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&KDQJHV�LQ�WKH�&DQDGLDQ�SXOVH�LQGXVWU\�±��D VWUDWHJ\�IRU�SXOVH�UHVHDUFK�LQ�&DQDGD�
+ROO\�5DVN� 3XOVH�&DQDGD�5HV�����������5HVHDUFK�'U���6DVNDWRRQ��6.��&DQDGD�� 7KH�&DQDGLDQ�3XOVH�LQGXVWU\�KDV�H[SDQGHG�VXEVWDQWLDOO\�LQ�WKH�ODVW����\HDUV��3HD�SURGXFWLRQ�KDV�LQFUHDVHG�E\ ������ OHQWLO� SURGXFWLRQ� KDV� LQFUHDVHG� E\� ������ EHDQ� SURGXFWLRQ� KDV� LQFUHDVHG� E\� ����� DQG� FKLFNSHD�SURGXFWLRQ� KDV� JURZQ� IURP� QRQ�H[LVWHQFH� WR� D� SURGXFWLRQ� RI� �������� WRQQHV� LQ� ������ 'HVSLWH� WKH� ODUJH�H[SDQVLRQ� LQ� SURGXFWLRQ� RI� SXOVHV�� WKH� LQYHVWPHQW� LQWR� UHVHDUFK� KDV� UHPDLQHG� VRIW� DQG� IDU� EHKLQG� WKH�LPSRUWDQFH� RI� WKH� FURSV�� 1RW� RQO\� GR� SXOVH� FURSV� SURYLGH� &DQDGLDQ� SURGXFHUV� ZLWK� � SURILWDEOH� HFRQRPLF�UHWXUQV�� EXW� DGGLWLRQDO� EHQHILWV� RFFXU� WKURXJK� GXULQJ� SURGXFWLRQ� EXW� DOVR� WKHUH� LV� WKH� DELOLW\� WR� JDLQ� H[WUD�UHWXUQV�WKURXJK�SULPDU\��VHFRQGDU\�DQG�WHUWLDU\�SURFHVVLQJ���� ,Q�WKH�ODVW�\HDU�D�QHZ�UHVHDUFK�GLYLVLRQ�LQ�3XOVH�&DQDGD�KDV�ZRUNHG�RQ�WKH�ILUVW�VWDJH�RI�D�QDWLRQDO�UHVHDUFK�VWUDWHJ\�ZLWK�SXOVH�FURS�UHVHDUFKHUV�IURP�DFURVV�&DQDGD��$�ZRUNVKRS�ZLOO�EH�KHOG�LQ�1RYHPEHU������ZKHUH�WKH�VWUDWHJ\�LGHDV�ZLOO�EH�IXUWKHU�GHYHORSHG�DQG�GLVFXVVHG�ZLWK�WKH�&DQDGLDQ�SXOVH�LQGXVWU\��7KH�PHHWLQJ�ZLOO�
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SURGXFH�DQ�RXWOLQH�RI�WKH�LQIUDVWUXFWXUH�DQG�SHUVRQQHO�UHTXLUHPHQWV�IRU�SXOVH�UHVHDUFK��DQG�GHYHORS�D�SURILOH�RI�WKH�SULRULWLHV��FRVWV�DQG�WLPH�UHTXLUHPHQWV�IRU�VWUDWHJLF�SXOVH�UHVHDUFK�DUHDV���� 7KH�UHVHDUFK�VWUDWHJ\�ZLOO�HQVXUH�WKDW�FULWLFDO�TXHVWLRQV�DQG�SUREOHPV�DUH�EHLQJ�DGGUHVVHG�DQG�SURYLGH�D�VWDUWLQJ�SRLQW�IRU�GHYHORSLQJ�UHVHDUFK�QHWZRUNV�DQG�FROODERUDWLRQ��)RU�WKH�QH[W�VWDJH�RI�SODQQLQJ��LW�LV�EHLQJ�VXJJHVWHG�WKDW�PDQ\�RI�WKH�UHVHDUFK�DUHDV�VXFK�DV�TXDOLW\��XWLOL]DWLRQ��SDWKRORJ\��ZHHG�PDQDJHPHQW��SHVWLFLGH�UHJLVWUDWLRQ��VXVWDLQDEOH�HQYLURQPHQW�DQG�JHQHWLF�LPSURYHPHQW�EH�DGGUHVVHG�E\�GHYHORSLQJ�QHWZRUNV�QRW�RQO\�ZLWKLQ�&DQDGD�EXW�LQWHUQDWLRQDOO\��7KH�SXOVH�LQGXVWU\�LV�VPDOO�HYHQ�RQ�D�ZRUOG�VFDOH��7R�DGYDQFH�RXU�LQGXVWU\�LW�ZLOO�EH�QHFHVVDU\�WR�ZRUN�WRJHWKHU���
&KDQJHV�LQ�WKH�8�6��SURFHVVLQJ�SHD�LQGXVWU\�

�5HEHFFD�-��0F*HH� 3LOOVEXU\�*UHHQ�*LDQW�$JULF��5HV��������1RUWK��WK�6WUHHW��/H6XHXU��01��86$�� $OWKRXJK�WKH�DFUHDJH�RI�SURFHVVLQJ�SHDV�JURZQ�LQ�WKH�8QLWHG�6WDWHV�KDV�QRW�VLJQLILFDQWO\�FKDQJHG�LQ�WKH�SDVW� ��� \HDUV�� WKH� SURFHVVLQJ� LQGXVWU\�� DQG�3LVXP� UHVHDUFK�� KDV��1DWLRQZLGH�� SHD� SURGXFWLRQ� KDV� UHPDLQHG�UHODWLYHO\� FRQVWDQW�ZLWK���������DFUHV�RI�SHDV�JURZQ� LQ������DQG���������DFUHV�JURZQ� LQ�������+RZHYHU��LQYHVWPHQW�LQ�3LVXP�UHVHDUFK�KDV�GHFUHDVHG�LQ�ERWK�WKH�SXEOLF�DQG�SULYDWH�VHFWRUV��DQG�WKH�IRFXV�RI�UHVHDUFK�ZLWKLQ�WKH�SXEOLF�VHFWRU�KDV�VLJQLILFDQWO\�FKDQJHG��� $PRQJ� WKH� UHVHDUFKHUV� LQ�SXEOLF� LQVWLWXWLRQV�� WKHUH�DUH�QR� ORQJHU�DQ\�EUHHGHUV������GHGLFDWHG�WR�SHDV��UHJLRQDO�\LHOG�WULDOV�DUH�QRW�URXWLQHO\�FRQGXFWHG�DQG�WKH�DPRXQW�RI�UHVHDUFK�GHGLFDWHG�WR�SDWKRORJ\��,30�DQG�DVVRFLDWHG� ILHOGV� KDV� EHHQ� JUHDWO\� GLPLQLVKHG�� 5HVHDUFK� LQ� PROHFXODU� DVSHFWV� RI� 3LVXP� JHQHWLFV� DQG� LWV�DSSOLFDWLRQ� KDV� KHOSHG� UHYHUVH� WKLV� WUHQG��:LWKLQ� WKH� SULYDWH� VHFWRU�� WKH� QXPEHU� RI� EUHHGLQJ� DQG� UHVHDUFK�SURJUDPV�KDV� GHFUHDVHG�E\� DSSUR[LPDWHO\� ���� LQ� WKH� SDVW� ��� \HDUV��7KH�SULYDWH� SURJUDPV� WKDW� UHPDLQ� DUH�JHQHUDOO\�VPDOOHU�DQG�DUH�H[WUHPHO\�IRFXVHG�LQ�VFRSH���� 7KH�SURFHVVLQJ�LQGXVWU\�� LWVHOI��KDV�DOVR�H[SHULHQFHG�FKDQJHV��SULPDULO\� LQ�VLJQLILFDQW�FRQVROLGDWLRQV�� ,Q������WKHUH�ZHUH����SURFHVVRUV�LQ�WKH�86��LQ������WKHUH�ZHUH�����7KH�VHDVRQDO�YHJHWDEOH�SURFHVVLQJ�LQGXVWU\�IDFHV� XQLTXH� FKDOOHQJHV� DPRQJ� IRRG� SURFHVVRUV�� $V� D� EXVLQHVV�� WKH� JURZLQJ�� SURFHVVLQJ� DQG� HDUQLQJV� RI�VHDVRQDO�YHJHWDEOHV�LV�H[WUHPHO\�XQSUHGLFWDEOH��,W�LV�D�YHU\�FDSLWDO�LQWHQVLYH�EXVLQHVV��H[SHQVLYH��FURS�VSHFLILF�HTXLSPHQW�LV�XVHG�IRU�D�IHZ�ZHHNV�HDFK�\HDU��DQG�WKH�HQWLUH�\HDU
V�ILQLVKHG�LQYHQWRU\�LV�SURGXFHG�ZLWKLQ�WKRVH�ZHHNV�DQG�PXVW�EH�PHWHUHG�RXW�IRU�WKH�UHPDLQGHU�RI�WKH�\HDU���� 7KH�IXWXUH�RI�3LVXP�UHVHDUFK�LQ�WKH�86�ZLOO�EH�FKDOOHQJLQJ�GXH�WR�LWV�FORVH�WLHV�WR�WKH�SURFHVVLQJ�LQGXVWU\��,PSURYHPHQWV�LQ�VWDELOLW\�DQG�SUHGLFWDELOLW\�RI�SHD�SURGXFWLRQ�ZLOO�JUHDWO\�EHQHILW�WKH�LQGXVWU\�DQG�ZLOO�KHOS�HQVXUH� IXWXUH� UHVHDUFK�� &RQWLQXHG� VXFFHVVHV� ZLOO� UHO\� RQ� ��� FORVH� FRPPXQLFDWLRQ� DQG� FRRSHUDWLRQ� RI�UHVHDUFKHUV�ERWK�EHWZHHQ�DQG�ZLWKLQ�WKH�SXEOLF�DQG�SULYDWH�VHFWRUV�DQG�EHWZHHQ�UHVHDUFKHUV�DQG�WKH�LQGXVWU\���� WKH�GHYHORSPHQW�DQG�VWUDWHJLF�XVH�RI�PROHFXODU�DQG�WUDGLWLRQDO�WRROV�DQG����WKH�FRQWLQXHG�GHYHORSPHQW�RI�VWUDWHJLHV�LQ�,30�DQG�SODQW�SDWKRORJ\���
$VFRFK\WD�EOLJKW�RI�FKLFNSHD�±�SUHVHQW�VWDWXV�DQG�IXWXUH�SURVSHFWV�

�0DOKRWUD��5�6���%DXP��0���8GXSD��6�0���DQG�%D\DD��%�� ,&$5'$��3�2��%R[�������$OHSSR��6\ULD��$VFRFK\WD� EOLJKW�� FDXVHG� E\�$VFRFK\WD� UDELHL� LV� RQH� RI� WKH�PRVW� GHYDVWDWLQJ� GLVHDVHV� RI� FKLFNSHD� LQ�GLIIHUHQW�FKLFNSHD�JURZLQJ�DUHDV�LQ�WKH�ZRUOG��2FFDVLRQDOO\��LQ�HSLGHPLF�IRUP��LW�FDXVHV�KHDY\�\LHOG�ORVVHV��VRPHWLPHV� OHDGLQJ� WR� FRPSOHWH� FURS� IDLOXUH�� $OWKRXJK� YDULRXV� FKHPLFDO� DQG� FXOWXUDO� SUDFWLFHV� KDYH� EHHQ�LGHQWLILHG�WR�FRPEDW�WKH�GLVHDVH��WKHLU�XVDJH�KDV�EHHQ�UHSRUWHG�DV�XQ�HFRQRPLFDO�ZLWK�WKH�SUHVHQWO\�FXOWLYDWHG�YDULHWLHV�KDYLQJ�D�ORZ�OHYHO�RI�UHVLVWDQFH��7KXV��KRVW�UHVLVWDQFH�VHHPV�WR�EH�WKH�RQO\�DOWHUQDWLYH��7KH�$VFRFK\WD�
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UDELHL� SDWKRV\VWHP� EHLQJ� VH[XDO� LQ� QDWXUH� VHHPV� WR� EH� YHU\� FRPSOH[�� 5HSRUWV� RQ� LQKHULWDQFH� SDWWHUQ� RI�UHVLVWDQFH�WR�$VFRFK\WD�EOLJKW�LQ�FKLFNSHD�LQGLFDWH�WKDW�LW�LV�PRQRJHQLF�RU�GLJHQLF��5HFHQW�UHSRUWV��KRZHYHU��LQGLFDWH� LWV� FRPSOH[� QDWXUH� DQG� WKH� LQKHULWDQFH� SDWWHUQ� LV� XQUHVROYHG�� ([LVWLQJ� YDULDELOLW\� LQ� WKH� DVFRFK\WD�SDWKRJHQ�KDV�EHHQ�FKDUDFWHUL]HG�LQWR�WKUHH�SDWKRW\SHV�GHVLJQDWHG�,��,,��DQG�,,,��3DWKRW\SH�,�DQG�,,�DUH�UHSRUWHG�IURP�PRVW�SODFHV�ZKHUHDV�3DWKRW\SH�,,,��ZKLFK�LV�PRUH�YLUXOHQW�LV�QRW�ZLGHO\�GLVWULEXWHG��0ROHFXODU�PDUNHUV�KDYH�EHHQ�GHYHORSHG�WR�FKDUDFWHUL]H� WKH�SDWKRJHQLF�YDULDELOLW\��GHYHORS�OLQNDJH�PDSV�DQG�KHOS� LQ�VHOHFWLRQ��:RUN�RQ�WUDQVIRUPDWLRQ�RI�FKLFNSHD�XVLQJ�$JUREDFWHULXP�PHGLDWHG�WUDQVIHU�RI�DVFRFK\WD�EOLJKW�UHVLVWDQFH�LV�LQ�SURJUHVV��7KH�EUHHGLQJ�SURJUDP�DW�,&$5'$�LV�S\UDPLGLQJ�JHQHV�IRU�UHVLVWDQFH�WR�DVFRFK\WD�EOLJKW�DQG�KDV�SURGXFHG�LPSURYHG�FKLFNSHD�JHUPSODVP�ZLWK�UHODWLYHO\�VXVWDLQDEOH�RU�KRUL]RQWDO�UHVLVWDQFH��7KHUH�LV�D�QHHG�WR�LQWURJUHVV�UHVLVWDQFH�JHQHV�IURP�ZLOG�&LFHU�VSHFLHV�WR�WKH�FXOWLJHQ�WKURXJK�LQQRYDWLYH�WHFKQLTXHV���
3RSXODWLRQ�VWUXFWXUH�RI�$VFRFK\WD�UDELHL�LQ�WKH�86�3DFLILF�1RUWKZHVW�

�3HHYHU��7�/��� 6X��*��� DQG�� �'HSW��RI�3ODQW�3DWK��DQG��86'$�$56�0XHKOEDXHU��)�-��� :DVKLQJWRQ�6WDWH�8QLY���3XOOPDQ��:$��86$��6L[�KXQGUHG�LVRODWHV�RI�$VFRFK\WD�UDELHL�ZHUH�VDPSOHG�IURP�FRPPHUFLDO�FKLFNSHD�ILHOGV�DQG�WKH�86'$�$56� DVFRFK\WD� EOLJKW� QXUVHU\� GXULQJ� ������ ����� DQG� ����� WR� GHWHUPLQH� WKH� SRSXODWLRQ� VWUXFWXUH� RI� WKH�SDWKRJHQ�LQ�WKH�86�3DFLILF�1RUWKZHVW��31:���7ZR�KXQGUHG�WZHQW\�IRXU�LVRODWHV�KDYH�EHHQ�VFRUHG�IRU�DOOHOLF�YDULDWLRQ�DW����SXWDWLYH�$)/3�ORFL�DQG�WKLV�GDWD�XVHG�WR�HVWLPDWH�SRSXODWLRQ�VWUXFWXUH��$)/3�PDUNHUV�UHYHDOHG�KLJK�RYHUDOO�JHQHWLF�DQG�JHQRW\SLF�GLYHUVLW\�DQG�VLJQLILFDQW�JHQHWLF�GLIIHUHQWLDWLRQ�DPRQJ�VDPSOHG�ORFDWLRQV��0D[LPXP� OLNHOLKRRG�DQDO\VLV�RI�$)/3�DOOHOH� IUHTXHQFLHV� UHYHDOHG���JHQHWLFDOO\�GLVWLQFW�JURXSV�RI� LVRODWHV��HDFK�ZLWK�KLJK�ERRWVWUDS�VXSSRUW��&OXVWHU���FRQVLVWHG�RI� LVRODWHV�IURP�:DOOD�:DOOD��:$�LQ������DQG�������&OXVWHU� �� FRQVLVWHG� RI� LVRODWHV� IURP� WKH� $VFRFK\WD� EOLJKW� QXUVHU\� LQ� ������ ����� DQG� ������ DQG� &OXVWHU� ��FRQVLVWHG�RI�LVRODWHV�IURP�FRPPHUFLDO�FKLFNSHD�ILHOGV�QHDU�*HQHVHH��,'��$)/3�YDULDWLRQ�ZDV�DOVR�VFRUHG�IRU��� LVRODWHV�FROOHFWHG�LQ�WKH�*HQHVHH�DUHD�GXULQJ���������E\�'U��:�-��.DLVHU��,VRODWHV�FROOHFWHG�LQ�����������FOXVWHUHG�ZLWK� LVRODWHV� IURP�:DOOD�:DOOD� DQG�ZHUH� JHQHWLFDOO\� GLVWLQFW� IURP� WKH�PDMRULW\� RI� FRQWHPSRUDU\�31:� LVRODWHV�� 7KHVH� UHVXOWV� LQGLFDWH� WKDW� ��� VXEVWDQWLDO� JHQHWLF� GLIIHUHQWLDWLRQ� H[LVWV� DPRQJ� $�� UDELHL�SRSXODWLRQV�LQ�WKH�31:�����WKH�$��UDELHL�LVRODWHV�LQ�WKH�EOLJKW�QXUVHU\�DUH�GLVWLQFW�IURP�LVRODWHV�LQ�FRPPHUFLDO�FKLFNSHD�ILHOGV��DQG����WKDW�LVRODWHV�FROOHFWHG�IURP�����������KDYH�ODUJHO\�EHHQ�UHSODFHG�E\�RWKHU�JHQRW\SHV�RI WKH�SDWKRJHQ��7KH�LPSOLFDWLRQV�RI�WKLV�UHVHDUFK�IRU�DVFRFK\WD�EOLJKW�PDQDJHPHQW�DQG�UHVLVWDQFH�EUHHGLQJ�ZLOO�EH�GLVFXVVHG���

(YDOXDWLRQ�RI�IXQJLFLGHV�WR�FRQWURO�$VFRFK\WD�LQ�FKLFNSHD�
%RE�+HQVRQ�� (ULF�(ULNVPRHQ�� 1RUWK�'DNRWD�6WDWH�8QLYHUVLW\�.HQW�0F.D\�� $UW�/DPH\�� DQG�%ODLQH�6FKDW]���

$VFRFK\WD�EOLJKW�FRQWLQXHV� WR�EH�D�PDMRU� OLPLWLQJ�IDFWRU� WR�FKLFNSHD�SURGXFWLRQ�LQ� WKH�1RUWKHUQ�3ODLQV��8QWLO�VXLWDEOH�JHQHWLF�UHVLVWDQFH�LV�DYDLODEOH�LQ�FRPPHUFLDO�YDULHWLHV��RWKHU�FRQWURO�PHDVXUHV�DUH�QHHGHG��%DVHG�XSRQ�SURPLVLQJ�UHVXOWV�ZLWK�4XDGULV�DQG�+HDGOLQH��%$6������LQ�������WKH�REMHFWLYHV�RI�WKLV�UHVHDUFK�ZHUH�WR�HYDOXDWH�WKH�HIIHFWLYHQHVV�RI�IXQJLFLGH�SURGXFWV��WKH�QXPEHU�RI�DSSOLFDWLRQV��DQG�DSSOLFDWLRQ�UDWHV��3ORWV�ZHUH�HVWDEOLVKHG�QHDU�&DUULQJWRQ��+HWWLQJHU��0LQRW��DQG�:LOOLVWRQ��1'��LQ�D�UDQGRPL]HG�FRPSOHWH�EORFN�GHVLJQ�ZLWK�IRXU� UHSOLFDWLRQV�� %UDYR� 8OWUH[�� 4XDGULV�� +HDGOLQH�� %$6� ����� 7RSVLQ�0�� DQG� 6FDOD� ZHUH� FRPSDUHG� WR� DQ�XQWUHDWHG�FKHFN���



3,680�*(1(7,&6� ����³92/80(���� 1$3,$�$%675$&76�

�&DUULQJWRQ� 5HVHDUFK� ([WHQVLRQ� &HQWHU�� �+HWWLQJHU� 5HVHDUFK� ([WHQVLRQ� &HQWHU�� �1RUWK� &HQWUDO� 5HVHDUFK� ([WHQVLRQ�&HQWHU��0LQRW����'HSDUWPHQW�RI�3ODQW�3DWKRORJ\��)DUJR�

(YDOXDWLRQ�RI�IXQJLFLGHV�WR�FRQWURO�$VFRFK\WD�LQ�FKLFNSHD�
�%RE�+HQVRQ�� (ULF�(ULNVPRHQ�� 1RUWK�'DNRWD�6WDWH�8QLYHUVLW\�.HQW�0F.D\�� $UW�/DPH\�� DQG�%ODLQH�6FKDW]��� 8QGHU�PRGHUDWHO\�KLJK�GLVHDVH�SUHVVXUH�LQ�+HWWLQJHU��WKH�EHVW�WUHDWPHQW��WZR�DSSOLFDWLRQV�RI�+HDGOLQH�DW�����IOXLG�RXQFHV�DFUH��UHGXFHG�GLVHDVH�UDWLQJ���±��VFDOH��IURP�����IRU�WKH�XQWUHDWHG�FKHFN�WR�����DQG�LQFUHDVHG�\LHOG�IURP�����WR������OEV�DFUH��'LVHDVH�FRQWURO�DQG�\LHOG�ZHUH�VLJQLILFDQWO\�LPSURYHG�ZLWK�RQH�DSSOLFDWLRQ�DQG�VLJQLILFDQWO\�LPSURYHG�IXUWKHU�ZLWK�D�VHFRQG�DSSOLFDWLRQ��EXW�QRW�E\�LQFUHDVLQJ�WKH�UDWH�IURP�����WR������IOXLG�RXQFHV�DFUH��4XDGULV�DQG�%$6�����ZHUH�DOVR�HIIHFWLYH�SURGXFWV��$�FRPSDULVRQ�RI�%UDYR�IRUPXODWLRQV�DW�VLPLODU�UDWHV�RI�DFWLYH�LQJUHGLHQW�VKRZHG�=Q�DQG�:HDWKHUVWLN�WR�EH�VLPLODU�DQG�PRUH�HIIHFWLYH�WKDQ�8OWUH[���� ,Q�0LQRW� DQG�:LOOLVWRQ�� GLVHDVH� SUHVVXUH�ZDV� KLJKHU�� EXW�+HDGOLQH��4XDGULV�� DQG�%$6�����ZHUH� DJDLQ�VXSHULRU� WR� WKH�RWKHU�SURGXFWV� WHVWHG��$W�ERWK�VLWHV��RQH�� WZR��DQG�WKUHH�DSSOLFDWLRQV�RI�+HDGOLQH�UHVXOWHG� LQ�LQFUHPHQWDO� LPSURYHPHQWV� LQ�GLVHDVH�FRQWURO� DQG�\LHOG��7ZR�DSSOLFDWLRQV�DW� WKH������ IOXLG�RXQFH� UDWH�ZHUH�EHWWHU�WKDQ�WZR�DSSOLFDWLRQV�DW�WKH�����RXQFH�UDWH�DQG�VLPLODU�WR�WKUHH�DSSOLFDWLRQV�DW�WKH�����RXQFH�UDWH��� 8QGHU� YHU\� KHDY\� GLVHDVH� SUHVVXUH� LQ� &DUULQJWRQ�� +HDGOLQH� DQG� %$6� ���� ZHUH� VXSHULRU� WR� WKH� RWKHU�WUHDWPHQWV�� LQFOXGLQJ� 4XDGULV�� $� VHFRQG� DSSOLFDWLRQ� RI� WKHVH� SURGXFWV� ZDV� PRUH� EHQHILFLDO� WKDQ� RQH�DSSOLFDWLRQ�DW�D�KLJKHU�UDWH��<LHOG�RI�DOO�WUHDWPHQWV�ZDV�YHU\�ORZ���� 7KH�UHVXOWV�DFURVV�VLWHV�ZLWK�YDU\LQJ�OHYHOV�RI�QDWXUDO�GLVHDVH�SUHVVXUH�FRQVLVWHQWO\�VKRZHG�WKDW�UHGXFLQJ�DVFRFK\WD� LQIHFWLRQ� SURSRUWLRQDOO\� LQFUHDVHG� FKLFNSHD� JUDLQ� \LHOG� DQG� TXDOLW\� �VHHG� VL]H��� $OWKRXJK� WKH�IRUPXODWLRQ� RI� %UDYR� �WKH� FXUUHQWO\� ODEHOHG� SURGXFW� LQ� WKH� 8�6�$��� LQIOXHQFHG� HIIHFWLYHQHVV�� FRQWURO� ZDV�JHQHUDOO\�SRRU��+HDGOLQH��%$6������DQG�4XDGULV�SURYLGHG�HIIHFWLYH�GLVHDVH�FRQWURO�XQGHU�PRGHUDWHO\�KLJK�WR�KLJK� GLVHDVH� SUHVVXUH�� ,QFUHDVLQJ� WKH� QXPEHU� RI� DSSOLFDWLRQV� ZDV� PRUH� LPSRUWDQW� WKDQ� LQFUHDVLQJ� WKH�DSSOLFDWLRQ�UDWH���
�

�&DUULQJWRQ� 5HVHDUFK� ([WHQVLRQ� &HQWHU�� �+HWWLQJHU� 5HVHDUFK� ([WHQVLRQ� &HQWHU�� �1RUWK� &HQWUDO� 5HVHDUFK� ([WHQVLRQ�&HQWHU��0LQRW����'HSDUWPHQW�RI�3ODQW�3DWKRORJ\��)DUJR�

,PSURYHPHQW�RI�DVFRFK\WD�EOLJKW�FRQWURO�LQ�FKLFNSHD��WKURXJK�VSUD\�DSSOLFDWLRQ�GHOLYHU\�PHWKRG�
�*��&KRQJR�� 6��%DQQL]D�� �'HSW�RI�3ODQW�6FL���8QLY��RI�6DVNDWFKHZDQ��6DVNDWRRQ��6.�6�1��$����&DQDGD�7��:ROI�� DQG� �6DVNDWRRQ�5HV��&HQWUH������6FLHQFH�3ODFH��6DVNDWRRQ��6.�6�1��;���&DQDGD�*��/DIRQG�� �,QGLDQ�+HDG�5HVHDUFK�)DUP��%R[������,QGLDQ�+HDG��6.�6�*��.���&DQDGD��,QFUHDVHG�FKLFNSHD�DFUHDJH�LQ�6DVNDWFKHZDQ�LV�SODFLQJ�QHZ�HPSKDVLV�RQ�WKH�GHYHORSPHQW�RI�DJURQRPLF�SUDFWLFHV� WKDW� PD[LPL]H� \LHOG� DQG� SURGXFW� TXDOLW\�� 7KLV� SURMHFW� LV� SDUW� RI� D� QHZ� LQLWLDWLYH� LQWR� FKLFNSHD�SDWKRORJ\� WKDW� IRFXVHV� GHYHORSPHQW� RI� HIIHFWLYH� IXQJLFLGH� DSSOLFDWLRQ� VWUDWHJLHV� IRU� JURXQG� VSUD\V� DQG�FRPSDULVRQ�RI�JURXQG�DQG�DHULDO�DSSOLFDWLRQ�PHWKRGV�RQ�D� ILHOG�VFDOH� WR�KHOS�RSWLPL]H�FDUULHU�YROXPHV�DQG�GURSOHW�VL]HV��,Q�������WKH�IXQJLFLGHV�FKORURWKDORQLO����NJ�D�L��KD�����D]R[\VWURELQ������J�D�L��KD�����WHEXFRQD]ROH�������� J� D�L�� KD���DQG� +HDGOLQH� ����� J� D�L�� KD��� ZHUH� XVHG� WR� VWXG\� WKH� HIIHFWV� RI� FKLFNSHD� OHDI� W\SH��FRPSRXQG�DQG�XQLIROLDWH���FDUULHU�YROXPH�����������DQG�����/�KD��� DQG�GURSOHW�VL]H��ILQH��PHGLXP��FRDUVH�RQ�DVFRFK\WD�EOLJKW�FRQWURO�DW�VL[�ORFDWLRQV��(DFK�IXQJLFLGH�ZDV�DSSOLHG�RQFH�DW�WKH�ILUVW�VLJQ�RI�V\PSWRPV�DQG�
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DJDLQ�������GD\V�ODWHU��$�WUHDWPHQW�FRPELQDWLRQ�RI�FKORURWKDORQLO�DSSOLHG�ILUVW��IROORZHG�E\�D]R[\VWURELQ�ZDV�DOVR� LQFOXGHG��'LVHDVH� UDWLQJ�ZDV�GRQH�DW�HDFK�IXQJLFLGH�DSSOLFDWLRQ�DQG���ZHHNV�DIWHU� WKH� ODVW�DSSOLFDWLRQ��$VFRFK\WD�EOLJKW�OHYHOV�ZHUH�YHU\�ORZ�LQ�PRVW�SDUWV�RI�6DVNDWFKHZDQ�DV�D�UHVXOW�RI�VHYHUH�GURXJKW�FRQGLWLRQV�WKDW�SUHYDLOHG�RYHU�PXFK�RI�WKH�SURYLQFH��'XH�WR�ORZ�GLVHDVH�SUHVVXUH�DW���RI���VLWHV����������WKHUH�ZHUH�QR�VLJQLILFDQW� HIIHFWV� RI� ZDWHU� YROXPH� RU� GURSOHW� VL]H� RQ� EOLJKW� FRQWURO�� $W� WKH� VLWH� ZKHUH� FKLFNSHD� UHFHLYHG�LUULJDWLRQ��XS�WR��������DVFRFK\WD�EOLJKW�GHYHORSHG�LQ�WKH�XQWUHDWHG�SORWV��,QFUHDVLQJ�ZDWHU�YROXPH�IURP�����WR�����/�KD���UHGXFHG�EOLJKW�VHYHULW\�DFURVV�WKH�IRXU�IXQJLFLGHV�GRZQ�WR�����DW�����/�KD��� ����DW�����/�KD���DQG�����DW�����/�KD�� SUREDEO\�GXH�WR�EHWWHU�FRYHUDJH��)XQJLFLGHV�DOVR�VLJQLILFDQWO\�GLIIHUHG�LQ�WKHLU�GLVHDVH�FRQWURO� GHSHQGLQJ� RQ� FXOWLYDU�� )RU� HDFK� FXOWLYDU� DQG� IXQJLFLGH� FRPELQDWLRQ�� VSUD\� GURSOHW� VL]H� KDG� QR�VLJQLILFDQW�HIIHFW�RQ�EOLJKW�FRQWURO��7KHVH�SUHOLPLQDU\�UHVXOWV�LQGLFDWH�WKDW�IXQJLFLGH�VSUD\�FDUULHU�YROXPH�LV�PRUH�LPSRUWDQW�WKDQ�GURSOHW�VL]H���
0RUSKRORJLFDO�SODVWLFLW\�RI�FKLFNSHD�YV��ZDWHU�DYDLODELOLW\�

�/LX��3�K��� DQG�� �'HSW��RI�+\GUDXOLFV�DQG�+\GURHOHFWULFLW\��*DQVX�$JULF��8QLY���/DQ]KRX��&&&3�*DQ��<��� ��6HPLDULG�3UDLULH�$JULF��5HV��&HQWUH��$JULF��DQG�$JUL�)RRG�&DQDGD�� 6ZLIW�&XUUHQW��6.��&DQDGD��&KLFNSHD��&LFHU�DULHWLQXP�/���UHTXLUHV�VWUHVVHV�ODWH�LQ�WKH�OLIH�F\FOH�WR�WHUPLQDWH�LWV�LQGHWHUPLQDWH�JURZWK�IRU�PDWXULW\��/LWWOH�LV�NQRZQ�UHJDUGLQJ�UHVSRQVH�RI�WKLV�DQQXDO�OHJXPH�WR�ZDWHU�DYDLODELOLW\�GXULQJ�WKH�JURZLQJ�VHDVRQ�� 7KLV� VWXG\� ZDV� WR� GHWHUPLQH� WKH� PRUSKRORJLFDO� SODVWLFLW\� RI� FKLFNSHD� DQG� LWV� UHVSRQVH� WR� ZDWHU�DYDLODELOLW\� LQ� VHPLDULG� HQYLURQPHQW��.DEXOL� �ERWK� ODUJH�VHHGHG� DQG� VPDOO�VHHGHG�� DQG� GHVL� FKLFNSHD�ZHUH�SODQWHG� DW� YDULRXV� SODQW� SRSXODWLRQ� GHQVLWLHV� �33'�� RQ� ZKHDW�VWXEEOH� DQG� VXPPHU�IDOORZ� ILHOGV�� )LHOG�HPHUJHQFH�UDWHV��L�H���QXPEHU�RI�SODQWV�HPHUJHG�SHU�YLDEOH�VHHGV�SODQWHG��ZHUH�GHFUHDVHG�IURP�����DW�ORZ�33'�����SODQWV�P��� WR�����DW�KLJK�33'�����SODQWV�P��� IRU�NDEXOL�FKLFNSHD��DQG�IURP�����WR�����IRU�GHVL�FKLFNSHD��7KH�ORZ�HPHUJHQFH�UDWHV�RI�FKLFNSHD�DW�KLJK�33'�ZHUH�SUREDEO\�GXH�WR�SRRU�VHHG�VRLO�FRQWDFW�LQ�WKH�VRLO��6HHG�\LHOGV�RI�NDEXOL�FKLFNSHD�LQFUHDVHG�VLJQLILFDQWO\�ZLWK�WKH�LQFUHDVH�RI�33'�IURP����WR����SODQWV�P���EXW WKHUH�ZHUH�QR�IXUWKHU�EHQHILWV�ZLWK�33'�EH\RQG����SODQWV�P���ZKHQ�WKH�FURS�ZDV�SODQWHG�LQ�ZKHDW�VWXEEOH�ZKHUH�ZDWHU�DYDLODELOLW\�ZDV�ORZ��<LHOG�LQFUHDVHV�ZLWK�KLJKHU�33'�WHQGHG�WR�FRQWLQXH�IRU�GHVL�FKLFNSHD�ZKHQ�WKH�FURS�ZDV�JURZQ�RQ� VXPPHU� IDOORZ�ZKHUH�ZDWHU� DYDLODELOLW\�ZDV�KLJK��5HVSRQVH�RI� VHHG�\LHOGV� WR�33'�IROORZHG�D�FODVVLFDO�DV\PSWRWLF�FXUYH�LQ�ZKLFK�33'�DFFRXQWHG�IRU�!����RI�WKH�YDULDWLRQ�LQ�\LHOGV��&KLFNSHD�KDG�JUHDW�PRUSKRORJLFDO�SODVWLFLW\��DOORZLQJ�WKH�FURS�WR�FRPSHQVDWH�IRU�SRWHQWLDO�\LHOG�ORVVHV�GXH�WR�SODQW�WR�SODQW�FRPSHWLWLRQ��.DEXOL�FKLFNSHD�SURGXFHG����SRGV�SHU�SODQW�DW�ORZ�33'�����SODQWV�P��� DQG����SRGV�SHU�SODQW�DW�KLJK�33'�����SODQWV�P�����EXW�WKH�FURS�SURGXFHG�D�WRWDO�RI�����IHUWLOH�SRGV�SHU�P���DW�WKH�KLJK�33'�WKDW�ZDV�����KLJKHU�WKDQ�WKRVH�ZKHQ�WKH�FURS�ZDV�JURZQ�DW�WKH�ORZ�33'��6LPLODUO\��GHVL�FKLFNSHD�UHGXFHG�SRGV�SHU�SODQW�IURP����DW�ORZ�33'�WR����DW�KLJK�33'��EXW�WKH�WRWDO�QXPEHU�RI�IHUWLOH�SRGV�P���ZDV�LQFUHDVHG�IURP����� DW� ORZ� 33'� WR� ����� DW� KLJK� 33'�� $OWKRXJK� WKH� QXPEHU� RI� SRGV� SHU� SODQW� GHFUHDVHG� LQ� UHVSRQVH� WR�LQFUHDVLQJ�33'�� WKH� JUHDWHU� QXPEHU� RI� SODQWV� SHU� XQLW� DUHD� SURYLGHG�PRUH� SRGGLQJ� VLWHV�� DQG�FRQVHTXHQWO\�LQFUHDVHG�WKH�QXPEHU�RI�SRGV�DQG�VHHG�\LHOGV�SHU�XQLW�DUHD��/DUJH�VHHGHG�NDEXOL�FXOWLYDUV�µ6DQIRUG¶�DQG�µ&'&�;HQD¶�KDG�D�KLJKHU�SURSRUWLRQ�����WR������RI�LQIHUWLOH�SRGV��VLJQLILFDQWO\�KLJKHU�WKDQ�WKRVH����WR������ZLWK�WKH�VPDOO�VHHGHG�NDEXOL�FXOWLYDUV�µ%���
�RU�µ&'&�&KLFR¶��7KH�SURSRUWLRQ�RI�LQIHUWLOH�SRGV�LQFUHDVHG�VLJQLILFDQWO\�ZLWK� LQFUHDVHG� 33'� IRU� NDEXOL� FKLFNSHD� FXOWLYDUV� EXW� ZDV� FRQVLVWHQWO\� ORZ� ����� DFURVV� GLIIHUHQW� 33'�WUHDWPHQWV� IRU� GHVL� FKLFNSHD��0RUH� GHWDLOHG� VWXGLHV� RI�PRUSKRORJLFDO� SODVWLFLW\� DPRQJ� GLIIHUHQW� JHQRW\SHV�ZRXOG�SURYLGH�FUXFLDO�LQIRUPDWLRQ�IRU�LPSURYLQJ�WKH�SURGXFWLYLW\�RI�WKH�DQQXDO�OHJXPHV���
0DQDJLQJ�GURXJKW�DQG�IXVDULXP�ZLOW�LQ�FKLFNSHD�

�
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.XPDU��-�� ,QWO��&URSV�5HV��,QVW��IRU�WKH�6HPL�$ULG�7URSLFV��,&5,6$7��� 3DWDQFKHUX��$3����������,QGLD��6HYHUDO�DELRWLF�DQG�ELRWLF�VWUHVVHV�UHGXFH�FKLFNSHD��&LFHU�DULHWLQXP�/���VHHG�\LHOG��'URXJKW�DQG�)XVDULXP�ZLOW� �)XVDULXP� R[\VSRUXP� I�VS� FLFHUL� DUH� DPRQJ� WKH� PRVW� LPSRUWDQW� SDUWLFXODUO\� LQ� WKH� VXE�WURSLFDO� DQG�WURSLFDO� UHJLRQV� RI� WKH�ZRUOG�� 7KHVH� WRJHWKHU�PD\� DFFRXQW� IRU� DERXW� ����RI� WKH� WRWDO� ORVVHV��%UHHGLQJ� IRU�UHVLVWDQFH� WR� GURXJKW� KDV� QRW� EHHQ� IUXLWIXO� VR� IDU� EHFDXVH� RI� D� ODUJH� JHQRW\SH� [ HQYLURQPHQW� LQWHUDFWLRQ�DIIHFWLQJ�WKLV�WUDLW��/DUJH�URRW�WUDLW�KDV�EHHQ�UHODWHG�WR�GURXJKW�UHVLVWDQFH�LQ�WKLV�FURS��(IIRUWV�DUH�EHLQJ�PDGH�WR�OLQN�WKLV�WUDLW�WR�PROHFXODU�PDUNHUV�WR�DVVLVW�S\UDPLGLQJ�JHQHV�WR�GHYHORS�GURXJKW�UHVLVWDQW�YDULHWLHV��+RZHYHU��UHGXFLQJ� FURS�GXUDWLRQ� WKURXJK� WKH� XVH� RI� HIO�� JHQH� IRU� HDUO\� IORZHULQJ� DQG� PDWXULW\� KDV� KHOSHG� UHGXFH�GDPDJH�E\�HQG�RI�VHDVRQ�GURXJKW�DQG�UDLVH�PHDQ�SURGXFWLYLW\��� 0DMRU� JHQHV� IRU� UHVLVWDQFH� WR� IXVDULXP� ZLOW� KDYH� EHHQ� LGHQWLILHG� DQG� XVHG�� 6HYHUDO� UDFHV� KDYH� EHHQ�LGHQWLILHG�IRU�WKLV�SDWKRJHQ��$Q\�WZR�RI�WKH�WKUHH�JHQHV�K�� K���DQG�+���FRQIHU�FRPSOHWH�UHVLVWDQFH�WR�UDFH����,QGLYLGXDOO\�HDFK�GHOD\V�ZLOWLQJ�V\PSWRPV��5HVLVWDQFHV�WR�RWKHU�UDFHV�KDYH�DOVR�EHHQ�IRXQG�DQG�XVHG��6RPH�RI�WKHVH� JHQHV� KDYH� EHHQ� ORFDWHG�RQ� OLQNDJH�JURXS���RI� WKH�FKLFNSHD�JHQRPH�PDS��(IIRUWV� DUH�EHLQJ�PDGH� WR�VHTXHQFH� WKHVH�JHQHV��8VH�RI� WKH�UHVLVWDQFH�JHQHV��SURSHU�FURS�URWDWLRQV�DQG�HIIHFWLYH�VHHG�WUHDWPHQWV�KDYH�KHOSHG�FRQWDLQ� WKH�ZLOW�GDPDJH�LQ� WKH�PDMRU�FKLFNSHD�JURZLQJ�DUHDV��'HYHORSPHQW�RI�FKLFNSHD�PDS�VKRXOG�KHOS�S\UDPLG�JHQHV�IRU�PRUH�WKDQ�RQH�WUDLW�DQG�KHOS�H[SHGLWH�FKLFNSHD�YDULHWDO�GHYHORSPHQW����
*HQHV�LQYROYHG�LQ�WKH�GRPHVWLFDWLRQ�RI�SHD�±�LPSOLFDWLRQV�IRU�WKH�XVH�RI�ZLOG�JHUPSODVP�LQ�EUHHGLQJ�SURJUDPV�

:HHGHQ��1�)��� DQG�� �'HSW��RI�3ODQW�6FL��DQG�3ODQW�3DWK���0RQWDQD�6WDWH�8QLY���%R]HPDQ��07��86$�6��%UDXQHU�� �'HSW��RI�%LRORJ\��$VKODQG�8QLY���$VKODQG��2+��86$�� 7KH� GRPHVWLFDWLRQ� RI� SHD� LQYROYHG� WKH� PRGLILFDWLRQ� RI� PDQ\� WUDLWV�� LQFOXGLQJ� SRG� GHKLVFHQFH�� VHHG�GRUPDQF\�� VHHG�VL]H��EUDQFKLQJ�KDELW��DQG� IORZHULQJ� WLPH��6HOHFWLRQ� IRU�GHVLUDEOH�DOOHOHV�DW� ORFL� LQIOXHQFLQJ�WKHVH�WUDLWV�QHFHVVDULO\�DOVR�LQYROYHV�VHOHFWLRQ�DJDLQVW�WKH�XQGHVLUDEOH�DOOHOHV�DQG�DOOHOHV�DW�FORVHO\�OLQNHG�ORFL��6LJQLILFDQW� HPSKDVLV� LV� QRZ� EHLQJ� SODFHG� RQ� WKH� HYDOXDWLRQ� DQG� XVH� RI� DFFHVVLRQV� LQ� SHD� JHUPSODVP�FROOHFWLRQV��,Q�PDQ\�FDVHV�QHZ��SRWHQWLDOO\�XVHIXO�JHQHV�DUH�EHLQJ�LGHQWLILHG�DORQJ�ZLWK�WKHLU�SRVLWLRQV�RQ�WKH�OLQNDJH�PDS��,W�ZRXOG�DOVR�EH�KHOSIXO�WR�LGHQWLI\�WKH�UHJLRQV�RQ�WKH�OLQNDJH�PDS�FRQWDLQLQJ�JHQHV�IRU�WKH�WUDLWV�PRGLILHG� GXULQJ� GRPHVWLFDWLRQ� EHFDXVH� RWKHU� JHQHV� LQ� WKHVH� UHJLRQV� PLJKW� EH� GLIILFXOW� WR� LQWURJUHVV� LQWR�FXOWLYDUV��:H�KDYH�H[DPLQHG�WKH�JHQHWLF�EDVLV�RI�PDQ\�RI�WKHVH�FKDUDFWHUV�DQG�PDSSHG�47/V�DIIHFWLQJ�WKHVH�FKDUDFWHUV��7ZR�SRSXODWLRQV�RI�)��GHULYHG�UHFRPELQDQW�LQEUHG�OLQHV�ZHUH�GHYHORSHG�IURP�FURVVHV�EHWZHHQ�D�3LVXP�VDWLYXP�VVS��HODWLXV�YDU��SXPLOLR�0HLNOH�OLQH�DQG�GRPHVWLFDWHG��3��V��VVS��VDWLYXP�/���JHUPSODVP��7KH�OLQHV�ZHUH�VFRUHG�IRU�SKHQRW\SLF�VHJUHJDWLRQ�DQG�WKH�VHJUHJDWLRQ�RI�DSSUR[LPDWHO\������PROHFXODU�PDUNHUV��5HJLRQV� RI� WKH� SHD� JHQRPH� WKDW� GLVSOD\HG� D� VHJUHJDWLRQ� FRUUHODWHG�ZLWK� WKH� LQKHULWDQFH� RI� HDFK� WUDLW�ZHUH�LGHQWLILHG�� ,Q� PDQ\� FDVHV� D� SUHYLRXVO\� GHVFULEHG� JHQH� DSSHDUHG� WR� EH� DVVRFLDWHG� ZLWK� WKH� 47/�� )RU� WKH�GHKLVFHQW�SRG�FKDUDFWHU�D�UHJLRQ�RQ�OLQNDJH�JURXS�,,,��SUHVXPDEO\�WKH�ORFXV�'SR� VKRZHG�D�VWURQJ�FRUUHODWLRQ��EXW�RWKHU�JHQHV� �JS� EW DQG�D� UHJLRQ�RQ� OLQNDJH�JURXS�9,,��DOVR�DSSHDU� WR�KDYH�DQ�HIIHFW��2QH� W\SH�RI�VHHG�GRUPDQF\�UHOLHV�RQ�WKH�LPSHUPHDELOLW\�RI�WKH�WHVWD��KDUG�VHHGHG�SKHQRW\SH���DQG�JHQHV�DIIHFWLQJ�WKH�WKLFNQHVV�RI�WKH�WHVWD��D� RU�LWV�VXVFHSWLELOLW\�WR�FUDFNLQJ��U� V� DIIHFW�WKLV�GRUPDQF\�WUDLW��6HHG�ZHLJKW�H[KLELWHG�D�PRUH�FRPSOH[� JHQHWLF� IRXQGDWLRQ��7KH� JHQH� U DQG� WKH� JHQH�1S� ERWK� UHGXFHG� ���� VHHG�ZHLJKW� VLJQLILFDQWO\��:H�VXVSHFW� WKDW� RWKHU� JHQHV� DUH� SULPDULO\� UHVSRQVLEOH� IRU� WKH� FKDQJH� LQ� VHHG� ZHLJKW� GXULQJ� GRPHVWLFDWLRQ��+RZHYHU�� WKH� LQIOXHQFH�RI�U DQG�1S�RQ�VHHG�ZHLJKW�DSSDUHQWO\�RYHUZKHOPHG�WKH�HIIHFW�RI�RWKHU�JHQHV�� ,W� LV�LQWHUHVWLQJ�WKDW�ERWK�U DQG�1S�KDYH�EHQHILFLDO��VHHG�TXDOLW\�DQG�LQVHFW�UHVLVWDQFH��UHVSHFWLYHO\��DQG�GHOHWHULRXV��UHGXFHG�\LHOG��HIIHFWV�IRU�SHD�EUHHGLQJ�SURJUDPV��$GGLWLRQDO�UHJLRQV�DQG�JHQHV�ZHUH�IRXQG�WR�EH�DVVRFLDWHG�ZLWK� SODQW� KDELW� DQG� IORZHULQJ� UHVSRQVH�� ,I� ZH� LQFOXGH� RWKHU� WUDLWV� DQG� PDUNHUV� WKDW� DSSHDU� WR� KDYH� EHHQ�
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VHOHFWHG�GXULQJ�WKH�GRPHVWLFDWLRQ�RI�SHD��DSSUR[LPDWHO\�KDOI�WKH�NQRZQ�OLQNDJH�PDS�RI�SHD�LV�ORFDWHG�ZLWKLQ���� F0� RI� VHOHFWHG� UHJLRQV�� :LWK� VXFK� D� ODUJH� SURSRUWLRQ� RI� WKH� QRQ�GRPHVWLFDWHG� JHQRPH� FRQWDLQLQJ�GHWULPHQWDO� JHQHV�� LQWURJUHVVLRQ� RI� GHVLUDEOH� WUDLWV� IURP�ZLOG� WR� FRPPHUFLDO� JHUPSODVP� DSSHDUV� WR� EH� EHVW�DFFRPSOLVKHG�E\�UHFXUUHQW�EDFNFURVVLQJ���
5RRW�SURGXFWLRQ�RI�GLYHUVH�SHD�DFFHVVLRQV��

0F3KHH��.�� 86'$�$56�DQG�:DVKLQJWRQ�6WDWH�8QLY��� ����-RKQVRQ�+DOO��3XOOPDQ��:$��86$�� 3HD� KDV� VHUYHG� DV� D� PRGHO� SODQW� V\VWHP� IRU� UHVHDUFK� RQ� PDQ\� DVSHFWV� RI� SODQW� SK\VLRORJ\� DQG�GHYHORSPHQW��EXW�UHODWLYHO\�OLWWOH�ZRUN�KDV�EHHQ�UHSRUWHG�RQ�WKH�PRUSKRORJ\�DQG�SURGXFWLRQ�RI�URRW�ELRPDVV��:H�UHSRUW�KHUH�SUHOLPLQDU\�ILQGLQJV�RQ�WKH�UDQJH�RI�YDULDWLRQ�LQ�SHD�URRW�JURZWK�DQG�PRUSKRORJ\�RQ�VHHGOLQJV�JURZQ�WZR�ZHHNV�XQGHU�DUWLILFLDO�FRQGLWLRQV��7KUHH�KXQGUHG�WZHQW\�QLQH�DFFHVVLRQV�IURP�WKH�FRUH�FROOHFWLRQ�RI�3LVXP�JHUPSODVP�ZHUH�JURZQ�IRU�VHHG�SURGXFWLRQ�DW�WKH�:68�6SLOOPDQ�5HVHDUFK�)DUP�LQ������QHDU�3XOOPDQ��:DVKLQJWRQ�� 86$�� 7HQ� VHHGV� RI� XQLIRUP� VL]H� ZHUH� JHUPLQDWHG� IRU� WKUHH� GD\V� LQ� UDJGROOV�� 0RLVWHQHG�JHUPLQDWLRQ�SDSHU���´�[ ��´��ZDV�IROGHG�LQ�KDOI�DQG�WHQ�VHHGV�RI�HDFK�DFFHVVLRQ�ZHUH�SODFHG�LQVLGH��7KH�VHHG�DQG� JHUPLQDWLRQ� SDSHU� ZHUH� WKHQ� UROOHG� LQVLGH� D� VKHHW� RI� ZD[� SDSHU�� $IWHU� WKUHH� GD\V�� VL[� XQLIRUP� DQG�UHSUHVHQWDWLYH� VHHGOLQJV� ZHUH� WUDQVIHUUHG� WR� D� JHUPLQDWLRQ� SDSHU� ³VDQGZLFK´�� 7KUHH� VHHGV� ZHUH� HYHQO\�GLVWULEXWHG��DSSUR[LPDWHO\����´�DSDUW��QHDU�WKH�XSSHU�HGJH�RI�WZR�VKHHWV�RI�ZHW�JHUPLQDWLRQ�SDSHU����´�[ ��´���$ EODQN�VKHHW�ZDV�SODFHG�RYHU�WKH�WRS�WKUHH�VHHGV�DQG�WKH�WKUHH�VKHHWV�ZHUH�IDVWHQHG�WRJHWKHU�XVLQJ�ODUJH�SDSHU�FOLSV��7KH�VDQGZLFKHV�ZHUH�SODFHG�LQ�D�OLJKWHG�������K�SKRWRSHULRG��JHUPLQDWLRQ�FKDPEHU�VHW�DW����&�IRU����GD\V��)RXUWHHQ�GD\V�SRVW�JHUPLQDWLRQ�WKH�WKUHH�PRVW�XQLIRUP�VHHGOLQJV�ZHUH�UHPRYHG�DQG�DQDO\]HG��3K\VLFDO�GDWD� ZHUH� FROOHFWHG� RQ� WDSURRW� DQG� VKRRW� OHQJWK� DV� ZHOO� DV� GU\� ZHLJKW� RI� WRWDO� URRW� DQG� VKRRW� ELRPDVV��)ROORZLQJ�SK\VLFDO�PHDVXUHPHQW�WKH�URRWV�ZHUH�H[FLVHG�IURP�WKH�VKRRW�DQG�VFDQQHG�LQWR�D�FRPSXWHU�XVLQJ�DQ�+3���&� VFDQQHU� DQG�DQDO\]HG�XVLQJ� WKH�:LQ5+,=270� Y������SURJUDP��5RRW�PRUSKRORJ\�FRXOG�EH�GLYLGHG�LQWR�JURXSV�DFFRUGLQJ�WR�WDSURRW�OHQJWK��ODWHUDO�URRW�OHQJWK�DQG�ODWHUDO�URRW�GLVWULEXWLRQ�DORQJ�WKH�WDSURRW��6KRRW�OHQJWK�UDQJHG�IURP����±�����PP�DQG�WDSURRW�OHQJWK�UDQJHG�IURP�����±�����PP��6KRRW�DQG�URRW�ELRPDVV�GU\�ZHLJKWV�UDQJHG�IURP����������DQG��������PJ��UHVSHFWLYHO\��5RRW�VKRRW�ZHLJKW�UDWLRV�UDQJHG�ZLGHO\�IURP������WR������ 'DWD� FROOHFWHG� WKURXJK� WKH� :LQ5+,=2� SURJUDP� LQFOXGHG� WRWDO� URRW� OHQJWK�� WRWDO� VXUIDFH� DUHD�� URRW�YROXPH�DQG�DYHUDJH�URRW�GLDPHWHU�ZKLFK�UDQJHG�IURP����±�����FP����±����FP�� ����±�����FP� DQG������±������PP�IRU�HDFK�RI�WKH�YDULDEOHV��UHVSHFWLYHO\��7KH�ZLGH�UDQJH�RI�YDULDWLRQ�IRU�URRW�ELRPDVV�SURGXFWLRQ�LQGLFDWHV�WKDW� WKH� WUDLW� LV�KHULWDEOH� DQG�JDLQ� WKURXJK� VHOHFWLRQ�FDQ�EH�PDGH��6HYHUDO�DFFHVVLRQV��3,��������3,��������3,������� DQG� 3,������� LQ� SDUWLFXODU�� KDG� YHU\� SURIXVH� ODWHUDO� URRW� SURGXFWLRQ� DORQJ� WKH� IXOO� OHQJWK� RI� WKH�WDSURRW��([WHQVLYH�ODWHUDO�URRW�SURGXFWLRQ�KDV�EHHQ�LPSOLFDWHG�LQ�WROHUDQFH�WR�VRLO�ERUQH�IXQJDO�SDWKRJHQV�VXFK�DV�$SKDQRP\FHV�HXWHLFKHV� 6SHFLILFDOO\��3,�������KDV�EHHQ�UHSRUWHG�WR�KDYH�JRRG�WROHUDQFH�WR�WKLV�SDWKRJHQ��:H�DUH�FXUUHQWO\�VWXG\LQJ�FURVVHV�DPRQJ�VSHFLILF�DFFHVVLRQV�DQG�RWKHU�DGDSWHG�JHQRW\SHV� WR�JDLQ�D�JUHDWHU�XQGHUVWDQGLQJ�RI�WKH�JHQHWLF�FRQWURO�JRYHUQLQJ�URRW�SURGXFWLRQ�DQG�PRUSKRORJ\��,W�LV�H[SHFWHG�WKDW�LPSURYHG�SHD�FURS�SURGXFWLRQ�FDQ�EH�DWWDLQHG�LQ�ERWK�KLJKO\�IHUWLOH�DQG�PDUJLQDO�ODQGV�WKURXJK�LPSURYHG�URRWLQJ�DELOLW\����
5HODWLRQVKLS�EHWZHHQ�ORGJLQJ��VWHP�DQDWRP\���DQG�UHDFWLRQ�WR�P\FRVSKDHUHOOD�EOLJKW�LQ�ILHOG�SHD�

�+DVKHPL��3���� %DQQL]D��6���� 'DYLV��$���� �&URS�'HY��&HQWUH���%LRORJ\�'HSW��:DUNHQWLQ��7���� DQG�9DQGHQEHUJ��$���� 8QLY��RI�6DVNDWFKHZDQ��6.��&DQDGD��
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5HVLVWDQFH� WR� ORGJLQJ� DQG� WR� P\FRVSKDHUHOOD� EOLJKW� DUH� WZR� PDMRU� REMHFWLYHV� LQ� ILHOG� SHD� EUHHGLQJ�SURJUDPV�LQ�1RUWK�$PHULFD��3UHOLPLQDU\�VWXGLHV�DW�WKH�8QLYHUVLW\�RI�6DVNDWFKHZDQ�VXJJHVWHG�WKDW�D�FRUUHODWLRQ�H[LVWV� EHWZHHQ� WKH� FURVV�VHFWLRQDO� DUHD� RI� [\OHP�DQG� WKH� WHQGHQF\� IRU� SHD� YDULHWLHV� WR� ORGJH� �&�-��6WHZDUW��SHUVRQDO�FRPPXQLFDWLRQ���/RGJLQJ�KDV�DOVR�EHHQ�DVVRFLDWHG�ZLWK�DQ�LQFUHDVH�LQ�LQIHFWLRQ�ZLWK�0\FRVSKDHUHOOD�SLQRGHV��:DQJ���������+LJKHU�GLVHDVH�VHYHULW\�FDQ�SDUWO\�EH�DWWULEXWHG�WR�D�PRUH�IDYRXUDEOH�PLFURFOLPDWH�IRU�WKH� IXQJXV� LQ� ORGJHG�SHDV�� EXW�PD\� DOVR� EH� DVFULEHG� WR� GLIIHUHQFHV� LQ� VWHP�DQDWRP\��7KH�REMHFWLYH� RI� WKLV�WKUHH�\HDU� ������������ UHVHDUFK� SURMHFW� LV� WR� FODULI\� WKH� UHODWLRQVKLS� EHWZHHQ� ORGJLQJ�� VWHP� DQDWRP\� DQG�UHDFWLRQ�WR�P\FRVSKDHUHOOD�EOLJKW�LQ�ILHOG�SHD��)LHOG�H[SHULPHQWV�ZHUH�FRQGXFWHG�DW�6DVNDWRRQ��UDLQIHG��DQG�2XWORRN��LUULJDWHG�� WR�HYDOXDWH����FXOWLYDUV� LQ������DQG����FXOWLYDUV� LQ������WKDW�YDULHG� LQ�VXVFHSWLELOLW\� WR�ORGJLQJ�DQG�P\FRVSKDHUHOOD�EOLJKW��6WHP�VDPSOHV�IURP�WKH��QG WR��UG �&��6WHZDUW��SHUVRQDO�FRPPXQLFDWLRQ��DQG��WK� WR� �WK� �0F3KHH� DQG� 0XHKOEDXHU�� ������ LQWHUQRGHV� ZHUH� FROOHFWHG� IRU� VWXGLHV� RQ� VWHP� DQDWRP\� DW� WKH�VHHGOLQJ��HDUO\�SRG�VHWWLQJ��DQG�SK\VLRORJLFDO�PDWXULW\�VWDJHV��,QWHUQRGH�OHQJWK�DQG�ZLGWK�ZHUH�DOVR�PHDVXUHG�IRU� WKHVH� LQWHUQRGHV� DW� WKHVH� VWDJHV�� � 8VHIXO� GDWD� ZHUH� REWDLQHG� IURP� WKH� 6DVNDWRRQ� VLWH� LQ� ����� DQG� WKH�2XWORRN�VLWH�LQ�������,Q�WKHVH�H[SHULPHQWV��PHDQ�ORGJLQJ�VFRUHV�UDQJHG�IURP�����RQ�D�VFDOH�RI��� �QR�ORGJLQJ�WR��� �FRPSOHWH�ORGJLQJ��ZKLOH�PHDQ�P\FRVSKDHUHOOD�EOLJKW�VFRUHV�UDQJHG�IURP�����RQ�D�VFDOH�RI�� QR�GLVHDVH�WR��� �SODQWV�FRPSOHWHO\�EOLJKWHG��1R�VLJQLILFDQW�FRUUHODWLRQ�EHWZHHQ�WKHVH�YDULDEOHV�ZDV�GHWHFWHG�LQ�������EXW�FRUUHODWLRQV� EHWZHHQ� GLVHDVH� UDWLQJV� DQG� ORGJLQJ� ZHUH� KLJKO\� VLJQLILFDQW� LQ� ����� DW� 2XWORRN� �3� �� ��������/RGJLQJ�DQG�GLVHDVH�UDWLQJV�RQ�WKH�HQWLUH�SODQWV�DQG�VWHPV��UHVSHFWLYHO\��ZHUH�FRUUHODWHG�DW�U�� ������ZKLOH�WKH�FRUUHODWLRQ�EHWZHHQ� ORGJLQJ�DQG�SRG� UDWLQJV�ZDV� VWURQJHU�ZLWK� U�� ������$Q� LQLWLDO� DQDO\VLV�RI� VWHP�FURVV�VHFWLRQV� IURP� \HDU� ����� VDPSOHV�ZDV� FRQGXFWHG� RQ� WZR� FXOWLYDUV�ZKLFK� DUH� UHODWLYHO\� UHVLVWDQW� WR� ORGJLQJ��&DUQHYDO� DQG� ,QWHJUD�� DQG� RQH� FXOWLYDU� ZKLFK� LV� UHODWLYHO\� VXVFHSWLEOH� WR� ORGJLQJ� �.HRPD��� ,Q� JHQHUDO��&DUQHYDO�DQG�,QWHJUD�KDG�JUHDWHU�DUHD�RI�[\OHP��DQG�JUHDWHU�DUHD�RI�KROORZ�SLWK�FDYLW\�LQ�UHODWLRQ�WR�WKH�VWHP�FURVV�VHFWLRQDO�DUHD�FRPSDUHG� WR�.HRPD��.HRPD�KDG�JUHDWHU�DUHD�RI�SDUHQFK\PDWRXV�SLWK� LQ�UHODWLRQ�WR� WKH�VWHP� FURVV�VHFWLRQDO� DUHD� FRPSDUHG� WR� &DUQHYDO� DQG� ,QWHJUD�� 7KHVH� IDFWRUV� PD\� FRQWULEXWH� WR� WKH� UHODWLYH�GLIIHUHQFHV� DPRQJ� WKHVH� FXOWLYDUV� LQ� ORGJLQJ� UHVLVWDQFH�� )XWXUH� VWXGLHV� SODQQHG� LQFOXGH� WKH� IROORZLQJ��UHSHDWLQJ�WKH�ILHOG�VWXGLHV�LQ�������H[DPLQDWLRQ�RI�WKH�VWHP�DQDWRPLFDO�IHDWXUHV�RI�DOO����FXOWLYDUV�LQFOXGLQJ�OLJQLQ�DVVD\V��DQG�HYDOXDWLQJ�WKH�FRUUHODWLRQ�EHWZHHQ�LQWHUQRGH�OHQJWK�DQG�GLDPHWHU�RQ�UHVLVWDQFH�WR�ORGJLQJ�DQG�P\FRVSKDHUHOOD�EOLJKW����0F3KHH��.��DQG�0XHKOEDXHU��)��������(YDOXDWLRQ�RI�VWHP�VWUHQJWK�LQ�WKH�FRUH�FROOHFWLRQ�RI�3LVXP�JHUPSODVP��1DWLRQDO�3HD�,PSURYHPHQW�$VVRFLDWLRQ�ELHQQLDO�PHHWLQJ��&DOJDU\���:DQJ��7��)�������(YDOXDWLRQ�RI�0\FRVSKDHUHOOD�UHVLVWDQFH�LQ�SHD��06F�7KHVLV��'HSDUWPHQW�RI�3ODQW�6FLHQFHV��8QLYHUVLW\�RI�6DVNDWFKHZDQ���

+RZ�FDQ�$OEHUWD�SURGXFHUV�FRQVLVWHQWO\��PD[LPL]H�ILHOG�SHD�\LHOG"�
�%XVV��7��-��� �$$)5'�9HUPLOLRQ�'LVW��2IF���9HUPLOLRQ��$%��&DQDGD�%ODGH��6��� �&URS�'LYHUVLILFDWLRQ�&HQWHU�1RUWK��$$)5'�(GPRQWRQ��$%��&DQDGD�/D)ODPPH��3��� �$$)5'�*UDQGH�3UDLULH�2IF���*UDQGH�3UDLULH��$%��&DQDGD�3LTXHWWH��.��� DQG� �$$)5'�6W��3DXO�'LVWULFW�2IF���6W��3DXO��$%��&DQDGD�(\ROIVRQ��$��� �%DWWOH�5LYHU�5HV��*URXS��&DPURVH��$%��&DQDGD�� )LHOG� SHD� �3LVXP� VDWLYXP� KDV� EHFRPH� D� ZHOO�HVWDEOLVKHG� SDUW� RI� WKH� FURSSLQJ� V\VWHPV� HPSOR\HG� E\�ZHVWHUQ� &DQDGLDQ� SURGXFHUV�� )LHOG� SHD� SODQWLQJV� LQ� $OEHUWD� KDYH� LQFUHDVHG� IURP� ������� DFUHV� ������� WR�
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�������� DFUHV� ��������7KHUH� DUH� VHYHUDO� EHQHILWV� IURP� ILHOG�SHD�SURGXFWLRQ�ZKLFK�KDYH� IXHOHG� WKLV�JURZWK��LQFOXGLQJ�WKH�EUHDNLQJ�GLVHDVH�F\FOHV�LQ�FURS�URWDWLRQV��QLWURJHQ�IL[DWLRQ��LPSURYHPHQW�RI�VRLO�WLOWK�DQG�JRRG�FDVK�UHWXUQV��'HVSLWH�WKLV�VXFFHVV��WKH�SUREOHP�RI�PDLQWDLQLQJ�\LHOG�VWDELOLW\�DFURVV�VLWHV�DQG�\HDUV�VWLOO�UHPDLQV�D VHULRXV� SUREOHP� IRU� SHD� JURZHUV��$OEHUWD� \LHOGV� �E\� FHQVXV� GLYLVLRQ�� LQ� ����� UDQJHG� IURP������ WR� ±�����EX�DFUH��7R�PD[LPL]H�\LHOG��SURGXFHUV�DUH�DGYLVHG� WR�VHHG�HDUO\� �EHIRUH�0D\������HQVXUH�SODQW�VWDQGV�RI�DW�OHDVW���SODQWV�SHU�IW�� VSUD\�KHUELFLGHV�DV�HDUO\�DV�SRVVLEOH�DQG�XVH�IXQJLFLGHV�ZKHQ�GHHPHG�QHFHVVDU\��6HYHUDO�DJURQRPLF�H[SHULPHQWV�ZHUH�SODQWHG�IURP������WR����������VLWH�\HDUV��WR�HYDOXDWH�WKH�UHODWLYH�\LHOG�EHQHILW�RI�FHUWDLQ�DJURQRPLF�PDQDJHPHQW�IDFWRUV��VHHGLQJ�GDWH��VHHGLQJ�UDWH��KHUELFLGH�DSSOLFDWLRQ�WLPLQJ�DQG�IXQJLFLGH�DSSOLFDWLRQ��WR�SHD�\LHOG�LQ�FHQWUDO�DQG�QRUWKHUQ�$OEHUWD���
3HD�YDULHW\�WULDOV�IRU�'HODZDUH�DQG��KDUYHVW�HYDOXDWLRQ�RI�DILOD�W\SH�SHDV�RQ�'HOPDUYD�

�.HH��(���*ODQFH\��-�/���DQG�:RRWWHQ��7�:�� 8QLYHUVLW\�RI�'HODZDUH�� 3HD� YDULHW\� WULDOV� KDYH� EHHQ� FRQGXFWHG� LQ�'HODZDUH� VLQFH� ������$YHUDJH� \LHOGV� DQG�RWKHU� GDWD�ZLOO� EH�SUHVHQWHG�IRU�IHHGEDFN�IURP�WKH�VHHG�LQGXVWU\��� $ILOD� W\SH� SHDV� KDYH� D� SODQW� KDELW� LQ� ZKLFK� YHU\� IHZ� OHDYHV� DUH� SURGXFHG� DQG� PRUH� WHQGULOV� DSSHDU�WKURXJKRXW� WKH�SODQW��7KH�KLJK�FRQFHQWUDWLRQ�RI� WHQGULOV�KHOSV� WKH�SODQWV�UHPDLQ�PRUH�XSULJKW� WKDQ�VWDQGDUG�YDULHWLHV��,W�KDV�EHHQ�VXJJHVWHG�WKDW�GLUHFW�VXQOLJKW�RQ�WKH�SRGV�LPSURYHV�WKH�FRORU�RI�WKH�SHDV�DQG�OHVV�OHDYHV�UHGXFHV�WUDVK�LQ�WKH�KDUYHVWHG�SURGXFW��,W�KDV�DOVR�EHHQ�VXJJHVWHG�WKDW�DILOD�W\SH�SHDV�ZRXOG�PDWXUH�TXLFNHU�WKDQ�VWDQGDUG�W\SHV��� *URZHUV�DQG�SURFHVVRUV�RQ�'HOPDUYD�KDYH�EHHQ�FRQIURQWHG�ZLWK�FRQIOLFWLQJ�UHSRUWV�RQ�WKH�XVH�RI�DILODV�LQ�RWKHU�UHJLRQV��DV�ZHOO�DV�WKHLU�\LHOG�SRWHQWLDO�DQG�KDUYHVWDELOLW\��$�ILHOG�VWXG\�ZDV�HVWDEOLVKHG�LQ������WR�JDLQ�H[SHULHQFH� LQ� KDUYHVWLQJ� DILOD� W\SH� SHDV� DQG� SHUKDSV� PDNH� UHFRPPHQGDWLRQV� IRU� LPSURYLQJ� UHFRYHU\� DW�KDUYHVW��� /RZHU�RSHUDWLQJ�VSHHGV�ZLWK�DILOD�W\SHV�ZHUH�UHTXLUHG�LQ�PRVW�FDVHV�WR�IDFLOLWDWH�KDUYHVW�RI�SHDV��7KHVH�VSHHGV�ZHUH�GHWHUPLQHG�E\�WKH�SURFHVVLQJ�FRPSDQ\�SHUVRQQHO��/RZHU�RSHUDWLQJ�VSHHGV�UHVXOWHG�LQ�ORZHU�DFUHV�SHU�KRXU�KDUYHVWHG�DQG�OEV��KRXU�RI�SURGXFW�WKURXJK�WKH�PDFKLQH��$ILOD�YDULHWLHV�ZLWK�ORZHU�SODQW�KHLJKWV�PD\�IDFLOLWDWH�D�VSHHGLHU��PRUH�HIILFLHQW�KDUYHVW��&RPPHUFLDO�JUDGHV�LQ�ILYH�FRPSDUDWLYH�ILHOGV�LQGLFDWHG�D�KLJKHU�WUDVK� FRQWHQW�ZLWK� DILOD� W\SHV��<LHOGV� YDULHG� EHWZHHQ� ORFDWLRQV��ZLWK� QR� FOHDU� DGYDQWDJH� EHWZHHQ� DILOD� DQG�VWDQGDUG�W\SHV���
7KLUW\�IRXU�\HDUV�RI�EUHHGLQJ��VFUHHQLQJ�DQG��VHOHFWLRQ�RI�SHDV�IRU�UHVLVWDQFH�WR�URRW�URW�

-RKQ�0��.UDIW� 86'$�$56��������1��%XQQ�5G���3URVVHU��:$��86$�� ,Q�WKLV�WDON�,�ZLOO�GLVFXVV�WKH�SHD�EUHHGLQJ�SURJUDP�WKDW�ZDV�FRQGXFWHG�DW�3URVVHU�IURP������WKURXJK������WR�GHYHORS�UHVLVWDQFH�WR�)XVDULXP�DQG�$SKDQRP\FHV�URRW�URW��,�ZLOO�GLVFXVV�V\PSWRPV��VRPH�RI�WKH�LPSRUWDQW�IDFWRUV� WKDW� DIIHFW� V\PSWRP� GHYHORSPHQW�� VFUHHQLQJ� WHFKQLTXHV�� GLVHDVH� UHVLVWDQW� HYDOXDWLRQV�� SDWKRJHQ�LQRFXOXP�OHYHOV��QDWXUH�RI�UHVLVWDQFH�DQG�IDFWRUV�DIIHFWLQJ�GLVHDVH�VHYHULW\�IRU�WKHVH�WZR�LPSRUWDQW�GLVHDVHV��,�ZLOO� GLVFXVV� P\� SKLORVRSK\� DERXW� JHUPSODVP� H[FKDQJH� EHWZHHQ� SULYDWH� DQG� SXEOLF� EUHHGHUV�UHVHDUFKHUV��/DVWO\��,�ZLOO�GLVFXVV�ZKDW�,�FRQVLGHU�WKH�LPSRUWDQW�DGYDQFHV�PDGH�LQ�SHD�LPSURYHPHQW�GXULQJ�WKH�ODVW����\HDUV�DQG�FRQVLGHUDWLRQV�IRU�WKH�IXWXUH�RI�SHD�LPSURYHPHQW���
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,QKHULWDQFH�RI�UHVLVWDQFH�WR�DQWKUDFQRVH�DQG�PDUNHU�LGHQWLILFDWLRQ�IRU�UHVLVWDQFH�LQ�OHQWLO��/HQV�FXOLQDULV�0HGLN��
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