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$EVWUDFW� ,Q� WKLV� VWXG\�� IDFWRUV�� ZKLFK� DIIHFW� WKH� FRPSUHVVLYH� VWUHQJWK� RI�
SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH��DUH�H[DPLQHG��7KHVH�IDFWRUV�LQFOXGH�ZDWHU�FHPHQW�UDWLR�� SRO\VW\UHQH�FHPHQW� UDWLR�� FHPHQW� FRQWHQW�� FXULQJ� WLPH��PDWXULW\�� FRPSDFWLRQ��ILUH�� DQG� DGPL[WXUHV�� )XUWKHUPRUH�� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� WHQVLOH� VWUHQJWK� RI�WKLV�W\SH�RI�FRQFUHWH�DQG�FHPHQW�FRQWHQW�LV�FRQVLGHUHG��$W�WKH�HQG�RI�WKH�VWXG\��D�SURFHGXUH�IRU�GHVLJQLQJ�SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�PL[HV�LV�RXWOLQHG��.H\ZRUGV� SRO\VW\UHQH�FHPHQW� UDWLR�� FHPHQW� FRQWHQW�� DJJUHJDWH� FRQWHQW��ZDWHU�FHPHQW�UDWLR��

/LVW�RI�$EEUHYLDWLRQV��& &HPHQW�&RQWHQW��NJ�P�� 3�6� 3RO\VW\UHQH�&HPHQW�5DWLR�

3�&� 3RO\VW\UHQH�&HPHQW�5DWLR� :�&� :DWHU�&HPHQW�5DWLR�IF &RPSUHVVLYH�6WUHQJWK��03D�� IW 7HQVLOH� 6WUHQJWK��03D��)0� )LQHQHVV�0RGXOXV� � $&� $JJUHJDWH� &RQWHQW��NJ�P � �,8*� ,VODPLF�8QLYHUVLW\��*D]D�
��� ,QWURGXFWLRQ�)RU�RYHU� ILIW\�\HDUV�� WKHUH�KDYH�EHHQ�PDQ\�DWWHPSWV� WR�RYHUFRPH�WKH�GUDZEDFNV�RI� FRQFUHWH��&RQFUHWH� LV�YHU\�KHDY\�� ULJLG�DQG� LWV� WKHUPDO�DQG� DFRXVWLFDO� TXDOLWLHV� DUH� QRW� YHU\� KLJK�� 7KH� IRFXV� KDV� EHHQ� WR�UHSODFH�DJJUHJDWHV�RI�FRQFUHWH��VDQG�DQG�JUDYHO�ZLWK�OLJKWHU�PDWHULDOV��)LUVW�QDWXUDO�SURGXFWV�ZHUH�XWLOL]HG�VXFK�DV�FRUQ��SXPLFH��VFKLVW��FRUN��SR]]XRODQD�� DQG� ZRRGV� �VFUDSV� RU� VDZGXVW��� /DWHU�� ZLWK� JUHDWHU�
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NQRZOHGJH� DQG� LQVXODWLRQ� FRQFHUQV� PRUH� PDWHULDOV� ZHUH� XVHG�LQFOXGLQJ� H[SDQGHG� FOD\�� YHUPLFXOLWH�� H[SDQGHG� JODVV�� DOXPLQXP��H[SDQGHG�URFN��DQG�H[SDQGHG�SRO\VW\UHQH��(36��>�@��,W�LV�FRQYHQLHQW�WR�FODVVLI\�WKH�YDULRXV�W\SHV�RI�OLJKWZHLJKW�FRQFUHWH�E\�WKHLU�PHWKRG�RI�SURGXFWLRQ��7KHVH�DUH���D�� %\� XVLQJ� SRURXV� OLJKWZHLJKW� DJJUHJDWH� RI� ORZ� DSSDUHQW� VSHFLILF�JUDYLW\��L�H��ORZHU�WKDQ�������E��%\�LQWURGXFLQJ�ODUJH�YRLGV�ZLWKLQ�WKH�FRQFUHWH�RU�PRUWDU�PDVV���F��%\�RPLWWLQJ�WKH�ILQH�DJJUHJDWH�IURP�WKH�PL[�VR�WKDW�D�ODUJH�QXPEHU�RI� LQWHUVWLWLDO�� YRLGV� DUH� SUHVHQW�� QRUPDO� ZHLJKW� FRDUVH� DJJUHJDWH� LV�JHQHUDOO\�XVHG���,Q�HVVHQFH�� WKH�GHFUHDVH� LQ�GHQVLW\�RI� WKH�FRQFUHWH� LV�REWDLQHG�E\� WKH�SUHVHQFH� RI� YRLGV�� HLWKHU� LQ� WKH� DJJUHJDWH�� LQ� WKH� PRUWDU� RU� LQ� WKH�LQWHUVWLFHV� DPRQJ� WKH� FRDUVH� DJJUHJDWH� SDUWLFOHV�� ,W� LV� FOHDU� WKDW� WKH�SUHVHQFH� RI� WKHVH� YRLGV� UHGXFHV� WKH� VWUHQJWK� RI� OLJKWZHLJKW� FRQFUHWH�FRPSDUHG�ZLWK�RUGLQDU\��QRUPDO�ZHLJKW�FRQFUHWH�>�@��7KHUH�DUH�PDQ\�DGYDQWDJHV� WR�EH�JDLQHG� IURP� WKH�XVH�RI� OLJKWZHLJKW�FRQFUHWH�� 7KHVH� LQFOXGH� OLJKWHU� ORDGV� GXULQJ� FRQVWUXFWLRQ�� UHGXFHG�VHOI�ZHLJKW� LQ� VWUXFWXUHV�� DQG� LQFUHDVHG� WKHUPDO� UHVLVWDQFH��/LJKWZHLJKW� FRQFUHWH� LV� JHQHUDOO\� DFFHSWHG� DV� FRQFUHWH� KDYLQJ� D�GHQVLW\�RI�DERXW������NJ�P � RU�OHVV�>�@��([SDQGHG�SRO\VW\UHQH�EHDGV�DUH�RIWHQ�XVHG�DV�WKH�EDVLV�IRU�SDFNDJLQJ�PDWHULDO��7KLV�OHDGV�WR�D�ODUJH�DPRXQW�RI�ZDVWH�PDWHULDO��ZKLFK�LV�QRW�ELRGHJUDGDEOH�� 7KLV� PDWHULDO� FRXOG� EH� JUDQXODWHG� DQG� XVHG� DV� D�OLJKWZHLJKW�DJJUHJDWH�IRU�FRQFUHWH��7KH�ILUVW�DWWHPSW�WR�LQWURGXFH�WKH�QHZ�PL[�RI�SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�ZDV�FDUULHG�RXW�E\�'U��=��.XKDLO�>�@�EDFN�LQ�������DW�WKH�,8*�0DWHULDO�DQG�6RLO�ODERUDWRU\��'LIIHUHQW�PL[�SURSRUWLRQV�RI�PRUWDU�DQG�YLUJLQ� SRO\VW\UHQH� EHDGV�ZHUH� WHVWHG� WR� DFKLHYH� D� KRPRJHQHRXV�PL[�ZLWK� UHDVRQDEOH� FRPSUHVVLYH� VWUHQJWK�� 6RPH� XVHIXO� ILQGLQJV� ZHUH�FRQFOXGHG� ZKLFK� FRYHUHG� WKH� IHDVLEOH� UDQJHV� RI�:�&� UDWLR� DQG� 3�&�UDWLR�� )XUWKHUPRUH�� D� QHZ� PL[� GHVLJQ� SURFHGXUH� KDG� EHHQ� VHW��&RPPHUFLDOO\� WKLV�PL[�ZDV� SDWHQWHG� LQ� 3DOHVWLQH� DQG� FXUUHQWO\� XVHG�IRU�SURGXFLQJ�WKH�3RO\F�KROORZ�EORFNV��6WXG\�RI�FRPPHUFLDO�OLWHUDWXUH�VKRZV�WKDW�SRO\VW\UHQH�LV�EHLQJ�XVHG�DV�DJJUHJDWH�LQ�OLJKWZHLJKW�FRQFUHWH�V\VWHPV��7KH�OLJKWZHLJKW�FRQFUHWH�LV�DYDLODEOH� DV� SUHFDVW� SDQHOV� RU� KROORZ� EORFNV�� ZKLFK� FDQ� EH� HDVLO\�
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KDQGOHG�� FXW�ZLWK� SRZHU� WRROV� RU� KDQGVDZV�� DQG� HUHFWHG�TXLFNO\� DQG�VLPSO\��$OWHUQDWLYHO\��H[SDQGHG�SRO\VW\UHQH��(36��FDQ�EH�XVHG�DW�WKH�WLPH� RI� PL[LQJ� FRQFUHWH�� 7KH� EHDGV� DUH� YLUJLQ� (36�� QRW� UHF\FOHG�>�����@��$ OLWHUDWXUH�VXUYH\�IRXQG�OLPLWHG�QXPEHU�UHVHDUFK�UHVXOWV�ZLWK�UHJDUG�WR�SRO\VW\UHQH�FRQFUHWH�PDGH�IURP�HLWKHU�YLUJLQ�RU�UHF\FOHG�(36��2QH�RI�WKHVH�UHVHDUFKHV�ZDV�FDUULHG�RXW�E\�6UL�5DYLQGUDUDMDK�DQG�7XFN�>�@��7KH\� LQYHVWLJDWHG� WKH� FRPSUHVVLYH� VWUHQJWK�� WHQVLOH� VWUHQJWK�� VWDWLF�PRGXOXV�RI� HODVWLFLW\��XOWUDVRQLF�SXOVH�YHORFLW\��GU\LQJ�VKULQNDJH�DQG�FKHPLFDO� UHVLVWDQFH� RI� %67� SRO\VW\UHQH� FRQFUHWH� ZLWK� GHQVLWLHV� RI������NJ�P � DQG������NJ�P � � 7KH\� DOVR� LQYHVWLJDWHG� WKH� LQFOXVLRQ�RI�VLOLFD�IXPH�LQ�WKH�PL[HV��:RUN� ZDV� FDUULHG� RXW� E\� WKH� &HPHQW� DQG� &RQFUHWH� $VVRFLDWLRQ� RI�1HZ� =HDODQG� LQ� ����� DQG� ����� >�@�� 7KLV� OLPLWHG� VWXG\�� ZKLFK�H[DPLQHG� WKH� VWUHQJWKV� DQG� VRPH� GU\LQJ� VKULQNDJH� RI� UHF\FOHG� (36�FRQFUHWH�ZLWK�GHQVLWLHV�UDQJLQJ�IURP�����WR������NJ�P � � VKRZHG�WKDW�ZDVWH�JUDQXODWHG�SRO\VW\UHQH�FDQ�EH�XVHG� WR�PDQXIDFWXUH� OLJKWZHLJKW�FRQFUHWH�ZLWK�VLPLODU�VWUHQJWK�WR�SRO\VW\UHQH�EHDG�FRQFUHWH��$ VWXG\� RI� FRQFUHWH� PDGH� ZLWK� SRO\VW\UHQH� EHDGV� DV� DJJUHJDWH� ZDV�FDUULHG�RXW�E\�3DUN�DQG�&KLVKROP�>�@��7KUHH�GLIIHUHQW�GHQVLWLHV�ZHUH�LQYHVWLJDWHG��DQG�DW�HDFK�GHQVLW\��PL[HV�ERWK�ZLWK�DQG�ZLWKRXW�IO\�DVK�ZHUH�H[DPLQHG�� ,W�ZDV� IRXQG� WKDW�SRO\VW\UHQH�FRQFUHWH� LV�YHU\�SURQH�WR�VHJUHJDWLRQ��,W�KDV�D�ORZ�FRPSUHVVLYH�VWUHQJWK�DQG�D�UHODWLYHO\�KLJK�GU\LQJ� VKULQNDJH� IRU� WKH� GHQVLWLHV� LQYHVWLJDWHG��7KHUPDO� FRQGXFWLYLW\�WHVWLQJ�VKRZHG�WKDW�WKH�OLJKWHU�LV�WKH�FRQFUHWH��WKH�ORZHU�LV�WKH�WKHUPDO�FRQGXFWLYLW\�� $GGLQJ� IO\LQJ� DVK� WR� WKH� PL[HV� GHFUHDVHG� WKH� ZDWHU�GHPDQG�� DQG� KHQFH� WKH� GHQVLW\� DQG� VKULQNDJH�� EXW� LW� DOVR� FDXVHG� D�VLJQLILFDQW�FRPSUHVVLYH�VWUHQJWK�UHGXFWLRQ���7KH� SUHVHQW� UHVHDUFK� LV� FRQFHUQHG� ZLWK� VWXG\LQJ� WKH� PDMRU� IDFWRUV�ZKLFK� DIIHFW� WKH� FRPSUHVVLYH� VWUHQJWK� RI� SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�� HVWDEOLVKLQJ�D� UHODWLRQ�EHWZHHQ� WKH� WHQVLOH�DQG�FRPSUHVVLYH�VWUHQJWK�� DQG� VHWWLQJ� RXW� D� SURFHGXUH� IRU� GHVLJQLQJ� SRO\VW\UHQH��OLJKWZHLJKW�FRQFUHWH�PL[HV��
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���7HVWLQJ�3URJUDP������0DWHULDOV�7KH�PDWHULDOV�XVHG�LQ�SUHSDULQJ�DOO�RI�WKH�FRQFUHWH�VSHFLPHQV�ZHUH�DV�IROORZV��
�&HPHQW�� RUGLQDU\� 3RUWODQG� FHPHQW�� PDQXIDFWXUHG� E\� WKH� ,VUDHOL�FRPSDQ\��³1HVKHU´�ZLWK�IO\�DVK�RI�XS�WR������RI�FHPHQW�ZHLJKW��DQG�FRQIRUPV�WR�$670�&�����,W�LV�WKH�RQO\�FHPHQW�W\SH�DYDLODEOH�LQ�*D]D�PDUNHW��7DEOH���VKRZV�WKH�PHFKDQLFDO�SURSHUWLHV�RI�WKH�FHPHQW�XVHG��6DQG� *D]D�GXQH�VDQG�ZLWK�ILQHQHVV�PRGXOXV�)0� �������
�&RDUVH�$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��ZLWK�ILQHQHVV�PRGXOXV�)0� ������
�0L[LQJ�:DWHU��GULQNLQJ�ZDWHU�IURP�WKH�SLSHG�ZDWHU�VXSSO\�V\VWHP�LQ�,8*� LV� XVHG� LQ� SUHSDULQJ� DOO� RI� WKH� FRQFUHWH�PL[HV�� DQG� IRXQG� WR� EH�FRQIRUPLQJ�WR�%6�������������
�3RO\VW\UHQH� %HDGV� UDZ� ILUH� UHWDUGDQW�� SRO\VW\UHQH� EHDGV� FRQWDLQLQJ�DQ�H[SDQGLQJ�DJHQW��7KHVH�EHDGV�DUH�VXEMHFWHG�WR�VWHDP�WR�H[SDQG�DQG�IRUP�D�FHOOXODU�VWUXFWXUH��7KH�H[SDQGHG�EHDGV�DUH�OHIW�RXW�LQ�WKH�DLU�IRU�D IHZ� KRXUV� EHIRUH� WKH\� DUH� XVHG� LQ� WKH� PL[� WR� DOORZ� WKH� SUHVVXUH�ZLWKLQ�WKH�EHDGV�WR�HTXDOL]H�ZLWK�WKH�RXWVLGH�DLU��7KH�H[SDQGHG�EHDGV�KDYH�DQ�DSSDUHQW�GHQVLW\�RI�������NJ�P � � DQG�GLDPHWHUV�UDQJLQJ�IURP�����WR�����PP��
�$GPL[WXUH� 3/$670,;���� D� VXSHU�SODVWLFL]LQJ�� UHWDUGLQJ� DGPL[WXUH�LV�XVHG�LQ�VRPH�RI�WKH�PL[HV�XVHG�LQ�WKH�VWXG\��
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�7DEOH����0HFKDQLFDO�SURSHUWLHV�RI�FHPHQW�
7HVW� 5HVXOW�

��GD\� �����&RPSUHVVLYH� VWUHQJWK��0SD��
��GD\� �����

1RUPDO� FRQVLVWHQF\����� �����
,QLWLDO�VHWWLQJ�WLPH� ����PLQ�)LQDO�VHWWLQJ�WLPH� ����PLQ�
)LQHQHVV� �����FP��JU�
6RXQGQHVV� ����PP�

����0L[�3URSRUWLRQV�7KH�YROXPH�PHWKRG�LV�XVHG�WR�SURSRUWLRQ�WKH�SRO\VW\UHQH�OLJKWZHLJKW�PL[HV�� 7KH� DJJUHJDWH� FRQWHQW� LV� FKRVHQ�� WRJHWKHU� ZLWK� WKH� FHPHQW�FRQWHQW�DQG�WKH�ZDWHU�FHPHQW�UDWLR��JXLGHG�E\�7DEOH����7KH�YROXPH�RI�SRO\VW\UHQH� EHDGV� LV� GHWHUPLQHG� E\� VXEWUDFWLQJ� WKH� WRWDO� YROXPH� RI�ZDWHU��FHPHQW��DQG�DJJUHJDWH�IURP�WKH�XQLW�YROXPH��VHW�KHUH�DV���P � �
7DEOH����/LPLWV�RI�IDFWRUV�FRQWUROOLQJ�PL[�GHVLJQ�

4XDQWLW\� /LPLWV�
:�&�UDWLR� ������������

&HPHQW�FRQWHQW���NJ�P � � ����������
$JJUHJDWH� FRQWHQW���NJ�P � � �����������
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2XW�RI�WKH�ODUJH�QXPEHU�RI�SUHSDUHG�SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�PL[HV�� WKLUW\�VL[�PL[�SURSRUWLRQV�DUH� VKRZQ� LQ�7DEOH����7KHVH�PL[HV�DUH�DFFRPSOLVKHG�E\�XVLQJ�ZDWHU�FHPHQW�UDWLRV�RI�������������������DQG������� WKUHH� DJJUHJDWH� FRQWHQWV� RI� ����� ����� DQG� ����� NJ�P��� WKUHH�FHPHQW� FRQWHQWV� RI� ����� ����DQG� ���� NJ�P�� IRU� HDFK� RI� WKH� WKUHH�UDWLRV��
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����6SHFLPHQV�)RU�FRPSUHVVLYH�VWUHQJWK�HYDOXDWLRQ��FXELF�VDPSOHV�RI����FP�DUH�XVHG��7KH�FRPSUHVVLRQ�WHVW�LV�FDUULHG�DFFRUGLQJ�WR�%6�������3DUW������������2Q�WKH�RWKHU�KDQG�����FP�[����FP�[����FP�EHDP�VDPSOHV�DUH�XVHG�IRU�WHQVLOH�VWUHQJWK�HYDOXDWLRQ��DQG�WKH�WHVW�LV�FDUULHG�RXW�DFFRUGLQJ�WR�%6������������DV�D�FRPSOLDQFH�WHVW��
����&XULQJ�6SHFLPHQV� DUH� FXUHG� ��� KRXUV� DIWHU� SUHSDUDWLRQ� DQG� GHPRXOGLQJ� E\�SODFLQJ� WKHP� LQ� D� FXULQJ� WDQN� DW� D� WHPSHUDWXUH�RI����� IRU� WKH�SHULRG�WKDW�SUHFHGHV�ODERUDWRU\�WHVWLQJ��
����7HVW�5HVXOWV�������&RPSUHVVLYH�6WUHQJWK��&RPSUHVVLYH� VWUHQJWK� LV� D� FRQYHQLHQW�ZD\�RI� FKDUDFWHUL]LQJ�FRQFUHWH�EHFDXVH�PRVW�RI� WKH�GHVLUDEOH�SURSHUWLHV� LPSURYH�ZLWK�DQ� LQFUHDVH� LQ�FRPSUHVVLYH�VWUHQJWK��
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������'HYHORSPHQW�RI�VWUHQJWK�EH\RQG���GD\V��7DEOH����DQG�)LJXUH����VKRZ� WKH�FRPSUHVVLYH�VWUHQJWK�DW����GD\V����PRQWKV��DQG���PRQWKV��
�7DEOH�����&RPSUHVVLYH�VWUHQJWK�GHYHORSPHQW�

& ����� & �����
&RPSUHVVLYH�VWUHQJWK� FI LQ�03D� &RPSUHVVLYH�VWUHQJWK� FI LQ�03D�$&� :�&�
���GD\� ��PRQWK� ��PRQWK� ���GD\� ��PRQWK� ��PRQWK�
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)LJXUH�����FRPSUHVVLYH�VWUHQJWK�DW����GD\V����PRQWKV��DQG���PRQWKV�IRU�
&  �����NJ�P��DQG�$&� �����NJ�P��

����7HQVLOH�6WUHQJWK�7HVW�5HVXOWV��,Q�UHLQIRUFHG�FRQFUHWH�GHVLJQ�RI�FUDFNHG�HOHPHQWV��FRQFUHWH�VWUHQJWK�LQ�WHQVLRQ� LV�QHJOHFWHG��+RZHYHU�� WHQVLOH�VWUHQJWK�RI�FRQFUHWH�FDQQRW�EH�DYRLGHG�VLQFH�LW�LV�UHODWHG�WR�LWV�VKHDU�UHVLVWDQFH��7DEOH����VKRZV� WHQVLOH�VWUHQJWK� WHVW� UHVXOWV� � IW� � XVLQJ�IOH[XUDO� WHVWLQJ�IRU� IRXU� GLIIHUHQW� YDOXHV� RI�ZDWHU�FHPHQW� UDWLR�� ������ ������ ������ DQG�������DQG�WKUHH�DJJUHJDWH�FRQWHQWV������������DQG������NJ�P�� )LJXUHV���� WR� ��� VKRZ� WKH� UHODWLRQ� EHWZHHQ� WHQVLOH� VWUHQJWK� RI� 3RO\VW\UHQH�OLJKW�ZHLJKW� FRQFUHWH� UHSUHVHQWHG�E\�PRGXOXV� RI� UXSWXUH� DQG� FHPHQW�FRQWHQWV�IRU�IRXU�GLIIHUHQW�YDOXHV�RI�ZDWHU�FHPHQW�UDWLRV���
7DEOH�����7HQVLOH�6WUHQJWK�YV��ZDWHU�FHPHQW�UDWLR� �

& ���� ���� ���� ���� ���� ���� ����$&�� :�&� )OH[XUDO�VWUHQJWK� WI LQ�03D�
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)LJXUH� ���� UHODWLRQ� EHWZHHQ� WKH� ���GD\�WHQVLOH�VWUHVV�DQG�WKH�FHPHQW�FRQWHQW��IRU�Z�F� �����
�����$FWXDO�DQG�WKHRUHWLFDO�GHQVLWLHV��7DEOH� ��� DQG� )LJXUH� ��� VKRZ� WKH� GLIIHUHQFHV� EHWZHHQ� DFWXDO� DQG�WKHRUHWLFDO�GHQVLWLHV��
7DEOH� ���� $FWXDO� DQG� WKHRUHWLFDO� GHQVLWLHV� RI� SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�

&HPHQW ���� &HPHQW ����$JJ�� :�F� 7KHRUHWLFDO� $FWXDO� 7KHRUHWLFDO� $FWXDO�
���� ����� ����� ����� �����
����� ����� ����� ����� �����
���� ����� ����� ����� ���������
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)LJXUH�����DFWXDO�DQG�WKHRUHWLFDO�GHQVLWLHV�IRU�&� ����NJ�P� � DQG�$&� ���NJ�P�

���'LVFXVVLRQ�RI�5HVXOWV�����&RPSUHVVLYH�VWUHQJWK�������(IIHFWV�RI�ZDWHU�FHPHQW�UDWLR�DQG�FHPHQW�FRQWHQW�7KH� FRPSUHVVLYH� VWUHQJWK� LQFUHDVHV� DV� WKH� Z�F� GHFUHDVHV�� DV� WKH�DPRXQW�RI�DJJUHJDWH�LQFUHDVHV��DQG�DV�WKH�FHPHQW�FRQWHQW�LQFUHDVHV����7KH�FRPSUHVVLYH�VWUHQJWK�RI�SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�LV�PXFK�ORZHU�WKDQ�QRUPDO�ZHLJKW�FRQFUHWH�GXH�WR�WKH�ZHDN�ERQG�EHWZHHQ�WKH�SRO\VW\UHQH� EHDGV� DQG� WKH� FHPHQW� SDVWH�� DQG�ZHDNQHVV� RI� WKH� EHDGV�WKHPVHOYHV���
�������(IIHFW�RI�SRO\VW\UHQH�FHPHQW�UDWLR�7KH� FRPSUHVVLYH� VWUHQJWK� LV� UHGXFHG� DV� ORQJ� DV� WKH�SRO\VW\UHQH�FHPHQW�UDWLR�LV�LQFUHDVHG���

�������(IIHFW�RI�PDWXULW\�$V� H[SHFWHG�� WKH� FRPSUHVVLYH� VWUHQJWK� RI� SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�LQFUHDVHV�ZLWK�WLPH��7KH���GD\�FRPSUHVVLYH�VWUHQJWK�LV�DERXW������RI�WKH����GD\�VWUHQJWK��ZKLOH�WKH���GD\�VWUHQJWK�LV�DERXW������RI�WKH����GD\�VWUHQJWK��DQG�WKH����GD\�VWUHQJWK�LV�DERXW������RI�WKH����GD\�VWUHQJWK����
�������(IIHFW�RI�FXULQJ�)URP�)LJXUH�����LW�LV�FOHDU�WKDW�WKH�HIIHFW�RI�FXULQJ�LV�VLJQLILFDQW�XS�WR�D SHULRG�RI�WZR�ZHHNV��DQG�GLPLQLVKHV�IRU�WKH�WZR�ZHHNV�WKDW�IROORZV��
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������(IIHFW�RI�FRPSDFWLRQ�)URP�)LJXUH� ���� LW� LV� REYLRXV� WKDW� ��� VWURNHV� LV� WKH� LGHDO� QXPEHU� RI�DFFRPSOLVKLQJ�WKH�KLJKHVW�FRPSUHVVLYH�VWUHQJWK��
�������(IIHFW�RI�ILUH�)URP� )LJXUH� ��� WKH� HIIHFW� RI� ILUH� RQ� FRPSUHVVLYH� VWUHQJWK� RI�SRO\VW\UHQH�OLJKWZHLJKW� FRQFUHWH� LV� DOPRVW� WKH� VDPH� DV� IRU� QRUPDO�ZHLJKW� FRQFUHWH�� 7KLV� HIIHFW� LV�PHDVXUHG� E\� WKH� GHWHULRUDWLRQ� IDFWRU��ZKLFK� LV� WKH� UDWLR� RI� WKH� GHWHULRUDWHG� FRPSUHVVLYH� VWUHQJWK� WR� WKH�FRPSUHVVLYH� VWUHQJWK� RI� FRQFUHWH� QRW� VXEMHFWHG� WR� ILUH�� 7KH�GHWHULRUDWLRQ�IDFWRU�IRU�SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�LV�ODUJHU�WKDQ�WKDW� IRU�QRUPDO�ZHLJKW�FRQFUHWH��DQG� WKH�GLIIHUHQFH�JHWV�VPDOOHU�ZLWK�WLPH��DV�LW�GHFUHDVHV�IURP������DW����PLQXWHV�WR������DW����PLQXWHV��
�������(IIHFW�RI�DGPL[WXUHV�)URP�)LJXUHV����WKURXJK����LW�FDQ�EH�FRQFOXGHG�WKDW�ZKHQ�XVLQJ�WKH�3/$670,;��� DGPL[WXUH� WKH� ��GD\� VWUHQJWK� LV� LQFUHDVHG�� ZKLOH� WKH����GD\�LV�GHFUHDVHG��
�������(IIHFW�RI�DJH�)URP�7DEOH�����WKH�FRPSUHVVLYH�VWUHQJWK�DW���PRQWKV�LV�DERXW�������RI�WKH����GD\�FRPSUHVVLYH�VWUHQJWK��ZKLOH�DW���PRQWKV��LW�LV�DERXW������ RI�WKH����GD\�FRPSUHVVLYH�VWUHQJWK��
�����7HQVLOH�VWUHQJWK�7KH� WHQVLOH� VWUHQJWK� RI� SRO\VW\UHQH�OLJKWZHLJKW� FRQFUHWH�� UHSUHVHQWHG�E\� LWV� PRGXOXV� RI� UXSWXUH�� LQFUHDVHV� DV� WKH� FHPHQW� FRQWHQW� RU� WKH�DPRXQW� RI� DJJUHJDWHV� LV� LQFUHDVHG�� DV� VKRZQ� LQ� )LJXUHV� ��� WR� ����)XUWKHUPRUH�� WKH� WHQVLOH� VWUHQJWK� LV� LQYHUVHO\� SURSRUWLRQDO� WR� WKH�ZDWHU�FHPHQW�UDWLR��DV�VKRZQ�LQ�7DEOH�����7KH� WHQVLOH� VWUHQJWK� UDQJHV� IURP��������WR�������RI� LWV�FRPSUHVVLYH�VWUHQJWK��FRPSDUHG�ZLWK�����WR������LQ�QRUPDO�ZHLJKW�FRQFUHWH��7KH�VXEVWDQWLDO�UHGXFWLRQ�LQ�WHQVLOH�VWUHQJWK�FDQ�EH�DWWULEXWHG�WR�WKH�ZHDNHU�ERQG�EHWZHHQ�WKH�DJJUHJDWHV�DQG�FHPHQW�SDVWH�DQG�WR�WKH�ZHDNQHVV�RI�WKH�SRO\VW\UHQH�EHDGV�LQ�WHQVLRQ��
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%DVHG�RQ� WKH�SRO\VW\UHQH�FHPHQW� UDWLRV�XVHG� LQ� WKH� VWXG\�� WKH� WHQVLOH�VWUHQJWK� RI� 3RO\VW\UHQH�OLJKW� ZHLJKW� FRQFUHWH�� UHSUHVHQWHG� E\� LWV�
PRGXOXV�RI�UXSWXUH��UDQJHV�IURP� FI���� WR� FI���� �
����$FWXDO�DQG�WKHRUHWLFDO�GHQVLW\��)URP�7DEOH�����DQG�)LJXUH�����LW�LV�VKRZQ�WKDW�WKH�WKHRUHWLFDO�GHQVLW\�LV�DERXW�����RI�WKH�DFWXDO�GHQVLW\���
����6XPPDU\�RI�PL[�GHVLJQ�SURFHGXUH����0XOWLSO\� WDUJHW� FRPSUHVVLYH� VWUHQJWK� E\� ������ VLQFH� WKH� FRPSXWHG�GHQVLW\�LV�DERXW������RI�WKH�DFWXDO�GHQVLW\����8VH�WKH�IROORZLQJ�WDEOH�WR�VHOHFW�D�VXLWDEOH�DJJUHJDWH�FRQWHQW�� �
7DEOH�����&RPSUHVVLYH�VWUHQJWK�YV��GHQVLW\� �

'HQVLW\�ERXQGV�
���������� ���������� ���������� ���������� ����������

$&�
���GD\�FRPSUHVVLYH�VWUHQJWK� FI

���� ����������� ����������� �� �� ��
���� �� �� ����������� ���������� ����������
����� �� �� �� �� �

��8VH� DQ\� RQH� RI� WKH� VXLWDEOH� )LJXUHV� IURP� �� WR� �� WR� HYDOXDWH� WKH�FHPHQW�FRQWHQW��IRU�D�WULDO�ZDWHU�FHPHQW�UDWLR�RI���������)RU� WKH� FHPHQW� FRQWHQW� HYDOXDWHG� LQ� VWHS� ��� HYDOXDWH� WKH�ZDWHU�FHPHQW�UDWLR�IURP�)LJXUHV���WR����� $GMXVW� WKH� FHPHQW� FRQWHQW� LI� WKH� ZDWHU�FHPHQW� UDWLR� HYDOXDWHG� LQ�VWHS���LV�GLIIHUHQW�IURP�WKH�UDWLR�DVVXPHG�LQ�VWHS�������&RPSXWH�WKH�SRO\VW\UHQH�FHPHQW�UDWLR�XVLQJ�WKH�YROXPH�PHWKRG�����8VLQJ�)LJXUHV��� WR����FKHFN�ZKHWKHU� WKH�SRO\VW\UHQH�FHPHQW� UDWLR�LV�HTXDO�WR�WKDW�HYDOXDWHG�LQ�WKH�ODVW�VWHS���
([DPSOH�'HVLJQ� D� SRO\VW\UHQH�OLJKWZHLJKW� FRQFUHWH� PL[� ZLWK� D� WDUJHW�FRPSUHVVLYH�VWUHQJWK�RI����03D��DQG�D�GHQVLW\�RI������NJ�P��
6ROXWLRQ����5HGXFHG�FRPSUHVVLYH�VWUHQJWK� ����������� ������03D�����8VLQJ�7DEOH�����VHOHFW�DQ�DJJUHJDWH�FRQWHQW�RI�����NJ�P���
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��� )URP� )LJXUH� ��� DQG� IRU� Z�F�  � ������ WKH� FHPHQW� FRQWHQW�  � ����NJ�P�����)URP�)LJXUH����Z�F� �������LQ�DJUHHPHQW�ZLWK�WKDW�DVVXPHG�LQ�VWHS������1R�DGMXVWPHQW�UHTXLUHG�����9ROXPH�RI�WKH�SRO\VW\UHQH� ����>��������������������������������
����������@� ������3�&� ����������������� ���������)URP�)LJXUH����3�&� �������YHU\�FORVH�WR�WKH�UDWLR�HYDOXDWHG�LQ�WKH�SUHYLRXV�VWHS��
����&RQFOXVLRQV�����7KH� UHFRPPHQGHG� ZD\� LQ� SUHSDULQJ� SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�PL[HV�LV�WR�PL[�WKH�SRO\VW\UHQH�EHDGV�ZLWK�WKH�DJJUHJDWH�IRU�DERXW� WZR�PLQXWHV�� DIWHU� WKDW��ERWK�FHPHQW� DQG�ZDWHU� DUH� DGGHG�� DQG�PL[HG�IRU�DERXW�ILYH�PLQXWHV�LQ�RUGHU�WR�JHW�D�KRPRJHQHRXV�PL[����&RPSDFWLRQ�RI�SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�LV�WR�EH�DERXW������RI�QRUPDO�ZHLJKW�FRQFUHWH��WR�SUHYHQW�VHJUHJDWLRQ����7KH�UHFRPPHQGHG�FXULQJ�SHULRG�LV����GD\V����7KH� IROORZLQJ� SURSRUWLRQV� DUH� UHFRPPHQGHG� IRU� SURGXFLQJ�KRPRJHQHRXV� PL[HV� ZLWK� FRPSUHVVLYH� VWUHQJWKV� UDQJLQJ� IURP� ��� WR����03D�DQG�GHQVLWLHV�UDQJLQJ�IURP������WR������NJ�P���
�7DEOH�����5HFRPPHQGHG�PL[�SURSRUWLRQV�

4XDQWLW\� 5DQJH�&HPHQW�&RQWHQW� ��������NJ�P�

:�&�5DWLR� ����������
$JJUHJDWH�&RQWHQW� ���������NJ�P�

3RO\VW\UHQH� ��������P��P�

��7KH�WKHRUHWLFDO�GHQVLW\�LV�DERXW������RI�WKH�DFWXDO�GHQVLW\����7KH�GHYHORSPHQW�RI�VWUHQJWK�LV�VKRZQ�E\�WKH�IROORZLQJ�WDEOH��
7DEOH�����&RPSUHVVLYH�6WUHQJWK�DV���RI����GD\�6WUHQJWK�

$JH� &RPSUHVVLYH� 6WUHQJWK� DV�� RI����GD\�6WUHQJWK���� ����
� ���
� ���
��� ���
��� ����
��� ����
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��%DVHG�RQ�WKH�SRO\VW\UHQH�FHPHQW�UDWLRV�XVHG�LQ�WKH�VWXG\��WKH�WHQVLOH�VWUHQJWK� RI� SRO\VW\UHQH�OLJKWZHLJKW� FRQFUHWH�� UHSUHVHQWHG� E\� LWV�
PRGXOXV�RI�UXSWXUH�UDQJHV�IURP� FI���� WR� FI���� �
��8VLQJ�SRO\VW\UHQH�OLJKWZHLJKW�FRQFUHWH�LQ�VWUXFWXUDO�HOHPHQWV�QHHGV�IXUWKHU� WHVWLQJ� UHJDUGLQJ� ERQG� EHWZHHQ� WKH� FRQFUHWH� DQG� WKH�UHLQIRUFLQJ� EDUV�� WKH� UHTXLUHG� FRQFUHWH� FRYHU�� GU\LQJ� VKULQNDJH�� DQG�SHUPHDELOLW\��
����$FNQRZOHGJHPHQW�7KH� DXWKRUV� DUH� JUDWHIXO� IRU� WKH� GLUHFWRUV� RI� 0DWHULDO� DQG� 6RLO�ODERUDWRU\� LQ� ,8*�� DQG� $UDE� &HQWHU� IRU� (QJLQHHULQJ� 6WXGLHV� IRU�SURYLGLQJ�WKHLU�WHVWLQJ�IDFLOLWLHV�WR�WKH�UHVHDUFK�WHDP��6SHFLDO�WKDQNV�WR�WKH�ILQDO�\HDU�VWXGHQWV�ZKR�FDUULHG�RXW�WKH�WHVWLQJ�SURJUDP���
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