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$EVWUDFW� $[LDO� FRPSUHVVLRQ� WHVWV� ZHUH� SHUIRUPHG� RQ� RSHQ��
DQG� FORVHG�HQGHG� SLOHV�ZLWK� GLIIHUHQW� GLDPHWHUV�� 7KH� UHVXOWV� RI�WKHVH� WHVWV� KDYH� EHHQ� DQDO\]HG� FRQVLGHULQJ� WKH� HIIHFWV� RI� SLOH�GLDPHWHU�DQG�SLOH� HQG�FRQGLWLRQ�RQ� WKH�SLOH¶V�EHDULQJ� FDSDFLW\��1LQH�PHWKRGV�WR�GHWHUPLQH�D[LDO�SLOH�FDSDFLW\�EDVHG�RQ�WKH�VRLO�SURSHUWLHV� ZHUH� FRPSDUHG� ZLWK� WKH� PHDVXUHG� UHVXOWV�� 7KH�UHVXOWV� REWDLQHG� VKRZ� WKDW� SLOHV� GULYHQ� LQ� GHQVH� VDQG� FDQ�GHYHORS� VLJQLILFDQWO\� KLJKHU� EHDULQJ� FDSDFLWLHV� WKDQ� WKH�FDOFXODWHG� RQHV� �H�J�� $3,��� ,Q� VDQG�� RSHQ�HQGHG� SLOHV� W\SLFDOO\�GHYHORS� ORZHU� FDSDFLWLHV� FRPSDUHG� WR� FORVHG�HQGHG�SLOHV� DV� WKH�SLOH�GLDPHWHU�LQFUHDVHV��,QWURGXFWLRQ�7KH� LQFUHDVLQJ� XVH� RI� SLOHV� RI� VPDOO� GLDPHWHU� LQ� XQGHUSLQQLQJ�KLVWRULFDO� EXLOGLQJV� DQG� IRXQGDWLRQV� RI� QHZ� VWUXFWXUHV� QHHGV� PRUH�XQGHUVWDQGLQJ� RI� WKH� HIIHFWV� RI� WKH� GLDPHWHU� VL]H� RQ� WKH� EHDULQJ� FDSDFLW\�YDOXH�RI�WKLV�W\SH�RI�SLOHV�LQ�VDQG��7KH�EHDULQJ�FDSDFLW\�RI�SLOHV�LQ�VDQG\�VRLO�KDV� EHHQ� XQGHU� LQYHVWLJDWLRQ� IRU� \HDUV��0DQ\� WHVWV� KDYH� EHHQ� FDUULHG� RXW�ZLWK� LQVWUXPHQWHG� SLOHV� WR� PHDVXUH� WKH� YDULDWLRQ� RI� D[LDO� SLOH� ORDG� ZLWK�GHSWK� �/HKDQH� HW� DO�� ������� +RZHYHU� YHU\� OLWWOH� UHOLDEOH� GDWD� IRU� WKH� SLOH�EHKDYLRU� LQ� GHQVH� VDQG�� DQG� WKH� HIIHFW� RI� SLOH� VFDOH� DUH� DYDLODEOH� �&KRZ�������� /LQJV� ������� KDV� PDGH� DQ� DWWHPSW� WR� VWXG\� WKH� LQIOXHQFH� RI� SLOH�GLDPHWHU�RQ�VKDIW�UHVLVWDQFH��'HVLJQ�PHWKRGV�IRU�D[LDOO\�ORDGHG�SLOHV�LQ�VDQG�EDVHG�RQ� WKHRUHWLFDO� DQG� HPSLULFDO� DSSURDFKHV� VWLOO� VKRZ�PDMRU�YDULDWLRQV��EHFDXVH�RI�D�ODUJH�QXPEHU�RI�IDFWRUV�WKDW�DIIHFWV�WKH�EHDULQJ�FDSDFLW\�YDOXH��
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$OVR�$EX�.HLID��������UHSRUWHG�WKDW��WKH�VWDQGDUG�SHQHWUDWLRQ�WHVW�GRHV�QRW�SUHGLFW� WKH� DFWXDO� EHKDYLRU� RI� VRLO��0H\HUKRI� ������� FRQFOXGHG�� EDVHG� RQ�VWDWLF�FRQH�DQG�VWDQGDUG�SHQHWUDWLRQ�WHVW�UHVXOWV� WKDW�IDFWRUV�VXFK�DV�VL]H�RI�WKH� SLOHV�� EHDULQJ� OD\HU� WKLFNQHVV�� DQG� PHWKRG� RI� FRQVWUXFWLRQ� PXVW� EH�FRQVLGHUHG�LQ�HVWLPDWLQJ�WKH�XOWLPDWH�EHDULQJ�FDSDFLW\�RI�SLOHV�LQ�VDQG��7KH�XQLW�ZHLJKW�DQG�WKH�VKHDU�SDUDPHWHUV��LQWHUQDO�IULFWLRQ�DQJOH�DQG�FRKHVLRQ��FDQQRW� EH� PHDVXUHG� GLUHFWO\� GXULQJ� LQ� VLWX� LQYHVWLJDWLRQ� LQ� FRKHVLRQOHVV�VRLOV�� WKHUHIRUH� WKH� HPSLULFDO� GHVLJQ� PHWKRGV� DUH� XVHG� LQ� HVWLPDWLQJ� WKH�EHDULQJ�FDSDFLW\��5REHUW���������)XOO�VFDOH�ORDG�WHVWV�RQ�ERWK�RSHQ�HQGHG�DQG�FORVHG�HQGHG���P�ORQJ�VWHHO�SLSH�SLOHV�ZLWK�GLIIHUHQW�GLDPHWHUV�ZHUH�GULYHQ�LQ�GHQVH�VDQG�DW�,VODPLF�8QLYHUVLW\�RI�*D]D�&DPSXV��DV�SDUW�RI�D�UHVHDUFK�SURJUDP��6RLO�&RQGLWLRQV�7KH� VLWH� LV� ORFDWHG� FORVH� WR� WKH� VRXWKZHVW� FRUQHU� RI� WKH� XQLYHUVLW\�FDPSXV�� )LJXUH� �� VKRZV� WKH� VRLO� SURILOH� DQG� WKH� OLJKWZHLJKW� SHQHWURPHWHU�WHVW�UHVXOWV��',1��������7KHVH�UHVXOWV�VKRZ�DOPRVW�XQLIRUP�VDQG�FRQGLWLRQV��7KLV� DOORZV� IRU� GHFUHDVLQJ� WKH� ERXQGDU\� IDFWRUV� HIIHFWV� LQ� SLOH� EHDULQJ�FDSDFLW\�UHVXOWV��7KH�XSSHU�����P�FRQVLVWV�RI�ILQH�WR�PHGLXP�VDQG��RYHUO\LQJ�FOD\�OD\HU�ZLWK�DERXW���P�WKLFNQHVV��$�VXPPDU\�RI�VRLO�SURSHUWLHV�LV�JLYHQ�LQ 7DEOH� ��� 7KH� VDQG� OD\HU� PD\� EH� FODVVLILHG� DFFRUGLQJ� WR� WKH� 8QLILHG�&ODVVLILFDWLRQ�6\VWHP�DV�SRRUO\�JUDGHG�VDQG��63����7HVWLQJ�(TXLSPHQW�DQG�3URFHGXUH�7HQ�VWHHO�SLOHV�ZHUH�GULYHQ�DW�WKH�,VODPLF�8QLYHUVLW\�RI�*D]D��)LJXUH�� VKRZV�D�SODQ�YLHZ�RI�QLQH�RI�WKH�SLOH�WHVW�ORFDWLRQV��7KH�HLJKW�WUDGLWLRQDO�SLOHV� RQ� WKH� FRUQHU� ZRUNHG� DV� UHDFWLRQ�DQFKRU� SLOHV� GXULQJ� WKH� ORDG� WHVWV��7KH�UHDFWLRQ�SLOHV�ZHUH����P�GHHS��7KH����VWHHO�SLSH�SLOHV�ZHUH�FRQVWUXFWHG�DV� WHVW�SLOHV�ZLWK���P� ORQJ����RI� WKHP�DUH�FORVHG�HQGHG�SLSH�SLOHV�DQG� WKH�RWKHU� �� DUH� RSHQ�HQGHG� SLSH� SLOHV��(DFK� SLOH�ZDV� MDFNHG� LQWR� WKH� VDQG� IRU�DERXW����FP�WR�FRQWURO�LWV�YHUWLFDOLW\�DQG�WKHQ�XVLQJ�WKH�KHDG�RI�WKH�GULOOLQJ�PDFKLQH�DV�D�KDPPHU�IDFLOLWDWHG�D�IXOO�OHQJWK�SLOH�GULYLQJ��$OO�SLOH�ORDG�WHVWV�ZHUH�SHUIRUPHG�LQ�DOPRVW�VLPLODU�ILHOG�FRQGLWLRQV��XVLQJ�D�KLJK� FDSDFLW\� K\GUDXOLF� MDFN� DQG� GLDO� JDXJHV� DFFXUDWH� XS� WR� ����PP� WR�PHDVXUH� WKH� D[LDO� PRYHPHQW� RI� WKH� SLOH� KHDG�� 7KH� SLOHV� KDYH� DQ� RXWHU�GLDPHWHU� UDQJLQJ� IURP� ���� FP� WR� ��� FP� DQG� DUH� FORVHG� HQGHG� ZLWK� D� ���GHJUHHV�FRQLFDO�WLS��7KH�SLOH�ZDV�PDQXIDFWXUHG�XVLQJ�VWHHO�WXEHV��7KH�SLOHV�ZHUH�VSDFHG�DW�PRUH�WKDQ�WKUHH�SLOH�GLDPHWHU�LQ�JHQHUDO��
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7DEOH����6RLO�SURSHUWLHV�
�6DQG�OD\HU� &OD\�OD\HU�

8QLIRUPLW\�FRHIILFLHQW� ����� /LTXLG�OLPLW� ������
*UDGDWLRQ�FRHIILFLHQW� ����� 3ODVWLFLW\�LQGH[� ������
1DWXUDO�ZDWHU�FRQWHQW� ����� :DWHU�FRQWHQW� �������
%XON�XQLW�ZHLJKW�� �����N1�P� &RKHVLRQ�&X ���N3D�
,QWHUQDO�IULFWLRQ�DQJOH� ��Í 8QLW�ZHLJKW�� �����N1�P�

)LJXUH����7\SLFDO�OLJKW�ZHLJKW�SHQHWUDWLRQ�WHVW�UHVXOW�DQG�VRLO�SURILOH�
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)LJXUH����3LOH�WHVW�ORFDWLRQV�
�7HQVLOH�VWHHO�WHVW�ZDV�SHUIRUPHG�WR�HVWLPDWH�PRGXOXV�RI�HODVWLFLW\�RI�SLOH�PDWHULDO�( ��*1�P�������W�FP����6KHDU�ER[�WHVW�ZDV�SHUIRUPHG�XVLQJ�VWHHO�SODWH� �UHSUHVHQWV� WKH�SLOH�PDWHULDO�� LQ� WKH�XSSHU�KDOI�RI� WKH� VKHDU�ER[�DQG�WKH�VDQG\�VRLO�ZDV�SODFHG�LQ�WKH�ORZHU�KDOI�ZLWK�WKH�VDPH�ILHOG�GHQVLW\��7KH� LQWHUIDFH� IULFWLRQ� DQJOH� EHWZHHQ� SLOH�PDWHULDO� DQG� WKH� VDQG\� VRLO�ZDV�IRXQG�DV����GHJUHHV��)LJXUH���D�VKRZV�D�SKRWRJUDSK�RI�WKH�DUUDQJHPHQW�FRQVLVWLQJ�RI�WZR�SDUDOOHO�EHDPV�DGMDFHQW� WR�HDFK�RWKHU�FRQQHFWHG�ZLWK� WZR�SHUSHQGLFXODUV� ,�EHDPV� DW� HLWKHU� HQG�� ZKLFK� DUH� FRQQHFWHG� WR� WKH� �� DQFKRUHG� SLOHV�� 7KLV�DVVHPEOHG�VWHHO�IUDPH�LV�UHVWLQJ�RQ�WZR�,�EHDPV�DV�VXSSRUWV��7KH�K\GUDXOLF�MDFN LV�ORFDWHG�GLUHFWO\�RYHU�WKH�SLOH�KHDG�DQG�EHORZ�WKH�PLGGOH�FRQQHFWHG�,�EHDPV��)LJXUH���E�LOOXVWUDWHV�WKH�SRVLWLRQ�RI�SLOH�LQVWDOODWLRQV��7KH� WHVWV� ZHUH� SHUIRUPHG� LQ� UHODWLYHO\� GU\� VDQG� PDWHULDO��&RPSUHVVLRQ� ORDGV� ZHUH� DSSOLHG� XVLQJ� WKH� K\GUDXOLF� MDFN�� 7KH� SLOH�PRYHPHQWV�ZHUH�PHDVXUHG�ZLWK�WKUHH�GLDO�JDXJHV�ORFDWHG�RQ�D�ULJLG�SODWH����PP WKLFN����ZKLFK��ZDV��SRVLWLRQHG��RQ�WKH�SLOH�KHDG���7KH��JDXJHV��ZHUH�
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FRQQHFWHG� WR� WZR� UHIHUHQFH� EHDPV�� 7KH� K\GUDXOLF� MDFN� ZDV� FRQWUROOHG�PDQXDOO\� XVLQJ� D� SXPS� ZLWK� D� GLDO� JDXJH� UHDGLQJV� WDNHQ� E\� WKH� MDFN�RSHUDWRU�� 7KH� SURFHGXUHV� FRPPRQO\� XVHG� WR� SHUIRUP� ORDG� WHVWV� DUH� LQ�DFFRUGDQFH�ZLWK�$670'����������/RDGV� ZHUH� DSSOLHG� LQ� HTXDO� LQFUHPHQWV� RI� DERXW� ��� N1� ��� WRQV�������RI�WKH�H[SHFWHG�PD[LPXP�ORDG��DQG�PDLQWDLQHG�IRU�D�KROGLQJ�SHULRG�RI�DURXQG����PLQXWHV��7KH�PRYHPHQW�UDWH�ZDV�FRQWUROOHG�QRW�WR�H[FHHG��������PP�PLQ�� )DLOXUH�ZDV� GHFLGHG�ZKHQ� WKH� SLOH�PRYHPHQW� LQFUHDVHG� DQG� WKH�PD[LPXP�DSSOLHG�ORDG�FDQQRW�EH�UHDFKHG��/RDG�6HWWOHPHQW�%HKDYLRU�)LJXUH� �� VKRZV� WKH� UHVXOWV� RI� FORVHG�HQGHG� SLSH� SLOH�ZLWK� ����� FP�LQQHU�GLDPHWHU�WHVW��7KH�ORDG�VHWWOHPHQW�FXUYH�LQGLFDWHG�WKDW�WKH�IDLOXUH�ZDV�UHDFKHG��)RU�WKH�ILQDO�ORDG�RI������N1���WKH�KHDG�VHWWOHPHQW�ZDV�������PP���,W� LV� LPSRUWDQW� WR� QRWH� WKDW� WKH� UHVLGXDO� VHWWOHPHQW� ZDV� YHU\� KLJK� �������PP���)RU�WKH�UHVW�RI�WKH�SLOHV��D�UDWKHU�VLPLODU�EHKDYLRU�ZDV�REVHUYHG��6RPH�RI� WKHVH�SLOHV�DUH� UH�WHVWHG�DIWHU�DERXW�RQH�PRQWK�� LW�ZDV�REVHUYHG� WKDW� WKH�PD[LPXP�ORDG�ZDV�DOPRVW�WKH�VDPH��'LDPHWHU�5HVSRQVH�RI�6LQJOH�3LOH�$ OLPLWHG�QXPEHU�RI�UHVHDUFKHV�KDYH�EHHQ�SUHVHQWHG�LQ�WKH�OLWHUDWXUH�DERXW� WKH� SLOH� GLDPHWHU� HIIHFW� RQ� LWV� EHDULQJ� YDOXH�� 0H\HUKRI� ������� KDV�FRPSDUHG�WKH�UHVXOWV�RI�ORDG�WHVWV�RI�GLIIHUHQW�SLOH�VL]HV�ZLWK�WKHLU�HVWLPDWHG�XOWLPDWH� EHDULQJ� FDSDFLWLHV� LQ� VDQG�� ,Q� WKLV� VWXG\� IXOO�VFDOH� WHVWV� ZHUH�SHUIRUPHG�DQG�DQDO\]HG�E\�PHDQV�RI�QLQH�PHWKRGV�IRU�SLOH�EHDULQJ�FDSDFLW\�HVWLPDWLRQ��7HVW�5HVXOWV�� 7DEOH� �� VXPPDUL]HV� SLOH� ORDGLQJ� WHVW� UHVXOWV�� 7KH� UHVXOWV� DUH�VHSDUDWHG� LQWR� WZR�JURXSV�DFFRUGLQJ� WR� WKH�SLOH� W\SH��7KH� IDLOXUH� ORDG�ZDV�GHILQHG�DV�WKH�PD[LPXP�ORDG�UHDFKHG��7KH�WHVW�UHVXOWV�IRU�WZR�W\SHV�RI�VWHHO�SLSH�SLOHV�ZHUH�SORWWHG�LQ�)LJXUH����$Q�H[DPLQDWLRQ�RI� WKLV�ILJXUH�WRJHWKHU�ZLWK�7DEOH���VKRZV�WKDW�DW�D�GLDPHWHU� OHVV� WKDQ������FP�WKH�PHDVXUHG�SLOH�ORDG� FDSDFLWLHV�ZHUH� FORVH� WR� HDFK� RWKHU� IRU� RSHQ�HQGHG� DQG� FORVHG�HQGHG�SLOHV�� 7KH� UDWH� RI� LQFUHDVH� RI� SLOH� ORDG� FDSDFLW\� ZLWK� WKH� LQFUHDVH� RI� LWV�GLDPHWHU� LV� GHVLJQDWHG� 5� DQG� LV� GHILQHG� DV� WKH� GLIIHUHQFH� LQ� SLOH� ORDG�FDSDFLW\� GLYLGHG� E\� WKH� GLIIHUHQFH� LQ� RXWHU� GLDPHWHU� IRU� WZR� SLOHV� LQ� D�VHTXHQFH��7KH�FDOFXODWHG�UDWH�YDOXHV�DUH�SORWWHG�LQ�)LJXUH����)RU�WKH�FXUUHQW�WHVW�UHVXOWV��WKH�UDWH�LQFUHDVHV�ZLWK�LQFUHDVH�LQ�SLOH�GLDPHWHU��,W�LV�LQWHUHVWLQJ�WR QRWH�WKDW��IRU�RSHQ�HQGHG�SLOH�DW�WKH�ILUVW�VWDJH��WKH�UDWH�LV�QRW�VHQVLWLYH�WR�FKDQJH�LQ�SLOH�GLDPHWHU���
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7DEOH���SUHVHQWV�DOVR�WKH�SHUFHQW�GLIIHUHQFH�EHWZHHQ�WKH�RSHQ�HQGHG�DQG�FORVHG�HQGHG�SLOH�ORDG�FDSDFLWLHV��GHWHUPLQHG�DV�WKH�GLIIHUHQFH�EHWZHHQ�WKH�WZR�ORDG�EHDULQJ�YDOXHV�GLYLGHG�E\�WKH�EHDULQJ�YDOXH�RI�RSHQ�HQGHG�SLOH�RI� WKH� VDPH� GLDPHWHU�� $V� WKH� GLDPHWHU� LQFUHDVHV� WKH� SLOH� ORDG� FDSDFLW\� RI�FORVHG�HQGHG�SLOH�LV�KLJKHU�WKDQ�WKH�RSHQ�HQGHG�SLOH�ZLWK�DQ�DYHUDJH��������$ODZQHK� HW� DO�� ������� FRQFOXGHG� WKDW� WKH� FORVHG�HQGHG� GULYHQ� SLSH� SLOHV�VKRZHG� DSSUR[LPDWHO\� ���� LQFUHDVH� LQ� VNLQ� UHVLVWDQFH� FRPSDUHG�ZLWK� WKH�
RSHQ�HQGHG�SLOHV�
7DEOH����7HVW�UHVXOWV�DQG�SHUFHQW�GLIIHUHQFHV�LQ�SLOH�ORDG�FDSDFLW\�
3LOH�GLDPHWHU��FP� 2SHQ�HQGHG�SLOH� &ORVHG�HQGHG�SLOH
,QQHU� 2XWHU� 4� 
�N1� 5 �N1�FP� 4F�
�N1�� 5�N1�FP��
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7KHRUHWLFDO�'HVLJQ�0HWKRGV�6HYHUDO�PHWKRGV�DUH�FXUUHQWO\�XVHG�LQ�HQJLQHHULQJ�GHVLJQ�SUDFWLFH��,Q�VRPH�RI�WKHVH�PHWKRGV�ILHOG�WHVW�GDWD�DUH�XVHG�LQ�GHWHUPLQLQJ�EHDULQJ�YDOXHV��L�H��FRQH�SHQHWUDWLRQ�WHVW�DQG�VWDQGDUG�SHQHWUDWLRQ�WHVW���,Q�RWKHUV�ODERUDWRU\�WHVWLQJ� UHVXOWV� DUH�XVHG� WR� FDOFXODWH� WKH� UHTXLUHG� SDUDPHWHU�YDOXHV�� VXFK� DV�WKH�HDUWK�SUHVVXUH�FRHIILFLHQW�.��DQG�WKH�EHDULQJ�FDSDFLW\�IDFWRU��1T� 0DLQO\�UHIHU� WR� WKH� $PHULFDQ� 3HWUROHXP� ,QVWLWXWH� ������� SURFHGXUH�� $PHULFDQ�6RFLHW\� RI� &LYLO� (QJLQHHUV� ERRN� DGDSWHG� IURP� 8�6�� $UP\� &RUSV� RI�(QJLQHHUV��$6&(��������DQG�%RZOHV��������WH[WERRN�IRU�GHWDLOHG�SURFHGXUH�RI XOWLPDWH�EHDULQJ� FDSDFLW\�FDOFXODWLRQV��)RU�SLOH� IRXQGDWLRQ�ZLWK� UDWLR�RI�
SLOH� HPEHGGHG� OHQJWK� WR� SLOH� GLDPHWHU� JUHDWHU� WKDQ� �� WKH� 1J WHUP� LQ� WKH�EHDULQJ�FDSDFLW\�IRUPXOD�LV�VPDOO�FRPSDUHG�ZLWK�1T WHUP�DQG�FDQ�VDIHO\�EH�QHJOHFWHG��.XOKDZ\��������(QG�%HDULQJ�&DSDFLW\�7KH� IROORZLQJ� LV� D� SUHVHQWDWLRQ� RI� WKH� HQG� EHDULQJ� FDSDFLW\�FRPSXWDWLRQV�RI�SLOHV��)RU�YDULRXV� WKHRUHWLFDO�DSSURDFKHV�� WKH�XOWLPDWH�HQG�EHDULQJ�FDSDFLW\�IRU�SLOHV� LQ�VDQG�PD\�EH�FRPSXWHG�QHJOHFWLQJ�SLOH�ZHLJKW�
DQG�1J WHUP�XVLQJ�WKH�IROORZLQJ�HTXDWLRQ��>�@�:KHUH�T?  HIIHFWLYH�VRLO�YHUWLFDO�RYHUEXUGHQ�SUHVVXUH�DW�SLOH�SRLQW�| /J?�J?  HIIHFWLYH�XQLW�ZHLJKW�RI�VRLO�DORQJ�WKH�SLOH�HPEHGGHG�OHQJWK�/��1T�  SLOH�EHDULQJ�FDSDFLW\�IDFWRU�RI�VXUFKDUJH�FRPSRQHQW��)T�  FRUUHFWLRQ�IDFWRU�RI�VXUFKDUJH�FRPSRQHQW��7DEOH���OLVWV�WKH�FDOFXODWHG�HQG�EHDULQJ�FDSDFLW\�RI�SLOHV�E\�YDULRXV�PHWKRGV� IRU� VDQG\� VRLO�� )RUD\� HW� DO�� ������� VKRZHG� WKDW� D� YHU\� VKRUW� VRLO�SOXJ�LV�VXIILFLHQW�WR�GHYHORS�D�IXOO�HQG�EHDULQJ�FDSDFLW\��$V�ZDV�DOVR�VKRZQ�E\�0XUII��������WKH�SOXJ�OHQJWK�ZLWK�WZR�WR�WKUHH�GLDPHWHUV�RI�D�VWHHO�SLSH�SLOH�FDQ�FDUU\�WKH�HQG�EHDULQJ�FDSDFLW\�RI�WKH�LQWHUQDO�VRLO�SOXJ��TXRWHG�IURP�)RUD\�HW�DO���������$�SLOH�RI���P�ORQJ�LV�FRQVLGHUHG�DQG�WKH�HQG�EHDULQJ�KDV�EHHQ�FDOFXODWHG�IRU�SLOHV�RI�YDULRXV�GLDPHWHUV�DVVXPLQJ�D�IXOO\�SOXJJHG��RU�FORVHG�HQGHG�� SLOH�� ,Q� WKH� $PHULFDQ� 3HWUROHXP� ,QVWLWXWH¶V� �$3,��UHFRPPHQGDWLRQV� IRU� RSHQ�HQGHG� SLOH�� WKH� WRWDO� UHVLVWDQFH� LQFOXGHV� WKH�LQWHUQDO�VKDIW�IULFWLRQ�RU�WKH�HQG�EHDULQJ�RI�WKH�SOXJ��ZKLFKHYHU�LV�OHVV��6NLQ�)ULFWLRQ�&RPSXWDWLRQV�7KH PD[LPXP�VNLQ�IULFWLRQ�UHVLVWDQFH� WKDW�PD\�EH�PRELOL]HG�DORQJ�WKH�SLOH�OHQJWK�PD\�EH�GHWHUPLQHG�E\���>�@�
�
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GWDQ?.3I  

7DEOH����9DOXHV�RI�HQG�UHVLVWDQFH�IRU�GULYHQ�FORVHG�HQGHG�SLOHV�LQ�VDQG�
KDYLQJ�I  ��R�

� (QG�UHVLVWDQFH��N1��0HWKRG� 5HIHUHQFH�SDSHU 3URFHGXUH�VRXUFH� 1T� '
 ������� ������ ������� ������ �������
0H\HUKRI 0H\HUKRI������ $6&(������ ���� ����� ������ ������ ���� �������
+DQVHQ� +DQVHQ������ $6&(������ ������ ������� ������ ������ ������ �������
9HVLF� 9HVLF����������� %RZOHV� ������ �������� ������ ������ ����� �������
*HQHUDO�VKHDU� %RZOHV������ $6&(������ ������ ����� ������ ������ ������ �������
-DQEX¶V� -DQEX¶V������ %RZOHV����� ������ ���� ����� ��� ����� ������
1RUGOXQG 9DQLNDU������ $6&(������ ��� ����� ����� ����� ������ �������
$3,� $3,������ $3,������ ��� ���� ����� ����� ����� ���

���� ������ ����� ������� ������ ������$ODZQHK� $ODZQHK������ $ODZQHK� �����

� ����� ����� ������ ����� ������
1RWH�
' �'LDPHWHU�RI�SLOH�LQ�P�

�&RQVLGHULQJ�UHVLGXDO�ORDGV��ZKHUH�¦  XQLW�IULFWLRQDO�UHVLVWDQFH�$V  DUHD�RI�SLOH�VXUIDFH�7KH IROORZLQJ�PHWKRGV�DUH�XVHG�IRU�WKH�FDOFXODWLRQ�RI�XQLW�IULFWLRQDO�UHVLVWDQFH�RI�SLOHV�LQ�VDQG��L�7KH�$PHULFDQ�3HWUROHXP�,QVWLWXWH��$3,��������LL�1RUGOXQG�� LLL�%HWD� � � DQG� LY�� $ODZQHK�� 7KH� UHFRPPHQGDWLRQV� RI� $3,��������IRU�SLOH�GHVLJQ�LQ�VDQG�DUH�XVHG�DV�IROORZV��>�@�ZKHUH�.  �GLPHQVLRQOHVV�FRHIILFLHQW�RI�ODWHUDO�HDUWK�SUHVVXUH��  ����IRU�FORVH�HQGHG�SLOH��  �����IRU�RSHQ�HQGHG�SLOH�3?  WKH�DYHUDJH�HIIHFWLYH�RYHUEXUGHQ�SUHVVXUH�DORQJ�WKH�SLOH��G  IULFWLRQ�DQJOH�EHWZHHQ�WKH�VRLO�DQG�SLOH�ZDOO��:KHQ FDOFXODWLQJ� WKH� XQLW� IULFWLRQDO� UHVLVWDQFH� �¦�� ZLWK� LQFUHDVLQJ�HPEHGGHG� GHSWK�� D� OLPLWLQJ� YDOXH� ¦OLP� LV� DSSOLHG�� ZKLFK� GHSHQGV� RQ� WKH�UHODWLYH� GHQVLW\� RI� VDQG�� /LPLWLQJ� YDOXHV� IRU� ¦ DQG XOWLPDWH� HQG� EHDULQJ�FDSDFLW\�TSX�DUH�VSHFLILHG�ZLWK�$3,��7\SLFDO�YDOXHV�RI�OLPLWLQJ�FDSDFLWLHV�RI�¦OLP�UDQJH�IURP������WR����N3D�IRU�ORRVH�VDQG�DQG�IURP�����WR�����N3D�IRU�GHQVH� WR� YHU\� GHQVH� VDQG�� 6LPLODU� OLPLWLQJ� HQG� EHDULQJ� YDOXHV� OLH� LQ� WKH�UDQJH�����������N3D�IRU�ORRVH�VDQG�WR������������N3D�IRU�GHQVH�VDQG��7DEOH��� OLVWV� WKH� FDOFXODWHG� VNLQ� IULFWLRQ� FDSDFLW\�RI� WKH� FORVHG�HQGHG�SLOH��&RPSDULVRQ� RI� PHWKRGV� VKRZ� WKDW� VNLQ� IULFWLRQ� YDULHV� IURP� ����� N3D� WR������� N3D� IRU� WKH� XVHG� VDQG�� 7KH� XOWLPDWH� SLOH� FDSDFLW\� LV� FRPSXWHG� E\�DGGLQJ�WKH�VNLQ�IULFWLRQ�UHVLVWDQFH�4V �XQLW�VNLQ�IULFWLRQ�¦ LQWHJUDWHG�RYHU�WKH�
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VSX 444 � 
HPEHGGHG�VXUIDFH�DUHD�RI� WKH�SLOH�� WR�WKH�HQG�UHVLVWDQFH�4S� 7KHUHIRUH�� WKH�WRWDO�EHDULQJ�FDSDFLW\�LV��>�@� 7KH�PLQLPXP�DQG�PD[LPXP�YDOXHV� RI� TSX� DQG�¦ FDOFXODWHG� DERYH�FRXOG�EH�XVHG�WR�REWDLQ�D�UDQJH�RI�4X��
�7DEOH���6NLQ� IULFWLRQ� UHVLVWDQFH�FDOFXODWLRQ�RI�GULYHQ�FORVHG�HQGHG�SLOHV� LQ�
VDQG�KDYLQJ�I  ��R�

6NLQ�UHVLVWDQFH��N1��0HWKRG� 5HIHUHQFH�SDSHU� 3URFHGXUH�VRXUFH� ' ������� ������ ������ ������ �����
%HWD�� � 0H\HUKRI�������3RXORXV������ $6&(������ ����� ����� ������ ������ ������
1RUGOXQG 9DQLNRU������ $6&(������ ����� ����� ����� ����� ������
$3,� $3,������ $3,������ ����� ����� ������ ����� ������

���� ����� ����� ����� �����$ODZQHK� $ODZQHK������ $ODZQHK����� ����
 ���� ���� ������ �����
1RWH��'� �RXWHU�GLDPHWHU�RI�SLOH�LQ��P��
�&RQVLGHULQJ�UHVLGXDO�ORDGV�
�&RPPHQWV�RQ�%HDULQJ�&DSDFLW\�&RPSXWDWLRQV�7KH� GHVLJQ� PHWKRGV� GHVFULEHG� DERYH� ZHUH� XVHG� WR� SUHGLFW� WKH�EHDULQJ�FDSDFLW\�RI�WKH�WHVW�FORVHG�HQGHG�SLOHV�LQFOXGHG�LQ�WKH�H[SHULPHQWDO�SURJUDP�� ,W� LV� REYLRXV� WKDW� WKHUH� ZHUH� D� YDULDWLRQ� LQ� WKH� YDOXH� RI� 1TGHWHUPLQHG�E\�GLIIHUHQW�PHWKRGV��ZKLFK�DIIHFWV� WKH�HQG�EHDULQJ�YDOXH�� WKLV�DJUHHV� ZLWK� &R\OH� DQG� &DVWHOOR� ������� DQG� &RGXWR� ������� �TXRWHG� IURP�5REHUW� ������� 2Q� WKH� RWKHU� KDQG�� FRPSDULVRQ� RI� PHWKRGV� LQGLFDWHV� WKDW�+DQVHQ��$3,�DQG�9HVLF�PHWKRGV� WDNH�DFFRXQW�RI�D� OLPLWLQJ�HIIHFWLYH�VWUHVV�ZKLOH� WKH� JHQHUDO� VKHDU�PHWKRG� DQG� -DQEX�PHWKRG� LJQRUH� WKLV� VWUHVV�� 7KH�FULWLFDO�GHSWK�DSSOLHV�WR�WKH�0H\HUKRI�DQG�1RUGOXQG�PHWKRGV�IRU�DQDO\VLV�RI�EHDULQJ� FDSDFLW\�� ,W� VKRXOG� EH�PHQWLRQHG� WKDW�.DUIW� ������� FRQFOXGHG� WKDW�WKH� FULWLFDO� GHSWK� FRQFHSW� GRHV� QRW� H[LVW�� ZKLFK� LV� QRW� LQ� DJUHHPHQW� ZLWK�0H\HUKRI� DQG� RWKHUV�� 7KH� FDOFXODWLRQV� LQGLFDWH� D� VLJQLILFDQW� GLIIHUHQFH�EHWZHHQ�WKHVH�PHWKRGV���)LJXUH���VKRZV�WKH�FDOFXODWHG�SLOH�UHVLVWDQFH��FDSDFLW\��ZLWK�UHVSHFW�WR WKH� PHDVXUHG� XOWLPDWH� SLOH� FDSDFLW\� RI� HDFK� WHVW� SLOH�� &RPSDULVRQ� RI�FDOFXODWHG� DQG�PHDVXUHG� UHVXOWV� VKRZV� WKDW� WKH� PHDVXUHG� SLOH� FDSDFLW\� LV�KLJKHU�WKDQ�WKH�FDOFXODWHG�IRU�PRVW�RI�WKH�FXUUHQW�GHVLJQ�PHWKRGV��)RUD\�HW�DO���������VKRZHG�WKDW�SLOHV�GULYHQ�LQ�GHQVH�VDQG�FDQ�GHYHORS�VLJQLILFDQWO\�KLJKHU� EHDULQJ� FDSDFLWLHV� WKDQ� WKH� FDOFXODWHG� ZLWK� $3,� PHWKRG�� )LJXUH� ��VKRZV�WKH�LQIOXHQFH�RI�WKH�SLOH�GLDPHWHU�RQ�WKH�SUHGLFWLRQ�RI�VNLQ�UHVLVWDQFH�WR WKH�WRH�UHVLVWDQFH�UDWLR��2Q�WKH�DYHUDJH��WKH�UDWLR�RI�FDOFXODWHG�VNLQ�WR�WRH�SLOH� FDSDFLW\� GHFUHDVHV� ZLWK� WKH� LQFUHDVH� LQ� SLOH� GLDPHWHU�� 2EYLRXVO\�� WKH�FXUUHQW�PHWKRGV� VKRZ� VLJQLILFDQW� YDULDWLRQV� LQ� WKH� FRPSXWDWLRQ� RI� EHDULQJ�
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FDSDFLW\� YDOXHV�� ZKLFK� UHIOHFW� WKH� YDULDWLRQV� RI� WKH� DVVXPHG� VKDSH� RI� WKH�VKHDU�SDWWHUQ�DQG�LWV�H[WHQW�DERYH�DQG�EHORZ�WKH�SLOH�WLS�DQG�WKH�YDULDWLRQ�LQ�WKH�OLPLW�RI�VNLQ�VWUHVV�SDUDPHWHUV���)LJXUH� �� VKRZV� WKH� LQIOXHQFH� RI� SLOH� GLDPHWHU� RQ� WKH� FDOFXODWHG� WR� WKH�PHDVXUHG� SLOH� FDSDFLW\� RI� HDFK� WHVW� SLOH�� ,Q� JHQHUDO�� WKH� UHVXOWV� RI� PRVW�GHVLJQ� PHWKRGV� IRU� SLOHV� LQ� VDQG� KDYH� KLJKOLJKWHG� WKH� SRRU� UHOLDELOLW\� RI�WKHVH�GHVLJQ�DSSURDFKHV��ZKLFK�DJUHHG�ZLWK�%ULDXG�DQG�7XFNHU��������DQG�/LQJV����������7KH�UDWLR�RI�FDOFXODWHG�WR�PHDVXUHG�UHVLVWDQFH�LV��LQ�JHQHUDO��OHVV� WKDQ� �� IRU� VPDOO� SLOH� GLDPHWHUV�ZKLFK� VKRZV�XQGHU�HVWLPDWLRQ� RI� SLOH�FDSDFLW\�� %XW� WKH� UDWLR� LQFUHDVHV�ZLWK� WKH� LQFUHDVH� LQ� SLOH� GLDPHWHU�� /LQJV��������VWXGLHG�WKH�SLOH�GLDPHWHU�LQIOXHQFH�RQ�SLOH�VNLQ�UHVLVWDQFH�DQG�IRXQG�WKDW� DW� YHU\� VPDOO� SLOH� GLDPHWHU� WKH� FDOFXODWHG� VNLQ� UHVLVWDQFH� LV� XQGHU�HVWLPDWHG�� )RU� WKLV� VWXG\� WKH� JHQHUDO� WUHQG� RI� GLDPHWHU� LQIOXHQFH� RQ� SLOH�EHDULQJ�FDSDFLW\�DJUHHV�ZLWK�/LQJV����������

(YDOXDWLRQ�RI�'LVSODFHG�9ROXPH�,Q�RUGHU� WR� VWXG\� WKH� IDFWRUV� WKDW�PD\� DIIHFW� WKH� SLOH�EHDULQJ� FDSDFLW\�� WKH�YROXPH�RI�VRLO�GLVSODFHG�SHU�XQLW�OHQJWK�LV�FDOFXODWHG�IRU�RSHQ��DQG�FORVHG�HQGHG� SLOHV�� 7KH� LQIOXHQFH� RI� VRLO� GLVSODFHPHQW� RQ� WRWDO� SLOH� FDSDFLW\� LV�VKRZQ�LQ�)LJXUH����� ,W� VKRXOG�EH�QRWHG� WKDW� WKH� UDWH�RI� LQFUHDVH�RI�FORVHG�
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HQGHG�SLOH�FDSDFLW\�GHFUHDVHV�ZLWK�WKH�LQFUHDVH�LQ�WKH�YROXPH�RI�GLVSODFHG�VRLO��)RU� WKH�RSHQ�HQGHG�SLOHV� WKH� UDWH�RI� LQFUHDVH� LQ�SLOH�EHDULQJ� FDSDFLW\�ZLWK� WKH� LQFUHDVH� LQ� WKH� YROXPH� RI� GLVSODFHG� VRLO� LV� VPDOO�� EXW� UDSLGO\�
LQFUHDVHV�ZKHQ�WKH�SLOH�GLDPHWHU�EHFRPHV�HTXDO�WR�RU�JUHDWHU�WKDQ�����FP�
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3LOH�'LDPHWHU�7KH�GULYLQJ�RI�D�FORVHG�HQGHG�SLOH�LV�XVXDOO\�DVVRFLDWHG�ZLWK�PRYLQJ�RI�ODUJHU�DPRXQW�RI�VDQG��ZKLFK�FDXVHV�DGGLWLRQDO�GHQVLILFDWLRQ�RI�WKH�VDQG�LQ FRPSDULVRQ� WR� DQ�RSHQ�HQGHG�SLOH��7KHUHIRUH�� LW� LV� UHDVRQDEOH� WR� H[SHFW�WKDW�E\�DGGLWLRQDO�GHQVLILFDWLRQ�D[LDO�VWUHVV�ZLOO�EH�LQFUHDVHG�DQG�ZLOO�OHDG�WR�D FRUUHVSRQGLQJ� LQFUHDVH� LQ� WKH� ODWHUDO� VWUHVV� DQG� IRU� WKLV� UHDVRQ� WKH� VNLQ�IULFWLRQ� VWUHVV� DW� WKH� SLOH�VRLO� LQWHUIDFH� LV� H[SHFWHG� WR� EH� LQFUHDVHG��:KLOH�RSHQ�HQGHG�SLOHV�FDXVH�OHVV�GHQVLILFDWLRQ�DQG�EULQJ�DERXW�VPDOO�FKDQJHV�RI�ODWHUDO�VWUHVVHV��7KH�XQLW�VNLQ�IULFWLRQ�FDSDFLW\�RI�D�SLOH�PD\�EH� LQIOXHQFHG�E\� WKH� ODWHUDO� �UDGLDO��HIIHFWLYH�VWUHVV�DW� WKH�SLOH�VRLO� LQWHUIDFH��)RUD\�HW�DO��������&KRZ�������DQG�5DQGROSK�HW�DO���������/HKDQH�HW�DO���������VKRZHG�WKDW� WKH� ODWHUDO�HIIHFWLYH� VWUHVV�DFWLQJ�RQ� WKH�SLOH�VKDIW� LV�FRPSULVHG�RI� WZR�FRPSRQHQWV��7KHVH�DUH�WKH�ODWHUDO�VWUHVV�DIWHU�LQVWDOODWLRQ�DQG�EHIRUH�ORDGLQJ�DQG�WKH�DGGLWLRQDO�FRPSRQHQW�GULYHG�IURP�VDQG�GLODWLRQ�GXULQJ�ORDGLQJ��)RU VDQGV�� 0H\HUKRI� ������� FRQFOXGHG� WKDW� XOWLPDWH� HQG� EHDULQJ�FDSDFLW\�WHQGV�WR�EH�OHVV�IRU�ODUJHU�GLDPHWHU�GULYHQ�SLOHV��DQG�LQGLFDWHG�WKDW�XOWLPDWH� XQLW� VNLQ� IULFWLRQ� LV� SUDFWLFDOO\� LQGHSHQGHQW� RI� SLOH� GLDPHWHU�� 7KH�UHGXFWLRQ� LQ� HQG�EHDULQJ� FDSDFLW\�KDV�EHHQ� UHODWHG�ZLWK� D� UHGXFWLRQ�RI� WKH�
HIIHFWLYH�DQJOH�RI�LQWHUQDO�IUDFWLRQ�I? ZLWK�ODUJHU�GLDPHWHU��+RZHYHU��+HWWOHU��������FRQFOXGHG�WKDW�WKH�XQLW�VNLQ�UHVLVWDQFH�RI�PRGHO�WHQVLRQ�SLOHV�LQ�VDQG�GHFUHDVHV� DV� WKH� SLOH� GLDPHWHU� LQFUHDVHV� �TXRWHG� IURP� .UDIW� ������� .UDIW��������PHQWLRQHG� WKDW� WKH� UHODWLYH� LQIOXHQFH� RI� SLOH� GLDPHWHU� GHFUHDVHG� DV�WKH SLOH� GLDPHWHU� LQFUHDVHG�� ,Q� WKLV� VWXG\�� LW� ZDV� IRXQG� WKDW� WKH� UDWH� RI�LQFUHDVH�RI�WKH�SLOH�FDSDFLW\�GHFUHDVHV�ZLWK�JUHDWHU�SLOH�GLDPHWHU��DQG�IRU�D�JLYHQ SLOH�GLDPHWHU� WKH�UDWH�RI� LQFUHDVH�IRU� WKH�FORVHG�HQGHG�SLOHV� LV� ODUJHU�WKDQ WKDW�IRU�RSHQ�HQGHG�SLOHV��2SHQ�(QGHG�3LOH�2SHQ�HQGHG� SLSH� SLOHV� DUH� RIWHQ� GULYHQ� LQWR� VDQG\� VRLO� WR� UHGXFH�GULYLQJ� UHVLVWDQFH�� 7KH� LQIOXHQWLDO� IDFWRUV� IRU� WKH� SOXJ� IRUPDWLRQ� DUH� SLOH�GLDPHWHU�� VDQG� GHQVLW\�� HPEHGGHG� OHQJWK�� SLOH� ZDOO� WKLFNQHVV�� DQG�LQVWDOODWLRQ� SURFHGXUHV�� 7HVWV� ZHUH� SHUIRUPHG� RQ� GULYHQ�� RSHQ�HQGHG� DQG�FORVHG�HQGHG�VWHHO�SLSH�SLOHV�LQ�VDQG\�VRLO��LQ�ZKLFK�WKH�VDPH�VRLO�FRQGLWLRQV�DUH XVHG�� 5HVXOWV� RI� WKLV� VWXG\� VKRZ� WKDW� WKH� SLOH� GLDPHWHU� VWURQJO\�LQIOXHQFHG� WKH�SOXJ�EHKDYLRU�ZKHUH� WKH�SLOH�FDSDFLWLHV�RI� VPDOOHU�GLDPHWHU��OHVV�WKDQ������FP��KDYH�DOPRVW�WKH�VDPH�FDSDFLW\�RI�FORVHG�HQGHG�SLOH��7KLV�PHDQV WKDW� IXOO\� SOXJJHG� SLOH� KDV� VWLIIHU� UHVSRQVH� WR� ORDGLQJ� LQ� VPDOOHU�GLDPHWHU�SLOHV�WKDQ�LQ�WKH�ODUJHU�GLDPHWHU�SLOHV��7KH�GULYHQ�RSHQ�HQGHG�SLOH�FDSDFLW\� LV� JHQHUDOO\� OHVV� WKDQ� WKH� VLPLODU� FORVHG�HQGHG� SLOH� FDSDFLW\��/HKDQH� DQG� *DYLQ� ������� VKRZV� WKDW� IRU� SDUWLDOO\� SOXJJHG� SLOH� WKH� SOXJ�VWLIIQHVV�LV�OHVV�WKDQ�WKDW�RI�DQ�HTXLYDOHQW�FORVHG�HQGHG�SLOH��3DLNRZVN\��
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�������� LQGLFDWHG� WKDW�PRVW� RSHQ�HQGHG� SLOHV� LV� ILOOLQJ� XS�ZLWK� VRLO� GXULQJ�GULYLQJ��EXW�LW�IDLOV�DV�FORVHG�HQGHG�SLOHV�GXULQJ�VWDWLF�ORDGLQJ��TXRWHG�IURP�5DQGROSK�HW�DO�� ��������5DQGROSK�HW�DO�� �������SRLQWHG�WKDW��DUFKLQJ�DFWLRQ�RFFXUV� ZLWKLQ� WKH� SLSH� SLOH� ZKLFK� OHDGV� WR� KLJK� LQWHUQDO� IULFWLRQ�� 0RVW�UHVHDUFKHUV� ZKR� VWXGLHG� SOXJ� ORDG� WUDQVIHU� PHFKDQLVP� RI� SLOHV� LQ� VDQGV�DJUHH� WKDW� WKH�RSHQ�HQGHG�SLOHV�EHKDYH� DV�FORVHG�HQGHG�SLOHV�ZKHQ� ORDGHG�VWDWLFDOO\� �.DUIW� �����5DQGROSK� HW� DO�� �����2¶1HLOO� HW� DO�� ������5DLQHV� HW� DO���������&RQFOXVLRQV�x 7KHUH LV� QR� FOHDU� HYLGHQFH� RI� PD[LPXP� µ�OLPLWLQJ¶� YDOXHV� RI� SLOH� EHDULQJ� FDSDFLW\�� LQ�WKH� UDQJH� RI� SLOH� GLDPHWHU� LQYHVWLJDWHG��+RZHYHU�� WKHUH� ZDV� DQ� LQFUHDVH� LQ� EHDULQJ�FDSDFLW\�ZLWK�WKH�LQFUHDVH�LQ�SLOH�GLDPHWHU��x 7KH UDWH�RI�LQFUHDVH�LQ�SLOH�FDSDFLW\�GHFUHDVHV�ZLWK�WKH�LQFUHDVH�LQ�SLOH�GLDPHWHU��x 7KH PHDVXUHG�SLOH�FDSDFLW\�LV�KLJKHU�WKDQ�WKH�FDOFXODWHG� RQH� ZLWK� WKH� PRVWO\� XVHG� FXUUHQW�GHVLJQ PHWKRGV��L�H��$3,��x 7KH VPDOOHU� GLDPHWHU� RI� RSHQ�HQGHG� SLOHV�H[KLELWHG� D� VLPLODU� EHDULQJ� FDSDFLW\� DV� WKH�FORVHG�HQGHG�SLOH�ZLWK�WKH�VDPH�GLDPHWHU���x )RU� UHODWLYHO\� ODUJHU� GLDPHWHU� RI� SLOHV� WKH�FDSDFLW\� RI� FORVHG�HQGHG� SLOHV� LV� ODUJHU� WKDQ�WKDW� RI� RSHQ�HQGHG� SLOHV� ZLWK� WKH� VDPH�GLDPHWHU��$FNQRZOHGJPHQW�
7KH� DXWKRU� ZLVKHV� WR� WKDQN� (QJ�� %DKU\� $�� DQG�%D]D]R�$�� IRU� WKHLU� DVVLVWLQJ� LQ�SHUIRUPLQJ�WKH�WHVWV��3HUVRQDO�WKDQNV�JR�WR�,8*�VRLO�ODERUDWRU\�WHDP��(QJ��$��+DVKLP�DQG�0U��5��1DVPDQ��

5HIHUHQFHV�$EX�.LHID��0�$��������*HQHUDO�UHJUHVVLRQ�QHXUDO�QHWZRUNV�IRU�GULYHQ�SLOHV�LQ�FRKHVLRQOHVV�VRLOV�� -RXUQDO� RI� *HRWHFKQLFDO� DQG� *HRHQYLURQPHQWDO� (QJLQHHULQJ�� $6&(�� ���� �����������������$ODZQHK��$�6���0DONDZL��$�,�+��DQG�$O�'HHN\�+��������7HQVLRQ�WHVWV�RQ�VPRRWK�DQG�URXJK�PRGHO�SLOHV�LQ�GU\�VDQG��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO���������������$ODZQHK��$�6���1XVLHU��2���0DONDZL��$�,�+��DQG�$O�.DWHHE��0��������$[LDO� FRPSUHVVLYH�FDSDFLW\� RI� GULYHQ� SLOHV� LQ� VDQG�� D� PHWKRG� LQFOXGLQJ� SRVW�GULYLQJ� UHVLGXDO� VWUHVVHV��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO���������������$3,�� ������ 5HFRPPHQGHG� SUDFWLFH� IRU� SODQQLQJ�� GHVLJQLQJ� DQG� FRQVWUXFWLRQ� RI� IL[HG�RIIVKRUH� SODWIRUPV� ±� ORDG� DQG� UHVLVWDQFH� IDFWRU� GHVLJQ�� 53�$�/5)'�� $PHULFDQ�3HWUROHXP�,QVWLWXWH����WK�HG��:DVKLQJWRQ��'�&���������
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$6&(��$GDSWHG� IURP� WKH�86�$UP\� FRUSV� RI�(QJLQHHUV�� ������%HDULQJ� FDSDFLW\� RI� VRLOV��$PHULFDQ�6RFLHW\�RI�&LYLO�(QJLQHHUV��7HFK��(QJ��$QG�'HVLJQ�*XLGHV��1R����$670'����������6WDQGDUG�WHVW�PHWKRG�IRU�SLOHV�XQGHU�VWDWLF�D[LDO�FRPSUHVVLYH�ORDG������������%RZOHV�� (�-�� ������ )RXQGDWLRQ� DQDO\VLV� DQG� GHVLJQ�� )LIWK� HGLWLRQ�� 0F*UDZ�+LOO� %RRN�&RPSDQ\��%ULDQG���-�/���DQG�7XFNHU��/�0��������0HDVXUHG�DQG��SUHGLFWHG�D[LDO�UHVSRQVH�RI����SLOHV�-��*HRWHFK��(QJUJ���$6&(���������������������&KRZ�� )�� ������ )LHOG�PHDVXUHPHQWV� RI� VWUHVV� LQWHUDFWLRQV� EHWZHHQ� GLVSODFHPHQW� SLOHV� LQ�VDQG��*URXQG�(QJLQHHULQJ��-XO\�$XJXVW���������',1��*HUPDQ�,QVWLWXWH� IRU�6WDQGDUGL]DWLRQ��'\QDPLF�DQG�VWDWLF�3HQHWURPHWHUV��',1�������3DUW���DQG�3DUW���)RUD\�3���%DODFKRZVNL�/��� DQG�&ROOLDW�� -�/�� ������%HDULQJ� FDSDFLW\� RI�PRGHO� SLOHV� GULYHQ�LQWR�GHQVH�RYHU�FRQVROLGDWHG�VDQGV��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO���������������.UDIW��/�0��������3HUIRUPDQFH�RI�D[LDOO\�ORDGHG�SLSH�SLOHV�LQ�VDQG��-RXUQDO�RI�*HRWHFKQLFDO�(QJLQHHULQJ��$6&(��������������������.XOKDZ\��)�+��������/LPLWLQJ�WLS�DQG�VLGH�UHVLVWDQFH��IDFW�RU�IDOODF\"��3URFHHGLQJV�RI�WKH�V\PSRVLXP�RQ�WKH�$QDO\VLV�DQG�'HVLJQ�RI�SLOH�)RXQGDWLRQV��$PHULFDQ�6RFLHW\�RI�&LYLO�(QJLQHHUV��6DQ�)UDQFLVFR��&DOLI���SS���������/HKDQH��%�0���-DUGLQH��5�-���%RQG��$�-���DQG�)UDQN��5��������0HFKDQLVPV�RI�VKDIW�IULFWLRQ�LQ�VDQG�IURP�LQVWUXPHQWHG�SLOH�WHVWV��-RXUQDO�RI�*HRWHFKQLFDO�(QJLQHHULQJ��$6&(������������������/HKDQH��%�0���DQG�*DYLQ��.�*��������%DVH�5HVLVWDQFH�RI�MDFNHG�SLSH�SLOHV�LQ�VDQGV��-RXUQDO�RI�*HRWHFKQLFDO�DQG�*HRHQYLURQPHQWDO��(QJLQHHULQJ�������������������/LQJV���/��0�������3UHGLFWLQJ�WKH�VKDIW�UHVLVWDQFH�RI�GULYHQ�SUH�IRUPHG�SLOHV�LQ�VDQG��3URF��,QVWQ�&LY��(QJUV�*HRWHFK��(QJQJ��������������0H\HUKRI�� *�*�� ������ 6FDOH� HIIHFWV� RI� XOWLPDWH� SLOH� FDSDFLW\�� -RXUQDO� RI� *HRWHFKQLFDO�(QJLQHHULQJ��$6&(��������������������2¶1HLOO��0�:��� DQG�5DLQHV��5�'��������/RDG� WUDQVIHU� IRU� SLOHV� LQ�KLJKO\�SUHVVXUHG�GHQVH�VDQG��-RXUQDO�RI�*HRWHFKQLFDO�(QJLQHHULQJ��������������������5DLQHV�� 5��'���8JD]��2�*��� DQG�2¶1HLOO��0�:�� ������'ULYLQJ� FKDUDFWHULVWLFV� RI� RSHQ�WRH�SLOHV�LQ�GHQVH�VDQG��-RXUQDO�RI�*HRWHFKQLFDO�(QJLQHHULQJ�����������������5DQGROSK��0�)��� /HRQJ�� (�&��� DQG�+RXOVE\�*�7�� ������2QH�GLPHQVLRQDO� DQDO\VLV� RI� VRLO�SOXJV�LQ�SLSH�SLOHV��*pRWHFKQLTXH��������������������5REHUW��<��������$�IHZ�FRPPHQWV�RQ�SLOH�GHVLJQ��&DQDGLDQ�*HRWHFKQLFDO�-RXUQDO���������������


