
WKEd/&/�/��hE/s�Z^/������dM>/�����>���h��KZ

&��h>d�������/�E�/�^��y��d�^�z�E�dhZ�>�^

�^�h�>������/�E�/�^��/K>M'/��^

�ŝǀĞƌƐŝĚĂĚ�ĚĞ�^ĞŵŝůůĂƐ��ŝƐƉĞƌƐĂĚĂƐ�ƉŽƌ��ǀĞƐ�ĚĞů�/ŶƚĞƌŝŽƌ�ĚĞů�
�ŽƐƋƵĞ�dƌŽƉŝĐĂů��ŵĂǌſŶŝĐŽ�ĚĞ�zĂƐƵŶş

�ŝƐĞƌƚĂĐŝſŶ�ƉƌĞǀŝĂ�Ă�ůĂ�ŽďƚĞŶĐŝſŶ�ĚĞů�ƚşƚƵůŽ�ĚĞ�>ŝĐĞŶĐŝĂĚĂ�ĞŶ�
�ŝĞŶĐŝĂƐ��ŝŽůſŐŝĐĂƐ

:ƵĂŶ�&ƌĂŶĐŝƐĐŽ�,ĞƌƌĞƌĂ��ƵĞǀĂ

YƵŝƚŽ͕ ϮϬϮϮ



&HUWLILFR�TXH�OD�'LVHUWDFLyQ�GH�/LFHQFLDWXUD�HQ�&LHQFLDV�%LROyJLFDV�GHO�6U��
-XDQ�)UDQFLVFR�+HUUHUD�&XHYD�KD�VLGR�FRQFOXLGD�GH�FRQIRUPLGDG�FRQ�ODV�
QRUPDV�HVWDEOHFLGDV��SRU�OR�WDQWR��SXHGH�VHU�SUHVHQWDGD�SDUD�OD�FDOLILFDFLyQ�
FRUUHVSRQGLHQWH�

'U��5HQDWR�9DOHQFLD

'LUHFWRU�GH�OD�'LVHUWDFLyQ

4XLWR�����GH�DEULO�GH�����



$�PL�IDPLOLD��5HEHFD��&pVDU��&DPLOR��&DUOD�\�(GX



ŝǀ

$*5$'(&,0,(172

$JUDGH]FR�D�PLV�SDGUHV�\�KHUPDQR�SRU�VX�DSR\R�LQFRQGLFLRQDO�HQ�HO�GHVDUUROOR�GH�PLV�HVWXGLRV�

GH�OLFHQFLDWXUD�\�GLVHUWDFLyQ�GH�OLFHQFLDWXUD��DVt�KDQ�SHUPLWLGR�TXH�FXPSOD�PLV�VXHxRV�\�FUH]FD�

PL�DPRU�SRU�OD�FLHQFLD�\�OD�QDWXUDOH]D� 'H�LJXDO�PRGR��XQ�DJUDGHFLPLHQWR�LQILQLWR�D�OD�3RQWLILFLD�

8QLYHUVLGDG�&DWyOLFD�GHO�(FXDGRU�SRU�VX�DSR\R�D�OD�LQYHVWLJDFLyQ�\�ODV�LQLFLDWLYDV�HVWXGLDQWLOHV��

$GHPiV��D�5HQDWR�9DOHQFLD�SRU�VX�DSHUWXUD�H�LQPHQVR�DSR\R�SDUD�GHVDUUROODU�HVWH�SUR\HFWR�HQ�OD�

SDUFHOD�GH�<DVXQt��DVt�WDPELpQ�D�ORV�WUDEDMDGRUHV�\�WpFQLFRV�GH�OD�(VWDFLyQ�&LHQWtILFD�<DVXQt��

(VWH�SUR\HFWR�QR�KXELHUD�VLGR�SRVLEOH�VLQ�HO�DSR\R�GH�&KULVWLDQ�0RQWDOYR��ÈQJHO�7DQJXLOD�\�

3DEOR�$OYLD�FRPR�DVLVWHQWHV�GH�FDPSR�HQ�PL�LQYHVWLJDFLyQ��PXFKDV�JUDFLDV�SRU�VX�WUDEDMR��8Q�

DJUDGHFLPLHQWR�HVSHFLDO�D�0LOWRQ�=DPEUDQR�SRU�VX�DSR\R�\�FRPSDUWLU�GH�VX�DPSOLD�H[SHULHQFLD�

HQ�OD�LGHQWLILFDFLyQ�GH�VHPLOODV�GHO�<DVXQt� $GHPiV� DJUDGH]FR�D�6DQWLDJR�%XUQHR��5DIDHO�

&iUGHQDV��.LUVW\QQ�-RVHSK��6LPRQ�4XHHQERURXJK��/RX�-RVW SRU�OD�UHYLVLRQ�GHO�PDQXVFULWR�

SUHVHQWDGR��HO�FXDO�KD�PHMRUDGR�FRQ�FDGD�LQWHUYHQFLyQ�GH�WDO�JUXSR�GH�H[SHUWRV�
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)LJXUH �� 6SHFLHV�ULFKQHVV�RI�IUXJLYRURXV�ELUG�VSHFLHV FDSWXUHG�LQ�PLVW�QHWV�DURXQG�WKH�
<DVXQL�IRUHVW�G\QDPLFV�SORW�LQ�������������������������������������������������������������������������������������

)LJXUH��� 6SHFLHV�ULFKQHVV�RI�VHHGV�GLVSHUVHG�E\�IUXJLYRURXV�ELUGV�FDSWXUHG�LQ�PLVW�QHWV�

DURXQG�WKH�<DVXQL�IRUHVW�G\QDPLFV�SORW�LQ�������������������������������������������������������������������

)LJXUH��� %LUG�VSHFLHV�DQG�VHHG�JHQXV�DEXQGDQFHV�DW�D��ULGJHV�DQG�ERWWRPODQGV DQG OHVV�

UDLQ\�VHDVRQ DQG�UDLQ\�VHDVRQ��REWDLQHG�E\�QHW�QXPEHU�RI�FDSWXUHV��������������������������������

)LJXUH���:HLJKW�GLVWULEXWLRQ�E\�IHFDO�UHPDLQ�W\SH�DPRQJ�KDELWDWV�ZLWK�VWDQGDUG�GHYLDWLRQ�

DQG�3 YDOXH���««««««««««««««�������������������������������������������������������������

)LJXUH����6HHG�GLVSHUVLRQ�IUHTXHQF\�RI�$UDFHDH�IDPLO\�JHQXV�DPRQJ�KDELWDWV�DQG�\HDU�
VHDVRQV��««««««««««««««««�������������������������������������������������������������

)LJXUH����7URSKLF LQWHUDFWLRQ�ER[HV�DQG�ZHEV DPRQJ�GLVSHUVHU�ELUG�VSHFLHV�DQG�GLVSHUVHG�
VHHG�JHQXV�E\ KDELWDW��D��ULGJH DQG E��ERWWRPODQG�� E\�VHDVRQ��F��OHVV�UDLQ\�DQG G� UDLQ\ DQG
H��JOREDO�LQWHUDFWLRQV�UHJLVWHUHG��««««««««��������������������������������������������������������
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7DEOH����%LUGV��IUXJLYRURXV�ELUGV��DQG�VHHG�GLYHUVLW\������������������������������������������������������������

7DEOH����0HDQV E\�IHFDO�VDPSOH DQG�3�YDOXH�RI�$129$�WHVW�E\�VHW���«����������������������������

7DEOH����7RWDO�VHHG�QXPEHU�GLVWULEXWLRQ�E\�SODQW�KDELW�DQG�IUXLW�W\SH���«��������������������������



ϭ

��5(680(1

/D RUQLWR]RRFRULD�MXHJD�XQ�SDSHO�IXQGDPHQWDO�HQ�OD�HVWUXFWXUD�\�IXQFLRQDPLHQWR�GH�ORV�ERVTXHV�

WURSLFDOHV PHJDGLYHUVRV��(VWH�HV�HO�FDVR�GH�ORV�ERVTXHV�DPD]yQLFRV�GHO�3DUTXH�1DFLRQDO�

<DVXQt��GRQGH�FRQYLYHQ HQ�SURPHGLR ����HVSHFLHV�GH�iUEROHV�\�DUEXVWRV�SRU�KHFWiUHD \�VH�KDQ�

UHJLVWUDGR�PiV�GH�����HVSHFLHV�GH�DYHV�IUXJtYRUDV GHQWUR�GHO�SDUTXH��GyQGH�OD�GLVSHUVLyQ�GH�

VHPLOODV�HV�FUXFLDO��(O�SUHVHQWH�HVWXGLR�DQDOL]y�OD�GLYHUVLGDG�GH�VHPLOODV�GLVSHUVDGDV�SRU�DYHV�

IUXJtYRUDV�TXH�KDELWDQ�HO�LQWHULRU�GHO�ERVTXH GH�WHUUD�ILUPH HQWUH KiELWDWV��YDOOHV \�FROLQDV� \�

HQWUH�HVWDFLRQHV �GH�PD\RU�\�PHQRU�SUHFLSLWDFLyQ���6H�HQFRQWUy�TXH FDGD DYH�SXHGH�GLVSHUVDU�HQ�

SURPHGLR����� ��6'������HVSHFLHV�GH�VHPLOODV�SRU�GHSRVLFLyQ��/RV�SDWURQHV�GH�GLVSHUVLyQ�HQ

YDOOH�R FROLQD�YDULDURQ�FRQ�OD HVWDFLRQDOLGDG��(Q OD�FROLQD� GXUDQWH OD�HVWDFLyQ�PHQRV OOXYLRVD� VH�

HQFRQWUy���� ��PiV�HVSHFLHV GH�DYHV�IUXJtYRUDV TXH�HQ�HO�YDOOH��PLHQWUDV�OD�HVWDFLyQ�OOXYLRVD�

IXH������PHQRV�GLYHUVD�HQ�DYHV�IUXJtYRUDV� ,JXDOPHQWH��ODV�VHPLOODV�GLVSHUVDGDV�GLYHUVLILFDURQ�

HQ�OD�HVWDFLyQ�PHQRV�OOXYLRVD IXHURQ�����YHFHV�PiV�GLYHUVDV�TXH�GXUDQWH�OD�HVWDFLyQ�GH�OOXYLDV��

GRQGH�VH�GLR OD GRPLQDQFLD�GH�OD�SODQWD &OLGHPLD�GLPRUILFD��/DV�DYHV�GH�OD IDPLOLD�3LSULGDH

GLVSHUVDURQ�HO��� ��GH�ODV�HVSHFLHV�GH�VHPLOODV UHJLVWUDGDV� VLHQGR�GRPLQDQWH�/HSLGRWKUL[�

FRURQDWD��7DPELpQ� ODV�ED\DV�GH�0HODVWRPDWDFHDH�\�$UDFHDH IXHURQ�OD�GLHWD�PiV�IUHFXHQWH����

���� /D�UHSDUWLFLyQ�GH�QLFKRV�GLHWDULRV�HQWUH�DYHV�IUXJtYRUDV�HYLGHQFLD XQD�UHG�FRPSOHMD�GH�

LQWHUDFFLRQHV�TXH�IDFLOLWD�OD�FRH[LVWHQFLD�GH�FLHQWRV GH�DYHV�\�HVSHFLHV�GH�SODQWDV�HQ�iUHDV�

UHODWLYDPHQWH�SHTXHxDV�

3$/$%5$6�&/$9(� 'LQiPLFD�GH�ERVTXH� 'LVSHUVLyQ�GH VHPLOODV� 'LYHUVLGDG�%HWD�

(QGR]RRFRULD��(VWDFLRQDOLGDG��)UXJtYRUR��2UQLWRFRULD��
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2UQLWKRFKRU\ SOD\V�D�NH\�UROH�LQ�WKH�VWUXFWXUH�DQG�IXQFWLRQDOLW\�RI�PHJDGLYHUVH�WURSLFDO�IRUHVWV��

,Q WKH�(FXDGRULDQ�$PD]RQLDQ�WURSLFDO�IRUHVW��LQ�<DVXQt 1DWLRQDO�3DUN��ZKHUH�����WUHH�DQG�EXVK�

VSHFLHV�FRH[LVW�SHU�KHFWDUH�DORQJVLGH PRUH�WKDQ�����VSHFLHV�RI�IUXJLYRURXV�ELUGV� VHHG�

GLVSHUVLRQ�E\�ELUGV�LV FUXFLDO�WR�WKH�HFRV\VWHP��7KLV�VWXG\�DQDO\]HG�WKH�GLYHUVLW\�RI�VHHGV�

GLVSHUVHG�E\�IUXJLYRURXV�ELUGV�IURP�WKH�XQGHUVWRU\ RI�WHUUD�ILUPH�IRUHVW EHWZHHQ�KDELWDWV�

�ERWWRPODQGV DQG�ULGJHV� DQG�VHDVRQV��UDLQ\�DQG�OHVV�UDLQ\���:H�IRXQG�WKDW ELUGV GLVSHUVHG�RQ�

DYHUDJH�������6'������VHHG VSHFLHV�SHU IHFDO�VDPSOH��7KH�GLVSHUVLRQ�SDWWHUQV�FKDQJHG�EHWZHHQ�

ERWWRPODQGV�DQG�ULGJHV�ZLWK�VHDVRQDOLW\��,Q�WKH�ULGJHV�GXULQJ�WKH OHVV UDLQ\�VHDVRQ� ZH�IRXQG�

��� ��PRUH�IUXJLYRURXV�ELUG VSHFLHV WKDQ�WKH�ERWWRPODQGV��ZKLOH�WKH�UDLQ\�VHDVRQ�KDG������OHVV�

IUXJLYRUH GLYHUVLW\� 6LPLODUO\��VHHG�VSHFLHV�GLVSHUVHG�E\�ELUGV�GLYHUVLILHG�GXULQJ WKH�OHVV�UDLQ\�

VHDVRQ��EHLQJ�����WLPHV�PRUH�GLYHUVH�WKDQ�WKH�UDLQ\�VHDVRQ��ZKHUH�&OLGHPLD�GLPRUILFD VHHGV�

GRPLQDWHG� 7KH�3LSULGDH�IDPLO\�ZHUH�NH\�VHHG�GLVSHUVHUV ZLWK�HLJKW�VSHFLHV�ZKLFK�GLVSHUVHG����

��RI�VHHG�VSHFLHV� /HSLGRWKUL[�FRURQDWD GRPLQDWHG ERWK KDELWDWV�DQG�VHDVRQV��$OVR��EHUULHV�

IURP�0HODVWRPDWDFHDH��ZLWK���JHQHUD��DQG�$UDFHDH��ZLWK���JHQHUD��ZHUH�WKH�PRVW�FRPPRQ�

VRXUFH�RI�IRRG�������RI�WKH�GLHW���7KH�IUXJLYRURXV�ELUG�GLHWDU\�QLFKH�ZDV�GLVWULEXWHG�RQ�D�

FRPSOH[�LQWHUDFWLRQ�ZHE�ZKLFK�IDFLOLWDWHV�WKH�FRH[LVWHQFH�RI�KXQGUHGV�RI�SODQWV�DQG�ELUGV�LQ�D�

UHODWLYHO\ VPDOO�DUHD�

.(<:25'6��%HWD�'LYHUVLW\� (QGR]RRFKRU\��)RUHVW�G\QDPLF��)UXJLYRU\��2UQLWKRFRKRU\��

6HHG�GLVSHUVLRQ��6HDVRQDOLW\�
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%,27523,&$��WKH�VFLHQWLILF�MRXUQDO�RI�WKH�$7%&

7Ë78/2

'LYHUVLW\�RI�6HHGV�'LVSHUVHG�E\�%LUGV�RI�WKH�,QWHULRU�RI�WKH�$PD]RQ�5DLQ�)RUHVW�RI�<DVXQt�

$8725(6

-XDQ�)UDQFLVFR�+HUUHUD�&XHYD�


(PDLO��MXDQIUDQKF��#KRWPDLO�FRP

5HQDWR�9DOHQFLD�

(PDLO��OUYDOHQFLD#SXFH�HGX�HF

��(VFXHOD�GH�&LHQFLDV�%LROyJLFDV��3RQWLILFLD�8QLYHUVLGDG�&DWyOLFD�GHO�(FXDGRU��4XLWR��(FXDGRU

��(VFXHOD�GH�&LHQFLDV�%LROyJLFDV��3RQWLILFLD�8QLYHUVLGDG�&DWyOLFD�GHO�(FXDGRU��4XLWR��(FXDGRU
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0HJDGLYHUVH�WURSLFDO�IRUHVWV�DUH�VKDSHG�E\�WDQJOHG LQWHUDFWLRQ�ZHEV�WKDW�FRQVWDQWO\�Ϯ

FKDQJH�ZLWK QDWXUDO�VHOHFWLRQ�SUHVVXUHV� ZKHUH�VHHG�GLVSHUVLRQ�WKURXJK�YHUWHEUDWHV¶ϯ

JXWV��NQRZQ�DV�HQGR]RRFKRU\��GRPLQDWHV �.DUXELDQ��HW�DO����������(QGR]RRFKRU\��DV�ϰ

RWKHU�V\PELRWLF�UHODWLRQVKLSV��LV�GHILQHG�E\�JHQHWLF�DQG�KDELWDW�GLYHUVLW\��DOVR�ϱ

GHPRJUDSK\�SDWWHUQV�RI SODQWV�DQG WKHLU�GLVSHUVHUV��*RWHOOL���������,Q�JHQHUDO��VHHGV�ϲ

GLVSHUVHG�DZD\�IURP�WKHLU�PRWKHU�WUHH�KDYH EHWWHU�FKDQFHV�WR�JHUPLQDWH�DQG�VXUYLYH��ϳ

EHFDXVH�RI�D�QHJDWLYH�GHQVLW\�GHSHQGHQFH �:ULJKW�������� ZKHUH�GLVWDQFH�IURP�ϴ

FRQVSHFLILFV�DLGV�LQ DYRLGLQJ GLVHDVHV��DOOHORSDWK\� DQG�LQWUDVSHFLILF�FRPSHWLWLRQ��WKLV�ϵ

LGHD�ZDV�ILUVW�SRVWXODWHG�E\ -DQ]HQ��������DQG &RQQHOO���������%HVLGHV WKLV��ϭϬ

HQGR]RRFKRU\�IUHTXHQWO\ LQ�WKH�WURSLFV�UHDFKHV�ORQJHU�GLVWDQFHV�WKDQ�SROOLQDWLRQ KHOSLQJ�ϭϭ

WR�UHGXFH�LQEUHHGLQJ�ZLWKLQ�SRSXODWLRQV �:HVWFRWW�	 *UDKDP���������ϭϮ

,Q�WKH�WURSLFV� HQGR]RRFKRU\�UHODWHV�WR�IOHVK\�IUXLW�DYDLODELOLW\�IURP�ZRRG\�SODQWV�ϭϯ

DQG�HSLSK\WHV� PDLQO\�GLVSHUVHG�E\�ELUGV �'DWWD�	�5DZDW��������+HQFH��HYROXWLRQ�ϭϰ

SURFHVV�FRPSOH[HV�LQ�7KH�$PD]RQ�5DLQIRUHVW DUH�PRVW�GLYHUVH�LQ�FRPPXQLWLHV�ϭϱ

ZKHUH ELUGV�DQG�SODQWV�LQWHUDFW�ZLWK�HDFK�RWKHU �.DUXELDQ��HW�DO��������� ,Q�<DVXQtϭϲ

1DWLRQDO�3DUN �<13��UHVHDUFKHUV�KDYH UHJLVWHUHG�WKH�JUHDWHVW�GLYHUVLW\ RI�WUHH�DQG�ϭϳ

EXVK�VSHFLHV�SHU�XQLW�DUHD�RI�WKH�ZRUOG� ZKHUH�RQ�DYHUDJH��LQ�MXVW�RQH�KHFWDUH�RIϭϴ

WHUUD�ILUPH ����VSHFLHV FDQ�EH�IRXQG �9DOHQFLD�HW�DO��������E����$V�IRU IUXJLYRURXV�ϭϵ

ELUGV��LQ�<13 ����VSHFLHV���������RI�WKH�(FXDGRULDQ�$PD]RQ�ULFKQHVV��KDYH EHHQ�ϮϬ

UHJLVWHUHG� ZLWK����IDPLOLHV�WKDW�FRQVXPH�IUXLWV��DQG�7KUDXSLGDH�DV�WKH�PRVW�GLYHUVHϮϭ

� ZLWK����GLIIHUHQW�VSHFLHV��)UHLOH��HW�DO��������6FKXOHQEHUJ��HW�DO���������ϮϮ

)UXJLYRURXV�ELUG�GLYHUVLW\�LV�FRQVWDQWO\�FRHYROYLQJ ZLWK�SODQW�GLVSHUVLRQ�VWUDWHJLHV��Ϯϯ

VXFK�DV�SKHQRORJ\��SODQW�KDELW� DQG�IUXLW�W\SH �.DUXELDQ��HW�DO����������&RQVHTXHQWO\��Ϯϰ

VHOHFWLRQ�LV�ELGLUHFWLRQDO��EHLQJ�LQIOXHQFHG E\�ERWK�GLVSHUVHUV�DQG E\�WKH�SODQWV�WKH\�Ϯϱ



ϱ

GLVSHUVH �$OPHLGDǦ1HWR��HW�DO���������)UXLWV��DV�DQ�DEXQGDQW�DQG�DFFHVVLEOH�IRRG�Ϯϲ

VRXUFH��KDYH�VKDSHG�D�WDQJOHG�LQWHUDFWLRQ�ZHE RI�HQGR]RRFKRU\ �0DUWLQH]���������Ϯϳ

([WHUQDO�IDFWRUV�KDYH�DOVR�VKDSHG�WKH�QLFKH SDUWLWLRQLQJ RI�ELUGV DQG�SODQWV WKURXJK�Ϯϴ

GLIIHUHQW KDELWDW VWUXFWXUH DQG�VHDVRQDOLW\��ZKLFK�DIIHFWV�SODQW�SKHQRORJ\��+DPMDK��Ϯϵ

�������+DELWDW�GLYLVLRQ�DQG�VHDVRQDOLW\�HIIHFWV�RYHU�VHHG�GLVSHUVLRQ DUH�SRRUO\�ϯϬ

XQGHUVWRRG LQ�PRVW�HFRV\VWHPV �0RHUPRQG�	�'HQVORZ���������ZKLFK�LV DOVR WKH�ϯϭ

FDVH�RI�$PD]RQ�UDLQIRUHVW� ZKHUH�WKHVH�HIIHFWV�KDYH FRPSOH[�SDWWHUQV�DQG�WKH�ϯϮ

ODUJHVW�DPRXQW�RI�VHHG�GLVSHUVLRQ�LQWHUDFWLRQV �0RUWRQ��������9DOHQFLD�HW�DO��������ϯϯ

E��)UHLOH��HW�DO��������ϯϰ

<13�LV�GRPLQDWHG�E\�WHUUD�ILUPH� ZHOO�GUDLQHG�IRUHVW��WKDW�KDV�WZR�YHU\�ϯϱ

GLVWLQJXLVKDEOH�WRSRJUDSKLF�KDELWDWV��ULGJHV DQG ZHW�ERWWRPODQGV �$OPHLGDဨ1HWR�HW�ϯϲ

DO����������3UHYLRXV�VWXGLHV�KDYH VKRZQ�WKDW�WKHUH LV�D�VLJQLILFDQW�GLIIHUHQFH�LQ�IORUD�ϯϳ

FRPSRVLWLRQ��VWUXFWXUH� DQG�IXQFWLRQDOLW\�EHWZHHQ�WKHVH�KDELWDWV ;-RKQ��HW�DO�������ϯϴ

'XTXH�HW�DO���������%RWK KDELWDWV�RQO\�VKDUH��DW�VLPLODU�GHQVLWLHV��������RI�SODQW�ϯϵ

VSHFLHV��ZKHUH�������DUH�VKDUHG�VSHFLHV�EXW�PXFK�PRUH�FRPPRQ�LQ�RQH�KDELWDW��DQG�ϰϬ

������DUH�VSHFLDOLVW�VSHFLHV�IRU�RQH�KDELWDW �9DOHQFLD�HW�DO�������D���5HJDUGLQJ�ϰϭ

IXQFWLRQDOLW\� SODQW�VSHFLHV�KDYH�GHYHORSHG�GLIIHUHQW�VWUDWHJLHV�E\�KDELWDW��IRU�ϰϮ

H[DPSOH��WKH�DYHUDJH�OHDI�DUHD�GLIIHUV�VLJQLILFDQWO\�EHWZHHQ�WKH WZR GLVWLQFW KDELWDWVϰϯ

�.UDIW�HW�DO���������$V�IRU VWUXFWXUH��WKHVH�KDELWDWV�GLIIHU DV�ZHOO��ZKHUH ULGJHV�ϰϰ

DFFXPXODWH��������PRUH�ELRPDVV�WKDQ�ERWWRPODQGV �9DOHQFLD�HW�DO���������7KLV�ϰϱ

VXJJHVWV�WKDW KDELWDW�SDUWLWLRQLQJ�HQKDQFHV KLJK�SODQW�ULFKQHVV�ZLWK�ORZ�GRPLQDQFHϰϲ

�:ULJKW���������,QWHUHVWLQJO\��KDELWDW�SDUWLWLRQLQJ FDQ�EH�FRQFRPLWDQW�IRU�ϰϳ

IUXJLYRURXV�ELUGV��DV�IRXQG�E\�%ODNH���������LQVLGH�WKLV�IRUHVW��ϰϴ



ϲ

)UXLWV DQG�LQVHFWV�DUH�PDLQ�IRRG�VRXUFHV�IRU�ELUGV��3RXOLQ��/HIHEYUH�	�ϰϵ

0F1HLO������� PHDQLQJ�WKDW�IUXFWLILFDWLRQ�VHDVRQV�VWURQJO\�VKDSH�WKH�EHKDYLRUV�RI�ϱϬ

ELUGV �5LGJHO\�	 *UHHQILHOG���������)XUWKHUPRUH��IUXFWLILFDWLRQ FDQ�EH�UHODWHG�ZLWK�ϱϭ

SUHFLSLWDWLRQ�UHJLPHV �+DPDQQ������� WKHUHIRUH�DOVR�LQIOXHQFLQJ�ELUG�EHKDYLRU��)RUϱϮ

H[DPSOH��D�VWXG\�LQVLGH 0DWD�$WOiQWLFD�IRUHVW��LQ�%UD]LO��IRXQG�WKDW�PRUH�KDELWDW�ϱϯ

KXPLGLW\�PHDQV�PRUH�HQGR]RRFKRU\ �$OPHLGDဨ1HWR�HW�DO����������2WKHU�IDFWRUV�WKDW�ϱϰ

LQIOXHQFH�IUXLW�SURGXFWLRQ�DQG�HQGR]RRFKRU\�DUH�VRLO�FRQGLWLRQV��VXFK�DV�ZDWHU��ϱϱ

QXWULHQWV��RUJDQLF�PDWWHU�DQG�PLFURRUJDQLVP�DYDLODELOLW\��JHRORJ\�DQG�WRSRJUDSK\��ϱϲ

DOVR� DQWKURSRJHQLF�LQIOXHQFHV� LQFOXGLQJ�GHIRUHVWDWLRQ��HQULFKPHQW�DQG�GHJUDGDWLRQ�ϱϳ

RI�VRLO� DQG�VSHFLHV�LQWURGXFWLRQ �'HQW�	�(VWUDGD�9LOOHJDV���������ϱϴ

7KLV�VWXG\�DLPHG WR�DVN�WKUHH TXHVWLRQV �D��+RZ�GRHV�WKH�VSHFLHV�ULFKQHVV�DQG�ϱϵ

FRPPXQLW\�FRPSRVLWLRQ�YDU\�EHWZHHQ��L�ULGJH�DQG�YDOOH\�KDELWDW��DQG��LL��UDLQ\ DQG�ϲϬ

OHVV�UDLQ\ VHDVRQ"�5HJDUGLQJ�RQ XQGHUVWRU\�ELUG VSHFLHV� XQGHUVWRU\�IUXJLYRURXV�ELUG�ϲϭ

VSHFLHV DQG VHHGV�GLVSHUVHG�E\�XQGHUVWRU\�ELUG�VSHFLHV���E��+RZ�GRHV�WKH�ϲϮ

LQWHUDFWLRQV�EHWZHHQ�XQGHUVWRU\�IUXJLYRURXV�ELUGV�DQG�VHHGV�GLVSHUVHG�YDU\�EHWZHHQ�ϲϯ

KDELWDWV�DQG�RYHU�VHDVRQV" �F��+RZ�GRHV�WKH�VSHFLHV�ULFKQHVV�DQG�FRPPXQLW\�ϲϰ

FRPSRVLWLRQ�RI�VHHGV�GLVSHUVHG�E\�XQGHUVWRU\�IUXJLYRURXV�ELUG�VSHFLHV YDU\�E\�SODQW�ϲϱ

KDELW"ϲϲ

:H�SUHGLFW�WKDW �D�6SHFLHV�ULFKQHVV�DQG�FRPPXQLW\�FRPSRVLWLRQV�ZLOO�EH�GLIIHUHQW�ϲϳ

EHWZHHQ�KDELWDWV�DQG�RYHU�VHDVRQV��ZLWK�ODUJH EHWD�GLYHUVLWLHV��DV�IRXQG�LQ�SODQW�ϲϴ

FRPSRVLWLRQ �E��,QWHUDFWLRQV�EHWZHHQ�XQGHUVWRU\�IUXJLYRURXV�ELUGV�DQG�VHHGV�ϲϵ

GLVSHUVHG�ZLOO�EH�PROGHG�E\�KDELWDW�DQG�ZHDWKHU�FRQGLWLRQV��ZLWK�PRUH�KXPLGLW\ LQ�ϳϬ

KDELWDW�DQG�VHDVRQ WKHUH�ZLOO�EH�PRUH�DEXQGDQFH�RI�VHHGV�GLVSHUVHG� �F��*HQHUDOLVW�ϳϭ

ELUGV DQG�VHHGV ZLOO�EH�SUHGRPLQDQW�DQG�SUHVHQW�LQGLIIHUHQWO\�WKURXJK�VHDVRQV�DQG�ϳϮ

KDELWDWV��VSHFLDOLVWV�ZLOO�EH�VFDUFH�DQG�VSHFLILFV�WR�KDELWDW�DQG�VHDVRQV�ϳϯ



ϳ

�� 0(7+2'6ϳϰ

��� 6WXG\�VLWHϳϱ

7KH�VWXG\�VLWH�ZDV ORFDWHG���NP�IURP�<DVXQt�6FLHQWLILF�6WDWLRQ��<66���LQ�WKH�QRUWKZHVWϳϲ

DUHD�RI�<DVXQL�1DWLRQDO�3DUN� 0XFK�RI�WKH�3DUN�LV�FRYHUHG�LQ�PDWXUH�ORZODQG WHUUD�ϳϳ

ILUPH UDLQ�IRUHVW��ZLWK�D�FDQRS\�PRVWO\�������P�WDOO DQG�VRPH�HPHUJHQW�WUHHV��ϳϴ

XQGHUVWRU\�LV�RSHQHG��EXW�WKLFN�ZKHQ�OLJKW�JDSV�DSSHDU� 0RVW�RI�VRLOV�DUH�FOD\H\�DQG�ϳϵ

DFLGLF��ZLWK�ORZ�YDULDWLRQ�DORQJ�<13 �9DOHQFLD��HW�DO������ D���ϴϬ

:LWKLQ�<13��D����KD IRUHVW�G\QDPLFV SORW������¶���´�6������¶����´�:��VRXWKZHVW�ϴϭ

FRUQHU��ZDV HVWDEOLVKHG LQ����� WR�VWXG\�ORQJ�WHUP SRSXODWLRQ�GHPRJUDSK\�ϴϮ

�9DOHQFLD��HW�DO�������E����7KH�SORW�LV FRPSRVHG�RI�WZR�PDLQ�WRSRJUDSKLF�KDELWDW�ϴϯ

W\SHV �9DOHQFLD��HW�DO�������E���ERWWRPODQGV �ZHW�IODWV��FURVVHG�E\�FUHHNV�� DQG�ϴϰ

ULGJHV �ZLWK�VWHHS�VORSHV�DQG�KLJK�FUHVWV�� (OHYDWLRQ LQ�WKH�SORW�YDULHV�EHWZHHQ�����ϴϱ

DQG�����0$06/��0HDQ�DQQXDO�SUHFLSLWDWLRQ�DW�WKH�VLWH�LV �����PP �1DUDQMR��ϴϲ

�������0RUH�UDLQ�IDOOV�IURP�0D\�WR 2FWREHU�WKDQ�'HFHPEHU�WR�$SULO��EXW�WKHUH�LV�QRϴϳ

PRQWK�UHJXODUO\�ZLWK�OHVV�SUHFLSLWDWLRQ�WKDQ ����PP �1DUDQMR�������� 0HDQ�ϴϴ

PRQWKO\�WHPSHUDWXUH�LV ������&�DQG�PHDQ�PRQWKO\�UHODWLYH�KXPLGLW\�LV ���� ��ϴϵ

����6DPSOLQJ�SURWRFRO�ϵϬ

:H�VDPSOHG�LQ�ERWK�WKH�OHVV�UDLQ\ VHDVRQ �)HEUXDU\�������SUHFLSLWDWLRQ  �����PP�ϵϭ

DQG WKH�UDLQ\ VHDVRQ �-XO\�������SUHFLSLWDWLRQ� ������PP���XQSXEOLVKHG�GDWD�IURP�ϵϮ

<66� LQ�WKH�SHULSKHU\�RI�WKH����KD�SORW��,Q�HDFK�VHDVRQ��WKH�ELUG FRPPXQLW\�ZDV�ϵϯ

VDPSOHG�XVLQJ PLVW�QHWV�ORFDWHG�LQ�WKH IRUHVW XQGHUVWRU\� 7KH�QHWV�ZHUH�DOLJQHG�LQ�ϵϰ

ILYH�OLQHDO�WUDQVHFWV��ZLWK�D FRPELQHG�OHQJWK�RI�����P��WHQ PLVW�QHWV�RI ���î�����P��ϵϱ

IRU�D�WRWDO�WUDSSLQJ�DUHD�RI ����P���:H�HVWDEOLVKHG�WZR�WUDQVHFWV LQ ULGJH KDELWDW��ϵϲ

WZR�LQ�ERWWRPODQG KDELWDW� DQG�RQH�WUDQVHFW WKDW�FRQVLVW�RI�KDOI�ULGJH�DQG�KDOI�ϵϳ



ϴ

ERWWRPODQG��IROORZLQJ�9DOHQFLD�HW�DO�������E�� :H JHR�ORFDOL]HG�PLVW�QHWV E\�ϵϴ

PDSSLQJ�WKH����KD�SORW��ZKLFK�ZHUH RSHQ LQGLYLGXDOO\ IRU ���KRXUV��,Q�WRWDO������ϵϵ

QHW�KRXUV�ZHUH�VDPSOHG� ZLWK�����QHW�KRXUV LQ�HDFK�KDELWDW �5DOSK����������ϭϬϬ

%LUG�FDSWXUH FDUH�DQG�PDQDJHPHQW�IROORZHG 5DOSK�������� (DFK�IUXJLYRURXV�RU�ϭϬϭ

RPQLYRURXV�ELUG�FDSWXUHG�ZDV�SKRWRJUDSKHG�DQG�NHSW�LQ�D�FORWK�EDJ� ZLWK�D�SDSHU�ϭϬϮ

EDJ�LQVLGH�WR�FROOHFW�IHFHV��IRU�D�PD[LPXP�RI�VL[W\�PLQXWHV� ,I�DQ\�ELUG�VKRZHGϭϬϯ

VLJQV�RI�VWUHVV� ZH�UHOHDVHG�LW �5DOSK���������1R�ELUG�GLHG�GXULQJ�WKH�VWXG\� 0RUH�ϭϬϰ

WKDQ��� � RI�WDUJHW�ELUGV�GHIHFDWHG�LQ�WKH�QHW� 'HIHFDWLRQ�VDPSOHV ZHUH�WDNHQ�IURP�ϭϬϱ

SDSHU�EDJV�RU�IURP�OHDI�OLWWHU�ZLWK�HQWRPRORJ\�IRUFHSV�RU�D�UD]RU� 6DPSOHV�ZHUH�ϭϬϲ

SODFHG�LQ�(SSHQGRUI WXEHV DQG ODEHOHG�ZLWK�WKH�ILHOG�QXPEHU�UHODWHG�WR�WKH FDSWXUHGϭϬϳ

ELUG��:H�UHJLVWHUHG�GDWH��KRXU� PLVW�QHW��VH[��DJH� DQG�WUDQVHFW�RI�HDFK�FDSWXUHϭϬϴ

�5DOSK� ������ )HFDO�VDPSOHV�ZHUH�IUR]HQ�DW ����&�ϭϬϵ

,Q�WKH�ODERUDWRU\��ZH�VHSDUDWHG IHFHV LQWR IRXU�FDWHJRULHV��HQWRPRORJLFDO�UHPDLQV�ϭϭϬ

IUXLW�SXOS��YHJHWDO�UHPDLQV �FDWHJRU\ MRLQHG�WR�IUXLW�SXOS�LQ�SRVWHULRU�DQDO\VHV� DQGϭϭϭ

VHHGV��%XUQV�DQG 1DRNL�������� $IWHU WKLV�SURFHVV��WKH�UHPDLQV�ZHUH�UH�IUR]HQ�WR�ϭϭϮ

NHHS�IUHVK�IRU�LGHQWLILFDWLRQ�DQG�VDIH IURP�IXQJL DQG�EDFWHULD�ϭϭϯ

7R�LGHQWLI\�VHHGV�LQ�WKH�IHFDO�VDPSOHV��ZH�XVHG�WKH�ORFDO�VHHG�FROOHFWLRQV�DQG�WKH�ϭϭϰ

DVVLVWDQFH�RI�WKH�SDUDWD[RQRPLVW�DVVRFLDWHG�ZLWK�D�ORQJ�WHUP�VHHG�UDLQ�PRQLWRULQJ�ϭϭϱ

SURMHFW�DW�<66��7KLV�SURMHFW PRQLWRUV�GLVSHUVHG�VHHGV�FDSWXUHG�LQ�����VHHG�WUDSV�ϭϭϲ

GLVWULEXWHG�WKURXJKRXW WKH����KD�SORW�HYHU\����GD\V��VLQFH WKH�\HDU�������0HW]�HW�DO�ϭϭϳ

������9DOHQFLD� SHUV� FRP����7KLV�SURMHFW�KDV�GDWD�IRU �����VSHFLHV��RUϭϭϴ

PRUSKRVSHFLHV��RI�WUHH�DQG�OLDQD�VHHGV� $V�UHVXOW�RI�WKLV�VXSSRUW� 8QLGHQWLILHG�VHHGVϭϭϵ

WKDW�ZHUH�PRUSKRORJLFDOO\�VLPLODU ZHUH�JURXSHG�LQ�PRUSKRW\SHV��ZLWK�QRPHQFODWXUH�ϭϮϬ

RI�WKH�ORZHVW WD[RQRPLFDO�OHYHO �IDPLO\�RU�JHQXV�OHYHO���IROORZHG�E\�³VS´�DQG�VHULDO�ϭϮϭ



ϵ

QXPEHU�VWDUWHG�LQ���IRU�HDFK�WD[RQRPLF�JURXS FRQVLGHUHG�DV�GLIIHUHQW�VSHFLHVϭϮϮ

�0DUWLQ�\�%DUNOH\�������� (DFK�VHHG�VSHFLHV�RU�PRUSKRVSHFLHV�ZDV�SKRWRJUDSKHG�DV�ϭϮϯ

D�UHFRUG�RI�VHHGV�GLVSHUVHG�E\�ELUGV��0DUWLQ�\�%DUNOH\��������ϭϮϰ

)LQDOO\� ZH�GHK\GUDWHG�IHFDO�UHPDLQV IRU����KRXUV�LQ�D�IRRG�GHK\GUDWRU�DW����&��ϭϮϱ

7KHQ��ZH�ZHLJKHG HDFK�VDPSOH�LQGHSHQGHQWO\ LQ�DQ�DQDO\WLF�EDODQFH�ZLWK �������JϭϮϲ

SUHFLVLRQ�ϭϮϳ

����'DWD�DQDO\VLVϭϮϴ

:H�FODVVLILHG�FDSWXUHG�ELUG VSHFLHV LQWR ILYH�GLHWDU\�QLFKH�FDWHJRULHV� EDVHG�RQ�WKHLUϭϮϵ

GLHW� LQVHFWLYRURXV��IUXJLYRURXV��QHFWDULYRURXV��LFWLYRURXV RU RPQLYRURXV��EDVHG�RQ�ϭϯϬ

)UHLOH��HW�DO���������DQG�5LGJHO\�	�*UHHQILHOG���������:H�GHWHUPLQHG�WKH�ϭϯϭ

IUHTXHQFLHV�RI�GLHWDU\�QLFKHV�LQ�ERWK�VHDVRQV DQG�KDELWDWV� 6LPLODUO\��FROOHFWHG�VHHGV�ϭϯϮ

ZHUH�DVVLJQHG�D�IUXLW�W\SH�DQG�SODQW�KDELW��EDVHG�RQ�7URSLFRV�GDWD�EDVH�������� 7KHϭϯϯ

IHFDO�UHPDLQV�DQDO\VHV�IRFXVHG�RQ ELUG�GLYHUVLW\�DQG�VHHG�GLYHUVLW\�UHODWLRQVKLSV�ϭϯϰ

DFURVV�VHDVRQV�DQG�KDELWDWV�ϭϯϱ

:H�TXDQWLILHG�WKH�ZHLJKW�RI�VHHG�DQG�RWKHU�IHFDO�UHPDLQV�E\�ELUG�VDPSOH�WR�HVWDEOLVK�ϭϯϲ

GLHWDU\�SUHIHUHQFHV� :H�FRPSDUHG�GLIIHUHQFHV�LQ�WKH�QXPEHU� LQGLYLGXDO�ZHLJKW�DQG�ϭϯϳ

WRWDO�ZHLJKW�RI�VHHGV�LQ�WKH�IHFDO�VDPSOHV��LQFOXGLQJ�IHFDO�VDPSOHV�IURP�IUXJLYRURXV�ϭϯϴ

ELUGV�ODFNLQJ�VHHGV��XVLQJ $129$�ϭϯϵ

:H�FDOFXODWHG WKH DOSKD�DQG�EHWD�GLYHUVLW\ RI�GLVSHUVHG VHHGV��IUXJLYRURXV ELUGV� DQGϭϰϬ

QRQ�IUXJLYRURXV�ELUGV FDSWXUHG� 8VLQJ�,1(;7�RQOLQH���&KDR�	�+VLHK��������ϭϰϭ

DFFHVVHG��������������ZH FDOFXODWHG�UDUHILHG�HVWLPDWHV�RI�DOSKD�DQG�EHWD�GLYHUVLW\�ϭϰϮ

������FRQILGHQFH LQWHUYDO�DQG ����ERRWVWUDSV�UHSOLFDWLRQV��DQG�HVWLPDWHG 6LPSVRQ¶Vϭϰϯ

DQG 6KDQQRQ¶V�LQGH[�DQG�WKHLU�HIIHFWLYH�QXPEHUV��,I�QHFHVVDU\��ZH�LQWHUSRODWHG�WKH�ϭϰϰ

YDOXHV�EHWZHHQ�KDELWDWV�DQG�EHWZHHQ�VHDVRQV�WR�PDWFK�VDPSOH�FRYHUDJH �&KDR�	�ϭϰϱ



ϭϬ

-RVW���������7R�H[DPLQH�DOSKD�GLYHUVLW\��ZH�EXLOW WKH�VDPSOH�VL]H�EDVHG�UDUHIDFWLRQ�ϭϰϲ

DQG�H[WUDSRODWLRQ�VDPSOLQJ�FXUYH�DQG�WKH�VDPSOH�FRPSOHWHQHVV�FXUYH�IRU�ϭϰϳ

IUXJLYRURXV�ELUGV�DQG�VHHGV �&KDR�	�+VLHK�������� )RU�EHWD�GLYHUVLW\��ZH�HPSOR\HGϭϰϴ

WKH 6¡UHQVHQ FRPPXQLW\�FRHIILFLHQW� WR�HVWDEOLVK�VSHFLHV�VKDUHG�EHWZHHQ�KDELWDWV�ϭϰϵ

DQG�VHDVRQV �/LOOHVNRY��HW�DO���������ϭϱϬ

:H LGHQWLILHG�GLHWDU\�SUHIHUHQFHV�DQG�QLFKHV�RI�WKH�FDSWXUHG�ELUG�VSHFLHV�ϭϱϭ

�IUXJLYRURXV�YV��RPQLYRURXV�DQG�JHQHUDOLVW�YV��VSHFLDOLVW���8VLQJ�WKH�6¡UHQVHQ�ϭϱϮ

FRPPXQLW\�FRHIILFLHQW ZH�EXLOW�D GLHWDU\�RYHUODS�PDWUL[�IRU�IUXJLYRURXV�ELUGV��8VLQJ�ϭϱϯ

WKH�5�VRIWZDUH�ELSDUWLWH�SDFNDJH��'RUPDQQ��*UXEHU�	�)U�QG�������� ZH EXLOWϭϱϰ

HFRORJLFDO�GLVSHUVLRQ�ZHEV�EHWZHHQ�ELUG�VSHFLHV�DQG�JHQXV�OHYHO�VHHG�WD[D��)URP�ϭϱϱ

WKHVH ZHEV��ZH�HVWDEOLVKHG�QHVWHGQHVV �ZKHQ�D�VSHFLDOLVW�FRQVXPHV D�VXEVHW�RI�WKH�ϭϱϲ

JHQHUDOLVW�GLHW� DQG�ZHE�V\PPHWU\ �ZKHQ�VSHFLDOLVWV ZHUH GLVSHUVHG�MXVW�E\�ϭϱϳ

VSHFLDOLVWV���ϭϱϴ

ϭϱϵ

ϭϲϬ

ϭϲϭ

ϭϲϮ

ϭϲϯ

ϭϲϰ

ϭϲϱ

ϭϲϲ

ϭϲϳ



ϭϭ

�� 5(68/76ϭϲϴ

��� %LUG�GLYHUVLW\ϭϲϵ

2YHU�WKH�WZR�VHDVRQV�DQG�WZR�KDELWDWV�RI�WKH VWXG\ ZH�FDSWXUHG�D�WRWDO�RI ���ϭϳϬ

LQGLYLGXDO�ELUGV IURP����VSHFLHV�����JHQHUD�DQG ���IDPLOLHV��7KH�PRVW�FRPPRQ�ϭϳϭ

VSHFLH�ZDV�/HSLGRWKUL[��FRURQDWD��ZLWK����FDSWXUHV��7KH�PRVW�FRPPRQ�IDPLO\�ZDV�ϭϳϮ

7KDPQRSKLOLGDH�ZLWK����FDSWXUHV��0DQ\�VSHFLHV�ZHUH�UDUH�����VSHFLHV�ZHUH�FDSWXUHG�ϭϳϯ

DV�VLQJOHWRQV��ϭϳϰ

6SHFLHV�ULFKQHVV�ZDV�XQLIRUP EHWZHHQ�VHDVRQV��ZLWK����VSHFLHV�FDSWXUHG LQ�ERWK�ϭϳϱ

6SHFLHV�ULFKQHVV�ZDV�DOVR�VLPLODU�EHWZHHQ�KDELWDWV��ZLWK����VSHFLHV�FDSWXUHG�LQ�ϭϳϲ

ERWWRPODQG�KDELWDW�DQG����FDSWXUHG�LQ�ULGJH�KDELWDW��$FURVV�ERWK�VHDVRQV�����RI�ϭϳϳ

VSHFLHV�ZHUH�VKDUHG��DQG�DFURVV�KDELWDWV�����RI�VSHFLHV�ZHUH�VKDUHG �7DEOH ��� 7KH�ϭϳϴ

PDMRULW\�RI�FDSWXUHG�ELUGV�ZHUH�LQVHFWLYRURXV ��� ��� IROORZHG�E\ IUXJLYRURXVϭϳϵ

VSHFLHV���� ���)LJXUH 6��� ,Q�WKH�ERWWRPODQG KDELWDW�������PRUH LQGLYLGXDOV�ZHUHϭϴϬ

FDSWXUH�WKDQ LQ ULGJH KDELWDW� ODUJHO\�GULYHQ�E\�RPQLYRURXV�DQG�LFWLYRURXV�ELUGV�ϭϴϭ

�)LJXUH 6���ϭϴϮ

%DVHG�RQ�UDUHIDFWLRQ��ZH�HVWLPDWHG�WKDW RXU VDPSOLQJ�HIIRUW�ZDV�VXLWDEOH��FDSWXULQJ�ϭϴϯ

���� RI�ELUG�GLYHUVLW\�E\�KDELWDW�DQG�VHDVRQ��:H�IRXQG�PRUH�KRPRJHQHRXV�ϭϴϰ

DEXQGDQFHV LQ�ULGJH KDELWDW��6KDQQRQ�H[SRQHQWLDO� ������ WKDQ�ERWWRPODQG KDELWDWϭϴϱ

������ ZKHUHDV�WKHUH�ZDV�PRUH�KRPRJHQHLW\�LQ�WKH UDLQ\ VHDVRQ �6KDQQRQ�ϭϴϲ

H[SRQHQWLDO� �������WKDQ�OHVV�UDLQ\�VHDVRQ���������7DEOH ��� 2XU�VDPSOLQJ�HIIRUW�RI�ϭϴϳ

IUXJLYRURXV�ELUGV��E\�VHDVRQ�DQG�KDELWDW� ZDV DOVR�HTXDOO\�VXLWDEOH��DV�WKH�VDPSOH�ϭϴϴ

FRPSOHWHQHVV�FXUYH�DSSURDFKHG WKH�DV\PSWRWH �)LJXUH ���E�DQG�G��ϭϴϵ



ϭϮ

1HYHUWKHOHVV��D�QXPEHU�RI�VSHFLHV�ZHUH�PLVVHG�LQ�ERWK�KDELWDWV DQG�OHVV�UDLQ\�ϭϵϬ

VHDVRQ VDPSOHV��2Q�WKH�FRQWUDU\��UDLQ\�VHDVRQ�VDPSOHV�GLG�QRW�SUHGLFW�WKH�VDPH�ODFN�ϭϵϭ

LQ�VDPSOLQJ�ϭϵϮ

����'LYHUVLW\�RI�IUXJLYRURXV�ELUGVϭϵϯ

2I�WKH����ELUG�VSHFLHV�FDSWXUHG� �� VSHFLHV�LQ�HLJKW�IDPLOLHV�ZHUH�IUXJLYRURXV�RU�ϭϵϰ

RPQLYRURXV�DQG�GLVSHUVHG�VHHGV� 7KH IDPLO\ 3LSULGDH��PDQDNLQV� ZDV�WKH�ULFKHVW�ϭϵϱ

ZLWK�HLJKW�VSHFLHV DQG�LQFOXGHG�WKH�GRPLQDQW�ELUG FDSWXUHG�LQ�ERWK�KDELWDWV�DQG�ϭϵϲ

VHDVRQV��/HSLGRWKUL[�FRURQDWD ��� ��RI�DOO IUXJLYRURXV�ELUGV�FDSWXUHG�� ,Q�FRQWUDVW��ϭϵϳ

�� ��RI�IUXJLYRURXV�ELUG�VSHFLHV�ZHUH�VLQJOHWRQV�IRU�WKH�VWXG\��)LJXUH ����([DFWO\��ϭϵϴ

���� ��RI�ELUGV�FDSWXUHG�ZHUH�MXYHQLOHV�RU LPPDWXUHV ������RI�WKHP�FRQVXPHG�DOVR�ϭϵϵ

DUWKURSRGV����� � ZHUH�PDOH DQG�����ZHUH�IHPDOH͘ϮϬϬ

7KH��� ��RI�IUXJLYRURXV�ELUG�VSHFLHV�KDYH�VKDUHG�KDELWDWV� ,Q�&RQWUDVW� ELUGV�VXFK�DV�ϮϬϭ

0LRQHFWHV�ROHDJLQHXV �7\UDQQLGDH���&\DQROR[LD�URWKVFKLOGLL��&DUGLQDOLGDH� \�ϮϬϮ

(XSKRQLD�[DQWKRJDVWHU �)ULQJLOLGDH��SUHIHUUHG�ERWWRPODQGV��ZKHUH ���� �� ���� ��ϮϬϯ

\����� ��RI�VSHFLHV FDSWXUHV��UHVSHFWLYHO\��RFFXUUHG���0DFKDHURSWHUXV�VWULRODWXV�DQGϮϬϰ

&U\SWRSLSR�KRORFKORUD �3LSULGDH� ZHUH�RQO\�FDSWXUHG�LQ�ULGJHV��ZKLOH &HUDWRSLSUD�ϮϬϱ

HU\WKURFHSKDOD��3LSULGDH� ZDV�FDSWXUHG�WZR�WLPHV�PRUH�IUHTXHQWO\�LQ�ULGJHV��)LJXUHϮϬϲ

���ϮϬϳ

$�ZKROH��� ��RI�IUXJLYRURXV�ELUG�VSHFLHV�ZHUH�IRXQG�LQ�ERWK�VHDVRQV� WKH�RQO\�ELUG�ϮϬϴ

FDSWXUHG�LQ�RQH VSHFLILF�VSDFH�DQG�WLPH�ZDV 7\UDQQHXWHV�VWRO]PDQQL��3LSULGDH�ϮϬϵ

FDSWXUHG�RQO\�LQ ERWWRPODQGV�GXULQJ�WKH�UDLQ\�VHDVRQ��'L[LSKLD�SLSUD �3LSULGDH��ZDV�ϮϭϬ

WZR�WLPHV�PRUH�DEXQGDQW�LQ�WKH�UDLQ\�VHDVRQ��ZKLOH &KLUR[LSKLD�SDUHROD��3LSULGDH��Ϯϭϭ

)LJXUH ���ZDV�VL[�WLPHV�PRUH�DEXQGDQW�LQ�WKH�OHVV�UDLQ\�VHDVRQ��7KHUHIRUH��WKH�UDLQ\�ϮϭϮ

VHDVRQ�ZDV�����OHVV�GLYHUVH�WKDQ�WKH�OHVV�UDLQ\�VHDVRQ��H�6LPSVRQ�������YV��������Ϯϭϯ
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,Q�UDUHIDFWLRQ�DQDO\VLV��ERWWRPODQGV�GXULQJ�WKH�UDLQ\�VHDVRQ�KDG����� ��PRUH�Ϯϭϰ

HYHQQHVV DQG�GLYHUVLW\�FRPSDUHG�WR�ULGJHV�RI�WKH�VDPH�VHDVRQ� +RZHYHU��ULGJHV��Ϯϭϱ

GXULQJ�WKH�OHVV�UDLQ\�VHDVRQ�KDG ����� ��PRUH HYHQQHVV�DQG GLYHUVLW\ WKDQ�Ϯϭϲ

ERWWRPODQGV RI�WKH�VDPH�VHDVRQ�Ϯϭϳ

��� 6HHG�WUDQVSRUW�FDSDFLW\�Ϯϭϴ

%LUGV RQ�DYHUDJH�WUDQVSRUWHG ���� ��6'����� VHHG�VSHFLHV�SHU IHFDO�VDPSOH��$OVR��Ϯϭϵ

SHU IHFDO�VDPSOH�RQH�ELUG KDG�WUDQVSRUWHG ���� �6'������VHHGV� 7KHUH�ZHUH�ZLGH�ϮϮϬ

YDULDWLRQV�VHDVRQDOO\�DQG�VSDWLDOO\��KRZHYHU��WKH\ ZHUH�QRW�VLJQLILFDQW �7DEOH����ϮϮϭ

6HHG�IHFDO�VDPSOH�GU\�ZHLJKW�VLJQLILFDQWO\�YDULHG�SHU�KDELWDW �7DEOH ��DQG )LJXUH ����ϮϮϮ

0HDQLQJ�WKDW�VHHG�GU\�PDVV�ZDV�KHDYLHU�LQ�ERWWRPODQGV�FRPSDUHG�WR�ULGJHV��WKLV�ϮϮϯ

SDWWHUQ�UHPDLQHG�VHDVRQDOO\��6HHGV�WUDQVSRUWHG�IURP�WKH�ZKROH�VDPSOH�VHW�KDG D�GU\�ϮϮϰ

PDVV�RI ���� J��2QO\�RQH�VDPSOH�RI 3V\FKRWULD �5XELDFHDH��ZDV�QRW�D�IHFDO�VDPSOH��ϮϮϱ

DV�LW�ZDV�UHJXUJLWDWHG�E\ &HUDWRSLSUD�HU\WKURFHSKDOD��3LSULGDH��ϮϮϲ

��� 6HHG�GLYHUVLW\ϮϮϳ

:H�LGHQWLILHG������LQGLYLGXDO�VHHGV�EHORQJLQJ�WR����SODQW��PRUSKR�VSHFLHV��LQ����ϮϮϴ

JHQHUD��DQG����IDPLOLHV��:H�LGHQWLILHG������RI�VHHGV�WR�VSHFLHV�OHYHO�������WR�JHQXV�ϮϮϵ

DQG�RQO\�����WR�IDPLO\�OHYHO��%HVLGHV�WKDW��EHUULHV�IUXLW�W\SH��������DQG�EXVKHV�KDELW�ϮϯϬ

�������GRPLQDWHG�WKH�SODQWV�GLVSHUVHG��7DEOH�����0HODVWRPDWDFHDH�ZDV�WKH�PRVW�Ϯϯϭ

FRPPRQ�IDPLO\�FRQVXPHG�E\�XQGHUVWRU\�ELUGV�ZLWK����VSHFLHV�RU�PRUSKRVSHFLHV�ϮϯϮ

IURP�WKUHH�JHQHUD��'XULQJ�WKH�VWXG\��� ��RI�VHHG�VSHFLHV�ZHUH�VLQJOHWRQV��+RZHYHU��Ϯϯϯ

LQ�WKH�UDLQ\�VHDVRQ�&OLGHPLD�GLPRUSKLFD VHHGV GRPLQDWHG WKH�VDPSOH �)LJXUH ���Ϯϯϰ

FDSWXUHG ���WLPHV�LQ�VHYHQ ELUG�VSHFLHV��2QO\��� ��RI�VHHG�VSHFLHV�VKDUHG�VHDVRQV��Ϯϯϱ

DQG MXVW �� � VKDUHG�KDELWDWV �7DEOH����Ϯϯϲ
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%DVHG�RQ�UDUHIDFWLRQ��ZH�FRQFOXGHG�WKDW�VDPSOH�HIIRUW�ZDV�QRW�VXLWDEOH� DV�ZH�Ϯϯϳ

FROOHFWHG�E\�KDELWDW�MXVW������RI�VHHG�GLYHUVLW\�DQG�E\�VHDVRQ MXVW ����� 7KLV�PHDQVϮϯϴ

��� WLPHV�PRUH�VSHFLHV�DUH�H[SHFWHG�E\�KDELWDW�DQG�VHDVRQ��DSSUR[LPDWHO\��EXW�ZLWK�Ϯϯϵ

D�VDPSOH�HIIRUW�RI�PRUH�WKDQ�����FROOHFWHG�VDPSOHV �)LJXUH�����*OREDOO\��DQDO\]LQJ�ϮϰϬ

VHHG�GLYHUVLW\�E\�H[WUDSRODWLRQ�ZH�HVWLPDWHG ����VHHG�VSHFLHV�HIIHFWLYHO\�GLVSHUVHG�Ϯϰϭ

E\�XQGHUVWRU\�ELUGV�WKDW�FDQ�EH�FDSWXUHG�E\ PLVW�QHWV��EXW�ZLWK�D�VDPSOH�HIIRUW�RI�ϮϰϮ

����VDPSOHV �)LJXUH�����%RWWRPODQGV�KDG ���� � PRUH�KRPRJHQHRXV DEXQGDQFH�Ϯϰϯ

WKDQ�ULGJHV �H�6KDQQRQ�������YV���������ZKLOH�VHDVRQDOO\��WKH�OHVV�UDLQ\�VHDVRQ�ZDVϮϰϰ

����WLPHV�PRUH�GLYHUVH�WKDQ�WKH�UDLQ\�VHDVRQ �H�6LPSVRQ������ YV��������7DEOH ����Ϯϰϱ

WKLV�VHDVRQDO GLYHUVLW\�HYHQ�LQFUHDVHG LQ�ULGJHV��Ϯϰϲ

$QWKXULXP VHHGV �$UDFHDH� ZHUH�RQO\�IRXQG��ZLWK�WKUHH�VSHFLHV��LQ�ULGJHV�GXULQJ�WKH�Ϯϰϳ

OHVV�UDLQ\�VHDVRQ��%XW�DV�WKH�UDLQV�DUULYHG� WZR�VHHG�VSHFLHV�RI�WKLV�JHQXV�ZHUH RQO\�Ϯϰϴ

IRXQG�LQ�ERWWRPODQGV� ZLWK�$��VLJQDWXP�DV ���� ��RI�WKH�JHQXV�FDSWXUHV� 6LPLODUO\�Ϯϰϵ

�������RI�3KLORGHQGURQ VHHGV �$UDFHDH� ZHUH� IRXQG LQ� ERWWRPODQGV� EXW� LQYDGHG�ϮϱϬ

ULGJHV�ZLWK�WKH�UDLQV��)LJXUH ���Ϯϱϭ

,PSRUWDQW�VHDVRQDO�VHJUHJDWLRQ�KDSSHQHG�EHWZHHQ�VHHG�JHQHUD��7KH OHVV�UDLQ\�ϮϱϮ

VHDVRQ�KDG ���JHQHUD��WKRXJK�QLQH�JHQHUD�ZHUH�IRXQG�GXULQJ�WKH�UDLQ\�VHDVRQ��ZLWK�Ϯϱϯ

YDULDWLRQV�LQ�GRPLQDQFH�SDWWHUQV��,W�VKRXOG�EH�QRWHG�WKDW�3V\FKRWULD��5XELDFHDH��DQGϮϱϰ

7HWUDFHUD JHQXV �'LOOHQLDFHDH��ZHUH�VSHFLDOLVWV�WR�WKH�ERWWRPODQGV�DQG�WKH�UDLQ\�Ϯϱϱ

VHDVRQ� ILQDOO\� 5ROOLQLD �$QQRQDFHDH��ZDV�IRXQG�LQ�WKH�ERWWRPODQGV�GXULQJ�WKH�OHVV�Ϯϱϲ

UDLQ\�VHDVRQ �)LJXUH ����Ϯϱϳ

����%LUG�VHHG�UHODWLRQϮϱϴ

3LSULGDH VSHFLHV� VKRZHG� JHQHUDOLVW� GLHW� SUHIHUHQFHV�� WUDQVSRUWLQJ ���� �� RI� VHHG�Ϯϱϵ

VSHFLHV��+RZHYHU��&� SDUHROD DQG '� SLSUD VKRZHG� VSHFLDOL]DWLRQ�RQ�EHUULHV� IURPϮϲϬ
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0HODVWRPDWDFHDH������ � DQG ���� � RI�WKHLU�UHVSHFWLYH�VHHG�LQJHVWLRQ�� 6LPLODUO\��Ϯϲϭ

/� FRURQDWD�SUHIHUUHG�3KLORGHQGURQ ����� ��RI�VHHGV�FRQVXPHG���2Q�WKH�RWKHU�KDQG��ϮϲϮ

7\UDQQHXWHV�VWROWPDQQL ZDV�D�JHQHUDOLVW��IHHGLQJ�RQ�VL[�SODQW�JHQHUD ZLWK�QR�VWURQJ�Ϯϲϯ

SUHIHUHQFHV �)LJXUH����Ϯϲϰ

1RQ�3LSULGDH�ELUGV�ZHUH�DOVR�VHHG�VSHFLDOLVWV��*HRWU\JRQ�PRQWDQD �&ROXPELGDH� DQGϮϲϱ

&� URWKVFKLOGLL� �&DUGLQDOLGDH� IHHG� RQ� 0HODVWRPDWDFHDH EHUULHV� 0HDQZKLOH�� 0�Ϯϲϲ

ROHDJLQHXV��7\UDQQLGDH��IHHG�RQ�VL[�SODQW�JHQHUD��ZLWK�QR�SDUWLFXODU�SUHIHUHQFHV IRUϮϲϳ

WKHP �)LJXUH ���Ϯϲϴ

(� [DQWKRJDVWHU��)ULQJLOLGDH��VSHFLDOL]HG�LWV�GLHW�RQ�$UDFHDH IUXLWV ��������RI�VHHGV�Ϯϲϵ

FRQVXPHG���IROORZLQJ�$QWKXULXP IUXFWLILFDWLRQ��GHPRQVWUDWHG�E\�WKH�IDFW�WKDW ������ϮϳϬ

RI� WKLV� ELUG¶V FDSWXUHV� KDSSHQHG� LQ� ULGJHV� GXULQJ� WKH� OHVV� UDLQ\� VHDVRQ�� EXW� LW�Ϯϳϭ

FRPSOHWHO\�PRYHG�WR�WKH�ERWWRPODQGV GXULQJ�WKH�UDLQV��)RU�WKHLU�SDUW��/� FRURQDWD�ϮϳϮ

GXULQJ� WKH� OHVV� UDLQ\� VHDVRQ�� ZDV� FDSWXUHG� DOPRVW� WZLFH DV� PDQ\ WLPHV� LQ� WKH�Ϯϳϯ

ERWWRPODQGV�WKDQ�WKH�ULGJHV��ZKHUH�3KLORGHQGURQ�SUHGRPLQDQWO\ IUXLWHG�Ϯϳϰ

/� FRURQDWD�DQG '� SLSUD FDXVHG DV\PPHWU\�RQ�LQWHUDFWLRQ�ZHEV��%RWK�RI�WKHP�Ϯϳϱ

VKDUHG�IUXLW�GLHWV ZLWK ���� ��RI IUXJLYRURXV�ELUGV� '��SLSUD�WUDQVSRUWHG ���� ��RI�Ϯϳϲ

WKH�WRWDO�VHHG�VSHFLHV�FROOHFWHG��:KLOH� /��FRURQDWD�WUDQVSRUWHG ���� ���$V�ZHOO��Ϯϳϳ

&HUDWRSLSUD�HU\WKURFHSKDOD�WUDQVSRUWHG ���� ��RI�VHHG�VSHFLHV�FROOHFWHG DQG�Ϯϳϴ

RYHUODSSHG GLHWV ZLWK����� ��RI�IUXJLYRURXV�ELUG�VSHFLHV� 'HVSLWH�WKLV�DV\PPHWU\��Ϯϳϵ

QHVWHGQHVV�RI�WKLV�ZHE�ZDV�QRW�FRPSUHKHQVLYH��EHFDXVH�VHYHUDO�IUXLW�IRRG�VRXUFHV�ϮϴϬ

ZHUH�H[FOXVLYH�WR�VSHFLDOLVW�ELUGV �)LJXUH ���Ϯϴϭ

ϮϴϮ

Ϯϴϯ
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�� ',6&866,21Ϯϴϰ

��� %LUG�GLYHUVLW\Ϯϴϱ

&RPSDUHG� WR� WKH�<13�FRPSUHKHQVLYH�ELUG�VSHFLHV� OLVW��ZH�FDSWXUHG �������RI� WKH�Ϯϴϲ

SRVVLEOH�ELUG�GLYHUVLW\ �)UHLOH��HW�DO�������� 7KLV�GLYHUVLW\�EHWZHHQ�KDELWDWV�VKDUHG�D�Ϯϴϳ

VLPLODU�SHUFHQWDJH RI�EHWD�GLYHUVLW\�HVWLPDWHG�IRU�WKH�UHJLRQ�EDVHG�RQ�SUHYLRXV�VWXGLHV�Ϯϴϴ

RI�7KH�(FXDGRULDQ�$PD]RQ >ȕVLP ��������������0HOR�HW�DO��������@��$OVR��IUXJLYRURXV�Ϯϴϵ

ELUGV� VKDUHG� KDELWDW� DV� H[SHFWHG� E\� WKLV� EHWD� GLYHUVLW\� HVWLPDWLRQ� +RZHYHU�� LW� LV�ϮϵϬ

LPSRUWDQW�WR�QRWH�WKDW 0HOR�HW�DO��������FRYHUHG�JHQHUDO�ELUG�GLYHUVLW\�LQ�WKH�DUHD DQG�Ϯϵϭ

QRW�RQO\�WHUUD�ILUPH�XQGHUVWRU\�GLYHUVLW\��(YHQ�WKRXJK�KDELWDWV�ZHUH�FRQWLJXRXV�DQG�ϮϵϮ

LQWHUVSHUVHG �9DOHQFLD�HW�DO�������� VKDUHG�ELUG�VSHFLHV ZHUH KLJKHU�WKDQ�H[SHFWHG�LQ�Ϯϵϯ

VLPLODU�<13�IRUHVW�VWXG\� 7KRXJK�VXFK�VWXG\�DUHD�ZDV�VHSDUDWHG�E\ ����NP� ���� RI�Ϯϵϰ

ELUG�VSHFLHV�VKDUHG�KDELWDWV��7KLV� LV� OLNHO\�GXH�WR WKH�IDFW� WKDW WKH�VWXG\�HIIRUW�ZDV�Ϯϵϱ

JUHDWHU�DQG�XVHG�ELUG�REVHUYDWLRQ�DQG�QRW�PLVW�QHWV��H[SODLQLQJ�KLJKHU�SHUFHQWDJH�RI�Ϯϵϲ

VKDUHG� VSHFLHV �%ODNH�� ������ %ODNH� ������� DOVR� IRXQG�/�� FRURQDWD� GRPLQDQFH� LQ�Ϯϵϳ

KDELWDWV�DQG VHDVRQV��DV�IRXQG�LQ�RXU�VWXG\�Ϯϵϴ

����6HHG�GLYHUVLW\Ϯϵϵ

$FFRUGLQJ�WR 9DOHQFLD�HW�DO������� E�� LQ�WKH�VDPH�IRUHVW�DQG�VWXG\�DUHD��WUHHV�DQG�ϯϬϬ

VKUXEEHULHV�KDG�GLIIHUHQW�FRPSRVLWLRQ�EHWZHHQ�ERWWRPODQGV�DQG�ULGJHV� VKDULQJ RQO\�ϯϬϭ

�� � RI�VSHFLHV��$V�D�UHVXOW��KDELWDW�YHJHWDWLRQ�LQVLGH�WKH����KD�SORW�KDG D 6¡UHQVHQϯϬϮ

GLVVLPLODULW\�LQGH[�RI �� �� ,Q�RXU�VWXG\� VHHGV GLVSHUVHG�E\�ELUGV�UHJLVWHUHG�D�ϯϬϯ

6¡UHQVHQ GLVVLPLODULW\�LQGH[�RI����� ���VKRZLQJ�KLJKHU�KDELWDW�VSHFLDOL]DWLRQ�RI�ϯϬϰ

SODQWV GLVSHUVHG�E\�ELUGV��DV�IRXQG�E\�/HJHQGUH ��������RU�WKH�QHHG�IRU�PRUH�ϯϬϱ

VDPSOLQJ HIIRUW�ϯϬϲ
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)URP�DOO�WKH�VHHGV�GLVSHUVHG�E\�ELUGV LQ�WKLV�VWXG\� ���� � ZHUH�VLQJOHWRQV��,Q�ϯϬϳ

DQRWKHU�VWXG\�LQVLGH�<13� GRQH�ZLWK XQGHUVWRU\ SLSULGV� DOPRVW ���� ��RI�SODQW�ϯϬϴ

VSHFLHV�GLVSHUVHG�ZHUH�VLQJOHWRQV��DV�WKHLU�VDPSOH�VL]H�ZDV ODUJHU �/RLVHOOH�HW�DO���ϯϬϵ

������ +RZHYHU��WKLV�VXJJHVWV WKDW�WKH�VHHG�GLYHUVLW\�FRQVXPHG�E\�ELUGV�LQ�WKHϯϭϬ

XQGHUVWRU\ FRPHV�IURP�D�YDVW�JURXS�RI�YDVFXODU�SODQWV� :LWK�JUHDWHU�VDPSOLQJ�HIIRUW�ϯϭϭ

RQH�FRXOG�KRSH�WR�FDSWXUH DURXQG������RI�VHHG�VSHFLHV�RIIHUHG�LQ�WKH����KD�SORW�ϯϭϮ

������VSHFLHV�RU PRUSKRVSHFLHV��0HW]�HW�DO��������ϯϭϯ

6KUXE�VSHFLHV�WKDW�SURGXFH�EHUULHV�DUH�WKH�PDLQ�IRRG�VRXUFH�IRU�XQGHUVWRU\�ELUGV��6R��ϯϭϰ

XQVXUSULVLQJO\��GRPLQDQW�VHHGV�ZHUH�IURP�WKH�EHUU\�RI�WKH�EXVK�&� GLPRUILFD�DQG�ϯϭϱ

RWKHU�EHUU\�SURGXFHU�VSHFLHV�RI�WKH�HSLSK\WH�JHQXV 3KLORGHQGURQ� 7KHUHIRUH��WKH�ϯϭϲ

VHHG�GLYHUVLW\ IRXQG�ZDV�DV H[SHFWHG��LQ�DFFRUGDQFH�WR�/RLVHOOH�HW�DO���������ZKR�ϯϭϳ

IRXQG�3KLORGHQGURQ��&OLGHPLD��&HFURSLD��$QWKXULXP�DQG�RWKHU�JHQHUD GRPLQDQW�LQ�ϯϭϴ

SLSULG�GLHW� 'HILQLWLYHO\��DOO�WKH�GLVSHUVHG�IUXLWV�ZHUH�IOHVK\��UHGXFLQJ WKH�IUXLW�IRRG�ϯϭϵ

VRXUFH�WR�RQO\�WZR�WKLUGV�RI�SODQW�GLYHUVLW\��WKRVH�ZKLFK�SURGXFH�IOHVK\�IUXLWV�LQ�ϯϮϬ

WURSLFDO�IRUHVWV��:KHHOZULJKW��������ϯϮϭ

����6HHG�WUDQVSRUW�FDSDFLW\ϯϮϮ

,Q� WKH�SUHVHQW�VWXG\��ZH�UHJLVWHUHG�HLJKW�SLSULG�VSHFLHV�ZKLFK�GLVSHUVHG ���� ��RI�ϯϮϯ

VHHG�VSHFLHV��$FFRUGLQJ�WR .DUXELDQ�HW�DO��������� LQ�WKH�:HVWHUQ�$PD]RQ PRUH�WKDQ�ϯϮϰ

ILYH�SLSULG�VSHFLHV�FDQ�EH�IRXQG��GLIIHULQJ�ZLWK�&RVWD�5LFD�ZKHUH�RQ�DYHUDJH�RQO\�WZR�ϯϮϱ

VSHFLHV FDQ�EH�IRXQG��7KHUHIRUH�� WKH�3LSULGDH�IDPLO\� LV�D�NH\�VHHG�GLVSHUVHU LQ� WKH�ϯϮϲ

(FXDGRULDQ�$PD]RQ��DV DOVR IRXQG�E\ /RLVHOOH�HW�DO���������ϯϮϳ

7KH�OHDVW�RYHUODSSHG�QLFKH�EHORQJV�WR�WKH�ELUG�0� ROHDJLQRXV��WKDW FDUULHG�VL[�VHHG�ϯϮϴ

JHQHUD� KDOI�RI�ZKLFK�ZHUH�RQO\�IRXQG�LQ�WKLV�VSHFLHV VDPSOHV� DQG�DOO�WKH�VSHFLHV�ϯϮϵ

FDUULHG�E\�0��ROHDJLQRXV�ZHUH�XQLTXH�LQ�WKH�VDPSOH� :HVWFRWW�\�*UDKDP���������ϯϯϬ



ϭϴ

IRXQG�WKDW�0��ROHDJLQHXV�FRQVXPH�WKH�0LFRQLD�DQG 3V\FKRWULD JHQXV��EXW�WKHVHϯϯϭ

JHQHUD�ZHUH�QRW�HDWHQ�E\�WKLV�ELUG�LQ�RXU�VWXG\��,Q�FRQFOXVLRQ��WKH�HYLGHQFH�VKRZV�ϯϯϮ

ERWK�D�YHU\�GLYHUVH�DQG�YHU\�VSHFLDOL]HG�ELUG�GLHW��ϯϯϯ

6RPH�ELUGV�KDYH�D�KLJKO\�VSHFLDOL]HG�GLHW��VXFK�DV (� [DQWKRJDVWHU WKDW�WUDQVSRUWHGϯϯϰ

�����RI�$UDFHDH� DQG�WKRXJK�LW KDV�D�NQRZQ�UHODWLRQ�ZLWK�0HODVWRPDWDFHDH�EHUULHV�ϯϯϱ

�.HVVOHU�5LRV�\�.DWWDQ���������QR VXFK�SODQW�ZDV�WUDQVSRUWHG�E\�WKLV�ELUG�GXULQJ�WKH�ϯϯϲ

VWXG\� 7KLV�UHVXOWHG�LQ WKLV�ELUG�VKDULQJ DV PD[LPXP RI��� ��RI�LWV�GLHW�ZLWKϯϯϳ

'L[LSKLD�SLSUD� 6XFK�VSHFLDOLVW�ELUGV�SOD\�D�NH\�UROH�RI�PXWXDO�GHSHQGHQFH�ZLWK�WKH�ϯϯϴ

VHHGV�WKDW WKH\�GLVSHUVH �+LOW\��������ϯϯϵ

'L[LSKLD� SLSUD� /HSLGRWKUL[� FRURQDWD DQG &HUDWRSLSUD� HU\WKURFHSKDOD FDQ� EH�ϯϰϬ

FRQVLGHUHG NH\�GLVSHUVHUV� LQ� WKH�VWXG\�DUHD��DV FRQFOXGHG�E\ /RLVHOOH�HW� DO�� �������ϯϰϭ

LQVLGH� D� WHUUD� ILUPH� IRUHVW� RI�<13� 7KHVH� ELUGV� VKDUHG� WKH�PDMRULW\� RI� WKHLU� VHHG�ϯϰϮ

VSHFLHV� GLHW� SHUFHQWDJH� ZLWK� RWKHU� XQGHUVWRU\� ELUGV�� ZKLFK� DLGV� LQ� VWUHQJWKHQLQJϯϰϯ

HFRV\VWHP� UHVLOLHQFH�� ZKHUH KHDOWK\� SRSXODWLRQV� RI� WKHVH ELUGV� PHDQ EHWWHU�ϯϰϰ

HIIHFWLYHQHVV� LQ� VHHG� GLVSHUVLRQ� IRU� LPSRUWDQW� VHHG� VSHFLHV� LQ� ERWK� KDELWDWV DQG�ϯϰϱ

VHDVRQV� 'HVSLWH� WKLV� DFFRUGLQJ� WR %ODNH� ������� '� SLSUD� DQG &� HU\WKURFHSKDOD�ϯϰϲ

SUHIHUUHG�ULGJH�KDELWDWV��ZH�RQO\�REVHUYHG�WKLV�SDWWHUQ�ZLWK &��HU\WKRUFHSKDOD�ϯϰϳ

��� &OLPDWLF�DQG�JHRJUDSKLF�HIIHFWV�RYHU�VHHG�GLVSHUVLRQϯϰϴ

/HYHO�RI�UDLQIDOO�ZDV�UHODWHG�ZLWK�SODQW�IUXFWLILFDWLRQ�DQG�IUXJLYRURXV�ELUG�GLYHUVLW\�ϯϰϵ

<66 KDG ����WLPHV�PRUH�SUHFLSLWDWLRQ�GXULQJ�WKH�UDLQ\�VHDVRQ �-XO\� ������������ϯϱϬ

PP��WKDQ�WKH�OHVV�UDLQ\�VHDVRQ �)HEUXDU\� �����������PP�� +RZHYHU��WKHUH�DUH QRϯϱϭ

FOHDU�VHDVRQDO SKHQRORJLFDO�SDWWHUQV�LQ�WKH�VWXG\�HFRV\VWHP �%UDGOH\�HW�DO�� ������ϯϱϮ

)XUWKHUPRUH��XQGHUVWDQGLQJ�IUXFWLILFDWLRQ�SDWWHUQV�SHU�KDELWDW�DQG�VHDVRQ�LV D�ϯϱϯ

PXOWLIDFHWHG DQG�LQWULFDWH SURFHVV� WKDW UHTXLUHV JHQXV�DQG�VSHFLHV�OHYHO�VWXGLHV��DQG�ϯϱϰ



ϭϵ

KDV�VHYHUDO�NQRZOHGJH�JDSV��VRLO�QXWULHQWV�DQG�ZDWHU�DYDLODELOLW\ SDWWHUQV� ZHDWKHU�ϯϱϱ

IDFWRUV��LQWHU�DQG�LQWUDVSHFLILF�FRPSHWLWLRQ��ELRPDVV�SURGXFWLYLW\��HWF� �/DXUDQFH�HW�ϯϱϲ

DO��������*UXEE�	�&RRPHV��������:LOOVRQ�HW�DO��������ϯϱϳ

%DVHG�RQ�OLWHUDWXUH�WZR�PDLQ�IDFWRUV�SURYHG�WR�EH�SUHGRPLQDQW�LQ�GHILQLQJϯϱϴ

IUXFWLILFDWLRQ�LQ�WKH�VWXG\�DUHD��)LUVWO\��VXQ�UDGLDWLRQ�DQG�LWV�DQQXDO�F\FOH�GHILQHG�ϯϱϵ

SKHQRORJ\�LQ WHUUD�ILUPH IRUHVWVÜ�LQFOXGLQJ�<DVXQt �%UDGOH\�HW�DO�������� ,Q�VXFK�ϯϲϬ

HFRV\VWHPV��PRUH�UDGLDWLRQ�LPSURYHV�SKRWRV\QWKHVLV��DV�ZHOO�SKRWRV\QWKHWLF�WLVVXH�ϯϲϭ

GHYHORSPHQW� KRZHYHU�LW�GRHV�QRW VWLPXODWH�IORULDWLRQ DQG�IUXFWLILFDWLRQ��%UDGOH\�HW�ϯϲϮ

DO��������-RQHV��.LPEDOO�	�1HPDQL���������6HFRQGO\� VRLO�DQG�ZHDWKHU�FRQGLWLRQV�ϯϲϯ

WKDW�FDXVH�KXPLGLW\�FDQ�LPSURYH�IUXLW�SURGXFWLRQ� $OPHLGD�1HWR�HW�DO� �������ϯϲϰ

VXJJHVWHG�WKDW KXPLGLW\�VLJQLILFDQWO\�LQFUHDVHG�HQGR]RRFKRU\ EHWZHHQ�ORFDOLWLHV�ϯϲϱ

7KH\�VXSSRUWHG�WKH�LGHD�ZLWK�WKH�K\SRWKHVLV�RI�PHWDEROLF�FRVW�SURSRVHG�E\ :LOOVRQ�ϯϲϲ

HW�DO������� ZKR�DUJXHG�WKDW�VRLO�KXPLGLW\�DQG�IHUWLOLW\�HQKDQFH�IOHVK\�IUXLW�ϯϲϳ

SURGXFWLRQ� ZKLFK�LV�PHWDEROLFDOO\�H[SHQVLYH� +RZHYHU��$UDXMR������� IRXQG�LQ�DQ�ϯϲϴ

DUHD�RI�WKH %UD]LOLDQ�$PD]RQ�D�VPDOO�SHDN�RI�IUXFWLILFDWLRQ�GXULQJ�WKH�OHVV�UDLQ\�ϯϲϵ

VHDVRQ��VLPLODUO\ WR�RXUV�ϯϳϬ

)UXJLYRURXV�ELUG�GLYHUVLW\�WKURXJK�WKH�OHVV�UDLQ\�VHDVRQ�LQFUHDVHG PDLQO\ LQ�WKH�ULGJHϯϳϭ

KDELWDW�� %LUGV� FOHDUO\�PRYH� LQWR� WKHVH� DUHDV� DW� WKLV� WLPH EHFDXVH� RI� IRRG� UHVRXUFH�ϯϳϮ

DYDLODELOLW\��LQ�WKH�IRUP�RI�ULSH�IUXLWV�WKDW�ZHUH�PRUH�GLYHUVH�LQ�WKH�VDPH�VHDVRQ�DQG�ϯϳϯ

KDELWDW �5LGJHO\�	�*UHHQILHOG�������� 5LGJHV�KDYH PRUH�ELRPDVV�DQG�WUHH�GHQVLW\�ϯϳϰ

PHDQLQJ PRUH�VKDGH �9DOHQFLD�HW�DO�������� ZKLFK�OHDGV�WR�WKH�IDFW WKDW�WKH�LQFUHDVH�ϯϳϱ

RI VRODU�UDGLDWLRQ LQ�WKH�OHVV�UDLQ\�VHDVRQ FRXOG�EH�LQVLJQLILFDQW LQ�WKH�ULGJHV LQ�WHUPV�ϯϳϲ

RI�KXPLGLW\��PHDQLQJ�IUXFWLILFDWLRQ FDQ�DFWXDOO\�LPSURYH�GXULQJ�WKLV�WLPH �%UDGOH\�HW�ϯϳϳ

DO��������$OPHLGD�1HWR�HW�DO� ������ϯϳϴ



ϮϬ

)UXJLYRURXV�ELUGV�ZHUH�OHVV�GLYHUVH��EXW�PRUH�FRQFHQWUDWHG� LQ�WKH�UDLQ\�VHDVRQ�LQ�ϯϳϵ

WKH�ERWWRPODQGV��/LNHZLVH��GLVSHUVHG�SODQW�VSHFLHV�ZHUH�WZR�WLPHV�OHVV�GLYHUVH�ZKHQ�ϯϴϬ

WKH�UDLQV�DUULYHG��SULQFLSDOO\�FDXVHG�E\�WKH�GRPLQDQFH�RI &� GLPRUILFD��6XFK�ϯϴϭ

FRQGLWLRQ�FRXOG�EH�FDXVHG�E\�WKH�KXJH�LQFUHDVH�RI ZDWHU�DYDLODELOLW\��IXUWKHU�ϯϴϮ

LQWHQVLILHG�LQ�WKH�ERWWRPODQGV �9DOHQFLD�HW�DO�������D��1DUDQMR�������� *DUFLD��ϯϴϯ

%DUURV 	 /HPRV�)LOKR�������� UHFRJQL]HG�PRUH�IUXFWLILFDWLRQ�DW�WKH�VWDUW�RI�WKH�ϯϴϰ

UDLQ\�VHDVRQ�LQ�D�VWXG\�UHJLRQ�LQ�WKH�%UD]LOLDQ�$PD]RQ�)RUHVW��FRQWUDU\�WR WKH�ϯϴϱ

IUXFWLILFDWLRQ�SHDN�GXULQJ�WKH�OHVV�UDLQ\�VHDVRQ SURSRVHG E\�$UDXMR��������ϯϴϲ

+RZHYHU��0RUHOODWR��&DPDUJR�	�*UHVVOHU��������FRQFOXGH�WKDW�UDLQIDOO�HQKDQFHVϯϴϳ

IDVW�IUXLW�SURGXFWLRQ�PDLQO\�E\�KHUEV�DQG�EXVKHV��WKDW�EHFDPH�PRUH�DEXQGDQW GXULQJ�ϯϴϴ

WKH�UDLQV� 6R� OHVV�VHHG�GLYHUVLW\�DQG�IUXJLYRURXV�ELUG�FRQJORPHUDWLRQ�LQ�<DVXQtϯϴϵ

ERWWRPODQGV�GXULQJ�WKH�UDLQ\�VHDVRQ FRXOG�EH FDXVHG�E\�SUHGRPLQDQFH�RI IDVW�ϯϵϬ

JURZLQJ IOHVK\�IUXLWV��ZKRVH�PDVVLYH�DEXQGDQFH PDVNHG�WUXH�VHHG�GLYHUVLW\�LQ�WKH�ϯϵϭ

GLVSHUVLRQ�VDPSOH� 7KLV�GRPLQDQFH�DOVR�UHGXFHG ELUG�GLYHUVLW\�E\�RQO\�DWWUDFWLQJ�ϯϵϮ

ELUGV�LQWHUHVWHG�LQ�WKLV�DEXQGDQW�EXW�OHVV�GLYHUVH�VHW�RI�IUXLWV��VXFK�DV 7��VWRO]PDQQL�ϯϵϯ

ZKR�FOHDUO\ SUHIHUUHG�WKLV�KDELWDW�DQG�VHDVRQ�ϯϵϰ

0RVW�RI�IUXLW�SURGXFWLRQ�GLVSHUVHG�E\�ELUGV��VSDWLDOO\�DQG�VHDVRQDOO\� KDG�D�SDUWLDO�ϯϵϱ

V\QFKURQ\�LQ�WKHLU�SKHQRORJ\��7KHVH�UHVXOWV�GLG�QRW�DJUHH�ZLWK WKH�KLJKOLJKWHG�ϯϵϲ

DV\QFKURQ\�SURSRVHG�E\ -RQHV��.LPEDOO�	�1HPDQL��������WKRXJK�WKLV�FRXOG�EH�ϯϵϳ

SDUWLDOO\�GXH�WR�WKH�IDFW�WKDW�WKH\ DGGHG�FDQRS\�SODQWV�LQ�WKHLU�VWXG\��)XUWKHUPRUH��ϯϵϴ

DFFRUGLQJ WR�3RXOLQ��:ULJKW��/HIHEYUH�	�&DOGHURQ�������� RFFDVLRQDO�LQWHU�DQG�ϯϵϵ

LQWUDVSHFLILF�V\QFKURQLHV�RI�IUXFWLILFDWLRQV�FDQ�OHDG�WR�WKH FRQJORPHUDWLRQ RIϰϬϬ

GLVSHUVHU�YHFWRUV�DQG�HQKDQFH�GLVSHUVLRQ�ϰϬϭ

ϰϬϮ



Ϯϭ

����6HHG�PDVV KDELWDW�YDULDWLRQ�ϰϬϯ

6HHG�PDVV�ZDV�WKUHH�WLPHV�JUHDWHU�LQ�ERWWRPODQGV�WKDQ�ULGJHV �7DEOH�����$V�ϰϬϰ

SKHQRORJ\�SURFHVV��VHHG�VL]H� DQG�PDVV�YDULDWLRQ�LV�D�PXOWLIDFHWHG�DQG�LQWULFDWHG�ϰϬϱ

DQDO\VLV��ZLWK�VHYHUDO�NQRZOHGJH�JDSV�LQ�$PD]RQ�UHJLRQ �3DUROLQ�	�-XQN��������ϰϬϲ

)RVWHU�	�-DQVRQ��������*UXEE�	�&RRPHV������� WKH�H[DFW�GULYHUV�EHKLQG�WKLV�ϰϬϳ

GLIIHUHQFH�DUH�GLIILFXOW�WR�GHWHUPLQH��KRZHYHU�VRLO�QXWULHQWV�DUH�D�JRRG�FDQGLGDWH�IRU�ϰϬϴ

WKH�FDXVH��)RU�H[DPSOH��WURSLFDO�$IULFDQ�VHHGV�SURYHG�WR�EH�ELJJHU�EHFDXVH�RI�SRRU�ϰϬϵ

VRLO�QXWULHQWV� VLQFH��LQ�RUGHU�WR�FRPSHQVDWH�IRU�WKLV��WKH�PRWKHU�SODQW�SURYLGHV�PRUHϰϭϬ

QXWULHQWV��LQFUHDVLQJ VHHG�ELRPDVV �+ODGLN 	�0LTXHO���������7KLV�VDPH�SDWWHUQ�LV�ϰϭϭ

DOVR�IRXQG�LQ�1HZ�=HHODQG�JUDVV�VSHFLHV �/HH�	�)HQQHU���������$OWHUQDWLYHO\��ϰϭϮ

*UXEE�	�&RRPHV�������� LQ�WKH�VDPH�UHJLRQ�RI�RXU�VWXG\��KDG�IRXQG�D�FRPSOHWH�ϰϭϯ

ODFN�RI�ELJ�VHHGV�LQ�%UD]LOLDQ�&DDWLQJD�KDELWDWV�ZLWK�SRRU�VRLO�QXWULHQWV ZKHQ�ϰϭϰ

FRPSDULQJ�WR�EHWWHU�QXUWXUHG�HFRV\VWHPV��$QDO\VLV�RI�VRLO�LQ�$PD]RQ�ULGJH�KDELWDW�ϰϭϱ

QHDU�<13�VKRZHG VLJQLILFDQWO\�SRRUHU�VRLO�QXWULHQWV�WKDQ�WKH�QXWULHQWV�ULFK�ϰϭϲ

ERWWRPODQGV �/DXUDQFH HW�DO���������,Q�FRQFOXVLRQ��RXU�ILQGLQJV�VXSSRUW�D�VLPLODU�ϰϭϳ

SDWWHUQ�WR�WKH�%UD]LOLDQ�&DWWLQJD��ZKHUH�ODUJH�VHHGV�DUH�DEVHQW�LQ�PRUH�QXWULHQW�SRRU�ϰϭϴ

KDELWDWV��ϰϭϵ

2Q�WKH�RWKHU�KDQG��)RVWHU�	�-DQVRQ��������LGHQWLILHG�VRODU�UDGLDWLRQ DV�NH\�IDFWRU�LQ�ϰϮϬ

$PD]RQLDQ�VHHG�PDVV�YDULDWLRQ��ZKHUH�ELJJHU�VHHGV�JHUPLQDWH�ZLWK�ORZ�VRODUϰϮϭ

UDGLDWLRQ�EHORZ�FDQRS\��$OVR��9DOHQFLD�HW�DO���������GHILQHG�WKH�ULGJH�KDELWDWV ZLWK�ϰϮϮ

PRUH�WUHH�GHQVLW\��PHDQLQJ ZLWK�PRUH�VKDGH��,Q�FRQWUDVW��WKH�ERWWRPODQG KDELWDWV�ϰϮϯ

DOORZ�PRUH�VRODU�UDGLDWLRQ�LQ�WKH�XQGHUVWRU\��3RVVLEO\��ERWWRPODQG�VHHGV�WDNH�ϰϮϰ

DGYDQWDJH�RI�WKH�VRODU�UDGLDWLRQ�WKDW�UHDFKHV WKH�JURXQG�WR�JHUPLQDWH�EHORZ�FDQRS\�ϰϮϱ

ZLWK�PRGHUDWH�VKDGH�FRQGLWLRQ� VRPHWKLQJ�WKDW�LV�LPSRVVLEOH�LQ�WKH�GDUN�ULGJHV��ϰϮϲ



ϮϮ

����6HDVRQDO�GLVSHUVLRQ�PRYHPHQWVϰϮϳ

7KH�$UDFHDH IDPLO\�KDG�FRQVSLFXRXV�PRYHPHQWV�LQ�WKHLU�GLVSHUVLRQ�WKURXJK�KDELWDW�ϰϮϴ

W\SHV��+HUEV��SULQFLSDOO\�HSLSK\WHV��SURGXFHG�IOHVK\�IUXLWV�DOO�\HDU�URXQG� EXW�XVXDOO\�ϰϮϵ

LQFUHDVH� WKHLU� SURGXFWLRQ� LQ� UDLQ\� VHDVRQV �$FRVWD�0HUFDGR�� ������ :LOOVRQ� HW� D��ϰϯϬ

�������$��VLJQDWXP�IXOILOOHG�WKLV�SDWWHUQ��ZKLFK�SURGXFHG IUXLWV�LQ�ERWK�VHDVRQV��EXW�ϰϯϭ

H[SORGHG� SURGXFWLRQ� ZLWK� WKH� UDLQV�� 2Q� WKH� FRQWUDU\� KDELWDW� VHDVRQDO� PRYHPHQW�ϰϯϮ

IUXFWLILFDWLRQ�KDV�QRW�EHHQ�UHSRUWHG�SUHYLRXVO\�LQ�VFLHQWLILF�OLWHUDWXUH�DQG�LWV�FDXVHV�ϰϯϯ

FRXOG� EH� UHODWHG� WR� SKHQRORJLFDO� FOLPDWLF DQG QXWULWLRQDO� IDFWRUV�� DPRQJ� RWKHUVϰϯϰ

�%UDGOH\� HW� DO�� ������ -RQHV��.LPEDOO�	�1HPDQL�� ������*DUFLD��%DUURV�	�/HPRV�ϰϯϱ

)LOKR��������ϰϯϲ

6SDWLDO�DV\QFKURQ\�RI�SHDN�IUXFWLILFDWLRQV EHWZHHQ�JHQHUD�ZDV�FRQVSLFXRXV��IRU�ϰϯϳ

H[DPSOH�WKH�KDELWDW�ZKHUH�$QWKXULXP�IUXFWLILHG��3KLORGHQGURQ�DYRLGHG�IUXLW�ϰϯϴ

SURGXFWLRQ� DQG�YLFH YHUVD��)XUWKHUPRUH��VSDWLDO�DQG�WHPSRUDO�VHJUHJDWLRQ�DPRQJ�ϰϯϵ

FRPSHWLWRU�VHHGV�RI�YHFWRU�GLVSHUVDOV�KDG�EHHQ�UHJLVWHUHG�SUHYLRXVO\�E\ :DUUHQ��ϰϰϬ

*LODGL��	�%UDGIRUG ��������+\SRWKHWLFDOO\��ERWK�JHQXV�RI�$UDFHDH�DYRLG�GLVSHUVDO�ϰϰϭ

YHFWRU�FRPSHWLWLRQ��VSOLWWLQJ�IUXFWLILFDWLRQ�VSDWLDOO\��$ORQJ�ZLWK�WKLV� $QWKXULXP IUXLW�ϰϰϮ

SURGXFWLRQ�ZDV�IROORZHG�E\ (��[DQWKRJDVWHU DQG�VHSDUDWHO\�/��FRURQDWD�IROORZHGϰϰϯ

3KLORGHQGURQ�WKURXJK�KDELWDWV��EXW�ERWK�GLVSHUVHUV�RFFDVLRQDOO\�FRQVXPHG WKH�RWKHU�ϰϰϰ

$UDFHDH�JHQXV� 6XFK�SUHIHUHQFHV�GHPRQVWUDWH�D�FRHYROXWLYH�UHODWLRQ�EHWZHHQ�VHHG�ϰϰϱ

JHQHUD�DQG�WKHLU�GLVSHUVHUV��DV�SUHYLRXVO\�REVHUYHG E\ .HVVOHU�5LRV�	 .DWWDQ��ϰϰϲ

�������LQ (��[DQWKRJDVWHU�DQG /RLVHOOH�HW�DO���������LQ /��FRURQDWD��$GGLWLRQDOO\��ϰϰϳ

GLHWDU\�SUHIHUHQFHV�FDXVHG�EHKDYLRU�YDULDWLRQV�LQ�IXQFWLRQ�RI�IUXLW�SURGXFWLRQ� LQ�ϰϰϴ

PRUH�H[WUHPH�FRHYROXWLYH�UHODWLRQV�ZLWK�IUXLW�SURGXFWLRQ� ELUGV�FRXOG�GHYHORS�ϰϰϵ

QRPDGLVP �.DUXELDQ�HW�DO��������5H\���������'HILQLWLYHO\��IUXLW�SURGXFWLRQ�WULJJHUHG�ϰϱϬ



Ϯϯ

FRPSHWLWLRQ�DPRQJ�SODQWV�WKDW�PROG EHKDYLRU�DQG�ORFDOL]DWLRQ�RI�DOO�WKH�IUXJLYRURXV�ϰϱϭ

ELUGV ZKLFK�FRPSHWH�ZLWK�HDFK�RWKHU�ϰϱϮ

'��SLSUD�SUHIHUUHG�WKH�UDLQ\�VHDVRQ�MXVW�DV�&��GLPRUSKLFD�IUXFWLILFDWLRQ� VXJJHVWLQJ�ϰϱϯ

WKLV ELUG�IROORZHG�WKH�IUXFWLILFDWLRQ�RI�WKLV�DEXQGDQW�VKUXE��EXW�FRQVXPHG RWKHU�SODQWV�ϰϱϰ

DV�ZHOO��WKLV ELUG�LV NQRZQ�WR�FRQVXPH�VHYHUDO�VHHG�VSHFLHV �.HVVOHU�5LRV�DQG .DWWDQ��ϰϱϱ

������/RLVHOOH� HW� DO�� ������� DV� DOVR� IRXQG�E\� RXU� VWXG\� $OWKRXJK� WKHLU� GLVSHUVLRQ�ϰϱϲ

UHODWLRQV DUH�ZLGH�DQG�FRPSOH[��WKLV�SUHIHUHQFH�RI�&��GLPRUSKLFD�IUXFWLILFDWLRQ�SHDNV�ϰϱϳ

LV�QRYHO� DQG LQ�RXU�GDWD�VKRZHG�D SUHIHUHQFH�RI�WKH�0HODVWRPDWDFHDH�IDPLO\ IRU�'��ϰϱϴ

SLSUD�ϰϱϵ

%LUG�DQG�SODQW�FRHYROXWLYH�GLVSHUVLRQ� UHODWLRQV� WULJJHU�FRGHSHQGHQFH��+RZHYHU�� LQ�ϰϲϬ

PHJDGLYHUVH�HFRV\VWHPV�DV WHUUD�ILUPH�RI <DVXQt�� WKHUH�LV QR�LPSRUWDQW�V\PPHWULF�ϰϲϭ

LQWHUDFWLRQV�EHWZHHQ�IUXLWV�DQG�ELUGV��/LNHZLVH��QHVWHGQHVV�WHQGV WR�EH KLJK��EHFDXVH�ϰϲϮ

RI�WKH�KXJH�DYDLODELOLW\�RI�IUXLW�DQG�HTXDOO\�KXJH�GLVSHUVHUV�GHPDQG���,Q�WHUUD�ILUPH�LW�ϰϲϯ

LV� QRW� SURILWDEOH� WR� IHHG� RQ� RQO\ RQH� SODQW� VSHFLHV ZLWK� DOO� WKH� GLYHUVLW\� WKDW� LV�ϰϲϰ

DYDLODEOH� 7KLV�LGHD�LV�VXSSRUWHG�E\�WKH�SDWWHUQ SUHYLRXVO\�REVHUYHG�E\ /RLVHOOH�HW�DO��ϰϲϱ

�������ZKR�LGHQWLILHG�D����� � RI QLFKH�RYHUODS�EHWZHHQ�SLSULGV�LQ�D�<13�IRUHVW�ϰϲϲ

����'LHWDU\�HYROXWLYH�WUDLWVϰϲϳ

,Q�WKH����KD�SORW�RI�<66 VHHG�GLVSHUVLRQ�PDGH�XS������ ��RI�WKH�PDVV�WUDQVSRUWHG�ϰϲϴ

LQ�WKH�JXW�RI�ELUGV��)LJXUH����DQG�DOO�WKH�VHHGV�ZHUH�XQLQMXUHG�DQG�SUHVXPDEO\�ϰϲϵ

IHUWLOH��3DVVHULIRUP�DQG &ROXPELIRUP�ELUGV�KDG�D�ELOO�PRUSKRORJ\�GHVLJQHG�WR�ϰϳϬ

VZDOORZ�WKH�HQWLUH�IUXLW�SXOS�ZLWK�WKH�VHHGV�LQVLGH�DQG�VDIH��EXW� ELJ�VHHGV�WHQG�WR�EH�ϰϳϭ

UHJXUJLWDWHG�DQG�QRW�GHIHFDWHG��/RLVHOOH HW�DO� ������1DRNL��������ϰϳϮ

2QH�H[FHSWLRQ�WR�WKLV�LV�WKH�7KUDXSLGDH�IDPLO\�ZKLFK�LV�NQRZQ�WR�KDQGOH�WKH�IUXLW�ϰϳϯ

ZLWK�LWV�ELOO� GLVSRVLQJ RI�VHHGV�DQG�VROLG�WLVVXHV��UHGXFLQJ�VHHG�LQJHVWLRQ�FDSDELOLW\�ϰϳϰ



Ϯϰ

�0XUUD\�������� $V�D�UHVXOW� IURP�WKH�WKUHH�WDQDJHU�VDPSOHV�REWDLQHG�MXVW ����� ��RI�ϰϳϱ

WKH�JXW�ZHLJKW�ZDV�VHHGV��)XUWKHUPRUH���������RI�WKH�VDPSOH�IURP�7DFK\SKRQXV�ϰϳϲ

VXULQDPXV�EHORQJ�WR HQWRPRORJLF UHPDLQV��*RUFKRY�HW�DO���������KDG SURSRVHG�WKLV�ϰϳϳ

WDQDJHU�VSHFLHV DV�RPQLYRURXV��DQG 1DRNL ������ IRXQG�WKDW�LQ RPQLYRURXV�WDQDJHUV�ϰϳϴ

IUXLWV�UHSUHVHQW�PRUH�WKDQ�KDOI�RI�WKHLU�GLHW��EHFDXVH�WKH\�DUH�HDVLHU�WR�ILQG� EXW�ELUGV�ϰϳϵ

VSHQG�PRUH�WLPH�VHDUFKLQJ�IRU�DUWKURSRGV��ZKLFK�DUH�KDUG�WR�ILQG� &RQVHTXHQWO\��LQ�ϰϴϬ

RXU�VWXG\�7��VXULQDPXV VHHPHG�WR�FRQVXPH�IUXLWV DV�D�VXSSOHPHQW�WR�D�SUHIHUHQWLDO�ϰϴϭ

LQVHFWLYRURXV�GLHW� ZKLFK�ZDV�WKH�FODVVLILFDWLRQ�SUHYLRXVO\�SURSRVHG�E\ 7HUERUJK�HW�ϰϴϮ

DO��������� $V�ZHOO� 7KDPQRSKLOXV�PXULQXV �7KDPQRSKLOLGDH� KDG�MXVW ���� ��RI�LWV�ϰϴϯ
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LV�DQ�LQVHFWLYRURXV�ELUG�ZLWK�RFFDVLRQDO�VHHG�LQJHVWLRQ �6FKXOHQEHUJ��������ϰϴϱ

7KH�SUHVHQW�VWXG\�UHJLVWHUHG����IUXJLYRURXV�ELUGV�ZKLFK�FDUULHG�HQWRPRORJLF�ϰϴϲ

UHPDLQV�DW�VLPLODU�SHUFHQWDJH�LQ�ERWK�VHDVRQV�DQG�KDELWDWV��RI�ZKLFK��� ��ZHUHϰϴϳ

LPPDWXUHV RU MXYHQLOHV��$FFRUGLQJ�WR 0RUWRQ ������ DQ�HQWLUHO\ IUXJLYRURXV�GLHW�LV�ϰϴϴ
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VKRUWDJHV�DQG�DOVR�FRXOG�PHDQ�ORZ�IDVW�JURZLQJ�DQLPDO�SURWHLQ�IRU MXYHQLOHV��ϰϵϬ
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VWXG\�VHDVRQV��VXSSRUWV WKH�K\SRWKHVLV�RI�MXYHQLOHV�QHHG�IRU�HQWRPRORJLFDO�IRRG�ϰϵϮ

VRXUFHV�WR�JURZ�TXLFNO\ DQG�DYRLG�SUHGDWLRQ�ϰϵϯ
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6HHG�GLVSHUVLRQ�E\�HQGR]RRFKRU\�LQ�XQGHUVWRU\�WHUUD�ILUPH�IRUHVW�RI�WKH�ZHVWHUQ�ϰϵϱ

$PD]RQ�IDYRUV�VKUXEV�DQG�HSLSK\WHV�WKDW�SURGXFH�EHUULHV��SULQFLSDOO\ϰϵϲ

0HODVWRPDFHDH EXVKHV��7KLV�GLVSHUVLRQ�LV�GRQH�PDLQO\�E\�SLSULGV��GRPLQDWHG�E\ /��ϰϵϳ
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VSHFLHV�EHKDYLRU�DURXQG�ORFDOL]DWLRQ�DQG�GLHW�SUHIHUHQFHV��%RWWRPODQGV�SURYLGH�ϱϬϬ

PRUH�VHHG�DEXQGDQFH��EXW�OHVV�GLYHUVLW\� HVSHFLDOO\�ZLWK�WKH�UDLQV��DQG�ELJJHU�VHHGV��ϱϬϭ

:KLOH ULGJHV�KDG�PRUH�IUXLW�GLYHUVLW\�GLVSHUVHG��HVSHFLDOO\�GXULQJ�WKH�OHVV�UDLQ\�ϱϬϮ
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QRW�\HW�FRPSOHWHO\�XQUDYHOHG��+RZHYHU� RXU�ILQGLQJV�VKRZ LPSRUWDQW�ϱϬϱ

LQWHUFRQQHFWHGQHVV�EHWZHHQ�IORUD�DQG�IDXQD�RI�WKH�UHJLRQ�DQG�ZLWK�WKLV�GHPRQVWUDWHϱϬϲ

WKDW�SRWHQWLDO�FKDQJHV�LQ�IRUHVW�VWUXFWXUH�DQG�G\QDPLF�FDXVHG�E\�FOLPDWH�FKDQJH DQG�ϱϬϳ
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)LJXUH ��ϱϳϯ

6SHFLHV�ULFKQHVV�RI�IUXJLYRURXV�ELUG�VSHFLHV FDSWXUHG�LQ�PLVW�QHWV�DURXQG�WKH�<DVXQL�IRUHVW�ϱϳϰ

G\QDPLFV�SORW�LQ�������6DPSOH�VL]H�EDVHG�UDUHIDFWLRQ DQG�H[WUDSRODWLRQ�VDPSOH�FXUYH�E\ D��ϱϳϱ

KDELWDW�DQG F��VHDVRQ��6DPSOH�FRPSOHWHQHVV�FXUYH�E\ E��KDELWDW�DQG G��VHDVRQ� %XLOG�LQ�,1(;7�ϱϳϲ
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6SHFLHV�ULFKQHVV�RI�VHHGV�GLVSHUVHG�E\�IUXJLYRURXV�ELUGV�FDSWXUHG�LQ�PLVW�QHWV�DURXQG�WKH�ϱϴϲ

<DVXQL�IRUHVW�G\QDPLFV�SORW�LQ�������6DPSOH�VL]H�EDVHG�UDUHIDFWLRQ�DQG�H[WUDSRODWLRQ�VDPSOH�ϱϴϳ

FXUYH�E\�D��KDELWDW�DQG�F��VHDVRQ��6DPSOH�FRPSOHWHQHVV�FXUYH�E\ E��KDELWDW DQG G��VHDVRQ��%XLOG�ϱϴϴ
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%LUG�VSHFLHV�DEXQGDQFHV�DW D��ULGJHV��VDOPRQ FRORU��DQG�ERWWRPODQGV �WXUTXRLVH� DQG F��/HVV�ϱϵϵ

UDLQ\�VHDVRQ �URVH��DQG�UDLQ\�VHDVRQ �OLJKW�EOXH���6HHG�JHQXV�DEXQGDQFHV�DW�E��KDELWDW�DQG�G��ϲϬϬ

VHDVRQ��REWDLQHG�E\�QHW�QXPEHU�RI�FDSWXUHV��6SHFLHV�DQG�JHQXV�DEEUHYLDWXUHV��7DEOH�6���ϲϬϭ
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:HLJKW GLVWULEXWLRQ�E\�IHFDO�UHPDLQ�W\SH�DPRQJ KDELWDWV ZLWK�VWDQGDUG�GHYLDWLRQ DQG�3�ϲϬϲ
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7URSKLF�LQWHUDFWLRQ�ER[HV�DQG�ZHEV DPRQJ�GLVSHUVHU�ELUG�VSHFLHV�DQG�GLVSHUVHG�VHHG�JHQXV�E\ϲϯϬ

KDELWDW��D��ULGJH DQG E��ERWWRPODQG�� E\�VHDVRQ��F��OHVV�UDLQ\�DQG G� UDLQ\ DQG H��7KH�JOREDO�ϲϯϭ

LQWHUDFWLRQV�UHJLVWHUHG��*UH\�FRORU�LQ�ER[HV�UHSUHVHQWV WKH�QXPEHU�RI�LQWHUDFWLRQV��ODEHOHG�LQ�ϲϯϮ

ZKLWH�FRORUHG�QXPEHUV� :HE�FRQQHFWRU�OLQHV�WKLFNQHVV�LQGLFDWHV�QXPEHU�RI�LQWHUDFWLRQV��ϲϯϯ

�$EEUHYLDWXUHV��7DEOH 6��ϲϯϰ
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)LUVWO\��ZH�WKDQN�WKH�DWWHQWLRQ�DQG�VXSSRUW�RI�3RQWLILFDO�&DWKROLF�8QLYHUVLW\�RI�(FXDGRU�ϲϯϲ

LQVWLWXWLRQ��DV�ZHOO�DV�WKH�VXSSRUW�LQ�VHHG�LGHQWLILFDWLRQ�RI�0LOWRQ�=DPEUDQR��VHHG�WHFKQLFLDQ�ϲϯϳ

RI WKH�0RQLWRULQJ�3URMHFW�RI�6HHGOLQJV�DQG�6HHGV��ZLWK�PRUH�WKDQ�WZHQW\�\HDUV�RI�ϲϯϴ

H[SHULHQFH�DQG�GDWD��7KH SURIHVVLRQDO�VXSSRUW�RI <DVXQt 6FLHQWLILF�6WDWLRQ�ZRUNHUV�DQG�ϲϯϵ

VWDII��$OVR��WKH�IXQGDPHQWDO�KHOS�RI�&KULVWLDQ�0RQWDOYR��ÈQJHO�7DQJXLOD�DQG�3DEOR�$OYLD�DV�ϲϰϬ

ILHOG�DVVLVWDQWV��ZH�WUXO\�DSSUHFLDWH�LW��$OVR��ZH�WKDQN�6DQWLDJR�%XUQHR��5DIDHO�&iUGHQDV��ϲϰϭ

.LUVW\QQ�-RVHSK��6LPRQ�4XHHQERURXJK��/RX�-RVW«�IRU�WKHLU�FRPPHQWV�DQG�NQRZOHGJH�ϲϰϮ
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$FRVWD�0HUFDGR��'��������� *HQHWLF�YDULDELOLW\��SRSXODWLRQ�VWUXFWXUH�DQG�UHSURGXFWLYH�HFRORJ\�ϲϱϴ

RI�$QWKXULXP�FUHQDWXP��/���.XQWK��$UDFHDH��LQ�3XHUWR�5LFR��8QLYHUVLW\�RI�3XHUWR�5LFR��ϲϱϵ

0D\DJXH]��3XHUWR�5LFR��ϲϲϬ
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&KDR��$���0D��.��+���DQG�+VLHK��7��&���������L1(;7��L1WHUSRODWLRQ�DQG�(;7UDSRODWLRQ��ϲϳϰ

2QOLQH��6RIWZDUH�IRU�,QWHUSRODWLRQ�DQG�([WUDSRODWLRQ�RI�6SHFLHV�'LYHUVLW\��3URJUDP�DQG�ϲϳϱ

8VHU¶V�*XLGH�SXEOLVKHG�DW�KWWS���FKDR�VWDW�QWKX�HGX�WZ�ZRUGSUHVV�VRIWZDUHBGRZQORDG��ϲϳϲ

&KDR��$���	�-RVW��/����������&RYHUDJHဨEDVHG�UDUHIDFWLRQ�DQG�H[WUDSRODWLRQ��VWDQGDUGL]LQJ�ϲϳϳ

VDPSOHV�E\�FRPSOHWHQHVV�UDWKHU�WKDQ�VL]H� (FRORJ\� ������������������ϲϳϴ

&RQQHOO��-��+����������2Q�WKH�UROH�RI�QDWXUDO�HQHPLHV�LQ�SUHYHQWLQJ�FRPSHWLWLYH�H[FOXVLRQ�LQ�ϲϳϵ

VRPH�PDULQH�DQLPDOV�DQG�LQ�UDLQ�IRUHVW�WUHHV� '\QDPLFV�RI�SRSXODWLRQV� ���������ϲϴϬ

'DWWD��$���	�5DZDW��*��6����������'LVSHUVDO�PRGHV�DQG�VSDWLDO�SDWWHUQV�RI�WUHH�VSHFLHV�LQ D�ϲϴϭ

WURSLFDO�IRUHVW�LQ�$UXQDFKDO�3UDGHVK��QRUWKHDVW�,QGLD� 7URSLFDO�&RQVHUYDWLRQ�ϲϴϮ

6FLHQFH� ��������������ϲϴϯ
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'HQW��'��+���	�(VWUDGD�9LOOHJDV��6����������8QLWLQJ�QLFKH�GLIIHUHQWLDWLRQ�DQG�GLVSHUVDO�ϲϴϰ

OLPLWDWLRQ�SUHGLFWV�WURSLFDO�IRUHVW�VXFFHVVLRQ� 7UHQGV�LQ�(FRORJ\�	�(YROXWLRQ����������ϲϴϱ

��������ϲϴϲ

'RUPDQQ��&��)���*UXEHU��%���	�)U�QG��-����������,QWURGXFLQJ�WKH�ELSDUWLWH�SDFNDJH��DQDO\VLQJ�ϲϴϳ

HFRORJLFDO�QHWZRUNV� LQWHUDFWLRQ� 51HZV������������ϲϴϴ

'XTXH��$���0XOOHU�/DQGDX��+��&���9DOHQFLD��5���&DUGHQDV��'���'DYLHV��6���GH�2OLYHLUD��$�������	�ϲϴϵ

9LFHQWLQL��$����������,QVLJKWV�LQWR�UHJLRQDO�SDWWHUQV�RI�$PD]RQLDQ�IRUHVW VWUXFWXUH��ϲϵϬ

GLYHUVLW\��DQG�GRPLQDQFH�IURP�WKUHH�ODUJH�WHUUD�ILUPH�IRUHVW�G\QDPLFV�ϲϵϭ

SORWV� %LRGLYHUVLW\�DQG�&RQVHUYDWLRQ� ���������������ϲϵϮ

)RVWHU��6���	�-DQVRQ��&��+��������� 7KH�5HODWLRQVKLS�EHWZHHQ�6HHG�6L]H�DQG�(VWDEOLVKPHQW�ϲϵϯ

&RQGLWLRQV�LQ�7URSLFDO�:RRG\�3ODQWV��(FRORJ\������������±����ϲϵϰ

)UHLOH��-��)���'��0��%ULQNKXL]HQ��3��-��*UHHQILHOG��0��/\VLQJHU��/��1DYDUUHWH��-��1LOVVRQ��5��6��ϲϵϱ

5LGJHO\��$��6RODQR�8JDOGH��5��$KOPDQ�	�.��$��%R\OD����������/LVWD�GH�ODV�DYHV�GHO�ϲϵϲ

(FXDGRU��FRQ�GLVWULEXFLyQ��HVWDGR�GH�FRQVHUYDFLyQ�\�VXEHVSHFLHV�VHJ~Q�HO�&RPLWp�ϲϵϳ

(FXDWRULDQR�GH�5HJLVWURV�2UQLWROyJLFRV� 9HUVLRQ���������0XVHR�GH�=RRORJtD��3RQWLILFLD�ϲϵϴ

8QLYHUVLGDG�&DWyOLFD�GHO�(FXDGRU��)HFKD�GH�DFFHVR���GH�RFWXEUH�GH������ϲϵϵ

*DUFLD��/��&���%DUURV��)��9���	�/HPRV�)LOKR��-��3����������)UXFWLILFDWLRQ�SKHQRORJ\�DV�DQ�ϳϬϬ

LPSRUWDQW�WRRO�LQ�WKH�UHFRYHU\�RI�LURQ�PLQLQJ�DUHDV�LQ�0LQDV�*HUDLV��%UD]LO� %UD]LOLDQ�ϳϬϭ

-RXUQDO�RI�%LRORJ\� ������������ϳϬϮ

*RUFKRY��'��/���&RUQHMR��)���$VFRUUD��&��)���	�-DUDPLOOR��0��������� 'LHWDU\�2YHUODS�EHWZHHQ�ϳϬϯ

)UXJLYRURXV�%LUGV DQG�%DWV�LQ�WKH�3HUXYLDQ�$PD]RQ��2LNRV�������������ϳϬϰ

*RWHOOL��1��-����������$�SULPHU�RI�HFRORJ\��6XQGHUODQG��0DVVDFKXVHWWV��86$��6LQDXHU�ϳϬϱ

$VVRFLDWHV�ϳϬϲ

*UXEE��3��-���	�&RRPHV��'��$��������� 6HHG�PDVV�DQG�QXWULHQW�FRQWHQW�LQ�QXWULHQW�VWDUYHG�ϳϬϳ

WURSLFDO�UDLQIRUHVW�LQ�9HQH]XHOD��6HHG�6FLHQFH�5HVHDUFK����������������ϳϬϴ

+DPDQQ��$����������)ORZHULQJ�DQG�IUXLWLQJ�SKHQRORJ\�RI�D�3KLOLSSLQH�VXEPRQWDQH�UDLQ�IRUHVW��ϳϬϵ
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+DPMDK��0��$����������)RUHFDVWLQJ�PDMRU�IUXLW�FURSV�SURGXFWLRQV�LQ�%DQJODGHVK�XVLQJ�%R[�ϳϭϭ

-HQNLQV�$5,0$�PRGHO� -��(FRQ��6XVWDLQ��'HY� �����ϳϭϮ

+DPPHQ��7��9��'���'XLYHQYRRUGHQ��-��)���/LSV��-��0���8UUHJR��/��(���	�(VSHMR��1����������/DWH�ϳϭϯ

TXDWHUQDU\�RI�WKH�PLGGOH�&DTXHWi�5LYHU�DUHD��&RORPELDQ�$PD]RQLD�� -RXUQDO�RI�ϳϭϰ

4XDWHUQDU\�6FLHQFH� ������������ϳϭϱ

+LOW\��6��������� 2UDQJH�EHOOLHG�(XSKRQLD �(XSKRQLD�[DQWKRJDVWHU���YHUVLRQ������,Q�%LUGV�RI�WKH�ϳϭϲ

:RUOG��-��GHO�+R\R��$��(OOLRWW��-��6DUJDWDO��'��$��&KULVWLH��DQG�(��GH�-XDQD��(GLWRUV���ϳϭϳ

&RUQHOO�/DE�RI�2UQLWKRORJ\��,WKDFD��1<��86$� KWWSV���GRL�RUJ���������ERZ�RUEHXS����ϳϭϴ

+ODGLN��$���	�0LTXHO��6����������6HHGOLQJ�W\SHV�DQG�SODQW�HVWDEOLVKPHQW�LQ�DQ�$IULFDQ�UDLQ�ϳϭϵ

IRUHVW� 5HSURGXFWLYH�HFRORJ\�RI�WURSLFDO�IRUHVW�SODQWV� �����������ϳϮϬ

-DQ]HQ��'��+����������+HUELYRUHV�DQG�WKH�QXPEHU�RI�WUHH�VSHFLHV�LQ�WURSLFDO�IRUHVWV� 7KH�ϳϮϭ

$PHULFDQ�1DWXUDOLVW� ������������������ϳϮϮ

-RKQ��5���'DOOLQJ��-��:���+DUPV��.��(���<DYLWW��-��%���6WDOODUG��5��)���0LUDEHOOR��0�������	�)RVWHU��ϳϮϯ

5��%����������6RLO�QXWULHQWV�LQIOXHQFH�VSDWLDO�GLVWULEXWLRQV�RI�WURSLFDO�WUHH�ϳϮϰ

VSHFLHV� 3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV� ����������������ϳϮϱ

-RQHV��0��2���.LPEDOO��-��6���	�1HPDQL��5��5����������$V\QFKURQRXV�$PD]RQ�IRUHVW�FDQRS\�ϳϮϲ

SKHQRORJ\�LQGLFDWHV�DGDSWDWLRQ�WR�ERWK�ZDWHU�DQG�OLJKW�DYDLODELOLW\� (QYLURQPHQWDO�ϳϮϳ

5HVHDUFK�/HWWHUV� ��������������ϳϮϴ
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6FKXOHQEHUJ��(GLWRUV���&RUQHOO�/DE�RI�2UQLWKRORJ\��,WKDFD��1<��86$��ϳϯϲ
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/LOOHVNRY��(��$���%UXQV��7��'���+RUWRQ��7��5���/HH�7D\ORU��'���	�*URJDQ��3����������'HWHFWLRQ�RI�ϳϰϱ
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0��%LOOHUPDQ��%��.��.HHQH\��3��*��5RGHZDOG��DQG�7��6��6FKXOHQEHUJ��(GLWRUV���&RUQHOO�ϳϱϱ
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0RQRJUDSKV����������������ϳϲϱ
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SODQWV� (FRORJLFDO�PRQRJUDSKV� ���������������ϳϳϭ
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RPQLYRURXV�WDQDJHUV��7KUDXSLGDH���WKH�FRPSDULVRQ�RI�WKUHH�PHWKRGV��7KH�&RQGRU��ϳϳϯ
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$PD]RQLD��,Q *HUPDQ�%UD]LOLDQ�:RUNVKRS�RQ�1HRWURSLFDO�(FRV\VWHPV±$FKLHYHPHQWV�ϳϳϴ

DQG�3URVSHFWV�RI�&RRSHUDWLYH�5HVHDUFK�+DPEXUJ �������������ϳϳϵ

3RXOLQ��%���/HIHEYUH��*���	�0F1(,/��5����������&KDUDFWHULVWLFV�RI�IHHGLQJ�JXLOGV�DQG�YDULDWLRQ�ϳϴϬ

LQ�GLHWV�RI�ELUG�VSHFLHV�RI�WKUHH�DGMDFHQW�WURSLFDO�VLWHV� %LRWURSLFD����������ϳϴϭ

3RXOLQ��%���:ULJKW��6��-���/HIHEYUH��*���	�&DOGHURQ��2����������,QWHUVSHFLILF�V\QFKURQ\�DQG�ϳϴϮ

DV\QFKURQ\�LQ�WKH�IUXLWLQJ�SKHQRORJLHV�RI�FRQJHQHULF�ELUG�GLVSHUVHG�SODQWV�LQ�ϳϴϯ

3DQDPD� -RXUQDO�RI�7URSLFDO�(FRORJ\� ���������������ϳϴϰ

6FKXOHQEHUJ��7��6����������)RUDJLQJ�EHKDYLRU��HFR�PRUSKRORJ\��DQG�V\VWHPDWLFV�RI�VRPH�ϳϴϱ

DQWVKULNHV� :LOVRQ�%XOOHWLQ� ������������ϳϴϲ

6FKXOHQEHUJ��7��6���.HHQH\��%��.���	�%LOOHUPDQ��6��0����������%LUGV�RI�WKH�:RUOG�&RUQHOO�/DE�ϳϴϳ
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5DOSK��&��-����������0DQXDO�GH�PpWRGRV�GH�FDPSR�SDUD�HO�PRQLWRUHR�GH�DYHV�WHUUHVWUHV��9RO��ϳϵϭ

����� &DOLIRUQLD��86$��86�'HSDUWPHQW�RI�$JULFXOWXUH��)RUHVW�6HUYLFH��3DFLILF�ϳϵϮ

6RXWKZHVW�5HVHDUFK�6WDWLRQ�ϳϵϯ

5H\��3��-����������6SDWLRဨWHPSRUDO�YDULDWLRQ�LQ�IUXLW�DQG�IUXJLYRURXV�ELUG�DEXQGDQFH�LQ�ROLYH�ϳϵϰ

RUFKDUGV� (FRORJ\� �����������������ϳϵϱ

5LGJHO\��5��6���	�*UHHQILHOG��3��-����������7KH�ELUGV�RI�(FXDGRU��VWDWXV��GLVWULEXWLRQ��DQG�ϳϵϲ

WD[RQRP\��9RO����� ,WKDFD� 1<� 86$��&RUQHOO�8QLYHUVLW\�3UHVV�ϳϵϳ

7HUERUJK��-���5RELQVRQ��6��.���3DUNHU�,,,��7��$���0XQQ��&��$���	�3LHUSRQW��1����������6WUXFWXUH�ϳϵϴ

DQG�RUJDQL]DWLRQ�RI�DQ�$PD]RQLDQ�IRUHVW�ELUG�FRPPXQLW\� (FRORJLFDO�ϳϵϵ

0RQRJUDSKV� ���������������ϴϬϬ

7UDYHVHW��$��$��-��$���5REHUWVRQ��$��:���	�5RGUtJXH]�3pUH]��-����������$�UHYLHZ�RQ�WKH�ϴϬϭ

UROH�RI�HQGR]RRFKRU\�LQ�VHHG�JHUPLQDWLRQ� 6HHG�GLVSHUVDO��WKHRU\�DQG�LWV�DSSOLFDWLRQ�LQ�D�ϴϬϮ

FKDQJLQJ�ZRUOG���������ϴϬϯ

7URSLFRV�RUJ��0LVVRXUL�%RWDQLFDO�*DUGHQ�����0DU�������KWWSV���WURSLFRV�RUJ! ������ 0LVVRXUL�ϴϬϰ

%RWDQLFDO�*DUGHQ � �����6KDZ�%RXOHYDUG�� 6DLQW�/RXLV��0LVVRXUL������ϴϬϱ

ϴϬϲ
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d­Ø�çȬ��� �ö�Â�ØÕ�Ü����Øç¼�çÜ �ʒ��
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