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$�PRGHO� IRU�ELSKDVH�FHUDPLF�PDWHULDO� IUDFWXUH� WRXJKQHVV�SURJQRVLV� LV�SURSRVHG�EDVHG

RQ� WKH�HVWLPDWLRQ� RI� LQIOXHQFH�RI� VHFRQG�SKDVH�PHFKDQLFDO� SURSHUWLHV�DQG�JUDLQ� VL]H�DQG
WDNLQJ� LQWR� DFFRXQW� WKH� SRVVLELOLW\� RI� URXQGLQJ� RI� WKH� VHFRQG� SKDVH� JUDLQV� E\� WKH� FUDFN
IURQW�� 7KH� GHSHQGHQFH� RI� JUDLQ� FRPSRVLWH� IUDFWXUH� WRXJKQHVV� RQ� KLJK� PRGXOXV� JUDLQ
YROXPH� IUDFWLRQ� LV� VKRZQ� WR� KDYH� DQ� H[WUHPH�� 7KH� PD[LPXP� PDJQLWXGH� DV� ZHOO� DV� LWV
SRVLWLRQ�LV�VKRZQ�WR�EH�GHSHQGHG�RQ�PDWUL[�LQFOXVLRQ�JUDLQ�VL]H�UDWLR�
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7KHUH�DUH�VHYHUDO�DSSURDFKHV�WR�IRUHFDVW
PXOWLSKDVH� FHUDPLF� IUDFWXUH� WRXJKQHVV� �WKH
VWUHQJWK� FKDUDFWHULVWLF� RI� D� PDWHULDO� FRQ�
WDLQLQJ� D� FUDFN� GHIHFW�� .�&� ��SF����VFZKHUH�VF� LV� WKH�PDWHULDO� WHQVLOH� VWUHQJWK�F�� WKH� FUDFN� OHQJWK��� ,Q� PRVW� FDVHV�� WKH
LQIOXHQFH� RI� VHFRQG� SKDVH� LQWURGXFWLRQ� RQ
WKH� FRPSRVLWH� PHFKDQLFDO� SURSHUWLHV� LV
FRQVLGHUHG�� :LWKLQ� WKH� IUDPH� RI� DQ� DS�
SURDFK� SURSRVHG� LQ� >�@�� WKH� FUDFN� SDVVHV
FRQVHFXWLYHO\� DQG� UHFWLOLQHDUO\� WKURXJK
JUDLQV� DQG�JUDLQ�ERXQGDULHV��7KH�SUREOHP
VWDWHPHQW� LPSOLHV� WKDW� WKH� PRGHO�� DO�
WKRXJK�KDYLQJ�DQ�DGYDQWDJH� FRQVLVWLQJ� LQ
WKH� SRVVLELOLW\� WR� HVWLPDWH� WKH�.�&� IRU� DPXOWLSKDVH� FRPSRVLWH�� GRHV� QRW� WDNH� LQWR
DFFRXQW�WKDW�WKH�FUDFN�LV�DEOH�RI�URXQGLQJ
REVWDFOHV� DV�ZHOO�DV� WKH� IDLOXUH�PD\�RFFXU
DORQJ�WKH�JUDLQ�ERXQGDULHV�DW�DOO�

,W� LV� MXVW� )�)�/DQJH� >�@�ZKR�KDV� FRQVLG�
HUHG�WKH�IUDFWXUH�VXUIDFH�RI�DQ�HSR[\�UHVLQ
VDPSOH� FRQWDLQLQJ� JODVV� EHDGV� DQG� FRQ�
QHFWHG� WKH� GHVWUXFWLRQ� HQHUJ\� LQFUHDVLQJ
ZLWK� WKH� FUDFN� IURQW� EHQGLQJ� LQ� WKH� SURSD�

JDWLRQ�SODQH�GXH� WR� LWV�GHOD\�RQ��VWRSSHUV�
WKDW�DUH�WKH�VHFRQG�SKDVH�JUDLQV��+RZHYHU�
WKLV� PRGHO� GRHV� QRW� WDNH� LQWR� DFFRXQW� GLI�
IHUHQW�DELOLW\�RI�VWRSSHUV�WR�GHOD\�WKH�FUDFN
IURQW� EHIRUH� IDLOXUH�� 7KLV� ZRUN� LV� DQ� DW�
WHPSW�WR�HVWLPDWH�WKH�FRQWULEXWLRQ�RI�D�VHF�
RQG�SKDVH�JUDLQV�WR�IUDFWXUH�WRXJKQHVV��WDN�
LQJ� LQWR� DFFRXQW� WKHLU� VL]HV�� PHFKDQLFDO
FKDUDFWHULVWLFV� DQG� WKH� SRVVLEOH� URXQGLQJ
WKHP�E\�WKH�FUDFN�

/HW�D�FUDFN�LQ�ELSKDVH�PDWHULDO�EH�FRQVLG�
HUHG�� :H� VKDOO� NHHS� WKH� FRQFHSW� RI� TXDVL�
EULWWOH� IDLOXUH� >�@� DQG� FRQVLGHU� WKDW� WKH
FUDFN�VL]H�LV�PXFK�JUHDWHU�WKDQ�WKH�FRPSRV�
LWH�VWUXFWXUH�SDUDPHWHU��/HW�XV�FRQVLGHU�WKH
FULWLFDO�VWUHVV�LQWHQVLW\�IDFWRU�
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ZKHUH�KL�M��.�&LM� DUH� WKH� IUDFWXUH� WRXJKQHVVFKDUDFWHULVWLFV�DQG�WKH�YROXPH�IUDFWLRQV��UH�
VSHFWLYHO\�� RI� WKH� L�WK� SKDVH� JUDLQV� OLPLWHG

)XQFWLRQDO�0DWHULDOV�����1R��������� �������Û�,QVWLWXWH�IRU�6LQJOH�&U\VWDOV

�� )XQFWLRQDO�PDWHULDOV�������������



E\�WKH�FRQWDFW�VXUIDFH�ZLWK�WKRVH�RI�WKH�M�WK
RQH��7KH�YROXPH�IUDFWLRQV�FDQ�EH�H[SUHVVHG
YLD�WKH�VSHFLILF�FRQWDFW�DUHDV�RI�FRUUHVSRQG�
LQJ�SKDVHV��6����6����6����7KHQ�
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,W� LV�NQRZQ� >�@�WKDW� LI�5��5�� �U� �ZKHUH5�� DQG� 5�� DUH� JUDLQ� UDGLL� DQG� 5��!�5���WKHQ�
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�KHUH�6�� LV� WKH� VSHFLILF� DUHD� RI� SKDVH� ��6�� ���5����RU��
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DQG�WKH�IRUPXOD�����FDQ�EH�ZULWWHQ�DV
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+HUH�.&��� DQG�.&��� DUH� IUDFWXUH� WRXJK�QHVV�IDFWRUV�IRU�PDWHULDOV�RI�SKDVHV���DQG��
WKDW� FDQ� EH� GHWHUPLQHG� LQ� H[SHULPHQW� RQ
SXUH� PDWHULDOV� PDQXIDFWXUHG� LQ� FRQGLWLRQV
VHOHFWHG� WR� V\QWKHVL]H� WKH� FRUUHVSRQGLQJ
FRPSRVLWH�� 7R� HVWLPDWH�.&���� LW� LV� WR� FRQ�VLGHU� WKH� EHKDYLRU� RI� D� FUDFN� SURSDJDWLQJ
IURP� WKH�PDWUL[� �SKDVH� ��� LQWR� DQ� LQFOXVLRQ
�SKDVH�����/HW�(��!�(���(�LV�WKH�<RXQJ�PRGX�OXV���,Q�WKLV�FDVH��WKHUH�DUH�WZR�SRVVLEOH�ZD\V
RI� WKH� FUDFN� IXUWKHU�SURSDJDWLRQ��ZLWKLQ� WKH
JUDLQ�DQG�DORQJ�WKH�JUDLQ�ERXQGDU\�

/HW� WKH� UHFWLOLQHDU� FUDFN� IURQW� WKDW� KDG
SODFH� LQ� LVRWURSLF�PHGLXP�EH�UHIHUUHG�WR�DV
WKH� �HIILFLHQW�� RQH�� 7KH� HIILFLHQW� IURQW� LV
DVVXPHG� WR� FRLQFLGH� ZLWK� WKH� UHDO� RQH� LQ
DUHDV� ZKHUH� WKH� FUDFN� SDVVHV� ZLWKLQ� WKH
JUDLQ�DQG�WR�GLIIHU�IURP�WKH�UHDO�RQH�ZKHUH
WKH� FUDFN� URXQGV� D� VWURQJHU� SKDVH� JUDLQ�
3URFHHGLQJ� IURP� NQRZQ� GHSHQGHQFHV� RI
VWUHVVHV� DW� WKH� FUDFN� WRS� RQ� WKH� DQJOH� EH�

WZHHQ� FKRVHQ�GLUHFWLRQ� DQG� WKH� FUDFN�SODQH
>�@��ZH�FDQ�ZULWH���

VHI�T�� �
.,
�CCCC�SU �FRV

T
��CCCCCCCCCCCCCC�����VLQT�VLQ

�T
� ���VLQ�T� �

ZKHUH� VQ�T�� LV� WKH� HIILFLHQW� VWUHVV� ZKLFKPD\� SURYRNH� WKH� FUDFN� SURSDJDWLRQ� DW� DQ
DQJOH�T��7KLV�FDVH�LV�FRQGLWLRQHG�E\�HTXDOLW\
EHWZHHQ�VHI�T��DQG�V�FU��WKH�FULWLFDO�VWUHVV�RISKDVH����VR�FDOOHG��WKHRUHWLFDO�WRXJKQHVV��LV
PHDQW���2Q�WKH�RWKHU�KDQG��WKH�FRQGLWLRQ�RI
WKH� FUDFN� SURSDJDWLRQ� ZLWKLQ� WKH� LQFOXVLRQ
LV�WKH�HTXDOLW\�EHWZHHQ�VHI�T��DQG�V�FU�
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7KHQ� WKH� H[SUHVVLRQ� IRU� FULWLFDO� DQJOH
�T���LV�

V�FU
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,W� LV� REYLRXVO\� WKDW� ZKHQ� T���T��� WKHFUDFN� ZLOO� PRYH� DORQJ� WKH� JUDLQ� ERXQGDU\�
DQG�ZKHQ�T�!�T���ZLWKLQ�WKH�JUDLQ�EXON�/HW�9�T���EH�WKH�YROXPH�RI�D�VHJPHQW�FXWIURP�WKH�JUDLQ�E\�WKH�SODQH�D��)LJ������9����WKH� JUDLQ� KHPLVSKHUH� YROXPH�� .�&c�� WKHVWUHVV� LQWHQVLW\� FRHIILFLHQW� UHTXLUHG� IRU
PRYLQJ�WKH�FUDFN�IURQW�VHFWLRQV�DURXQG�WKH
VHFRQG�SKDVH�JUDLQ��DQG�.�&cc��WKH�VDPH�EXWZLWKLQ�WKH�JUDLQ��7KHQ��VLPLODUO\�WR����
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/HW�XV�FRQVLGHU�QRZ�DUHD�G6��EHIRUH� WKHUHDO� IURQW� ZKLFK� EHQGV� WKH� SKDVH� �� JUDLQ
�)LJ������ FRUUHVSRQGLQJ� WR� DUHD� G6� EHIRUH
WKH�HIILFLHQW�IURQW��7KHQ�WKH�VWUHVV�LQWHQVLW\
IDFWRU�LQ�G6���DUH��

.,,
 � ��CCCSFVVLQTFRVTVLQM
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 � ��CCCSFVVLQTFRVTFRVQM�

ZKHUH�F�LV�WKH�FUDFN�VL]H��$FFRUGLQJO\�WR�WKH
JHQHUDO� HQHUJ\� FULWHULRQ� RI� *ULIILWV� >�@�� D
FUDFN�IURQW�DGYDQFHPHQW�VWDUWV�LI
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2�<X�3RSRY�HW�DO����&DOFXODWLRQ�RI�IUDFWXUH�WRXJKQHVV����

)XQFWLRQDO�PDWHULDOV������������� ��



ZKHUH�N� ���Ü�Q������Q�� �IRU�SODQDU� VWUHVVHG
VWDWH���)RU� EULWWOH�PDWHULDOV��Q�|������ VR� IRU
JHQHUDOL]DWLRQ��LW�LV�DVVXPHG�WKDW��������N�|�
DQG�WKXV�.�&
 |�CCCCCCCCCCCCCCC.,
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/HW� XV� DVVXPH� WKDW� WKH� IURQW� VHJPHQWV
ZKLFK�EHQG�DURXQG�WKH�VHFRQG�SKDVH�JUDLQV
VWDUW�WR�PRYH�LI�DQG�ZKHQ�WKH�DYHUDJH�YDOXH
.�&
 � UHDFKHV� .�&�� �IUDFWXUH� WRXJKQHVV� RISKDVH� ��� WKDW� LV� SRVVLEOH� ZKHQ� WKH� SKDVH
LQWHUIDFH�VWUHQJWK�LV�HTXDO�WR�RU�KLJKHU�WKDQ
WKDW� RI� WKH� SKDVH� ��� 7KH� DYHUDJH� YDOXH
�.�&
 !�RI�.�&
 �DORQJ�DOO�WKH�FUDFN�IURQW�VHJ�
PHQWV�URXQGLQJ�WKH�VHFRQG�SKDVH�JUDLQV�LV�
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��CCCSFV�HTXLY�.�&c��� $IWHU� LQWHJUDWLRQ�� WDNLQJ
LQWR� DFFRXQW� WKDW� ��S5�VLQ�T�� ������FRV�T��
ZH�JHW
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7KH� IDFWRU� ��D� LQ� ���� LV� LQWURGXFHG� WR
WDNH� LQWR� DFFRXQW� WKH� QRQ�VSKHULFLW\� RI� D
UHDO� JUDLQ� DQG� LV� D� UDWLR� RI� VSKHUH� VSHFLILF
DUHD� RI� WR� WKDW� RI� FRUUHVSRQGLQJ� ILJXUH�
7KXV�� D�t���� 7KHUHIRUH�� .�&c� �D.�&��I�T���.�&cc� LQ� ���� LV� LQ� IDFW� .�&��� L�H��� IUDFWXUHWRXJKQHVV�RI�QRQSRURXV�VDPSOH�RI�WKH�SKDVH���
7KHQ�
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ZKHUH���
9�T��
9��e�� � ��VLQ

�T�� ������FRV�T���
:KHQ� WKH� MRLQW� EHWZHHQ� SKDVHV� �� DQG� �

LV�VWURQJ��H�J��GXH�WR�VLQWHULQJ���WKHQ�.�&�� �.�&���DQG�LW�LV�MXVW�WKH�IUDFWXUH�WRXJKQHVVRI�QRQSRURXV�PDWHULDO�RI�WKH�SKDVH���
)RU� D� PHWDO�FHUDPLF� FRPSRVLWH�� E� ��

�WKH�FHUDPLF�SKDVH�JUDLQ�DUH�QRW� LQ�FRQWDFW
ZLWK�HDFK�RWKHU���.�&��� �.�&���DQG�WKH�IRU�PXOD�����WDNHV�WKH�YLHZ�

.�&� �K�.�&����K�.�&���� ���
7R� FRQFOXGH�� OHW� XV� FRQVLGHU� VRPH� LQWHU�

HVWLQJ� FDVHV� RI� FRPSRQHQW� VHOHFWLRQ� IRU� D
FRPSRVLWH� DW� YDULRXV� UDWLRV� RI� PHFKDQLFDO
FKDUDFWHULVWLFV��

���� /HW� ZH� KDYH� WZR� QRQSRURXV� SKDVHV
KDYLQJ�.�&��� �.�&���DQG�VFU�� �VFU���/HW�DWWKH� VHOHFWHG� V\QWKHVLV� FRQGLWLRQV� .�&��� .�&��� � �����.�&�� �����.�&��� /HW� DW� WKHVDPH�V\QWKHVLV�FRQGLWLRQV�ZH�KDYH�LGHDO�PX�
WXDO� FRQWDFW� EHWZHHQ� JUDLQV� RI� GLIIHUHQW
SKDVHV� GXH� WR� FKHPLFDO� LQWHUDFWLRQ�� ,Q� WKLV
FDVH�� WKH� HQKDQFHPHQW� LQ� PHFKDQLFDO� FKDU�
DFWHULVWLFV� GXH� WR� WKH� VHFRQG� LQWURGXFWLRQ
FDQ� EH� UHIHUUHG� WR� DV� D� �SXUHO\� FKHPLFDO�
RQH�� 3URFHHGLQJ� IURP� ����� LW� LV� VHHQ� WKDW
.�&��� �.�&��� ����.�&���� 7KH� UHVXOWV� IRU5��5�� ��������DQG�����DUH�SUHVHQWHG�LQ�)LJ���

���� /HW�.�&��� �.�&��� DV� LQ� WKH� SUHYLRXVFDVH�� EXW� (�� ��(��� ,Q� WKLV� FDVH�� .�&��� ���.�&���� 7KH�.�&��� YDOXH� FDQ� EH� REWDLQHGIURP�IRUPXOD�����ZKHUH�T��t�S���DQG�D�|����FXEH�WR�VSKHUH�VSHFLILF�VXUIDFH�UDWLR���7KHQ
.�&��|����.�&����7KHUHE\�

)LJ����� $UHDV� EHIRUH� UHDO� DQG� HIILFLHQW� IURQW
HOHPHQWV�

2�<X�3RSRY�HW�DO����&DOFXODWLRQ�RI�IUDFWXUH�WRXJKQHVV����

�� )XQFWLRQDO�PDWHULDOV�������������
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7KH� UHVXOWV� IRU� 5��5�� ����� ��� ���� DUHSUHVHQWHG�LQ�)LJ����
7KXV�� WKH� GHSHQGHQFH� RI� FRPSRVLWH� IUDF�

WXUH�WRXJKQHVV�RQ�LWV�FRPSRVLWLRQ�DW�D�JRRG
FKHPLFDO� FRPSDWLELOLW\� RI� GLIIHUHQW� SKDVHV
LQFOXGHV� DQ� H[WUHPH�� 7KH� RSWLPXP� VHFRQG
SKDVH� FRQFHQWUDWLRQ�� DV� ZHOO� DV� WKH� PD[L�
PXP�IUDFWXUH�WRXJKQHVV��GHSHQGV�RQ�FRUUH�
ODWLRQ�EHWZHHQ�JUDLQ�VL]HV�RI�GLIIHUHQW�FRP�
SRQHQWV�� 7KHUHE\�� WKH� SUHVHQWHG� PRGHO� DO�

ORZV� WR� IRUHFDVW� WZR�SKDVH� FHUDPLF� V\VWHP
IUDFWXUH� WRXJKQHVV�� SURFHHGLQJ� IURP� PH�
FKDQLFDO� IHDWXUHV� RI� LWV� FRPSRQHQWV� DQG
WKHLU� ERXQGDULHV�� WDNLQJ� LQWR� DFFRXQW� WKH
FDVH� ZKHQ� D� FUDFN� URXQGV� KLJK�VWUHQJWK
SKDVH�LQFOXVLRQV��

5HIHUHQFHV
� ���5�-D�*D]LURY�� LQ�� 6LPXODWLRQ� 6WUDLQLQJ� DQG

)DLOXUH� 3URFHVVHV� LQ� 6ROLGV�� 8UDO� 6FL��&HQWHU
RI� 8665� $FDG��6FL��� 6YHUGORYVN� �������� S���
>LQ�5XVVLDQ@�

� ���)�)�/DQJH��&RPSRVLWH�0DWHULDOV��9RO����$FDG�
3UHVV��1HZ�<RUN��������

� ���*�3�&KHUHSDQRY��0HFKDQLFV�RI�%ULWWOH�)DLOXUH�
0LU��0RVFRZ��������>LQ�5XVVLDQ@�

� ���6�0�6RORQLQ�� 3RURVKNRYD\D� 0HWDOOXUJLD�
1R����������������
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