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$EVWUDFW�²� ,Q� WKH� ODVW� ��� \HDUV�� DERXW� ��� FUDVKHV� LQYROYLQJ�
FRPPHUFLDO� DLUFUDIW� KDYH� HQGHG� LQ� VHD�FUDVKHV� DQG� GR]HQV� RI�
PDULWLPH�DFFLGHQWV�UHVXOWLQJ� LQ�VXQNHQ�YHVVHOV�RFFXU�HYHU\�\HDU��
$W� WKH� LQVWDQW� WKH� DLUFUDIW� )OLJKW� 'DWD� 5HFRUGHU� �)'5��� RU� WKH�
VKLS�9R\DJH�'DWD�5HFRUGHU��9'5���FRPHV�LQ�FRQWDFW�ZLWK�ZDWHU��
D�ORFDWLQJ�GHYLFH�FDOOHG�8/%��8QGHUZDWHU�/RFDWRU�%HDFRQ��VWDUWV�
D� FRQWLQXRXV� HPLVVLRQ� RI� DFRXVWLF� VLJQDOV�� RU� SLQJV�� IRU� D�
PLQLPXP� SHULRG� RI� ��� GD\V�� $IWHU� WKH� FUDVK� RI� WKH� $LU� )UDQFH�
����� LQ� ������ D� GLVFXVVLRQ� EHJDQ� DERXW� WKH� HIIHFWLYHQHVV� RI� WKH�
SLQJHUV�LQ�DVVLVWLQJ�LQ�WKH�ORFDWLRQ�RI�³EODFN�ER[HV´�DQG�ZKHWKHU�
WKH\� VKRXOG� XQGHUJR� VRPH� NLQG� RI� PRGLILFDWLRQ� WR� LPSURYH� LWV�
FDSDELOLWLHV��,Q�RUGHU�WR�XQGHUVWDQG�WKH�SURSDJDWLRQ�RI�WKH�SXOVHV�
HPLWWHG� E\� WKH� 8/%V� LQ� UHJLRQV� RI� SDVW� DFFLGHQWV�� WZR�
IXQGDPHQWDO�DVSHFWV�RI�WKH�LUUDGLDWHG�VLJQDO�TXDOLW\�DUH�DQDO\]HG��
WKH� FRPSRQHQWV� DQG� VSHFLILFDWLRQV� RI� SLQJHUV� XVHG� LQ� ³EODFN�
ER[HV´� ±� DV� IRU� H[DPSOH� WKH� DFRXVWLF� LQWHQVLW\� DQG� WKH� HPLWWHG�
ZDYHIRUP�VKDSH�±�DQG�WKH�SK\VLFDO�FKDUDFWHULVWLFV�RI�WKH�PHGLXP�
DQG� LQ�ZKDW� IRUP� LW� LQIOXHQFHV� LQ� WKH� WUDQVPLVVLRQ�RI� WKH�SXOVHV�
GXULQJ� LWV� SURSDJDWLRQ� E\� WKH� RFHDQ�� 7KLV� ZRUN� KDV� DV� PDLQ�
REMHFWLYH� WR� FRQWULEXWH� WR� WKH� TXDQWLILFDWLRQ� RI� WKH� GHWHFWLRQ�
FDSDELOLW\� RI� 8/%V� HPLWWHG� SLQJV� LQ� GLIIHUHQW� VFHQDULRV�
�FRQILJXUDWLRQV� DQG� KRSHIXOO\� EHLQJ� DEOH� WR� FODULI\�PDMRU� LVVXHV�
UHJDUGLQJ�8/%V�VLJQDO�SURSDJDWLRQ�DVVLVWLQJ�LQ�WKH�LPSURYHPHQW�
RI�VHDUFK�DQG�UHVFXH��6$5��RSHUDWLRQDO�PHWKRGRORJLHV�DQG�LQ�WKH�
GHYHORSPHQW� RI� ³EODFN� ER[´� DFRXVWLF� VLJQDOV� GHWHFWLRQ�
LQVWUXPHQWV�

.H\ZRUGV²8/%�� SLQJHU�� EODFN� ER[�� )'5�� 9'5�� 6$5��
8QGHUZDWHU�DFRXVWLF�SURSDJDWLRQ��

,� ,1752'8&7,21

'DWD�IURP�WKH�ODVW�FRPPXQLFDWLRQ�DQG�IURP�WKH��EODFN�ER[��
RI�WKH�$LUEXV�$����$)������ZKLFK�ZDV�RQ�WKH�5LR�3DULV�URXWH��
LQGLFDWHG� WKDW� DW� ������ RQ� -XQH� �VW�� ������ WKH� DLUFUDIW� ZDV�
SDVVLQJ� WKURXJK� D� UHJLRQ�RI�PRGHUDWH� DWPRVSKHULF� LQVWDELOLW\��
,QYHVWLJDWLRQV�FRQGXFWHG�E\�WKH�IUHQFK�%XUHDX�RI�,QYHVWLJDWLRQ�
DQG� $QDO\VLV� �%($�� IRU� &LYLO� $YLDWLRQ� 6DIHW\� SRLQW� WR� WKH�
IRUPDWLRQ�RI�LFH�FU\VWDOV� LQ�SLWRW� WXEHV�DQG�HUURQHRXV�UHDGLQJV�
RI� YHORFLWLHV� WKDW� FXOPLQDWHG� LQ� WKH� FUDVK� RI� WKH� SODQH� LQ� WKH�
$WODQWLF� 2FHDQ� DERXW� ���� NP� IURP� WKH� DUFKLSHODJR� RI��
)HUQDQGR�GH�1RURQKD�>�@��

$V� VRRQ� DV� D� EODFN� ER[� FRPHV� LQ� FRQWDFW� ZLWK� ZDWHU�� D�
GHYLFH� FDOOHG�8QGHUZDWHU�/RFDWLRQ�%HDFRQ� �8/%�� �)LJ�� ��� LV�
DFWLYDWHG� DQG� VWDUWV� HPLWWLQJ� DFRXVWLF� SXOVHV� DW� D� UHJXODU�
LQWHUYDO� DQG� D� VSHFLILF� IUHTXHQF\�� :KHQ� WULJJHUHG�� DQ� 8/%�
PXVW� UHPDLQ� VHQGLQJ� SXOVHV� IRU� D� PLQLPXP� RI� ��� GD\V�� EXW�
VRRQ� WR�EH� H[WHQGHG� WR����GD\V� >�@��7KLV� LV� WKH� WLPH� WKDW� WKH�
VHDUFK� DQG� UHVFXH� �6$5�� WHDPV�ZLOO� KDYH� WR� ORFDWH� WKH� EODFN�
ER[�DQG�WKXV�UHWULHYH�WKH�GDWD�ZLWK�WKH�QHFHVVDU\�LQIRUPDWLRQ�WR�
FODULI\�WKH�H[DFW�UHDVRQV�IRU�WKH�DFFLGHQW��

)LJ�����8QGHUZDWHU�/RFDWRU�%HDFRQ��8/%��GHYLFH��

:LWKLQ����GD\V�RI�WKH�GDWH�RI�WKH�$)�����FUDVK��QR�DFRXVWLF�
ORFDWRU�VLJQDO�KDG�EHHQ�GHWHFWHG��)URP�WKDW�PRPHQW�WKH�VHDUFK�
SURFHVV� EHFDPH� HYHQ� PRUH� FRPSOH[�� VXFFHHGLQJ� WR� ILQG� WKH�
SODQH� DOPRVW� WZR� \HDUV� DIWHU� WKH� DFFLGHQW�� $V� D� UHVXOW� RI� WKH�
GLIILFXOW\�LQ�ORFDWLQJ�WKH�VLJQDOV�HPLWWHG�E\�WKH�$LUEXV�8/%V��LW�
ZDV�HVWDEOLVKHG�WKDW�DV�RI�0DUFK����������DOO�8/%V�PXVW�KDYH�D�
PLQLPXP�OLIHWLPH�RI�����GD\V�>�@�DQG�IURP�-DQXDU\���������DOO�
DLUFUDIW�ZLWK�WDNHRII�ZHLJKW�RI�PRUH�WKDQ��������NJ�VKDOO�KDYH�
D�/RZ�)UHTXHQF\�8/%������N+]��LQVWDOOHG�LQ�WKHLU�IXVHODJH�>�@��

,Q�RUGHU�WR�PHDVXUH�WKH�GHWHFWDELOLW\�RI�WKH�DFRXVWLF�SLQJV��D�
FKDUDFWHUL]DWLRQ� RI� WKH� SURSHUWLHV� RI� WKH� HPLWWHG� VLJQDOV� ZDV�
PDGH� DQG� KRZ� WKH\� LQWHUDFW� ZLWK� WKH� RFHDQ�� 7ZR� OHYHOV� RI�
FRPSOH[LW\� ZHUH� XVHG� WR� XQGHUVWDQG� VLJQDO� SURSDJDWLRQ� DQG�
DWWHQXDWLRQ� DW� VHD�� )LUVWO\�� WKH� GHFD\� RI� VLJQDO� LQWHQVLW\� ZDV�
VWXGLHG� XVLQJ� D� VLPSOLILHG� PRGHO�� FRQVLGHULQJ� WUDQVPLVVLRQ�
ORVVHV�E\�JHRPHWULF�VSUHDGLQJ�DQG�PHGLD�DEVRUSWLRQ��7KHQ��E\�
PHDQV�RI�D�FRPSXWDWLRQDO�DSSURDFK��D�QXPHULFDO�PRGHO�RI�UD\�
WUDFLQJ�E\�JDXVVLDQ�EHDPV�ZDV�XVHG��



)LJ����±�([SORGHG�YLHZ�RI�DQ�8/%�

,,� 7+(�$1$720<�2)�$1�81'(5:$7(5�/2&$725�
%($&21��8/%��

,Q� RUGHU� WR� XQGHUVWDQG� KRZ� 8/%V� RSHUDWH� DQG� KRZ� WKH\�
JHQHUDWH� WKH� DFRXVWLF� SXOVHV� XVHG� LQ� 6$5� RSHUDWLRQV�� LW� LV�
SUHVHQWHG� EHORZ� VRPH� SK\VLFDO�� HOHFWULFDO� DQG� RSHUDWLRQDO�
GHWDLOV�RI�WKHVH�GHYLFHV��8/%V�DUH�DOVR�NQRZQ�DV�SLQJHUV�GXH�WR�
WKH�HPLVVLRQ�RI�SLQJV�DW�UHJXODU�LQWHUYDOV�DQG�LW�LV�D�PDQGDWRU\�
GHYLFH� LQ� DQ\� W\SH� RI� FRPPHUFLDO� DLUFUDIW�� DLUSODQH� RU�
KHOLFRSWHU�� IO\LQJ� RYHU� ZDWHU� DQG� SDVVHQJHU� YHVVHOV� RU� VKLSV�
ZLWK� JURVV� WRQQDJH� H[FHHGLQJ� ����� 7RQ� >�@�� ,Q� WKH� FDVH� RI�
DLUFUDIW� WKH�8/%�LV�DWWDFKHG�WR�D�)OLJKW�'DWD�5HFRUGHU��)'5���
DQG� LQ� WKH� FDVH� RI� YHVVHOV�� LW� LV� FRXSOHG� WR� D� 9R\DJH� 'DWD�
5HFRUGHU��9'5���

$� *HQHUDO�&KDUDFWHULVWLFV�

7KH�PLQLPXP� RSHUDWLQJ� UHTXLUHPHQWV� >���@�� WKDW� DQ� 8/%�
PXVW�PHHW�LV�SUHVHQWHG�LQ�7DEOH�,��

7DEOH�,��0LQLPXP�RSHUDWLRQDO�UHTXLUHPHQWV�

2SHUDWLQJ�IUHTXHQF\� ���������������N+]�

2SHUDWLQJ�GHSWK� ������PHWHUV�

2SHUDWLQJ�OLIH� ��������GD\V�

$FRXVWLF�RXWSXW� �������G%�UH�� 3D�#��P�

$FRXVWLF�RXWSXW�DIWHU�������GD\V� �����G%�UH�� 3D�#��P�

,Q�WKH�VFKHPDWLF�GLDJUDP�RI�)LJ�����WKH�PDLQ�HOHPHQWV�WKDW�
LQWHUQDOO\�PDNH�XS�DQ�8/%�DUH�UHSUHVHQWHG��WKH�PHWDO�HQYHORSH�
LQFOXGLQJ�WKH�HQG�FDSV�DQG�D�VZLWFK��$��ZKHQ�LQ�FRQWDFW�ZLWK�
ZDWHU�� DFWLYDWHV� WKH� SXOVH� JHQHUDWLRQ� FLUFXLW� ZKLFK� LW� LV�
HPEHGGHG� LQ� D� XUHWKDQH� F\OLQGHU� �%��� 7KH� FLUFXLW� GULYHV� WKH�
SLH]RHOHFWULF�FHUDPLF�WKDW�ZLOO�WUDQVIRUP�WKH�HOHFWULF�SXOVHV�LQWR�
SXOVHV�RI�DFRXVWLF�SUHVVXUH��&���$QG��WKH�SRZHU�VRXUFH�IRU�WKH�
GHYLFH�FRPHV�IURP�D�QRQ�UHFKDUJHDEOH�OLWKLXP�EDWWHU\��'���

%� 6LJQDO�&KDUDFWHULVWLFV�

:KHQ� WKH� HQG� FDSV� FRQWDFWV� DUH� LPPHUVHG� LQ� ZDWHU�� WKH�
FLUFXLW� LV� HQHUJL]HG�� JHQHUDWLQJ� D� ORZ� YROWDJH� SXOVH� WUDLQ�
PRGXODWHG� E\� D� VTXDUH� ZDYH� ZLWK� �� VHFRQG� SHULRG� DQG� ����
GXW\� F\FOH�� 7KLV� VLJQDO�� ZKHQ� LQMHFWHG� LQWR� D� WUDQVIRUPHU�� LV�
UDLVHG�WR�WKH�OHYHO�QHFHVVDU\�WR�H[FLWH�WKH�SLH]RHOHFWULF�F\OLQGHU��
)LQDOO\�� WKH� FHUDPLF� JHQHUDWHV� D� PHFKDQLFDO� ZDYH� WKDW� ZLOO�
SURSDJDWH�WKURXJK�WKH�KRXVLQJ�WR�WKH�HQYLURQPHQW�>�@����

'HVSLWH� WKH� VLPSOH� FKDUDFWHULVWLFV� RI� DFRXVWLF� SXOVH�
JHQHUDWLRQ� DQG� WUDQVPLVVLRQ�� WKH� PDULQH� HQYLURQPHQW� SRVHV�
FKDOOHQJHV�LQ�WKH�GHWHFWLRQ�RI�WKHVH�VLJQDOV��,Q�)LJ���)LJ���LW�LV�
VKRZQ� D� SUHOLPLQDU\� PHDVXUHPHQW� RI� WKH� VLJQDO�� DQG� WKH�
DFRXVWLF� VSHFWURJUDP�� RI� D� SLQJHU� LQ� *XDQDEDUD� %D\�� 5LR� GH�
-DQHLUR��ZLWK�LWV�YDULRXV�VRXUFHV�RI�QDWXUDO�DQG�DQWKURSLF�QRLVH��

)LJ�����7LPH�VHULHV�DQG�VSHFWURJUDP�RI�D�EULHI�SHULRG�RI�WKH�VXEPDULQH�
DFRXVWLF�ODQGVFDSH�QHDU�8UFD�EHDFK��5LR�GH�-DQHLUR��7KH�8/%�ZDV�SODFHG�DW�D�
GLVWDQFH�RI�����P�IURP�WKH�K\GURSKRQH��'HWHFWHG�SLQJV�DUH�LQGLFDWHG�E\�

DUURZV���

$IWHU� ORRNLQJ� WKH� IRUP� RI� WKH� VLJQDO� HPLWWHG� E\� WKH� VRXUFH�
�8/%��� WKH� QH[W� VWHS� LV� WR� WU\� WR� XQGHUVWDQG� KRZ� D� SLQJ�ZLOO�
SURSDJDWH�WKURXJK�WKH�ZDWHU�DQG�KRZ�PXFK�HQHUJ\�ZLOO�EH�ORVW�
WR�WKH�PHGLXP��

&� 6LPSOLILHG�0RGHO�

7KLV� ILUVW� DSSURDFK� XVHV� D� VLPSOHU� PHWKRG� WKDW� FRQVLGHUV�
RQO\�WKH�IDFWRUV�WKDW�GHJUDGH�WKH�VLJQDO�LQ�WKH�GLUHFW�SDWK�IURP�
WKH� VRXUFH� WR� WKH� GHWHFWRU�� 7KH� SLQJHU� HPLWV� D� VLJQDO� ZLWK� D�
FHUWDLQ� LQWHQVLW\� DQG� GLUHFWLYLW\� �6RXUFH� /HYHO� �� 6/� DQG�
'LUHFWLYLW\� ,QGH[� ��',���'XULQJ� SURSDJDWLRQ�� WKLV� VLJQDO� ORVHV�
SDUW� RI� LWV� HQHUJ\� WR� WKH� PHGLXP� �7UDQVPLVVLRQ� /RVV� �� 7/��
XQGHU�FHUWDLQ�DPELHQW�QRLVH�FRQGLWLRQV��1RLVH�/HYHO���1/���7KH�
UHODWLRQVKLS� EHWZHHQ� WKHVH� WHUPV� ZKLFK� LV� H[SUHVVHG� E\� WKH�
SDVVLYH�VRQDU�HTXDWLRQ�>�@�DQG�LW�LV�LOOXVWUDWHG�LQ�WKH�)LJ������

5/� �6/���',�±�7/�±�1/� ���

)LJ�����,Q�WKH�GLDJUDP�DUH�LOOXVWUDWHG�WZR�DXWRQRPRXV�SODWIRUPV��LQ�\HOORZ��
HTXLSSHG�ZLWK�DFRXVWLF�UHFHLYHUV�FDSDEOH�RI�FDSWXULQJ�WKH�VLJQDOV�HPLWWHG�E\�
WKH�SLQJHU��LQ�RUDQJH��ZKRVH�LQWHQVLW\��6/��LV��GHJUDGHG��E\�WKH�PHGLXP��7/��

DQG�WKH�QRLVH�RI�VHYHUDO�VRXUFHV��1/���



�� 6RXUFH�/HYHO� �6/��DQG�'LUHFWLYLW\�,QGH[��',���UHIHUV�WR�
WKH� LQWHQVLW\� OHYHO� RI� WKH� VLJQDO� HPLWWHG�E\� WKH� VRXUFH� �LQ� G%�
UHODWLYH�WR��� 3D�DW���P���ZKLFK�IRU�WKH�SLQJHU�LV�6/� �������
G%��7DEOH�,���7KH�HPLVVLRQ�SDWWHUQ�RI�8/%V�FDQ�EH�FRQVLGHUHG�
LVRWURSLF�PHDQLQJ�D�GLUHFWLYLW\�LQGH[�HTXDO�WR���G%�

�� 7UDQVPLVVLRQ� /RVV� �7/��� FRQVLGHULQJ� D� KRPRJHQHRXV�
DQG� LVRWURSLF� HQYLURQPHQW� DQG� WKH� JHRPHWULF� VFDWWHULQJ� DV�
VSKHULFDO� ZH� FDQ� REWDLQ� WKH� WUDQVPLVVLRQ� ORVVHV�� LQ� XQLWV� RI�
G%�NP��WKURXJK��

7/� �$EVRUSWLRQ���6SUHDGLQJ� ����

D� 8QGHUZDWHU� 6RXQG� $EVRUSWLRQ�� 7KH� PDLQ� FDXVH� RI�
DFRXVWLF�DEVRUSWLRQ�LQ�ZDWHU�DW�VXE�0+]�IUHTXHQFLHV�LV�GXH�WR�
WKH�LRQLF�UHOD[DWLRQ�RI�VRPH�PROHFXOHV�GLVVROYHG�LQ�ZDWHU��2QH�
RI� WKH�0XOOHQ�PRGHOV� >�@��ZKLFK�SUHGLFWV� WKH� FRQWULEXWLRQ�RI�
WKLV� SKHQRPHQRQ�� WR� WKH� $WODQWLF�2FHDQ� UHJLRQ�� ZDV� XVHG� WR�
FDOFXODWH�WKH�DEVRUSWLRQ�FRQVWDQWV�

���N� �����G%�NP�

����N� ������G%�NP�

E� *HRPHWULFDO� 6SUHDGLQJ��:KHQ� VRXQG� UD\V� FRQYHUJH�
RU� GLYHUJH�� WKH� YDULDWLRQ� RI� WKH� VHSDUDWLRQ� EHWZHHQ� WZR� YHU\�
FORVH�UD\V�FDQ�EH�XVHG�WR�HVWLPDWH�WKH�VRXQG�WUDQVPLVVLRQ�ORVV��
7KLV� SKHQRPHQRQ� LV� NQRZQ� DV� JHRPHWULF� VFDWWHULQJ� >�@� DQG�
FDQ�EH�H[SUHVVHG�E\��

6� �1�ORJ���5�� ����

$� VSKHULFDO� VSUHDGLQJ� �1 ���� ZDV� XVHG�� LQWHQGLQJ�
FRQVHUYDWLYH� UHVXOWV�� &RPELQLQJ� WKH� YDOXHV� IRXQG� DERYH� ZH�
REWDLQ�7/�YDOXHV� IRU�HDFK�RI� WKH� IUHTXHQFLHV�RI� LQWHUHVW� �)LJ��
����

)LJ�����7UDQVPLVVLRQ�ORVV��7/��YDOXHV�IRU������N+]�8/%��OHIW��DQG�����N+]�
/)�8/%��ULJKW���

�� 1RLVH� /HYHO� �1/���%DVHG� RQ� WKH� ZRUN� RI�:HQ]�� �����
>��@��WKH�QRLVH�OHYHO�LQ�HDFK�RI�WKH�IUHTXHQFLHV�ZDV�FDOFXODWHG�
IRU�D�VWDWH�RI�VHD����66����DQG�DVVXPLQJ�D�V\VWHP�ZLWK�D���N+]�
EDQGZLGWK��UHVXOWLQJ�LQ�WKH�IROORZLQJ�YDOXHV��

1/���N� ����G%�UH��� 3D�
1/����N� ����G%�UH��� 3D�

:LWK�DOO�WKH�WHUPV�RI�WKH�VRQDU�HTXDWLRQ�FDOFXODWHG��ZH�FDQ�
ILQG� WKH� LQWHQVLW\� RI� WKH� SLQJV� LQ� UHODWLRQ� WR� WKH� GLVWDQFH�� %\�
UHSODFLQJ�WKH�SUHYLRXVO\�IRXQG�YDOXHV��ZH�FDQ�GHILQH�WKH�VRXQG�
SUHVVXUH�OHYHO��63/��DW�WKH�UHFHLYHU�DV��

5/� �������± > I�U������ORJ���U������@ ���

5XQQLQJ�WKLV�HTXDWLRQ�WKURXJK�D�UDQJH�RI�YDOXHV�XS�WR�����
NP�ZH�REWDLQ�WKH�UHFHLYHU�OHYHO�FXUYHV�IRU�WKH�/)�8/%�DQG�WKH�
UHJXODU�8/%�GLVSOD\HG�RQ�)LJ�����

)LJ�����6RXQG�SUHVVXUH�OHYHOV�DJDLQVW�GLVWDQFH��7KH�FXUYH�IRU�D�UHJXODU�8/%�
������N+]��LV�GHSLFWHG�LQ�EOXH�DQG�IRU�DQ�/)�8/%�LQ�\HOORZ��

,W�LV�ZRUWK�QRWLQJ�WKDW�WKLV�LV�D�VLPSOLILFDWLRQ�RI�D�FRPSOH[�
HQYLURQPHQW� DQG� GRHV� QRW� WDNH� LQWR� DFFRXQW� IDFWV� VXFK� DV�
PXOWLSDWK��UHIUDFWLRQ�DQG�GLIIUDFWLRQ�VFDWWHULQJ�HIIHFWV�RI�VRXQG�
E\� VXVSHQGHG� SDUWLFOHV�� EXEEOHV�� DQG� SODQNWRQ� LQ� WKH� ZDWHU�
FROXPQ��HWF��

'� 1XPHULFDO�0RGHO�

,Q�RUGHU� WR�FRPSDUH� WKH� VLJQDO� LQWHQVLW\�YDULDWLRQ�ZLWK� WKH�
UHVXOWV� IRXQG� ZLWK� WKH� VLPSOH� SURSDJDWLRQ� PRGHO�� D�
FRPSXWDWLRQDO� DSSURDFK�ZDV� XVHG� WR� DQDO\]H� WKH�8/%V�SLQJV�
SURSDJDWLRQ�XQGHU�WKH�FRQGLWLRQ�RI�WKH�$)�����FUDVK�VLWH��

7KH� %(//+23� PRGHO� >��@�� VXLWDEOH� IRU� KLJK�IUHTXHQF\�
VRXUFHV�� ZDV� XVHG�� 7KLV� PRGHO� LV� FDSDEOH� RI� FRPSXWLQJ�
DFRXVWLF� ILHOGV� LQ� RFHDQ� HQYLURQPHQWV� XVLQJ� D� JDXVVLDQ� UD\�
WUDFLQJ��$V�LQSXW�SDUDPHWHUV�IRU�WKH�PRGHO�ZH�XVHG�EDWK\PHWULF�
GDWD� IURP�(7232��� VRXQG� VSHHG�SURILOHV�FDOFXODWHG� IURP� WKH�
76� SURILOHV� RI� WKH� *'(0�9� ���� EDVH�� DQG� WKH� EDFNJURXQG�
VHGLPHQW�VWUXFWXUH�GDWD��ZKLFK�DUH�FRPSRVHG�EDVLFDOO\�RI�FOD\�
ZDV�H[WUDFWHG�IURP�WKH�%67�Y����GDWDEDVH��

6LPXODWLRQV� ZHUH� SHUIRUPHG� IRU� WKH� WZR� IUHTXHQFLHV� RI�
LQWHUHVW�� ���� DQG� ����� N+]�� 7KH� UHVXOWLQJ� JUDSKV� IURP� HDFK�
VLPXODWLRQ� �)LJ�� ��� SUHVHQW� WKH� YDOXHV� RI� WKH� VRXQG� SUHVVXUH�
OHYHOV�DV�D�IXQFWLRQ�RI�GLVWDQFH��



)LJ�����6RXQG�SUHVVXUH�OHYHO�ILHOG�VLPXODWLRQV�RI�D�VLJQDO�DW������N+]��WRS��DQG�
����N+]��ERWWRP���

(� 0RGHOV�&RPSDULVRQ�

,Q� RUGHU� WR� FRPSDUH� WKH� RXWSXWV� REWDLQHG� EHWZHHQ� WKH�
VLPSOLILHG� PRGHO� DQG� WKH� QXPHULFDO� PRGHO�� WKH� UHVXOWV� DUH�
VKRZQ�LQ�)LJ�����H[SRVLQJ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�UHVXOWV�RI�
WKH�FRPSXWDWLRQDO�PHWKRG�DQG�WKH�VLPSOLILHG�PHWKRG��

)LJ����±�&RPELQHG�UHVXOWV�RI�WKH�VLPSOLILHG�PRGHO��PDJHQWD�DQG�F\DQ��DQG�WKH�
QXPHULFDO�PRGHO��UHG�DQG�EOXH���

,,,� &21&/86,21

)ROORZLQJ� WKH� WZR� VLPXODWLRQ� H[HUFLVHV� SUDFWLFHG� LQ� WKLV�
VWXG\�� LW� LV� TXLWH� FOHDU� WKDW� WKH� GHFLVLRQ� PDGH� E\� WKH�
DHURQDXWLFDO�DGPLQLVWUDWRUV�WR�DGRSW�WKH�XVH�RI�D�ORZ�IUHTXHQF\�
8/%� LQ� WKH� IXVHODJH� RI� DLUSODQHV� ZDV� MXVWLILHG�� 'HVSLWH� WKH�
GLIIHUHQFHV� EHWZHHQ� WKH� WZR� PHWKRGV�� ERWK� DJUHH� RQ� KLJKHU�
SUHVVXUH� YDOXHV� DW� ORQJHU� GLVWDQFHV� IRU� WKH� ���� N+]� SLQJV�� DV�
H[SHFWHG�� 7KH� QXPHULFDO� PRGHO� LQGLFDWHV� WKH� SRVVLELOLW\� RI�
GHWHFWLRQ��63/�!����G%�>��@��DW�GLVWDQFHV�RI�a��NP�IRU�WKH�����
N+]�VLJQDO��ZKLOH�IRU�WKH������N+]�VLJQDO�WKH�GHWHFWLRQ�GLVWDQFH�
ZDV�a��NP��

3UREDEO\�WKH�EHVW�ZD\�WR�DVVHVV�WKH�YDOLGLW\�RI�WKH�SUHYLRXV�
PRGHOV� LV� WKURXJK� D� ILHOG� WHVW� XVLQJ� D� UHDO� VRXUFH� DQG� D� UHDO�
GHWHFWRU� �K\GURSKRQH�� LQ� D� FRQGLWLRQ� VLPLODU� WR� WKRVH� XVHG� WR�
UXQ�WKH�WKHRUHWLFDO�PRGHOV��7KHUHIRUH��VXFK�HQGHDYRU�VKRXOG�EH�
FRQGXFWHG� LQ� WKH� IXWXUH� ZLWK� WKH� QHFHVVDU\� ULJRU� WR� JHQHUDWH�
HQRXJK�LQIRUPDWLRQ�WR�DOORZ�IXUWKHU�FRPSDULVRQ�WR�WKLV�VWXG\��

$&.12:/('*0(17

7KH� DXWKRUV�ZRXOG� OLNH� WR� WKDQN�5-(� ,QWHUQDWLRQDO� IRU� WKH�
GRQDWLRQ�RI�WZR�SLQJHUV�LQ�WKH�VXSSRUW�RI�WKLV�VWXG\��
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������SS���±�����������

>�@ )$$��³762����E��8QGHUZDWHU�ORFDWLQJ�GHYLFH´�

>�@ 6$(�,QWHUQDWLRQDO��³$6����$��0LQLPXP�SHUIRUPDQFH�VWDQGDUG�IRU�ORZ�
IUHTXHQF\� XQGHUZDWHU� ORFDWLQJ� GHYLFHV� �DFRXVWLF�� �VHOI�SRZHUHG���
'HFHPEHU�������

>�@ 6$(� ,QWHUQDWLRQDO�� ³$6����$�� 0LQLPXP� SHUIRUPDQFH� VWDQGDUG� IRU�
XQGHUZDWHU�ORFDWLQJ�GHYLFHV��DFRXVWLF���VHOI�SRZHUHG�´��$XJXVW�������

>�@ 62/$6�� ,02�� ³,QWHUQDWLRQDO�&RQYHQWLRQ� IRU� WKH� VDIHW\� RI� OLIH� DW� VHD´��
FKDS��9�UHJ������/RQGRQ��������

>�@ 7HOHG\QH� %HQWKRV�� ³(/3����'� HPHUJHQF\� ORFDWRU� EHDFRQ� XVHU¶V�
PDQXDO´��5HY��/��������

>�@ 5��-��8ULFN��³3ULQFLSOHV�RI�XQGHUZDWHU�VRXQG´���UG�HGLWLRQ��0F*UDZ�+LOO��
S������������

>�@ 5�� 0HOOHQ�� 3�� 6FKHLIHOH�� '�� %URZQLQJ�� ³*OREDO� PRGHO� IRU� VRXQG�
DEVRUSWLRQ�LQ�VHD�ZDWHU´��186&��S������0D\�������

>�@ &�� &OD\�� +�� 0HGZLQ�� ³$FRXVWLFDO� RFHDQRJUDSK\�� SULQFLSOHV� DQG�
DSSOLFDWLRQV´��-RKQ�:LOH\�	�6RQV��S������������

>��@ *�� 0�� :HQ]�� ³$FRXVWLF� DPELHQW� QRLVH� LQ� WKH� RFHDQ�� VSHFWUD� DQG�
VRXUFHV´��-��$FRXVW��6RF��$P�����������������'HFHPEHU�������

>��@ 0�� 3RUWHU�� <�� /LX�� ³)LQLWH�HOHPHQW� UD\� WUDFLQJ´�� 7KHRUHWLFDO� DQG�
FRPSXWDWLRQDO�DFRXVWLFV��9RO�����:RUOG�6FLHQWLILF�3XEOLVKLQJ�&R���������

>��@ 1��'��0HUFKDQW��.��0��)ULVWUXS��0��3��-RKQVRQ��3��/��:LWW��3��%ORQGHO�
DQG�6��(��3DUNV��³0HDVXULQJ�DFRXVWLF�KDELWDWV´��0HWKRGV�(FRO�(YRO�����
���������0DUFK�������
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