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35($0%/(�
7KH�JHRJUDSKLFDO�UHJLRQ�RI�&DXFDVXV��LQFOXGLQJ�WKH�FRXQWULHV�RI�$UPHQLD��$]HUEDLMDQ��
*HRUJLD�DQG�VRXWK�RI�(XURSHDQ�5XVVLD��LV�ORFDWHG�ZLWKLQ�WKH�&DXFDVXV�%LRGLYHUVLW\�
+RWVSRW�DQG�D�³9XOQHUDEOH´�(FRUHJLRQ�DV�LGHQWLILHG�E\�::)�DQG�&RQVHUYDWLRQ�
,QWHUQDWLRQDO��)LJ������7KH�UDUHVW�PDPPDOLDQ�VSHFLHV�RI�WKLV�UHJLRQ�LV�WKH�3HUVLDQ�OHRSDUG�
�3DQWKHUD�SDUGXV�VD[LFRORU� �3�S��FLVFDXFDVLFD��ZKLFK�LV�OLVWHG�DV�³(QGDQJHUHG´�LQ�WKH�
QDWLRQDO�5HG�'DWD�%RRNV�DQG�LQ������,8&1�5HG�/LVW�RI�7KUHDWHQHG�6SHFLHV��0RVW�OLNHO\��
YLDEOH�SRSXODWLRQV�RI�WKLV�ELJ�FDW�KDYH�DOUHDG\�GLVDSSHDUHG�RXWVLGH $UPHQLD��%DGULG]H�HW�
DO���������*DGMLHY��������3HQ]LNRY��������DQG�VRXWKHUQ�$UPHQLD��$UDUDW��9D\RWV�']RU�DQG�
6LXQLN�3URYLQFHV��VHHPV�WR�VWD\�WKH�OHRSDUG�VWURQJKROG�LQ�WKH�ZKROH�UHJLRQ�GXH�WR�LWV�
FRQQHFWLYLW\�ZLWK�QRUWKHUQ�,UDQ�ZKHUH�VLJQLILFDQW�OHRSDUG�QXPEHUV�VWLOO�OLYH��.LDEL�HW�DO���
�������)LJ���D�F���$W�WKH�VDPH�WLPH��VHYHUDO�LQGLYLGXDOV�VWLOO�VXUYLYH�LQ�H[WUHPH VRXWK�HDVW�
RI�$]HUEDLMDQ¶V�1DNKLFKHYDQ�5HSXEOLF�ZKLFK�DGMRLQV�QRUWKHUQ�,UDQ�DQG�VRXWKHUQ�$UPHQLD�
�(��$VNHURY��SHUV��FRPP��± )LJ���G���6RPH�SUHGDWRUV�PD\�DOVR SHQHWUDWH�IURP�,UDQ�WR�
7DO\VK�0RXQWDLQV�LQ�VRXWK�HDVWHUQ�$]HUEDLMDQ�
8QIRUWXQDWHO\��WKH�OHRSDUG�FRQVHUYDWLRQ�LQ�WKH�&DXFDVXV�KDV�EHHQ�DJJUDYDWHG�E\�H[LVWLQJ�
SROLWLFDO�WHQVLRQ�EHWZHHQ�$UPHQLD�DQG�$]HUEDLMDQ��WZR�FRXQWULHV�ZKLFK�KROG�IXOO�
UHVSRQVLELOLW\�IRU�VDYLQJ�WKH�UHJLRQ¶V�OHRSDUGV��7KH�$UPHQLDQV�FDQ�VWXG\�DQG�SUHVHUYH�WKLV�
SUHGDWRU�LQ�0HJKUL��%DUJXVKDW�ULGJHV��VRXWK�RI�=DQJH]RXU�ULGJH��ORFDOLW\�%RKDTDU���
*QGDVDU�0W��1RUDYDQN�&DQ\RQ�DUHD�DQG�.KRVURY�5HVHUYH��1R�������������������LQ�)LJ���F���
7KH�$]HUEDLMDQL�FDQ�GR�WKDW�RQO\�LQ�H[WUHPH�VRXWK�HDVW RI�1DNKLFKHYDQ�LQ�=DQJH]RXU�
ULGJH��1R����LQ�)LJ���F���0RVW�RI�ORQJ�=DQJH]RXU�ULGJH�ZKLFK�FRQQHFWV�VRXWKHUQ�$UPHQLD�
DQG�1DNKLFKHYDQ�ZLWK�.KRVURY�5HVHUYH�DQG�LWV�FRUULGRU�*QGDVDU�0W��1RUDYDQN�&DQ\RQ�
DUHD�VWUHWFKHV�ULJKW�DORQJ�WKH�$UPHQLDQ�$]HUEDLMDQL�VWDWH�ERUGHU�DQG�LV�WKXV�FORVHG�IRU�DQ\�
ZLOGOLIH�UHVHDUFK�DQG�RU�FRQVHUYDWLRQ�E\�HLWKHU�SDUW\��1R���������������LQ�)LJ���F��
7KH�ILUVW�VFLHQWLILF�HIIRUWV�WR�VWXG\�WKH�OHRSDUG�HFRORJ\�LQ�$UPHQLD�ZHUH�VWDUWHG�E\�XV�LQ�
�����LQ�WKH�FRXQWU\¶V�SUHPLHU�SURWHFWHG�DUHD��.KRVURY�5HVHUYH�LQ�VRXWK�ZHVWHUQ�SDUW�RI�
WKH�FRXQWU\��DQG�LQ�LWV�ZLOGOLIH�FRUULGRU�ZLWK�VRXWKHUQ�$UPHQLD��*QGDVDU�0W��1RUDYDQN�
&DQ\RQ�DUHD��$UDUDW�DQG�9D\RWV�']RU�SURYLQFHV�± VHH�)LJ���D��E��.KRUR]\DQ�DQG�
0DONKDV\DQ��������.KRUR]\DQ���������6XFK�DVSHFWV�DV�IHHGLQJ�KDELWV��SUHGDWRU�SUH\�
UHODWLRQVKLSV��IHHGLQJ�FRPSHWLWLRQ��VSDFH�XVH�DQG�GLVWULEXWLRQ��KXPDQ�LPSDFW�DQG�WKH�
HVVHQWLDO�FRQVHUYDWLRQ�PHDVXUHV�DUH�HPSKDVL]HG�LQ�WKHVH�SXEOLFDWLRQV��$IWHU�WKDW��LW�
EHFDPH�HVVHQWLDO�WR�HVWLPDWH�WKH�OHRSDUG�GHQVLW\�DQG�VWDWXV�LQ�6LXQLN�3URYLQFH��7KLV�
LQIRUPDWLRQ�ZRXOG�EH�D�VWURQJ�WRRO�LQ�WKH�KDQGV�RI�VFLHQWLVWV��FRQVHUYDWLRQLVWV��DXWKRULWLHV��
ORFDO�SHRSOH�DQG�GRQRUV�VWULYLQJ�WR�VDYH�WKH�OHRSDUG�IURP�H[WLQFWLRQ�LQ�WKH�&DXFDVXV��
7KLV�UHSRUW�VXPPDUL]HV�LQIRUPDWLRQ�GHULYLQJ�IURP�WKH�UHVHDUFK�SURMHFW�ZKLFK�WRRN�SODFH�LQ�
0HJKUL�UHJLRQ�RI�6LXQLN�3URYLQFH�DQG�FRQWLQXHG�IURP�'HFHPEHU������WR�1RYHPEHU�������
,WV�RYHUDOO�DLP�ZDV�WR�HVWLPDWH�WKH�OHRSDUG�GHQVLW\��VWUXFWXUH�DQG�VSDWLDO�GLVWULEXWLRQ�LQ�WKH�
VWXG\�DUHD�DQG�GHILQH�WKH�FUXFLDO�LPSRUWDQFH�RI�WKLV�LQIRUPDWLRQ�IRU�WKH�GHYHORSPHQW�DQG�
PDLQWHQDQFH�RI�ZRUNDEOH�FRQVHUYDWLRQ�
,PPHGLDWHO\�XSRQ�WKH�FRPSOHWLRQ�RI�SURGXFWLRQ�RI�WKLV�UHSRUW�LW�ZLOO�EH�WUDQVODWHG�LQWR�
$UPHQLDQ�DQG�5XVVLDQ�WR�EH�GLVWULEXWHG�DPRQJ�WKH�VFLHQWLVWV��FRQVHUYDWLRQ�DXWKRULWLHV��
HQYLURQPHQWDO�QRQ�JRYHUQPHQWDO�RUJDQL]DWLRQV�DQG�ORFDO�SHRSOH�LQ�$UPHQLD��,WV�RULJLQDO�
(QJOLVK�YHUVLRQ�ZLOO�EH�SRVWHG�RQ�RXU�ZHEVLWH��ZZZ�SHUVLDQOHRSDUG�FRP!�E\�WKH�HQG�RI�
WKH�\HDU������
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)LJ�����7KH�&DXFDVXV�ELRGLYHUVLW\�KRWVSRW�DQG�SRVLWLRQ�RI�$UPHQLD�LQ�LW��6RXUFHV��ZHEVLWHV�
ZZZ�ELRGLYHUVLW\KRWVSRWV�RUJ�DQG�ZZZ�FHSI�QHW

)LJ�����7KH�SURYLQFHV�RI�$UPHQLD��D��� OHRSDUG�UDQJH�LQ�WKH�FRXQWU\��E���WKH�SULQFLSDO�PRXQWDLQ�ULG JHV�
GHWHUPLQLQJ�WKH�FXUUHQW�OHRSDUG�GLVWULEXWLRQ�LQ�WKH�&DXFDVXV��F��DQG�WKH�OHRSDUG�VHDUFK�URXWHV�DQG�UHFRUG�
VLWHV�LQ�1DNKLFKHYDQ�5HSXEOLF�RI�$]HUEDLMDQ��G���6RXUFHV��2IILFH�RI�::)�3URJUDPV�LQ�$UPHQLD��D�DQG�F������
6��$VPDU\DQ��&HQWHU�IRU�(FRORJLFDO�6WXGL HV��$UPHQLD��E��DQG�(��$VNHURY��2IILFH�RI�::)�3URJUDPV�LQ�
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$&.12:/('*(0(176�
7KLV�SURMHFW�ZRXOG�EH�LPSRVVLEOH�ZLWKRXW�JHQHURXV�ILQDQFLDO�VXSSRUW�SURYLGHG�E\�3HRSOH¶V�
7UXVW�IRU�(QGDQJHUHG�6SHFLHV��37(6��8.��IRU�LPSOHPHQWDWLRQ�RI�DOO�DFWLYLWLHV�GHVFULEHG�LQ�
WKLV�UHSRUW�DQG�,�RSHQKHDUWHGO\�WKDQN�1��$O�)XODLM��37(6�'HYHORSPHQW�0DQDJHU��IRU�KHU�
LQWHUHVW�DQG�HQFRXUDJHPHQW��,�DOVR�WKDQN�-��/LOOHRU��&XUDWRU�RI�$DOERUJ�=RR��'HQPDUN��IRU�
IXQGLQJ�RI�SXUFKDVH�RI�WKH�7UDLO0DVWHU�FDPHUD�SKRWR�WUDSV�DQG�WKHLU�DFFHVVRULHV�XVHG�LQ�
WKLV�SURMHFW��*HRJUDSKLFDO�PHDVXUHPHQWV�ZHUH�PDGH�E\�*36�GHYLFH�ZKLFK�ZDV�
SXUFKDVHG�GXH�WR�D�VPDOO�JUDQW�IURP�'RXH�OD�)RQWDLQH�=RR��)UDQFH��± WKDQNV�JR�WR�
3��*D\��=RR�0DQDJHU��
$��0DONKDV\DQ�IURP�WKH�0LQLVWU\�RI�1DWXUH�3URWHFWLRQ� $UPHQLD�ZDV�P\�LQYDOXDEOH�SDUWQHU�
LQ�DOO�ILHOG�WULSV�DQG�,�IHHO�UHDOO\�LQGHEWHG�WR�KLP�IRU�KLV�SHUVRQDO�DQG�SURIHVVLRQDO�DVVHWV��
$��$JKDV\DQ�IURP�WKH�$JHQF\�IRU�%LRORJLFDO�5HVRXUFHV�SURYLGHG�DGPLQLVWUDWLYH�ERRVW�WR�
WKLV�SURMHFW��6��+RYKDQQLV\DQ��'LUHFWRU�RI�0HJKUL�)RUHVW�)DUP���*��%R\DM\DQ��
$��3RJKRV\DQ��ERWK�± 1XYDGL�YLOODJH��DQG�WKHLU�IDPLOLHV�RIIHUHG�WKHLU�FRUGLDO�KRVSLWDOLW\�DQG�
DVVLVWDQFH�LQ�WKH�ILHOG��$GYLFHV�RI�:�'��*RRGVRQ��86$���$�$��&DQHGL��$UJHQWLQD��DQG�
0��)DUKDGLQLD��,UDQ��RQ�GLIIHUHQW�DVSHFWVRI�FDPHUD�SKRWR�WUDSSLQJ�ZHUH�FUXFLDOO\�LPSRUWDQW�
IRU�XV��9��/XNDUHYVN\��5XVVLD��ZDV�RXU�ILHOG�FRPSDQLRQ�LQ�-XO\�DQG�VKDUHG�ZLWK�XV�KLV�ILHOG�
NQRZOHGJH�DQG�VNLOOV��(��$VNHURY��$]HUEDLMDQ��VKDUHG�ZLWK�XV�YHU\�LQWHUHVWLQJ�DQG�XVHIXO�
LQIRUPDWLRQ�DERXW�WKH�FXUUHQW�OHRSDUG�VWDWXV�LQ�KLV�FRXQWU\��&��%LOJLQ��7XUNH\��SURYLGHG�YHU\�
YDOXDEOH�LQIRUPDWLRQ�DERXW�WKLQ�OD\HU�FKURPDWRJUDSK\�RI�IHFDO�ELOH�DFLGV�IRU�VSHFLHV�
LGHQWLILFDWLRQ��0��*DXWKLHU��&DQDGD��RIIHUHG�KLV�HQWKXVLDVP�DQG�SURIHVVLRQDOLVP�IRU�
SURGXFWLRQ�DQG�XVH�RI�SKHURPRQH�OXUHV��-��0D\QDUG��86$��DQG�/��+DQVVHQ��1DPLELD��
JDYH�PH�LQWHUHVWLQJ�LGHDV�DERXW�WKH�XVH�RI�OXUHV�LQ�OHRSDUG�UHVHDUFK��$QG��DW�ODVW��,�JUHDWO\�
DSSUHFLDWH�WKH�DVVLVWDQFH�RI�VR�PDQ\�SHRSOH�ZKR�VXSSOLHG�PH�ZLWK�LQIRUPDWLRQ�OLVWHG LQ�
5HIHUHQFHV�± WKDQN�\RX��P\�FROOHDJXHV�DQG�IULHQGV�
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&KDSWHU����&$0(5$�3+272�75$33,1*�
,QWURGXFWLRQ�

&DPHUD�SKRWR�WUDSSLQJ��37��LV�DQ�DGYDQFHG�WHFKQLTXH�ZKLFK�DOORZV�WR�SKRWRJUDSK�HOXVLYH�
DQG�UDUH�DQLPDOV�OLYLQJ�LQ�FKDOOHQJLQJ HQYLURQPHQWV�HLWKHU�WKURXJK�GHWHFWLRQ�RI�ERG\�KHDW�
�SDVVLYH�37��RU�ZKHQ�WKH�LQIUDUHG�EHDP�HPLWWHG�E\�GHYLFH�LV�EURNHQ�E\�SDVVLQJ�DQLPDO�
�DFWLYH�37���$QDO\VLV�RI�WKH�SLFWXUHV�FROOHFWHG�E\�WKLV�PHWKRG�PD\�JLYH�YHU\�LPSRUWDQW�
LQIRUPDWLRQ�DERXW�WKH�SRSXODWLRQVL]H�DQG�GHQVLW\�LI�WKH�WDUJHW�VSHFLHV�KDV�ERG\�PDUNLQJV��
IRU�H[DPSOH�VSRWV�RU�VWULSHV��ZKLFK�DUH�LQGLYLGXDOO\�GLVWLQJXLVKDEOH��7KH�VWDWLVWLFDO�SURJUDP�
&$3785(�PDNHV�LW�SRVVLEOH�WR�PDNH�WKH�HVWLPDWLRQV�WDNLQJ�LQWR�DFFRXQW�VXFK�YDULDEOHV�
DV�LQGLYLGXDO�KHWHURJHQHLW\��EHKDYLRUDO�UHVSRQVH�WR�SKRWR�WUDSV��WLPH�DQG�WKHLU�
FRPELQDWLRQV��.DUDQWK��������.DUDQWK�DQG�1LFKROV����������
7KH�37�KDV�ZLGHO\�EHHQ�XVHG�WR�VWXG\�WKH�VL]H�DQG�VWUXFWXUH�RI�SRSXODWLRQV�LQ�GLIIHUHQW�
ZLOG�FDW�VSHFLHV�DURXQG�WKH�ZRUOG��)RU�WKH�OHRSDUG��WKLV�DSSURDFK�LV�XVHG�LQ�,YRU\�&RDVW�
�-HQQ\���������2PDQ��6SDOWRQ���������5XVVLDQ�)DU�(DVW��0LTXHOOH�HW�DO����������=DQ]LEDU�
�$QRQ\PRXV��������DQG�0RURFFR��-HQVHQ�DQG�5RPDQVNL���������6RPH�LQIRUPDWLRQ�DERXW�
WKH�OHRSDUG�37�LV�DYDLODEOH�DOVR�IURP�OLWHUDWXUH�ZKLFK�GHVFULEHV�WKH�XVH�RI�WKLV�PHWKRG�IRU�
WKH�WLJHU��3DQWKHUD�WLJULV��UHVHDUFK�DQG�PRQLWRULQJ��.DUDQWK�DQG�1LFKROV��������.DZDQLVKL��
�������

0HWKRGV�
7KH�VWXGLHV�ZHUH�FRQGXFWHG�LQ�-DQXDU\�� 1RYHPEHU������LQ�0HJKUL�UHJLRQ�FKRVHQ�E\�
::)�&DXFDVXV�OHRSDUG�SURMHFW�1R��**���������6ZLW]HUODQG�� IRU�WKH�HVWDEOLVKPHQW�RI�WKH�
ILUVW�OHRSDUG�WDUJHWHG�SURWHFWHG�DUHD�LQ�VRXWKHUQ�$UPHQLD��7KLV�VWXG\�DUHD�HQFRPSDVVHG�
WKH�ODUJH�SRUWLRQ�RI�6KYDQLG]RU�IRUHVWU\�RI�0HJKUL�)RUHVW�)DUP��OHVNKR]��ZKLFK�VLWV�DVWULGH�
WKH�0HJKUL�ULGJH��,W�ZDV�ORFDWHG�EHWZHHQ�WKH�YLOODJHV�1XYDGL�RQ�WKH�VRXWK��6KYDQLG]RU�RQ�
WKH�VRXWK�ZHVW��7VDY�RQ�WKH�QRUWK�DQG�WKH�VWDWH�ERUGHU�ZLWK�$]HUEDLMDQ�RQ�WKH�HDVW��)LJ��
���

)LJ�����7KH�VWXG\�DUHD�LQ�0HJKUL�UHJLRQ�RI�6LXQLN�3URYLQFH��V RXWKHUQ�$UPHQLD��
3URGXFHG�E\�6��$VPDU\DQ��&HQWHU�IRU�(FRORJLFDO�6WXGLHV��$UPHQLD�
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7KLV�UHJLRQ�FRQWDLQV�WKH�PRVW�UXJJHG�WHUUDLQ�LQ�$UPHQLD��ZLWK�GHFOLQH�IURP�RYHU������P�
GRZQ�WR�����P�LQ�$UD[�ULYHUVLGH�ULJKW�RQ�WKH�ERUGHU�ZLWK�,UDQ��7KH�UHOLHI�UHSUHVHQWV�DQ�
DUUD\�RI�QXPHURXV�PRXQWDLQ�ULGJHV��GHHS�DQG�SUHFLSLWRXV�FDQ\RQV�FRYHUHG�PDLQO\�E\�
VSDUVH�MXQLSHU�IRUHVW�ZLWK�GU\�JUDVVODQG��)LJ������0HJKUL�LV�WKH�ZDUPHVW�GU\�VXEWURSLFDO�
DUHD�LQ�$UPHQLD��ZLWK�PHDQ�DQQXDO�DLU�WHPSHUDWXUH�����R&��0HDQ�DQQXDO�SUHFLSLWDWLRQ�
PDNHV�����PP��PD[LPXP�RI�ZKLFK�IDOOV�LQ�0DUFK�� -XQH������������DQG�PLQLPXP�LQ�-XO\ �
$XJXVW������������0DQDV\DQ�HW�DO����������+RZHYHU��WKH�SHULRG�'HFHPEHU������± 0D\�
�����KDG�XQEHOLHYDEO\�KDUVK�ZLQWHU�DQG�ZH�VXFFHHGHG�WR�ZRUN�RQO\�D�IHZ�GD\V�LQ�-DQXDU\�
DQG�0DUFK��,Q�WKLV�SHULRG��WKH�DLU�WHPSHUDWXUHV�UHDFKHG�������R&�DQG�WKHUHIRUH�ZHUH�HYHQ�
EHORZ�WKH�H[WUHPH�PLQLPD�UHFRUGHG�VR�IDU�LQ�WKLV�UHJLRQ�����R&���0DQDV\DQ�HW�DO���������
)RXU�7UDLO0DVWHU��FDPHUD�SKRWR�WUDS�XQLWV��86$���KHUHLQDIWHU�UHIHUUHG�WR�DV XQLWV��ZHUH�
VHW�XS�RQ�WKH�OHRSDUG�WUDLOV�XQDPELJXRXVO\�LGHQWLILHG�E\�XV�RQ�D�EDVLV�RI�SUHVHQFH�RI�
OHRSDUG�VFDWV��WUDFNV��VLJKWLQJV�E\�ORFDO�SHRSOH��SUH\�VLJQV��ZDWHULQJ�SODFHV�DQG�WUDLO�
LQWHUVHFWLRQV��)RU�FRUUHFW�XQLW�RSHUDWLRQV�DQG�SURGXFWLYH�ZRUN�LQ�WKH ZLOG��ZH�UHIHUUHG�WR�
PDQXIDFWXUHU¶V�PDQXDOV��SURIHVVLRQDO�DGYLFHV��:�'��*RRGVRQ��$�$��&DQHGL�DQG�0��
)DUKDGLQLD��DQG�SDSHUV�.DUDQWK���������.DUDQWK�DQG�1LFKROV���������.DUDQWK�HW�DO��������
DQG�.XFHUD�DQG�%DUUHWW���������(DFK XQLW�FRQVLVWHG�RI�70������FDPHUD�NLW��&DQRQ�
$��3ULPD�$6�������PP��ZHDWKHU�SURRI��DXWR�IRFXV��DXWR�IODVK�DQG�DXWR�ZLQG���70������
LQIUDUHG��,5��WUDQVPLWWHU�DQG�70������DFWLYH�,5�WUDLO�PRQLWRU��UHFHLYHU��WKDW�DFWLYDWHG�WKH�
FDPHUD�DQG�UHFRUGHG�WKH�GDWH��WLPH��HYHQW�DQG�SKRWR�FDSWXUH�HDFK�WLPH�WKH�,5�EHDP�
HPLWWHG�E\�WUDQVPLWWHU�LV�EURNHQ�E\�D�SDVVLQJ�DQLPDO��7KURXJKRXW�WKH�VWXG\��ZH�XVHG�WKH�
����H[SRVXUH����PP�QHJDWLYH�FRORU�ILOP�.RGDN�3URIHVVLRQDO�3UR)RWR������8.��DQG�ORQJ�
OLIH�EDWWHULHV�'XUDFHOO�3OXV��%HOJLXP���7KLV�ILOP�JDYH�XV�WKH�EHVW�TXDOLW\�SLFWXUHV��$SDUW�
IURP�GDWH�WLPH�VHW�LQ�FDPHUD�DQG�UHFHLYHU��WKH�IROORZLQJ�WHFKQLFDO�SDUDPHWHUV�ZHUH�VHW�LQ�
UHFHLYHU�DFFRUGLQJ�WR�PDQXIDFWXUHU¶V�PDQXDO��1R��RI�XQLW��8Q����8Q����8Q����8Q�����
FDPHUD�VHQVLWLYLW\������VHF���SHULRG�QHHGHG�IRU�,5�EHDP�WR�EH�EURNHQ�IRU�UHJLVWUDWLRQ�RI�
HYHQW���FDPHUD�GHOD\����PLQ���WLPH�VSDQ�EHWZHHQ�WZR�VXEVHTXHQW�SKRWRJUDSKV������K�
UHJLPH�RI�QLJKW�SKRWRJUDSKLQJ�IURP�������WR������DQG�EDXG�UDWH������RI�GDWD�WUDQVIHU�WR�
70�'DWD�&ROOHFWRU�DQG�70�6WDW3DFN�VRIWZDUH��:H�XVHG�WKH�³)ODVK�RQ´�PRGH�LQ�QLJKW�
SKRWRJUDSKLQJ��EHFDXVH�LQ�&DQRQ�FDPHUDV�LW�GRHV�QRW�FDXVH�GHOD\V�DQG�WKH�UHG�H\H�
UHGXFWLRQ�ZKLFK�FRXOG�VWDUWOH�DQLPDOV��:�'��*RRGVRQ��SHUV��FRPP����
7UDQVPLWWHU�DQG�UHFHLYHU�ZHUH�PRXQWHG�DW�WKH�RSSRVLWH�VLGHV�RI�D�WUDLO�VR�WKDW�WKH ,5�EHDP�
ZRXOG�EH�DW�WKH�OHRSDUG¶V�FKHVW�OHYHO�FD�����FP�DERYH�JURXQG��+DYLQJ�VHW�WKH�XQLW��RQH�RI�
XV�ZDONHG�WKURXJK�WKH�,5�EHDP�WR�FKHFN�ZKHWKHU�WKH�HYHQW�LV�UHJLVWHUHG��:H�OHIW�WKH�
PRXQWHG�XQLWV�XQDWWHQGHG�EHWZHHQ�WKH�GD\V�RI�XQLW�VHWXS�DQG�UHPRYDO�VR�WKDW�QRW�WR�
OHDYH�WKH�KXPDQ�VFHQW�RQ�WKH�WUDLO��
7KH�FDPHUDV�ZHUH�SRVLWLRQHG�DW�WKH�SRLQWV�DOORZLQJ�WR�SKRWRJUDSK�WKH�DQLPDO�IURP�HLWKHU�
IODQN�DQG�WKXV�LGHQWLI\�LWV�LQGLYLGXDOLW\�DQG�SRVVLEO\�VH[�DJH�FDWHJRU\�IURP�WKH�SURGXFHG�
SLFWXUH�± WKH���P�ORQJ�FDEOH�FRQQHFWLQJ�WKH�FDPHUD�ZLWK�UHFHLYHU�DOORZHG�WR�HDVLO\�
PDQLSXODWH�ZLWK�FDPHUD�SODFHPHQW��:H�XVHG�ERWK�KRUL]RQWDO�DQG�YHUWLFDO�SRVLWLRQLQJ�RI�WKH�
FDPHUDV��EXW�WKH�KRUL]RQWDO�RQH�LV�PXFK�EHWWHU�DV�DOORZLQJ�WR�FDSWXUH�WKH�EURDGHU�VFRSH�RI�
VSDFH�LQ�IURQW�RI�WKH�FDPHUD��$OVR��ZH�WHVWHG�PDQ\�ZD\V�WR�PRXQW�WKH�FDPHUDV�DQG�
GHFLGHG�ILQDOO\�WR�SODFH�WKHP�LQ�VXFK�D�ZD\�WKDW�WKH�FDPHUD¶V�YLHZILQGHU�ZLQGRZ�LV�DW�WKH�
VDPH�KHLJKW�WKDQ�WKH�UHFHLYHU�ZLQGRZ�DQG�ORRNV�DW�WKH�SRLQW�LQ�WKH�PLGGOH�RI�WKH�VWUDLJKW�
OLQH�EHWZHHQ�WKH�WUDQVPLWWHU�DQG�WKH�UHFHLYHU��6R��ZH�SODFHG�WKH�FDPHUDV�DW�TXLWH�ORZ�
KHLJKW�DQG�DW�PRUH�GLVWDQFH�IURP�WKH�WUDLO�WKDQ�UHFHLYHU�LQ�RUGHU�WR�SKRWRJUDSK�DV�ZLGH�
UDQJH�DV�SRVVLEOH�± RQ�DYHUDJH��DW�DERXW���P�IURP�WKH�WUDLO��.DUDQWK���������-RVOLQ��������
VWDWHV�WKDW�³GLVWDQFH�IURP�WKH�FDPHUD�GRHV�DSSHDU�WR�EH�LPSRUWDQW�LQ�WKDW�WKH�SKRWRJUDSKLF�
VXFFHVV�UDWLR�LV�KLJKHU�WKH�IXUWKHU�DZD\�WKH�FDPHUD�LV�IURP�WKH�>SKRWR�WUDS@�VWDWLRQ´�
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)RU�FRUUHFW�SRVLWLRQLQJ�RI�WKH�FDPHUDV��ZH�FDUHIXOO\�VWXGLHG�WKH�SKRWR�WUDS�SLFWXUHV�RI�WKH�
OHRSDUGV�WDNHQ�HOVHZKHUH�DQG�SRVWHG�DW�WKH�ZHEVLWHV��ZZZ�WLJULVIRXQGDWLRQ�QO!�DQG�
�ZZZ�PLFKDHOQLFNQLFKROV�FRP!��
7KH�VDPSOLQJ�HIIRUW�ZDV�PHDVXUHG�LQ�WHUPV�RI�WUDS�QLJKWV�DV�WKH�VXP�RI�WKH�QXPEHUV�RI�
GD\V�LQGLYLGXDO�XQLWV�ZHUH�HPSOR\HG�RYHU WKH�VDPSOLQJ�RFFDVLRQV��7KH�VDPSOLQJ�HIILFLHQF\�
ZDV�PHDVXUHG�DV�WKH�QXPEHU�RI�OHRSDUG�SLFWXUHV�SURGXFHG�SHU�����WUDS�QLJKWV��.DUDQWK�
DQG�.XPDU���������
$IWHU�HDFK�VDPSOLQJ�RFFDVLRQ��LQIRUPDWLRQ�VWRUHG�LQ�WKH�UHFHLYHU¶V�HYHQW�PHPRU\�ZDV�
GRZQORDGHG�WR�70�'DWD�&ROOHFWRU�DQG�WKHQ�WR�70�6WDW3DFN�VRIWZDUH�IRU�VWDWLVWLFDO�GDWD�
DQDO\VLV��$OVR��GDWD�IURP�70�'DWD�&ROOHFWRU�ZHUH�PDQXDOO\�UH�ZULWWHQ�WR�WKH�VWDQGDUG�
7UDLO0DVWHU��HYHQW�GDWD�SDGV�IRU�KDQG\�UHIHUHQFH��7R�IDFLOLWDWH�DFFXUDWH�GDWD�UHJLVWUDWLRQ�
DQG�WURXEOH�VKRRWLQJ��DOO�XQLWV�DQG�ILOPV�ZHUH�JLYHQ�XQLTXH�,'¶V��H�J���XQLW�PDUNHG�8Q�����
PHDQW�WKH�XQLW�8Q���VHW�XS�LQ�WKH�VDPSOLQJ�RFFDVLRQ�����$V�ZH�DOVR�UHFRUGHG�JHRJUDSKLFDO�
GDWD��ORQJLWXGH��ODWLWXGH�DQG�HOHYDWLRQ��RI�HDFK�XQLW�LQ�DQ�RFFDVLRQ�E\�PHDQV�RI�0DJHOODQ�
����KDQG�KHOG�*36�GHYLFH��86$��IRU�IXUWKHU�*,6�PDSSLQJ�XVLQJ�$UF9LHZ�*,6����D�
VRIWZDUH��86$���)LJ������LW�ZDV�HDV\ WR�WUDFN�GDWD�IORZ��

5HVXOWV�	�'LVFXVVLRQ�
:H�XQGHUWRRN�WKH�VDPSOLQJ�HIIRUW�����WUDS�QLJKWV��EXW�KDYH�QRW�REWDLQHG�DQ\�OHRSDUG�
SLFWXUH��VDPSOLQJ�HIILFLHQF\� �����7KLV�UHVXOW�FDXVHV�GLVDSSRLQWPHQW��EXW�GRHV�QRW�
HVVHQWLDOO\�PHDQ�WKDW�WKH�OHRSDUG�KDV�JRQH�IRUHYHU�IURP�$UPHQLD��:H�WKLQN�WKDW�WKUHH�
IDFWRUV�DUH�SULQFLSDOO\�UHVSRQVLEOH�IRU�QLO�FDSWXUH�SUREDELOLWLHV�RI�WKH�OHRSDUGV�LQ�VRXWKHUQ�
$UPHQLD��HYHQ�WKRXJK�WKLV�UHJLRQ�LV�UHFRJQL]HG�DV�WKH�VSHFLHV¶�VWURQJKROG�LQ�WKH�FRXQWU\�
DQG�LQ�WKH�ZKROH�&DXFDVXV������LQWULQVLF�HOXVLYHQHVV�RI�WKLV�SUHGDWRU��PDNLQJ�LW�YHU\�VHOGRP�
SKRWRJUDSKHG������H[SHFWHG�GRPLQDQFH�RI�WUDQVLHQW�LQGLYLGXDOV�LQ�SRSXODWLRQ�DQG�����UDULW\�
RI�WKH�SUHGDWRU�LQ�WKH�FRXQWU\��%HORZ��ZH�GLVFXVV�WKHVH�LVVXHV�LQ�GHWDLOV�
(OXVLYHQHVV��7KH�OHRSDUG�LV�DQ�H[FHSWLRQDOO\�FU\SWLF�DQLPDO�DQG�LWV�FDSWXUH�SUREDELOLWLHV�E\�
FDPHUD�SKRWR�WUDSV�DUH�YHU\�UDUH��UDQGRP�DQG�XQSUHGLFWDEOH�HYHQ�ZKHUH�WKLV IHOLG�LV�
UHODWLYHO\�FRPPRQ��)RU�H[DPSOH��LQ�IRXU�QDWLRQDO�SDUNV�RI�,QGLD��.DQKD��.D]LUDQJD��
1DJDUDKROH�DQG�3HQFK��WKH�OHRSDUG�GHQVLWLHV�DUH�DW�OHDVW�WZLFH�DV�PXFK�DV�WKRVH�RI�WKH�
WLJHU��.�8��.DUDQWK��SHUV��FRPP����EXW�WKH�LQGH[�RI�UHODWLYH�DEXQGDQFH�LV�����������IRU�WKH�
OHRSDUG�YV�����������SKRWR�FDSWXUHV�����WUDS�QLJKWV�IRU�WKH�WLJHU��.DUDQWK�DQG�.XPDU��
������.DUDQWK�DQG�1LFKROV���������
'RPLQDQFH�RI�WUDQVLHQWV��6PDOO�OHRSDUG�SRSXODWLRQV�VXEMHFWHG�WR�SUHVVXUH�RI�QDWXUDO�
DQG�RU�DQWKURSRJHQLF�IDFWRUV�FRQVLVW�PDLQO\�RI�WUDQVLHQWV��DOVR�FDOOHG�³YDJDERQGV´�RU�
³IORDWHUV´��ZKLFK�DUH�LQ�FRQVWDQW�VHDUFK�IRU�XQRFFXSLHG�DSSURSULDWH�DUHDV�IRU�HVWDEOLVKPHQW�
RI�LQGLYLGXDO�KRPH�UDQJHV��'DQRY��������3LNXQRY�DQG�.RUNLVKNR���������+DYLQJ�QR�FHUWDLQ�
DUHD�IRU�OLYLQJ��WKH�WUDQVLHQWV�URDP�RYHU�YDVW�WHUULWRULHV�ZLWK�XQSUHGLFWDEOH PRYHPHQW�
SDWWHUQV��:H�GR�QRW�NQRZ�ZKHUH�WKH�UHVLGHQW�EUHHGLQJ�OHRSDUGV�ZLWK�UHJXODU�DQG�
FRQVHUYDWLYH�PRYHPHQWV�RYHU�WKH�VDPH�WUDLOV�OLYH�LQ�$UPHQLD��DQG�HYHQ�WKH�IDFW�WKDW�ZH�
IRXQG�WKH�SUHGDWRU�VLJQV�RQ WKH�WUDLO��VFDWV��VFUDSHV��SUH\�UHPDLQV��GRHV�QRW�QHFHVVDULO\�
PHDQ�WKDW�WKH�OHRSDUG�ZLOO�GHILQLWHO\�SDVV�E\�WKH�XQLW�DQG�WKXV�SKRWRJUDSK�LWVHOI�LQ�WKH�
SHULRG�ZKHQ�WKH�XQLW�LV�SRVLWLRQHG��6R��RXU�FKRLFH�RI�WKH�SODFH�ZKHUH�WR�PRXQW�WKH�XQLW�ZDV�
PDLQO\�EOLQG��DV�D�UHVXOW��ZH�SRVVLEO\�XVHG�SKRWR�WUDSSLQJ�LQ�DUHDV�ZKHUH�RQO\�WUDQVLHQWV�
OLYH������
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7KH�SRVVLEOH�SUHYDOHQFH�RI�WUDQVLHQWV�LQ�$UPHQLDQ�SRSXODWLRQ�FDQ�EH�LQGLUHFWO\�
FRUURERUDWHG�E\�ORZ�UDWHV�RI�WHUULWRULDO�PDUNLQJ�E\�VFUDSHV�ZKLFK�LV�D�SUHURJDWLYH�RI�WKH�
UHVLGHQW�DGXOW�DQLPDOV��7KH�WUDQVLHQWV�GR�QRW�KDYH�WKHLU�RZQ�KRPH�UDQJHV�DQG�WKXV�GR�QRW�
PDUN�WKHP�WR�FRPPXQLFDWH�ZLWK�RWKHU�OHRSDUGV��9��/XNDUHYVN\��SHUV��FRPP����
7KLV�IDFWRU�PD\�XQGHUOLH�WKH�VWDWHPHQW�WKDW�WKH�IHOLG�GHQVLWLHV�GHULYLQJ�IURP�SKRWR�WUDSSLQJ�
DUH�PRUH�UHOLDEOH�LQ�KLJK�GHQVLW\�DUHDV�WKDQ�LQ�ORZ�GHQVLW\�RQHV��.DUDQWK�DQG�1LFKROV�
�������JLYH�DQ�H[DPSOH�ZKHQ�����WUDS�QLJKWV EURXJKW�QRW�D�VLQJOH�WLJHU�SLFWXUH�LQ�WKH�DUHD�
ZKHUH�WKH�WLJHUV�ZHUH�GHILQLWHO\�NQRZQ�WR�H[LVW��,Q�VXFK�FDVHV��WKH�DXWKRUV�VWURQJO\�
VXJJHVW�WR�XVH�WKH�LQH[SHQVLYH�VSDWLDO�VWXGLHV��H�J���VFDW�FRXQWV�DQG�RWKHU�PHWKRGV�RI�
UHODWLYH�DEXQGDQFH�VXUYH\V�EDVHG�RQ�GLVWULEXWLRQ�RI�SUHVHQFH�VLJQV��DV�D�ZRUWKZKLOH�
DOWHUQDWLYH��7KH�GHWDLOHG�GHVFULSWLRQ�RI�RXU�H[SHULHQFH�LQ�XVLQJ�VFDW�FRXQWV�WR�HVWLPDWH�WKH�
OHRSDUG�GHQVLW\�LQ�VRXWKHUQ�$UPHQLD�LV�JLYHQ�EHORZ�LQ�&KDSWHU����
5DULW\��7KH�FRPPRQQHVV�RI�WKH�OHRSDUG�DQG�SOHQWLIXO�LQIRUPDWLRQ�DERXW�LW�LQ�6XE�6DKDUDQ�
$IULFD�FUHDWHV�D�YHU\�PLVOHDGLQJ�RSLQLRQ�WKDW�WKLV�FDW�LV�RXW�RI�WKH�ULVN�RI�H[WLQFWLRQ�GXH�WR�
LWV�FDSDELOLW\�WR�FR�H[LVW�ZLWK�KLJK�KXPDQ�GHQVLWLHV��:RRGURIIH���������������0HDQZKLOH��LW�
H[SHULHQFHV�WKH�KDUG�WLPHV�WRGD\�LQ�$VLD�ZKHUH�HYHU�LQFUHDVLQJ�KXPDQ�SRSXODWLRQ��
KDELWDW�GHVWUXFWLRQ��SHUVHFXWLRQ�DQG�GHSOHWLRQ�RI�ZLOG�SUH\ UHVRXUFHV�OHDYH�IHZHU�DQG�
IHZHU�FKDQFHV�IRU�WKH�SUHGDWRU�WR�VXUYLYH�LQ�PDQ\�SDUWV�RI�WKLV�FRQWLQHQW��2XW�RI�� OHRSDUG�
VXEVSHFLHV�OLVWHG�LQ������,8&1�5HG�/LVW�RI�7KUHDWHQHG�6SHFLHV��� RULJLQDWH�IURP�$VLD�
ZKLFK�DUH�FODVVLILHG�DV�HLWKHU ³HQGDQJHUHG´����VXEVSHFLHV��RU�³FULWLFDOO\�HQGDQJHUHG´������
6R��WKH�GLIIHUHQFH�LQ�VWDWXV�RI�$IULFDQ�DQG�$VLDQ�OHRSDUG�SRSXODWLRQV�VKRXOG�EH�FOHDUO\�
XQGHUVWRRG�DQG�WDNHQ�LQWR�DFFRXQW�ZKHQ�PDNLQJ�WKH�PDQDJHPHQW�GHFLVLRQV�DERXW�WKLV�
VSHFLHV�
3RVVLEO\��WKH�PRVW�DODUPLQJ�VLWXDWLRQ�LV�LQ�WKH�0LGGOH�(DVW��IURP�7XUNH\�DQG�&DXFDVXV�WR�
$UDELD�DQG�$IJKDQLVWDQ��7KH�OHRSDUG�LV�QRW�OHJDOO\�SURWHFWHG�LQ�PDQ\�FRXQWULHV�RI�WKLV�
UHJLRQ��QRU�LW�LV�VWXGLHG�RU�PDQDJHG�RYHU�PRVW�RI�WKH�WHUULWRU\��$FURVV����FRXQWULHV��LQ����
������WKLV�VSHFLHV�LV�GHILQLWHO\�RU�PRVW�OLNHO\�H[WLQFW��LQ���������LW�LV�YHU\�HQGDQJHUHG�DQG�
RQO\�WZR�FRXQWULHV�������DUH�H[SHFWHG�WR�FRQWDLQ�PRUH�RU�OHVV�VDIH�SRSXODWLRQV�RI�WKLV�IHOLG�
± ,UDQ�DQG�$IJKDQLVWDQ��6KRHPDNHU���������
&RQWHPSRUDU\�OHRSDUG�UHVHDUFK�DQG�FRQVHUYDWLRQ�SXEOLFDWLRQV�FRPLQJ�IURP�WKH�0LGGOH�
(DVW�DUH�KDQGIXO��7KH�PRVW�LQ�GHSWK�VWXG\�RI�WKLV�FDUQLYRUH�KDV�EHHQ�FRQGXFWHG�LQ�
7XUNPHQLVWDQ�VLQFH�HDUO\�����V��/XNDUHYVN\���������6RPH�H[LVWLQJ�LQIRUPDWLRQ�ZDV�
VXPPDUL]HG�UHFHQWO\�DERXW�WKH�OHRSDUG�LQ�,UDQ��.LDEL�HW�DO����������6HYHUDO�SDSHUV�
GHVFULELQJ�WKH�SUHVHQW�OHRSDUG�VWDWXV�LQ�7XUNH\��0DVVHWL��������8OOULFK�DQG�5LIIHO��������
DUH�GHDOLQJ�ZLWK�LQGLUHFW�HYLGHQFH�RI�WKH�FDW�SUHVHQFH�DQG�WKH�ROG�PXVHXP�VSHFLPHQV��
ZKLOH�WKH�ILHOG�EDVHG�SURMHFWV�KDYH�EHJXQ�RQO\�UHFHQWO\��FDPHUD�SKRWR�WUDSSLQJ��
%��$YJDQ��SHUV��FRPP����,Q����������V��WKH�OHRSDUG�ZDV�H[WHQVLYHO\�VWXGLHG�LQ�,VUDHO��EXW�
QRZ�ORFDO�SRSXODWLRQ�VHHPV�WR�EH�GRRPHG�WR�H[WLQFWLRQ��LI�QRW�DOUHDG\�JRQH��GXH�WR�LWV�
JHRJUDSKLFDO�LVRODWLRQ�DQG�H[LVWHQFH�RI�RQO\�RQH�EUHHGLQJ�IHPDOH�ZKRVH�RIIVSULQJ�LV�
DOZD\V�NLOOHG�E\�QRQ�VLULQJ�PDOHV��,ODQL���������(YHQ�WKRXJK�WKH�OHRSDUG�UHVHDUFK�ZDV�
XQGHUWDNHQ�UHFHQWO\�LQ�2PDQ��6SDOWRQ���������QR�SUDFWLFDO�HIIRUWV�DUH�GRQH�WR�FXUE�WKH�
VHYHUH�KRVWLOLW\�RI�SHRSOH�LQ�$UDELDQ�SHQLQVXOD�WR�WKLV�IHOLG�DQG�LWV�SRSXODWLRQ�FRQWLQXHV�WR�
JR�GRZQ�WR�PD[LPXP�����GR]HQV�RI�LQGLYLGXDOV�DFURVV�WKLV�YDVW�DUHD��3��9HUFDPPHQ��
SHUV��FRPP����,Q�$UPHQLD��WKH�OHRSDUG�UHVHDUFK�DQG�FRQVHUYDWLRQ�SURMHFWV�ZHUH�LQLWLDWHG�LQ�
�����DQG�KDYH�EHHQ�UXQQLQJ�DKHDG�VLQFH�WKHQ��.KRUR]\DQ� ������.KRUR]\DQ�DQG�
0DONKDV\DQ��������
7KH�SRVVLELOLW\�RI�ORFDO�H[WLQFWLRQV�LQ�PDPPDOLDQ�FDUQLYRUHV�LV�PXFK�KLJKHU�LQ�DUHDV�ZLWK�
KLJK�KXPDQ�GHQVLWLHV��EXW�WKH�QHJDWLYH�DWWLWXGHV�IXHOHG�E\ DQWL�SUHGDWRU�JRYHUQPHQWDO�
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SROLF\��WUDGH�DQG�VRFLR�SROLWLFDO�HFRQRPLF�GHYHORSPHQW�PD\�DFFHOHUDWH�WKH�ORVV�RI�ORFDO�
SRSXODWLRQV�DW�PXFK�KLJKHU�UDWHV�WKDQ�SUHGLFWHG�LUUHVSHFWLYH�RI�KXPDQ�GHQVLW\�
�:RRGURIIH���������������,Q�WKH�0LGGOH�(DVW��WKH�GRPLQDWLQJ�WKUHDW�WR�WKH�OHRSDUG�
H[LVWHQFH�LV�SRDFKLQJ�ZKLFK�LV�IDFLOLWDWHG�E\�HDV\�DFFHVV�RI�ORFDO�SHRSOH�WR�ILUHDUPV�DQG�LV�
GRQH�WR�PLQLPL]H�WKH�DFWXDO�RU�ZRXOG�EH�GDPDJH�WR�DQLPDO�KXVEDQGU\��7XUNPHQLVWDQ��,UDQ��
$UDELDQ�FRXQWULHV��RU�VLPSO\�IURP�IHDU�RI�HQFRXQWHU�LQ�VSLWH�RI�WKH�QLO�HIIHFW�RQ�OLYHVWRFN�RU�
SHRSOH��$UPHQLD���7KH�VWDWHPHQWV�WKDW�³WKH�XUJH�WR�NLOO�FDUQLYRUHV�LV�LQ�KXPDQ�LQVWLQFWLYH�
EHKDYLRUDO�UHSHUWRLUH��OLNH�WKH�KDWUHG�IRU�VQDNHV´��6LOOHUR�=XELUL�DQG�/DXUHQVRQ��������DQG�
WKDW�SDQLF�DQG�K\SQRWL]HG�FRQGLWLRQ�RI�KXPDQV�DQG�SULPDWHV�IURP�VHHLQJ�WKH�OHRSDUG�VSRWV�
FDQ�EH�HPEHGGHG�LQ�JHQHV �&RQQLII������� DUH�IXOO\�DSSOLFDEOH�WR�WKLV�UHJLRQ��+HQFH��WKH�
ULVN�RI�H[WLQFWLRQ�RI�ORFDO�OHRSDUG�SRSXODWLRQV�ZRXOG�EH�H[SHFWHG�WR�FRUUHODWH�ZHOO�ZLWK�
LQFUHDVLQJ�KXPDQ�GHQVLWLHV��:RRGURIIH���������,Q�SDUWLFXODU��LQ�$UPHQLD�WKH�OHRSDUGV�OLYH
PDLQO\�LQ�VRXWKHUQ�$UPHQLD�ZKHUH�WKH�GHQVLW\�RI�UXUDO�SHRSOH�LV�PLQLPDO��KXPDQ�GHQVLW\�LV�
DOVR�ORZ�DURXQG�WKH�LPSRUWDQW�OHRSDUG�UHIXJH��.KRVURY�5HVHUYH��DV�ORFDO�YLOODJHUV�RI�
$]HUEDLMDQL�RULJLQ�IOHG�LQ�HDUO\�����V�GXULQJ�WKH�ZDUIDUH��.KRUR]\DQ��������
7KH�NH\�IDFWRUV�GHWHUPLQLQJ�WKH�ORZ�OHRSDUG�GHQVLW\�LQ�$UPHQLD�DUH�QDUURZ�SUH\�EDVH��
KDELWDW�XVH�E\�SHRSOH��SRDFKLQJ�DQG�ZLOG�ILUH��.KRUR]\DQ��������.KRUR]\DQ�DQG�
0DONKDV\DQ���������
/LYLQJ�LQ�URXJK�WHUUDLQ�PDNHV�ORFDO�OHRSDUGV�VSHQG�PXFK�PRUH�HQHUJ\�WKDQ�VRPHZKHUH�
HOVH�LQ�WKH�SODLQV��WKHUHIRUH�WKH\�ZLOO�VXUYLYH�RQO\�E\�IHHGLQJ�RQ�QXWULWLRXV�DQG�HDV\�WR�
FDWFK�PHGLXP�VL]HG�XQJXODWHV��7KH�EHVW�FKRLFH�LV�WKH�EH]RDU�JRDW��&DSUD�DHJDJUXV��
ZKLFK�IXOO\�PHHWV�WKH�OHRSDUG¶V�UHTXLUHPHQWV�WR�LWV�VWDSOH�SUH\��SUH\�DYDLODELOLW\��
DEXQGDQFH��VL]H��YXOQHUDELOLW\��DQG�EHKDYLRUDO�UHVSRQVH�LQ�D�JLYHQ�SODFH�DQG�WLPH��7KH�
SUHGDWRU�SUH\�UHODWLRQVKLSV�DUH�YHU\�ILQH�WXQHG�LQ�WKLV�SDLU�DQG��QRW�VXUSULVLQJO\��ORFDO�
SHRSOH�FDOO�WKH�OHRSDUG�³WKH�JRDW�VKHSKHUG´��$Q�DGGLWLRQDO�DGYDQWDJH LV�WKDW�RWKHU�FR�
H[LVWLQJ�SUHGDWRUV�WDNH�WKLV�SUH\�RQO\�E\�FKDQFH��JHQHUDOO\�DYRLGLQJ�WKH�FOLII\�EDUUHQ�ODQGV�
ZKHUH�WKH�OHRSDUGV�DQG�JRDWV�OLYH��DQG�GR�QRW�DFW�WKH�VHULRXV�IHHGLQJ�FRPSHWLWRUV��
$OWHUQDWLYH�SUH\�VSHFLHV��ZLOG�ERDU��6XV�VFURID��DQG�URH�GHHU��&DSUHROXV�FDSUHROXV���GR�
QRW�VXEVWLWXWH�WKH�JRDW�DQG��LI�WDNHQ��JUHDWO\�LQFUHDVH�WKH�FKDQFHV�IRU�FRPSHWLWLRQ�ZLWK�
QXPHURXV�JUD\�ZROYHV��&DQLV�OXSXV���7KH�ERDUV�DUH�DEOH�WR�UHWDOLDWH�YLFLRXVO\�DQG�WKXV�DUH�
WDNHQ�UHOXFWDQWO\��ZLWK�SUHIHUHQFH�JLYHQ�WR�VHDVRQDOO\�DYDLODEOH�SLJOHWV�DQG�MXYHQLOHV�
�.KRUR]\DQ�DQG�0DONKDV\DQ���������6XFK�D�VWURQJ�DVVRFLDWLRQ�ZLWK�MXVW�D�VLQJOH�SUH\�
VSHFLHV�PDNHV�$UPHQLD¶V�OHRSDUGV�SURQH�WR�H[WLQFWLRQ�LI�WKH�EH]RDU�QXPEHUV�GHFUHDVH�
IURP�VRPH�QDWXUDO�RU�DQWKURSRJHQLF�IDFWRUV��3RDFKLQJ�DQG�OLYHVWRFN�EUHHGLQJ�DUH�WKH�
PDMRU�WKUHDWV�WR�WKHVH�XQJXODWHV���
7KH�KDELWDW�XVH�E\�SHRSOH�LV�FRQILQHG�WR�OLYHVWRFN�EUHHGLQJ��KDUYHVWLQJ�RI�HGLEOH�KHUEV�DQG�
GHIRUHVWDWLRQ��/LYHVWRFN�JUD]LQJ�LV�PRVW�LQWHQVH�LQ�WKH�DUHDV�RI�.KRVURY�5HVHUYH�DQG�LWV�
ZLOGOLIH�FRUULGRU�*QGDVDU�0W��1RUDYDQN�&DQ\RQ�LQ�VRXWK�ZHVWHUQ�$UPHQLD��ZKLFK�LV�DQ�
LPSRUWDQW�OHRSDUG�VWURQJKROG�LQ�WKH�FRXQWU\��.KRUR]\DQ���������EXW�LV�VPDOO�VFDOH�DQG�WKXV�
LQVLJQLILFDQW�LQ�VRXWKHUQ�$UPHQLD��,W�ODVWV�IURP�VSULQJ�WR�ODWH�DXWXPQ�DQG�LV�VSUHDG�RYHU�
WKH�ZLOG�JUDVVODQGV�VHUYLQJ�DV�SDVWXUHV��7KH�HGLEOH�KHUEV�EXOERXV�URRWHG�FKHUYLO�
�&KDHURSK\OOXP�EXOERVXP���IDOFDULD��)DOFDULD�YXOJDULV���VWDU�RI�%HWKOHKHP����VSHFLHV�RI�
2UQLWKRJDOXP�VSS����KRUVH�IHQQHO����VSHFLHV�RI�+LSSRPDUDWKUXP�VSS���DQG�VRPH�RWKHUV�
KDYH�EHHQ�ZLGHO\�FROOHFWHG�LQ�ORFDO�PRXQWDLQV�LQ�WKH�SHULRG�$SULO�$XJXVW��'HIRUHVWDWLRQ�LV�
QRQ�FRPPHUFLDO�DQG�OLPLWHG�E\�FROOHFWLRQ�RU�FXWWLQJ�RI�ILUHZRRG��WKXV��LW�LV�PRVW�FRPPRQ�LQ�
ODWH�DXWXPQ�EHIRUH�WKH�ZLQWHU�FROG�FRPHV��$OO�WKHVH�IDFWRUV�SRVH�D�UDWKHU�VHULRXV�
GLVWXUEDQFH�IDFWRU�IRU�WKH�OHRSDUG�SUH\�ZKLFK�PD\�FRYHU�ORQJ�HQRXJK�GLVWDQFHV�WR�HVFDSH�
IURP�GLVWXUEDQFH�DQG�OHDYH�WHUULWRULDO�OHRSDUGV�GHILFLHQW�LQ�IRRG��
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3RDFKLQJ�KDV�EHHQ�WKH�SULQFLSDO�WKUHDW�WR WKH�OHRSDUGV�DQG�WKHLU�VWDSOH�SUH\�LQ�VRXWKHUQ�
$UPHQLD��DV�VLQFH�HDUO\�����V�ZKHQ�WKLV�UHJLRQ�ZDV�HQJDJHG�LQ�PLOLWDU\�FRQIOLFW�ZLWK�
QHLJKERULQJ�$]HUEDLMDQ�RYHU�1DJRUQR�.DUDEDNK��ORFDO�SRSXODWLRQ�KROGV�QXPHURXV�ILUHDUPV�
DV�D�JXDUDQWHH�RI�VDIHW\��/RFDO�FDUQLYRUHV�DUH�VRPHWLPHV�VKRW�E\�YLOODJHUV�IRU�IHDU�RI�
HQFRXQWHU��DOO�VSHFLHV��DQG�LQ�UHYHQJH�RI�OLYHVWRFN�ORVVHV��ZROI��EURZQ�EHDU���EXW�QHYHU�IRU�
WURSK\�RU�LQFRPH�JHQHUDWLRQ��$EXQGDQFH�RI�ILUHDUPV�LQ�SULYDWH�RZQHUVKLS�LV�DQ�REMHFWLYH�
IDFWRU�ZKLFK�KDV�WR�EH�GHDOW�ZLWK������RI�WKH�ERUGHU�RI�6LXQLN�3URYLQFH�L V�ZLWK�$]HUEDLMDQ�
DQG�WKH�ZKROH�UHJLRQ�LV�FRQVLGHUHG�DV�WKH�³ERUGHUOLQH�WHUULWRU\´�KDYLQJ�RQO\�OLPLWHG�
FRQQHFWLYLW\�ZLWK�RWKHU�SDUWV�RI�$UPHQLD��������RI�WRWDO�ERUGHU���0DQDV\DQ�HW�DO����������
7KH�ZLOG�ILUH�LV�D�FRPPRQ�SUREOHP�LQ�[HURSKLOLF�MXQLSHU�IRUHVWV�LQ�WKH�KLJKODQGV�RI�.KRVURY�
5HVHUYH�DQG�VRXWKHUQ�$UPHQLD��0HJKUL�UHJLRQ���)LJ������,W�FDQ�RULJLQDWH ERWK�QDWXUDOO\�
IURP�LQWHQVLYH�GLUHFW�VXQOLJKW�RU�DUWLILFLDOO\�IURP�KXPDQ�FDUHOHVVQHVV��:KDWHYHU�WKH�ZD\�LW�
FRPHV��WKH�ZLOG�ILUH�EXUQV�GRZQ�WKH�ODUJH�DUHDV�RI�JRRG�KDELWDWV�DQG�XUJHV�WKH�SUH\�
SRSXODWLRQV�WR�PLJUDWH�DZD\�IURP�WKH�SHULO��/RFDO�SHRSOH�DQG�FRQVHUYDWLRQ�DXWKRULWLHV�DUH�
OLPLWHG�LQ�ILQDQFLDO�DQG�ORJLVWLFDO�UHVRXUFHV�WR�GR�WKH�WLPHO\�ILUHILJKWLQJ��EXW�VWULYH�WR�GR�WKHLU�
EHVW��

)LJ�����$�WUDFW�RI�QDWXUDO�IRUHVW�GHVWUR\HG�E\�ZLOG�ILUH�QHDU�6KYDQLG]RU�YLOODJH��
3LFWXUH�E\�,��.KRUR]\DQ��WKLV�SURMHFW��

'HVSLWH�QR�OHRSDUG�SLFWXUHV�ZHUH�REWDLQHG�E\�XV��ZH�IRXQG�WKH�SUHGDWRU�SUHVHQFH�VLJQV�±
VFDWV�DQG�VFUDSHV��,Q�PRUH�GHWDLOV��ZH�GHVFULEH�WKHLU�RFFXUUHQFH�LQ�&KDSWHU����$QRWKHU�WZR�
OHRSDUG�UHFRUGV�UHSUHVHQW�WKH�WHPSRUDU\�VKHOWHU�XVHG�E\�IHPDOH�DQG�KHU�JURZQ�XS�FXE�V��
�7DEOH�����
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7DEOH����7KH�OHRSDUG�UHFRUGV�GXULQJ�WKH�SHULRG�RI�WKLV�VWXG\��������

'DWH &RRUGLQDWHV (OHYDWLRQ��P 'HVFULSWLRQ

$SU���� ��R��
��1���R��
��( ����

7KH�GHQ�LQVLGH�D�FOLII�QLFKH�KLGGHQ�LQ�OXVK�
YHJHWDWLRQ�RQ�D�WUDLO�WR�WKH�EURRN��%DVHG�RQ�
QXPHURXV�VFDWWHUHG�UHPDLQV�RI�HDWHQ�EH]RDU�
JRDWV�DQG�URH�GHHU��VFDWV�DQG�WUDFNV�ZH�VXSSRVH�
WKDW�WKLV�VKHOWHU�ZDV�XVHG�IRU�UHVW�E\�D�IHPDOH�
OHRSDUG�ZLWK����"��JURZQ�XS�FXEV��

-XQ���� ��R��¶��1���R��¶��( ����
)UHVK�KDLUV�DQG�D�ELJ�SLHFH�RI�VNLQ�RI�WKH�ZLOG�ERDU�
QHDU�WKLV�GHQ��7KHVH�UHPDLQV�ZHUH�DEVHQW�LQ�PLG�
0D\��)LJ�����

$V�D�UHVXOW��RXU�HIIRUWV�ORRN�YHU\�VLPLODU�WR�WKH�SURMHFW�RI�SKRWR�WUDSSLQJ�KLJKO\�HQGDQJHUHG�
6RXWK�&KLQD�WLJHU��3DQWKHUD�WLJULV�DPR\HQVLV��LQ�&KLQD�ZKHUH�����WUDS�QLJKWV�EURXJKW�QR�
WLJHU�SLFWXUHV��EXW�LQGLUHFW�SUHVHQFH�VLJQV�ZHUH�IRXQG��DQG�LW�ZDV�WKXV�FRQFOXGHG�WKDW�QR�
YLDEOH�SRSXODWLRQ�LV�OHIW�LQ�WKH�ZLOG�IRU�ORQJ�WHUP�VXUYLYDO��$QRQ\PRXV��������0XQWLIHULQJ��
�������+RZHYHU��WKLV�IDLOXUH�KDV�QRW�GLVDSSRLQWHG�UHVHDUFKHUV�DQG�FRQVHUYDWLRQLVWV�DQG�
VSXUUHG�WKH�GHYHORSPHQW�RI�PXOWLPLOOLRQ�GROODU�&KLQD�$FWLRQ�3ODQ�IRU�6DYLQJ�WKH�6RXWK�
&KLQD�7LJHU��ZZZ�VDYHFKLQDVWLJHUV�RUJ���,W�ZDV�FRQFOXGHG�WKDW�WKH�H[WUHPH�UDULW\�RI�WKLV�
VXEVSHFLHV�QHFHVVLWDWHV�WKH�FRQVHUYDWLRQ�DFWLRQV�WR�FRQFHQWUDWH�RQ�ZRUN�ZLWK�UXUDO�SHRSOH�
UDWKHU�WKDQ�RQ�ZDVWLQJ�WLPH�DQG�PRQH\�LQ�VHDUFK�RI�D�IHZ�VXUYLYRUV�LQ�UHPRWH�PRXQWDLQV��
$OVR��VXFK�ORZ�GHQVLW\�SRSXODWLRQV�RI�WKH�ELJ�FDWV�ZLOO�JUHDWO\�EHQHILW�IURP�LQH[SHQVLYH�
WHFKQLTXHV�RI�SRSXODWLRQ�VWDWXV�PRQLWRULQJ�DQG�VSDWLDO�VWXGLHV�DV�WKH�VXUYH\V�RI�SUHVHQFH�
VLJQV��VFDWV��WUDFNV���.DUDQWK�DQG�1LFKROV��������± VHH�&KDSWHU����
/HDUQLQJ�IURP�WKH�OHVVRQ�RI�6RXWK�&KLQD�WLJHU��ZH�DOVR�LQVLVW�RQ�LPSOHPHQWDWLRQ�RI�LQ�
GHSWK�FRPPXQLW\�EDVHG�FRQVHUYDWLRQ�DFWLYLWLHV�ZKLFK�ZRXOG�DOORZ�WR�DOOHYLDWH�KXPDQ�
SUHVVXUHV�RQ�WKH�OHRSDUGV�DQG�WKHLU�SUH\�LQ�$UPHQLD��DQWL�SRDFKLQJ�SDWUROOLQJ��SURIHVVLRQDO�
WUDLQLQJ��SRSXODWLRQ�PRQLWRULQJ��SXEOLF�HGXFDWLRQ��HFRWRXULVP�DQG�HQIRUFHPHQW�RI�WHFKQLFDO�
DVVLVWDQFH�WR�NH\�FRQVHUYDWLRQ�ERGLHV�UHVSRQVLEOH�IRU�ZLOGOLIH�SURWHFWLRQ��)LUVW�VWHSV�DUH�
DOUHDG\�GRQH�WKURXJK�WKH�SURMHFW�³&RQVHUYDWLRQ�RI�WKH�OHRSDUG�LQ�WKH�&DXFDVXV�(FRUHJLRQ´�
VXSSRUWHG�E\�::)�,QWHUQDWLRQDO��6ZLW]HUODQG���EXW�PXFK�PRUH�LV�WR�EH�GRQH�WKURXJK�
LQYROYHPHQW�RI�ZLGHU�VWUDWD�RI�SXEOLF��VFLHQWLVWV��JRYHUQPHQWV��FRQVHUYDWLRQLVWV�DQG�
GRQRUV��
$OVR��LQ�WKH�\HDU������ZH�SODQ�WR�VWUHQJWKHQ�ORFDO�FDSDFLWLHV�IRU�ELRGLYHUVLW\�FRQVHUYDWLRQ�
LQ�VRXWKHUQ�$UPHQLD�E\�PHDQV�RI�SDUWLFLSDWLRQ�LQ�ZLOGOLIH�PRQLWRULQJ��SURIHVVLRQDO�WUDLQLQJ��
HGXFDWLRQ��WHFKQLFDO�DVVLVWDQFH�DQG�SXEOLF�FRPPXQLFDWLRQ�FDPSDLJQLQJ��7KH�OHRSDUG�ZLOO�
VHUYH�WKH�IODJVKLS�VSHFLHV�LQ�WKHVH�HIIRUWV�
1RZ��WKH�0LQLVWU\�RI�1DWXUH�3URWHFWLRQ�RI�$UPHQLD�KDV�EHHQ�FRQVLGHULQJ�WKH�SRVVLELOLW\�WR�
HVWDEOLVK�WKH�ZLOGOLIH�VDQFWXDULHV� LQ�PRVW�RI�0HJKUL�)RUHVW�)DUP�ZKDW�ZLOO�VLJQLILFDQWO\�
LPSURYH�FRQVHUYDWLRQ�LQ�VRXWKHUQ�$UPHQLD��
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)LJ�����7KH�ZLOG�ERDU�VNLQ�SLHFH VXSSRVHG�WR�EH�OHIW�IURP�WKH�OHRSDUG¶V�IHDVW��/RFDOLW\�(UQDG]RU��
3LFWXUH�E\�,��.KRUR]\DQ��WKLV�SURMHFW��

$33(1',;��7KH�SUREOHPV�ZLWK�XVH�RI�FDPHUD�SKRWR�WUDSV�LQ�$UPHQLD�
$OO�DYDLODEOH�LQIRUPDWLRQ�DERXW�IHOLG�SKRWR�VXUYH\V�GHVFULEHV�DSSOLFDWLRQ�RI�WKLV�WHFKQLTXH�
PDLQO\�LQ�WURSLFDO�ORZODQG�KDELWDWV��KHQFH�LQ�VRPH�DVSHFWV�LW�FDQ�EH�RI�OLWWOH�XVH�WR�WKRVH�
VFLHQWLVWV�ZRUNLQJ�LQ�KLJKODQG�PRXQWDLQRXV�FRQGLWLRQV��7KH�RQO\�VWXG\�XVLQJ�IHOLG�FDPHUD�
SKRWR�WUDSSLQJ�LQ�WKH�PRXQWDLQV�LV�WKDW�GRQH�E\�$UWXUR�DQG�3DWULFLD�&DQHGL�LQ�$UJHQWLQHDQ�
$QGHV��EXW�QR�UHSRUWV�DQG�SXEOLFDWLRQV�DUH�SURGXFHG�IURP�WKLV�ZRUN�VR�IDU��$��&DQHGL��
SHUV��FRPP����%HORZ��ZH�VKDUH�RXU�YLHZV�RQ�WKH�SUREOHPV�ZH�IDFHG�GXULQJ�RXU�OHRSDUG�
FDPHUD�SKRWR�WUDSSLQJ�SURMHFW�LQ�VRXWKHUQ�$UPHQLD��DV�LW�PD\�JLYH�VRPH�LQVLJKWV�WR�
SODQQLQJ��VWXG\�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�WKLV�DSSURDFK�LQ�WKH�ZKROH�UHJLRQ�RI�WKH�
0LGGOH�(DVW�DQG�LQ�WKH�PRXQWDLQV�LQ�JHQHUDO��
:HDWKHU��7KH�ZLQWHU�����������ZDV�LQFUHGLEO\�VQRZ\��PLVW\�DQG�FROG�DOO�RYHU�$UPHQLD��,Q�
VRXWKHUQ�$UPHQLD�ZKLFK�OLHV�LQ�VXEWURSLFDO�]RQH�DQG�HQMR\V�WKH�ZDUPHVW�FOLPDWH�LQ�WKH�
FRXQWU\��0DQDV\DQ�HW�DO����������DLU�WHPSHUDWXUHV�GURSSHG�EHORZ�WR� ������R&��VQRZ�FRYHU�
UHDFKHG��������FP�GHHS�DQG�WKH�SHULRG�RI�VWURQJ�VQRZIDOOV��PLVW�DQG�VOHHW�H[WHQGHG�XS�WR�
ODWH $SULO�RU�HYHQ�0D\��:H�IDLOHG�WR�QRUPDOO\�ZRUN�LQ�WKLV�SHULRG�DQG�XQGHUWRRN�LQVLJQLILFDQW�
VDPSOLQJ�HIIRUW�����WUDS�QLJKWV���DV�WKH�SKRWR�WUDSV�SRVLWLRQHG�ZLWK�WKH�LQIUDUHG�EHDP�WR�
H[WHQG�RQ�WKH�OHRSDUG�FKHVW�OHYHO�����FP�IURP�WKH�JURXQG��ZHUH�VLPSO\�VXQN�LQ�VQRZ�DQG�
VWRSSHG�RSHUDWLRQ��$OVR��LQ�WKLV�SHULRG�ZH�ZHUH�VHULRXVO\�OLPLWHG�E\�DYDLODELOLW\�RI�ZDUP�
ORGJLQJV�IRU�FDPSLQJ�DQG�KDG�WR�DUUDQJH�WKH�WULS�URXWHV�WDNLQJ�LQWR�DFFRXQW�WKH�ORFDWLRQ�RI�
ORGJLQJV�DQG�WKH�VKRUW�GD\WLPH�SHULRG��6R��RXU�UHVHDUFK�ZDV�FRQILQHG�WR�WKH�DUHDV�
UHODWLYHO\�FORVH�WR�YLOODJHV�ZKDW�VLJQLILFDQWO\�UHGXFHG�WKH�FKDQFHV�WR�FDSWXUH�WKH�KXPDQ�
VK\�OHRSDUGV��
7KH�VQRZ�LV�D�SULQFLSDO�IDFWRU�OLPLWLQJ�GLVWULEXWLRQ�RI�WKH�OHRSDUGV�LQ�WKH�QRUWKHUQPRVW�DUHDV�
RI�WKHLU�JOREDO�UDQJH�± &DXFDVXV�DQG�5XVVLDQ�)DU�(DVW��$V�WKLV�FDW�KDV�YHU\�KLJK�IRRWKROG�
SUHVVXUH�DQG�WKXV�IDLOV�WR�KXQW�LQ�GHHS�VQRZ���LQ�ERWK�WKHVH�UHJLRQV�LW�LQKDELWV�WKH�VRXWK�
H[SRVHG�FOLII\�DUHDV�ZKHUH�VQRZ�PHOWV�IDVW��+HSWQHU�DQG�6OXGVN\��������3LNXQRY�DQG
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.RUNLVKNR���������%DVHG�RQ�RXU�WDONV�WR�ORFDO�SHRSOH�DQG�ILHOG�H[SHULHQFH��ZH�NQHZ�D
SULRUL�ZKLFK�SODFHV�FRXOG�KDUERU�WKH�OHRSDUGV�LQ�GHHS�VQRZ�FRQGLWLRQV��EXW�WKLV�\HDU�WKH\�
DOO�ZHUH�LQDFFHVVLEOH�WR�XV�DQG�DOVR�VHHPHG�WR�EH�WRR�VQRZ\�IRU�WKH�OHRSDUGV�WKHPVHOYHV��
$V�D�UHVXOW��ZH�GLG�QRW�NQRZ�H[DFWO\�LI�WKH�SUHGDWRUV�ZHUH�SUHVHQW�LQ�WKH�SODFHV�ZH�FKRVH�
IRU�FDPHUD�SKRWR�WUDSSLQJ��
7KHIW�RU�GDPDJH�E\�UXUDO�SHRSOH��7KLV�LV�D�SRWHQWLDO�SUREOHP��VLQFH�ORFDO�SHRSOH�JR�WR�
PRXQWDLQV�IRU�FROOHFWLRQ�RI�HGLEOH�SODQWV��KXQWLQJ��ILUHZRRG�FROOHFWLRQ�FXWWLQJ�DQG�OLYHVWRFN�
EUHHGLQJ��:H�XVHG�WR�VSUHDG�D�ZRUG�DQG�WKXV�UDLVH�ORFDO�DZDUHQHVV�DERXW�RXU�SKRWR�
WUDSSLQJ�DFWLYLWLHV�DV�ZLGH�DV�SRVVLEOH��EXW�ZHUH�QRW�DEVROXWHO\�VXUH�WKDW�VRPHERG\�ZLOO�QRW�
WDNH�RU�GDPDJH�WKH�GHYLFHV��$V�D�UHVXOW��KDOI�RI�RXU�VDPSOLQJ�RFFDVLRQV�ZHUH�VKRUW������
GD\V��DQG�FRQILQHG�WR�WKH�SHULRGV�ZKHQ�ZH�VWD\HG�LQ�WKH�ILHOG�DQG�FRXOG�FKHFN�WKH�VDIHW\�
RI�SKRWR�WUDSV��:H�FKHFNHG�VDIHW\�WKURXJK�WKH�PRQLWRULQJ�RI�SHRSOH�HQWHULQJ�WKH�VWXG\�
DUHD�E\�NQRZQ�WUDLOV�DQG�QRW�E\�UH�YLVLWLQJ�WKH�SRVLWLRQHG�GHYLFHV��DV�WKLV�ZLOO�OHDYH�VWURQJ�
KXPDQ�VFHQW�GLVWXUELQJ�QDWXUDO�PRYHPHQWV�RI�ZLOG�DQLPDOV�
7R�PDNH�WKH�SKRWR�WUDSV�OHDVW�YLVLEOH��ZH�QHYHU�DWWDFKHG�WKHP�WR�WKH�ZRRG\�SRVWV�DV�XVHG�
HOVHZKHUH��$��&DQHGL��SHUV��FRPP���.DUDQWK�HW�DO����������,QVWHDG��ZH�PRXQWHG�WKH�XQLWV�
LQ�WKH�PRVW�XQREWUXVLYH�ZD\ WR�WKH�EDVH�RI�WKH�VWXUG\�WUHHV�WR�OHDYH�WKHP�XQQRWLFHG�E\�
ZLOGOLIH�DQG�ORFDO�SHRSOH�
/DFN�RI�WUHHV�VXLWDEOH�IRU�PRXQWLQJ�WKH�SKRWR�WUDSV��7KH�FOLII\�DUHDV�ZKHUH�WKH�OHRSDUGV�
DQG�WKHLU�VWDSOH�SUH\��EH]RDUJRDWV��OLYH��DUH�JHQHUDOO\�WUHHOHVV��EXW�HYHQ�LI�WKH�WUHHV�DUH�
SUHVHQW�WKH\�DUH�WKLQ��ZLWK�URXJK�EDUN�DQG�FURRNHG��VR�WKH�VWXUG\�WUHHV�DSSURSULDWH�IRU�
PRXQWLQJ�WKH�XQLWV�RQ�DUH�LQIUHTXHQW��$OO�WKLV�PDNHV�D�SUREOHP�ZLWK�FKRRVLQJ�D�ULJKW�WUHH��
$FFRUGLQJ�WR SKRWR�WUDS�PDQXIDFWXUHU¶V�JXLGHOLQHV��LW�LV�DEVROXWHO\�HVVHQWLDO�WR�DWWDFK�WKH�
GHYLFHV�WR�����VWXUG\ WUHHV�ZKLFK�DUH�UHVLVWDQW�WR�ZLQGV�DQG�GR�QRW�GLVWXUE�WKH�DOLJQPHQW�
EHWZHHQ�WKH�LQIUDUHG�WUDQVPLWWHU�DQG�WKH�UHFHLYHU�IRU�SURGXFLQJ�WKH�IDOVH�HYHQWV�DQG�
SKRWRJUDSKV��DQG�����YHUWLFDO�WUHHV�ZKLFK�ZLOO�NHHS�WKH�LQIUDUHG�EHDP�KRUL]RQWDO�DQG�PRVW�
OLNHO\�WR�EH�EURNHQ�E\�D�SDVVLQJ�DQLPDO��7R�FRPSO\�WKHVH�UHTXLUHPHQWV��ZH�XVHG�WKH�
DOXPLQXP�ZLUH�WR�ILUPO\�DWWDFK�WKH�XQLWV�RQ�WKH�WUHHV�DQG�WKH�SLHFHV�RI�WUHH�EUDQFKHV�DV�
VKLPV�WR�HQVXUH�WKH�YHUWLFDO�SRVLWLRQ�RI�GHYLFHV��)LJ������$OVR��ZH�JDYH�WKH�QDUURZHU�
SRVLWLRQ�WR�WKH�VWHHO�EUDFNHWV�ZKLFK�IL[�WKH�XQLWV�WR�WKH�WUHHV��WKLV�PDNHV�WKH�XQLWV�ZHOO�
SUHVVHG�LQWR�WKH�ZRRG�E\�EUDFNHW�SURQJV���
7KH�9HOFUR�VWUDSV�SURYLGHG�E\�PDQXIDFWXUHU�IRU�IL[DWLRQ�RI�SKRWR�WUDSV�DUH�WRR�ZHDN�DQG�
DOZD\V�QHHG�WR�EH�ILUPO\�NQRWWHG�DV�VLPSOH�VWUDSV�DQG�IRUWLILHG�E\�ZLUH��
7KH�VDPH�FDQ�EH�VDLG�DERXW�PRXQWLQJ�WKH�SKRWR�FDPHUDV��7KH�WULSRGV�SURYLGHG�E\�
PDQXIDFWXUHU�DUH�XQVDWLVIDFWRU\�LI�XVHG�DORQH��KHQFH�ZH�DWWDFKHG�WKH�FDPHUDV�WR�WKH�
WUHHV�DGGLWLRQDOO\�E\�ERRW�ODFHV�RU�DOXPLQXP�ZLUH��
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)LJ�����$WWDFKPHQW�RI�SKRWR�WUDS�XQLWV�WR�FURRNHG�DQG�WKLFN �EDUNHG�WUHHV�LQ�WKH�PRXQWDLQV�XVLQJ�DOXPLQXP�
ZLUH�DQG�WUHH�EUDQFKHV�DV� VKLPV��/RFDOLW\�'DUEDQG��3LFWXUH�E\�,��.KRUR]\DQ��WKLV�SURMHFW��

,PSURSHU�RSHUDWLRQ�RI�7UDLO0DVWHU��SKRWR�WUDSV��'XULQJ�WKH�ILHOG�RSHUDWLRQ�RI�RXU�SKRWR�
WUDSV��ZH�KDG�PDQ\�WURXEOHV�DQG�WKHLU�FDXVHV�DUH�QRW�IXOO\�XQGHUVWDQGDEOH�WR�XV�
,Q�DOO�VDPSOLQJ�RFFDVLRQV��WKH�XQLWV�UHJLVWHUHG�WRR�PDQ\�HYHQWV�LQ�D�YHU\�VKRUW�SHULRG�RI�
WLPH��,QLWLDOO\��WKDW�FRXOG�EH�FDXVHG�E\�ODFN�RI�RXU�H[SHULHQFH�ZLWK�SURSHU�DOLJQPHQW�RI�WKH�
LQIUDUHG�WUDQVPLWWHU�DQG�WKH�UHFHLYHU��/DWHU�ZH�JRW�PRUH�VNLOOV�DQG�NQRZOHGJH�LQ�WKLV�ILHOG��
FRQVXOWHG�ZLWK�7UDLO0DVWHU�PDQXIDFWXUHU�%��*RRGVRQ�DQG�ZLOGOLIH�UHVHDUFKHUV��UHDG�
UHOHYDQW�SXEOLFDWLRQV�LQ�WKH�KRSH�WR�ILQG�WKH�FOXHV��EXW�DJDLQ�REWDLQHG�KXQGUHGV�RI�IDOVH�
HYHQWV��:KHQ�ZH�VHW�WKH�FDPHUD�GHOD\��WKH�WLPH�SHULRG�EHWZHHQ�WZR�VXEVHTXHQW�
SKRWRJUDSKV������PLQXWHV��VXFK�DQ�RSHUDWLRQ�RI�SKRWR�WUDSV�PDGH�WKH�ZKROH�ILOP�ZDVWHG�
IRU�XVHOHVV�SLFWXUHV�ZLWKLQ�VHYHUDO�GD\V�RU�VR��(YHQ�ZKHQ�ZH�LQFUHDVHG�WKH�GHOD\�WR����
PLQXWHV��WKH�ILOP�ZDV�FRPSOHWHO\�VKRW�LQ�DERXW���GD\V��6R��WKH�LQFUHDVH�RI�GXUDWLRQ�RI�
VDPSOLQJ�RFFDVLRQV�IURP�����GD\V�WR�DERXW�������GD\V�GLG�QRW�PDNH�DQ\�SRVLWLYH�FKDQJH��
DV�WKH�ILOP�ZDV�RYHU�VHYHUDO�GD\V�DIWHU�ZH�SRVLWLRQHG�LW�RQ�D�WUDLO�DQG�ZH�QDLYHO\�KRSHG�
WKDW�WKH�ORQJHU�SHULRG�RI�VDPSOLQJ�ZLOO�LQFUHDVH�WKH�FDSWXUH�SUREDELOLW\���
7KLV�SUREOHP�FDQ�EH�FDXVHG�E\�PDQ\�IDFWRUV��WHFKQLFDO�WURXEOHV��VPDOO�IDVW�PRYLQJ�
DQLPDOV��LQWHUIHUHQFH�ZLWK�WKH�6XQ¶V�LQIUDUHG�HQHUJ\��SUHFLSLWDWLRQ��HWF��,QWHUHVWLQJO\��VLPLODU�
FRQFOXVLRQ�ZDV�PDGH�E\�.DZDQLVKL��������ZKR�FRQGXFWHG�D�WKRURXJK�ZLOGOLIH�VWXG\�LQ�
0DOD\VLD�DQG�PDGH�D�FRPSDUDWLYH�DQDO\VLV RI�HIILFLHQFLHV�RI�WZR�PRGHOV�RI�SKRWR�WUDSV��
7UDLO0DVWHU��70��DQG�&DPWUDNNHU��&7���6KH�VWDWHV�WKDW�7UDLO0DVWHU�LV�YHU\�SURQH�WR�
WHFKQLFDO�PDOIXQFWLRQV�ZKHQ�LW�LV�GLIILFXOW�LQ�WKH�ILHOG�WR�DVFHUWDLQ�ZKLFK�FRPSRQHQW�IDLOV�
ILUVW�����LQ�70�YV����LQ�&7��DQG�WR�XQNQRZQ�H[WULQVLF�IDFWRUV�����LQ�70�YV����LQ�&7���,Q�
JHQHUDO��VKH�FODLPV�WKDW�WKH�QLO�SKRWRV�GXH�WR�XQNQRZQ�UHDVRQV�PDNH�WKH�SULQFLSDO�
SUREOHPDWLF�IHDWXUH�RI�70����
$Q�LQVXUPRXQWDEOH�SUREOHP�IRU�XV��DQG�LW�LV�IRU�DOO�UHVHDUFKHUV�ZRUNLQJ�ZLWK�SKRWR�WUDSV�LQ�
WKH�ILHOG���ZDV�RXU�LPSRVVLELOLW\�WR�LGHQWLI\�WKH�IDFWRUV�GLVWXUELQJ�WKH�ZKROH�V\VWHP�RQ�SODFH��
DV�ZH�FRXOG�GR�WKDW�RQO\�DIWHU�ZH�UHWXUQ�KRPH�DQG�GHYHORS�WKH�ILOP�VKRW�LQ�WKH�XQLW��:H�
LQHYLWDEO\�KDG�WR�ORVH�WLPH�DQG�PDNH�LPSURYHPHQWV�RQO\�GXULQJ�WKH�QH[W�ILHOG�WULS��



��

$V�ZH�VSHQW�VXEVWDQWLDO�ILQDQFLDO��ORJLVWLFDO��WHFKQLFDO�DQG�KXPDQ�UHVRXUFHV�GXULQJ�WKLV�
FDPHUD�SKRWR�WUDSSLQJ�SURMHFW�DQG�XQGHUWRRN�VLJQLILFDQW�SK\VLFDO�HIIRUWV�LQ�$UPHQLD¶V�
SUHFLSLWRXV�PRXQWDLQV��EXW�IDFHG�WKHVH�SUREOHPV�DQG�REWDLQHG�QRW�D�VLQJOH�LQFRQWHVWDEOH�
HYLGHQFH�RI�WKH�OHRSDUG�H[LVWHQFH��ZH�FRQFOXGH�WKDW�SKRWR�WUDSSLQJ�LV�QRW�H[SHGLHQW�IRU�
ZLOGOLIH�UHVHDUFK�DQG�PRQLWRULQJ�LQ�WKH�FRXQWU\��:H�GR�QRW�H[SHFW�VRPH�EHWWHU�UHVXOWV�LI�ZH�
GHYHORS�RXU�H[SHULHQFH�RU�LI�WKH�7UDLO0DVWHU�SKRWR�WUDSV�EHFRPH�DYDLODEOH�WR�RWKHU�
VFLHQWLVWV�LQ�$UPHQLD��DV�WKH�SHUIRUPDQFH�RI�WKLV�PRGHO�LV�RQO\�VOLJKWO\�UHOHYDQW�WR�
H[SHULHQFH�LQ�GHYLFH�RSHUDWLRQ�DQG�LWV�ORZHU�TXDOLW\�LV�FDXVHG�UDWKHU�E\�LWV�WHFKQLFDO�
FKDUDFWHULVWLFV��.DZDQLVKL�����������

&KDSWHU����'(16,7<�(67,0$7,21�)520�6&$7�&28176�
,QWURGXFWLRQ�

7RGD\¶V�FRQVHUYDWLRQ�SUDFWLFHV�UHTXLUH�IURP�VFLHQWLVWV�REWDLQLQJ�VR�PXFK�QHHGHG�
LQIRUPDWLRQ�DERXW�WKH�FDUQLYRUH�GHQVLWLHV�DQG�WKHLU�FKDQJH�LQ�WLPH�DQG�VSDFH��0HDQZKLOH��
WKH�FDUQLYRUHV�DUH�QRWRULRXVO\�GLIILFXOW�WR�FRXQW�EHFDXVH������WKH\�OLYH�DW�QDWXUDOO\�ORZ�
GHQVLWLHV�RYHU�YDVW�DUHDV������XQGHU�VHULRXV�KXPDQ�SUHVVXUHV�WKH\�UHWUHDW�WR�UHPRWH�KDUGO\�
DFFHVVLEOH�DUHDV�DQG�OHDG�FU\SWLF�OLIH������GHYHORSLQJ�FRXQWULHV�ZKLFK�DFFRPPRGDWH�PRVW�
RI�OLYLQJ�SUHGDWRU�VSHFLHV�GR�QRW�KDYH�VXIILFLHQW�ILQDQFLDO��WHFKQLFDO�DQG�RU�KXPDQ�
UHVRXUFHV�HVVHQWLDO�IRU�XS�WR�GDWH�DQG�ORQJ�WHUP�UHVHDUFK��PRQLWRULQJ�DQG�FRQVHUYDWLRQ�RI�
WKHVH�DQLPDOV��*HVH��������
7R�RYHUFRPH�WKLV�SUREOHP��GHYHORSLQJ�FRXQWULHV�VKRXOG�HPSKDVL]H�WKH�GHYHORSPHQW��
YHULILFDWLRQ�DQG�DSSOLFDWLRQ�RI�QRQ�LQYDVLYH��VLPSOH��UHOLDEOH�DQG�FRVW�HIILFLHQW�PHWKRGV�RI�
HVWLPDWLQJ�WKH�FDUQLYRUH�GHQVLWLHV��8VH�RI�UHODWLYH�DEXQGDQFH�LQGLFHV��5$,¶V��DQG�WKHLU�
FRUUHODWLRQ��LI�DQ\��ZLWK�WKH�UHDO�GHQVLW\�YDOXHV�DSSHDUV�WR�EH�WKH�PRVW�SURPLVLQJ�
WHFKQLTXH��VLQFH�LW�DOORZV�SRWHQWLDOO\�WR�HVWLPDWH�WKH�GHQVLWLHV�IURP�VFDW�FRXQWV��WUDFN�
FRXQWV�DQG�VLPLODU�SURFHGXUHV�ZLWKRXW�GLVWXUELQJ�WKH�WDUJHW�DQLPDOV�WKHPVHOYHV��7KH�
FDUQLYRUH�GHQVLWLHV�PD\�DOVR�FRUUHODWH�ZLWK�UDLQIDOO��0DUWLQ�DQG�GH�0HXOHQDHU��������DQG�RU�
SUH\�ELRPDVV��&DUERQH�DQG�*LWWOHPDQ��������)XOOHU�DQG�6LHYHUW�������� EXW�ZH�WKLQN�WKDW�
VXFK�D�UHODWLRQVKLS�LV�SRVVLEOH�RQO\�LQ�SUH\�ULFK�DQG�ORZ�KXPDQ�HQYLURQPHQWV�ZKHUH�
DQWKURSRJHQLF�SUHVVXUHV�GR�QRW�DIIHFW�WKH�SUHGDWRU�DEXQGDQFH��:RRGURIIH���������
7KH�LGHD�RI�HPSOR\LQJ�WKH�5$,¶V�LQ�WHUUHVWULDO�PDPPDOVWXGLHV�ZDV�VXJJHVWHG�DQG�
GHVFULEHG�ILUVW�LQ�����V�ZLWK�D�VNHSWLFDO�RSLQLRQ�WKDW�WKH\�FDQQRW�JLYH�DQ\�TXDQWLWDWLYH�
LQIRUPDWLRQ�DERXW�WKH�VSHFLHV�QXPEHUV�DQG�DUH�DEOH�RQO\�WR�LQGLFDWH�ZKHWKHU�D�VSHFLHV�LV�
SUHVHQW�RU�DEVHQW�LQ�D�JLYHQ�DUHD��1RZHOO�DQG�-DFNVRQ���������6LQFH�WKHQ��WKH�VFLHQWLILF�
DWWLWXGHV�KDYH�VKLIWHG�WRZDUGV�WKH�UHFRJQLWLRQ�RI�LPSRUWDQFH�RI�WKLV�LVVXHDQG�D�QXPEHU�RI
HIIRUWV�DUH�SUDFWL FDOO\�XQGHUWDNHQ�VR�IDU�WR�GHWHUPLQH�LI�WKH�FRUUHODWLRQ EHWZHHQ�WKH�5$,¶V�
DQG�DQLPDO GHQVLWLHV�UHDOO\�H[LVWV�± DQG�LW�GRHV��DW�OHDVW�LQ�VRPH�URGHQWV��:DONHU�HW�DO���
�������XQJXODWHV��']LHFLRORZVNL��������DQG�FDUQLYRUHV��FDQLGV�± *HVH��������:LOVRQ�DQG�
'HODKD\��������XUVLGV�± .HQGDOO�HW�DO���������IHOLGV�± %HLHU�DQG�&XQQLQJKDP��������)R[�HW�
DO��������5DPDNULVKQDQ�HW�DO���������6PDOOZRRG�DQG�)LW]KXJK��������6WDQGHU��������9DQ�
6LFNOH�DQG�/LQG]H\���������,Q�SUDFWLFH��WKH�VFDWV�SURYLGH�PXFK�PRUH�DYDLODEOH�PDWHULDO�IRU�
VWXGLHV�WKDQ�RWKHU�SUHGDWRU�SUHVHQFH�VLJQV��KHQFH�WKH�IHFDO�5$,��I5$,��1R��VFDWV�IRXQG�SHU�
���NP�RI�WUDLOV�ZDONHG��FDQ�EH�D�VWURQJ�WRRO�LQ�GUDZLQJ�LQIHUHQFHV�DERXW�WKH�SRSXODWLRQ�
GHQVLW\�SURYLGHG�D�UHOLDEOH�PRQRWRQLF�DQG�OLQHDU�UHODWLRQVKLS�EHWZHHQ�WKHVH�SDUDPHWHUV�LV�
HVWDEOLVKHG��.DUDQWK�HW�DO���������
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%HORZ��ZH�GHVFULEH�WKH�VWURQJ�FRUUHODWLRQ�ZKLFK�ZH�IRXQG�EHWZHHQ�WKH�I5$,�DQG�DFWXDO�
GHQVLW\�LQ�GLIIHUHQW�OHRSDUG�SRSXODWLRQV�DFURVV�6XE�6DKDUDQ�$IULFD�DQG�$VLD��)XUWKHU��ZH�
XVH�WKLV�FRUUHODWLRQ�WR�HVWLPDWH�WKH�GHQVLW\�RI�WKH�HQGDQJHUHG�3HUVLDQ�OHRSDUG�LQ�VRXWKHUQ�
$UPHQLD��$QG��DW�ODVW��ZH�GLVFXVV�WKH�LPSRUWDQFH�RI�WKLV�LQIRUPDWLRQ�IRU�SODQQLQJ��
LPSOHPHQWDWLRQ�DQG�PDQDJHPHQW�RI�FRQVHUYDWLRQ�RI�WKLV�YDQLVKLQJ�FDW�DQG�RWKHU�ZLOGOLIH�LQ�
$UPHQLD��

0HWKRGV�
7KH�VWXGLHV�ZHUH�FDUULHG�RXW�LQ�VQRZ�IUHH�VHDVRQV�RI�������$SULO ± 2FWREHU��LQ�WKH�VDPH�
VWXG\�DUHD�DV�FDPHUD�SKRWR�WUDSSLQJ��)LJ������7KH�OHRSDUG�VFDWV��)LJ�����ZHUH�LGHQWLILHG�RQ�
D�EDVLV�RI�RXU�ILHOG�H[SHULHQFH�DQG�WKH�JHQHUDO�FULWHULD�GHVFULEHG�LQ�OLWHUDWXUH��
FKDUDFWHULVWLF�³VHJPHQWHG´�VKDSH�ZLWK�PHDQ�GLDPHWHU�FD������FP��UDQJH����� ����FP���
SRLQWHG�HQGV��PDQ\�OREHV�DQG�WKH�SODFH�RI�VFDW�GHSRVLW��SURSHQVLW\�WR�XVH�WUDLOV�DORQJ�WKH�
ULGJH�WRSV�DQG�PDUN�WKHP�ZLWK�VFDWV�ZKHQ�WUDYHOLQJ���(GJDRQNDU�DQG�&KHOODP��������
-RKQVRQ�HW�DO���������.DUDQWK�DQG�6XQTXLVW��������/XNDUHYVN\��������1RUWRQ�HW�DO���������
5DELQRZLW]��������5D\�DQG�6XQTXLVW���������:H GHILQHG�³VFDW´�DV�WKH�FOXVWHU�RI�LQGLYLGXDO�
IHFHV�GHSRVLWHG�LQ�D�VLQJOH�DFW�RI�GHIHFDWLRQ��7KH�ORFDWLRQ�RI�VFDW�VLWHV��FRRUGLQDWHV�DQG�
HOHYDWLRQ��P��DQG�WKH�GDLO\�GLVWDQFHV�ZDONHG��':��NP��ZHUH�PHDVXUHG�E\�KDQGKHOG�
0DJHOODQ�*36�����GHYLFH��86$���7KURXJKRXW�WKH�VWXG\��ZH�XVHG�WKH�ORQJ�ODVWLQJ�$$�FHOO�
DONDOLQH�EDWWHULHV�'XUDFHOO�3OXV��%HOJLXP���D�SDLU�RI�EDWWHULHV�ZHUH�HQRXJK�IRU�WZR�GD\V�RI�
FRQWLQXRXV�RSHUDWLRQ�RI�*36��$V�WKH�RGRPHWHU�LQ�WKLV�*36�PHDVXUHV�WKH�VWUDLJKW�OLQH�
GLVWDQFHV��ZH�PXOWLSOLHG�WKHP�E\�WKH�IDFWRU�RI�WHUUDLQ�URXJKQHVV�����WR�REWDLQ�WKH�UHDO�':��
2OL��������XVHV WKH�IDFWRU�������7KH�IDFWRU¶V�YDOXH�UHVXOWHG�IURP�VLPXOWDQHRXV�RSHUDWLRQ�RI�
*36�RGRPHWHU�DQG�YHKLFOH�RGRPHWHU�LQ�D�GULYLQJ�RII�URDG�YHKLFOH�DQG�WKH�FRPSDULVRQ�RI�
VDPH�GLVWDQFH�PHDVXUHV�IURP�ERWK�RGRPHWHUV��,Q�WRWDO�����VFDW�VLWHV�ZHUH�UHFRUGHG�DQG�
����� NP�ZHUH�ZDONHG�
7KH�IHFDO�UHODWLYH�DEXQGDQFH�LQGH[�I5$,��1R��VFDWV�Q����NP�':��ZDV�FDOFXODWHG�DV�VKRZQ�
LQ�HT������

I5$,� �Q�[����':�� �HT������
)RU�REWDLQLQJ�WKH�JHQHUDO�UHODWLRQVKLS�EHWZHHQ�WKH�I5$,�DQG�SRSXODWLRQ�GHQVLW\�LQ�WKH�
OHRSDUG��ZH�KDYH�WDNHQ�WKH�VFLHQWLILF�DUHD�VSHFLILF�GDWD�DYDLODEOH�IURP�%RWKPD�DQG�OH�
5LFKH������D����/XNDUHYVN\���������5D\�DQG�6XQTXLVW���������0DUWLQ�DQG�GH�0HXOHQDHU�
��������-HQQ\���������6SDOWRQ���������3LNXQRY�DQG�.RUNLVKNR���������5DPDNULVKQDQ�HW�DO��
�������DQG�WZR�RIILFLDO�ZHEVLWHV�RI�WKH�NH\�QDWLRQDO�HQYLURQPHQWDO�DXWKRULWLHV��7KH\�DUH�
SUHVHQWHG�LQ�7DEOH�� DQG�LOOXVWUDWHG�LQ�)LJ�����7KH�GHQVLW\�GDWD�UHSUHVHQW�WKH�³JURVV�
GHQVLW\´��L�H��WRWDO�QXPEHU�RI�DGXOW�UHVLGHQWV��FXEV��VXE�DGXOWV�DQG�WUDQVLHQWV�NQRZQ�WR�
XWLOL]H�D�JLYHQ�DUHD��7KH�UHODWLRQVKLS EHWZHHQ�WKH�I5$,�DQG�OHRSDUG�GHQVLW\�'�
�LQGLYLGXDOV�����NP���GHULYHG�IURP�GDWD�LQ�7DEOH���SOXV�]HUR�SRLQW��QR�VFDWV�EHDU�QR�
OHRSDUG�GHQVLW\���LW�ORRNV�DV�IROORZV��HT��������

'� ������I5$,�������� �HT������
6WDWLVWLFDO�VLJQLILFDQFH��)���� ��������3� ��������U�  �������7KH�ORZHU�DQG�XSSHU�OLPLWV�RI�
����FRQILGHQFH�LQWHUYDO��&,��RI�WKH�VORSH�DQG�LQWHUFHSW�LQ�HT����� ZHUH�FDOFXODWHG�DV�WKH�
PHDQ��������VWDWLVWLFDO�HUURU��6(��RI�WKH�PHDQ��1LFKROV�DQG�.DUDQWK������E��4XLQQ�DQG�
.HRXJK���������7KH�����&,�PDNHV�IURP������WR �����IRU�WKH�VORSH DQG IURP�������WR������
IRU�WKH�LQWHUFHSW��



��

$V�WKH�LQWHUFHSW�GLG�QRW�GLIIHU�VLJQLILFDQWO\�IURP�]HUR��W� �������3� ���������ZH�VHW�LQWHUFHSW�
DW�]HUR�DQG�REWDLQHG�DQRWKHU�HT������

'� �����I5$, �HT������
6WDWLVWLFDO�VLJQLILFDQFH��)���  ��������3� ��������U�  �������7KH�����&,�RI�WKH�VORSH�PDNHV�
IURP������WR�������
$V�WKH�U� YDOXHV�IURP�LQWHUFHSW��HT�������DQG�QR�LQWHUFHSW��HT�������OLQHDU PRGHOV�FDQQRW�EH�
FRPSDUHG��ZH�FKHFNHG�ZKLFK�RQH�RI�WKHP�LV�EHVW�ILW�WR�UHDO�REVHUYDWLRQV�DQG�FRPSDUHG�
WKHLU�YDULDQFHV�RI�UHVLGXDOV�HL  �'L�REVHUYHG ± 'L�HVWLPDWHG��1R�LQWHUFHSW�PRGHO�KDG�ORZHU�
YDULDQFH WKDQ�LQWHUFHSW�PRGHO��������YV����������LQGLFDWLQJ�LWV�KLJKHU�VWDWLVWLFDO�SRZHU��
$V�HT������SURYLGHV�WKH�PRVW�DFFXUDWH�UHODWLRQVKLS�EHWZHHQ�I5$,�DQG�'��]HUR�LQWHUFHSW��
OLQHDU�VKDSH�DQG�VORSH�HTXDO�WR�FRQVWDQW�SURSRUWLRQ�LQGH[�± :DONHU�HW�DO����������ZH�XVHG�
RQO\�LW�LQ�RXU�OHRSDUG�GHQVLW\�FDOFXODWLRQV���
7R�WHVW�WKH�QRUPDOLW\�DQG�KRPRJHQHLW\�RI�YDULDQFH�RI�'��ZH�KDYH�SORWWHG�HL DJDLQVW�I5$,¶V��
1R�REYLRXV�SDWWHUQ�RI�WKH�UHVLGXDO�SORW�LQGLFDWHV�WKDW�ERWK�WKHVH�DVVXPSWLRQV�DUH�PHW��
1RUPDOLW\�RI�'�ZDV�DOVR�SURYHG�E\�6KDSLUR�:LON�WHVW��3� ���������7KH�HIIHFW�RI�DQ�DSSDUHQW�
RXWOLHU��GDWXP�IURP�,YRU\�&RDVW�PDUNHG�E\�ZKLWH�FLUFOH�LQ�VFDWWHUSORW�RI�)LJ���� RQ�OLQHDU�
UHODWLRQVKLS�LQ�)LJ����ZDV�DVVHVVHG�DV�LQVLJQLILFDQW�GXH�WR�WKH�&RRN¶V�GLVWDQFHVWDWLVWLF�' L�
OHVV�WKDQ�����������
7R�VHH�WKH�HIIHFW�RI�YDULDWLRQ�RI�I5$,�RQ�YDULDWLRQ�RI�WKH�GHQVLW\�HVWLPDWHV��ZH KDYH�
FDOFXODWHG�WKH�GHQVLW\�HVWLPDWHV�LQ�WZR�ZD\V������ZLWKRXW�YDULDWLRQ�RI��I5$,��PHDQ�I5$,�������
ZLWK�YDULDWLRQ�RI�I5$,��OLPLWV�RI�����&,�RI�I5$,���
$OO�VWDWLVWLFDO�SURFHGXUHV�ZHUH�SHUIRUPHG�LQ�6366�����IRU�:LQGRZV�VRIWZDUH�SDFNDJH�
�6366�,QF���86$���$�ZRQGHUIXO�ERRN�E\�4XLQQ�DQG�.HRXJK��������ZDV�RXU�LQYDULDEOH�
JXLGHERRN��



7DEOH��� 7KH�DUHD�VSHFLILF�GDWD�RQ�IHFDO�UHODWLYH�DEXQGDQFH�LQGH[��I5$,��DQG�WKH�OHRSDUG�GHQVLW\��'��DFURVV�LWV�UDQJH�LQ�$IULFD�DQG�$VLD�
UDQNHG�ZLWK�LQFUHDVLQJ�'�

+DELWDW�DQG�DUHD
I5$,��

1R��VFDWV����
NP�ZDONHG

'��
LQG������
NP�

'HVFULSWLRQ 5HIHUHQFHV

+\SHU�DULG�URFN\�KDELWDW��-HEHO�6DPKDQ�1DWXUH�
5HVHUYH��2PDQ ���� ���� ���VFDWV�����NP�

��LQG�������NP�
6SDOWRQ��������0LQLVWU\�RI�,QIRUPDWLRQ�RI�6XOWDQDWH�RI�

2PDQ��ZZZ�RPDQHW�FRP
-XQLSHU�VSDUVH�IRUHVW�DQG�EDUUHQ�FOLII\�ODQGV��
0HJKUL�UHJLRQ��$UPHQLD ���� ���� ���VFDWV�������NP 7KLV�VWXG\
0RXQWDLQRXV�MXQLSHU�DQG�SLVWDFKLR�VSDUVH�
IRUHVW��:HVWHUQ�.RSHWGDJ��7XUNPHQLVWDQ ���� ���� ����VFDWV������NP�

������LQG�������NP� /XNDUHYVN\������
9HJHWDWLRQ�IUHH�SUHFLSLWRXV�FOLII\�ODQGV��&HQWUDO�
.RSHWGDJ��7XUNPHQLVWDQ ���� ���� ����VFDWV�����NP�

������LQG�������NP� /XNDUHYVN\������
'XQHV�DQG�VDQGYHOG�VDYDQQD��.DODKDUL�
*HPVERN�1DWLRQDO�3DUN��6RXWK�$IULFD ���� ����

��VFDW������NP�LQ�PDOHV�
DQG�� VFDW������NP�LQ�
IHPDOHV����LQG������NP�

%RWKPD�DQG�OH�5LFKH������D��0DUWLQ�DQG�GH�
0HXOHQDHU������

0L[HG�FRQLIHURXV�EURDGOHDI�IRUHVW��.HGURYD\D�
3DG�5HVHUYH��5XVVLDQ�)DU�(DVW ���� ���� ���VFDW�����NP�

��LQG������NP� 3LNXQRY�DQG�.RUNLVKNR������
0L[HG�WURSLFDO�GHFLGXRXV�IRUHVW� .DODNDG�
0XQGDQWKXUDL�7LJHU�5HVHUYH��,QGLD ���� ���� �����VFDW�NP�

���LQG������NP�
5DPDNULVKQDQ�HW�DO����������0LQLVWU\�RI�(QYLURQPHQW�

DQG�)RUHVWV�RI�,QGLD��ZZZ�VDQFWXDU\DVLD�FRP
7URSLFDO�PRLVW�HYHUJUHHQ�IRUHVW��7DL�1DWLRQDO�
3DUN��,YRU\�&RDVW ���� ���� ��VFDW�����NP�

��LQG�������NP� -HQQ\������
7URSLFDO�PRLVW�HYHUJUHHQ�IRUHVW��']DQJD�
6DQJKD�6SHFLDO�'HQVH�)RUHVW�5HVHUYH�DQG�
']DQJD�1GRNL�1DWLRQDO�3DUN��&HQWUDO�$IULFDQ�
5HSXEOLF

����� ����� ����VFDWV����NP��
PLQLPXP���LQG����NP�

0DUWLQ�DQG�GH�0HXOHQDHU��������5D\�DQG�6XQTXLVW��
����
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)LJ���� 7KH�UHODWLRQVKLS�EHWZHHQ�WKH�IHFDO�UHODWLYH�DEXQGDQFH�LQGH[��I5$,��DQG�WKH�DFWXDO�OHRSDUG�GHQVLW\�
GHILQHG�VWDWLVWLFDOO\�E\�HT������DQG�H[SUHVVHG DV�WKH�VFDWWHUSORW�ZLWK�VWDQGDUG�HUURU�EDUV��7KH GDWXP�IURP�

&HQWUDO�.RSHWGDJ�UHJLRQ�LQ�7XUNPHQLVWDQ��ZKHUH�WKH�OHRSDUGV�IHHG�SULQFLSDOO\�RQ�EH]RDU�JRDWV��DQG�DUH�WKXV�
H[SHFWHG�WR�KDYH�VLPLODU�GHIHFDWLRQ�SDWWHUQ�DV�LQ�$UPHQLD��LV�PDUNHG�E\�ZKLWH�WULDQJOH��:KLWH�FLUFOH�LQGLFDWHV�

WKH�RXWOLHU�GDWXP�IURP�,YRU\�&RDVW��6HH�7DEOH���IRU�GHWDLOV�RQ�GDWD�XVHG��

5HVXOWV�

6WDWLVWLFDO�LQIRUPDWLRQ�GHULYHG�IURP�WKH�OHRSDUG�VFDW�FRXQWV�LQ�VRXWKHUQ�$UPHQLD�LV�
SUHVHQWHG�LQ�7DEOH���
7DEOH����%DVLF�VWDWLVWLFV�IURP�WKH�OHRSDUG�VFDW�FRXQWV�LQ�VRXWKHUQ�$UPHQLD������&,� ����
FRQILGHQFH�LQWHUYDO��

9DOXH3DUDPHWHU
WRWDO PHDQ ����&,

'DLO\�GLVWDQFH�ZDONHG��':��NP� ��� ����� ����
7RWDO�1R��VFDW�VLWHV ��
1R��URXWHV�ZDONHG ��
1R��URXWHV�ZLWK�OHRSDUG�VFDWV �
7RWDO�GLVWDQFH�ZDONHG��VXP�RI�DOO�':V���NP �����
)HFDO�UHODWLYH�DEXQGDQFH�LQGH[�I5$,��1R��VFDWV����NP�':� ��� ����� ���
/HRSDUG�GHQVLW\�HVWLPDWHG�IURP�I5$,��LQG������NP ����VHH�HT������ ��� ��������LI�YDULDWLRQ�

RI�I5$,�LJQRUHG��
��������LI�YDULDWLRQ�
RI�I5$,�WDNHQ�LQWR�

DFFRXQW

9DULDWLRQ�RI�GHQVLW\�HVWLPDWHV�VLJQLILFDQWO\�LQFUHDVHV�ZKHQ�YDULDWLRQ�RI�I5$,�LV�LQFRUSRUDWHG�
WR�FDOFXODWLRQV�
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'LVFXVVLRQ�

$��(VWLPDWLQJ�WKH�GHQVLW\�IURP�VFDW�FRXQWV��PHWKRGRORJLFDO�FRQVLGHUDWLRQV��
7KH�FULWLFDO�LVVXH�UHODWHG�WR�DFFXUDWH�HVWLPDWLRQ�RI�WKH�DQLPDO�SRSXODWLRQ�GHQVLW\�IURP�WKH�
VLJQ�FRXQWV�LV�WKH�VWDWLVWLFDO�UHOLDELOLW\�DQG�UREXVWQHVV�RI�FRUUHODWLRQ�EHWZHHQ�WKH�UHODWLYH�
DEXQGDQFH�LQGH[�DQG�DFWXDO�GHQVLW\�LQ�D�WDUJHW�SRSXODWLRQ��-HQHOOH�HW�DO���������LQGLFDWH�
WKUHH�HVVHQWLDO�UHTXLUHPHQWV�WR�WKH�YDOLGLW\�RI�WKLV�DSSURDFK������EURDG�DSSOLFDELOLW\�RYHU�
GLIIHUHQW�KDELWDWV�DQG�SRSXODWLRQV������LQGHSHQGHQFH�RI�SDUDPHWHUV�LQ�WKH�UHODWLRQVKLS��DQG�
����SUHFLVLRQ�RI�FDOLEUDWLRQ�RI�WKH�UHODWLRQVKLS��L�H��DFFHSWDEOH�DQG�PHDQLQJIXO�OHYHO�RI�
XQFHUWDLQW\��%HORZ��ZH�GLVFXVV�WKHVH�DVSHFWV�LQ UHODWLRQ�WR�WKH�LQGH[�GHQVLW\�UHODWLRQVKLS�LQ�
WKH�OHRSDUG�SRSXODWLRQV�SUHVHQWHG�LQ�VFDWWHUSORW�RI�)LJ����
%URDG�DSSOLFDELOLW\�RI�DSSURDFK��7KLV�UHTXLUHPHQW�ZRXOG�PHDQ�WKH�VLPLODULW\�RI�GHIHFDWLRQ�
DQG�PRYHPHQW�SDWWHUQV�RI�WKH�OHRSDUG�RYHU�WKH�HQWLUH�UDQJH�LQ�6XE�6DKDUDQ�$IULFD�DQG�
$VLD��7KH�QXPEHU�RI�VFDWV�SURGXFHG�E\�LQGLYLGXDO�OHRSDUG�LV�VWDWLVWLFDOO\�GHSHQGHQW�RQ�
DYHUDJH�ERG\�PDVV�RI�SUH\�FRQVXPHG��.DUDQWK�DQG�6XQTXLVW��������.KRUR]\DQ�DQG�
0DONKDV\DQ��������0L]XWDQL��������DQG LV�VXSSRVHGO\�VWDEOH�GXH�WR�WKH�FRPPRQ�UDQJH�RI�
PDVVHV�RI�SUH\�WDNHQ�E\�WKLV�SUHGDWRU�LQ�GLIIHUHQW�KDELWDWV��������NJ���7KLV�VWDWLVWLFDO�
UHODWLRQVKLS�ZDV�LQLWLDOO\�IRXQG�LQ�FRXJDUV��3XPD�FRQFRORU��OLYLQJ�LQ�FROGHU�PRXQWDLQV��EXW�
ZDV�ODWHU�DFNQRZOHGJHG�DOVR�IRU�WKH�IHOLGV�IURP�ZDUPHU�KDELWDWV��HYHQ�WKRXJK�LW�ZDV�D�
SULRUL�WKRXJKW�WKDW�PRUH�KDLUV�RI�SUH\�ZLOO�LQGXFH�PRUH�GHIHFDWLRQV�LQ�FROGHU�FRQGLWLRQV���
7KH�GLVWDQFHV�ZDONHG�E\�WKH�OHRSDUG�DUH�GHWHUPLQHG�SULQFLSDOO\�E\�KXQJHU�ZKLFK�IRUFHV�WR�
FRYHU�ORQJ�GLVWDQFHV�LQ�ORZ�SUH\�DUHDV��%RWKPD�DQG�OH�5LFKH���������7KH�LQWHQVLW\�RI�
OHRSDUG�PRYHPHQWV�LV�DOVR�LQIOXHQFHG�E\�ZHDWKHU�ZKLFK�VWLPXODWHV�ORQJHU�WUDYHOV�LQ�PLOG�RU�
FROG�GD\V�WKDQ�LQ�KRW�GD\V��%RWKPD�DQG�OH�5LFKH������E���+RZHYHU��LW�LV�XQOLNHO\�WKDW�WKH�
FDUQLYRUHV�OLYLQJ�LQ�FROGHU�HQYLURQPHQWV�PRYH�PRUH�WKDQ�LQ�WURSLFV�DQG�ZH�WKLQN�WKDW�WKLV�
UXOH�LV�DSSOLFDEOH�RQO\�WR�VHDVRQV�LQ�D�VSHFLILF�DUHD�DQG�QRW�WR�GLIIHUHQW�DUHDV��)RU�
H[DPSOH��ORZ�DLU�WHPSHUDWXUHV�LQ�WKH�&DXFDVXV�RU�5XVVLDQ�)DU�(DVW�ZLOO�QRW�SURYRNH�
LQWHQVLYH�PRYHPHQWV�RI�WKH�OHRSDUGV�EHFDXVH�GHHS�VQRZ�PDNHV�WKHP�VOXPS��+HSWQHU�
DQG�6OXGVN\��������3LNXQRY�DQG�.RUNLVKNR���������
(YHQ�WKRXJK�GDWD�SUHVHQWHG�LQ�7DEOH���DQG�)LJ����FRPH�IURP�DEVROXWHO\�GLIIHUHQW�KDELWDWV�
DQG�FOLPDWHV��WKH\�SURGXFH�D�XQLIRUP�SDWWHUQ�RI�WKH�LQGH[�GHQVLW\ UHODWLRQVKLS�LQ�WKH�
OHRSDUG��1HLWKHU�HIIHFW�RI�ZHDWKHU�RQ�VFDW�YLVLELOLW\�WR�UHVHDUFKHUV�YLD�IHFDO�GHFD\�QRU�SUH\�
VSHFLHV�DSSHDU�WR�DIIHFW�LW��/LNH�LQ�$UPHQLD��WKH�EH]RDU�JRDW�PDNHV�WKH�VWDSOH�SUH\�IRU�WKH�
OHRSDUGV�LQ�&HQWUDO�.RSHWGDJ�RI�7XUNPHQLVWDQ��/XNDUHYVN\��������DQG�WKH�GDWXP�IURP�WKLV�
DUHD�LV�ZHOO�ILWWLQJ�WKH�UHODWLRQVKLS��VHH�ZKLWH�WULDQJOH�LQ�)LJ����� +HQFH��ZH�H[SHFW�WKDW�WKLV�
ILJXUH�SURYLGHV�D�UREXVW�WRRO�IRU�HVWLPDWLQJ�WKH�OHRSDUG GHQVLW\�DOVR�LQ�$UPHQLD���
,QGHSHQGHQFH�RI�SDUDPHWHUV�LQ�D�UHODWLRQVKLS��7KLV�UHTXLUHPHQW�LPSOLHV�WKDW�WKH�
SDUDPHWHUV�LQ�UHODWLRQVKLS�PXVW�EH�REWDLQHG�E\�LQGHSHQGHQW�UHVHDUFK�PHWKRGV�LQ�WKH�
VDPH�DUHD�DQG�LQ�WKH�VDPH�WLPH�IUDPH��7KLV�LV�D�FDVH�IRU�LQIRUPDWLRQ�LQ�7DEOH����WKH�
OHRSDUG�GHQVLWLHV�ZHUH�GHWHUPLQHG�E\�VLJKWLQJ�UHFRUGV��WUDFNLQJ��UDGLR�WHOHPHWU\�DQG�
FDPHUD�SKRWR�WUDSSLQJ��ZKHUHDV�WKH�VFDW�FRXQWV�ZHUH�GRQH�LQGHSHQGHQWO\ WR�GHVFULEH�WKH�
WHUULWRULDO�PDUNLQJ�EHKDYLRU�RI�ORFDO�SUHGDWRUV��
3UHFLVLRQ�RI�FDOLEUDWLRQ�RI�WKH�UHODWLRQVKLS��7KLV�UHTXLUHPHQW�FDQ�EHVW�EH�LOOXVWUDWHG�E\�WKH��
����FRQILGHQFH�LQWHUYDO��&,��RI�ERWK�WKH�LQGH[�DQG�WKH�GHQVLW\�HVWLPDWH��7KH�LQGH[�LV�D�
UDQGRP�YDOXH�GHSHQGHQW�RQ�PDQ\�IDFWRUV�DIIHFWLQJ�WKH�VFLHQWLVW¶V�DFFHVVLELOLW\�WR�WKH�
FDUQLYRUH�PRYHPHQW�URXWHV��WUDLO�VWUXFWXUH��VXEVWUDWH�VWUXFWXUH��ZHDWKHU��JHQHUDO�ODQGVFDSH�
IHDWXUHV��VSDWLDO�SUHIHUHQFHV�RI�WKH�VSHFLHV��VDPSOLQJ�HIIRUW��XQHTXDO�PDQSRZHU�VNLOOV�DQG�
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JHQHUDOO\�XQSUHGLFWDEOH�FKDQFHV�WR�ILQG�D�VLJQ��SHUV��REVHUY��/XNDUHYVN\���������$V�D�
UHVXOW��YDULDWLRQ�RI�LQGH[�LWVHOI�ZLOO�LQFUHDVH YDULDWLRQ�RI�WKH�GHQVLW\�HVWLPDWHV��7DEOH����DQG�
DOO�HIIRUWV�PXVW�EH�PDGH�WR�PLQLPL]H�LW��7KLV�PHWKRGRORJ\�QHHGV�VWDQGDUL]DWLRQ�LQ�RUGHU�WR�
PD[LPL]H�VDPSOLQJ�HIIRUW��REVHUYDELOLW\��SUREDELOLW\�RI�GHWHFWLRQ�RI�D�VSHFLHV¶�VLJQV��DQG�
VSDWLDO�VDPSOLQJ��SURSRUWLRQ�RI�FHOOV�VXUYH\HG�LQ�D�JULG�RI�DOO�FHOOV�NQRZQ�WR�FRQWDLQ�D�
VSHFLHV���*HVH��������1LFKROV�DQG�.DUDQWK������D��E��
&RVW�HIILFLHQF\�DQG�HDVH�RI�ILHOG�RSHUDWLRQV�DUH�WKH�SULQFLSDO IDFWRUV�PDNLQJ�WKH�ZLOGOLIH�
UHVHDUFKHUV�IURP�GHYHORSLQJ�FRXQWULHV�HDJHU�WR�XVH�WKH�VFDW�FRXQWV�LQ�SUDFWLFH�LQVWHDG�RI�
WUDGLWLRQDO��EXW�H[SHQVLYH��UDGLR�WHOHPHWU\�DQG�FDPHUD�SKRWR�WUDSSLQJ��7KH�GHQVLW\�
HVWLPDWHV�GHULYLQJ�IURP�WKH�VFDW�FRXQWV�FDQ�EH�D�JRRG�VWDUWLQJ�SRLQW�IRU�MXVWLILFDWLRQ�DQG�
LQLWLDWLRQ�RI�XUJHQW�FRQVHUYDWLRQ�DFWLRQV�ZKHQ�QR�WLPH�DQG�PRQH\�DUH�DYDLODEOH�IRU�PRUH�
FRPSUHKHQVLYH�VWXGLHV��
7KH�SUDFWLFDOLW\�RI�VFDW�FRXQWV�DOVR�PDNHV�LW�D�SUHIHUDEOH�WRRO�LQ�VSDWLDO�UHVHDUFK�DQG�
PRQLWRULQJ�RI�ORZ�GHQVLW\�SRSXODWLRQV�RI�ELJ�FDWV�LQ�ZKLFK�WKH�WHFKQRORJLFDOO\�DGYDQFHG�
WHFKQLTXHV��VXFK�DV�FDPHUD�SKRWR�WUDSSLQJ��JLYH�OHVV�UHOLDEOH�GHQVLW\�HVWLPDWHV�WKDQ�LQ�
KLJK�GHQVLW\�SRSXODWLRQV��.DUDQWK�DQG�1LFKROV����������
7KH�VWURQJ�DGYDQWDJH�RI�VFDWV�LQ�FRPSDULVRQ�WR�VXFK�VLJQV�DV�VFUDSHV�DQG�WUDFNV�LV�WKHLU�
KLJKHU�DYDLODELOLW\��7KH�VFUDSHV�KDYH�EHHQ�SURGXFHG�SULQFLSDOO\�LQ�EUHHGLQJ�VHDVRQ�DQG�
WKH�WUDFNV�FDQ�EH�GHWHFWHG�DQG�UHDOLDEO\�LGHQWLILHG�RQO\�RQ�VQRZ�DQG�LQ�DUHDV�ZLWK�VRIW�
VXEVWUDWH��FOD\��VDQG��GXVW�RU�PXG��QRW�H[SRVHG�WR�YHKLFXODU�WUDIILF��VWURQJ�SUHFLSLWDWLRQ��
ZLQG�RU�OLYHVWRFN�WUDPSOLQJ��)R[�HW�DO���������9DQ�6LFNOH�DQG�/LQG]H\���������7KH�VFDWV�FDQ�
EH�HDVLO\�IRXQG�LQ�VQRZ�IUHH�VHDVRQV�DQG�SODFHV��EXW�WKHLU�SUHVHQFH�FDQ�EH�REVFXUHG�E\�
OLWWHU�LQ�IRUHVWV�
)R[�HW�DO���������VWDWH�WKDW WKH�ORZ�GHQVLW\�FDUQLYRUH�SRSXODWLRQV�ZLOO�SURGXFH�OHVV�VLJQV�
GXH�WR�WKH�ORZHU�UDQJH�RYHUODSV�EHWZHHQ�LQGLYLGXDOV�DQG�OHVV�WHQVLRQ�LQ�PDLQWHQDQFH�RI�D�
SRSXODWLRQ¶V�VRFLDO�VWUXFWXUH��$V�D�UHVXOW��WKH�VLJQ�VXUYH\V�PD\�XQGHUHVWLPDWH�WKH�SUHGDWRU�
DEXQGDQFH�LQ�ORZ�GHQVLW\�DUHDV��:H�DUJXH�WKLV��DV�WKH�ORZ�GHQVLW\�DOVR�PDNHV�WKH�DQLPDOV�
WR�SURGXFH�DQG�DGYHUWLVH�WKHLU�VLJQV�PRUH�FRQVSLFXRXVO\�DQG�IUHTXHQWO\��RWKHUZLVH�WKH�
SRWHQWLDO�PDWHV�ZLOO�QRW�NQRZ�DERXW�HDFK�RWKHU¶V�SUHVHQFH�DQG�IDLO�WR�PHHW�IRU�EUHHGLQJ�

%��7KH�HVWLPDWH�RI�WKH�OHRSDUG�GHQVLW\�LQ�VRXWKHUQ�$UPHQLD�
7KH�LQGH[�GHQVLW\�OLQHDU�UHODWLRQVKLS�GHVFULEHG�E\�HT������DQG�)LJ����DERYH�SURYLGHV�D�
VWDWLVWLFDOO\�UREXVW�WRRO�LQ�QRQ�LQYDVLYH�HVWLPDWLRQ�RI�GHQVLWLHV�RI�WKH�ZRUOG¶V�OHRSDUG�
SRSXODWLRQV�IURP�VFDW�FRXQWV��$FFRUGLQJ�WR�LW��WKH�OHRSDUG�GHQVLW\�LV�HVWLPDWHG�WR�EH�YHU\�
ORZ�LQ�RXU�VWXG\�DUHD�LQ�VRXWKHUQ�$UPHQLD�± DERXW�����LQGLYLGXDOV�SHU�����NP���7DEOH�����
7KH�SULQFLSDO�IDFWRUV�PDNLQJ�WKLV�ELJ�FDW�HQGDQJHUHG�DQG�SURQH�WR�LPPLQHQW�H[WLQFWLRQ�LQ�
WKH�FRXQWU\�DUH�GHVFULEHG�DERYH�LQ�&KDSWHU�����
6RXWKHUQ�$UPHQLD�SOD\V�D�FUXFLDO�UROH�IRU�WKH�OHRSDUG�FRQVHUYDWLRQ�LQ�$UPHQLD�DQG�LQ�WKH�
ZKROH�&DXFDVXV�GXH�WR�LWV�FRQQHFWLYLW\�ZLWK�QRUWKHUQ�,UDQ�ZKLFK�RIIHUV�TXLWH�LQWHQVLYH�
H[FKDQJH�RI�LQGLYLGXDOV�RYHU�WKH�VWDWH�ERUGHU�EHWZHHQ�WKHVH�FRXQWULHV��3OHQW\�RI UHPRWH�
DQG�KDUGO\�DFFHVVLEOH�KDELWDWV�DQG�ORZ�SRSXODWLRQ�GHQVLW\�PDNHV�WKH�H[SHQVLYH�DQG�WLPH�
FRQVXPLQJ�UHVHDUFK�RI�WKLV�FDUQLYRUH�XQIHDVLEOH��7KLV�OLPLWDWLRQ�PDNHV�XV�DOPRVW�VXUH�WKDW�
WKH�VFDW�FRXQWV�LV�WKH�EHVW�PHWKRGRORJ\�WR�EH�XVHG�LQ�$UPHQLD�WR�VWXG\ WKH�OHRSDUG�
SRSXODWLRQ�VWDWXV��WUHQGV�DQG�GLVWULEXWLRQ��LI�DFFXUDWHO\�SHUIRUPHG�DQG�VWDQGDUGL]HG�
WKURXJKRXW�WKH�SURMHFW��DQG�KDV�QR�DGHTXDWH�IXOO\�VXEVWLWXWDEOH�DOWHUQDWLYHV�
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7KH�RQO\�SRVVLEOH�DOWHUQDWLYH�WR�HVWLPDWH�WKH�OHRSDUG�GHQVLW\�DQG�GLVWULEXWLRQ�LQ�$UPHQLD¶V�
PRXQWDLQV�QRQ�LQYDVLYHO\�FRXOG�EH�WKH�VQRZ�WUDFN�FRXQWV�IURP�KHOLFRSWHUV��7KLV�PHWKRG�
KDV�EHHQ�VXFFHVVIXOO\�XVHG�IRU�WKH�FRXJDUV�LQ�WKH�PRXQWDLQV�RI�86$��9DQ�6LFNOH�DQG�
/LQG]H\���������+RZHYHU��LW�FDQQRW�EH�HPSOR\HG�LQ�WKH�FRXQWU\�IRU�WKUHH�UHDVRQV������ORZ�
DYDLODELOLW\�RI�KHOLFRSWHUV��HVSHFLDOO\�ZKHQ�LPPHGLDWHO\�QHHGHG�RQ�WKH�ILUVW�RU�VHFRQG�GD\V�
DIWHU�VQRZIDOO��DV�UHTXLUHG�E\�9DQ�6LFNOH�/LQG]H\¶V�PHWKRGRORJ\������SURKLELWLYHO\ KLJK�FRVW�
RI�KHOLFRSWHU�XVH������VWULFW�SURKLELWLRQ�RI�KHOLFRSWHU�XVH�LQ�VRXWKHUQ�$UPHQLD�ZKLFK�LV�
FRQVLGHUHG�E\�PLOLWDULHV�DQG�VWDWH�VHFXULW\�RIILFLDOV�D�³ERUGHUOLQH�WHUULWRU\´�DV�VTXHH]HG�
EHWZHHQ�$]HUEDLMDQ�DQG�,UDQ�
(IILFLHQW�FRQVHUYDWLRQ�RI�WKH�OHRSDUG�LV�LPSRVVLEOH�ZLWKRXW�UHJXODU�PRQLWRULQJ�RI�LWV�VWDWXV�LQ�
GLIIHUHQW�VWXG\�DUHDV�DQG�ZLWKLQ�D�FHUWDLQ�DUHD�RYHU�WLPH��7KH�DUHDV�KROGLQJ�WKH�KLJKHVW�
YDOXHV�RI�WKH�UHODWLYH�DEXQGDQFH�LQGH[�DQG��KHQFH��SRSXODWLRQ�GHQVLW\�VKRXOG�EH�
FRQVLGHUHG�DV�3ULRULW\�/HRSDUG�&RQVHUYDWLRQ�$UHDV��3/(&$¶V��DQG�GHVHUYH�SULRULW\�
DFWLRQV��7KH�VFDW�FRXQWV�FDQ�VHUYH�D�YDOXDEOH�PHWKRGRORJ\�LQ�WKLV�ZRUN��SURYLGHG�PRUH�
HIIRUWV�DUH�XQGHUWDNHQ�WR��VWDQGDUGL]H�LW�DV�LQGLFDWHG�DERYH�LQ�'LVFXVVLRQ��VXEVHFWLRQ�$��,Q�
WKLV�SDUWLFXODU�FDVH��VWDQGDUGL]DWLRQ�DLPV�DW�PD[LPL]DWLRQ�RI�GDLO\�GLVWDQFHV�ZDONHG��
H[SDQVLRQ�RI�JHRJUDSKLFDO�UHSUHVHQWDWLYHQHVV�RI�WKH�WUDLOV�DQG�PDNLQJ�WKHP�VLPLODU�LQ�
VWXG\�DUHDV�RU�WLPH�SHULRGV�WR�EH�FRPSDUHG�GXULQJ�UHSHDWHG�VDPSOLQJ��7R�GR�WKLV��.HQGDOO�
HW�DO���������VXJJHVW�WR�PD[LPL]H�WKH�QXPEHU�RI�VDPSOHG�WUDLOV��HYHQ�DW�WKH�H[SHQVH�RI�
WUDLO�OHQJWK��DQG�FKRRVH�WKH�VHDVRQV�ZKLFK�RIIHU�WKH�EHVW�DFFHVVLELOLW\�RI�WKH�WUDLOV�DQG�
SUHVHUYDWLRQ�RI�VFDWV��:H�DEVROXWHO\�DJUHH�ZLWK�WKLV�RSLQLRQ��DGGLQJ�WKDW�MXVW�DQ�HIIHFW�RI�
VHDVRQV�RQ�VDPSOLQJ�HIIRUW�PD\�XQGHUOLH�WKH�VHDVRQDO�YDULDWLRQ�RI�LQGH[�GHQVLW\�
UHODWLRQVKLS�DQG�QRW�WKH�VHDVRQDO�YDULDWLRQ�RI�WKH�VWXGLHG�VSHFLHV¶�EHKDYLRXU�DV�FODLPHG�E\�
WKH�DXWKRUV��']LHFLRORZVNL��������:DONHU�HW�DO����������*HVH��������FRQFHGHV��VD\LQJ�WKDW�
SUHFLVLRQ�RI�WKH�DSSURDFK�FDQ�EH�LQFUHDVHG�E\�LQFUHDVLQJ�VDPSOLQJ�HIIRUW�� �PRUH�WUDLOV�
ZDONHG��DQG�RU�LQFUHDVLQJ�WKH�OHQJWK�RI�WUDLOV�LI�GHDOLQJ�ZLWK�D�IDU�UDQJLQJ�VSHFLHV��:LOVRQ�
DQG�'HODKD\��������VWDWH�WKDW�WKH�VLJQ�VXUYH\V�VKRXOG EH�FRQGXFWHG�LQ�WKH�VDPH�VHDVRQV�
WR�HQVXUH�VLPLODU�IHFDO�GHFD\�UDWHV��GHIHFDWLRQ�SDWWHUQV�DQG�YLVLELOLW\�RI�VFDWV�WR�
UHVHDUFKHUV��DOO�IDFWRUV�ZKLFK�PD\�VHULRXVO\�DIIHFW�WKH�DFFXUDF\�RI�GHQVLW\�HVWLPDWLRQ�E\�
VFDW�FRXQWV��
,Q�$UPHQLD¶V�PRXQWDLQV��WKH�SHULRG�IURP�ODWH�VSULQJ�WR�HDUO\�DXWXPQ�LV�PRVW�RSWLPDO�IRU�
VFDW�VDPSOLQJ�GXH�WR�WKH�KLJKHVW�SRVVLEOH�DFFHVVLELOLW\�RI�WKH�OHRSDUG�WUDLOV��
$�JRRG�ZD\�RI�LQFUHDVLQJ�WKH�VDPSOLQJ�HIIRUW�LQ�WKH�PRXQWDLQV�LV�KRUVH�ULGLQJ�LQVWHDG�RI�
ZDONLQJ�RQ�IRRW��+RZHYHU��WKH�WUDLQHG�KRUVHV�DUH�YHU\�VFDUFH�LQ�$UPHQLDQ�YLOODJHV�DQG�
JRRG�VDGGOHV�DUH�GHILFLHQW��7KH\�EHFRPH�DYDLODEOH�IRU�UHVHDUFK�RQO\�LQ�ZLQWHU�DIWHU�DOO�KDUG�
DJULFXOWXUDO�ZRUN�LV�FRPSOHWHG��EXW�WKLV�VHDVRQ�LV�LQDSSURSULDWH�IRU�VFDW�FRXQWV�
7KH�FDUQLYRUHV�OLYLQJ�LQ�PRXQWDLQV�VKRZ�VWULFW�SUHIHUHQFH�RI�WKH�ULGJH�WRSV�DQG�RU�
GUDLQDJHV�IRU�HDV\�DQG�VWUDLJKWIRUZDUG�PRYHPHQWV��)R[�HW�DO���������.KRUR]\DQ��������
.KRUR]\DQ�DQG�0DONKDV\DQ��������/XNDUHYVN\��������6PDOOZRRG�DQG�)LW]KXJK���������
+HQFH��VDPSOLQJ�RI�WKHLU�VLJQV�VKRXOG�EH�JHRJUDSKLFDOO\�FRQILQHG�WR�WKHVH�WRSRJUDSKLFDO�
IHDWXUHV�DQG�DVVRFLDWHG�KDELWDWV�DQG�QRW�EH�UDQGRPO\�GLVWULEXWHG�RYHU�VSDFH��,Q�WKH�ODWWHU�
FDVH��QXPHURXV�VDPSOLQJ VLWHV�RI�]HUR�VLJQ�RFFXUUHQFH�ZLOO�LQWHUVSHUVH�ZLWK�UHODWLYHO\�IHZ�
VLWHV�RI�KLJK�RFFXUUHQFH��EULQJLQJ�DERXW�XQDFFHSWDEO\�KLJK�YDULDWLRQ�RI�WKH�UHODWLYH�
DEXQGDQFH�LQGH[��$V�D�UHVXOW��WKH�GHULYDWLYH�GHQVLW\�HVWLPDWH�ZLOO�KDYH�D�WRR�ZLGH�UDQJH�RI�
OLWWOH�SUDFWLFDO�YDOXH��$OVR��WRSRJUDSK\�VSHFLILF�VLJQ�VXUYH\V�ZLOO�HQDEOH�WR�PD[LPL]H�WKH�
VDPSOH�VL]H�DQG�VDPSOLQJ�HIIRUW�DW�VXEVWDQWLDOO\�UHGXFHG�FRVW��6PDOOZRRG�DQG�)LW]KXJK��
��������



��

$V�WKH�OHRSDUG�SRSXODWLRQ�LQ�$UPHQLD�LV�YHU\�VPDOO��LWV�GHFOLQH�IRU�MXVW�D�IHZ�LQGLYLGXDOV�FDQ�
EH�FDWDVWURSKLF��HVSHFLDOO\�LI�DGXOW�IHPDOHV�DUH�HOLPLQDWHG��7R�GHWHFW�VXFK�D�VXEWOH�FKDQJH�
LQ�DEXQGDQFH��WKH�VWDQGDUGL]DWLRQ�RI�VFDW�FRXQWV�PXVW�EH�JLYHQ�D�YHU\�FDUHIXO�DWWHQWLRQ��
%HLHU�DQG�&XQQLQJKDP��������VD\�WKDW�WKH�IDLOXUH�WR�GHWHFW�D�FKDQJH�LV�PRVW�VHYHUH�MXVW�LQ�
VPDOO�WKUHDWHQHG�SRSXODWLRQV��)RUWXQDWHO\��SRSXODWLRQ�GHFOLQH�LV�HDVLHU�WR�EH�GHWHFWHG�E\�
WKH�VLJQ VXUYH\V�WKDQ�DQ�LQFUHDVH��WR GR�WKLV�UHOLDEO\��ILUVW�RI�DOO�WKH�VFLHQWLVWV�VKRXOG�
LQFUHDVH�WKH�QXPEHU�RI�VDPSOHG�WUDLOV��
$SDUW�IURP�PD[LPL]DWLRQ�RI�VDPSOLQJ�HIIRUW��WZR�PRUH�IDFWRUV�DUH�HVVHQWLDOO\�WR�EH�
FRQVLGHUHG��YDOLGDWHG�DQG�DSSOLHG��FRUUHFW�LGHQWLILFDWLRQ�RI�WKH�WDUJHW�VSHFLHV¶�VFDWV�DQG�
VSDWLDO�GHVLJQ�RI�D�VWXG\��
&RUUHFW�LGHQWLILFDWLRQ�RI�WKH�VFDWV��$V�LQ�DQ\�FDUQLYRUH�VSHFLHV��WKH�VWUXFWXUH�DQG�JHQHUDO�
DVSHFW�RI�WKH�OHRSDUG�VFDWV�GHSHQGV�RQ�WKH�SUH\�HDWHQ��ZHDWKHU�DQG�VRPH�RWKHU�IDFWRUV��
EXW�JHQHUDOO\�WKH\�ORRN�DV�GHVFULEHG�DERYH�LQ�0HWKRGV��)LJ������7KH�SHUVRQDO�ILHOG�
H[SHULHQFH��VNLOOV�DQG�NQRZOHGJH�RI�WKH�UHVHDUFKHU�DUH�RI�SULPDU\�LPSRUWDQFH�LQ�FRUUHFW�
LGHQWLILFDWLRQ�RI�WKH�VFDWV�DQG�WKH�FDUHIXO�VWXG\�RI�DFFRPSDQ\LQJ IHDWXUHV��H�J���WUDFNV�
DURXQG�WKH�VFDW�GHSRVLW��DOORZV WR�VLJQLILFDQWO\�LPSURYH�LW��
7KH�VFDWV�SURGXFHG�E\�FR�H[LVWLQJ�FDUQLYRUHV�VKRXOG�EH�VWXGLHG�DV�ZHOO��)RU�H[DPSOH��LQ�
WKLV�VWXG\�ZH�FDQ�VWDWH�WKDW�WKH�OHRSDUG�VFDWV�IRXQG�LQ�VRXWKHUQ�$UPHQLD�FDQ�EH�
VRPHWLPHV�FRQIXVHG�ZLWK�WKRVH�SURGXFHG�E\�WKH�(XUDVLDQ�O\Q[��/\Q[�O\Q[��DQG�JUD\�
ZROYHV��:KHUHYHU�ZH�ILQG�WKH�VFDWV��ZH�VHDUFK�IRU�WKH�WUDFNV�DURXQG�DQG�WKLV�DOORZV�WR�ILQG�
D�GLIIHUHQFH��7KH�O\Q[�WUDFNV�DQG�VFDWV�DUH�IUHTXHQWO\�DUUDQJHG�LQ�D�YHU\�FLUFXLWRXV�ZD\��DV�
WKH�O\Q[�OLNH�WR�PRYH�RXW�RI�WKH�WUDLO�DQG�LQVSHFW�WKH�VFUXEV�DQG�WUHHV�IRU�KLGLQJ�SUH\��LQ�
RSSRVLWH��WKH�OHRSDUG�WUDFNV�DQG�VFDWV�DUH�OLQHG�XS�VWUDLJKWIRUZDUGO\��7KH�O\Q[�DQG�OHRSDUG�
WUDFNV�KDYH�VLPLODU�URXQGHG�VKDSH�ZLWKRXW�FODZ�SULQWV��EXW�DUH�FOHDUO\�GLIIHUHQW�LQ�VL]H��
$OVR��WKH�O\Q[�VFDWV�FRQWDLQ PXFK�PRUH�UHPDLQV�RI�WKH�VPDOO�SUH\��URGHQWV�DQG�(XURSHDQ�
KDUH��/HSXV�HXURSDHXV���7KH�ZROI�DQG�OHRSDUG�VFDWV�RIWHQ�FRQWDLQ�WKH�ZLOG�ERDU�KDLUV��
KRRYHV�DQG�ERQHV��EXW�WKH�ZROYHV�OLYH�LQ�PXFK�OHVV�FOLII\�DUHDV�DQG�RIWHQ�GHIHFDWH�RQ�WKH�
VFUXE�EUDQFKHV�ZKDW�WKH�OHRSDUGV�QHYHU�GR��7KH�EURZQ�EHDUV��8UVXV�DUFWRV��DUH�FRPPRQ�
LQ�$UPHQLD�DQG�IUHTXHQWO\�FR�H[LVW�ZLWK�WKH�OHRSDUGV��EXW�WKHLU�IHFHV�DUH�QHYHU�PLVWDNDEOH��
ORRNLQJ�OLNH�WKH�FRZ�SDWV�DQG�FRQVLVWLQJ�PRVWO\�RI�YHJHWDULDQ�PDWHULDO��,Q�RXU�VWXG\�DUHD�LQ�
VRXWKHUQ�$UPHQLD��WKH�O\Q[�DQG�ZROYHV�DUH�JHQHUDOO\�UDUH�DQG�WKH�EHDUV�OLYH�PDLQO\�DW�
ORZHU�HOHYDWLRQV�IURP�ZKHUH�WKH\�UDLG�WR�RUFKDUGV�LQ�YLOODJHV�IRU�IHHGLQJ��6R��WKH�SRVVLELOLW\�
RI�FRQIXVLRQ�RI�WKH�OHRSDUG�DQG�RWKHU�FDUQLYRUHV¶�VFDWV�LQ�WKLV�VWXG\�ZDV�PLQLPDO�
7KDW�WKH�VFDWV�IRXQG�E\�XV�EHORQJHG�WR�WKH�OHRSDUG�ZDV�FRQILUPHG�E\�WKHLU�YLVXDO�LGHQWLW\�
ZLWK�WKH�GULHG�VFDWV�RI�WKH�PDOH�3HUVLDQ�OHRSDUG�IURP�WKH�<HUHYDQ�=RR��QDPH�³=RPELV´��
VWXGERRN�1R�������XVHG�LQ�DUWLILFLDO�VFDWV�DQG�VFUDSHV�OXUHV�WR�DWWUDFW�WKH�ZLOG�UDQJLQJ�
OHRSDUGV�LQ�WKH�VWXG\�DUHD��IRU�GHWDLOV��VHH�&KDSWHU�����)LJ������
7KH�GHYHORSPHQW�RI�DGYDQFHG�KLJK�WHFK�DSSURDFKHV��VXFK�DV�IHFDO�ELOH�WKLQ�OD\HU�
FKURPDWRJUDSK\��7/&��DQG�IHFDO�JHQRW\SLQJ��FDQ�VLJQLILFDQWO\�FRQWULEXWH�WR�DFFXUDWH�
LGHQWLILFDWLRQ�RI�WKH�VFDW�RULJLQ�LQ�IHOLGV��$W�WKLV�PRPHQW��JHQRW\SLQJ�LV�VWLOO�YHU\�FRVWO\�LQ�
WKHVH�FDUQLYRUHV��(UQHVW�HW�DO���������3DORPDUHV�HW�DO����������7/&�LV�D�FRVW�HIILFLHQW�DQG�
UHOLDEOH�ZD\�WR�GLVWLQJXLVK�WKH�FDW�VSHFLHV�ZKRVH�VFDWV�DUH�VWXGLHG��EXW�PD\�DOVR�IDLO�WR�GR�
VR��5D\�DQG�6XQTXLVW���������7KLV�IDLOXUH�LV�FDXVHG�E\�VPDOO�VDPSOH�VL]H�DQG�ZHDWKHUHG�
FRQGLWLRQ�RI�ROG�VFDWV�ZKLFK�VLJQLILFDQWO\�GHFUHDVH�WKH�QDWXUDOO\�ORZ�OHYHOV�RI�PHDVXUDEOH�
ELOH�DFLGV��7DEHU�HW�DO����������6HOHFWLRQ�RI�WKH�EHVW�PHWKRGRORJ\�RQ�D�EDVLV�RI�FRPSDULVRQ�
RI�DOO�SRVVLEOH�RSWLRQV�LQ�WHVWLQJ�SURFHVV�DOORZV�WR�PD[LPL]H�WKH�HIILFLHQF\�RI�7/&�LQ�
LGHQWLILFDWLRQ�RI�IHOLG�VSHFLHV�IURP�VFDWV�FROOHFWHG�LQ�WKH�ILHOG��&��%LOJLQ��SHUV� FRPP��
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&D]RQ�DQG�6XKULQJ���������3DUWLFXODUO\��LW�ZDV�IRXQG�RXW�UHFHQWO\�WKDW�WKH�OHRSDUG�VFDWV�
FDQ�EH�GLVWLQJXLVKHG�E\�7/&�IURP�WKH�VFDWV�RI�ZROI�DQG�O\Q[��WZR�V\PSDWULF�FDUQLYRUHV�FR�
H[LVWLQJ�ZLWK�WKH�OHRSDUG�LQ�$UPHQLD��DQG�WKLV�ZRUN�QHHGV�IXUWKHU�UHVHDUFK��%LUDQG�HW�DO���
������

)LJ�����9LVXDO�VLPLODULW\�RI WKH�VFDWV�IRXQG�LQ�WKH�ZLOG��OHIW��DQG�WKH�VFDWV�WDNHQ�IURP�WKH�OHRSDUG�LQ�WKH�
<HUHYDQ�=RR�DQG�XVHG�IRU�VFDWV�DQG�VFUDSHV�OXUHV��ULJKW���/HIW��6SLWDN�&KDPSD�ULGJH��ORFDOLW\�'DFKHTL�0RW��

3LFWXUH�E\�,��.KRUR]\DQ��WKLV�SURMHFW��

6SDWLDO�GHVLJQ�RI�D�VWXG\��$V�WKH�VFDW�FRXQWV�³FDSWXUH´�WKH�LQGLYLGXDO�DQLPDOV�LUUHVSHFWLYH�
RI�WKHLU�VH[��DJH�DQG�UHVLGHQW�VWDWXV��LW�LV�YHU\�LPSRUWDQW�WR�PD[LPL]H�WKH�VWXG\�DUHD��
,GHDOO\��LW�VKRXOG�EH�ODUJHU�WKDQ�WKH�³WKUHVKROG�DUHD´��L�H��WKH�PLQLPXP�DUHD�RI�KLJK�TXDOLW\�
KDELWDW�FDSDEOH�WR�VXSSRUW�SRSXODWLRQ�YLDELOLW\�RI�D�SDUWLFXODU�VSHFLHV��HVWLPDWHG�WR�HTXDO�
����NP� IRU�WKH�VDIH�OHRSDUG�SRSXODWLRQV��6PDOOZRRG���������RWKHUZLVH��H[WUDSRODWLRQ�RI�
DUHD�VSHFLILF�GHQVLW\�RYHU�WKH�ODUJHU�UDQJH�ZLOO�GRXEOH�FRXQW�WKH�LQGLYLGXDOV�PRYLQJ�
EHWZHHQ�WKH�VWXG\�DUHDV��6XFK�PD[LPL]DWLRQ�LV�DOVR�QHHGHG�WR�REWDLQ�D�EDODQFH�LQ�
VDPSOHG�OHRSDUG�SRSXODWLRQ��VLQFH�WKH�PDOHV�RFFXS\�ODUJHU�KRPH�UDQJHV��PRYH�ORQJHU�
GLVWDQFHV�DQG�GHIHFDWH�PRUH�IUHTXHQWO\��%RWKPD�DQG�OH�5LFKH������D��
+HUH�ZH�IDFH�D�KLGGHQ�WUDS��VLQFH�WKH�HQODUJHPHQW�RI�VWXG\�DUHD�LV�VHOGRP�UHDOLVWLF�DQG�
ZKHUHYHU�WKH�OHRSDUG�LV�HQGDQJHUHG�LWV�³WKUHVKROG�DUHD´�ZLOO�DFFRUGLQJO\�LQFUHDVH�XS�WR�
WKRXVDQGV�RI�NP���,Q�$UPHQLD��ZH�VXSSRVH�WKH�³WKUHVKROG�DUHD´�WR�EH�DW�OHDVW������NP�
�.KRUR]\DQ���������7KLV�ZLOO�LQHYLWDEO\�FDXVH�D�VHULRXV�SUREOHP�ZLWK�ORJLVWLFDO�VXSSRUW�GXH�
WR�YHU\�URXJK�WHUUDLQ�DQG�SRRU�TXDOLW\�RI�WKH�GLUW�URDGV�ZLWKLQ�WKH�OHRSDUG�UDQJH�LQ�WKH�
FRXQWU\�
'HVSLWH�WKHVH�REVWDFOHV��ZH�ZLOO�VWULYH�WR�H[SDQG�WKH�VWXG\�DUHD�DQG�LGHQWLI\�WKH�3/(&$¶V�
LQ�WKH�FRXQWU\��$V�WKH�ILUVW�VWHS��ZH�KDYH�SURGXFHG�WKH�*,6�PDS�RI�VRXWKHUQ�$UPHQLD�
FRYHUHG�E\�JULG�RI����NP� FHOOV��:H�ZLOO�FRQWLQXH�WR�XVH�VFDW�FRXQWV�FHOO�DIWHU�FHOO�XQWLO�DOO�
OHRSDUG�UDQJH�LQ�$UPHQLD��)LJ���E��F��LV�HPEUDFHG�E\�WKH�VXUYH\��7KLV ZLOO�DOORZ�DOVR�WR�
PHDVXUH�WKH�OHRSDUG¶V�REVHUYDELOLW\�DQG�SURSRUWLRQ�RI�UDQJH�RFFXSLHG��1LFKROV�DQG�
.DUDQWK������D���
,Q�WKLV�SURMHFW��ZH�KDYH�IRXQG�WKH�OHRSDUG�VFDWV�LQ�� FHOOV�RI�WRWDO�VL]H�����NP� �)LJ�������,W�
LV�VWLOO�WRR�HDUO\�WR�VD\�KRZ�ODUJH�LV�ORFDO�3/(&$�DQG�ZKHUH�H[DFWO\�LW�LV�ORFDWHG��DV�WKH�
QHLJKERULQJ�FHOOV�QRW�\HW�VWXGLHG�E\�XV�PD\�FRQWDLQ�ZRUWK\�TXDQWLWLHV�RI�WKH�OHRSDUG�VFDWV��



��

&KDSWHU����86(�2)�/85(6�
,QWURGXFWLRQ�

6FHQW�PDUNLQJ�RI�WKH�FRUH�DUHDV�RI�WKH�KRPH�UDQJHV�E\�XULQH�VSUD\LQJ�DQG�VFDW�GHSRVLWLRQ�
LV�D�FRPPRQ�VWUDWHJ\�XVHG�E\�WKH�OHRSDUGV�WR�OHDYH�PHVVDJHV�WR�FRQVSHFLILFV�DERXW�WKHLU�
ODQG�WHQXUH�DQG�UHSURGXFWLYH�VWDWXV��%RWKPD�DQG�OH�5LFKH��������/XNDUHYVN\��������
3LNXQRY�DQG�.RUNLVKNR���������,Q�IHOLGV��WKH�YRPHUR�QDVDO�RUJDQ��D�VSHFLDOL]HG�
FKHPRUHFHSWRU��HQDEOHV�WR�GLVFULPLQDWH�LQGLYLGXDO�RGRUV�IURP�WKHVH�ROIDFWRU\�VLJQDOV�
�)HOGPDQ���������
%HORZ��ZH�GHVFULEH�D�VKRUW�WHUP�ILHOG�HIIRUW�WR�WHVW�WKH�DELOLW\�RI�WKH�OHRSDUG�VSHFLILF�XULQH�
EDVHG�SKHURPRQH�OXUH�DQG�VFDWV�DQG�VFUDSHV�OXUH�WR�DWWUDFW�ORFDO�ZLOG�UDQJLQJ�OHRSDUGV��
:H�EHOLHYHG�WKDW�WKH�OHRSDUG�V��UDQJLQJ�RYHU�RXU�VWXG\�DUHD�ZRXOG�EH�DWWUDFWHG�E\�OXUHV�DV�
WKH�DUWLILFLDO�VLJQV�RI�SUHVHQFH�RI�VRPH�XQNQRZQ�DOLHQ�³OHRSDUG´�DURXQG��3RWHQWLDOO\��WKLV�
WHFKQLTXH�PD\�XQDPELJXRXVO\�GHWHFW�WKH�OHRSDUG�SUHVHQFH�DQG��OLNH�VFDW�FRXQWV��
FRQWULEXWH�WR�LGHQWLILFDWLRQ�RI�3ULRULW\�/HRSDUG�&RQVHUYDWLRQ�$UHDV��3/(&$¶V��ZKLFK�
GHVHUYH�XUJHQW�DUHD�VSHFLILF�DFWLRQV��
7KLV�PHWKRG�ORRNV�YHU\�VLPLODU�WR�WKH�VFHQW�VWDWLRQ�VXUYH\V�XVHG�ZLGHO\�WR�DVVHVV�WKH�
FDUQLYRUH�VSHFLHV�GLVWULEXWLRQ�DQG�HVWLPDWH�SRSXODWLRQ�GHQVLW\�WKURXJK�WKH�VFHQW�VWDWLRQ�
YLVLWDWLRQ�LQGH[��$QRQ\PRXV��������*HVH��������7UDYDLQL�HW�DO���������
7KLV�LV�WKH�ILUVW�HIIRUW�WR�VHH�LI�WKH�OXUHV�ZH�XVHG�GR�UHDOO\�ZRUN�IRU�WKH�ZLOG�OHRSDUGV�LQ�
VRXWKHUQ�$UPHQLD��,I�VXFFHVVIXO��ZH�ZLOO�FRQWLQXH�DQG�H[SDQG�XVH�RI�OXUHV�DOO�RYHU�WKH�
OHRSDUG�UDQJH�LQ�$UPHQLD��)LJ���E��F��

0HWKRGV�

7KH�SKHURPRQH�OXUHV��3+/��ZHUH�SURGXFHG�E\�0��*DXWKLHU�IURP�(QYLURWHO�,QF���&DQDGD�RQ�
D�EDVLV�RI�XULQH�FROOHFWHG�IURP�HVWURXV�DQG�QRQ�HVWURXV�IHPDOHV�NHSW�DW�6LHUUD�(QGDQJHUHG�
&DW�+DYHQ��'XQODS�&$��86$��DQG�0XOKRXVH�=RR�DQG�%RWDQLF�*DUGHQ��)UDQFH���7KH�XULQH�
VDPSOHV�ZHUH�FROOHFWHG�RYHUQLJKW�LQ�WKH�GHQ�DUHDV�RI�HQFORVXUHV��)XOO�LQIRUPDWLRQ�DERXW�
WKH�VDPSOHG�DQLPDOV�LV�JLYHQ�LQ�7DEOH����
7KHVH�OXUHV�ZHUH�UHSUHVHQWHG�E\�WZR�IRUPV��VROLG�DQG�OLTXLG��DQG�W\SHV��0L[�����&6�DQG�
0L[�����3.����7KH�VROLG�OXUHV�ZHUH PDGH�ZLWK�SODVWHU�RI�3DULV��WKH\ ORRNHG�DV�WKH�KH[DJRQ�
VKDSHG�SLOOV�ZLWK�SHULPHWHUV����FP��XSSHU�VLGH��DQG����FP��ERWWRP��DQG�ZHLJKHG ������J�
7KH�W\SHV�GLIIHUHG�E\�DGGLWLYHV�XVHG�WR�SUHSDUH�WKH�OXUHV��7KH�OXUHV�ZHUH�VWRUHG�LQ�=LSORF�
SODVWLF�EDJV�LQ�UHIULJHUDWRU�DW��R&�LQ�DOXPLQXP�IRLO��VROLG��DQG�GDUN�����P/�ERWWOHV��OLTXLG���
7KH�VFDWV�DQG�VFUDSHV�OXUHV��66/��UHSUHVHQWHG�WKH�VFUDSHV�PDGH�E\�RXUVHOYHV�DQG�
PDUNHG�E\�WKH�VXQ�GULHG�VFDWV�FROOHFWHG�IURP�PDOH�3HUVLDQ�OHRSDUG�=RPELV�NHSW�DW�WKH�
<HUHYDQ�=RR��VWXGERRN�1R�������
7KH�VDPSOLQJ�RFFDVLRQV�ZHUH�GLVWULEXWHG�DV�IROORZV�����$XJXVW�± ��6HSWHPEHU����������
3+/¶V�DQG�� 66/¶V�SODFHG�LQ�1XYDGL�DUHD������6HSWHPEHU�± ���2FWREHU��������FKHFNRXW�RI�
OXUHV�LQ�1XYDGL����3+/¶V�DQG���66/¶V�SODFHG�LQ�%RKDTDU�DUHD�������1RYHPEHU�������
�FKHFNRXW�RI�OXUHV�LQ�%RKDTDU���)LJ������,Q�WRWDO��ZH�XVHG�VL[�SKHURPRQH�OXUHV�DQG�WHQ�
VFDWV�DQG�VFUDSHV�OXUHV��,QIRUPDWLRQ�DERXW�WKHLU�SODFHPHQW�LV�JLYHQ�LQ�7DEOH���



��

7DEOH����7KH�FDSWLYH�IHPDOH�OHRSDUGV�ZKRVH�XULQH�ZDV�VDPSOHG�DQG�XVHG�IRU�SUHSDUDWLRQ�
RI�SKHURPRQH�OXUHV��3+/���

6XEVSHFLHV 6WXGE��
1R� 1DPH %LUWK 5HSURG��

VWDWXV =RR
$PXU�OHRSDUG
3�S��RULHQWDOLV ��� .DODUD ������� HVWURXV 6LHUUD�(QGDQJHUHG�&DW�+DYHQ�

�6(&+���86$
3�S��RULHQWDOLV ��� .XDQ�<LQ ������� HVWURXV 6(&+
3�S��RULHQWDOLV ��� 1DQ�<LQJ ������� HVWURXV 6(&+
3HUVLDQ�OHRSDUG
3�S��VD[LFRORU ��� 6KDKHHQ ������ SUHJQDQW 0XOKRXVH�=RR�DQG�%RWDQLF�*DUGHQ��

)UDQFH

7DEOH����*HRJUDSKLFDO�LQIRUPDWLRQ�DERXW�WKH�OXUH�VLWHV��1� �1XYDGL�DUHD��%� �%RKDTDU�
DUHD��7KH�OXUHV�ZKLFK�JDYH�WKH�OHRSDUG�UHVSRQVH�VLJQV��VFUDSHV��DUH�PDUNHG�E\�EROG�
IDFH�

/XUH 'DWH &RRUGLQDWHV (OHYDWLRQ��
P

3ODFH

3KHURPRQH�OXUHV
3+/���&6�� $XJ���������� ��R��
��1����R��
��( ���� 'DFKHTL�0RW��1
3+/���&6�� $XJ���������� ��R��
��1����R��
��( ���� DERYH�WKH�SDWK�'DFKHTL�

0RW�7VDY��1
3+/���&6�� $XJ���������� ��R��
��1����R��
��( ���� 6SLWDN�&KDPSD�ULGJH��1
3+/���3.�� 2FW��������� ��R��
��1����R��
��( ���� 6KLVK�4DU��%
3+/���3.�� 2FW��������� ��R��
��1����R��
��( ���� FOLII�QHDU�ZDWHUIDOO��%
3+/���3.�� 2FW��������� ��R��
��1����R��
��( ���� %DVK�<XUW�ULGJH��%

6FDWV�DQG�VFUDSHV�OXUHV
66/� $XJ���������� ��R��
��1����R��
��( ���� 'DFKHTL�0RW��1
66/� $XJ���������� ��R��
��1����R��
��( ���� 'DFKHTL�0RW��1
66/� $XJ���������� ��R��
��1����R��
��( ���� 'DFKHTL�0RW��1
66/� $XJ���������� ��R��
��1����R��
��( ���� QHDU�WKH�URDG�'DFKHTL�

0RW�7VDY��1
66/� $XJ���������� ��R��
��1����R��
��( ���� QHDU�WKH�SDWK�'DFKHTL�0RW �

7VDY��1
66/� $XJ���������� ��R��
��1����R��
��( ���� 6SLWDN�&KDPSD�ULGJH��1�
66/� 2FW��������� ��R��
��1����R��
��( ���� 6KLVK�4DU��%
66/� 2FW��������� ��R��
��1����R��
��( ���� 6KLVK�4DU��%
66/� 2FW��������� ��R��
��1����R��
��( ���� %DVK�<XUW�ULGJH��%
66/�� 2FW��������� ��R��
��1����R��
��( ���� %DVK�<XUW�ULGJH��%

$W�HDFK�OXUH�VLWH��ZH�SXW�RQH�VROLG�OXUH�RQ�WKH�JURXQG�RQ�D�WUDLO�DQG�VSUD\HG�RQH�ERWWOH�RI�
WKH�OLTXLG�OXUH�RQ�D�ZD\�WR�DQG�IURP�WKH�VROLG�OXUH��:H�SODFHG�WKH�OXUHV�DORQJ�WKH�ULGJH�WRSV�
QHDU�ERXOGHUV��DJJORPHUDWLRQV�RI�VWRQHV�DQG�RQO\�RQFH�GLG�WKDW�QHDU�WKH�MXQLSHU�WUHH�DQG�LQ�
RSHQ�KLJKODQG�GU\�JUDVVODQG��DOO�LQ�WKH�W\SLFDO�OHRSDUG�KDELWDW��)LJ�������3RVLWLRQ�RI�DOO�OXUH�
VLWHV�ZDV�PHDVXUHG�E\�*36��
7KH�VFHQW�VWDWLRQ�YLVLWDWLRQ�LQGH[��69,��ZDV�FDOFXODWHG�DV�LQ�7UDYDLQL�HW�DO���������

69,� ��1R��UHVSRQVHV�7RWDO�1R��OXUH�VLWHV��[������ �HT������
7KLV�LQGH[�ZDV�FDOFXODWHG�VHSDUDWHO\�IRU�66/�DQG�3+/�DQG�IRU�VWXG\�DUHDV��DQG�LQ�WRWDO�
WHUPV�
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)LJ�����7KH�VWXG\�DUHDV�ZKHUH�ZH�WHVWHG�WKH�HIIHFW�RI�OXUHV�RQ�WKH�OHRSDUGV��
3URGXFHG�E\�6��$VPDU\DQ��&HQWHU�IRU�(FRORJLFDO�6WXGLHV��$UPHQLD�

)LJ������7KH�W\SLFDO�VWUXFWXUH�RI�ULGJH�WRSV�XVHG�E\�WKH�OHRSDUGV�IRU�PRYHPHQWV�LQ�VRXWKHUQ�$UPHQLD��/RFDOLW\�
'DFKHTL�0RW��3LFWXUH�E\�,��.KRUR]\DQ��WKLV�SURMHFW��

5HVXOWV�	�'LVFXVVLRQ�
)RUWXQDWHO\��ZH�KDYH�IRXQG�WKH�OHRSDUG�UHVSRQVH�WR�WKUHH�OXUHV��WZR�VFDWV�DQG�VFUDSHV�
�66/��DQG�66/���DQG�RQH�SKHURPRQH�OXUH��3+/����7DEOH�����,Q�DOO�FDVHV��LW�ORRNHG�DV�WKH�
LQWHQVLYH�VFUDSHV��DOO�WKH\�ZHUH�SKRWRJUDSKHG��)LJ������DQG�PDSSHG��)LJ������
5HVSRQVH�WR�OXUH�66/���7KH�VFUDSH�VL]H�ZDV����FP�[�PD[�������FP�DQG�UHSUHVHQWHG�D�
SLHFH�RI�VKDOORZ�GLJJLQJ�RI�GHSWK�FD����FP�ZLWK�VRPH�JUDVV�WDNHQ�RII�ZLWK�WKH�URRWV�
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5HVSRQVH�WR�OXUH�66/���7KH�VFUDSH�VL]H�ZDV������FP�[�PD[�����FP��DJDLQ�DV�D�GLJJLQJ�
ZLWK�FODZHG�DZD\�JUDVV��
5HVSRQVH�WR�OXUH�3+/���7KH�JUDVV�ZDV�KHDYLO\�WUDPSOHG�GRZQ�DURXQG��WKH�VFUDSH�ZDV�
SURGXFHG�DW�WKH�IRRW�RI�WKH�FOLII�DQG�KDG�GLPHQVLRQV����FP�[�PD[�������FP��

)LJ������7KH�VLWHV�ZKHUH�WKH�OXUHV�66/���OHIW���66/���FHQWHU��DQG�3+/���ULJKW��ZHUH�SODFHG�DQG�WKH�OHRSDUG�
VFUDSHV�SURGXFHG�DW�HDFK�VLWH��EHQHDWK���3LFWXUH�E\�,��.KRUR]\DQ��WKLV�SURMHFW��

7KH�VFHQW�VWDWLRQ�YLVLWDWLRQ�LQGLFHV��69,��RI�OXUHV�LQ�ERWK�VWXG\�DUHDV�ZHUH�GLVWULEXWHG�DV�
VKRZQ�RQ�7DEOH���
7DEOH����'LVWULEXWLRQ�RI�WKH�VFHQW�VWDWLRQ�YLVLWDWLRQ�LQGH[��69,��LQ�OXUHV�DQG�VWXG\�DUHDV��

6WXG\�DUHD 3KHURPRQH�OXUH�
�3+/�

6FDWV�DQG�VFUDSHV�
OXUH��66/� 7RWDO

1XYDGL� � ����� �����
%RKDTDU ����� � �����
7RWDO ����� ����� �����

$FFRUGLQJ�WR�GDWD�LQ�WKLV�WDEOH��WKH�OHRSDUGV�YLVLW�WKH�OXUHV�PRUH�IUHTXHQWO\�LQ�1XYDGL�DUHD�
WKDQ�LQ�%RKDTDU�DUHD��$OVR��LW�VKRZV�WKDW�WKH�66/¶V�VHHP�WR�EH�PRUH�HIILFLHQW�WKDQ�WKH�
3+/¶V�LQ�DWWUDFWLQJ�WKH�FDUQLYRUHV��+RZHYHU��JLYHQ�WKH�IDFW�WKDW�ZH�XVHG�RQO\�OLPLWHG�
QXPEHU�RI�OXUHV��ZH�FDQQRW�VWDWH�QRZ�ZKLFK�OXUH�LV�EHWWHU�DQG�ZKLFK�DUHD�FRQWDLQV�PRUH�
OHRSDUGV��$W�WKLV�VWDJH�RI�ZRUN��ZH�FDQ�RQO\�VD\�WKDW�ERWK�WKHVH�OXUHV�ZRUN��DQG�QRWKLQJ�
PRUH��2QO\�DIWHU�PRUH�OXUHV�ZLOO�EH�XVHG�LQ�PDQ\�DUHDV�RYHU�WKH�HQWLUH�OHRSDUG�UDQJH�LQ�WKH�
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FRXQWU\��ZH�ZLOO�EH�DEOH�WR�DQVZHU�WKH�FUXFLDO�TXHVWLRQV��:KHUH�WKH�OHRSDUGV�OLYH"�:KHUH�
DUH�WKH�3ULRULW\�/HRSDUG�&RQVHUYDWLRQ�$UHDV��3/(&$¶V��ORFDWHG�DQG�RI�ZKDW�VL]HV�WKH\�
DUH"�:KDW�DUH�WKH�OHRSDUG�GHQVLWLHV�LQ�3/(&$¶V�HVWLPDWHG�IURP�VFHQW�VWDWLRQ�YLVLWDWLRQ�
LQGH[��69,�"�
,Q�WKLV�YHU\�EHJLQQLQJ�RI�WKH�ZRUN��ZH�DUH�YHU\�HQFRXUDJHG�E\�VXFFHVV�RI�XVH�RI�OXUHV�LQ�
WKH�3HUVLDQ�OHRSDUG�UHVHDUFK�DQG�FRQVHUYDWLRQ�LQ�$UPHQLD�DQG�ZH�ZLOO�VHHN�IRU�
RSSRUWXQLWLHV�WR�UDLVH�IXQGV�WR�FRQWLQXH�WKHVH�DFWLYLWLHV��2EYLRXVO\��PXFK�PRUH�OXUHV�PXVW�
EH�XVHG�WR�FRYHU�DV�ZLGHU�DUHDV�DV�SRVVLEOH�WR�PD[LPL]H�WKH�VFHQW�VWDWLRQ�YLVLWDWLRQ�UDWHV���

)LJ������'LVWULEXWLRQ�RI�OXUH�DQG�VFDW�VLWHV�LQ�VRXWKHUQ�$UPHQLD�RYHU�WKH�JULG�RI����NP� FHOOV��7KH�VFDWV�DQG�
VFUDSHV�OXUHV��66/���66/���DQG�SKHURPRQH�OXUHV��3+/���ZKLFK�JRW�WKH�OHRSDUG�UHVSRQVH�DUH�LQGLFDWHG��

3URGXFHG�E\�6��$VPDU\DQ��&HQWHU�IRU�(FRORJLFDO�6WXGLHV��$UPHQLD�

:H�GLG�QRW�WHVW�WKH�OXUHV�ZKLFK�DUH�NQRZQ�WR�DWWUDFW�WKH�FDSWLYH�IHOLGV��EXW�WKHLU�XVHIXOQHVV�
LQ�WKH�ZLOG�LV�\HW�WR�EH�WHVWHG��VXFK�VXEVWDQFHV�DUH�&DOYLQ�.OHLQ¶V�³2EVHVVLRQ�IRU�0HQ´�
FRORJQH�IRU�WKH�RFHORW��/HRSDUGXV�SDUGDOLV��DQG�FKHHWDK��$FLQRQ\[�MXEDWXV���$QRQ\PRXV��
����� DQG�SXOYHUL]HG�DOOVSLFH��3LPHQWD�GLRLFD��IRU�WKH�OHRSDUG��-��0D\QDUG��SHUV��FRPP����
1RU�ZH�XVHG�WKH�FRPPHUFLDOO\�DYDLODEOH�SURGXFWV�IRU�DWWUDFWLQJ�WKH�EREFDW��/\Q[�UXIXV���
FRXJDU�DQG�ZLOG�FDW��)HOLV�V\OYHVWULV��DV�WKH\�FRXOG�SURGXFH�WKH�QRQ�VSHFLILF�HIIHFW�DQG�
FDSWXUH�RWKHU�FDUQLYRUHV��0��*DXWKLHU��SHUV��FRPP����0LTXHOOH�HW�DO���������ZHUH�WKH�ILUVW�
WR�XVH�WKH�JHQHUDO�IHOLQH�/HQRQ�OXUH�WR�DWWUDFW�WKH�$PXU�OHRSDUG�WR�WKH�FDPHUD�VLWHV��EXW�LW�
LV�XQFOHDU�ZKHWKHU�WKHLU�XQEHOLHYDEO\�KLJK�FDSWXUH UDWHV������SKRWR�SLFWXUHV���PRQWKV�RI�
VDPSOLQJ��RU�VDPSOLQJ�HIILFLHQF\�DERXW������SLFWXUHV�����WUDS�QLJKWV��UHVXOW�IURP�HIIHFW�RI�
WKLV�OXUH�RU�IURP�XVH�RI�VLJQLILFDQW�QXPEHU�RI�SKRWR�WUDSV������ZKLFK�DOORZHG�WR�FRYHU�WKH�
ZLGHU�VWXG\�DUHD��%XW�HYHQ�DW�PRVW RSWLPLVWLF�VFHQDULRV�NHSW�LQ�PLQG��LW�LV�KDUG�WR�EHOLHYH�
WKDW�WKH�UDUHVW�OHRSDUG�VXEVSHFLHV�QXPEHULQJ�RQO\�DERXW����ZLOG�LQGLYLGXDOV�FDQ�VKRZ�
VXFK�KLJK�FDSWXUH�UDWHV�
7KH�OHRSDUGV�DUH�NQRZQ�WR�EH�HIILFLHQWO\�EDLWHG�E\�VXQ�URWWHQ�YLVFHUD�DQG�EORRG�RI�
GRPHVWLF�OLYHVWRFN��&RQQLII��������/��+DQVVHQ��SHUV��FRPP����:H�GLG�QRW�XVH�WKLV�
DSSURDFK��DV�LW�FDQ�SRWHQWLDOO\�FDXVH�KDELWXDWLRQ�WR�YLVLWLQJ�YLOODJHV�IRU�SUH\LQJ�RQ�OLYHVWRFN�
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DQG�SURYRNH�LQHYLWDEOH�HOLPLQDWLRQ�RI�SUHGDWRUV�E\�UXUDO�SHRSOH��7KDW�ZDV�D�UHDVRQ�IRU�XV�
DOVR�QRW�WR�XVH�WKH�OLYH�RU�GHDG�IHUDO�GRJV��RI�ZKLFK�WKH�OHRSDUG�LV�YHU\�IRQG��3LNXQRY�DQG�
.RUNLVKNR���������

&KDSWHU����,03/,&$7,216�)25�&216(59$7,21�
)RFDO�VSHFLHV�PDNH�WKH�FRUH�SDUW�RI�ELRGLYHUVLW\�FRQVHUYDWLRQ�LQ�WKH�&DXFDVXV��7KH�QRWLRQ�
³IRFDO�VSHFLHV´�ZDV�LQWURGXFHG�WR�SUDFWLFH�LQ�RUGHU�WR�LGHQWLI\�WKH�WKUHDWHQHG�RU�HQGDQJHUHG�
IODJVKLS��XPEUHOOD��NH\VWRQH�DQG�LQGLFDWRU�VSHFLHV�ZKRVH�SUHVHUYDWLRQ�ZLOO�VDIHJXDUG�
H[LVWHQFH�RI�DOO�ORZHU�OHYHO�ELRORJLFDO�UHVRXUFHV�DQG�KDELWDWV�WKH\�OLYH�LQ��$V�D UHVXOW��
VSHFLILF�&RQVHUYDWLRQ�$FWLRQ�3ODQ�LV�UHTXLUHG�IRU�HDFK�IRFDO�VSHFLHV�WR�SUHYHQW�LWV�GHFOLQH�
DQG�GLVDSSHDUDQFH��
,Q�WKH�&DXFDVXV��WZR�VSHFLHV�RI�FDUQLYRUHV��HLJKW�VSHFLHV�RI�XQJXODWHV�DQG�VL[�VSHFLHV�RI�
ILVK�DUH�FODVVLILHG�DV�IRFDO�VSHFLHV��7KH�OHRSDUG�LV�DPRQJ�WKHP��7KH�&DXFDVXV�RIILFH�RI�
:RUOG�:LGH�)XQG�IRU�1DWXUH��::)��EDVHG�LQ�7ELOLVL��*HRUJLD��KDV�SUHSDUHG�LQ������WKH�
GUDIW�YHUVLRQ�RI�³$FWLRQ�3ODQ�IRU�&RQVHUYDWLRQ�RI�)RFDO�6SHFLHV�DQG�7KHLU�+DELWDWV�LQ�WKH�
&DXFDVXV�(FRUHJLRQ´��,W�FRQWDLQV�WKH�WHQWDWLYH�LWLQHUDU\�RI�ORQJ�WHUP��E\�������DQG�
PHGLXP�WHUP�WDUJHWV��E\�������DQG�LPPHGLDWH�DFWLRQV��E\�������HVVHQWLDO�IRU�DFKLHYLQJ�
WKH�RYHUDOO�REMHFWLYH�± LQFUHDVH�RI�WRWDO�OHRSDUG�QXPEHUV�LQ�WKH�&DXFDVXV�E\�����E\�WKH�
\HDU�������1��=D]DQDVKYLOL��SHUV��FRPP����
7KH�³%LRGLYHUVLW\�6WUDWHJ\�DQG�$FWLRQ�3ODQ�IRU�WKH�5HSXEOLF�RI�$UPHQLD´�SXEOLVKHG�E\�WKH�
0LQLVWU\�RI�1DWXUH�3URWHFWLRQ�LQ������KDV�IRUPXODWHG�WKH�OLVW�RI�XUJHQW�DFWLYLWLHV�ZKLFK�
LQFOXGHV�WKH�GHYHORSPHQW�DQG�LPSOHPHQWDWLRQ�RI�LQGLYLGXDO�$FWLRQ�3ODQV�IRU�FRQVHUYDWLRQ�
RI�NH\�HQGDQJHUHG�VSHFLHV��H�J���OHRSDUG��ZLWKLQ�WKH�SHULRG������������7KLV�SODQ�KDV�MXVW�
UHPDLQHG�RQ�SDSHU��
,Q�$UPHQLD��WKH�OHRSDUG�KDV�WKH�³HQGDQJHUHG´�VWDWXV�DQG�LV�SURWHFWHG�E\�³/DZ�RQ�$QLPDO�
:RUOG´��������
7KH�KLVWRU\�RI�OHRSDUG�UHVHDUFK�LQ�WKH�FRXQWU\�LV�VKRUW��EXW�HYHQWIXO�DQG�SURGXFWLYH��RQH�
PRQRJUDSK�GHVFULEHV�HFRORJ\�RI�WKLV�SUHGDWRU�LQ�.KRVURY�5HVHUYH��.KRUR]\DQ�DQG�
0DONKDV\DQ��������DQG�RQH�SDSHU�LV�DERXW�WKH�PDQ�OHRSDUG�FRQIOLFW�IRU�VSDFH�LQ�.KRVURY�
5HVHUYH�DQG�LWV�FRUULGRU�*QGDVDU�0W��1RUDYDQN�&DQ\RQ�DUHD��.KRUR]\DQ���������:H�ZLOO�
FRQWLQXH�LQYHVWLJDWLRQV�DQG�VWDWXV�PRQLWRULQJ�E\�VFDW�FRXQWV��&KDSWHU����DQG�XVH�RI�OXUHV�
�&KDSWHU����± VHH�&KDSWHU���EHORZ�IRU�WKH�OLVW�RI�SURSRVHG�DFWLYLWLHV�
7KH�OHRSDUG�FRQVHUYDWLRQ�LQ�WKH�FRXQWU\�KDV�ODXQFKHG�RQO\�LQ�HDUO\�������7KH�UHOHYDQW�
DFWLYLWLHV�LQFOXGH�SRSXODWLRQ�PRQLWRULQJ��RSHUDWLRQV�RI�DQWL�SRDFKLQJ�VTXDGV��SUHSDUDWLRQV�
IRU�HVWDEOLVKPHQW�RI�QHZ�OHRSDUG�WDUJHWHG�VDQFWXDULHV��HGXFDWLRQDO�FDPSDLJQV��WHFKQLFDO�
DVVLVWDQFH�DQG�SXEOLF�FDPSDLJQLQJ�WKURXJK�PDVV�PHGLD��0XFK�PRUH�HIIRUWV�DUH�HVVHQWLDOO\�
QHHGHG�WR�FRQWLQXH�DQG�H[SDQG�UHVHDUFK�DQG�PRQLWRULQJ��EDWWOH�ZLWK�SRDFKLQJ��
SURIHVVLRQDO�WUDLQLQJ��SXEOLF�HGXFDWLRQ�DQG�GLVVHPLQDWLRQ�RI�LQIRUPDWLRQ�DQG�WHFKQLFDO�
VXSSRUW��&KDSWHU����VHFWLRQ '��
,QIRUPDWLRQ�REWDLQHG�E\�XV�LQ�WKLV�SURMHFW�LV�LQWHUHVWLQJ�DQG�YDOXDEOH��VLQFH�LW�DOORZV�WR�FDUU\�
RXW�WKH�OHRSDUG�VWXGLHV�DQG�SRSXODWLRQ�PRQLWRULQJ�WKURXJKRXW�HQWLUH�UDQJH�LQ�$UPHQLD�E\�
PHDQV�RI�VFDW�FRXQWV�DQG�XVH�RI�OXUHV��7KHVH�WHFKQLTXHV�DUH�IXOO\ IHDVLEOH��FRVW�HIILFLHQW�
DQG�FRPSOLDQW�WR�ORFDO�FRQGLWLRQV�DQG�PHQWDOLW\��:H�FDQ�VD\�ZLWK�FRQYLFWLRQ�WKDW�RXU�
UHOHQWOHVV�ILHOG�ZRUN�UDLVHV�SXEOLF�LQWHUHVW�DQG�ZLOOLQJQHVV�RI�ORFDO�UXUDO�FRPPXQLWLHV�WR�EH�
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LQYROYHG�DQG�DVVLVW��1R�GRXEW��WKH�VLQFHUH�ZRUGV�³:HOFRPH��2XU�ODQG�LV�\RXU�ODQG�DQG�RXU�
KRPH�LV�\RXU�KRPH�´�VDLG�E\�ORFDO�SHRSOH�DUH�WKH�EHVW�FRPSOLPHQWV�IRU�RXU�HIIRUWV�ZKLFK�
HQJHQGHU�RSWLPLVP�DQG�VZHHW�IHHOLQJ�RI�EHLQJ�KHOSIXO��
$V�D�SUDFWLFH�VKRZV��QR�DQ\�FRQVHUYDWLRQ�SURJUDP�LQ�WKH�ZRUOG�ZLOO�VXFFHHG�LI�ORFDO�SHRSOH�
DUH�QRW�OLVWHQHG�DQG�WKHLU�QHHGV�DUH�LJQRUHG��7KH�SURYLQFH�RI�6LXQLN�LQ�VRXWKHUQ�$UPHQLD�
ZKHUH�ZH�FDUULHG�RXW�WKLV�SURMHFW�DQG�ZKLFK�LV�WKH�OHRSDUG�VWURQJKROG�LQ�WKH�ZKROH�
&DXFDVXV��)LJ���D�F��LV�SRVVLEO\�WKH�SRRUHVW�LQ�WKH�FRXQWU\��(YHQ�WKRXJK�LW�SURYLGHV�YLWDO�
WUDQVSRUWDWLRQ�FRUULGRU�EHWZHHQ�$UPHQLD�DQG�,UDQ�DQG�WKXV�FRQWULEXWHV�WR�VXFFHVVIXO�WUDGH�
EHWZHHQ�WKHVH�FRXQWULHV��RQO\�VPDOO�SRUWLRQ�RI�ORFDO�SHRSOH�JHWV�EHQHILW�IURP�LW��0LQLQJ��
ZKLFK�IORXULVKHG�LQ�6RYLHW�WLPHV�EHIRUH�������EHJLQV�LWV�VORZ�UHFRYHU\�IURP�FROODSVH�DQG�LV�
VWLOO�VPDOO�VFDOH��6R��PRVW�UXUDO�SHRSOH�PXVW�UHO\�RQ�DJULFXOWXUDO�SURGXFWLRQ�IURP�WKHLU�RZQ�
RUFKDUGV��FURS�ILHOGV�DQG�SDVWXUHV��0HJKUL�UHJLRQ�LV�IDPRXV�IRU�LWV�ZDUP�VXEWURSLFDO�
FOLPDWH��IHUWLOH�VRLOV�DQG�SOHQW\�RI�FXOWLYDWHG�IUXLWV��SRPHJUDQDWH��ILJ��DSULFRW��SHUVLPPRQ��
TXLQFH��OHPRQ��HWF����EXW�LWV�UHPRWHQHVV�IURP�WKH�FDSLWDO�<HUHYDQ�LPSHGHV�WKH�PDUNHW�
GHYHORSPHQW��3RYHUW\�DQG�YHU\�OLPLWHG�DUHDV�RI�JRRG�SDVWXUHV�GR�QRW�HQDEOH�SHRSOH�WR�
NHHS�PDQ\�OLYHVWRFN��VR�DQLPDO�KXVEDQGU\�LV�QRW�DQ�LPSRUWDQW�HFRQRPLF�IDFWRU�LQ�WKH�
UHJLRQ�����
(FRQRPLF�KDUGVKLS�OHDYHV�WR�UXUDO�SHRSOH�QR�RWKHU�DOWHUQDWLYH�EXW�WR�XVH�QDWXUDO�UHVRXUFHV�
�HGLEOH�DQG�PHGLFLQDO�SODQWV��PXVKURRPV��JDPH��ILUH�ZRRG��DQG�QHJOHFW�QDWXUH�
FRQVHUYDWLRQ��7KDW LV�ZK\�ZH�DOZD\V�VWULYH�WR�FRRSHUDWH�ZLWK�ORFDOV��WDON�WR�WKHP�DQG�
H[SODLQ�WKH�LPSRUWDQFH�RI�FRQVHUYDWLRQ�IRU�WKH�EHQHILW�RI�WKHLU�RZQ�DQG�ZLOGOLIH��)RUWXQDWHO\��
LQ�DOPRVW�DOO�FDVHV�ZH�VXFFHHG�WR�EUHDN�WKH�LFH�RI�GLVEHOLHI�WR�XV�DV�WR�³VQREE\�FLW\�JX\V´�
DQG�PDNH�SHRSOH�RSHQ�IRU�GLVFXVVLRQV�DQG�SURXG�RI�WKHLU�ORFDO�NQRZOHGJH��ZKLFK�LV�UHDOO\�
LQYDOXDEOH�WR�XV����:H�HQMR\�VXSSRUW�DQG�KRVSLWDOLW\�E\�PDQ\�ORFDO�SHRSOH�
$�YHU\�LPSRUWDQW�UHVXOW�RI�WKLV�SURMHFW�ZDV�WKH�IDFW�WKDW�LW�SURYLGHG�DQ�HVVHQWLDOO�MXVWLILFDWLRQ�
IRU�HVWDEOLVKPHQW�RI�WZR�QHZ�OHRSDUG�WDUJHWHG�VDQFWXDULHV�LQ�0HJKUL�UHJLRQ�DQG�VWLPXODWHG�
WKLV�GHYHORSPHQW��%RWK�WKH\�DUH�ORFDWHG�ZLWKLQ�WKH�DUHDV�RI�0HJKUL�)RUHVW�)DUP�± RQH�WR�
WKH�QRUWK�RI�1XYDGL�YLOODJH�DQG�DQRWKHU�RQH�LQ�%RKDTDU�DUHD�QHDU�WKH�ERUGHU�ZLWK�
1DNKLFKHYDQ�5HSXEOLF��)LJ������1RZ�ZH�DUH�ZRUNLQJ�RXW�WKH�0DQDJHPHQW�3ODQ�RI�WKHVH�
VDQFWXDULHV�ZKLFK�ZLOO�EH�VXEPLWWHG�VRRQ�WR�WKH�0LQLVWU\�RI�1DWXUH�3URWHFWLRQ�IRU�DSSURYDO��
*LYHQ�WKLV�VLWXDWLRQ��LQ�WKH�QH[W�&KDSWHU���ZH�SURSRVH�WKH�OLVW�RI�DFWLYLWLHV�ZKLFK�ZH�WKLQN�
DUH�PRVW�LPSRUWDQW�DQG�WLPHO\�QRZ�IRU�WKH�OHRSDUG�FRQVHUYDWLRQ�LQ�$UPHQLD��

&KDSWHU����)2//2:�83�$&7,9,7,(6�
+HUH�ZH�GHVFULEH�WKH�DFWLYLWLHV�WKDW�ZH�LQWHQG�WR�FDUU\�RXW�LQ�WKH�IXWXUH�DQG�GHVHUYH�WKH�
SULRULW\�LQ�IXQG�UDLVLQJ��

$��&DPHUD�SKRWR�WUDSSLQJ�
7KLV�WHFKQLTXH�ZLOO�QRW�EH�FRQWLQXHG�

%��6FDW�FRXQWV�
7KLV�PHWKRG�LV�PRVW�XVHIXO�DQG�H[SHGLHQW�IRU�IXUWKHU�FRXQWU\�ZLGH�LPSOHPHQWDWLRQ��7KH�
IROORZLQJ�DVSHFWV�QHHG�DGYDQFHPHQW�



��

x 'HYHORSPHQW��YDOLGDWLRQ�DQG�DSSOLFDWLRQ�RI�WKLQ�OD\HU FKURPDWRJUDSK\��7/&��RI�IHFDO�
ELOH�DFLGV�IRU�HQKDQFHPHQW�RI�FRUUHFW�LGHQWLILFDWLRQ�RI�WKH�OHRSDUG�VFDWV�DV�RSSRVHG�WR�
WUDGLWLRQDO�LGHQWLILFDWLRQ�EDVHG�RQ�YLVXDO�FKDUDFWHULVWLFV�RI�VFDWV�

x (VWLPDWLRQ�RI�KRZ�HIILFLHQWO\�WKH�OHRSDUG�VFDWV�DUH�LGHQWLILHG�E\�7/&�YV��VFDW�
PRUSKRORJ\�

x $VVHVVPHQW�RI�WKH�HIIHFWV�RI�7/&�YV��VFDW�PRUSKRORJ\�RQ�SUHFLVLRQ�RI�GHQVLW\�
HVWLPDWHV�

x 6WDQGDUGL]DWLRQ�RI�VFDW�FRXQWV�E\�PHDQV�RI�PD[LPL]DWLRQ�RI�GDLO\�GLVWDQFHV�ZDONHG�DQG�
JHRJUDSKLFDO�UHSUHVHQWDWLYHQHVV�RI�WKH�WUDLOV�VHDUFKHG�IRU�VFDWV�GXULQJ�WKH�EHVW�
VDPSOLQJ�VHDVRQ��ODWH�VSULQJ�WR�HDUO\�DXWXPQ��

x /DUJH�VFDOH�LPSOHPHQWDWLRQ�RI�WKLV�DSSURDFK�WKURXJKRXW�WKH�OHRSDUG�UDQJH�LQ�VRXWK�
ZHVWHUQ�DQG�VRXWKHUQ�$UPHQLD��.KRVURY�5HVHUYH��LWV�FRUULGRU�*QGDVDU�0W��1RUDYDQN�
&DQ\RQ��=DQJH]RXU��%DUJXVKDW�DQG�0HJKUL�ULGJHV��LQ�RUGHU�WR�LGHQWLI\�WKH�3ULRULW\�
/HRSDUG�&RQVHUYDWLRQ�$UHDV�RU�3/(&$¶V��)LJ���E��F����

&��8VH�RI�OXUHV�
7KH�OXUHV�DSSHDU�WR�EH�D�SURPLVLQJ�DQG�FRVW�HIILFLHQW�ZD\�WR�DWWUDFW�WKH�ZLOG�OHRSDUGV�WR�WKH�
VFHQW�VWDWLRQV�DQG�WKXV�FRQILUP�WKH�OHRSDUG�SUHVHQFH�RU�DEVHQFH��*,6�PDSSLQJ�RI�OXUH�
VLWHV�ZKLFK�JHW�WKH�OHRSDUG�UHVSRQVH��PDLQO\�VFUDSHV��DOORZV�WR�LGHQWLI\�WKH�3/(&$¶V��,W�LV�
VWLOO�XQFHUWDLQ�ZKHWKHU�WKH�VFHQW�VWDWLRQ�VXUYH\V�PD\�HVWLPDWH�WKH�FDUQLYRUH�GHQVLWLHV��
PRUH�HIIRUWV�DUH�QHHGHG�WR�SHUIRUP�DFFXUDWH�FDOLEUDWLRQ�DQG�DQDO\]H�WKH�UROH�RI�IDFWRUV�
ZKLFK�DIIHFW�WKH�UDWHV�RI�DQLPDO�YLVLWDWLRQ�WR�VFHQW�VWDWLRQV�DQG�GLVWRUW�WKH�GHQVLW\�
HVWLPDWHV�
:H�ZLOO�VHHN�WKH�RSSRUWXQLWLHV�IRU�IXQGLQJ�WKLV�ZRUN�LQ�UHODWLRQ�WR�WKH�OHRSDUG�LQ�$UPHQLD��

'��&RQVHUYDWLRQ�
7KH�IROORZLQJ�FRQVHUYDWLRQ�DFWLYLWLHV�QHHG�VXSSRUW�DQG�XUJHQW�LPSOHPHQWDWLRQ�WKURXJKRXW�
$UPHQLD�
x ,QYROYHPHQW�RI�ORFDO�FRQVHUYDWLRQLVWV��UHJLRQDO�QDWXUH�FRQVHUYDWLRQ�LQVSHFWRUV��UHVHUYH�

UDQJHUV�DQG�IRUHVWHUV��LQ�PRQLWRULQJ�RI�OHRSDUG�DQG�LWV�SULQFLSDO�SUH\�VSHFLHV�
x 3URIHVVLRQDO�WUDLQLQJ�RI�UHVHUYH�UDQJHUV��LQVSHFWRUV��IRUHVWHUV�DQG�ERUGHU�JXDUGV�RQ�

$UPHQLDQ�$]HUEDLMDQL�DQG�$UPHQLDQ�,UDQLDQ�VWDWH�ERUGHUV�
x (GXFDWLRQDO�FDPSDLJQV�DPRQJ�UXUDO�VFKRROFKLOGUHQ�DQG�DGXOWV��OLYHVWRFN�NHHSHUV��

KXQWHUV��SODQW�JDWKHUHUV��
x 3URGXFWLRQ�DQG�SODFHPHQW�RI�URDG�EORFNV�DQG�VWRS�VLJQV�DW�WKH�HQWUDQFH�SRLQWV�LQ�IRUHVW�

IDUPV�DQG�UHVHUYHV�WR�FXUE�SRDFKLQJ�
x 7HFKQLFDO�DVVLVWDQFH�DQG�SURYLVLRQ�RI�ILQDQFLDO�VXSSRUW�WR�UHJLRQDO�FRQVHUYDWLRQ�ERGLHV�
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x 3XEOLF�FRPPXQLFDWLRQ�FDPSDLJQLQJ��L�H��SXEOLFDWLRQ�RI�SDSHUV�LQ�QHZVSDSHUV�DQG�
VFLHQWLILF�MRXUQDOV��SURGXFWLRQ�RI�UDGLR�DQG�79�SURJUDPV��SUHVHQWDWLRQ�RI�UHSRUWV�WR�WKH�
0LQLVWU\�RI�1DWXUH�3URWHFWLRQ�

5()(5(1&(6�
$QRQ\PRXV��������=DQ]LEDU�OHRSDUG�EHOLHYHG�H[WLQFW��6SRWV¶1¶6WULSHV�)DOO������LVVXH����

��
$QRQ\PRXV��������,QWHUSUHWLQJ�FDUQLYRUH�VFHQW�VWDWLRQ�VXUYH\V��5HSRUW�SUHSDUHG�E\�

86*6�1RUWKHUQ�3UDLULH�:LOGOLIH�5HVHDUFK�&HQWHU��86$��$YDLODEOH�DW�
ZZZ�QSZUF�XVJV�JRY�UHVRXUFH������VFHQW�GLVFXVV�KWP

$QRQ\PRXV��������,V WKH�6RXWK�&KLQD�WLJHU�H[WLQFW�LQ�WKH�ZLOG"�&DW�1HZV ����������
$QRQ\PRXV��������:LOO�$VLDWLF�FKHHWDKV�IDOO�IRU�&DOYLQ�.OHLQ�SHUIXPH"�&DW�1HZV �������
%DGULG]H��,���(OLDYD��,���.DMDLD��*��DQG�&KRORNDYD��$��������3UHVHQW�FRQGLWLRQ�RI�VSHFLHV�

GLYHUVLW\�RI�IDXQD�LQ�*HRUJLD��,Q��%LRORJLFDO�DQG�/DQGVFDSH�'LYHUVLW\�RI�*HRUJLD�
�%HURXWFKDVKYLOL��1���.XVKOLQ��$��DQG�=D]DQDVKYLOL��1���HGV����SS���������7ELOLVL��::)�
*HRUJLD�&RXQWU\�2IILFH�

%HLHU��3��DQG�&XQQLQJKDP��6�&��������3RZHU�RI�WUDFN�VXUYH\V�WR�GHWHFW�FKDQJHV�LQ�FRXJDU�
SRSXODWLRQV��:LOGOLIH�6RFLHW\�%XOOHWLQ�������������

%LUDQG��$�&���$GDOL��2��DQG�%LOJLQ��&�&��������$Q�HYDOXDWLRQ�RI�WKLQ�OD\HU�FKURPDWRJUDSK\�
IRU�LGHQWLI\LQJ�FDUQLYRUH�VFDWV��-RXUQDO�RI�:LOGOLIH�0DQDJHPHQW�VXEPLWWHG��

%RWKPD��-��GX�3��DQG�OH�5LFKH��(�$�1��������7KH�LQIOXHQFH�RI�LQFUHDVLQJ�KXQJHU�RQ�WKH�
KXQWLQJ�EHKDYLRXU�RI�6RXWKHUQ�.DODKDUL�OHRSDUGV��-RXUQDO�RI�$ULG�(QYLURQPHQWV�����
������

%RWKPD��-��GX�3��DQG�OH�5LFKH��(�$�1������D��6FDW�DQDO\VLV�DQG�DVSHFWV�RI�GHIHFDWLRQ�LQ�
QRUWKHUQ�&DSH�OHRSDUGV��6RXWK�$IULFDQ�-RXUQDO�RI�:LOGOLIH�5HVHDUFK ������������

%RWKPD��-��GX�3��DQG�OH�5LFKH��(�$�1������E��7KH�UHODWLRQVKLS�EHWZHHQ�PLQLPXP�DLU�
WHPSHUDWXUH�DQG�GDLO\�GLVWDQFHV�PRYHG�E\�.DODKDUL�OHRSDUGV��6RXWK�$IULFDQ�-RXUQDO�
RI�:LOGOLIH�5HVHDUFK ����������

%RWKPD��-��GX�3��DQG�OH�5LFKH��(�$�1��������(YLGHQFH�RI�WKH�XVH�RI�UXEELQJ��VFHQW�PDUNLQJ�
DQG�VFUDWFKLQJ�SRVWV�E\�.DODKDUL�OHRSDUGV��-RXUQDO�RI�$ULG�(QYLURQPHQWV���������
����

&DUERQH��&��DQG�*LWWOHPDQ��-�/��������$�FRPPRQ�UXOH�IRU�WKH�VFDOLQJ�RI�FDUQLYRUH�GHQVLW\��
6FLHQFH ���������������

&D]RQ��$�9�1��DQG�6XKULQJ��6�6��������$�WHFKQLTXH�IRU�H[WUDFWLRQ�DQG�WKLQ�OD\HU�
FKURPDWRJUDSK\�YLVXDOL]DWLRQ�RI�IHFDO�ELOH�DFLGV�DSSOLHG�WR�QHRWURSLFDO�IHOLG�VFDWV��
5HYLVWD�GH�%LRORJLD�7URSLFDO������������

&RQQLII��5������� )ROORZLQJ�WKH�WUDFN�RI�WKH�FDW��6PLWKVRQLDQ ����������
'DQRY��5�$��������/LIH�DQG�GHDWK�RI�WKH�OHRSDUGV��3DQWKHUD�SDUGXV�/���LQ�$LGHUH�JRUJH�RI�

WKH�6\XQW�.KDVDUGDJ�5HVHUYH��,Q��9HJHWDWLRQ�DQG�$QLPDO�.LQJGRP�RI�WKH�:HVWHUQ�
.RSHWGDJ��1HFKDHY��1���HG����SS����������$VKNKDEDG��,O\P�

']LHFLRORZVNL��5��������5RH�GHHU�FHQVXV�E\�SHOOHW�JURXS�FRXQWV��$FWD�WKHULRORJLFD�����
��������

(GJDRQNDU�$��DQG�&KHOODP�5��������$�SUHOLPLQDU\�VWXG\�RQ�WKH�HFRORJ\�RI�WKH�OHRSDUG�
�3DQWKHUD�SDUGXV�IXVFD��LQ�6DQMD\�*DQGKL�1DWLRQDO�3DUN��0DKDUDVKWUD��1HZ�'HKOL��
:LOGOLIH�,QVWLWXWH�RI�,QGLD�

(UQHVW��+�%���3HQHGR��0�&�7���0D\��%�3���6\YDQHQ��0��DQG�%R\FH��:�0��������0ROHFXODU�
WUDFNLQJ�RI�PRXQWDLQ�OLRQV�LQ�WKH�<RVHPLWH�9DOOH\�UHJLRQ�LQ�&DOLIRUQLD��JHQHWLF�DQDO\VLV�
XVLQJ�PLFURVDWHOOLWHV�DQG IDHFDO�'1$��0ROHFXODU�(FRORJ\�����������

)HOGPDQ��+�1��������0HWKRGV�RI�VFHQW�PDUNLQJ�LQ�WKH�GRPHVWLF�FDW��&DQDGLDQ�-RXUQDO�RI�
=RRORJ\���������������
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)R[��-�/���6LQKD��6�3���&KXQGDZDW��5�6��DQG�'DV��3�.��������6WDWXV�RI�WKH�VQRZ�OHRSDUG�
3DQWKHUD�XQFLD�LQ 1RUWKZHVW�,QGLD��%LRORJLFDO�&RQVHUYDWLRQ�������������

)XOOHU��7�.��DQG�6LHYHUW��3�5��������&DUQLYRUH�GHPRJUDSK\�DQG�WKH�FRQVHTXHQFHV�RI�
FKDQJHV�LQ�SUH\�DYDLODELOLW\��,Q��&DUQLYRUH�&RQVHUYDWLRQ��*LWWOHPDQ��-�/���)XQN��6�0���
0DFGRQDOG�'��DQG�:D\QH��5�.���HGV����SS�����������&DPEULGJH��&DPEULGJH�
8QLYHUVLW\�3UHVV�

*DGMLHY��'�9��������&DUQLYRUHV��,Q��$QLPDO�:RUOG�RI�$]HUEDLMDQ��YRO�����9HUWHEUDWHV�
�.HULPOL��7���HG����SS�����������%DNX��(OP�3XEOLVKHUV��

*HVH��(�0��������0RQLWRULQJ�RI�WHUUHVWULDO�FDUQLYRUH�SRSXODWLRQV��,Q��&DUQLYRUH�
&RQVHUYDWLRQ��*LWWOHPDQ��-�/���)XQN��6�0���0DFGRQDOG�'��DQG�:D\QH��5�.���HGV����SS��
���������&DPEULGJH��&DPEULGJH�8QLYHUVLW\�3UHVV�

+HSWQHU��9��DQG�6OXGVN\��$��������0DPPDOV�RI�WKH�6RYLHW�8QLRQ��YRO�����SDUW����3UHGDWRUV�
�K\HQDV�DQG�FDWV���0RVFRZ��9\VVKD\D�6KNROD�

,ODQL��*��������7KH�VSRWWHG�DPEDVVDGRUV�RI�D�YDQLVKLQJ�ZRUOG��,VUDHODO ����������
-HQHOOH��&�6���5XQJH��0�&��DQG�0DF.HQ]LH��'�,��������7KH�XVH�RI�SKRWRJUDSKLF�UDWHV�WR�

HVWLPDWH�GHQVLWLHV�RI�WLJHUV�DQG�RWKHU�FU\SWLF�PDPPDOV��D�FRPPHQW�RQ�PLVOHDGLQJ�
FRQFOXVLRQV��$QLPDO�&RQVHUYDWLRQ �����������

-HQQ\�� '�� ������ 6SDWLDO� RUJDQL]DWLRQ� RI� OHRSDUGV�3DQWKHUD� SDUGXV LQ� 7DL� 1DWLRQDO� 3DUN��
,YRU\�&RDVW��LV�UDLQIRUHVW�KDELWDW�D�³WURSLFDO�KDYHQ´"�-RXUQDO�RI�=RRORJ\��/RQGRQ�����
��������

-HQVHQ��5�(��DQG�5RPDQVNL��7�9��������%DUEDU\�OHRSDUG�SURMHFW��)LQDO�UHSRUW�IRU�)UDQNIXUW�
=RRORJLFDO�6RFLHW\��5DEDW��3HDFH�&RUSV�0RURFFR�

-RKQVRQ��.�*���:HL��:���5HLG��'�*��DQG�-LQFKX��+��������)RRG�KDELWV�RI�$VLDWLF�OHRSDUGV�
�3DQWKHUD�SDUGXV�IXVFD��LQ�:RORQJ�5HVHUYH��6LFKXDQ��&KLQD��-RXUQDO�RI�0DPPDORJ\
������������

-RVOLQ��3��������$�SKRWRWUDSOLQH�IRU�FROG�WHPSHUDWXUHV��8QSXEOLVKHG�UHSRUW�
.DUDQWK��.�8��������(VWLPDWLQJ�WLJHU�3DQWKHUD�WLJULV�SRSXODWLRQV�IURP�FDPHUD�WUDS�GDWD�

XVLQJ�FDSWXUH�UHFDSWXUH�PRGHOV��%LRORJLFDO�&RQVHUYDWLRQ������������
.DUDQWK��.�8��DQG�.XPDU��1�6��������)LHOG�VXUYH\V��DVVHVVLQJ�UHODWLYH�DEXQGDQFHV�RI�

WLJHUV�DQG�SUH\��,Q��0RQLWRULQJ�7LJHUV�DQG�7KHLU�3UH\��$�0DQXDO�IRU�5HVHDUFKHUV��
0DQDJHUV�DQG�&RQVHUYDWLRQLVWV�LQ�7URSLFDO�$VLD��.DUDQWK��.�8��DQG�1LFKROV��-�'���
HGV����SS���������%DQJDORUH��&HQWUH�IRU�:LOGOLIH�6WXGLHV�

.DUDQWK��.�8��DQG�1LFKROV��-�'��������(VWLPDWLRQ�RI�WLJHU�GHQVLWLHV�LQ�,QGLD�XVLQJ�
SKRWRJUDSKLF�FDSWXUHV�DQG�UHFDSWXUHV��(FRORJ\ ��������������

.DUDQWK��.�8��DQG�1LFKROV��-�'��������0RQLWRULQJ�WLJHU�SRSXODWLRQV��ZK\�XVH�FDSWXUH�
UHFDSWXUH�VDPSOLQJ"�,Q��0RQLWRULQJ�7LJHUV�DQG�7KHLU�3UH\��$�0DQXDO�IRU�5HVHDUFKHUV��
0DQDJHUV�DQG�&RQVHUYDWLRQLVWV�LQ�7URSLFDO�$VLD��.DUDQWK��.�8��DQG�1LFKROV��-�'���
HGV����SS�����������%DQJDORUH��&HQWUH IRU�:LOGOLIH�6WXGLHV�

.DUDQWK��.�8���1LFKROV��-�'���6HLGHQVWLFNHU��-���'LQHUVWHLQ��(���6PLWK��-�/���0F'RXJDO��&���
-RKQVLQJK��$�-�7���&KXQGDZDW��5�6��DQG�7KDSDU��9��������6FLHQFH�GHILFLHQF\�LQ�
FRQVHUYDWLRQ�SUDFWLFH��WKH�PRQLWRULQJ�RI�WLJHU�SRSXODWLRQV�LQ�,QGLD��$QLPDO�
&RQVHUYDWLRQ� ��������

.DUDQWK��.�8��DQG�6XQTXLVW��0�(��������3UH\�VHOHFWLRQ�E\�WLJHU��OHRSDUG�DQG�GKROH�LQ�
WURSLFDO IRUHVWV��-RXUQDO�RI�7URSLFDO�(FRORJ\�������������

.DUDQWK��.�8���.XPDU��1�6��DQG�1LFKROV��-�'��������)LHOG�VXUYH\V��HVWLPDWLQJ�DEVROXWH�
GHQVLWLHV�RI�WLJHUV�XVLQJ�FDSWXUH�UHFDSWXUH�VDPSOLQJ��,Q��0RQLWRULQJ�7LJHUV�DQG�7KHLU�
3UH\��$�0DQXDO�IRU�5HVHDUFKHUV��0DQDJHUV�DQG�&RQVHUYDWLRQLVWV�LQ�7URSLFDO�$VLD�
�.DUDQWK��.�8��DQG�1LFKROV��-�'���HGV����SS�����������%DQJDORUH��&HQWUH�IRU�:LOGOLIH�
6WXGLHV�

.DZDQLVKL��.��������3RSXODWLRQ�VWDWXV�RI�WLJHUV��3DQWKHUD�WLJULV��LQ�D�SULPDU\�UDLQIRUHVW�RI�
SHQLQVXODU�0DOD\VLD��3K'�GLVVHUWDWLRQ��*DLQHVYLOOH��8QLYHUVLW\�RI�)ORULGD��
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.HQGDOO��.�&���0HW]JDU��/�+���3DWWHUVRQ��'�$��DQG�6WHHOH��%�0��������3RZHU�RI�VLJQ�
VXUYH\V�WR�PRQLWRU�SRSXODWLRQ�WUHQGV��(FRORJLFDO�$SSOLFDWLRQV������������

.KRUR]\DQ��,��������/HRSDUG�UHFRUGV�LQ�$UPHQLD�LQ�WKH�����V��&DW�1HZV ����������

.KRUR]\DQ��,��������+DELWDW�SUHIHUHQFHV�E\�WKH�HQGDQJHUHG�3HUVLDQ�OHRSDUG��3DQWKHUD�
SDUGXV�VD[LFRORU�3RFRFN��������LQ�$UPHQLD��=RRORJ\�LQ�WKH�0LGGOH�(DVW �LQ�SUHVV�

.KRUR]\DQ��,��DQG�0DONKDV\DQ��$��������(FRORJ\�RI�WKH�OHRSDUG��3DQWKHUD�SDUGXV��LQ�
.KRVURY�5HVHUYH��$UPHQLD��LPSOLFDWLRQV�IRU�FRQVHUYDWLRQ��6FLHQWLILF�5HSRUWV�RI�
=RRORJLFDO�6RFLHW\�³/D�7RUELHUD´ ��������

.LDEL��%�+���'DUHVKRXUL��%�)���*KDHPL�5�$��DQG�-DKDQVKDKL��0��������3RSXODWLRQ�VWDWXV�RI�
WKH�3HUVLDQ�OHRSDUG��3DQWKHUD�SDUGXV�VD[LFRORU�3RFRFN��������LQ�,UDQ��=RRORJ\�LQ�WKH�
0LGGOH�(DVW ����������

.XFHUD��7�(��DQG�%DUUHWW��5�+��������7KH�7UDLO0DVWHU��FDPHUD�V\VWHP�IRU�GHWHFWLQJ�
ZLOGOLIH��:LOGOLIH�6RFLHW\�%XOOHWLQ ������������

/XNDUHYVN\��9��������7KH�OHRSDUG��VWULSHG�K\HQD�DQG�ZROI�LQ�7XUNPHQLVWDQ��0RVFRZ��
6LJQDU�

0DQDV\DQ��0�*���*ULJRU\DQ��$�7��DQG�3RWRV\DQ��$�+��������6\XQLN�SURYLQFH��QDWXUH��
SRSXODWLRQ��HFRQRP\��<HUHYDQ��1DKDSHW�3XEOLVKHUV�

0DUWLQ��5�%��DQG�GH�0HXOHQDHU��7��������6XUYH\�RI�WKH�VWDWXV�RI�WKH�OHRSDUG��3DQWKHUD�
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