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2QH�RI�WKH�PRVW�FKDOOHQJLQJ�DQG�ROGHVW�SX]]OHV�IRU�EHKDYLRXUDO�ELRORJLVWV
VWXG\LQJ�VRFLDO�LQVHFWV�LV�WR�XQGHUVWDQG�KRZ�WKH�PDQ\�LQGLYLGXDOV�LQ�D
FRORQ\�ZRUN�WRJHWKHU�DQG�WR�D�FHUWDLQ�H[WHQW�FRDOHVFH�WR�IRUP�D�QHZ
FRPSOH[�EHLQJ��D�³VXSHURUJDQLVP´��WKDW�LV�PRUH�WKDQ�WKH�VLPSOH�VXP�RI�LWV
SDUWV�

$WWHPSWV�WR�VROYH�WKLV�SUREOHP�KDYH�OHG�WR�WKH�SURSRVDO�WKDW
VXSHURUJDQLVPV�DUH�D�KLJKO\�FRPSOH[�RXWFRPH�RI�HYROXWLRQ��D�FRQFHSW�WKDW
KDV�UDLVHG�HYHQ�PRUH�TXHVWLRQV��5HVHDUFK�LQ�WKLV�DUHD�LV�YLWDO�DQG�H[FLWLQJ�
QRW�WKH�OHDVW�WKURXJK�WKH�PDQ\�GLIIHUHQW�SRLQWV�RI�YLHZ�OHDGLQJ�WR�GLIIHUHQW
LQWHUSUHWDWLRQV��$V�LQ�DOO�QDWXUDO�VFLHQFHV��DGYDQFHV�FDQ�RQO\�FRPH�IURP
UHOLDEOH�REVHUYDWLRQ�DQG�FOHDU��UHSHDWDEOH�H[SHULPHQWV��3URJUHVV�LV
GHSHQGHQW�RQ�WKH�LGHDV�RI�UHVHDUFKHUV�DQG�WKH�PHWKRGV�DYDLODEOH�WR�WKHP�
7KLV�ERRN�SURYLGHV�DQ�LQVLJKW�LQWR�FXUUHQW�DSSURDFKHV�LQ�EHH�UHVHDUFK�DQG
WKHLU�RXWFRPHV�

7KH�HDUOLHVW�NQRZQ�DWWHPSWV�WR�GHVFULEH�DQG�XQGHUVWDQG�FRORQ\�EXLOGLQJ
LQVHFWV�DUH�VHYHUDO�WKRXVDQG�\HDUV�ROG��$ULVWRWOH�H[SODLQHG�WKH�FROOHFWLYH
OLYHV�RI�EHHV�LQ�WKH�IRUP�RI�DQ�LQVHFW�FRORQ\�DV�IROORZV��³7KHLU�DSSDUHQWO\
SHUIHFWO\�IXQFWLRQLQJ�VRFLHW\�LV�EDVHG�RQ�FOHDUO\�GLVWULEXWHG�DQG�DFFHSWHG
UROHV�DQG�VXEPLVVLRQ�WR�D�VLQJOH�OHDGHUVKLS´��7KH�EHHV��LQ�KLV�YLHZ�
UHSUHVHQWHG�DQ�LGHDO�VRFLDO�VWDWH��:KLOH�H[SUHVVLRQV�VXFK�DV�³TXHHQ�EHH´�DQG
³VRFLHW\�IRUPLQJ�LQVHFWV´�DSSHDU�WR�VXJJHVW�FORVH�FRPSDULVRQV�EHWZHHQ
DQLPDOV�DQG�KXPDQV��WKHVH�WHUPV�LQ�WKHPVHOYHV�KDYH�QR�H[SODQDWRU\�YDOXH�
2EVHUYDWLRQ�DQG�H[SHULPHQWV�SURYLGH�WKH�RQO\�EDVLV�RQ�ZKLFK�K\SRWKHVHV
FDQ�EH�SURSRVHG�WKDW�DUH�GLUHFWHG�DW�XQGHUVWDQGLQJ�1DWXUH��7KLV�DOVR�DSSOLHV
WR�UHVHDUFK�RQ�KRQH\EHHV�ZKLFK�DGGUHVVHV�PDQ\�GLIIHUHQW�OHYHOV�UDQJLQJ
IURP�WKH�FKDUDFWHULVWLFV�DQG�DELOLWLHV�RI�LQGLYLGXDO�EHHV�WKURXJK�WR�WKH
XQLTXH�DFFRPSOLVKPHQWV�RI�WKH�EHH�FRORQ\�VXSHURUJDQLVP�



5HVXOWV�RI�UHVHDUFK�LQWR�WKH�ZRUOG�RI�EHHV�DUH�SUHVHQWHG�LQ�WKLV�ERRN��,W
EHJLQV�ZLWK�WKH�IRXQGLQJ�RI�D�QHZ�FRORQ\��6HOHFWHG�DVSHFWV�RI�WKLV�SURFHVV
DUH�LQWURGXFHG�DQG�QHZ�LGHDV�DQG�GLVFRYHULHV�DUH�SUHVHQWHG�KHUH�IRU�WKH
ILUVW�WLPH�

7KH�EHJLQQLQJ�RI�D�QHZ�EHH�FRORQ\�LV�UHSRUWHG�XQGHU�3URSDJDWLRQ�RI�EHH
FRORQLHV�±�VZDUPLQJ�LQ�ZKLFK�KDOI�RI�WKH�ROG�FRORQ\�OHDYHV�WKH�KLYH�ZLWK�WKH
ROG�TXHHQ��VHDUFKHV�IRU��ILQGV�DQG�WKHQ�RFFXSLHV�D�QHZ�KRPH��)XUQLVKLQJ�WKH
QHZ�KRPH�ZLWK�FRPEV�LV�D�SUHUHTXLVLWH�HQDEOLQJ�WKH�YDULRXV�VHFWLRQV�RI�WKH
FRORQ\�WR�FDUU\�RXW�WKHLU�PDQ\�GLIIHUHQW�WDVNV��7KH�QHVW�KROORZ�ZLWK�LWV
FRPEV�LV�D�ZRUOG�LQ�ZKLFK�WKH�EHHV�VSHQG�WKH�JUHDWHU�SDUW�RI�WKHLU�OLYHV�
/LYLQJ�FRPIRUWDEO\�LV�SRVVLEOH�LQ�WKH�KLYH�EHFDXVH�EHHV�FRQWLQXRXVO\�FRQWURO
WKH�SUHYDLOLQJ�FOLPDWLF�FRQGLWLRQV�ZLWKLQ�LW��&ROODERUDWLRQ�DPRQJ�WKH�%HHV
GXULQJ�WKH�RUJDQLVDWLRQ�RI�VZDUPLQJ��WKH�FRQVWUXFWLRQ�RI�FRPEV��QHVW
FOLPDWH�FRQWURO�DQG�PDQ\�RWKHU�VRFLDO�DFFRPSOLVKPHQWV��LV�EDVHG�RQ
KDUPRQL]LQJ�WKH�FRQWULEXWLRQV�RI�HDFK�LQGLYLGXDO�EHH��2Q�WKH�RWKHU�KDQG�WKH
EHKDYLRXU�RI�HDFK�EHH�LV�GHWHUPLQHG�E\�LQWHUQDO�DQG�H[WHUQDO�IDFWRUV�VXFK�DV
HQYLURQPHQWDO�VWLPXOL�DQG�FRPPXQLFDWLRQ�VLJQDOV��'LIIHUHQW�LQGLYLGXDO
EHHV��KRZHYHU��PD\�UHDFW�YHU\�GLIIHUHQWO\�IURP�RQH�DQRWKHU�WR�WKH�VDPH
VLJQDO��7KH�FRQVHTXHQFH�RI�LQWHUDFWLYH�FROODERUDWLRQ�EHWZHHQ�LQGLYLGXDOV�LV
WKDW�EHHV�LQ�D�FRORQ\�IXVH�WR�IRUP�D�VXSHURUJDQLVP��DQ�LQWHJUDWHG�OLYLQJ
EHLQJ��FDSDEOH�RI�DFKLHYHPHQWV�RYHU�DQG�DERYH�WKH�DELOLWLHV�RI�WKH
LQGLYLGXDOV�WKDW�FRQVWLWXWH�LW�

1HZ�SRLQWV�RI�YLHZ��QHZ�UHVHDUFK�PHWKRGV�DQG�LQFUHDVLQJO\�SRZHUIXO
FRPSXWLQJ�WRROV�WKDW�FDQ�FRSH�ZLWK�ODUJH�DPRXQWV�RI�GDWD��KDYH�JUDGXDOO\
DOORZHG�DQ�LPDJH�RI�WUXWK�RI�WKH�KRQH\�EHH�WR�HPHUJH��&RQWUDU\�WR
H[SHFWDWLRQ�DQG�QRW�LQ�WKH�OHDVW�GLPLQLVKHG�E\�KLJK�WHFK�DSSOLFDWLRQV�
KRQH\EHHV�FRQWLQXH�WR�EH�YLHZHG�ZLWK�DZH�DQG�DGPLUDWLRQ�



7KH�ROGHVW�DQG�VLPSOHVW�IRUP�RI�UHSURGXFWLRQ�LQ�OLYLQJ�RUJDQLVPV�LV
GLYLVLRQ��7KLV�OHDGV�WR�RIIVSULQJ�ZLWK�LGHQWLFDO�JHQHWLF�FRQVWLWXWLRQV��$
FULWLFDO�SUHUHTXLVLWH��WKRXJK��IRU�IXUWKHU�HYROXWLRQDU\�GHYHORSPHQW�LV�WKDW
SURSDJDWLRQ�GRHV�QRW�OHDG�WR�LGHQWLFDO�RIIVSULQJ�EXW�LQVWHDG�WR�LQGLYLGXDOV
WKDW�DUH�JHQHWLFDOO\�GLIIHUHQW��DOORZLQJ�DGDSWLYH�IOH[LELOLW\�DQG�WKH
SRVVLELOLW\�RI�QDWXUDO�VHOHFWLRQ��9DULDELOLW\�LQ�RIIVSULQJ�IURP�GLYLVLRQ�FDQ
VRPHWLPHV�RFFXU�WKURXJK�JHQH�PXWDWLRQV�KRZHYHU�WKHVH�DUH�UDQGRP�
XQSUHGLFWDEOH�DQG�UHODWLYHO\�UDUH��7KH�LQYHQWLRQ�RI�VH[XDOLW\�ZKHUH�WKH
SURGXFWLRQ�RI�RIIVSULQJ�LV��LQ�HYHU\�FDVH��DVVRFLDWHG�ZLWK�D�QRYHO
FRPELQDWLRQ�RI�KHUHGLWDU\�FKDUDFWHUV�ZDV�WKHUHIRUH�D�VWURNH�RI�QDWXUDO
JHQLXV��7KH�XQLRQ�RI�HJJ�DQG�VSHUP�OHDGV�WR�DQ�HQWLUHO\�QRYHO�LQGLYLGXDO
DQG��WKURXJK�WKH�JHQHWLF�YDULDELOLW\�RI�WKH�JHUP�FHOOV��WR�D�SRWHQWLDO�IRU�DQ
LQILQLWH�YDULHW\�RI�W\SHV�RQ�ZKLFK�QDWXUDO�VHOHFWLRQ�FDQ�RSHUDWH�

$PRQJVW�WKH�KLJKHU�IRUPV�RI�OLIH��KRQH\EHHV�KDYH�WDNHQ�D�XQLTXH�SDWK�LQ
ZKLFK�SURSDJDWLRQ�E\�GLYLVLRQ�DQG�VH[XDOLW\�DUH�ERWK�UHWDLQHG�EXW
WHPSRUDOO\�VHSDUDWHG�DV�LQ�WKH�YHU\�HDUO\�IRUPV�RI�OLIH�DQG�VWLOO�IRXQG�WRGD\
LQ�EDFWHULD�DQG�XQLFHOOXODU�RUJDQLVPV��7KH�KRQH\EHH�VH[XDO�SKDVH�RFFXUV
EHWZHHQ�YLUJLQ�TXHHQV�DQG�PDOH�GURQHV�GXULQJ�WKHLU�PDWLQJ�IOLJKWV�
3URSDJDWLRQ�RI�WKH�KRQH\EHH�VXSHURUJDQLVP��WKH�KLYH��LV�DFKLHYHG�WKURXJK
GLYLVLRQ�LQ�WKH�IRUP�RI�VZDUPLQJ�



$�EHH�FRORQ\�SUHSDUHV�LWVHOI�ZHOO�IRU�GLYLVLRQ�RI�WKH�KLYH��7KH�SHDN�WLPH�IRU
VZDUPLQJ�LQ�FHQWUDO�(XURSH�LV��DV�D�UXOH��LQ�0D\�E\�ZKLFK�WLPH�SUHSDUDWLRQV
ZLWKLQ�WKH�FRORQ\�DUH�DOUHDG\�FRPSOHWHG��$�SULPDU\�FRQVLGHUDWLRQ�IRU
GLYLVLRQ�LV�WKDW�WKHUH�PXVW�EH�HQRXJK�DYDLODEOH�ZRUNHU�EHHV�WR�IRUP�WZR
IXOO\�IXQFWLRQDO�FRORQLHV�DIWHU�WKH�HYHQW��7R�WKLV�HQG�WKH�QXPEHU�RI�EHHV
LQFUHDVHV�VLJQLILFDQWO\�LQ�VSULQJ�WR�WKH�SRLQW�ZKHUH�WKH�KLYH�EHFRPHV
FURZGHG��7KLV�LV�WKH�ILUVW�FOHDU�SUHSDUDWRU\�VLJQDO�IRU�VZDUPLQJ��$�QHZ
TXHHQ�LV�UHDUHG��VRPHWLPHV�VHYHUDO��GXULQJ�WKH�SHULRG�RI�UDSLG�SRSXODWLRQ
JURZWK�ZKR�ZLOO��WRJHWKHU�ZLWK�WKH�ZRUNHUV�WKDW�UHPDLQ�DIWHU�VZDUPLQJ�
WDNH�RYHU�WKH�ROG�KLYH�DQG�HYHU\WKLQJ�WKDW�EHORQJV�WR�LW�

:KHQ�VZDUPLQJ�ILQDOO\�RFFXUV��WKH�ROG�TXHHQ�OHDYHV�WKH�KLYH�ZLWK�SDUW�RI
WKH�FRORQ\��7KRXVDQGV�RI�EHHV�OHDYH�WKH�KLYH�ZLWKLQ�D�IHZ�PLQXWHV�DQG�IRUP
D�GHQVH�FOXVWHU�DURXQG�WKH�TXHHQ�ZKR�KDV�RIWHQ�VHWWOHG�QRW�YHU\�IDU�DZD\
IURP�WKH�ROG�KLYH�

2EVHUYDWLRQ�RI�DFWLYLW\�LQ�WKH�KLYH�WKDW�GLUHFWO\�SUHFHGHV�VZDUPLQJ�KDV�EHHQ
GLIILFXOW�IRU�PDQ\�UHDVRQV��2QH�FRXOG�QHYHU�JXHVV�WKH�SUHFLVH�WLPLQJ�RI�WKH
H[RGXV�IURP�WKH�KLYH�DQG�VR�QHHGHG�FRQVLGHUDEOH�JRRG�IRUWXQH�WR�EH�SUHVHQW
IRU�WKLV�HYHQW�ZKLFK�RFFXUV�RQO\�RQFH�D�\HDU��2SHQLQJ�WKH�KLYH�WR�REVHUYH
WKH�VZDUPLQJ�FDQ�EH�H[SHFWHG�WR�VLJQLILFDQWO\�GLVUXSW�WKH�SURFHVV�DOWKRXJK
WKH�H[WHQW�RI�WKLV�LV�GLIILFXOW�WR�HVWLPDWH�XQOHVV�RQH�FDQ�PDNH�D�FRPSDULVRQ
EHWZHHQ�D�GLVWXUEHG�DQG�XQGLVWXUEHG�KLYH��3UHFLVH�GDWD�DVVRFLDWHG�ZLWK�WKH
FRPSOH[�EHKDYLRXU�SUHFHGLQJ�VZDUPLQJ�FDQ�RQO\�FRPH�IURP�H[WHQVLYH
PHDVXUHPHQWV�WDNHQ�IURP�ZLWKLQ�WKH�KLYH�DQG�ZLWK�DV�OLWWOH�GLVWXUEDQFH�RI
WKH�QDWXUDO�SURFHGXUH�DV�SRVVLEOH�

$�PRUH�UHFHQW�DQG�WKRURXJK�VWXG\�RI�WKH�VZDUPLQJ�EHKDYLRXU�LQ�D�EHHKLYH
ZLWK�PLQLPDO�GLVUXSWLRQ�ZDV�ILUVW�PDGH�SRVVLEOH�GXULQJ�WKH�SURMHFW�+2%26
�ZZZ�KRERV�GH���3UHOLPLQDU\�YLHZV�RI�WKH�UHFRUGLQJV�LPPHGLDWHO\�SURYLGHG
QHZ�LQVLJKWV��$�GHHSHU�DQDO\VLV�RI�WKH�GDWD�WKDW�KDV�EHHQ�FROOHFWHG�RYHU
\HDUV�DQG�LV�DYDLODEOH�WR�DOO��ZLOO�FHUWDLQO\�UHYHDO�PXFK�PRUH��$OO�+2%26
UHFRUGLQJV�FDQ�EH�DFFHVVHG�IURP�VWRUHG�GDWD�DQG�WKH�SUREOHP�RI�PLVVLQJ�D



OLYH�YLHZ�RI�VZDUPLQJ�QR�ORQJHU�H[LVWV��)XUWKHU�VWXG\�RI�VWRUHG�GDWD�FDQ�EH
FRQWLQXHG�DW�DQ\�WLPH�

:KDW�QHZ�LQVLJKWV�KDYH�WKH�+2%26�REVHUYDWLRQV�EURXJKW�WR�OLJKW"

6HQVLWLYH�PLFURSKRQHV�LQVWDOOHG�ZLWKLQ�WKH�+2%26�FRORQ\�UHFRUG�³EHHSV´
WKDW�FDQQRW�EH�GHWHFWHG�ZLWKRXW�WKHVH�GHYLFHV��7HPSHUDWXUH�SUREHV�LQ�WKH
KLYH�DOVR�UHYHDO�LQWHUHVWLQJ�GDWD��WKH�WHPSHUDWXUH�RYHU�D�SHULRG�RI�DERXW���
PLQXWHV�LQFUHDVHV�VLJQLILFDQWO\��EHJLQQLQJ�DW�WKH�QRUPDO�EURRG�FRPE
WHPSHUDWXUH�RI�DERXW����GHJUHHV�&�DQG�UHDFKLQJ�D�SHDN�RI�QHDUO\����GHJUHHV
&�ZKLFK�LV�ZHOO�DERYH�WKH�QRUPDO�EURRG�FRPE�WHPSHUDWXUH�DQG�ZKLFK�QHYHU
RWKHUZLVH�DULVHV�LQ�D�KHDOWK\�KLYH��(QGRVFRSH�FDPHUDV�LQ�WKH�KLYH��XVLQJ
OLJKW�VRXUFHV�ZLWK�ZDYHOHQJWKV�LQYLVLEOH�WR�EHHV��VKRZ�WKHP�UXQQLQJ�EDFN
DQG�IRUWK�DFURVV�WKH�FRPEV�±�D�FOHDUO\�H[DJJHUDWHG�VWDWH�RI�H[FLWHPHQW
SUHYDLOV��$ERXW�ILYH�PLQXWHV�ODWHU�WKH�VZDUP�H[LWV�WKH�KLYH�DW�D�UDWH�RI�DERXW
����LQGLYLGXDOV�SHU�PLQXWH��$ERXW������EHHV�WDNH�SDUW�LQ�D�VZDUP�IURP�WKH
UHODWLYHO\�VPDOO�+2%26�KLYH��LQ�ODUJHU�KLYHV�RI�EHHNHHSHUV�WKLV�FDQ�WRWDO�XS
WR��������LQGLYLGXDOV�

6XUYHLOODQFH�DQG�UHFRUGLQJV�RI�WKH�ZHLJKW�RI�WKH�KLYH�DQG�IOLJKW�DFWLYLW\
ZLWKLQ�WKH�+2%26�FRORQ\�UHYHDO�WKH�HQWLUH�VHTXHQFH�RI�HYHQWV�RI�D�VZDUP
H[RGXV��EHJLQQLQJ�ZLWK�D�GUDPDWLF�GHFUHDVH�LQ�IOLJKW�DFWLYLW\�DERXW���
PLQXWHV�EHIRUH�WKH�VZDUP�OHDYHV�WKH�KLYH��7KH�IRUDJLQJ�EHKDYLRXU�ZKLFK�XS
WR�WKLV�SRLQW�LQ�WLPH�ZDV�QRUPDO��YLUWXDOO\�FHDVHV��7RZDUGV�WKH�HQG�RI�WKH
VZDUP�H[RGXV��D�SURSRUWLRQ�RI�WKH�EHHV�GRHV�QRW�UHPDLQ�ZLWK�WKH�VZDUP
DQG�UHWXUQ�WR�WKH�KLYH��7KH�ZHLJKW�RI�WKH�KLYH�ZKLFK�KDG�GHFUHDVHG
VLJQLILFDQWO\��VHH�EHORZ��WKHQ�LQFUHDVHV�WR�VRPH�H[WHQW�



+2%26�GDWD�IRU�WKH�VZDUP�RI����0D\�������7KH�QXPEHU�RI�EHHV�GHSDUWLQJ�IURP�DQG
UHWXUQLQJ�WR�WKH�KLYH�SHU�PLQXWH�LV�SORWWHG�WRJHWKHU�ZLWK�WKH�WRWDO�ZHLJKW�RI�WKH�+2%26
FRORQ\�RYHU�D�WKLUW\�PLQXWH�SHULRG�

'DWD�IURP������������VKRZ�D�ODUJH�GHFUHDVH�LQ�IRUDJLQJ�DFWLYLW\��GHSDUWXUH
DQG�UHWXUQ�IOLJKWV�ZHUH�VLJQLILFDQWO\�UHGXFHG�DQG�DERXW����PLQXWHV�EHIRUH
WKH�VZDUP�OHIW��WKH�KLYH�H[KLELWHG�D�ZHLJKW�ORVV�RI�DERXW�����NLORJUDPV��7KH
RYHUDOO�ZHLJKW�RI�WKH�KLYH�EHJDQ�WR�VLQN�DV�IRUDJLQJ�DFWLYLW\�GHFUHDVHG��7KDW
WKLV�VLJQLILFDQW�ZHLJKW�ORVV�RFFXUV�EHIRUH�WKH�VZDUP�OHDYHV�LV�VXUSULVLQJ�DQG
VR�FDQQRW�EH�DWWULEXWHG�WR�WKH�GHSDUWXUH�RI�WKH�ODUJH�QXPEHU�RI�EHHV�LQ�WKH
VZDUP�DORQH��:KDW�LV�UHVSRQVLEOH�IRU�WKLV"�+2%26�GDWD�UHYHDOV�WKH�VDPH
SKHQRPHQD�LQ�DOO�VZDUPLQJ�HYHQWV�WKDW�KDYH�VR�IDU�EHHQ�UHFRUGHG��ORVV�RI
ZHLJKW�LV�DFFRPSDQLHG��RQ�WKH�VDPH�WLPH�VFDOH��DV�WKH�ULVH�LQ�WHPSHUDWXUH�RI
WKH�KLYH��)XWXUH�VWXGLHV�PD\�XQFRYHU�SK\VLFR�FKHPLFDO�DQG�ELRORJLFDO
SURFHVVHV�LQ�EHHV�ZKLFK�UDLVH�WKHLU�WHPSHUDWXUHV�LQ�SUHSDUDWLRQ�IRU�IOLJKW
DQG�PD\�SURYLGH�DQ�H[SODQDWLRQ�IRU�WKH�PHDVXUHG�ZHLJKW�ORVV�



$�WKHUPRFDPHUD��RQH�ZKLFK�FRORXUV�WKH�LPDJHV�RI�REMHFWV�DFFRUGLQJ�WR
WKHLU�WHPSHUDWXUH��EOXH�±�FROG��UHG�±�ZDUP��\HOORZ�DQG�ZKLWH�±�KRW��IRFXVHG
RQ�WKH�KLYH�HQWUDQFH�UHFRUGV�DQ�LPSUHVVLYH�ILUHZRUN�GLVSOD\�DV�WKH�KHDWHG
EHHV�OHDYH�WKH�KLYH�ZLWK�WKH�ROG�TXHHQ�

+2%26�GDWD�IRU�WKH�VZDUP�RI����0D\�������7KH�WRWDO�ZHLJKW�RI�WKH�+2%26�FRORQ\�DQG�WKH
WHPSHUDWXUH�PHDVXUHG�LQ�FRPE�SDVVDJH����SORWWHG�RYHU�WKH�VDPH�WKLUW\�PLQXWH�SHULRG�DV�LQ
WKH�SUHFHHGLQJ�)LJXUH�

+2%26��ZZZ�KRERV�GH��LV�DQ�,QWHUQHW�SODWIRUP�ZLWK�D�OLYLQJ�EHH�FRORQ\�DV
LWV�FHQWHUSLHFH�ZKLFK�LV�PRQLWRUHG�FRQWLQXRXVO\�LQ�D�YDULHW\�RI�ZD\V�XVLQJ
PRGHUQ�WHFKQLFDO�DQG�GLJLWDO�WHFKQLTXHV��+2%26��DQ�DFURQ\P�IRU
+RQH\%HH�2QOLQH�6WXGLHV��SURYLGHV�H[WHQVLYH�DFFHVV�WR�D�OLYLQJ�EHH�FRORQ\
DQG�LWV�HQYLURQPHQW�ZLWK�FDPHUDV�DQG�VHQVRUV�ORFDWHG�LQVLGH�DQG�RXWVLGH
WKH�+2%26�KLYH�



+2%26�GHOLYHUV�DQ�HQGOHVV�VWUHDP�RI�GDWD�DERXW�D�EHH�FRORQ\��WKH�ZHDWKHU
WR�ZKLFK�LW�LV�VXEMHFWHG�DQG�WKH�YHJHWDWLRQ�WKDW�VXUURXQGV�LW��'DWD�FROOHFWHG
IURP�WKH�EHH�FRORQ\�LQFOXGHV�WKH�ZHLJKW�RI�WKH�KLYH��WKH�UHODWLYH�KXPLGLW\�
DLU�WHPSHUDWXUH��LQFOXGLQJ�WKDW�EHWZHHQ�WKH�HOHYHQ�FRPEV�DQG�DW�WKH�IURQW
DQG�EDFN�RI�WKH�KLYH��7KH�QXPEHU�RI�EHHV�WKDW�IO\�RXW�RI�WKH�KLYH�DQG�WKDW
UHWXUQ�WR�WKH�KLYH�DUH�UHJLVWHUHG��+2%26�DOVR�GHOLYHUV�PHDVXUHG�YDOXHV
IURP�WKH�HQYLURQPHQW�VXUURXQGLQJ�WKH�KLYH��QDPHO\�WKH�DWPRVSKHULF
SUHVVXUH��DLU�WHPSHUDWXUH�DQG�UHODWLYH�KXPLGLW\��DWPRVSKHULF�HOHFWULFDO
ILHOGV��SUHFLSLWDWLRQ��ZLQG�YHORFLW\�DQG�GLUHFWLRQ��VRODU�UDGLDWLRQ�DQG�WKH
PRLVWXUH�FRQWHQW�RI�WKH�JURXQG�DQG�OHDYHV��+2%26�SURYLGHV�OLYH�YLGHRV
ZLWK�D�FDPHUD�IRFXVHG�RQ�WKH�HQWUDQFH�WR�WKH�KLYH��7KLV�LV�DOVR�HTXLSSHG
ZLWK�DQ�LQIUD�UHG�OLJKW�VRXUFH�LQ�RUGHU�WR�UHFRUG�QLJKW�DFWLYLW\�ZLWK�DQ
LOOXPLQDWLRQ�LQYLVLEOH�WR�EHHV��$�WHPSHUDWXUH�VHQVLWLYH�FDPHUD
�WKHUPRYLVLRQ��DQG�WZR�HQGRVFRSHV�ZLWK�PLFURSKRQHV�UHFRUG�WKH�DFWLYLW\�LQ
RQH�RI�WKH�SDVVDJHV�EHWZHHQ�WKH�FRPEV�DQG�RQ�WKH�IORRU�RI�WKH�KLYH��DJDLQ
XVLQJ�LQIUD�UHG�LOOXPLQDWLRQ�ZKLFK�GRHV�QRW�GLVWXUE�WKH�EHHV��)LQDOO\��DQ
H[WUD�FDPHUD�ZLWK�DQ�LQIUD�UHG�OLJKW�VRXUFH�UHFRUGV�WKH�HQYLURQPHQW�DQG
ZHDWKHU�FRQGLWLRQV�LQ�WKH�DUHD�DURXQG�WKH�KLYH�



$�EHH�FRORQ\�GHOLYHUV�D�SHUPDQHQW�VWUHDP�RI�GDWD�IURP�D�YDULHW\�RI�VHQVRUV���3KRWR�
+�5�+HLOPDQQ��+2%26�7HDP�

���+LYH�HQWUDQFH�FDPHUD�ZLWK�,5�LOOXPLQDWLRQ�����*DUGHQ�FDPHUD�ZLWK�,5�LOOXPLQDWLRQ�



���+LYH�HQWUDQFH�WKHUPRFDPHUD�����%LGLUHFWLRQDO�RSWLFDO�JDWHV�DFURVV�WKH�KLYH�HQWUDQFH�
���6FDOH�WR�PHDVXUH�WKH�WRWDO�ZHLJKW�RI�WKH�KLYH�����+LYH�ER[��FRQWDLQLQJ�WKH�+2%26�FRORQ\
DQG�VHQVRUV�����'DWD�ORJJHU�IRU�WKH�+2%26�FRORQ\���3KRWR��+�5�+HLOPDQQ��+2%26�7HDP�

/LYH�YLHZ�YLGHRV�FDQ�EH�YLHZHG�RQOLQH�RU�FDOOHG�XS�IURP�YLGHR�DUFKLYHV�
'DWD�WUDFNV�IURP�WKH�EHH�FRORQ\�DQG�LWV�HQYLURQPHQW�DUH�DOVR�RQOLQH�DQG
RIIOLQH�DQG�DYDLODEOH�WR�DOO��0DQ\�TXHVWLRQV�FDQ�EH�DQVZHUHG�E\�WKLV�GDWD��IRU
H[DPSOH�
± � ZKDW�LV�WKH�ZHLJKW�RI�WKH�KLYH�ZKHQ�IRRG�IRU�WKH�ZLQWHU�KDV�EHHQ

VWRUHG"
± � ZKDW�GR�KRQH\EHHV�GR�LQ�ZLQWHU"
± � KRZ�GR�KRQH\EHHV�VOHHS"
± � KRZ�DUH�ZRUNHUV�IHG�WKDW�DUH�EXV\�LQ�WKH�EURRG�FRPEV"
± � ZKDW�VRXQG�GRHV�D�\RXQJ�TXHHQ�PDNH�EHIRUH�VKH�HPHUJHV�IURP�KHU

FHOO"
± � GRHV�WKH�QXPEHU�RI�EHHV�IO\LQJ�RXW�RI�WKH�KLYH�GHSHQG�RQ�WKH�RXWVLGH

WHPSHUDWXUH"
± � KRZ�TXLFNO\�GR�KRQH\EHHV�UHWXUQ�WR�WKH�KLYH�ZKHQ�D�VWRUP�WKUHDWHQV"
± � KRZ�ZDUP�LV�LW�LQ�WKH�FHQWHU�RI�WKH�EHHKLYH�RU�LQ�WKH�RXWHUPRVW�SDVVDJH

EHWZHHQ�WKH�FRPEV"

7KH�OLVW�FDQ�EH�H[SDQGHG�DW�ZLOO�

6WRULQJ�WKH�GDWD�JDWKHUHG�IURP�WKH�KLYH�RYHU�PDQ\�\HDUV�SURYLGHV�QRW�RQO\
KLJK�UHVROXWLRQ�WHPSRUDO�UHFRUGLQJV�EXW�PD\�DOVR�OHDG�WR�WKH�GLVFRYHU\�RI
ORQJ�WHUP�WUHQGV�LQ�WKH�FRPSOH[�LQWHUDFWLRQV�EHWZHHQ�WKH�EHH�FRORQ\
VXSHURUJDQLVP�DQG�WKH�HQYLURQPHQW��(YHU\�LPDJLQDEOH�DQDO\VLV�DQG
FRUUHODWLRQ�RI�WKH�UHFRUGHG�DFWLYLWLHV�FDQ�EH�H[SORUHG�



/LIH�LQ�WKH�KLYH�FDQ�EH�IROORZHG�OLYH�WKURXJK�FDOOLQJ�XS�FXUUHQW�YLGHRV��$��DFWLYLW\�RI�EHHV�DW
WKH�KLYH�HQWUDQFH�ZLWK�D�QRUPDO�FDPHUD��%��ZLWK�D�WKHUPRFDPHUD��DQG�&��ZLWK�D�FDPHUD�DQG
LQIUD�UHG�LOOXPLQDWLRQ�IRFXVHG�RQ�FRPEV�LQVLGH�WKH�KLYH�

7R�ZLWQHVV�WKH�GLVSHUVDO�RI�D�EHH�VZDUP�DQG�LWV�GHSDUWXUH�WR�LWV�QHZ�KRPH
EHORQJV�WR�RQH�RI�WKH�H[SHULHQFHV�WKDW�RQH�QHYHU�IRUJHWV��$SSUR[LPDWHO\
�������EHHV�OHDYH�WKH�QHVW�DQG�LPPHGLDWHO\�IRUP�D�FORVHO\�SDFNHG�FOXVWHU
DURXQG�WKH�ROG�TXHHQ�ZKR�XVXDOO\�VHWWOHV�TXLWH�FORVH�WR�WKH�ROG�KLYH�DQG
RIWHQ�RQ�D�WUHH�EUDQFK��$IWHU�D�ZKLOH�DW�WKLV�WHPSRUDU\�VWDWLRQ�WKH\�WDNH�RII
LQWR�WKH�DLU��EX]]LQJ�ORXGO\�DQG�FLUFOH�LQ�FORXG�DURXQG�WKH�LQLWLDO�UHVWLQJ
SODFH��7KH�FORXG�JUDGXDOO\�WDNHV�RQ�D�FLJDU�OLNH�VKDSH�DQG�PRYHV�ILUVW
VORZO\�DQG�WKHQ�ZLWK�LQFUHDVLQJ�VSHHG�WRZDUG�WKH�QHZ�QHVWLQJ�VLWH��6ZDUPV
FDQ�PRYH�DW�VSHHGV�RI�XS�WR�WHQ�NLORPHWHUV�SHU�KRXU��$OWKRXJK�LQGLYLGXDO



EHHV�FDQ�IO\�WKUHH�WLPHV�WKLV�IDVW��WHQ�NLORPHWHUV�SHU�KRXU�IRU�WKH�HQWLUH
VZDUP�LV�UHPDUNDEOH�ZKHQ�LW�LV�FRQVLGHUHG�WKDW�PRVW�EHHV�LQ�WKH�VZDUP�GR
QRW�NQRZ�WKH�ORFDWLRQ�RI�WKH�QHZ�QHVW�VLWH�

:HUH�RQH�DEOH�WR�EH�DW�WKH�VZDUP
V�JRDO�RQH�FRXOG�ZDWFK�LWV�DUULYDO�DQG
RFFXSDWLRQ�RI�WKH�QHZ�KRPH��&ORVHU�H[DPLQDWLRQ�RI�WKH�HYHQWV�DERYH�WKDW
VHHP�VR�VLPSOH�UHYHDOV�D�KLJKO\�FRPSOH[�SURFHGXUH��UHSUHVHQWLQJ�RQH�RI�WKH
PRVW�FULWLFDO�SKDVHV�LQ�WKH�OLIH�RI�D�EHH�FRORQ\�

&RPSOH[��EHFDXVH�DQ�HQRUPRXV�QXPEHU�RI�LQGLYLGXDO�EHHV�KDYH�WR�DFW�LQ
SHUIHFW�VSDWLDO�DQG�WHPSRUDO�KDUPRQ\��FULWLFDO��EHFDXVH�D�QHZ�KRPH�KDV�WR
EH�UDSLGO\�IRXQG�DQG�RFFXSLHG��+RQH\�UHVHUYHV�LQ�ZRUNHU�EHH�VWRPDFKV�DUH
TXLFNO\�H[KDXVWHG�DQG�WKH�VZDUP�FOXVWHU�KDQJLQJ�XQGHU�WKH�RSHQ�VN\�LV
H[SRVHG�WR�PDQ\�WKUHDWV�IURP�ZKLFK�WKH�EHHV�ZHUH�VDIH�LQ�WKH�SURWHFWLRQ�RI
WKHLU�QHVW��+HDY\�UDLQ�DQG�D�VXGGHQ�GHFUHDVH�LQ�WHPSHUDWXUH�FDQ�UHVXOW�LQ
WKH�GHDWK�RI�WKH�HQWLUH�VZDUP�DQG�VR�UHVXOW�LQ�WKH�PLVFDUULDJH�RI�WKH�HIIRUWV
RI�WKH�RULJLQDO�FRORQ\�WR�SURSDJDWH�

5HVHDUFKHUV�KDYH�ORQJ�DWWHPSWHG�WR�XQYHLO�WKH�VHFUHWV�RI�VZDUPLQJ�WKURXJK
H[WHQVLYH�DQG�WKRURXJK�EHKDYLRXUDO�REVHUYDWLRQV��7KH�*HUPDQ�]RRORJLVW
0DUWLQ�/LQGDXHU�ZDV�D�SLRQHHU�LQ�WKH�LQYHVWLJDWLRQ�RI�VZDUPLQJ�EHKDYLRXU�

+LV�JUHDWHVW�FRQWULEXWLRQ�ZDV�WKH�GHVFULSWLRQ�RI�WKH�EHH�GDQFHV�WKDW�WDNH
SODFH�RQ�WKH�VXUIDFH�RI�WKH�FOXVWHUHG�VZDUP�DQG�KLV�VXEVHTXHQW�FRQFOXVLRQV
UHODWLQJ�WR�WKH�JXLGDQFH�RI�WKH�FRORQ\�WR�WKH�QHZ�KRPH��7KH�ZRUN�RI
7KRPDV�'��6HHOH\��DQ�$PHULFDQ�EHH�UHVHDUFKHU��LV�RI�HTXDO�LPSRUWDQFH��:H
KDYH�KLP�WR�WKDQN�IRU�D�GHWDLOHG�XQGHUVWDQGLQJ�RI�WKH�GHFLVLRQV�EHHV�ILQDOO\
PDNH�DERXW�WKH�QHZ�QHVW�VLWH��WKH�FULWHULD�XVHG��DQG�KRZ�WKH�ORFDWLRQ�RI�WKH
QHZ�VLWH�FDQ�EH�IRXQG�E\�DOO�WKH�LQGLYLGXDOV�LQ�WKH�VZDUP��6HHOH\�������



7KRPDV�'��6HHOH\��D�PDVWHU�RI�FOHDUO\�VWUXFWXUHG�EHH�H[SHULPHQWV��ZLWK�DQ�H[SHULPHQWDOO\
SURGXFHG�VZDUP�FOXVWHU���3KRWR��$OH[DQGHU�6��0LNKH\HY��&RUQHOO�8QLYHUVLW\�

7KH�IROORZLQJ�LV�D�OLVW�RI�FXUUHQWO\�NQRZQ�VWHSV�WKDW�EULQJ�D�EHH�VZDUP�WR
LWV�JRDO��WKH�QHZ�QHVW�VLWH�

�� � 1HZ�QHVW�VLWH�VHDUFK�EHHV�ZKLFK�DUH�PRVWO\�ROGHU�H[SHULHQFHG�IRUDJHUV�
IO\�RII�IURP�WKH�VZDUP�FOXVWHU�DW�LWV�WHPSRUDU\�VWDWLRQ�RXWVLGH�WKH�ROG
KLYH��DQG��LI�VXFFHVVIXO��UHWXUQ�WR�GDQFH�RQ�WKH�VXUIDFH�RI�WKH�EHHV�LQ�WKH
FOXVWHU��,Q�D�ODUJH�VZDUP�RI�DERXW��������EHHV��RQO\�D�IHZ�KXQGUHG
LQGLYLGXDOV�WDNH�SODFH�LQ�WKH�VHDUFK�IRU�D�QHZ�QHVW�VLWH�

�� � 6XFFHVVIXO�VHDUFKHUV�LQLWLDOO\�GDQFH�DQG�LQGLFDWH�WKH�ORFDWLRQ�RI�WKH�VLWH



WKH\�WKHPVHOYHV�KDYH�IRXQG��+HQFH�DW�ILUVW��GDQFHV�RI�GLIIHUHQW�EHHV
LQGLFDWH�PDQ\�GLIIHUHQW�VLWHV�EXW�WKLV�LV�JUDGXDOO\�UHGXFHG�DV�GDQFHUV
HLWKHU�VWRS�RU�MRLQ�WKH�GDQFHV�RI�RWKHUV��)LQDOO\��DOO�GDQFHUV�DUH�XQLWHG�LQ
LQGLFDWLQJ�RQO\�WKH�EHVW�RI�DOO�SRVVLELOLWLHV�

�� � 7KH�GDQFHUV�QRZ�IO\�EDFN�DQG�IRUWK�EHWZHHQ�WKH�VZDUP�FOXVWHU�DQG�WKH
QHZ�VLWH��$W�WKH�QHZ�VLWH�WKHVH�EHHV�FLUFOH�DURXQG�LW�LQ�ZLGH�ORRSV�
EX]]LQJ�QRLVLO\�DQG�PDUNLQJ�WKH�VLWH�ZLWK�D�SKHURPRQH��JHUDQLRO�
ZKLFK�WKH\�UHOHDVH�IURP�1DVDQRY�JODQGV�RQ�WKHLU�DEGRPHQV�

�� � 7KH�VFHQWLQJ�EHHV�UHWXUQ�WR�WKH�VZDUP�FOXVWHU��GDQFH�WKHUH�DJDLQ��UHWXUQ
WR�WKH�JRDO��PDUN�LW�DQG�WKHQ�IO\�EDFN�DJDLQ�WR�WKH�FOXVWHU��1HZ
LQGLYLGXDOV�MRLQ�LQ��JXLGHG�E\�GDQFHV�RI�WKRVH�IO\LQJ�EDFN�DQG�IRUWK�DQG
E\�VFHQW�DURXQG�WKH�JRDO��*UDGXDOO\�D�VPDOO�JURXS�RI�LQIRUPHG�EHHV
DFFXPXODWHV�ZKLFK�YLVLW�WKH�QHZ�KRPH�VLWH�DQG�IO\�EDFN�DQG�IRUWK
EHWZHHQ�LW�DQG�WKH�VZDUP�FOXVWHU�

�� � (YHQWXDOO\�WKH�HQWLUH�VZDUP�FOXVWHU�GLVSHUVHV�LQWR�WKH�DLU�DQG�IOLHV�RII
WRZDUG�WKH�JRDO��7KH�VZDUP�LV�JXLGHG�RYHU�WKH�HQWLUH�GLVWDQFH�E\
LQGLYLGXDOV�ZKR�ZHUH�HQJDJHG�LQ�ERWK�GDQFLQJ�DQG�VFHQW�PDUNLQJ�WKH
QHZ�KRPH�VLWH��7KHVH�LQGLYLGXDOV�QRZ�UDSLGO\�IO\�EDFN�DQG�IRUWK
WKURXJK�WKH�VZDUP�FORXG��WKHLU�IOLJKW�SDWKV�GLUHFWHG�WRZDUGV�WKH�JRDO�

�� � 2Q�UHDFKLQJ�WKH�JRDO�WKH�EHHV�DQG�WKHLU�TXHHQ�ODQG�DURXQG�WKH�HQWUDQFH
WR�WKHLU�QHZ�KRPH�DQG�TXLFNO\�RFFXS\�LW�

7KDW�HYHU\�VLQJOH�EHH�UHDFKHV�WKH�JRDO�RYHU�D�GLVWDQFH�RI�RIWHQ�VHYHUDO
NLORPHWHUV��DOWKRXJK�RQO\�D�VPDOO�IUDFWLRQ�RI�EHHV�LQ�WKH�FOXVWHU�DUH�H[SRVHG
WR�WKH�GDQFHV�DQG�ZKLFK�DQ\ZD\�FRQWDLQ�RQO\�LQDFFXUDWH�LQIRUPDWLRQ��VHH
&KDSWHU�����LV�LQGHHG�DVWRQLVKLQJ��7KH�IHDW�FDQ�EH�XQGHUVWRRG�KRZHYHU
ZKHQ�LW�LV�DSSUHFLDWHG�WKDW�EHHV�ZKLFK�KDYH�OHDUQHG�WKH�ORFDWLRQ�RI�WKH�QHZ
VLWH��JXLGH�WKH�VZDUP�IURP�WKHLU�WHPSRUDU\�VWDWLRQ�WR�WKH�JRDO�LQ�D
FRQWLQXRXV��PXOWLVWHS�SURFHVV�

1RW�OHVV�DVWRQLVKLQJ�LV�WKH�DOPRVW�H[SORVLYH�GLVSHUVDO�RI�WKH�FOXVWHU�ZKLFK



EULQJV�DOO�WKH�EHHV�VR�VXGGHQO\�LQWR�WKH�DLU��0RGHUQ�UHVHDUFK�PHWKRGV�KDYH
SURYLGHG�D�GHHSHU�LQVLJKW�LQWR�WKLV�SKHQRPHQRQ��7KRPDV�'��6HHOH\��-XHUJHQ
7DXW]�DQG�WKHLU�FROODERUDWRUV�LQYHVWLJDWHG�VZDUP�FOXVWHUV�XVLQJ�VSHFLDO
PLFURSKRQHV��KDLU�ILQH�WHPSHUDWXUH�VHQVLWLYH�ZLUHV��YLGHR�FDPHUDV�DQG
KHDW�VHQVLWLYH�WKHUPRFDPHUDV��7HPSHUDWXUH�PHDVXUHPHQWV�VKRZHG�WKDW
RYHU�D�SHULRG�RI�DERXW����PLQXWHV�EHIRUH�GLVSHUVDO��DOO�EHHV�LQ�WKH�FOXVWHU
EULQJ�WKHLU�ERG\�WHPSHUDWXUHV�XS�WR����GHJUHHV�&��2QFH�WKH�FOXVWHU�KDV
UHDFKHG�WKLV�WHPSHUDWXUH��DOO�WKH�EHHV�WDNH�RII�DW�YLUWXDOO\�WKH�VDPH�PRPHQW�
%XW�ZKDW�LQGXFHV�VZDUP�EHHV�WR�KHDW�WKHPVHOYHV�XS�LQ�SUHSDUDWLRQ�IRU�WKLV"
+RZ�GR�VR�PDQ\�EHHV�FR�RUGLQDWH�DQG�LQLWLDWH�D�MRLQW�DFWLRQ�DQG�LQ�VXFK�D
QDUURZ�WLPH�ZLQGRZ"�+RZ�GR�EHHV�EXULHG�LQ�WKH�FHQWHU�RI�WKH�FOXVWHU�NQRZ
ZKDW�WR�GR"

*XLGLQJ�D�VZDUP�WR�LWV�JRDO�LQYROYHV�D�VHTXHQWLDO�FKDLQ�RI�EHKDYLRXU�LQFOXGLQJ�GDQFHV�RQ�WKH
VXUIDFH�RI�WKH�FOXVWHU��IOLJKWV�EHWZHHQ�WKH�VZDUP�DQG�LWV�JRDO��EX]]LQJ�IOLJKWV�DQG�VFHQWLQJ
DURXQG�WKH�JRDO��7KH�VDPH�IHZ�LQGLYLGXDO�EHHV�FDUU\�RXW�DOO�WKHVH�VWHSV�WR�EULQJ
DSSUR[LPDWHO\��������QHVW�PDWHV�WR�WKH�QHZ�QHVW�VLWH��7KH�PDMRULW\�RI�WKH�EHHV�LQ�WKH�VZDUP
KDYH�QR�LQIRUPDWLRQ�DW�WKH�VWDUW�DERXW�ZKHUH�WKH\�ZLOO�JR��7KH�VZDUP�DOORZV�LWVHOI�WR�EH
JXLGHG�WR�WKH�QHZ�VLWH�E\�D�IHZ�LQGLYLGXDOV�ZKLFK�NQRZ�LWV�ORFDWLRQ�



%HHV�ZKLFK�KDYH�IRXQG�SRVVLEOH�QHZ�KRPH�VLWHV�IRU�WKH�VZDUP�GXULQJ�WKHLU�VHDUFK�IOLJKWV
EHJLQ�WKHLU�DWWHPSWV�WR�EULQJ�WKH�VZDUP�WR�WKH�VLWH�E\�GDQFLQJ�RQ�WKH�VXUIDFH�RI�WKH�VZDUP
RYHU�WKH�ERGLHV�RI�WKH�FOXVWHUHG�EHHV��)HZ�RI�WKH�FOXVWHUHG�EHHV�DUH�DEOH�WR�IROORZ�WKH�GDQFHV�
2QFH�WKH�UHODWLYHO\�IHZ�VHDUFK�EHHV�KDYH�DJUHHG�XSRQ�D�VLWH��VXFK�DV�WKH�KROORZ�WUHH�WUXQN
VKRZQ�KHUH��D�JUDGXDOO\�LQFUHDVLQJ�QXPEHU�RI�EHHV�IO\�WR�WKH�VLWH�ZKHUH�WKH\�XQGHUWDNH
EX]]LQJ�DQG�VFHQWLQJ�IOLJKWV��IO\LQJ�EDFN�DQG�IRUWK�DQG�UHOHDVLQJ�VFHQW�IURP�JODQGV�RQ�WKHLU
DEGRPHQV��,Q�WKLV�ZD\�WKH�VZDUP�LV�HYHQWXDOO\�JXLGHG�SUHFLVHO\�WR�WKH�QHZ�VLWH���)LJXUH��'�
1LNRODXV�

7KH�VHFUHW�ZDV�UHYHDOHG�E\�WKH�FRPELQHG�DSSOLFDWLRQ�RI�YLGHR�DQG�DFRXVWLF
UHFRUGLQJV��%HHV�ZKLFK�NQRZ�WKH�ORFDWLRQ�RI�WKH�VLWH��KDYH�PDUNHG�LW�GXULQJ
WKHLU�EX]]LQJ�IOLJKWV��IO\�EDFN�DQG�IRUWK�DQG�GDQFH�RQ�WKH�FOXVWHU��DOVR
LQLWLDWH�KHDWLQJ�RI�WKH�FOXVWHU�

0RUH�WKDQ�DQ�KRXU�EHIRUH�GLVSHUVDO�RI�WKH�VZDUP�FOXVWHU��GDQFLQJ�EHHV�HPLW
³EHHSLQJ´�VRXQGV�RI�D�SDUWLFXODU�IUHTXHQF\�GXULQJ�EUHDNV�EHWZHHQ�WKHLU
GDQFHV��7KHVH�VRXQGV�DUH�RI�VXFK�D�ORZ�LQWHQVLW\�WKDW�WKH\�FDQ�VHOGRP�EH
SHUFHLYHG�E\�KXPDQ�HDUV��+LJKO\�VHQVLWLYH�PLFURSKRQHV�DOORZ�WKHVH�VLJQDOV
WR�EH�GHWHFWHG�DQG�UHFRUGHG�IRU�VXEVHTXHQW�DQDO\VLV��7KH�JXLGH�EHHV�GDQFH
DQG�UXQ�³EHHSLQJ´�ILUVW�RYHU�WKH�VXUIDFH�RI�WKH�VZDUP�DQG�WKHQ��EHHSLQJ
FRQWLQXRXVO\��IRUFH�WKHPVHOYHV�GRZQ�LQWR�WKH�FOXVWHU��:LWK�WZR
PLFURSKRQHV�LW�LV�SRVVLEOH�WR�H[SORLW�D�VWHUHR�HIIHFW�DQG�DFRXVWLFDOO\
UHFRQVWUXFW�WKH�FRPSOH[�SDWKV�VLJQDOLQJ�EHHV�WUDFH�WKURXJK�WKH�LQWHULRU�RI
WKH�VZDUP�FOXVWHU��7KH�EHHV�WKHPVHOYHV�FDQQRW�KHDU�DFRXVWLF�VLJQDOV�EXW
GHWHFW�WKH�DVVRFLDWHG�YLEUDWLRQ�ZLWK�WKHLU�ERGLHV��%HHV�DUH�KLJKO\�VHQVLWLYH�WR
YLEUDWLRQV�RI�WKH�VXEVWUDWH�ZKLFK�WKH\�QRUPDOO\�GHWHFW�ZLWK�WKHLU�OHJV��7KH
WLJKWO\�SDFNHG�LQGLYLGXDOV�LQ�D�VZDUP�FOXVWHU�WUDQVPLW�WKH�YLEUDWLRQV
WKURXJK�FORVH�ERG\�FRQWDFW��7KHUPRYLVLRQ�FDPHUDV�VKRZ�WKDW�HDFK�EHH
ZKLFK�UHFHLYHV�D�YLEUDWRU\�VLJQDO�LPPHGLDWHO\�EHJLQV�WR�UDLVH�LWV�ERG\
WHPSHUDWXUH��7KHUPRYLVLRQ�FDPHUD�UHFRUGLQJV�ILUVW�VKRZ�D�IHZ�WUDFHV�RI
UDLVHG�WHPSHUDWXUHV�O\LQJ�LQ�WKH�ZDNH�RI�D�VLJQDOLQJ�EHH��7KHVH�WUDFHV�VRRQ
VSUHDG�DQG�ILQDOO\�IXVH�LQWR�D�JORZLQJ�FOXVWHU�ZKLFK�H[SORGHV�LQWR�WKH�DLU�DV
WKH�EHHV�WDNH�RII�



7KH�DUPRXU\�RI�EHKDYLRXUDO�SDWWHUQV�WKDW�EHHV�KDYH�DW�WKHLU�GLVSRVDO�WR
JXLGH�LQH[SHULHQFHG�QHVW�PDWHV�SUHFLVHO\�WR�D�VLQJOH�ORFDWLRQ�LQ�WKH
ODQGVFDSH�LV�DVWRXQGLQJ��7KLV�JRDO�RULHQWHG�EHKDYLRXU�ZLOO�EH�VHHQ�DJDLQ�LQ
UHODWLRQ�WR�WKH�PHGLDWLRQ�RI�IHHGLQJ�VLWHV�

7KH�VZDUP�FOXVWHU�KHDWV�XS�WR�IOLJKW�WHPSHUDWXUH��7RS��DERXW����PLQXWHV�EHIRUH�WKH�H[SORVLYH
HUXSWLRQ�RI�WKH�FOXVWHU��2QO\�D�VLQJOH�KRW�ZRUNHU�FDQ�EH�VHHQ�LQ�WKH�WKHUPRLPDJH�ERWWRP�
DERXW���PLQXWHV�EHIRUH�DOO�WKH�EHHV�WDNH�RII�±�YLUWXDOO\�DOO�WKH�EHHV�DUH�QRZ�KRW�



+RQH\�UHVHUYHV�LQ�WKH�VWRPDFKV�RI�VZDUPLQJ�EHHV�OHW�WKHP�LPPHGLDWHO\
EHJLQ�ZLWK�ZD[�SURGXFWLRQ�DQG�FRPE�EXLOGLQJ�DIWHU�RFFXS\LQJ�WKH�QHZ
QHVW��:D[��WKH�VHOI�SURGXFHG�EXLOGLQJ�PDWHULDO�IRU�FRPEV�LV�H[WUXGHG�DV
VPDOO�VFDOHV�IURP�VSHFLDO�JODQGV�RQ�WKH�XQGHUVLGH�RI�WKH�ZRUNHU�EHH
V
DEGRPHQV�

7KH�EHHV�NQHDG�WKHVH�VPDOO�ZD[�VFDOHV�WRJHWKHU�LQWR�VPDOO�OXPSV�ZLWK�WKHLU
PRXWKSDUWV�DQG�EXLOG�WKHP�LQWR�VPDOO�S\UDPLGV�DORQJ�WKH�IRXQGDWLRQ�RI�WKH
IXWXUH�FRPE��7KH�S\UDPLGV�DUH�SUHVVHG�WRJHWKHU�LQWR�VPDOO�ERZOV�O\LQJ
FORVHO\�SDFNHG�WRJHWKHU�ZKLFK�DUH�WKHQ�GUDZQ�XS�LQWR�KROORZ�F\OLQGHUV�WKDW
VORZO\�JURZ�LQ�KHLJKW��,W�LV�GLIILFXOW�WR�VHH�H[DFWO\�ZKDW�LV�KDSSHQLQJ�DW
EXLOGLQJ�VLWHV�EHFDXVH�FRPE�EXLOGLQJ�EHHV�FURZG�WRJHWKHU�DQG�VKLHOG�WKH
FRPE�VXUIDFH�IURP�YLHZ��7KH�SUHVHQFH�RI�³EXLOGLQJ�FKDLQV´�LV�DQ�LQGLFDWLRQ
RI�WKH�DFWLYLW\�WDNLQJ�SODFH�EHQHDWK�WKH�ERGLHV�RI�WKH�EHHV��%XLOGLQJ�FKDLQV
DUH�IRUPHG�ZKHQ�VHYHUDO�GR]HQ�EHHV�KRRN�WKHPVHOYHV�WRJHWKHU�ZLWK�WKHLU
OHJV�WR�FUHDWH�D�ODUJH�PHVKHG�OLYLQJ�³QHW´�ZKLFK�KDQJV�YHUWLFDOO\�IURP�WKH
FRPE�IRXQGDWLRQ��DQFKRUHG�E\�FOLQJLQJ�EHHV�

7KHVH�³QHWV´�KDYH�RQO\�EHHQ�GHVFULEHG�LQ�UHODWLRQ�WR�FRPE�EXLOGLQJ�DQG�D
IXQFWLRQDO�OLQN�KDV�EHHQ�VRXJKW�EHWZHHQ�WKHP�DQG�WKH�EXLOGLQJ�SURFHVV��EXW
VR�IDU�QRW�FRQYLQFLQJO\�GHPRQVWUDWHG��$�SRSXODU�YLHZ�KDV�EHHQ�WKDW�WKH�QHW
SURYLGHV�D�WHPSODWH�WR�GHWHUPLQH�WKH�GLUHFWLRQ�D�GHYHORSLQJ�FRPE�VKRXOG
WDNH��:KLOH�WKLV�LV�DQ�LQWHUHVWLQJ�SURSRVDO�LW�LV�QRW�UHDOO\�SODXVLEOH�EHFDXVH
WR�DFW�DV�D�WHPSODWH�RU�SOXPE�OLQH�IRU�WKH�QHZO\�FRQVWUXFWHG�FRPE��WKH�QHW
KDV�WR�EH�YLHZHG�IURP�DIDU��6XFK�D�YLHZ�LV�QRW�DYDLODEOH�WR�EHHV�HPEHGGHG�LQ
WKH�QHW�DQG�EXLOGLQJ�LW�LQ�WKH�GDUNQHVV�RI�WKH�KLYH��)XUWKHUPRUH��HYHU\�EHH



SRVVHVVHV�VHQVH�RUJDQV�ZKLFK�OHW�WKHP�GHWHUPLQH�WKH�GLUHFWLRQ�RI�JUDYLW\��$
SOXPE�OLQH�LV�UHGXQGDQW�

)LQDOO\��EXLOGLQJ�FKDLQV�GR�QRW�RQO\�RFFXU�DW�FRPE�EXLOGLQJ�VLWHV�
(QGRVFRSHV�HPSOR\LQJ�OLJKW�ZLWK�ZDYHOHQJWKV�LQYLVLEOH�WR�EHHV�DQG
UHFRUGLQJ�XQGLVWXUEHG�EHKDYLRXU�RI�EHHV�LQ�SDVVDJHV�EHWZHHQ�FRPEV�
VRPHWLPHV�UHYHDO�QHWV�KDQJLQJ�GRZQ�DW�QLJKW�IURP�WKH�ORZHU�HGJHV�RI
FRPEV��H[DFWO\�DV�DW�EXLOGLQJ�VLWHV��7KHVH�QHWV�GLVDSSHDU�GXULQJ�WKH�GD\�

1HW�IRUPLQJ�EHHV�RIWHQ�KDQJ�FRPSOHWHO\�PRWLRQOHVV�IRU�KRXUV��+RRNHG
WRJHWKHU�ZLWK�WKHLU�QHLJKERXUV�WKH\�KDYH�ERG\�WHPSHUDWXUHV�ZKLFK�DUH�WKH
VDPH�DV�WKHLU�VXUURXQGLQJV��7KLV�LV�FKDUDFWHULVWLF�IRU�LQDFWLYH�RU�HYHQ
VOHHSLQJ�EHHV��+DYH�WKHVH�EHHV�HVWDEOLVKHG�D�WHPSRUDU\�GRUPLWRU\"�%XW�ZK\
WKHQ�IDYRXU�FRPE�EXLOGLQJ�VLWHV"

7KH�IXQFWLRQ�RI�EHH�QHWV�UHPDLQV�D�P\VWHU\��7KH�VOLJKWHVW�H[WHUQDO
GLVWXUEDQFH�OHDGV�WR�WKHLU�EUHDN�XS��EXW�DSSURDFKHV�VXFK�DV�WKRVH�HPSOR\HG
E\�WKH�+2%26�SURMHFW��ZLWK�FRQWLQXRXV�ORQJ�WHUP�REVHUYDWLRQ�RI
XQGLVWXUEHG�EHHV��FRXOG�HYHQWXDOO\�SURYLGH�DQ�H[SODQDWLRQ�IRU�WKLV�FXULRXV
EHKDYLRXU�

3UHFLVH��UHJXODU�SDWWHUQV�DQG�VWUXFWXUHV�LQ�WKH�OLYLQJ�ZRUOG�DUH�VR�UDUH�WKDW
WKH\�TXLFNO\�DWWUDFW�DWWHQWLRQ�DQG�DURXVH�LQWHUHVW�DQG�IDVFLQDWLRQ��6L[
FRUQHUHG�VWUXFWXUHV��KH[DJRQV��EHORQJ�WR�WKH�PRUH�FRPPRQ�QDWXUDOO\
RFFXUULQJ�SDWWHUQV��7KHVH�FDQ�RIWHQ�EH�IRXQG�DORQJ�ERXQGDULHV�RU�VXUIDFHV
ZKHUH�IRUFHV�DUH�LQ�HTXLOLEULXP��+H[DJRQDO�SDWWHUQV�IRUP�DV�ULGJHV�LQ�VDQG
RQ�WKH�ERWWRP�RI�VWDQGLQJ�ZDWHU�SRQGV��RU�ZKHQ�PDOH�ILJKWLQJ�ILVK�VXEMHFW
WKHLU�WHUULWRULDO�ERXQGDULHV�WR�ZDYHV��+H[DJRQV�DUH�DOVR�SURGXFHG�GXULQJ
WKH�FRQVWUXFWLRQ�RI�SDSHU�QHVWV�RI�VRFLDO�ZDVSV��+RZHYHU��WKHVH�DQG�QHDUO\
DOO�RWKHU�H[DPSOHV�RI�QDWXUDOO\�RFFXUULQJ�KH[DJRQV�GR�QRW��LQ�IDFW��PHHW



YHU\�KLJK�VWDQGDUGV�RI�VWUXFWXUDO�SUHFLVLRQ��+H[DJRQV�LQ�SRQG�VDQG�DUH
RIWHQ�FURRNHG�ZLWK�VLGHV�RI�XQHTXDO�OHQJWK��&HOOV�LQ�ZDVS�QHVWV�LQFOXGH�RSHQ
XQXVHG�VSDFHV�DW�WKH�FRUQHUV��WKH�DQJOHV�EHWZHHQ�WKH�FHOO�ZDOOV�DUH�YDULDEOH
DQG�WKH�ZDOOV�WKHPVHOYHV�DUH�XQHYHQ�DQG�QRW�DOO�RI�WKH�VDPH�WKLFNQHVV�

7KH�FHOOV�RI�EHH�FRPEV�DUH�QRWDEO\�GLIIHUHQW��+XQGUHGV�RI�\HDUV�DJR�WKHLU
VWUXFWXUDO�SUHFLVLRQ�OHG�WKH�DVWURQRPHU�DQG�PDWKHPDWLFLDQ�-RKDQQHV�.HSOHU
������������WR�FUHGLW�EHHV�ZLWK�DQ�XQGHUVWDQGLQJ�RI�PDWKHPDWLFV��7KH
)UHQFK�QDWXUDO�KLVWRULDQ�5HQH�$QWRLQH�)HUFKDXOW�GH�5HDXPXU�������������
NQRZQ�PDLQO\�IRU�KLV�GHYHORSPHQW�RI�D�WHPSHUDWXUH�VFDOH��VXJJHVWHG�WKDW
EHHV�KDYH�DFFHVV�WR�D�XQLYHUVDO�VWDQGDUG�RI�OHQJWK��6R�LPSUHVVHG�E\�WKH
SUHFLVLRQ�RI�WKH�EHH�FRPE��KH�SURSRVHG�WKDW�WKH�GLPHQVLRQV�RI�WKHLU�FHOOV�EH
XVHG�DV�D�VWDQGDUG�XQLW�IRU�WKH�PHDVXUHPHQW�RI�OHQJWK��7KLV�SURSRVDO�ZDV
IRUJRWWHQ�VXEVHTXHQW�WR�WKH�LQWURGXFWLRQ�RI�WKH�RULJLQDO�PHWHU�RQ��VW�RI
$XJXVW�������,Q�IDFW�GH�5HDXPXU
V�SURSRVDO�ZRXOG�QRW�KDYH�EHHQ�YHU\
VDWLVIDFWRU\�EHFDXVH�ZKLOH�WKH�KH[DJRQDO�IRUP�RI�FRPE�FHOOV�GRHV�QRW�YDU\
LQ�SUHFLVLRQ��WKH\�GR�YDU\�LQ�WKHLU�GLPHQVLRQV�EHWZHHQ�GLIIHUHQW�VSHFLHV�DQG
DOVR�EHWZHHQ�VPDOO�EURRG�FHOOV�RI�ZRUNHUV�DQG�ODUJHU�FHOOV�RI�GURQHV�

0RGHUQ�UHVHDUFK�PHWKRGV�UHYHDO�WKDW�EHHV�PDQDJH�WR�FRQVWUXFW�WKHLU�FRPEV
ZLWKRXW�PDWKHPDWLFDO�LQVLJKWV��,QVWHDG�WKH�SK\VLFR�FKHPLFDO�SURSHUWLHV�RI
WKH�EXLOGLQJ�PDWHULDO��ZD[��DQG�WKH�DELOLW\�RI�EHHV�WR�SURGXFH�KHDW�DUH
UHVSRQVLEOH�IRU�WKH�SUHFLVLRQ�RI�WKH�HQG�SURGXFW�

+DLU�ILQH��WHPSHUDWXUH�VHQVLWLYH�ZLUHV�VHW�LQWR�WKH�ZD[�DW�D�FRPE�EXLOGLQJ
VLWH�UHFRUG�LW�WR�EH�XS�WR����&�ZKLOH�VKLHOGHG�E\�WKH�EXLOGHU�EHHV��:D[��OLNH
JODVV��LV�D�VXSHU�FRROHG�IOXLG�WKDW�GRHV�QRW�KDYH�D�PHOWLQJ�SRLQW�EXW�LQVWHDG
EHFRPHV�VRIWHU�DQG�PRUH�SOLDEOH�DV�LW�ZDUPV��3K\VLFLVWV�UHIHU�WR�D
WUDQVIRUPDWLRQ�UHJLRQ�ZKHUH�WKH�YLVFRVLW\�RI�WKH�ZD[�FKDQJHV�IURP�EHLQJ
VWUXFWXUDOO\�PRUH�³ILUP´�WR�³IOXLG´�ZLWK�LQFUHDVHG�WHPSHUDWXUH��7KH
WHPSHUDWXUH�DW�ZKLFK�GHIRUPDWLRQ�RI�D�ZD[�VWUXFWXUH�RFFXUV�GHSHQGV�RQ�WKH
SK\VLFDO�IRUFHV�DFWLQJ�RQ�LW��)UHVKO\�EXLOW�FRPE�FHOO�ZDOOV��FRQVLVWLQJ�RI
SDSHU�WKLQ�ZD[�VFDOHV�WKDW�DUH�FKHZHG�DQG�VWXFN�WRJHWKHU��DUH�WKH�PRVW



SOLDEOH�VWUXFWXUHV�RI�WKH�FRPE�DQG�GHIRUP�DW�WKH�ORZHVW�WHPSHUDWXUHV��%HHV
DW�EXLOGLQJ�VLWHV�SURGXFH�VXFK�WHPSHUDWXUHV�DQG�LW�LV�WKH�PHFKDQLFDO
WHQVLRQV�ZLWKLQ�WKH�FLUFXODU�FRPE�FHOOV�WKDW�OHDG�WR�VPRRWK�WKLQ�ZDOOV�ZLWK
XQLIRUP�WKLFNQHVV�DQG�SUHFLVH�DQJOHV�WR�RQH�DQRWKHU��QRW�WKH�VNLOO�RI�WKH
EHHV��-RKDQQHV�.HSOHU�ZRXOG�KDYH�LPPHGLDWHO\�UHFRJQL]HG�WKH�VHOI�
RUJDQL]DWLRQDO�SULQFLSOH�RI�WKH�FRPE�IRUPDWLRQ��KDG�RXU�PHWKRGV�RI
PHDVXUHPHQW�EHHQ�DYDLODEOH�WR�KLP��7KH�VDPH�VHOI�RUJDQL]DWLRQDO�IRUPDWLRQ
RI�D�SUHFLVH�VWUXFWXUH�FDQ�EH�VHHQ�LQ�VRDS�EXEEOHV�O\LQJ�FORVH�WRJHWKHU�RQ�D
VXUIDFH��,I�RQH�KDV�WKH�VNLOO�WR�PDQHXYHU�VL[�EXEEOHV�RI�WKH�VDPH�VL]H�LQWR�D
FLUFOH��D�SUHFLVHO\�KH[DJRQDO�FRPE�FHOO�OLNH�EXEEOH�VXGGHQO\�DSSHDUV�LQ�WKH
FHQWUH�

7KHUPRJUDSKLF�UHFRUGLQJV�RI�FRPE�EXLOGLQJ�DFWLYLW\�FRQILUP�WKH
WHPSHUDWXUH�PHDVXUHPHQWV�PDGH�ZLWK�WKH�ILQH�ZLUHV�HPEHGGHG�LQ�WKH�ZD[�
)RU�WKLV�SXUSRVH�WKH�WHPSHUDWXUH�VHQVLWLYH�FDPHUD�ZDV�LQVWDOOHG�ZLWKLQ�D
QDWXUDOO\�EXLOW�QHVW�DV�D�YDULDQW�RI�WKH�+2%26�KLYH��2QH�FDQ�UHFRJQL]H
JORZLQJ�ZD[�DW�D�EXLOGLQJ�VLWH�ZDUPHG�E\�KHDWHU�EHHV�LQ�WKHUPRJUDSKLF
LPDJHV�DQG�SDUWLFXODUO\�WKDW�RI�WKH�ZDOOV�DURXQG�WKH�HGJH�RI�WKH�VLWH�DV�WKH\
DUH�JUDGXDOO\�GUDZQ�XSZDUGV�

7KLV�LV�D�UHSUHVHQWDWLYH�H[DPSOH�RI�D�SURMHFW�RI�WKH�+2%26�7HDP��IRXQGHG
DERXW����\HDUV�DJR�E\�WKH�%((JURXS�������DQG�HPSKDVL]HV�WKDW�+2%26�LV
QRW�RQO\�WR�EH�VHHQ�DV�DQ�LQWHUDFWLYH�HGXFDWLRQDO�SODWIRUP�EXW�RQH�LQ�ZKLFK
HGXFDWLRQ�DQG�UHVHDUFK�DUH�XQLWHG�

7LPH�ODSVH�WKHUPRJUDSKLF�UHFRUGLQJV�DUH�KLJKO\�HQOLJKWHQLQJ�LQ�UHODWLRQ�WR
WKH�SURFHVV�RI�FRPE�EXLOGLQJ��2QO\�VRPH�QHZO\�GLVFRYHUHG�GHWDLOV�DUH�JLYHQ
KHUH��7KH�EXLOGLQJ�SKDVH�LV�FRQWLQXRXV�DQG�VSDQV�XS�WR����KRXUV��WKH�UHVWLQJ
SKDVH�FDQ�ODVW�XS�WR����KRXUV��&RQVWUXFWLRQ�RI�ODUJH�FRPEV�RIWHQ�EHJLQV
VLPXOWDQHRXVO\�DW�VHYHUDO�VSDWLDOO\�VHSDUDWH�VLWHV�DORQJ�WKH�VDPH�IRXQGDWLRQ�
7KHVH�DUH�GHYHORSHG�WRZDUG�RQH�DQRWKHU�DQG�ILQDOO\�MRLQHG�WR�IRUP�D�VLQJOH
FRPE��6PDOO�LUUHJXODULWLHV�RFFXU�DW�WKH�VHDPV�EHWZHHQ�WKH�WZR�VHSDUDWHO\
FRQVWUXFWHG�FRPEV�



'HSOR\PHQW�RI�D�WLPH�ODSVH�WKHUPRYLVLRQ�FDPHUD�LQ�D�PRGLILHG�+2%26
KLYH�OHG�WR�DQRWKHU�QHZ�GLVFRYHU\��7KH�DOWHUQDWLQJ�EXLOGLQJ�DQG�UHVW�SKDVHV
RFFXU�DW�WKH�VDPH�WLPH�DW�QHLJKERXULQJ�EXLOGLQJ�VLWHV��7KH�EDVLV�IRU�WKH�FR�
RUGLQDWLRQ�RI�EXLOGLQJ�DFWLYLW\�LV�WRWDOO\�XQNQRZQ��%RWK�DQ�H[WHUQDO�VLJQDO
IRU�DOO�WKH�EXLOGHUV�RU�DQ�LQWHUQDO�FRPPXQLFDWLRQ�EHWZHHQ�WKHP�LV�SRVVLEOH�

7KHUPRLPDJH�VHOHFWLRQV�IURP�WKH�GHYHORSPHQW�RI�D�FRPE�RYHU�D�WKUHH�GD\�SHULRG��$�DQG�%�
DFWLYH�EXLOGLQJ�SKDVHV��%�DQG�&��EXLOGLQJ�SDXVHV��3URJUHVV�RI�FRPE�FRQVWUXFWLRQ�DQG
FRRUGLQDWLRQ�RI�DFWLYLW\�DW�WKH�WKUHH�EXLOGLQJ�VLWHV�DUH�FOHDU�WR�VHH�

7KLV�DQG�RWKHU�SX]]OHV�PDLQWDLQ�WKH�H[FLWHPHQW�LQ�WKH�UHVHDUFK�RQ�FRPE
EXLOGLQJ��+RZ�LV�WKH�VOLJKWO\�DQJOHG�ORQJ�D[LV�RI�WKH�FHOOV��ZKLFK�KHOSV�WR
SUHYHQW�WKH�QHFWDU�VSLOOLQJ�RXW��EURXJKW�DERXW"



+RZ��IRU�H[DPSOH��GR�EXLOGHU�EHHV�FRQVWUXFW�VLJQLILFDQWO\�ODUJHU�EURRG�FHOOV
IRU�GURQHV"

&RPEV�ZLWK�KH[DJRQDO�FHOOV�KDYH�H[FHOOHQW�VWDWLF�TXDOLWLHV�DOORZLQJ�D�PHUH
��JPV�RI�ZD[�WR�FRQWDLQ�DQG�VXSSRUW��NJPV�RI�KRQH\��1RW�VXUSULVLQJO\�ZH
ILQG�FRSLHV�RI�WKLV�VWUXFWXUH�DGDSWHG�WR�PDQ\�WHFKQLFDO�DSSOLFDWLRQV�ZKHUH
ZHLJKW�VDYLQJ�LV�D�FULWLFDO�IDFWRU��IRU�H[DPSOH�LQ�WKH�FRQVWUXFWLRQ�RI
DXWRPRELOHV��DLU�DQG�VSDFH�FUDIW��6XFK�VWUXFWXUHV�FDQ�DOVR�EH�EXLOW�XVLQJ
WULDQJXODU�RU�VTXDUH�FHOOV�EXW�WKHVH�ODFN�D�KLJKO\�XVHIXO�FKDUDFWHULVWLF�IRXQG
RQO\�LQ�KH[DJRQV��QDPHO\�WKDW�IRUFHV�LQ�KH[DJRQDO�FHOOV�DUH�RSWLPDOO\�DQG
HYHQO\�GLVWULEXWHG�DFURVV�WKHLU�����GHJUHH�FRUQHUV��7KLV�GLVWULEXWLRQ�LV
FULWLFDO�LQ�WKH�GHVLJQ�RI�³DFWXDWRUV´��GHYLFHV�WKDW�FDQ�EH�HOHFWULFDOO\�GULYHQ�WR
SURGXFH�PRYHPHQW�XVHIXO�LQ�FRPPXQLFDWLRQ�WHFKQRORJ\��YLEUDWLRQ�DODUPV
LQ�FHOO�SKRQHV��RU�WR�VXSSUHVV�PHFKDQLFDO�RVFLOODWLRQ�DQG�QRLVH�LQ�URERWLFV�
VSDFH�WUDYHO�DQG�YHKLFOH�WHFKQRORJ\���7KH�EDVLV�RI�WKLV�WHFKQLTXH�LV�NQRZQ
DV�LPSHGDQFH�PDWFKLQJ��PD[LPDO�PHFKDQLFDO�FRQWURO�FDQ�EH�WUDQVPLWWHG�WR
D�VWUXFWXUH�WR�ZKLFK�WKH�LPSHGDQFH�RI�DQ�DFWXDWRU�LV�SHUIHFWO\�PDWFKHG��7KH
LPSHGDQFH�LV�PLQLPDO�ZLWK�G\QDPLF�PDWFKLQJ�DQG�RQO\�VPDOO�IRUFHV�DUH
UHTXLUHG�WR�SURGXFH�ODUJH�GLVSODFHPHQWV��7KLV�LV�DOVR�WKH�FDVH�ZLWK�EHHV��7KH
LPSHGDQFH�RI�WKH�FRPE�LV�SHUIHFWO\�G\QDPLFDOO\�PDWFKHG�WR�WKDW�RI�WKH�EHH
ERG\��2SWLPDO�WXQLQJ�RI�WKH�PHFKDQLFDO�FKDUDFWHULVWLFV�RI�WKH�FRPE�ZLWK
IRUFHV�DORQJ�WKH�ULPV�RI�WKH�FHOOV�HQDEOHV�EHHV�PRYLQJ�DORQJ�WKHVH�ULPV�WR
WUDQVPLW�YLEUDWRU\�VLJQDOV�DFURVV�WKH�FRPEV�



$SSO\LQJ�DQ�HOHFWULFDO�SRWHQWLDO�WR�D�KRQH\FRPE�OLNH�VWUXFWXUH�PDGH�IURP�DQ�DSSURSULDWH
PDWHULDO�UHVXOWV�LQ�GLVSODFHPHQWV�LQ�WKH�GLUHFWLRQV�RI�WKH�DUURZV�VKRZQ�RQ�WKH�GLDJUDP�
�)LJXUH��3URI��'U��-|UJ�0HOFKHU��'/5�%UDXQVFKZHLJ�

%HH�FRPEV�DUH�DOVR�RI�LQWHUHVW�WR�WHFKQRORJLVWV�IRU�DQRWKHU�UHDVRQ��8QGHU
WKH�GLUHFWLRQ�RI�-RHUJ�0HOFKHU�IURP�WKH�*HUPDQ�FHQWUH�IRU�DLU�DQG�VSDFH
WUDYHO�LQ�%UDXQVFKZHLJ��HQJLQHHUV�RI�WKH�78�&ODXVWKDO�=LOOHUIHOG�DQG
ELRORJLVWV�RI�WKH�+2%26�7HDP�DW�WKH�8QLYHUVLW\�RI�:XHU]EXUJ��DVNHG
ZKHWKHU�WKH�KLJK�SUHFLVLRQ�DFKLHYHG�WKURXJK�WKH�VHOI�RUJDQL]DWLRQDO�SURFHVV
RI�EHH�FRPEV�FRXOG�EH�DGRSWHG�LQ�WHFKQLFDO�DSSOLFDWLRQV��,I�VR��LW�FRXOG�EH�DQ
LGHDO�EDVLV�IRU�WKH�PDVV�SURGXFWLRQ�RI�FRPE�OLNH�DFWXDWRUV��7KH�FKRLFH�RI
PDWHULDO�LV�FULWLFDO�IRU�WKH�DGDSWDWLRQ�RI�WKH�EHH
V�PHWKRG��%HHV�DUH�DEOH�WR
XVH�WKH�HDVLO\�GHIRUPDEOH�ZD[�IRU�WKHLU�FRQVWUXFWLRQV�EHFDXVH�D�ODUJH
QXPEHU�RI�WKHP�DUH�FRQWLQXRXVO\�RFFXSLHG�ZLWK�VXEVHTXHQW�PDLQWHQDQFH�
7KLV�LV�LPSUDFWLFDO�IRU�WHFKQLFDO�DSSOLFDWLRQV�ZKLFK�UHTXLUH�YLUWXDOO\
PDLQWHQDQFH�IUHH�VWUXFWXUHV�WKDW�DUH�VLJQLILFDQWO\�PRUH�UREXVW�WKDQ�EHH
FRPEV�IRUPHG�IURP�ZD[��&HUDPLFV�IXOILOO�WKHVH�FULWHULD�DQG�WKHUH�KDV
DOUHDG\�EHHQ�SURJUHVV�RQ�D�VPDOO�VFDOH�XVLQJ�D�VLQWHULQJ�SURFHVV�WR�PLPLF
WKH�EHH�FRPE�VHOI�RUJDQL]DWLRQDO�SURFHVV�



&RPSOH[�FDOFXODWLRQV�ZLWK�PRGHOV�RI�EHH�FRPE�FDUULHG�RXW�E\�-RHUJ�0HOFKHU
KDYH�FRQILUPHG�WKDW�WKH�GHIRUPDWLRQ�UDGLL�DQG�H[DFW�VKDSH�RI�WKH�K\SHUEROLF
JHRPHWU\�RI�EHH�FRPE�FHOO�ULPV�SUHFLVHO\�ILW�WKH�SUHGLFWLRQV�RI�WKH�PRGHO�
7KLV�FRXOG�DOVR�EH�RSWLPDOO\�WUDQVSRVHG�WR�DUWLILFLDOO\�FRQVWUXFWHG�FRPEV

6LQWHULQJ�FHUDPLF�PDWHULDO�ZLWK�D�KRW�ODVHU�EHDP�HQDEOHV�WKH�VHOI�RUJDQL]LQJ�PDQXIDFWXUH�RI
D�KRQH\FRPE�OLNH�SLH]R�GHYLFH���)LJXUH��3URI��'U��-|UJ�0HOFKHU��'/5�%UDXQVFKZHLJ�DQG�3URI�
'U��-HQV�*�QVWHU��78�&ODXVWKDO�



3UHFLVH�GHIRUPDWLRQ�OLQHV�GHWHUPLQHG�E\�D�PDWKHPDWLFDO�IXQFWLRQ�RFFXU�LQ�D�FRPE�LQ�ZKLFK
WKH�IRUFHV�DUH�RSWLPDOO\�GLVWULEXWHG��7KH�UHVXOW�RI�VXFK�DQ�RSWLPL]DWLRQ�LV�LGHQWLFDO�LQ
KRQH\EHH�FRPEV��$�DQG�%��DQG�FRPE�OLNH�VWUXFWXUHV�FRQVWUXFWHG�IURP�FHUDPLF�HOHPHQWV��&��
�3KRWR�$�DQG�%��+�5�+HLOPDQQ��+2%26�7HDP�

%URRG�QHVW�KHDWHU�EHHV�OLH�LQ�HPSW\�FHOOV�EHWZHHQ�FORVHG�SXSDO�FHOOV�DQG
SURYLGH�ZDUPWK�WR�FHOOV�VXUURXQGLQJ�WKHP��LQFOXGLQJ�WKRVH�RQ�WKH�RSSRVLWH
VLGH�RI�WKH�FRPE��+HDWHU�EHH�ERG\�WHPSHUDWXUHV�UHDFK�YDOXHV�XS�WR����&�
3XSDH�LQ�WKHLU�KHDWHG�FHOOV�DUH�ZDUPHG�WR����&��7KH�SXSDH�WKHPVHOYHV�DUH



WKHQ�D�VRXUFH�RI�KHDW�VKRXOG�KHDWHU�EHHV�OHDYH�WKH�HPSW\�FHOOV�QH[W�WR�WKHP�
7KLV�UDLVHV�WZR�TXHVWLRQV��:KDW�SK\VLFDO�SDWKZD\V�GR�EHHV�HPSOR\�IRU�KHDW
WUDQVIHU"�+RZ�FDQ�UDSLG�FRROLQJ�RI�SXSDO�FHOOV�EH�SUHYHQWHG"�+HDW�WUDQVIHU
IURP�KHDWHU�EHHV�WR�SXSDH�FDQ�RFFXU�LQ�WZR�ZD\V��WKURXJK�FRQGXFWLRQ
DFURVV�WKH�FHOO�ZDOOV�RU�E\�UDGLDWLRQ��7KH�PDJQLWXGH�RI�ERWK�PRGDOLWLHV�ZDV
PHDVXUHG�ZLWK�WKH�VXSSRUW�RI�WKH�%DYDULDQ�&HQWHU�IRU�(QHUJ\�5HVHDUFK
�=$(��LQ�:XHU]EXUJ�E\�0DUFR�.OHLQKHQ]�DV�SDUW�RI�KLV�GRFWRUDO�VWXG\
�.OHLQKHQ]���������.OHLQKHQ]�IRXQG�WKH�KHDW�FRQGXFWLRQ�FDSDFLW\�RI�ZD[�WR
EH�����ZDWW�P.��D�YDOXH�WKDW�LV�FRPSDUDEOH�ZLWK�WKDW�RI�VROLG�ZRRG��WKH
YDOXH�IRU�ZRRG�ILEHU�LQVXODWLQJ�ERDUGV�LV������:�P.��IRU�VWHHO���:P.��
:D[�LV�WKHUHIRUH�D�JRRG�LQVXODWRU�DQG�QRW�VXLWHG�IRU�WKH�FRQGXFWLRQ�RI�KHDW
DFURVV�WKH�FRPE��7KH�WUDQVPLVVLRQ�RI�UDGLDWHG�KHDW�DFURVV�WKH�FRPE�ZDOOV�LV
PXFK�KLJKHU�ZKLFK�RSHQV�LQWHUHVWLQJ�SRVVLELOLWLHV�IRU�WKH�GHYHORSPHQW�RI�D
KRWKRXVH�HIIHFW�LQ�WKH�EURRG�QHVW�

$�KRWKRXVH�HIIHFW�DULVHV�ZKHQ�WKH�WUDQVPLVVLRQ�RI�KHDW�WKURXJK�PDWHULDOV
DQG�JDVHV�LV�GLIIHUHQW�IRU�GLIIHUHQW�ZDYHOHQJWKV��,Q�WKH�ORQJ�ZDYH�OHQJWK
UHJLRQ��UDGLDWLRQ�LV�HTXLYDOHQW�WR�ZDUPLQJ�VR�WKDW�WKURXJK�WKH�KRWKRXVH
HIIHFW�D�VSDFH�FDQ�EHFRPH�D�WUDS�LQ�ZKLFK�REMHFWV�DUH�KHDWHG�E\�WKH�HQWHULQJ
UDGLDWLRQ�EXW�IURP�ZKLFK�OLWWOH�RU�QR�KHDW�FDQ�HPHUJH��7KH�PD[LPXP
UDGLDWLRQ�WKDW�QRUPDOO\�RFFXUV�RQ�(DUWK�OLHV�LQ�WKH�LQIUDUHG�UHJLRQ�RI�WKH
HOHFWURPDJQHWLF�VSHFWUXP�DQG�LV�QRW�YLVLEOH�WR�XV�RU�WR�WKH�EHHV�

7UDQVPLVVLRQ�RI�KHDW�UDGLDWLRQ�WKURXJK�PDWHULDOV�LV�PHDVXUHG�ZLWK�D�GHYLFH
RI�ZKLFK�WKH�HVVHQWLDO�HOHPHQW�LV�DQ�8OEULFK�VSKHUH��7KLV�DOORZV�RQH�WR
GHWHUPLQH�ZKLFK�UDGLDWHG�ZDYHOHQJWKV�SHQHWUDWH�D�SDUWLFXODU�PDWHULDO��LQ
RXU�FDVH�WKH�ZD[�ZDOO�RI�D�FRPE�FHOO��DQG�ZKLFK�GR�QRW�



$�GLDJUDP�RI�DQ�8OEULFK�VSKHUH�XVHG�WR�PHDVXUH�WKH�WUDQVPLVVLRQ�RI�KHDW�UDGLDWLRQ�WKURXJK
WKH�ZDOOV�RI�FRPE�FHOOV��VDPSOH���0&7 0HUFXU\�&DGPLXP�7HOXULG�

)RU�LQIUDUHG�UDGLDWLRQ�DQG�WHPSHUDWXUHV�UHOHYDQW�IRU�EHHV�RI�EHWZHHQ����DQG
���GHJUHHV�&��ZH�REWDLQ�D�YHU\�LQWHUHVWLQJ�UHVXOW�



7KH�WUDQVPLVVLRQ�RI�UDGLDWLRQ�RI�GLIIHUHQW�ZDYHOHQJWKV�DQG�WHPSHUDWXUHV�WKURXJK�WKH
VLGHZDOOV�RI�EURRG�FRPEV��7KH�GLIIHUHQFH�EHWZHHQ�ZKLWH�IUHVKO\�EXLOW�FHOOV�DQG�ROGHU�GDUN
EURZQ�FHOOV�LV�PLQLPDO�IRU�WKH�UHOHYDQW�ZDYHOHQJWKV��7KH�WUDQVPLVVLRQ�RI�ORQJHU�ZDYHOHQJWKV
WKURXJK�IUHVK�ZD[�LV�VLJQLILFDQWO\�JUHDWHU�WKDQ�WKURXJK�WKH�ROGHU�ZD[�

$OO�FRPSRQHQWV�IRU�WKH�JHQHUDWLRQ�RI�D�KRWKRXVH�HIIHFW�DUH�SUHVHQW�LQ�WKH
EURRG�QHVW��+HDWHU�EHHV�DUH�ZDUPHU�WKDQ�WKH�SXSDH�DQG�WKH�WUDQVPLVVLRQ
FXUYH�RI�WKH�ZD[�VKRZV�WKDW�DW�WKH�UHOHYDQW�ZDYHOHQJWKV��DQG�VR�WKH
WHPSHUDWXUHV�LQ�WKH�EURRG�QHVW��H[WUHPH�GLIIHUHQFHV�LQ�WUDQVPLVVLRQ��L�ௗH�
EHWZHHQ����DQG������OLH�DGMDFHQW�WR�RQH�DQRWKHU��5DGLDQW�KHDW�HQWHUV�WKH
EURRG�FHOOV�DQG�ZDUPV�WKH�SXSDH�EXW�GXH�WR�WKH�LVRODWLQJ�SURSHUWLHV�RI�WKH
ZD[�ZDOOV��OLWWOH�FDQ�HVFDSH��



7KH�KRWKRXVH�HIIHFW�LQ�EURRG�FRPEV�RI�KRQH\EHHV��$�SXSD�LV�ZDUPHG�E\�D�QHLJKERXULQJ�
UDGLDWLQJ�KHDWHU�EHH��UHG�DUURZ���6RPH�RI�WKH�KHDW�IURP�WKH�SXSD�SDVVHV�WR�WKH�VSDFH�DURXQG
LW�LQ�LWV�FHOO��EOXH�DUURZ���7KH�LQVXODWLQJ�SURSHUWLHV�RI�WKH�ZD[�FHOO�ZDOOV�KRZHYHU��NHHS�WKH
KHDW�ZLWKLQ�WKH�FHOO��ZKLWH�DUURZ�GHPRQVWUDWHV�WKH�KRWKRXVH�HIIHFW����3KRWR��+��5��+HLOPDQQ�



7KH�EHHV�ZKLFK�VZDUPHG�RXW�RI�WKH�ROG�KLYH�KDYH�FKRVHQ�D�QHZ�QHVWLQJ�VLWH
DQG�SUHSDUHG�WKLV�IRU�FRPE�EXLOGLQJ��7KH�ZDOOV�RI�WKH�KROORZ�LQ�D�WUHH�WUXQN
KDYH�EHHQ�VPRRWKHG�DQG�IUHHG�IURP�VSOLQWHUV��8QQHFHVVDU\�VSOLWV�DQG
JURRYHV�LQVLGH�WKH�KROORZ�DUH�VHDOHG�ZLWK�UHVLQ��SURSROLV��FROOHFWHG�PDLQO\
IURP�SODQW�EXGV�E\�IRUDJHU�EHHV�

7KH�ILUVW�FRPEV�DUH�FRQVWUXFWHG�ZKHQ�WKHVH�LQLWLDO�WDVNV�KDYH�EHHQ
FRPSOHWHG��7KH�QHVW�LQ�WKH�WUHH�WUXQN��FRPEV�DQG�SRSXODWLQJ�EHHV�IRUP�DQ
RUJDQLF�XQLW�LQ�ZKLFK�PDQ\�ORFDO�DQG�JOREDO�FRQWURO�ORRSV�HQVXUH�WKDW
LPSRUWDQW�UHODWLRQVKLSV�DQG�YDOXHV�LQ�WKH�FRORQ\�DUH�NHSW�LQ�D�VWDWH�RI
HTXLOLEULXP��7KH�PDLQWHQDQFH�RI�WKLV�HTXLOLEULXP��D�KRPHRVWDVLV��FDQ�KDYH
ERWK�WHPSRUDO�DQG�VSDWLDO�DLPV�DQG�SUHIHUUHG�YDOXHV�GHSHQG�RQ�D�YDULDEOH
KLJKHU�G\QDPLF��7KLV�G\QDPLF�FRQFHUQV�QRW�RQO\�VSDFH�DQG�WLPH�EXW�DOVR
WKH�WROHUDQFH�IRU�DFFHSWDEOH�YDULDWLRQV�RI�WKH�YDOXHV��)RU�H[DPSOH��D�EHH
FRORQ\�UHJXODWHV�WKH�WHPSHUDWXUH�FRQGLWLRQV�LQ�WKH�KLYH�GLIIHUHQWO\�LQ
ZLQWHU�WKDQ�LQ�VXPPHU�DQG�WROHUDWHV�VPDOOHU�YDULDWLRQV�LQ�EURRG�QHVW
WHPSHUDWXUH�WKDQ�LQ�SDUWV�RI�WKH�QHVW�ZKHUH�KRQH\�LV�VWRUHG��6XFK�D�V\VWHP
LV�YLUWXDOO\�LQGHSHQGHQW�RI�WKH�RXWVLGH�ZRUOG��1HYHUWKHOHVV�D�EHH�FRORQ\�LQ
LWV�QHVW�FRXOG�RQO\�VXUYLYH�IRU�D�VKRUW�WLPH�LI�LW�ZHUH�WR�EH�FRPSOHWHO\
LVRODWHG�EHFDXVH�LW�UHTXLUHV�HQHUJ\�DQG�PDWHULDO�IRU�LWV�PDLQWHQDQFH��%HHV
KDYH�RUJDQL]HG�WKHPVHOYHV�VRPHZKDW�DORQJ�WKH�VDPH�OLQHV�WKDW�KXPDQV
ZRXOG�KDYH�WR�LI�WKH\�ZHUH�WR�HVWDEOLVK�H[WUD�WHUUHVWULDO�FRORQLHV�RQ
QHLJKERXULQJ�SODQHWV��%HQHDWK�WKHLU�GRPH�HQFORVHG�ZRUOGV�VXFK�FRORQLVWV
ZRXOG�KDYH�WR�VHW�XS�VWRUDJH�DUHDV�DQG�GHSHQG�RQ�H[FXUVLRQV�EH\RQG�WKHLU
VKHOWHU�IRU�SURYLVLRQV�WR�UHSOHQLVK�WKH�HQHUJ\�DQG�PDWHULDOV�QHFHVVDU\�IRU
WKHLU�FRQWLQXHG�H[LVWHQFH��+RQH\EHHV�DUH�IDFHG�ZLWK�SUHFLVHO\�WKLV�VLWXDWLRQ�



:LWK�WKH�H[FOXVLRQ�RI�PDWLQJ�IOLJKWV�DQG�WKH�SURSDJDWLRQ�RI�WKH�KLYH�E\
VZDUPLQJ�WKHUH�LV�QR�UHDVRQ�IRU�EHHV�WR�OHDYH�WKH�LQWHULRU�RI�WKHLU�VPDOO
ZRUOG�XQOHVV�WKHLU�UHVHUYHV�DUH�H[KDXVWHG��%HHV�GR�QRW�SOD\�KDSSLO\�DURXQG
RQ�IORZHUV�LQ�WKH�VXQ�DV�KXPDQ�REVHUYHUV�PD\�VXSSRVH�±�WKH\�DUH�WKHUH�RXW
RI�SXUH�QHHG�

7KH�VXQ�LV�WKH�HQHUJ\�VRXUFH�IRU�PRVW�OLYLQJ�RUJDQLVPV�ZKLFK�WKH\�WDNH�XS
DV�OLJKW�DQG�ZDUPWK��3ODQWV�DUH�DW�WKH�EHJLQQLQJ�RI�WKH�HQHUJ\�FKDLQ�DQG
PHWDEROL]H�WKH�HQHUJ\�RI�WKH�VXQ�LQWR�FKHPLFDO�HQHUJ\�ZKLFK�WKH\�VWRUH�
$QLPDOV�WKDW�HDW�WKH�SODQWV�UHOHDVH�WKH�³IL[HG�HQHUJ\�DV�ZDUPWK��:DUPWK
KRZHYHU�LV�DQ�XQGHVLUDEOH�E\�SURGXFW�IRU�PDQ\�RUJDQLVPV�EHFDXVH�LW
FRUUHVSRQGV�WR�DQ�HQHUJ\�ORVV��7KH�VLWXDWLRQ�LV�YHU\�GLIIHUHQW�IRU�DQLPDOV
WKDW�DFWLYHO\�JHQHUDWH�ZDUPWK�DQG�WKHVH�HQMR\�D�VLJQLILFDQW�DGYDQWDJH�RYHU
WKRVH�WKDW�FDQQRW��+RPRHRWKHUPLF�DQLPDOV�OLNH�PDPPDOV�DQG�ELUGV�DUH
LQGHSHQGHQW�RI�YDULDWLRQV�LQ�HQYLURQPHQWDO�WHPSHUDWXUH��7KH\�DUH�DEOH�WR
UHPDLQ�DFWLYH�RYHU�D�ZLGH�UDQJH�RI�WHPSHUDWXUHV�LQ�WKHLU�VXUURXQGLQJV
LQFOXGLQJ�FROG�GD\V�DQG�VHDVRQV��7KH\�FDQ�DOVR�LQKDELW�FROGHU�UHJLRQV�RI�WKH
JOREH�

%\�DFWLYDWLQJ�WKHLU�WKRUDFLF�IOLJKW�PXVFOHV�±�WKH�PRVW�SRZHUIXO�WKH\
SRVVHVV�±�EHHV�FDQ�JHQHUDWH�ERG\�WHPSHUDWXUHV�XS�WR����&�DQG�DGDSW�WR�D
ZLGH�UDQJH�RI�HQYLURQPHQWDO�FRQGLWLRQV��$Q�DQDWRPLFDO�UHILQHPHQW�LQ�WKHLU
DQDWRP\�OLPLWV�WKH�JHQHUDWHG�ZDUPWK�WR�WKH�PXVFXODU�³KRW�VSRW´�VR�WKDW
OLWWOH�RU�QR�KHDW�VSUHDGV�WR�WKH�DEGRPHQ��7KH�WXEXODU�KHDUW�RI�WKH�EHH��O\LQJ
DORQJ�WKH�GRUVDO�VXUIDFH�RI�WKH�DEGRPHQ�SXPSV�FRRO�EORRG�IRUZDUGV�DJDLQVW
WKH�ZDUP�EORRG�WKDW�IORZV�IURP�WKH�WKRUD[�EDFN�WRZDUG�WR�DEGRPHQ��7KH
UHVXOW�LV�D�IXQFWLRQDO�³FRQVWULFWLRQ´�EHWZHHQ�WKH�WKRUD[�DQG�DEGRPHQ��DQG
WKH�IRUPDWLRQ�RI�D�VWDEOH�WHPSHUDWXUH�EORFN�RU�KHDW�H[FKDQJHU��7KH�WKRUD[
VWD\V�ZDUP�DQG�WKH�DEGRPHQ�UHPDLQV�FRRO�



$ERYH��$��D�GLDJUDP�RI�WKH�EHH�IOLJKW�PXVFOHV�DQG�EORRG�V\VWHP�XVHG�IRU�JHQHUDWLQJ�DQG
GLVWULEXWLQJ�KHDW�LQ�WKHLU�ERGLHV��%��D�WKHUPRLPDJH�VKRZV�WKH�HIIHFW�RI�WKH�KHDW�H[FKDQJHU
EHWZHHQ�WKH�DEGRPHQ�DQG�WKRUD[��DQG�WKH�UHVXOWLQJ�FRQFHQWUDWLRQ�RI�KHDW�LQ�WKH�WKRUD[�
�)LJXUH��0HLNR�7DXW]�

7KH�KHDW�VRXUFH�IRFXVHG�LQ�WKHLU�WKRUDFHV�LV�XVHG�E\�EHHV�WR�PDLQWDLQ�WKH
KLYH�WHPSHUDWXUH��WKLFNHQ�WKH�KRQH\��EXLOG�FRPEV�DQG�NLOO�ZDVSV�WKDW�IRUFH
WKHLU�ZD\�LQWR�WKH�KLYH��:DUPLQJ�SXSDH�LQ�WKH�EURRG�FRPEV�LV�RI�RYHUULGLQJ
LPSRUWDQFH��7KH�WHPSHUDWXUH�RI�EURRG�FRPE�ZLWK�LWV�FORVHG�SXSDO�FHOOV�LV
PDLQWDLQHG�DW����&��FORVH�WR�WKDW�RI�WKH�KXPDQ�ERG\��E\�KHDWHU�EHHV�ZKLFK
KDYH�WZR�VWUDWHJLHV�IRU�ZDUPLQJ�SXSDH��+HDWHU�EHHV�PD\�SUHVV�WKH�YHQWUDO
VXUIDFH�RI�WKHLU�WKRUDFHV�GRZQ�RQWR�WKH�FHOO�OLG�EHQHDWK�WKHP�DQG�WKXV
ZDUP�D�VLQJOH�SXSD��$�PRUH�HIILFLHQW�VWUDWHJ\�LV�WR�VOLS�LQWR�RQH�RI�WKH
HPSW\�FHOOV�LQ�WKH�EURRG�FRPE�IURP�ZKHUH�WKH�UDGLDWHG�ZDUPWK�IURP�D



VLQJOH�KHDWHU�EHH�H[WHQGV�XS�WR�WKUHH�FHOO�ZLGWKV�DZD\�IURP�KHU�RQ�ERWK
VLGHV�RI�WKH�FRPE��DQG�LQFOXGLQJ�XS�WR����SXSDH��+HDWHU�EHHV�OLH�KHDG�ILUVW�LQ
WKH�FHOOV�DQG�WKHLU�FRRO�DEGRPHQV�FUHDWHV�D�VHDO�EHWZHHQ�WKHP�DQG�WKH�FRPE
VXUIDFH��UHGXFLQJ�KHDW�ORVV�WR�WKH�VXUURXQGLQJ�DLU�

(PSW\�FHOO�GLVWULEXWLRQ�DPRQJVW�WKH�SXSDH�LQ�EURRG�FRPEV�LV�RIWHQ�FORVH�WR
WKH�WKHRUHWLFDO�RSWLPXP�LQ�WHUPV�RI�HQHUJ\�WUDQVIHU��:RUNHUV�GR�QRW�DSSHDU
WR�SXUSRVHO\�LQFOXGH�HPSW\�FHOOV�LQ�WKH�EURRG�FRPEV��$�YDULHW\�RI�IDFWRUV
FRXOG�OHDG�WR�WKH�HPSW\�FHOO�IUHTXHQF\�RI�DERXW����WR�����LQ�FRORQLHV�WKDW
DUH�KHDOWK\�DQG�ZHOO�QRXULVKHG�DQG�LV�FRQVLGHUHG�QRUPDO�IRU�³JRRG´�EURRG
FRPEV��&RPSXWHU�VLPXODWLRQV�UHYHDO�WKDW�HYHQ�WKLV�UHODWLYHO\�ORZ
SURSRUWLRQ�RI�HPSW\�FHOOV�LV�YHU\�HIIHFWLYH�LQ�WKH�GLVWULEXWLRQ�RI�ZDUPWK�WR
EURRG��&RPEV�ZLWK�VHDVRQDOO\�IHZHU�HPSW\�FHOOV�DUH�UDUH��ZKLOH�WKDW�ZLWK
ODUJHU�SURSRUWLRQV�RI�HPSW\�FHOOV�LQGLFDWHV�D�FRORQ\�LQ�SRRU�FRQGLWLRQ�DQG
ZLWK�KHDW�GLVWULEXWLRQ�SUREOHPV�

7KHUH�DUH�PDQ\�SRVVLEOH�UHDVRQV�IRU�WKH�RFFXUUHQFH�RI�HPSW\�FHOOV��(UURUV�RI
WKH�TXHHQ�LQ�WKH�VHTXHQFH�RI�HJJ�OD\LQJ�LQ�WKH�EURRG�FRPE�LQ�ZKLFK�VKH
³PLVVHV´�LQGLYLGXDO�EURRG�FHOOV��WKH�WHPSRUDU\�XVH�RI�EURRG�FHOOV�IRU�VWRUDJH
DIWHU�WKH�HPHUJHQFH�RI�\RXQJ�EHHV�ZKLFK�DUH�HPSWLHG�DIWHU�D�VKRUW�SHULRG
DQG�DJDLQ�DFFHVVLEOH�WR�KHDWHU�EHHV��&XOOLQJ�DQG�UHPRYDO�RI�ODUYDH�ZKRVH
GHYHORSPHQW�VWRSV�WKURXJK�JHQHWLF�GHIHFWV��RU�WHUPLQDWLRQ�E\�WKH�ZRUNHUV�
LV�DQRWKHU�FDXVH�IRU�WKH�DSSHDUDQFH�RI�HPSW\�FHOOV�

'LSORLG�GURQH�ODUYDH�FRQVWLWXWH�WKH�PRVW�FRPPRQ�JHQHWLF�GHIHFW��7KHVH
RFFXU�LI�LGHQWLFDO�VH[�JHQH�DOOHOHV�UDQGRPO\�FRPH�WRJHWKHU�DIWHU�WKH�IXVLRQ
RI�HJJ�DQG�VSHUP��:RUNHUV�FDQ�GLVFULPLQDWH�EHWZHHQ�GHIHFWLYH�GLSORLG�DQG
QRUPDO�KDSORLG�GURQH�ODUYDH�DULVLQJ�IURP�XQIHUWLOL]HG�HJJV��DQG�UHPRYH�WKH
GLSORLG�ODUYDH�IURP�WKH�FHOOV�



1HVW�WHPSHUDWXUH�FRQWURO�UHTXLUHV�QRW�RQO\�KHDWLQJ�EXW�DOVR�FRROLQJ�WR
PDLQWDLQ�WKH�GHVLUHG�WHPSHUDWXUH�UDQJH��,QGLYLGXDO�EHHV�XVH�HOHPHQWDU\
PHWKRGV�WR�FRRO�DUHDV�RI�WKH�KLYH�DQG�FRPE�EXW�DOVR�MRLQ�LQ�D�PRUH�FRPSOH[
SURFHGXUH�WR�FRRO�WKH�HQWLUH�KLYH�WKDW�GHPDQGV�WKH�FR�FRRUGLQDWHG�HIIRUW
IURP�PDQ\�LQGLYLGXDOV��6KRXOG�D�ORFDOL]HG�UHJLRQ�RI�WKH�FRPE�EHFRPH�WRR
ZDUP��ZRUNHUV�DFW�DV�OLYLQJ�KHDW�SXPSV��7KH\�WDNH�XS�KHDW�IURP�ZDUP
FRPEV�ZLWK�WKHLU�ERGLHV��PRYH�WR�FRROHU�DUHDV�RI�WKH�KLYH��FRRO�GRZQ�DQG
ORVH�WKLV�KHDW��$Q�RSSRVLWH�VWUDWHJ\�LV�HPSOR\HG�E\�DQWV��DQW�ZRUNHUV�ZDUP
WKHPVHOYHV�SDVVLYHO\�LQ�WKH�VXQ��FDUU\�WKH�KHDW�LQ�WKHLU�ERGLHV�LQWR�WKH�FRRO
GHSWKV�RI�WKHLU�QHVW�ZKHUH�WKH\�JLYH�XS�WKHLU�KHDW�WR�WKH�VXUURXQGLQJV��$
PRUH�VRSKLVWLFDWHG�FRROLQJ�WHFKQLTXH�HPSOR\HG�E\�LQGLYLGXDO�EHHV�ZDV
GHVFULEHG�GHFDGHV�DJR�E\�0DUWLQ�/LQGDXHU��³:DWHU�JDWKHUHUV�SXPS
WKHPVHOYHV�IXOO�ZLWK�ZDWHU�IURP�ZDWHU�VRXUFHV�RXWVLGH�WKH�KLYH��UHWXUQ�WR
WKH�KLYH�DQG�FRPEV��UHJXUJLWDWH�D�GURS�RI�ZDWHU�DQG�VSUHDG�WKLV�RYHU�WKH
VXUIDFH�RI�WKH�FRPE´��/LQGDXHU�������

7KH�ZDWHU�ILOP�RQ�WKH�VXUIDFH�RI�WKH�FRPE�HYDSRUDWHV�DQG�FRROV�WKH�ZDUP
FRPE��/LQGDXHU�DOVR�GHVFULEHG�D�SDUWLFXODU�PRYHPHQW�RI�WKH�SURERVFLV�WKDW
LV�DVVRFLDWHG�ZLWK�WKLV�EHKDYLRXU��%HHV�PRYH�WKHLU�PRLVWHQHG�PRXWKSDUWV
YLJRURXVO\�WR�DFFHOHUDWH�ERWK�WKH�HYDSRUDWLRQ�DQG�FRQVHTXHQWO\�WKH�FRROLQJ
HIIHFW��7KHVH�FRROLQJ�PHWKRGV�DUH�ORFDOO\�DSSOLHG�DQG�E\�VLQJOH�LQGLYLGXDOV�

,Q�FRQWUDVW�WR�LQGLYLGXDO�DQG�ORFDO�FRROLQJ�HIIRUWV��JOREDO�FRROLQJ�RI�WKH�KLYH
UHTXLUHV�PDQ\�EHHV�WR�ZRUN�WRJHWKHU�LQ�D�ILQHO\�WXQHG�KDUPRQ\��6KRXOG�D
KLYH�EHFRPH�WRR�ZDUP��EHHV�FROOHFW�RXWVLGH�WKH�HQWUDQFH�WR�WKH�KLYH�DQG
GUDZ�KRW�DLU�RXW�RI�WKH�KLYH�FDXVLQJ�FRROHU�RXWVLGH�DLU�WR�IORZ�LQ��7KLV�ZLOO
RQO\�RFFXU�LI�WKH�DSSURSULDWH�QXPEHU�RI�EHHV�DVVHPEOHV�LQ�D�JHRPHWULF�SODQH
DQG�WKH�VXP�RI�WKH�VPDOO�DLU�FXUUHQWV�HYRNHG�E\�WKHLU�ZLQJ�PRYHPHQWV
SURGXFHV�DQ�HIIHFWLYH�DLUIORZ�



'HVSLWH�FRQVWDQW�RXWVLGH�WHPSHUDWXUH��WHPSHUDWXUH�ZLWKLQ�WKH�KLYH�ULVHV�ZKHQ�WKH�ZRRGHQ
ZDOOV�RI�WKH�KLYH�DUH�KHDWHG�E\�GLUHFW�VXQVKLQH��7KH�QXPEHU�RI�DFWLYH�YHQWLODWRU�EHHV
LQFUHDVHV�WR�FRXQWHUDFW�WKLV���+2%26�GDWD�RI����-XQH�������

'XULQJ�JOREDO�FRROLQJ�RI�WKH�KLYH��EHHV�OLQH�XS�RXWVLGH�WKH�KLYH�HQWUDQFH
ZLWK�WKHLU�KHDGV�IDFLQJ�WRZDUGV�LW��7R�FUHDWH�DLUIORZ�WKH\�IDQ�WKHLU�ZLQJV�DV
WKRXJK�IO\LQJ��)RFXVLQJ�D�+2%26�WKHUPRFDPHUD�RQ�D�IRUPDWLRQ�RI�IDQQLQJ
EHHV�RQ�WKH�ODQGLQJ�SODWIRUP�RI�WKH�H[SHULPHQWDO�KLYH�UHYHDOV�WKH�FRROLQJ
HIIHFW�RQ�WKH�VXUURXQGLQJ�DLU��7KH�FDPHUD�UHFRUGV�EOXH�UHJLRQV��EOXH� �FRRO�
VXUURXQGLQJ�HDFK�EHH��:LWK�LQFUHDVLQJ�QXPEHUV�RI�YHQWLODWRU�EHHV�WKH�EOXH
SDWFKHV�DURXQG�WKHP�PHUJH�WR�EHFRPH�D�ODUJH�FRROHG�DUHD�



9HQWLODWRU�EHHV�RQ�WKH�ODQGLQJ�SODWIRUP�RXWVLGH�WKH�HQWUDQFH�WR�WKH�+2%26�EHH�FRORQ\�GXULQJ
D�SHDN�KLYH�WHPSHUDWXUH���3KRWR��6�.HQQHG\��+2%26�7HDP�

%XW�KRZ�GRHV�WKH�FRRO�DLU�VXUURXQGLQJ�WKH�IDQQLQJ�EHHV�JHW�LQWR�WKH�KLYH
ZKLFK�LV�FRPSOHWHO\�FORVHG�DSDUW�IURP�WKH�RQH�VPDOO�HQWUDQFH"�7KH
IROORZLQJ�PRGHO�KDV�EHHQ�SURSRVHG��7KH�IDQQLQJ�EHHV�GR�QRW�ZRUN�ZLWKRXW
SDXVH��LQVWHDG�WKH\�FDUU\�RXW�FR�FRRUGLQDWHG�F\FOHV�RI�DFWLYLW\�DOWHUQDWLQJ
ZLWK�UHVW�SHULRGV��7KLV�OHDGV�WR�D�VRUW�RI�³EUHDWKLQJ´�RI�WKH�HQWLUH�KLYH��+RW
DLU�LQ�WKH�KLYH�ULVHV��WKH�YHQWLODWRU�EHHV�ZRUN�DJDLQVW�WKH�DLU�FXUUHQW�LQ�WKH
KLYH�GUDZ�DLU�RXW�RI�WKH�KLYH��:KHQ�WKH\�DOO�VWRS�IDQQLQJ��ZDUP�DLU�LQ�WKH
KLYH�ULVHV�DJDLQ�GUDZLQJ�WKH�IUHVK�FRROHG�DLU�LQ�IURP�WKH�RXWVLGH�DQG�XS
EHWZHHQ�WKH�FRPEV��$FFRUGLQJ�WR�WKLV�K\SRWKHVLV�WKH�EHH�FRORQ\�±�OLNH�RXU
OXQJV�±�HPSWLHV�DQG�ILOOV��H[KDOLQJ�GXULQJ�IDQQLQJ�DQG�LQKDOLQJ�GXULQJ
EUHDNV��0HDVXUHPHQWV�RI�DLU�FXUUHQWV�ZLWKLQ�WKH�SDVVDJHV�EHWZHHQ�WKH
FRPEV�ZLOO�VKRZ�LI�WKH�K\SRWKHVLV�KROGV�

'DWD�IURP�+2%26��DYDLODEOH�WR�DOO�DW�DQ\WLPH��SHUPLW�D�VWXG\�RI�WKH�SDWWHUQ
IRUPDWLRQ�RI�YHQWLODWRU�EHHV�RQ�WKH�ODQGLQJ�SODWIRUP�DQG�WKHLU�EHKDYLRXU�
+RZ�ORQJ�ZLOO�D�EHH�FRQWLQXH�WR�IDQ"�'RHV�VKH�FKDQJH�KHU�ORFDWLRQ�RU
DOZD\V�VWD\�LQ�WKH�VDPH�SODFH"�:KHQ�GRHV�VKH�EHJLQ�DQG�HQG�KHU�DFWLYLW\"



7KH�QXPEHU�RI�DFWLYH�EHHV�FKDQJHV�DSSURSULDWHO\��WKH�ZDUPHU�LW�LV�WKH�PRUH
WKHUH�DUH�WKDW�YHQWLODWH��+RZ�LV�WKH�UHVSRQVH�WR�WKH�SDUWLFXODU�QHHG
FRQWUROOHG"�7KH�VHFUHW�OLHV�LQ�WKH�GLIIHUHQW�VHQVLWLYLWLHV�RI�LQGLYLGXDO�EHHV�
6WLPXOL�WR�ZKLFK�EHHV�UHVSRQG�PXVW�EH�SHUFHLYHG�GLIIHUHQWO\�E\�GLIIHUHQW
LQGLYLGXDOV�WR�UHOHDVH�DFWLRQ�DW�GLIIHUHQW�LQWHQVLWLHV��7KHUH�DUH�H[WUHPHO\
VHQVLWLYH�DQG�LQVHQVLWLYH�LQGLYLGXDOV�DQG�DOO�JUDGHV�EHWZHHQ��7KH�EHH�FRORQ\
KDV�WKH�PDWLQJ�VWUDWHJ\�RI�WKH�TXHHQ�WR�WKDQN�IRU�WKLV�EURDG�UDQJH�RI
VHQVLWLYLWLHV��'XULQJ�KHU�PDWLQJ�IOLJKW�WKH�TXHHQ�PD\�SDLU�ZLWK�PRUH�WKDQ�D
GR]HQ�GURQHV��7KH�UHVXOW�LV�WKH�JDWKHUHG�SURJHQ\�RI�WKHVH�PDQ\�IDWKHUV�LQ�D
VLQJOH�QHVW��7KH�JHQHWLF�GLYHUVLW\�LQ�D�EHH�FRORQ\�LV�FRUUHVSRQGLQJO\�KLJK�

&RPELQLQJ�EHKDYLRXUDO�ELRORJ\�DQG�PRGHUQ�PROHFXODU�ELRORJ\�KDV
FRQILUPHG�WKDW�PXOWLSOH�IDWKHUV�EHVWRZ�D�FRQVLGHUDEOH�DGYDQWDJH�RQ�EHH
FRORQLHV��7R�EHJLQ�IDQQLQJ�EHKDYLRXU�ZKHQ�WKH�KLYH�KHDWV�XS��DQG�WR�HQG�LW�
KDV�GLIIHUHQW�WKUHVKROGV�IRU�WKH�GDXJKWHUV�RI�GLIIHUHQW�IDWKHUV��7KH�RYHUDOO
UHVXOW�LV�DQ�DSSURSULDWH�QXPEHU�RI�DFWLYHO\�IDQQLQJ�EHHV�QHFHVVDU\�WR
SUHYHQW�RYHUKHDWLQJ�RI�WKH�KLYH�DW�WKDW�SDUWLFXODU�WLPH��+RZ�GR�ZH�NQRZ
WKLV"�0RGHUQ�PROHFXODU�ELRORJ\�DOORZV�D�IDWKHUKRRG�WHVW�IRU�KRQH\EHHV��,Q�D
MRLQW�*HUPDQ�&KLQHVH�SURMHFW�ZLWK�6RQJNXQ�6X��D�WHFKQLTXH�KDV�EHHQ
GHYHORSHG�WR�GHWHUPLQH�WKH�IDWKHU�RI�D�ZRUNHU�EHH�ZLWKRXW�KDYLQJ�WR�WRXFK
KHU��7KH�ODUYDH�KDYH�WKH�VDPH�JHQHWLF�PDNHXS�DV�WKH�DGXOWV��6PDOO�DPRXQWV
RI�WKLV�JHQHWLF�PDWHULDO�DUH�SUHVHQW�LQ�WKH�ODUYDO�VNLQ�WKDW�LV�VKHG�GXULQJ
JURZWK�DQG�ZKLFK�LV�OHIW�EHKLQG�LQ�WKH�FHOO�ZKHQ�WKH�EHH�HPHUJHV�DV�D
\RXQJ�DGXOW��6KH�LV�LPPHGLDWHO\�ODEHOHG�ZLWK�D�GDE�RI�SDLQW�RU�DQ�5),'�FKLS
RQ�HPHUJHQFH�VR�WKDW�KHU�VXEVHTXHQW�EHKDYLRXU�FDQ�EH�REVHUYHG�DQG
UHFRUGHG��7KH�FKLS�FDUULHV�WKH�LQGLYLGXDO�LGHQWLILFDWLRQ�QXPEHU�RI�WKH�EHH
ZKLFK�FDQ�EH�GHWHFWHG�E\�DQ�HOHFWURQLF�UHDGHU�



$�JURXS�RI�ZRUNHU�EHHV�DW�DQ�DUWLILFLDO�IHHGHU��$OO�DUH�HTXLSSHG�ZLWK�DQ�5),'�FKLS�DQG�WKHLU
DFWLYLW\�FDQ�EH�LQGLYLGXDOO\�PRQLWRUHG���3KRWR��'U��&KULVWRII�6FKQHLGHU�

7KH�SDWHUQDO�OLQH�RI�WKH�PDUNHG�EHH�FDQ�EH�GHWHUPLQHG�IURP�WKH�ODUYDO�VNLQ
DQG�KHQFH�WKH�EHKDYLRXUDO�WHQGHQFLHV�FRUUHODWHG�ZLWK�WKH�KHUHGLWDU\�OLQH�

7KURXJK�WKHLU�DELOLW\�WR�SURGXFH�KHDW��EHHV�FDQ�VXUYLYH�ZLQWHUV�LQ�WHPSHUDWH
]RQHV�DQG�HYHQ�EHJLQ�HDUO\�ZLWK�EURRG�DW�IDLUO\�ORZ�H[WHUQDO�WHPSHUDWXUHV�
,Q�GHHSHVW�ZLQWHU�EHHV�JDWKHU�LQWR�D�WLJKW�FOXVWHU�DQG�UHPDLQ�PRWLRQOHVV�IRU
PRVW�RI�WKH�WLPH��/RQJ�WHUP�PHDVXUHPHQWV�IURP�WKH�VSDFHV�EHWZHHQ�WKH
FRPEV�RI�WKH�+2%26�KLYH�KDYH�EURXJKW�QHZ�LQVLJKWV�LQWR�WKH
RYHUZLQWHULQJ�ELRORJ\�RI�KRQH\EHHV��7KH�WHPSHUDWXUH�LQ�SDVVDJHV�EHWZHHQ
WKH�FRPEV�LV�PDLQWDLQHG�IRU�PRVW�RI�WKH�WLPH�DW�D�OHYHO�MXVW�DERYH�WKDW�DW
ZKLFK�WKH�EHHV�VWLIIHQ�DQG�EHORZ�ZKLFK�WKH\�ZRXOG�HYHQWXDOO\�GLH��7KH
ZLQWHU�FOXVWHU�KHDWV�WKH�QHVW�RYHU�F\FOHV�RI�VHYHUDO�GD\V��KROGLQJ�WKH
WHPSHUDWXUH�UDLVHG�RYHU�RQH�GD\�DQG�WKHQ�OHWWLQJ�LW�VLQN�EDFN�WR�WKH



SUHYLRXV�OHYHO��7KH�ZDUPLQJ�PD\�VHUYH�WR�VRIWHQ�WKH�VWRUHG�KRQH\�ZKLFK�DW
WKH�ORZHU�WHPSHUDWXUHV�LV�WRR�ILUP�WR�EH�WDNHQ�XS�E\�WKH�EHH
V�SURERVFLV�
2QFH�WKURXJK�WKH�ZLQWHU�WKH�FRORQ\�FDQ�EHJLQ�LWV�ZRUN�ZLWK�WKH�ILUVW�VSULQJ
IORZHUV�RXWVLGH�WKH�KLYH�

$�QHZ�+2%26�GLVFRYHU\��'XULQJ�ZLQWHU�DQ�XQGLVWXUEHG�EHH�FRORQ\�KHDWV�WKH�KLYH�LQ�F\FOHV
ODVWLQJ�VHYHUDO�GD\V�LQ�ZKLFK�WKH�WHPSHUDWXUH�LV�UDLVHG�DQG�WKHQ�DOORZHG�WR�VLQN�WR�D�YDOXH
MXVW�DERYH�WKH�OHYHO�DW�ZKLFK�EHHV�ZRXOG�EHFRPH�VWLII�DQG�PRWLRQOHVV���+2%26�GDWD�RI
-DQXDU\�DQG�)HEUXDU\�������



7KH�UHPDUNDEOH�DFKLHYHPHQWV�RI�D�EHH�FRORQ\�VXSHURUJDQLVP�HPHUJH�IURP
WKH�LQWHJUDWHG�DQG�FRRUGLQDWHG�DFWLYLW\�RI�DOO�WKH�LQGLYLGXDO�EHHV��(DFK�EHH
PXVW�GHFLGH�DW�HDFK�SRLQW�LQ�WLPH��DQG�IRU�HDFK�ORFDWLRQ��WR�EH�DFWLYH�RU�WR
MRLQ�WKH�³VLOHQW�UHVHUYH´��,I�VKH�GRHV�EHFRPH�DFWLYH�LW�KDV�WR�EH�FOHDU�ZKLFK
WDVN�LV�WR�EH�SHUIRUPHG��ZLWK�ZKDW�LQWHQVLW\�DQG�IRU�KRZ�ORQJ�

,I�DOO�WKH�ZRUNHUV�RI�D�FRORQ\�ZHUH�WR�FRPPXQLFDWH�VLJQDOV�RU�WR�UHVSRQG�WR
VWLPXOL�IURP�WKHLU�VXUURXQGLQJV�ZLWK�WKH�VDPH�ZLOOLQJQHVV�DQG�LQWHQVLW\��WKH
HQWLUH�FRORQ\�ZRXOG�EH�RSHUDWLQJ�RQ�DQ�³DOO�RU�QRWKLQJ´�SULQFLSOH�
$SSURSULDWHO\�JUDGHG�UHVSRQVHV�DQG�DFWLRQV�ZRXOG�QRW�RFFXU��7KH
IRXQGDWLRQ�IRU�WKH�KLJKO\�HIIHFWLYH�LQWHJUDWHG�EHKDYLRXU�ZLWKLQ�WKH�FRORQ\
LV�LWV�GLIIHUHQWLDWHG�VRFLDO�VWUXFWXUH��7R�EHJLQ�ZLWK��WKH�YDULRXV�WDVNV��RU
YRFDWLRQV�DUH�PRVWO\�FDUULHG�RXW�E\�EHHV�RI�SDUWLFXODU�DJHV�DFFRUGLQJ�WR�DQ
DJH�GHSHQGHQW�VHTXHQFH��6HFRQGO\��EHHV�RI�HDFK�SDUWLFXODU�YRFDWLRQDO�JURXS
VKRZ�GLIIHUHQFHV�LQ�WKHLU�UHDGLQHVV�WR�DFW��7KLV�DVSHFW�LV�H[DPLQHG�LQ�GHWDLO
LQ�WKLV�FKDSWHU�

7KH�GLIIHUHQW�YRFDWLRQ�ZLWK�ZKLFK�HDFK�EHH�LV�RFFXSLHG�DW�D�SDUWLFXODU
SHULRG�LQ�LWV�OLIH�DOORZV�D�EHH�FRORQ\�FRQWDLQLQJ�EHHV�RI�DOO�DJHV�WR�XQGHUWDNH
DOO�SRVVLEOH�WDVNV�LQ�SDUDOOHO��%XLOGHU�EHHV��QXUVH�EHHV��KHDWHU�EHHV�DQG�VHQWU\
EHHV�DUH�VHYHUDO�H[DPSOHV�RI�WKH�YRFDWLRQV�WKDW�DUH�SHUIRUPHG�IRU�SHULRGV�LQ
WKH�OLIH�RI�D�ZRUNHU�EHH�

&DUHIXO�PLFUR�EHKDYLRXUDO�UHVHDUFK�WKDW�LQFOXGHV�DOO�SHUFHSWLEOH�GHWDLOV�RI
EHKDYLRXU�RI�D�SDUWLFXODU�LQGLYLGXDO�EHH��DQG�WKH�DSSOLFDWLRQ�RI�PRGHUQ
WHFKQRORJ\�FRQWLQXH�WR�OHDG�WR�WKH�GLVFRYHU\�RI�SUHYLRXVO\�XQNQRZQ



YRFDWLRQV�VXFK�DV�WKH�KHDWHU�EHHV�GHVFULEHG�LQ�&KDSWHUV���DQG����DQG�ILOOLQJ
VWDWLRQ�EHHV��+HDWHU�EHHV�ZDUP�SXSDH�LQ�WKH�EURRG�FHOOV��KHDW�QHFWDU�WR
UHPRYH�ZDWHU�GXULQJ�LWV�FRQYHUVLRQ�WR�KRQH\��KHDW�ZD[�GXULQJ�WKH
IRUPDWLRQ�RI�FRPE�FHOOV�RU�NLOO�ZDVSV�WKDW�HQWHU�WKH�QHVW�E\�RYHUKHDWLQJ
WKHP��%DUUHWW�.OHLQ�RI�WKH�+2%26�7HDP�KDV�SURGXFHG�D�VPDOO�PRYLH�ZKLFK
LPSUHVVLYHO\�GRFXPHQWV�WKH�PDQ\�GLIIHUHQW�DSSOLFDWLRQV�RI�KRQH\EHH
KHDWLQJ��VHH�GHWDLOV�LQ�WKH�$SSHQGL[���)LOOLQJ�VWDWLRQ�EHHV�VHDUFK�DFURVV�WKH
FRPE�IRU�H[KDXVWHG�KHDWHU�EHHV�ZKRVH�HQHUJ\�UHVHUYHV��DIWHU����PLQXWHV�RI
KHDWLQJ��DUH�GHSOHWHG��7KH\�WKHQ�SURYLGH�WKH�KHDWHU�EHHV�ZLWK�KRQH\�VR�WKDW
WKH\�FDQ�LPPHGLDWHO\�UHVXPH�WKHLU�WDVNV�

%HHV�DUH�QRW�DOZD\V�EXV\��7KH\�DOVR�VOHHS��7KH�*HUPDQ�EHH�UHVHDUFKHU�
:DOWHU�.DLVHU�DQG�WKH�$PHULFDQ�%DUUHWW�.OHLQ�DUH�SLRQHHUV�LQ�WKH�VWXG\�RI
VOHHS�EHKDYLRXU�LQ�EHHV��.DLVHU�ZDV�WKH�ILUVW�WR�GHVFULEH�VOHHSLQJ�EHKDYLRXU
LQ�EHHV�DQG�VWXGLHG�LWV�SK\VLRORJ\��7KH�REVHUYDWLRQ�RI�VOHHS�LQ�EHHV�ZDV�WKH
ILUVW�WLPH�WKDW�VXFK�EHKDYLRXU�KDG�HYHU�EHHQ�UHSRUWHG�IRU�LQVHFWV��%DUUHWW
.OHLQ�IROORZHG�LQ�.DLVHU
V�IRRWVWHSV�DQG�UHVHDUFKHG�PDQ\�GHWDLOHG�TXHVWLRQV
UHODWLQJ�WR�VOHHS�LQ�EHHV��VRPH�RI�ZKLFK�KH�KDV�DOUHDG\�DQVZHUHG��:KLFK
EHHV�VOHHS"�:KHUH�GR�WKH\�VOHHS�LQ�WKH�KLYH"�)RU�KRZ�ORQJ�GR�WKH\�VOHHS"
:KDW��LI�DQ\��DGYDQWDJHV�DFFUXH�IURP�VOHHSLQJ"�7KH�UHVHDUFKHUV��WKHPVHOYHV
ZLWKRXW�VOHHS��FRXOG�KDYH�ZHOO�EHHQ�HQYLRXV�RI�WKH�VOHHSLQJ�EHHV�WKH\
REVHUYHG�DURXQG�WKH�FORFN�IRU�VHYHUDO�GD\V�



7KHUPRLPDJHV�PDNH�LW�FOHDU�WR�VHH��7KH�VOHHSLQJ�EHH�KDQJLQJ�PRWLRQOHVV�RQ�WKH�FRPE��OHIW�
KDV�DGRSWHG�WKH�VDPH�WHPSHUDWXUH�DV�KHU�VXUURXQGLQJV���3KRWR��%��.OHLQ�

:DOWHU�.DLVHU��OHIW��DQG�%DUUHWW�.OHLQ�ZLWK�DQ�REVHUYDWLRQ�KLYH�WKH\�DUH�XVLQJ�ZLWK�D
WKHUPRFDPHUD�WR�VWXG\�VOHHSLQJ�EHHV���3KRWR��0��6WLHJOHU�

)RU�PRVW�DFWLYLWLHV�LQ�WKH�KLYH�LW�LV�LPSRUWDQW�WKDW�WKH�H[SHQGHG�HIIRUW
SUHFLVHO\�PDWFKHV�WKH�QHHG��,I�WKHUH�LV�D�VKRUWDJH�RI�SROOHQ�LQ�WKH�KLYH�WKLV
PXVW�EH�PHW�E\�KDUYHVWLQJ�DV�PXFK�SROOHQ�QHHGHG�WR�EDODQFH�WKH�GHILFLW�
QHLWKHU�PRUH�QRU�OHVV��$Q�DSSURSULDWH�HIIRUW�FRXOG�EH�DFKLHYHG�E\�D�IL[HG



QXPEHU�RI�EHHV�ZKR�DUH�PRUH�RU�OHVV�DFWLYH�GHSHQGLQJ�RQ�WKH�QHHG��7KH
H[SHQGHG�HIIRUW�FRXOG�DOVR�EH�UHJXODWHG�E\�DOWHULQJ�WKH�WRWDO�QXPEHU�RI�EHHV
WKDW�DUH�DOO�ZRUNLQJ�ZLWK�WKH�VDPH�LQWHQVLW\��,Q�IDFW�LQ�WXUQV�RXW�WKDW�LW�LV
WKH�QXPEHU�RI�EHHV�EXV\�ZLWK�D�VSHFLILF�WDVN�WKDW�FKDQJHV�ZLWK�QHHG��7KH
PRVW�IDPRXV�H[DPSOH�KHUH�LV�WKH�UHFUXLWPHQW�RI�IRUDJHU�EHHV�WR�D�VSHFLILF
IHHGLQJ�VLWH�WKURXJK�WKH�³GDQFH�ODQJXDJH´�

6LQJOH�IRUDJHU�EHHV�DUH�LQGLYLGXDOO\�QRW�VR�YHU\�KDUG�ZRUNLQJ��LW�LV�WKH
FRORQ\�DV�D�ZKROH�WKDW�UHSUHVHQWV�LQGXVWULRXVQHVV�

7KH�IRUDJLQJ�GLOLJHQFH�RI�HDFK�LQGLYLGXDO�EHH�FDQ�EH�GHWHFWHG�E\�HTXLSSLQJ
HDFK�ZLWK�D�VPDOO�5),'�PLFURFKLS�ZKLFK�FRQWDLQV�LWV�RZQ�SHUVRQDO
LGHQWLILFDWLRQ�QXPEHU��$Q�HOHFWURQLF�UHDGHU�DW�WKH�HQWUDQFH�WR�WKH�KLYH
UHFRUGV�WKH�GHSDUWXUH�DQG�WKH�UHWXUQ�WLPHV�RI�HDFK�LQGLYLGXDO�DQG�VR�WKH
QXPEHU�RI�IRUDJLQJ�IOLJKWV�FDQ�EH�GRFXPHQWHG�

$�ZRUNHU�EHH�HTXLSSHG�ZLWK�DQ�5),'�FKLS�RQ�ZKLFK�KHU�LQGLYLGXDO�LGHQWLW\�QXPEHU�LV



UHFRUGHG���3KRWR��+�5��+HLOPDQQ�

)RUDJHU�EHHV�HTXLSSHG�ZLWK�5),'�FKLSV�DUH�DXWRPDWLFDOO\�UHJLVWHUHG�E\�WZR�VHQVRUV����DQG���
DWWDFKHG�WR�D�UHDGHU��/��ZKHQ�WKH\�OHDYH�RU�UHWXUQ�WR�WKH�KLYH�

)RUDJHUV�WKDW�KDYH�IRXQG�DQ�DWWUDFWLYH�IHHGLQJ�VLWH�GR�QRW�FROOHFW�PRUH
LQWHQVLYHO\��QRU�GR�WKH\�IO\�PRUH�RIWHQ�VR�DV�WR�LQFUHDVH�WKH�KDUYHVW��,QVWHDG
WKH\�UHFUXLW�PRUH�ZRUNHUV�IURP�WKH�KLYH��7KH�EHH�GDQFHV�VHUYH�WKLV�SXUSRVH�

7KH�LQJHQLRXV�EHH�UHVHDUFKHU��.DUO�YRQ�)ULVFK�ZDV�KRQRXUHG�LQ������ZLWK
WKH�1REHO�3UL]H�IRU�KLV�ZRUN�RQ�KRQH\EHHV��9RQ�)ULVFK�PHDVXUHG�DQG



GHVFULEHG�WKH�GDQFHV�RI�EHHV�LQ�DQ�REVHUYDWLRQ�KLYH�ZLWK�D�VWRS�ZDWFK�DQG�D
SURWUDFWRU��7KH�VWRS�ZDWFK�ZDV�VHW�JRLQJ�IRU����VHFRQGV�DQG�WKH�QXPEHU�RI
GDQFH�F\FOHV�ZDV�FRXQWHG�RYHU�WKLV�LQWHUYDO��9RQ�)ULVFK�QRWLFHG�WKDW�GXULQJ
WKH�GDQFH��ZKLFK�DSSUR[LPDWHV�D�ILJXUH����WKH�FHQWUDO�WUDFN�DORQJ�ZKLFK�WKH
EHHV�³ZDJJOH´�WKHLU�DEGRPHQV��ZDV�FRQVLVWHQWO\�DOLJQHG�LQ�D�SDUWLFXODU
GLUHFWLRQ��+H�SODFHG�D�SURWUDFWRU�RYHU�WKH�JODVV�ZLQGRZ�LQ�WKH�REVHUYDWLRQ
KLYH�DQG�PHDVXUHG�WKH�DQJXODU�GLUHFWLRQ�RI�WKH�ZDJJOH�SKDVH�LQ�UHODWLRQ�WR
WKH�YHUWLFDO�

+H�DOVR�QRWLFHG�WKDW�WKH�UHFRUGHG�QXPEHU�RI�F\FOHV�RI�WKH�GDQFH�FKDQJHG
ZLWK�WKH�GLVWDQFH�WR�WKH�IHHGLQJ�VLWH��7KLV�ZDV�WKH�ILUVW�LQGLFDWLRQ�WKDW�WKH
GDQFH�FRXOG�KDYH�VRPHWKLQJ�WR�GR�ZLWK�WKH�UHFUXLWPHQW�RI�QHZ�IRUDJHUV�
1HYHUWKHOHVV��HYHQ�ZLWK�WKHVH�VLPSOH�PHWKRGV�DQG�HDUO\�PHDVXUHPHQWV�LW
ZDV�HYLGHQW�WKDW�VLJQLILFDQW�GLIIHUHQFHV�LQ�WKH�GHWDLOV�RI�WKH�GDQFH�RFFXUUHG
DOWKRXJK�GLVWDQFHV�WR�WKH�IHHGLQJ�VLWHV�ZHUH�LGHQWLFDO�

6LJQLILFDQW�GLIIHUHQFHV�LQ�WKH�DQJXODU�GLUHFWLRQ�RI�WKH�ZDJJOH�SKDVH�RI�WKH
GDQFH�ZHUH�DOVR�PHDVXUHG�IRU�WKH�VDPH�IHHGLQJ�VLWHV��7KHVH�ZHUH�QRW�UHODWHG
WR�V\VWHPDWLF�FKDQJHV�LQ�WKH�DQJOH�WKDW�DFFRPSDQLHG�WKH�WLPH�RI�GD\�DQG
SRVLWLRQ�RI�WKH�VXQ��,QVWHDG�WKHVH�DEHUUDWLRQV�LQ�DQJXODU�GLUHFWLRQ�RFFXUUHG
EHWZHHQ�GDQFHV�WKDW�LPPHGLDWHO\�IROORZHG�RQH�DQRWKHU��'HVSLWH�WKHVH
YDULDWLRQV�H[SHULHQFHG�E\�UHFUXLWV�ZLWKLQ�WKH�GDUN�KLYH��YRQ�)ULVFK�DQG�KLV
FROODERUDWRUV�IRXQG�WKDW�QRW�RQO\�H[SHULHQFHG�EHHV�EXW�DOVR�WKH�QHZO\
UHFUXLWHG�IROORZHUV�DOO�WXUQHG�XS�DW�WKH�FRUUHFW�ORFDWLRQ�

9RQ�)ULVFK��MXVWLILDEO\�DPD]HG�ZURWH�LQ�D�SXEOLFDWLRQ�LQ�������³7KH�EHHV
GLVSDWFKHG�IURP�WKH�KLYH�IO\�WR�WKH�JRDO�ZLWK�D�JUHDWHU�DFFXUDF\�WKDQ�ZRXOG
EH�H[SHFWHG�IURP�WKH�YDULDELOLW\�RI�WKH�VLQJOH�GDQFH�WLPHV��YRQ�)ULVFK�DQG
-DQGHU������S�����>RQH�PXVW�DGG��DQG�IURP�WKH�YDULDELOLW\�RI�WKH�GLUHFWLRQ
LQGLFDWHG�E\�WKH�VLQJOH�ZDJJOH�GDQFH�UXQV�±�DXWK@��9RQ�)ULVFK�ZDV�QRW�RQO\
WKH�ILUVW�WR�PHDVXUH�WKH�DQJXODU�GLUHFWLRQ�RI�WKH�EHH�GDQFHV�ZLWKLQ�WKH
WHFKQLFDO�SRVVLELOLWLHV�RI�KLV�WLPH��EXW�DOVR�WKH�ILUVW�WR�UHDOL]H�WKDW�KLV�GDWD



SUHVHQWHG�D�SUREOHP��+RZ�FDQ�DQ�LPSUHFLVH�LQSXW��WKH�GDQFHV��OHDG�WR�D
SUHFLVH�RXWSXW��WKH�DUULYDO�RI�WKH�UHFUXLWV�DW�WKH�IHHGLQJ�VLWH��"

9RQ�)ULVFK�IRUPXODWHG�D�SRVVLEOH�VROXWLRQ�WR�WKLV�SX]]OH��,Q�WKH�VDPH
SXEOLFDWLRQ��9RQ�)ULVFK�DQG�-DQGHU������S�����KH�ZURWH�³2QH�FDQ�GHGXFH
WKDW�WKH�GDQFH�IROORZHUV�DUH�DYHUDJLQJ�PDQ\�LQGLYLGXDO�YDOXHV´��)URP�D
SXUHO\�VWDWLVWLFDO�SRLQW�RI�YLHZ�WKLV�LV�KLJKO\�SODXVLEOH��6HFWRU�VWDWLVWLFV��D
VSHFLDO�DUHD�WKDW�FRQFHUQV�WKH�GLVWULEXWLRQ�RI�GLUHFWLRQV�SURSRVHV�WKH
IROORZLQJ��,I�D�PDUNVPDQ�ILUHV�ILYH�WLPHV�DQG�PLVVHV�WKH�WDUJHW�PRUH�RU�OHVV
WR�WKH�ULJKW�DQG�WKH�VDPH�QXPEHU�RI�WLPHV�WR�WKH�OHIW��VHFWRU�VWDWLVWLFV
SURYLGHV�DQ�DYHUDJH�RI�D�GLUHFW�KLW��WKDW�LQ�IDFW�QHYHU�KDSSHQV���7KH
GLUHFWLRQDO�LQIRUPDWLRQ�LQ�WKH�GDQFH�FRXOG�WKHUHIRUH��SXUHO\�VWDWLVWLFDOO\�
LQGLFDWH�WKH�FRUUHFW�GLUHFWLRQ�RI�WKH�JRDO�

7KH�VXJJHVWLRQ�WKDW�WKH�GDQFHV�DUH�DYHUDJHG�SURYLGHV�WR�WKLV�GD\�WKH�EDVLV
IRU�WKH�WKLQNLQJ�DQG�DUJXPHQWV�RI�PDQ\�EHH�UHVHDUFKHUV�DOWKRXJK�XQWLO�QRZ
WKLV�KDV�QRW�EHHQ�VXSSRUWHG�E\�H[SHULPHQWDO�HYLGHQFH��2Q�WKH�FRQWUDU\�
PHDVXUHPHQWV�RI�PDQ\�GDQFHV�VKRZ�WKDW�VXFK�DYHUDJLQJ�GRHV�QRW�OHDG�WR
WKH�VDWLVIDFWRU\�SUHFLVLRQ�

:LWK�LQILQLWH�SDWLHQFH��WKH�$UJHQWLQHDQ�ELRORJLVW�5RGULJR�GH�0DUFR��D
VWXGHQW�RI�WKH�UHQRZQHG�EHH�UHVHDUFKHU�-RVXH�1XQH]�DQG�ZRUNLQJ�LQ
5DQGROI�0HQ]HO
V�JURXS�LQ�%HUOLQ��DQDO\]HG�RYHU������GDQFH�SDWKV�RI�PRUH
WKDQ����GDQFHUV�WKDW�DOO�GDQFHG�RQ�D�FRPE�DIWHU�D�IOLJKW�RI�����PHWHUV�WR�WKH
VDPH�JRDO��+H�GHWHUPLQHG�WKH�DYHUDJH�DQJOH�RI�WKH�GDQFH�LQ�UHODWLRQ�WR�WKH
YHUWLFDO��DQG�WKH�GXUDWLRQ�RI�WKH�ZDJJOH�SKDVH��+H�WKHQ�FDOFXODWHG�D�YHFWRU
WKDW�LQGLFDWHG�WKH�ORFDWLRQ�RI�D�SRLQW�LQ�WKH�ILHOG�



5RGULJR�GH�0DUFR��ULJKW��GLVFXVVLQJ�D�EHH�H[SHULPHQW�ZLWK�KLV�PHQWRU�-RVXH�1XQH]���3KRWR�
$��6FKXPDQQ�

0HUHO\�����RI�DOO�GDQFHV�SURYLGHG�D�JRDO�WKDW�OD\�ZLWKLQ�D�UDGLXV�RI���
PHWHUV�RI�WKH�IHHGLQJ�VLWH������RI�WKH�GDQFHV�LQGLFDWHG�D�ORFDWLRQ�ZLWKLQ�D
UDGLXV�RI�����PHWHUV�DURXQG�WKH�JRDO��7KH�DUHD�RI�����FHUWDLQW\�KDG�D
GLDPHWHU�RI�����PHWHUV�ZKLFK�ZDV�FRQVLGHUDEO\�ODUJHU�WKDQ�WKH�����PHWHU
IOLJKW�SDWK�EHWZHHQ�WKH�KLYH�DQG�WKH�IHHGHU�



7KH�OLQH�HQFORVHV�WKH�DUHD�LQGLFDWHG�E\�����RI�DOO�GDQFHV�RI�EHHV�WUDLQHG�WR�WKH�IHHGLQJ�VLWH�DW
)�DQG�ZKR�GDQFHG�LQ�WKH�KLYH�DW�+���$IWHU�GH�0DUFR�HW�DO���������

7LP�/DQGJUDI�ZLWK�D�KLJKO\�FRPSOH[�H[SHULPHQWDO�VHW�XS�XVHG�WR�SUHFLVHO\�UHFRUG�EHH�GDQFH



PRYHPHQWV���3KRWR��6��3UDPPH�

$��DQ�HOHFWURQLFDOO\�UHFRUGHG�LPDJH�RI�GDQFH�PRYHPHQWV�RI�WZR�VHTXHQWLDO�ZDJJOH�SKDVHV�RI
D�EHH�DGYHUWLVLQJ�D�IHHGLQJ�VLWH�����PHWHUV�DZD\��%��D�JUDSKLF�UHSUHVHQWDWLRQ�RI�WKH�GDQFH
IUHTXHQWO\�IRXQG�LQ�]RRORJ\�WH[WV�DQG�VFKRRO�ERRNV�DQG�LQ�ZKLFK�WKH�ZDJJOH�SKDVH�LV
DEVWUDFWHG�DV�D�VHULHV�RI�VLQH�ZDYHV�

:KLOH�9RQ�)ULVFK�ZRXOG�KDYH�DJDLQ�EHHQ�SX]]OHG�E\�WKH�DFFXUDF\�RI�WKH
UHFUXLWV�KDG�KH�NQRZQ�DERXW�GH�0DUFR
V�DQDO\VLV��KH�ZRXOG�KDYH�EHHQ�HYHQ
PRUH�LQWULJXHG�E\�WKH�UHVXOWV�RI�WKH�%HUOLQ�PDWKHPDWLFLDQ�DQG�FRPSXWHU
H[SHUW��7LP�/DQGJUDI�ZKR�DQDO\]HG�SUHFLVH�YLGHR�UHFRUGLQJV�RI�WKH�H[DFW
SDWKV�RI�GDQFHUV�ZLWK�D�VSHFLDO�FRPSXWHU�SURJUDP��/DQGJUDI�IRXQG�WKDW�WKH
DFWXDO�PRYHPHQW�SDWWHUQ�RI�GDQFLQJ�EHHV�GLIIHUV�VLJQLILFDQWO\�IURP�WKH
LGHDOL]HG�VLQH�ZDYH�VHHQ�LQ�WKH�XVXDO�JUDSKLF�GHVFULSWLRQV��,W�ZDV
LPPHGLDWHO\�FOHDU�WKDW�KXPDQ�REVHUYHUV�KDYH�VXEMHFWLYHO\�LQWHUSUHWHG�WKH
PRWLRQV�RI�WKH�EHH��:KHUH�LV�WKH�GLUHFWLRQDO�LQIRUPDWLRQ��WKH�DQJOH�LQ
UHODWLRQ�WR�WKH�YHUWLFDO��LQ�WKH�ILJXUHV�UHFRUGHG�E\�/DQGJUDI��DQG�ZKHUH�WKH
LQIRUPDWLRQ�DERXW�GLVWDQFH��WKH�GXUDWLRQ�RI�WKH�GDQFH�"�:KHUH�GRHV�WKH
ZDJJOH�SKDVH�EHJLQ"�:KHUH��H[DFWO\��GRHV�LW�HQG"�:KLFK�YDOXH�FDQ�EH�WDNHQ



DV�WKH�LQGLFDWHG�DQJOH��WKDW�IURP�WKH�ILUVW�URXQG�RU�WKH�ODVW�URXQG��IURP�WKH
DYHUDJH�RI�DOO"

$�YDULHW\�RI�SUREOHPV�FDQ�EH�DGGHG�WR�WKHVH�TXHVWLRQV��7KH�OHQJWK�RI�WKH
ZDJJOH�SKDVH�LQFUHDVHV�OHVV�DQG�OHVV�IRU�D�JUHDWHU�VHSDUDWLRQ�EHWZHHQ�WKH
KLYH�DQG�WKH�IHHGLQJ�VLWH�DQG�VR�EHFRPHV�HYHU�PRUH�LQDFFXUDWH�DV�DQ
LQGLFDWRU�RI�GLVWDQFH��7KLV�ZRXOG�VHHP�WR�EH�IDWDO��EHFDXVH�LW�LV�SUHFLVHO\
WKRVH�IHHGLQJ�VLWHV�IDU�IURP�WKH�KLYH��IRU�ZKLFK�DFFXUDWH�LQIRUPDWLRQ�LV
HVVHQWLDO�LQ�RUGHU�WR�ILQG�WKHP��)XUWKHUPRUH��WKH�OHQJWK�RI�WKH�ZDJJOH�SKDVH
LV�DOVR�GHSHQGHQW�RQ�WKH�QDWXUH�RI�WKH�ODQGVFDSH�RYHU�ZKLFK�WKH�EHH�IOLHV�
7KH�RGRPHWHU�RI�EHHV�LV�EDVHG�RQ�RSWLFDO�IORZ��ZKLFK�LV�WKH�PRYHPHQW�RI
LPDJHV�RYHU�WKH�VXUIDFH�RI�WKH�H\H�FUHDWHG�E\�WKH�SDVVLQJ�ODQGVFDSH��7KLV�LV
GHSHQGHQW�RQ�WKH�VWUXFWXUH�RI�WKH�VXUURXQGLQJV�WKURXJK�ZKLFK�WKH�EHHV�IO\
DQG�VR�LV�UHODWLYH�LQ�WKH�WUXH�VHQVH�RI�WKH�ZRUG�DQG�RQO\�KHOSIXO�DV�D�URXJK
LQGLFDWLRQ�RI�WKH�GLVWDQFH�WUDYHOOHG��$W�OHDVW�IRU�KXPDQ�REVHUYHUV�EXW
DSSDUHQWO\�QRW�IRU�VXFFHVVIXO�IROORZHU�EHHV�

'HFLVLYH�EUHDNWKURXJKV�WR�QHZ�FRQFHSWV�LQ�WKH�UHVHDUFK�RI�WKH�GDQFH
FRPPXQLFDWLRQ�ZHUH�DFKLHYHG�WKURXJK�ERWK�ORZ��DQG�KLJK�WHFK
DSSURDFKHV��7KH�ORZ�WHFK�DSSURDFK�UHTXLUHG�YLUWXDOO\�QR�UHVHDUFK�IXQGLQJ
EXW�QHYHUWKHOHVV�UHVXOWHG�LQ�IURQW�SDJH�DUWLFOHV�LQ�WKH�H[FOXVLYH�MRXUQDOV�
6FLHQFH�DQG�1DWXUH�

7KH�IROORZLQJ�VWRU\�DERXW�WKH�GHYHORSPHQW�RI�WXQQHO�H[SHULPHQWV�LQ
UHVHDUFKLQJ�GLVWDQFH�PHDVXUHPHQWV�E\�KRQH\EHHV�LV�SUHVHQWHG�KHUH�EHFDXVH
LW�H[HPSOLILHV�KRZ�FKDQFH�FDQ�RIWHQ�SOD\�DQ�LPSRUWDQW�UROH�LQ
EUHDNWKURXJKV�LQ�6FLHQFH�
)URP�DQ�HDUOLHU�UHVHDUFK�YLVLW�WR�WKH�$XVWUDOLDQ�1DWLRQDO�8QLYHUVLW\�LQ



&DQEHUUD�DV�D�JXHVW�RI�3URIHVVRUV�0DQGD\DP�6ULQLYDVDQ�DQG�6KDRZX�=KDQJ��,
ZDV�DZDUH�RI�WKHLU�H[SHULPHQWV�LQ�ZKLFK�EHHV�ZHUH�PDGH�WR�IO\�WKURXJK
WXQQHOV�ZLWK�RSWLFDOO\�SDWWHUQHG�ZDOOV��7KH\�ZDQWHG�WR�HVWDEOLVK�KRZ�SUHFLVHO\
EHHV�LQ�WKH�WXQQHOV�FRXOG�UHFRJQL]H�ORFDWLRQV�ZKHUH�WKH\�KDG�EHHQ�UHZDUGHG
ZLWK�IRRG��,�ZDV�DOVR�DZDUH�RI�WKH�ROGHU�ZRUN�RI�WKH�*HUPDQ�]RRORJLVW�+DUDOG
(VFK��(VFK�DQG�KLV�FROODERUDWRUV�SURYLGHG�WKH�ILUVW�HYLGHQFH�WKDW�EHHV�GR�QRW
PHDVXUH�GLVWDQFH�DV�ILUVW�VXSSRVHG��WKURXJK�WKH�FRQVXPSWLRQ�RI�HQHUJ\��EXW
LQVWHDG�IURP�RSWLFDO�IORZ��(VFK�FRPSDUHG�WKH�ZDJJOH�SDWK�RI�GDQFLQJ�EHHV
ZKLFK�IOHZ�EHWZHHQ�WKH�URRIV�RI�WZR�WDOO�EXLOGLQJV��ZLWK�WKDW�RI�EHHV�ZKLFK
FRYHUHG�WKH�VDPH�GLVWDQFH�FORVH�WR�WKH�JURXQG��+H�IRXQG�WKDW�WKH�KLJKHU�WKH
IOLJKW�SDWKV�ZHUH�DERYH�WKH�JURXQG��WKH�VKRUWHU�ZHUH�WKH�ZDJJOH�SDWKV�RI�WKH
GDQFHV��7KH�ZD\�LW�LV�ZLWK�LGHDV��D�TXHVWLRQ�VXGGHQO\�RFFXUUHG�WR�PH��'R�WXQQHO
IO\LQJ�EHHV�GDQFH��DQG�LI�WKH\�GR��FRXOG�P\�$XVWUDOLDQ�FROOHDJXHV�PHDVXUH
WKHVH�GDQFH"�,I�RSWLFDO�IORZ�SURYLGHV�IUHH�IO\LQJ�EHHV�ZLWK�LQIRUPDWLRQ�DERXW
WKH�GLVWDQFH�WKH\�KDYH�IORZQ�DQG�WKH�GDQFHV�PLUURU�WKH�VXEMHFWLYH�LPSUHVVLRQV
RI�WKH�EHH��ZKDW�DUH�WKHVH�LQ�WKH�H[WUHPH�RSWLFDO�IORZ�FRQGLWLRQV�RI�WKH�WXQQHOV"
,Q�WKH�ILUVW�WHOHSKRQH�FRQYHUVDWLRQV�ZLWK�&DQEHUUD�WKH�TXHVWLRQV�DURVH��,V�VXFK
DQ�REVHUYDWLRQ�SRVVLEOH"�+RZ�GRHV�RQH�PHDVXUH�WKH�ZDJJOH�SKDVH�RI�WKH�GDQFH"
:KDW�GRHV�RQH�QHHG�WR�GR�WKLV"�,�KDG�OHDUQHG�\HDUV�EHIRUH�IURP�0DUWLQ
/LQGDXHU�KRZ�WR�HPSOR\�REVHUYDWLRQ�KLYHV�DQG�VR�,�ZDV�DEOH�WR�SDVV�WKLV
LQIRUPDWLRQ�RQ�WR�WKH�&DQEHUUD�FROOHDJXHV��7R�DFFHOHUDWH�SURJUHVV�,
FRPPLVVLRQHG�RXU�RZQ�EHHNHHSHU�DQG�FDELQHW�PDNHU��+HLQULFK�'HPHO��WR�EXLOG
D�QHZ�REVHUYDWLRQ�KLYH�IURP�GHVFULSWLRQV�RI�WKH�RULJLQDO�PRGHO�XVHG�E\�.DUO
YRQ�)ULVFK��7KLV�ZDV�FRQVWUXFWHG��SDFNHG�DQG�VKLSSHG�IURP�:XHU]EXUJ�WR
&DQEHUUD��0RQLND�$OWZHLQ�ZDV�SHUVXDGHG�WR�XQGHUWDNH�WKH�WDVN�RI�LQLWLDWLQJ
WKH�&DQEHUUD�FROOHDJXHV�LQ�WKH�XVH�RI�WKH�REVHUYDWLRQ�KLYH�DQG�WKH
PHDVXUHPHQW�RI�WKH�GDQFH�SDUDPHWHUV�LQ�WKH�WUDGLWLRQ�RI�YRQ�)ULVFK�DQG
/LQGDXHU��6KH�GXO\�IROORZHG�WKH�REVHUYDWLRQ�KLYH�WR�&DQEHUUD�LQ�WKH�VSULQJ�RI
������7KH�*HUPDQ�$XVWUDOLDQ�FROODERUDWLRQ�HYHQWXDWHG�LQ�DQ�XQHTXLYRFDO
FRQILUPDWLRQ�RI�WKH�LGHDV�RI�+DUDOG�(VFK�DQG�SURYLGHG�WKH�ILUVW�TXDQWLWDWLYH
GDWD�UHODWLQJ�WR�WKH�RSWLFDO�IORZ�RGRPHWU\�RI�EHHV��7KH�DELOLW\�RI�IRUDJHU�EHHV�WR
PHDVXUH�GLVWDQFH�ZDV�FDOLEUDWHG�LQ�WKLV�VWXG\��$�VWURQJ�GHSHQGHQFH�EHWZHHQ
WKH�GLVWDQFH�LQGLFDWHG�LQ�WKH�GDQFH�DQG�WKH�RSWLFDO�VWUXFWXUH�RI�WKH



HQYLURQPHQW�WKURXJK�ZKLFK�WKH�EHHV�IOHZ�ZDV�ILUPO\�HVWDEOLVKHG�
([SHULPHQWDOO\�REWDLQHG�GLVWDQFH�FXUYHV�IURP�WKH�DQDO\VLV�RI�WKH�GDQFHV�ZHUH
WUXH�RQO\�IRU�WKRVH�ORFDWLRQV�DQG�SDUWLFXODU�RSWLFDO�VWUXFWXUH�IRU�ZKLFK�WKH
PHDVXUHPHQWV�ZHUH�PDGH�
7KHVH�UHVXOWV�ZHUH�SXEOLVKHG�LQ�6FLHQFH��,�SURSRVHG�D�IURQW�SDJH�LOOXVWUDWLRQ
WKDW�ZRXOG�SUHVHQW�WKH�EDVLF�FRQFHSW�RI�WKH�H[SHULPHQW�DQG�HQWUXVWHG�WKLV�WR�D
PHPEHU�RI�WKH�%((JURXS�ZKR�WKHQ�SURGXFHG�WKH�IDPRXV�WXQQHO�PRQWDJH
SLFWXUH��7KLV�ZRQ�WKH�ILUVW�SUL]H�LQ�WKH�FRPSHWLWLRQ�³9LVXDO�6FLHQFH´�LQ�WKH�\HDU
�����
7KHVH�H[SHULPHQWV�OHG�PH�WR�VXSSRVH�WKDW�LW�VKRXOG�EH�SRVVLEOH�WR�HPSOR\
WXQQHO�EHHV�DV�³PLVOHDGLQJ´�EHHV��6XFK�EHHV�ZRXOG�LQGLFDWH�D�ORQJ�IOLJKW�SDWK�LQ
WKHLU�GDQFHV�DOWKRXJK�WKH\�KDG�LQ�IDFW�RQO\�IORZQ�D�YHU\�VKRUW�GLVWDQFH�LQ�WKH
WXQQHO��2QH�FRXOG�QRZ�WHVW�LI�EHHV�ZKLFK�IROORZHG�WKH�GDQFHV�RI�WKH�WXQQHO�EHHV
ZRXOG�VHDUFK�IRU�WKH�IHHGLQJ�VLWH�DW�D�GLVWDQFH�HTXLYDOHQW�WR�WKH�DFWXDO�OHQJWK
RI�WKH�WXQQHO�DW�WKH�HQG�RI�ZKLFK�WKH�GDQFHU�IRXQG�WKH�IRRG���WKH�UHFUXLWV�GLG
QRW�IO\�WKURXJK�WKH�WXQQHO���RU�LQVWHDG�ZRXOG�EH�FDXJKW�DW�D�PRUH�GLVWDQW
ORFDWLRQ�IURP�WKH�KLYH�DV�LQGLFDWHG�E\�WKH�GDQFH��7R�KRQRXU�+DUDOG�(VFK��WKH
GLVFRYHUHU�RI�RSWLFDO�IORZ�RGRPHWU\�RI�EHHV��,�VXJJHVWHG�WR�P\�FROOHDJXHV
6ULQLYDVDQ�DQG�=KDQJ�WKDW�ZH�LQYLWH�+DUDOG�(VFK�WR�:XHU]EXUJ�IRU�WKH
H[SHULPHQWV��7KH�MRLQW�VWXG\�VKRZHG�WKDW�WKH�³PLVOHDGLQJ´�EHHV�ZHUH�WDNHQ
VHULRXVO\��6HDUFKLQJ�IRUDJHUV�DQG�WKHLU�UHFUXLWV�ZHUH�FDXJKW�LQ�VZHHS�QHWV�DW
WKH�ORFDWLRQ�LQGLFDWHG�E\�WKH�GDQFH��1R�EHHV�ZHUH�FDXJKW�VKRUW�RI�WKLV�ORFDWLRQ
RU�EH\RQG�LW�

7KH�H[SODQDWLRQ�RI�WKH�WXQQHO�H[SHULPHQWV�LV�DV�IROORZV��$�EHH�IO\LQJ
WKURXJK�DQ�DUHD�ZLWK�DQ�RSWLFDO�VWUXFWXUH�LQGXFHV�LPDJHV�ZKLFK�PRYH
EDFNZDUGV�DFURVV�KHU�H\HV��7KHVH�PRYLQJ�LPDJHV��LQ�RWKHU�ZRUGV�RSWLFDO
IORZ��DUH�XVHG�E\�WKH�EHH�WR�GHWHUPLQH�WKH�OHQJWK�RI�WKH�WUDYHOOHG�SDWK��7KH
V\VWHP�FDQ�EH�HDVLO\�PLVOHG��KRZHYHU��E\�PDNLQJ�WKH�EHH�IO\�DORQJ�D�QDUURZ
WXQQHO�LQ�ZKLFK�VKH�H[SHULHQFHV�KLJK�FRQWUDVW�YLVXDO�SDWWHUQV�ZKLFK�DUH
FORVHU�WR�KHU�H\HV�WKDQ�VKH�ZRXOG�QRUPDOO\�H[SHULHQFH�LQ�WKH�QDWXUDO�ZRUOG�
7KH�EHHV�LQWHUSUHW�WKLV�DV�D�IOLJKW�GLVWDQFH�ZKLFK�LV�PXFK�JUHDWHU�WKDQ�WKDW
VKH�KDV�DFWXDOO\�IORZQ�



$�PRQWDJH�LOOXVWUDWLQJ�WKH�SULQFLSOH�RI�WXQQHO�H[SHULPHQWV�LQ�ZKLFK�D�EHH�LV�PDGH�WR�IO\�FORVH
WR�RSWLFDOO\�KLJK�FRQWUDVW�SDWWHUQV���)LJXUH��0��.OHLQKHQ]�

7KLV�H[SHULPHQW�DOVR�VKRZV�WKDW�WKH�GDQFH�FDQ�LQGHHG�FDXVH�UHFUXLWHG�EHHV
WR�IO\�ZLWK�D�KLJK�SUREDELOLW\�WR�D�SDUWLFXODU�ORFDWLRQ�ZKHUH�WKH\�IO\�DURXQG�
DOWKRXJK�ZLWKRXW�IXUWKHU�JXLGDQFH�RU�UHZDUG�WKH\�ILQDOO\�OHDYH�

7KH�(QJOLVK�SK\VLFLVW��-RH�5LOH\��SURYLGHG�D�VLJQLILFDQW�ERRVW�WR�EHH�UHVHDUFK
E\�PRXQWLQJ�D�YHU\�OLJKW�ZHLJKW�UDGDU�UHIOHFWLQJ�DQWHQQD��WUDQVSRQGHU��RQ
WKH�EDFNV�RI�EHHV��8QGHU�JRRG�FRQGLWLRQV�LW�LV�SRVVLEOH�WR�WUDFN�WKH�IOLJKW



SDWKV�RI�WKHVH�LQGLYLGXDOV��7KH�GLVDGYDQWDJHV�RI�WKLV�PHWKRG��QDPHO\�WKH
QRW�LQVLJQLILFDQW�VL]H�DQG�ZHLJKW�RI�WKH�UDGDU�DQWHQQDH��WKH�PLQLPDO�UDQJH
�D�IHZ�KXQGUHG�PHWHUV��DQG�WKH�VFUHHQLQJ�RI�WKH�EHHV�E\�EXVKHV�DQG�WUHHV�
KDV�QRW�GDPSHQHG�WKH�HQWKXVLDVWLF�HPSOR\PHQW�RI�WKLV�WHFKQLTXH�

-XOLHW�2VERUQH��D�SLRQHHU�LQ�WKH�DSSOLFDWLRQ�RI�PRGHUQ�UDGDU�WHFKQRORJ\�WR�EHKDYLRXUDO
UHVHDUFK�RQ�KRQH\EHHV��DQG�WKH�DVVRFLDWHG�DSSDUDWXV��ORZHU�GLVF�±�WUDQVPLWWHU��XSSHU�GLVF
UHFHLYHU����3KRWR��$��0DUWLQ�

-�ௗ5�5LOH\��5DQGROI�0HQ]HO�DQG�WKHLU�FROODERUDWRUV�KDYH�XVHG�WKH�UDGDU
PHWKRG�WR�UHFRUG�IOLJKW�SDWKV�RI�GDQFH�IROORZHUV�ZKR�ZHUH�FDSWXUHG�
WUDQVSRUWHG�WR��DQG�WKHQ�UHOHDVHG�DW�D�GLIIHUHQW�ORFDWLRQ��L�ௗH��QRW�WKHLU�KLYH��
$V�LQ�WKH�WXQQHO�H[SHULPHQWV�DOO�WKH�FOXHV�WKDW�DUH�QRUPDOO\�SUHVHQW�LQ�WKH
QDWXUDO�VLWXDWLRQ�RXWVLGH�WKH�KLYH�DUH�DEVHQW��VHH�EHORZ���,QVWHDG�WKH
GLUHFWLRQ�RI�WKH�UHFUXLW
V�IOLJKW�SDWK�LV�GHWHUPLQHG�SXUHO\�E\�WKH�LQIRUPDWLRQ



LW�KDV�UHFHLYHG�IURP�WKH�GDQFH��7KH�UDGDU�WUDFHV�FOHDUO\�VKRZ�KRZ�WKH
LQGLYLGXDO�EHHV�OHDYH�WKH�KLYH�DQG�VSUHDG�RXW�LQ�D�EURDG�IDQ�DORQJ�D
³FRUULGRU�RI�XQFHUWDLQW\´�DV�5RGULJR�GH�0DUFR�GHGXFHG�IURP�KLV�DQDO\VLV�RI
WKH�GDQFH�SDWWHUQV�

$�KRQH\EHH�LQ�WKH�UHVHDUFK�SURJUDP�RI�(QJOLVK�ELRORJLVW�-XOLHW�2VERUQH��7KH�WUDQVSRQGHU
IDVWHQHG�WR�WKH�EDFN�RI�WKH�EHH�PDNHV�LW�SRVVLEOH�WR�ORFDWH�DQG�WUDFN�WKH�EHH
V�IOLJKW�ZLWK
KDUPRQLF�UDGDU���5H\QROGV�HW�DO���������2VERUQH�HW�DO��������

1RW�VXUSULVLQJO\�WKH�UHFUXLWV�GR�QRW�WDNH�PRUH�DFFXUDWH�SDWKV�WKDQ�WKH
GDQFHV�LQGLFDWH��2Q�WKH�RWKHU�KDQG�LW�LV�YHU\�FOHDU�WKDW�WKH�GDQFHV�GR
LQIOXHQFH�WKH�JHQHUDO�GLUHFWLRQ�RI�WKH�UHFUXLW
V�IOLJKW�SDWK�

7KH�LQLWLDO�QRWLRQ�WKDW�IROORZHU�EHHV�REWDLQ�SUHFLVH�LQIRUPDWLRQ�DERXW�WKH
ORFDWLRQ�RI�D�VLQJOH�SRLQW�LQ�WKH�ODQGVFDSH�IURP�PRYHPHQW�SDWWHUQV�LQ�WKH
EHH�GDQFH�KDV��FRQVLGHULQJ�WKH�PDQ\�OLPLWLQJ�IDFWRUV��EHFRPH�PXFK�OHVV
SHUVXDVLYH��0RUH�WKDQ�KDOI�D�FHQWXU\�DQG�PRXQWDLQV�RI�SXEOLFDWLRQV�RQ�WKH
EHH�GDQFHV�ODWHU��DQ�DOWHUQDWLYH�LV�IRUPXODWHG�KHUH�ZKLFK�LV�WKH�V\QWKHVLV�RI
PDQ\�GLIIHUHQW�H[SHULPHQWV��7KH�FRQVHTXHQFH�LV�WKH�EHJLQQLQJ�RI�D�QHZ



FKDSWHU�LQ�EHH�FRPPXQLFDWLRQ�VWXGLHV�SURYLGLQJ�RSSRUWXQLWLHV�IRU�D�JUHDW
GHDO�RI�QHZ�DQG�H[FLWLQJ�UHVHDUFK�

7ZR�PRGHOV�DUH�FRQWUDVWHG�KHUH�UHSUHVHQWLQJ�WKH�ROGHU�DQG�PRUH�UHFHQWO\
GHYHORSHG�SURSRVDOV�RI�KRZ�H[SHULHQFHG�IRUDJHU�EHHV�UHFUXLW�QRYLFHV�WR
IHHGLQJ�VLWHV��7KH�GLIIHUHQFHV�EHWZHHQ�WKH�PRGHOV�DUH�QRW�RQO\�LQ�WKH�GHWDLOV
EXW�LQ�IXQGDPHQWDOO\�GLIIHUHQW�SHUFHSWLRQV�UHODWLQJ�WR�WKH�³GDQFH�ODQJXDJH´
DQG�D�EDVLF�XQGHUVWDQGLQJ�RI�WKH�PHFKDQLVPV�WKDW�HQDEOH�WKH�UHFUXLWV�WR
UHDFK�WKH�JRDO�

7KH�OLQH�LQ�WKH�ILJXUH�HQFORVHV�DQ�DUHD�LQGLFDWHG�LQ�����RI�WKH�GDQFHV�RI�EHHV�WKDW�ZHUH
WUDLQHG�IURP�WKH�KLYH�+�ZKHUH�WKH\�GDQFHG��WR�WKH�IHHGLQJ�VLWH�DW�)��6XSHULPSRVHG�RQ�WKLV
ILJXUH�DUH�WKH�LQLWLDO��UDGDU�WUDFNHG�IOLJKW�SDWKV�RI�UHFUXLWV�WKDW�IROORZHG�WKH�GDQFHV�LQ�WKH
KLYH�EXW�ZKLFK�ZHUH�WKHQ�WDNHQ�WR�D�FRPSOHWHO\�GLIIHUHQW�DUHD�DQG�UHOHDVHG�WKHUH��7KHVH
UHFUXLWV�ZHUH�ZLWKRXW�WKH�DVVLVWDQFH�RI�WKH�VFHQW�RI�WKH�IORZHUV�RU�WKH�SUHVHQFH�RI�H[SHULHQFHG
EHHV��7KH�WUDFHV�RI�WKH�IOLJKW�SDWKV�VKRZ�WKDW�DOWKRXJK�WKH�JHQHUDO�GLUHFWLRQ�WDNHQ�E\�WKH�EHHV
LV�FRUUHFW��QRW�D�VLQJOH�EHH�ZRXOG�KDYH�IORZQ�GLUHFWO\�WR�WKH�IHHGHU�XVLQJ�RQO\�WKH�LQIRUPDWLRQ
WKDW�LW�KDG�UHFHLYHG�IURP�WKH�GDQFHV���FRPELQHG�IURP�GH�0DUFR�HW�DO��������DQG�5LOH\�HW�DO��
������

7KH�FODVVLF�YLHZ��HVWDEOLVKHG�LQ�WKH�PLQGV�RI�PDQ\��0RGHO�����LV�ZLGHO\
VSUHDG��IRXQG�LQ�]RRORJ\�WH[WV��VFKRRO�ERRNV��HQF\FORSHGLDV�DQG�WKH
LQWHUQHW��DQG�LV�WKH�IROORZLQJ��7KH�GDQFH�SURYLGHV�LQIRUPDWLRQ�DERXW�WKH
GLUHFWLRQ�RI�WKH�IRRG�VRXUFH�DQG�LWV�GLVWDQFH�IURP�WKH�KLYH��7KH�ZDJJOH



SKDVH�RI�WKH�GDQFH�FRQWDLQV�DOO�WKH�LQVWUXFWLRQV�QHFHVVDU\�WR�JXLGH�D�UHFUXLW
ZKLFK�KDV�IROORZHG�WKH�GDQFH�RQ�WKH�VXUIDFH�RI�WKH�FRPE��GLUHFWO\�WR�WKH
JRDO��7KH�DQJOH�WKH�ZDJJOH�SKDVH�UXQ�PDNHV�ZLWK�WKH�YHUWLFDO�FDQ�EH
GHWHFWHG�E\�WKH�GDQFH�IROORZHU�LQ�WKH�GDUNQHVV�RI�WKH�KLYH�DQG�LV�HTXLYDOHQW
WR�WKH�HOHYDWLRQ�RI�WKH�VXQ�RXWVLGH�WKH�KLYH��)URP�WKLV�VKH�FDQ�GHGXFH�WKH
GLUHFWLRQ�RI�WKH�FRUUHFW�IOLJKW�SDWK��7KH�OHQJWK�RI�WKH�IOLJKW�SDWK�LV�JLYHQ�E\
WKH�WLPH�WDNHQ�IRU�WKH�GDQFHU�WR�FRPSOHWH�WKH�ZDJJOH�SKDVH��$�JHRPHWULFDO
YHFWRU�FDQ�EH�UHFRQVWUXFWHG�IURP�WKHVH�WZR�IDFWRUV��7KH�RULJLQ�RI�WKH�YHFWRU
OLHV�LQ�WKH�KLYH��WKH�WHUPLQDWLRQ�OLHV�DW�WKH�IRRG�VRXUFH�IRU�ZKLFK�D�GDQFHU�LV
DWWHPSWLQJ�WR�UHFUXLW�KHOSHUV��(TXLSSHG�ZLWK�WKLV�LQIRUPDWLRQ�WKH�IROORZHUV
FDQ�IO\�WR�WKH�IRRG�VRXUFH��7KLV�LV�WKH�XVXDO�VWRU\��7KH�UROH�RI�DGGLWLRQDO�KHOS
RXWVLGH�WKH�KLYH�LV�RIWHQ�YDJXHO\�PHQWLRQHG�RU�QRW�DW�DOO��7KH�VFHQW�RI
IORZHUV��LQ�WKLV�YLHZ��PHUHO\�LQLWLDWHV�ODQGLQJ�DW�WKH�VLWH��([SHULHQFHG�EHHV
LQ�WKH�ILHOG�RU�XQGHUZD\�EHWZHHQ�WKH�KLYH�DQG�WKH�IRRG�VRXUFH�DQG�ZKLFK
DWWUDFW�QRWLFH�ZLWK�WKHLU�EX]]LQJ�IOLJKWV�DQG�VFHQWLQJ�DW�WKH�VLWH�DUH�QRW
LQFOXGHG�LQ�WKLV�PRGHO��,QVWHDG��LW�LV�SURSRVHG�WKDW�WKH�EHHV�QHHG�RQO\�WKH
YHFWRU�EDVHG�LQIRUPDWLRQ�WR�NQRZ�ZKHUH�WKH\�KDYH�WR�ODQG�



0RGHO����7KH�FODVVLFDO�PRGHO�RI�UHFUXLWPHQW�RI�KRQH\EHHV�WR�D�IHHGLQJ�VLWH��7KH�ZDJJOH�GDQFH
SDWWHUQ�WUDFHG�RXW�LQ�WKH�GDUN�KLYH�E\�WKH�UHWXUQLQJ�IRUDJHU�FRQWDLQV�WKH�LQIRUPDWLRQ�IURP
ZKLFK�WKH�UHFUXLWV�FDQ�ILQG�WKH�IRRG�VRXUFH��7KH�DQJXODU�GLUHFWLRQ�RI�WKH�ZDJJOH�GDQFH�RQ�WKH
VXUIDFH�RI�WKH�KDQJLQJ�FRPEV�LQ�UHODWLRQ�WR�WKH�YHUWLFDO�LV�HTXLYDOHQW�WR�WKH�DQJOH�RXWVLGH�WKH
KLYH�EHWZHHQ�WKH�VXQ
V�D]LPXWK�DQG�WKH�JRDO��DQG�KHQFH�WKH�GLUHFWLRQ�RI�WKH�IOLJKW�SDWK��7KH
GLVWDQFH�WR�WKH�JRDO�LV�SURYLGHG�E\�WKH�OHQJWK�RI�WKH�ZDJJOH�SKDVH�RI�WKH�GDQFH�
5HFUXLWV�WKDW�KDYH�IROORZHG�WKH�GDQFHV�LQ�WKH�GDUNQHVV�RI�WKH�KLYH�IO\�WR�WKH�JRDO�RQ�WKH�EDVLV
RI�WKH�LQIRUPDWLRQ�LQ�WKH�GDQFH��2QFH�WKH\�KDYH�DUULYHG�WKH�VFHQW�RI�EORVVRPV�WKDW�WKH
IROORZHUV�KDYH�SUHYLRXVO\�GHWHFWHG�RQ�WKH�GDQFHU��UHOHDVH�ODQGLQJ���)LJXUH��'��1LNRODXV�

,Q�FRQWUDVW�WR�WKLV�WKH�QHZ�YLHZ��0RGHO����VWHPV�IURP�D�V\QWKHVLV�RI�GHFDGHV
RI�ZRUN�E\�PDQ\�UHVHDUFK�JURXSV�DQG�D�UH�H[DPLQDWLRQ�RI�ROGHU
REVHUYDWLRQV�WKDW�DUH��ZLWK�D�IHZ�H[FHSWLRQV��VHOGRP�FDUHIXOO\�DQG
WKRURXJKO\�FRQVLGHUHG��,Q�WKLV�YLHZ�WKH�GDQFH�LV�RQO\�WKH�EHJLQQLQJ�RI�D
FKDLQ�RI�HYHQWV�WKDW�KHOS�UHFUXLWV�GLVFRYHU�RULHQWDWLRQ�VLJQDOV�DQG�VWLPXOL�LQ
WKH�ILHOG�WR�JXLGH�WKHP�IDU�PRUH�UDSLGO\�WR�WKH�IRRG�VRXUFH�WKDQ�UDQGRP
VHDUFKHV�LQ�YDULRXV�GLUHFWLRQV�DQG�GLVWDQFHV�IURP�WKH�KLYH�



0RGHO����7KH�QHZ�UHFUXLWV�EHJLQ�WKHLU�IOLJKW�DORQJ�D�³FRUULGRU�RI�XQFHUWDLQW\´��RUDQJH
FRORXUHG�DUHD���,Q�WKH�ILHOG�UHFUXLWV�DUH�DVVLVWHG�E\�EHHV�WKDW�IO\�EDFN�DQG�IRUWK��WKH�EX]]LQJ
IOLJKWV�DURXQG�WKH�JRDO��WKH�VFHQW�RI�WKH�EORVVRPV�DQG�H[SHULHQFHG�EHHV�DW�WKH�JRDO��%OXH�
([SHULHQFHG�IRUDJHUV�����ZKLFK�KDYH�GDQFHG�LQ�WKH�KLYH��IORZQ�EDFN�DQG�IRUWK�EHWZHHQ�WKH
JRDO�DQG�WKH�KLYH�DQG�VFHQWHG�WKH�IHHGLQJ�VLWH��5HG��1RYLFHV�����ZKLFK�ILQG�WKH�JRDO�IURP
LQIRUPDWLRQ�LQ�WKH�GDQFH�DQG�IXUWKHU�DVVLVWDQFH�LQ�WKH�ILHOG�
$ERYH�ULJKW��7KH�VHDUFK�IOLJKWV�RI�UHFUXLWV�LQ�WKH�ILHOG�����DUH�XQVXFFHVVIXO�ZLWKRXW�KHOS�IURP
WKH�H[SHULHQFHG�EHHV������7KH\�HLWKHU�UHWXUQ�WR�WKH�KLYH�RU�YLVLW�RWKHU�IORZHUV�WKH\�ILQG�E\
FKDQFH��,I�WKH�JRDO�LV�YHU\�VWURQJO\�VFHQWHG��QRYLFHV�ZLOO�ILQG�LW��EXW�WKHQ�WKH\�GRQ
W�QHHG�WKH
LQIRUPDWLRQ�LQ�WKH�GDQFH���)LJXUH��'��1LNRODXV�

7KH�V\QWKHVLV�RIIHUHG�KHUH�FRPHV�IURP�LQIRUPDWLRQ�DYDLODEOH�LQ�WKH
OLWHUDWXUH��7KH�H[LVWHQFH�RI�WKLV�NQRZOHGJH��VRPH�RI�LW�IRU�D�YHU\�ORQJ�WLPH�
KDV�QHYHUWKHOHVV�QRW�OHG�WR�DQ�RYHUDOO�UHVHDUFK�HIIRUW�WKDW�IRFXVHV�RQ�WKH
FRPELQDWLRQ�RI�IDFWRUV�WKDW�OHDG�WKH�UHFUXLWV�ILQDOO\�WR�WKHLU�JRDO��LQVWHDG�RI
FRQFHQWUDWLQJ�RQ�MXVW�RQH�DVSHFW�RI�WKLV�SURFHVV�

7KH�GDQFH�WKHQ�LV�WKH�ILUVW�OLQN�LQ�D�FKDLQ�RI�EHKDYLRXUDO�SDWWHUQV�SHUIRUPHG



E\�IRUDJHU�EHHV��7KH�VDPH�EHHV�ZKLFK�GDQFH�LQ�WKH�KLYH�FDUU\�RXW
UHPDUNDEOH�EX]]LQJ�IOLJKWV�DURXQG�WKH�JRDO��7KHVH�DUH�DFRXVWLFDOO\�DQG
YLVXDOO\�VR�SURQRXQFHG�WKDW�KXPDQV�KDYH�QR�GLIILFXOW\�LQ�KHDULQJ�DQG
VHHLQJ�WKHP��7KH�H[SHULHQFHG�EHHV�DOVR�PDUN�WKH�JRDO�ZLWK�D�VFHQW�VSHFLILF
WR�EHHV��JHUDQLRO��H[WUXGHG�IURP�1DVDQRY�JODQGV�RQ�WKHLU�DEGRPHQV�DQG
VSUHDG�DURXQG�WKH�JRDO�OLNH�YDSRU�WUDLOV�VWUHDPLQJ�EHKLQG�MHW�DLUFUDIW�

%HHV�XVH�JHUDQLRO�DPRQJ�RWKHU�VFHQWV�WR�PDUN�WKH�IHHGLQJ�VLWH��*HUDQLRO�LV�DOVR�XVHG�LQ
SHUIXPHV�EHFDXVH�LW�KDV�D�SOHDVDQW�RGRU�

5HIHUHQFH�WR�ERWK�SKHQRPHQD��EX]]LQJ�IOLJKWV�DQG�VFHQWLQJ��FDQ�EH�IRXQG�LQ
WKH�ROGHVW�UHYLHZ�RQ�WKH�EHH�GDQFHV��YRQ�)ULVFK��������2Q�EX]]LQJ�IOLJKWV�KH
ZULWHV��³6SLW]QHU�LQ������KDG�DOUHDG\�GHVFULEHG�EHHV�ZKLFK�GLVFRYHUHG�D
VWRUH�RI�KRQH\��DWWUDFWHG�RWKHU�EHHV�IURP�WKHLU�RZQ�DQG�QHLJKERXULQJ�KLYHV
ZLWK�D�KLJK�SLWFKHG�WRQH´��YRQ�)ULVFK�������S������9RQ�)ULVFK�GHVFULEHG�KLV
RZQ�REVHUYDWLRQV�LQ�WKH�VDPH�SXEOLFDWLRQ�RQ�SDJH�����DV�IROORZV��³%HFDXVH
WKH�IRUDJHUV�DUULYLQJ�DW�WKH�IHHGHU�XVXDOO\�IO\�DURXQG�LW�IRU�D�ZKLOH�EHIRUH
ODQGLQJ��VHDUFKLQJ�EHHV�ZKLFK�KDYH�OHIW�WKH�KLYH�LQ�UHVSRQVH�WR�GDQFHV�DQG
DUH�LQ�WKH�DUHD�FDQ�EH�OHG�WR�WKH�VLWH��$W�ULFK�VLWHV��ZKHQ�WKH�QXPEHU�RI
IRUDJHUV�H[FHHGV�DERXW�D�GR]HQ��D�FRQWLQXRXV�KLJK�IUHTXHQF\�WRQH�FDQ�EH
KHDUG´��9RQ�)ULVFK�FRXOG�VKRZ�WKDW�LW�ZDV�QRW�WKH�WRQH�ZKLFK�OHG�WKH�EHHV�LQ
WR�WKH�IHHGHU��7KDW�EHHV�DUH�GHDI�FRXOG�RQO\�EH�FRQFOXVLYHO\�GHPRQVWUDWHG�LQ
ODWHU�VWXGLHV��7KH\�DUH�DEOH�WR�SHUFHLYH�DLUERUQH�VRXQG�RQO\�ZKHQ�LW�LV



LQWHQVH�HQRXJK�WR�GLVSODFH�WKHLU�DQWHQQDH�RU�WKH�VXEVWUDWH�RQ�ZKLFK�WKH\
VWDQG�

9RQ�)ULVFK�KDG�DOUHDG\�ODLG�WKH�WUDLO�WRZDUGV�VROYLQJ�WKH�SUREOHP�KH�KLPVHOI
KDG�VHW��QDPHO\�WKH�SUHFLVH�QDYLJDWLRQ�WR�WKH�VLWH�DIWHU�IROORZLQJ�LQDFFXUDWH
GDQFHV��,Q�WKH�VWXG\�FLWHG�DERYH�KH�ZULWHV�RQ�SDJH������³)RUDJHUV�ZKLFK�IO\
IURP�WKH�KLYH�DQG�DUULYH�DW�ILOOHG�IRRG�GLVKHV�RIWHQ�VZDUP�DURXQG�WKH�VLWH�LQ
LUUHJXODU�ORRSV�IRU�D�QRWLFHDEO\�ORQJ�WLPH�EHIRUH�ODQGLQJ���«���2QO\�QRZ
KDYH�,�QRWLFHG�WKDW�PRVW�RI�WKH�EHHV�FLUFOLQJ�WKH�VLWH�KDYH�WKHLU�VFHQW�RUJDQV
H[WHQGHG�DQG�LPSUHJQDWH�WKH�DUHD�DURXQG�D�ULFK�IHHGLQJ�VLWH�ZLWK�D�VSHFLDO
VFHQW���«���7KH�ORQJHU�D�EHH�KDV�GDQFHG�RQ�WKH�FRPE��DQG�VR�DGYHUWLVHG
PRUH�LQWHQVLYHO\�IRU�UHFUXLWV��WKH�PRUH�DFWLYHO\�VKH�VFHQWV�WKH�IHHGLQJ�VLWH
RQ�KHU�UHWXUQ�WR�LW´��'DQFLQJ�IRUDJHUV�LQ�PRVW�FDVHV�SHUIRUP�EX]]LQJ�IOLJKWV
DW�WKH�JRDO��IRUDJHUV�ZKLFK�GR�QRW�GDQFH�EHFDXVH�WKH�IRRG�VRXUFH�LV�QRW
DWWUDFWLYH�HQRXJK�GR�QRW�PDNH�EX]]LQJ�IOLJKWV��VHH�YLGHRV�RI�WKH�+2%26
7HDP�IRU�PRUH�GHWDLOHG�LQIRUPDWLRQ�LQ�WKH�DSSHQGL[��

6LPSOH�EHKDYLRXUDO�H[SHULPHQWV�DIWHU�WKH�WUDGLWLRQ�RI�.DUO�YRQ�)ULVFK�DQG
0DUWLQ�/LQGDXHU�FDQ�GHOLYHU�LPSRUWDQW�LQVLJKWV��FRQILUP�ROG�LGHDV�RU�DOVR
GLVSHO�WKHP��0RUH�WKDQ�D�KXQGUHG�\HDUV�DJR�WKH�%HOJLDQ�ZULWHU��1REHO�3UL]H
ZLQQHU�IRU�OLWHUDWXUH�DQG�EHH�UHVHDUFKHU��0DXULFH�0DHWHUOLQFN��VKRZHG�WKDW
UHFUXLWHG�EHHV�RQO\�DUULYHG�DW�IHHGLQJ�VLWHV�LI�H[SHULHQFHG�EHHV�ZHUH�DOVR
DOORZHG�WR�IO\�WR�WKHVH�VLWHV��0DHWHUOLQFN�ZURWH��³,�RQFH�PDUNHG�WKH�ERG\�RI
D�SDUWLFXODUO\�VPDOO�,WDOLDQ�EHH�ZLWK�D�VSRW�RI�FRORXU��2Q�KHU�VHFRQG�YLVLW�>WR
WKH�IHHGHU�±�DXWK@�VKH�DUULYHG�ZLWK�WZR�VLVWHUV��,�FDSWXUHG�WKHVH�ZLWKRXW
GLVWXUELQJ�KHU�>WKH�PDUNHG�EHH�±�DXWK@��2Q�KHU�QH[W�YLVLW�VKH�FDPH�ZLWK
WKUHH�RI�KHU�SDUWQHUV«´��0DHWHUOLQFN�������S�����0DHWHUOLQFN�FRQWLQXHG��³,
UHSHDWHG�WKLV�H[SHULPHQW�WZHQW\�WLPHV�>L�ௗH��WUDLQHG�LQGLYLGXDO�EHHV�WR�D
IHHGLQJ�VLWH�DQG�PDUNHG�WKHP�WKHUH�±�DXWK@�ZLWK�GLIIHUHQW�EHHV�DQG�HDFK
WLPH�UHPRYHG�WKH�UHFUXLWV�VR�WKDW�RWKHUV�FRXOG�QRW�IROORZ�WKHLU�WUDFNV��«���,I
WKH�PDUNHG�EHH�FDPH�DORQH�>IURP�WKH�KLYH�±�DXWK@�,�VLPSO\�FDXJKW�DQG
UHPRYHG�KHU�DQG�ZDLWHG�LQ�P\�URRP�>ZKHUH�WKH�IHHGLQJ�VLWH��D�GLVK�RI
KRQH\��ZDV�SODFHG�DV�IRU�WKH�RWKHU�H[SHULPHQWV�±�DXWK@�IRU�WKH�DUULYDO�RI�KHU



IULHQGV�WR�ZKRP�VKH�KDG�SDVVHG�WKH�PHVVDJH��«���,�KDYH�WR�FRQIHVV�WKDW�RQO\
RQH�DUULYHG�DW�WKH�IHHGLQJ�VLWH��LELG�S��II��

7KHVH�HDUO\�H[SHULPHQWV�FDUULHG�RXW�GHFDGHV�EHIRUH�WKH�LGHD�RI�D�GDQFH
ODQJXDJH�DUH�WUXO\�ZRQGHUIXO�EXW�XQIRUWXQDWHO\�YLUWXDOO\�XQNQRZQ��,Q�PRUH
UHFHQW�OLWHUDWXUH�DERXW�WKH�EHH�GDQFH�WKHUH�LV�RQO\�D�VLQJOH�PHQWLRQ�RI�WKH
ZRUN�RI�0DXULFH�0DHWHUOLQFN�LQ�WKH�GRFWRUDO�WKHVLV�RI�-DPHV�/�*RXOG��*RXOG
������DQG�WKHUH��VDGO\��PLVUHSUHVHQWHG��*RXOG�ZURWH�RQ�SDJH�IRXU�RI�KLV
GLVVHUWDWLRQ��³0DHWHUOLQFN��������WHVWHG�WKLV�H[SODQDWLRQ�>WKH�PDWWHU
FRQFHUQHG�WKH�YLHZ�RI�$ULVWRWOH�WKDW�UHFUXLWV�IURP�WKH�KLYH�VLPSO\�IO\�DIWHU
WKH�H[SHULHQFHG�IRUDJHUV�±�DXWK@�E\�OHWWLQJ�D�IRUDJHU�ILQG�WKH�IRRG�DQG
UHWXUQ�WR�WKH�KLYH�>LW�ZDV�QRW�RQH��LW�ZDV�WZHQW\�GLIIHUHQW�EHHV��DQG�DOO
HPSOR\HG�DV�PDUNHG�IRUDJHUV�±�DXWK@��+H�WKHQ�FDXJKW�WKH�IRUDJHU�RQ�LWV
ZD\�EDFN�RXW�RI�WKH�KLYH��(YHQ�WKRXJK�UHFUXLWHG�EHHV�KDG�QR�IRUDJHU�WR
IROORZ��VRPH�RI�WKHP�>RQO\�RQH�RI�WKHP�LQ�WZHQW\�H[SHULPHQWV�±�DXWK@
QHYHUWKHOHVV�IRXQG�WKH�IRRG´��,W�PD\�VHHP�SHWW\�WR�OD\�VXFK�LPSRUWDQFH�RQ
QXPEHUV��EXW�SUHFLVH�LQIRUPDWLRQ�DERXW�PHDVXUHPHQWV�RU�FRXQWV�DUH�WKH
VRXO�RI�TXDQWLWDWLYH�EHKDYLRXUDO�ELRORJ\�WR�ZKLFK�WKH�VWXG\�RI�EHHV�EHORQJV�
7KH�LQFRUUHFW�VWDWHPHQW�³«HYHQ�WKRXJK�UHFUXLWHG�EHHV�KDG�QR�IRUDJHUV�WR
IROORZ�VRPH�RI�WKHP�QHYHUWKHOHVV�IRXQG�WKH�IRRG«´�OHDGV�DORQJ�D�GLIIHUHQW
WUDLO�DQG�WR�YHU\�GLIIHUHQW�FRQFOXVLRQV�DERXW�WKH�PHFKDQLVPV�DQG�HIILFLHQF\
RI�UHFUXLWPHQW�WKDQ�ZKDW�0DHWHUOLQFN�DFWXDOO\�UHSRUWHG��L�ௗH��WKDW�WZHQW\
IRUDJHU�EHHV�OHG�WR�WKH�YLVLW�RI�RQO\�D�VLQJOH�UHFUXLW�ZKHQ�WKH\�ZHUH�QRW
SUHVHQW�

,I�ZH�SXW�WRJHWKHU�ZKDW�ZH�NQRZ�ZH�JHW�WKH�IROORZLQJ�SLFWXUH��([SHULHQFHG
EHHV�EHJLQ�WKH�EXVLQHVV�RI�JHWWLQJ�UHFUXLWV�WR�WKH�IHHGLQJ�VLWH�E\�GDQFLQJ�RQ
WKH�FRPEV�LQ�WKH�GDUN�KLYH�DQG�FRQWLQXH�WKHLU�DFWLYH�UROH�DW�WKH�IRRG�VLWH�E\
EX]]LQJ�DURXQG�LW�DQG�VFHQWLQJ��7KH�IORZHUV�WKHPVHOYHV�DWWUDFW�RYHU�D�VKRUW
GLVWDQFH�ZLWK�WKHLU�FRORXU�DQG�VKDSH�DQG�RYHU�D�JUHDWHU�GLVWDQFH�ZLWK�WKHLU
VFHQW��7KLV�DVSHFW�ZDV�VWXGLHG�LQ�PDQ\�H[SHULPHQWV�E\�WKH�$PHULFDQ�EHH
UHVHDUFKHU��$GULDQ�:HQQHU��+RZHYHU�ZH�NQRZ�YLUWXDOO\�QRWKLQJ�DERXW
ZKDW�KDSSHQV�EHWZHHQ�WKH�KLYH�DQG�WKH�IHHGLQJ�VLWH��DSDUW�IURP�WKH



H[LVWHQFH�RI�RQH�IXUWKHU�JRDO�ILQGLQJ�FOXH��2YHU�D�SHULRG�RI�WLPH�D�IOLJKW
SDWK�FRUULGRU�IRUPV�EHWZHHQ�WKH�KLYH�DQG�WKH�IHHGHU�DORQJ�ZKLFK�EHHV�WKDW
NQRZ�WKH�ORFDWLRQ�RI�WKH�VLWH�IO\�EDFN�DQG�IRUWK��ZLWK�PRUH�DQG�PRUH
UHFUXLWV�³LQ�WRZ´�

7RJHWKHU��DOO�RI�WKHVH�FRPSRQHQWV�EULQJ�WKH�QRYLFHV�WR�WKH�JRDO��7KH
VWURQJO\�LGHDOL]HG�VFKHPH�RI�0RGHO���WKDW�UHOLHV�VROHO\�RQ�WKH�UROH�RI�WKH
GDQFH�PRYHPHQWV�GRHV�QRW�HQFRPSDVV�WKH�FRPSOH[LW\�RI�WKH�UHFUXLWPHQW
SURFHGXUH��,W�LV�RI�VLJQLILFDQW�LQWHUHVW�WKDW�WKHVH�YHU\�VDPH�FRPSRQHQWV
HQVXUH�WKH�VXFFHVV�RI�RQH�RI�WKH�PRVW�LPSRUWDQW�SKDVHV�LQ�WKH�OLIH�RI�D�EHH
FRORQ\��L�ௗH��WKDW�D�VZDUP�RI�VHYHUDO�WKRXVDQG�EHHV�ILQG�D�QHZ�QHVW��WKH
ORFDWLRQ�RI�ZKLFK�LV�NQRZQ�WR�RQO\�YHU\�IHZ�LQ�WKH�VZDUP��5HFUXLWPHQW�RI
QHVW�PDWHV�WR�IHHGLQJ�VLWHV�H[KLELW�DOO�WKH�EXLOGLQJ�EORFNV�RI�WKH�VZDUP
EHKDYLRXU�DQG�RQH�FRXOG�GHVFULEH�WKH�IRUDJLQJ�SURFHVV�DOPRVW�DV�WKH
LQLWLDWLRQ�RI�D�PLQLVZDUP�

$�VKRUW�OLVW�RI�FULWLFDO�TXHVWLRQV�LV�OLVWHG�KHUH�WR�VWLPXODWH�WKH�LPDJLQDWLRQ
DQG�SURYRNH�QHZ�H[SHULPHQWV�
�� � $UH�WKHUH�RWKHU�FOXHV�DSDUW�IURP�WKH�ILYH�QDPHG�KHUH��WKH�GDQFH�

SUHVHQFH�RI�H[SHULHQFHG�EHHV�IO\LQJ�WR�DQG�IURP�VLWH��EX]]LQJ�IOLJKWV
DURXQG�WKH�VLWH��JHUDQLRO�VFHQWLQJ��VFHQW�RI�WKH�IORZHUV��WKDW�FRXOG
SURYLGH�DGGLWLRQDO�DVVLVWDQFH�IRU�UHFUXLWV�LQ�ILQGLQJ�WKH�IHHGLQJ�VLWHV"

�� � +RZ�GR�WKH�NQRZQ�HOHPHQWV�RI�FRPPXQLFDWLRQ�DQG�HQYLURQPHQWDO
VWLPXOL�ZRUN�WRJHWKHU"

�� � 'R�WKHVH�HOHPHQWV�FKDQJH�WKHLU�UHODWLYH�LPSRUWDQFH��RU�ZHLJKWLQJ��RQ
WKH�IOLJKW�EHWZHHQ�WKH�KLYH�DQG�WKH�IHHGHU��DQG�LI�VR��KRZ"

�� � +RZ�GRHV�WKH�LQWHUDFWLRQ�EHWZHHQ�WKH�ILYH�JRDO�ILQGLQJ�DLGV�GHSHQG�RQ
WKH�FRQGLWLRQV�LQVLGH�DQG�RXWVLGH�WKH�KLYH"

)RU�UHFUXLWHG�QRYLFH�OHDYLQJ�WKH�KLYH�IRU�WKH�ILUVW�WLPH��WKH�VN\�LV�RSHQ�DQG
DOO�GLUHFWLRQV�DUH�SRVVLEOH��7KH�LQIRUPDWLRQ�LQ�WKH�GDQFH�SURYLGHV�WKH�LQLWLDO
FOXH�WR�OLPLW�WKH�DUHD�LQ�ZKLFK�WKH�UHFUXLWV�FDQ�H[SHFW�WR�ILQG�VXEVHTXHQW
QHFHVVDU\�JXLGHV�WR�WKH�JRDO��)RU�WKH�UHFUXLWV�WKLV�LV�D�VLJQLILFDQW�DGYDQWDJH
IRU�ZLWKRXW�IXUWKHU�DVVLVWDQFH�LQ�WKH�ILHOG�WKH�GDQFH�DORQH�OHDGV�QRZKHUH�



/LNH�DOO�RWKHU�RUJDQLVPV��WKH�OLYHV�RI�KRQH\EHHV�DUH�GHSHQGHQW�RQ�WKH�IORZ
RI�PDWHULDO�DQG�HQHUJ\�ERWK�RI�ZKLFK�WKH\�REWDLQ�LQ�D�XVDEOH�IRUP�IURP
IORZHULQJ�SODQWV��,Q�H[FKDQJH�IRU�QHFWDU�DQG�SROOHQ��EHHV�DUH�PHVVHQJHUV�RI
ORYH�IRU�SODQWV��7KH\�WUDQVSRUW�SROOHQ�IURP�IORZHU�WR�IORZHU�DQG�HQVXUH
IHUWLOL]DWLRQ��VHHG�SURGXFWLRQ�DQG�KHQFH�WKH�SURSDJDWLRQ�RI�WKH�IORZHULQJ
SODQWV�

2YHU�PLOOLRQV�RI�\HDUV�WKHVH�WZR�SDUWQHUV�KDYH��WKURXJK�QDWXUDO�VHOHFWLRQ�
DFKLHYHG�VXFK�D�SHUIHFW�ILW�WKDW�DQ�LQVHSDUDEOH�XQLRQ�KDV�UHVXOWHG�±
KRQH\EHHV�DQG�IORZHULQJ�SODQWV�DUH�ERXQG�WRJHWKHU�LQ�D�FORVH�PXWXDO
LQWHUGHSHQGHQFH�

%HJLQQLQJ�ZLWK�PDQ
V�ILUVW�DJULFXOWXUH��D�QHZ�SDUWQHUVKLS�ZLWK�PXWXDO
LQWHUGHSHQGHQFH�DQG�MRLQW�DGYDQWDJHV�DURVH�±�WKDW�EHWZHHQ�KRQH\EHHV�DQG
KXPDQV��$JULFXOWXUH�LV�WKH�EDVLV�IRU�D�ZRUOG�SRSXODWLRQ�WKDW�KDV�ULVHQ�IURP
DERXW�ILYH�WR�WHQ�PLOOLRQ�LQ�WKH�6WRQH�$JH�WR�DERXW�VHYHQ�ELOOLRQ�WRGD\��7KH
PDMRU�FRPSRQHQW�RI�KXPDQ�QXWULWLRQ�LV�IUXLW�DQG�YHJHWDEOHV�DQG�RULJLQDWHV
IURP�WKH�ZRUOG�RI�IORZHULQJ�SODQWV��0DQ\�RI�WKHVH�GHSHQG�RQ�DQLPDOV�IRU
SROOLQDWLRQ��WKH�PDMRULW\�RI�ZKLFK�DUH�LQVHFWV��7KHVH�LQFOXGH�QRQ�VRFLDO�ZLOG
EHHV��ZDVSV��EHHWOHV��EXJV�DQG�RWKHUV��+RQH\EHHV�DUH�WKH�QXPEHU�RQH�JOREDO
SROOLQDWRUV��,W�WDNHV�DERXW�ILYH�KXQGUHG�EXPEOH�EHH�FRORQLHV�WR�PDWFK�WKH
SROOLQDWLQJ�DELOLW\�RI�D�VLQJOH�EHH�FRORQ\��+RQH\EHHV�WKURXJK�WKHLU
SROOLQDWLRQ�RI�DOO�IUXLW�DQG�PRVW�YHJHWDEOHV�SURYLGH�PRUH�WKDQ�D�WKLUG�RI�WKH
QXWULWLRQDO�QHHGV�RI�KXPDQV��,QGLUHFWO\�WKH�SURSRUWLRQ�LV�HYHQ�ODUJHU�ZKHQ
LW�LV�FRQVLGHUHG�WKDW�IRRG�IRU�PHDW�SURGXFWLRQ�FRQVLVWV��IRU�WKH�PRVW�SDUW��RI
IORZHULQJ�SODQWV�SROOLQDWHG�E\�EHHV�

7KLV�LPSRUWDQFH�RI�WKH�KRQH\EHH�PDNHV�SHRSOH�GHSHQGHQW�RQ�WKHP��KXPDQV
QHHG�KRQH\EHHV�DV�SROOLQDWRUV��+RQH\EHHV�QHHG�SHRSOH�DV�JXDUGLDQV�LQ�DQ
HQYLURQPHQW�WKDW�LV�WRGD\�QRW�WKH�VDPH�ZRUOG�LQ�ZKLFK�WKH�EHHV�HYROYHG



DQG�IRU�ZKLFK�WKH\�ZHUH�RULJLQDOO\�DGDSWHG��$IWHU�PDQ\�JHQHUDWLRQV�XQGHU
KXPDQ�SURWHFWLRQ�DQG�LQWHUEUHHGLQJ�WKH�EHHV�WKHPVHOYHV�DUH�QRW�WKH�VDPH
ZLOG�IRUPV�WKDW�FRSHG�SHUIHFWO\�LQ�DQ�XQGLVWXUEHG�QDWXUDO�ZRUOG�

7KHUH�DUH�PDQ\�RWKHU�JRRG�UHDVRQV�IRU�WDNLQJ�JRRG�FDUH�RI�KRQH\EHHV�
3ROOLQDWLRQ�RI�QDWXUDO�SODQWV�LV�HVVHQWLDO�IRU�WKH�PDLQWHQDQFH�RI�VSHFLHV
GLYHUVLW\��7KLV�OHDGV�QRW�RQO\�WR�D�FRORXUIXO�DQG�EDODQFHG�DSSHDUDQFH�RI�WKH
ODQGVFDSH�LWVHOI�EXW�DOVR�RQH�WKDW�RIIHUV�D�KDELWDW�WR�DOO�DQLPDOV�VXFK�DV�ELUGV�
EXWWHUIOLHV�DQG�PDQ\�RWKHUV�WKDW�GHSHQG�RQ�SODQWV�IRU�WKHLU�QHFHVVDU\�OLYLQJ
FRQGLWLRQV��+HUH�WRR�WKH�EHHV�PDNH�DQ�RYHUZKHOPLQJ�FRQWULEXWLRQ�

$QG�WKHUH�LV�PRUH��+XPDQV�KDYH�WKH�SROOLQDWLQJ�LQVHFWV�WR�WKDQN�QRW�RQO\
IRU�WKH�ODUJHU�SDUW�RI�RXU�IRRG�DQG�GULQN��:H�HQMR\�IORZHUV��WKHLU�IRUPV�
FRORXUV�DQG�SHUIXPH��:H�FXOWLYDWH�IORZHUV�LQ�JDUGHQV��SDUNV�DQG�ZLQGRZ
ER[HV�DQG�JLYH�WKHP�WR�RXU�FRPSDQLRQV��:H�VKRXOG�EH�FRQVFLRXV�RI�WKH�IDFW
WKDW�ZH�DUH�WKH�EHQHILFLDULHV�RI�WKH�VHQVRU\�ZRUOG�RI�WKH�SROOLQDWRUV�
)ORZHULQJ�SODQWV�H[LVW�LQ�D�KLJKO\�FRPSHWLWLYH�ZRUOG�LQ�ZKLFK�WKH\�FRQWHVW
IRU�WKH�DWWHQWLRQ�DQG�YLVLWV�RI�LQVHFWV��DQG�LQ�SDUWLFXODU�IURP�KRQH\EHHV��7KH
YDULHW\�RI�IORZHUV�VWHPV�IURP�WKHLU�DWWHPSWV�WR�RXWELG�RQH�DQRWKHU�DQG�EH
PD[LPDOO\�QRWLFHDEOH�IRU�LQVHFWV�DQG�DSSHDOLQJ�HVSHFLDOO\�WR�WKHLU�YLVXDO�DQG
ROIDFWRU\�VHQVHV�

$ORQH�WKURXJK�WKHLU�SUHVHQFH�EHHV�RIIHU�XV�D�FHUWDLQ�TXDOLW\�RI�OLIH��7KH
KXPPLQJ�RI�EHHV�LQ�D�IORZHULQJ�IUXLW�WUHH�LPSOLHV�WKH�DZDNHQLQJ�RI�VSULQJ
DIWHU�ZLQWHU��$�EHH�VLOHQW�VSULQJ�LV�D�GUHDGIXO�SURVSHFW��7KHUH�DUH�HQRXJK
UHDVRQV�WR�FDUH�UHVSRQVLEO\�IRU�KRQH\EHHV�

(QGXULQJ�FDUH�IRU�EHHV��KRZHYHU��PXVW�EH�EDVHG�RQ�DQ�H[DFW�NQRZOHGJH�RI
WKHLU�QHHGV�DQG�DOVR�RI�WKHLU�SUREOHPV�DQG�WKUHDWV�WR�WKHLU�OLYHOLKRRG��1HZ
GDWD�DQG�NQRZOHGJH�LV�HVVHQWLDO�LQ�RUGHU�WR�VHQVLEO\�DQG�VXVWDLQDEO\�VXSSRUW
EHHV�LQ�DQ�HYHU�UDSLGO\�FKDQJLQJ�ZRUOG��7KLV�FDQ�FRPH�IURP�EDVLF�UHVHDUFK
VSUHDG�DFURVV�D�EURDG�IURQW��+HUH�WKH�HVWDEOLVKHG�UHVHDUFK�PHWKRGV�RI
EHKDYLRXUDO�ELRORJ\��PROHFXODU�ELRORJ\�DQG�ELRSK\VLFV�KDYH�WKHLU



DSSOLFDWLRQV��0RVW�LPSRUWDQW�LV�WKH�IXUWKHU�GHYHORSPHQW�RI�UDGDU�WUDFNLQJ�RI
IO\LQJ�EHHV��H[WHQGHG�WR�HQDEOH�WKH�VLPXOWDQHRXV�WUDFNLQJ�RI�VHYHUDO�EHHV�
7KLV�ZRXOG�PDNH�LW�SRVVLEOH�WR�GHWHUPLQH�ZKHUH�WKH�LQWHUDFWLRQV�RFFXU
EHWZHHQ�WKH�H[SHULHQFHG�DQG�LQH[SHULHQFHG�EHHV�WKDW�UHDFK�WKH�JRDO
WRJHWKHU��1HZ�PHWKRGV�QHHG�WR�EH�GHYHORSHG�WR�FRSH�ZLWK�WKH
RYHUZKHOPLQJ�FRPSOH[LW\�RI�WKH�EHH�FRORQ\�DQG�ZKLFK�VLPXOWDQHRXVO\
LQFOXGH�D�ODUJH�QXPEHU�RI�LQGLYLGXDOV�LQ�WKH�FROOHFWHG�GDWD��7KLV�ZRXOG
DOORZ�DQ�HYHQ�GHHSHU�SHQHWUDWLRQ�LQWR�WKH�LQWULFDWH�GHWDLOV�RI�WKH�ELRORJ\�RI
D�KLYH��6R�IDU�WKH�WHFKQLFDO�SRVVLELOLWLHV�WR�UHFRUG�HYHQWV�LQ�D�EHH�FRORQ\�ERWK
VSDWLDOO\�DQG�WHPSRUDOO\�ZLWK�PRGHUQ�LPDJLQJ�PHWKRGV�VXFK�DV�SRVLWURQ�
HPLVVLRQ�WRPRJUDSK\��3(7��KDYH�QRW�EHHQ�H[SORUHG�EXW�EDVHG�RQ�WKH
+2%26�SURMHFW��VXFK�GHYHORSPHQWV�DUH�FRQFHLYDEOH�

:KDWHYHU�PHWKRGV�ZH�GHYHORS�DQG�KRZHYHU�ZH�JHQHUDWH�QHZ�GDWD��EHH
UHVHDUFK�LV�DQ�H[FLWLQJ�DQG�LPSRUWDQW�ILHOG��(YHU\�QHZ�LQVLJKW�KHOSV�XV�WR
OHDUQ�PRUH�DERXW�WKLV�DPD]LQJ�RUJDQLVP�RQ�ZKLFK�ZH�DUH�VR�GHSHQGHQW�±
WKH�KRQH\EHH�
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D�)RRG�6RXUFH��1DWXUZLVVHQVFKDIWHQ��������±���
(VFK��+�ௗ(���=KDQJ��6���6ULQLYDVDQ��0�ௗ9���7DXW]��-��������� +RQH\EHH�GDQFHV�FRPPXQLFDWH
GLVWDQFHV�PHDVXUHG�E\�RSWLF�IORZ��1DWXUH����������±����
)ULVFK��.�ௗY��������� 7DQ]VSUDFKH�XQG�2ULHQWLHUXQJ�GHU�%LHQHQ��6SULQJHU�
%HUOLQ�+HLGHOEHUJ�1HZ�<RUN�
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��������MRXUQDO�SRQH��������
*RXOG��-�ௗ/��������� +RQH\�EHH�FRPPXQLFDWLRQ��7KH�GDQFH�ODQJXDJH�FRQWURYHUV\�
3K'�WKHVLV�5RFNHIHOOHU�8QLYHUVLW\��1HZ�<RUN�
.OHLQ��%�ௗ$���6WLHJOHU��0���.OHLQ��$���7DXW]��-��������� 0DSSLQJ�6OHHSLQJ�%HHV�ZLWKLQ�7KHLU
1HVW��6SDWLDO�DQG�7HPSRUDO�$QDO\VLV�RI�:RUNHU�+RQH\�%HH�6OHHS��3/R6�21(�������
H��������GRL����������MRXUQDO�SRQH���������
.OHLQKHQ]��0��������� 'LH�:lUPH�EHUWUDJXQJ�LP�%UXWEHUHLFK�GHU�+RQLJELHQH��$SLV
PHOOLIHUD���'LVVHUWDWLRQ�8QLYHUVLWlW�:�U]EXUJ�
/DQGJUDI��7���5RMDV��5���1JX\HQ��+���.ULHJHO��)���6WHWWLQ��.��������� $QDO\VLV�RI�WKH�:DJJOH
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3/R6�21(������±����H�������GRL�����������MRXUQDO�SRQH���������
/LQGDXHU��0��������� 7HPSHUDWXUUHJXOLHUXQJ�XQG�:DVVHUKDXVKDOW�LP�%LHQHQVWDDW�
=��YHUJO��3K\VLRO����������±����
/LQGDXHU��0��������� 9HUVWlQGLJXQJ�LP�%LHQHQVWDDW��*XVWDY�)LVFKHU��6WXWWJDUW�
0DHWHUOLQFN��0��������� 'DV�/HEHQ�GHU�%LHQHQ��(XJHQ�'LHGHULFKV��-HQD��2ULJLQDO��/D�9LH
GHV�DEHLOOHV��)DVTXHOOH��������
2VERUQH��-�ௗ/���6PLWK��$���&ODUN��6�ௗ-���5H\QROGV��'�ௗ5���%DUURQ��0�ௗ&��HW�DO��������� 7KH
2QWRJHQ\�RI�%XPEOHEHH�)OLJKW�7UDMHFWRULHV��)URP�1DwYH�([SORUHUV�WR
([SHULHQFHG�)RUDJHUV��3/RV�21(���������H�������GRL������������MRXUQDO�SRQH���������
3DKO��0���=KX��+���3L[��:���7DXW]��-���=KDQJ��6�ௗ:��������� &LUFDGLDQ�WLPHG�HSLVRGLF�OLNH
PHPRU\�±�D�EHH�NQRZV�ZKDW�WR�GR�ZKHQ��DQG�DOVR�ZKHUH��-��H[S��%LRO������������±



�����
5H\QROGV��$�ௗ0���6ZDLQ��-�ௗ/���6PLWK��$�ௗ'���0DUWLQ��$��3���2VERUQH��-�ௗ/��������� +RQH\EHHV
XVH�D�/pY\�IOLJKW�VHDUFK�VWUDWHJ\�DQG�RGRXU�PHGLDWHG�DQHPRWD[LV�WR�UHORFDWH
IRRG�VRXUFHV��%HKDY��(FRO��6RFLRELRO����������±����
5LOH\��-�ௗ5���*UHJJHUV��8���6PLWK��$�ௗ'���5H\QROGV��'��5���0HQ]HO��5��������� 7KH�IOLJKW�SDWKV
RI�KRQH\EHHV�UHFUXLWHG�E\�WKH�ZDJJOH�GDQFH��1DWXUH����������±����
6HHOH\��7�ௗ'��������� +RQLJELHQHQ��,P�0LNURNRVPRV�GHV�%LHQHQVWRFNV��%LUNKlXVHU�
%DVHO�%RVWRQ�%HUOLQ�
6HHOH\��7�ௗ'��������� %LHQHQGHPRNUDWLH��:LH�%LHQHQ�NROOHNWLY�HQWVFKHLGHQ�XQG�ZDV
ZLU�GDYRQ�OHUQHQ�N|QQHQ��6��)LVFKHU��)UDQNIXUW�DP�0DLQ�
6ULQLYDVDQ��0�ௗ9���=KDQJ��6���$OWZHLQ��0���7DXW]��-��������� +RQH\EHH�1DYLJDWLRQ��1DWXUH
DQG�&DOLEUDWLRQ�RI�WKH�ª2GRPHWHU©��6FLHQFH����������±����
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