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,�ZDQW�WR�H[SUHVV�P\�PRVW�SURIRXQG�DSSUHFLDWLRQ�WR�P\�DFDGHPLF�DGYLVRU�DQG�FRPPLWWHH�

FKDLU��'U��0D[LP�$��'XOHEHQHWV��3�(����ZKR�KDV�WKH�DWWLWXGH�DQG�VXEVWDQFH�RI�D�JHQLXV��

+H� FRQWLQXDOO\� SURYLGHG� PH� ZLWK� LQYDOXDEOH� DGYLFH�� FRQVLVWHQW� VXSSRUW�� DQG� JXLGDQFH�

WKURXJKRXW� WKLV� UHVHDUFK�� :LWKRXW� KLV� SHUVLVWHQFH� DQG� WKRURXJK� VXSHUYLVLRQ�� WKLV�

GLVVHUWDWLRQ�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�

$OVR�� ,�ZRXOG� OLNH� WR� VLQFHUHO\� WKDQN�P\� FRPPLWWHH�PHPEHUV��'U�� (UHQ�(UPDQ�

2]JXYHQ�� 'U�� 5HQ� 0RVHV� �3�(���� DQG� 'U�� +RQJPHL� &KL�� IRU� WKHLU� JHQHURXV� VXSSRUW��

FRQVWUXFWLYH� FRPPHQWV�� DGYLFH�� DQG� UHFRPPHQGDWLRQV� GXULQJ� WKLV� UHVHDUFK�� 7KHLU�

YDOXDEOH�IHHGEDFNV�DVVLVWHG�ZLWK�LPSURYLQJ�WKH�TXDOLW\�RI�WKLV�GLVVHUWDWLRQ�

,�ZDQW�WR�DFNQRZOHGJH�WKH�&LYLO�(QJLQHHULQJ�IDFXOW\�DW�WKH�)$08�)68�&ROOHJH�

RI�(QJLQHHULQJ��6RPH�RI�WKH�FODVVHV�,�HQUROOHG�LQ�GXULQJ�P\�DFDGHPLF�FDUHHU��ZKLFK�ZHUH�
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PH�WR�WKH�GLIIHUHQW�DVSHFWV�RI�WUDQVSRUWDWLRQ�HQJLQHHULQJ�

)LQDOO\��,�DP�WKDQNIXO�WR�P\�GDG�DQG�VLEOLQJV�IRU�WKHLU�LPPHDVXUDEOH�PRUDO�VXSSRUW�DQG�

HQFRXUDJHPHQW�WKURXJKRXW�WKLV�GLVVHUWDWLRQ�
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SUREOHPV�� PHWDKHXULVWLFV�� PDWKHPDWLFDO� SURJUDPPLQJ�� VLPXODWLRQ� PRGHOLQJ�� WUDIILF� VDIHW\�� WUDIILF� HQJLQHHULQJ� DQG�
RSHUDWLRQV��FRQQHFWHG�DQG�DXWRPDWHG�YHKLFOHV��LQWHOOLJHQW�WUDQVSRUWDWLRQ�V\VWHPV�
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0DVWHU�RI�6FLHQFH��$XJ������ 'HF������
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7KH�)HGHUDO�8QLYHUVLW\�RI�7HFKQRORJ\�$NXUH��1LJHULD���&LYLO�(QJLQHHULQJ��&RQFHQWUDWLRQ��7UDQVSRUWDWLRQ�DQG�+LJKZD\
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7UDQVSRUWDWLRQ�6\VWHPV�$QDO\VLV
7UDIILF�(QJLQHHULQJ
7UDQVSRUWDWLRQ�(FRQRPLFV
&RQVWUXFWLRQ�(QJLQHHULQJ

7UDQVSRUWDWLRQ�(QJLQHHULQJ
7UDIILF�2SHUDWLRQV�
$SSOLHG�6LPXODWLRQ�0RGHOLQJ
+LJKZD\�(QJLQHHULQJ

0HWDKHXULVWLFV�	�+\EULG�$OJRULWKPV
$GYDQFHG�7UDIILF�)ORZ�$QDO\VLV
6WDWLVWLFDO�DSSOLFDWLRQ�IRU�(QJLQHHUV
+LJKZD\�*HRPHWU\�DQG�'HVLJQ
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x *UDGXDWH�5HVHDUFK�$VVLVWDQW��$XJXVW������± WR�GDWH�
x *UDGXDWH�7HDFKLQJ�$VVLVWDQW �6SULQJ ���� ± WR�GDWH�
x (QJLQHHULQJ�,QWHUQ��0D\������± $XJXVW������
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x ,QVWLWXWH�RI�7UDQVSRUWDWLRQ�(QJLQHHUV��,7(��)ORULGD�3XHUWR�5LFR�'LVWULFW����6WXGHQW�3RVWHU�&RPSHWLWLRQ��VW�3ODFH�
:LQQHU�± ����
x 1DWXUDO�+D]DUGV�5HVHDUFK�DQG�$SSOLFDWLRQV�*UDGXDWH�6WXGHQW�3DSHU�&RPSHWLWLRQ��VW�3ODFH�:LQQHU�± ����
x 1$63$$�(PHUJHQF\�0DQDJHPHQW��5LVN��	�5HVLOLHQFH�3RVWHU�&RPSHWLWLRQ�)LQDOLVW�± ����
x 8QLYHUVLW\�*UDGXDWH�5HVHDUFK�3RVWHU�&RPSHWLWLRQ��VW�3ODFH�:LQQHU�± ����
x 7UDYHO�JUDQW����WK�$QQXDO�0HHWLQJ�RI�WKH�7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG��:DVKLQJWRQ�'&������
x ,QVWLWXWH�RI�7UDQVSRUWDWLRQ�(QJLQHHUV��,7(��%LJ�%HQG�)ORULGD�&KDSWHU�5HVHDUFK�&RPSHWLWLRQ��VW�3ODFH�:LQQHU�± �����
x ,7(�%LJ�%HQG�)ORULGD�&KDSWHU�%RRN�6FKRODUVKLS�$ZDUG�± ����
x 8QLYHUVLW\�7UDQVSRUWDWLRQ�&HQWHU��87&��'RFWRUDO�)HOORZ�$ZDUG�± �����
x %LOO�$QGHUVRQ�)XQG��%$)��)HOORZ ± ����
x 8QLYHUVLW\�*UDGXDWH�5HVHDUFK�3RVWHU�&RPSHWLWLRQ��VW�3ODFH�:LQQHU�± ����
x 8QLYHUVLW\�*UDGXDWH�5HVHDUFK��±0LQXWH�7KHVLV�&RPSHWLWLRQ��QG�3ODFH�:LQQHU�± ����
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x 1LJHULD�/LTXHILHG�1DWXUDO�*DV�6FKRODUVKLS�$ZDUG�± ����
x 7KH�.ZDUD�6WDWH�*RYHUQPHQW�6WLSHQG�± ����
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x 3URJUDPPLQJ��0DWODE��SUHIHUDEOH�ODQJXDJH���3\WKRQ��&��
x 2SWLPL]DWLRQ��*$06��&3/(;��%$521��*852%,�DQG�RWKHUV�
x 0DWK±6WDWLVWLFV��0DWK&$'��6$6��:(.$��5�6WXGLR��0LQLWDE��2UDQJH�
x (QJOLVK��6HFRQG�ODQJXDJH��IOXHQW��VWURQJ�RUDO�DQG�ZULWWHQ�FRPPXQLFDWLRQ VNLOOV
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������ 9HVVHO�6FKHGXOH�'LVUXSWLRQV�DQG�5HFRYHU\ ��������������������������������������������� ���

������ 'LYHUVLRQ�RI�&DUJR�IURP�6NLSSHG�3RUWV���������������������������������������������������� ���

������ 0DMRU�'HFLVLRQV ���������������������������������������������������������������������������������������� ���

���� 0DWKHPDWLFDO�0RGHO ���������������������������������������������������������������������������������������� ���

���� 6ROXWLRQ�0HWKRGRORJ\�������������������������������������������������������������������������������������� ���

���� &RPSXWDWLRQDO�([SHULPHQWV����������������������������������������������������������������������������� ���

������ ,QSXW�'DWD�*HQHUDWLRQ������������������������������������������������������������������������������� ���

������ 0DQDJHULDO�,QVLJKWV�IRU�9DULRXV�'LVUXSWLRQ�6FHQDULRV����������������������������� ���

�������� 3RUW�VNLSSLQJ�GHFLVLRQV���������������������������������������������������������������������� ���

�������� 9HVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�GHFLVLRQV�DQG�VDLOLQJ�WLPH�������������� ���

�������� 9HVVHO�KDQGOLQJ�UDWH�DGMXVWPHQW�GHFLVLRQV ���������������������������������������� ���

�������� 7RWDO�SURILW�ORVV�DQG�LWV�FRPSRQHQWV�������������������������������������������������� ���

������ 6HQVLWLYLW\�$QDO\VLV�IRU�WKH�9653���3DUDPHWHUV�������������������������������������� ���



[LL

�������� $QDO\VLV����VHQVLWLYLW\�WR�WKH�SRUW�VNLSSLQJ�FRVW �������������������������������� ���

�������� $QDO\VLV� ��� VHQVLWLYLW\� WR� WKH� LQODQG� WUDQVSRUW� DQG� SRUW� KDQGOLQJ�

FDSDFLWLHV������������������������������������������������������������������������������������������������������������� ���

�������� $QDO\VLV����VHQVLWLYLW\�WR�WKH�XQLW�IXHO�FRVW���������������������������������������� ���

���� &RQFOXVLRQV ������������������������������������������������������������������������������������������������������ ���

&+$37(5�� ������������������������������������������������������������������������������������������������������������������� ���

5()(5(1&(6 ��������������������������������������������������������������������������������������������������������������� ���
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2YHU�����RI�WKH�JOREDO� WUDGH�WRQQDJH DQG�����RI�JOREDO�WUDGH�YDOXH�DUH�FDUULHG�

E\� RFHDQJRLQJ� YHVVHOV� DURXQG� WKH�ZRUOG�� +RZHYHU�� YHVVHO� URXWLQJ� DQG� VFKHGXOLQJ� LV� D�

FKDOOHQJLQJ�H[HUFLVH�LQ�OLQHU�VKLSSLQJ�EHFDXVH�RI�XQFHUWDLQWLHV�WKDW�PD\�DIIHFW�WKH�SODQQHG�

RSHUDWLRQV�� 'HOD\V� FDXVHG� E\� XQFHUWDLQWLHV� VXFK� DV� ZHDWKHU�� QDWXUDO� KD]DUGV�� ODERU�

VWULNHV�� DQG� RWKHUV�� LQFUHDVH� WKH� FRPSOH[LW\� RI� OLQHU� VKLSSLQJ�� UHODWHG� WR� VFKHGXOH�

DGKHUHQFH�DQG�UHOLDELOLW\�RI�VHUYLFH��,Q�WKH�HYHQW�RI�D�GHOD\��OLQHU�VKLSSLQJ�FRPSDQLHV�WDNH�

GHFLVLRQV�WR�UHFRYHU�WKH�VFKHGXOH��DLPLQJ�WR�GHOLYHU�FDUJRHV�LQ�D�WLPHO\�PDQQHU��9HVVHO�

RSHUDWRUV�PD\�GHFLGH�WR�LQFUHDVH�WKH�VDLOLQJ�VSHHG�RI�WKH�VKLS��ZKLFK�ZLOO�IXUWKHU�LQFUHDVH�

EXQNHU�IXHO�FRQVXPSWLRQ�DQG�WKH�WRWDO�RSHUDWLRQDO�FRVW�RI�OLQHU�VKLSSLQJ�RSHUDWLRQV��7KH�

YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�EHFRPHV�HYHQ�PRUH�GLIILFXOW�LI�WKH�GHOD\�LV�ODUJH��7KH�

FRQWULEXWLRQV� RI� WKLV� GLVVHUWDWLRQ� WR� WKH� VWDWH�RI�WKH�DUW� DUH� DV� IROORZV�� ��� D� VHW� RI�

RSHUDWLRQDO�OHYHO� YHVVHO� VFKHGXOH� UHFRYHU\� PRGHOV� LQ� OLQHU� VKLSSLQJ�� ��� WKH� YHVVHO�

VFKHGXOH� UHFRYHU\ PRGHOV� IRU� WKH� OLQHU� VKLSSLQJ� URXWHV� WKDW� SDVV� WKURXJK� (PLVVLRQ�

&RQWURO�$UHDV�� ��� FRQVLGHUDWLRQ� RI�PXOWLSOH� YHVVHO� VFKHGXOH� UHFRYHU\� DOWHUQDWLYHV� �H�J���

SRUW� VNLSSLQJ� ZLWK� DQG� ZLWKRXW� FDUJR� GLYHUVLRQ�� VSHHG� DGMXVWPHQW�� KDQGOLQJ� UDWH�

DGMXVWPHQW������DSSOLFDWLRQ�RI�WKH�DSSURSULDWH�VROXWLRQ�DSSURDFKHV�IRU�VROYLQJ�WKH�YHVVHO�

VFKHGXOH�UHFRYHU\�SUREOHP�����LGHQWLILFDWLRQ�RI�WKH�NH\�IDFWRUV�WKDW�PD\�LQIOXHQFH�YHVVHO�

VFKHGXOH� UHFRYHU\�� DQG� ��� SUHVHQWDWLRQ� RI� WKH� PDQDJHULDO� LQVLJKWV� DQG� EHQHILWV� RI� WKH�

GHYHORSHG�YHVVHO�VFKHGXOH�UHFRYHU\�RSWLPL]DWLRQ�PRGHOV�
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$%%5(9,$7,216�$1'�$&521<06

$,6�± $XWRPDWLF�,GHQWLILFDWLRQ�6\VWHP

%& ± %ODFN�&DUERQ

&2�± &DUERQ�0RQR[LGH�

'3�± '\QDPLF�3URJUDPPLQJ

($�± (YROXWLRQDU\�$OJRULWKP

(&$�± (PLVVLRQ�&RQWURO�$UHD

(7�± ([WHUQDO�0DULWLPH &RQWDLQHU�7HUPLQDO

(8�± (XURSHDQ�8QLRQ

*$�± *HQHWLF�$OJRULWKP

*5$63�± *UHHG\�5DQGRPL]HG�$GDSWLYH�6HDUFK�3URFHGXUH

*7�± *URVV�7RQV

*+*�± *UHHQKRXVH�*DV

+)2�± +HDY\�)XHO�2LO

,02�± ,QWHUQDWLRQDO�0DULWLPH�2UJDQL]DWLRQ

/1*�± /LTXHILHG�1DWXUDO�*DV

/3�± /LQHDU�3URJUDPPLQJ

/3*�± /LTXHILHG�3HWUROHXP�*DV

0*2�±0DULQH�*DV�2LO
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0,1/3�±0L[HG�,QWHJHU 1RQOLQHDU�3URJUDPPLQJ

0,3�±0L[HG�,QWHJHU 3URJUDPPLQJ

06&�±0LVFHOODQHRXV�&RVWV

087�±0XOWL�8VHU�0DULWLPH�&RQWDLQHU�7HUPLQDO

1*+*�± 1RQ�*UHHQKRXVH�*DV

1/3�± 1RQOLQHDU�3URJUDPPLQJ

13�KDUG�± 1RQ�'HWHUPLQLVWLF�3RO\QRPLDO�7LPH�+DUG

16*$�,,�± $�1RQ�'RPLQDWHG�6RUWLQJ�*HQHWLF�$OJRULWKP�,,

25�± 2SHUDWLRQV�5HVHDUFK

30�± 3DUWLFXODWH�PDWWHU

5(9�± 7RWDO�5HYHQXH

6(&$�± 6XOSKXU�(PLVVLRQ�&RQWURO�$UHD

63($�,,�± 6WUHQJWK�3DUHWR�(YROXWLRQDU\�$OJRULWKP�,,

6�9653�± 6SHHG�%DVHG�9HVVHO�6FKHGXOH�5HFRYHU\�3UREOHP

7(&�± 7RWDO�9HVVHO�(PLVVLRQ�&RVW

7(8�± 7ZHQW\�)RRW�(TXLYDOHQW�&RQWDLQHU�8QLW

7)&�± 7RWDO�)XHO�&RQVXPSWLRQ�&RVW

7,&�± 7RWDO�&RQWDLQHU�,QYHQWRU\�&RVW

72&�± 7RWDO�9HVVHO�:HHNO\�2SHUDWLRQDO�&RVW

73&�± 7RWDO�3RUW�+DQGOLQJ�&RVW
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79&�± 7RWDO�&RVW�$VVRFLDWHG�ZLWK�9LRODWLRQ�RI�6HUYLFH�7LPH�:LQGRZV

7:�± 7LPH�:LQGRZ

81&7$'�± 8QLWHG�1DWLRQV�&RQIHUHQFH�RQ�7UDGH�DQG�'HYHORSPHQW

81)&&&�± 8QLWHG�1DWLRQV�)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH�

8�6��± 8QLWHG�6WDWHV

86'�± 8QLWHG�6WDWH�'ROODUV

9653�± 9HVVHO�6FKHGXOH�5HFRYHU\�3UREOHP
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7DEOH�� 7RS����ZRUOG�VHDSRUWV�������������������������������������������������������������������������������������������� �

7DEOH�� /LWHUDWXUH VXPPDU\���������������������������������������������������������������������������������������������� ��

7DEOH�� 7KH SDUDPHWHU�YDOXHV�XVHG�IRU�WKH�QXPHULFDO�H[SHULPHQWV�������������������������������� ���

7DEOH�� 7KH SLHFHZLVH�DSSUR[LPDWLRQ�DQDO\VLV�UHVXOWV��������������������������������������������������� ���

7DEOH�� 7KH�FRQVLGHUHG XQLW�IXHO�FRVW�YDOXHV�IRU�WKH�JHQHUDWHG�SUREOHP�LQVWDQFHV�������� ���

7DEOH�� 7KH�SDUDPHWHU YDOXHV�XVHG�IRU�WKH�QXPHULFDO�H[SHULPHQWV�������������������������������� ���

7DEOH�� 7KH�FRQVLGHUHG�LQODQG�WUDQVSRUW�DQG�SRUW�KDQGOLQJ�FDSDFLWLHV��������������������������� ���

7DEOH�� $QDO\VLV�UHVXOWV�IURP�VFHQDULR�³�´�IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV �������� ���

7DEOH�� $QDO\VLV�UHVXOWV�IURP�VFHQDULR�³�´�IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV �������� ���

7DEOH��� 7KH�XQLW�IXHO�FRVW�YDOXHV�IRU�WKH�JHQHUDWHG�SUREOHP�LQVWDQFHV ������������������������ ���
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)LJXUH�� ,QWHUQDWLRQDO�VHDERUQH�WUDGH�WUHQGV����������������������������������������������������������������������� �

)LJXUH�� 0DULWLPH�WUDIILF�SHU�FRQWLQHQW�DQG�RQ�WKH�VHD������������������������������������������������������� �

)LJXUH�� /HYHOV�RI�GHFLVLRQ�PDNLQJ�IRU�OLQHU�FRQWDLQHU�VKLSSLQJ�FRPSDQLHV ��������������������� �

)LJXUH�� +XE�DQG�6SRNH��$��DQG�0XOWL�SRUW�&DOOLQJ��%��1HWZRUNV �������������������������������� ��

)LJXUH�� 'LVWULEXWLRQ�RI�VWXGLHV�E\�\HDU ��������������������������������������������������������������������������� ��

)LJXUH�� 'LVWULEXWLRQ RI�VWXGLHV�E\�WKH�FRQVLGHUHG�FRVW�FRPSRQHQWV ������������������������������� ��

)LJXUH�� 'LVWULEXWLRQ RI�VWXGLHV E\�PDWKHPDWLFDO�PRGHO�XVHG ����������������������������������������� ��

)LJXUH�� 'LVWULEXWLRQ RI�VWXGLHV�E\�WKH�DOJRULWKP�W\SH ����������������������������������������������������� ��

)LJXUH�� 'LVWULEXWLRQ RI�VWXGLHV�E\�UHVHDUFK�PHWKRG �������������������������������������������������������� ��

)LJXUH��� $�OLQHU VKLSSLQJ�URXWH�H[DPSOH ������������������������������������������������������������������������ ��

)LJXUH��� 7KH�SRUW�URWDWLRQ�JUDSK�H[DPSOH ���������������������������������������������������������������������� ��

)LJXUH��� $Q�H[DPSOH�RI�WKH�YHVVHO�VDLOLQJ VSHHG�DGMXVWPHQW ����������������������������������������� ��

)LJXUH��� $Q�H[DPSOH RI�SRUW�VNLSSLQJ��$�SRUW�URWDWLRQ�EHIRUH�VFKHGXOH�UHFRYHU\��%�SRUW�

URWDWLRQ�DIWHU�VFKHGXOH�UHFRYHU\���������������������������������������������������������������������������������������� ��

)LJXUH��� 7KH�$VLD�1RUWK�(XURSH //��URXWH ����������������������������������������������������������������� ���

)LJXUH����7KH H[DPSOHV�RI�IXHO�FRQVXPSWLRQ�IXQFWLRQ�OLQHDU�DSSUR[LPDWLRQV �������������� ���
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)LJXUH��� 7KH�SRUW�VNLSSLQJ�GHFLVLRQV�IRU�WKH�FRQVLGHUHG�GLVUXSWLRQ�FDVHV���D��GLVUXSWLRQ�

FDVH�����E��GLVUXSWLRQ�FDVH����DQG��F��GLVUXSWLRQ�FDVH�� �������������������������������������������������� ���

)LJXUH� �� 7KH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� IRU� WKH� FRQVLGHUHG� SUREOHP�

LQVWDQFHV�������������������������������������������������������������������������������������������������������������������������� ���

)LJXUH��� 7KH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV �������� ���

)LJXUH��� 7KH�WRWDO�YHVVHO VDLOLQJ�WLPH�IRU�WKH�FRQVLGHUHG SUREOHP�LQVWDQFHV ��������������� ���

)LJXUH��� 7KH�YHVVHO� VDLOLQJ� VSHHG�DGMXVWPHQW� DQG� WKH� WRWDO� YHVVHO� VDLOLQJ� WLPH�RXWVLGH�

(&$V�IRU���$��GLVUXSWLRQ�FDVH����DQG��%��GLVUXSWLRQ�FDVH�� ������������������������������������������� ���

)LJXUH��� 7KH�REMHFWLYH IXQFWLRQ�DQG�LWV�FRPSRQHQWV ���������������������������������������������������� ���

)LJXUH��� 7KH�SRUW VNLSSLQJ�GHFLVLRQV�IRU�GLVUXSWLRQ�FDVH���� �D�ߤ� ൌ ሾͳǤͲሿ��DQG��E�ߤ� ൌ

ሾʹǤͲሿ �������������������������������������������������������������������������������������������������������������������������������� ���

)LJXUH��� 7KH SRUW�VNLSSLQJ�GHFLVLRQV�IRU�GLVUXSWLRQ�FDVH�����D�ߤ� ൌ ͳǤͲ ൊ ሾ͹ǤͲሿ��DQG��E��

ߤ ൌ ͺǤͲ ൊ ሾͳͲǤͲሿ������������������������������������������������������������������������������������������������������������� ���

)LJXUH��� $�OLQHU�VKLSSLQJ�URXWH�H[DPSOH ���������������������������������������������������������������������� ���

)LJXUH��� 7KH SRUW�URWDWLRQ�JUDSK�IRU�WKH�OLQHU�VKLSSLQJ�URXWH ��������������������������������������� ���

)LJXUH��� $Q�H[DPSOH RI SRUW�VNLSSLQJ�UHFRYHU\�RSWLRQ������������������������������������������������ ���

)LJXUH��� $Q�H[DPSOH�RI�WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW ��������������������������������������� ���

)LJXUH��� $Q�H[DPSOH�RI�D�YHVVHO KDQGOLQJ�UDWH�DGMXVWPHQW ������������������������������������������ ���



[[

)LJXUH��� $Q�H[DPSOH RI�SRUW�VNLSSLQJ�ZLWK�FDUJR�GLYHUVLRQ ���������������������������������������� ���

)LJXUH� �� $� QRQOLQHDU� IXQFWLRQ� DQG� OLQHDUL]HG� DSSUR[LPDWLRQ� ZLWK� ��� OLQHDU� VHFDQW�

VHJPHQWV�������������������������������������������������������������������������������������������������������������������������� ���

)LJXUH��� 7KH 0LGGOH�(DVW�:HVW�0HGLWHUUDQHDQ�:0��URXWH ���������������������������������������� ���

)LJXUH��� 3RUW�VNLSSLQJ�GHFLVLRQV�IRU�WKH�FRQVLGHUHG�VFHQDULRV ������������������������������������� ���

)LJXUH��� 7KH DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�������������������������������������������������������������������� ���

)LJXUH��� 7KH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW ������������������������������������������������� ���

)LJXUH��� 7KH�WRWDO�YHVVHO�VDLOLQJ�WLPH�IRU�VFHQDULRV�³�´�± ³�´�������������������������������������� ���

)LJXUH��� 7KH�YHVVHO�KDQGOLQJ�UDWH�VHOHFWLRQ�DW�SRUWV�IRU�WKH�FRQVLGHUHG�VFHQDULRV ������� ���

)LJXUH� �� 7KH� WRWDO� SURILW� ORVV� HQGXUHG� E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� DQG� RWKHU� FRVW�

FRPSRQHQWV ��������������������������������������������������������������������������������������������������������������������� ���

)LJXUH� �� 7KH� SRUW� VNLSSLQJ� GHFLVLRQV� IRU� GLVUXSWLRQ� VFHQDULR� ��� �D�� ߤ ൌ ͳǤͲ ൊ ሾͳ͵ǤͲሿ��

DQG��E�ߤ� ൌ ͳͶǤͲ ൊ ሾͶͲǤͲሿ ���������������������������������������������������������������������������������������������� ���

)LJXUH� �� 7KH� SRUW� VNLSSLQJ� GHFLVLRQV� IRU� GLVUXSWLRQ� VFHQDULR� ��� �D�� ߤ ൌ ͳǤͲ ൊ ሾ͵͸ǤͲሿ��

DQG��E�ߤ� ൌ ͵͹ǤͲ ൊ ሾͶͲǤͲሿ ���������������������������������������������������������������������������������������������� ���

)LJXUH� �� 7KH� SRUW� VNLSSLQJ� GHFLVLRQV� IRU� GLVUXSWLRQ� VFHQDULR� ��� �D�� ߤ ൌ ͳǤͲ ൊ ሾͳ͹ǤͲሿ��

DQG��E�ߤ� ൌ ͳͺǤͲ ൊ ሾͶͲǤͲሿ ���������������������������������������������������������������������������������������������� ���
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)LJXUH� �� 7KH� REMHFWLYH IXQFWLRQ� DQG� LWV� FRPSRQHQWV� IRU� WKH� FRQVLGHUHG� SUREOHP�

LQVWDQFHV�������������������������������������������������������������������������������������������������������������������������� ���

)LJXUH� �� 7KH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� IRU� WKH� FRQVLGHUHG� SUREOHP�

LQVWDQFHV�DQG�IRU�VFHQDULRV�³�´��³�´�DQG�³�´ ������������������������������������������������������������������ ���

)LJXUH��� 7KH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV�DQG�IRU�

VFHQDULRV�³�´��³�´�DQG�³�´ ���������������������������������������������������������������������������������������������� ���

)LJXUH� �� 7KH� WRWDO� YHVVHO� VDLOLQJ� WLPH� IRU� WKH� FRQVLGHUHG� SUREOHP� LQVWDQFHV� DQG� IRU�

VFHQDULRV�³�´��³�´�DQG�³�´ ���������������������������������������������������������������������������������������������� ���
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���� 6HDERUQH�7UDGH�7HQGHQFLHV�DQG�,PSRUWDQFH�RI�0DULWLPH�7UDQVSRUWDWLRQ

5HFHQW� WUHQGV�KDYH�VKRZQ� WKDW�PDULWLPH� WUDQVSRUWDWLRQ� LV� FULWLFDO IRU�JOREDO� WUDGH��2YHU�

���� RI� WKH� JOREDO� WUDGH� WRQQDJH� DQG� ���� RI� WKH� JOREDO� WUDGH� YDOXH� DUH� FDUULHG� E\�

RFHDQJRLQJ�YHVVHOV�DURXQG�WKH�ZRUOG��81&7$'���������7KH�8QLWHG�1DWLRQV�&RQIHUHQFH�

RQ�7UDGH�DQG�'HYHORSPHQW��81&7$'��UHSRUW�UHYHDOHG�WKDW�WKHUH�KDV�EHHQ DQ�LQFUHDVH�LQ�

WKH� GHPDQG� IRU� VKLSSLQJ� VHUYLFHV� RYHU� WKH� ODVW� GHFDGH�� 7KH� WRWDO� YROXPHV� RI� WKH�

LQWHUQDWLRQDO�WUDGH��FDUULHG�E\�YHVVHOV��UHDFKHG������ELOOLRQ�WRQV�LQ�������ZKLFK�LV�D������

LQFUHDVH�DV�FRPSDUHG�WR�WKH�WRWDO�VHDERUQH�LQWHUQDWLRQDO�WUDGH�YROXPHV�UHFRUGHG�LQ������

�81&7$'���������$FFRUGLQJ� WR� VWDWLVWLFDO� SURMHFWLRQV� E\�81&7$'� �������� DQ� DQQXDO�

LQFUHDVH�RI������LQ�WRWDO�YROXPH�RI�ZRUOG�VHDERUQH�WUDGH�KDV�EHHQ�IRUHFDVW�EHWZHHQ������

DQG�������

7KHUH� KDV� EHHQ� D� VLJQLILFDQW� LQFUHDVH� LQ� WKH� YROXPHV� RI� DOO� IRUPV� RI� FDUJR��

WUDQVSRUWHG�E\�YHVVHOV� LQ� WKH� ODVW� GHFDGH��$FFRUGLQJ� WR� WKH� VWDWLVWLFDO� GDWD��SURYLGHG�E\�

81&7$'��81&7$'���������D�UDSLG�JURZWK�LQ�WUDQVSRUWHG�YROXPHV�RI�RLO�DQG�JDV�FDUJR

����LQFUHDVH�LQ�WRQQDJH�IURP������WR��������FRQWDLQHUL]HG�WUDGH�����LQFUHDVH�LQ�WRQQDJH�

IURP������WR��������DQG�PDMRU�EXON�FDUJR�����LQFUHDVH�LQ�WRQQDJH�IURP������WR�������

KDV� EHHQ� UHSRUWHG� �VHH� )LJXUH� ���� 7KH� JURZWK� RI� LQWHUQDWLRQDO� VHDERUQH� WUDGH� FDQ� EH�

DWWULEXWHG�WR�IDVW�LQGXVWULDOL]DWLRQ��LPSURYHG�VWDQGDUGV�RI�OLYLQJ��FRPSHWLWLYH�PDUNHWV��DQG�

SRSXODWLRQ� JURZWK� �8PDQJ� HW� DO��� ������� 7KH� LQYHQWLRQ� RI FRQWDLQHU� YHVVHOV�ZLWK� KLJK�

FRQWDLQHU�FDUU\LQJ� FDSDFLW\� RI� XS� WR� ������� WZHQW\�IRRW�HTXLYDOHQW� FRQWDLQHU� XQLWV
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�7(8V�� KDV� UHVXOWHG� LQ� DQ� LQFUHDVH� LQ� WKH� QXPEHU� RI� PHJDVKLSV� LQ� WKH� IOHHW� RI� PDMRU�

ZRUOG¶V� FRQWDLQHU� FDUULHUV� WR� NHHS� XS� ZLWK� FRPSHWLWLRQ� LQ� WKH� PDUNHW� DQG� DFKLHYH�

HFRQRPLHV�RI�VFDOH��0HQJ�HW�DO���������

)LJXUH�� ,QWHUQDWLRQDO�VHDERUQH�WUDGH�WUHQGV

6RXUFH��81&7$'�������

5RGULJXH�HW�DO���������SUHVHQWHG�WKH�PDULWLPH�WUDIILF�SHU�FRQWLQHQW�DQG�RQ�WKH�VHD�

LQ�������(XURSH�DFFRXQWHG�IRU�WKH�ODUJHVW�PDULWLPH�WUDIILF������RI�WRWDO�PDULWLPH�WUDIILF���

IROORZHG� E\� $VLD� ����� RI� WRWDO� PDULWLPH� WUDIILF�� DQG 1RUWK� $PHULFD� ����� RI� WRWDO�

PDULWLPH� WUDIILF�� UHVSHFWLYHO\�� )XUWKHUPRUH�� RWKHU� FRQWLQHQWV�� LQFOXGLQJ� $IULFD�� 6RXWK�

$PHULFD�� DQG� $XVWUDOLD� UHFRUGHG� ���� ���� DQG� ����� UHVSHFWLYHO\�� $� VLJQLILFDQW�

SHUFHQWDJH� RI� PDULWLPH� WUDIILF� ZDV� PRYHG� RQ� WKH� $WODQWLF� 2FHDQ� ����� RI� PDULWLPH�
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WUDIILF��� ZKLOH� ���� RI� WKH�PDULWLPH� WUDIILF� ZDV� IHUULHG� DFURVV� WKH� ,QGLDQ�2FHDQ�� $OVR��

DERXW�����RI�PDULWLPH�WUDIILF�ZDV�FDUULHG�DFURVV�WKH�3DFLILF�2FHDQ��7KH�PDULWLPH�WUDIILF�

SHU�FRQWLQHQW�DQG�RQ�WKH�VHD�LV�SUHVHQWHG�LQ�)LJXUH���

)LJXUH��0DULWLPH�WUDIILF�SHU�FRQWLQHQW�DQG�RQ�WKH�VHD

6RXUFH��5RGULJXH�HW�DO��������

7KH� LQIRUPDWLRQ�� REWDLQHG� IURP� WKH�:RUOG� 6KLSSLQJ� &RXQFLO� �����D��� UHYHDOHG�

WKDW�VHYHQ�RI�WKH�WRS�WHQ�EXVLHVW�FRQWDLQHU�VHDSRUWV�LQ�WKH�ZRUOG�DUH�LQ�&KLQD��7KH�3RUW�RI�

6KDQJKDL��&KLQD��ZDV�UDQNHG�ILUVW��������PLOOLRQ�7(8V��ZLWK�D�UHFRUG�RI�������JURZWK�

LQ�WUDGH�YROXPH�EHWZHHQ������DQG�������VHH�7DEOH�����7KH�3RUW�RI�6LQJDSRUH��6LQJDSRUH��

ZDV�UDQNHG�VHFRQG��������PLOOLRQ�7(8V���ZKLOH�WKH�3RUW�RI�6KHQ]KHQ��&KLQD��ZDV�UDQNHG�

WKLUG��������PLOOLRQ�7(8V���7KH�PDMRULW\�RI�WKH�SRUWV�UHSRUWHG�D�JURZWK�LQ�WUDGH�YROXPH�

EHWZHHQ������DQG�������H[FHSW� WKH�3RUWV�RI�6LQJDSRUH� �ORVW�������RI� WUDGH��DQG�+RQJ
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.RQJ��ORVW�������RI�WUDGH���7KH�3RUW�RI�/RV�$QJHOHV��86$��ZDV�UHSRUWHG�DV�WKH�EXVLHVW�

FRQWDLQHU�VHDSRUW� LQ�1RUWK�$PHULFD�DQG���WK LQ� WKH�ZRUOG� ������PLOOLRQ�7(8V� LQ��������

IROORZHG� E\� WKH� 3RUW� RI� /RQJ� %HDFK� �86$�� ������PLOOLRQ� 7(8V� LQ� ������� ZKLFK� ZDV�

UDQNHG�DV�WKH�VHFRQG�EXVLHVW�VHDSRUW�LQ�1RUWK�$PHULFD�DQG���VW LQ�WKH�ZRUOG��DQG�WKH�3RUW�

RI�1HZ�<RUN�1HZ�-HUVH\��86$��������PLOOLRQ�7(8V�LQ��������ZKLFK�ZDV�UDQNHG�DV�WKH�

WKLUG� EXVLHVW� VHDSRUW� LQ� 1RUWK� $PHULFD� DQG� ��UG LQ� WKH� ZRUOG�� )XUWKHUPRUH�� LW� ZDV�

REVHUYHG�WKDW�WKH�3RUW�RI�5RWWHUGDP��WKH�1HWKHUODQGV��ZDV�UDQNHG���WK ZLWK�������PLOOLRQ�

7(8V�LQ������ 7DEOH�� SUHVHQWV�WKH�WRS�WHQ�EXVLHVW�FRQWDLQHU�VHDSRUWV�LQ�WKH�ZRUOG��

7DEOH�� 7RS����ZRUOG�VHDSRUWV

5DQN 3RUW��&RXQWU\
9ROXPH��૚૙૟ 7(8V �� JURZWK�

LQ���\HDUV����� ����� �����
� 6KDQJKDL��&KLQD ����� ����� ����� ����
� 6LQJDSRUH��6LQJDSRUH ����� ����� ����� �����
� 6KHQ]KHQ��&KLQD ����� ����� ����� ����
� 1LQJER�=KRXVKDQ��&KLQD ����� ����� ����� �����
� +RQJ�.RQJ��6�$�5���&KLQD ����� ����� ����� ������
� %XVDQ��6RXWK�.RUHD ����� ����� ����� ����
� 4LQJGDR��&KLQD ����� ����� ����� �����
� *XDQJ]KRX�+DUERU��&KLQD ����� ����� ����� �����
� -HEHO�$OL��'XEDL��8QLWHG�$UDE�(PLUDWHV ����� ����� ����� �����
�� 7LDQMLQ��&KLQD ����� ����� ����� ����

6RXUFH��:RUOG�6KLSSLQJ�&RXQFLO�������

2YHU� WKH� SDVW� WKUHH� GHFDGHV�� WKHUH� KDV� EHHQ� D� FRQWLQXRXV� JURZWK� LQ� FRQWDLQHU�

VKLSSLQJ�� 6XFK� WHQGHQF\� KDV� EHHQ� SUHGLFWHG� WR� EH� VXVWDLQHG�� 6KLSSLQJ� FRPSDQLHV� KDYH�

EHHQ�DGRSWLQJ�VHYHUDO VWUDWHJLHV��VXFK�DV�LQFUHDVLQJ�WKHLU�IOHHW�VL]H�DQG�IRUPLQJ�DOOLDQFHV�

WR� NHHS� XS� ZLWK� WKH� LQFUHDVLQJ� GHPDQG�� /DZUHQFH� ������� FDWHJRUL]HG� WKH� PRGHV� RI�

RSHUDWLRQ� LQ� VKLSSLQJ� LQWR� WKUHH�� ���� LQGXVWULDO�� ���� WUDPS�� DQG� ���� OLQHU� VKLSSLQJ�� ,Q�
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LQGXVWULDO� VKLSSLQJ�� WKH� YHVVHOV� DUH� FRQWUROOHG� E\� WKH� FDUJR� RZQHUV�� DQG� WKH\� VHHN� WR�

PLQLPL]H�WKH�FRVW�RI�WUDQVSRUWLQJ�WKH�FDUJR��,Q�WUDPS�VKLSSLQJ��WKH�YHVVHO�RSHUDWRU�XVXDOO\�

GRHV�QRW�RZQ�WKH�FDUJR��EXW�VHOHFWV�WKH�FDUJR�WR�WUDQVSRUW�IRU�D�VLQJOH�FXVWRPHU�DW�D�WLPH��

7KH�YHVVHO�RSHUDWHV�RQO\�ZKHQ�WKHUH�LV�D�FDUJR�GHPDQG�DQG�VHOHFWV FDUJRHV�WR�EH�PRYHG�

WR�PD[LPL]H�SURILW��/LQHU�VKLSSLQJ�LQYROYHV�WUDQVSRUWLQJ�FRQWDLQHUL]HG�FDUJRHV�IRU�PDQ\�

FXVWRPHUV�EDVHG�RQ�D�IL[HG�VFKHGXOH��8VXDOO\��OLQHU�VKLSSLQJ�FRPSDQLHV�IRUP�D�URXQG�WULS�

DQG�FDOO� DW�VHYHUDO�SRUWV�GXULQJ�D�YR\DJH��D�YR\DJH�UHIHUV� WR�D�VLQJOH� URXQG�WULS���$OVR��

WKH\�SXEOLVK�WKHLU�VFKHGXOHV�DQG�WUDQVLW�URXWHV��

$FFRUGLQJ�WR�WKH�:RUOG�6KLSSLQJ�&RXQFLO������E���WKHUH�DUH�PRUH�WKDQ�����OLQHU�

VHUYLFHV�DURXQG�WKH�ZRUOG��ZKLFK DGRSW�D�UHJXODU�VHUYLFH�IUHTXHQF\��PRVWO\�ZHHNO\���)RU�

D�ZHHNO\� VHUYLFH� IUHTXHQF\�� HDFK� SRUW� RI� FDOO� RQ� WKH� OLQHU� VKLSSLQJ� URXWH� LV� YLVLWHG� WKH�

VDPH�GD\�HYHU\�ZHHN��$OWKRXJK� VKLSSHUV�SUHIHU� D�PRUH� IUHTXHQW� VHUYLFH� �VXFK�DV�GDLO\�

VKLSSLQJ� VHUYLFH��� WKH� ZHHNO\� VHUYLFH� IUHTXHQF\� KDV� EHHQ� DGRSWHG� E\� PRVW� RI� OLQHU�

VKLSSLQJ�FRPSDQLHV��7KH�ODWWHU�FDQ�EH�MXVWLILHG�EDVHG�RQ�WKH�IDFW�WKDW�DFFXPXODWLQJ�PRUH�

FDUJR�LQFUHDVHV�WKH�UHYHQXH�JHQHUDWHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQLHV��,Q�DGGLWLRQ��LW�LV�

PRUH�FRQYHQLHQW�IRU�PDULQH�FRQWDLQHU�WHUPLQDO�RSHUDWRUV�WR�DOORFDWH�IL[HG�YHVVHO�VHUYLFH�

WLPH�ZLQGRZV�IRU�OLQHU�FDUULHUV�WKDW�RIIHU�ZHHNO\�VHUYLFH�IUHTXHQF\��0HQJ�HW�DO����������

7KHUH� DUH� D� IHZ� OLQHU� VKLSSLQJ� FRPSDQLHV� WKDW� RIIHU� GDLO\� VKLSSLQJ� VHUYLFH�� VXFK� DV�

0DHUVN� /LQH� �RWKHUZLVH� FDOOHG� 'DLO\� 0DHUVN��� ZKLFK� SURYLGHV� D� FRPSHWLWLYH� GDLO\�

VKLSSLQJ�VHUYLFH�IURP�$VLD�WR�(XURSH�
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���� ([LVWLQJ�&KDOOHQJHV�)DFHG�E\�/LQHU�6KLSSLQJ�&RPSDQLHV

/LQHU�VKLSSLQJ�FRPSDQLHV�IDFH�QXPHURXV�FKDOOHQJHV�DW�WKH�GHFLVLRQ�PDNLQJ�OHYHO��3HVHQWL�

������� DQG �0HQJ� HW� DO��� ������ GHILQHG� WKUHH� GHFLVLRQ�PDNLQJ� OHYHOV� IRU� OLQHU� VKLSSLQJ�

FRPSDQLHV��ZKLFK�LQFOXGH���D��VWUDWHJLF���E��WDFWLFDO� DQG��F��RSHUDWLRQDO��/LQHU�VKLSSLQJ�

FRPSDQLHV� PDNH� ORQJ�WHUP� VWUDWHJLF� OHYHO� GHFLVLRQV� UHJDUGLQJ� WKH� IOHHW� VL]H� DQG� PL[��

QHWZRUN�GHVLJQ��DQG�DOOLDQFH�VWUDWHJLHV��7KH�IUHTXHQF\�RI�VHUYLFH��GHSOR\PHQW�RI�YHVVHOV��

VDLOLQJ�VSHHG�RI�YHVVHOV��DQG�GHVLJQ�RI�VFKHGXOHV DUH�WKH�WDFWLFDO�OHYHO�GHFLVLRQV�PDGH�E\�

OLQHU� VKLSSLQJ� FRPSDQLHV�� *HQHUDOO\�� WKH� WDFWLFDO�OHYHO� GHFLVLRQV� DUH� UHYLVHG� HYHU\� ����

PRQWKV��:DQJ�DQG�0HQJ������D���$W�WKH�RSHUDWLRQDO�OHYHO��OLQHU�VKLSSLQJ�FDUULHUV�GHFLGH�

RQ�WKH�W\SH�RI�FDUJR�WR�VKLS��WKH YHVVHOV�WR�EH�XVHG�IRU�FDUJR�WUDQVSRUW��DQG�UHFRYHU\�RI�WKH�

VFKHGXOH� LQ� WKH� HYHQW� RI� D� GHOD\�� /LQHU� FRQWDLQHU� VKLSSLQJ� LV� FKDOOHQJLQJ� DQG� FDSLWDO�

LQWHQVLYH� GXH� WR� WKH� FRPSOH[� QDWXUH� RI� ORJLVWLFV� �VXFK� DV� URXWLQJ� DQG� VFKHGXOLQJ��

LQYROYHG�� )LJXUH� � LOOXVWUDWHV� WKH� GHFLVLRQ�PDNLQJ� OHYHOV� IRU OLQHU� VKLSSLQJ� FRPSDQLHV��

6RPH� RI� WKH� PDMRU� FKDOOHQJHV�� DIIHFWLQJ� WKH� RSHUDWLRQV� RI� OLQHU� VKLSSLQJ� FRPSDQLHV��

LQFOXGH������EXQNHU�IXHO�FRQVXPSWLRQ������URXWLQJ�DQG�VFKHGXOLQJ������VSHHG�RSWLPL]DWLRQ��

���� HPLVVLRQV�� ���� XQFHUWDLQ� SRUW� WLPHV�� ���� QHWZRUN� GHVLJQ�� ���� VFKHGXOH� UHFRYHU\�� ����

DOOLDQFH�VWUDWHJ\��DQG�RWKHUV��
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)LJXUH�� /HYHOV�RI�GHFLVLRQ�PDNLQJ�IRU�OLQHU�FRQWDLQHU�VKLSSLQJ�FRPSDQLHV

0LQLPL]DWLRQ�RI� WKH� WRWDO� URXWH� VHUYLFH� FRVW� KDV� EHHQ� WKH�PDLQ�JRDO�RI� VKLSSLQJ�

FRPSDQLHV� VLQFH� WKH� HFRQRPLF� FULVLV� LQ� ����� �6RQJ� HW� DO��� �������$FFRUGLQJ� WR�5RQHQ�

�������� EXQNHU� FRVWV� DFFRXQW� IRU� DERXW� ���� RI� WKH� WRWDO� RSHUDWLQJ� FRVWV� RI� FRQWDLQHU�

YHVVHOV�� +RZHYHU�� LW� KDV� EHHQ� LGHQWLILHG� WKDW� D� SRVLWLYH� FRUUHODWLRQ� H[LVWV� EHWZHHQ� WKH�

YHVVHO�VDLOLQJ�VSHHG�DQG�IXHO�FRQVXPSWLRQ��1RWWHERRP�DQG�9HUQLPPHQ��������'X�HW�DO���

������:DQJ�DQG�0HQJ������E��3VDUDIWLV�DQG�.RQWRYDV���������$Q�LQFUHDVH�LQ�WKH�YHVVHO�

VDLOLQJ� VSHHG�E\�D� IHZ�NQRWV�FRXOG� UHVXOW� LQ�D� VXEVWDQWLDO� LQFUHDVH� LQ� IXHO�FRQVXPSWLRQ��

'HWHUPLQLQJ�WKH�RSWLPDO�VDLOLQJ�VSHHG�WR�PLQLPL]H�WKH�WRWDO�RSHUDWLRQDO�FRVW�KDV�EHHQ�D�

PDMRU�FKDOOHQJH�LQ�OLQHU�VKLSSLQJ��8VXDOO\��UHVHDUFKHUV�DVVXPH�WKDW�WKH�VDLOLQJ�VSHHGV�RI�D�

YHVVHO�DUH�SUHGHWHUPLQHG��0HQJ�HW� DO�� �������DWWULEXWHG� WKH�DVVXPSWLRQ� WR� WKH�QRQOLQHDU�

UHODWLRQVKLS� EHWZHHQ� EXQNHU� FRQVXPSWLRQ� UDWH� DQG� VDLOLQJ� VSHHG�� +RZHYHU�� VHYHUDO�

IDFWRUV�PD\�DIIHFW�WKH�EXQNHU�FRQVXPSWLRQ�DORQJ�ZLWK�WKH�SRUW�KDQGOLQJ�WLPHV�RWKHU�WKDQ�
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WKH VDLOLQJ�VSHHG�YHVVHOV��VXFK�DV�ZHDWKHU��XQFHUWDLQ�SRUW�WLPHV��QDWXUDO�KD]DUGV��ZRUNHU�

VWULNH��DPRQJ�RWKHUV��

9HVVHO�URXWLQJ DQG�VFKHGXOLQJ�LV�D�FKDOOHQJLQJ�H[HUFLVH�LQ�OLQHU�VKLSSLQJ�EHFDXVH�

RI�D�QXPEHU�RI�IDFWRUV��LQFOXGLQJ�WKH�WLPH�VHQVLWLYLW\�RI�VRPH�SURGXFWV�EHLQJ�WUDQVSRUWHG��

DGGLWLRQDO� FRVWV� LQFXUUHG� GXH� WR� D� PLVVHG� FRQQHFWLRQ�� DYDLODEOH� YHVVHO� VHUYLFH� WLPH�

ZLGRZV�DW�SRUWV��XQFHUWDLQWLHV��DW�SRUWV�RI�FDOO�DQG�LQ VHD���DPRQJ�RWKHUV��'HOD\V�FDXVHG�

E\�XQFHUWDLQWLHV��VXFK�DV�ZHDWKHU��QDWXUDO�KD]DUGV��SRUW�FRQJHVWLRQ��XQFHUWDLQ�SRUW�WLPHV��

DQG� RWKHUV�� LQFUHDVH� WKH� FRPSOH[LW\� RI� VFKHGXOH� DGKHUHQFH� DQG� UHOLDELOLW\� RI� VHUYLFH� LQ�

OLQHU� VKLSSLQJ�� ,Q� WKH� HYHQW� RI� D� GHOD\�� OLQHU� VKLSSLQJ� FRPSDQLHV� WDNH� GHFLVLRQV� �DW� WKH�

RSHUDWLRQDO�GHFLVLRQ�PDNLQJ�OHYHO�� WR�UHFRYHU�WKH�VFKHGXOH�DQG�GHOLYHU�FDUJRHV�RQ�WLPH��

9HVVHO�RSHUDWRUV�PD\�GHFLGH�WR�LQFUHDVH�WKH�VDLOLQJ�VSHHG�RI�WKH�YHVVHO��7KH�ODWWHU�DFWLRQ�

PD\� VLJQLILFDQWO\� LQFUHDVH� EXQNHU� IXHO� FRQVXPSWLRQ� DQG� FRQVHTXHQWO\� WKH� WRWDO�

RSHUDWLRQDO� FRVW� RI� OLQHU� VKLSSLQJ� FRPSDQLHV�� 7KH� YHVVHO� VFKHGXOH� UHFRYHU\� SUREOHP�

EHFRPHV� HYHQ� PRUH� GLIILFXOW� LQ� OLQHU� VKLSSLQJ� LI� WKH� GHOD\� H[WHQGV� RYHU� D� ORQJ� WLPH

SHULRG��6RPHWLPHV��OLQHU�VKLSSLQJ�FRPSDQLHV�DUH�QRW�DEOH�WR�UHFRYHU�WKHLU�VFKHGXOH�HYHQ�

LI�WKH�PD[LPXP�VDLOLQJ�VSHHG�RI�D�YHVVHO�LV�VHOHFWHG��

$QRWKHU�PDMRU�FKDOOHQJH�IDFHG�E\�OLQHU�VKLSSLQJ�FRPSDQLHV�LV�WKH�PLQLPL]DWLRQ�RI�

HPLVVLRQV� DQG� DVVRFLDWHG� FRVWV� $FFRUGLQJ� WR� WKH� ,QWHUQDWLRQDO� 0DULWLPH� 2UJDQL]DWLRQ�

�,02��� RFHDQJRLQJ� YHVVHOV� HPLWWHG� DSSUR[LPDWHO\� ����� RI� WKH� ZRUOG¶V� DQWKURSRJHQLF�

FDUERQ� GLR[LGH� HPLVVLRQV� LQ� ����� �,02�� ������� 'XOHEHQHWV �����D� KLJKOLJKWHG� WKDW�

JUHHQKRXVH� JDVHV� �*+*V��� VXFK� DV� FDUERQ� GLR[LGH� ���ଶܱܥ� PHWKDQH� ���ସܪܥ� DQG� QLWURXV�

R[LGH� � ଶܱܰ�� DUH� UHVSRQVLEOH� IRU� FOLPDWH� FKDQJH�� 0RUHRYHU�� QRQ�JUHHQKRXVH� JDVHV�

�1*+*V�� LQFOXGLQJ� VXOIXU�R[LGHV� �ܱܵ௑�� �ZKLFK�FDXVH� DFLG� UDLQ� DQG�GHIRUHVWDWLRQ�� DQG�



�

QLWURJHQ�R[LGHV��ܱܰ௑���WKDW�LQFUHDVH�OHYHOV�RI�*+*�R]RQH�DQG�GHFUHDVH�*+*�PHWKDQH��

ZKLFK�PD\�JLYH� ULVH� WR�ZDUPLQJ�DQG�FRROLQJ� UHVSHFWLYHO\�� PD\�QHJDWLYHO\� LPSDFW�QRW�

RQO\�WKH�HQYLURQPHQW��EXW�DOVR�WKH�KHDOWK�RI�OLYLQJ�RUJDQLVPV��'XOHEHQHWV������D��

3VDUDIWLV�DQG�.RQWRYDV��������XQGHUOLQHG�WKDW�WKH�HPLVVLRQV�SURGXFHG�E\�YHVVHOV�

DIIHFW� WKH�KXPDQ�KHDOWK��6HYHUDO� FRUULGRUV�RQ� WKH� VHDV�KDYH�EHHQ�GHVLJQDWHG�DV� ³6XOIXU�

(PLVVLRQ�&RQWURO�$UHDV´��6(&$��E\�WKH�,02��H�J��WKH�%DOWLF�6HD��WKH�1RUWK�6HD��DQG�WKH�

(QJOLVK� &KDQQHO� ZHUH� GHVLJQDWHG� DV� 6(&$� LQ� ������� $OVR�� WKH� 8QLWHG� 6WDWHV� �8�6��� �

&DQDGLDQ�FRDVWDO�]RQH�ZDV�GHVLJQDWHG�DV�DQ�³(PLVVLRQV�&RQWURO�$UHD´��(&$�� LQ�������

ZLWK�UHVWULFWLRQV� LPSRVHG�RQ ܱܵ௑� ܱܰ௑��DQG�SDUWLFXODWH�PDWWHU� �30��HPLVVLRQV��9HVVHOV�

VDLOLQJ�WKURXJK�WKH (&$V�DUH�QRW�DOORZHG�WR�EXUQ�IXHO�ZLWK�D�VXOIXU�FRQWHQW�RI�������P�P�

DIWHU� �� -DQXDU\� ������ +HQGHUVRQ� ������� VXJJHVWHG� WKDW� WKH� IXHO� FKHPLFDO� FRQWHQW�

VWDQGDUGV�PLJKW�IRUFH�OLQHU�VKLSSLQJ�FRPSDQLHV� WR�VZLWFK�IURP�KHDY\�RLO� WR�KLJK�SULFHG�

PDULQH�JDV�� ,Q�RUGHU�WR�VDWLVI\�WKH�GHPDQG��OLQHU�VKLSSLQJ�FRPSDQLHV�DUH� IDFHG�ZLWK�WKH�

FKDOOHQJH�RI�PLQLPL]LQJ�WKH�WRWDO�HPLVVLRQ�FRVWV�DQG�PD[LPL]LQJ�SURILW��HVSHFLDOO\�ZKHQ�

QDYLJDWLQJ�URXWHV�ZLWK�(&$V��$OVR��OLQHU�VKLSSLQJ�FRPSDQLHV�DUH�IDFHG�ZLWK�WKH�FKDOOHQJH�

RI�PLQLPL]LQJ� WKH�RYHUDOO�HQYLURQPHQWDO� LPSDFW� WKURXJKRXW� WKH�GHVLJQ�RI�HIILFLHQW� OLQHU�

VKLSSLQJ�QHWZRUNV�DQG�VFKHGXOHV�

/LQHU�FRQWDLQHU�VKLSSLQJ�QHWZRUN�GHVLJQ�DLPV�WR�GHWHUPLQH�WKH�SRUWV�RI�FDOO� LQ�D�

YR\DJH�DQG�WKH�VHTXHQFH��7ZR�W\SHV�RI�QHWZRUNV�DUH�XVXDOO\�FRQVLGHUHG�LQ�OLQHU�VKLSSLQJ��

KXE�DQG�VSRNH��+	6��QHWZRUN�DQG�PXOWL�SRUW�FDOOLQJ��03&��QHWZRUN��'XOHEHQHWV�HW�DO���

�������7KHUH�DUH�WZR�JURXSV�RI�SRUWV�LQ�WKH�+	6�QHWZRUN��KXE�SRUWV�DQG�IHHGHU�SRUWV��2Q�

WKH� +	6� QHWZRUN�� WKH� FDUJR� EHWZHHQ� WZR� KXE� SRUWV� LV� WUDQVSRUWHG� E\� ODUJHU� YHVVHOV��

ZKLFK�QDYLJDWH�WKH�PDLQ�URXWH�FRQQHFWLQJ�WKH�KXE�SRUWV��VHH�)LJXUH��$���$IWHUZDUGV��WKH�
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FDUJR�LV�WUDQVSRUWHG�IURP�WKH�KXE�SRUW�WR�IHHGHU�SRUWV�YLD�WKH�IHHGHU�URXWHV�XVLQJ�VPDOOHU�

YHVVHOV��,Q�DQ�03&�QHWZRUN��SRUWV�DUH�QRW�FDWHJRUL]HG�DV�PDLQ�RU�IHHGHU�SRUWV��8VXDOO\��D�

YHVVHO�FDQ�VDLO�IURP�RQH�SRUW�WR�DQRWKHU�DORQJ�WKH�VKLSSLQJ�URXWH��VHH�)LJXUH��%���2FHDQ�

FDUULHUV��JHQHUDOO\�IDFH�WKH�FKDOOHQJH�RI�LGHQWLI\LQJ�WKH�PRVW�HIILFLHQW�QHWZRUN�IRU�D�JLYHQ�

VHUYLFH� URXWH� DQG� WKH� VL]H� RI� YHVVHOV� WR� EH� GHSOR\HG� LQ� RUGHU� WR� DFKLHYH� HFRQRPLHV� RI�

VFDOH�� 7KH� GHFUHDVH� RI� WKH� XQLW� WUDQVSRUWDWLRQ� FRVW� UHVXOWLQJ� IURP� DQ� LQFUHDVH� LQ� WKH�

QXPEHU�RI�XQLWV��L�H���FRQWDLQHUV��LV�UHIHUUHG�WR�DV�³HFRQRPLHV�RI�VFDOH´��6LOEHUVWRQ���������

)LJXUH�� +XE�DQG�6SRNH��$��DQG�0XOWL�SRUW�&DOOLQJ��%��1HWZRUNV

)XUWKHUPRUH�� WKH�SUREOHP�RI�QHWZRUN�GHVLJQ� LQ� OLQHU� VKLSSLQJ�RYHUODSV�ZLWK� WKH�

YHVVHO�VFKHGXOLQJ SUREOHP� *HQHUDOO\��OLQHU�VKLSSLQJ�FRPSDQLHV�IRFXV�RQ�LWLQHUDU\�GHVLJQ�

DQG� YHVVHO� GHSOR\PHQW�� EDVHG� RQ� WKH� DVVXPSWLRQ� RI� D� IL[HG� YHVVHO� VDLOLQJ� VSHHG� DQG�

ZHHNO\� VHUYLFH� IUHTXHQF\�ZLWKRXW� FRQVLGHULQJ� VFKHGXOHV� �0HQJ�HW� DO��� �������7KH� OLQHU�

VKLSSLQJ�QHWZRUN�GHVLJQ SUREOHP�PD\�LQYROYH�PRUH�SRUWV�RQ�WKH�QHWZRUN�DQG�DOORZ�IRU�
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FRQWDLQHU� WUDQVVKLSPHQW�RSHUDWLRQV��$OVR��KDQGOLQJ� WLPHV�DW�SRUWV�RI�FDOO��YHVVHO� VHUYLFH�

WLPH� ZLQGRZV�� DQG� SRUW� FRQJHVWLRQ� DPRQJ� RWKHU� IDFWRUV�� DIIHFW� YHVVHO� DUULYDO� WLPHV� DW�

VXEVHTXHQW�SRUWV�RI FDOO��HVSHFLDOO\�ZKHQ�WKH�SRUWV�RI�FDOO�DUH�FORVH�WR�RQH�DQRWKHU��7KH�

ODWWHU�PD\�FDXVH�D�GHOD\��ZKLFK�SURSDJDWHV�WKURXJKRXW�WKH�HQWLUH�OLQHU�VKLSSLQJ�QHWZRUN��

/LQHU�VKLSSLQJ�FRPSDQLHV�RIWHQ�FKRRVH�WR�IRUP�VWUDWHJLF�DOOLDQFHV��ZLWK�WKH�DLP�RI�

PLQLPL]LQJ� WKH� FRVWV� DQG� PD[LPL]LQJ� WKH� UHYHQXH� �H�J�� WKH� HVWDEOLVKPHQW� RI� 0�� DQG�

2FHDQ�7KUHH�DOOLDQFHV� LQ������� �%URXHU�HW� DO����������6RPH�UHVHDUFKHUV�KDYH�VXJJHVWHG�

WKDW� GHYHORSLQJ� FDSDFLW\� H[FKDQJH� PHFKDQLVPV� WR� DFKLHYH� RSWLPDO� YHVVHO� FDSDFLW\�

DOORFDWLRQ� DPRQJ�PXOWLSOH� VKLSSLQJ� OLQHV� LQ� DQ� DOOLDQFH� LV� D� FKDOOHQJLQJ� WDVN� �$JDUZDO�

DQG�(UJXQ��������=KHQJ�HW�DO���������6RPH�RWKHU�IDFWRUV��VXFK�DV�VWUDWHJ\��JRYHUQDQFH��

DQG� FXOWXUH�� FRQWULEXWH� WR� WKH� VXFFHVV� RI� DOOLDQFHV� FUHDWHG� E\� OLQHU� VKLSSLQJ� FRPSDQLHV�

�0HQJ� HW� DO��� ������� $FFRUGLQJ� WR� 'XOHEHQHWV� �����D��� WKH� VKLSSHUV� IRUHFDVW� WKDW�

IRUPDWLRQ�RI�QHZ�DOOLDQFHV�PD\�QHJDWLYHO\�DIIHFW�WKH�UHOLDELOLW\�RI�OLQHU�VKLSSLQJ�VHUYLFHV��

$OVR��VKLSSLQJ�FRPSDQLHV�WKDW�DUH�LQFDSDEOH�RI�NHHSLQJ�XS�ZLWK�H[LVWLQJ�FRPSHWLWLRQ�DUH�

OLNHO\� WR EDQNUXSW� �LQ� $XJXVW� ������ WKH� +DQMLQ� OLQHU� VKLSSLQJ� FRPSDQ\� ILOHG� IRU�

EDQNUXSWF\���7KXV�� OLQHU� VKLSSLQJ�FRPSDQLHV�VHHN� WKH�RSWLPDO�DOOLDQFH�VWUDWHJLHV��ZKHUH�

WKH\�FDQ�PD[LPL]H�WKHLU�SURILW�DQG�WUDQVSRUW�FDUJRHV�DW�WKH�PLQLPDO�FRVW��

���� 6WUDWHJLHV�8VHG�WR�5HVROYH�WKH�([LVWLQJ�&KDOOHQJHV

/LQHU� VKLSSLQJ� FRPSDQLHV� DQG� UHVHDUFKHUV� KDYH� DGRSWHG� YDULRXV� VWUDWHJLHV� LQ� GLIIHUHQW�

OLQHU�VKLSSLQJ�GHFLVLRQ�SUREOHPV��*HQHUDOO\��RSHUDWLRQV�UHVHDUFK��25��PHWKRGV�KDYH�EHHQ�

XVHG� LQ� DGGUHVVLQJ� WKH�PDMRULW\� RI� WKH� SUREOHPV� DVVRFLDWHG�ZLWK� KLJK� IL[HG� FRVWV�� KLJK�

GDLO\�RSHUDWLRQDO�FRVWV�RI�FRQWDLQHU�YHVVHOV��ODUJH�IOHHW�VL]H��DQG�DOOLDQFHV�LQ�OLQHU�VKLSSLQJ�
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�0HQJ� HW� DO��� ������� $� QXPEHU� RI� UHVHDUFKHUV� KDYH� KLJKOLJKWHG� WKH� LPSRUWDQFH� RI�

RSWLPL]LQJ� WKH� VDLOLQJ� VSHHG� RI� YHVVHOV�� JLYHQ� WKH� KLJK� SULFH� RI� IXHO� �1RWWHERRP� DQG�

9HUQLPPHQ�� ������ 5RQHQ�� ������� $FFRUGLQJ� WR� *ROLDV� HW� DO�� ������� OLQHU� VKLSSLQJ�

FRPSDQLHV� KDYH� DGRSWHG� WKH� VWUDWHJ\� RI� VORZ� VWHDPLQJ� �WKH� SUDFWLFH� RI� UHGXFLQJ� WKH�

VDLOLQJ� VSHHG� RI� YHVVHOV� VLJQLILFDQWO\� EHORZ� WKHLU� GHVLJQ� VSHHGV��� 6ORZ� VWHDPLQJ� ZDV�

LQWURGXFHG� LQ� ����� E\� 0DHUVN� GXH� WR� KLJK� EXQNHU� FRVW� LQ� RUGHU� WR� UHGXFH� EXQNHU�

FRQVXPSWLRQ� DQG� WRWDO� IXHO� FRVWV� �1RWWHERRP� DQG� 9HUQLPPHQ�� ������ &DULRX�� ������

5RQHQ���������3VDUDIWLV�DQG�.RQWRYDV��������DQG�.RQWRYDV��������VKRZHG� WKDW�EXQNHU�

FRQVXPSWLRQ� LV� SURSRUWLRQDO� WR� WKH� VDLOLQJ� VSHHG� DQG� VXJJHVWHG� WKDW� VORZ� VWHDPLQJ� LV�

FUXFLDO� WR� UHGXFH� EXQNHU� FRQVXPSWLRQ� VLJQLILFDQWO\�� (VWLPDWLRQV� IURP� D� YHVVHO� HQJLQH�

PDQXIDFWXUHU� LQGLFDWHG� WKDW� UHGXFLQJ� WKH� VDLOLQJ� VSHHG�RI� D�YHVVHO� IURP����NQRWV� WR����

NQRWV�FRXOG�UHGXFH�EXQNHU�FRQVXPSWLRQ�E\������KRZHYHU��WKH�UHGXFWLRQ�LQ�VDLOLQJ�VSHHG�

ZRXOG�LQFUHDVH�WKH�VDLOLQJ�WLPH�IRU�$VLD�(XURSH�YR\DJHV�E\�D�ZHHN��:DUWVLOD�7HFKQLFDO�

-RXUQDO���������

7KH� GHFLVLRQ� WR� UHGXFH� YHVVHO� VSHHG� DQG� EXQNHU� FRVW� FRQIOLFWV� ZLWK� WKH� VDLOLQJ�

WLPH��7KH�-RXUQDO�RI�&RPPHUFH��������UHSRUWHG�WKDW�VORZ�VWHDPLQJ�LQFUHDVHV�WKH�VDLOLQJ�

WLPH�IRU�WUDQV�3DFLILF�YR\DJHV�E\�����GD\V��1RWWHERRP�DQG�9HUQLPPHQ��������LQGLFDWHG�

WKDW�VORZ�VWHDPLQJ�ZRXOG�UHTXLUH�WKH�GHSOR\PHQW�RI�PRUH�PHJDVKLSV�WR�PHHW�WKH�GHPDQG�

DQG�VHUYLFH�IUHTXHQF\�DW�HDFK�SRUW�RI�FDOO�RQ�WKH�OLQHU�VKLSSLQJ�QHWZRUN��GLVSDWFKLQJ�PRUH�

PHJDVKLSV�LQFUHDVHV�WKH�WRWDO�RSHUDWLRQDO�FRVWV��7KH�SUREOHP�RI�FRQIOLFWLQJ�REMHFWLYHV�KDV�

EHHQ� DGGUHVVHG� E\� VRPH� UHVHDUFKHUV�� 0HQJ� HW DO�� ������� DQG� 0DQVRXUL� HW� DO�� �������

XQGHUOLQHG�WKDW�PRVW�VWXGLHV�FRPELQH�FRQIOLFWLQJ�REMHFWLYHV�LQWR�RQH�REMHFWLYH�IXQFWLRQ��

7R�FDSWXUH�WKH�FRQIOLFWLQJ�QDWXUH�RI�REMHFWLYHV�HIIHFWLYHO\��'XOHEHQHWV������D��SUHVHQWHG�
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D� PL[HG�LQWHJHU SURJUDPPLQJ� �0,3�� PRGHO� ZKLFK� VHSDUDWHV� FRQIOLFWLQJ� REMHFWLYHV��

DVVRFLDWHG�ZLWK�WKH�WRWDO�URXWH�VHUYLFH�FRVWV��LQWR�WZR�FRQIOLFWLQJ�JURXSV��$ORQJ�ZLWK�VORZ�

VWHDPLQJ��3VDUDIWLV�DQG�.RQWRYDV��������XQGHUOLQHG�WKDW�VRPH�OLQHU�VKLSSLQJ�FRPSDQLHV�

KDYH�XVHG�DQRWKHU�DSSURDFK� WR� UHGXFH�EXQNHU�FRQVXPSWLRQ��6RPH�RI� WKH�RFHDQ�FDUULHUV�

RUGHU� YHVVHOV� ZLWK� ORZHU� KRUVHSRZHU� HQJLQH�� 7KH� YHVVHOV� DUH� GHVLJQHG� WR� VDLO� DW� VORZ�

VWHDPLQJ� VSHHG�� ZKLOH� WUDYHOOLQJ� DW� WKHLU� PD[LPXP� VSHHGV�� $FFRUGLQJ� WR� WKH� DXWKRUV��

7ULSOH�(�YHVVHOV�ZLWK�D�FRQWDLQHU�FDUU\LQJ�FDSDFLW\�RI��������7(8V�KDYH�WKH�PD[LPXP�

VSHHG�RI����NQRWV��ZKLFK�LV�����NQRWV�ORZHU�DV�FRPSDUHG�WR�(PPD�0DHUVN�YHVVHOV�ZLWK�

ORZHU�FDSDFLW\�

,Q�SUDFWLFH��OLQHU�VKLSSLQJ�FRPSDQLHV�EXLOG�EXIIHU�WLPH�WR�PDQDJH�XQFHUWDLQWLHV�LQ�

VHD�IRU�HDFK�OHJ�RI�WKH�YR\DJH��$W�WKH�EHJLQQLQJ�RI�WKH�YR\DJH��WKH�VDLOLQJ�VSHHG�RI�WKH�

YHVVHO�FDQ�EH�LQFUHDVHG�WR�PDNH�VXUH�WKDW�WKH�YHVVHO�FDQ�UHFRYHU�IURP�ORVW�WLPH�DW�VHD�GXH�

WR� DGYHUVH�ZHDWKHU� RU�PHFKDQLFDO� EUHDNGRZQV�� $QRWKHU� VWUDWHJLF� DQG� WDFWLFDO� GHFLVLRQ��

PDGH�E\�OLQHU�VKLSSLQJ�FRPSDQLHV�WR�VROYH�WKH�VFKHGXOLQJ�SUREOHP��LV�WKH�GHSOR\PHQW�RI�

PRUH�YHVVHOV� IRU� WKH� VDPH� VHUYLFH� URXWH��ZKLOH�PDLQWDLQLQJ� WKH� VDPH� VHUYLFH� IUHTXHQF\�

�6RQJ� HW� DO��� ������� 7KH� ODWWHU� LQFUHDVHV� WKH� EXIIHU� WLPH� RI� YHVVHOV� DW� HDFK� OHJ� RI� WKH�

YR\DJH��ZKLFK�FRPSHQVDWHV�IRU�WKH�ORVW�WLPH�RI�YHVVHOV�GXH�WR�XQFHUWDLQW\��)XUWKHUPRUH��

WKH� YHVVHO� VFKHGXOLQJ� DQG� URXWLQJ� SUREOHP� KDV� UHFHLYHG� D� VLJQLILFDQW� DWWHQWLRQ� IURP�

UHVHDUFKHUV� LQ� WKH� SDVW� \HDUV��0DQ\� VWXGLHV� SURSRVHG� VHYHUDO�PDWKHPDWLFDO�PRGHOV� DQG�

VROXWLRQ� DOJRULWKPV� WR� VROYH� YHVVHO� URXWLQJ� DQG� VFKHGXOLQJ� SUREOHPV� LQ� OLQHU� VKLSSLQJ��

0HQJ�DQG�:DQJ��������SURSRVHG�DQ�0,3�PRGHO�WR�PLQLPL]H�WKH�WRWDO�URXWH�VHUYLFH�FRVW��

DQG�GHWHUPLQH�WKH�VHUYLFH�IUHTXHQF\��IOHHW�GHSOR\PHQW�VWUDWHJ\��DQG�YHVVHO�VDLOLQJ�VSHHG�

IRU�D ORQJ�KDXO�OLQHU�VHUYLFH�URXWH��6RPH�VWXGLHV�GHYHORSHG�PDWKHPDWLFDO�PRGHOV��ZKLFK�
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FRQVLGHU� WKH� UHODWLRQVKLS� EHWZHHQ� WKH� FRQQHFWLRQ� WLPHV� DW� WUDQVVKLSPHQW� SRUWV� DQG� WKH�

VFKHGXOHV�RI�OLQHU�VHUYLFHV��

5HGXFWLRQ� LQ� HPLVVLRQV� KDV� EHHQ� D� PDMRU� VRXUFH� RI� FRQFHUQ� IRU� OLQHU� VKLSSLQJ�

FRPSDQLHV��7KH�,02��������LQGLFDWHG�WKDW�VXVWDLQDEOH�PDULWLPH�WUDQVSRUWDWLRQ�LV�JXLGHG�

E\� HFRQRPLF�� VRFLDO� DQG� HQYLURQPHQWDO� UHVSRQVLELOLWLHV�� 6HYHUDO� UHVHDUFKHUV� KDYH�

GHYHORSHG�PDWKHPDWLFDO�PRGHOV� DQG� DOJRULWKPV� WR� UHGXFH� WKH� FRVW� RI� HPLVVLRQV��ZKLOH�

RSWLPL]LQJ�WKH�VSHHG�RI�YHVVHOV��$�SRVLWLYH�FRUUHODWLRQ�KDV�EHHQ�HVWDEOLVKHG�EHWZHHQ�WKH�

DPRXQW�RI�HPLVVLRQV�SURGXFHG�DQG�WKH�VDLOLQJ�VSHHG�RI�RFHDQJRLQJ�YHVVHOV�� ,Q�SUDFWLFH��

OLQHU� VKLSSLQJ� FRPSDQLHV� KDYH� EHHQ� DSSO\LQJ� VORZ� VWHDPLQJ� DQG� VXSHU� VORZ� VWHDPLQJ�

�UHGXFWLRQ�LQ�VDLOLQJ�VSHHG�EHORZ����NQRWV��VWUDWHJLHV�WR�PLQLPL]H�WKH�HPLVVLRQV�SURGXFHG�

E\� YHVVHOV�� $OVR�� OLQHU� VKLSSLQJ� FRPSDQLHV� XVH� WKH� WHFKQLTXH� RI� IXHO� VZLWFKLQJ� ZKHQ�

YHVVHOV�DUH�LQ�(&$V��:KHQ�D�YHVVHO�HQWHUV�WKH�DUHDV��GHVLJQDWHG�DV�(&$V�RQ�WKH�QHWZRUN��

WKH� RSHUDWRU� VZLWFKHV� WKH� IXHO� VXSSOLHG� WR� WKH� HQJLQH� IURP�+HDY\�)XHO�2LO� �+)2�� WR� D�

FOHDQHU�0DULQH� *DV� 2LO� �0*2�� ZLWK� ORZ� VXOIXU� FRQWHQW�� 2WKHU� WHFKQLTXHV� DGRSWHG� WR�

UHGXFH�HPLVVLRQV�LQFOXGH�EHUWK�VFKHGXOLQJ�DQG�VKLSSLQJ�URXWH�UH�GHVLJQ��

.RQWRYDV� DQG� 3VDUDIWLV� ������� FRQGXFWHG� DQ� H[WHQVLYH� UHYLHZ� RI� OLWHUDWXUH� WR�

DVVHVV� WKH� LPSDFW�RI� VDLOLQJ� VSHHG�RQ� WKH� VXVWDLQDELOLW\�RI� OLQHU� VKLSSLQJ�DQG� VXJJHVWHG�

WKDW� VORZ� VWHDPLQJ� LV� WKH� OLQN� WR� VXVWDLQDEOH�PDULWLPH� WUDQVSRUWDWLRQ�� ,Q� DGGLWLRQ� VRPH�

UHVHDUFKHUV�KDYH�DOVR�GHPRQVWUDWHG� WKDW� D� UHGXFWLRQ� LQ� WKH�VDLOLQJ� VSHHG�RI�YHVVHOV�ZLOO�

UHGXFH� WKH� DPRXQW� RI� HPLVVLRQV� SURGXFHG� �3VDUDIWLV� DQG� .RQWRYDV�� ������ .RQWRYDV��

������� 2WKHUV� KDYH� UHFRPPHQGHG� WKDW� DOWKRXJK� VXVWDLQDELOLW\� FRQVLGHUDWLRQV� LQ� OLQHU�

VKLSSLQJ� LQYROYH�PDQ\�FRQIOLFWLQJ�REMHFWLYHV�� WKHUH� LV� WKH�QHHG� WR� UHGXFH� WKH�PD[LPXP�

VDLOLQJ�VSHHG�RI�YHVVHOV�WR�PLQLPL]H�HPLVVLRQV�
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7KH�UHGXFWLRQ�LQ�RSHUDWLQJ�FRVW�KDV�EHHQ�WKH�SULPDU\�FRQVLGHUDWLRQ�LQ�WKH�GHVLJQ�

RI�OLQHU�VKLSSLQJ�QHWZRUNV��+RZHYHU��DV�LQGLFDWHG�HDUOLHU� WKH HQYLURQPHQWDO�LVVXHV KDYH�

DOVR� EHFRPH� D� PDMRU� VRXUFH� RI� FRQFHUQ� LQ� WKH� GHVLJQ� RI� DQ� HIILFLHQW� OLQHU� VKLSSLQJ�

QHWZRUN��/LQHU� VKLSSLQJ� FRPSDQLHV� FRQVLGHU� WKH�QXPEHU�RI� URXWHV�� WKH� VDLOLQJ� VSHHG�RI�

YHVVHOV� DORQJ� WKH� URXWHV� DQG� WKH� DOORFDWLRQ� RI� FDUJRHV� LQ� WKH� VHUYLFH� QHWZRUN�� ,Q� WKH�

GHVLJQ�RI�DQ�HIILFLHQW�QHWZRUN��OLQHU�VKLSSLQJ�FRPSDQLHV�DFFRXQW�IRU�VRPH�WDFWLFDO�OHYHO�

GHFLVLRQV��VXFK�DV�IOHHW�GHSOR\PHQW DQG�VHUYLFH�IUHTXHQF\��WR�GHWHUPLQH�WKH�YHVVHOV�WR�EH�

GHSOR\HG� LQ� WKH� QHWZRUN� DQG� WKH� VHUYLFH� IUHTXHQF\� �VXFK� DV� GDLO\� RU� ZHHNO\� VHUYLFH�

IUHTXHQF\���ZLWKRXW� FRQVLGHULQJ� VFKHGXOHV� �0HQJ� HW� DO��� �������$OVR�� VRPH� UHVHDUFKHUV�

KDYH�XVHG�PDWKHPDWLFDO�PRGHOV�WR�DGGUHVV�QHWZRUN�GHVLJQ�SUREOHPV�LQ�OLQHU�VKLSSLQJ��

���� 2XWOLQH�RI�&RQWULEXWLRQV�RI�7KLV�'LVVHUWDWLRQ

2YHU� WKH�SDVW� GHFDGH�� D� ORW�RI� UHVHDUFK�HIIRUWV� KDYH�EHHQ�GHYRWHG� WR�YHVVHO� VFKHGXOLQJ��

XQFHUWDLQW\�LQ�OLQHU�VKLSSLQJ��FROODERUDWLYH�DJUHHPHQWV�EHWZHHQ�OLQHU�VKLSSLQJ�FRPSDQLHV��

DJUHHPHQWV�EHWZHHQ� OLQHU� VKLSSLQJ� FRPSDQLHV� DQG�PDULQH� FRQWDLQHU� WHUPLQDO�RSHUDWRUV��

DQG�JUHHQ�YHVVHO�VFKHGXOLQJ��+RZHYHU��RQO\�D�IHZ�VWXGLHV�DGGUHVVHG�WKH�YHVVHO�VFKHGXOH�

UHFRYHU\�SUREOHP� LQ� OLQHU� VKLSSLQJ��0RUHRYHU�� WKH� VWXGLHV�GHGLFDWHG� WR�YHVVHO� VFKHGXOH�

UHFRYHU\� KDYH� SULPDULO\� IRFXVHG� RQ� WKH� RSWLRQ� RI� VSHHGLQJ� XS� LQ� VROYLQJ� WKH� YHVVHO�

VFKHGXOH�UHFRYHU\�SUREOHP��2QO\�D�IHZ�PRGHOV�KDYH�FRQVLGHUHG�RWKHU�DOWHUQDWLYHV��$OVR��

WKH�VWXGLHV��DGGUHVVLQJ�WKH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�SUHVHQWHG�LQ�WKH�VWDWH�RI�WKH�

DUW�� KDYH� IRFXVHG�RQ�PLQLPL]LQJ� WKH� WRWDO URXWH� VHUYLFH� FRVW�� DQG�GR�QRW� FRQVLGHU�RWKHU�

LPSRUWDQW�REMHFWLYHV��VXFK�DV�PLQLPL]DWLRQ�RI�HPLVVLRQV��PLQLPL]DWLRQ�RI�GHOD\��HWF��� LQ�

WKH�PDWKHPDWLFDO�PRGHOV�SURSRVHG��
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)XUWKHUPRUH�� WKH� HIIHFWV� RI� GLVUXSWLRQV� RQ� YHVVHOV� VDLOLQJ� WKURXJK�(&$V��ZKHUH�

WKH�VDLOLQJ�VSHHG�RI� WKH�YHVVHO� LV� UHGXFHG�GXH� WR� WKH�HQYLURQPHQWDO� UHJXODWLRQV��DQG� WKH�

VSHHGLQJ� XS� DSSURDFK� PLJKW� QRW� EH� DSSOLFDEOH��� KDYH� QRW� EHHQ� DFFRXQWHG� IRU� LQ� WKH�

OLWHUDWXUH�� ,Q� SUDFWLFH�� PDQ\� SRUWV� DOVR� KDYH� UHVWULFWLRQV� IRU� YHVVHO� DUULYDOV�� 7KH�

XQFHUWDLQW\�DW�WKH�SRUWV�WKURXJKRXW�GLVUXSWLRQ�PRGHOLQJ�KDV�QRW�EHHQ�FDSWXUHG�E\�VWXGLHV�

WKDW�KDYH�DGGUHVVHG�WKH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP��7R�ILOO�WKH�JDSV�LQ�WKH�VWDWH�RI�

WKH�DUW��WKH�FRQWULEXWLRQV�RI�WKLV�VWXG\�LQFOXGH�WKH�IROORZLQJ�

L� 3URSRVH� D� VHW� RI� RSHUDWLRQDO�OHYHO� YHVVHO� VFKHGXOH� UHFRYHU\�PRGHOV� LQ� OLQHU�

VKLSSLQJ�

LL� &RQVLGHU�WKH�HQYLURQPHQWDO�UHJXODWLRQV�IRU�WKH�OLQHU�VKLSSLQJ�URXWHV�WKDW�SDVV�

WKURXJK�WKH�DUHDV��ZKLFK�DUH�GHVLJQDWHG�DV�(&$V�

LLL� &RQVLGHU�PXOWLSOH� YHVVHO� VFKHGXOH� UHFRYHU\� DOWHUQDWLYHV� �H�J��� SRUW� VNLSSLQJ��

VSHHG�DGMXVWPHQW��KDQGOLQJ�UDWH�DGMXVWPHQW���

LY� $SSO\� WKH� DSSURSULDWH� VROXWLRQ� DSSURDFKHV� IRU� VROYLQJ� WKH� YHVVHO� VFKHGXOH�

UHFRYHU\�SUREOHP�LQ�D�UHDVRQDEOH�FRPSXWDWLRQDO�WLPH�

Y� &RQGXFW� WKH� QXPHULFDO� H[SHULPHQWV� WR� GHWHUPLQH� WKH� NH\� IDFWRUV� WKDW� PD\�

LQIOXHQFH�YHVVHO�VFKHGXOH�UHFRYHU\�

YL� 3UHVHQW� PDQDJHULDO� LQVLJKWV� DQG� EHQHILWV� RI� DSSO\LQJ� WKH� GHYHORSHG� YHVVHO�

VFKHGXOH�UHFRYHU\�RSWLPL]DWLRQ�PRGHOV��
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$Q� H[WHQVLYH� OLWHUDWXUH� VHDUFK� ZDV� SHUIRUPHG� WKURXJK� VHYHUDO� GDWDEDVHV� DQG� PDMRU�

DFDGHPLF� SXEOLVKHUV� �(OVHYLHU�� 6SULQJHU�� 7D\ORU� DQG� )UDQFLV� 2QOLQH�� 6SULQJHU� 9HUODJ��

-RKQ�:LOH\��HWF����FRQIHUHQFH�SURFHHGLQJV��DQG�VFLHQWLILF�PDQXVFULSWV��L�H���0DVWHU�WKHVHV

DQG�'LVVHUWDWLRQV�� WR�FDSWXUH�UHOHYDQW�SXEOLFDWLRQV� LQ� WKH�VWDWH�RI�WKH�DUW��7KH�IROORZLQJ�

NH\ZRUGV�DQG�SKUDVHV�ZHUH�XVHG�WR�JXLGH�WKH�VHDUFK�DQG�UHWXUQ�RQO\�SXEOLFDWLRQV�WKDW�DUH�

UHOHYDQW� WR� WKH� SUHVHQW�ZRUN�� YHVVHO� VFKHGXOLQJ�� YHVVHO�� VKLS�� YHVVHO� VFKHGXOH� UHFRYHU\��

VKLSSLQJ� FROODERUDWLYH� DJUHHPHQWV�� JUHHQ� YHVVHO�� VXVWDLQDEOH� VKLSSLQJ�� VKLSSLQJ�

XQFHUWDLQW\�� VKLS�YHVVHO� URXWLQJ�� VKLS�YHVVHO� VFKHGXOLQJ� DQG� OLQHU� VKLSSLQJ�� 1H[W�� DOO�

DUWLFOHV� FROOHFWHG� ZHUH� VHSDUDWHG� E\� YDULRXV� WRSLFV�� ��� *HQHUDO� YHVVHO� VFKHGXOLQJ�� ���

8QFHUWDLQW\�LQ�OLQHU�VKLSSLQJ�RSHUDWLRQV�����&ROODERUDWLYH�DJUHHPHQWV�����(QYLURQPHQWDO�

FRQVLGHUDWLRQV�DQG�JUHHQ�YHVVHO�VFKHGXOLQJ��DQG����9HVVHO�VFKHGXOH�UHFRYHU\��$�VWDWLVWLFDO�

DQDO\VLV� RI� WKH� FROOHFWHG� VWXGLHV� UHYHDOHG� WKDW� WKH� FRQGXFWHG� VHDUFK� FDSWXUHG� WKH�PRVW�

UHFHQW� VWXGLHV� �DSSUR[LPDWHO\� ���� RI� WKH� VWXGLHV� ZHUH� SXEOLVKHG� EHWZHHQ� ����� DQG�

�������

)LJXUH�� VKRZV� WKH�GLVWULEXWLRQ�RI� VWXGLHV�FROOHFWHG�E\�\HDU��7KLV� VHFWLRQ�RI� WKH�

GLVVHUWDWLRQ� SURYLGHV� D� GHWDLOHG� UHYLHZ� RI� WKH� FROOHFWHG� VWXGLHV� EDVHG� RQ� WKH�

DIRUHPHQWLRQHG�WRSLFV� SUHVHQWV�D�FULWLFDO�HYDOXDWLRQ�RI�WKH�H[LVWLQJ�ZRUN��DQG�GLVFXVVHV�

WKH�H[LVWLQJ�JDSV�LQ�WKH�VWDWH�RI�WKH�DUW�
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)LJXUH�� 'LVWULEXWLRQ�RI�VWXGLHV�E\�\HDU

���� 5HYLHZ�RI�WKH�&ROOHFWHG�6WXGLHV�

7KLV�VHFWLRQ�RI�WKH�SUHVHQW�ZRUN�SURYLGHV�D�GHWDLOHG�UHYLHZ�RI�VWXGLHV�FROOHFWHG�IURP�WKH�

OLWHUDWXUH� VXUYH\�� $V� LQGLFDWHG� HDUOLHU�� WKH� FROOHFWHG� VWXGLHV� ZHUH� FODVVLILHG� LQ� WKH�

IROORZLQJ� JURXSV�� ���� JHQHUDO� YHVVHO� VFKHGXOLQJ� ± WKH� VWXGLHV� WKDW� DFFRXQW� IRU� FHUWDLQ�

FKDUDFWHULVWLFV� WKDW� DUH� W\SLFDOO\� FRQVLGHUHG� E\� OLQHU� VKLSSLQJ� FRPSDQLHV� WKURXJKRXW�

GHVLJQ� RI� YHVVHO� VFKHGXOHV�� VXFK� DV� VDLOLQJ� VSHHG�� SRUW� KDQGOLQJ� FRVW�� SRUW� KDQGOLQJ�

SURGXFWLYLW\�� WRWDO� GHOD\�� YHVVHO� RSHUDWLRQDO� FRVW�� DQG� RWKHUV�� ���� XQFHUWDLQW\ LQ� OLQHU�

VKLSSLQJ� RSHUDWLRQV� ± WKH� VWXGLHV� WKDW� IRFXV� RQ�PRGHOLQJ� XQFHUWDLQW\� LQ� OLQHU� VKLSSLQJ�

RSHUDWLRQV�DQG�HYDOXDWLRQ�RI�VWUDWHJLHV� IRU� LPSURYLQJ� WKH�GHJUHH�RI�VFKHGXOH�UHOLDELOLW\��

���� FROODERUDWLYH� DJUHHPHQWV� ± WKH� VWXGLHV� WKDW� SURSRVH� DQG� HYDOXDWH� FROODERUDWLYH�

DJUHHPHQWV�EHWZHHQ� OLQHU VKLSSLQJ�FRPSDQLHV� WR�DFKLHYH�FHUWDLQ�REMHFWLYHV� �ZKLFK�PD\�

LQFOXGH�PLQLPL]DWLRQ�RI�WUDQVSRUWDWLRQ�FRVWV��PD[LPL]DWLRQ�RI�WKH�SURILW��PDUNHW�FRQWURO��

HWF���� DV� ZHOO� DV� DJUHHPHQWV� EHWZHHQ� OLQHU� VKLSSLQJ� FRPSDQLHV� DQG� PDULQH� FRQWDLQHU�
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WHUPLQDO�RSHUDWRUV�WR�DFKLHYH�FHUWDLQ�REMHFWLYHV��ZKLFK�PD\�LQFOXGH�PLQLPL]DWLRQ�RI�WKH�

WRWDO�YHVVHO�KDQGOLQJ�WLPH�DQG�GHOD\HG�GHSDUWXUHV�������HQYLURQPHQWDO�FRQVLGHUDWLRQV�DQG�

JUHHQ� YHVVHO� VFKHGXOLQJ� ± WKH� VWXGLHV� WKDW� FRQVLGHU� HQYLURQPHQWDO� FRQFHUQV� �L�H�� YHVVHO�

HPLVVLRQV��LQ YHVVHO�VFKHGXOLQJ��DQG�����YHVVHO�VFKHGXOH�UHFRYHU\�± WKH�VWXGLHV�WKDW�PRGHO�

PDQ�PDGH�DQG�RU�QDWXUDO�GLVUXSWLRQV�LQ�YHVVHO�VFKHGXOLQJ��

������ *HQHUDO�9HVVHO�6FKHGXOLQJ

5RQHQ��������LQGLFDWHG�WKDW�YHVVHO�URXWLQJ�DQG�VFKHGXOLQJ�SUREOHPV�DUH�FRPSOH[�GXH�WR�D�

KLJK OHYHO�RI�XQFHUWDLQW\�DVVRFLDWHG�ZLWK�OLQHU�VKLSSLQJ�RSHUDWLRQV��7KH�DXWKRU�VXJJHVWHG�

WKDW� WKH� FRPSOH[� QDWXUH� RI� VFKHGXOLQJ� SUREOHPV� UHTXLUHV� WKH� XVH� RI� PDWKHPDWLFDO�

SURJUDPPLQJ�PRGHOV��ZKLFK� DUH� OLPLWHG�� 7KH� VKRUW�WHUP��PHGLXP�WHUP�� DQG� ORQJ�WHUP�

YHVVHO� VFKHGXOLQJ� IUDPHZRUNV� ZHUH� HYDOXDWHG�� )LQGLQJV� UHYHDOHG� WKDW� PHGLXP�WHUP�

VFKHGXOHV�DUH�XVHG�DV�JXLGHOLQHV�DQG�DUH�XSGDWHG�RIWHQ��)XUWKHUPRUH��WKH�PDMRU�REMHFWLYHV�

FRQVLGHUHG�ZHUH� IRXQG� WR�EH�GHSHQGHQW�RQ� WKH�PRGH�RI�RSHUDWLRQ��7KH� VWXG\� LQGLFDWHG�

WKDW�LQGXVWULDO�VKLSSHUV�IRFXV�RQ�FRVW�PLQLPL]DWLRQ��SRUW�HQWU\�FKDUJH��WKH�FRVW�RI�ORDGLQJ�

DQG� GLVFKDUJH� WLPHV��� OLQHU� VKLSSLQJ� FRPSDQLHV� DLP� WR� PD[LPL]H� WKH� SURILW�� ZKLOH� LQ�

WUDPS�VKLSSLQJ�WKH�REMHFWLYH�GHSHQGV�RQ�WKH�W\SH�RI�FDUJR��ZKLFK�LV�XVXDOO\�QRW�NQRZQ LQ�

DGYDQFH��

/DQH� HW� DO�� ������� SURSRVHG� D� GHWHUPLQLVWLF� YHVVHO� VFKHGXOLQJ� SUREOHP�� ZKLFK�

LPSRVHG�SHQDOWLHV�RQ�ODWH�KDQGOLQJ�WLPH�DQG�WRWDO�LGOH�WLPH��7KH�REMHFWLYH�PLQLPL]HG�WKH�

WRWDO� URXWH� VHUYLFH�FRVW��6HYHUDO�SUREOHP� LQVWDQFHV�ZHUH�JHQHUDWHG� IRU� VL[�SRUWV� VHUYLQJ�

WKH�$XVWUDOLD�1RUWK�$PHULFD�:HVW�&RDVW�WUDGH��DQG�DQ�LWHUDWLYH�RSWLPL]DWLRQ�KHXULVWLF�ZDV�

GHVLJQHG� WR�VROYH� WKH�SUREOHP��7KH�DXWKRUV�KLJKOLJKWHG� WKDW� WKH�PDMRU�DGYDQWDJH�RI� WKH�
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VKLSSLQJ� PRGHO� SURSRVHG� LV� IOH[LELOLW\�� DV� LW� SHUPLWV� WKH� OLQHU� VKLSSLQJ� FRPSDQLHV� WR�

HYDOXDWH� RQO\� WKH� DOWHUQDWLYHV�� ZKLFK� DUH� UHOHYDQW� WR� WKH� REMHFWLYH�� 5RQHQ� �������

HYDOXDWHG� WKH� YHVVHO� VFKHGXOLQJ� SUREOHPV� DQG� WKH� H[LVWLQJ� TXDQWLWDWLYH� PRGHOV�� ZKLFK�

KDYH�EHHQ�XVHG�LQ�UHVROYLQJ�YDULRXV�LVVXHV�UHODWHG�WR�YHVVHO�VFKHGXOLQJ��0RUHRYHU��VHYHUDO�

PDWKHPDWLFDO�PRGHOV� �LQFOXGLQJ�0,3��1RQOLQHDU�SURJUDPPLQJ��DQG�/LQHU�SURJUDPPLQJ�

PRGHOV���ZKLFK� KDYH� EHHQ�ZLGHO\� XVHG� WR� IRUPXODWH� YHVVHO� VFKHGXOLQJ� SUREOHPV��ZHUH�

FRQVLGHUHG�DV�ZHOO��,W�ZDV�IRXQG�WKDW WKH�PDMRULW\�RI�VWXGLHV�IRFXVHG�RQ�PLQLPL]DWLRQ�RI�

WKH�WRWDO�FRVW�DQG�PD[LPL]DWLRQ�RI�WKH�UHYHQXH��7KH�DXWKRU�DOVR�XQGHUOLQHG�WKDW�KHXULVWLF�

DOJRULWKPV� KDYH� EHHQ� IUHTXHQWO\� XWLOL]HG� LQ� VROYLQJ� WKH� IRUPXODWHG� RSWLPL]DWLRQ�

SUREOHPV��

%HQGDOO� DQG� 6WHQW� ������� H[DPLQHG� WKH� IDFWRUV� LQIOXHQFLQJ� WKH GHPDQG� IRU� IDVW�

FDUJR� GHOLYHU\� VHUYLFH�� 7KH� DXWKRUV� DOVR� DVVHVVHG� WKH� SURILWDELOLW\� RI� D� VKRUW�KDXO� KXE�

DQG�VSRNH� IHHGHU� RSHUDWLRQ�� $� IDVW IHHGHU� KXE� DQG� VSRNH� VFKHGXOLQJ� SUREOHP� ZDV�

IRUPXODWHG� DV� DQ� 0,3� RSWLPL]DWLRQ� PRGHO�� 7KH� REMHFWLYH� PLQLPL]HG� WKH� WRWDO� DQQXDO�

UHYHQXH��7KH� SUREOHP�ZDV� DSSOLHG� WR� VL[� SRUWV�� KDQGOLQJ� VKRUW� VHD� WUDGHV� LQ�(DVW�$VLD��

VSHFLILFDOO\�� 6LQJDSRUH� EDVHG� KXE�DQG�VSRNH� UHJLRQDO� IHHGHU� VHUYLFHV�� &RPSXWDWLRQDO�

H[SHULPHQWV�ZHUH�FRQGXFWHG��DQG�UHVXOWV� LQGLFDWHG�WKDW�RSHUDWLQJ�FRVWV�GHSHQGHG�RQ�WKH�

WHFKQRORJ\��KLJK�VSHHG�YHVVHOV���ZKLOH�RWKHU�IDFWRUV��LQFOXGLQJ�WUDQVLW�WLPH��IUHTXHQF\�RI�

VHUYLFH��IUHLJKW�UDWHV�DQG�YROXPH�RI�FRQWDLQHUV�FDUULHG��DIIHFWHG�WKH�WRWDO�UHYHQXH��

)DJHUKROW� ������� LQYHVWLJDWHG WKH� IDFWRUV� WKDW�PD\� UHVXOW� LQ� YLRODWLRQ� RI� VHUYLFH�

WLPH�ZLQGRZV��7:V���RWKHUZLVH�NQRZQ�DV�VRIW�7:V��RI�YHVVHOV�DUULYLQJ�DW�D�SRUW�RI�FDOO��

7KH�DXWKRU�IRUPXODWHG�D�YHVVHO�VFKHGXOLQJ�SUREOHP��ZKLFK�LPSRVHG�LQFRQYHQLHQFH�FRVWV�

RQ� YHVVHOV� DUULYLQJ� RXWVLGH� WKH� VHUYLFH� 7:V� LQ� RUGHU� WR� FRQWURO� YLRODWLRQV�� 7KH� VWXG\�
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VXJJHVWHG� WKDW� DOORZLQJ� FRQWUROOHG� YLRODWLRQV� PLJKW� UHGXFH� WUDQVSRUWDWLRQ� FRVWV� DQG�

JHQHUDWH� D�EHWWHU� VFKHGXOH��7KH�REMHFWLYH�PLQLPL]HG� WKH� WRWDO� URXWH� VHUYLFH� FRVW��ZKLFK�

LQFOXGHG� WKH� WUDQVSRUWDWLRQ� FRVW� �H�J��� WKH� YHVVHO� RSHUDWLRQDO� FRVW�� WKH� IXHO� FRQVXPSWLRQ�

FRVW�� WKH� FKDUWHULQJ� FRVW�� HWF��� DQG� WKH� LQFRQYHQLHQFH� FRVW��$� VHW� SDUWLWLRQLQJ� DOJRULWKP�

ZDV�GHVLJQHG�WR�VROYH�WKH�SUREOHP��5HVXOWV�IURP�QXPHULFDO�H[SHULPHQWV�UHYHDOHG�WKDW�IRU�

ODUJH� SUREOHP� VL]H� LQVWDQFHV� WKH� FRPSXWDWLRQDO� WLPH� VLJQLILFDQWO\� LQFUHDVHG��0RUHRYHU��

WKH� SURSRVHG�PHWKRGRORJ\�ZDV� IRXQG� WR� EH� SURPLVLQJ�ZKHQ� FRPSDUHG�ZLWK� WKH� YHVVHO�

VFKHGXOLQJ�SUREOHPV�ZLWK�IL[HG�7:V��RWKHUZLVH�NQRZQ�DV�KDUG�7:V��

7LQJ�DQG�7]HQJ��������SUHVHQWHG�D�YHVVHO�VFKHGXOLQJ�SUREOHP�ZLWK�WHUPLQDO�EHUWK�

WLPH�ZLQGRZ� FRQVWUDLQWV��$� G\QDPLF� SURJUDPPLQJ� DOJRULWKP�ZDV� DSSOLHG� WR� VROYH� WKH�

SUREOHP�� $� 7DLZDQ� OLQHU� VKLSSLQJ� FRPSDQ\�� QDYLJDWLQJ� WKH� $VLD� ± 8�6�� :HVW� &RDVW�

VHUYLFH� URXWH�� ZDV� XVHG� DV� D� FDVH� VWXG\�� &RPSXWDWLRQDO� UHVXOWV� GHPRQVWUDWHG� WKDW� WKH�

DOJRULWKP� UHGXFHG� WKH� EXQNHU� FRVWV� DQG� SRUW� KDQGOLQJ� WLPH�� ,Q� DGGLWLRQ�� WKH� DOJRULWKP�

VROYHG�ODUJH�SUREOHP�LQVWDQFHV�ZLWKLQ�DFFHSWDEOH�FRPSXWDWLRQDO�WLPH��

&KULVWLDQVHQ�HW�DO���������DVVHVVHG�WKH�XVH�RI�RSWLPL]DWLRQ�EDVHG�GHFLVLRQ�VXSSRUW�

V\VWHPV� IRU� YHVVHO� URXWLQJ� DQG� VFKHGXOLQJ�� 7KH� VWXG\� VXJJHVWHG� WKDW� DSSO\LQJ�

RSWLPL]DWLRQ�WHFKQLTXHV�LQ�IOHHW�XWLOL]DWLRQ�FRXOG�VXEVWDQWLDOO\�LPSURYH�YHVVHO�URXWLQJ�DQG�

VFKHGXOLQJ�� )URP� WKH� DQDO\VLV� RI� WKH� VWDWH�RI�WKH�DUW�� LW� ZDV� IRXQG� WKDW� ZKLOH�

WDFWLFDO�RSHUDWLRQDO�YHVVHO� VFKHGXOLQJ�KDV� UHFHLYHG�VLJQLILFDQW�DWWHQWLRQ� LQ� WKH� OLWHUDWXUH��

RQO\� D� IHZ� VWXGLHV� FRQVLGHUHG� D� ZLGH� UDQJH� RI� LVVXHV� LQ� VWUDWHJLF� OLQHU� VKLSSLQJ�� 7KH�

DXWKRUV�XQGHUOLQHG�WKDW� WKH�XVH�RI�RSWLPL]DWLRQ�WHFKQLTXHV�KDV�SURYHQ WR�EH�HIIHFWLYH�LQ�

VROYLQJ�YDULRXV�YHVVHO�VFKHGXOLQJ�SUREOHPV�LQ�OLQHU�VKLSSLQJ��)XUWKHUPRUH�� WKH�PDMRULW\�
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RI�VWXGLHV�UHODWHG�WR�YHVVHO�VFKHGXOLQJ��DLPHG�WR�PLQLPL]H�WKH�WRWDO�FRVW�RU�PD[LPL]H�WKH�

WRWDO�SURILW��

&KHQ�HW�DO���������IRUPXODWHG�DQ�13�KDUG�0,3�YHVVHO�VFKHGXOLQJ�SUREOHP�ZLWK�EL�

GLUHFWLRQDO� IORZV�� 7KH� DXWKRUV� SURYHG� WKDW� D� VSHFLDO� FDVH� RI� WKLV� SUREOHP� LV� WRWDOO\�

XQLPRGXODU�DQG�GHVLJQHG�D�WKUHH�VWHS�KHXULVWLF�YHVVHO�VFKHGXOLQJ�DOJRULWKP�EDVHG�RQ�WKH�

ODWWHU�SURSHUW\��7KH�SUREOHP�ZDV�DOVR�VROYHG�XVLQJ�&3/(;��DQG�WKH�RSWLPDOLW\�JDS�ZDV�

FRPSXWHG�� $� WRWDO� RI� ILYH� QXPHULFDO� H[SHULPHQWV� ZHUH� FRQGXFWHG� IRU� ���� SUREOHP�

LQVWDQFHV�� DQG� WKH� UHVXOWV� VKRZHG� WKDW� WKH� RSWLPDOLW\� JDS� UDQJHG� EHWZHHQ� ������ DQG�

������� 0RUHRYHU�� WKH� SUREOHPV� ZHUH� VROYHG� ZLWKLQ� D� UHDVRQDEOH� FRPSXWDWLRQDO� WLPH��

)DJHUKROW� DQG�/LQVWDG� �������SUHVHQWHG�DQ�RSWLPL]DWLRQ�EDVHG�GHFLVLRQ�VXSSRUW� WRRO� IRU�

VROYLQJ� YHVVHO� VFKHGXOLQJ� DQG� URXWLQJ� SUREOHPV� LQ� LQGXVWULDO� DQG� WUDPS� VKLSSLQJ�� 7KH�

REMHFWLYH�DLPHG�WR�PLQLPL]H�WKH�WRWDO�URXWH�VHUYLFH�FRVW��7KH�WRRO�UHOLHG�RQ�D�ORFDO�VHDUFK�

KHXULVWLF�� DQG� WKH� UHVXOWV� IURP� FRPSXWDWLRQDO� H[SHULPHQWV� VKRZHG� WKDW� WKH� DOJRULWKP�

UHWXUQHG�QHDU�RSWLPDO� VROXWLRQV�ZLWKLQ� UHDVRQDEOH�FRPSXWDWLRQDO� WLPH��)XUWKHUPRUH�� WKH�

WRWDO�URXWH�VHUYLFH�FRVW�ZDV�UHGXFHG�E\�DSSUR[LPDWHO\����

$UJDZDO� DQG� (UJXQ� ������� FRQVLGHUHG� WKH� YHVVHO� VFKHGXOLQJ� DQG� FDUJR�URXWLQJ�

SUREOHP� LQ� OLQHU� VKLSSLQJ�� 7KH� DXWKRUV� IRUPXODWHG� DQ� 0,3� PRGHO�� ZKLFK� DLPHG� WR�

PD[LPL]H� WKH� WRWDO� UHYHQXH��$� WRWDO� RI� WKUHH� DOJRULWKPV�ZHUH� GHYHORSHG� IRU� WKH� YHVVHO�

VFKHGXOLQJ�SUREOHP�����D�JUHHG\�KHXULVWLF�����D�FROXPQ�JHQHUDWLRQ�EDVHG�DOJRULWKP��DQG�

���D�WZR�SKDVH�%HQGHU¶V�GHFRPSRVLWLRQ�EDVHG�DOJRULWKP��,Q�DGGLWLRQ��DQ�LWHUDWLYH�VHDUFK�

DOJRULWKP� ZDV� SURSRVHG� WR� JHQHUDWH� YHVVHO� VFKHGXOHV�� 3UREOHP� VL]H� LQVWDQFHV� ZHUH�

JHQHUDWHG� IRU� ���� YHVVHOV� FDOOLQJ� DW� ��� SRUWV� DQG� WKH� FRPSXWDWLRQDO� H[SHULPHQWV�ZHUH�
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FRQGXFWHG�� 7KH� UHVXOWV� VXJJHVWHG� WKDW� WKH� VROXWLRQ� DSSURDFK� FRXOG� PLQLPL]H� WKH� WRWDO�

URXWH�VHUYLFH�FRVW�IRU�OLQHU�VKLSSLQJ�FRPSDQLHV�ZLWK�D�IOHHW�RI�XS�WR�����YHVVHOV�

%RURV� HW� DO�� ������� LQYHVWLJDWHG� WKH� SUREOHP� RI YHVVHO� DQG� PDULQH� FRQWDLQHU�

WHUPLQDO� RSHUDWLRQV� VFKHGXOLQJ� ZLWK� FRQIOLFWLQJ� REMHFWLYHV�� 7KH� REMHFWLYHV� DLPHG� WR�

PD[LPL]H�WKH�WRWDO�SURILW�DQG�PLQLPL]H�WKH�F\FOH�WLPH��7KH�DXWKRUV�LQGLFDWHG�WKDW�ZKLOH�

OLQHU�VKLSSLQJ�FRPSDQLHV�SUHIHU�D�ORQJHU�F\FOH�WLPH��ZKLFK�JLYHV�WKH�YHVVHO�PRUH�WLPH�WR�

WUDQVSRUW�SURILWDEOH�FDUJR��PDULQH�FRQWDLQHU�WHUPLQDO�RSHUDWRUV�SUHIHU�D�VKRUWHU�F\FOH�WLPH�

DV� LW� UHGXFHV� WKH� FRVW� RI� RYHUIORZV�� $� KHXULVWLF� ZDV� GHVLJQHG� WR� VROYH� WKH� SUREOHP��

0RUHRYHU��&3/(;�ZDV�XVHG�WR�VROYH�WKH�SUREOHP�WR�RSWLPDOLW\��5HVXOWV�IURP�QXPHULFDO�

H[SHULPHQWV� FRQGXFWHG� IRU� ���� UDQGRPO\� JHQHUDWHG� SUREOHP� VL]H� LQVWDQFHV� LQGLFDWHG�

WKDW�WKH�SURSRVHG�PHWKRGRORJ\�RSWLPL]HG�WKH�F\FOH�WLPH�DQG�WKH�WRWDO�SURILW��

/HL�HW�DO���������FRQGXFWHG�DQ�DQDO\VLV�WR�DVVHVV�SHUIRUPDQFH�RI�YHVVHO�VFKHGXOHV�

XQGHU�WKUHH�PDQDJHPHQW�SROLFLHV�����QRQ�FROODERUDWLYH�SROLF\�����WKH�VORW�VKDULQJ��SDUWLDO�

FROODERUDWLRQ�� SROLF\�� DQG� ��� WRWDO� FROODERUDWLRQ� SROLF\�� $� PL[HG�LQWHJHU SURJUDPPLQJ�

PRGHO�ZDV�SURSRVHG��ZKHUH� WKH�REMHFWLYH�PLQLPL]HG� WKH WRWDO�RSHUDWLQJ�FRVW��(PSLULFDO�

UHVXOWV� IURP� ����� UDQGRPO\� JHQHUDWHG� SUREOHP� LQVWDQFHV� UHYHDOHG� WKDW� WKH� EHQHILWV� RI�

FROODERUDWLYH�SODQQLQJ�DUH�IXOO\�XWLOL]HG�ZLWKRXW�WKH�FRPPLWPHQW�RI�SDUWQHUV�LQ�UHVRXUFH�

VKDULQJ�DQG�GHPDQG��

%DVHG� RQ� WKH� ZRUN� RI� *DWLFD� DQG� 0LUDQGD� �������� $QJHO� DQG� +D\GHQ� �������

HYDOXDWHG� D� QHWZRUN�EDVHG� PRGHO� IRU� WKH� YHVVHO� URXWLQJ� DQG� VFKHGXOLQJ� SUREOHP� ZLWK�

GLVFUHWL]HG� 7:V� IRU� D� KHWHURJHQHRXV� WUDPS� IOHHW�� 7KH� REMHFWLYH� PLQLPL]HG� WKH� WRWDO�

RSHUDWLQJ�FRVW�RI�VHUYLQJ�D�VHW�RI�WULS�FDUJR�FRQWUDFWV��7:�FRQVWUDLQWV�ZHUH�FRQVLGHUHG�DW�

ERWK�RULJLQV DQG�GHVWLQDWLRQV RI�WKH�FDUJRHV��7KUHH�VHWV�RI�ILIWHHQ�SUREOHP�VL]H�LQVWDQFHV�
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ZHUH� JHQHUDWHG� IRU� ���� ��� DQG� ��� FDUJRHV� SHU� LQVWDQFH�� UHVSHFWLYHO\�� 5HVXOWV� IURP�

QXPHULFDO�FRPSXWDWLRQV�LQGLFDWHG�WKDW�WKH�VROXWLRQ�PHWKRGRORJ\�SUHVHQWHG�D�EHWWHU�WUDGH�

RII� EHWZHHQ� VROXWLRQ� TXDOLW\� DQG� FRPSXWDWLRQDO� WLPH� WKDQ� D� VLPLODU� FRQVWDQW� VSHHG�

FRQWLQXRXV�PRGHO��

.RUVYLN� HW� DO�� ������� DGGUHVVHG� WKH� YHVVHO� URXWLQJ� DQG� VFKHGXOLQJ� SUREOHP� E\�

LQFRUSRUDWLQJ� VSOLW� ORDG� VWUDWHJ\�� ZKLFK� DOORZV� D� FDUULHU� WR� WUDQVSRUW� FDUJR� XVLQJ�PRUH�

WKDQ�RQH�YHVVHO��$Q�0,3�PRGHO�ZDV�SUHVHQWHG��DQG�WKH�REMHFWLYH�DLPHG�WR�PD[LPL]H�WKH�

SURILW�� $� ODUJH� QHLJKERUKRRG� VHDUFK� KHXULVWLF� ZDV� SURSRVHG� WR� VROYH� WKH� SUREOHP��

&RPSXWDWLRQDO� UHVXOWV� VKRZHG� WKDW� WKH� KHXULVWLF� SURYLGHG� JRRG�TXDOLW\� VROXWLRQV� IRU� DOO�

WKH�SUREOHP�VL]H�LQVWDQFHV��)XUWKHUPRUH��WKH�UHVXOWV�VXJJHVWHG�WKDW�LQWURGXFLQJ�VSOLW�ORDGV�

LPSURYHG�XWLOL]DWLRQ�RI�WKH�IOHHW�FDSDFLW\��KRZHYHU��VXFK DSSURDFK�LQFUHDVHG�WKH�SUREOHP�

FRPSOH[LW\��

5RQHQ� ������� DQDO\]HG� WKH� HIIHFWV� RI� EXQNHU� SULFH�� VDLOLQJ� VSHHG�� VHUYLFH�

IUHTXHQF\� DQG� IOHHW� VL]H� RQ� WKH� YHVVHO� VFKHGXOH�� 7KLV� VWXG\� SURSRVHG� D� VWUDWHJ\� IRU�

HVWLPDWLQJ�WKH�RSWLPDO�VSHHG��F\FOH�WLPH�DQG�IOHHW�VL]H�LQ�RUGHU�WR�PLQLPL]H�WKH�WRWDO�URXWH�

VHUYLFH� FRVW��$�PLQLPDO�FRVW� VSHHG�PRGHO�ZDV� GHYHORSHG� IRU� OLQHU� VKLSSLQJ� FRPSDQLHV�

ZLWK� FRQVWDQW� VHUYLFH� IUHTXHQF\�� 7KH� DXWKRU� IRXQG� WKDW� DOWKRXJK� D� UHGXFWLRQ� LQ� VDLOLQJ�

VSHHG� UHGXFHG� WKH� WRWDO� URXWH� VHUYLFH� FRVW�� UHGXFWLRQ� LQ� VDLOLQJ� VSHHGV� ZRXOG� UHTXLUH�

GHSOR\PHQW�RI�PRUH�YHVVHOV�RQ�WKH�OLQHU�VKLSSLQJ�URXWH��

&KULVWLDQVHQ�HW�DO���������FRQGXFWHG�D�GHWDLOHG�UHYLHZ�RI�WKH�OLWHUDWXUH�WR�LGHQWLI\�

DQG�DQDO\]H�WKH�H[LVWLQJ�YHVVHO�VFKHGXOLQJ�DQG�URXWLQJ�SUREOHPV�LQ�WKH�PLOOHQQLXP��7KH�

DXWKRUV�IRXQG�WKDW�D�ODUJH�QXPEHU�RI�VWXGLHV�FRQVLGHUHG�SUREOHPV�UHODWHG�WR�OLQHU�QHWZRUN�

GHVLJQ��PDULWLPH�LQYHQWRU\�URXWLQJ�DQG�PDULWLPH�VXSSO\�FKDLQV��+RZHYHU��VRPH�FRPSOH[�
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SUREOHPV� KDYH� QRW� EHHQ� SURSHUO\� DGGUHVVHG�� VRPH� RI� ZKLFK� LQFOXGH�� ��� SRWHQWLDO�

HFRQRPLF� LPSDFW� RQ� QHWZRUN� GHVLJQ�� �� YHVVHO� URXWLQJ� DQG� VFKHGXOLQJ� SUREOHPV�

FRQVLGHULQJ� SRUW� PDQDJHPHQW� LVVXHV�� )LQGLQJV� IURP� WKH� DQDO\VLV� VXJJHVWHG� WKDW� WKH�

PDMRULW\�RI�WKH�UHOHYDQW�VWXGLHV�IRFXVHG�RQ�WKHRUHWLFDO�FRQWULEXWLRQV�UDWKHU�WKDQ�SUDFWLFDO�

RSHUDWLRQV��

+DOYRUVHQ�:HDUH�DQG�)DJHUKROW �������VWXGLHG�WKH�YHVVHO�URXWLQJ�DQG�VFKHGXOLQJ�

SUREOHP�� FRQVLGHULQJ� LQYHQWRU\� DQG� EHUWK� FDSDFLW\� FRQVWUDLQWV�� 7KH� SUREOHP� ZDV�

IRUPXODWHG�DV�DQ�0,3�PRGHO��DQG�WKH�REMHFWLYH�PLQLPL]HG�WKH�WRWDO�URXWH�VHUYLFH�FRVW��$�

SHQDOW\� ZDV� LPSRVHG� LI� WKH� VHUYLFH� 7:� ZDV� YLRODWHG�� 7KH� DXWKRUV� XVHG� DQ� H[DFW�

RSWLPL]DWLRQ�DOJRULWKP��;SUHVV�03�� WR�VROYH� WKH�SUREOHP�DV�ZHOO�DV�D�KHXULVWLF� URXWLQJ�

DOJRULWKP�� &RPSXWDWLRQDO� H[SHULPHQWV� ZHUH� FRQGXFWHG�� DQG� UHVXOWV� VKRZHG� WKDW� WKH�

GHYHORSHG�VROXWLRQ�PHWKRG�FRXOG�EH�XVHG�WR�VROYH�UHDOLVWLF�SUREOHP�VL]H�LQVWDQFHV�ZLWKLQ�

D� UHDVRQDEOH�FRPSXWDWLRQDO� WLPH��+YDWWXP�HW�DO�� �������SURSRVHG�D�YHVVHO�VDLOLQJ�VSHHG�

RSWLPL]DWLRQ� SUREOHP��ZKLFK�PLQLPL]HG� WKH� WRWDO� URXWH� VHUYLFH� FRVW�� 7KH� SUREOHP�ZDV�

IRUPXODWHG� DV� D� QRQOLQHDU�PRGHO� DQG� WKHQ�ZDV� OLQHDUL]HG�� 7KH� SUREOHP� LQVWDQFHV�ZHUH�

JHQHUDWHG� FRQVLGHULQJ� VHYHQ� SRUWV� RI� FDOO�� 7KH� SUREOHP� ZDV� VROYHG� XVLQJ� D� KHXULVWLF��

)LQGLQJV�IURP�QXPHULFDO�H[SHULPHQWV� LQGLFDWHG�WKDW�RSWLPDO�VSHHGV�FRXOG�EH�IRXQG�LQ�D�

TXDGUDWLF�WLPH�

GH�$UPDV�HW�DO���������IRUPXODWHG�WKH�YHVVHO�URXWLQJ�DQG�VFKHGXOLQJ�SUREOHP�ZLWK�

GLVFUHWL]HG� 7:V�� 7KH� REMHFWLYH� PLQLPL]HG� WKH� WRWDO� URXWH� VHUYLFH� FRVW�� 7KH� DXWKRUV�

DSSOLHG�D�KHXULVWLF�DOJRULWKP��ZKLFK�FRPELQHV�WKH�*UHHG\�5DQGRPL]HG�$GDSWLYH�6HDUFK�

3URFHGXUH� �*5$63�� DQG� D� 9DULDEOH� 1HLJKERUKRRG� 6HDUFK�� WR� VROYH� WKH� SUREOHP��

&RPSXWDWLRQDO�H[SHULPHQWV�ZHUH�FRQGXFWHG��DQG�UHVXOWV�GHPRQVWUDWHG�WKDW�WKH�TXDOLW\�RI�
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WKH�VROXWLRQV�ZDV�DIIHFWHG�E\� WKH� OHYHO�RI�GLVFUHWL]DWLRQ�� ,Q�DGGLWLRQ�� WKH�RSWLPDOLW\�JDS�

LQFUHDVHG�DV�WKH�OHYHO�RI�GLVFUHWL]DWLRQ LQFUHDVHG��+RZHYHU��WKH�SUREOHP�ZDV�VROYHG�ZLWK�

DQ�DFFHSWDEOH�RSWLPDOLW\�JDS�LQ�D�UHDVRQDEOH�FRPSXWDWLRQDO�WLPH��

'XOHEHQHWV� �����D�� VXJJHVWHG� D� PHWDKHXULVWLF� DSSURDFK� IRU� VROYLQJ� WKH� YHVVHO�

VFKHGXOLQJ� SUREOHP�� 7KH� DXWKRU� SUHVHQWHG� DQ�0,3� IRUPXODWLRQ� RI� WKH� SUREOHP�� ZKLFK�

DLPHG�WR�PLQLPL]H�WKH�WRWDO�URXWH�VHUYLFH�FRVW��7KH�SUREOHP�ZDV�VROYHG�XVLQJ�D�0HPHWLF�

$OJRULWKP�� 7KH� VWXG\� XQGHUOLQHG� WKDW� WKH� DGYDQWDJHV� RI� XVLQJ� PHWDKHXULVWLF� IRU� WKH�

SUREOHP� LQFOXGH�� ��� DOORZV� IRU� YDULDWLRQ� LQ� VDLOLQJ� VSHHG� WKURXJKRXW WKH� YR\DJH�� ���

FRQVLGHUV� WKH�HQWLUH� VHDUFK�VSDFH�����HVWLPDWHV�EXQNHU� FRQVXPSWLRQ�XVLQJ� WKH�QRQOLQHDU�

IXQFWLRQ�ZLWKRXW�JHQHUDWLQJ�DSSUR[LPDWLRQV��DQG����GRHV�QRW�UHTXLUH�DQ\�VSHFLILF�VROYHUV��

5HVXOWV� IURP� WKH� FRQGXFWHG� QXPHULFDO� H[SHULPHQWV� GHPRQVWUDWHG� WKDW� WKH� SURSRVHG�

DOJRULWKP�SURGXFHG�JRRG�TXDOLW\�VROXWLRQV�ZLWKLQ�DQ�DFFHSWDEOH�FRPSXWDWLRQDO�WLPH�

:DQJ�HW�DO���������SUHVHQWHG�D�PHWKRGRORJ\��ZKLFK�FRXOG�EH�XVHG�WR�HVWLPDWH�WKH�

SHUFHLYHG� YDOXH� RI� FRQWDLQHU� WUDQVLW� WLPHV�� 7KH� REMHFWLYH� RI� WKH� PDWKHPDWLFDO� PRGHO�

PLQLPL]HG� WKH� WRWDO� FRVW�� DVVRFLDWHG� ZLWK� WKH� EXQNHU� FRQVXPSWLRQ� DQG� LQYHQWRU\� FRVW��

1XPHULFDO� H[SHULPHQWV� VXJJHVWHG� WKDW� WKH� SURSRVHG� PHWKRGRORJ\� FRXOG� DVVLVW� OLQHU�

VKLSSLQJ� FRPSDQLHV� ZLWK� WKH� GHVLJQ� RI� WKH� RSWLPDO� WUDQVLW� WLPH� EHWZHHQ� FRQVHFXWLYH

SRUWV�� SUHGLFWLRQ� RI� WKH�PDUNHW� VKDUH� IRU� YDULRXV� IXHO� W\SHV�� DQG� GHFLVLRQ� RQ� WKH� YHVVHO�

VDLOLQJ� VSHHG�� $\GLQ� HW� DO�� ������� LQYHVWLJDWHG� WKH� VDLOLQJ� VSHHG� RSWLPL]DWLRQ� DQG� WKH�

EXQNHU� PDQDJHPHQW� SUREOHP� LQ� OLQHU� VKLSSLQJ�� FRQVLGHULQJ� VWRFKDVWLF� SRUW� WLPHV� DQG�

7:V��7KH� REMHFWLYH� RI� WKH�PDWKHPDWLFDO�PRGHO�PLQLPL]HG� WKH� WRWDO� URXWH� VHUYLFH� FRVW��

LQFOXGLQJ� WKH� IXHO� FRQVXPSWLRQ� FRVW� DQG� WKH� FRVW� RI� ODWH� YHVVHO� DUULYDOV� DW� SRUWV�� 7KH�

PRGHO� DFFRXQWHG� IRU� WKH� IXHO� FRQVXPSWLRQ� WKURXJKRXW� WKH� YR\DJH� EHWZHHQ� FRQVHFXWLYH�
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SRUWV� DQG� WKH� IXHO� FRQVXPSWLRQ� GXULQJ� ZDLWLQJ� DQG� VHUYLFH� DW� SRUWV�� $� G\QDPLF�

SURJUDPPLQJ� PRGHO� ZDV� DSSOLHG� WR� VROYH� WKH� SUREOHP�� 5HVXOWV� IURP� FRPSXWDWLRQDO�

H[SHULPHQWV�UHYHDOHG�WKDW�FRQVLGHUDWLRQ�RI�WKH�SRUW�WLPH�XQFHUWDLQW\�LQ�WKH�VHOHFWLRQ�RI�WKH

YHVVHO�VDLOLQJ�VSHHG�UHGXFHG�WKH�IXHO�FRQVXPSWLRQ�FRVW��

'XOHEHQHWV� DQG�2]JXYHQ� ������� IRFXVHG�RQ� WKH�YHVVHO� VFKHGXOLQJ�SUREOHP� LQ� D�

OLQHU� VKLSSLQJ� URXWH� ZLWK� SHULVKDEOH� DVVHWV�� 7KH� DXWKRUV� SURSRVHG� D� QRQOLQHDU�

SURJUDPPLQJ� PRGHO� IRU� WKH� SUREOHP�� 7KH� REMHFWLYH PLQLPL]HG� WKH� WRWDO� URXWH� VHUYLFH�

FRVW�� LQFOXGLQJ�WKH�FRVW�DVVRFLDWHG�ZLWK�GHWHULRUDWLRQ�RI�SHULVKDEOH�FDUJR� WKURXJKRXW� WKH�

YR\DJH�� 7KH� RULJLQDO�PRGHO�ZDV� OLQHDUL]HG� XVLQJ� SLHFHZLVH� VHFDQW� DSSUR[LPDWLRQV� DQG�

VROYHG� XVLQJ� &3/(;�� 5HVXOWV� GHPRQVWUDWHG� WKDW� PDLQWDLQLQJ� IUHVKQHVV� RI� SHULVKDEOH�

DVVHWV�PLJKW�FDXVH�DQ�LQFUHDVH�LQ�WKH�URXWH�VHUYLFH�FRVW��0RUHRYHU��GHSOR\PHQW�RI�VPDOO�

VL]H�YHVVHOV�ZRXOG�EH�PRUH�DGYDQWDJHRXV�IRU�OLQHU�VKLSSLQJ�URXWHV�ZLWK�SHULVKDEOH�DVVHWV��

/HH�DQG�6RQJ��������FRQGXFWHG�D�UHYLHZ RI�WKH�VWDWH�RI�WKH�DUW�WR�DVVHVV�FXUUHQW�

VKLSSLQJ� SUDFWLFHV�� 7KH� DXWKRUV� H[DPLQHG� D� ZLGH� UDQJH� RI� VWUDWHJLF�� WDFWLFDO� DQG�

RSHUDWLRQDO�LVVXHV�LQ�PDULWLPH�WUDQVSRUW��6RPH�RI�WKH�VWUDWHJLF�SODQQLQJ�LVVXHV�LGHQWLILHG�

LQFOXGH�� L�� FRPSHWLWLRQ� DQG� FRRSHUDWLRQ� EHWZHHQ� FDUULHUV�� SRUWV�� DQG� WHUPLQDOV�� DQG� LL��

SULFLQJ� DQG� FRQWUDFWLQJ�� 7KH� PDMRU� WDFWLFDO� SODQQLQJ� LVVXHV� IRXQG� LQFOXGH�� D� QHWZRUN�

GHVLJQ� DQG� URXWLQJ�� E�� YHVVHO� VFKHGXOLQJ�� DQG� F�� VORZ� VWHDPLQJ�� 0RUHRYHU�� WKH� NH\�

RSHUDWLRQV�PDQDJHPHQW�LVVXHV�GLVFRYHUHG�LQFOXGH�����HPSW\�FRQWDLQHU�UHSRVLWLRQLQJ��DQG�

���VDIHW\�DQG�GLVUXSWLRQ�PDQDJHPHQW��

'XOHEHQHWV������D��VWXGLHG�WKH�YHVVHO�VFKHGXOLQJ�SUREOHP��WDNLQJ�LQWR�DFFRXQW�DOO�

PDMRU� URXWH� VHUYLFH� FRVW� FRPSRQHQWV�� 7KH� DXWKRU� IRUPXODWHG� D� PXOWL�REMHFWLYH� PL[HG�

LQWHJHU QRQOLQHDU�RSWLPL]DWLRQ�PRGHO��ZKLFK�ZDV�OLQHDUL]HG��7KH�REMHFWLYH�PLQLPL]HG�WKH�
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WRWDO�URXWH�VHUYLFH�FRVW��$�*OREDO�0XOWL�2EMHFWLYH�2SWLPL]DWLRQ�$OJRULWKP�ZDV�GHVLJQHG�

WR� VROYH� WKH� OLQHDUL]HG� YHVVHO� VFKHGXOLQJ� SUREOHP�� 5HVXOWV� IURP� FRPSXWDWLRQDO�

H[SHULPHQWV��FRQGXFWHG�IRU�WKH�$VLD�0HGLWHUUDQHDQ�([SUHVV�6HUYLFH�OLQHU�VKLSSLQJ�URXWH�

VKRZHG�WKDW�YHVVHO�VFKHGXOHV�ZHUH�PRUH�VHQVLWLYH�WR�WKH�XQLW�EXQNHU�FRVW�DV�FRPSDUHG�WR�

WKH�XQLW�FDUERQ�GLR[LGH�HPLVVLRQ�FRVW�

'XOHEHQHWV� �����E��SURSRVHG�D�PL[HG�LQWHJHU QRQOLQHDU�PDWKHPDWLFDO�PRGHO� IRU�

WKH�YHVVHO�VFKHGXOLQJ�SUREOHP��FRQVLGHULQJ�KHWHURJHQHRXV�QDWXUH�RI�WKH�YHVVHO�IOHHW��7KH�

REMHFWLYH�PLQLPL]HG�WKH�WRWDO�URXWH�VHUYLFH�FRVW��$�WRWDO�RI����LQVWDQFHV�ZHUH�GHYHORSHG��

DQG� WKH� SUREOHP� ZDV� VROYHG� XVLQJ� %$521�� 5HVXOWV� IURP QXPHULFDO� H[SHULPHQWV�

LQGLFDWHG�WKDW�VFKHGXOHV�ZHUH�PRUH�VHQVLWLYH�WR�LQWURGXFWLRQ�RI�ODUJHU�YHVVHOV�LQ�WKH�IOHHW�

DV� FRPSDUHG� WR� DQ� LQFUHDVH� LQ� WKH� XQLW� EXQNHU� FRVW�� )XUWKHUPRUH�� WKH� DGRSWHG� VROXWLRQ�

DSSURDFK�VROYHG�WKH�SUREOHP�LQVWDQFHV�ZLWKLQ�D�UHDVRQDEOH�FRPSXWDWLRQDO�WLPH��

0DOOLGLV�HW�DO���������LQYHVWLJDWHG�WKH�LPSDFW�RI�VORZ�VWHDPLQJ�RQ�WKH�WRWDO�URXWH�

VHUYLFH�FRVW�DQG�WKH�WRWDO�RSHUDWLRQDO�FRVW��7KH�SURSRVHG�PRGHO�ZDV�XVHG�LQ�DVVHVVLQJ�WKH�

LPSDFW�RI�VSHHG�DGMXVWPHQW�VWUDWHJLHV�XVHG�E\�FDUULHUV�DQG�WKH�SRWHQWLDO�FRVW�VDYLQJV�IURP�

DGRSWLQJ�VORZ�VWHDPLQJ�VWUDWHJLHV��7KH�UHVXOWLQJ�GHOD\�DW�SRUWV�RI�FDOO�ZDV�FRQVLGHUHG�LQ�

WKH�PRGHO�� GHYHORSHG�XVLQJ� WKH�KLVWRULFDO� GHOD\�GDWD��5HVXOWV� IURP�QXPHULFDO� H[DPSOHV�

VKRZHG� WKDW�DGRSWLQJ�VORZ�VWHDPLQJ�RQ� WKH� ODVW�YR\DJHV� OHJ�VLJQLILFDQWO\� LQFUHDVHG� WKH�

ORJLVWLFV�FRVW�DV�ZHOO�DV�WKH�WRWDO�URXWH�VHUYLFH�FRVW��7KH�DXWKRUV�DOVR�XQGHUOLQHG�WKDW�VORZ�

VWHDPLQJ�GLG�QRW�VLJQLILFDQWO\�LPSDFW�WKH�YR\DJH�FRVW�DV�WKH�VDLOLQJ�GLVWDQFH�GHFUHDVHG�
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������ 8QFHUWDLQW\�LQ�/LQHU�6KLSSLQJ�2SHUDWLRQV

2YHU�WKH�SDVW�GHFDGHV��OLQHU�VKLSSLQJ�FRPSDQLHV�KDYH�IRFXVHG�RQ�GHVLJQLQJ�OLQHU�VHUYLFHV�

ZLWK� VKRUW� WUDQVLW� WLPHV� DQG D� KLJK� GHJUHH� RI� VFKHGXOH� UHOLDELOLW\�� &RPSOH[� ORJLVWLF�

QHWZRUNV�� KLJK� IUHTXHQF\� RI� VHUYLFH�� ORZ� WUDQVLW� WLPHV�� KLJK� VFKHGXOH� UHOLDELOLW\�� DQG�

PLQLPXP�RSHUDWLRQDO�FRVWV�DUH� WKH�PDMRU� IDFWRUV��ZKLFK�GLUHFWO\� LPSDFW� WLPHO\�GHOLYHU\�

RI� FDUJR� WR� WKH� FXVWRPHUV�� ,Q� RUGHU� WR� SURYLGH� DQ� H[FHOOHQW� VHUYLFH� WR� WKHLU� FXVWRPHUV��

OLQHU�VKLSSLQJ�FRPSDQLHV�HQGHDYRU�WR�NHHS�XS�ZLWK�WKHLU�SXEOLVKHG�VFKHGXOHV��+RZHYHU��

ZDLWLQJ�WLPHV�DQG�GHOD\V�DW�SRUWV�RI�FDOO�PD\�VLJQLILFDQWO\�DIIHFW�VFKHGXOH�UHOLDELOLW\�DQG�

LQFUHDVH� WKH� FXVWRPHU� ORJLVWLF� FRVW�� 0RUHRYHU�� VKLSSLQJ� OLQHV� PD\� LQFXU� DGGLWLRQDO�

RSHUDWLQJ� FRVWV� UHODWHG� WR� XQSURGXFWLYH� YHVVHO� VHUYLFH� WLPH� DQG WKH UHVFKHGXOLQJ� RI�

YHVVHOV��

1RWWHERRP� ������� FODVVLILHG� WKH� FDXVHV� RI� GHOD\V� LQ� OLQHU� VKLSSLQJ� LQWR� WKH�

IROORZLQJ����� WHUPLQDO�RSHUDWLRQV�����SRUW� DFFHVV�� ���PDULWLPH�SDVVDJHV�� DQG���� FKDQFH��

7KH� DXWKRU� XQGHUOLQHG� WKDW� LQFUHDVLQJ� SRUW� YROXPHV� DQG� FDSDFLW\� FRQVWUDLQWV� DW� SRUWV�

DURXQG� WKH�ZRUOG� UHVXOW� LQ�SRUW�FRQJHVWLRQ��ZKLFK�FRXOG�GLVUXSW� OLQHU�VHUYLFH�VFKHGXOHV��

7KH�VWXG\�KLJKOLJKWHG�WKDW�SRUW�FRQJHVWLRQ�ZDV�WKH�PDLQ�VRXUFH�RI�VFKHGXOH�XQUHOLDELOLW\��

&DUULHUV� QHJRWLDWH� YHVVHO� KDQGOLQJ� UDWHV� DQG� FDSDFLW\ ZLWK� PDULQH� FRQWDLQHU� WHUPLQDO�

RSHUDWRUV� WR� PLWLJDWH� GHOD\V� WKDW� PD\� DULVH� GXH� WR� WKH� ULVN� RI� SRUW� FRQJHVWLRQ��

)XUWKHUPRUH��GLVUXSWLRQV�LQ�SRUW�DFFHVV�GXH�WR�ERWWOHQHFNV�DW�FKDQQHOV�FRXOG�LQFUHDVH�WKH�

ZDLWLQJ� WLPHV� DQG� UHVXOW� LQ� LUUHJXODULWLHV� RI� RWKHU� VHUYLFHV� �VXFK� DV� WRZDJH� VHUYLFHV���

3UHYLRXVO\�FRQGXFWHG�VWXGLHV�UHSRUWHG�WKDW�WKHUH�KDV�EHHQ�QR�VLJQLILFDQW�LPSURYHPHQW�LQ�

VHUYLFH�UHOLDELOLW\�RYHU�WKH�\HDUV��



��

'UHZU\� ������� KLJKOLJKWHG� WKDW� WKH� WRS���� OLQHUV� RQO\� UHDFKHG� DQ� RQ�WLPH�

SHUIRUPDQFH� RI� XS� WR� ��� �WKH� VWDWLVWLF� ZDV� EDVHG� RQ� WKH� VDPH�GD\� DUULYDO� FULWHULRQ���

)X]]\�VHWV�KDYH�EHHQ� IUHTXHQWO\�XVHG�E\� UHVHDUFKHUV� WR�DGGUHVV� WKH�SUREOHPV� UHODWHG� WR�

XQFHUWDLQW\��&KXDQJ�HW�DO�� �������SURSRVHG�D�PDWKHPDWLFDO�PRGHO�IRU� WKH�YHVVHO�URXWLQJ�

DQG�VFKHGXOLQJ�SUREOHP��FRQVLGHULQJ�WKH�XQFHUWDLQW\�LQ�SRUW�KDQGOLQJ�WLPHV��VDLOLQJ�WLPHV��

DQG� GHPDQG� DW� SRUWV� RI� FDOO�� 7KH� REMHFWLYH DLPHG� WR�PD[LPL]H� WKH� WRWDO� UHYHQXH�� 7KH�

DXWKRUV� VROYHG� WKH� SUREOHP� XVLQJ� D� IX]]\� (YROXWLRQDU\�$OJRULWKP�� 7KH� DOJRULWKP�ZDV�

DEOH�WR�ILQG�WKH�VROXWLRQV�WKURXJK�FRQWLQXRXV�FRS\��FURVVRYHU��DQG�PXWDWLRQ�� WDNLQJ�LQWR�

DFFRXQW� WKH� PDUNHW� GHPDQG�� VKLSSLQJ� DQG� EHUWKLQJ� WLPH� RI� YHVVHOV�� &RPSXWDWLRQDO�

H[SHULPHQWV� ZHUH� FRQGXFWHG�� DQG� WKH� UHVXOWV� VKRZHG� WKDW� WKH� VROXWLRQ� DOJRULWKP�

VXJJHVWHG�SURPLVLQJ�URXWHV DQG VFKHGXOHV�IRU�WKH�FRQWDLQHU�YHVVHOV��

4L� DQG� 6RQJ� ������� IRFXVHG� RQ� WKH� YHVVHO� VFKHGXOLQJ� SUREOHP�� FRQVLGHULQJ� WKH�

HIIHFWV� RI� XQFHUWDLQ� SRUW� KDQGOLQJ� WLPH� DQG� FRQVWUDLQWV� RI� YHVVHO� VDLOLQJ� VSHHGV�� 7KH�

REMHFWLYH�PLQLPL]HG�WKH�WRWDO�H[SHFWHG�IXHO�FRQVXPSWLRQ�DQG�WKH�WRWDO�GHOD\V�DW�SRUWV�RI�

FDOO�� 7KH� SUREOHP� ZDV� VROYHG� XVLQJ� D� VWRFKDVWLF� DSSUR[LPDWLRQ� SURFHGXUH�� $� VHW� RI�

QXPHULFDO�H[SHULPHQWV�ZHUH�SHUIRUPHG��DQG�WKH�UHVXOWV�LQGLFDWHG�WKDW�WKH�VKRUWHVW�OHJ�LQ�D�

YR\DJH� ZDV� WKH� PRVW� FRPSOH[� OHJ� LQ� WKH� YHVVHO� VFKHGXOH� GHVLJQ�� 7KH� UHVXOWV� DOVR�

GHPRQVWUDWHG� WKDW�SRUW� WLPH�XQFHUWDLQW\�FRXOG�VLJQLILFDQWO\�DIIHFW� WKH�IXHO�FRQVXPSWLRQ��

RSWLPDO�VFKHGXOH��DQG�WKH�VHUYLFH�OHYHOV��

:DQJ�DQG�0HQJ� �����D��SUHVHQWHG�D�PL[HG�LQWHJHU QRQOLQHDU�YHVVHO� VFKHGXOLQJ�

SUREOHP��ZKLFK�DFFRXQWHG�IRU�XQFHUWDLQ�SRUW�KDQGOLQJ�WLPH�DQG�YHVVHO�VDLOLQJ�WLPH��7KH�

REMHFWLYH�PLQLPL]HG�WKH�WRWDO�URXWH�VHUYLFH�FRVW��$Q�H[DFW�FXWWLQJ�SODQH�EDVHG�DOJRULWKP�

ZDV�DSSOLHG� WR�VROYH� WKH�SUREOHP��1XPHULFDO�H[SHULPHQWV�GHPRQVWUDWHG� WKDW�DOORZLQJ�D�
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VPDOO�QXPEHU�RI�YHVVHOV�WR�YLRODWH�WKH�WUDQVLW�WLPH�UHTXLUHPHQWV�UHGXFHG�WKH�WRWDO�FRVW�DQG�

SURYLGHG� IHDVLEOH� VFKHGXOHV�� )XUWKHUPRUH�� UHGXFLQJ� WKH� VDLOLQJ� VSHHGV� RI� YHVVHOV��ZKHQ�

WKH� SULFH� RI� EXQNHU IXHO ZDV� KLJK��PLQLPL]HG� WKH� WRWDO� URXWH� VHUYLFH� FRVW�� 7KH� DXWKRUV�

VXJJHVWHG�WKDW�XQFHUWDLQ�SRUW�DQG�VDLOLQJ�WLPHV�PLJKW�UHTXLUH�OLQHU�VKLSSLQJ�FRPSDQLHV�WR�

GHSOR\�PRUH�YHVVHOV�WR�PDLQWDLQ�WKHLU�VFKHGXOHV��

:DQJ�DQG�0HQJ������F��GHYHORSHG�D�PL[HG�LQWHJHU�QRQOLQHDU�YHVVHO�VFKHGXOLQJ�

SUREOHP��ZKHUH�WKH�SRUW�ZDLWLQJ�DQG�FRQWDLQHU�KDQGOLQJ�WLPHV�ZHUH�VXEMHFW�WR�XQFHUWDLQW\��

7KH�REMHFWLYH�RI�WKH�SURSRVHG�PRGHO�PLQLPL]HG�WKH�WRWDO�URXWH�VHUYLFH�FRVW��7KH�VDPSOH�

DYHUDJH�DSSUR[LPDWLRQ�DSSURDFK�ZDV�XVHG�WR�VROYH�WKH�SUREOHP��,Q�DGGLWLRQ��WKH�VROXWLRQ�

PHWKRGRORJ\�DGRSWHG�OLQHDUL]DWLRQ�WHFKQLTXHV��WR�OLQHDUL]H�WKH�QRQOLQHDU�FRQVWUDLQWV��DQG�

D� GHFRPSRVLWLRQ� VFKHPH� �WR� LPSURYH� WKH� FRPSXWDWLRQDO� HIILFLHQF\��� &RPSXWDWLRQDO�

H[SHULPHQWV�ZHUH�FRQGXFWHG�IRU� WKH�$VLD±$PHULFD±(XURSH�YHVVHO� URXWH��DQG� WKH�UHVXOWV�

VXJJHVWHG�WKDW�GHSOR\LQJ�PRUH YHVVHOV�IRU�VHUYLFH�FRXOG�HQKDQFH�WKH�UHOLDELOLW\�RI�YHVVHO�

VFKHGXOHV�RQ�D�JLYHQ�OLQHU�VKLSSLQJ�URXWH��+RZHYHU��WKH�ODWWHU�DFWLRQ�ZRXOG�LQFUHDVH�WKH�

WRWDO�RSHUDWLRQDO�FRVW�RI�WKH�FDUULHU��

+DOYRUVHQ�:HDUH� HW� DO�� ������� IRUPXODWHG� D�PL[HG�LQWHJHU� SURJUDPPLQJ�PRGHO�

IRU� WKH� YHVVHO� URXWLQJ� DQG� VFKHGXOLQJ� SUREOHP�� ZKLFK� DFFRXQWHG� IRU� XQFHUWDLQ� SRUW�

KDQGOLQJ�WLPHV��7KH�REMHFWLYH�PLQLPL]HG�WKH�FRVWV�RI�YLRODWLQJ�WKH�WLPH�ZLQGRZV�DW�HYHU\�

SRUW�RI�FDOO��$� WRWDO�RI� ILYH�SUREOHP� LQVWDQFHV�ZHUH�GHVFULEHG�XVLQJ� WKH�/1* GDWD��DQG�

WKHQ�ZHUH�VROYHG�E\�DSSO\LQJ�H[DFW�RSWLPL]DWLRQ��;SUHVV�2SWLPL]HU��DOJRULWKPV��5HVXOWV�

IURP� WKH� FRPSXWDWLRQDO� H[SHULPHQWV� VKRZHG� WKDW� WKH� VFKHGXOH� ZDV� UHVLVWDQW� WR� VPDOO�

DPRXQW� RI� GHOD\V�� DQG� WKH� SURSRVHG� VROXWLRQ� DSSURDFK� FRXOG� EH� XVHG� WR� VROYH UHDO�OLIH�

SUREOHP�LQVWDQFHV�ZLWKLQ�D�UHDVRQDEOH�FRPSXWDWLRQDO�WLPH��
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6RQJ�HW�DO���������DSSOLHG�WKH�16*$�,,�DOJRULWKP�WR�VROYH�PXOWL�REMHFWLYH�YHVVHO�

VFKHGXOLQJ� SUREOHP ZLWK� SRUW� WLPH� XQFHUWDLQW\�� $� WRWDO� RI� WKUHH� REMHFWLYHV� ZHUH�

PLQLPL]HG��LQFOXGLQJ���D��WKH WRWDO�YHVVHO�RSHUDWLRQDO�FRVWV��VXP�RI�WKH�IXHO�FRQVXPSWLRQ�

DQG�FKDUWHULQJ�FRVWV��� �E�� VHUYLFH�XQUHOLDELOLW\� �L�H���SUREDELOLW\�RI� ODWH�YHVVHO�DUULYDOV�DW�

SRUWV��� DQG� �F�� WKH� WRWDO� FDUERQ� GLR[LGH� HPLVVLRQV�� 1XPHULFDO� H[SHULPHQWV� ZHUH�

FRQGXFWHG��DQG�UHVXOWV�UHYHDOHG�WKDW�WKH�REMHFWLYHV�ZHUH�FRQIOLFWLQJ�LQ�QDWXUH��0RUHRYHU��

WKH�OHDVW�DPRXQW�RI�HPLVVLRQV�FRXOG�RQO\�EH�DFKLHYHG�VLPXOWDQHRXVO\�HLWKHU�ZLWK�WKH�OHDVW�

FRVW�RU�ZLWK�WKH�OHDVW�VHUYLFH�XQUHOLDELOLW\��

*�UHO� DQG� 6KDGPDQG ������� SUHVHQWHG� D� FKDQFH�FRQVWUDLQHG� PL[HG�LQWHJHU�

QRQOLQHDU� SURJUDPPLQJ�PRGHO� IRU� WKH� YHVVHO� VFKHGXOLQJ� SUREOHP��7KH�PRGHO� WRRN� LQWR�

DFFRXQW�XQFHUWDLQ�ZDLWLQJ�DQG�KDQGOLQJ�WLPHV�DW�SRUWV�RI�FDOO�IRU�D�OLQHU�VKLSSLQJ�VHUYLFH�

ZLWK�D�KHWHURJHQHRXV�IOHHW��7KH�REMHFWLYH�RI�WKH�SURSRVHG�PRGHO�DLPHG�WR�PLQLPL]H�WKH�

WRWDO� IXHO� FRVW� DQG� DWWDLQ� WKH� LQWHQGHG� VHUYLFH� OHYHO�� ZKLFK� ZDV� VHW� EDVHG� RQ� WKH�

SUREDELOLWLHV�RI�RQ�WLPH�YHVVHO�GHSDUWXUH��&3/(;�ZDV�XVHG�WR�VROYH�WKH�SUREOHP��5HVXOWV�

IURP�FRPSXWDWLRQDO�H[SHULPHQWV�VXJJHVWHG�WKDW�DOORFDWLQJ�GLVWLQFW�VHUYLFH�OHYHOV�WR�SRUW�

YHVVHO�SDLUV�FRXOG�EH�PRUH�DGYDQWDJHRXV�WR�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�WKDQ�DVVLJQLQJ�WKH�

VDPH�VHUYLFH�OHYHOV�WR�DOO�SRUW�YHVVHO�SDLUV��

������ &ROODERUDWLYH�$JUHHPHQWV

�������� /LQHU�VKLSSLQJ�DOOLDQFHV

&ROODERUDWLYH� DJUHHPHQWV� EHWZHHQ� OLQHU� VKLSSLQJ� FRPSDQLHV�� RIWHQ� UHIHUUHG� WR� DV�

³DOOLDQFHV´�� DUH� JHQHUDOO\� IRUPHG� E\� OLQHU� VKLSSLQJ� FRPSDQLHV� DW� WKH� VWUDWHJLF� OHYHO��

DLPLQJ� WR�PD[LPL]H� WKH� WRWDO� SURILW�� RXWSHUIRUP� FRPSHWLWRUV�� DQG� DFKLHYH� RWKHU� UHODWHG�
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EXVLQHVV�REMHFWLYHV��$FFRUGLQJ�WR�&DULRX���������WKH�PDMRU�UHDVRQV�IRU�DOOLDQFH�IRUPDWLRQ�

EHWZHHQ� OLQHU� VKLSSLQJ� FRPSDQLHV� DUH�� ��� WR� DFKLHYH� HFRQRPLHV� RI� VFDOH�� ��� WR� DFKLHYH�

EHWWHU�DOORFDWLRQ�RI�YHVVHOV��DQG����PDUNHW�FRQWURO��7KH�ILUVW�OLQHU�VKLSSLQJ�DOOLDQFH� FDOOHG�

WKH�³*OREDO�$OOLDQFH´� ZDV�IRUPHG�LQ������E\�IRXU�PHJD�FDUULHUV��LQFOXGLQJ�$3/��22&/��

02/��DQG�5R\DO�1HGOOR\G�/LQHV��%\�������WKUHH�RWKHU�PDMRU�OLQHU�VKLSSLQJ�DOOLDQFHV�KDG�

EHHQ� IRUPHG�� QDPHO\� *UDQG� $OOLDQFH�� 0DHUVN�6HD�/DQG�� DQG� 7ULFRQ� �&DULRX�� ������

8VXDOO\�� WKH� OLQHU� VKLSSLQJ� FRPSDQLHV� LQ� DQ� DOOLDQFH� DJUHH� RQ� D� VWDQGDUG� SULFH� UDWH� IRU�

PRYLQJ�FDUJR�RQ�D�JLYHQ�URXWH�DW�FRQIHUHQFHV��

(YDQJHOLVWD� DQG� 0RUYLOOR� ������� H[SORUHG� WKH� HIIHFWV� RI� DOOLDQFH� IRUPDWLRQ�

EHWZHHQ� OLQHU� VKLSSLQJ� FRPSDQLHV�RQ� WKH�HIILFLHQF\�RI� WKH�VXSSO\� FKDLQ�SURFHVVHV��7KH�

DXWKRUV� H[SORUHG� WKH� UHVSRQVH� RI� YDULRXV� FDUULHUV� WR� DOOLDQFH� IRUPDWLRQ� DQG� WKH�

LPSOLFDWLRQV� IRU� PDULWLPH� WUDQVSRUWDWLRQ�� 5HVXOWV� IURP� WKH� FRQGXFWHG� HPSLULFDO� VXUYH\�

UHYHDOHG� WKDW� PDQ\� FDUULHUV� ZHUH� IRUPLQJ� VWUDWHJLF� DOOLDQFHV� EDVHG� RQ� WKH� VWUDWHJLF�

RSWLRQV�� ZKLFK� LQFOXGH�� ��� LPSURYHPHQW� LQ� ORFDO� DQG� JOREDO� ORJLVWLFDO� FDSDELOLWLHV�� ���

LQWHUPRGDO�DQG�ORJLVWLFDO�LQWHJUDWLRQ�RI�VHUYLFHV��DQG����JHRJUDSKLFDO�VSUHDG�DQG�PDUNHW�

H[FOXVLRQ��

&DULRX��������VWXGLHG�WKH�WZR�PDMRU�UHDVRQV�ZK\�OLQHU�VKLSSLQJ�FRPSDQLHV�VWDUW�

IRUPLQJ�DOOLDQFHV��HFRQRPLHV�RI�VFDOH�DQG�RSHUDWLRQDO�V\QHUJ\��7KH�DXWKRU�VWUHVVHG�WKDW�

IOHHW�FKDUDFWHULVWLFV�RI�YHVVHO�RZQHUV�DUH�LPSRUWDQW�LQ�WKH�IRUPDWLRQ�RI�VWUDWHJLF�DOOLDQFHV��

)DFWRUV�� VXFK� DV� DGDSWDWLRQ� RI� SRUWV� WR� QHZ� PDUNHW� FRQGLWLRQV� DQG� WKH� LPSDFW� RI� DQ�

DOOLDQFH�RQ�WKH�ORJLVWLFDO�FKDLQ��ZHUH�IRXQG�WR�LPSDFW� WKH�IRUPDWLRQ�RI�DOOLDQFHV�LQ� OLQHU�

VKLSSLQJ��+HDYHU�HW�DO���������VWXGLHG�YDULRXV�OLQHU�VKLSSLQJ�DOOLDQFHV�LQ�(XURSH��VXFK�DV�

DOOLDQFHV� EHWZHHQ� VKLSSLQJ� FRPSDQLHV� DQG�PHUJHV� DPRQJ� VKLSSLQJ� OLQHV�� FRQIHUHQFHV��
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DOOLDQFHV� EHWZHHQ� VKLSSLQJ� FRPSDQLHV� DQG� PDULQH� FRQWDLQHU� WHUPLQDO� RSHUDWRUV�� DQG�

DOOLDQFHV� EHWZHHQ� VKLSSLQJ� FRPSDQLHV� DQG� LQODQG� WUDQVSRUW� FRPSDQLHV�� 7KH� DXWKRUV�

VXJJHVWHG�WKDW�WKH�IRUPDWLRQ�RI�DOOLDQFHV�PLJKW�UHVXOW�LQ�SUHIHUHQWLDO�WUHDWPHQW��FRQIOLFWV�

RI�LQWHUHVWV��DQG�PDUNHW�GRPLQDQFH��

6ODFN�HW�DO���������H[DPLQHG�WKH�WUDQVIRUPDWLRQ�RI�VHUYLFHV��WKH�HYROXWLRQ�RI�IOHHWV�

�IOHHW�VL]H�DQG�IOHHW�PL[���DQG�DGMXVWPHQWV�PDGH�DW�SRUWV�RI�FDOO�GXH�WR�WKH�IRUPDWLRQ�RI�

VWUDWHJLF� DOOLDQFHV��$FFRUGLQJ� WR� WKH� DXWKRUV�� VRPH�RI� WKH�PDMRU� FKDQJHV� FDXVHG�E\� WKH�

IRUPDWLRQ�RI�DOOLDQFHV� LQFOXGH�D�GHSOR\PHQW�RI� WKH� ODUJHVW�YHVVHOV�RQ� WKH�DOOLDQFH� URXWH�

DQG� DQ� LQFUHDVH� LQ� VHUYLFH� IUHTXHQF\� DW� YDULRXV� SRUWV� RI� FDOO�� )LQGLQJV� IURP� D� JOREDO�

DQDO\VLV�RI�OLQHU�VKLSSLQJ�DOOLDQFHV�EHWZHHQ�WKH�\HDUV������DQG�������FRQGXFWHG�LQ� WKDW�

VWXG\�� VKRZHG� WKDW� DOWKRXJK� OLQHU� VKLSSLQJ� FRPSDQLHV� LQ� DQ� DOOLDQFH� VHUYHG�PRUH�SRUWV�

WKDQ�EHIRUH��WKH�WRWDO�QXPEHU�RI�SRUWV�VHUYHG�UHPDLQHG�FRQVWDQW��

/X� HW� DO�� ������� HYDOXDWHG� D� VWUDWHJLF� DOOLDQFH� IRUPHG� EHWZHHQ� OLQHU� VKLSSLQJ�

FDUULHUV� LQ� $VLD� �&.<+��� ,W� ZDV� VXJJHVWHG� WKDW� FDUULHUV� IROORZHG� WKH� WHQGHQF\� RI�

LQWHUQDWLRQDO�WUDGHV��HVSHFLDOO\�LQ�WKH�LQWHJUDWLRQ�RI�JOREDO�ORJLVWLFV�V\VWHPV�LQWR�DOOLDQFHV��

6RPH� RI� WKH� FULWLFDO� LVVXHV� RI� FRQFHUQ� IRU� WKH� FDUULHUV� LQFOXGH� KRZ� WR� FKRRVH� ZHOO�

PDWFKHG�SDUWQHUV��H[WHQW�RI�FR�RSHUDWLRQ��DQG�KRZ�WR�DVVXUH� WKH�VXFFHVV�RI� WKH�DOOLDQFH��

3\DQLGHV�DQG�:LHGPHU��������FRQGXFWHG�DQ�HPSLULFDO�DQDO\VLV�RI�WKUHH�PDMRU�DOOLDQFHV��

)LQGLQJV�LQGLFDWHG�WKDW�VHUYLFH�FKDUDFWHULVWLFV��LQFOXGLQJ�WKH�QXPEHU�RI�SRUW�FDOOV�YLVLWHG��

DYHUDJH� QXPEHU� RI� YHVVHOV� GHSOR\HG�� DQG� WKH� DYHUDJH� VDLOLQJ� WLPH�� GR QRW� GLIIHU�

VXEVWDQWLDOO\�DPRQJ�WKH�PDMRU�DOOLDQFHV��)XUWKHUPRUH��LW�ZDV�IRXQG�WKDW�FDUULHUV�LQ�PDMRU�

DOOLDQFHV�KDYH�D�KLJK�QXPEHU�RI�YHVVHOV�LQ�RUGHU�ERRNV��
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5HVHDUFKHUV� KDYH� VXJJHVWHG� YDULRXV� VWUDWHJLHV� WR� LPSURYH� FROODERUDWLYH�

DJUHHPHQWV� EHWZHHQ� OLQHU� VKLSSLQJ� FRPSDQLHV�� 6RQJ� DQG� 3DQD\LGHV� ������� XQGHUOLQHG�

WKDW�ZKLOH�WKH�PDMRULW\�RI�OLQHUV�KDYH�VRXJKW�H[WHQVLYH�FRRSHUDWLRQ�E\�IRUPLQJ�DOOLDQFHV��

VRPH� FDUULHUV� GR� QRW� IRUP� DOOLDQFHV� DQG� DFKLHYH� UHODWLYH� VXFFHVV�� 7R� LPSURYH� WKH�

IRUPDWLRQ� RI� VWUDWHJLF� DOOLDQFHV�� WKH� DXWKRUV� DSSOLHG� D� FRRSHUDWLYH� JDPH� WKHRU\�� DQ�

DSSURDFK�ZLGHO\�XVHG�LQ�WKH�ILHOG�RI�HFRQRPLFV��WR�DQDO\]H�FRRSHUDWLRQ�DPRQJ�PHPEHUV�

RI� OLQHU� VKLSSLQJ� VWUDWHJLF� DOOLDQFHV�� 7KH� DGRSWHG� IUDPHZRUN� KLJKOLJKWHG� WKH� LQWHU�

RUJDQL]DWLRQDO� UHODWLRQVKLSV� DQG� GHFLVLRQ�PDNLQJ� EHKDYLRU� LQ� WKH� OLQHU� VKLSSLQJ� VHFWRU��

7KH� VWUHQJWKV� RI� WKH� DSSOLHG�PHWKRGRORJ\�ZHUH� MXVWLILHG� EDVHG� RQ� WKH� DELOLW\� WR� DVVHVV

LQGLYLGXDO� SDUWQHU¶V� FXUUHQW� FDSDELOLWLHV�� SRWHQWLDO� MRLQW� FDSDELOLWLHV� RI� WZR� RU� PRUH�

FDUULHUV��DV�ZHOO�DV�WKH�SRVVLELOLW\�RI�XWLOL]LQJ�WKLUG�SDUWLHV��

$JDUZDO� DQG� (UJXQ� ������� DSSOLHG� LQYHUVH� SURJUDPPLQJ� DQG� JDPH� WKHRU\� DQG�

GHVLJQ�WR�GHYHORS�D�PRGHO�IRU�RSWLPL]LQJ�FROODERUDWLRQ�VWUDWHJLHV� LQ� OLQHU�VKLSSLQJ��7KH�

DXWKRUV� VWXGLHG� DOOLDQFH� IRUPDWLRQ� DPRQJ� FDUULHUV� LQ� OLQHU� VKLSSLQJ� DQG� WUDQVSRUWDWLRQ�

QHWZRUNV� WKDW� RSHUDWH� DV� DQ� DOOLDQFH� DPRQJ� GLIIHUHQW� FDUULHUV�� $� WDFWLFDO� SUREOHP��

DVVRFLDWHG� ZLWK� WKH� GHVLJQ� RI� ODUJH�VFDOH� QHWZRUNV�� DV� ZHOO� DV� RSHUDWLRQDO� SUREOHPV��

UHODWHG� WR� WKH� DOORFDWLRQ� RI� WKH� OLPLWHG� FDSDFLW\� RI� D� WUDQVSRUWDWLRQ� QHWZRUN� DPRQJ� WKH�

FDUULHUV�LQ�DQ�DOOLDQFH��ZHUH�DGGUHVVHG��7KH�PHFKDQLVP��VXJJHVWHG�LQ�WKH�VWXG\��SURYLGHG�

VLGH�SD\PHQWV�WR�WKH�OLQHU�VKLSSLQJ�FRPSDQLHV�DV�DQ�DGGHG�LQFHQWLYH�WR�PRWLYDWH�WKHP�WR�

DFW�LQ�WKH�EHVW�LQWHUHVW RI�WKH�DOOLDQFH��ZKHUHDV�PD[LPL]LQJ�WKHLU�RZQ�SURILWV��5HVXOWV�RI�

FRPSXWDWLRQDO�H[SHULPHQWV�IRU�YDULRXV�SUREOHP�LQVWDQFHV�VXJJHVWHG�WKDW�IDFWRUV��VXFK�DV�

VLPLODU� PLVVLRQ�� VWUDWHJ\�� JRYHUQDQFH�� FXOWXUH�� RUJDQL]DWLRQ�� PDQDJHPHQW�� DQG� RWKHUV��

FRQWULEXWH�VLJQLILFDQWO\�WR�WKH�VXFFHVV�RI�DQ�DOOLDQFH��
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&ROODERUDWLYH� DJUHHPHQWV� LQ� EHUWK� VFKHGXOLQJ� KDYH� EHHQ� SURSRVHG� E\ VRPH�

VWXGLHV��.DUDID� HW� DO�� �������PRGHOHG� D� FROODERUDWLYH� DJUHHPHQW��ZKHUH� YHVVHOV� IURP� D�

GHGLFDWHG� PDULWLPH� FRQWDLQHU� WHUPLQDO� FRXOG� EH� GLYHUWHG� IRU� VHUYLFH� DW� WKH� H[WHUQDO�

PDULWLPH�FRQWDLQHU�WHUPLQDO�GXULQJ�SUH�GHWHUPLQHG�WLPH�ZLQGRZV��7KH�DXWKRUV SUHVHQWHG�

DQ�0,3�PDWKHPDWLFDO�PRGHO� IRU� WKH� SURSRVHG� SUREOHP��7KH� REMHFWLYH� RI� WKH� SUHVHQWHG�

PRGHO�PLQLPL]HG� WKH� WRWDO�YHVVHO�VHUYLFH�FRVW� �LQFOXGLQJ� WKH� WRWDO�KDQGOLQJ�DQG�GHOD\HG�

GHSDUWXUHV� FRVW���7KH� DXWKRUV� DSSOLHG� DQ�(YROXWLRQDU\�$OJRULWKP� WR� VROYH� WKH� SUREOHP��

DQG�VHYHUDO�QXPHULFDO�H[SHULPHQWV�ZHUH�FRQGXFWHG�WR� WHVW� WKH�HIILFLHQF\�RI�WKH�VROXWLRQ�

PHWKRGRORJ\�� 5HVXOWV� GHPRQVWUDWHG� WKDW� WKH� GHYHORSHG� VROXWLRQ� DOJRULWKP� HIILFLHQWO\�

VROYHG�WKH�SUREOHP��

'XOHEHQHWV�HW� DO�� �����D��H[WHQGHG�DQ�H[LVWLQJ�EHUWK�DOORFDWLRQ�SROLF\��SURSRVHG�

E\�,PDL HW�DO����������.DUDID�HW�DO����������DQG�3HQJ�HW�DO����������7KH�DXWKRUV�FRQVLGHUHG�

D�FROODERUDWLYH�DJUHHPHQW��ZKHUH�GHPDQG�FRXOG�EH�GLYHUWHG�IURP�D�PXOWL�XVHU�WHUPLQDO�WR�

DQ�H[WHUQDO�WHUPLQDO�DW�DQ�DGGLWLRQDO�FRVW��7KH�EHUWK�DOORFDWLRQ�SROLF\�ZDV�IRUPXODWHG�DV�D�

QRQOLQHDU�PL[HG�LQWHJHU�PDWKHPDWLFDO�PRGHO��7KH�REMHFWLYH�PLQLPL]HG� WKH� WRWDO�VHUYLFH�

FRVW�RI�YHVVHOV�FDOOLQJ�DW�WKH�PXOWL�XVHU�WHUPLQDO��$�0HPHWLF�$OJRULWKP�ZDV�GHYHORSHG�WR�

VROYH� WKH� SUREOHP� GXH� WR� LWV� KLJK� FRPSOH[LW\�� 5HVXOWV� IURP� QXPHULFDO� H[SHULPHQWV�

VKRZHG�WKDW�WKH�SURSRVHG�EHUWK�DOORFDWLRQ�SROLF\�\LHOGHG�VXEVWDQWLDO�FRVW�VDYLQJV�GXULQJ�

KLJK�YHVVHO�VHUYLFH�GHPDQG�SHULRGV�DW�SRUWV�
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�������� $JUHHPHQWV�EHWZHHQ�OLQHU�VKLSSLQJ�FRPSDQLHV�DQG�PDULQH�FRQWDLQHU�

WHUPLQDO�RSHUDWRUV

$�ODUJH�QXPEHU�RI�VWXGLHV�KDYH�EHHQ�GHGLFDWHG�WR�FROODERUDWLYH�DJUHHPHQWV�EHWZHHQ�OLQHU�

VKLSSLQJ� FRPSDQLHV�� KRZHYHU�� RQO\� D� IHZ� UHVHDUFKHUV� KDYH� PRGHOHG� YDULRXV� W\SHV� RI�

DJUHHPHQWV�EHWZHHQ� OLQHU� VKLSSLQJ� FRPSDQLHV� DQG�PDULQH�FRQWDLQHU� WHUPLQDO�RSHUDWRUV��

*ROLDV�HW�DO���������FRQVLGHUHG�WKH�FRQWUDFWXDO�DJUHHPHQWV�EHWZHHQ�WKH�PDULQH�FRQWDLQHU�

WHUPLQDO� RSHUDWRU� DQG� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�� 7KH� DXWKRUV� SUHVHQWHG� WKH� GLVFUHWH�

G\QDPLF� EHUWK� DOORFDWLRQ� SUREOHP� DV� D� OLQHDU� PL[HG�LQWHJHU� SUREOHP�� ZKLFK� DLPHG� WR�

PLQLPL]H�WKH�FRVW�LQFXUUHG�IURP�WKH�YHVVHO�ODWH�GHSDUWXUHV�DQG�PD[LPL]H�WKH�WRWDO�EHQHILWV�

IURP� HDUO\� DQG� WLPHO\� GHSDUWXUHV� DW� SRUWV� RI� FDOO�� &RPSXWDWLRQDO� H[SHULPHQWV� ZHUH�

FRQGXFWHG� DQG�ILQGLQJV�IURP�WKH�UHVXOWV�VKRZHG�WKDW�FRQVLGHUDWLRQ�RI�WKH�YHVVHO VHUYLFH�

SULRULW\� LQ� FRQWUDFWXDO DJUHHPHQWV� PLQLPL]HG� WKH� WRWDO� YHVVHO� KDQGOLQJ� WLPH� DQG� GHOD\�

SHQDOWLHV��

,PDL� HW� DO�� ������� VWXGLHG� D� GLVFUHWH� G\QDPLF� EHUWK� DOORFDWLRQ� SUREOHP� DW� D�

GHGLFDWHG�PXOWL�XVHU�PDULWLPH�FRQWDLQHU� WHUPLQDO� �087���ZKHUH�YHVVHOV�ZLWK� H[FHVVLYH�

ZDLWLQJ�WLPHV�ZHUH�GLYHUWHG�IRU�VHUYLFH�DW�WKH�H[WHUQDO�PDULWLPH�FRQWDLQHU�WHUPLQDO��(7���

7KH� SUREOHP� ZDV� IRUPXODWHG� DV� DQ� 0,3� PDWKHPDWLFDO� PRGHO�� DQG� WKH� REMHFWLYH�

PLQLPL]HG� WKH� WRWDO� VHUYLFH� WLPH� RI� YHVVHOV� DW� WKH� H[WHUQDO� WHUPLQDO�� $Q� (YROXWLRQDU\�

$OJRULWKP� ZDV� GHYHORSHG� WR� VROYH� WKH� SUREOHP�� 7KH� FRPSXWDWLRQDO� H[SHULPHQWV�

GHPRQVWUDWHG� WKDW� WKH� SURSRVHG� EHUWK� DOORFDWLRQ� SROLF\� ZRXOG� LPSURYH� HIILFLHQF\� RI�

RSHUDWLRQV�DW�PDULWLPH�FRQWDLQHU�WHUPLQDOV�ZLWK�KLJK�GHPDQG��

6LPLODU� WR� WKH� ZRUN� RI� *ROLDV� HW� DO�� �������� *ROLDV� DQG� +DUDODPELGHV� �������

DVVXPHG�WKDW�PDULQH�FRQWDLQHU�WHUPLQDO�RSHUDWRUV�FRXOG�EH�LPSRVHG�D�SHQDOW\�IRU�GHOD\HG�
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YHVVHO� VHUYLFH� EDVHG� RQ� FRQWUDFWXDO� DJUHHPHQWV� ZLWK� OLQHU� VKLSSLQJ� FRPSDQLHV�� 7KH�

DXWKRUV�SURSRVHG�D�EHUWK�VFKHGXOLQJ�SUREOHP�EDVHG�RQ� WKH�DJUHHPHQWV��ZKLFK�DLPHG� WR�

PLQLPL]H� WKH� FRVW� RI� YHVVHO¶V�ZDLWLQJ� WLPH� DQG� ODWH� GHSDUWXUHV� DQG�PD[LPL]H� WKH� WRWDO�

EHQHILW� IURP�HDUO\�GHSDUWXUHV��7KH�SUREOHP�ZDV�VROYHG�XVLQJ�D�JHQHWLF�DOJRULWKP�EDVHG�

KHXULVWLF�� DQG� D� VHYHUDO� FRPSXWDWLRQDO H[SHULPHQWV� ZHUH� SHUIRUPHG� IRU� YDULRXV� FRVWV�

EDVHG�RQ� WKH�SROLFLHV��7KH�VWXGLHV�GHVFULEHG��*ROLDV�HW�DO��������� ,PDL�HW�DO���������DQG�

*ROLDV�DQG�+DUDODPELGHV��������SULPDULO\�IRFXVHG�RQ�WKH�EHUWK�VFKHGXOLQJ�DVSHFW��QRW�WKH�

YHVVHO�VFKHGXOLQJ�DVSHFW��

6HYHUDO� VWXGLHV� FRQVLGHUHG� FROODERUDWLYH� DJUHHPHQWV� EHWZHHQ� OLQHU� VKLSSLQJ�

FRPSDQLHV� DQG� PDULQH� FRQWDLQHU� WHUPLQDO� RSHUDWRUV� LQ� YHVVHO� VFKHGXOLQJ�� :DQJ� HW� DO��

������� IRUPXODWHG� D� PL[HG�LQWHJHU� QRQOLQHDU� RSWLPL]DWLRQ� PRGHO� IRU� WKH� YHVVHO�

VFKHGXOLQJ�SUREOHP� ZKHUH�WKH�YHVVHO�VHUYLFH�WLPH�ZLQGRZV�ZHUH�QHJRWLDWHG�EHWZHHQ�WKH�

PDULQH�FRQWDLQHU�WHUPLQDO�RSHUDWRUV�DQG�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��7KH�REMHFWLYH�RI�WKH�

PRGHO�ZDV�WR�PLQLPL]H�WKH�WRWDO�URXWH�VHUYLFH�FRVW��7KH�SUREOHP�ZDV�OLQHDUL]HG��DQG�DQ�

LWHUDWLYH� RSWLPL]DWLRQ� DOJRULWKP� ZDV� XVHG� WR� VROYH� LW�� 7KH� VROXWLRQ� PHWKRGRORJ\� ZDV�

DSSOLHG� WR� WKH� WUDQV�$WODQWLF� VKLSSLQJ� URXWH� �$*0�URXWH�RI�22&/��� DQG�FRPSXWDWLRQDO�

H[SHULPHQWV� UHYHDOHG� WKDW� WKH� DYDLODELOLW\� RI� SRUW� DUULYDO� 7:V�� XQLW� IXHO� FRVW�� XQLW�

LQYHQWRU\�FRVW��DQG�SRUW�KDQGOLQJ�HIILFLHQF\�VLJQLILFDQWO\�DIIHFWHG�WKH�WRWDO�URXWH�VHUYLFH�

FRVW�� ,Q� DGGLWLRQ�� LW� ZDV� IRXQG� WKDW� WKH� DIRUHPHQWLRQHG� IDFWRUV� FRXOG� VXEVWDQWLDOO\�

LQIOXHQFH�WKH�GHVLJQ�RI�YHVVHO�VFKHGXOHV��

$OKDUEL� HW� DO�� ������� SURSRVHG� D� PL[HG�LQWHJHU� QRQOLQHDU� RSWLPL]DWLRQ� PRGHO��

ZKLFK�DGRSWHG�D�VLPLODU�FROODERUDWLYH�DSSURDFK��SURSRVHG�E\�:DQJ�HW�DO����������EHWZHHQ�

WKH� PDULQH� FRQWDLQHU� WHUPLQDO� RSHUDWRUV� DQG� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�� 7KH� RULJLQDO�
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PRGHO�ZDV�UHIRUPXODWHG�DV�DQ�LQWHJHU�OLQHDU�RSWLPL]DWLRQ�PRGHO�DQG�ZDV�VROYHG�XVLQJ�DQ�

LWHUDWLYH� RSWLPL]DWLRQ� DSSURDFK�� :KHQ� WKH� VROXWLRQ� DSSURDFK� ZDV� DSSOLHG� WR� WZR�

QHWZRUNV��FRQVLVWLQJ�RI�VL[�SRUWV�DQG����SRUWV��WKH�UHVXOWV�GHPRQVWUDWHG�WKDW�WKH�QXPEHU�RI�

YHVVHOV�DUULYLQJ�DW�WKH�SRUW��VHOHFWHG�VDLOLQJ�VSHHG�RI�YHVVHOV��SRUW�KDQGOLQJ�HIILFLHQF\��DQG�

WKH� SULFH� RI� EXQNHU� IXHO� DIIHFWHG� WKH� WRWDO� URXWH� VHUYLFH� FRVW�� WKH� QXPEHU� RI� YHVVHOV�

GHSOR\HG�� DV� ZHOO� DV� WKH� RSWLPDO� VFKHGXOH�� 7KH� DYDLODELOLW\� RI� PXOWLSOH� VHUYLFH� 7:V��

VKRUWHU�YHVVHO�KDQGOLQJ�WLPH��DQG�ORZHU�XQLW�IXHO�FRVW VLJQLILFDQWO\�UHGXFHG�WKH�WRWDO�URXWH�

VHUYLFH�FRVW�RI�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�FRQVLGHUHG�

'XOHEHQHWV������E��SUHVHQWHG�D�VHUYLFH�SROLF\�DJUHHPHQW��EHWZHHQ�VHYHUDO�PDULQH�

FRQWDLQHU� WHUPLQDO� RSHUDWRUV� DQG� OLQHU� VKLSSLQJ� FRPSDQLHV�� ZKHUHE\� HDFK� WHUPLQDO�

RSHUDWRU� SURYLGHG� D� VHW� RI� KDQGOLQJ� UDWHV� WR� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�� 7KH� DXWKRU�

IRUPXODWHG�D�PL[HG�LQWHJHU�QRQOLQHDU�PDWKHPDWLFDO�SURJUDPPLQJ�PRGHO��ZKLFK�DLPHG�WR�

PLQLPL]H� WKH� WRWDO� URXWH� VHUYLFH� FRVW�� 7KH� PDWKHPDWLFDO� PRGHO� ZDV� OLQHDUL]HG�� DQG�

&3/(;�ZDV�DGRSWHG�WR�VROYLQJ�LW��5HVXOWV�IURP�QXPHULFDO�H[SHULPHQWV�GHPRQVWUDWHG�WKDW�

WKH� SURSRVHG� FROODERUDWLYH� DJUHHPHQW� FRXOG� UHGXFH� WKH� WRWDO� URXWH� VHUYLFH� FRVW� E\�

DSSUR[LPDWHO\������

3HQJ� HW� DO�� ������� IRUPXODWHG� D� PDWKHPDWLFDO� PRGHO� IRU� D� FROODERUDWLYH�

DJUHHPHQW�� ZKHUH� WKH� EHUWKLQJ� VSDFH� DQG� WKH� VWRUDJH� \DUG� FDSDFLW\� FRXOG� EH� VKDUHG�

DPRQJ� PXOWLSOH� WHUPLQDOV�� 7KH� REMHFWLYH� IXQFWLRQ� PLQLPL]HG� WKH� WRWDO� VHUYLFH� WLPH� RI�

YHVVHOV��7KH� SUREOHP�ZDV� VROYHG�XVLQJ� DQ�(YROXWLRQDU\�$OJRULWKP��0RUHRYHU��&3/(;�

ZDV�XVHG�WR�VROYH�WKH�SUREOHP�WR�RSWLPDOLW\�IRU�WKH�VPDOO�VL]H�SUREOHP�LQVWDQFHV��5HVXOWV�

IURP�FRPSXWDWLRQDO�H[SHULPHQWV�UHYHDOHG�WKDW�WKH�REMHFWLYH�IXQFWLRQ�YDOXHV��VXJJHVWHG�E\�

WKH�GHYHORSHG�VROXWLRQ�DOJRULWKP��ZHUH�FORVH� WR� WKH�RSWLPDO�VROXWLRQV� IRU� WKH�VPDOO�VL]H�
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SUREOHP�LQVWDQFHV��)XUWKHUPRUH�� WKH�UHVXOWV�DOVR�LQGLFDWHG�WKDW� WKH�SRUW�VHUYLFH�VFKHGXOH�

ZDV�VLJQLILFDQWO\�LPSURYHG�

'XOHEHQHWV� �����D�� SURSRVHG� D� QRYHO� FROODERUDWLYH� DJUHHPHQW� SROLF\� EHWZHHQ�

OLQHU� VKLSSLQJ� FRPSDQLHV� DQG� PDULQH� FRQWDLQHU� WHUPLQDO� RSHUDWRUV�� 7KH� DJUHHPHQW�

DOORZHG�OLQHU�VKLSSLQJ�FRPSDQLHV�WR�QHJRWLDWH�ERWK�KDQGOLQJ�UDWHV�DV�ZHOO�DV�VHUYLFH�WLPH�

ZLQGRZV�� $� PXOWL�REMHFWLYH� PL[HG�LQWHJHU� QRQOLQHDU� PRGHO� ZDV� IRUPXODWHG�� 7KH�

REMHFWLYHV� DLPHG� WR�� �L�� PLQLPL]H� WKH� WRWDO� URXWH� VHUYLFH� FRVW� FRPSRQHQWV�� ZKLFK�

JHQHUDOO\� LQFUHDVH�ZLWK� WKH� WRWDO� YHVVHO� WXUQDURXQG� WLPH� �LQFOXGLQJ� WRWDO� YHVVHO�ZHHNO\�

RSHUDWLRQDO�FRVW��WRWDO�FRQWDLQHU�LQYHQWRU\�FRVW� DQG�WRWDO�YHVVHO�ODWH�DUULYDO�FRVW���DQG��LL��

PLQLPL]H�WKH�WRWDO�URXWH�VHUYLFH�FRVW�FRPSRQHQWV��ZKLFK�JHQHUDOO\�GHFUHDVH�ZLWK�WKH�WRWDO�

YHVVHO� WXUQDURXQG� WLPH� �LQFOXGLQJ� WKH� WRWDO� IXHO� FRQVXPSWLRQ� FRVW�� WRWDO� SRUW� KDQGOLQJ�

FRVW��DQG�WRWDO�FRVW�RIܱܥ�ଶ HPLVVLRQV�SURGXFHG�LQ�VHD�DQG�DW�SRUWV�RI�FDOO���7KH�SUREOHP�

ZDV�VROYHG�XVLQJ�DQߝ��FRQVWUDLQW�EDVHG�*OREDO�0XOWL�2EMHFWLYH�2SWLPL]DWLRQ�$OJRULWKP��

5HVXOWV� IURP� FRPSXWDWLRQDO� H[SHULPHQWV� VXJJHVWHG� WKDW� WKH� SURSRVHG� DJUHHPHQW� FRXOG�

LPSURYH�WKH�HIILFLHQF\�RI�OLQHU�VKLSSLQJ�RSHUDWLRQV�DQG�UHGXFH�RSHUDWLRQDO�FRVWV��

������ (QYLURQPHQWDO�&RQVLGHUDWLRQV�DQG�*UHHQ�9HVVHO�6FKHGXOLQJ

7R�GDWH�� ,02�GHVLJQDWHG�IRXU�GLVWLQFW�³(PLVVLRQ�&RQWURO�$UHDV´��(&$V��� LQFOXGLQJ� WKH�

IROORZLQJ��,02��������

�� %DOWLF�6HD�DUHD�ZLWK�HVWDEOLVKHG�UHVWULFWLRQV�RQ� ܱܵ௑ �HIIHFWLYH�VLQFH�������

�� 1RUWK�6HD�DUHD�ZLWK�HVWDEOLVKHG�UHVWULFWLRQV�RQ� ܱܵ௑ �HIIHFWLYH�VLQFH�������

�� 7KH�(QJOLVK�&KDQQHO��HIIHFWLYH�VLQFH�������
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�� 1RUWK�$PHULFDQ�DUHD��8�6��� &DQDGLDQ�FRDVWDO�]RQH��ZLWK�HVWDEOLVKHG�UHVWULFWLRQV�

RQ� ܱܰ௑� ܱܵ௑ DQG�30��HIIHFWLYH�VLQFH��������DQG

�� 86$�� &DULEEHDQ� 6HD� DUHD� ZLWK� HVWDEOLVKHG� UHVWULFWLRQV� RQ ܱܰ௑�� ܱܵ௑ DQG� 30�

�HIIHFWLYH�VLQFH�������

,02�DOVR�SODQV�WR�GHVLJQDWH�1RUZD\��-DSDQ�DQG�0HGLWHUUDQHDQ�DV�(&$V��0DULQH�

8UHD�� ������� $FFRUGLQJ WR� WKH� ,02� UHJXODWLRQV� ����� DQG� ����� �,02�� ������� WKH�

SHUFHQWDJH�RI�IXHO�VXOIXU�VKRXOG�QRW�H[FHHG������SHU�FHQW�P�P�DIWHU�-DQXDU\�����������DQG�

����� SHU� FHQW� P�P� DIWHU� -DQXDU\� ���� ������ IRU� WKH� YHVVHOV� VDLOLQJ� RXWVLGH� (&$V�� 7KH�

SHUFHQWDJH�RI�IXHO�VXOIXU�LV�OLPLWHG�WR������SHU�FHQW�P�P�DIWHU�-XO\�����������DQG�WR������

SHU� FHQW� P�P� DIWHU� -DQXDU\� ��� ������ IRU� WKH� YHVVHOV� VDLOLQJ� ZLWKLQ� (&$V�� )URP� WKH�

UHYLHZ�RI�WKH�VWDWH�RI�WKH�DUW��LW�ZDV�REVHUYHG�WKDW�PDQ\�UHVHDUFKHUV�KDYH�IRFXVHG�RQ�WKH�

HQYLURQPHQWDO�FRQFHUQV�LQ�OLQHU�VKLSSLQJ��)LQGLQJV�VKRZHG�WKDW�WKH�LPSDFW�RI�HPLVVLRQV�

DQG� VORZ� VWHDPLQJ� VWUDWHJLHV� �ZKLFK� KDYH EHHQ� ZLGHO\� DGRSWHG� E\� OLQHU� VKLSSLQJ�

FRPSDQLHV�WR�PLQLPL]H�HPLVVLRQV��KDYH�EHHQ�FRQVLGHUHG�E\�VHYHUDO�VWXGLHV��

&RUEHWW� HW� DO�� ������ LQYHVWLJDWHG WKH� HIIHFWV�RI� IXHO� WD[� DQG� UHGXFWLRQ� LQ�YHVVHO�

VDLOLQJ�VSHHG�RQ�HPLVVLRQV�IRU�WKH�YHVVHOV�FDOOLQJ�WKH�8�6��SRUWV��7KH�DXWKRUV�DGRSWHG�WKH�

SURILW�PD[LPL]LQJ� IXQFWLRQ�� ZKLFK� FRQVLGHUHG� WKH� ORVVHV� DVVRFLDWHG� ZLWK� WKH� VSHHG�

UHGXFWLRQ��,W�ZDV�REVHUYHG�WKDW�UHGXFLQJ�WKH�GHVLJQ�VSHHG�RI�D�YHVVHO�E\�����FRXOG�UHVXOW�

LQ� D� ��±���� UHGXFWLRQ� LQܱܥ�ଶ HPLVVLRQV�� )XUWKHU� DQDO\VLV� VKRZHG� WKDW� WKH� IXHO� WD[� RI�

DERXW������WRQ�RI�IXHO� OHG�WR�VSHHG�UHODWHGܱܥ�ଶ HPLVVLRQ�UHGXFWLRQ�UDQJLQJ�EHWZHHQ����

DQG� ����� 7R� PDLQWDLQ� WKH� VFKHGXOHG� IUHTXHQF\�� WKH� QXPEHU� RI� YHVVHOV� GHSOR\HG� ZDV�

LQFUHDVHG��DQG�WKH�UHVXOWV�UHYHDOHG�WKDW�DOWKRXJK�WKHUH�ZDV�D�VLJQLILFDQW�UHGXFWLRQ�LQܱܥ�ଶ
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HPLVVLRQV��WKH�RSWLRQ�ZDV�QRW�FRVW�HIIHFWLYH��7KH�DXWKRUV�VXJJHVWHG�WKDW�WKH�UHGXFWLRQ�LQ�

VDLOLQJ� VSHHG� LV� DQ� HIILFLHQW� VWUDWHJ\� LQ� UHGXFLQJ� HPLVVLRQV��+RZHYHU�� WKH� UHGXFWLRQ� LQ�

HPLVVLRQV�LV�GHSHQGHQW�RQ�WKH�URXWH�FKDUDFWHULVWLFV��

3VDUDIWLV� DQG� .RQWRYDV� ������� FRQGXFWHG� DQ� DQDO\VLV� WR� GHWHUPLQH� WKH ଶܱܥ

HPLVVLRQV�RI� WKH�ZRUOG�FRPPHUFLDO� IOHHW�XVLQJ�GDWD� IURP� WKH�/OR\GV�)DLUSOD\�GDWDEDVH��

7KH� VWXG\� DOVR� GHYHORSHG� D� WRRO� IRU� HVWLPDWLQJ� WKH� HPLVVLRQV� ଶǡܱܥ� ܱܰ௑ǡ DQG ܱܵ௑��

SURGXFHG�E\�VHYHUDO�W\SHV�RI�YHVVHOV��LQFOXGLQJ�EXON�FDUULHUV��FUXGH�RLO�WDQNHUV��FRQWDLQHU�

YHVVHOV�� SURGXFW�FKHPLFDO� FDUULHUV�� /1*� FDUULHUV�� /3*� FDUULHUV�� UHHIHU� YHVVHOV�� 5R�5R�

YHVVHOV��JHQHUDO�FDUJR�YHVVHOV��VPDOO�YHVVHOV��DQG�SDVVHQJHU�YHVVHOV��(PLVVLRQ�HVWLPDWHV�

VKRZHG�WKDW�FDUJR�YHVVHOV�JHQHUDWHG�WKH�KLJKHVWܱܥ�ଶ HPLVVLRQV���������PLOOLRQ�WRQV�SHU�

\HDU���IROORZHG�E\�SDVVHQJHU�YHVVHOV��������PLOOLRQ�WRQV�SHU�\HDU���6PDOOHU�YHVVHOV��ZLWK�

OHVV� WKDQ� ���� JURVV� WRQV� �*7V��� SURGXFH� DSSUR[LPDWHO\� ����� PLOOLRQ� WRQV� RI� ଶܱܥ

HPLVVLRQV� SHU� \HDU�� 7KH� DXWKRUV� KLJKOLJKWHG� WKDW� DGGLWLRQDO� LQIRUPDWLRQ� DERXW� YHVVHO�

PRYHPHQWV DQG�DFFXUDWH�EXQNHU�FRQVXPSWLRQ�YDOXHV�FRXOG�LPSURYH�WKH�DFFXUDF\�RI�WKH�

UHVXOWV��0RUHRYHU��LW�ZDV�VXJJHVWHG�WKDW�YHVVHO VL]H�DQG�W\SH�PLJKW�VLJQLILFDQWO\�DIIHFW�WKH�

DPRXQW�RI�HPLVVLRQV�SURGXFHG�

(\ULQJ� HW� DO�� ������ VWXGLHG� WKH� LPSDFW� RI� HPLVVLRQV�� JHQHUDWHG� E\� RFHDQJRLQJ�

YHVVHOV�RQ�DWPRVSKHULF�FRPSRVLWLRQ��DLU�TXDOLW\��HFRV\VWHPV��KXPDQ�KHDOWK��DQG�FOLPDWH��

7KH� VWXG\� LQGLFDWHG� WKDW� WKH� HPLVVLRQV�� SURGXFHG�E\�YHVVHOV�� VLJQLILFDQWO\� FRQWULEXWH� WR�

WKH�WRWDO�HPLVVLRQV��SURGXFHG�LQ�WKH�WUDQVSRUWDWLRQ�VHFWRU� DQG�KDYH�QHJDWLYHO\�LPSDFWHG�

WKH� HQYLURQPHQW� �LQFUHDVH� LQ� JOREDO�ZDUPLQJ�� DQG� KXPDQ� KHDOWK� �LQFUHDVH� LQ�PRUWDOLW\�

IURP�FDUGLRSXOPRQDU\�GLVHDVHV�DQG�OXQJ�FDQFHU���)LQGLQJV�VXJJHVWHG�WKDW�PDQ\�PRGHOV��

XVHG� LQ� HVWLPDWLQJ� WKH� HIIHFWV� RI� HPLVVLRQV�� GR� QRW� DFFXUDWHO\� SUHGLFW� WKH� DPRXQW� RI�
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HPLVVLRQV�SURGXFHG�DQG�WKH�HIIHFWV�RQ�WKH�HQYLURQPHQW�GXH�WR�LQFRPSOHWH�REVHUYDWLRQDO�

GDWD��7KH�DXWKRUV�GHPRQVWUDWHG�WKH�EHQHILWV�RI� LQWURGXFLQJ�QHZ�WHFKQRORJLFDOO\�IHDVLEOH�

DQG�HFRQRPLFDOO\�HIILFLHQW�SROLF\�DFWLRQV�WR�UHGXFH�HPLVVLRQV�SURGXFHG�E\�YHVVHOV��

*ROLDV�HW�DO�� ������ IRUPXODWHG�D�GLVFUHWH�VSDFH�EHUWK�VFKHGXOLQJ�SUREOHP�DW� WKH�

PDULQH�FRQWDLQHU�WHUPLQDO�XVLQJ�DQ�HQYLURQPHQWDOO\�IULHQGO\�EHUWK�VFKHGXOLQJ�SROLF\��7KH�

SUREOHP� IRUPXODWLRQ� DFFRXQWHG� IRU� WKH� YHVVHO� EXQNHU� FRQVXPSWLRQ� DQG� HPLVVLRQV�

SURGXFHG�E\�YHVVHOV��ZKHQ�VDLOLQJ�WR�WKH�QH[W�SRUW�RI�FDOO��DQG�PLQLPL]HG�WKH�WRWDO�VHUYLFH�

WLPH� DQG� GHOD\HG� GHSDUWXUH� RI� YHVVHOV� ZKLOH� PD[LPL]LQJ� WKH� EHUWK� SURGXFWLYLW\�� $Q�

HYROXWLRQDU\� DOJRULWKP� �($�� ZDV� XVHG� LQ� VROYLQJ� WKH� SUREOHP�� 5HVXOWV� IURP�

FRPSXWDWLRQDO� H[SHULPHQWV� VKRZHG� WKDW� WKH� SURSRVHG� DOJRULWKP� ZDV� HIILFLHQW� DQG�

SURYLGHG�QHDU�RSWLPDO�VROXWLRQV� LQ�DFFHSWDEOH�FRPSXWDWLRQDO� WLPH��7KH�YHVVHO�HPLVVLRQV�

SURGXFHG�DQG�WKH�WRWDO�EXQNHU�FRQVXPSWLRQ�ZHUH�UHGXFHG��

3VDUDIWLV� DQG� .RQWRYDV� ������ FRQVLGHUHG� WKH� HIIHFWV� RI� HPLVVLRQ� UHGXFWLRQ�

SROLFLHV�RQ�PDULWLPH�ORJLVWLFV��7KH�DXWKRUV�VXJJHVWHG�WKDW�WKH�PHDVXUHV��VXFK�DV�HIILFLHQW�

YHVVHO�KXOOV��HQHUJ\�VDYLQJ�HQJLQHV��HIILFLHQW�SURSXOVLRQ��XVH�RI�DOWHUQDWLYH�IXHOV��VXFK�DV�

IXHO� FHOOV�� ELRIXHOV�� DQG� RWKHUV��� FRXOG� EH� XVHG� WR� UHGXFH� *+*V� SURGXFHG� E\� YHVVHOV��

)XUWKHUPRUH�� VORZ� VWHDPLQJ�ZDV�XQGHUOLQHG�DV� DQ� HIILFLHQW� VWUDWHJ\� IRU� UHGXFLQJ�YHVVHO�

HPLVVLRQV��+RZHYHU��WKH�DXWKRUV�XQGHUOLQHG�WKDW�VORZ�VWHDPLQJ�PLJKW�UHTXLUH�LQFUHDVLQJ�

WKH�IOHHW�VL]H�WR�PDLQWDLQ�WKH�VHUYLFH�IUHTXHQF\�GXH�WR�DQ�LQFUHDVH�LQ�WUDQVLW�WLPH�RI�FDUJR�

&DULRX� ������� LQYHVWLJDWHG� WKH� LPSDFW� RI� VORZ� VWHDPLQJ� VWUDWHJLHV� RQ� ଶܱܥ

HPLVVLRQV� LQ� OLQHU� VKLSSLQJ�� 7KH� DXWKRU� UHSRUWHG� WKDW� VORZ� VWHDPLQJ� VWUDWHJ\� KDV� EHHQ�

ZLGHO\�DGRSWHG�E\�OLQHU�VKLSSLQJ�FRPSDQLHV�WR�UHGXFH�EXQNHU�FRQVXPSWLRQ�DQG�HPLVVLRQV�

SURGXFHG�IRU�ODUJHU�YHVVHOV�ZLWK�FDSDFLW\�RI�RYHU�������7(8V��$QDO\VLV�VKRZHG�WKDW�LI�WKH�
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EXQNHU� IXHO� SULFH� LV� VXVWDLQHG� EHWZHHQ� ����� DQG� ������ D� ���� UHGXFWLRQ� LQ� HPLVVLRQV�

FRXOG�EH�DFKLHYHG�E\������GXH�WR�VORZ�VWHDPLQJ��$OWKRXJK�WKH�HQYLURQPHQWDO�EHQHILW�DQG�

FRVW� VDYLQJV� DVVRFLDWHG� ZLWK� VORZ� VWHDPLQJ� ZHUH� GHPRQVWUDWHG� E\� WKH� VWXG\�� LW� ZDV�

VXJJHVWHG�WKDW�DQ�LQFUHDVH�LQ�LQYHQWRU\�FRVWV�DQG�IUHLJKW�UDWHV��DQG�D�GHFUHDVH�LQ�EXQNHU�

FRVW�PLJKW�FDXVH�OLQHU�VKLSSLQJ�FRPSDQLHV�WR�LQFUHDVH�WKH�VDLOLQJ�VSHHG��

+HLWPDQQ� DQG� .KDOLOLDQ� ������ KLJKOLJKWHG� WKDW� ଶܱܥ HPLVVLRQV� LQ� PDULWLPH�

VKLSSLQJ�ZHUH�XQUHJXODWHG�DQG� IRUHFDVWHG�D� VLJQLILFDQW� LQFUHDVH� LI� UHJXODWRU\�JXLGHOLQHV�

DQG�SROLFLHV�ZHUH�QRW� LQWURGXFHG��9DULRXV�HPLVVLRQ�FRQWURO�VWUDWHJLHV��ZKLFK�KDYH�EHHQ�

VXJJHVWHG� E\� WKH� %RG\� IRU� 6FLHQWLILF� DQG� 7HFKQRORJLFDO� $GYLFH�� D� VXEVLGLDU\� RI� WKH�

8QLWHG�1DWLRQV�)UDPHZRUN�&RQYHQWLRQ�RQ�&OLPDWH�&KDQJH��81)&&&���ZHUH�FRQVLGHUHG�

EDVHG� RQ� WKHLU� HIIHFWLYHQHVV� LQ� UHGXFLQJ� WKH� OHYHOV� RI� SROOXWDQWV� LQ� WKH� DWPRVSKHUH��

SRVVLELOLW\�RI�LPSOHPHQWDWLRQ��IDLUQHVV��DQG�EXUGHQ�VKDULQJ��,W�ZDV�IRXQG�WKDW�QRQH�RI�WKH�

DOORFDWLRQ� RSWLRQV� VDWLVILHG� WKH� FRQGLWLRQ� RI� EHLQJ� HQYLURQPHQWDOO\� HIIHFWLYH�� OHJDOO\�

HIIHFWLYH��DQG�DOORZHG�IRU�IDLU�EXUGHQ�VKDULQJ��7KH�DXWKRUV� FRQFOXGHG� WKDW�DOORFDWLRQ�RI�

YHVVHO�HPLVVLRQV�VKRXOG�EH�SHUIRUPHG�RQ�WKH�EDVLV�RI�WKH�RSHUDWLQJ�FRPSDQ\��

.RQWRYDV�DQG�3VDUDIWLV��������PRGHOHG�WKH�HIIHFWV�RI�VDLOLQJ�VSHHG�RQ�EXQNHU�FRVW�

VDYLQJV�DQG�YHVVHO�HPLVVLRQV��7KH�DXWKRUV�LQGLFDWHG�WKDW�WKH�DLP�RI�VKLSSLQJ�FRPSDQLHV�LV�

WR�LQFUHDVH�IXHO�HIILFLHQF\�LQ�RUGHU�WR�PLQLPL]H�EXQNHU�FRVWV��ZKLFK�LV�WKH�ELJJHVW�SRUWLRQ�

RI� WRWDO� URXWH� VHUYLFH� FRVW�� 6ORZ� VWHDPLQJ� VWUDWHJLHV� ZHUH� VXJJHVWHG� DV� D� IHDVLEOH�

DOWHUQDWLYH�WR�VLJQLILFDQWO\�PLQLPL]H�EXQNHU�FRVWV��DQG�VLQFH�EXQNHU�FRVWV�DQG�HPLVVLRQV�

DUH� GLUHFWO\� SURSRUWLRQDO� WR� RQH� DQRWKHU�� VORZ VWHDPLQJ� VWUDWHJLHV� SURYH� WR� HIIHFWLYHO\�

DFKLHYH�ERWK�REMHFWLYHV�
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/LQGVWDG� HW� DO�� ������ VWXGLHG� WKH� HIIHFWV� RI� UHGXFWLRQ� LQ� WKH� VDLOLQJ� VSHHG� RI�

YHVVHOV�RQܱܥ�ଶ HPLVVLRQV�DQG�WRWDO�RSHUDWLRQDO�FRVWV�LQ�OLQHU�VKLSSLQJ��7KH�DXWKRUV�XVHG�

WKH� GDWD�� REWDLQHG� IURP� WKH� FRQWDLQHU� DQG� 5R�5R� YHVVHOV� IRU� WUDGH� EHWZHHQ� $VLD� DQG�

(XURSH�LQ�WKHLU�DQDO\VLV��7KH�UHVXOWV�VKRZHG�WKDW�UHGXFLQJ�WKH�VDLOLQJ�VSHHG�E\�����IRU�

5R�5R�YHVVHOV�DQG�E\�����IRU�FRQWDLQHU�YHVVHOV�\LHOGHG�HPLVVLRQ�UHGXFWLRQV�RI�����DQG�

����� UHVSHFWLYHO\�� IRU� ERWK� YHVVHO� W\SHV�� )XUWKHU� DQDO\VLV� UHYHDOHG� WKDW� D� UHGXFWLRQ� LQ�

VDLOLQJ�VSHHG�RI�YHVVHOV�FRXOG�GHFUHDVHܱܥ�ଶ HPLVVLRQV�E\�����IRU�FDVHV�ZLWK�]HUR�FRVW�RI�

HPLVVLRQV�� &RPSXWDWLRQDO� H[SHULPHQWV� VKRZHG� WKDW� LPSRVLQJ� DQ� HPLVVLRQ� FRVW� RI ���

86'�WRQ� UHGXFHG� ଶܱܥ HPLVVLRQV� E\� ���� DQG� E\� ���� ZKHQ� DQ� HPLVVLRQ� FRVW� RI� ���

86'�WRQ�ZDV�XVHG��,W�ZDV�XQGHUOLQHG�WKDW�WKH�UHGXFWLRQ�LQ�HPLVVLRQV�ZDV�HVWLPDWHG�EDVHG�

RQ� D� UHGXFWLRQ� LQ� VDLOLQJ� VSHHG� RI� YHVVHOV�� WKXV�� WKH� DXWKRUV� VXJJHVWHG� WKDW� LPSRVLQJ� D�

VSHHG�OLPLW�RQ�RFHDQJRLQJ�YHVVHOV�LV�WKH�PRVW�HIILFLHQW�PHWKRG�RI�UHGXFLQJ�HPLVVLRQV��

0LROD� DQG�&LXIIR� ������� DQDO\]HG� GLIIHUHQW� VWUDWHJLHV�� XVHG� LQ�PRGHOLQJ� YHVVHO�

HPLVVLRQV�� E\� FODVVLI\LQJ� WKHP� LQWR� IRXU�JURXSV�EDVHG�RQ� WKH�YHVVHO� FKDUDFWHULVWLFV� DQG�

JHRJUDSKLF� ORFDWLRQ� RI� VKLSSLQJ� URXWHV�� %\� FRPSDULQJ� VHYHUDO� HPLVVLRQ� PRGHOLQJ�

PHWKRGV��WKH\�IRXQG�WKDW�WKHUH�LV�D�ZLGH�YDULDWLRQ�LQ�HPLVVLRQ�YDOXHV�UHSRUWHG�E\�GLIIHUHQW�

VWXGLHV��7KH�DXWKRUV�DWWULEXWHG�WKH�YDULDWLRQ�LQ�HPLVVLRQ�HVWLPDWHV�WR�XQUHOLDELOLW\�RI�WKH�

LQSXW�GDWD��XVHG�LQ�FDOFXODWLQJ�YHVVHO�HPLVVLRQV��DQG�SURSRVHG�D�WRRO��ZKLFK�FRPELQHV�WKH�

GDWD�IURP�YDULRXV�VRXUFHV� ,W�ZDV�XQGHUOLQHG�WKDW�WKH�FRPELQDWLRQ�RI�GDWD�PLJKW�SURGXFH�

PRUH� DFFXUDWH� UHVXOWV�� 7KH� VWXG\� DOVR� VXJJHVWHG� WKDW� $XWRPDWLF� ,GHQWLILFDWLRQ� 6\VWHP�

�$,6�� GDWD�� REWDLQHG� IURP� VSDFH� VDWHOOLWHV�� PLJKW� SURYLGH� D� PRUH� DFFXUDWH� DQG�

FRPSUHKHQVLYH�GDWD�UHTXLUHG�IRU FDOFXODWLQJ�HPLVVLRQV�IURP�YHVVHOV��
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&DULRX�DQG�&KHDLWRX������� HYDOXDWHG�WKH�HIIHFWLYHQHVV�RI�WZR�PHDVXUHV�WR�UHGXFH�

ଶܱܥ HPLVVLRQV� LQ�PDULWLPH�WUDQVSRUWDWLRQ�����EXQNHU� OHYLHV�DSSURDFK��DQG����PDQGDWRU\�

VSHHG�OLPLW�IRU�YHVVHOV��7KH�PDQGDWRU\�VSHHG�OLPLW�SROLF\�ZDV�VXJJHVWHG�E\�WKH�(XURSHDQ�

&RPPLVVLRQ�LQ������IRU�DOO�WKH�YHVVHOV��FDOOLQJ�DW�(XURSHDQ�8QLRQ�SRUWV��8VLQJ�H[DPSOHV�

RI�HPLVVLRQV�SURGXFHG�E\�FRQWDLQHU�YHVVHOV��WKH�VWXG\�FRPSDUHG�WKH�HPLVVLRQ�UHGXFWLRQV�

IURP� EXQNHU�OHY\� WR� WKH� HPLVVLRQ� UHGXFWLRQV� LI� D�PDQGDWRU\� VSHHG� OLPLW� DSSURDFK�ZDV�

DGRSWHG��5HVXOWV� VKRZHG� WKDW� LPSRVLQJ�D�PDQGDWRU\�VSHHG� OLPLW�GRHV�QRW�DXWRPDWLFDOO\�

UHGXFH�WKH�DPRXQW�RIܱܥ�ଶ HPLVVLRQV�IURP�YHVVHOV�JOREDOO\��)XUWKHUPRUH��LW�ZDV�VXJJHVWHG�

WKDW�WKH�EXQNHU�OHY\�DSSURDFK�ZDV�WKH�SUHIHUDEOH�RSWLRQ��

3VDUDIWLV������� DVVHVVHG�WHQ�GLIIHUHQW�PDUNHW�EDVHG�PHDVXUHV�WR�PLQLPL]H�*+*�

HPLVVLRQV�IURP�YHVVHOV�VXEPLWWHG�WR�WKH�,02�IRU�FRQVLGHUDWLRQ��$�UHYLHZ�RI�WKH�PHDVXUHV�

VXJJHVWHG�WKDW� WKHUH�DUH�GLIIHUHQW�RSLQLRQV�DERXW� WKH�PDUNHW�EDVHG�DSSURDFK�WKDW�VKRXOG�

EH� LPSOHPHQWHG� WR� UHGXFH� HPLVVLRQV� SURGXFHG� E\� YHVVHOV�� ,W� ZDV� DOVR� IRXQG� WKDW�

VWDNHKROGHUV� VKDUHG� FRQWUDGLFWLQJ� RSLQLRQV� DQG� IDLOHG� WR� DJUHH� RQ� D� VWUDWHJ\� WR� EH�

LPSOHPHQWHG��0RUHRYHU��LW�ZDV�LQGLFDWHG�WKDW�VRPH�GHYHORSLQJ�FRXQWULHV��VXFK�DV�&KLQD��

,QGLD�� %UD]LO�� DQG� RWKHUV�� ZHUH� DJDLQVW� WKH� PDUNHW�EDVHG� PHDVXUHV� DQG� IUXVWUDWHG� WKH�

SURFHVV� GXH� WR� ODFN� RI� DJUHHPHQW�� 3VDUDIWLV� DQG� .RQWRYDV� ������� SUHVHQWHG� D� GHWDLOHG�

VXUYH\� RI� VSHHG� PRGHOV� WKDW� KDYH� EHHQ� XVHG� LQ� PDULWLPH� WUDQVSRUWDWLRQ�� 7KH� DXWKRUV�

FODVVLILHG� WKH� VSHHG� PRGHOV� LQWR�� JHQHUDO�� QRQ�HPLVVLRQ�� DQG� HPLVVLRQ� VSHHG� PRGHOV��

$OWKRXJK�VHYHUDO�EXQNHU�FRQVXPSWLRQ�IXQFWLRQV�DQG�HPLVVLRQ�FRHIILFLHQWV�ZHUH�XVHG� LQ�

WKH�VWXGLHV��WKH�HPLVVLRQ�VSHHG�PRGHOV�LQGLFDWHG�WKDW�WKH�DPRXQW�RI�HPLVVLRQV�SURGXFHG�

E\�YHVVHOV�LV�DIIHFWHG�E\�WKH�VDLOLQJ�VSHHG�RI�YHVVHOV��7KH�HIIHFWV�RI�LPSRVLQJ�VSHHG�OLPLWV�

ZHUH� DOVR� GLVFXVVHG� LQ� WKH� SDSHU�� 7KH� VWXG\� XQGHUOLQHG� WKDW� LPSRVLQJ� WKH� VSHHG� OLPLW�
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FRXOG� FDXVH� GLVWRUWLRQV� LQ� WKH� PDUNHW� DQG� UHVXOW� LQ� WKH� RYHUDOO� FRVWV� H[FHHGLQJ� WKH�

EHQHILWV��

&KDQJ� DQG� :DQJ� ������� FRQGXFWHG� D� FRPSUHKHQVLYH� DVVHVVPHQW� RI� WKH�

DSSURDFKHV�XVHG�LQ�FRPPHUFLDO�PDULWLPH�WUDQVSRUWDWLRQ�WR GHWHUPLQH�WKH�RSWLPDO�VDLOLQJ�

VSHHG�RI�YHVVHOV��5HGXFWLRQ�LQ�HPLVVLRQV�DQG�VLJQLILFDQW�FRVW�VDYLQJV�ZHUH�LGHQWLILHG�DV�

VRPH� RI� WKH� DGYDQWDJHV� RI� VHOHFWLQJ� DQ� RSWLPDO� YHVVHO� VDLOLQJ� VSHHG�� 1XPHULFDO�

H[SHULPHQWV�ZHUH�SHUIRUPHG�IRU�IRXU VFHQDULRV�WR�VKRZ�WKH HIIHFW�RI�VSHHG�UHGXFWLRQ�RQ�

HPLVVLRQV�DQG�WRWDO�RSHUDWLRQDO�FRVWV�����+LJK�IXHO�SULFHV�DQG�KLJK�FKDUWHU�UDWHV�����+LJK�

IXHO�SULFHV�DQG�ORZ�FKDUWHU�UDWHV�����/RZ�IXHO�SULFHV�DQG�KLJK�FKDUWHU�UDWHV��DQG����/RZ�

IXHO�SULFHV�DQG�ORZ�FKDUWHU�UDWHV��7KH�UHVXOWV GHPRQVWUDWHG�WKDW�VSHHG�UHGXFWLRQ�ZDV�WKH�

PRVW� HIILFLHQW� IRU� WKH� FDVHV� ZLWK� KLJK� EXQNHU� FRVWV� DQG� ORZ� FKDUWHU� UDWHV�� WKXV�� WKH�

RSWLPXP�VSHHG�UHGXFWLRQ�LV�VXEVWDQWLDOO\�DIIHFWHG�ZLWK�FKDUWHU�UDWHV�DQG�IXHO�SULFHV��

&XOOLQDQH�DQG�%HUJTYLVW��������XQGHUOLQHG WKDW�HPLVVLRQV�IURP�WKH�YHVVHOV��ZKLFK�

DUH�QRW�HQYLURQPHQWDOO\�IULHQGO\��DUH�KLJKO\�FRUUHODWHG�WR�LWV�IXHO�FRQVXPSWLRQ��7KH�VWXG\�

LQGLFDWHG� WKDW� ,02��(8�� WKH�8�6��� DQG�&DQDGD�KDYH�GHVLJQDWHG�FHUWDLQ� FRDVWDO� DUHDV� DV�

(&$V�WR�UHGXFH�WKH�HPLVVLRQV�SURGXFHG�IURP�WKH�PDULWLPH�WUDQVSRUW�VHFWRU��7KH�DXWKRUV�

IRUHFDVWHG� WKDW� GXH� WR� WKH� VRFLRHFRQRPLF� EHQHILWV� RI� WKH� HPLVVLRQ� UHJXODWLRQV�� WRXJKHU�

UHJXODWLRQV�FRXOG�EH�LPSRVHG�LQ�WKH�IXWXUH�WR�IXUWKHU�UHGXFH�JDVHRXV�HPLVVLRQV��VXFK�DV�

ܱܰ௑ DQG�ܱܵ௑��7KH�DXWKRUV�DOVR�VXJJHVWHG�WKDW�PRGDO�VKLIW�HIIHFWV�IURP�LQWURGXFLQJ�(&$V�

ZHUH�OLPLWHG�

.RQWRYDV��������SUHVHQWHG�D�JHQHUDOL]HG�IRUPXODWLRQ�IRU�WKH�JUHHQ�YHVVHO�URXWLQJ�

DQG� VFKHGXOLQJ� SUREOHP� DQG� GLVFXVVHG� WKH� QHHG� WR� DGRSW� PRUH� DFFXUDWH� PRGHOV� LQ�

HVWLPDWLQJ�YHVVHO�HPLVVLRQV�DQG�EXQNHU�FRQVXPSWLRQ��7KH�PRGHO�SUHVHQWHG�D�FRPELQHG�
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JUHHQ�YHVVHO�VFKHGXOLQJ�DQG�URXWLQJ�SUREOHP�LQ�PDULWLPH�WUDQVSRUWDWLRQ��$OVR��WKH�SDSHU�

XQGHUOLQHG�WKDW�WKH�IROORZLQJ�DSSURDFKHV�FRXOG�EH�XVHG�WR�FDSWXUH�YHVVHO�HPLVVLRQV�LQ�WKH�

JUHHQ� YHVVHO� URXWLQJ� DQG� VFKHGXOLQJ� PDWKHPDWLFDO� PRGHO�� ���� HPLVVLRQV� FRVW� DV� WKH�

REMHFWLYH� IXQFWLRQ�� ���� HPLVVLRQV� FRVW� DV� D� FRPSRQHQW� LQ� WKH� REMHFWLYH� IXQFWLRQ�� ����

HPLVVLRQV�SURGXFHG�DV� D� FRQVWUDLQWV� VHW�� DQG� ���� HPLVVLRQV� FRVW� DV�RQH�RI� WKH�REMHFWLYH�

IXQFWLRQV��,W�ZDV�VXJJHVWHG�WKDW�WKHUH�LV�D�QHHG�WR�LQFRUSRUDWH�YHVVHO�VDLOLQJ�VSHHG�LQWR�WKH�

PRGHOV� EHFDXVH� WKHUH� LV� D� VWURQJ� FRUUHODWLRQ� EHWZHHQ� WKH� HPLVVLRQV� SURGXFHG� DQG� WKH�

VDLOLQJ�VSHHG�� ,W�ZDV�VXJJHVWHG� WKDW� WKH�SUREOHP�IRUPXODWLRQ�SUHVHQWHG�GLG�QRW� LQFUHDVH�

WKH�FRPSXWDWLRQDO�FRPSOH[LW\��

3VDUDIWLV�DQG�.RQWRYDV��������LQYHVWLJDWHG�VHYHUDO�IDFWRUV�DIIHFWLQJ�WKH�FKRLFH�RI�

YHVVHO� VDLOLQJ� VSHHG�� 6RPH� RI� WKH� IDFWRUV�� LGHQWLILHG� DV� FULWLFDO� LQ� GHWHUPLQLQJ� YHVVHO�

VDLOLQJ�VSHHG�VHOHFWLRQ� LQFOXGH�EXQNHU�SULFH��VWDWH�RI�WKH�PDUNHW��IUHLJKW�UDWHV��LQYHQWRU\�

FRVWV��DQG�GHSHQGHQF\�RI�WKH�EXQNHU�FRQVXPSWLRQ�RQ�SD\ORDG��,W�ZDV�IRXQG�WKDW�YHVVHOV�

FDUU\LQJ� H[SHQVLYH� FDUJRHV� LQFUHDVH� WKHLU� VDLOLQJ� VSHHG�� WKXV�� LQFUHDVLQJ� WKH� DPRXQW� RI�

HPLVVLRQV� SURGXFHG�� )XUWKHUPRUH�� WKH� SDSHU� LQGLFDWHG� WKDW� HQYLURQPHQWDOO\� IULHQGO\�

GHFLVLRQV� PLJKW� DIIHFW� WKH� RSWLPDO� HFRQRPLF� SHUIRUPDQFH� LQ� FRPPHUFLDO� PDULWLPH�

VKLSSLQJ��

=LV�HW�DO���������HVWLPDWHG�WKH�UHGXFWLRQ�LQ �ଶܱܥ ܱܵଶ� ܱܰ௑� DQG�EODFN�FDUERQ��%&��

HPLVVLRQV� IURP� YHVVHOV� QHDU� WKH� SRUWV� XVLQJ� YHVVHO�FDOO� GDWD� DQG� H[DPLQHG� WKH�

HIIHFWLYHQHVV� RI� HPLVVLRQ� UHGXFWLRQ� SROLFLHV� DW� SRUWV�� &RPSXWDWLRQDO� H[DPSOHV�

GHPRQVWUDWHG� WKDW� WKH� HPLVVLRQ� UHGXFWLRQ� VFKHPHV� FRXOG� GHFUHDVH �ଶܱܥ ܱܵ௑�� DQG�ܱܰ௑

HPLVVLRQV�E\��±������±�����DQG��±����� UHVSHFWLYHO\��7KH� VWXG\� LQGLFDWHG� WKDW� VSHHG�

UHGXFWLRQ�SROLFLHV�QHDU� WKH�SRUWV�PLJKW� LQFUHDVH�%&�HPLVVLRQV�E\������ ,Q�DGGLWLRQ�� WKH�
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IDFWRUV�� VXFK� DV� YHVVHO� IOHHW�� YHVVHO� VHUYLFH� WLPH�� DQG� HPLVVLRQ� LQWHQVLW\� RI� HOHFWULFLW\�

VXSSO\��DIIHFWHG�WKH�DPRXQW�RI HPLVVLRQV�SURGXFHG�E\�YHVVHOV�QHDU�WKH�SRUWV�

)DJHUKROW� HW� DO�� ������� HYDOXDWHG� WKH� LPSDFWV� RI� UHVWULFWLRQV� UHJDUGLQJ� WKH�

SURGXFWLRQ� RI� ܱܵ௑ HPLVVLRQV� LQ� (&$V� RQ� VDLOLQJ� SDWKV�� VDLOLQJ� VSHHG�� DQG� RSHUDWLRQDO�

FRVWV� LQ�PDULWLPH�VKLSSLQJ�� ,W�ZDV� IRXQG� WKDW VKLSSLQJ�FRPSDQLHV�FKRRVH� WR� VDLO� ORQJHU�

URXWHV�LQ�RUGHU�WR�DYRLG�VDLOLQJ�DW�D� ORZHU�VSHHG� WKURXJK�(&$V��7KH�DXWKRUV�XQGHUOLQHG�

WKDW�VKLSSLQJ�FRPSDQLHV�VDLO�DW�KLJKHU VSHHGV�RXWVLGH�(&$V�DQG�EXUQ�D�ODUJH�DPRXQW�RI�

FKHDSHU�KLJK�VXOIXU�IXHO��ZKLFK�SURGXFHV�PRUH�HPLVVLRQV���

)DJHUKROW� DQG�3VDUDIWLV� �������SUHVHQWHG� WZR� VSHHG�RSWLPL]DWLRQ�PRGHOV� IRU� WKH�

YHVVHOV� VDLOLQJ� WKURXJK� (&$V�� 7KH� ILUVW� PRGHO� FRQVLGHUHG� YHVVHO� VSHHG� RSWLPL]DWLRQ�

LQVLGH�DQG�RXWVLGH�(&$V��ZKLOH�WKH�VHFRQG�PRGHO�FRQVLGHUHG�WKH�YHVVHO�RSWLPDO�FURVVRYHU�

SRLQW� LQ� DQG� RXW� RI� WKH�(&$�ERXQGDU\��1XPHULFDO� FRPSXWDWLRQV� UHYHDOHG� WKDW� WKH� EHVW�

DOWHUQDWLYH� IRU� YHVVHOV� ZRXOG� EH� VDLOLQJ� WKURXJK� WKH� VKRUWHVW� URXWH� ZKLOH� LQ� DQ� (&$��

UHJDUGOHVV�WKH�SULFH�RI�EXQNHU�WR�PLQLPL]H�EXQNHU�FRVWV�DQG�DVVRFLDWHG�HPLVVLRQV��

0DQVRXUL�HW�DO�� �������H[DPLQHG� WKH�XVH�RI�PXOWL�REMHFWLYH�RSWLPL]DWLRQ�PRGHOV�

WR� HVWLPDWH� HPLVVLRQ� UHGXFWLRQV� LQ� PDULWLPH� WUDQVSRUWDWLRQ�� 7KH� DXWKRUV� LQGLFDWHG� WKDW�

VLPXODWLRQ�PRGHOLQJ�DQG�RSWLPL]DWLRQ�PRGHOLQJ�DUH�JRRG�DSSURDFKHV�WR�DGGUHVV�HPLVVLRQ�

UHGXFWLRQ�SUREOHPV� LQ�PDULWLPH�VKLSSLQJ��7KH�VWXG\� LGHQWLILHG� WKDW�XQFHUWDLQ�SRUW� WLPHV�

DUH�D�PDMRU� IDFWRU�DIIHFWLQJ�VORZ�VWHDPLQJ�DQG�HPLVVLRQ�UHGXFWLRQ��)XUWKHUPRUH�� LW�ZDV�

VXJJHVWHG� WKDW� WKHUH� LV� D� QHHG� WR� FRQGXFW� IXUWKHU� UHVHDUFK��ZKLFK� DGHTXDWHO\� FRQVLGHUV�

WUDGH�RIIV�WR�LPSURYH�GHFLVLRQ�PDNLQJ�E\�VKLSSLQJ�FRPSDQLHV��

6RQJ� HW� DO�� ������� IRUPXODWHG� D� VWRFKDVWLF� PXOWL�REMHFWLYH� YHVVHO� VFKHGXOLQJ�

SUREOHP� ZLWK� XQFHUWDLQ� SRUW� WLPHV� LQ� OLQHU� VKLSSLQJ�� 7KUHH� REMHFWLYHV� ZHUH� PRGHOHG��
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ZKLFK�LQFOXGHG���L��PLQLPL]DWLRQ�RI�WKH�DQQXDO�YHVVHO�RSHUDWLRQDO�FRVWV���LL��PLQLPL]DWLRQ�

RI� WKH� DYHUDJH� VFKHGXOH� XQUHOLDELOLW\�� DQG� �LLL�� PLQLPL]DWLRQ� RI� WKH� DQQXDO� WRWDO� ଶܱܥ

HPLVVLRQV��$�1RQ�'RPLQDWHG� 6RUWLQJ�*HQHWLF�$OJRULWKP� �16*$�,,��ZDV� GHYHORSHG� WR�

VROYH� WKH� PDWKHPDWLFDO� PRGHO�� 1XPHULFDO� H[SHULPHQWV� LQGLFDWHG� WKDW� DERXW� RI� ������

UHGXFWLRQ� LQ� ଶܱܥ HPLVVLRQV� FRXOG� EH� DFKLHYHG� ZKHQ� WKH� RSHUDWLQJ� FRVW� LV� PLQLPL]HG��

0RUHRYHU��WKH�UHVXOWV�VXJJHVWHG�WKDW�WKH�VFKHGXOH�XQUHOLDELOLW\�DQG�FRVWV�DUH�LQVHQVLWLYH�WR�

HPLVVLRQ�UHGXFWLRQV��

'XOHEHQHWV� �����D�� DVVHVVHG� WKH� EHQHILWV� DQG� GUDZEDFNV� RI� LQWURGXFLQJ�

UHVWULFWLRQV�RQ� WKH�HPLVVLRQV�� SURGXFHG�E\�RFHDQJRLQJ�YHVVHOV�ZLWKLQ�(&$V��7KH� VWXG\�

FRPSDUHG�WKH�H[LVWLQJ�,02�UHJXODWLRQ�UHJDUGLQJ�EXQNHU�IXHO�VXOIXU�FRQWHQW�ZLWKLQ�(&$V�

ZLWK� DQ� DOWHUQDWLYH� HQYLURQPHQWDO� SROLF\�� ZKLFK� LPSRVHG� HPLVVLRQ� UHVWULFWLRQV� ZLWKLQ�

(&$V�DORQJ�ZLWK�WKH�H[LVWLQJ�,02�UHJXODWLRQV��7ZR�PDWKHPDWLFDO�PRGHOV�ZHUH�SURSRVHG�

ZLWK� WKH� DLP� RI� PLQLPL]LQJ� WKH� WRWDO� URXWH� VHUYLFH� FRVW� DQG� DQ� LWHUDWLYH� RSWLPL]DWLRQ�

DOJRULWKP ZDV� SUHVHQWHG� WR� VROYH� WKH�PRGHOV�� 5HVXOWV� IURP� FRPSXWDWLRQDO� H[SHULPHQWV�

GHPRQVWUDWHG�WKDW�HPLVVLRQ�UHVWULFWLRQV�UHGXFHG�ܱܵଶ HPLVVLRQV�E\������+RZHYHU�� WKHUH�

ZDV�DQ�LQFUHDVH�LQ�YHVVHO�WXUQDURXQG�WLPH�DQG�WRWDO�URXWH�VHUYLFH�FRVW�

'XOHEHQHWV� HW� DO�� �����D�� SURSRVHG� D� PDWKHPDWLFDO� PRGHO� IRU� WKH� JUHHQ� YHVVHO�

VFKHGXOLQJ�SUREOHP��LPSRVLQJ�FRQVWUDLQWV�RQ�WKH�HPLVVLRQV�SURGXFHG�E\�D�YHVVHO�DW�HDFK�

YR\DJH� OHJ�RI� WKH� OLQHU� VKLSSLQJ� URXWH��7KH�REMHFWLYH�PLQLPL]HG� WKH� WRWDO� URXWH� VHUYLFH�

FRVW�� ZKLFK� ZDV� FRPSRVHG� RI� WKH� WRWDO� YHVVHO� ZHHNO\� RSHUDWLQJ� FRVW�� WKH� WRWDO� EXQNHU�

FRQVXPSWLRQ�FRVW��WKH�WRWDO�SRUW�KDQGOLQJ�FRVWV��WKH�WRWDO�ODWH�DUULYDO�SHQDOW\��DQG�WKH�WRWDO�

LQYHQWRU\� FRVW�� &3/(;� ZDV� DSSOLHG� WR� VROYH� WKH� OLQHDUL]HG� SUREOHP�� 5HVXOWV� IURP�
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QXPHULFDO� H[SHULPHQWV� LQGLFDWHG� WKDW� WKH� LQWURGXFWLRQ� RI� HPLVVLRQ� FRQVWUDLQWV� PLJKW�

UHGXFH�WKH�YHVVHO�VDLOLQJ�VSHHG DW�HDFK�YR\DJH�OHJ��

6RPH� VWXGLHV� FRQVLGHUHG� YHVVHO� HPLVVLRQV� LQ IRUPXODWLQJ� EHUWK� VFKHGXOLQJ�

SUREOHPV�� )RU� H[DPSOH�� 'XOHEHQHWV� HW� DO�� �����E�� DSSOLHG� D� +\EULG� (YROXWLRQDU\�

$OJRULWKP�LQ�VROYLQJ�DQ�0,3�PRGHO�IRU�D�EHUWK�VFKHGXOLQJ�SUREOHP��7KH�REMHFWLYH�ZDV�WR�

PLQLPL]H�WKH�WRWDO�FDUERQ�GLR[LGH�HPLVVLRQ�FRVW�GXH�WR�FRQWDLQHU�KDQGOLQJ�DQG�WKH�WRWDO�

VHUYLFH�FRVW��5HVXOWV�IURP�QXPHULFDO�H[SHULPHQWV�LQGLFDWHG�WKDW�WKH�RSWLPDOLW\�JDS�RI�WKH�

GHYHORSHG�DOJRULWKP�ZDV�OHVV�WKDQ��������7KH�DXWKRUV�XQGHUOLQHG�WKDW�WKH�DSSOLFDWLRQ�RI�

ORFDO� VHDUFK� KHXULVWLF� LPSURYHG� WKH� VHDUFK� SURFHVV ZLWKRXW� VLJQLILFDQWO\� LQFUHDVLQJ� WKH�

FRPSXWDWLRQDO�WLPH�

'XOHEHQHWV� �����F�� SUHVHQWHG� D� JUHHQ� YHVVHO� VFKHGXOLQJ� SUREOHP� DW� WKH� OLQHU�

VKLSSLQJ� URXWH� ZLWK� (&$V� DQG� WUDQVLW� WLPH� FRQVWUDLQWV�� 7KH� DXWKRU� GHVLJQHG� D� PL[HG�

LQWHJHU� QRQOLQHDU� SURJUDPPLQJ�PRGHO��ZKLFK�PLQLPL]HG� WKH� RYHUDOO� URXWH� VHUYLFH� FRVW�

DQG�HPLVVLRQV��7KH�PRGHO�FDSWXUHG�FKDQJHV�LQ�WKH�YHVVHO�VFKHGXOH�GXH�WR�VZLWFKLQJ�IURP�

+HDY\�)XHO�2LO��+)2��WR�0DULQH�*DV�2LO��0*2��ZLWK�ORZ�VXOIXU�FRQWHQW�ZLWKLQ�(&$V��

7KH�SUREOHP�ZDV�OLQHDUL]HG��DQG�DQ�LWHUDWLYH�RSWLPL]DWLRQ�DOJRULWKP�ZDV�XVHG�WR�VROYH�WKH�

SUREOHP��&RPSXWDWLRQDO�H[SHULPHQWV�UHYHDOHG�WKDW�LPSRVLQJ�HPLVVLRQ�FRQVWUDLQWV�OHG�WR�D�

UHGXFWLRQ�LQ�YHVVHO�VDLOLQJ�VSHHGV�RQ�YR\DJH�OHJV�ZLWK�(&$V�DW�WKH�OLQHU�VKLSSLQJ�URXWH��

$OVR��LW�ZDV�IRXQG�WKDW�WKH�HPLVVLRQ�UHVWULFWLRQV�DQG�WKH�WUDQVLW�WLPH�UHTXLUHPHQWV�UHVXOWHG�

LQ�FKDQJHV�RI�WKH�YHVVHO�VFKHGXOH�GHVLJQ��

'XOHEHQHWV� �����G�� GHVLJQHG� D�PL[HG�LQWHJHU� QRQOLQHDU� SURJUDPPLQJ� �0,1/3��

PRGHO��ZKLFK�DFFRXQWHG�IRUܱܥ�ଶ HPLVVLRQ�FRVWV�RI�RFHDQJRLQJ�YHVVHOV�LQ�VHD�DQG�DW�SRUWV�

RI�FDOO��7KH�DXWKRU�OLQHDUL]HG�WKH�0,1/3�PRGHO�DQG�VROYHG�WKH�JUHHQ�YHVVHO�VFKHGXOLQJ�



��

SUREOHP�XVLQJ�&3/(;��5HVXOWV�IURP�FRPSXWDWLRQDO�H[SHULPHQWV�VKRZHG�WKDW�DQ�LQFUHDVH�

LQ� ଶܱܥ WD[� IURP� ����� 86'� WR� ������� 86'� UHGXFHG� WKH� TXDQWLW\� RI� FDUERQ� GLR[LGH�

HPLVVLRQV� SURGXFHG� LQ� VHD� E\� ������� )LQGLQJV� DOVR� LQGLFDWHG� WKDW� FDUERQ� GLR[LGH� WD[�

YDOXH�PLJKW� VLJQLILFDQWO\� FKDQJH� WKH� VFKHGXOH� RI� YHVVHOV� LQ� OLQHU� VKLSSLQJ��$OWKRXJK� D�

UHGXFWLRQ�LQ�WKH�VDLOLQJ�VSHHG�RI YHVVHOV�UHGXFHGܱܥ�ଶ HPLVVLRQV�SURGXFHG��PDQ\�YHVVHOV�

DUULYHG�DW�WKH�SRUWV�RI�FDOO�ODWH�

*LRYDQQLQL�DQG�3VDUDIWLV��������XQGHUOLQHG�WKDW�OLQHU�VKLSSLQJ�FRPSDQLHV�WHQG�WR�

LQFUHDVH�YHVVHO�VDLOLQJ�VSHHGV�ZKHQ�IUHLJKW�UDWHV�DUH�KLJK�DQG�UHGXFH�YHVVHO�VDLOLQJ VSHHGV�

GXULQJ� GHSUHVVHG� PDUNHW� FRQGLWLRQV�� 7KH� DXWKRUV� DOVR� H[DPLQHG� WKH� HIIHFWV� RI� WKH�

GHFLVLRQV� PDGH� E\� OLQHU� VKLSSLQJ� FRPSDQLHV� RQ� WKH� WRWDO� DPRXQW� RI� ଶܱܥ HPLVVLRQV�

SURGXFHG� E\� YHVVHOV�� 7KH� VWXG\� GHYHORSHG� D� PDWKHPDWLFDO� PRGHO�� ZKLFK� DLPHG� WR�

PD[LPL]H� WKH� WRWDO�SURILW�RI�D� OLQHU�VKLSSLQJ�FRPSDQ\�� WDNLQJ� LQWR�DFFRXQW�D�QXPEHU�RI�

IDFWRUV�� LQFOXGLQJ� EXQNHU� SULFH�� IUHLJKW� UDWH�� GDLO\� RSHUDWLQJ� IL[HG� FRVWV�� DQG� FDUJR�

LQYHQWRU\� FRVWV�� 5HVXOWV� IURP� FRPSXWDWLRQDO� H[SHULPHQWV� UHYHDOHG� WKDW� IOH[LEOH� VHUYLFH�

IUHTXHQFLHV�FRXOG�VLJQLILFDQWO\�UHGXFH�WKH�WRWDO�RSHUDWLQJ�FRVWV��0RUHRYHU��PDLQWDLQLQJ�D�

IL[HG�VHUYLFH�IUHTXHQF\�FRXOG�LQFUHDVH�WKH�IXHO�FRVW�DQG�UHVXOW�LQ ORVV�RI�UHYHQXH�

������ 9HVVHO�6FKHGXOH�5HFRYHU\

6HYHUDO� VWXGLHV� GHYHORSHG� D� QXPEHU� RI GHWHUPLQLVWLF� YHVVHO� VFKHGXOLQJ� RSWLPL]DWLRQ�

PRGHOV��ZKLFK�DVVXPHG�WKDW�WKH�YHVVHO�VHUYLFH�WLPH��ZDLWLQJ�WLPH��VDLOLQJ�GLVWDQFH��VDLOLQJ�

VSHHG��DPRQJ�RWKHU�VLJQLILFDQW�SDUDPHWHUV� ZHUH�NQRZQ��+RZHYHU��LQ�SUDFWLFH��WKHUH�DUH�

ORWV� RI� GLVUXSWLRQV� WKDW� DIIHFW WKH� SODQQHG� VFKHGXOH� RI� D� YHVVHO� YR\DJH�� 6RPH� RI� WKH�

GLVUXSWLRQV�LQFOXGH�VHYHUH�ZHDWKHU��SRUW�FRQJHVWLRQ��PHFKDQLFDO�IDLOXUHV��SRUW�VWULNHV��DQG�
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QDWXUDO�KD]DUGV��$FFRUGLQJ�WR %URXHU�DW�DO����������SLUDF\�DQG�FUHZ�VWULNHV�RQ�YHVVHOV�DUH�

VRPH�RI�WKH�XQXVXDO FDXVHV�RI�GLVUXSWLRQV�LQ�OLQHU�VKLSSLQJ��1RWWHERRP��������IRXQG�WKDW�

DERXW�����DQG�����RI�YHVVHO�URXQG�WULSV��UHFRUGHG�ODWH�DUULYDOV�DW�RQH�RU�PXOWLSOH�SRUW�V��

RI� FDOO� DORQJ� WKHLU� URXWHV�� 7KH� ODWWHU� DIIHFWHG� WKH� SODQQHG� VFKHGXOH� RI� YHVVHOV�� DQG�

VKLSSLQJ�FRPSDQLHV�IDFHG�WKH�FKDOOHQJH�RI�UHFRYHULQJ�WKH�GHOD\HG�VFKHGXOH�RI�YHVVHOV�LQ�

VHD��7KH�GLVUXSWLRQ�RI�WKH�YHVVHO�VFKHGXOHV�LQ�OLQHU�VKLSSLQJ�XVXDOO\�UHVXOWV�LQ�ODWH�DUULYDOV�

RI YHVVHOV�IRU�FRQQHFWLRQ��DQG��LQ�VRPH�FDVHV��WKH�ZKROH�QHWZRUN�FRXOG�EH�DIIHFWHG�E\�WKH�

GHOD\�DW�D�SRLQW�RQ�WKH�QHWZRUN��

7LPHO\�GHOLYHU\�LV�LPSRUWDQW�LQ�OLQHU�VKLSSLQJ��DV�WKH�GHOD\�LQ�WKH�FDUJR�GHOLYHU\�

UHVXOWV� LQ�DQ�H[FHVVLYH�FRVW�IRU� WKH�FXVWRPHUV��7KHUHIRUH�� LQ� WKH�HYHQW�RI�D�GLVUXSWLRQ�LQ�

WKH�SODQQHG�VFKHGXOH�RI�D�YHVVHO��WKH�OLQHU�VKLSSLQJ�FRPSDQLHV�H[DPLQH�WKH�VFHQDULR�DQG�

GHWHUPLQH�WKH�PRVW�IHDVLEOH�DFWLRQ�LQ�RUGHU�WR�UHFRYHU�WKH�VFKHGXOH��)RU�GHOD\HG�YHVVHOV��

WKH�RSHUDWRU�RI�D�YHVVHO�PD\�GHFLGH� WR LQFUHDVH� WKH�VDLOLQJ�VSHHG��+RZHYHU�� UHVHDUFKHUV�

KDYH� HVWDEOLVKHG� WKDW� EXQNHU� IXHO� FRQVXPSWLRQ� LQFUHDVHV� ZLWK� YHVVHO� VDLOLQJ� VSHHG�

�$OGHUWRQ��������'X�HW�DO���������:DQJ�DQG�0HQJ������E��3VDUDIWLV�DQG�.RQWRYDV���������

WKXV�� LQFUHDVLQJ� WKH� VDLOLQJ� VSHHG� UHVXOWV� LQ� DQ� LQFUHDVH� LQ� WKH� IXHO� FRVWV��$OVR�� YHVVHOV�

KDYH� WKH� GHVLJQ� PD[LPXP� VSHHGV�� +HQFH�� VHOHFWLQJ� WKH� PD[LPXP� VSHHG� GRHV� QRW�

JXDUDQWHH�WKH�VFKHGXOH�UHFRYHU\��'LVUXSWLRQ�PDQDJHPHQW�KDV�EHFRPH�D�SULPDU\�VRXUFH�RI�

GLVFXVVLRQ� E\� OLQHU� VKLSSLQJ� FRPSDQLHV�� JLYHQ� WKH� SURKLELWLYH� FRVWV� DVVRFLDWHG� ZLWK�

VFKHGXOH� UHFRYHU\��$OWKRXJK� VRPH� VWXGLHV� FRQVLGHUHG� XQFHUWDLQWLHV� DVVRFLDWHG�ZLWK� WKH�

OLQHU� VKLSSLQJ� RSHUDWLRQV�� RQO\� D� IHZ� VWXGLHV� H[DPLQHG� WKH� YHVVHO� VFKHGXOH� UHFRYHU\�

SUREOHP LQ�OLQHU�VKLSSLQJ��
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3DXO�DQG�0DORQL��������SUHVHQWHG�D�QRQOLQHDU�SURJUDPPLQJ�PRGHO�IRU�GLVUXSWLRQV�

DW�VHDSRUWV�GXH�WR�D�GLVDVWHU��7KH�REMHFWLYH�DLPHG�WR�PLQLPL]H�WKH�WRWDO�RSHUDWLRQDO�FRVW�

�LQFOXGLQJ�WUDQVSRUWDWLRQ��LQYHQWRU\�DQG�SRUW�KDQGOLQJ�FRVWV���7KH�'LMNVWUD¶V�VKRUWHVW�SDWK�

DOJRULWKP ZDV� DSSOLHG� WR� REWDLQ� WKH� RSWLPDO� URXWHV� DQG� DOORFDWLRQ� RI� YHVVHOV� WR� SRUWV��

0RUHRYHU��D�PRUH�UREXVW�DOJRULWKP�ZDV�DOVR�GHYHORSHG�WR�FRQWLQXRXVO\�XSGDWH�WKH�YHVVHO�

WR� SRUW� DOORFDWLRQ� DQG� SRUW� FDSDFLW\�� 7KH� DOJRULWKP�ZDV� DSSOLHG� WR� DVVHVV� WKH� HIIHFW� RI�

GLVDVWHUV��H�J���ZHDWKHU��ODERU��WHUURULVW�DWWDFN��HWF���RQ�WKH�1RUWK�$PHULFDQ�FRQWDLQHU�SRUW�

QHWZRUN��5HVXOWV�IURP�QXPHULFDO�H[SHULPHQWV� FRQGXFWHG�IRU�RQH�\HDU�WLPH�SHULRG�VLQJOH�

DQG�PXOWLSOH�SRUW�VKXWGRZQ�VFHQDULRV� VXJJHVWHG KLJK�DGGLWLRQDO�FRVWV�

%URXHU�HW�DO���������FRQGXFWHG�D�SLRQHHULQJ�UHVHDUFK�LQ�YHVVHO�VFKHGXOH�UHFRYHU\��

7KH�DXWKRUV�SURSRVHG�DQ�0,3�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP��9653��WR�HYDOXDWH�WKH�

HIIHFWV� RI� GLVUXSWLRQV�� ZKLFK� LQFOXGH�� ���� GHOD\V� �GXH� WR� LQFOHPHQW� ZHDWKHU��� ���� SRUW�

FORVXUH��GXH�WR�VWULNHV�������EHUWK�SULRULWL]DWLRQ��GHFLVLRQ�WR�VHUYLFH�D�YHVVHO�EHFDXVH�RI LWV�

VL]H��� DQG� ���� SRUW� FRQJHVWLRQ� �SRUW� PDLQWHQDQFH�PD\� UHVXOW� LQ� FRQJHVWLRQ��� 7KH� VWXG\�

SUHVHQWHG�D�VSDFH�WLPH�QHWZRUN�PRGHO�ZLWK�DQ�REMHFWLYH�IXQFWLRQ��ZKLFK�PLQLPL]HG�WKH

WRWDO�RSHUDWLRQDO�FRVW�DQG�SHQDOWLHV�LPSRVHG�GXH�WR�GHOD\HG�RU�PLVVHG�FDUJR�FRQQHFWLRQ��

7KH� SUHVHQWHG�PRGHO� LQGLFDWHG� WKDW� WKH�9653� LV� RI�13�KDUG� FRPSOH[LW\�� )RXU� UHDO�OLIH�

SUREOHP�LQVWDQFHV�ZHUH�JHQHUDWHG�DQG�ZHUH�VROYHG�XVLQJ�&3/(;��7KH�FRQVLGHUHG�YHVVHO�

VFKHGXOH�UHFRYHU\�VWUDWHJLHV�LQFOXGHG���L��RPLW�D�SRUW�RI�FDOO���LL��VZDS�SRUW�FDOOV��DQG��LLL��

DGMXVW� YHVVHO� VDLOLQJ� VSHHGV�� 7KH� UHVXOWV� RI� FRPSXWDWLRQDO� H[SHULPHQWV�� ZKLFK� ZHUH�

VROYHG�ZLWKLQ�D� UHDVRQDEOH�&38�WLPH�� VKRZHG�D�����FRVW� UHGXFWLRQ�ZKHQ� WKH�RSHUDWRU�

GHFLGHG�WR�RPLW�D�SRUW�RI�FDOO�RU�VZDS�SRUWV�RI�FDOO��DQG�HQVXUHG�WLPHO\�GHOLYHU\�RI�FDUJR��

)XUWKHUPRUH��WKH�DXWKRUV�VXJJHVWHG�RWKHU�UHFRYHU\�VWUDWHJLHV��ZKLFK�FRXOG�EH�FRQVLGHUHG��
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H�J��UHGXFLQJ�WKH�WLPH�VSHQW�LQ�D�SRUW�RI�FDOO�XQORDGLQJ�EXW�QRW�ORDGLQJ��PHUJLQJ�SRUW�RI�

FDOOV�RU�DGGLQJ�SURWHFWLRQ�DUFV��UHURXWLQJ�FDUJRHV�RQ�WKH�QHWZRUN��DQG�RWKHUV�

/HH� DW� DO�� ������� SURSRVHG� D�PRGHO� WKDW� LQFRUSRUDWHG� SRUW� WLPH� XQFHUWDLQW\� DQG�

VORZ�VWHDPLQJ�LQ�GHWHUPLQLQJ�VHUYLFH�UHOLDELOLW\��EXQNHU�FRQVXPSWLRQ��DQG�HPLVVLRQV��7KH�

DXWKRUV� IRXQG� WKDW� GHOD\� DQG� XQFHUWDLQ� SRUW� WLPHV� UHGXFHG� WKH� VHUYLFH� TXDOLW\� DQG�

LQFUHDVHG�EXQNHU�FRQVXPSWLRQ�DV�ZHOO�DV�HPLVVLRQV��7KLV�VWXG\�XQGHUOLQHG�WKDW�GHOD\�DW�

SRUWV�PLJKW�FDXVH�YHVVHO�RSHUDWRUV�WR�VSHHG�XS�WR�UHFRYHU�WKH�VFKHGXOH��7KH�GHFLVLRQ�WR�

LPSOHPHQW� WKH� ODWWHU� VWUDWHJ\� FRXOG� LQFUHDVH� EXQNHU� FRQVXPSWLRQ� DQG� DVVRFLDWHG�

HPLVVLRQV�

/L�HW�DO���������VWXGLHG�WKH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�IRU�D�VLQJOH�YHVVHO�

LQ�OLQHU�VKLSSLQJ�URXWH��7KH�SUREOHP�ZDV�IRUPXODWHG�DQG�GLYLGHG�LQWR WKUHH�DVSHFWV��EDVHG�

RQ� SRVVLEOH� DFWLRQV� WKDW� FRXOG� EH� WDNHQ� E\� WKH� YHVVHO� RSHUDWRU�� ZKLFK� LQFOXGH�� �D��

VSHHGLQJ�XS�RQO\���E��SRUW�VNLSSLQJ�RQO\��DQG��F��SRUN�VNLSSLQJ�DQG�SRUW�VZDSSLQJ��7KH�

REMHFWLYH�RI�WKH�PDWKHPDWLFDO�PRGHO�IRUPXODWHG�ZDV�WR�PLQLPL]H�WKH�WRWDO�URXWH�VHUYLFH�

FRVW��$�VHW�RI�GLVFUHWH�G\QDPLF�SURJUDPPLQJ� �'3��DOJRULWKPV�ZHUH�GHYHORSHG� WR� VROYH�

WKH�QRQOLQHDU�RSWLPL]DWLRQ�SUREOHP��5HVXOWV�IURP�FRPSXWDWLRQDO�H[SHULPHQWV�VKRZHG�WKDW�

WKH�'3�DOJRULWKPV�VROYHG�WKH�SUREOHP�LQVWDQFHV�ZLWKLQ�D�UHDVRQDEOH�FRPSXWDWLRQDO�WLPH�

IRU�WKH�FDVHV�ZLWK�WKH�RSWLRQV�RI�VSHHGLQJ�XS�DQG�SRUW�VNLSSLQJ��$OVR��WKH�UHVXOWV�VKRZHG�

WKDW� LI� WKH�GHOD\�ZDV�QRW� WRR� ODUJH�� WKH�RSWLRQ�RI� VSHHGLQJ�ZDV�SUHIHUUHG� IRU� WKH�YHVVHO�

VFKHGXOH�UHFRYHU\�DV�WKH�YHVVHO�PLJKW�QRW�QHHG�WR�VDLO�DW�WKH�PD[LPXP�VSHHG�WR�UHFRYHU�

WKH� VFKHGXOH�� ,Q� DGGLWLRQ�� LW�ZDV� IRXQG� WKDW� IRU� WKH� YHVVHOV�ZLWK� ORZ�PD[LPXP� VDLOLQJ�

VSHHGV��H�J��VDLOLQJ�VSHHGV�OHVV�WKDQ����NQRWV���WKH�RSWLRQ�RI�SRUW�VNLSSLQJ�ZDV�IRXQG�WR�

EH�PRUH�HIIHFWLYH��)XUWKHUPRUH��SRUW�VZDSSLQJ�DQG�SRUW�VNLSSLQJ�ZHUH�IRXQG�WR�EH�EHWWHU�
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DOWHUQDWLYHV�ZLWK� VLJQLILFDQW� FRVW� VDYLQJV� LI� WKH� GHOD\�ZDV� ODUJH�� ,W�ZDV� DOVR� IRXQG� WKDW�

DGGLWLRQDO�EXIIHU�WLPH�UHGXFHG�WKH�FRVW�RI�VFKHGXOHG�UHFRYHU\��:DQJ�DQG�0HQJ������D��

DQG�4L�DQG�6RQJ��������KLJKOLJKWHG�WKDW VKRUW�VHJPHQWV�RQ�D�OLQHU�VKLSSLQJ�URXWH�UHTXLUH�

PRUH�EXIIHU�WLPH�GXH�WR�ZHDN�IOH[LELOLW\��

/L� HW� DO�� ������� IRFXVHG� RQ� D� UHDO� WLPH� VFKHGXOH� UHFRYHU\� SUREOHP� LQ� D� OLQHU�

VKLSSLQJ�VHUYLFH��7ZR� W\SHV�RI�XQFHUWDLQWLHV� LQ� OLQHU� VKLSSLQJ�ZHUH�GHILQHG�� ���� UHJXODU�

XQFHUWDLQWLHV� �UHFXUULQJ� SUREDELOLVWLF� DFWLYLWLHV� DW� WKH� SRUW� DQG� VHD�� VXFK� DV SRUW�

FRQJHVWLRQ��� DQG� ���� GLVUXSWLYH� HYHQWV� �RFFDVLRQDO� RU� RQH�RII� HYHQWV�� ZKLFK� PD\� EH�

IRUHFDVWHG� EXW� DUH� QRW� XVXDOO\� SODQQHG�� H�J�� ODERU� VWULNHV� DQG� LQFOHPHQW� ZHDWKHU��� 7KH

DXWKRUV� SURSRVHG� D� PXOWL�VWDJH� VWRFKDVWLF� PRGHO�� ZKHUH� WKH� OLQHU� VKLSSLQJ� URXWH� ZDV�

UHSUHVHQWHG�E\�VHYHUDO�VHD�OHJV��7KH�RSWLPDO�WUDYHO� WLPH�DW�HDFK�VHJPHQW�ZDV�FRPSXWHG�

E\�FRQVLGHULQJ�WKH�XQFHUWDLQWLHV�LQ�VDLOLQJ�WLPHV�GXH�WR�D�GLVUXSWLRQ��7KH�REMHFWLYH�RI�WKH�

IRUPXODWHG�PDWKHPDWLFDO�PRGHO�PLQLPL]HG� WKH� WRWDO� URXWH� VHUYLFH� FRVW� �ZKLFK� LQFOXGHG�

WKH�YHVVHO�GHOD\�SHQDOW\��FRVW�RI�YHVVHO�KDQGOLQJ�DW�SRUWV��DQG�IXHO�FRQVXPSWLRQ�FRVW���WKH�

VHUYLFH�XQUHOLDELOLW\�DQG�HPLVVLRQV��7KH�'3�DOJRULWKP�ZDV�DSSOLHG�WR�VROYH�WKH�SUREOHP��

5HVXOWV� IURP� QXPHULFDO� H[SHULPHQWV� LQGLFDWHG� WKDW�� IRU� VFHQDULRV� ZLWKRXW� HDUOLHVW�

KDQGOLQJ�WLPH�FRQVWUDLQWV��VNLSSLQJ�WKH�GLVUXSWLRQ�SRUW�PLJKW�DOORZ�WKH�FDUULHU�WR�UHFRYHU�

WKH�VFKHGXOH�

&KHUDJKFKL� HW� DO�� ������� IRUPXODWHG� WKH� 9653� DV� D� EL�REMHFWLYH� RSWLPL]DWLRQ�

SUREOHP�� 7KH� DXWKRUV� SUHVHQWHG� D� VSHHG�EDVHG� YHVVHO� VFKHGXOH� UHFRYHU\� SUREOHP� �6�

9653���7KH�ILUVW�REMHFWLYH�PLQLPL]HG�WKH�WRWDO�PRQHWDU\�ORVVHV��DVVRFLDWHG�ZLWK�EXQNHU�

FRQVXPSWLRQ� DQG� ODWH� DUULYDO� SHQDOW\�� 0RUHRYHU�� VORZ� VWHDPLQJ� DQG QRUPDO� VWHDPLQJ�

SROLFLHV� ZHUH� FRQVLGHUHG� WR� PLQLPL]H� WKH� EXQNHU� FRQVXPSWLRQ�� 7KH VHFRQG� REMHFWLYH�
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PLQLPL]HG�WKH�WRWDO�GHOD\�GXH�WR�GLVUXSWLRQ��FRQVLGHULQJ�WKH�VFKHGXOHG�WLPH�RI�DUULYDO�DW�

WKH�SRUW�DQG� WKH� WLPH�RI�DUULYDO�DIWHU� WKH�UHFRYHU\�SODQ���7KLV�VWXG\�XVHG� WKH�GHOD\�DV�D�

PHDVXUH� RI� WKH� VHUYLFH� UHOLDELOLW\� LQ� WKH� SUREOHP� IRUPXODWLRQ�� 3UREOHP� LQVWDQFHV� ZHUH�

JHQHUDWHG� XVLQJ� D� OLVW� RI� PDMRU� SRUWV� LQ� WKH� ZRUOG� DQG� QXPHULFDO� H[SHULPHQWV� ZHUH�

FRQGXFWHG� IRU� WKH� VFHQDULRV�� ZKLFK� FRQVLGHUHG�� ��� VFDODELOLW\� RI WKH� PHWDKHXULVWLFV�

DSSOLHG�� ��� WZR� YHVVHO� VWHDPLQJ� SROLFLHV� �VORZ� VWHDPLQJ� DQG� QRUPDO� VWHDPLQJ��� DQG� ���

YR\DJH� GLVWDQFH�� 7KH� 1RQ�'RPLQDWHG� 6RUWLQJ� *HQHWLF� $OJRULWKP� �16*$�,,��� *$��

6WUHQJWK� 3DUHWR� (YROXWLRQDU\� $OJRULWKP� ,,� �63($�,,��� DQG� RWKHU� PHWDKHXULVWLFV ZHUH�

DSSOLHG�WR�VROYH�WKH�SUREOHPV��5HVXOWV�IURP�WKH�FRPSXWDWLRQDO�H[SHULPHQWV VKRZHG�WKDW�

WKH�16*$�,,�DOJRULWKP�SHUIRUPHG�EHWWHU�WKDQ�RWKHU�PHWDKHXULVWLFV�XVHG��)XUWKHUPRUH��WKH�

UHVXOWV� GHPRQVWUDWHG� WKDW� GHOD\V� LQ� ORQJ�GLVWDQFH� YR\DJHV� DUH� HDVLHU� WR� PLWLJDWH� DV�

FRPSDUHG�WR�VKRUW�GLVWDQFH�YR\DJHV��,W�ZDV�DOVR�IRXQG�WKDW�WKH�PRGHOV�SHUIRUPHG�EHWWHU�

XQGHU�QRUPDO�VWHDPLQJ�DV�FRPSDUHG�WR�VORZ�VWHDPLQJ�

���� /LWHUDWXUH�6XPPDU\

$� FRQFLVH� VXPPDU\� RI� WKH� FROOHFWHG� VWXGLHV� LV� SURYLGHG� LQ� 7DEOH� ��� 7KH� SUHVHQWHG�

LQIRUPDWLRQ� LQFOXGHV�� �L�� DXWKRU�V��� �LL�� \HDU�� �LLL�� REMHFWLYH� FRQVLGHUHG�� �LY�� REMHFWLYH�

FRPSRQHQWV� �LI� DSSOLFDEOH��� �Y�� VROXWLRQ� DSSURDFK� XVHG� �LI� DSSOLFDEOH��� DQG� �YL��

QRWHV�LPSRUWDQW�FRQVLGHUDWLRQV��
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7DEOH�� /LWHUDWXUH VXPPDU\

D�D $XWKRU�V� 2EMHFWLYH 2EMHFWLYH�&RPSRQHQWV 6ROXWLRQ�$SSURDFK 1RWHV�,PSRUWDQW�&RQVLGHUDWLRQV
*HQHUDO�9HVVHO�6FKHGXOLQJ

� 5RQHQ�������� 5HYLHZ�YHVVHO�VFKHGXOLQJ�
PRGHOV

1�$ 1�$ 8QGHUOLQHG�WKDW�XQFHUWDLQW\�DVVRFLDWHG�
ZLWK�YHVVHO�RSHUDWLRQV�OLPLWV�WKH�
DSSOLFDELOLW\�RI�GHWHUPLQLVWLF�PRGHOV

� /DQH�HW�DO�������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��79& +HXULVWLF &RQVLGHUHG�SRUW�VHUYLFH�WLPHV
� 5RQHQ������� 5HYLHZ�YHVVHO�VFKHGXOLQJ�

PRGHOV
1�$ 1�$ 0DMRULW\�RI�VWXGLHV�IRFXVHG�RQ�FRVW�

PLQLPL]DWLRQ�DQG�UHYHQXH�
PD[LPL]DWLRQ

� %HQGDOO�DQG�6WHQW�
������

0D[LPL]H�WKH�WRWDO�UHYHQXH 72&��73&��79&��7)9��
06&

+HXULVWLF (VWLPDWHG�WKH�RSWLPXP�QXPEHU�RI�
YHVVHOV�UHTXLUHG�WR�PHHW�D�JLYHQ�
GHPDQG

� )DJHUKROW������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��7)& +HXULVWLF $OORZHG�FRQWUROOHG�WLPH�ZLQGRZ�
YLRODWLRQ�WR�REWDLQ�EHWWHU�VFKHGXOHV

� 7LQJ�DQG�7]HQJ�
������

0LQLPL]H�WKH�VFKHGXOH�
XQUHOLDELOLW\

73&��79& '\QDPLF�
SURJUDPPLQJ

0RGHOHG�WKH�RSWLPDO�YHVVHO�FUXLVLQJ�
VSHHG

� &KULVWLDQVHQ�HW�DO��
�������

5HYLHZ�YHVVHO�URXWLQJ�DQG�
VFKHGXOLQJ�PRGHOV

1�$ 1�$ +LJKOLJKWHG�WKDW�RSWLPL]DWLRQ�EDVHG
GHFLVLRQ�VXSSRUW�V\VWHPV�KDYH�EHHQ�
ZLGHO\�DGRSWHG

� &KHQ�HW�DO��������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7,&��73&��79& +HXULVWLF &RQVLGHUHG�FRQWDLQHUV�ZLWK�ORDG�RQ�
RQH�ZD\�DQG�HPSW\�FRQWDLQHUV�RQ�WKH�
UHWXUQ�WULS

� )DJHUKROW�DQG�
/LQVWDG�������

0D[LPL]H�WKH�WRWDO�SURILW 72&��7,& +HXULVWLF 'HYHORSHG�D�GHFLVLRQ�VXSSRUW�V\VWHP�
IRU�YHVVHO�SODQQLQJ�DQG�VFKHGXOLQJ

�� $UJDZDO�DQG�(UJXQ�
������

0D[LPL]H�WKH�WRWDO�SURILW 72&��5(9��7,& +HXULVWLF 6ROXWLRQ�DSSURDFK�LPSURYHG�
XWLOL]DWLRQ�RI�YHVVHO�FDSDFLWLHV

�� %RURV�HW�DO��������� 0D[LPL]H�WKH�WRWDO�SURILW��
0LQLPL]H�WKH�WRWDO�FRVW

72&��5(9��7,&��73&��
79&

,WHUDWLYH�
RSWLPL]DWLRQ�
DOJRULWKP

&RQVLGHUHG�SRUW�DYDLODELOLW\��SRUW�
WLPHV��DQG�VHDVRQDOLW\�LQ�WKH�GHPDQG

�� /HL�HW�DO��������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��7,&��79& +HXULVWLF (PSKDVL]HG�WKH�QHHG�IRU�SDUWQHUV�
ZLWK�IXOO�FRPPLWPHQW�WR�VKDUH�WKH�
GHPDQG�DQG�WKH�UHVRXUFHV
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7DEOH�� /LWHUDWXUH VXPPDU\ ± FRQWLQXHG

D�D $XWKRU�V� 2EMHFWLYH 2EMHFWLYH &RPSRQHQWV 6ROXWLRQ�$SSURDFK 1RWHV�,PSRUWDQW�&RQVLGHUDWLRQV
*HQHUDO�9HVVHO�6FKHGXOLQJ

�� *DWLFD�DQG�0LUDQGD�
������

0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��79& +HXULVWLF� 1HWZRUN�EDVHG�PRGHO�DOORZHG�WKH�
LQFOXVLRQ�RI�IHDWXUHV��VXFK�DV�VRIW�WLPH�
ZLQGRZV��SRUW�VHUYLFH�FRVWV��HWF�

�� .RUVYLN�HW�DO�������� 0D[LPL]H�WKH�WRWDO�SURILW 72&��73&��79&��5(9 +HXULVWLF� ,QGLFDWHG�WKDW�LQWURGXFLQJ�VSOLW�ORDGV�
FRXOG�\LHOG�VLJQLILFDQW�LPSURYHPHQWV

�� 5RQHQ�������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��7,& $QDO\WLFDO�PHWKRG 'HWHUPLQHG�WKH�RSWLPDO�VDLOLQJ�VSHHG�
RI�YHVVHOV

�� &KULVWLDQVHQ�HW�DO��
�������

5HYLHZ�SUREOHPV�LQ�YHVVHO�
URXWLQJ�DQG�VFKHGXOLQJ

1�$ 1�$ &RPSOH[�YHVVHO�URXWLQJ�DQG�
VFKHGXOLQJ�SUREOHPV�VWLOO�H[LVW��ZKLFK�
KDYH�QRW�EHHQ�DGGUHVVHG

�� +DOYRUVHQ�:HDUH�
DQG�)DJHUKROW
������

0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79&��
5(9

+HXULVWLF &RQVLGHUHG�IL[HG�DQG�IOH[LEOH�YHVVHO�
VHUYLFH�WLPHV

�� +YDWWXP�HW�DO��
�������

0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73& ,WHUDWLYH�
RSWLPL]DWLRQ�
DOJRULWKP

'HWHUPLQHG�WKH�RSWLPDO�VDLOLQJ�VSHHG

�� GH $UPDV�HW�DO��
������

0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73& +HXULVWLF 8VH�RI�GLVFUHWL]HG�WLPH�ZLQGRZV�
DOORZV�IRU�WKH�FRQVLGHUDWLRQ�RI�VHYHUDO�
IHDWXUHV

�� 'XOHEHQHWV������D�� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79& &3/(; 3URSRVHG�D�0HPHWLF�$OJRULWKP�WR�
PRGHO�EXQNHU�FRQVXPSWLRQ

�� :DQJ�HW�DO��������� 0LQLPL]H�WKH�WRWDO�FRVW 7)&��7,& ,WHUDWLYH�
RSWLPL]DWLRQ�
DOJRULWKP

(VWLPDWHG�WKH�SHUFHLYHG�YDOXH�RI�
FRQWDLQHU�WUDQVLW�WLPHV

�� $\GLQ�HW�DO�������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79& '\QDPLF�
SURJUDPPLQJ�

&RQVLGHUHG�XQFHUWDLQ�SRUW�WLPHV��
EXQNHULQJ�SUREOHP��DQG�VSHHG�
RSWLPL]DWLRQ�LQ�OLQHU�VKLSSLQJ

�� 'XOHEHQHWV�DQG�
2]JXYHQ��������

0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79&��
7,&��06&

&3/(; 7UDQVSRUWDWLRQ�RI�SHULVKDEOH�DVVHWV�

�� /HH�DQG�6RQJ�
������

5HYLHZ�FXUUHQW�SUDFWLFHV�DQG�
LVVXHV�LQ�FRQWDLQHU�WUDQVSRUW

1�$ 1�$ +LJKOLJKWHG�WKH�VWUDWHJLF�SODQQLQJ��
WDFWLFDO�SODQQLQJ�DQG�RSHUDWLRQV�
PDQDJHPHQW�LVVXHV



��

7DEOH�� /LWHUDWXUH VXPPDU\�± FRQWLQXHG

D�D $XWKRU�V� 2EMHFWLYH 2EMHFWLYH�&RPSRQHQWV 6ROXWLRQ�$SSURDFK 1RWHV�,PSRUWDQW�&RQVLGHUDWLRQV
*HQHUDO�9HVVHO�6FKHGXOLQJ

�� 'XOHEHQHWV������D� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7,&��73&��79&��
7)&

&3/(; 9HVVHO�VFKHGXOHV�DUH�PRUH�VHQVLWLYH�WR�
WKH�XQLW�IXHO�FRVW�DV�FRPSDUHG�WR�WKH�
XQLW�FDUERQ�GLR[LGH�HPLVVLRQ�FRVW

�� 'XOHEHQHWV������E� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79&��
7,&

%$521 9HVVHO�VFKHGXOHV�ZHUH�PRUH�VHQVLWLYH�
WR�ODUJHU�YHVVHOV�LQ�WKH�IOHHW��
FRPSDUHG�WR�LQFUHDVH�LQ�WKH�XQLW�
EXQNHU�FRVW

�� 0DOOLGLV HW�DO��
������

0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79&��
7,&��7(&��06&

$QDO\WLFDO�PHWKRG 6ORZ�VWHDPLQJ�VLJQLILFDQWO\�UHGXFHG�
WKH�YHVVHO¶V�IXHO�FRVWV��DQG�VKLSSLQJ�
&2��HPLVVLRQV

&ROODERUDWLYH�$JUHHPHQWV
�� (YDQJHOLVWD�DQG�

0RUYLOOR�������
5HYLHZ�WKH�SHUIRUPDQFH�RI�
H[LVWLQJ�DOOLDQFHV

1�$ 1�$ )RXQG�WKDW�PRVW�RI�WKH�DOOLDQFHV�LQ�
OLQHU�VKLSSLQJ�DUH�LQ�PDULWLPH�
WUDQVSRUW�UDWKHU�WKDQ�LQODQG�WUDQVSRUW

�� &DULRX������� $QDO\]H�YDULRXV�IOHHW�
DOORFDWLRQ�PRGHOV

72&��7,&��5(9��06& $QDO\WLFDO�PHWKRG &RPSRVLWLRQ�RI�D�VWUDWHJLF�DOOLDQFH
PD\�LPSDFW�LWV�HIIHFWLYHQHVV

�� +HDYHU�HW�DO�������� ([DPLQH�WKH�FRQVHTXHQFHV�RI�
HYROXWLRQ�RI�PDUNHW�VWUXFWXUHV

72&��7,&��5(9��06& 1�$ ,QGLFDWHG�WKDW�SRUW�RSHUDWRUV�SOD\�D�
VLJQLILFDQW�UROH�LQ�WKH�(XURSHDQ�
PDUNHW

�� 6ODFN�HW�DO�������� $QDO\]H�VWUDWHJLF�DOOLDQFHV�LQ�
FRQWDLQHU�VKLSSLQJ

72&��7,& 1�$ (PSKDVL]HG�WKH�QHHG�WR�LPSRVH�
JUHDWHU�VWDQGDUGL]DWLRQ�LQ�WKH�
FRQWDLQHU�VKLSSLQJ�LQGXVWU\

�� /X�HW�DO��������� ([SORUH�VXFFHVV�IDFWRUV�ZLWKLQ�
D�VSHFLILF�DOOLDQFH�JURXS

1�$ 1�$ 0XWXDO�WUXVW�EHWZHHQ�SDUWQHUV�LV�WKH�
PRVW�LPSRUWDQW�IDFWRU�IRU�VXFFHVV�RI�
DOOLDQFHV

�� 3\DQLGHV�DQG�
:LHGPHU�������

$QDO\]H�FROODERUDWLRQ�DPRQJ�
OLQHU�VKLSSLQJ�FRPSDQLHV

1�$ 1�$ 6HYHUDO�VWXGLHV�PDGH�TXDOLWDWLYH�
DVVHVVPHQWV�RI�KRUL]RQWDO�DOOLDQFHV�
EXW�QRW�TXDQWLWDWLYH�HYDOXDWLRQV

�� 6RQJ�DQG�3DQD\LGHV�
������

0LQLPL]H�WKH�WRWDO�FRVW 72&��7,&��5(9��06& $QDO\WLFDO�PHWKRG 7KH�WKHRU\�H[SODLQV�WKH�OLQHU�VKLSSLQJ�
PDUNHW

�� $JDUZDO�DQG�(UJXQ�
������

0D[LPL]H�WKH�WRWDO�SURILW 72&��7,&��5(9 &3/(; &RQVLGHUHG�DOOLDQFH�IRUPDWLRQ�DPRQJ
WKUHH�DQG�IRXU�FDUULHUV
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7DEOH�� /LWHUDWXUH VXPPDU\�± FRQWLQXHG

D�D $XWKRU�V� 2EMHFWLYH 2EMHFWLYH�&RPSRQHQWV 6ROXWLRQ�$SSURDFK 1RWHV�,PSRUWDQW�&RQVLGHUDWLRQV
&ROODERUDWLYH�$JUHHPHQWV

�� *ROLDV HW�DO�������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��79& (YROXWLRQDU\�
$OJRULWKP

&RQVLGHUHG�SULRULW\�LQ�KDQGOLQJ�
YHVVHOV

�� ,PDL�HW�DO�������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��79& (YROXWLRQDU\�
$OJRULWKP

$GGLWLRQDO�FRVWV�ZHUH�FRQVLGHUHG�IRU�
H[WHUQDO�WHUPLQDO�XWLOL]DWLRQ

�� *ROLDV�DQG�
+DUDODPELGHV�
������

0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79& (YROXWLRQDU\�
$OJRULWKP

3URSRVHG�EHUWK�VFKHGXOLQJ�SROLF\�ZLWK�
GLIIHUHQW�FRVW�IXQFWLRQV

�� .DUDID�HW�DO�������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79& (YROXWLRQDU\�
$OJRULWKP

&RQVLGHUHG�WKH�WRWDO�KDQGOLQJ�DQG�
GHOD\HG�GHSDUWXUH�FRVW

�� :DQJ�HW�DO��������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79& ,WHUDWLYH�
RSWLPL]DWLRQ�
DOJRULWKP

&RQVLGHUHG�PXOWLSOH�VHUYLFH�WLPH�
ZLQGRZV�LQ�OLQHU�VKLSSLQJ�VFKHGXOH

�� $OKUDEL�HW�DO�������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79& ,WHUDWLYH�
RSWLPL]DWLRQ�
DOJRULWKP

&RQVLGHUHG�WKH�HIIHFWV�RI�VHUYLFH�WLPH�
ZLQGRZV��SRUW�KDQGOLQJ�HIILFLHQF\��
EXQNHU�SULFH��DQG�XQLW�LQYHQWRU\�FRVW�
LQ�OLQHU�VKLSSLQJ

�� 'XOHEHQHWV������E� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79& +HXULVWLF 0RGHOHG�PXOWLSOH�SRUW�KDQGOLQJ�UDWHV
�� 3HQJ�HW�DO�������� 0LQLPL]H�WKH�WRWDO�VHUYLFH�WLPH 72&��73&��79& (YROXWLRQDU\�

$OJRULWKP
3RUW�VFKHGXOLQJ�VFKHPH�ZDV�
VLJQLILFDQWO\�LPSURYHG

�� 'XOHEHQHWV������D� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7,&��73&��79&��
7)&

&3/(; 9HVVHO�VFKHGXOHV�DUH�PRUH�VHQVLWLYH�WR�
WKH�XQLW�IXHO�FRVW�DV�FRPSDUHG�WR�WKH�
XQLW�FDUERQ�GLR[LGH�HPLVVLRQ�FRVW

�� 'XOHEHQHWV�HW�DO��
�����D��

0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��79& 0HPHWLF�$OJRULWKP 7KH�SURSRVHG�SROLF\�GHPRQVWUDWHG�
JUHDWHU�VDYLQJV�IRU�WKH�VFHQDULRV�ZLWK�
KLJKHU�GHPDQG

8QFHUWDLQW\�LQ�/LQHU�6KLSSLQJ�2SHUDWLRQV
�� 1RWWHERRP������� $VVHVV�WKH�FDXVHV�RI�VFKHGXOH�

XQUHOLDELOLW\
72&��73&��79& $QDO\WLFDO�PHWKRG 'LVFXVVHG�PHDVXUHV�WR�PD[LPL]H�

VFKHGXOH�UHOLDELOLW\
�� 'UHZU\������� $GGUHVVHG�VFKHGXOH�

XQUHOLDELOLW\
72&��73&��79& $QDO\WLFDO�PHWKRG $QDO\]HG�WKH�KLVWRULFDO�GDWD�LQ�RUGHU�

WR�DVVHVV�WKH�VFKHGXOH�XQUHOLDELOLW\
�� &KXDQJ�HW�DO�������� 0D[LPL]H�WKH�WRWDO�UHYHQXH 5(9��72&��7)&��73& )X]]\�JHQHWLF�

DOJRULWKP
0RGHOHG�XQFHUWDLQW\�LQ�PDUNHW�
GHPDQG��SRUW�WLPHV��DQG�VDLOLQJ�WLPHV



��

7DEOH�� /LWHUDWXUH VXPPDU\�± FRQWLQXHG

D�D $XWKRU�V� 2EMHFWLYH 2EMHFWLYH�&RPSRQHQWV 6ROXWLRQ�$SSURDFK 1RWHV�,PSRUWDQW�&RQVLGHUDWLRQV
8QFHUWDLQW\�LQ�/LQHU�6KLSSLQJ�2SHUDWLRQV

�� 4L�DQG�6RQJ������� 0LQLPL]H�WKH�WRWDO�FRVW 7)&��79& 6DPSOH�DYHUDJH�
DSSUR[LPDWLRQ�
DOJRULWKP

&RQVLGHUHG�XQFHUWDLQW\�LQ�SRUW�WLPHV�
LQ�RSWLPL]LQJ�YHVVHO�VFKHGXOH

�� :DQJ�DQG�0HQJ�
�����D�

0LQLPL]H�WKH�WRWDO�FRVW 72&��7)& &XWWLQJ�SODQH�
DOJRULWKP

&RQVLGHUHG�WKH�HIIHFWV RI�XQFHUWDLQW\�
LQ�SRUW�WLPHV�DQG�VDLOLQJ�WLPHV�RQ�
FRVWV�DQG�OLQHU�VKLSSLQJ�VFKHGXOH�

�� :DQJ�DQG�0HQJ�
�����F�

0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��79& 6DPSOH�DYHUDJH�
DSSUR[LPDWLRQ�
DOJRULWKP

0RGHOHG�XQFHUWDLQ�ZDLWLQJ�WLPH�DQG�
XQFHUWDLQ�FRQWDLQHU�KDQGOLQJ�WLPH�GXH�
WR�SRUW�FRQJHVWLRQ

�� +DOYRUVHQ�:HDUH�HW�
DO���������

0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��79& ;SUHVV�,9( &RQVLGHUHG�XQFHUWDLQW\�LQ�VDLOLQJ�
WLPHV�GXH�WR�FKDQJLQJ�ZHDWKHU�
FRQGLWLRQV

�� 6RQJ�HW�DO��������� 0LQLPL]H�WKH�DQQXDO�YHVVHO�
RSHUDWLRQDO�FRVW��0LQLPL]H�WKH�
VFKHGXOH�XQUHOLDELOLW\��
0LQLPL]H�WKH�WRWDO�FDUERQ�
GLR[LGH�HPLVVLRQV

7)&��79&��7(&��06& +HXULVWLF 0RGHOHG�XQFHUWDLQW\�LQ�SRUW�WLPHV

�� *�UHO DQG�
6KDGPDQG�������

0LQLPL]H�WKH�WRWDO�IXHO�FRVW 7)& &3/(; 0RGHOHG�XQFHUWDLQW\�LQ�YHVVHO�ZDLWLQJ�
DQG�KDQGOLQJ�WLPHV�IRU�D�
KHWHURJHQHRXV�IOHHW

*UHHQ�9HVVHO�6FKHGXOLQJ
�� &RUEHWW�HW�DO��������� 0D[LPL]H�WKH�WRWDO�SURILW 7)&��7(& 1�$ 6SHHG�UHGXFWLRQ�ZDV�WKH�EHVW�RSWLRQ�

WR�PLWLJDWH�&2� HPLVVLRQV
�� 3VDUDIWLV�DQG�

.RQWRYDV�������
'HWHUPLQH�&2� HPLVVLRQ�RI�
ZRUOG�FRPPHUFLDO�IOHHW

7)&��7(& 1�$ 9HVVHO�VL]H�DQG�W\SH�PD\�DIIHFW�
EXQNHU�FRQVXPSWLRQ

�� (\ULQJ�HW�DO��������� $VVHVV�WKH�LPSDFW�RI�HPLVVLRQ�
FRQWURO�VWUDWHJLHV

1�$ 1�$ 'HPRQVWUDWHG�WKH�EHQHILWV�RI�
LQWURGXFLQJ�QHZ�WHFKQRORJLFDOO\�
IHDVLEOH�DQG�HFRQRPLFDOO\�HIILFLHQW�
SROLF\�DFWLRQV�WR�UHGXFH�HPLVVLRQV�
SURGXFHG�E\�RFHDQJRLQJ�YHVVHOV
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7DEOH�� /LWHUDWXUH VXPPDU\�± FRQWLQXHG

D�D $XWKRU�V� 2EMHFWLYH 2EMHFWLYH�&RPSRQHQWV 6ROXWLRQ�$SSURDFK 1RWHV�,PSRUWDQW�&RQVLGHUDWLRQV
*UHHQ�9HVVHO�6FKHGXOLQJ

�� *ROLDV�HW�DO�������� 0D[LPL]H�EHUWK�SURGXFWLYLW\��
0LQLPL]H�WKH�WRWDO�FRVW

7)&��7(&��73&��79& (YROXWLRQDU\�
$OJRULWKP

3URSRVHG�D�EHUWK�VFKHGXOLQJ�SROLF\�
WKDW�FRQVLGHUHG�EXQNHU�FRQVXPSWLRQ�
DQG�YHVVHO�HPLVVLRQV

�� 3VDUDIWLV�DQG�
.RQWRYDV�������

'HWHUPLQH�RSWLPXP�VDLOLQJ�
VSHHG

7)&��7(& $QDO\WLFDO�PHWKRG 'HWHUPLQHG�WKH�WUDGH�RIIV�EHWZHHQ�
YHVVHO�VDLOLQJ�VSHHG�DQG�HPLVVLRQV

�� &DULRX�������� (VWLPDWH�&2� HPLVVLRQV�UDWH�
DQG�WKH�EXQNHU
EUHDN�HYHQ�SULFH

7)&��7(& $QDO\WLFDO�PHWKRG 'HPRQVWUDWHG�WKDW�VORZ�VWHDPLQJ�
UHGXFHG�HPLVVLRQV�E\������ ���

�� +HLWPDQQ�DQG�
.KDOLOLDQ�������

,QYHVWLJDWH�YDULRXV�RSWLRQV�IRU�
DOORFDWLQJ�&2� HPLVVLRQV�WR�
VKLSSLQJ�FRPSDQLHV

1�$ 1�$ 1R�RSWLRQ�ZDV HQYLURQPHQWDOO\�
HIIHFWLYH��OHJDOO\�HIIHFWLYH�DQG�
DOORZHG�IDLU�EXUGHQ�VKDULQJ

�� .RQWRYDV�DQG�
3VDUDIWLV�������

0LQLPL]H�WKH�WRWDO�FRVW 72&��7(& $QDO\WLFDO�PHWKRG 0RGHOHG�WKH�HIIHFWV�RI�VDLOLQJ�VSHHG�
RQ�EXQNHU�FRVW�VDYLQJV��DQG�YHVVHO�
HPLVVLRQV

�� /LQGVWDG�HW�DO��
�������

0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��7(& $QDO\WLFDO�PHWKRG 'HPRQVWUDWHG�WKDW�VSHHG�UHGXFWLRQ�
FRXOG�UHGXFH�HPLVVLRQ�FRVWV

�� 0LROD�DQG�&LXIIR�
������

$QDO\]HG�YHVVHO�HPLVVLRQ�
PRGHOLQJ�VWUDWHJLHV

72&��7)&��7(&��5(9 $QDO\WLFDO�PHWKRG +LJKOLJKWV�WKH�XQFHUWDLQW\�RI�UHVXOWV�
IURP�WKH�GLIIHUHQW�PHWKRGV�GXH�WR�
XQFHUWDLQW\�RI�GDWD�VRXUFHV

�� &DULRX�DQG�&KHDLWRX�
�������

0LQLPL]H�WKH�WRWDO�FRVW��
0D[LPL]H�WKH�UHYHQXH

72&��7(&��5(9 $QDO\WLFDO�PHWKRG $Q�LQFUHDVH�LQ�VDLOLQJ�VSHHG�LQFUHDVHG�
WKH�WRWDO�HPLVVLRQV�SURGXFHG

�� 3VDUDIWLV������� 5HYLHZ�VHYHUDO�SURSRVDOV�IRU�
PDUNHW�EDVHG�PHDVXUHV�XQGHU�
FRQVLGHUDWLRQ�E\�,02�IRU�
*+*V

1�$ 1�$ 1RQH�RI�WKH�FRQVLGHUHG�PHDVXUHV�
ZHUH VHOHFWHG�GXH�WR�ODFN�RI�
DJUHHPHQW�EHWZHHQ�FRXQWULHV

�� 3VDUDIWLV�DQG�
.RQWRYDV��������

5HYLHZ�YDULRXV�YHVVHO�VSHHG�
PRGHOV

1�$ 1�$ 8QGHUOLQHG�WKDW�YHVVHO�VSHHG�LV�D�NH\�
GHWHUPLQDQW�RI�WRWDO�FRVW�DQG�
HPLVVLRQV�SURGXFHG

�� &KDQJ�DQG�:DQJ�
������

$VVHVV�WKH�VWUDWHJLHV�WR�
PLQLPL]H�FRVWV�DQG�UHGXFH�
HPLVVLRQV

72&��7(&��7)& $QDO\WLFDO�PHWKRG &RPSDUHG�WKH FRVW�RI�VSHHG�UHGXFWLRQ�
DJDLQVW�WKH�HQYLURQPHQWDO�EHQHILWV
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D�D $XWKRU�V� 2EMHFWLYH 2EMHFWLYH�&RPSRQHQWV 6ROXWLRQ�$SSURDFK 1RWHV�,PSRUWDQW�&RQVLGHUDWLRQV
*UHHQ�9HVVHO�6FKHGXOLQJ

�� &XOOLQDQH�DQG�
%HUJTYLVW�������

(YDOXDWH�DOWHUQDWLYHV�IRU�
FRPSO\LQJ�ZLWK�WKH�UHJXODWLRQV�
UHODWLQJ�WR�HPLVVLRQ�FRQWURO�
DUHDV

7(&��7)& $QDO\WLFDO�PHWKRG +LJKOLJKWHG�WKH�VRFLR�HFRQRPLF�
EHQHILWV�RI�WKH�(&$�UHJXODWLRQV

�� .RQWRYDV������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��7(&��
06&

$QDO\WLFDO�PHWKRG 0RGHOHG�WKH�HIIHFWV�RI�VDLOLQJ�VSHHG�
DQG�ZHLJKW�RI�FDUJRHV�RQ�EXQNHU�
FRQVXPSWLRQ�DQG�HPLVVLRQ

�� 3VDUDIWLV�DQG�
.RQWRYDV�������

'HYHORS�PRGHOV�WKDW�RSWLPL]H�
YHVVHO�VSHHG�IRU�YDULRXV�
URXWLQJ�VFHQDULRV�

72&��7)&��7(& $QDO\WLFDO�PHWKRG ([SHQVLYH�FDUJRHV�LQGXFH�PRUH�&2���
DV�WKH\�HQFRXUDJH�KLJKHU�YHVVHO�
VSHHGV

�� =LV�HW�DO�������� ([DPLQH�HPLVVLRQ�UHGXFWLRQ�
SRUW�SROLFLHV�EDVHG�RQ�VKLS�FDOO�
GDWD

1�$ 1�$ /DUJHU�YHVVHOV�RIIHU�JUHDWHU SRWHQWLDO�
IRU�HPLVVLRQ�UHGXFWLRQ

�� )DJHUKROW�HW�DO��
������

0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��7(&��06& ;SUHVV�03 'HWHUPLQHG�VDLOLQJ�SDWKV�DQG�VSHHGV�
XVLQJ�ORZ�VXOIXU�IXHO�WR�UHGXFH�
HPLVVLRQ�LQ�(&$V

�� )DJHUKROW�DQG�
3VDUDIWLV�������

0D[LPL]H�WKH�WRWDO�SURILW 5(9��7(&��7)& $QDO\WLFDO�PHWKRG &RQVLGHUHG�VSHHG�RSWLPL]DWLRQ�XVLQJ�
IXHO�VZLWFKLQJ�WR�UHGXFH�HPLVVLRQV�
ZLWKLQ�(&$V

�� 0DQVRXUL�HW�DO��
�������

$VVHVV�WKH�XVH�RI�PXOWL�
REMHFWLYH�RSWLPL]DWLRQ�WR�
LPSURYLQJ�VXVWDLQDELOLW\�LQ�
PDULWLPH�VKLSSLQJ

1�$ 1�$ ,QGLFDWHG�WKDW�PXOWL�REMHFWLYH�
RSWLPL]DWLRQ�DQG�HQYLURQPHQWDO�
VXVWDLQDELOLW\�KDYH�UHFHLYHG�DWWHQWLRQ�
RYHU�WLPH

�� 6RQJ�HW�DO��������� 0LQLPL]H�HPLVVLRQV��0LQLPL]H�
DQQXDO�RSHUDWLRQDO�FRVWV

72&��73&��7)&��79&��
7(&

16*$�,,� 0RGHOHG�XQFHUWDLQW\�LQ�RSWLPL]LQJ�
FRVW��VHUYLFH�UHOLDELOLW\�DQG�FDUERQ�
GLR[LGH�HPLVVLRQV

�� 'XOHEHQHWV������D�� 0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��7)&��79&��
7,&

,WHUDWLYH�
RSWLPL]DWLRQ�
DOJRULWKP

(IIHFWV�RI�UHVWULFWLRQV�RQ�YHVVHO�
HPLVVLRQV�SURGXFHG�ZLWKLQ�(&$V

�� 'XOHEHQHWV�HW�DO��
�����D��

0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��7)&��79&��
7,&

&3/(; (PLVVLRQ�FRQVWUDLQWV�UHTXLUHG�OLQHU�
VKLSSLQJ�FRPSDQLHV�WR�UHGXFH�YHVVHO
VDLOLQJ�VSHHGV�DW�YR\DJH�OHJV
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D�D $XWKRU�V� 2EMHFWLYH 2EMHFWLYH�&RPSRQHQWV 6ROXWLRQ�$SSURDFK 1RWHV�,PSRUWDQW�&RQVLGHUDWLRQV
*UHHQ�9HVVHO�6FKHGXOLQJ

�� 'XOHEHQHWV�HW�DO��
�����E��

0LQLPL]H�WKH�WRWDO�FRVW� 73&��7(&��79& +\EULG�($V�DQG�
&3/(;�

+\EULG�($V�ZHUH�DSSOLHG�WR�VROYH�WKH�
SUREOHP�GXH�WR�LWV�13�KDUG�
FRPSOH[LW\

�� 'XOHEHQHWV������F� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7,&��7)&��73&��
79&��06&

'\QDPLF�VHFDQW�
DSSUR[LPDWLRQ

(PLVVLRQ�FRQVWUDLQWV�UHVXOWHG�LQ�
GHFUHDVLQJ�YHVVHO�VDLOLQJ�VSHHGV

�� 'XOHEHQHWV������G�� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79&��
7,&��5(9��7(&

&3/(; ,QFUHDVLQJ�FDUERQ�GLR[LGH�WD[�YDOXH�
OHDG�WR�D�UHGXFWLRQ�LQ�YHVVHO�VDLOLQJ�
VSHHG�WR�UHGXFH�IXHO�FRQVXPSWLRQ�DQG�
FDUERQ�GLR[LGH�HPLVVLRQV��SURGXFHG�
E\�YHVVHOV

�� *LRYDQQLQL�DQG�
3VDUDIWLV�������

0D[LPL]H�WKH�WRWDO�SURILW 5(9��7)&��72&��73&��
7,&��06&

$QDO\WLFDO�PHWKRG )OH[LEOH�SRUW�VHUYLFH�IUHTXHQF\��
FDUERQ�GLR[LGH�HPLVVLRQV��SURGXFHG�
E\�YHVVHOV�LQ�VHD

9HVVHO�6FKHGXOH�5HFRYHU\
�� 3DXO�DQG�0DORQL�

������
0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��7,& 'LMNVWUD�DOJRULWKP '\QDPLFDOO\�PRGHO�FDUJR�SURFHVVLQJ�

WLPHV�DQG�SRUW�FDSDFLWLHV
�� %URXHU�HW�DO�������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��7)&��73&��79&��

06&
&3/(; 0RGHO�DFFHSWV�WKH�GHOD\�DQG�FDWFK�XS�

WKH�VFKHGXOH
�� /HH�DW�DO��������� 0LQLPL]H�WKH�WRWDO�FRVW 72&��73&��7)&��79&��

06&
$QDO\WLFDO�PHWKRG 4XDQWLILHG�WKH�HIIHFW�RI�VORZ�VWHDPLQJ�

VWUDWHJLHV�RQ�VHUYLFH�TXDOLW\��EXQNHU�
FRVW�DQG�VKLSSLQJ�WLPH

�� /L�HW�DO�������� 0LQLPL]H WKH�WRWDO�FRVW 7)&��73&��79&��06& '\QDPLF�
SURJUDPPLQJ�

6KRZHG�WKDW�VSHHGLQJ�XS�FRXOG�
HIIHFWLYHO\�KDQGOH�D�VPDOO�GHOD\

�� /L�HW�DO��������� 0LQLPL]H�WKH�WRWDO�FRVW 7)&��79& '\QDPLF�
SURJUDPPLQJ�

&RQVLGHUHG�VNLSSLQJ�WKH�GLVUXSWLRQ�
SRUW

�� &KHUDJKFKL�HW�DO�
�������

0LQLPL]H�WKH�WRWDO�ORVV��
0LQLPL]H�WKH�WRWDO�GHOD\

7)&��79& 0HWDKHXULVWLFV� 6HQVLWLYLW\ RI�WKH�RSWLPL]HUV�LQ�
GLIIHUHQW�VFHQDULRV�WR�SDUDPHWHU�
WXQLQJ�

1RWHV��72&�± WRWDO�YHVVHO�ZHHNO\�RSHUDWLRQDO�FRVW�
7)&�± WRWDO�IXHO�FRQVXPSWLRQ�FRVW�
73&�± WRWDO�SRUW�KDQGOLQJ�FRVW�

79&�± WRWDO FRVW�DVVRFLDWHG�ZLWK�YLRODWLRQ�RI�VHUYLFH�7:V�
7,&�± WRWDO�FRQWDLQHU�LQYHQWRU\�FRVW�
7(&�± WRWDO�YHVVHO�HPLVVLRQ�FRVW�

(&$�± ³(PLVVLRQ�&RQWURO�$UHD´�
5(9�± WRWDO�UHYHQXH�
06&�± PLVFHOODQHRXV�FRVWV�
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$�UHYLHZ�RI�WKH�VWDWH�RI�WKH�DUW� UHYHDOV� WKDW� WKH�PDMRULW\�RI�WKH�VWXGLHV�SURSRVHG�

WKH� PDWKHPDWLFDO� PRGHOV�� ZKLFK� DLPHG� WR� PLQLPL]H� WKH� WRWDO� URXWH� VHUYLFH� FRVW�� 7KH�

REMHFWLYH�FRPSRQHQWV�RI�WKH�WRWDO�URXWH�VHUYLFH�FRVW� FRQVLGHUHG�LQ�YDULRXV�PDWKHPDWLFDO�

PRGHOV� SUHVHQWHG� LQ� WKH� OLWHUDWXUH� LQFOXGH�� ���� WRWDO� YHVVHO� ZHHNO\� RSHUDWLRQDO� FRVW� ±

72&������WRWDO�IXHO�FRQVXPSWLRQ�FRVW�± 7)&������WRWDO�SRUW�KDQGOLQJ�FRVW�± 73&������WRWDO�

VHUYLFH�7:�YLRODWLRQ�FRVW�± 79&������WRWDO�YHVVHO�HPLVVLRQ�FRVW�± 7(&������WRWDO�FRQWDLQHU�

LQYHQWRU\� FRVW� ± 7,&�� ���� PLVFHOODQHRXV� FRVWV� ± 06&�� DQG� ���� WRWDO� UHYHQXH� ± 5(9��

)LJXUH� � SUHVHQWV� WKH� GLVWULEXWLRQ� RI� WKH� FROOHFWHG� VWXGLHV� E\� WKH� FRQVLGHUHG� FRVW�

FRPSRQHQWV��

)LJXUH�� 'LVWULEXWLRQ RI�VWXGLHV�E\�WKH�FRQVLGHUHG�FRVW�FRPSRQHQWV



��

6RPH�RI�WKH�VWXGLHV�SUHVHQWHG�WKH�PDWKHPDWLFDO�PRGHOV��DLPLQJ�WR�PLQLPL]H�WKH�

WRWDO�RSHUDWLRQDO�FRVW�����VWXGLHV�RU�����RI�VWXGLHV���PLQLPL]H�WKH�WRWDO�IXHO�FRQVXPSWLRQ�

FRVW�����VWXGLHV�RU�����RI�VWXGLHV���PLQLPL]H�WKH�WRWDO�SRUW�KDQGOLQJ�FRVW�����VWXGLHV�RU�

���� RI� VWXGLHV���PLQLPL]H� WKH� WRWDO� FRVW� DVVRFLDWHG�ZLWK� YLRODWLRQ� RI� VHUYLFH� 7:V� ����

VWXGLHV� RU� ���� RI� VWXGLHV��� DQG� PLQLPL]H� WRWDO� HPLVVLRQ� FRVWV� ���� VWXGLHV� RU� ���� RI�

VWXGLHV���$� QXPEHU� RI� VWXGLHV� DOVR� IRFXVHG� RQ�PLQLPL]LQJ� WKH� WRWDO� LQYHQWRU\� FRVW� ����

VWXGLHV� RU� ���� RI� VWXGLHV��� PLQLPL]LQJ� PLVFHOODQHRXV� FRVWV� ���� VWXGLHV� RU� ���� RI�

VWXGLHV���DQG�PD[LPL]LQJ�WKH�WRWDO�UHYHQXH�RI�WKH�FDUULHUV�����VWXGLHV�RU�����RI�VWXGLHV��

)LJXUH�� 'LVWULEXWLRQ RI�VWXGLHV�E\�PDWKHPDWLFDO�PRGHO�XVHG

)LJXUH�� SUHVHQWV�WKH�GLVWULEXWLRQ�RI�UHYLHZHG�VWXGLHV�E\�WKH�PDWKHPDWLFDO�PRGHO�

XVHG�� 7KH� PDWKHPDWLFDO� PRGHOV� H[DPLQHG� E\� WKH� FROOHFWHG� VWXGLHV� ZHUH� FDWHJRUL]HG�
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EDVHG� RQ� WKH� W\SH� RI� PDWKHPDWLFDO� SURJUDPPLQJ� FRQVLGHUHG�� ,W� ZDV� IRXQG� WKDW� WKH�

PDMRULW\� RI� WKH� VWXGLHV� ������� RI� VWXGLHV�� XVHG� PL[HG�LQWHJHU� QRQOLQHDU� SURJUDPPLQJ�

�0,1/3���LQ�ZKLFK�WKH�UHODWLRQVKLSV�EHWZHHQ�FHUWDLQ�YDULDEOHV�DUH�QRQOLQHDU��DQG�VRPH�RI�

WKH�YDULDEOHV�DUH�FRQVWUDLQHG�WR�EH�LQWHJHUV��DV�ZHOO�DV�PL[HG�LQWHJHU�SURJUDPPLQJ��0,3��

�������RI� VWXGLHV���ZKHUH� VRPH� RI� WKH� GHFLVLRQ� YDULDEOHV� DUH� FRQVWUDLQHG� WR� EH� LQWHJHU�

YDOXHV��0RUHRYHU��FHUWDLQ�VWXGLHV�������RI�VWXGLHV��DGRSWHG� WKH�QRQOLQHDU SURJUDPPLQJ�

�1/3���VRPH�RI�WKH�FRQVWUDLQWV�DUH�QRQOLQHDU�RU�WKH�REMHFWLYH�IXQFWLRQ�LV�QRQOLQHDU���ZKLOH�

D�VPDOO�QXPEHU�RI�VWXGLHV�������RI�VWXGLHV��XVHG�OLQHDU�SURJUDPPLQJ��/3���LQ�ZKLFK�WKH�

UHODWLRQVKLS� EHWZHHQ� YDULDEOHV� LV� UHSUHVHQWHG� E\� OLQHDU� FRQVWUDLQW� VHWV�� 6RPH� VWXGLHV�

�������RI�VWXGLHV��GLG�QRW�XVH�PDWKHPDWLFDO�PRGHOV�EXW�XVHG�RWKHU�DQDO\WLFDO�PRGHOV�RU�

WKHRUHWLFDO�DSSURDFKHV�

)LJXUH�� 'LVWULEXWLRQ RI�VWXGLHV�E\�WKH�DOJRULWKP�W\SH
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7KH� W\SHV� RI� DOJRULWKPV� DGRSWHG� E\� WKH� FROOHFWHG� VWXGLHV� ZHUH� DOVR� H[WUDFWHG�

WKURXJKRXW� WKH� OLWHUDWXUH� UHYLHZ�� )LJXUH� � LOOXVWUDWHV� WKH� GLVWULEXWLRQ� RI� VWXGLHV� E\� WKH�

W\SHV� RI� DOJRULWKPV�� ,W� ZDV� IRXQG� WKDW� ��� VWXGLHV� �RU� ������ RI� VWXGLHV�� DGRSWHG� H[DFW�

VROXWLRQ� DOJRULWKPV�� ZKLOH� ��� VWXGLHV� �RU� ������ RI� VWXGLHV�� GHYHORSHG� PHWDKHXULVWLF�

DOJRULWKPV��0RUHRYHU�����VWXGLHV��RU�������RI�VWXGLHV��GHYHORSHG�KHXULVWLF�DOJRULWKPV��$�

UHODWLYHO\� IUHTXHQW� XWLOL]DWLRQ� RI� H[DFW� RSWLPL]DWLRQ� DOJRULWKPV� LQGLFDWHV� WKDW� D� ODUJH�

QXPEHU� RI� WKH� PDWKHPDWLFDO� PRGHOV� IRUPXODWHG� LQ� OLQHU� VKLSSLQJ� VFKHGXOLQJ� FRXOG� EH�

VROYHG�WR�WKH�JOREDO�RSWLPDOLW\�ZLWKLQ�D�UHDVRQDEOH�FRPSXWDWLRQDO�WLPH��$OWKRXJK�PRVW�RI�

WKH�VWXGLHV�SURSRVHG�D�VROXWLRQ�DOJRULWKP��VRPH�RWKHU�VWXGLHV�IRFXVHG�RQ�WKH�DOWHUQDWLYH�

PHWKRGV��VXFK�DV�VWDWLVWLFDO�PRGHOLQJ��UHYLHZ�RI�PRGHOV��IX]]\�ORJLF��DQG�RWKHUV��$�WRWDO�

RI� ��� VWXGLHV� �RU� ������ RI� VWXGLHV�� GLG� QRW� XVH� DQ\� VROXWLRQ� DOJRULWKP� DQG� DGRSWHG�

DQDO\WLFDO�WKHRUHWLFDO� DSSURDFKHV�� DLPLQJ� WR� VROYH� YDULRXV� SUREOHPV� LQ� OLQHU� VKLSSLQJ�

VFKHGXOLQJ��

7KH�UHYLHZHG�VWXGLHV�ZHUH�FODVVLILHG�EDVHG�RQ�WKH�UHVHDUFK�PHWKRGRORJ\�DGRSWHG�

LQ�WKH�IROORZLQJ�FDWHJRULHV�

�� 7KHRUHWLFDO RU� FRQFHSWXDO�PHWKRG � WKLV� DSSURDFK�PD\� VXJJHVW� D� QHZ� FRQFHSW�

UHODWHG� WR� WKH� WRSLF�E\�XVLQJ�D� FRQFHSWXDO IUDPHZRUN��7KH�FRQFOXVLRQV�PDGH�E\�

WKH� VWXGLHV� WKDW� XVH� WKLV� DSSURDFK DUH� QRW� VXSSRUWHG ZLWK� DQ\� PDWKHPDWLFDO�

FDOFXODWLRQV�RU�PRGHOV�

�� $QDO\WLFDO PHWKRG � WKLV� DSSURDFK� XVHV� PDWKHPDWLFDO� FDOFXODWLRQV�� VWDWLVWLFDO�

DQDO\VLV�� DQG� RWKHU� DQDO\WLFDO� PHWKRGV� WR� HYDOXDWH� D� QHZ� DSSURDFK� WR� D� WRSLF��
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,QIHUHQFHV�GUDZQ�DUH�EDVHG RQ� WKH� UHVXOWV�REWDLQHG� IURP� WKH�PHWKRG�RI� DQDO\VLV�

XVHG�

�� 6XUYH\� EDVHG� PHWKRG � TXHVWLRQQDLUH� VXUYH\V� RU� LQWHUYLHZV�� DGPLQLVWHUHG� WR� D�

VSHFLILF�RU�UDQGRP�VDPSOH��DUH�XVHG�WR�REWDLQ WKH�LQIRUPDWLRQ�DERXW� WKH�VXEMHFW��

ZKLFK� FDQ� EH� DQ� H[LVWLQJ WRSLF�� D� SURSRVHG� WRSLF�� DQ� LQYHQWLRQ�� SROLF\�� DPRQJ�

RWKHUV�� ,QIHUHQFHV�GUDZQ� IURP� WKH� VXUYH\� DUH�XVHG LQ�PDNLQJ�FRQFOXVLRQV� DERXW�

WKH�VXEMHFW�WRSLF�

�� /LWHUDWXUH� UHYLHZ� PHWKRG � LQYROYHV� WKH� FROOHFWLRQ� DQG� GHWDLOHG� DQDO\VLV� RI�

VFLHQWLILF� VWXGLHV� WR�H[DPLQH� WKH�H[WHQW�RI�H[LVWLQJ�ZRUN�RQ�D�SDUWLFXODU� VXEMHFW��

UHYLHZ RI�YDULRXV�DSSURDFKHV�WKDW�KDYH�EHHQ�HVWDEOLVKHG�DQG�GHWHUPLQH�SRWHQWLDO�

IXWXUH�UHVHDUFK�ZRUNV LQ�WKH�VDPH�DUHD�

�� 0RGHOLQJ�PHWKRG � WKLV� DSSURDFK� UHOLHV� RQ GHYHORSPHQW� RI� GLIIHUHQW�PRGHOV� LQ�

RUGHU� WR�VROYH�D�VSHFLILF�SUREOHP��H�J���RSWLPL]DWLRQ�PRGHOV��VLPXODWLRQ�PRGHOV��

DJHQW�EDVHG� PRGHOV��� )LQGLQJV� DUH� EDVHG RQ� PDWKHPDWLFDO� DQG� FRPSXWDWLRQDO�

H[SHULPHQWV�� ZKLFK� PD\� UHTXLUH� WKH� GHYHORSPHQW RI� DQ� DOJRULWKP�� VLPXODWLRQ�

DQG�RU�RSWLPL]DWLRQ�PRGHOV�

7KH�GLVWULEXWLRQ�RI�UHYLHZHG�VWXGLHV�E\�UHVHDUFK�PHWKRG�LV�SUHVHQWHG LQ�)LJXUH����

,W�ZDV� IRXQG� WKDW� WKH�PDMRULW\�RI� VWXGLHV� ��������ZHUH�EDVHG RQ� WKH�PRGHOLQJ PHWKRG��

7KH� ODWWHU� ILQGLQJ�FDQ�EH� MXVWLILHG�E\� WKH� IDFW� WKDW� WKH�PDMRULW\�RI� WKH�SUREOHPV� LQ� OLQHU�

VKLSSLQJ� VFKHGXOLQJ� DUH� VROYHG� XVLQJ� DQ� RSWLPL]DWLRQ� DSSURDFK� �ZKLFK� LQYROYHV�

IRUPXODWLRQ� RI� WKH� PDWKHPDWLFDO� PRGHOV�� VROYHG� XVLQJ� YDULRXV� VROXWLRQ� DOJRULWKPV���

)XUWKHUPRUH�� VRPH� VWXGLHV� �������RI� VWXGLHV�� XVHG� WKH� DQDO\WLFDO�PHWKRG��ZKLOH� D� IHZ�
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VWXGLHV� XVHG� WKH� OLWHUDWXUH� UHYLHZ� PHWKRG� ������ RI� VWXGLHV��� $SSUR[LPDWHO\� ����� RI�

VWXGLHV�XVHG�WKH�WKHRUHWLFDO�PHWKRG�

)LJXUH�� 'LVWULEXWLRQ RI�VWXGLHV�E\�UHVHDUFK�PHWKRG

���� ([LVWLQJ�*DSV�LQ�WKH�6WDWH�RI�WKH�$UW

%DVHG� RQ� WKH� DQDO\VLV� RI� WKH� FROOHFWHG� VWXGLHV�� VRPH� RI� WKH� JDSV� LQ� WKH� VWDWH�RI�WKH�DUW�

ZLWK�D�SULPDU\�IRFXV�RQ�WKH�YHVVHO�VFKHGXOH�UHFRYHU\�DUH�RXWOLQHG�DV�IROORZV�

D� 7KH� PDMRULW\� RI� VWXGLHV� LQYHVWLJDWHG� WKH� VSHHG�EDVHG� YHVVHO� VFKHGXOH� UHFRYHU\�

SUREOHP��+RZHYHU��RWKHU�UHFRYHU\�DOWHUQDWLYHV��H�J���SRUW�RI�FDOO�RPLVVLRQ��SRUW�RI�FDOO�

VZDS�� RWKHU� WKDQ� WKH� VSHHG�EDVHG� UHFRYHU\� RSWLRQ� FRQVLGHUHG� PD\� HQVXUH� WLPHO\�

GHOLYHU\�RI�FDUJR�ZLWKRXW�KDYLQJ�WR�LQFUHDVH�VSHHG�
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E� 7KH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�VKRXOG�EH�FRQVLGHUHG�VLPXOWDQHRXVO\�ZLWK�WKH�

JUHHQ�YHVVHO� VFKHGXOH�SUREOHP��7KHUH� LV� D�QHHG� IRU� UHVHDUFKHUV� WR� WDNH� LQWR�DFFRXQW�

HPLVVLRQ�FRQVWUDLQWV�DQG�RU�HQYLURQPHQWDO�UHJXODWLRQV��ZKLFK�DUH�LPSRVHG�WR�YHVVHOV��

LQ�VROYLQJ�WKH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP

F� 7KHUH�LV�D�QHHG�WR�DFFRXQW�IRU�WKH�FKDQJHV�LQ�RULJLQDO�EHUWK�VFKHGXOLQJ�WKDW�PD\�DULVH�

GXH�WR�GLVUXSWLRQV�LQ�IL[HG�VFKHGXOH�VHUYLFHV�DW�WKH�SRUWV�ZLWK�DQG�ZLWKRXW�VRIW�7:V�

G� 0DQ\� YHVVHO� VFKHGXOH� UHFRYHU\� PRGHOV� GHYHORSHG� WR� GDWH� GR� QRW� H[SOLFLWO\� PRGHO�

XQFHUWDLQW\�DW�SRUWV��7KHUH�LV�D�QHHG�WR�FRQVLGHU�KRZ�WR�PDQDJH�XQFHUWDLQW\�LQ�SRUWV�

RSHUDWLRQV�

H� 7KHUH�LV�D�QHHG�WR�GHYHORS�PDWKHPDWLFDO�PRGHOV��ZKLFK�IRFXV�RQ�PXOWLSOH�REMHFWLYH�

FRPSRQHQWV��VXFK�DV�72&��7)&��73&��7,&��7(&��DQG�RWKHUV�

I� 7KHUH�LV�D�QHHG�WR�GHYHORS�PDWKHPDWLFDO�PRGHOV��ZKLFK�DFFRXQW�IRU�FRQIOLFWLQJ�QDWXUH�

RI�FHUWDLQ�REMHFWLYHV�LQ�YHVVHO�VFKHGXOH�UHFRYHU\�

$V� LW�ZDV� KLJKOLJKWHG� LQ� VHFWLRQ� ��� RI� WKLV� GLVVHUWDWLRQ�� VRPH� RI� WKH� LGHQWLILHG�
OLPLWDWLRQV� RI� WKH� VWDWH�RI� WKH�DUW� ZLOO� EH� GLUHFWO\� DGGUHVVHG� LQ� WKLV� GLVVHUWDWLRQ�



��

&+$37(5��
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���� %DFNJURXQG�

$V�GLVFXVVHG�LQ�VHFWLRQ���� RI�WKLV�PDQXVFULSW��WKH�VHUYLFH�QHWZRUN�LV�SODQQHG�E\�WKH�OLQHU�

VKLSSLQJ� FRPSDQ\� DW� WKH� VWUDWHJLF� WLHU� RI� GHFLVLRQ�PDNLQJ� RYHU� D� VSHFLILHG� WLPH�SHULRG�

�0HQJ� HW� DO��� ������� 2WKHU� FULWLFDO� FRPSRQHQWV� RI� OLQHU� VKLSSLQJ� RSHUDWLRQV�� VXFK� DV�

DUULYDO�� GHSDUWXUH�� DQG� ZDLWLQJ� WLPHV� RI� YHVVHOV� DW� SRUWV�� VDLOLQJ� VSHHG�� DQG� VHUYLFH�

IUHTXHQF\� DUH�SODQQHG�DW�WKH�WDFWLFDO�OHYHO��L�H���HYHU\�����PRQWKV���+RZHYHU��LQ�SUDFWLFH��

YDULRXV�GLVUXSWLRQV�PD\�RFFXU�WKDW�ZLOO�QHJDWLYHO\�LPSDFW� WKH�SODQQHG�YHVVHO�VFKHGXOHV��

'LVUXSWLRQV�WKDW�PD\�RFFXU�LQ�VHD�LQFOXGH�LQFOHPHQW�ZHDWKHU��PHFKDQLFDO�IDLOXUHV��SLUDF\�

DWWDFNV�� FUHZ� VWULNHV RQ� YHVVHOV�� ZKLOH� SRUW� FRQJHVWLRQ�� SRUW� VWULNHV�� QDWXUDO� KD]DUGV��

KDQGOLQJ�HTXLSPHQW�EUHDNGRZQV��HWF��DUH�VRPH�RI�WKH�GLVUXSWLYH�HYHQWV�WKDW�PD\�RFFXU�DW�

SRUWV�

%URXHU�DW�DO���������XQGHUOLQHG�WKDW�SLUDF\�DQG�FUHZ�VWULNHV�RQ�YHVVHOV�DV�VRPH�RI�

WKH�XQFRPPRQ�FDXVHV�RI�GLVUXSWLRQV�LQ�OLQHU�VKLSSLQJ��$FFRUGLQJ�WR�1RWWHERRP���������

DERXW�����± ����RI�OLQHU�VKLSSLQJ�URXWHV�UHFRUGHG�ODWH�DUULYDOV�DW�RQH�RU�PXOWLSOH�SRUW�V��

RI� FDOO� GXULQJ� WKHLU� YR\DJH�� 7KH� ODWWHU� QHJDWLYHO\� DIIHFWHG� WKH� SODQQHG� RSHUDWLRQV�� DQG�

OLQHU�VKLSSLQJ�FRPSDQLHV IDFHG�WKH�FKDOOHQJH�RI�UHFRYHULQJ�WKH�SODQQHG�YHVVHO�VFKHGXOHV��

'LVUXSWLRQV� LQ� YHVVHO� VFKHGXOHV� RIWHQ� FDXVH� ODWH� DUULYDOV� RI� YHVVHOV� DW� WKH� FRQVHFXWLYH�

SRUWV� RI� FDOO�� ,Q� VRPH� LQVWDQFHV�� WKH�ZKROH� QHWZRUN� FRXOG� EH� LPSDFWHG�E\� WKH� GHOD\� DW�

RQO\� RQH� SRUW� RU� YR\DJH� OHJ� RI� WKH� OLQHU� VKLSSLQJ� URXWH�� 'LVUXSWLRQV� LQ� WKH� SODQQHG�
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VFKHGXOH� RI� YHVVHOV� FDQ� VXEVWDQWLDOO\� LQFUHDVH� WKH� WRWDO� RSHUDWLRQDO� FRVW� IRU� WKH� OLQHU�

VKLSSLQJ�FRPSDQ\��DQG��WKXV��UHVXOW�LQ�HQRUPRXV�PRQHWDU\�ORVVHV�

,Q� WKH� FDVH� RI� D� GLVUXSWLRQ� LQ� WKH� SODQQHG� YHVVHO� VFKHGXOH�� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�KDV�WR�LGHQWLI\�WKH�PRVW�IHDVLEOH�VWUDWHJ\�WKDW�FRXOG�EH�LPSOHPHQWHG�LQ�RUGHU�WR�

UHFRYHU�WKH�VFKHGXOH�DQG�HQVXUH�WLPHO\�GHOLYHU\�RI�FDUJR�RU�DW�OHDVW�PLQLPL]H�WKH�GHOD\V�

LQ� WKH�GHOLYHU\�RI�FDUJR�DW�SRUWV�� ,I�D�GLVUXSWLYH�HYHQW�RFFXUV� LQ�VHD�DQG�RU�DW�SRUWV�� WKH�

YHVVHO�RSHUDWRU�PD\� LQFUHDVH� WKH�YHVVHO� VDLOLQJ� VSHHG�DW� YR\DJH� OHJV��+RZHYHU�� VHYHUDO�

VWXGLHV�KDYH� HVWDEOLVKHG� WKDW�EXQNHU� IXHO� FRQVXPSWLRQ� LQFUHDVHV�ZLWK� WKH� YHVVHO� VDLOLQJ�

VSHHG� �:DQJ� DQG� 0HQJ�� ����E�� 3VDUDIWLV� DQG� .RQWRYDV�� ������� FRQVHTXHQWO\�� WKH�

GHFLVLRQ�WR�LQFUHDVH�WKH�VDLOLQJ�VSHHG�LQ�RUGHU�WR�UHFRYHU�WKH�VFKHGXOH�PD\�VLJQLILFDQWO\�

LQFUHDVH�WKH�WRWDO�IXHO�FRVW��0RUHRYHU��WKHUH�LV�D�OLPLW�RQ�WKH�PD[LPXP�VSHHG�RI�D�YHVVHO��

ZKLFK� LV� EDVHG� RQ� WKH FDSDFLW\� RI� WKH�PDLQ� HQJLQH�� WKHUHIRUH�� VHOHFWLQJ� WKH�PD[LPXP�

VSHHG� RI� D� YHVVHO� GRHV� QRW� JXDUDQWHH� WKH� VFKHGXOH� UHFRYHU\�� $OVR�� OLQHU� VKLSSLQJ�

FRPSDQLHV�PD\�DGG�³EXIIHUV´�DW�FHUWDLQ�YR\DJH�OHJV�WR�DFFRXQW�IRU�XQFHUWDLQ�HYHQWV�WKDW�

PD\� FDXVH� D� GHOD\� LQ� WKH SODQQHG� RSHUDWLRQV�� +RZHYHU�� IRU� VLJQLILFDQWO\� ODUJH� GHOD\V�

FDXVHG�E\�GLVUXSWLRQV�LQ�VHD�DQG�RU�DW�SRUWV��WKH�EXIIHUV�DUH�XVXDOO\�QRW�HQRXJK�WR�UHFRYHU�

WKH� YHVVHO� VFKHGXOH�� *HQHUDOO\�� WKH� LQWURGXFWLRQ� RI� PDQ\� EXIIHUV� LQ� WKH� OLQHU� VKLSSLQJ�

QHWZRUN�DIIHFWV�WKH�QHWZRUN�HIILFLHQF\�

6HYHUDO� FRUULGRUV� RI� WKH� VHD� KDYH� EHHQ� GHVLJQDWHG� DV� ³6XOIXU� (PLVVLRQ�&RQWURO�

$UHDV´� �6(&$V�� E\� WKH� ,QWHUQDWLRQDO� 0DULWLPH� 2UJDQL]DWLRQ� �,02��� )RU� LQVWDQFH�� WKH�

,02� GHVLJQDWHG� WKH�%DOWLF� 6HD�� WKH�1RUWK� 6HD�� DQG� WKH� (QJOLVK�&KDQQHO� DV� 6(&$V� LQ�

����� �,02�� ������� ,Q� DGGLWLRQ�� WKH� 8QLWHG� 6WDWHV� �8�6��� � &DQDGLDQ� FRDVWDO� ]RQH� ZDV�

GHVLJQDWHG�DV�DQ�³(PLVVLRQV�&RQWURO�$UHD´��(&$�� LQ�������ZKHUH� WKH�UHVWULFWLRQV�ZHUH�



��

LPSRVHG� RQ VXOIXU� R[LGH� �ܵ ௫ܱ��� QLWURJHQ� R[LGH� �ܰ ௫ܱ��� DQG� SDUWLFXODWH� PDWWHU� ��ܯܲ�

HPLVVLRQV��7KH�YHVVHOV��VDLOLQJ�WKURXJK�WKH�(&$V��DUH�QRW�DOORZHG�WR�EXUQ�IXHO�ZLWK�WKH�

VXOIXU�FRQWHQW�RI�PRUH�WKDQ�������P�P�DIWHU���-DQXDU\�������,02���������,Q�WKH�HYHQW�RI�

D�GLVUXSWLRQ�LQ�WKH�SODQQHG�RSHUDWLRQV�RI�WKH�YHVVHOV��VDLOLQJ�WKURXJK (&$V��OLQHU�VKLSSLQJ�

FRPSDQLHV� PXVW� FRPSO\� ZLWK� WKH� ,02� UHJXODWLRQV ZKLOH� WU\LQJ� WR� UHFRYHU� WKH� YHVVHO�

VFKHGXOHV��LPSURYH�HQYLURQPHQWDO�VXVWDLQDELOLW\�DQG�HQHUJ\�HIILFLHQF\��7KH�WHUP�³HQHUJ\�

HIILFLHQF\´�FDQ�EH�GHILQHG�DV�WKH�HIILFLHQW�XWLOL]DWLRQ�RI�IXHO��L�H���FRVW�HIIHFWLYH�XWLOL]DWLRQ�

RI�IXHO���6LQFH�WKH�YHVVHOV��VDLOLQJ�WKURXJK�(&$V��FDQ�XVH�RQO\�H[SHQVLYH�ORZ�VXOIXU�IXHO��

HQHUJ\� HIILFLHQF\�EHFRPHV� D� FULWLFDO� IDFWRU� LQ� VHOHFWLQJ� WKH� DSSURSULDWH YHVVHO� VFKHGXOH�

UHFRYHU\�VWUDWHJ\�

6HYHUDO� IDFWRUV�� VXFK� DV� WKH� LPSDFWV� RI� GLVUXSWLRQV� RQ� WKH� SODQQHG� YHVVHO�

VFKHGXOHV�� WKH� GHPDQG� IRU� HIILFLHQW� IXHO� XWLOL]DWLRQ� LQ� OLQHU� VKLSSLQJ�� DQG� WKH� H[LVWLQJ�

HQYLURQPHQWDO� UHJXODWLRQV� JXLGLQJ� YHVVHO� HPLVVLRQV�� HPSKDVL]H� WKH� QHHG� IRU� WKH�

GHYHORSPHQW�RI�HIIHFWLYH�JUHHQ�YHVVHO�VFKHGXOH�UHFRYHU\�PHWKRGV��ZKLFK�FDQ�EH�XVHG�E\�

OLQHU� VKLSSLQJ�FRPSDQLHV� LQ�SUDFWLFH��$� IHZ�VWXGLHV�KDYH�GLVFXVVHG� WKH�YHVVHO� VFKHGXOH�

UHFRYHU\� LQ� OLQHU� VKLSSLQJ� DQG� SURSRVHG� D� VHW� PDWKHPDWLFDO� PRGHOV� IRU� WKH� YHVVHO�

VFKHGXOH�UHFRYHU\�SUREOHP��%URXHU�HW�DO���������/L�HW�DO���������������&KHUDJKFKL�HW�DO���

�������+RZHYHU��QRQH�RI�WKH�H[LVWLQJ�VWXGLHV��ZKLFK�IRFXVHG�RQ�YHVVHO�VFKHGXOH�UHFRYHU\�

KDYH� WDNHQ� LQWR� DFFRXQW� WKH� OLQHU� VKLSSLQJ� URXWHV�� ZKLFK� SDVV� YLD (&$V� DQG� ZKHUH�

DGGLWLRQDO�UHJXODWLRQV�DUH�LPSRVHG�E\�,02�WKDW�PD\�DIIHFW�WKH�GLVUXSWLRQ�UHFRYHU\�DFWLRQ��

7KLV� FKDSWHU� RI� WKH� GLVVHUWDWLRQ� SUHVHQWV� D� QRYHO�PL[HG�LQWHJHU� QRQOLQHDU� SURJUDPPLQJ�

PRGHO�IRU�WKH�JUHHQ�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�IRU WKH�OLQHU�VKLSSLQJ�URXWH��ZKLFK�

SDVVHV�YLD�(&$V��7KH�PRGHO�FRQVLGHUV�WKH�H[LVWLQJ�HQYLURQPHQWDO�UHJXODWLRQV��HQIRUFHG�
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E\�,02��DQG�SURSRVHV� WZR�YHVVHO�VFKHGXOH� UHFRYHU\�VWUDWHJLHV��7KH�SURSRVHG�QRQOLQHDU�

PDWKHPDWLFDO�PRGHO�LV�OLQHDUL]HG�DQG�VROYHG�WR�RSWLPDOLW\�XVLQJ�&3/(;��

)XUWKHUPRUH�� D� VHW� RI� QXPHULFDO� H[SHULPHQWV� DUH� FRQGXFWHG� IRU� WKH� $VLD�1RUWK�

(XURSH� //�� URXWH�� ZKLFK� LV� VHUYHG� E\� 22&/� OLQHU� VKLSSLQJ� FRPSDQ\� DQG� SDVVHV� YLD

(&$V�ZLWK�WKH�ܵ ௫ܱ HPLVVLRQ�FRQWURO��,PSRUWDQW�PDQDJHULDO�LQVLJKWV��ZKLFK�ZRXOG�EH�RI�

LQWHUHVW�WR�OLQHU�VKLSSLQJ�FRPSDQLHV��DUH�UHYHDOHG�XVLQJ�WKH�SURSRVHG�PDWKHPDWLFDO�PRGHO�

DQG� WKH� GHYHORSHG� VROXWLRQ� DSSURDFK��7KH�PHWKRGRORJ\�� SUHVHQWHG� LQ� WKLV� FKDSWHU��ZLOO�

DVVLVW� OLQHU� VKLSSLQJ� FRPSDQLHV� ZLWK� HIILFLHQW� YHVVHO� VFKHGXOH� UHFRYHU\�� PLQLPL]LQJ�

PRQHWDU\�ORVVHV�HQGXUHG�DV�D�UHVXOW�RI�GLVUXSWLRQV�LQ�YHVVHO�VFKHGXOHV��LPSURYLQJ�HQHUJ\�

HIILFLHQF\� DQG� HQYLURQPHQWDO� VXVWDLQDELOLW\� WKURXJKRXW� WKH� WUDQVSRUWDWLRQ� SURFHVV�� 7KH�

ODWWHU�DVSHFWV�DUH�FRQVLGHUHG�DV�LPSRUWDQW�LQ�OLQHU�VKLSSLQJ DQG�VXSSO\�FKDLQ�PDQDJHPHQW

�&HQWREHOOL�HW�DO���������.LP�DQG�/HH��������6XQ�HW�DO���������6DNDOLV��HW�DO���������

���� 3UREOHP�'HVFULSWLRQ

7KLV� VHFWLRQ� RI� WKH� GLVVHUWDWLRQ� FKDSWHU� SUHVHQWV� D� GHWDLOHG� GHVFULSWLRQ� RI� WKH� YHVVHO�

VFKHGXOH� UHFRYHU\� SUREOHP� IRU� WKH� OLQHU� VKLSSLQJ� URXWH�� ZKLFK� SDVVHV� YLD� WKH� DUHDV�

GHVLJQDWHG�E\�WKH�,02�DV�(&$V��DQG�WKH�PDMRU�PRGHOLQJ�DVVXPSWLRQV��

������ /LQHU�6KLSSLQJ�5RXWH�'HVFULSWLRQ

$�OLQHU�VKLSSLQJ�URXWH��FRQQHFWLQJ�PXOWLSOH�SRUWV�RI�FDOO�� LV� W\SLFDOO\�VHUYHG�HLWKHU�E\�D�

VLQJOH�OLQHU�VKLSSLQJ�FRPSDQ\�RU�PXOWLSOH�OLQHU�VKLSSLQJ�FRPSDQLHV�WKDW�IRUP�DQ�DOOLDQFH��

+RZHYHU��WKH�SUHVHQW�VWXG\�ZLOO�FRQVLGHU�WKH�OLQHU�VKLSSLQJ URXWH��VHUYHG�E\�D�VLQJOH�OLQHU�

VKLSSLQJ�FRPSDQ\��/HW�ܲ ൌ ሼͳǡǥ ǡ݉ଵሽ GHQRWH�WKH�VHW�RI�SRUWV�WKDW�ZLOO�EH�YLVLWHG�E\�WKH�

YHVVHOV��GLVSDWFKHG�IRU�VHUYLFH�RI�WKH�OLQHU�VKLSSLQJ�URXWH�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��
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7KH�GLVSDWFKHG�YHVVHOV�� VDLO� IURP�SRUW݌� WR݌� ൅ ͳ DORQJ�YR\DJH� OHJ��7݌�KURXJKRXW� WKLV�

VWXG\�� LW� LV� DVVXPHG� WKDW� WKH� RUGHU� RI� SRUW� YLVLWV� DW� WKH� OLQHU� VKLSSLQJ� URXWH� LV� NQRZQ��

8VXDOO\�� D� YHVVHO� YLVLWV� HDFK� SRUW� RI� WKH� OLQHU� VKLSSLQJ� URXWH� RQFH�� +RZHYHU�� LQ� VRPH�

LQVWDQFHV��D�SRUW�FRXOG�EH�FDOOHG�PXOWLSOH�WLPHV�GXULQJ�WKH�YR\DJH��*HQHUDOO\��WKH�RUGHU�RI

SRUW�YLVLWV��RWKHUZLVH�UHIHUUHG�WR�DV�³SRUW�URWDWLRQ´�RU�³SRUW�QHWZRUN´�LQ�WKH�VWDWH�RI�WKH�

DUW� DQG� WKH� VWDWH�RI�SUDFWLFH�� DQG� WKH� SRUW� VHUYLFH� IUHTXHQF\� DUH� GHFLGHG� E\� WKH� OLQHU�

VKLSSLQJ�FRPSDQLHV�DW�WKH�VWUDWHJLF�DQG�WDFWLFDO�OHYHOV��UHVSHFWLYHO\��0HQJ�HW�DO����������

)LJXUH��� SUHVHQWV�DQ�H[DPSOH�RI� WKH� OLQHU� VKLSSLQJ� URXWH��ZKHUH�YHVVHOV� VHUYH���SRUWV��

QDPHO\������ WKH�3RUW�RI�*HQRD��,WDO\������� WKH�3RUW�RI�%DUFHORQD��6SDLQ��� ���� WKH�3RUW�RI�

-HGGDK��6DXGL�$UDELD�������WKH�3RUW�RI�6KDQJKDL��&KLQD���DQG�����WKH�3RUW�RI�3XVDQ��6RXWK�

.RUHD���

)LJXUH��� $�OLQHU�VKLSSLQJ�URXWH�H[DPSOH

)LJXUH��� 7KH�SRUW�URWDWLRQ�JUDSK�H[DPSOH

6KDQJKDL
*HQRD

%DUFHORQD

3XVDQ

-HGGDK

6KDQJKDL*HQRD %DUFHORQD 3XVDQ-HGGDK *HQRD
%DUFHORQD




��

7KH� 3RUWV� RI� -HGGDK�� 6KDQJKDL�� DQG� 3XVDQ� DUH� YLVLWHG� RQFH�� ZKLOH� WKH� 3RUWV� RI�

%DUFHORQD�DQG�*HQRD�DUH�YLVLWHG�WZLFH��)LJXUH��� LOOXVWUDWHV�WKH�SRUW�URWDWLRQ�JUDSK�WKDW�LV�

XVHG�IRU�PRGHOLQJ�RI� WKH� OLQHU�VKLSSLQJ�URXWH� SUHVHQWHG� LQ�)LJXUH�����7KH�SRUW� URWDWLRQ�

JUDSK�FRQWDLQV�D WRWDO�RI�WZR�GXPP\�QRGHV��ZKLFK�DUH�XVHG�WR�PRGHO�D�VHFRQG�YLVLW�WR�WKH�

VDPH� SRUW� RI� FDOO� DW� WKH� OLQHU� VKLSSLQJ� URXWH�� 7KH� GXPP\� QRGHV� ³%DUFHORQD
´DQG�

³*HQRD
´� DUH� DGGHG� DQG� SODFHG� DIWHU� WKH� QRGH� IRU� WKH� 3RUW� RI� 3XVDQ� WR� PRGHO� DQ�

DGGLWLRQDO� YLVLW� WR� WKH� 3RUWV� RI�%DUFHORQD� DQG�*HQRD�� UHVSHFWLYHO\�� 7KHUHIRUH�� WKH� WRWDO�

QXPEHU�RI�SRUWV�YLVLWV�IRU�WKH�FRQVLGHUHG�H[DPSOH�EHFRPHV�ȁܲȁ ൌ ͷ ൅ ʹ ൌ ͹�

������ 9HVVHO�6HUYLFH�DW�3RUWV

7KH�OLQHU�VKLSSLQJ�RSHUDWRU W\SLFDOO\�SODQV�WKH�DUULYDO�WLPH�RI�YHVVHOV�DW�HDFK�SRUW�DORQJ�

WKH�OLQHU VKLSSLQJ�URXWH DW�WKH�WDFWLFDO�OHYHO��/HW�߬௣
௔௥௥ǡ ݌ א ܲ �KRXUV��UHSUHVHQW�WKH�SODQQHG�

DUULYDO� WLPH�RI�YHVVHOV�DW�SRUW��7݌�KH�YHVVHO�DUULYDO� WLPH�DW�HDFK�SRUW�RI�FDOO�DW� WKH�OLQHU

VKLSSLQJ� URXWH� LV� MRLQWO\�SODQQHG�E\� WKH�PDULQH�FRQWDLQHU� WHUPLQDO� �0&7� RSHUDWRU� DQG�

WKH�OLQHU�VKLSSLQJ�FRPSDQ\��7KH�OLQHU�VKLSSLQJ�FRPSDQ\�HQVXUHV�WKDW�WKH�SODQQHG�DUULYDO�

WLPH�DW�HDFK�SRUW�LV�ZLWKLQ�WKH�WLPH�ZLQGRZ��7:��DJUHHG�EHWZHHQ�ERWK�SDUWLHV��L�H���WKH�

0&7�RSHUDWRU�DQG�WKH�OLQHU�VKLSSLQJ�FRPSDQ\���7KH�GXUDWLRQ�RI�WKH�DUULYDO�7:�DW�SRUW݌�

LV� HVWDEOLVKHG� FRQVLGHULQJ� WKH� VWDUW� RI� 7:� DW� SRUW� ��݌ ZKLFK� LV� GHQRWHG� E\� ߬௣
௦௧ǡ ݌ א ܲ

�KRXUV�� DQG�WKH�HQG�RI�7:�DW�SRUW݌�� UHSUHVHQWHG�E\�߬௣
௙௧
ǡ ݌ א ܲ �KRXUV���6HYHUDO�IDFWRUV�

PD\�DIIHFW� WKH�SODQQHG�DUULYDO�7:�GXUDWLRQ�DW�HDFK�SRUW�RI�FDOO��VRPH�RI�ZKLFK�LQFOXGH�

WKH� DYDLODELOLW\� RI� KDQGOLQJ� HTXLSPHQW�� WKH� DYDLODELOLW\� RI�0&7�EHUWKLQJ� SRVLWLRQV�� WKH�

YHVVHO�DUULYDO�IUHTXHQF\��DQG�RWKHUV��'XOHEHQHWV�DQG�2]JXYHQ��������'XOHEHQHWV������D�

G��22&/���������
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,I�D�YHVVHO�DUULYHV�DW�D�SRUW�RI�FDOO�EHIRUH� WKH�VWDUW�RI�QHJRWLDWHG�DUULYDO�7:�� WKH�

YHVVHO�LV�PRRUHG�WR�D�GHGLFDWHG�ZDLWLQJ�DUHD�EHIRUH�VHUYLFH��7KH�SODQQHG�ZDLWLQJ�WLPH�RI�

YHVVHOV�DW�SRUW ݌ ൅ ͳ �߬௣ାଵ
௪௔௜௧ǡ ݌ א ܲ ± KRXUV��FDQ�EH�HVWLPDWHG�EDVHG�RQ�WKH�IROORZLQJ���L��

WKH VWDUW� RI� 7:� DW� SRUW� ݌ ൅ ͳ�� �LL�� WKH� SODQQHG� YHVVHO� GHSDUWXUH� WLPH� IURP� SRUW ݌

�߬௣
ௗ௘௣

ǡ ݌ א ܲ ± KRXUV��� DQG� �LLL�� WKH� SODQQHG� VDLOLQJ� WLPH� EHWZHHQ� SRUWV ݌ DQG� ݌ ൅ ͳ

�߬௣
௦௔௜௟ ǡ ݌ א ܲ ± KRXUV�� 7KH�SODQQHG�ZDLWLQJ�WLPH�RI�YHVVHOV�DW�SRUW ݌ ൅ ͳ FDQ�EH�HVWLPDWHG�

XVLQJ�WKH�IROORZLQJ�UHODWLRQVKLSV�

߬௣ାଵ
௪௔௜௧ ൌ ߬௣ାଵ

௦௧ െ ൫߬௣
ௗ௘௣

൅ ߬௣
௦௔௜௟൯ ݌׊ א ܲǡ ݌ ൏ ȁܲȁ ���

߬ଵ
௪௔௜௧ ൌ ߬ଵ

௦௧ െ ൫߬௣
ௗ௘௣

൅ ߬௣
௦௔௜௟൯ ൅ ߮ ή ܸ ݌׊ א ܲǡ ݌ ൌ ȁܲȁ ���

)XUWKHUPRUH��WKH�SURGXFW�RI�WKH�DJUHHG�SRUW�VHUYLFH�IUHTXHQF\��߮ ± KRXUV��DQG�WKH�

WRWDO�QXPEHU�RI�YHVVHOV�GHSOR\HG�IRU�VHUYLFH�RI�SRUWV�DORQJ�WKH�OLQHU�VKLSSLQJ�URXWH��ܸ ±

YHVVHOV��LV�UHTXLUHG�WR�FDOFXODWH�WKH�YHVVHO�ZDLWLQJ�WLPH�DW�WKH�ILUVW�SRUW�RI�FDOO��L�H���߬ଵ
௪௔௜௧���

7KH�ODWWHU�HVWLPDWLRQ�UHSUHVHQWV�WKH�SODQQHG�WRWDO�WXUQDURXQG�WLPH�RI�YHVVHOV�DW�WKH�JLYHQ�

OLQHU� VKLSSLQJ� URXWH� �VHH� VHFWLRQ� ����� IRU� PRUH� GHWDLOV��� 1RWH� WKDW� WKH� SODQQHG� WRWDO�

WXUQDURXQG�WLPH�RI�YHVVHOV�LQ�WKH�HVWLPDWLRQ�FDSWXUHV�D�URXQG�YR\DJH�RI�YHVVHOV�DV�ZHOO�DV�

WKH�UHWXUQ�RI�YHVVHOV�DW�WKH�ILUVW�SRUW�RI�FDOO��'XOHEHQHWV������D�G���

7KURXJKRXW� WKH� YHVVHO� VFKHGXOH� GHVLJQ� DW WKH� WDFWLFDO� OHYHO�� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�DQG�WKH�0&7�RSHUDWRU�DJUHH�WR�WKH�YHVVHO�KDQGOLQJ�UDWH�DW�HDFK�SRUW�RI�FDOO�RI�

WKH�FRQVLGHUHG�OLQHU�VKLSSLQJ�URXWH��,W�LV�SUHVXPHG�LQ�WKLV�VWXG\�WKDW�WKH�0&7�RSHUDWRU�DW�

SRUW݌� LV�DEOH�WR�RIIHU�D�VHW�RI�KDQGOLQJ�UDWHVܪ�௣ ൌ ൛ͳǡǥ ǡ݉௣
ଶൟǡ ݌ א ܲ WR�WKH�OLQHU�VKLSSLQJ�

FRPSDQ\�IRU�VHUYLFH�RI� WKH�DUULYLQJ�YHVVHOV��$OVR�� WKH�0&7�RSHUDWRU�SURYLGHV�D�XQLTXH�



��

KDQGOLQJ�SURGXFWLYLW\��ݎ݌௣௛ǡ ݌ א ܲǡ ݄ א �௣��PHDVXUHG�LQ�WZHQW\�IRRW�HTXLYDOHQW�XQLWV�SHUܪ

KRXU�± 7(8V�KRXU�� IRU� HDFK� KDQGOLQJ� UDWH� RIIHUHG� WR� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�� ,W� LV�

DVVXPHG� WKDW� WKH� FRQWDLQHU� GHPDQG� �݀௣
௣௢௥௧

ǡ ݌ א ܲ ± 7(8V�� LV� NQRZQ�� 7KH� SODQQHG�

KDQGOLQJ� WLPH� RI� YHVVHOV� DW� SRUW ݌ �߬௣
௛௔௡ௗǡ ݌ א ܲ ± KRXUV�� FDQ� EH� HVWLPDWHG� XVLQJ� WKH�

FRQWDLQHU�GHPDQG�DW�WKDW�SRUW�DQG�WKH�UHTXHVWHG�KDQGOLQJ�SURGXFWLYLW\�DV�IROORZV�

߬௣
௛௔௡ௗ ൌ ෍ ቆ

݀௣
௣௢௥௧

௣௛ݎ݌
ቇ

௛אு೛

௣௛ݔ ݌׊ א ܲ ���

ZKHUH�

௣௛ǡݔ ݌ א ܲǡ ݄ א ௣ܪ ± LV� WKH� KDQGOLQJ� UDWH VHOHFWLRQ� SDUDPHWHU � �� LI� KDQGOLQJ� UDWH�݄ LV�

UHTXHVWHG�DW�SRUW݌��� ��RWKHUZLVH��

$� OLQHU� VKLSSLQJ� FRPSDQ\� ZLOO� EH� UHTXLUHG� WR� SD\� D� KDQGOLQJ� FRVW� �ܿ௣௛
௣௢௥௧

ǡ ݌ א

ܲǡ ݄ א ௣ܪ ± 86'�7(8��LI�D�KDQGOLQJ�UDWH�݄ LV�UHTXHVWHG�DW�SRUW݌� IRU�VHUYLFH�RI�YHVVHOV��

0RUHRYHU�� VHYHUDO� W\SHV� RI� GLVUXSWLRQV� DW� 0&7V�� LQFOXGLQJ� GLVUXSWLRQV� GXH� WR� ODERU�

VWULNHV�� SRUW� FRQJHVWLRQ� QDWXUDO� GLVDVWHUV� UHVXOWLQJ� LQ� SRUW� LQIUDVWUXFWXUH� GDPDJHV�� DQG�

RWKHUV� PD\� IXUWKHU� FDXVH� DQ� LQFUHPHQW� LQ� WKH� SODQQHG� ZDLWLQJ� DQG� KDQGOLQJ� WLPHV� RI�

YHVVHOV�� 7KH� DFWXDO�ZDLWLQJ� DQG� KDQGOLQJ� WLPHV� RI� YHVVHOV� DW� SRUW݌� ZLOO� EH� GHQRWHG� DV�

࣎௣
௪௔௜௧ǡ ݌ א ܲ �KRXUV��DQG�࣎௣

௛௔௡ௗǡ ݌ א ܲ �KRXUV���UHVSHFWLYHO\��

)XUWKHUPRUH��LI�D�GLVUXSWLRQ�RFFXUV�DW�SUHFHGLQJ�SRUWV�RI�FDOO��WKH�SODQQHG�DUULYDO�

WLPH�RI�YHVVHOV�DW�D�JLYHQ�SRUW�RI�FDOO�PD\�EH�DIIHFWHG��7KH�DFWXDO�YHVVHO�DUULYDO�WLPH�ZLOO�

EH� H[SUHVVHG� DV� ࣎௣
௔௥௥ǡ ݌ א ܲ �KRXUV��� $� GHWDLOHG� H[SODQDWLRQ� RI� WKH� YHVVHO� VFKHGXOH�

UHFRYHU\�VWUDWHJLHV�FRQVLGHUHG�LQ�WKLV�VWXG\��ZKLFK�FDQ�EH�XVHG�WR�PLWLJDWH�WKH�LPSDFW�RI�
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WKH�GHOD\V�FDXVHG�E\�GLVUXSWLRQV�DW�SRUWV�RI FDOO��ZLOO�EH�GLVFXVVHG�LQ�VHFWLRQ������ RI�WKLV�

FKDSWHU��7KH�YHVVHO�DUULYDO�GHOD\��࣎௣
ௗ௘௟ǡ ݌ א ܲ��DW�SRUW ݌ FDQ�EH�HVWLPDWHG�XVLQJ�WKH�DFWXDO�

DQG�SODQQHG�YHVVHO�DUULYDO�WLPHV DV�IROORZV�

࣎௣
ௗ௘௟ ൒ ࣎௣

௔௥௥ െ ߬௣
௔௥௥ ݌׊ א ܲ ���

'HOD\V�FDXVHG�E\�GLVUXSWLRQV�LQ�WKH�SODQQHG�DUULYDO�WLPH�RI�YHVVHOV�DW�SRUWV�RI�FDOO�

PD\�QHJDWLYHO\�LPSDFW�ERWK�OLQHU�VKLSSLQJ�DQG�0&7�RSHUDWLRQV��7KXV��D�GHOD\HG�YHVVHO�

DUULYDO�WLPH�FRVW��ܿ௣
ௗ௘௟ǡ ݌ א ܲ ± 86'�KRXU��ZLOO�EH�LPSRVHG�WR�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�

LI�WKH�SODQQHG�DUULYDO�WLPH�RI�YHVVHOV�LV�YLRODWHG�DW�WKH�SRUW�RI�FDOO�

������ )XHO�&RQVXPSWLRQ

,Q�WKH�YHVVHO�VFKHGXOH�GHVLJQ�DW�WKH�WDFWLFDO�OHYHO�� LW�LV�D�XVXDOO\�DVVXPHG�WKDW�WKH�YHVVHO�

IOHHW�� ZKLFK LV� GHSOR\HG� WR� VHUYH� WKH� SRUWV� RI� WKH� JLYHQ� OLQHU� VKLSSLQJ� URXWH� LV� RI�

KRPRJHQHRXV�QDWXUH��:DQJ�HW�DO���������'XOHEHQHWV�HW�DO���������'XOHEHQHWV������D�G���

7KH�NH\�WHFKQLFDO�VSHFLILFDWLRQV�RI�KRPRJHQRXV�YHVVHOV��VXFK�DV�WKH�FDSDFLW\�RI�WKH�PDLQ�

DQG� DX[LOLDU\� YHVVHO� HQJLQHV�� VWUXFWXUH� RI� WKH� PDLQ� DQG� DX[LOLDU\� YHVVHO� HQJLQHV�� DQG�

PD[LPXP�SRVVLEOH�VDLOLQJ�VSHHG� DUH�WKH�VDPH��+RZHYHU��WKH�DVVXPSWLRQ�WKDW�YHVVHOV�DUH�

KRPRJHQHRXV�PD\� QRW� EH� WRWDOO\� FRUUHFW� LQ� DFWXDO� OLQHU� VKLSSLQJ� RSHUDWLRQV� IRU� FHUWDLQ�

URXWHV��7KLV�LV�EHFDXVH�LGHQWLFDO�YHVVHOV�PD\�GLIIHU�LQ�WKHLU�WHFKQLFDO�FKDUDFWHULVWLFV�GXH�WR�

SUHYLRXV� KLVWRU\� RI� YHVVHO� UHSDLUV�� DJH�� XWLOL]DWLRQ�� DQG� RWKHU� IDFWRUV�� 7KH� SODQQHG� IXHO�

FRQVXPSWLRQ�SHU�QDXWLFDO�PLOH��QPL��DW�YR\DJH�OHJ݌� � ௣݂ǡ ݌ א ܲ ± WRQV�QPL��LV�FDOFXODWHG�

LQ�WKLV�VWXG\�EDVHG�RQ�WKH�DYDLODEOH�OLQHU�VKLSSLQJ�OLWHUDWXUH��:DQJ�DQG�0HQJ������F��DV�

IROORZV�



��

௣݂ ൌ
ఊሺ௦೛ሻ

ሺഀషభሻ

ଶସ
݌׊ א ܲ ���

ZKHUH�

ǡߙ ߛ ± DUH�WKH�IXHO�FRQVXPSWLRQ�IXQFWLRQ�FRHIILFLHQWV�

௣ǡݏ ݌ א ܲ ± LV�WKH�SODQQHG�VDLOLQJ�VSHHG�DGRSWHG�IRU�YHVVHOV�DW�YR\DJH�OHJ݌� �NQRWV��

7KH� IXHO� FRQVXPSWLRQ� FRHIILFLHQWV� ǡߙ� ��ߛ LQ� HTXDWLRQ� ���� DUH� XVXDOO\� HVWLPDWHG�

EDVHG� RQ� WKH� KLVWRULFDO� GDWD�� ZKLFK� FRQWDLQ� WKH� LQIRUPDWLRQ� UHJDUGLQJ� WKH� IXHO�

FRQVXPSWLRQ�DQG�VDLOLQJ�VSHHG�IRU�D�YHVVHO�IOHHW��VHUYLQJ�D�JLYHQ�OLQHU�VKLSSLQJ�URXWH��7KH�

SODQQHG�VDLOLQJ�WLPH�DW�YR\DJH�OHJ݌� FDQ�EH�HVWLPDWHG�XVLQJ�RQ�WKH�OHQJWK�RI�WKDW�YR\DJH�

OHJ��݀௣
௟௘௚
ǡ ݌ א ܲ ± QPL��DQG�WKH�SODQQHG�VDLOLQJ�VSHHG�DV�IROORZV�

߬௣
௦௔௜௟ ൌ

ௗ೛
೗೐೒

௦೛
݌׊ א ܲ ���

9DULRXV�IRUPV�RI�GLVUXSWLRQV�LQ�VHD��VXFK�DV�PHFKDQLFDO�IDLOXUH�RI�YHVVHO�HQJLQHV��

LQFOHPHQW� ZHDWKHU�� LQH[SHULHQFH�HUURUV� RI� WKH� YHVVHO� FUHZ�� HWF��� PD\� IXUWKHU� OHDG� WR� D�

UHGXFWLRQ�LQ�WKH�SODQQHG�VDLOLQJ�VSHHG�RI�YHVVHOV��7KHUHIRUH��WKH�DFWXDO�VDLOLQJ�VSHHG�DW�WKH�

YR\DJH�OHJ�WKDW�H[SHULHQFHG�D�GLVUXSWLYH�HYHQW��࢙௣ǡ ݌ א ܲ ± NQRWV��ZRXOG�EH�ORZHU�WKDQ�

WKH� SODQQHG� VDLOLQJ� VSHHG��࢙௣ ൏ ௣ǡݏ ݌ א ܲ��$� UHGXFWLRQ� RI� WKH� YHVVHO� VDLOLQJ� VSHHG�ZLOO�

OHDG�WR�D�GHFUHDVH�WKH�IXHO�FRQVXPSWLRQ�DQG�WKH�DVVRFLDWHG�IXHO�FRQVXPSWLRQ�FRVWV��

2Q�WKH�RWKHU�KDQG��D�UHGXFWLRQ�LQ�WKH�YHVVHO�VDLOLQJ�VSHHG�ZLOO�OHDG�WR�DQ�LQFUHPHQW�

LQ� WKH� DFWXDO� VDLOLQJ� WLPH� DW� D� JLYHQ� YR\DJH� OHJ� �࣎௣
௦௔௜௟ǡ ݌ א ܲ ± KRXUV��� WKXV�� FDXVLQJ� D�

GHOD\HG� DUULYDO� DW� WKH� QH[W� SRUW� RI� FDOO�� $� GHWDLOHG� H[SODQDWLRQ� RI� WKH� YDULRXV� YHVVHO�



��

VFKHGXOH� UHFRYHU\� VWUDWHJLHV� WKDW� FDQ� EH� LPSOHPHQWHG� WR� FRPSHQVDWH� IRU� WKH� GHOD\V��

LQFXUUHG�DV�D�UHVXOW�RI�GLVUXSWLRQV�LQ�VHD��ZLOO�EH�GLVFXVVHG�LQ�VHFWLRQ�������

������ 3RUW�6HUYLFH�)UHTXHQF\

7KH�OLQHU�VKLSSLQJ�FRPSDQ\�QHHGV�WR�PDNH�VXUH�WKDW�WKH�DJUHHG�SRUW�VHUYLFH�IUHTXHQF\�LV�

PHW� DW� WKH� SRUWV� RI� WKH OLQHU� VKLSSLQJ� URXWH� GXULQJ� WKH YHVVHO� VFKHGXOH� GHVLJQ� DW� WKH�

WDFWLFDO�OHYHO� 7KH�ODWWHU�FDQ�EH�DFFRPSOLVKHG�EDVHG�RQ�WKH�IROORZLQJ�UHODWLRQVKLS��:DQJ�

HW�DO���������$OKUDEL�HW�DO���������'XOHEHQHWV������D�G��

߮ ή ܸ ൌ ෍߬௣
௦௔௜௟

௣א௉

൅෍߬௣
௪௔௜௧

௣א௉

൅෍߬௣
௛௔௡ௗ

௣א௉

���

7KH� SODQQHG� WRWDO� YHVVHO� WXUQDURXQG� WLPH� DW� WKH� OLQHU� VKLSSLQJ URXWH�� ZKLFK� LV�

GHILQHG�DV�WKH�WLPH�WDNHQ�E\�D�YHVVHO�WR�VDLO�IURP�WKH�SRUW�RI�RULJLQ��FDOO�RWKHU�SRUWV�RI�WKH�

OLQHU�VKLSSLQJ�URXWH��DQG�UHWXUQ�WR�WKH�SRUW�RI�RULJLQ�LV�FDOFXODWHG�XVLQJ�WKH�ULJKW�KDQG�VLGH�

RI�HTXDWLRQ������7KH�FRPSRQHQWV�RI�HTXDWLRQ������ZKLFK�DUH�XVHG�WR�FRPSXWH�WKH�SODQQHG�

WRWDO� YHVVHO� WXUQDURXQG� WLPH� LQFOXGH�� �D�� WKH� SODQQHG� WRWDO� YHVVHO� VDLOLQJ� WLPH�� �E�� WKH�

SODQQHG� WRWDO� ZDLWLQJ� WLPH� RI� YHVVHOV� DW� SRUWV� RI� FDOO�� DQG� �F�� WKH� SODQQHG� WRWDO� SRUW�

KDQGOLQJ�WLPH��1RWH�WKDW�GLVUXSWLRQV�DW�SRUWV�DQG�LQ�VHD��PD\�UHVXOW�LQ�D�GHYLDWLRQ�RI�WKH�

DFWXDO� WRWDO� YHVVHO� WXUQDURXQG� WLPH� ࢀࢀࢂ� ± KRXUV�� IURP� WKH� SODQQHG� WRWDO� YHVVHO�

WXUQDURXQG�WLPH��ܸܶܶ ± KRXUV���7KH DFWXDO�WRWDO�YHVVHO�WXUQDURXQG�WLPH�FDQ�EH�HVWLPDWHG�

DV�IROORZV�

ࢀࢀࢂ ൌ ෍࣎௣
௦௔௜௟

௣א௉

൅෍࣎௣
௪௔௜௧

௣א௉

൅෍࣎௣
௛௔௡ௗ

௣א௉

���
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,I� WKH�WRWDO�YHVVHO� WXUQDURXQG�WLPH�LV� LQFUHDVHG�GXH�WR�GLVUXSWLRQV�LQ� WKH�SODQQHG�

VFKHGXOH� ࢀࢀࢂ� ൐ ܸܶܶ��� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� ZLOO� QRW� EH� DEOH� WR� PDLQWDLQ� WKH�

DJUHHG� VHUYLFH� IUHTXHQF\� DW� SRUWV� RI� FDOO�� 7KLV� PD\� FDXVH� D� GLVWXUEDQFH� LQ� WKH� OLQHU�

VKLSSLQJ�RSHUDWLRQV��7KXV�� OLQHU� VKLSSLQJ� FRPSDQLHV� VHHN� WR� DYRLG� DQ\�GHYLDWLRQV� IURP�

WKH�SODQQHG� WRWDO�YHVVHO� WXUQDURXQG WLPH��0RUHRYHU�� LI� FHUWDLQ�YHVVHO� VFKHGXOH� UHFRYHU\�

VWUDWHJLHV� DUH� HIILFLHQWO\� LPSOHPHQWHG� LQ� WKH� HYHQW� RI� D� GLVUXSWLRQ�� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�PD\� EH� DEOH� WR� UHGXFH� �RU� HYHQ� HOLPLQDWH�� GHYLDWLRQV� IURP� WKH� SODQQHG� WRWDO�

YHVVHO�WXUQDURXQG�WLPH�

������ 9HVVHO�6DLOLQJ�6SHHG�6HOHFWLRQ

$W�WKH�YHVVHO�VFKHGXOLQJ�VWDJH��WDFWLFDO�OHYHO���WKH�SODQQHG�YHVVHO�VDLOLQJ�VSHHG��ݏ௣ǡ ݌ א ܲ

± NQRWV�� LV� GHFLGHG�E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� DW� HDFK� YR\DJH� OHJ� RI� D� JLYHQ� OLQHU�

VKLSSLQJ�URXWH��:DQJ�HW�DO���������:DQJ�HW�DO����������$�ZLGH�UDQJH�RI�IDFWRUV�PD\�DIIHFW�

WKH� SODQQHG� VDLOLQJ� VSHHG�RI� YHVVHOV� DW� HDFK� YR\DJH� OHJ� DORQJ� WKH� OLQHU� VKLSSLQJ� URXWH��

:DQJ�HW� DO�� ������ KLJKOLJKWHG� WKDW� OLQHU� VKLSSLQJ�FRPSDQLHV� VHW D� ORZHU�ERXQG�RQ� WKH�

YHVVHO�VDLOLQJ�VSHHG��ݏ௠௜௡ ± NQRWV��WR�PLQLPL]H�WKH�ZHDU�RQ�WKH�YHVVHO¶V�HQJLQH��2Q�WKH�

RWKHU� KDQG�� WKH� XSSHU� ERXQG� RQ� WKH� YHVVHO� VDLOLQJ� VSHHG� ௠௔௫ݏ� ± NQRWV�� LV� SULPDULO\�

GHWHUPLQHG�E\�WKH�YHVVHO¶V�HQJLQH�FDSDFLW\��3VDUDIWLV�DQG�.RQWRYDV���������

$V� PHQWLRQHG� HDUOLHU�� GLVUXSWLYH� HYHQWV� LQ� VHD� PD\� VXEVWDQWLDOO\� LPSDFW� WKH�

SODQQHG�YHVVHO VDLOLQJ�VSHHG��7KH�ODWWHU�PD\�OHDG�WR�IOXFWXDWLRQV�RI�WKH�IXHO�FRQVXPSWLRQ�

RI�YHVVHOV�DQG�UHVXOW�LQ�ODWH�YHVVHO�DUULYDOV�DW�WKH�FRQVHFXWLYH�SRUWV�RI�FDOO��1HYHUWKHOHVV��

WKH� YHVVHO� VDLOLQJ� VSHHG�DGMXVWPHQW� VWUDWHJ\�PD\�EH� LPSOHPHQWHG� WR� UHFRYHU� WKH� YHVVHO�

VFKHGXOHV�IURP�GLVUXSWLYH�HYHQWV��PRUH�GHWDLOV�ZLOO�EH�SURYLGHG�LQ�VHFWLRQ��������



��

������ &RQWDLQHU�,QYHQWRU\�&RVW

7KLV�VWXG\�DVVXPHV�WKDW�GXULQJ�WKH�YHVVHO�VFKHGXOH�GHVLJQ�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�KDV�

LQIRUPDWLRQ�UHJDUGLQJ� WKH� WRWDO�QXPEHU�RI�FRQWDLQHUV��L�H���7(8V�� WR�EH�VKLSSHG�DW�HDFK�

YR\DJH�OHJ�RI�WKH�OLQHU�VKLSSLQJ�URXWH��%DVHG�RQ�WKH�LQIRUPDWLRQ UHWULHYHG�IURP�WKH�OLQHU�

VKLSSLQJ�OLWHUDWXUH��WKH�FRQWDLQHU�LQYHQWRU\�FRVW�FDQ�EH�HVWLPDWHG�XVLQJ�WKH�XQLW�LQYHQWRU\�

FRVW�RI�VKLSSLQJ�D�7(8��ܿ௜௡௩ ± 86'�7(8�KRXU���WKH�WRWDO�QXPEHU�RI�7(8V�WUDQVSRUWHG�DW�

YR\DJH�OHJV��݀௣
௦௘௔ǡ ݌ א ܲ ± 7(8V���DQG�SODQQHG�WRWDO�YHVVHO�VDLOLQJ�WLPH�DW�YR\DJH�OHJV�RI�

WKH�OLQHU�VKLSSLQJ�URXWH��:DQJ�HW�DO���������'XOHEHQHWV������D�G� DV�IROORZV�

ܥܫܥ ൌ ෍ܿ௜௡௩

௣א௉

݀௣
௦௘௔߬௣

௦௔௜௟
���

$V�SUHYLRXVO\�PHQWLRQHG��WKH�SODQQHG�YHVVHO�VDLOLQJ�VSHHG�DW�YR\DJH�OHJV�ZLOO�EH�

DIIHFWHG� E\� GLVUXSWLRQV� LQ� VHD� DQG�RU� DW� SRUWV�� 1RWH� WKDW� DW� FHUWDLQ� YR\DJH� OHJV� ZKHUH�

GLVUXSWLYH� HYHQWV� RFFXU�� WKH� UHGXFWLRQ� LQ� VDLOLQJ� VSHHG� �࢙௣ ൏ ௣ǡݏ ݌ א ܲ��ZLOO� OHDG� WR� DQ�

LQFUHPHQW�LQ�WKH�SODQQHG�YHVVHO�VDLOLQJ�WLPH��7KH�GHOD\�LQ�WKH�YHVVHO�VFKHGXOH� FDXVHG�E\�

GLVUXSWLRQV� FDQ� EH� UHFRYHUHG� E\� LQFUHDVLQJ� WKH YHVVHO� VDLOLQJ� VSHHG� DW� WKH� VXEVHTXHQW�

YR\DJH�OHJV��7KH ODWWHU�DFWLRQ�ZLOO�OHDG�WR�D�UHGXFWLRQ�LQ�WKH�SODQQHG�VDLOLQJ�WLPH��,Q�RUGHU�

WR� HVWLPDWH� WKH� DFWXDO� FRQWDLQHU� LQYHQWRU\� FRVW� ±࡯ࡵ࡯� 86'��� WKH� SODQQHG�YHVVHO� VDLOLQJ�

WLPH� LQ� HTXDWLRQ� ���� LV� UHSODFHG�ZLWK� WKH� DFWXDO� VDLOLQJ� WLPH� RI� YHVVHOV� DW� YR\DJH� OHJV�

�࣎௣
௦௔௜௟ǡ ݌ א ܲ ± KRXUV��DV�IROORZV��

ࡵ࡯ ൌ ෍ܿ௜௡௩

௣א௉

݀௣
௦௘௔࣎௣

௦௔௜௟
����



��

������ ([LVWLQJ�,QWHUQDWLRQDO�0DULWLPH�2UJDQL]DWLRQ�UHJXODWLRQV�RQ�HPLVVLRQV�

7KH� H[LVWLQJ� HQYLURQPHQWDO� JXLGHOLQHV� SXW� LQ� SODFH� E\� WKH� ,02�XQGHU ³6XOSKXU� R[LGHV�

�ܵ ௫ܱ� DQG�3DUWLFXODWH�0DWWHU��30��± 5HJXODWLRQ���´��ZKLFK�LPSRVHV�UHVWULFWLRQV�RQ�WKH�

HPLVVLRQV�RI�ܵ ௫ܱ DQG�ܲܯ SURGXFHG�E\�YHVVHOV�LQ�WKH�DUHDV�WKDW�DUH�GHVLJQDWHG�DV�(&$V�

DUH�FRQVLGHUHG�LQ�WKLV�VWXG\��,02���������7KH�ODWWHU�FRQVLGHUDWLRQ�ZLOO�LPSURYH�HIILFLHQW�

XWLOL]DWLRQ� RI� IXHO� �L�H��� HQHUJ\� HIILFLHQF\�� DQG� HQYLURQPHQWDO� VXVWDLQDELOLW\� RI� OLQHU�

VKLSSLQJ��6SHFLILFDOO\��UHJXODWLRQ����UHTXLUHV�WKDW�WKH�YHVVHOV�WKDW�VDLO�WKURXJK�(&$V�PXVW�

XVH�IXHOV�ZLWK�VXOIXU�FRQWHQW�QRW�H[FHHGLQJ�������P�P��,02���������,Q�RUGHU�WR�DGKHUH�

WR�WKH�H[LVWLQJ�,02�UHJXODWLRQV��WKLV�VWXG\�SURSRVHV�WKDW�WKH�YHVVHOV�GHSOR\HG�E\�WKH�OLQHU�

VKLSSLQJ�FRPSDQ\�ZLOO�XVH�WZR�W\SHV�RI�IXHO��QDPHO\��0DULQH�*DV�2LO�>0*2@�DQG�+HDY\�

)XHO�2LO�>+)2@��WKURXJKRXW�WKH�YR\DJH��

7KLV� VWXG\� DVVXPHV� WKDW� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� ZLOO� VHOHFW� D� PRUH� FRVWO\�

0*2�ZLWK� WKH� VXOIXU� FRQWHQW� RI� ������ ZKHQ� VDLOLQJ� WKURXJK� WKH� DUHDV� GHVLJQDWHG� DV�

(&$V��ܵܥ௣ ൌ ͲǤͳΨ ݌׊ א כ��ZKHUH�ܲכܲ ± LV�D�VHW�RI�YR\DJH�OHJV��ZKLFK�SDVV YLD�(&$V��

௣ǡܥܵ ݌ א ܲ ± LV� WKH� VXOIXU� FRQWHQW� RI� IXHO XVHG� DW� YR\DJH� OHJ ���݌ ZKLOH� +)2�ZLWK� WKH�

VXOIXU�FRQWHQW�RI������ZLOO�EH�VHOHFWHG�DW�WKH�YR\DJH�OHJV�RI�WKH�OLQHU�VKLSSLQJ�URXWH�WKDW�

DUH� RXWVLGH� (&$V� ௣ܥܵ� ൌ ͵ǤͷΨ ݌׊ א ܲ଴�� ZKHUH� ܲ଴ ± LV� D� VHW� RI� YR\DJH� OHJV� SDVVLQJ�

RXWVLGH�(&$V��

)XUWKHUPRUH�� WKHUH� H[LVWV� VRPH� ,02� UHJXODWLRQV� RQ� QLWURJHQ� R[LGH� �ܰ ௫ܱ��

SROOXWDQWV��JHQHUDWHG�E\�YHVVHOV�LQ�VRPH�(&$V��WKH�1RUWK�$PHULFDQ�DUHD�DQG�WKH�8QLWHG�

6WDWHV�&DULEEHDQ�6HD��� ,Q�RUGHU� WR�FRPSO\�ZLWK�WKH� ODWWHU� UHJXODWLRQV�� LW� LV�DVVXPHG� WKDW�

WKH�GLHVHO�HQJLQHV�RI�YHVVHOV��GHSOR\HG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��VDWLVI\�WKH�7LHU�,,,�



��

OLPLWV��7KH�ODWWHU�DVVXPSWLRQ�GRHV�QRW�DSSO\�WR�WKH�OLQHU�VKLSSLQJ�URXWHV��ZKLFK�SDVV�YLD

(&$V� LQ� WKH� %DOWLF� 6HD� DQG� WKH� 1RUWK� 6HD� �ZKHUH� UHVWULFWLRQV� DUH� LPSRVHG� RQ� ܵ ௫ܱ

HPLVVLRQ RQO\��

������ 9HVVHO�6FKHGXOH�'LVUXSWLRQV�DQG�5HFRYHU\

'LVUXSWLYH�HYHQWV�PD\�RFFXU�LQ�VHD�DQG�RU�DW�SRUWV�RI�FDOO��'LVUXSWLYH�HYHQWV�DW�SRUWV�PD\�

EH� DV� D� UHVXOW� RI� ODERU� VWULNHV�� QDWXUDO� GLVDVWHUV� WKDW� OHDG WR� WKH� GHVWUXFWLRQ� RI� SRUW�

LQIUDVWUXFWXUH��SRUW�FRQJHVWLRQ��DQG�RWKHUV��$OVR��GLVUXSWLRQV�LQ�VHD�PD\�EH�DV�D�UHVXOW�RI�

LQH[SHULHQFH�HUURUV� RI� WKH� YHVVHO� FUHZ�� LQFOHPHQW�ZHDWKHU��PHFKDQLFDO� IDLOXUH� RI� YHVVHO�

HQJLQHV��DQG�RWKHUV��/HWݕ�௣
௣௢௥௧

ൌ ͳǡ ݌ א ܲ LI�D�GLVUXSWLYH�HYHQW� WDNHV�SODFH�DW�SRUW݌� � ��

RWKHUZLVH��� /HW ௣ݕ
௦௘௔ ൌ ͳǡ ݌ א ܲ LI� D� GLVUXSWLYH� HYHQW� WDNHV� SODFH� DW� YR\DJH� OHJ� ݌ � ��

RWKHUZLVH���1RWH�WKDW�ERWKݕ�௣
௣௢௥௧

ǡ ݌ א ܲ DQGݕ�௣
௦௘௔ǡ ݌ א ܲ DUH�FRQVLGHUHG�DV�SDUDPHWHUV�LQ�

WKLV� VWXG\ EDVHG� RQ WKH� IDFW� WKDW� WKH� YHVVHO� VFKHGXOH� UHFRYHU\ SUREOHP� IRU� WKH� OLQHU�

VKLSSLQJ�URXWH��ZKLFK�SDVVHV�YLD�(&$V��LV�DQ�RSHUDWLRQDO�OHYHO�GHFLVLRQ�SUREOHP�LQ�OLQHU�

VKLSSLQJ��

$W� WKH� RSHUDWLRQDO�OHYHO� GHFLVLRQ� PDNLQJ�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� KDYH� D�

NQRZOHGJH� RI� ZKHUH� GLVUXSWLRQ�V�� RFFXUUHG�� $OVR�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� KDV� D�

NQRZOHGJH�RI�WKH�OHQJWK�RI�WLPH�D�GLVUXSWLYH�HYHQW�LV�H[SHFWHG�WR�ODVW��7KH�H[SHFWHG�WLPH�

SHULRG�RI� D�GLVUXSWLYH� HYHQW� DW� SRUWV�ZLOO� EH� IXUWKHU� UHIHUUHG� WR� DVߜ�௣
௣௢௥௧

ǡ ݌ א ܲ �KRXUV���

ZKLOH�WKH�H[SHFWHG�UHGXFWLRQ�LQ�WKH�YHVVHO�VDLOLQJ�VSHHG�GXH�WR�GLVUXSWLRQV�LV�VHD�ZLOO�EH�

UHSUHVHQWHG� DV� ௣ߜ
௦௘௔ǡ ݌ א ܲ �NQRWV�� 7KH� YHVVHO� VFKHGXOH� UHFRYHU\� VWUDWHJLHV� WKDW� FRXOG�

DVVLVW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�ZLWK WKH�UHFRYHU\�RI�WKH�YHVVHO�VFKHGXOH�DIWHU�GLVUXSWLYH�



��

HYHQWV� DW� WKH� OLQHU� VKLSSLQJ� URXWH�� ZKLFK� SDVVHV� YLD� (&$V� DUH� DV� IROORZV�� �D�� YHVVHO�

VDLOLQJ�VSHHG�DGMXVWPHQW��DQG��E��SRUW�VNLSSLQJ��

7KH�OLQHU�VKLSSLQJ�FRPSDQ\�PD\�UHVROYH�WKH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�E\�

VHOHFWLQJ� D� KLJKHU� YHVVHO� VDLOLQJ� VSHHG� DW� YR\DJH� OHJV� RI� WKH� OLQHU� VKLSSLQJ� URXWH� WR�

HIIHFWLYHO\�UHFRYHU�WKH�YHVVHO�VFKHGXOH�DQG�UHFRYHU�WKH�GHOD\V��VXIIHUHG�GXH�WR�GLVUXSWLYH�

HYHQWV� LQ�VHD�DQG�RU�DW�SRUWV�RI�FDOO��/HW�ο௣
௦௘௔ǡ ݌ א ܲ �NQRWV��UHSUHVHQW� WKH�YHVVHO�VDLOLQJ�

VSHHG�DGMXVWPHQW�DW�YR\DJH�OHJ݌� RI�WKH�OLQHU�VKLSSLQJ�URXWH��1RWH�WKDW�DQ�LQFUHDVH�LQ�WKH�

YHVVHO�VDLOLQJ�VSHHG�DW�YR\DJH�OHJV�ZLOO�OHDG�WR�DQ�LQFUHDVH�LQ�WKH�IXHO�FRQVXPSWLRQ�E\�WKH�

YHVVHOV�� GHSOR\HG� IRU� VHUYLFH� RI� WKH� JLYHQ� OLQHU� VKLSSLQJ� URXWH��ZKLFK�ZLOO� LQFUHDVH� WKH�

DFWXDO�WRWDO�IXHO�FRVW�LQFXUUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��7KLV�VWXG\�DVVXPHV�WKDW�WKH�

OLQHU�VKLSSLQJ�FRPSDQ\�ZLOO�QRW�EH�DEOH�WR�DOWHU�WKH�YHVVHO�VDLOLQJ�VSHHG�DW�WKH�YR\DJH�OHJ�

RI� WKH� OLQHU� VKLSSLQJ� URXWH� WKDW� XQGHUJRHV D� GLVUXSWLYH� HYHQW�� ,I� WKH� GHOD\� FDXVHG� E\� D�

GLVUXSWLYH�HYHQW� VLJQLILFDQWO\�LPSDFWV�WKH�OLQHU�VKLSSLQJ�RSHUDWLRQV�DW�D�VSHFLILF�YR\DJH�

OHJ�RI�WKH�OLQHU�VKLSSLQJ�URXWH��WKH�OLQHU�VKLSSLQJ�FRPSDQ\ PD\�QRW�EH DEOH�WR FRPSOHWHO\�

UHFRYHU�WKH�YHVVHO�VFKHGXOH HYHQ�DIWHU�VHOHFWLQJ�WKH�PD[LPXP�YHVVHO�VDLOLQJ�VSHHG�DW�WKH�

FRQVHFXWLYH�YR\DJH�OHJV��
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)LJXUH��� $Q�H[DPSOH�RI�WKH�YHVVHO�VDLOLQJ VSHHG�DGMXVWPHQW

$Q�H[DPSOH�RI�WKH�YHVVHO�VFKHGXOH�UHFRYHU\�VWUDWHJ\��ZKLFK�LV�EDVHG�RQ�WKH�YHVVHO�

VDLOLQJ�VSHHG�DGMXVWPHQW� LV� LOOXVWUDWHG�LQ�)LJXUH�����7KH�KRUL]RQWDO�DQG�YHUWLFDO�D[HV�RI�

WKH� WLPH�VSDFH� QHWZRUN�� ZKLFK� LV� SUHVHQWHG� LQ� )LJXUH� ���� GHSLFW� WKH� WLPH� ZLWKLQ� WKH�

SODQQLQJ�KRUL]RQ��LQ�GD\V��DQG�WKH�SRUW�SRVLWLRQ��UHVSHFWLYHO\��$�YHVVHO�GLVSDWFKHG�E\�D�

OLQHU� VKLSSLQJ� FRPSDQ\�� ZKLFK� LV� VFKHGXOHG� WR� YLVLW� WKUHH� SRUWV�� QDPHO\� WKH� 3RUWV� RI�

%DUFHORQD� -HGGDK�� DQG� 6KDQJKDL�� H[SHULHQFHG� D� GLVUXSWLRQ� DIWHU� OHDYLQJ� WKH� 3RUW� RI�

%DUFHORQD��7KH� ODWWHU�GLVUXSWLRQ�FDXVHG�D� ODWH� DUULYDO� DW� WKH�3RUW�RI� -HGGDK�� ,Q�RUGHU� WR�

IXOO\�UHFRYHU�WKH�VFKHGXOH�DQG�UHWDLQ�WKH�SODQQHG�DUULYDO�WLPH�DW�WKH�3RUW�RI�6KDQJKDL��WKH�

OLQHU�VKLSSLQJ�FRPSDQ\�LQFUHDVHG�WKH�YHVVHO�VDLOLQJ�VSHHG�DW�WKH�YR\DJH�OHJ�EHWZHHQ�WKH�

3RUWV�RI�-HGGDK�DQG�6KDQJKDL�
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)LJXUH��� $Q�H[DPSOH RI�SRUW�VNLSSLQJ��$�SRUW�URWDWLRQ�EHIRUH�VFKHGXOH�UHFRYHU\��%�SRUW�

URWDWLRQ�DIWHU�VFKHGXOH�UHFRYHU\

)XUWKHUPRUH�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� PD\� GHFLGH� QRW� WR� VNLS� SRUW� ݌ DQG�

ZLWKVWDQG� WKH� GHOD\�� /HW�࢞௣
௦௞௜௣

ǡ ݌ א ܲ GHQRWH� WKH� SRUW� VNLSSLQJ� GHFLVLRQ� YDULDEOH� � �� LI�

SRUW݌� LV�VNLSSHG�� ��RWKHUZLVH���+RZHYHU��LI�WKH�GXUDWLRQ�RI�D�GLVUXSWLYH�HYHQW�DW�D�JLYHQ�

SRUW�RI�FDOO�RI�WKH�OLQHU�VKLSSLQJ�URXWH�LV�DQWLFLSDWHG�WR EH�VLJQLILFDQW��WKH�OLQHU�VKLSSLQJ�

FRPSDQ\� ZLOO� KDYH� WR� VNLS� WKDW� SRUW� WR�PLQLPL]H� RWKHU� DGGLWLRQDO� OLQHU� VKLSSLQJ� URXWH�

VHUYLFH�FRVWV� WKDW�PD\�EH� LQFXUUHG�EHFDXVH�RI� WKH�GLVUXSWLYH�HYHQW��$Q�H[DPSOH�RI�SRUW�

VNLSSLQJ�GXH�WR�D�GLVUXSWLYH�HYHQW�LV�VKRZQ�LQ�)LJXUH�����,Q�WKH�SUHVHQWHG�H[DPSOH�RI�SRUW�
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VNLSSLQJ��D�YHVVHO��ZKLFK�LV�VFKHGXOHG�WR�YLVLW�WKH�3RUW�RI�*HQRD��WKH�3RUW�RI�%DUFHORQD��

WKH�3RUW�RI� -HGGDK�� WKH�3RUW�RI�6KDQJKDL�� DQG� WKH�3RUW�RI�3XVDQ�� UHVSHFWLYHO\�� VNLSV� WKH�

3RUW�RI�-HGGDK�EHFDXVH�RI�GLVUXSWLYH�HYHQWV�DW�WKH�SRUW�DQG�YLVLWV�RQO\�WKH�3RUW�RI�*HQRD��

WKH�3RUW�RI�%DUFHORQD��WKH�3RUW�RI�6KDQJKDL��DQG�WKH�3RUW�RI�3XVDQ��1RWH�WKDW�WKH�GHFLVLRQ�

RI� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� WR� VNLS� D� SRUW� RI� FDOO� LQ� WKH� SRUW� URWDWLRQ� EHFDXVH� RI� D�

GLVUXSWLYH�HYHQW�DW�WKH�SRUW�GRHV�QRW�DOWHU�WKH�VHTXHQFH�RI�YLVLWV�WR�WKH�FRQVHFXWLYH�SRUWV�

�L�H��� LW� LV� DVVXPHG� WKDW� WKH� SRUW� URWDWLRQ� UHPDLQV� XQFKDQJHG� HYHQ� LI� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�VNLSV�D�SRUW���

$OVR��LI�D�SRUW�LV�VNLSSHG�E\ WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GXH�WR�D�GLVUXSWLYH�HYHQW�

DW� WKDW SRUW�RI� FDOO�� LW�ZLOO� QRW� EH� DEOH� WR�GHOLYHU� WKH� LPSRUW� FRQWDLQHUV� DQG�SLFN�XS� WKH�

H[SRUW�FRQWDLQHUV�DW� WKH SRUW��,Q�WKLV�VWXG\��D�SRUW�VNLSSLQJ�FRVW��ܿ௣
௦௞௜௣

ǡ ݌ א ܲ ± 86'��LV�

IRUFHG�RQ�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�LI�LW�GHFLGHV�WR�VNLS�D�SRUW�GXH�WR�D�GLVUXSWLYH�HYHQW��

7KH�SRUW�VNLSSLQJ�SHQDOW\�PD\�EH�IRUFHG�IRU�HYHU\�VLQJOH�SRUW�VNLSSLQJ�GHFLVLRQ�RU�RYHU�D�

GHILQHG�WLPH�SHULRG��VXFK�DV�TXDUWHUO\�RU�DQQXDOO\���*HQHUDOO\��WKH�WHUPV�DQG�FRQGLWLRQV�

RI�VHWWOLQJ� WKH�SRUW�VNLSSLQJ�SHQDOW\�DUH QHJRWLDWHG�EHWZHHQ� WKH�0&7�RSHUDWRUV�DQG� WKH�

OLQHU� VKLSSLQJ� FRPSDQ\� LQ� D� FRQWUDFWXDO� DJUHHPHQW� EHWZHHQ� ERWK� SOD\HUV�� 7KH� SRUW�

VNLSSLQJ�FRVW�LV�XVXDOO\�LQWURGXFHG�E\�WKH�0&7�RSHUDWRU�WR�UHLPEXUVH�WKH�0&7�RSHUDWRU�

IRU�WKH�XQPHW�GHPDQG��UHVHUYHG�KDQGOLQJ�HTXLSPHQW��DQG�UHVHUYHG�\DUG�VWRUDJH�VSDFH�IRU�

FRQWDLQHUV��

7KH�YHVVHO�VFKHGXOH�UHFRYHU\�VWUDWHJLHV�H[DPLQHG�LQ�WKLV�VWXG\��L�H���YHVVHO�VDLOLQJ�

VSHHG�DGMXVWPHQW�DQG�SRUW�VNLSSLQJ��FDQ�EH�DGPLQLVWHUHG�E\�WKH OLQHU�VKLSSLQJ�FRPSDQ\�

WR� UHFRYHU� WKH� YHVVHO� VFKHGXOH� GXH� WR� GLVUXSWLYH� HYHQWV� LQ� VHD� DQG�RU� DW� SRUWV� RI� FDOO��

%DVHG�RQ�WKH�H[WHQW�RI�D�GLVUXSWLYH�HYHQW��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�PD\�EH�ZLOOLQJ�WR�
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LPSOHPHQW� ERWK� UHFRYHU\� VWUDWHJLHV� �LI� WKH� DGGLWLRQDO� OLQHU� VKLSSLQJ� URXWH� VHUYLFH� FRVWV�

GXH� WR� WKDW� GLVUXSWLYH� HYHQW� FDQ� EH� PLQLPL]HG��� 1RWZLWKVWDQGLQJ�� LI� WKH� FRVW� RI�

DGPLQLVWHULQJ� WKH� DIRUHPHQWLRQHG� YHVVHO� VFKHGXOH� UHFRYHU\� VWUDWHJLHV� LV� VLJQLILFDQWO\�

KLJK��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�PD\�GHFLGH�WR�VXIIHU�WKH LPSDFWV�RI�D�GLVUXSWLYH�HYHQW�

DQG�QRW�DSSO\�DQ\�RI�WKH�SURSRVHG�YHVVHO�VFKHGXOH�UHFRYHU\�VWUDWHJLHV�

������ 'HFLVLRQV

7KH� GHFLVLRQ� SUREOHP�� ZKLFK� LV� LQYHVWLJDWHG� LQ� WKLV� VWXG\�� FDQ� EH� GHVFULEHG� DV� WKH�

RSHUDWLRQDO�OHYHO�SUREOHP�LQ�OLQHU�VKLSSLQJ�DQG�ZLOO�EH�FDOOHG�DV�WKH�JUHHQ�YHVVHO�VFKHGXOH�

UHFRYHU\� SUREOHP�� 7KH� PDMRU� GHFLVLRQV� UHTXLUHG� WR� EH� DGGUHVVHG� LQ� WKH� JUHHQ� YHVVHO�

VFKHGXOH�UHFRYHU\�SUREOHP�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\� DUH�DV�IROORZV�

$� 'HWHUPLQH� WKH� YR\DJH� OHJV� RI� WKH� OLQHU� VKLSSLQJ� URXWH��ZKHUH� WKH� YHVVHO� VDLOLQJ�

VSHHG�DGMXVWPHQW�UHFRYHU\�VWUDWHJ\�ZLOO�EH�D�IDYRUDEOH�DOWHUQDWLYH�WR�PLWLJDWH�WKH�

LPSDFW�RI�WKH�GHOD\V��FDXVHG�E\�D�GLVUXSWLYH�HYHQW�

%� 'HFLGH� LI� HQHUJ\� HIILFLHQW� YHVVHO� VFKHGXOHV� ZRXOG� EH� D� IDYRUDEOH� DOWHUQDWLYH� WR�

FRPSHQVDWH�IRU�WKH�GHOD\V� FDXVHG E\�D�GLVUXSWLYH�HYHQW��L�H���D�VPDOO�LQFUHDVH�LQ�

WKH�YHVVHO�VDLOLQJ�VSHHG�ZLOO�QRW�VXEVWDQWLDOO\�LQFUHDVH�WKH�DFWXDO�IXHO�FRQVXPSWLRQ�

DQG�WKH�DVVRFLDWHG�FRVW��EXW�PD\�QRW�EH�VXIILFLHQW�WR�UHFRYHU�WKH�GHOD\V���

&� 'HWHUPLQH�ZKHWKHU� WKH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� UHFRYHU\� VWUDWHJ\�ZRXOG�

EH�DQ�HIILFLHQW�DOWHUQDWLYH�DW�WKH�YR\DJH�OHJV��ZKLFK�SDVV YLD�(&$V�

'� 6NLS�D�SRUW�RI�FDOO�ZKHUH�D�GLVUXSWLYH�HYHQW�RFFXUV�RU�ZDLW�XQWLO�WKH�SRUW�UHFRYHUV�

IURP�WKDW�GLVUXSWLRQ�DQG�LV�DEOH�WR�SURYLGH�VHUYLFH�RI�YHVVHOV�
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(� 6HOHFW HIIHFWLYH�YHVVHO�VFKHGXOH�UHFRYHU\�VWUDWHJLHV�ZLWK�WKH�DLP�RI�UHGXFLQJ�WKH�

YHVVHO�DUULYDO�GHOD\V�DW�SRUWV�RI�FDOO�WKURXJKRXW�WKH�YR\DJH�

7KH�GHFLVLRQV��ZKLFK�PXVW�EH�PDGH�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�WR�UHFRYHU�WKH�

YHVVHO�VFKHGXOH�IRU�WKH�OLQHU�VKLSSLQJ�URXWH��ZKLFK�SDVVHV�YLD�(&$V��DUH�LQWHUFRQQHFWHG�LQ�

WKHLU� QDWXUH�� 7KH� OLQHU� VKLSSLQJ� FRPSDQ\� PD\� KDYH� WR� LQFUHDVH� WKH� VDLOLQJ� VSHHG� RI�

YHVVHOV�DW�YR\DJH�OHJV�RI�WKH�OLQHU�VKLSSLQJ�URXWH�WR�FRPSHQVDWH�IRU�WKH�GHOD\V��FDXVHG�E\�

GLVUXSWLYH�HYHQWV�LQ�VHD�DQG�RU�DW�SRUWV�RI�FDOO��WDNLQJ�LQWR�DFFRXQW�WKH�OLPLWV�RQ�WKH�YHVVHO�

VDLOLQJ� VSHHG� ௠௜௡ݏ� ൑ ࢙௣ ൑ ௠௔௫ݏ ݌׊ א ܲ��� 7KH� ODWWHU� GHFLVLRQ� ZLOO� DOORZ� UHGXFLQJ� WKH�

YHVVHO�DUULYDO�GHOD\V� DQG� WKH�DVVRFLDWHG� ODWH� DUULYDO�FRVW��EXW�PD\�VXEVWDQWLDOO\� LQFUHDVH�

WKH� DFWXDO� WRWDO� IXHO� FRVW�� HVSHFLDOO\� ZKHQ� VDLOLQJ� YLD� (&$V� �VLQFH� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�LV�UHTXLUHG�WR�XVH�H[SHQVLYH�ORZ�VXOIXU�0*2���,I�WKH�GHOD\�GXH�WR�D�GLVUXSWLYH�

HYHQW�LV�WRR�ODUJH��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�PD\�GHFLGH�WR�VNLS�WKH�DIIHFWHG�SRUW�RI�FDOO��

ZKLFK�ZLOO� LQFXU� WKH� SRUW� VNLSSLQJ� FRVW�� 7KH� SRUW� VNLSSLQJ� RSWLRQ�PD\� DOORZ� WKH� OLQHU�

VKLSSLQJ� FRPSDQ\� VHOHFWLQJ� WKH� ORZHU� YHVVHO� VDLOLQJ� VSHHG�� ZKHQ� FRPSDUHG� WR� WKH�

SODQQHG� VDLOLQJ� VSHHG� �GXH� WR� WKH� WLPH� VDYLQJV� IURP� SRUW� VNLSSLQJ��� DQG� FRQVHTXHQWO\�

GHFUHDVH�WKH�DFWXDO�IXHO�FRQVXPSWLRQ�DW�RWKHU�YR\DJH�OHJV��

,I� D� GLVUXSWLYH� HYHQW� FDXVHV� VLJQLILFDQW� GHOD\V� LQ� VHD� DQG�RU� DW� SRUWV� RI� FDOO�� WKH�

DFWXDO� WRWDO� YHVVHO� WXUQDURXQG� WLPH� PD\� VXEVWDQWLDOO\� LQFUHDVH�� DQG� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�ZLOO�QRW�EH�DEOH�WR�PDLQWDLQ�WKH�DJUHHG�VHUYLFH�IUHTXHQF\�DW�SRUWV�RI�FDOO��)DLOXUH�

WR� SURYLGH� WKH� DJUHHG� VHUYLFH� IUHTXHQF\� DW� SRUWV� RI� FDOO�ZLOO� QHJDWLYHO\� DIIHFW� WKH� OLQHU�

VKLSSLQJ� RSHUDWLRQV�� +RZHYHU�� DQ� HIILFLHQW� LPSOHPHQWDWLRQ� RI� WKH� SURSRVHG� YHVVHO�

VFKHGXOH�UHFRYHU\�VWUDWHJLHV��L�H���YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�DQG�SRUW�VNLSSLQJ� ZLOO�
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DOORZ� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� UHGXFLQJ� RU� HYHQ� HOLPLQDWLQJ� GHYLDWLRQV� IURP� WKH�

SODQQHG� WRWDO�YHVVHO� WXUQDURXQG� WLPH��7KH�REMHFWLYH�RI� WKH� OLQHU�VKLSSLQJ�FRPSDQ\�LV� WR�

HIIHFWLYHO\� UHFRYHU� WKH�YHVVHO� VFKHGXOH� DQG�PLQLPL]H� WKH� WRWDO� SURILW� ORVV� DV� D� UHVXOW� RI�

GLVUXSWLRQV�LQ�VHD�DQG�RU�DW�SRUWV�RI�FDOO�

���� 0DWKHPDWLFDO�0RGHO

7KLV� VHFWLRQ�RI� WKH�GLVVHUWDWLRQ�SUHVHQWV� D�PL[HG�LQWHJHU�QRQOLQHDU�SURJUDPPLQJ�PRGHO�

IRU� WKH� JUHHQ� YHVVHO� VFKHGXOH� UHFRYHU\� SUREOHP� �WKH� PRGHO� ZLOO� EH� UHIHUUHG� WR� DV�

*9653���ZKLFK�WDNHV�LQWR�DFFRXQW�WKH�H[LVWLQJ�,02�UHJXODWLRQV�DW�WKH�YR\DJH�OHJV�WKDW�

SDVV� YLD (&$V�� 7KH�*9653 HQVXUHV� WKDW� WKH� ORZ�VXOIXU� IXHO� LV� XVHG� E\� YHVVHOV�ZKHQ�

VDLOLQJ�YLD�YR\DJH�OHJV�ZLWK (&$V��7KH�QRPHQFODWXUH��ZKLFK�ZLOO�EH�DGRSWHG�WKURXJKRXW�

WKH�UHPDLQLQJ�SDUW�RI�WKLV�FKDSWHU��LV�SUHVHQWHG�QH[W�

1RPHQFODWXUH

6HWV

ܲ ൌ ሼͳǡǥ ǡ݉ଵሽ VHW�RI�SRUWV�WR�EH�YLVLWHG��SRUWV�

௣ܪ ൌ ൛ͳǡǥ ǡ݉௣
ଶൟǡ ݌ א ܲ VHW�RI�DYDLODEOH�KDQGOLQJ�UDWHV�DW�SRUW݌� �KDQGOLQJ�UDWHV�

'HFLVLRQ�9DULDEOHV

ο௣
௦௘௔א Թ ݌׊ א ܲ YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�DW�YR\DJH�OHJ݌� �NQRWV�

࢞௣
௦௞௜௣

א ९ ݌׊ א ܲ  ��LI�SRUW݌� LV�VNLSSHG�� ��RWKHUZLVH�

$X[LOLDU\�9DULDEOHV

࢙௣ א Թା ݌׊ א ܲ DFWXDO�VDLOLQJ�VSHHG�RI�YHVVHOV�DW�YR\DJH�OHJ݌� �NQRWV�
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࣎௣
௔௥௥ א Թା ݌׊ א ܲ DFWXDO�DUULYDO�WLPH�RI�YHVVHOV�DW�SRUW݌� �KRXUV�

࣎௣
௪௔௜௧ א Թା ݌׊ א ܲ DFWXDO�ZDLWLQJ�WLPH�RI�YHVVHOV�DW�SRUW݌� �KRXUV�

࣎௣
௛௔௡ௗ א Թା ݌׊ א ܲ DFWXDO�KDQGOLQJ�WLPH�RI�YHVVHOV�DW�SRUW݌� �KRXUV�

࣎௣
ௗ௘௣

א Թା ݌׊ א ܲ DFWXDO�GHSDUWXUH�WLPH�RI�YHVVHOV�IURP�SRUW݌� �KRXUV�

࣎௣
௦௔௜௟ א Թା ݌׊ א ܲ

DFWXDO� VDLOLQJ� WLPH�RI�YHVVHOV�DW�YR\DJH� OHJ݌� WKDW�FRQQHFWV�

SRUWV݌� DQG݌� ൅ ͳ �KRXUV�

௣ࢌ א Թା ݌׊ א ܲ DFWXDO�IXHO�FRQVXPSWLRQ�DW�YR\DJH�OHJ݌� �WRQV�

࣎௣
ௗ௘௟ א Թା ݌׊ א ܲ YHVVHO�DUULYDO�GHOD\�DW�SRUW݌� �KRXUV�

ࢀࢀࢂ א Թା DFWXDO�WRWDO�YHVVHO�WXUQDURXQG�WLPH��KRXUV�

ࢂࡱࡾ א Թା
DFWXDO� WRWDO� UHYHQXH� WR� EH� JHQHUDWHG� E\� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\��86'�

࡯ࡴࡼ א Թା DFWXDO�WRWDO�SRUW�KDQGOLQJ�FRVW��86'�

࡯࡭ࡸ א Թା DFWXDO�WRWDO�ODWH�YHVVHO�DUULYDO�FRVW��86'�

࡯࡯ࡲ א Թା DFWXDO�WRWDO�IXHO�FRVW��86'�

࡯ࡵ࡯ א Թା DFWXDO�WRWDO FRQWDLQHU�LQYHQWRU\�FRVW��86'�

ࡼࢀ א Թା
DFWXDO� WRWDO� SURILW� WR� EH� JHQHUDWHG� E\� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\��86'�

3DUDPHWHUV

݉ଵ א Գ QXPEHU�RI�SRUWV�WR�EH�YLVLWHG��SRUWV�

݉௣
ଶ א Գ ݌׊ א ܲ QXPEHU�RI�DYDLODEOH�KDQGOLQJ�UDWHV�DW�SRUW݌� �KDQGOLQJ�UDWHV�
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߬௣
௔௥௥ א Թା ݌׊ א ܲ SODQQHG�DUULYDO�WLPH�RI�YHVVHOV�DW�SRUW݌� �KRXUV�

߬௣
௦௧ א Թା ݌׊ א ܲ VWDUW�RI�7:�DW�SRUW݌� �KRXUV�

߬௣
௙௧
א Թା ݌׊ א ܲ HQG�RI�7:�DW�SRUW݌� �KRXUV�

߮ א Գ DJUHHG�SRUW�VHUYLFH�IUHTXHQF\��KRXUV�

ܸ א Գ
WRWDO�QXPEHU�RI�YHVVHOV� GHSOR\HG� IRU� VHUYLFH�RI�SRUWV�DORQJ�

WKH�OLQHU�VKLSSLQJ�URXWH��YHVVHOV�

݀௣
௣௢௥௧

א Թା ݌׊ א ܲ FRQWDLQHU�GHPDQG�DW�SRUW݌� �7(8V�

௣௛ݎ݌ א Թା ݌׊ א ܲǡ

݄ א ௣ܪ

KDQGOLQJ� SURGXFWLYLW\� DW� SRUW� ݌ XQGHU� KDQGOLQJ� UDWH� ݄

�7(8V�KRXU�

௣௛ݔ א ९ ݌׊ א ܲǡ

݄ א ௣ܪ

 ��LI�KDQGOLQJ�UDWH�݄ LV�UHTXHVWHG�DW�SRUW݌� � ��RWKHUZLVH�

݀௣
௟௘௚

א Թା ݌׊ א ܲ OHQJWK�RI�YR\DJH�OHJ݌� �QPL�

ǡߙ ߛ א Թା IXHO�FRQVXPSWLRQ�FRHIILFLHQWV

௣ݏ א Թା ݌׊ א ܲ SODQQHG�YHVVHO�VDLOLQJ�VSHHG�DW�SRUW݌� �NQRWV�

௠௜௡ݏ א Թା PLQLPXP�YHVVHO�VDLOLQJ�VSHHG��NQRWV�

௠௔௫ݏ א Թା PD[LPXP�YHVVHO�VDLOLQJ�VSHHG��NQRWV�

݀௣
௦௘௔ א Թା ׊ ݌ א ܲ QXPEHU�RI�FRQWDLQHUV�WUDQVSRUWHG�DW�YR\DJH�OHJ݌� �7(8V�

௣ݕ
௣௢௥௧

א ९ ݌׊ א ܲ  ��LI�D�GLVUXSWLYH�HYHQW�RFFXUUHG�DW�SRUW݌� � ��RWKHUZLVH�

௣ݕ
௦௘௔ א ९ ݌׊ א ܲ

 �� LI� D� GLVUXSWLYH� HYHQW� RFFXUUHG� DW� YR\DJH� OHJ� ݌ � ��

RWKHUZLVH�

௣ߜ
௣௢௥௧

א Թା ݌׊ א H[SHFWHG�GXUDWLRQ�RI�D�GLVUXSWLYH�HYHQW�DW�SRUW݌� �KRXUV�



��

௣ߜ
௦௘௔ א Թ ݌׊ א ܲ

H[SHFWHG� YHVVHO� VDLOLQJ� VSHHG� FKDQJH� GXH� WR� D� GLVUXSWLYH�

HYHQW�DW�YR\DJH�OHJ݌� �NQRWV�

ܿ௣
௖௔௥௚௢

א Թା ݌׊ א ܲ
IUHLJKW� UDWH� IRU� VKLSSLQJ� D� 7(8� IURP� SRUW� ݌ WR� SRUW݌� ൅ ͳ

�86'�7(8�

ܿ௣௛
௣௢௥௧

א Թା ݌׊ א ܲǡ

݄ א ௣ܪ

KDQGOLQJ�FRVW�DW�SRUW݌� XQGHU�KDQGOLQJ�UDWH�݄ �86'�7(8�

ܿ௣
ௗ௘௟ א Թା ݌׊ א ܲ GHOD\HG�YHVVHO�DUULYDO�FRVW�DW�SRUW݌� �86'�KRXU�

ܿ௣
௙
א Թା ݌׊ א ܲ XQLW�IXHO�FRVW�ZKHQ�VDLOLQJ�DW�YR\DJH�OHJ݌� �86'�WRQ�

ܿ௢௣௘௥ א Թା YHVVHO�RSHUDWLRQDO�FRVW��86'�KRXU�

ܿ௜௡௩ א Թା XQLW�FRQWDLQHU�LQYHQWRU\�FRVW��86'�7(8�KRXU�

ܿ௣
௦௞௜௣

א Թା ݌׊ א ܲ FRVW�IRU�VNLSSLQJ�SRUW݌� GXH�WR�D�GLVUXSWLYH�HYHQW��86'�

ܥܱܸ א Թା SODQQHG�WRWDO�YHVVHO�RSHUDWLRQDO�FRVW��86'�

ܶܲ א Թା
SODQQHG� WRWDO� SURILW� WR� EH� JHQHUDWHG� E\� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\��86'�

*UHHQ�9HVVHO�6FKHGXOH�5HFRYHU\�3UREOHP��*9653��

݉݅݊ ሾܶܲ െ ሿࡼࢀ ����

6XEMHFW�WR�

࢙௣ ൑ ௣ݏ ൅ ௣ߜ
௦௘௔ݕ௣

௦௘௔ ൅ ο௣
௦௘௔ሺͳ െ ௣ݕ

௦௘௔ሻ ݌׊ א ܲ ����

࢙௣ ൑ ௠௔௫ݏ ݌׊ א ܲ ����

࢙௣ ൒ ௠௜௡ݏ ൅ ௣ߜ
௦௘௔ݕ௣

௦௘௔ ݌׊ א ܲ ����



��

࣎௣
௦௔௜௟ ൌ

݀௣
௟௘௚

࢙௣
݌׊ א ܲ ����

௣ࢌ ൌ
ሺ࢙௣ሻߛ

ሺఈିଵሻ

ʹͶ
݌׊ א ܲ ����

࣎௣ାଵ
௔௥௥ ൌ ࣎௣

ௗ௘௣
൅ ࣎௣

௦௔௜௟ ݌׊ א ܲǡ ݌ ൏ ݉ଵ ����

࣎ଵ
௔௥௥ ൌ ࣎௣

ௗ௘௣
൅ ࣎௣

௦௔௜௟ െ ࢀࢀࢂ ݌׊ א ܲǡ ݌ ൌ ݉ଵ ����

࣎௣
௛௔௡ௗ ൌ ሺ෍ ቆ

݀௣
௣௢௥௧

௣௛ݎ݌
ቇ

௛אு೛

௣௛ݔ ൅ ௣ߜ
௣௢௥௧

௣ݕ
௣௢௥௧

ሻ൫ͳ െ ࢞௣
௦௞௜௣

൯ ݌׊ א ܲ ����

࣎௣ାଵ
௪௔௜௧ ൒ ߬௣ାଵ

௦௧ െ ቀ࣎௣
ௗ௘௣

൅ ࣎௣
௦௔௜௟ ቁ ݌׊ א ܲǡ ݌ ൏ ݉ଵ ����

࣎ଵ
௪௔௜௧ ൒ ߬ଵ

௦௧ െ ቀ࣎௣
ௗ௘௣

൅ ࣎௣
௦௔௜௟ ቁ ൅ ࢀࢀࢂ ݌׊ א ܲǡ ݌ ൌ ݉ଵ ����

࣎௣
ௗ௘௟ ൒ ࣎௣

௔௥௥ െ ߬௣
௔௥௥ ݌׊ א ܲ ����

࣎௣
ௗ௘௣

ൌ ࣎௣
௔௥௥ ൅ ࣎௣

௪௔௜௧ ൅ ࣎௣
௛௔௡ௗ ݌׊ א ܲ ����

࢞௣
௦௞௜௣

൑ ௣ݕ
௣௢௥௧

݌׊ א ܲ ����

ࢀࢀࢂ ൌ ෍࣎௣
௦௔௜௟

௣א௉

൅෍࣎௣
௪௔௜௧

௣א௉

൅෍࣎௣
௛௔௡ௗ

௣א௉

����

ࢂࡱࡾ ൌ ෍ܿ௣
௖௔௥௚௢

݀௣
௣௢௥௧

௣א௉

൫ͳ െ ࢞௣
௦௞௜௣

൯ ����

࡯ࡴࡼ ൌ ෍ ෍ ܿ௣௛
௣௢௥௧

݀௣
௣௢௥௧

௛אு೛௣א௉

൅෍ܿ௣
௦௞௜௣

࢞௣
௦௞௜௣

௣א௉
����

࡯࡭ࡸ ൌ ෍ܿ௣
ௗ௘௟࣎௣

ௗ௘௟

௣א௉

����

࡯࡯ࡲ ൌ ෍ܿ௣
௙
݀௣
௟௘௚
௣ࢌ

௣א௉

����
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࡯ࡵ࡯ ൌ ෍ܿ௜௡௩݀௣
௦௘௔

௣א௉

࣎௣
௦௔௜௟

����

ܥܱܸ ൌ ܿ௢௣௘௥߶ܸ ����

ࡼࢀ ൌ ሾࢂࡱࡾ െ ൫࡯ࡴࡼ ൅ ࡯࡭ࡸ ൅ ࡯࡯ࡲ ൅ ࡯ࡵ࡯ ൅ ൯ሿܥܱܸ ����

7KH�REMHFWLYH�IXQFWLRQ������LQ�WKH�*9653 PDWKHPDWLFDO�PRGHO�DLPV�WR�PLQLPL]H�

WKH�WRWDO�SURILW�ORVV�VXIIHUHG�WKURXJKRXW�OLQHU�VKLSSLQJ�GXH�WR�GLVUXSWLRQV�LQ�VHD�DQG�RU�DW�

SRUWV� RI� FDOO IRU� WKH� OLQHU� VKLSSLQJ� URXWH�� ZKLFK� SDVVHV� YLD� (&$V�� &RQVWUDLQW� VHW� �����

FDOFXODWHV�WKH�YHVVHO�VDLOLQJ�VSHHG�IRU WKH�UHFRYHUHG�YHVVHO�VFKHGXOH�DW�HDFK�YR\DJH�OHJ�RI�

WKH�JLYHQ�OLQHU�VKLSSLQJ�URXWH��ZKLFK�SDVVHV�YLD�(&$V��7KH�SURSRVHG�PRGHO�DVVXPHV�WKDW�

WKH�VDLOLQJ�VSHHG�DGMXVWPHQW� UHFRYHU\�RSWLRQ�FDQQRW�EH�VHOHFWHG�IRU� WKH�YHVVHO�VFKHGXOH�

UHFRYHU\� E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� DW� WKH� YR\DJH� OHJV�� ZKHUH� D� GLVUXSWLYH� HYHQW�

RFFXUV�LQ�VHD��L�H���WKH�OLQHU�VKLSSLQJ�FRPSDQ\�FDQQRW�LQFUHDVH�WKH�YHVVHO�VDLOLQJ�VSHHG�DW�

WKH�YR\DJH� OHJ� WKDW� LV� H[SHULHQFLQJ�GLVUXSWLRQV���&RQVWUDLQW� VHWV� �����DQG� ����� HVWDEOLVK�

WKH�OLPLWV��PD[LPXP�DQG�PLQLPXP�YDOXHV��RI�WKH�YHVVHO�VDLOLQJ�VSHHG�DW�HDFK�YR\DJH�OHJ�

RI� WKH� OLQHU� VKLSSLQJ� URXWH�� ZKLFK� SDVVHV� YLD� (&$V�� &RQVWUDLQW� VHW� ����� FRPSXWHV� WKH�

YHVVHO�VDLOLQJ�WLPH�DW�HDFK�YR\DJH�OHJ�RI�WKH�JLYHQ�OLQHU�VKLSSLQJ�URXWH��ZKLFK�SDVVHV�YLD�

(&$V�� EDVHG RQ� WKH UHFRYHUHG� YHVVHO� VFKHGXOH�� &RQVWUDLQW� VHW� ����� FDOFXODWHV� WKH� IXHO�

FRQVXPSWLRQ� DW� HDFK� YR\DJH� OHJ� RI� WKH� JLYHQ� OLQHU� VKLSSLQJ� URXWH�� ZKLFK� SDVVHV� YLD�

(&$V� EDVHG�RQ�WKH�UHFRYHUHG�YHVVHO�VFKHGXOH�

&RQVWUDLQW� VHWV� ���������� FRPSXWH� D� QXPEHU� RI� LPSRUWDQW� FRPSRQHQWV� IRU� WKH�

UHFRYHUHG�YHVVHO�VFKHGXOH�� LQFOXGLQJ�� �L�� WKH�YHVVHO�DUULYDO� WLPH�� �LL�� WKH�YHVVHO�KDQGOLQJ�

WLPH�� �LLL�� WKH� YHVVHO� ZDLWLQJ� WLPH�� �LY�� WKH� YHVVHO� DUULYDO� GHOD\�� DQG� �Y�� WKH� YHVVHO�

GHSDUWXUH� WLPH��&RQVWUDLQW�VHW� �����HQVXUHV� WKDW�D�SRUW�RI� WKH�JLYHQ� OLQHU�VKLSSLQJ�URXWH��



���

ZKLFK� SDVVHV� YLD� (&$V�� FDQ� EH� VNLSSHG RQO\� LI� D� GLVUXSWLYH� HYHQW� RFFXUV� DW� WKH� SRUW��

&RQVWUDLQW�VHW������HVWLPDWHV�WKH�DFWXDO�WRWDO�WXUQDURXQG�WLPH�RI�WKH�YHVVHO��&RQVWUDLQW�VHWV�

����������HVWLPDWH�DOO�WKH�FRVW�FRPSRQHQWV�RI�WKH�REMHFWLYH�IXQFWLRQ������IRU�WKH�*9653

PDWKHPDWLFDO�PRGHO��7KH�FRVW� FRPSRQHQWV� LQFOXGH�� �L� WKH� DFWXDO� WRWDO� UHYHQXH�� �LL�� WKH�

DFWXDO�WRWDO SRUW�KDQGOLQJ�FRVW���LLL��WKH�DFWXDO�WRWDO�ODWH�YHVVHO�DUULYDO�FRVW���LY��WKH�DFWXDO�

WRWDO� IXHO� FRVW�� �Y� WKH� DFWXDO� WRWDO� FRQWDLQHU� LQYHQWRU\� FRVW�� �YL�� WKH� WRWDO� YHVVHO�

RSHUDWLRQDO� FRVW�� DQG� �YLL�� WKH� DFWXDO� WRWDO� SURILW� IRU� WKH� UHFRYHUHG� YHVVHO� VFKHGXOH��$V�

GLVFXVVHG� HDUOLHU�� WKH� XQLW� IXHO� FRVW� ܿ௣
௙
ǡ ݌ א ܲ �86'�WRQ�� FKDQJHV� ZKHQ� WKH� YHVVHO� LV�

VDLOLQJ�DW�YR\DJH OHJV�ZLWKLQ�DQG�RXWVLGH�(&$V��,Q�RUGHU�WR�FRPSO\�ZLWK�WKH�H[LVWLQJ�,02�

UHJXODWLRQV��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�PXVW�XVH�D�PRUH�H[SHQVLYH�ORZ�VXOIXU�IXHO�ZKHQ�

VDLOLQJ� WKURXJK (&$V� �ܿ௣
௙
ൌ ܿெீை ݌׊ א ��כܲ ZKHUH� ܿெீை ± LV� WKH� XQLW� FRVW� RI� 0*2���

+RZHYHU��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�ZLOO�FKDQJH�WKH�IXHO�VHOHFWLRQ�WR�FKHDSHU�+)2�IXHO�

DW� WKH�YR\DJH�OHJV�RXWVLGH�(&$V��ܿ௣
௙
ൌ ܿுிை ݌׊ א ܲ଴��ZKHUH�ܿ௣

ுிை ± LV� WKH�XQLW�FRVW�RI�

+)2���

���� 6ROXWLRQ�0HWKRGRORJ\

7KH�*9653 PDWKHPDWLFDO�PRGHO��ZKLFK� LV� SURSRVHG� LQ� WKLV� VWXG\�� LV� QRQOLQHDU�GXH� WR�

FRQVWUDLQW�VHW�������ZKLFK�FRPSXWHV�WKH�DFWXDO YHVVHO�VDLOLQJ�WLPH DW�HDFK�YR\DJH�OHJ��DQG�

FRQVWUDLQW�VHW�������ZKLFK�FDOFXODWHV�WKH�DFWXDO IXHO�FRQVXPSWLRQ�DW�HDFK�YR\DJH�OHJ�RI�WKH�

OLQHU� VKLSSLQJ URXWH�� ZKLFK� SDVVHV� YLD� (&$V�� 7R� OLQHDUL]H� FRQVWUDLQW� VHW� ������ WKH�

UHFLSURFDO� RI� WKH� DFWXDO�YHVVHO� VDLOLQJ� VSHHG� ࢜௣ ൌ
ଵ

࢙೛
݌׊ א ܲ ZLOO� EH�XVHG� WR� VXEVWLWXWH�

WKH� DFWXDO� YHVVHO� VDLOLQJ� VSHHG�࢙௣ǡ ݌ א ܲ LQ� WKH�PRGHO��$OVR�� WKH� SODQQHG� VDLOLQJ� VSHHG�



���

௣ǡݏ ݌ א ܲ ZLOO�EH�VXEVWLWXWHG�ZLWK�LWV�UHFLSURFDO� ௣ሶݒ ൌ
ଵ

௦೛
݌׊ א ܲ��0RUHRYHU�� WKHUH�LV� WKH�

QHHG�WR�DGMXVW�WKH�H[SHFWHG�YHVVHO�VDLOLQJ�VSHHG�UHGXFWLRQ�GXH�WR�D�GLVUXSWLYH�HYHQW�DW�D�

FHUWDLQ�YR\DJH�OHJ��ߜ௣
௦௘௔ǡ ݌ א ܲ ± PHDVXUHG�LQ�NQRWV���

/HW� ௣ߜ
௦௘௔ሶ ǡ ݌ א ܲ UHSUHVHQW� WKH� H[SHFWHG� YHVVHO� VDLOLQJ� VSHHG� FKDQJH GXH� WR� D�

GLVUXSWLYH�HYHQW�DW�D�FHUWDLQ�YR\DJH�OHJ��PHDVXUHG�LQ�NQRWV�� �QRWH�WKDW� WKH�SDUDPHWHU�LV�

DOWHUHG WR� WKH� UHFLSURFDO� RI� WKH� YHVVHO� VDLOLQJ� VSHHG� FKDQJH IRU� FRQVLVWHQF\��� $OVR�� OHW�

ο௣
௦௘௔ሶ ǡ ݌ א ܲ UHSUHVHQW�WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�DW�D�JLYHQ�YR\DJH��PHDVXUHG�LQ�

NQRWV��� 7KH� IXHO� FRQVXPSWLRQ� IXQFWLRQ��ZKLFK� LV� HVWLPDWHG� XVLQJ� WKH� UHFLSURFDO� RI� WKH�

YHVVHO� VDLOLQJ� VSHHG� ࢜௣ǡ ݌ א ܲ�� LV� GHQRWHG� E\࡯ࡲ�௣ǡ ݌ א ܲ �WRQV�� 7KH� SLHFHZLVH� OLQHDU�

VWDWLF�VHFDQW�DSSUR[LPDWLRQ�ZLOO�EH�DGRSWHG�WKURXJKRXW�WKLV VWXG\�WR�OLQHDUL]H�WKH�*9653

PDWKHPDWLFDO� PRGHO�� %DVHG� RQ� OLQHU� VKLSSLQJ� OLWHUDWXUH�� WKH� QXPEHU� RI� VHFDQW� OLQHV� LV�

SUHGHILQHG�IRU�VWDWLF�SLHFHZLVH�OLQHDU�VHFDQW�DSSUR[LPDWLRQV��'XOHEHQHWV������D���

7KH� SLHFHZLVH� IXQFWLRQ� തതതത௣௥ǡ࡯ࡲ ݌ א ܲǡ ݎ א ܭ HVWLPDWHV� WKH� QRQOLQHDU� IXQFWLRQ�

௣ǡ࡯ࡲ ݌ א ܲ IRU�D�JLYHQ�QXPEHU�RI�OLQHDU�VHJPHQWV��KHUHܭ�� ൌ ሼͳǡǥ ǡ ሽݎ UHSUHVHQWV�D�VHW�

RI�OLQHDU�VHJPHQWV�LQ�WKH�SLHFHZLVH�IXQFWLRQ� $OVR��OHW ௣௞࢈ ൌ ͳ LI�VHJPHQW�݇ LV�VHOHFWHG�WR�

DSSUR[LPDWH�WKH�IXHO�FRQVXPSWLRQ�IXQFWLRQ DW�YR\DJH�OHJ݌� RI�WKH�OLQHU�VKLSSLQJ�URXWH�� ��

RWKHUZLVH���/HWݐݏ�௞ǡ ݇ א ܭ UHSUHVHQW�WKH�YHVVHO�VSHHG�UHFLSURFDO�YDOXH DW�WKH�VWDUW�RI�OLQHDU�

VHJPHQW�݇��'HQRWH ݁݀௞��݇ א ܭ DV� WKH�YHVVHO� VSHHG� UHFLSURFDO�YDOXH DW� WKH�HQG�RI� OLQHDU�

VHJPHQW�݇��/HW�ܵܮ௞ǡ ݇ א ܭ UHSUHVHQW�WKH�VORSH�RI�OLQHDU�VHJPHQW�݇��'HQRWHܫ� ௞ܰǡ ݇ א ܭ DV�

WKH�LQWHUFHSW�RI�OLQHDU�VHJPHQW�݇��/HWܯ�ଵ DQGܯ�ଶ EH�VXIILFLHQWO\�ODUJH�SRVLWLYH�QXPEHUV��

7KH�PL[HG�LQWHJHU�QRQOLQHDU�*9653 PDWKHPDWLFDO�PRGHO�FDQ�EH�IXUWKHU�UHIRUPXODWHG�DV�



���

D� PL[HG�LQWHJHU� OLQHDU PDWKHPDWLFDO� PRGHO�� 7KH� PRGHO�� ZKLFK� ZLOO� EH� UHIHUUHG� WR� DV�

*9653/��LV�SUHVHQWHG�DV�IROORZV�

/LQHDUL]HG�*UHHQ�9HVVHO�6FKHGXOH�5HFRYHU\�3UREOHP��*9653/��

݉݅݊ ሾܶܲ െ ሿࡼࢀ ����

6XEMHFW�WR�

&RQVWUDLQW�VHWV���������������������

࢜௣ ൒ ௣ሶݒ ൅ ௣ߜ
௦௘௔ሶ ௣ݕ

௦௘௔ ൅ ο௣
௦௘௔ሶ ሺͳ െ ௣ݕ

௦௘௔ሻ ݌׊ א ܲ ����

࢜௣ ൒
ͳ

௠௔௫ݏ
݌׊ א ܲ ����

࢜௣ ൑
ͳ

௠௜௡ݏ
൅ ௣ߜ

௦௘௔ሶ ௣ݕ
௦௘௔ ݌׊ א ܲ ����

࣎௣
௦௔௜௟ ൌ ݀௣

௟௘௚
࢜௣ ݌׊ א ܲ ����

෍࢈௣௞ ൌ ͳ

௞א௄

݌׊ א ܲ ����

௣௞࢈௞ݐݏ ൑ ࢜௣ ݌׊ א ܲǡ ݇ א ܭ ����

݁݀௞ ൅ ଵ൫ͳܯ െ ௣௞൯࢈ ൒ ࢜௣ ݌׊ א ܲǡ ݇ א ܭ ����

തതതത௣௞࡯ࡲ ൒ ௞࢜௣ܮܵ ൅ ܫ ௞ܰ െ ଶ൫ͳܯ െ ௣௞൯࢈ ݌׊ א ܲǡ ݇ א ܭ ����

࡯࡯ࡲ ൌ ෍෍ܿ௣
௙
݀௣
௟௘௚
തതതത௣௞࡯ࡲ

௞א௄௣א௉

����

7KH�REMHFWLYH�IXQFWLRQ������LQ�WKH�SURSRVHG�*9653/ PDWKHPDWLFDO�PRGHO�DLPV�

WR�PLQLPL]H�WKH�WRWDO�SURILW�ORVV�VXIIHUHG�WKURXJKRXW�OLQHU�VKLSSLQJ�GXH�WR�GLVUXSWLRQV�LQ�

VHD�DQG�RU�DW�SRUWV�RI�FDOO IRU�WKH�OLQHU�VKLSSLQJ�URXWH��ZKLFK�SDVVHV�YLD�(&$V��&RQVWUDLQW�

VHW� ����� FDOFXODWHV� WKH� UHFLSURFDO� RI� WKH� YHVVHO VDLOLQJ� VSHHG� DW� WKH� YR\DJH� OHJV� RI� WKH�
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JLYHQ� OLQHU� VKLSSLQJ� URXWH�� ZKLFK� SDVVHV� YLD� (&$V�� EDVHG� RQ� WKH� UHFRYHUHG� YHVVHO�

VFKHGXOH��&RQVWUDLQW�VHWV������DQG������HVWDEOLVK�WKH�OLPLWV�IRU�WKH�UHFLSURFDO�RI WKH�YHVVHO�

VDLOLQJ�VSHHG�DW�WKH�YR\DJH�OHJV�RI�WKH�JLYHQ�OLQHU�VKLSSLQJ�URXWH��ZKLFK�SDVVHV�YLD�(&$V��

&RQVWUDLQW� VHW� ����� FRPSXWHV� WKH� YHVVHO� VDLOLQJ� WLPH� XVLQJ� WKH� UHFLSURFDO� RI� WKH� YHVVHO�

VDLOLQJ�VSHHG�DW�WKH�YR\DJH�OHJV�RI�WKH�JLYHQ�OLQHU�VKLSSLQJ�URXWH��ZKLFK�SDVVHV�YLD�(&$V��

EDVHG� RQ� WKH� UHFRYHUHG� YHVVHO� VFKHGXOH�� &RQVWUDLQW� VHW� ����� JXDUDQWHHV� WKDW� RQO\� RQH�

OLQHDU� VHJPHQW� ZLOO� EH� VHOHFWHG� WR� DSSUR[LPDWH WKH� IXHO� FRQVXPSWLRQ� IXQFWLRQ� DW� WKH�

YR\DJH� OHJV� RI� WKH� JLYHQ� OLQHU� VKLSSLQJ� URXWH�� ZKLFK� SDVVHV� YLD� (&$V�� EDVHG� RQ� WKH�

UHFRYHUHG�YHVVHO�VFKHGXOH��

&RQVWUDLQW�VHWV������DQG������HVWDEOLVK�WKH�ERXQGV�IRU�WKH�UHFLSURFDO�RI�WKH�YHVVHO�

VDLOLQJ� VSHHG�� ZKHQ� D� JLYHQ� OLQHDU� VHJPHQW� ݇ LV� VHOHFWHG� WR� DSSUR[LPDWH� WKH� IXHO�

FRQVXPSWLRQ�IXQFWLRQ��DW�WKH�YR\DJH�OHJV�RI�WKH�JLYHQ�OLQHU�VKLSSLQJ�URXWH��ZKLFK�SDVVHV�

YLD�(&$V��&RQVWUDLQW�VHW������FRPSXWHV�WKH�IXHO�FRQVXPSWLRQ�EDVHG�RQ�WKH�UHFLSURFDO�RI�

WKH�YHVVHO�VDLOLQJ�VSHHG�DW�WKH�YR\DJH�OHJV�RI�WKH�JLYHQ�OLQHU�VKLSSLQJ�URXWH��ZKLFK�SDVVHV�

YLD� (&$V�� EDVHG� RQ� WKH� UHFRYHUHG� YHVVHO� VFKHGXOH�� &RQVWUDLQW� VHW� ����� FDOFXODWHV� WKH�

DFWXDO�WRWDO�IXHO�FRVW�WKDW�ZLOO�EH�HQGXUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��

6RPH� SUHOLPLQDU\� QXPHULFDO� H[SHULPHQWV� ZHUH� SHUIRUPHG�� DQG� WKH� UHVXOWV�

LQGLFDWHG�WKDW� WKH�*9653/ PDWKHPDWLFDO�PRGHO�FDQ�EH�VROYHG�WR� WKH�JOREDO�RSWLPDOLW\�

XVLQJ� &3/(;� IRU� WKH� UHDOLVWLF�VL]H� OLQHU� VKLSSLQJ� URXWHV� DQG� ZLWKLQ� DQ� DFFHSWDEOH�

FRPSXWDWLRQDO� WLPH�� +HQFH�� WKHUH� LV� QR� QHHG� WR� GHYHORS� RWKHU� DSSUR[LPDWH� VROXWLRQ�

DSSURDFKHV�IRU�WKH�*9653/ PDWKHPDWLFDO�PRGHO��&3/(;�ZLOO�EH�DGRSWHG�LQ�WKLV�VWXG\�

DV WKH�VROXWLRQ�DSSURDFK��*HQHUDOO\��DQ�LQFUHDVH�LQ�WKH�QXPEHU�RI�OLQHDU�VHJPHQWV�LQ�WKH�

SLHFHZLVH� DSSUR[LPDWLRQ� IRU� WKH� IXHO� FRQVXPSWLRQ� IXQFWLRQ� HQKDQFHV LWV� DFFXUDF\��



���

+RZHYHU�� WKLV�PD\�UHVXOW� LQ�DQ�LQFUHDVH�LQ� WKH�FRPSXWDWLRQDO� WLPH�UHTXLUHG�WR�VROYH�WKH�

*9653/ PDWKHPDWLFDO� PRGHO� �EHFDXVH� RI� LQFUHDVLQJ� QXPEHU� RI� YDULDEOHV� LQ� WKH

*9653/ PDWKHPDWLFDO�PRGHO���$GGLWLRQDO�FRPSXWDWLRQDO�H[SHULPHQWV�ZHUH�FRQGXFWHG�

LQ� WKLV� VWXG\� WR� H[DPLQH� WKH� HIIHFWV� RI� LQFUHDVLQJ� QXPEHU� RI� OLQHDU� VHJPHQWV� LQ� WKH�

SLHFHZLVH� DSSUR[LPDWLRQ� RQ� WKH� DFFXUDF\� RI� WKH� IXHO� FRQVXPSWLRQ� IXQFWLRQ� DQG�

FRPSXWDWLRQDO�WLPH��VHH�VHFWLRQ������ IRU�PRUH�GHWDLOV��

���� &RPSXWDWLRQDO�([SHULPHQWV

7KLV� VHFWLRQ� RI� WKH� GLVVHUWDWLRQ� FKDSWHU� SUHVHQWV� WKH� QXPHULFDO� H[SHULPHQWV� WKDW� ZHUH�

FRQGXFWHG�WR�VKRZFDVH�KRZ�WKH�SURSRVHG�*9653/ PDWKHPDWLFDO�PRGHO�FRXOG�EH�XVHG�

IRU�GHFLVLRQ�PDNLQJ�E\�OLQHU�VKLSSLQJ�FRPSDQLHV�IDFHG�ZLWK�GLVUXSWLYH�HYHQWV�DW�WKH�OLQHU�

VKLSSLQJ�URXWHV��ZKLFK�SDVV�YLD�(&$V��$�'HOO�,QVSLURQ�$0'�);�����3�3URFHVVRU�ZLWK�

��� *%� RI� 5$0� ZDV� XVHG� LQ� FRQGXFWLQJ� DOO� WKH� QXPHULFDO� H[SHULPHQWV� LQ� WKLV� VWXG\��

0RUHRYHU��WKH�SURFHGXUH�IRU�JHQHUDWLQJ�WKH�SLHFHZLVH�VHFDQW�DSSUR[LPDWLRQV��ZKLFK�ZHUH�

IXUWKHU� DSSOLHG� WR� OLQHDUL]H� WKH� IXHO� FRQVXPSWLRQ� IXQFWLRQ� ZDV� GHYHORSHG� XVLQJ�

0$7/$%�����D�VRIWZDUH��0DWK:RUNV���������

7KH� *9653/� PDWKHPDWLFDO� PRGHO� ZDV� HQFRGHG� LQ� WKH� *HQHUDO� $OJHEUDLF�

0RGHOLQJ�6\VWHP��*$06������� DQG�VROYHG�WR�WKH�JOREDO�RSWLPDOLW\�XVLQJ�&3/(;��7KH�

QH[W� VHFWLRQ� RI� WKH� PDQXVFULSW� SUHVHQWV� WKH� IROORZLQJ�� ���� LQSXW� GDWD� JHQHUDWLRQ�� ����

GHYHORSPHQW�RI�WKH�SLHFHZLVH�DSSUR[LPDWLRQ�IRU�WKH�IXHO�FRQVXPSWLRQ�IXQFWLRQ��DQG�����

PDQDJHULDO�LQVLJKWV�



���

������ ,QSXW�'DWD�*HQHUDWLRQ

7KH $VLD�1RUWK�(XURSH�//��OLQHU�VKLSSLQJ�URXWH��ZKLFK�SDVVHV�YLD (&$V�LV�FRQVLGHUHG�LQ�

WKLV� VWXG\��7KH� OLQHU� VKLSSLQJ� URXWH�� XVHG�DV� D� FDVH� VWXG\� �VHH )LJXUH����� LV� VHUYHG�E\�

22&/� OLQHU� VKLSSLQJ� FRPSDQ\� �22&/�� ������� 1RWH� WKDW� WKH� LQIRUPDWLRQ� SURYLGHG� LQ�

)LJXUH��� ZDV�H[WUDFWHG�IURP�WKH�GDWD��SURYLGHG�E\�22&/���������7KH�FRQVLGHUHG�OLQHU�

VKLSSLQJ� URXWH� FRQQHFWV� $VLD�� $UDELDQ� 6HD�� 5HG� 6HD�� 1RUWK� $IULFD�� 0DOWD�� DQG� 1RUWK�

(XURSH� ,W�FDQ�EH�REVHUYHG�LQ�)LJXUH��� WKDW� WKH�$VLD�1RUWK�(XURSH�//��OLQHU�VKLSSLQJ�

URXWH�SDVVHV�YLD WKH�1RUWK�6HD�DQG�WKH�(QJOLVK�&KDQQHO��ZKHUH�WKH�,02�KDV�LPSRVHG�ܵ ௫ܱ

HPLVVLRQ UHVWULFWLRQV��DQG�GHVLJQDWHG�WKHVH�DUHDV�DV�(&$V���$�WRWDO�RI����SRUWV�RI�FDOO�DUH�

LQFOXGHG�LQ�WKH�SRUW�URWDWLRQ�IRU�WKH�$VLD�1RUWK�(XURSH�//��OLQHU�VKLSSLQJ�URXWH��ZKHUH�

WKH 3RUW�RI�/H�+DYUH��)UDQFH��LV�YLVLWHG�WZLFH��(YHU\�ZHHN��HDFK�SRUW�RI�WKH�OLQHU�VKLSSLQJ�

URXWH� LV� YLVLWHG� RQFH�� 8VLQJ� WKH� ZRUOG� VHDSRUWV� FDWDORJXH� �3RUWV�FRP��� WKH� GLVWDQFHV�

EHWZHHQ�WKH�FRQVHFXWLYH�SRUWV�RI�WKH�OLQHU�VKLSSLQJ�URXWH�LQ�QDXWLFDO�PLOHV�ZHUH�HVWLPDWHG�

DQG�DUH�SUHVHQWHG�LQ�SDUHQWKHVLV�

���3RUW�RI�/H�+DYUH��)UDQFH�������ĺ ���3RUW�RI�5RWWHUGDP��1HWKHUODQGV�������ĺ����3RUW�

RI�+DPEXUJ��*HUPDQ\�������ĺ����3RUW�RI�$QWZHUS��%HOJLXP�������ĺ����/H�3RUW�RI�/H�

+DYUH��)UDQFH��������ĺ����3RUW�RI�0DUVD[ORNN��0DOWD��������ĺ����3RUW�RI�-HGGDK��6DXGL�

$UDELD��������ĺ����3RUW�RI�1DQVKD��&KLQD��������ĺ����3RUW�RI�4LQJGDR��&KLQD�������ĺ�

���� 3RUW� RI� 1LQJER�� &KLQD� ���� ĺ� ���� 3RUW� RI� 6KDQJKDL�� &KLQD� ������ĺ� ���� 3RUW� RI�

<DQWLDQ��&KLQD��������ĺ�����3RUW�RI�&DL�0HS��9LHWQDP�������ĺ�����3RUW�RI�6LQJDSRUH��

6LQJDSRUH��������ĺ����3RUW�RI�/H�+DYUH��)UDQFH��
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)LJXUH��� 7KH�$VLD�1RUWK�(XURSH //��URXWH

7R� SHUIRUP� WKH� QXPHULFDO� H[SHULPHQWV� IRU� WKLV� VWXG\�� WKH� GDWD��ZKLFK� KDV� EHHQ�

ZLGHO\�DGRSWHG�LQ�WKH�OLQHU�VKLSSLQJ�OLWHUDWXUH�DQG�WKH�0&7�RSHUDWLRQV�OLWHUDWXUH��:DQJ�

DQG� 0HQJ�� ����D�F�� :DQJ� HW� DO��� ������ =DPSHOOL� HW� DO��� ������ 'XOHEHQHWV�� ����D�E��

'XOHEHQHWV�� ����D�I�� 'XOHEHQHWV� HW� DO��� ����D�E�� 'XOHEHQHWV�� ����D�F�� $ELR\H� HW� DO���

������:RUOG�6KLSSLQJ�&RXQFLO��������22&/��������HWF��� ZDV�DGRSWHG�LQ�JHQHUDWLQJ�WKH�

SDUDPHWHU�YDOXHV�IRU� WKH�*9653/�PDWKHPDWLFDO�PRGHO��7KH�SDUDPHWHU�YDOXHV��XVHG� LQ�

WKH�FRPSXWDWLRQDO�H[SHULPHQWV��DUH�SUHVHQWHG�LQ�7DEOH����

$W� HDFK� SRUW� RI� WKH� SRUW� QHWZRUN�� WKH� HQG� RI� 7:� ZDV� FRPSXWHG� EDVHG� RQ� D�

PDWKHPDWLFDO� UHODWLRQVKLS� WKDW�H[LVWV�EHWZHHQ� WKH�IROORZLQJ�FRPSRQHQWV�� ���� WKH�HQG�RI�

7:�DW�WKH�SUHFHGLQJ�SRUW������ERWK�WKH XSSHU�DQG�ORZHU�OLPLWV�RI�WKH�YHVVHO�VDLOLQJ�VSHHG��

DQG�����WKH�OHQJWK�RI�YR\DJH�OHJ�EHWZHHQ�WKH�FRQVHFXWLYH�SRUWV�LQ�WKH�SRUW�URWDWLRQ��7KH�
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UHODWLRQVKLS�LV�GHILQHG�DV�IROORZV��߬௣ାଵ
௙௧

ൌ ߬௣
௙௧
൅

ௗ೛
೗೐೒

௎ൣ௦೘೔೙Ǣ ௦೘ೌೣ൧
݌׊ א ܲ �KRXUV���7KURXJKRXW�

WKLV� VWXG\�� WKH� QRWDWLRQ�ܷ ZLOO� EH� XVHG� IRU� WKH� YDOXHV� WKDW� DUH� VHOHFWHG� IURP� D� VHW� RI�

XQLIRUPO\�GLVWULEXWHG�SVHXGRUDQGRP�QXPEHUV�ZLWKLQ�D�GHILQHG�LQWHUYDO��7KH�YDOXHV�RI�WKH�

YHVVHO� VDLOLQJ� VSHHG�ZHUH�DVVXPHG� WR� UDQJH� IURPݏ�௠௜௡ ൌ ͳͷ NQRWV� WRݏ�௠௔௫ ൌ ʹͷ NQRWV�

�:DQJ�DQG�0HQJ�����D�F���

7DEOH�� 7KH SDUDPHWHU�YDOXHV�XVHG�IRU�WKH�QXPHULFDO�H[SHULPHQWV

3DUDPHWHU 9DOXH 6RXUFH�V�

1XPEHU� RI� SRUWV� WR� EH� YLVLWHG�� ݉ଵ

�SRUWV�
�� 22&/�������

1XPEHU� RI� DYDLODEOH� KDQGOLQJ� UDWHV� DW�
SRUWV� ݉ଶ �KDQGOLQJ�UDWHV�

� 1�$

$JUHHG� SRUW� VHUYLFH� IUHTXHQF\�� ߮

�KRXUV�
��� 22&/�������

7RWDO� QXPEHU� RI� YHVVHOV� GHSOR\HG�� ܸ
�YHVVHOV�

�� 1�$

&RQWDLQHU�GHPDQG�DW�SRUWV��݀௣
௣௢௥௧

ǡ ݌ א ܲ

�7(8V�
ܷሾʹͲͲǢ ʹǡͲͲͲሿ

'XOHEHQHWV� �����D��
����D�G�

+DQGOLQJ� SURGXFWLYLW\� DW� SRUWV��
௣௛ǡݎ݌ ݌ א ܲǡ ݄ א ௣ܪ �7(8V�KRXU�

ܷሾͷͲǢ ͳʹͷሿ
'XOHEHQHWV� �����D��
����D�G�

)XHO�FRQVXPSWLRQ�FRHIILFLHQWV�ǡߙ� ߛ ߙ ൌ ͵ǤͲߛ�� ൌ ͲǤͲͳʹ

:DQJ� DQG� 0HQJ�
�����E���3VDUDIWLV�DQG�
.RQWRYDV�������

3ODQQHG� YHVVHO� VDLOLQJ� VSHHG�� ௣ǡݏ ݌ א ܲ

�NQRWV�
ܷሾͳ͹Ǣ ʹͷሿ 1�$

0LQLPXP� YHVVHO� VDLOLQJ� VSHHG�� ௠௜௡ݏ

�NQRWV�
��

:DQJ� DQG� 0HQJ�
�����D�F�
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7DEOH�� 7KH SDUDPHWHU�YDOXHV�XVHG�IRU�WKH�QXPHULFDO�H[SHULPHQWV ± FRQWLQXHG

3DUDPHWHU 9DOXH 6RXUFH�V�

0D[LPXP� YHVVHO� VDLOLQJ� VSHHG� ௠௔௫ݏ

�NQRWV�
��

:DQJ� DQG� 0HQJ�
�����D�F�

1XPEHU� RI� FRQWDLQHUV� WUDQVSRUWHG� DW�
YR\DJH�OHJV��݀௣

௦௘௔ǡ ݌ א ܲ �7(8V�
ܷሾͷǡͲͲͲǢ ͺǡͲͲͲሿ

'XOHEHQHWV� �����D��
����D�G�

'LVUXSWLRQ� RFFXUUHQFH� DW� SRUWV��

௣ݕ
௣௢௥௧

ǡ ݌ א ܲ

9DULHV�GHSHQGLQJ�RQ� WKH�FDVH�IRU�GLVUXSWLRQ�
RFFXUUHQFH

'LVUXSWLRQ�RFFXUUHQFH� LQ� VHD�௣ݕ�
௦௘௔ǡ ݌ א

ܲ

9DULHV�GHSHQGLQJ�RQ� WKH�FDVH�IRU�GLVUXSWLRQ�
RFFXUUHQFH

([SHFWHG� GXUDWLRQ� RI� GLVUXSWLYH� HYHQWV�

DW�SRUWV�௣ߜ�
௣௢௥௧

ǡ ݌ א ܲ �KRXUV�
ܷሾͳͲǢ ͳͲͲሿ 1�$

([SHFWHG� YHVVHO� VDLOLQJ� VSHHG� FKDQJH�
GXH�WR�GLVUXSWLYH�HYHQWV�DW�YR\DJH�OHJV��
௣ߜ
௦௘௔ǡ ݌ א ܲ �NQRWV�

െܷሾͲǤͳǢ ͷǤͲሿ 1�$

)UHLJKW� UDWH� IRU� VKLSSLQJ� D� 7(8� IURP�

SRUW� ݌ WR� SRUW� ݌ ൅ ͳ�� ܿ௣
௖௔௥௚௢

ǡ ݌ א ܲ

�86'�7(8�

ܷሾͶǡͲͲͲǢ ͸ǡͲͲͲሿ 1�$

$YHUDJH� KDQGOLQJ� FRVW� DW� SRUWV�� ݄ܿ௔௩

�86'�7(8�
ܷሾʹͲͲǢ ͷͲͲሿ 'XOHEHQHWV������D�G�

+DQGOLQJ� FRVW� DW� SRUWV�� ܿ௣௛
௣௢௥௧

ǡ ݌ א

ܲǡ ݄ א ௣ܪ �86'�7(8�

ܿ௣௛
௛௔௡ௗ

ൌ ݄ܿ௔௩൅ܷሾͲǢ ͷͲሿ

݌׊ א ܲǡ ݄ א ௣ܪ

'XOHEHQHWV������D�G�

'HOD\HG� YHVVHO� DUULYDO� FRVW� DW� SRUWV��
ܿ௣
ௗ௘௟ǡ ݌ א ܲ �86'�KRXU�

ܷሾͷǡͲͲͲǢ ͺǡͲͲͲሿ
=DPSHOOL�HW�DO��
��������'XOHEHQHWV�
�����D�G�

8QLW�+)2�FRVW��ܿுிை �86'�WRQ� ��� :DQJ�DQG�0HQJ�
�����D�F�

8QLW�0*2�FRVW��ܿெீை �86'�WRQ� ��� :DQJ�DQG�0HQJ�
�����D�F�

9HVVHO� RSHUDWLRQDO� FRVW�� ܿ௢௣௘௥

�86'�KRXU�
�������� :DQJ�DQG�0HQJ�

�����D�F��

8QLW� FRQWDLQHU� LQYHQWRU\� FRVW�� ܿ௜௡௩

�86'�7(8�KRXU�
���� :DQJ�HW�DO��������

3RUW� VNLSSLQJ� LQFRQYHQLHQFH�
FRHIILFLHQW�ߤ�

���� 1�$



���

7DEOH�� 7KH SDUDPHWHU�YDOXHV�XVHG�IRU�WKH�QXPHULFDO�H[SHULPHQWV�± FRQWLQXHG

3DUDPHWHU 9DOXH 6RXUFH�V�

3RUW�VNLSSLQJ�FRVW��ܿ௣
௦௞௜௣

ǡ ݌ א ܲ �86'�

ܿ௣
௦௞௜௣

ൌ ߤ ൉ ݄ܿ௔௩ ൉ ݀௣
௣௢௥௧

݌׊ א ܲ

1�$

3ODQQHG�WRWDO�SURILW��ܶܲ �86'� ���������� 1�$

7KH�H[SHFWHG�YHVVHO�VDLOLQJ�VSHHG�UHGXFWLRQ�DW�YR\DJH�OHJV��FDXVHG�E\�GLVUXSWLYH�

HYHQWV��ZDV�DVVXPHG�WR�YDU\�EHWZHHQ�����NQRWV�DQG�����NQRWV�௣ߜ�
௦௘௔ ൌ െܷሾͲǤͳǢ ͷǤͲሿ ݌׊ א

ܲ �NQRWV��� 7KH� H[SHFWHG� GXUDWLRQ� RI� GLVUXSWLYH� HYHQWV� DW� SRUWV� RI� FDOO� ZDV� DVVXPHG� WR�

UDQJH� EHWZHHQ� ��� KRXUV� DQG� ���� KRXUV�� ௣ߜ
௣௢௥௧

ൌ ܷሾͳͲǢ ͳͲͲሿ ݌׊ א ܲ �KRXUV��� 9DULRXV�

VFHQDULRV�RI�GLVUXSWLRQ�RFFXUUHQFH�LQ�VHD�DQG�DW�SRUWV�RI�FDOO�ZLOO�EH�HYDOXDWHG�WKURXJKRXW�

WKH� QXPHULFDO� H[SHULPHQWV� IRU� WKH� FRQVLGHUHG� OLQHU� VKLSSLQJ� URXWH� XVLQJ� WKH� SURSRVHG�

VROXWLRQ�PHWKRGRORJ\��VHH�VHFWLRQ������ IRU�PRUH�GHWDLOV���7KH�ZHHNO\�FRQWDLQHU�GHPDQG�

DW� SRUWV� RI� FDOO� ZDV� DVVXPHG� WR� YDU\� EHWZHHQ� ���� 7(8V� DQG� ������ 7(8V�� ݀௣
௣௢௥௧

ൌ

ܷሾʹͲͲǢ ʹǡͲͲͲሿ ݌׊ א ܲ �7(8V��� 7KH� QXPEHU� RI� FRQWDLQHUV� WR� EH� WUDQVSRUWHG� DW� YR\DJH�

OHJV� ZDV� DVVXPHG� WR� GLIIHU� EHWZHHQ� ������ 7(8V DQG� ������ 7(8V�� ݀௣
௦௘௔ ൌ

ܷሾͷǡͲͲͲǢ ͺǡͲͲͲሿ ݌׊ א ܲ �7(8V��� ,W� ZDV� DVVXPHG� WKDW� WKH� 0&7� RSHUDWRU� DW� HDFK� SRUW�

FRXOG� RIIHU� IRXU� KDQGOLQJ� UDWHV�� IURP�ZKLFK� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� FRXOG� UHTXHVW�

RQO\�RQH��

7KH� KDQGOLQJ� SURGXFWLYLWLHV� IRU� WKH� UHVSHFWLYH� KDQGOLQJ� UDWHV� ZHUH� DVVXPHG� WR�

YDU\�EHWZHHQ����7(8V�KRXU�DQG�����7(8V�KRXU�IURP�RQH�SRUW�WR�DQRWKHU��9DULDWLRQV�LQ�

WKH�KDQGOLQJ�SURGXFWLYLWLHV�IURP�RQH SRUW�WR�DQRWKHU�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�WKH�

0&7�RSHUDWRUV�DW�FHUWDLQ�SRUWV�PD\�KDYH�PRUH�KDQGOLQJ�HTXLSPHQW�DYDLODEOH�IRU�VHUYLFH�
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RI� WKH� DUULYLQJ� YHVVHOV� DQG�� WKHUHIRUH�� DUH� DEOH� WR� RIIHU� WKH� KDQGOLQJ� UDWHV� ZLWK� KLJKHU�

KDQGOLQJ�SURGXFWLYLWLHV�WR WKH�OLQHU�VKLSSLQJ�FRPSDQ\�DV�FRPSDUHG�WR�WKH�0&7�RSHUDWRUV�

ZLWK� OHVV�KDQGOLQJ�HTXLSPHQW�DYDLODEOH��7KH�SODQQHG�KDQGOLQJ� WLPH�RI�YHVVHOV�DW�SRUW ݌

ZDV� HVWLPDWHG� XVLQJ� WKH� IROORZLQJ� UHODWLRQVKLS�� ߬௣
௛௔௡ௗ ൌ σ ൬

ௗ೛
೛೚ೝ೟

௣௥೛೓
൰௛אு೛ ௣௛ݔ ݌׊ א ܲ

�KRXUV��� 7KH� QHJRWLDWHG� KDQGOLQJ� UDWH� �L�H��� WKH� YDOXH� RI� SDUDPHWHU� ௣௛ǡݔ ݌ א ܲǡ ݄ א ��௣ܪ

ZDV�FKRVHQ�LQ�D�UDQGRP�PDQQHU�IURP�WKH�VHW�RI�DYDLODEOH�KDQGOLQJ�UDWHV�DW�HDFK�SRUW�RI�

FDOO��

7KH� SODQQHG� YHVVHO� VDLOLQJ� VSHHG� ZDV� DV� DVVLJQHG� DV� IROORZV�� ௣ݏ ൌ

ܷሾͳ͹Ǣ ʹͷሿ ݌׊ א ܲ �NQRWV��� 7KH� SODQQHG� DUULYDO� WLPH� RI� YHVVHOV� DW� SRUW� ݌ ൅ ͳ ZDV�

HVWLPDWHG�DV� IROORZV��߬௣ାଵ
௔௥௥ ൌ ߬௣

௔௥௥ ൅ ߬௣
௛௔௡ௗ ൅

ௗ೛
೗೐೒

௦೛
݌׊ א ܲ �KRXUV�� $V�GLVFXVVHG�HDUOLHU��

WKH� SRUW� VHUYLFH� IUHTXHQF\� IRU� WKH� $VLD�1RUWK� (XURSH� //�� OLQHU� VKLSSLQJ� URXWH� LV� RQH�

ZHHN��22&/��������± ߮ ൌ ͳ͸ͺ KRXUV� 7KH�WRWDO�QXPEHU�RI�YHVVHOV��GHSOR\HG�IRU�VHUYLFH�

RI�SRUWV��ZDV�VHW�WR�ܸ ൌ ͳͷ YHVVHOV��7KH�YHVVHO�KDQGOLQJ�FRVW�SHU�7(8�DW�SRUW݌� �ZKLFK�LV�

QRW� VNLSSHG�� XQGHU� KDQGOLQJ� UDWH� ݄ ZDV� FRPSXWHG� DV� IROORZV�� ܿ௣௛
௛௔௡ௗ ൌ

݄ܿ௔௩൅ܷሾͲǢ ͷͲሿ ݌׊ א ܲǡ ݄ א ௣ܪ �86'�7(8���ZKHUH�݄ܿ௔௩ GHQRWHV� WKH� DYHUDJH� KDQGOLQJ�

FRVW��

7KH�DYHUDJH�KDQGOLQJ�FRVW�ZDV�DVVXPHG�WR�UDQJH�EHWZHHQ�����86'�7(8�DQG�����

86'�7(8��݄ܿ௔௩ ൌ ܷሾʹͲͲǢ ͷͲͲሿ ݌׊ א ܲ �86'�7(8���1RWH�WKDW�KLJKHU�DYHUDJH�KDQGOLQJ�

FRVWV� ZHUH� LPSRVHG� E\� WKH�0&7� RSHUDWRU� IRU� WKH� KDQGOLQJ� UDWHV� ZLWK� KLJKHU� KDQGOLQJ�

SURGXFWLYLWLHV��7KH�IUHLJKW�UDWH�IRU�VKLSSLQJ�D�7(8�IURP�SRUW݌� WR݌� ൅ ͳ ZDV�DVVXPHG�WR�

YDU\�EHWZHHQ�������86'�7(8�DQG�������86'�7(8��ܿ௣
௖௔௥௚௢

ൌ ܷሾͶǡͲͲͲǢ ͸ǡͲͲͲሿ ݌׊ א ܲ
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�86'�7(8��� 7KH� YDOXHV�� DGRSWHG� IRU� WKH� GHOD\HG� YHVVHO� DUULYDO� FRVW�� YDULHG� EHWZHHQ�

������ 86'�KRXU� DQG� ������ 86'�KRXU�� ܿ௣
ௗ௘௟ ൌ ܷሾͷǡͲͲͲǢ ͺǡͲͲͲሿ ݌׊ א ܲ �86'�KRXU��

�=DPSHOOL�HW�DO���������'XOHEHQHWV������D�G���

,Q�WKLV�VWXG\��WKH�XQLW�FRVW�RI�+)2�IXHO�ZDV�VHW�WR�ܿுிை ൌ ʹͲͲ 86'�WRQ��ZKLOH�WKH�

XQLW� FRVW� RI� 0*2� IXHO� ZDV� DVVXPHG� WR� EH� ܿெீை ൌ ͷͲͲ 86'�WRQ�� $V� D� SDUW� RI� WKH�

QXPHULFDO�H[SHULPHQWV��DQ�DGGLWLRQDO�VHQVLWLYLW\�DQDO\VLV�ZLOO�EH SHUIRUPHG�WR�LQYHVWLJDWH�

WKH�VHQVLWLYLW\�RI�WKH�FKDQJH�LQ�XQLW�FRVW�RI�+)2�DQG�WKH�XQLW�FRVW�RI�0*2��VHH�VHFWLRQ�

�������� IRU� PRUH� GHWDLOV��� 7KH XQLW� FRQWDLQHU� LQYHQWRU\� FRVW� ZDV� VHW� WR� ܿ௜௡௩ ൌ ͲǤͷͲ

86'�7(8�KRXU��:DQJ�HW�DO��������'XOHEHQHWV������D�G�� 7KH�YHVVHO�ZHHNO\�RSHUDWLRQDO�

FRVW�ZDV�VHW�WR�ܿ௢௣௘௥ ൌ ͵ͲͲǡͲͲͲ 86'�ZHHN��RU�ܿ௢௣௘௥ ൌ ͳǡ͹ͺͷǤ͹ͳ 86'�KRXU���ZKLOH�WKH�

SODQQHG� WRWDO� SURILW� WR� EH� JHQHUDWHG�E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\ ZDV� DVVXPHG� WR� EH�

ܶܲ ൌ ͸ͲǡͲͲͲǡͲͲͲ 86'��

7KH�FRVW�RI�VNLSSLQJ�SRUW݌� ZDV�FRPSXWHG�EDVHG�RQ�WKH�FRQWDLQHU�GHPDQG�DW�WKDW�

SRUW� DQG� WKH�DYHUDJH�SRUW� KDQGOLQJ�FRVW� DW� WKDW�SRUW� DV� IROORZV��ܿ௣
௦௞௜௣

ൌ ߤ ൉ ݄ܿ௔௩ ൉ ݀௣
௣௢௥௧

�86'��� ZKHUH� ߤ ± LV� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH� FRHIILFLHQW�� ,QLWLDOO\�� WKH� SRUW�

VNLSSLQJ� LQFRQYHQLHQFH� FRHIILFLHQW� ZDV� DVVXPHG� WR� EH� ߤ ൌ ͳǤͳͲ�� $V� D� SDUW� RI� WKH�

QXPHULFDO�H[SHULPHQWV��DQ�DGGLWLRQDO�VHQVLWLYLW\�DQDO\VLV�ZLOO�EH�SHUIRUPHG�WR�LQYHVWLJDWH�

WKH�LPSDFW�RI�YDU\LQJ�WKH�XQLW�SRUW�VNLSSLQJ�LQFRQYHQLHQFH�FRHIILFLHQW�RQ�WKH�*9653/�

PDWKHPDWLFDO�PRGHO �VHH�VHFWLRQ�������� IRU�PRUH�GHWDLOV��
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7DEOH�� 7KH SLHFHZLVH�DSSUR[LPDWLRQ�DQDO\VLV�UHVXOWV

6FHQDULR�,'�
6HJPHQWV��
ȁܭȁ

�����ࢆ 86'� �����כࢆ 86'� સ��� &38�WLPH��VHF�

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

������ 'HYHORSPHQW�RI�WKH�3LHFHZLVH�$SSUR[LPDWLRQ�IRU�WKH�)XHO�&RQVXPSWLRQ�

)XQFWLRQ�

$�VHW�RI�QXPHULFDO�H[SHULPHQWV�ZHUH�SHUIRUPHG�WR�H[DPLQH�WKH�LQWHUUHODWLRQ�EHWZHHQ�WKH�

IROORZLQJ������WKH�QXPEHU�RI�OLQHDU�VHJPHQWV�LQ�WKH�SLHFHZLVH�IXQFWLRQ���LL��WKH�DFFXUDF\�

RI�WKH�IXHO�FRQVXPSWLRQ�IXQFWLRQ�DSSUR[LPDWLRQ��DQG��LLL��WKH�FRPSXWDWLRQDO�WLPH�WKDW�LV�

QHHGHG�WR�VROYH�WKH�*9653/ PDWKHPDWLFDO�PRGHO��,Q�WRWDO�����VFHQDULRV�ZHUH�JHQHUDWHG�

E\�FKDQJLQJ� WKH�QXPEHU�RI� OLQHDU� VHJPHQWV� LQ� WKH�SLHFHZLVH� IXQFWLRQ� IURP��� WR�����DV�

SUHVHQWHG� LQ� 7DEOH� ��� $OVR�� )LJXUH� �� LOOXVWUDWHV� WKH� H[DPSOHV� RI� SLHFHZLVH�
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DSSUR[LPDWLRQV� RI� WKH� QRQOLQHDU� IXHO� FRQVXPSWLRQ� IXQFWLRQ� ሻݒሺܥܨ ൌ
଴Ǥ଴ଵଶሺ௩ሻషమ

ଶସ
IRU� WKH�

VFHQDULRV� ZLWK� �� OLQHDU� VHJPHQW�� �� OLQHDU� VHJPHQWV�� �� OLQHDU� VHJPHQWV�� DQG� ��� OLQHDU�

VHJPHQWV� )URP )LJXUH� ���� LW� FDQ�EH�REVHUYHG� WKDW� DQ� LQFUHDVH� LQ� WKH�QXPEHU�RI� OLQHDU�

VHJPHQWV�OHG�WR DQ�LQFUHDVH�LQ�WKH�DFFXUDF\�RI�DSSUR[LPDWLRQ�IRUܥܨ�ሺ࢜ሻ�

)LJXUH��� 7KH H[DPSOHV�RI�IXHO�FRQVXPSWLRQ�IXQFWLRQ�OLQHDU�DSSUR[LPDWLRQV

)XUWKHUPRUH�� WKH�*9653/�PDWKHPDWLFDO� PRGHO� ZDV� VROYHG� IRU� HDFK� VFHQDULR�

SUHVHQWHG�LQ�7DEOH����XVLQJ�D�GHILQHG�QXPEHU�RI�OLQHDU�VHJPHQWV��7KURXJKRXW�WKLV�SKDVH�

RI� WKH� FRPSXWDWLRQDO� H[SHULPHQWV�� LW� ZDV� DVVXPHG� WKDW� WKHUH� DUH� QR� GLVUXSWLRQV� LQ� VHD�

DQG�RU�DW�SRUWV�RI�FDOO��7KH�UHVXOWV��ZKLFK�ZHUH�H[WUDFWHG IURP�WKH�QXPHULFDO�H[SHULPHQWV�

DUH�SUHVHQWHG�LQ�7DEOH����7KH�LQIRUPDWLRQ�SUHVHQWHG�LQFOXGH���L��WKH�VFHQDULR�,'���LL��WKH�
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QXPEHU�RI�OLQHDU�VHJPHQWV�± ȁܭȁ���LLL��WKH�*9653/�REMHFWLYH�IXQFWLRQ�YDOXH�± �ࢆ��LY��WKH�

YDOXH�RI�QRQOLQHDU�REMHFWLYH�IXQFWLRQ�DW�WKH�VROXWLRQ��ZKLFK�ZDV�SURYLGHG�E\�*9653/�±

�כࢆ��Y��WKH�REMHFWLYH�JDS�સ ൌ ቚ
ࢆିכࢆ

כࢆ
ቚ��DQG��YL� WKH DYHUDJH�YDOXH�RI�&38�WLPH�RYHU�D�WRWDO�

RI���� UHSOLFDWLRQV��%DVHG�RQ� WKH� UHVXOWV�� D� VLJQLILFDQW� LQFUHDVH� LQ�FRPSXWDWLRQDO� WLPH�RI�

WKH�*9653/�ZDV� REVHUYHG� ZKHQ� WKH� YDOXHV� IRU� WKH� QXPEHU� RI� OLQHDU VHJPHQWV� ZHUH�

KLJKHU�WKDQ�����+RZHYHU��WKHUH�ZDV�QR�VXEVWDQWLDO�FKDQJH�LQ�WKH�REMHFWLYH�JDS��7KXV��IRU�

WKH�DSSUR[LPDWLRQ�RI�WKH�IXHO�FRQVXPSWLRQ�IXQFWLRQ��D�SLHFHZLVH�IXQFWLRQ�ZLWK����OLQHDU�

VHJPHQWV�ZLOO�EH�XVHG�WKURXJKRXW�WKH�QXPHULFDO�H[SHULPHQWV��$�SLHFHZLVH�IXQFWLRQ�ZLWK�

���OLQHDU�VHJPHQWV�ZLOO�DOVR�EH�XVHG�LQ�WKH�DQDO\VLV�RI�WKH�PDQDJHULDO�LQVLJKWV�

7DEOH�� 7KH�FRQVLGHUHG XQLW�IXHO�FRVW�YDOXHV�IRU�WKH�JHQHUDWHG�SUREOHP�LQVWDQFHV

,QVWDQFH� 8QLW�+)2�FRVW��86'�WRQ� 8QLW� 0*2� FRVW�
�86'�WRQ�

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

������ 0DQDJHULDO�,QVLJKWV

8VLQJ� WKH� QXPHULFDO� GDWD� JHQHUDWHG�� D� WRWDO� RI� ��� SUREOHP� LQVWDQFHV� ZHUH� FUHDWHG� E\�

YDU\LQJ� WKH� XQLW� FRVW� RI� ERWK� +)2� DQG� WKH� XQLW� FRVW� RI�0*2�ZLWK� DQ� DGGLWLRQ� RI� ���

86'�WRQ�� 7KH� SUREOHP� LQVWDQFHV� WKDW� ZHUH� GHYHORSHG� DUH� SUHVHQWHG� LQ� 7DEOH� ��� 7KH�
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VROXWLRQ� PHWKRGRORJ\�� SUHVHQWHG� LQ� WKLV� VWXG\�� ZDV� DSSOLHG� WR� VROYH� WKH� *9653/�

PDWKHPDWLFDO�PRGHO�IRU�DOO�WKH�SUREOHP�LQVWDQFHV�FRQVLGHUHG��,Q�DGGLWLRQ��D�WRWDO�RI�WKUHH�

K\SRWKHWLFDO�FDVHV�RI�GLVUXSWLRQV�ZHUH�HYDOXDWHG�IRU�HDFK�SUREOHP�LQVWDQFH��7KH�FDVHV�RI�

GLVUXSWLRQ�FRQVLGHUHG�LQFOXGH��

�� &DVH����1R�'LVUXSWLRQV�LQ�6HD�DQG�DW�3RUWV

)LUVW��DQ�LGHDO�FRQGLWLRQ�ZDV�FRQVLGHUHG��LQ�ZKLFK�WKHUH�DUH�QR�GLVUXSWLRQV�LQ�VHD�WKDW�

PD\�VXEVWDQWLDOO\ LPSDFW� WKH�SODQQHG�YHVVHO�VDLOLQJ�VSHHG�DW�YR\DJH� OHJV�RI� WKH� OLQHU�

VKLSSLQJ�URXWH�H[DPLQHG�LQ�WKLV�VWXG\��0RUHRYHU��GLVUXSWLRQV�DW�SRUWV�RI�FDOO�WKDW�PD\�

UHVXOW� LQ� VLJQLILFDQW� GHOD\V� LQ� YHVVHO� VHUYLFH� ZHUH QRW� FRQVLGHUHG� LQ� WKLV� FDVH�� 7KH�

YHVVHOV�YLVLW�DOO�WKH�SRUWV�RI�FDOO�LQ�WKH�SRUW�URWDWLRQ�

�� &DVH����'LVUXSWLRQV�LQ�6HD�DQG�DW�3RUWV�ZLWKLQ�(&$V

7KH�VHFRQG�FDVH�PRGHOV GLVUXSWLRQV�LQ�VHD�DW�FHUWDLQ�YR\DJH�OHJV�DQG�DW�VSHFLILF�SRUWV�

RI�FDOO�ZLWKLQ�(&$V��7KLV�FDVH�PRGHOV�D�VWULNH�DW�WKH�3RUW�RI�$QWZHUS��%HOJLXP��ZLWK�

DQ�H[SHFWHG�GXUDWLRQ�RIߜ�ସ
௣௢௥௧

ൌ ͷͲ KRXUV��0RUHRYHU��WKHUH�LV�D�GLVUXSWLRQ�LQ�VHD�GXH�

WR� SRRU� ZHDWKHU� FRQGLWLRQV� DW� YR\DJH� OHJ� ³�´�� ZKLFK� OLQNV� WKH� 3RUW� RI� $QWZHUS�

�%HOJLXP��DQG�WKH�3RUW�RI�/H�+DYUH��)UDQFH���7KH�ODWWHU�GLVUXSWLYH�HYHQW�LV�H[SHFWHG�WR�

UHGXFH�WKH�SODQQHG�YHVVHO�VDLOLQJ�VSHHG�DW�YR\DJH�OHJ�³�´�E\ߜ�ସ
௦௘௔ ൌ െͶǤͲ NQRWV��1RWH�

WKDW� IRU� WKH� FRQVLGHUHG� OLQHU� VKLSSLQJ� URXWH�� WKH� 3RUW RI�$QWZHUS� �%HOJLXP�� DQG� WKH�

3RUW� RI� /H� +DYUH� �)UDQFH�� DUH� ERWK� VLWXDWHG� LQVLGH� (&$V�� ZKHUH� WKH OLQHU� VKLSSLQJ�

FRPSDQ\�FDQ�RQO\�XVH�ORZ�VXOIXU�0*2�IXHO�
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�� &DVH����'LVUXSWLRQV�LQ�6HD�DQG�DW�3RUWV�ZLWKLQ�DQG�RXWVLGH�(&$V

7KH�WKLUG FDVH�PRGHOV GLVUXSWLRQV�LQ VHD�DW�FHUWDLQ�YR\DJH�OHJV�DQG�DW�VSHFLILF�SRUWV�RI�

FDOO�ZLWKLQ� DQG� RXWVLGH� (&$V�� ,Q� WKLV� FDVH� WKHUH� LV� D� VWULNH� DW� WKH� 3RUW� RI�$QWZHUS�

�%HOJLXP�� ZKLFK� LV� H[SHFWHG� WR� ODVW� IRU� ସߜ
௣௢௥௧

ൌ ͷͲ KRXUV�� $OVR�� VRPH� KDQGOLQJ�

HTXLSPHQW�XQLWV�DUH� UHSRUWHG� WR�PDOIXQFWLRQ�DW� WKH�3RUW�RI�/H�+DYUH� �)UDQFH���ZKLFK�

UHVXOWHG� LQ� D� GLVUXSWLRQ� LQ� YHVVHO� VHUYLFH� DW� WKH� SRUW� ZLWK� DQ� H[SHFWHG� GXUDWLRQ� RI�

ହߜ
௣௢௥௧

ൌ ͺͷ KRXUV�� ,Q� DGGLWLRQ�� WKH� 3RUW� RI� 0DUVD[ORNN� �0DOWD�� H[SHULHQFHV� D�

ERWWOHQHFN��ZKLFK�FDXVHG�D�GLVUXSWLRQ�WKDW�LV�H[SHFWHG�WR�ODVW�IRUߜ�଺
௣௢௥௧

ൌ ͳͷ KRXUV��,Q�

DGGLWLRQ��GLVUXSWLRQV LQ�VHD��FDXVHG�E\�SRRU�ZHDWKHU�FRQGLWLRQV�DUH�UHSRUWHG�DW�YR\DJH�

OHJ� ³�´�� ZKLFK� OLQNV� WKH� 3RUW� RI +DPEXUJ� �*HUPDQ\�� DQG� WKH� 3RUW� RI� $QWZHUS�

�%HOJLXP���YR\DJH�OHJ�³�´��ZKLFK�OLQNV�WKH�3RUW�RI�$QWZHUS��%HOJLXP��DQG�WKH�3RUW�RI�

/H�+DYUH��)UDQFH���DQG�YR\DJH�OHJ�³�´��ZKLFK�OLQNV�WKH�3RUW�RI�/H�+DYUH��)UDQFH��DQG�

WKH� 3RUW� RI� 0DUVD[ORNN� �0DOWD��� 7KH� GLVUXSWLRQV� UHSRUWHG� DW� WKH� YR\DJH� OHJV� DUH�

H[SHFWHG� WR�GHFUHDVH� WKH�SODQQHG�YHVVHO� VDLOLQJ� VSHHG�E\ߜ�ଷ
௦௘௔ ൌ െ͵Ǥͺ NQRWV� ସߜ

௦௘௔ ൌ

െͶǤͲ NQRWV�� DQGߜ�ହ
௦௘௔ ൌ െͲǤͺ NQRWV�� UHVSHFWLYHO\��1RWH� WKDW� IRU� WKH� FRQVLGHUHG� OLQHU�

VKLSSLQJ�URXWH��WKH�SRUWV�WKDW�DUH�OLQNHG�E\�YR\DJH�OHJV�³�´�WR�³�´�DUH�ZLWKLQ�WKH�DUHDV�

WKDW�DUH�GHVLJQDWHG�DV�(&$V��ZKLOH�WKH�RWKHU�SRUWV�DUH�RXWVLGH�WKH�(&$V�

)XUWKHUPRUH�� DV� D� SDUW� RI� WKH� QXPHULFDO� H[SHULPHQWV�� WKH� VHQVLWLYLW\� RI� WKH�

*9653/ PDWKHPDWLFDO�PRGHO�WR�YDULDWLRQ�LQ�WKH�XQLW�FRVWV�RI�+)2�DQG�0*2�IXHOV�DQG�

WKH� SRUW� VNLSSLQJ� FRVW�ZLOO� EH� DQDO\]HG� VHFWLRQV� ������� DQG� �������� RI� WKH� GLVVHUWDWLRQ��

UHVSHFWLYHO\�
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���������6HQVLWLYLW\�RI�WKH�UHFRYHUHG�YHVVHO�VFKHGXOHV�WR�WKH�XQLW�IXHO�FRVWV�

7KLV�VHFWLRQ�GLVFXVVHV� WKH�HIIHFWV�RI�FKDQJLQJ�XQLW� IXHO�FRVWV� �ERWK�+)2�DQG�0*2��RQ�

WKH�UHFRYHUHG�YHVVHO�VFKHGXOHV�ZLWK�D�SULPDU\�HPSKDVLV�RQ�WKH�IROORZLQJ�WKUHH�DVSHFWV��

�D��SRUW�VNLSSLQJ�GHFLVLRQV���E� YHVVHO�VDLOLQJ�VSHHG�DQG�VDLOLQJ�WLPH��DQG��F��WRWDO�SURILW�

ORVV�DQG�LWV�FRPSRQHQWV�

�D��3RUW�VNLSSLQJ�GHFLVLRQV

7KURXJKRXW�WKH�QXPHULFDO�H[SHULPHQWV��WKH�SRUW�VNLSSLQJ�GHFLVLRQV�PDGH�IURP�XVLQJ�WKH�

*9653/ PDWKHPDWLFDO�PRGHO�ZHUH�LGHQWLILHG�IRU�DOO�WKH�SUREOHP�LQVWDQFHV�DQG�HDFK�RQH�

RI� WKH� WKUHH� GLVUXSWLRQ� FDVHV� FRQVLGHUHG�� 5HVXOWV� IURP� WKH� FRPSXWDWLRQDO� H[SHULPHQWV�

UHYHDOHG�WKDW�FKDQJHV�LQ�WKH�XQLW�FRVW�RI�+)2�DQG�0*2�GLG�QRW�LPSDFW�WKH SRUW�VNLSSLQJ�

GHFLVLRQV�� 0RUHRYHU�� WKH� GLVUXSWLRQ� W\SH� ZDV� IRXQG� WR� EH� WKH� PDMRU� IDFWRU�� ZKLFK�

LQIOXHQFHG� WKH� SRUW� VNLSSLQJ� GHFLVLRQV�� )LJXUH� �� SUHVHQWV� WKH� SRUW� VNLSSLQJ� GHFLVLRQV��

UHWULHYHG�IURP�WKH�*9653/ PDWKHPDWLFDO�PRGHO�IRU�WKH�GLVUXSWLRQ�FDVHV�FRQVLGHUHG��

)RU�GLVUXSWLRQ�FDVH����ZKHUH�WKHUH�ZHUH�QR�GLVUXSWLRQV�LQ�VHD�DQG�DW�SRUWV�ZLWKLQ�

DQG�RXWVLGH�(&$V���LW�ZDV�IRXQG�WKDW�WKH�YHVVHOV�GLG�QRW�VNLS�DQ\�SRUW�RI�FDOO�± VHH�)LJXUH�

���D���7KHUHIRUH��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�ZDV�LQFOLQHG�WR�PDLQWDLQ�WKH�SODQQHG�YHVVHO�

VFKHGXOH�GHVSLWH�LQFUHDVLQJ�WKH�XQLW�FRVW�RI�+)2�DQG�0*2��+RZHYHU��IRU�GLVUXSWLRQ�FDVH�

�� �ZKHUH� WKHUH� ZHUH� GLVUXSWLRQV� LQ� VHD� DQG� DW� SRUWV� ZLWKLQ� (&$V��� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�GHFLGHG�WKDW�VNLSSLQJ�WKH�3RUW�RI�$QWZHUS��%HOJLXP���ORFDWHG�ZLWKLQ�DQ�(&$��

ZDV�WKH�PRVW�IDYRUDEOH�GHFLVLRQ�LQ�RUGHU�WR�HIIHFWLYHO\�UHFRYHU�WKH�YHVVHO�VFKHGXOH�DIWHU�

WKH�GLVUXSWLYH�HYHQWV�� )LJXUH����E���
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)LJXUH��� 7KH�SRUW�VNLSSLQJ�GHFLVLRQV�IRU�WKH�FRQVLGHUHG�GLVUXSWLRQ�FDVHV���D��GLVUXSWLRQ�
FDVH�����E��GLVUXSWLRQ�FDVH����DQG��F��GLVUXSWLRQ�FDVH��

2Q�WKH�RWKHU�KDQG��IRU�GLVUXSWLRQ�FDVH����ZKHUH WKHUH�ZHUH�GLVUXSWLRQV�LQ�VHD�DQG�

DW�SRUWV�ZLWKLQ�DQG�RXWVLGH�(&$V���WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GHFLGHG�WKDW�VNLSSLQJ�WKH�

�D�

�F�

�E�
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3RUW� RI�$QWZHUS� �%HOJLXP�� DQG� WKH�3RUW� RI�/H�+DYUH� �)UDQFH� ZDV� WKH�PRVW� IDYRUDEOH�

GHFLVLRQ� LQ�RUGHU� WR� HIILFLHQWO\� UHFRYHU� WKH�YHVVHO� VFKHGXOH� DIWHU WKH�GLVUXSWLYH� HYHQWV� �

)LJXUH����F���+HQFH��EDVHG�RQ�WKH�UHVXOWV�IURP�FRQGXFWHG�QXPHULFDO�H[SHULPHQWV� LW�ZDV�

IRXQG� WKDW� DV� WKH� QXPEHU� RI� GLVUXSWLYH� HYHQWV� LQFUHDVHG� DORQJ� WKH� JLYHQ� OLQHU� VKLSSLQJ�

URXWH�� WKHUH� ZHUH VLJQLILFDQW FKDQJHV� LQ� WKH� YHVVHO� VFKHGXOH� WKDW� PDQGDWHG� WKH� OLQHU�

VKLSSLQJ�FRPSDQ\�WR�H[HFXWH�UHFRYHU\�VWUDWHJLHV�WKDW�FDQ�EH�FRQVLGHUHG�DV�PRUH�UDGLFDO�

�L�H���SRUW�VNLSSLQJ�LQVWHDG�RI�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW���

)XUWKHUPRUH��DQ�LQFUHDVH�LQ�WKH�XQLW�IXHO�FRVW�IXUWKHU�UHVWULFWV�WKH�LPSOHPHQWDWLRQ�

RI�WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�VWUDWHJ\�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��7KH�ODWWHU�

FDQ�EH� H[SODLQHG�E\� WKH� IDFW� WKDW�DQ� LQFUHDVH� LQ� WKH�XQLW� IXHO�FRVW� DV�ZHOO� DV� LQFUHDVLQJ�

YHVVHO�VDLOLQJ�VSHHG�DUH�OLNHO\�WR�VXEVWDQWLDOO\�LQFUHDVH�WKH�DFWXDO�WRWDO�IXHO�FRVW��1RWH�WKDW�

DQ�LQFUHDVH�LQ�WKH�DFWXDO�WRWDO�IXHO�FRVW�ZLOO�OHDG�WR�D�UHGXFWLRQ�LQ�WKH�DFWXDO�WRWDO�SURILW�WR�

EH�JHQHUDWHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�

�E��9HVVHO�VDLOLQJ�VSHHG�DQG�VDLOLQJ�WLPH

7KURXJKRXW� WKH� QXPHULFDO� H[SHULPHQWV�� WKH� DYHUDJH� YDOXH� RI� WKH� YHVVHO� VDLOLQJ� VSHHG�

DGMXVWPHQW� DW� YR\DJH� OHJV�� VXJJHVWHG� E\� WKH� *9653/ PDWKHPDWLFDO� PRGHO� ZDV�

HVWLPDWHG� IRU� DOO� WKH� JHQHUDWHG� SUREOHP� LQVWDQFHV� DV� ZHOO� DV� GLVUXSWLRQ� FDVHV� �� DQG� ���

)LJXUH� �� SUHVHQWV� WKH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� IRU� WKH� FRQVLGHUHG�

SUREOHP� LQVWDQFHV� DQG�GLVUXSWLRQ� FDVHV� �� DQG���� ,Q� DGGLWLRQ�� WKH� DYHUDJH� YHVVHO� VDLOLQJ�

VSHHG�REWDLQHG�IURP�XVLQJ�WKH�*9653/ PDWKHPDWLFDO�PRGHO�ZDV�FDOFXODWHG�IRU�DOO�WKH�

FRQVLGHUHG�SUREOHP�LQVWDQFHV�DV�ZHOO�DV�GLVUXSWLRQ�FDVHV�������DQG����)LJXUH��� SUHVHQWV�

WKH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�IRU� WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV�� ,Q�WKLV�VWXG\�� WKH�
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YHVVHO� VDLOLQJ VSHHG� DGMXVWPHQW� ZDV� QRW� HVWLPDWHG� IRU� GLVUXSWLRQ� FDVH� �� EHFDXVH WKHUH�

ZHUH�QR�GLVUXSWLRQV�LQ�VHD�DQG�RU DW�SRUWV�FRQVLGHUHG�LQ�WKLV�FDVH�

)LJXUH��� 7KH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�IRU�WKH�FRQVLGHUHG�SUREOHP�

LQVWDQFHV

)LJXUH��� 7KH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV
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)URP� WKH� UHVXOWV� SUHVHQWHG� LQ� )LJXUH� ���� D� QXPEHU� RI� FKDQJHV� LQ� WKH� DYHUDJH�

YHVVHO�VDLOLQJ�VSHHG�ZHUH�QRWLFHG�DV� WKH�XQLW�FRVW�RI�+)2�DQG�0*2�LQFUHDVHV�HYHQ�IRU�

GLVUXSWLRQ�FDVH����+RZHYHU��WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�ZDV�QRW�VHOHFWHG�E\�WKH�

OLQHU� VKLSSLQJ� FRPSDQ\� DV� WKH� YHVVHO� VFKHGXOH� UHFRYHU\� VWUDWHJ\�� 7KURXJKRXW� WKH�

QXPHULFDO�H[SHULPHQWV��LQ�DGGLWLRQ�WR�WKH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�DQG�WKH�

DYHUDJH� YHVVHO� VDLOLQJ� VSHHG�� WKH� WRWDO� YHVVHO� VDLOLQJ� WLPH� ZDV� FDOFXODWHG IRU� DOO� WKH�

JHQHUDWHG�SUREOHP�LQVWDQFHV�DV�ZHOO�DV�GLVUXSWLRQ�FDVHV�������DQG���XVLQJ�WKH�*9653/

PDWKHPDWLFDO�PRGHO��)LJXUH��� SUHVHQWV� WKH� WRWDO�YHVVHO� VDLOLQJ� WLPH� IRU� WKH�FRQVLGHUHG�

SUREOHP�LQVWDQFHV�

)LJXUH��� 7KH�WRWDO�YHVVHO VDLOLQJ�WLPH�IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV

5HVXOWV� IURP� WKH� QXPHULFDO� H[SHULPHQWV� UHYHDO� WKDW� WKH� DYHUDJH� YHVVHO� VDLOLQJ�

VSHHG�ZDV�ORZHU�IRU�GLVUXSWLRQ�FDVHV���DQG���ZKHQ�FRPSDUHG�WR�GLVUXSWLRQ�FDVH����ZKLFK�

OHG�WR�DQ�LQFUHDVH�LQ�WKH�WRWDO�YHVVHO�VDLOLQJ�WLPH��7KH�ODWWHU�SDWWHUQ�FDQ�EH�MXVWLILHG�E\�WKH�
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IDFW�WKDW�FHUWDLQ�GLVUXSWLYH�HYHQWV�DW�VRPH�YR\DJH�OHJV�UHVXOWHG�LQ�D�VLJQLILFDQW�UHGXFWLRQ�

LQ� WKH� SODQQHG�YHVVHO� VDLOLQJ� VSHHG� �L�H��� WKH� YHVVHO� VDLOLQJ� VSHHG�YDOXHV� VHOHFWHG�XQGHU�

GLVUXSWLRQ� FDVHV� �� DQG� ����0RUHRYHU�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� FRXOG� QRW� VDLO� DW� WKH�

SODQQHG�YHVVHO�VDLOLQJ�VSHHG�IRU�GLVUXSWLRQ�FDVHV���DQG����L�H���DFKLHYH�WKH�YHVVHO�VDLOLQJ�

VSHHG�YDOXHV�XVHG�XQGHU�GLVUXSWLRQ�FDVH���� GHVSLWH WKH�DSSOLFDWLRQ�RI� WKH�YHVVHO� VDLOLQJ�

VSHHG�DGMXVWPHQW�VWUDWHJ\��

)XUWKHUPRUH�� LQFUHDVLQJ� WKH� XQLW FRVW� RI� +)2� DQG� 0*2� JHQHUDOO\� OHG� WR� D�

UHGXFWLRQ� LQ� WKH� DYHUDJH�YHVVHO� VDLOLQJ� VSHHG� IRU� HDFK�RQH�RI� WKH� FRQVLGHUHG�GLVUXSWLRQ�

FDVHV��7KH�UHGXFWLRQ�LQ�WKH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�FDQ�EH�VXSSRUWHG�E\�WKH�IDFW�WKDW�

WKH� OLQHU� VKLSSLQJ�FRPSDQ\�DLPHG� WR� UHGXFH� WKH�DFWXDO� IXHO�FRQVXPSWLRQ�DV�ZHOO�DV� WKH�

FRUUHVSRQGLQJ�FRVW��$OVR��LQFUHDVLQJ�WKH�XQLW�FRVW�RI�+)2�DQG�0*2�OHG�WR�D�UHGXFWLRQ�LQ�

WKH�DYHUDJH�YHVVHO� VDLOLQJ� VSHHG�DGMXVWPHQW� IRU� WKH� UHFRYHUHG�YHVVHO� VFKHGXOHV� IRU�ERWK�

GLVUXSWLRQ�FDVHV���DQG���

$GGLWLRQDOO\��VRPH�YDULDWLRQV�LQ�WKH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�FDQ�EH�REVHUYHG�

IURP� RQH� SUREOHP� LQVWDQFH� WR� DQRWKHU�� 7KH� ODWWHU� FDQ� EH� MXVWLILHG� E\� WKH� IDFW� WKDW� WKH�

DULWKPHWLF�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�GRHV�QRW� WDNH� LQWR�DFFRXQW� WKH� OHQJWK�RI�YR\DJH�

OHJV��+RZHYHU��PRUH�ORJLFDO�RUGHUV�ZHUH�REVHUYHG�IRU�WKH�WRWDO�YHVVHO�VDLOLQJ�WLPH��GXH�WR�

WKH�IDFW�WKDW�LW�GRHV�QRW�RQO\�DFFRXQW�IRU�WKH�YHVVHO�VDLOLQJ�VSHHG�EXW�DOVR�IRU�WKH�OHQJWK�RI�

YR\DJH� OHJV�� ࣎௣
௦௔௜௟ ൌ

ௗ೛
೗೐೒

࢙೛
݌׊ א ܲ �KRXUV��� *HQHUDOO\�� KLJKHU� WRWDO� YHVVHO� VDLOLQJ� WLPH�

YDOXHV�ZHUH�UHFRUGHG�ZKHQ�GLVUXSWLRQV�RFFXU�LQ�VHD�DQG�DW�SRUWV�ZLWKLQ�DQG�RXWVLGH�(&$V�

�L�H���GLVUXSWLRQ�FDVH�����DV�FRPSDUHG�WR�ZKHQ�GLVUXSWLRQV�RFFXU�LQ�VHD�DQG�DW�SRUWV�ZLWKLQ�

(&$V� RQO\� �L�H��� GLVUXSWLRQ� FDVH� ���� 7KXV�� LW� FDQ� EH� FRQFOXGHG� WKDW� DQ� LQFUHDVH� LQ� WKH�
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QXPEHU�RI�GLVUXSWLYH�HYHQWV�DORQJ� WKH�FRQVLGHUHG� OLQHU�VKLSSLQJ�URXWH�UHVXOWHG� LQ�PDMRU�

FKDQJHV�LQ�WKH�SODQQHG�YHVVHO�VFKHGXOH�DQG�FRQVHTXHQWO\�LQFUHDVHG�WKH�WRWDO�YHVVHO�VDLOLQJ�

WLPH�
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)LJXUH��� 7KH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�DQG�WKH�WRWDO�YHVVHO�VDLOLQJ�WLPH�RXWVLGH�

(&$V�IRU���$��GLVUXSWLRQ�FDVH����DQG��%��GLVUXSWLRQ�FDVH��
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7KH� VFRSH� RI� QXPHULFDO� H[SHULPHQWV� FRQGXFWHG� LQ� WKLV� VWXG\� DOVR� LQFOXGHG� D�

GHWDLOHG�HYDOXDWLRQ�RI�FKDQJHV�LQ�WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�DQG�WKH�WRWDO�VDLOLQJ�

WLPH�DW�HDFK�YR\DJH� OHJ�RI� WKH�JLYHQ� OLQHU�VKLSSLQJ�URXWH�GXH� WR� LQFUHDVLQJ�XQLW�FRVW�RI�

+)2�DQG�0*2�IRU�GLVUXSWLRQ�FDVHV���DQG����7KH�YHVVHO�VDLOLQJ�VSHHG DGMXVWPHQW�DQG�WKH�

WRWDO� VDLOLQJ� WLPH� DW� VRPH� RI� WKH� YR\DJH� OHJV�� SDVVLQJ� RXWVLGH� (&$V�� DUH� SUHVHQWHG� LQ�

)LJXUH��� IRU�SUREOHP�LQVWDQFHV������DQG����DQG�GLVUXSWLRQ�FDVHV���DQG���

1RWH� WKDW� LQFUHDVLQJ�XQLW�FRVW�RI�+)2�DQG�0*2�GLG�QRW�VXEVWDQWLDOO\�DIIHFW� WKH�

YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� DQG� WKH� WRWDO� VDLOLQJ� WLPH� DW� WKH� YR\DJH� OHJV�� SDVVLQJ�

ZLWKLQ�(&$V��%DVHG�RQ�WKH�UHVXOWV��UHWULHYHG�IURP�WKH�*9653/�PDWKHPDWLFDO�PRGHO��LW�

FDQ� EH� REVHUYHG� WKDW� LQFUHDVLQJ� XQLW� FRVW� RI� +)2� DQG� 0*2� JHQHUDOO\� GHFUHDVHG� WKH�

YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�EXW�LQFUHDVHG�WKH�WRWDO�VDLOLQJ�WLPH IRU�GLVUXSWLRQ�FDVH����

6LPLODU�HIIHFWV�RI� WKH�XQLW� IXHO�FRVW�RQ� WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�DQG� WKH� WRWDO�

VDLOLQJ�WLPH�ZHUH�UHFRUGHG�IRU�GLVUXSWLRQ�FDVH���DV�ZHOO�

�F��7RWDO�SURILW�ORVV�DQG�LWV�FRPSRQHQWV

7KH� REMHFWLYH� IXQFWLRQ� RI� WKH�*9653/ PDWKHPDWLFDO�PRGHO� DQG� LWV� FRPSRQHQWV�ZHUH�

UHWULHYHG� IRU� DOO� WKH� JHQHUDWHG� SUREOHP� LQVWDQFHV� DQG� GLVUXSWLRQ� FDVHV� �VHH )LJXUH� �����

7KH�FRVW�FRPSRQHQWV�WKDW�ZHUH�HVWLPDWHG�LQFOXGH������WKH�WRWDO�SURILW�ORVV�HQGXUHG�E\�WKH�

OLQHU�VKLSSLQJ�FRPSDQ\�± �ࢆ ����WKH�DFWXDO�WRWDO�SURILW�± �ࡼࢀ�����WKH DFWXDO�WRWDO�UHYHQXH�±

�ࢂࡱࡾ�����WKH DFWXDO�WRWDO�SRUW�KDQGOLQJ�FRVW�± �࡯ࡴࡼ ����WKH DFWXDO�WRWDO�ODWH�YHVVHO�DUULYDO�

FRVW� ± �࡯࡭ࡸ ���� WKH DFWXDO� WRWDO� IXHO� FRVW ± �࡯࡯ࡲ� DQG ���� WKH DFWXDO� WRWDO� FRQWDLQHU�

LQYHQWRU\�FRVW�± ��࡯ࡵ࡯
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)LJXUH��� 7KH�REMHFWLYH IXQFWLRQ�DQG�LWV�FRPSRQHQWV
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)LJXUH��� 7KH�REMHFWLYH�IXQFWLRQ�DQG�LWV�FRPSRQHQWV�± FRQWLQXHG
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)LJXUH����7KH�REMHFWLYH�IXQFWLRQ�DQG�LWV�FRPSRQHQWV�± FRQWLQXHG

%DVHG�RQ�WKH�FRQGXFWHG�QXPHULFDO�H[SHULPHQWV��LW�ZDV�IRXQG�WKDW�WKH DFWXDO�WRWDO�

UHYHQXH��JHQHUDWHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\ ZDV�ORZHU�IRU�GLVUXSWLRQ�FDVHV���DQG���

DV�FRPSDUHG� WR�GLVUXSWLRQ�FDVH����7KH� ODWWHU�FDQ�EH�H[SODLQHG�E\� WKH� IDFW� WKDW� WKH� OLQHU�

VKLSSLQJ� FRPSDQ\� KDG� WR� VNLS� FHUWDLQ� SRUWV� RI� FDOO� DQG� ZDV� QRW� DEOH� WR� JHQHUDWH� DQ\�

UHYHQXH�IURP�VHUYLQJ�WKHVH�SRUWV��6SHFLILFDOO\��LQ�GLVUXSWLRQ�FDVH����GLVUXSWLRQV�RFFXU�LQ�

VHD� DQG� DW� SRUWV� ZLWKLQ� (&$V��� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� KDG� WR� VNLS� WKH� 3RUW� RI�

$QWZHUS��%HOJLXP���2Q�WKH�RWKHU�KDQG��LQ�GLVUXSWLRQ�FDVH����GLVUXSWLRQV�RFFXU�LQ�VHD�DQG�

DW�SRUWV�ZLWKLQ�DQG�RXWVLGH�(&$V��� WKH�OLQHU�VKLSSLQJ�FRPSDQ\�ZDV�UHTXLUHG�WR�VNLS�WKH�

3RUW� RI� $QWZHUS� �%HOJLXP�� DQG� WKH� 3RUW� RI� /H� +DYUH� �)UDQFH�� LQ� RUGHU� WR� HIIHFWLYHO\�

UHFRYHU�WKH�YHVVHO�VFKHGXOH�

)XUWKHUPRUH��WKH DFWXDO�WRWDO�SRUW�KDQGOLQJ�FRVW�ZDV�KLJKHU�IRU�GLVUXSWLRQ�FDVHV���

DQG��� DV� FRPSDUHG� WR� GLVUXSWLRQ� FDVH� ��� VLQFH� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� HQGXUHG� WKH�

DGGLWLRQDO� SRUW� VNLSSLQJ� FRVWV�� 7KH DFWXDO� WRWDO� IXHO� FRVW� LQFUHDVHG�ZLWK� LQFUHDVLQJ� XQLW�

FRVW� RI� +)2� DQG� 0*2� IURP� RQH� SUREOHP� LQVWDQFH� WR� DQRWKHU� IRU� DOO� WKH� FRQVLGHUHG�
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GLVUXSWLRQ�FDVHV��$OVR��DQ�LQFUHDVH�LQ�WKH�XQLW�FRVW�RI�+)2�DQG�0*2�JHQHUDOO\�GHFUHDVHG�

WKH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� IRU� DOO� WKH� FRQVLGHUHG� GLVUXSWLRQ� FDVHV�� ZKLFK� IXUWKHU�

LQFUHDVHG� WKH� VDLOLQJ� WLPH� DW� WKH� YR\DJH� OHJV� RI� WKH� JLYHQ� OLQHU� VKLSSLQJ� URXWH� DQG� WKH

DFWXDO� WRWDO� FRQWDLQHU� LQYHQWRU\� FRVW�� +LJKHU� FRQWDLQHU� LQYHQWRU\� FRVWV� ZHUH� W\SLFDOO\�

UHFRUGHG� IRU� GLVUXSWLRQ� FDVHV� �� DQG� �� DV� FRPSDUHG� WR� GLVUXSWLRQ� FDVH� �� GXH� WR� WKH�

DGGLWLRQDO�GHOD\V�WKDW�ZHUH�FDXVHG�E\�GLVUXSWLRQV�LQ�VHD�DQG�DW�SRUWV�ZLWKLQ�DQG�RXWVLGH�

(&$V��0RUHRYHU��DV�D�UHVXOW�RI�GLVUXSWLRQV��WKH�YHVVHOV�ZHUH�QRW�DEOH�WR�DUULYH�ZLWKLQ�WKH�

DJUHHG�SRUW�DUULYDO�7:V��ZKLFK�IXUWKHU�LQFUHDVHG�WKH DFWXDO�WRWDO�ODWH�YHVVHO�DUULYDO�FRVW�

7KURXJKRXW� WKH� QXPHULFDO� H[SHULPHQWV�� LW� ZDV� IRXQG� WKH� DFWXDO� WRWDO� SURILW��

JHQHUDWHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��GHFUHDVHG�ZLWK�LQFUHDVLQJ�XQLW�FRVW�RI�+)2�DQG�

0*2�IURP�RQH�SUREOHP�LQVWDQFH�WR�DQRWKHU�IRU�DOO�WKH�FRQVLGHUHG�GLVUXSWLRQ�FDVHV��7KH�

ODWWHU� LQFUHDVHG� WKH� WRWDO� SURILW� ORVV� HQGXUHG� E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�� 7KH� OHDVW�

DFWXDO� WRWDO� SURILW� DQG� WKH� KLJKHVW� WRWDO� SURILW� ORVV� ZHUH� UHFRUGHG� IRU� WKH� FDVH�� ZKHQ�

GLVUXSWLRQV�RFFXU� LQ� VHD� DQG�DW� SRUWV�ZLWKLQ� DQG�RXWVLGH�(&$V� �L�H��� GLVUXSWLRQ�FDVH�����

+RZHYHU��ZLWKRXW�DSSOLFDWLRQ�RI�WKH�DSSURSULDWH�YHVVHO�VFKHGXOH�UHFRYHU\�VWUDWHJLHV��H�J���

YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� DQG� SRUW� VNLSSLQJ�� WKH� WRWDO� SURILW� ORVV� LV� H[SHFWHG� WR�

VLJQLILFDQWO\�LQFUHDVH�

���������6HQVLWLYLW\�RI�WKH�UHFRYHUHG�YHVVHO�VFKHGXOHV�WR�WKH�SRUW�VNLSSLQJ�FRVW

7KLV� VHFWLRQ� RI� WKH� GLVVHUWDWLRQ� DQDO\]HV� WKH� LPSDFWV� RI� YDU\LQJ� WKH� SRUW� VNLSSLQJ� FRVW�

HQGXUHG�E\� WKH� OLQHU�VKLSSLQJ�FRPSDQ\�RQ� WKH� UHFRYHUHG�YHVVHO�VFKHGXOHV��$V�D�SDUW�RI�

WKH� QXPHULFDO� H[SHULPHQWV�� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH� FRHIILFLHQW ��ߤ� YDOXH ZDV�

YDULHG� IURPߤ� ൌ ሾͳǤͲͲሿ WRߤ� ൌ ሾͳͲǤͲͲሿ ZLWK� DQ� DGGLWLRQ� RI� ሾͳǤͲͲሿ�� 8VLQJ� WKH� SUREOHP�



���

LQVWDQFHV�JHQHUDWHG�IRU� WKH�GLVUXSWLRQ�FDVHV���DQG���� WKH *9653/ PDWKHPDWLFDO�PRGHO�

ZDV VROYHG��7KH�UHVXOWV�UHWULHYHG�IURP�WKH�QXPHULFDO�H[SHULPHQWV�DUH�SUHVHQWHG�QH[W�IRU�

GLVUXSWLRQ�FDVHV���DQG���

x &DVH���± 'LVUXSWLRQV� DW� YR\DJH� OHJ�³�´��ZKLFK� MRLQV� WKH�3RUW�RI�$QWZHUS� �%HOJLXP��

DQG�WKH�3RUW�RI�/H�+DYUH��)UDQFH���DQG�WKH�3RUW�RI�$QWZHUS��%HOJLXP��

)LJXUH��� SUHVHQWV�WKH�UHVXOWV�RI�WKH�SRUW�VNLSSLQJ�GHFLVLRQV�UHWULHYHG�IRU�DOO�WKH�JHQHUDWHG�

SUREOHP�LQVWDQFHV�RI�GLVUXSWLRQ�FDVH���DQG�WKH�3RUW�RI�$QWZHUS��%HOJLXP���)URP�)LJXUH�

����LW�ZDV�IRXQG�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�VNLSSHG�WKH�3RUW�RI�$QWZHUS��%HOJLXP��

IRU� DOO� WKH� SUREOHP� LQVWDQFHV� FRQVLGHUHG�� ZKHQ� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH�

FRHIILFLHQW� ZDV� IL[HG� DV� ߤ ൌ ሾͳǤͲͲሿ ± VHH� )LJXUH� ���D��� 7KH� ODWWHU� ILQGLQJ� FDQ� EH�

H[SODLQHG�E\�WKH�IDFW�WKDW�VNLSSLQJ�WKH�3RUW�RI�$QWZHUS��%HOJLXP��ZDV�WKH�PRVW�HIIHFWLYH�

VWUDWHJ\�IRU�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�WR�UHFRYHU�WKH�GLVUXSWHG�YHVVHO�VFKHGXOH��L�H���WKH�

SRUW� VNLSSLQJ� FRVW� LQ� WKLV� FDVH�ZDV� ORZHU� DV� FRPSDUHG� WR� WKH� RWKHU� VXSSOHPHQWDO� URXWH�

VHUYLFH� FRVWV� WKDW� FRXOG� EH� HQGXUHG�E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�GXH� WR�GLVUXSWLRQV���

+RZHYHU�� LQFUHDVLQJ� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH� FRHIILFLHQW� WR� ߤ ൌ ሾʹǤͲͲሿ PD\�

VXEVWDQWLDOO\�LQFUHDVH�WKH�SRUW�VNLSSLQJ�FRVW�WR�EH�VXIIHUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��

7KXV��WKH�3RUW�RI�$QWZHUS��%HOJLXP��ZDV�QRW�VNLSSHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�IRU�

PRVW�RI�WKH�SUREOHP�LQVWDQFHV�DQDO\]HG�DQG�WKH�SRUW�VNLSSLQJ�LQFRQYHQLHQFH�FRHIILFLHQW�

RIߤ� ൌ ሾʹǤͲͲሿ ± VHH�)LJXUH����E���



���

)LJXUH��� 7KH�SRUW VNLSSLQJ�GHFLVLRQV�IRU�GLVUXSWLRQ�FDVH�����D�ߤ� ൌ ሾͳǤͲሿ��DQG��E�ߤ� ൌ

ሾʹǤͲሿ

,W�FDQ�EH�REVHUYHG�WKDW� WKH�OLQHU�VKLSSLQJ�FRPSDQ\�VNLSSHG�WKH�3RUW�RI�$QWZHUS�

�%HOJLXP�� RQO\� IRU� SUREOHP� LQVWDQFH� ���� ZKLFK� KDV� WKH� KLJKHVW� XQLW� FRVW� RI� +)2� DQG�

0*2��7KH� ODWWHU� ILQGLQJ� FDQ� EH� VXSSRUWHG� E\� WKH� IDFW� WKDW� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�

FRXOG�RQO\�PDNH� OLPLWHG�FKDQJHV� WR� WKH�YHVVHO� VDLOLQJ� VSHHG�EHFDXVH�RI� LQFUHDVLQJ�XQLW�

FRVW� RI� +)2� DQG�0*2�� WKXV�� VNLSSLQJ� WKH� 3RUW� RI� $QWZHUS� �%HOJLXP�� ZDV� WKH� PRVW�

IDYRUDEOH� YHVVHO� VFKHGXOH� UHFRYHU\� RSWLRQ� IRU� SUREOHP� LQVWDQFH� ���� )LQGLQJV� IURP� WKH�

FRPSXWDWLRQDO�H[SHULPHQWV�VXJJHVW�WKDW�WKH�SRUW�VNLSSLQJ�GHFLVLRQV�FRXOG�EH�VXEVWDQWLDOO\�

�D�

�E�



���

LPSDFWHG�ZLWK�WKH�SRUW�VNLSSLQJ�FRVW�IRU�YDULRXV�FDVHV�RI�GLVUXSWLRQV�LQ�VHD�DQG�DW�SRUWV�

ZLWKLQ�(&$V�

x &DVH���± 'LVUXSWLRQV�DW�YR\DJH�OHJ�³�´��ZKLFK�MRLQV�WKH�3RUW�RI�+DPEXUJ��*HUPDQ\��

DQG�WKH�3RUW�RI�$QWZHUS��%HOJLXP���YR\DJH�OHJ�³�´��ZKLFK�MRLQV�WKH�3RUW�RI�$QWZHUS�

�%HOJLXP��DQG�WKH�3RUW�RI�/H�+DYUH��)UDQFH���YR\DJH�OHJ�³�´��ZKLFK�MRLQV�WKH�3RUW�RI�

/H�+DYUH��)UDQFH��DQG�WKH�3RUW�RI�0DUVD[ORNN��0DOWD���DQG�GLVUXSWLRQV�DW�WKH�3RUW�RI�

$QWZHUS� �%HOJLXP��� WKH� 3RUW� RI� /H� +DYUH� �)UDQFH��� DQG� WKH� 3RUW� RI� 0DUVD[ORNN�

�0DOWD�

)LJXUH� �� SUHVHQWV� WKH SRUW� VNLSSLQJ� GHFLVLRQV� UHWULHYHG� IRU� DOO� WKH� JHQHUDWHG� SUREOHP�

LQVWDQFHV RI�GLVUXSWLRQ�FDVH���IRU�WKH�IROORZLQJ�SRUWV���D��WKH�3RUW�RI�$QWZHUS��%HOJLXP���

�E�� WKH�3RUW�RI�/H�+DYUH� �)UDQFH��� DQG� �F�� WKH�3RUW�RI�0DUVD[ORNN� �0DOWD���7KH� UHVXOWV�

GHPRQVWUDWHG�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�VNLSSHG�WKH�3RUW�RI�$QWZHUS��%HOJLXP��DQG�

WKH� 3RUW� RI� /H� +DYUH� �)UDQFH��� ZKLFK� DUH� ERWK� ORFDWHG� LQVLGH� WKH� DUHDV� GHVLJQDWHG� DV�

(&$V�� IRU� DOO� WKH� FRQVLGHUHG� SUREOHP� LQVWDQFHV��ZKHQ� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH�

FRHIILFLHQW�ZDV�DVVLJQHG�DVߤ� ൌ ሾͳǤͲሿ ൊ ሾ͹ǤͲሿ ± VHH�)LJXUH����D���7KH� ODWWHU� ILQGLQJ�FDQ�

EH�H[SODLQHG�E\�WKH�IDFW�WKDW�VNLSSLQJ�WKH�3RUW�RI�$QWZHUS��%HOJLXP��DQG�WKH�3RUW�RI�/H�

+DYUH��)UDQFH��ZDV�WKH�PRVW�EHQHILFLDO�GHFLVLRQ�IRU�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�LQ�RUGHU�

WR� HIIHFWLYHO\� UHFRYHU� WKH� YHVVHO� VFKHGXOH� �L�H��� WKH� SRUW� VNLSSLQJ� FRVWV� ZHUH� JHQHUDOO\�

ORZHU� ZKHQ� FRPSDUHG� WR� WKH� RWKHU� VXSSOHPHQWDO� URXWH� VHUYLFH� FRVWV�� ZKLFK� FRXOG� EH�

HQGXUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�DV�D�UHVXOW�RI�GLVUXSWLRQV��



���

)LJXUH��� 7KH SRUW�VNLSSLQJ�GHFLVLRQV�IRU�GLVUXSWLRQ�FDVH�����D�ߤ� ൌ ሾͳǤͲሿ ൊ ሾ͹ǤͲሿ��DQG�

�E�ߤ� ൌ ሾͺǤͲሿ ൊ ሾͳͲǤͲሿ

)XUWKHUPRUH�� LQFUHDVLQJ� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH� FRHIILFLHQW� WR� ߤ ൌ

ሾͺǤͲሿ ൊ ሾͳͲǤͲሿ PLJKW� VXEVWDQWLDOO\� LQFUHDVH� WKH�SRUW� VNLSSLQJ� FRVW� WR�EH� VXIIHUHG�E\� WKH�

OLQHU�VKLSSLQJ�FRPSDQ\��,Q�WKLV�FDVH��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GHFLGHG�QRW�WR�VNLS�WKH�

3RUW�RI�$QWZHUS� �%HOJLXP�� IRU� DOO� WKH�SUREOHP� LQVWDQFHV� FRQVLGHUHG�DQG�ZKHQ� WKH� SRUW�

VNLSSLQJ�LQFRQYHQLHQFH�FRHIILFLHQW�ZDV�VHW�DWߤ� ൌ ሾͺǤͲሿ ൊ ሾͳͲǤͲሿ ± VHH�)LJXUH����E���7KH�

UHVXOWV�UHYHDOHG�WKDW�YDU\LQJ�WKH�XQLW�FRVW�RI�+)2�DQG�0*2�IURP�RQH�SUREOHP�LQVWDQFH�

WR�DQRWKHU�GLG�QRW�DIIHFW�WKH�SRUW�VNLSSLQJ�GHFLVLRQV�PDGH�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��

+RZHYHU�� WKH�OLQHU�VKLSSLQJ�FRPSDQ\�VNLSSHG�WKH�3RUW�RI�/H�+DYUH��)UDQFH��GHVSLWH�DQ�

�D�

�E�



���

LQFUHPHQW� LQ� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH� FRHIILFLHQW� XS� WR� ߤ ൌ ሾͺǤͲሿ ൊ ሾͳͲǤͲሿ LQ�

RUGHU� WR� HIIHFWLYHO\� UHFRYHU� WKH�YHVVHO� VFKHGXOH��7KH� ODWWHU� ILQGLQJ�FDQ�EH�H[SODLQHG�E\�

WKH� IDFW� WKDW� WKH� H[SHFWHG� GLVUXSWLRQ� GXUDWLRQ� RI� WKH� GLVUXSWLYH� HYHQW� DW� WKH� 3RUW� RI�/H�

+DYUH��)UDQFH��LV�KLJKHU�DV�FRPSDUHG�WR�WKH�3RUW�RI�$QWZHUS �%HOJLXP���6SHFLILFDOO\��WKH�

GLVUXSWLRQ�DW�WKH�3RUW�RI�/H�+DYUH��)UDQFH��LV�H[SHFWHG�WR�ODVW�IRUߜ�ହ
௣௢௥௧

ൌ ͺͷ KRXUV��ZKLOH�

WKH�GLVUXSWLYH�HYHQW�DW�WKH�3RUW�RI�$QWZHUS��%HOJLXP��LV H[SHFWHG�WR�ODVW�IRUߜ�ସ
௣௢௥௧

ൌ ͷͲ

KRXUV��

)URP� WKH� FRPSXWDWLRQDO� H[SHULPHQWV�� LW� FDQ� EH� GHGXFHG� WKDW� WKH� SRUW� VNLSSLQJ�

GHFLVLRQV�PLJKW�EH�VXEVWDQWLDOO\�LPSDFWHG�ZLWK�WKH�SRUW�VNLSSLQJ�FRVW�IRU�YDULRXV�FDVHV�RI�

GLVUXSWLRQV��ZKHQ�GLVUXSWLYH�HYHQWV�RFFXU�LQ�VHD�DQG�DW�SRUWV�ZLWKLQ�DQG�RXWVLGH�(&$V�

���� &RQFOXVLRQV

7KLV�FKDSWHU�RI�WKH�GLVVHUWDWLRQ�SUHVHQWHG�D�QRYHO�PL[HG�LQWHJHU�QRQOLQHDU�PDWKHPDWLFDO�

PRGHO�IRU�WKH�JUHHQ�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�IRU�WKH�OLQHU�VKLSSLQJ�URXWH��ZKLFK�

SDVVHV� YLD (&$V�� 7KH� ,02� HQIRUFHV� FHUWDLQ� UHJXODWLRQV� RQ� WKH� VXOIXU� FRQWHQW� RI� IXHOV�

XVHG E\�YHVVHOV�ZLWKLQ�(&$V��7KH�PDWKHPDWLFDO�PRGHO�SURSRVHG�LQ�WKLV�FKDSWHU�DLPHG�WR�

PLQLPL]H� WKH� WRWDO� SURILW� ORVV�� VXIIHUHG� E\� D� JLYHQ� OLQHU� VKLSSLQJ� FRPSDQ\� EHFDXVH� RI�

GLVUXSWLRQV� LQ� WKH� SODQQHG� RSHUDWLRQV��$� WRWDO� RI� WZR� YHVVHO� UHFRYHU\� VWUDWHJLHV��ZKLFK�

KDYH�EHHQ�ZLGHO\�XVHG�LQ�WKH�VWDWH�RI�WKH�DUW�DQG�VWDWH�RI�SUDFWLFH�ZHUH�FRQVLGHUHG��7KH�

ODWWHU� UHFRYHU\� VWUDWHJLHV� LQFOXGH�� ���� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW�� DQG� ���� SRUW�

VNLSSLQJ�� 7KH� QRQOLQHDU� PRGHO� ZDV� OLQHDUL]HG� XVLQJ� WKH� VWDWLF� VHFDQW� DSSUR[LPDWLRQ�

PHWKRG�DQG�VROYHG�WR�WKH�JOREDO�RSWLPDOLW\�XVLQJ�&3/(;�



���

$�QXPEHU�RI�QXPHULFDO� H[SHULPHQWV�ZHUH�SHUIRUPHG� IRU� WKH�$VLD�1RUWK�(XURSH�

//��OLQHU�VKLSSLQJ�URXWH��ZKLFK�LV�VHUYHG�E\�22&/�OLQHU�VKLSSLQJ�FRPSDQ\�DQG�SDVVHV�

YLD (&$V��7KH�UHVXOWV�IURP�WKH�QXPHULFDO�H[SHULPHQWV�GHPRQVWUDWHG�WKDW�DQ�LQFUHDVH�LQ�

WKH�QXPEHU�RI�GLVUXSWLYH�HYHQWV� LQ�VHD�DQG�DW�SRUWV�DORQJ�WKH�JLYHQ�OLQHU�VKLSSLQJ�URXWH�

JHQHUDOO\� \LHOGHG� VXEVWDQWLDO� FKDQJHV� LQ� WKH� YHVVHO� VFKHGXOH� DQG� PDQGDWHG� WKH� OLQHU�

VKLSSLQJ� FRPSDQ\� WR� FDUU\� RXW� PRUH� GUDVWLF� UHFRYHU\� VWUDWHJLHV� �L�H��� SRUW� VNLSSLQJ�

EHFDPH� IDYRUDEOH� DV� FRPSDUHG� WR� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW��� )XUWKHUPRUH�� DQ�

LQFUHDVH� LQ� WKH� XQLW� IXHO� FRVW� UHVWULFWHG� WKH� H[HFXWLRQ� RI� WKH� YHVVHO� VDLOLQJ� VSHHG�

DGMXVWPHQW�VWUDWHJ\��1RWH�WKDW�DQ�LQFUHDVH LQ�WKH�XQLW�FRVW�RI�IXHO�DQG�DQ�LQFUHDVH�LQ�WKH�

YHVVHO� VDLOLQJ� VSHHG�PLJKW� VLJQLILFDQWO\� LQFUHDVH� WKH�DFWXDO� WRWDO� IXHO�FRVW��7KH� ILQGLQJV�

IURP�WKH�FRPSXWDWLRQDO�H[SHULPHQWV�DOVR�VXJJHVW� WKDW� WKH�SRUW�VNLSSLQJ�GHFLVLRQV�FRXOG�

EH�VXEVWDQWLDOO\�LPSDFWHG�E\�WKH�SRUW�VNLSSLQJ�FRVW�IRU�WKH�FDVHV��ZKHQ�GLVUXSWLYH�HYHQWV�

RFFXU�LQ�VHD�DQG�DW�SRUWV�ZLWKLQ�DQG�RXWVLGH�(&$V��

7KH� FRPSXWDWLRQDO� H[SHULPHQWV� GHPRQVWUDWH� WKDW� WKH� PDWKHPDWLFDO� PRGHO�

SURSRVHG� LQ� WKLV� FKDSWHU� DQG� WKH� GHYHORSHG� VROXWLRQ� DSSURDFK� FDQ� KHOS� OLQHU� VKLSSLQJ�

FRPSDQLHV�ZLWK�HIILFLHQW�YHVVHO�VFKHGXOH�UHFRYHU\�LQ� WKH�HYHQW�RI�GLVUXSWLRQV��PLQLPL]H�

WKH�PRQHWDU\�ORVVHV�GXH�WR�GLVUXSWLRQV�LQ�YHVVHO�VFKHGXOHV��DQG�LPSURYH�HQHUJ\�HIILFLHQF\�

DV�ZHOO�DV�HQYLURQPHQWDO�VXVWDLQDELOLW\��



���

&+$37(5��

9(66(/�6&+('8/(�5(&29(5<�352%/(0�,1�/,1(5�6+,33,1*��

(9$/8$7,21�2)�9$5,286�5(&29(5<�237,216

���� %DFNJURXQG

7KH� PDMRU� FRPSRQHQWV� RI� YHVVHO� RSHUDWLRQV� LQ� OLQHU� VKLSSLQJ�� VXFK� DV� YHVVHO� VDLOLQJ�

VSHHG��YHVVHO�VDLOLQJ�WLPH�EHWZHHQ�SRUWV�RI�FDOO��DUULYDO WLPH��GHSDUWXUH WLPH��DQG ZDLWLQJ�

WLPH� RI� YHVVHOV� DW� SRUWV� DUH� SODQQHG� DW� WKH� WDFWLFDO� OHYHO�� +RZHYHU�� VHYHUDO� IDFWRUV��

LQFOXGLQJ� QDWXUDO� KD]DUGV�� DGYHUVH� ZHDWKHU� FRQGLWLRQV�� SRUW� FRQJHVWLRQ�� SLUDF\� DWWDFNV��

ODERU�VWULNHV��DQG�RWKHUV��PD\�LQWHUUXSW�WKH�SODQQHG�VFKHGXOH�RI�YHVVHOV DQG�FDXVH�D�GHOD\�

WKURXJKRXW�WKH�YR\DJH��)RU�H[DPSOH��LQ�WKH \HDU�RI�������WKHUH�ZDV�D�ODERU�VWULNH�DW�WKH�

.ZDL�7VLQJ�FRQWDLQHU�WHUPLQDO�LQ�+RQJ�.RQJ��ZKLFK�UHVXOWHG�LQ�VLJQLILFDQW�GHOD\V�LQ�WKH�

GHOLYHU\� RI� FDUJR� DQG� FDXVHG� OLQHU� VKLSSLQJ� FRPSDQLHV� WR� VXIIHU� HQRUPRXV� PRQHWDU\�

ORVVHV� �7UDGH:LQGV�� ������� ,Q� FDVH� RI� GLVUXSWLRQV� DW� D� SRUW� RI� FDOO�� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�PD\�FKRRVH�WR�GLYHUW�WKH�FDUJR��)RU�LQVWDQFH��WKH�SRUWV�RQ�WKH�:HVW�&RDVW�RI�WKH�

8QLWHG� 6WDWHV� �8�6���ZHUH DIIHFWHG� E\� D� ODERU� VWULNH� LQ� WKH� \HDU� RI� ������ 6HYHUDO� OLQHU�

VKLSSLQJ� FRPSDQLHV� ZHUH� IRUFHG WR� GLYHUW� VRPH� FDUJR� WR� WKH� 3RUWV� RI� 9DQFRXYHU� DQG�

3ULQFH�5XSHUW�LQ�&DQDGD��DQG�UDLO�ZDV�XVHG�IRU�WKH FDUJR GHOLYHU\ WR�WKH�HQG�FXVWRPHUV�LQ�

WKH�8�6���3XURODWRU��������

8VXDOO\�� GLVUXSWLRQV� LQ� OLQHU� VKLSSLQJ� RSHUDWLRQV� QHJDWLYHO\� LPSDFW� VFKHGXOH�

DGKHUHQFH DV� ZHOO� DV� WKH� UHOLDELOLW\� RI� VHUYLFH�� ,Q� RUGHU� WR� UHGXFH� WKH� LPSDFWV� RI�

GLVUXSWLRQV� RQ� WKH� SODQQHG� RSHUDWLRQV� RI� YHVVHOV� WKURXJKRXW� WKH� YR\DJH�� OLQHU� VKLSSLQJ�

FRPSDQLHV� VHHN� WKH�PRVW� HIILFLHQW� VFKHGXOH� UHFRYHU\� VWUDWHJLHV� WKDW� FDQ� EH� DGRSWHG� LQ�

UHDO�WLPH WR�PLWLJDWH�GHOD\V��7KH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�LQ�FDWHJRUL]HG�DV�DQ�



���

RSHUDWLRQDO�OHYHO�GHFLVLRQ�SUREOHP�LQ�OLQHU�VKLSSLQJ��'LVUXSWLRQ�DQG�XQFHUWDLQW\�LQ� OLQHU�

VKLSSLQJ� DUH� FORVHO\� UHODWHG� SKHQRPHQD �/HH� DQG� 6RQJ�� ������� /HH� DQG� 6RQJ� �������

FDWHJRUL]HG�XQFHUWDLQWLHV�LQWR�WZR JURXSV��QDPHO\������UHJXODU�XQFHUWDLQWLHV��SUREDELOLVWLF�

HYHQWV� LQ� OLQHU� VKLSSLQJ� RSHUDWLRQV� WKDW� KDSSHQ� UHSHDWHGO\��� DQG� ���� GLVUXSWLRQ� HYHQWV�

�LQIUHTXHQW�HYHQWV�WKDW�RFFXU�LQ�VKLSSLQJ�RSHUDWLRQV���

$OWKRXJK� OLQHU� VKLSSLQJ� FRPSDQLHV� GR� QRW� SODQ� IRU� GLVUXSWLRQ� HYHQWV�� WKHUH� LV� D�

QHHG�WR�JLYH�D�G\QDPLF�UHVSRQVH�ZKHQHYHU�WKH\�RFFXU�GXULQJ�D�YR\DJH��,I�D�OLQHU�VKLSSLQJ�

FRPSDQ\� FDQ� DGHTXDWHO\� PLWLJDWH� WKH� LPSDFW� RI� GLVUXSWLYH� HYHQWV� RQ� WKH� SODQQHG�

RSHUDWLRQV�ZLWK�PLQLPDO�DGGLWLRQDO�FRVW��LW�PD\�KDYH�D�FRPSHWLWLYH�DGYDQWDJH�RYHU�RWKHUV��

7KH� ODWWHU� UHHPSKDVL]HV� WKH�QHHG� IRU�HIILFLHQW�GLVUXSWLRQ�PDQDJHPHQW� LQ� OLQHU� VKLSSLQJ��

7KH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�LQ�OLQHU�VKLSSLQJ�KDV�EHHQ�DGGUHVVHG�E\�D�QXPEHU�

RI� UHVHDUFKHUV�� 0RUHRYHU�� YDULRXV� YHVVHO� VFKHGXOH� UHFRYHU\� VWUDWHJLHV� KDYH� EHHQ�

VXJJHVWHG�LQ�WKH�OLWHUDWXUH��LQFOXGLQJ�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW��SRUW�VNLSSLQJ��DQG�

SRUW�VZDSSLQJ��%URXHU�HW�DO���������/L�HW�DO���������������&KHUDJKFKL�HW�DO���������$ELR\H�

HW�DO����������

7KLV� FKDSWHU� RI� WKH� GLVVHUWDWLRQ� SUHVHQWV� D� QRYHO� PL[HG�LQWHJHU� QRQOLQHDU�

SURJUDPPLQJ� PRGHO� IRU� WKH� YHVVHO� VFKHGXOH� UHFRYHU\� SUREOHP�� 7KH� SURSRVHG� PRGHO�

FRQVLGHUV�IRXU�PDMRU�YHVVHO�VFKHGXOH�UHFRYHU\�VWUDWHJLHV��ZKLFK�LQFOXGH������YHVVHO�VDLOLQJ�

VSHHG�DGMXVWPHQW������KDQGOLQJ�UDWH�DGMXVWPHQW������SRUW�VNLSSLQJ��DQG�����SRUW�VNLSSLQJ�

ZLWK�FDUJR�GLYHUVLRQ��'HVSLWH� WKH� IDFW� WKDW� VRPH UHVHDUFKHUV KDYH�FRQVLGHUHG� WKH�YHVVHO�

VDLOLQJ�VSHHG�DGMXVWPHQW�DQG�WKH�SRUW�VNLSSLQJ�VWUDWHJLHV��QRQH�RI�WKH�VWXGLHV�SXEOLVKHG�RQ�

YHVVHO�VFKHGXOH�UHFRYHU\�LQ�OLQHU�VKLSSLQJ�WR�GDWH�KDYH�DSSOLHG�KDQGOLQJ�UDWH�DGMXVWPHQW�

DQG�SRUW�VNLSSLQJ�ZLWK�FDUJR�GLYHUVLRQ�UHFRYHU\�VWUDWHJLHV��7KH�QRQOLQHDU�PDWKHPDWLFDO�
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PRGHO� SURSRVHG� KHUHLQ� LV� VROYHG� XVLQJ� %$521�� $� VHW� RI� QXPHULFDO� H[SHULPHQWV� DUH�

SHUIRUPHG�IRU�WKH�0LGGOH�(DVW�:HVW�0HGLWHUUDQHDQ�URXWH��ZKLFK�LV�VHUYHG�E\�22&/�OLQHU�

VKLSSLQJ�FRPSDQ\��$�QXPEHU�RI�LPSRUWDQW�PDQDJHULDO�LQVLJKWV� UHYHDOHG�IURP�XVLQJ�WKH�

SURSRVHG�VROXWLRQ�PHWKRGRORJ\� DUH�SUHVHQWHG�LQ�WKLV�FKDSWHU�

���� 3UREOHP�'HVFULSWLRQ

7KLV� VHFWLRQ� RI� WKH� GLVVHUWDWLRQ� SUHVHQWV� D� GHVFULSWLRQ� RI� WKH� YHVVHO� VFKHGXOH� UHFRYHU\�

SUREOHP�DQG�WKH�PDMRU�PRGHOLQJ�DVVXPSWLRQV�

������ /LQHU�6KLSSLQJ�5RXWH�'HVFULSWLRQ�DQG�9HVVHO�6HUYLFH�DW�3RUWV

7KLV� VWXG\�FRQVLGHUV� D� OLQHU� VKLSSLQJ� URXWH��ZKHUH�YHVVHOV� DUH� UHTXLUHG� WR�YLVLW� D� VHW� RI�

SRUWV�ܲ ൌ ሼͳǡǥ ǡ݉ଵሽ�� ,W� LV� H[SHFWHG� WKDW� WKH� SRUW� URWDWLRQ� LV NQRZQ�� DQG� HYHU\� SRUW� LV�

FDOOHG�RQFH��1RWH� WKDW� LQ�VRPH�FDVHV��D�SRUW�FRXOG�EH�FDOOHG�PRUH� WKDQ�RQFH�GXULQJ� WKH�

YR\DJH� 8VXDOO\�� OLQHU� VKLSSLQJ� FRPSDQLHV�GHWHUPLQH� WKH�SRUW� URWDWLRQ� DQG�SRUW� VHUYLFH�

IUHTXHQF\�DW� WKH� VWUDWHJLF�DQG� WDFWLFDO� OHYHOV�RI�GHFLVLRQ�PDNLQJ�� UHVSHFWLYHO\� �0HQJ�HW�

DO����������)LJXUH��� SUHVHQWV�DQ�H[DPSOH�RI� WKH� OLQHU�VKLSSLQJ�URXWH��ZKHUH�YHVVHOV�DUH�

H[SHFWHG�WR�VHUYH�D�WRWDO�RI���SRUWV��LQFOXGLQJ�WKH�3RUW�RI�$PVWHUGDP��1HWKHUODQGV���WKH�

3RUW�RI�/H�+DYUH��)UDQFH���WKH�3RUW�RI�%DUFHORQD��6SDLQ���WKH�3RUW�RI�5DGqV��7XQLVLD���WKH�

3RUW�RI�+DQJ]KRX��&KLQD���WKH�3RUW�RI�1LQJER��&KLQD���DQG�WKH�3RUW�RI�6KDQJKDL��&KLQD���

7KH� YHVVHOV� GHSOR\HG� IRU� WKH� VHUYLFH� RI� WKH� OLQHU� VKLSSLQJ� URXWH� YLVLW� WKH� 3RUWV� RI� /H�

+DYUH��5DGqV��+DQJ]KRX��1LQJER��DQG�6KDQJKDL�RQFH��ZKLOH�WKH�3RUWV�RI�%DUFHORQD�DQG�

$PVWHUGDP�DUH�YLVLWHG WZLFH��

)LJXUH��� VKRZV�D�SRUW�URWDWLRQ�JUDSK�IRU�WKH�FRQVLGHUHG�OLQHU�VKLSSLQJ�URXWH��7KH�

DGGLWLRQDO�GXPP\�QRGHV�� LQFOXGHG� LQ� WKH�SRUW� URWDWLRQ�JUDSK�DIWHU� D�YLVLW� WR� WKH�3RUW�RI�
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6KDQJKDL�� DUH�XVHG� WR� LOOXVWUDWH�DQRWKHU�YLVLW� WR� WKH�3RUWV�RI�%DUFHORQD�DQG�$PVWHUGDP��

WKXV��WKH�WRWDO�QXPEHU�RI�SRUWV�WR�EH�YLVLWHG�EHFRPHV�ȁܲȁ ൌ ͹ ൅ ʹ ൌ ͻ��

)LJXUH��� $�OLQHU�VKLSSLQJ�URXWH�H[DPSOH

)LJXUH��� 7KH SRUW�URWDWLRQ�JUDSK�IRU�WKH�OLQHU�VKLSSLQJ�URXWH

8VXDOO\�� WKH� DUULYDO� WLPH� RI� YHVVHOV� DW� HDFK� SRUW� RI� FDOO� LV� SODQQHG� E\� WKH� OLQHU�

VKLSSLQJ�FRPSDQLHV�DW�WKH�WDFWLFDO�OHYHO��'HQRWH�߬௣
௔௥௥ǡ ݌ א ܲ �KRXUV��DV�WKH�SODQQHG�DUULYDO�

WLPH�RI�YHVVHOV�DW�SRUW��7݌�KH�OLQHU�VKLSSLQJ�FRPSDQ\�DQG�WKH�PDULQH�FRQWDLQHU�WHUPLQDO�

�0&7�� RSHUDWRU� DW� HYHU\� SRUW� RI� FDOO� GHFLGH� DQG� HVWDEOLVK� WKH� VXLWDEOH� DUULYDO� ZLQGRZ�

�7:���/HW�߬௣
௦௧ǡ ݌ א ܲ �KRXUV��UHSUHVHQW�WKH�VWDUW�RI�D�7:�DW�SRUW݌� DQG�߬௣

௙௧
ǡ ݌ א ܲ �KRXUV��

UHSUHVHQW�WKH�HQG�RI D�7:�DW�SRUW݌���,I�D�YHVVHO�DUULYHV�DW�D�SRUW�RI�FDOO�EHIRUH�WKH�SODQQHG�

DUULYDO� 7:�� WKH� YHVVHO� ZLOO� EH� PRRUHG� WR� D� GHGLFDWHG� ZDLWLQJ� DUHD� DW� WKH� SRUW� DQG�

DQFKRUHG� EHIRUH� WKH� VWDUW� RI� VHUYLFH�� 7KH� SODQQHG� YHVVHO� ZDLWLQJ� WLPH� DW� SRUW� ݌ ൅ ͳ
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�߬௣ାଵ
௪௔௜௧ǡ ݌ א ܲ ± KRXUV��FDQ�EH�HVWLPDWHG�EDVHG�RQ�WKH EHJLQQLQJ�RI�7:�DW�SRUW݌� ൅ ͳ��WKH�

SODQQHG� VDLOLQJ� WLPH� EHWZHHQ� SRUWV� ݌ DQG� ݌ ൅ ͳ �߬௣
௦௔௜௟ ǡ ݌ א ܲ ± KRXUV��� DV� ZHOO� DV� WKH�

SODQQHG�GHSDUWXUH�WLPH�RI�YHVVHOV�IURP�SRUW݌� �߬௣
ௗ௘௣

ǡ ݌ א ܲ ± KRXUV�� XVLQJ�WKH�IROORZLQJ�

UHODWLRQVKLS��

߬௣ାଵ
௪௔௜௧ ൌ ߬௣ାଵ

௦௧ െ ൫߬௣
ௗ௘௣

൅ ߬௣
௦௔௜௟൯ ݌׊ א ܲǡ ݌ ൏ ȁܲȁ ����

߬ଵ
௪௔௜௧ ൌ ߬ଵ

௦௧ െ ൫߬௣
ௗ௘௣

൅ ߬௣
௦௔௜௟൯ ൅ ߮ ή ܸ ݌׊ א ܲǡ ݌ ൌ ȁܲȁ ����

7R�FDOFXODWH�WKH�ZDLWLQJ�WLPH�RI�YHVVHOV�DW�WKH�ILUVW�SRUW�RI�FDOO��L�H���߬ଵ
௪௔௜௧���WKHUH�LV�

WKH� QHHG� WR� FRQVLGHU� WKH� SODQQHG� WRWDO� WXUQDURXQG� WLPH� RI� YHVVHOV� WKDW� DUH� VHQW� RII� IRU�

VHUYLFH�RI�WKH�OLQHU�VKLSSLQJ�URXWH��7KH�SURGXFW�RI�WKH�DJUHHG�SRUW�VHUYLFH�IUHTXHQF\��߮ ±

KRXUV��DQG�WKH�WRWDO�QXPEHU�RI�YHVVHOV�GLVSDWFKHG�IRU�VHUYLFH�RI�WKH�OLQHU�VKLSSLQJ�URXWH�

�ܸ ± YHVVHOV�� \LHOGV� WKH� SODQQHG� WRWDO� WXUQDURXQG� WLPH� RI� YHVVHOV� �'XOHEHQHWV�� ����D��

�����D�G���,Q�DGGLWLRQ��WKH�0&7�RSHUDWRU�DW�HDFK�SRUW�RI�FDOO�RIIHUV�D�VHW�RI�KDQGOLQJ�UDWHV�

௣ܪ ൌ ൛ͳǡǥ ǡ݉௣
ଶൟǡ ݌ א ܲ WR� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� IRU� WKH� VHUYLFH� RI� YHVVHOV� DW� WKH�

SRUW��7KH�SODQQHG�YHVVHO�KDQGOLQJ�WLPH�DW�SRUW݌� �߬௣
௛௔௡ௗǡ ݌ א ܲ ± KRXUV��FDQ�EH�HVWLPDWHG�

XVLQJ�WKH�IROORZLQJ�UHODWLRQVKLS�

߬௣
௛௔௡ௗ ൌ ෍ ቆ

݀௣
௣௢௥௧

௣௛ݎ݌
ቇ

௛אு೛

௣௛ݔ ݌׊ א ܲ ����

ZKHUH��

݀௣
௣௢௥௧

ǡ ݌ א ܲ ± ZHHNO\�FRQWDLQHU�GHPDQG�DW�SRUW݌� �WZHQW\�IRRW�HTXLYDOHQW�XQLWV�± 7(8V��
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௣௛ǡݎ݌ ݌ א ܲǡ ݄ א ௣ܪ ± KDQGOLQJ�SURGXFWLYLW\�DW�SRUW݌� XQGHU�KDQGOLQJ�UDWH�݄ �7(8V�KRXU��

௣௛ǡݔ ݌ א ܲǡ ݄ א ௣ܪ ± LV� WKH� KDQGOLQJ� UDWH� VHOHFWLRQ� SDUDPHWHU� � �� LI� KDQGOLQJ� UDWH� ݄ LV�

UHTXHVWHG�DW�SRUW݌��� ��RWKHUZLVH��

,I�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�UHTXHVWV�KDQGOLQJ�UDWH�݄ IURP�WKH�0&7�RSHUDWRU�DW�

SRUW݌� IRU�WKH�VHUYLFH�RI�D�YHVVHO��WKH�FRUUHVSRQGLQJ�KDQGOLQJ�FRVW��ܿ௣௛
௣௢௥௧

ǡ ݌ א ܲǡ ݄ א ௣ܪ ±

86'�7(8��ZLOO�EH�FKDUJHG��8VXDOO\��WKH�KLJKHU�WKH�KDQGOLQJ�UDWH��WKH�KLJKHU�WKH�KDQGOLQJ�

FRVW�� 9DULRXV� W\SHV� RI� GLVUXSWLYH� HYHQWV� DW� 0&7V� �VXFK� DV� SRUW� FRQJHVWLRQ�� SRUW�

LQIUDVWUXFWXUH�GDPDJHV�GXH�WR�QDWXUDO�GLVDVWHUV��YHVVHO�VHUYLFH�GHOD\V�GXH�WR�ODERU�VWULNHV��

PD\� OHDG� WR� DQ� LQFUHDVH� LQ� WKH� SODQQHG�ZDLWLQJ� WLPH� DQG�KDQGOLQJ� WLPH�RI� YHVVHOV��/HW�

࣎௣
௪௔௜௧ǡ ݌ א ܲ �KRXUV�� DQG� ࣎௣

௛௔௡ௗǡ ݌ א ܲ �KRXUV�� UHSUHVHQW� WKH� DFWXDO� ZDLWLQJ� WLPH� DQG�

KDQGOLQJ�WLPH�RI�YHVVHOV��UHVSHFWLYHO\��$OVR��LI�WKHUH�DUH�GLVUXSWLRQV�LQ�VHD�DQG�DW�SRUWV�RI�

FDOO�HDUO\�LQ�YR\DJH��WKH�GHOD\�PD\�SURSDJDWH�WKURXJKRXW�WKH�YR\DJH�DQG�DIIHFW�WKH�DUULYDO�

WLPHV�RI�YHVVHOV�DW�WKH�VXFFHHGLQJ�SRUWV��,Q�WKLV�VWXG\��WKH�DFWXDO�DUULYDO�WLPH�RI�YHVVHOV�DW�

SRUW݌� ZLOO�EH�GHQRWHG�DV�࣎௣
௔௥௥ǡ ݌ א ܲ �KRXUV���7KH�YHVVHO�DUULYDO�GHOD\�DW�SRUW݌� �࣎௣

ௗ௘௟ǡ ݌ א

ܲ ± KRXUV��FDQ�EH�FRPSXWHG�XVLQJ�WKH�IROORZLQJ�UHODWLRQVKLS�

࣎௣
ௗ௘௟ ൒ ࣎௣

௔௥௥ െ ߬௣
௔௥௥ ݌׊ א ܲ ����

$� YLRODWLRQ� RI� WKH� SODQQHG� DUULYDO� WLPH� RI� YHVVHOV� DW� SRUWV� LV� RIWHQ� FDXVHG� E\�

GLVUXSWLRQV� LQ� WKH�SODQQHG�RSHUDWLRQV�DW�0&7V�� ,I� WKHUH�DUH�DQ\�FKDQJHV� LQ� WKH�SODQQHG�

DUULYDO� WLPH�RI�YHVVHOV�DW�SRUWV�RI� FDOO�� D�GHOD\HG�YHVVHO�DUULYDO� WLPH�FRVW� �ܿ௣
ௗ௘௟ǡ ݌ א ܲ ±

86'�KRXU��ZLOO�EH�LPSRVHG�WR�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�E\�WKH�0&7�RSHUDWRU�
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������ 3RUW�6HUYLFH�)UHTXHQF\

,Q� UHDO� OLIH�� HYHU\� OLQHU� VKLSSLQJ�FRPSDQ\� LV� UHTXLUHG� WR�SURYLGH� WKH�QHJRWLDWHG� VHUYLFH�

IUHTXHQF\�DW�HDFK�SRUW�RI�WKH�JLYHQ�OLQHU�VKLSSLQJ�URXWH��8VLQJ�WKH�IROORZLQJ UHODWLRQVKLS��

OLQHU�VKLSSLQJ�FRPSDQLHV�FDQ�HQVXUH�WKDW�WKH�DJUHHG�SRUW�VHUYLFH�IUHTXHQF\�LV�PHW��:DQJ�

HW�DO���������$OKUDEL�HW�DO���������'XOHEHQHWV������E�H��

߮ ή ܸ ൌ ෍߬௣
௦௔௜௟

௣א௉

൅෍߬௣
௪௔௜௧

௣א௉

൅෍߬௣
௛௔௡ௗ

௣א௉

����

$GGLWLRQDOO\�� WKH� SODQQHG� WRWDO� YHVVHO� WXUQDURXQG� WLPH��ZKLFK� LV� HVWLPDWHG� IURP�

WKH�ULJKW�KDQG�VLGH�RI�HTXDWLRQ������ PD\�EH�VLJQLILFDQWO\�DIIHFWHG�E\�GLVUXSWLRQV�LQ�VHD�

DQG�RU�DW�SRUWV��7KH�DFWXDO�WRWDO�YHVVHO�WXUQDURXQG�WLPH��ࢀࢀࢂ ± KRXUV��FDQ�EH�HVWLPDWHG�DV�

IROORZV�

ࢀࢀࢂ ൌ ෍࣎௣
௦௔௜௟

௣א௉

൅෍࣎௣
௪௔௜௧

௣א௉

൅෍࣎௣
௛௔௡ௗ

௣א௉

����

$Q�LQFUHDVH�LQ�WKH�DFWXDO�WRWDO�YHVVHO�WXUQDURXQG�WLPH�GXH�WR�GLVUXSWLRQV��ࢀࢀࢂ ൐

ܸܶܶ��PD\�FDXVH�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�WR�YLRODWH�WKH�DJUHHG�SRUW�VHUYLFH�IUHTXHQF\��

7KH�ODWWHU�KDV�QHJDWLYH�LPSOLFDWLRQV�IRU� OLQHU�VKLSSLQJ�RSHUDWLRQV�DQG�VHUYLFH�UHOLDELOLW\��

+RZHYHU��LI�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�FDQ�HIILFLHQWO\�LPSOHPHQW�VRPH�YHVVHO�VFKHGXOH�

UHFRYHU\�DFWLRQV��DQ\�SRWHQWLDO�GHYLDWLRQV� IURP� WKH�DJUHHG�VHUYLFH� IUHTXHQF\�FDXVHG�E\�

GLVUXSWLRQV�FDQ�EH�SUHYHQWHG�
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������ )XHO�&RQVXPSWLRQ�0RGHOLQJ�DQG�9HVVHO�6DLOLQJ�6SHHG�6HOHFWLRQ

7KURXJKRXW� WKLV� VWXG\�� LW� LV� DVVXPHG� WKDW� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� SRVVHVVHV� D�

KRPRJHQRXV� IOHHW�RI�YHVVHOV��ZKLFK�DUH�GLVSDWFKHG� IRU� WKH� VHUYLFH�RI� WKH� OLQHU� VKLSSLQJ�

URXWH� �:DQJ� HW� DO��� ������ 'XOHEHQHWV� HW� DO��� ������ 'XOHEHQHWV�� ����E�H��� 7KH� PDLQ�

WHFKQLFDO�VSHFLILFDWLRQV�RI�KRPRJHQHRXV�YHVVHOV��LQFOXGLQJ�WKH�VWUXFWXUH�RI�WKH�PDLQ�DQG�

DX[LOLDU\� YHVVHO� HQJLQHV�� WKH� FDSDFLW\� RI� WKH� PDLQ� DQG� DX[LOLDU\� YHVVHO� HQJLQHV�� WKH�

PD[LPXP�YHVVHO�VDLOLQJ�VSHHG��DQG�RWKHUV��DUH�DOLNH��,W�LV�LPSRUWDQW�WR�QRWH�WKDW�LQ�UHDOLW\��

VHYHUDO� IDFWRUV�� VXFK� DV� KLVWRU\� RI� YHVVHO� UHSDLUV�� DJH� RI� YHVVHOV�� YHVVHO� XVH�� HWF��� PD\�

FDXVH�FHUWDLQ�FKDQJHV�LQ�WKH�WHFKQLFDO�FKDUDFWHULVWLFV�RI�LGHQWLFDO�YHVVHOV��7KH�ODWWHU�PD\�

DIIHFW�WKH�DFFXUDF\�RI�WKH�DVVXPSWLRQ�RI�KRPRJHQHLW\��

7KH�SODQQHG�IXHO�FRQVXPSWLRQ�SHU�QDXWLFDO�PLOH��QPL��DW�YR\DJH�OHJ݌� � ௣݂ǡ ݌ א ܲ ±

WRQV�QPL�� IRU� WKH� YHVVHOV� GLVSDWFKHG� IRU� WKH� VHUYLFH� RI� WKH� OLQHU� VKLSSLQJ� URXWH� FDQ� EH�

HVWLPDWHG� XVLQJ� WKH� IROORZLQJ� UHODWLRQVKLS�� ZKLFK� KDV� EHHQ� XVHG� TXLWH� RIWHQ LQ� WKH

DYDLODEOH�OLQHU�VKLSSLQJ�OLWHUDWXUH��:DQJ�DQG�0HQJ������F��

௣݂ ൌ
ఊሺ௦೛ሻ

ሺഀషభሻ

ଶସ
݌׊ א ܲ

����

ZKHUH�

ǡߙ ߛ ± DUH�WKH�IXHO�FRQVXPSWLRQ�IXQFWLRQ�FRHIILFLHQWV�

௣ǡݏ ݌ א ܲ ± LV�WKH�SODQQHG�VDLOLQJ�VSHHG�DGRSWHG�IRU�YHVVHOV�DW�YR\DJH�OHJ݌� �NQRWV��

*HQHUDOO\��WKH�OLQHU�VKLSSLQJ FRPSDQ\�SODQV�WKH�VDLOLQJ�VSHHG�RI�YHVVHOV��ݏ௣ǡ ݌ א

ܲ ± NQRWV�� DW� HDFK� YR\DJH� OHJ� RI� WKH� OLQHU� VKLSSLQJ� URXWH� DW� WKH� WDFWLFDO� OHYHO� RI� OLQHU�

VKLSSLQJ�SODQQLQJ��:DQJ�HW�DO�������D��:DQJ�HW�DO����������7KH�SODQQHG�VDLOLQJ�WLPH�RI�
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YHVVHOV�DW�YR\DJH�OHJ݌� FDQ�EH�HVWLPDWHG�XVLQJ�WKH�OHQJWK�RI�YR\DJH�OHJ݌� �݀௣
௟௘௚
ǡ ݌ א ܲ ±

QPL��DQG�WKH�SODQQHG�VDLOLQJ�VSHHG�DV�IROORZV�

߬௣
௦௔௜௟ ൌ

ௗ೛
೗೐೒

௦೛
݌׊ א ܲ

����

1RWH� WKDW� GLVUXSWLYH� HYHQWV� LQ� VHD� �H�J��� YHVVHO� FUHZ� HUURUV�� LQFOHPHQW� ZHDWKHU��

PD\�FDXVH�D�UHGXFWLRQ�LQ� WKH�SODQQHG�VDLOLQJ�VSHHG�RI�YHVVHOV�DW�FHUWDLQ�YR\DJH�OHJV��,Q�

FDVH�RI�WKH�ODWWHU��WKH�DFWXDO�VDLOLQJ�VSHHG�DW�D�JLYHQ�YR\DJH�OHJ��࢙௣ǡ ݌ א ܲ ± NQRWV��ZLOO�EH�

UHGXFHG�DV�FRPSDUHG�WR�WKH�SODQQHG�VDLOLQJ�VSHHG��࢙௣ ൏ ௣ǡݏ ݌ א ܲ��0RUHRYHU��D�GHFUHDVH�

LQ�WKH�SODQQHG�VDLOLQJ�VSHHG�RI�YHVVHOV�GXH�WR�GLVUXSWLRQV�ZLOO�UHVXOW�LQ�D�GHFUHDVH�LQ�WKH�

IXHO�FRQVXPSWLRQ�DQG�WKH�DFWXDO�IXHO�FRQVXPSWLRQ�FRVW��2Q�WKH�RWKHU�KDQG��D�UHGXFWLRQ�LQ�

WKH�SODQQHG�VDLOLQJ�VSHHG�RI�YHVVHOV�ZLOO�FDXVH�DQ�LQFUHDVH�LQ�WKH�DFWXDO�VDLOLQJ�WLPH�DW�D�

JLYHQ� YR\DJH� OHJ� �࣎௣
௦௔௜௟ ǡ ݌ א ܲ ± KRXUV��� 7KH� ODWWHU� PD\� FDXVH� VLJQLILFDQW� GHOD\V� WKH�

SODQQHG�VFKHGXOH� $�QXPEHU�RI�IDFWRUV�PD\�LQIOXHQFH�WKH�VDLOLQJ�VSHHG�RI�YHVVHOV�WKDW�LV�

DGRSWHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�DW�HDFK�YR\DJH�OHJ�RI�WKH�OLQHU�VKLSSLQJ�URXWH��

*HQHUDOO\��WKH�ORZHU�ERXQG�RQ�WKH�YHVVHO�VDLOLQJ�VSHHG��ݏ௠௜௡ ± NQRWV��LV�LPSRVHG�

WR�PLQLPL]H� WKH�ZHDU�RQ� WKH�YHVVHO¶V�PDLQ�HQJLQH� �:DQJ�DQG�0HQJ������F���ZKLOH� WKH�

XSSHU�ERXQG�RQ�WKH�YHVVHO�VDLOLQJ�VSHHG��ݏ௠௔௫ ± NQRWV��LV�GHWHUPLQHG�E\�WKH�SRZHU�RI�WKH�

YHVVHO¶V� PDLQ� HQJLQH� �3VDUDIWLV� DQG� .RQWRYDV�� ������� 7KH� WRWDO� IXHO� FRVW� ��ܥܥܨ�

WKURXJKRXW�WKH�YR\DJH�FDQ�EH�HVWLPDWHG�EDVHG�RQ�WKH�XQLW�FRVW�RI�IXHO �ܿ௙ ± 86'�WRQ���WKH�

OHQJWK� RI� YR\DJH� OHJ� ݌ �݀௣
௟௘௚
ǡ ݌ א ܲ ± QPL��� DQG� WKH� SODQQHG� IXHO� FRQVXPSWLRQ� SHU�

QDXWLFDO�PLOH�DW�YR\DJH�OHJ݌� � ௣݂ǡ ݌ א ܲ ± WRQV�QPL��IRU�WKH�YHVVHOV DV�IROORZV�



���

ܥܥܨ ൌ ܿ௙෍݀௣
௟௘௚

௣݂

௣א௉

����

������ 9HVVHO�6FKHGXOH�'LVUXSWLRQV�DQG�5HFRYHU\�

9HVVHO� VFKHGXOH�GLVUXSWLRQV�PD\�RFFXU� DV� D� UHVXOW� RI�GLVUXSWLYH� HYHQWV� LQ� VHD� DQG�RU� DW�

SRUWV�� ,Q� WKLV� VWXG\�� D� WRWDO� RI� IRXU� PDMRU� VWUDWHJLHV� WKDW� FDQ� EH� LPSOHPHQWHG� E\� OLQHU�

VKLSSLQJ� FRPSDQLHV� WR� UHFRYHU� WKH� YHVVHO� VFKHGXOH� DIWHU� GLVUXSWLYH� HYHQWV� ZHUH�

FRQVLGHUHG�� 7KH� SURSRVHG� UHFRYHU\� VWUDWHJLHV� LQFOXGH�� ���� DGMXVWPHQW� RI� YHVVHO� VDLOLQJ�

VSHHGV� DW� FHUWDLQ� YR\DJH� OHJV� RI� WKH� OLQHU� VKLSSLQJ� URXWH�� ���� DGMXVWPHQW� RI� YHVVHO�

KDQGOLQJ� UDWHV� DW� SRUWV� RI� FDOO�� ���� SRUW� VNLSSLQJ�ZLWKRXW� FDUJR� GLYHUVLRQ�� DQG� ���� SRUW�

VNLSSLQJ� ZLWK� FDUJR� GLYHUVLRQ�� 'XULQJ� WKH� YR\DJH�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� PD\�

GHFLGH�WR�HQGXUH�WKH�GHOD\�FUHDWHG�E\�GLVUXSWLYH�HYHQWV��+RZHYHU��LI�WKH�GLVUXSWLYH�HYHQW�

LV�H[SHFWHG�WR�ODVW�IRU�D�ORQJ�WLPH�DW�D�FHUWDLQ�SRUW�RI�FDOO��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�ZLOO�

KDYH�WR�VNLS�WKH�SRUW��7KH�ODWWHU�DFWLRQ�ZLOO�UHGXFH�DGGHG�OLQHU�VKLSSLQJ�URXWH�VHUYLFH�FRVWV�

WKDW�ZLOO�EH�LQFXUUHG�DV�D�UHVXOW�RI�WKH�GLVUXSWLYH�HYHQW��

,I� WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GHFLGHV�WR�VNLS�D�SRUW�EHFDXVH�RI�D�GLVUXSWLRQ�� WKH�

OLQHU� VKLSSLQJ� FRPSDQ\� ZLOO� EH� PDQGDWHG� WR� SD\� D� SRUW� VNLSSLQJ� FRVW� �ܿ௣
௦௞௜௣

ǡ ݌ א ܲ ±

86'�� LQ� RUGHU� WR� UHFRPSHQVH� WKH�0&7� RSHUDWRU� IRU� WKH� UHVHUYHG� \DUG� VWRUDJH� VSDFH��

UHVHUYHG� KDQGOLQJ� HTXLSPHQW�� DV�ZHOO� DV� XQPHW�GHPDQG�� ,I� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�

VNLSV�D SRUW�GXH�WR�D�GLVUXSWLYH�HYHQW�� WKH�YHVVHOV�ZLOO�QRW�EH�DEOH� WR�GHOLYHU� WKH� LPSRUW�

FRQWDLQHUV� DQG� SLFN� XS� WKH� H[SRUW� FRQWDLQHUV� DW� WKH� VNLSSHG� SRUW�� +RZHYHU�� WKH� XQPHW�

GHPDQG�PD\�EH�GLYHUWHG�IURP�WKH�VNLSSHG�SRUW�WR�RWKHU�SRUWV�RI�FDOO��,Q�FDVH�RI�WKH�ODWWHU��

WKH�OLQHU�VKLSSLQJ�FRPSDQ\�ZLOO�EH�UHTXLUHG�WR�SD\�DQ�DGGLWLRQDO�FRVW� WR�HQVXUH�WKDW� WKH�



���

FDUJR�ZLOO�EH�GHOLYHUHG�WR�WKH�GHVLJQDWHG�GHVWLQDWLRQV� )LJXUH��� VKRZV�DQ�H[DPSOH�RI�WKH�

SRUW� VNLSSLQJ� UHFRYHU\� RSWLRQ�� 7KH� SUHVHQWHG� H[DPSOH� VKRZV� D� YHVVHO�� ZKLFK� ZDV�

RULJLQDOO\� VFKHGXOHG� WR� YLVLW� SRUWV� ³�´�� ³�´�� ³�´�� ³�´�� DQG� ³�´�� UHVSHFWLYHO\�� +RZHYHU��

EHFDXVH�RI�D�GLVUXSWLYH�HYHQW�WKDW�RFFXUUHG�DW�SRUW�³�´��WKH�YHVVHO�YLVLWHG�RQO\�SRUWV�³�´��

³�´��³�´��DQG�³�´��UHVSHFWLYHO\��DQG�VNLSSHG�SRUW�³�´�

)LJXUH��� $Q�H[DPSOH�RI SRUW�VNLSSLQJ�UHFRYHU\�RSWLRQ

$QRWKHU� VWUDWHJ\� WKDW� FDQ� EH� XVHG� E\� OLQHU� VKLSSLQJ� FRPSDQLHV� WR� UHFRYHU� WKH�

YHVVHO� VFKHGXOH� GXH� WR� GLVUXSWLRQV LV� WKH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW�� ,I� WKHUH� LV� D�

GHOD\�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�PD\� LQFUHDVH� WKH� VDLOLQJ� VSHHG� DW� YR\DJH� OHJV�� 7KH�

ODWWHU�PD\�DOORZ�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�WR�UHFRYHU�WKH�VFKHGXOH�DQG�NHHS�WKH�SODQQHG�

DUULYDO�WLPH�DW�VXEVHTXHQW�SRUWV��7KLV�VWXG\�DVVXPHV�WKDW�D�OLQHU�VKLSSLQJ�FRPSDQ\�FDQQRW�

DGMXVW� WKH� YHVVHO� VDLOLQJ� VSHHG� DW� YR\DJH� OHJV� ZKHUH� D� GLVUXSWLYH� HYHQW� RFFXUV�� $Q�



���

H[DPSOH�RI�WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�UHFRYHU\�VWUDWHJ\�LV� LOOXVWUDWHG�LQ�)LJXUH�

����$V�VKRZQ LQ�)LJXUH�����WKH�YHVVHO�WKDW�ZDV�RULJLQDOO\�VFKHGXOHG�WR�YLVLW�SRUWV�³�´��³�´��

³�´��³�´��DQG�³�´��UHVSHFWLYHO\��HQFRXQWHUHG�D�GLVUXSWLYH�HYHQW�LQ�VHD�DW�YR\DJH�OHJ�³�´��

7R�UHFRYHU�WKH�GHOD\�FDXVHG�E\�WKH�GLVUXSWLRQ��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�LQFUHDVHG�WKH�

SODQQHG�YHVVHO�VDLOLQJ�VSHHG�DW�YR\DJH�OHJV�³�´�DQG�³�´��

)LJXUH��� $Q�H[DPSOH�RI�WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW

$QRWKHU� YHVVHO� VFKHGXOH� UHFRYHU\� DOWHUQDWLYH WKDW� FDQ� EH� XVHG� WR� UHFRYHU� WKH�

YHVVHO�VFKHGXOH�FRQVLVWV�LQ�WKH�IDFW�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�LV�DEOH�WR�UHTXHVW�IRU�

KDQGOLQJ�UDWHV�ZLWK�KLJKHU�KDQGOLQJ�SURGXFWLYLWLHV�IURP�WKH�0&7�RSHUDWRUV�DW�VRPH�SRUWV

RI�FDOO��L�H���UHTXHVW�KDQGOLQJ�UDWHV�WKDW�KDYH�KLJKHU�KDQGOLQJ�SURGXFWLYLWLHV�DV�FRPSDUHG�

WR�WKH�RULJLQDOO\�UHTXHVWHG�KDQGOLQJ�UDWHV�EHIRUH�D�GLVUXSWLYH�HYHQW�RFFXUV���/HW�࢞௣௛ǡ ݌ א

ܲǡ ݄ א ܪ EH�WKH�DFWXDO�KDQGOLQJ�UDWH�GHFLVLRQ�YDULDEOH�� ��LI�KDQGOLQJ�UDWH�݄ LV�UHTXHVWHG�



���

DW�SRUW݌��� ��RWKHUZLVH�� ,W�LV�DVVXPHG�WKDW�QR�DGGLWLRQDO�SRUW�KDQGOLQJ�FRVWV��ܿ௣௛
௣௢௥௧

ǡ ݌ א

ܲǡ ݄ א ௣ܪ ± 86'�7(8��ZLOO�EH�LPSRVHG�WR�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�IRU�WKH�RULJLQDOO\�

QHJRWLDWHG�KDQGOLQJ�UDWH� �L�H���࢞௣௛ ൌ ௣௛ݔ ݌׊ א ܲǡ ݄ א ���1RWH�ܪ WKDW� LI� WKH� OLQHU�VKLSSLQJ�

FRPSDQ\� UHTXHVWV� D� KDQGOLQJ� UDWH� ZLWK� KLJKHU� KDQGOLQJ� SURGXFWLYLW\� IURP� WKH� 0&7�

RSHUDWRU� DW� D� JLYHQ�SRUW� LQ� RUGHU� WR� RIIVHW� WKH� GHOD\V� FDXVHG� E\� D� GLVUXSWLRQ�� WKH�0&7�

RSHUDWRU�ZLOO�OHY\�H[WUD�SRUW�KDQGOLQJ�FRVWV�WKDW�FRPPHQVXUDWH�WR�WKH�UHTXHVWHG�KDQGOLQJ�

SURGXFWLYLW\��

7KH�DYDLODELOLW\�RI�WKH�SRUW�KDQGOLQJ�UDWH�DOWHUQDWLYHV�PD\�YDU\�IURP�SRUW�WR�SRUW�

GHSHQGLQJ� RQ� D� QXPEHU RI� IDFWRUV� �H�J��� DYDLODELOLW\� RI� 0&7� EHUWKLQJ� SRVLWLRQV��

DYDLODELOLW\�RI�KDQGOLQJ�HTXLSPHQW��YHVVHO�DUULYDO� IUHTXHQF\��GLVUXSWLRQV� WKDW�SUHYLRXVO\�

RFFXUUHG�DW�WKH�0&7���7KH�DFWXDO�YHVVHO�KDQGOLQJ�WLPH�DW�SRUW݌� FDQ�EH�FDOFXODWHG�XVLQJ�

WKH�IROORZLQJ�UHODWLRQVKLS�

࣎௣
௛௔௡ௗ ൌ ෍ ቆ

݀௣
௣௢௥௧

௣௛ݎ݌
ቇ

௛אு೛

࢞௣௛ ݌׊ א ܲ ����

$Q�H[DPSOH�RI�D�YHVVHO�VFKHGXOH�UHFRYHU\�VWUDWHJ\�EDVHG�RQ�WKH�YHVVHO�KDQGOLQJ�

UDWH�DGMXVWPHQW� LV�SUHVHQWHG� LQ�)LJXUH�����7KH�KRUL]RQWDO�DQG�YHUWLFDO� D[HV�RI� WKH� WLPH�

VSDFH�QHWZRUN� UHSUHVHQW� WKH� WLPH�ZLWKLQ� WKH�SODQQLQJ�KRUL]RQ� �LQ�GD\V�� DQG�SRVLWLRQ�RI�

SRUWV�� UHVSHFWLYHO\�� $� YHVVHO�� VFKHGXOHG� WR� YLVLW� WKUHH� SRUWV� �SRUWV� ³�´�� ³�´�� DQG� ³�´��

UHVSHFWLYHO\���H[SHULHQFHG�D�GLVUXSWLRQ�DIWHU�GHSDUWXUH�IURP�SRUW�³�´��ZKLFK�UHVXOWHG�LQ�D�

ODWH� DUULYDO� DW� SRUW� ³�´�� ,Q� RUGHU� WR� UHFRYHU� WKH� VFKHGXOH� DQG� PDLQWDLQ� WKH� SODQQHG�

GHSDUWXUH�IURP�SRUW�³�´��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�ZDV�DEOH�WR�UHTXHVW�D�KDQGOLQJ�UDWH�

ZLWK� D� KDQGOLQJ� SURGXFWLYLW\� IURP� WKH� 0&7� RSHUDWRU� DW� WKDW� SRUW�� 7KH� ODWWHU� VWUDWHJ\�



���

DOORZHG� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� PDLQWDLQLQJ� D� WLPHO\� DUULYDO� WR� SRUW� ³�´� ZLWKRXW�

LQFUHDVLQJ�WKH�YHVVHO�VDLOLQJ�VSHHG�

)LJXUH��� $Q�H[DPSOH�RI�D�YHVVHO�KDQGOLQJ�UDWH�DGMXVWPHQW

$OO� WKH� FRQVLGHUHG� YHVVHO� VFKHGXOH� UHFRYHU\� VWUDWHJLHV� �L�H��� SRUW� VNLSSLQJ� ZLWK�

FDUJR�GLYHUVLRQ��SRUW�VNLSSLQJ�ZLWKRXW�FDUJR�GLYHUVLRQ��YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW��

DQG�YHVVHO�KDQGOLQJ�UDWH�DGMXVWPHQW��FDQ�EH�LPSOHPHQWHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�

WR�UHFRYHU�WKH�YHVVHO�VFKHGXOH�IURP�GLVUXSWLRQV�LQ�VHD�DQG�RU�DW�SRUWV�RI�FDOO��'HSHQGLQJ�

RQ� WKH� HIIHFWV� RI� D� GLVUXSWLYH� HYHQW�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�PD\�EH�ZLOOLQJ� WR� XVH�

VHYHUDO�VWUDWHJLHV��LI�WKH\�DOORZ�UHGXFLQJ�DGGLWLRQDO�OLQHU�VKLSSLQJ�URXWH�VHUYLFH�FRVWV�GXH�

WR�WKDW�GLVUXSWLYH�HYHQW���+RZHYHU��LI�WKH�FRVW�RI�LPSOHPHQWLQJ�WKH�DIRUHPHQWLRQHG�YHVVHO�



���

VFKHGXOH� UHFRYHU\� VWUDWHJLHV� LV� VXEVWDQWLDO�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� PD\� GHFLGH� WR�

HQGXUH�WKH�HIIHFWV�RI�D�GLVUXSWLYH�HYHQW�DQG�GR�QRW�WDNH�DQ\�DGGLWLRQDO�DFWLRQV�

������ 'LYHUVLRQ�RI�&DUJR�IURP�6NLSSHG�3RUWV

,I�D�YHVVHO�VNLSV�D�SRUW�� WKH�YHVVHO�ZLOO�QRW�EH�DEOH� WR�GHOLYHU� WKH� LPSRUW�FRQWDLQHUV�DQG�

SLFN� WKH� H[SRUW� FRQWDLQHUV� DW� WKDW� SDUWLFXODU� SRUW�� 7KH� ODWWHU�ZLOO� FRQVHTXHQWO\� UHVXOW� LQ�

FDUJR�PLVFRQQHFWLRQ�DQG�QHJDWLYHO\�LPSDFW�WKH�OLQHU�VKLSSLQJ�RSHUDWLRQV��,Q�WKLV�VWXG\��LW�

LV�DVVXPHG�WKDW�WKH�FRQWDLQHU�GHPDQG�DW�D�SRUW�WKDW�LV�VNLSSHG�GXH�WR�GLVUXSWLRQV�FDQ�EH�

GLYHUWHG�WR�WKH�VXEVHTXHQW�SRUWV�RI�WKH SRUW�URWDWLRQ��'HQRWH�࢞௣௣כ
ௗ௜௩ ǡ ǡ݌ כ݌ א ܲǡ ݌ ് כ݌ DV�WKH�

FRQWDLQHU�GLYHUVLRQ�GHFLVLRQ�YDULDEOH�� ��LI�FRQWDLQHUV�VKRXOG�EH�GLYHUWHG�IURP�D�SRUW݌�

WKDW� H[SHULHQFHG� D� GLVUXSWLRQ� WR� DOWHUQDWLYH� SRUWכ݌���  �� RWKHUZLVH���$OVR�� LW� LV� DVVXPHG

WKDW� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� FDQ� QHJRWLDWH� VHUYLFH� RI� WKH� GLYHUWHG� GHPDQG�ZLWK� WKH�

0&7�RSHUDWRUV�DQG�WKH�LQODQG�RSHUDWRUV�DW�VXEVHTXHQW�SRUWV��1RWH�WKDW�DQ�DGGLWLRQDO�FRVW�

ZLOO� EH� FKDUJHG� WR� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� E\� WKH� 0&7� RSHUDWRU� DW� SRUW� כ݌ IRU�

KDQGOLQJ� WKH� FDUJR� GLYHUWHG� IURP� SRUW݌� �ܿ௣௣כ
ௗି௣௢௥௧

ǡ כ݌ א ܲ ± 86'�7(8���0RUHRYHU�� WKH�

OLQHU�VKLSSLQJ�FRPSDQ\�ZLOO�EH�UHTXLUHG�WR�UHLPEXUVH�WKH�LQODQG�RSHUDWRUV�IRU�GHOLYHU\�RI�

WKH�GLYHUWHG�FDUJR�IURP�SRUWכ݌� WR�WKH�DSSURSULDWH�GHVWLQDWLRQV��

7KH� FRVW� FKDUJHG� E\� LQODQG� RSHUDWRUV� IRU� WKH� LQODQG� WUDQVSRUW� RI� WKH� FDUJR�

GLYHUWHG�IURP�SRUW݌� DW�SRUWכ݌�� ZLOO�EH�UHSUHVHQWHG DV�ܿ௣௣כ
ௗି௟௔௡ௗǡ ǡ݌ כ݌ א ܲ �86'�7(8���$Q�

H[DPSOH�RI�SRUW�VNLSSLQJ�ZLWK�FDUJR�GLYHUVLRQ�UHFRYHU\�DFWLRQ�LV�LOOXVWUDWHG�LQ�)LJXUH�����

,Q� )LJXUH� ���� WKH� YHVVHO� WKDW�ZDV� VFKHGXOHG� WR� YLVLW� SRUWV� ³�´�� ³�´�� ³�´�� ³�´�� DQG� ³�´��

UHVSHFWLYHO\�� VNLSV� SRUW� ³�´� GXH� WR� D� GLVUXSWLRQ DW� SRUW� ³�´�� $� WRWDO� RI� ���� 7(8V� DUH�



���

GLYHUWHG� IURP� WKH� VNLSSHG� SRUW� �SRUW� ³�´�� WR� SRUW� ³�´� DQG� WKH� GLYHUWHG� GHPDQG� LV�

GHOLYHUHG�WR�WKH�HQG�FXVWRPHUV�YLD�LQWHUPRGDO�FRQQHFWLRQV�RI�SRUW�³�´�

3RUW �
3
RU
W
�

3RUW �

3R
UW �

3
RU
W
���� 7(8V

5HFRYHUHG YHVVHO VFKHGXOH
3ODQQHG YHVVHO VFKHGXOH
'LVUXSWLYH HYHQW
&DUJR GLYHUVLRQ

)LJXUH��� $Q�H[DPSOH RI�SRUW�VNLSSLQJ�ZLWK�FDUJR�GLYHUVLRQ

1RWH�WKDW�LI�WKH�0&7�RSHUDWRU�DW�SRUWכ݌� ODFNV�WKH�FDSDFLW\�WR�KDQGOH�WKH�GLYHUWHG�

GHPDQG�DQG�RU� WKH� LQODQG�RSHUDWRUV�GR�QRW�KDYH� WKH� UHTXLUHG� UHVRXUFHV� WR� WUDQVSRUW� WKH�

GLYHUWHG�FDUJR� IURP�SRUWכ݌� WR� WKH�DSSURSULDWH�GHVWLQDWLRQV�� WKH� OLQHU�VKLSSLQJ�FRPSDQ\�

FDQQRW� UHGLUHFW�FDUJR�IURP�SRUW݌� WR�DOWHUQDWLYH�SRUW��7כ݌�KH�0&7�FDSDFLW\� WKDW�FDQ�EH�

XVHG�IRU�VHUYLQJ�WKH�GLYHUWHG�GHPDQG�DW�SRUW݌� ZLOO�EH�IXUWKHU�UHIHUUHG�WR�DVܥ�௣
௣௢௥௧

ǡ ݌ א ܲ

�7(8V���ZKLOH�WKH�LQODQG�WUDQVSRUW�FDSDFLW\�WKDW�FDQ�EH�XVHG�IRU�GHOLYHU\�RI�WKH�GLYHUWHG�

FDUJR� IURP�SRUW݌� WR� WKH�DVVLJQHG�GHVWLQDWLRQV�ZLOO�EH�GHQRWHG�DVܥ�௣
௟௔௡ௗǡ ݌ א ܲ �7(8V���

/HW� ǡכ௣௣ݕ ǡ݌ ݌
כ א ܲǡ ݌ ് כ݌  �� LI� FRQWDLQHUV� FDQ� EH� GLYHUWHG� IURP� GLVUXSWHG� SRUW� ݌ WR�

DOWHUQDWLYH� SRUW� כ݌ � �� RWKHUZLVH��� $OVR�� LI� D� PRQHWDU\� SHQDOW\� LPSRVHG� RQ� WKH� OLQHU�



���

VKLSSLQJ�FRPSDQ\�EHFDXVH�RI�PLVFRQQHFWHG�FDUJR�DW�SRUW݌� �ZKLFK�ZLOO�EH�UHIHUUHG�WR�DV�

ܿ௣
௠௜௦ǡ ݌ א ܲ ± 86'�7(8��DV�ZHOO�DV�WKH�SRUW�VNLSSLQJ�FRVW��ܿ௣

௦௞௜௣
ǡ ݌ א ܲ ± 86'��DUH�QRW�DV�

VLJQLILFDQW� DV� WKH� H[WUD� FRVWV� WKDW� DUH� LQFXUUHG�DV� D� UHVXOW� RI� WKH� VHUYLFH� RI� WKH�GLYHUWHG�

GHPDQG�DW�SRUWכ݌���WKH�FDUJR�GLYHUVLRQ�ZLOO�QRW�EH�D�EHQHILFLDO�DOWHUQDWLYH�

,Q�DGGLWLRQ�WR� WKH�KDQGOLQJ�DQG�LQWHUPRGDO�FDSDFLWLHV�DW� WKH�DOWHUQDWLYH�SRUWV�� WKH�

GHFLVLRQ� WR� GLYHUW� FDUJR� LV� GLUHFWO\� LPSDFWHG� E\� SRUW� ORFDWLRQ� �H�J��� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�FDQ�GLYHUW�FDUJR�IURP�WKH�3RUW�RI�0LDPL� WR� WKH�3RUW�RI�1HZ�<RUN�EXW�FDQQRW�

GLYHUW� FDUJR� WR� WKH 3RUW� RI� -HGGDK�� DV� WKH� 3RUW� RI� 0LDPL� DQG� WKH� 3RUW� RI� -HGGDK� DUH�

VLWXDWHG�RQ�VHSDUDWH�FRQWLQHQWV�DQG�GR�QRW�KDYH�DQ\�LQODQG�FRQQHFWLRQ���

������ 0DMRU�'HFLVLRQV

7KH�9653�FRQVLGHUHG�LQ� WKLV�VWXG\�FDQ�EH�FODVVLILHG�DV�DQ�RSHUDWLRQDO�OHYHO�SUREOHP�LQ�

OLQHU� VKLSSLQJ� RSHUDWLRQV�� 7KH� PDMRU� GHFLVLRQV� WR� EH� DGGUHVVHG� E\� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�LQFOXGH�WKH�IROORZLQJ�

��� GHFLGH�ZKHWKHU�WR�VNLS�WKH�SRUW�RI�FDOO�WKDW�LV�DIIHFWHG�E\�D�GLVUXSWLYH�HYHQW�RU�ZDLW�

XQWLO�WKH�SRUW�UHFRYHUV�IURP�D�GLVUXSWLRQ�DQG�FDQ�SURYLGH�VHUYLFH�IRU�WKH�DUULYLQJ�

YHVVHOV�

��� GHFLGH�ZKHWKHU� WR�GLYHUW� WKH�FDUJR��LI�D�SRUW� LV�VNLSSHG�� WR�RWKHU�SRUWV�RI�FDOO�RU�

VXIIHU�WKH�FRVW�LQFXUUHG�DV�D�UHVXOW�RI�PLVFRQQHFWHG�FDUJR�DQG�SRUW�VNLSSLQJ��

��� LGHQWLI\�RWKHU�SRUWV�RI�FDOO��ZKHUH�WKH�FDUJR�VKRXOG�EH�GLYHUWHG�LI�D SRUW�LV�VNLSSHG�

�LI�FDUJR�GLYHUVLRQ�UHFRYHU\�RSWLRQ�LV�IRXQG�WR�EH�D�EHQHILFLDO�DOWHUQDWLYH���



���

��� GHFLGH�ZKHWKHU� WR� UHTXHVW� WKH�KDQGOLQJ� UDWHV�ZLWK�KLJKHU�KDQGOLQJ�SURGXFWLYLWLHV�

IURP�0&7�RSHUDWRUV�DW�FHUWDLQ�SRUWV�RI�FDOO�LQ�RUGHU�WR�UHFRYHU�WKH�GHOD\�FDXVHG�

E\�D�GLVUXSWLYH�HYHQW��

��� LGHQWLI\�WKH�YR\DJH�OHJV�RI�WKH�OLQHU�VKLSSLQJ�URXWH��ZKHUH�WKH�YHVVHO�VDLOLQJ�VSHHG�

FDQ�EH�FKDQJHG�LQ�RUGHU�WR�PLQLPL]H�RU�FRPSOHWHO\�UHPRYH�WKH�GHOD\V�FDXVHG�E\�D�

GLVUXSWLYH�HYHQW�

��� FKRRVH� WKH YHVVHO�VFKHGXOH�UHFRYHU\�DFWLRQV� WKDW�ZRXOG�HIILFLHQWO\�UHGXFH�YHVVHO�

ODWH�DUULYDOV�DW�SRUWV�RI�WKH�OLQHU�VKLSSLQJ�URXWH�

���� 0DWKHPDWLFDO�0RGHO

7KLV� VHFWLRQ�RI� WKH�GLVVHUWDWLRQ�SUHVHQWV� D�PL[HG�LQWHJHU�QRQOLQHDU�SURJUDPPLQJ�PRGHO�

IRU� WKH� YHVVHO� VFKHGXOH� UHFRYHU\� SUREOHP�� 7KH� PRGHO� WR� EH� SURSRVHG� KHUHLQ ZLOO� EH�

IXUWKHU� UHIHUUHG� WR�DV�9653�� WKURXJKRXW� WKLV�PDQXVFULSW��0RUHRYHU�� WKH�QRWDWLRQV� WKDW�

ZLOO�EH�XVHG�LQ�WKLV�FKDSWHU�RI�WKH�GLVVHUWDWLRQ�DUH�SUHVHQWHG�KHUHLQ��2WKHU�QRWDWLRQV�ZLOO�

EH�GHILQHG�WKURXJKRXW�WKLV�FKDSWHU�RI�WKH�GLVVHUWDWLRQ�DV�UHTXLUHG�

1RPHQFODWXUH

6HWV

ܲ ൌ ሼͳǡǥ ǡ݉ଵሽ VHW�RI�SRUWV�WR�EH�YLVLWHG��SRUWV�

௣ܪ ൌ ൛ͳǡǥ ǡ݉௣
ଶൟǡ ݌ א ܲ VHW�RI�DYDLODEOH�KDQGOLQJ�UDWHV�DW�SRUW݌� �KDQGOLQJ�UDWHV�

'HFLVLRQ�9DULDEOHV

࢞௣
௦௞௜௣

א ९ ݌׊ א ܲ  ��LI�SRUW݌� LV�VNLSSHG�� ��RWKHUZLVH�

ο௣
௦௘௔א Թ ݌׊ א ܲ YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�DW�YR\DJH�OHJ݌� �NQRWV�



���

࢞௣௛ א ९ ݌׊ א ܲǡ ݄ א ௣ܪ  ��LI�KDQGOLQJ�UDWH�݄ LV�UHTXHVWHG�DW�SRUW݌� � ��RWKHUZLVH�

࢞௣௣כ
ௗ௜௩ א ९ ǡ݌׊ כ݌ א ܲǡ

݌ ് כ݌

 �� LI� FRQWDLQHUV� DUH� GLYHUWHG� IURP� GLVUXSWHG� SRUW� ݌ WR�

DOWHUQDWLYH�SRUWכ݌� � ��RWKHUZLVH�

$X[LOLDU\�9DULDEOHV

࢙௣ א Թା ݌׊ א ܲ DFWXDO�VDLOLQJ�VSHHG�RI�YHVVHOV�DW�YR\DJH�OHJ݌� �NQRWV�

࣎௣
௔௥௥ א Թା ݌׊ א ܲ DFWXDO�DUULYDO�WLPH�RI�YHVVHOV�DW�SRUW݌� �KRXUV�

࣎௣
௪௔௜௧ א Թା ݌׊ א ܲ DFWXDO�ZDLWLQJ�WLPH�RI�YHVVHOV�DW�SRUW݌� �KRXUV�

࣎௣
௛௔௡ௗ א Թା ݌׊ א ܲ DFWXDO�KDQGOLQJ�WLPH�RI�YHVVHOV�DW�SRUW݌� �KRXUV�

࣎௣
ௗ௘௣

א Թା ݌׊ א ܲ DFWXDO�GHSDUWXUH�WLPH�RI�YHVVHOV�IURP�SRUW݌� �KRXUV�

࣎௣
௦௔௜௟ א Թା ݌׊ א ܲ

DFWXDO�VDLOLQJ� WLPH�RI�YHVVHOV�DW�YR\DJH� OHJ݌� WKDW�FRQQHFWV�

SRUWV݌� DQG݌� ൅ ͳ �KRXUV�

௣ࢌ א Թା ݌׊ א ܲ DFWXDO�IXHO�FRQVXPSWLRQ�DW�YR\DJH�OHJ݌� �WRQV�

࣎௣
ௗ௘௟ א Թା ݌׊ א ܲ YHVVHO�DUULYDO�GHOD\�DW�SRUW݌� �KRXUV�

࢞௣
ௗௗ א ९ ݌׊ א ܲ

 �� LI� WKH� GLYHUWHG� FRQWDLQHUV� DUH� KDQGOHG� DW� SRUW� ݌ � ��

RWKHUZLVH�

כ௣௣ࢊ
ௗ௜௩ א Գ ǡ݌׊ כ݌ א ܲǡ

݌ ് כ݌
GLYHUWHG�GHPDQG�IURP�SRUW݌� WR�DOWHUQDWLYH�SRUWכ݌� �7(8V�

ࢀࢀࢂ א Թା DFWXDO�YHVVHO�WXUQDURXQG�WLPH��KRXUV�

ࢂࡱࡾ א Թା
DFWXDO� WRWDO� UHYHQXH� WR� EH� JHQHUDWHG� E\� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\��86'�



���

࡯ࡴࡼ א Թା DFWXDO�WRWDO�SRUW�KDQGOLQJ�FRVW��86'�

࡯࡭ࡸ א Թା DFWXDO�WRWDO�ODWH�YHVVHO�DUULYDO�FRVW��86'�

࡯࡯ࡲ א Թା DFWXDO�WRWDO�IXHO�FRVW��86'�

࡯ࡰ࡯ א Թା DFWXDO�WRWDO�FRQWDLQHU�GLYHUVLRQ�FRVW��86'�

ࡼࢀ א Թା
DFWXDO� WRWDO� SURILW� WR� EH� JHQHUDWHG� E\� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\��86'�

3DUDPHWHUV

݉ଵ א Գ QXPEHU�RI�SRUWV�WR�EH�YLVLWHG��SRUWV�

݉ଶ א Գ QXPEHU�RI�DYDLODEOH�KDQGOLQJ�UDWHV�DW�SRUW݌� �KDQGOLQJ�UDWHV�

݀௣
௣௢௥௧

א Թା ݌׊ א ܲ FRQWDLQHU�GHPDQG�DW�SRUW݌� �7(8V�

݀௣
௟௘௚

א Թା ݌׊ א ܲ OHQJWK�RI�YR\DJH�OHJ݌� �QPL�

௣௛ݎ݌ א Թା ݌׊ א ܲǡ

݄ א ௣ܪ

KDQGOLQJ� SURGXFWLYLW\� DW� SRUW� ݌ XQGHU� KDQGOLQJ� UDWH� ݄

�7(8V�KRXU�

߬௣
௔௥௥ א Թା ݌׊ א ܲ SODQQHG�DUULYDO�WLPH�RI�YHVVHOV�DW�SRUW݌� �KRXUV�

ǡߙ ߛ א Թା IXHO�FRQVXPSWLRQ�FRHIILFLHQWV

߮ א Գ DJUHHG�SRUW�VHUYLFH�IUHTXHQF\��KRXUV�

ܸ א Գ QXPEHU�RI�YHVVHOV�UHTXLUHG�IRU�VHUYLFH�RI�SRUWV��YHVVHOV�

௣ݏ א Թା ݌׊ א ܲ SODQQHG�YHVVHO�VDLOLQJ�VSHHG�DW�SRUW݌� �NQRWV�

௠௜௡ݏ א Թା PLQLPXP�YHVVHO�VDLOLQJ�VSHHG��NQRWV�

௠௔௫ݏ א Թା PD[LPXP�YHVVHO�VDLOLQJ�VSHHG��NQRWV�

݀௣
௦௘௔ א Թା ݌׊ א ܲ QXPEHU�RI�FRQWDLQHUV�WUDQVSRUWHG�DW�YR\DJH�OHJ݌� �7(8V�



���

௣ݕ
௣௢௥௧

א ९ ݌׊ א ܲ  ��LI�D�GLVUXSWLRQ�RFFXUUHG�DW�SRUW݌� � ��RWKHUZLVH�

௣ݕ
௦௘௔ א ९ ݌׊ א ܲ  ��LI�D�GLVUXSWLRQ�RFFXUUHG�DW�YR\DJH�OHJ݌� � ��RWKHUZLVH�

௣ߜ
௣௢௥௧

א Թା ݌׊ א ܲ H[SHFWHG�GXUDWLRQ�RI�D�GLVUXSWLYH�HYHQW�DW�SRUW݌� �KRXUV�

௣ߜ
௦௘௔ א Թ ݌׊ א ܲ

H[SHFWHG� YHVVHO� VDLOLQJ� VSHHG� FKDQJH� GXH� WR� D� GLVUXSWLYH�

HYHQW�DW�YR\DJH�OHJ݌� �NQRWV�

כ௣௣ݕ א ९ ǡ݌׊ כ݌ א ܲǡ

݌ ് כ݌

 �� LI� FRQWDLQHUV� FDQ� EH� GLYHUWHG� IURP� GLVUXSWHG� SRUW� ݌ WR�

DOWHUQDWLYH�SRUWכ݌� � ��RWKHUZLVH�

௣ܥ
௣௢௥௧

א Թା ݌׊ א ܲ
0&7� FDSDFLW\� WR� VHUYH� WKH� GLYHUWHG� GHPDQG� DW� SRUW� ݌

�7(8V�

௣ܥ
௟௔௡ௗ א Թା ݌׊ א ܲ

LQODQG�WUDQVSRUW�FDSDFLW\�IRU�GHOLYHU\�RI�WKH�GLYHUWHG�GHPDQG�

IURP�SRUW݌� WR�WKH�DVVLJQHG�GHVWLQDWLRQV��7(8V�

߬௣
௦௧ א Թା ݌׊ א ܲ VWDUW�RI�7:�DW�SRUW݌� �KRXUV�

߬௣
௙௧
א Թା ݌׊ א ܲ HQG�RI�7:�DW�SRUW݌� �KRXUV�

ܿ௙ א Թା XQLW�IXHO�FRVW��86'�WRQ�

ܿ௣
௖௔௥௚௢

א Թା ݌׊ א ܲ
IUHLJKW� UDWH� IRU� VKLSSLQJ� D� 7(8� IURP� SRUW� ݌ WR� SRUW݌� ൅ ͳ

�86'�

ܿ௣௛
௣௢௥௧

א Թା ݌׊ א ܲǡ

݄ א ௣ܪ

KDQGOLQJ�FRVW DW�SRUW݌� XQGHU�KDQGOLQJ�UDWH�݄ �86'�7(8�

ܿ௢௣௘௥ א Թା YHVVHO�RSHUDWLRQDO�FRVW��86'�KRXU�

ܿ௣
ௗ௘௟ א Թା ݌׊ א ܲ GHOD\HG�YHVVHO�DUULYDO�FRVW�DW�SRUW݌� �86'�KRXU�

ܿ௣
௦௞௜௣

א Թା ݌׊ א ܲ FRVW�IRU�VNLSSLQJ�SRUW݌� GXH�WR�D�GLVUXSWLYH�HYHQW��86'�



���

ܿ௣
௠௜௦ א Թା ݌׊ א ܲ SHQDOW\�GXH�WR�PLVFRQQHFWHG�FDUJR�DW�SRUW݌� �86'�7(8�

ܿ௣௣כ
ௗି௣௢௥௧

א Թା ǡ݌׊ כ݌ א ܲǡ

݌ ് כ݌

DGGLWLRQDO�FRVW�IRU�KDQGOLQJ�WKH�FDUJR�GLYHUWHG�IURP�SRUW݌� DW�

SRUWכ݌� �86'�7(8�

ܿ௣௣כ
ௗି௟௔௡ௗ א Թା ǡ݌׊ כ݌ א ܲǡ

݌ ് כ݌

FRVW�RI�LQODQG�WUDQVSRUW�RI�WKH�FDUJR�GLYHUWHG�IURP�SRUW݌� DW�

SRUWכ݌� �86'�7(8�

ܥܱܸ א Թା SODQQHG�WRWDO�YHVVHO�RSHUDWLRQDO�FRVW��86'�

ܶܲ א Թା
SODQQHG� WRWDO� SURILW� WR� EH� JHQHUDWHG� E\� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\��86'�

9HVVHO�6FKHGXOH�5HFRYHU\�3UREOHP��9653����

݉݅݊ ሾܶܲ െ ሿࡼࢀ ����

6XEMHFW�WR�

෍ ࢞௣௛
௛אு೛

ൌ ͳ ݌׊ א ܲ ����

࢙௣ ൑ ௣ݏ ൅ ௣ߜ
௦௘௔ݕ௣

௦௘௔ ൅ ο௣
௦௘௔ሺͳ െ ௣ݕ

௦௘௔ሻ ݌׊ א ܲ ����

࢙௣ ൑ ௠௔௫ݏ ݌׊ א ܲ ����

࢙௣ ൒ ௠௜௡ݏ ൅ ௣ߜ
௦௘௔ݕ௣

௦௘௔ ݌׊ א ܲ ����

࣎௣
௦௔௜௟ ൌ

݀௣
௟௘௚

࢙௣
݌׊ א ܲ ����

௣ࢌ ൌ
ሺ࢙௣ሻߛ

ሺఈିଵሻ

ʹͶ
݌׊ א ܲ ����

࣎௣ାଵ
௔௥௥ ൌ ࣎௣

ௗ௘௣
൅ ࣎௣

௦௔௜௟ ݌׊ א ܲǡ ݌ ൏ ݉ଵ ����



���

࣎ଵ
௔௥௥ ൌ ࣎௣

ௗ௘௣
൅ ࣎௣

௦௔௜௟ െ ࢀࢀࢂ ݌׊ א ܲǡ ݌ ൌ ݉ଵ ����

࣎௣
ௗ௘௟ ൒ ࣎௣

௔௥௥ െ ߬௣
௔௥௥ ݌׊ א ܲ ����

࢞௣
௦௞௜௣

൑ ௣ݕ
௣௢௥௧

݌׊ א ܲ ����

࢞௣௣כ
ௗ௜௩ ൑ ࢞௣

௦௞௜௣
ǡ݌׊ כ݌ א ܲǡ ݌ ് כ݌ ����

࢞௣௣כ
ௗ௜௩ ൑ כ௣௣ݕ ǡ݌׊ ݌

כ א ܲǡ ݌ ് כ݌ ����

࢞௣כ
ௗௗ ൑ ෍ ࢞௣௣כ

ௗ௜௩

௣א௉ǣ௣ஷ௣כ

כ݌׊ א ܲ ����

כ௣௣ࢊ
ௗ௜௩ ൌ ݀௣

௣௢௥௧
࢞௣௣כ
ௗ௜௩ ǡ݌׊ כ݌ א ܲǡ ݌ ് כ݌ ����

෍ כ௣௣ࢊ
ௗ௜௩

௣א௉ǣ௣ஷ௣כ

൑ כ௣ܥ
௣௢௥௧

࢞௣כ
ௗௗ כ݌׊ א ܲ ����

෍ כ௣௣ࢊ
ௗ௜௩

௣א௉ǣ௣ஷ௣כ

൑ כ௣ܥ
௟௔௡ௗ࢞௣כ

ௗௗ כ݌׊ א ܲ ����

࣎௣
௛௔௡ௗ ൌ ቎෍ ൭

݀௣
௣௢௥௧

൅ σ כ௣௣ࢊ
ௗ௜௩

௣אכ௉ǣ௣כஷ௣

௣௛ݎ݌
൱࢞௣௛

௛אு೛

൅ ௣ߜ
௣௢௥௧

௣ݕ
௣௢௥௧

቏ ൫ͳ െ ࢞௣
௦௞௜௣

൯

݌׊ א ܲ

����

࣎௣ାଵ
௪௔௜௧ ൒ ߬௣ାଵ

௦௧ െ ሺ࣎௣
ௗ௘௣

൅ ࣎௣
௦௔௜௟ሻ ݌׊ א ܲǡ ݌ ൏ ݉ଵ ����

࣎ଵ
௪௔௜௧ ൒ ߬ଵ

௦௧ െ ሺ࣎௣
ௗ௘௣

൅ ࣎௣
௦௔௜௟ሻ ൅ ࢀࢀࢂ ݌׊ א ܲǡ ݌ ൌ ݉ଵ ����

࣎௣
ௗ௘௣

ൌ ࣎௣
௔௥௥ ൅ ࣎௣

௪௔௜௧ ൅ ࣎௣
௛௔௡ௗ ݌׊ א ܲ ����

ࢀࢀࢂ ൌ ෍࣎௣
௦௔௜௟

௣א௉

൅෍࣎௣
௪௔௜௧

௣א௉

൅෍࣎௣
௛௔௡ௗ

௣א௉

����

ࢂࡱࡾ ൌ ෍ܿ௣
௖௔௥௚௢

݀௣
௣௢௥௧

௣א௉

൫ͳ െ ࢞௣
௦௞௜௣

൯ ൅෍ ෍ ܿ௣
௖௔௥௚௢

כ௣௣ࢊ
ௗ௜௩

௣אכ௉௣א

����



���

࡯ࡴࡼ ൌ ෍ ෍ ܿ௣௛
௣௢௥௧

݀௣
௣௢௥௧

࢞௣௛
௛אு೛௣א௉

൅෍ሺܿ௣
௦௞௜௣

൅ ܿ௣
௠௜௦݀௣

௣௢௥௧
ሻ࢞௣

௦௞௜௣

௣א௉
����

࡯࡭ࡸ ൌ ෍ܿ௣
ௗ௘௟࣎௣

ௗ௘௟

௣א௉

����

࡯࡯ࡲ ൌ ܿ௙෍݀௣
௟௘௚
௣ࢌ

௣א௉

����

࡯ࡰ࡯ ൌ ෍ ෍ሺܿ௣௣כ
ௗି௣௢௥௧

൅ ܿ௣௣כ
ௗି௟௔௡ௗሻࢊ௣௣כ

ௗ௜௩

௣אכ௉௣א௉

����

ܥܱܸ ൌ ܿ௢௣௘௥߶ܸ ����

ࡼࢀ ൌ ሾࢂࡱࡾ െ ൫࡯ࡴࡼ ൅ ࡯࡭ࡸ ൅ ࡯࡯ࡲ ൅ ࡯ࡰ࡯ ൅ ൯ሿܥܱܸ ����

,Q�WKH�9653�� PDWKHPDWLFDO�PRGHO��WKH�REMHFWLYH�IXQFWLRQ����� DLPV�WR�PLQLPL]H�

WKH�WRWDO�SURILW�ORVV�HQGXUHG�WKURXJKRXW�OLQHU�VKLSSLQJ�DV�D�UHVXOW�RI�GLVUXSWLYH�HYHQW�V��LQ�

VHD�DQG�DW�SRUWV�GXULQJ WKH�YR\DJH��&RQVWUDLQW�VHW����� JXDUDQWHHV�WKDW�WKH�OLQHU�VKLSSLQJ�

FRPSDQ\�FKRRVHV�D�VLQJOH�KDQGOLQJ�UDWH�IURP�WKH�VHW�RI�KDQGOLQJ�UDWHV��SURYLGHG�E\�WKH�

0&7�RSHUDWRU�DW� HDFK�SRUW�RI�FDOO�RI� WKH JLYHQ� OLQHU�VKLSSLQJ�URXWH��&RQVWUDLQW�VHW� ����

HVWLPDWHV�WKH�DFWXDO�VDLOLQJ�VSHHG�RI�YHVVHOV�DW�HDFK�YR\DJH�OHJ�� WDNLQJ�LQWR�DFFRXQW� WKH�

SRVVLEOH� RFFXUUHQFH� RI� GLVUXSWLRQV� LQ� VHD� DQG� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQWV�� $V�

PHQWLRQHG�HDUOLHU� LQ� WKLV� FKDSWHU� LW� LV� DVVXPHG� WKDW� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�FDQQRW�

FKDQJH� WKH� VDLOLQJ� VSHHG�RI� YHVVHOV� DW� WKH� YR\DJH� OHJ� ZKHUH� D� GLVUXSWLYH� HYHQW� RFFXUV�

�ZKLFK�LV�DFFRXQWHG�IRU�E\�FRQVWUDLQW�VHW��������&RQVWUDLQW�VHWV����� DQG����� HVWDEOLVK�WKH�

OLPLWV�IRU�WKH�DFWXDO�VDLOLQJ�VSHHG�RI�YHVVHOV�GHSHQGLQJ�RQ�WKH�UHFRYHUHG�YHVVHO�VFKHGXOH��

&RQVWUDLQW�VHWV� ���� DQG� ���� HVWLPDWH� WKH�DFWXDO� VDLOLQJ� WLPH�DQG� WKH�DFWXDO� IXHO�

FRQVXPSWLRQ�RI�YHVVHOV��UHVSHFWLYHO\��DW�HDFK�YR\DJH�OHJ�RI�WKH�OLQHU�VKLSSLQJ�URXWH�EDVHG�



���

RQ�WKH�UHFRYHUHG�YHVVHO�VFKHGXOH��&RQVWUDLQW�VHWV����� DQG����� FRPSXWH�WKH�DFWXDO�DUULYDO�

WLPH�RI�YHVVHOV�DW�HDFK�SRUW�RI�FDOO�FRQVLGHULQJ�WKH�UHFRYHUHG�YHVVHO�VFKHGXOH��&RQVWUDLQW�

VHW� ���� HVWLPDWHV WKH� YHVVHO� DUULYDO� GHOD\V� DW� SRUWV� RI� FDOO� RI� WKH� OLQHU� VKLSSLQJ� URXWH�

GHSHQGLQJ�RQ�WKH�UHFRYHUHG�YHVVHO�VFKHGXOH��&RQVWUDLQW�VHW����� JXDUDQWHHV�WKDW�WKH�YHVVHO�

FDQ�RQO\� VNLS�D�SRUW�RI� FDOO�RQO\� LI�D�GLVUXSWLYH� HYHQW�RFFXUV�DW� WKH�SRUW��&RQVWUDLQW� VHW�

���� VWLSXODWHV�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�FDQ�RQO\�GLYHUW�FDUJR�IURP�D�JLYHQ�SRUW�RI�

FDOO�WR�WKH�DOWHUQDWLYH�SRUW�V��RQO\�LI�WKDW�SRUW�LV�VNLSSHG��&RQVWUDLQW�VHW� ���� YHULILHV�WKH�

IHDVLELOLW\�RI�FDUJR�GLYHUVLRQ�IURP�D�JLYHQ�SRUW�WR�WKH�DOWHUQDWLYH�SRUWV�RI�FDOO��&RQVWUDLQW�

VHW����� LGHQWLILHV�WKH�SRUWV�RI�FDOO�WKDW�ZLOO�KDQGOH�WKH�GLYHUWHG�GHPDQG�IURP�RWKHU�SRUWV�

WKDW�DUH�IDFHG�ZLWK�GLVUXSWLYH�HYHQWV��

&RQVWUDLQW� VHW� ���� FDOFXODWHV� WKH� GLYHUWHG� GHPDQG� WKDW� ZLOO� EH� VHUYHG� DW� VRPH�

SRUWV�RI� FDOO��&RQVWUDLQW� VHW� ���� JXDUDQWHHV� WKDW� WKH�0&7�FDSDFLW\�ZLOO� EH� DGHTXDWH� WR�

VHUYH�WKH�GLYHUWHG�GHPDQG�DW�D�JLYHQ�SRUW�RI�FDOO�RI WKH�OLQHU�VKLSSLQJ�URXWH��&RQVWUDLQW�VHW�

���� HQVXUHV� WKDW� WKH� LQODQG� WUDQVSRUW�RSHUDWRU� DW� D�JLYHQ�SRUW�RI� FDOO�ZLOO� KDYH� HQRXJK�

FDSDFLW\� WR� GHOLYHU� WKH� GLYHUWHG� GHPDQG� WR� WKH� DSSURSULDWH� GHVWLQDWLRQV�� &RQVWUDLQW� VHW�

���� FRPSXWHV�WKH�DFWXDO�KDQGOLQJ�WLPH�RI�YHVVHOV�DW�HDFK�SRUW�RI�FDOO�XVLQJ�WKH�UHFRYHUHG�

YHVVHO� VFKHGXOH�� WDNLQJ� LQWR� DFFRXQW� SRWHQWLDO� SRUW� VNLSSLQJ� DQG� FDUJR� GLYHUVLRQ��

&RQVWUDLQW� VHWV� ��������� HVWLPDWH� WKH�DFWXDO�ZDLWLQJ� WLPH�DQG�GHSDUWXUH� WLPH�RI�YHVVHOV�

IRU�HDFK�SRUW�RI�FDOO�RI�WKH�OLQHU�VKLSSLQJ�URXWH�XVLQJ�WKH�UHFRYHUHG�YHVVHO�VFKHGXOH�

&RQVWUDLQW�VHW� ���� FDOFXODWHV� WKH�DFWXDO� WXUQDURXQG� WLPH�RI�YHVVHOV�EDVHG�RQ� WKH�

UHFRYHUHG�YHVVHO�VFKHGXOH��&RQVWUDLQW�VHWV� ����������FRPSXWH�WKH�DFWXDO� WRWDO�UHYHQXH�WR�

EH�JHQHUDWHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��WKH�DFWXDO�WRWDO�SRUW�KDQGOLQJ�FRVW��WKH�DFWXDO�

WRWDO� ODWH� YHVVHO� DUULYDO� FRVW�� WKH� DFWXDO� WRWDO� IXHO� FRVW�� DQG� WKH� DFWXDO� WRWDO� FRQWDLQHU�
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GLYHUVLRQ�FRVW�EDVHG�RQ� WKH� UHFRYHUHG�YHVVHO� VFKHGXOH�� UHVSHFWLYHO\��&RQVWUDLQW� VHW� ����

HVWLPDWHV� WKH SODQQHG� WRWDO� YHVVHO� RSHUDWLRQDO� FRVW�� &RQVWUDLQW� VHW� ���� FDOFXODWHV� WKH�

DFWXDO�WRWDO�SURILW�WR�EH�JHQHUDWHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�EDVHG�RQ�WKH�UHFRYHUHG�

YHVVHO�VFKHGXOH�

���� 6ROXWLRQ�0HWKRGRORJ\

7KH�IRUPXODWHG�9653�� PDWKHPDWLFDO�PRGHO�LV�QRQOLQHDU�EHFDXVH�RI�FRQVWUDLQW�VHWV�������

������DQG�������ZKLFK�DUH�XVHG�IRU�FRPSXWLQJ�WKH�DFWXDO YHVVHO�VDLOLQJ�WLPH��WKH�DFWXDO IXHO�

FRQVXPSWLRQ� DW� HDFK� YR\DJH� OHJ�� DQG� WKH� DFWXDO� SRUW� KDQGOLQJ� WLPH�� UHVSHFWLYHO\�� 7KH�

QRQOLQHDULW\�RI�WKH�9653�� FDQ�EH�UHGXFHG�E\�UHYLVLQJ�WKH�QRQOLQHDU�FRQVWUDLQW�VHW�������

7R� DFKLHYH� WKH� ODWWHU�� WKH� DFWXDO� YHVVHO� VDLOLQJ� VSHHG� ࢙௣ǡ ݌ א ܲ DV� ZHOO� DV� WKH� SODQQHG�

YHVVHO� VDLOLQJ� VSHHG� ௣ǡݏ ݌ א ܲ FDQ� EH� UHSODFHG� ZLWK� WKHLU� PXOWLSOLFDWLYH� LQYHUVH

FRPSRQHQWV ࢜௣ ൌ
ଵ

࢙೛
݌׊ א ܲ DQG ௣ሶݒ ൌ

ଵ

௦೛
݌׊ א ܲ�� UHVSHFWLYHO\�� $OVR�� WKH� DQWLFLSDWHG�

GLIIHUHQFH� LQ� VDLOLQJ� VSHHG� ௣ߜ�
௦௘௔ǡ ݌ א ܲ ± NQRWV�� DQG� WKH� VDLOLQJ� VSHHG� DGMXVWPHQW�

�ο௣
௦௘௔ǡ ݌ א ܲ ± NQRWV��ZLOO�EH�UHYLVHG�DFFRUGLQJO\�IRU�FRQVLVWHQF\��/HWߜ�௣

௦௘௔ሶ ǡ ݌ א ܲ �NQRWV�

���DQG�ο௣
௦௘௔ሶ ǡ ݌ א ܲ �NQRWV����UHSUHVHQW�WKH�DQWLFLSDWHG�VDLOLQJ�VSHHG�FKDQJH�DQG�WKH�VDLOLQJ�

VSHHG�DGMXVWPHQW��UHVSHFWLYHO\��DW�HDFK�YR\DJH�OHJ�RI�WKH�OLQHU�VKLSSLQJ�URXWH�

9DULRXV�DSSURDFKHV�KDYH�EHHQ�XVHG�LQ�WKH�OLWHUDWXUH�WR�DGGUHVV�WKH�QRQOLQHDULW\�RI�

WKH�IXHO�FRQVXPSWLRQ�IXQFWLRQ��LQFOXGLQJ�HQXPHUDWLRQ�PHWKRG��WKH�YHVVHO�VDLOLQJ�VSHHG�LV�

DVVXPHG� WR�EH�FRQVWDQW�DW�YR\DJH� OHJV���G\QDPLF�SURJUDPPLQJ�PHWKRG� �WKH�SUREOHP� LV�

UHGXFHG� WR� D� VKRUWHVW�SDWK�SUREOHP���GLVFUHWL]DWLRQ�PHWKRG� �WKH� UHFLSURFDO�YDOXHV�RI� WKH�

YHVVHO� VDLOLQJ� VSHHG�DUH�GLVFUHWL]HG�� DQG� WKH� IXHO� FRQVXPSWLRQ� IXQFWLRQ� LV� HVWLPDWHG� IRU�

HDFK�RQH�RI�WKH�GLVFUHWL]HG�YDOXHV���WDLORUHG�PHWKRG��DSSUR[LPDWLQJ�IXQFWLRQV�IRU�WKH�IXHO�



���

FRQVXPSWLRQ�� VXFK� DV� D� VHW� RI� WDQJHQW� RU� VHFDQW� DSSUR[LPDWLQJ� OLQHV� DUH� XVHG� DV� D�

VXEVWLWXWH� IRU� WKH� QRQOLQHDU� IXHO� FRQVXPSWLRQ� IXQFWLRQ��� DQG� VHFRQG� RUGHU� FRQH�

SURJUDPPLQJ�PHWKRG� �WKH� QRQOLQHDU� PRGHO� LV� UHIRUPXODWHG� DV� D� PL[HG�LQWHJHU� VHFRQG

RUGHU� FRQH� SURJUDPPLQJ� PRGHO�� �:DQJ� HW� DO�� ����E�� 'XOHEHQHWV� ����D��� 7KH�

DVVXPSWLRQ�RI�FRQVWDQW�VDLOLQJ�VSHHG� LV� LPSUDFWLFDO�DV� OLQHU�VKLSSLQJ�FRPSDQLHV�XVXDOO\�

VHOHFW�YDULRXV�VDLOLQJ�VSHHGV�DW�YR\DJH�OHJV��WKXV��WKH�HQXPHUDWLRQ�PHWKRG�LV�QRW�DFFXUDWH��

$� QXPEHU� RI� VWXGLHV� KDYH� UHSRUWHG� WKDW� WKH� WDLORUHG� PHWKRG� SHUIRUPV� EHWWHU� WKDQ� WKH�

VHFRQG�RUGHU�FRQH�SURJUDPPLQJ�PHWKRG��:DQJ�HW�DO������E���

7KH� DFFXUDF\� RI� WKH� G\QDPLF� SURJUDPPLQJ� DQG� GLVFUHWL]DWLRQ� PHWKRGV� LQ�

OLQHDUL]LQJ�WKH�IXHO�FRQVXPSWLRQ�IXQFWLRQ�GHSHQGV�RQ�WKH�GLVFUHWL]DWLRQ�OHYHO��0RUHRYHU��

WKH� DFFXUDF\� RI� WKH� WDLORUHG� PHWKRG� LQ� DSSUR[LPDWLQJ� WKH� IXHO� FRQVXPSWLRQ� IXQFWLRQ�

GHSHQGV� RQ� WKH� QXPEHU� RI� VHJPHQWV� FRQVLGHUHG�� &HUWDLQ� VWXGLHV� KDYH� IRXQG� WKDW� WKH�

VHOHFWLRQ�RI�D�KLJK�GLVFUHWL]DWLRQ�OHYHO�DQG�QXPEHU�RI�VHJPHQWV�LQ�WKH�IXHO�FRQVXPSWLRQ�

IXQFWLRQ�DSSUR[LPDWLRQ�PD\�LQFUHDVH�WKH�FRPSXWDWLRQDO�WLPH��'XOHEHQHWV������D���7KXV��

WKHUH�LV�WKH�QHHG�WR�FRQGXFW�IXUWKHU�DQDO\VLV�WR�GHWHUPLQH�WKH�VXLWDEOH�GLVFUHWL]DWLRQ�OHYHO�

�IRU�GLVFUHWL]DWLRQ�PHWKRGV��RU�QXPEHU�RI�VHJPHQWV��IRU�WDLORUHG�PHWKRGV��WR�DSSUR[LPDWH�

WKH�IXHO�FRQVXPSWLRQ�IXQFWLRQ��

7KLV�VWXG\�ZLOO�XVH�WKH�WDLORUHG�PHWKRG�IRU�OLQHDUL]LQJ�WKH�IXHO�FRQVXPSWLRQ�LQ�WKH�

9653�� PDWKHPDWLFDO�PRGHO��7KH�VWDWLF�SLHFHZLVH�OLQHDU�VHFDQW�DSSUR[LPDWLRQV�ZLOO�EH�

XVHG�LQVWHDG�RI�WDQJHQW�OLQHV�EDVHG�RQ�WKH�IDFW WKDW�WKH�WDQJHQW�OLQHV�KDYH�EHHQ�UHSRUWHG�WR�

XQGHUHVWLPDWH� IXHO� FRQVXPSWLRQ�� ZKLOH� VHFDQW� OLQHV� PD\� HLWKHU� XQGHUHVWLPDWH� RU�

RYHUHVWLPDWH� IXHO� FRQVXPSWLRQ��$� VPDOOHU QXPEHU�RI� VHFDQW� OLQHUV� LV� XVXDOO\�QHHGHG�DV�

FRPSDUHG�WR�WDQJHQW�OLQHV�DQG�WKH\�DUH�PRUH�DFFXUDWH�LQ�HVWLPDWLQJ�WKH�IXHO�FRQVXPSWLRQ�
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,Q�FDVH�RI�VWDWLF�SLHFHZLVH�OLQHDU�VHFDQW�DSSUR[LPDWLRQV��WKH�WRWDO�QXPEHU�RI�OLQHDU�

VHFDQW� VHJPHQWV� LV� XVXDOO\� NQRZQ� �'XOHEHQHWV�� ����D��� +HUH�� WKH� SLHFHZLVH� IXQFWLRQ�

തതതത௣௥ǡ࡯ࡲ ݌ א ܲǡ ݎ א ܭ HVWLPDWHV� WKH� QRQOLQHDU� IXQFWLRQ� ௣ǡ࡯ࡲ ݌ א ܲ XVLQJ� D� VHW� RI� OLQHDU�

VHFDQW� VHJPHQWV� ܭ ൌ ሼͳǡǥ ǡ ��ሽݎ /HW� ௣௞࢈ ൌ ͳ LI� D� OLQHDU� VHFDQW� VHJPHQW� ݇ LV� VHW� IRU�

DSSUR[LPDWLRQ� RI� WKH� IXHO� FRQVXPSWLRQ� IXQFWLRQ DW� YR\DJH� OHJ� ݌ RI� WKH� OLQHU� VKLSSLQJ�

URXWH� � �� RWKHUZLVH��� 'HQRWH� ௞ǡݐݏ ݇ א ܭ DQG� ݁݀௞�݇ א ܭ DV� WKH� YHVVHO� VDLOLQJ� VSHHG�

UHFLSURFDO� YDOXHV� DW� WKH� EHJLQQLQJ� RI� OLQHDU� VHFDQW� VHJPHQW�݇ DQG� DW� WKH� HQG� RI� OLQHDU�

VHFDQW�VHJPHQW�݇��UHVSHFWLYHO\��'HQRWH�ܵܮ௞ǡ ݇ א ܭ DQGܫ� ௞ܰǡ ݇ א ܭ DV�WKH�VORSH�RI�OLQHDU�

VHFDQW�VHJPHQW�݇ DQG�WKH�LQWHUFHSW�RI�OLQHDU�VHFDQW�VHJPHQW�݇��UHVSHFWLYHO\��/HWܯ�ଵ DQG�

ଶܯ EH� VXIILFLHQWO\� ODUJH� SRVLWLYH� QXPEHUV�� 7KH� PL[HG�LQWHJHU� QRQOLQHDU� 9653��

PDWKHPDWLFDO� PRGHO�� ZKLFK� KDV� OLQHDUL]HG� YHVVHO� VDLOLQJ� WLPH� DQG� IXHO� FRQVXPSWLRQ�

FRQVWUDLQWV��9653���� FDQ�EH�WKHQ�H[SUHVVHG�DV�IROORZV�

9HVVHO�6FKHGXOH�5HFRYHU\�3UREOHP��9653����

݉݅݊ ሾܶܲ െ ሿࡼࢀ ����

6XEMHFW�WR�

&RQVWUDLQW�VHWV���������������������������

࢜௣ ൒ ௣ሶݒ ൅ ௣ߜ
௦௘௔ሶ ௣ݕ

௦௘௔ ൅ ο௣
௦௘௔ሶ ሺͳ െ ௣ݕ

௦௘௔ሻ ݌׊ א ܲ ����

࢜௣ ൒
ͳ

௠௔௫ݏ
݌׊ א ܲ ����

࢜௣ ൑
ͳ

௠௜௡ݏ
൅ ௣ߜ

௦௘௔ሶ ௣ݕ
௦௘௔ ݌׊ א ܲ ����

࣎௣
௦௔௜௟ ൌ ݀௣

௟௘௚
࢜௣ ݌׊ א ܲ ����
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෍࢈௣௞ ൌ ͳ

௞א௄

݌׊ א ܲ ����

௣௞࢈௞ݐݏ ൑ ࢜௣ ݌׊ א ܲǡ ݇ א ܭ ����

݁݀௞ ൅ ଵ൫ͳܯ െ ௣௞൯࢈ ൒ ࢜௣ ݌׊ א ܲǡ ݇ א ܭ ����

തതതത௣௞࡯ࡲ ൒ ௞࢜௣ܮܵ ൅ ܫ ௞ܰ െ ଶ൫ͳܯ െ ௣௞൯࢈ ݌׊ א ܲǡ ݇ א ܭ ����

࡯࡯ࡲ ൌ ܿ௙෍෍݀௣
௟௘௚
തതതത௣௞࡯ࡲ

௞א௄௣א௉

����

,Q�WKH�9653�� PDWKHPDWLFDO�PRGHO��WKH�REMHFWLYH�IXQFWLRQ����� DLPV�WR�PLQLPL]H�

WKH�WRWDO�SURILW�ORVV�HQGXUHG�WKURXJKRXW�OLQHU�VKLSSLQJ�DV�D�UHVXOW�RI�GLVUXSWLYH�HYHQW�V��LQ�

VHD� DQG� DW� SRUWV� GXULQJ� WKH� YR\DJH�� &RQVWUDLQW� VHW� ���� FRPSXWHV� WKH� PXOWLSOLFDWLYH�

LQYHUVH RI� WKH� UHFRYHUHG YHVVHO� VDLOLQJ� DW� HDFK� YR\DJH� OHJ� RI� WKH� OLQHU� VKLSSLQJ� URXWH��

&RQVWUDLQW� VHWV� ���� DQG� ���� GHILQH WKH� ERXQGV� IRU� WKH� PXOWLSOLFDWLYH� LQYHUVH RI� WKH�

UHFRYHUHG VDLOLQJ� VSHHG� RI� YHVVHOV� DW� WKH� YR\DJH� OHJV� RI� WKH� OLQHU� VKLSSLQJ� URXWH�

&RQVWUDLQW� VHW� ���� FDOFXODWHV� WKH� DFWXDO� VDLOLQJ� WLPH� DW� WKH� YR\DJH� OHJV� RI� WKH� OLQHU�

VKLSSLQJ�URXWH�XVLQJ�WKH�PXOWLSOLFDWLYH�LQYHUVH RI�WKH�UHFRYHUHG YHVVHO�VDLOLQJ�VSHHG��

&RQVWUDLQW�VHW� ���� HQVXUHV�WKDW�QRW�PRUH�WKDQ�RQH�OLQHDU�VHFDQW�VHJPHQW�ZLOO�EH

VHOHFWHG� IRU� DSSUR[LPDWLRQ� RI� WKH IXHO� FRQVXPSWLRQ� IXQFWLRQ� DW� HDFK� YR\DJH� OHJ� RI� WKH�

OLQHU� VKLSSLQJ� URXWH� IRU� WKH� UHFRYHUHG� YHVVHO� VFKHGXOH�� &RQVWUDLQW� VHWV� ���� DQG� ����

HVWDEOLVK� OLPLWV� IRU� WKH�PXOWLSOLFDWLYH� LQYHUVH RI� WKH�DFWXDO�YHVVHO� VDLOLQJ�VSHHG� ZKHQ�D�

JLYHQ� OLQHDU� VHFDQW� VHJPHQW� LV� VHOHFWHG� IRU� DSSUR[LPDWLRQ� RI� WKH IXHO� FRQVXPSWLRQ�

IXQFWLRQ�DW�D�FHUWDLQ�YR\DJH�OHJ��&RQVWUDLQW�VHW����� HVWLPDWHV�WKH�DFWXDO�IXHO�FRQVXPSWLRQ�

DW� HDFK� YR\DJH� OHJ� RI� WKH� OLQHU� VKLSSLQJ� URXWH� FRQVLGHULQJ� WKH� DFWXDO� VDLOLQJ� VSHHG� RI�

YHVVHOV��&RQVWUDLQW�VHW����� FRPSXWHV�WKH�DFWXDO�WRWDO�IXHO�FRVW��
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$OWKRXJK�WKH�DFWXDO YHVVHO�VDLOLQJ�WLPH DQG DFWXDO IXHO�FRQVXPSWLRQ FRPSRQHQWV

RI� WKH�9653�� PDWKHPDWLFDO� PRGHO� KDYH EHHQ� OLQHDUL]HG�� WKH� PRGHO� LV� VWLOO� QRQOLQHDU�

EHFDXVH�RI� WKH�KLJK�QRQOLQHDULW\�RI� FRQVWUDLQW� VHW� ����� ZKLFK�FDOFXODWHV� WKH� DFWXDO�SRUW�

KDQGOLQJ� WLPH� DW� HDFK� SRUW� RI� FDOO� IRU� WKH� UHFRYHUHG� YHVVHO� VFKHGXOH�� ,Q� WKLV� VWXG\�� D

QRQOLQHDU� RSWLPL]DWLRQ� VROYHU� %$521�ZLOO� EH� DSSOLHG� WR� VROYH�9653�� WR� WKH� JOREDO�

RSWLPDOLW\��,QLWLDO�FRPSXWDWLRQDO�H[SHULPHQWV�VKRZHG�WKDW�%$521�FRXOG�VROYH�9653��

WR�JOREDO�RSWLPDOLW\�ZLWKLQ� DQ� DFFHSWDEOH� FRPSXWDWLRQDO� WLPH� IRU� WKH� UHDOLVWLF�VL]H� OLQHU�

VKLSSLQJ� URXWHV��0RUHRYHU�� D� VHW� RI� FRPSXWDWLRQDO� H[SHULPHQWV�ZHUH� FRQGXFWHG� LQ� WKLV�

VWXG\�WR LQYHVWLJDWH�WKH�FRUUHVSRQGHQFH�EHWZHHQ�WKH�QXPEHU�RI�OLQHDU�VHFDQW VHJPHQWV�LQ�

WKH�SLHFHZLVH�IXQFWLRQ�DQG�FRUUHFWQHVV�RI�WKH�IXHO�FRQVXPSWLRQ�IXQFWLRQ�DSSUR[LPDWLRQ��

7KH� PHWKRGRORJ\� IRU� SURGXFLQJ� WKH� SLHFHZLVH� VHFDQW� DSSUR[LPDWLRQV� ZDV�

HVWDEOLVKHG� XVLQJ�0$7/$%� ����D� VRIWZDUH� �0DWK:RUNV�� ������� %DVHG� RQ� WKH� UHVXOWV�

UHWULHYHG� IURP� WKH� QXPHULFDO� H[SHULPHQWV�� WKH� 9653�� FRPSXWDWLRQDO� WLPH� LQFUHDVHG�

VXEVWDQWLDOO\�ZKHQ� WKH� WRWDO�QXPEHU�RI� OLQHDU� VHFDQW VHJPHQWV�VHOHFWHG� LQ� WKH�SLHFHZLVH�

IXQFWLRQ�ZDV�KLJKHU� WKDQ ���ZLWKRXW� VLJQLILFDQW�DSSUR[LPDWLRQ�DFFXUDF\� LPSURYHPHQWV��

&RQVLGHULQJ� WKH� ODWWHU� ILQGLQJ��D�SLHFHZLVH�IXQFWLRQ�ZLWK���� OLQHDU�VHFDQW�VHJPHQWV�ZLOO�

EH�XVHG�WKURXJKRXW WKH�QXPHULFDO�H[SHULPHQWV��7KH�QRQOLQHDU�IXHO�FRQVXPSWLRQ�IXQFWLRQ�

ሺ࢜ሻܥܨ ൌ
଴Ǥ଴ଵଶሺ࢜ሻషమ

ଶସ
DQG� WKH� OLQHDU� DSSUR[LPDWLRQ�� UHSUHVHQWHG� DV� D� SLHFHZLVH� IXQFWLRQ�

ZLWK����OLQHDU�VHFDQW�VHJPHQWV� DUH LOOXVWUDWHG�LQ�)LJXUH�����
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)LJXUH��� $�QRQOLQHDU�IXQFWLRQ�DQG�OLQHDUL]HG�DSSUR[LPDWLRQ�ZLWK����OLQHDU�VHFDQW�

VHJPHQWV

���� &RPSXWDWLRQDO�([SHULPHQWV

7KLV� VHFWLRQ� RI� WKH� GLVVHUWDWLRQ� SUHVHQWV� WKH� FRPSXWDWLRQDO� H[SHULPHQWV� WKDW� ZHUH�

FRQGXFWHG� WR� H[KLELW� WKH� DSSOLFDELOLW\� RI� WKH�9653�� PDWKHPDWLFDO�PRGHO IRU� GHFLVLRQ�

PDNLQJ�LQ�FDVH�RI�GLVUXSWLRQV�LQ�WKH�SODQQHG�RSHUDWLRQV�RI�OLQHU�VKLSSLQJ�FRPSDQLHV��7KH�

FRPSXWDWLRQDO�H[SHULPHQWV�WKDW�ZHUH�SHUIRUPHG�LQ�WKLV�VWXG\��ZHUH�FDUULHG�RXW�RQ�D�'HOO�

,QVSLURQ� $0'� );�����3� 3URFHVVRU� ZLWK� ��� *%� RI� 5$0�� 7KH� IRUPXODWHG� 9653��

PDWKHPDWLFDO�PRGHO�ZDV�HQFRGHG�LQ�WKH RSWLPL]DWLRQ�VRIWZDUH��FDOOHG *HQHUDO�$OJHEUDLF�
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0RGHOLQJ� 6\VWHP� �*$06�� ������� DQG� VROYHG� WR� WKH� JOREDO� RSWLPDOLW\� XVLQJ� %$521��

7KH�XSSHU�OLPLW�RI�WKH�FRPSXWDWLRQDO�WLPH�LQ�%$521�ZDV�VHW�WR�������VHFRQGV��ZKLOH�WKH�

WDUJHW�RSWLPDOLW\�JDS�ZDV�IL[HG�DV�������

������ ,QSXW�'DWD�*HQHUDWLRQ

,Q�WKLV�VWXG\��WKH�0LGGOH�(DVW�:HVW 0HGLWHUUDQHDQ�:0��5RXWH��VHH�)LJXUH������ZKLFK�LV�

VHUYHG�E\�WKH�22&/�OLQHU�VKLSSLQJ�FRPSDQ\��22&/���������ZDV�FRQVLGHUHG�WR�H[DPLQH�

WKH�SHUIRUPDQFH�RI�WKH�9653�� PDWKHPDWLFDO�PRGHO� 6RPH�RI�WKH�PDMRU�DUHDV�FRQQHFWHG�

E\� WKH� OLQHU� VKLSSLQJ� URXWH�� LQFOXGH�0HGLWHUUDQHDQ�6HD�� 6RXWK�(XURSH��5HG�6HD��1RUWK�

$IULFD��$UDELDQ�6HD��0LGGOH�(DVW��DQG�$VLD��7KH�SRUW�QHWZRUN�IRU�WKH�0LGGOH�(DVW�:HVW�

0HGLWHUUDQHDQ�:0��5RXWH� KDV� D� WRWDO� RI� ��� SRUWV� RI� FDOO�� ZKHUH� WKH� 3RUWV� RI� -HGGDK�

�6DXGL�$UDELD���0DUVD[ORNN��0DOWD���DQG�*HQRD��,WDO\��DUH�HDFK�YLVLWHG�WZLFH��DQG�RWKHU�

SRUWV� DUH�YLVLWHG�QR�PRUH� WKDQ�RQFH��7KH�SRUW� URWDWLRQ�FDQ�EH� H[KLELWHG�DV� IROORZV� �WKH�

VTXDUH� EUDFNHWV� LQ� WKH� H[SUHVVLRQ� VKRZ� WKH� GLVWDQFHV� EHWZHHQ� WKH� FRQVHFXWLYH� SRUWV� RI�

FDOO�LQ�QDXWLFDO�PLOHV��3RUWV�FRP���

��� )RV�� )UDQFH� >���@�ĺ� ��� *HQRD�� ,WDO\� >���@�ĺ� ���0DUVD[ORNN��0DOWD� >�����@�ĺ� ���

'DPLHWWD��(J\SW�>���@�ĺ����$TDED��-RUGDQ�>���@�ĺ����-HGGDK��6DXGL�$UDELD�>�����@�ĺ�

���+DPDG��8QLWHG�$UDE�(PLUDWHV�>���@�ĺ����-HEHO�$OL��8QLWHG�$UDE�(PLUDWHV�>���@�ĺ����

.DUDFKL��3DNLVWDQ�>���@�ĺ�����1KDYD�6KHYD��,QGLD�>���@�ĺ�����0XQGUD��,QGLD�>�����@�ĺ�

����-HGGDK��6DXGL�$UDELD�>�����@�ĺ�����0DUVD[ORNN��0DOWD�>���@�ĺ�����/D�6SH]LD��,WDO\�

>��@�ĺ� ���� *HQRD�� ,WDO\� >���@�ĺ� ���� 9DOHQFLD�� 6SDLQ� >���@�ĺ� ���� %DUFHORQD�� 6SDLQ�

>���@�ĺ����)RV��)UDQFH�



���

)LJXUH��� 7KH 0LGGOH�(DVW�:HVW�0HGLWHUUDQHDQ�:0��URXWH

7KH�QXPHULFDO� GDWD�� QHHGHG� WR� H[DPLQH� WKH�9653�� PDWKHPDWLFDO�PRGHO��ZHUH�

REWDLQHG� XVLQJ� WKH� GDWD� DYDLODEOH� LQ� WKH� OLQHU� VKLSSLQJ� DQG� PDULQH� FRQWDLQHU� WHUPLQDO�

OLWHUDWXUH� �:DQJ� DQG� 0HQJ�� ����D�F�� :DQJ� HW� DO��� ������ =DPSHOOL HW� DO��� ������

'XOHEHQHWV�� ����D�� 'XOHEHQHWV�� ����D�H�� 'XOHEHQHWV� HW� DO��� ������ :RUOG� 6KLSSLQJ�

&RXQFLO��������22&/������� .DYRRVL��HW��DO�������� HWF����7KH�SDUDPHWHU�YDOXHV� DGRSWHG�

LQ�WKLV�VWXG\� DUH�SUHVHQWHG�LQ�7DEOH����

7DEOH�� 7KH�SDUDPHWHU YDOXHV�XVHG�IRU�WKH�QXPHULFDO�H[SHULPHQWV

3DUDPHWHU 9DOXH 6RXUFH�V�
1XPEHU�RI�SRUWV�WR�EH�YLVLWHG��݉ଵ �SRUWV� �� 22&/�������
1XPEHU� RI� DYDLODEOH� KDQGOLQJ� UDWHV� DW�
SRUWV� ݉ଶ �KDQGOLQJ�UDWHV�

� 1�$

&RQWDLQHU� GHPDQG� DW� SRUWV�� ݀௣
௣௢௥௧

ǡ ݌ א ܲ

�7(8V�
ܷሾʹͲͲǢ ʹǡͲͲͲሿ

'XOHEHQHWV� �����D��
����E�H�

+DQGOLQJ� SURGXFWLYLW\� DW� SRUWV�� ௣௛ǡݎ݌ ݌ א
ܲǡ ݄ א ௣ܪ �7(8V�KRXU�

ܷሾͷͲǢ ͳʹͷሿ
'XOHEHQHWV� �����D��
����E�H�

�ŝƐƌƵƉƚŝǀĞ ĞǀĞŶƚ

tĞĞŬůǇ ƐĞƌǀŝĐĞ ĨƌĞƋƵĞŶĐǇ



���

7DEOH�� 7KH�SDUDPHWHU YDOXHV�XVHG�IRU�WKH�QXPHULFDO�H[SHULPHQWV�± FRQWLQXHG�

3DUDPHWHU 9DOXH 6RXUFH�V�

)XHO�FRQVXPSWLRQ�FRHIILFLHQWV�ǡߙ� ߛ
ߙ ൌ ͵ǤͲ�� ߛ ൌ
ͲǤͲͳʹ

:DQJ� DQG� 0HQJ�
�����F��� 3VDUDIWLV�
DQG� .RQWRYDV�
������

$JUHHG�SRUW�VHUYLFH�IUHTXHQF\��߮ �KRXUV� ��� 22&/�������
7RWDO� QXPEHU� RI� YHVVHOV� GHSOR\HG�� ܸ
�YHVVHOV�

�� 1�$

3ODQQHG� YHVVHO� VDLOLQJ� VSHHG�� ௣ǡݏ ݌ א ܲ

�NQRWV�
ܷሾͳ͹Ǣ ʹͷሿ 1�$

0LQLPXP� YHVVHO� VDLOLQJ� VSHHG�� ௠௜௡ݏ

�NQRWV�
��

:DQJ� DQG� 0HQJ�
�����D�F�

0D[LPXP� YHVVHO� VDLOLQJ� VSHHG� ௠௔௫ݏ

�NQRWV�
��

:DQJ� DQG� 0HQJ�
�����D�F�

1XPEHU� RI� FRQWDLQHUV� WUDQVSRUWHG� DW�
YR\DJH�OHJV��݀௣

௦௘௔ǡ ݌ א ܲ �7(8V� ܷሾͷǡͲͲͲǢ ͺǡͲͲͲሿ
�'XOHEHQHWV� �����D��
����E�H�

'LVUXSWLRQ� RFFXUUHQFH� DW� SRUWV�� ௣ݕ
௣௢௥௧

ǡ ݌ א

ܲ

9DULHV� IRU� HDFK� VFHQDULR� RI� GLVUXSWLRQ�
RFFXUUHQFH

'LVUXSWLRQ�RFFXUUHQFH�LQ�VHD�௣ݕ�
௦௘௔ǡ ݌ א ܲ

9DULHV� IRU� HDFK� VFHQDULR� RI� GLVUXSWLRQ�
RFFXUUHQFH

([SHFWHG� GXUDWLRQ� RI� GLVUXSWLYH� HYHQWV� DW�
SRUWV�௣ߜ�

௣௢௥௧
ǡ ݌ א ܲ �KRXUV�

ܷሾͳͲǢ ͳͲͲሿ $ELR\H�HW�DO��������

([SHFWHG� YHVVHO� VDLOLQJ� VSHHG� FKDQJH� GXH�
WR� GLVUXSWLYH� HYHQWV� DW� YR\DJH� OHJV��
௣ߜ
௦௘௔ǡ ݌ א ܲ �NQRWV�

െܷሾͲǤͳǢ ͷǤͲሿ 1�$

0&7� FDSDFLW\� WR� VHUYH� WKH� GLYHUWHG�
GHPDQG� DW� SRUWV��
௣ܥ
௣௢௥௧

ǡ ݌ א ܲ �7(8V�
ܷሾʹͲͲǢ ͷͲͲሿ 1�$

,QODQG�WUDQVSRUW�FDSDFLW\�IRU�GHOLYHU\�RI�WKH�
GLYHUWHG� GHPDQG��
௣ܥ
௟௔௡ௗǡ ݌ א ܲ �7(8V�

ܷሾʹͲͲǢ ͷͲͲሿ 1�$

8QLW�FRVW�RI�IXHO��ܿ௙ �86'�WRQ� ���
)DJHUKROW�DQG�
3VDUDIWLV�������

)UHLJKW� UDWH� IRU� VKLSSLQJ�D�7(8� IURP�SRUW�
݌ WR�SRUW݌� ൅ ͳ��ܿ௣

௖௔௥௚௢
ǡ ݌ א ܲ �86'�7(8� ܷሾͶǡͲͲͲǢ ͸ǡͲͲͲሿ $ELR\H�HW�DO��������

$YHUDJH� KDQGOLQJ� FRVW� DW� SRUWV�� ݄ܿ௔௩

�86'�7(8�
ܷሾʹͲͲǢ ͷͲͲሿ

'XOHEHQHWV������D��
����D�G�

+DQGOLQJ� FRVW� DW� SRUWV�� ܿ௣௛
௣௢௥௧

ǡ ݌ א

ܲǡ ݄ א ௣ܪ �86'�7(8�

ܿ௣௛
௛௔௡ௗ

ൌ ݄ܿ௔൅ܷሾͲǢ ͷͲሿ

݌׊ א ܲǡ ݄ א ௣ܪ

'XOHEHQHWV������D��
����E�H�



���

7DEOH�� 7KH�SDUDPHWHU YDOXHV�XVHG�IRU�WKH�QXPHULFDO�H[SHULPHQWV�± FRQWLQXHG�

3DUDPHWHU 9DOXH 6RXUFH�V�

9HVVHO�RSHUDWLRQDO FRVW��ܿ௢௣௘௥ �86'�ZHHN� �������
:DQJ�DQG�0HQJ�
�����D�F�

'HOD\HG� YHVVHO� DUULYDO� FRVW� DW� SRUWV��
ܿ௣
ௗ௘௟ǡ ݌ א ܲ �86'�KRXU� ܷሾͷǡͲͲͲǢ ͺǡͲͲͲሿ

=DPSHOOL�HW�DO��
��������'XOHEHQHWV�
�����E�H�

3RUW�VNLSSLQJ�LQFRQYHQLHQFH�FRHIILFLHQW�ߤ� ����
�$ELR\H�HW DO��
������

3RUW�VNLSSLQJ�FRVW��ܿ௣
௦௞௜௣

ǡ ݌ א ܲ �86'�

ܿ௣
௦௞௜௣

ൌ ߤ ൉ ݄ܿ௔௩

൉ ݀௣
௣௢௥௧

݌׊ א ܲ

$ELR\H�HW�DO��������

3HQDOW\� GXH� WR� PLVFRQQHFWHG� FDUJR��
ܿ௣
௠௜௦ǡ ݌ א ܲ �86'�7(8� ܷሾ͵ͲͲǢ ͷͲͲሿ 1�$

&RVW� RI� KDQGOLQJ� WKH� GLYHUWHG� FDUJR��
ܿ௣௣כ
ௗି௣௢௥௧

ǡ ǡ݌ כ݌ א ܲǡ ݌ ് כ݌ �86'�7(8� ܷሾͶͲͲǢ ͸ͲͲሿ 1�$

&RVW� RI� LQODQG� WUDQVSRUW� RI� WKH� GLYHUWHG�
FDUJR��
ܿ௣௣כ
ௗି௟௔௡ௗǡ ǡ݌ כ݌ א ܲǡ ݌ ് כ݌ �86'�7(8�

ܷሾ͸ͲͲǢ ͺͲͲሿ 1�$

3ODQQHG�WRWDO�SURILW��ܶܲ �86'� ���������� $ELR\H HW�DO��������

7R�HVWLPDWH�WKH�HQG�RI�D�7:�DW�WKH�SRUWV�RI�FDOO�RI�WKH�SRUW�QHWZRUN��WKH�OHQJWK�RI�

WKH�YR\DJH�OHJ�EHWZHHQ�WKH�FRQVHFXWLYH�SRUWV��WKH�HQG�RI�D�7:�DW�WKH�SUHFHGLQJ�SRUW��DV�

ZHOO� DV� WKH� XSSHU�ORZHU� ERXQGV� RI� WKH� YHVVHO� VDLOLQJ� VSHHG� ZHUH� FRQVLGHUHG�� 7KH�

PDWKHPDWLFDO� UHODWLRQVKLS� EHWZHHQ� WKH� WKUHH� SDUDPHWHUV� FDQ� EH� H[SUHVVHG� DV� IROORZV��

߬௣ାଵ
௙௧

ൌ ߬௣
௙௧
൅

ௗ೛
೗೐೒

௎ൣ௦೘೔೙Ǣ ௦೘ೌೣ൧
݌׊ א ܲ �KRXUV��� 7KH� QRWDWLRQ�ܷ ZLOO� EH� DGRSWHG� WKURXJKRXW�

WKLV�VWXG\�WR�GHQRWH�D�VHW�RI�XQLIRUPO\�GLVWULEXWHG�SVHXGRUDQGRP�YDOXHV�ZLWKLQ�D�GHILQLWH�

UDQJH��VSHFLILHG�LQ�VTXDUH�EUDFNHWV��7KH�SODQQHG�DUULYDO�WLPH�RI�YHVVHOV�DW�SRUW݌� ൅ ͳ ZDV�

FDOFXODWHG�DV�IROORZV��߬௣ାଵ
௔௥௥ ൌ ߬௣

௔௥௥ ൅ ߬௣
௛௔௡ௗ ൅

ௗ೛
೗೐೒

௦೛
݌׊ א ܲ �KRXUV��



���

7KH� YHVVHO� VDLOLQJ� VSHHG� YDOXHV� DW� YR\DJH� OHJV� ZHUH� DVVXPHG� WR� YDU\� EHWZHHQ�

௠௜௡ݏ ൌ ͳͷ NQRWV�DQGݏ�௠௔௫ ൌ ʹͷ NQRWV��:DQJ�DQG�0HQJ�����D�F���,W�ZDV�DVVXPHG�WKDW�

WKH�H[SHFWHG�YHVVHO�VDLOLQJ�VSHHG�FKDQJH�DW�YR\DJH�OHJV�GXH�WR�HYHQWV�YDULHG EHWZHHQ�����

NQRWV�DQG�����NQRWV�௣ߜ�
௦௘௔ ൌ െܷሾͲǤͳǢ ͷǤͲሿ ݌׊ א ܲ �NQRWV���$OVR��WKH�DQWLFLSDWHG�GXUDWLRQ�

RI�GLVUXSWLYH�HYHQWV�DW�SRUWV�RI�FDOO�ZDV�DVVLJQHG�DV�IROORZV�௣ߜ�
௣௢௥௧

ൌ ܷሾͳͲǢ ͳͲͲሿ ݌׊ א ܲ

�KRXUV��� 7KH� ZHHNO\� FRQWDLQHU� GHPDQG� DW� SRUWV� RI� FDOO� ZDV� JHQHUDWHG� DV�� ݀௣
௣௢௥௧

ൌ

ܷሾʹͲͲǢ ʹǡͲͲͲሿ ݌׊ א ܲ �7(8V��� 7KH� QXPEHU� RI� FRQWDLQHUV� WR� EH� WUDQVSRUWHG� DW� YR\DJH�

OHJV�ZDV�DVVLJQHG�DV�IROORZV��݀௣
௦௘௔ ൌ ܷሾͷǡͲͲͲǢ ͺǡͲͲͲሿ ݌׊ א ܲ �7(8V���

,W�ZDV�DVVXPHG�WKDW WKH�OLQHU�VKLSSLQJ�FRPSDQ\�FRXOG�UHTXHVW�IRXU�KDQGOLQJ�UDWHV�

IURP�WKH�0&7�RSHUDWRU�DW�HDFK�SRUW�RI�FDOO�RQ�WKH�SRUW�URWDWLRQ��IURP�ZKLFK�RQH�FRXOG�EH�

VHOHFWHG� IRU� VHUYLFH��7KH� KDQGOLQJ� SURGXFWLYLWLHV� RIIHUHG� E\� WKH�0&7�RSHUDWRU� DW� HDFK�

SRUW� UDQJHG EHWZHHQ� ��� 7(8V�KRXU� DQG� ���� 7(8V�KRXU�� ,I� D� GLVUXSWLYH� HYHQW� RFFXUV�

GXULQJ�WKH�YR\DJH��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�PD\�VHOHFW�KLJKHU�KDQGOLQJ�UDWH�DW�SRUWV�WR�

UHGXFH�WKH�DFWXDO�KDQGOLQJ�WLPH�DQG�UHFRYHU�WKH�VFKHGXOH��7KH�SODQQHG�KDQGOLQJ�WLPH�RI�

YHVVHOV� DW� SRUW ݌ ZDV� FRPSXWHG� XVLQJ� WKH� IROORZLQJ� UHODWLRQVKLS�� ߬௣
௛௔௡ௗ ൌ

σ ൬
ௗ೛
೛೚ೝ೟

௣௥೛೓
൰௛אு೛ ௣௛ݔ ݌׊ א ܲ �KRXUV��� 7KH� QHJRWLDWHG� KDQGOLQJ� UDWH� �L�H��� WKH� YDOXH� RI�

SDUDPHWHUݔ�௣௛ǡ ݌ א ܲǡ ݄ א ��௣ܪ DW� HDFK�SRUW�RI� FDOO�ZDV� UDQGRPO\� VHOHFWHG� IURP�D� VHW� RI�

KDQGOLQJ� UDWHV� RIIHUHG� E\� WKH� 0&7� RSHUDWRU� DW� HDFK� SRUW�� 7KH� SODQQHG� YHVVHO� VDLOLQJ�

VSHHG�ZDV�DV�JHQHUDWHG�DV�IROORZV�௣ݏ� ൌ ܷሾͳ͹Ǣ ʹͷሿ ݌׊ א ܲ �NQRWV���

7KH�22&/�OLQHU�VKLSSLQJ�FRPSDQ\�RIIHUV�D�ZHHNO\�SRUW�VHUYLFH�IUHTXHQF\�IRU�WKH�

0LGGOH�(DVW�:HVW�0HGLWHUUDQHDQ�:0� OLQHU� VKLSSLQJ� URXWH� �22&/��������± ߮ ൌ ͳ͸ͺ

KRXUV��,W�ZDV�DVVXPHG�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GHSOR\HG�D�WRWDO�RI�ܸ ൌ ͳͷ YHVVHOV



���

IRU�VHUYLFH�RI�SRUWV�DW�WKH�OLQHU�VKLSSLQJ�URXWH��,I�D�SRUW�LV�QRW�VNLSSHG��WKH�YHVVHO�KDQGOLQJ�

FRVW� SHU� 7(8� DW� WKH� SRUW� ݌ XQGHU� KDQGOLQJ� UDWH� ݄ ZDV� FDOFXODWHG� XVLQJ� WKH� IROORZLQJ�

UHODWLRQVKLS�� ܿ௣௛
௛௔௡ௗ ൌ ݄ܿ௔௩൅ܷሾͲǢ ͷͲሿ ݌׊ א ܲǡ ݄ א ௣ܪ �86'�7(8��� 7KH� V\PERO� ݄ܿ௔௩

GHQRWHV�WKH�DYHUDJH�KDQGOLQJ�FRVW��7KH�DYHUDJH�KDQGOLQJ�FRVW�ZDV�JHQHUDWHG�DV�IROORZV��

݄ܿ௔௩ ൌ ܷሾʹͲͲǢ ͷͲͲሿ ݌׊ א ܲ �86'�7(8��� ,I� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� VHOHFWV� D�

KDQGOLQJ�UDWH�ZLWK�KLJKHU�KDQGOLQJ�SURGXFWLYLW\�DW�SRUWV��WKH�0&7�RSHUDWRU�ZRXOG�LPSRVH�

D�KLJKHU�DYHUDJH�KDQGOLQJ�FRVW��7KH�IUHLJKW�UDWH�IRU�VKLSSLQJ�D 7(8�IURP�SRUW݌� WR݌� ൅ ͳ

ZDV�JHQHUDWHG� DV�� ܿ௣
௖௔௥௚௢

ൌ ܷሾͶǡͲͲͲǢ ͸ǡͲͲͲሿ ݌׊ א ܲ �86'�7(8���7KH�XQLW� FRVW� RI� IXHO�

ZDV� DVVXPHG� WR� EH� ܿ௙ ൌ ͵ͲͲ 86'�WRQ� �)DJHUKROW� DQG� 3VDUDIWLV� ������� 7KH� HIIHFWV� RI�

FKDQJLQJ� WKH� XQLW� IXHO� FRVW� RQ� 9653��� ZLOO EH� H[DPLQHG� LQ� WKLV� VWXG\� �VHH� VHFWLRQ�

����������

7KH� GHOD\HG� YHVVHO� DUULYDO� FRVW� ZDV� DVVLJQHG� DV� IROORZV�� ܿ௣
ௗ௘௟ ൌ

ܷሾͷǡͲͲͲǢ ͺǡͲͲͲሿ ݌׊ א ܲ �86'�KRXU�� �=DPSHOOL� HW� DO��� ������'XOHEHQHWV�� ����E�H���7KH�

0&7� FDSDFLW\� WR� VHUYH� WKH� GLYHUWHG� GHPDQG� DW� SRUW� ݌ ZDV� JHQHUDWHG� DV�� ௣ܥ
௣௢௥௧

ൌ

ܷሾʹͲͲǢ ͷͲͲሿ ݌׊ א ܲ �7(8V��� ZKLOH� WKH� LQODQG� WUDQVSRUW� FDSDFLW\� IRU� GHOLYHU\� RI� WKH�

GLYHUWHG� GHPDQG� IURP� SRUW� ݌ WR� WKH� DVVLJQHG� GHVWLQDWLRQV� ZDV� DVVLJQHG� DV�� ௣ܥ
௟௔௡ௗ ൌ

ܷሾʹͲͲǢ ͷͲͲሿ ݌׊ א ܲ �7(8V���7KH�VHQVLWLYLW\�RI�9653��� WR�FKDQJHV� LQ� LQODQG� WUDQVSRUW�

DQG�SRUW�KDQGOLQJ�FDSDFLWLHV�ZLOO�EH�HYDOXDWHG�WKURXJKRXW�WKH�QXPHULFDO�H[SHULPHQWV��VHH�

VHFWLRQ� ���������� 7KH� SHQDOW\� GXH� WR� PLVFRQQHFWHG� FDUJR� ZDV� JHQHUDWHG� DV�� ܿ௣
௠௜௦ ൌ

ܷሾ͵ͲͲǢ ͷͲͲሿ ݌׊ א ܲ �86'�7(8��� 7KH� DGGLWLRQDO� FRVW� IRU� KDQGOLQJ� WKH� FDUJR� GLYHUWHG�

IURP�SRUW݌� DW�SRUWכ݌� ZDV�DVVLJQHG�DV�IROORZV��ܿ௣௣כ
ௗି௣௢௥௧

ൌ ܷሾͶͲͲǢ ͸ͲͲሿ ǡ݌׊ כ݌ א ܲǡ ݌ ്

כ݌ �86'�7(8���7KH�FRVW�RI�LQODQG�WUDQVSRUW�RI�WKH�FDUJR�GLYHUWHG�IURP�SRUW݌� DW�SRUWכ݌�



���

ZDV� JHQHUDWHG� DV�� ܿ௣௣כ
ௗି௟௔௡ௗ ൌ ܷሾ͸ͲͲǢ ͺͲͲሿ ǡ݌׊ כ݌ א ܲǡ ݌ ് כ݌ �86'�7(8��� 7KH� YHVVHO�

ZHHNO\� RSHUDWLRQDO� FRVW� ZDV� DVVXPHG� WR� EH� ܿ௢௣௘௥ ൌ ͵ͲͲǡͲͲͲ 86'�ZHHN� �RU� ܿ௢௣௘௥ ൌ

ͳǡ͹ͺͷǤ͹ͳ 86'�KRXU���

7KLV� VWXG\� DVVXPHV� WKDW� WKH� OLQHU� VKLSSLQJ� FRPSDQ\ SODQQHG� WR� JHQHUDWH� D� WRWDO�

SURILW� RI� ܶܲ ൌ ͸ͲǡͲͲͲǡͲͲͲ 86'� �$ELR\H� HW� DO�� ������� 7KH� SRUW� VNLSSLQJ� FRVW� ZDV�

FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�UHODWLRQVKLS��ܿ௣
௦௞௜௣

ൌ ߤ ൉ ݄ܿ௔௩ ൉ ݀௣
௣௢௥௧ �86'���ZKHUHߤ� ± LV�

WKH�SRUW�VNLSSLQJ�LQFRQYHQLHQFH�FRHIILFLHQW��7KH�SRUW�VNLSSLQJ�LQFRQYHQLHQFH�FRHIILFLHQW�

ZDV�DVVXPHG� WR�EHߤ� ൌ ͳǤͳͲ��$Q�DGGLWLRQDO�DQDO\VLV�ZLOO�EH�FRQGXFWHG� LQ� WKLV� VWXG\� WR�

LQYHVWLJDWH� WKH� HIIHFW� RI� FKDQJH� LQ� WKH� XQLW� SRUW� VNLSSLQJ� FRVW RQ� WKH� 9653��

PDWKHPDWLFDO�PRGHO��VHH�VHFWLRQ����������

������ 0DQDJHULDO�,QVLJKWV�IRU�9DULRXV�'LVUXSWLRQ�6FHQDULRV

7KLV�VHFWLRQ�RI� WKH�GLVVHUWDWLRQ�SUHVHQWV� WKH�PDQDJHULDO� LQVLJKWV� UHYHDOHG�IURP�DSSO\LQJ�

WKH�SURSRVHG�VROXWLRQ�PHWKRGRORJ\�WR�VROYH�WKH�9653�� PDWKHPDWLFDO�PRGHO�XVLQJ�WKH�

QXPHULFDO�GDWD�JHQHUDWHG��,Q�WKLV�VWXG\��ILYH�K\SRWKHWLFDO�VFHQDULRV�RI�GLVUXSWLRQV� LQ�VHD�

DQG�RU� DW� SRUWV� RI� FDOO� RI� WKH� OLQHU� VKLSSLQJ� URXWH� ZHUH� XVHG� WR� H[DPLQH� WKH�9653��

PDWKHPDWLFDO� PRGHO�� 7KH� VFHQDULRV� RI� GLVUXSWLRQV�� DV� ZHOO� DV� WKH� VFKHGXOH� UHFRYHU\�

GHFLVLRQV�WKDW�ZHUH�UHFRPPHQGHG�E\�9653����DUH�GLVFXVVHG�QH[W�

6FHQDULR����1R�GLVUXSWLRQ�LQ�VHD�RU�DW�SRUWV

7KLV� LV�DQ�LGHDO�VLWXDWLRQ�� ,Q�WKLV�FDVH�� WKHUH�DUH�QR�GLVUXSWLRQV�LQ�VHD�RU DW�SRUWV�RI�FDOO�

WKDW� DIIHFW� WKH� SODQQHG� OLQHU� VKLSSLQJ� RSHUDWLRQV�� 7KH� YHVVHOV� GHSOR\HG� E\� WKH� OLQHU�

VKLSSLQJ�FRPSDQ\�IRU�WKH�VHUYLFH�RI�SRUWV�DFWXDOO\�YLVLW�DOO�WKH�SRUWV�RI�WKH�SRUW�QHWZRUN�

DQG�DUULYH�DW�WKH�SRUWV�ZLWKLQ�WKH�SODQQHG�DUULYDO�7:V��0RUHRYHU��WKHUH�DUH�QR�GHOD\V�LQ�
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YHVVHO� VHUYLFH� DW� SRUWV�� ,Q� WKLV� VFHQDULR�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� GRHV� QRW� KDYH� WR�

XQGHUWDNH�DQ\�UHFRYHU\�VWUDWHJLHV�

6FHQDULR����$�GLVUXSWLRQ�DW�D�SRUW�HDUO\�LQ�WKH�YR\DJH

,Q� WKLV� VFHQDULR�� WKH�0&7�RSHUDWRU DW� WKH�3RUW� RI�0DUVD[ORNN� �0DOWD�� UHSRUWV� KDQGOLQJ�

HTXLSPHQW�EUHDNGRZQV�ZLWK�DQ�H[SHFWHG�GXUDWLRQ�RIߜ�ଷ
௣௢௥௧

ൌ ͷͲ KRXUV�� L�H��D�GLVUXSWLRQ�

RFFXUUHG� DW� D� SRUW� HDUO\� LQ� WKH� YR\DJH�� 7KH� IROORZLQJ� UHFRYHU\� VWUDWHJLHV� DUH�

UHFRPPHQGHG� E\�9653���� ���� VNLS� WKH� 3RUW� RI�0DUVD[ORNN� �0DOWD�� ZLWKRXW� FRQWDLQHU�

GLYHUVLRQ�� ���� DGMXVW� WKH� YHVVHO� VDLOLQJ� VSHHG� DW� YR\DJH� OHJV�� DQG� ���� VHOHFW� WKH� KLJKHVW�

KDQGOLQJ�UDWH������7(8V�KRXU��DW�WKH�3RUW�RI�'DPLHWWD��(J\SW��DQG�WKH�3RUW�RI�%DUFHORQD�

�6SDLQ��� 7KH� SRUW� VNLSSLQJ� GHFLVLRQV� IRU� DOO� WKH� FRQVLGHUHG� VFHQDULRV� DUH� SUHVHQWHG� LQ�

)LJXUH�����)LJXUH��� LOOXVWUDWHV�WKH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG��ZKLOH�)LJXUH��� VKRZV�

WKH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� IRU� WKH� VFHQDULRV�ZKHUH� GLVUXSWLRQV� RFFXU��

$GGLWLRQDOO\��)LJXUH��� LOOXVWUDWHV�WKH�VHOHFWHG�YHVVHO�KDQGOLQJ�UDWH�DW�HDFK�SRUW�IRU�DOO�WKH�

VFHQDULRV�

6FHQDULR����$�GLVUXSWLRQ�DW�D�SRUW�ODWHU�LQ�WKH�YR\DJH

$� FRQJHVWLRQ�� ZKLFK� UHVXOWHG� LQ� GHOD\V� LQ� YHVVHO� VHUYLFH� LV� UHSRUWHG� DW� WKH� 3RUW� RI�

9DOHQFLD��6SDLQ���7KH�ODWWHU�GLVUXSWLRQ�LV�H[SHFWHG�WR�ODVW�IRUߜ�ଵ଺
௣௢௥௧

ൌ Ͷͳ KRXUV��6FHQDULR�

³�´�HPXODWHV�WKH�FDVH�RI�D�GLVUXSWLRQ�DW�D�SRUW�ODWHU�LQ�WKH�YR\DJH��7KH�IROORZLQJ�UHFRYHU\�

VWUDWHJLHV� DUH� UHFRPPHQGHG�E\�9653���� ���� VNLS� WKH�3RUW� RI�9DOHQFLD� �6SDLQ��ZLWKRXW�

FRQWDLQHU�GLYHUVLRQ��VHH�)LJXUH����������DGMXVW�WKH�YHVVHO�VDLOLQJ�VSHHG�DW�YR\DJH�OHJV��VHH�

)LJXUH��� DQG�)LJXUH������DQG�����VHOHFW�WKH�KLJKHVW�KDQGOLQJ�UDWH������7(8V�KRXU��DW WKH�

3RUW�RI�%DUFHORQD��6SDLQ���VHH�)LJXUH�����
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6FHQDULR����'LVUXSWLRQV�LQ�VHD

)RU� WKLV� VFHQDULR�� D� GLVUXSWLRQ RFFXUV� LQ� VHD� GXH� WR� D� SLUDWH� DWWDFN� DW� YR\DJH� OHJ� ³�´��

ZKLFK�FRQQHFWV�WKH�3RUW�RI�$TDED��-RUGDQ��DQG�WKH�3RUW�RI�-HGGDK��6DXGL�$UDELD���$OVR��D�

VHFRQG� GLVUXSWLRQ� RFFXUV� LQ� VHD� GXH� WR� LQFOHPHQW� ZHDWKHU� DW� YR\DJH� OHJ� ³�´�� ZKLFK�

FRQQHFWV�WKH�3RUW�RI�-HEHO�$OL��8QLWHG�$UDE�(PLUDWHV��DQG�WKH�3RUW�RI�.DUDFKL��3DNLVWDQ���

7KH�GLVUXSWLRQV�DUH�H[SHFWHG�WR�ORZHU�WKH�SODQQHG�YHVVHO�VDLOLQJ�VSHHG�DW�YR\DJH�OHJV�³�´�

DQG� ³�´� RI� WKH� OLQHU� VKLSSLQJ� URXWH� E\� ହߜ
௦௘௔ ൌ ͵Ǥ͵ NQRWV� DQG ଼ߜ

௦௘௔ ൌ ͷǤͲ NQRWV��

UHVSHFWLYHO\��7KH�IROORZLQJ�UHFRYHU\�VWUDWHJLHV�DUH�UHFRPPHQGHG�E\�9653��������DGMXVW�

WKH�YHVVHO�VDLOLQJ�VSHHG�DW�YR\DJH�OHJV��VHH�)LJXUH��� DQG�)LJXUH������DQG�����VHOHFW�WKH�

KLJKHVW�KDQGOLQJ�UDWH������7(8V�KRXU��DW�WKH�3RUW�RI�%DUFHORQD��6SDLQ���VHH�)LJXUH�����

6FHQDULR����'LVUXSWLRQV�LQ�VHD�DQG�DW�SRUWV

$�ODERU�VWULNH�LV�UHSRUWHG�DW WKH�3RUW�RI�+DPDG��8QLWHG�$UDE�(PLUDWHV���ZKLFK�LV�H[SHFWHG�

WR�ODVW�IRUߜ�଻
௣௢௥௧

ൌ ʹͻ KRXUV��7KH�3RUW�RI�1KDYD�6KHYD��,QGLD��LV�XQGHUJRLQJ�PDLQWHQDQFH�

DIWHU� D� QDWXUDO� KD]DUG�� 7KH� ODWWHU� GLVUXSWLRQ� LV� H[SHFWHG� WR� ODVW� IRU� ଵ଴ߜ
௣௢௥௧

ൌ ͸͵ KRXUV��

$GGLWLRQDOO\�� D� GLVUXSWLRQ� FDXVHG� E\ LQFOHPHQW� ZHDWKHU� FRQGLWLRQV RFFXUV� LQ� VHD� DW�

YR\DJH� OHJ� ³�´��ZKLFK� FRQQHFWV� WKH� 3RUW� RI�*HQRD� �,WDO\�� DQG� WKH� 3RUW� RI�0DUVD[ORNN�

�0DOWD���7KH� ODWWHU�GLVUXSWLRQ� LV� H[SHFWHG� WR� UHGXFH� WKH�SODQQHG�YHVVHO� VDLOLQJ� VSHHG�E\�

ଶߜ
௦௘௔ ൌ ͵Ǥ͵ NQRWV��7KH� IROORZLQJ� UHFRYHU\�VWUDWHJLHV� DUH� UHFRPPHQGHG�E\�9653���� ����

VNLS�WKH�3RUW�RI�+DPDG��8QLWHG�$UDE�(PLUDWHV��ZLWKRXW�FRQWDLQHU�GLYHUVLRQ��VHH�)LJXUH�

���������VNLS�WKH�3RUW�RI�1KDYD�6KHYD��,QGLD��DQG�GLYHUW�FRQWDLQHUV�WR�WKH�3RUW�RI�0XQGUD�

�,QGLD�������7(8V���VHH�)LJXUH����������DGMXVW�WKH�YHVVHO�VDLOLQJ�VSHHG�DW�YR\DJH�OHJV��VHH�

)LJXUH��� DQG�)LJXUH������DQG�����VHOHFW�WKH�KLJKHVW�KDQGOLQJ�UDWH �����7(8V�KRXU��DW�WKH
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3RUW� RI�0DUVD[ORNN� �0DOWD��� WKH� 3RUW� RI� -HEHO�$OL� �8QLWHG�$UDE�(PLUDWHV��� WKH� 3RUW� RI�

0XQGUD��,QGLD���DQG�WKH�3RUW�RI�%DUFHORQD��6SDLQ���VHH�)LJXUH�����

�������� 3RUW�VNLSSLQJ�GHFLVLRQV

7KH�SRUW�VNLSSLQJ�GHFLVLRQ� VXJJHVWHG�E\�WKH�9653�� PDWKHPDWLFDO�PRGHO� ZDV�UHWULHYHG

IRU� DOO� WKH� VFHQDULRV� RI� GLVUXSWLRQV� FRQVLGHUHG� LQ� WKLV� VWXG\�� 7KH� UHVXOWV� IURP� WKH�

FRPSXWDWLRQDO� H[SHULPHQWV� VXJJHVW� WKDW� WKH� SRUW� VNLSSLQJ� GHFLVLRQ� ZDV� SULPDULO\�

GHWHUPLQHG�E\�WKH�W\SH�RI�GLVUXSWLRQ�FRQVLGHUHG�LQ�HDFK�VFHQDULR��

)LJXUH��� 3RUW�VNLSSLQJ�GHFLVLRQV�IRU�WKH�FRQVLGHUHG�VFHQDULRV

:KHQ�WKHUH�DUH�QR�GLVUXSWLRQV�LQ�VHD�DQG�DW�SRUWV�RI�FDOO�>VFHQDULR�³�´@��WKH�YHVVHOV�

GHSOR\HG� IRU� VHUYLFH� GLG� QRW� VNLS� DQ\� SRUW� DW� WKH� OLQHU� VKLSSLQJ� URXWH�� WKXV�� WKH� OLQHU�

VKLSSLQJ�FRPSDQ\�FRPSOLHG�ZLWK�WKH�SODQQHG�RSHUDWLRQV��VHH�)LJXUH������+RZHYHU��ZKHQ�

D�GLVUXSWLYH�HYHQW�RFFXUV�DW�D�SRUW�HDUO\�LQ�WKH�YR\DJH�>VFHQDULR�³�´@��VNLSSLQJ�WKH�3RUW�RI�
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0DUVD[ORNN� �0DOWD��� ZKHUH� WKH� GLVUXSWLRQ� RFFXUUHG�� ZLWKRXW� FRQWDLQHU� GLYHUVLRQ�� ZDV�

IRXQG� WR� EH� WKH�PRVW� EHQHILFLDO� UHFRYHU\� DFWLRQ� WKDW� FDQ� EH� LPSOHPHQWHG� E\� WKH� OLQHU�

VKLSSLQJ� FRPSDQ\ LQ� RUGHU� WR� UHFRYHU� WKH� YHVVHO� VFKHGXOH� �VHH� )LJXUH� �����0RUHRYHU��

ZKHQ�D�GLVUXSWLYH�HYHQW�RFFXUV�DW�D�SRUW�ODWHU�LQ�WKH�YR\DJH�>VFHQDULR�³�´@��VNLSSLQJ�WKH�

3RUW�RI�9DOHQFLD��6SDLQ���ZKHUH�WKH�GLVUXSWLRQ�RFFXUUHG��ZLWKRXW�FRQWDLQHU�GLYHUVLRQ��ZDV�

IRXQG� WR�EH� WKH�PRVW�EHQHILFLDO� UHFRYHU\�VWUDWHJ\� WKDW�FDQ�EH� LPSOHPHQWHG�E\� WKH� OLQHU�

VKLSSLQJ�FRPSDQ\�LQ�RUGHU�WR�UHFRYHU�WKH�YHVVHO�VFKHGXOH��VHH�)LJXUH������

$OVR��ZKHQ�GLVUXSWLYH�HYHQWV�RFFXU�LQ�VHD�>VFHQDULR�³�´@��WKH�YHVVHOV�GLG�QRW�VNLS�

DQ\�SRUW�RI�FDOO��VHH�)LJXUH������+HQFH��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�HQGXUHG�WKH�GHOD\�DQG�

YLVLWHG�DOO�WKH�SRUWV�DW�WKH�OLQHU�VKLSSLQJ�URXWH��,Q�FDVH�RI�GLVUXSWLYH�HYHQWV�LQ�VHD�DQG�DW�

SRUWV�RI�FDOO�>VFHQDULR�³�´@��VNLSSLQJ�WKH�3RUW�RI�+DPDG��8QLWHG�$UDE�(PLUDWHV��ZLWKRXW�

FRQWDLQHU� GLYHUVLRQ� DQG� VNLSSLQJ� WKH� 3RUW� RI� 1KDYD� 6KHYD� �,QGLD�� ZLWK� FRQWDLQHU�

GLYHUVLRQ ZHUH IRXQG�WR�EH�WKH�PRVW�EHQHILFLDO�UHFRYHU\�DFWLRQV�WKDW�FDQ�EH�LPSOHPHQWHG�

E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\ LQ�RUGHU� WR� UHFRYHU� WKH�YHVVHO� VFKHGXOH� �VHH� )LJXUH������

7KH�PRGHO� VXJJHVWHG� GLYHUWLQJ� ����7(8V� WR� WKH�3RUW� RI�0XQGUD� �,QGLD���1RWH� WKDW� WKH�

3RUW�RI�1KDYD�6KHYD��,QGLD��DQG�WKH�3RUW�RI�0XQGUD��,QGLD��DUH LQ�WKH�VDPH�FRXQWU\�DQG�

DUH� FRQQHFWHG E\� ODQG�� )XUWKHUPRUH�� WKH� YHVVHOV� VNLS� WKH� SRUWV� ZKHUH� GLVUXSWLRQV�

RFFXUUHG��

7KH� UHVXOWV� IURP� WKH� QXPHULFDO� H[SHULPHQWV� LQGLFDWHG� WKDW� DQ� LQFUHDVH� LQ� WKH�

QXPEHU� RI� GLVUXSWLYH� HYHQWV� DW� SRUWV� GXULQJ� D� YR\DJH� VLJQLILFDQWO\� DIIHFWHG� WKH� YHVVHO�

VFKHGXOH�� WKXV�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� ZDV� UHTXLUHG� WR� LPSOHPHQW� PRUH� GUDVWLF�

UHFRYHU\�DFWLRQV��VXFK�DV�SRUW�VNLSSLQJ�ZLWK�DQG�RU�ZLWKRXW�FRQWDLQHU�GLYHUVLRQ�� LQVWHDG�

RI� LPSOHPHQWLQJ� WKH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW VWUDWHJ\ DQG�RU� WKH� KDQGOLQJ� UDWH�



���

DGMXVWPHQW VWUDWHJ\� 0RUHRYHU�� WKH�RSWLRQ�RI�SRUW�VNLSSLQJ� LV�SUHIHUUHG�ZKHQ�GLVUXSWLYH�

HYHQWV�RFFXU�DW�SRUWV�

�������� 9HVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�GHFLVLRQV�DQG�VDLOLQJ�WLPH

7KURXJKRXW�WKH�QXPHULFDO�H[SHULPHQWV��ERWK�WKH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�DQG�DYHUDJH�

YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� ZHUH� HVWLPDWHG� IRU� FHUWDLQ� VFHQDULRV� RI� GLVUXSWLRQV�

>VFHQDULRV ³�´�� ³�´�� ³�´�� DQG� ³�´@�� 1RWH� WKDW WKH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� DQG� WKH�

DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� ZHUH� QRW� HVWLPDWHG� ZKHQ� WKHUH� ZHUH� QR�

GLVUXSWLRQV�LQ�VHD�DQG�DW SRUWV�>VFHQDULR�³�´@��DV� WKH�SODQQHG�VFKHGXOH�ZDV�QRW�DIIHFWHG��

7KH� UHVXOWV� UHWULHYHG� IURP� WKH� FRPSXWDWLRQDO� H[SHULPHQWV� UHYHDOHG� WKDW� WKH� DYHUDJH�

YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� DQG� WKH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� UHGXFHG� ZKHQ� D�

GLVUXSWLYH�HYHQW�RFFXUV�DW�D�SRUW�HDUO\�LQ�WKH�YR\DJH�>VFHQDULR�³�´@�DV�FRPSDUHG�WR�ZKHQ�D�

GLVUXSWLYH�HYHQW�RFFXUV�DW�D�SRUW�WRZDUGV�WKH�HQG�RI�WKH�YR\DJH�>VFHQDULR�³�´@��VHH�)LJXUH�

�� DQG� )LJXUH� ����� 6XFK� ILQGLQJ� FDQ� EH� MXVWLILHG� E\� WKH� IDFW� WKDW� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�KDV� WKH� DELOLW\� WR� HIILFLHQWO\� UHFRYHU� WKH� YHVVHO� VFKHGXOH� LI� D� GLVUXSWLYH� HYHQW�

RFFXUV�DW�D�SRUW�HDUO\�LQ�WKH�YR\DJH��IRU�LQVWDQFH��YHVVHO�VDLOLQJ�VSHHG�FDQ�EH�LQFUHDVHG�DW�

VHYHUDO�YR\DJH�OHJV�RI�WKH�OLQHU�VKLSSLQJ�URXWH�WR�HOLPLQDWH�WKH�GHOD\V���
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)LJXUH��� 7KH DYHUDJH�YHVVHO�VDLOLQJ�VSHHG

+RZHYHU�� YHVVHO� VFKHGXOH� UHFRYHU\� EHFRPHV� PRUH� GLIILFXOW� ZKHQ� D� GLVUXSWLYH�

HYHQW� RFFXUV� DW� D� SRUW� WRZDUGV� WKH� HQG� RI� WKH� YR\DJH� �IRU� H[DPSOH�� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�ZLOO�KDYH�RQO\�D�IHZ�YR\DJH�OHJV�WR�DGMXVW�WKH�YHVVHO�VDLOLQJ�VSHHG��WKXV��D�PRUH�

VXEVWDQWLDO�LQFUHDVH�LQ�WKH�YHVVHO�VDLOLQJ�VSHHG�ZLOO�EH UHTXLUHG���)XUWKHUPRUH��WKH�UHVXOWV�

GHPRQVWUDWHG�WKDW�WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�UHFRYHU\�VWUDWHJ\�ZDV�PDLQO\�XVHG�

E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�WR�UHFRYHU�WKH�GHOD\V�ZKHQ�GLVUXSWLYH�HYHQWV�RFFXUUHG�LQ�

VHD�RQO\�>VFHQDULR�³�´@�± L�H���WKH�SRUW�VNLSSLQJ�UHFRYHU\�RSWLRQ�ZDV�QRW�VHOHFWHG�IRU�WKH�

YHVVHO�VFKHGXOH�UHFRYHU\��
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)LJXUH��� 7KH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW

7KH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� VHOHFWHG� E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� ZDV�

IRXQG�WR�EH�ORZHU�ZKHQ�GLVUXSWLRQV�RFFXUUHG�LQ�VHD�DQG�DW�SRUWV�>VFHQDULR�³�´@��7KH�ODWWHU�

ILQGLQJ�FDQ�EH� H[SODLQHG�E\� WKH� IROORZLQJ�� ���� WKH�GLVUXSWLYH� HYHQWV� LQ� VHD� UHGXFHG� WKH�

SODQQHG�YHVVHO� VDLOLQJ� VSHHG�DW� YR\DJH� OHJV��DQG� ����GXH� WR� VHYHUDO�GLVUXSWLYH�HYHQWV�DW�

SRUWV�� WKH� OLQHU�VKLSSLQJ�FRPSDQ\�ZDV�UHTXLUHG� WR�VNLS�FHUWDLQ�SRUWV� LQ�RUGHU� WR� UHFRYHU�

WKH�VFKHGXOH� WKHUHIRUH�� WKH�OLQHU�VKLSSLQJ�FRPSDQ\�UHGXFHG�WKH�VDLOLQJ�VSHHG�DW�YR\DJH�

OHJV�DIWHU�VHOHFWLQJ�WKH�RSWLRQ�RI�SRUW�VNLSSLQJ�WR�UHGXFH�WKH�DFWXDO�IXHO�FRQVXPSWLRQ�DQG�

WKH�DVVRFLDWHG�FRVW��7KLV�ILQGLQJ�LQGLFDWHV WKDW�ZKHQ�PXOWLSOH�GLVUXSWLRQV�RFFXU�LQ�VHD�DQG�

DW�SRUWV�WKH XVH�RI WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�VWUDWHJ\�ZDV OLPLWHG�IRU�WKH�YHVVHO�

VFKHGXOH�UHFRYHU\�
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)LJXUH��� 7KH�WRWDO�YHVVHO�VDLOLQJ�WLPH�IRU�VFHQDULRV�³�´�± ³�´

,Q� DGGLWLRQ� WR� WKH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� DQG WKH DYHUDJH� YHVVHO� VDLOLQJ�

VSHHG� DGMXVWPHQW�� WKH� WRWDO� YHVVHO� VDLOLQJ� WLPH� IRU� FHUWDLQ� VFHQDULRV� RI� GLVUXSWLRQV�

>VFHQDULRV ³�´��³�´��³�´��DQG�³�´@�ZDV�FRPSXWHG�WKURXJKRXW�WKH QXPHULFDO�H[SHULPHQWV��

)LJXUH��� SUHVHQWV�WKH�WRWDO�YHVVHO�VDLOLQJ�WLPH�IRU�VFHQDULRV�³�´��³�´��³�´��DQG�³�´��7KH�

UHVXOWV�IURP�WKH�QXPHULFDO�H[SHULPHQWV�VKRZ�WKDW�WKH�WRWDO�YHVVHO�VDLOLQJ�WLPH�ZDV�KLJKHU�

ZKHQ�D�GLVUXSWLRQ�RFFXUV�DW�D�SRUW�HDUO\�LQ� WKH�YR\DJH�>VFHQDULR�³�´@��+RZHYHU�� IRU� WKH�

VFHQDULR�ZKHUH�D�GLVUXSWLRQ�RFFXUUHG�DW�D�SRUW�ODWHU�LQ�WKH�YR\DJH�>VFHQDULR�³�´@��LW�FDQ�EH�

REVHUYHG�WKDW�WKH�DYHUDJH�VDLOLQJ�VSHHG�DGMXVWPHQW�LQFUHDVHG�DQG�WKH�WRWDO�YHVVHO�VDLOLQJ�

WLPH�GHFUHDVHG �VHH�)LJXUH������:KHQ�GLVUXSWLRQV�RFFXU� LQ� VHD� >VFHQDULR�³�´@�� WKH� WRWDO�

YHVVHO�VDLOLQJ�WLPH�GHFUHDVHG�VXEVWDQWLDOO\�GXH�WR�DQ�LQFUHDVH�LQ WKH�DYHUDJH�YHVVHO�VDLOLQJ�

VSHHG DQG� WKH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� �WKH� OLQHU� VKLSSLQJ� FRPSDQ\�

SULPDULO\�DGRSWHG� WKH�YHVVHO� VDLOLQJ�VSHHG�DGMXVWPHQW�VWUDWHJ\� WR� UHFRYHU� WKH�VFKHGXOH���



���

$OVR�� LW� FDQ� EH� REVHUYHG� WKDW� WKH� WRWDO� YHVVHO� VDLOLQJ� WLPH� ZDV� WKH� KLJKHVW ZKHQ�

GLVUXSWLRQV�RFFXUUHG�LQ�VHD�DQG�DW�SRUWV��

�������� 9HVVHO�KDQGOLQJ�UDWH�DGMXVWPHQW�GHFLVLRQV

7KH� YHVVHO� KDQGOLQJ� UDWH� DGMXVWPHQW� GHFLVLRQ ZDV� UHWULHYHG� IURP� WKH� 9653��

PDWKHPDWLFDO�PRGHO�IRU�HDFK�VFHQDULR�RI�GLVUXSWLRQV��)RU�WKH�VFHQDULRV�ZLWK�GLVUXSWLRQV�

LQ� VHD� DQG�RU� DW� SRUWV� >VFHQDULRV� ³�´�� ³�´�� ³�´�� DQG� ³�´@�� WKH� VHOHFWLRQ� RI� WKH� KLJKHVW�

KDQGOLQJ�UDWH������7(8V�KRXU��DW� WKH�3RUW�RI�%DUFHORQD��6SDLQ���WRZDUGV� WKH�HQG�RI�WKH�

YR\DJH��ZDV�IRXQG�WR�EH�WKH�PRVW�IDYRUDEOH�GHFLVLRQ�IRU� WKH�OLQHU�VKLSSLQJ�FRPSDQ\�LQ�

RUGHU� WR� UHFRYHU� WKH� YHVVHO� VFKHGXOH �VHH� )LJXUH� ����� )XUWKHUPRUH�� WKH� YHVVHO� KDQGOLQJ�

UDWH�DGMXVWPHQW�UHFRYHU\�VWUDWHJ\�ZDV�PDLQO\�EHQHILFLDO�ZKHQ�GLVUXSWLRQV�RFFXU�ERWK�LQ�

VHD�DQG�DW�SRUWV�RI�FDOO�RI�WKH�OLQHU�VKLSSLQJ�URXWH�>VFHQDULR�³�´@��,Q�WKH�ODWWHU�VFHQDULR��WKH�

OLQHU�VKLSSLQJ�FRPSDQ\�GHFLGHG�WR�VHOHFW�KLJKHU�YHVVHO�KDQGOLQJ�UDWH�DW�IRXU�SRUWV�RI�FDOO�

WR� HIILFLHQWO\� UHFRYHU� WKH� YHVVHO� VFKHGXOH�� ,PSOHPHQWDWLRQ� RI� WKH� YHVVHO� VDLOLQJ� VSHHG�

DGMXVWPHQW� UHFRYHU\� VWUDWHJ\�RQO\�ZDV� LQDGHTXDWH� WR UHFRYHU� WKH� GHOD\V�ZKHQ� WKH� OLQHU�

VKLSSLQJ�FRPSDQ\�LV�IDFHG�ZLWK�GLVUXSWLYH�HYHQWV ERWK LQ�VHD�DQG�DW�SRUWV�



���

)LJXUH��� 7KH�YHVVHO�KDQGOLQJ�UDWH�VHOHFWLRQ�DW�SRUWV�IRU�WKH�FRQVLGHUHG�VFHQDULRV

�������� 7RWDO�SURILW�ORVV�DQG�LWV�FRPSRQHQWV

7KH REMHFWLYH�IXQFWLRQ��L�H���WKH�WRWDO�SURILW�ORVV��HQGXUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�

GXH�WR�GLVUXSWLYH�HYHQWV�LQ�VHD�DQG�DW�SRUWV��RI�WKH�9653�� PDWKHPDWLFDO�PRGHO�DQG�LWV�

FRPSRQHQWV�ZHUH�UHWULHYHG�IRU�HDFK�VFHQDULR��VHH )LJXUH������7KH�FRVW�FRPSRQHQWV� WKDW�

ZHUH� UHWULHYHG� LQFOXGH� WKH� IROORZLQJ�� ���� WKH� WRWDO� SURILW� ORVV� ࢆ� ± 86'��� ZKLFK� ZDV�

HQGXUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GXH�WR�GLVUXSWLRQV� ����WKH�DFWXDO�WRWDO�SURILW��ࡼࢀ ±

86'�������WKH�DFWXDO�WRWDO�UHYHQXH��ࢂࡱࡾ ± 86'�������WKH�DFWXDO�WRWDO�SRUW�KDQGOLQJ�FRVW�

࡯ࡴࡼ� ± 86'�� ���� WKH�DFWXDO� WRWDO� ODWH�YHVVHO�DUULYDO�FRVW� ࡯࡭ࡸ� ± 86'�� ���� WKH�DFWXDO�

WRWDO�IXHO�FRVW��࡯࡯ࡲ ± 86'���DQG ����WKH�DFWXDO�FRQWDLQHU�GLYHUVLRQ�FRVW��࡯ࡰ࡯ ± 86'���



���

)LJXUH��� 7KH�WRWDO�SURILW�ORVV�HQGXUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�DQG�RWKHU�FRVW�

FRPSRQHQWV



���

)LJXUH �� 7KH�WRWDO�SURILW�ORVV�HQGXUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�DQG�RWKHU�FRVW�

FRPSRQHQWV ± FRQWLQXHG



���

)LJXUH����7KH�WRWDO�SURILW�ORVV�HQGXUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�DQG�RWKHU�FRVW�

FRPSRQHQWV�± FRQWLQXHG

)URP�WKH�QXPHULFDO�H[SHULPHQWV�FRQGXFWHG��WKH�DFWXDO�WRWDO�UHYHQXH�JHQHUDWHG�E\�

WKH� OLQHU� VKLSSLQJ�FRPSDQ\�ZDV� ORZHU�ZKHQ GLVUXSWLYH�HYHQWV�RFFXU�GXULQJ� WKH�YR\DJH�

>VFHQDULRV�³�´��³�´��DQG�³�´@ DV�FRPSDUHG�WR�ZKHQ�WKHUH�DUH�QR�GLVUXSWLYH�HYHQWV�LQ�VHD�RU�

DW� SRUWV� >VFHQDULR� ³�´@�� 7KH� ODWWHU� FDQ� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\� VHOHFWHG� DW� OHDVW� RQH� UHFRYHU\� DFWLRQ� �L�H��� VNLSSHG� FHUWDLQ� SRUWV� ZLWK� DQG�RU�

ZLWKRXW� FRQWDLQHU� GLYHUVLRQ�� DGMXVWHG� WKH� YHVVHO� VDLOLQJ� VSHHG�� DGMXVWHG� WKH� YHVVHO�

KDQGOLQJ� UDWH�� WR� UHFRYHU� WKH� VFKHGXOH�� ZKLFK� LQFUHDVHG� WKH� DVVRFLDWHG� SODQQHG� FRVW�

FRPSRQHQWV� IRU� HDFK� VFHQDULR�ZLWK� GLVUXSWLRQV�� )RU� LQVWDQFH�� ZKHUH� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\� VNLSSHG� D� SRUW� ZLWKRXW� FRQWDLQHU� GLYHUVLRQ�� QR� UHYHQXH� ZDV JHQHUDWHG� DW� WKH�

SRUW��DQG�D SRUW�VNLSSLQJ�FRVW�ZDV�LPSRVHG�RQ�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��6SHFLILFDOO\��

ZKHUH�D�GLVUXSWLRQ�RFFXUUHG�DW� D�SRUW�HDUOLHU� LQ� WKH�YR\DJH�� WKH� OLQHU�VKLSSLQJ�FRPSDQ\�

KDG�WR�VNLS�WKH�3RUW�RI�0DUVD[ORNN��0DOWD��ZLWKRXW�FRQWDLQHU�GLYHUVLRQ��6LPLODUO\��ZKHUH�
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D�GLVUXSWLRQ�RFFXUUHG�ODWHU�LQ�WKH�YR\DJH��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�VNLSSHG�WKH�3RUW�RI�

9DOHQFLD� �6SDLQ�� ZLWKRXW� FRQWDLQHU� GLYHUVLRQ LQ� RUGHU� WR� UHFRYHU� WKH� GHOD\� GXH� WR�

GLVUXSWLRQV��

7KURXJKRXW�WKH�QXPHULFDO�H[SHULPHQWV��LW�ZDV�REVHUYHG�WKDW�WKH�OHDVW DFWXDO�WRWDO�

SURILW� JHQHUDWHG� E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� ZDV� UHFRUGHG� ZKHQ� WKHUH� DUH� PRUH�

GLVUXSWLRQV�WKURXJKRXW�WKH�YR\DJH�>VFHQDULR�³�´@��7KH�DFWXDO�WRWDO�SURILW�JHQHUDWHG�E\�WKH�

OLQHU�VKLSSLQJ�FRPSDQ\�ZDV�WKH�KLJKHVW�ZKHQ�WKHUH�DUH�QR�GLVUXSWLYH�HYHQWV�LQ�VHD�DQG�RU�

DW�SRUWV�>VFHQDULR�³�´@��0RUHRYHU�� WKH�DFWXDO� WRWDO�SURILW�JHQHUDWHG�E\�WKH�OLQHU�VKLSSLQJ�

FRPSDQ\�ZDV�KLJKHU�ZKHQ�D�GLVUXSWLYH�HYHQW�RFFXUV�HDUO\�LQ�WKH�YR\DJH�>VFHQDULR�³�´@�DV�

FRPSDUHG�WR�ZKHQ�D�GLVUXSWLYH�HYHQW�RFFXUV�ODWHU�LQ�WKH�YR\DJH�>VFHQDULR�³�´@��7KH�ODWWHU�

FDQ� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� KDG� VXIILFLHQW� WLPH� WR�

LPSOHPHQW� YDULRXV� UHFRYHU\� DFWLRQV� DW� ORZHU� FRVWV LQ� RUGHU� WR� PLWLJDWH� WKH� LPSDFW� RI�

GHOD\V�DQG�UHFRYHU�WKH�VFKHGXOH�ZKHQ�D�GLVUXSWLRQ�RFFXUV HDUO\�LQ� WKH�YR\DJH�>VFHQDULR�

³�´@�� +RZHYHU�� ZKHQ� D� GLVUXSWLRQ� RFFXUV ODWHU� LQ� WKH� YR\DJH� >VFHQDULR� ³�´@�� WKH� OLQHU�

VKLSSLQJ�FRPSDQ\�KDG�WR�LPSOHPHQW�PRUH�UDGLFDO�DFWLRQV�LQ�RUGHU�WR�HIIHFWLYHO\�UHFRYHU�

WKH�VFKHGXOH�DQG�LQFXUUHG�KLJKHU�FRVWV��ZKLFK�UHGXFHG�WKH�DFWXDO�WRWDO�SURILW��

)XUWKHUPRUH��ZKHQ�GLVUXSWLRQV�RFFXU�LQ�VHD�DQG�DW�SRUWV�>VFHQDULR�³�´@��WKH�DFWXDO�

WRWDO�SRUW�KDQGOLQJ�FRVW�ZDV�KLJKHU��VLQFH�WKH�YHVVHO�KDQGOLQJ�UDWH�DGMXVWPHQW�ZDV�IRXQG�

WR� EH� D� IDYRUDEOH� VWUDWHJ\� WR� UHFRYHU� WKH� YHVVHO� VFKHGXOH�� 6SHFLILFDOO\�� WKH� PD[LPXP�

KDQGOLQJ�UDWH������7(8V�KRXU��ZDV�VHOHFWHG�DW�D�WRWDO�RI�IRXU�SRUWV��LQFOXGLQJ�WKH�3RUW�RI�

0DUVD[ORNN� �0DOWD��� WKH�3RUW�RI� -HEHO�$OL� �8QLWHG�$UDE�(PLUDWHV��� WKH�3RUW�RI�0XQGUD�

�,QGLD��� DQG� WKH�3RUW�RI�%DUFHORQD� �6SDLQ��� LQ�RUGHU� WR HIIHFWLYHO\� UHFRYHU� WKH�VFKHGXOH��

7KH�ODWWHU�LQFUHDVHG�WKH�DFWXDO�WRWDO�SRUW�KDQGOLQJ�FRVW��$OVR��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�
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HQGXUHG�WKH�DGGLWLRQDO�SRUW�VNLSSLQJ�FRVWV�IRU�WKH�VFHQDULRV�ZKHUH�GLVUXSWLRQV�RFFXUUHG�DW�

SRUWV��DQG�FHUWDLQ�SRUWV�ZHUH�VNLSSHG�ZLWKRXW�FRQWDLQHU�GLYHUVLRQ�>VFHQDULRV�³�´��³�´��DQG�

³�´@��ZKLFK�LQFUHDVHG�WKH�WRWDO�SRUW�KDQGOLQJ�FRVW��

7KH�DFWXDO� WRWDO� IXHO�FRVW�ZDV�KLJKHU�ZKHQ�GLVUXSWLRQV�RFFXUUHG� LQ�VHD�>VFHQDULR

³�´@��7KLV�FDQ�EH�MXVWLILHG�E\�WKH�IDFW�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�SULPDULO\�XVHG�WKH�

YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�WR�HIIHFWLYHO\�UHFRYHU�WKH�VFKHGXOH��L�H���WKH�YHVVHO�VDLOLQJ�

VSHHG� ZDV� LQFUHDVHG� DW� YR\DJH� OHJV��� /RZHU� DFWXDO� WRWDO� IXHO� FRQVXPSWLRQ� FRVW� ZDV�

UHFRUGHG�ZKHQ� VHYHUDO� GLVUXSWLYH� HYHQWV� RFFXU� ERWK� LQ� VHD� DQG� DW� SRUWV >VFHQDULR� ³�´@��

VLQFH�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�VNLSSHG�PXOWLSOH�SRUWV�DQG�UHGXFHG�WKH�VDLOLQJ�VSHHG�DW�

FHUWDLQ�YR\DJH�OHJV�WR�PLQLPL]H�WKH�IXHO�FRQVXPSWLRQ�DQG�LWV�DVVRFLDWHG�FRVW�

%DVHG�RQ�WKH�UHVXOWV��WKH�DFWXDO�WRWDO�FRQWDLQHU�GLYHUVLRQ�FRVW�ZDV�UHFRUGHG IRU�WKH�

VFHQDULR�ZKHQ�GLVUXSWLRQV�RFFXU� LQ� VHD� DQG� DW� SRUWV� >VFHQDULR� ³�´@�� VLQFH�SRUW� VNLSSLQJ�

ZLWK� FDUJR� GLYHUVLRQ� ZDV� XVHG� DV� D� UHFRYHU\� VWUDWHJ\�� ,Q� DGGLWLRQ�� UHVXOWV� IURP� WKH�

FRQGXFWHG�QXPHULFDO�H[SHULPHQWV UHYHDOHG�WKDW�WKH�WRWDO�SURILW�ORVV��VXIIHUHG�E\�WKH�OLQHU�

VKLSSLQJ FRPSDQ\ ZKHQ� GLVUXSWLYH� HYHQWV� RFFXU� LQ� VHD� DQG� DW� SRUWV� >VFHQDULR� ³�´@� LV�

KLJKHU� DV� FRPSDUHG� WR� RWKHU� VFHQDULRV� RI� GLVUXSWLRQV�� 7KH� ODWWHU� ILQGLQJ� VXJJHVWV WKDW�

ZKHQ� GLVUXSWLYH� HYHQWV� RFFXU� IUHTXHQWO\� GXULQJ� D� YR\DJH�� SURILW� ORVVHV� PD\� EH�

XQDYRLGDEOH� IRU� OLQHU� VKLSSLQJ� FRPSDQLHV��+RZHYHU�� WKH�PHWKRGRORJ\�SUHVHQWHG� LQ� WKLV�

VWXG\� FRXOG� EH� HIIHFWLYHO\� XVHG� E\� OLQHU� VKLSSLQJ� FRPSDQLHV� WR� UHGXFH� WKH� WRWDO� SURILW�

ORVVHV�



���

������ 6HQVLWLYLW\�$QDO\VLV�IRU�WKH�9653���3DUDPHWHUV

7KURXJKRXW� WKH� QXPHULFDO� H[SHULPHQWV�� DQ� DGGLWLRQDO� DQDO\VLV� ZDV� FRQGXFWHG� WR�

LQYHVWLJDWH�WKH�HIIHFWV�RI�YDU\LQJ�FHUWDLQ�SDUDPHWHUV�RI�WKH�9653�� PDWKHPDWLFDO�PRGHO�

RQ�WKH�UHFRYHUHG�YHVVHO�VFKHGXOHV��7KLV�VHFWLRQ�RI�WKH�PDQXVFULSW�SUHVHQWV�WKH�PDQDJHULDO�

LQVLJKWV�UHYHDOHG�IURP�YDU\LQJ�WKH�IROORZLQJ������SRUW�VNLSSLQJ�FRVW��DQG����� LQODQG�DQG�

SRUW�KDQGOLQJ�FDSDFLWLHV��DQG�����XQLW�IXHO�FRVW�

�������� $QDO\VLV����VHQVLWLYLW\�WR�WKH�SRUW�VNLSSLQJ�FRVW

$�VHQVLWLYLW\�DQDO\VLV�ZDV�FRQGXFWHG�WR�LQYHVWLJDWH�WKH�HIIHFWV�RI�FKDQJH�LQ�WKH�XQLW�SRUW�

VNLSSLQJ� FRVW� RQ� WKH� UHFRYHUHG� YHVVHO� VFKHGXOH�� 6SHFLILFDOO\� WKH� SRUW� VNLSSLQJ�

LQFRQYHQLHQFH� FRHIILFLHQW ��ߤ� ZDV� FKDQJHG� IURP� ߤ ൌ ሾͳǤͲͲሿ WR� ߤ ൌ ሾͶͲǤͲͲሿ ZLWK� DQ�

LQFUHPHQW� RI� ሾͳǤͲͲሿ�� $� WRWDO� RI� WKUHH� VFHQDULRV� RI� GLVUXSWLRQV >VFHQDULRV� ³�´�� ³�´�� DQG�

³�´@� ZKHUH�WKH�YHVVHO�VNLSSHG�FHUWDLQ�SRUWV� ZHUH�FRQVLGHUHG��7KH�9653�� PDWKHPDWLFDO�

PRGHO�ZDV�VROYHG�IRU�HDFK�VFHQDULR�RI�GLVUXSWLRQV ZLWK�DQ�LQFUHPHQW�LQ�WKH�SRUW�VNLSSLQJ�

FRVW�

6FHQDULR����$�GLVUXSWLRQ�DW�D�SRUW�HDUO\�LQ�WKH�YR\DJH

)LJXUH �� SUHVHQWV�WKH�SRUW�VNLSSLQJ�GHFLVLRQV�IRU�GLVUXSWLRQ�VFHQDULR�³�´��ZKHQ�WKH�SRUW�

VNLSSLQJ�FRHIILFLHQWߤ� ZDV�FKDQJHG�DV ሾͳǤͲሿ ൊ ሾͶͲǤͲሿ E\�LQFUHDVLQJ�WKH�YDOXH�E\�ሾͳǤͲͲሿ��,W�

ZDV� REVHUYHG� WKDW� WKH� 3RUW� RI� 0DUVD[ORNN� �0DOWD�� ZDV� VNLSSHG� ZLWKRXW� FRQWDLQHU�

GLYHUVLRQ� E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� ZKHQ� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH�

FRHIILFLHQW� ZDV� VHW� WR� ߤ ൌ ሾͳǤͲሿ ൊ ሾͳ͵ǤͲሿ �VHH� )LJXUH ��D��� 7KH� ODWWHU� ILQGLQJ� FDQ� EH�

VXSSRUWHG� E\� WKH� IDFW� WKDW� VNLSSLQJ� WKH� 3RUW� RI�0DUVD[ORNN� �0DOWD�� ZLWKRXW� FRQWDLQHU�

GLYHUVLRQ� ZDV� WKH�PRVW� EHQHILFLDO� GHFLVLRQ� IRU� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� LQ� RUGHU� WR�
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HIIHFWLYHO\�UHFRYHU�WKH�YHVVHO�VFKHGXOH� ZKHQ�D�GLVUXSWLRQ�RFFXUUHG�DW�D�SRUW�HDUO\�LQ�WKH�

YR\DJH� >VFHQDULR� ³�´@�� 7KH� HVWLPDWHG� SRUW� VNLSSLQJ� FRVW� IRU� WKHVH SRUW� VNLSSLQJ�

LQFRQYHQLHQFH�FRHIILFLHQW FDVHV ZDV�ORZHU�DV�FRPSDUHG�WR�WKH�H[WUD�URXWH�FRVWV�WKDW�PLJKW�

EH�LQFXUUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\ ZLWKRXW�SRUW�VNLSSLQJ LI�D�GLVUXSWLRQ�RFFXUV�DW�

D�SRUW�HDUO\�LQ�WKH�YR\DJH��

)LJXUH��� 7KH�SRUW�VNLSSLQJ�GHFLVLRQV�IRU�GLVUXSWLRQ�VFHQDULR�����D�ߤ� ൌ ሾͳǤͲሿ ൊ ሾͳ͵ǤͲሿ��

DQG��E� ߤ ൌ ሾͳͶǤͲሿ ൊ ሾͶͲǤͲሿ

�D�

�E�
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)XUWKHUPRUH��ZKHQ� WKH�SRUW�VNLSSLQJ� LQFRQYHQLHQFH�FRHIILFLHQW�ZDV� LQFUHDVHG� WR�

ߤ ൌ ሾͳͶǤͲሿ ൊ ሾͶͲǤͲሿ�� LW�ZDV� REVHUYHG� WKDW� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� GLG� QRW� VNLS WKH�

3RUW� RI�0DUVD[ORNN� �0DOWD� EXW� HQGXUHG� WKH� GHOD\� GXH� WR� D� GLVUXSWLRQ� DW� WKH SRUW� �VHH�

)LJXUH ��E��� 7KH� ODWWHU� ILQGLQJ� FDQ� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� LQFUHDVLQJ� WKH� SRUW�

VNLSSLQJ�FRHIILFLHQW�WRߤ� ൌ ሾͳͶǤͲ ൊ ͶͲǤͲሿ PLJKW FDXVH�D�VXEVWDQWLDO�LQFUHPHQW�LQ�WKH�SRUW�

VNLSSLQJ� FRVW� WR� EH� HQGXUHG� E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�� +HQFH�� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�GLG�QRW�VNLS�WKH�SRUW�ZKHQ�D�GLVUXSWLRQ�RFFXUUHG�HDUO\�LQ�WKH�YR\DJH�>VFHQDULR�

³�´@� DQG� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH� FRHIILFLHQW� ZDV� LQFUHDVHG� WR� ߤ ൌ ሾͳͶǤͲሿ ൊ

ሾͶͲǤͲሿ LQ�RUGHU�WR�HIIHFWLYHO\�UHFRYHU�WKH�YHVVHO�VFKHGXOH��7KH�UHVXOWV�IURP�WKH�QXPHULFDO�

H[SHULPHQWV�GHPRQVWUDWHG�WKDW�WKH�SRUW�VNLSSLQJ�GHFLVLRQV�ZKHQ�D�GLVUXSWLRQ�RFFXUV�DW�D�

SRUW HDUO\�LQ�WKH�YR\DJH�>VFHQDULR�³�´@�FRXOG�EH�DIIHFWHG�E\�WKH�SRUW�VNLSSLQJ�FRVWV��

6FHQDULR����$�GLVUXSWLRQ�DW�D�SRUW�ODWHU�LQ�WKH�YR\DJH

7KH� SRUW� VNLSSLQJ� GHFLVLRQV� IRU� GLVUXSWLRQ� VFHQDULR� ³�´� ZKHQ� WKH� SRUW� VNLSSLQJ�

FRHIILFLHQWߤ� ZDV�FKDQJHG�DV ሾͳǤͲሿ ൊ ሾͶͲǤͲሿ E\�LQFUHDVLQJ�WKH�YDOXH�E\�ሾͳǤͲͲሿ� LV�VKRZQ�

LQ )LJXUH� ���� ,W� ZDV� REVHUYHG� WKDW� WKH� 3RUW� RI� 9DOHQFLD� �6SDLQ�� ZDV� VNLSSHG� ZLWKRXW�

FRQWDLQHU�GLYHUVLRQ�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�ZKHQ�WKH�SRUW�VNLSSLQJ�LQFRQYHQLHQFH�

FRHIILFLHQW� ZDV� VHW� WR� ߤ ൌ ሾͳǤͲሿ ൊ ሾ͵͸ǤͲሿ �VHH� )LJXUH ��D��� 7KH� ODWWHU� ILQGLQJ� FDQ� EH�

VXSSRUWHG� E\� WKH� IDFW� WKDW� VNLSSLQJ� WKH� 3RUW� RI� 9DOHQFLD� �6SDLQ�� ZLWKRXW� FRQWDLQHU�

GLYHUVLRQ� ZDV� WKH�PRVW EHQHILFLDO� GHFLVLRQ� IRU� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� LQ� RUGHU� WR�

HIIHFWLYHO\� UHFRYHU� WKH�YHVVHO�VFKHGXOH�ZKHQ�D�GLVUXSWLRQ�RFFXUUHG�DW�D�SRUW� ODWHU� LQ� WKH�

YR\DJH� >VFHQDULR� ³�´@�� 7KH� HVWLPDWHG� SRUW� VNLSSLQJ� FRVW� IRU� WKHVH� SRUW� VNLSSLQJ�

LQFRQYHQLHQFH�FRHIILFLHQW�FDVHV�ZDV�ORZHU�DV�FRPSDUHG�WR�WKH�H[WUD�URXWH�FRVWV�WKDW�PLJKW�



���

EH�LQFXUUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�ZLWKRXW�SRUW�VNLSSLQJ�LI�D�GLVUXSWLRQ�RFFXUV�DW�

D�SRUW�ODWHU�LQ�WKH�YR\DJH�

)LJXUH��� 7KH�SRUW�VNLSSLQJ�GHFLVLRQV�IRU�GLVUXSWLRQ�VFHQDULR�����D�ߤ� ൌ ሾͳǤͲሿ ൊ ሾ͵͸ǤͲሿ��

DQG��E�ߤ� ൌ ሾ͵͹ǤͲሿ ൊ ሾͶͲǤͲሿ

+RZHYHU��ZKHQ�WKH�SRUW�VNLSSLQJ�LQFRQYHQLHQFH�FRHIILFLHQW�ZDV�LQFUHDVHG�WRߤ� ൌ

ሾ͵͹ǤͲሿ ൊ ሾͶͲǤͲሿ��LW�ZDV�REVHUYHG�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GLG�QRW�VNLS�WKH�3RUW�RI�

9DOHQFLD��6SDLQ��EXW�HQGXUHG�WKH�GHOD\�GXH�WR�D�GLVUXSWLRQ�DW� WKH�SRUW��VHH�)LJXUH ��E���

7KH� ODWWHU� ILQGLQJ� FDQ� EH� VXSSRUWHG� E\� WKH� IDFW� WKDW� LQFUHDVLQJ� WKH� SRUW� VNLSSLQJ�

�D�

�E�



���

FRHIILFLHQW� WRߤ� ൌ ሾ͵͹ǤͲ ൊ ͶͲǤͲሿ PD\�FDXVH�D�VXEVWDQWLDO� LQFUHPHQW�LQ� WKH�SRUW�VNLSSLQJ�

FRVW�WR�EH�HQGXUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��7KXV��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GLG�

QRW� VNLS� WKH�SRUW�ZKHQ�D�GLVUXSWLRQ�RFFXUUHG� ODWHU� LQ� WKH�YR\DJH� >VFHQDULR�³�´@�DQG� WKH�

SRUW�VNLSSLQJ�LQFRQYHQLHQFH�FRHIILFLHQW�ZDV�LQFUHDVHG�WRߤ� ൌ ሾ͵͹ǤͲሿ ൊ ሾͶͲǤͲሿ LQ�RUGHU�WR�

HIIHFWLYHO\�UHFRYHU�WKH�YHVVHO�VFKHGXOH��

1RWH�WKDW�ZKHQ�D�GLVUXSWLRQ�RFFXUV�DW�D�SRUW�HDUO\�LQ�WKH�YR\DJH�>VFHQDULR�³�´@��WKH�

OLQHU� VKLSSLQJ� FRPSDQ\� GHFLGHG� WR� HQGXUH� WKH� GHOD\� DIWHU� WKH� SRUW� VNLSSLQJ� FRHIILFLHQW�

ZDV� LQFUHDVHG WR� ߤ ൌ ሾͳͶǤͲሿ ൊ ሾͶͲǤͲሿ�� ZKLOH� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� GHFLGHG� WR�

HQGXUH� WKH� GHOD\�ZKHQ� D� GLVUXSWLRQ� RFFXUV� DW� D� SRUW� ODWHU� LQ� WKH� YR\DJH� >VFHQDULR� ³�´@�

DIWHU WKH�SRUW�VNLSSLQJ�FRHIILFLHQW�ZDV�LQFUHDVHG�WRߤ� ൌ ሾ͵͹ǤͲሿ ൊ ሾͶͲǤͲሿ��6XFK�ILQGLQJ�FDQ�

EH�MXVWLILHG�E\ WKH�IDFW�WKDW�WKH�OLQHU�VKLSSLQJ�KDV�PRUH�IOH[LELOLW\ WR�HIIHFWLYHO\�UHFRYHU�

WKH�YHVVHO�VFKHGXOH�XVLQJ�RWKHU�UHFRYHU\�RSWLRQV�LI�D�GLVUXSWLRQ�RFFXUV�DW�D�SRUW�HDUO\�LQ�

WKH�YR\DJH�>VFHQDULR�³�´@��WKXV��ORZHU�SRUW�VNLSSLQJ�FRVW�FDQ�EH�HQGXUHG��+RZHYHU��ZKHQ

D�GLVUXSWLRQ�RFFXUV�DW�D�SRUW�ODWHU�LQ�WKH�YR\DJH��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�KDV�OLPLWHG�

RSSRUWXQLWLHV� WR� HIIHFWLYHO\� UHFRYHU� WKH� YHVVHO� VFKHGXOH� DQG� FDQ� HQGXUH� D� KLJKHU� SRUW�

VNLSSLQJ� FRVW�� 7KH� UHVXOWV� IURP� WKH� QXPHULFDO� H[SHULPHQWV� VXJJHVWHG� WKDW� WKH� SRUW�

VNLSSLQJ�GHFLVLRQV�ZKHQ�D�GLVUXSWLRQ�RFFXUV�DW�D�SRUW� ODWHU�LQ� WKH�YR\DJH�>VFHQDULR�³�´@�

FRXOG�EH�DIIHFWHG�E\�WKH�SRUW�VNLSSLQJ�FRVWV�

6FHQDULR����'LVUXSWLRQV�LQ�VHD�DQG�DW�SRUWV

)LJXUH �� SUHVHQWV�WKH�SRUW�VNLSSLQJ�GHFLVLRQV�IRU�GLVUXSWLRQ�VFHQDULR�³�´��ZKHQ�WKH�SRUW�

VNLSSLQJ�FRHIILFLHQWߤ� ZDV�FKDQJHG�DV ሾͳǤͲሿ ൊ ሾͶͲǤͲሿ E\�LQFUHDVLQJ�WKH�YDOXH�E\�ሾͳǤͲͲሿ��,W�

ZDV� REVHUYHG� WKDW� WKH� 3RUW RI� +DPDG� �8QLWHG� $UDE� (PLUDWHV�� ZDV� VNLSSHG� ZLWKRXW�



���

FRQWDLQHU� GLYHUVLRQ� DQG� WKH� 3RUW� RI� 1KDYD� 6KHYD� �,QGLD�� ZDV� VNLSSHG� ZLWK� ���� 7(8V�

GLYHUWHG� WR� WKH� 3RUW� RI� 0XQGUD� �,QGLD� E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� ZKHQ� WKH� SRUW�

VNLSSLQJ�LQFRQYHQLHQFH�FRHIILFLHQW�ZDV VHW�WRߤ� ൌ ሾͳǤͲሿ ൊ ሾͳ͹ǤͲሿ �VHH�)LJXUH ��D���6XFK�

ILQGLQJ� FDQ� EH� VXSSRUWHG� E\� WKH� IDFW� WKDW� VNLSSLQJ� WKH� 3RUW� RI� +DPDG� �8QLWHG� $UDE�

(PLUDWHV��ZLWKRXW�FRQWDLQHU�GLYHUVLRQ�DQG�WKH�3RUW�RI�1KDYD�6KHYD��,QGLD��ZLWK�FRQWDLQHU�

GLYHUVLRQ������7(8V� WR�WKH�3RUW�RI�0XQGUD��,QGLD��ZDV�WKH�PRVW�EHQHILFLDO�GHFLVLRQ�IRU�

WKH� OLQHU�VKLSSLQJ�FRPSDQ\�LQ�RUGHU� WR�VXFFHVVIXOO\�UHFRYHU� WKH�YHVVHO VFKHGXOH�ZKHQ�D�

GLVUXSWLRQ� RFFXUUHG� LQ� VHD� DQG� DW� SRUWV� WKURXJKRXW� WKH� YR\DJH� >VFHQDULR� ³�´@�� ,Q� WKLV�

VFHQDULR�� WKH� HVWLPDWHG� SRUW� VNLSSLQJ� DQG� FRQWDLQHU� GLYHUVLRQ� FRVWV� ZHUH ORZHU� DV�

FRPSDUHG�WR� WKH�H[WUD�URXWH�FRVWV� WKDW�PLJKW�EH�LQFXUUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�

ZLWKRXW�SRUW�VNLSSLQJ�LI�D�GLVUXSWLRQ�RFFXUV�LQ�VHD�DQG�DW�SRUWV��

)XUWKHUPRUH�� LQFUHDVLQJ� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH� FRHIILFLHQW� WR� ߤ ൌ

ሾͳͺǤͲሿ ൊ ሾͶͲǤͲሿ PLJKW�FDXVH�D�VXEVWDQWLDO� LQFUHDVH�LQ� WKH�SRUW�VNLSSLQJ�FRVW� WKDW�ZLOO�EH�

LQFXUUHG�E\ WKH�OLQHU�VKLSSLQJ�FRPSDQ\��,W�ZDV�REVHUYHG�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�

GLG�QRW�VNLS�WKH�3RUW�RI�+DPDG��8QLWHG�$UDE (PLUDWHV���EXW�HQGXUHG�WKH�GHOD\�GXH�WR�D�

GLVUXSWLRQ� DW� WKH� SRUW� �VHH� )LJXUH ��E��� 0RUHRYHU�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� VWLOO�

GHFLGHG�WR�VNLS�WKH�3RUW�RI�1KDYD�6KHYD��,QGLD� �VHH�)LJXUH ��E��ZLWK�FRQWDLQHU�GLYHUVLRQ�

����� 7(8V�� WR� WKH� 3RUW� RI� 0XQGUD� �,QGLD�� ZKHQ� WKH� SRUW� VNLSSLQJ� LQFRQYHQLHQFH�

FRHIILFLHQW� ZDV LQFUHDVHG� WR� ߤ ൌ ሾͳͺǤͲሿ ൊ ሾͶͲǤͲሿ LQ� RUGHU� WR� VXFFHVVIXOO\� UHFRYHU� WKH�

VFKHGXOH�� 6XFK� ILQGLQJ� FDQ� EH� H[SODLQHG� E\� WKH� IDFW� WKDW� SRUW� VNLSSLQJ� ZLWK� FDUJR�

GLYHUVLRQ� ZDV� PRUH� FRVW�HIIHFWLYH�� DV� LW� DOORZHG� DYRLGLQJ� WKH� DGGLWLRQDO� FRVWV� GXH� WR�

PLVFRQQHFWHG�FDUJR��



���

7KHUHIRUH��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GHFLGHG�WR�HQGXUH�WKH�GHOD\�DW�WKH�SRUW�RI�

3RUW�RI�+DPDG��8QLWHG�$UDE�(PLUDWHV��EXW�VNLSSHG�WKH�3RUW�RI�1KDYD�6KHYD��,QGLD� ZLWK�

FRQWDLQHU� GLYHUVLRQ� WR� WKH� 3RUW� RI� 0XQGUD� �,QGLD�� LQ RUGHU� WR� HIIHFWLYHO\� UHFRYHU� WKH�

VFKHGXOH�� %DVHG� RQ� WKH� UHVXOWV� IURP� WKH� QXPHULFDO� H[SHULPHQWV�� WKH� SRUW� VNLSSLQJ�

GHFLVLRQV� ZKHQ� GLVUXSWLRQV RFFXU� LQ� VHD� DQG� DW� SRUWV� RI� FDOO� WKURXJKRXW� WKH� YR\DJH�

>VFHQDULR�³�´@�FRXOG�EH�DIIHFWHG�E\�WKH�SRUW�VNLSSLQJ�FRVWV�

)LJXUH��� 7KH�SRUW�VNLSSLQJ�GHFLVLRQV�IRU�GLVUXSWLRQ�VFHQDULR�����D�ߤ� ൌ ሾͳǤͲሿ ൊ ሾͳ͹ǤͲሿ��

DQG��E�ߤ� ൌ ሾͳͺǤͲሿ ൊ ሾͶͲǤͲሿ

�D�

�E�



���

�������� $QDO\VLV����VHQVLWLYLW\�WR�WKH�LQODQG�WUDQVSRUW�DQG�SRUW�KDQGOLQJ�FDSDFLWLHV

7KLV�VHFWLRQ�GLVFXVVHV�WKH�HIIHFWV�RI�FKDQJLQJ�WKH�LQODQG�DQG�SRUW�KDQGOLQJ�FDSDFLWLHV�RQ�

WKH�GHFLVLRQ�RI� WKH� OLQHU� VKLSSLQJ�FRPSDQ\�WR�GLYHUW�FDUJR� LI�D�SRUW� LV�VNLSSHG�GXH� WR�D�

GLVUXSWLRQ�� $� WRWDO� RI� ILYH� SUREOHP� LQVWDQFHV� ZHUH� JHQHUDWHG� E\� FKDQJLQJ� WKH� LQODQG�

WUDQVSRUW�DQG�SRUW�KDQGOLQJ�FDSDFLWLHV�IURP�����7(8V�WR������7(8V�ZLWK�DQ�LQFUHPHQW�RI�

����7(8V��7KH�GHYHORSHG�SUREOHP�LQVWDQFHV�DUH�SUHVHQWHG�LQ�7DEOH���

7DEOH�� 7KH�FRQVLGHUHG�LQODQG�WUDQVSRUW�DQG�SRUW�KDQGOLQJ�FDSDFLWLHV

,QVWDQFH� 0&7�FDSDFLW\� WR� VHUYH� WKH�
GLYHUWHG� GHPDQG��
௣ܥ
௣௢௥௧

݌׊ א ܲ �7(8V�

,QODQG� WUDQVSRUW�FDSDFLW\�
IRU� GLYHUWHG� GHPDQG��
௣ܥ
௟௔௡ௗ ݌׊ א ܲ �7(8V�

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

7KH�9653�� PDWKHPDWLFDO�PRGHO�ZDV�VROYHG�IRU�GLVUXSWLRQ�VFHQDULRV�³�´�DQG�³�´�

XVLQJ�WKH�JHQHUDWHG�SUREOHP�LQVWDQFHV��1RWH�WKDW�GLVUXSWLRQ�VFHQDULRV�³�´�DQG�³�´�ZHUH�

FRQVLGHUHG� EHFDXVH� WKH\� ZHUH� WKH� RQO\� VFHQDULRV� ZKHUH� D� SRUW� FDQ� EH� VNLSSHG� ZLWK�

FRQWDLQHU� GLYHUVLRQ E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\ EDVHG� RQ� WKH� IDFW� WKDW VRPH� RI WKH�

VXEVHTXHQW�SRUWV DW�WKH�OLQHU�VKLSSLQJ�URXWH�DUH LQ�WKH�VDPH�UHJLRQ��7KH�UHVXOWV�IURP�WKH�

QXPHULFDO�H[SHULPHQWV�DUH�SUHVHQWHG�QH[W�IRU�GLVUXSWLRQ�VFHQDULRV�³�´�DQG�³�´�

6FHQDULR����$�GLVUXSWLRQ�DW�D�SRUW�ODWHU�LQ�WKH�YR\DJH

7KH�SRUW�VNLSSLQJ�GHFLVLRQ�ZLWK�DQG�ZLWKRXW�FRQWDLQHU�GLYHUVLRQ�ZDV�UHWULHYHG�IURP�WKH�

9653�� PDWKHPDWLFDO� PRGHO� IRU� HDFK� RI� WKH� FRQVLGHUHG� SUREOHP� LQVWDQFHV� ZKHQ� D�



���

GLVUXSWLRQ�RFFXUV�DW� D�SRUW� ODWHU� LQ� WKH�YR\DJH� >VFHQDULR�³�´@��7DEOH�� SUHVHQWV� WKH�SRUW�

VNLSSLQJ�GHFLVLRQV�ZLWK�DQG�ZLWKRXW�FRQWDLQHU�GLYHUVLRQ�IRU�VFHQDULR�³�´��,W�ZDV�REVHUYHG�

WKDW�ZKHQ�WKH�LQODQG�WUDQVSRUW�DQG�SRUW�KDQGOLQJ�FDSDFLWLHV�ZHUH�HDFK�LQFUHDVHG�XS�WR�����

7(8V�� WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GHFLGHG�WR�VNLS�WKH 3RUW�RI�9DOHQFLD��6SDLQ��ZLWKRXW�

FRQWDLQHU� GLYHUVLRQ�� +RZHYHU�� ZKHQ� WKH� LQODQG� WUDQVSRUW� DQG� SRUW� KDQGOLQJ� FDSDFLWLHV�

ZHUH�LQFUHDVHG�XS�WR���� � �����7(8V��WKH�3RUW�RI�9DOHQFLD��6SDLQ��ZDV�VNLSSHG� DQG�����

7(8V�ZHUH GLYHUWHG�WR�WKH�3RUW�RI�%DUFHORQD��6SDLQ��E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��6XFK�

ILQGLQJ� FDQ� EH� VXSSRUWHG� E\� WKH� IDFW� WKDW� VNLSSLQJ� WKH� 3RUW� RI� 9DOHQFLD� �6SDLQ�� DQG�

GLYHUWLQJ�����7(8V�WR�WKH�3RUW�RI�%DUFHORQD��6SDLQ��ZDV�WKH�PRVW�EHQHILFLDO�GHFLVLRQ�IRU�

WKH�OLQHU�VKLSSLQJ�FRPSDQ\�LQ�RUGHU�WR�UHFRYHU�WKH�YHVVHO�VFKHGXOH��0RUHRYHU��DQ�LQFUHDVH�

LQ� WKH� LQODQG� WUDQVSRUW� DQG� SRUW� KDQGOLQJ� FDSDFLWLHV� FRXOG� DOORZ� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�WR�GHOLYHU�WKH�GLYHUWHG�GHPDQG�WR�WKH�3RUW�RI�%DUFHORQD��6SDLQ��DQG�LQFUHDVH�WKH�

UHYHQXH�JHQHUDWHG�

7DEOH�� $QDO\VLV�UHVXOWV�IURP�VFHQDULR�³�´�IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV

,QVWDQFH� 3RUW�6NLSSLQJ�'HFLVLRQ &RQWDLQHU�'LYHUVLRQ
� 6NLS� WKH� 3RUW� RI� 9DOHQFLD�

�6SDLQ�� ZLWKRXW� FRQWDLQHU�
GLYHUVLRQ

1�$

� 6NLS� WKH� 3RUW� RI� 9DOHQFLD�
�6SDLQ�� ZLWKRXW� FRQWDLQHU�
GLYHUVLRQ

1�$

� 6NLS� WKH� 3RUW� RI� 9DOHQFLD�
�6SDLQ�� ZLWKRXW� FRQWDLQHU�
GLYHUVLRQ

1�$

� 6NLS� WKH� 3RUW� RI� 9DOHQFLD�
�6SDLQ�� ZLWK� FRQWDLQHU�
GLYHUVLRQ�

'LYHUW� ���� 7(8V� WR� WKH� 3RUW�
RI�%DUFHORQD��6SDLQ�

� 6NLS� WKH� 3RUW� RI� 9DOHQFLD�
�6SDLQ�� ZLWK� FRQWDLQHU�
GLYHUVLRQ�

'LYHUW� ���� 7(8V� WR� WKH� 3RUW�
RI�%DUFHORQD��6SDLQ�



���

%DVHG� RQ� WKH� UHVXOWV� REWDLQHG� IURP� WKH� FRPSXWDWLRQDO� H[SHULPHQWV�� LW� FDQ� EH�

FRQFOXGHG� WKDW� WKH� SRUW� VNLSSLQJ� GHFLVLRQV�ZLWK� FRQWDLQHU� GLYHUVLRQ� DQG� WKH� QXPEHU� RI�

FRQWDLQHUV� GLYHUWHG� ZHUH� VLJQLILFDQWO\� LQIOXHQFHG� E\� WKH� 0&7� FDSDFLW\� WR� VHUYH� WKH�

GLYHUWHG� GHPDQG� �7(8V�� DW� SRUWV� DQG� WKH� FDSDFLW\� RI� WKH� LQODQG� WUDQVSRUW� RSHUDWRU� WR�

GHOLYHU�WKH�GLYHUWHG�FDUJR�WR�WKH�HQG�FXVWRPHUV��ZKHQ�D�GLVUXSWLRQ�RFFXUV�DW�D�SRUW�ODWHU�LQ�

WKH�YR\DJH�

6FHQDULR����'LVUXSWLRQV�LQ�VHD�DQG�DW�SRUWV

7KH�SRUW�VNLSSLQJ�GHFLVLRQ�ZLWK�DQG�ZLWKRXW�FRQWDLQHU�GLYHUVLRQ�ZDV�UHWULHYHG�IURP�WKH�

9653�� PDWKHPDWLFDO� PRGHO� IRU� HDFK� RI� WKH� FRQVLGHUHG� SUREOHP� LQVWDQFHV� ZKHQ�

GLVUXSWLRQV� RFFXU� LQ� VHD� DQG� DW� SRUWV� WKURXJKRXW� WKH� YR\DJH� >VFHQDULR� ³�´@�� 7DEOH� �

SUHVHQWV� WKH� SRUW� VNLSSLQJ� GHFLVLRQV� ZLWK� DQG�ZLWKRXW� FRQWDLQHU� GLYHUVLRQ� IRU� VFHQDULR�

³�´�� ,W� ZDV� REVHUYHG� WKDW�ZKHQ� WKH� LQODQG� WUDQVSRUW� DQG� SRUW� KDQGOLQJ� FDSDFLWLHV�ZHUH�

HDFK� ���� 7(8V�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� VNLSSHG� WKH� 3RUW� RI�+DPDG� �8QLWHG�$UDE�

(PLUDWHV��DQG�WKH�3RUW�RI�1KDYD�6KHYD��,QGLD��ZLWKRXW�FRQWDLQHU�GLYHUVLRQ��+RZHYHU��DV�

WKH� LQODQG� WUDQVSRUW� DQG� SRUW� KDQGOLQJ� FDSDFLWLHV� LQFUHDVHG� IURP� ���� WR� ���� 7(8V�

�SUREOHP� LQVWDQFHV� ³�´�� ³�´�� DQG� ³�´��� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� VNLSSHG� WKH�3RUW� RI�

+DPDG� �8QLWHG� $UDE� (PLUDWHV�� ZLWKRXW� FRQWDLQHU� GLYHUVLRQ� DQG� VNLSSHG� WKH� 3RUW� RI�

1KDYD�6KHYD��,QGLD��ZLWK�����7(8V�GLYHUWHG�WR�WKH�3RUW�RI�0XQGUD��,QGLD���6XFK�ILQGLQJ�

FDQ� EH� VXSSRUWHG� E\� WKH� IDFW� WKDW� VNLSSLQJ� WKH� 3RUW� RI�+DPDG� �8QLWHG�$UDE�(PLUDWHV��

ZLWKRXW FRQWDLQHU�GLYHUVLRQ�DQG�WKH�3RUW�RI�1KDYD�6KHYD��,QGLD��ZLWK�����7(8V�GLYHUWHG�

WR� WKH� 3RUW� RI�0XQGUD� �,QGLD�� ZDV� WKH� PRVW� EHQHILFLDO� GHFLVLRQ� IRU� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�LQ�RUGHU�WR�UHFRYHU�WKH YHVVHO�VFKHGXOH��



���

7DEOH�� $QDO\VLV UHVXOWV�IURP�VFHQDULR�³�´�IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV

,QVWDQFH� 3RUW�6NLSSLQJ�'HFLVLRQ &RQWDLQHU�'LYHUVLRQ
� 6NLS� WKH� 3RUW� RI� +DPDG�

�8QLWHG� $UDE� (PLUDWHV��
ZLWKRXW�FRQWDLQHU�GLYHUVLRQ�

1�$

6NLS� WKH� 3RUW� RI� 1KDYD�
6KHYD� �,QGLD�� ZLWKRXW�
FRQWDLQHU�GLYHUVLRQ

1�$

� 6NLS� WKH� 3RUW� RI� +DPDG�
�8QLWHG� $UDE� (PLUDWHV��
ZLWKRXW�FRQWDLQHU�GLYHUVLRQ

1�$

6NLS� WKH� 3RUW� RI� 1KDYD�
6KHYD� �,QGLD�� ZLWK�
FRQWDLQHU�GLYHUVLRQ

'LYHUW� ���� 7(8V� WR� WKH�
3RUW RI�0XQGUD �,QGLD�

� 6NLS� WKH� 3RUW� RI� +DPDG�
�8QLWHG� $UDE� (PLUDWHV��
ZLWKRXW�FRQWDLQHU GLYHUVLRQ

1�$

6NLS� WKH� 3RUW� RI� 1KDYD�
6KHYD� �,QGLD�� ZLWK�
FRQWDLQHU�GLYHUVLRQ

'LYHUW� ���� 7(8V� WR� WKH�
3RUW�RI�0XQGUD��,QGLD�

� 6NLS� WKH� 3RUW� RI� +DPDG�
�8QLWHG� $UDE� (PLUDWHV��
ZLWKRXW FRQWDLQHU�GLYHUVLRQ

1�$

6NLS� WKH� 3RUW� RI� 1KDYD�
6KHYD� �,QGLD�� ZLWK�
FRQWDLQHU�GLYHUVLRQ

'LYHUW� ���� 7(8V� WR� WKH�
3RUW�RI�0XQGUD��,QGLD�

� 6NLS� WKH� 3RUW� RI� +DPDG�
�8QLWHG� $UDE� (PLUDWHV��
ZLWK�FRQWDLQHU�GLYHUVLRQ

'LYHUW� ���� 7(8V� WR� WKH�
3RUW� RI� -HEHO� $OL� �8QLWHG�
$UDE�(PLUDWHV�

6NLS� WKH� 3RUW� RI� 1KDYD�
6KHYD� �,QGLD�� ZLWK�
FRQWDLQHU�GLYHUVLRQ

'LYHUW� ���� 7(8V� WR� WKH�
3RUW�RI�0XQGUD��,QGLD�

2Q� WKH�RWKHU�KDQG��ZKHQ� WKH� LQODQG� WUDQVSRUW� DQG�SRUW�KDQGOLQJ�FDSDFLWLHV�ZHUH�

LQFUHDVHG� XS� WR� ����� 7(8V�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� VNLSSHG� WKH� 3RUW� RI� +DPDG�

�8QLWHG�$UDE� (PLUDWHV�� DQG� GLYHUWHG� ���� 7(8V� WR� WKH� 3RUW� RI� -HEHO�$OL� �8QLWHG�$UDE�

(PLUDWHV���$OVR��WKH�3RUW�RI�1KDYD�6KHYD��,QGLD��ZDV�VNLSSHG�ZLWK�����7(8V�GLYHUWHG�WR�

WKH�3RUW�RI�0XQGUD��,QGLD��E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��7KH�ILQGLQJV�LQGLFDWHG�WKDW�DQ�



���

LQFUHDVH� LQ� WKH� LQODQG� WUDQVSRUW� DQG� SRUW� KDQGOLQJ� FDSDFLWLHV� FRXOG� DOORZ� WKH� OLQHU�

VKLSSLQJ�FRPSDQ\�WR�GHOLYHU�WKH�GLYHUWHG�GHPDQG�WR�WKH�3RUWV�RI�-HEHO�$OL��8QLWHG�$UDE�

(PLUDWHV��DQG�0XQGUD��,QGLD��DQG�LQFUHDVH�WKH�UHYHQXH�JHQHUDWHG�

%DVHG� RQ� WKH� UHVXOWV� REWDLQHG� IURP� WKH� FRPSXWDWLRQDO� H[SHULPHQWV�� LW� FDQ� EH�

FRQFOXGHG� WKDW� WKH� SRUW� VNLSSLQJ� GHFLVLRQV�ZLWK� FRQWDLQHU� GLYHUVLRQ� DQG� WKH� QXPEHU� RI�

FRQWDLQHUV� GLYHUWHG� ZHUH� VLJQLILFDQWO\� LQIOXHQFHG� E\� WKH� 0&7� FDSDFLW\� WR� VHUYH� WKH�

GLYHUWHG� GHPDQG� �7(8V�� DW� SRUWV� DQG� WKH� FDSDFLW\� RI� WKH� LQODQG� WUDQVSRUW� RSHUDWRU� WR�

GHOLYHU� WKH� GLYHUWHG� FDUJR� WR� WKH� HQG� FXVWRPHUV�� ZKHQ� GLVUXSWLRQV� RFFXU� LQ� VHD� DQG� DW�

SRUWV�RI�FDOO�WKURXJKRXW�WKH�YR\DJH�

�������� $QDO\VLV����VHQVLWLYLW\�WR�WKH�XQLW�IXHO�FRVW

$Q�DGGLWLRQDO�DQDO\VLV�ZDV�FRQGXFWHG� WR�H[DPLQH� WKH�HIIHFWV�RI� FKDQJH� LQ� WKH�XQLW� IXHO�

FRVW� RQ� WKH� REMHFWLYH� IXQFWLRQ� �L�H��� WKH� WRWDO� SURILW� ORVV�� HQGXUHG� E\� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�GXH�WR�GLVUXSWLYH�HYHQWV�LQ�VHD�DQG�DW�SRUWV��RI�WKH�9653�� PDWKHPDWLFDO�PRGHO�

DQG�RWKHU�FRVW�FRPSRQHQWV��$�WRWDO�RI����SUREOHP�LQVWDQFHV�ZHUH�JHQHUDWHG��E\�LQFUHDVLQJ�

WKH� XQLW� IXHO� FRVW� IURP� ���� WR� ���� 86'�WRQ� ZLWK� DQ� LQFUHPHQW� RI� ��� 86'�WRQ�� 7KH�

GHYHORSHG� SUREOHP� LQVWDQFHV� DUH� SUHVHQWHG� LQ� 7DEOH� ���� 7KH� SURSRVHG� VROXWLRQ�

PHWKRGRORJ\� ZDV� DSSOLHG WR� VROYH� WKH� 9653�� PDWKHPDWLFDO� PRGHO� IRU� HDFK� RI� WKH�

JHQHUDWHG�SUREOHP�LQVWDQFHV�DQG�DOO�VFHQDULRV�RI�GLVUXSWLRQV FRQVLGHUHG�



���

7DEOH��� 7KH�XQLW�IXHO�FRVW�YDOXHV�IRU�WKH�JHQHUDWHG�SUREOHP�LQVWDQFHV

,QVWDQFH� 8QLW�+)2�FRVW��86'�WRQ�
� ���
� ���
� ���
� ���
� ���
� ���
� ���
� ���
� ���
�� ���
�� ���
�� ���

7KH� IROORZLQJ� FRVW� FRPSRQHQWV� RI� WKH� 9653�� PDWKHPDWLFDO� PRGHO� ZHUH�

UHWULHYHG�IURP�WKH�QXPHULFDO�H[SHULPHQWV������WKH�WRWDO�SURILW�ORVV��ࢆ ± 86'���ZKLFK�ZDV�

HQGXUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GXH�WR�GLVUXSWLRQV� ����WKH�DFWXDO�WRWDO�SURILW��ࡼࢀ ±

86'�������WKH�DFWXDO�WRWDO�UHYHQXH��ࢂࡱࡾ ± 86'�������WKH�DFWXDO�WRWDO�SRUW�KDQGOLQJ�FRVW�

࡯ࡴࡼ� ± 86'�� ���� WKH�DFWXDO� WRWDO� ODWH�YHVVHO�DUULYDO�FRVW� ࡯࡭ࡸ� ± 86'�� ���� WKH�DFWXDO�

WRWDO�IXHO�FRVW��࡯࡯ࡲ ± 86'���DQG ����WKH�DFWXDO�FRQWDLQHU�GLYHUVLRQ�FRVW��࡯ࡰ࡯ ± 86'���

)LJXUH� �� VKRZV� WKH� REMHFWLYH� IXQFWLRQ� DQG� RWKHU� FRVW� FRPSRQHQWV� RI� WKH� 9653��

PDWKHPDWLFDO�PRGHO IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV�DQG�GLVUXSWLRQ�VFHQDULRV�

5HVXOWV�IURP�WKH�FRPSXWDWLRQDO�H[SHULPHQWV�UHYHDOHG�WKDW�WKH�DFWXDO�WRWDO�UHYHQXH��

ZKLFK� ZDV� JHQHUDWHG� E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�� ZDV� KLJKHU� ZKHQ� WKHUH� ZHUH� QR

GLVUXSWLRQV� LQ� VHD� RU� DW� SRUWV� >VFHQDULR� ³�´@� DQG� ORZHU�ZKHQ� WKHUH�ZHUH� GLVUXSWLRQV� DW�

FHUWDLQ� YR\DJH� OHJV� LQ� VHD� DQG� SRUWV� RI� FDOO� >VFHQDULR� ³�´@� IRU� WKH� FRQVLGHUHG� SUREOHP�

LQVWDQFHV��7KH�ODWWHU�ILQGLQJV�FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�

VNLSSHG�FHUWDLQ�SRUWV�LQ�RUGHU�WR�HIIHFWLYHO\�UHFRYHU�WKH�YHVVHO�VFKHGXOH�DQG�ZDV�QRW�DEOH�



���

JHQHUDWH� WKH� H[SHFWHG� UHYHQXH� IURP� WKRVH� SRUWV�� +RZHYHU�� ZKHUH� WKHUH� ZHUH� QR�

GLVUXSWLRQV� LQ� VHD� DQG� DW� SRUWV� WKURXJKRXW� WKH�YR\DJH�� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�ZDV�

DEOH�WR�JHQHUDWH�WKH�H[SHFWHG�UHYHQXH�

)LJXUH��� 7KH�REMHFWLYH IXQFWLRQ�DQG�LWV�FRPSRQHQWV�IRU�WKH�FRQVLGHUHG�SUREOHP�

LQVWDQFHV



���

)LJXUH �� 7KH�REMHFWLYH IXQFWLRQ�DQG�LWV�FRPSRQHQWV�IRU�WKH�FRQVLGHUHG�SUREOHP�

LQVWDQFHV ± FRQWLQXHG�



���

)LJXUH��� 7KH�REMHFWLYH IXQFWLRQ�DQG�LWV�FRPSRQHQWV�IRU�WKH�FRQVLGHUHG�SUREOHP�

LQVWDQFHV ± FRQWLQXHG�

)XUWKHUPRUH�� DQ� LQFUHDVH� LQ� WKH� XQLW� FRVW� RI� IXHO� GLG� QRW� VLJQLILFDQWO\� DIIHFW� WKH�

DFWXDO�WRWDO�UHYHQXH�JHQHUDWHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\��$OVR��LW�ZDV�IRXQG�WKDW�WKH�

DFWXDO�WRWDO�SURILW��JHQHUDWHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GHFUHDVHG�ZLWK�DQ�LQFUHDVLQJ�

XQLW� FRVW� RI� IXHO� IRU� DOO� WKH� FRQVLGHUHG� SUREOHP� LQVWDQFHV� DQG� VFHQDULRV� RI� GLVUXSWLRQV

>VFHQDULRV�³�´��³�´��³�´��³�´��DQG�³�´@��0RUHRYHU��WKH�DFWXDO�WRWDO SURILW�JHQHUDWHG�E\�WKH�

OLQHU� VKLSSLQJ� FRPSDQ\�ZDV�KLJKHU�ZKHQ� WKHUH�ZHUH�QR�GLVUXSWLRQV� LQ� VHD� DQG�DW� SRUWV�

>VFHQDULR�³�´@�DQG�ORZHU�ZKHUH�WKHUH�ZHUH�GLVUXSWLRQV�DW�FHUWDLQ�YR\DJH�OHJV�DQG�SRUWV�RI�

WKH�OLQHU�VKLSSLQJ�URXWH�>VFHQDULR�³�´@��



���

7KH� DFWXDO� WRWDO� SRUW� KDQGOLQJ� FRVW� ZDV� KLJKHU� ZKHQ� WKHUH� ZHUH� GLVUXSWLRQV� DW�

FHUWDLQ�YR\DJH� OHJV�DQG�SRUWV�RI� WKH� OLQHU� VKLSSLQJ� URXWH� >VFHQDULR�³�´@� DV�FRPSDUHG� WR�

RWKHU�VFHQDULRV�RI�GLVUXSWLRQV��7KH�ODWWHU�ILQGLQJ�FDQ�EH�MXVWLILHG�E\�WKH�IDFW�WKDW�WKH�OLQHU�

VKLSSLQJ� FRPSDQ\� HQGXUHG� WKH� DGGLWLRQDO� SRUW� VNLSSLQJ� FRVWV� DQG� WKH� FRVW� RI�

PLVFRQQHFWHG�FDUJR�DW� VNLSSHG�SRUWV��ZKLFK�VLJQLILFDQWO\� LQFUHDVHG� WKH� DFWXDO� WRWDO�SRUW�

KDQGOLQJ�FRVW��$OVR��WKH�DFWXDO�WRWDO�IXHO�FRQVXPSWLRQ�FRVW�LQFUHDVHG ZLWK�LQFUHDVLQJ�XQLW�

IXHO� FRVW IURP� RQH� SUREOHP� LQVWDQFH� WR� DQRWKHU� IRU� DOO� WKH� FRQVLGHUHG� VFHQDULRV� RI�

GLVUXSWLRQV��0RUHRYHU��DQ�LQFUHDVH�LQ�WKH�XQLW�FRVW�RI�IXHO�IRU�DOO�WKH�FRQVLGHUHG�VFHQDULRV�

RI� GLVUXSWLRQV JHQHUDOO\� UHVXOWHG� LQ� D� UHGXFWLRQ� LQ� WKH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� RI�

YHVVHOV �DV� ZHOO� DV� D� UHGXFWLRQ� LQ� WKH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW��� ZKLFK�

UHVXOWHG�LQ�DQ�LQFUHDVH�LQ�WKH�DYHUDJH�VDLOLQJ�WLPH�RI�YHVVHOV�DW�FHUWDLQ�YR\DJH�OHJV�RI�WKH�

OLQHU� VKLSSLQJ� URXWH�� )LJXUH� ���� )LJXUH� ���� DQG� )LJXUH� �� SUHVHQW� WKH� DYHUDJH� YHVVHO�

VDLOLQJ� VSHHG�DGMXVWPHQW�� DYHUDJH�YHVVHO� VDLOLQJ� VSHHG� DQG� WRWDO� YHVVHO� VDLOLQJ� WLPH� IRU�

GLVUXSWLRQ� VFHQDULRV� ³�´�� ³�´�� DQG� ³�´�� UHVSHFWLYHO\��7KH� DFWXDO� WRWDO� ODWH� YHVVHO� DUULYDO�

FRVW�LQFUHDVHG�ZLWK�DQ�LQFUHDVLQJ�XQLW�FRVW�RI�IXHO�IURP�RQH�SUREOHP�LQVWDQFH�WR�DQRWKHU�

IRU�GLVUXSWLRQ�VFHQDULRV�³�´��³�´��DQG�³�´��



���

)LJXUH��� 7KH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�IRU�WKH�FRQVLGHUHG�SUREOHP�

LQVWDQFHV�DQG�IRU�VFHQDULRV�³�´��³�´� DQG�³�´

)LJXUH��� 7KH�DYHUDJH�YHVVHO�VDLOLQJ�VSHHG�IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV�DQG�IRU�

VFHQDULRV�³�´��³�´� DQG�³�´



���

)LJXUH��� 7KH�WRWDO�YHVVHO�VDLOLQJ�WLPH�IRU�WKH�FRQVLGHUHG�SUREOHP�LQVWDQFHV�DQG�IRU�

VFHQDULRV�³�´��³�´� DQG�³�´

%DVHG�RQ�WKH�UHVXOWV�IURP�WKH�QXPHULFDO�H[SHULPHQWV��WKH�FRQWDLQHU�GLYHUVLRQ�FRVW�

ZDV�KLJKHU�ZKHQ�WKHUH�ZHUH�GLVUXSWLRQV�LQ�VHD�DQG�DW�SRUWV�RI�FDOO�RI�WKH�OLQHU�VKLSSLQJ�

URXWH�>VFHQDULR�³�´@� DV�FRPSDUHG�WR�RWKHU�GLVUXSWLRQ�VFHQDULRV�FRQVLGHUHG��6XFK�ILQGLQJ�

FDQ�EH�H[SODLQHG�E\�WKH�IDFW�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�GHFLGHG�WR�VNLS�FHUWDLQ�SRUWV�

ZLWK�FRQWDLQHU�GLYHUVLRQ�ZKHQ�WKHUH�ZHUH�GLVUXSWLRQV�LQ VHD�DQG�DW�SRUWV�>VFHQDULR�³�´@��,Q�

DGGLWLRQ��WKH�WRWDO�SURILW� ORVV� HQGXUHG�E\�WKH�OLQHU�VKLSSLQJ�FRPSDQ\� LQFUHDVHG�ZLWK�DQ�

LQFUHDVH�LQ�WKH�XQLW�IXHO�FRVW�IURP�RQH�SUREOHP�LQVWDQFH WR�DQRWKHU IRU DOO WKH�FRQVLGHUHG�

GLVUXSWLRQ� VFHQDULRV�� 7KH� OHDVW� WRWDO� SURILW� ORVV� ZDV� UHFRUGHG� ZKHQ� WKHUH� ZHUH� QR�

GLVUXSWLRQV� LQ� VHD� DQG� DW� SRUWV� >VFHQDULR� ³�´@� DQG� WKH� KLJKHVW� WRWDO� SURILW� ORVV� ZDV�

UHFRUGHG� ZKHQ� WKHUH� ZHUH� GLVUXSWLRQV� LQ� VHD� DQG� DW� SRUWV� RI� WKH� OLQHU� VKLSSLQJ� URXWH�

>VFHQDULR�³�´@�



���

���� &RQFOXVLRQV

7KLV�FKDSWHU�RI�WKH�GLVVHUWDWLRQ�SUHVHQWHG�D�QRYHO�PL[HG�LQWHJHU�QRQOLQHDU�SURJUDPPLQJ�

PRGHO�IRU�WKH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP��DLPLQJ�WR�PLQLPL]H�WKH�WRWDO�SURILW�ORVV��

HQGXUHG� E\� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� DV� D� UHVXOW� RI� GLVUXSWLYH� HYHQW�V�� LQ� VHD� DQG� DW�

SRUWV�WKURXJKRXW�WKH�YR\DJH��7KH�SURSRVHG�PRGHO�FRQVLGHUHG�IRXU�PDMRU�YHVVHO�VFKHGXOH�

UHFRYHU\�VWUDWHJLHV��ZKLFK�LQFOXGHG�WKH�IROORZLQJ������YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW������

KDQGOLQJ�UDWH�DGMXVWPHQW�� ����SRUW�VNLSSLQJ��DQG�����SRUW�VNLSSLQJ�ZLWK�FDUJR�GLYHUVLRQ��

7KH�SUHYLRXV�UHVHDUFK�HIIRUWV�RQ�YHVVHO�VFKHGXOH� UHFRYHU\�PRVWO\�FRQVLGHUHG� WKH�YHVVHO�

VDLOLQJ�VSHHG�DGMXVWPHQW�DQG� WKH�SRUW�VNLSSLQJ�VWUDWHJLHV��+RZHYHU��QRQH�RI� WKH�VWXGLHV�

SXEOLVKHG�RQ�YHVVHO�VFKHGXOH�UHFRYHU\�LQ�OLQHU�VKLSSLQJ�WR�GDWH�KDYH�FRQVLGHUHG KDQGOLQJ�

UDWH�DGMXVWPHQW�DQG�SRUW�VNLSSLQJ�ZLWK�FDUJR�GLYHUVLRQ�UHFRYHU\�VWUDWHJLHV��ZKLFK FRXOG�

EH� DSSOLHG� VLPXOWDQHRXVO\� LQ� RUGHU� WR� HIIHFWLYHO\� DOOHYLDWH� WKH� HIIHFWV� RI� GLVUXSWLRQV LQ�

OLQHU�VKLSSLQJ�RSHUDWLRQV�

7KH� QRQOLQHDU� PDWKHPDWLFDO� PRGHO�� ZKLFK� ZDV� SURSRVHG� LQ� WKLV� FKDSWHU� RI� WKH�

GLVVHUWDWLRQ��ZDV�VROYHG�XVLQJ�%$521��$�VHW�RI�QXPHULFDO H[SHULPHQWV�ZHUH�SHUIRUPHG�

IRU�WKH�0LGGOH�(DVW�:HVW�0HGLWHUUDQHDQ�URXWH��ZKLFK�LV�VHUYHG�E\�22&/�OLQHU�VKLSSLQJ�

FRPSDQ\�� 7KH� UHVXOWV� IURP� FRPSXWDWLRQ� H[SHULPHQWV� VKRZHG� WKDW� DQ� LQFUHDVH� LQ� WKH�

QXPEHU� RI� GLVUXSWLYH� HYHQWV� DW� SRUWV� GXULQJ� D� YR\DJH� VLJQLILFDQWO\� DIIHFWHG� WKH� YHVVHO�

VFKHGXOH��7KHUHIRUH��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�ZDV�UHTXLUHG�WR�LPSOHPHQW�PRUH�GUDVWLF�

UHFRYHU\�DFWLRQV��VXFK�DV�SRUW�VNLSSLQJ�ZLWK�DQG�RU�ZLWKRXW�FRQWDLQHU�GLYHUVLRQ�� LQVWHDG�

RI� LPSOHPHQWLQJ� WKH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� DQG�RU� KDQGOLQJ� UDWH� DGMXVWPHQW��

0RUHRYHU�� WKH� RSWLRQ� RI� SRUW� VNLSSLQJ� ZDV� IRXQG� WR� EH� SUHIHUHQWLDO� ZKHQ� GLVUXSWLYH�

HYHQWV�RFFXUUHG�DW�SRUWV��,PSOHPHQWDWLRQ�RI�WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�UHFRYHU\�



���

VWUDWHJ\�RQO\�ZDV�IRXQG� WR�EH� LQDGHTXDWH� WR� UHFRYHU� WKH�GHOD\V�ZKHQ� WKH� OLQHU�VKLSSLQJ�

FRPSDQ\�ZDV�IDFHG�ZLWK�GLVUXSWLYH�HYHQWV�ERWK�LQ�VHD�DQG�DW�SRUWV�

7KH� UHVXOWV�� UHWULHYHG� IURP� WKH� FRPSXWDWLRQDO� H[SHULPHQWV�� UHYHDOHG� WKDW� WKH�

DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� DQG� WKH� DYHUDJH� YHVVHO� VDLOLQJ� VSHHG� UHGXFHG�

ZKHQ� D� GLVUXSWLYH� HYHQW� RFFXUV� DW� D� SRUW� HDUO\� LQ� WKH� YR\DJH� DV� FRPSDUHG� WR� ZKHQ� D�

GLVUXSWLYH�HYHQW�RFFXUV�DW�D SRUW�WRZDUGV�WKH�HQG�RI�WKH�YR\DJH��7KH�ODWWHU�ILQGLQJ�FDQ�EH�

MXVWLILHG�E\�WKH�IDFW�WKDW�WKH�OLQHU�VKLSSLQJ�FRPSDQ\�KDV�WKH�DELOLW\�WR�HIILFLHQWO\�UHFRYHU�

WKH�YHVVHO�VFKHGXOH�LI�D�GLVUXSWLYH�HYHQW�RFFXUV�DW�D�SRUW�HDUO\�LQ�WKH�YR\DJH��IRU�LQVWDQFH��

YHVVHO VDLOLQJ�VSHHG�FDQ�EH�LQFUHDVHG�DW�VHYHUDO�YR\DJH�OHJV�RI�WKH�OLQHU�VKLSSLQJ�URXWH�WR�

HOLPLQDWH�WKH�GHOD\V���+RZHYHU��YHVVHO�VFKHGXOH�UHFRYHU\�EHFRPHV�PRUH�GLIILFXOW�ZKHQ�D�

GLVUXSWLYH� HYHQW�RFFXUV� DW� D�SRUW� WRZDUGV� WKH� HQG�RI� WKH�YR\DJH� �IRU� H[DPSOH�� WKH� OLQHU�

VKLSSLQJ� FRPSDQ\�ZLOO� KDYH�RQO\� D� IHZ�YR\DJH� OHJV� WR� DGMXVW� WKH�YHVVHO� VDLOLQJ� VSHHG��

WKXV��D�PRUH�VXEVWDQWLDO�LQFUHDVH�LQ�WKH�YHVVHO�VDLOLQJ�VSHHG�ZLOO�EH�UHTXLUHG��

%DVHG� RQ� WKH� UHVXOWV�� REWDLQHG� IURP� WKH� FRPSXWDWLRQDO� H[SHULPHQWV�� LW� ZDV�

REVHUYHG� WKDW� WKH� SRUW� VNLSSLQJ� GHFLVLRQV� ZLWK� FRQWDLQHU� GLYHUVLRQ� DQG� WKH� QXPEHU� RI�

FRQWDLQHUV� GLYHUWHG� ZHUH� VLJQLILFDQWO\� LQIOXHQFHG� E\� WKH� PDULQH� FRQWDLQHU� WHUPLQDO�

FDSDFLW\� WR� VHUYH� WKH� GLYHUWHG� GHPDQG� DW� SRUWV� DQG� WKH� FDSDFLW\� RI� WKH� LQODQG� WUDQVSRUW�

RSHUDWRU�WR�GHOLYHU�WKH�GLYHUWHG�FDUJR�WR�WKH�HQG�FXVWRPHUV�ZKHQ�GLVUXSWLRQV�RFFXU�LQ�VHD�

DQG�DW�SRUWV�RI�FDOO� WKURXJKRXW� WKH�YR\DJH� 7KH�FRQGXFWHG�H[SHULPHQWV�VKRZ�WKDW�ZKHQ�

GLVUXSWLYH�HYHQWV�RFFXU�IUHTXHQWO\�GXULQJ�D�YR\DJH�WKH�SURILW�ORVVHV�PD\�EH�XQDYRLGDEOH�

IRU WKH�OLQHU�VKLSSLQJ�FRPSDQLHV��+RZHYHU��WKH�PHWKRGRORJ\��SUHVHQWHG�LQ�WKLV�FKDSWHU�RI�

WKH�GLVVHUWDWLRQ��FRXOG�EH�HIIHFWLYHO\�XVHG�E\�OLQHU�VKLSSLQJ�FRPSDQLHV�WR�UHGXFH�WKH�WRWDO�

SURILW�ORVVHV�
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&+$37(5��

&21&/86,216�$1'�)8785(�5(6($5&+�',5(&7,216

/LQHU�VKLSSLQJ�LV�DQ�HVVHQWLDO FRPSRQHQW�RI�WKH�JOREDO�HFRQRP\��/LQHU�VKLSSLQJ�LQYROYHV�

WKH� WUDQVSRUW� RI� FRQWDLQHUL]HG� FDUJR� IURP� RQH� SRUW� WR� DQRWKHU� XVLQJ� FRQWDLQHU� YHVVHOV��

2YHU� WKH� ODVW� GHFDGHV�� WKH�GHPDQG� IRU� OLQHU� VKLSSLQJ� VHUYLFHV�KDV� LQFUHDVHG�DURXQG� WKH�

ZRUOG� DQG� FRQWLQXRXV� JURZWK� KDV� EHHQ� SUHGLFWHG�� +RZHYHU�� OLQHU� VKLSSLQJ� FRPSDQLHV�

IDFH�VHYHUDO�FKDOOHQJHV�WKDW�DIIHFW� OLQHU�VKLSSLQJ�RSHUDWLRQV��VRPH�RI�ZKLFK�LQFOXGH������

EXQNHU� IXHO� FRQVXPSWLRQ�� ���� URXWLQJ� DQG� VFKHGXOLQJ�� ���� VSHHG� RSWLPL]DWLRQ�� ����

HPLVVLRQV�� ���� XQFHUWDLQ� SRUW� WLPHV�� ���� QHWZRUN� GHVLJQ�� ���� VFKHGXOH� UHFRYHU\�� ����

DOOLDQFH� VWUDWHJ\�� DQG� RWKHUV�� 5HVHDUFKHUV� KDYH� DSSOLHG� YDULRXV� VWUDWHJLHV� WR� VROYH� WKH�

GHFLVLRQ�SUREOHPV�LQ�OLQHU�VKLSSLQJ��6SHFLILFDOO\��RSHUDWLRQV�UHVHDUFK�PHWKRGV�KDYH�EHHQ�

ZLGHO\� DGRSWHG� LQ� DGGUHVVLQJ� VRPH� RI� WKH�PDMRU� SUREOHPV� UHODWHG� WR� KLJK� IL[HG� FRVWV��

KLJK� GDLO\� RSHUDWLRQDO� FRVWV� RI� FRQWDLQHU� YHVVHOV�� ODUJH� IOHHW� VL]H�� DQG� DOOLDQFHV� LQ� OLQHU�

VKLSSLQJ��

$W� WKH� WDFWLFDO� OHYHO� RI� GHFLVLRQ� PDNLQJ�� WKH� LPSRUWDQW� FRPSRQHQWV RI� OLQHU�

VKLSSLQJ� RSHUDWLRQV�� LQFOXGLQJ� DUULYDO�� GHSDUWXUH�� DQG�ZDLWLQJ� WLPHV� RI� YHVVHOV� DW� SRUWV��

VDLOLQJ� VSHHG� RI� YHVVHOV�� DQG� SRUW� VHUYLFH� IUHTXHQF\ DUH� SODQQHG� E\� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\��+RZHYHU�� LQ� UHDOLW\�� GXULQJ�D YR\DJH�� VHYHUDO� W\SHV�RI�GLVUXSWLYH�HYHQWV�PD\�

WDNH�SODFH� LQ� VHD�� VXFK�DV� LQFOHPHQW�ZHDWKHU� FRQGLWLRQV�� SLUDWH� DWWDFNV�� FUHZ�VWULNHV RQ�

YHVVHOV�� PHFKDQLFDO� IDXOWV� IURP� WKH� YHVVHO� HQJLQH�� HWF�� 2Q� WKH� RWKHU� KDQG�� GLVUXSWLYH�

HYHQWV� DW� SRUWV�� LQFOXGLQJ� ODERU� VWULNHV� DW� SRUWV�� FRQJHVWLRQ� DW SRUWV�� QDWXUDO� KD]DUGV��

EUHDNGRZQ�RI�KDQGOLQJ�HTXLSPHQW��DQG�RWKHUV� DOVR�DIIHFW�WKH�SODQQHG�RSHUDWLRQV�RI�OLQHU�
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VKLSSLQJ�FRPSDQLHV��*HQHUDOO\��GLVUXSWLRQV�LQ�VHD�DQG�RU�DW�SRUWV�FDXVH�GHOD\V�WKDW�PD\�

ODVW�WKURXJKRXW�WKH�YR\DJH��7KH�GLVUXSWLRQV�LQ�OLQHU�VKLSSLQJ�RSHUDWLRQV�DGYHUVHO\�DIIHFW�

VFKHGXOH� DGKHUHQFH� DQG� WKH� UHOLDELOLW\� RI� VHUYLFH� RI� WKH� OLQHU� VKLSSLQJ� FRPSDQ\�� ,I�

GLVUXSWLYH� HYHQWV� KDSSHQ� GXULQJ� D� YR\DJH�� OLQHU� VKLSSLQJ� FRPSDQLHV� DFWLYHO\� VHHN� WKH�

PRVW� HIILFLHQW� DFWLRQ� WKDW� FDQ� EH� WDNHQ� WR� UHFRYHU� WKH� VFKHGXOH�� 7KLV� GLVVHUWDWLRQ�

DGGUHVVHG� WKH� GLVUXSWLRQV� LQ� VHD� DQG� DW� SRUWV� RI� FDOO� WKDW�PD\� VLJQLILFDQWO\� LPSDFW� WKH�

SODQQHG� YHVVHO� VFKHGXOH� DQG� FDXVH� VLJQLILFDQW� PRQHWDU\� ORVVHV�� DPRQJ� RWKHU� QHJDWLYH�

H[WHUQDOLWLHV�

7KH�UHYLHZ�RI�WKH�OLWHUDWXUH�RQ�YHVVHO�VFKHGXOLQJ��ZKLFK�ZDV FRQGXFWHG�DV�D�SDUW�

RI� WKLV� ZRUN�� UHYHDOHG� WKDW� WKH� PDMRULW\� RI� VWXGLHV� SXEOLVKHG� WR� GDWH� SURSRVHG� WKH�

PDWKHPDWLFDO�PRGHOV��ZKLFK�DLPHG�WR�PLQLPL]H�WKH�WRWDO�URXWH�VHUYLFH�FRVW��PLQLPL]H�WKH�

WRWDO� YHVVHO� ZHHNO\� RSHUDWLRQDO� FRVW� �72&��� PLQLPL]H� WKH� WRWDO� IXHO� FRQVXPSWLRQ� FRVW�

�7)&��� PLQLPL]H� WKH� WRWDO� SRUW� KDQGOLQJ� FRVW� �73&��� PLQLPL]H� WKH� WRWDO� VHUYLFH� WLPH�

ZLQGRZ YLRODWLRQ�FRVW��79&���PLQLPL]H�WKH�WRWDO�YHVVHO�HPLVVLRQ�FRVW��7(&���PLQLPL]H�

WKH� WRWDO� FRQWDLQHU� LQYHQWRU\� FRVW� �7,&���PLQLPL]H� WKH�PLVFHOODQHRXV� FRVWV� �06&��� DQG�

PD[LPL]H WKH� WRWDO� UHYHQXH� �5(9�� RI� WKH� OLQHU� VKLSSLQJ� FRPSDQLHV�� 5HVHDUFKHUV� KDYH�

SURSRVHG� VHYHUDO� W\SHV� RI�PDWKHPDWLFDO� IRUPXODWLRQV��9DULRXV� RSWLPL]DWLRQ� DOJRULWKPV��

LQFOXGLQJ�KHXULVWLF��PHWDKHXULVWLF� DQG�H[DFW�RSWLPL]DWLRQ�DOJRULWKPV� KDYH�EHHQ�XVHG�WR�

VROYH�WKH�YHVVHO�VFKHGXOLQJ�SUREOHPV�LQ�OLQHU�VKLSSLQJ��,Q�DGGLWLRQ��WKH�UHYLHZHG�VWXGLHV��

ZKLFK� DGGUHVVHG� WKH� YHVVHO� VFKHGXOH� UHFRYHU\� SUREOHP� LQ� OLQHU� VKLSSLQJ�� PRVWO\�

FRQVLGHUHG� WKH� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW� DQG� SRUW� VNLSSLQJ YHVVHO� VFKHGXOH�

UHFRYHU\�VWUDWHJLHV��
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6HYHUDO� OLQHU� VKLSSLQJ� URXWHV� SDVV� YLD� WKH� DUHDV� WKDW� KDYH� EHHQ� PDUNHG� DV�

(PLVVLRQ� &RQWURO� $UHDV� �(&$V� E\� WKH� ,QWHUQDWLRQDO� 0DULWLPH� 2UJDQL]DWLRQ� �,02���

ZKHUH� UHVWULFWLRQV� DUH� LPSRVHG�RQ� FHUWDLQ� HPLVVLRQV� SURGXFHG�E\ YHVVHOV��ZKHQ� VDLOLQJ�

ZLWKLQ�WKH�DUHD��7KLV�GLVVHUWDWLRQ�SUHVHQWHG�D�QRYHO�PL[HG�LQWHJHU�QRQOLQHDU�PDWKHPDWLFDO�

PRGHO�IRU�WKH�JUHHQ�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�IRU�WKH�OLQHU�VKLSSLQJ�URXWH��ZKLFK�

SDVVHV�YLD�(&$V��6SHFLILFDOO\�� FHUWDLQ� UHJXODWLRQV� DUH LPSRVHG�RQ� WKH� VXOIXU� FRQWHQW�RI�

IXHOV�XVHG�E\�YHVVHOV�ZLWKLQ�(&$V��+HUH��OLQHU�VKLSSLQJ�FRPSDQLHV�PXVW�FRQVLGHU�HQHUJ\�

HIILFLHQF\� DQG� HQYLURQPHQWDO� VXVWDLQDELOLW\� LQ� WKH� YHVVHO� VFKHGXOH� UHFRYHU\�� 7KH�

PDWKHPDWLFDO�PRGHO� SURSRVHG�IRU�WKH�SUREOHP� PLQLPL]HG�WKH�WRWDO�SURILW�ORVV��VXIIHUHG�

E\�D�JLYHQ�OLQHU�VKLSSLQJ�FRPSDQ\�EHFDXVH�RI�GLVUXSWLRQV�LQ�WKH�SODQQHG�RSHUDWLRQV��7KH�

YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�DQG�SRUW�VNLSSLQJ�VWUDWHJLHV�ZHUH�SURSRVHG�LQ�WKH�PRGHO��

0RUHRYHU��WKH�VWDWLF�VHFDQW�DSSUR[LPDWLRQ�PHWKRG�ZDV�DSSOLHG�WR�OLQHDUL]H�WKH�QRQOLQHDU�

PRGHO� DQG�WKH�PRGHO�ZDV�VROYHG�WR�WKH�JOREDO�RSWLPDOLW\�XVLQJ�&3/(;��

7KH�$VLD�1RUWK�(XURSH�//��OLQHU�VKLSSLQJ�URXWH��ZKLFK�LV�VHUYHG�E\�22&/�OLQHU�

VKLSSLQJ�FRPSDQ\�DQG�SDVVHV�YLD�(&$V� ZDV XVHG�WR�WHVW�WKH�SURSRVHG�PRGHO��$�WRWDO�RI�

WKUHH� FDVHV� RI� GLVUXSWLRQV� ZHUH FRQVLGHUHG� �QDPHO\�� QR� GLVUXSWLRQV�� GLVUXSWLRQV� ZLWKLQ�

(&$V�� DQG� GLVUXSWLRQV� ZLWKLQ� DQG� RXWVLGH� (&$V��� 7KH� UHVXOWV� IURP� WKH� QXPHULFDO�

H[SHULPHQWV�VKRZHG�WKDW�DV�WKH�QXPEHU�RI�GLVUXSWLYH�HYHQWV�LQ�VHD�DQG�DW�SRUWV�DORQJ�WKH�

JLYHQ� OLQHU� VKLSSLQJ� URXWH� LQFUHDVHG�� WKHUH� ZHUH� VXEVWDQWLDO� FKDQJHV� LQ� WKH� YHVVHO�

VFKHGXOH�� ZKLFK� IRUFHG� WKH� OLQHU� VKLSSLQJ� FRPSDQ\� WR� VNLS� FHUWDLQ� SRUWV� RI� FDOO��

)XUWKHUPRUH��DQ� LQFUHDVH� LQ� WKH�XQLW� IXHO�FRVW� UHVWULFWHG� WKH�DELOLW\�RI� WKH� OLQHU� VKLSSLQJ�

FRPSDQ\�WR�DSSO\�WKH�YHVVHO�VDLOLQJ�VSHHG�DGMXVWPHQW�UHFRYHU\�VWUDWHJ\��,W�ZDV�DOVR�IRXQG�

WKDW� WKH�GHFLVLRQ�RI� WKH� OLQHU�VKLSSLQJ�FRPSDQ\�WR�VNLS�FHUWDLQ�SRUWV�ZLWKLQ�DQG�RXWVLGH�
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(&$V� ZKHQ�GLVUXSWLRQV�RFFXU� FRXOG�EH�DIIHFWHG�E\� WKH�SRUW�VNLSSLQJ�FRVW��7KH�UHVXOWV�

UHWULHYHG� IURP� WKH�QXPHULFDO�H[SHULPHQWV� VKRZHG� WKDW� WKH�GHYHORSHG�VROXWLRQ�DSSURDFK�

FRXOG EH�DSSOLHG�E\�OLQHU�VKLSSLQJ�FRPSDQLHV�ZKHQ�GLVUXSWLRQV�RFFXU�DW�WKH�OLQHU�VKLSSLQJ�

URXWH� WKDW�SDVVHV�YLD�(PLVVLRQ�&RQWURO�$UHDV� WR�HIILFLHQWO\� UHFRYHU� WKH�YHVVHO� VFKHGXOH��

PLQLPL]H� WKH�PRQHWDU\� ORVVHV�EHFDXVH�RI�GLVUXSWLRQV��DQG� LPSURYH�HQHUJ\�HIILFLHQF\�DV�

ZHOO�DV�HQYLURQPHQWDO�VXVWDLQDELOLW\�

)XUWKHUPRUH�� D QRQOLQHDU�PDWKHPDWLFDO�PRGHO�ZDV� SUHVHQWHG� LQ� WKLV� GLVVHUWDWLRQ�

IRU�WKH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP LQ�OLQHU�VKLSSLQJ��FRQVLGHULQJ IRXU�PDMRU�YHVVHO�

VFKHGXOH� UHFRYHU\� VWUDWHJLHV�� QDPHO\�� ���� YHVVHO� VDLOLQJ� VSHHG� DGMXVWPHQW�� ���� KDQGOLQJ�

UDWH� DGMXVWPHQW�� ���� SRUW� VNLSSLQJ�� DQG� ���� SRUW� VNLSSLQJ� ZLWK� FDUJR� GLYHUVLRQ�� 7KH�

KDQGOLQJ� UDWH� DGMXVWPHQW� DQG� SRUW� VNLSSLQJ� ZLWK� FDUJR� GLYHUVLRQ� UHFRYHU\� VWUDWHJLHV�

SURSRVHG�LQ�WKLV�GLVVHUWDWLRQ� KDYH�QRW�EHHQ�FRQVLGHUHG�LQ�DQ\�RI�WKH�H[LVWLQJ�VWXGLHV�WKDW�

DGGUHVVHG�WKH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHP�LQ�OLQHU�VKLSSLQJ��7KH�SURSRVHG�QRQOLQHDU�

PDWKHPDWLFDO�PRGHO�ZDV�VROYHG�XVLQJ�%$521��$�VHW�RI�FRPSXWDWLRQDO�H[SHULPHQWV�ZHUH�

FRQGXFWHG�IRU�WKH�0LGGOH�(DVW�:HVW�0HGLWHUUDQHDQ�URXWH��ZKLFK�LV�VHUYHG�E\�22&/�OLQHU�

VKLSSLQJ�FRPSDQ\��$� WRWDO�RI� ILYH�GLVUXSWLRQ�VFHQDULRV�ZHUH�FRQVLGHUHG� WR�HYDOXDWH� WKH�

SURSRVHG� VROXWLRQ�PHWKRGRORJ\�� 6SHFLILFDOO\�� WKH� VFHQDULRV� RI� GLVUXSWLRQV�ZHUH� XVHG� WR�

H[DPLQH�WKH�FDVHV�RI�D�GLVUXSWLRQ�DW�D�SRUW�HDUO\�LQ�WKH�YR\DJH��D�GLVUXSWLRQ�DW�D�SRUW�ODWHU�

LQ�WKH�YR\DJH��GLVUXSWLRQV LQ�VHD��GLVUXSWLRQV LQ�VHD�DQG�DW�SRUWV�RI�FDOO��,W�ZDV�IRXQG�WKDW�

WKH� OLQHU� VKLSSLQJ� FRPSDQLHV� PD\� KDYH� WR� LPSOHPHQW� PXOWLSOH� VFKHGXOH� UHFRYHU\�

VWUDWHJLHV�ZKHQ�GLVUXSWLYH�HYHQWV�RFFXU�LQ�VHD�DQG�DW�SRUWV��7KH�OLQHU�VKLSSLQJ�FRPSDQ\�

KDG� WR� VHOHFW� WKH�YHVVHO�KDQGOLQJ� UDWH� DGMXVWPHQW� VWUDWHJ\��DORQJ�ZLWK� WKH�YHVVHO� VDLOLQJ�

VSHHG�DGMXVWPHQW�UHFRYHU\�VWUDWHJ\� WR�UHFRYHU�WKH�YHVVHO�VFKHGXOH�HIIHFWLYHO\��
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$OVR�� WKH� SRUW� VNLSSLQJ� ZLWK� FRQWDLQHU� GLYHUVLRQ� UHFRYHU\� VWUDWHJ\� PD\� EH�

EHQHILFLDO�IRU�OLQHU�VKLSSLQJ�WR�UHFRYHU�WKH�VFKHGXOH ZKHQ�GLVUXSWLRQV�RFFXU�LQ�VHD�DQG�DW�

SRUWV�WKURXJKRXW�WKH�YR\DJH��,W�LV�QRWHZRUWK\� WKDW�FRQWDLQHU�GLYHUVLRQ�EHWZHHQ�SRUWV�FDQ�

EH�FRQVLGHUHG�RQO\�LI�WKH�SRUWV�DUH�OLQNHG�E\�LQWHUPRGDO�WUDQVSRUWDWLRQ��ZKLFK�ZLOO�DOORZ�

IRU�WKH�GHOLYHU\�RI�WKH�GLYHUWHG�FDUJR WR�WKH�HQG�FXVWRPHUV��0RUHRYHU��WKH�KDQGOLQJ�DQG�

LQWHUPRGDO�FDSDFLWLHV�DW�WKH�DOWHUQDWLYH�SRUWV�PXVW�EH�HQRXJK�WR�KDQGOH�WKH�GLYHUWHG�FDUJR��

)XUWKHUPRUH��ZKHQ�D�GLVUXSWLRQ�RFFXUV�DW�D�SRUW��WKH�OLQHU�VKLSSLQJ�FRPSDQ\�PD\�GHFLGH�

WR�HQGXUH�WKH�GHOD\�ZKHQ�WKH�SRUW�VNLSSLQJ�FRVW LV�KLJK��7KH�UHVXOWV�IURP�WKH�QXPHULFDO�

H[SHULPHQWV�DOVR�VKRZHG�WKDW�ZKHQ�D�GLVUXSWLRQ�RFFXUV�DW�D�SRUW�ODWHU�LQ�WKH�YR\DJH WKH�

SRUW� VNLSSLQJ�GHFLVLRQV�ZLWK� FRQWDLQHU�GLYHUVLRQ�DQG� WKH�QXPEHU�RI� FRQWDLQHUV�GLYHUWHG�

FRXOG�EH�VLJQLILFDQWO\�LQIOXHQFHG�E\�WKH�PDULQH�FRQWDLQHU�WHUPLQDO FDSDFLW\�WR�VHUYH�WKH�

GLYHUWHG�GHPDQG�DW�SRUWV�DQG�WKH�FDSDFLW\�RI�WKH�LQODQG�WUDQVSRUW�RSHUDWRU�WR�GHOLYHU�WKH�

GLYHUWHG�FDUJR�WR�WKH�HQG�FXVWRPHUV��

7KHUH�DUH�VHYHUDO�H[WHQVLRQV� WR� WKH�YHVVHO�VFKHGXOH�UHFRYHU\�SUREOHPV� WKDW�KDYH�

EHHQ DGGUHVVHG� LQ� WKLV� GLVVHUWDWLRQ�� VRPH� RI�ZKLFK� LQFOXGH� EXW� DUH� QRW� OLPLWHG� WR� WKH�

IROORZLQJ�

� 7KH� SURSRVHG� *9653 PDWKHPDWLFDO� PRGHO� FDQ� EH� DSSOLHG� IRU� FHUWDLQ� OLQHU�

VKLSSLQJ�URXWHV� WKDW�SDVV�YLD�(&$V�DQG�KDYH�UHVWULFWLRQV� LPSRVHG�RQ�ܵ ௫ܱ��ܰ ௫ܱ��

DQG�ܲܯ HPLVVLRQV��

� 7KHUH�DUH�YDULRXV�W\SHV�RI�HPLVVLRQV�WKDW�FRXOG�EH�DFFRXQWHG�IRU��ZKLFK�LQFOXGH�

EXW�DUH�QRW�OLPLWHG�WR� QLWURJHQ�R[LGH�± ܰ ௫ܱ��FDUERQ�PRQR[LGH�± ���QRQ�PHWKDQHܱܥ

YRODWLOH�RUJDQLF�FRPSRXQGV�± ���DQG�RWKHUVܥܱܸ
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� )XWXUH� VWXGLHV� PD\� IRUPXODWH� PDWKHPDWLFDO� PRGHOV� WKDW� FRQVLGHU� VWRFKDVWLF�

GLVUXSWLYH�HYHQWV�DW�YR\DJH� OHJV� LQ� VHD� DQG�DW� SRUWV�RI�FDOO�RI� WKH� OLQHU� VKLSSLQJ�

URXWH��ZKHUH�WKH�DQWLFLSDWHG�UHGXFWLRQ�LQ�WKH�YHVVHO�VDLOLQJ�VSHHG�LQ�VHD��DV�ZHOO�DV�

WKH�DQWLFLSDWHG�GLVUXSWLRQ�WLPH�SHULRG�DW�SRUWV� DUH�XQFHUWDLQ�

� 2WKHU� IHDVLEOH� YHVVHO� UHFRYHU\� VWUDWHJLHV� FDQ� EH� LQFOXGHG� LQ� WKH� PDWKHPDWLFDO�

PRGHOV SURSRVHG�LQ�WKLV�VWXG\��H�J���SRUW�VZDSSLQJ���

� 7KHUH� LV� D� QHHG� WR� FRQVLGHU� YDULRXV� IRUPV� RI� XQFHUWDLQW\� LQ� WKH� YHVVHO� VFKHGXOH�

UHFRYHU\�PRGHO��VXFK�DV�XQFHUWDLQW\�LQ�IXHO�FRQVXPSWLRQ�DQG�XQFHUWDLQW\�LQ�SRUW�

KDQGOLQJ�WLPH�

� )XWXUH� VWXGLHV PD\� H[DPLQH� RWKHU� VWUDWHJLHV� IRU� OLQHDUL]LQJ� WKH� YHVVHO� VFKHGXOH�

UHFRYHU\ PDWKHPDWLFDO� PRGHOV� SUHVHQWHG� LQ� WKLV� VWXG\�� LQFOXGLQJ� GLVFUHWL]DWLRQ��

RXWHU�DSSUR[LPDWLRQV��VHFRQG�RUGHU�FRQH�SURJUDPPLQJ��HWF��

� 7KHUH� LV� D� QHHG� WR� FRQGXFW� DGGLWLRQDO� DQDO\VHV� WR� LQYHVWLJDWH� WKH� HIIHFWV� RI�

LQFUHDVLQJ� WKH� DGGLWLRQDO� FRVW� RI� LQODQG� WUDQVSRUW� RI� WKH� GLYHUWHG� FDUJR� RQ� WKH

GHFLVLRQ�RI�OLQHU�VKLSSLQJ�FRPSDQLHV�WR�VNLS�FHUWDLQ�SRUWV ZLWK�FDUJR�GLYHUVLRQ��

� )XWXUH� VWXGLHV� QHHG� WR� WDNH� LQWR� DFFRXQW� YDULRXV� EHUWK� VFKHGXOLQJ� FRQFHUQV� WKDW�

PD\�FRPH�XS�DV�D�UHVXOW�RI�GLVUXSWLRQV LQ�WKH�SODQQHG�RSHUDWLRQV�IRU�SRUWV�RI�WKH�

OLQHU�VKLSSLQJ�URXWH�WKDW�PD\�RU�PD\�QRW�KDYH�VRIW�WLPH�ZLQGRZV�

� $� QXPEHU� RI� LPSRUWDQW� REMHFWLYH� FRPSRQHQWV� PD\� EH� DFFRXQWHG� IRU� LQ� IXWXUH�

PDWKHPDWLFDO�PRGHOV��VXFK�DV�WKH�DFWXDO�WRWDO�FRVW�IRU�WKH�YLRODWLRQ�RI�DUULYDO�WLPH�

ZLQGRZV��DFWXDO�WRWDO�HPLVVLRQ�FRVW��DQG�RWKHUV�

� )XWXUH� UHVHDUFK�PD\� FRQVLGHU� GHYHORSLQJ�PDWKHPDWLFDO�PRGHOV� WKDW� DFFRXQW� IRU�

WKH�FRQIOLFWLQJ�QDWXUH�RI�VRPH�REMHFWLYHV�LQ�YHVVHO�VFKHGXOH�UHFRYHU\��IRU�LQVWDQFH�
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DQ�LQFUHDVH�LQ�WKH�YHVVHO�VDLOLQJ�VSHHG�LQ�FDVH�RI�D�GLVUXSWLYH�HYHQW�ZLOO�UHGXFH�WKH�

WRWDO�YHVVHO�VDLOLQJ�WLPH�EXW PD\ LQFUHDVH�WKH�DFWXDO� WRWDO�SURILW� ORVV��VXIIHUHG�E\�

WKH�OLQHU�VKLSSLQJ�FRPSDQ\��



���

5()(5(1&(6

$ELR\H�� 2�)��� 'XOHEHQHWV�� 0�$��� 3DVKD�� -��� .DYRRVL�� 0��� ������ $� YHVVHO� VFKHGXOH�
UHFRYHU\�SUREOHP�DW�WKH�OLQHU�VKLSSLQJ�URXWH�ZLWK�HPLVVLRQ�FRQWURO�DUHDV��(QHUJLHV��9RO��
��� 1R������SS���±���

$JDUZDO�� 5��� (UJXQ�� 2��� ������ 1HWZRUN� GHVLJQ� DQG� DOORFDWLRQ� PHFKDQLVPV� IRU� FDUULHU�
DOOLDQFHV�LQ�OLQHU�VKLSSLQJ��2SHUDWLRQV�5HVHDUFK��9RO������1R�����SS������±�����

$JDUZDO��5���2��(UJXQ���������6KLS�VFKHGXOLQJ�DQG�QHWZRUN�GHVLJQ�IRU�FDUJR�URXWLQJ�LQ�
OLQHU�VKLSSLQJ��7UDQVSRUWDWLRQ�6FLHQFH��9RO������1R�����SS�����±����
$OGHUWRQ�� 3�0��� ������ 6HD� 7UDQVSRUW�� 2SHUDWLRQ� DQG� (FRQRPLFV�� )LIWK� (GLWLRQ�� 5HHGV��
1HZ�=HDODQG�

$OKDUEL��$���:DQJ��6���'DY\��3���������6FKHGXOH�GHVLJQ�IRU�VXVWDLQDEOH�FRQWDLQHU�VXSSO\�
FKDLQ�QHWZRUNV�ZLWK�SRUW�WLPH�ZLQGRZV��$GYDQFHG�(QJLQHHULQJ�,QIRUPDWLFV��9RO������SS��
���±����

$QJHO�� 3�.��� +D\GHQ�� &��� ������ 0RGHOR� GH� RSWLPL]DFLyQ� SDUD� HO� UXWHDPLHQWR� \�
SURJUDPDFLyQ� GH� XQD� IORWD� QDYLHUD� WLSR� WUDPS�� 8QGHUJUDGXDWH� 7KHVLV�� 3�� &DWKROLF�
8QLYHUVLW\�RI�9DOSDUDtVR�&KLOH�

$\GLQ�� 1��� /HH�� +��� 0DQVRXUL�� 6��� ������ 6SHHG� RSWLPL]DWLRQ� DQG� EXQNHULQJ� LQ� OLQHU�
VKLSSLQJ�LQ�WKH�SUHVHQFH�RI�XQFHUWDLQ�VHUYLFH�WLPHV�DQG�WLPH�ZLQGRZV�DW�SRUWV��(XURSHDQ�
-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��9RO� �����SS�����±����

%HQGDOO�� +�%��� 6WHQW�� $�)��� ������ $� VFKHGXOLQJ� PRGHO� IRU� D� KLJK� VSHHG� FRQWDLQHUVKLS�
VHUYLFH�� D� KXE� DQG� VSRNH� VKRUW�VHD� DSSOLFDWLRQ�� ,QWHUQDWLRQDO� -RXUQDO� RI� 0DULWLPH�
(FRQRPLFV��9RO�����SS�����±����

%RURV�� (��� /HL�� /��� =DKR�� <��� =KRQJ�� +��� ������ 6FKHGXOLQJ� YHVVHOV� DQG� FRQWDLQHU�\DUG�
RSHUDWLRQV�ZLWK� FRQIOLFWLQJ�REMHFWLYH��$QQDOV�RI�2SHUDWLRQV�5HVHDUFK��9RO�� �����1R�����
SS�����±����

%URXHU�� %��� $OYDUH]�� -��� 3OXP�� &��� 3LVLQJHU�� '��� 6LJXUG�� 0��� ������ $� EDVH� LQWHJHU�
SURJUDPPLQJ� PRGHO� DQG� EHQFKPDUN� VXLWH� IRU� OLQHU�VKLSSLQJ� QHWZRUN� GHVLJQ��
7UDQVSRUWDWLRQ�6FLHQFH��9RO������1R�����SS�����±����

%URXHU�� %�'��� 'LUNVHQ�� -��� 3LVLQJHU�� '��� 3OXP�� &�(�0��� 9DDEHQ�� %��� ������ 7KH� YHVVHO�
VFKHGXOH� UHFRYHU\� SUREOHP� �9653�� ± D� 0,3� PRGHO� IRU� KDQGOLQJ� GLVUXSWLRQV� LQ OLQHU�
VKLSSLQJ��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��9RO�������1R�����SS�����±����



���

&DULRX�� 3��� ������ 6WUDWHJLF� $OOLDQFHV� LQ� /LQHU� 6KLSSLQJ�� $Q� $QDO\VLV� RI� ³2SHUDWLRQDO�
6\QHUJLHV´�� 'LVVHUWDWLRQ� VXEPLWWHG� WR� *UDGXDWH� 6FKRRO� (UDVPXV� 8QLYHUVLW\� RI�
5RWWHUGDP��5RWWHUGDP��6RXWK�+ROODQG�

&DULRX��3���������,V�VORZ�VWHDPLQJ�D�VXVWDLQDEOH�PHDQV�RI�UHGXFLQJ�&2��HPLVVLRQV�IURP�
FRQWDLQHU�VKLSSLQJ"�7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�'��9RO������SS����������

&DULRX�� 3���&KHDLWRX��$��� ������ 7KH� HIIHFWLYHQHVV� RI� D� (XURSHDQ� VSHHG� OLPLW� YHUVXV� DQ�
LQWHUQDWLRQDO� EXQNHU�OHY\� WR� UHGXFH� &2�� HPLVVLRQV� IURP� FRQWDLQHU� VKLSSLQJ��
7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�'��9RO������1R�����SS�����±����

&HQWREHOOL�� 3��� &HUFKLRQH�� 5��� (VSRQVLWR�� (��� ������ (QYLURQPHQWDO� 6XVWDLQDELOLW\� DQG�
(QHUJ\�(IILFLHQW� 6XSSO\� &KDLQ� 0DQDJHPHQW�� $� 5HYLHZ� RI� 5HVHDUFK� 7UHQGV� DQG�
3URSRVHG�*XLGHOLQHV��(QHUJLHV��9RO�����1R�����SS���±���

&KDQJ��&���:DQJ��&���������(YDOXDWLQJ�WKH�HIIHFWV�RI�VSHHG�UHGXFH�IRU�VKLSSLQJ�FRVWV�DQG�
&2��HPLVVLRQ��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�'��9RO� ����SS�����±����

&KHQ�� =�/��� /HL�� /��� =KRQJ�� +��� ������ &RQWDLQHU� YHVVHO� VFKHGXOLQJ� ZLWK� EL�GLUHFWLRQDO�
IORZV��2SHUDWLRQV�5HVHDUFK�/HWWHUV��9RO������SS�����±����

&KHUDJKFKL�� )���$EXDOKDRO�� ,��� )DOFRQ��5���$ELHOPRQD��5���5DDKHPL��%��� DQG� 3HWULX�� (���
������0RGHOLQJ� WKH� VSHHG�EDVHG� YHVVHO� VFKHGXOH� UHFRYHU\� SUREOHP� XVLQJ� HYROXWLRQDU\�
PXOWL�REMHFWLYH�RSWLPL]DWLRQ��,QIRUPDWLRQ�6FLHQFHV��9RO������SS����������

&KULVWLDQVHQ�� 0��� )DJHUKROW�� .��� 1\JUHHQ�� %��� 5RQHQ�� '��� ������ 6KLS� URXWLQJ� DQG�
VFKHGXOLQJ�LQ�WKH�QHZ�PLOOHQQLXP��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��9RO�������
SS�����±����

&KULVWLDQVHQ��0���)DJHUKROW��.���5RQHQ��'���������6KLS�URXWLQJ�DQG�VFKHGXOLQJ��VWDWXV�DQG�
SHUVSHFWLYHV��7UDQVSRUWDWLRQ�6FLHQFH��9RO������1R�����SS���±���

&KXDQJ��7���/LQ��&���.XQJ�� -���/LQ� 0��� ������3ODQQLQJ� WKH� URXWH� RI� FRQWDLQHU� VKLSV��$�
IX]]\�JHQHWLF�DSSURDFK��([SHUW�6\VWHPV�ZLWK�$SSOLFDWLRQV��9RO������SS������±�����

&RUEHWW�� -��� :DQJ�� +��� :LQHEUDNH�� -��� ������ 7KH� HIIHFWLYHQHVV� DQG� FRVWV� RI� VSHHG�
UHGXFWLRQV� RQ� HPLVVLRQV� IURP� LQWHUQDWLRQDO� VKLSSLQJ�� 7UDQVSRUWDWLRQ� 5HVHDUFK� 3DUW� (��
9RO������SS�����±����

&XOOLQDQH��.���%HUJTYLVW��5���������(PLVVLRQ�FRQWURO�DUHDV�DQG�WKHLU�LPSDFW�RQ�PDULWLPH�
WUDQVSRUW��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�'��9RO������1R�����SS���±��



���

GH�$UPDV��-���/DOOD�5XL]��(���([SyVLWR�,]TXLHUGR��&���/DQGD�6LOYD��'���0HOLiQ�%DWLVWD��%��
$� K\EULG�*5$63�916� IRU� VKLS� URXWLQJ� DQG� VFKHGXOLQJ� SUREOHP�ZLWK� GLVFUHWL]HG� WLPH�
ZLQGRZV��(QJLQHHULQJ�$SSOLFDWLRQV�RI�$UWLILFLDO�,QWHOOLJHQFH��9RO������SS����������

'UHZU\�� ������ 6FKHGXOH� 5HOLDELOLW\� ,QVLJKW� �4���� 4XDUWHUO\� $QDO\VLV� RI� &RQWDLQHU�
6HUYLFH�3HUIRUPDQFH�/HYHOV��'UHZU\�6KLSSLQJ�&RQVXOWDQWV��/RQGRQ��SS���±���

'X��<���&KHQ��4���4XDQ��;���/RQJ��/���)XQJ��5���������%HUWK�DOORFDWLRQ�FRQVLGHULQJ�IXHO�
FRQVXPSWLRQ�DQG�YHVVHO�HPLVVLRQV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�(��9RO������1R�����SS��
����������

'XOHEHQHWV�� 0�$��� 3XMDWV�� .��� *ROLDV�� 0�0��� 0LVKUD�� 6��� ������ 0HJDVKLSV� LQ� 0DULQH�
7UDQVSRUWDWLRQ�� $� &ULWLFDO� /LWHUDWXUH� 5HYLHZ� DQG� ([WHQVLRQV�� 7UDQVSRUWDWLRQ� 5HVHDUFK�
%RDUG����WK�$QQXDO�0HHWLQJ��:DVKLQJWRQ��'&��86$���-DQXDU\���±���������

'XOHEHQHWV�� 0�$��� ����D�� %XQNHU� &RQVXPSWLRQ� 2SWLPL]DWLRQ� LQ� /LQHU� 6KLSSLQJ�� $�
0HWDKHXULVWLF� $SSURDFK�� ,QWHUQDWLRQDO� -RXUQDO� RQ� 5HFHQW� DQG� ,QQRYDWLRQ� 7UHQGV� LQ�
&RPSXWLQJ�DQG�&RPPXQLFDWLRQ��9RO�����1R�����SS������±�����

'XOHEHQHWV��0�$�������E��0RGHOV�DQG�6ROXWLRQ�$OJRULWKPV�IRU�,PSURYLQJ�2SHUDWLRQV�LQ�
0DULQH�7UDQVSRUWDWLRQ��'LVVHUWDWLRQ��WKH�8QLYHUVLW\�RI�0HPSKLV��0HPSKLV��71�

'XOHEHQHWV�� 0�$��� ����D�� $GYDQWDJHV� DQG� GLVDGYDQWDJHV� IURP� HQIRUFLQJ� HPLVVLRQ�
UHVWULFWLRQV�ZLWKLQ�HPLVVLRQ�FRQWURO�DUHDV��0DULWLPH�%XVLQHVV�5HYLHZ��9RO�����1R�����SS��
���±����

'XOHEHQHWV��0�$��� ����E��$� QHZ� VLPXODWLRQ�PRGHO� IRU� D� FRPSUHKHQVLYH� HYDOXDWLRQ� RI�
\DUG� WUXFN� GHSOR\PHQW� VWUDWHJLHV� DW�PDULQH� FRQWDLQHU� WHUPLQDOV�� 2SHQ� 6FLHQFH� -RXUQDO��
9RO���� 1R�����SS���±���

'XOHEHQHWV��0�$��� ����D��$�FRPSUHKHQVLYH�PXOWL�REMHFWLYH�RSWLPL]DWLRQ�PRGHO� IRU� WKH�
YHVVHO� VFKHGXOLQJ� SUREOHP� LQ� OLQHU� VKLSSLQJ�� ,QWHUQDWLRQDO� -RXUQDO� RI� 3URGXFWLRQ�
(FRQRPLFV��9RO�������SS�����±����

'XOHEHQHWV��0�$��� ����E�� 7KH� 9HVVHO� 6FKHGXOLQJ� 3UREOHP� LQ� D� /LQHU� 6KLSSLQJ� 5RXWH�
ZLWK�+HWHURJHQHRXV�)OHHW��,QWHUQDWLRQDO�-RXUQDO�RI�&LYLO�(QJLQHHULQJ��9RO������1R�����SS��
��±���

'XOHEHQHWV�� 0�$��� ����F�� 7KH� JUHHQ� YHVVHO� VFKHGXOLQJ� SUREOHP� ZLWK� WUDQVLW� WLPH�
UHTXLUHPHQWV� LQ� D� OLQHU� VKLSSLQJ� URXWH ZLWK� (PLVVLRQ� &RQWURO� $UHDV�� $OH[DQGULD�
(QJLQHHULQJ�-RXUQDO��9RO������1R�����SS�����±����



���

'XOHEHQHWV��0�$��� ����G��*UHHQ� YHVVHO� VFKHGXOLQJ� LQ� OLQHU� VKLSSLQJ��0RGHOLQJ� FDUERQ�
GLR[LGH�HPLVVLRQ�FRVWV�LQ�VHD�DQG�DW�SRUWV�RI�FDOO��,QWHUQDWLRQDO�-RXUQDO�RI�7UDQVSRUWDWLRQ�
6FLHQFH�DQG�7HFKQRORJ\��9RO�����1R�����SS����±���

'XOHEHQHWV��0�$�������H��$SSOLFDWLRQ�RI�HYROXWLRQDU\�FRPSXWDWLRQ�IRU�EHUWK�VFKHGXOLQJ�
DW� PDULQH� FRQWDLQHU� WHUPLQDOV�� SDUDPHWHU� WXQLQJ� YHUVXV� SDUDPHWHU� FRQWURO�� ,(((�
7UDQVDFWLRQV�RQ�,QWHOOLJHQW�7UDQVSRUWDWLRQ�6\VWHPV��9RO������1R�����SS��������

'XOHEHQHWV�� 0�$��� ����I�� 9HVVHO� VFKHGXOLQJ� LQ� OLQHU� VKLSSLQJ�� $� PXOWL�REMHFWLYH�
RSWLPL]DWLRQ� PRGHO� IRU� D� FRPSUHKHQVLYH� DQDO\VLV� RI� WKH� FRQIOLFWLQJ� REMHFWLYHV��
7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG����WK�$QQXDO�0HHWLQJ��:DVKLQJWRQ��'&��86$���-DQXDU\�
�����������

'XOHEHQHWV�� 0�$��� ����D�� 0LQLPL]LQJ� WKH� WRWDO� OLQHU� VKLSSLQJ� URXWH� VHUYLFH� FRVWV� YLD�
DSSOLFDWLRQ� RI� DQ� HIILFLHQW� FROODERUDWLYH� DJUHHPHQW�� ,(((� 7UDQVDFWLRQV� RQ� ,QWHOOLJHQW�
7UDQVSRUWDWLRQ�6\VWHPV��9RO������1R���� SS�����±����

'XOHEHQHWV��0�$�������E��$�'HOD\HG�6WDUW�3DUDOOHO�(YROXWLRQDU\�$OJRULWKP�IRU� -XVW�LQ�
7LPH�7UXFN�6FKHGXOLQJ�DW�D�&URVV�'RFNLQJ�)DFLOLW\��,QWHUQDWLRQDO�-RXUQDO�RI�3URGXFWLRQ�
(FRQRPLFV��9RO�������SS����������

'XOHEHQHWV�� 0�$��� ����F�� $Q $GDSWLYH ,VODQG� (YROXWLRQDU\� $OJRULWKP� IRU� WKH� %HUWK�
6FKHGXOLQJ�3UREOHP��0HPHWLF�&RPSXWLQJ��SS���±���

'XOHEHQHWV��0�$���*ROLDV��0�0���0LVKUD�� 6��� ����D�� 7KH� JUHHQ� YHVVHO� VFKHGXOH� GHVLJQ�
SUREOHP��FRQVLGHUDWLRQ�RI�HPLVVLRQV�FRQVWUDLQWV��(QHUJ\�6\VWHPV��9RO� ���1R�����SS�����±
����

'XOHEHQHWV��0�$���*ROLDV��0�0���0LVKUD��6�������D��$�FROODERUDWLYH�DJUHHPHQW�IRU�EHUWK�
DOORFDWLRQ� XQGHU� H[FHVVLYH� GHPDQG��(QJLQHHULQJ�$SSOLFDWLRQV� RI�$UWLILFLDO� ,QWHOOLJHQFH��
9RO������SS����±���

'XOHEHQHWV�� 0�$��� .DYRRVL�� 0��� $ELR\H�� 2�)��� 3DVKD�� -��� ����E�� $� VHOI�DGDSWLYH�
HYROXWLRQDU\� DOJRULWKP� IRU� WKH� EHUWK� VFKHGXOLQJ� SUREOHP�� 7RZDUGV� HIILFLHQW� SDUDPHWHU�
FRQWURO��$OJRULWKPV��9RO������1R�����SS���±���

'XOHEHQHWV�� 0�$��� 0RVHV�� 5��� 2]JXYHQ�� (�(��� 9DQOL�� $��� ����E�� 0LQLPL]LQJ� FDUERQ�
GLR[LGH� HPLVVLRQV� GXH� WR� FRQWDLQHU� KDQGOLQJ� DW� PDULQH� FRQWDLQHU� WHUPLQDOV� YLD� K\EULG�
HYROXWLRQDU\�DOJRULWKPV��,(((�$FFHVV��9RO�����SS������������

'XOHEHQHWV��0�$���2]JXYHQ��(�(���������9HVVHO� VFKHGXOLQJ� LQ� OLQHU� VKLSSLQJ��0RGHOLQJ�
WUDQVSRUW�RI�SHULVKDEOH�DVVHWV�� ,QWHUQDWLRQDO�-RXUQDO�RI�3URGXFWLRQ�(FRQRPLFV��9RO�������
SS�����±����



���

'XOHEHQHWV��0�$���3DVKD��-���$ELR\H��2�)���	�.DYRRVL��0���������9HVVHO�6FKHGXOLQJ� LQ�
/LQHU� 6KLSSLQJ�� $� &ULWLFDO� /LWHUDWXUH� 5HYLHZ� DQG� )XWXUH� 5HVHDUFK� 1HHGV�� )OH[LEOH�
6HUYLFHV�DQG�0DQXIDFWXULQJ�-RXUQDO��SS���±���

(YDQJHOLVWD�� 3���0RUYLOOR�� $��� ������ $OOLDQFHV� LQ� OLQHU� VKLSSLQJ�� DQ� LQVWUXPHQW� WR� JDLQ�
RSHUDWLRQDO� HIILFLHQF\� RU� VXSSO\� FKDLQ� LQWHJUDWLRQ"� ,QWHUQDWLRQDO� -RXUQDO� RI� /RJLVWLFV��
5HVHDUFK�DQG�$SSOLFDWLRQV��9RO�����SS��������

(\ULQJ��9���,VDNVHQ��,���%HUQWVHQ��7���&ROOLQV��:���&RUEHWW��-���(QGUHVHQ��2���*UDLQJHU��5���
0ROGDQRYD��-���6FKODQJHU��+���6WHYHQVRQ��'���������7UDQVSRUW�LPSDFWV�RQ�DWPRVSKHUH�DQG�
FOLPDWH��VKLSSLQJ��$WPRVSKHULF�(QYLURQPHQW��9RO������1R������SS������������

)DJHUKROW�� .��� ������ 6KLS� VFKHGXOLQJ� ZLWK� VRIW� WLPH� ZLQGRZV�� DQ� RSWLPL]DWLRQ�EDVHG�
DSSURDFK��(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��9RO�������SS�����±����

)DJHUKROW��.���*DXVHO��1�7���5DNNH��-�*���3VDUDIWLV��+���������0DULWLPH�URXWLQJ�DQG�VSHHG�
RSWLPL]DWLRQ�ZLWK� HPLVVLRQ� FRQWURO� DUHDV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�&��9RO�� ���� SS��
��±���

)DJHUKROW�� .��� /LQGVWDG�� +��� ������ 7XUER5RXWHU�� $Q� ,QWHUDFWLYH� 2SWLPLVDWLRQ�%DVHG�
'HFLVLRQ� 6XSSRUW� 6\VWHP� IRU� 6KLS� 5RXWLQJ� DQG� 6FKHGXOLQJ�� 0DULWLPH� (FRQRPLFV� 	�
/RJLVWLFV��9RO�����SS� ���±����

)DJHUKROW��.���3VDUDIWLV��+���������2Q�WZR�VSHHG�RSWLPL]DWLRQ�SUREOHPV�IRU�VKLSV�WKDW�VDLO�
LQ�DQG�RXW�RI�HPLVVLRQ�FRQWURO�DUHDV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�'��9RO������1R�����SS��
��±���

*$06��������*$06�KRPH�SDJH��KWWSV���ZZZ�JDPV�FRP���$FFHVVHG������������

*DWLFD��5�$���0LUDQGD��3�$���������$�WLPH�EDVHG�GLVFUHWL]DWLRQ�DSSURDFK�IRU�VKLS�URXWLQJ�
DQG�VFKHGXOLQJ�ZLWK�YDULDEOH�VSHHG��1HWZRUNV�DQG�6SDWLDO�(FRQRPLFV��9RO������1R�����SS��
���±����

*LRYDQQLQL��0���3VDUDIWLV� +�1���������7KH�SURILW�PD[LPL]LQJ�OLQHU�VKLSSLQJ�SUREOHP�ZLWK�
IOH[LEOH� IUHTXHQFLHV�� ORJLVWLFDO� DQG� HQYLURQPHQWDO� FRQVLGHUDWLRQV�� )OH[LEOH�6HUYLFHV� DQG�
0DQXIDFWXULQJ�-RXUQDO��SS�������

*ROLDV��0���%RLOH��0���7KHRIDQLV��6���������7KH�EHUWK�DOORFDWLRQ�SUREOHP��D�IRUPXODWLRQ�
UHIOHFWLQJ� WLPH� ZLQGRZ� VHUYLFH� GHDGOLQHV�� $QQXDO� 0HHWLQJ� RI� WKH� 7UDQVSRUWDWLRQ�
5HVHDUFK�%RDUG��:DVKLQJWRQ��'&�

*ROLDV��0���%RLOH��0���7KHRIDQLV��6���(IVWDWKLRX��&���������7KH�EHUWK�VFKHGXOLQJ�SUREOHP��
PD[LPL]LQJ� EHUWK� SURGXFWLYLW\� DQG� PLQLPL]LQJ� IXHO� FRQVXPSWLRQ� DQG� HPLVVLRQV�



���

SURGXFWLRQ�� 7UDQVSRUWDWLRQ� 5HVHDUFK� UHFRUG�� -RXUQDO� RI� WKH� 7UDQVSRUWDWLRQ� 5HVHDUFK�
%RDUG��9RO��������SS����±���

*ROLDV��0���+DUDODPELGHV��+���������&RQWDLQHU�EHUWK�VFKHGXOLQJ�SROLF\�ZLWK�YDULDEOH�FRVW�
IXQFWLRQ����WK�:&75��-XO\�������������± /LVERQ� 3RUWXJDO�

*�UHO��6���6KDGPDQG��$���������$�KHWHURJHQHRXV�IOHHW�OLQHU�VKLS�VFKHGXOLQJ�SUREOHP�ZLWK�
SRUW�WLPH�XQFHUWDLQW\��&HQWUDO�(XURSHDQ�-RXUQDO�RI�2SHUDWLRQV�5HVHDUFK��SS�������

+DOYRUVHQ�:HDUH�� (�� (��� )DJHUKROW�� .��� 5|QQTYLVW�� 0��� ������ 9HVVHO� URXWLQJ� DQG�
VFKHGXOLQJ� XQGHU� XQFHUWDLQW\� LQ� WKH� OLTXHILHG� QDWXUDO� JDV� EXVLQHVV�� &RPSXWHUV� 	�
,QGXVWULDO�(QJLQHHULQJ��9RO������SS����������

+DOYRUVHQ�:HDUH�� (�(��� )DJHUKROW�� .��� ������ 5RXWLQJ� DQG� VFKHGXOLQJ� LQ� D� OLTXHILHG�
QDWXUDO�JDV�VKLSSLQJ�SUREOHP�ZLWK�LQYHQWRU\�DQG�EHUWK�FRQVWUDLQWV��$QQDOV�RI�2SHUDWLRQV�
5HVHDUFK��9RO�������SS����������

+HDYHU�7���0HHUVPDQ�+���0RJOLD�9���9DQ�GHQ�9RRUGH�9��������'R�PHUJHUV�DQG�DOOLDQFHV�
LQIOXHQFH�(XURSHDQ� VKLSSLQJ� DQG� SRUW� FRPSHWLWLRQ"�0DULWLPH� 3ROLF\ DQG�0DQDJHPHQW��
9RO������1R�����SS����������

+HLWPDQQ�� 1��� .KDOLOLDQ�� 6��� ������ $FFRXQWLQJ� IRU� FDUERQ� GLR[LGH� HPLVVLRQV� IURP�
LQWHUQDWLRQDO� VKLSSLQJ�� EXUGHQ� VKDULQJ�XQGHU� GLIIHUHQW�81)&&&�DOORFDWLRQ� RSWLRQV� DQG�
UHJLPH�VFHQDULRV��0DULQH�3ROLF\��9RO������1R� ���SS����������

+HQGHUVRQ��&���������'UDPDWLF� LQFUHDVH� LQ� IXHO�SULFHV��KWWS���ZZZ��ZJOREDO�FRP�QHZV�
DQG�LQVLJKWV�DUWLFOHV�IHDWXUHV�'UDPDWLF�LQFUHDVH�LQ�IXHO�SULFHV���G99N40-14M$(��
$FFHVVHG�����������

+YDWWXP�� /�0��� )DJHUKROW�� .��� $UPHQWDQR�� 9�$��� ������ 7DQN� DOORFDWLRQ� SUREOHPV� LQ�
PDULWLPH�EXON�VKLSSLQJ��1HWZRUNV��9RO������1R�����SS����������

,PDL��$���1LVKLPXUD��(���3DSDGLPLWULRX��6���������%HUWKLQJ�VKLSV�DW�D�PXOWL�XVHU�FRQWDLQHU�
WHUPLQDO�ZLWK�D�OLPLWHG�TXD\�FDSDFLW\��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�(��9RO������1R�����SS��
��������

,02�� ������ $LU� SROOXWLRQ�� HQHUJ\� HIILFLHQF\� DQG� JUHHQKRXVH� JDV� HPLVVLRQV��
KWWS���ZZZ�LPR�RUJ�HQ�2XU:RUN�(QYLURQPHQW�3ROOXWLRQ3UHYHQWLRQ�$LU3ROOXWLRQ�3DJHV�'
HIDXOW�DVS[�����������

,02��������6XOIXU�R[LGHV� ���ଡ଼�²UHJXODWLRQ�����KWWS���ZZZ�LPR�RUJ�� ��������$FFHVVHG�
���������



���

,02�� 3UHYHQWLRQ� RI�*+*� HPLVVLRQV� IURP� VKLSV�� ������ 7KLUG� ,02�*+*�6WXG\²)LQDO�
5HSRUW�

-RXUQDO� RI� &RPPHUFH�� ������ KWWSV���ZZZ�MRF�FRP�PDULWLPH�QHZV�FDUULHUV�PRYH�IXOO�
VSHHG�VORZ�VWHDPLQJB���������KWPO��$FFHVVHG�����������

.DUDID��-���*ROLDV��0�� ,YH\��6���6DKDULGLV��*���/HRQDUGRV��1���������%HUWK�VFKHGXOLQJ�DW�
GHGLFDWHG�PDULQH�FRQWDLQHU�WHUPLQDOV��7KH�OLPLWHG�EHUWK�FDSDFLW\�FDVH��,Q��3URFHHGLQJV�RI�
WKH���WK�7UDQVSRUWDWLRQ�5HVHDUFK�%RDUG�$QQXDO�0HHWLQJ�

.DYRRVL��0���'XOHEHQHWV��0�$���$ELR\H��2�)�� 3DVKD��-���:DQJ��+���	�&KL��+���������$Q�
DXJPHQWHG�VHOI�DGDSWLYH�SDUDPHWHU�FRQWURO�LQ�HYROXWLRQDU\�FRPSXWDWLRQ��$�FDVH�VWXG\�IRU�
WKH�EHUWK�VFKHGXOLQJ�SUREOHP��$GYDQFHG�(QJLQHHULQJ�,QIRUPDWLFV��9RO������SS�������

.LP��.���/HH��.�0���������'\QDPLF�3URJUDPPLQJ�%DVHG�9HVVHO�6SHHG�$GMXVWPHQW� IRU�
(QHUJ\�6DYLQJ�DQG�(PLVVLRQ�5HGXFWLRQ��(QHUJLHV��9RO������1R�����SS���±���

.RQWRYDV�� &��� ������ 7KH� *UHHQ� 6KLS� 5RXWLQJ� DQG� 6FKHGXOLQJ� 3UREOHP� �*6563��� $�
FRQFHSWXDO�DSSURDFK��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�'��9RO������SS����±���

.RQWRYDV�� &�$��� 3VDUDIWLV�� +�1��� ������ 5HGXFWLRQ� RI� HPLVVLRQV� DORQJ� WKH� PDULWLPH�
LQWHUPRGDO� FRQWDLQHU� FKDLQ��0DULWLPH�3ROLF\�	�0DQDJHPHQW��9RO�� ����1R�� ��� SS�� ���±
����

.RQWRYDV��.���3VDUDIWLV��+�1���������7KH�OLQN�EHWZHHQ�HFRQRP\�DQG�HQYLURQPHQW�LQ�WKH�
SRVW�FULVLV� HUD�� OHVVRQV� OHDUQHG� IURP� VORZ� VWHDPLQJ�� ,QWHUQDWLRQDO� -RXUQDO� RI� 'HFLVLRQ�
6FLHQFHV��9RO������1R�����SS�����±����

.RUVYLN��-�(���)DJHUKROW��.���/DSRUWH��*���������$�ODUJH�QHLJKERUKRRG�VHDUFK�KHXULVWLF�IRU�
VKLS�URXWLQJ�DQG�VFKHGXOLQJ�ZLWK�VSOLW�ORDGV��&RPSXWHUV�	�2SHUDWLRQV�5HVHDUFK��9RO������
1R�����SS�����±����

/DQH��'��(���+HDYHU��7��'���8\HQR��'���������3ODQQLQJ�DQG�VFKHGXOLQJ�IRU�HIILFLHQF\�LQ�
OLQHU�VKLSSLQJ��0DULWLPH�3ROLF\�DQG�0DQDJHPHQW��9RO������1R�����SS����������

/DZUHQFH��6�$�������� ,QWHUQDWLRQDO�6HD�7UDQVSRUW��7KH�\HDUV�DKHDG��/H[LQJWRQ�%RRNV��
/H[LQJWRQ��0DU\ODQG�

/HH��&���/HH��+���=KDQJ��-���������7KH�LPSDFW�RI�VORZ�VWHDPLQJ�RQ�GHOLYHU\�UHOLDELOLW\�DQG�
IXHO�FRQVXPSWLRQ��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�(��9RO������SS�����±����

/HH��&�� 6RQJ��'���������2FHDQ�FRQWDLQHU�WUDQVSRUW�LQ�JOREDO�VXSSO\�FKDLQV��2YHUYLHZ�DQG�
UHVHDUFK�RSSRUWXQLWLHV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�%��9RO������SS�����±����



���

/HL�� /��� )DQ�� &��� %RLOH�� 0��� 7KHRIDQLV�� 6��� ������ &ROODERUDWLYH� YV�� QRQ�FROODERUDWLYH�
FRQWDLQHU�YHVVHO�VFKHGXOLQJ��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�(��9RO������SS�����±����

/L��&���4L��;��7���6RQJ��'���������5HDO�WLPH�VFKHGXOH�UHFRYHU\�LQ� OLQHU�VKLSSLQJ�VHUYLFH�
ZLWK�UHJXODU�XQFHUWDLQWLHV�DQG�GLVUXSWLRQ�HYHQWV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�'��9RO������
SS����������

/L�� &��� 4L�� ;��� /HH�� &��<��� ������ 'LVUXSWLRQ� UHFRYHU\� IRU� D� YHVVHO� LQ� OLQHU� VKLSSLQJ��
7UDQVSRUWDWLRQ�6FLHQFH��9RO������1R�����SS����������

/LQGVWDG�� +��� $VEM¡UQVOHWW�� %��� 6WU¡PPDQ�� $��� ������ 5HGXFWLRQV� LQ� JUHHQKRXVH� JDV�
HPLVVLRQV�DQG�FRVW�E\�VKLSSLQJ�DW�ORZHU�VSHHGV��(QHUJ\�3ROLF\��9RO������1R�����SS������±
�����

/X��+�/���&KHQJ��-���/HH��7�6���������$Q�HYDOXDWLRQ�RI�VWUDWHJLF�DOOLDQFHV�LQ�OLQHU�VKLSSLQJ�
� DQ�HPSLULFDO�VWXG\�RI�&.<+��-RXUQDO�RI�0DULQH�6FLHQFH�DQG�7HFKQRORJ\��9RO������1R��
���SS����������

0DOOLGLV��,���,DNRYRX��(���'HNNHU��5���9ODFKRV��'���������7KH�LPSDFW�RI�VORZ�VWHDPLQJ�RQ�
WKH�FDUULHUV¶�DQG�VKLSSHUV¶�FRVWV��7KH�FDVH�RI�D�JOREDO� ORJLVWLFV�QHWZRUN��7UDQVSRUWDWLRQ�
5HVHDUFK�3DUW�'��9RO�������SS����±���

0DQVRXUL��6�$���/HH��+���$OXNR��2��� ������0XOWL�REMHFWLYH�GHFLVLRQ� VXSSRUW� WR� HQKDQFH�
HQYLURQPHQWDO� VXVWDLQDELOLW\� LQ� PDULWLPH� VKLSSLQJ�� D� UHYLHZ� DQG� IXWXUH� GLUHFWLRQV��
7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�(��9RO������SS���±���

0DWK:RUNV��������5HOHDVH�����D��KWWS���ZZZ�PDWKZRUNV�FRP���$FFHVVHG������������

0DULQH� 8UHD�� ������0$532/� UHJXODWLRQ�� KWWS���PDULQHXUHD�FRP�PDUSRO�QR[UHJXODWLRQ��
���������

0HQJ�4��:DQJ�6���������2SWLPDO�RSHUDWLQJ�VWUDWHJ\�IRU�D� ORQJ�KDXO� OLQHU�VHUYLFH�URXWH��
(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��9RO�������SS�����±���

0HQJ�� 4��� :DQJ�� 6��� $QGHUVVRQ�� +��� 7KXQ�� .��� ������ &RQWDLQHUVKLS� 5RXWLQJ� DQG�
6FKHGXOLQJ�LQ�/LQHU�6KLSSLQJ��2YHUYLHZ�DQG�)XWXUH�5HVHDUFK�'LUHFWLRQV��7UDQVSRUWDWLRQ�
6FLHQFH��9RO������1R�����SS�����������

0LROD�� $��� &LXIIR�� %��� ������ (VWLPDWLQJ� DLU� HPLVVLRQV� IURP� VKLSV�� PHWD�DQDO\VLV� RI�
PRGHOOLQJ�DSSURDFKHV�DQG�DYDLODEOH�GDWD�VRXUFHV��$WPRVSKHULF�(QYLURQPHQW��9RO������SS��
����±�����

1RWWHERRP�� 7�(��� ������ 7KH� WLPH� IDFWRU� LQ� OLQHU� VHUYLFHV�� 0DULWLPH� (FRQRPLFV� DQG�
/RJLVWLFV��9RO�����1R�����SS����±���



���

1RWWHERRP�� 7�(���9HUQLPPHQ�� %��� ������ 7KH� HIIHFW� RI� KLJK� IXHO� FRVWV� RQ� OLQHU� VHUYLFH�
FRQILJXUDWLRQ�LQ�FRQWDLQHU�VKLSSLQJ��-RXUQDO�RI�7UDQVSRUW�*HRJUDSK\��9RO�����1R�����SS��
���±����

22&/�� ������ $VLD�1RUWK� (XURSH� /RRS� �� �//���
KWWSV���ZZZ�RRFO�FRP�HQJ�RXUVHUYLFHV�VHUYLFHURXWHV�DHW��3DJHV�GHIDXOW�DVS[��� $FFHVVHG�
�����������

3DXO�� -�$��� 0DORQL�� 0�-��� ������ 0RGHOOLQJ� WKH� HIIHFWV� RI� SRUW� GLVDVWHUV�� 0DULWLPH�
(FRQRPLFV�	�/RJLVWLFV��9RO������SS�����±����

3HQJ��-���=KRX��=���/L��5���������$�FROODERUDWLYH�EHUWK�DOORFDWLRQ�SUREOHP�ZLWK�PXOWLSOH�
SRUWV�EDVHG�RQ�JHQHWLF�DOJRULWKP��-RXUQDO�RI�&RDVWDO�(QJLQHHULQJ��9RO�����SS�����±����

3HVHQWL�� 5��� ������ +LHUDUFKLFDO� UHVRXUFH� SODQQLQJ� IRU� VKLSSLQJ� FRPSDQLHV�� (XURSHDQ�
-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��9RO������SS����±����

3VDUDIWLV�� +��� .RQWRYDV�� &��� ������ 6SHHG� PRGHOV� IRU� HQHUJ\�HIILFLHQW� PDULWLPH�
WUDQVSRUWDWLRQ�� $� WD[RQRP\� DQG� VXUYH\�� 7UDQVSRUWDWLRQ� 5HVHDUFK� 3DUW� &�� 9RO�� ���� SS��
��������

3RUWV�FRP��������KWWS���SRUWV�FRP�VHD�URXWH���$FFHVVHG�RQ������������

3VDUDIWLV�� +��� .RQWRYDV�� &��� ������ 6KLS� VSHHG� RSWLPL]DWLRQ�� FRQFHSWV�� PRGHOV� DQG�
FRPELQHG� VSHHG�URXWLQJ� VFHQDULRV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�&��9RO�� ����1R����� SS��
��±���

3VDUDIWLV��+�1���������0DUNHW�EDVHG�PHDVXUHV�IRU�JUHHQKRXVH�JDV�HPLVVLRQV�IURP�VKLSV��
:08�-RXUQDO�RI�0DULWLPH�$IIDLUV��9RO������SS�����±����

3VDUDIWLV��+�1���.RQWRYDV��&�$���������&2��HPLVVLRQV�VWDWLVWLFV�IRU�WKH�ZRUOG�FRPPHUFLDO�
IOHHW��:08�-RXUQDO�RI�0DULWLPH�$IIDLUV��9RO�����1R�����SS��±���

3VDUDIWLV�� +�1�� .RQWRYDV�� &�$��� ������ %DODQFLQJ� WKH� HFRQRPLF� DQG� HQYLURQPHQWDO�
SHUIRUPDQFH�RI�PDULWLPH�WUDQVSRUWDWLRQ��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�'��9RO������1R�����
SS�����±����

3XURODWRU�� ������ $VLDQ� ,PSRUW� 6WUDWHJ\�� $OWHUQDWLYHV� WR� :HVW� &RDVW� 3RUWV��
KWWSV���ZZZ�SXURODWRULQWHUQDWLRQDO�FRP�FRQWHQW�XSORDGV���������86�6KLSSHUV�KDYH�
RSWLRQV�WR�EXV\�:HVW�&RDVW�3RUW�SGI��$FFHVVHG������������

3\DQLGHV�� 3�0��� :LHGPHU�� 5��� ������ 6WUDWHJLF� DOOLDQFHV� LQ� FRQWDLQHU� OLQHU� VKLSSLQJ��
5HVHDUFK�LQ�7UDQVSRUWDWLRQ�(FRQRPLFV��9RO������SS��������



���

4L��;�7���6RQJ��'�3���������0LQLPL]LQJ�IXHO�HPLVVLRQV�E\�RSWLPL]LQJ�YHVVHO�VFKHGXOHV�LQ�
OLQHU�VKLSSLQJ�ZLWK�XQFHUWDLQ�SRUW�WLPHV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�(��9RO������1R�����
SS�����±����

5RGULJXH��-���&DPWRLV��&���%ULDQ��6���������7KH�*HRJUDSK\�RI�7UDQVSRUW�6\VWHPV��7KLUG�
HGLWLRQ��5RXWOHGJH��1HZ�<RUN�

5RQHQ��'���������&DUJR�VKLSV�URXWLQJ�DQG�VFKHGXOLQJ��6XUYH\�RI�PRGHOV�DQG�SUREOHPV��
(XURSHDQ�-RXUQDO�RI�2SHUDWLRQDO�5HVHDUFK��9RO������1R�����SS������±�����

5RQHQ�� '��� ������ 6KLS VFKHGXOLQJ�� 7KH� ODVW� GHFDGH�� (XURSHDQ� -RXUQDO� RI� 2SHUDWLRQDO�
5HVHDUFK��9RO������1R�����SS�����±����

5RQHQ��'���������7KH�HIIHFW�RI�RLO�SULFH�RQ�FRQWDLQHUVKLS�VSHHG�DQG�IOHHW�VL]H��-RXUQDO�RI�
WKH�2SHUDWLRQDO�5HVHDUFK�6RFLHW\��9RO������1R����SS�����±����

6DNDOLV�� *�1��� 7]RUW]LV�� *�-��� )UDQJRSRXORV�� &�$��� ������ ,QWHUWHPSRUDO� 6WDWLF� DQG�
'\QDPLF�2SWLPL]DWLRQ�RI�6\QWKHVLV��'HVLJQ��DQG�2SHUDWLRQ�RI�,QWHJUDWHG�(QHUJ\�6\VWHPV�
RI�6KLSV��(QHUJLHV��9RO������1R�����SS���±���

6LOEHUVWRQ��$���������(FRQRPLHV�RI�6FDOH�LQ�WKHRU\�DQG�SUDFWLFH� 7KH�(FRQRPLF�-RXUQDO��
9RO������1R�������SS����������

6ODFN��%���&��&RPWRLV��5��0F&DOOD�� ������ 6WUDWHJLF� DOOLDQFHV� LQ� WKH� FRQWDLQHU� VKLSSLQJ�
LQGXVWU\��$�JOREDO�SHUVSHFWLYH��0DULWLPH�3ROLF\�0DQDJHPHQW��9RO������1R�����SS����±���

6RQJ�� '� :��� 3DQD\LGHV�� 3�� 0��� ������ $� FRQFHSWXDO� DSSOLFDWLRQ� RI� FRRSHUDWLYH� JDPH�
WKHRU\�WR�OLQHU�VKLSSLQJ�VWUDWHJLF�DOOLDQFHV��0DULWLPH�3ROLF\�0DQDJHPHQW��9RO������1R�����
���±����

6RQJ�� '��� /L�� '��� 'UDNH�� 3��� ������ 0XOWL�REMHFWLYH� RSWLPL]DWLRQ� IRU� SODQQLQJ� OLQHU�
VKLSSLQJ� VHUYLFH� ZLWK� XQFHUWDLQ� SRUW� WLPHV�� 7UDQVSRUWDWLRQ� 5HVHDUFK� 3DUW� (�� 9RO�� ����
SS��±���

6XQ��;���7LDQ��=���0DOHNLDQ��5���/L��=���������(VWLPDWLRQ�RI�9HVVHO�(PLVVLRQV�,QYHQWRU\�
LQ�4LQJGDR�3RUW�%DVHG�RQ�%LJ�GDWD�$QDO\VLV��(QHUJLHV��9RO������1R�����SS���±���

7LQJ��6�&���7]HQJ��*�+��� ������6KLS� VFKHGXOLQJ�DQG�FRVW� DQDO\VLV� IRU� URXWH�SODQQLQJ� LQ�
OLQHU�VKLSSLQJ��0DULWLPH�(FRQRPLFV�DQG�/RJLVWLFV��9RO�����1R�����SS�����±����

7UDGH:LQGV�� ������ 6WULNH� HQWHUV� GD\� VHYHQ��
KWWSV���ZZZ�WUDGHZLQGVQHZV�FRP�ER[VKLSV�VWULNH�HQWHUV�GD\�VHYHQ�������������
$FFHVVHG�RQ������������



���

8PDQJ��1���%LHUODLUH��0���(UHUD��$�/���������7KH�EHUWK�DOORFDWLRQ�SUREOHP�LQ�EXON�SRUWV��
��WK�6ZLVV�7UDQVSRUW�5HVHDUFK�&RQIHUHQFH��0RQWH�9HULWD�$VFRQD��6ZLW]HUODQG�

81&7$'�� ������ 5HFHQW� GHYHORSPHQWV DQG� WUHQGV� LQ� LQWHUQDWLRQDO� PDULWLPH� WUDQVSRUW�
DIIHFWLQJ� WUDGH� RI� GHYHORSLQJ� FRXQWULHV�� 8QLWHG� 1DWLRQV� &RQIHUHQFH� RQ� 7UDGH� DQG�
'HYHORSPHQW��

:DQJ��6���$OKDUEL��$���'DY\��3���������/LQHU�VKLS� URXWH�VFKHGXOH�GHVLJQ�ZLWK�SRUW� WLPH�
ZLQGRZV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�&��9RO������SS���±���

:DQJ��6���0HQJ��4�������D��/LQHU�VKLS�URXWH�VFKHGXOH�GHVLJQ�ZLWK�VHD�FRQWLQJHQF\�WLPH�
DQG�SRUW�WLPH�XQFHUWDLQW\��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�%��9RO������SS�����±����

:DQJ�� 6��� 0HQJ�� 4��� ����E�� 6DLOLQJ� VSHHG� RSWLPL]DWLRQ� IRU� FRQWDLQHU� VKLSV� LQ D� OLQHU�
VKLSSLQJ�QHWZRUN��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�(��9RO������SS�����±����

:DQJ�� 6��� 0HQJ�� 4��� ����F�� 5REXVW� VFKHGXOH� GHVLJQ� IRU� OLQHU� VKLSSLQJ� VHUYLFHV��
7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�(��9RO������SS������±�����

:DQJ�� 6��� 0HQJ�� 4��� /LX�� =��� ������ %XQNHU� FRQVXPSWLRQ� RSWLPL]DWLRQ� PHWKRGV� LQ�
VKLSSLQJ��$�FULWLFDO�UHYLHZ�DQG�H[WHQVLRQV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�&��9RO������SS��
��±���

:DQJ�� 6���0HQJ��4��� DQG�/LX�� =�� ����E��$� QRWH� RQ� ³%HUWK� DOORFDWLRQ� FRQVLGHULQJ� IXHO�
FRQVXPSWLRQ�DQG�YHVVHO�HPLVVLRQV´��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�(��9RO������1R�����SS��
������

:DQJ��6���4X��;���<DQJ��<���������(VWLPDWLRQ�RI�WKH�SHUFHLYHG�YDOXH�RI�WUDQVLW�WLPH�IRU�
FRQWDLQHUL]HG�FDUJRHV��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�$��9RO������SS�����±����

:DUWVLOD� 7HFKQLFDO� -RXUQDO�� ������ KWWSV���ZZZ�ZDUWVLOD�FRP�GRFV�GHIDXOW�
VRXUFH�6HUYLFHFDWDORJXH�ILOHV�(QJLQH�6HUYLFHV�����VWURNH�VORZ�VWHDPLQJ�D�YLDEOH�ORQJ�
WHUP�RSWLRQ�SGI"VIYUVQ ���$FFHVVHG�����������

:RUOG� 6KLSSLQJ� &RXQFLO�� ����D�� 7RS� ��� :RUOG� &RQWLDQHU� SRUWV��
KWWS���ZZZ�ZRUOGVKLSSLQJ�RUJ�DERXW�WKH�LQGXVWU\�JOREDO�WUDGH�WRS����ZRUOG�FRQWDLQHU�
SRUWV��$FFHVVHG������������

:RUOG� 6KLSSLQJ� &RXQFLO�� ����E�� /LQHU� VKLSV�� KWWS���ZZZ�ZRUOGVKLSSLQJ�RUJ�DERXW�WKH�
LQGXVWU\�KRZ�OLQHU�VKLSSLQJ�ZRUNV��$FFHVVHG������������

:RUOG�6KLSSLQJ�&RXQFLO��������KWWS���ZZZ�ZRUOGVKLSSLQJ�RUJ�DERXW�WKH�LQGXVWU\�JOREDO�
WUDGH�WRS����ZRUOG�FRQWDLQHU�SRUWV��$FFHVVHG������������



���

=DPSHOOL�� 6��� 9HUJDGRV�� <��� 6FKDHUHQ�� 5��� 'XOODHUW�� :��� 5DD�� %��� ������ 7KH� EHUWK�
DOORFDWLRQ�DQG�TXD\�FUDQH�DVVLJQPHQW�SUREOHP�XVLQJ�D�&3�DSSURDFK� ,Q��3ULQFLSOHV�DQG�
3UDFWLFH�RI�&RQVWUDLQW�3URJUDPPLQJ��6SULQJHU�%HUOLQ�+HLGHOEHUJ�����±����

=KHQJ��-�)���*DR��=�<���<DQJ��'���6XQ��=���������1HWZRUN�GHVLJQ�DQG�FDSDFLW\�H[FKDQJH�
IRU� OLQHU� DOOLDQFHV� ZLWK� IL[HG� DQG� YDULDEOH� FRQWDLQHU� GHPDQGV�� 7UDQVSRUWDWLRQ 6FLHQFH��
9RO������1R�����SS�����±����

=LV�� 7��� 1RUWK�� 5��� $QJHORXGLV�� 3��� 2FKLHQJ�� :��� %HOO�� 0��� ������ (YDOXDWLRQ� RI� FROG�
LURQLQJ�DQG�VSHHG�UHGXFWLRQ�SROLFLHV�WR�UHGXFH�VKLS�HPLVVLRQV�QHDU�DQG�DW�SRUWV��0DULWLPH�
(FRQRPLFV�	�/RJLVWLFV��9RO������1R�����SS�����±����

9LHZ�SXEOLFDWLRQ�VWDWV9LHZ�SXEOLFDWLRQ�VWDWV


