
���

:LQG�9HORFLW\�)LHOG�GXULQJ�7KXQGHUVWRUPV��
([WUHPH�:LQG�9HORFLWLHV�LQ�0L[HG�:LQG�FOLPDWHV�

DQG��QHZ�GDWD�IURP�LQWHQVH�GRZZQEXUVW�

-RUJH�'��5LHUD�

33*(&��((��8QLYHUVLGDGH�)HGHUDO�GR�5LR�*UDQGH�GR�6XO��3RUWR�$OHJUH��56��%UDVLO�
$Y��2VYDOGR�$UDQKD������R��$QGDU�������������3RUWR�$OHJUH��56��%UDVLO�

�MRUJH�ULHUD#XIUJV�EU!

���,1752'8&7,21�

:LQG� DFWLRQ� LV� XVXDOO\� D� IDFWRU� RI� IXQGDPHQWDO� LPSRUWDQFH� LQ� VWUXFWXUDO� GHVLJQ��
HVSHFLDOO\�LQ�FDVH�RI�ODUJH�VSDQV�DQG�OLJKW�VWUXFWXUHV��&RGHV�IRU�VWUXFXUDO�GHVLJQ�DVVXPH�WKDW�
LQ� IODW� WHUUDLQ� WKH� LQFLGHQW� PHDQ� ZLQG� YHORFLW\� YHFWRU� LV� SDUDOOHO� WR� WKH� JURXQG�� ZKLFK�
FRQVWLWXWHV� D� YDOLG� VLPSOLILFDWLRQ� IRU� ZLQGV� FDXVHG� E\� WKH� PRVW� IUHTXHQW� PHWHRURORJLFDO�
SKHQRPHQD�� VXFK� DV�([WUDWURSLFDO�6WRUPV�� KHUHLQ�GHVLJQDWHG�([WHQGHG�3UHVVXUH�6\VWHPV�
�(36�� RU� 7URSLFDO�6WRUPV� �+XUULFDQHV�� 7\SKRRQV���2Q� WKH� RWKHU� KDQG��ZLQG�HIIHFWV�GXH� WR�
RWKHU�SKHQRPHQD��VXFK�DV�GRZQEXUVWV�GXULQJ�WKXQGHUVWRUPV��76���DQG�LWV�FRPELQDWLRQ�ZLWK�
(36� ZLQGV� LQ� VR�FDOOHG� VTXDOO� OLQHV�� DUH� VLPSO\� QHJOHFWHG�� ,Q� WKHVH� HYHQWV�� WKH� VSDWLDO�
GLVWULEXWLRQ�RI� WKH�ZLQG�YHORFLW\�PD[LPXP�DPSOLWXGH�RQ�DQ\�KRUL]RQWDO�SODQH��DV�ZHOO�DV� LWV�
RULHQWDWLRQ��DUH�IDU�IURP�XQLIRUP��7KXV��76�ZLQG�ILHOGV�GLIIHU�VLJQLILFDQWO\�IURP�PRGHOV�LPSOLFLW�
LQ� FXUUHQW� FRGHV�� UHQGHULQJ� WKH� DSSOLFDELOLW\� RI� WKH� ODWWHU� WR� ODUJH� FRQVWUXFWLRQV� KLJKO\�
TXHVWLRQDEOH�� 0RUHRYHU�� 76� ZLQG� UHFRUGV� FDQ� QR� ORQJHU� EH� UHJDUGHG� DV� VDPSOHV� RI� D�
VWDWLRQDU\� UDQGRP� SURFHVV� DQG� LW� VHHPV� XQOLNHO\� WKDW� WKH� DORQJ�ZLQG� IOXFWXDWLQJ� YHORFLW\�
FRPSRQHQWV�DUH�JRYHUQHG�E\�VXUIDFH�URXJKQHVV��DV�LQ�FDVH�RI�(36�ZLQGV��6LQFH�WKH�YHUWLFDO�
YHORFLW\�SURILOHV�DUH�DOVR�GLIIHUHQW��ERWK�VWDWLF�DQG�G\QDPLF�PHWKRGV�RI�DQDO\VLV�RI�WDOO��IOH[LEOH�
VWUXFWXUHV�VXEMHFWHG�WR�ZLQG�DFWLRQ�SUHVHQWO\�LQ�XVH�DUH�QRW�DGHTXDWH�WR�PRGHO�WKH�H[FLWDWLRQ�
GXH�WR�76�HYHQWV��

,Q�WHPSHUDWH�ODWLWXGHV��LQ�UHJLRQV�QRW�DIIHFWHG�E\�WURSLFDO�F\FORQV��ZKLOH�URXJKO\�QLQH�RXW�
RI�WHQ�PD[LPXP�DQQXDO�YHORFLW\�UHFRUGV�DW�WKH�VWDQGDUG���P�REVHUYDWLRQ�KHLJKW�RFFXU�GXULQJ�
(36� HYHQWV�� H[WUHPH� ZLQGV� IRU� GHVLJQ� SHULRGV� ORQJHU� WKDQ� DERXW� WHQ� \HDUV� DUH� W\SLFDOO\�
FDXVHG�E\�76�HYHQWV��,Q�IDFW��5LHUD�HW�DO�>��@�XQGHUOLQHG�D�TXDUWHU�RI�D�FHQWXU\�DJR�WKH�QHHG�
WR�DVVHVV� WKH�SUREDELOLW\�GLVWULEXWLRQ�RI�H[WUHPH� WKXQGHUVWRUP�ZLQG�YHORFLWLHV�� VXVWDLQHG�E\�
WKH�SUHPLVH� WKDW� WKH�SUREDELOLW\�GLVWULEXWLRQ�RI� WKH�PD[LPXP�DQQXDO�76�ZLQG�YHORFLW\�DW� WKH�
UHIHUHQFH� ��P� KHLJKW� PXVW� EH� GLIIHUHQW� IURP� WKH� GLVWULEXWLRQ� IXQFWLRQV� WKDW� GHVFULEH� WKH�
SUREDELOLW\�RI�RFFXUUHQFH�RI�ZLQGV�FDXVHG�E\�H[WUDWURSLFDO�RU�E\� WURSLFDO�VWRUPV��7KRP�>��@�
KDG� HDUOLHU� SURSRVHG� WR� GHDO� ZLWK� PL[HG� SRSXODWLRQV� RI�(36� DQG� WURSLFDO� VWRUP� ZLQGV� E\�
UHVRUWLQJ� WR� D� FRPELQHG� SUREDELOLW\� GLVWULEXWLRQ� 39� �Y��� $W� DQ\� UDWH�� 5LHUD� DQG� 1DQQL� >��@�
FRQILUPHG��XVLQJ�GDWD�IURP����PHWHRURORJLFDO�VWDWLRQV�LQ�VRXWKHUQ�%UD]LO�WKDW�H[WUHPH�DQQXDO�
(36�DQG�76�ZLQGV�DUH�FKDUDFWHUL]HG�E\�GLIIHUHQW�SUREDELOLW\�GLVWULEXWLRQV�DQG�WKDW�76�JRYHUQ�
WKH�ORZ�SUREDELOLW\�UHJLRQ��

7KH�IUHTXHQF\�DQG�PDJQLWXGH�RI�GDPDJH�FDXVHG�E\�WKXQGHUVWRUPV��RQ�WKH�RWKHU�KDQG��
FDOOHG� WKH�DWWHQWLRQ�RI� HQJLQHHUV�HQJDJHG� LQ� WUDQVPLVVLRQ� OLQH�GHVLJQ�DQG�PDLQWHQDQFH�� ,Q�
IDFW�� PRUH� WKDW� ���� RI� WUDQVPLVVLRQ� OLQH� WRZHU� IDLOXUHV� GXH� WR� ZLQG� DFWLRQ� LQ� WHPSHUDWH�
FOLPDWHV�RFFXU�GXULQJ�WKXQGHUVWRUPV�>�@��7KLV�HYLGHQFH�FRQILUPV�WKH�LPSRUWDQFH�RI�76�ZLQGV�
LQ� VWUXFWXUDO� GHVLJQ�� DQG� MXVWLILHV� WKH� JURZLQJ� LQWHUHVW� LQ� WKH� SKHQRPHQRQ�� ZKLFK� DFWXDOO\�
EHJXQ� LQ� DHURQDXWLFDO� HQJLQHHULQJ�� ,Q� WKLV� SDSHU�� D� VLPSOLILHG� PRGHO� RI� WKH� �'� ZLQG� ILHOG�
FDXVHG�E\�D�GRZQGUDIW�GXULQJ�D�76�HYHQW�LV�SURSRVHG��ZKLFK�DFFRXQWV�IRU�WKH�WUDQVLHQW�QDWXUH�
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RI�76�ZLQGV�DV�ZHOO�DV�IRU�LWV�IOXFWXDWLQJ�FRPSRQHQWV��$Q�DSSOLFDWLRQ�RI�WKH�PRGHO�WR�VLPXODWH�
WKH�ZLQG�FOLPDWH�DVVRFLDWHG�WR�76�ZLQGV�LV�GHVFULEHG�QH[W��6LPXODWLRQV�RI� WKLV�W\SH�PD\�EH�
XVHIXO�LQ�WKH�GHVLJQ�RU�ULVN�DQDO\VLV�RI�WUDQVPLVVLRQ�OLQHV��ORQJ�VSDQ�FURVVLQJV��FDEOH�VWD\HG�
EULGJHV�DQG�VLPLODU�VWUXFWXUHV��)LQDOO\��WKH�RYHUYLHZ�RI�GHYHORSPHQWV�DQG�FXUUHQW�UHVHDUFK�DW�
/'(&�LV�FRPSOHWHG�ZLWK�UHFRUGV�REWDLQHG�GXULQJ�D�76�HYHQW�LQ�3DVVR�)XQGR���
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��,Q�D�SUHYLRXV�SDSHU�� WKH�DXWKRU�GHVFULEHG�D�QRQ�VWDWLRQDU\�PRGHO�RI�WKH�ZLQG�ILHOG�LQ�D�
76�HYHQW��3RQWH� >��@��3RQWH�DQG�5LHUD� >��@��ZKLFK� LV� IRUPXODWHG� LQ� WHUPV�RI�PHWHRURORJLFDO�
YDULDEOHV�� VXFK� DV� WKH� KHLJKW� RYHU� WKH� JURXQG� VXUIDFH� RI� � WKH� ERWWRP� RI� WKH� FDXVDWLYH�
FXPXORQLPEXV� � FORXG�DQG� WKH�GLDPHWHU�RI� WKH�GRZQGUDIW� F\OLQGHU�RU� WKH�SUHVVXUH�GURS�� IRU�
ZKLFK� VFDUFH� GDWD� LV� DYDLODEOH� DQG� QR� SUREDELOLVWLF� PRGHO� NQRZQ� WR� WKH� DXWKRUV� H[LVWV��
1HYHUWKHOHVV��WKH�SRWHQWLDO�DSSOLFDWLRQV�RI�WKHVH�PRGHOV��ERWK�IRU�GHVLJQ�SXUSRVHV�RI�VSHFLDO�
HQJLQHHULQJ� FRQVWUXFWLRQV�� VXFK� DV� SRZHU� OLQHV�� HOHYDWHG� UDLOZD\� V\VWHPV� RU� ORQJ� VSDQ�
EULGJHV��DV�ZHOO�DV�LQ�WKH�FRQWH[W�RI�UHOLDELOLW\�DVVHVVPHQWV��DUH�TXLWH�ODUJH��

7KH�DSSOLFDWLRQV�PHQWLRQHG�DERYH� LQFOXGH�� IRU�H[DPSOH�� WKH�JHQHUDWLRQ�E\�0RQWH�&DUOR�
VLPXODWLRQ�RI�DOO�WKH�PHDQLQJIXO�HYHQWV�FDXVLQJ�KLJK�ZLQGV�DORQJ�DQ�HQWLUH�WUDQVPLVVLRQ�OLQH�
GXULQJ� LWV� OLIHWLPH�� 1RWH� WKDW� LQ� HDFK� ORDGLQJ� FDVH� QR� DGGLWLRQDO� VLPSOLI\LQJ� DVVXPSWLRQV�
FRQFHUQLQJ�ZLQG�RULHQWDWLRQ�� � VSDWLDO� GLVWULEXWLRQ�RI� WKH� YHORFLW\� RU� VWRUP�GXUDWLRQ�ZRXOG�EH�
QHFHVVDU\�� ,Q�FRQQHFWLRQ�ZLWK�H[WUHPH�YHORFLW\�SUHGLFWLRQV�DW�VLWHV�RI� LQWHUHVW�DQG�VWUXFWXUDO�
UHOLDELOLW\�DVVHVVPHQWV��DQ�LQWHUHVWLQJ�XVH�RI� WKH�PRGHO� LV�WKH�VLPXODWLRQ�RI�H[WUHPH�DQQXDO�
ZLQG� YHORFLWLHV�� LQ� WHUPV� RI� PHWHRURORJLFDO� YDULDEOHV� WKDW� DUH� JHQHUDOO\� DYDLODEOH�� DV� WKH�
QXPEHU� RI� (36� RU� 76� HYHQWV� SHU� \HDU� DW� WKH� ORFDWLRQ� RI� LQWHUHVW�� 7KLV� ZRXOG� DOORZ� WKH�
HVWLPDWLRQ�RI� WKH�SUREDEDELOLW\�GLVWULEXWLRQ�RI� WKH�ZLQG�YHORFLW\�DW�VLWHV� WKDW�DUH�GLVWDQW� IURP�
PHWHRURORJLFDO�VWDWLRQV�RU�ZKHUH�RQO\�VKRUW�GXUDWLRQ�UHFRUGV�DUH�DYDLODEOH��

%\�ZD\� RI� LOXVWUDWLRQ�� WKH� VLPXODWLRQ�RI� H[WUHPH�DQQXDO�ZLQG� YHORFLWLHV� FDXVHG�E\�76�
HYHQWV�DW�WKH�VWDQGDUG���P�UHIHUHQFH�KHLJKW�DW�WZR�VLWHV�LQ�VRXWKHUQ�%UD]LO�LV�GHVFULEHG�QH[W��
7KH�SUREDELOLW\�GHQVLW\�IXQFWLRQV�REWDLQHG�E\�VLPXODWLQJ����\HDUV�RI�UHFRUG�DUH�FRPSDUHG�ZLWK�
SUHGLFWLRQV�EDVHG�RQ�DFWXDO�REVHUYDWLRQV�DW�PHWHRURORJLFDO�VWDWLRQV� ORFDWHG�DW� WKH�VHOHFWHG�
VLWHV�>��@��>��@��,W�LV�VKRZQ�WKDW�WKH�GLIIHUHQFHV�EHWZHHQ�ERWK�DSSURDFKHV�DUH�FRPSDWLEOH�ZLWK�
WKH�H[SHFWHG�VWDWLVWLFDO�HUURUV�DQG�WKDW�WKH�SURSRVHG�PRGHO�PD\�EH�XVHG�ZLWK�FRQILGHQFH�LQ�
HQJLQHHULQJ�DSSOLFDWLRQV��,W� LV�QHYHUWKHOHVV�XQTXHVWLRQDEOH�WKDW�WKH�SURSRVHG�PRGHO�FDQ�EH�
LPSURYHG�E\�QHZ�GDWD�RQ�WKH�UHOHYDQW�UDQGRP�YDULDEOHV�DV�ZHOO�DV�LQ�WKH�GHVFULSWLRQ�RI�WKH�
ZLQG�ILHOG�LWVHOI���7KHVH�LPSURYHPHQWV�RU�HYHQWXDO�FRUUHFWLRQV�ZRXOG�UHTXLUH�WKH�FRQWULEXWLRQ�
RI�VSHFLDOLVWV�LQ�RWKHU�DUHDV��VXFK�DV�ERXQGDU\�OD\HU�PHWHRURORJ\��FRPSXWDWLRQDO�PHWHRURORJ\�
DQG�IOXLG�G\QDPLFV��DQG�LW�LV�KRSHG�WKDW�WKLV�SDSHU�ZLOO�SURPRWH�FRRSHUDWLRQ��
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1HDUO\�WKUHH�GHFDGHV�DJR��5LHUD�HW�DO�>��@�DGYDQFHG�D�SURSRVDO�WR�DVVHVV�WKH�SUREDELOLW\�
GLVWULEXWLRQ� RI� H[WUHPH� WKXQGHUVWRUP� �76�� ZLQG� YHORFLWLHV�� H[SHFWLQJ� WKDW� WKH� SUREDELOLW\�
GLVWULEXWLRQ�RI�WKH�PD[LPXP�DQQXDO�76�ZLQG�YHORFLW\�DW�WKH�UHIHUHQFH���P�KHLJKW�VKRXOG�EH�
GLIIHUHQW� IURP� WKH�GLVWULEXWLRQ� IXQFWLRQV� WKDW�GHVFULEH� WKH�SUREDELOLW\�RI�RFFXUUHQFH�RI�ZLQGV�
FDXVHG�E\�H[WUDWURSLFDO�VWRUPV��KHUHLQ�GHVLJQDWHG�H[WHQGHG�SUHVVXUH V\VWHPV� �(36��RU�E\�
WURSLFDO�VWRUPV�� � � ,Q� IDFW��7KRP�>��@�KDG�HDUOLHU�SURSRVHG�WR�GHDO�ZLWK�PL[HG�SRSXODWLRQV�RI�
(36�DQG�WURSLFDO�VWRUP�ZLQGV�E\�UHVRUWLQJ�WR�WKH�FRPELQHG�SUREDELOLW\�GLVWULEXWLRQ�39��Y���

39��Y�� �3(��H[S>��Y�ȕ���@����37 H[S�>��Y�ȕ�����@� � ���������������������������������������

LQ�ZKLFK�37 � GHQRWHV� WKH� IUHTXHQF\�RI� RFFXUUHQFH�RI� WURSLFDO� F\FORQV� LQ� WKH��Ý� � � ORQJLWXGH�
ODWLWXGH� VTXDUH� XQGHU� FRQVLGHUDWLRQ� DQG� 3(�  � �� �� 37 �� 7KRP� >��@� DVVXPHG� WKH� XQLYHUVDO�
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YDOLGLW\�RI�HT������ZKLFK�UHTXLUHV��LQ�D�JHQHUDO�FDVH��WKH�HVWLPDWLRQ�RI�37 �DQG�ȕ��*RPHV�DQG�
9LFNHU\�>��@�� LQ�WXUQ��KDG�VXJJHVWHG�WKDW�WKH�GLVWULEXWLRQ�RI�PD[LPXP�DQQXDO�ZLQG�YHORFLWLHV�
FDXVHG�E\�76�HYHQWV�VKRXOG�EH�UHODWHG�WR�WKH�PHDQ�QXPEHU�RI�VWRUPV�SHU�\HDU�QV���SURSRVLQJ�
RQ�WKH�EDVLV�RI�REVHUYDWLRQV�DW�DQ�DXVWUDOLDQ�PHWHRURORJLFDO�VWDWLRQ�WKH�DGRSWLRQ�RI�D�)LVKHU�
7LSSHWW�7\SH�,�GLVWULEXWLRQ��*XPEHO���5LHUD�HW�DO�>��@�SURSRVHG�WR�DVVHVV�DQQXDO�H[WUHPH�76
ZLQG�YHORFLWLHV�E\�DGRSWLQJ�D�)LVKHU�7LSSHWW�,,��)UHFKHW��GLVWULEXWLRQ�ZLWK�SDUDPHWHUV���

ȕ  ��������������OQ�QV����P�V��� � � � � ����������������������������
Ȗ� ��������OQ�QV���� � � � � � � ����������������������������

���� �,W� LV� UHFRJQL]HG� QRZ� WKDW� WKH� LVRODWHG� 76� VWRUP� LV� OHVV� GDPDJLQJ� WKDQ� WKRVH�
RFFXUULQJ�LQ�D�VTXDOO�OLQH��LQ�ZKLFK�D�VXP�RI�HIIHFWV�WDNHV�SODFH��7KXV�HTV���������ZRXOG�KDYH�
UHVWULFWHG�DSSOLFDELOLW\��5LHUD�DQG�1DQQL�>��@�FRQILUPHG�ODWHU�WKDW�(36�DQG�76�H[WUHPH�DQQXDO�
ZLQG�VHULHV�GR�SUHVHQW�GLIIHUHQW�SUREDELOLW\�GLVWULEXWLRQV��:KHQ�WKH�UHJLVWHUHG�YHORFLWLHV�DUH�
FODVVLILHG� DFFRUGLQJ� WR� WKHLU� RULJLQ�� LQ� WKLV� FDVH� HLWKHU�(36� RU�76�� DQG� DQJOH� RI� LQFLGHQFH��
H[WUHPH�W\SH�,�GLVWULEXWLRQV�EHVW�ILW�WKH�DYDLODEOH�VHULHV�UHFRUGHG�DW���EUD]LOLDQ�PHWHURURORJLFDO�
VWDWLRQV���
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7KH�PRGHO�RI�WKH�GRZQGUDIW�GXULQJ�D�76�HYHQW�GHVFULEHG�E\�3RQWH�DQG�5LHUD�>��@�ZDV�
DGRSWHG�LQ�WKLV�VWXG\��5HDGHUV�LQWHUHVWHG�LQ�FRPSDULVRQV�RI�WKH�PRGHO�SUHGLFWLRQV�ZLWK�RWKHU�
IRUPXODWLRQV�RU�ILHOG�REVHUYDWLRQV�PD\�FRQVXOW�WKH�UHIHUHQFH�FLWHG�DERYH��,W�LV�DVVXPHG�WKDW��
LQ�FDVH�RI�D�VWDWLRQDU\�FXPXORQLPEXV�FORXG��WKH�ZLQG�ILHOG�LV�D[LV\PPHWULF�DQG�GHSHQGV�RQ�
WKH� IROORZLQJ� SK\VLFDO� SDUDPHWHUV�� SUHVVXUH� GURS�� EDFNJURXQG� ZLQG� YHORFLW\�� GLUHFWLRQ� RI�
EDFNJURXQG� ZLQG�� KHLJKW� IURP� OHYHO� WR� WKH� FORXG� DQYLO� FHQWHU�� � UDWLR� RI� FORXG� EDVH� DQG�
FKDUDFWHULVWLF�WLPH�RI�WKH�VWRUP��ZKLFK�KHUHLQ�FRQVLGHUHG�UDQGRP�YDULDEOHV��

$�VLPLODU�VHW�RI�DVVXPSWLRQV�ZDV�DGRSWHG�LQ�ZLQG�WXQQHO�VWXGLHV�RI�WKH�SKHQRPHQRQ��
LQ�ZKLFK�D�GRZQEXUVW�ZDV�PRGHOOHG�E\�D�VWDWLRQDU\�MHW�LPSLQJLQJ�RQ�D�IODW�VXUIDFH��:RRG�	�
.ZRN� >��@��� ,Q� WKLV� FRQWH[W�� 5LHUD� DQG� 5RFKD� >�@� SURSRVHG� DQ� D[L�V\PPHWULF� YHORFLW\� ILHOG�
EDVHG�RQ�D�VROXWLRQ�GHYHORSHG�E\�=KX�	�(WNLQ�>��@���6LPLODU�PRGHOV�DUH�GXH�WR�+ROPHV�DQG�
2OLYHU� >��� @� DQG�&KHQ� DQG� /HFKIRUG� >��@��7KH�D[L�V\PPHWULF� YHORFLW\� ILHOG� >�@� FRQVWLWXWHV�D�
VDWLVIDFWRU\� DSSUR[LPDWLRQ� WR� D� VWDWLRQDU\� GRZQGUDIW� DQG� ZDV� DGRSWHG� ZLWK� VRPH�
VLPSOLILFDWLRQV�LQ�WKH�76�WUDQVLHQW�ZLQG�ILHOG�SURSRVHG�E\�3RQWH�DQG�5LHUD�>�@��7KH�ODWWHU�LV�D�
EDVLF� WRRO� LQ� WKH� VLPXODWLRQ� VWXG\� GLVFXVVHG� KHUHLQ� DQG� ZLOO� WKXV� EH� VXPPDUL]HG� LQ� WKH�
IROORZLQJ�� ,W� LV� DVVXPHG� WKDW� WKH� FDXVDWLYH� FXPXORQLPEXV� FORXG� LV� D� FLUFXODU� F\OLQGHU� ZLWK�
YHUWLFDO�D[LV��7KH�EDVH�RI�WKH�F\OLQGHU��L�H��RI�WKH�FORXG��LV�DW�KHLJKW�K�DERYH�JURXQG�OHYHO��7KH�
IORZ�OLQHV�DUH�DOVR�DVVXPHG�WR�EH�D[LV\PPHWULFDO�LQ�UHODWLRQ�WR�WKH�FORXG�YHUWLFDO�D[LV���

)LJXUH���)ORZ�OLQHV�LQ�76��LQLWLDO�FRQWDFW��������������)LJXUH����)ORZ�OLQHV�LQ�76��
�������������������������������)URP��8QLYHUVLW\�RI�,OOLQRLV���::�����RQ�OLQH�JXLGHV��
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+HQFH��DSSO\LQJ�%HUQRXOOL�V�7KHRUHP� IRU� KHLJWKV�K� DQG�]�DERYH� WKH�JURXQG�� WKH� WDQJHQWLDO�
YHORFLW\�DW�KHLJKW�]�DORQJ�D�IORZ�OLQH�LV�REWDLQHG��LQ�ZKLFK�GS�GHQRWHV�D�SUHVVXUH�GLIIHUHQWLDO�
ZKLOH�ρ LV�WKH�VSHFLILF�PDVV���PRGHOHG�E\�WKH�H[SRQHQWLDO�IXQFWLRQ�������

9W� �>�� � �GS���ρ����@���� � �� � � � � �����

��������� � ��ρ�]�� �ρR��H[S����ȕ]�� � � � ������ � � �����

,Q�WKH�UDQJH�����]���������P�WKH�SDUDPHWHUV�LQ�HTXDWLRQ��������HVWLPDWHG�XVLQJ�GDWD�IURP�0F�
'RQDOG�	�)R[�>��@��DUH�ρR �������NJ�P��DQG� ȕ� ���������7KH�SUHVVXUH�GLIIHUHQFH LV�DVVXPHG�
WR�YDU\�OLQHDUO\�IURP�]HUR�DW�KHLJKW�K�WR�∆3R�DW�JURXQG�OHYHO��7KH�SUHVVXUH�DW�KHLJKW�]�LV��

S� ��∆3R����]�K�� � � ��������������� ��������������������� �����

LQWURGXFLQJ�HTXDWLRQV�������DQG�������LQ�HTXDWLRQ�������DQG�VROYLQJ�WKH�LQWHJUDO��WKH�IROORZLQJ�
H[SUHVVLRQ�IRU�WKH�WDQJHQWLDO�YHORFLW\�LV�ILQDOO\�REWDLQHG��
��

9W >�� ∆3R����K ρR ȕ�@���>�H[S��ȕK���²�H[S��ȕ]���@���������������������������������������� �����

)XUWKHUPRUH��DYDLODEOH�LQIRUPDWLRQ�VXJJHVWV�WKDW�WKH�WRWDO�SUHVVXUH�GURS�∆3R�UDQJHV�EHWZHHQ�
����DQG�����3D��DOWKRXJK�QR�GDWD�ZDV�IRXQG�WR�ILW�D�SUREDELOLW\�GHQVLW\�IXQFWLRQ�WR�∆3R��ZKLFK�
PXVW� WKHQ�EH�PRGHOHG�VROHO\�RQ� WKH�EDVLV�RI� LWV�HVWLPDWHG�PD[LPXP�DQG�PLQLPXP�YDOXHV��
)RU� DQ\� JLYHQ� YDOXH� RI� ∆3R�� HT������� DOORZV� WKH� GHWHUPLQDWLRQ� RI� WKH� WDQJHQWLDO� YHORFLW\��
7\SLFDO�YHORFLW\�KHLJKW�FXUYHV�DUH�VKRZQ�LQ�)LJ�������7KH�D[LDO�DQG�UDGLDO�YHORFLW\�FRPSRQHQWV�
DORQJ�D�IORZ�OLQH�FDQ�EH�GHWHUPLQHG�IURP�HTXDWLRQ�RI�WKH�ODWWHU��=KX�	�(WNLQ�>��@�SUHVHQWHG�D�
VLPSOLILHG���GPHQVLRQDO�PRGHO�²WKH�VR�FDOOHG�GRXEOHW�VKHHW�PRGHO��EDVHG�RQ�IOXLG�PHFKDQLFV�
FRQVLGHUDWLRQV�� )RU� HQJLQHHULQJ� SXUSRVHV�� WKH� PRGHO� ZDV� VLPSOLILHG�� PDLQWDLQLQJ� WKH�
DVVXPSWLRQ� RI� D[LDO� V\PPHWU\�� ,Q� WKH� IROORZLQJ� WKH� IORZ� OLQHV� DUH� GHVFULEHG� E\� HT�� ����� LQ�
ZKLFK�N�LV�D�FRQVWDQW�DQG�U�LV�WKH�GLVWDQFH�WR�WKH�YHUWLFDO�D[LV�RI�WKH�FORXG���

������������������������������������]��U�� �N�U�� � � ����������������������� � ������
��

����������������������� � �������

��������������������������������� �����)LJXUH�����)ORZ�OLQH�LQ�GRZQGUDIW������
�������������������



���

,Q�IDFW��IRU�YDULRXV�VLPLODU�IORZ�OLQHV��GLIIHUHQFHV�LQ�SUHGLFWHG�YHORFLWLHV�DUH�PDUJLQDO��)RU�
D�VSHFLILF�IORZ�OLQH��WKH�GHULYDWLYH�RI�]�LQ�UHODWLRQ�WR�U��GHQRWHG�]��U��GHILQHV�WKH�WDQJHQW�RI�WKH�
DQJOH� LQ�UHODWLRQ�WR�WKH�2U�D[LV��$W�SRLQW��US��K��� WKH�UDGLDO�DQG�D[LDO�YHORFLW\�FRPSRQHQWV�IRU�
DQ\�KHLJKW�]�RI�LQWHUHVW�DUH�JLYHQ�E\��

9U� �9W��^���>����]����US�� @`��������� ���������������������������������������������������� �����

9D� �9W��^�]����US�� ��>���]����US� @`��� � �����������������������������������������

U� �>�[����\��@������� � �������������������������������������������� � ������

VLQ�θ�� �^�����>����]����US�� @`���� � � ������������������������ ������

FRV�θ� �^�]����US�� �>���]����US�� @`���� � ���������������� � ������

LQ�ZKLFK�θ�GHQRWHV� WKH�DQJOH�EHWZHHQ�WKH� WDQJHQW� WR� WKH� IORZ� OLQH�DQG�WKH�YHUWLFDO�D[LV�2]��
)LQDOO\��LW�UHVXOWV�

9D� �9W�>�US� K ����US� K ���U��@���� � ����������������������������� � ������

9U� �9W�>�U����>�US� K ���U ��@���� � ��������������������������������� � �������

7KH�YHORFLW\�FRPSRQHQWV�LQ�WKH�GLUHFWLRQ�RI�WKH�FRRUGLQDWH�D[HV�DUH�JLYHQ�E\��

9[  �9W�VLQ�θ�FRV�β�� �9U�FRV�β��� � � � ������������������

��9\� �9W�VLQ�θ�VLQ�β� ��9U�V� � � � � � �������

��9]� �9W�FRV�θ�� �9D� � � � � � � �������

,Q�ZKLFK�β�GHQRWHV�WKH�DQJOH�EHWZHHQ�WKH�SURMHFWLRQ�RI�WKH�IORZ�OLQH�RQ�D�KRUL]RQWDO��SODQH��
DQG�WKH�2[�D[LV��

���%$&.*5281'�:,1'�$1'�75$16/$7,21$/�9(/2&,7<�2)�&$86$7,9(�&/28'
��

,Q�PRVW�FDVHV�� WKH�FDXVDWLYH�FORXG� LV�FDUULHG�E\� WKH�JHQHUDO�FLUFXODWLRQ� LQ� WKH� UHJLRQ��
KHUHLQ� GHVLJQDWHG�EDFNJURXQG�ZLQG�� ,W� LV� DVVXPHG� WKDW� WKH�EDFNJURXQG�ZLQG�KDV� FRQVWDQW�
YHORFLW\� DQG� WKH� VDPH� RULHQWDWLRQ� WKURXJKRXW� WKH� UHJLRQ� LQ� ZKLFK� WKH� ZLQG� FOLPDWH� ZLOO� EH�
VLPXODWHG�� LQ� WKLV� VWXG\� D� ���� NP�� VTXDUH� DUHD�� ,Q� UDUHU� RFFDVLRQV�� KRZHYHU�� PDWXUH�
FXPXORQLPEXV� FORXGV� DUH� FDUULHG�E\� VWRUP� IURQWV��7KLV�JLYHV� ULVH� WR� VR�FDOOHG�VTXDOO� OLQHV��
ZKLFK�UHVXOW�LQ�KLJKHU�ZLQG�LQWHQVLWLHV�EHFDXVH�WKH�YHORFLW\�UHVXOWLQJ�IURP�WKH�GRZQGUDIW�DGGV�
XS� WR� WKH� WUDQVODWLRQ� YHORFLW\� RI� WKH� VWRUP�� ,Q� WHPSHUDWH� ODWLWXGHV�� OLNH� VRXWKHUQ� 6RXWK�
$PHULFD��WKHVH�IURQWV�DUH�GXH�WR�H[WHQGHG�SUHVVXUH�V\VWHPV��(36���L�H��H[WUDWURSLFDO�F\FORQV��
FKDUDFWHUL]HG� E\� GLDPHWHUV� WKDW� YDU\� EHWZHHQ� DURXQG� ���� DQG� ����� NP�� ,Q� YLHZ� RI� WKRVH�
GLPHQVLRQV��LW�PD\�EH�DVVXPHG�WKDW�WKH�YHORFLW\�ZLWKLQ�WKH�UHIHUHQFH�DUHD��RQO\����NP�ZLGH��
LV�XQLIRUP��DOWKRXJK�FKDUDFWHUL]HG�E\�D�SUREDELOLW\�GLVWULEXWLRQ�DQG�WXUEXOHQFH�WKDW�GLIIHU�IURP�
WKRVH�DVVLJQHG�WR�WKH�EDFNJURXQG�ZLQG�FDXVHG�E\�JHQHUDO�FLUFXODWLRQ��,W�LV�DOVR�DVVXPHG�WKDW�
WKH� UHVXOWLQJ� YHORFLW\� YHFWRU� DW� DQ\� SRLQW� PD\� EH� REWDLQHG� DV� WKH� YHFWRULDO� VXP� RI� WKH�
VWDWLRQDU\�YHORFLW\�YHFWRU��GHWHUPLQHG�LQ�6HFWLRQ����DQG�WKH�EDFNJURXQG�RU�(36�ZLQG�YHORFLW\�
YHFWRU��,I�9R�GHQRWHV�WKH�PRGXOXV�RI�WKH�ZLQG�YHORFLW\�YHFWRU�DW�D�SRLQW��ZKLFK�IRUPV�DQ�DQJOH�
γ�ZLWK�WKH�2[�D[LV��WKHQ�WKH�UHVXOWDQW�YHORFLW\�FRPSRQHQWV�LQ�D�UHIHUHQFH�FDUWHVLDQ�FRRUGLQDWH�
V\VWHP��[\]��DUH�JLYHQ�E\��

95[� �9U�FRV�β���9R�FRV�γ� � � � � �����������������������



���

95\� �9U�VLQ�β���9R�VLQ�γ� � � � � �����������������������

95]  �9] � � � � � � ��������� � �����������

����(YROXWLRQ�RI�WKH�ZLQG�YHORFLW\�ZLWK�WLPH�� 7KH� ZLQG� YHORFLW\� ILHOG� GHVFULEHG� DERYH�
DVVXPHV�WKDW�WKH�GRZQGUDIW�IORZ�IURP�WKH�FDXVDWLYH�FORXG�LV�VWDWLRQDU\��7KH�UHVXOWLQJ�YHORFLW\�
DPSOLWXGHV�DUH�WKXV�XSSHU�ERXQGV�RI�WKH�DFWXDO�DPSOLWXGHV��ZKLFK�YDU\�ZLWK�WLPH�GHILQLQJ�D�
WUDQVLHQW�SURFHVV���)ROORZLQJ�+ROPHV�DQG�2OLYHU�>��@��WKH�HYROXWLRQ�RI�WKH�ZLQG�YHORFLW\�ZLWK�
WLPH�LV�KHUHLQ�UHSUHVHQWHG�E\�WKH�HTXDWLRQV�

9�W�� ������9W�>���H[S��W�7�@�������IRU�W�≤ 7������ ���������������� � ������������

9�W�� ����9W�H[S�>����W��7���7@��������IRU�W�!�7� � � ������������������������

7�GHQRWHV�WKH�VWRUP�FKDUDFWHULVWLF�WLPH��GHILQHG�DV�WKH�WLPH�ODSVHG�IURP�WKH�LQLWLDWLRQ�RI�WKH�
WUDQVLHQW�ZLQG�WR�WKH�LQVWDQW�DW�ZKLFK�WKH�YHORFLW\�DWWDLQV�LWV�PD[LPXP�YDOXH��6HH�)LJ������

���������������������������������)LJXUH�����9HORFLW\�WLPH�IXQFWLRQV�LQ�WHUPV�RI�7

���9(57,&$/�352),/(�2)�+25,=217$/�9(/2&,7<�&20321(17�

7KH�YHUWLFDO�SURILOH�RI� WKH�KRUL]RQWDO�FRPSRQHQW�RI�WKH�ZLQG�YHORFLW\�ILHOG�DW�D�JLYHQ�ORFDWLRQ�
KDV�JUHDW�LQWHUHVW�LQ�VWUXFWXUDO�HQJLQHHULQJ��VLQFH�LW�KDV�D�GLUHFW�LQIOXHQFH�RQ�WKH�GLVWULEXWLRQ�RI�
KRUL]RQWDO�ZLQG�IRUFHV�DORQJ�WKH�KHLJKW�RI�D�FRQVWUXFWLRQ�DW�WKH�ORFDWLRQ�XQGHU�FRQVLGHUDWLRQ��
7KH�PRGHO� SURSRVHG�KHUHLQ�SUHGLFWV�D� YHUWLFDO� SURILOH�� IRU� D�VWDWLRQDU\�FORXG��VLPLODU� WR� WKH�
JUDSK�RI� UDGLDO�YHORFLWLHV�VKRZQ� LQ� ILJXUH���� ,W�PD\�EH�VHHQ�WKDW� WKH�SURILOH�GHSHQGV�RQ�WKH�
SRVLWLRQ�RI�WKH�YHUWLFDO�D[LV�RI�WKH�FORXG�LQ�UHODWLRQ�WR�WKH�ORFDWLRQ�RI�LQWHUHVW��$OVR�QRWH�WKDW�WKH�
YHORFLW\� GLVWULEXWLRQ� LOOXVWUDWHG� E\� )LJ��� GRHV� QRW� WDNH� LQWR� DFFRXQW� WKH� URXJKQHVV� RI� WKH�
WHUUDLQ�� L�H��WKH�H[LVWHQFH�RI�D�ERXQGDU\�OD\HU�WKDW�ZRXOG�LPSO\�D�GHFUHDVH�RI�WKH�YHORFLW\�DV�
ZH� DSSURDFK� WKH� JURXQG�� &KHQ� 	� /HWFKIRUG� >�@� UHFHQWO\� SUHVHQWHG� D� FULWLFDO� HYDOXDWLRQ� RI�
PRGHOV�RI�WKH�YHUWLFDO�SURILOH�IRU�76�ZLQGV�DYDLODEOH�LQ�WKH�OLWHUDWXUH��2VHJXHUD�	�%RZOHV�>��@�
SURSRVH�DQ�HPSLULFDO�HTXDWLRQ������IRU�WKH�DYHUDJH�KRUL]RQWDO�YHORFLW\�FDXVHG�E\�D�GRZQGUDIW���

9�]�� ��λ5����U�^��H[S>��U�5��`>H[S��]�]F���H[S���]�]G��@����������������������������������������

,Q�ZKLFK�λ GHQRWHV�D�VFDOH� IDFWRU�ZLWK�GLPHQVLRQ� >7@����]G D�FKDUDFWHULVWLF�KHLJKW� �LQVLGH� WKH�
ERXQGDU\�OD\HU����]F D�FKDUDFWHULVWLF�KHLJKW��RXWVLGH�WKH�ERXQGDU\�OD\HU���U�WKH�GLVWDQFH�WR�WKH
YHUWLFDO� D[LV� RI� WKH� GRZQGUDIW� F\OLQGHU� DQG� 5� WKH� FKDUDFWHULVWLF� UDGLXV� RI� WKH� GRZQGUDIW�
F\OLQGHU��9LFUR\�>��@��VXJJHVWV�WKH�IROORZLQJ�HTXDWLRQ�IRU�WKH�YHORFLW\�YHUWLFDO�SURILOH��
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���

�������9�]�� ������9PD[�>�H[S��������]���]P��²�H[S����������]���]P�@����������������������������������

,Q�HT��������9PD[�LV�WKH�PD[LPXP�YHORFLW\�LQ�WKH�SURILOH��ZKLOH�]P�GHQRWHV�WKH�KHLJKW�DW�ZKLFK�
WKH�PD[LPXP�YHORFLW\�RFFXUV��$�WKLUG�PRGHO�LV�GXH�WR�:RRG�	�.ZRN�>��@���

���������9�]�� ������9PD[��]�]������^���Ɏ>����]�]��@`� � ��������������������������������������

,Q� HT�� ������ ]�� UHSUHVHQWV� WKH� KHLJKW� ZKHUH� WKH� VSHHG� LV� KDOI� WKH�PD[LPXP� YDOXH�ZKLOH�Ɏ
GHQRWHV� WKH� HUURU� IXQFWLRQ�� &KHQ� H� /HFKWIRUG� >�@� � EXLOW� FRPSDUDWLYH� SURILOHV� RI� WKH�PRGHOV�
OLVWHG�DERYH��0RUH�UHFHQWHO\�&KD\�HW�DO�>�@�SURSRVHG�HTXDWLRQ������IRU�WKH�YHUWLFDO�SURILOH��

����9�]�� ���Ȝ�U�������>H[S��F��]�]P�����H[S��F��]�]P��@�H[S>�������U���US��Į�����Į@���������������������

,Q�ZKLFK�Ȝ�LV�D�VFDOH�IDFWRU��Į��F��DQG�F��DUH�FRQVWDQWV��U�LV�WKH�UDGLXV�US�WKH�UDGLXV�DW�ZKLFK�WKH�
PD[LPXP�YHORFLW\� RFFXUV�� ]P� WKH� HOHYDWLRQ�DW�ZKLFK� WKH�PD[LPXP�YHORFLW\� RFFXUV�DQG�]�D�
JHQHULF�HOHYDWLRQ��)LJXUHV���WR���VKRZ�YHUWLFDO�SURILOHV�SURSRVHG�LQ�WKH� OLWHUDWXUH��ZKLFK�DUH�
FRPSDUHG� ZLWK� SURILOHV� SUHGLFWHG� E\� WKH� PRGHO� GHVFULEHG� LQ� WKLV� SDSHU�� 7KH� JUDSKV� ZHUH�
QRUPDOL]HG�WR�SUHVHQW�LQ�)LJ����D�FRPPRQ�YHORFLW\�RI����P�V�DW�D����P�KHLJKW���,W�PD\�EH�VHHQ�
WKDW�DOWKRXJK�WKH�YDULRXV�PRGHOV�UHIOHFW�VSHFLILF�IHDWXUHV�RI�(36�ZLQGV��VXFK�DV�WKH�IDFW�WKDW�
WKH� PD[LPXP� YHORFLW\� LV� DWWDLQHG� DW� D� KHLJKW� XVXDOO\� EHORZ� ���P� DQG� WKDW� WKH� YHORFLW\�
GHFUHDVHV� IRU�KLJKHU�HOHYDWLRQV��WKH\�SUHVHQW�SHUFHSWLEOH�GLIIHUHQFHV��7KH�SUHVHQW�SURSRVDO�
DSSURDFKHV� WKH�PRGHO� RI�2VHJXHUD�	�%RZOHV� >��@�ZKHQ� WKH� GLVWDQFH� WR� WKH� FORXG� D[LV� LV�
DURXQG����P��:KHQ�WKH�GLVWDQFH�LV�DERXW����P�WKH�PRGHO�SUHGLFWLRQV�DSSURDFK�9LFUR\�V�>��@�
HTXDWLRQ��7KH�PRGHO�SUHGLFWLRQV�DUH�QRW�FORVH�WR�:RRG�	�.ZRN�>��@�UHVXOWV�IRU�DQ\�YDOXH�RI�U�
7KLV� SRRU� FRUUHODWLRQ� LV� DWWULEXWHG� WR� WKH� IDFW� WKDW� WKH� ODWWHU� LV� EDVHG� RQ� H[SHULPHQWDO�
REVHUYDWLRQV�LQ�ZLQG�WXQQHO��ZKLFK�GR�QRW�IDLWKIXOO\�UHIOHFW�WKH�ILHOG�VLWXDWLRQ�>�@��7KH�HYLGHQFH�
FOHDUO\�LOOXVWUDWH�WKH�IDFW�76�ZLQGV�DUH�QRW�FKDUDFWHUL]HG�E\�D�JHQHULF�YHUWLFDO�YHORFLW\�SURILOH��
EXW�E\�D�IDPLO\�RI�SURILOHV��GHSHQGLQJ�RQ�WKH�GLVWDQFH�IURP�WKH�ORFDWLRQ�RI�LQWHUHVW�WR�WKH�SDWK�
RI�WKH�VWRUP��,Q�DGGLWLRQ��VLQFH�WKH�FDXVDWLYH�FORXG�LV�W\SLFDOO\�LQ�PRWLRQ��WKH�LVVXH�LV�IXUWKHU�
FRPSOLFDWHG�E\�WKH�IDFW�WKDW�DW�OHDVW�RQH�DGGLWLRQDO�IDFWRU�VKRXOG�EH�FRQVLGHUHG��ZKLFK�LV�WKH�
UDWLR�EHWZHHQ�WKH�WUDQVODWLRQDO�YHORFLWL\�RI�WKH�FORXG�DQG�WKH�GRZQGUDIW�ZLQG�YHORFLW\���
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���)/8&78$7,1*�9(/2&,7<�&20321(17��

8QGHU� XVXDO� FRQGLWLRQV�� DWPRVSKHULF� IORZ� LQ� WKH� ORZHU� ERXQGDU\� OD\HU� LV� WXUEXOHQW��
7XUEXOHQFH�PDQLIHVWV�LWVHOI�DV�IOXFWXDWLRQV�RI�WKH�ZLQG�YHORFLW\�DURXQG�LWV�DYHUDJH�YDOXH��7KH�
PDJLWXGH�RI�WKH�YHORFLW\�YHFWRU�LQ�WKH�GLUHFWLRQ�RI�WKH�IORZ�PD\�EH�ZULWWHQ�DV��

��� 9�W�� �9P�W����ǻ9�W��� � � � � � � � �����

,Q�ZKLFK�9�W��GHQRWHV�WKH�LQVWDQWDQHRXV�YHORFLW\�DW�WLPH�W��9P�W��WKH�PHDQ�YHORFLW\�DQG�ǻ9�W��
WKH�IOXFWXDWLQJ�ORQJLWXGLQDO�YHORFLW\�FRPSRQHQW��:KHQ�WKH�IORZ�LV�VWDWLRQDU\��WKH�PHDQ�YHORFLW\�
9P�GRHV�QRW�GHSHQG�RQ�WLPH��,Q�VXFK�FDVH��HT�������FDQ�DOWHUQDWLYHO\�EH�ZULWWHQ�LQ�WKH�IRUP���

��� 9�W�� �9R�>����, φ��W��@� � � � � � � � �����

,Q�ZKLFK�9R� LV�D�PHDQ� UHIHUHQFH�YHORFLW\�� ,� WKH� LQWHQVLW\�RI� WXUEXOHQFH�DQG�φ�W��D�VWDWLRQDU\�
UDQGRP�SURFHVV�ZLWK�]HUR�PHDQ�DQG�XQLWDU\�VWDQGDUG�GHYLDWLRQ��7KH�LQWHQVLW\�RI�WXUEXOHQFH�LV�
GHILQHG�DV�WKH�TXRWLHQW�EHWZHHQ�WKH�VWDQGDUG�GHYLDWLRQ�RI�WKH�ORQJLWXGLQDO�YHORFLW\�IOXFWXDWLRQV�
DQG�WKH�PHDQ�YHORFLW\�>��@��7KH�UDQGRP�SURFHVV�φ�W��LV�GHILQHG�E\�LWV�SRZHU�VSHFWUDO�GHQVLW\�
IXQFWLRQ��SVGI���IRU�ZKLFK�D�QXPEHU�RI�PRGHOV�KDYH�EHHQ�SURSRVHG�LQ�WKH�WHFKQLFDO�OLWHUDWXUH��
VXFK�DV�WKRVH�GXH�WR�'DYHQSRUW��9RQ�.DUPDQ��.DLPDO�DQG�+DUULV�>����@��+RZHYHU��DOO�WKHVH�
VSHFWUDO� GHQVLW\� IXQFWLRQV� DUH� RQO\� DSSOLFDEOH� ZKHQ� YHUWLFDO� VWDELOLW\� RI� WKH� DWPRVSKHUH�
SUHYDLOV�DQG�WKH�WXUEXOHQFH�LQ�WKH�ORZHU�ERXQGDU\�OD\HU�UHVXOWV�PDLQO\�IURP�WKH�LQWHUDFWLRQ�RI�
WKH�IORZ�ZLWK�WKH�URXJK�VRLO�VXUIDFH��1RWH�WKDW�D�PLQLPXP�VWUHWFK�LV�QHHGHG�WR�GHYHORS�D�JLYHQ�
SURILOH�DQG�WXUEXOHQFH�LQWHQVLW\��7KH�OHQJWK�RI�WKLV�VR�FDOOHG�H[SRVXUH�WHUUDLQ�LV�RI�WKH�RUGHU�RI�
RQH� NLORPHWHU� RU�PRUH�� FRQGLWLRQ� WKDW� LV� QRW� VDWLVILHG� E\�76�ZLQGV�� LQ�ZKLFK� WKH� IORZ� OLQHV�
UHPDLQ�FORVH�DQG�DSSUR[LPDWHO\�SDUDOOHO�WR�WKH�JURXQG�IRU�D�IHZ�KXQGUHG�PHWHUV��7KXV��WKHUH�
VHHPV�WR�EH�QR�UHDVRQ�WR�H[SHFW�WKDW�WKH�SVGI�RI�WKH�YHORFLW\�IOXFWXDWLRQV�LQ�76�ZLQGV�ZLOO�EH�
VDWLVIDFWRULO\�PRGHOOHG�E\�WKH�IXQFWLRQV�QRUPDOO\�HPSOR\HG�IRU�(36�ZLQGV���
������$�SXUHO\�HPSLULFDO�DSSURDFK�WR�WKH�SUREOHP�VHHPV�RI�OLWWOH�XVH��RQ�DFFRXQW�RI�WKH�ODUJH�

QXPEHU� RI� IDFWRUV� GLVFXVVHG� LQ� FRQQHFWLRQ� ZLWK� WKH� YHUWLFDO� SURILOH�� ZKLFK� VKRXOG� DOVR�
LQIOXHQFH� WKH� WXUEXOHQFH� VSHFWUD�� +RZHYHU�� D� SUHOLPLQDU\� DQDO\VLV� RI� 76� ZLQG� UHFRUGV�
UHYHDOHG� SHDNV� LQ� WKH� SVGI�V� RI� WKH� IOXFWXDWLRQV�� LQ� WKH� IUHTXHQF\� EDQG� EHWZHHQ� ����� DQG�
����+]��ZLWK�QR�SUHYDLOLQJ�IUHTXHQF\��$�YHU\�VLPSOH�PRGHO�IRU�WKH�ORQJLWXGLQDO�WXUEXOHQFH�LQ�
76�HYHQWV�ZDV�WKHQ�SDUVLPRQLRXVO\�DGRSWHG��D�EDQG�SDVV�ZKLWH�QRLVH��ZLWK�IUHTXHQF\�OLPLWV�
DV�TXRWHG�DERYH�� ,Q�RUGHU� WR�VLPXODWH�VXFK�SURFHVV�LQ�SUHOLPLQDU\�DSSOLFDWLRQV��WKH�YHORFLW\�
IOXFWXDWLRQV�ZHUH�H[SUHVVHG�DV�9R , φ��W���ZLWK��

φ���W��� ��$��W�� �VLQ���ωP�W����$���W���FRV���ωP�W��� � � � � �����
� �������$��W��� VLQ���ω/�W���� � � � � � � � �����
� �������$��W��� FRV���ω/�W���� � � � � � � � �����

,Q� ZKLFK�$� DQG�$�� DUH� IXQFWLRQV� RI� WKH� ORZHU� FXW�RII� IUHTXHQF\�ω/��ZKLOH�ωP� GHQRWHV� WKH�
PHGLDQ�IUHTXHQF\�EHWZHHQ�ω/�DQG�WKH�XSSHU�FXW�RII�IUHTXHQF\�ωX� WKDW�GHSHQGV�RQ�WKH�SRZHU�
VSHFWUDO�GHQVLW\�IXQFWLRQ�WR�EH�VLPXODWHG�>��@��,QWURGXFLQJ�HTV������DQG������LQWR�HT������OHDGV�
WR�WKH�HTXLYDOHQW�JHQHULF�HTXDWLRQ��

φ���W��� ��D�FRV�> �ωP��ω/ ��W���ș @�� � � � � �������

LQ�ZKLFK�ș LV�D�UDQGRP�SKDVH�DQJOH�FDUDFWHUL]HG�E\�D�XQLIRUP�SUREDELOLW\�GLVWULEXWLRQ�IXQFWLRQ�
ZLWKLQ� WKH� >��� �π@� LQWHUYDO� )LJXUH� �� VKRZV� D� VDPSOH� RI� WKH� YHORFLWL\�WLPH� IXQFWLRQ� IRU� D�76�
HYHQW� ZLWK� FKDUDFWHULVWLF� GXUDWLRQ�7�  � ��V��PD[LPXP� WDQJHQWLDO� YHORFLW\� HTXDO� WR� RQH� DQG�



���

LQWHQVLW\�RI�WXUEXOHQFH�,� �������7KH�YHUWLFDO�DQG�KRUL]RQWDO�D[LV�UHSUHVHQW�WKH�YHORFLW\�LQ��P�V���
DQG�WKH�WLPH�LQ��V���UHVSHFWLYHO\��

���������

��������������
���������������)LJXUH���9HORFLW\�WLPH�SORW�IRU�VDPSOH�76�HYHQW�

���5$1'20�9$5,$%/(6�,1�6,08/$7,21�2)�:,1'�6(5,(6�

7KH�VLPXODWLRQ�RI�DQQXDO�PD[LPXP�ZLQG�VHULHV�DW�SUHGHILQHG�ORFDWLRQV�UHTXLUHV�WKH�
VSHFLILFDWLRQ�RI�WKH�IROORZLQJ�GDWD����

Ƒ�*HRJUDSKLF�UHJLRQ��RI�LQWHUHVW���
Ƒ�'LPHQVLRQV�RI�DUHD�LQ�ZKLFK�WKH�VLPXODWLRQ�ZLOO�EH�SHUIRPHG���
Ƒ�0HDQ�IUHTXHQF\�RI�76�HYHQWV�LQ�WKH�UHJLRQ�
Ƒ�$�SUREDELOLVWLF�PRGHO�RI��WKH�SUHVVXUH��GURS�
Ƒ�3UREDELOLW\�GLVWULEXWLRQ��RI��LQWHQVLW\�DQG�RULHQWDWLRQ�RI�EDFNJURXQG�ZLQG���
Ƒ�$�SUREDELOLVWLF�PRGHO�RI�WKH�FKDUDFWHULVWLF��WLPH�RI�76�HYHQWV���
Ƒ�$�SUREDELOLVWLF�PRGHO�RI�KHLJKW�IURP�JURXQG�WR�FORXG���
7KH�WRSLFV�OLVWHG�DERYH�DUH�GLVFXVVHG�LQ�WKLV�VHFWLRQ�LQ�FRQQHFWLRQ�ZLWK�WKH�QXPHULFDO�

H[DPSOHV��ZKLFK�DLP�DW�GHPRQVWUDWLQJ�WKH�IHDVLELOLW\�RI�WKH�DSSURDFK��
��

����� �*HRJUDSKLF� UHJLRQ� RI� LQWHUHVW�� 5LHUD� DQG� 1DQQL >��@� SUHVHQW� VWDWLVWLFDO� GDWD� RQ�
H[WUHPH�ZLQG� YHORFLWLHV� FROOHFWHG� DW�PHWHRURORJLFDO� VWDWLRQV� LQ� 6RXWK�(DVWHUQ� %UDVLO�� 7KH�
UHFRUGHG�YHORFLWLHV�ZHUH�FODVVLILHG�DV�GXH�WR�(36�RU�76�HYHQWV�DQG�SURFHVVHG�VHSDUDWHO\��
WKXV�RIIHULQJ�UHOLDEOH�GLUHFW�REVHUYDWLRQDO�HYLGHQFH���)URP�WKRVH�UHFRUGV��3RUWR�$OHJUH�DQG�
8UXJXDLDQD�ZHUH�VHOHFWHG�DV�WHVW�FDVHV�WR�DSSO\�WKH�VLPXODWLRQ�SURFHGXUH�SURSRVHG�KHUHLQ���

������'LPHQVLRQV�RI�DUHD�LQ�ZKLFK�WKH�VLPXODWLRQ�ZLOO�EH�SHUIRPHG���7KH�DUHD�FRQVLGHUHG�ZDV�
D�VTXDUH�ZLWK�VLGHV���NP�ORQJ��7KH�VLWH�ZKHUH�WKH�ZLQG�FOLPDWH�ZLOO�EH�VLPXODWHG�LV�ORFDWHG�
DW� LWV� FHQWUH�� 7KH� GLPHQVLRQV� RI� WKH� UHJLRQ� VKRXOG� EH� ODUJH� HQRXJK� WR� DVVXUH� WKDW� WKH�
SUREDELOLW\�RI�D�VWRUP�SDWK�WKDW�RULJLQDWHV�RXWVLGH�WKH�UHJLRQ UHDFKHV�LWV�FHQWUH�LV�QHJOLJLEO\�
VPDOO��6LQFH�WKH�VKRUWHVW�GLVWDQFH�IURP�WKH�HGJH�RI�WKH�VTXDUH�WR�LWV�FHQWUH�LV���NP��WKLV�ILUVW�
UHTXLUHPHQW�ZRXOG�EH�WKXV�VDWLVILHG��7KH�VHFRQG�IDFWRU�LV�UHODWHG�WR�WKH�DVVHVVPHQW�RI�WKH�
IUHTXHQF\�RI�RFFXUUHQFH�RI�76�HYHQWV� LQ� WKH�UHJLRQ��ZKLFK� LV�DQ� LPSRUWDQWH�FOLPDWRORJLFDO�
IDFWRU��GLVFXVVHG�LQ�6HFWLRQ������ WKDW� OHG�WR�WKH�VDPH�OHQJWK�RI�WKH�VLGHV�RI�WKH�VTXDUH��,Q�
IDFW��WKH�UHJLRQ�FRQVLGHUHG�PLJKW�DOVR�EH�FLUFXODW�ZLWK����NP�UDGLXV�� ���

���� � �
���� 0HDQ� IUHTXHQF\� RI� 76� HYHQWV� LQ� WKH� UHJLRQ��7KH� VLPXODWLRQ� SURFHGXUH� UHTXLUHV� WKH�
VSHFLILFDWLRQ�RI�WKH�PHDQ�QXPEHU�RI�76�HYHQWV�SHU�\HDU�LQ�WKH�UHJLRQ�XQGHU�FRQVLGHUDWLRQ��,Q�
WKH�H[DPSOHV�WKLV�QXPEHU�ZDV�GHWHUPLQHG�IURP�GDWD�RQ�LVRFHUDXQLFV�LQ�EUD]LOLDQ�FRGH�1%5�
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����� �������� 7KH� LQIRUPDWLRQ� LV� JHQHUDOO\� DYDLODEOH� EHFDXVH� RI� LWV� DSSOLFDWLRQ� LQ� HOHFWULF�
SRZHU�WUDQVPLVVLRQ��(VVHQWLDOO\��LW�FRQVLVWV�RI�WKH�UHFRUGV�RI�WKH�QXPEHU�RI�WKXQGHU�HYHQWV��
KHDUG�E\�RSHUDWRUV�DW�PHWHRURORJLFDO�VWDWLRQV���6LQFH�WKXQGHUV�DOZD\V�RFFXU�LQ�FRQQHFWLRQ�
ZLWK� IXOO\� GHYHORSHG� 76� HYHQWV�� LW� PD\� EH� DGPLWWHG� ZLWK� OLWWOH� HUURU� WKDW� WKH� QXPEHU� RI�
LVRFHUDXQLFV� HTXDOV� WKH� QXPEHU� RI� 76� HYHQWV� WKDW�PD\� EH� KHDUG� E\� WKH� RSHUDWRU� DW� WKH�
PHWHRURORJLFDO�VWDWLRQ��7KXV��DGPLWWLQJ�WKDW�WKH�RSHUDWRU�JHQHUDOO\�PLVVHV�²WKDW�LV��GRHV�QRW�
WDNH�QRWLFH�RI²�WKXQGHU�ZKHQ�WKH�FDXVDWLYH�FORXG�LV�IDUWKHU�WKDQ�DERXW���NP��WKH�FKRLFH�RI�
WKH� GLPHQVLRQV� LQGLFDWHG� LQ� 6HFWLRQ� ����� DOORZV� DGRSWLQJ� WKH� QXPEHU� RI� LVRFHUDXQLFV� DV�
LQGLFDWLYH�RI�WKH�PHDQ�\HUDO\�QXPEHU�RI�76�HYHQWV�LQ�WKH�UHJLRQ�RI�LQWHUHVW��7DEOH���VKRZV�
WKH�PHDQ�QXPEHU�RI�76��HYHQWV�SHU�\HDU��LQ�WKH�H[DPSOHV���

��������������������7DEOH����,VRFHUDXQLFV�LQ�3RUWR�$OHJUH�DQG�8UXJXDLDQD�

6WDWLRQ� 0HDQ�QXPEHU�RI�76�HYHQWV��\HDU
3RUWR�$OHJUH �������������������
8UXJXDLDQD� �������������������

�������3UHVVXUH�GURS�LQ�WKXQGHUVWRUPV����� ,Q�3RUWR�$OHJUH�UHFRUGV�RI�SUHVVXUH�GURSV�RI�XS�
WR� DERXW� �� PLOLEDUV� SHU� KRXU� ����1�P��� FDQ� EH� IRXQG�� � &DUDFHQD� >�@� VXJJHVWV� WKDW� WKH�
SUHVVXUH�GURS�LQ�PLFUREXUVWV�YDULHV�IURP�������PE�WR����PE�������1�P��WR�����1�P����EXW�QR�
IXUWKHU� LQGLFDWLRQ� LV� JLYHQ� FRQFHUQLQJ� LWV� SUREDELOLW\� GHQVLW\�� ,Q� WKH� HQVXLQJ� VLPXODWLRQV� D��
*XPEHO�²��7\SH�,�([WUHPH�9DOXH�'LVWULEXWLRQ��ZLWK�VKDSH�DQ�VFDOH�SDUDPHWHUV�α� ����1�P�

DQG� γ  �����1�P�� �� UHVSHFWLYHO\��DUH�DGRSWHG��7KH� UHVXOWLQJ�SUREDELOLW\�GHQVLW\� IXQFWLRQ� LV�
VKRZQ�LQ�)LJXUH����

��������
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3UHVVXUH�GURS��1�P��

)
UH
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FL
HV

� �
��������)LJXUH���²�3UREDELOLW\�GHQVLW\�IXQFWLRQ�RI�SUHVVXUH�GURS�LQ�D�UDQGRP�76�HYHQW�

7DEOH����'DWD�IURP�EUD]LOLDQ�PHWHRURORJLFDO�VWDWLRQV���FKDUDFWHULVWLF�WLPH�7

6WDWLRQ� ��������'DWH� ��&KDUDFWHULVWLF�
�������WLPH�7

�0D[LPXP�YHORFLW\�

���������3DVVR�)XQGR� �������������� ����V������ �����P�V�
���������3DVVR�)XQGR� �������������� ����V���� ����P�V
���������3DVVR�)XQGR� �������������� ����V� ����P�V�
��6mR�/XL]�*RQ]DJD ��������������� ����V� ��P�V�
��6mR�/XL]�*RQ]DJD ��������������� ����V� �����P�V�
��6DR�/XL]�*RQ]DJD ��������������� ����V� �����P�V�



���

�������&KDUDFWHULVWLF�7LPH��7KH�FKDUDFWHULVWLF�WLPH�LV�WKH�VWRUP�GXUDWLRQ�IURP�LWV�EHJLQQLQJ�WR�
WKH�PRPHQW�ZKHQ� WKH� YHORFLW\� UHDFKHV� LWV�PD[LPXP�YDOXH�� 7KH� DXWKRUV� GLG� QRW� ILQG�DQ\�
VWDWLVWLFDO�GDWD�RQ� WKH�VXEMHFW� LQ� WKH� OLWHUDWXUH��7KXV�� IRU�VLPXODWLRQ�SXUSRVHV�DYDLODEOH�76�
UHFRUGV� IURP� WZR� EUD]LOLDQ�PHWHRURORJLFDO� VWDWLRQ�ZHUH� UHVRUWHG� WR�� 7KH� GDWD� LV� VKRZQ� LQ�
WDEOH������

7KH�PHDQ�YDOXH�DQG�WKH�VWDQGDUG�GHYLDWLRQ�IRU�WKH�UHFRUGV�VKRZQ�LQ�7DEOH�����DUH��
µ� �����V�DQG�σ� �����V��7KH�SDUDPHWHUV�RI��DQ�H[WUHPH�W\SH�,�GLVFWULEXWLRQ�PD\�EH�
FDOFXODWHG�E\��

µ �γ���������α�� � � � � � � ���������������
σ� �������α� � � � � � � � ���������������
α� ����V� � � � � � � � ���������������
γ� �����V� � � � � � � � ���������������

������$�SUREDELOLVWLF�PRGHO�RI�WKH�EDFNJURXQG�ZLQG�YHORFLW\���,Q�WKH�VLPXODWLRQ�SURFHVV��WKH�
PRGXOXV� RI� WKH� EDFNJURXQG� ZLQG� YHORFLW\� DW� WKH� UHIHUHQFH� ��P� KHLJKW� ZDV� DVVXPHG� WR�
SUHVHQW�D�:HLEXOO�GLVWULEXWLRQ�ZLWK�VKDSH�SDUDPHWHU�β  �����DQG�ORFDWLRQ�SDUDPHWHU�θ� �����
P�V���7KHVH�YDOXHV�ZHUH�REWDLQHG�IURP����\HDUV�UHFRUGV�UHSRUWHG�LQ�WKH�5LR�*UDQGH�GR�6XO�
(ROLF�PDS��6LQFH� QR� UHIHUHQFH�ZDV� IRXQG� FRQFHUQLQJ� WKH�EDFNJURXQG�ZLQG�RULHQWDWLRQ�� D�
XQLIRUP�GLVWULEXWLRQ�EHWZHHQ���WR��π�ZDV�DGRSWHG�IRU�WKH�GLUHFWLRQ��RI�EDFNJURXQG�ZLQGV���

�����+HLJKW�RI�FXPXORQLPEXV�FORXG���1R�VWDWLVWLFDO�GDWD�RQ�WKLV�SDUDPHWHU�ZDV�IRXQG�E\�WKH�
DXWKRUV��7KHUH�VHHPV�WR�EH�QR�LQGLFDWLRQ�RI�D�SRVVLEOH�GHSHQGHQFH�RI�WKH�SDUDPHWHUV�RQ�
WKH�JHRJUDSKLFDO�ORFDWLRQ��)RU�PLGGOH�ODWLWXGHV��DV�LV�WKH�FDVH�RI�WKH�VWDWLRQV�FRQVLGHUHG�LQ�
WKH� H[DPSOHV�� D� QRUPDO� GLVWULEXWLRQ� ZLWK� PHDQ� µ � ������P� DQG� VWDQGDUG� GHYLDWLRQ�σ�  �
���P�ZDV�DGRSWHG��

���6,08/$7,21�0(7+2'�

$�SURFHGXUH�WR�VLPXODWH�VHULHV�RI�PD[LPXP�DQQXDO�ZLQG�YHORFLWLHV�ZDV�SURJUDPPHG�
LQ�0DW/DE��7KH�VLPXODWLRQ�DGRSWHG� WKH�SDUDPHWHUV�GHVFULEHG� LQ�VHFWLRQ���ZLWK� WKH�UHVXOWV�
VKRZQ�LQ�7DEOH�����7KH�WDEOH�SUHVHQWV�WKH�SDUDPHWHUV�REWDLQHG�IURP�VHULHV�RI����PD[LPXP�
DQQXDO�ZLQG�YHORFLWLHV��7KH�VHOHFWHG�SUREDELOLW\�GLVWULEXWLRQ��WKH�.ROPRJRURY��DQG�6PLUQRY�
�.6�� IDFWRU� IRU�JRRGQHVV�RI� ILW�DQG� WKH�PHDQ�QXPEHU�RI�VWRUPV�SHU�\HDU� IRU�HDFK�VWXGLHG�
ORFDWLRQ�DUH�SUHVHQWHG�LQ�WKH�WDEOH��

7DEOH���²�6LPXODWLRQ�UHVXOWV�

����6WDWLRQ�

76�HYHQWV�������
SHU�\HDU��
������QV���

��0HDQ�
��9DOXH�
��P�V���

6WDQGDUG�
GHYLDWLRQ��
����P�V���

��/RFDWLRQ�������
SDUDPHWHU�
���������γγγγ������������������

�����6KDSH�������
SDUDPHWHU�
��������������������������������������

'LVWULEXWLRQ�
������PRGHO�

���.6�
)DFWRU������
'&��

3RUWR�$OHJUH ������� ��������� ��������� ������������ ������������ ������7\SH�,� ���������
�8UXJXDLDQD� �������� ��������� ��������� ������������ ������������ ������7\SH�,�� ���������

�����&RPSDULVRQ�RI�VLPXODWHG� UHFRUGV�ZLWK�DYDLODEOH�REVHUYDWLRQV��7KH�SUREDELOLW\�GHQVLW\�
IXQFWLRQV�RI�PD[LPXP�DQQXDO�76�ZLQGV�DW�WKH�WZR�VHOHFWHG�PHWHRURORJLFDO�VWDWLRQV�REWDLQHG�
E\�VLPXODWLRQ�ZHUH�FRPSDUHG�ZLWK�SUHGLFWLRQV�EDVHG�RQ�DFWXDO�UHFRUGV�5LHUD�HW�DO����������
7KHVH�UHIHUHQFHV�IXUQLVK�PD[LPXP�ZLQG�YHORFLWLHV�IRU�HLJWK�RULHQWDWLRQV��RFWDQWV����7DEOHV���



���

DQG���VKRZ�WKH�PHDQ��VWDQGDUG�GHYLDWLRQ�DQG�H[WUHPH�7\SH�,��*XPEHO��SDUDPHWHUV�IRU�76�
ZLQG�YHORFLWLHV��

������
��������7DEOH�����3HDN�$QQXDO�76�:LQG�9HORFLWLHV��P�V��DFFRUGLQJ�WR�RULHQWDWLRQ�

�������������������3RUWR�$OHJUH� ���������������������8UXJXDLDQD�
��2FWDQW� ��0HDQ� �����ı ��*DPD���Ȗ � $OID���Į �� ���0HDQ� ������ı �*DPD���Ȗ � $OID���Į �
����������� ������� ������� ������������ ����������� ��� �� ������ �����
����������� ������� ������� ������������ ����������� ��� �� ������ �����
����������� ������� ������� ������������ ����������� ��� ���� ������ �����
����������� ������� ������ ������������ ����������� ��� �� ������ �����
����������� ������� ������� ������������ ����������� ��� �� ������ �����
����������� ������� ������� ������������ ����������� ��� ���� ������ �����
����������� ������� ������� ������������ ����������� ��� ���� ������ �����
����������� �������� ������� ������������ ����������� ����� �� ������ �����

��������8VLQJ� GDWD� IURP�HDFK�RFWDQW�� LW� LV� SRVVLEOH� WR�GHWHUPLQH� WKH�PD[LPXP�YHORFLWLHV� IRU�
HDFK�VWDWLRQ��UHJDUGOHVV�RI�ZLQG�RULHQWDWLRQ��LQGLFDWHG�LQ�WDEOH�����7KH�GHQVLW\�IXQFWLRQ�IRU�WKH�
PD[LPXP�YHORFLWLHV�ZLOO�DOVR�EH�*XPEHO�ZLWK�WKH�IROORZLQJ�SDUDPHWHUV���

γ  ��α�OQ�Σ�H[S��γL����α��������������������������������������������������������������������������������������������������

������������������������α� �Σ αL ����� � � � �� � �����������������

LQ�ZKLFK�γL���αL���GHQRWH�WKH�SDUDPHWHUV�IRU�HDFK�RFWDQW�L����L� ��������������� � �
� � ����������

�����������7DEOH������3DUDPHWHUV�RI�SUREDELOLW\�GHQVLW\�IXQFWLRQ�RI�PD[LPXP�DQQXDO�76�ZLQG��

�6WDWLRQ� ������������������γγγγ �������������������αααα
�������3RUWR�$OHJUH� ���������������������� �����������������������

�������8UXJXDLDQD� ���������������������� �����������������������

���������

3RUWR�$OHJUH
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9HORFLWLHV���P�V�
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��������������������)LJXUH����²��3UREDELOLW\�GHQVLW\�IXQFWLRQV��IRU�PD[LPXP��
�����������������������������������DQQXDO�76�ZLQGV��8UXJXDLDQD��

7KH�SUREDELOLW\�GHQVLW\� IXQFWLRQV�RI� WKH�PD[LPXP�DQQXDO�76�ZLQG�YHORFLWLHV�DW� WKH�
WZR� PHWHRURORJLFDO� VWDWLRQV� FRQVLGHUHG� LQ� WKLV� SDSHU�� REWDLQHG� E\� VLPXODWLRQ� DQG� GLUHFW�
REVHUYDWLRQ��DUH�VKRZQ�LQ�)LJXUHV���DQG������7KH�GLIIHUHQFHV�EHWZHHQ�ERWK�VHWV�RI�UHVXOWV�
DUH�RI�WKH�VDPH�RUGHU�DV�WKH�VWDWLVWLFDO�HUURUV�LQ�WKH�ODWWHU��ZKLFK�DUH�QRW�QHJOLJLEOH�GXH�WR�WKH�
VKRUW� GXUDWLRQ�RI� WKH� UHFRUGV� ���� \HDUV� LQ�3RUWR�$OHJUH�DQG����\HDUV� LQ�8UXJXDLDQD��DQG�
PD\� EH� FRQVLGHUHG� FRPSDWLEOH�� � ,Q� VXPPDU\�� D� UREXVW� PRGHO� IRU� WKH� ZLQG� YHORFLW\� ILHOG�
GXULQJ�WKXQGHUVWRUPV�ZDV�SURSRVHG�LQ�WKH�SDSHU��WDNLQJ�LQWR�FRQVLGHUDWLRQ�DOO�IHDWXUHV�RI�WKH�
SKHQRPHQRQ�FRQVLGHUHG�UHOHYDQW�IRU�WKH�GHVLJQ�RI�VWUXFWXUHV�VXEMHFWHG�WR�ZLQG�DFWLRQ��7KH�
PRGHO� SUHGLFWLRQV�DUH� FRPSDWLEOH�ZLWK�DYDLODEOH�HYLGHQFH�FRQFHUQLQJ�� IRU�H[DPSOH��VWRUP�
GXUDWLRQ� RU� YHUWLFDO� YHORFLW\� SURILOHV�� 0RUHRYHU�� WKH� IRUPXODWLRQ� RI� WKH� PRGHO� UHTXLUHV� D�
QXPEHU�RI�SDUDPHWHUV�WKDW�KDYH�UDQJHV�RI�YDULDWLRQ�UHDVRQDEO\�ZHOO�GHILQHG�LQ�0HWHRURORJ\��
DOORZLQJ�ULVN�DVVHVVPHQWV�HYHQ�LQ�VLWXDWLRQV�LQ�ZKLFK�VFDUFH�GDWD�LV�DYDLODEOH�IRU�WKH�UHJLRQ�
RI�LQWHUHVW���3UHVHQWO\��VWXGLHV�DUH�EHLQJ�FRQGXFWHG�WR�HVWLPDWH�WKH�ULVN�RI�LQWHQVH�76�ZLQGV�
LQ� WKH� $PD]RQ� UHJLRQ�� ZKLFK� DUH� QHHGHG� IRU� WKH� GHVLJQ� RI� 7/� FURVVLQJV� LQ� XQLQKDELWHG�
DUHDV��

��� $1$/<6,6�2)�'2:1%8567�(9(17��

7KH�ZLQG�ILHOGV�LQ�H[WUD�WURSLFDO�F\FORQV�DV�ZHOO�DV�LQ�WURSLFDO�VWRUPV�PD\�EH�PRGHOOHG��
IRU�SXUSRVHV�RI�VWUXFWXUDO�DQDO\VLV�DQG�GHVLJQ��DV�VWDWLRQDU\�UDQGRP�SURFHVVHV��LQ�ZKLFK�WKH�
PHDQ�ZLQG� YHORFLW\� DW� WKH� UHIHUHQFH� ��P� KHLJKW�PD\�EH� DVVXPHG� FRQVWDQW� RYHU� D� ODUJH�
DUHD�� 2Q� WKH� RWKHU� KDQG�� GRZQEXUVW� ZLQGV� DQG� WRUQDGRHV� DUH� FKDUDFWHUL]HG� E\� D�
SURQRXQFHG�VSDWLDO�YDULDELOLW\�DV�ZHOO�DV�E\�WKHLU�WUDQVLHQW�QDWXUH��,Q�FRQVHTXHQFH��UHFRUGV�
RI�76�ZLQGV�DUH�VFDUFH�DQG�PXFK�QHHGHG�WR�FRQWUDVW�ZLWK�WKHRUHWLFDO�RU�QXPHULFDO�PRGHOV�
DQG� SUHGLFWLRQV� VXFK� DV� WKRVH� GLVFXVVHG� LQ� WKH� SUHYLRXV� VHFWLRQV�� �2QH� H[DPSOH�ZLOO� EH�
GLVFXVVHG� QH[W�� 7KH� PHDVXUHPHWV� ZHUH� FRQGXFWHG� DW� WKH� ��P� KLJK� WRZHU� RI� WKH�
8QLYHUGLGDGH�GH�3DVVR�)XQGR��83)���56��%UDVLO��PHWHRURORJLFDO�VWDWLRQ��&XS�DQHPRPHWHUV��
DUH�LQVWDOOHG�DW�OHYHOV������������DQG���P�DERYH�JURXQG��7KH�ZLQG�RULHQWDWLRQ�LV�PHDVXUHG�
RQO\�DW�HOHYDWLRQ���P��)LJXUH����VKRZV�D�*RRJOH�SODQ�YLHZ�RI�WKH�VWDWLRQ�DQG�VXUURXQGLQJ�
DUHD��DV�ZHOO�DV�WKH�ORFDWLRQ�RI�WKH�WRZHU�RI�WKH�83)�79�VWDWLRQ��GHVWUR\HG�GXULQJ�D�76�HYHQW�
RQ�1RYHPEHU�����������7KH�PHWHRURORJLFDO�VWDWLRQ�LV�VLWXDWHG�DW�������ҋ���ҋҋ�6�DQG��������ҋ�
��ҋҋ�:��DW�DQ�DOWLWXGH�RI����P���

)LJ�����SUHVHQWV�D�YLHZ�RI�WKH�YHORFLW\�UHFRUGV�DW��������DQG���P��UHVSHFWLYHO\��ZKLOH�
)LJ�����SUHVHQWV�WKH�ZLQG�RULHQWDWLRQ��UHFRUGHG�DW���P��,W�PD\�EH�FOHDUO\�VHHQ�WKDW�WKH�VWRUP�
ZDV�QHDUO\�VWDWLRQDU\���WKH�EDFNJURXQG�ZLQG�YHORFLW\�DW���P�KHLJKW�UHPDLQV�ZHOO�EHORZ��P�V
GXULQJ�WKH�PLQXWHV�SUHFHGLQJ�WKH�VWRUP�²�PHDQLQJ�WKDW�WKH�FDXVDWLYH�FORXG�DSSURFKHV�WKH��
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������)LJXUH�����3ODQ�YLHZ�RI�PHWHRURORJLFDO�VWDWLRQ��FHQWHU�GRZQ��DV�ZHOO�DV��83)�79�VWDWLRQ��

)LJXUH�����:LQG�YHORFLW\�UHFRUGV�DW��������DQG���P�KHLJKW��7KH�LQVWUXPHQW�DW���P��
ZDV�RXW�RI�RUGHU��
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���������)LJXUH�����,QVWDQWDQHRXV�RULHQWDWLRQ�RI�WKH�ZLQG�KRUL]RQWDO�FRPSRQHQW�DW���P�KHLJKW��

)LJXUH�����3RZHU�VSHFWUDO�VHQVLW\�IXQFWLRQ�RI�IOXFWXDWLQJ�FRPSRQHQW�DW���P�OHYHO�
�ǻW� ���V��

VWDWLRQ�VORZO\�>�@��0RUHRYHU��XS�WR�DURXQG�W� �����V�WKHUH�LV�QR�LQGLFDWLRQ�RI�WKH�DUULYDO�RQ�WKH�
ZLQG�IURQW��ZKLFK�DIIHFWV�RQO\�OD\HUV�EHORZ�WKH���P�OHYHO��

1RWH� WKDW� WKH� WLPH� VFDOH� RI� WKH� YHORFLW\� UHFRUGV� LV� RXW� RI� SKDVH�ZLWK� WKH� VFDOH� RI� WKH�
RULHQWDWLRQ�UHFRUG��LQ�ZKLFK�WKH�76�ZLQG�IURQW�PD\�EH�VHHQ�WR�DUULYH�DW�W� �����V����,W�VHHPV��
DOVR�HYLGHQW�WKDW�EHWZHHQ��W� �����V�DQG�W� �����V�WKH�RSHUDWLRQ�RI�WKH�DQHPRPHWHU�LQVWDOOHG�
DW���P�ZDV�GLVWXUEHG�E\�WKH�VWURQJ�YHUWLFDO�YHORFLW\�FRPSRQHQWV�RI�WKH�GRZQEXUVW��7KLV�ZLOO�
UHTXLUH�ZLQG�WXQQHO�PHDVXUHPHQWV�ZLWK�WKH�PLGGOH�SODQH�RI�WKH�FXS�DQHPRPHWHU�LQFOLQHG�LQ�
UHODWLRQ�WR�WKH�ZLQG�RULHQWDWLRQ��WR�DVVHVV�WKH�LQIOXHQFH�RI�WKH�RULHQWDWLRQ���

)LQDOO\�� DQRWKHU� LVVXH� WKDW� UHTXLUHV� IXUWKHU� DVVHVVPHQW� LV� UHODWHG� WR� WKH� IOXFWXDWLQJ�
FRPSRQHQWV� RI� WKH� YHORFLW\� ILHOG�� � $�PHDQ YHORFLW\� UHFRUG� ZDV� REWDLQHG� E\� PHDQV� RI� D�



���

PRYLQJ�DYHUDJH�RYHU�D�SHULRG ǻW�DQG�D� IOXFWXDWLQJ�FRPSRQHQW�GHILQHG�DV� WKH�GLIIHUHQFH�
EHWZHHQ� WKH�PHDVXUHG� YHORFLWLHV� DQG� WKH�PHDQ��$�SUHOLPLQDU\�SORW� RI� WKH�SRZHU� VSHFWUDO�
GHQVLW\� IXQFWLRQ� RI� WKH� IOXFWXDWLQJ� FRPSRQHQW� LQ� WKH� LQWHUYDO� EHWZHHQ� ���� DQG� ���V��
DVVXPHG�WR�EH�D�VDPSOH�RI�D�VWDWLRQDU\�UDQGRP�SURFHVV�� LV�VKRZQ�LQ�)LJXUH�����7KH�UPV�
YDOXH�RI�WKH�IOXFWXDWLQJ�YHORFLW\�IRU�WKLV�UHFRUG�LV�DERXW����P�V���,W�LV�QRWHG�WKDW��LQ�DJUHHPHQW�
ZLWK�SUHYLRXV�HYLGHQFH�UHJLVWHUHG�DW�WKH�VDPH�VWDWLRQ��QHJOHFWLQJ�LQ�WKLV�FDVH�WKH�UHFRUG�DW�
HOHYDWLRQ���P�DV�DQ�RXWOLHU��LW�PD\�EH�REVHUYHG�WKDW�WKH�YHORFLW\�WLPH�KLVWRULHV�DW�WKH�RWKHU�
WZR�HOHYDWLRQV�DUH�KLJKO\�FRUUHODWHG��ZKLFK�DOVR� LQGLFDWHV�WKDW�WXUEXOHQFH� LV�QRW�FDXVHG�E\�
VXUIDFH�URXJKQHVV���

��� &21&/86,216

$Q�RYHUYLHZ�RI� RQJRLQJ� UHVHDUFK�DW�/'(&��8)5*6��%UDVLO��RQ�H[WUHPH�ZLQGV�FDXVHG�E\�
GRZQEXUVWV��76�ZLQGV��ZDV�SUHVHQWHG��,QLWLDOO\�D�VHPL�HPSLULFDO�PRGHO�RI�WKH�ZLQG�ILHOG�LQ�D�
GRZQEXUVW�LV�GHVFULEHG��ZKLFK��DLPV�DW�WKH�FRQVLGHUDWLRQ�RI�PHWHRURORJLFDO�YDULDEOHV�LQ�WKH�
VLPXODWLRQ�RI�VXFK�HYHQWV��VXFK�DV�WKH�PDLQ�IHDWXUHV�RI�WKH�FXPXORQLPEXV�FORXG�WKDW�FDXVHV�
WKH�GRZQGUDIW��7KH�XVH�RI�WKH�PRGHO�WR�VLPXODWH�WKH�H[WUHPH�ZLQG�FOLPDWH�DW�WZR�ORFDWLRQV�LQ�
VRXWKHUQ�%UDVLO��ZKHUH�GDWD�RQ�DQQXDO�H[WUHPH�YHORFLWLHV�FODVVLILHG�DFFRUGLQJ�WR�WKH�VWRUP�
W\SH� DUH� DYDLODEOH�� SURYHV� WKDW� WKH� DSSURDFK� LV� IHDVLEOH� DQG� PLJKW� EH� FRQVLGHUHG� LQ�
VWUXFWXUDO�UHOLDELOLW\�DVVHVVPHQWV��)LQDOO\��WR�HPSKDVL]H�WKH�QHHG�RI�SHUPDQHQW�HYDOXDWLRQV�
RI�WKH�SHUIRUPDQFH�RI�PRGHOV�WR�SUHGLFW�ZLQG�HIIHFWV�RQ�VWUXFWXUHV��H[SHULPHQWDO�HYLGHQFH�
RQ�WKH�ZLQG�ILHOG�GXULQJ�D�76�HYHQW�SUHVHQWOX�XQGHU�DQDO\VLV�LV�ILQDOO\�UHSRUWHG�
��

$&.12:/('*(0(176�

7KH� ZULWHU� ZLVKHV� WR� DFNQRZOHGJH� WKH� SDUWLDO� VXSSRUW� RI� &13T� DQG�&$3(6� �%UD]LO�� DQG�
$:(6��$XVWUDOLD���

� ���������������

���5HIHUHQFHV�

>�@� $%17��$VVRFLDomR�%UDVLOHLUD�GH�1RUPDV�7pFQLFDV����������´$omR�GR�9HQWR�QDV�(GLILFDo}HVµ��
1RUPD�1%5��������5LR�GH�-DQHLUR��������

>�@� $%17��$VVRFLDomR�%UDVLOHLUD�GH�1RUPDV�7pFQLFDV����������´3URWHomR�GH�HVWUXWXUDV�FRQWUD�
GHVFDUJDV�DWPRVIpULFDVµ��1%5�²�������5LR�GH�-DQHLUR���������

>�@� %HUJDPLQL�3XJOLD��9��H�5DPLUHV��/���������´$QiOLVH�GH�XPD�WRUPHQWD�76µ��5HODWyULR�>�@
7pFQLFR��33*(&��8)5*6��3RUWR�$OHJUH���56��%UDVLO��

>�@� %OHVVPDQQ��-����������2�9HQWR�QD�(QJHQKDULD�(VWUXWXUDO��(GLWRUD�GD�8QLYHUVLGDGH�����HGLomR��
3RUWR�$OHJUH��56��%UDVLO���

>�@� &DUDFHQD�)��+ROOH�5�/�DQG� 'RVVZH� OO,,,�� &�$��������� 0LFUREXUVWV�� $� KDQGERRN� IRU� YLVXDO�
LGHQWLILFDWLRQ��12$$��1DWLRQDO�6HYHUH�6WRUP�/DERUDWRULHV��8�6�$��'HFHPEHU��������

>�@� &,*5e� � 6&��� :*���� ������� 0HWHRURORJ\� IRU� RYHUKHDG� OLQHV�� 'UDIW� 5HSRUW� RQ� &XUUHQW�
3UDFWLFHV�UHJDUGLQJ�)UHTXHQFLHV�DQG�0DJQLWXGH�RI�+LJK�,QWHQVLW\�:LQGV��$XJ��������

>�@� &KD\��07���$OEHUPDQL��)��:LOVRQ��%���������´1XPHULFDO�DQG�DQDO\WLFDO�VLPXODWLRQ�RI�GRZQEXUVW�
ZLQG�ORDGVµ��(QJLQHHULQJ�6WUXFWXUHV��(OVHYLHU�������������������

>�@� &KHQ�&KLQJ�� /��/HFWFKIRUG�&�:��������� �$� 'HWHUPLQLVWLF�6WRFKDVWLF� +\EULG� � 0RGHO� RI�
'RZQEXUVW� DQG� LWV� LPSDFW� RQ� D� &DQWLOLYHUHG� 6WUXFWXUH��� (QJLQHHULQJ� 6WUXFWXUHV�� (OVHYLHU��
�����������������

>�@� )XMLWD�7�7�� �������� 0DQXDO� RI� GRZQEXUVW� LGHQWLILFDWLRQ� IRU� 3URMHFW� 1,052'�� 6035�� ���� ��
8QLYHUVLW\�RI�&KLFDJR��PD\�������

>��@� )XMLWD��7�7���������7KH�'RZQEXUVW��0LFUREXUVW�DQG�0DFUREXUVW�²�5HSRUW�RI�SURMHFWV�1,052'�
DQG�-$:6��������
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>��@� *RPHV�� /�� DQG� 9LFNHU\�� %�-�� �������� ´2Q� WKXQGHUVWRUP� ZLQG� JXVWV� LQ� $XVWUDOLD�� ZLWK����������
SDUWLFXODU� UHIHUHQFH� WR� 2EVHUYDWRU\� +LOO�� 6\GQH\µ�� 5HVHDUFK� 5HSRUW� 1R�� 5����� &LYLO���������
(QJLQHHULQJ�ODERUDWRU\��8QLYHUVLW\�RI��6\GQH\��

>��@� +ROPHV� �� -�'�� DQG� 2OLYHU�6�(��������� ´$Q� HPSLULFDO� PRGHO� RI� D� GRZQEXUVWµ�� (QJLQHHULQJ�
6WUXFWXUHV��(OVHYLHU��������������

>��@� +ROPHV��� -�'�� %DNHU��&�-��� (QJOLVK��� (�&��� &KRL��(�&�&��������� ´:LQG� VWUXFWXUHV� DQG�
FRGLILFDWLRQµ��:LQG�DQG�6WUXFWXUHV�����1R��������������

>��@� /DWKL��%�3����������6LVWHPDV�GH�FRPXQLFDomR��(GLWRUD�*XDQDEDUD���5LR�GH�-DQHLUR��%UDVLO��
>��@� 0F'RQDOG���$ODQ7��	�)R[��5REHUW�:����������´,QWURGXomR�j�0HFDQLFD�GRV�)OXLGRVµ� (GLWRUD�
>��@� *XDQDEDUD�.RRJDQ�6�$���D��(GLomR��&RS\ULWJKW�������
>��@� 2VHJXHUD��5�0�$QG�%RZOHV�5�/����������´$�6LPSOH�$QDO\WLF���'LPHQVLRQDO�'RZQEXUVW�0RGHO�

%DVHG�RQ�%RXQGDU\�/D\HU�6WDJQDWLRQ�)ORZµ��1$6$�7HFKQLFDO�0HPRUDQGXP���������-XO\�
������

>��@� 3DOXFK�0�-��7RD]]D�$��5RFKD�0�0��0DUURTXLP�$�,����������´2�ODERUDWyULR�DQHPRPpWULFR��GD�
8QLYHUVLGDGH�GH�3DVVR�)XQGRµ���,,,�:RUNVKRS�%UDVLOHLUR�GH�0LFURPHWHRURORJLD��8)60���
8QLYHUVLGDGH�)HGHUDO�GH�6DQWD�0DULD��6DQWD�0DULD��56��%UDVLO����������������

>��@� 3DOXFK�0�-��&DSSHOODUL�7�7�2��5LHUD��-�'�����������´([SHULPHQWDO�DQG�QXPHULFDO�DVVHVVPHQW�
RI�(36�ZLQG��DFWLRQ�RQ�ORQJ�VSDQ�WUDQVPLVVLRQ�OLQH�FRQGXFWRUVµ�-��RI�:LQG�(QJLQHHULQJ�DQG�
,QGXVWULDO�$HURG\QDPLFV��(OVHYLHU��7KH�1HWKHUODQGV���WR�EH�SXEOLVKHG����

>��@� 3RQWH�-U��-DFLQWR���������´0RGHODJHP�H�6LPXODomR�GR�&DPSR�GH�9HORFLGDGHV�GR�9HQWR�HP�
7RUPHQWDV�(OpWULFDVµ�7HVH�GH�'RXWRUDGR��3URPHF�8)5*6���3RUWR�$OHJUH��56��%UDVLO��������

>��@� 3RQWH�-U��-���5LHUD��-�'���´:LQG�9HORFLW\�)LHOG�GXULQJ�7KXQGHUVWRUPVµ���������:LQG�DQG��
6WUXFWXUHV���DQ�,QWHUQDWLRQDO�-RXUQDO��YROXPH�����QXPEHU����PD\������

>��@� 5LHUD�� -�� '��� 9LROOD]�� $�-�� DQG� 5HLPXQGLQ�� -�&��������´6RPH� UHFHQW� UHVXOWV� RQ� SUREDELOLVWLF�
PRGHOV�RI�H[WUHPH�ZLQG�VSHHGVµ��-��RI� ,QGXVWULDO�$HURG\QDPLFV��(OVHYLHU��7KH�1HWKHUODQGV���
�������������

>��@� 5LHUD��-�'��DQG�1DQQL��/�)����������´3LORW�VWXG\�RI�H[WUHPH�ZLQG�YHORFLWLHV�LQ�D�PL[HG�FOLPDWH�
FRQVLGHULQJ�ZLQG�RULHQWDWLRQµ��-��RI�:LQG�(QJLQHHULQJ�DQG�,QGXVWULDO�$HURG\QDPLFV��(OVHYLHU��
7KH�1HWKHUODQGV��9RO��������������

>��@� 5LHUD��-�'���9LHJDV��)�%��DQG�GRV�6DQWRV��0�/�:����������´3UREDELOLVWLF�DVVHVVPHQW�RI�ZLQG�
ORDGLQJ�IRU�VWUXFWXUDO�DQDO\VLVµ��3URFHHGLQJV���WK�,QWHUQDWLRQDO�&RQIHUHQFH�RQ�6WUXFWXUDO�6DIHW\�
DQG� 5HOLDELOLW\�� ,&266$5����� ,QQVEUXFN�� $XVWULD�� 9RO�� ��� ������� $�$�� %DONHP�� 5RWWHUGDP��
�������

>��@� 5LHUD� �-�'�� DQG� 5RFKD�0�0��������� ´/RDG� GHILQLWLRQ� IRU� ZLQG� GHVLJQ� DQG� UHOLDELOLW\�
DVVHVVPHQWV��H[WUHPH�ZLQG�FOLPDWHµ��LQ :LQG�(IIHFWV�RQ�%XLOGLQJV�DQG�6WUXFWXUHV���-�'�5LHUD�
	�$�*��'DYHQSRUW��(GLWRUV���$�$��%DONHPD��5RWWHUGDP��������

>��@� 6LPLX��(��DQG�6FDQODQ��5�+���:LQG�(IIHFWV�RQ�%XLOGLQJV�DQG�6WUXFWXUHV��7KLUG�(GLWLRQ��-RKQ�
:LOH\�	�6RQV��,QF���1HZ�<RUN��86$��������

>��@� 7KRP�� +�&�6�� �������� ´7RZDUG� D� XQLYHUVDO� FOLPDWRORJLFDO� H[WUHPH�ZLQG� GLVWULEXWLRQµ�� �:LQG�
(IIHFWV� RQ�%XLOGLQJV� DQG�6WUXFWXUHV��2WWDZD��&DQDGD��8QLY�� RI� 7RURQWR�3UHVV�� 9RO�� ��� ����
������

>��@� 9LFUR\�� '�'�������� �$� 6LPSOH�� $QDO\WLFDO�$[LV\PPHWULF� 0LFUREXUVW� 0RGHO� IRU� 'RZQGUDIW�
(VWLPDWLRQ����1$6$�70���������'27�)$$�5'��������)HE�������

>��@� 9LFUR\��'�'����������$VVHVVPHQW�RI�0LFUREXUVW�0RGHOV�IRU�'RZQGUDIW�(VWLPDWLRQ����-RXUQDO�RI�
$LU�FUDIW�������������

>��@� :RRG��*�6���DQG�.ZRN��&�6����������$Q�HPSLULFDOO\�GHULYHG�HVWLPDWH�IRU�WKH�PHDQ�YHORFLW\�
SURILOH�RI�D�WKXQGHUVWRUP�GRZQEXUVW�����WK�$:(6�:RUNVKRS��$XFNODQG��$XVWUDOLD�������

>��@� =KX�6�DQG�(WNLQ�%���������´0RGHO�RI�WKH�ZLQG�ILHOG�LQ�D�GRZQEXUVWµ��LQ�-RXUQDO�RI $LUFUDIW�������
1R������������-XO\������

6LWHV�UHIHUHQFHV��
::������RQ�OLQH�*LGHV��8QLYHUVLW\�RI�,OOLQRLV���
KWWS���ZZ�����DWPRV�XLXF�HGX��*K��JXLGHV�PWU�VYU�FRPS�RXW�PLFUR�KRPH�U[PO�


