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633&�3DSHUV�
7KH�UDWKHU�QDLYH�LGHD�RI�IRUPLQJ�D�PXVHXP�RQ�WKH�-XUDVVLF�&RDVW�

6WHYH�(WFKHV�
7KH� SUREOHPV� LQYROYHG� LQ� VHWWLQJ� XS� D� FKDULWDEOH� WUXVW�� REWDLQLQJ� IXQGLQJ� DQG� ILQGLQJ� D�VXLWDEOH�VLWH�WR�WU\�DQG�HQVXUH�WKH�ORQJ�WHUP�VHFXULW\�RI�D�VSHFLDOLVHG�FROOHFWLRQ���

)DNH�5RFN��5HDO�6DQG��7KH�PDNLQJ�RI�WKH�H[KLELWLRQ�¶6DKDUD���OLYLQJ�GHVHUW·�
0LFKDHOD�)RUWKXEHU�

6WDDWOLFKHV�1DWXUKLVWRULVFKHV�0XVHXP��%UDXQVFKZHLJ��*HUPDQ\�
�PLFKDHOD�IRUWKXEHU#VQKP�QLHGHUVDFKVHQ�GH���,Q�������WKH�6WDWH�0XVHXP�RI�1DWXUDO�+LVWRU\�LQ�%UDXQVFKZHLJ��*HUPDQ\��KRVWHG�D�VSHFLDO�H[KLELWLRQ�RQ�WKH�6DKDUD�GHVHUW�� IRFXVVHG�RQ�WKH�DQLPDOV�DQG�SODQWV�DQG�WKHLU�DGDSWDWLRQV�WR�WKH�HQYLURQPHQWDO�FKDOOHQJHV�RI�WKH�GHVHUW�FOLPDWH��WKH�FKDQJH�IURP�D�JUHHQ�GHVHUW�LQ�IRUPHU�WLPHV�WR�WRGD\·V�RFHDQ�RI�VDQG��SOXV�DQ�DGGLWLRQDO�FRPSRQHQW�RQ�KRZ�KXPDQ�EHLQJV�DUH�DEOH�WR�OLYH�WKHUH��7KH�ZD\�WKDW�WKH�LPSUHVVLRQ�RI�D�GHVHUW�ZDV�DFKLHYHG�E\�XVLQJ�VW\URIRDP��WLOH�PRUWDU�DQG�UHDO�6DKDUD�VDQG�WR�EXLOG�DQ�DUWLILFLDO�URFN�IDFH�DQG�D�VDQG�GXQH�DUHD�LV�GHVFULEHG��,PDJHV�RI�WKH�ILQLVKHG�H[KLELWLRQ�DUH�DOVR�VKRZQ���

7KH�*RRG��7KH�%DG�DQG�7KH�8JO\��3UHSDUDWLRQ�IURP�WKH�:LOG�:HVW�
&LQG\�+RZHOOV�

1DWLRQDO�0XVHXP�RI�:DOHV��)RVVLOV� RQ� VDOH� DW� WUDGH� VKRZV� RIIHU� D� XQLTXH� RSSRUWXQLW\� WR� YLHZ� GLIIHULQJ� VW\OHV� DQG�VWDQGDUGV� RI� SUHSDUDWLRQ��7KH�7XFVRQ�6KRZ� LQ�$UL]RQD� LV� FRQVLGHUHG� WR� EH� WKH� ODUJHVW� VXFK�CJHP
�VKRZ�LQ�WKH�ZRUOG��DQG�WKH�YDULHW\�DQG�TXDOLW\�RI�VSHFLPHQV�LV�XQVXUSDVVHG��(TXDOO\��LW�LV�D�PDUNHW� IRU�UHSOLFDV��DQG�LQ�VRPH�FDVHV��IDNHV��7KH�WDON�ZLOO�LOOXVWUDWH�D�VPDOO�VHOHFWLRQ�RI�WKH�EHVW�DQG�ZRUVW�WKDW�FDQ�EH�VHHQ�E\�D�YLVLWRU�WR�WKLV�VKRZ���

7KH�YLUWXDO�DQG�SK\VLFDO�SUHSDUDWLRQ�RI�WKH�&ROODUG�3OHVLRVDXU�
1LJHO�5��/DUNLQ�

1RUZLFK�&DVWOH�0XVHXP��DQG��1DWXUDO�+LVWRU\�&RQVHUYDWLRQ�&RP��7KH�¶&ROODUG�3OHVLRVDXU·��IRXQG�LQ������LQ�%ULGJZDWHU�%D\�RQ�WKH�6RPHUVHW�FRDVW��KDV�EHHQ�GHVFULEHG� DV� ¶SUREDEO\� WKH� EHVW� SUHVHUYHG� DQG�PRVW� VFLHQWLILFDOO\� YDOXDEOH� IRVVLO� SOHVLRVDXU� WR�
KDYH�EHHQ�IRXQG�LQ�WKH�8.�IRU�DW�OHDVW�����\HDUV��SRVVLEO\�HYHU·��5LFKDUG�)RUUHVW��633&�693&$��������7KH�VNHOHWRQ�LV�DOPRVW�FRPSOHWH�DQG�YDULDEO\�PLQHUDOLVHG��7KH� VNHOHWRQ� �SRVVLEO\� D� MXYHQLOH� 5KRPDOHRVDXU�� ZDV� SUHVHUYHG� LQ� /RZHU� /LDVVLF� .LOYH�6KDOHV���D�ILQH�JUDLQHG��WKLQO\�ODPLQDWHG�URFN�FRQWDLQLQJ�OLWWOH�RU�QR�FHPHQW��+HOG�WRJHWKHU�E\�FRPSUHVVLRQ�� WKLV� OLWKRORJ\� LV� QRWRULRXVO\� VXVFHSWLEOH� WR� IOXFWXDWLRQV� LQ� KXPLGLW\�� VHYHUHO\�FRPSURPLVLQJ�WKH�LQWHJULW\�RI�VSHFLPHQV�RQFH�GU\��7KH�SULRULWLHV� IRU� WKH�SURMHFW�ZHUH� WR� DUUHVW� VKDOH�GHODPLQDWLRQ� FDXVHG�E\� HQYLURQPHQWDO�IOXFWXDWLRQV� DQG� WR� SUHSDUH� WKH� VSHFLPHQ� IRU� UHVHDUFK�� 7KH� VSHFLPHQ� DSSHDUHG� WR� EH� ZHOO�IRVVLOLVHG� LQ� D� KRPRJHQHRXV�� XQ�FHPHQWHG� PDWUL[�� RIIHULQJ� H[FHOOHQW� SRWHQWLDO� IRU� ;�UDGLRJUDSK\�� 7KHUHIRUH� EHIRUH� SUHSDUDWLRQ� FRPPHQFHG� WKH� VSHFLPHQ� ZDV� ;�UD\HG� DQG� &7�VFDQQHG�ZLWK� VWXQQLQJ� UHVXOWV�� GHVSLWH� VRPH� RI� WKH� OLPE� ERQHV� QRW� EHLQJ�ZHOO�PLQHUDOLVHG��7KLV�YLUWXDO�SUHSDUDWLRQ�KHOSHG�WR�LQIRUP�WKH�VXEVHTXHQW�SK\VLFDO�SUHSDUDWLRQ�RI�WKH�PDWHULDO��
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(PHUJHQF\�UHPHGLDO�FRQVHUYDWLRQ�RI�KRPHOHVV�PDPPRWK�PDWHULDO�
(PPD�/RXLVH�1LFKROOV�

'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�&ROOHJH�/RQGRQ��*RZHU�6WUHHW��/RQGRQ��:&�(��%7��
8.���H�QLFKROOV#XFO�DF�XN���7KURXJK� D� SHFXOLDU� VHULHV� RI� HYHQWV� ,� PDQDJHG� WR� ILQG� P\VHOI� ZLWK� D� ER[� RI� PDPPRWK�PDWHULDO� IDOOLQJ� DSDUW� LQ� P\� ODE�� 7KH� ER[� FRQWDLQHG� QXPHURXV� WRRWK� DQG� WXVN� IUDJPHQWV��ZUDSSHG� LQ� QHZVSDSHU� DQG� SODFHG� LQWR� VHSDUDWH� SODVWLF� VDQGZLFK� EDJV�� $V� D� UHVXOW�� WKH�PDWHULDO� ZDV� LQ� GLUH� QHHG� RI� FRQVHUYDWLRQ� ZRUN�� 7KH� PRVW� HIIHFWLYH� IRUP� RI� UHPHGLDO�FRQVHUYDWLRQ�ZDV�GHFLGHG�WR�EH�D�PL[WXUH�RI�3DUDORLG�%���DV�DQ�DGKHVLYH�DQG�JODVV�EHDGV�DV�D�SRO\PHU� ILOOHU� LQ�RUGHU� WR�VWDELOLVH� WKH�PDWHULDO�DQG� WR�SUHYHQW� IXUWKHU�GHWHULRUDWLRQ�� ,� UHSRUW�KHUH�RQ�WKH�QXPHURXV�SUREOHPV�IDFHG�WKURXJKRXW�WKH�ZRUN��DQG�WKH�RYHUDOO�RXWFRPH�DQG�OHYHO�RI�VXFFHVV�DFKLHYHG���
uC���(e�$ 	d��XT�Z�	3�mUV�e
�($+�D�
Q[��d�aE�F�FaFD��d�
"b,C���($ 	C������,�G ! $ . . ����� Q������T$ 	c%��
	������6&�$ 	����-Q/^CG !+�a���-$ ."c��)+���($ ��.j����kd>��r>4-564�7�9R2�|�5[�r��@�|�B 4�@��*o �
t+�
HDE�G+Fa�D�



�

� ��

693&$�3DSHUV�
7KH�VSHFLDOL]HG�GHQWLWLRQ�RI�GHULYHG�QRWRVXFKLDQV��&UXURWDUVL��0HVRHXFURFRG\OLD��

0DUFR�%UDQGDOLVH�GH�$QGUDGH K6� L �DQG�5HLQDOGR�-��%HUWLQL L �M �'HSDUWPHQW�RI�(DUWK�6FLHQFHV��)DFXOW\�RI�6FLHQFHV��8QLYHUVLW\�RI�%ULVWRO��%6���5-��%ULVWRO��
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7KH�SHFWRUDO�ILQ�RI�WKH�QHDU�WHWUDSRG�3DQGHULFKWK\V�UKRPEROHSLV�
&DWKHULQH�$��%RLVYHUW�DQG�3HU�(ULN�$KOEHUJ�

6XEGHSDUWPHQW�RI�(YROXWLRQDU\�2UJDQLVPDO�%LRORJ\��'HSDUWPHQW�RI�3K\VLRORJ\�DQG�
'HYHORSPHQWDO�%LRORJ\��8SSVDOD�8QLYHUVLW\��6ZHGHQ��FDWKHULQH�ERLVYHUW#HEF�XX�VH��
SHU�DKOEHUJ#HEF�XX�VH���7KH� HOSLVWRVWHJLGV� 7LNWDDOLN� DQG� 3DQGHULFKWK\V��PHPEHUV� RI� WKH� WHWUDSRG� VWHP�JURXS�� DUH�WKH� FORVHVW� NQRZQ� UHODWLYHV� RI� OLPEHG� YHUWHEUDWHV�� 7KH� SHFWRUDO� ILQ� VNHOHWRQ� RI� 7LNWDDOLN�FRQWDLQV� VPDOO� GLVWDO� ERQHV� WKDW�KDYH� EHHQ� LQWHUSUHWHG� DV� GLJLW� SUHFXUVRUV�� 7KLV� DJUHHV�ZHOO�ZLWK� WKH� FRQGLWLRQ� LQ� VRPH� OHVV� FURZQZDUG� VWHP� WHWUDSRGV� VXFK� DV� WKH� UKL]RGRQW� ILVK�

6DXULSWHUXV��DQG�ZLWK�GHYHORSPHQWDO�DQG�PROHFXODU�HYLGHQFH�WKDW�GLJLW�SUHFXUVRUV�DUH�SUHVHQW�LQ� WKH� OXQJILVK� 1HRFHUDWRGXV� DQG� WKH� SULPLWLYH� DFWLQRSWHU\JLDQ� 3RO\RGRQ�� +RZHYHU��
3DQGHULFKWK\V�KDV�EHHQ�GHVFULEHG�DV� ODFNLQJ�GLJLW�SUHFXUVRUV��+HUH�ZH�SUHVHQW�WKH�ILUVW�[�UD\�&7�VWXG\�RI�WKH�SHFWRUDO�ILQ�RI�3DQGHULFKWK\V��EDVHG�RQ�DQ�XQIODWWHQHG�VSHFLPHQ�LQ�ZKLFK�WKH�ULJKW� SHFWRUDO� ILQ� LV� FRPSOHWH�DQG�EXULHG� LQ�PDWUL[�EHQHDWK� WKH�ERG\��7KH�GLVWDO� �XOQDUH��RI�SUHYLRXV�UHFRQVWUXFWLRQV�SURYHV�WR�EH�D�FRPSRXQG�VWUXFWXUH�FRPSULVLQJ�D�UHDO��VPDOO��XOQDUH�DQG�DQ�DUUD\�RI�GLVWDO�UDGLDOV�FRPSDUDEOH�WR�WKRVH�RI�7LNWDDOLN�RU�6DXULSWHUXV��2WKHU�HOHPHQWV�FRPSDUH� UHDVRQDEO\� ZHOO� ZLWK� WKH� SXEOLVKHG� GHVFULSWLRQV�� WKRXJK� WKH� KXPHUXV� LV�FRQVLGHUDEO\� PRUH� WKUHH�GLPHQVLRQDO� WKDQ� SUHYLRXVO\� WKRXJKW�� 2YHUDOO�� WKH� SHFWRUDO� ILQ�VNHOHWRQ�RI�3DQGHULFKWK\V�FRPSDUHV�FORVHO\�ZLWK�WKDW�RI�7LNWDDOLN��H[FHSW�WKDW�WKH�ODWWHU�KDV�D�ORQJHU� D[LV�� 'LJLW� SUHFXUVRUV� DSSHDU� WR� EH�SUHVHQW� WKURXJKRXW� WKH� �ILVK�� SDUW� RI� WKH� WHWUDSRG�VWHP�JURXS�DV�ZHOO�DV�LQ�PRUH�GLVWDQWO\�UHODWHG�RVWHLFKWK\DQV��,QWHUHVWLQJO\��WKH�ILQ�VNHOHWRQ�RI�
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7LNWDDOLN� DSSHDUV� DXWDSRPRUSKLF�ZLWK� UHVSHFW� WR� WKH� H[WHQGHG� D[LV�� 7KH� VKRUWHU� VNHOHWRQ� RI�
3DQGHULFKWK\V��LQ�ZKLFK�WKH�XOQDUH�LV�WKH�ODVW�D[LDO�HOHPHQW��PD\�EH�D�EHWWHU�UHSUHVHQWDWLYH�RI�WKH�DQFHVWUDO�FRQGLWLRQ�IRU�OLPEV���

*URZLQJ�XS�LQ�WKH�0LGGOH�-XUDVVLF��LFKQRORJLFDO�HYLGHQFH�IRU�IDPLO\�JURXSV�RI�
WKHURSRGV�LQ�:\RPLQJ��FRPSDULVRQ�RI�IRRWSULQWV�DQG�JURZWK�UDWHV�RI�HPXV�DQG�
GLQRVDXUV�

%UHQW�+��%UHLWKDXSW K ��1HIIUD�$��0DWWKHZV L �DQG�7RGG�/��*UHHQ K �M *HRORJLFDO�0XVHXP��8QLY��RI�:\RPLQJ��/DUDPLH��:<��������XZJHRPV#XZ\R�HGX��N 86'2,�%XUHDX�RI�/DQG�0DQDJHPHQW��1DWLRQDO�6FLHQFH�DQG�7HFKQRORJ\�&HQWHU��'HQYHU��&2�
�������QHIIUDBPDWWKHZV#EOP�JRY���(YLGHQFH�IRU�JUHJDULRXV��IDPLO\�OHYHO�EHKDYLRXUV�LQ�WKHURSRG�GLQRVDXUV��DOWKRXJK�UDUH��FDQ�EH�IRXQG� LQ�WKH�LFKQRORJLFDO�UHFRUG��&RPSHOOLQJ�HYLGHQFH�IRU�WKHURSRG�IDPLO\�JURXSV�FDQ�EH�VHHQ� DW� 0LGGOH� -XUDVVLF� �%DWKRQLDQ�� VLWHV� LQ� :\RPLQJ� �$GDPV� DQG� %UHLWKDXSW�� ������%UHLWKDXSW� HW� DO��� ������ ����D�� DQG� 6FRWODQG� �&ODUN� HW� DO��� ������� ,Q� :\RPLQJ�� H[WHQVLYH�UHVHDUFK�DW�WKH�5HG�*XOFK�'LQRVDXU�7UDFNVLWH�DQG�RWKHU�DUHDV�ZLWKLQ�WKH�6XQGDQFH�9HUWHEUDWH�,FKQRIDXQDO�3URYLQFH�KDV�GRFXPHQWHG�WKH�SUHVHQFH�RI�WKRXVDQGV�RI�WULGDFW\O�SHV�LPSUHVVLRQV�RI�WKH�LFKQRWD[RQ�&DUPHORSRGXV�LQ�WKH�/RZHU�6XQGDQFH�)RUPDWLRQ��7KHVH�WUDFNV�DUH�DUUDQJHG�LQWR�KXQGUHGV�RI�WUDFNZD\V�LQWHUSUHWHG�DV�KDYLQJ�EHHQ�PDGH�E\�D�JUHJDULRXV��PRQRWD[RQRPLF�SRSXODWLRQ� RI� \HDUOLQJ� WR� DGXOW�� SULPLWLYH�� WHWDQXUDQ� WKHURSRGV�� 7R� EHWWHU� XQGHUVWDQG� WKH�RQWRJHQHWLF� DQG� EHKDYLRXUDO� LPSOLFDWLRQV� RI� WKHVH� LFKQLWHV�� WKH� WUDFNV� RI� H[WDQW� HPXV��'URPDLXV� QRYDHKROODQGLDH�� KDYH� EHHQ� VWXGLHG�� $V� HPXV� PDNH� WKHURSRG�OLNH�� WULGDFW\O�IRRWSULQWV��DUH�JUHJDULRXV��KDYH�SUHFRFLDO�\RXQJ��DQG�H[KLELW�SDUHQWDO�FDUH��WKH\�DUH�H[FHOOHQW�PRGHUQ�DQDORJXHV� IRU�VWXG\LQJ�JURZWK�DQG�FRPPXQLW\�G\QDPLFV�RI�VPDOO�� WR�PHGLXP�VL]HG�FDUQLYRURXV�GLQRVDXUV��DV�ZHOO�DV� WUDFN�IRUPDWLRQ��0LODQ��������%UHLWKDXSW�HW�DO�������E���%\�FROOHFWLQJ� LFKQRORJLFDO� GDWD� IURP� HPXV� RI� YDULRXV� DJHV�� JURZWK� FXUYHV� IRU� IRRWSULQWV� FDQ�EH�GHYHORSHG�DQG�FRPSDUHG�WR�SUHYLRXVO\�HVWDEOLVKHG�JURZWK�UDWHV�IRU�GLQRVDXUV��(ULFNVRQ�HW�DO���������� %\� LQWHJUDWLQJ� WKHVH� FXUYHV�� WKH� DSSUR[LPDWH� DJHV� RI� WKHURSRGV� UHSUHVHQWHG� RQO\� E\�WKHLU� IRRWSULQWV� FDQ� EH� LQIHUUHG�� ,Q� DGGLWLRQ�� WKH� REVHUYDWLRQV� RI� HPX� DFWLYLWLHV� DQG� WKH�DVVRFLDWHG� WUDFNV� SURYLGH� YDOXDEOH� LQIRUPDWLRQ� WR� WKH� XQGHUVWDQGLQJ� RI� WKH� EHKDYLRXUV�SUHVHUYHG�LQ�WKH�LFKQRORJLFDO�UHFRUG�RI�ELSHGDO�GLQRVDXUV���
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5HGHVFULSWLRQ�RI�1HRYHQDWRU�VDOHULL��'LQRVDXULD��7KHURSRGD��DQG�LWV�LPSOLFDWLRQV�
IRU�WKHURSRG�HYROXWLRQ�DQG�SK\ORJHQ\�

6WHSKHQ�/��%UXVDWWH K ��5RJHU�%��-��%HQVRQ L � ± �DQG�6WHSKHQ�+XWW ½ �
�VXSSRUWHG�E\�-RQHV�)HQOHLJK�0HPRULDO�)XQG��M 'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�RI�%ULVWRO��:LOOV�0HPRULDO�%XLOGLQJ��4XHHQV�5RDG��

%ULVWRO�%6���5-��8.��EUXVDWWH#XFKLFDJR�HGX��N 'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�RI�&DPEULGJH��'RZQLQJ�6WUHHW��&DPEULGJH�&%��
�(4��8.��UEE��#FDP�DF�XN��² 1DWXUDO�+LVWRU\�0XVHXP��&URPZHOO�5RDG��/RQGRQ�6:���%'��8.�¾ 'LQRVDXU�,VOH�0XVHXP��&XOYHU�3DUDGH��6DQGRZQ�32����4$��8.�
�6WHSKHQ�+XWW#LRZ�JRY�XN���

1HRYHQDWRU� VDOHULL� �'LQRVDXULD�� 7KHURSRGD�� LV� WKH� PRVW� FRPSOHWH� ODUJH� WKHURSRG� NQRZQ�IURP�(XURSH�EXW�KDV�RQO\�EULHIO\�EHHQ�GHVFULEHG�LQ�WKH�OLWHUDWXUH��+XWW�HW�DO���������1DLVK�HW�
DO��� �������+HUH�ZH�SUHVHQW� D� UHGHVFULSWLRQ�RI� WKH�KRORW\SH�DQG� UHIHUUHG�VSHFLPHQV� IURP�WKH�(DUO\� &UHWDFHRXV�:HVVH[� )RUPDWLRQ� �:HDOGHQ� *URXS�� RI� WKH� ,VOH� RI� :LJKW�� ZKLFK� WRJHWKHU�FRPSULVH� DSSUR[LPDWHO\� ���� RI� WKH� VNHOHWRQ�� 1HRYHQDWRU� LV� VKRZQ� WR� SRVVHVV� QXPHURXV�DXWDSRPRUSKLHV�� LQFOXGLQJ� DQ� HQODUJHG� PD[LOODU\� IHQHVWUD�� D� SHJ�DQG�VRFNHW� DFFHVVRU\�DUWLFXODWLRQ� EHWZHHQ� WKH� SUHPD[LOOD� DQG� PD[LOOD�� DQG� FXUYHG� IODQJHV� HPHUJLQJ� IURP� WKH�]\JDSRSK\VHV� RI� SRVWHULRU� GRUVDO� YHUWHEUDH��1HRYHQDWRU� FOHDUO\� EHORQJV� WR� $OORVDXURLGHD�� D�FODGH� RI� EDVDO� WHWDQXUDQ� WKHURSRGV� WKDW� LQFOXGHV� $OORVDXUXV�� 6LQUDSWRU�� DQG� WKH�&DUFKDURGRQWRVDXULGDH�� D� VXEJURXS� WKDW� FRQWDLQV� VRPH� RI� WKH� ODUJHVW� NQRZQ� WKHURSRGV��3K\ORJHQHWLF�DQDO\VLV� ILQGV�1HRYHQDWRU�DV� WKH�EDVDO�PRVW�PHPEHU�RI�&DUFKDURGRQWRVDXULGDH��D� SRVLWLRQ� VXSSRUWHG� E\� QXPHURXV� V\QDSRPRUSKLHV�� LQFOXGLQJ� FDPHOODWH� FHUYLFDO� YHUWHEUDH��GHWDLOV� RI� WKH� SOHXURFRHOV� LQ� FHUYLFDO� DQG� GRUVDO� YHUWHEUDH�� D� K\SHUWURSKLHG� SXELF� ERRW�� DQ�DQWHULRUO\�H[SDQGHG� LVFKLDO� ERRW�� D� GRUVDOO\�LQFOLQHG� IHPRUDO� KHDG�� DQG� D� K\SHUWURSKLHG�PHGLDO�PDOOHROXV�RI� WKH� WLELD��7KLV�SODFHPHQW�VXJJHVWV� WKDW�EDVDO�FDUFKDURGRQWRVDXULGV�ZHUH�FRPSRQHQWV� RI� (XURSHDQ� IDXQDV� EHIRUH� EHFRPLQJ� UHVWULFWHG� WR� *RQGZDQD� ODWHU� LQ� WKHLU�HYROXWLRQ��$GGLWLRQDOO\�� FKDUDFWHU� DFTXLVLWLRQ� SDWWHUQV� LQGLFDWH� WKDW� ODUJH� ERG\� VL]H� DQG� WKH�KLJKO\� DSRPRUSKLF� VNXOO� RI� GHULYHG� FDUFKDURGRQWRVDXULGV� HYROYHG� DIWHU� FKDQJHV� WR� WKH�D[LDO�DQG� DSSHQGLFXODU� VNHOHWRQ�� 7KHVH� FKDQJHV� LQFOXGH� DQ� LQFUHDVH� LQ� D[LDO� SQHXPDWLFLW\� DQG�DOWHUDWLRQV�LQ�OLPE�DUWLFXODWLRQ��ZKLFK�FOHDUO\�ZHUH�QRW�D�GLUHFW�UHVSRQVH�WR�WKH�ODUJH�ERG\�VL]H�RI� GHULYHG� FDUFKDURGRQWRVDXULGV� DV� GHPRQVWUDWHG� E\� WKHLU� SUHVHQFH� LQ� WKH� PXFK� VPDOOHU�
1HRYHQDWRU���
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7KH�FHUDWRSVLDQ�GLQRVDXU�3VLWWDFRVDXUXV�LQ�6RXWKHDVW�$VLD���D�UHYLHZ�RI�ROG�DQG�
QHZ�ILQGV�

(ULF�%XIIHWDXW K ��9DUDYXGK�6XWHHWKRUQ L �DQG�6DVLGKRUQ�.KDQVXEKD L �M &156��805�������/DERUDWRLUH�GH�*pRORJLH�GH�O·(FROH�1RUPDOH�6XSpULHXUH������FRXU�GX�
/LpJDW��������3DULV��)UDQFH��HULF�EXIIHWDXW#ZDQDGRR�IU��N )RVVLO�5HVHDUFK�DQG�0XVHXP�'LYLVLRQ��%XUHDX�RI�*HRORJLFDO�6XUYH\��'HSDUWPHQW�RI�0LQHUDO�
5HVRXUFHV��5DPD�9,�5RDG��%DQJNRN��������7KDLODQG���7KH� HDUO\� FHUDWRSVLDQ� GLQRVDXU� 3VLWWDFRVDXUXV� LV� ZLGHVSUHDG� LQ� WKH� (DUO\� &UHWDFHRXV� RI�FHQWUDO� DQG� QRUWKHUQ�$VLD�� IURP�6LEHULD� WR�0RQJROLD� DQG� QRUWKHUQ� &KLQD�� ,WV� RFFXUUHQFH� LQ�6RXWKHDVW�$VLD�ZDV�ILUVW�UHSRUWHG�LQ�������ZKHQ�WKH�GLVFRYHU\�RI�DQ�XSSHU�DQG�D�ORZHU�MDZ�LQ�WKH�.KRN�.UXDW� )RUPDWLRQ� �$SWLDQ��RI�QRUWKHDVWHUQ�7KDLODQG�ZDV�DQQRXQFHG��7KDW�PDWHULDO�ZDV� GHVFULEHG� DV� D� QHZ� VSHFLHV� RI�3VLWWDFRVDXUXV��3�� VDWWD\DUDNL�� LQ� ������ $OWKRXJK� GRXEWV�
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DERXW� WKLV� JHQHULF� LGHQWLILFDWLRQ� KDYH� EHHQ� H[SUHVVHG�� WKH� 7KDL� VSHFLPHQV� VKRZ�GLVWLQFWLYH�FKDUDFWHUV�RI�3VLWWDFRVDXUXV� �%XIIHWDXW� DQG�6XWHHWKRUQ���������0RUH�PDWHULDO��FRQILUPLQJ�WKH�RFFXUUHQFH� RI� 3VLWWDFRVDXUXV� LQ� WKH� .KRN� .UXDW� )RUPDWLRQ�� KDV� UHFHQWO\� EHHQ� IRXQG� LQ�7KDLODQG��DQG�WKH�JHQXV�LV�DOVR�SUHVHQW�LQ�D�IRUPDWLRQ�RI�HTXLYDOHQW�DJH�LQ�/DRV��,Q�QRUWKHUQ�DQG� FHQWUDO� $VLD�� 3VLWWDFRVDXUXV� LV� RIWHQ� YHU\� DEXQGDQW� LQ� IRUPDWLRQV� UDQJLQJ� LQ� DJH� IURP�+DXWHULYLDQ� WR�$OELDQ� �/XFDV�� ������$YHULDQRY� HW� DO��� ������� ,W� VHHPV� WR� EH� OHVV� IUHTXHQW� LQ�6RXWKHDVW� $VLD�� DQG� QRW� WR� EH� SUHVHQW� WKHUH� EHIRUH� WKH� $SWLDQ�� 7KLV� GLIIHUHQW� SDWWHUQ� RI�VWUDWLJUDSKLF�GLVWULEXWLRQ�PD\�EH�WKH�UHVXOW�RI�D�SHULRG�RI�UHODWLYH�LVRODWLRQ�RI�6RXWKHDVW�$VLDQ�WHUUHVWULDO�YHUWHEUDWH�IDXQDV�GXULQJ�SDUW�RI�WKH�(DUO\�&UHWDFHRXV��ZKLFK�LV�VXJJHVWHG�E\�YDULRXV�OLQHV� RI� IDXQDO� HYLGHQFH� �LQFOXGLQJ� WKH� DSSDUHQW� ODFN� RI� RUQLWKLVFKLDQV� LQ� WKH� "+DXWHULYLDQ�%DUUHPLDQ� 6DR� .KXD� )RUPDWLRQ���3VLWWDFRVDXUXV�PD\� KDYH� UHDFKHG� 6RXWKHDVW� $VLD�� WRJHWKHU�ZLWK� RWKHU� RUQLWKLVFKLDQV� �LQFOXGLQJ� HDUO\� KDGURVDXURLGV��� RQO\� DW� WKH� HQG� RI� WKLV� SHULRG� RI�LVRODWLRQ��WKH�FDXVHV�RI�ZKLFK�UHPDLQ�XQFHUWDLQ���
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3DODHRHQYLURQPHQWDO�FRQWUROV�RQ�WKH�GLVWULEXWLRQ�RI�&UHWDFHRXV�KHUELYRURXV�
GLQRVDXUV�

5LFKDUG�-��%XWOHU K ��3DXO�0��%DUUHWW K ��3DXO�.HQULFN K �DQG�0DOFROP�*��3HQQ L �M 'HSDUWPHQW�RI�3DODHRQWRORJ\��7KH�1DWXUDO�+LVWRU\�0XVHXP��&URPZHOO�5RDG��/RQGRQ�6:��
�%'��8.��5�%XWOHU#QKP�DF�XN��N 'HSDUWPHQW�RI�%RWDQ\��7KH�1DWXUDO�+LVWRU\�0XVHXP��&URPZHOO�5RDG��/RQGRQ�6:���%'��8.��0RVW� DWWHPSWV� WR� DVVHVV� SDODHRHQYLURQPHQWDO� SUHIHUHQFHV� IRU� GLQRVDXUV� KDYH� DVVHVVHG�GLVWULEXWLRQ�ZLWKLQ�D�VLQJOH�IRUPDWLRQ��+HUH�ZH�XVH�D�JOREDO�UHODWLRQDO�GDWDEDVH�RI�&UHWDFHRXV�KHUELYRURXV� GLQRVDXU� RFFXUUHQFHV� WR� WHVW� K\SRWKHVHV� RI� EURDG� HQYLURQPHQWDO� SUHIHUHQFHV� DW�WKH� OHYHO� RI� VXSUDVSHFLILF� FODGHV�� 7KLV� GDWDEDVH� LV� SDUW� RI� D� EURDGHU� SURMHFW� RQ� &UHWDFHRXV�GLQRVDXU� DQG�SODQW� GLVWULEXWLRQ�� FXUUHQWO\� LW� FRQWDLQV�JHRJUDSKLF�� WD[RQRPLF�� JHRORJLFDO� DQG�SDODHRHQYLURQPHQWDO� GDWD� IRU� F������GLQRVDXU� DQG�SODQW� RFFXUUHQFHV� DW� ����� ORFDOLWLHV��7KH�FXUUHQW� DQDO\VHV�XWLOLVHG�D�TXHU\�FRQWDLQLQJ� WKH�GLQRVDXU�RFFXUUHQFHV� ������� DQG�DVVRFLDWHG�HQYLURQPHQW� DQG� WD[RQRPLF� LQIRUPDWLRQ�� 7KH� GHWDLOHG� HQYLURQPHQWDO� GDWD� ZDV� VLPSOLILHG�LQWR�EURDG�GHSRVLWLRQDO�FDWHJRULHV�RI�PDULQH�����RI�ORFDOLWLHV���FRDVWDO��������WHUUHVWULDO�������DQG� XQNQRZQ�DPELJXRXV� ������ &KL�VTXDUHG� WHVWV� ZHUH� XVHG� WR� WHVW� VSHFLILF� K\SRWKHVHV� RI�DVVRFLDWLRQV��$� VLJQLILFDQW� SRVLWLYH� DVVRFLDWLRQ� ZDV� IRXQG� EHWZHHQ� 1RGRVDXULGDH� DQG� PDULQH�GHSRVLWLRQDO� HQYLURQPHQWV� �S �������� E\� FRQWUDVW�� WKHLU� VLVWHU�FODGH� $QN\ORVDXULGDH� DUH�SRVLWLYHO\� DVVRFLDWHG� ZLWK� WHUUHVWULDO� HQYLURQPHQWV� �S ������� 7KH� RYHUUHSUHVHQWDWLRQ� RI�QRGRVDXULG� VSHFLPHQV� LQ� PDULQH� HQYLURQPHQWV� VXJJHVWV� WKDW� WKH\� RFFXSLHG� D� EURDGHU�HQYLURQPHQWDO� UDQJH�� LQFOXGLQJ� FRDVWDO� DUHDV�� WKDQ�GLG� DQN\ORVDXULGV� �&RRPEV� DQG�'HPpUp���������+DGURVDXULGV�DUH�RYHUUHSUHVHQWHG�UHODWLYH�WR�RWKHU�KHUELYRUHV�LQ�PDULQH�HQYLURQPHQWV��S �������� FRQVLVWHQW� ZLWK� VXJJHVWLRQV� WKDW� WKH\� SUHIHUUHG� FRDVWDO� SODLQ� HQYLURQPHQWV��+RZHYHU�� H[LVWLQJ� HYLGHQFH� GRHV� QRW� VXSSRUW� WKH� K\SRWKHVLV� WKDW� KDGURVDXULQH� KDGURVDXUV�ZHUH� PRUH� DEXQGDQW� LQ� PDULQH� VHGLPHQWV� WKDQ� ODPEHRVDXULQHV� �+RUQHU�� ������� %RWK�FHUDWRSVLDQV� DQG� SDFK\FHSKDORVDXUV� VKRZ� SRVLWLYH� DVVRFLDWLRQV� �S ������� ZLWK� WHUUHVWULDO�HQYLURQPHQWV�� VXSSRUWLQJ� LQWHUSUHWDWLRQV� RI� LQODQG� HQYLURQPHQWDO� SUHIHUHQFHV�� 2XU� UHVXOWV�SURYLGH� TXDQWLWDWLYH� VXSSRUW� IRU� SUHYLRXV� TXDOLWDWLYH� K\SRWKHVHV� RI� SDODHRHQYLURQPHQWDO�SUHIHUHQFHV��HPSKDVLVLQJ�WKH�SRWHQWLDO�RI�ODUJH�GDWDEDVHV�LQ�EURDG�SDODHRHFRORJLFDO�DQDO\VHV���
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7KH�FRQWULEXWLRQ�RI�SODFRGHUPV�WR�RXU�XQGHUVWDQGLQJ�RI�WKH�RQWRJHQ\�DQG�
HYROXWLRQ�RI�HDUO\�JQDWKRVWRPHV�

5REHUW�.��&DUU K ��=HULQD�-RKDQVRQ L ��$OH[�5LWFKLH ± ��+HUYp�/HOLqYUH ½ �DQG�'DQLHO�*RXMHW È �M 'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��,UYLQH�+DOO��2KLR�8QLYHUVLW\��$WKHQV��2+��������86$�
�FDUUU�#RKLR�HGX��N �'HSDUWPHQW�RI�3DODHRQWRORJ\��7KH�1DWXUDO�+LVWRU\�0XVHXP��&URPZHOO�5RDG��/RQGRQ�6:��
�%'��8.��]�MRKDQVRQ#QKP�DF�XN��² $XVWUDOLDQ�0XVHXP����&ROOHJH�6WUHHW��6\GQH\��16:�������$XVWUDOLD�
�DOH[�ULWFKLH#DXVWPXV�JRY�DX��¾ 3DOpRELRGLYHUVLWp��805�������'pSDUWHPHQW�+LVWRLUH�GH�OD�7HUUH��0XVpXP�1DWLRQDO�
G
+LVWRLUH�1DWXUHOOH�����UXH�%XIIRQ��������3DULV��)UDQFH��OHOLHYUH#PQKQ�IU�

��3DOpRELRGLYHUVLWp��805�������'pSDUWHPHQW�+LVWRLUH�GH�OD�7HUUH��0XVpXP�1DWLRQDO�
G
+LVWRLUH�1DWXUHOOH�����UXH�%XIIRQ��������3DULV��)UDQFH��JRXMHW#PQKQ�IU���3ODFRGHUPV��DV�WKH�RXWJURXS�WR�UHPDLQLQJ�JQDWKRVWRPHV��DUH�FULWLFDO�WR�RXU�XQGHUVWDQGLQJ�RI�WKH�SRODULW\�RI�FKDUDFWHU�VWDWH�WUDQVLWLRQV�ZLWKLQ�EDVDO�FKRQGULFKWK\DQV�DQG�RVWHLFKWK\DQV��)RU� H[DPSOH�� WKH\� GRFXPHQW� WKH� SRODULW\� RI� SHFWRUDO� ILQ� FKDUDFWHUV�� WKXV� WKH� SOHVLRPRUSKLF�VWDWH� FRQVLVWV� RI� D� VLQJOH� SUR[LPDO� HOHPHQW� ZLWK� D� QDUURZ� DWWDFKPHQW� WR� WKH� JLUGOH�� 7KH�HYROXWLRQ� RI� H[WDQW� FRQGLWLRQV� UHSUHVHQWV� WKH� EUHDNXS� DQG�RU� YDULDEOH� ORVV� ZLWKLQ� WKLV�SUR[LPDO�HOHPHQW��'HYHORSPHQW� RI� WKH� JQDWKRVWRPH� QHXURFUDQLXP� LQFOXGHV� WKH� RULJLQ� DQG� IXVLRQ� RI� WKH�RFFLSXW�DQG�WUDEHFXODH�WR�WKH�SULPLWLYH�YHUWHEUDWH�EUDLQFDVH��HYLGHQFHG�E\�WKH�DQWHULRU�ILVVXUH�DPRQJ� SODFRGHUPV� DQG� WKH� RWLF�RFFLSLWDO� ILVVXUH� LQ� FKRQGULFKWK\DQV� DQG� WHOHRVWRPHV��3ODFRGHUPV� UHWDLQ� SOHVLRPRUSKLF� VKRUW� WUDEHFXODH�ZLWK� WKH� SDODWRTXDGUDWH� DUWLFXODWLQJ�ZLWK�WKH�SDUDFKRUGDOV��)XVLRQ�DPRQJ�DQWHULRU�YHUWHEUDH�WR�IRUP�D�V\QDUFXDO�LQ�SODFRGHUPV�PLPLFV�WKH�DQDWRPLFDO�WUDQVIRUPDWLRQV�DVVRFLDWHG�ZLWK�PLVH[SUHVVLRQ�RI�VHJPHQW�UHODWHG�JHQHV�LQ�PLFH�DQG�KXPDQV��7KXV�� RQH� JURXS·V� PDODGDSWLYH� PLVH[SUHVVLRQ�PD\� EH� WKH� VRXUFH� RI� DQ� DGDSWLYH� FKDQJH� LQ�RWKHU�WD[D�ZKHUH�D�V\QDUFXDO�LV�IRXQG��*RRGULFK� VXJJHVWHG� D� SDLUHG� DQG� QHXUDO� FUHVW� RULJLQ� IRU� EDVLEUDQFKLDO� HOHPHQWV� RI� WKH�YLVFHUDO� VNHOHWRQ�� 7KLV� LV� FRQILUPHG� LQ� &RZUDOHSLV� PFODFKODQL� �3K\OOROHSLGD�� 3ODFRGHUPL��ZKHUH�WKHVH�HOHPHQWV�DUH�SDLUHG�WKURXJKRXW�RQWRJHQ\�DQG�SRVVHVV�VLJQLILFDQW�DWWDFKPHQW�VLWHV�IRU�K\SREUDQFKLDO�PXVFXODWXUH��GRFXPHQWLQJ�WKHLU�QHXUDO�FUHVW�RULJLQ���5HQHZHG� LQWHUHVW� LQ� SODFRGHUPV� LV� SURYLGLQJ� LPSRUWDQW� HYLGHQFH� WR� HVWDEOLVK� FKDUDFWHU�SRODULW\� IRU� D� QXPEHU� RI� DQDWRPLFDO� V\VWHPV�� ,W� DOVR� GRFXPHQWV� WKH� SUHVHQFH� LQ� DGXOWV� RI�FKDUDFWHUV� WKDW�DUH�QRZ�RQO\�JOLPSVHG�DV�WUDQVLWRU\�IHDWXUHV�LQ�RQWRJHQ\�WKXV�D�SHUDPRUSKLF�VKLIW�DPRQJ�H[WDQW�WD[D�UHODWLYH�WR�WKH�JQDWKRVWRPH�SULPLWLYH�FRQGLWLRQ���

1HZ�GLVFRYHULHV�IURP�%HDUVGHQ��UHDVVHVVLQJ�WKH�HDUO\�UHFRUG�RI�SRVW�'HYRQLDQ�
ILVKHV�

0LFKDHO�,��&RDWHV K ��3DWULFN�*DYLQ L �DQG�1HLO�'��/��&ODUN ± �M 2UJDQLVPDO�%LRORJ\�DQG�$QDWRP\��8QLYHUVLW\�RI�&KLFDJR��&KLFDJR��,/��������86$�
�PFRDWHV#XFKLFDJR�HGX��N ��$XFKQDFUDLJ�5RDG�)DLIOH\�&O\GHEDQN�*����$(��6FRWODQG��S�JDYLQ�#QWOZRUOG�FRP��² +XQWHULDQ�0XVHXP��8QLYHUVLW\�RI�*ODVJRZ��*����44��6FRWODQG�
�Q�FODUN#PXVHXP�JOD�DF�XN���7KH�0LVVLVVLSSLDQ� �6HUSXNKRYLDQ�� %HDUVGHQ� IDXQD� �*ODVJRZ�� 6FRWODQG�� LV� NQRZQ� IRU� WKH�H[FHSWLRQDO�SUHVHUYDWLRQ�RI�LWV�IRVVLO�VKDUNV��7KH�HTXLYDOHQW�KRUL]RQ�ZDV�NQRZQ�IURP�VLWHV�LQ�
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$\UVKLUH� DQG� /DQDUNVKLUH� LQ� WKH� ODWH� ����
V�� EXW� LW� ZDV� QRW� XQWLO� 6WDQ� :RRG
V� GLVFRYHULHV��:RRG�������� WKDW� UHSRUWV�KLJKOLJKWHG� WKH� TXDOLW\� RI� FKRQGULFKWK\DQV� IURP� WKH�0DQVH�%XUQ�)RUPDWLRQ��DV�ZHOO�DV�WKH�GLYHUVLW\�RI�DFWLQRSWHU\JLDQ�ILVKHV�DQG�IRVVLO�FUXVWDFHDQV��,Q�JHQHUDO�WHUPV��WKH�%HDUVGHQ�ELRWD�UHVHPEOHV�WKDW�RI�WKH�VOLJKWO\�\RXQJHU�%HDU�*XOFK�IDXQD�RI�0RQWDQD��86$� �/XQG�DQG�3RSOLQ���������+RZHYHU��ZKLOH�%HDU�*XOFK� IRVVLO� ILVKHV� WHQG� WR�EH� OHVV�ZHOO�SUHVHUYHG� WKDQ� WKHLU� 6FRWWLVK� FRXQWHUSDUWV�� LQ� WHUPV� RI� WD[RQRPLF� DQG� PRUSKRORJLFDO�GLYHUVLW\��WKH\�IDU�H[FHHG�WKHLU�%HDUVGHQ�HTXLYDOHQWV��7KH� IRVVLO� UHFRUG� RI� PDULQH� ILVKHV� IURP� WKH� 8SSHU� &DUERQLIHURXV� DQG� 3HUPLDQ� LV� SRRU��6HSNRVNL�� ������� DQG� WKH� %HDU� *XOFK� IDXQD� KDV� JDLQHG� VLJQLILFDQFH� DV� D� PDUNHU� IRU� HDUO\�UHSUHVHQWDWLYHV� RI� FODGHV�NQRZQ�RWKHUZLVH� RQO\� IURP�PXFK�PRUH� UHFHQW�GHSRVLWV� �+XUOH\�HW�DO����������7KLV�UDLVHV�TXHVWLRQV�DERXW�VDPSOLQJ�HUURU��ZKHWKHU�ILVK�GLYHUVLW\�DW�RWKHU�UHOHYDQW�ORFDOLWLHV� KDV� EHHQ�PLVLQWHUSUHWHG� RU� RYHUORRNHG�� +HUH�� ZH� UHSRUW� QHZ� GLVFRYHULHV� RI� ILVKHV�IURP�ODWHUDO�HTXLYDOHQWV�RI� WKH�%HDUVGHQ� ORFDOLW\��'LVFRYHUHG�DQG�SUHSDUHG�E\�3DWULFN�*DYLQ��WKHVH�IRVVLOV�VKRZ�WKDW� WKH�UDQJH�RI�%HDUVGHQ�ILVKHV�RYHUODSV�WKDW�RI�WKH�%HDU�*XOFK�IDXQD�WR�DQ� H[WHQW�PXFK� JUHDWHU� WKDQ� SUHYLRXVO\� VXVSHFWHG�� LQFOXGLQJ� JURXSV�XQWLO� QRZ�NQRZQ�RQO\�IURP�1RUWK�$PHULFD�� 7KHVH� QHZ� GLVFRYHULHV� VXSSRUW� WKH� VXJJHVWLRQ� WKDW� &DUERQLIHURXV� ILVK�GLYHUVLW\�LV�VLJQLILFDQWO\�XQGHU�GHWHUPLQHG���
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3URFHVVHV�DQG�IODQJHV��WKH�HYROXWLRQ�RI�WKH�SOHVLRVDXU�EUDLQFDVH�DQG�SRVWHULRU�
SDODWH�

0DUN�(YDQV�
1DWXUDO�6FLHQFHV�6HFWLRQ��1HZ�:DON�0XVHXP�DQG�$UW�*DOOHU\�����1HZ�:DON��/HLFHVWHU��/(��
�($��8.��0DUN�(YDQV#OHLFHVWHU�JRY�XN��DQG�'HSDUWPHQW�RI�*HRORJ\��8QLYHUVLW\�RI�
/HLFHVWHU��/HLFHVWHU��/(���5+��8.��7KH�DTXDWLF�DGDSWDWLRQV�RI�SOHVLRVDXUV�KDYH�UHVXOWHG�LQ�WZR�REVWDFOHV�WR�XQUDYHOOLQJ�WKHLU�HYROXWLRQDU\� KLVWRU\�� PRUSKRORJLFDO� ´VLPSOLILFDWLRQµ� DQG� D� KLJK� GHJUHH� RI� KRPRSODV\�� 7KH�EUDLQFDVH� FDQ� EH� WKRXJKW� RI� DV� EHLQJ� ´LVRODWHGµ� IURP� WKH� DQLPDO·V� FRQVWUDLQLQJ� DTXDWLF�PHGLXP� WR� D� FHUWDLQ� H[WHQW�� DQG�� ZKLOH� QRW� LPPXQH� IURP� WKHVH� REVWDFOHV�� LW� SURYLGHV� DQ�LPSRUWDQW�PRUSKRORJLFDO�GDWDVHW�RI�IODQJHV�DQG�SURFHVVHV�ZKLFK�GHVHUYHV�DWWHQWLRQ��0DWHULDO� H[DPLQHG� LQFOXGHV� D� VSHFLPHQ� IURP� WKH� (DUO\� -XUDVVLF� �3OLHQVEDFKLDQ�� RI�*ORXFHVWHUVKLUH��(QJODQG��UHSUHVHQWLQJ�D�QHZ�WD[RQ��DQG�VSHFLPHQV�RI� WKH�HDUO\�-XUDVVLF�WD[D�

7KDODVVLRGUDFRQ� KDZNLQVLL�� 5KRPDOHRVDXUXV� PHJDFHSKDOXV� DQG� 2FFLWDQRVDXUXV�
WRXUQHPLHQVLV�� 7KH� 3OLHQVEDFKLDQ� VSHFLPHQ� VKRZV� DQ� DQWHULRU� SURFHVV� RI� WKH� EDVLRFFLSLWDO�SURMHFWLQJ�EHWZHHQ�WKH�FRQMRLQHG�SWHU\JRLGV�DQG�WKH�SRVWHULRU�SURFHVVHV�RI� WKH�SDUDVSKHQRLG�RQ� WKH� PLGOLQH�� 7KLV� DSSDUHQWO\� QRYHO� VWUXFWXUH� FDQ� DOVR� EH� UHFRJQLVHG� LQ� RWKHU� HDUO\�SOHVLRVDXUV�VXFK�DV�5��PHJDFHSKDOXV�DQG�7��KDZNLQVLL��ZKHUH�LW�ZDV�SUHYLRXVO\�WKRXJKW�WR�EH�IRUPHG�E\�WKH�EDVLVSKHQRLG��2·.HHIH���������7KH�QDWXUH�RI� WKH�YDULDEOH� FRQWDFW�RI�YDULRXV�SWHU\JRLG� IODQJHV�ZLWK�RQH�DQRWKHU�DQG� WKH�EDVLFUDQLXP� KDV� DOVR� EHHQ� LQYHVWLJDWHG�� 7KLV� KDV� EHHQ� IRXQG� WR� GLIIHU� IURP� WKH� SXEOLVKHG�DFFRXQWV� LQ� 7�� KDZNLQVLL� DQG�2�� WRXUQHPLUHQVLV�� $� UHYLHZ� RI� WKLV� DUHD� RI� WKH� SOHVLRVDXULDQ�VNXOO� VKRZV� WKDW� WKH� SWHU\JRLG� IODQJHV� XQGHUSODWH� WKH� EDVLFUDQLXP� LQ� GLIIHUHQW� ZD\V� LQ�GLIIHUHQW� WD[D��7KLV�QHFHVVLWDWHV�D�UHDVVHVVPHQW�RI� WKH�ZD\�WKDW� WKHVH�VWUXFWXUHV�DUH�FRGHG�LQ�SK\ORJHQHWLF�DQDO\VHV��DQG�D�UHYLVHG�VFKHPH�LV�SURSRVHG���
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�'�LPDJLQJ�RI�HQLJPDWLF�WLQ\�HJJV�ZLWK�HPEU\RV�IURP�WKH�/RZHU�&UHWDFHRXV�RI�
7KDLODQG�XVLQJ�SKDVH�FRQWUDVW�;�UD\�V\QFKURWURQ�PLFURWRPRJUDSK\�

9LQFHQW�)HUQDQGH] K �3DXO�7DIIRUHDX K6� L �DQG�(ULF�%XIIHWDXW ± �M (XURSHDQ�6\QFKURWURQ�5DGLDWLRQ�)DFLOLW\����UXH�+RURZLW]�%3������������*UHQREOH�&HGH[��
)UDQFH��YLQFHQW�IHUQDQGH]#HVUI�IU��N /DERUDWRLUH�GH�*pRORJLH��3DOpRJpRJUDSKLH�HW�3DOpRQWRORJLH�+XPDLQH��805�&156�������
8QLYHUVLWp�GH�3RLWLHUV�����$YHQXH�GX�5HFWHXU�3LQHDX��������3RLWLHUV�FHGH[��)UDQFH�² &156��805�������/DERUDWRLUH�GH�*pRORJLH�GH�O·(FROH�1RUPDOH�6XSpULHXUH������FRXU�GX�
/LpJDW��������3DULV��)UDQFH���5HFHQWO\�� YHU\� VPDOO� HJJV� FRQWDLQLQJ� HPEU\RV� KDYH� EHHQ� GLVFRYHUHG� LQ� WKH� (DUO\�&UHWDFHRXV�6DR�.KXD�)RUPDWLRQ�RI�QRUWKHDVWHUQ�7KDLODQG��6R� IDU�� WKH� V\VWHPDWLF�SRVLWLRQ�RI�WKHVH� HJJV� FRXOG� RQO\� EH� LQIHUUHG� IURP� HJJVKHOO� FKDUDFWHUV�� 7KHLU� VXUIDFH� RUQDPHQWDWLRQ� LV�W\SLFDO� RI� QRQ�DYLDQ� VDXULVFKLDQ� GLQRVDXUV� �%XIIHWDXW� HW� DO��� ������� ZKLOH� WKH� WKUHH�OD\HUHG�SULVPDWLF�PLFURVWUXFWXUH� LV� FXUUHQWO\� NQRZQ�RQO\� LQ� H[WDQW� DQG� IRVVLO� ELUG� HJJV��'XH� WR� WKH�VL]H�RI�WKHVH�HJJV��DERXW�WKH�VL]H�RI�D�JROGILQFK·V��DQG�WR�WKH�QDWXUH�RI�WKH�KDUG�FDOFLWLF�PDWUL[�WKDW� ILOOV� WKH�FUXVKHG�VKHOO��PDQXDO�RU�FKHPLFDO�H[FDYDWLRQ� LV�QRW�SRVVLEOH��,Q�RUGHU�WR�VWXG\�WKHVH� LPSRUWDQW� VSHFLPHQV� ZLWKRXW� GHVWUR\LQJ� WKHP�� ZH� XVHG� ;�UD\� SURSDJDWLRQ� SKDVH�FRQWUDVW�PLFURWRPRJUDSK\� DW� WKH� (XURSHDQ� 6\QFKURWURQ� 5DGLDWLRQ� )DFLOLW\� �*UHQREOH��� 7KLV�UHYHDOHG� WKH� HPEU\RV� LQ� WKUHH� GLPHQVLRQV� ZLWK� D� YHU\� KLJK� DFFXUDF\� WKDW� ZRXOG� QRW� KDYH�EHHQ� SRVVLEOH� XVLQJ� FODVVLFDO� DEVRUSWLRQ� PLFURWRPRJUDSK\�� $� QHDUO\� FRPSOHWH� HPEU\R� KDV�QRZ�EHHQ�VHJPHQWHG�ZLWK�D�YR[HO�VL]H�RI����PLFURQV�SHUPLWWLQJ�WKH�LGHQWLILFDWLRQ�RI�PRVW�RI�WKH� ERQHV�� 7KUHH� RWKHU� HJJV� KDYH� EHHQ� VFDQQHG� DQG� VHHP� WR� VKRZ� GLIIHUHQW� VWDJHV� RI� ERQH�GHYHORSPHQW�� $� KLJKHU� UHVROXWLRQ� VHJPHQWDWLRQ� LV� XQGHU� ZD\� ZLWK� D� �� PLFURQV� YR[HO� VL]H�UHYHDOLQJ�VWUXFWXUHV�WKDW�ZHUH�LQYLVLEOH�RQ�WKH�ILUVW�GDWDVHWV��7KH��'�SURFHVVLQJ�RI�WKHVH�VFDQV�ZLOO� DOORZ� D� FRPSOHWH� DQDWRPLFDO� VWXG\� RI� WKHVH� WLQ\� VNHOHWRQV� LQ� RUGHU� WR� GHWHUPLQH� WKHLU�SRVLWLRQ�LQ�WKH�FRQWH[W�RI�WKH�GLQRVDXU�ELUG�WUDQVLWLRQ���
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$OO�DW�VHD��/DWH�-XUDVVLF�7HVWXGLQHV�IURP�(XURSH�
6DUDK�)LHOGLQJ�

)RXQGDWLRQ�'LUHFW��8QLYHUVLW\�/LEUDU\��8QLYHUVLW\�RI�3RUWVPRXWK��&DPEULGJH�5RDG��
3RUWVPRXWK��+$176�32���67��8.��VDUDK�ILHOGLQJ#KRWPDLO�FR�XN���0RVW� /DWH� -XUDVVLF� WHVWXGLQHV� IURP� (XURSH� �3ODW\FKHOLGDH�� 1RWRHP\GLGDH�� (XU\VWHUQLGDH�DQG�3OHVLRFKHO\LGDH��DUH�SXUSRUWHG�WR�KDYH�EHHQ�PDULQH�IRUPV�RFFXS\LQJ�D�QHULWLF�KDELWDW��DQ�DVVXPSWLRQ�ZKLFK�DSSHDUV�WR�EH�PRVWO\�EDVHG�RQ�LQGLFDWLRQV�RI�WKH�GHSRVLWLRQDO�HQYLURQPHQW�DQG�JHQHUDO�PRUSKRORJ\�RI�WKH�VKHOO�RI�WKHVH�WD[D��)HZ�VWXGLHV�RI�WKH�IXQFWLRQDO�PRUSKRORJ\�RI� WKHVH� IDPLOLHV� KDYH� EHHQ� FRQGXFWHG� WR� SURYH� RU� GLVSURYH� WKLV� DVVXPSWLRQ�� 'HVSLWH� WKH�H[FHSWLRQDO� SUHVHUYDWLRQ� RI� IRVVLOV� IURP� IRUPDWLRQV� VXFK� DV� WKH� 6ROQKRIHQ� /LPHVWRQH�)RUPDWLRQ��*HUPDQ\��DQG�WKH�5HXFKHQHWWH�)RUPDWLRQ��6ZLW]HUODQG��WKLV�W\SH�RI�PRUSKRORJLFDO�VWXG\� LV� KDPSHUHG� ERWK� E\� WDSKRQRPLF� IHDWXUHV� SHFXOLDU� WR� WHVWXGLQHV� DQG� LQDGHTXDWH�SUHVHUYDWLRQ�RI�WKH�OLPEV�DQG�VNXOOV��7KH� LQDFFXUDF\� RI� XVLQJ� ERWK� FRPPRQO\�XVHG� LQGLFDWRUV� RI� VKHOO� IRUP� DQG� GHSRVLWLRQDO�HQYLURQPHQW�KDV�EHHQ�QRWHG�E\�VHYHUDO�ZRUNHUV��-R\FH�DQG�*DXWKLHU��������,QGLFDWRUV�ZLWK�D�PRUH�GLUHFW�FRUUHODWLRQ�WR�KDELWDW�SUHIHUHQFH�LQFOXGH�WKH�SUHVHQFH�RI�ODFKU\PDO�JODQGV�DQG�WKH�UHODWLYH� SURSRUWLRQV� RI� WKH� IRUHOLPE�� 'DWD� UHJDUGLQJ� WKH� IRUHOLPE� SURSRUWLRQV� RI� WKH�(XU\VWHUQLGDH�DQG�WKHLU�SDODHRHFRORJLFDO�LPSOLFDWLRQV�LV�SUHVHQWHG�KHUH�IRU�WKH�ILUVW�WLPH��1HZ�ZRUN�GXULQJ� WKH� FRXUVH� RI� WKLV� VWXG\�KDV�DOVR�H[DPLQHG� WKH� OLQNV�EHWZHHQ�KXPHUDO�IHPRUDO�LQGLFHV�DQG�DTXDWLF�FDSDELOLWLHV�IRU�WKH�ILUVW�WLPH�LQ�/DWH�-XUDVVLF�WHVWXGLQHV���
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1HZ�LQVLJKWV�RQ�WKH�8SSHU�&UHWDFHRXV�SDFK\FRUPLG�¶3URWRVSK\UDHQD·�JODGLXV�
�$FWLQRSWHU\JLL��7HOHRVWHL��IURP�1RUWK�$PHULFD�

0DWW�)ULHGPDQ K ��.HQVKX�6KLPDGD L �DQG�$QWKRQ\�0DOWHVH ± �M 8QLYHUVLW\�RI�&KLFDJR��&RPPLWWHH�RQ�(YROXWLRQDU\�%LRORJ\�������(��� Ì Í �6W���&KLFDJR��,/�
�������86$�N 'H3DXO�8QLYHUVLW\��(QYLURQPHQWDO�6FLHQFH�3URJUDP�DQG�'HSDUWPHQW�RI�%LRORJLFDO�6FLHQFHV��
�����1RUWK�&OLIWRQ�$YHQXH��&KLFDJR��,OOLQRLV��������86$�² 5RFN\�0RXQWDLQ�'LQRVDXU�5HVRXUFH�&HQWHU���������������:RRGODQG�3DUN��&2��86$��


3URWRVSK\UDHQD·� JODGLXV� LV� DQ� HQLJPDWLF� SDFK\FRUPLG� IURP� WKH�/DWH�&UHWDFHRXV� RI�1RUWK�$PHULFD�� ZKHUH� LW� LV� NQRZQ� IURP� WKH� &RQLDFLDQ�&DPSDQLDQ� 1LREUDUD� FKDONV� DQG� WKH�&DPSDQLDQ� 3LHUUH� 6KDOH� DQG� 6HOPD� )RUPDWLRQV�� 'HVFULEHG� UHPDLQV� RI� WKLV� VSHFLHV� FRQVLVW�H[FOXVLYHO\�RI�SHFWRUDO�ILQV��ZKLFK�FDQ�H[FHHG�RQH�PHWUH�LQ�OHQJWK��)HDWXUHV�RI�WKHVH�ILQV�OLQN�¶3�·� JODGLXV� WR� SDFK\FRUPLGV� �/DPEHUV�� ������� EXW� SURYLGH� QR� HYLGHQFH� OLQNLQJ� LW� WR� RWKHU�VSHFLHV�RI�
3URWRVSK\UDHQD
��1HZO\�SUHSDUHG�PDWHULDO�RI�¶3�·�JODGLXV�UHYHDOV�GHWDLOV�RI�WKH�VNXOO�URRI�� QHXURFUDQLXP�� MDZV�� K\RLG� DQG� EUDQFKLDO� DUFKHV�� RSHUFXORJXODU� VHULHV�� DQG� VKRXOGHU�JLUGOH�� 7KHVH� UHPDLQV� LQGLFDWH� WKDW� ¶3�·� JODGLXV� FDQQRW� EH� SODFHG� ZLWKLQ� 
3URWRVSK\UDHQD
��8QOLNH� WKDW� JHQXV�� ¶3�·� JODGLXV� LV� HGHQWXORXV� DQG� ODFNV� DQWHULRU� H[WHQVLRQ� RI� WKH�URVWURGHUPHWKPRLG� LQWR� D� SURPLQHQW� URVWUXP�� :KLOH� ¶3�� JODGLXV� LV� QRW� FORVHO\� UHODWHG� WR�
3URWRVSK\UDHQD
�� LW� LV� YHU\� VLPLODU� WR� WZR� -XUDVVLF� SDFK\FRUPLGV�� $VWKHQRFRUPXV� DQG�
/HHGVLFKWK\V��/DPEHUV���������7KHVH�WZR�WD[D�DSSHDU�WR�KDYH�EHHQ�UDP�ILOWHU�IHHGHUV��DQG�RQH�RI� WKHP²/HHGVLFKWK\V²UHDFKHG�HQRUPRXV�VL]HV� �/LVWRQ�	�1Rq��������� ¶3�� JODGLXV�DOVR�GLVSOD\V�IHDWXUHV�FRQVLVWHQW�ZLWK�ILOWHU�IHHGLQJ��DQG�H[WHQGV�WKH�UDQJH�RI�WKLV�ODUJH�ERGLHG�SDFK\FRUPLG�FODGH� IURP� WKH� /DWH� -XUDVVLF� WR� WKH� /DWH� &UHWDFHRXV�� 7KLV� UDQJH� H[WHQVLRQ� DOVR� ILOOV� D�FRQVSLFXRXV� HFRORJLFDO� JDS�� QR� ODUJH�ERGLHG� ILOWHU� IHHGHUV� ZHUH� NQRZQ� SUHYLRXVO\� IURP� WKH�&UHWDFHRXV��7KH�DSSDUHQW�H[WLQFWLRQ�RI� WKLV�JURXS�RI�SDFK\FRUPLGV�DW�RU�QHDU�WKH�HQG�RI� WKH�&UHWDFHRXV� LV� DOVR� LQWULJXLQJ�� EHFDXVH� LW� RFFXUV� VKRUWO\� EHIRUH� WKH� HDUOLHVW� UHFRUGV� RI� ODUJH�ERGLHG�� UDP� ILOWHU�IHHGLQJ� FKRQGULFKWK\DQV� �UKLQFRGRQWLGV�� FHWRUKLQLGV�� PREXOLGV�� LQ� WKH�HDUOLHVW�3DOHRJHQH��6KLPDGD����������
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'HYHORSPHQWDO�PRGXODULW\�DQG�WKH�PDUVXSLDO�SODFHQWDO�GLFKRWRP\�
$QMDOL�*RVZDPL K ��9HUD�:HLVEHFNHU L �DQG�0DUFHOOR�5��6iQFKH]�9LOODJUD ± �M 'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�RI�&DPEULGJH��'RZQLQJ�6WUHHW��&DPEULGJH��&%��

�(4��8.��DJRV��#HVF�FDP�DF�XN��N 6FKRRO�RI�%LRORJLFDO��(DUWK��DQG�(QYLURQPHQWDO�6FLHQFHV��8QLYHUVLW\�RI�1HZ�6RXWK�:DOHV��
6\GQH\�������1HZ�6RXWK�:DOHV��$XVWUDOLD��Y�ZHLVEHFNHU#VWXGHQW�XQVZ�HGX�DX��² 3DOlRQWRORJLVFKHV�,QVWLWXW�XQG�0XVHXP��8QLYHUVLWlW�=�ULFK��.DUO�6FKPLG�6WUDVVH����&+�
�����=�ULFK��6ZLW]HUODQG��P�VDQFKH]#SLP�X]K�FK���7KH�FRQWUDVWLQJ�HYROXWLRQDU\�KLVWRULHV�RI�PDUVXSLDOV�DQG�SODFHQWDOV�KDYH�EHHQ�GHEDWHG�IRU�GHFDGHV�� 7KH� VSHFLRVH� SODFHQWDO� PDPPDOV� KDYH� UDGLDWHG� LQWR� GLYHUVH� QLFKHV�� ZKLOH�PDUVXSLDOV� DUH� OLPLWHG� LQ� WD[RQRPLF��HFRORJLFDO��DQG�PRUSKRORJLFDO�GLYHUVLW\��7KLV�GLVSDULW\�KDV�EHHQ�DWWULEXWHG�WR�WKH�GLIIHUHQW�UHSURGXFWLYH�PRGHV�RI�WKHVH�FODGHV��0DUVXSLDOV�JLYH�ELUWK�WR�DOWULFLDO�\RXQJ�ZLWK�RQO\�ZHOO�GHYHORSHG�IRUHOLPEV��WR�FUDZO�WR�WKH�WHDW��DQG�RUDO�DSSDUDWXV�WR� VXFNOH�� 7KH\� H[SHULHQFH� PRVW� RI� WKHLU� JURZWK� RXWVLGH� RI� WKH� ZRPE�� 3ODFHQWDOV� GHYHORS�PDLQO\�LQ�XWHUR��DQG�\RXQJ�DUH�UHODWLYHO\�SUHFRFLDO�DW�ELUWK��
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2YHUYLHZ�RI�WKH�/HHGV�IRVVLO�YHUWHEUDWH�FROOHFWLRQ�LQ�WKH�1DWLRQDO�0XVHXP�RI�
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7KH�V\VWHPDWLF�SRVLWLRQ�RI�6HPOLNLLFKWK\V��WKH�FDUDQJRLG�K\SRWKHVLV�
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6HPOLNLLFKWK\V�LV�D�IRVVLO�JHQXV�RI�SHUFLIRUP�ILVK�IURP�WKH�1HRJHQH�FRQWLQHQWDO�GHSRVLWV�RI�$IULFD��NQRZQ�LQ�VHYHUDO�0LR�3OLRFHQH�VLWHV�RI� WKH�*UHDW�/DNH�5HJLRQ��DQG�LQ�WKH�3OLRFHQH�RI�WKH�5LYHU�1LOH��*UHHQZRRG�	�+RZHV��������2WHUR�	�*D\HW��������DQG�LQ�WKH�8SSHU�0LRFHQH�RI�7RURV�0HQDOOD� LQ� &KDG� �2WHUR� HW� DO��� VXEPLWWHG��� ,QLWLDOO\� UHODWHG� WR� JHQXV�/DWHV�� LW�ZDV� OHIW�
LQFHUWDH�VHGLV�DIWHU�WKH�SK\ORJHQHWLF�VWXG\�RI�WKH�IDPLO\�/DWLGDH��2WHUR���������$W�ILUVW�JODQFH��RQH� RI� XV� �%&�� QRWLFHG� D� VWULNLQJ� VLPLODULW\� EHWZHHQ� 6HPOLNLLFKWK\V� DQG� FHUWDLQ� FDUDQJRLG�ILVKHV��DQG�SURSRVHG�WR�FRPSDUH�LWV�ERQ\�DQDWRP\�ZLWK�UHSUHVHQWDWLYHV�RI�HDFK�IDPLO\�RI�WKLV�KLJKO\� GHULYHG� PDULQH� ILVK� JURXS�� LQFOXGLQJ� &DUDQJLGDH� �MDFNV� DQG� SRPSDQRV���&RU\SKDHQLGDH� �GROSKLQILVKHV� RU�PDKL�PDKLV�� DQG�(FKHLQLGDH� �UHPRUDV��� DQG� UHODWLYHV��+HUH�ZH� SUHVHQW� WKH� UHVXOWV� RI� WKHVH� FRPSDULVRQV�� :H� IRFXVHG� RQ� QHXURFUDQLDO� FKDUDFWHUV��HVSHFLDOO\� WKH�VKDSH�RI� WKH�YRPHU�DQG�WKH�VXSUDRFFLSLWDO�DQG�LWV�PHGLDQ�FUHVW��7KH�REVHUYHG�FKDUDFWHUV� DUH� SODFHG� RQ� D� SK\ORJHQHWLF� WUHH� EDVHG� RQ� PRUSKRORJLFDO� GDWD� �/HLV�� ������2·7RROH��������DQG�PROHFXODU�GDWD��'HWWDw�	�/HFRLQWUH���������:H�GLVFXVV�WKHLU�KRPRORJ\�DQG�WKHQ� WKH�SRVVLEOH� SRVLWLRQ� RI�6HPOLNLLFKWK\V�ZLWKLQ� WKHVH� JURXSV��:H� DOVR�SURSRVH� D� IXUWKHU�
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(QYLURQPHQWDO�DQG�JHRORJLFDO�FRQWUROV�RQ�WKH�GLYHUVLW\�DQG�GLVWULEXWLRQ�RI�WKH�
6DXURSRGRPRUSKD�
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$�QHZ�KDGURVDXULDQ�ERQHEHG�LQ�WKH�0DDVWULFKWLDQ�RI�WKH�VRXWKHUQ�3\UHQHHV��D�
VWUDWLJUDSKLF�DQG�WDSKRQRPLF�DSSURDFK�

0DUFRV�0DUWtQ K ��5RGULJR�*DHWH K ��QJHO�*DOREDUW L ��9LROHWD�5LHUD ± ��2ULRO�2PV ± �M 0XVHX�GH�OD�&RQFD�'HOOj��&��GHO�0XVHX�����(�������,VRQD��/OHLGD��6SDLQ�
�EZDONHUL#KRWPDLO�FRP��UJDHWH#SDUF�FUHWDFL�FRP��² ,QVWLWXW�&DWDOj�GH�3DOHRQWRORJLD��&��(VFROD�,QGXVWULDO������(�������6DEDGHOO��%DUFHORQD��
6SDLQ��$QJHO�*DOREDUW#LFS�FDW��¾ 8QLYHUVLWDW�$XWzQRPD�GH�%DUFHORQD��)DFXOWDW�GH�&LqQFLHV��*HRORJLD���(�������%HOODWHUUD��
%DUFHORQD��6SDLQ��9LROHWD/HLOD�5LHUD#XDE�FDW��-RVHS2ULRO�2PV#XDE�FDW���7KH� %DVWXUV� 3REOH� ERQHEHG� �0DDVWULFKWLDQ�� VRXWK� 3\UHQHHV�� KDV� \LHOGHG� ���� DUFKRVDXU��GLQRVDXU� DQG� FURFRGLOH�� ERQH� UHPDLQV� GXULQJ� VHYHUDO� ILHOG� FDPSDLJQV� EHWZHHQ� ����� DQG�������EHFRPLQJ�RQH�RI�WKH�PRVW�LPSRUWDQW�8SSHU�&UHWDFHRXV�VLWHV�LQ�WKH�,EHULDQ�3HQLQVXOD�LQ�WHUPV� RI� WKH� QXPEHU� DQG� SUHVHUYDWLRQ� RI� WKH� UHPDLQV� IRXQG�� 1HDUO\� ���� RI� GHWHUPLQDEOH�FUDQLDO�DQG�SRVWFUDQLDO�UHPDLQV�FRUUHVSRQG�WR�KDGURVDXUV��+DGURVDXULGDH�LQGHW����$PRQJ� WKH� VWXGLHG�KDGURVDXU� VNHOHWDO� HOHPHQWV� WKHUH� DUH�QR�GLDJQRVWLF� FKDUDFWHUV� LQ� WKH�FUDQLDO�DQG�SRVWFUDQLDO�ERQHV�WKDW�SHUPLW�GLIIHUHQW�KDGURVDXU�VSHFLHV�WR�EH�GLVWLQJXLVKHG��2Q�WKH� EDVLV� RI� WKLV� IDFW�� ZH� FDQ�ZRUN�ZLWK� WKH� K\SRWKHVLV� WKDW� WKH� ERQHEHG� LV� FRPSRVHG� RI� D�VLQJOH�KDGURVDXU�VSHFLHV��,W�LV�WR�EH�QRWHG�WKDW�DOO�RQWRJHQHWLF�VWDJHV��H�J��PD[LPXP�OHQJWK�RI�WLELDH�UDQJLQJ�EHWZHHQ������FP�DQG�����FP���DUH�UHIOHFWHG�LQ�WKH�PDWHULDO�UHFRYHUHG��7KLV� VLWH� UHSUHVHQWV� D� SDXFLVSHFLILF� SDODHRFRPPXQLW\�� 7KH� ERQHV� FDQ� EH� IRXQG� LQ� WZR�VWUDWLJUDSKLF� KRUL]RQV�� WKH� ORZHU� RQH� FRUUHVSRQGV� WR� ILQH� VDQGVWRQH� WKDW� VKRZV� DEXQGDQW�HGDSKLF� FDUERQDWH� QRGXOHV� DQG� PRWWOLQJ�� ZKLOH� WKH� XSSHU� LV� FRPSRVHG� E\� D� YHU\� ILQH�VDQGVWRQH�ZLWK�QR�VHGLPHQWDU\�VWUXFWXUHV��$FFRUGLQJ�WR�WKH�WDSKRQRPLF�DQG�VHGLPHQWRORJLFDO�GDWD� WKH� IRUPHU� LV� WKH� SURGXFW� RI� DQ� LQ� VLWX� ERQH� DFFXPXODWLRQ� LQ� D� SDODHRVRO� ZLWK� QR�
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VLJQLILFDQW� WUDQVSRUW�SURFHVVHV��ZKLOH� WKH�DFFXPXODWLRQ� LQ� WKH� ODWWHU�FRPHV�DV� WKH� UHVXOW�RI�D�OLPLWHG�PDVV�WUDQVSRUW��%RQH�DEUDVLRQ�DQG�ZHDWKHULQJ�LV�VLPLODU�IRU�ERWK�OD\HUV��7KLV��WRJHWKHU�ZLWK� WKH�GLVFRYHU\�RI�HYLGHQFH�RI� WUDPSOLQJ�LQ�WKH�SDODHRVRO��VXJJHVWV�WKDW� WKH�UHPDLQV�ZHUH�H[SRVHG�LQ�D�VXEDHULDO�HQYLURQPHQW�DIWHU�WKH�GHDWK�RI�WKH�DQLPDOV�DQG�WKH�XSSHU�OHYHO�LV�WKH�UHVXOW�RI�DQ�HDUO\�HURVLRQ�RI�WKH�SDODHRVRO���

(YROXWLRQDU\�ELRPHFKDQLFV�RI�WKH�SUHVDFUDO�YHUWHEUDH�RI�VDXURSRG�GLQRVDXUV��D�
QHZ�DSSURDFK�

.DWULQ�0RVHU K ��2OLYHU�5DXKXW K �DQG�8OULFK�:LW]HO L �M %D\HULVFKH�6WDDWVVDPPOXQJ�I�U�3DOlRQWRORJLH�XQG�*HRORJLH�5LFKDUG�:DJQHU�6WU������������
0XQLFK��*HUPDQ\�N ,QVWLWXW�I�U�.RQVWUXNWLRQVWHFKQLN��5XKU�8QLYHUVLWlW�%RFKXP��8QLYHUVLWlWVVWUD�H������������
%RFKXP��*HUPDQ\��7KH� FRPSOH[� VWUXFWXUH� RI� VDXURSRGRPRUSK� SUHVDFUDO� YHUWHEUDH�� ZLWK� WKHLU� VRSKLVWLFDWHG�V\VWHP� RI� ERQ\� ODPLQDH�� KDV� ORQJ� EHHQ� LQWHUSUHWHG� DV� EHLQJ� GHWHUPLQHG� E\� PHFKDQLFDO�FRQVWUDLQWV��:LOVRQ� ������� QRWHG� WKDW� WKLV� LV� ´���� D� SODXVLEOH�� EXW� FXUUHQWO\� XQVXEVWDQWLDWHG�DUJXPHQWµ��+RZHYHU�� WKLV�K\SRWKHVLV�KDV�QHYHU�EHHQ� WHVWHG�HPSLULFDOO\�� ,Q�D�QHZ�DSSURDFK��)LQLWH�(OHPHQW�6WUXFWXUH�6\QWKHVLV��)(66��ZLOO�EH�DSSOLHG�WR�SUHVDFUDO�YHUWHEUDH�WR�UHYHDO�WKH�IRUP� ²IXQFWLRQ� UHODWLRQVKLSV�� DQG� WKH� UHVXOWV� ZLOO� EH� VHW� LQ� D� SK\ORJHQHWLF� IUDPHZRUN� WR�DQDO\VH� WKH�PRUSKRIXQFWLRQDO� HYROXWLRQ� RI� WKHVH� VWUXFWXUHV�� )(66� LV� DQ� LQGXFWLYH�DQDO\WLFDO�PHWKRG� XVLQJ� ILQLWH� HOHPHQWV� DQG� LV� LGHDO� WR� WHVW� WKH� HPHUJHQFH� RI� GHWDLOHG� VWUXFWXUHV� IURP�VWUHVVHV�DSSOLHG�WR�JHQHUDOL]HG�PRGHOV�RI�WKH�HOHPHQWV�LQ�TXHVWLRQV��7KLV�PHWKRG�LV�WKXV�LGHDO�WR� WHVW� WKH� K\SRWKHVLV� DW� KDQG�� ,Q� RUGHU� WR� HPSOR\� VWUHVVHV� RQ� JHQHUDOLVHG� PRGHOV� RI� WKH�HOHPHQWV�LQ�TXHVWLRQ��LW�LV�QHFHVVDU\�WR�D��UHFRQVWUXFW�WKH�SRVVLEOH�SRVWXUH�DQG�PRELOLW\�RI�WKH�SUHVDFUDO�YHUWHEUDO�FROXPQ��DQG�E��WR�UHFRQVWUXFW�WKH�D[LDO�PXVFXODWXUH�DQG�LWV�OLQH�RI�DFWLRQ�DV�DFFXUDWHO\�DV�SRVVLEOH��XVLQJ�WKH�([WDQW�3K\ORJHQHWLF�%UDFNHW�DSSURDFK��,Q�D�ILUVW�VWHS��WKLV�DQDO\VLV� ZLOO� EH� FDUULHG� RXW� IRU� D� EDVDO� VDXURSRGRPRUSK� �3ODWHRVDXUXV�� DQG� D� QHRVDXURSRG��'LSORGRFXV�� WR� HVWDEOLVK� WKH�PHFKDQLFDO�SULQFLSOHV�RI�YHUWHEUDWH�GHVLJQ� LQ� WKHVH� WD[D��7KHQ��WKH� VLJQLILFDQFH� RI� WKH� UHVXOWV� ZLOO� EH� DQDO\VHG� IRU� D� ZLGH� YDULHW\� RI� VDXURSRGRPRUSK�GLQRVDXUV�� WR�HVWDEOLVK� WKH� LPSRUWDQFH�DQG�SDWWHUQ�RI� IXQFWLRQDO�DVSHFWV� IRU� WKH�HYROXWLRQ�RI�VDXURSRGRPRUSK�SUHVDFUDO�YHUWHEUDH���
gw$ . ����	[��v�� �Y�aE�F�FaFD���¡	��
"c��	3%�. �) QC���Z! ���[&����()+��^����.D. �"b$ 	����n$ 	c���Q/���
,C���D�¢��	[�»��) P����r���Q/�($ ��%PC$ �	��$ 	��
���Q/�-���v-��QC�(	��.D�
!�yZ���()+��^D���) �n���. ��
	C)+��. �
��'bE�FWo `�tj� l��
FaG l��a���

$IILQLWLHV�DQG�PRUSKRORJ\�RI�D�SRRUO\�NQRZQ�FKRQGULFKWK\DQ�IURP�WKH�8SSHU�
&UHWDFHRXV�

(PPD�/RXLVH�1LFKROOV�
'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�&ROOHJH�/RQGRQ��*RZHU�6WUHHW��/RQGRQ��:&�(��%7��
8.���H�QLFKROOV#XFO�DF�XN���:LWKLQ� WKH�&UHWDFHRXV� D� XQLTXH� FKRQGULFKWK\DQ� DSSHDUHG� DQG�GLVDSSHDUHG� OHDYLQJ� OLWWOH�PRUH�WKDQ�LVRODWHG�WHHWK�DV�D�IRVVLO�UHFRUG��$OWKRXJK�D�IHZ�DVVRFLDWHG�WHHWK�DQG�YHUWHEUDH�KDYH�EHHQ�UHFRYHUHG��WKH\�DUH�IHZ�DQG�LQFRPSOHWH��&RQVHTXHQWO\� WKH� PRUSKRORJ\� DQG� V\VWHPDWLF� DIILQLWLHV� RI� WKH� 3W\FKRGRQWLGDH� DUH�XQNQRZQ�� &DOFLILHG� FDUWLODJH� IRXQG� LQ� DVVRFLDWLRQ� ZLWK� WHHWK� SURYH� WKH� DQLPDO� WR� EH�FKRQGULFKWK\DQ� LQ� 2UGHU�� EXW� ZKHWKHU� WKH\� DUH� VKDUN� RU� UD\�� RU� ZLWKLQ� WKHLU� RZQ� XQLTXH�JURXS��LV�VWLOO�WR�EH�GHWHUPLQHG��7KH�WHHWK�WKHPVHOYHV�DUH�UREXVW�DQG�KLJKO\�RUQDPHQWHG��DQG�IURP� WKH� IHZ� DUWLFXODWHG� VSHFLPHQV� UHFRYHUHG�� LW� KDV� EHHQ� HVWDEOLVKHG� WKDW� 3W\FKRGXV�SRVVHVVHG�D�FUXVKLQJ�GHQWLWLRQ�FRPSULVLQJ�KXQGUHGV�RI�WHHWK�LQ�HDFK�MDZ��,Q�D�XQLTXH�VWXG\�LQYROYLQJ�PHDVXUHPHQWV�RI�WKH�GHQWDO�RUQDPHQWDWLRQV�DQG�PRUSKRORJ\�RI� WKH�RFFOXVDO� VXUIDFH�� D�SRVVLEOH�SK\ORJHQ\�KDV�EHHQ�FRQVWUXFWHG� LQ�DQ�DWWHPSW� WR� LGHQWLI\�WKH� SK\ORJHQHWLF� UHODWLRQVKLSV� ZLWKLQ� WKH� )DPLO\� 3W\FKRGRQWLGDH�� SOXV� WKHLU� V\VWHPDWLF�



SVPCA Posters�

 ��

DIILQLWLHV�ZLWKLQ� WKH�2UGHU�&KRQGULFKWK\D�� ,W� LV� DQ� H[SHULPHQWDO� VWXG\� WR� DVFHUWDLQ�ZKHWKHU�VXFK�D�PHWKRG�FDQ�EH�XVHG�LQ�WKLV�ZD\���
�1$ ^/. ��'/��pZ���d�
E
FDEaE��©Z	b) P3�n)+����) Pc�
!��/B 8�26kd4
�D��Aw�	3��) P��$ � �D$ �-) �($ ^DQC) $ ��	b) P��n�C	C��. $ �-Pc�[P��. e/�ûZ�D|�@�B >�@j5 8n¦�4
�
@6:d|�534R� B kd>��r>4-564�7�9R2�|�5�;/4
2(9j>�B 8c4+�r¯�4�:r��4�:¢��l/�a� �al��
G+�D���
�UV�%�uC�����C�XY���	3�®sD. ��Q��P�) ����� O ��ST�aE�F�Ha�D���¡	����m,/) '�%�P3�a�D�
	C) $ ���-P����(e*! ���
"®) P��n��,C,C����3���) ��%�����Q��{�
!D	����() P������-)D_r��Ã��������kd>���>R�/|�AD¦�4a��@6:r|5[4+�{;/2(9j>(:r2�>��
�a��o `at6� ������GR�a�����sD)+���W����)R��v������
E
FaH�����f ����&��. Q��) $ ��	c�
!D) P��Z,/P/'�. �����	��) $ %n,��
�-$ ) $ �
	c��!/) P3�1�C) '�%�P3�a�/��	C) $+�D���
�RzZ¨
A�B @�|�2�B A4+�r�C|�¥ >�@-A��a×[|�:[A�|aADz�2�|D��>�=*8c4+�{;/2(9j>�:d2�>��D��@�|�:[A�|�2�B 9R4�:3A���H���o �
tj� Ea��`/�gh�a�a���T���-�C���Y��s[�
E
HaH/�
��©Z	b) P����D�	C) $ ) $ ��	º�	3�»�! ! $ 	C$ ) $ ��{�
!D) P��Z����. ��%�P�$ �	b���	CQ��d�/B 8�26kd4
�D��A�Z�������-$ ¤
��ûZ�/|�@�B >�@j5 8Z¦�4a��@6:r|534R�{B kr>Z�r>4�5j4�7�9j2�|5�;C4�2(9j>�B 8<��`��D��Ea��E�GjE
��Ea�

7KH�FRQWLQHQWDO�YHUWHEUDWH�VXFFHVVLRQ�RI�WKH�9DOOFHEUH�6\QFOLQH��0DDVWULFKWLDQ��
VRXWKHUQ�3\UHQHHV��

2ULRO�2PV K ��%HUQDW�9LOD L � ± ��(QULF�9LFHQV K ��5LWD�(VWUDGD K ��9LROHWD�5LHUD K ��QJHO�*DOREDUW L ��-RVHS�0DUPL ± ��-DXPH�'LQDUqV�7XUHOO ½ �M �8QLYHUVLWDW�$XWzQRPD�GH�%DUFHORQD��)DFXOWDW�GH�&LqQFLHV��*HRORJLD���(�������%HOODWHUUD��
%DUFHORQD��6SDLQ��-RVHS2ULRO�2PV#XDE�FDW��(QULF�9LFHQV#XDE�FDW��5LWD�(VWUDGD#XDE�FDW��
9LROHWD/HLOD�5LHUD#XDE�FDW��N ,QVWLWXW�&DWDOj�GH�3DOHRQWRORJLD��&��(VFROD�,QGXVWULDO������(�������6DEDGHOO��%DUFHORQD��
6SDLQ��$QJHO�*DOREDUW#LFS�FDW��%HUQDW�9LOD#LFS�FDW��² &RQVRUFL�5XWD�0LQHUD��&DUUHWHUD�GH�5LEHV�������������&HUFV��%DUFHORQD��6SDLQ�
�MPDUPL#KRWPDLO�FRP��¾ ,VWLWXWR�1D]LRQDOH�GL�*HRILVLFD�H�9XOFDQRORJLD��/DERUDWRULR�GL�3DOHRPDJQHWLVPR��9LD�GL�
9LJQD�0XUDWD�������,�������5RPD��,WDO\��GLQDUHV#LQJY�LW���,Q�WKH�9DOOFHEUH�V\QFOLQH�WKHUH�LV�D�VXFFHVVLRQ�RI�VWUDWD��EHORQJLQJ�WR�WKH�7UHPS�)RUPDWLRQ��XS� WR� ���� PHWUHV� WKLFN�� ZKLFK� GLVSOD\V� D� FOHDU� HYROXWLRQ� IURP� WUDQVLWLRQDO� �ZLWK� FRDO�IRUPDWLRQ�� WR� HQWLUHO\� FRQWLQHQWDO� HQYLURQPHQWV� �UHG� EHGV��� 7KLV� VHFWLRQ� FRPSULVHV� WKH�&UHWDFHRXV�7HUWLDU\� �.�7�� ERXQGDU\� DQG� FRQWDLQV� DQ� H[FHSWLRQDO� UHFRUG� RI� GLQRVDXUV� DQG�RWKHU� YHUWHEUDWHV�� LQYHUWHEUDWHV�� DQG� SODQW� IRVVLOV� IRXQG� LQ� ���� PHWUHV� RI� 0DDVWULFKWLDQ�VXFFHVVLRQ��7KH� DJH� RI� WKH�9DOOFHEUH� DUHD� LV�ZHOO� FRQVWUDLQHG�DIWHU� WKH�RFFXUUHQFH�RI� D� FOHDU�PDJQHWRVWUDWLJUDSKLF� VXFFHVVLRQ� WKDW� FDQ� EH� FRPSDUHG� WR� WKH� VWDQGDUG� SRODULW\� VFDOH� DIWHU�ELRFKURQRORJLFDO� FRQVWUDLQWV�� 7KH� YHUWHEUDWH� UHFRUG� FRQVLVWV� RI� GLQRVDXUV�� FURFRGLOHV��FKHORQLDQV� DQG� EDWRLGV�� 'LQRVDXU� WD[D� LQFOXGH� WLWDQRVDXU� VDXURSRGV�� "GURPDHRVDXULG�WKHURSRGV� DQG� KDGURVDXU� RUQLWKRSRGV�� 7KH� LFKQRORJLFDO� UHFRUG� FRPSULVHV� VHYHUDO� VLWHV�ZLWK�WLWDQRVDXU� DQG� KDGURVDXU� WUDFNV� LQ� WKH� EDVDOPRVW� OHYHOV� DQG� FORVH� WR� WKH� .�7� ERXQGDU\��UHVSHFWLYHO\�� $Q� DEXQGDQW� HJJ� DQG� HJJVKHOO� UHFRUG� KDV� EHHQ� GRFXPHQWHG� WKURXJKRXW� WKH�ORZHU�XQLWV�RI�WKH�VXFFHVVLRQ��)RXU�PHJDORROLWKLG�RRVSHFLHV�KDYH�EHHQ�LGHQWLILHG�LQFOXGLQJ�0��

VLUXJXHL� DQG� 0�� PDPPLOODUH�� 7KH� ZKROH� UHFRUG� PDNHV� WKH� 9DOOFHEUH� DUHD� D� UHPDUNDEOH�VXFFHVVLRQ� WR� FRQWULEXWH� WR� RXU� XQGHUVWDQGLQJ� RI� WKH� ODVW� (XURSHDQ� GLQRVDXUV�� 2XU� UHVXOWV�LQGLFDWH� WKH� GRPLQDQFH� RI� VDXURSRGV� DQG� KDGURVDXUV� LQ� WKH� HDUO\� DQG� ODWHVW�0DDVWULFKWLDQ�HQYLURQPHQWV� RI� 9DOOFHEUH� V\QFOLQH�� UHVSHFWLYHO\�� 7KHVH� DUH� IRXQG� ERWK� LQ� WUDQVLWLRQDO��EUDFNLVK�� �� WRJHWKHU� ZLWK� FURFRGLOHV�� FKHORQLDQV� DQG� EDWRLGV� �� DQG� FRQWLQHQWDO� �IOXYLDO��VHWWLQJV�� WKH� KDGURVDXUV� DQG� WKHURSRGV� EHLQJ� PRVW� DEXQGDQW� �RU� VROHO\� SUHVHQW�� LQ� IOXYLDO�HQYLURQPHQWV��2Q�WKH�RWKHU�KDQG��WKH�HJJVKHOO�UHFRUG�VKRZV�WKH�W\SLFDO�VRXWKZHVW�(XURSHDQ�VXFFHVVLRQ�RI�GLQRVDXU�RRVSHFLHV���



SVPCA Posters�

 ��

:KHUH�DUH�WKH�(DUO\�&UHWDFHRXV�SOHVLRVDXUV"��7KH�ILUVW�VDFUDO�YHUWHEUD�RI�
3OHVLRVDXULD��5HSWLOLD��6DXURSWHU\JLD��IRXQG�LQ�WKH�$UFLOODV�GH�0RUHOOD�)RUPDWLRQ�
�$SWLDQ��(DUO\�&UHWDFHRXV��RI�(DVWHUQ�6SDLQ�

$QGUpV�6DQWRV�&XEHGR K6� L ��$QJHO�*DOREDUW L �DQG�&DUORV�6DQWLVWHEDQ ± �M *UXS�*XL[��6DQWD�/XFtD�����������9LOD�UHDO��&DVWHOOy��6SDLQ��DQGUHV�VDQWRV#LFS�FDW��N ,QVWLWXW�&DWDOj�GH�3DOHRQWRORJLD��(VFROD�,QGXVWULDO�����������6DEDGHOO��%DUFHORQD��6SDLQ��3OHVLRVDXU� UHPDLQV� DUH� NQRZQ� IURP� DOO� RYHU� WKH� ZRUOG�� EXW� LQ� WKH� (DUO\� &UHWDFHRXV� RI�:HVWHUQ�(XURSH��RQO\�D� IHZ� ORFDOLWLHV�KDYH�EHHQ�GHVFULEHG� �<DJ�H�HW�DO���������%DUGHW�HW�DO���������� $OWKRXJK� SOHVLRVDXUV� DUH� DEXQGDQW� GXULQJ� WKH�8SSHU� -XUDVVLF� DQG�8SSHU�&UHWDFHRXV�IRVVLO�UHFRUG��WKH�ERQHV�RI�WKHVH�DQLPDOV�DUH�SRRUO\�UHSUHVHQWHG�LQ�WKH�(DUO\�&UHWDFHRXV��6XFK�VSDUVH� UHFRUG� KDV� EHHQ� DWWULEXWHG� WR� H[WLQFWLRQ� HYHQWV� �+DJJDUW� HW� DO��� ������ DQG� WR� WKH�LQDGHTXDF\� RI� WKH� IRVVLO� UHFRUG� �%DUGHW�� ������ ������ +DJJDUW� HW� DO��� ������� :H� DJUHH� ZLWK�%DUGHW� RS�� FLW��� WKDW� WKH� SRRU� SOHVLRVDXU� IRVVLO� UHFRUG� RI� WKH� (DUO\� &UHWDFHRXV� RI� :HVWHUQ�(XURSH�LV�ELDVHG�E\�WKH�VFDUFLW\�RI�VWXGLHV�RI�SOHVLRVDXU�PDWHULDO�DQG�RXWFURSV�RI�WKLV�DJH��7KH�$UFLOODV�GH�0RUHOOD�)RUPDWLRQ�LV�D�VWUDWLJUDSKLF�XQLW�ZKLFK�FRYHUV�WKLV�DJH��,W�LV�FRPSRVHG�E\�PDULQH� DQG� QRQ�PDULQH� IDFLHV�� DQG� LV� PDLQO\� NQRZQ� IRU� LWV� GLQRVDXU� IDXQD�� 0RVW� RI� WKH�VWXGLHV� RQ� WKH� YHUWHEUDWH� IRVVLOV� RI� WKHVH� VLWHV� KDYH� GHDOW� ZLWK� WKLV� JURXS�� OHDYLQJ� VRPH�YHUWHEUDWH� IRVVLOV� IURP� RWKHU� JURXSV� �VXFK� FURFRGLOHV�� WXUWOHV� RU� SOHVLRVDXUV�� XQSXEOLVKHG��5XL]�2PHxDFD�DQG�6DQWRV�&XEHGR��������:HLVKDPSHO�HW�DO����������1HZ�GLVFRYHULHV�SURYLGH�HVVHQWLDO� FOXHV� WR� XQGHUVWDQG� WKH� GLVWULEXWLRQ� RI� WKH�&UHWDFHRXV� ,EHULDQ�SOHVLRVDXUV��+HUHLQ��ZH�UHSRUW�D�VDFUDO�YHUWHEUD�RI�D�SOHVLRVDXU�IURP�WKH�0DV�GH�5DIDHO�VLWH��7RGROHOOD��6SDLQ���7KLV�VSHFLPHQ� FRQVWLWXWHV� WKH� ILUVW� VDFUDO� YHUWHEUD� RI� 3OHVLRVDXULD� �5HSWLOLD�� 6DXURSWHU\JLD��GHVFULEHG� LQ� WKH� (DUO\� &UHWDFHRXV� �$SWLDQ�� IURP� 6SDLQ� DQG� WKH� ILUVW� HYLGHQFH� RI� WKH� JURXS�RXWZLWK�WKH�W\SH�ORFDOLW\�RI�WKH�$UFLOODV�GH�0RUHOOD�)RUPDWLRQ��0RUHOOD��6SDLQ����
O ���-�D�)j��XT�
E
FaFa`D���/Ã�) $ 	�%) $ �
	c��&��	C)+�{��"¿��	C�ZUV�����
¤��
$ %Z"c���($ 	3�1�-��,C) $ . ������{9+A�B 4�@69j2�|�5/�/9R4�564-7�8[���
�a��Ea��G�a�
`D�O ���-�D�)j��XT�
E
FaF������/&��
. QC) $ ��	c�)/��Ã�) $ 	�%) $ �
	¿�D���r���,/) $ . ���r"c���($ 	��{�Qc%���QC���1��Q�UV�����
¤��
$ µaQ��a����|56|�>4§C>�@�B >�¨@�|�B |C�
�
`D�aE��a��G+�aH����O ���-�D�)j��XT���a�a��l���q+^C���($ ��	���. ���-$ �
���Q/�-�����1Î Q/&��	C$ . �Z�-,��%$ "c�	b! ���
"�) P3�1u����W���Cv�Q/�������-$ %Z�
!����-) Q/�($ �����X����() P����(	¿sD,C�$ 	d��qR	b;�§����
zh�C4�A�B >�@DzZ¨�A�B @�|�2�B A��
��|�@69+A
	D�������S����������)R��v���g£� �X�$ %P��
. . ����d��ud�Z�	3� O ���() . �) )R�fn�
�
��������_dP3�n! $ �-�-)�����%������W��!C�n,C. $ �
���Q/��$ �o �C. ���-$ �a���Q/�($ �
����. $ �a����QC�($ �/���tD! ���
"�) P3�1u����W���r�3�-��)+��%���
Q��{�
!�X]���() PW��"c���($ %��a���/@�>�B |D2�>�4a��A�r>�A�>�|�@�26kÉ�
`���E
�aFaGREa�a���frQC$ ¤G ©n"¿��ù3�%��
�-v���q���'Ts/�	C)+�
�{�[Q/^C���D�����Y�
E
F�FaHD����	bP�C"c�����Y�D�Z$ ��Q��	����D·
	C) $ �/�To ©1�(	�$ ) PC$ ��%�P�$ ���©1�(	�$ ) P��
,C���D��t/�D�./�3���) Ð�%$ %���$ 	C!+���($ ���1o �Z,C) $ �	�����t/�D�nUV���-�. . �]o �d���-) �. . ·
	[����-,C�ù���tj���r>4�7�|�2�>�B |C���`D�
�D��FaG+�aH����gh�$ �-P��"b,C�.+���� O � � O ���6���) )R��d��Uw� ���d���($ ���fn� ��u��1u��
�QC! !R��v�� �¬1Q[��¬�� ��¸[P�����¬�� ��s/P��	C$R���Y� ��p{�
"c��	�$+��d��Uw���d��']X]��)+�����{��fn���a�a�a`/���1$ 	��
���Q/�d�{$ �-) �($ ^/QC) $ �
	d��qR	r����kr> Âr9 :d4�A�|D�
@69j|
��;/>2�4�:r�]03��9+B 9j4�:o �3�/������ O ��gh�$ �-P��"b,C�.+��d���n�a�/����	�'*SY��©Z��"c·�. �-e���tj����	C$ &������-$ ) 'Y�
!/�d�. $ ! ���(	�$ �n�/���������O ����e��. ��'/�a��E��G+la��l��

'LQRVDXU�IRVVLOV�LQ�PDULQH�IDFLHV�IURP�$1$�ORFDOLW\��$UFLOODV�GH�0RUHOOD�
)RUPDWLRQ��$SWLDQ��/RZHU�&UHWDFHRXV��&LQFWRUUHV��6SDLQ��

0DLWH�6XxHU K ��&DUORV�6DQWLVWHEDQ K ��$QGUpV�6DQWRV�&XEHGR L � ± �DQG�$QJHO�*DOREDUW ± �M 'HSDUWDPHQW�GH�*HRORJLD��8QLYHUVLWDW�GH�9DOqQFLD��'U��0ROLQHU�����������%XUMDVVRW��
9DOqQFLD��6SDLQ��PDLWH�VXQ\HU#XY�HV��FDUORV�VDQWLVWHEDQ#XY�HV��N *UXS�*XL[��6DQWD�/XFtD�����������9LOD�UHDO��6SDLQ��7KH�$1$� VLWH�ZDV� GLVFRYHUHG� LQ� ������ EXW� LW� UHPDLQHG� XQH[FDYDWHG� XQWLO� ������ZKHQ� D�WHDP� RI� SDODHRQWRORJLVWV� IRUPHG� E\� PHPEHUV� RI� WKH� ,QVWLWXW� 3DOHRQWRORJtD� &UXVDIRQW� IURP�6DEDGHOO�DQG�WKH�*UXS�*XL[�IURP�9LOD�UHDO�XQHDUWKHG�WKH�ILUVW�IRVVLO�IURP�WKH�ORFDOLW\��1RZDGD\V� WKHUH� DUH� ���� IRVVLOV� FROOHFWHG�� LQFOXGLQJ� YHUWHEUDWH� DQG� LQYHUWHEUDWH� VSHFLHV��'LQRVDXU� ERQHV� �7KHURSRGD� DQG�2UQLWKRSRGD�� DUH� DEXQGDQW� LQ� WKLV� DVVHPEODJH�� 7KH� VLWH� LV�ORFDWHG�ZLWKLQ� WKH�$UFLOODV�GH�0RUHOOD�)RUPDWLRQ� �$SWLDQ��(DUO\�&UHWDFHRXV���7KLV�IRUPDWLRQ�FURSV�RXW� LQ�WKH�0DHVWUDW�%DVLQ��ORFDWHG�LQ�WKH�HDVWHUQ�SDUW�RI�WKH�,EHULDQ�ULIW�V\VWHP��,EHULDQ�



SVPCA Posters�

 ��

&KDLQ��� 6DODV� HW� DO��� ������� VXJJHVWHG� VHYHUDO� XQLWV� IRU� WKH�0DHVWUDW� %DVLQ� �XS� WR� ���� NP� RI�0HVR]RLF� VHGLPHQWV�� IRU� WKH� /RZHU� $SWLDQ� 'HSRVLWLRQDO� 6HTXHQFH� �/RZHU� &UHWDFHRXV�0HJDVHTXHQFH��� *jPH]� HW� DO��� ������� GHILQHG� ILYH� IDFLHV� DVVRFLDWLRQV� IRU� WKH� IRUPDWLRQ� WKDW�WKH\� LQWHUSUHWHG� DV� QRQ�PDULQH�� DQG� REVHUYHG� DW� WKH� XSSHU� SDUW� D� VKLIW� WRZDUGV� PDULQH�HQYLURQPHQWV��,Q� WKH�$1$� ORFDOLW\��ZH� LGHQWLILHG� WKH� LFKQRVSHFLHV�7HUHGROLWHV� FODYDWXV� /H\PHULH�� ������)HUUHU�DQG�*LEHUW��������LQWHUSUHWHG�WKH�KRUL]RQ�FRQWDLQLQJ�7HUHGROLWHV�LQ�D�QHDUE\�RXWFURS�DW�WKH�7HXOHULD�0LOLDQ�LQ�WKH�XSSHU�SDUW�RI�WKH�$UFLOODV�GH�0RUHOOD�)RUPDWLRQ�DV�LQGLFDWLYH�RI�D�WUDQVJUHVVLYH� VXUIDFH� �76��� WKHUHIRUH� $1$�ZRXOG� EH� ORFDWHG� RQ� D� WUDQVJUHVVLYH� VXUIDFH� �76��DQG�LW�FRUUHVSRQGV�WR�PDULQH�IDFLHV��7KHUHIRUH��GLQRVDXU�IRVVLOV�IURP�$1$�ZHUH�ILQDOO\�EXULHG�LQ�D�PDULQH�HQYLURQPHQW��DQG�WKLV�ZRXOG�RFFXU�LQ�RWKHU�GLQRVDXU�VLWHV�ZLWKLQ�WKH�$UFLOODV�GH�0RUHOOD�)RUPDWLRQ���
�C���6��������©*�Z�	3�»p $ ^C���()R��v���Uw���a���������C��������	3%�$ ���D�n_r���-���/��. $ )+���{��	b. �n�C���("c��%�$ ·
	W�n�-%�$ . . ���1�D�U?�����. . �*o �3�-�) Ð�%$ %���qj	C!+����$ �������d���-) �. . ·
	�tj���r>�³�9+A�B |*0CA ¥ |��d4�5j|W��>{�C|�5j>4�:[B 4-564�7��R|C��XT���r��¬��a�
FaG `C�
�p{þ�"c��¤
���� �����%$ �
) ) $R���d� ���d��. �
"�^/�����d�Z�	3�®s/�. ����fn�
�
��������u��1������"c�%$ ·�	W�Z��%$ . . ���1�D�nU?�����. . �o ��,/) $ �	����nqR	�! ���($ ���-t+���d���D�	��nq+^/Ç��($ %��Z���($ �	C) �.3o �3�-,C�ù���tj�%����-�%)+���($ ¤���%$ ·
	c������$ "c�	C) �
. ·���$ %�a��d>4�7�|�2�>�B |/�a��`D�aE
F�E�GjE�Fa`D�uC��'a"c����$ �
�U¢���Y�
E
H
`D����sDQ�$ )+���/�n"cÇ"c�
$ �-�Z�-Q/�d. �Z) ���6�-��$ 	c�3��Ç)+�%�Ç���Q¿�DÇ,C���()+�"c�	C)C�/�n. Ê �ZQC^/�a��?>�=?4�9 @�>�A1��>d56|Y;/4
2(9j«�B «��r«�4�564-7�9j~a�D>Z��>d5j|]��@�|�:d2�>���`D�a�
FDE�GR�
la`D�s/�. �����fn� ��UV���() ü 	�G �[. �
���������{� ��¹ZQ������
.+�¬�� ��p QC$ "c���-þ
�-v��Z�	3�mf �
%��
��d�aE�F�F������C&��
. Q3%�$ ·
	) ��%) �
	��a������$ "c�	C)+���($ ���/�n. ��� %Q��	�%����1�D�.�UV�����-) �-�¤����']�Z. $ ������G����	/'������. �
������QC���	C) ���.�3���) Ð�%$ %���qR	C!+���($ ������qR	 ��fn��s/�. ���¢�	3�»�{��UV���() ü 	3G �[. �
�����Zo �3��$ ) ������tR��0�5[�/@�>�B ��2(9j2�4{9 :���>�@69j4�@n��>(5�*4�@��D>�A�B >Z��>{i ¨�>�@69j|C���CQ/^/. $ %���%�$ �
	��1�D�Z. �n��	�$ &������-$ ) �)C�/� O ����%��. �
	��
��prQ�ü ���D��%���"b,��*�D�Z. ����ÃD%Q/���-$ ��	3��{%$ ��	�) ü ! $ %����d�-��. $ ¤����D���1��Q/��	��) ���.�qRq+q3�d�
. �aµaQC$ �Y�D�.D�3�-��)+Ð�%�$ %��*�/�1���-,��ù��]o UV���-��. . ���E�F�F�E�t+��,/,d�
Ea��G+F
`/�

2VWHRORJ\�DQG�SK\ORJHQHWLF�SRVLWLRQ�RI�$QRPRLRGRQ�OLOLHQVWHUQL��D�SURFRORSKRQLG�
UHSWLOH�IURP�WKH�0LGGOH�7ULDVVLF�%XQGVDQGVWHLQ�RI�*HUPDQ\�
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3DODUFK��1HWKHUODQGV�VFLHQWLILF�MRXUQDO�
$QGUH�9HOGPHLMHU�DQG�+DQQHNH�0HLMHU��SUHVHQWHG�E\�1DWDVMD�GHQ�2XGHQ��
0DQ\�ZHOO�NQRZQ�PDLQ�VWUHDP�MRXUQDOV�DUH�RIWHQ�RQO\�LQWHUHVWHG�LQ�SXEOLVKLQJ�SLRQHHULQJ�UHVHDUFK�� ,W� RIWHQ� SURYHV� GLIILFXOW� WR� SXEOLVK� RQJRLQJ� UHVHDUFK� RI� OHVV� SLRQHHULQJ�� EXW�QHYHUWKHOHVV�� LPSRUWDQW� ZRUN� LQ� D� MRXUQDO� WKDW� LV� ZLGHO\� DFFHVVLEOH�� )XUWKHUPRUH�� WKHUH� DUH�OLPLWV� WR� FRQYHQWLRQDO� SXEOLVKLQJ�� VXFK� DV� WKH� QXPEHU� RI� ZRUGV�� LOOXVWUDWLRQV�� DQG� FRORXU�SKRWRJUDSKV��$OVR��RIWHQ�WKH�SXEOLFDWLRQ�WLPHVFDOH�LV�H[WUHPHO\�ORQJ��7KH�3DO$UFK�)RXQGDWLRQ�DLPV�WR�RIIHU�DQ�DOWHUQDWLYH�WR�VXFK�WUDGLWLRQDO�RXWOHWV��:RUN� LQ� WKH� ILHOG� RI� YHUWHEUDWH� SDODHRQWRORJ\� LV� DFFHSWHG� IURP� �VHPL�SURIHVVLRQDOV� RI� DOO�QDWLRQDOLWLHV�� $� KLJK� VFLHQWLILF� VWDQGDUG� LV� JXDUDQWHHG� E\� SHHU� UHYLHZ� E\� WKH� LQWHUQDWLRQDO�HGLWRULDO�ERDUG��3DSHUV�DV�ZHOO�DV�ERRN�UHYLHZV�DUH�IUHH�WR�GRZQORDG�DV�3')�ILOHV��WKHUH�LV�QR�VXEVFULSWLRQ�IHH��$IWHU�WKUHH�PRQWKV�\RX�FDQ�RUGHU�WKH�SXEOLFDWLRQV�ZKLFK�ZLOO�EH�VHQW�IUHH�DV�HPDLO�DWWDFKPHQWV��3DO$UFK·V� -RXUQDO� RI� 9HUWHEUDWH� 3DODHRQWRORJ\� RIIHUV� D� IDVW� WXUQDURXQG� RI� SXEOLFDWLRQ��W\SLFDOO\� ZLWKLQ� ���� PRQWKV�� ZLWKRXW� OLPLWV� WR� VL]H� RU� QXPEHU� RI� LOOXVWUDWLRQV�� :H� RIIHU� D�SODWIRUP� IRU� WKH� SXEOLFDWLRQ� RI� SDSHUV�� VXSSOHPHQWV� HWF�� DQG� DUH� HVSHFLDOO\� VXLWHG� WR�VXEPLVVLRQV�ZLWK�YDVW�QXPEHUV�RI�GDWD�DQG�FDWDORJXHV�ZKLFK�FDQ�EH�SXEOLVKHG�RQ�RXU�,PDJH�&'��<RX�FDQ�ILQG�LQIRUPDWLRQ�RQ�SXEOLVKLQJ�LQ�3DO$UFK·V�-RXUQDO�RI�9HUWHEUDWH�3DODHRQWRORJ\��ZKLFK� LV� RQO\� RQH� RI� RXU� MRXUQDOV�� RQ� RXU�ZHEVLWH�ZZZ�SDODUFK�QO��2XU�)RXQGDWLRQ� LV�QRQ�FRPPHUFLDO�ZLWK� WKH�SULPDU\�JRDO� WR�VWLPXODWH�VFLHQWLILF� UHVHDUFK��SURYRNLQJ�DQG�HQKDQFLQJ�LQWHUDFWLRQ� DQG� VFLHQWLILF� GLVFXVVLRQ�� 'R� QRW� KHVLWDWH� WR� FRQWDFW� XV� ZLWK� LGHDV�� UHPDUNV��TXHVWLRQV�RU�\RXU�VXEPLVVLRQ���

(YLGHQFH�IRU�ELJ�VDXURSRGV�DQG�GURPDHRVDXULG�WKHURSRGV�IURP�D�QHZ�
0DDVWULFKWLDQ�ORFDOLW\�LQ�WKH�VRXWKHUQ�3\UHQHHV�

%HUQDW�9LOD K6� L ��%HJRxD�3R]D L ��QJHO�*DOREDUW K ��-RVHS�0DUPL L �DQG�-RVHS�)RUWXQ\ K �M ,QVWLWXW�&DWDOj�GH�3DOHRQWRORJLD��&��(VFROD�,QGXVWULDO������(�������6DEDGHOO��%DUFHORQD��
6SDLQ��$QJHO�*DOREDUW#LFS�FDW��%HUQDW�9LOD#LFS�FDW��-RVHS�IRUWXQ\#LFS�FDW��N &RQVRUFL�5XWD�0LQHUD��&DUUHWHUD�GH�5LEHV�������������&HUFV��%DUFHORQD��6SDLQ�
�MPDUPL#KRWPDLO�FRP���6DXURSRG�DQG�WKHURSRG�GLQRVDXUV�SUREDEO\�H[KLELW�RQH�RI�WKH�VFDUFHVW�IRVVLO�UHFRUGV�LQ�WKH�/DWH� &UHWDFHRXV� RI� WKH� 3\UHQHHV� LQ� FRQWUDVW� WR� WKH� JUHDW� DEXQGDQFH� RI� KDGURVDXU� IRVVLOV��5HFHQW� H[FDYDWLRQV� RI� D� QHZ� 0DDVWULFKWLDQ� YHUWHEUDWH� ORFDOLW\� DW� WKH� 7UHPS� )RUPDWLRQ�GHSRVLWV� IURP�9DOOFHEUH� V\QFOLQH� �&DWDORQLD�� VRXWKHUQ�3\UHQHHV�� EULQJ�QHZ�GDWD�DERXW� WKHVH�WD[D�� )RVVLOV� IURP� 3HJXHUD��� ORFDOLW\� LQFOXGH� GLVDUWLFXODWHG� IRUH� DQG� KLQG�OLPE� ERQHV� RI� D�VDXURSRG�� WKHURSRG� DQG� FURFRGLOH� WRRWK�� DQG� HJJVKHOO� IUDJPHQWV�� 7KH\� DUH� DVVRFLDWHG� ZLWK�IHUUXJLQRXV�FRQFUHWLRQV��DEXQGDQW�URRW�WUDFHV�DQG�VFDWWHUHG�ERQHV��6DXURSRG�KXPHUL�DQG�IHPRUD��ZKLFK�XVXDOO\�ODFN�HSLSK\VLV�HQGV��KDYH�DQ�HVWLPDWHG�WRWDO�OHQJWK� RI� ���� DQG� ���� FP�� UHVSHFWLYHO\�� 7KLV� FOHDUO\� LQGLFDWHV� D� ODUJH�VL]HG� VDXURSRG�� LQ�DJUHHPHQW� ZLWK� KLS� KHLJKW� HVWLPDWLRQV� ��������� FP�� IURP� WKH� QHDUE\� )XPDQ\D� WLWDQRVDXU�WUDFN�UHFRUG��7KH�DOPRVW�WKLUW\�VPDOO�DQG�VHUUDWHG�WKHURSRG�WHHWK�DVVRFLDWHG�ZLWK�VDXURSRG�ERQH�OLPEV�LQFOXGH�YDULRXV�PRUSKRW\SHV�ZLWK�OLNHO\�GURPDHRVDXULG�DIILQLWLHV��)LQDOO\��WKH�VFDUFH�HJJVKHOO�IUDJPHQWV�EHORQJ�WR�0HJDORROLWKXV�VLUXJXHL�RRVSHFLHV��6DXURSRGV�ERQHV�DQG�WUDFNV�IURP�3HJXHUD�DQG�)XPDQ\D�ORFDOLWLHV�SURYH�WKH�RFFXUUHQFH�RI�ELJ� WLWDQRVDXUV� LQ�/DWH�&UHWDFHRXV�HQYLURQPHQWV�RI�6RXWKHUQ�(XURSH�DQG�EULQJ�QHZ�GDWD�RQ�VDXURSRG� GLYHUVLW\� LQ� VRXWKHUQ� 3\UHQHHV� EDVLQV�ZKHUH� YDULRXV� VSHFLHV�PD\�KDYH� H[LVWHG�� ,Q�DGGLWLRQ�� WKHURSRG� �"GURPDHRVDXULG�� WHHWK� UHSUHVHQW� WKH� ILUVW� GDWD� RI� WKLV� JURXS� LQ� WKH� HDUO\�0DDVWULFKWLDQ�RI�WKH�9DOOFHEUH�V\QFOLQH��
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(ULF�'��:LOOV�DQG�.HQW�$��6WHYHQV�

'HSDUWPHQW�RI�&RPSXWHU�DQG�,QIRUPDWLRQ�6FLHQFH��'HVFKXWHV�+DOO��8QLYHUVLW\�RI�2UHJRQ��
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&UDQLDO�HYROXWLRQ�DQG�IHHGLQJ�ELRPHFKDQLFV�LQ�6DXURSRGRPRUSKD�
0DUN�<RXQJ K6� L ��(PLO\�5D\ILHOG K ��3DXO�%DUUHWW L ��3DXO�8SFKXUFK ± �DQG�/DUU\�:LWPHU ½ �M 'HSDUWPHQW�RI�3DODHRQWRORJ\��1DWXUDO�+LVWRU\�0XVHXP��&URPZHOO�5RDG��/RQGRQ��6:���%'��

8.��PDUN\#QKP�DF�XN��N 'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�RI�%ULVWRO��:LOOV�0HPRULDO�%XLOGLQJ��4XHHQ
V�5RDG��
%ULVWRO��%6���5-��8.�² 'HSDUWPHQW�RI�(DUWK�6FLHQFHV��8QLYHUVLW\�&ROOHJH�/RQGRQ��*RZHU�6WUHHW��/RQGRQ��:&�(�
�%7��8.�¾ 'HSDUWPHQW�RI�%LRPHGLFDO�6FLHQFHV��2KLR�8QLYHUVLW\��$WKHQV��2+��������86$��6DXURSRGRPRUSKV� LQFOXGH� VRPH� RI� WKH� PRVW� EL]DUUH� DQG� ELRPHFKDQLFDOO\� XQIHDVLEOH�DQLPDOV� HYHU� WR� KDYH� H[LVWHG�� +RZ� WKH\� IXHOOHG� WKHLU� PXOWL�WRQQH� ERGLHV� RQ� DQ� DSSDUHQWO\�QXWULHQW� SRRU�GLHW� RI� ILEURXV�SODQW�PDWWHU� FKDOOHQJHV� RXU�XQGHUVWDQGLQJ� RI�ERWK� H[WLQFW� DQG�H[WDQW� ELRORJLFDO� V\VWHPV�� $V� WKH� IRRG� DFTXLVLWLRQ� DQG� SURFHVVLQJ� FHQWUH�� WKH� VNXOO� DQG�GHQWLWLRQ� KDYH� REYLRXVO\� EHHQ� WKH� IRFXV� RI�PXFK� UHVHDUFK� LQ� UHODWLRQ� WR� IHHGLQJ� EHKDYLRXU��%DUUHWW��������%DUUHWW�	�8SFKXUFK��������6HUHQR�	��:LOVRQ���������7KHVH�VWXGLHV�KDYH�VKRZQ�WKDW� UDWKHU� WKDQ�KDYLQJ� UHODWLYHO\� VLPSOH� WHHWK� DQG� MDZV� DV� RQFH� WKRXJKW�� VDXURSRGRPRUSKV��HVSHFLDOO\� VDXURSRGV�� DFWXDOO\� VKRZHG� FRQVLGHUDEOH� GLYHUVLW\� LQ� FUDQLDO� DQG� GHQWDO�PRUSKRORJ\�DQG�IXQFWLRQ��8SFKXUFK�	��%DUUHWW���������3UHYLRXV�VWXGLHV�IRFXVHG�RQ�WKH�VKDSH�RI� WKH� VNXOO� DQG� WHHWK�� DQG� FKDUDFWHULVWLF� WRRWK� ZHDU� SDWWHUQV� SURGXFHG� E\� WRRWK�WRRWK� RU�WRRWK�IRRG� FRQWDFW�� $OWKRXJK� LPPHQVHO\� YDOXDEOH�� XQWLO� QRZ� QR� DWWHPSW� KDV� EHHQ�PDGH� WR�TXDQWLI\�WKH�ELRPHFKDQLFV�RI�WKH�VDXURSRGRPRUSK�VNXOO��7KLV�SURMHFW�ZLOO�LQFRUSRUDWH�ELRPHFKDQLFDO�DQDO\VLV�WHFKQLTXHV�ZLWK�QHZ�GDWD�WDNHQ�IURP�&7� VFDQQHG� VNXOOV� �&DPDUDVDXUXV��'LSORGRFXV� DQG�0DVVRVSRQG\OXV���ZKLFK�ZLOO� EH�XVHG� WR�FUHDWH� )LQLWH� (OHPHQW� PRGHOV�� ,Q� DGGLWLRQ�� JHRPHWULF� PRUSKRPHWULFV� ZLOO� EH� HPSOR\HG� WR�H[SORUH� WKH�GLVSDULW\�RI� VKDSH�RI� WHHWK�DQG� LVRODWHG�FUDQLDO� HOHPHQWV�� WR�SHUPLW�D�V\QHUJ\�RI�TXDQWLWDWLYH� VWUXFWXUDO� DQG� IXQFWLRQDO�PRUSKRORJLFDO� WHFKQLTXHV� LQ�RUGHU� WR� FKDUDFWHULVH� WKH�FUDQLRIDFLDO� HYROXWLRQ� DQG� GLYHUVLW\� RI� IHHGLQJ� EHKDYLRXUV� ZLWKLQ� WKLV� IDVFLQDWLQJ� JURXS� RI�GLQRVDXUV��
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10:00-12:00 Tours of new Hunterian and Kelvingrove Museum vertebrate palaeontological displays 

 Creating the vertebrate palaeontological 
displays for the Kelvingrove Museum. 

John-Paul Sumner 

12:00-13:00 Practical demonstration of historical glue-
making, and implications for conservation. 

Leslie F. Noè 

 633&�7DONV�  

 Session 2 - Chair: Richard Forrest  

14:00-14:20 The Rather Naive Idea of Forming a Museum 
on the Jurassic Coast 

Steve Etches 

14:20-14:40 Fake Rock, Real Sand: The making of the 
exhibition ‘Sahara - living desert’ 

Michaela Forthuber 

14:40-15:00 The virtual and physical preparation of the 
Collard Plesiosaur 

Nigel R. Larkin 

15:00-15:30 Coffee  
 

Session 3 - Chair: Leslie Noè 
 

15:30-15:50 Palaeontological preservation with 21st 
century documentation: using photogrammetry 
to produce highly detailed 3D image models 

Neffra A. Matthews and Brent H. Breithaupt 

15:50-16:10 The Good, The Bad  and  The Ugly: 
Preparation from the Wild West 

Cindy Howells 

16:10-16:30 Emergency remedial conservation of 
homeless mammoth material 

Emma-Louise Nicholls 

Evening Icebreaker in Zoology Museum (including JFMF charity auction) 

 

693&$�6HVVLRQV�
 

:HGQHVGD\���WK�$XJXVW�
09:00-09:10 Welcome from Ewen Smith, Director of the Hunterian Museum 
 Session 1 - Chair: Jon Jeffery  

09:10-09:30 Segmental identity within the vertebral column: 
what can fossils tell us? 

Zerina Johanson, Robert Carr and Alex 
Ritchie 

09:30-09:50 Muscling in on Placoderms Kate Trinajstic, Carina Marshall, John Long 
and Kat Bifield 

09:50-10:10 The contribution of placoderms to our 
understanding of the ontogeny and evolution 
of early gnathostomes 

Robert K. Carr, Zerina Johanson, Alex 
Ritchie, Hervé Lelièvre and Daniel Goujet 

10:10-10:30 Using sharks as indicators of trophic structure 
within ‘mid’ Cretaceous watermasses 

Emma-Louise Nicholls 

10:30-11:00 Coffee  
�
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 Session 2 - Chair: Marcello Ruta  

11:00-11:20 New insights on the Upper Cretaceous 
pachycormid ‘Protosphyraena’ gladius 
(Actinopterygii: Teleostei) from North America 

Matt Friedman, Kenshu Shamida and 
Anthony Maltese 

11:20-11:40 Hyomandibulae of Rhizodontids 
(Sarcopterygii, Stem-Tetrapoda) 

Jonathan E. Jeffery and Martin D. Brazeau 

11:40-12:00 The pectoral fin of the near-tetrapod 
Panderichthys rhombolepis 

Catherine A. Boisvert and Per Erik Ahlberg 

12:00-12:20 Tales from the ‘Leeds Collection’ – a unique 
palaeontological and archival resource 

Leslie F. Noè and Jeff J. Liston 

12:20-14:00 Group photograph, then break for lunch 
 Session 3 - Chair: Matt Friedman  

14:00-14:20 Calibrated diversity, tree topology and the 
mother of mass extinctions: the lesson of 
temnospondyls 

Marcello Ruta and Michael J. Benton 

14:20-14:40 Isolated bones versus articulated skeletons: 
the problem of parataxonomy in fossil 
squamates 

Alexandra Houssaye and Jean-Claude Rage 

14:40-15:00 All at Sea: Late Jurassic Testudines from 
Europe 

Sarah Fielding 

15:00-15:20 Skull joints in Sphenodon and other 
Rhynchocephalia (Diapsida: Lepidosauria) 

Marc E. H. Jones 

15:20-15:40 New Discoveries from Bearsden: Reassessing 
the Early Record of Post-Devonian Fishes 

Michael I. Coates, Patrick Gavin and Neil D. 
L. Clark. 

15:40-16:00 Coffee  
 Session 4 - Chair: Mark Evans  

16:00-16:20 A Taxonomic Tale: What exactly are 
Metriorhynchus and Geosaurus? 

Mark Young 

16:20-16:40 The specialized dentition of derived 
notosuchians (Crurotarsi: Mesoeucrocodylia) 

Marco Brandalise de Andrade and Reinaldo 
J. Bertini 

16:40-17:00 Mass extinction of tetrapods at the Permo-
Triassic boundary in Russia 

Michael J. Benton, Richard J. Twitchett, Tim 
Kearsey, Andrew J. Newell, Marcello Ruta, 
Mikhail V.Surkov, Graeme Taylor and 
Valentin P. Tverdokhlebov 

17:00-17:20 A new global phylogeny of Plesiosauria 
(Reptilia: Sauropterygia) 

Hilary Ketchum 

Evening Lord Provost's Civic Reception  

7KXUVGD\���WK�$XJXVW�
 Session 1 - Chair: Richard Forrest  

08:30-08:50 A skeletal reconstruction of Rhomaleosaurus 
and the systematics of pliosaurs 

Adam Stuart Smith 

08:50-09:10 A nearly complete elasmosaur from the Late 
Cretaceous Bearpaw Formation of Alberta, 
Canada 

Donald M. Henderson 

09:10-09:30 Osteological redescription, and taxonomic and 
phylogenetic position of ‘Plesiosaurus’ 
macrocephalus, specimen NHM 49202, from 
the Lias of England 

Peggy Vincent 

09:30-09:50 Processes and flanges: the evolution of the 
plesiosaur braincase and posterior palate 

Mark Evans 

9:50-10:10 Coffee  
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 Session 2 - Chair: Mike Coates  

10:10-10:30 Further evidence for a broad forewing in 
pterosaurs 

David M. Unwin, Matthew Wilkinson, Lü 
Jungchang and Natalie Bakhurina 

10:30-10:50 Cope’s Rule in Mesozoic Archosaurs David W.E. Hone 
10:50-11:10 Mesozoic dinosaur diversity: taxic, 

phylogenetic and sampling approaches 
Paul M. Barrett, Victoria Page and Alistair 
McGowan 

11:10-11:30 Vertebrate Palaeontology of the Kem Kem 
Beds, Morocco  and  Palaeoecology of North 
Africa 

Nizar Ibrahim, Lahssen Baider, Gareth Dyke, 
Nour-Eddine Jalil, Fouad Ouanaimi, 
Remmert Schouten and Samir Zouhri 

11:30-11:50 3D imaging of enigmatic tiny eggs with 
embryos from the Lower Cretaceous of 
Thailand using phase contrast X-ray 
synchrotron microtomography 

Vincent Fernandez Paul Tafforeau and Eric 
Buffetaut 

11:50-13:30 Lunch  
 Session 3 - Chair: Brent Breithaupt  

13:30-13:50 Basal tyrannosauroids: a new theropod 
dinosaur from the Kimmeridge Clay (Late 
Jurassic: Tithonian) of Dorset, UK 
representing a large-bodied species of the 
North American genus Stokesosaurus 

Roger B. J. Benson 

13:50-14:10 The large theropods Becklespinax and 
Valdoraptor from the Lower Cretaceous of 
England 

Darren Naish 

14:10-14:30 Redescription of Neovenator salerii 
(Dinosauria: Theropoda) and its implications 
for theropod evolution and phylogeny 

Stephen L. Brusatte, Roger B. J. Benson and 
Stephen Hutt 

14:30-14:50 Scaling bite force in predatory tetrapods: bite 
force is proportional to body mass2/3 

Manabu Sakamoto 

14:50-15:10 Dryosaurus lettowvorbecki – First Results of a 
Paleobiological Study 

Tom Hübner 

15:10-15:40 Coffee  
15:40-16:30 Plenary on SVP 2009  
Evening Whisky-tasting with Dr. Jim Hansom at the Hunterian Museum, including a short introduction 

to William Hunter's fossil vertebrate collection. 

)ULGD\���VW�$XJXVW�
 Session 1 - Chair: Darren Naish  

09:10-09:30 Wading across the pond: a photogrammetric, 
spatial, and morphological comparison of 
Middle Jurassic dinosaur tracks from North 
America and the United Kingdom 

Neffra A. Matthews and Brent H. Breithaupt 

09:30-09:50 Growing up in the Middle Jurassic: 
ichnological evidence for family groups of 
theropods in Wyoming; comparison of 
footprints and growth rates of emus and 
dinosaurs 

Brent H. Breithaupt, Neffra A. Matthews and 
Todd L. Green 

09:50-10:10 Kinematic Constraints on the Reconstruction 
of Dinosaur Gaits 

Kent A. Stevens and Eric D. Wills, 

10:10-10:30 Euhelopus zdanksyi and its bearing on the 
evolution of East Asian sauropod dinosaurs 

Paul Upchurch and Jeffrey A. Wilson 

10:30-11:00 Coffee  
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 Session 2 - Chair: Jerry Hooker  

11:00-11:20 Palaeoenvironmental controls on the 
distribution of Cretaceous herbivorous 
dinosaurs 

Richard J. Butler, Paul M. Barrett, Paul 
Kenrick and Malcolm G. Penn 

11:20-11:40 The ceratopsian dinosaur Psittacosaurus in 
Southeast Asia : a review of old and new finds 

Eric Buffetaut, 9DUDYXGK�6XWHHWKRUQ ò �DQG�6DVLGKRUQ�.KDQVXEKD 
11:40-12:00 Wise as an owl – 147 million years of avian 

brain evolution 
Stig A. Walsh and Angela C. Milner 

12:00-12:20 And yet it does replace? Some new thoughts 
on the diversity and tooth replacement in the 
Mesozoic mammal Morganucodon watsoni 

Felix Marx and Pam Gil 
 
 

12:20-12:40 Developmental modularity and the marsupial-
placental dichotomy 

Anjali Goswami, Vera Weisbecker and 
Marcello R. Sánchez-Villagra 

12:40-14:00 Lunch  
 Session 3 - Chair: Anjali Goswami  

14:00-14:20 Computer simulation of feeding behaviour in 
marsupial and placental carnivores 

Stephen Wroe, Philip Clausen, Colin 
McHenry and Karen Moreno 

14:20-14:40 A new primate clade from the European 
Eocene 

J.J. Hooker and David L. Harrison 

14:40-15:00 Morphology and the Afrotheria Robert J. Asher 
15:00-15:20 Craniodental and postcranial morphology of a 

primitive hyracoid (Mammalia, Paenungulata) 
from the early Priabonian (late Eocene) of 
Egypt 

Eugenie C. Barrow, Erik R. Seiffert and 
Elwyn L. Simons 

   
 Session 4 - Chair: Tom Kemp  
15:40-16:00 Dietary change in a plant eating mammal 

across the Eocene/Oligocene transition 
Sarah C. Joomun, Jerry J. Hooker and 
Margaret E. Collinson 

16:00-16:20 Brain size and insular dwarfism: a case study 
of the extinct dwarf hippopotamuses from 
Madagascar 

Eleanor M. Weston and Adrian M. Lister 

16:20-16:40 Comparative Ontogenetic Analysis of Extant 
Rhinos and Teleoceras major, a North 
American Rhino 

Mark D. Hagge 

16:40-16:50 Ten minutes on Field Trip and Annual Dinner  
Evening Annual Symposium dinner (Arisaig)  

6DWXUGD\��VW�6HSWHPEHU�
 Field Trip  
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2006 - Paris (Ecole Nationale des Mines) 1979 - Oxford 
2005 - London (NHM) 1978 - Reading 
2004 - Leicester (Univ./New Walk Museum) 1977 - Newcastle upon Tyne 
2003 - Oxford (Univ. Mus. Natural History) 1976 - London (University College) 
2002 - Cambridge (Sedgwick Museum) 1975 - Edinburgh (Royal Scottish Museum) 
2001 - York (Yorkshire Museum) 1974 - Manchester 
2000 - Portsmouth 1973 - Leeds 
1999 - Edinburgh (Nat. Mus. of Scotland) 1972 - London (BMNH/Royal Holloway) 
1998 - Bournemouth 1971 - Bristol 
1997 - Derby 1970 - Cambridge 
1996 - London (University College) 1969 - Newcastle upon Tyne 
1995 - Newcastle upon Tyne (Dental School) 1968 - Reading 
1994 - Le Havre 1967 - London (Queen Elizabeth College) 
1993 - Cambridge (Univ. Mus. Zoology.) 1966 - Edinburgh (Royal Scottish Museum) 
1992 - Bristol 1965 - London (Royal Holloway) 
1991 - Oxford 1964 - Bristol 
1990 - Milton Keynes (Open University) 1963 - Cambridge 
1989 - Leicester 1962 - Newcastle upon Tyne 
1988 - Boulogne sur Mer 1961 - London (University College) 
1987 - London (BMNH) 1960 - Oxford 
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