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�ďƐƚƌĂĐƚ
7KH�5XUDO�/LIH�LQ�3URWRKLVWRULF�,WDO\�SURMHFW�LQYHVWLJDWHV�VPDOO�VXUIDFH�VFDWWHUV�IURP�WKH�%URQ]H�DQG�,URQ�$JH��
IRXQG�GXULQJ�ILHOG�ZDONLQJ�VXUYH\V�LQ�&DODEULD��,WDO\��,Q�WKLV�DUWLFOH�ZH�DUJXH�WKDW�GHWDLOHG��PXOWLGLVFLSOLQDU\�
LQYHVWLJDWLRQV�RI�VXFK�HSKHPHUDO�VLWHV�DUH�FUXFLDO�IRU�RXU�XQGHUVWDQGLQJ�RI�SURWRKLVWRULF�UXUDO�VRFLHW\�DQG�ODQG�
XVH��:H�LOOXVWUDWH�RXU�PHWKRGRORJ\�RI�LQWHJUDWHG�VXUIDFH�UHFRUGLQJV��JHRSK\VLFDO�PHWKRGV��VPDOO�WHVW�SLWV�DQG�
ODERUDWRU\�VWXGLHV�ZLWK�WKH�FDVH�VWXG\�RI�WKH�/DWH�%URQ]H�$JH�VLWH�7�����7KH�LPSOLFDWLRQV�RI�WKLV�FDVH�VWXG\�IRU�
UHJLRQDO�VHWWOHPHQW�PRGHOV�DUH�GLVFXVVHG�
<ĞǇǁŽƌĚƐ�� $UFKDHRORJLFDO� PHWKRGRORJ\�� UXUDO� ODQGVFDSHV�� QHDU�VXUIDFH� SURVSHFWLRQ�� SURWRKLVWRU\�� GDWD�
LQWHJUDWLRQ�
ZĠƐƵŵĠ
/H� SURMHW� 5XUDO� /LIH� LQ� 3URWRKLVWRULF� ,WDO\� �9LH� UXUDOH� HQ� ,WDOLH� SURWRKLVWRULTXH�� pWXGLH� OD� GLVWULEXWLRQ� GH�
PDWpULHOV�GH�VXUIDFH�GHV�kJHV�GX�%URQ]H�HW�GX�)HU��WURXYpHV�ORUV�GH�SURVSHFWLRQV�SpGHVWUHV�HQ�&DODEUH��,WDOLH���
'DQV�FHW�DUWLFOH�QRXV�VRXWHQRQV�TXH�OHV�UHFKHUFKHV�GpWDLOOpHV�HW�PXOWLGLVFLSOLQDLUHV�GH�WHO�VLWHV�pSKpPqUHV�VRQW�
FUXFLDX[�SRXU�OD�FRPSUpKHQVLRQ�GH�OD�VRFLpWp�UXUDOH�SURWRKLVWRULTXH�HW�O¶XWLOLVDWLRQ�GHV�WHUUHV��/¶pWXGH�GH�FDV�
GX� VLWH�7����GDWp� GX�%URQ]H� ILQDO� LOOXVWUH� QRWUH� DSSURFKH�PpWKRGRORJLTXH�GHV� HQUHJLVWUHPHQWV� LQWpJUpV� HQ�
VXUIDFH��GHV�PpWKRGHV�JpRSK\VLTXHV��GHV�SHWLWV�VRQGDJHV�HW�GHV�pWXGHV�GH�ODERUDWRLUH��/D�GLVFXVVLRQ�SRUWH�VXU�
OHV�LPSOLFDWLRQV�GH�FHWWH�pWXGH�GH�FDV�SRXU�GHV�PRGqOHV�G¶KDELWDW�UpJLRQDO�
DŽƚƐ� ĐůĠƐ�� 0pWKRGRORJLH� DUFKpRORJLTXH�� SD\VDJHV� UXUHDX[�� SURVSHFWLRQ� SUqV� GH� OD� VXUIDFH�� SURWRKLVWRLUH��
LQWHJUDWLRQ�GH�GRQQpHV�

/ŶƚƌŽĚƵĐƚŝŽŶ
(SKHPHUDO�SURWRKLVWRULF�VXUIDFH�VLWHV�DUH�GHWHFWHG�LQ�DOPRVW�DOO�ILHOG�ZDONLQJ�VXUYH\V�LQ�,WDO\��WKH\�
EHDU�ZLWQHVV�WR�UXUDO� ODQG�XVH�WKDW�VWUHWFKHV�IURP�FRDVWOLQHV�WR�PDUJLQDO�DUHDV�LQ�WKH�PRXQWDLQRXV�
LQWHULRU�� +RZHYHU�� RXU� XQGHUVWDQGLQJ� RI� SURWRKLVWRULF� VRFLHW\� LV� KDPSHUHG� E\� D� ODFN� RI� VWXGLHV�
WDUJHWHG�DW�VPDOO�VLWHV��,WDOLDQ�SURWRKLVWRULF�UHVHDUFK�UHPDLQV��XQWLO�WRGD\��ODUJHO\�IRFXVHG�RQ�³FHQWUDO�
SODFHV´��,Q�WKLV�SDSHU�ZH�ZLOO�SUHVHQW�RXU�FXUUHQW�LQYHVWLJDWLRQV�LQWR�VPDOO�%URQ]H�$JH�VXUIDFH�VFDWWHUV�
LQ�&DODEULD� �VRXWKHUQ� ,WDO\��� DQG� DUJXH� WKDW� D� V\VWHPDWLF�� GHWDLOHG�� DQG� LQWHUGLVFLSOLQDU\� DSSURDFK�
ZLOO�UHVXOW� LQ�D�QHZ�OHYHO�RI� LQVLJKW��ZLWK�WKH�LQWHJUDWLRQ�RI�KLJK�UHVROXWLRQ�GDWDVHWV�DV� WKH�NH\�WR�
VXFFHVV��:H�ZLOO�LOOXVWUDWH�RXU�DSSURDFK�ZLWK�D�FDVH�VWXG\��WKH�/DWH�%URQ]H�$JH��/%$��VWUXFWXUH�DW�
VLWH�7����
WƌŽƚŽŚŝƐƚŽƌŝĐ�ƌĞƐĞĂƌĐŚ�ŝŶ�ƚŚĞ�^ŝďĂƌŝƚŝĚĞ
7KH�3ODLQ�RI�6LEDUL�DQG�LWV�VXUURXQGLQJV�LQ�QRUWKHUQ�&DODEULD�KDYH�EHHQ�WKH�VXEMHFW�RI�D�ORQJ�WUDGLWLRQ�
RI�SURWRKLVWRULF�UHVHDUFK��\HW�PRVW� LQWHQVLYH�LQYHVWLJDWLRQV�ZHUH�GHGLFDWHG�WR�ODUJH��FHQWUDO�SODFHV�
LQWHUSUHWHG� DV� WKH� WRS� UXQJ� RI� VHWWOHPHQW� KLHUDUFK\�� 7RUUH� 0RUGLOOR�� %URJOLR� GL� 7UHELVDFFH�� DQG�
7LPSRQH�GHOOD�0RWWD��)LJXUH�����$OWKRXJK�VPDOO�SURWRKLVWRULF�VFDWWHUV�KDYH�EHHQ�UHFRUGHG�LQ�WKH�DUHD�
VLQFH�WKH�����¶V��'H�5RVVL�HW�DO���������DQG�WKH�G\QDPLFV�EHWZHHQ�³PDMRU´�DQG�³PLQRU´�VLWHV�ZHUH�
VWXGLHG�E\�WKH�/D�6DSLHQ]D�8QLYHUVLW\�UHVHDUFK�VFKRRO�RI�5HQDWR�3HURQL�LQ�WKH�����¶V�DQG�����¶V��
QRQH�RI�WKH�VPDOOHU�VLWHV�KDYH�EHHQ�VWXGLHG�LQ�GHWDLO��0RUHRYHU��QHLWKHU�VLQJOH�IDUPV�QRU�RWKHU�OLPLWHG�
&RQWDFW��Z�GH�QHHI#UXJ�QO�



ϭϮϮ

DFWLYLW\�ORFDWLRQV�IHDWXUH�DW�DOO�LQ�3HURQL¶V�PRGHO�RI�SURWRKLVWRULF�VHWWOHPHQW�G\QDPLFV�DQG�LQFUHDVLQJ�
VRFLDO�FRPSOH[LW\�LQ�WKH�6LEDULWLGH��3HURQL�	�7UXFFR����������������9DQ]HWWL��������,Q�IDFW��3HURQL¶V�
WKHRU\�LV�EDVHG�RQ�WKH�XQV\VWHPDWLF�WRSRJUDSKLFDO�UHFRUGLQJ�RI�D�PHUH����VLWHV��RFFXSLHG�GXULQJ�DW�
OHDVW�RQH�VXE�SKDVH�RI�WKH�����\HDU�VSDQ�EHWZHHQ�WKH�0LGGOH�%URQ]H�$JH�DQG�(DUO\�,URQ�$JH�������
����%&��
6WXGLHV�E\�WKH�*URQLQJHQ�,QVWLWXWH�RI�$UFKDHRORJ\��*,$��LQ�WKH�5DJDQHOOR�EDVLQ�DGG�D�VLJQLILFDQW�
GLPHQVLRQ�WR�WKLV�H[LVWLQJ�IUDPHZRUN��2ULJLQDOO\�D�VLGH�SURMHFW�WR�H[SORUH�WKH�VXUURXQGLQJV�RI�WKH�
*,$� H[FDYDWLRQV� RQ� WKH�7LPSRQH� GHOOD�0RWWD� QHDU� )UDQFDYLOOD�0DULWWLPD�� WKH� VXUYH\V� JUHZ� LQWR�
D� ODUJH� LQGHSHQGHQW� UHVHDUFK� SURMHFW�PDSSLQJ� GLDFKURQLF� VHWWOHPHQW� UHPDLQV� EHWZHHQ� WKH� FRDVWDO�
SODLQ�DQG�WKH�LQODQG�PRXQWDLQV�RI�WKH�3ROOLQR�UDQJH��$WWHPD�HW�DO��������������0RUH�WKDQ����\HDUV�RI�
V\VWHPDWLF�ILHOG�ZDONLQJ�E\�WKH�5DJDQHOOR�$UFKDHRORJLFDO�3URMHFW��5$3�������������UHVXOWHG�LQ�WKH�
PDSSLQJ�RI�����VXUIDFH�VFDWWHUV�LQ�WKLV�ULYHU�EDVLQ�LQ�WKH�QRUWKHUQ�SDUW�RI�WKH�6LEDULWLGH��GDWLQJ�IURP�
WKH�%URQ]H�$JH�WR�VXE�UHFHQW�WKUHVKLQJ�IORRUV��7KH�PDMRULW\�RI�WKHVH�UHPDLQV������VLWHV��GDWH�WR�WKH�
SURWRKLVWRULF�SHULRG��6LQFH�WKH\�DUH�W\SLFDOO\�RQO\�D�IHZ�PHWHUV�LQ�GLDPHWHU��ZH�DVVXPH�WKDW�ZH�KDYH�



ϭϮϯ

UHFRUGHG�WKH�EDVH�RI�WKH�VHWWOHPHQW�KLHUDUFK\�FRQVLVWLQJ�RI�VKRUW�OLYHG��UXUDO�DFWLYLW\�IRFL��7KH\�RFFXU�
WKURXJKRXW�WKH�UHVHDUFK�DUHD��DQG�WHVWLI\�WR�SURWRKLVWRULF�SUHVHQFH�LQ�DOO�ODQGVFDSH�FRPSRQHQWV��IURP�
WKH�JHQWO\�UROOLQJ�IRRWKLOOV�WR�VORSHV�LQ�WKH�XSODQGV�DQG�PRXQWDLQV��7KH�FRDVWDO�SODLQ��IRUPDOO\�SDUW�RI�
WKH�UHVHDUFK�DUHD��UHPDLQV�XQLQYHVWLJDWHG�GXH�WR�WKH�KHDY\�DOOXYLDO�VHGLPHQWDWLRQ��FRYHULQJ�DQWLTXH�
ODQG�VXUIDFHV�XQGHU�VHYHUDO�PHWHUV�RI�VRLO��$UFKDHRORJLFDO�UHPDLQV�RXWVLGH�RXU�UHVHDUFK�DUHD��VXFK�DV�
WKH�1HROLWKLF�YLOODJH�)DYHOOD�GHOOD�&RUWH�DQG�WKH�$UFKDLF�*UHHN�FRORQ\�RI�6\EDULV��LQGLFDWH�WKDW�WKH�
FRDVWDO�SODLQ�ZDV�RFFXSLHG�DV�ZHOO�
2XU�SUHVHQW�UHVHDUFK�SURMHFW��WKH�5XUDO�/LIH�LQ�3URWRKLVWRULF�,WDO\�SURMHFW��5/3,��������������LV�DLPHG�
DW�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�SURWRKLVWRULF�UHFRUG�SUHVHQWHG�E\�WKH�5$3�DQG�RWKHU�0HGLWHUUDQHDQ�
VXUYH\�SURMHFWV��7KH�LQWHUSUHWDWLRQ�RI�HSKHPHUDO�SURWRKLVWRULF�UHPDLQV�HQFRXQWHUV�VHYHUDO�SUREOHPV��
)LUVW��PRVW�RI�WKH�VFDWWHUV�DUH�VPDOO�DQG�WKH\�RIWHQ�FRQVLVW�RI�SRRUO\�SUHVHUYHG�KDQGPDGH�FHUDPLFV�
ZKLFK�FDQQRW�EH�GDWHG�FORVHO\��7KLV�PHDQV�WKDW�LW�LV�GLIILFXOW�WR�DVVHVV�ZKDW�WKH\�UHSUHVHQW�LQ�WHUPV�
RI�IXQFWLRQ��FKURQRORJ\��DQG�SRVVLEOH�VWUXFWXUDO�UHPDLQV��0RUHRYHU��VLQFH�WKH\�DUH�ORFDWHG�LQ�DQ�DUHD�
ZKLFK�ZDV�XQWLO�UHFHQWO\�XQGHU�LQWHQVLYH�DJULFXOWXUDO�H[SORLWDWLRQ��FRYHULQJ�GLYHUVH�JHRORJLFDO�]RQHV�
FKDUDFWHUL]HG�E\�SURQRXQFHG� UHOLHI��QDWXUDO�DQG�DQWKURSRJHQLF�SRVW�GHSRVLWLRQDO�SURFHVVHV�GHHSO\�
LQIOXHQFH�WKHLU�SUHVHUYDWLRQ�DQG�GHWHFWLRQ��$QG�ILQDOO\��ZH�DUH�DZDUH�RI�WKH�IDFW�WKDW�WKHLU�GHWHFWLRQ�
PD\�KDYH�EHHQ�VXEMHFW�WR�VHYHUDO�UHVHDUFK�ELDVHV��FDXVHG�E\�WKH�VXUYH\�VWUDWHJ\��DFFHVVLELOLW\��DQG�
YLVLELOLW\��
7R�WDFNOH�WKHVH�SUREOHPV��WKH�SURMHFW�DLPV�DUH�WKUHHIROG��)LUVWO\��ZH�IRFXV�RQ�HVWDEOLVKLQJ�ZKHWKHU�
EXULHG�UHPDLQV�SURGXFH�WKH�PDWHULDOV�RQ�WKH�VXUIDFH��6HFRQGO\��ZH�PDS�WKH�QDWXUDO�DQG�DQWKURSRJHQLF�
SURFHVVHV�WKDW�LQIOXHQFH�WKH�SUHVHUYDWLRQ�DQG�GHWHFWLRQ�RI�WKHVH�UHPDLQV��VR�WKDW�ZH�FDQ�DVVHVV�ZKLFK�
SDUWV�RI�WKH�ODQGVFDSH�DUH�OLNHO\�WR�SURGXFH�VXUIDFH�VFDWWHUV��ZKHUH�WKH\�PD\�KDYH�EHHQ�GHVWUR\HG��
DQG�ZKHUH� WKH\�PD\�EH�EXULHG�EH\RQG� WKH� UHDFK�RI� WKH�SORXJK��)RU� WKLV�ZH�EXLOG� RQ� D� SUHYLRXV�
UHVHDUFK�SURMHFW�GLUHFWHG�E\�9DQ�/HXVHQ��WKH�+LGGHQ�/DQGVFDSHV�3URMHFW��+/3��������������LQ�ZKLFK�
ODQGVFDSH�FODVVLILFDWLRQV�DW�GLIIHUHQW�VFDOHV�DQG�DQ�HURVLRQ�PRGHO�ZHUH�GHYHORSHG�IRU�WKH�5DJDQHOOR�
EDVLQ� �)HLNHQ��������)LQDOO\��ZH� WHVW�� HYDOXDWH�� DQG�FRPELQH� VXUYH\�DQG�SURVSHFWLRQ�PHWKRGV�� LQ�
RUGHU�WR�PLWLJDWH�GHWHFWLRQ�ELDVHV��1RZ��ZLWK�WKH�ILHOGZRUN�SKDVH�RI�WKH�SURMHFW�FORVHG��ZH�FDQ�SUHVHQW�
SUHOLPLQDU\� UHVXOWV�RI�RXU� HIIRUWV� DQG�SURSRVH� VWUDWHJLHV� WKDW�PD\�FODULI\� HSKHPHUDO�SURWRKLVWRULF�
SUHVHQFH�LQ�VLPLODU�0HGLWHUUDQHDQ�ODQGVFDSHV�
DĞƚŚŽĚŽůŽŐǇ
2XU� ILHOG� UHVHDUFK� IROORZV� D� VWUDWLILHG� VDPSOLQJ� DSSURDFK� JXLGHG� E\� D� FODVVLILFDWLRQ� RI� WKH� ����
SURWRKLVWRULF�VFDWWHUV�LQ�WKH�5DJDQHOOR�EDVLQ��7KLV�VLWH�FODVVLILFDWLRQ�LV�HPSKDWLFDOO\�QRW�EDVHG�RQ�DQ\�
SUHFRQFHLYHG�VLWH�W\SHV�NQRZQ�IURP�RWKHU�UHVHDUFK��EXW�LV�EDVHG�RQ�XQDPELJXRXV�SURSHUWLHV�RI�ORFDO�
WRSRJUDSK\�DQG�PDWHULDO�DVVHPEODJH��'H�1HHI��IRUWKFRPLQJ���,Q�RUGHU�WR�SUHYHQW�WKH�FODVVLILFDWLRQ�
IURP�EHFRPLQJ�WRR�GHWDLOHG��D�EURDG�GLYLVLRQ�LQ�IRXU�JHQHUDO�ODQGVFDSH�]RQHV�ZDV�XVHG��WKH�FRDVWDO�
SODLQ��IRRWKLOOV��XSODQG�YDOOH\��DQG�PRXQWDLQV��)LJXUH�����7KH�VLWH�FODVVLILFDWLRQ�DOORZV�XV�WR�VWXG\�
ODQG�XVH�DQG�VHWWOHPHQW�G\QDPLFV�RQ�D�UHJLRQDO�VFDOH�E\�H[WUDSRODWLQJ�IURP�GHWDLOHG�LQYHVWLJDWLRQV�
RI�UHSUHVHQWDWLYH�H[DPSOHV�IURP�HDFK�FODVV��:LWK�WKH�ILHOGZRUN�SKDVH�RI�WKH�SURMHFW�ILQLVKHG��ZH�FDQ�
FRQFOXGH�WKDW�WKH�SURSRVHG�VLWH�W\SRORJ\�³ZRUNV´��DOEHLW�ZLWK�D�IHZ�FRUUHFWLRQV��
7KH�VHOHFWHG�SURWRKLVWRULF�VLWHV�ZHUH�LQYHVWLJDWHG�ZLWK�D�UDQJH�RI�PHWKRGV��D�FORVH��UH��VWXG\�RI�WKH�
PDWHULDO�DVVHPEODJH��KLJK�FRYHUDJH�UHSHDWHG�VXUYH\V��JHRSK\VLFDO�VXUYH\V��PDQXDO�DXJHULQJ��DQG�
WHVW�SLWV��'H�1HHI�	�9DQ�/HXVHQ�IRUWKFRPLQJ���,Q�FRQWLQXDWLRQ�RI�JHRSK\VLFDO�SLORWV�FRQGXFWHG�LQ�
WKH�+/3��9DQ�/HXVHQ�HW�DO���������D�QXPEHU�RI�JHRSK\VLFDO�WHFKQLTXHV�ZHUH�WHVWHG��LQFOXGLQJ�WRWDO�
ILHOG�PDJQHWRPHWU\��PDJQHWLF�JUDGLRPHWU\��PDJQHWLF�VXVFHSWLELOLW\��06���HOHFWURPDJQHWLF�VXUYH\V��
JURXQG�SHQHWUDWLQJ�UDGDU��*35���DQG�HOHFWULFDO�UHVLVWLYLW\��2I�WKHVH��WKH�PDJQHWLVP�EDVHG�WHFKQLTXHV�
JDYH� WKH� EHVW� UHVXOWV� XQGHU� WKH� VSHFLILF� JHR�SHGRORJLFDO� FLUFXPVWDQFHV�� ZH� DSSOLHG� PDJQHWLF�
JUDGLRPHWU\�DQG�06�PHDVXUHPHQWV�RQ�DOO�VHOHFWHG�FDVH�VWXGLHV�DQG�WRWDO�ILHOG�PDJQHWRPHWU\�RQ�D�
1RW�DOO�VLWH�FODVVHV�FRXOG�EH�VWXGLHG�GXH�WR�ILHOGZRUN�SHUPLVVLRQV�RU�RWKHU�ORJLVWLFDO�UHDVRQV�
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VXEVHW�RI�WKHVH��$VLGH�IURP�WKHVH�VLWH�RULHQWHG�PHDVXUHPHQWV�ZH�DOVR�DSSOLHG�D�QRQ�VLWH��ODQGVFDSH�
SURVSHFWLRQ�DSSURDFK�WR�WHVW�KRZ�PDQ\�PDJQHWLF�IHDWXUHV�RFFXU�ZLWKRXW�DQ�DVVRFLDWHG�DUFKDHRORJLFDO�
VXUIDFH�PDQLIHVWDWLRQ��$UPVWURQJ�	�9DQ�/HXVHQ�IRUWKFRPLQJ���1HYHUWKHOHVV��ZH�DUH�DZDUH�RI�WKH�
³QRQ�UHVSRQVH�ELDV´�RI�DUFKDHRORJLFDO�UHPDLQV�QRW�GHWHFWDEOH�E\�PDJQHWLF�FRQWUDVW��DQG�DUJXH�WKDW�
PRUH�UHVHDUFK�LV�QHHGHG�LQ�WKLV�ILHOG��,Q�DGGLWLRQ�WR�WKH�RQ�VLWH�PHDVXUHPHQWV��LQIRUPDWLRQ�DERXW�WKH�
JHRORJLFDO�DQG�VRLO�EDFNJURXQG�ZDV�REWDLQHG�E\�PDQXDO�DXJHULQJ�DQG�VRLO�SLWV��$XJHULQJ�ZDV�DOVR�
DSSOLHG�WR�PDS�VRLOV�DQG�VORSH�SURFHVVHV�RQ�ERWK�ODQGVFDSH�DQG�VLWH�VFDOH��WR�H[SODLQ�WKH�SUHVHQFH�RU�
DEVHQFH�RI�DUFKDHRORJLFDO�UHPDLQV�RQ�WKH�VXUIDFH��6HYLQN�HW�DO��IRUWKFRPLQJ���)LQDOO\��ZH�ZHUH�DEOH�WR�
LQYHVWLJDWH�WKH�DVVRFLDWLRQV�EHWZHHQ�VXUIDFH�PDWHULDO��JHRSK\VLFDO�IHDWXUHV��VRLOV��DQG�DUFKDHRORJLFDO�
VWUDWLJUDSK\�E\�H[FDYDWLQJ�VPDOO�WDUJHWHG�WHVW�SLWV��)XOO�H[FDYDWLRQV�ZHUH�EH\RQG�WKH�VFRSH�RI�WKH�
SURMHFW��DQG�QRW�DOORZHG�E\�WKH�ILHOGZRUN�SHUPLW�LVVXHG�E\�WKH�DUFKDHRORJLFDO�DXWKRULWLHV�
2XU� LQWHUSUHWDWLRQV� DQG� UHVHDUFK� FRQFOXVLRQV� DUH� KLJKO\�GHSHQGHQW� RQ� WKH� DFFXUDWH� LQWHJUDWLRQ�RI�
WKHVH� YDULRXV� LQYDVLYH� DQG� QRQ�LQYDVLYH� GDWDVHWV�� ZKLFK� LPSOLHV� WKDW� UHOLDEOH� SRVLWLRQLQJ� LQ� WKH�
FHQWLPHWHU�UDQJH�LV�RI�WKH�XWPRVW�LPSRUWDQFH��7KLV�LV�HVSHFLDOO\�FULWLFDO�IRU�LQYDVLYH�UHVHDUFK�WDUJHWHG�
DW�VLQJOH�JHRSK\VLFDO�DQRPDOLHV��EXW�DOVR�IRU�WKH�DVVRFLDWLRQ�EHWZHHQ�VXUIDFH�DQG�VXEVXUIDFH�UHPDLQV��
0DLQWDLQLQJ� PHDVXUHPHQW� V\VWHPV� LQ� GLYHUVH� ORFDWLRQV�� DFURVV� GLIIHUHQW� UHVHDUFK� WHDPV�� RYHU� D�
QXPEHU�RI�\HDUV�SURYHG�QRW�WR�EH�ZLWKRXW�SUREOHPV��<HW�LQ�VSLWH�RI�WKH�SUDFWLFDO�SUREOHPV�RI�ILHOG�
UHVHDUFK�LQ�WKH�PRXQWDLQRXV�LQODQGV�RI�&DODEULD��ZH�DUH�FRQILGHQW�WKDW�RXU�DSSURDFK�FRQWULEXWHV�WR�D�
PRUH�FRPSOHWH�SLFWXUH�RI�WKH�DUFKDHRORJLFDO�UHFRUG�RI�WKH�%URQ]H�$JH��7KDW�WKLV�LV�XQGHUSLQQHG�E\�
WKH�GHWDLOHG�LQWHJUDWLRQ�RI�KLJK�UHVROXWLRQ�GDWDVHWV�ZLOO�EH�LOOXVWUDWHG�EHORZ�ZLWK�WKH�FDVH�VWXG\�RI�
VLWH�7����



/ŶǀĞƐƚŝŐĂƚŝŽŶƐ�Ăƚ�dϮϯϭ
6XUIDFH�VFDWWHU�7����LV�DQ�H[DPSOH�RI�KRZ�WKH�FRPELQHG�HIIRUW�RI�LQWHQVLYH�DUFKDHRORJLFDO�UH�VXUYH\�
DQG�PDJQHWRPHWU\�FDQ�UHVXOW� LQ�WKH�GHWHFWLRQ�DQG�DVVHVVPHQW�RI�SUHYLRXVO\�XQNQRZQ�VLWHV��,Q�WKH�
VXPPHU�RI������ZH�SURGXFHG�D�QHZ�GLVWULEXWLRQ�PDS�RI�SURWRKLVWRULF�VXUIDFH�PDWHULDO�DURXQG�WKH�
QHDU�E\�/%$�VLWH�7����UHDFKLQJ�WKH�KLJKHVW�VSDWLDO�UHVROXWLRQ�E\�UHFRUGLQJ�HDFK�LQGLYLGXDO�DUWHIDFW�
ZLWK�D�7RWDO�6WDWLRQ��7KLV�UH�VXUYH\�ZDV�DFFRPSDQLHG�E\�PDJQHWRPHWHU�VXUYH\�XVLQJ�D�%DUWLQJWRQ�
*UDG����GXDO�VHQVRU�DUUD\��FRQGXFWHG�LQ�UHFWDQJXODU�JULGV�WLHG�LQWR�WKH�ORFDO�PHDVXUHPHQW�V\VWHP��
7KH� PDJQHWRPHWHU� VXUYH\� UHFRUGHG� D� UHFWDQJXODU�� VWURQJO\� SRVLWLYH� DQRPDO\� RI� DSSUR[LPDWHO\�
��[���P��VRPH�����P�6(�RI�VLWH�7����7KH�GLVWULEXWLRQ�PDS�RI�VXUIDFH�DUWHIDFWV�UHYHDOHG�D�GLIIXVH�
VFDWWHU�RI�%URQ]H�$JH�PDWHULDO��IDQQLQJ�RXW�GRZQVORSH�IURP�WKLV�DQRPDO\��)LJXUH�����7KLV�VFDWWHU�
KDG�QRW�EHHQ�GHWHFWHG�LQ�WKH�RULJLQDO�5$3�VXUYH\�RI�WKH�ILHOG��FRQGXFWHG�ZLWK�FUHZ�PHPEHUV�ZDONLQJ�
DW���P�LQWHUYDOV��/LNH�7����WKH�QHZ�VFDWWHU�ZDV�FODVVLILHG�DV�D�³SURWRKLVWRULF�VLWH�ZLWK�/%$�VWRUDJH�
YHVVHO�LQ�WKH�IRRWKLOOV´�RQ�WKH�EDVLV�RI�LWV�PDWHULDO�DVVHPEODJH�DQG�ORFDWLRQ��DQG�QDPHG�7�����



ϭϮϲ

$OWKRXJK� DVVRFLDWLRQV� EHWZHHQ� PDJQHWLF� DQRPDOLHV� DQG� VXUIDFH� VFDWWHUV� PD\� VHHP� REYLRXV� E\�
VKHHU�VSDWLDO�SUR[LPLW\��ZH�LQVLVW�WKDW�LQYDVLYH�UHVHDUFK�LV�QHFHVVDU\�WR�HVWDEOLVK�ZKHWKHU�VFDWWHU�DQG�
DQRPDO\�DUH�SURGXFHG�E\�WKH�VDPH�VXEVXUIDFH�GHSRVLW��0RUHRYHU��LQYDVLYH�LQYHVWLJDWLRQV�FRQWULEXWH�
WR� XQGHUVWDQGLQJ� VLWH� IRUPDWLRQ�� SRVW�GHSRVLWLRQDO� KLVWRU\�� DQG� WKH� SUHFLVH� RULJLQ� RI� JHRSK\VLFDO�
DQRPDOLHV��,Q�WKH�FDVH�RI�7�����ZH�ZHUH�DOORZHG�WR�VWULS�DZD\�WKH�SORXJK�OD\HU�RYHU�DQ�DUHD�RI����
[����P�FRYHULQJ�ERWK�WKH�UHFWDQJXODU�DQRPDO\�DQG�WKH�VXUIDFH�VFDWWHU��DQG�WR�H[FDYDWH�WZR�QDUURZ�
WUHQFKHV��7KHVH� LPPHGLDWHO\�FRQILUPHG� WKDW� WKH�PDJQHWLF� IHDWXUH� LV� FDXVHG�E\� VWUXFWXUDO� UHPDLQV�
GDWLQJ�WR�WKH�/%$��7KXV�ZH�FDQ�FRQILUP�D�VSDWLDO�DQG�WHPSRUDO�OLQN�EHWZHHQ�VXUIDFH�PDWHULDO��EXULHG�
IHDWXUHV��DQG�JHRSK\VLFDO�UHVSRQVH��
6WULSSLQJ�DZD\�WKH�SORXJK�]RQH�\LHOGHG�WKH�RXWOLQH�RI�D�UHFWDQJXODU�VWUXFWXUH�ZLWK�D�VWUDLJKW�VKRUW�
EDFN�ZDOO��VOLJKWO\�LQ�FXUYLQJ�VLGH�ZDOOV��DQG�DQ�RSHQ�HQG�IDFLQJ�GRZQVORSH��)LJXUH�����7KH�ZDOOV�
FRLQFLGH�ZLWK�OXPSV�RI�KDUG��UHG�FOD\��ZKLFK�ZHUH�YLVLEOH�SULPDULO\�QHDU�WKH�RSHQ�HQG�RI�WKH�VWUXFWXUH��
,W�DSSHDUV�WKDW�WKH�EXLOGLQJ�ZDV�SURJUHVVLYHO\�GDPDJHG�E\�SORXJKLQJ�RQ�WKH�GRZQVORSH�HQG��ZKHUHDV�
WKH�VWURQJ�PDJQHWLF�VLJQDO�DW�WKH�UHDU�HQG�VXJJHVWV�WKDW�WKLV�SDUW�RI�WKH�VWUXFWXUH�LV�EXULHG�PRUH�GHHSO\�
DQG�WKHUHIRUH�EHWWHU�SUHVHUYHG��7KLV�ZDV�VXSSRUWHG�E\�UHSHDWHG�PDJQHWRPHWU\�DQG�06�PHDVXUHPHQWV�
RQ�WKH�VWULSSHG�VXUIDFH��7KH�06�PHDVXUHPHQWV��FRQGXFWHG�ZLWK�D�SRUWDEOH�%DUWLQJWRQ�06�'�ORRS�
VHQVRU�� VKRZHG� KLJK� YDOXHV� RQ� WKH� H[SRVHG� FOD\� OXPSV� EXW� QRW� RQ� WKH� UHDU� HQG� RI� WKH� EXLOGLQJ��
ZKHUHDV�WKH�UHSHDWHG�PDJQHWRPHWU\�PHDVXUHPHQWV�VKRZHG�WKH�RSSRVLWH�HIIHFW��



ϭϮϳ

,Q� WKH�HQG�� WKH�FDXVH�RI� WKH�PDJQHWLF� VLJQDO�FRXOG�EH�HVWDEOLVKHG�E\�H[FDYDWLQJ� WZR�SDUDOOHO� VORW�
WUHQFKHV�DFURVV�WKH�QRUWKHUQ�ORQJ�ZDOO��7KHVH�ZHUH�SODFHG�RQ�HLWKHU�HQG�RI�D�SURILOH�EDXON�ZKLFK�ZDV�
OHIW�VWDQGLQJ�WR�GRFXPHQW�WKH�IXOO�VRLO�VWUDWLJUDSK\�IURP�WKH�SORXJK�OD\HU�GRZQ��7KH�SUHVHUYHG�SDUW�
RI�WKH�ZDOO�GRHV�LQGHHG�FRQVLVW�RI�WKH�KDUG��RUDQJH�UHG�FOD\�VHHQ�RQ�WKH�VWULSSHG�VXUIDFH��$W�D�GHSWK�
RI�DSSUR[LPDWHO\����FP��D�KDUGHQHG�IORRU�ZDV�HQFRXQWHUHG�RQ�ZKLFK�ODUJH�IUDJPHQWV�RI�FKDUFRDO�
DQG�OXPSV�RI�YHU\�WKLFN��IULDEOH�FHUDPLFV�ZHUH�SUHVHUYHG��7KH�SLHFHV�RI�FHUDPLFV�FRQVLVW�RI�W\SLFDO�
KDQGPDGH�SURWRKLVWRULF�SRWWHU\�� LPSDVWR��DQG�PD\�EH�SDUWV�RI�WKH�VRUW�RI�IRRG�RYHQV�NQRZQ�IURP�
RWKHU�QHDUE\�%URQ]H�$JH�VHWWOHPHQWV�VXFK�DV�7RUUH�0RUGLOOR��,Q�RQH�RI� WKH�VORW� WUHQFKHV��ZH�DOVR�
IRXQG�SLOHG�XS� IUDJPHQWV�RI� D� ODUJH� LPSDVWR�YHVVHO�ZKLFK�SUREDEO\� FROODSVHG� LQ� VLWX��'LDJQRVWLF�
ULP�IUDJPHQWV�SODFH�WKLV�YHVVHO�LQ�WKH�/%$��ZKLFK�FRLQFLGHV�ZLWK�WKH�FHUDPLFV�IRXQG�LQ�WKH�VXUIDFH�
VFDWWHU��%RWK�WKH�KDUGHQHG�IORRU�DQG�WKH�UHG�FOD\�ZDOO�ZHUH�GXJ�LQWR�WKH�QDWXUDO��OLJKW�FRORXUHG�PDUO��
VR�WKDW�ZH�FDQ�FRQFOXGH�WKDW�WKH�VWUXFWXUH�KDG�D�ORZHUHG�IORRU�DQG�DGREH�ZDOOV��7KH�ORZHUHG�SDUW�
RI� WKH� EXLOGLQJ�ZDV� FRYHUHG�ZLWK� D� ILOO� RI� EURZQ� VRLO�PL[HG�ZLWK� VPDOO� FKDUFRDO� IUDJPHQWV� DQG�
RFFDVLRQDO�FHUDPLF�VKHUGV��7KLV�ILOO�PRVW�OLNHO\�IRUPHG�DIWHU�WKH�EXLOGLQJ¶V�FROODSVH��
0DJQHWLF�VXVFHSWLELOLW\�PHDVXUHPHQWV�WDNHQ�RQ�VHFWLRQV�LQ�ERWK�WUHQFKHV�UHYHDO�WKDW�WKH�ZDOOV�LQ�UHG�
FOD\�SURGXFH�KLJK�YDOXHV��LQ�FRQWUDVW�WR�WKH�UHODWLYHO\�ORZ�YDOXHV�UHFRUGHG�LQ�WKH�EURZQ�ILOO�DQG�WKH�
WRSVRLO��06�YDOXHV�RI�WKH�KDUGHQHG�IORRU�DUH�HOHYDWHG��EXW�OHVV�VR�WKDQ�WKRVH�RI�WKH�FOD\�ZDOO��7KHUHIRUH�
WKH�VWURQJO\�PDJQHWLFDOO\�HQKDQFHG�SURSHUWLHV�RI�WKH�UHG�FOD\�GHSRVLWV�FDXVH�WKH�UHFWDQJXODU�IHDWXUH�
LQ�WKH�JUDGLRPHWU\�GDWD��RYHUSRZHULQJ�WKH�HQKDQFHPHQW�RI�WKH�IORRU�DQG�WKH�EURZQ�ILOO�
/ŶƚĞŶƚŝŽŶĂů�ĨŝƌĞ͍
*HRSK\VLFDO� DQDO\VLV�RI� VRLO� VDPSOHV� WDNHQ� IURP� WKH� VORW� WUHQFKHV�\LHOGHG� DGGLWLRQDO� LQIRUPDWLRQ�
IRU�WKH�UHFRQVWUXFWLRQ�RI�WKH�EXLOGLQJ¶V�KLVWRU\��7KH�VDPSOHV�ZHUH�SURFHVVHG�DQG�DQDO\VHG�E\�GU��.��
$UPVWURQJ�LQ�WKH�VRLO�ODERUDWRU\�RI�-RKDQQ�*XWHQEHUJ�8QLYHUVLW\�LQ�0DLQ]��*HUPDQ\���ZLWK�VXSSRUW�
RI�WKH�DUFKDHRORJLFDO�SURVSHFWLRQ�UHVHDUFK�JURXS�GLUHFWHG�E\�GU��'��-RUGDQ��7KH�06�SURSHUWLHV�RI�WKH�
VDPSOHV��HVWDEOLVKHG�ZLWK�IUDFWLRQDO�FRQYHUVLRQ�WHVWV�XVLQJ�D�K\VWHUHVLV�ORRS��VXJJHVW�WKDW�WKH�UHG�FOD\�
LQ�WKH�ZDOO�RI� WKH�EXLOGLQJ�ZDV�KHDWHG�WR�H[FHSWLRQDOO\�KLJK�WHPSHUDWXUHV�RYHU�D�VXVWDLQHG�SHULRG�
�$UPVWURQJ�	�9DQ�/HXVHQ�IRUWKFRPLQJ��&URZWKHU��������([SHULPHQWDO�ILUHV�LQ�UHFRQVWUXFWHG�,URQ�
$JH�KXWV�LQ�/HMUH��'HQPDUN��DQG�%XWVHU�+LOO��8.��LQGLFDWH�WKDW�VXFK�ORQJ�GXUDWLRQ�ILUHV�FDQ�RQO\�EH�
UHDFKHG�E\�FRQWUROOHG��LQWHQWLRQDO�DFWLRQ��LQ�FRQWUDVW�WR�LQWHQVH�EXW�VKRUW�DFFLGHQWDO�ILUHV��5DVPXVVHQ�
������+DUULVRQ��������7KLV�VXJJHVWV�WKDW�WKH�ZDOOV�RI�WKH�EXLOGLQJ�DW�7����ZHUH�ILUHG�RQ�SXUSRVH��DQG�
SRVVLEO\�UHSHDWHGO\�
$V� WR� WKH� UHDVRQV� ZK\� WKH� EXLOGLQJ� ZDV� ILUHG� ZH� FDQ� RQO\� VSHFXODWH�� ,QWHQWLRQDO� ILULQJ� DIWHU�
DEDQGRQPHQW�LV�D�WUDGLWLRQ�ZKLFK�KDV�EHHQ�VXJJHVWHG�IRU�1HROLWKLF�DQG�(DUO\�%URQ]H�$JH�GZHOOLQJV�
LQ�&DODEULD��6FKDIIHU�������5REE��������+RZHYHU��DOWKRXJK�ODUJH�FKDUFRDO�IUDJPHQWV�ZHUH�IRXQG�RQ�
WKH�KDUGHQHG�IORRU��IXUWKHU�EXUQLQJ�WUDFHV�VXFK�DV�DVKHV�RU�FROODSVHG�EXLOGLQJ�FRPSRQHQWV�DUH�DEVHQW�
LQ�WKH�LQWHULRU��$Q�DOWHUQDWLYH�RSWLRQ�LV�WKH�ILULQJ�RI�WKH�FOD\�IRXQG�LQ�VLWX�DV�D�IRXQGDWLRQ�IRU�DGREH�RU�
ZDWWOH�DQG�GDXE�ZDOOV��EXW�ZH�KDYH�QR�H[FDYDWHG�SDUDOOHOV�IRU�WKLV��DW�QHDUE\�%URJOLR�GL�7UHELVDFFH�
UHFWDQJXODU�VWRUH�KXWV�GDWLQJ�WR�WKH�/%$�KDYH�EHHQ�IRXQG��EXW�WKHVH�KDYH�VWRQH�IRXQGDWLRQV��6R�IDU�
ZH�GR�QRW�KDYH�HYLGHQFH�IRU�VWRQH�IRXQGDWLRQV�DW�7����
7KH�VSDWLDO�RIIVHW�EHWZHHQ�WKH�UHFWDQJXODU�VWUXFWXUH�DQG�WKH�VXUIDFH�DUWHIDFW�VFDWWHU�VWLOO�QHHGV�WR�EH�
FODULILHG��:H� VHH� VXFK�RIIVHWV� EHWZHHQ�PDJQHWLF� DQRPDO\� DQG� VXUIDFH�GLVWULEXWLRQ� LQ�PDQ\�RWKHU�
/%$�VLWHV��$OWKRXJK�ZH�DUH�FRQILGHQW�WKDW�ERWK�PDQLIHVWDWLRQV�EHORQJ�WRJHWKHU��WKH�WHVW�SLWV�KDYH�QRW�
HVWDEOLVKHG�KRZ�WKH�EXULHG�EXLOGLQJ�UHPDLQV�SURGXFH�WKH�VXUIDFH�VFDWWHU��7KH�VFDWWHU�PD\�EH�FDXVHG�
E\� WKH� JUDGXDO� H[SRVXUH� RI� EXULHG� GHSRVLWV� DORQJ� WKH� VORSH� E\�PHFKDQLFDO� SORXJKLQJ�� E\�ZKLFK�
WKH�RSHQ�HQG�RI� WKH� UHFWDQJXODU� VWUXFWXUH� LV�SURJUHVVLYHO\�GDPDJHG��<HW� WKH�GLVWDQFH�EHWZHHQ� WKH�
PDJQHWLF�DQRPDO\�DQG�WKH�VXUIDFH�FHUDPLFV�LV�VHYHUDO�PHWHUV��DQG�QR�FHUDPLFV�RFFXU�RYHU�WKH�DQRPDO\�
LWVHOI��6HYHUDO� VWXGLHV�RI� DUWHIDFW�PRYHPHQW� LQ�SORXJK� VRLOV�ZHUH� FRQGXFWHG�ZKHQ�DUFKDHRORJLFDO�
ILHOG�ZDONLQJ�ZDV�D�UHODWLYHO\�QHZ�SKHQRPHQRQ��&DYDQDJK�	�0HH���������������QRZ�WKDW�DUWHIDFW�



ϭϮϴ

VXUYH\�LV�DQ�HVWDEOLVKHG�PHWKRG��H[SHULPHQWV�DQG�GLVFXVVLRQ�RI�DUWHIDFW�GLVSODFHPHQW�VHHP�WR�KDYH�
GLHG�DZD\�ZLWKRXW�FRPLQJ�WR�D�VDWLVIDFWRU\�FRQFOXVLRQ��([SHULPHQWV�LQ�WKH�����¶V�KDYH�VKRZQ�WKDW�
DUWHIDFW�GLVSODFHPHQW�GHSHQGV�RQ�FDWHJRU\��VL]H�DQG�VORSH�DQJOH��VPDOO�FHUDPLF�IUDJPHQWV�DQG�OLWKLFV�
FDQ�PRYH�VHYHUDO�PHWHUV�DORQJ�VORSHV�DQG�SORXJK�IXUURZV��ZKHUHDV�ODUJHU�VKHUGV�KDYH�EHHQ�UHSRUWHG�
WR� WUDYHO�XS� WR����P��.HHSLQJ� LQ�PLQG� WKDW� WKH�PHFKDQLFDO�SORXJK�ZDV� LQWURGXFHG� LQ� WKLV�SDUW�RI�
&DODEULD�LQ�WKH�����¶V��LW�LV�FRQFHLYDEOH�WKDW�ILQGV�KDYH�EHHQ�GLVSODFHG�VHYHUDO�PHWHUV��$Q�DOWHUQDWLYH�
H[SODQDWLRQ�IRU�WKH�RIIVHW�DW�7����ZRXOG�EH�WKDW�WKH�VXUIDFH�VFDWWHU�LV�QRW�SURGXFHG�E\�WKH�VWUXFWXUH�DW�
DOO��EXW�E\�DQ�H[WHUQDO�IHDWXUH�VXFK�DV�D�PLGGHQ��SLW��RU�KHDUWK��,Q�DQ\�FDVH��IXUWKHU�LQYDVLYH�UHVHDUFK�
WR�PDNH�VWDWHPHQWV�DERXW�WKLV�ZDV�EH\RQG�WKH�VFRSH�RI�WKH�SURMHFW�
^ŝƚĞ�ŵŽŶŝƚŽƌŝŶŐ�ĂŶĚ�ƐĞƚƚůĞŵĞŶƚ�ŵŽĚĞůƐ

QHLWKHU� LQ� LWV� GHWHFWLRQ� KLVWRU\� QRU� LQ� LWV� SUHVHUYHG� UHPDLQV�� 7KLV� SUHYLRXVO\� XQNQRZQ� VLWH� ZDV�
FODVVLILHG�DV�D�³/%$�IRRWKLOO�VWRUDJH�YHVVHO�VLWH´�E\�LWV�ORFDWLRQ�DQG�ILQGV�DVVHPEODJH��RI�ZKLFK�FODVV�
ZH�KDYH�QRZ�LQYHVWLJDWHG����H[DPSOHV�E\�LQWHJUDWHG�QRQ�LQYDVLYH�DQG�LQYDVLYH�UHVHDUFK��5H�VXUYH\V�
RI�5$3�ILHOG�XQLWV�DQG�DGGLWLRQDO�VXUYH\V�LQ�SUHYLRXVO\�QRQ�LQYHVWLJDWHG�DUHDV�KDYH�LQFUHDVHG�WKH�
QXPEHU�RI�VWRUDJH�YHVVHO�VLWHV�IURP����WR�����)XUWKHUPRUH��WKH�SRVLWLRQLQJ�SURFHGXUHV�IRU�RXU�FXUUHQW�
GDWDVHW�DUH�PXFK�PRUH�SUHFLVH�� VR� WKDW�ZH�FDQ�HIIHFWLYHO\�PRQLWRU�FKDQJHV� WR� WKH�NQRZQ�VFDWWHUV�
DQG�WHVW�DQHFGRWDO� WKHVHV�OLNH�%DUNHU¶V�UHPDUN�WKDW�VXUIDFH�VLWHV�³FDQ�FRPH�RQ�DQG�RII� OLNH�WUDIILF�
OLJKWV´��%DUNHU������������2QH�RI�WKH�FRQFOXVLRQV�RI�RXU�PHWKRGRORJ\�HYDOXDWLRQ�WKHUHIRUH�LV�WKDW�
HYHQ�WKH�LQWHQVLYH�VXUYH\�VWUDWHJ\�RI�WKH�5$3��ZLWK�D�����VXUIDFH�FRYHUDJH�LQ����[����P�XQLWV�DLPHG�
DW�PDSSLQJ�GLDFKURQLF� VHWWOHPHQW� UHPDLQV�� LV� QRW� VXLWDEOH� IRU� GHWHFWLQJ� WKH� VPDOOHVW� SURWRKLVWRULF�
UHPDLQV��
0RUH�RYHU��RXU�XQGHUVWDQGLQJ�RI�WKH�FRQFHSW�³VLWH´�KDV�FKDQJHG�E\�FRQVLVWHQWO\�LQWHJUDWLQJ�GLIIHUHQW�
GDWDVHWV�� ,Q� WKH�5$3� VXUYH\V��ZH�XVHG� WKH�ZRUG� IRU� ORFDO� LQFUHDVHV� LQ� ILQGV�GHQVLW\� UHODWLYH� WR� D�
EDFNJURXQG�³QRLVH´��$IWHU�IRXU�\HDUV�RI�LQWHQVLYH�QRQ�LQYDVLYH�DQG�LQYDVLYH�UHVHDUFK�LQ�WKH�5/3,�
SURMHFW��ZH�QRZ�VHH�D�YDULHW\�RI�³VLWH´�PDQLIHVWDWLRQV��SRWWHU\�VFDWWHUV�RI�GLIIHUHQW�GHQVLWLHV�ZLWKRXW�
DSSDUHQW� JHRSK\VLFDO� VLJQDO�� VFDWWHUV� DVVRFLDWHG� ZLWK� D� UHFWDQJXODU� PDJQHWLF� DQRPDO\�� VFDWWHUV�
DVVRFLDWHG�ZLWK�DQ�XQGHILQHG�PDJQHWLF�DQRPDO\��EXW�DOVR�VWURQJ��UHFWDQJXODU��PDJQHWLF�DQRPDOLHV�
DQG�EXULHG�DUFKDHRORJLFDO�GHSRVLWV�ZLWKRXW�D�VXUIDFH�PDQLIHVWDWLRQ��2QH�XQLQWHQGHG�FRQVHTXHQFH�RI�
RXU�ZRUN�LV�WKXV�WKDW�ZH�KDYH�EHFRPH�DZDUH�RI�WKH�SUREOHPDWLF�XVH�RI�WKH�FRQFHSW�³VLWH´�LQ�ODQGVFDSH�
DUFKDHRORJ\�
6R�IDU��ZH�KDYH�GHWHFWHG����UHFWDQJXODU�PDJQHWLF�DQRPDOLHV��RI�ZKLFK���FDQ�EH�DVVRFLDWHG�ZLWK�D�
FHUDPLF� VFDWWHU� FRQWDLQLQJ� VWRUDJH� YHVVHO� IUDJPHQWV� RI� D� VSHFLILF� W\SH�� WKH�/%$�GROLR� FRUGRQDWR�
D� IDVFH� �)LJXUH�����%DVHG�RQ� WKHLU�PDJQHWLF� LQWHQVLWLHV��ZH�FDQ�DVVXPH� WKDW�PRVW�RI� WKH�GHWHFWHG�
UHFWDQJXODU�VWUXFWXUHV�KDYH�D�VLPLODU�IRUPDWLRQ�SURFHVV�LQYROYLQJ�ILULQJ�DW�KLJK�WHPSHUDWXUHV��%RWK�
WKH�UHFWDQJXODU�DQRPDOLHV�DQG�WKH�VWRUDJH�YHVVHO�VLWH�FODVV�RFFXU�QRQ�FOXVWHUHG�DQG�RQO\�LQ�D�VSHFLILF�
SDUW�RI�WKH�IRRWKLOOV��D�JHQWO\�XQGXODWLQJ�DJULFXOWXUDO�DUHD�RI�����NP��FDOOHG�&RQWUDGD�'DPDOH��ORFDWHG�
WKH�IRRW�RI�D�OLPHVWRQH�PRXQWDLQ�DQG�ERDVWLQJ�ZLGH�YLHZV�RYHU�WKH�FRDVWDO�SODLQ��)LJXUH������6LQFH�
WKH�GROLL� FRUGRQDWL� DUH�ZHOO�GDWDEOH�E\� W\SR�FKURQRORJ\��ZH�FDQ�QRZ�SRVWXODWH� WKDW� WKH�&RQWUDGD�
'DPDOH�IHDWXUHV�D�WUXH�VHWWOHPHQW�ERRP�RI�VPDOO��GLVSHUVHG�KDELWDWLRQV�LQ�WKH�ODVW�SKDVH�RI�WKH�/%$�
�WKH�)LQDO�%URQ]H�$JH��FD�����������%&���:H�WHQWDWLYHO\�SURSRVH�D�PRGHO�RI�DQ�³RSHQ��QRQ�FOXVWHUHG�
YLOODJH´�FRQVLVWLQJ�RI�VHSDUDWH�IDUPVWHDGV��WKH�LQKDELWDQWV�RI�ZKLFK�QHYHUWKHOHVV�PDLQWDLQ�D�VWDEOH�
VRFLDO�FRKHVLRQ�±�PXFK�OLNH�WKH�&RQWUDGD�'DPDOH�ZDV�VRPH����\HDUV�DJR�
7KLV�UHPDUNDEOH�GHYHORSPHQW�KDV�JRQH�XQQRWLFHG�E\�WUDGLWLRQDO�VFKRODUVKLS�IRFXVLQJ�RQ�³FHQWUDO´�
SODFHV�DQG�ODQGPDUN�ORFDWLRQV��$SDUW�IURP�D�IHZ�VWUD\�REVHUYDWLRQV�ZLWKRXW�FOHDU�FRQWH[W��WKH�GROLR�
FRUGRQDWR�VWRUDJH�YHVVHOV�DUH�NQRZQ�SULPDULO\�IURP�VXFK�ODUJH��FHQWUDOL]HG�VHWWOHPHQWV�±�D�UHVHDUFK�
7KH�&RQWUDGD�'DPDOH�LV�SDUW�RI�WKH�PXQLFLSDOLW\�RI�&HUFKLDUD�GL�&DODEULD��SURYLQFH�RI�&RVHQ]D��
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ELDV�ZKLFK�IHDWXUHV�SURPLQHQWO\� LQ�3HURQL¶V�PRGHO�RI� LQFUHDVLQJ�VRFLDO�FRPSOH[LW\� LQ�ZKLFK�FUDIW�
VSHFLDOL]DWLRQ�DQG�SURGXFH�UHGLVWULEXWLRQ�SOD\�D�ODUJH�UROH��7KH�RFFXUUHQFH�RI�WKLV�VSHFLDOL]HG�SURGXFW�
FODVV�LQ�D�UXUDO�VHWWLQJ��LQ�VPDOO�GLVSHUVHG�VWUXFWXUHV�VXFK�DV�7�����QRW�RQO\�VKRZV�WKDW�WKH�LGHD�RI�D�
VWURQJ�SRODUL]DWLRQ�EHWZHHQ�PDMRU��ORQJ�OLYHG�FHQWUHV�DQG�PLQRU��VKRUW�OLYHG�VHWWOHPHQWV�VKRXOG�EH�
UHGXFHG��EXW�DOVR�WKDW�WKH�LQKDELWDQWV�RI�VPDOO�/%$�UXUDO�VLWHV�KDG�DFFHVV�WR��DQG�D�QHHG�IRU��FRQWDLQHUV�
ZLWK�ODUJH�VWRUDJH�FDSDFLW\��:KDW�ZDV�VWRUHG�LQ�WKHVH�YHVVHOV�UHPDLQV�ODUJHO\�XQ�LQYHVWLJDWHG��UHVLGXH�
DQDO\VLV�DW�%URJOLR�GL�7UHELVDFFH�SRLQWV�WR�KD]HOQXW�RU�ROLYH�RLO��EXW�RWKHU�SURGXFH�FDQQRW�EH�H[FOXGHG��
7KH�UHODWLRQVKLSV�EHWZHHQ�WKH�LQKDELWDQWV�RI�ODUJH�VHWWOHPHQWV�VXFK�DV�%URJOLR�GL�7UHELVDFFH�DQG�7RUUH�
0RUGLOOR�DQG�WKRVH�RI�VLWHV�VXFK�DV�7����UHPDLQ�REVFXUH��EXW�WKH�UXUDO�SRSXODWLRQ�LQ�WKH�6LEDULWLGH�
PXVW�KDYH�EHHQ�D�FRQVLGHUDEOH�FRPSRQHQW�LQ�WKH�/%$�HFRQRP\��
�ŽŶĐůƵƐŝŽŶƐ
&RQWUDU\� WR� D� SHUVLVWHQW� EHOLHI� VHHQ� LQ� PDQ\� VXUYH\� SURMHFWV� LQ� ,WDO\�� ZH� DUJXH� WKDW� LQWHQVLYH��
LQWHUGLVFLSOLQDU\�LQYHVWLJDWLRQV�LQWR�HSKHPHUDO�SURWRKLVWRULF�VXUIDFH�VFDWWHUV�GR�\LHOG�QHZ�LQVLJKWV�
LQ� UXUDO� VHWWOHPHQW� DQG� HFRQRP\��(YHQ�YHU\�GLIIXVH� FHUDPLF� FRQFHQWUDWLRQV� VXFK� DV�7�����ZKLFK�
DUH� UHJXODUO\� IRXQG� LQ� ILHOG�ZDONLQJ� VXUYH\V�� FDQ� \LHOG� QHZ� LQIRUPDWLRQ�ZLWK� WKH� LQWHJUDWLRQ� RI�
GLIIHUHQW�KLJK�UHVROXWLRQ�GDWDVHWV�±�LQ�WKLV�FDVH�RI�VXUIDFH�UHFRUGLQJ��PDJQHWLF�JUDGLRPHWU\��PDJQHWLF�
VXVFHSWLELOLW\��VPDOO�WHVW�SLWV�DQG�ODERUDWRU\�DQDO\VLV��2Q�D�UHJLRQDO�VFDOH��LQYHVWLJDWLRQV�RI�VHWWOHPHQW�
G\QDPLFV�DQG�ODQG�XVH�DUH�HQDEOHG�E\�D�V\VWHPDWLF�DSSURDFK�EDVHG�RQ�H[WUDSRODWLRQ�IURP�VLWH�FODVVHV��
$OWKRXJK�ZH�VWLOO�GR�QRW�XQGHUVWDQG�WKH�XVH�RI�WKH�VWRUDJH�YHVVHO�VLWHV�DQG�WKHLU�LQWHUGHSHQGHQFH��LW�LV�
HYLGHQW�WKDW�WKH�&RQWUDGD�'DPDOH�ZDV�LQWHQVLYHO\�XVHG�LQ�WKH�ODVW�SKDVH�RI�WKH�%URQ]H�$JH��:H�DOVR�
NQRZ�QRZ�WKDW�WKH�LQKDELWDQWV�RI�VLWHV�OLNH�7����KDG�DFFHVV�WR�D�YHVVHO�FODVV�ZKLFK�ZDV�YHU\�OLNHO\�
SURGXFHG�E\�VSHFLDOL]HG�FUDIWVPHQ��D�PDWHULDO�FDWHJRU\�ZKLFK�XQWLO�QRZ�KDV�DSSHDUHG�WR�EH�UHVHUYHG�
IRU�WKH�HPHUJLQJ�HOLWHV�RI�WKH�/%$��/RRNLQJ�EH\RQG�WKH�LQGLYLGXDO�VLWH��RXU�LQYHVWLJDWLRQV�RI�WKH�UXUDO�
ODQGVFDSH�FRQWULEXWH�WR�WKH�XQUDYHOLQJ�RI�D�ELDVHG�YLHZ�RQ�SURWRKLVWRULF�VRFLHWLHV�
5HIHUHQFHV
$5067521*��.��/���9$1�/(86(1��3��0���IRUWKFRPLQJ���5HSRUW�RQ�JHRSK\VLFDO�UHVHDUFK�LQ�WKH�5DJDQHOOR�

EDVLQ��*URQLQJHQ��%DUNKXLV��*URQLQJHQ�$UFKDHRORJLFDO�6HULHV��
$77(0$�� 3��$�� -��� %85*(56�� *��-��� 9$1� /(86(1�� 3�� 0�� ������ 5HJLRQDO� 3DWKZD\V� WR� &RPSOH[LW\��

6HWWOHPHQW�DQG�/DQG�8VH�G\QDPLFV�LQ�(DUO\�,WDO\�IURP�WKH�%URQ]H�$JH�WR�WKH�5HSXEOLFDQ�3HULRG��
$PVWHUGDP��$PVWHUGDP�8QLYHUVLW\�3UHVV��$PVWHUGDP�$UFKDHRORJLFDO�6WXGLHV��

%$5.(5��*��������$�0HGLWHUUDQHDQ�9DOOH\��/RQGRQ��/HLFHVWHU�8QLYHUVLW\�3UHVV�
&$9$1$*+��:���0((��&��������)XQFWLRQDO�$QDO\VLV�RI�6XUYH\�6LWHV��,Q��%XLOGLQJ�&RPPXQLWLHV��+RXVH��

6HWWOHPHQW�DQG�6RFLHW\�LQ�WKH�$HJHDQ�DQG�EH\RQG��$WKHQV��%ULWLVK�6FKRRO�DW�$WKHQV��S���������
�%ULWLVK�6FKRRO�DW�$WKHQV�6WXGLHV��9RO������

&52:7+(5�� -�� ������ 3RWHQWLDO� 0DJQHWLF� 6XVFHSWLELOLW\� DQG� )UDFWLRQDO� &RQYHUVLRQ� 6WXGLHV� RI�
$UFKDHRORJLFDO�6RLOV�DQG�6HGLPHQWV��$UFKDHRPHWU\��������S����������

'( 1(()�� :�� �IRUWKFRPLQJ��� 5XUDO� /LIH� LQ� 3URWRKLVWRULF� ,WDO\�� 5HODWLQJ� 6XUIDFH� DQG� 6XEVXUIDFH�
$UFKDHRORJLFDO�5HPDLQV��3K'�WKHVLV��8QLYHUVLW\�RI�*URQLQJHQ��*URQLQJHQ�

'( 1(()��:���9$1�/(86(1��3��0���IRUWKFRPLQJ���5HSRUW�RQ�DUFKDHRORJLFDO�UHVHDUFK�LQ�WKH�5DJDQHOOR�
EDVLQ��*URQLQJHQ��%DUNKXLV��*URQLQJHQ�$UFKDHRORJLFDO�6HULHV��

'( 5266,��*��0���3$/$��/���48,/,&,��/���48,/,&,�*,*/,�� 6�� ������&DUWD�$UFKHRORJLFD�GHOOD� SLDQD�GL�
6LEDUL��5RPD��6RFLHWj�0DJQD�*UHFLD�

)(,.(1�� +�� ������ 'HDOLQJ� ZLWK� %LDVHV�� 7KUHH� *HR�DUFKDHRORJLFDO� $SSURDFKHV� WR� WKH� +LGGHQ�
/DQGVFDSHV�RI�,WDO\��3K'�7KHVLV��8QLYHUVLW\�RI�*URQLQJHQ��*URQLQJHQ�

+$55,621�� .�� ������7KH�$SSOLFDWLRQ� RI� IRUHQVLF� ILUH� LQYHVWLJDWLRQV� LQ� WKH� DUFKDHRORJLFDO� UHFRUG��
-RXUQDO�RI�$UFKDHRORJLFDO�6FLHQFH���������S����������

3(521,��5���758&&2��)���HGV��������(QRWUL�H�0LFHQHL�QHOOD�6LEDULWLGH��7DUDQWR��,VWLWXWR�SHU�OD�6WRULD�H�
O¶$UFKHRORJLD�GHOOD�0DJQD�*UHFLD�



ϭϯϭ

5$60866(1��0��������,URQ�$JH�+RXVHV�LQ�)ODPHV��WHVWLQJ�KRXVH�UHFRQVWUXFWLRQV�DW�/HMUH��/HMUH��/HMUH�
+LVWRULFDO�$UFKDHRORJLFDO�DQG�([SHULPHQWDO�&HQWUH��6WXGLHV�LQ�7HFKQRORJ\�DQG�&XOWXUH����

52%%�� -�� ������7KH�(DUO\�0HGLWHUUDQHDQ�9LOODJH��$JHQF\��PDWHULDO� FXOWXUH�� DQG� VRFLDO� FKDQJH� LQ�
1HROLWKLF�,WDO\��1HZ�<RUN��&DPEULGJH�8QLYHUVLW\�3UHVV�

6&+$))(5��*��������$Q�DUFKDHRPDJQHWLF�VWXG\�RI�ZDWWOH�DQG�GDXE�EXLOGLQJ�FROODSVH��-RXUQDO�RI�)LHOG�
$UFKDHRORJ\������S��������

6(9,1.��-���'(1�+$$1��0���9$1�/(86(1��3��0���IRUWKFRPLQJ���7KH�6RLOV�DQG�6RLO� ODQGVFDSHV�RI� WKH�
5DJDQHOOR� ULYHU� FDWFKPHQW�� &DODEULD�� ,WDO\�� *URQLQJHQ�� %DUNKXLV� �*URQLQJHQ� $UFKDHRORJLFDO�
6HULHV��

9$1�/(86(1��3��0���.$77(1%(5*��$���$5067521*��.��/��������0DJQHWLF�6XVFHSWLELOLW\�'HWHFWLRQ�RI�
6PDOO�3URWRKLVWRULF�6LWHV� LQ� WKH�5DJDQHOOR�%DVLQ��&DODEULD��,WDO\���$UFKDHRORJLFDO�3URVSHFWLRQ��
������S���������

9$1=(77,��$��������6LEDUL�3URWRVWRULFD��,Q��'HOLD��*���0DVQHUL��7���HGV��6LEDUL��$UFKHRORJLD��6WRULD��
0HWDIRUD��&DVWURYLOODUL��,O�&RVFLOH��S��������


