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3UREDELOLW\�RI�)DLOXUH�LQ�,QIUDVWUXFWXUH�3URMHFW�8QEDODQFHG�
%LGGLQJ

<XKDQ�-LDQJ��06��<RQJ�%DL��3K�'���3(�DQG�
6LVL�+DQ� 06

0DUTXHWWH�8QLYHUVLW\
0LOZDXNHH��:LVFRQVLQ

7LQJ�/LQ��3K�'�
7H[DV�7HFK�8QLYHUVLW\

/XEERFN��7H[DV

'HVLJQ�%LG�%XLOG�LQIUDVWUXFWXUH�SURMHFWV�ZLWK�8QLW�3ULFH�&RQWUDFWV�KDYH�D�KLJK�ULVN�RI�TXDQWLW\�
DQG�SULFH�GHYLDWLRQV��7KRVH�GHYLDWLRQV�PLJKW�EH�WKH�UHVXOW�RI�FRQWUDFWRUV¶�XQEDODQFHG�ELGGLQJ��$W�
WKH�VDPH�WLPH��FRQWUDFWRUV¶�SHUIRUPDQFH�ZDV�XQNQRZQ�XQGHU�XQEDODQFHG�ELGGLQJ�VLWXDWLRQV��7KH�
UHVHDUFKHUV� XWLOL]HG� WKH� )LUVW� 2UGHU� 5HOLDELOLW\� 0HWKRG� DQG� 6WDWLVWLFDO� $QDO\VLV� WR� HYDOXDWH�
FRQWUDFWRUV¶� ELGGLQJ� SHUIRUPDQFHV� DQG� HQJLQHHUV¶� HVWLPDWLQJ� SHUIRUPDQFHV� ZLWK� ELGGLQJ� DQG�
VHWWOHPHQW�GDWD�RI�����1''27�SURMHFWV��5HVXOWV� VKRZHG� WKDW�FRQWUDFWRUV�DGRSWHG�XQEDODQFHG�
ELGGLQJ�VWUDWHJLHV�DV�IROORZV��LI�TXDQWLWLHV�ZHUH�RYHUHVWLPDWHG��WKHQ�WKH\�XQGHUUDWHG�XQLW�SULFH��LI�
TXDQWLWLHV�ZHUH�XQGHUHVWLPDWHG�� WKHQ� WKH\�RYHUUDWHG�XQLW�SULFH� WR�PDLQWDLQ�SURMHFWV¶�%LG�7RWDO�
$PRXQW�VOLJKWO\�OHVV�WKDQ�(VWLPDWHG�7RWDO�&RVW��&RQWUDFWRUV�KDG�D�����SUREDELOLW\�RI�IDLOXUH�LQ�
XQEDODQFHG�ELGGLQJ��(QJLQHHUV�KDG�DQ�����SUREDELOLW\�RI�IDLOXUH�LQ�TXDQWLWLHV�RYHUHVWLPDWHG�DQG�
����LQ�TXDQWLWLHV�XQGHUHVWLPDWHG��$PRQJ�WKH�HVWLPDWLQJ�XQFHUWDLQWLHV��'HVLJQ (UURUV�RU�&KDQJHV�
ZHUH�WKH�PDLQ�UHDVRQV�RI�HQJLQHHUV¶ RYHUHVWLPDWLQJ�IDLOXUH��7KH�UHVHDUFKHUV�UHFRPPHQG�WKH�XVH�
RI� FRRSHUDWLQJ� SURMHFW� GHOLYHU\� PHWKRGV� VXFK� DV� GHVLJQ�EXLOG� WR� SURWHFW� RZQHUV¶� LQWHUHVWV� LQ�
LQIUDVWUXFWXUH� SURMHFWV�� ,Q� DGGLWLRQ�� HQJLQHHUV� VKRXOG� LPSURYH� WKHLU� HVWLPDWLQJ� DFFXUDF\� E\�
UHGXFLQJ�GHVLJQ�HUURUV�RU�FKDQJHV��7KHVH�UHVHDUFK�ILQGLQJV�ZLOO�KHOS�WR�UHGXFH�XQEDODQFHG�ELGGLQJ�
SUDFWLFH�LQ�SXEOLF IXQGHG�LQIUDVWUXFWXUH�SURMHFWV�

.H\�ZRUGV� %LGGLQJ��&RQWUDFW��,QIUDVWUXFWXUH��3UREDELOLW\��1''27

,QWURGXFWLRQ

3XEOLF�IXQGHG�LQIUDVWUXFWXUH�SURMHFWV�UHTXLUH�WKH�8QLW�3ULFH�&RQWUDFWV��83&���ZKLFK�DUH�DZDUGHG�WR�WKH�ORZHVW�
UHDVRQDEOH�SULFH�ELGGHUV��6DOHP�+L\DVVDW��������+\DUL��6KDWDUDW�	�.KDODIDOODK���������+RZHYHU��D�³KD]DUG´�WR�ERWK�
RZQHUV�DQG�FRQWUDFWRUV�RI�83&�ZRXOG�EH�WKH�GHYLDWLRQV�RI�LWHPV¶�$FWXDO�4XDQWLWLHV��$4� IURP�WKH�(VWLPDWHG�
4XDQWLWLHV��(4� WKDW GLUHFWO\�LPSDFW�FRQWUDFWRUV¶�SURILW�DQG�RZQHUV¶�FRVW��+\DUL�HW�DO�����������7KRVH�GHYLDWLRQV�
FDXVH�WKH�KD]DUG�RI�XQEDODQFHG�ELGGLQJ�IURP�FRQWUDFWRUV�WR�UHFRYHU�WKHLU�SURILW��(ZHUKDUW�	�)LHVHOHU��������
*UDQVEHUJ�	�5LHPHU��������+\DUL��7DUDZQHK��	�.DWNKXGD���������7KLV�XQEDODQFHG�ELGGLQJ�LV�QDPHG�DV�³4XDQWLW\�
(UURU�([SORLWDWLRQ´�RU�³,QGLYLGXDO�5DWH�/RDGLQJ´ �&DWWHOO��%RZHQ�	�.DND���������,W�PHDQV�WKDW�FRQWUDFWRUV�ELG�D�
KLJKHU�XQLW�SULFH�RQ�LWHPV�ZKRVH�ILQDO�TXDQWLWLHV�DUH�H[SHFWHG�WR�H[FHHG�WKH�LQLWLDOO\ SURSRVHG�TXDQWLWLHV�LQ�WKH�ELG�
GRFXPHQW��&DWWHOO�HW�DO�������� RU ZKRVH�TXDQWLWLHV�ZHUH�XQGHUUDWHG�E\ WKH SURMHFWV¶�RZQHU�DJHQF\�HQJLQHHUV��$UGLWL�
	�&KRWLEKRQJV���������8QGHU�WKRVH�FRQGLWLRQV��FRQWUDFWRUV�VWLOO�KDYH�HQRXJK�FKDQFHV�WR�ZLQ�SURMHFWV�ZLWK�WKH�ORZHVW�
ELGGLQJ�DPRXQW� DV�WKH�RYHUDOO�ELGGLQJ DPRXQW�LV�PDLQWDLQHG�E\�GURSSLQJ�GRZQ RWKHU�LWHPV¶�XQLW�SULFH�UDWH��6WDUN��
�������2QFH WKH SURMHFWV¶�FRQWUDFWV DUH SHUIRUPHG��RZQHUV�HQG�XS�SD\LQJ PRUH�PRQH\ WKDQ�WKH�SURSRVHG�DPRXQW�
�$UGLWL�	 &KRWLEKRQJV���������$QRWKHU�W\SH�RI�XQEDODQFHG�ELGGLQJ�LV�FRQVLGHULQJ�WKH�FDVK�IORZ�DQG�PRQH\�WLPH�
YDOXH��DV�³)URQW�HQG�/RDGLQJ´� ZKLFK�LQFUHDVHV XQLW�FRVWV�IRU�HDUO\�SHUIRUPHG�LWHPV�DQG�GHFUHDVHV XQLW�SULFH�IRU�
ODWHU�VFKHGXOHG�WDVNV��DQG�YLFH�YHUVD�IRU�³%DFN�HQG�/RDGLQJ´��&DWWHOO�HW�DO���������$UGLWL�	�&KRWLEKRQJV��������

$YRLGLQJ�XQEDODQFHG�ELGGLQJV�LQ�SXEOLF IXQGHG�LQIUDVWUXFWXUH�SURMHFWV�LV�LPSRUWDQW WR�VDYH�WD[�SD\HUV¶�PRQH\��:LWK�
WKH�WULOOLRQ�GROODUV�QHHGHG�WR�UH�EXLOG�8�6��QDWLRQDO�LQIUDVWUXFWXUH��LW�LV�XUJHQW�DQG�LPSRUWDQW�WR�HYDOXDWH�FRQWUDFWRUV¶
ELGGLQJ�EHKDYLRUV�DQG�VWUDWHJLHV��HYDOXDWH�HQJLQHHUV¶�HVWLPDWH�EHKDYLRUV�DQG�VNLOOV��DQG�LQYHVWLJDWH�WKH�UHDVRQV�
EHKLQG WKHLU�EHKDYLRUV�DV�ZHOO��)LJXULQJ RXW�WKH�SUREDELOLW\�RI�IDLOXUH�LQ�HQJLQHHUV¶ HVWLPDWLRQV�ZLOO�KHOS�HQJLQHHUV�WR�
WDNH�DFWLRQV WR�DYRLG�WKHP��NQRZLQJ WKH�SUREDELOLW\�RI�IDLOXUH�LQ�XQEDODQFHG�ELGGLQJ�VWUDWHJLHV ZLOO�KHOS FRQWUDFWRUV
WR�GHFLGH�ZKHWKHU�WR�DFFHSW�WKLV�ULVN�RU�QRW��&DWWHOO�HW�DO����������.QRZLQJ�WKDW PLJKW�KHOS�WR�UHGXFH�WKH�ULVN�RI�WKH�
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XQEDODQFHG ELGGLQJ LQ�LQIUDVWUXFWXUH�SURMHFWV�DQG�SURWHFW�WKH�SURMHFWV¶ SDUWQHUV��'XH�WR�GDWD�OLPLWDWLRQ��LW�LV�KDUG�WR�
NQRZ�SURMHFWV¶�GHWDLOHG VFKHGXOHV��DQG WKH�³)URQW�HQG�/RDGLQJ´�XQEDODQFHG�ELGGLQJ�LV�OHVV�KDUPIXO�WKDQ�³,QGLYLGXDO�
5DWH�/RDGLQJ�´�ZKLFK RQO\�WULHV�WR�JHW�PRQH\�EDFN�HDUO\�WR�ILQDQFH�ODWHU MREV��&DWWHOO�HW�DO���������$UGLWL�	�
&KRWLEKRQJV���������7KHUHIRUH��LQ�WKLV�SDSHU��XQEDODQFHG�ELGGLQJ�LV�VSHFLILF�WR�³4XDQWLW\�(UURU�([SORLWDWLRQ´�RQO\��
7KH�(QJLQHHULQJ�5HOLDELOLW\�0HWKRG�LV�LQWURGXFHG�DQG�XWLOL]HG�WR�FRPSXWH�WKH�³SUREDELOLW\�RI�IDLOXUH´�LQ�TXDQWLWLHV�
WDNHRII�E\�HQJLQHHUV�DQG�WKH�SUREDELOLW\�RI�IDLOXUH�LQ�FRQWUDFWRUV¶�ELGGLQJ�DPRQJ�����1RUWK�'DNRWD�6WDWH�
'HSDUWPHQW�RI�7UDQVSRUWDWLRQ��1''27��SURMHFWV��7KLV�SDSHU�IRFXV RQ�UHYHDOLQJ DGYHUVH�HIIHFWV�RI FRQWUDFWRUV¶�
XQEDODQFHG�ELGGLQJ� EH\RQG�PDNLQJ�SURILWV LQ�D�VLQJOH�SURMHFW� %DVHG�RQ�WKH�UHVXOWV�DQG�GLVFXVVLRQV��VXJJHVWLRQV�DUH�
SURYLGHG�WR�UHGXFH�VRPH�XQEDODQFHG�ELGGLQJ�LVVXHV�

%DFNJURXQG�

%LGGLQJ�3URFHGXUHV�DQG�'DWD�

'HVLJQ�%LG�%XLOG��'%%��LV�WKH�PDMRU SURMHFW�GHOLYHU\�PHWKRG�IRU�SXEOLF IXQGHG�LQIUDVWUXFWXUH�SURMHFWV�LQ�WKH�8�6��
�3LHWURIRUWH�	�0LOOHU���������)RU�83&��'%%�VWDUWV�ZLWK�RZQHUV�SURYLGLQJ ELG�GRFXPHQWV��LQFOXGLQJ�'UDZLQJV�
6SHFLILFDWLRQV��DQG�%LOO�RI�4XDQWLWLHV��%R4��WR�SRWHQWLDO�FRQWUDFWRUV��7KHQ��FRQWUDFWRUV�SURSRVH�WKH�FRVW�IRU�HDFK�
LWHP� DQG�FRPELQH WKHP�WR PDNH�ELGGLQJ�GHFLVLRQV�

'XULQJ�WKH�ELGGLQJ�VWDJH��RZQHU�HQJLQHHUV�EUHDNGRZQ�SURMHFWV�LQWR�YDULRXV�ZRUN�LWHPV��OLVW�LWHPV¶
(VWLPDWHG�4XDQWLW\��(4��LQ�WKH�%R4� SURSRVH�LWHPV¶�(VWLPDWHG�8QLW�3ULFH��(3��DQG�SURMHFWV¶�(VWLPDWHG�
7RWDO�&RVW �(7&� DV�ELGGLQJ HYDOXDWLRQ�UHIHUHQFHV��FRQWUDFWRUV�SUHSDUH�ELGGLQJV��SURSRVH %LG�8QLW�3ULFH�
�%3��IRU�DOO�LWHPV�LQ�%R4�DQG�VXP XS %LG�7RWDO�$PRXQW��%7$��IRU SURMHFWV��WKHQ�WKH�RZQHUV�RSHQ�
VXEPLWWHG�ELGV�LQ�WKH�VSHFLILF�GDWH�DQG�DZDUG SURMHFWV�WR�WKH�ORZHVW�ELGGHUV��
'XULQJ�WKH�EXLOGLQJ�VWDJH��ZKHQ LWHPV�DUH SHUIRUPHG��LWHPV¶ $FWXDO�4XDQWLW\��$4��ZLOO�EH�XVHG�WR�FDOFXODWH�
WKH�SD\PHQWV� WKHQ WKH\�DUH VXPPHG XS�WR�EH SURMHFWV¶ VHWWOHPHQW��DV $FWXDO�7RWDO�$PRXQW��$7$��
�.RQFKDU�	�6DQYLGR��������3LHWURIRUWH�	�0LOOHU��������+\DUL�HW�DO���������

(VWLPDWLQJ�DQG�%LGGLQJ�8QFHUWDLQWLHV

7\SLFDOO\��HQJLQHHUV¶�WDNHRII�TXDQWLWLHV�EDVHG�RQ�GUDZLQJV DQG�VSHFLILFDWLRQV FRXOG�REWDLQ�WKH FRUUHFW (4��EXW�IRU�
LQIUDVWUXFWXUH�SURMHFWV��HQJLQHHUV¶�SUHGLFWLRQ�RI WKH�DFFXUDF\�$4�EDVHG�RQ�WKH�LQIRUPDWLRQ�DW�WKH�GHVLJQ�VWDJH KDV�D�
KLJK�XQFHUWDLQW\��6WDQGDUG�6SHFLILFDWLRQV�RI�1''27��1''27��������DQG�VHYHUDO�RWKHU�VWDWHV�FOHDUO\�VWDWH�WKDW�(4
SURYLGHG�LQ�WKH�%R4�DUH�VROHO\�IRU�FRPSDULVRQ�SXUSRVHV�WR�HYDOXDWH�VXEPLWWHG�ELGV �+\DUL�HW�DO����������7KH�
XQFHUWDLQWLHV�RI�HVWLPDWLQJ�DW�WKH�ELGGLQJ�VWDJH�LQFOXGH�

(VWLPDWLRQ (UURUV��,QFOXGLQJ��:ULWLQJ�(UURU��HQJLQHHUV�SXW�WKH�ZURQJ�QXPEHU��ZURQJ�XQLW��ZURQJ�GHFLPDO�
SRLQW�HWF��LQ�WKH�%R4��&DOFXODWLRQ�(UURU��HQJLQHHUV�PHDVXUHG�WKH�ZURQJ�VL]H�RQ�WKH�GUDZLQJ��DQG�FDOFXODWH�
TXDQWLW\�ZLWK�WKH�ZURQJ�QXPEHU��DQG�HYHQ 0LVVLQJ�(UURU��HQJLQHHUV�PLVV�FRXQWLQJ DQ�HQWLUH�LWHP� RU�SDUWV�
RI�DQ�LWHP� 7KRVH�FRPPRQ�HUURUV�FRXOG EH�HOLPLQDWHG�E\�FDUHIXOO\�UHYLHZLQJ�WKH�HVWLPDWLRQ��
'HVLJQ�(UURUV�RU 'HVLJQ�&KDQJHV��83&�LV XVXDOO\�DGRSWHG IRU�FRPSOH[�SURMHFWV�RU�SURMHFWV�ZLWK�KLJKHU�
XQFHUWDLQW\�LQ�WKH�SODQ� ZKRVH GHVLJQ�PLJKW EH FKDQJHG�GXULQJ�SURMHFWV¶�SURJUHVVLQJ��/RYH��(GZDUGV�	�
,UDQL���������(YHQ�WKRXJK�HQJLQHHUV�FRXOG SHUIRUP�DFFXUDWH�TXDQWLWLHV�WDNHRII�EDVHG�RQ�WKH�GUDZLQJV��
GHVLJQ�FKDQJHV�DUH�XQDEOH�WR�EH�SUHGLFDWHG�LQ�DGYDQFH��

:HOO�WUDLQHG�FRQWUDFWRUV�FRXOG ILQG�RXW�(VWLPDWLRQ (UURUV�EDVHG�RQ�ELG�GRFXPHQWV�DQG�VLWH�YLVLWV� ,Q�DGGLWLRQ� VRPH
H[SHULHQFHG�FRQWUDFWRUV�FRXOG IRUHFDVW�LWHPV¶�TXDQWLWLHV�FKDQJHV�E\ ILQGLQJ�RXW�'HVLJQ�(UURUV�DQG�IRUHFDVWLQJ�
'HVLJQ &KDQJHV�DW�WKH�ELGGLQJ�VWDJH�DQG SHUIRUP�WKH�³,QGLYLGXDO�5DWH�/RDGLQJ´�XQEDODQFHG�ELGGLQJ�VWUDWHJ\ WR HDUQ�
PRUH�SURILW��(ZHUKDUW�	�)LHVHOHU��������*UDQVEHUJ�	�5LHPHU��������+\DUL�HW�DO����������+RZHYHU��FRQWUDFWRUV�KDYH�
WKH�ULVN�RI�IDLOXUH�WR�IRUHFDVW�TXDQWLWLHV�FKDQJHV�DQG�UHVXOW�LQ�WKH�IDLOXUH�RI�WKHLU�ELGGLQJV��:KDW�LV�PRUH��XQEDODQFHG�
ELGGLQJV�KDYH KLJKHU ULVN�WR EH UHMHFWHG E\�RZQHUV�RQ WKH�EDVLV�RI�XQUHVSRQVLYHQHVV�WR�ELGGLQJ�UXOHV��+\DUL���������

8QEDODQFHG�%LGGLQJ�0RGHO
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7RQJ�	�/X��������VHW�XS�DQ XQEDODQFHG�ELGGLQJ�PRGHO��VHH�HTXDWLRQ���� ZLWKRXW�FRQVLGHULQJ FDVK�IORZ DQG�WLPH
YDOXH RI�PRQH\��7R�VDWLVI\�WKH�FRQGLWLRQ� ��VDPH�DV�%7$�HTXDOV�WR�(7&��FRQWUDFWRUV�ZRXOG�DGMXVW�HDFK�
�WR�EH�PRUH�H[SHQVLYH�WKDQ� RU�FKHDSHU�WKDQ� ��DV�WKH\�WKLQN�WKH�LWK LWHP¶V�$4�LV�RYHUUXQ�RU�XQGHUUXQ�WKDQ�WKH�(4�
OLVWHG�LQ�%R4��7RQJ�	�/X��������+\DUL�HW�DO����������7KDW�LV�WKH�LGHDO�XQEDODQFHG�ELGGLQJ��EXW�LQ�SUDFWLFH��
FRQWUDFWRUV¶�%7$�LV�OHVV�WKDQ�HQJLQHHUV¶�(7&��*UDQVEHUJ�	�5LHPHU���������7KH�EHQHILW�RI�XQEDODQFHG�ELGGLQJ�IRU�
FRQWUDFWRUV�LV�WKH�GLIIHUHQFH�RI� DQG ��ZKLFK�LV�VKRZQ�DV� LQ�HTXDWLRQ����D�SRVLWLYH�GHYLDWLRQ�PHDQV
FRQWUDFWRUV�HDUQ�PRUH�SURILW�DQG�RZQHUV SD\�PRUH�PRQH\��7RQJ�	�/X��������

���

��(QJLQHHUV¶�(VWLPDWHG�4XDQWLW\��(4��XVHV�IRU�ELGGLQJ�DQG�VLJQLQJ�FRQWUDFWV�
��&RQWUDFWRUV¶�$QWLFLSDWHG�4XDQWLW\�FDQ�EH�FRQVLGHUHG�DV�$FWXDO�4XDQWLW\��$4��
��(QJLQHHUV¶�(VWLPDWHG�8QLW�3ULFH��(3��XVHV�IRU�ELGV�HYDOXDWLQJ�
��&RQWUDFWRUV¶�%LG�8QLW�3ULFH��%3��XVHV�IRU�ELGGLQJ�DQG�LVVXLQJ�SD\PHQW�

QRWH��LI�WKH�FRQWUDFWRU�KDV�JRRG�HVWLPDWLRQ VNLOOV�

0HWKRGRORJLHV

5HVHDUFK�$VVXPSWLRQV�

$VVXPSWLRQV���WR�� DUH XVHG�IRU�VHWWLQJ�XS�³OLPLW�VWDWH�IXQFWLRQV´�IRU�FDOFXODWLQJ�WKH�SUREDELOLW\�RI�IDLOXUH DQG�
$VVXPSWLRQV���DQG���DUH XVHG�WR�HYDOXDWH�WKH QDWXUH�RI WKH�FROOHFWHG�GDWD�

$VVXPSWLRQ��� WKH� LQ�HTXDWLRQ���LV�HTXDO�WR�$4� $V�WKH GDWD�FROOHFWHG�IURP ����1RUWK�
'DNRWD�6WDWH�'HSDUWPHQW�RI�7UDQVSRUWDWLRQ�3URMHFWV�RQO\�FRQWDLQV�ZLQQHUV¶ ELGGLQJ�DQG�VHWWOHPHQW�
LQIRUPDWLRQ� WKLV�SDSHU�DVVXPHV�DOO�FRQWUDFWRUV�DUH�HTXLSSHG�ZLWK�JRRG�HVWLPDWLQJ�DQG�IRUHFDVWLQJ�VNLOOV��
$VVXPSWLRQ����LI� �LQ�HTXDWLRQ��� VDPH�WR� �� � ��H[FHHGV�����RI�LWV�DVVRFLDWHG� PHDQV�HQJLQHHUV�
XQGHUHVWLPDWH�� �� ZKLOH LI� LV�OHVV�WKDQ�����RI�LWV�DVVRFLDWHG� PHDQV�HQJLQHHUV�RYHUHVWLPDWH�
� ���$V�WKH�1''27�DGRSWV�WKH�FULWHULD�IRU UHQHJRWLDWLQJ�XQLW�SULFH ZKHQ�$4�H[FHHGV�����RI�(4�
IRU�PDMRU�FRVW�LWHPV��1''27��������+\DUL�HW�DO��������� WKLV�SDSHU�XVHV�����IRU�HYHU\�VLQJOH�LWHP�ZLWKRXW
GLVWLQJXLVKLQJ�WKH�PDMRU�DQG�PLQRU�LWHPV��
$VVXPSWLRQ��� LI� H[FHHGV�����RI�LWV�DVVRFLDWHG PHDQV�FRQWUDFWRUV�RYHUELG�� ���ZKLOH�LI� LV�
OHVV�WKDQ�����RI�LWV�DVVRFLDWHG� PHDQV�FRQWUDFWRUV�XQGHUELG�� �� $V�WKH�%3�VKRXOG�KDYH�D�
UDQJH FRQVWUDLQW�� ��IRU�HDFK� WR�EH�FRQVLGHUHG DV�UHDVRQDEOH�SULFH��7RQJ�	�/X��������
&DWWHOO��%RZHQ�	�.DND�������� WKLV�SDSHU�VHWV�ORZHU�ERXQG DQG�XSSHU�ERXQG� ��
$VVXPSWLRQ����LI� LV�OHVV�WKDQ�����RI�LWV�DVVRFLDWHG� WKHQ�FRQWUDFWRUV�DUH�ORVLQJ PRQH\�LQ�SURMHFWV�
� ���$V�WKH�1HZ�<RUN�8QLYHUVLW\�6WHUQ�'DWDEDVH��'DPRGDUDQ��������VKRZV�WKDW�RQ�-DQ����
�����WKH�8�6��&RQVWUXFWLRQ�,QGXVWU\�KDG�D��������JURVV�PDUJLQ�DQG�D�������QHW�PDUJLQ��WKLV�SDSHU
DVVXPHV D����PDUJLQ�IRU�LQIUDVWUXFWXUH�SURMHFWV��
$VVXPSWLRQ����WKH���� ZLQQLQJ�ELGGHUV�DSSOLHG WKH�³4XDQWLW\�(UURU�([SORLWDWLRQ´�XQEDODQFHG�ELGGLQJ�
VWUDWHJLHV�DV�IROORZV��LI�HQJLQHHUV RYHUHVWLPDWH�WKHQ�FRQWUDFWRUV�XQGHUELG��LI HQJLQHHUV�XQGHUHVWLPDWH WKHQ�
FRQWUDFWRUV�RYHUELG �(ZHUKDUW�	�)LHVHOHU��������+\DUL�HW�DO�� ��������
$VVXPSWLRQ����WKH���� ZLQQLQJ ELGGHUV�DZDUGHG�WKH�SURMHFW�ZLWK�WKH�ORZHVW�SULFH��DQG %7$ GLG QRW�H[FHHG�
D�FHUWDLQ�SHUFHQWDJH�RI�(7& �*UDQVEHUJ�	�5LHPHU����������

5DQGRP�9DULDEOHV�DQG�'DWD 'HVFULSWLYH�6WDWLVWLFV

6HYHQ�SURSHUWLHV RI�WKH�����1''27�SURMHFWV�DUH�VHOHFWHG DQG�OLVWHG�LQ WDEOH�� DQG VXPPDUL]HG�LQ WDEOH���EDVHG�RQ�
WKH�UHVHDUFK�DVVXPSWLRQV�DQG�XQEDODQFHG�ELGGLQJ�PRGHO �HTXDWLRQ�����7KRVH�SURMHFWV ZHUH�RSHQ�ELG�LQ�������DQG����
1RUWK�'DNRWD�DQG�0LQQHVRWD�FRQWUDFWRUV�ZHUH DZDUGHG�WKRVH ����SURMHFWV��7KH�WKUHH�SURMHFW�OHYHO�SURSHUWLHV��%7$��
$7$�DQG�(7& KDYH�WKH�VDPH�XQLW��PLOOLRQ�GROODUV�� DQG�FDQ�EH�XVHG�DV�UDQGRP�YDULDEOHV IRU�VHWWLQJ�XS�OLPLW�VWDWH�
IXQFWLRQ��:KLOH�WKH�IRXU�LWHP�OHYHO�SURSHUWLHV��(4��(3��%3��DQG $4�KDYH�GLIIHUHQW�XQLWV��DUH�XQDEOH�WR�EH�XVHG�DV�
UDQGRP YDULDEOHV�IRU�DQDO\]LQJ��XQWLO�XQLW�GLIIHUHQFHV�DUH�HOLPLQDWHG� 7KHUHIRUH� UDQGRP�YDULDEOHV�;� DQG ;� DUH�
FUHDWHG �VHH�WDEOH���� $4�(4�LV�D�XQLWOHVV�UDQGRP�YDULDEOH�ZLWK�WKH�UDQJH�>�� ��VLPLODU���(4î%3�����(4�î(3��RU�
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Max0(y) = ary- qrp 
S. t. qTp = qTy 
Where, q = (qi, ... , qi, ... , qn) 

a= (a11 ... ,ai, .. ,,Un) 
P = (pi, .. ,,Pi, ... ,pn) 
Y = (yi, .. ,,Yi, ... ,yn) 

• a= (a11 ai, .. ,,Un) 

• 

• Yi 

• aTy 
aTy /qTp ~ 0.95 

• 

• 
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Yi 

Max0(y) 

Pi YdPi ~ 1.1 Yi 
YdPi ~ 0.9 

+oo) 
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V���DQG�� VKRZ�WKH�UDQGRP�YDULDEOHV¶ LQIRUPDWLRQ��
LQFOXGLQJ�GHVFULSWLYH�VWDWLVWLFV��GLVWULEXWLRQV�DQG FRUUHODWLRQV DIWHU�RXWOLHUV�KDYH�EHHQ�UHPRYHG��7KH�UHPRYHG�RXWOLHUV�
DUH�WKUHH�H[WUHPH�ODUJH�QXPEHUV�LQ�;� DQG�WKHLU�FRUUHVSRQGLQJ�;���VLPLODUO\� WKH�ELJJHVW�ILYH�GDWD�DUH�GHOHWHG IURP�
;� DQG ;���WKRVH�RXWOLHUV ZLOO�QRW�DIIHFW�WKH�GDWD�GLVWULEXWLRQ�ILWWLQJ�

7DEOH����9DULDEOHV�RI�WKH�&ROOHFWHG�'DWD
3URSHUWLHV 'HVFULSWLRQ� 1R��RI�6DPSOH 1RWH
(4 (VWLPDWHG�4XDQWLW\ ���� ,WHP�OHYHO
(3 (VWLPDWHG�8QLW�3ULFH ���� ,WHP�OHYHO
%3 %LG�8QLW�3ULFH ���� ,WHP�OHYHO
$4 $FWXDO�4XDQWLW\ ���� ,WHP�OHYHO
%7$ %LG�7RWDO�$PRXQW ��� 3URMHFW�OHYHO��
$7$ $FWXDO�7RWDO�$PRXQW ��� 3URMHFW�OHYHO�
(7& (VWLPDWHG�7RWDO�&RVW ��� 3URMHFW�OHYHO�

7DEOH����3URMHFW�'DWD�'HVFULSWLYH�6WDWLVWLFV
3URSHUW\ 1R� 0,1 �PLOOLRQ��� 0$; �PLOOLRQ��� 0HDQ 6W'HY
%7$ ��� ����� ������ ����� ������
$7$ ��� ����� ������ ����� �������
(7& ��� ����� ������ ����� �������

7DEOH����5DQGRP�9DULDEOHV�'HVFULSWLYH�6WDWLVWLFV DQG�'LVWULEXWLRQV �Z�R�RXWOLHUV�
9DU� 'HV�� 1R� 0,1 0$; 0HDQ 6W'HY 'LVWULEXWLRQ 'LVWULEXWLRQ�3DUDPHWHU
;� $4���(4 ���� ���� ������ ������ ������ *DPPD�������� *$00$���������������
;� %3���(3 ���� ���� ������ ������ ������ *DPPD�������� *$00$��������������
;� %7$ ��� ������ ������ ������ ������ /RJQRUPDO /2*1��������������
;� $7$ ��� ������ ������ ������ ������ /RJQRUPDO /2*1 ��������������

7DEOH����5DQGRP�9DULDEOHV�&RUUHODWLRQV �Z�R�RXWOLHUV�
9DU� ;� ;� ;� ;�
;� � ����� � �
;� ����� � � �
;� � � � �����
;� � � ����� �

/LPLW�6WDWH�)XQFWLRQV�DQG�5HOLDELOLW\�,QGH[�0HWKRG�

(TXDWLRQ�� LV�WKH�EDVLF�UHOLDELOLW\�SUREOHP� WKH�IDLOXUH�RFFXUV�ZKHQ� LV�OHVV�WKDQ�WKH� �0HOFKHUV������� 6LPLODUO\��
WKLV�SDSHU�FUHDWHG�VHYHUDO�UHDVRQDEOH OLPLW�VWDWH�IXQFWLRQV��/6)���VHH�WDEOH����WR�FDOFXODWH�WKH�SUREDELOLW\�RI�IDLOXUH�LQ�
TXDQWLWLHV�WDNHRII�E\�HQJLQHHUV�DQG�WKH�SUREDELOLW\�RI�IDLOXUH�LQ�FRQWUDFWRUV¶�XQEDODQFHG�ELGGLQJ�VWUDWHJLHV�

���
:KHUH� LV�WKH�³OLPLW�VWDWH�IXQFWLRQ´� LV�WKH�IDLOXUH SUREDELOLW\� LV�VWUXFWXUDO�VWUHQJWK�� LV�WKH�ORDG�HIIHFW

7DEOH����/LPLW�6WDWH�)XQFWLRQV
3UREDELOLW\�RI�)DLOXUH��/LPLW�6WDWH�)XQFWLRQV� 1RWH

&RQWUDFWRUV¶�XQEDODQFHG�ELGGLQJ�IDLOXUH
(QJLQHHUV¶�RYHUHVWLPDWH�IDLOXUH
(QJLQHHUV¶�XQGHUHVWLPDWH�IDLOXUH
(QJLQHHUV¶�HVWLPDWH�IDLOXUH��&RPELQDWLRQ�
(QJLQHHUV¶�HVWLPDWH�IDLOXUH

��&RQWUDFWRUV¶�XQEDODQFHG�ELGGLQJ�VWUDWHJLHV�IDLOXUH��$FFRUGLQJ�WR�DVVXPSWLRQV�

55th ASC Annual International Conference Proceedings Copyright 2019 by the Associated Schools of Construction 

BP/EP is a unitless random variable with the range (0, +oo). Table 

R 

pf= P(R :s; L) = P(R - L :s; 0) = P(R/L :s; 1) <=> pf= P[g(R, L) :s; 0] 
g Pf R 

Pr1 = P(G1 (X3,X4 ) :s; 0) = P(X4 - 0.95X3 :s; 0) 
Pr2 = P(G2(Xi,X2) :s; 0) = P(X1 X X2 - 0.81 :s; 0) 
Pr3 = P(G3 (Xi,X2) :s; 0) = P(1.21-X1 XX2 :s; 0) 

p/4 = Pr2 + P13 
P' r4 = P(X1 :s; 0.9 and X1 ~ 1.1) = P(X1 :s; 0.9) + 1 - P(X1 :s; 1.1) 
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BTA = '1:.EQ X BP 
ATA ='1:.AQxBP 
ETC= '1:.EQ xEP 

L 

L 

1,4 and 5, if ATA :S 95% 
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%7$�WKHQ�WKH�FRQWUDFWRUV�DUH�ORVLQJ�PRQH\��VR�WKH�/6)�LV�� LQ�WHUPV�RI�WKH�
UDQGRP�YDULDEOH�

��(QJLQHHUV¶�RYHUHVWLPDWH�IDLOXUH��$FFRUGLQJ�WR�DVVXPSWLRQV�������DQG����LI� ��WKH�HQJLQHHUV�
RYHUHVWLPDWH�WKH�TXDQWLWLHV��(4!$4���DW�WKLV�WLPH��WKH�FRQWUDFWRU�ZLOO�XQGHUELG��%3�(3��WKDW�LWHP�

��WKHQ� ��DQG�WKH�/6)�LV� LQ�WHUPV�RI�WKH�UDQGRP�YDULDEOH�
��(QJLQHHUV¶�XQGHUHVWLPDWH�IDLOXUH��$FFRUGLQJ�WR�DVVXPSWLRQV�������DQG���� ��WKH�HQJLQHHUV�

XQGHUHVWLPDWH�WKH�TXDQWLWLHV��(4�$4���DW�WKLV�WLPH��WKH�FRQWUDFWRU�ZLOO�RYHUELG��%3!(3��WKDW�LWHP�
��WKHQ� ��DQG�WKH�/6)�LV� LQ�WHUPV�RI�WKH�UDQGRP�YDULDEOH��
��(QJLQHHUV¶�HVWLPDWH�IDLOXUH��&RPELQDWLRQ���(QJLQHHUV¶�HVWLPDWH�IDLOXUHV�LQFOXGLQJ�RYHUHVWLPDWLRQ�DQG�

XQGHUHVWLPDWLRQ�IDLOXUHV��DGGLQJ�XS� DQG� WR�JHW�WKH�HQJLQHHUV¶�HVWLPDWH�IDLOXUH� ��
��(QJLQHHUV¶�HVWLPDWH�IDLOXUH��RQO\�FRQVLGHULQJ �

&RQVLGHULQJ�WKH�GLVWULEXWLRQV �WDEOH����DQG�FRUUHODWLRQV��WDEOH����RI� ��WKH�)LUVW 2UGHU�5HOLDELOLW\�0HWKRG��)250��
�/LX�	�'HU�.LXUHJKLDQ������� LV DGRSWHG WR�HYDOXDWH�WKH�UHOLDELOLW\�LQGH[ �IRU�/6) � ��DQG�

� WKHQ�JHW�WKH�SUREDELOLW\�RI�IDLOXUH� ��7KH�)250�SURFHGXUHV�LQFOXGLQJ��

,Q�/6) �� DQG� DUH�&RUUHODWHG�1RQ�1RUPDO�YDULDEOHV� XVLQJ�1DWDI�'LVWULEXWLRQ WR�WUDQVIRUP
/RJQRUPDO�YDULDEOHV� LQWR�&RUUHODWHG�1RUPDO� ��WKHQ�WUDQVIRUP� WR�8QFRUUHODWHG�1RUPDO�
YDULDEOH�
,Q�/6) DQG� � DQG� DUH�&RUUHODWHG�1RQ�1RUPDO�YDULDEOHV� XVLQJ�1DWDI�
'LVWULEXWLRQ WR�WUDQVIRUP�WKHP IURP�&RUUHODWHG�*DPPD�YDULDEOHV LQWR�&RUUHODWHG�1RUPDO� �
WKHQ�WUDQVIRUP� WR 8QFRUUHODWHG�1RUPDO�YDULDEOH�
7KHQ��XVH�WKH +DVRIHU�/LQG�5DFNZLW]�)HLVVOHU�$OJRULWKP�WR�ILQG�WKH�GHVLJQ�SRLQW E\�0$7/$%�FRGHV�
WKH�ILQDO�HVWLPDWH�RI� LV WKH�)LUVW�2UGHU�5HOLDELOLW\�0HWKRG�,QGH[� ��

+\SRWKHVLV�7HVW�DQG�5HJUHVVLRQ�$QDO\VLV�0HWKRGV�

7KLV�SDSHU�FRQGXFWV�5HJUHVVLRQ�$QDO\VLV�DQG�3DLUHG�6DPSOH�7�WHVW WR�YHULI\�DVVXPSWLRQV���DQG���

$VVXPSWLRQ���DVVXPHG�DOO�ZLQQHUV�DSSOLHG�WKH�³4XDQWLW\�(UURU�([SORLWDWLRQ´�XQEDODQFHG�ELGGLQJ�VWUDWHJ\��
7R�YHULI\�ZKHWKHU�LW�LV�WUXH�RU�QRW�IRU�WKH�FROOHFWHG�GDWD��5HJUHVVLRQ�$QDO\VLV��VHH�HTXDWLRQ����LV�XVHG�WR�
LQVSHFW�WKH�UHODWLRQVKLS�EHWZHHQ� DQG ��,I�WKLV�DVVXPSWLRQ�LV�WUXH��WKHQ� � IRU�ZKLFK�WKH�LQFUHDVLQJ�
RI� OHDGV�WR WKH LQFUHDVLQJ�RI� ��
$VVXPSWLRQ���DVVXPHG�DOO�ZLQQHUV DUH�WKH�ORZHVW SULFH ELGGHUV��DQG�WKH�%7$�GRHV�QRW�H[FHHG�D�SHUFHQWDJH�
RI�(7&��7R�WHVW�ZKHWKHU�LW�LV WUXH�RU�QRW IRU�WKH FROOHFWHG�GDWD� 3DLUHG�6DPSOH�7�WHVW LV�XVHG�WR WHVW�WKH�1XOO�
+\SRWKHVLV ��,I� LV�WUXH� WKHQ LQ�SURMHFW�OHYHO��%7$�GRHV�QRW�KDYH�D�VLJQLILFDQW�
GLIIHUHQFH�WR�(7&��)XUWKHUPRUH��WKH�FRQILGHQFH�LQWHUYDO��&,��FRXOG�EH�XVHG�WR�H[SODLQ WKH�UHODWLRQVKLS�
EHWZHHQ�%7$�DQG�(7&�

���

����

5HVXOWV�DQG�'LVFXVVLRQV

6WDWLVWLF�7HVWLQJ�5HVXOWV�DQG�'LVFXVVLRQV�

6FDWWHUSORW��VHH�ILJXUH��� VKRZV�D�SRVLWLYH�UHODWLRQVKLS�EHWZHHQ DQG ��DQG 5HJUHVVLRQ�$QDO\VLV KDV IDFWRU�
��7KRVH�UHVXOWV�FRQILUPHG WKDW�DVVXPSWLRQ���LV�WUXH��WKH�³4XDQWLW\�(UURU�([SORLWDWLRQ´�XQEDODQFHG�

ELGGLQJ�VWUDWHJLHV ZDV�DSSOLHG�WR�WKH�FROOHFWHG�GDWD��3DLUHG�6DPSOH�7�WHVW ZLWK�DQ DOSKD OHYHO�RI������� ��KDV
UHVXOW 7�YDOXH  �������DQG�3�YDOXH  ��������ZKLFK PHDQV�ZLWK�D�����OHYHO�RI�FRQILGHQFH�WR�UHMHFW WKH�1XOO�
+\SRWKHVLV� ��6R� WKH�PHDQ�RI�%7$�LV�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKH�PHDQ�RI�(7& LQ�WKH�FROOHFWHG�
GDWD��WKH�LGHDO�XQEDODQFHG�ELGGLQJ�LQ�HTXDWLRQ���GRHV QRW�H[LVW� )XUWKHUPRUH��WKH���� &, ������������������ RI�
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0.9 
• p/3 

• P'/4 

• 
Z~N(0,1) z 

• 
z 

• 

• 

• 

1.34708 > 0 

Ho: µBTA-ETC = 0 
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u. 

X2 =a+ bX1 

Ho: µBTA-ETC = 0 
H1: µBTA-ETC * 0 

X Z~N(0,1) 

u* 

f3FORM 

b>O 

b= 

a= 0.10 
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FRQILUPHG�WKDW FRQWUDFWRUV�GHFUHDVHG�%7$ WR�ZLQ SURMHFWV��*UDQVEHUJ�	�5LHPHU����������7KHVH�DERYH�
VWDWLVWLF�WHVWLQJ�UHVXOWV�FRQILUPHG ³4XDQWLW\�(UURU�([SORLWDWLRQ´�XQEDODQFHG�ELGGLQJ�H[LVWHG�LQ�WKH ����1''27�
SURMHFWV� 7KH�QH[W�VWHS�LV�WR�HYDOXDWH XQEDODQFHG�ELGGLQJ¶V�SHUIRUPDQFHV�DQG�LQVSHFW�WKH SHUIRUPDQFHV¶�UHDVRQV�

)LJXUH����6FDWWHUSORW�RI�;��DQG�;�

8QEDODQFHG�%LGGLQJ�)DLOXUHV�DQG�'LVFXVVLRQV��

)URP�WKH�/6)� JHW�5HOLDELOLW\�,QGH[� DQG ��ZKLFK�PHDQV�WKDW WKH�
SUREDELOLW\�RI�IDLOXUH�RI�FRQWUDFWRUV¶�XQEDODQFHG�ELGGLQJ�VWUDWHJLHV LV���������$GGLWLRQDOO\��WDEOH���VKRZV�WKH�UHVXOWV�
RI�GLIIHUHQW� ZLWK GLIIHUHQW�OLPLW�VWDWH�IXQFWLRQV� �

7KH�GRWWHG OLQH�LQGLFDWHV WKH� LV FORVLQJ WR�]HUR ZKHQ�IDFWRU LV�FORVLQJ WR������ 'HVFULELQJ WKLV�QXPEHU�
LQ SURMHFW�ELGGLQJ��LI�FRQWUDFWRUV�DFFHSW RQO\�HDUQLQJ ����RI�%7$ DQG�WKH\ VWLOO�FDQ�EDODQFH�SURMHFWV¶�
LQFRPH�DQG�FRVW��WKHQ�WKH SUREDELOLW\�RI�IDLOXUH�RI�XQEDODQFHG�ELGGLQJ�LV�QHDUO\�]HUR� 7KDW�LV�RQO\�DQ LGHDO�
FDVH��QR�FRQWUDFWRU�FDQ�PDNH ����SURILW LQ�WKH�FRQVWUXFWLRQ�LQGXVWU\���
'DPRGDUDQ��������VKRZV�WKH�FRQVWUXFWLRQ�LQGXVWU\�KDV��������JURVV�PDUJLQ� FRQYHUWLQJ�WKLV�QXPEHU WR�
IDFWRU � 'HVFULELQJ WKLV�QXPEHU�LQ SURMHFW�ELGGLQJ� WKH�SUREDELOLW\�RI
IDLOXUH�RI�FRQWUDFWRUV¶�XQEDODQFHG�ELGGLQJ�VWUDWHJLHV LV���� IRU�WKH�8�6��FRQVWUXFWLRQ�LQGXVWU\�
)XUWKHUPRUH��FDOFXODWLQJ�WKH� YDOXH�IRU /6) ��JHW ��7KH�ODUJH�

YDOXH�VKRZV�WKDW� ��%7$��LV�WKH�PDLQ YDULDEOH UHVXOW�LQ FRQWUDFWRUV¶�ELGGLQJ�IDLOXUH��DQG�%7$�KDV�D�
SRVLWLYH�UHODWLRQVKLS�ZLWK�ELGGLQJ�IDLOXUH��$7$�KDV�D�QHJDWLYH�UHODWLRQVKLS�ZLWK�ELGGLQJ�IDLOXUH��

7KH�UHOLDELOLW\�DQDO\VLV�UHVXOWV�LQGLFDWH�D�ODUJH�IDLOXUH SUREDELOLW\�LQ�FRQWUDFWRUV¶�XQEDODQFHG�ELGGLQJ��WKHQ�WKH�
UHDVRQV�RI�$7$ OHVV�WKDQ�%7$�PXVW�EH�LQVSHFWHG��%DVHG�RQ HTXDWLRQV� DQG ��
LI�PRVW�$4���(4�LQ�LWHP�OHYHO��WKHQ $7$���%7$�LQ�SURMHFW�OHYHO��5HIHUULQJ�WR�WKH�XQFHUWDLQWLHV�VWDWHG�EHIRUH��WKH
0LVVLQJ�(UURU�FRXOG�EH�HOLPLQDWHG��DV WKH�PLVVLQJ�LWHPV�FRXOG�KDYH�D�UHDVRQDEOH�SULFH�PDNHXS�DIWHU�QHJRWLDWLQJ�ZLWK�
RZQHUV��+RZHYHU��LW�LV�KDUG�WR�VD\�ZKHWKHU�&DOFXODWLQJ��:ULWLQJ�(UURU�RU�'HVLJQ�(UURU��&KDQJHV�FDXVHG�WKH�KLJKHU�
ULVN�RI�IDLOXUH RQ�XQEDODQFHG�ELGGLQJ��7KH�QH[W VWHS�LV�WR�HYDOXDWH�HQJLQHHUV¶�HVWLPDWLRQ�DQG LGHQWLI\ WKH�PDLQ�UHDVRQ
IRU�IDLOXUH��

7DEOH����6HQVLWLYH�$QDO\VLV

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

(QJLQHHU�(VWLPDWH�)DLOXUHV�DQG�'LVFXVVLRQV�

)URP�WKH�/6)� JHW�5HOLDELOLW\�,QGH[� DQG� ��ZKLFK�PHDQV�WKH�
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µBTA-ETC 

10 

X2 = -0.26563 + 1.34708X1 # 

• 

• 

• 
IYI 

. 
Xl 

/J1 = 0.02853 

a = 0.8885, and get P11' = 0.3485 

0.6 

0.5 

0.4 

0.3 

0.2 

0.1 

y 

0 1-----;,~ "'----+------+--+--+-----l 
-0.1 0.6 0.7 0.75 0.8 0.85 0.9 0.95 

a 

/J2 = -0.9574 
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a 

Yx3 = 0. 7332, Yx4 = -0.68 

ATA = IAQ X BP BTA = IEQ X BP 

a 

P12 = <l>(-/32) = 0.8308 
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SUREDELOLW\ RI�HQJLQHHUV¶ RYHUHVWLPDWH IDLOXUH�LV���������DJDLQ��IURP�WKH�/6)� JHW�5HOLDELOLW\�,QGH[�
DQG� � ZKLFK�PHDQV�WKH�SUREDELOLW\�RI�HQJLQHHUV¶�XQGHUHVWLPDWH IDLOXUH LV���������

WKHQ��WKH�HQJLQHHUV¶ HVWLPDWH�IDLOXUH��&RPELQDWLRQ�� ��ZKLFK�LV�FORVH�WR�
�WKDW RQO\ FRQVLGHULQJ� ��)XUWKHUPRUH��

FDOFXODWLQJ�WKH� YDOXH�� IRU� ��DQG� IRU�
� 7KH�ODUJH� YDOXH�FRQILUPHG LV�WKH�PDLQ YDULDEOH WKDW OHDGV�WR�HQJLQHHUV¶ HVWLPDWH�IDLOXUH��

'HVFULELQJ�LQ�HQJLQHHUV¶�HVWLPDWLRQV��$4�(4�DQG�%3�(3�KDYH�QHJDWLYH�UHODWLRQVKLSV�ZLWK�HQJLQHHUV¶�RYHUHVWLPDWH�
IDLOXUH��ZKLOH�WKH\�KDYH�SRVLWLYH�UHODWLRQVKLSV�ZLWK�HQJLQHHUV¶�XQGHUHVWLPDWH�IDLOXUH��

7KRVH�UHVXOWV�FRQILUPHG�WKDW�HQJLQHHUV�KDYH�D�ORZ�DFFXUDF\�UDWH�RI�TXDQWLWLHV WDNHRII�DW�WKH�GHVLJQ�DQG�ELG�VWDJH�
7KH�PDLQ�HUURU RI�HQJLQHHUV¶�TXDQWLWLHV�WDNHRII�LV�TXDQWLW\�RYHUHVWLPDWLRQ� 4XDQWLW\�UHGXFLQJ H[SRVHV�FRQWUDFWRUV�WR�
D�KLJK ULVN�RI�QRW�UHFRYHULQJ�LQGLUHFW�FRVWV�DOORFDWHG�WR�LWHPV��7KDW�LV�WKH�PRWLYH�IRU�FRQWUDFWRUV�WR�VXEPLW�
XQEDODQFHG�ELGV� ,I�WKH�(VWLPDWLRQ�(UURUV�FRXOG�EH�HOLPLQDWHG�DIWHU�FDUHIXOO\�UHYLHZLQJ WKH�HVWLPDWLRQ� WKHQ�WKH�
LQIUDVWUXFWXUH�SURMHFWV�RYHUHVWLPDWH�IDLOXUH�LV GULYHQ�IURP�WKH�'HVLJQ�(UURUV�RU 'HVLJQ�&KDQJHV���

&RQFOXVLRQ�

7KLV�SDSHU�FRQGXFWHG VWDWLVWLFDO DQDO\VLV DQG�UHOLDELOLW\�DQDO\VLV�PHWKRG ZLWK���� LQIUDVWUXFWXUH�SURMHFWV¶ ELGGLQJ�
DQG�VHWWOHPHQW GDWD��7KH SURMHFW�OHYHO�YDULDEOHV�OLNH�FRQWUDFWRUV¶ %LG�7RWDO�$PRXQW�DQG�SURMHFWV¶�$FWXDO�7RWDO�
$PRXQW�ILW WKH�/RJQRUPDO�'LVWULEXWLRQ� ZKLOH�WKH�LWHP�OHYHO�YDULDEOHV�$FWXDO�4XDQWLW\�(VWLPDWHG�4XDQWLW\ DQG %LG�
3ULFH�(VWLPDWHG�3ULFH ILW�WKH�*DPPD�'LVWULEXWLRQ��7KH 3DLUHG�6DPSOH�7�7HVW�DQG�5HJUHVVLRQ�$QDO\VLV�FRQILUPHG�
WKDW�DVVXPSWLRQV�PDGH�LQ�WKLV�SDSHU�DUH WUXH��WKH�³4XDQWLW\�(UURU�([SORLWDWLRQ´ XQEDODQFHG�ELGGLQJ�VWUDWHJLHV ZHUH�
DSSOLHG�WR�WKH�FROOHFWHG�SURMHFWV DQG�NHHS�D�ORZ�ELGGLQJ SULFH�WR ZLQ SURMHFWV� 7R�LQVSHFW�WKH�UHDVRQV EHKLQG�WKRVH�
SKHQRPHQD� VHYHUDO�OLPLW�VWDWH�IXQFWLRQV�ZHUH FUHDWHG�WR FDOFXODWH WKH�SUREDELOLW\�RI�IDLOXUH�RI�HQJLQHHUV¶�HVWLPDWLQJ�
DQG�FRQWUDFWRUV¶�ELGGLQJ��7KH�UHVXOWV�VKRZHG��

(QJLQHHUV�KDYH�D��������IDLOXUH�RI�HVWLPDWLRQ� DQG WKH�PDLQ IDLOXUH LV�4XDQWLW\�2YHUHVWLPDWHG ���������
7KH�H[SHFWHG�TXDQWLWLHV�RYHUUDWLQJ LV WKH�PDMRU UHDVRQ�IRU�FRQWUDFWRUV¶�XQEDODQFHG�ELGGLQJ�DFWLRQV�WR�
UHFRYHU�WKHLU�FRVW���
&RQWUDFWRUV�KDYH�D��������IDLOXUH�RI�XQEDODQFHG�ELGGLQJ ZKHQ�XVLQJ�D ���PDUJLQ��7R�HOLPLQDWH WKLV�
IDLOXUH��WKH�FRQVWUXFWLRQ�LQGXVWU\�VKRXOG KDYH�D�����PDUJLQ� %XW LW�LV�LPSRVDEOH�IRU�FRQWUDFWRUV�WR�
VLJQLILFDQWO\�LQFUHDVH�WKHLU�ELGGLQJ�SULFH WR�UHDFK�WKLV KLJKHU�PDUJLQ��DV�WKRVH�DEQRUPDO�ELGV�ZLOO�OHDG�WR�D�
KLJKHU�ULVN�RI�UHMHFWLRQ E\�WKH�RZQHUV�
'HVLJQ�(UURUV�RU 'HVLJQ�&KDQJHV PLJKW EH�LGHQWLILHG�DV�WKH�UHDVRQ�RI HQJLQHHUV¶ RYHUHVWLPDWLRQ� 7R�DYRLG�
WKLV�IDLOXUH��WKH�'HVLJQ�%XLOG GHOLYHU\�PHWKRG�LV�EHWWHU�WKDQ '%% �.RQFKDU�	�6DQYLGR�������� 2WKHUZLVH��
HQJLQHHUV�VKRXOG�PDNH�WKHLU�GHVLJQ�DQG�HVWLPDWHG�TXDQWLWLHV DV�FORVH�WR�WKH�DFWXDO�SURMHFW�DV�SRVVLEOH��DQG�
RZQHUV�VKRXOG�EXLOG�D�FRRSHUDWLQJ�UHODWLRQVKLS�ZLWK�WKH�FRQWUDFWRUV�WR�DYRLG�WKH�XQEDODQFHG�ELGGLQJ��

$SSO\LQJ�WKH�)LUVW�2UGHU�5HOLDELOLW\�0HWKRG�QHHGV WKH�GLVWULEXWLRQ�RI�HDFK�YDULDEOH��LQ�WKLV�SDSHU��WKH�YDULDEOHV¶�
GLVWULEXWLRQV�ZHUH�ILWWHG�IURP�����12'27�SURMHFWV IURP�������DQG�WKH�FRQWUDFWRUV�ZHUH�IURP�1RUWK�'DNRWD�DQG�
0LQQHVRWD 6WDWHV��WKH�UHVXOWV�PD\�QRW�XSGDWH WR�UHSUHVHQW�WKH�QDWLRQDO�ZLGH FRQWUDFWRUV¶�ELGGLQJ�EHKDYLRUV�DQG�
HQJLQHHUV¶�HVWLPDWLQJ VNLOOV� )XUWKHU�VWXG\�FRXOG�EH�FRQGXFWHG�E\ FDWHJRUL]LQJ LWHPV�LQWR�GLIIHUHQW�W\SHV�DQG�
LQVSHFWLQJ WKH�HQJLQHHUV¶�HVWLPDWH�EHKDYLRUV�DPRQJ�GLIIHUHQW�LWHP�FDWHJRULHV���$GGLWLRQDOO\��RWKHU�TXDQWLW\�YDULDEOHV�
OLNH�SURMHFW�VL]H��LWHP�ELG�DPRXQW �%3 (4���LWHP�HVWLPDWH�DPRXQW��(3 (4�� SHUFHQWDJH�RI�LWHP�DPRXQW�RI�WRWDO�
SURMHFW�DPRXQW �%3 (4�%7$��(3 (4�(7&��RU�%3 $4�$7$���DQG�TXDOLW\�YDULDEOHV�OLNH PDMRU�LWHP� PLQRU�LWHP
�GLVFXVVHG�LQ�DVVXPSWLRQ���� FRXOG EH�XVHG�WR�VHW�XS�OLPLW�VWDWH�IXQFWLRQV�

$FNQRZOHGJHPHQWV

7KH�UHVHDUFKHV ZLVK WR�WKDQN�'U��-RVHSK�6]PHUHNRYVN\�LQ�1RUWK�'DNRWD�6WDWH�8QLYHUVLW\��)DUJR� ZKR�SURYLGHG�WKH�
����1''27�SURMHFW ZLQQLQJ�ELGGHU�GDWDVHW IRU�DQDO\]LQJ��
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1.021 p/3 = <l>(-/J3) = 0.1536 
P/4 = P12 + P13 = 0.9844 

(P(X1 :s; 0.9) + 1 - P(X1 :s; 1.1) = 0.8667 + 1 - 0.8764 = 0.9903) 
P'r4 = 0.9903 

X1 
y Yx1 = -0.9901, Yx2 = -0.1403 G2 (Xi,X2) Yx1 = 0.99, Yx2 = 0.1414 

lrl X1 

• 

• 

• 
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