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7HFKQRORJLFDO� DGYDQFHV� LQ� XQGHUVHD� H[SORUDWLRQ� �H�J��� WHWKHUHG� FDPHUDV�� UHPRWHO\� RSHUDWHG� YHKLFOHV� >529V@�
$XWRQRPRXV�8QGHUZDWHU�9HKLFOHV�>$89V@�DQG�PDQQHG�VXEPHUVLEOHV��KDYH�RSHQHG�QHZ�ZLQGRZV�LQWR�GLYHUVLW\�DQG
GLVWULEXWLRQ�RI�IUDJLOH�JHODWLQRXV�RUJDQLVPV�LQ�WKH�YDVW�PHVRSHODJLF�UHDOP��a����P���������P�GHHS���:KLOH�H[WUDRUGL�
QDU\� LQ�H[SDQGLQJ�RXU�YLHZ�RI� LWV� ULFKQHVV��PHVRSHODJLF�H[SORUDWLRQ�UHPDLQV� ODUJHO\�D� ¡ORRN�EXW�GRQ¢W� WRXFK¢�HQYL�
URQPHQW�DQG�WKLV� OLPLWV�RXU�DELOLW\�WR�XQGHUVWDQG�WKHVH�DQLPDOV�WKURXJK�SK\VLFDO�PDQLSXODWLRQ�UHOHYDQW� WR� WKH� ILQHU
VFDOHV�RI�WKH�LQGLYLGXDO�RUJDQLVP��:H�KDYH�EHHQ�FRQGXFWLQJ�D�VHULHV�RI�LQ�VLWX�REVHUYDWLRQV�DQG�PDQLSXODWLRQV�XVLQJ
EOXH�ZDWHU�6&8%$�GXULQJ� WKH�QLJKW�DW�D�������P�VWDWLRQ�FHQWUDOO\� ORFDWHG� LQ� WKH� VRXWKHUQ�$GULDWLF�6HD��:H� UHSRUW
KHUH�RQ�D�VXLWH�RI�YHUWLFDOO\�PLJUDWLQJ�JHODWLQRXV�DQLPDOV�� LQFOXGLQJ� WKH�QDUFRPHGXVD�6ROPLVVXV�DOEHVFHQV�DQG� WKH
SK\VRQHFW� VLSKRQRSKRUHV�)RUVNDOLD� IRUPRVD� DQG�$JDOPD� HOHJDQV��ZKRVH� UDQJHV� H[WHQG� WR� WKH�PHVRSHODJLF� UHDOP
GXULQJ�WKH�GD\��EXW�UHDFK�6&8%$�GLYLQJ�GHSWKV�GXULQJ�WKH�QLJKW��2XU�LQ�VLWX�DSSURDFK�FRPELQHG�ZLWK�SUR[LPLW\�WR
VKRUH�H[SORLWV�WKH�QDWXUDO�YHUWLFDO�PLJUDWRU\�EHKDYLRU�RI�VRPH�PHVRSHODJLF�VSHFLHV��DQG�ZH�WKHUHIRUH�DGG�WR�WKH�ZLG�
HQLQJ�VSHFWUXP�RI�PHWKRGV�QHHGHG�WR�HYDOXDWH�WKHVH�HFRORJLFDOO\�LPSRUWDQW�\HW�GLIILFXOW�WR�VWXG\�RUJDQLVPV�

.H\�ZRUGV��YHUWLFDO�PLJUDWLRQ��LQ�VLWX��EHKDYLRU��K\GURG\QDPLFV��$GULDWLF�6HD��QLJKW�WLPH�6&8%$
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3URJUHVVL�WHFQRORJLFL�QHOOH�HVSORUD]LRQL�VXEDFTXHH��TXDOL�YLGHRFDPHUH�FROOHJDWH�DL�3&��YHLFROL�JXLGDWL�D�GLVWDQ]D
>529V@��YHLFROL�VXEDTXHL�DXWRQRPL�>$89V@�H�VRPPHUJLELOL�FRQ�HTXLSDJJLR��KDQQR�DSHUWR�QXRYH�ILQHVWUH�QHOOD�GLYHU�
VLWi�H�QHOOD�GLVWULEX]LRQH�GHL�IUDJLOL�RUJDQLVPL�JHODWLQRVL�QHO�YDVWR�UHJQR�PHVRSHODJLFR��a����P���������P�GL�SURIRQ�
GLWi���/D�ULFHUFD�KD�SRUWDWR�D�VWUDRUGLQDULH�VFRSHUWH�LQHUHQWL�OD�ULFFKH]]D�GHO�UHJQR�PHVRSHODJLFR��PD�O¢HVSORUD]LRQH�o
ULPDVWD�DL�OLYHOOL�GL��JXDUGDUH�PD�QRQ�WRFFDUH���LO�FKH�OLPLWD�OD�QRVWUD�FDSDFLWi�GL�FRPSUHQGHUH�TXHVWL�DQLPDOL�DWWUD�
YHUVR�OD�PDQLSROD]LRQH�ILVLFD��DGDWWDWD�DOOD�VHQVLELOLWi�GL�RJQL�VLQJROR�RUJDQLVPR��*OL�DXWRUL�KDQQR�FRQGRWWR�XQD�VHULH
GL�RVVHUYD]LRQL�H�PDQLSROD]LRQL�LQ�VLWX��GXUDQWH�LPPHUVLRQL�QRWWXUQH�LQ�DFTXH�DSHUWH��LQ�XQD�VWD]LRQH�GHOO¢$GULDWLFR
PHULGLRQDOH�FKH�DOWULPHQWL�UDJJLXQJH�L������P�GL�SURIRQGLWi��/¢DUWLFROR�ULSRUWD�OH�RVVHUYD]LRQL�VX�DQLPDOL�JHODWLQRVL
PLJUDQWL� YHUWLFDOPHQWH��TXDOL� OD�QDUFRPHGXVD�6ROPLVVXV� DOEHVFHQV� HG� L� VLIRQRIRUL�)RUVNDOLD� IRUPRVD� H�$JDOPD� HOH�
JDQV��FKH�VL�WUDWWHQJRQR�QHO�UHJQR�PHVRSHODJLFR�GXUDQWH�LO�JLRUQR��PD�FKH�ULVDOJRQR�D�SURIRQGLWi�DFFHVVLELOL�LQ�LP�
PHUVLRQH�GXUDQWH� OD�QRWWH��/¢DSSURFFLR� LQ� VLWX��XQLWR�DOOD�YLFLQDQ]D�GHOOD�FRVWD��KDQQR�SHUPHVVR�GL�HYLGHQ]LDUH� OD
PLJUD]LRQH�YHUWLFDOH�QDWXUDOH�GL�DOFXQH�VSHFLH�PHVRSHODJLFKH��7DOH�PHWRGR�YD�TXLQGL�DG�DJJLXQJHUVL�DOO¢DPSLR�VSHW�
WUR�GL�PHWRGL�XWLOL]]DWL�SHU�OD�YDOXWD]LRQH�GL�WDOL�RUJDQLVPL�HFRORJLFDPHQWH�LPSRUWDQWL�H�GLIILFLOL�GD�VWXGLDUH�

3DUROH�FKLDYH��PLJUD]LRQH�YHUWLFDOH��LQ�VLWX��FRPSRUWDPHQWR��LGURGLQDPLVPR��PDUH�$GULDWLFR��LPPHUVLRQL�QRWWXUQH
6&8%$
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*HODWLQRXV� ]RRSODQNWRQ� LV� DQ� LPSRUWDQW�PHPEHU� RI
PDQ\� PDULQH� SODQNWRQLF� FRPPXQLWLHV�� LQFOXGLQJ� PLG�
DQG�GHHS�ZDWHU�RFHDQLF�UHJLRQV�� �7KH�ZLGHVSUHDG�SUHV�
HQFH� RI� WKLV� SK\ORJHQHWLFDOO\� GLYHUVH� DVVHPEODJH� KDV
EHHQ�GRFXPHQWHG�E\� EOXH�ZDWHU� 6&8%$� WHFKQLTXHV� DV
ZHOO�DV�E\�ERWK�PDQQHG�DQG�UHPRWHO\�RSHUDWHG�YHKLFOHV
�UHYLHZHG� LQ� 5RELVRQ�� ������� $� VXEVWDQWLDO� SRUWLRQ� RI
SHODJLF�ELRPDVV�PD\EH� LQFRUSRUDWHG� LQWR� WKH�ERGLHV�RI
WKHVH� RUJDQLVPV� DQG� WKHLU� LQWHUDFWLRQV� DUH� FRPSOH[
HQRXJK� WKDW� WKH\� KDYH� EHHQ� ODEHOHG� WKH� �MHOO\� ZHE�
�5RELVRQ��������

$OWKRXJK� WKH�JHODWLQRXV�FRPSRQHQW�RI� WKH� SODQNWRQ
LV�HFRORJLFDOO\�LPSRUWDQW��PXFK�RI� WKH�UHVHDUFK�RQ�RFH�
DQLF� JHODWLQRXV� ]RRSODQNWRQ� KDV� EHHQ� GHVFULSWLYH� LQ
QDWXUH�GXH�WR�WKH�KLVWRULFDOO\�SRRU�GRFXPHQWDWLRQ�RI�WKLV
JURXS¤V� SUHVHQFH� LQ� RFHDQLF� V\VWHPV�� &RQVHTXHQWO\�
PXFK� RI� WKLV� ZRUN� KDV� IRFXVHG� RQ� GLVFRYHULHV� RI� QHZ
VSHFLHV�� HVWDEOLVKPHQW� RI� V\VWHPDWLF� DQG� SK\ORJHQHWLF
UHODWLRQVKLSV��SDWWHUQV�RI�GLVWULEXWLRQ�DQG�DEXQGDQFH�DQG
EHKDYLRUDO� REVHUYDWLRQV� �0DGLQ�� ������ 0LOOV� 	� *R\�
������6rUQHV�HW�DO����������$OWKRXJK�NH\�DVSHFWV�RI� WKHLU
SK\VLRORJLFDO�HFRORJ\�KDYH�EHHQ�GHVFULEHG�� VXFK�DV� WKH
WHQGHQF\� IRU� D� YDULHW\� RI� JHODWLQRXV� ]RRSODQNWRQ� WR
ODUJHO\�PDLQWDLQ�PHWDEROLF� UDWH�ZLWK� GHSWK� �7KXHVHQ�	
&KLOGUHVV��������&KLOGUHVV���������GHWDLOHG�H[SHULPHQWDO
PDQLSXODWLRQV� ZLWK� JHODWLQRXV� VSHFLHV� IURP� EHORZ� WKH
HSLSHODJLF�]RQH�KDYH�EHHQ� OLPLWHG�GXH� WR�SK\VLFDO� YXO�
QHUDELOLW\� �'HQQLV�� ������ +DGGRFN�� ������ 2VERUQ� 	
%DUEHU�� ������ DQG� RIWHQ� XQH[SHFWHG� SK\VLRORJLFDO� UH�
VSRQVHV�WR�VKLSERDUG�KDQGOLQJ��%DLOH\�HW�DO����������&RQ�
VHTXHQWO\�� GHHSHU� ZDWHU� VSHFLHV� QHLWKHU� WUDQVSRUW� ZHOO
QRU� VXUYLYH� DGHTXDWHO\� GXULQJ� FRQWUROOHG� H[SHULPHQWD�
WLRQ�� 0XFK� PRUH� LV� NQRZQ� DERXW� PRUH� DFFHVVLEOH
HSLSHODJLF�VSHFLHV�WKDW�DUH�DOVR�SK\VLFDOO\�YXOQHUDEOH�EXW
ZLWKLQ� WKH� GHSWK� UDQJH� RI� 6&8%$� �'DELUL� HW� DO��� �����
5DNRZ�	�*UDKDP���������7KLV�SUHVHQWV�D�GLOHPPD�IRU�UH�
VHDUFK�RQ�PHVRSHODJLF�DQG�EDWK\SHODJLF�VSHFLHV��� WKHVH
DUH�REYLRXVO\�HFRORJLFDOO\� LPSRUWDQW� VSHFLHV�EXW�ZH�DUH
XQDEOH�WR�VWXG\�WKHP�DV�ZH�GR�RWKHU�RFHDQLF�DQLPDOV�GXH
WR� WKHLU� LQDFFHVVLELOLW\�� �+HUH�ZH�SURYLGH� D� VXPPDU\�RI
WKUHH� \HDUV¤� ZRUN� LQ� ZKDW� ZH� FRQVLGHU� D� UDUH� FLUFXP�
VWDQFH�ZKHUH�SUHGLFWDEOH�QRFWXUQDO�PLJUDWLRQV�RI� ODUJHO\
PHVRSHODJLF� JHODWLQRXV� RUJDQLVPV� RFFXU� DW� 6&8%$
GHSWKV��XSSHU����P��LQ�WKH�VRXWK�FHQWUDO�$GULDWLF�6HD�

0(7+2'6

7KH� VDPSOLQJ� ORFDWLRQ�ZKHUH�ZH� URXWLQHO\� HQFRXQ�
WHUHG�PHVRSHODJLF�RUJDQLVPV�DW�WKH�VXUIDFH�DW�QLJKW�ZDV
DW�WKH������P�GHHS�VWDWLRQ�LQ�ROLJRWURSKLF�ZDWHUV�RI�WKH
VRXWK�FHQWUDO�$GULDWLF�6HD� ���R��¤�1����R��¤� (�� �)LJ�����
UHJXODUO\�YLVLWHG�E\�WKH����P�&URDWLDQ�RFHDQRJUDSKLF�UH�
VHDUFK�YHVVHO�£1DÊH�PRUH¤��2QO\�HLJKW�VFXED�GLYHV�ZHUH
PDGH� GXULQJ�0D\�-XQH� LQ� ������ ����� DQG� ������ VSH�

FLILFDOO\� IRU� WKH� FROOHFWLRQ� RI� YLGHR� IRRWDJH� RI� PHVR�
SHODJLF� DQLPDOV�� VKLS� �WLPH� DW� QLJKW� ZDV� GHYRWHG� SUL�
PDULO\�WR�PRUH�WUDGLWLRQDO�VDPSOLQJ�WHFKQLTXHV��$OO�GLYHV
ZHUH�WLPHG�WR�VWDUW� MXVW�SULRU�WR�PD[LPXP�DVFHQW�RI� WKH
YHUWLFDO�PLJUDWRUV� ������������� ORFDO� WLPH���0RRQ� OLJKW
LV� JHQHUDOO\� DQ� LPSRUWDQW� YDULDEOH� ZKHQ� LQYHVWLJDWLQJ
QRFWXUQDO�VSHFLHV��EXW�OXQDU�SKDVH�FRXOG�QRW�EH�FRQVLG�
HUHG� ZKHQ� VFKHGXOLQJ� FUXLVHV�� GHWDLOV� RI� OXQDU� SKDVH
GXULQJ�RXU�GLYHV�DUH�SURYLGHG�LQ�7DEOH���

7DE�����6XPPDU\�RI�QLJKWWLPH�EOXH�ZDWHU�GLYHV�VKRZLQJ
WKH� VWDUWLQJ� WLPH�RI�HDFK�GLYH�DQG� WKH� OXQDU� SKDVH� RQ
WKDW�GDWH��'LYH�QXPEHU�LV�WKH�VDPH�IRU�ILJXUH���
7DE�� ��� 6H]QDP� QRàQLK� SRWRSRY� Y� YHOLNLK� JORELQDK�� ]
]DàHWQLP�àDVRP�YVDNHJD�SRWRSD�LQ� OXQLQR� ID]R�QD� WLVWL
GDQ��ÈWHYLONH�SRWRSRY�XVWUH]DMR�WLVWLP�QD�VOLNL���

'LYH
1R� 'DWH 7LPH��/RFDO� /XQDU�SKDVH

� ��-XQ����� ����� �����ZDQLQJ�
� ��-XQ����� ����� �����ZDQLQJ�
� ���-XO����� ����� �����ZDQLQJ�
� ���-XO����� ����� �����ZDQLQJ�

� ���-XO����� �����
������ZDQ�

LQJ�
� ���-XO����� ����� 1HZ�0RRQ
� ���0D\����� ����� �����ZDQLQJ�
� ���0D\����� ����� �����ZDQLQJ�

1LJKW�WLPH�EOXH�ZDWHU�6&8%$�DQG�YLGHR�FROOHFWLRQ

$�YDULHW\�RI�GHVLJQV�DQG�JHDU�H[LVW�IRU�WKH�XVH�RI�VSH�
FLDOL]HG�EOXH�ZDWHU�6&8%$��+DPQHU�HW�DO���������+HLQH�
������+DGGRFN�	�+HLQH���������7KHVH�GHVLJQV�ZHUH�DOO
FUHDWHG�ZLWK� WKH� LQWHQWLRQ� RI� GD\OLJKW� RSHUDWLRQV�ZKHQ
GLYHU�YLVLELOLW\�ZDV�RI�SULPDU\�FRQFHUQ��+RZHYHU��ZKHQ
EOXH�ZDWHU�6&8%$�LV�XVHG�DW�QLJKW��WKHUH�LV�D�XQLTXH�VHW
RI� FKDOOHQJHV� IRU� WKH� GLYHUV� �+DGGRFN�	�+HLQH�� ������
6SHFLILFDOO\��RXU�GLYHV�ZHUH�LQWHQGHG�WR�PD[LPL]H�GXUD�
WLRQ�DQG�FOHDU�YLGHR�FRYHUDJH��DQG�VR�ZH�XVHG�KLJK�LQ�
WHQVLW\� YLGHR� OLJKWV� RQ� HDFK� GLYH�� 7KLV� QHFHVVDULO\� HQ�
WDLOHG�ORVV�RI�GDUNHQHG�FRQGLWLRQV�IDYRUHG�E\�PDQ\�VSH�
FLHV��,Q�RUGHU�WR�PLQLPL]H�WKH�HIIHFW�RI�RXU�EULJKW�OLJKWV�
LQGLYLGXDO� GLYHUV� �RU� GLYHU� SDLUV� GXULQJ� PDQLSXODWLRQ
VWXGLHV�� UHPDLQHG�VHSDUDWHG�DW� WKH�IXOO\�H[WHQGHG� WHWKHU
GLVWDQFH�RI����P��$GGLWLRQDOO\��ZRUNLQJ�GLYHUV�DWWHPSWHG
WR�VWD\�RQ�RSSRVLWH�VLGHV�RI�WKH�PDLQ�GRZQ�OLQH�WR�DYRLG
WHWKHU�FURVV�RYHU�DQG�UH�VDPSOLQJ�RI�RUJDQLVPV��%HFDXVH
ZRUNLQJ� DW� IXOO�WHWKHU� GLVWDQFH� IURP� WKH� VDIHW\� GLYHU
SRVHV� DGGLWLRQDO� ULVNV� RI� LQDGYHUWHQW� VLQNLQJ� EHORZ
PD[LPXP� LQWHQGHG�RSHUDWLQJ�GHSWK��ZH� VHW� WKH�FHQWUDO
WUDSH]H�DW�QR�GHHSHU�WKDQ����P�RQ�WKH�PDLQ�GRZQ�OLQH�
'XH�WR�UHPRWHQHVV�RI�WKH�ILHOGZRUN�DQG�QDUURZ�WHPSRUDO
ZLQGRZ�RI� YHUWLFDO�PLJUDWLRQV��RQO\�RQH�GLYH�ZDV�FRQ�
GXFWHG�HDFK�QLJKW�
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)LJ�����0DS�RI�WKH�VWXG\�VLWH�VKRZLQJ�WKH�������P�VWD�
WLRQ�LQ�WKH�VRXWK�FHQWUDO�$GULDWLF�6HD�
6O�����.DUWD�REUDYQDYDQHJD�REPRàMD�]�R]QDàHQR�SRVWDMR
QD� ����� P� JORELQH� Y� MXËQHP� GHOX� VUHGQMHJD� -DGUDQ�
VNHJD�PRUMD�

'XULQJ� WKH� HLJKW� GLYHV�� LQGLYLGXDO� ZRUNLQJ� GLYHUV
XVHG� D� GLJLWDO� YLGHR� FDPHUD� �6RQ\� '&;������ 176&
PLQL'9�IRUPDW��LQ�D�ZDWHUSURRI�KRXVLQJ��/LJKW�DQG�0R�
WLRQ��,QF����7ZR�KLJK�LQWHQVLW\�OLJKWV��6XQ�5D\�+,'��/LJKW
DQG� 0RWLRQ�� ,QF��� ZHUH� WXUQHG� RQ� RQO\� ZKLOH� ILOPLQJ�
9LGHR� OLJKWV�ZHUH� WXUQHG�RII� WR� UH�DFFOLPDWH� OLJKW� VHQVL�
WLYH� DQLPDOV� DURXQG� WKH� GLYHUV� LI� LW� ZDV� IHOW� WKDW� OLJKWV
ZHUH� HLWKHU� DWWUDFWLQJ� RU� GLVWUDFWLQJ� WRR�PDQ\� DQLPDOV�
:H�VSHFLILFDOO\�WDUJHWHG�VRIW�ERGLHG�DQG�JHODWLQRXV�DQL�
PDOV�� WKRXJK� FUXVWDFHDQV� DQG� ILVK� ZHUH� FRPPRQ� RQ
HDFK�GLYH��7DE������7KH�GXUDWLRQV�RI�LQGLYLGXDO�YLGHR�VH�
TXHQFHV�ZHUH� OLPLWHG� E\� WKH� OHQJWK� RI� WLPH� D� WHWKHUHG
GLYHU�FRXOG�UHPDLQ�ZLWK�WKH�WDUJHW��DQG�YLGHR�VHTXHQFHV
W\SLFDOO\� UDQJHG� IURP�RQO\�D� IHZ�VHFRQGV� WR� DERXW�RQH
PLQXWH�

$OO� IRRWDJH�ZDV� UHYLHZHG� LQ� WKH� ODERUDWRU\�� ,QGLYLG�
XDO�VHTXHQFHV�VKRZLQJ�FOHDUO\�LGHQWLILDEOH�PRUSKRORJLHV
DQG�EHKDYLRUV�ZHUH�LVRODWHG�DQG�DUFKLYHG�LQ�D�YLGHR�OL�
EUDU\� DW� WKH�'DXSKLQ� ,VODQG� 6HD� /DE��:KHQ� QHFHVVDU\�
LGHQWLILFDWLRQ� ZDV� DLGHG� E\� FRQVXOWLQJ� WD[RQRPLF� H[�
SHUWV��DV�LQ�WKH�FDVH�RI�WKH�SK\VRQHFW�VLSKRQRSKRUHV��

7DE�� ��� /LVW� RI� JHODWLQRXV� ]RRSODQNWRQ� WD[D� REVHUYHG
DQG�RYHUDOO�FRQWULEXWLRQ�E\�IUHTXHQF\�RI�LQGLYLGXDO�RE�
VHUYDWLRQ��7D[RQ�QXPEHU�LV�IRU�UHIHUHQFH�ZLWK�ILJXUH���
,GHQWLILFDWLRQV�ZHUH�PDGH� WR� VSHFLHV� OHYHO� XQOHVV� RWK�
HUZLVH�LQGLFDWHG�DV�¢XQNQRZQ£�
7DE�����6H]QDP�REUDYQDYDQLK�YUVW�ËHODWLQR]QHJD�SODQN�
WRQD� LQ� VSORÉQL� SULVSHYHN� V� IUHNYHQFR� SRVDPH]QLK
RSDËDQM�� =DSRUHGQH� ÉWHYLONH� YUVWH� XVWUH]DMR� WLVWLP� QD
VOLNL� ��� ,GHQWLILNDFLMH� VR� ELOH� QDUHMHQH� QD� UDYQL� YUVWH�
VLFHU�MH�XSRUDEOMHQD�R]QDND�¢QH]QDQR£�

7D[RQ
� 1DPH

&RQWULEX�
WLRQ����

� 6ROPLVVXV�DOEHVFHQV ����
� *HU\RQLD�SURERVFLGDOLV ���
� 3HODJLD�QRFWLOXFD N���
� $XUHOLD�VS� ���
� $PSKLQHPD�VS� ���
� +\GURPHGXVD��XQNQRZQ��VPDOO� ���
� 1DQRPLD�ELMXJD ���
� $JDOPD�HOHJDQV ���
� )RUVNDOLD�IRUPRVD ���
�� $WKRU\ELD�URVDFHD ���
�� +LSSRSRGLXV�KLSSRSXV ���
�� '\SKLLG�VLSKRQRSKRUH��XQNQRZQ� ���
�� 6DOSD�PD[LPD��VROLWDU\� ���
�� 6DOSD�PD[LPD��FKDLQ� ���
�� 6DOS��XQNQRZQ� ���
�� 3\URVRPD�DWODQWLFXP ���
�� 'ROLROLG��XQNQRZQ� ���
�� 6DJLWWD�O\UD ���
�� 3K\OORURH�VS� ���
�� *\PQRVRPH�SWHURSRG ���
�� 3VHXGRWKHFRVRPH�SWHURSRG ���
�� 3WHURSRG��XQNQRZQ�WKHFDWH� ���
�� 7RPRSWHULG�SRO\FKDHW��XQNQRZQ� ���

5(68/76�$1'�',6&866,21

$OWKRXJK�ZH�RQO\�PDGH�HLJKW�QLJKW�GLYHV�DW� WKLV� OR�
FDWLRQ�� ZH� QRQHWKHOHVV� GRFXPHQWHG� ��� UHFRJQL]DEOH
WD[RQRPLF� WD[D� IURP� YLGHR� �7DE�� ���� (OHYHQ� RI� WKHVH
ZHUH�LGHQWLILDEOH�WR�VSHFLHV�DQG�DW�OHDVW�RQH�LGHQWLILDEOH
WR� JHQXV�� 'LYHUVLW\� ZLWKLQ� WKH� SODQNWRQLF� FRPPXQLW\
ZDV� GRPLQDWHG� E\� FQLGDULDQV� �PHGXVDH� DQG� VLSKRQR�
SKRUHV�  � ������ RI� DOO� REVHUYDWLRQV�� DQG� SHODJLF� WXQL�
FDWHV��VDOSV��GROLROLGV�DQG�S\URVRPHV� �������RI�DOO�RE�
VHUYDWLRQV���7DE������$PRQJ�WKH�FQLGDULDQV��IUHTXHQF\�RI
REVHUYDWLRQ� ZDV� GRPLQDWHG� E\� WKH� YHUWLFDOO\� PLJUDWRU\
K\GURPHGXVD�6ROPLVVXV� DOEHVFHQV� �����RI� DOO� REVHUYD�
WLRQV���,Q�IDFW�6��DOEHVFHQV�ZDV�KLJKO\�SUHGLFWDEOH�DW�WKLV
ORFDWLRQ�DV�LW�RFFXUUHG�RQ���RI�WKH���GLYHV��)LJ������0LOOV
HW�DO���������DFFXPXODWHG�D�VSHFLHV�OLVW�FRQVLVWLQJ�RI���
WD[D�GXULQJ����529�GLYHV� LQ� WKH�QRUWKZHVWHUQ�0HGLWHU�
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7DE�����0RVW� IUHTXHQWO\�REVHUYHG�JHODWLQRXV�]RRSODQNWRQ� VSHFLHV�DQG� WKHLU� UHSRUWHG�GHSWK�GLVWULEXWLRQV�� 6SHFLHV
WKDW�KDYH�D�UHSRUWHG�PHVRSHODJLF�GLVWULEXWLRQ�DUH�LQGLFDWHG�ZLWK�DQ��
���1RWH�WKDW�DSSUR[LPDWHO\�����RI�WKH�VSHFLHV
FRPPRQO\�IRXQG�LQ�VXUIDFH�ZDWHUV�DW�QLJKW�KDYH�SUHYLRXVO\�EHHQ�FKDUDFWHUL]HG�DV�SRVVHVVLQJ�PHVRSHODJLF�GLVWULEX�
WLRQV�
7DE�����1DMSRJRVWHMH�RSDËHQH�YUVWH�ËHODWLQR]QHJD�SODQNWRQD�LQ�QMLKRYD�JORELQVND�GLVWULEXFLMD��9UVWH�]�]DEHOHËHQR
PH]RSHODÉNR�GLVWULEXFLMR�VR�R]QDàHQH�]��
���3ULEOLËQR�����YUVW��NL� MLK�SRQRàL�SRQDYDGL�QDMGHPR�Y�SRYUÉLQVNLK�YR�
GDK��MH�ELOR�SUHGKRGQR�XYUÉàHQLK�SRG�YUVWH�]�PH]RSHODÉNR�GLVWULEXFLMR�

7D[D�OLVW
5HSRUWHG�YHUWLFDO

GLVWULEXWLRQ
/RFDWLRQ 5HIHUHQFH

�������P 1:�0HG /DYDO�HW�DO���������$QGHUVHQ�HW�DO�������
6ROPLVVXV�DOEHVFHQV


������VXUIDFH 6�$GULDWLF %DWLVWLß�HW�DO���������%HQRYLß�HW�DO�������
VXUIDFH 6:�$WODQWLF 6LJO��������$PDUDO�HW�DO�������

6DOSD�PD[LPD

!���P�VXUIDFH :�0HG )UDQTXHYLOOH��������DQG�UHIV�WKHUHLQ�

)RUVNDOLD�IRUPRVD
 a����P :�0HG 0LOOV�HW�DO�������
6DJLWWD�O\UD
 !����P�VXUIDFH 6�$GULDWLF %DWLVWLß�HW�DO�������

VXUIDFH :�0HG 0LOOV�HW�DO�������
1DQRPLD�ELMXJD


�������P (�3DFLILF 5RELVRQ�HW�DO�������
*HU\RQLD�SURERVFLGDOLV VXUIDFH 6�$GULDWLF %HQRYLß�HW�DO�������
$JDOPD�HOHJDQV
 ��������P :�0HG 0LOOV�HW�DO���������)UDQTXHYLOOH������������
3\URVRPD�DWODQWLFXP
 �������P 1:�0HG $QGHUVHQ�HW�DO�������

!����P�VXUIDFH 6�$GULDWLF��0HG 0LOOV�HW�DO���������%DWLVWLß�HW�DO�������
+LSSRSRGLXV�KLSSRSXV


����P :�0HG )UDQTXHYLOOH������������
VXUIDFH :�0HG 0LOOV�HW�DO�������

3HODJLD�QRFWLOXFD

������P�VXUIDFH :�0HG )UDQTXHYLOOH������������

UDQHDQ�6HD��+RZHYHU��WKH�GLIIHUHQFH�EHWZHHQ�RXU�REVHU�
YDWLRQ�OLVW�DQG�WKHLUV�LV� OLNHO\�GXH�WR�JUHDWHU�REVHUYDWLRQ
GXUDWLRQV�XVLQJ�529�WHFKQRORJ\�

7HQ�VSHFLHV�RI�JHODWLQRXV�]RRSODQNWRQ�DFFRXQWHG�IRU
PRUH� WKDQ� ���� RI� DOO� REVHUYDWLRQV� �7DE�� ���� 1LQH� RI
WKHVH�VSHFLHV�DUH�GRFXPHQWHG�DV�KDYLQJ�D�PHVRSHODJLF
GLVWULEXWLRQ��7KHUHIRUH�ZH�FRQVLGHU�WKHLU�SUHVHQFH�LQ�WKH
XSSHU� ��� P� GXULQJ� RXU� GLYHV� DV� D� FRQVHTXHQFH� RI� D
QRFWXUQDO� YHUWLFDO� PLJUDWLRQ� DV� QR� ODUJH� JHODWLQRXV
SODQNWRQ�ZDV�REVHUYHG�GXULQJ�DQ\�SUHOLPLQDU\�GD\WLPH
6&8%$�GLYHV�GXULQJ�WKH�ILUVW�\HDU�RI�WKH�VWXG\�DW�WKH�YHU\
VDPH�ORFDWLRQ�

3UHYLRXV� VWXGLHV� GHPRQVWUDWHG� WKDW� D� GLYHUVH� FRP�
PXQLW\� RI� ERWK� FUXVWDFHDQ� DQG� JHODWLQRXV� ]RRSODQNWRQ
FRPPRQO\� RFFXU� DW� WKLV� SDUWLFXODU� ORFDWLRQ� �%HQRYLß�HW
DO���������/XáLß�HW�DO����������<HW�� WKHLU�SUHVHQFH�DW� WKH
YHU\� QHDU� VXUIDFH� UHPDLQV� DQ� HQLJPD� GXH� WR� ORZ� SUR�
GXFWLRQ�UDWHV�DQG�SODQNWRQ�VWDQGLQJ�VWRFNV�LQ�WKH�VRXWK�
FHQWUDO�$GULDWLF��2XU� WD[RQRPLF� LQIRUPDWLRQ�DORQJ�ZLWK
WKDW�RI�%HQRYLß�HW�DO���������DQG�/XáLß�HW�DO���������VXJ�
JHVWV� VHDVRQDO� VKLIWV� LQ� WKH� PLJUDWLQJ� FRPPXQLW\� IURP
WKH�VSULQJ�VLSKRQRSKRUH�ULFK�FRPPXQLW\�WR�WKH�VXPPHU
VDOS�ULFK� FRPPXQLW\�� 7KH� QDUFRPHGXVD� 6�� DOEHVFHQV
ZDV� FRQVLVWHQWO\� FRPPRQ� WKURXJK� ERWK� VHDVRQV��6�� DO�
EHVFHQV�DSSHDUV�WR�EH�DQ�LPSRUWDQW�SUHGDWRU�RQ�ERWK�VL�
SKRQRSKRUHV� DQG� VDOSV� DV�ZH� URXWLQHO\� REVHUYHG�6�� DO�
EHVFHQV� UHWXUQLQJ� WR� GHSWK� ZLWK� JXWV� ILOOHG� ZLWK� ERWK
SUH\� W\SHV�� 6LPLODU� LQWHUDFWLRQV� EHWZHHQ� PHVRSHODJLF

GZHOOHUV�KDYH�EHHQ�FKDUDFWHUL]HG�DV�D�£MHOO\�ZHE¤�ZKHUH
SUHGDWRU�SUH\� LQWHUDFWLRQV� ZLWKLQ� WKH� JHODWLQRXV� ]RR�
SODQNWRQ�FRPPXQLW\�SDUWLWLRQV�PDWHULDO�IORZ�DZD\�IURP

)LJ�� ��� )UHTXHQF\� RI� WD[D� REVHUYDWLRQV� GXULQJ� HLJKW
QLJKW�WLPH� EOXH�ZDWHU� GLYHV��'LYH� QXPEHU� LV� WKH� VDPH
DV� LQ�7DEOH����1XPEHUV�ZLWKLQ� HDFK� VWDFNHG�SORW� LQGL�
FDWH�WD[D�DV�UHIHUHQFHG�LQ�7DEOH���
6O�� ��� )UHNYHQFD�RSD]RYDQM� WHNRP�RVPLK� QRàQLK� SRWR�
SRY�Y�YHOLNLK�JORELQDK��ÈWHYLOND�SRWRSD�MH�LVWD�NRW�Y�7D�
EHOL� ��� ÈWHYLONH� ]QRWUDM� YVDNHJD� GHOD� VWROSFD� XVWUH]DMR
YUVWL��QDYHGHQL�Y�7DEHOL���
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)LJ�� ��� 7ZR� H[DPSOHV� RI� QLJKWWLPH� EOXHZDWHU� 6&8%$
PDQLSXODWLRQV� RI� PHVRSHODJLF� JHODWLQRXV� ]RRSODQNWRQ�
�D��$JDOPD�HOHJDQV�DQG��E��6ROPLVVXV�DOEHVFHQV��:DNHV
DQG�YRUWLFHV�DUH�YLVLEOH�YLD�PDQXDO�G\H�LQMHFWLRQ�DW�WKH
XSVWUHDP�VZLPPLQJ�SDWK��WKH�GLYHU£V�SLSHW�WLS�LV�YLVLEOH
LQ�WKH�WRS�SDQHO��
6O�� ���'YD�SULPHUD�REUDYQDYH�PH]RSHODJLàQHJD� ËHODWL�
QR]QHJD�SODQNWRQD���D��$JDOPD�HOHJDQV�LQ��E��6ROPLVVXV
DOEHVFHQV�� WHNRP� QRàQLK� SRWRSRY� Y� YHOLNLK� JORELQDK�
7XUEXOHQFH� LQ� YUWLQFL� VR� YLGQL� ]DUDGL� EUL]JD� EDUYH� Y
]JRUQML�GHO�SODYDOQH�SRWL��YUK�SRWDSOMDàHYH�SLSHWH�MH�YL�
GHQ�QD�]JRUQML�VOLNL��

QRQ�JHODWLQRXV� RUJDQLVPV� �5RELVRQ�� ������� ,Q� WKH� SUHV�
HQW� ZRUN�� ZH� GRFXPHQWHG� WKHVH� VDPH� PHVRSHODJLF
SUHGDWRU�SUH\� LQWHUDFWLRQV� LQ� WKH� VRXWK�FHQWUDO� $GULDWLF
6HD�DW�GHSWKV�DSSURDFKDEOH�E\�6&8%$�GLYHUV��7KH�VLWH�LV
SDUWLFXODUO\�YDOXDEOH�EHFDXVH� WKH�KLJK�DPSOLWXGH�RI� WKH
YHUWLFDOO\�PLJUDWLQJ�FRPPXQLW\�LV�UDUH�� LI�QRW�XQLTXH��LQ
LWV�SUR[LPLW\�WR�WKH�VKRUH�

$�QDWXUDO�ODERUDWRU\�IRU�PDQLSXODWLYH�LQYHVWLJDWLRQV

1RFWXUQDO� YHUWLFDO� PLJUDWLRQ� RI� RWKHUZLVH
PHVRSHODJLF�VSHFLHV�SURYLGHG�XV�ZLWK�DQ�RSSRUWXQLW\�WR
HQJDJH� LQ� GLUHFW� PDQLSXODWLRQ� RI� PHVRSHODJLF� DQLPDOV
YLD�6&8%$��2ZLQJ�WR�WKH�WDFWLOH�DQG�SHUFHSWLRQDO�DELOL�
WLHV�RI� WUDLQHG�EOXH�ZDWHU� 6&8%$�GLYHUV�� WKHVH� W\SHV�RI
PDQLSXODWLRQV�DUH�GLIILFXOW�RU� LPSRVVLEOH�ZLWK�RWKHU� £UH�
PRWH¤� WHFKQRORJLHV� VXFK� DV� FDPHUDV�� 529V�� $89V� DQG
VXEPHUVLEOHV��3UHYLRXV� VWXGLHV�RI� WKH� VZLPPLQJ�EHKDY�
LRU�RI�HSLSHODJLF�PHGXVDH�KDYH�GHPRQVWUDWHG�WKDW�GLYHUV
FDQ� FRQWURO� DQG� PDNH� GHWDLOHG� H[DPLQDWLRQ� RI� VZLP�
PLQJ� ZDNHV� WR� EHWWHU� XQGHUVWDQG� XQXVXDO� SURSXOVLYH
PHFKDQLVPV��H�J��'DELUL�HW�DO����������6LPLODUO\��6&8%$
DFFHVV� WR� PHVRSHODJLF� VSHFLHV� KDV� DOORZHG� XV� WR� PD�
QLSXODWH�FRQGLWLRQV� WKDW�SHUPLW�YLVXDOL]DWLRQ�DQG�DQDO\�
VLV�RI�WKH�ZDNHV�RI�PHVRSHODJLF�VSHFLHV�VXFK�DV�6ROPLV�
VXV�DOEHVFHQV� �&ROLQ�HW�DO���������)LJ���D���)XUWKHUPRUH�
FXUUHQW� HIIRUWV� DUH� XQGHUZD\�ZLWK� D� YDULHW\� RI� VLSKRQR�
SKRUHV�� PHGXVDH� DQG� VDOSV� �WKH� DXWKRUV��XQSXEO�� GDWD�
VHH� )LJ�� ��� XVLQJ� WKHVH� LQ� VLWX� PHWKRGV� DQG� RWKHU� PD�
QLSXODWLRQV� DGDSWHG� IURP� ODERUDWRU\� K\GURG\QDPLF
VWXGLHV��H�J��.DWLMD�	�'DELUL���������7KH�FRPELQDWLRQ�RI
QHZ� TXDQWLWDWLYH� LQ� VLWX� DSSURDFKHV� DQG� DFFHVV� WR
PHVRSHODJLF� VSHFLHV�SURYLGHV�XV� WKH�RSSRUWXQLW\� WR� H[�
DPLQH�WKH�IXQFWLRQDO�HFRORJ\�RI�WKHVH�JHODWLQRXV�VSHFLHV
DW� OHYHOV� RI� TXDQWLILFDWLRQ� DQG� GLUHFW�PDQLSXODWLRQ� WKDW
KDYH� QRW� EHHQ� SUHYLRXVO\� SRVVLEOH�� &RQVHTXHQWO\�� WKLV
DSSURDFK� SURYLGHV� DQRWKHU� WRRO� DPRQJ� D� JURZLQJ� OLVW
�+DGGRFN��������5RELVRQ�������� WKDW�HQDEOHV� UHVHDUFK�
HUV�WR�HYDOXDWH�WKHVH�GHPRQVWUDEO\�LPSRUWDQW�JHODWLQRXV
DQLPDOV�ZKLFK�KDYH�EHHQ�ODUJHO\�LQDFFHVVLEOH�IRU�TXDQ�
WLWDWLYH�UHVHDUFK�

$&.12:/('*(0(176

:H�WKDQN�-��+LJJLQV�,,,��(��.ORV��0��'DUGHDX�DQG�1�
3XKLHUD� IRU� GLYLQJ� DVVLVWDQFH� DQG� VXSSRUW� GXULQJ� WKLV
ZRUN��:H� WKDQN� &�� 'XQQ� IRU� DVVLVWDQFH� ZLWK� VLSKRQR�
SKRUH� LGHQWLILFDWLRQ�� 7KLV� UHVHDUFK� UHFHLYHG� IXQGLQJ
VXSSRUW� IURP� WKH� 86� 1DWLRQDO� 6FLHQFH� )RXQGDWLRQ
�2,6�������� WR�:0*��2&(���������2&(�������� WR
-+&��2&(���������2&(��������WR�63&���WKH�6ORYHQLDQ
5HVHDUFK� $JHQF\� �SURJUDP� 3������� WR� $0�� DQG� WKH
&URDWLDQ� 0LQLVWU\� RI� 6FLHQFH�� (GXFDWLRQ� DQG� 6SRUWV
�3URMHFW�������������������WR�$%���:H�DUH�JUDWHIXO� WR
DQG�KRQRU�WKH�PHPRU\�RI�/MXER�0HUáHS��FDSWDLQ�RI� WKH
£1DÊH�PRUH¤�GXULQJ�WKHVH�UHVHDUFK�FUXLVHV�
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8325$%$�12à1,+�3272329�9�2'357,+�92'$+�-8Ë1(*$�-$'5$1$
=$�,1�6,78�326.86(�=�9(57,.$/12�0,*5,5$-2à,0�Ë(/$7,12=1,0�3/$1.72120

:LOOLDP�0��*5$+$0
'DXSKLQ�,VODQG�6HD�/DE������%LHQYLOOH�%OYG���'DXSKLQ�,VODQG�$/��������86$

(�PDLO��PJUDKDP#GLVO�RUJ

-RKQ�+��&267(//2
%LRORJ\�'HSDUWPHQW��3URYLGHQFH�&ROOHJH��3URYLGHQFH��5,�������������86$

6HDQ�3��&2/,1
(QYLURQPHQWDO�6FLHQFHV��5RJHU�:LOOLDPV�8QLYHUVLW\��2QH�2OG�)HUU\�5G���%ULVWRO��5,��������86$

$OHQND�0$/(-
0DULQH�%LRORJ\�6WDWLRQ��1DWLRQDO�,QVWLWXWH�RI�%LRORJ\��6,������3LUDQ��)RUQDáH�����6ORYHQLD

'DYRU�/8Þ,Ü��9ODGRPLU�212)5,�	�$GDP�%(129,Ü
8QLYHUVLW\�RI�'XEURYQLN��,QVWLWXWH�IRU�0DULQH�DQG�&RDVWDO�5HVHDUFK��+5�������'XEURYQLN��'DPMDQD�-XGH�����&URDWLD

329=(7(.

7HKQRORÈNL�QDSUHGHN�Y�SRGYRGQHP�UD]LVNRYDQMX��QSU��IRWRDSDUDWL�LQ�NDPHUH�]�UDßXQDOQLÈNR�SRYH]DYR��YR]LOD�QD
GDOMLQVNR�XSUDYOMDQMH� �529���DYWRQRPQD�SRGYRGQD�YR]LOD� �$89�� LQ�PLQL�SRGPRUQLFH� V�SRVDGNR�� MH�RPRJRßLO�QRY
YSRJOHG�Y�GLYHU]LWHWR�LQ�UD]ÈLUMHQRVW�REßXWOMLYLK�ÊHODWLQR]QLK�RUJDQL]PRY�Y�REVHÊQHP�PH]RSHODJLßQHP�SDVX��a����
�����P�JORERNR���5D]LVNRYDQMH�PH]RSHODJLßQHJD�REPRßMD�QDP�MH�VLFHU�L]MHPQR�UD]ÈLULOR�SRJOHG�QD�ERJDVWYR�WHJD
RNROMD�� YHQGDU� Y� JODYQHP� RVWDMD� Y� RNYLULK� RSD]RYDQMD� EUH]� IL]LßQHJD� GRWLND�� NDU� RPHMXMH� QDÈR� ]PRÊQRVW� UD]X�
PHYDQMD�WHK�ÊLYDOL�V�SRPRßMR�IL]LßQH�REUDYQDYH��NL�EL�XVWUH]DOD�REßXWOMLYRVWL�SRVDPH]QHJD�RUJDQL]PD��2SUDYOMHQD�MH
ELOD�YUVWD�QRßQLK�LQ�VLWX�RSD]RYDQM�LQ�REUDYQDY�V�6&8%$�SRWRSL�Y�JORELQDK��LQ�VLFHU�QD�SRVWDML�]�JORELQR������P�Y
MXÊQHP� -DGUDQVNHP� PRUMX�� 2EUDYQDYDQD� MH� ELOD� VNXSLQD� YHUWLNDOQR� PLJULUDMRßLK� ÊHODWLQR]QLK� ÊLYDOL�� YNOMXßQR� ]
QDUNRPHGX]R�6ROPLVVXV�DOEHVFHQV�LQ�FHYNDßL�L]�UHGD�3K\VRQHFWDH�)RUVNDOLD�IRUPRVD�WHU�$JDOPD�HOHJDQV��NDWHULK�UD]�
SRQ� VHJD� RG�PH]RSHODJLßQHJD� REPRßMD� ßH]� GDQ� GR� JORELQ�� GRVHJOMLYLK� V� 6&8%$� SRWDSOMDQMHP� SRQRßL�� =� LQ� VLWX
SULVWRSRP�� NRPELQLUDQLP� ]� EOLÊLQR� REDOH�� VPR� ODKNR� VOHGLOL� QDUDYQHPX� YHUWLNDOQHPX�PLJULUDQMX� QHNDWHULK�PH]R�
SHODJLßQLK�YUVW�WHU�V�WHP�SULVSHYDOL�Y�YHGQR�ÈLUÈL�VSHNWHU�PHWRG�]D�HYDOYDFLMR�WHK�HNRORÈNR�SRPHPEQLK�RUJDQL]PRY�
NL�SD�MLK�MH�WDNR�WHÊNR�SURXßHYDWL�

.OMXÞQH�EHVHGH��YHUWLNDOQD�PLJUDFLMD��LQ�VLWX��YHGHQMH��KLGURGLQDPLND��-DGUDQVNR�PRUMH��QRáQR�SRWDSOMDQMH�6&8%$

5()(5(1&(6

$PDUDO��:��-��$���0��$��0RQWX�	�,��0��*ORHGHQ��������
6DOSLGDH��7KDOLDFHD��LQ�WKH�FRQWLQHQWDO�VKHOG�RI�VRXWKHUQ
%UD]LO�� FRPSRVLWLRQ�� GLVWULEXWLRQ� DQG� DEXQGDQFH� �6XP�
PHU���������$WODQWLFD��5LR�*UDQGH������������
$QGHUVHQ��9���-��6DUGRX�	�3��1LYDO���������7KH�GLHO�PL�
JUDWLRQV� DQG� YHUWLFDO� GLVWULEXWLRQV� RI� ]RRSODQNWRQ� DQG
PLFUR�QHNWRQ�LQ�WKH�1RUWKZHVWHUQ�0HGLWHUUDQHDQ�6HD����
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