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-�'��+ROPHV���'�-��+HQGHUVRQ���
��-'+�&RQVXOWLQJ��0HQWRQH��9LFWRULD��

MRKQ�KROPHV#MGKFRQVXOW�FRP��
�&\FORQH�7HVWLQJ�6WDWLRQ��-DPHV�&RRN�8QLYHUVLW\��7RZQVYLOOH��4XHHQVODQG�

�
ŗȱȱȱȱȱȱȱȱȱ������������ȱ
�
7KH�'LQHV�DQHPRPHWHU��FRQVLVWLQJ�RI�D�SUHVVXUH�WXEH�DQG�IORDW�V\VWHP��ZDV�WKH�PDLQ�
UHFRUGLQJ�LQVWUXPHQW�IRU�ZLQG�JXVWV�XVHG�E\�WKH�$XVWUDOLDQ�%XUHDX�RI�0HWHRURORJ\�IRU�
PRUH�WKDQ�ILIW\�\HDUV��WKXV�OHDYLQJ�D�OHJDF\�RI�YDOXDEOH�KLVWRULFDO�GDWD�RI�LPSRUWDQFH�
IRU�VWUXFWXUDO�GHVLJQ��FOLPDWH�FKDQJH�DVVHVVPHQW�DQG�RWKHU�DSSOLFDWLRQV�����6LQFH�WKH�
VZLWFK�WR�FXS�DQHPRPHWHU�EDVHG�$XWRPDWLF�:HDWKHU�V\VWHPV�LQ�WKH�HDUO\�QLQHWHHQ�
QLQHWLHV�� TXHVWLRQV� KDYH� EHHQ� DVNHG� DERXW� WKH� UHVSRQVH� RI� WKH� 'LQHV� V\VWHP� WR�
DWPRVSKHULF� WXUEXOHQFH�� ZKHWKHU� WKH� GDLO\� SHDN� YHORFLWLHV� ZHUH� FRPSDUDEOH� WR�
WKRVH� UHFRUGHG� E\� WKH� FXS� DQHPRPHWHUV�� RU� ZKHWKHU� VRPH� IRUP� RI� FRUUHFWLRQ� LV�
UHTXLUHG�WR�WKH�SUH������GDWD���
�
$V�HDUO\�DV� ������ 6KHUORFN�DQG�6WRXW� �UHSRUWHG�E\�:KLWWLQJKDP�� >�@�� FRPSDUHG� WKH�
UHVSRQVH� WR� DWPRVSKHULF� WXUEXOHQFH� RI� SUHVVXUH� SODWH�� FXS�FRXQWHU� DQG� SUHVVXUH�
WXEH� DQHPRPHWHUV�� � 7KH� ODWWHU� W\SH� ZDV� VKRZQ� WR� EH� WKH� OHDVW� UHVSRQVLYH� RI� WKH�
WKUHH� W\SHV�� DOWKRXJK� LW� SUREDEO\�ZDV� QRW�D�'LQHV�DQHPRPHWHU�� � �:KLWWLQJKDP� >�@�
UHYLHZHG� SUHYLRXV� VWXGLHV� RI� WKH� 'LQHV� UHVSRQVH� FKDUDFWHULVWLFV� E\� WKH� %ULWLVK�
0HWHRURORJLFDO�2IILFH�DQG�1DWLRQDO�3K\VLFDO�/DERUDWRU\��DQG�FRQFOXGHG�WKDW� ¶��WKH�
'LQHV� DQHPRPHWHU� JLYHV� D� JRRG� LQGLFDWLRQ� RI� WKH� VSHHG� RI� VWURQJ� JXVWV� RI� ����
VHFRQGV�GXUDWLRQ·����7KLV�DVVHVVPHQW�ZDV�EDVHG�RQ�WKH�UHVSRQVH�RI�WKH�'LQHV�V\VWHP�
WR�VLQXVRLGDO�SUHVVXUH�IOXFWXDWLRQV��DQG�DSSHDUV�WR�EH�WKH�EDVLV� IRU�WKH�QRPLQDO�¶����
VHFRQG�JXVW·��XVHG�LQ�WKH�$XVWUDOLDQ�DQG�1HZ�=HDODQG�:LQG�/RDGLQJ�6WDQGDUG�>�@�WR�
WKLV�GD\��
�
7KH�SUHVHQW�SDSHU�JLYHV�VRPH�HDUO\� UHVXOWV� IURP�D�FXUUHQW�RQ�JRLQJ�SURMHFW�� IXQGHG�
E\�WKH�'HSDUWPHQW�RI�&OLPDWH�&KDQJH�DQG�(QHUJ\�(IILFLHQF\��'&&((���ZKLFK�DLPV�
WR�UHVROYH�XQFHUWDLQWLHV�DERXW�WKH�UHVSRQVH�FKDUDFWHULVWLFV�RI�WKH�'LQHV�DQHPRPHWHU�
DQG�WKH�YDOLGLW\�RI�WKH�KLVWRULFDO�GDWDEDVH�RI�SHDN�JXVWV�����$�VWDWH�RI�WKH�DUW�¶3UHVVXUH�
/RDGLQJ� $FWXDWRU·� �3/$�� >�@� ZDV� XVHG� WR� VLPXODWH� DFFXUDWHO\� WKH� DFWXDO� SUHVVXUH�
IOXFWXDWLRQV� UHVXOWLQJ� IURP� WXUEXOHQW� YHORFLWLHV� UHFRUGHG� E\� D� VRQLF� DQHPRPHWHU�����
7KH�IORDW��GLUHFWO\�SURSRUWLRQDO�WR�SHDN�YHORFLWLHV��RI�D�VWDQGDUG��¶ORZ�VSHHG·��'LQHV�
V\VWHP�ZDV� GULYHQ� E\� WKH� 3/$� XVLQJ� D� SUHVVXUH�WLPH� KLVWRU\� GHULYHG� IURP� WKH� VRQLF�
DQHPRPHWHU� WLPH� KLVWRU\�� � � 7KH� SHDN� GHIOHFWLRQV� RI� WKH� IORDW�� FDOLEUDWHG� WR� EH�
GLUHFWO\�SURSRUWLRQDO�WR�WKH�ZLQG�VSHHG��ZHUH�FRPSDUHG�ZLWK�WKH�SHDNV�UHFRUGHG�E\�
WKH� VRQLF� DQHPRPHWHU�� DQG� WKH� SHDNV� DULVLQJ� IURP� D� VLPXODWHG� FXS�DQHPRPHWHU�
UHVSRQVH� REWDLQHG�E\� DSSO\LQJ� D�PRYLQJ�DYHUDJH� ILOWHU� WR� WKH� VRQLF� DQHPRPHWHU�
WLPH�KLVWRULHV����
�
Řȱȱȱȱȱȱȱȱ������������ȱ���
��ȱ���ȱ���������	ȱ
�
7KH�GLJLWL]HG� WLPH�KLVWRU\� IURP� WKH� VRQLF�DQHPRPHWHU��ZLWK�D�PHDQ�ZLQG� VSHHG�RI�
DERXW����P�V�ZDV�UH�VFDOHG��LQ�ERWK�PDJQLWXGH�DQG�WLPH��WR�D�PHDQ�ZLQG�VSHHG�RI�
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���P�V�� WKLV� EHLQJ�PRUH� UHSUHVHQWDWLYH� RI� WKH� FRQGLWLRQV� SURGXFLQJ� H[WUHPH� ZLQG�
JXVWV�RI� LQWHUHVW� LQ� VWUXFWXUDO�GHVLJQ��DQG�QRWLQJ� WKDW� WKH�G\QDPLF�FKDUDFWHULVWLFV�RI�
WKH�'LQHV�IORDW�V\VWHP�FKDQJH�ZLWK�ZLQG�VSHHG�����7KH�GLJLWL]HG�ZLQG�VSHHG�ZDV�WKHQ�
FRQYHUWHG�WR�D�G\QDPLF�SUHVVXUH��DOVR�DOORZLQJ�IRU�WKH�DHURG\QDPLF�VKDSH�IDFWRU�RI�
WKH�'LQHV�KHDG�RI�������DQG�VXSSOLHG�DV�D�FRQWURO� VLJQDO� WR�WKH�3/$�� �7KH� ODWWHU�ZDV�
FRQQHFWHG�WKURXJK�D�PDQLIROG�WR�WKH�'LQHV�KHDG�DQG�KHQFH�YLD����PHWUHV�RI�SLSLQJ��
RI����PP�LQWHUQDO�GLDPHWHU��WR�WKH�'LQHV�IORDW�V\VWHP����7KH�YHUWLFDO�PRYHPHQW�RI�WKH�
IORDW�ZDV�PHDVXUHG�ZLWK�D�/LQHDU�9DULDEOH�'LIIHUHQWLDO�7UDQVIRUPHU��/9'7���DQG�VFDOHG�
WR�JLYH�WKH�HIIHFWLYH�ZLQG�YHORFLW\��DV�¶VHHQ·�E\�WKH�'LQHV�DQHPRPHWHU��� �'HWDLOV�RI�
WKH�H[SHULPHQWDO�VHW�XS��FDOLEUDWLRQV��DQG�VRPH�RWKHU�UHVXOWV��LQFOXGLQJ�WKH�UHVSRQVH�
WR� VLQXLVRGDO� SUHVVXUH� YDULDWLRQV�� DUH� GHVFULEHG� LQ� DQRWKHU� FRQWULEXWLRQ� WR� WKLV�
:RUNVKRS�>�@����������
�
7R�VLPXODWH�WKH�UHVSRQVH�RI�D�FXS�DQHPRPHWHU��WKH�VRQLF�DQHPRPHWHU�WLPH�KLVWRU\�
ZDV�ILOWHUHG�ZLWK�D�PRYLQJ�DYHUDJH�ILOWHU�ZLWK�D�WLPH�DGMXVWHG�IRU�WKH�VWDWHG�GLVWDQFH�
FRQVWDQW�RI�WKH�6\QFKURWDF�������FXS�DQHPRPHWHU�FXUUHQWO\�XVHG�E\�WKH�%XUHDX�RI�
0HWHRURORJ\������7KH�ODWWHU�YDOXH�LV����PHWUHV��SHUVRQDO�FRPPXQLFDWLRQ�²�-��*RUPDQ��
%R0������$W�D�PHDQ�ZLQG�VSHHG�RI����P�V��WKH�HTXLYDOHQW�WLPH�FRQVWDQW�LV������� ������
VHFRQGV��
�
6L[WHHQ�ORFDO�PD[LPD�ZHUH�VHOHFWHG�IURP�WKH�'LQHV�WLPH�KLVWRU\�DQG�FRPSDUHG�ZLWK�
WKH� FORVHVW� PD[LPD� GHULYHG� IURP� WKH� VRQLF� DQHPRPHWHU� DQG� IURP� WKH� VLPXODWHG�
FXS�DQHPRPHWHU� UHFRUG�� DV� GLVFXVVHG� DERYH�� � � � 5DWLRV� RI� WKHVH� SHDNV� ZHUH�
FDOFXODWHG�DQG� �FRPSDUHG�DV�D�FRPSDULVRQ�RI� WKH� IRUPHUO\�XVHG�'LQHV� W\SH��DQG�
WKH� FXUUHQW� FXS� DQHPRPHWHU�� DQG� DQ� LQGLFDWLRQ� RI� WKH� DELOLW\� RI� ERWK� W\SHV� WR�
PHDVXUH�WKH�¶WUXH·�JXVW�SHDN�DV�DVVXPHG�WR�EH�UHFRUGHG�E\�WKH�VRQLF�DQHPRPHWHU�
V\VWHP���
�
Śȱȱȱȱȱȱȱȱȱ�������ȱ
ȱ
)LJXUH� �� VKRZV� SDUWV� RI� WKH� WLPH� KLVWRULHV� RI� WKH� 'LQHV� DQHPRPHWHU�� DQG� RI� WKH�
VLPXODWHG�FXS�DQHPRPHWHU�WUDFHV��ZLWK�VRPH�RI�WKH�SHDNV�VHOHFWHG�IRU�FRPSDULVRQ��
�
7KH� LGHQWLILHG� SHDN� YHORFLWLHV� DQG� WKH� UDWLRV� EHWZHHQ� WKH� 'LQHV� SHDN� DQG� WKH�
FRUUHVSRQGLQJ�RQHV�H[SHFWHG�WR�EH�UHFRUGHG�E\�WKH�FXS�DQHPRPHWHU�V\VWHP�DUH�
VKRZQ�LQ�7DEOH�����$OVR�VKRZQ�DUH�WKH�UDWLRV�RI�WKH�'LQHV�SHDN�WR�WKH�¶WUXH·�SHDN�JXVW�
UHFRUGHG�E\�WKH�VRQLF�DQHPRPHWHU���
�
ȱ
śȱȱȱȱȱȱȱȱ����������ȱ���ȱ�����������ȱ
�
7DEOH���VKRZV�WKDW��IRU�WKH�WLPH�KLVWRU\�RI�WXUEXOHQFH�XVHG�IRU�FRPSDULVRQ��WKH�'LQHV�
DQHPRPHWHU� ZRXOG� KDYH� UHFRUGHG� SHDN� JXVWV� DERXW� ��� KLJKHU� WKDQ� WKH� FXS�
DQHPRPHWHU��6\QFKURWDF������SUHGRPLQDQWO\�XVHG�ZLWK�$XWRPDWLF�:HDWKHU�6WDWLRQV�
LQ�$XVWUDOLD�� � � �2Q� WKH�RWKHU� KDQG� WKH�'LQHV�ZRXOG�KDYH�XQGHUSUHGLFWHG� WKH� VRQLF�
DQHPRPHWHU� SHDNV� E\�PRUH� WKDQ� ���� IRU� WKH� UDQJH� RI� SHDN� JXVWV� ���� WR� ���P�V��
FRPSDUHG�LQ�WKH�WLPH�KLVWRULHV��
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7DEOH�����&RPSDULVRQ�RI�SHDNV�UHFRUGHG�E\�GLIIHUHQW�DQHPRPHWHU�W\SHV�
�

3HDN�1R�� 6RQLF��P�V�� 6LPXODWHG���FXS� 'LQHV� 'LQHV�FXS� 'LQHV�VRQLF�
�� ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������
�� ������ ������ ������ ������ ������
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$YHUDJH� � � � ������ ������
�
�
7KH� DQHPRPHWHU� UHFRUG� XVHG� IRU� FRPSDULVRQ� KDG� D� WXUEXOHQFH� LQWHQVLW\� �DV�
UHFRUGHG�E\�WKH�VRQLF�DQHPRPHWHU��RI������ � �6XFK�D�YDOXH� LV�D�UHDVRQDEOH�RQH�IRU�
WKXQGHUVWRUP�GRZQGUDIW�RXWIORZV�>�@��ZKLFK�SUREDEO\�DFFRXQW�IRU�PRUH�WKDQ�����RI�
WKH�GDLO\�PD[LPXP�JXVWV�LQ�5HJLRQ�$�LQ�$XVWUDOLD����+RZHYHU��IRU�V\QRSWLF�ZLQGV�DW�WKH�
VWDQGDUG� PHDVXUHPHQW� FRQGLWLRQV� RI� ��� PHWUHV� KHLJKW� LQ� IODW�� RSHQ� FRXQWU\�� WKH�
WXUEXOHQFH�LQWHQVLW\�ZRXOG�EH�KLJKHU���DERXW�����������
�
7R�HVWLPDWH� WKH�HIIHFW�RI�D�KLJKHU� WXUEXOHQFH� LQWHQVLW\�RQ� WKH� UDWLRV� LQ� 7DEOH���� WKH�
SHDN�YHORFLWLHV�ZHUH� UH�VFDOHG� WR�D� WXUEXOHQFH� LQWHQVLW\�RI� �����E\� VXEWUDFWLQJ� WKH�
PHDQ�YDOXH��DERXW����P�V���PXOWLSO\LQJ�E\�����������DQG�WKHQ�DGGLQJ�EDFN�WKH�PHDQ�
YDOXH����7KLV�SURFHVV�UHVXOWHG�LQ�DQ�DYHUDJH�SHDN�UDWLR��'LQHV�WR�FXS��RI�DERXW�������
DOWKRXJK� IRU� VRPH� SHDNV� WKH� UDWLR� DSSURDFKHG� ����� � � � 7KLV� UHVXOW� DSSHDUV� WR� EH�
UHDVRQDEO\�FRPSDUDEOH�WR�WKDW�REWDLQHG�E\�/RJXH�>�@��XVLQJ�GLUHFW�PHDVXUHPHQWV�RI�
SHDNV� IURP� D� 'LQHV� DQG� D� FXS� DQHPRPHWHU� �RI� GLIIHUHQW� W\SH��� LQ� DWPRVSKHULF�
WXUEXOHQFH��
�
,Q� VXPPDU\�� GLUHFW� PHDVXUHPHQWV� RI� WKH� UHVSRQVH� RI� WKH� ORZ�VSHHG� 'LQHV� V\VWHP�
XVLQJ�D�VWDWH�RI�WKH�DUW�SUHVVXUH�DFWXDWRU�GULYHQ�E\�DQ�DFWXDO�WXUEXOHQW�ZLQG�UHFRUG�
LQGLFDWHV� DQ� ¶RYHUVKRRW·� RI� SHDNV� ZLWK� UHVSHFW� WR� WKH� VWDQGDUG� FXS� DQHPRPHWHU�
FXUUHQWO\� LQ� XVH� E\� WKH� %R0� RI� ����� �GHSHQGHQW� RQ� VWRUP� W\SH� DQG� WXUEXOHQFH�
LQWHQVLW\��� � � � +RZHYHU�� ZLWK� UHVSHFW� � WR� WKH� VRQLF� DQHPRPHWHU�� WKH� 'LQHV� V\VWHP�
¶XQGHUVKRRWV·�WKH�SHDNV�E\��������IRU�WKH�PDJQLWXGH�RI�JXVWV�VWXGLHG��
�
)LQDOO\�D�FRPPHQW�VKRXOG�EH�PDGH�DERXW�WKH�¶HIIHFWLYH�JXVW�GXUDWLRQ·�RI�WKH�YDULRXV�
W\SHV�RI�DQHPRPHWHU�� � � �8VLQJ�:KLWWLQJKDP·V�GHILQLWLRQ�EDVHG�RQ� WKH� UHFLSURFDO�RI�
WKH�KDOI�SRZHU�IUHTXHQF\��DOVR�DGYRFDWHG�UHFHQWO\�E\�0LOOHU�>�@���WKH�¶HIIHFWLYH�JXVW�
GXUDWLRQ·�� 7�� � FDQ� EH� UHODWHG� WR� WKH� WLPH� FRQVWDQW�� RU� HIIHFWLYH�PRYLQJ� DYHUDJLQJ�
WLPH��W��E\�WKH�IROORZLQJ��DW�OHDVW�IRU�D�ILUVW�RUGHU�PHDVXUHPHQW�V\VWHP���
�
���������������������������������������������������7�#��S�W� ��S��G�8�� � � � � ����������������
ZKHUH�G�LV�WKH�GLVWDQFH�FRQVWDQW�RI�WKH�DQHPRPHWHU�
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�
7KXV� D� 6\QFKURWDF� ���� ��&XS� DQHPRPHWHU� DW� D� ZLQG� VSHHG� RI� ��� P�V�� ZLWK� D�
GLVWDQFH�FRQVWDQW�RI����PHWUHV���JLYHV�DQ�¶HIIHFWLYH�JXVW�GXUDWLRQ��7��RI��S����������RU�
����VHFRQGV���%DVHG�RQ�WKH�FXUUHQW�ZRUN��WKH�HIIHFWLYH�PRYLQJ�DYHUDJLQJ�WLPH�RI�WKH�
ORZ�VSHHG� 'LQHV� V\VWHP� DW� WKH� VDPH� ZLQG� VSHHG�� LV� DERXW� ���� VHFRQGV� JLYLQJ� D�
¶HIIHFWLYH�JXVW�GXUDWLRQ·�RI�����VHFRQGV��DERXW�KDOI�WKDW�VXJJHVWHG�E\�:KLWWLQJKDP�����
�
2WKHU�ZRUN�IRU�WKLV�SURMHFW��VRPH�RI�ZKLFK�LV�WR�SUHVHQWHG�DW�WKLV�:RUNVKRS��>�@��VKRZV�
WKDW�WKH�UHVSRQVH�RI�WKH�'LQHV�DQHPRPHWHU�LV�GRPLQDWHG�E\�WKH�UHVRQDQW�UHVSRQVH�
IUHTXHQFLHV�RI� WKH� IORDW� V\VWHP��SDUWLFXODUO\� WKH� ILUVW�PRGH� �DOWKRXJK�DQ\�YLEUDWLRQV�
DUH�KHDYLO\�GDPSHG�����3UHVHQW�PHDVXUHPHQWV�LQGLFDWH�WKDW�WKH�ILUVW�PRGH�IUHTXHQF\�
LV�DERXW���������+HUW]��DERXW�KDOI�WKDW�PHDVXUHG�DW�1�3�/�� LQ�WKH�����V��DQG�UHSRUWHG�
E\�:KLWWLQJKDP�>�@�����
ȱ
Ŝȱȱȱȱȱȱȱȱȱ����������ȱ
�
>�@������:KLWWLQJKDP�+�(�����������([WUHPH�ZLQG�JXVWV�LQ�$XVWUDOLD����%XOOHWLQ�1R������

%XUHDX�RI�0HWHRURORJ\��0HOERXUQH��)HEUXDU\�������
>�@������6WDQGDUGV�$XVWUDOLD����������6WUXFWXUDO�GHVLJQ�DFWLRQV���3DUW����:LQG�DFWLRQV��

$XVWUDOLDQ�1HZ�=HDODQG�6WDQGDUG��$6�1=6�������������
>�@�����+HQGHUVRQ�'�-���0RUULVRQ�0�-���*LQJHU��-�'���	�0LOOHU�&�$�����������´5HVSRQVH�RI�

'LQHV�$QHPRPHWHU�WR�VLPXODWHG�ZLQGVµ���6RXWKHUQ�+HPLVSKHUH�([WUHPH�:LQGV�
:RUNVKRS��&DQEHUUD��$�&�7�����$XJXVW��������

>�@������+ROPHV�-�'���+DQJDQ�+�0���6FKURHGHU�-���/HWFKIRUG�&�:���	�2UZLJ�.�'�����������
´$�IRUHQVLF��VWXG\�RI�WKH�/XEERFN�5HHVH�GRZQGUDIW�RI�����µ��:LQG�DQG�
6WUXFWXUHV���������������

>�@�����/RJXH�-�-�����������´&RPSDULVRQ�RI�ZLQG�VSHHGV�UHFRUGHG�VLPXOWDQHRXVO\�E\�D�
SUHVVXUH�WXEH� DQHPRJUDSK� DQG� D� FXS�JHQHUDWRU� DQHPRJUDSKµ�� �0HW��0DJ���
���������������

>�@�����0LOOHU�&�$�����������´'HILQLQJ�WKH�HIIHFWLYH�GXUDWLRQ�RI�D�JXVWµ��SUHVHQWHG�DW���WK�
,QWHUQDWLRQDO� �&RQIHUHQFH�RQ�:LQG� (QJLQHHULQJ��&DLUQV��4XHHQVODQG�� -XO\� �����
������

�
��������	�����ȱ
�
7KH� DXWKRUV� DFNQRZOHGJH� WKH� ILQDQFLDO� VXSSRUW� E\� WKH� 'HSDUWPHQW� RI� &OLPDWH�
&KDQJH�DQG� (QHUJ\� (IILFLHQF\� IRU� WKH�ZRUN�GHVFULEHG� LQ� WKLV� SDSHU��DV�SDUW�RI� WKH�
SURMHFW��¶([WUHPH�ZLQG�VSHHG�EDVHOLQH�FOLPDWH�LQYHVWLJDWLRQ·���
�
�
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)LJXUH������([WUDFWV�IURP�ZLQG�VSHHG��RUGLQDWHV�LQ�P�V��YHUVXV�WLPH��LQ�VHFRQGV��
KLVWRULHV�RI�WKH�'LQHV�DQHPRPHWHU��EOXH��DQG�RI�WKH�FXS�DQHPRPHWHU��UHG���VKRZLQJ�

SHDNV�VHOHFWHG�IRU�FRPSDULVRQ��


