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$EVWUDFW�

'RVLPHWU\� LQ� OLYHU� UDGLRHPEROL]DWLRQ� ZLWK�
��
<� PLFURVSKHUHV� LV� D� IXQGDPHQWDO� WRRO�� ERWK� IRU� WKH�

RSWLPL]DWLRQ� RI� HDFK� WUHDWPHQW� DQG� IRU� LPSURYLQJ� NQRZOHGJH� RI� WKH� WUHDWPHQW� HIIHFWV� LQ� WKH� WLVVXHV��

'LIIHUHQW�RSWLRQV�DUH�DYDLODEOH�IRU�HVWLPDWLQJ�WKH�DGPLQLVWHUHG�DFWLYLW\�DQG�WKH�WXPRU�RUJDQ�GRVH��DPRQJ�

WKHP� WKH� VR�FDOOHG�SDUWLWLRQ�PHWKRG��7KH�NH\� IDFWRU� LQ� WKH�SDUWLWLRQ�PHWKRG� LV� WKH� WXPRU�QRUPDO� WLVVXH�

DFWLYLW\� XSWDNH� UDWLR� �7�1��� ZKLFK� LV� REWDLQHG� E\� D� 6LQJOH�3KRWRQ� (PLVVLRQ� &RPSXWHG� 7RPRJUDSK\�

�63(&7��VFDQ�GXULQJ�D�SUH�WUHDWPHQW�VLPXODWLRQ��7KH�OHVV�FOHDU�WKH�GLVWLQFWLRQ�EHWZHHQ�KHDOWK\�DQG�WXPRU�

SDUHQFK\PD�ZLWKLQ�WKH�OLYHU��WKH�PRUH�GLIILFXOW�LW�EHFRPHV�WR�HVWLPDWH�WKH�7�1�UDWLR��WKHUHIRUH�WKH�XVH�RI�

WKH� PHWKRG� LV� OLPLWHG�� 7KLV� VWXG\� SUHVHQWV� D� PHWKRGRORJ\� WR� FDOFXODWH� WKH� 7�1� UDWLR� XVLQJ� JOREDO�

LQIRUPDWLRQ�IURP�WKH�63(&7��7KH�7�1�UDWLR�LV�HVWLPDWHG�E\�HVWDEOLVKLQJ�XSWDNH�WKUHVKROGV�FRQVLVWHQW�ZLWK�

SUHYLRXVO\�SHUIRUPHG�YROXPHWU\��7KLV�GRVH�FDOFXODWLRQ�PHWKRG�ZDV�YDOLGDWHG�DJDLQVW� WKUHH�GLPHQVLRQDO�

YR[HO�GRVLPHWU\��DQG�ZDV�DOVR�FRPSDUHG�ZLWK�WKH�VWDQGDUG�SDUWLWLRQ�PHWKRG�EDVHG�RQ�IUHHKDQG�UHJLRQV�RI�

LQWHUHVW��52,��RXWOLQLQJ�RQ�63(&7�VOLFHV��%RWK�FRPSDULVRQV�ZHUH�GRQH�RQ�D�VDPSOH�RI����DFWXDO�FDVHV�RI�

KHSDWRFHOOXODU�FDUFLQRPD�WUHDWHG�ZLWK�UHVLQ�PLFURVSKHUHV��7KH�SURSRVHG�PHWKRG�DQG�WKH�YR[HO�GRVLPHWU\�

JLYH� YHU\� VLPLODU� UHVXOWV�� 'LIIHUHQFHV� DUH� IRXQG� LQ� VHYHUDO� FDVHV� ZKHQ� FRPSDULQJ� ZLWK� UHVXOWV� GHULYHG�

IURP�WKH�52,�PHWKRG��'LIIHUHQFHV� LQ� WKH�7�1� UDWLR� LPSO\�PRUH�GLIIHUHQFH� LQ� WXPRU�GRVH�WKDW� LQ�QRUPDO�

OLYHU�GRVH��'LVSHUVLRQ�RI�YDOXHV�LV�JUHDWHU�LQ�WKH�52,�EDVHG�PHWKRG�WKDQ�LQ�WKH�RWKHU�WZR��7KH�SURFHVV�LV�

YHU\�VLPSOH�DQG�DYRLGV�WKH�VXEMHFWLYLW\�LQKHUHQW�WR�PDQXDO�GLVWLQFWLRQ�EHWZHHQ�WXPRU�QRUPDO�OLYHU�WLVVXH�

LQWHUIDFHV��'RVLPHWU\� UHVXOWV� REWDLQHG�ZLWK� WKH� QHZ�PHWKRG� DUH� HTXLYDOHQW� WR� WKRVH� SURYLGHG� E\� YR[HO�

GRVLPHWU\�� &RPSDUHG� WR� WKH� XVH� RI�52,V�� LW� DOVR� SURYLGHV� JUHDWHU� VLPSOLFLW\� DQG� ±�PRVW� LPSRUWDQWO\� ±�

JUHDWHU�UHSURGXFLELOLW\��

�
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,QWURGXFWLRQ�

7UDQVDUWHULDO� OLYHU� UDGLRHPEROL]DWLRQ� �7$5(�� LV� D� IRUP� RI� QXFOHDU� PHGLFLQH� UDGLRWKHUDS\� LQ� ZKLFK�

PLFURVSKHUHV� ORDGHG�ZLWK� \WWULXP���� DUH�GHOLYHUHG� WR� WKH� WXPRU� YLD� WKH� KHSDWLF� DUWHU\�� ,W� OHYHUDJHV� WKH�

OLYHU
V�GXDO�EORRG�VXSSO\�WR�GHSRVLW�D�ODUJH�TXDQWLW\�RI�UDGLDWLRQ�GRVH�WR�WKH�WXPRU�ZLWKRXW�GDPDJLQJ�WKH�

KHDOWK\� SDUHQFK\PD�� 7KH� DGPLQLVWHUHG� DFWLYLW\� DQG� WKH� GRVH� HVWLPDWLRQ� DUH� GHWHUPLQHG� GXULQJ� D� SUH�

WUHDWPHQW�VLPXODWLRQ�LQYROYLQJ�WKH�DGPLQLVWUDWLRQ�RI�PDFURDJJUHJDWHG�DOEXPLQ�PDUNHG�ZLWK�
��P
7F��

��P
7F�

�0$$���FDUULHG�RXW�DFFRUGLQJ�WR�WKH�SODQQHG�WUHDWPHQW��DQG�LQ�DQ�LPPHGLDWHO\�VXEVHTXHQW�63(&7�VFDQ�

�'H]DUQ�HW�DO�����������

,Q�WKH�FDVH�RI�UHVLQ�VSKHUHV�� WKH�SUHVFULSWLRQ�PHWKRGV�FXUUHQWO\�DYDLODEOH�DUH���,��(PSLULFDO�0HWKRG��QRW�

SHUVRQDOL]HG�DQG�DOUHDG\� LQ�GLVXVH�� �,,��%RG\�6XUIDFH�$UHD� �%6$��PHWKRG��ZKLFK� LQFOXGHV�SDWLHQW� VL]H�

DQG�OLYHU�VL]H�LQ�DQ�HPSLULFDO�HTXDWLRQ�IRU�WKH�FDOFXODWLRQ�RI�DFWLYLW\��EXW�GRHV�QRW� WDNH�LQWR�DFFRXQW� WKH�

DEVRUEHG�GRVH���,,,��3DUWLWLRQ�0HWKRG��ZKLFK�FRQVLGHUV�WKH�GLIIHUHQW�XSWDNH�RI�KHDOWK\�DQG�GLVHDVHG�WLVVXH�

�+R� HW� DO��� ������ 6LUWH[� 6,5�6SKHUHV
�
� 3DFNDJH� ,QVHUW�� .HQQHG\� HW� DO��� �������� DQG� ILQDOO\� �,9�� 7KUHH�

'LPHQVLRQDO� ��'�� 'RVLPHWU\�� ZKLFK� KDV� VHYHUDO� SRVVLELOLWLHV� LQ� GHYHORSPHQW�� DOWKRXJK� LW� LV� VWLOO� QRW�

ZLGHVSUHDG� LQ� SUDFWLFH� DQG� OLWWOH� FOLQLFDO� GDWD� LV� DYDLODEOH� �'H]DUQ� HW� DO��� ������2
'RKHUW\�� �������7KH�

ODWWHU� WZR� DUH� EDVHG� RQ� WKH� 0,5'� VFKHPD�� VR� WKH\� DUH� QRW� RQO\� SUHVFULSWLRQ� PHWKRGV� EXW� DOVR� GRVH�

HVWLPDWLRQ�PHWKRGV��7KLV�GRVH�HVWLPDWLRQ� LV�QHHGHG� WR�REWDLQ�D�SHUVRQDOL]HG�SUHVFULSWLRQ�DQG� WUHDWPHQW�

SODQQLQJ�LQ�QXFOHDU�PHGLFLQH�WKHUDS\�DQG�LV�EHFRPLQJ�LQFUHDVLQJO\�GHPDQGHG��&KLHVD�HW�DO����������*LYHQ�

WKDW��'�GRVLPHWU\� LV�QRW�TXLWH�HVWDEOLVKHG� LQ� URXWLQH�FOLQLFDO�SUDFWLFH�� WKH�PRVW�VRSKLVWLFDWHG�PHWKRG� LQ�

XVH�LV�XVXDOO\�WKH�SDUWLWLRQ�PHWKRG��DQG�LW�LV�LQFUHDVLQJO\�SUHYDOHQW�LQ�KRVSLWDOV�WKURXJKRXW�WKH�ZRUOG��7KH�

UHVLQ���PLFURVSKHUHV�PDQXIDFWXUHU��6,5�6SKHUHV
�
��6LUWH[�0HGLFDO��VXJJHVWV�XVLQJ�WKH�SDUWLWLRQ�PHWKRG�LQ�

HVSHFLDOO\� IDYRUDEOH�DQDWRPLHV� �6LUWH[�6,5�6SKHUHV
�
�3DFNDJH�,QVHUW���7KH�3DUWLWLRQ�PHWKRG� LV�GHVFULEHG�

DQG�YDOLGDWHG�IRU�FDVHV�ZKHUH�LW�LV�SRVVLEOH�WR�FOHDUO\�LGHQWLI\�WKH�ERUGHU�EHWZHHQ�WKH�KHDOWK\�SDUHQFK\PD�

DQG�WKH�WXPRU��+R�HW�DO���������+R�HW�DO�������D��+R�HW�DO�������E���

7R�SHUIRUP�WKH�FDOFXODWLRQV��LW�LV�QHFHVVDU\�WR�NQRZ���,��OXQJ�VKXQW�IUDFWLRQ��/6)���IUDFWLRQ�RI�WKH�DFWLYLW\�

LQMHFWHG�LQWR�WKH�SDWLHQW�WKDW�PLJUDWHV�WR�WKH�OXQJV���,,��OLYHU�DQG�WXPRU�PDVVHV��REWDLQHG�E\�YROXPHWU\�LQ�

UDGLRORJLFDO� LPDJLQJ�� �,,,�� OXQJ� PDVV�� XVXDOO\� UHSODFHG� E\� WKH� VWDQGDUG� YDOXH� RI� �� NJ�� DQG� �,9�� WKH�

WXPRU�QRUPDO� WLVVXH� UDWLR� �7�1��� DV� GHILQHG� LQ� HTXDWLRQ� ����'H]DUQ� HW� DO��� ������ 6LUWH[� 6,5�6SKHUHV
�
�

3DFNDJH�,QVHUW��*LDPPDULOH�HW�DO���������*XOHF�HW�DO����������
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:KHUH�$7XPRU�DQG�$1RUPDO/LYHU�DUH�WXPRU�DQG�KHDOWK\�OLYHU�DFWLYLW\��DQG�P7XPRU�DQG�P1RUPD/LYHU�DUH�WKH�PDVVHV�

RI�WKH�WXPRU�DQG�WKH�KHDOWK\�OLYHU��UHVSHFWLYHO\��

1R�VLQJOH�EHQFKPDUN�PHWKRG�H[LVWV�WR�FDOFXODWH�WKH�7�1�UDWLR��$UEL]X�HW�DO����������DQG�UHFHQW�SURSRVDOV�

RI�REMHFWLYH�REVHUYHU�LQGHSHQGHQW�PHWKRGV�DUH�FRQGLWLRQHG�E\�VHJPHQWDWLRQ�*DULQ� HW� DO���������/DP� HW�

DO��� ������ .DR� HW� DO��� ������ *DULQ� HW� DO��� ������� ,Q� WKH� VWDQGDUG� SURFHGXUH� D� FRPSDULVRQ� EHWZHHQ� WKH�

TXRWLHQW�GHILQHG�LQ�HTXDWLRQ�����DQG�D�QRUPDOL]HG�UDWLR�RI�FRXQWV�RI�WZR�UHJLRQV�RU�YROXPHV�RI�LQWHUHVW�RQ�

WKH� 63(&7� LPDJHV� ZDV� SHUIRUPHG�� LQFOXGLQJ� WXPRU� DQG� KHDOWK\� OLYHU�� UHVSHFWLYHO\�� 7KLV� PHDVXUH� LV�

PDQXDO� DQG� WKHUHIRUH� SUHVHQWV� D� KLJK� GHJUHH� RI� XQFHUWDLQW\�� GHSHQGLQJ� JUHDWO\� RQ� WKH� FULWHULRQ� RI� WKH�

SDUWLFXODU�XVHU�SHUIRUPLQJ�WKLV��

:KHQ�ERWK� WKH�SDUWLWLRQ�DQG�%6$�PHWKRGV�DUH�DSSOLFDEOH�� WKH� IRUPHU� LV�FRQVLGHUHG�D�EHWWHU�FKRLFH��EXW�

SUHVHQWV�VHULRXV�OLPLWDWLRQV�ZKLFK�LPSHGH�LWV�ZLGHVSUHDG�XVH�.DR�HW�DO����������,W�LV�FXVWRPDU\�WR�HPSOR\�

WKH�SDUWLWLRQ�PHWKRG�RQO\�LQ�SDWLHQWV�VHOHFWHG�IRU�SUHVHQWLQJ�HVSHFLDOO\�FOHDU�KHDOWK\�GLVHDVHG�SDUHQFK\PD�

LQWHUIDFHV��2QO\�H[SHULHQFH�DQG�NQRZOHGJH�RI�WKH�HTXDWLRQV�RI�WKH�PRGHO��LWV�PHDQLQJ�DQG�LWV�VFRSH��FDQ�

GHWHUPLQH�WKH�PRVW�DSSURSULDWH�PHWKRG�IRU�HDFK�SDWLHQW��

7KLV�VWXG\�SUHVHQWV�D�QHZ�PHWKRG��EDVHG�RQ� WKH�SDUWLWLRQ�PHWKRG��E\�HVWLPDWLQJ� WKH�7�1� UDWLR� IURP�WKH�

JOREDO� LQIRUPDWLRQ� SURYLGHG� E\� WKH� JDPPD� FDPHUD� LPDJLQJ� RI�
��P
7F� �0$$�� 7KH� YDOLGLW\� RI� WKH� QHZ�

PHWKRG�ZDV�VWXGLHG�LQ�FDVHV�WUHDWHG�ZLWK�UDGLRHPEROL]DWLRQ��FRPSDULQJ�LWV�UHVXOWV�DJDLQVW�WKRVH�REWDLQHG�

WKURXJK��'�GRVLPHWU\�DW�WKH�YR[HO�OHYHO��

�

0HWKRGV�

(VWLPDWLQJ�WKH�WXPRU�QRUPDO�WLVVXH�XSWDNH�UDWLR�

,Q� D� SUDFWLFDO�ZD\��7�1� UDWLR� LW� LV� RIWHQ� OLNHQHG� WR� WKH� UDWLR� RI� 63(&7� FRXQWV� SHU� XQLW� VXUIDFH� DUHD� RU�

YROXPH��EHWZHHQ� WXPRU� DQG�QRUPDO� OLYHU� �'H]DUQ� HW� DO��� �������)RU� D��'�DQDO\VLV�� GLVWLQFWLRQ� EHWZHHQ�

KHDOWK\�DQG�GLVHDVHG�WLVVXH�LV�QHHGHG��EXW� WKLV� LV�FRPSOH[�RQ�ERWK�D�FRQFHSWXDO�DQG�WHFKQLFDO� OHYHO��)RU�

WKH�PHWKRG�SURSRVHG�KHUHLQ��VHJPHQWDWLRQ�EDVHG�RQ�WKH�63(&7�FRXQW�WKUHVKROGV�LV�FRQVLGHUHG�YDOLG��$OO�

YR[HOV�ZLWK�FRXQWV�EHORZ�D�ORZHU�WKUHVKROG�7��DUH�LGHQWLILHG�DV�QRQLUUDGLDWHG�UHJLRQ��YR[HOV�ZLWK�FRXQWV�
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DERYH�DQ�XSSHU�WKUHVKROG�7��DUH�LGHQWLILHG�DV�WXPRU��DQG�WKH�UHVW��ORFDWHG�EHWZHHQ�WKH�WZR�WKUHVKROGV��LV�

LGHQWLILHG�DV�WUHDWHG�KHDOWK\�OLYHU��

7KH�63(&7�YR[HO�YDOXH�VSHFWUXP��EHWZHHQ�D�PLQLPXP��P��DQG�D�PD[LPXP��0���RQ�DQ�DUELWUDU\�VFDOH��LV�

GHILQHG� E\� WKH� SDUDPHWHUV� RI� DFTXLVLWLRQ� DQG� UHFRQVWUXFWLRQ�� ,W� LV� DVVXPHG� WKDW� HDFK� YR[HO� QXPEHU� RI�

FRXQWV�LV�SURSRUWLRQDO�WR�WKH�
��
<�DFWLYLW\�GHSRVLWHG�LQ�LW��7KLV�ZD\��WRWDO�FRXQWV�RI�WKH�VWXG\�FRUUHVSRQG�WR�

WKH�WRWDO�DGPLQLVWHUHG�DFWLYLW\��6LPLODUO\��WKH�VXP�RI�FRXQWV�RI�DOO�WKH�YR[HOV�ZLWK�7����L���7��FRUUHVSRQGV�

WR�WKH�DFWLYLW\�LQ�WKH�QRUPDO�OLYHU��DQG�WKH�VXP�RI�FRXQWV�RI�DOO�WKH�YR[HOV�ZLWK�L���7��FRUUHVSRQGV�WR�WKH�

DFWLYLW\�LQ�WKH�WXPRU��7KH�JUH\�OHYHO�KLVWRJUDP�RI�WKH��'�PDWUL[�VKRZV�WKH�IUHTXHQF\�RI�YR[HOV��IL��WKDW�DUH�

DVVLJQHG�HDFK�YDOXH�RI�VSHFWUXP�L��IURP�L P�WR�L 0��ILJXUH�����7KXV��WKH�VXP�RI�FRXQWV�RI�D�UDQJH��D��E��

LV��

¦
 

� 
E

DL

LILED&RXQWV ��� � ����

*LYHQ�WKDW�WKH�VXP�RI�FRXQWV� LQ�HDFK�YR[HO�LV�SURSRUWLRQDO�WR�WKH�DFWLYLW\�FRQWDLQHG�LQ�LW��ZKHUH�N� LV� WKH�

SURSRUWLRQDOLW\�FRQVWDQW��WKH�DFWLYLW\�LQ�WKH�YROXPHV�RI�LQWHUHVW�FDQ�EH�GHWHUPLQHG��

¦
 

�� 
0

L

L7RWDO ILN$
P

� ����

¦
�

 

�� 
��

�

7

7L

LU1RUPDO/LYH ILN$ � ����

¦
 

�� 
0

7L

L7XPRU ILN$
�

� ����

.QRZLQJ� WKH� YR[HO� YROXPH��9YR[HO�� DQG� WKH� QXPEHU�RI� YR[HOV� EHWZHHQ� WKH� WKUHVKROGV�� KHDOWK\� OLYHU� DQG�

WXPRU�YROXPH�FDQ�EH�H[SUHVVHG�DV��

¦
�

 

� 
��

�

7

7L

LYR[HOU1RUPDO/LYH I99 � ����

¦
 

� 
0

7L

LYR[HO7XPRU I99
�

� ����

2SWLPDO�WKUHVKROGV�IRU�HDFK�SDWLHQW�ZHUH�FKRVHQ�VR�DV�WR�YHULI\�HTXDWLRQV�����DQG������7KDW�LV��WKUHVKROG�

YDOXHV�ZHUH�VHOHFWHG�VR�WKDW�WKH�YROXPH�RI�DOO�WKH�YR[HOV�ZLWK�FRXQWV�RYHU�7��DQG�7��LQFOXGH�WKH�YROXPH�

REWDLQHG�LQ�WKH�SUHYLRXV�OLYHU�DQG�WXPRU�YROXPHWU\��UHVSHFWLYHO\��
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2Q� ILUVW�DSSUR[LPDWLRQ�� WKH�PDVV�GHQVLWLHV�RI� WKH� WXPRU�DQG� WKH�KHDOWK\�SDUHQFK\PD�FDQ�EH�FRQVLGHUHG�

HTXDO��7KLV�DOORZV�IRU�WKH�LGHQWLILFDWLRQ�RI�WKH�UDWLR�RI�PDVVHV�IURP�WKH�7�1�GHILQLWLRQ�LQ�WKH�UDWLR�RI�WKH�

YROXPHV� GHILQHG� LQ� HTXDWLRQV� ���� DQG� ����� :KHQ� DSSO\LQJ� WKH� WKHRUHWLFDO� GHILQLWLRQ� RI� WKH� 7�1� UDWLR�

�HTXDWLRQ�������WKH��'�7�1�XSWDNH�UDWLR��7�1�'��FDQ�EH�GHILQHG�DV��
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7KH�7�1�'�HVWLPDWLRQ�PHWKRG�VKRXOG�EH�YDOLG�LQ�DOO�FDVHV�IRU�ZKLFK�WKH�IROORZLQJ�FRQGLWLRQV�DUH�YHULILHG��

�,��FOHDU�XSWDNH�RI�DFWLYLW\�WKURXJKRXW�WKH�HQWLUH�OLYHU�RU�LQ�RQH�RI�OREHV���,,��WKH�PRVW�PDUNHG�XSWDNH�IRFL�

ORFDWHG� LQ� WKH� DUHDV� ZLWK� WXPRU� SUHVHQFH� LQ� GLDJQRVWLF� LPDJLQJ�� DQG� �,,,�� DEVHQFH� RI� VLJQLILFDQW�

H[WUDKHSDWLF�OHDNV��

7KH�7�1�'� UDWLR� WKXV� FDOFXODWHG� GRHV�QRW�GLIIHU� FRQFHSWXDOO\� LQ� DQ\� UHVSHFW� WR� WKH�7�1� UDWLR� FRPPRQO\�

XVHG�LQ�WKH�SDUWLWLRQ�PHWKRG��,W�LV�VLPSO\�D�PRUH�UHDOLVWLF�ZD\�RI�FDOFXODWLQJ�WKH�SDUDPHWHU��ZKLFK�LV�WKHQ�

LQFOXGHG�LQ�WKH�PRGHO
V�GRVH�FDOFXODWLRQ�ZLWKRXW�PRGLILFDWLRQ��

�

�

)LJXUH� �� *UH\� OHYHO� KLVWRJUDP� RI�
��P
7F�0$$�63(&7� LPDJH� �D[LDO� VOLFH� VKRZQ� LQ� XSSHU� ULJKW� LQVHW���

9HUWLFDO�OLQHV�PDUN�WKH�UDQJH�RI�YDOXHV��D��E��LQ�ZKLFK�WKH�VXP�RI�FRXQWV�VKRXOG�EH�REWDLQHG��
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6HOHFWHG�FDVHV�

7KH� SURSRVHG� FDOFXODWLRQ� PHWKRG� ZDV� LPSOHPHQWHG� UHWURVSHFWLYHO\� LQ� D� JURXS� RI� ��� FDVHV� RI�

KHSDWRFHOOXODU�FDUFLQRPD�WUHDWHG�ZLWK�UHVLQ�VSKHUHV�DW�RXU�FHQWUH�EHWZHHQ�$XJXVW������DQG�2FWREHU�������

)RU� FRPSDUDWLYH� SXUSRVHV�� WKH� 7�1� UDWLR� ZDV� HVWLPDWHG� IRU� WKLV� JURXS� ZLWK� WZR� RWKHU� PHWKRGV� �52,�

GUDZLQJ� RQ� D[LDO� VOLFHV� RI� 63(&7� DQG� ZLWK� YR[HO� GRVLPHWU\��� 2QO\� FDVHV� IRU� ZKLFK� WKH� WXPRU� ZDV�

VXIILFLHQWO\�LGHQWLILDEOH�DV�WR�FDOFXODWH�WKH�7�1�UDWLR�XVLQJ�52,V�LQ�D�UHOLDEOH�PDQQHU�ZHUH�VHOHFWHG��7DEOH�

��VKRZV�WKH�FKDUDFWHULVWLFV�RI�WKH����FDVHV�WKDW�PHW�WKH�FULWHULD��

�

&DVH� � 97RWDO�/LYHU��FP
�
�� 97XPRU��FP

�
�� � /6)�

�� � ����� ��� � ����

�� � ����� ���� � ���

�� � ���� ��� � ���

�� � ���� ��� � ���

�� � ����� ��� � ���

�� � ����� �� � ���

�� � ����� ��� � ���

�� � ����� �� � ���

�� � ����� ��� � ���

��� � ����� ���� � ���

��� � ����� ��� � ���

��� � ���� ���� � ���

��� � ����� ��� � ���

��� � ����� ��� � ���

��� � ����� ��� � ���

��� � ����� ��� � ���

��� � ����� ��� � ���

��� � ����� ��� � ���

��� � ����� ��� � ���

��� � ����� ���� � ����

7DEOH���$QDWRPLFDO�GDWD�RI�VHOHFWHG�FDVHV�IRU�7�1�DQG�GRVH�FDOFXODWLRQ��
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63(&7�&7�DFTXLVLWLRQ�ZDV�FRQGXFWHG�XVLQJ�DQ�,QILQLD�+DZNH\H����*HQHUDO�(OHFWULF�+HDOWKFDUH��PRGHO�

GXDO�KHDG�JDPPD�FDPHUD��/(+5��/RZ�(QHUJ\�+LJK�5HVROXWLRQ��FROOLPDWRUV�ZHUH�XVHG��DQG�
��P
7F�HQHUJ\�

SHDN�ZDV�VHOHFWHG�����SURMHFWLRQV�����[��������V�SHU�SURMHFWLRQ��ZHUH�DFTXLUHG��$WWHQXDWLRQ�FRUUHFWLRQ�ZDV�

DSSOLHG��,PDJHV�ZHUH�UHFRQVWUXFWHG�ZLWK�WKH�26(0��RUGHUHG�VXEVHW�H[SHFWDWLRQ�PD[LPL]DWLRQ��DOJRULWKP��

/LYHU� DQG� WXPRU� YROXPHWU\� ZHUH� FDUULHG� RXW� XVLQJ� WKH� GLDJQRVWLF� &7� VFDQV�� /XQJ� VKXQW� IUDFWLRQ� ZDV�

FDOFXODWHG�EDVHG�RQ�SODQDU�JDPPD�FDPHUD� LPDJLQJ�DFFRUGLQJ� WR� WKH� VWDQGDUG�SURFHGXUH��'H]DUQ� HW� DO���

������*LDPPDULOH�HW�DO����������

�

&RPSDULVRQ�EHWZHHQ�PHWKRGV�

,Q� WKH�QHZ�PHWKRG�SURSRVHG� LQ� WKLV� VWXG\�� WKH�7�1�'� UDWLR�ZDV�FDOFXODWHG�XVLQJ� WKH��'�YR[HO�PDWUL[�RI�

63(&7��DFFRUGLQJ�WR�WKH�GHILQLWLRQ�RI�HTXDWLRQ������(DFK�YR[HO�EHORQJV�WR�RQH�DQG�RQO\�RQH�RI�WKH�WKUHH�

GLVWLQFW�VXEVHWV��WXPRU�YR[HOV��KHDOWK\�OLYHU�YR[HOV�DQG�DOO�RWKHU�YR[HOV��7KH�WKUHVKROGV�ZKLFK�YHULILHG�WKH�

FRQGLWLRQV�HVWDEOLVKHG�E\�HTXDWLRQV�����DQG�����ZHUH�FKRVHQ�WR�GHOLPLW�WKH�VXEVHWV��7��DQG�7���UHVSHFWLYHO\��

2SWLPDO� WKUHVKROGV� ZHUH� REWDLQHG� IRU� HDFK� SDWLHQW� E\� DQ� LWHUDWLYH� FRPSXWDWLRQ� SURFHVV� DV� H[SODLQHG�

EHORZ��

$Q�LQLWLDO�WHVW�WKUHVKROG�W��ZDV�HVWDEOLVKHG�DV�WKH�PD[LPXP�YDOXH�RI�WKH�VSHFWUXP��0���1H[W��D�WHVW�OLYHU�

YROXPH� 9�� ZDV� FRPSXWHG� E\� VXPPLQJ� XS� WKH� YROXPH� RI� DOO� WKH� YR[HOV� ZLWK� FRXQWV� L� !� W�� DQG� D�

FRPSDULVRQ�ZLWK�WKH�NQRZQ�YROXPH�97RWDO/LYHU�ZDV�PDGH��6XFFHVVLYH�WHVW� WKUHVKROGV� WM�ZHUH�WKHQ�VHOHFWHG�

DQG�DVVRFLDWHG�WHVW�YROXPHV�9M�ZHUH�FDOFXODWHG�IRU�WKH�QH[W�LWHUDWLRQV���

WM� �WM������0��
M
�����LI����9M�����97RWDO/LYHU������ ����

WM� �WM�������0��
M
�����LI����9M���!�97RWDO/LYHU� �����

$IWHU�³Q´�LWHUDWLRQV��EHLQJ�Q�WKH�QXPEHU�RI�WKH�LPDJH�ELWV���WKH�GHILQLWLYH�OLYHU�YROXPH�9Q� �97RWDO/LYHU�ZDV�

REWDLQHG��IURP�ZKLFK�WKH�RSWLPDO� WKUHVKROG�7�� �WQ�ZDV�HVWDEOLVKHG��7KH�VDPH�SURFHVV�ZDV�UHSHDWHG�IRU�

DFKLHYLQJ�D�7��WKUHVKROG�WR�ILW�D�NQRZQ�WXPRU�YROXPH��97XPRU���%RWK�WKH�7�1�'�YDOXH�DQG�LWV�FRUUHVSRQGLQJ�

WKUHVKROG� ZHUH� FRPSXWHG� ZLWK� LQ�KRXVH� VRIWZDUH� VSHFLILFDOO\� GHYHORSHG� WR� WKLV� HQG� ZLWK� WKH� 3\WKRQ�

SURJUDPPLQJ�ODQJXDJH��3\WKRQ�6RIWZDUH�)RXQGDWLRQ���

7KH�VHFRQG�ZD\�RI�HVWLPDWLQJ�WKH�7�1�UDWLR�ZDV�WKH�WUDGLWLRQDO�PHWKRG�XVLQJ�52,V��7�152,���7KH�FRXQWV�LQ�

��52,V�UHSUHVHQWDWLYH�RI�KHDOWK\�WLVVXH�DQG�DQRWKHU���ZLWK�WXPRU�IRFL�ZHUH�PHDVXUHG�RQ�D[LDO�VOLFHV�RI�WKH�

63(&7��
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7KH� WKLUG� ZD\� WR� HVWLPDWH� WKH� 7�1� UDWLR� ZDV� WKH� YR[HO� 6�YDOXH� DSSURDFK� �969��� FDUULHG� RXW� XVLQJ� D�

FRQYROXWLRQ�RI� WKH�
��P
7F�0$$�DFWLYLW\�PDWUL[�ZLWK� D�NHUQHO� IRU�

��
<�� LQ� DFFRUGDQFH�ZLWK� WKH� IROORZLQJ�

HTXDWLRQ��'H]DUQ�HW�DO���������%ROFK�HW�DO����������

.$' � 
a

� �����

:KHUH' �LV�WKH�DEVRUEHG�GRVH�PDWUL[�� $
a
�LV�WKH�PDWUL[�RI�DFFXPXODWHG�DFWLYLW\�REWDLQHG�IURP�WKH�

��P
7F�

0$$�� DQG�.� LV� WKH� VSDWLDO� GLVWULEXWLRQ� RI�6� IDFWRUV� DW� WKH� YR[HO� OHYHO�� ZKLFK� DFWV� DV� WKH� FRQYROXWLRQ�

NHUQHO��7KH�FRXQW�WUDQVIRUPDWLRQ�LQ�DFWLYLW\�LV�SHUIRUPHG�E\�QRUPDOL]LQJ�WKH�YDOXH�RI�HDFK�YR[HO��&L��ZLWK�

UHVSHFW�WR�WKH�WRWDO�FRXQWV�LQ�WKH�WUHDWHG�OLYHU��DFFRUGLQJ�WR�WKH�HTXDWLRQ�������6DUIDUD]�HW�DO����������

�� %DFNJURXQG7RWDO

L
7RWDOL

&&

&
$$

�
 � �����

:KHUH�$L� LV� WKH�DGPLQLVWHUHG�DFWLYLW\�LQ�HDFK�YR[HO��$7RWDO� LV� WKH� WRWDO�DFWLYLW\� LQ� WKH� OLYHU� �DGPLQLVWHUHG�

DFWLYLW\�PLQXV�OXQJ�VKXQW���&7RWDO� LV�WKH�VXP�RI�FRXQWV�RI�DOO�63(&7�YR[HOV��DQG�&%DFNJURXQG� LV�WKH�VXP�RI�

FRXQWV�RI�DOO�YR[HOV�RXWVLGH�WKH�WUHDWHG�YROXPH��L��H���RXWVLGH�WKH�OLYHU�DQG�WXPRU��LQFOXGLQJ�DOO�WKH�YR[HOV�

RXWVLGH�WKH�SDWLHQW���7KH�HPSOR\HG�NHUQHO�ZDV�GRZQORDGHG�IURP�WKH�6�YDOXHV�IRU�YR[HO�GRVLPHWU\�RQOLQH�

GDWDEDVH�/DQFRQHOOL� HW� DO��� ������� ,W� ZDV� XVHG� FRUUHVSRQGLQJ� WR�
��
<� ZLWK� D� VSDFLQJ� RI� �����PP��

0DQLSXODWLRQ� RI�',&20� ILOHV�� WUDQVIRUPDWLRQ� RI� FRXQWV� LQ� DFFXPXODWHG� DFWLYLW\� DQG� FRQYROXWLRQ�ZHUH�

FDUULHG� RXW� ZLWK� LQ�KRXVH� VRIWZDUH� GHYHORSHG� ZLWK� WKH� 3\WKRQ� SURJUDPPLQJ� ODQJXDJH�0DxHUX� HW� DO���

�������2QFH�WKH�VSDWLDO�GRVH�GLVWULEXWLRQ�ZDV�NQRZQ��WKH�WXPRU�ZDV�LGHQWLILHG�E\�ORFDWLQJ�WKH�DUHD�ZLWK�

WKH�KLJKHVW�GRVH�XQWLO�WKH�NQRZQ�WXPRU�VL]H�ZDV�UHDFKHG��2I�WKH�UHPDLQLQJ�YROXPH��WKH�QRUPDO�OLYHU�ZDV�

LGHQWLILHG�� LQ� WXUQ�� E\� ORFDWLQJ� WKH� DUHD� ZLWK� WKH� KLJKHVW� GRVH� XQWLO� WKH� KHDOWK\� SDUHQFK\PD� VL]H� ZDV�

UHDFKHG��7KH�FDOFXODWLRQ�RI�WKH�7�1��7�1969��UDWLR�LV�UHGXFHG�WR�WKH�TXRWLHQW�EHWZHHQ�WKH�PHDQ�GRVH�LQ�WKH�

WXPRU�DQG�LQ�WKH�KHDOWK\�OLYHU���

9R[HO�GRVLPHWU\�ZDV�FRQVLGHUHG�WKH�PRVW�UHOLDEOH�RI�WKH�WKUHH�PHWKRGV�RI�GRVH�HVWLPDWLRQ��DQG�VR�7�1969�

ZDV�XVHG�DV�WKH�UHIHUHQFH�LQ�WKH�FRPSDULVRQ��

�

5HVXOWV�

7KH�7�1�'�UDWLR�ZDV�HVWLPDWHG�DFFRUGLQJ�WR�WKH�QHZ�PHWKRG�IRU�WKH�VHOHFWHG�FDVHV��/LNHZLVH��WKH�7�1�UDWLR�

ZDV� HVWLPDWHG� XVLQJ� 52,V� RQ� WKH� 63(&7� �7�152,�� DQG� YR[HO� GRVLPHWU\� �7�1969��� 7DEOH� �� VKRZV� WKH�

WKUHVKROGV�DQG�WKH�7�1�UDWLR�YDOXHV�REWDLQHG��5HODWLYHO\�OLWWOH�VSUHDG�FDQ�EH�VHHQ�LQ�WKH�7�1�UDWLR�YDOXHV��

WKH�UDQJH�RI�DOO�WKH�YDOXHV�RI�WKH�WKUHH�PHWKRGV�LV�EHWZHHQ�����DQG������969�PHWKRG�KDV�D�UDQJH�EHWZHHQ�
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����DQG������ZLWK�DQ�DYHUDJH�YDOXH�RI������(LJKW\�SHUFHQW�RI�WKH�YDOXHV�DUH�EHWZHHQ���DQG����LQ�DFFRUGDQFH�

ZLWK�ERWK�WKHRUHWLFDO�H[SHFWDWLRQV�DQG�H[SHFWDWLRQV�EDVHG�RQ�FRPSDULVRQ�ZLWK�RWKHU�SXEOLFDWLRQV��*XOHF�

HW� DO��� ������&DPSEHOO� HW� DO��� �������7KH�YDOXH�REWDLQHG� E\� WKH�52,�PHWKRG�PRYHV� VLJQLILFDQWO\� DZD\�

IURP�WKH�RWKHU�WZR�LQ�D�QXPEHU�RI�FDVHV��DOWKRXJK�RQ�DYHUDJH�WKHUH�LV�QRW�PXFK�GLIIHUHQFH�����GLIIHUHQFH�

EHWZHHQ�WKH��'�PHWKRG�DQG�WKH�969�PHWKRG��DQG����GLIIHUHQFH�EHWZHHQ�WKH�52,�PHWKRG�DQG�WKH�969�

PHWKRG��LQ�ERWK�FDVHV�SURYLGLQJ�D�KLJKHU�YDOXH���)LJXUH���LOOXVWUDWHV�DOO�WKLV�LQ�D�JUDSK��

�

� � 7KUHVKROG� � 7�1�

&DVH� � 7�� 7�� � �'� 52,� 969�

�� � ����� ������ � ����� ����� �����

�� � ����� ������ � ����� ����� �����

�� � ����� ������ � ����� ����� �����

�� � ����� ������ � ����� ����� �����

�� � ����� ������ � ����� ����� �����

�� � ���� ������ � ����� ����� �����

�� � ����� ����� � ����� ����� �����

�� � ����� ������ � ����� ����� �����

�� � ����� ����� � ����� ����� �����

��� � ����� ����� � ����� ����� �����

��� � ���� ����� � ����� ����� �����

��� � ����� ����� � ����� ����� �����

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

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

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

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

��� � ���� ������ � ����� ����� �����

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

��� � ����� ����� � ����� ����� �����

��� � ����� ����� � ����� ����� �����

�

7DEOH���7KUHVKROGV�YDOXHV�XVHG�IRU�WKH�FDOFXODWLRQ�RI�7�1�'�DQG�YDOXHV�RI�WKH�7�1�UDWLR�REWDLQHG�WKURXJK�

WKH�WKUHH�PHWKRGV��

�

.QRZLQJ�OXQJ�VKXQW��OLYHU�DQG�WXPRU�YROXPHV�DQG�WKH�7�1�UDWLR��WKH�SDUWLWLRQ�PHWKRG�HTXDWLRQV�DUH�XVHG�

WR� LPPHGLDWHO\� GHGXFH� WKH�PHDQ�GRVHV� WR� WKH� WXPRU� DQG� WKH�KHDOWK\� OLYHU�� )LJXUHV� �� DQG��� FRQWDLQ� WKH�
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GRVLPHWU\� UHVXOWV� ZLWK� WKH� QHZ� PHWKRG� DQG� WKH� WZR� XVHG� IRU� FRPSDULVRQ�� H[SUHVVHG� LQ� XQLWV� RI� GRVH�

�DFWLYLW\��*\�*%T���

�

�

)LJXUH���9DOXHV�RI�WKH�7�1�UDWLR�REWDLQHG�LQ�WKH�WKUHH�FRPSDUHG�PHWKRGV�

�

�

)LJXUH���'RVH�SHU�XQLW�RI�
��
<�DFWLYLW\�DGPLQLVWHUHG�LQ�KHDOWK\�OLYHU��

�
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�

)LJXUH���'RVH�SHU�XQLW�RI�
��
<�DFWLYLW\�DGPLQLVWHUHG�LQ�WXPRU��

�

'LVFXVVLRQ�

7KH�SDUWLWLRQ�PHWKRG�DVVXPHV�WKH�YDOLGLW\�RI�WKH�VLPXODWLRQ�ZLWK�
��P
7F�0$$��DOWKRXJK�WKH�LGHQWLILFDWLRQ�

RI�WKH�EHKDYLRU�RI�WKH�PDFURDJJUHJDWHV�ZLWK�WKDW�RI�WKH�PLFURVSKHUHV�UHPDLQV�D�FRQWURYHUVLDO�WRSLF�WRGD\�

�8OULFK�HW�DO���������:RQGHUJHP�HW�DO���������/DP�HW�DO���������&KLHVD�HW�DO����������+RZHYHU��DFFRUGLQJ�

WR� WKH� FXUUHQW� VWDWH� RI� WKH� DUW�� WKHUH� LV� QR� RWKHU� DOWHUQDWLYH� EXW� WR� DFFHSW� WKLV� HTXLYDOHQFH�� DQG� LW� LV�

FRQVLGHUHG�JHQHUDOO\�YDOLG��*DULQ��������%UDDW�HW�DO���������*DULQ�HW�DO����������

7KH�RQO\�FXUUHQW�SRVVLELOLW\�IRU�FDOFXODWLQJ�WKH�7�1�UDWLR�EHIRUH�WUHDWPHQW�LV�E\�H[WUDFWLQJ�WKH�LQIRUPDWLRQ�

IURP� WKH�
��P
7F�0$$� 63(&7�� 7KH� OLPLWDWLRQV� RI� WKLV� VLPXODWLRQ� FRPSOHWHO\� FRQGLWLRQ� DQ\� FDOFXODWLRQ�

GHULYHG�IURP�LW��7KH�DFWLYLW\�GLVWULEXWLRQ�LQ�WKH�OLYHU�LV�QRW�XQLIRUP��FRQVLVWHQW�ZLWK�WKH�ORFDO�GLIIHUHQFHV�

RI�PLFURVSKHUH�FRQFHQWUDWLRQ��'LIIHUHQW�DUHDV�DUH�VXSSOLHG�E\�GLIIHUHQW�EORRG�YHVVHOV��HDFK�ZLWK�LWV�RZQ�

EORRG�IORZ��8OLHO�HW�DO����������(DFK�OHVLRQ�KDV�D�VSHFLILF�XSWDNH��VRPHWLPHV�LQ�GLIIHUHQW�ZD\V�ZLWKLQ�WKH�

VDPH� SDWLHQW�� (YHQ� ZLWKLQ� ODUJH� OHVLRQV�� DUHDV� RI� GLIIHUHQW� XSWDNH� DSSHDU� GXH� WR� WKH� GLIIHUHQW�

YDVFXODUL]DWLRQ�RU� WKH� ODFN� WKHUHRI� LQ� WKH� FDVH�RI� QHFURVLV��7KLV�GLVWULEXWLRQ�� IXOO� RI�JUDGLHQWV� DQG� ORFDO�

PD[LPD� DQG� PLQLPD�� LV� QRW� HDV\� WR� VLPSOLI\� E\� GLYLGLQJ� WKH� WRWDO� OLYHU� YROXPH� LQWR� �� VHSDUDWH� DUHDV�

�KHDOWK\� DQG� VLFN��� ,W� LV� HYHQ�PRUH� GLIILFXOW� WR� GR� VR� ZLWK� D� VPDOO� QXPEHU� RI� 52,V�� ZKLFK� VKRXOG� EH�

LGHQWLILHG�ZLWK�UHSUHVHQWDWLYH�SDUWV� IURP�ERWK�DUHDV��H[FOXGLQJ� IURP�WKH�DQDO\VLV� WKH�UHVW�RI� WKH�DFWLYLW\�
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PDS��8VLQJ� WKHVH�52,V� OHDYHV�DVLGH�PRVW�RI� WKH� LQIRUPDWLRQ�FRQWDLQHG� LQ� WKH�63(&7��ZKLFK� LV�DOUHDG\�

OLPLWHG�LQ�LWVHOI��2QO\�D�FDOFXODWLRQ�RI�WKH�7�1�UDWLR�XVLQJ�WKH�FRPSOHWH�63(&7��DV�SURSRVHG�LQ�WKLV�VWXG\��

ZLOO�LQFOXGH�DOO�WKH�GHWDLOV�SURYLGHG�E\�WKH�
��P
7F�0$$�63(&7�LQ�WKH�UHVXOWLQJ�YDOXH��,Q�WKLV�ZD\��WKH�7�1�

UDWLR� DQG� WKH� SDUWLWLRQ� PHWKRG� FDQ� EH� EURXJKW� WR� D� KLJKHU� OHYHO� RI� DFFXUDF\�� 7KH� PHDQ� GRVH� YDOXHV�

REWDLQHG�ZLOO�EH�DV�WUXH�WR�UHDOLW\�DV�WKH�DSSOLHG�GLYLVLRQ�EHWZHHQ�WKH�KHDOWK\�DQG�GLVHDVHG�DUHDV��)RU�WKLV�

ZRUN�� WKLV� GLYLVLRQ�ZDV� EDVHG� RQ� D� SUHYLRXV� YROXPHWU\� GHULYHG� IURP� GLDJQRVWLF�&7� LPDJHV��+RZHYHU��

RWKHU� DOWHUQDWLYHV� FDQ� DOVR� EH� FRQVLGHUHG��:H� EHOLHYH� WKDW� GLUHFW� 92,� GUDZLQJ� RQ� 63(&7�&7� LPDJHV�

SUHVHQWV�VHYHUDO�SUDFWLFDO�SUREOHPV��$�&7�JDPPD�FDPHUD�FDQQRW�DOZD\V�SURYLGH�LPDJHV�ZLWK�WKH�VDPH�

TXDOLW\� DV� WKRVH� REWDLQHG�ZKHQ� GLDJQRVWLF� HTXLSPHQW� LV� XVHG��5HJLVWUDWLRQ� EHWZHHQ�ERWK�&7� LPDJHV� LV�

SRVVLEOH�� DOWKRXJK�D�SHUIHFW�DQDWRPLFDO�FRLQFLGHQFH� LV�GLIILFXOW�� LQWHUQDO�PRYHPHQWV�DQG�FKDQJHV� LQ� WKH�

SRVLWLRQ�RI� WKH�SDWLHQW�FDQ�UHVXOW� LQ�VLJQLILFDQW�GLIIHUHQFHV��1HYHUWKHOHVV�� WKH�VL]H�RI�WKH�OLYHU�DQG�RI�WKH�

WXPRU�ZLOO�EH�WKH�VDPH�GHVSLWH�OLYHU�GHIRUPDWLRQV��DQG�WKXV�D�UHOLDEOH�YROXPHWU\�FDQ�EH�DOZD\V�WDNHQ�DV�

YDOLG��7KH� WKUHVKROG� VHOHFWLRQ�IURP�JUH\�OHYHO�KLVWRJUDPV�LV�DQRWKHU�SRVVLEOH�DOWHUQDWLYH��7KH� ODWWHU� LV�D�

YHU\�XVHIXO�VHJPHQWDWLRQ�WHFKQLTXH�LQ�QXFOHDU�PHGLFLQH�LPDJLQJ��XQIRUWXQDWHO\��WKH�
��P
7F�0$$�63(&7�

LPDJHV�DQDO\VHG�LQ�WKLV�ZRUN�GLG�QRW�VKRZ�DQ\�SDWWHUQ�DV�WR�DOORZ�WKH�GHWHUPLQDWLRQ�RI�D�WKUHVKROG�YDOXH�

LQ�WKH�KLVWRJUDP��$OO� WKHVH�FRQVLGHUDWLRQV�OHG�XV�WR�DFFHSW� WKH�YROXPHWU\�GDWD�DV�D�UREXVW�VWDUW�SRLQW�IRU�

VHJPHQWDWLRQ��

7KH� QHZ� SDUWLWLRQ� PHWKRG� �EDVHG� RQ�7�1�'�� DQG� WKH� UHIHUHQFH� �7�1969�� JLYH� YHU\� VLPLODU� UHVXOWV�� 7KH�

GLIIHUHQFHV� IRXQG�� ERWK� LQ� WKH� 7�1� UDWLR� DQG� LQ� WKH� DEVRUEHG� GRVH�� DUH� PLQLPDO� FRPSDUHG� WR� RWKHU�

XQFHUWDLQWLHV�RI�WKH�SURFHVV��:H�WKHUHIRUH�SUHVHQW�WKH�7�1�'�UDWLR�FDOFXODWLRQ�DV�D�YHU\�UHOLDEOH�PHWKRG�IRU�

HVWLPDWLQJ�WKH�PHDQ�GRVH��$�GHWDLOHG�DQDO\VLV�RI�WKH�UHVXOWV�VKRZV�WKDW�WKH�7�1�'�UDWLR�LV�VOLJKWO\�KLJKHU�

WKDQ�7�1969� LQ� DOO� FDVHV��7R� VRPH�H[WHQW�� WKLV� FRXOG�EH�GXH� WR� WKH�GLIIHUHQFH� FDXVHG� E\�XVLQJ� WKH� ORFDO�

HQHUJ\�GHSRVLWLRQ�DSSURDFK�UHVSHFW�LQVWHDG�RI�D�FRQYROXWLRQ�PHWKRG��3DVFLDN�HW�DO����������7KH�XVH�RI�WKH�

SDUWLWLRQ�PHWKRG��7�1�'��LPSOLHV�DFFHSWDQFH�RI� ORFDO�GHSRVLWLRQ��DQG�FRQVHTXHQWO\�GRHV�QRW�FRQVLGHU�WKH�

GLIIHUHQFH�EHWZHHQ�D�GHILQHG� WXPRU� IRFXV� DQG� VHYHUDO� GLVSHUVHG� IRFL�� ,Q� WKH� ILUVW� FDVH�� WKH� KLJK� XSWDNH�

YR[HOV�ZRXOG�EH�QHDU�HDFK�RWKHU��DQG�WKH�GRVH�VFDWWHUHG�IURP�WKHVH�DUHDV�ZRXOG�FRQWULEXWH�PDLQO\�WR�WKH�

UHVW�RI� WKH�QH[W�KLJK�DFWLYLW\�YR[HOV��,Q�FRQWUDVW��LQ� WKH�FDVH�RI�GLVSHUVHG�IRFL��D�JUHDWHU�QXPEHU�RI�KLJK�

DFWLYLW\�YR[HOV�ZRXOG�FRQWULEXWH�WR�WKH�GRVH�LQ�WKH�YR[HOV�FRQVLGHUHG�WR�EH�KHDOWK\�WLVVXH��7KH�VL]H�RI�WKH�

WXPRU��WKH�WXPRU�JURXSLQJ�RU�GLVSHUVDO�DQG�WKH�YR[HO�VL]H�DUH�IDFWRUV�WKDW�ZRXOG�GHWHUPLQH�WKH�DPRXQW�RI�

WKLV�HIIHFW��ZKLFK�LV�QRW�HDV\�WR�PRGHO��7KH�SDUWLDO�YROXPH�HIIHFW�ZLOO�WKHUHIRUH�EH�GLIIHUHQW�IRU�GLIIHUHQW�
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GLVWULEXWLRQV�RI�DFWLYLW\��2Q� WKH�RWKHU�KDQG�� WKH�ZD\� WR�HVWLPDWH� WKH�EDFNJURXQG� LQ� WKH�YR[HO�GRVLPHWU\�

FDOFXODWLRQ��HTXDWLRQ�������LQWURGXFHV�D�QRUPDOL]DWLRQ�LQ�WKH�FDOFXODWLRQ�RI�WKH�GRVH�GLVWULEXWLRQ�WKDW�FDQ�

DOVR�KDYH�DQ�LQIOXHQFH�RQ�WKLV�V\VWHPDWLF�GLIIHUHQFH�EHWZHHQ�WKH�YDOXH�SDLUV�RI�WKH�7�1�UDWLR��

,W�DOVR�VKRZV� WKDW��RQ�DYHUDJH��7�1�'���7�152,��EHLQJ� WKH�PRVW�PDUNHG�GLIIHUHQFH� LQ�FDVHV� LQ�ZKLFK� WKH�

VWDQGDUG�PHWKRG�RIIHUV�KLJKHU�YDOXHV� IRU�WKH�7�1� UDWLR��7KH�FDXVH�RI� WKLV�EHKDYLRU�VKRXOG�EH�DVVRFLDWHG�

ZLWK�WKH�FKDUDFWHULVWLFV�RI�WKH�WXPRU�GLVWULEXWLRQ��EXW�D�FDXVH�HIIHFW�UHODWLRQVKLS�EHWZHHQ�WKH�LQLWLDO�GDWD�

�DGPLQLVWHUHG�DFWLYLW\�DQG�WXPRU�DQG�RUJDQ�YROXPHV��DQG�WKLV�GLIIHUHQFH�KDV�QRW�EH�IRXQG��*LYHQ�WKDW�LW�LV�

PRUH�SURQRXQFHG�LQ�FDVHV�ZLWK�D�KLJKHU�YDOXH�IRU�7�152,��LW�VHHPV�UHDVRQDEOH�WR�DVFULEH�WKLV�GHYLDWLRQ�WR�

WKH�OLPLWDWLRQV�RI�WKH�52,�EDVHG�PHWKRG�LQ�PRUH�H[WUHPH�FDVHV��%HFDXVH�RI�WKLV��D�PRUH�DFFXUDWH�WXPRU�

GRVH�HVWLPDWLRQ�VKRXOG�EH�H[SHFWHG�ZKHQ�XVLQJ�WKLV�PHWKRG��

:H�KDYH�VHHQ�WKDW�WKH�PDMRU�GLIIHUHQFHV�LQ�WKH�7�1�UDWLR�GR�QRW�QHFHVVDULO\�LPSO\�DSSUHFLDEOH�GLIIHUHQFHV�

LQ� WKH� GRVH� WR� WKH� KHDOWK\� OLYHU��ZKLOH� WKH� YDOXHV� RI� WKH� GRVH� WR� WKH� WXPRU� DUH�PRUH� LQIOXHQFHG� E\� WKH�

YDULDWLRQ� RI� WKH� 7�1� UDWLR�� 7KLV� VXJJHVWV� WKDW� DQ\� HUURUV� LQ� WKH� HVWLPDWLRQ� RI� WKH� 7�1� UDWLR� FDQ� KDYH�

VLJQLILFDQW�LQIOXHQFH�LQ�WKH�FDOFXODWLRQ�RI�GRVHV�WR�WKH�WXPRU�EXW�OLWWOH�LQIOXHQFH�LQ�WKH�FDOFXODWLRQ�RI�GRVHV�

WR� KHDOWK\� WLVVXH�� 7KH� ULVN� RI� WR[LFLW\� LQ� QRUPDO� KHSDWLF� WLVVXH� LV� WKH� PDLQ� SDUDPHWHU� GHWHUPLQLQJ� WKH�

DGPLQLVWHUHG�DFWLYLW\�LQ�SDWLHQWV�ZKR�XQGHUJR�UDGLRHPEROL]DWLRQ��:LWK�WKLV�LQ�PLQG��LW�PD\�VHHP�WKDW�WKH�

SURSRVHG�PHWKRG�GRHV�QRW�LPSURYH�WKH�DFFXUDF\�RI�QRUPDO�OLYHU�GRVH��KRZHYHU��WKH�FRPSDULVRQ�ZLWK�WKH�

VWDQGDUG�7�1�HVWLPDWLRQ�ZDV�SHUIRUPHG�RQO\�LQ�VSHFLDO�FDVHV��WKRVH�IRU�ZKLFK�WKH�GUDZLQJ�RI�WKH�52,�LV�

IHDVLEOH��� 7KH� SRWHQWLDO� FDQGLGDWH� FDVHV� IRU� XVLQJ� WKH� GHVFULEHG�PHWKRGRORJ\� DUH� DOO� WKRVH� WKDW� FRPSO\�

ZLWK�FRQGLWLRQV��,����,,���DQG��,,,���WKDW�LV��PRUH�WKDQ�WKH�RQHV�WKDW�DUH�QRUPDOO\�FRQVLGHUHG�VXLWDEOH�IRU�WKH�

XVH�RI�WKH�SDUWLWLRQ�PHWKRG��$�EHWWHU�XQGHUVWDQGLQJ�RQ�WKH�DEVRUEHG�GRVH�LQ�WXPRU�DQG�KHDOWKO\�OLYHU�ZLOO�

HQDEOH�PRUH�SHUVRQDOL]HG�WUHDWPHQWV��$�JURZLQJ�QXPEHU�RI�SDWLHQWV�IRU�ZKRP�WKH�DOWHUQDWLYH�LV�WKH�%6$�

PHWKRG�FRXOG�EHQHILW�ZLWK�VXFK�D�SHUVRQDOL]HG�WUHDWPHQW�SODQQLQJ�YLD�WKH�SDUWLWLRQ�PHWKRG��

7KH�GLVSHUVLRQ�RI�YDOXHV�RI�DQ\�RI�WKH�WKUHH�GRVLPHWULF�SDUDPHWHUV��UHSUHVHQWHG�E\�WKH�VWDQGDUG�GHYLDWLRQ�

LV�JUHDWHU�LQ�WKH�52,�EDVHG�PHWKRG�WKDQ�LQ�WKH�RWKHU�WZR��,W�LV�WKXV�FOHDU�WKDW�WKH�GRVH�GDWD�FDOFXODWHG�IURP�

7�152,��LQ�DGGLWLRQ�WR�GHYLDWLQJ�PRUH�IURP�WKH�UHIHUHQFH�YDOXH��DUH�OHVV�UHSURGXFLEOH�WKDQ�WKRVH�FDOFXODWHG�

IURP�7�1�'��7KLV� LV�SDUWLFXODUO\�VWULNLQJ�ZKHQ�DSSO\LQJ�WKH�52,�PHWKRG�LQ�VXFK�D�FRQWUROOHG�PDQQHU�DV�

ZDV� GRQH� LQ� WKLV� VWXG\�� ZKHUH� D� XQLIRUP� FULWHULRQ�ZDV� IROORZHG� WR� FRQWRXU� 52,V��'LIIHUHQW� SHRSOH�� LQ�

GLIIHUHQW�FHQWHUV��ZLWK�GLIIHUHQW� WRROV��ZLOO� LQFUHDVH� WKH�UHDO�GLVSHUVLRQ� LQ� WKH�HVWLPDWH�RI�7�152,�� ,Q� WKLV�

FRQWH[W�� WKH� SUHVHQWHG� PHWKRG� IRU� HVWLPDWLQJ� WKH� WXPRU�WR�OLYHU� XSWDNH� UDWLR� DV� 7�1�'� LV� H[WUHPHO\�
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UHSURGXFLEOH�� EHFDXVH� LW� RQO\� KDV� WKH� OLYHU� DQG� WXPRU� YROXPHV� DV� YDULDEOHV�� ,W� LV� WUXH� WKDW� WKH\� DUH� QRW�

DOZD\V�HDV\�WR�PHDVXUH��EXW�WKDW�FKDOOHQJH�LV�DOVR�SUHVHQW�LQ�WKH�VWDQGDUG�52,�PHWKRG��,OKDQ�HW�DO����������

0RUH�UHSURGXFLELOLW\�LV�D�JUHDW�DGYDQWDJH�VLQFH�LW�VKRUWHQV�WKH�OHDUQLQJ�FXUYH��SUHYHQWV�KXPDQ�HUURU�DQG�

DOORZV�IRU�D�PRUH�UHOLDEOH�H[FKDQJH�RI�GDWD�EHWZHHQ�FHQWHUV��

,PSOLFLWO\��XVLQJ�WKH�QHZ�PHWKRG�EDVHG�RQ�7�1�'� LPSOLHV�DFFHSWLQJ�WXPRU�DQG�OLYHU�VHJPHQWDWLRQ�EDVHG�

RQ�XSWDNH�WKUHVKROGV�LQ�WKH�
��P
7F�0$$�63(&7��7KH�GHOLPLWDWLRQ�RI�YROXPHV�IURP�WKUHVKROGV�KDV�D�YHU\�

VROLG� FRQFHSWXDO� IRXQGDWLRQ� LQ� WKH� ILHOG� RI� UDGLRHPEROL]DWLRQ�� WKH� UHTXLUHPHQW� WKDW� WKH� DUHDV� RI� KLJKHU�

XSWDNH�FRLQFLGH�ZLWK�WKH�DUHDV�RI�WKH�KLJKHVW�WXPRU�DFWLYLW\�LV�SUHFLVHO\�RQH�RI�WKH�UHDVRQV�WKLV�WKHUDS\�LV�

HIIHFWLYH��.DR�HW�DO���������8OLHO�HW�DO����������7KH�RWKHU�PDMRU�UHTXLUHPHQW��WKH�DEVHQFH�RI�H[WUDKHSDWLF�

OHDNV��LV�D�FDXVH�RI�FRQWUDLQGLFDWLRQ�IRU�WKH�WUHDWPHQW��IRU�ZKLFK�UHDVRQ�LW�LV�DOVR�D�IXOO\�MXVWLILHG�FRQGLWLRQ�

�/DX�HW�DO���������.HQQHG\�HW�DO����������,Q� WKH�FDVH�RI�H[LVWLQJ� ORZ�XSWDNH�QHFURWLF�]RQHV�� WKH�PHWKRG�

SURSRVHG�KHUH�LV�DQ�DGYDQWDJH�VLQFH�WKH�FDOFXODWLRQ�GRHV�QRW�HYHU�LQFOXGH�WKHP�LQ�WKH�WXPRU��DQG�QRW�HYHQ�

LQ�WKH�KHDOWK\�OLYHU�LI�VLJQDO�LV�VPDOO�HQRXJK���

7KH�GHVFULEHG�PHWKRG�LV�EDVHG�RQ�WKH�
��P
7F�0$$�DV�D�VXUURJDWH�RI�WKH�EHKDYLRU�RI�WKH�PLFURVSKHUHV��EXW�

WKLV�GRHV�QRW�SUHFOXGH� LW� IURP�EHLQJ� VLPLODUO\�DSSOLFDEOH� WR� WKH�SRVW�WUHDWPHQW�GRVLPHWU\�EDVHG�RQ�3(7�

�%UDDW�HW�DO���������6ULQLYDV�HW�DO���������3DVFLDN�HW�DO����������

�

&RQFOXVLRQ�

:H� SUHVHQW� D� QHZ�PHWKRG� IRU� FDOFXODWLQJ� WKH� DFWLYLW\� XSWDNH� UDWLR� EHWZHHQ� WKH� WXPRU� DQG� WKH� KHDOWK\�

WLVVXH�� WDNLQJ�LQWR�DFFRXQW� WKH�IXOO� LQIOXHQFH�RI�WKH�63(&7�VFDQ�SULRU� WR�WUHDWPHQW��7KH�UHVXOWV�REWDLQHG�

ZLWK� WKLV�PHWKRG�� LQ� WHUPV�RI�PHDQ�GRVH� LQ� WXPRU�DQG� OLYHU��DUH�FRPSDUDEOH� WR� WKRVH�DFKLHYHG�ZLWK� WKH�

969�PHWKRG�ZKLFK�FDQ�EH�FRQVLGHUHG�DV�D�UHIHUHQFH��,I�WKH�SUHVFULSWLRQ�RI�WUHDWPHQW�LV�SHUIRUPHG�XVLQJ�

WKH� PHDQ� GRVH� LQ� WKH� WXPRU�� DV� LV� XVXDOO\� GRQH� LQ� SUDFWLFH�� WKH� VLPSOLFLW\� DQG� UHSURGXFLELOLW\� RI� WKH�

SURSRVHG�PHWKRG�PDNHV�LW�DQ�H[FHOOHQW�RSWLRQ�IRU�FDOFXODWLQJ�WKH�DGPLQLVWHUHG�DFWLYLW\���

�

5()(5(1&(6�

$UEL]X� -�� 5RGULJXH]�)UDLOH� 0��0DUWt�&OLPHQW� -�� 'RPtQJXH]�3UDGR� ,� DQG� 9LJLO� &� ����� /LYHU�1XFOHDU�

0HGLFLQH�3URFHGXUHV�IRU�7UHDWPHQW�(YDOXDWLRQ�DQG�$GPLQLVWUDWLRQ��5DGLRHPEROL]DWLRQ�ZLWK�
��
<�

0LFURVSKHUHV��HG�-�%LOEDR�DQG�0�5HLVHU��6SULQJHU�

%ROFK�:�(��%RXFKHW�/�*��5REHUWVRQ�-�6��:HVVHOV�%�:��6LHJHO�-�$��+RZHOO�5�:��(UGL�$�.��$\GRJDQ�%��

&RVWHV�6��:DWVRQ�(�(��%ULOO�$�%��&KDUNHV�1�'��)LVKHU�'�5��+D\V�0�7�DQG�7KRPDV�6�5������

0,5'� SDPSKOHW� 1R�� ���� WKH� GRVLPHWU\� RI� QRQXQLIRUP� DFWLYLW\� GLVWULEXWLRQV��UDGLRQXFOLGH� 6�

YDOXHV�DW�WKH�YR[HO�OHYHO��0HGLFDO�,QWHUQDO�5DGLDWLRQ�'RVH�&RPPLWWHH�-�1XFO�0HG������6���6�
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%UDDW�$�-��6PLWV�0�/��%UDDW�0�1��YDQ�GHQ�+RYHQ�$�)��3ULQFH�-�)��GH�-RQJ�+�:��YDQ�GHQ�%RVFK�0�$�DQG�
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