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-�'�+ROPHV��0��:HKQHU��&��6DQGODQG��0��(GZDUGV���
��-'+�&RQVXOWLQJ��0HQWRQH��9LFWRULD��

MRKQ�KROPHV#MGKFRQVXOW�FRP��
�*HRVFLHQFH�$XVWUDOLD��&DQEHUUD��$&7�

�
ŗȱȱȱȱȱȱȱȱȱ������������ȱ
�
'DPDJH� IURP� ZLQGERUQH� GHEULV� LV� D� PDMRU� FRQWULEXWRU� WR� WKH� WRWDO� GDPDJH�
SURGXFHG�E\�H[WUHPH�ZLQG�RI�DOO�W\SHV�����7KHUHIRUH���LW�LV�LPSRUWDQW�WR�LQFRUSRUDWH�WKLV�
FRPSRQHQW� LQWR�D�FRPSOHWH�ZLQG�LQGXFHG�GDPDJH�PRGHO��GHYHORSHG�IRU�GLVDVWHU�
PDQDJHPHQW�RU�LQVXUDQFH�SXUSRVHV������
�
7KLV� SDSHU� GHVFULEHV� WKH� EDVLF� PHWKRGRORJ\� IRU� ZLQGERUQH� GHEULV� GDPDJH�
PRGHOOLQJ� GHYHORSHG� IRU� *HRVFLHQFH� $XVWUDOLD�� DV� SDUW� RI� WKH� :LQG6LP� PRGHO��
:LQG6LP� LV� D� VRIWZDUH� WRRO� FXUUHQWO\� XQGHU� GHYHORSPHQW� WKDW� PRGHOV� GDPDJH� WR�
EXLOGLQJV� IURP� VHYHUH�ZLQG�� 7KH� LPSOHPHQWDWLRQ� RI� WKH�ZLQGERUQH� GHEULV� GDPDJH�
PRGHO�LV�GHVFULEHG�E\�:HKQHU�HW�DO��>�@��
�
Řȱȱȱȱȱȱȱȱȱ��������ȱ���
ȱ
�
'HEULV� GDPDJH� PRGHOV� ZHUH� UHYLHZHG� E\� +ROPHV� >�@� UHFHQWO\�� � � ,Q� SDUWLFXODU��
SUREDELOLVWLF��HQJLQHHULQJ�GHEULV�GDPDJH�PRGHOV�GHYHORSHG� �E\� 7ZLVGDOH�HW�DO�� >�@�
DQG�/LQ�DQG�9DQPDUFNH�>�@��>�@�ZHUH�FRQVLGHUHG�EHIRUH�FRPPHQFLQJ�GHYHORSPHQW�
RI�WKH�SUHVHQW�PRGHOV������
�
7KH�PDLQ�HOHPHQWV�RI�D�GHEULV�GDPDJH�PRGHO�FDQ�EH�VXPPDULVHG�DV�IROORZV��
�

x� $�GHEULV�JHQHUDWLRQ�PRGXOH�
x� $�GHEULV�WUDMHFWRU\�PRGXOH��
x� $�GHEULV�LPSDFW�DQG�GDPDJH�PRGXOH��

�
7KH�PDLQ�IHDWXUHV�RI�WKHVH�DV�SURSRVHG�WR��DQG�DGRSWHG�E\��*$�ZLOO�EH�RXWOLQHG� LQ�
WKH�IROORZLQJ�VHFWLRQV���
�
řȱȱȱȱȱȱȱȱȱ������ȱ	���������ȱ������ȱ
ȱ
7KH�GHEULV�JHQHUDWLRQ�UHJLRQ�LV�WDNHQ�DV����WLPHV�WKH�WDUJHW�EXLOGLQJ�KHLJKW�XSZLQG��
DQG�ZLWKLQ�D����GHJUHH�DQJXODU�VHFWRU����,W�LV�FRQVLGHUHG�XQOLNHO\�WKDW�GHEULV�IURP�WKH�
URRI�RI�D�ORZ�ULVH�EXLOGLQJ��HYHQ�LQ�D�WURSLFDO�F\FORQH��ZLOO�WUDYHO�PRUH�WKDQ�DERXW�����
PHWUHV� KRUL]RQWDOO\�� ZLWKRXW� KLWWLQJ� HLWKHU� WKH� JURXQG� RU� DQRWKHU� EXLOGLQJ�� � � 7KDW�
GLVWDQFH�LV����WLPHV�WKH�DYHUDJH�URRI�KHLJKW�RI�D�WZR�VWRUH\�EXLOGLQJ������
�
:LQGERUQH� GHEULV� IURP� D� URRI� ZLOO� EH� JHQHUDWHG� ZKHQ� WKH� ORFDO� ZLQG� VSHHG� LV�
VXIILFLHQWO\� KLJK�� D�� WR� SURGXFH� D� VWUXFWXUDO� IDLOXUH� RI� D� FODGGLQJ� HOHPHQW� RU� LWV�
IDVWHQLQJ��DQG�E��WR�JHQHUDWH�DHURG\QDPLF� IRUFHV�H[FHHGLQJ�WKRVH�RI�JUDYLW\�DQG�
WKXV� LQLWLDWH� IOLJKW�� � � � � � ,W� FDQ� SUREDEO\� EH� DVVXPHG� WKDW� LI� WKH�ZLQG� VSHHG� LV� KLJK�
HQRXJK�IRU��D��WR�RFFXU��WKHQ��E��ZLOO�DOVR�RFFXU������7KXV�WKH�JHQHUDWLRQ�RI�GHEULV�PD\�
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EH�DVVRFLDWHG�ZLWK�WKH�IDLOXUH�RI�URRI�HOHPHQWV�DQG�KHQFH�UHODWHG�GLUHFWO\�WR�D�ZLQG�
ORDG�SUHVVXUH� YXOQHUDELOLW\�PRGHO�� � �+RZHYHU�D� VLPSOLILHG�YHUVLRQ�ZDV� LPSOHPHQWHG�
IRU� URRI� HOHPHQWV� RQO\� EDVHG� RQ� WKH� VLPSOH� KHXULVWLF� YXOQHUDELOLW\� FXUYHV� DOUHDG\�
GHYHORSHG�E\�*$��
�
7KH�UHFRPPHQGHG�SURSRUWLRQV�RI�GHEULV�W\SHV��XVLQJ�WKH�FODVVLILFDWLRQV�RI�:LOOV�HW�DO��
>�@��DUH�WDEXODWHG�LQ�7DEOH�,���
�

7DEOH�,���
5HFRPPHQGHG�SURSRUWLRQV�RI�GHEULV�W\SHV�IRU�$XVWUDOLDQ�VXEXUEDQ�FRQGLWLRQV�

�
7\SH� ([DPSOHV� 3URSRUWLRQ�

�FDSLWDO�
FLWLHV��H[�
'DUZLQ��

3URSRUWLRQ�
�WURSLFDO�
WRZQV��

&RPSDFW� /RRVH�QDLOV�VFUHZV��
ZDVKHUV��SDUWV�RI�EURNHQ�
WLOHV��FKLPQH\�EULFNV��DLU�

FRQGLWLRQHU�XQLWV�

��� ���

6KHHW�SODWH� 5RRI�FODGGLQJ��
�PDLQO\�WLOHV��VWHHO�VKHHW��
IODVKLQJ��VRODU�SDQHOV��

��� ���

5RG� 3DUWV�RI�WLPEHU�EDWWHQV��
SXUOLQV��UDIWHUV�

��� ���

�
�
)RU� WKH� QXPEHU� RI� GHEULV� LWHPV�� D� IDFWRU�� I�� ZDV� � GHILQHG�� � 7KLV� LV� D� FRQVWDQW� RI�
SURSRUWLRQDOLW\� UHODWLQJ� WKH� DYHUDJH� QXPEHU� RI� GHEULV� LWHPV� DVVRFLDWHG� ZLWK� D�
GDPDJH�LQFUHPHQW�RQ�WKH�YXOQHUDELOLW\�FXUYH�IRU�WKH�VRXUFH�EXLOGLQJ���

�
� � � � L�H���� 'I9 ' ' �Q � � � � ������������������ ���������
� ZKHUH� 9Q' LV� WKH� LQFUHPHQWDO� QXPEHU� RI� GHEULV� LWHPV� JHQHUDWHG� LQ� D� VLQJOH�
ZLQG�YHORFLW\�LQFUHPHQW�²�L�H��EHWZHHQ�WZR�GLVFUHWH�ZLQG�YHORFLWLHV�����6LPLODUO\�� '' LV�
WKH�LQFUHPHQW�LQ�ZLQG�GDPDJH�SURGXFHG�E\�WKH�VDPH�LQFUHPHQW�LQ�ZLQG�VSHHG���
�
Śȱȱȱȱȱȱȱȱȱ������ȱ����������ȱ������ȱ
�
'HWDLOHG� VWXGLHV� RI� GHEULV� WUDMHFWRULHV� KDYH� LQGLFDWHG� WKDW� WKH� UDWLR� RI� KRUL]RQWDO�
YHORFLW\� RI� WKH� ZLQGERUQH� GHEULV� REMHFW� WR� WKH�ZLQG� JXVW� YHORFLW\� FDQ� EH� GLUHFWO\�
UHODWHG�WR�WKH�KRUL]RQWDO�GLVWDQFH�WUDYHOOHG��[��E\�WKH�IROORZLQJ�/LQ�HW�DO��>�@��

�

> @[EH[S�
9
X

V

P ��# � � � ����������������������������������

ZKHUH��XP��LV�WKH�KRUL]RQWDO�YHORFLW\�RI�WKH�GHEULV�REMHFW�
� 9V�LV�WKH�ORFDO��JXVW��ZLQG�VSHHG�
� [�LV�WKH�KRUL]RQWDO�GLVWDQFH�WUDYHOOHG��
� E� LV�D�GLPHQVLRQDO�SDUDPHWHU�GHSHQGLQJ�RQ�WKH�VKDSH�RI� WKH�REMHFW�DQG� LWV�
GUDJ�FRHIILFLHQW��DQG�LWV�PDVV��
�
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�
ZKHUH��UD��LV�WKH�DLU�GHQVLW\�
� &'�DY�LV�DQ�DYHUDJH�GUDJ�FRHIILFLHQW��DYHUDJHG�RYHU�DOO�URWDWLRQV�GXULQJ�IOLJKW���
� $�LV�WKH�IURQWDO�DUHD�
� P�LV�WKH�PDVV�RI�WKH�REMHFW��
�
)ROORZLQJ� /LQ� DQG� 9DQPDUFNH� >�@� WKH� UDWLR� RI� PLVVLOH� VSHHG� WR� ZLQG� JXVW� VSHHG� LV�
PRGHOOHG�DV�D�UDQGRP�YDULDEOH�ZLWK�D�%HWD�GLVWULEXWLRQ��ZKLFK�FDQ�RQO\�WDNH�YDOXHV�
EHWZHHQ���DQG������7KH�PHDQ�YDOXH�LV�DVVXPHG�WR�EH�JLYHQ�E\�(TXDWLRQ������
�
śȱȱȱȱȱȱȱȱȱ������ȱ������ȱ���ȱ����	�ȱ
�
7KH�SURSRUWLRQ�RI�PLVVLOHV�RI�D�JLYHQ�W\SH�WKDW�LPSDFW�RQ�D�GRZQZLQG�EXLOGLQJ�QHHGV�
WR�EH�GHWHUPLQHG�������)ROORZLQJ�5HIHUHQFH�>�@��WKH�SUREDELOLW\�GLVWULEXWLRQ�RI�WKH�SRLQW�
RI� ODQGLQJ� RI� WKH� GHEULV� LQ� D� KRUL]RQWDO� SODQH� LV� DVVXPHG� WR� EH� GHVFULEHG� E\� D�
ELYDULDWH�*DXVVLDQ�'LVWULEXWLRQ���
�
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�
ZKHUH�[�DQG�\��DUH�WKH�FRRUGLQDWHV�RI�WKH�ODQGLQJ�SRVLWLRQ�RI�WKH�GHEULV�DVVXPHG�DV�
UDQGRP�YDULDEOHV����[�LV�DORQJ�WKH�PHDQ�ZLQG�GLUHFWLRQ���
������������G�LV�WKH�PHDQ�RU�H[SHFWHG�ODQGLQJ�SRVLWLRQ��
�����������V[��V\�DUH�WKH�DVVXPHG�VWDQGDUG�GHYLDWLRQV�IRU�WKH�FRRUGLQDWHV�RI�WKH�ODQGLQJ�
SRVLWLRQ��
�
,QIRUPDWLRQ� RQ� WKH� SDUDPHWHUV� IRU� WKH� DERYH� GLVWULEXWLRQ� LV� DYDLODEOH� IURP� ZLQG�
WXQQHO�VWXGLHV�DQG�RU�QXPHULFDO�VLPXODWLRQV�����7KH�PHDQ�ODQGLQJ�SRVLWLRQ��G��FDQ�EH�
UHODWHG�WR�DQ�DVVXPHG�WLPH�RI�IOLJKW��DV�XVHG�E\�/LQ�DQG�9DQPDUFNH�>�@��
�
%\� VDPSOLQJ� IURP� WKH� DERYH� GLVWULEXWLRQ�� VLPXODWLRQV� RI� WKH� ODQGLQJ� SRLQW� RI� HDFK�
VLPXODWHG�GHEULV�LWHP�FDQ�EH�PDGH����,I�WKH�ODQGLQJ�SRLQW�VR�VDPSOHG�IDOOV�ZLWKLQ�WKH�
IRRWSULQW�RI�WKH�WDUJHW�EXLOGLQJ��WKHQ�LW�FDQ�EH�DVVXPHG�WKDW�DQ�LPSDFW�KDV�RFFXUUHG��
DQG�DQ�LQFUHPHQW�PDGH�WR�WKH�FRXQW�RI�LPSDFWV��19��IRU�D�JLYHQ�JXVW�ZLQG�VSHHG����
�������������
7KH� ILQDO� VWDJH� LV� WR�HVWDEOLVK� WKH�PDWHULDO�GDPDJH� UHVXOWLQJ� IURP� LPSDFWV�RI�GHEULV�
REMHFWV�ZLWK�NQRZQ�PDVV��KRUL]RQWDO�YHORFLW\��PRPHQWXP�DQG�NLQHWLF�HQHUJ\���
�
7KH�SUREDELOLW\�RI�GDPDJH�LV�DVVXPHG�WR�JLYHQ�E\�(TXDWLRQ�����EDVHG�RQ�WKH�3RLVVRQ�
'LVWULEXWLRQ��
�
�
� � � � � � � � � ������������������������������������������
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ZKHUH�3'�LV�WKH�ULVN�RI�GDPDJH�GXH�WR�LPSDFWV�RQ�D�JLYHQ�VXUIDFH�SHU�XQLW�WLPH��DW�D�
ZLQG�JXVW�VSHHG��9��LQ�D�JLYHQ�VWRUP��
19� LV�WKH�DYHUDJH�QXPEHU�RI�LPSDFWV�SHU�XQLW�WLPH�RQ�WKH�EXLOGLQJ�IRRWSULQW�IRU�ZLQG�
VSHHG��9�
T�LV�WKH�YXOQHUDEOH�IUDFWLRQ�RI�WKH�EXLOGLQJ�HQYHORSH�
$�LV�WKH�WRWDO�DUHD�RI�WKH�EXLOGLQJ�HQYHORSH�
)[�[��LV�WKH�FXPXODWLYH�GLVWULEXWLRQ�RI�LPSDFW�PRPHQWXP�
�
,QIRUPDWLRQ� RQ� WKH� WKUHVKROG� RI� PRPHQWXP� RU� HQHUJ\� IRU� GDPDJH�� ['�� IRU� YDULRXV�
EXLOGLQJ�PDWHULDOV�� LQFOXGLQJ� JODVV�� LV� DYDLODEOH�� � � � 7KH� WKUHVKROGV� RI�PRPHQWXP� IRU�
�PP�JODVV�RI�YDULRXV�ZHUH�GHULYHG�IURP�D�SDSHU�E\�0LQRU�>�@��
�
Ŝȱȱȱȱȱȱȱȱȱ����������ȱ���ȱ�����������ȱ
�
$� VNHOHWRQ� IRU� D� ZLQGERUQH� GHEULV� GDPDJH� VLPXODWLRQ� PRGHO� KDV� EHHQ� RXWOLQHG����
0HWKRGRORJLHV� KDYH� EHHQ� SURYLGHG� IRU� D� GHEULV� JHQHUDWLRQ� PRGXOH�� D� GHEULV�
WUDMHFWRU\� PRGXOH�� DQG� D� GHEULV� LPSDFW� DQG� GDPDJH� PRGXOH�� � � $SSURSULDWH�
SUREDELOLW\� GLVWULEXWLRQV�� PHDQ� YDOXHV� DQG� FRHIILFLHQWV� RI� YDULDWLRQ� KDYH� EHHQ�
VXJJHVWHG������0RQWH�&DUOR�VLPXODWLRQ�WHFKQLTXHV��LQ�ZKLFK�YDOXHV�RI�HDFK�SDUDPHWHU�
DUH�UDQGRPO\�VDPSOHG�IURP�WKH�DVVXPHG�GLVWULEXWLRQ��KDYH�EHHQ�DGRSWHG����7KH�ILQDO�
FDOFXODWLRQ�RI�SUREDELOLW\�RI�GDPDJH�SURGXFHG� LV�GRQH�E\�DSSOLFDWLRQ�RI�(TXDWLRQ�
�������
�
�
ŝȱȱȱȱȱȱȱȱȱ����������ȱ
�
>�@���:HKQHU�0����6DQGODQG�&���+ROPHV�-�'���*LQJHU�-�'���.LP�3��	�(GZDUGV�0�����������

´0RGHOOLQJ� GDPDJH� WR� UHVLGHQWLDO� EXLOGLQJV� IURP� ZLQGERUQH� GHEULV�� 3DUW� ���
,PSOHPHQWDWLRQµ�� � � ��WK� $XVWUDODVLDQ� :LQG� (QJLQHHULQJ� 6RFLHW\� :RUNVKRS��
&DQEHUUD��$�&�7���$XJXVW������

>�@����+ROPHV��-�'�����������´:LQGERUQH�GHEULV�DQG�GDPDJH�ULVN�PRGHOV��D�UHYLHZµ���
:LQG�DQG�6WUXFWXUHV��������������

>�@� � 7ZLVGDOH� /�$��� 9LFNHU\� 3�-��� 	� 6WHFNOH\� $�&�� �������� � $QDO\VLV� RI� KXUULFDQH�
ZLQGERUQH�GHEULV� LPSDFW�ULVN�IRU�UHVLGHQWLDO�VWUXFWXUHV��5HSRUW�SUHSDUHG�IRU�6WDWH�
)DUP�0XWXDO��$SSOLHG�5HVHDUFK�$VVRFLDWHV��5DOHLJK��1RUWK�&DUROLQD��5HSRUW�������
0DUFK�������

>�@����/LQ�1��	�9DQPDUFNH�(����������´:LQGERUQH�GHEULV�ULVN�DVVHVVPHQWµ���3URE��(QJJ��
0HFK����������������

>�@� � /LQ�� 1�� DQG� � 9DQPDUFNH�� (�� �������� ´:LQGERUQH� GHEULV� ULVN� DQDO\VLV� ²� 3DUW� ���
,QWURGXFWLRQ�DQG�PHWKRGRORJ\µ����:LQG�DQG�6WUXFWXUHV���������������

>�@����:LOOV�-�$�%����/HH�%�(���	��:\DWW�7�$����������´$�PRGHO�RI�ZLQGERUQH�GHEULV�
GDPDJHµ����-���:LQG�(QJ��,QG��$HURG\Q����������������

>�@���/LQ�1���+ROPHV�-�'��	�/HWFKIRUG�&�:����������7UDMHFWRULHV�RI�ZLQGERUQH�GHEULV�DQG�
DSSOLFDWLRQV�WR�LPSDFW�WHVWLQJ���-��6WUXFW��(QJJ���$6&(�����������������

>�@���0LQRU�-�(�����������´:LQGERUQH�GHEULV�DQG�WKH�EXLOGLQJ�HQYHORSHµ���-���:LQG�(QJ��
,QG��$HURG\Q����������������

�


