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PHQJDNLEDWNDQ� SHQLQJNDWDQ� NHFHODNDDQ� ODOX� OLQWDV�� 7UHQ� SHQLQJNDWDQ� MXPODK� NHFHODNDDQ� \DQJ� PHQ\HEDENDQ�
NHPDWLDQ�WHUMDGL�GL�QHJDUD-QHJDUD�EHUNHPEDQJ��VHSHUWL�,QGRQHVLD��7XMXDQ�GDUL�SHQHOLWLDQ�LQL�DGDODK�XQWXN�PHQLODL�
ELD\D�VXE\HNWLI�GDUL�NHFHODNDDQ�ULQJDQ��3HQHOLWLDQ�LQL�PHQJJXQDNDQ�PHWRGH�:LOOLQJQHVV�WR�3D\�XQWXN�PHQHQWXNDQ�
SUREDELOLWDV� SHQJHQGDUD� XQWXN� EHUVHGLD� PHPED\DU� OHELK� XQWXN� PHQJXUDQJL� ULVLNR� NHFHODNDDQ� ODOX� OLQWDV�
PHQJJXQDNDQ�PHWRGH� UHJUHVL� ORJLVWLN� ELQHU��+DVLO� GDUL�PHWRGH�:LOOLQJQHVV� WR�3D\�PHPEHULNDQ� NHVLPSXODQ� \DLWX�
MHQLV�NHODPLQ�� WRWDO�SHQGDSDWDQ��VWDWXV�SHUNDZLQDQ��GDQ�SHQJDODPDQ�PHQJDODPL�NHFHODNDDQ�\DQJ�PHQJDNLEDWNDQ�
NHPXQJNLQDQ�EHUVHGLD�PHPED\DU�OHELK�XQWXN�PHQJXUDQJL�ULVLNR�NHFHODNDDQ�KLQJJD������XQWXN�SHQJHQGDUD�\DQJ�
PHPLOLNL�PHQJDODPL�NHFHODNDDQ�VDWX�NDOL��GDQ������XQWXN�SHQJHQGDUD�\DQJ�WHODK�PHQJDODPL�NHFHODNDDQ�GXD�NDOL�� 

.DWD-NDWD�.XQFL��.DUDNWHULVWLN�NHFHODNDDQ��ELD\D�NHFHODNDDQ��SUHIHUHQVL�WHUVXUDW��NHVHGLDDQ�PHPED\DU� 

JurnalTeoretis dan Terapan Bidang Rekayasa SipilJurnalTeoretis dan Terapan Bidang Rekayasa SipilJurnal Teoretis dan Terapan Bidang Rekayasa Sipil 

���,QWURGXFWLRQ 

0RWRULVDWLRQ� LQ� VRPH� GHYHORSLQJ� FRXQWULHV� LV�
VN\URFNHWLQJ�DV�D�UHVXOW�RI�SRSXODWLRQ�JURZWK��ZKLOH�WKH�
WUDQVSRUW� LQIUDVWUXFWXUH� LV� XQGRXEWHGO\� SRRU� �6SHUOLQJ�
DQG� 6DORQ�� ������� %DVHG� RQ� WKH� GDWD� RI� 6WDWLVWLFV�
,QGRQHVLD��WKH�JURZWK�RI�PRWRULVHG�YHKLFOHV�ZDV�������
LQ������XQWLO�������2YHU�WKH�SHULRG�IURP������WR�������
PRWRUF\FOH� QXPEHUV� LQFUHDVHG� IURP����PLOOLRQ� WR�����
PLOOLRQ�� 7KH� JURZWK� RI� WUDQVSRUWDWLRQ� IDFLOLWLHV� DQG�
LQIUDVWUXFWXUH� LV� VORZHU� WKDQ� WKH� JURZWK� RI� WUDIILF��
LQFUHDVLQJ� WKH� QXPEHU� RI� WUDIILF� FUDVKHV�� :LG\DVWXWL�
DQG�0XOOH\��������VXJJHVWHG�WKDW�WKH�ULVLQJ�QXPEHU�RI�
PRWRUF\FOH� RZQHUVKLS� PLJKW� EH� UHODWLQJ� WR� WKH� SRRU�
TXDOLW\�RI�SXEOLF�WUDQVSRUW�DQG�WKH�YHU\�UHDVRQDEOH�SULFH�
RI�PRWRUF\FOHV� 

0HDQZKLOH�� WKH� URDG� LQXQGDWHG� E\� PRWRUF\FOH�
FRQGLWLRQ� LQ� GHYHORSLQJ� FRXQWULHV� FDXVHV� WKH� LQFUHDVH�
UDWH� RI� WKH� FUDVK� RYHU� SDVW� \HDUV��:+2�GDWD� IRU� �����

LOOXVWUDWHV� WKDW� WKH� ORZ-LQFRPH� FRXQWULHV� LQ� 6RXWKHDVW�
$VLD� DQG� $IULFD� H[SHULHQFH� WKH� KLJKHVW� IDWDO� FUDVK�
QXPEHU� �DFFRXQWLQJ� IRU� ����� DQG� ����� SHU� ��������
SRSXODWLRQ� UHVSHFWLYHO\�� IDU� KLJKHU� WKDQ� ����� RI� WKH�
ZRUOG� DYHUDJH��� 6HYHUDO� IDFWRUV� FRQVLGHUHG� DV� WKH�
FDXVHV� RI� WKH� WUDIILF� FUDVK�� *RQLHZLF]� HW� DO��� �������
VWDWHG� WKDW� WKHUH� DUH� WKUHH� OHDGLQJ� FDXVLQJ� IDFWRUV� RI�
WUDIILF� FUDVK�� WKH\� DUH� KXPDQ�� YHKLFOH�� DQG�
HQYLURQPHQWDO� IDFWRUV�� )XUWKHUPRUH�� WKH� GULYHU
V�
EHKDYLRXU� RI� UHVSHFWLQJ� RU� YLRODWLQJ� WKH� GULYLQJ� UXOHV�
DQG�GRLQJ�WKH�FRUUHFW�EHKDYLRXU�DIIHFW�WKH�SHUFHSWLRQV�
RI� FUDVK� ULVN� OHYHO� �&DUGDPRQH�� (EROL� DQG�0D]]XOOD��
�������1HYHUWKHOHVV��:LG\DVWXWL���������VWDWHG�WKDW�WKH�
ODFN� RI� VDIH� URDG� HQYLURQPHQW� DQG� WKH� OLPLWHG� VDIHW\�
SURWHFWLRQ�IHDWXUHV�LQFUHDVH�WKH�WUDIILF�FUDVK�QXPEHU�� 

7KH� SXUSRVH� RI� WKLV� VWXG\� LV� WR� YDOXH� WKH� VXEMHFWLYH�
FRVW� RI� PRWRUF\FOLVW� VOLJKW� LQMXU\�� 7ZR-ZKHHOHG�
PRWRUF\FOH� FRQVLGHUHG� DV� D� ULVN\� WUDQVSRUWDWLRQ�PRGH�
GXH� WR� WKH� FRPSOHWH� WDVN� RI� RSHUDWLRQ� DQG� ODFN� RI�
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ULGHUV
� SURWHFWLRQ� �9DVFRQFHOORV�� ������� 0RUHRYHU��
PRWRUF\FOLVWV�KDYH�ELJJHU�FKDQFHV�WR�VXIIHU�IURP�IDWDO�
DQG�VOLJKW�LQMXULHV�WKDQ�FDU�XVHUV��:LG\DVWXWL�DQG�%LUG��
�������7KH�PRWRUF\FOH-UHODWHG�FUDVK�ZLOO�LQFUHDVH�ZLWK�
WKH� URFNHWHG� QXPEHU� RI� PRWRUF\FOH�� $Q� LQFUHDVH� LQ�
PRWRUF\FOH� DQG� RWKHU� YHKLFOHV� RQ� WKH� PDMRU� URDG� LV�
UHODWHG�WR�WKH�HVFDODWLQJ�QXPEHU�RI�PRWRUF\FOH�FUDVKHV�
�+DUQHQ� HW� DO��� ������� 7KHUHIRUH�� LW� QHHGV� VSHFLDO�
DWWHQWLRQ� WR� WKH�PRWRUF\FOLVW� LQ� WHUPV�RI�DVVHVVLQJ� WKH�
FUDVK�FRVW�RI�WKLV�JURXS� 

7KH� LPSDFW� RI� D� WUDIILF� FUDVK� LV� DQ� LQFUHDVH� LQ� WKH�
SRYHUW\� UDWH�EHFDXVH� LW� FDXVHV�D� ORW�RI�H[SHQVHV�� VXFK�
DV�FRVWV�GXULQJ�FUDVKHV�DQG�FRVWV�DIWHU�DQ�FUDVK��DV�ZHOO�
DV� WKH� FRVW� RI� ORVW� SURGXFWLYLW\� GXH� WR� FUDVKHV�� 7KH�
ORVVHV�VXIIHUHG�GXH�WR�WUDIILF�FUDVKHV�KDYH�DQ�LPSDFW�RQ�
WKH� VRFLDO-HFRQRPLF� FRQGLWLRQV� RI� WKH� UHJLRQ�
�:LG\DVWXWL���������+RZHYHU�� OLWWOH�DWWHQWLRQ�KDV�EHHQ�
SDLG� WR� DVVHVVLQJ� WKH� FUDVK� FRVW�� HVSHFLDOO\� LQ�
,QGRQHVLD��:KHUHDV��FDVXDOW\�DQG�WKH�FDVXDOW\
V�IDPLO\�
LQ� GHYHORSLQJ� FRXQWULHV�� LQFOXGLQJ� ,QGRQHVLD�� KDYH� WR�
EHDU�WKHVH�FRVWV�E\�WKHPVHOYHV��0RKDQ��������� 

7KH�SUREOHPV�RI�SHRSOH�OLYLQJ�LQ�GHYHORSLQJ�FRXQWULHV�
OLNH� ,QGRQHVLD� DUH� GLIILFXOW� WR� LPDJLQH� ZKHQ� D� VDODU\�
PXVW� EH� XVHG� IRU� WKH� KRVSLWDO� WUHDWPHQW� FDXVHG� E\�
FUDVKHV��7KLV�FRQGLWLRQ�FRXOG�EH�HYHQ�ZRUVH�EHFDXVH�D�
VWXG\��.ULVZDUGKDQD�DQG�:LG\DVWXWL��������IRXQG�WKDW�
,QGRQHVLDQ� SHRSOH� FDQQRW�PHDVXUH� D� VSHFLILF� SULFH� WR�
SD\� ZKHQ� WKH\� IDFH� TXHVWLRQV� UHODWHG� WR� KRZ� PXFK�
WKHLU�ZLOOLQJQHVV�WR�SD\��&RQVHTXHQWO\��QR�YDULDEOHV�LQ�
WKH� VWXG\� DUH� VLJLQLILFDQW�� 7KHUHIRUH�� GLVFUHWH� FKRLFH�
PRGHOOLQJ� ZDV� SHUIRUPHG� WR� XQGHUVWDQG� WKH�
ZLOOLQJQHVV�WR�SD\��7KLV�PHWKRG�KDV�EHHQ�GLVFXVVHG�DV�
D�XVHIXO�WHFKQLTXH�WR�PRGHO�WKH�LPSDFWV�RI�DQ�HYHQW�RQ�
LQGLYLGXDO� RU� KRXVHKROG� FKDUDFWHULVWLFV� DQG� WKHLU�
SUHIHUHQFHV� �:LG\DVWXWL�� 0XOOH\� DQG� 'LVVDQD\DNH��
������� 

7KH�SUHYLRXV�VWXG\�LQ�6XUDED\D��,QGRQHVLD��IRXQG�WKDW�
WKH� PRVW� LQIOXHQWLDO� YDULDEOHV� RQ� UHGXFLQJ� FUDVK�
FDVXDOWLHV�DUH�WKH�DJH��LQFRPH��DQG�QXPEHU�RI�FKLOGUHQ�
�:LG\DVWXWL�DQG�0XOOH\���������6XUDED\D�LV�RQH�RI�WKH�
PHWURSROLWDQ�FLWLHV�LQ�,QGRQHVLD��0HDQZKLOH��WKHUH�LV�D�
ODFN� RI� XQGHUVWDQGLQJ� RI� ZKHWKHU� WKLV� PRGHO� LV�
DFFHSWDEOH�IRU�EHLQJ�DSSOLHG�LQ�PHGLXP�FLWLHV��-HPEHU�
LV�RQH�RI�WKH�PHGLXP�FLWLHV�LQ�,QGRQHVLD��%DVHG�RQ�GDWD�
IURP�WKH�-HPEHU�3ROLFH�7UDIILF�8QLW�GXULQJ�����-������
WKHUH� ZHUH� ������ WUDIILF� FUDVK� FDVHV�� 7KHUHIRUH�� WKH�
QHHG� IRU� YDOXLQJ� WKH� FUDVK� DQG� FDVXDOW\� FRVW� LQ� D�
PHGLXP� FLW\� LV� HVVHQWLDO�� DQG� WKH� UHVXOW� PLJKW� EH�
EHQHILFLDO� IRU� WKH� IXWXUH� URDG� VDIHW\� SROLFLHV� DQG�
VXSSRUWLQJ�WKH�LQYHVWPHQW�RQ�VDIHU�PRWRUF\FOLVWV� 

���/LWHUDWXUH�5HYLHZ 

����6WXG\�RQ�HVWLPDWLQJ�WKH�FUDVK�DQG�FDVXDOW\�FRVW 

6HYHUDO�SUHYLRXV�VWXGLHV�KDYH�EHHQ�UHSRUWHG�LQ�YDOXLQJ�
WKH� FDVXDOW\� FRVW�� 'HYHORSHG� FRXQWULHV� KDYH� DGRSWHG�
WKH� :LOOLQJQHVV� WR� 3D\� �:73�� DSSURDFK� WR� PHDVXUH�
FUDVK� FRVW�� ZKLOH� PRVW� RI� GHYHORSLQJ� FRXQWULHV� KDYH�
DSSOLHG� WKH� *URVV� 2XWSXW� 0HWKRG� �-DFREV�� ������
-DFREV�� 7KRPDV� DQG� $VWURS�� ������� 0HDQZKLOH�� WKH�
KXPDQ�FRVW�LV�LQGLYLGXDO�DQG�YHU\�VXEMHFWLYH��EDVHG�RQ�

WKH� SUHIHUHQFHV� DQG� LQWHUHVWV� �-RQHV-OHH�� ������� 7KH�
*URVV� 2XWSXW� �+XPDQ� &DSLWDO�� PHWKRG� UHYLHZV� WKH�
VWDWH� RI� WUDIILF� FUDVK� YLFWLPV� WR� DQDO\VH� WKH�
FKDUDFWHULVWLFV�RI�FUDVKHV�XVHG�WR�FDOFXODWH�WKH�FRVW�RI�D�
WUDIILF� FUDVK�� :KLOH� WKH� :73� PHWKRG� VHUYHV� WR�
GHWHUPLQH�WKH�SUREDELOLW\�RI�WKH�GULYHU
V�GHVLUH�WR�LQFXU�
DGGLWLRQDO�FRVWV�LQ�DQ�HIIRUW�WR�UHGXFH�WKH�ULVN�RI�WUDIILF�
FUDVKHV� 

*URVV� RXWSXW� PHWKRG� LV� RQH� RI� WKH� PHWKRGV� XVHG� WR�
HVWLPDWH� FUDVK� FRVW�� HVSHFLDOO\� LQ� ,QGRQHVLD�� 7KH� LGHD�
RI�JURVV�RXWSXW�PHWKRG� LV� WKH�FRVWV�RI�FUDVK�UHODWHG� WR�
WKH� FRVWV� RI� YHKLFOH� GDPDJH�� KRVSLWDO� IDFLOLW\�� DQG�
DGPLQLVWUDWLRQ� DV� ZHOO� DV� IXWXUH� ORVW� RXWSXW�� 6HYHUDO�
VWXGLHV� DJUHHG� WKDW� KXPDQ� FRVW� VKRXOG� EH� LQFOXGHG�
ZKHQ�YDOXLQJ�WKH�FUDVK�FRVW��)DULGD�DQG�6DQWRVD��������
VWDWHG� WKDW� *URVV� 2XWSXW� �+XPDQ� &DSLWDO�� PHWKRG� LV�
XVHG� WR� FDOFXODWH� WKH� UHJLRQDO� HFRQRPLF� ORVVHV� GXH� WR�
WUDIILF�FUDVKHV��WKURXJK�KRZ�WR�FDOFXODWH�WKH�QXPEHU�RI�
WUDIILF� FUDVKHV� WKDW� KDYH� RFFXUUHG� WKHQ� DQDO\VHG� WKH�
DPRXQW� RI� ORVV� H[SHULHQFHG�� )XUWKHUPRUH�� UHVHDUFK�E\�
6XJL\DQWR� ������� UHVXOWHG� LQ� WKH� FUDVK� FRVW� EDVHG� RQ�
WKH� W\SH� RI� FDVXDOWLHV�� 7KH� IDWDO� FUDVK� FRVWV� ,'5� ����
PLOOLRQ��ZKLOH�WKH�PLQRU�LQMXU\�LV�,'5�����PLOOLRQ�� 

6DSXWUD�� 6XJL\DQWR� DQG� +DUGLQL� ������� LPSOLHG� WKDW�
WUDIILF�FUDVKHV�FRXOG�EH�UHGXFHG�E\�NQRZLQJ�KRZ�PXFK�
D�SHUVRQ�ZDQWV�WR�SD\�PRUH�WR�WDNH�FDUH�RI�KLV�YHKLFOH�
VR� DV� WR� DYRLG� GDPDJH� WKDW� FDQ� FDXVH� WUDIILF� FUDVKHV�
XVLQJ� WKH� :73� PHWKRG�� -RQHV-OHH� ������� PHQWLRQHG�
WKDW� WKH� YDOXH� RI� LQGLYLGXDO� OLIH� LV� UHIOHFWHG� LQ� WKHLU�
ZLOOLQJQHVV� WR� SD\� �RU� VDFULILFH�� WR� JHW� EHQHILWV� RU� WR�
DYRLG� FRVWV�� 7KHUHIRUH�� LW� FDQ� EH� DVVXPHG� WKDW� WKH�
LQGLYLGXDO� ZRXOG� EH� ZLOOLQJ� WR� SD\� VRPH� RI� WKHLU�
LQFRPHV�WR�ORZHU�WKHLU�SUREDELOLW\�RI�LQMXU\��:LG\DVWXWL�
�������VWDWHG� WKDW� WKH�:73�PHWKRG�ZDV�UHODWHG� WR� WKH�
SHRSOH
V� ZLOOLQJQHVV� WR� SD\� IRU� WKHLU� VDIHW\�
LPSURYHPHQWV�� 6LPLODUO\�� (HFNKRXGW� DQG� +DPPLWW�
������� DOVR� VXJJHVWHG� WKDW� WKH� ZLOOLQJQHVV� WR� SD\� RI�
SHRSOH�WR�ORZHU�WKH�ULVN�FDQ�EH�DVVHVVHG�E\�SURSDJDWLQJ�
WKH�FKDQJH�RI�SUREDELOLW\�RI�LQMXU\��)XUWKHUPRUH��PDQ\�
VWXGLHV� LGHQWLILHG� WKDW� WKHUH� LV� D� UHODWLRQVKLS� EHWZHHQ�
WKH� YDOXH� RI� OLIH� DQG� WKH� VRFLR-HFRQRPLF� DQG�
GHPRJUDSKLF� FKDUDFWHULVWLFV� RI� HDFK� SHUVRQ�� )RU�
H[DPSOH��6DSXWUD��6XJL\DQWR�DQG�+DUGLQL��������IRXQG�
WKDW� WKHUH� LV� D� FRUUHODWLRQ� EHWZHHQ�:73� IRU� UHGXFLQJ�
WKH�SUREDELOLW\� RI� FUDVK� LQYROYLQJ�� DJH�� DQG� IUHTXHQF\�
RI�FUDVK� LQYROYHPHQW��0RUHRYHU�� ,VODP��������EHOLHYH�
WKDW� :73� LV� DQ� DSSURSULDWH� PHWKRG� WR� YDOXH� QRQ-
PDUNHW�JRRGV�� 

����6WDWHG�SUHIHUHQFH�DQG�GLVFUHWH�FKRLFH�PRGHOOLQJ 

7KH� VWDWHG� SUHIHUHQFH� WHFKQLTXH� LV� D� GDWD� FROOHFWLRQ�
WHFKQLTXH� UHIHUV� WR� WKH� DSSURDFK� WR� WKH� RSLQLRQ� RI�
UHVSRQGHQWV�LQ�GHDOLQJ�ZLWK�YDULRXV�DOWHUQDWLYH�FKRLFHV��
7KLV� WHFKQLTXH� XVHV� DQ� H[SHULPHQWDO� GHVLJQ� IRU�
FUHDWLQJ� DOWHUQDWLYH� LPDJLQDU\� VLWXDWLRQV� �3HDUFH� DQG�
g]HGHPLURJOX�� ������� 7KLV� PHWKRG� LV� PXFK� PRUH�
FRPPRQO\� XVHG� LQ� WKH� ILHOG� RI� URDG� VDIHW\��
)XUWKHUPRUH�� VWDWHG� SUHIHUHQFH� PHWKRGV� DUH� SUHIHUUHG�
GXH�WR�WKH�EURDGHU�DSSOLFDELOLW\��3HRSOH�XVXDOO\�GR�QRW�
XQGHUVWDQG�WKH�ULVN�UHGXFWLRQ�FDXVHG�E\�VDIHW\�GHYLFHV�
LPSURYHPHQWV��EXW�VWDWHG�SUHIHUHQFH�PHWKRGV�SURYLGH�D�
EHWWHU�XQGHUVWDQGLQJ�RI�UHVSRQGHQWV�WR�WKLV�LQIRUPDWLRQ�
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�/LQGKMHP�HW�DO����������$�VWXG\�LQ�,QGLD�E\�%DODNULVKQDQ�
DQG� .DUXSSDQDJRXQGHU� ������� SHUIRUPLQJ� VWDWHG�
SUHIHUHQFH� WR� HVWLPDWH� URDG� DFFLGHQW� FRVW� VKRZHG� WKDW�
WUDYHO�FRVW��DFFLGHQW�UDWH��DJH��RFFXSDWLRQ��DQG�QXPEHU�RI�
KRXVHKROG� PHPEHU� ZHUH� YDULDEOHV� ZKLFK� VLJQLILFDQWO\�
LQIOXHQFHG� WKH� GHFLVLRQ-PDNLQJ� RI� :73�� 7KLV� UHVHDUFK�
KDV� WZR� NLQGV� RI� HTXDOLW\� PRGHOV�� ZKLFK� DUH� ZLOOLQJ� WR�
SD\��\HV��DQG�GR�QRW�ZDQW�WR�SD\��QR���$�VLPLODU�W\SH�RI�
FKRLFH� LV� IRUPXODWHG� DV� IROORZV� �%HQ-$NLYD� DQG�
%LHUODLUH�������� 

�  

ZKHUH� 

3Q�L�  �SUREDELOLW\�RI�LQGLYLGXDOV�ZKR�DUH�ZLOOLQJ�WR�SD\ 

5KR-VTXDUHG� VWDWLVWLFV� �ȡ��� KDYH� EHHQ� DSSOLHG� LQ�
PHDVXULQJ�WKH�VXLWDELOLW\�RI�WKH�GDWD�XVHG�ZLWK�WKH�PRGHO��
ZKLFK�DUH�DV�IROORZV� 

 

ZKHUH� 

//��ȕ��  � IRFXVLQJ�RQ�ORJ-OLNHOLKRRG�ZLWK�YHFWRU�ȕ�
FULWHULD 

//��R��  � EHJLQQLQJ� RI� ORJ-OLNHOLKRRG� �ZLWK� DOO� FULWHULD�
 VHW�DW�]HUR�RU�FRQVWDQW� 

'LVFUHWH�FKRLFH�PRGHO�LV�RQH�RI�WKH�PHWKRGV�WKDW�FDQ�EH�
XWLOLVHG� IRU� WKH� GDWD� DQDO\VLV� UHODWLQJ� WR� :73� RI�
LQGLYLGXDO� IRU� WKH� UHGXFWLRQ� LQ� FDVXDOW\� VHYHULW\� RI�
FUDVKHV��:LG\DVWXWL���������8WLOLW\�PHDQV�D�FRPELQDWLRQ�
RI� VWUDLJKW� OLQHV� RI� YDULDEOHV�� DV� LQ� WKH� IROORZLQJ�
HTXDWLRQ� 

 

ZKHUH�� 
8M  � XWLOLW\�RI�FKRLFHV 
;������;Q  � DWWULEXWHV�RI�HDFK�FKRLFH 

7KH� SUREDELOLW\� RU� ULVN� RI� DQ� REMHFW� FDQ� EH� H[SODLQHG�
WKURXJK�WKH�ORJLVWLFDO�PRGHO�IRUPXODWHG�DV�IROORZV� 

�����OQ�S����-�S�� ȕ���ȕ�;B���«���ȕBS�;BS  ���� 

:KLOH�LQ�JHWWLQJ�WKH�S-YDOXH�IRU�ORJLVWLFDO�SUREDELOLW\��WKH�
IROORZLQJ�IRUPXOD�LV�XVHG� 

 

:KHUH� 
S  � 3UREDELOLW\ 

ȕ����ȕS  � 3DUDPHWHUV�RI�D�FKDUDFWHULVWLF 

;����;S  � 5HVSRQGHQWV¶�FKDUDFWHULVWLFV 

���0HWKRGRORJ\ 

����&DVH�VWXG\�ORFDWLRQ 

,Q� WKLV� UHVHDUFK�� WKH� FDVH� VWXG\� ORFDWLRQ� IRU� GDWD�
FROOHFWLRQ�LV�-HPEHU�5HJHQF\��-HPEHU�LV�WKH�WKLUG�ELJJHVW�
FLW\� LQ� (DVW� -DYD� 3URYLQFH�� ,QGRQHVLD�� %DVHG� RQ� WKH�

)LJXUH����-HPEHU�UHJHQF\ 
6RXUFH��PDSV�JRRJOH�FRP�DQG�MHPEHUNDE�JR�LG 

6WDWLVWLFV� ,QGRQHVLD� GDWD�� WKH� -HPEHU
V� SRSXODWLRQ� LQ�
�����ZDV� ������ PLOOLRQ�� -HPEHU� KDV� DQ� DUHD� RI� ������
NP�� 

����6WDWHG�SUHIHUHQFH�DQG�ZLOOLQJQHVV�WR�SD\�VXUYH\ 

'HWHUPLQDWLRQ�RI� WKH�QXPEHU�RI�VDPSOHV� WR� ILOO�RXW� WKH�
TXHVWLRQQDLUH� LV�QHHGHG� LQ�RUGHU� WR�JHW�RSWLPDO� UHVXOWV��
,Q� GHWHUPLQLQJ� WKH� QXPEHU� RI� VDPSOHV�� WKH� HUURU�
WROHUDQFH�OLPLW�LV�����3ULPDU\�GDWD�REWDLQHG�GLUHFWO\�LQ�
WKH�ILHOG�E\�LQWHUYLHZLQJ�SHRSOH�LQ�-HPEHU�5HJHQF\��,Q�
WKLV� VWXG\�� WKH� ORFDWLRQV� FKRVHQ� IRU� GLVWULEXWLQJ�
TXHVWLRQQDLUHV� ZHUH� LQ� WKH� WRZQ� VTXDUH�� VKRSSLQJ�
FHQWHUV�� DQG� SODFHV� ZKHUH� SHRSOH� JDWKHUHG�� VXFK� DV�
UHVWDXUDQWV� RU� FDIHV�� 5HVSRQGHQWV� ZHUH� UDQGRPO\�
VHOHFWHG�DQG�KDG�H[SHULHQFHG�D�WUDIILF�FUDVK� 

7KLV�VWXG\�XVHG�WKH�VWDWHG�SUHIHUHQFH�FKRLFH�PRGHOOLQJ�
PHWKRG�� DQG� D� SLORW� VXUYH\� ZDV� GRQH� WR� WHVW� WKH�
TXHVWLRQQDLUH�� 6HYHUDO� LQIRUPDWLRQ� LQFOXGLQJ�
GHPRJUDSKLF� LQIRUPDWLRQ� DQG� WKH� QXPEHU� RI� FUDVKHV�
ZHUH�GHOLYHUHG� LQ� WKH�TXHVWLRQQDLUH��:LG\DVWXWL� �������
VWDWHG� WKDW� LQ� WKH� FKRLFH� PRGHOOLQJ� VFHQDULR�� JLYLQJ�
UHVSRQGHQWV� D� UHDOLVWLF� VFHQDULR� LV� PRUH� HVVHQWLDO� WKDQ�
JLYLQJ� WKHP� D�:73� YDOXH� WR� FKRRVH� IURP��0RUHRYHU��
.ULVZDUGKDQD� DQG� :LG\DVWXWL� ������� PHQWLRQHG� WKDW�
RSHQ�TXHVWLRQ�PHWKRG� WR�YDOXH�ZLOOLQJQHVV� WR�SD\�ZDV�
QRW� D� SURSHU�PHWKRG� XVHG� LQ� ,QGRQHVLD�� EHFDXVH� VRPH�
UHVSRQGHQWV� IRXQG� LW�ZDV� KDUG� WR� DVVHVV� RU� XQGHUVWRRG�
WKH�REMHFWLYH�RI�TXHVWLRQV��&RQVHTXHQWO\��WKHUH�ZHUH�QR�
LQGHSHQGHQW�YDULDEOHV�VLJQLILFDQWO\�LQIOXHQFHG�WKH�:73�
YDULDEOHV�� 

��� 

��� 

��� 

��� 

Digital Repository Universitas JemberDigital Repository Universitas Jember

http://repository.unej.ac.id/
http://repository.unej.ac.id/


��� Jurnal Teknik Sipil 

:LOOLQJQHVV�WR�3D\�0RGHO«����� 

Diterima 16 Juli 2020, Direvisi  20 November 2020, Diterima untuk dipublikasikan 2 Desember 2020 

Copyright      2020 Diterbitkan oleh Jurnal Teknik Sipil ITB, ISSN 0853-2982, DOI: 10.5614/jts.2020.27.3.4 

7DEOH����&UDVK�GDWD��IURP�����-���� 

'HVFULSWLRQ ���� ���� ���� 

1XPEHU�RI�FUDVK ����� ����� ����� 

)DWDO�LQMXU\ ��� ��� ��� 

6HULRXV�LQMXU\ �� �� �� 

6OLJKW�LQMXU\ ����� ����� ����� 

0DWHULDO�ORVV��,'5� ������������� ������������� ������������� 

,W� FDQ� EH� VHHQ� IURP� )LJXUH� �� WKDW� ���� RI� YHKLFOHV�
LQYROYLQJ� LQ� FUDVKHV� LQ� -HPEHU� ZDV� WKH� PRWRUF\FOH��
(YHQ� WKRXJK� WKH� VWXG\� FRQGXFWHG�E\�.ULVZDUGKDQD�HW�
DO���������LPSOLHG�WKDW�PRVW�RI�PRWRUF\FOLVWV�LQ�-HPEHU�
KDV�D�GULYLQJ�OLFHQVH��WKH�VNLOO�RI�PRWRUF\FOLVW�LV�PRVWO\�
SRRU�� )XUWKHUPRUH�� WKH� PRVW� FUDVK� VHYHULW\� W\SH� LV�
VOLJKW�LQMXU\��DFFRXQWLQJ�IRU������ 

����0RGHO�GHYHORSPHQW 

7KLV�VWXG\�FRQGXFWV�D�TXDQWLWDWLYH�PHWKRG�ZLWK�D�VHOI-
DGPLQLVWHUHG� TXHVWLRQQDLUH� LQ� RUGHU� WR� PDNH� VXUH� WKH�
UHVSRQGHQWV�NQRZ�WKH�FRQFHSWXDO�RI�WKH�TXHVWLRQQDLUH��
$� WRWDO� RI� ���� TXHVWLRQQDLUHV� ZHUH� VHQW� RXW� DPRQJ�
UHVSRQGHQWV�DW�WKH�FLW\�FHQWUHV�RI�:ĞŵďĞƌ͘ 

7DEOH� �� FRQWDLQV� WKH� YDULDEOHV� WKDW� DUH� VWDWHG� LQ� WKH�
TXHVWLRQQDLUH��7KH�UHVXOWV�RI�WKHVH�YDULDEOHV�DUH�XVHG�WR�
ILQG� RXW� ZKDW� IDFWRUV� FDQ� LQIOXHQFH� WKH� SUREDELOLW\� RI�
WKH� SHRSOH� RI� -HPEHU� LQ� EHLQJ�ZLOOLQJ� WR� SD\�PRUH� WR�
UHGXFH�WKH�ULVN�RI�FUDVKHV��$V�FDQ�EH�VHHQ�IURP�7DEOH�
��� ������� RI� UHVSRQGHQWV� DUH� ZLOOLQJ� WR� SD\� PRUH� WR�

7R� IDFLOLWDWH� WKHVH� REVWDFOHV�� HDV\� WR� XQGHUVWDQG�
TXHVWLRQV� DUH� UHTXLUHG�� 7KH� EUDNH� SDG� ZDV� XVHG� WR�
SURYLGH� DQ� LOOXVWUDWLRQ� RI� WKH�:73� DPRXQW� WR� UHGXFH�
WKH� FUDVK� ULVN�� ,W� ZDV� EHFDXVH� PRVW� RI� WZR-ZKHHOHG�
PRWRU� YHKLFOH� GULYHUV� LQ� -HPEHU� DUH� XQZLOOLQJ� WR�
FKDQJH�EUDNH�SDG�XQWLO�LW�LV�ZRUQ�RXW��HYHQ�WKRXJK�WKH\�
NQRZ�WKDW�WKH�EUDNH�SDG�LV�D�YLWDO�SDUW�RI�PRWRUF\FOHV��
DQG� LW� FRXOG� OHDG� WR� D� ZRUVHQ� LMXU\� LI� LW� LV� QRW�
PDLQWDLQHG�SURSHUO\��0DQXIDFWXUHUV� VXJJHVW� WKH�EUDNH�
SDGV�PXVW�EH�FKDQJHG�HYHU\�������NP�DQG� LW�FRVWV�RI�
DURXQG� ,'5� �������� �FRVW� RI� EUDNH� SDG� DQG�
UHSODFHPHQW�VHUYLFH���7KHUHIRUH�� WKH�����UHGXFWLRQ�RI�
SUREDELOLW\�LQYROYLQJ�LQ�D�FUDVK�ZRXOG�EH�HYHU\�������
NP�ZLWK� ,'5�������� DV� DGGLWLRQDO� FRVW�� )XUWKHUPRUH��
EDVHG�RQ�WKH�SROLFH�DFFLGHQW�UHFRUG��WKH�SUREDELOLW\�RI�
VOLJKW�LQMXU\�LV����LQ���������� 

7KH� PRGHOOLQJ� LQ� YDOXLQJ� :73� FRQVLVWHG� RI� DQ�
DSSURDFK� IRU� WKH� ELQDU\� FKRLFHV�� 7KH� GHSHQGHQW�
YDULDEOH� LQ� WKLV� VWXG\� GLYLGHG� LQWR� �� RSWLRQV�� 7KH�
ELQDU\�FKRLFHV�DUH�SURYLGHG�EHORZ� 

237,21�$ 
0D[LPXP�VSHHG�����NSK 
&KDQJH�EUDNH�SDG�HYHU\��������NP 
3UREDELOLW\�RI�VOLJKW�LQMXU\�����LQ�������� 
$GGLWLRQDO�FRVW��,'5��������SHU�EUHDN�
SDG�FKDQJLQJ 

237,21�% 
0D[LPXP�VSHHG�����NSK 
&KDQJH�EUDNH�SDG�HYHU\��������NP 
3UREDELOLW\�RI�VOLJKW�LQMXU\�����LQ�������� 
$GGLWLRQDO�FRVW��,'5���SHU�EUHDN�SDG�
FKDQJLQJ 

)LJXUH����6HW�RI�FKRLFHV�LQ�WKH�TXHVWLRQQDLUH 

7KH� RSWLRQV� ZHUH� REWDLQHG� IURP� WKH� SUHYLRXV� VWXG\�
FRQGXFWHG�E\�:LG\DVWXWL� DQG�0XOOH\� ������� WKDW�ZDV�
LPSURYHG�WR�DGMXVW�WKH�FRQGLWLRQ�RI�VWXG\�ORFDWLRQ�DQG�
FXUUHQW�FRQGLWLRQ��7KH�LPSURYHPHQWV�DUH�WKH�DGGLWLRQDO�
FRVW�DQG�WKH�IUHTXHQF\�RI�FKDQJLQJ�WKH�EUDNH�SDG��7KH�
TXHVWLRQQDLUH�ZDV�WUDQVODWHG�LQWR�%DKDVD�,QGRQHVLD��,Q�
WKH�:73�TXHVWLRQQDLUH��WKH�UHVSRQGHQWV�ZHUH�DVNHG�WR�
H[SUHVV�WKHLU�:73�IRU�D�VOLJKW�LQMXU\�ULVN�UHGXFWLRQ�� 

'DWD�ZDV�FROOHFWHG�IURP�)HEUXDU\�WR�0DUFK�������7KLV�
VWXG\� WDUJHWHG� UHVSRQGHQWV�ZKR� KDG� EHHQ� LQYROYHG� LQ�
WUDIILF� FUDVKHV�� 7KH� QXPEHU� RI� UHVSRQGHQWV� ZDV�
GHWHUPLQHG� EDVHG� RQ� WKH� SRSXODWLRQ� RI� -HPEHU�
5HJHQF\��7KH�LPSRUWDQFH�RI�URDG�VDIHW\��WKH�LPSDFW�RI�
WUDIILF� FUDVKHV�� DQG� WKH� IDWDOLW\�ZHUH� H[SODLQHG��7KHQ��

WKH�UHVSRQGHQWV�ZHUH�DVNHG�DERXW�WKHLU�VRFLR-HFRQRPLF�
FKDUDFWHULVWLFV�� H[SHULHQFH� LQ� WUDIILF� FUDVKHV�� DQG� WKH�
:73�WR�UHGXFH�WKH�ULVN�� 

���5HVXOW�DQG�'LVFXVVLRQ 

����&UDVK�FKDUDFWHULVWLFV 

&UDVK�GDWD�IURP������WR������ZHUH�REWDLQHG�IURP�WKH�
-HPEHU� 7UDIILF� 3ROLFH� 8QLW�� FRYHULQJ� WKH� QXPEHU� RI�
HYHQWV�� WKH� VHYHULW\� RI� WKH� YLFWLPV�� DQG� WKH�
FKDUDFWHULVWLFV�RI�WKH�FUDVK� 

$FFRUGLQJ�WR�7DEOH����LW�FDQ�EH�VHHQ�WKDW�PRVW�FUDVKHV�
RFFXUUHG� LQ������DQG�UHVXOWHG� LQ�PDQ\�GHDWKV��VHULRXV�
LQMXULHV�DQG�PLQRU�LQMXULHV�FRPSDUHG�WR������DQG�������
7UDIILF�FUDVKHV� WKDW�RFFXUUHG� LQ�-HPEHU� LQ������ WR� WKH�
\HDU������KDYH�LQFUHDVHG�E\��������+RZHYHU��LQ������
XQWLO�������LW�GHFUHDVHG�E\������� 

)LJXUH����7\SH�RI�YHKLFOHV�LQYROYLQJ�DQG�LQMXULHV�LQ�FUDVKHV��
-HPEHU������-���� 
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7DEOH����'HPRJUDSKLF�FKDUDFWHULVWLFV�RI�UHVSRQGHQWV 

)UHTXHQF\ 3HUFHQWDJH 

*HQGHU 0DOH ��� ����� 

 )HPDOH ��� ����� 

$JH ����\HDUV�ROG��\�R�� �� ���� 

 ��-����\�R� ��� ���� 

 ���-����\�R� �� ����� 

 ���-����\�R� �� ����� 

 ���-����\�R� �� ���� 

 !���\�R� � ��� 

(GXFDWLRQDO�EDFNJURXQG 3ULPDU\�VFKRRO � � 

 -XQLRU�KLJK�VFKRRO � ���� 

 6HQLRU�KLJK�VFKRRO ��� �� 

 *UDGXDWH ��� ����� 

0DULWDO�VWDWXV 0DUULHG ��� ���� 

 6LQJOH ��� ���� 

/LYLQJ�ZLWK�SDUHQWV <HV ��� ���� 

 1R ��� ���� 

2FFXSDWLRQ &LYLO�VHUYDQW ��� �� 

 3ULYDWH�VHFWRU ��� �� 

 (QWUHSUHQHXU �� ���� 

 8QHPSOR\PHQW ��� ���� 

,QFRPH �,'5�������� �� ���� 

 ,'5���������-�5S����������� �� �� 

 ,'5�����������-�5S����������� �� ���� 

 ,'5�����������-�5S����������� ��� ����� 

 ,'5�����������-�5S����������� �� �� 

 !,'5���������� �� � 

9HKLFOH�RZQHUVKLS 0RWRUF\FOH ��� ����� 

 &DU � ��� 

 0RWRUF\FOH�DQG�FDU �� �� 

 'R�QRW�KDYH�DQ\�YHKLFOHV �� ���� 

&UDVK�LQYROYHPHQW ��WLPH ��� �� 

  ��-���WLPHV ��� ����� 

  0RUH�WKDQ���WLPHV �� ���� 

:LOOLQJQHVV�WR�SD\�PRUH�RQ�LQFUHDVLQJ�WKH�VDIHW\ $JUHH�WR�FKRRVH�RSWLRQ�$ ��� ����� 

 $JUHH�WR�FKRRVH�RSWLRQ�% ��� ����� 

&KDUDFWHULVWLFV� 

LQFUHDVH�WKHLU�VDIHW\��0HDQZKLOH��WKH�GHVFULSWLYH�VWDWLVWLFV�
IRU�WKH�UHVSRQGHQWV�DUH�GLVFXVVHG�LQ�WKH�IROORZLQJ��,W�FDQ�
EH� VHHQ� WKDW� WKH� SURSRUWLRQ� RI� SURGXFWLYH� DJHV� �UDQJLQJ�
IURP����WR����\HDUV�ROG��LV�DSSUR[LPDWHO\������0RVW�RI�
WKH� UHVSRQGHWV� FRPSULVHG� GLSORPD� RU� EDFKHORU� GHJUHH�
�DFFRXQWLQJ� IRU� ��������� 0RUHRYHU�� ���� RI� WKH�
UHVSRQGHQWV� ZRUN� LQ� SULYDWH� VHFWRUV�� $PRQJ� WKH�
PRWRUF\FOLVWV�� ������� HDUQHG� ,'5� ���������� –� ,'5�
����������� 

,Q� WHUPV� RI� D� FURVV� FODVVLILFDWLRQ� EHWZHHQ� UHVSRQGHQWV¶�
LQFRPH� DQG� ZLOOLQJQHVV� WR� FKRRVH� RSWLRQ� $�� 7DEOH� ��

VKRZV� WKDW� LQFUHDVLQJ� LQ� LQFRPH� OHDGV� WR�EHKDYLRXU�RI�
FKRRVLQJ� RSWLRQ�$� �ZLOOLQJ� WR� SD\�PRUH� WR� UHGXFH� WKH�
IUHTXHQF\� RI� FUDVKHV��� 0RUHRYHU�� ���� RI� PDUULHG�
UHVSRQGHQWV� DUH� ZLOOLQJ� WR� FKRRVH� RSWLRQ� $�� 7KHVH�
YDULDEOHV�DUH�WKHQ�PRGHOOHG�LQ�WKH�ORJLVWLF�UHJUHVVLRQ� 

7DEOH����$�FURVV�FODVVLILFDWLRQ�EHWZHHQ�LQFRPH 
 DQG�FKRRVLQJ�RSWLRQ�$ 

,QFRPH &KRRVLQJ�2SWLRQ�$ 

�5S��������� ��� 

5S����������-�5S����������� ��� 

5S������������-�5S����������� ��� 

5S������������-�5S����������� ��� 

5S������������-�5S����������� ��� 

!5S����������� ���� 

7DEOH����7KH�JRRGQHVV�RI�ILW�WHVW 

-��/RJ�
OLNHOLKRRG� 

&R[�	�6QHOO�
5�6TXDUH� 

1DJHONHUNH�
5�6TXDUH� 

+RVPHU�DQG�/HPHVKRZ�7HVW� 

&KL-VTXDUH 6LJ� 

������� ����� ����� ����� ����� 
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7KH�FRQFOXVLRQ�RI�WKH�PRGHO�LQ�WKLV�VWXG\�FDQ�EH�VHHQ�
LQ� WKH� 1DJHONHUNH� 5�� VKRZLQJ� D� YDOXH� RI� ������ RU�
�������SURYLGLQJ�DQ�H[SODQDWLRQ�RI�WKH�YDULDWLRQ�LQ�WKH�
FKDQJH�LQ�WKH�FDWHJRU\�RI�ZLOOLQJQHVV�WR�SD\�PRUH�WKDQ�
������ RQ� WKH� LQGHSHQGHQW� YDULDEOHV� LQ� WKLV� VWXG\��
$FFRUGLQJ� WR� WKH� +RVPHU� DQG� /HPHVKRZ� 7HVW� �+-/�
7HVW��� LW�FDQ�EH�VHHQ� WKDW� LQ� WKLV� UHVHDUFK�PRGHO�KDV�D�
FKL-VTXDUH�SUREDELOLW\� YDOXH� �&KL-VTXDUH� ��������S� �
�����!� ������ZKLFK� H[FHHGV� WKH� YDOXH� RI� ���� �������
LQGLFDWHV� WKDW� WKH� YDOXH� LV� DFFHSWDEOH�� WKXV�� LW� DOVR�
LQGLFDWHV�WKDW�WKH�PRGHO�LV�YDOLG� 

&RHII�� LV� FRHIILFLHQWV�� 6�(�� LV� VWDQGDUG� HUURU�� 6LJ�� LV�
VLJQLILFDQFH� OHYHO�� YDULDEOHV� ZHUH� VWDWLVWLFDOO\�
VLJQLILFDQW�DW�WKH������OHYHO� 

7KH� YDOXH� RI� FRQVWDQW� LV� KLJKHU� WKDQ� RWKHU� YDULDEOHV¶�
FRHIILFLHQW�� &RQVWDQW� GHVFULEHG� DV� WKH� PHDQ� UHVSRQVH�
YDOXH�ZKHQ�DOO�SUHGLFWRU�YDULDEOHV�DUH�VHW� WR�]HUR��7KH�
VLJQLILFDQFH� WHVW� VKRZV� WKDW� WKH� H[SODQDWRU\� YDULDEOHV�
WKDW� KDYH� D� VLJ�� YDOXH� ������ DUH� UHVSRQGHQW
V� JHQGHU��
LQFRPH�� DQG� WKH� QXPEHU� RI� FUDVKHV� SHU� �� \HDU�� DQG�
PDULWDO� VWDWXV�� 7KHUHIRUH�� WKH� JHQHUDO� HVWLPDWHG�
HTXDWLRQ�ZDV�REWDLQHG� 

/RJLW��S�� �OQ��S����-S�� �������-�������JHQGHU�-�������
LQFRPH�-�������QXPEHU�RI�FUDVK�-�������PDULWDO�VWDWXV��
7KLV�PRGHO�LQGLFDWHV�WKDW�IHPDOH�LV�PRUH�OLNHO\�WR�SD\�
PRUH�LQ�UHGXFLQJ�WKH�FKDQFH�RI�FUDVKHV��0RUHRYHU��WKH�
LQFUHDVH� RI� LQFRPH� DQG� QXPEHU� RI� FUDVKHV� ZRXOG�
LQFUHDVH� WKH� SUREDELOLW\� RI� SHRSOH� WR� SD\� PRUH�� $�
QHJDWLYH� VLJQ� RI� FRHIILFLHQW� RI� PDULWDO� VWDWXV� YDULDEOH�
LQGLFDWHV� WKDW�PDUULHG� UHVSRQGHQWV¶� WHQG� WR�SD\�PRUH��
FRPSDUHG�WR�DQRWKHU�JURXS� 

$PRQJ�LQGLYLGXDO�FKDUDFWHULVWLFV��LQFRPH�ZDV�IRXQG�WR�
EH� VLJQLILFDQW� DQG� SRVLWLYHO\� DVVRFLDWHG� ZLWK� :73��
ZKLFK�VXJJHVWHG� WKDW� ORZHU� LQFRPH�FDWHJRU\�ZDV� OHVV�
ZLOOLQJ� WR� SD\� IRU� FUDVK� ULVN� UHGXFWLRQ�� 7KLV� ILQGLQJ�
FRQILUPHG�WKH�HDUOLHU�VWXGLHV��&KDWXUDERQJ��.DQLWSRQJ�
DQG� -LZDWWDQDNXOSDLVDUQ�� ������ <XVRII� HW� DO��� ������
0RQ� HW� DO��� ������ ZKLFK� UHSRUWHG� UHVSRQGHQWV� ZLWK�
KLJKHU� LQFRPH� ZHUH� PRUH� ZLOOLQJ� WR� SD\� IRU� WKHLU�
LQFUHDVH� LQ� VDIHW\�� )XUWKHUPRUH�� PRWRUF\FOLVWV� ZKR�
H[SHULHQFHG� SULRU� URDG� FUDVKHV� ZHUH� PRUH� ZLOOLQJ� WR�
SD\� IRU� ULVN� UHGXFWLRQ� WKDQ� WKRVH� ZKR� GLG� QRW� KDYH�
H[SHULHQFHV� LQ� URDG� FUDVKHV�� 7KLV� UHVXOWV� ZDV� ILWWHG�
ZLWK� ILQGLQJV� IURP� HDUOLHU� UHVHDUFK� �'LVVDQD\DNH��

������ +DGGDN�� /HIqYUH� DQG� +DYHW�� ������0RQ� HW� DO���
������� 

����,QWHUSUHWDWLRQ�RI�WKH�PRGHO�DQG�GLVFXVVLRQ 

7KH�SUREDELOLW\�YDOXH�RI� WKH�ZLOOLQJQHVV�RI� WKH�SHRSOH�
RI�-HPEHU�5HJHQF\�WR�SD\�PRUH�LQ�RUGHU�WR�UHGXFH�WKH�
ULVN�RI�WUDIILF�FUDVKHV�LV�REWDLQHG�E\�FKDQJLQJ�WKH�RGGV�
UDWLR� WR� WKH� SUREDELOLW\� RI� SUHGLFWLRQ�� WKHUHIRUH�� LW� LV�
QHFHVVDU\� WR� SXW� WKH� FDWHJRU\� QXPEHU� RQ� WKH� PRGHO�
YDULDEOH��)RU� WKHVH� UHVXOWV�� WKH�SUREDELOLW\� RI� D� SHUVRQ�
ZKR� LV� ZLOOLQJ� WR� SD\� PRUH� LQ� UHGXFLQJ� WKH� ULVN� RI�
VOLJKW�LQMXU\�FDQ�EH�FDOFXODWHG�XVLQJ�WKH�PRGHO�� 

,I� WKH� SHUVRQ� ZKR� LV� PDOH� ����� LQFRPH� EHWZHHQ� ,'5�
���������� DQG� ���������� ����� �� WLPH� LQYROYHPHQW� LQ�
FUDVK� ����� WKHQ� WKH� SUREDELOLW\� PRGHO� LV� SUHVHQWHG�
EHORZ� 

/RJLW��S�   OQ��S��-S�� 

   ������–�����������–�����������–�����������–�
 ��������� 

�   ����� 

$QG�WKH�SUREDELOLW\� 

 

7KH�LQWHUSUHWDWLRQ�RI�WKH�PRGHO�LV�WKDW�D�SHUVRQ�ZKR�LV�
PDOH�� LQFRPH� EHWZHHQ� ,'5� ���������� DQG� ����������
����� �-WLPH� LQYROYHPHQW� LQ� WKH� FUDVK� ���� ZRXOG� EH�
ZLOOLQJ�WR�SD\�,'5��������WR�UHGXFH�WKH�ULVN�RI�D�VOLJKW�
LQMXU\�E\��������7KH�UHVXOW�VKRZV�WKDW� WKH�LQFUHDVH�RI�
LQFRPH� ZLOO� LQFUHDVH� WKH� SUREDELOLW\� RI� SHRSOH� WR�
FKRRVH�RSWLRQ�$��ZLOOLQJ�WR�SD\�,'5��������WR�UHGXFH�
WKH� ULVN� RI� D� PRWRUF\FOLVW� VOLJKW� LQMXU\��� ,W� PLJKW� EH�
EHFDXVH� KLJKHU-LQFRPH� SHRSOH� DUH� PRUH� DZDUH� RI�
VDIHW\�� 

)XUWKHUPRUH��LI�WKH�FUDVK�LQYROYHPHQW�FKDQJHG�DQG�WKH�
RWKHU� FKDUDFWHULVWLFV� DUH� VWLOO� LGHQWLFDO�� WKH� SUREDELOLW\�
ZLOO�EH� 

/RJLW��S��   OQ��S��-S�� 
��   ������–�����������–�����������–�����������

 –���������� 
��  � ����� 

��� 

7DEOH����3DUDPHWHU�HVWLPDWLRQ 

9DULDEOH &RHII�� 6�(� 6LJ� ([S�%� 

*HQGHU -����� ����� ����� ����� 

$JH -����� ����� ����� ����� 

(GXFDWLRQDO�EDFNJURXQG -����� ����� ����� ����� 

2FFXSDWLRQ -����� ����� ����� ����� 

,QFRPH -����� ����� ����� ����� 

9HKLFOH�RZQHUVKLS ����� ����� ����� ����� 

&UDVK�LQYROYHPHQW�SHU�\HDU -����� ����� ����� ����� 

0DULWDO�VWDWXV -����� ����� ����� ����� 

5HVLGHQFH�LQIRUPDWLRQ -����� ����� ����� ����� 

&RQVWDQW ����� ����� ����� �������� 

��� 
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7KH� UHVXOW� LQGLFDWHV� WKDW� SHRSOH� ZLWK� H[SHULHQFHV� LQ�
FUDVKHV�PRUH�WKDQ�RQH�WLPH���-��WLPHV�LQ�WKLV�FDVH��VKRZV�
DQ� LQFUHDVH� LQ�SUREDELOLW\� WR�PLQLPLVH� WKH� ULVN�RI� LQMXU\�
E\� ������ �FRPSDUHG� WR� ������ RQ� WKH� FDWHJRU\� RI� RQH�
WLPH�LQYROYLQJ�LQ�DQ�FUDVK���,W�LV�SUREDEO\�EHFDXVH�SHRSOH�
ZKR� H[SHULHQFH� WUDIILF� FUDVKHV� DUH� PRUH� DZDUH� RI� WKHLU�
VDIHW\� 

$�VWXG\�FRQGXFWHG�LQ�6XUDED\D-,QGRQHVLD�E\�:LG\DVWXWL��
0XOOH\� DQG� 'LVVDQD\DNH� ������� LPSOLHG� WKDW� WKH�
VXEMHFWLYH�FRVW�RI�PRWRUF\FOLVW�VOLJKW�LQMXULHV�DUH�DIIHFWHG�
E\� YDULDEOHV� VXFK� DV� DJH�� LQFRPH�� DQG� QXPEHU� RI�
FKLOGUHQ��:KLOH�D�UHFHQW�VWXG\�LQ�6XUDED\D��8WDQDND�DQG�
:LG\DVWXWL��������IRXQG�WKDW�RQO\�LQFRPH�DQG�QXPEHU�RI�
FKLOGUHQ� WKDW� ZHUH� VLJQLILFDQW� LQ� LQIOXHQFLQJ� WKH�
ZLOOLQJQHVV� WR� SD\� PRUH� WR� UHGXFH� WKH� SUREDELOLW\� RI�
FUDVK�� <XVRII� HW� DO�� �������� ZKR� FRQGXFWHG� UHVHDUFK� LQ�
YDOXLQJ� IDWDO� LQMXU\� FRVW�� IRXQG� WKDW� IDFWRUV� LQIOXHQFLQJ�
WKH� :73� ZHUH� LQFRPH�� YHKLFOH� RZQHUVKLS�� RFFXSDWLRQ��
UDFH�� ULVN� SHUFHSWLRQ�� JHQGHU�� DQG� FUDVK� H[SHULHQFH��
0RUHRYHU�� LQ� WHUPV� RI� FDU� GULYHU¶V�� 0RQ� HW� DO�� �������
VWDWHG�WKDW�LQGLYLGXDO�LQFRPH�DQG�KRXVHKROG�LQFRPH�ZHUH�
YDULDEOHV� VLJQLILFDQWO\� LQIOXHQFH� WKH� :73�� ZKLOH�
HGXFDWLRQ� GLG� QRW� LQIOXHQFH� WKH� :73�� 7KH� UHVXOW� RI�
PRGHOOLQJ� LQ� WKLV� VWXG\� IRXQG� WKDW� LQFRPH�� FUDVK�
H[SHULHQFH��DQG�JHQGHU�ZHUH�VLJQLILFDQWO\�LQIOXHQFHG�WKH�
:73�� 7KHUHIRUH�� LW� FDQ� EH� VDLG� WKDW� VRPH� YDULDEOHV� RI�
ZLOOLQJQHVV�WR�UHGXFH�WKH�ULVN�RI�FUDVKLQJ�DUH�SDUWLFXODU\�
VLPLODU�� KRZHYHU�� VRPH� GLIIHUHQW� VLJQLILFDQW� YDULDEOHV�
PLJKW� EH� FDXVHG� E\� WKH� VSHFLDO� FKDUDFWHULVWLFV� RI� HYHU\�
FDVH�VWXG\�ORFDWLRQ�� 

���&RQFOXVLRQV 

)RU� PRUH� WKDQ� D� GHFDGH�� LQ� -HPEHU�� WKH� QXPEHU� RI�
PRWRUF\FOH� KDV� VHHQ� D� GUDPDWLF� JURZWK�� ,Q� -HPEHU�� WKH�
PRWRUF\FOH� LV� WKH� PRVW� SRSXODU� WUDQVSRUWDWLRQ� PRGH��
,QFUHDVLQJ� LQ� WKH�QXPEHU�RI�PRWRUF\FOHV�ZRXOG�HVFDODWH�
WKH�PRWRUF\FOLVWV
�QXPEHU�RI�FUDVKHV��6OLJKW�LQMXU\�LV�WKH�
W\SH� RI� VHYHULW\� WKDW� PRVWO\� KDSSHQV�� 7KHUHIRUH�� WKLV�
:73�VWXG\�LQWHQGHG�WR�YDOXH�WKH�FRVW�RI�VOLJKW�LQMXU\�RI�
PRWRUF\FOLVWV�� ,Q� WKLV� VWXG\�� WKH� QRWLRQ� RI� FKDQJLQJ� RI�
EUDNH� SDG� ZDV� SHUIRUPHG� DV� D� PDLQ� VFHQDULR� EHFDXVH�
,QGRQHVLDQ� PRWRUF\FOLVWV� DUH� JHQHUDOO\� UHOXFWDQW� WR�
FKDQJH� EUDNH� SDGV� XQWLO� WKH\� DUH� FRPSOHWHO\� ZRUQ� RXW��
ZKHUHDV�� WKH\� DUH� D� YLWDO� SDUW� RI� WKH� VDIHW\� DQG� XVHIXO�
PHFKDQLVP�RI�PRWRUF\FOHV��6HYHUDO�PDLQ�ILQGLQJV�RI�WKLV�
VWXG\�DUH�SUHVHQWHG�DV�IROORZV� 

�� 7KH�GLVFUHWH�FKRLFH�WHFKQLTXH�LV�SURYHQ�DV�D�YDOXDEOH�
WRRO�WR�XQGHUVWDQG�WKH�:73�EHKDYLRXU�� 

�� 6HYHUDO� GHPRJUDSKLF� FKDUDFWHULVWLFV� FRQVLGHUHG�
LQIOXHQWLDO� LQ� ZLOOLQJQHVV� WR� SD\� PRUH� WR� UHGXFH� WKH�
ULVN� RI� FUDVKHV�� WKH\� DUH� JHQGHU�� LQFRPH�� DQG� WKH�
QXPEHU�RI� LQYROYHPHQW� LQ�FUDVKHV��+LJKHU-LQFRPH� LV�
DVVRFLDWHG� ZLWK� D� PRUH� ZLOOLQJ� WR� SD\� PRUH� LQ�
ORZHULQJ� WKH� SUREDELOLW\� RI� LQYROYLQJ� LQ� WUDIILF�
FUDVKHV�� 

�� 3HRSOH� ZKR� ZHUH� H[SHULHQFHG� VHYHUDO� FUDVKHV� DUH�
PRUH�DZDUH�RI�WKHLU�VDIHW\��EHFDXVH�WKH\�DJUHH�WR�SD\�
PRUH� LQ� RUGHU� WR� EH� VDIHU�� 7KLV� VWXG\�� WKHUHIRUH�� KDV�

��� 
VRPH�GLIIHUHQFHV�ZLWK�WKH�SUHYLRXV�VWXG\�FRQGXFWHG�
LQ�6XUDED\D��H[FHSW�IRU�WKH�LQFRPH�YDULDEOH�� 

�� 7KH�ILQDO�PRGHO�GHYHORSHG� LQ� WKLV�VWXG\�DOWKRXJK� LW�
PD\� QHHG� IXUWKHU� DGMXVWPHQW� DQG� LPSURYHPHQW�
FRXOG�EH�WKH�EDVLF�PRGHO�LQ�YDOXLQJ�WKH�VOLJKW�LQMXU\�
FRVW�RI�WKH�PRWRUF\FOLVW�� 

)XUWKHU� UHVHDUFK� FRXOG� GHYHORS� WKH� FRVW� RI� RWKHU�
VHYHULW\�W\SHV�DQG�LQYROYH�RWKHU�GULYHUV��FDU�GULYHUV��IRU�
H[DPSOH� 

���5HIHUHQFHV 

%DODNULVKQDQ�� 6�� DQG� .DUXSSDQDJRXQGHU�� .�� �������
µ(VWLPDWLQJ� WKH� FRVW� RI� WZR-ZKHHOHU� URDG�
DFFLGHQW�LQMXULHV�LQ�,QGLD�XVLQJ�WKH�ZLOOLQJQHVV�WR�
SD\� PHWKRG¶�� $XVWUDOLDQ� -RXUQDO� RI� &LYLO�
(QJLQHHULQJ��GRL�������������������������������� 

%HQ-$NLYD�� 0�� DQG� %LHUODLUH�� 0�� ������� µ'LVFUHWH�
&KRLFH�0HWKRGV�DQG�WKHLU�$SSOLFDWLRQV�WR�6KRUW�
7HUP�7UDYHO�'HFLVLRQV¶��LQ��GRL�������������-�-
����-����-�B�� 

&DUGDPRQH�� $�� 6��� (EROL�� /�� DQG�0D]]XOOD�� *�� �������
µ'ULYHUV¶� URDG� DFFLGHQW� ULVN� SHUFHSWLRQ�� $�
FRPSDULVRQ� EHWZHHQ� IDFH-WR-IDFH� LQWHUYLHZ� DQG�
ZHE-EDVHG� VXUYH\¶��$GYDQFHV� LQ�7UDQVSRUWDWLRQ�
6WXGLHV��GRL������������������������� 

&KDWXUDERQJ�� 3��� .DQLWSRQJ�� .�� DQG�
-LZDWWDQDNXOSDLVDUQ��3���������µ$QDO\VLV�RI�FRVWV�
RI� PRWRUF\FOH� DFFLGHQWV� LQ� WKDLODQG� E\�
ZLOOLQJQHVV-WR-SD\� PHWKRG¶�� 7UDQVSRUWDWLRQ�
5HVHDUFK�5HFRUG��GRL��������������-��� 

'LVVDQD\DNH�� '�� ������� µ6WDWHG� 3UHIHUHQFH� 'LVFUHWH�
&KRLFH�0RGHO�WR�,QYHVWLJDWH�WKH�'HWHUPLQDQWV�RI�
3XEOLF� :LOOLQJQHVV� WR� 3D\� IRU� 5RDG� &DVXDOW\�
5LVN�5HGXFWLRQ� LQ�7KDLODQG¶�� LQ�3URFHHGLQJV� RI�
WKH� (DVWHUQ� $VLD� 6RFLHW\� IRU� 7UDQVSRUWDWLRQ�
6WXGLHV������ 

(HFNKRXGW�� /�� 5�� DQG� +DPPLWW�� -�� .�� �������
µ%DFNJURXQG�5LVNV�DQG�WKH�9DOXH�RI�D�6WDWLVWLFDO�
/LIH¶�� -RXUQDO� RI� 5LVN� DQG� 8QFHUWDLQW\�� GRL��
��������$��������������� 

)DULGD�� ,�� DQG� 6DQWRVD�� :�� ������� µ.(6(/$0$7$1�
$1*.87$1� %86� ',� .$%83$7(1�
*$587¶�� -XUQDO� 7UDQVSRUWDVL�� GRL�� ���������
-7�9��,��������3� 

*RQLHZLF]�� .�� HW� DO�� ������� µ5RDG� DFFLGHQW� UDWHV��
VWUDWHJLHV� DQG� SURJUDPPHV� IRU� LPSURYLQJ� URDG�
WUDIILF�VDIHW\¶��(XURSHDQ�-RXUQDO�RI�7UDXPD�DQG�
(PHUJHQF\� 6XUJHU\�� ������� SS�� ���–����� GRL��
��������V�����-���-����-�� 

+DGGDN�� 0�� 0��� /HIqYUH�� 0�� DQG� +DYHW�� 1�� �������
µ:LOOLQJQHVV-WR-SD\� IRU� URDG� VDIHW\�
LPSURYHPHQW¶��7UDQVSRUWDWLRQ�5HVHDUFK�3DUW�$��
3ROLF\� DQG� 3UDFWLFH�� GRL�� ��������
M�WUD������������� 
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+DUQHQ�� 6�� HW� DO�� ������� µ0RWRUF\FOH� DFFLGHQW�
SUHGLFWLRQ� PRGHO� IRU� MXQFWLRQV� RQ� XUEDQ� URDGV�
LQ� 0DOD\VLD¶�� $GYDQFHV� LQ� 7UDQVSRUWDWLRQ�
6WXGLHV� 

,VODP��6���������:LOOLQJQHVV-7R-3D\�WR�$YRLG�,QMXULHV�
IURP�0RWRU�9HKLFOH�&UDVKHV��,PSURYLQJ�6DIHW\�
'HFLVLRQV��3XUGXH�8QLYHUVLW\� 

-DFREV�� *�� '�� ������� µ&RVWLQJ� URDG� DFFLGHQWV� LQ�
GHYHORSLQJ� &RXQWULHV¶�� (LJKWK� 5($$$�
&RQIHUHQFH� 

-DFREV�� *��� 7KRPDV�� $�� $�� DQG� $VWURS�� $�� �������
µ(VWLPDWLQJ�*OREDO� 5RDG� )DWDOLWLHV¶��7UDQVSRUW�
5HVHDUFK�/DERUDWRU\� 

-RQHV-OHH�� 0�� :�� ������� µ7KH� YDOXH� RI� WUDQVSRUW�
VDIHW\¶�� 2[IRUG� 5HYLHZ� RI� (FRQRPLF� 3ROLF\��
GRL����������R[UHS�������� 

.ULVZDUGKDQD�� :�� HW� DO�� ������� µ0RGHOLQJ� 7KH�
3UREDELOLW\� RI� 6SHHGLQJ� %HKDYLRXU� DQG�
$FFLGHQW� ,QYROYHPHQW� 8VLQJ� %LQDU\� /RJLVWLF�
5HJUHVVLRQ� 0RGHO� 3UREDELOLWDV� 3HULODNX�
6SHHGLQJ� GDQ� .HWHUOLEDWDQ� .HFHODNDDQ�
0HQJJXQDNDQ¶�� -RXUQDO� RI� ,QGRQHVLD� 5RDG�
6DIHW\��������SS�����–���� 

.ULVZDUGKDQD��:��DQG�:LG\DVWXWL��+���������µ$QDOLVLV�
:LOOLQJQHVV� 7R� 3D\� 0HQJJXQDNDQ� %LQDU\�
&KRLFH� 0RGHO� �6WXGL� .DVXV�� 5HQFDQD� 5H-�
$NWLYDVL�5XWH�.HUHWD�$SL� -HPEHU-3DQDUXNDQ�¶��
LQ� 7KH� ��WK� )6737� ,QWHUQDWLRQDO� 6\PSRVLXP��
%DQGDU�/DPSXQJ��)6737��S����� 

/LQGKMHP�� +�� HW� DO�� ������� µ9DOXLQJ� 0RUWDOLW\� 5LVN�
5HGXFWLRQV�IURP�(QYLURQPHQWDO��7UDQVSRUW��DQG�
+HDOWK� 3ROLFLHV�� $� *OREDO� 0HWD-$QDO\VLV� RI�
6WDWHG� 3UHIHUHQFH� 6WXGLHV¶��5LVN� $QDO\VLV�� GRL��
��������M�����-����������������[� 

0RKDQ�� '�� ������� µ6RFLDO� &RVW� RI� 5RDG� 7UDIILF�
&UDVKHV� LQ� ,QGLD¶�� 3URFHHGLQJV� )LUVW� 6DIH�
&RPPXQLW\�&RQIHUHQFH�RQ�&RVW�RI�,QMXU\� 

0RQ�� (�� (�� HW� DO�� ������� µ:LOOLQJQHVV� WR� SD\� IRU�
PRUWDOLW\� ULVN� UHGXFWLRQ� IRU� WUDIILF� DFFLGHQWV� LQ�
0\DQPDU¶�� $FFLGHQW� $QDO\VLV� DQG� 3UHYHQWLRQ��
GRL����������M�DDS������������� 

3HDUFH�� '�� DQG� g]HGHPLURJOX�� (�� ������� µ(FRQRPLF�
YDOXDWLRQ� ZLWK� VWDWHG� SUHIHUHQFH� WHFKQLTXHV�
6XPPDU\�*XLGH¶��«�3UHIHUHQFH�7HFKQLTXHV�«��
�0DUFK��������S������GRL����������6����-����
���������-�� 

6DSXWUD�� +��� 6XJL\DQWR�� *�� DQG� +DUGLQL�� 3�� �������
µ$QDOLVLV� %LD\D� .HFHODNDDQ� 3HQJJXQD�
.HQGDUDDQ� 5RGD� (PSDW� GDQ� $QJNXWDQ� 8PXP�
GL�:LOD\DK� 3XUEDOLQJJD� GHQJDQ�0HQJJXQDNDQ�
0HWRGH�:LOOLQJQHVV�WR�3D\¶��LQ�)6737���� 

6SHUOLQJ�� '�� DQG� 6DORQ�� '�� ������� µ7UDQVSRUWDWLRQ� LQ�
'HYHORSLQJ� &RXQWULHV� $Q� 2YHUYLHZ� RI�
*UHHQKRXVH�*DV�5HGXFWLRQ�6WUDWHJLHV�3UHSDUHG�

IRU�WKH�3HZ�&HQWHU�RQ�*OREDO�&OLPDWH�&KDQJH¶��
$YDLODEOH� DW�� KWWSV���ZZZ�F�HV�RUJ�VLWH�DVVHWV�
XSORDGV���������WUDQVSRUWDWLRQBRYHUYLHZ�SGI� 

6XJL\DQWR��*�� ������� µ7KH�FRVW�RI� WUDIILF�DFFLGHQW�DQG�
HTXLYDOHQW� DFFLGHQW� QXPEHU� LQ� GHYHORSLQJ�
FRXQWULHV� �&DVH� VWXG\� LQ� ,QGRQHVLD�¶�� $531�
-RXUQDO�RI�(QJLQHHULQJ�DQG�$SSOLHG�6FLHQFHV� 

8WDQDND�� $�� DQG� :LG\DVWXWL�� +�� ������� µ7UDIILF�
$FFLGHQW� &RVW� $QDO\VLV� 8VLQJ� :LOOLQJQHVV-WR-
SD\� 0HWKRG� LQ� 6XUDED\D¶�� LQ� $GYDQFHV� LQ�
(QJLQHHULQJ� 5HVHDUFK� YROXPH� ����� ��WK� $VLD�
3DFLILF� 7UDQVSRUWDWLRQ� DQG� WKH� (QYLURQPHQW�
&RQIHUHQFH��$37(��������$WODQWLV�3UHVV� 

9DVFRQFHOORV�� (�� $�� ������� µ5HDVVHVVLQJ� WUDIILF�
DFFLGHQWV� LQ� GHYHORSLQJ� FRXQWULHV¶�� 7UDQVSRUW�
3ROLF\��GRL��������������-���;���������-0� 

:LG\DVWXWL��+���������9DOXLQJ�PRWRUF\FOH�FDVXDOWLHV�LQ�
GHYHORSLQJ� FRXQWULHV� XVLQJ� ZLOOLQJQHVV-WR� SD\�
PHWKRG�� VWDWHG-SUHIHUHQFH� GLVFUHWH� FKRLFH�
PRGHOOLQJ�DSSURDFK��34'7�-�8.�	�,UHODQG� 

:LG\DVWXWL�� +�� DQG� %LUG�� 5�� ������� µ$VVHVVLQJ� WKH�
VRFLDO� FRVW� RI� PRWRUF\FOH� FDVXDOWLHV� LQ�
GHYHORSLQJ� FRXQWULHV¶�� LQ� 3URFHHGLQJV� RI� WKH�
��WK� $QQXDO� &RQIHUHQFH� RI� WKH� 8QLYHUVLWLHV�
7UDQVSRUW�6WXG\�*URXS� 

:LG\DVWXWL�� +�� DQG�0XOOH\�� &�� ������� µ(YDOXDWLRQ� RI�
&DVXDOW\�&RVW�RI�0RWRUF\FOLVW¶V�6OLJKW�,QMXU\�LQ�
,QGRQHVLD¶��-RXUQDO�RI� WKH�(DVWHUQ�$VLD�6RFLHW\�
IRU�7UDQVSRUWDWLRQ�6WXGLHV�����SS�������–������ 

:LG\DVWXWL��+���0XOOH\��&��DQG�'LVVDQD\DNH��'���������
µ%LQDU\�&KRLFHV�0RGHO�WR�9DOXH�0RWRUF\FOLVW¶V�
6OLJKW�,QMXU\�&RVW�LQ�6XUDED\D¶��LQ�3URFHHGLQJV�
RI� WKH� (DVWHUQ� $VLD� 6RFLHW\� IRU� 7UDQVSRUWDWLRQ�
6WXGLHV��9RO��� 

<XVRII��0��)��0��HW�DO���������7KH�9DOXH�RI�6WDWLVWLFDO�
/LIH� LQ�)DWDO� ,QMXU\�$PRQJ�'ULYHUV�DQG�5LGHUV�
LQ� 0DOD\VLD�� &RQMRLQW� $QDO\VLV� 0HWKRG��
0DOD\VLDQ� ,QVWLWXWH� RI� 5RDG� 6DIHW\� 5HVHDUFK�
�0,526�� 
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