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IROORZHG�LQ�ERWK�GHVLJQ�DQG�FRQVWUXFWLRQ�VWDJHV��6HOHFWLRQ�RI�PDWHULDOV��PL[�GHVLJQ�� SURSHU� GHWDLOLQJ� RI� UHLQIRUFHPHQW�� DSSURSULDWH� FRQVWUXFWLRQ�WHFKQLTXH� DQG� D� VWULFW� FRQWURO� SURJUDP� DUH� WKH� HVVHQWLDO� SDUDPHWHUV� WR�SURGXFH�D�GXUDEOH�PDULQH�FRQFUHWH�VWUXFWXUH�>���������������������@��*HQHUDOO\�� VHDZDWHU� FDQ� EH� WKRXJKW� RI� DV� D� VROXWLRQ� FRQWDLQLQJ� D� JUHDW�QXPEHU� RI� HOHPHQWV� LQ� GLIIHUHQW� SURSRUWLRQV�� (OHPHQWV�� RQ� VROXWLRQV��FRPELQH�DQG�SUHFLSLWDWH� DV� VDOWV�RQ�HYDSRUDWLRQ�RI� WKH�ZDWHU��0XFK�RI� WKH�GHWHULRUDWLRQ� RI� FRQFUHWH� FDQ� RQO\� RFFXU� LQ� WKH� SUHVHQFH� RI� ZDWHU� VLQFH�DJJUHVVLYH� DJHQWV� ZKLFK� DUH� SUHVHQW� LQ� WKH� HQYLURQPHQW� UHDFW� ZLWK� WKH�FRQFUHWH�RQO\�ZKHQ�LW�LV�GLVVROYHG�LQ�ZDWHU��-��6PHDWRQ�DQG�/�-��9LFDW�GLVFXVVHG�WKH�SUREOHP�RI�FRQFUHWH�GHWHULRUDWLRQ�E\�VHDZDWHU�DV�HDUO\�DV�������$�VHULHV�RI�SDSHUV�XQGHU� WKH�JHQHUDO�KHDGLQJ�RI�µZKDW� LV� WKH� WURXEOH�ZLWK� FRQFUHWH� LQ� VHDZDWHU¶�� SUHSDUHG� E\�5�-�:LJ� DQG�/�5��)HUJXVRQ�ZHUH�SXEOLVKHG� LQ�(QJLQHHULQJ�1HZV�UHFRUG� LQ�������7KHVH�SDSHUV�UHSRUW�RQ�DQ�H[DPLQDWLRQ��RYHU�D�WZR�\HDU�SHULRG��RI�D�ODUJH�QXPEHU�RI� FRQFUHWH� VWUXFWXUHV� LQ� VHDZDWHU� LQ� WKH�8QLWH� 6WDWHV�� &DQDGD�� &XED�� DQG�3DQDPD��$� VXPPDU\� RI� WKH� FRQFOXVLRQV� RI� WKHVH� SDSHUV�ZDV� SXEOLVKHG�E\�7LEEHWWV�>�@���6LQFH�WKHVH�HDUO\�WLPHV��WKH�YROXPH�RI�OLWHUDWXUH�RQ�WKH�GXUDELOLW\�RI�FRQFUHWH�DQG�UHLQIRUFHG�FRQFUHWH�LQ�PDULQH�HQYLURQPHQW�KDV�LQFUHDVHG�WUHPHQGRXVO\�LQGLFDWLQJ�WKH�HYHU�JURZLQJ�LPSRUWDQFH�RI�WKH�WRSLF�>�@��7KH� FKHPLFDO� GHWHULRUDWLRQ� RI� FRQFUHWH� LQ�PDULQH� HQYLURQPHQW� KDV� EHHQ� D�WRSLF� RI� LQWHUHVW� WR� FRQFUHWH� WHFKQRORJLVWV� LQ� WKH� ODVW� IHZ� GHFDGHV�� 7KH�ILQGLQJV�KDYH�UHYHDOHG�VRPH�YHU\�LPSRUWDQW�IDFWV��EXW�VWLOO�LW�UHPDLQV�WR�EH�D�G\QDPLF�VXEMHFW�IRU�IXUWKHU�VWXG\�DQG�UHVHDUFK�>���������@��/RQJ�WHUP� SHUIRUPDQFH� RI� FRQFUHWH� GHSHQGV� ODUJHO\� RQ� FRQGLWLRQ� RI�H[SRVXUH��:HWWLQJ� DQG� GU\LQJ� F\FOHV� FDQ� LQFUHDVH� WKH� UDWH� RI� FRUURVLRQ� LQ�UHLQIRUFHG� FRQFUHWH� VWUXFWXUHV� DV� D� UHVXOW� RI� LURQV� FRQFHQWUDWLRQ�� VXFK� DV�FKORULGHV�� &RQFUHWH� VWUXFWXUHV�� VXEMHFWHG� WR� F\FOLF� ZHWWLQJ� DQG� GU\LQJ� RI�VHDZDWHU�� DUH� PRUH� OLDEOH� WR� GHWHULRUDWLRQ� FRPSDUHG� WR� WKHVH� SHUPDQHQWO\�LPPHUVHG�LQ�VHDZDWHU�>��������������@��7KH�VSODVK�]RQH�LV�FODLPHG�WR�EH�WKH�DUHD�PRVW� YXOQHUDEOH� WR� FRUURVLRQ� GXH� WR� WKHVH�ZHWWLQJ� DQG� GU\LQJ� F\FOHV��8QGHUZDWHU�� FRQFUHWH� KDV� JHQHUDOO\� EHHQ� IRXQG� WR� EH� OHVV� SHUPHDEOH� WKDQ�FRQFUHWH� DERYH�ZDWHU�� SUREDEO\� DV� D� UHVXOW� RI� EORFNLQJ�RI� WKH� SRUHV� LQ� WKH�FRQFUHWH� E\� PDWHULDOV� OLNH� EUXFLWH� DQG� DUDJRQLWH� IRUPHG� IURP� FKHPLFDO�UHDFWLRQV�ZLWK�VHDZDWHU�>����@��7KH�HIIHFW�RI�PDULQH�HQYLURQPHQW�RQ�FRQFUHWH�ZDV�IRXQG�RXW�WR�GHFUHDVH�LWV�FRPSUHVVLYH�VWUHQJWK�DQG�WKLV�UHGXFWLRQ�LQ�VWUHQJWK�LQFUHDVHV�ZLWK�SHULRG�RI�H[SRVXUH�>�@��&RQWUDU\�WR�ZKDW�LV�NQRZQ��VRPH�FRQFUHWH�PL[HV�RI�ORZ�ZDWHU�FHPHQW�UDWLRV�VKRZHG�PRUH�UHGXFWLRQ�LQ�FRPSUHVVLYH�VWUHQJWK�FRPSDUHG�WR�
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PL[HV� RI� KLJKHU�ZDWHU�FHPHQW� UDWLRV��ZKHQ� VXEMHFW� WR�PDULQH� HQYLURQPHQW�>�@��$ UHSRUW� E\� WKH� 3RUWODQG� &HPHQW� $VVRFLDWLRQ� SURYLGHV� WKH� IROORZLQJ�FRQFOXVLRQV�FRQFHUQLQJ�WKH�GXUDELOLW\�RI�UHLQIRUFHG�FRQFUHWH�SLOHV�PDGH�ZLWK�GLIIHUHQW�3RUWODQG�FHPHQWV�DIWHU�DQ�H[SRVXUH�WR�VHDZDWHU�LQ�IRXU�ORFDWLRQV�LQ�WKH�8QLWHG�6WDWHV�IRU����\HDUV��/RZ�ZDWHU�FHPHQW�UDWLR�FRQFUHWH�PL[WXUHV������� WR������E\�ZHLJKW��RI�ORZ�VOXPS�DQG�KLJK�FHPHQW�FRQWHQWV�DUH�QHFHVVDU\�IRU�GXUDEOH�FRQFUHWH��$�PL[�RI�����NJ�P� UHSUHVHQWV� WKH�PLQLPXP�FHPHQW�FRQWHQW� WKDW�FDQ�EH�XVHG�IRU�VHYHUH�H[SRVXUH�>�@��7KLV� VWXG\� ZDV� FDUULHG� RXW� WR� H[SORUH� WKH� HIIHFW� RI� *D]D� VHDZDWHU� RQ�FRQFUHWH� SURSHUWLHV�� VLQFH� QR� RWKHU� UHOHYDQW� UHVXOWV� DUH� DYDLODEOH� RQ� WKH�VXEMHFW��)XUWKHUPRUH�� WKH�FRQVWUXFWLRQ�RI�*D]D�+DUERXU�KDV�QRW�\HW�VWDUWHG��7KH�ILQGLQJV�RI�WKLV�VWXG\�DUH�WR�EH�PDGH�DYDLODEOH�IRU�WKH�3DOHVWLQLDQ�3RUW�$XWKRULW\�GXH�WR�LWV�LPSRUWDQFH��6L[�FRQFUHWH�PL[HV�ZHUH�SUHSDUHG�XVLQJ�WKUHH�GLIIHUHQW�ZDWHU�FHPHQW�UDWLRV�DQG�WZR�FHPHQW�FRQWHQWV�IRU�HDFK�RI�WKHVH�UDWLRV��7KH�VSHFLPHQV�ZHUH�WHVWHG�IRU�D�SHULRG�RI�XS�WR���PRQWKV�LQ�WHUPV�RI�WKHLU�FRPSUHVVLYH�VWUHQJWK�LQ�WKUHH�PDULQH�H[SRVXUHV��EHDFK��WLGDO��DQG�SHUPDQHQW�LPPHUVLRQ���� ([SHULPHQWDO�3URJUDP�*RDOV�
 6WXG\�WKH�HIIHFW�RI�VHDZDWHU�H[SRVXUH�RQ�FRQFUHWH�FRPSUHVVLYH�VWUHQJWK��
 'HWHUPLQH�WKH�RSWLPXP�FRQFUHWH�PL[HV�WR�EH�XVHG�LQ�*D]D�VHDZDWHU�HQYLURQPHQW��
'HVFULSWLRQ�RI�([SRVXUH�=RQHV�7KUHH� ]RQHV� RI� PDULQH� HQYLURQPHQW� KDYH� EHHQ� VSHFLILHG� IRU� SODFLQJ� WKH�VSHFLPHQV� EHIRUH� WKH\� DUH� WHVWHG� IRU� FRPSUHVVLYH� VWUHQJWK�� FKORULGH� LRQ�SHQHWUDWLRQ��DQG�ZDWHU�SHUPHDELOLW\��=RQH�$��EHDFK���WKH�VSHFLPHQV�DUH�GLUHFWO\�ODLG�RQ�WKH�EHDFK�VDQG���P�DZD\�IURP�WKH�*D]D�FRDVWOLQH��7KLV�]RQH�FRPELQHV�WKH�DGYHUVH�HIIHFWV�RI�FKORULGH�DWWDFN�DQG�FDUERQDWLRQ�RQ�FRQFUHWH��=RQH� %� �WLGDO��� H[SRVXUH� DW� PHDQ� WLGH� OHYHO� ZLWK� VSHFLPHQV� IUHTXHQWO\�VXEPHUJHG� LQ� WLGDO� ZDWHUV�� WKXV� VXEMHFW� WR� DOWHUQDWH� ZHWWLQJ� DQG� GU\LQJ�F\FOHV�WKDW�FDXVH�GHWHULRUDWLRQ�RI�WKH�FRQFUHWH��7KH�VSHFLPHQV�ZHUH�SXW�LQWR�SODVWLF� FUDWHV�� WKH�FUDWHV�ZHUH� WLHG�ZLWK� URSHV�DQG� IL[HG� WR� WKH�VLGHV�RI� WKH�WHWUD�SRGV�RI�WKH�*D]D�PDULQD�DW�D�GLVWDQFH�RI����PHWHUV�IURP�WKH�FRDVWOLQH��7KH� GHSWK� RI� VHDZDWHU� IURP� VHDEHG� WR�PHDQ� VHD� OHYHO�ZDV�PHDVXUHG� DW� ��PHWHUV��=RQH�&��3HUPDQHQW�LPPHUVLRQ���
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H[SRVXUH�DW�D�GHSWK�RI�DERXW�����PHWHUV� LQ�VHDZDWHU�����PHWHUV�DZD\�IURP�WKH�FRDVWOLQH��7KH�VSHFLPHQV�DUH�VXEMHFWHG�WR�IRUFHV�JHQHUDWHG�E\�ZHLJKW�RI�WKH�ZDWHU�ERG\�DQG�E\�ZDWHU�ERUQH�VHGLPHQWV��
0DWHULDOV�7KH� PDWHULDOV� XVHG� LQ� SUHSDULQJ� DOO� RI� WKH� FRQFUHWH� VSHFLPHQV� ZHUH� DV�IROORZV��&HPHQW�� RUGLQDU\� 3RUWODQG� FHPHQW�� PDQXIDFWXUHG� E\� WKH� ,VUDHOL� FRPSDQ\��1HVKHU�ZLWK�IO\�DVK�RI�XS�WR������RI�FHPHQW�ZHLJKW��DQG�FRQIRUPV�WR�$670�&����� ,W� LV� WKH�RQO\�FHPHQW� W\SH�DYDLODEOH� LQ�*D]D�PDUNHW��7DEOH���VKRZV�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�XVHG�FHPHQW��&RDUVH� $JJUHJDWHV�� FUXVKHG� OLPHVWRQH�� DQJXODU� LQ� VKDSH� DQG� URXJK� LQ�WH[WXUH��REWDLQHG�IURP�WKH�:HVW�%DQN�TXDUULHV�ZKLFK�LV� WKH�RQO\�DJJUHJDWH�VRXUFH� DYDLODEOH� LQ�*D]D�PDUNHW��$� FKHPLFDO� DQDO\VLV�ZDV�FDUULHG�RXW� DQG�VKRZHG� WKHLU� FKORULGH� FRQWHQW� ZDV� ���� SSP�� ZKLOH� WKHLU� VXOSKDWH� FRQWHQW�ZDV�����SSP���VHH�7DEOH���IRU�VLHYH�DQDO\VLV��6DQG��*D]D�GXQH�VDQG����VHH�7DEOH���IRU�VLHYH�DQDO\VLV�DQG�ILQHQHVV�PRGXOXV�³)0´��0L[LQJ�:DWHU��GULQNLQJ�ZDWHU� IURP� WKH�SLSHG�ZDWHU� VXSSO\�V\VWHP� LQ� ,8*�ZDV�XVHG� LQ�SUHSDULQJ�DOO�RI� WKH�FRQFUHWH�PL[HV��&KHPLFDO�DQDO\VHV�RI� WKLV�ZDWHU�DORQJ�ZLWK�*D]D�VHDZDWHU�DUH�VKRZQ�LQ�7DEOH����:RUNDELOLW\�$LGV��QR�ZRUNDELOLW\�DLGV�RU�DGPL[WXUHV�ZHUH�XVHG�WKURXJKRXW�WKH�VWXG\���7DEOH���0HFKDQLFDO�SURSHUWLHV�RI�FHPHQW�7HVW� 5HVXOW�
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%��&RQFUHWH�PDWHULDOV�IDFWRUV��
9DULDEOH� :DWHU�&HPHQW��:�&��5DWLR�
9DULDEOH� $JJUHJDWH��&HPHQW���$JJ��&��5DWLR�
9DULDEOH� &HPHQW�&RQWHQWV�
)L[HG� &KHPLFDO�FRPSRVLWLRQ�RI�FHPHQW��DJJUHJDWH�DQG�PL[LQJ�ZDWHU�
)L[HG� &HPHQW�W\SH�
)L[HG� &RPSDFWLRQ��

���&KDUDFWHULVWLFV�RI�([SRVXUH�=RQHV��7KH�EHDFK�]RQH�LV�FKDUDFWHULVHG�E\�WKH�IROORZLQJ��x ,QWHUPLWWHQW� FXULQJ� �E\� VSULQNOLQJ� VHDZDWHU�� WR�LPLWDWH�ILHOG�FRQGLWLRQV�x ,QWHUPLWWHQW�GU\�DQG�ZHW�DFWLRQ��x 9DULDWLRQV� � LQ� WHPSHUDWXUH� DQG� DPELHQW� VDOW\�KXPLGLW\�
 1R�K\GURG\QDPLF�IRUFHV��7KH�WLGDO�]RQH�LV�FKDUDFWHULVHG�E\�WKH�IROORZLQJ��x ,QWHUPLWWHQW�FXULQJ��E\�WLGDO�HIIHFW�DQG�VSODVK��x &RQWLQXRXV�GU\�DQG�ZHW�DFWLRQ��x 9DULDWLRQV� � LQ� WHPSHUDWXUH� DQG� DPELHQW� VDOW\�HQYLURQPHQW�x &RQWLQXRV� K\GURG\QDPLF� IRUFHV� �ZDYHV� DQG� FXUUHQWV� DQG�LQWHUPLWWHQW�K\GURVWDWLF�SUHVVXUH��7KH�SHUPDQHQW�LPPHUVLRQ�]RQH�LV�FKDUDFWHULVHG�E\�WKH�IROORZLQJ��x &RQWLQXRXV�LPPHUVLRQ�XQGHU�VHDZDWHU�x 1R�ZHW�	�'U\�HIIHFW�x 1R�WKHUPDO�YDULDWLRQV�x 1R�K\GURG\QDPLF�IRUFHV�H[FHSW�K\GURVWDWLF�SUHVVXUH�)XOO� VHW�RI� UHVXOWV� IRU�SHUPDQHQW� LPPHUVLRQ�]RQH�ZDV� LPSRVVLEOH� WR�JHW�DV�WKH�VLWH�RI�LPPHUVLRQ�]RQH�VDPSOHV�ZDV�ERPEHG�E\�WKH�,VUDHOLV�GXULQJ�WKHLU�DLU�UDLGV�RQ�*D]D�)LVKHU\�SRUW�LQ����������&RPSUHVVLYH�6WUHQJWK�7HVWV�5HVXOWV��0DULQH�H[SRVXUHV�DUH� WKH�GHFLVLYH� IDFWRUV� LQ�SUHGLFWLQJ�FRQFUHWH�EHKDYLRXU��DQG� DFFRUGLQJO\� WKH� FRPSUHVVLYH� VWUHQJWK� KDV� D� GLUHFW� UHODWLRQ� WR� FRQFUHWH�GXUDELOLW\���7DEOH���VKRZV�WKH�UHVXOWV�REWDLQHG�IURP�WKH�FRPSUHVVLYH�VWUHQJWK�WHVW���
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���'LVFXVVLRQ�RI�5HVXOWV�&RPSUHVVLYH�6WUHQJWK�,Q�WKH�EHDFK�]RQH��WKH�VSHFLPHQV�ZHUH�SODFHG�RQ�EHDFK�VDQG�DQG�VSULQNOHG�SHULRGLFDOO\�ZLWK�ZDWHU�IRU����GD\V�VLPXODWLQJ�ZKDW�LV�GRQH�LQ�SUDFWLFH��7KLV�FXULQJ� UHJLPH� ZKLFK� LV� QRW� DGHTXDWH� IRU� DFWLYDWLQJ� IXOO� K\GUDWLRQ� SURFHVV�PD\�H[SODLQ�VWUHQJWK�ORVVHV�DQG�QRQ�XQLIRUPLW\�RI�VWUHQJWK�JDLQ�ZLWK�WLPH��,W� KDV� EHHQ� HVWDEOLVKHG� WKDW� EHDFK� HQYLURQPHQW� FRQWULEXWHV� VHYHUHO\� WR�GHFUHDVLQJ� WKH� FRPSUHVVLYH� VWUHQJWK�� L�H�� GHFUHDVLQJ� WKH� ERQG� VWUHQJWK�EHWZHHQ�DJJUHJDWHV�DQG�FHPHQW�SDVWH��,W�LV�QRWLFHG�WKDW�FHPHQW�FRQWHQW�GRHV�QRW�VHHP�WR�KDYH�PXFK�RI�DQ�HIIHFW�RQ�FRQFUHWH�FRPSUHVVLYH�VWUHQJWK�LQ�WKLV�]RQH�RI�H[SRVXUH�ZKHUH�OHVV�WKDQ�����GLIIHUHQFHV�DUH�REWDLQHG�IRU�DOO�FDVHV��6R�XVLQJ�ORZHU�FHPHQW�FRQWHQW�PL[HV�IRU�FRQFUHWH�VWUXFWXUHV�DW�WKLV�]RQH�LV�HFRQRPLFDOO\� EHWWHU�� DV� KLJKHU� FHPHQW� FRQWHQW� PL[HV� JLYH� WKH� VDPH�SHUIRUPDQFH��7KH�RYHUDOO�WUHQG�IRU�GLIIHUHQW�FHPHQW�FRQWHQWV�LV�WKDW�VWUHQJWK�GHFUHDVHV�ZLWK�WLPH��7KH� VWUHQJWK� JDLQ�� DW� WKH� EHDFK� HQYLURQPHQW�� LV� IDVWHU� WKDQ� WKDW� RI� WKH� ODE�HQYLURQPHQW� IRU� VKRUW� SHULRGV� ��� DQG� ��PRQWKV���$IWHU� WKDW�� RWKHU� IDFWRUV��VXFK� DV� FU\VWDOOLVDWLRQ� DQG� WKHUPDO� YDULDWLRQV� VWDUWHG� WR� DIIHFW� WKH� VWUHQJWK�JDLQ��,Q�WKH�WLGDO�]RQH��FRQFUHWH�KDV�QR�FHUWDLQ�WUHQG�IRU�LWV�VWUHQJWK�GHYHORSPHQW��,W�LV�ZRUWK\�QRWLFLQJ�WKDW�DV�Z�F�LQFUHDVHV��ORZ�FF�PL[HV�JLYH�KLJKHU�VWUHQJWK�WKDQ�WKH�KLJK�FF�PL[HV�GR��,Q�WKH�SHUPDQHQW�LPPHUVLRQ�]RQH��WKH�HIIHFW�LV�DOPRVW�WKH�VDPH�DV�LQ�WKH�ODE�HQYLURQPHQW��8QGHU�FRQWLQXRXV�LPPHUVLRQ�VWUHQJWK�LQFUHDVHV�ZLWK�WLPH��7KH�IDFWRU�RI�FKORULGH�SHQHWUDWLRQ� LV�YHU\�VHYHUH�RQ� WKH�FRPSUHVVLYH�VWUHQJWK�LI�UHLQIRUFHPHQW� H[LVWV� EHFDXVH� FRQFUHWH�� DW� WKLV� ]RQH��ZLOO� EH� VDWXUDWHG�ZLWK�VHDZDWHU��ZKLFK�LV�FRQVLGHUHG�DV�D�JRRG�HOHFWURO\WH��7KHQ��LW�FDQ�GHSDVVLYDWH�WKH�FRQFUHWH�DURXQG� LW�JLYLQJ�YHU\�VXLWDEOH�FRQGLWLRQV� WR� WKH�HOHFWULFDO�FHOO��ZKLFK�VWLPXODWHV�VWHHO�FRUURVLRQ��
(IIHFW�RI�&HPHQW�&RQWHQW�DQG�:DWHU�&HPHQW�5DWLR�,Q�WKH�EHDFK�]RQH��KLJK�FHPHQW�FRQWHQW�FDQ�PLWLJDWH�WKH�DJJUHVVLYH�HIIHFW�RI�ORZ� ZDWHU� FHPHQW� UDWLR� JLYLQJ� PRUH� ZRUNDELOLW\� WR� WKH� PL[� DV� ZHOO� DV�HQKDQFLQJ� WKH� ERQG� VWUHQJWK� DPRQJ� FRQFUHWH� FRPSRQHQWV��$W�KLJK�FHPHQW�FRQWHQWV�� WKH� DFWLRQ� RI� PLFUR� FUDFNLQJ� ZRUNV� WRJHWKHU� ZLWK� WKH� DFWLRQ� RI�FU\VWDOOLVDWLRQ�UHVXOWLQJ�LQ�VWUHQJWK�ORVV�RFFXUUHQFH�DW�HDUOLHU�VWDJHV�WKDQ�LW�LV�VXSSRVHG�WR�KDSSHQ�LI�WKH�FU\VWDOOLVDWLRQ�DFWLRQ�LV�WKH�RQO\�JRYHUQLQJ�IDFWRU��+LJKHU� FHPHQW� FRQWHQW� FRQFUHWH� KDV� KLJKHU� SRUH� YROXPH� WKDQ� ORZ� FHPHQW�FRQWHQW�FRQFUHWH��WKXV�PRUH�YXOQHUDEOH�WR�FUDFNLQJ��,Q�WKH�WLGDO�]RQH��KLJKHU�FHPHQW�FRQWHQW�PHDQV�PRUH�FHPHQW�PDWUL[�H[SRVHG�WR�VDOWV��$FFRUGLQJO\�� WKH�VWUHQJWK� ORVV�ZLOO�EH�UHWDUGHG�IRU�D�ZKLOH��+LJKHU�
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FHPHQW�FRQWHQW�PHDQV�KLJKHU�PLFURFUDFNLQJ�DV�LW�SURYLGHV�KLJKHU�DPRXQW�RI�ELQGHU�� 7KHQ�� QR� FHUWDLQ� WUHQG� FDQ� EH� SRLQWHG� RXW� KHUH�� RQH� RI� WKH� IDFWRUV�DFFHOHUDWHV� WKH� KDUPIXO� HIIHFW� ZKLOH� RWKHU� IDFWRU� UHWDUGV� LW� IRU� VRPH� WLPH��HLWKHU�RI�WKH�WZR�IDFWRUV�FRXOG�GRPLQDWH��,W�VKRXOG�EH�SRLQWHG�RXW�WKDW�KLJKHU�FF�JLYHV�KLJKHU�VWUHQJWK�DW�Z�F�RI�����DQG������ZKLOH�ORZHU�FF�JLYHV�KLJKHU�VWUHQJWK� DW� Z�F� RI� ����� 2EYLRXVO\�� WKLV� FDQ� EH� UHIHUUHG� WR� WKH� DPRXQW� RI�ELQGHU��ZKLFK�LV�FRUUHVSRQGHQW�WR�WKH�DPRXQW�RI�SRUHV��,Q�WKH�SHUPDQHQW�LPPHUVLRQ�]RQH��IRU�WKH�VKRUW�SHULRG�VKRZQ��WKH�HIIHFW�RI�FF�LV�DOPRVW�WKH�VDPH�DV�WKDW�IRU�WKH�ODE�HQYLURQPHQW�EXW�DW�VORZHU�UDWH��
(IIHFW�RI�7KHUPDO�9DULDWLRQ�DQG��0RGXOL�RI�(ODVWLFLW\�:KHQ�FRQFUHWH�LV�ORFDWHG�QHDU�VHD��RQ�WKH�EHDFK���LWV�FRPSUHVVLYH�VWUHQJWK�LV�EDGO\�DIIHFWHG�GXH�WR�VHYHUDO�IDFWRUV��H�J��GLIIHUHQWLDWLRQ�LQ�WHPSHUDWXUH�DQG�DPELHQW�KXPLGLW\��7KHVH�IDFWRUV�DUH�DJJUDYDWHG� LQ�WKH�VWDWH�RI�D�FRPSRVLWH�PDWHULDO� VXFK� DV� FRQFUHWH� ZKHUH� LQFRPSDWLELOLW\� LQ� PRGXOL� RI� HODVWLFLW\�H[LVWV��OHDGLQJ�WR�GDPDJH�DQG�GLVLQWHJUDWLRQ�RI�WKH�FRQFUHWH�PLFURVWUXFWXUH��LQFOXGLQJ� WKH� ERQG� EHWZHHQ� DJJUHJDWH� DQG� FHPHQW� PDWUL[�� 7KLV� HIIHFW� LV�UHODWHG�WR�WKH�FRQFUHWH�LQJUHGLHQWV¶�SURSRUWLRQV�DV�VKRZQ�LQ�)LJXUH�����2Q� DYHUDJH�� DIWHU� RQH� WR� WZR� PRQWKV�� WKH� FRPSUHVVLYH� VWUHQJWK� ZLOO�GHSUHFLDWH�GXH�WR�FUDFNV�GHYHORSHG�E\�WKHUPDO�H[SDQVLRQ���

)LJXUH���7\SLFDO�QRQ�OLQHDU�VWUHVV�VWUDLQ�FXUYHV�IRU�DJJUHJDWH��KDUGHQHG�FHPHQW�SDVWH��DQG�FRQFUHWH�>��@�6LQFH�WKH�ERQG�VWUHQJWK�LV�OHVV�WKDQ�WKH�VWUHQJWK�RI�WKH�ELQGHU�PDWUL[��ZKLFK��LQ� WXUQ�� LV� JHQHUDOO\� OHVV� WKDQ� WKH� VWUHQJWK� RI� WKH� DJJUHJDWH�� WKH� LQWHUIDFLDO�UHJLRQ�LV�WKH�ZHDNHVW�OLQN�LQ�WKH�VWUXFWXUH�DQG�FUDFNV�WHQG�WR�VWDUW�IRUPLQJ�LQ�WKLV�UHJLRQ��7KH�SUHYLRXV�GLVFXVVLRQ�H[SODLQV�ZK\�WKHUH�LV�D�ORVV�LQ�VWUHQJWK�IRU�GLIIHUHQW�Z�F�UDWLRV��EXW�WKLV�ORVV�GHSHQGV�RQ�WKH�PL[��Z�F�UDWLR��FHPHQW�FRQWHQW��L�H���LW�GHSHQGV�RQ�WKH�SRUH�YROXPH��
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(IIHFW�RI�:DWHU�3HQHWUDWLRQ��$V�ZDWHU�GULHV�RXW��ZDWHU�VXUIDFH�UHFHGHV�LQVLGH�WKH�FRQFUHWH��KHQFH�FUHDWLQJ�LQWHUQDO� VWUHVVHV� GXH� WR� VXUIDFH� WHQVLRQ�� ZKLFK� LQGXFHV� PLFUR�FUDFNV�� $V�SRUHV� LQVLGH� WKH� FRQFUHWH� PHGLD� KDYH� FDSLOODU\� WXEH� DFWLRQ�� WKH� DQJOH�EHWZHHQ�WKH�ZDWHU�VXUIDFH�DQG�WKH�ZDOO�RI�WKLV�FDSLOODU\�LV�DFXWH��L�H���FDXVLQJ�WKH�VXUIDFH�RI�WKH�FRQFUHWH�WR�EH�ZHW��$V�WKH�SURFHVV�RI�UHFHVVLRQ�LV�UHSHDWHG��FUDFNV� LQFUHDVH� LQ� VL]H� DQG� QHZ� PLFUR�FUDFNV� DUH� FUHDWHG�� :LWK� WKH�GHSUDYDWLRQ�RI�ZDWHU�� WKH�VWUHQJWK�RI�FRQFUHWH�LV�QRW�H[SHFWHG�WR�LPSURYH�D�JUHDW�GHDO��)LJXUH���LOOXVWUDWHV�WKLV�HIIHFW���

(IIHFW�RI�&U\VWDOOLVDWLRQ��
,Q�WKH�EHDFK�H[SRVXUH��WKH�ZHW�GU\�VWDWH�RI�FRQFUHWH�LV�RI�FULWLFDO�LPSRUWDQFH�DV�ZHOO�DV�FU\VWDOOLVDWLRQ�FRQWUROOLQJ�WKH�EHKDYLRXU�RI�WKH�FRQFUHWH�VXEMHFWHG�WR� WLGHV�� 7KLV� IDFWRU� LV� WKH� PLFUR�FUDFNLQJ� RI� FRQFUHWH� PDWUL[� GXH� WR�GLIIHUHQFHV� LQ� FRHIILFLHQWV� RI� WKHUPDO� H[SDQVLRQ� ZKLFK� PDNHV� HDFK�FRPSRQHQW�RI�FRQFUHWH�UHVLVWV�YDULDWLRQV�LQ�WHPSHUDWXUH�LQ�GLIIHUHQW�PDQQHU�DQG�DOVR�GXH�WR�UHFHVVLRQ�RI�ZDWHU�LQ�WKH�SRUHV�RI�WKH�FRQFUHWH�PHGLXP��7KH�SDUDPHWHU�RI�PLFUR�FUDFNLQJ�LV�YHU\�HIIHFWLYH�IRU�ORZ�Z�F�FRQFUHWH�EHFDXVH�K\GUDWLRQ� ZDWHU� LQ� WKLV� FRQFUHWH� FDQ� EH� ORVW� HDVLO\� DW� HDUO\� VWDJHV� OHDYLQJ�VRPH� WKLQ� K\GUDWHG� SURGXFWV� VKLHOGLQJ� DQRWKHU� XQK\GUDWHG� RQHV��7KH� MRLQW�HIIHFW� RI� PLFUR� FUDFNLQJ� DQG� FU\VWDOOLVDWLRQ� PD\� UHVXOW� LQ� KLJK� QRQ�OLQHDU�VWUHQJWK�JDLQ��ZKLFK�DSSHDUV�FOHDUO\�DW�ORZ�ZDWHU�FHPHQW�UDWLRV��,Q� WLGDO� H[SRVXUH�� WKH� PRVW� VHYHUH� DFWLRQ� LV� WKDW� RI� FKORULGH� VDOWV�FU\VWDOOLVDWLRQ� DFWLRQ�� ,QWHUPLWWHQW� ZHWWLQJ� DQG� GU\LQJ� LV� YHU\� VXLWDEOH�IRU�FU\VWDOV�EXLOGLQJ�XS�ZLWKLQ�WKH�SRUHV�RI�FRQFUHWH��$W�WKH�EHJLQQLQJ��FU\VWDOV� VWDUW� WR� IRUP� ZLWKLQ� FRQFUHWH� SRUHV�� WKXV� LQFUHDVLQJ� FRQFUHWH�WLJKWQHVV��ZKLFK��LQ�WXUQ��LQFUHDVHV�FRQFUHWH�VWUHQJWK��7KLV�LV�YDOLG�WR�D�FHUWDLQ�SRLQW��ZKLFK�FDQ�EH�QDPHG�DV�DQ� LQIOHFWLRQ�SRLQW��DW�ZKLFK�WKH�FU\VWDO� YROXPH� LV� HTXDO� WR� WKH� SRUH� YROXPH��7KH� FU\VWDO�ZLOO� FRQWLQXH�
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) L J X U H ����7KH �VWU H VVH V�GH YH ORSH G�GX H �WR�U H FH VVL RQ�RI�Z DWH U ��
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LQFUHDVLQJ� LQ� YROXPH� WR� UHDFK� D� YROXPH� ODUJHU� WKDQ� WKH� SRUH� YROXPH�SURGXFLQJ�LQWHUQDO�VWUHVVHV�WKDW�KDUPIXOO\�ZHDNHQ�DQG�PD\�GDPDJH�WKH�PLFURVWUXFWXUH� RI� FRQFUHWH�� +HQFH� WKH� FU\VWDOV� EXLOGLQJ� XS� ZLOO�LQYHUVHO\�DIIHFW�WKH�FRPSUHVVLYH�VWUHQJWK�RI�WKH�FRQFUHWH�$SSDUHQWO\��VWUHQJWK�ORVVHV�GR�RFFXU�DW�GLIIHUHQW�VWDJHV�H�J��DW�Z�F� �����DQG�FF� �����NJ�P�� WKH�DGYHUVH�HIIHFW�VWDUWHG�EHWZHHQ���WR���PRQWKV��ZKHUHDV�DW�Z�F� ����� WKH� HIIHFW�GLGQ¶W� WDNH�SODFH� IRU� WKH� VDPH�SHULRG��&RQFUHWH�SRUHV�UHSUHVHQW� D� EODQN� DUHD� WKDW� FU\VWDOV� FDQ� RFFXS\� DQG� DV� PXFK� DV� WKH\� DUH�ODUJHU�DQG�JUHDWHU� LQ�QXPEHU�� WKHLU�FDSDFLW\�WR�FRQWDLQ�RU�WR�PRXOG�FU\VWDOV�ZLOO�EH�JUHDWHU�DQG�WKH�WLPH�DW�ZKLFK�FU\VWDO�ZLOO�VWDUW�LWV�KDUPIXO�HIIHFW�ZLOO�EH� ORQJHU�� +LJK� SRUH� YROXPH� FRUUHVSRQGV� WR� KLJK� ZDWHU�FHPHQW�UDWLR�FRQFUHWH�DQG�YLFH�YHUVD��)LJXUH���LV�D�VFKHPDWLF�VNHWFK�GHVFULEHV�LQ�D�VLPSOH�ZD\�WKDW�FU\VWDOOLVDWLRQ�EDGO\�DIIHFWV�WKH�FRPSUHVVLYH�VWUHQJWK�RI�FRQFUHWH��9LVXDO� LQVSHFWLRQ� RI� WKH� FU\VWDOV� ZDV� SHUIRUPHG� LQ� 7KH� (QYLURQPHQWDO�/DERUDWRU\� RI� WKH� ,VODPLF� 8QLYHUVLW\� RI� *D]D� XVLQJ� D� PLFURVFRSH� RI� D�PDJQLILFDWLRQ�SRZHU�RI��� WR������WLPHV��7KH�UHVXOWV�SURYHG�WKH�WKHRUHWLFDO�DQDO\VLV�PHQWLRQHG�HDUOLHU�DV�VKRZQ�LQ�)LJXUH������
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) L J X U H �������D��D�VSH FL P H Q�RI�� �P RQWK�DJ H �SODFH G�DW�WL GDO�]RQH �DIWH U �FRP SU H VVL YH �VWU H QJ WK�WH VWL QJ �
�E��6KRZ V�D�VFKH P DWL F�VKDSH �IRU �WKH �FU \VWDOV�DV�REVH U YH G�E\�WKH �YL VX DO�P L FU RVFRSL F�L QVSH FWL RQ����WKH �Z KL WH �GRWV���
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) L J X U H ���FU \VWDO�GH YH ORSP H QW���$��L QGL FDWH V�WKDW�FU \VWDO¶V�YROX P H �L V�OH VV�WKDQ�WKH �SRU H �VL ]H ��
��%��L QGL FDWH V�WKDW�FU \VWDO¶V�YROX P H �L V�H TX DO�WR�WKH �SRU H �VL ]H ��DQG�

�&��L QGL FDWH V�WKDW�FU \VWDO¶V�YROX P H �L V�EL J J H U �WKDQ�WKH �SRU H �VL ]H ��$GYH U VH �H IIH FW�
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7KH� VXFFHVVIXO� SHUIRUPDQFH� RI� D� PDULQH� FRQFUHWH� VWUXFWXUH� GHSHQGV� WR� D�JUHDW� H[WHQW� RQ� LWV� GXUDELOLW\� DJDLQVW� WKH� DJJUHVVLYH� PDULQH� HQYLURQPHQW��0RVW�RI� WKH�SUREOHPV�RI�GHWHULRUDWLRQ�RI�FRQFUHWH�VWUXFWXUHV�FRXOG�SHUKDSV�EH� HOLPLQDWHG� LI� DSSURSULDWH� PHDVXUHV� DUH� WDNHQ� LQWR� FRQVLGHUDWLRQ� DV�VHOHFWLRQ� RI� PDWHULDOV�� PL[� GHVLJQV�� UHLQIRUFHPHQW� GHWDLOLQJ�� FRQVWUXFWLRQ�WHFKQLTXHV�DQG�TXDOLW\�FRQWURO��
$� %HDFK�=RQH�x&RPSUHVVLYH� VWUHQJWK� YDULHV� DFFRUGLQJ� WR� WKH� H[SRVXUH� FRQGLWLRQ��:KHQ�FRQFUHWH�LV�ORFDWHG�QHDU�WKH�VHD��RQ�WKH�EHDFK���LWV�FRPSUHVVLYH�VWUHQJWK� ZLOO� EH� KDUPIXOO\� DIIHFWHG� GXH� WR� VHYHUDO� IDFWRUV�� H�J��YDULDWLRQV� LQ� WHPSHUDWXUH� DQG� DPELHQW� KXPLGLW\�� 7KHVH� IDFWRUV� DUH�DJJUDYDWHG� LQ� WKH� VWDWH� RI� D� FRPSRVLWH� PDWHULDO� VXFK� DV� FRQFUHWH�ZKHUH� LQFRPSDWLELOLW\� LQ� PRGXOL� RI� HODVWLFLW\� H[LVWV�� OHDGLQJ� WR�GDPDJH�DQG�GLVLQWHJUDWLRQ�RI� WKH�FRQFUHWH�PLFURVWUXFWXUH�� LQFOXGLQJ�WKH�ERQG�EHWZHHQ�DJJUHJDWH�DQG�FHPHQW�PDWUL[��7KLV�HIIHFW�LV�UHODWHG�WR�FRQFUHWH�LQJUHGLHQWV¶�SURSRUWLRQV���7KH�VWUHQJWK�JDLQV�DW�EHDFK�HQYLURQPHQW�LV�IDVWHU�WKDQ�WKDW�RI�WKH�ODE�IRU�VKRUW� SHULRGV� �� �� DQG� �� PRQWKV��� $IWHU� WKDW�� RWKHU� IDFWRUV� VXFK� DV�FU\VWDOOLVDWLRQ�DQG�WKHUPDO�YDULDWLRQV�VWDUW�WR�DIIHFW�FRQFUHWH�VWUHQJWK��
%� 7LGDO�=RQH�x7KH� YLVXDO� LQVSHFWLRQ� VXSSRUWV� WKH� ILQGLQJ� ZKHUH� VHYHUH� DFWLRQ� RI�WLGHV� EULQJV� LQWR� DFWLRQ� VDOW� FU\VWDOOLVDWLRQ�� ZKHUH� LQWHUPLWWHQW�ZHWWLQJ�DQG�GU\LQJ�LV�FRQYHQLHQW�IRU�FU\VWDOV�EXLOGLQJ�XS�LQ�SRUHV��,Q�VKRUW� WLPH� SHULRG�� FU\VWDOV� VHWWOH� ZLWKLQ� FRQFUHWH� SRUHV�� LQFUHDVLQJ�FRQFUHWH� WLJKWQHVV�� 7KLV�� LQ� WXUQ�� LQFUHDVHV� FRQFUHWH� VWUHQJWK� WR� D�SRLQW�EH\RQG�ZKLFK�WKH�FU\VWDOV¶�YROXPH�LV�HTXDO�WR�WKH�SRUH�YROXPH��$IWHU�WKDW��WKH�FU\VWDO�ZLOO�FRQWLQXH�WR�LQFUHDVH�LQ�YROXPH�DV�ORQJ�DV�LW� LV� VXEMHFWHG� WR� VXFK� HQYLURQPHQW�� WLOO� LW� UHDFKHV� D� YROXPH� ODUJHU�WKDQ� WKH� SRUH� YROXPH�� SURGXFLQJ� LQWHUQDO� VWUHVVHV� WKDW� KDUPIXOO\�ZHDNHQ�DQG�PD\�GDPDJH�WKH�PLFURVWUXFWXUH�RI�FRQFUHWH���x$V Z�F�LQFUHDVHV��ORZ�FF�PL[HV�JLYH�KLJKHU�FRPSUHVVLYH�YDOXHV�WKDQ�WKH�KLJK�FHPHQW�FRQWHQW�PL[HV�GR��x,QFUHDVLQJ�WKH�FHPHQW�FRQWHQW�E\������UHVXOWHG�LQ�VWUHQJWK�UHGXFWLRQ�GLIIHUHQFHV�RI�OHVV�WKDQ�����IRU�PL[HV���DQG���FRPSDUHG�ZLWK�PL[HV�� DQG����2Q�WKH�RWKHU�KDQG��PL[�QR����DJJUDYDWHG�WKH�VWUHQJWK�ORVV�E\���������FRPSDUHG�ZLWK�PL[�1R�����7KLV�SURYHV�WKDW�FHPHQW�FRQWHQW�LV�QRW�D�PDMRU�IDFWRU�LQ�WKLV�H[SRVXUH�HQYLURQPHQW����
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&��3HUPDQHQW�,PPHUVLRQ�]RQH��&RQFUHWH� VWUHQJWK� LQFUHDVHV� ZLWK� WLPH� EXW� DW� D� ORZHU� UDWH� WKDQ� DW� ODE�HQYLURQPHQW�GXH�WR�WKH�QDWXUH�RI�FRQWLQXRXV�FXULQJ�DQG�ORZ�WHPSHUDWXUH�LQ�WKLV�]RQH��$IWHU�WKUHH�PRQWKV��FRPSUHVVLYH�VWUHQJWK�UHGXFWLRQV�UDQJHG�IURP��������WR���������ZKHQ�FRPSDUHG�ZLWK�ODE�UHFRUGHG�YDOXHV��0L[�QR����ZDV�WKH�EHVW�RI�DOO�VL[�PL[HV�����5HFRPPHQGDWLRQV��%DVHG� RQ� WKH� H[SHULPHQWDO� SURJUDP� FRQGXFWHG� IRU� *D]D� VHDZDWHU�HQYLURQPHQW��DQG�DQDO\VLV�RI�UHVXOWV��WKH�IROORZLQJ�UHFRPPHQGDWLRQV�FDQ�EH�UHDFKHG����� )RU�EHDFK�H[SRVXUH��PL[�QR���� �Z�F� �������DQG�FF ����� NJ�P�� SURYHG� WR� EH� WKH� EHVW� RI� WKH� VL[� PL[HV�� DV� LW�VKRZHG� OHDVW� VWUHQJWK� ORVV� DW� �� PRQWKV� FRPSDUHG� ZLWK�FRUUHVSRQGLQJ� ODE� UHVXOW�� 7KLV� FOHDUO\� SURYHV� WKDW� FHPHQW�FRQWHQW� LV� QRW� D� IDFWRU� LQ� WHUPV�RI� SURWHFWLQJ� FRQFUHWH��7KLV�PL[�LV�UHFRPPHQGHG�IRU�*D]D�EHDFK�HQYLURQPHQW����� )RU� WLGDO� H[SRVXUH�� PL[� QR�� �� �Z�F�  � ������ DQG� FF ����� NJ�P�� ZDV� WKH� EHVW� RI� DOO� PL[HV� LQ� WHUPV� RI� ��PRQWK�FRPSUHVVLYH� VWUHQJWK�� 6R�� WKLV� PL[� LV� UHFRPPHQGHG� LQ� WKLV�H[SRVXUH�]RQH����� ,Q�SHUPDQHQW� LPPHUVLRQ��PL[�QR�����Z�F� �������DQG�FF �����NJ�P�� SURYHG�WR�EH�WKH�EHVW�RI�DOO�PL[HV��7KHUHIRUH��WKLV�PL[�LV�UHFRPPHQGHG�LQ�WKLV�H[SRVXUH�]RQH��7KH� UHFRPPHQGDWLRQV� JLYHQ� DERYH� DUH� YDOLG� IRU� *D]D� VHDZDWHU�HQYLURQPHQW�� ([WHQGLQJ� WKHVH� UHFRPPHQGDWLRQV� WR� RWKHU� PDULQH�HQYLURQPHQWV�QHHG�WR�EH�YHULILHG�WKURXJK�D�WHVWLQJ�SURJUDPPH���� $FNQRZOHGJHPHQW��7KH�DXWKRUV�DUH�JUDWHIXO�IRU�WKH�GLUHFWRUV�RI�0DWHULDO�DQG�6RLO�ODERUDWRU\�RI�,8*�� (QYLURQPHQWDO� ODERUDWRU\� RI� � ,8*�� DQG� 815:$¶6� *D]D� 7UDLQLQJ�&HQWUH�IRU�SURYLGLQJ�WKHLU�WHVWLQJ�IDFLOLWLHV�WR�WKH�UHVHDUFK�WHDP��7KDQNV�DOVR�JRHV�WR�WKH�ILQDO�\HDU�VWXGHQWV�DQG�WR�'U��7DUHN�$O�6KXUDID��'LUHFWRU�*HQHUDO�RI� WKH� 3DOHVWLQLDQ�3RUWV�$XWKRULW\� IRU� KLV� YDOXDEOH� UHPDUNV� WKURXJKRXW� WKH�WHVWLQJ�SURJUDP�������5HIHUHQFHV��>�@���6XQLO�.XPDU��,QIOXHQFH�RI�ZDWHU�TXDOLW\�RQ�WKH�VWUHQJWK�RI�SODLQ�DQG�EOHQGHG�FHPHQW�FRQFUHWHV�LQ�PDULQH�HQYLURQPHQWV��&HPHQW�DQG�&RQFUHWH�5HVHDUFK������������SS�����������>�@����3��6DQGEHUJ��/��7DQJ��DQG�$��$QGHUVHQ��5HFXUUHQW�VWXGLHV�RI�FKORULGH�LQJUHVV�LQ�XQFUDFNHG�PDULQH�FRQFUHWH�DW�YDULRXV�H[SRVXUH�
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WLPHV�DQG�HOHYDWLRQV��&HPHQW�DQG�&RQFUHWH�5HVHDUFK�����������������SS�������������>�@����2�6�%��$O�$PRXGL��3HUIRUPDQFH�RI����UHLQIRUFHG�FRQFUHWH�PL[WXUHV�LQ�PDJQHVLXP�VRGLXP�VXOSKDWH�HQYLURQPHQWV��&RQVWUXFWLRQ�DQG�%XLOGLQJ�0DWHULDOV���������������SS�����������>�@����7LEEHWWV��'��&���3HUIRUPDQFH�RI�FRQFUHWH�LQ�VHDZDWHU��VRPH�H[DPSOHV�IURP�+DOLID[��1�6���3HUIRUPDQFH�RI�&RQFUHWH��(��*��6ZHQVHQ��7HFKQLFDO�(GLWRU��&DQDGLDQ�%XLOGLQJ�6HULHV�1R�����8QLYHUVLW\�RI�7RURQWR�3UHVV��������SS�����������>�@����(VFDODQWH��(��DQG�,WR��6���$�ELEOLRJUDSK\�RQ�WKH�FRUURVLRQ�DQG�SURWHFWLRQ�RI�VWHHO�LQ�FRQFUHWH��1%6�6SHFLDO�3XEOLFDWLRQ������1DWLRQDO�%XUHDX�RI�6WDQGDUGV��:DVKLQJWRQ��'&��������>�@����+DQVHQ��:��&���7ZHQW\�\HDU�UHSRUW�RQ�WKH�ORQJ�WLPH�VWXG\�RI�FHPHQW�SHUIRUPDQFH�LQ�FRQFUHWH��5HVHDUFK�'HSDUWPHQW�%XOOHWLQ������3RUWODQG�&HPHQW�DVVRFLDWLRQ��5HVHDUFK�DQG�'HYHORSPHQW�/DERUDWRULHV��6NRNLH��0D\�������>�@����5LOHP�$LSFQ��,QWHUQDWLRQDO�6\PSRVLXP�RQ�%HKDYLRU�RI�&RQFUHWH�([SRVHG�WR�6HDZDWHU��3DOHUPR��,WDO\��0D\��������������>�@����&RQMHDXG��0��/���0HFKDQLVPV�RI�VHDZDWHU�DWWDFN�RQ�FHPHQW�PRUWDU��&RQIHUHQFH�RQ�3HUIRUPDQFH�RI�&RQFUHWH�LQ�0DULQH�(QYLURQPHQW��1HZ�%UXQVZLFN��$�&�,��3XE��63������$XJXVW�������>�@����5HJRXUG��0���3K\VLFR�FKHPLFDO�VWXGLHV�RQ�FHPHQW�SDVWH��PRUWDU��DQG�FRQFUHWHV�H[SRVHG�WR�VHDZDWHU��&RQIHUHQFH�RQ�3HUIRUPDQFH�RI�&RQFUHWH�LQ�0DULQH�(QYLURQPHQW��1HZ�%UXQVZLFN��$�&�,��3XE��63������$XJXVW�������>��@��2�6�%��$O�$PRXGL��5DVKHHGX]]DIDU��0��0DVOHKXGGLQ��6�1��$EGXO�MDXZDG��,QIOXHQFH�RI�FKORULGH�LRQV�RQ�VXOSKDWH�GHWHULRUDWLRQ�LQ�SODLQ�DQG�EOHQGHG�FHPHQWV��0DJD]LQH�RI�&RQFUHWH�5HVHDUFK������������������SS�����������>��@��.��+RQJ��DQG�5�'��+RRWRQ��(IIHFWV�RI�F\FOLF�FKORULGH�H[SRVXUH�RQ�SHQHWUDWLRQ�RI�FRQFUHWH�FRYHU��&HPHQW�DQG�&RQFUHWH�5HVHDUFK������������SS�������������>��@��.�0��%URRN�DQG�-�$��6WLOOZHOO��([SRVXUH�WHVWV�RQ�FRQFUHWH�IRU�RIIVKRUH�VWUXFWXUHV��&RUURVLRQ�RI�UHLQIRUFHPHQW�LQ�FRQFUHWH�FRQVWUXFWLRQ��HGLWHG�E\�$ODQ�2��&UDQH��3XEOLVKHG�IRU�WKH�6RFLHW\�RI�&KHPLFDO�,QGXVWU\��(OOLV�+RUZRRG�/LPLWHG��(QJODQG��������>��@��0�$��$]L]��DQG�0�$��0DQVXU��'HWHULRUDWLRQ�RI�PDULQH�FRQFUHWH�VWUXFWXUHV�ZLWK�VSHFLDO�HPSKDVLV�RQ�FRUURVLRQ�RI�VWHHO�DQG�LWV�UHPHGLHV��&RUURVLRQ�RI�UHLQIRUFHPHQW�LQ�FRQFUHWH�FRQVWUXFWLRQ��
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HGLWHG�E\�$ODQ�2��&UDQH��3XEOLVKHG�IRU�WKH�6RFLHW\�RI�&KHPLFDO�,QGXVWU\��(OOLV�+RUZRRG�/LPLWHG��(QJODQG��������>��@��:�5��+ROGHQ��&�/��3DJH��DQG�1�5��6KRUW��7KH�LQIOXHQFH�RI�FKORULGHV�DQG�VXOSKDWHV�RQ�GXUDELOLW\��&RUURVLRQ�RI�UHLQIRUFHPHQW�LQ�FRQFUHWH�FRQVWUXFWLRQ��HGLWHG�E\�$ODQ�2��&UDQH��3XEOLVKHG�IRU�WKH�6RFLHW\�RI�&KHPLFDO�,QGXVWU\��(OOLV�+RUZRRG�/LPLWHG��(QJODQG��������>��@��$QQXDO�%RRN�RI�$670�6WDQGDUGV��9RO��������&RQFUHWH�DQG�$JJUHJDWHV��6HFWLRQ����$670�����%DUU�+DUERU�'ULYH��:HVW�&RQVKRKRFNHQ��3$��������>��@��%ULWLVK�6WDQGDUGV�,QVWLWXWLRQ��%6�������3DUWV���DQG����������6WUXFWXUDO�8VH�RI�&RQFUHWH��%6,��������>��@��$&,�&RPPLWWHH������5�����*XLGH�WR�GXUDEOH�FRQFUHWH��3DUW����0DWHULDOV�DQG�*HQHUDO�3URSHUWLHV�RI�&RQFUHWH��$&,�0DQXDO�RI�&RQFUHWH�3UDFWLFH��������>��@��%XLOGLQJ�&RGH�5HTXLUHPHQWV�IRU�6WUXFWXUDO�&RQFUHWH����������DQG�&RPPHQWDU\������5������)DUPLQJWRQ�+LOOV��0LFKLJDQ��86$��$PHULFDQ�&RQFUHWH�,QVWLWXWH��������>��@� $�0�� 1HYLOOH� DQG� -�-�� %URRNV�� &RQFUHWH� 7HFKQRORJ\�� /RQJPDQ�6FLHQWLILF�DQG�7HFKQLFDO��(QJODQG��������


