�
DFFRXQW�IRU�PDFUR�UHJLRQDO�SURFHVVHV�RI�LGHQWL¿FDWLRQ�
DQG�LQWHUDFWLRQ�ZLWK�PRUH�ORFDO�SURFHVVHV�RI�SUDFWLFH��
KLVWRU\��DQG�UHQHJRWLDWLRQ��&XOWXUDO�WKHRU\�KDV�UHFHQWO\�
EHJXQ�WR�HQJDJH�ZLWK�JOREDOL]DWLRQ�DQG�ZKDW�LW�PHDQV�
LQ�WHUPV�RI�ÀRZV�RI�LQIRUPDWLRQ�DQG�LWV�LPSOLFDWLRQV�
RQ�FXOWXUH��LGHDV�WKDW�KDYH�GLUHFW�LPSOLFDWLRQV�IRU�
XQGHUVWDQGLQJV�RI�UHJLRQDO�SURFHVVHV�LQ�WKH�SDVW��7KHVH�
PRUH�UHFHQW�PRGHOV�DUH�XVHIXO�LQ�WKDW�WKH\�EHJLQ�WR�
GHFRQVWUXFW�ERXQGDULHV�DQG�GHWHUULWRULDOL]H�FLWL]HQVKLS��
D�PDMRU�KXUGOH�WKDW�PXVW�EH�FURVVHG�WR�SUREOHPDWL]H�
FXOWXUH�DUHD�ERXQGDULHV�LQ�DUFKDHRORJ\�DV�ZHOO�DV�

)LJXUH����/RFDWLRQ�RI�/DWH�3UH�FRQWDFW�&XOWXUDO�8QLWV��9HKLN�
����������
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SURYLGH�D�SURGXFWLYH�ZD\�RI�XQGHUVWDQGLQJ�PDWHULDO�
VLPLODULWLHV�
� 0RVW�RI�WKHVH�QHZ�LGHDV�VWHP�IURP�$SSDGXUDL¶V�
�������GLVFXVVLRQ�RI�JOREDOL]DWLRQ�DV�D�PHFKDQLVP�IRU�
KRPRJHQL]DWLRQ�DQG�KHWHURJHQL]DWLRQ��,Q�WKLV�GLVFXVVLRQ��
$SSDGXUDL�GH¿QHV�VHYHUDO�GLIIHUHQW�ODQGVFDSHV�RI�ÀRZ�
LQFOXGLQJ��EXW�QRW�OLPLWHG�WR��HWKQRVFDSHV��PRYHPHQW�RI�
SHRSOH��DQG�WHFKQRVFDSHV��PRYHPHQW�RI�WHFKQRORJ\���
(VVHQWLDOO\��VKH�DUJXHV�WKDW�LQ�WKHVH�QHZ�VSDFHV�RI�
JOREDO�ÀRZV��WKHUH�LV�D�VLPXOWDQHRXV�KRPRJHQL]DWLRQ�
DQG�KHWHURJHQL]DWLRQ�RI�EHOLHIV��SURGXFWV��WHFKQLTXHV��
DQG�FXOWXUH��7KXV��LQ�D�JOREDO�QHWZRUN�WKHUH�LV�D�
WHQVLRQ�EHWZHHQ�ZDQWLQJ�WR�EH�RSHQ�WR�XQLIRUP�JOREDO�
SKHQRPHQD�DQG�ZDQWLQJ�WR�PDLQWDLQ�D�GLVWLQFWLYH�
LGHQWLW\�RI�ORFDOL]DWLRQ��:LWKLQ�VXFK�D�PRGHO��ORFDO�
VSDFHV�RI�SHUIRUPDQFH�DUH�SODFHV�ZKHUH�SHRSOH�HQJDJH�
LQ�YDULRXV�DFWLYLWLHV��ZKHUH�SUDFWLFHV�DUH�QHJRWLDWHG��
DI¿UPHG��GHQLHG��DQG�UHDVVHVVHG��7KHVH�SHUIRUPHUV�
RU�DFWRUV�FDQ�HODERUDWH�RQ�WKHLU�SUDFWLFH�LQ�VXFK�ORFDO�
VSDFHV�DQG�JHW�LPPHGLDWH�IHHGEDFN�RQ�WKHLU�DFFHSWDQFH�
RU�UHMHFWLRQ�ZLWKLQ�WKH�DOUHDG\�HVWDEOLVKHG�FXOWXUDO�
VFKHPD��$V�VXFK��LQGLYLGXDOV�KDYH�WKH�SRWHQWLDO�WR�
LQFRUSRUDWH�QHZ�HOHPHQWV�LQWR�WKHLU�SHUIRUPDQFH�DQG�
SUDFWLFH�RU�WR�H[SHULPHQW�ZLWKLQ�DQ�DUHQD�WKDW�RSHUDWHV�
XQGHU�DQ�RYHUDOO�VWUXFWXUDO�VFKHPD�RI�DFFHSWHG�SUDFWLFH��
7KHVH�LGHDV�WKHQ�KDYH�VRPH�LPSOLFDWLRQV�IRU�KRZ�ZH�
GLVFXVV�SUHYLRXVO\�GH¿QHG�ERUGHUV�EHWZHHQ�FXOWXUH�
DUHDV�DQG�KRZ�ZH�WKLQN�DERXW�UHODWLYH�VLPLODULW\�WKURXJK�
JHRJUDSKLF�VSDFH��.HDUQH\�������2QJ�������7VLQJ�
������
� :LWKLQ�DUFKDHRORJ\��WKLV�JLYHV�DQ�LQWHUHVWLQJ�
HODERUDWLRQ�RQ�SUDFWLFH�WKHRU\�WKDW�LOOXVWUDWHV�WKH�
FRQWLQXRXV�LQVWDELOLW\�RI�SHUIRUPHG�FXOWXUDO�SKHQRPHQD��
LQFOXGLQJ�SUDFWLFH�DV�VHHQ�WKURXJK�PDWHULDO�FXOWXUH��
7KLV�NLQG�RI�SHUVSHFWLYH�UHMHFWV�IUDJPHQWHG�DQG�
GLVFRQWLQXRXV�VSDFHV�DQG�LQVWHDG�VHHV�VRFLDO�SKHQRPHQD�
H[LVWLQJ�ZLWKLQ�LQWHUFRQQHFWHG�VSDFHV�WKDW�DUH�WKHQ�PDGH�
PHDQLQJIXO�WKURXJK�DJHQWLYH�DFWLRQV�DQG�FRQWLQXHG�
SUDFWLFH��*XSWD�DQG�)HUJXVRQ��������3UDFWLFH�WKHRU\��DV�
HVSRXVHG�E\�%RXUGLHX��������������DQG�*LGGHQV���������
KDV�EHHQ�HODERUDWHG�ZLWKLQ�DUFKDHRORJ\�WR�DFFRXQW�IRU�
KLVWRU\��DJHQF\��DQG�WUDQVIRUPDWLRQ��,W�LV�SDUWLFXODUO\�
XVHIXO�EHFDXVH�ZH�FDQ�EHWWHU�DFFRXQW�IRU�YDULDWLRQ�LQ�
PDWHULDO�FXOWXUH�DQG�VSHDN�QRW�RI�³SRWV�DV�SHRSOH´�EXW�DV�
WKH�UHVXOW�RI�FXOWXUDO�SUDFWLFH�E\�DJHQWLYH�DFWRUV��3UDFWLFH�
SURYLGHV�D�ZD\�WR�GLVFXVV�VLPLODULWLHV�DQG�GLIIHUHQFHV�

LQ�PDWHULDO�FXOWXUH�WKURXJK�OHDUQLQJ�IUDPHZRUNV�
�*RVVHODLQ�������������������������:HQJHU�������DQG�
WR�LQFRUSRUDWH�D�GLVFXVVLRQ�RI�WKH�LPSDFW�RI�KLVWRU\�RQ�
WUDQVIRUPDWLRQV�RI�FXOWXUH��3UDFWLFH��LQ�WKLV�UHVSHFW��LV�
ERWK�PROGHG�E\�ZKDW�FDPH�EHIRUH�DQG�LPSDFWV�ZKDW�
ZLOO�IROORZ��3DXNHWDW��������,I�ZH�LQFRUSRUDWH�LGHDV�RI�
JOREDOL]DWLRQ�DQG�ORFDO�³VSDFHV´�RI�SHUIRUPDQFH��RI�
ZKLFK�WKHUH�FDQ�EH�PXOWLSOH�ZLWKLQ�HDFK�FRPPXQLW\�
DV�WKH\�DUH�LQKHUHQWO\�PXOWL�VFDODU��ZLWKLQ�WKH�DOUHDG\�
HVWDEOLVKHG�SUDFWLFH�IUDPHZRUNV��ZH�FDQ�EHWWHU�DFFRXQW�
IRU�UHVLVWDQFH��LUUDWLRQDOLW\��DQG�LQWHQWLRQDOLW\�LQ�WKH�
PDWHULDO�UHFRUG��7KLV�GHVWDELOL]HV�WKH�ERXQGDULHV�
EHWZHHQ�FXOWXUH�DUHDV��QRW�WR�PHQWLRQ�GHVWDELOL]HV�
SUREOHPDWLF�PDWHULDO�W\SRORJLHV��DQG�LQVWHDG�YDULDWLRQ�
LQ�PDWHULDO�FXOWXUH�FDQ�EH�XQGHUVWRRG�DV�ORFDOL]HG�
SHUIRUPDQFHV�RI�DJHQWLYH�LQGLYLGXDOV�
� )URP�WKLV�IUDPHZRUN��LQFRUSRUDWLQJ�HOHPHQWV�
RI�JOREDOL]DWLRQ�DQG�ORFDOL]DWLRQ�ZLWK�WKH�WHQHWV�RI�
SUDFWLFH��SHUIRUPDQFH��KLVWRU\��DQG�SRZHU��ZH�FDQ�
EHJLQ�WR�WKLQN�DERXW�WKH�LGHQWLWLHV�RI�SHRSOH�LQ�WKH�
SDVW�DV�HTXDOO\�VWDEOH�DQG�XQVWDEOH�VHQVHV�RI�VHOI�DQG�
WKH�ZRUOG��7KLV�NLQG�RI�SHUVSHFWLYH�LQFRUSRUDWHV�PRUH�
UHFHQW�GLVFXVVLRQV�LQ�FXOWXUDO�WKHRU\�RQ�VXEMHFWLYLW\�
DQG�EHFRPLQJ��%LHKO�������%LHKO�DQG�.OHLQPDQ�������
%LHKO�DQG�/RFNH��������%\�GUDZLQJ�IURP�WKHRU\�DERXW�
JOREDO�ÀRZV�RI�LGHDV�DQG�FXOWXUDO�SDWWHUQV��ZH�FDQ�EHJLQ�
WR�WKLQN�DERXW�WKH�H[FKDQJH�RI�WHFKQLTXHV�DQG�LGHDV�QRW�
DV�ERXQGHG�HQWLWLHV�WKDW�³EHORQJ´�WR�RQH�FXOWXUH�DUHD�
RU�DQRWKHU�EXW�LQVWHDG�DV�DQ�HQJDJHPHQW�ZLWK�UHJLRQDO�
LGHRORJLHV�WKDW�EHFRPH�LQWHUSUHWHG�WKURXJK�ORFDOL]HG�
IUDPHZRUNV�RI�SUDFWLFH��&XOWXUH�FDQ�EH�HQYLVLRQHG�QRW�
ZLWKLQ�SUHFRQFHLYHG�IUDJPHQWHG�DUHDV�RI�GLIIHUHQFH�
EXW�DV�VSDFH�PDGH�PHDQLQJIXO�WKURXJK�SUDFWLFH�DQG�
SHUIRUPDQFH�DV�DIIHFWHG�E\�KLVWRULFDO�UHODWLRQVKLSV�DQG�
RSHUDWLQJ�ZLWKLQ�VWUXFWXUHV�RI�SRZHU��,Q�RSHQLQJ�XS�
VSDFHV�RI�SHUIRUPDQFH�ZLWKLQ�WKH�DOUHDG\�HVWDEOLVKHG�
SUDFWLFH�IUDPHZRUN��ZH�DUH�EHWWHU�DEOH�WR�XQGHUVWDQG�
ORFDO�HODERUDWLRQV�RQ�EURDGHU�³VW\OHV´�DV�WKH�UHVXOW�
RI�DJHQWLYH�DFWLRQ�DQG�QHJRWLDWLRQV�RI�UHJLRQDO�DQG�
ORFDO�HQWDQJOHPHQWV�DQG�UHODWLRQV�WR�VHOI�DQG�ZRUOG��
7KHUHIRUH��ZH�FDQ�EHJLQ�WR�VHH�LQGLYLGXDOV�DV�LQ�D�
FRQVWDQW�VWDWH�RI�QHJRWLDWLRQ�DQG�UHODWLRQ�ZLWK�WKH�ZRUOG�
DURXQG�WKHP��LQ�D�FRQVLVWHQW�VWDWH�RI�³EHFRPLQJ´�ZKHUH�
WKHLU�VHQVH�RI�VHOI�DQG�ZRUOG�DUH�GHVWDELOL]HG�DQG�PDGH�
PHDQLQJIXO�E\�SHUIRUPDQFH�DQG�SUDFWLFH��5DWKHU�WKDQ�
LGHQWLW\�FRQQRWLQJ�³RQHQHVV�´�LQVWHDG�LW�LV�SRVVLEOH�WR�VHH�
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LGHQWLW\�DV�DQ�XQ¿QLVKHG�SURFHVV�RI�VHOI�LGHQWL¿FDWLRQ�
WKURXJK�KLVWRU\�
� $V�1HRVKR�UHVHDUFK�WR�GDWH�KDV�UHOLHG�RQ�
FODVVL¿FDWRU\�³HLWKHU�RU´�VFKHPD�LQ�LQWHUSUHWLQJ�
PDWHULDO�UHPDLQV�DQG�GHWHUPLQLQJ�UHVHDUFK�TXHVWLRQV��
E\�LQFRUSRUDWLQJ�SUDFWLFH�WKHRU\��JOREDOL]DWLRQ��DQG�
SHUIRUPDQFH�VSDFHV�LQWR�P\�UHVHDUFK��,�FDQ�UHIRFXV�
1HRVKR�UHVHDUFK�RQ�XQGHUVWDQGLQJ�WKH�SURFHVV�WKURXJK�
ZKLFK�SHRSOH�UHODWH�WR�WKH�ZRUOG�DURXQG�WKHP��,Q�
GRLQJ�VR��LW�ZLOO�EH�LPSRUWDQW�WR�RYHUFRPH�WKH�YDULRXV�
WD[RQRPLF�EULFN�ZDOOV�WKDW�KDYH�VWDJQDWHG�UHVHDUFK�DQG�
SHUSHWXDWHG�D�SUHPLVH�RI�QDWXUDOO\�GLVFRQWLQXRXV�FXOWXUDO�
VSDFH�LQ�WKH�DUHD�DQG�LQVWHDG�IRFXV�RQ�KRZ�SHRSOH�PDGH�
VSDFH�PHDQLQJIXO�WKURXJK�SUDFWLFH��,Q�WKLV�ZD\�,�EHOLHYH�
WKDW�P\�UHVHDUFK�ZLOO�EHWWHU�H[DPLQH�YDULDWLRQ�LQ�WKH�
/DWH�3UH�FRQWDFW�SHULRG�LQ�WKH�DUHD�E\�XQGHUVWDQGLQJ�
KRZ�DVSHFWV�RI�LGHQWLW\�DUH�VLJQL¿HG�LQ�SUDFWLFH�DQG�DUH�
QHJRWLDWHG�WKURXJK�UHODWLRQDO�QHWZRUNV�
� ,Q�SXUVXLW�RI�VXFK�EURDG�SDWWHUQV�RI�SUDFWLFH��
VRFLDO�LQWHUDFWLRQ��LGHQWLW\�IRUPDWLRQ��DQG�LQWHUFXOWXUDO�
G\QDPLFV��,�ZLOO�XVH�FHUDPLF�DWWULEXWH�GDWD�DQG�VRFLDO�
QHWZRUN�DQDO\VLV�WR�LQYHVWLJDWH�KRZ�LQWHUDFWLRQ�
EHWZHHQ�JURXSV�LQ�WKH�UHJLRQ�DIIHFWHG�WKHLU�UHODWLYH�
LGHQWL¿FDWLRQV��6RFLDO�QHWZRUN�DQDO\VLV��61$��LV�
DQ�HPHUJHQW�SDUDGLJP�WKDW�GHULYHV�IURP�YDULRXV�

LQWHUGLVFLSOLQDU\�VRXUFHV�DQG�VHHNV�WR�DGGUHVV�TXHVWLRQV�
UHODWLQJ�WR�LQWHUDFWLRQ�LQ�WKH�SDVW��.QDSSHWW��������
61$�LV�D�XQLTXH�PHWKRG�WKDW�FDQ�SURYLGH�QXPHURXV�
LQVLJKWV�LQWR�YDULRXV�VRFLDO�SURFHVVHV�ZLWKLQ�D�YDULHW\�
RI�WKHRUHWLFDO�IUDPHZRUNV��0LOOV��������)RU�LQVWDQFH��
3HHSOHV��������LQFRUSRUDWHV�LGHQWLW\�WKHRU\�GHULYHG�IURP�
VRFLRORJ\�LQ�KLV�LQYHVWLJDWLRQV�RI�WKH�3UHKLVSDQLF�&LEROD�
ZRUOG��7KXV��UHVHDUFKHUV�FDQ�XWLOL]H�WKLV�PHWKRGRORJ\�
LQ�FRQMXQFWLRQ�ZLWK�UHVHDUFK�VSHFL¿F�WKHRUHWLFDO�
DSSURDFKHV�LQFOXGLQJ�SUDFWLFH��LGHQWLW\��HQWDQJOHPHQW��
FRPSOH[LW\��DQG�KXPDQ�EHKDYLRUDO�HFRORJ\��:KHQ�XVHG�
LQ�FRQMXQFWLRQ�ZLWK�FRQFHSWV�DQG�WKHRULHV�OLNH�LGHQWLW\��
FHUDPLF�VW\OH��DQG�SUDFWLFH��61$�FDQ�HIIHFWLYHO\�PDS�
VRFLDO�LQWHUDFWLRQ�EHWZHHQ�VLWHV�DQG�UHÀHFW�SURFHVVHV�RI�
LGHQWLW\�IRUPDWLRQ�
� 0HWKRGRORJLFDOO\��VRFLDO�QHWZRUNV�DUH�
GH¿QHG�DV�D�VHW�RI�LWHPV��SHRSOH��VLWHV��HWF��ZLWK�
FRQQHFWLRQV�EHWZHHQ�WKHP��.QDSSHWW��������1HWZRUNV�
LQ�DUFKDHRORJ\�DUH�SUHVHQWHG�VXFK�WKDW�QRGHV��SRLQWV��
UHSUHVHQW�SHRSOH��RU�JURXSV�RI�SHRSOH��DQG�WKH�HGJHV�RU�
OLQNV��DUURZV��EHWZHHQ�WKHVH�QRGHV�UHSUHVHQW�YDULRXV�
IRUPV�RI�VRFLDO�LQWHUDFWLRQ��)LJXUH�����,Q�XWLOL]LQJ�
61$��UHVHDUFKHUV�FDQ�FKDUDFWHUL]H�WKH�VWUXFWXUH�RI�
UHODWLRQVKLSV�DPRQJ�VRFLDO�JURXSV��:DVVHUPDQ�DQG�
)DXVW��������5HFHQW�VFKRODUVKLS�RQ�61$�UHFRJQL]HV�

)LJXUH����$Q�H[DPSOH�RI�D�QHWZRUN�RI�FHUDPLF�WHFKQRORJ\�VLPLODULWLHV�DPRQJ�VLWHV��WKH�QRGHV��LQ�WKH�&LEROD�5HJLRQ�RI�WKH�
6RXWKZHVWHUQ�8�6��7LHV�DPRQJ�VHWWOHPHQWV�LQGLFDWH�WHFKQRORJLFDO�VLPLODULWLHV�DV�GHULYHG�IURP�WKUHVKROG�VLPLODULW\�YDOXHV�IRU�
%UDLQHUG�5RELQVRQ��%5��VWDWLVWLFV��3HHSOHV�����������
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IRXU�JHQHUDO�FKDUDFWHULVWLFV�LQKHUHQW�LQ�WKH�PHWKRGRORJ\�
DQG�SHUVSHFWLYH��%HUQDUG������������)LUVW��61$�
IRFXVHV�RQ�WLHV��OLQNV��EHWZHHQ�SHRSOH��KRXVHKROGV��
DQG�VLWHV��QRGHV��UDWKHU�WKDQ�RQ�WKH�VSHFL¿F�DWWULEXWHV�
RI�WKRVH�PXOWL�VFDODU�DFWRUV��6HFRQG��61$�UHTXLUHV�
V\VWHPDWLF�FROOHFWLRQ�RI�GDWD�WR�LQYHVWLJDWH�WKRVH�WLHV�
RU�UHODWLRQVKLSV�DQG�WR�PDNH�LQIHUHQFHV�DERXW�ZKDW�
WKRVH�WLHV�VLJQLI\��7KLUG��WKHUH�LV�D�VWURQJ�HPSKDVLV�
RQ�JUDSKLFDO�SUHVHQWDWLRQ�RI�GDWD�DQG�UHVXOWV��)LQDOO\��
WKLV�PHWKRG�UHOLHV�XSRQ�FRPSXWDWLRQDO�FDOFXODWLRQV�
WR�DFFRXQW�IRU�ODUJH�DPRXQWV�RI�GDWD�DERXW�VRFLDO�WLHV��
$FFRUGLQJO\��61$�LV�SULPDULO\�FRQFHUQHG�ZLWK�DQDO\]LQJ�
PDWHULDO�DQG�VRFLDO�WLHV�RU�LQWHUDFWLRQV�EHWZHHQ�DFWRUV�DW�
QXPHURXV�VFDOHV�
� 7KH�EDVLF�DUFKDHRORJLFDO�XQGHUVWDQGLQJ�RI�
LQWHUDFWLRQ�KDV�WZR�PDLQ�FKDUDFWHULVWLFV��WKDW�LQWHUDFWLRQ�
WDNHV�SODFH�ZLWKLQ�DQ�DEVROXWH�SK\VLFDO�VSDFH�DQG�WKDW�
LW�RFFXUV�DW�PXOWLSOH�VFDOHV��.QDSSHWW��������61$�LV�
VXLWHG�WR�LOOXPLQDWH�ERWK�RI�WKHVH�FKDUDFWHULVWLFV�WKURXJK�
DUFKDHRORJLFDO�GDWD��EXW�DOVR�DOORZV�WKH�LQYHVWLJDWLRQ�
RI�WKH�W\SHV�RI�VRFLDO�SURFHVVHV�DVVRFLDWHG�ZLWK�WKRVH�
HPSODFHG�LQWHUDFWLRQV��3DUDGLJP�VKLIWV�VKRZ�DQ�DOWHUHG�
IRFXV�IURP�VSDWLDO�DEVROXWLVP�WR�UHODWLRQDO�DSSURDFKHV�
WKDW�SRVWXODWH�XQGHUVWDQGLQJ�LQIRUPDWLRQ�DQG�UHVRXUFH�
ÀRZ�DPRQJ�DFWRUV�LV�QHHGHG�WR�XQGHUVWDQG�EHKDYLRUDO�
DQG�VRFLDO�SURFHVVHV��.QDSSHWW��������61$�PHWKRGV��
ZKHQ�VLWXDWHG�ZLWKLQ�DQ�DQWKURSRORJLFDO�WKHRUHWLFDO�
IUDPHZRUN��FDQ�H[DPLQH�VXFK�SURFHVVHV�DW�QXPHURXV�
VFDOHV�IURP�KRXVHKROG�OHYHO�GHFLVLRQV�WR�PDFUR�UHJLRQDO�
SURFHVVHV��ZKLFK�¿WV�ZHOO�ZLWKLQ�WKH�DERYH�GLVFXVVHG�
IUDPHZRUN�RI�UHODWLYH�JOREDOL]DWLRQ�DQG�ORFDOL]HG�
SUDFWLFH�
� ,PSRUWDQWO\�IRU�WKH�SXUSRVHV�RI�P\�UHVHDUFK�
RQ�1HRVKR�SHRSOHV��61$�SURYLGHV�D�PHWKRGRORJ\�WKDW�
GRHV�QRW�DVVXPH�WKH�H[LVWHQFH�RI�³QDWXUDO´�ERXQGDULHV�
�%RUJDWWL�DQG�+DOJLQ��������'XH�WR�WKH�DIRUHPHQWLRQHG�
GLI¿FXOWLHV�ZLWK�UHVHDUFK�WR�GDWH��LW�KDV�EHHQ�LPSRUWDQW�
WR�LQFRUSRUDWH�DQ�XSGDWHG�IUDPHZRUN�DQG�PHWKRGRORJ\�
WKDW�DOORZV�PH�WR�GLVUHJDUG�WKH�FXOWXUDO�ERXQGDULHV�
FRQVWUXFWHG�E\�SDVW�UHVHDUFKHUV�DQG�LQVWHDG�XQGHUVWDQG�
WKH�FXOWXUDO�G\QDPLFV�LQ�WKH�UHJLRQ�WKURXJK�PDWHULDO�
SUR[LHV��$�FRPPRQ�LVVXH�LQ�DUFKDHRORJLFDO�DQDO\VHV�LV�
WKH�DELOLW\�WR�GH¿QH�VRFLDO�ERXQGDULHV�WKURXJK�W\SRORJLHV�
DQG�RWKHU�PDWHULDO�DQG�VRFLDO�DWWULEXWHV��%RXQGDULHV�
ZLWKLQ�QHWZRUN�DQDO\VHV�DUH�PRUH�RI�D�PHWKRGRORJLFDO�
FRQVLGHUDWLRQ�WKDQ�RQH�UHODWLQJ�WR�SURFHVV��DV�DQDO\VWV�

DUELWUDULO\�DVVLJQ�ERXQGDULHV�IRU�QRGHV��ZKLFK�FDQ�EH�
KRXVHKROGV��VLWHV��RU�UHJLRQV�GHSHQGLQJ�RQ�WKH�GDWDVHW��
DQG�WKHQ�DQRWKHU�DUELWUDU\�ERXQGDU\�IRU�WKH�SURMHFW�DUHD��
%XW�WKLV�PHWKRG�GRHV�QRW�UHDGLO\�DVVXPH�WKDW�ERXQGDULHV�
DUH�QDWXUDO�FRQVWUXFWV�WKDW�FDQ�EH�LGHQWL¿HG�WKURXJK�
PDWHULDO�UHPDLQV��$UFKDHRORJLVWV�DJUHH�WKDW�SHRSOH�GR�
QRW�OLYH�LQ�W\SRORJLFDO��VRFLDO��RU�FXOWXUDO�ER[HV��DQG�
DV�VXFK��61$�SURYLGHV�D�PHWKRG�IRU�FRPSDULQJ�WKH�
GLVWULEXWLRQ�RI�PDWHULDO�FXOWXUH�DWWULEXWHV�DQG�WR�GUDZ�
LQIHUHQFHV�RQ�ZKDW�VLPLODULWLHV�DQG�GLIIHUHQFHV�LQ�WKRVH�
DWWULEXWHV�PHDQ�ZLWKRXW�KDYLQJ�WR�SODFH�SHRSOH�RU�JURXSV�
LQWR�W\SRORJLFDO�ER[HV��7HUUHOO�������
� ,�ZLOO�EH�UHFRUGLQJ�FHUDPLF�GDWD�IURP�1HRVKR�
VLWHV�LQFOXGLQJ�VW\OLVWLF�DQG�WHFKQRORJLFDO�DWWULEXWHV�
IURP�ZKLFK�,�ZLOO�FDOFXODWH�VLPLODULW\�VFRUHV�EHWZHHQ�
VLWHV��7DEOH�����&HUDPLF�VW\OH�ZLOO�EH�XVHG�DV�D�SUR[\�
WKURXJK�ZKLFK�WR�XQGHUVWDQG�DQG�PDS�VRFLDO�SURFHVVHV�
�+DUW�������+DUW�DQG�(QJHOEUHFKW�������&DUU��������
8OWLPDWHO\��WKH�DWWULEXWHV�,�KDYH�FKRVHQ�WR�IRFXV�RQ�
UHSUHVHQW�GHFLVLRQV�PDGH�WKURXJKRXW�WKH�PDQXIDFWXULQJ�
SURFHVV�ZLWK�VSHFL¿F�IRFXV�RQ�WKRVH�PLGGOH��DQG�ODVW�
RUGHU�DWWULEXWHV�WKDW�KDYH�EHHQ�VKRZQ�WR�UHÀHFW�SURFHVVHV�
UHODWLQJ�WR�LGHQWLW\�IRUPDWLRQ��&DUU��������&HUDPLF�
DVVHPEODJH�GDWD�IURP�VLWHV�FRQWHPSRUDQHRXV�ZLWK�WKH�
1HRVKR�SKDVH��LQFOXGLQJ�WKH�)RUW�&RIIHH�SKDVH��$�'��
�����������DQG�/RZHU�:DOQXW�SKDVH��VHH�)LJXUH����ZLOO�
DOVR�EH�DFTXLUHG�IURP�H[LVWLQJ�FROOHFWLRQV�DW�UHSRVLWRULHV�
LQ�2NODKRPD��.DQVDV��0LVVRXUL��DQG�$UNDQVDV�
� $GGLWLRQDOO\��,�ZLOO�VHDUFK�H[LVWLQJ�FROOHFWLRQV�
IRU�XQGDWHG�FDUERQ�VDPSOHV�WR�VROLGLI\�WKH�1HRVKR�
RFFXSDWLRQ�DJH�UDQJH��7KH�1HRVKR�SKDVH�KDV�EHHQ�
GDWHG�WR�FD��$�'�������������ZLWK�VHYHUDO�UDGLRFDUERQ�
GDWHV�FRQ¿UPLQJ�WKLV�UDQJH��&REE�������&RQQHU�������
'LFNVRQ�������5RKUEDXJK�������:\FNRII��������EXW�

7DEOH����&HUDPLF�DWWULEXWH�PHDVXUHV�
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PRUH�GDWHV�ZLOO�EH�QHHGHG�WR�FODULI\�1HRVKR¶V�KLVWRU\�
ZLWKLQ�2NODKRPD�DQG�WKH�VXUURXQGLQJ�UHJLRQV�
� 8VLQJ�WKH�FHUDPLF�PHDVXUHPHQWV�DQG�DWWULEXWHV�
LQ�7DEOH����,�ZLOO�FRQVWUXFW�D�VLPLODULW\�PDWUL[�LQ�ZKLFK�
DWWULEXWHV�ZLOO�EH�FRPSDUHG�LQ�WHUPV�RI�WKHLU�VLPLODULWLHV�
EHWZHHQ�VLWHV��gVWERUQ�DQG�*HUGLQJ��������,�ZLOO�
FDOFXODWH�VLPLODULW\�VFRUHV�XVLQJ�*RZHU¶V�*HQHUDO�
6LPLODULW\�&RHI¿FLHQW��ZKLFK�PHDVXUHV�SUR[LPLW\�
�RU�LQ�WKLV�FDVH��VLPLODULW\��IRU�GDWD�FKDUDFWHUL]HG�E\�
D�FRPELQDWLRQ�RI�QRPLQDO�DQG�FRQWLQXRXV�YDULDEOHV��
+LJKHU�FRHI¿FLHQWV�LQGLFDWH�D�VWURQJHU�OLNHOLKRRG�RI�
FRPPXQLFDWLRQ�DQG�LQWHUDFWLRQ�RU�VKDUHG�VRFLDO�UHODWLRQV�
�0LOOV��������+DYLQJ�FRPSLOHG�WKHVH�GDWD�LQWR�WKLV�
IRUPDW��WKH�VLPLODULW\�PDWUL[�ZLOO�EH�LQSXW�LQWR�WKH�VRFLDO�
QHWZRUN�DQDO\VLV��/LQNV�EHWZHHQ�QRGHV��L�H���VLWHV��ZLOO�
EH�ZHLJKWHG�LQ�WHUPV�RI�UHODWLYH�VLPLODULW\�RI�FHUDPLF�
DWWULEXWHV�LQ�RUGHU�WR�LQYHVWLJDWH�WKH�VWUXFWXUH�RI�WKH�
QHWZRUN¶V�ZHDN�DQG�VWURQJ�WLHV�
� )RU�WKH�1HRVKR�SKDVH��,�DP�LQWHUHVWHG�LQ�
H[DPLQLQJ�ZKROH�QHWZRUN�DWWULEXWHV�WR�EHWWHU�XQGHUVWDQG�
JOREDO�DQG�ORFDO�SURFHVVHV�RI�LQWHUDFWLRQ��SUDFWLFH��DQG�
OHDUQLQJ��$V�VXFK��,�DP�IXQGDPHQWDOO\�FRQFHUQHG�ZLWK�
TXHVWLRQV�FRQFHUQLQJ�KRZ�SHRSOH�UHODWH�WR�RQH�DQRWKHU�
LQ�JOREDO�DQG�ORFDO�FRQWH[WV�DQG�KRZ�WKHVH�G\QDPLFV�
DIIHFW�WKHLU�SUDFWLFHV�DQG�SURFHVVHV�RI�LGHQWL¿FDWLRQ��
)URP�D�QHWZRUN�SHUVSHFWLYH��,�DP�QRW�FRQFHUQHG�ZLWK�
VSDWLDOO\�ERXQGHG�HQWLWLHV�DQG�WKHLU�LPSRUWDQFH�WR�
QHWZRUN�VWUXFWXUH�EXW�DP�LQWHUHVWHG�LQVWHDG�LQ�EURDGHU�
SDWWHUQV�RI�UHODWLRQV��3UHYLRXV�UHVHDUFK�KDV�LOOXVWUDWHG�
WKDW�JHRJUDSKLF�GLVWDQFH�LV�QRW�D�SUHGLFWRU�RI�DUWLIDFW�
VLPLODULW\��+DUW��������DQG�VXFK�SUREOHPDWLF�SUHPLVHV�RI�
VLPLODULW\�DQG�SUR[LPLW\�KDYH�IUDPHG�1HRVKR�UHVHDUFK�
WR�WKLV�SRLQW��,QVWHDG��,�ZLOO�H[DPLQH�WKH�UHODWLRQDO�
DVSHFWV�RI�DWWULEXWH�VLPLODULW\��SD\LQJ�SDUWLFXODU�DWWHQWLRQ�
WR�LQWHUSUHWDWLRQV�HPSKDVL]LQJ�SHUIRUPDQFH��SUDFWLFH��
KLVWRU\��DQG�DJHQF\�DW�ORFDO�DQG�UHJLRQDO�VFDOHV�

&RQFOXVLRQV

7KH�TXHVWLRQ�RI�1HRVKR�SKDVH�RULJLQV��ZKLOH�LQWHUHVWLQJ�
LQ�WKH�IUDPHZRUNV�RI�SUHYLRXV�UHVHDUFK��LV�XQSURGXFWLYH�
LQ�OLJKW�RI�FRQWHPSRUDU\�WKHRU\�DQG�PHWKRGRORJLHV��
5HVHDUFK�PXVW�RYHUFRPH�WKH�ULJLG�FXOWXUH�KLVWRU\�RI�
WKH�UHJLRQ��DV�WKHLU�GH¿QLWLRQ�RQ�WKH�EDVLV�RI�VLPLODU�
PDWHULDO�FXOWXUH�WUDLWV�KDV�FOHDUO\�UHVXOWHG�LQ�D�FRPSOH[�
DQG�FRQIXVLQJ�PLOHX�RI�VLPLODU�EXW�GLIIHUHQW�FXOWXUHV��

&RPSRXQGLQJ�WKHVH�LVVXHV�LV�WKH�1HRVKR�SKDVH¶V�
H[LVWHQFH�LQ�DQ�DUHD�WKDW�OLHV�EHWZHHQ�WKH�PDMRU�UHJLRQV�
RI�WKH�HDVWHUQ�:RRGODQGV�DQG�WKH�3ODLQV��RQ�WKH�
³LVODQG´�WKDW�LV�WKH�2]DUN�3ODWHDX��7KH�FRQVROLGDWLRQ�
RI�YDULRXV�IRFL�LQWR�ODUJHU�WD[D�KDV�UHPDLQHG�GLI¿FXOW��
DV�LW�KDV�EHHQ�LPSRVVLEOH�WR�XQGHUVWDQG�WKH�UHODWLYH�
FRQWULEXWLRQ�RI�ERWK�WKH�3ODLQV�DQG�WKH�:RRGODQGV�WR�
WKH�FXOWXUH�WUDLWV�XVHG�LQ�WKHLU�GH¿QLWLRQ��,W�LV�QHFHVVDU\��
WKHQ��WR�UHH[DPLQH�DQG�UHFRQFHSWXDOL]H�WKH�UHJLRQ�DV�
UHSUHVHQWLQJ�DQ�LQWHUFRQQHFWHG�VSDFH��PDGH�PHDQLQJIXO�
E\�SHRSOH�LQ�SUDFWLFH��%\�GRLQJ�VR��,�FDQ�GLVUHJDUG�
WD[RQRPLF�FODVVL¿FDWLRQV�LQ�WKH�UHJLRQ�DQG�LQVWHDG�IRFXV�
RQ�PDFUR��DQG�PLFUR�UHJLRQDO�QHWZRUNV�RI�LQWHUDFWLRQ�
DQG�LGHQWL¿FDWLRQ��2QO\�WKHQ�ZLOO�LW�EH�SRVVLEOH�WR�
RYHUFRPH�WKH�YDULRXV�DVVXPSWLRQV�DQG�SUREOHPV�WKDW�
KDYH�LQÀXHQFHG�UHVHDUFK�WR�GDWH�DQG�EHWWHU�XQGHUVWDQG�
KRZ�SHRSOHV�DVVRFLDWHG�ZLWK�WKH�1HRVKR�SKDVH�UHODWH�WR�
SDVW�DQG�FRQWHPSRUDQHRXV�FXOWXUHV�

5HIHUHQFHV�&LWHG

$SSDGXUDL��$UMXQ�
�����'LVMXQFWXUH�DQG�'LIIHUHQFH�LQ�WKH�*OREDO�&XOWXUDO�

(FRQRP\��7KHRU\��&XOWXUH�	�6RFLHW\������������
����

%DHUUHLV��'DYLG�$�
����� 7KH�1HRVKR�)RFXV��6RFLHW\�IRU�$PHULFDQ�

$UFKDHRORJ\�1RWHERRN�����������

�����5HFHQW�'HYHORSPHQWV�LQ�2NODKRPD�$UFKDHRORJ\��
3URFHHGLQJV�RI�WKH�2NODKRPD�$FDGHP\�RI�6FLHQFH��
SS����������

%HUQDUG��+��5�
�����5HYLHZ�RI�/LQWRQ�&��)UHHPDQ��WKH�'HYHORSPHQW�RI�

6RFLDO�1HWZRUN�$QDO\VLV��6RFLDO�1HWZRUNV��������
����

%LHKO��-RmR
�����9LWD��/LIH�LQ�D�=RQH�RI�6RFLDO�$EDQGRQPHQW��

8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV��%HUNHOH\�

%LHKO��-RmR��DQG�3HWHU�/RFNH
�����'HOHX]H�DQG�WKH�$QWKURSRORJ\�RI�%HFRPLQJ��

&XUUHQW�$QWKURSRORJ\���������������
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%LHKO��-RmR��%\URQ�*RRG��DQG�$UWKXU�.OHLQPDQ
�����6XEMHFWLYLW\��(WKQRJUDSKLF�,QYHVWLJDWLRQV��

8QLYHUVLW\�RI�&DOLIRUQLD�3UHVV��%HUNHOH\�

%RUJDWWL��6WHSKHQ�3���DQG�'DQLHO�6��+DOJLQ
����� $QDO\]LQJ�$I¿OLDWLRQ�1HWZRUNV��,Q�7KH�6$*(�

+DQGERRN�RI�6RFLDO�1HWZRUN�$QDO\VLV��HGLWHG�E\�
3HWHU�-��&DUULQJWRQ�DQG�-RKQ�6FRWW��SS�����������
6$*(�3XEOLFDWLRQV��/RQGRQ�

%RXUGLHX��3LHUUH
�����2XWOLQH�RI�D�7KHRU\�RI�3UDFWLFH��&DPEULGJH�

8QLYHUVLW\�3UHVV��&DPEULGJH�

�����7KH�/RJLF�RI�3UDFWLFH��7UDQVODWHG�E\�5��1LFH��
6WDQIRUG�8QLYHUVLW\�3UHVV��3DOR�$OWR�

%URZQ��-DPHV�$�
������3UHKLVWRULF�6RXWKHUQ�2]DUN�0DUJLQDOLW\��$�

0\WK�([SRVHG��6SHFLDO�3XEOLFDWLRQ����0LVVRXUL�
$UFKDHRORJLFDO�6RFLHW\��&ROXPELD�

&DUU��&KULVWRSKHU��DQG�-LOO�(��1HLW]HO
�����6W\OH��6RFLHW\��DQG�3HUVRQ��$UFKDHRORJLFDO�DQG�

(WKQRORJLFDO�3HUVSHFWLYHV��3OHQXP�3UHVV��1HZ�
<RUN��

&KDSPDQ��&DUO�+�
����� 7KH�2ULJLQ�RI�WKH�2VDJH�,QGLDQ�7ULEH��$Q�

(WKQRJUDSKLF��+LVWRULFDO��DQG�$UFKDHRORJLFDO�
6WXG\��3K�'��'LVVHUWDWLRQ��'HSDUWPHQW�RI�
$QWKURSRORJ\��8QLYHUVLW\�RI�0LFKLJDQ��$QQ�$UERU�

&REE��-DPHV�(�
����� 7KH�)XQFWLRQDO�$QDO\VLV�RI�/DWH�3UHKLVWRULF�

5HPDLQV�IURP�WKH�%RQWNH�6KHOWHU��0DVWHU¶V�7KHVLV��
'HSDUWPHQW�RI�$QWKURSRORJ\��8QLYHUVLW\�RI�
$UNDQVDV��)D\HWWHYLOOH�

&RQQHU��0LFKDHO�'���HGLWRU�
�����1HRVKR�7UDGLWLRQ�2FFXSDWLRQ�LQ�/DZUHQFH�&RXQW\��

0LVVRXUL��7KH�0LVVRXUL�$UFKDHRORJLVW����������

'LFNVRQ��'RQ�5�
�����7KH�$OEHUWVRQ�6LWH��$�'HHSO\�DQG�&OHDUO\�

6WUDWL¿HG�2]DUN�%OXII�6KHOWHU��5HVHDUFK�6HULHV�1R��
����$UNDQVDV�$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH�

�����3UHKLVWRULF�1DWLYH�$PHULFDQV�LQ�WKH�2]DUNV��
6SHFLDO�3XEOLFDWLRQ�1R�����2]DUN�5HVRXUFHV�DQG�
+LVWRULFDO�3XEOLFDWLRQV�

�����$OEHUWVRQ�6KHOWHU���%(�����5DGLRFDUERQ�'DWHV��
0LVVRXUL�$UFKDHRORJLFDO�6RFLHW\�4XDUWHUO\�
������������

����� 7KH�&ORXG�:LOOLDPV�6LWH��7KH�0LVVRXUL�
$UFKDHRORJLVW������������

'RXJODV��/XNH�$�
�����$�8VHU¶V�*XLGH�WR�1HWZRUN�$QDO\VLV�LQ�5��6SULQJHU�

3XEOLVKLQJ��1HZ�<RUN�

)UHHPDQ��-RDQ�(�
����� 7KH�1HRVKR�)RFXV��$�/DWH�3UHKLVWRULF�&XOWXUH�

LQ�1RUWKHDVWHUQ�2NODKRPD��3K�'��'LVVHUWDWLRQ��
'HSDUWPHQW�RI�$QWKURSRORJ\��8QLYHUVLW\�RI�
:LVFRQVLQ��0DGLVRQ�

����� 7KH�1HRVKR�)RFXV��$�/DWH�3UHKLVWRULF�&XOWXUH�LQ�
1RUWKHDVWHUQ�2NODKRPD��%XOOHWLQ�RI�WKH�2NODKRPD�
$QWKURSRORJLFDO�6RFLHW\���������

)UHHPDQ��-RDQ�(���DQG�$��'HZH\�%XFN��-U�
�����:RRGZDUG�3ODLQ�DQG�1HRVKR�3XQFWDWH��7ZR�

6KHOO�7HPSHUHG�3RWWHU\�7\SHV�RI�1RUWKHDVWHUQ�
2NODKRPD��%XOOHWLQ�RI�WKH�2NODKRPD�
$QWKURSRORJLFDO�6RFLHW\��������

*LGGHQV��$QWKRQ\
�����0RGHUQLW\�DQG�6HOI�,GHQWLW\��6HOI�DQG�6RFLHW\�LQ�

WKH�/DWH�0RGHUQ�$JH��6WDQIRUG�8QLYHUVLW\�3UHVV��
3DOR�$OWR�

*RVVHODLQ��2OLYLHU�3�
����� 6RFLDO�DQG�7HFKQLFDO�,GHQWLW\�LQ�D�&OD\�&U\VWDO�

%DOO��,Q�7KH�$UFKDHRORJ\�RI�6RFLDO�%RXQGDULHV��
HGLWHG�E\�0LULDP�7��6WDUN��SS����������
6PLWKVRQLDQ�,QVWLWXWLRQ�3UHVV��:DVKLQJWRQ��'�&�
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�����0DWHULDOL]LQJ�,GHQWLWLHV��$Q�$IULFDQ�3HUVSHFWLYH��
-RXUQDO�RI�$UFKDHRORJLFDO�0HWKRG�DQG�7KHRU\�
�������������

����� 7KRXJKWV�DQG�$GMXVWPHQWV�LQ�WKH�3RWWHU¶V�
%DFN\DUG��,Q�%UHDNLQJ�WKH�0RXOG��&KDOOHQJLQJ�
WKH�3DVW�WKURXJK�3RWWHU\��HGLWHG�E\�,QD�%HUJ��SS��
�������$UFKDHRSUHVV��2[IRUG�

����� )LQH�LI�,�'R��)LQH�LI�,�'RQ¶W��'\QDPLFV�RI�
7HFKQLFDO�.QRZOHGJH�LQ�6XEVDKDUDQ�$IULFD��,Q�
,QYHVWLJDWLQJ�$UFKDHRORJLFDO�&XOWXUHV��HGLWHG�E\�
%HQMDPLQ�:��5REHUWV�DQG�0DUF�9DQGHU�/LQGHQ��
SS�����������6SULQJHU��1HZ�<RUN�

*XSWD��$NKLO��DQG�-DPHV�)HUJXVRQ
�����%H\RQG�³&XOWXUH´��6SDFH��,GHQWLW\��DQG�WKH�3ROLWLFV�

RI�'LIIHUHQFH��&XUUHQW�$QWKURSRORJ\�����������

+DUULQJWRQ��0DUN�5�
�����7KH�2]DUN�%OXII�'ZHOOHUV��,QGLDQ�1RWHV�DQG�

0RQRJUDSKV�1R������0XVHXP�RI�WKH�$PHULFDQ�
,QGLDQ��+H\H�)RXQGDWLRQ��0XVHXP�RI�WKH�
$PHULFDQ�,QGLDQ��1HZ�<RUN�

+DUW��-RKQ�3�
����� 7KH�(IIHFWV�RI�*HRJUDSKLFDO�'LVWDQFHV�RQ�3RWWHU\�

$VVHPEODJH�6LPLODULWLHV��$�&DVH�6WXG\�IURP�
1RUWKHUQ�,URTXRLD��-RXUQDO�RI�$UFKDHRORJLFDO�
6FLHQFH������������

+DUW��-RKQ�3���DQG�:LOOLDP�(QJHOEUHFKW
�����1RUWKHUQ�,URTXRLDQ�(WKQLF�(YROXWLRQ��$�6RFLDO�

1HWZRUN�$QDO\VLV��-RXUQDO�RI�$UFKDHRORJLFDO�
0HWKRG�DQG�7KHRU\���������������

+HQQLQJ��'DOH�5�
�����'HYHORSPHQW�DQG�,QWHUUHODWLRQVKLSV�RI�2QHRWD�

&XOWXUH�LQ�WKH�/RZHU�0LVVRXUL�5LYHU�9DOOH\��7KH�
0LVVRXUL�$UFKDHRORJLVW���

����� 7KH�2QHRWD�7UDGLWLRQ��,Q�$UFKDHRORJ\�RI�WKH�*UHDW�
3ODLQV��HGLWHG�E\�:��5D\PRQG�:RRG��SS�����������
8QLYHUVLW\�RI�.DQVDV�3UHVV��/DZUHQFH�

.HDUQH\��0LFKDHO
�����%RUGHUV�DQG�%RXQGDULHV�RI�6WDWH�DQG�6HOI�DW�WKH�

(QG�RI�(PSLUH��-RXUQDO�RI�+LVWRULFDO�6RFLRORJ\�
�����������

.QDSSHWW��&DUO
����� $Q�$UFKDHRORJ\�RI�,QWHUDFWLRQ��1HWZRUN�

3HUVSHFWLYHV�RQ�0DWHULDO�&XOWXUH�DQG�6RFLHW\��
2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG�

�����1HWZRUN�$QDO\VLV�LQ�$UFKDHRORJ\��1HZ�
$SSURDFKHV�WR�5HJLRQDO�,QWHUDFWLRQ��2[IRUG�
8QLYHUVLW\�3UHVV��2[IRUG�

/RUUDLQ��'HVVDPDH
����� 7KH�*ODVV�6LWH��,Q�$�3LORW�6WXG\�RI�:LFKLWD�

,QGLDQ�$UFKHRORJ\�DQG�(WKQRKLVWRU\��DVVHPEOHG�
E\�5REHUW�(��%HOO��(GZDUG�%��-HONV��DQG�:��:��
1HZFRPE��SS���������)LQDO�5HSRUW�IRU�*UDQW�*6�
�����1DWLRQDO�6FLHQFH�)RXQGDWLRQ��:DVKLQJWRQ�
'�&�

0F.HUQ��:��&�
����� 7KH�0LGZHVWHUQ�7D[RQRPLF�0HWKRG�DV�DQ�$LG�WR�

$UFKDHRORJLFDO�&XOWXUH�6WXG\��$PHULFDQ�$QWLTXLW\�
�������������

0LOOV��%DUEDUD�-�
����� 6RFLDO�1HWZRUN�$QDO\VLV�LQ�$UFKDHRORJ\��$QQXDO�

5HYLHZ�RI�$QWKURSRORJ\������������

2QJ��$LKZD
����� �5H�$UWLFXODWLRQV�RI�&LWL]HQVKLS��36��3ROLWLFDO�

6FLHQFH�DQG�3ROLWLFV���������������

2UU��.HQQHWK�*�
����� 7KH�$UFKHRORJLFDO�6LWXDWLRQ�DW�6SLUR��2NODKRPD��

$�3UHOLPLQDU\�5HSRUW��$PHULFDQ�$QWLTXLW\�
��������������

gVWERUQ��3HU�DQG�+HQULN�*HUGLQJ
�����1HWZRUN�$QDO\VLV�RI�$UFKDHRORJLFDO�'DWD��$�

6\VWHPDWLF�$SSURDFK��-RXUQDO�RI�$UFKDHRORJLFDO�
6FLHQFH����������
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3DXNHWDW��7LPRWK\�5�
����� 3UDFWLFH�DQG�+LVWRU\�LQ�$UFKDHRORJ\��$Q�(PHUJLQJ�

3DUDGLJP��$QWKURSRORJLFDO�7KHRU\������������

3HHSOHV��0DWWKHZ�$�
����� ,GHQWLW\�DQG�6RFLDO�7UDQVIRUPDWLRQ�LQ�WKH�

3UHKLVSDQLF�&LEROD�:RUOG��$�'�������������
3K�'��'LVVHUWDWLRQ��'HSDUWPHQW�RI�$QWKURSRORJ\��
$UL]RQD�6WDWH�8QLYHUVLW\��7HPSOH�

�����&RQQHFWHG�&RPPXQLWLHV��1HWZRUNV��,GHQWLW\��
DQG�6RFLDO�&KDQJH�LQ�WKH�$QFLHQW�&LEROD�:RUOG��
8QLYHUVLW\�RI�$UL]RQD�3UHVV��7XFVRQ�

3HUWWXOD��7LPRWK\�.��0DUOLQ�)��+DZOH\��DQG�)UHGHULFN�
:��6FRWW

�����&DGGR�7UDGH�&HUDPLFV��6RXWKHDVWHUQ�$UFKDHRORJ\�
���������������

3XUULQJWRQ��%XUWRQ�/HZLQ
����� 7KH�3UHKLVWRU\�RI�'HODZDUH�&RXQW\��2NODKRPD��

&XOWXUDO�&RQWLQXLW\�DQG�&KDQJH�RQ�WKH�:HVWHUQ�
2]DUN�3HULSKHU\��3K�'��'LVVHUWDWLRQ��'HSDUWPHQW�
RI�$QWKURSRORJ\��8QLYHUVLW\�RI�:LVFRQVLQ��
0DGLVRQ�

5D\��-DFN�+�
����D� &KHUW�$YDLODELOLW\�DQG�8VH��,Q�$UFKDHRORJLFDO�

,QYHVWLJDWLRQV�DW�6L[�6KHOWHUHG�6LWHV�LQ�6RXWKHUQ�
0F'RQDOG�&RXQW\��0LVVRXUL��HGLWHG�E\�-DFN�+��
5D\�DQG�0LFKDHO�'��&RQQHU��SS�����������6SHFLDO�
3XEOLFDWLRQ�1R�����&HQWHU�IRU�$UFKDHRORJLFDO�
5HVHDUFK��0LVVRXUL�6WDWH�8QLYHUVLW\��6SULQJ¿HOG�

����E� +HQVRQ�&DYH�([FDYDWLRQV�DQG�/LWKLFV��,Q�
$UFKDHRORJLFDO�,QYHVWLJDWLRQV�DW�6L[�6KHOWHUHG�
6LWHV�LQ�6RXWKHUQ�0F'RQDOG�&RXQW\��0LVVRXUL��
HGLWHG�E\�-DFN�+��5D\�DQG�0LFKDHO�'��&RQQHU��
SS����±����6SHFLDO�3XEOLFDWLRQ�1R�����&HQWHU�
IRU�$UFKDHRORJLFDO�5HVHDUFK��0LVVRXUL�6WDWH�
8QLYHUVLW\��6SULQJ¿HOG�

�����2]DUNV�&KLSSHG�6WRQH�5HVRXUFHV��$�*XLGH�WR�
WKH�,GHQWL¿FDWLRQ��'LVWULEXWLRQ��DQG�3UHKLVWRULF�
8VH�RI�&KHUWV�DQG�2WKHU�6LOLFHRXV�5DZ�
0DWHULDOV��6SHFLDO�3XEOLFDWLRQV�1R�����0LVVRXUL�
$UFKDHRORJLFDO�6RFLHW\��6SULQJ¿HOG�

�����$Q�$UFKDHRORJLFDO�6XUYH\�DQG�$VVHVVPHQW�RI�
&KHUW�([WUDFWLRQ�6LWHV�LQ�WKH�9LFLQLW\�RI�3HRULD�
4XDUU\��2WWDZD�&RXQW\��2NODKRPD��5HVHDUFK�
5HSRUW�1R��������&HQWHU�IRU�$UFKDHRORJLFDO�
5HVHDUFK��0LVVRXUL�6WDWH�8QLYHUVLW\��6SULQJ¿HOG�

����� (DU�6SRROV��&HUDPLFV��DQG�%XULDO�0RXQGV�
IURP�6RXWKZHVW�0LVVRXUL��&DGGRDQ�DQG�
6SLUR�&RQQHFWLRQV�RQ�WKH�1RUWKHUQ�)URQWLHU��
6RXWKHDVWHUQ�$UFKDHRORJ\�������������

5D\��-DFN�+���DQG�1HDO�+��/RSLQRW
������/DWH�3UHKLVWRULF�&XOWXUH�+LVWRU\�IRU�6RXWKZHVW�

0LVVRXUL��7KH�0LVVRXUL�$UFKDHRORJLVW������±�����

����� 3UHKLVWRULF�%DFNJURXQG��,Q�5HVHDUFK�WR�
'HWHUPLQH�&XOWXUDO�$I¿OLDWLRQ�RI�1$*35$�
5HPDLQV�IURP�3RPPH�'H�7HUUH��6PLWKYLOOH��
6WRFNWRQ��DQG�7UXPDQ�/DNHV�LQ�0LVVRXUL��HGLWHG�
E\�1HDO�+��/RSLQRW�DQG�5��%UXFH�0F0LOODQ��
SS��������5HVHDUFK�5HSRUW�1R��������&HQWHU�IRU�
$UFKDHRORJLFDO�5HVHDUFK��6SULQJ¿HOG��02�

5RKUEDXJK��&KDUOHV�/�
����� 6SLUR�DQG�)RUW�&RIIHH�3KDVHV��&KDQJLQJ�

&XOWXUDO�&RPSOH[HV�RI�WKH�&DGGRDQ�$UHD��3K�'��
'LVVHUWDWLRQ��'HSDUWPHQW�RI�$QWKURSRORJ\��
8QLYHUVLW\�RI�:LVFRQVLQ��0DGLVRQ�

�����$UNDQVDV�9DOOH\�&DGGRDQ��)RUW�&RIIHH�DQG�
1HRVKR�)RFL��,Q�3UHKLVWRU\�RI�2NODKRPD��HGLWHG�
E\�5REHUW�(��%HOO��SS�����������$FDGHPLF�3UHVV��
2UODQGR�
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6DER��*HRUJH��DQG�$QQ�0��(DUO\
����� 3UHKLVWRULF�&XOWXUH�+LVWRU\��,Q�+XPDQ�$GDSWDWLRQ�

LQ�WKH�2]DUN�2XDFKLWD�0RXQWDLQV��E\�*HRUJH�
6DER��$QQ�0��(DUO\��-HURPH�&��5RVH��%DUEDUD�
$��%XUQHWW��/RXLV�9RJHOH��DQG�-DPHV�3��+DUFRXUW��
SS�����������$UNDQVDV�$UFKHRORJLFDO�6XUYH\��
)D\HWWHYLOOH�

7HUUHOO��-RKQ�(�
����� 6RFLDO�1HWZRUN�$QDO\VLV�DQG�WKH�3UDFWLFH�RI�

+LVWRU\��,Q�1HWZRUN�$QDO\VLV�LQ�$UFKDHRORJ\��
1HZ�$SSURDFKHV�WR�5HJLRQDO�,QWHUDFWLRQ��HGLWHG�
E\�&DUO�.QDSSHWW��SS���������2[IRUG�8QLYHUVLW\�
3UHVV�

7KRPDV��/DULVVD�$��DQG�-DFN�+��5D\
����� ([FKDQJH�DW�WKH�'DKOPDQ�6LWH����/$������$�/DWH�

3UHKLVWRULF�1HRVKR�3KDVH�6HWWOHPHQW�LQ�6RXWKZHVW�
0LVVRXUL��3ODLQV�$QWKURSRORJLVW�����������������

7VLQJ��$QQD
����� 7KH�*OREDO�6LWXDWLRQ��&XOWXUDO�$QWKURSRORJ\�

��������������

9HKLN��6XVDQ�&�
�����'KHJLKD�2ULJLQV�DQG�3ODLQV�$UFKDHRORJ\��3ODLQV�

$QWKURSRORJLVW�����������������

:DVVHUPDQ��6WDQOH\�DQG�.DWKHULQH�)DXVW
�����6RFLDO�1HWZRUN�$QDO\VLV��0HWKRGV�DQG�

$SSOLFDWLRQV��&DPEULGJH�8QLYHUVLW\�3UHVV��
&DPEULGJH�

:HGHO��0LOGUHG�0RWW
�����2QHRWD�6LWHV�RQ�WKH�8SSHU�,RZD�5LYHU��7KH�

0LVVRXUL�$UFKDHRORJLVW���������

:HQJHU��(WLHQQH�
�����&RPPXQLWLHV�RI�3UDFWLFH��/HDUQLQJ��0HDQLQJ��DQG�

,GHQWLW\��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH�

:LOOH\��*RUGRQ�5��DQG�3KLOLS�3KLOOLSV
�����0HWKRG�DQG�7KHRU\�LQ�$PHULFDQ�$UFKDHRORJ\��

8QLYHUVLW\�RI�&KLFDJR�3UHVV��&KLFDJR�

:\FNRII��'RQ�*�
����� 7KH�-XJ�+LOO�6LWH��0\�����0D\HV�&RXQW\��

2NODKRPD��%XOOHWLQ�RI�WKH�2NODKRPD�
$QWKURSRORJLFDO�6RFLHW\���������

�����&DGGRDQ�$GDSWLYH�6WUDWHJLHV�LQ�WKH�$UNDQVDV�
%DVLQ��(DVWHUQ�2NODKRPD��3K�'��GLVVHUWDWLRQ��
'HSDUWPHQW�RI�$QWKURSRORJ\��:DVKLQJWRQ�6WDWH�
8QLYHUVLW\��3XOOPDQ�

<HOWRQ��-HIIU\�.�
����� 3URWRKLVWRULF�2QHRWD�3RWWHU\�RI�WKH�/RZHU�

0LVVRXUL�5LYHU�9DOOH\��$�)XQFWLRQDO�3HUVSHFWLYH��
3K�'��'LVVHUWDWLRQ��'HSDUWPHQW�RI�$QWKURSRORJ\��
8QLYHUVLW\�RI�0LVVRXUL��&ROXPELD�
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,QWURGXFWLRQ

6LWH���&6�����DOVR�NQRZQ�DV�WKH�0LOO�&UHHN��,VODQG�
6LWH��5DEELW�,VODQG��DQG�WKH�*UHHQ�)DUP�VLWH��LV�D�
PXOWL�FRPSRQHQW�VLWH�DW�/DNH�:ULJKW�3DWPDQ�RFFXSLHG�
IURP�WKH�/DWH�3DOHRLQGLDQ�SHULRG�WKURXJK�KLVWRULF�
WLPHV��)LJXUH�����,Q�WKLV�DUWLFOH�ZH�GLVFXVV�WKH������
DUFKHRORJLFDO�LQYHVWLJDWLRQV�DW�WKH�VLWH�DV�SDUW�RI�DQ�
RQJRLQJ�DUFKHRORJLFDO�VXUYH\�RI�/DNH�:ULJKW�3DWPDQ�
RQ�WKH�6XOSKXU�5LYHU�LQ�&DVV�&RXQW\��7H[DV��6LWWHUV�DQG�
3HUWWXOD��������ZLWK�D�IRFXV�RQ�WKH�IHDWXUHV�DQG�FHUDPLFV�
DVVRFLDWHG�ZLWK�WKH�DQFHVWUDO�&DGGR�RFFXSDWLRQV�

3UHYLRXV�,QYHVWLJDWLRQV�DW���&6���

7KH�VLWH�ZDV�IRUPDOO\�UHFRUGHG�E\�-DQVRQ�/��0F9D\��D�
ZHOO�NQRZQ�DUWLIDFW�FROOHFWRU�IURP�7H[DUNDQD��7H[DV��
ZKR�HQFRXQWHUHG�DQ�DQFHVWUDO�&DGGR�EXULDO�ZDVKLQJ�
RXW�RI�LWV�EDQNV�LQ�������6XEVHTXHQWO\��0F9D\�DQG�
RWKHU�FROOHFWRUV�H[FDYDWHG����EXULDO�IHDWXUHV�DQG�WKHLU�
DVVRFLDWHG�JUDYH�JRRGV�RU�IXQHUDU\�RIIHULQJV��7H[DV�
$UFKHRORJLFDO�5HVHDUFK�/DERUDWRU\��8QLYHUVLW\�RI�
7H[DV��6LWH�)LOHV���6LQFH�WKHQ��WKH�VLWH�KDV�EHHQ�UHYLVLWHG�
PDQ\�WLPHV�E\�DUWLIDFW�FROOHFWRUV�ZKR�KDYH�UHFRYHUHG��
WKURXJK�LOOHJDO�GLJJLQJ��FXOWXUDO�PDWHULDOV�VXFK�DV�
FHUDPLF�YHVVHOV��HOERZ�SLSHV��DQG�SURMHFWLOH�SRLQWV�IURP�
LWV�VKRUHV�
� 7KH�¿UVW�SURIHVVLRQDO�DUFKHRORJLFDO�
LQYHVWLJDWLRQ�DW���&6����PD\�QRW�KDYH�RFFXUUHG�XQWLO�
-XO\������ZKHQ�WKHQ�8�6��$UP\�&RUSV�RI�(QJLQHHUV�

�86$&(��)RUW�:RUWK�'LVWULFW�$UFKHRORJLVW��6WHSKHQ�
$XVWLQ��VXUYH\HG�WKH�QRUWK�DQG�QRUWKZHVWHUQ�VKRUHOLQH�
RI�WKH�VLWH��$W�WKHVH�ORFDWLRQV��KH�GRFXPHQWHG�WKUHH�
DUHDV�ZKHUH�KXPDQ�UHPDLQV�ZHUH�REVHUYHG�HURGLQJ�RXW�
RI�WKH�EDQNV��DV�ZHOO�DV�WKUHH�IHDWXUHV�KH�GHVFULEHG�DV�
GDUN��FOD\H\�SLWV��)LJXUH���DQG�7DEOH�����,Q�$XJXVW�������
��&6����ZDV�GHWHUPLQHG�HOLJLEOH�IRU�LQFOXVLRQ�LQ�WKH�
1DWLRQDO�5HJLVWHU�RI�+LVWRULF�3ODFHV�
� ,Q�RWKHU�SURIHVVLRQDO�LQYHVWLJDWLRQV��'RFNDOO�
DQG�)LHOGV��������GRFXPHQWHG�QXPHURXV�ORRWHU�KROHV�
DW���&6����LQ�DUHDV�ZLWK�LQWDFW�DUFKHRORJLFDO�GHSRVLWV�
H[SRVHG�LQ�VWHHS�ZDYH�FXW�HURVLRQDO�EHQFKHV��'RFNDOO�
DQG�)LHOGV�����������7KHQ�LQ�������DUFKHRORJLVWV�IURP�
6($5&+�FRQGXFWHG�D�UHFRQQDLVVDQFH�OHYHO�VXUYH\�
RI����NQRZQ�VLWHV�DW�:ULJKW�3DWPDQ�/DNH��LQFOXGLQJ�
��&6�����WR�EHWWHU�XQGHUVWDQG�WKH�QDWXUH�RI�LPSDFWV�WR�
VLWHV�IURP�FXUUHQW�DQG�SURSRVHG�SRRO�OHYHO�ULVHV��+DUUHOO�
HW�DO���������6($5&+�QRWHG�³QXPHURXV�DUWLIDFWV��OLWKLF�
ÀDNHV��SURMHFWLOH�SRLQWV��SRWWHU\�VKHUGV��DQG�IDXQD��ZHUH�
LGHQWL¿HG�DFURVV�PRVW�RI�WKH�H[SRVHG�VKRUHOLQH�ZLWK�D�
YHU\�GHQVH�FOXVWHU�ORFDWHG�RQ�WKH�VRXWKZHVW�HGJH�RI�WKH�
LVODQG´��+DUUHOO�HW�DO������������0RVW�UHFHQWO\��$PD7HUUD�
(QYLURQPHQWDO�,QF���6LWWHUV�DQG�3HUWWXOD�������FDUULHG�
RXW�DQ�LQWHQVLYH�VXUYH\�RI�WKH�VLWH��ZKLFK�FRQVLVWHG�RI�
D�WKRURXJK�SHGHVWULDQ�VXUYH\�DQG�WLJKWO\�VSDFHG�VKRYHO�
WHVWLQJ��7KH�UHVXOW�RI�WKHLU�HIIRUWV�KDV�SURGXFHG�WKH�PRVW�
UREXVW�DUWLIDFW�DVVHPEODJH�FROOHFWHG�IURP�WKH�VLWH�E\�
SURIHVVLRQDO�DUFKHRORJLVWV�

,Q�'HFHPEHU�������$PD7HUUD�(QYLURQPHQWDO�,QF��FRQGXFWHG�DQ�LQWHQVLYH�DUFKHRORJLFDO�VXUYH\�RI���&6�����D�
SUHYLRXVO\�UHSRUWHG�DQFHVWUDO�&DGGR�VLWH�DW�/DNH�:ULJKW�3DWPDQ�LQ�&DVV�&RXQW\��7H[DV��7KH�ZRUN�ZDV�GRQH�DW�
WKH�UHTXHVW�RI�WKH�8��6��$UP\�&RUSV�RI�(QJLQHHUV��)RUW�:RUWK�'LVWULFW�LQ�DGYDQFH�RI�D�SURSRVHG�EDQN�VWDELOL]DWLRQ�
SURMHFW��7KH�VLWH�ZDV�RFFXSLHG�IURP�WKH�/DWH�3DOHRLQGLDQ�SHULRG�WKURXJK�KLVWRULF�WLPHV�ZLWK�H[WHQVLYH�RFFXSDWLRQV�
GXULQJ�WKH�)RUPDWLYH�WR�(DUO\�&DGGR�DQG�/DWH�&DGGR�SHULRGV��$UWLIDFWV�UHFRYHUHG�LQ�WKH�LQYHVWLJDWLRQV�LQFOXGHG�
ERWK�DUURZ�DQG�GDUW�SRLQWV��OLWKLF�GHELWDJH��ELIDFHV��JURXQG�VWRQH��D�FHOW�IUDJPHQW��SLWWHG�VWRQH��FHUDPLF�VKHUGV��D�
FHUDPLF�EHDG��FKDUUHG�RUJDQLF�PDWHULDO��XQLGHQWL¿HG�ERQH�IUDJPHQWV��DQG���WK�FHQWXU\�KLVWRULF�GRPHVWLF�PDWHULDOV��
:KLOH�WKH�VLWH�KDV�EHHQ�DGYHUVHO\�DIIHFWHG�WKURXJK�DOOXYLDO�HURVLRQ�DQG�ORRWLQJ��VXUYH\�UHVXOWV�LQGLFDWH�WKDW�LQWDFW�
FRPSRQHQWV�RI�WKH�VLWH�VWLOO�H[LVW�DORQJ�WKH�QRUWKHUQ�DQG�ZHVWHUQ�SHULSKHU\�RI�WKH�ODQGIRUP�

-XOLDQ��'UHZ��6LWWHUV��DQG�7LPRWK\�.��3HUWWXOD�
�7H[DV�+LVWRULFDO�&RPPLVVLRQ
�$UFKHRORJLFDO�	�(QYLURQPHQWDO�&RQVXOWDQWV��//&

$Q�$QFHVWUDO�&DGGR�6LWH����&6�����RQ�WKH�6XOSKXU�
5LYHU�DW�/DNH�:ULJKW�3DWPDQ��&DVV�&RXQW\��7H[DV
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�����$UFKHRORJLFDO�,QYHVWLJDWLRQV�DW�
��&6���

(QFRPSDVVLQJ����DFUHV��WKH�VLWH�LV�RQ�DQ�DOOXYLDO�WHUUDFH�
ODQGIRUP��VXUURXQGHG�E\�WKH�ZDWHUV�RI�/DNH�:ULJKW�
3DWPDQ��7KXV��ZDYH�DFWLRQ�LV�FDXVLQJ�VLJQL¿FDQW�

HURVLRQ��VSHFL¿FDOO\��DORQJ�WKH�QRUWKHUQ�DQG�ZHVWHUQ�
EDQNV�RI�WKH�ODQGIRUP��)LJXUH����ZLWK�HURGHG�EDQNV�
PHDVXULQJ�XS�WR�RQH�PHWHU�LQ�KHLJKW��2Q�WKH�RWKHU�
KDQG��WKH�HDVWHUQ�DQG�VRXWKHUQ�SRUWLRQV�RI�WKH�ODQGIRUP�
DUH�ORZHU�LQ�HOHYDWLRQ�DQG�VXVFHSWLEOH�WR�LQXQGDWLRQ�
WKURXJK�WKH�UDLVLQJ�DQG�ORZHULQJ�RI�WKH�ODNH¶V�ZDWHU�
OHYHO��)LJXUH�����9HJHWDWLRQ�DFURVV�WKH�VLWH�FRQVLVWV�
RI�KDUGZRRGV��H�J���RDN�DQG�ZLOORZ�WUHHV��ZLWK�DQ�
XQGHUVWRU\�FRPSRVHG�RI�VKUXEV�DQG�EXWWRQEXVK��ZKLFK�
OLQH�WKH�HDVWHUQ�DQG�VRXWKHUQ�EDQNV��*URXQG�VXUIDFH�

)LJXUH����/DNH�:ULJKW�3DWPDQ�LQ�%RZLH�DQG�&DVV�FRXQWLHV��7H[DV�

)LJXUH����'LJLWL]HG�GUDZLQJ�RI���&6���¶V�QRUWKHUQ�DQG�
ZHVWHUQ�VKRUHOLQH��DGDSWHG�IURP�6WHSKHQ�$XVWLQ¶V������KDQG�
GUDZQ�PDS��

7DEOH����.H\�WR�6WHSKHQ�$XVWLQ¶V������PDS�RI���&6����
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)LJXUH����9LHZ�RI���&6���¶V�ZHVWHUQ�VKRUHOLQH��SKRWRJUDSKHG�IDFLQJ�QRUWK�

)LJXUH����6HWWLQJ�ZLWKLQ�WKH�VRXWKHUQ�SRUWLRQ�RI���&6�����SKRWRJUDSKHG�IDFLQJ�HDVW�
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YLVLELOLW\�LV�H[FHOOHQW������SHUFHQW��DORQJ�PRVW�RI�WKH�
VKRUHOLQH��ZKLOH�YLVLELOLW\�LQ�WKH�LQWHULRU�LV�JUHDWO\�
KDPSHUHG�E\�OHDI�OLWWHU��6RLOV�FRQVLVW�VROHO\�RI�%LEE�¿QH�
VDQG\�ORDP�ZLWK�DQ�$�KRUL]RQ�WKDW�H[WHQGV�WR�D�GHSWK�
RI����FHQWLPHWHUV�EHORZ�VXUIDFH��FP�EV��XQGHUODLQ�E\�D�
&J�KRUL]RQ�FKDUDFWHUL]HG�E\�ORQJ�SHULRGV�RI�VDWXUDWLRQ�
�������FP�EV���%DVHG�RQ�VKRYHO�WHVW�GDWD�WKLV�VRLO�XQLW�
LV�FKDUDFWHUL]HG�E\�EURZQ����<5������WR�GDUN�EURZQ�
���<5������VDQG\�ORDP�������FP�EV��XQGHUODLQ�E\�
JUD\LVK�EURZQ����<5������FOD\LVK�VDQG��������FP�EV��
� 'XULQJ�WKH������VXUYH\��WKH�VKRUHOLQH�ZDV�
YLVXDOO\�LQVSHFWHG�DQG�D�VDPSOH�RI�VXUIDFH�DUWLIDFWV�
ZDV�FROOHFWHG��7R�LGHQWLI\�FRQFHQWUDWLRQV�RI�DUWLIDFWV�
DQG�DFWLYLW\�DUHDV�WKH�VKRUHOLQH�ZDV�DUELWUDULO\�
GLYLGHG�LQWR�QLQH�DUHDV��RI�YDU\LQJ�OHQJWKV��$UHDV������
)LJXUH�����&ROOHFWHG�DUWLIDFWV�ZHUH�JURXSHG�LQWR�WKHVH�
SUHGH¿QHG�DUHDV��&XOWXUDO�PDWHULDOV�FROOHFWHG�IURP�WKH�
VXUIDFH�LQFOXGH�OLWKLF�GHELWDJH��OLWKLF�WRROV��GDUW�SRLQWV�
�)LJXUH�����DUURZ�SRLQWV��)LJXUH�����D�SLWWHG�VWRQH��D�
FHOW�IUDJPHQW��¿UH�FUDFNHG�URFN��)&5���XQGHFRUDWHG�
FHUDPLF�VKHUGV��GHFRUDWHG�FHUDPLF�VKHUGV��EXUQHG�FOD\��
IUDJPHQWHG�XQLGHQWL¿HG�ERQH��DQG�GRPHVWLF�KLVWRULF�
PDWHULDOV��7DEOH���TXDQWL¿HV�WKH�UHVXOWV�RI�WKH�VXUIDFH�
FROOHFWLRQ�DORQJ�WKH�VKRUHOLQH�RI���&6�����%DVHG�RQ�
WKHVH�UHVXOWV��WKH�KLJKHVW�FRQFHQWUDWLRQ�RI�DUWLIDFWV�H[LVWV�
DORQJ�WKH�QRUWKHUQ�DQG�ZHVWHUQ�VKRUHOLQHV�RI�WKH�VLWH�LQ�
$UHDV�������������DQG���
� )ROORZLQJ�WKH�SHGHVWULDQ�VXUYH\������VKRYHO�
WHVWV�ZHUH�H[FDYDWHG�DFURVV�WKH����DFUH�VLWH��RI�ZKLFK����
WHVWHG�SRVLWLYH�IRU�FXOWXUDO�PDWHULDOV��)LJXUH�����$UWLIDFWV�
UHFRYHUHG�WKURXJK�VKRYHO�WHVWLQJ�FRQVLVWHG�RI�OLWKLF�
GHELWDJH��Q ������ELIDFHV��Q ����SURMHFWLOH�SRLQWV��Q ���
)LJXUH�����JURXQG�VWRQH��Q ����)&5��Q ����D�FHUDPLF�
EHDG��)LJXUH������FHUDPLF�VKHUGV��Q �����EXUQHG�FOD\��
XQLGHQWL¿HG�IUDJPHQWHG�ERQH��Q �����EXUQHG�QXWVKHOO�
�Q ����ULYHULQH�VKHOO�IUDJPHQWV��Q ����DQG�D�SLHFH�RI�
FOHDU�YHVVHO�JODVV��1LQHW\�RQH�SHUFHQW�RI�WKH�DUWLIDFWV�
ZHUH�UHFRYHUHG�IURP�WKH�XSSHU����FP�EV��$Q�DVVHVVPHQW�
RI�DUWLIDFW�GHQVLW\�E\�VKRYHO�WHVW�VKRZV�DQ�LQFUHDVH�LQ�
DUWLIDFWV�LQ�EXULHG�GHSRVLWV�DW�WKH�QRUWKHUQ�DQG�ZHVWHUQ�
SRUWLRQV�RI�WKH�VLWH��)LJXUH������ZKLFK�FRLQFLGHV�ZLWK�WKH�
UHVXOWV�RI�WKH�VKRUHOLQH�SHGHVWULDQ�VXUYH\�
� 7KUHH�PLGGHQ�OLNH�IHDWXUHV�ZHUH�DOVR�
GRFXPHQWHG�GXULQJ�WKH�LQYHVWLJDWLRQV�RI���&6����
�VHH�)LJXUH�����)HDWXUHV���DQG���DUH�HURGHG�PLGGHQV�
FKDUDFWHUL]HG�E\�GDUN�FRORUHG�VRLO�ORFDWHG�DW�WKH�

QRUWKHUQ�H[WHQW�RI�$UHD����)LJXUH������7KH�IHDWXUHV�
PHDVXUHG�WKUHH�PHWHUV��QRUWK�WR�VRXWK��E\�RQH�PHWHU�
�HDVW�WR�ZHVW��DQG�RQH�PHWHU��QRUWK�WR�VRXWK��E\�HLJKW�
PHWHUV��HDVW�WR�ZHVW��UHVSHFWLYHO\��$Q�LQVSHFWLRQ�
RI�WKH�VXEVXUIDFH�VHGLPHQWV�UHYHDOHG�WKDW�WKH�GDUN�
FRORUHG�VRLO�LV�HSKHPHUDO�DQG�GRHV�QRW�H[WHQG�EHORZ�
WKH�VXUIDFH��:KLOH�DUWLIDFWV�ZHUH�REVHUYHG�PL[HG�LQ�
ZLWK�WKH�GDUN�FRORUHG�VRLO��WKHUH�DSSHDUHG�WR�EH�QR�
GLIIHUHQFH�LQ�IUHTXHQF\�ZKHQ�FRPSDUHG�WR�WKH�UHVW�RI�WKH�
VKRUHOLQH��7KHVH�PD\�EH�WKH�UHPQDQWV�RI�WUDVK�PLGGHQV��
D�GHOLEHUDWH�DFFXPXODWLRQ�RI�GHSRVLWV�FRQVLVWLQJ�RI�
FRSLRXV�DPRXQWV�RI�RUJDQLF�UHPDLQV��H�J���FKDUFRDO��
IDXQDO��QXW�VKHOO��HWF���DQG�GLVFDUGHG�DUWLIDFWV��H�J���
FHUDPLF�VKHUGV��OLWKLF�GHELWDJH��EURNHQ�VWRQH�WRROV��HWF����
WKDW�KDYH�VLQFH�HURGHG�DZD\�WKURXJK�ZDYH�DFWLRQ�
� )HDWXUH���LV�D�PLGGHQ�FKDUDFWHUL]HG�E\�
D�FRQFHQWUDWLRQ�RI�VXUIDFH�DUWLIDFWV�PHDVXULQJ�
DSSUR[LPDWHO\�WZR�PHWHUV�LQ�GLDPHWHU��$UWLIDFWV�
REVHUYHG�RQ�WKH�VXUIDFH�FRQVLVWHG�RI�OLWKLF�GHELWDJH��
FHUDPLF�VKHUGV��D�FHOW�IUDJPHQW��DQG�GRPHVWLF�KLVWRULF�
PDWHULDOV��6KRYHO�7HVW�%1����ZDV�H[FDYDWHG�DW�WKH�
HGJH�RI�WKH�PLGGHQ��7KH�VKRYHO�WHVW�KDG�D�\HOORZ�EURZQ�

)LJXUH����$UELWUDULO\�GH¿QHG�VKRUHOLQH�DUHDV��ZKLFK�DLGHG�LQ�
WKH�FROOHFWLRQ�RI�DUWLIDFWV�DW���&6����
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)LJXUH����'DUW�SRLQWV�FROOHFWHG�IURP�WKH�VXUIDFH�GXULQJ�WKH�SHGHVWULDQ�VXUYH\��$��XQLGHQWL¿HG�$UFKDLF�DJH�SURMHFWLOH�SRLQW��$UHD�
����%��XQLGHQWL¿HG�$UFKDLF�DJH�SURMHFWLOH�SRLQW��$UHD�����&��XQLGHQWL¿HG�$UFKDLF�DJH�SURMHFWLOH�SRLQW��$UHD�����'�(��FI��*DU\�
�$UHD�����)��FI��*DU\��$UHD�����*��FI��(GJHZRRG��$UHD�����+��FI��6DQ�3DWULFH��$UHD�����DQG�,��FI��*DU\��$UHD����
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)LJXUH����8QLGHQWL¿HG�DQFHVWUDO�&DGGR�DUURZ�SRLQWV�FROOHFWHG�IURP�DUHDV��$��$UHD����%��$UHD����DQG�&�'��$UHD���

7DEOH����$UWLIDFWV�5HFRYHUHG�'XULQJ�3HGHVWULDQ�6XUYH\�RI�WKH�6KRUHOLQH�DW���&6�����/'��/LWKLF�'HELWDJH��/7��/LWKLF�7RRO�
�%LIDFHV�DQG�3URMHFWLOH�3RLQW�)UDJPHQWV���33��3URMHFWLOH�3RLQW��36��3LWWHG�6WRQH��&)��&HOW�)UDJPHQW��)&5��)LUH�&UDFNHG�5RFN��
8&6��8QGHFRUDWHG�3UHKLVWRULF�&HUDPLF�6KHUG��'&6��'HFRUDWHG�3UHKLVWRULF�&HUDPLF�6KHUG��%&��%XUQHG�&OD\��)8%��)UDJPHQWHG�
8QLGHQWL¿HG�%RQH��DQG�+0��+LVWRULF�0DWHULDO�
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���<5������VDQG\�ORDP�������FP�EV��XQGHUODLQ�E\�GDUN�
EURZQ����<5������VDQG\�ORDP��������FP�EV��RYHUO\LQJ�
JUD\�FOD\�ZLWK�VWURQJ�EURZQ�PRWWOHV��7KH�XSSHU����FP�
EV�FRQWDLQHG�DQFHVWUDO�&DGGR�FHUDPLF�VKHUGV��Q ���DQG�
D�VLQJOH�SLHFH�RI�OLWKLF�GHELWDJH��ZKLOH�EHWZHHQ����DQG�
���FP�EV�DUFKHRORJLVWV�REVHUYHG�D�KLJK�IUHTXHQF\�RI�
SUHKLVWRULF�FXOWXUDO�PDWHULDOV��ZKLFK�LQFOXGHG�DQFHVWUDO�
&DGGR�FHUDPLF�VKHUGV��Q �����OLWKLF�GHELWDJH��Q �����
XQLGHQWL¿HG�ERQH��Q ����DQG�D�VKDUG�RI�FOHDU�JODVV��
7KH�KLJK�FRQFHQWUDWLRQ�RI�SUHKLVWRULF�FXOWXUDO�PDWHULDO�
DVVRFLDWHG�ZLWK�WKH�GDUN�FRORUHG�VXEVRLO�VXJJHVWV�WKDW�
WKH�PLGGHQ��RU�DW�OHDVW�D�SRUWLRQ�RI�LW��UHPDLQV�LQWDFW�

$QFHVWUDO�&DGGR�&HUDPLF�$QDO\VLV

$QFHVWUDO�&DGGR�FHUDPLF�VKHUGV�DUH�FRPPRQ�LQ�ERWK�
VKRYHO�WHVWV��Q ����DQG�VXUIDFH�FROOHFWLRQ�DUHDV��Q �����
DW���&6�����$�WRWDO�RI�����FHUDPLF�VKHUGV�DUH�LQ�WKH�
�����DVVHPEODJH�IURP�WKH�VLWH��$SSHQGL[�$���7KH�PHDQ�
GHQVLW\�RI�FHUDPLFV�LQ�WKH����VKRYHO�WHVWV�ZLWK�DQFHVWUDO�
&DGGR�FHUDPLFV�DW�WKH�VLWH�LV������UDQJLQJ�IURP������
VKHUGV���WKH�KLJKHVW�GHQVLW\�RI�FHUDPLF�YHVVHO�VKHUGV�
LV�LQ�67�%1�����Q ����DQG�67�%1�����Q ����LQ�WKH�
QRUWKHDVWHUQ�SDUW�RI�WKH�VLWH�
� ,Q�WKH�VKRUHOLQH�DUHDV�DW���&6�����WKH�KLJKHVW�
GHQVLWLHV�RI�FHUDPLF�YHVVHO�VKHUGV�DUH�LQ�$UHDV����Q �����
DQG����Q ������IROORZHG�E\�$UHDV����Q �����DQG�$UHD�
���Q ������VHH�$SSHQGL[�$�DQG�)LJXUH�����7KHVH�DUH�
FRQWLJXRXV�DUHDV�RQ�WKH�ZHVWHUQ��$UHDV���DQG����DQG�
QRUWKHUQ��$UHDV���DQG����SDUWV�RI�WKH�DOOXYLDO�WHUUDFH�
ODQGIRUP�RU�LVODQG�
� $ERXW����SHUFHQW�RI�WKH�FHUDPLF�YHVVHO�VKHUGV�
LQ�WKH�VKRYHO�WHVWV�DQG�VXUIDFH�FROOHFWLRQ�DUHDV�DUH�IURP�
YHVVHOV�WHPSHUHG�ZLWK�JURJ��HLWKHU�DV�WKH�VROH�WHPSHU�
����SHUFHQW���RU�LQ�FRPELQDWLRQ�ZLWK�EXUQHG�ERQH�������
SHUFHQW���KHPDWLWH������SHUFHQW���RU�ERQH�DQG�KHPDWLWH�
�����SHUFHQW���$SSUR[LPDWHO\�����SHUFHQW�RI�WKH�VKHUGV�
DUH�IURP�YHVVHOV�WHPSHUHG�RQO\�ZLWK�EXUQHG�ERQH��VHH�
$SSHQGL[�$���7KH�KLJKHVW�SURSRUWLRQV�RI�JURJ�ERQH�
WHPSHUHG��JURJ�KHPDWLWH�WHPSHUHG��DQG�ERQH�WHPSHUHG�
VKHUGV�DUH�LQ�$UHDV���DQG����ZKLOH�WKH�KLJKHVW�SURSRUWLRQ�
RI�VKHUGV�IURP�JURJ�WHPSHUHG�YHVVHOV�DUH�LQ�$UHDV�������
DQG���
� &RQVLGHULQJ�WKH�DVVHPEODJH�DV�D�ZKROH��
WKHUH�DUH�����SODLQ�ULP��ERG\��DQG�EDVH�VKHUGV�DQG�����
GHFRUDWHG�ULP�DQG�ERG\�VKHUGV��7KH�SODLQ�WR�GHFRUDWHG�

)LJXUH����6LWH�PDS�GHSLFWLQJ�SRVLWLYH�DQG�QHJDWLYH�VKRYHO�WHVWV�
DW�VLWH���&6����

)LJXUH����3URMHFWLOH�SRLQWV�UHFRUGHG�GXULQJ�VKRYHO�WHVWLQJ��
$��D�GDUW�SRLQW�EDVH�OLNHO\�GDWLQJ�WR�WKH�3DOHRLQGLDQ�SHULRG�
UHFRYHUHG�IURP�6KRYHO�7HVW�'6�����������FP�EV���%��DQ�
XQLGHQWL¿HG�DUURZ�SRLQW�IRXQG�LQ�6KRYHO�7HVW�7+�����������
FP�EV���DQG�&��XQLGHQWL¿HG�DUURZ�SRLQW�FROOHFWHG�IURP�6KRYHO�
7HVW�'6�����������FP�EV��
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)LJXUH�����$�IUDJPHQWHG�FHUDPLF�EHDG�UHFRYHUHG�IURP�6KRYHO�7HVW�'6�����������FP�EV���$��LQWHULRU�YLHZ��%��H[WHULRU�YLHZ��DQG�
&��YLHZ�RI�KROH�RSHQLQJ�

)LJXUH�����$�KHDW�PDS�GHSLFWLQJ�VKRYHO�WHVW�DUWLIDFW�GHQVLW\�DW�
��&6����

)LJXUH�����/RFDOL]HG�DUHDV�RI�GDUN�FRORUHG�VRLO�UHFRUGHG�DV�
PLGGHQV�ORFDWHG�DW�WKH�QRUWKHUQ�HQG�RI�$UHD����$��)HDWXUH����
SKRWRJUDSKHG�IDFLQJ�QRUWK��DQG�%��)HDWXUH����SKRWRJUDSKHG�
IDFLQJ�ZHVW�
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VKHUG�UDWLR�LV������IRU�WKH�HQWLUH�DVVHPEODJH��EXW�UDQJHV�
IURP������LQ�$UHD���������LQ�$UHD���������LQ�$UHD����DQG�
�����LQ�$UHD����7KHVH�GLIIHUHQFHV�LQ�SODLQ�WR�GHFRUDWHG�
VKHUG�UDWLRV�VXJJHVW�WKDW�$UHDV���DQG���LQ�WKH�QRUWKHUQ�
DQG�QRUWKZHVWHUQ�SDUWV�RI�WKH�VLWH��VHH�)LJXUH�����ZLWK�
UDWLRV�RI������������PD\�KDYH�WKH�HDUOLHVW�DQFHVWUDO�
&DGGR�DUFKDHRORJLFDO�GHSRVLWV��ZKLOH�WKH�ODWHVW�&DGGR�
RFFXSDWLRQDO�PDWHULDOV�PD\�EH�LQ�$UHDV���DQG����ZLWK�
UDWLRV�RI������������LQ�WKH�VRXWKHUQ�DQG�VRXWKZHVWHUQ�
SDUWV�RI�WKH�VLWH��VHH�)LJXUH����
� 7KH�VKHUGV�IURP�GHFRUDWHG�FHUDPLF�YHVVHOV�
DW���&6����DUH�GRPLQDWHG�E\�XWLOLW\�ZDUHV��DV�WKH\�
FRPSULVH������SHUFHQW�RI�WKH�GHFRUDWHG�VKHUG�VDPSOH��
DQG�RQO\������SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�DUH�IURP�
¿QH�ZDUHV��$SSHQGL[�%���$ERXW����SHUFHQW�RI�WKH�
GHFRUDWHG�ULP�VKHUGV�DUH�DOVR�IURP�XWLOLW\�ZDUH�YHVVHOV�
� $PRQJ�WKH�XWLOLW\�ZDUHV��Q ������PRUH�WKDQ�
���SHUFHQW�DUH�IURP�YHVVHOV�ZLWK�LQFLVHG�GHFRUDWLYH�
HOHPHQWV��2WKHU�FRPPRQ�XWLOLW\�ZDUHV�KDYH�LQFLVHG�
SXQFWDWHG������SHUFHQW���SDUDOOHO�EUXVKHG������SHUFHQW���
DQG�DSSOLTXHG������SHUFHQW��HOHPHQWV��2YHUDOO��DOPRVW�
���SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�IURP���&6����
KDYH�EUXVKHG�HOHPHQWV��HLWKHU�DV�WKH�VROH�GHFRUDWLRQ�
RU�LQ�FRPELQDWLRQ�ZLWK�DSSOLTXHG��LQFLVHG��LQFLVHG�
DQG�DSSOLTXHG��SXQFWDWHG��SXQFWDWHG�DQG�LQFLVHG��DQG�
SXQFWDWHG�DQG�OLS�QRWFKHG�GHFRUDWLYH�HOHPHQWV�������
SHUFHQW�RI�WKH�XWLOLW\�ZDUHV�KDYH�EUXVKHG�HOHPHQWV��VHH�
$SSHQGL[�%��
� 6KHUGV�ZLWK�DSSOLTXHG�DQG�DSSOLTXHG�LQFLVHG�
GHFRUDWLYH�HOHPHQWV��VHH�$SSHQGL[�%��KDYH�HLWKHU�
SDUDOOHO�RU�VWUDLJKW�DSSOLTXHG�¿OOHW�RU�ULGJH�HOHPHQWV��
RQH�ERG\�VKHUG�KDV�SDUDOOHO�LQFLVHG�OLQHV�DGMDFHQW�WR�
DSSOLTXHG�ULGJHV��7KHVH�DSSOLTXHG�ERG\�VKHUGV�DUH�
OLNHO\�IURP�SRVW�$�'�������0F.LQQH\�$SSOLTXHG��1DVK�
1HFN�%DQGHG��RU�&DVV�$SSOLTXHG�MDUV�LQ�D�7H[DUNDQD�
SKDVH�FRPSRQHQW�DW���&6�����,Q�WKH�VXUIDFH�FROOHFWLRQV�
IURP�WKH�VLWH��DSSOLTXHG�VKHUGV�DUH�SURSRUWLRQDOO\�PRVW�
FRPPRQ�LQ�$UHD���������SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�
LQ�WKLV�DVVHPEODJH��DQG�$UHD��������SHUFHQW��
� 7KH�UHFRYHU\�RI�EUXVKHG�VKHUGV��DQG�VKHUGV�
ZLWK�EUXVKHG�DSSOLTXHG��EUXVKHG�LQFLVHG��EUXVKHG�
LQFLVHG�DSSOLTXHG��EUXVKHG�SXQFWDWHG��EUXVKHG�
SXQFWDWHG�LQFLVHG��DQG�EUXVKHG�SXQFWDWHG�OLS�QRWFKHG�
GHFRUDWLYH�HOHPHQWV��VHH�$SSHQGL[�%���IURP���&6����
LV�LQGLFDWLYH�RI�D�SRVW�$�'�������RU�SRVW�$�'�������
RFFXSDWLRQ��JLYHQ�WKH�EHJLQQLQJ�XVH�RI�EUXVKLQJ�DV�

D�GHFRUDWLYH�HOHPHQW�LQ�(DVW�7H[DV�&DGGR�FHUDPLFV�
DIWHU�WKDW�WLPH��3HUWWXOD�����D���7KH�YDULRXV�EUXVKHG�
VKHUGV�DUH�IURP�3HDVH�%UXVKHG�,QFLVHG��)LJXUH���D��
DQG�.DUQDFN�%UXVKHG�,QFLVHG��VHH�)LJXUH���E��J��
YHVVHOV��6KHUGV�ZLWK�EUXVKHG�GHFRUDWLYH�HOHPHQWV��RU�
FRPELQDWLRQV�RI�GHFRUDWLYH�HOHPHQWV�DUH�SURSRUWLRQDOO\�
PRVW�FRPPRQ�LQ�$UHDV���DQG����H[FHSW�VKHUGV�ZLWK�
EUXVKHG�SXQFWDWHG�HOHPHQWV��ZKLFK�DUH�PRVW�FRPPRQ�LQ�
$UHDV���DQG����ORFDWHG�LQ�WKH�QRUWKHUQ�DQG�ZHVWHUQ�SDUWV�
RI�WKH�VLWH�VKRUHOLQH�FROOHFWLRQ�DUHDV�
� 7KH�PRVW�GLVWLQFWLYH�RI�WKH�LQFLVHG�VKHUGV�LQ�WKH�
��&6����FHUDPLF�DVVHPEODJH�DUH�ULP�DQG�ERG\�VKHUGV�
IURP�&ROHV�&UHHN�,QFLVHG��YDU��&DPSEHOOVYLOOH��)LJXUH�
��D�E��DQG�YDU��0RWW�YHVVHOV��7KH�YDU��&DPSEHOOVYLOOH�
VKHUGV�KDYH�RQH�RU�WZR�ZHOO�H[HFXWHG�OLS�OLQHV�RQ�D�
ÀDW�OLS��ZKLOH�WKH�YDU��0RWW�VKHUGV�KDYH�EHWZHHQ�WZR�
DQG�PRUH�WKDQ�HLJKW�RYHUKDQJLQJ�KRUL]RQWDO�LQFLVHG�
OLQHV��VHH�)LJXUH���D�G��VHH�DOVR�%URZQ����������&ROHV�
&UHHN�,QFLVHG�ULP�DQG�ERG\�VKHUGV�DUH�SUHVHQW�LQ�$UHDV�
������DQG���DW���&6�����%RWK�YDULHWLHV�RI�&ROHV�&UHHN�
,QFLVHG�GDWH�IURP�FD��$�'������������D�SHULRG�RI�WLPH�
ZKHQ�&ROHV�&UHHN�,QFLVHG�VKHUGV�DUH�SUHVHQW�LQ�FHUWDLQ�
VLWHV�LQ�(DVW�7H[DV��VRXWKZHVW�$UNDQVDV��DQG�QRUWKZHVW�
/RXLVLDQD��VHH�*LUDUG�������)LJXUH������LQ�DVVRFLDWLRQ�
ZLWK�)RUPDWLYH�&DGGR�XWLOLW\�ZDUH�DQG�¿QH�ZDUH�
FHUDPLFV��$W�/DNH�:ULJKW�3DWPDQ��&ROHV�&UHHN�,QFLVHG�
VKHUGV�DQG�YHVVHOV�RFFXU�LQ�ERWK�/DWH�:RRGODQG�DQG�
)RUPDWLYH�(DUO\�&DGGR�SHULRG�FRQWH[WV��PRVW�QRWDEO\�
DW�WKH�6QLSHV�VLWH����&6���VHH�-HONV�������6LWWHUV�DQG�
3HUWWXOD�������DQG�WKH�$WODQWD�6WDWH�3DUN�RU�$UPVWURQJ�
/DQGLQJ�VLWH����&6����VHH�+DUULV�HW�DO��������
� 2WKHU�LQFLVHG�VKHUGV�ZLWK�KRUL]RQWDO�LQFLVHG�
OLQHV��EXW�QRW�RYHUKDQJLQJ��DUH�OLNHO\�IURP�WKH�DQFHVWUDO�
&DGGR�W\SH�'DYLV�,QFLVHG��)LJXUH���D��H���2WKHU�ULP�
VKHUGV�DUH�IURP�'XQNLQ�,QFLVHG�YHVVHOV�ZLWK�FURVV�
KDWFKHG�RU�GLDJRQDO�LQFLVHG�HOHPHQWV��VHH�$SSHQGL[�%���
7KHUH�DUH�&URFNHWW�&XUYLOLQHDU�,QFLVHG�YHVVHO�VKHUGV�
LQ�WKH�DVVHPEODJH�WKDW�KDYH�FXUYLOLQHDU�KDWFKHG�]RQHV��
KRUL]RQWDO�DQG�GLDJRQDO�LQFLVHG�OLQHV��DQG�KRUL]RQWDO�
LQFLVHG�OLQHV�DQG�D�YHUWLFDO�KDWFKHG�WULDQJOH�]RQH��VHH�
)LJXUH���F��I���&URFNHWW�&XUYLOLQHDU�,QFLVHG�VKHUGV�DUH�
SUHVHQW�LQ�$UHDV���DQG���
� $PRQJ�WKH�VKHUGV�IURP�LQFLVHG�SXQFWDWHG�
YHVVHOV�LV�D�ULP�VKHUG�IURP�D�&URFNHWW�&XUYLOLQHDU�
,QFLVHG�RU�3HQQLQJWRQ�3XQFWDWHG�,QFLVHG�YHVVHO�ZLWK�
FDQH�SXQFWDWHG�URZV�EHQHDWK�KRUL]RQWDO�LQFLVHG�OLQHV�
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�VHH�)LJXUH���L���DQG�D�:HFKHV�)LQJHUQDLO�,PSUHVVHG�ULP�
VKHUG�ZLWK�D�KRUL]RQWDO�LQFLVHG�OLQH�EHORZ�D�¿QJHUQDLO�
SXQFWDWHG�URZ��VHH�)LJXUH���M���$QRWKHU�LQFLVHG�
SXQFWDWHG�VKHUG�KDV�GLDJRQDO�LQFLVHG�OLQHV�EHQHDWK�D�URZ�
RI�WRRO�SXQFWDWLRQV�DW�WKH�OLS��VHH�)LJXUH���E���,QFLVHG�
SXQFWDWHG�VKHUGV�DUH�SURSRUWLRQDOO\�PRVW�FRPPRQ�LQ�

$UHDV���DQG���DQG�PD\�PDUN��DORQJ�ZLWK�$UHDV���DQG�
���WKH�FRUH�SDUW�RI�WKH�)RUPDWLYH�&DGGR�RFFXSDWLRQ�DW�
��&6����
� 7KUHH�RI�WKH�GHFRUDWHG�VKHUGV�LQ�WKH���&6����
VDPSOH�DUH�IURP�JURJ�WHPSHUHG�1DVK�1HFN�%DQGHG�
YHVVHOV��VHH�)LJXUH���H���6XFK�YHVVHOV�ZHUH�FRPPRQO\�

)LJXUH�����6HOHFWHG�GHFRUDWHG�VKHUGV�IURP�WKH�/DWH�&DGGR�SHULRG�FRPSRQHQW�DW���&6�����$��3HDVH�%UXVKHG�,QFLVHG��%��.DUQDFN�
%UXVKHG�,QFLVHG��&�'��%DUNPDQ�(QJUDYHG��(��1DVK�1HFN�%DQGHG��)��%DUNPDQ�(QJUDYHG��*��.DUQDFN�%UXVKHG�,QFLVHG��DQG�+��
+XGVRQ�(QJUDYHG�
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PDQXIDFWXUHG�DQG�XVHG�E\�7H[DUNDQD�SKDVH�FRPPXQLWLHV�
RQ�WKH�5HG�DQG�6XOSKXU�ULYHUV�LQ�(DVW�7H[DV��1DVK�1HFN�
%DQGHG�VKHUGV�DUH�SUHVHQW�LQ�$UHDV�������DQG���RI�WKH�
VXUIDFH�FROOHFWLRQV�DW�WKH�VLWH�
� 7KH�SXQFWDWHG�ULP�DQG�ERG\�VKHUGV�IURP�
��&6����ZHUH�PDGH�ZLWK�D�FDQH��VHH�)LJXUH���J��ULJKW���
D�)RUPDWLYH�WR�(DUO\�&DGGR�SXQFWDWHG�VW\OH��¿QJHUQDLOV��
RU�WRROV��VHH�$SSHQGL[�%�DQG�)LJXUH���J��OHIW���DERXW�����
SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�LQ�WKH�DVVHPEODJH�KDYH�
SXQFWDWLRQV�
� 7KH�¿QH�ZDUH�VKHUGV�DW���&6����KDYH�
HQJUDYHG��HQJUDYHG�SXQFWDWHG��H[FLVHG��DQG�WUDLOHG�
LQFLVHG�GHFRUDWLYH�HOHPHQWV��VHH�$SSHQGL[�%���$PRQJ�
WKH�HDUOLHVW�RI�WKH�HQJUDYHG�ZDUHV�LV�D�ERG\�VKHUG�IURP�
D�6SLUR�(QJUDYHG�YHVVHO�ZLWK�FXUYLOLQHDU�HQJUDYHG�OLQHV�

DQG�KDWFKHG�WULDQJOH�HOHPHQWV��VHH�)LJXUH���K���WKLV�
VKHUG�LV�SDUW�RI�WKH�)RUPDWLYH�&DGGR�FRPSRQHQW�DW�WKH�
VLWH��6R�WRR�DUH�+LFNRU\�(QJUDYHG�ULP�DQG�ERG\�VKHUGV�
ZLWK�KRUL]RQWDO�HQJUDYHG�OLQHV��VHH�)LJXUH���G��
� 3RVW�$�'�������HQJUDYHG�DQG�HQJUDYHG�
SXQFWDWHG�VKHUGV�LQ�WKH�DVVHPEODJH��SDUWLFXODUO\�
WKRVH�UHFRYHUHG�LQ�$UHD���LQ�WKH�VXUIDFH�FROOHFWLRQV��
LQFOXGH�ULP�DQG�ERG\�VKHUGV�IURP�%DUNPDQ�(QJUDYHG�
FDULQDWHG�ERZOV��VHH�)LJXUH���F�G��I���WKLV�DUHD�PD\�EH�
WKH�IRFXV�RI�WKH�/DWH�&DGGR�SHULRG�7H[DUNDQD�SKDVH�
RFFXSDWLRQ�DW���&6�����7KH\�KDYH�SDUDOOHO�HQJUDYHG�
OLQHV�DQG�D�QDUURZ�KDWFKHG�]RQH��UHFWLOLQHDU�KDWFKHG�
HQJUDYHG�]RQHV��DQG�KRUL]RQWDO�HQJUDYHG�OLQHV�DERYH�
H[FLVHG�SXQFWDWHG�URZV��%DVHG�RQ�FRPSDULVRQV�ZLWK�
WKH�GHFRUDWHG�FHUDPLFV�IURP�VWUDWL¿HG�PRXQG�]RQHV�DW�

)LJXUH�����&ROHV�&UHHN�,QFLVHG�VKHUGV�IURP�VLWH���&6����
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WKH�+DWFKHO����%:���VLWH��3HUWWXOD��������VXFK�YHVVHOV�
DUH�DSSDUHQWO\�PRVW�FRPPRQ�LQ�FD��$�'������������
7H[DUNDQD�SKDVH�FRQWH[WV�LQ�WKH�5HG�DQG�6XOSKXU�5LYHU�
EDVLQV�
� 7ZR�VKHUGV�KDYH�H[FLVHG�HOHPHQWV��VHH�
$SSHQGL[�%���ZKHUH�WKH�VXUIDFH�RI�D�YHVVHO�ZDV�
GHOLEHUDWHO\�VFUDSHG�DZD\�WR�IRUP�SDUW�RI�WKH�GHFRUDWLYH�

HOHPHQW��2QH�VKHUG�IURP�D�%DUNPDQ�(QJUDYHG�FDULQDWHG�
ERZO�KDV�D�URZ�RI�H[FLVHG�SXQFWDWLRQV�DW�WKH�FDULQDWLRQ��
7KH�RWKHU��IURP�67�'6�����������FP�EV��KDV�D�
FXUYLOLQHDU�H[FLVHG�DUHD�WKDW�KDV�EHHQ�UXEEHG�ZLWK�D�UHG�
KHPDWLWH�ULFK�SLJPHQW�
� 7KH�ODVW�RI�WKH�/DWH�&DGGR�SHULRG�¿QH�ZDUH�
VKHUGV�IURP���&6����KDV�EURDG�FXUYLOLQHDU�WUDLOHG�OLQHV�

)LJXUH�����6HOHFWHG�GHFRUDWHG�VKHUGV�IURP�WKH�FD��$�'�����������DQFHVWUDO�&DGGR�FRPSRQHQW�DW�VLWH���&6�����$��'DYLV�,QFLVHG��
%��LQFLVHG�SXQFWDWHG��&��&URFNHWW�&XUYLOLQHDU�,QFLVHG��'��+LFNRU\�(QJUDYHG��(��'DYLV�,QFLVHG��)��&URFNHWW�&XUYLOLQHDU�,QFLVHG��
*��OHIW��WRRO�SXQFWDWHG��ULJKW��FDQH�SXQFWDWHG��+��6SLUR�(QJUDYHG��,��&URFNHWW�&XUYLOLQHDU�,QFLVHG�RU�3HQQLQJWRQ�3XQFWDWHG�
,QFLVHG��DQG�-��:HFKHV�)LQJHUQDLO�,PSUHVVHG�
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IRUPLQJ�D�]RQH�¿OOHG�ZLWK�KDWFKHG�LQFLVHG�OLQHV��VHH�
)LJXUH���K���7KLV�VKHUG�LV�IURP�D�+XGVRQ�(QJUDYHG�
YHVVHO��VHH�6XKP�DQG�-HONV������3ODWH���E�F���$W�WKH�
+DWFKHO�VLWH��+XGVRQ�(QJUDYHG�YHVVHOV�DUH�IRXQG�LQ�
SRVW�$�'�������FRQWH[WV��VHH�3HUWWXOD�������
� 7KHUH�LV�DOVR�D�FHUDPLF�VKHUG�FROOHFWLRQ�IURP�
��&6����KHOG�E\�WKH�7H[DV�$UFKHRORJLFDO�5HVHDUFK�
/DERUDWRU\��7$5/���WKH�FROOHFWLRQ�ZDV�GRQDWHG�E\�
-DQVRQ�0F9D\��,Q�D������OHWWHU��0F9D\�QRWHG�WKDW�KH�
KDG�UHFRYHUHG����FHUDPLF�YHVVHOV��WZR�FOD\�HOERZ�
SLSHV��SDUWV�RI�WKUHH�ORQJ�VWHPPHG�5HG�5LYHU�SLSHV��RQH�
FHOW��WKUHH�ERQH�SLQV��DQG�QLQH�DUURZ�SRLQWV��LQFOXGLQJ�
RQH�RI�WKH�%DVVHWW�W\SH��IURP�WKH����EXULDOV�KH�DQG�
VHYHUDO�RWKHU�7H[DUNDQD�FROOHFWRUV�H[FDYDWHG�DW�WKH�VLWH�
�3HUWWXOD�����E���7KH�IDFW�WKDW�ERWK�HOERZ�SLSHV�DQG�
ORQJ�VWHPPHG�5HG�5LYHU�VW\OHV�SLSHV�ZHUH�DPRQJ�WKH�
IXQHUDU\�RIIHULQJV�LQ�WKH�EXULDOV��DORQJ�ZLWK�RQH�%DVVHWW�
DUURZ�SRLQW��LQGLFDWHV�WKDW�WKH�EXULDOV�DW�WKH���&6����
ZHUH�LQWHUUHG�ERWK�EHIRUH�DQG�DIWHU�FD��$�'�������
� 7KH�VKHUG�FROOHFWLRQ�IURP���&6����DW�7$5/�
LQFOXGHV�����SODLQ�ULP��ERG\��DQG�EDVH�VKHUGV�DQG����
GHFRUDWHG�ULP�DQG�ERG\�VKHUGV�IURP�XWLOLW\�ZDUH�DQG�¿QH�
ZDUH�VKHUGV��7DEOH�����$ERXW����SHUFHQW�RI�WKH�VKHUGV�
DUH�IURP�JURJ�WHPSHUHG�YHVVHOV�DQG�WKH�UHPDLQLQJ����
SHUFHQW�DUH�IURP�ERQH�WHPSHUHG�YHVVHOV�
� $OPRVW����SHUFHQW�RI�WKH�GHFRUDWHG�VKHUGV�
�Q ����DUH�IURP�XWLOLW\�ZDUH�YHVVHOV��$SSHQGL[�&���
0DQ\�RI�WKHVH�KDYH�EUXVKHG�GHFRUDWLRQV��HLWKHU�DV�
WKH�VROH�GHFRUDWLYH�HOHPHQW��Q �������SHUFHQW�RI�WKH�
XWLOLW\�ZDUH�VKHUGV��RU�LQ�FRPELQDWLRQ�ZLWK�DSSOLTXHG�
�Q ����LQFLVHG��Q ����OLS�QRWFKLQJ��Q ����RU�SXQFWDWHG�
�Q ����7KHVH�VKHUGV�ZLWK�EUXVKHG�DQG�RWKHU�GHFRUDWLYH�
HOHPHQWV�FRPSULVH�DQRWKHU������SHUFHQW�RI�WKH�XWLOLW\�
ZDUH�VKHUGV�IURP���&6�����7KHVH�VKHUGV�DUH�OLNHO\�IURP�
3HDVH�%UXVKHG�,QFLVHG�MDUV��2WKHU�FRPPRQ�XWLOLW\�ZDUH�
GHFRUDWLYH�PHWKRGV�DUH�LQFLVHG��Q ������SHUFHQW�RI�WKH�
XWLOLW\�ZDUH�VKHUGV���DSSOLTXHG��Q ��������SHUFHQW���DQG�
QHFN�EDQGHG��Q �������SHUFHQW���7KH�QHFN�EDQGHG�VKHUGV�
DUH�IURP�1DVK�1HFN�%DQGHG�MDUV�ZKLOH�WKH�DSSOLTXHG�
VKHUGV�DUH�SUREDEO\�IURP�WKH�ERGLHV�RI�0F.LQQH\�3ODLQ�
MDUV�
� 7KH�¿QH�ZDUH�VKHUGV�IURP���&6����LQ�
WKH�7$5/�FROOHFWLRQV�DOO�KDYH�HQJUDYHG�GHFRUDWLYH�
HOHPHQWV��7KH\�LQFOXGH�D�ERG\�VKHUG�IURP�D�+DWFKHO�
(QJUDYHG�ERWWOH�ZLWK�RYDO�SDQHOV�¿OOHG�ZLWK�FRQFHQWULF�
VHPL�FLUFOHV��WKH�SDQHOV�DUH�GLYLGHG�E\�EUDFNHW�HOHPHQWV�

ZLWK�D�VHULHV�RI�HPEHGGHG�QHJDWLYH�RYDOV��)LJXUH���D���
2WKHU�HQJUDYHG�ERWWOH�VKHUGV�KDYH�FXUYLOLQHDU�OLQHV��DV�
ZHOO�DV�KRUL]RQWDO�DQG�YHUWLFDO�OLQHV��)LJXUH���J���7KH�
UHPDLQGHU�RI�WKH�HQJUDYHG�VKHUGV�IURP�WKH�VLWH�DUH�IURP�
FDULQDWHG�ERZOV��)LJXUH���E�I��
� $PRQJ�WKH�HQJUDYHG�FDULQDWHG�ERZO�VKHUGV�LV�
D�ULP�ZLWK�D�FURVV�KDWFKHG�]RQH�EHORZ�WZR�KRUL]RQWDO�
OLQHV�RQ�WKH�SDQHO��VHH�)LJXUH���E���DV�ZHOO�DV�D�%DUNPDQ�
(QJUDYHG�VKHUG�ZLWK�D�KRUL]RQWDO�VFUROO�PDUNHG�E\�
QDUURZ�KDWFKHG�]RQHV�DQG�D�WLFNHG�KRUL]RQWDO�OLQH�DERYH�
WKH�FDULQDWLRQ��VHH�)LJXUH���F���7ZR�RWKHU�VKHUGV�KDYH�
VODQWLQJ�VFUROO�PRWLIV�ZLWK�H[FLVHG�RU�KDWFKHG�WULDQJOH�
HOHPHQWV��VHH�)LJXUH���G�H���ZKLOH�DQRWKHU�KDV�D�
FRQFHQWULF�VHPL�FLUFOH�HOHPHQW��VHH�)LJXUH���I��
� %DVHG�RQ�WKH�FHUDPLF�VKHUGV�LQ�WKH�0F9D\�
FROOHFWLRQ��D�SULQFLSDO�&DGGR�RFFXSDWLRQ�DW���&6����
DSSHDUV�WR�KDYH�EHHQ�GXULQJ�WKH�HDUO\�SDUW�RI�WKH�
/DWH�&DGGR�SHULRG��FD��$�'��������������GXULQJ�WKH�
7H[DUNDQD�SKDVH��7KLV�LV�EDVHG�RQ�WKH�SURSRUWLRQ�
RI�EUXVKHG�XWLOLW\�ZDUHV��DV�ZHOO�DV�WKH�RFFXUUHQFH�
RI�GH¿QHG�W\SHV�VXFK�DV�%DUNPDQ�(QJUDYHG��&DVV�
$SSOLTXHG��+DWFKHO�(QJUDYHG��0F.LQQH\�3ODLQ��
1DVK�1HFN�%DQGHG��DQG�3HDVH�%UXVKHG�,QFLVHG��VHH�
3HUWWXOD���������&RPSDUDEOH�/DWH�&DGGR�SHULRG�FHUDPLFV�
DUH�DEXQGDQW�LQ�WKH������VXUIDFH�FROOHFWLRQ�DW���&6�����
VSHFL¿FDOO\��LQ�$UHDV�������������DQG����:KLOH�WKHUH�DUH�
QR�FOHDU�)RUPDWLYH�&DGGR��FD��$�'������������FHUDPLFV�
LQ�WKH�7$5/�FROOHFWLRQ��H[FHSW�IRU�D�FDQH�SXQFWDWHG�
VKHUG��XWLOLW\�ZDUH�DQG�¿QH�ZDUH�VKHUGV�EHORQJLQJ�WR�WKLV�
FRPSRQHQW�DUH�SUHVHQW�IURP�$UHDV����������DQG���
� $�VLQJOH�WXEXODU�VKDSHG�FHUDPLF�EHDG�ZDV�
UHFRYHUHG�IURP�67�'6�����������FP�EV��ORFDWHG�DW�
WKH�QRUWKHUQ�HQG�RI�WKH�VLWH��7KH�IUDJPHQW�LV�������
PLOOLPHWHUV�LQ�OHQJWK�������PLOOLPHWHUV�LQ�ZLGWK��DQG�KDV�
D�����PLOOLPHWHUV�GULOO�KROH��VHH�)LJXUH�����

7DEOH����&HUDPLF�$VVHPEODJH�IURP�6LWH���&6����LQ�WKH�7$5/�
&ROOHFWLRQV�
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� &HUDPLF�EHDGV�DV�RUQDPHQWV�DUH�UDUH�LQ�WKH�
&DGGR�DUFKHRORJLFDO�UHFRUG�LQ�(DVW�7H[DV�DQG�1RUWKZHVW�
/RXLVLDQD��7DEOH�����DQG�RQO\����VLWHV�KDYH�EHHQ�
LGHQWL¿HG�LQ�D�UHYLHZ�RI�WKH�SXEOLVKHG�OLWHUDWXUH��7KHVH�
���EHDGV�DUH�ERWK�WXEXODU�DQG�GLVF�VKDSHG��DQG�DUH�SODLQ��
H[FHSW�IRU�WKH�ODUJH�³HJJ�VKDSHG´�EHDG�IURP�WKH�3LQH�
7UHH�0RXQG�VLWH����+6����ZLWK�IRXU�VHWV�RI�LQFLVHG�
FLUFOHV�RQ�WKH�ERG\��)LHOGV�DQG�*DGXV��������������DQG�
)LJXUH�����D�G��
� 7KH�FHUDPLF�EHDGV�RFFXU�LQ�)RUPDWLYH�&DGGR�
�FD��$�'�������������0LGGOH�&DGGR��FD��$�'�������
�������DQG�/DWH�&DGGR��FD��$�'�������������SHULRG�
DVVHPEODJHV��DOPRVW�DOZD\V�LQ�KDELWDWLRQ�FRQWH[WV��DQG�
PRVW�FRPPRQO\�LQ�/DWH�&DGGR�SHULRG�FRPSRQHQWV��
0RUH�WKDQ�KDOI�RI�WKH�FHUDPLF�EHDGV�DUH�IURP�/DWH�
&DGGR�SHULRG�FRQWH[WV��6SDWLDOO\��WKH�EHDGV�DUH�IRXQG�RQ�
VLWHV�LQ�WKH�5HG�5LYHU��Q ����6DELQH�5LYHU��Q ����XSSHU�
DQG�ORZHU�6XOSKXU��Q ����%LJ�&\SUHVV��Q ����DQG�WKH�
1HFKHV�$QJHOLQD�5LYHU��Q ���EDVLQV�
� 7KHUH�DUH�WZR�SLHFHV�RI�EXUQHG�FOD\�LQ�WKH�
��&6����DUWLIDFW�DVVHPEODJH�FROOHFWHG�GXULQJ�WKH������
ZRUN��2QH�LV�IURP�67�7+�����������FP�EV��DQG�WKH�RWKHU�
ZDV�FROOHFWHG�IURP�$UHD���

+LVWRULFDO�5HVHDUFK

7KH�KLVWRULF�SHULRG�FRPSRQHQW�RI�VLWH���&6����LV�SDUW�
RI�ZKDW�ZDV�RQFH�NQRZQ�DV�*UHHQ�)DUP��SUHVXPDEO\�
QDPHG�IRU�D�IDPLO\�E\�WKH�QDPH�RI�*UHHQ�ZKR�RZQHG�
WKH�SURSHUW\�GXULQJ�WKH�QLQHWHHQWK�FHQWXU\��+RZHYHU��
GHHG�UHFRUGV�GRFXPHQWLQJ�D�*UHHQ�IDPLO\�DV�RZQHUV�RI�
WKLV�SURSHUW\�ZHUH�QRW�IRXQG��7KH�HDUOLHVW�GHHG�UHFRUG�
ORFDWHG�ZDV�WKDW�GRFXPHQWLQJ�D�VDOH�RI�WKH�ODQG�IURP�D�
¿UP�RI�0RUULVV�DQG�.LQJ�WR�-�'��:LOVRQ��$EQHU�'DUGHQ�
0RUULVV��-DPHV�(GJDU�.LQJ��DQG�&KDUOLH�.LQJ�ZHUH�
PHUFKDQWV�ZKR�EXLOW�D�JHQHUDO�VWRUH�DW�WKH�WXUQ�RI�WKH�
FHQWXU\�LQ�WKH�WLPEHU�WRZQ�RI�0XQ]�&LW\��QRUWK�RI�6WDWH�
+LJKZD\����QHDU�)DUP�WR�0DUNHW������(GJDU�.LQJ�ZDV�
DOVR�WKH�WRZQ¶V�¿UVW�SRVWPDVWHU�LQ�������$OIRUG��������
0RUULVV�DQG�WKH�.LQJV�OLYHG�LQ�0XQ]�&LW\�DQG�GHHG�
UHFRUGV�VXJJHVW�WKH\�RZQHG�QXPHURXV�WUDFWV�RI�ODQG�
DURXQG�WKH�6XOSKXU�5LYHU��OLNHO\�XVHG�DV�WHQDQW�IDUPV�
DQG�IRU�WLPEHU�VDOHV�
� -�'��:LOVRQ�RQO\�RZQHG�WKH�SURSHUW\�IRU�WKUHH�
\HDUV�EHIRUH�VHOOLQJ�LW�EDFN�WR�0RUULVV�DQG�.LQJ�LQ�������
(YHQWXDOO\��$EQHU�0RUULVV¶�VRQ��%HUU\��VROG�WKH�ODQG�WR�
&KDSSHOO�+HDWK��ZKR�ZDV�UHODWHG�WR�WKH�0RUULVV�IDPLO\�

)LJXUH�����6HOHFWHG�GHFRUDWLYH�HOHPHQWV�LQ�¿QH�ZDUH�VKHUGV�IURP�WKH�0F9D\�FROOHFWLRQ�DW���&6�����$��+DWFKHO�(QJUDYHG�ERWWOH�
VKHUG��'�)��HQJUDYHG�FDULQDWHG�ERZO�VKHUGV��DQG�*��HQJUDYHG�ERWWOH�VKHUG�
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E\�PDUULDJH��%HUU\¶V�VLVWHU�PDUULHG�D�+HDWK��)LQG�D�
*UDYH��������+HDWK�WKHQ�VROG�WKH�IDUP�LQ������WR�KLV�
EURWKHU�$�2��+HDWK��1RQH�RI�WKHVH�ODQGRZQHUV�OLYHG�RQ�
WKH�SURSHUW\�
� $������WRSRJUDSKLFDO�PDS�VXJJHVWV�WKDW�D�
KRXVH�ZDV�SUHVHQW�DW�WKLV�VLWH�DW�WKDW�WLPH��DQG�WKDW�LW�
RYHUORRNHG�D�QDWXUDO�R[ERZ�RI�WKH�6XOSKXU�5LYHU�FDOOHG�
³3LQH�/DNH´��)LJXUH���D���,W�LV�SRVVLEOH�WKDW�WKLV�KRXVH�
ZDV�SDUW�RI�WKH�ROG�*UHHQ�)DUP��$Q�DHULDO�SKRWRJUDSK�
RI�WKH�VLWH�IURP�������VHH�)LJXUH���E��VKRZV�WKDW�LW�ZDV�
D�FOHDUHG�SDVWXUH�DW�WKDW�WLPH��$�SRVVLEOH�VWUXFWXUH�LV�
YLVLEOH�MXVW�RXWVLGH�WKH�QRUWKHUQ�ERXQGDU\�RI�WKH�VLWH�LQ�
DQ�RYHUJURZQ�FOHDULQJ�
� +LVWRULF�HUD�DUWLIDFWV�IURP�WKH�VLWH�LQFOXGHG�
HPERVVHG�ZKLWHZDUH��EDQGHG�ZKLWHZDUH��D�IUDJPHQW�
IURP�D�EURZQ�JOD]HG�VWRQHZDUH�FURFN��D�PLON�JODVV�
FDQQLQJ�MDU�OLG�IUDJPHQW��DPHWK\VW�JODVV�VKDUGV��EURZQ�
YHVVHO�JODVV�VKDUGV��DQG�D�FKLQD�GROO�OHJ�IUDJPHQW��2I�
WKH����KLVWRULF�DUWLIDFWV�UHFRYHUHG�����ZHUH�IURP�WKH�
VXUIDFH�FROOHFWLRQV�DQG�RQO\�¿YH�ZHUH�IURP�VKRYHO�WHVWV��
0RUH�WKDQ�KDOI�RI�DOO�KLVWRULF�DUWLIDFWV�����SHUFHQW��ZHUH�
UHFRYHUHG�IURP�$UHD���DW�WKH�QRUWKHUQ�WLS�RI�WKH�LVODQG��
7KHVH�LWHPV�DUH�W\SLFDO�RI�UXUDO�KRXVHKROGV�IURP�WKH�ODWH�
QLQHWHHQWK�WKURXJK�HDUO\�WZHQWLHWK�FHQWXULHV��DQG�OLNHO\�
UHSUHVHQW�RFFXSDWLRQ�RI�WKH�*UHHQ�)DUP�IURP�WKH�WLPH�
SULRU�WR�WKH�0RUULVV�DQG�.LQJ�SHULRG�RI�RZQHUVKLS��7KH�
DUWLIDFWV�OLNHO\�SHUWDLQ�WR�D�WHQDQW�RFFXSDWLRQ�

6XPPDU\�DQG�&RQFOXVLRQV

6LWH���&6����LV�DQ�DQFHVWUDO�&DGGR�VLWH�WKDW�ZDV�
RFFXSLHG�H[WHQVLYHO\�GXULQJ�ERWK�WKH�)RUPDWLYH�
WR�(DUO\�&DGGR�DQG�/DWH�&DGGR�SHULRGV�7KH�/DWH�
&DGGR�SHULRG�FRPSRQHQW�LV�WKH�SULQFLSDO�&DGGR�
RFFXSDWLRQ�GRFXPHQWHG�DW�WKH�VLWH�DQG�LV�DVVRFLDWHG�
ZLWK�WKH�7H[DUNDQD�SKDVH�LQ�WKH�5HG�DQG�ORZHU�
6XOSKXU�5LYHU�EDVLQV��7KHUH�DUH�QR�GH¿QHG�SKDVHV�
LQ�WKH�UHJLRQDOO\�HVWDEOLVKHG�FXOWXUDO�WD[RQRP\�IRU�
5HG�DQG�ORZHU�6XOSKXU�5LYHU�)RUPDWLYH�(DUO\�&DGGR�
SHULRG�FXOWXUDO�JURXSV�LQ�WKLV�SDUW�RI�(DVW�7H[DV��EXW�
WKH�)RUPDWLYH�(DUO\�&DGGR�SHULRG�FRPSRQHQW�DW�WKH�
VLWH�LV�FRQWHPSRUDQHRXV�ZLWK�WKH�/RVW�3UDLULH�SKDVH�LQ�
WKH�*UHDW�%HQG�RI�WKH�5HG�5LYHU��6FKDPEDFK��������
3URMHFWLOH�SRLQWV�UHFRYHUHG�DW���&6����LQGLFDWH�WKDW�WKH�
VLWH�ZDV�DOVR�SHULRGLFDOO\�XVHG�E\�3DOHRLQGLDQ��$UFKDLF��
DQG�:RRGODQG�SHULRG�JURXSV�RYHU�PDQ\�WKRXVDQGV�RI�
\HDUV�
� 2QFH�ORFDWHG�RQ�DQ�HOHYDWHG�DOOXYLDO�ODQGIRUP�
RYHUORRNLQJ�WKH�6XOSKXU�5LYHU�WR�WKH�ZHVW��WKH�VLWH�LV�
QRZ�VXUURXQGHG�E\�WKH�ZDWHUV�RI�/DNH�:ULJKW�3DWPDQ��
$V�D�UHVXOW��WKH�VLWH�KDV�EHHQ�DGYHUVHO\�DIIHFWHG�
WKURXJK�DOOXYLDO�HURVLRQ��$GGLWLRQDOO\��WKH�VLWH�ZDV�
H[WHQVLYHO\�ORRWHG�E\�FROOHFWRUV�ZKR�H[FDYDWHG�D�
QXPEHU�RI�DQFHVWUDO�&DGGR�EXULDOV�LQ�WKH�����V�DQG�
����V��7KH�UHFHQW�LQYHVWLJDWLRQV�DW�WKH�VLWH��6LWWHUV�DQG�
3HUWWXOD�������KDYH�UHYHDOHG�LQWDFW�GHSRVLWV��IHDWXUHV��
DQG�D�ODUJH��GLYHUVH�DVVRUWPHQW�RI�DUWLIDFWV��SULPDULO\�
DVVRFLDWHG�ZLWK�WKH�DQFHVWUDO�&DGGR�RFFXSDWLRQV��
7KH�KLJKHVW�IUHTXHQF\�RI�DUWLIDFWV�DQG�IHDWXUHV�ZHUH�
REVHUYHG�DORQJ�WKH�VLWH¶V�QRUWKHUQ�DQG�ZHVWHUQ�ERXQGDU\��
7R�SUHYHQW�IXUWKHU�HURVLRQ��WKH�86$&(�KDV�OLQHG�WKH�
EDQNV�RI�WKH�VLWH�ZLWK�ULSUDS�
� :KLOH�QR�DGGLWLRQDO�ZRUN�LV�FXUUHQWO\�SODQQHG�
DW�WKH�VLWH�JLYHQ�WKDW�LW�LV�RQ�86$&(�ODQGV��RQH�IXWXUH�
DYHQXH�RI�UHVHDUFK�PD\�LQFOXGH�DQDO\VLV�RI�FROOHFWLRQV�
IURP�WKH�VLWH�KHOG�SULYDWHO\�E\�SDVW�FROOHFWRUV��&HUWDLQO\��
KRZHYHU��LI���&6����LV�WR�EH�DGYHUVHO\�DIIHFWHG�E\�
IXWXUH�86$&(�XQGHUWDNLQJV��LQYHVWLJDWLRQV�DW�WKH�VLWH�
VKRXOG�IRFXV�RQ�D�GHWDLOHG�H[DPLQDWLRQ�RI�SUHVHUYHG�
FXOWXUDO�IHDWXUHV�VXFK�DV�)HDWXUH����3UHVHUYHG�IDXQDO�
DQG�ÀRUDO�UHPDLQV�FRXOG�EH�LQIRUPDWLYH�RQ�&DGGR�
VXEVLVWHQFH�VWUDWHJLHV��PRVW�SDUWLFXODUO\�FRQFHUQLQJ�
GLDFKURQLF�FKDQJHV�LQ�WKH�LPSRUWDQFH�RI�PDL]H�
FRQVXPSWLRQ��VLQFH�PDL]H�EHFDPH�D�GLHWDU\�VWDSOH�

7DEOH����&DGGR�VLWHV�LQ�1RUWKZHVW�/RXLVLDQD�DQG�(DVW�7H[DV�
ZLWK�FHUDPLF�EHDGV�
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IRU�&DGGR�JURXSV�DIWHU�FD��$�'�������������3URYLGHG�
UDGLRFDUERQ�GDWHV�FDQ�EH�REWDLQHG�IURP�FRQWUROOHG�
FRQWH[WV��VXFK�DV�WKH�EXUQHG�QXWVKHOO�FROOHFWHG�GXULQJ�
VKRYHO�WHVWLQJ��DW�WKH�VLWH��TXHVWLRQV�RI�VHWWOHPHQW�DQG�
VXEVLVWHQFH�FDQ�EH�EHVW�H[SORUHG�LQ�FRQMXQFWLRQ�ZLWK�WKH�
GHWDLOHG�VWXG\�RI�WKH�PDWHULDO�FXOWXUH�UHFRUG�WR�EHWWHU�
XQGHUVWDQG�WKH�WHFKQRORJLFDO��IXQFWLRQDO��DQG�VW\OLVWLF�

FKDUDFWHU�RI�WKH�DVVHPEODJH��LQFOXGLQJ�SHWURJUDSKLF�
DQDO\VLV��LQVWUXPHQWDO�QHXWURQ�DFWLYDWLRQ�DQDO\VLV��DQG�
RUJDQLF�UHVLGXH�VWXGLHV���DQG�LI�WKHUH�LV�HYLGHQFH�IRU�
WUDGH�H[FKDQJH�EHWZHHQ�WKH�DQFHVWUDO�&DGGR�SHRSOHV�
OLYLQJ�DW���&6����DQG�RWKHU�FRQWHPSRUDQHRXV�&DGGR�RU�
QRQ�&DGGR�JURXSV�

)LJXUH�����6LWH���&6����GHSLFWHG�RQ��$�������$WODQWD��7;�WRSRJUDSKLF�PDS��DQG�%�������DHULDO�SKRWRJUDSK�
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$FNQRZOHGJPHQWV

7KH�DXWKRUV�ZRXOG�OLNH�WR�WKDQN�%ULDQ�&RFNUHOO��
DUFKHRORJLVW�DW�WKH�8��6��$UP\�&RUSV�RI�(QJLQHHUV��)RUW�
:RUWK�'LVWULFW��3LQH\�:RRGV�3URMHFW�2I¿FH��IRU�KLV�
FRQWLQXHG�HIIRUWV�WR�SUHVHUYH�WKH�LUUHSODFHDEOH�KHULWDJH�
RI�7H[DV��:H�DOVR�WKDQN�$PD7HUUD�(QYLURQPHQWDO��
,QF���ZKRVH�GDWD�FRQWULEXWHG�WR�WKH�SXEOLFDWLRQ�RI�WKLV�
DUWLFOH��)LQDOO\��ZH�DSSUHFLDWH�WKH�FRPPHQWV�RQ�WKH�
06�SURYLGHG�E\�DQ�DQRQ\PRXV�SHHU�UHYLHZHU��7KH�
H[FHSWLRQDO�¿HOGZRUN�ZDV�FDUULHG�RXW�E\�(DVW�7H[DV�
DUFKHRORJLVWV�%R�1HOVRQ�DQG�7UXHW�+LQVRQ�

5HIHUHQFHV�&LWHG

$OIRUG��'RXJODV
����� ³0XQ]��7;�´�,Q�+DQGERRN�RI�7H[DV�2QOLQH��

DFFHVVHG�RQOLQH�DW�KWWSV���WVKDRQOLQH�RUJ�KDQGERRN�
RQOLQH�DUWLFOHV�KYPED���-DQXDU\������

%URZQ��,DQ�:�
�����'HFRUDWHG�3RWWHU\�RI�WKH�/RZHU�0LVVLVVLSSL�

9DOOH\��$�6RUWLQJ�0DQXDO��0LVVLVVLSSL�
$UFKDHRORJLFDO�$VVRFLDWLRQ�DQG�0LVVLVVLSSL�
'HSDUWPHQW�RI�$UFKLYHV�DQG�+LVWRU\��-DFNVRQ�

'RFNDOO��-RKQ�(���DQG�5RVV�&��)LHOGV
�����5HFRQQDLVVDQFH�6XUYH\�WR�$VVHVV�WKH�,PSDFWV�

RQ�$UFKHRORJLFDO�5HVRXUFHV�RI�WKH�3URSRVHG�
&RQVHUYDWLRQ�3RRO�/HYHO�5LVH�DW�:ULJKW�3DWPDQ�
/DNH��%RZLH�DQG�&DVV�&RXQWLHV��7H[DV��5HSRUWV�
RI�,QYHVWLJDWLRQV�1R�������3UHZLWW�DQG�$VVRFLDWHV��
,QF���$XVWLQ�

)LHOGV��5RVV�&���DQG�(ORLVH�)��*DGXV��HGLWRUV�
������$UFKHRORJ\�RI�WKH�1DGDFR�&DGGR��7KH�9LHZ�IURP�

WKH�3LQH�7UHH�0RXQG�6LWH����+6�����+DUULVRQ�
&RXQW\��7H[DV����9ROV��5HSRUWV�RI�,QYHVWLJDWLRQV�
1R�������3UHZLWW�DQG�$VVRFLDWHV��,QF���$XVWLQ�

)LHOGV��5RVV�&���(ORLVH�)��*DGXV��/��:D\QH�.OHPHQW��&��
%ULWW�%RXVPDQ��DQG�-HUULO\Q�%��0F/HUUDQ

�����([FDYDWLRQV�DW�WKH�7LFN��6SLNH��-RKQV�&UHHN��DQG�
3HHUOHVV�%RWWRPV�6LWHV��&RRSHU�/DNH�3URMHFW��
'HOWD�	�+RSNLQV�&RXQWLHV��7H[DV��5HSRUWV�RI�
,QYHVWLJDWLRQV�1R������3UHZLWW�	�$VVRFLDWHV��,QF���
$XVWLQ�

)LQG�D�*UDYH
����� ³$EQHU�'DUGHQ�0RUULVV�´�$FFHVVHG�RQOLQH�DW�

KWWSV���ZZZ�¿QDJUDYH�FRP���-DQXDU\������

*LUDUG��-HIIUH\�6�
������7KH�-DPHV�3DFH�6LWH����'6�����DQG�(DUO\�&DGGR�

'HYHORSPHQWV�$ORQJ�WKH�8SSHU�6DELQH�5LYHU��
%XOOHWLQ�RI�WKH�7H[DV�$UFKHRORJLFDO�6RFLHW\�������
���

+DUUHOO��%U\DQ�&���*UHJ�+HQGU\[��&KULV�6\SQLHZVNL��
:LOOLDP�:HUQHU��DQG�-HII�(QULJKW

�����&XOWXUDO�5HVRXUFHV�0DQDJHPHQW�3ODQ�IRU�WKH�
3URSRVHG�3RRO�/HYHO�5LVH�DW�:ULJKW�3DWPDQ�/DNH�
DQG�:KLWH�2DN�0LWLJDWLRQ�$UHD��7H[DV��6($5&+��
-DFNVRQYLOOH��)ORULGD�

+DUULV��5��.LQJ��,QXV�0��+DUULV��DQG�3HWH�0LURLU
����� 7KH�$WODQWD�6WDWH�3DUN�6LWH�LQ�1RUWKHDVWHUQ�7H[DV��

/RXLVLDQD�$UFKDHRORJ\�����������

-HONV��(GZDUG�%�
�����([FDYDWLRQV�DW�7H[DUNDQD�5HVHUYRLU��6XOSKXU�

5LYHU��7H[DV��5LYHU�%DVLQ�6XUYH\�3DSHUV�1R������
%XUHDX�RI�$PHULFDQ�(WKQRORJ\��6PLWKVRQLDQ�
,QVWLWXWLRQ��:DVKLQJWRQ��'��&�

-HQVHQ��+DUROG�(�
�����$UFKDHRORJLFDO�,QYHVWLJDWLRQV�LQ�WKH�7ROHGR�%HQG�

5HVHUYRLU�������������$UFKDHRORJ\�6DOYDJH�
3URMHFW��6RXWKHUQ�0HWKRGLVW�8QLYHUVLW\��'DOODV�

.HOOH\��'DYLG�%�
������7ZR�&DGGRDQ�)DUPVWHDGV�LQ�WKH�5HG�5LYHU�9DOOH\��

5HVHDUFK�6HULHV�1R������$UNDQVDV�$UFKHRORJLFDO�
6XUYH\��)D\HWWHYLOOH�

1HZHOO��+��3HUU\��DQG�$OH[�'��.ULHJHU
�����7KH�*HRUJH�&��'DYLV�6LWH��&KHURNHH�&RXQW\��

7H[DV��0HPRLUV�1R�����6RFLHW\�IRU�$PHULFDQ�
$UFKDHRORJ\��0HQDVKD��:LVFRQVLQ�

3HULQR��*UHJ
�����$UFKDHRORJLFDO�5HVHDUFK�DW�WKH�%RE�:LOOLDPV�6LWH�

���55�����5HG�5LYHU�&RXQW\��7H[DV��0XVHXP�RI�
WKH�5HG�5LYHU��,GDEHO�
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3HUWWXOD��7LPRWK\�.�
������7KH�$UFKDHRORJ\�RI�WKH���WK�DQG���WK�&HQWXU\�

&DGGR�LQ�WKH�3RVW�2DN�6DYDQQDK�RI�1RUWKHDVW�
7H[DV��7KH�7XLQLHU�)DUP����+3������5��$��
:DWNLQV����+3������DQG�$QJOLQ����+3�����6LWHV�
LQ�WKH�6WRXWV�&UHHN�%DVLQ��+RSNLQV�&RXQW\��7H[DV��
-RXUQDO�RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\����������

����D� (DVW�7H[DV�&DGGR�&HUDPLF�6KHUG�'DWDEDVH��
-RXUQDO�RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\���������

����E� $QFHVWUDO�&DGGR�6LWHV�LQ�WKH�ORZHU�6XOSKXU�
5LYHU�%DVLQ�DW�/DNH�:ULJKW�3DWPDQ��%RZLH�DQG�
&DVV�&RXQWLHV��7H[DV��-RXUQDO�RI�1RUWKHDVW�7H[DV�
$UFKDHRORJ\����������

������$QDO\VLV�RI�$QFHVWUDO�&DGGR�&HUDPLF�9HVVHO�
DQG�3LSH�6KHUGV�IRU�6LWHV�RQ�WKH�7ROO����3URMHFW��
6PLWK�&RXQW\��7H[DV��/HWWHU�5HSRUW�1R�������
$UFKHRORJLFDO�	�(QYLURQPHQWDO�&RQVXOWDQWV��
//&��$XVWLQ�

�����$QDO\VLV�RI�WKH�+DWFKHO�6LWH����%:���3ODWIRUP�
0RXQG�9HVVHOV��9HVVHO�6HFWLRQV��6KHUGV��3LSHV��DQG�
2WKHU�&OD\�$UWLIDFWV��6SHFLDO�3XEOLFDWLRQ�1R������
)ULHQGV�RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\��$XVWLQ�
DQG�3LWWVEXUJ�

3HUWWXOD��7LPRWK\�.���(GLWRU�
�����$UFKHRORJLFDO�,QYHVWLJDWLRQV�DW�WKH�3URSRVHG�/DNH�

1DFRQLFKH��1DFRJGRFKHV�&RXQW\��7H[DV����9ROV��
5HSRUW�RI�,QYHVWLJDWLRQV�1R������$UFKHRORJLFDO�
DQG�(QYLURQPHQWDO�&RQVXOWDQWV��//&��$XVWLQ�

������/DNH�1DFRQLFKH�$UFKHRORJ\��1DFRJGRFKHV�&RXQW\��
7H[DV��5HVXOWV�RI�WKH�'DWD�5HFRYHU\�([FDYDWLRQV�
DW�)LYH�3UHKLVWRULF�$UFKHRORJLFDO�6LWHV����9ROV��
5HSRUW�RI�,QYHVWLJDWLRQV�1R������$UFKHRORJLFDO�	�
(QYLURQPHQWDO�&RQVXOWDQWV��//&��$XVWLQ�

3HUWWXOD��7LPRWK\�.���DQG�%R�1HOVRQ
������$Q�$UFKHRORJLFDO�6XUYH\�RI�+DUULVRQ�%D\RX�/HDVH�

/DQGV�DW�WKH�/RQJKRUQ�$UP\�$PPXQLWLRQ�3ODQW��
+DUULVRQ�&RXQW\��7H[DV��5HSRUW�RI�,QYHVWLJDWLRQV�
1R������$UFKHRORJLFDO�DQG�(QYLURQPHQWDO�
&RQVXOWDQWV��$XVWLQ�

6LWWHUV��-XOLDQ�$���DQG�7LPRWK\�.��3HUWWXOD
�����$�&XOWXUDO�5HVRXUFH�6XUYH\�RI�����$FUHV�DW�6DP�

5D\EXUQ�5HVHUYRLU�DQG�:ULJKW�3DWPDQ�/DNH�
LQ�&DVV�DQG�6DQ�$XJXVWLQH�&RXQWLHV��7H[DV��
3R]QHFNL�&DPDULOOR��,QF���6DQ�$QWRQLR��DQG�
$PD7HUUD�(QYLURQPHQWDO��,QF���$XVWLQ�

6FKDPEDFK��)UDQN�)��
����� 7KH�$UFKHRORJ\�RI�WKH�*UHDW�%HQG�5HJLRQ�LQ�

$UNDQVDV��,Q�&RQWULEXWLRQV�WR�WKH�$UFKHRORJ\�
RI�WKH�*UHDW�%HQG�5HJLRQ��HGLWHG�E\�)UDQN�
)��6FKDPEDFK�DQG�)UDQN�5DFNHUE\��SS��������
5HVHDUFK�6HULHV�1R������$UNDQVDV�$UFKHRORJLFDO�
6XUYH\��)D\HWWHYLOOH�

6XKP��'HH�$���DQG�(GZDUG�%��-HONV��HGLWRUV�
�����+DQGERRN�RI�7H[DV�$UFKHRORJ\��7\SH�

'HVFULSWLRQV��6SHFLDO�3XEOLFDWLRQ�1R�����7H[DV�
$UFKHRORJLFDO�6RFLHW\��DQG�%XOOHWLQ�1R�����7H[DV�
0HPRULDO�0XVHXP��$XVWLQ�

7XUQHU��5REHUW�/�
������2EVHUYDWLRQV�RQ�)RXU�3UREDEOH�0LGGOH�&DGGR�

&HPHWHULHV�LQ�&DPS�DQG�8SVKXU�&RXQWLHV��-RXUQDO�
RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\����������

:DOWHUV��0DUN��DQG�7LPRWK\�.��3HUWWXOD
������&HUDPLF�%HDGV�IURP�WKH�&ORXG�+DPPRQG�6LWH�

���60������6PLWK�&RXQW\��7H[DV��-RXUQDO�RI�
1RUWKHDVW�7H[DV�$UFKDHRORJ\����������
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$SSHQGL[�$��&HUDPLF�6KHUGV�IURP�6LWH���&6����
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$SSHQGL[�$��6XUIDFH�&ROOHFWLRQ�$UHDV�
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$SSHQGL[�%��'HFRUDWLYH�PHWKRGV�DQG�HOHPHQWV�UHSUHVHQWHG�LQ�WKH���&6����FHUDPLF�VKHUG�$VVHPEODJH��
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$SSHQGL[�&��'HFRUDWHG�VKHUGV�IURP�VLWH���&6����LQ�WKH�7$5/�FROOHFWLRQV��
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,Q�-XQH�������-HQQD�%UDGOH\�DQG�5REHUW�&RUQHWW�ZHUH�
ERDWLQJ�GRZQ�WKH�5HG�5LYHU�LQ�QRUWKHUQ�&DGGR�3DULVK��
/RXLVLDQD��ZKHQ�WKH\�QRWLFHG�DQ�XQXVXDO�ORJ�SURWUXGLQJ�
IURP�D�VDQG\�EDQN�QHDU�WKH�WRZQ�RI�%HOFKHU��$IWHU�
UHDOL]LQJ�WKDW�LW�ZDV�D�GXJRXW�FDQRH��WKH\�FRQWDFWHG�WKH�
/RXLVLDQD�'HSDUWPHQW�RI�:LOGOLIH�DQG�)LVKHULHV��DQG�
HYHQWXDOO\�ZRUG�RI�WKH�¿QG�ZDV�WUDQVPLWWHG�WR�VWDWH�
DUFKDHRORJLVW�&KLS�0F*LPVH\�DW�WKH�/RXLVLDQD�'LYLVLRQ�
RI�$UFKDHRORJ\��7KH�IROORZLQJ�GD\��%UDGOH\�DQG�&RUQHWW�
OHG�-HIIUH\�*LUDUG�DQG�-DPHHO�'DPORXML�RI�WKH�/RXLVLDQD�
$UFKDHRORJLFDO�6RFLHW\�WR�WKH�VLWH��,W�ZDV�REYLRXV�WKDW�
LW�ZDV�D�GXJRXW�FDQRH�RI�FRPSDUDEOH�VL]H�DQG�IRUP�WR�
RQH�IRXQG�LQ������DW�WKH�EDVH�RI�D�VWHHS�FXWEDQN�RQ�
WKH�HDVW�VLGH�RI�D�QRZ�FXW�RII�FKDQQHO�RI�WKH�5HG�5LYHU�
DSSUR[LPDWHO\����NP����PLOHV��GRZQVWUHDP��)LJXUH�
����$W�WKH�WLPH��WKH������FDQRH�ZDV�WKRXJKW�WR�EH�WKH�
ODUJHVW�SUHKLVWRULF�ZDWHUFUDIW�LQ�WKH�6RXWKHDVWHUQ�8QLWHG�
6WDWHV�PHDVXULQJ������P��RU����IW����LQFKHV��ORQJ�DQG����
FP����IW�����LQFKHV��LQ�GLDPHWHU��7KH�QHZO\�GLVFRYHUHG�
FDQRH�LV�D�OLWWOH�ODUJHU��PHDVXULQJ������P�ORQJ�������IW���
DQG�DSSUR[LPDWHO\����FP������IW���LQ�GLDPHWHU��%RWK�
ERDWV�KDYH�VLPLODU�VKDSHV�ZLWK�VWHS�OLNH�VHDWV�FDUYHG�
LQWR�WKH�HQGV��)LJXUHV���DQG�����DQG�ERWK�SUREDEO\�DUH�
PDGH�IURP�F\SUHVV�ORJV��DOWKRXJK�WKH�ZRRG�RI�WKH�UHFHQW�
¿QG�KDV�QRW�EHHQ�LGHQWL¿HG�ZLWK�FHUWDLQW\�
� $�VDPSOH�RI�ZRRG�IURP�WKH�UHFHQWO\�IRXQG�
FDQRH�ZDV�UDGLRPHWULFDOO\�GDWHG�WR����������%�3���
FDOLEUDWHG�DW���VLJPD�WR�$�'�������������%HWD�����������
ZLWKLQ�WKH�0LGGOH�&DGGR�SHULRG��7KH�ERDW�DSSHDUV�
WR�GDWH�HDUOLHU�WKDQ�PRXQG�FRQVWUXFWLRQ�DW�WKH�QHDUE\�
%HOFKHU�VLWH����&'�����EXW�LV�FRQWHPSRUDU\�ZLWK�
RFFXSDWLRQ�RI�WKH�:LOORZ�&KXWH�ORFDOLW\�D�IHZ�PLOHV�
GRZQVWUHDP�RQ�WKH�HDVWHUQ�VLGH�RI�WKH�5HG�5LYHU�
ÀRRGSODLQ��7ZR�UDGLRFDUERQ�GDWHV�RQ�WKH�HDUOLHU�ERDW�
VXJJHVW�LW�ZDV�PDGH�PXFK�HDUOLHU��LQ�WKH�HDUO\�WZHOIWK�
FHQWXU\�$�'���GXULQJ�WKH�(DUO\�&DGGR�SHULRG�ZKHQ�WKH�
0RXQGV�3ODQWDWLRQ�VLWH�ZDV�LQ�XVH�

� 7KH�SK\VLFDO�FRQWH[W�RI�WKH�WZR�ERDWV�GLIIHUHG�
VLJQL¿FDQWO\��7KH������ERDW�ZDV�IRXQG�HPEHGGHG�LQ�FOD\�
GHSRVLWV�DW�WKH�EDVH�RI�D�QHDUO\�YHUWLFDO�EDQN��SUREDEO\�
UHVWLQJ�RQ�D�GHHSO\�EXULHG�VXUIDFH��5HPRYDO�QHFHVVLWDWHG�
EXUURZLQJ�LQWR�WKH�EDQN�DQG�FXWWLQJ�WKH�FDQRH�LQWR�WKUHH�
VHFWLRQV�IRU�WUDQVSRUW��7KH�QHZO\�GLVFRYHUHG�ERDW�UHVWHG�
RQ�DERXW�D����GHJUHH�VORSH�LQ�VKDOORZ��VDQG\�GHSRVLWV��
,W�LV�SRVVLEOH�WKDW�LW�KDG�EHHQ�GLVSODFHG�IURP�XSVWUHDP��
SHUKDSV�DV�UHFHQWO\�DV�WKH�VSULQJ�RI������ZKHQ�WKH�
UHJLRQ�H[SHULHQFHG�PDVVLYH�ÀRRGV��DV�LW�LV�XQOLNHO\�WKDW�
LW�ZRXOG�KDYH�SUHVHUYHG�IRU�VHYHUDO�FHQWXULHV�LQ�WKLV�
FRQWH[W�
� %HFDXVH�LW�ZDV�VLWXDWHG�RQ�WKH�EDQN��DERYH�
WKH�QRUPDO�ZDWHU�OHYHO�RI�WKH�ULYHU��LW�EHORQJHG�WR�WKH�
.DYDQDXJK�//&�DQG�0F.QHHO\�)DPLO\�3DUWQHUVKLS��
ODQGRZQHUV�RI�WKH�DGMDFHQW�SURSHUW\��7KH�IDPLOLHV�

&XUUHQW�5HVHDUFK�
'LVFRYHU\�DQG�5HFRYHU\�RI �D���WK�&HQWXU\�'XJRXW�&DQRH�RQ�WKH�5HG�
5LYHU��&DGGR�3DULVK��/RXLVLDQD

-HIIUH\�6��*LUDUG��DQG�&KDUOHV�5��0F*LPVH\�
�1RUWKZHVWHUQ�6WDWH�8QLYHUVLW\�RI�/RXLVLDQD�
�/RXLVLDQD�'LYLVLRQ�RI�$UFKDHRORJ\�

)LJXUH����*HQHUDO�WRSRJUDSKLF�VHWWLQJ�RI�WKH������DQG������
GXJRXW�FDQRH�VLWHV�
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GRQDWHG�WKH�ERDW�WR�WKH�VWDWH�D�IHZ�GD\V�DIWHU�WKH�
GLVFRYHU\��DQG�HIIRUWV�EHJDQ�WR�H[WUDFW�LW�IURP�WKH�VLWH�
DQG�WUDQVSRUW�LW�WR�WKH�&RQVHUYDWLRQ�/DE�DW�7H[DV�$	0�
8QLYHUVLW\�IRU�SUHVHUYDWLRQ��3DXO�'LFNVRQ�RI�6KUHYHSRUW�
RIIHUHG�WKH�XVH�RI�D�VHPL�WUDLOHU�WUXFN�DQG�D�GULYHU�IURP�
KLV�FRPSDQ\�WR�WDNH�WKH�ERDW�WR�&ROOHJH�6WDWLRQ��EXW�
UHPRYLQJ�WKH�FDQRH�IURP�WKH�EDQN�SUHVHQWHG�VLJQL¿FDQW�
ORJLVWLFDO�SUREOHPV��%HFDXVH�RI�WKH�LPPHQVH�VL]H�DQG�
ZHLJKW��LW�VHHPHG�WRR�ULVN\�WR�WRZ�RU�SODFH�LW�RQ�D�ERDW�
RU�EDUJH��$V�SODQV�ZHUH�EHLQJ�IRUPXODWHG�WR�FDUU\�
RU�GUDJ�WKH�FDQRH�XS�WKH�VORSH�LQWR�DQ�DGMDFHQW�¿HOG��
WURSLFDO�VWRUP�&LQG\�DSSURDFKHG�IURP�WKH�*XOI��2Q�WKH�
GD\�EHIRUH�WKH�VWRUP�KLW��'LFNVRQ�DUUDQJHG�IRU�KRPH�
EXLOGHU�0LFKDHO�&UDJHU�DQG�D����PDQ�FDUSHQWU\�FUHZ�WR�
FRQVWUXFW�D�ZRRGHQ�IUDPH�SODWIRUP�RQ�ZKLFK�WR�SODFH�
WKH�GXJRXW��)LJXUHV���DQG�����7KH\�XVHG�EODQNHWV�DQG�
SDFNLQJ�PDWHULDOV�SURYLGHG�E\�'LFNVRQ�WR�ZUDS�DQG�
SURWHFW�LW�GXULQJ�WUDQVSRUW��/RFDO�HTXLSPHQW�RSHUDWRU�
7RQ\�+DOH�UHPRYHG�VHYHUDO�IHHW�RI�VHGLPHQW�IURP�D�
VDQG\�ULGJH�WKDW�OD\�EHWZHHQ�WKH�VORSH�DQG�WKH�DGMDFHQW�
FXOWLYDWHG�¿HOGV�XVLQJ�D�EXOOGR]HU�WKDW�DOVR�ZDV�XVHG�
WR�GUDJ�WKH�SODWIRUP�DQG�ERDW�XS�WKH�VORSH�DQG�RQWR�D�
ÀDWEHG�WUDLOHU��7KH�WUDLOHU�ZDV�WKHQ�WUDQVSRUWHG�WR�WKH�
QHDUE\�WRZQ�RI�*LOOLDP��ZKHUH�WKH�ERDW�ZDV�ORDGHG�
RQWR�WKH�WUXFN�ZLWK�WKH�DVVLVWDQFH�RI�D�ORDGLQJ�GRFN�DQG�
IRUNOLIWV�DW�WKH�+HOHQD�6HHG�&RPSDQ\�
� 7KH�QH[W�GD\��0F*LPVH\�DFFRPSDQLHG�WKH�
WUXFN�DQG�FDQRH�WR�7H[DV�$	0�8QLYHUVLW\�ZKHUH�WKH�
FDQRH�ZDV�SODFHG�LQ�D�YDW�DQG�VXEPHUJHG�LQ�ZDWHU�

)LJXUH����9LHZ�GRZQVORSH�DW�WKH�XQFRYHUHG�GXJRXW�

)LJXUH����%RZ�DQG�VWHUQ�FURVV�VHFWLRQV�DQG�SUR¿OH�RI�WKH�GXJRXW�
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�)LJXUH�����$W�WKH�FRQVHUYDWLRQ�ODE��SRO\HWK\OHQH�JO\FRO�
�3(*��ZLOO�EH�LQWURGXFHG�WR�VORZO\�UHSODFH�WKH�ZDWHU�LQ�
WKH�ZRRG�DQG�SURYLGH�VXSSRUW�DQG�VWDELOL]DWLRQ�WR�WKH�
VWUXFWXUH��2QFH�WKH�3(*�KDV�FRPSOHWHO\�LPSUHJQDWHG�WKH�
ZRRG��WKH�FDQRH�ZLOO�EH�SODFHG�LQ�DQ�HQRUPRXV�IUHH]H�
GU\HU�ZKHUH��RYHU�WKH�FRXUVH�RI�VHYHUDO�PRQWKV��WKH�
ZDWHU�ZLOO�EH�GUDZQ�RXW�RI�WKH�ZRRG��$���'�VFDQ�RI�WKH�
FDQRH�ZLOO�EH�PDGH�DV�SDUW�RI�WKH�FRQVHUYDWLRQ�HIIRUWV��
7KH�HQWLUH�FRQVHUYDWLRQ�SURFHVV�LV�HVWLPDWHG�WR�WDNH�
WKUHH�\HDUV��$OWKRXJK�WKH�H[DFW�ORFDWLRQ�KDV�QRW�EHHQ�
GHWHUPLQHG��SODQV�DUH�XQGHUZD\�WR�UHWXUQ�WKH�FDQRH�WR�
/RXLVLDQD�IRU�SXEOLF�GLVSOD\�

)LJXUH����:RRG�SODWIRUP�FRQVWUXFWHG�QH[W�WR�WKH�GXJRXW�

)LJXUH����7KH�GXJRXW�RQ�WKH�SODWIRUP�ZLWK�SDFNLQJ�PDWHULDOV�
IRU�WUDQVSRUW�

)LJXUH����7KH�GXJRXW�KRLVWHG�DERYH�WKH�SUHVHUYDWLRQ�YDW�DW�
7H[DV�$	0�8QLYHUVLW\�
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,Q�WKH�FRXUVH�RI�UHFHQWO\�GRFXPHQWLQJ�DQFHVWUDO�&DGGR�
FHUDPLF�YHVVHOV�IURP�VLWHV�GDWLQJ�WR�/DWH�&DGGR�SHULRG�
7LWXV�SKDVH�FRQWH[WV��FD��$�'�������������LQ�(DVW�
7H[DV��VSHFL¿FDOO\�RQ�VLWHV�LQ�WKH�%LJ�&\SUHVV�&UHHN�DQG�
6DELQH�5LYHU�EDVLQV��,�KDYH�HQFRXQWHUHG�D�VLJQL¿FDQW�
QXPEHU��FD������SHUFHQW��RI�PRUH�WKDQ������HQJUDYHG�
¿QH�ZDUH�YHVVHOV�WKDW�KDYH�DQ�H[WHULRU�RUJDQLF�UHVLGXH�
�7DEOH�����LQFOXGLQJ�FDULQDWHG�ERZOV��FRPSRXQG�ERZOV��
MDUV��ERZOV��DQG�HYHQ�ERWWOHV��,Q�VRPH�FDVHV��WKH�H[WHULRU�
UHVLGXH�RQ�FHUWDLQ�FDULQDWHG�ERZOV�DQG�FRPSRXQG�ERZOV�
LV�VR�WKLFN�WKDW�WKH�HQJUDYHG�GHVLJQ�LV�REVFXUHG�DQG�
DOPRVW�FRPSOHWHO\�FRYHUHG�ZLWK�WKH�RUJDQLF�UHVLGXH�
�)LJXUH��D��F���,I�HQJUDYHG�¿QH�ZDUHV�IURP�DQFHVWUDO�
&DGGR�VLWHV�ZHUH�XVHG�LQ�GDLO\�OLIH�IRU�WKH�VHUYLQJ�RI�
IRRGV�DQG�OLTXLGV��KRZ�GLG�WKH\�DFFXPXODWH�DQ�H[WHULRU�
FDUERQL]HG�UHVLGXH�E\�WKH�WLPH�WKH\�ZHUH�SODFHG�LQ�
EXULDOV�DV�IXQHUDU\�RIIHULQJV"
� 7KH�H[WHULRU�UHVLGXH�RQ�7LWXV�SKDVH�¿QH�ZDUH�
YHVVHOV�DSSHDUV�WR�EH�WKH�SURGXFW�RI�VRRW�GHSRVLWLRQ�
IURP�WKH�VPRNH�SURGXFHG�LQ�D�ZRRG�RU�JUDVV�¿UH�
�6NLER�����������VHH�DOVR�6NLER����������������
6NLER������������QRWHV�WKDW�WKLV�³W\SH�RI�VRRW�LV�PRUH�
SHUPDQHQWO\�DI¿[HG�WR�WKH�FHUDPLF�VXUIDFH�EHFDXVH�
LW�FRQWDLQV�UHVLQ�GURSOHWV��ZKLFK�DUH�GUDZQ�XS�ZLWK�
WKH�ULVLQJ�VPRNH�DQG�DUH�VROLGL¿HG�RQFH�WKH\�FRPH�LQ�
FRQWDFW�ZLWK�FRROHU�VXUIDFHV��2QH�WKH�UHVLQ�FRROV��LW�
FDQ�SURGXFH�D�KDUG��ZDWHUSURRI�VRRW�OD\HU�WKDW�LV�YHU\�
UHVLVWDQW�WR�EUHDNGRZQ�´�6XFK�VRRW�FDQ�EH�GHSRVLWHG�LI�
YHVVHO�VXUIDFHV�DUH�OHVV�WKDQ�����GHJUHHV�&��PRVW�OLNHO\�
EHFDXVH�RI�WKH�SUHVHQFH�RI�OLTXLGV�LQ�D�YHVVHO��6NLER�
�����������6NLER¶V�H[DPLQDWLRQ��6HSWHPEHU����������
SHUVRQDO�FRPPXQLFDWLRQ��RI�)LJXUH��E�F�QRWHV�WKDW�WKH�
UHVLGXH�ORRNV�³OLNH�FODVVLF�H[WHULRU�VRRW�IURP�EHLQJ�
SODFHG�RYHU�WKH�¿UH��7KH�RQH�SRW�KDV�R[LGDWLRQ�RQ�WKH�
EDVH�DQG�VRRW�XS�WR�WKH�ULP�>)LJXUH��E@��ZKLFK�LV�YHU\�
FRPPRQ��:KHQ�D�SRW�LV�ULJKW�QH[W�WR�WKH�ÀDPH��VRRW�ZLOO�
QRW�DFFXPXODWH��EXW�LW�ZLOO�RQ�WKH�VLGHV�´�+H�DOVR�QRWHG�
WKDW�³VRRW�OLNH�WKLV�FDQ�EH�DGGHG�WR�D�YHVVHO�LQ�MXVW�RQH«
HSLVRGH�´

� 7R�DFFRXQW�IRU�WKH�VRRW�DQG�H[WHULRU�RUJDQLF�
UHVLGXHV�RQ�D�VLJQL¿FDQW�SURSRUWLRQ�RI�HQJUDYHG�¿QH�
ZDUH�YHVVHOV��SULQFLSDOO\�FDULQDWHG�ERZOV��LQ�/DWH�&DGGR�
SHULRG�7LWXV�SKDVH�EXULDO�IHDWXUHV��,�VXJJHVW�WKDW�WKHVH�
YHVVHOV��DQG�WKHLU�FRQWHQWV��ZHUH�VPRNHG�LQ�¿UHV��RU�
VXVSHQGHG�RYHU�¿UHV��WKDW�KDG�EHHQ�SODFHG�DW�RQH�HQG�
RI�WKH�JUDYH�GXULQJ�DQFHVWUDO�&DGGR�PRUWXDU\�ULWXDOV��
&DUWHU������������KDV�QRWHG�WKDW�LQ�&DGGR�PRUWXDU\�
ULWXDOV��³>V@RPHRQH�LQ�WKH�IDPLO\�NHSW�D�¿UH�EXUQLQJ�DW�
WKH�HDVW�HQG�RI�WKH�JUDYH�IRU�WKH�VL[�GD\V�D�VSLULW�VWD\HG�
EHIRUH�VWDUWLQJ�RQ�LWV�ZD\��$OO�SHUVRQDO�SRVVHVVLRQV��VXFK�
DV�FORWKHV�RZQHG�E\�WKH�RQH�ZKR�KDG�GLHG��ZHUH�KXQJ�
RQ�D�SROH�VHW�EHVLGH�WKH�¿UH�WR�EH�EDWKHG�LQ�LWV�VPRNH�´�
7KHVH�7LWXV�SKDVH�HQJUDYHG�YHVVHOV�ZHUH�EDWKHG�LQ�VXFK�
D�VPRNH��%RWK�JUDVV�DQG�FHGDU�WZLJV�ZHUH�XVHG�WR�FUHDWH�
WKH�EDWKLQJ�VPRNH��&DUWHU���������������(VSLQRVD�
��������������
� 7KH�DJH��IUHTXHQF\��DQG�GLVWULEXWLRQ�RI�
HQJUDYHG�¿QH�ZDUH�YHVVHOV�ZLWK�RUJDQLF�UHVLGXHV�IURP�
EHLQJ�³VPRNHG´�VKRXOG�EH�V\VWHPDWLFDOO\�GHWHUPLQHG�
LQ�RWKHU�DUHDV�RI�(DVW�7H[DV��DV�ZHOO�DV�LQ�RWKHU�SDUWV�

&XUUHQW�5HVHDUFK�
2UJDQLF�5HVLGXHV�RQ�(QJUDYHG�9HVVHOV�IURP�$QFHVWUDO�&DGGR�6LWHV�
LQ�(DVW�7H[DV

7LPRWK\�.��3HUWWXOD
$UFKHRORJLFDO�	�(QYLURQPHQWDO�&RQVXOWDQWV��//&

7DEOH����3URSRUWLRQ�RI�HQJUDYHG�YHVVHOV�ZLWK�RUJDQLF�UHVLGXHV�
IURP�D�VDPSOH�RI�7LWXV�SKDVH�VLWHV�
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RI�WKH�&DGGR�DUHD��5HFHQW�FRPPXQLFDWLRQV�ZLWK�$QQ�
(DUO\��3HWH�*UHJRU\��-HII�*LUDUG��DQG�'XQFDQ�0F.LQQRQ�
LQGLFDWH�WKDW�HQJUDYHG�YHVVHOV�RI�DQ\�DJH�ZLWK�RUJDQLF�
UHVLGXHV�DUH�YHU\�UDUH�WR�DEVHQW�LQ�DQFHVWUDO�&DGGR�YHVVHO�
DVVHPEODJHV�IURP�WKH�2XDFKLWD�DQG�5HG�5LYHU�EDVLQV�
LQ�6RXWKZHVW�$UNDQVDV�DQG�DVVHPEODJHV�LQ�1RUWKZHVW�
/RXLVLDQD��7KLV�LQGLFDWHV�WKDW�WKH�EHKDYLRUV�E\�&DGGR�
SHRSOHV�LQ�SDUWV�RI�(DVW�7H[DV�DIWHU�FD��$�'��������DQG�
SHUKDSV�EHIRUH�WKDW�WLPH�DV�ZHOO��GLIIHUHG�IURP�RWKHU�
&DGGR�FRPPXQLWLHV�LQ�OLNHO\�JUDYH�VLGH�ULWXDOV�WKDW�
SURGXFHG�WKH�H[WHULRU�UHVLGXH�RQ�YHVVHOV�WKDW�ZHUH�
SODFHG�DV�IXQHUDU\�RIIHULQJV�LQ�DQFHVWUDO�&DGGR�EXULDOV��
7KLV�GLYHUVLW\�LQ�PRUWXDU\�EHKDYLRU�ZDUUDQWV�IXUWKHU�
HYDOXDWLRQ�DQG�FRQVLGHUDWLRQ�DV�SDUW�RI�GHYHORSLQJ�D�

EHWWHU�XQGHUVWDQGLQJ�RI�WKH�KLVWRU\�DQG�FKDUDFWHU�RI�
DQFHVWUDO�&DGGR�PRUWXDU\�WUDGLWLRQV�
� )LQDOO\��LW�LV�KRSHG�WKDW�VDPSOHV�RI�WKH�FKDUUHG�
UHVLGXH�RQ�D�IHZ�HQJUDYHG�7LWXV�SKDVH�YHVVHOV�ZLWK�WKLFN�
H[WHULRU�UHVLGXH�FDQ�EH�DQDO\]HG��6XFK�VDPSOHV�RI�WKH�
FKDUUHG�PDWHULDOV�FRXOG�EH�VXEMHFWHG�WR�OLSLG�DQDO\VLV��
JDV�FKURPDWRJUDSK\�PDVV�VSHFWURVFRS\��VHH�(YHUVKHG�
�������DQG�SK\WROLWK�DQG�VWDUFK�DQDO\VLV��WR�GHWHUPLQH�
ZKDW�SODQWV�ZHUH�EXUQHG�DQG�VPRNHG�WR�SURGXFH�WKH�VRRW�
RQ�WKH�YHVVHOV�

$FNQRZOHGJPHQWV

,�WKDQN�WKRVH�LQGLYLGXDOV�WKDW�WDONHG��FRUUHVSRQGHG��RU�
VKDUHG�LQIRUPDWLRQ�ZLWK�PH�DERXW�H[WHULRU�UHVLGXHV�RQ�
&DGGR�¿QH�ZDUH�YHVVHOV��7KH\�LQFOXGH�6WHYH�%ODFN��$QQ�
0��(DUO\��(ORLVH�*DGXV��-HII�*LUDUG��3HWH�*UHJRU\��-RKQ�
3��+DUW��'XQFDQ�3��0F.LQQRQ��DQG�-DPHV�0��6NLER�

5HIHUHQFHV�&LWHG

&DUWHU��&��(�
�����&DGGR�,QGLDQV��:KHUH�:H�&RPH�)URP��8QLYHUVLW\�

RI�2NODKRPD�3UHVV��1RUPDQ�

(VSLQRVD��,��)��GH
�����'HVFULSWLRQV�RI�WKH�7HMDV�RU�$VLQDL�,QGLDQV�������

������7UDQVODWHG�E\�0��$��+DWFKHU��6RXWKZHVWHUQ�
+LVWRULFDO�4XDUWHUO\������������

(YHUVKHG��5��3�
�����%LRPROHFXODU�DQDO\VLV�E\�RUJDQLF�PDVV�

VSHFWURPHWU\��,Q�0RGHUQ�$QDO\WLFDO�0HWKRGV�LQ�
$UW�DQG�$UFKDHRORJ\��HGLWHG�E\�(��&LOLEHUWR�DQG�
*��6SRWR��SS�����������-RKQ�:LOH\�	�6RQV��1HZ�
<RUN�

)LHOGV��5��&���DQG�(��)��*DGXV��HGLWRUV�
�����$UFKHRORJ\�RI�WKH�1DGDFR�&DGGR��7KH�9LHZ�IURP�

WKH�3LQH�7UHH�0RXQG�6LWH����+6�����+DUULVRQ�
&RXQW\��7H[DV����9ROV��5HSRUWV�RI�,QYHVWLJDWLRQV�
1R�������3UHZLWW�DQG�$VVRFLDWHV��,QF���$XVWLQ�

)LJXUH����([DPSOHV�RI�HQJUDYHG�7LWXV�SKDVH�YHVVHOV�ZLWK�D�
WKLFN�FKDUUHG�RUJDQLF�UHVLGXH�RQ�WKHLU�H[WHULRU�VXUIDFHV��D��
9HVVHO�����-RH�-XVWLVV�VLWH����0;����E��9HVVHO�����5XVVHOO�%URV��
VLWH����77����F��9HVVHO�����5XVVHOO�%URV��VLWH����77���
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)LHOGV��5��&���9��/��+DW¿HOG��'��%XUGHQ��(��)��*DGXV��0��
&��:LOGHU��DQG�.��:��.LEOHU

�����7HVWLQJ�DQG�'DWD�5HFRYHU\�([FDYDWLRQV�DW����
1DWLYH�$PHULFDQ�$UFKHRORJLFDO�6LWHV�DORQJ�
WKH�8�6��+LJKZD\�����0RXQW�3OHDVDQW�5HOLHI�
5RXWH��7LWXV�&RXQW\��7H[DV����9ROV��5HSRUWV�RI�
,QYHVWLJDWLRQV�1R�������3UHZLWW�DQG�$VVRFLDWHV��
,QF���$XVWLQ�

3HUWWXOD��7��.�
�����&HUDPLF�9HVVHOV�DQG�2WKHU�)XQHUDU\�2EMHFWV�LQ�

WKH�+��5��7D\ORU����+6���&HPHWHU\��+DUULVRQ�
&RXQW\��7H[DV��6SHFLDO�3XEOLFDWLRQ�1R������)ULHQGV�
RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\��$XVWLQ�DQG�
3LWWVEXUJ�

�����$�6WXG\�RI�$QFHVWUDO�&DGGR�&HUDPLF�9HVVHOV�IURP�
7LWXV�3KDVH�6LWHV�LQ�&DPS��)UDQNOLQ��+DUULVRQ��
0DULRQ��0RUULV��7LWXV��DQG�8SVKXU�&RXQWLHV�LQ�
(DVW�7H[DV��6SHFLDO�3XEOLFDWLRQ�1R������)ULHQGV�
RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\��$XVWLQ�DQG�
3LWWVEXUJ��

3HUWWXOD��7��.���HGLWRU�
�����$UFKHRORJLFDO�,QYHVWLJDWLRQV�DW�WKH�3LOJULP¶V�

3ULGH�6LWH����&3������D�7LWXV�3KDVH�&RPPXQLW\�
LQ�WKH�%LJ�&\SUHVV�&UHHN�%DVLQ��&DPS�&RXQW\��
7H[DV��5HSRUW�RI�,QYHVWLJDWLRQV�1R��������9ROV��
$UFKHRORJLFDO�	�(QYLURQPHQWDO�&RQVXOWDQWV��
//&��$XVWLQ�

3HUWWXOD��7��.���3��6��0DUFHDX[��DQG�%��1HOVRQ
����D� 6WXG\�RI�WKH�0DUJDUHW�+LQWRQ�&ROOHFWLRQ�RI�

3RWWHU\�9HVVHOV�IURP�1RUWKHDVW�7H[DV�&DGGR�
&HPHWHULHV��$UFKHRORJLFDO�	�(QYLURQPHQWDO�
&RQVXOWDQWV��//&��$XVWLQ�

3HUWWXOD��7��.���%��1HOVRQ��DQG�0��:DOWHUV
����E� &DGGR�$UFKDHRORJ\�DW�WKH�+HQU\�6SHQFHU�6LWH�

���85�����LQ�WKH�/LWWOH�&\SUHVV�&UHHN�%DVLQ�RI�
(DVW�7H[DV��6SHFLDO�3XEOLFDWLRQ�1R������)ULHQGV�
RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\��3LWWVEXUJ�DQG�
$XVWLQ�

3HUWWXOD��7��.���0��:DOWHUV��DQG�%��1HOVRQ
����D� &DGGR�3RWWHU\�9HVVHOV�DQG�3LSHV�IURP�6LWHV�

LQ�WKH�%LJ�&\SUHVV��6XOSKXU��1HFKHV�$QJHOLQD��
DQG�0LGGOH�6DELQH�5LYHU�%DVLQV�LQ�WKH�7XUQHU�
DQG�-RKQV�&ROOHFWLRQV��&DPS��&DVV��&KHURNHH��
+DUULVRQ��0RUULV��7LWXV��DQG�8SVKXU�&RXQWLHV��
7H[DV�DQG�6DELQH�3DULVK��/RXLVLDQD��6SHFLDO�
3XEOLFDWLRQ�1R������)ULHQGV�RI�1RUWKHDVW�7H[DV�
$UFKDHRORJ\��$XVWLQ�DQG�3LWWVEXUJ�

����E� &DGGR�3RWWHU\�9HVVHOV�DQG�3LSHV�IURP�WKH�
-RKQV�6LWH����&3����LQ�WKH�%LJ�&\SUHVV�&UHHN�
%DVLQ�LQ�WKH�7XUQHU�DQG�-RKQV�&ROOHFWLRQV��&DPS�
&RXQW\��7H[DV��6SHFLDO�3XEOLFDWLRQ�1R������)ULHQGV�
RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\��$XVWLQ�DQG�
3LWWVEXUJ�

����F� /LWWOH�&\SUHVV�&UHHN�%DVLQ�$UFKDHRORJ\��
6L[�/DWH�&DGGR�3HULRG�&HPHWHULHV�LQ�8SVKXU�
&RXQW\��7H[DV��6SHFLDO�3XEOLFDWLRQ�1R������)ULHQGV�
RI�1RUWKHDVW�7H[DV�$UFKDHRORJ\��$XVWLQ�DQG�
3LWWVEXUJ�

3HUWWXOD��7��.���0��7DWH��+��1HII��-��:��&RJVZHOO��0��'��
*ODVFRFN��(��6NRNDQ��6��0XOKROODQG��5��5RJHUV��
DQG�%��1HOVRQ

�����$QDO\VLV�RI�WKH�7LWXV�3KDVH�0RUWXDU\�$VVHPEODJH�
DW�WKH�0RFNLQJELUG�6LWH�.DKEDND\DPPDDKLQ´�
���77������'RFXPHQW�1R����������(VSH\��+XVWRQ�
	�$VVRFLDWHV��,QF���$XVWLQ�

6NLER��-��0�
�����3RWWHU\�)XQFWLRQ��$�8VH�$OWHUDWLRQ�3HUVSHFWLYH��

3OHQXP�3UHVV��1HZ�<RUN�DQG�/RQGRQ�

����� 3RWWHU\�8VH�$OWHUDWLRQ�$QDO\VLV��,Q�8VH�:HDU�
DQG�5HVLGXH�$QDO\VLV�LQ�$UFKDHRORJ\��HGLWHG�
E\�-��0��0DUUHLURV��SS�����������0DQXDOV�LQ�
$UFKDHRORJLFDO�0HWKRG��7KHRU\�DQG�7HFKQLTXH��
'2,��������������������������B���
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7KH�+ROPDQ�6SULQJV�VLWH���69����OLHV�LQ�ZHVWHUQ�
6HYLHU�&RXQW\��$UNDQVDV��QHDU�WKH�2NODKRPD�ERUGHU��
,W�LV��DORQJ�ZLWK�%D\RX�6HO���&/�����RQH�RI�WZR�PDMRU�
H[FDYDWLRQV�RI�&DGGR�VDOWZRUNV�WKDW�KDV�QRW�EHHQ�
VXEVWDQWLDOO\�UHSRUWHG��([FDYDWHG�EHWZHHQ������DQG�
�����E\�WKH�$UNDQVDV�$UFKHRORJLFDO�6RFLHW\�GXULQJ�WKHLU�
DQQXDO�7UDLQLQJ�3URJUDP�GLJV��WKH�FROOHFWLRQV�UHPDLQ�
DW�WKH�$UNDQVDV�$UFKHRORJLFDO�6XUYH\¶V�UHVHDUFK�VWDWLRQ�
�$5$6��DW�6RXWKHUQ�$UNDQVDV�8QLYHUVLW\��6$8��LQ�
0DJQROLD�
� 7KH�FROOHFWLRQV�OD\�GRUPDQW�IRU�PDQ\�\HDUV��
7KHQ��LQ�������WKH�VWDWLRQ�VWDII�UHYLYHG�WKH�SURMHFW�DQG�
VWDUWHG�PRYLQJ�LW�WRZDUGV�FRPSOHWLRQ��7KLV�LV�D�GDXQWLQJ�
FKDOOHQJH��JLYHQ�WKH�PDVVLYH�VL]H�RI�WKH�FROOHFWLRQ�
�HVWLPDWHV�IRU�WKH�FHUDPLFV�DORQH�UXQ�WR�������SRXQGV�
RI�VKHUGV���:H�GHWDLO�VRPH�RI�WKH�HIIRUWV�WKDW�KDYH�EHHQ�
WDNLQJ�SODFH�

6HDUFK�IRU�$)2V�DQG�5H�%R[LQJ

,Q�������WKHQ�VWDWLRQ�DUFKHRORJLVW�'U��&DURO�&RODQLQQR�
0HHNV��ZLWK�DVVLVWDQFH�IURP�6$8�XQGHUJUDGXDWH�
(UQHVW�7XUQHU��UHVSRQGHG�WR�D�UHTXHVW�IURP�RXU�
&RRUGLQDWLQJ�2I¿FH�WR�VHDUFK�WKURXJK�WKH�FROOHFWLRQV�
IURP�WKH�H[FDYDWLRQV�IRU�DVVRFLDWHG�IXQHUDU\�REMHFWV�
UHFRYHUHG�IURP�WKH�WZR�GH¿QLWH�DQG�RQH�SRVVLEOH�JUDYH�
HQFRXQWHUHG�GXULQJ�WKH�����V�ZRUN��7KH\�ORFDWHG�DOO�RI�
WKH�UHTXHVWHG�PDWHULDOV��ZKLFK�ZHQW�WR�WKH�&RRUGLQDWLQJ�
2I¿FH�LQ�)D\HWWHYLOOH�IRU�UHSDWULDWLRQ�
� 'U��&RODQLQQR�0HHNV�DQG�0U��7XUQHU�UH�ER[HG�
DQG�UH�EDJJHG�WKH������$UNDQVDV�$UFKHRORJLFDO�6RFLHW\�
WUDLQLQJ�SURJUDP�FROOHFWLRQV�LQWR�SODVWLF�WXEV�DQG�EDJV��
UHPRYLQJ�WKHP�IURP�WKH�FDUGERDUG�ER[HV�WKDW�KHOG�WKHP�
XS�XQWLO�WKDW�SRLQW��7KH�FROOHFWLRQV�IURP�WKH������DQG�
�����WUDLQLQJ�SURJUDP�DZDLW�VLPLODU�FXUDWRULDO�WUHDPHQW�

&HUDPLFV�$QDO\VLV

,Q�������ZH�EHJDQ�ZRUN�RQ�WKH�QH[W�WZR�VWHSV�LQ�WKH�
DQDO\VLV��:LWK�DVVLVWDQFH�IURP�'U��-DPLH�%UDQGRQ��
RI�WKH�$5$6¶V�VWDWLRQ�DW�WKH�8QLYHUVLW\�RI�$UNDQVDV��
ZH�LQLWLDWHG�WKH�FHUDPLF�DQDO\VLV��ZLWK�0V��7D\ORU�
VKRXOGHULQJ�WKH�EXON�RI�WKH�ZRUN��$W�WKH�WLPH�RI�ZULWLQJ��
WKLV�HIIRUW�HQFRPSDVVHV�DSSUR[LPDWHO\�������VKHUGV��
+XQGUHGV�RI�WKRXVDQGV�PRUH�UHPDLQ�
� 0RVW�RI�WKH�VKHUGV�FRQVLVW�RI�ZLGH��ÀDW��VDOW�SDQ�
IUDJPHQWV��PDQ\�XQGHFRUDWHG��7KHUH�DUH�VRPH�GHFRUDWHG�
ULPV�LQ�WKH�FROOHFWLRQ��PDQ\�RI�ZKLFK�FRUUHVSRQG�WR�WKH�
1DVK�1HFN�%DQGHG�W\SH��0RUH�¿QH�JUDLQHG�GDWD�ZLOO�
EH�DYDLODEOH�RQFH�ZH�KDYH�FRPSOHWHG�WKH�DQDO\VLV�RI�D�
UHSUHVHQWDWLYH�FROOHFWLRQ��ZKLFK�ZH�KRSH�ZLOO�EH�LQ�WKH�
QHDU�IXWXUH��
� :H�DUH�H[FLWHG�DERXW�WKH�SURVSHFWV�RI�WKLV�ZRUN��
DV�WKHUH�VHHPV�WR�EH�YDULDELOLW\�LQ�WKH�WLPLQJ�RI�ZKHQ�
WKHVH�VDOW�VLWHV�ZHUH�LQ�XVH�DQG�WKH�PDQQHU�LQ�ZKLFK�
&DGGRV�RUJDQL]HG�DQG�WLPHG�VDOW�SURGXFWLRQ��+ROPDQ�
DQG�WKH�+DUGPDQ�VLWH��ERWK�LQ�$UNDQVDV��DSSHDU�WR�EH�
\HDU�URXQG�RFFXSDWLRQV�GDWLQJ�WR�WKH�0LGGOH�DQG�/DWH�
&DGGR�SHULRGV��(DUO\�������3HUWWXOD��������&RQWUDVW�WKLV�
ZLWK�WKH�6DOW�:HOO�6ORXJK��.HQPRWVX�������DQG�'UDNH¶V�
6DOW�:RUNV��(XEDQNV�������VLWHV��ZKLFK�DSSHDU�WR�
IHDWXUH�RQO\�WHPSRUDU\�RFFXSDWLRQ�DQG�GDWH�WR�WKH�/DWH�
DQG�+LVWRULF�&DGGR�SHULRGV��UHVSHFWLYHO\�

'LJLWL]DWLRQ�RI�)LHOG�5HFRUGV

,Q�DLG�RI�WKH�UHQHZHG�HIIRUW��ZH�DOVR�VFDQQHG�DOO�RI�WKH�
¿HOG�UHFRUGV�IURP�WKH�6RFLHW\�WUDLQLQJ�SURJUDPV�LQ�
����������DQG�DUH�FRQVWUXFWLQJ�GDWDEDVHV�WKDW�ZLOO�DLG�
WKH�DQDO\VHV��7KLV�HIIRUW�LQFOXGHV�WKH�VLWH�PDSV��GUDZQ�
IURP�ERWK�WKH�IHZ�ODUJH�IRUPDW�PDSV�FUHDWHG�GXULQJ�
WKH�¿HOG�SURMHFWV��DQG�WKH�OHYHO�IRUPV�XVHG�LQ�HDFK���P�
H[FDYDWLRQ�XQLW�

&XUUHQW�5HVHDUFK�
5HQHZLQJ�5HVHDUFK�RQ�+ROPDQ�6SULQJV���69�����D�&DGGR�6DOWZRUNV�
LQ�:HVWHUQ�$UNDQVDV

&DUO�*��'UH[OHU�DQG�)LRQD�0��7D\ORU
$UNDQVDV�$UFKHRORJLFDO�6XUYH\
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� :H�JHRUHIHUHQFHG�WKH�ODWWHU�LQ�$UF*,6��WKHQ�
GLJLWL]HG�DOO�RI�WKH�UHFRUGHG�IHDWXUHV��FUHDWLQJ�WKH�¿UVW�
VLWH�ZLGH�PDS�RI�WKH�H[FDYDWHG�SRUWLRQ�RI�WKH�VLWH�
�)LJXUH�����:H�DGGHG�WR�WKLV�LQ�HDUO\�6HSWHPEHU������E\�
GRZQORDGLQJ�DQG�SURFHVVLQJ�/L'$5�GDWD�IRU�WKH�VLWH��
ZKLFK�VKRZV�WKH�IRUPHU�PRXQG�WHVWHG�LQ�WKH�����V��D�
SRVVLEOH�VHFRQG�PRXQG�WR�WKH�VRXWKHDVW��PHQWLRQHG�LQ�
VLWH�QRWHV�IURP�WKH�����V���DQG�D�SRWHQWLDO�WKLUG�PRXQG�
QRW�SUHYLRXVO\�GRFXPHQWHG�

6SHFLDO�$QDO\VHV

7ZR�PRUH�GHWDLOHG�VWXGLHV�DUH�LQ�SURJUHVV��)LUVW��6RFLHW\�
YROXQWHHUV�H[FDYDWHG�D�SRWHQWLDO�EDVNHW�RI�FRUQ�DQG�RWKHU�
IRRGV�LQ�������,GHQWL¿HG�DV�)HDWXUH������WKH�PDWHULDOV�
ZHUH�EDJJHG�VHSDUDWHO\�DQG�KDYH�DZDLWHG�DQDO\VLV�VLQFH��
:H�UHFHQWO\�WUDQVIHUUHG�WKH�FRQWHQWV�RI�)HDWXUH�����WR�
WKH�$5$6�UHVHDUFK�VWDWLRQ�DW�7ROWHF�0RXQGV�6WDWH�3DUN��
ZKHUH�'U��(OL]DEHWK�+RUWRQ�KDV�EHJXQ�WR�VWXG\�WKHLU�
FRQWHQWV�
� 6HFRQG��WKH�VLWH�KDV�QHYHU�EHHQ�GLUHFWO\�GDWHG��
DOWKRXJK�VHYHUDO�FDUERQ�VDPSOHV�ZHUH�WDNHQ�GXULQJ�WKH�

H[FDYDWLRQV��7KH�$5$6�6$8�VWDII�VHFXUHG�D�JUDQW�IURP�
WKH�$UNDQVDV�$UFKHRORJLFDO�6RFLHW\¶V�$UFKHRORJLFDO�
5HVHDUFK�)XQG�WR�UDGLRFDUERQ�GDWH�WZR�RI�WKRVH�
VDPSOHV��DQG�WKDW�LV�QRZ�XQGHUZD\�

1H[W�6WHSV

2XU�QH[W�HIIRUWV�ZLOO�LQYROYH�FRQWLQXHG�VWXG\�LQWR�&DGGR�
VDOWPDNLQJ�ZLWK�VSHFL¿F�DWWHQWLRQ�WRZDUGV�QH[W�\HDUV¶�
$UNDQVDV�$UFKHRORJLFDO�6RFLHW\�7UDLQLQJ�3URJUDP��
ZKLFK�ZLOO�EH�D�UHWXUQ�WR�+ROPDQ�6SULQJV��7KLV�ZLOO�EH�
D�PDMRU�VWHS�LQ�FRQFOXGLQJ�WKH�����V�SURMHFWV��DV�ZH�
LQWHQG�WR�ZRUN�ZLWK�WKH�6RFLHW\�WR�DQDO\]H�WKH�EXON�RI�
WKH�FHUDPLFV�UHFRYHUHG�HDUOLHU��7KLV�ZLOO�GUDPDWLFDOO\�
KDVWHQ�WKH�FRPSOHWLRQ�RI�WKH�UHVHDUFK�DQG�KHOS�XV�EHWWHU�
XQGHUVWDQG�DQ�LPSRUWDQW�VLWH�WKDW�KDV�D�ORW�WR�WHOO�XV�
DERXW�&DGGR�VDOWPDNLQJ�DQG�HQYLURQPHQWDO�LQWHUDFWLRQV�

)LJXUH����)HDWXUHV�ZLWK�H[FDYDWLRQ�XQLWV�DW�WKH�+ROPDQ�6SULQJV�VLWH���69����
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5HIHUHQFHV�&LWHG

(DUO\��$QQ�0���HGLWRU�
�����&DGGRDQ�6DOWPDNHUV�LQ�WKH�2XDFKLWD�9DOOH\��

5HVHDUFK�6HULHV�1R������$UNDQVDV�$UFKHRORJLFDO�
6XUYH\��)D\HWWHYLOOH�

(XEDQNV��3DXO�1�
����� 6DOW�3URGXFWLRQ�LQ�WKH�6RXWKHDVWHUQ�&DGGR�

+RPHODQG��3K�'��GLVVHUWDWLRQ��'HSDUWPHQW�RI�
$QWKURSRORJ\��8QLYHUVLW\�RI�$ODEDPD��7XVFDORRVD�

.HQPRWVX��1DQF\�$�
����� ,QYHVWLJDWLRQV�DW�WKH�6DOW�:HOO�6ORXJK�6LWH��

��55�����$�6DOW�0DNLQJ�6LWH�LQ�5HG�5LYHU�
&RXQW\��7H[DV��$UFKHRORJLFDO�5HSRUWV�6HULHV��1R��
���7H[DV�+LVWRULFDO�&RPPLVVLRQ��$XVWLQ�

3HUWWXOD��7LPRWK\�.�
����� 7KH�$UFKDHRORJ\�RI�WKH�&DGGR�LQ�6RXWKZHVW�

$UNDQVDV��1RUWKZHVW�/RXLVLDQD��(DVWHUQ�
2NODKRPD��DQG�(DVW�7H[DV��$Q�,QWURGXFWLRQ�WR�WKH�
9ROXPH��,Q�7KH�$UFKDHRORJ\�RI�WKH�&DGGR��HGLWHG�
E\�7LPRWK\�.��3HUWWXOD�DQG�&KHVWHU�3��:DONHU��SS��
������8QLYHUVLW\�RI�1HEUDVND�3UHVV��/LQFROQ�
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$V�SUHVHQWHG�LQ�DQ�HDUOLHU�UHSRUW��0F.LQQRQ��������,�
KDYH�EHHQ�FRPSLOLQJ��ZLWK�WKH�KHOS�RI�VHYHUDO�&DGGR�
UHVHDUFKHUV��D�FRPSUHKHQVLYH�PXOWL�VWDWH�GDWDEDVH�RI�
&DGGR�YHVVHOV��QRZ�FORVH�WR����������7KH�RQ�JRLQJ�JRDO�
LV�WR�HYDOXDWH�ODQGVFDSH�VFDOH�VRFLDO�LQWHUDFWLRQV�DQG�
LQWHUUHJLRQDO�UHODWLRQVKLSV�XVLQJ�WKLV�JURZLQJ�FHUDPLF�
GDWDEDVH��6RPH�LQLWLDO�H[SORUDWLRQV�KDYH�EHHQ�SURGXFWLYH�
LQ�HYDOXDWLQJ�UHODWLRQVKLSV�EHWZHHQ�SURSRVHG�&DGGR�
FRPPXQLWLHV��DUFKDHRORJLFDO�SKDVHV��DQG�,�VXJJHVW�
WKDW�WKHVH�H[HUFLVHV�KDYH�RIIHUHG�LQVLJKWV�LQWR�&DGGR�
LQWHUDFWLRQ��LGHQWLW\��DQG�LGHRORJLFDO�H[FKDQJH�LQ�D�YLVXDO�
DQG��FRQWLQXDOO\��FRPSUHKHQVLYH�ZD\��0F.LQQRQ�������
������
� 5HODWHG��,��DORQJ�ZLWK�P\�VWXGHQWV�DW�WKH�
8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��KDYH�EHHQ�V\QWKHVL]LQJ�
FHUDPLF�GDWD�DVVRFLDWHG�ZLWK�WKH�%RZPDQ���/5����RU�
%RZPDQ�:DOODFH���/5����VLWH��D�&DGGR�PXOWL�PRXQG�
FHQWHU�RQ�WKH�5HG�5LYHU�LQ�/LWWOH�5LYHU�&RXQW\��$UNDQVDV�
�+RIIPDQ���������������0F.LQQRQ�������0F.LQQRQ�
HW�DO��������6XDUH]�HW�DO���������7KURXJK�WKLV�V\QWKHVLV��
VHYHUDO�GLYHUVH�H[DPSOHV�RI�&URFNHWW�&XUYLOLQHDU�,QFLVHG�
YHVVHOV�DQG�VKHUGV�KDYH�EHHQ�LGHQWL¿HG��ZKLFK�EHFDPH�
DQ�HQFRXUDJHPHQW�WR�VWDUW�EXLOGLQJ�DQG�HYDOXDWLQJ�D�
FRUSXV�RI�WKLV�YHVVHO�W\SH�ZLWK�LWV�GLVWLQFWLYH�GHVLJQ�
� *LUDUG�HW�DO���������������KLJKOLJKW�WKH�
IUHTXHQF\�RI�WKH�&URFNHWW�&XUYLOLQHDU�,QFLVHG�W\SH�
GXULQJ�WKH�HDUO\�&DGGR�SHULRGV�DQG�VXJJHVW�WKDW�HDUO\�
&DGGR�GHVLJQV�OLNHO\�FRQWDLQ�V\PEROLF�UHIHUHQWV��
ZKLFK�KDYH�QRW�EHHQ�H[SORUHG�LQ�DV�PXFK�GHWDLO�DV�
ODWHU�&DGGR�FHUDPLF�W\SHV��H�J���'RZG�������*DGXV�
������+DUW�DQG�3HUWWXOD�������/DPEHUW�������1DVK�
�������([DPSOHV�RI�&URFNHWW�YHVVHOV�DUH�SUHVHQW�DW�
VHYHUDO�(DUO\�&DGGR��FD��$�'�������������FHQWHUV�WKDW�
OLNHO\�ZHUH�WKH�³ORFDWLRQV�ZKHUH�VRFLDO�SROLFLHV�ZHUH�
IRUPXODWHG��GHFLVLRQV�PDGH��DQG�ULWXDOV�DQG�VRFLDO�
HYHQWV�FDUULHG�RXW´��*LUDUG�HW�DO������������6RPH�RI�
WKHVH�VLWHV�LQFOXGH�*HRUJH�&��'DYLV��1HZHOO�DQG�.ULHJHU�
��������������%RZPDQ��+RIIPDQ������������&UHQVKDZ�

�6FKDPEDFK������������+DUODQ��%HOO��������������6SLUR�
�%URZQ������������DQG�0RXQGV�3ODQWDWLRQ��:HEE�DQG�
0F.LQQH\�������������
� &URFNHWW�&XUYLOLQHDU�ZDV�¿UVW�GHVFULEHG�
LQ�WKH�*HRUJH�&��'DYLV�UHSRUW��1HZHOO�DQG�.ULHJHU�
�������������DQG�KDV�EHHQ�YDULRXVO\�GHVFULEHG�LQ�
ODWHU�SXEOLFDWLRQV��%RKDQQRQ�������+RIIPDQ�������
6XKP�HW�DO��������6XKP�DQG�-HONV��������7KH�YHVVHOV�
DUH�FDULQDWHG��HDUO\"��RU�JOREXODU��ODWHU"��ERZOV�WKDW�
FRQWDLQ�LQFLVHG�VFUROO�PRWLIV�H[HFXWHG�ZLWK�D�KLJK�
GHJUHH�RI�YDULDELOLW\��1HZHOO�DQG�.ULHJHU��������������
&RPPRQDOLW\�LQ�GHVLJQ�LV�WKH�SUHVHQFH�RI�DQ�LQFLVHG�
VFUROO�PRWLI�ZLWK�SXQFWDWH�RU�LQFLVHG�OLQH�¿OOHG�FLUFOHV�DV�
WKH�FHQWUDO�HOHPHQW��$Q�LQFLVHG�EDQG�IUHTXHQWO\�FRQQHFWV�
HDFK�FLUFOH��ZKLFK�RIWHQ�EHJLQV�DW�WKH�ERWWRP�RI�RQH�
FLUFOH�DQG�FRQQHFWV�WR�WKH�WRS�RI�WKH�QH[W�FLUFOH��,Q�VRPH�
FDVHV��WULDQJOHV�DUH�XVHG�DV�WKH�FRQQHFWLQJ�GHVLJQ�WR�WKH�
FLUFXODU�HOHPHQW��7KH�FLUFXODU�HOHPHQW�LV�UHSHDWHG�DURXQG�
WKH�ULP�RU�ERG\�DQG�RIWHQ�FRQWDLQV�³SODLQ��ULQJ�OLNH�
�PDGH�ZLWK�KROORZ�UHHG"���RU�KHPLFRQLFDO´��6XKP��HW�
DO������������SXQFWDWLRQV�LQ�WKH�FHQWHU�RI�WKH�FLUFOH��
3XQFWDWLRQV�RU�KDWFKLQJ��EXW�QRW�FURVV�KDWFKLQJ��DOPRVW�
DOZD\V�¿OOV�WKH�HQFORVHG�VSDFHV��VHH�)LJXUH��E��
� +RIIPDQ�RIIHUV�WKH�¿UVW�FRQVLGHUDWLRQ�RI�
FKURQRORJ\�EDVHG�RQ�YHVVHOV�DW�VLWHV�ZLWKLQ�WKH�/LWWOH�
5LYHU�UHJLRQ��,Q�KLV�DQDO\VLV��WKH�WHPSRUDO�SHULRG�IRU�WKH�
&URFNHWW�W\SH�LQ�WKH�/LWWOH�5LYHU�UHJLRQ�EHJLQV�GXULQJ�
WKH�HDUO\�0LOOHUV�&URVVLQJ�SKDVH��ZKLFK�³DSSHDUV�WR�KDYH�
EHHQ�GHULYHG�VW\OLVWLFDOO\�IURP�)UHQFK�)RUN�,QFLVHG�DW�
VRPH�WLPH�SULRU�WR�$�'������´��+RIIPDQ������������
7KH�W\SH�LV�LQ�XVH�XQWLO�WKH�HQG�RI�WKH�0LQHUDO�6SULQJ�
SKDVH��FD��$'��������D�URXJKO\�����\HDU�VSDQ��%DVHG�
RQ�YDULDELOLW\�LQ�VKDSH��GHFRUDWLRQ�WHFKQLTXH��DQG�
RYHUDOO�GHVLJQ�KH�RIIHUV�W\SH�YDULHWLHV�DVVRFLDWHG�ZLWK�DQ�
HYROXWLRQ�RI�YHVVHO�IRUP�DQG�GHVLJQ��7DEOH����
� 6LQFH�KLV�FKURQRORJLFDO�DVVHVVPHQW�DOPRVW����
\HDUV�DJR��WKHUH�KDV�EHHQ�QR�DWWHPSW�WR�H[SDQG�XSRQ�
DQG�HYDOXDWH�WKH�WHPSRUDO�DQG�VSDWLDO�FKDUDFWHULVWLFV�

&XUUHQW�5HVHDUFK�
%XLOGLQJ�D�&RUSXV�RI �&URFNHWW�&XUYLOLQHDU�,QFLVHG�9HVVHOV

'XQFDQ�3��0F.LQQRQ
8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV
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)LJXUH�����D��&XUUHQW�GLVWULEXWLRQ�RI�&URFNHWW�&XUYLOLQHDU�,QFLVHG�YHVVHOV�LQ�WKH�FHUDPLF�GDWDEDVH���E��([DPSOHV�RI�GHVLJQ�
YDULDWLRQ�IURP�&URFNHWW�&XUYLOLQHDU�,QFLVHG�YHVVHOV�IURP�WKH�%RZPDQ�VLWH�

7DEOH����$�VXPPDU\�RI�/LWWOH�5LYHU�UHJLRQ�&URFNHWW�&XUYLOLQHDU�,QFLVHG�YDULHWLHV�DV�VXJJHVWHG�E\�+RIIPDQ����������������
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RI�&URFNHWW�IRUPV�DQG�GHVLJQV�XVLQJ�FHUDPLF�GDWD�
FROOHFWHG�VLQFH�WKDW�WLPH��7R�WKDW�HQG��WKLV�FXUUHQW�
UHVHDUFK�VXPPDU\�UHSRUWV�RQ�WKH�GHYHORSPHQW�RI�D�
FRPSUHKHQVLYH�FRUSXV�RI�&URFNHWW�&XUYLOLQHDU�,QFLVHG�
YHVVHOV��7KH�JRDO�LV�WR�HYDOXDWH�YDULDELOLW\�LQ�IRUP�DQG�
GHVLJQ�WR�EXLOG�XSRQ�DQG�WHVW�WKH�YDULHWLHV�¿UVW�SUHVHQWHG�
E\�+RIIPDQ���������*LYHQ�WKH�SRVVLEOH�³JHRJUDSKLFDO�
YDULHWDO�VLJQL¿FDQFH´��+RIIPDQ�����������RI�GHVLJQV�
VHHPLQJO\�SUHVHQW�LQ�WKH�SURSRVHG�YDULHWLHV��WKH�ZLGH�
GLVWULEXWLRQ�DQG�SUHVHQFH�DW�VHYHUDO�LQÀXHQWLDO�HDUO\�
&DGGR�FHQWHUV��DQG�ORQJ�GXUDWLRQ�RI�XVH�GXULQJ�D�WLPH�
RI�WKH�GHYHORSPHQW�RI�³FRPSOH[�DQG�VRFLDOO\�UDQNHG�
VRFLHWLHV�ZLWK�ZHOO�SODQQHG�FLYLF�FHUHPRQLDO�FHQWHUV´�
�3HUWWXOD����������WKH�&URFNHWW�&XUYLOLQHDU�,QFLVHG�W\SH�
�DQG�PRUH�VSHFL¿FDOO\�WKH�IRUP�DQG�GHVLJQ��VHHPV�D�
YLDEOH�FDQGLGDWH�IRU�HYDOXDWLQJ�FHUDPLF�YDULDELOLW\�DQG�
H[SUHVVLRQ�DFURVV�WKH�&DGGR�$UHD�DQG�WKURXJKRXW�WKH�
(DUO\�&DGGR�WLPH�SHULRG�
� $V�,�PRYH�IRUZDUG�ZLWK�WKLV�HYDOXDWLRQ��,�DP�
UHDFKLQJ�RXW�WR�WKRVH�ZKR�DUH�DZDUH�RI�H[DPSOHV��DQG�
LPDJHV��WR�EXLOG�DQG�H[SDQG�WKH�FRUSXV��$W�SUHVHQW�WKH�
GDWDEDVH�FRQWDLQV�����&URFNHWW�&XUYLOLQHDU�,QFLVHG�
YHVVHOV�IURP����&DGGR�VLWHV�DQG�LV�ELDVHG�WRZDUG�
$UNDQVDV�DQG�7H[DV��3RWHQWLDO�/RXLVLDQD�DQG�2NODKRPD�
H[DPSOHV�DUH�FXUUHQWO\�XQGHUUHSUHVHQWHG��VHH�)LJXUH��D���
,�DP�LQWHUHVWHG�LQ�&URFNHWW�&XUYLOLQHDU�,QFLVHG�H[DPSOHV�
WKURXJKRXW�WKH�&DGGR�$UHD��SDUWLFXODUO\�2NODKRPD�
DQG�/RXLVLDQD��EXW�DOVR�WKH�GLVWULEXWLRQ�RI�VLPLODU�RU�
³K\EULG´�W\SHV�VXFK�3HQQLQJWRQ�3XQFWDWHG�,QFLVHG�RU�
)UHQFK�)RUN�,QFLVHG�

5HIHUHQFHV�&LWHG

%HOO��5REHUW�(�
�����7KH�+DUODQ�6LWH��&N����$�3UHKLVWRULF�0RXQG�

&HQWHU�LQ�&KHURNHH�&RXQW\��(DVWHUQ�2NODKRPD��
0HPRLU����2NODKRPD�$QWKURSRORJLFDO�6RFLHW\��
1RUPDQ�

�����$UNDQVDV�9DOOH\�&DGGRDQ��7KH�+DUODQ�3KDVH��,Q�
3UHKLVWRU\�RI�2NODKRPD��HGLWHG�E\�5REHUW�(��%HOO��
SS�����������$FDGHPLF�3UHVV��2UODQGR�

%RKDQQRQ��&KDUOHV�)�
�����([FDYDWLRQV�DW�WKH�0LQHUDO�6SULQJV�6LWH��+RZDUG�

&RXQW\��$UNDQVDV��5HVHDUFK�6HULHV�1R�����
$UNDQVDV�$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH�

%URZQ��-DPHV�$�
����� 7KH�6SLUR�&HUHPRQLDO�&HQWHU��7KH�$UFKDHRORJ\�

RI�$UNDQVDV�9DOOH\�&DGGRDQ�&XOWXUH�LQ�(DVWHUQ�
2NODKRPD����9ROV��0HPRLU�1R������0XVHXP�RI�
$QWKURSRORJ\��8QLYHUVLW\�RI�0LFKLJDQ��$QQ�$UERU�

'RZG��(OVEHWK�/LQQ
����� $PSKLELDQ�DQG�5HSWLOLDQ�,PDJHU\�LQ�&DGGR�$UW��

6RXWKHDVWHUQ�$UFKDHRORJ\����������

*DGXV��(ORLVH�)�
����� 7ZLVWHG�6HUSHQWV�DQG�)LHUFH�%LUGV��6WUXFWXUDO�

9DULDWLRQ�LQ�&DGGR�(QJUDYHG�&HUDPLF�%RWWOH�
0RWLIV��%XOOHWLQ�RI�WKH�7H[DV�$UFKHRORJLFDO�6RFLHW\�
�����������

*LUDUG��-HIIHU\�6���7LPRWK\�.��3HUWWXOD��DQG�0DU\�%HWK�
7UXELWW

�����&DGGR�&RQQHFWLRQV��&XOWXUDO�,QWHUDFWLRQV�
:LWKLQ�DQG�%H\RQG�WKH�&DGGR�:RUOG��5RZDQ�	�
/LWWOH¿HOG��/DQKDP��0DU\ODQG�

+DUW��-RKQ�3���DQG�7LPRWK\�.��3HUWWXOD
����� 7KH�:DVKLQJWRQ�6TXDUH�0RXQG�6LWH�DQG�D�

6RXWKHDVWHUQ�&HUHPRQLDO�&RPSOH[�6W\OH�=RQH�
DPRQJ�WKH�&DGGR�RI�1RUWKHDVWHUQ�7H[DV��
0LGFRQWLQHQWDO�-RXUQDO�RI�$UFKDHRORJ\��������
����

+RIIPDQ��0LFKDHO�3�
�����$UFKDHRORJLFDO�DQG�+LVWRULFDO�$VVHVVPHQW�RI�WKH�

5HG�5LYHU�%DVLQ�LQ�$UNDQVDV��,Q�$UFKHRORJLFDO�
DQG�+LVWRULFDO�5HVRXUFHV�RI�WKH�5HG�5LYHU�%DVLQ��
HGLWHG�E\�+HVWHU�$��'DYLV��SS�����������5HVHDUFK�
6HULHV�1R�����$UNDQVDV�$UFKHRORJLFDO�6XUYH\��
)D\HWWHYLOOH�

�����$�3DUWLDO�$UFKHRORJLFDO�6HTXHQFH�IRU�WKH�/LWWOH�
5LYHU�5HJLRQ��$UNDQVDV��3K�'��GLVVHUWDWLRQ��
'HSDUWPHQW�RI�$QWKURSRORJ\��+DUYDUG�8QLYHUVLW\��
&DPEULGJH��
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/DPEHUW��6KDZQ
�����$GGUHVVLQJ�WKH�&RVPRORJLFDO�6LJQL¿FDQFH�RI�D�

3RW��$�6HDUFK�IRU�&RVPRORJLFDO�6WUXFWXUH�LQ�WKH�
&UDLJ�0RXQG��&DGGR�$UFKHRORJ\�-RXUQDO�������
���

0F.LQQRQ��'XQFDQ�3�
����� )RVWHU�7UDLOHG�,QFLVHG��$�*,6�%DVHG�$QDO\VLV�RI�

&DGGR�&HUDPLF�'LVWULEXWLRQ��&DGGR�$UFKHRORJ\�
-RXUQDO����������

�����'LVWULEXWLRQ�RI�'HVLJQ��7KH�5D\HG�&LUFOH��&DGGR�
$UFKHRORJ\�-RXUQDO����������

�����$�5HSRUW�RQ�D�/RQJ�7HUP�5HVHDUFK�3URJUDP�RQ�
WKH�%RZPDQ�6LWH�LQ�$UNDQVDV��&DGGR�$UFKHRORJ\�
-RXUQDO����������

����� 7RZDUG�D�&ROODERUDWLYH�'HYHORSPHQW�RI�D�7UXO\�
&RPSUHKHQVLYH�0XOWL�6WDWH�0DWHULDO�&XOWXUH�
'DWDEDVH��&DGGR�$UFKHRORJ\�-RXUQDO������������

0F.LQQRQ��'XQFDQ�3���.DWHO\Q�7UDPPHOO��5\DQ�
1JX\HQ��DQG�$QQD�6XDUH]

�����$Q�,QYHQWRU\�RI�5HFRQVWUXFWHG�&HUDPLF�9HVVHOV�
IURP�WKH�%RZPDQ�6LWH���/5����/5����LQ�/LWWOH�
5LYHU�&RXQW\��$UNDQVDV��3DSHU�SUHVHQWHG�DW�WKH�
��WK�$QQXDO�0HHWLQJ�RI�WKH�&DGGR�$UFKDHRORJ\�
&RQIHUHQFH��,GDEHO��2NODKRPD�

1DVK��/RXLVD
�����&RVPRV�LQ�&OD\��$Q�$QDO\VLV�RI�$YHU\�(QJUDYHG�

9HVVHO�0RWLIV��&DGGR�$UFKHRORJ\�-RXUQDO�������
���

1HZHOO�+��3HUU\��DQG�$OH[�'��.ULHJHU
�����7KH�*HRUJH�&��'DYLV�6LWH��&KHURNHH�&RXQW\��

7H[DV��0HPRLU�1R�����6RFLHW\�IRU�$PHULFDQ�
$UFKDHRORJ\��0HQDVKD��:LVFRQVLQ�

3HUWWXOD��7LPRWK\�.�
����� 7KH�$UFKDHRORJ\�RI�WKH�&DGGR�LQ�6RXWKZHVW�

$UNDQVDV��1RUWKZHVW�/RXLVLDQD��(DVWHUQ�
2NODKRPD��DQG�(DVW�7H[DV��$Q�,QWURGXFWLRQ�WR�WKH�
9ROXPH��,Q�7KH�$UFKDHRORJ\�RI�WKH�&DGGR��HGLWHG�
E\�7LPRWK\�.��3HUWWXOD�DQG�&KHVWHU�3��:DONHU���
SS��������8QLYHUVLW\�RI�1HEUDVND�3UHVV��/LQFROQ�

6FKDPEDFK��)UDQN�)�
������$Q�2XWOLQH�RI�)RXUFKH�0DOLQH�&XOWXUH�LQ�

6RXWKZHVW�$UNDQVDV��,Q�$UNDQVDV�$UFKHRORJ\�
LQ�5HYLHZ��HGLWHG�E\�1HDO�/��7UXERZLW]�DQG�
0DUYLQ�'��-HWHU��SS�����������5HVHDUFK�6HULHV�����
$UNDQVDV�$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH�

6XDUH]��$QQD��3DXOD�/RQJ��DQG�'XQFDQ�3��0F.LQQRQ
�����$�3DUWLDO�$QDO\VLV�RI�&HUDPLF�6KHUGV�&ROOHFWHG�

IURP�WKH�%RZPDQ�6LWH���/5����/5����LQ�/LWWOH�
5LYHU�&RXQW\��$UNDQVDV��3DSHU�SUHVHQWHG�DW�WKH�
��WK�$QQXDO�0HHWLQJ�RI�WKH�&DGGR�$UFKDHRORJ\�
&RQIHUHQFH��,GDEHO��2NODKRPD�

6XKP��'HH�$QQ��$OH[�'��.ULHJHU��DQG�(GZDUG�%��-HONV
�����$Q�,QWURGXFWRU\�+DQGERRN�RI�7H[DV�$UFKDHRORJ\��

%XOOHWLQ�RI�WKH�7H[DV�$UFKHRORJLFDO�DQG�
3DOHRQWRORJLFDO�6RFLHW\����������

6XP��'HH�$QQ��DQG�(GZDUG�%��-HONV��HGLWRUV�
�����+DQGERRN�RI�7H[DV�$UFKHRORJ\��7\SH�

'HVFULSWLRQV��6SHFLDO�3XEOLFDWLRQ�1R�����7H[DV�
$UFKHRORJLFDO�6RFLHW\��DQG�%XOOHWLQ�1R�����7H[DV�
0HPRULDO�0XVHXP��$XVWLQ�

:HEE�&ODUHQFH�+��DQG�5DOSK�5��0F.LQQH\
�����0RXQGV�3ODQWDWLRQ����&'�����&DGGR�3DULVK��

/RXLVLDQD��/RXLVLDQD�$UFKDHRORJ\����������
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$W�WKH�$UNDQVDV�$UFKHRORJLFDO�6XUYH\¶V�+HQGHUVRQ�
6WDWH�8QLYHUVLW\��+68��5HVHDUFK�6WDWLRQ��ZH�FRQWLQXH�
WR�LQYHQWRU\�FXUDWHG�DUWLIDFW�FROOHFWLRQV��7KH�UHVHDUFK�
VWDWLRQ�KDV�EHHQ�RQ�WKH�+68�FDPSXV�LQ�$UNDGHOSKLD�
VLQFH�������DQG�RXU�FROOHFWLRQV�LQFOXGH�DUWLIDFWV��
SKRWRJUDSKV��PDSV��DQG�¿HOG�DQG�ODE�UHFRUGV�IURP�
SURMHFWV�DV�ZHOO�DV�DUWLIDFW�GRQDWLRQV�IURP�ORFDO�
UHVLGHQWV��)LHOG�QRWHV�DQG�ODE�IRUPV�KDYH�EHHQ�VFDQQHG�
DQG�DUFKLYHG�RQ�WKH�VHUYHU��DQG�ZH�DUH�LQ�WKH�SURFHVV�RI�
VFDQQLQJ�WKH�VWDWLRQ¶V�FROOHFWLRQ�RI��������FRORU�VOLGHV��
$VVLVWHG�E\�YROXQWHHUV��ZH�KDYH�EHHQ�LQYHQWRU\LQJ�
DUWLIDFWV��XSGDWLQJ�VWDWLRQ�GDWDEDVHV��DQG�VXEPLWWLQJ�VLWH�
UHYLVLW�IRUPV�WR�WKH�5HJLVWUDU¶V�2I¿FH��7KLV�LQYHQWRU\�
SURMHFW�KDV�VSXUUHG�QHZ�UHVHDUFK�DQG�HIIRUWV�WR�
GLVVHPLQDWH�UHVXOWV�RI�ROGHU�¿HOG�LQYHVWLJDWLRQV�
� &KHOVHD�&LQRWWR�SUHVHQWHG�D�WDON�WR�WKH�
�����&DGGR�&RQIHUHQFH�RQ�UHVXOWV�RI�RQH�RI�WKHVH�
SURMHFWV��+HU�DQDO\VLV�RI�SRWWHU\�VKHUGV�DQG�RWKHU�

DUWLIDFWV�HVWDEOLVKHG�D�/DWH�&DGGR�SHULRG�DJH�
�$�'�������V�����V��IRU�D�SLW�IHDWXUH�H[FDYDWHG�DW�
WKH�&DGGR�+LOOV�VLWH���01����LQ�������6KH�ZURWH�D�
VXPPDU\�DUWLFOH�DQG�VXEPLWWHG�LW�WR�7KH�$UNDQVDV�
$UFKHRORJLVW�IRU�SXEOLFDWLRQ��+HU�QH[W�SURMHFW�ZLOO�EH�
DQ�DQDO\VLV�RI�WZR�6XUYH\�WHVWLQJ�SURMHFWV�DW�QLQHWHHQWK�
FHQWXU\�KRXVHV�LQ�$UNDGHOSKLD��RQH�DW�0DJQROLD�0DQRU�
��&/�����LQ������DQG�WKH�RWKHU�DW�WKH�-DPHV�(��0��
%DUNPDQ�+RXVH���&/�����LQ������DQG�������0DU\�%HWK�
7UXELWW�DQG�&KHOVHD�&LQRWWR�SUHVHQWHG�D�SUHOLPLQDU\�
SDSHU�RQ�WKLV�ZRUN�DW�WKH�6RXWK�&HQWUDO�+LVWRULFDO�
$UFKDHRORJ\�&RQIHUHQFH�LQ�2FWREHU������
� $V�FROOHFWLRQV�IURP�6XUYH\�UHVHDUFK�VWDWLRQV�
DUH�LQYHQWRULHG��LQIRUPDWLRQ�LV�DGGHG�WR�WKH�³$UNDQVDV�
1RYDFXOLWH��$�9LUWXDO�&RPSDUDWLYH�&ROOHFWLRQ´�ZHEVLWH�
GDWDEDVH��8VLQJ�DQ�RQOLQH�IRUP��SURIHVVLRQDO�DQG�
DYRFDWLRQDO�DUFKHRORJLVWV�DFURVV�WKH�&DGGR�$UHD�FDQ�
DGG�GDWD�WR�WKH�PDS��)LJXUH����VKRZLQJ�WKH�GLVWULEXWLRQ�

&XUUHQW�5HVHDUFK�
$UFKLYLQJ�RXU�+LVWRU\��3XEOLVKLQJ�5HVXOWV��&XUUHQW�5HVHDUFK�DW�
WKH�$UNDQVDV�$UFKHRORJLFDO�6XUYH\·V�+HQGHUVRQ�6WDWH�8QLYHUVLW\�
5HVHDUFK�6WDWLRQ

0DU\�%HWK�7UXELWW
$UNDQVDV�$UFKHRORJLFDO�6XUYH\��+68�5HVHDUFK�6WDWLRQ

)LJXUH����0DS�IURP�WKH�³$UNDQVDV�1RYDFXOLWH��$�9LUWXDO�&RPSDUDWLYH�&ROOHFWLRQ´�ZHEVLWH�VKRZLQJ�VRXUFH�FRXQWLHV�LQ�UHG�DQG�
FRXQWLHV�ZKHUH�QRYDFXOLWH�DUWLIDFWV�KDYH�EHHQ�IRXQG�LQ�SXUSOH��PDS�FUHDWHG�XVLQJ�*RRJOH�0DSV�E\�-RKQ�6DPXHOVHQ��
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RI�QRYDFXOLWH�DUWLIDFWV�EH\RQG�WKH�2XDFKLWD�0RXQWDLQV�
VRXUFH�DUHD��KWWS���DUFKHRORJ\�XDUN�HGX�QRYDFXOLWH�
LQGH[�KWPO"SDJH1DPH 6RXUFLQJ���1RYDFXOLWH���0DU\�
%HWK�7UXELWW�DQG�-RKQ�6DPXHOVHQ�SUHVHQWHG�D�SRVWHU�DW�
WKH������6RXWKHDVWHUQ�$UFKDHRORJLFDO�&RQIHUHQFH�WKDW�
VKRZV�WHPSRUDO�FKDQJHV�LQ�WKH�H[WHQW�DQG�GLUHFWLRQ�RI�
QRYDFXOLWH�DUWLIDFW�GLVWULEXWLRQ��EDVHG�RQ�GDWD�RQ�W\SHG�
SURMHFWLOH�SRLQWV�
� ,Q�-DQXDU\�������ZH�FRPSOHWHG�D�PXOWL�\HDU�
SURMHFW�WR�GRFXPHQW�DQG�SKRWRJUDSK�SRWWHU\�YHVVHOV�
LQ�WKH�-RLQW�(GXFDWLRQDO�&RQVRUWLXP¶V��-(&��+RGJHV�
&ROOHFWLRQ��5HVXOWLQJ�IURP�ZRUN�E\�ORFDO�DYRFDWLRQDO�
DUFKHRORJLVWV�7KRPDV�DQG�&KDUORWWH�+RGJHV�DQG�9HUH�
+XGGOHVWRQ�LQ�WKH�����V�DQG�����V��WKLV�PDMRU�FROOHFWLRQ�
LV�FXUDWHG�DW�+68��&KHOVHD�&LQRWWR�FRPSOHWHG�GDWD�
HQWU\�RQ�������YHVVHOV��DQG�0DU\�%HWK�7UXELWW�ZURWH�
DQG�VXEPLWWHG�DQ�DUWLFOH�RQ�DUWLIDFWV�IURP�HLJKW�DQFHVWUDO�

&DGGR�VLWHV�QHDU�$UNDGHOSKLD�WR�&DGGR�$UFKHRORJ\�
-RXUQDO��VHH�WKLV�LVVXH���3ODQV�DUH�QRZ�XQGHUZD\�WR�
PRYH�WKH�-(&�+RGJHV�&ROOHFWLRQ�WR�WKH�UHQRYDWHG�
&DGGR�&HQWHU�RQ�WKH�+68�FDPSXV�IRU�FXUDWLRQ�DQG�
GLVSOD\�
� $QDO\VLV��LQWHUSUHWDWLRQ��DQG�ZULWLQJ�FRQWLQXHV�
RQ�WKH�-RQHV�0LOO���+6����H[FDYDWLRQV�LQ�����������
DQG�WKH�'UDJRYHU���01�����H[FDYDWLRQV�IURP������
������3XEOLF�WDONV�RQ�ERWK�SURMHFWV�VHUYHG�DV�LQVSLUDWLRQ�
IRU�D�VKRUW�ERRN�PDQXVFULSW�RQ�³2XDFKLWD�0RXQWDLQV�
$UFKHRORJ\´�WKDW�0DU\�%HWK�7UXELWW�ZURWH�DQG�
VXEPLWWHG�WR�WKH�6XUYH\¶V�3RSXODU�6HULHV��KH�SUHVHQWHG�D�
SRVWHU��)LJXUH����RQ�WKH�VSDWLDO�DQG�WHPSRUDO�GLVWULEXWLRQ�
RI�GDUW�DQG�DUURZ�SRLQWV�DW�-RQHV�0LOO�WR�WKH�$UNDQVDV�
$UFKHRORJLFDO�6RFLHW\¶V������DQQXDO�PHHWLQJ��:KLOH�D�
PL[WXUH�RI�SRLQW�W\SHV�ZHUH�IRXQG�LQ�XSSHU�VWUDWD��RQO\�
$UFKDLF�SHULRG�IRUPV�ZHUH�LQ�ORZHU�OHYHOV�DW�WKH�VLWH��

)LJXUH����3URMHFWLOH�SRLQWV�IURP�WKH�-RQHV�0LOO�VLWH�
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7KH�$UNDQVDV�$UFKHRORJLFDO�6RFLHW\�DZDUGHG�7UXELWW�
DQ�$UFKHRORJLFDO�5HVHDUFK�)XQG�JUDQW�LQ�6HSWHPEHU�
�����WR�REWDLQ�D�UDGLRFDUERQ�GDWH�RQ�FKDUUHG�QXWVKHOO�
IURP�D�'UDJRYHU�VLWH�IHDWXUH�WKDW�DOVR�FRQWDLQHG�VKHUGV�
RI�&RRSHU�%RQHZDUH��7KH�$06�GDWH�UHVXOW�RI������
����FDO��%�&��VXSSRUWV�WKLV�)RXUFKH�0DOLQH�W\SH�DV�WKH�
HDUOLHVW�SRWWHU\�LQ�WKH�7UDQV�0LVVLVVLSSL�6RXWK��GHWDLOV�WR�
EH�SXEOLVKHG�LQ�WKH�6RFLHW\¶V�)LHOG�1RWHV�QHZVOHWWHU��
� $UFKHRORJLFDO�VLWHV�LQ�&ODUN��*DUODQG��3RON��
DQG�3LNH�FRXQWLHV�ZHUH�DGGHG�WR�WKH�$UNDQVDV�VLWH�¿OHV�
GDWDEDVH��$0$6'$��E\�VWDWLRQ�VWDII�LQ�������&KHOVHD�
&LQRWWR�DVVLVWHG�WKH�1DWXUDO�5HVRXUFHV�&RQVHUYDWLRQ�
6HUYLFH�ZLWK�VLWH�LQYHVWLJDWLRQV�LQ�6DOLQH�&RXQW\��
ZRUNHG�ZLWK�0HHNV�(WFKLHVRQ�WR�VXUYH\�VLWHV�LQ�&ODUN�
&RXQW\��DVVLVWHG�WKH�6XUYH\¶V�6RXWKHUQ�$UNDQVDV�
8QLYHUVLW\��0DJQROLD��DW�3UDLULH�'¶$QH�EDWWOH¿HOG�LQ�
1HYDGD�&RXQW\��DQG�DVVLVWHG�ZLWK�WKH�DQQXDO�6RFLHW\�
7UDLQLQJ�3URJUDP�H[FDYDWLRQV�DW�3HD�5LGJH�LQ�%HQWRQ�
&RXQW\��:RUNLQJ�ZLWK�WKH�ORFDO�FHPHWHU\�FRPPLWWHH��
&LQRWWR�DQG�7UXELWW�FRPSOHWHG�PDSSLQJ�DW�WKH�0RXQW�
7DERU�&HPHWHU\�LQ�'DOODV�&RXQW\�
�

� 0DU\�%HWK�7UXELWW�VHUYHV�DV�HGLWRU�IRU�
6RXWKHDVWHUQ�$UFKDHRORJ\��WKH�MRXUQDO�RI�WKH�
6RXWKHDVWHUQ�$UFKDHRORJLFDO�&RQIHUHQFH��7KH�$SULO�
�����LVVXH�IHDWXUHG�³(DU�6SRROV��&HUDPLFV��DQG�%XULDO�
0RXQGV�IURP�6RXWKZHVW�0LVVRXUL��&DGGRDQ�DQG�6SLUR�
&RQQHFWLRQV�RQ�WKH�1RUWKHUQ�)URQWLHU´�E\�-DFN�+��5D\��
7KH�HGLWRU�ZHOFRPHV�VXEPLVVLRQV�RQ�FXUUHQW�UHVHDUFK�
RQ�WKH�DUFKDHRORJ\�DQG�KLVWRU\�RI�WKH�&DGGR�$UHD��VHH�
KWWSV���WDQGIRQOLQH�FRP�WRF�\VHD���FXUUHQW��
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,Q�������3HUWWXOD�UHTXHVWHG�SHUPLVVLRQ�IURP�WR�WKH�
&DGGR�1DWLRQ�RI�2NODKRPD¶V�5HSDWULDWLRQ�&RPPLWWHH�
WR�DQDO\]H�VPDOO�VDPSOHV��FD������JUDPV�RI�FHUDPLF�
SDVWH��RU�VKHUGV�FD������VTXDUH�FHQWLPHWHUV�LQ�VL]H��
IURP�WKH�SDVWH�RI�¿YH�YHVVHOV�IURP�)HDWXUHV����DQG�
���DW�WKH�:DVKLQJWRQ�6TXDUH�0RXQG�VLWH����1$����
�3HUWWXOD�HW��DO��������LQ�(DVW�7H[DV�WR�LGHQWLI\�UHVLGXH�
WUDFHV�RI�WKH�&DGGR¶V�XVH�RI�SH\RWH�LQ�WKH���WK���WK�
FHQWXULHV�$�'��7KH�&DGGR�1DWLRQ�RI�2NODKRPD�JDYH�
WKHLU�SHUPLVVLRQ�WR�FRQGXFW�WKHVH�FHUDPLF�YHVVHO�UHVLGXH�
VWXGLHV�
� 3H\RWH�ZDV�DQG�LV�D�ULWXDOO\�LPSRUWDQW�SODQW�
WR�WKH�&DGGR�SHRSOHV��EXW�WR�GDWH�QR�DUFKDHRORJLFDO�
HYLGHQFH�LV�DYDLODEOH�WKDW�GHPRQVWUDWHV�ZKHQ�SH\RWH�ZDV�
¿UVW�XVHG�LQ�DQFHVWUDO�WLPHV�IRU�&DGGR�ULWXDO�DFWLYLWLHV��
,Q�:HVW�7H[DV��WKHUH�LV�GLUHFW�DUFKDHRORJLFDO�HYLGHQFH�
RI�WKH�XVH�RI�SH\RWH�IURP�DV�HDUO\�DV������\HDUV�DJR�
�(O�6HHGL�HW�DO��������7HUU\�HW�DO���������7KH�DQDO\VLV�RI�
UHVLGXH�VDPSOHV�IURP�:DVKLQJWRQ�6TXDUH�0RXQG�VLWH�
FHUDPLF�YHVVHOV�UHSUHVHQWHG�WKH�EHJLQQLQJ�HIIRUWV�RI�
ZKDW�LV�KRSHG�WR�EH�D�ORQJ�WHUP�VWXG\�RI�&DGGR�FHUDPLF�
YHVVHOV�DFURVV�WKH�&DGGR�DUHD�IRU�WUDFHV�RI�SH\RWH�XVH�
DQG�ULWXDO�FHUHPRQLDOLVP�
� 7KLV�SLORW�VWXG\�RI�SH\RWH�XVH�DPRQJ�&DGGR�
SHRSOHV�VHUYHV�DV�D�FRPSDQLRQ�HIIRUW�WR�WZR�UHFHQW�

VXFFHVVIXO�FKHPLFDO�DQDO\VHV�RI�RUJDQLF�UHVLGXHV�LQ�
&DGGR�DUWLIDFWV��7KH�¿UVW�LV�WKH�VWXG\�RI�$�'������������
FHUDPLF�YHVVHOV�IURP�WKH�PDMRU�VLWH�RI�&DKRNLD�WKDW�
KDV�LGHQWL¿HG�VSHFLHV�RI�KROO\��,OH[��XVHG�WR�SUHSDUH�
WKH�ULWXDOO\�LPSRUWDQW�%ODFN�'ULQN��&URZQ�HW�DO���������
7KH�QHDUHVW�VRXUFH�WR�&DKRNLD�RI�KROO\�OHDYHV�XVHG�
LQ�WKH�%ODFN�'ULQN�LV�DPRQJ�&DGGR�SHRSOHV�OLYLQJ�LQ�
6RXWKZHVW�$UNDQVDV��&URZQ�HW�DO�������)LJXUH�����DQG�
LW�LV�OLNHO\�WKDW�WKH�&DKRNLDQV�REWDLQHG�KROO\�OHDYHV�
IURP�&DGGR�SHRSOHV��ZKR�DOVR�XVHG�WKH�%ODFN�'ULQN���
DQG�WUDQVSODQWHG�DQG�FXOWLYDWHG�KROO\�WUHHV�ORFDOO\��7KH�
VHFRQG�HIIRUW�LV�WKH�VXFFHVVIXO�LGHQWL¿FDWLRQ�RI�'DWXUD�
UHVLGXHV�LQ�VHYHUDO�SRVW�$�'�������&DGGR�FHUDPLF�
YHVVHOV�LQ�6RXWKZHVW�$UNDQVDV�DQG�GHFRUDWHG�PDULQH�
VKHOO�DUWLIDFWV�IURP�FD��$�'������������FRQWH[WV�DW�WKH�
6SLUR�VLWH����/)����LQ�HDVWHUQ�2NODKRPD��.LQJ�HW�DO��
������
� 7KH�¿YH�FHUDPLF�YHVVHOV�IURP�WKH�:DVKLQJWRQ�
6TXDUH�0RXQG�VLWH�WKDW�UHFHLYHG�RUJDQLF�UHVLGXH�VWXG\�LQ�
�����WR�LGHQWLI\�SH\RWH�XVH�DUH�OLVWHG�LQ�7DEOH����$OO�DUH�
¿QHO\�HQJUDYHG�YHVVHOV��HLWKHU�ERWWOHV��Q ����FDULQDWHG�
ERZOV��Q ����RU�FRPSRXQG�ERZOV��Q ���
� 7KH�RUJDQLF�UHVLGXH�VDPSOHV��HLWKHU�FD������
JUDPV�RI�SDVWH�IURP�LQWHULRU�ZDOO�VFUDSLQJV�QHDU�WKH�
YHVVHO�EDVH��RU�D�VPDOO�VKHUG�IURP�DQ�XQUHFRQVWUXFWHG�

&XUUHQW�5HVHDUFK�
$QDO\VLV�RI �FHUDPLF�YHVVHO�UHVLGXHV�IURP�WKH�:DVKLQJWRQ�6TXDUH�
0RXQG�6LWH����1$����IRU�HYLGHQFH�RI �SH\RWH�XVH�E\�WKH�&DGGR�
LQ�WKH���WK���WK�FHQWXULHV�$�'�

7LPRWK\�.��3HUWWXOD��DQG�0DUWLQ�7HUU\�
�$UFKHRORJLFDO�	�(QYLURQPHQWDO�&RQVXOWDQWV��//&
�6XO�5RVV�6WDWH�8QLYHUVLW\

7DEOH����9HVVHOV�IURP�WKH�:DVKLQJWRQ�6TXDUH�0RXQG�VLWH�WKDW�UHFHLYHG�RUJDQLF�UHVLGXH�DQDO\VLV�
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YHVVHO��DOO�WKH�YHVVHOV�DUH�FXUUHQWO\�FXUDWHG�DW�6WHSKHQ�
)��$XVWLQ�6WDWH�8QLYHUVLW\��ZHUH�DQDO\]HG�E\�'U��
0DUWLQ�7HUU\��$VVRFLDWH�3URIHVVRU�DQG�&XUDWRU�RI�WKH�
+HUEDULXP��6XO�5RVV�6WDWH�8QLYHUVLW\��$OSLQH��7H[DV��LQ�
KLV�XQLYHUVLW\�ODERUDWRU\��+LV�ODERUDWRU\�UDQ�DQDO\VHV�IRU�
SH\RWH�DONDORLGV�LQ�WKH�UHVLGXHV�IURP�WKHVH�YHVVHOV��RWKHU�
SODQW�FRPSRXQGV��VXFK�DV�KROO\�UHVLGXHV��ZHUH�KRSHIXOO\�
DOVR�OLNHO\�WR�EH�LGHQWL¿HG���0HVFDOLQH��WKH�GLVWLQFWLYH�
ELRPDUNHU�IRU�SH\RWH��LV�HYLGHQWO\�TXLWH�VWDEOH�DQG�LV�
VWUDLJKWIRUZDUG�WR�VHSDUDWH�ZLWK�+LJK�SHUIRUPDQFH�
OLTXLG�FKURPDWRJUDSK\��+3/&��DQG��DVVXPLQJ�DGHTXDWH�
FRQFHQWUDWLRQ��WR�FRQ¿UP�ZLWK�*DV�FKURPDWRJUDSK\�
PDVV�VSHFWURPHWU\��*&06��
� 1RQH�RI�WKH�+3/&�DQG�*&06�DQDO\VHV�RI�WKH�
UHVLGXH�VDPSOHV�IURP�WKH�:DVKLQJWRQ�6TXDUH�0RXQG�VLWH�
FHUDPLF�YHVVHOV�FRQWDLQHG�PHVFDOLQH�UHVLGXHV��KRZHYHU��
DQG�WKXV�QR�SUHVHUYHG�HYLGHQFH�RI�SH\RWH�XVH�LQ�WKHVH�
YHVVHOV��2WKHU�UHVLGXHV�ZHUH�LGHQWL¿HG�LQ�WKH�DQDO\]HG�
VDPSOHV��EXW�WKH\�FRXOG�QRW�EH�LGHQWL¿HG�LQ�7HUU\¶V�
ODERUDWRU\�
� :KLOH�WKH�UHVXOWV�RI�WKLV�LQLWLDO�SLORW�VWXG\�
WR�LGHQWLI\�SH\RWH�UHVLGXHV�LQ�¿YH�DQFHVWUDO�&DGGR�
FHUDPLF�YHVVHOV�ZHUH�QRW�VXFFHVVIXO��RWKHU�VWXGLHV�RI�
RUJDQLF�UHVLGXHV�SUHVHUYHG�LQ�&DGGR�FHUDPLF�YHVVHOV�
IURP�VRXWKHUQ�DQG�QRUWKHUQ�&DGGR�VLWHV�DUH�EHLQJ�
FRQWHPSODWHG��+RSHIXOO\�WKLV�IXWXUH�ZRUN�ZLOO�EH�DEOH�
WR�HVWDEOLVK�ZLWK�SUHFLVLRQ�WKH�XVH�RI�SH\RWH��'DWXUD��
DQG�,OH[��DQG�RWKHU�SODQW�UHVLGXHV��E\�DQFHVWUDO�&DGGR�
SHRSOHV�

5HIHUHQFHV�&LWHG

&URZQ��3��/���7��(��(PHUVRQ��-��*X��:��-��+XUVW��7��5��
3DXNHWDW��DQG�7��:DUG

�����5LWXDO�%ODFN�'ULQN�FRQVXPSWLRQ�DW�&DKRNLD��
3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�
6FLHQFHV��ZZZ�SQDV�RUJ�FJL�GRL���������
SQDV�������������

(O�6HHGL��+��5���3��$��*��0��'H�6PHW��2��%HFN��*��
3RVVQHUW��DQG�-��*��%UXKQ

����� 3UHKLVWRULF�SH\RWH�XVH��$ONDORLG�DQDO\VLV�DQG�
UDGLRFDUERQ�GDWLQJ�RI�DUFKDHRORJLFDO�VSHFLPHQV�
RI�/RSKRSKRUD�IURP�7H[DV��-RXUQDO�RI�
(WKQRSKDUPDFRORJ\�������������

.LQJ��$���7��*��3RZLV��.��)��&KHRQJ��%��'HHUH��5��%��
3LFNHULQJ��(��6LQJOHWRQ��DQG�1��:��*DLNZDG

�����$EVRUEHG�5HVLGXH�(YLGHQFH�IRU�3UHKLVWRULF�'DWXUD�
8VH�LQ�WKH�$PHULFDQ�6RXWKHDVW�DQG�:HVWHUQ�
0H[LFR��$GYDQFHV�LQ�$UFKDHRORJLFDO�3UDFWLFH�
�������������

3HUWWXOD��7��.���0��:DOWHUV��%��1HOVRQ��DQG�5��&DVW
�����'RFXPHQWDWLRQ�RI�$VVRFLDWHG�DQG�8QDVVRFLDWHG�

&DGGR�)XQHUDU\�2EMHFWV�LQ�WKH�6WHSKHQ�)��$XVWLQ�
6WDWH�8QLYHUVLW\�&ROOHFWLRQV��1DFRJGRFKHV��
7H[DV��6WHSKHQ�)��$XVWLQ�6WDWH�8QLYHUVLW\�3UHVV��
1DFRJGRFKHV�

7HUU\��0���.��/��6WHHOPDQ��7��*XLOGHUVRQ��3��'HULQJ��DQG�
0��:��5RZH

����� /RZHU�3HFRV�DQG�&RDKXLOD�SH\RWH��QHZ�
UDGLRFDUERQ�GDWHV��-RXUQDO�RI�$UFKDHRORJLFDO�
6FLHQFH��������������
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� ([FDYDWLRQV�GXULQJ�WKH�FRQVWUXFWLRQ�RI�7DEOH�
5RFN�/DNH�LQ�WKH�ODWH�����V�UHVXOWHG�LQ�D�SURSRVLWLRQ�
WKDW�WKHUH�ZDV�D�FRORQL]DWLRQ�RI�SHRSOHV�LQWR�WKH�XSSHU�
:KLWH�5LYHU�GUDLQDJH�IURP�&DGGRDQ�DUHDV�WR�WKH�
VRXWKZHVW��&KDSPDQ�������&KDSPDQ�HW�DO���������7KLV�
FRORQL]DWLRQ��ZKLFK�UHVXOWHG�LQ�WKH�IRUPXODWLRQ�RI�WKH�
/RIWLQ�SKDVH��LV�ZLGHO\�DFFHSWHG�WRGD\��2¶%ULHQ�DQG�
:RRG�������3HUWWXOD�������������6DER�DQG�(DUO\��������
/DWHU��-DPHV�%URZQ��������H[SRVHG�WKH�P\WK�WKDW�WKH�
VRXWKZHVWHUQ�2]DUNV�ZDV�D�FXOWXUDO�HQFODYH�WKDW�ODJJHG�
EHKLQG�0LVVLVVLSSLDQ�GHYHORSPHQWV�LQ�RWKHU�SDUWV�RI�WKH�
7UDQV�0LVVLVVLSSL�6RXWK�
� 5HFHQW�GLVFRYHULHV�DQG�UHDQDO\VLV�RI�DUWLIDFWV�
IURP����VLWHV�ORFDWHG�DFURVV�PXFK�RI�6RXWKZHVW�
0LVVRXUL�LQGLFDWH�WKDW�D�VXEVWDQWLDO�SUHVHQFH�DQG�
LQÀXHQFH�RI�&DGGRDQ�SHRSOHV�H[WHQGHG�IDU�EH\RQG�WKH�
XSSHU�:KLWH�5LYHU�YDOOH\��7KLV�DUHD��UHIHUUHG�WR�DV�WKH�
1RUWKHUQ�)URQWLHU�RI�WKH�&DGGRDQ�UHDOP��5D\��������
H[WHQGV�IURP�WKH�ORZHU�-DPHV�5LYHU�YDOOH\�RQ�WKH�VRXWK�
WR�WKH�2VDJH�5LYHU�RQ�WKH�QRUWK�
� 0XOWLSOH�OLQHV�RI�HYLGHQFH�VXJJHVW�WKLV�SRUWLRQ�
RI�WKH�ZHVWHUQ�2]DUNV�ZDV�ZLWKLQ�WKH�&DGGRDQ�RUELW�
DQG�VSKHUH�RI�LQÀXHQFH��7KLV�HYLGHQFH�LQFOXGHV������
SHUIRUDWHG�DQG�XQSHUIRUDWHG�SXOOH\�VKDSHG�VWRQH�
HDUVSRROV������HQJUDYHG�6SLUR�FHUDPLFV�DQG�ERQH�
WHPSHUHG�SRWWHU\������D�QHZO\�UHFRJQL]HG�&DGGRDQ�
PRXQG�LQ�WKH�KHDGZDWHUV�RI�WKH�-DPHV�5LYHU������D�
KXPDQ�HI¿J\�SLSH������H[RWLF�PDULQH�VKHOOV������D�
SHWURJO\SK�H[KLELWLQJ�&DGGRDQ�LFRQRJUDSK\��DQG�����
VHOHFWHG�&DGGRDQ�SURMHFWLOH�SRLQWV��7KLV�HYLGHQFH�
IURP����VLWHV�LV�GHWDLOHG�E\�5D\��������DQG�LV�RQO\�
VXPPDUL]HG�KHUH��6HYHQ�VLWHV�ZLWK�&DGGRDQ�FRQQHFWLRQV�
DUH�ORFDWHG�LQ�WKH�XSSHU�-DPHV�5LYHU�EDVLQ�RQ�WKH�VRXWK�
RI�WKH�2]DUNV�'LYLGH��ZKHUHDV����VLWHV�DUH�ORFDWHG�LQ�WKH�
XSSHU�6DF�5LYHU�EDVLQ�DQG�WKH�PLGGOH�2VDJH�5LYHU�EDVLQ�
RQ�WKH�QRUWK�VLGH�RI�WKH�2]DUNV�'LYLGH��)LJXUH����

� 3HUKDSV�WKH�PRVW�FRQYLQFLQJ�HYLGHQFH�LV�
WKH�SUHVHQFH�RI�VHYHUDO�SXOOH\�VKDSHG�HDUVSRROV�DQG�
HDUVSRROV�ZLWK�FRSSHU�UHVLGXH�DW�PXOWLSOH�VLWHV�LQ�WKH�
1RUWKHUQ�)URQWLHU��(DUVSRROV��HVSHFLDOO\�WKRVH�RI�WKH�
SXOOH\�VKDSHG�W\SH��DUH�¿UPO\�DVVRFLDWHG�ZLWK�HDUO\�
&DGGRDQ�VLWHV�DV�ZHOO�DV�WKH�6SLUR�&HUHPRQLDO�&HQWHU�
LQ�WKH�$UNDQVDV�5LYHU�YDOOH\�RI�HDVWHUQ�2NODKRPD�
�%HOO���������������%URZQ���������������+DPLOWRQ�
������������������7ZR�SUHYLRXVO\�XQUHSRUWHG�KLJK�
VWDWXV�SXOOH\�VKDSHG�HDUVSRROV�FDPH�WR�OLJKW�LQ�������
%RWK�ZHUH�IRXQG�DW�DQ�RSHQ�DLU�KDELWDWLRQ�VLWH�FDOOHG�
(DURUQ�LQ�WKH�XSSHU�)LQOH\�5LYHU�EDVLQ�LQ�&KULVWLDQ�
&RXQW\��2QH�LV�D�GHFRUDWHG�DQG�IRUPHUO\�FRSSHU�
FRYHUHG�XQSHUIRUDWHG�SXOOH\�VKDSHG�VWRQH�HDUVSRRO�

&XUUHQW�5HVHDUFK�
6SLUR�DQG�&DGGRDQ�&RQQHFWLRQV�RQ�WKH�1RUWKHUQ�)URQWLHU�RI �
6RXWKZHVW�0LVVRXUL

-DFN�+��5D\
&HQWHU�IRU�$UFKDHRORJLFDO�5HVHDUFK��0LVVRXUL�6WDWH�8QLYHUVLW\

)LJXUH����/RFDWLRQ�RI�WKH�1RUWKHUQ�)URQWLHU�DUHD�DQG�&DGGRDQ�
VLWHV�GLVFXVVHG�LQ�WH[W�
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�)LJXUH�����WKH�RQO\�HDUVSRRO�RI�WKLV�W\SH�HYHU�UHSRUWHG�
IURP�0LVVRXUL��,W�LV�YHU\�VLPLODU��LI�QRW�LGHQWLFDO��WR�WKH�
GHFRUDWHG�XQSHUIRUDWHG�HDUVSRRO�W\SH��FURVV�TXDGUDWLQJ�
¿HOG�RI����QRGHV��WKDW�ZDV�IRXQG�LQ�D�SUHVWLJLRXV�
EXULDO�JUDYH�ORW�LQ�WKH�&UDLJ�0RXQG�DW�6SLUR��%URZQ�
�����)LJXUH������I���7KH�VHFRQG�HDUVSRRO�LV�D�IUDJPHQW�
RI�D�ODUJH�XQGHFRUDWHG�SHUIRUDWHG�SXOOH\�VKDSHG�W\SH�
� 2WKHU�XQGHFRUDWHG�SHUIRUDWHG�SXOOH\�VKDSHG�
HDUVSRROV�PDQXIDFWXUHG�IURP�ORFDO�GRORVWRQH�KDYH�
EHHQ�UHFRYHUHG�IURP�WZR�KDELWDWLRQ�VLWHV�DQG�RQH�EXULDO�
WXPXOXV��7KHVH�DUH�-HQNLQV�&DYH�LQ�&KULVWLDQ�&RXQW\��
6DQG�%OXII�(�6KHOWHU�LQ�'DGH�&RXQW\��DQG�&RUGZRRG�
&DLUQ�LQ�3RON�&RXQW\��6XVSHFWHG�WUDGH�RI�H[RWLF�
&DGGRDQ�DUWLIDFWV�LQWR�WKH�QRUWKHUQ�2]DUNV��SHUKDSV�
LQ�DVVRFLDWLRQ�ZLWK�VHDVRQDO�KXQWLQJ�SDUWLHV��KDV�ORQJ�
EHHQ�UHFRJQL]HG��+RZHYHU��KLJK�YDOXH�OX[XU\�DUWLIDFWV�
RI�SHUVRQDO�DGRUQPHQW�IURP�UHVLGHQWLDO�VLWHV�VXJJHVWV�D�
PRUH�VXVWDLQHG�SUHVHQFH�RI�&DGGRDQ�DI¿OLDWHG�SHRSOHV�
�LQFOXGLQJ�WKRVH�RI�HOLWH�VWDWXV��LQ�WKH�1RUWKHUQ�)URQWLHU�
� 6HYHUDO�&DGGRDQ�SRWWHU\�VKHUGV�KDYH�EHHQ�
IRXQG�LQ�6RXWKZHVW�0LVVRXUL��$Q�LQWDFW�6SLUR�(QJUDYHG�
ZDWHU�ERWWOH�IURP�WKH�(XUHND�0RXQG�KDV�JHQHUDOO\�EHHQ�
WKRXJKW�WR�UHSUHVHQW�WUDGH��:RRG�DQG�3DQJERUQ���������
$QRWKHU�6SLUR�(QJUDYHG�VKHUG�ZDV�UHFRYHUHG�IURP�
%UR\OHV�&DLUQ��+RZHYHU��RWKHU�6SLUR�(QJUDYHG�SRWWHU\�
VKHUGV�KDYH�EHHQ�IRXQG�DW�KDELWDWLRQ�VLWHV��LQFOXGLQJ�
WKUHH�IURP�6DQG�%OXII�&�6KHOWHU�DQG�RQH�IURP�7DWHU�
+ROH�6KHOWHU��,Q�DGGLWLRQ��FHUWDLQ�XWLOLWDULDQ�ZDUHV�
WHPSHUHG�ZLWK�FUXVKHG�ERQH�RU�LQ�FRPELQDWLRQ�ZLWK�
JULW�DQG�RU�JURJ�FDQ�EH�DVVRFLDWHG�ZLWK�WKH�&DGGRDQ�
FHUDPLF�WUDGLWLRQ�DQG�DSSHDU�WR�LQGLFDWH�GRPHVWLF�XVH�
XQDVVRFLDWHG�ZLWK�WUDGH��)RXUWHHQ�VKHUGV�WHPSHUHG�ZLWK�
JULW�DQG�ERQH�ZHUH�UHFRYHUHG�IURP�6DQG�%OXII�&�6KHOWHU�

LQ�'DGH�&RXQW\��0F0LOODQ��������������ZKHUHDV�
,QJUDP�0RXQG��&REE�&DYH��DQG�7DWHU�+ROH�6KHOWHU�KDYH�
\LHOGHG�VPDOOHU�TXDQWLWLHV�RI�ERQH���JULW�DQG�ERQH���DQG�
RU�JULW�JURJ�DQG�ERQH�WHPSHUHG�SRWWHU\��2WKHU�VLWHV�
LQ�6RXWKZHVW�0LVVRXUL�PD\�FRQWDLQ�SRWWHU\�ZLWK�ERQH�
DV�D�WHPSHU��EXW�WKH\�DUH�DV�\HW�XQNQRZQ�EHFDXVH�WKH�
WHPSHU�ZDV�XQUHFRJQL]HG�RU�PLVLGHQWL¿HG��$GGLWLRQDOO\��
XQGHFRUDWHG�&DGGRDQ�SODLQ�SRWWHU\�WHPSHUHG�ZLWK�JURJ�
DQG�JULW�DQG�JURJ�WKDW�H[KLELWV�IUHTXHQW�ZLSLQJ�PDUNV�
RQ�WKH�LQWHULRU�DQG�RU�H[WHULRU�VXUIDFHV��H�J���:LOOLDPV�
3ODLQ��KDYH�EHHQ�IRXQG�DW�,QJUDP�0RXQG�DQG�3DUFKHG�
&RUQ�+ROORZ�6KHOWHU�
� (DUWKHQ�PRXQGV��ZKHWKHU�IRU�WKH�EXULDO�RI�WKH�
HOLWH�RU�RWKHU�FHUHPRQLDO�SXUSRVHV��ZHUH�DQ�LQWHJUDO�
SDUW�RI�HDUO\�&DGGRDQ��H�J���+DUODQ�SKDVH�DQG�/RIWLQ�
SKDVH��VRFLHWLHV�LQ�WKH�VRXWKZHVWHUQ�2]DUNV��7KH\�ZHUH�
ORFDWHG�LQ�VWUDWHJLF�ORFDWLRQV�LQ�ERWWRPODQG�FRQWH[WV�DQG�
VSDFHG�DW�UHODWLYHO\�UHJXODU�LQWHUYDOV��.D\�HW�DO��������
3HUWWXOD�������:\FNRII��������,QFRPSOHWH�H[FDYDWLRQV�
DQG�LQDGHTXDWH�DQDO\VHV�RI�WKH�PDWHULDOV�UHFRYHUHG�
IURP�,QJUDP�0RXQG�LQ�*UHHQH�&RXQW\�UHVXOWHG�LQ�
WKLV�ERWWRPODQG�PRXQG�QRW�EHLQJ�DI¿OLDWHG�ZLWK�RWKHU�
&DGGRDQ�PRXQGV�LQ�WKH�VRXWKZHVWHUQ�2]DUNV��+RZHYHU��
D�UHH[DPLQDWLRQ�RI�WKH�SRWWHU\�DQG�RWKHU�DUWLIDFWV�
IURP�,QJUDP�0RXQG�DQG�DGMDFHQW�DUHDV�LQGLFDWHV�WKDW�
LW�VKRXOG�QRZ�EH�UHFRJQL]HG�DV�\HW�DQRWKHU�&DGGRDQ�
PRXQG��ZLWK�D�SRVVLEOH�DWWHQGDQW�QHDUE\�KDPOHW��ORFDWHG�
QHDU�WKH�KHDGZDWHUV�RI�WKH�-DPHV�5LYHU�PRUH�WKDQ����
NP�QRUWK�RI�WKH�/RIWLQ�VLWH��$OWKRXJK�LQFRQFOXVLYH��WKLV�
VPDOO�PRXQG�DSSHDUV�WR�UHSUHVHQW�D�EXULDO�WXPXOXV�RI�DQ�
LQGLYLGXDO��RU�LQGLYLGXDOV��RI�KLJK�VWDWXV�
� $Q�XQXVXDO�KXPDQ�HI¿J\�VDQGVWRQH�SLSH�ZDV�
IRXQG�DW�D�KDELWDWLRQ�VLWH�RQ�WKH�ORZHU�6DF�5LYHU�LQ�
&HGDU�&RXQW\��5D\�DQG�0RQWJRPHU\��������7KH�SLSH�
�FDOOHG�WKH�0RQWJRPHU\�SLSH��GHSLFWV�DQ�DQDWRPLFDOO\�
FRUUHFW�QXGH�IHPDOH�LQ�D�NQHHOLQJ�SRVLWLRQ�ZLWK�OHJV�
IROGHG�EHQHDWK�KHU��DEGRPHQ�UHVWLQJ�RQ�KHU�WKLJKV��
DQG�KDQGV�RQ�KHU�NQHHV��)LJXUH�����7KH�0RQWJRPHU\�
SLSH�VKDUHV�IHZ�DWWULEXWHV�ZLWK�NQRZQ�&DGGRDQ�KXPDQ�
HI¿J\�SLSHV��$WWULEXWHV�RQ�FHUWDLQ�SLSHV�IURP�WKH�ORZHU�
0LVVLVVLSSL�5LYHU�YDOOH\�DSSHDU�WR�FRQIRUP�PRVW�FORVHO\�
WR�WKRVH�RQ�WKH�0RQWJRPHU\�SLSH��&RH������)LJXUHV�
��±����5D\�DQG�0RQWJRPHU\����������������,I�WKH�
0RQWJRPHU\�SLSH�LV�QRW�D�ORFDO�&DGGRDQ�PDQXIDFWXUHG�
SLSH��WKH�¿QG�ORFDWLRQ�RI�WKLV�SLSH�RQ�WKH�ZHVWHUQ�
SHULSKHU\�RI�WKH�QRUWKHUQ�2]DUNV�DQG�LWV�DI¿QLW\�ZLWK�

)LJXUH����([WHULRU�IDFH��LQWHULRU�IDFH��DQG�HGJH�YLHZ�RI�
GHFRUDWHG��XQSHUIRUDWHG��SXOOH\�VKDSHG�HDUVSRRO�IURP�WKH�
(DURUQ�VLWH�
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DWWULEXWHV�RI�SLSHV�IURP�WKH�0LVVLVVLSSL�5LYHU�YDOOH\�
VXJJHVW�WKDW�WKLV�KLJK�VWDWXV�REMHFW�SUREDEO\�DUULYHG�LQ�
6RXWKZHVW�0LVVRXUL�WKURXJK�WKH�H[WHQVLYH�WUDGH�QHWZRUN�
WKDW�WKH�$UNDQVDV�9DOOH\�&DGGRDQV�KDG�HVWDEOLVKHG�
ZLWK�LQKDELWDQWV�RI�WKH�6DF�5LYHU�YDOOH\�DQG�WKH�ORZHU�
0LVVLVVLSSL�5LYHU�YDOOH\�
� 7KH�SUHVHQFH�RI�PDULQH�VKHOO�EHDGV��HVSHFLDOO\�
FRQFK�DQG�0DUJLQHOOD��LQGLFDWH�D�WUDGH�FRQQHFWLRQ�ZLWK�
WKH�*XOI�&RDVW��0DULQH�VKHOO�EHDGV�KDYH�EHHQ�IRXQG�
LQ�¿YH�PRUWXDU\�PRXQGV�LQ�WKH�1RUWKHUQ�)URQWLHU�
DUHD�WKDW�DSSHDU�WR�KDYH�&DGGRDQ�FRPSRQHQWV��,W�LV�
LPSRUWDQW�WR�QRWH��KRZHYHU��WKDW�PDULQH�VKHOO�DUWLIDFWV�
DUH�QRW�UHVWULFWHG�WR�PRXQGV�ZLWK�&DGGRDQ�FRPSRQHQWV��
7KH\�KDYH�EHHQ�IRXQG�LQ�PDQ\�PRXQGV�WKDW�DSSHDU�
WR�KDYH�EHHQ�FRQVWUXFWHG�E\�JURXSV�LQGLJHQRXV�WR�WKH�
QRUWKHUQ�2]DUNV��:RRG������7DEOH����:RRG�DQG�%URFN�

�����7DEOH�����:KHWKHU�WKH�H[RWLF�VKHOO�DUWLIDFWV�LQ�WKHVH�
PRXQGV�ZHUH�REWDLQHG�GLUHFWO\�E\�LQGLJHQRXV�JURXSV�
RU�E\�WUDGH�ZLWK�&DGGRDQ�JURXSV�WR�WKH�VRXWK��VRPH�RI�
ZKLFK�PD\�KDYH�EHHQ�SHULRGLF�UHVLGHQWV�LQ�WKH�1RUWKHUQ�
)URQWLHU��UHPDLQV�HTXLYRFDO�
� $�SHWURJO\SK�IRXQG�DW�WKH�2\HU�VLWH�DW�WKH�
QRUWK�HQG�RI�WKH�1RUWKHUQ�)URQWLHU�LQ�6W��&ODLU�&RXQW\�
DSSHDUV�WR�EH�DI¿OLDWHG�ZLWK�$UNDQVDV�9DOOH\�&DGGRDQ�
LFRQRJUDSK\��7KLV�SHWURJO\SK�LV�IUDPHG�E\�D�VOLJKWO\�
DV\PPHWULFDO�VTXDUH�ZLWK�VPDOO�VTXDUHG�ORRSV�DW�HDFK�
FRUQHU��)LJXUH�����7ZR�YHUWLFDO�REORQJ�¿JXUHV�DUH�
ORFDWHG�ZLWKLQ�WKH�VTXDUH�IUDPH��7KH�OHIW�¿JXUH�DSSHDUV�
WR�UHSUHVHQW�D�ZRRGSHFNHU��D�ELUG�QRW�XQFRPPRQ�LQ�
&DGGRDQ�LFRQRJUDSK\��3KLOOLSV�DQG�%URZQ������������
UHIHUUHG�WR�D�VTXDUH�ZLWK�ORRSHG�FRUQHUV�DV�D�³ORRSHG�
VTXDUH´�DQG�WHQWDWLYHO\�DVVLJQHG�WKH�ORRSHG�VTXDUH�

)LJXUH����6LGH�YLHZ�RI�WKH�0RQWJRPHU\�SLSH�IURP�WKH�0RQWJRPHU\�&XWRII�VLWH��DIWHU�5D\�DQG�0RQWJRPHU\������)LJXUH�����
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GHVLJQ�WR�WKH�&UDLJ�$�VW\OH�RI�&DGGRDQ�LFRQRJUDSK\��7KH�
VDPH�GHVLJQ�DSSHDUV�SURPLQHQWO\�RQ�D�VWRQH�HDUVSRRO�
�+DPLOWRQ������3ODWH�����DQG�RQH�VKHOO�FXS�HQJUDYLQJ�
IURP�WKH�&UDLJ�0RXQG�DW�6SLUR��3KLOOLSV�DQG�%URZQ�
�����3ODWH����I���8QOLNH�D�KLJK�SUHVWLJH�PDULQH�VKHOO�
DUWLIDFW�WKDW�PLJKW�KDYH�EHHQ�WUDGHG��D�SHWURJO\SK�LV�
DQ�DEVWUDFWLRQ�RI�DQ�LGHD�GLUHFWO\�UHSUHVHQWHG�E\�WKH�
LQGLYLGXDO�ZKR�LQVFULEHG�LW��*LYHQ�WKH�ORFDWLRQ�RI�
WKH�2\HU�VLWH�RQ�WKH�ZHVWHUQ�ÀDQN�RI�WKH�2]DUNV��WKLV�
SHWURJO\SK�FRXOG�UHSUHVHQW�DQ�LGHRORJLFDO�FRQQHFWLRQ�
EHWZHHQ�WKRVH�OLYLQJ�LQ�WKH�1RUWKHUQ�)URQWLHU�DQG�WKRVH�
OLYLQJ�LQ�WKH�$UNDQVDV�5LYHU�YDOOH\�WR�WKH�VRXWK�
� 3URMHFWLOH�SRLQWV�DUH�JHQHUDOO\�OHVV�GLDJQRVWLF�
RI�VSHFL¿F�FRPSRQHQWV�WKDQ�FHUDPLF�DUWLIDFWV��7KH�PRVW�
FRPPRQ�DUURZ�SRLQW�W\SH�LQ�WKH�2]DUNV�LV�6FDOORUQ��
ZKHUHDV�FHUWDLQ�RWKHU�VPDOO�DUURZ�SRLQWV��VXFK�DV�$OED��

.HRWD��DQG�%RQKDP��DUH�DW\SLFDO�DQG�RFFXU�UDUHO\�LQ�
6RXWKZHVW�0LVVRXUL��7KHVH�WKUHH�DUURZ�SRLQW�W\SHV�DUH�
IRXQG�SULPDULO\�LQ�WKH�VRXWKHUQ�&DGGR�DUHD��$W\SLFDO�
DUURZ�SRLQWV�IRXQG�DW�6DQG�%OXII�%�6KHOWHU�LQ�'DGH�
&RXQW\�LQFOXGH�RQH�FRQWUDFWLQJ�VWHPPHG�$OED�SRLQW�DQG�
WZR�VTXDUH�VWHPPHG�%RQKDP�DUURZ�SRLQWV��0F0LOODQ�
��������DQG�)LJXUH��E�F���$�VLGH�QRWFKHG�.HRWD�DUURZ�
SRLQW�IRXQG�DW�D�VLWH�LQ�3RON�&RXQW\�ZDV�PDGH�IURP�
$UNDQVDV�QRYDFXOLWH��ORFDWHG�LQ�WKH�2XDFKLWD�0RXQWDLQV�
RI�ZHVW�FHQWUDO�$UNDQVDV�PRUH�WKDQ�����NP�WR�WKH�VRXWK���
2WKHU�VLGH�QRWFKHG�DUURZ�SRLQWV�ZLWK�VWUDLJKW��5HHG��
WR�FRQFDYH�EDVHV�ZLWK�VTXDUHG��+DVNHOO��DQG�URXQGHG�
�0RUULV��HDUV�DSSHDU�WR�EH�UHVWULFWHG�WR�WKH�VRXWKZHVWHUQ�
2]DUNV�DQG�&DGGRDQ�DI¿OLDWHG�VLWHV��%HOO���������±�����
%URZQ��������7KH�FRPPRQ�RFFXUUHQFH�RI�WKHVH�VLGH�
QRWFKHG�DUURZ�SRLQW�W\SHV�LQ�1RUWKHDVW�2NODKRPD��

)LJXUH����/RRSHG�VTXDUH�SHWURJO\S\K�IURP�WKH�2\HU�VLWH��FRXUWHV\�RI�'RXJ�3RUWHU���
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1RUWKZHVW�$UNDQVDV��DQG�6RXWKZHVW�0LVVRXUL��DQG�WKHLU�
UDUH�RFFXUUHQFH�LQ�&HQWUDO�DQG�6RXWKHDVW�0LVVRXUL��
DSSHDUV�WR�LQGLFDWH�D�JHQHUDO�UDQJH�RI�&DGGRDQ�
LQÀXHQFH�DQG�SUHVHQFH�LQ�WKH�VRXWKZHVWHUQ�2]DUNV��
6WHPPHG�DQG�FRUQHU�QRWFKHG�GDUW�SRLQWV�NQLYHV��VXFK�DV�
0RQWJRPHU\�DQG�&XSS��DOVR�DUH�FRQFHQWUDWHG�SULPDULO\�
LQ�WKH�&DGGRDQ�DUHD�RI�WKH�VRXWKZHVWHUQ�2]DUNV�
�5D\����������������
� 0LG�WZHQWLHWK�FHQWXU\�LQYHVWLJDWLRQV�LQ�WKH�6DF��
3RPPH�GH�7HUUH��DQG�2VDJH�ULYHU�YDOOH\V�LQ�6RXWKZHVW�
0LVVRXUL�UHVXOWHG�LQ�D�ORQJ�VWDQGLQJ�YLHZ�WKDW�ORFDO�/DWH�
:RRGODQG�SRSXODWLRQV�UHPDLQHG�UHODWLYHO\�LVRODWHG�DQG�
ZHUH�QRW�JUHDWO\�LQÀXHQFHG�E\�&DGGRDQ�JURXSV�ORFDWHG�
QRW�IDU�WR�WKH�VRXWK��9HKLN����������:RRG�����������
��������±������:LWK�WKH�H[FHSWLRQ�RI�D�KDQGIXO�RI�
HQJUDYHG�FHUDPLF�VKHUGV�UHFRYHUHG�IURP�6DQG�%OXII�&�
6KHOWHU��PRVW�UHFRJQL]HG�&DGGRDQ�DUWLIDFWV�ZHUH�YLHZHG�
DV�OX[XU\�JRRGV�IURP�EXULDO�PRXQGV�WKDW�ZHUH�REWDLQHG�
DV�D�UHVXOW�RI�WUDGH��QRW�E\�WKH�PRYHPHQWV�RI�&DGGRDQ�
SHRSOHV�LQWR�WKH�DUHD�
� 1HZ�DQDO\VHV�DQG�UHFHQW�GLVFRYHULHV�IURP�
6RXWKZHVW�0LVVRXUL�LQGLFDWH�D�JUHDWHU�SUHVHQFH�RI�
&DGGRDQ�RU�&DGGRDQ�DI¿OLDWHG�SHRSOHV�LQ�WKH�1RUWKHUQ�
)URQWLHU�DUHD�WKDQ�SUHYLRXVO\�UHFRJQL]HG�DQG�UHTXLUHV�D�
UHDVVHVVPHQW�RI�WKH�SUHVHQFH�RI�&DGGRDQ�SHRSOHV�LQ�WKH�
ZHVWHUQ�SRUWLRQ�RI�WKH�QRUWKHUQ�2]DUNV��7KLV�JURZLQJ�
ERG\�RI�HYLGHQFH�VXJJHVWV�WKDW�D�VXEVWDQWLDO�SUHVHQFH�
DQG�VSKHUH�RI�LQÀXHQFH�RI�&DGGRDQ�SHRSOHV�PD\�KDYH�
H[WHQGHG�IDU�EH\RQG�WKH�XSSHU�:KLWH�5LYHU�YDOOH\�
LQWR�WKH�1RUWKHUQ�)URQWLHU��5DGLRFDUERQ�DJHV�IURP�
WZR�DSSDUHQW�&DGGRDQ�VLWHV�LQ�WKLV�1RUWKHUQ�)URQWLHU�
�-HQNLQV�&DYH�DQG�,QJUDP�%RWWRP���DQG�FLUFXPVWDQWLDO�
HYLGHQFH�IURP�VHYHUDO�RWKHU�VLWHV��VXJJHVW�WKDW�D�VXUJH�RI�
&DGGRDQ�LQÀXHQFH�DQG�SRVVLEOH�TXDVL�SROLWLFDO�FRQWURO�
RFFXUUHG�RYHU�PXFK�RI�6RXWKZHVW�0LVVRXUL�FD��$�'��
����±�����DV�ORFDO�ODWH�SUHKLVWRULF�LQKDELWDQWV�LQ�WKH�
DUHD�EHFDPH�PRUH�¿UPO\�LGHQWL¿HG�DQG�LQWHJUDWHG�ZLWK�
WKH�&DGGRDQ�OLIHVW\OH�WKDW�ÀRXULVKHG�LQ�WKH�$UNDQVDV�
5LYHU�YDOOH\��7KLV�VKLIW�IURP�D�/DWH�:RRGODQG�WR�
&DGGRDQ�OLIHVW\OH�DSSHDUV�WR�KDYH�EHJXQ�LQ�WKH�XSSHU�
:KLWH�5LYHU�YDOOH\�WR�WKH�VRXWK�DSSUR[LPDWHO\�����\HDUV�
HDUOLHU��EHWZHHQ�$�'������������%HOO�����������%URZQ�
����������7KH�&DGGRDQ�SUHVHQFH�DQG�LQÀXHQFH�DSSHDUV�
WR�KDYH�ZDQHG�DIWHU�ZLGHVSUHDG�SRSXODWLRQ�GLVSODFHPHQW�
DQG�WKH�FROODSVH�RI�PRVW�UHJLRQDO�FHUHPRQLDO�FHQWHUV�LQ�
WKH�VRXWKZHVWHUQ�2]DUNV�DURXQG�$�'������±�����DQG�

ZDV�XOWLPDWHO\�UHSODFHG�E\�WKH�ODWH�SUHKLVWRULF�1HRVKR�
WUDGLWLRQ�
� :H�NQRZ�RI�D�&DGGRDQ�SUHVHQFH�DW�/RIWLQ��
9DXJKQ�,��&DQWZHOO�,��3LQHYLOOH�0RXQG��DQG�RWKHU�
VLWHV�ORFDWHG�LQ�WKH�VRXWKHUQ�WLHU�RI�0LVVRXUL�FRXQWLHV�
WKDW�ERUGHU�$UNDQVDV��%URZQ�����������:H�PXVW�QRZ�
VHULRXVO\�FRQVLGHU�WKDW�&DGGRDQ�SHRSOHV�KDG�D�JUHDWHU�
SUHVHQFH�DQG�LQÀXHQFH�IDUWKHU�QRUWK�LQ�WKH�1RUWKHUQ�
)URQWLHU�DUHD�WKDQ�SUHYLRXVO\�DFNQRZOHGJHG��%HOO�
���������±�����KLQWHG�DW�WKLV�SRVVLELOLW\�DQG�VXJJHVWHG�
WKDW�WKH�+DUODQ�SKDVH�SRSXODWLRQ�H[SDQGHG�QRW�RQO\�LQWR�
QHZ�SRUWLRQV�RI�WKH�2]DUNV�EXW�DOVR�H[SDQGHG�WR�WKH�
QRUWK�DV�IDU�DV�WKH�0LVVRXUL�5LYHU�YDOOH\�DQG�WKH�HDVWHUQ�
SRUWLRQ�RI�WKH�&HQWUDO�3ODLQV��

5HIHUHQFHV�&LWHG�

%HOO��5REHUW�(�
�����$UNDQVDV�9DOOH\�&DGGRDQ��7KH�+DUODQ�3KDVH��,Q�

3UHKLVWRU\�RI�2NODKRPD��HGLWHG�E\�5REHUW�(��%HOO��
SS�����������$FDGHPLF�3UHVV��2UODQGR�

%URZQ��-DPHV�$�
�����3UHKLVWRULF�6RXWKHUQ�2]DUN�0DUJLQDOLW\��$�0\WK�

([SRVHG��6SHFLDO�3XEOLFDWLRQ�1R�����0LVVRXUL�
$UFKDHRORJLFDO�6RFLHW\��&ROXPELD�

�����7KH�6SLUR�&HUHPRQLDO�&HQWHU��7KH�$UFKDHRORJ\�
RI�$UNDQVDV�9DOOH\�&DGGRDQ�&XOWXUH�LQ�(DVWHUQ�
2NODKRPD��0HPRLU�1R��������9ROV��0XVHXP�RI�
$QWKURSRORJ\��8QLYHUVLW\�RI�0LFKLJDQ��$QQ�$UERU�

&KDSPDQ��&DUO�+�
�����7KH�$UFKDHRORJ\�RI�0LVVRXUL��,,��8QLYHUVLW\�RI�

0LVVRXUL�3UHVV��&ROXPELD�

&KDSPDQ��&DUO�+���5LFKDUG�$��0DUVKDOO��5REHUW�7��%UD\��
:��5D\PRQG�:RRG��'DOH�5��+HQQLQJ��5ROODQG�
(��3DQJERUQ��&KDUOHV�0��.HOOHU��DQG�%RQQLH�%��
.HOOHU

�����$UFKDHRORJLFDO�,QYHVWLJDWLRQV�LQ�WKH�7DEOH�
5RFN�5HVHUYRLU�$UHD��0LVVRXUL��$UFKDHRORJLFDO�
5HVHDUFK�'LYLVLRQ��8QLYHUVLW\�RI�0LVVRXUL��
&ROXPELD��6XEPLWWHG�WR�WKH�1DWLRQDO�3DUN�6HUYLFH��
/LQFROQ�
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&RH��5DOSK�7�
�����6DFUHG�&LUFOHV��7ZR�7KRXVDQG�<HDUV�RI�1RUWK�

$PHULFDQ�,QGLDQ�$UW��/XQG�+XPSKULHV��/RQGRQ�

+DPLOWRQ��+HQU\�:�
����� 7KH�6SLUR�0RXQG��7KH�0LVVRXUL�$UFKDHRORJLVW�

����������

.D\��0DUYLQ��*HRUJH�6DER��,,,��DQG�5DOSK�0HUOHWWL
����� /DWH�3UHKLVWRULF�6HWWOHPHQW�3DWWHUQLQJ��$�9LHZ�

IURP�7KUHH�&DGGRDQ�&LYLF�&HUHPRQLDO�&HQWHUV�
LQ�1RUWKZHVW�$UNDQVDV��,Q�&RQWULEXWLRQV�WR�6SLUR�
$UFKHRORJ\��0RXQG�([FDYDWLRQV�DQG�5HJLRQDO�
3HUVSHFWLYHV��HGLWHG�E\�-��'DQLHO�5RJHUV��'RQ�*��
:\FNRII��DQG�'HQQLV�$��3HWHUVRQ��SS�����������
6WXGLHV�LQ�2NODKRPD¶V�3DVW�1R������2NODKRPD�
$UFKHRORJLFDO�6XUYH\��1RUPDQ�

0F0LOODQ��5��%UXFH
�����$UFKDHRORJLFDO�,QYHVWLJDWLRQV�LQ�WKH�6WRFNWRQ�

5HVHUYRLU�$UHD��6RXWKZHVWHUQ�0LVVRXUL��
����±������3DUW�,,��0LVVRXUL�$UFKDHRORJLFDO�
5HVHDUFK�'LYLVLRQ��'HSDUWPHQW�RI�6RFLRORJ\�DQG�
$QWKURSRORJ\��8QLYHUVLW\�RI�0LVVRXUL��&ROXPELD�

2¶%ULHQ��0LFKDHO�-��DQG�:��5D\PRQG�:RRG
�����7KH�3UHKLVWRU\�RI�0LVVRXUL��8QLYHUVLW\�RI�0LVVRXUL�

3UHVV��&ROXPELD�

3HUWWXOD��7LPRWK\�.�
����� 7KH�/RIWLQ�6LWH�DQG�3KDVH�LQ�:HVWHUQ�2]DUN�

3UHKLVWRU\��7KH�0LVVRXUL�$UFKDHRORJLVW������±���

����� 7KH�/DWH�3UHKLVWRULF�3HULRG�LQ�WKH�:HVWHUQ�2]DUNV�
RI�6RXWKZHVW�0LVVRXUL��,Q�&RQWULEXWLRQV�WR�6SLUR�
$UFKDHRORJ\��0RXQG�&HQWHUV�DQG�5HJLRQDO�
3HUVSHFWLYHV��HGLWHG�E\�-��'DQLHO�5RJHUV��'RQ�*��
:\FNRII��DQG�'HQQLV�$��3HWHUVRQ��SS�����±�����
6WXGLHV�LQ�2NODKRPD¶V�3DVW�1R������2NODKRPD�
$UFKHRORJLFDO�6XUYH\��1RUPDQ�

3KLOOLSV��3KLOLS��DQG�-DPHV�$��%URZQ
�����3UH�&ROXPELDQ�6KHOO�(QJUDYLQJV�IURP�WKH�&UDLJ�

0RXQG�DW�6SLUR��2NODKRPD��9RO�����3HDERG\�
0XVHXP�3UHVV��+DUYDUG�8QLYHUVLW\��&DPEULGJH�

�����3UH�&ROXPELDQ�6KHOO�(QJUDYLQJV�IURP�WKH�&UDLJ�
0RXQG�DW�6SLUR��2NODKRPD��9RO�����3HDERG\�
0XVHXP�3UHVV��+DUYDUG�8QLYHUVLW\��&DPEULGJH�

5D\��-DFN�+�
�����3URMHFWLOH�3RLQWV�LQ�0LVVRXUL�DQG�3RUWLRQV�RI�

$GMDFHQW�6WDWHV��6SHFLDO�3XEOLFDWLRQ�1R������7KH�
0LVVRXUL�$UFKDHRORJLFDO�6RFLHW\��6SULQJ¿HOG�

����� (DU�6SRROV��&HUDPLFV��DQG�%XULDO�0RXQGV�
IURP�6RXWKZHVW�0LVVRXUL��&DGGRDQ�DQG�
6SLUR�&RQQHFWLRQV�RQ�WKH�1RUWKHUQ�)URQWLHU��
6RXWKHDVWHUQ�$UFKDHRORJ\���������±���

5D\��-DFN�+���DQG�$��&ODUN�0RQWJRPHU\
����� $�8QLTXH�+XPDQ�(I¿J\�3LSH�IURP�&HGDU�&RXQW\��

0LVVRXUL��7KH�0LVVRXUL�$UFKDHRORJLVW�������±
����

6DER��*HRUJH��,,,�DQG�$QQ�0��(DUO\
�����3UHKLVWRULF�&XOWXUH�+LVWRU\��,Q�+XPDQ�$GDSWDWLRQ�

LQ�WKH�2]DUN�DQG�2XDFKLWD�0RXQWDLQV��E\�*HRUJH�
6DER�,,,��$QQ�0��(DUO\��-HURPH�&��5RVH��%DUEDUD�
$��%XUQHWW��/RXLV�9RJHOH��-U���DQG�-DPHV�3��
+DUFRXUW��SS����±�����5HVHDUFK�6HULHV�1R������
$UNDQVDV�$UFKHRORJLFDO�6XUYH\��)D\HWWHYLOOH��
$UNDQVDV�

9HKLN��5DLQ
�����$Q�$QDO\VLV�RI�&XOWXUDO�9DULDELOLW\�'XULQJ�WKH�

/DWH�:RRGODQG�3HULRG�LQ�WKH�2]DUN�+LJKODQG�
RI�6RXWKZHVW�0LVVRXUL��3K�'��GLVVHUWDWLRQ��
'HSDUWPHQW�RI�$QWKURSRORJ\��8QLYHUVLW\�RI�
0LVVRXUL��&ROXPELD�

:RRG��:��5D\PRQG
����� 7KH�3RPPH�GH�7HUUH�5HVHUYRLU�LQ�:HVWHUQ�

0LVVRXUL�3UHKLVWRU\��7KH�0LVVRXUL�$UFKDHRORJLVW�
����±�����

����� 7KH�)ULVWRH�%XULDO�&RPSOH[�RI�6RXWKZHVWHUQ�
0LVVRXUL��7KH�0LVVRXUL�$UFKDHRORJLVW�����ZKROH�
YROXPH��
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:RRG��:��5D\PRQG��DQG�6KDURQ�/��%URFN
����� 7KH�%ROLYDU�%XULDO�&RPSOH[�RI�6RXWKZHVWHUQ�

0LVVRXUL��7KH�0LVVRXUL�$UFKDHRORJLVW�����ZKROH�
YROXPH��

:RRG��:��5D\PRQG��DQG�5ROODQG�(��3DQJERUQ
����� 7KH�(XUHND�DQG�&RPVWRFN�0RXQGV��6RXWKZHVWHUQ�

0LVVRXUL��3ODLQV�$QWKURSRORJLVW���������±���

:\FNRII��'RQ�*�
�����&DGGRDQ�$GDSWLYH�6WUDWHJLHV�LQ�WKH�$UNDQVDV�

%DVLQ��(DVWHUQ�2NODKRPD��3K�'��GLVVHUWDWLRQ��
'HSDUWPHQW�RI�$QWKURSRORJ\��:DVKLQJWRQ�6WDWH�
8QLYHUVLW\��3XOOPDQ�
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7KH������&DGGR�&RQIHUHQFH�ZDV�KHOG�0DUFK������������
DW�WKH�0XVHXP�RI�WKH�5HG�5LYHU�LQ�,GDEHO��2NODKRPD��
)LIW\�DWWHQGHHV�UHJLVWHUHG�IRU�WKH�FRQIHUHQFH��7KH�
FRQIHUHQFH�EHJDQ�ZLWK�D�UHFHSWLRQ�DW�WKH�PXVHXP�RQ�
7KXUVGD\�HYHQLQJ��2Q�)ULGD\��WKH�SURJUDP�LQFOXGHG�
HLJKW�SDSHUV�DQG�SUHVHQWDWLRQV�FRYHULQJ�DUFKDHRORJLFDO�
ZRUN�LQ�7H[DV�DQG�2NODKRPD�DQG�D�ORQJHU�SUHVHQWDWLRQ�
RQ�WKH�UHEXLOGLQJ�RI�WKH�&DGGR�KRXVH�DW�&DGGR�0RXQGV�
6WDWH�3DUN�LQ�7H[DV��$�SRVWHU�VHVVLRQ�ZDV�DOVR�KHOG�RQ�
)ULGD\�DIWHUQRRQ��&RQIHUHQFH�DWWHQGHHV�ZHUH�JLYHQ�D�
WRXU�RI�WKH�FROOHFWLRQV�KRXVHG�DW�WKH�PXVHXP��ZKLFK�
LQFOXGH�D�ODUJH�FROOHFWLRQ�RI�&DGGR�YHVVHOV�DQG�REMHFWV�
IURP�DOO�RYHU�WKH�ZRUOG��)ULGD\�HQGHG�ZLWK�GDQFHV�
E\�WKH�0HWUR�2NODKRPD�&LW\��2.&��&DGGR�&XOWXUH�
&OXE��EHJLQQLQJ�ZLWK�WKH�7XUNH\�'DQFH�DQG�D�GHOLFLRXV�
EDUEHFXH�GLQQHU�KHOG�DW�WKH�PXVHXP��2Q�6DWXUGD\��
WKH�HLJKW�SUHVHQWDWLRQV�FRYHUHG�VLWHV�LQ�$UNDQVDV�
DQG�2NODKRPD��6SLUR�LFRQRJUDSK\��DQG�LQFOXGHG�D�
SUHVHQWDWLRQ�RQ�WKH�6SLUR�H[KLELW�IRUWKFRPLQJ�DW�WKH�
&RZER\�DQG�:HVWHUQ�+HULWDJH�0XVHXP�LQ�2NODKRPD�
&LW\��-XVW�EHIRUH�EUHDNLQJ�IRU�OXQFK�RQ�6DWXUGD\��&DGGR�
&XOWXUH�&OXE�DQG�0HWUR�2.&�&DGGR�&XOWXUH�&OXE�
PHPEHUV�OHG�D�VRQJ�XVLQJ�WKH�ODUJH�GUXP�RQ�H[KLELW�LQ�
WKH�PXVHXP�

$%675$&76�IRU�WKH���WK�&$''2�&21)(5(1&(

3DSHU�$EVWUDFWV

$QDO\VLV�RI�WKH�.HOO\�&UHHN�6LWH�%LIDFH�&DFKH��
*DUODQG�&RXQW\��$UNDQVDV
5REHUW�/��%URRNV
2NODKRPD�$UFKHRORJLFDO�6XUYH\��HPHULWXV

$�FDFKH�RI����ELIDFHV�ZDV�UHPRYHG�IURP�WKH�.HOO\�
&UHHN�VLWH�LQ�VRXWKZHVW�$UNDQVDV��SUREDEO\�GXULQJ�WKH�
����V���5HJUHWWDEO\��WKH�DEVHQFH�RI�GRFXPHQWDWLRQ�DW�
WKH�WLPH�RI�UHPRYDO�KDV�OLPLWHG�VRPH�HOHPHQWV�RI�WKLV�

SUHVHQWDWLRQ���0\�SDSHU�IROORZV�WKH�KLVWRU\�RI�WKH�FDFKH�
DV�LW�PRYHG�WKURXJK�WKH�FROOHFWLQJ�FRPPXQLW\�EHIRUH�
EHLQJ�GRQDWHG�WR�WKH�0XVHXP�RI�WKH�5HG�5LYHU���$Q�
RYHUYLHZ�RI�WKH�.HOO\�&UHHN�VLWH�IXUWKHU�GHPRQVWUDWHV�
WKH�QHHG�IRU�JRRG�GRFXPHQWDWLRQ�ZKHQ�FDFKHV��RU�
DQ\�DUWLIDFWV��DUH�IRXQG�LQ�ORFDWLRQV�ZLWK�PXOWLSOH�
FRPSRQHQWV���$QDO\VLV�RI�WKH����ELIDFHV�SUHVHQWV�EDVLF�
REVHUYDWLRQV�DQG�VRPH�FRPPHQWV�RQ�FKDUDFWHULVWLFV�RI�
WKH�FDFKH���$�IHZ�VSHFXODWLRQV�DUH�PDGH�FRQFHUQLQJ�WKH�
IXQFWLRQDO�UROH�RI�WKH�ELIDFHV�LQ�WKHLU�FXOWXUDO�FRQWH[W�

8QFRYHULQJ�D�3LW�DW�&DGGR�+LOOV���01���
&KHOVHD�&LQRWWR
$UNDQVDV�$UFKHRORJLFDO�6XUYH\

,Q�������DIWHU�FRPPHUFLDO�EXOOGR]LQJ�XQFRYHUHG�
DUFKHRORJLFDO�IHDWXUHV��WKH�$UNDQVDV�$UFKHRORJLFDO�
6XUYH\¶V�+HQGHUVRQ�5HVHDUFK�VWDWLRQ��OHG�E\�$QQ�(DUO\��
FRQGXFWHG�D�VDOYDJH�H[FDYDWLRQ�DW�WKH�&DGGR�+LOOV�
VLWH�LQ�WKH�8SSHU�&DGGR�5LYHU�GUDLQDJH�LQ�$UNDQVDV��
)HDWXUH���ZDV�D�UHFWDQJXODU�DUHD�WKDW�KDG�EHHQ�UHFHQWO\�
GLVWXUEHG��)HDWXUH����WKH�IRFXV�RI�WKH�H[FDYDWLRQ��ZDV�
D���E\���PHWHU�SLW�WKDW�KDG�EHHQ�UHODWLYHO\�XQGLVWXUEHG��
([FDYDWLRQ�RI�WKH�SLW�UHYHDOHG�D�YDULHW\�RI�1DWLYH�
$PHULFDQ�DUWLIDFWV��FKLSSHG�DQG�JURXQG�VWRQH��FHUDPLFV��
DQLPDO�ERQH��DQG�EXUQHG�VHHGV�DQG�QXWV��7KH�DUWLIDFWV�
KDYH�QRZ�EHHQ�DQDO\]HG�WR�LQYHVWLJDWH�ZKHQ�DQG�
ZK\�WKH�SLW�ZDV�FUHDWHG�DQG�¿OOHG��7KHVH�UHVXOWV�DQG�
LQWHUSUHWDWLRQV�DUH�GLVFXVVHG�KHUH��7KH�SLW�FRQWDLQHG�
DUWLIDFWV�IURP�VHYHUDO�GLIIHUHQW�WLPH�SHULRGV��ZLWK�
WKH�PRVW�UHFHQW�GDWLQJ�WR�WKH�ODWH�&DGGR�SHULRG��7KH�
GHSRVLWLRQ�RI�DUWLIDFWV�VXJJHVWV�WKH�&DGGRDQ�PDWHULDO�
ZDV�RULJLQDOO\�GLVFDUGHG�HOVHZKHUH�DQG�WKHQ�ODWHU�
EURXJKW�LQ�WR�TXLFNO\�¿OO�WKH�SLW��,Q�WKH�IXWXUH��WKLV�
DQDO\VLV�FDQ�EH�XVHG�IRU�UHVHDUFKLQJ�FRQQHFWLRQV�WR�WKH�
QHDUE\�6WDQGULGJH�VLWH�DQG�FRPSDULQJ�WR�RWKHU�&DGGR�
VLWHV�LQ�WKH�2XDFKLWD�0RXQWDLQV��

5HSRUW�
$EVWUDFWV�IURP�WKH������&DGGR�&RQIHUHQFH�LQ�,GDEHO��2NODKRPD

$PDQGD�/��5HJQLHU
2NODKRPD�$UFKHRORJLFDO�6XUYH\
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$QDO\]LQJ�WKH�)HDWXUHV�DW�WKH�+ROPDQ�6SULQJV�6LWH�
��69�����D�&DGGR�6DOWZRUNV�LQ�WKH�/LWWOH�5LYHU�%DVLQ
&DUO�*��'UH[OHU
$UNDQVDV�$UFKHRORJLFDO�6XUYH\

7KH�$UNDQVDV�$UFKHRORJLFDO�6XUYH\�DQG�$UNDQVDV�
$UFKHRORJLFDO�6RFLHW\�H[FDYDWHG�DW�WKH�+ROPDQ�6SULQJV�
VLWH���69�����LQ�6HYLHU�&RXQW\��EHWZHHQ������DQG�������
7KRVH�SURMHFWV�DUH�QRZ�EHLQJ�SURFHVVHG�DQG�UHSRUWHG��
$V�SDUW�RI�WKDW�HIIRUW��WKH�6XUYH\�FUHDWHG�D�GLJLWDO�PDS�
RI�WKH�IHDWXUHV�LGHQWL¿HG�GXULQJ�WKRVH�H[FDYDWLRQV�DQG�
WKLV�SDSHU�H[DPLQHV�SDWWHUQV�LQ�WKH�DUUDQJHPHQW�RI�WKRVH�
IHDWXUHV��&RPSDULVRQV�ZLWK�RWKHU�&DGGR�VDOWZRUNV�
DUH�PDGH��,W�DOVR�LGHQWL¿HV�QH[W�VWHSV�LQ�WKH�SURFHVV�RI�
DQDO\]LQJ�WKH�YDVW�WURYH�RI�GDWD�RQ�KDQG�IURP�WKLV�VLWH��

/HJDF\�&ROOHFWLRQ�8SGDWH���7KH�-RKQQ\�)RUG�6LWH��
�/$���DQG�LWV�&UHPDWLRQ�&HPHWHU\
$QQ�0��(DUO\
$UNDQVDV�$UFKHRORJLFDO�6XUYH\

2QH�RI�WKH�¿UVW�YROXQWHHU�H[FDYDWLRQV�XQGHUWDNHQ�E\�WKH�
$UNDQVDV�$UFKHRORJLFDO�6XUYH\�ZDV�D�¿YH�GD\�SURMHFW�
KHOG�LQ������DW�WKH�-RKQQ\�)RUG�6LWH��DQ�RSHQ�VLWH�LQ�
WKH�5HG�5LYHU�DOOXYLDO�YDOOH\�LQ�IDU�VRXWKZHVW�$UNDQVDV���
/DQGRZQHU�+HUVFKHO�.LWFKHQV�DQG�'U��)UDQN�6FKDPEDFK�
ZHUH�LQWHUHVWHG�LQ�WKH�DEXQGDQW�(DUO\�:RRGODQG�ERQH�
WHPSHUHG�SRWWHU\�DQG�GDUW�SRLQWV�RQ�WKH�VXUIDFH�DQG�
KRSHG�WR�OHDUQ�PRUH�DERXW�ZKDW�6FKDPEDFK�FDOOHG�WKH�
)LHOG�%D\RX�3KDVH�RI�LQLWLDO�SRWWHU\�PDNLQJ�FXOWXUH�LQ�
WKH�UHJLRQ���7KH\�IRXQG�DUWLIDFWV�FRQ¿QHG�SULPDULO\�WR�
WKH�SORZ]RQH�DQG�D�VFDWWHU�RI�IHDWXUHV�WKDW�LQFOXGHG�
KXPDQ�FUHPDWLRQV���$OWKRXJK�UHIHUUHG�WR�LQ�VXEVHTXHQW�
SDSHUV�DERXW�)RXUFKH�0DOLQH�FXOWXUH��WKH�PDWHULDOV�ZHUH�
QRW�DQDO\]HG�RU�SXEOLVKHG���,Q�������JUDGXDWH�VWXGHQW�
-DFN�6WHZDUW�FRPSOHWHG�D�PDQXVFULSW�GUDIW�WKDW�ZDV�
QRW�EURXJKW�WR�SXEOLFDWLRQ���,Q�OLQH�ZLWK�WKH�6XUYH\¶V�
��WK�$QQLYHUVDU\�LQLWLDWLYH�WR�LQYHQWRU\�DOO�OHJDF\�
SURMHFWV�DQG�EULQJ�FROOHFWLRQV�DQG�UHFRUGV�XS�WR�DUFKLYDO�
VWDQGDUGV��,�DP�FRQGXFWLQJ�D�QHZ�LQYHQWRU\�DQG�DQDO\VLV�
ZLWK�DQ�H\H�WR�HYHQWXDO�SXEOLFDWLRQ���6LQFH�6WHZDUW¶V�
ZRUN��ZH�QRZ�KDYH�D�IRUHQVLF�VWXG\�RI�ZKDW�WXUQ�RXW�WR�
EH����FUHPDWLRQV��DQG�QHZ�UDGLRFDUERQ�GDWHV���

7KH�1HRVKR�3UREOHP��'HEDWHV��,VVXHV��DQG�3URSRVHG�
5HVROXWLRQV
3DLJH�)RUG
8QLYHUVLW\�RI�2NODKRPD

7KH�1HRVKR�SKDVH��$'������������LQ�QRUWKHDVWHUQ�
2NODKRPD��QRUWKZHVWHUQ�$UNDQVDV��VRXWKZHVWHUQ�
0LVVRXUL��DQG�VRXWKHDVWHUQ�.DQVDV�UHSUHVHQWV�/DWH�
3UH�&RQWDFW�SHRSOHV�HQJDJHG�LQ�ZLGHVSUHDG�WUDGH�
IURP�WKH�3ODLQV�WR�WKH�VRXWKHDVWHUQ�8QLWHG�6WDWHV��7KH�
SKDVH�KDV�SHUSOH[HG�UHVHDUFKHUV�VLQFH�LWV�GH¿QLWLRQ��
WKRXJK�GHEDWHV�SUHGRPLQDWHO\�FRQFHUQ�RQH�RI�WZR�PDLQ�
TXHVWLRQV�FRQFHUQLQJ�WKH�LGHQWLW\�RI�1HRVKR�SHRSOHV��
HPHUJHQFH�DQG�FXOWXUDO�DI¿OLDWLRQ��0RVW�UHVHDUFK�WR�
GDWH�KDV�IRFXVHG�VLPSO\�RQ�WKH�TXHVWLRQ�RI�HPHUJHQFH��
(DUO\�LQ�WKHVH�GHEDWHV��2UU��������VXJJHVWHG�WKDW�1HRVKR�
SHRSOHV�UHSUHVHQWHG�RQH�RU�PRUH�SODLQV�RULHQWHG�JURXSV�
WKDW�KDG�PLJUDWHG�LQWR�WKH�DUHD��ZKLOH�3XUULQJWRQ��������
ODWHU�DUJXHG�WKDW�1HRVKR�UHSUHVHQWHG�D�GLVVROXWLRQ�RI�WKH�
$UNDQVDV�5LYHU�9DOOH\�&DGGRDQ�0LVVLVVLSSLDQ�V\VWHP��
1XPHURXV�LVVXHV�KDYH�LQKLELWHG�SURJUHVV�LQ�GHIHQGLQJ�
HLWKHU�RI�WKHVH�PRGHOV��LQFOXGLQJ�D�GHSHQGHQFH�XSRQ�
UHVHDUFK�PHWKRGV�UHO\LQJ�XSRQ�GHVFULSWLYH�FXOWXUDO�
WUDLW�OLVWV��D�UHOXFWDQFH�WR�FRQWH[WXDOL]H�DQG�HPSODFH�
1HRVKR�SHRSOHV�ZLWKLQ�WKH�UHJLRQ�DW�ODUJH��DQG�HYHQ�
WKH�LQLWLDO�GH¿QLWLRQ�RI�WKH�SKDVH�DQG�FRUH�FXOWXUH�
DUHD��7KLV�SDSHU�UHSUHVHQWV�WKH�EHJLQQLQJ�VWDJHV�RI�P\�
GLVVHUWDWLRQ�UHVHDUFK�DQG�ZLOO�IRFXV�RQ�GLVFXVVLRQ�RI�WKH�
1HRVKR�SKDVH��SUHYLRXV�UHVHDUFK��LVVXHV�DQG�GHEDWHV��
DQG�SURSRVHG�UHVROXWLRQV�WR�WKH�TXHVWLRQ�RI�1HRVKR�
HPHUJHQFH�

7KH�'LVFRYHU\�DQG�5HFRYHU\�RI�D���WK�&HQWXU\�
'XJRXW�&DQRH�RQ�WKH�5HG�5LYHU
-HIIUH\�6��*LUDUG
1RUWKZHVWHUQ�6WDWH�8QLYHUVLW\

(DUO\�LQ�-XQH�������D�UHPDUNDEOH�SUHKLVWRULF�GXJRXW�
FDQRH�ZDV�GLVFRYHUHG�RQ�WKH�EDQNV�RI�WKH�5HG�5LYHU�
QRUWK�RI�6KUHYHSRUW��/RXLVLDQD���$W������P��DERXW����IW��
LQ�OHQJWK��LW�LV�WKH�ODUJHVW�\HW�GLVFRYHUHG�LQ�/RXLVLDQD��
DQG�RQH�RI�WKH�ODUJHVW�LQ�WKH�6RXWKHDVWHUQ�8QLWHG�
6WDWHV���$�UDGLRFDUERQ�GDWH�LQGLFDWHV�WKDW�WKH�FDQRH�
ZDV�FRQVWUXFWHG�LQ�WKH���WK�FHQWXU\���7KLV�SUHVHQWDWLRQ�
VXPPDUL]HV�WKH�FKDOOHQJHV�WKDW�FRQIURQWHG�UHVHDUFKHUV�
DQG�ORFDO�YROXQWHHUV�IRU�H[WUDFWLQJ�WKH�FDQRH�IURP�WKH�
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ULYHUEDQN�DQG�WUDQVSRUWLQJ�LW�WR�7H[DV�$	0�XQLYHUVLW\�
IRU�FRQVHUYDWLRQ��DQG�SURYLGHV�LQIRUPDWLRQ�DERXW�
QHDUE\�&DGGR�YLOODJH�DQG�FHUHPRQLDO�VLWHV�ZKRVH�SDVW�
LQKDELWDQWV�PLJKW�KDYH�PDGH�DQG�XVHG�WKH�ERDW�

([FDYDWLRQV�DW�WKH�+RQH\�/RFXV�6LWH����60����
-RVK�+DHIQHU��+LFNV�	�&RPSDQ\�(QYLURQPHQWDO�
&RQVXOWDQWV
9LFWRU�*DODQ��'HHS�(DVW�7H[DV�$UFKDHRORJLFDO�
&RQVXOWDQWV
�
7KURXJKRXW�������+LFNV�	�&RPSDQ\�(QYLURQPHQWDO�
&RQVXOWDQWV�FRQGXFWHG�GDWD�UHFRYHU\�H[FDYDWLRQV�DW�WKH�
+RQH\�/RFXV�6LWH����60�����ORFDWHG�QHDU�/LQGDOH��
7H[DV���:KLOH�GLDJQRVWLF�DUWLIDFWV�VXJJHVW�DW�OHDVW�
PLQLPDO�VLWH�XVH�IURP�WKH�0LGGOH�$UFKDLF��GDWD�LQGLFDWHV�
LQWHQVLYH�:RRGODQG�WR�&DGGR�3HULRG�RFFXSDWLRQV���
,QLWLDO�LQYHVWLJDWLRQV�LQFOXGHG�VKRYHO�WHVWLQJ��EDFNKRH�
WUHQFKLQJ���[��P�WHVW�XQLWV��DQG�D�PDJQHWRPHWHU�VXUYH\�
WR�JXLGH�VXEVHTXHQW�EORFN�H[FDYDWLRQV�DQG�V\VWHPDWLF�
PHFKDQLFDO�WUHQFKLQJ���7KH�LQYHVWLJDWLRQV�GRFXPHQWHG�
VHYHUDO�ODUJH�EXUQHG�URFN�IHDWXUHV��VPDOO�SLW�DQG�SRVW�
IHDWXUHV��DORQJ�ZLWK����&DGGR�EXULDOV���$UWLIDFWV�LQFOXGH�
D�YDULHW\�RI�GDUW�SRLQWV��DUURZ�SRLQWV��GHELWDJH�DQG�
SRWWHU\�VKHUGV���:KLOH�GHWDLOHG�DQDO\VLV�RI�WKH�DUWLIDFWV�
DQG�VSHFLDO�VDPSOHV�DUH�RQJRLQJ��WKLV�SUHVHQWDWLRQ�
GHVFULEHV�WKH�H[FDYDWLRQ�PHWKRGRORJ\��IHDWXUHV��DQG�
DYDLODEOH�GDWD�

7KH�6\PEROLF�8VH�RI�&RORU�DQG�'LUHFWLRQDOLW\�LQ�WKH�
6SLURDQ�$UNDQVDV�5LYHU�'UDLQDJH
6FRWW�:��+DPPHUVWHGW�DQG�6KHLOD�%REDOLN�6DYDJH
2NODKRPD�$UFKHRORJLFDO�6XUYH\

&RORU�DQG�GLUHFWLRQDO�V\PEROLVP�ZHUH�LPSRUWDQW�
FRPSRQHQWV�RI�WKH�ULWXDO�EHOLHIV�DQG�SUDFWLFHV�RI�
6RXWKHDVWHUQ�DQG�3ODLQV�VRFLHWLHV���7KLV�SDSHU�H[DPLQHV�
WKH�XVH�RI�FRORU�DQG�GLUHFWLRQDOLW\�DW�D�QXPEHU�RI�
6SLURDQ�PRXQG�VLWHV�LQ�WKH�$UNDQVDV�9DOOH\�LQ�HDVWHUQ�
2NODKRPD���$UWLIDFWV��PRXQG�FRQVWUXFWLRQ��DQG�VWUXFWXUH�
RULHQWDWLRQ�ZLOO�EH�GLVFXVVHG���:H�WKHQ�GUDZ�RQ�
HWKQRKLVWRULF�GHVFULSWLRQV�WR�LOOXVWUDWH�WKH�UROH�RI�FRORU�
DQG�GLUHFWLRQDOLW\�LQ�6SLURDQ�ULWXDO�OLIH�
�

$�3URYHQDQFH�DQG�6W\OLVWLF�6WXG\�RI�)RUPDWLYH�
&DGGR�9HVVHOV��,PSOLFDWLRQV�IRU�6SHFLDOL]HG�5LWXDO�
&UDIW�3URGXFWLRQ�DQG�/RQJ�'LVWDQFH�([FKDQJH
6KDZQ�3��/DPEHUW
8WDK�'LYLVLRQ�RI�6WDWH�+LVWRU\

,QVWUXPHQWDO�1HXWURQ�$FWLYDWLRQ�$QDO\VLV�LV�XVHG�WR�
GHWHUPLQH�ZKHWKHU�)RUPDWLYH�&DGGR�¿QHZDUHV�ZHUH�
PDGH�ORFDOO\�LQ�WKH�$UNDQVDV�5LYHU�%DVLQ�RU�SURGXFHG�
E\�WKHLU�*XOI�&RDVWDO�3ODLQ�QHLJKERUV�WR�WKH�VRXWK��7KH�
SUHOLPLQDU\�,1$$�UHVXOWV��LQ�FRQFHUW�ZLWK�D�VW\OLVWLF�
VWXG\�LQGLFDWLQJ�YHU\�IHZ�SRWWHUV�KDG�WKH�NQRZOHGJH�WR�
SURGXFH�WKHP��VKRZ�WKDW�)RUPDWLYH�&DGGR�¿QHZDUHV�
ZHUH�PDGH�LQ�WKH�VRXWKHUQ�&DGGR�UHJLRQ�DQG�H[SRUWHG�
QRUWK�WR�$UNDQVDV�5LYHU�%DVLQ�PRXQG�FHQWHUV�VWULFWO\�
IRU�PRUWXDU\�XVH��7KHVH�¿QGLQJV�VXJJHVW�DQ�H[WHQVLYH�
KLVWRU\�RI�VSHFLDOL]HG�ULWXDO�SURGXFWLRQ�DQG�ORQJ�GLVWDQFH�
H[FKDQJH�EHWZHHQ�WZR�GLYHUVH�DUHDV�RI�WKH�&DGGR�PXFK�
HDUOLHU�WKDQ�H[SHFWHG�

$Q�,QYHQWRU\�RI�5HFRQVWUXFWHG�&HUDPLF�9HVVHOV�IURP�
WKH�%RZPDQ�6LWH���/5����/5����LQ�/LWWOH�5LYHU�
&RXQW\��$UNDQVDV
'XQFDQ�3��0F.LQQRQ��.DWHO\Q�7UDPPHOO��5\DQ�1JX\HQ��
$QQD�6XDUH]
8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV

$�UHFHQW�LQYHQWRU\�RI����KHDYLO\�UHFRQVWUXFWHG�YHVVHOV�
IURP�WKH�%RZPDQ�VLWH���/5����/5����ZDV�FRPSOHWHG�
E\�8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��8&$��VWXGHQWV�DV�
SDUW�RI�D�GLUHFWHG�VWXG\�FRXUVH�RQ�YHVVHO�GRFXPHQWDWLRQ��
7KH�YHVVHOV�DUH�WKH�UHVXOW�RI�VHYHUDO�EDJV�RI�EURNHQ�
YHVVHOV�FROOHFWHG�E\�+DUROG�6SHQFHU�IURP�%RZPDQ�LQ�
WKH�����V�DQG�UHFRQVWUXFWHG�E\�$UNDQVDV�$UFKHRORJLFDO�
6XUYH\��$5$6��YROXQWHHUV�LQ�WKH�����V�DQG�����V��
7KH�LQYHQWRU\�LV�SDUW�RI�D�ODUJHU�SURMHFW�WR�V\QWKHVL]H�
%RZPDQ�PDWHULDO�LQ�RUGHU�WR�PRUH�IXOO\�XQGHUVWDQG�
VLWH�FKURQRORJ\�DQG�HYDOXDWH�H[FKDQJHV�DQG�VRFLDO�
UHODWLRQVKLSV�ZLWK�QHLJKERULQJ�5HG�5LYHU�FRPPXQLW\�
FHQWHUV��:KLOH�WKH�YHVVHOV�DUH�KHDYLO\�UHFRQVWUXFWHG�
DQG�WKHLU�LQWUD�VLWH�SURYHQLHQFH�FXUUHQWO\�XQNQRZQ��
WKLV�LQLWLDO�GRFXPHQWDWLRQ�RI�YHVVHOV�RIIHUV�DQ�H[DPSOH�
RI�WKH�FKDOOHQJHV�LQKHUHQW�LQ�ROG�FROOHFWLRQV�DQG�D�
GHPRQVWUDWLRQ�RI�KRZ�³H[FDYDWLRQ´�RI�ROG�FROOHFWLRQV�
FDQ�SURYLGH�IRXQGDWLRQDO�NQRZOHGJH�LQ�WKH�GHYHORSPHQW�
RI�EURDGHU�UHVHDUFK�DJHQGDV��,Q�WKLV�SDSHU�ZH�SURYLGH�
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D�VXPPDU\�RI�WKH�YHVVHO�LQYHQWRU\��LQFOXGLQJ�FHUDPLF�
GHVLJQV��SRVVLEOH�W\SHV��DQG�QH[W�VWHSV�LQ�WKH�PXFK�
RYHUGXH�HYDOXDWLRQ�RI�WKH�%RZPDQ�VLWH�

6WHDPLQJ�3RWV�RU�9HVVHO�'UXPV��(WKQRJUDSKLF�DQG�
(WKQRKLVWRULFDO�(YLGHQFH�LQ�6XSSRUW�RI�WKH�9HVVHO�
'UXP�,QWHUSUHWDWLRQ�RI�7ZR�6KHOO�*RUJHWV�IURP�
6SLUR
-LP�5HHV
$UNDQVDV�$UFKHRORJLFDO�6RFLHW\

,Q�WZR�SUHYLRXVO\�SXEOLVKHG�DUWLFOHV��5HHV�������5HHV�
�������,�DUJXHG�WKDW�WKH�YHVVHOV�GHSLFWHG�RQ�WZR�VKHOO�
JRUJHWV�IURP�6SLUR�GHVFULEHG�E\�3KLOOLSV�DQG�%URZQ�
�������3O������DQG�3O�������DV�VWHDPLQJ�SRWV�ZHUH��LQ�
IDFW��FHUDPLF�YHVVHO�GUXPV��7KH�GUXP�DUJXPHQW�ZDV�
ODUJHO\�VXSSRUWHG�E\�IRFXVLQJ�RQ�FHUWDLQ�FKDUDFWHULVWLFV�
RI�WKH�LPDJHV�WKHPVHOYHV�DV�ZHOO�DV�FRPSDULVRQV�ZLWK�
RWKHU�H[DPSOHV�RI�0LVVLVVLSSLDQ�DQG�0HVRDPHULFDQ�
LFRQRJUDSK\��7KH�SUHVHQW�SDSHU�ZLOO�HPSKDVL]H�
HWKQRJUDSKLF�DQG�HWKQR�KLVWRULFDO�HYLGHQFH�IRU�WKH�
XVH�RI�FHUDPLF�YHVVHO�GUXPV�LQ�WKH�ORZHU�0LVVLVVLSSL�
YDOOH\�DQG�7UDQV�0LVVLVVLSSL�6RXWKHDVW�LQ�WKH���WK�DQG�
��WK�FHQWXULHV��2I�SDUWLFXODU�LQWHUHVW�DUH�WKH�ZULWLQJV�RI�
'XPRQW�GH�0RQWLJQ\��D�)UHQFK�DUP\�RI¿FHU�ZKR�QRW�
RQO\�SURYLGHV�D�GHVFULSWLRQ�DQG�D�GUDZLQJ�RI�D�FHUDPLF�
YHVVHO�GUXP�XVHG�E\�WKH�1DWFKH]�EXW�DOVR�GHVFULEHV�WKH�
FRQWH[WV�LQ�ZKLFK�VXFK�GUXPV�ZHUH�XVHG�

:3$�([FDYDWHG�+DUODQ�3KDVH�0RXQG�6LWHV�LQ�WKH�
$UNDQVDV�5LYHU�'UDLQDJH
$PDQGD�5HJQLHU��6FRWW�+DPPHUVWHGW��DQG�6KHLOD�6DYDJH
2NODKRPD�$UFKHRORJLFDO�6XUYH\

%HWZHHQ������DQG�������WKH�8QLYHUVLW\�RI�2NODKRPD�
VSRQVRUHG�H[FDYDWLRQV�IXQGHG�E\�IHGHUDO�GHSUHVVLRQ�
UHOLHI�SURJUDPV�DW�D�QXPEHU�RI�PRXQG�VLWHV�LQ�WKH�
$UNDQVDV�GUDLQDJH�RI�HDVWHUQ�2NODKRPD���:KLOH�WKH�
UHVXOWV�RI�H[FDYDWLRQV�DW�VRPH�VLWHV��SDUWLFXODUO\�6SLUR��
KDYH�EHHQ�VWXGLHG�DQG�ZULWWHQ�DERXW�H[WHQVLYHO\��RWKHUV�
KDYH�EHHQ�DOO�EXW�LJQRUHG���:H�KDYH�UHFHQWO\�FRPSOHWHG�
D�PDQXVFULSW�GRFXPHQWLQJ�WKH�H[FDYDWLRQV�DW�VHYHQ�RI�
WKH�PRXQG�VLWHV���,Q�WKLV�SDSHU��ZH�GLVFXVV�WKUHH�OLWWOH�
NQRZQ�VLWHV��(XIDXOD��+XJKHV��DQG�%UDFNHWW��ZKLFK�ZHUH�
RFFXSLHG�GXULQJ�WKH�+DUODQ�SKDVH��$'������������DQG�
FRPSDUH�WKHP�WR�FRQWHPSRUDQHRXV�VLWHV�LQ�WKH�$UNDQVDV�
GUDLQDJH��

7�%DU�DQG�:HGJH�0RXWK�YHUVXV�/LJKWQLQJ�DQG�
7KXQGHU
*HRUJH�6DER�,,,
$UNDQVDV�$UFKHRORJLFDO�6XUYH\

,Q�WKHLU�PRQXPHQWDO�3UH�&ROXPELDQ�6KHOO�(QJUDYLQJV�
IURP�WKH�&UDLJ�0RXQG�DW�6SLUR��2NODKRPD��3KLOLS�
3KLOOLSV�DQG�-DPHV�$��%URZQ�FRQVROLGDWH�D�VHULHV�
RI�FRPSRVLWLRQV��3ODWHV�����±������ZLWKLQ�D�
³3DLUHG�)LJXUHV�&RQIURQWLQJ�D�)RUNHG�3ROH´�WKHPH��
$QWKURSRPRUSKLF�¿JXUHV�RQ�RSSRVLWH�VLGHV�RI�WKH�
IRUNHG�SROH�H[KLELW�³7�%DU´�DQG�³:HGJH�0RXWK´�IDFLDO�
PDUNLQJV��7KLV�SUHVHQWDWLRQ�UHYLHZV�RQJRLQJ�GLVFXVVLRQV�
FRQFHUQLQJ�WKH�VWRU\�WKHVH�LPDJHV�DUH�LQWHQGHG�WR�
FRQYH\��ZLWK�VSHFLDO�DWWHQWLRQ�GHYRWHG�WR�WKH�SURSRVLWLRQ�
WKDW�WKH�¿JXUHV�PLJKW�UHÀHFW�DQ�DQFLHQW�SUHFXUVRU�WR�
³7KH�%URWKHUV�ZKR�EHFDPH�/LJKWQLQJ�DQG�7KXQGHU´�
QDUUDWLYH�UHSURGXFHG�LQ�*HRUJH�$��'RUVH\¶V�7UDGLWLRQV�
RI�WKH�&DGGR�

$�3DUWLDO�$QDO\VLV�RI�&HUDPLF�6KHUGV�&ROOHFWHG�IURP�
WKH�%RZPDQ�6LWH���/5����/5����LQ�/LWWOH�5LYHU�
&RXQW\��$UNDQVDV
$QQD�6XDUH]��3DXOD�/RQJ��'XQFDQ�3��0F.LQQRQ
8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV

$�FROOHFWLRQ�RI�XQVRUWHG�FHUDPLF�VKHUGV�IURP�WKH�
%RZPDQ�VLWH���/5����/5����ZDV�UHFHQWO\�DQDO\]HG�E\�
VWXGHQWV�DW�WKH�8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV��8&$��
DV�SDUW�RI�D�GLUHFWHG�VWXG\�FRXUVH�LQ�DUFKDHRORJLFDO�
PHWKRG��7KH�FROOHFWLRQ�LV�RQ�ORDQ�IURP�WKH�$UNDQVDV�
$UFKDHRORJLFDO�6XUYH\��$5$6��UHVHDUFK�VWDWLRQ�LQ�
0DJQROLD��$UNDQVDV�DQG�LV�ODUJHO\�FRPSRVHG�RI�DUWLIDFWV�
REWDLQHG�E\�ORFDO�FROOHFWRUV�-RH�6KXUWOHII��-DPHV�&KDQFH��
+DUROG�6SHQFHU��DQG�&OHDWLRXV�7KRPDV�WKURXJKRXW�
WKH�����V��$URXQG����ER[HV�GH¿QH�WKH�FROOHFWLRQ�DQG�
WKH�DQDO\VLV�LV�RQO\�SDUWLDOO\�FRPSOHWH�DW�WKLV�WLPH��
1RQHWKHOHVV��WKH�ZRUN�FRQGXFWHG�WKXV�IDU�FRQWULEXWHV�
WR�EURDGHU�JRDOV�RI�LQYHQWRU\LQJ�%RZPDQ�PDWHULDO�DQG�
GHYHORSLQJ�D�EHWWHU�XQGHUVWDQGLQJ�RI�FHUDPLF�GHVLJQ�
VW\OHV��PDQXIDFWXULQJ�IRUPV��DQG�YHVVHO�W\SHV�SUHVHQW�
DW�WKH�VLWH��,Q�WKLV�SDSHU�ZH�LQWURGXFH�WKH�%RZPDQ�
VLWH��VXPPDUL]H�WKH�KLVWRU\�RI�H[FDYDWLRQV��DQG�SUHVHQW�
SUHOLPLQDU\�UHVXOWV�IURP�WKH�GLUHFWHG�VWXG\�
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6SLUR�DQG�WKH�$UW�RI�WKH�0LVVLVVLSSLDQ�:RUOG�
(ULF�6LQJOHWRQ
1DWLRQDO�&RZER\�DQG�:HVWHUQ�+HULWDJH�0XVHXP

7KLV�SUHVHQWDWLRQ�GLVFXVVHV�WKH�YDULRXV�FRPSRQHQWV�
FXUUHQWO\�EHLQJ�GHYHORSHG�E\�WKH�1DWLRQDO�&RZER\�
	�:HVWHUQ�+HULWDJH�0XVHXP�IRU�WKH�6SLUR�0RXQGV�
H[KLELWLRQ�RSHQLQJ�LQ�)HEUXDU\���������7KH�JRDO�LV�WR�
SUHVHQW��SURPRWH��DQG�HOLFLW�GLVFXVVLRQ�DQG�IHHGEDFN�
IURP�WULEDO�PHPEHUV�DQG�VFKRODUV�UHJDUGLQJ�SRWHQWLDO�
WKHPHV��OD\RXW��DQG�SUHVHQWDWLRQ�RI�REMHFWV���

7KH�&DGGR�*UDVV�+RXVH�3URMHFW
-HIIUH\�0��:LOOLDPV
6WHSKHQ�)��$XVWLQ�6WDWH�8QLYHUVLW\

$�WUDGLWLRQDO�&DGGR�JUDVV�KRXVH�ZDV�EXLOW�DW�&DGGR�
0RXQGV�6WDWH�+LVWRULF�6LWH�QHDU�$OWR��7H[DV�GXULQJ�WKH�
VXPPHU�RI�������7KH�IXOO\�IXQFWLRQDO�JUDVV�KRXVH�ZDV�
FRQVWUXFWHG�WKURXJK�D�SDUWQHUVKLS�ZLWK�&DGGR�1DWLRQ�
HOGHU�3KLO�&URVV�DQG�WKH�)ULHQGV�RI�&DGGR�0RXQGV���7KH�
3URMHFW�LQFOXGHG�IXQGLQJ�IRU�D�&DGGR�DSSUHQWLFH�WR�ZRUN�
ZLWK�3KLO�DQG�WKH�SURGXFWLRQ�RI�D�GRFXPHQWDU\�¿OP�WKDW�
UHFRUGHG�WKH�FRQVWUXFWLRQ�RI�WKH�&DGGR�KRXVH�IURP�WKH�
LGHQWL¿FDWLRQ�DQG�FROOHFWLRQ�RI�UDZ�PDWHULDOV�WKURXJK�
WKH�¿QDO�WKDWFKLQJ���7KH�QHZ�JUDVV�KRXVH�SURYLGHV�
&DGGR�0RXQGV�6WDWH�+LVWRULF�6LWH�ZLWK�D�WDQJLEOH�DQG�
YLVXDO�IRXQGDWLRQ�IRU�LQWHUSUHWLQJ�&DGGR�OLIHVW\OH�DQG�
FXOWXUH���7KH�&DGGR�KRXVH�FUHDWHV�PXOWLSOH�RSSRUWXQLWLHV�
IRU�LQ�GHSWK�FXOWXUDO�H[FKDQJH�DQG�RIIHUV�VXSSOHPHQWDO�
KLVWRULFDO�UHIHUHQFH�RI�WKH�&DGGR�SHRSOH�WKURXJK�WKH�
SUHVHUYDWLRQ�DQG�GLVVHPLQDWLRQ�RI�&DGGR�NQRZOHGJH�
DERXW�WKH�VNLOOV�UHTXLUHG�WR�JDWKHU�WKH�QHHGHG�QDWXUDO�
UHVRXUFHV�DQG�WKH�SURFHVVHV�RI�GHVLJQ�DQG�FRQVWUXFWLRQ�
RI�WUDGLWLRQDO�&DGGR�JUDVV�KRXVHV�

3RVWHU�$EVWUDFWV

'HWHUPLQDWLRQ�RI�WKH�2ULJLQ�RI�&DGGR�$UWLIDFWV�8VLQJ�
6(0�('6
/LQGVH\�+D]HVOLS��$QQD�6XDUH]�'DYLV��5REHUW�0DXOGLQ��
7RP�0F&XWFKHQ��DQG�'XQFDQ�3��0F.LQQRQ
8QLYHUVLW\�RI�&HQWUDO�$UNDQVDV

7KH�SXUSRVH�RI�WKLV�SURMHFW�LV�WR�DQDO\]H�D�VHW�RI�
&DGGR�DUWLIDFWV��FXUUHQWO\�RQ�ORDQ�IURP�WKH�$UNDQVDV�
$UFKHRORJLFDO�6RFLHW\��LQ�RUGHU�WR�GHWHUPLQH�ZKHWKHU�
WKH\�DUH�QDWXUDOO\�RFFXUULQJ�RU�KXPDQ�PDGH��7KH\�ZHUH�

H[FDYDWHG�IURP�0RXQG���DW�WKH�%RZPDQ�VLWH�LQ�WKH�
����¶V��,W�ZDV�K\SRWKHVL]HG�WKDW�WKH�DUWLIDFWV�DUH�D�W\SH�
RI�³LURQ�FRQFUHWLRQ´�WKDW�EXLOW�XS�RYHU�WLPH�GXH�WR�WKH�
ÀRZ�RI�ZDWHU�WKURXJK�WKH�VHGLPHQW�QHDU�WKH�5HG�5LYHU��
7KLV�SURMHFW�XVHG�D�VFDQQLQJ�HOHFWURQ�PLFURVFRSH��6(0��
ZLWK�DQ�HQHUJ\�GLVSHUVLYH�[�UD\�VSHFWURPHWHU�WR�DQDO\]H�
WKH�DUWLIDFWV��7KH�6(0�KHOSHG�GHWHUPLQH�ZKLFK�HOHPHQWV�
DUH�SUHVHQW��DQG�SURYLGHG�D�URXJK�HVWLPDWLRQ�RI�WKH�
SHUFHQWDJH�RI�HDFK�HOHPHQW�LQ�WKH�VDPSOH��7KH�6(0�LV�D�
QRQ�GHVWUXFWLYH�LQVWUXPHQW��DOORZLQJ�IRU�WKH�VDPH�SLHFH�
RI�VDPSOH�WR�EH�XVHG�LQ�IXUWKHU�WHVWV��7KH�6(0�LGHQWL¿HG�
VDQG��6L2���SDUWLFOHV�HPEHGGHG�LQ�DQ�LURQ�R[LGH�PDWUL[�
LQ�WKH�H[SRVHG�LQWHULRU�RI�WKH�VDPSOH��ZKLFK�VXSSRUWV�
WKH�K\SRWKHVLV�WKDW�WKHVH�DUWLIDFWV�DUH�QDWXUDOO\�RFFXUULQJ�
³LURQ�FRQFUHWLRQV´�DQG�QRW�KXPDQ�PDGH��

%HJLQQLQJ�WKH�&HUDPLF�$QDO\VLV�RI��69����+ROPDQ�
6SULQJV��$�&DGGR�6DOW�3URFHVVLQJ�6LWH�LQ�6HYLHU�
&RXQW\��$UNDQVDV
)LRQD�7D\ORU��$UNDQVDV�$UFKHRORJLFDO�6XUYH\

7KH�REMHFWLYH�RI�WKLV�SRVWHU�LV�WR�SUHVHQW�GDWD�FROOHFWHG��
UHVHDUFK�PHWKRGV��DQG�FRQFOXVLRQV�GUDZQ�IURP�WKH�
RQJRLQJ�FHUDPLF�DQDO\VLV�RI�WKH�+ROPDQ�6SULQJV�VLWH�
��69�����7KLV�VLWH�ZDV�H[FDYDWHG�GXULQJ�WKH������DQG�
�����$UNDQVDV�$UFKHRORJLFDO�6RFLHW\¶V�$QQXDO�7UDLQLQJ�
3URJUDPV��KRZHYHU��QR�V\VWHPDWLF�DQDO\VLV�RU�UHSRUWLQJ�
RI�WKH�DUWLIDFWV�ZDV�XQGHUWDNHQ�DW�WKH�WLPH��7KH�$UNDQVDV�
$UFKHRORJLFDO�6XUYH\¶V�6RXWKHUQ�$UNDQVDV�8QLYHUVLW\�
5HVHDUFK�6WDWLRQ�LQ�0DJQROLD��$UNDQVDV�FXUUHQWO\�
KRXVHV�����ER[HV�RI�DUWLIDFWV�IURP�DUFKHRORJLFDO�
H[FDYDWLRQV�DW�WKH�+ROPDQ�VLWH������RI�ZKLFK�DUH�¿OOHG�
ZLWK�SRWWHU\�VKHUGV��7KLV�WUDQVODWHV�WR�DERXW�����
RI�DOO�DUWLIDFWV�UHFRYHUHG�IURP�+ROPDQ�6SULQJV��%\�
EHJLQQLQJ�WKH�V\VWHPDWLF�DQDO\VLV�DQG�LQYHQWRU\�RI�WKH�
FHUDPLF�DVVHPEODJH��,�DP�IXO¿OOLQJ�UHVHDUFK�REOLJDWLRQV�
SUHYLRXVO\�OHIW�XQFRPSOHWHG��&XUUHQWO\��,�KDYH�H[DPLQHG�
DQG�LQYHQWRULHG�DERXW������RI�WKH�FHUDPLF�FROOHFWLRQ��
ZKLFK�WRWDOV�PRUH�WKDQ�������VKHUGV��7KH�PDMRULW\�RI�
VKHUGV�LQYHQWRULHG�KDYH�EHHQ�ERG\�VKHUGV�IURP�ODUJH��
XWLOLWDULDQ�VWRUDJH�YHVVHOV��$OWKRXJK�QR�GLDJQRVWLF�
DUWLIDFWV�KDYH�EHHQ�LQYHQWRULHG�DQG�QR�VDPSOHV�IRU�
UDGLRFDUERQ�GDWLQJ�KDYH�EHHQ�VHQW�DW�WKLV�WLPH��,�EHOLHYH�
WKLV�LV�D�/DWH�&DGGR�VLWH��8VLQJ�DQ�$FFHVV�'DWDEDVH��,�
KDYH�EHHQ�UHFRUGLQJ�GHFRUDWLRQ��WHPSHU��FRXUVH�RU�¿QH�
ZDUHV��VKHUG�IRUPV��EDVH��ERG\��RU�ULP���ER[�ORFDWLRQ��
DQG�FHUDPLF�W\SHV�ZKHQ�SRVVLEOH��7KLV�SRVWHU�UHÀHFWV�
GDWD�JDWKHUHG�IURP�WKLV�DQDO\VLV��
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