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7KH� XVH� RI� VHLVPLF� DUUD\V� LQ� ����V�� GLVSHUVLRQ� VWXGLHV� LQ� ����V� DQG� WKH� XVH� RI�

WRPRJUDSK\� LQ�����V�ZHUH� WKH�YLYLG�VXEMHFWV�RI� VHLVPRORJ\��0RVW�RI� WKHVH�VXEMHFWV�ZHUH�

GHYHORSHG� ZLWK� WKH� SURJUHVVHV� LQ� RWKHU� GLVFLSOLQHV� VXFK� DV� WKH� DGYDQFHV� LQ� FRPSXWHU�

WHFKQRORJ\� DIIHFWLQJ� WKH� DUUD\� SURFHVVLQJ� WHFKQLTXHV��:LWK� WKH� EHJLQQLQJ� RI� ��VW� FHQWXU\�

WKH�XVH�RI�DPELHQW�QRLVH�DV�D�QHZ�W\SH�RI�VHLVPLF�VRXUFH�KDV�EHHQ�XWLOL]HG�LQ�XOWUDVRQLF�DQG�

DFRXVWLFV�DQG�WKHVH�LPSURYHPHQWV�ZHUH�DGDSWHG�WR�VHLVPRORJ\�YHU\�TXLFNO\��7KH�REMHFWLYH�

RI� WKLV� WKHVLV� LV� WR� HPSOR\� VRPH� RI� WKHVH� UHFHQW� GHYHORSPHQWV� LQ� VHLVPRORJ\� ZLWK� WKH�

LPSURYHG� GDWD� TXDOLW\� LQ� RUGHU� WR� FRQWULEXWH� WR� WKH� XQGHUVWDQGLQJ� RI� WKH� ORQJ� VWDQGLQJ�

SUREOHPV�RQ�WKH�WHFWRQLFV�RI�7XUNH\�DQG�VXUURXQGLQJV��1R�GRXEW�DFFRPSOLVKLQJ�WKLV�ZLWK�D�

UHODWLYHO\�QHZ�PHWKRG�ZKLFK�GRHV�QRW�SURYH� LWV� UHOLDELOLW\� \HW�ZLOO�EULQJ�TXHVWLRQV�DORQJ�

ZLWK�WKH�UHVXOWV��2Q�WKH�RWKHU�KDQG�VROYLQJ�WKLV�SUREOHP�ZLWK�D�FRQYHQWLRQDO�WHFKQLTXH�RI�

ZKLFK�VWDELOLW\�LV�DOUHDG\�WHVWHG�DQG�FRPSDULQJ�WKH�UHVXOWV�ZLWK�WKH�PHWKRG�VWLOO�RQ�WULDO�ZLOO�

SURYLGH�PRUH�WUXVWZRUWK\�RXWFRPH��)RU�WKLV�UHDVRQ�LQ�WKH�IUDPH�RI�WKLV�WKHVLV�VXUIDFH�ZDYH�

YHORFLW\� VWUXFWXUH� RI� 7XUNH\� DQG� LWV� VXUURXQGLQJV� ZHUH� REWDLQHG� IURP� WKH� GLVSHUVLRQ�

PHDVXUHPHQWV�RI�ORFDO�DQG�UHJLRQDO�HDUWKTXDNHV��/RQJ�WLPH�FRUUHODWLRQV�RI�DPELHQW�VHLVPLF�

QRLVH�UHFRUGLQJV�ZHUH�XVHG�WR�GHWHUPLQH�VXUIDFH�ZDYH�*UHHQ¶V�IXQFWLRQV�DQG�XVH�WKHP�WR�

REWDLQ�VXUIDFH�ZDYH�YHORFLW\�GLVWULEXWLRQ�LQ�DUHD�VLPLODU�ZD\�DV�WKH�HDUWKTXDNH�UHFRUGLQJV��

7KH�UHVXOWV�ZHUH�WKHQ�FRPSDUHG�DQG�FRUUHODWHG�ZLWK�WKH�NQRZQ�JHRORJLF�VWUXFWXUHV�LQ�WKH�

UHJLRQ�� 7KLV� WKHVLV� SUHVHQWV� WKH� VXUIDFH� ZDYH� YHORFLW\� VWUXFWXUH� RI� WKH� UHJLRQ� ZLWK� WKH�

KLJKHVW� UHVROXWLRQ�DQG� ODUJHVW�VFDOH� WKDW�KDV�HYHU�EHHQ�SHUIRUPHG� LQ� WKH�DUHD�� ,W� LV�VKRZQ�

WKDW� WKH� XVH� RI� DPELHQW� QRLVH� FRUUHODWLRQ� LQ� WKLV� DUHD� WRJHWKHU� ZLWK� WKH� GLVSHUVLRQ�

PHDVXUHPHQWV�RI�HDUWKTXDNHV�LV�EHQHILFLDO��7KH�GDWD�DQG�WKH�UHVXOWV�SUHVHQWHG�LQ�WKLV�VWXG\�

DUH� DQ� LQLWLDO� VWDJH� RI� D�PRUH� FRPSUHKHQVLYH�ZRUN�ZLWK� LQWHQWLRQ� WR� FRQVWUXFW� D� GHWDLOHG�

PXOWL�SDUDPHWHU�FUXVWDO�HDUWK�PRGHO�XVLQJ�VHYHUDO�JHRSK\VLFDO�OD\HUV��
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,� ZRXOG� VLQFHUHO\� OLNH� WR� WKDQN� WR� P\� DFDGHPLF� DGYLVRU�� 3URI�� 'U�� +D\UXOODK�

.DUDEXOXW�IRU�KLV�VXSSRUW�GXULQJ�P\�3K'�VWXGLHV�� ,�KDYH�QHYHU�ORVW� WKH�IHHOLQJ�WKDW� LW�KDV�

EHHQ�D�JUHDW�SULYLOHJH�IRU�PH�WR�EH�KLV�VWXGHQW�DQG�WR�ZRUN�ZLWK�KLP��,�ZRXOG�DOVR�OLNH�WR�

WKDQN�WR�KLP�HVSHFLDOO\�IRU�JLYLQJ�PH�WKH�RSSRUWXQLW\�WR�ZRUN�RQ�WKLV�QHZ�DQG�LQWHUHVWLQJ�

VXEMHFW���

�

,� ZRXOG� OLNH� WR� H[SUHVV�P\� DSSUHFLDWLRQ� WR�P\� FR�DGYLVRU�$VVRF�� 3URI��'U��.HUHP�

+DUPDQFÕ� IURP� 'HSDUWPHQW� RI� (OHFWULFDO� DQG� (OHFWURQLFV� (QJLQHHULQJ� RI� %R÷D]LoL�

8QLYHUVLW\�� ,�ZRXOG� OLNH� WR� WKDQN� WR�(VHQ�$USDW� IRU�KLV�FUXFLDO�FRPPHQWV�RQ� WKH�JHRORJ\�

DQG�WHFWRQLFV�RI�WKH�UHJLRQ���

�

,� ZRXOG� OLNH� WR� WKDQN� WR� 'U�� 'R÷DQ� .DODIDW�� 'U�� 0HKPHW� <ÕOPD]HU� DQG� 0XUDW�

%HUEHUR÷OX� RI� 1DWLRQDO� (DUWKTXDNH� 0RQLWRULQJ� &HQWHU� RI� %R÷D]LoL� 8QLYHUVLW\�� IRU�

SURYLGLQJ�VHLVPLF�GDWD�DQG�LQIRUPDWLRQ��

�

,� ZRXOG� OLNH� WR� DOVR� WKDQN� WR� 0LQH� 'HPLUFLR÷OX� IURP� (DUWKTXDNH� (QJLQHHULQJ�

'HSDUWPHQW�RI�%R÷D]LoL�8QLYHUVLW\�IRU�KHU�IUXLWIXO�KHOS�LQ�WKH�GLJLWL]DWLRQ�RI�JHRORJLF�GDWD��

,�ZRXOG�OLNH�WR�WKDQN�WR�P\�FROOHDJXHV��$KX�0XWOX�IRU�VKDULQJ�VR�PDQ\�WKLQJV�GXULQJ�P\�

ZRUN�DW�%R÷D]LoL�8QLYHUVLW\�DQG�DOVR�IRU�WXUQLQJ�WKH�GLIILFXOW�WLPHV�WR�IXQ�IRU�PH�ZLWK�KHU�

VSHFLDO�VHQVH�RI�KXPRU��$\VHJXO�.�VPH]HU� IURP�1DWLRQDO�(DUWKTXDNH�0RQLWRULQJ�&HQWHU�

RI� %R÷D]LoL� 8QLYHUVLW\�� IRU� KHU� IULHQGVKLS� DQG� IRU� RXU� HYHU�ODVWLQJ� GLVFXVVLRQV� RQ� WKH�

VXEMHFW�RI�SROHV�DQG�]HURV��7KDQNV�WR�WKH�'HSDUWPHQW�RI�*HRSK\VLFV�IRU�SURYLGLQJ�D�JRRG�

HQYLURQPHQW�IRU�UHVHDUFK�DQG�HGXFDWLRQ�

�

0\� VLQFHUH� DSSUHFLDWLRQ� LV� WR�P\� VSRXVH�&DQHU� &DPED]� IRU� EHLQJ�ZLWK�PH� RQ�P\�

PRVW�LQWROHUDEOH�WLPHV�GXULQJ�WKLV�UHVHDUFK��0\�VSHFLDO�WKDQNV�DUH�IRU�P\�IDPLO\�IRU�WKHLU�

HQFRXUDJHPHQW�DQG�VXSSRUW�WKURXJK�DOO�VWDJHV�RI�P\�OLIH���
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6HLVPLF� ZDYH� YHORFLWLHV� FDQ� EH� REWDLQHG� E\� XVLQJ� DFWLYH� RU� SDVVLYH� VRXUFHV� ZLWK�

DSSURSULDWH� DUUD\V�� 6HLVPLF� UHIOHFWLRQ� DQG� UHIUDFWLRQ� VXUYH\V� XVLQJ� DFWLYH� VRXUFHV� DUH� WKH�

PRVW�WUDGLWLRQDO�RQHV��+RZHYHU�WKH�FRVW�DV�ZHOO�DV�LQDSSOLFDELOLW\�LQ�XUEDQ�DUHDV��OLPLWV�DFWLYH�

VRXUFH� UHIOHFWLRQ� DQG� UHIUDFWLRQ�PHWKRGV� LQ� WKH� FUXVWDO� LQYHVWLJDWLRQV��6HLVPLF�ERG\�ZDYHV�

DQG�VXUIDFH�ZDYHV�HPLWWHG�IURP�HDUWKTXDNHV�DUH�DOVR�ZLGHO\�XVHG�LQ�VHLVPRORJ\�LQ�RUGHU�WR�

FRQVWLWXWH� WKH� LPDJHV� RI� WKH� VXEVXUIDFH�� +RZHYHU� WKH� LQVXIILFLHQW� SDWK� FRYHUDJH� EHWZHHQ�

VRXUFHV�DQG�VWDWLRQV�PD\�EH�WKH�OLPLWLQJ�IDFWRU��7KLV�DPRXQWV�WR�WKH�REVWUXFWLRQ�RI�REWDLQLQJ�

KLJK� UHVROXWLRQ� LPDJHV� LQ� FUXVWDO� VWXGLHV� ZLWK� HDUWKTXDNH� GDWD�� ,Q� RUGHU� WR� RYHUFRPH� WKH�

VKRUWFRPLQJ�RI�WKHVH�WHFKQLTXHV��D�UHODWLYHO\�QHZ�FRQFHSW�RI�³3DVVLYH�,PDJLQJ�7HFKQLTXH´�LV�

SURSRVHG�WR�REWDLQ�WKH�VXUIDFH�ZDYH�YHORFLW\�VWUXFWXUH�RI�WKH�(DUWK����

�

*HQHUDOO\�� QRW� RQO\� LQ� VHLVPRORJ\� EXW� DOVR� LQ� RWKHU� GLVFLSOLQHV� ZKLFK� GHDO� ZLWK�

VLJQDOV��DFFHSW�QRLVH�DV�DQ�XQGHVLUHG�FRPSRQHQW�RI�WKH�VLJQDO��,W�LV�FRPPRQO\�EHOLHYHG�WKDW�

QRLVH�REVFXUHV�GDWD�DQG�GRHV�QRW�FRQWDLQ�XVHIXO�LQIRUPDWLRQ��+RZHYHU�UHFHQW�GHYHORSPHQWV�

FKDQJHG�WKLV�MXGJPHQW�E\�LQGLFDWLQJ�WKDW�ORQJ�WHUP�FRUUHODWLRQV�RI�µDPELHQW�QRLVH¶�FDQ�DOVR�

EH� XVHG� DV� VHLVPLF� VRXUFH�� 7KLV� PHWKRG� SURPLVHV� VLJQLILFDQW� LPSURYHPHQWV� LQ� WKH�

UHVROXWLRQ� DQG� DFFXUDF\� RI� FUXVWDO� DQG� XSSHU�PDQWOH� LPDJHV�� *UHHQ¶V� IXQFWLRQV� EHWZHHQ�

VWDWLRQ� SDLUV� FDQ� EH� H[WUDFWHG� IURP� ORQJ� WHUP� FRUUHODWLRQV� RI� VHLVPLF� UHFRUGLQJV�� 6KHDU�

ZDYH� YHORFLW\� GLVWULEXWLRQ� FDQ� WKHQ� EH� REWDLQHG� IURP� WKH� *UHHQ¶V� IXQFWLRQV� XVLQJ� WKH�

FRQYHQWLRQDO�LPDJLQJ�PHWKRGV���

�

,Q�WKH�IUDPH�RI�WKLV�WKHVLV��IRU�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�FKDUDFWHU�RI�WKH�VHLVPLF�QRLVH��D�

FRPSUHKHQVLYH�QRLVH�DQDO\VLV�KDV�EHHQ�SHUIRUPHG�IRU�SHUPDQHQW�DQG�WHPSRUDU\�EURDGEDQG�

VWDWLRQV� RSHUDWLQJ� LQ� 7XUNH\� DQG� VXUURXQGLQJ� DUHDV�� 3RZHU� VSHFWUDO� GHQVLWLHV� �36'�� ZHUH�

FRPSXWHG�LQ�WKH�IUHTXHQF\�UDQJH�RI�����VHF�WR����+]��3UREDELOLW\�'HQVLW\�)XQFWLRQV��3')��



� YLL�

DV�D�IXQFWLRQ�RI�QRLVH�SRZHU��KDYH�EHHQ�DQDO\]HG�IRU�WKH�VWDWLRQV�ZLWK�DYDLODEOH�GDWD���1RLVH�

PDSV�KDYH�EHHQ�FRQVWUXFWHG�IURP�WKH�SRZHU�VSHFWUDO�GHQVLW\�HVWLPDWHV�RI�VHOHFWHG�VWDWLRQV�LQ�

WKH� UHJLRQ� LQ�RUGHU� WR� FKDUDFWHUL]H� WKH� WHPSRUDO�DQG�JHRJUDSKLFDO�YDULDWLRQV��'LYHUVLWLHV� LQ�

QRLVH� VSHFWUD� GXH� WR� GLIIHUHQW� VHQVRUV�� LQVWDOODWLRQ� SURSHUWLHV� DQG� JHRJUDSKLFDO� YDULDWLRQV�

DUH� GLVFXVVHG�� $PELHQW� VHLVPLF� QRLVH� UHFRUGV� DUH� XVHG� WR� GHWHUPLQH� WKH� JURXS� YHORFLW\�

YDULDWLRQV� LQ� 7XUNH\� DQG� VXUURXQGLQJ� UHJLRQV�� $� GDWDEDVH� IRU� QRLVH� FRUUHODWLRQV� ZDV�

FRQVWUXFWHG� IURP� WKH� FRQWLQXRXV� UHFRUGLQJV� RI� ���� SHUPDQHQW� DQG� WHPSRUDU\� EURDGEDQG�

VWDWLRQV� GXULQJ� ����������� 7KH� FURVV� FRUUHODWLRQV� RI� WKH� DPELHQW� VHLVPLF� QRLVH� DUH�

FDOFXODWHG� WR� GHWHUPLQH� VXUIDFH�ZDYH�*UHHQ¶V� IXQFWLRQ� IRU� VWDWLRQ� SDLUV� LQ� WKH� UHJLRQ�� ,Q�

RUGHU�WR�REWDLQ�WKH�JURXS�YHORFLW\�PDSV�IURP�HDUWKTXDNHV�D�ZDYHIRUP�GDWDEDVH�ZDV�IRUPHG�

IURP� ���� HDUWKTXDNHV� ZLWK� PDJQLWXGHV�0Z!���� UHFRUGHG� E\� PRUH� WKDQ� ���� EURDGEDQG�

VWDWLRQV�� /RYH� DQG� 5D\OHLJK� ZDYH� JURXS� YHORFLW\� GLVSHUVLRQ� FXUYHV� DUH� FRPSXWHG� DQG�

JURXS�YHORFLW\�PDSV�RI�7XUNH\�DQG�WKH�VXUURXQGLQJ�UHJLRQV�KDYH�EHHQ�REWDLQHG�IURP�ORFDO�

DQG� UHJLRQDO� HDUWKTXDNHV�� 5HVXOWV� IURP� DPELHQW� QRLVH� ZHUH� FRPSDUHG� ZLWK� WKH� JURXS�

YHORFLW\� PDSV� REWDLQHG� IURP� HDUWKTXDNHV�� 7KH� JURXS� YHORFLW\� PDSV� ZHUH� LQWHUSUHWHG� LQ�

UHODWLRQ�WR�WKH�NQRZQ�JHRORJLFDO�DQG�WHFWRQLF�VWUXFWXUHV�LQ�WKH�UHJLRQ��7KH�VWXG\�VKRZV�WKH�

H[LVWHQFH�RI�VLJQLILFDQWO\�GLIIHUHQW�FUXVWDO�W\SHV�LQ�WKH�DUHD��/RZ�JURXS�YHORFLWLHV�DW�VKRUWHU�

SHULRGV� ������� VHF�� DUH� REVHUYHG� LQ� ORFDO� VHGLPHQWDU\� EDVLQV�� WKH�(DVWHUQ�0HGLWHUUDQHDQ�

DQG� WKH� %ODFN� 6HD�� 7KH� (DVWHUQ� $QDWROLD� UHJLRQ� LV� DOVR� FKDUDFWHUL]HG� E\� ORZ� JURXS�

YHORFLWLHV� ZKLOH� 3RQWLGHV� DQG� %LWOLV�3|W�UJH� PDVVLI� GLVSOD\� KLJKHU� JURXS� YHORFLWLHV�� 7KH�

&HQWUDO�$QDWROLD�H[KLELWV�XQLIRUP�YHORFLW\�GLVWULEXWLRQ�LQGLFDWLQJ�PRUH�KRPRJHQRXV�FUXVW���

7KH� ,VSDUWD� $QJOH� LV� PDUNHG� E\� D� ZHGJH� VKDSHG�ORZ� JURXS� YHORFLW\� DQRPDO\�� +LJK�

YHORFLWLHV�REVHUYHG�RQ�WKH�PDSV�DUH�DVVRFLDWHG�ZLWK�PHWDPRUSKLF��PDJPDWLF�DUFV�DORQJ�WKH�

RURJHQLF�EHOWV�RI�3RQWLGHV��3|W�UJH�PDVVLI� DQG� FUXVWDO� WKLQQLQJ� LQ� WKH�$HJHDQ� UHJLRQ��$W�

ODUJHU� SHULRGV� ������� VHF�� WKH� $QDWROLDQ� %ORFN� VKRZV� ORZ� DQG� XQLIRUP� JURXS� YHORFLW\�

GLVWULEXWLRQ�ZKLOH�LWV�VXUURXQGLQJV�GLVSOD\�KLJKHU�JURXS�YHORFLWLHV�ZLWK�WKH�H[FHSWLRQ�RI�WKH�

HDVWHUQ�0HGLWHUUDQHDQ�5HJLRQ���
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6LVPLN� GDOJD� KÕ]ODUÕ� DNWLI� YH\D� SDVLI� ND\QDNODU� NXOODQÕODUDN� X\JXQ� GL]LOLPOHU� LOH�

EHOLUOHQHELOLUOHU��$NWLI�ND\QDN�NXOODQÕODQ�VLVPLN�\DQVÕPD�YH�NÕUÕOPD�DUDúWÕUPDODUÕ�HQ�\D\JÕQ�

RODQODUÕGÕU�� $QFDN�� KHP�PDDOL\HW� KHP� GH� NHQWVHO� DODQODUGDNL� X\JXODPD� ]RUOXNODUÕ� NDEXN�

LQFHOHPHOHULQGH�DNWLI�ND\QDNOÕ�\DQVÕPD�YH�NÕUÕOPD�PHWRGODUÕQÕ�VÕQÕUODQGÕUÕU��'HSUHPOHUGHQ�

\D\ÕODQ� VLVPLN� FLVLP� GDOJDODUÕ� YH� \�]H\� GDOJDODUÕ� VLVPRORMLGH� \HU\�]�Q�Q� DOWÕQGDNL�

WDEDNDODUÕQ� J|U�QW�V�Q�Q� ROXúWXUXOPDVÕ� LoLQ� \D\JÕQ� RODUDN� NXOODQÕOÕUODU�� )DNDW� ND\QDN� YH�

LVWDV\RQODU� DUDVÕ� ÕúÕQ� \ROXQXQ� NDSVDPÕQGDNL� \HWHUVL]OLN� VÕQÕUOD\ÕFÕ� ELU� IDNW|U� RODELOLU�� %X�

GHSUHP� YHULVL� LOH� NDEXN� oDOÕúPDODUÕQGD� \�NVHN� o|]�Q�UO�NO�� J|U�QW�OHU� HOGH� HWPHQLQ�

HQJHOOHQPHVLQH�QHGHQ�ROXU��gQFHNL�\|QWHPOHUGHNL�EX�HNVLNOLNOHULQ��VWHVLQGHQ�JHOPHN�LoLQ�

QLVSHWHQ� \HQL� ELU� NDYUDP� RODQ� ³3DVLI� *|U�QW�OHPH� 7HNQL÷L´� \HULQ� \�]H\� GDOJDVÕ� KÕ]�

\DSÕVÕQÕQ�EHOLUOHQPHVL�LoLQ�|QHULOPLúWLU��

�

6DGHFH� VLVPRORML� GH÷LO�� VLQ\DOOHU� LOH� X÷UDúDQ� GL÷HU� GLVLSOLQOHU� GH� J�U�OW�\�� JHQHO�

RODUDN� VLQ\DOGH� LVWHQPH\HQ� ELOHúHQ� RODUDN� NDEXO� HGHU�� *HQHO� NDEXO�� J�U�OW�Q�Q� YHUL\L�

ER]GX÷X� YH� \DUDUOÕ� ELOJL� LoHUPHGL÷LGLU�� )DNDW� HQ� VRQ� JHOLúPHOHU� EX� NDEXOX� GH÷LúWLUPLú��

VLVPLN� J�U�OW�Q�Q� X]XQ� G|QHPOL� NRUHODV\RQXQXQ� ELU� ND\QDN� RODUDN� NXOODQÕODELOHFH÷LQL�

J|VWHUPLúWLU��%X�PHWRG�NDEXN�YH��VW�PDQWR�J|U�QW�OHULQLQ�o|]�Q�UO�÷��YH�J�YHQLOLUOL÷LQGH�

|QHPOL� JHOLúPHOHU� YDDW� HGHU�� øVWDV\RQ� oLIWOHUL� DUDVÕ� *UHHQ� IRQNVL\RQX�� VLVPLN� ND\ÕWODUÕQ�

X]XQ� G|QHPOL� NRUHODV\RQXQGDQ� HOGH� HGLOHELOLU�� .HVPH� GDOJDVÕ� KÕ]� GD÷ÕOÕPÕ� GDKD� VRQUD�

*UHHQ�IRQNVL\RQODUÕQGDQ�X\JXQ�J|U�QW�OHPH�\|QWHPOHUL�NXOODQÕODUDN�HOGH�HGLOHELOLU���

�

%X�WH]�NDSVDPÕQGD��VLVPLN�J�U�OW��NDUDNWHULQLQ�GDKD�L\L�DQODúÕODELOPHVL�LoLQ�7�UNL\H�

YH�HWUDIÕQGD�oDOÕúWÕUÕODQ�JHoLFL�YH�NDOÕFÕ�VLVPLN�LVWDV\RQODUD�JHQLú�NDSVDPOÕ�J�U�OW��DQDOL]L�

X\JXODQPÕúWÕU�� 6SHNWUDO� J�o� \R÷XQOX÷X� �36'�� ���� VDQL\H� LOH� ��� +]� DUDOÕ÷ÕQGD�

KHVDSODQPÕúWÕU�� 2ODVÕOÕN� \R÷XQOX÷X� IRQNVL\RQODUÕ� �3')�� J�U�OW�Q�Q� J�F�Q�Q� IRQNVL\RQX�

RODUDN� YHULVL� X\JXQ� RODQ� LVWDV\RQODU� LOH� LQFHOHQPLúWLU�� =DPDQD� YH� FR÷UDIL� GD÷ÕOÕPD� J|UH�
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)LJXUH�������� &URVV�FRUUHODWLRQV� IRU� WKH� YHUWLFDO� FRPSRQHQWV� RI� $*5%� DQG� 6+87�

VWDWLRQV�ZLWK�DQ�LQWHUVWDWLRQ�GLVWDQFH�RI������NP�ILOWHUHG�LQ�WKH�������VHF�

SHULRG�EDQG��7KH�WUDFHV�DUH�QRUPDOL]HG�ZLWK�WKHLU�PD[LPXP�YDOXHV��������������
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)LJXUH�������� $�UHFRUG�VHFWLRQ�FHQWHUHG�DW�VWDWLRQ�$*5%�IRU�YHUWLFDO�FRPSRQHQW��&URVV�

FRUUHODWLRQV�DUH�RUGHUHG�E\�VWDWLRQ�GLVWDQFHV��%RWK�SRVLWLYH��µFDXVDO¶��DQG�

QHJDWLYH��µDFDXVDO¶��ODJV�DUH�VKRZQ��7ZR�VLGHG�*UHHQ¶V�IXQFWLRQV�ILOWHUHG�

EHWZHHQ� ��� DQG� ��� VHFRQG� SHULRGV�� 5HG� FXUYHV� LQGLFDWH� WKH�PLQLPXP�

�����NP�V��DQG�PD[LPXP������NP�V��YHORFLWLHV�DW�SRVLWLYH�DQG�QHJDWLYH�

ODJV�������������������������������������������������������������������������������������������������������������������

)LJXUH�������� $� UHFRUG� VHFWLRQ� FHQWHUHG� DW� VWDWLRQ� $*5%� IRU� WUDQVYHUVH� FRPSRQHQW��

&URVV� FRUUHODWLRQV� DUH� RUGHUHG� E\� VWDWLRQ� GLVWDQFHV�� %RWK� SRVLWLYH�

�µFDXVDO¶�� DQG� QHJDWLYH� �µDFDXVDO¶�� ODJV� DUH� VKRZQ�� 7ZR� VLGHG�*UHHQ¶V�

IXQFWLRQV�ILOWHUHG�EHWZHHQ����DQG����VHFRQG�SHULRGV��5HG�FXUYHV�LQGLFDWH�

WKH�PLQLPXP������NP�V��DQG�PD[LPXP������NP�V��YHORFLWLHV�DW�SRVLWLYH�

DQG�QHJDWLYH�ODJV ���������������������������������������������������������������������������������������������

)LJXUH��������� 7RS��7KH�HYHQW�JDWKHU�RI�WKH�HDUWKTDXNH�EDQG�SDVV�ILOWHUHG�EHWZHHQ����

���VHF�SHULRGV��%RWWRP��7KH�HVWLPDWHG�*UHHQ¶V�IXQFWLRQV�IURP�WKH�ORQJ�

WHUP�FRUUHODWLRQV�RI�37.�VWDWLRQ�ZLWK�WKH�RWKHU�EURDGEDQG�VWDWLRQV��5HG�

FXUYHV� LQGFDWH� WKH� WLPHV� FRUUHVSRQGLQJ� WR�YHORFLW\�RI�����NP�V� DQG�����

NP�V �����������������������������������������������������������������������������������������������������������������

)LJXUH��������� &RPSDULVRQ� RI� WKH� REVHUYHG� ZDYHIRUPV� IURP� WKH� HDUWKTXDNH� DQG� WKH�

HVWLPDWHG� *UHHQ¶V� IXQFWLRQV� IURP� FURV�FRUUHODWLRQ� RI� 37.� DQG� 5.<�

VWDWLRQV�� 7KH� LQQHU� ILJXUH� VKRZV� WKH� ORFDWLRQV� RI� WKH� HDUWKTXDNH� �UHG�

VWDU���5.<�VWDWLRQ��EOXH�WULDQOJH��DQG�WKH�37.�VWDWLRQ��UHG�WULDQJOH� �������������

)LJXUH��������� 5D\�SDWKV�IRU����VHF�SHULRG�5D\OHLJK�ZDYH�JURXS�YHORFLW\�PHDVXUHPHQWV�

IURP�FRUVV�FRUUHODWLRQV ������������������������������������������������������������������������������������

)LJXUH������� 5D\� SDWKV� IRU� ��� VHF� SHULRG� /RYH� ZDYH� JURXS� YHORFLW\� PHDVXUHPHQWV�

IURP�FURVV�FRUUHODWLRQV ������������������������������������������������������������������������������������

)LJXUH��������� &KHFNHUERDUG�UHVROXWLRQ�WHVWV�XVLQJ�WKH�SDWK�FRYHUDJH�RI����VHF�5D\OHLJK�

ZDYHV��7ZR� W\SHV�RI� LQSXW�SDWWHUQV�ZLWK� IRXU�E\� IRXU�GHJUHH� �WRS�� DQG�

WZR�E\�WZR�GHJUHH��ERWWRP��DUH�WHVWHG ������������������������������������������������������������

)LJXUH��������� &KHFNHUERDUG� UHVROXWLRQ� WHVWV� XVLQJ� WKH� SDWK� FRYHUDJH� RI� ��� VHF� /RYH�

ZDYHV��7ZR� W\SHV�RI� LQSXW�SDWWHUQV�ZLWK� IRXU�E\� IRXU�GHJUHH� �WRS�� DQG�

WZR�E\�WZR�GHJUHH��ERWWRP��DUH�WHVWHG� �����������������������������������������������������������

)LJXUH��������� 5D\OHLJK�ZDYH�JURXS�YHORFLW\�PDSV�REWDLQHG�IURP�WKH�*UHHQ¶V�IXQFWLRQV�

HVWLPDWHG�E\�WKH�FURVV�FRUUHODWLRQV�DW����VHF�SHULRG����������������������������������������
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)LJXUH��������� 5D\OHLJK�ZDYH�JURXS�YHORFLW\�PDSV�REWDLQHG�IURP�WKH�*UHHQ¶V�IXQFWLRQV�

HVWLPDWHG�E\�WKH�FURVV�FRUUHODWLRQV�DW����VHF�SHULRG����������������������������������������

)LJXUH������� 5D\OHLJK�ZDYH�JURXS�YHORFLW\�PDSV�REWDLQHG�IURP�WKH�*UHHQ¶V�IXQFWLRQV�

HVWLPDWHG�E\�WKH�FURVV�FRUUHODWLRQV�DW����VHF�SHULRG����������������������������������������

)LJXUH��������� /RYH� ZDYH� JURXS� YHORFLW\� PDSV� REWDLQHG� IURP� WKH� *UHHQ¶V� IXQFWLRQV�

HVWLPDWHG�E\�WKH�FURVV�FRUUHODWLRQV�DW����VHF�SHULRG����������������������������������������

)LJXUH�������� 'LVWULEXWLRQ� RI� HDUWKTXDNHV� �FLUFOHV��� VHLVPLF� VWDWLRQV� �WULDQJOHV��� 7KH�

HDUWKTXDNHV�ZLWK�PDJQLWXGHV� JUHDWHU� WKDQ� ����ZKLFK� RFFXUUHG� EHWZHHQ�

WKH� \HDUV������DQG������DUH� VHOHFWHG�� �5HG� WULDQJOHV� VKRZ� WKH� VWDWLRQV�

UHFRUGHG� WKH�SUHVHQWHG� HDUWKTXDNHV�E\�GLIIHUHQW� QHWZRUNV�GXULQJ������

������ *UHHQ� WULDQJOHV� VKRZ� WKH� VWDWLRQV� UHFRUGHG� GXULQJ� WKH� (76(�

SURMHFW�LQ�EHWZHHQ����������� ������������������������������������������������������������������������

)LJXUH�������� $QDO\VLV� RI� ZDYHIRUPV� XVLQJ� UHDVVLJQHG� PXOWLSOH� ILOWHU� WHFKQLTXH�� D��

50)$� IRU� WKH� WUDQVYHUVH� FRPSRQHQW� RI� WKH� DIWHUVKRFN� RI� 'X]FH�

HDUWKTXDNH� UHFRUGHG� DW� $*,1� VWDWLRQ� �¨ ���NP��� E�� 50)$� IRU� WKH�

WUDQVYHUVH� FRPSRQHQW� RI� WKH� V\QWKHWLF� ZDYHIRUP� FRPSXWHG� IURP� WKH�

HDUWK�PRGHO�VKRZQ�LQ�)LJXUH������7KH�EODFN�GRWV�VKRZQ�RQ�WKH�WRS�ILJXUH�

VKRZV� WKH� SLFNV� RI� JURXS� ZDYH� YHORFLWLHV� DQG� RQ� WKH� ERWWRP� VKRZV�

FRPSXWHG�JURXS�ZDYH�YHORFLWLHV�IURP�WKH�HDUWK�PRGHO�����������������������������������

)LJXUH�������� 'LVSHUVLRQ�FXUYHV�FDOFXODWHG�IURP�WZR�UHIHUHQFH�HDUWK�PRGHOV ����������������������

)LJXUH�������� 1XPEHU� RI� /RYH� ZDYH� JURXS� YHORFLW\� PHDVXUHPHQWV� DV� D� IXQFWLRQ� RI�

SHULRG�EHIRUH�DQG�DIWHU�WKH�SDWKV�HOLPLQDWHG ���������������������������������������������������

)LJXUH�������� 5D\�KLW�FRXQW��WRS��DQG�UD\�SDWKV��ERWWRP��IRU����VHF�SHULRG�/RYH�ZDYH�

JURXS�YHORFLW\�PHDVXUHPHQWV� �������������������������������������������������������������������������

)LJXUH�������� &KHFNHUERDUG� UHVROXWLRQ� WHVW� XVLQJ� WKH� SDWK� FRYHUDJH� RI� ��� VHF� /RYH�

ZDYHV��7KUHH�W\SHV�RI�LQSXW�SDWWHUQV�ZLWK�IRXU�E\�IRXU�GHJUHH��WRS���WZR�

E\�WZR�GHJUHH��PLGGOH��DQG�RQH�E\�RQH�GHJUHH��ERWWRP��DUH�WHVWHG� ��������������

)LJXUH�������� +LVWRJUDPV�RI�WUDYHO�WLPH�PLVILWV�IRU�LQLWLDO�PRGHO��WRS��DQG�ILQDO�PRGHO�

�ERWWRP��DW����VHF�SHULRG���������������������������������������������������������������������������������

)LJXUH���������6KHDU�ZDYH�VHQVLWLYLW\�NHUQHOV�RI�/RYH�ZDYHV�DW�SHULRGV�UDQJLQJ�IURP����

WR���� VHF� IRU� D� VKHDU�YHORFLW\�GHSWK� IXQFWLRQ�XVLQJ� WZR� UHIHUHQFH� HDUWK�

PRGHOV��������������������������������������������������������������������������������������������������������������

)LJXUH�����������(VWLPDWHG�JURXS�YHORFLW\�PDSV�RI�/RYH�ZDYHV�DW��������VHF�SHULRGV� ������������
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)LJXUH����������(VWLPDWHG�JURXS�YHORFLW\�PDSV�RI�/RYH�ZDYHV�DW��������VHF�SHULRGV� ������������

)LJXUH����������(VWLPDWHG�JURXS�YHORFLW\�PDSV�RI�/RYH�ZDYHV�DW��������VHF�SHULRGV� ������������

)LJXUH��������� /RFDO� GLVSHUVLRQ� FXUYHV� GHULYHG� IURP� WKH� WRPRJUDSKLF� PDSV� DW� ILYH�

VHLVPLF�VWDWLRQV�VKRZQ�LQ�)LJXUH�������������������������������������������������������������������

)LJXUH��������� (VWLPDWHG� JURXS� YHORFLW\� PDSV� RI� /RYH� ZDYHV� DW� ��� VHF� SHULRG� ZLWK�

PDMRU� WHFWRQLF� XQLWV� �WRS��� ZLWK� PDMRU� VXWXUH� ]RQHV� DQG� RSKLROLWHV�

�ERWWRP� �����������������������������������������������������������������������������������������������������������

)LJXUH��������� (VWLPDWHG� JURXS� YHORFLW\� PDSV� RI� /RYH� ZDYHV� DW� ��� VHF� SHULRG� ZLWK�

YROFDQRHV ���������������������������������������������������������������������������������������������������������

)LJXUH����������(VWLPDWHG�JURXS�YHORFLW\�PDSV�RI�/RYH�ZDYHV��IURP�HDUWKTXDNHV���WRS���

DQG� FRUUHODWLRQV� � �ERWWRP�� DW� ��� VHF�SHULRG� IRU�RQH�E\�RQH�GHJUHH� JULG�

VL]H�������������������������������������������������������������������������������������������������������������������

�
�
�
�

�
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7DEOH������ 1XPEHU�RI�REVHUYDWLRQV�XVHG�IRU�WKH�WRPRJUDSKLF�LPDJHV��YDOXHV�RI�WKH�

LQLWLDO�DQG�ILQDO�JURXS�ZDYH�WUDYHO�WLPH�UHVLGXDOV�DQG�VWDQGDUG�GHYLDWLRQV�

IRU�GLIIHUHQW�SHULRGV««««««�����������������������������������������������������������������

7DEOH�$���� /LVW�RI�EURDGEDQG�VWDWLRQV««««««�������������������������������������������������������

7DEOH�%���� /LVW�RI�HDUWKTXDNHV««««««������������������������������������������������������������������

�
�

�
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$[%� $[LRV�%DVLQ�

$�7� $QDWROLG�7DXULG�%ORFN�

&$%� &OLFLD�$GDQD�%DVLQ�

($$&� (DVW�$QDWROLD�$FFUHWLRQDU\�&RPSOH[�

(76(� (DVWHUQ�7XUNH\�6HLVPLF�([SHULPHQW�

+/� 1DWLRQDO�2EVHUYDWRU\�RI�$WKHQV�

,$� ,VSDUWD�$QJOH�

,5,6� ,QFRUSRUDWHG�5HVHDUFK�,QVWLWXWLRQV�IRU�6HLVPRORJ\�

,=� ,VWDQEXO�=RQH�

.2(5,� .DQGLOOL�2EVHUYDWRU\�DQG�(DUWKTDXNH�5HVHDUFK�,QVWLWLXWH�

.0� .ÕUúHKLU�0DVVLI�

/1� /\FLDQ�1DSSHV�

05&� 0DUPDUD�5HVHDUFK�&HQWHU�

00� 0HQGHUHV�0DVVLI�

1$7� 1RUWK�$QDWROLDQ�7URXJK�

12$� 1DWLRQDO�2EVHUYDWRU\�RI�$WKHQV�

25)(86� 2EVHUYDWRULHV�DQG�5HVHDUFK�)DFLOLWLHV�IRU�(XURSHDQ�6HLVPRORJ\��

37� 3RQWLGHV�

VSV� 6DPSOH�SHU�VHFRQG�

� 5HVROXWLRQ�

G� 'LVWDQFH�

U� 7LPH�

3� 3RZHU�

*D� *UHHQ¶V�IXQFWLRQ�

Y�W�� 7HPSRUDO�ZLQGRZ�

I� 6RXUFH�IXQFWLRQ�

0Z� 0DJQLWXGH�

�Q�Z�� 3KDVH�

\M�W�� MWK�VHJPHQW�
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�

6HLVPLF�UHIOHFWLRQ�DQG�UHIUDFWLRQ�VXUYH\V�XVLQJ�DFWLYH�VRXUFHV�DUH�WUDGLWLRQDO�PHWKRGV�

LQ� WKH� LQYHVWLJDWLRQ�RI� WKH�HDUWK¶V� VWUXFWXUH��+RZHYHU�� WKH�FRVW�DV�ZHOO� DV� LQDSSOLFDELOLW\� LQ�

XUEDQ�DUHDV��OLPLWV�WKH�XVH�RI�DFWLYH�VRXUFH�PHWKRGV��6HLVPLF�ERG\�ZDYHV�DQG�VXUIDFH�ZDYHV�

HPLWWHG� IURP� HDUWKTXDNHV� DUH� DOVR� ZLGHO\� XVHG� LQ� VHLVPRORJ\�� 6XUIDFH� ZDYH� WRPRJUDSK\�

XVLQJ�HDUWKTXDNHV�KDV�SURYHQ�WR�EH�YHU\�XVHIXO�LQ�GHWHUPLQLQJ�WKH�VWUXFWXUH�RI�WKH�FUXVW�DQG�

XSSHUPRVW� PDQWOH� RQ� ERWK� UHJLRQDO� DQG� JOREDO� VFDOH�� 7KHLU� ODUJH� DPSOLWXGHV� DORQJ� ORQJ�

SURSDJDWLRQ�SDWKV�ZLWK�UHODWLYHO\�ORZ�DWWHQXDWLRQ�FRQWULEXWHG�JUHDWO\�WR�RXU�NQRZOHGJH�RI�

WKH� (DUWK¶V� XSSHU� PDQWOH� DQG� FUXVWDO� VWUXFWXUH�� 2QH� GLPHQVLRQDO� HDUWK� PRGHOV� KDV� EHHQ�

URXWLQHO\�REWDLQHG�IRU�JUHDW�FLUFOH�SDWKV�XVLQJ�WKH�GLVSHUVLYH�QDWXUH�RI�VXUIDFH�ZDYHV�ZKLOH�

ORQJ�SHULRG�VXUIDFH�ZDYHV�KDV�EHHQ�WKH�PDLQ�VRXUFH�RI�WKH�REVHUYDWLRQ�IRU�GHWHUPLQLQJ�WKH�

WRPRJUDSKLF� LPDJH� RI� WKH� PDQWOH�� 'XULQJ� WKH� ODVW� GHFDGH� ZLWK� WKH� DYDLODELOLW\� RI� KLJK�

TXDOLW\� GLJLWDO� EURDGEDQG� VHLVPLF� GDWD� ZH� KDYH� VHHQ� D� UDSLG� SURJUHVV� LQ� LPDJLQJ� WKH�

VWUXFWXUH� RI� FUXVW� DQG� XSSHU�PDQWOH�ZLWK� WKH� LQFUHDVLQJ� UHVROXWLRQV�� 6WXGLHV� DW� ORFDO� DQG�

UHJLRQDO� VFDOHV� DUH� QRZ� FRPPRQ� IRU� UHJLRQV� ZLWK� JRRG� FRYHUDJH� RI� VWDWLRQV� DQG�

HDUWKTXDNHV��3KDVH�DQG�JURXS�YHORFLW\�GLVWULEXWLRQV�REWDLQHG�IURP�VXUIDFH�ZDYHV�FRUUHODWH�

ZHOO� ZLWK� WKH� PDLQ� WHFWRQLF� DQG� JHRORJLFDO� IHDWXUHV� SURYLGLQJ� EHWWHU� FRQVWUDLQV� RQ� WKHLU�

JHRPHWU\�DQG�UHODWLRQ�WR�WKH�UHJLRQDO�WHFWRQLFV��

�

+RZHYHU�LQVXIILFLHQW�SDWK�FRYHUDJH�RI�VHLVPLFDOO\�LQDFWLYH�UHJLRQV�LV�D�OLPLWLQJ�IDFWRU�

UHVXOWLQJ�LQ�WKH�REVWUXFWLRQ�RI�KLJK�UHVROXWLRQ�LPDJHV��,Q�RUGHU�WR�RYHUFRPH�WKH�VKRUWFRPLQJV�

RI� FRQYHQWLRQDO� WHFKQLTXHV� DQ� DOWHUQDWLYH�� FDOOHG� 3DVVLYH� ,PDJLQJ� 7HFKQLTXH�� KDV� EHHQ�

SURSRVHG��:HDYHU�DQG�/RENLV��������'HURGH�HW�DO���������6QLHGHU��������/DURVH�HW�DO����������

7KH�PHWKRG�ZDV�ILUVW�WHVWHG�LQ�XOWUDVRQLF�DQG�DFRXVWLFV��:HDYHU�DQG�/RENLV���������ODWHU�RQ�

DSSOLHG�LQ�D�QXPEHU�RI�GLVFLSOLQHV��

�

$FFRUGLQJ� WR� WKLV� QHZ� WHFKQLTXH� VXUIDFH� ZDYH� *UHHQ¶V� IXQFWLRQ� FDQ� EH� H[WUDFWHG�

EHWZHHQ� WZR� VWDWLRQV� E\� ORQJ� WHUP� FRUUHODWLRQV� RI� DPELHQW� VHLVPLF� QRLVH�� 1RLVH� LV�

FRQYHQWLRQDOO\� GHVFULEHG� DV� GLVWXUEDQFH� LQ� WKH� VLJQDO� ZKLFK� GRHV� QRW� UHSUHVHQW� SDUW� RI� D�
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PHVVDJH� IURP� D� VSHFLILHG� VRXUFH� �6KHULII�� ������� 6XFK� GHILQLWLRQ� VXSSRVHV� WKDW� QRLVH�

REVFXUHV� WKH� VLJQDO� DQG� GRHV� QRW� FRQWDLQ� XVHIXO� LQIRUPDWLRQ�� +RZHYHU� WKH� QHZ� EUDQFK� RI�

SK\VLFV�FDOOHG�³PHVRVFRSLF�SK\VLFV´�LV�FKDOOHQJLQJ�WKLV�DVVXPSWLRQ��7KH�WKHRU\�LQGLFDWHV�WKDW�

D� UHVLGXDO� FRKHUHQFH� LV� SUHVHUYHG� IURP� WKH� VXSHUSRVLWLRQ� RI� OLQHDU� ZDYHV� ZKLFK� FDQ� EH�

XWLOL]HG� E\� ORQJ� WHUP� FRUUHODWLRQ� RI� DPELHQW� QRLVH�� 5DWKHU� WKDQ� ZDLWLQJ� IRU� HDUWKTXDNHV��

LQIRUPDWLRQ� UHODWHG� WR� SURSDJDWLRQ� SDWKV� LV� UHFRYHUHG� IURP� DPELHQW� VHLVPLF� QRLVH� WKDW� LV�

FRQVWDQWO\�SURGXFHG�E\�IOXFWXDWLRQV�LQ�WKH�(DUWK¶V�DWPRVSKHUH�DQG�RFHDQV��7KH�QHZ�PHWKRG�

SURPLVHV�VLJQLILFDQW�LPSURYHPHQWV�LQ�WKH�UHVROXWLRQ�DQG�DFFXUDF\�RI�FUXVWDO�DQG�XSSHU�PDQWOH�

LPDJHV��1RZDGD\V�VXUIDFH�ZDYH�WRPRJUDSK\�EDVHG�RQ�FURVV�FRUUHODWLRQV�RI�DPELHQW�VHLVPLF�

QRLVH�KDV�EHHQ�DSSOLHG�VXFFHVVIXOO\�DW�ORFDO�DQG�UHJLRQDO�VFDOHV��6KDSLUR�DQG�&DPSLOOR��������

&DPSLOOR�DQG�3DXO��������%HQVHQ�HW�DO���������5LW]ZROOHU��������6WHKO\�HW�DO���������/L�HW�DO���

��������

�

,Q�WKH�ILUVW�FKDSWHU��D�UHYLHZ�RI�WKH�JHRORJLF�DQG�WHFWRQLF�VHWWLQJ�RI�WKH�VWXG\�DUHD�LV�

SUHVHQWHG�� 5HVXOWV� RI� WKH� SUHYLRXV� JHRORJLF� VWXGLHV� UHYLHZHG� DQG� PDSV� RI� WHFWRQLF� DQG�

JHRORJLF�XQLWV�DUH�SUHVHQWHG��3UHYLRXV�JHRSK\VLFDO� VWXGLHV�SHUIRUPHG� LQ� WKH�DUHD�DUH�DOVR�

UHYLHZHG����

�

$Q� DQDO\VLV� LV� SHUIRUPHG� LQ� WKLV� VWXG\� LQ� RUGHU� WR� XQGHUVWDQG� WKH� LQVWUXPHQWDO��

WHPSRUDO�DQG�VSDWLDO�FKDUDFWHULVWLFV�RI�VHLVPLF�QRLVH��&KDSWHU���FRYHUV�WKH�SRZHU�VSHFWUDO�

GHQVLW\�PHWKRG�XVHG�IRU�WKH�DQDO\VLV�RI�VHLVPLF�QRLVH��'LXUQDO��VHDVRQDO��LQVWUXPHQWDO�DQG�

VSDWLDO�YDULDWLRQV�RI�QRLVH�DUH�SUHVHQWHG���

�

&KDSWHU���SUHVHQWV�WKH�FURVV�FRUUHODWLRQ�RI�DPELHQW�VHLVPLF�QRLVH�XVLQJ�UHFRUGLQJV�RI�

ERWK�SHUPDQHQW�DQG�WHPSRUDU\�VHLVPLF�VWDWLRQV�LQ�7XUNH\��7KH�ORQJ�WHUP�FURVV�FRUUHODWLRQV�

RI�WKH�DPELHQW�QRLVH�DUH�FDOFXODWHG�WR�GHWHUPLQH�*UHHQ¶V�IXQFWLRQ�IRU�VWDWLRQ�SDLUV��*URXS�

YHORFLWLHV�DUH�FRPSXWHG�IURP�WKH�HVWLPDWHG�*UHHQ¶V�IXQFWLRQ�DQG�JURXS�YHORFLW\�PDSV�DUH�

REWDLQHG���

�

&KDSWHU� �� FRYHUV� D� VXUIDFH� ZDYH� WRPRJUDSK\� VWXG\� XVLQJ� UHJLRQDO� HDUWKTXDNHV�� $�

ZDYHIRUP�FDWDORJ�LV�IRUPHG�E\�VHOHFWLQJ�����HDUWKTXDNHV�LQ�WKH�UHJLRQ�EHWZHHQ������DQG�

�����ZLWK�PDJQLWXGHV�0Z�!������'LVSHUVLRQ�FXUYHV�RI�WKH�VLJQDOV�LQ�EHWZHHQ�������VHF�DUH�
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REWDLQHG�E\�XVLQJ�WKH�0XOWLSOH�)LOWHU�$QDO\VLV��*URXS�YHORFLW\�YDULDWLRQV�DUH�FRPSXWHG�DQG�

PDSSHG�IRU�WKH�VHOHFWHG�SHULRG�UDQJHV���

�

,Q�&KDSWHU����WKH�IHDWXUHV�RI�JURXS�YHORFLW\�PDSV�DUH�GLVFXVVHG�LQ�UHODWLRQ�WR�JHRORJ\�

DQG�WHFWRQLFV�RI�WKH�UHJLRQ��

�

������*HRORJ\�DQG�7HFWRQLF�6HWWLQJV�

�
7XUNH\� LV� ORFDWHG� LQ� WKH� HDVW�ZHVW� WUHQGLQJ� VHJPHQW� RI� WKH� $OSLQH�+LPDOD\DQ�

RURJHQLF�EHOW�RQ�WKH�ERXQGDU\�EHWZHHQ�*RQGZDQD�LQ�WKH�VRXWK�DQG�/DXUDVLD�LQ�WKH�QRUWK��

:LWKLQ� WKLV� EHOW� GLIIHUHQW� FRQWLQHQWDO� DQG� RFHDQLF� EUDQFKHV� UHODWHG� WR� WKH� RSHQLQJ� DQG�

FORVXUH� RI� WKH� 3DOHR]RLF� DQG� 0HVR]RLF� RFHDQLF� EDVLQV� FDQ� EH� IRXQG�� 7KHVH� EDVLQV� DUH�

QDPHG� ZLWK� D� FRPPRQ� WHUP� DV� 7HWK\V� 2FHDQ� �*|QF�R÷OX� HW� DO��� ������� $OWKRXJK� WKH�

JHRPHWU\� DQG� HYROXWLRQ� RI� WKH� 7HWK\V� 2FHDQ� LV� VWLOO� LQ� GHEDWH�� WKHUH� LV� D� FRQFHQVXV�

UHJDUGLQJ� WKH� SUHVHQFH� RI� 3DOHR�7HWK\V� RQ� WKH� VRXWK� DQG� 1HR�7HWK\V� RQ� WKH� QRUWK� ERWK�

ULIWHG� IURP� WKH� *RQGZDQD� PDUJLQ� �6WDPSIOL�� ������� 7KH� SUHVHQW� WHFWRQLF� UHJLPH� LQ� WKH�

UHJLRQ�IROORZV�FORVXUH�DQG�GHVWUXFWLRQ�RI�WKH�1HR�7HWK\DQ�RFHDQV��)LJXUH��������

�

7KH�QRUWKHUQ�1HRWHWK\V�LV�ORFDWHG�EHWZHHQ�WKH�6DNDU\D�FRQWLQHQW�LQ�WKH�QRUWK�DQG�WKH�

$QDWROLGH�7DXULGH�3ODWIRUP�LQ�WKH�VRXWK��7KH�VRXWKHUQ�1HRWHWK\V�ZKLFK�VHSDUDWHG�$UDELDQ�

3ODWIRUP� LQ� WKH� VRXWK� IURP�$QDWROLGH�7DXULGH� 3ODWIRUP� LQ� WKH� QRUWK� LV� ORFDWHG� DORQJ� WKH�

6RXWKHDVW�$QDWROLDQ�6XWXUH��7ZR�PDMRU�(�:�WUHQGLQJ�RSKLROLWH�EHOWV� LQGLFDWH� WKH�FORVXUH�

DQG�GHVWUXFWLRQ�RI�1HRWHWK\V��6WDPSIOL����������

�

9DULRXV� FRQWLQHQWDO� EORFNV� WKDW�PDNH�XS� SUHVHQW�GD\� WHFWRQLFV�RI�7XUNH\� LV�PDLQO\�

GLYLGHG� LQWR� VL[�PDMRU� OLWKRVSKHULF� IUDJPHQWV� LQFOXGLQJ� WKH�6WUDQGMD�� WKH� ,VWDQEXO�DQG� WKH�

6DNDU\D�]RQHV��WKH�$QWROLGH�7DXULGH�%ORFN��WKH�.ÕUúHKLU�0DVVLI�DQG�WKH�$UDELDQ�3ODWIRUP�

�ùHQJ|U�DQG�<ÕOPD]��������ùHQJ|U�HW�DO���������2ND\��������2ND\�HW�DO����������

�

7KH�6WUDQGMD��WKH�,VWDQEXO�DQG�WKH�6DNDU\D�]RQHV�VKRZ�VLPLODU�JHRORJLF�SDWWHUQV�ZLWK�

WKH�/DXUDVLD�DUH�UHIHUUHG�DV�WKH�3RQWLGHV��7KH�,]PLU�$QNDUD�(U]LQFDQ�VXWXUH�VHSDUDWHV�WKHVH�

XQLWV� ZLWK� WKH� .ÕUúHKLU� 0DVVLI� DQG� WKH� $QDWROLGH�7DXULGH� EORFN�� 7KH� $QDWROLGH�7DXULGH�
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%ORFN�LQ�WKH�VRXWK�VKRZV�VLPLODU�3DOHR]RLF�VWUDWLJUDSK\�ZLWK�WKH�$UDELDQ�3ODWIRUP�DQG�DOVR�

ZLWK�WKH�QRUWKHUQ�PDUJLQ�RI�*RQGZDQD��2ND\�DQG�7�\V�]����������

�

�

)LJXUH������7HFWRQLF�VHWWLQJ�RI�7XUNH\��$[%��$[LRV�%DVLQ��$�7��$QDWROLG�7DXULGH�%ORFN��

&$%�� &OLFLD�$GDQD� %DVLQ�� ($$&�� (DVW� $QDWROLDQ� $FFUHWLRQDU\� &RPSOH[�� ,$�� ,VSDUWD�

$QJOH�� ,=�� ,VWDQEXO� =RQH�� .0�� .ÕUúHKLU� 0DVVLI�� /1�� /\FLDQ� 1DSSHV�� 00�� 0HQGHUHV�

0DVVLI�� 1$7�� 1RUWK� $HJHDQ� 7URXJK�� 37�� 3RQWLGHV�� 56�� 5KRGRSH�6WUDQGMD� %DVLQ�� 6%%��

6LQRS�%R\DEDW�%DVLQ��6=��6DNDU\D�=RQH��7K%��7KUDFH�%DVLQ��*UHHQ�DQG�OLJKW�JUHHQ�XQLWV�

UHSUHVHQW� WKH� RSKLROLWHV� DQG� RSKLROLWLF� PpODQJHV�� UHVSHFWLYHO\�� %DWK\PHWU\� RI� WKH� UHJLRQ�

GHULYHG�IURP�(7232���3XUSOH�YROFDQR�VLJQV�VKRZ�QHRJHQH�DQG�TXDWHUQDU\�YROFDQLVP��5HG�

WULDQJOHV� VKRZ� WKH� VXWXUHV� DQG� HDUOLHU� VXEGXFWLRQ� ]RQHV�� � �0RGLILHG� IURP� 6WDPSIOL��

KWWS���ZZZ�VVW�XQLO�FK�UHVHDUFK�SODWHBWHFWR�SUHVHQWBGD\�KWP��2ND\�DQG�7�\V�]�������

5REHUWVRQ�������7DWDU�HW�DO���������<ÕOPD]�HW�DO���������

�

7KH� ,VWDQEXO� ]RQH� LV� FKDUDFWHUL]HG� E\� D� WKLFN� 2UGRYLFLDQ� WR� &DUERQLIHURXV��

VHGLPHQWDU\� VHTXHQFH� ZKLFK� UHVWV� XQFRQIRUPDEO\� RQ� D� 3UHFDPEULDQ� PHWDPRUSKLF�

EDVHPHQW�� ,W� LV� ERUGHUHG� E\� WKH� 6WUDQGMD� PDVVLI� LQ� WKH� ZHVW�� ZKLFK� KDV� ODWH� -XUDVVLF�

GHIRUPDWLRQ�DQG�PHWDPRUSKLVP��VHSDUDWHG�LQ�WKH�VRXWK�DORQJ�WKH�,QWUD�3RQWLGH�VXWXUH�IURP�

WKH�6DNDU\D�]RQH��7KH�6DNDU\D�]RQH�FRQWDLQV�QR� LQ�VLWX�3DOHR]RLF�VHGLPHQWDU\� URFNV�DQG�
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XQGHUZHQW�VWURQJ�GHIRUPDWLRQ�DQG�PHWDPRUSKLVP�LQ�WKH�ODWH�7ULDVVLF�DQG�WKHQ�DJDLQ�LQ�WKH�

(RFHQH� WR� 0LRFHQH� LQWHUYDO� �ùHQJ|U� DQG� <ÕOPD]�� ������� 7KH� HDVW�ZHVW� RULHQWHG� ,QWUD�

3RQWLGH� VXWXUH�� PDUNHG� E\� VOLYHUV� RI� VHUSHQWLQLWH�� EOXHVFKLVW�� EDVLF� YROFDQLF� URFN�� DQG�

8SSHU�&UHWDFHRXV� WR�PLGGOH�3DOHRFHQH�SHODJLF� OLPHVWRQH� LV� WKH� UHPQDQW�RI� WKH�0HVR]RLF�

,QWUD�3RQWLGH�2FHDQ��ùHQJ|U�DQG�<ÕOPD]����������

�

7KH�$UDELDQ�3ODWIRUP�FRQVLVWV�RI�PDULQH��VHGLPHQWDU\�VXFFHVVLRQ�DFFXPXODWHG�IURP�

HDUO\�&DPEULDQ� WR�PLGGOH�0LRFHQH� WLPH�� 7KH� RSKLROLWH� RI� WKH�$UDELDQ� SODWIRUP� IRUPV� D�

JLDQW� QDSSH� DFFXPXODWLRQ� �<ÕOPD]�� ������� 7KH� %LWOLV� 0DVVLI� IRUPLQJ� DQ� (�:� WUHQGLQJ�

PRXQWDLQ� UDQJH� LQ� VRXWKHDVW�$QDWROLD� LV� D�PHWDPRUSKLF� FRPSOH[��7ZR� WHFWRQLF� XQLWV�� DQ�

ROG�� KLJK� JUDGH� PHWDPRUSKLF� FRUH� DQG� D� PHWDPRUSKLF� FRYHU� UHSUHVHQWLQJ� D� SODWIRUP�

VHTXHQFH� FRQVWLWXWH� WKLV� PDVVLI� �<ÕOPD]�� ������� %LWOLV�0DVVLI� DQG� LWV� RSKLROLWLF� FRYHU� LV�

IUDJPHQWHG� E\� WKH� ULIWLQJ� RI� WKH� 0DGHQ� %DVLQ�� )RU� WKLV� UHDVRQ�� WKH� YDULRXV� RSKLROLWH�

IUDJPHQWV�ZHUH�WUDQVSRUWHG�LQWR�WKH�EDVLQ��:LGH�VSUHDG�YROFDQLF�DFWLYLW\�DFFRPSDQLHG�WKH�

VHGLPHQWDWLRQ�LQ�WKLV�UHJLRQ��<ÕOPD]����������

�

7KH�$QDWROLGH�7DXULGH�%ORFN�IRUPV�WKH�PDLQ�SDUW�RI�WKH�VRXWKHUQ�7XUNH\��7KLV�XQLW�

VKRZV�D� VLPLODU�3DOHR]RLF� VWUDWLJUDSK\� WR� WKH�$UDELDQ�SODWIRUP�DQG�DOVR�ZLWK�*RQGZDQD��

7KHUH�LV�D�PDVVLYH�RSKLROLWH�DQG�DFFUHWLRQDU\�FRPSOH[�DFFXPXODWLRQ�RYHU�WKLV�EORFN���7KH�

$QWROLGH�7DXULGH� EORFN� FDQ� EH� GHVFULEHG� LQ� WKUHH� UHJLRQDO�PHWDPRUSKLF� FRPSOH[HV�� 7KH�

7DYúDQOÕ�]RQH��WKH�$I\RQ�]RQH�DQG�WKH�0HQGHUHV�0DVVLI��7KH�%RUQRYD�)O\VFK�=RQH�LQ�WKH�

$QDWROLGH�7DXULGH� EORFN� H[LVWV� EHWZHHQ� WKH� ,]PLU�$QNDUD�(U]LQFDQ� VXWXUH� DQG� WKH�

0HQGHUHV�0DVVLI��2ND\�DQG�7�\V�]����������

�

,Q�WKH�FHQWUDO�$QDWROLD��WKH�.ÕUúHKLU�0DVVLI�FRQVLVWV�RI�PHWDPRUSKLF�DQG�YROXPLQRXV�

JUDQLWLF� URFNV�� 7KHVH�PHWDPRUSKLF� URFNV� RI� WKH�.ÕUúHKLU�0DVVLI�ZLWK� LVRWRSLF� DJHV� IURP�

&UHWDFHRXV�FRQVWLWXWH�D�FRKHUHQW�PHWDVHGLPHQWDU\�VHTXHQFH�RI�JUDQXOLWH��JQHLVV��PLFDVKLVW��

PHWDTXDU]LWH�� PDUEOH� DQG� FDOF�VLOLFDWH� URFNV� DQG� WKH\� DUH� IROGHG� DQG�PXOWLSO\� GHIRUPHG�

URFNV� �6H\PHQ�� ������ 2ND\� DQG� 7�\V�]�� ������� 7KH� DFFUHWLRQDU\� FRPSOH[� DQG� WKH�

PHWDPRUSKLF� URFNV�ZKLFK�DUH� LQWUXGHG�E\�JUDQLWLF� URFNV�FRYHU� ODUJH�DUHDV� LQ� WKH�.ÕUúHKLU�

0DVVLI���

�
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7KH�%ODFN�6HD�EDVLQ�LV�FRPSRVHG�RI�WZR�GHHS�EDVLQV��)LJXUH�������WKH�ZHVWHUQ�%ODFN�

6HD�EDVLQ��ZKLFK�LV�XQGHUODLQ�E\�RFHDQLF�WR�VXERFHDQLF�FUXVW��FRQWDLQV�D�VHGLPHQWDU\�FRYHU�

RI� XS� WR� ��� NP� WKLFN�� 7KH� HDVWHUQ� %ODFN� 6HD� EDVLQ� ZKLFK� LV� XQGHUODLQ� E\� WKLQQHG�

FRQWLQHQWDO�FUXVW�KDV����NP� WKLFNQHVV�RI� VHGLPHQWV� �1LNLVKLQ��HW�DO����������7KHVH�EDVLQV�

DUH�VHSDUDWHG�E\�WKH�$QGUXVRY�5LGJH�WKDW�LV�IRUPHG�IURP�FRQWLQHQWDO�FUXVW�DQG�RYHUODLQ�E\�

����NP�WKLFNQHVV�RI�VHGLPHQWDU\�FRYHU��5RELQVRQ������������

�

�
)LJXUH������7RSRJUDSK\�DQG�FUXVWDO�WKLFNQHVV�RI�7XUNH\�DQG�VXUURXQGLQJV��0RRQH\�HW�DO���

��������$EUHYLDWLRQV��$5��$QGUXVRY�5LGJH��$[%��$[LRQ�%DVLQ��&$%��&OLFLD�$GDQD�%DVLQ��

($$&��(DVW�$QDWROLDQ�$FFUHWLRQDU\�&RPSOH[��($)��(DVW�$QDWROLDQ�)DXOW��0R3��0RHVLDQ�

3ODWIRUP�� �1$)��1RUWK�$QDWROLDQ�)DXOW��6%%��6LQRS�%R\DEDW�%DVLQ��7K%��7KUDFH�%DVLQ��

7J%��7X]�*ROX�%DVLQ��:%V%��:HVWHUQ�%ODFN�6HD�%DVLQ��(%V%��(DVWHUQ�%ODFN�6HD�%DVLQ��

6E��6DURV�%D\��7KH� UHG� VWDU� VKRZV� WKH� ORFDWLRQ�RI� DQ� DIWHUVKRFN�RI����1RYHPEHU�'�]FH�

HDUWKTXDNH��0Z ������%DWK\PHWU\�DQG�7RSRJUDSK\�RI�WKH�UHJLRQ�GHULYHG�IURP�(7232���

DQG�*7232����

�

$QDWROLD� LV� VXUURXQGHG� E\� VHLVPLFDOO\� DFWLYH� ERXQGDULHV� DQG� LQWHUDFWLRQV� ZLWK� D�

YDULHW\�RI�FUXVWDO� W\SHV�DQG� WHFWRQLF�VW\OHV��$V�D� UHVXOW�RI�FRQWLQXRXV� LQWHQVH�GHIRUPDWLRQ�
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WKH� UHJLRQ�FRQWDLQV�GLYHUVH� VWUXFWXUHV�� VXFK�DV� VXWXUH�]RQHV��PHWDPRUSKLF�FRPSOH[HV�DQG�

\RXQJ� RURJHQHVLV�� +LJK� WRSRJUDSK\� LQ� WKH� (DVWHUQ� $QDWROLD� DV� D� UHVXOW� RI� FROOLVLRQ� RI�

$UDELDQ� SODWH� ZLWK� (XUDVLD�� UHODWLYHO\� ORZ� WRSRJUDSK\� LQ� WKH� :HVWHUQ� $QDWROLD� ZLWK�

H[WHQVLRQ� GXH� WR� WKH� VXEGXFWLRQ� LQGLFDWHV� VLJQLILFDQW� YDULDWLRQV� RQ� WKH� FUXVWDO� VWUXFWXUHV��

(DVWHUQ�$QDWROLD�KDV�D�KLJK� WRSRJUDSK\��PRUH� WKDQ�KDOI�RI� WKH� UHJLRQ�KDV�DQ�HOHYDWLRQ�RI�

DERXW� ���� NP� �<ÕOPD]� HW� DO��� ������� )LJXUH� ���� VKRZV� WKH� PDS� RI� 7XUNH\� ZLWK� WKH�

WRSRJUDSKLF�HOHYDWLRQV�PRUH�WKDQ�����NP�LQ�WKH�UHJLRQ��

�

)LJXUH� ����� )DXOWLQJ� DQG� WRSRJUDSK\� PDS� RI� 7XUNH\� DQG� VXUURXQGLQJV�� $V6�� $VV\ULDQ�

6XWXUH��%=6��%LWOLV�=DJURV�6XWXUH��($)��(DVW�$QDWROLDQ�)DXOW��'6)��'HDG�6HD�)DXOW��,$(6��

,]PLU�$QNDUD�(U]LQFDQ�6XWXUH��1$)��1RUWK�$QDWROLDQ�)DXOW��6XO)��6XOWDQGD÷�)DXOW��*UD\��

VKDGHG�DUHD�VKRZV�WKH�WRSRJUDSK\�KLJKHU�WKDQ�����NP��

�

7KUHH�PDMRU�VWUXFWXUHV�GRPLQDWH�WKH�DFWLYH�WHFWRQLFV�RI�7XUNH\��WKH�+HOOHQLF�&\SUXV�

WUHQFK��GH[WUDO�1RUWK�$QDWROLDQ�)DXOW�DQG�VLQLVWUDO�(DVW�$QDWROLDQ�)DXOW� �)LJXUH�������7KH�

$QDWROLDQ� SODWH� LV� EHLQJ� H[WUXGHG� DORQJ� WKHVH� LQWUD�FRQWLQHQWDO� VWULNH�VOLS� IDXOW� ]RQHV�

EHWZHHQ� WKH� FRQYHUJLQJ� (XUDVLDQ� DQG�$UDELDQ� SODWHV�� 7KH�ZHVWHUQ� SDUW� RI� WKH�$QDWROLDQ�

3ODWH� LV� GRPLQDWHG� E\� (�:� WUHQGLQJ� KRUVW� DQG� JUDEHQ� VWUXFWXUHV� �6WDPSIOL�� ������� 7KH�

&HQWUDO�$QDWROLD�IRUPV�D�EURDG�WUDQVLWLRQDO�WHFWRQLF�]RQH�EHWZHHQ�WKH�H[WHQVLRQDO�WHFWRQLF�
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UHJLPH�RI�WKH�:HVWHUQ�$QDWROLD�DQG�WKH�VWULNH�VOLS�WHFWRQLF�UHJLPH�RI�WKH�(DVWHUQ�$QDWROLD�

�.Ro\L÷LW� HW� DO��� ������� 7KH� FHQWUDO�$QDWROLD� LV� DOVR� D� FRQWLQHQWDO� EDFN�DUF� RI� WKH�1RUWK�

GLSSLQJ� +HOOHQLF�&\SUXV� VXEGXFWLRQ� ]RQH�� 0RVW� RI� WKH� JHRORJLFDO� VWUXFWXUHV� RI� &HQWUDO�

$QDWROLD�DQG�WKH�7DXULGHV��LQFOXGLQJ�,VSDUWD�DQJOH��KDYH�EHHQ�VRXUFHG�IURP�WKH�WHFWRQLF�DQG�

PDJPDWLF�HYHQWV� UHODWHG� WR� WKLV�DFWLYH�FRQYHUJHQW�SODWH�ERXQGDU\��*ORYHU�DQG�5REHUWVRQ��

������.Ro\L÷LW�HW�DO����������

�

������3UHYLRXV�6WXGLHV�

�

7XUNH\�DQG�WKH�VXUURXQGLQJ�DUHDV�KDYH�EHHQ�WKH� WDUJHW�RI�PDQ\�JHRSK\VLFDO�VWXGLHV�

GXH�WR�LWV�DFWLYH�WHFWRQLFV�DQG�WKH�KLJK�UDWH�RI�VHLVPLFLW\��&RQWLQXRXV�UHJLRQDO�GHIRUPDWLRQ�

DORQJ� WKH� VHLVPLFDOO\� DFWLYH� ERXQGDULHV� FRQWDLQV� GLYHUVH� VWUXFWXUHV� VXFK� DV� VXWXUH� ]RQHV��

PHWDPRUSKLF�FRPSOH[HV�DQG�\RXQJ�RURJHQV� �6WDPSIOL���������6LJQLILFDQW�YDULDWLRQV�H[LVW�

RQ� WKH� WHFWRQLF� VW\OHV� DQG� FUXVWDO� VWUXFWXUHV��8QWLO� UHFHQWO\�� LQYHVWLJDWLRQV� RQ� WKH� FUXVWDO�

WKLFNQHVV� DQG� VHLVPLF� YHORFLWLHV� IURP� WKH� VXUIDFH�ZDYHV� DQG� UHFHLYHU� IXQFWLRQV� XVHG� WKH�

VSDUVH�GLVWULEXWLRQ�RI� WKH� VWDWLRQV� LQ� WKH� UHJLRQ��0LQGHYDOOL� DQG�0LWFKHOO� �������DQDO\]HG�

JURXS�ZDYH�YHORFLW\�GDWD�E\�XVLQJ�WKH�UHJLRQDO�HDUWKTXDNHV��7KH\�KDYH�IRXQG�WKH�DYHUDJH�

FUXVWDO� WKLFNQHVV�DV����NP�DQG� WKH�XSSHU�PDQWOH� VKHDU�YHORFLW\� DV�����NP�V�E\�XVLQJ� WKH�

UHFRUGLQJV�RI�$172�VWDWLRQ��8VLQJ�UHFHLYHU�IXQFWLRQ�DQDO\VLV�6DXQGHUV�HW�DO����������IRXQG�

WKDW�WKH�FUXVW�LV�DSSUR[LPDWHO\����NP�WKLFN�LQ�WKH�ZHVWHUQ�7XUNH\�ZKHUHDV�LW�LQFUHDVHV�XS�WR�

���NP�DW�WKH�HDVWHUQ�SDUW�RI�LW��=RU�HW�DO����������SHUIRUPHG�UHFHLYHU�IXQFWLRQ�VWXGLHV�LQ�WKH�

HDVWHUQ�7XUNH\�E\�XVLQJ�WKH����EURDGEDQG�VHLVPLF�VWDWLRQ�RI�3$66&$/�QHWZRUN�UHFRUGHG�

GXULQJ�WKH�(DVWHUQ�7XUNH\�6HLVPLF�([SHULPHQW��(76(���6DQGYRO�HW�DO����������7KH\�IRXQG�

DQ� DYHUDJH� FUXVWDO� WKLFNQHVV� RI� ��� NP� LQ� WKH� HDVWHUQ� 7XUNH\�� $O�/D]NL� HW� DO��� �������

LQYHUWHG� 3Q� SKDVH� WUDYHO� WLPH� UHVLGXDOV� REVHUYHG� ORZ� 3Q� YHORFLWLHV� EHQHDWK� WKH� HDVWHUQ�

$QDWROLD��*|N�HW�DO��� �������PDSSHG�WKH�6Q�SURSDJDWLRQ�HIILFLHQFLHV�LQ�WKH�$QDWROLDQ�DQG�

,UDQLDQ�3ODWHDX��0DJJL�DQG�3ULHVWO\��������VWXGLHG�WKH�7XUNLVK�±�,UDQLDQ�SODWHDX�XVLQJ�WKH�

VXUIDFH� ZDYHIRUP� WRPRJUDSK\� DQG� REWDLQHG� D� ORZ� VKHDU� ZDYH� YHORFLW\� DQRPDO\� LQ� WKH�

XSSHUPRVW� PDQWOH� EHQHDWK� WKH� SODWHDX�� 'XULQJ� WKH�:HVWHUQ� $QDWROLD� 6HLVPLF� 5HFRUGLQJ�

([SHULPHQW� �:$65(�� =KX� DQG� RWKHUV� LQVWDOOHG� ILYH� EURDGEDQG� DQG� ��� VKRUW�SHULRG�

WHPSRUDU\�VHLVPLF�VWDWLRQV�WKURXJKRXW�WKH�0HQGHUHV�0DVVLI�RI�ZHVWHUQ�7XUNH\��GLVWULEXWHG�

SDUWO\�DV�D�GHQVH������NP�ORQJ��1�6�OLQHDU�DUUD\�DQG�SDUWO\�DV�D�UHJLRQDO�QHWZRUN�LQ�RUGHU�

WR� VWXG\� FUXVW�XSSHU� PDQWOH� VWUXFWXUH� DQG� VHLVPLFLW\�� 7KH\� KDYH� FRPELQHG� WHOHVHLVPLF�
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ZDYHIRUP�GDWD�IURP�WKHVH�VWDWLRQV�ZLWK�GDWD�IURP�VHYHUDO�SHUPDQHQW�VHLVPLF�VWDWLRQV�DQG�

GHWHUPLQHG� FUXVWDO� WKLFNQHVV� YDULDWLRQV� LQ� WKH� $HJHDQ� UHJLRQ� IURP� WKH� UHFHLYHU� IXQFWLRQ�

DQDO\VLV��7KH\�LQGLFDWHG�D�JHQHUDO�WUHQG�RI�ZHVWZDUG�FUXVWDO�WKLQQLQJ�IURP����NP�LQ�FHQWUDO�

$QDWROLD� WR���±���NP� LQ� WKH�FHQWUDO�0HQGHUHV�0DVVLI� WR����NP�EHQHDWK� WKH�$HJHDQ�6HD�

�=KX� HW� DO��� ������� 6RPH� RWKHU�ZRUNV� KDYH� DOVR� EHHQ� SHUIRUPHG� LQ� WKH� UHJLRQ� DW� JUHDWHU�

VFDOH� LQ�RUGHU� WR�HVWLPDWH�JURXS�DQG�SKDVH�ZDYH�YHORFLW\�YDULDWLRQV��&XUWLV�HW�DO��� �������

VWXGLHG� IXQGDPHQWDO� PRGH� VXUIDFH� ZDYH� LQ� (XUDVLD� DQG� ,QGRQHVLD� DQG� HVWLPDWHG� SKDVH�

YHORFLWLHV� LQ�EHWZHHQ��������VHF��7KH\�KDYH�FRUUHODWHG�WKH�SKDVH�YHORFLW\�YDULDWLRQV�ZLWK�

WHFWRQLF�VWUXFWXUHV��5LW]ZROOHU�DQG�/HYVKLQ��������SHUIRUPHG�D�VXUIDFH�ZDYH�WRPRJUDSK\�

LQ�(XUDVLD�LQFOXGLQJ�VRPH�SDUWV�RI�$IULFD�DQG�WKH�0LGGOH�(DVW�DQG�VWXGLHG�WKH�GLVSHUVLRQ�

FKDUDFWHULVWLFV�RI�EURDGEDQG� IXQGDPHQWDO�PRGH� VXUIDFH�ZDYHV� LQ� WKH�SHULRG� UDQJH�RI�����

���V� IRU� 5D\OHLJK� ZDYHV� DQG� ������� VHF� IRU� /RYH� ZDYHV�� 3DV\DQRV� HW� DO��� �������

SHUIRUPHG� D� VLPLODU� ZRUN� LQ� 0LGGOH� (DVW� DQG� 1RUWK� $IULFD� IURP� VXUIDFH� ZDYH� JURXS�

YHORFLW\� GLVSHUVLRQ�� 7KH\� KDYH� FRPSXWHG� WKH� 5D\OHLJK� DQG� /RYH� ZDYH� YHORFLWLHV� IRU�

SHULRGV� IURP� ������ VHFRQGV�� 7KH\� KDYH� REWDLQHG� VKRUW� SHULRG� VWUXFWXUH� ZKLFK� LV� ZHOO�

FRUUHODWHG�ZLWK�ODUJH�VHGLPHQWDU\�IHDWXUHV�DQG�ORQJ�SHULRG�5D\OHLJK�ZDYH�LQYHUVLRQ�ZKLFK�

LV� VHQVLWLYH� WR� IDVW� YHORFLWLHV� WKDW� FRUUHODWH� ZLWK� WKH� UHODWLYHO\� WKLFN� =DJURV� 0WV�� DQG�

7XUNLVK�,UDQLDQ� 3ODWHDX�� $QRWKHU� VXUIDFH� ZDYH� GLVSHUVLRQ� VWXG\� ZDV� SHUIRUPHG� E\�

3DV\DQRV��������DFURVV�(XUDVLD�DQG�1RUWK�$IULFD��,Q�WKHLU�VWXG\��SDWK�GHQVLW\�LQFUHDVHG�E\�

LPSURYLQJ�WKH�VSDWLDO�UHVROXWLRQ�DQG�H[SDQGLQJ�WKH�SHULRG�UDQJH��7KH�VLJQLILFDQFH�RI�WKHLU�

ZRUN� ZDV� LWV� EHLQJ� WKH� ILUVW� VXUIDFH� ZDYH� GLVSHUVLRQ� VWXG\� SHUIRUPLQJ� WKH� JURXS� ZDYH�

YHORFLW\� GLVSHUVLRQ� DW� YDULRXV� SHULRGV�� � %\� XVLQJ� WKH� FRQMXJDWH� JUDGLHQW� PHWKRG� ZLWK� D�

YDULDEOH� VPRRWKQHVV� SDUDPHWHU� LQ� WKH� LQYHUVLRQ� SURFHGXUH�� WKH\� KDYH� REWDLQHG� KLJKHU�

UHVROXWLRQ�PRGHOV�LQ�WKH�SHULRG�UDQJH�IURP�������VHFRQGV��.DUDJLDQQL�HW�DO����������GHULYHG�

D� ��'� WRPRJUDSKLF� LPDJH� RI� WKH� VKHDU�ZDYH� YHORFLW\� VWUXFWXUH� RI� WKH� FUXVW±XSSHUPRVW�

PDQWOH� LQ� WKH� $HJHDQ� UHJLRQ� E\� XVLQJ� WKH� JURXS� YHORFLWLHV� RI� WKH� 5D\OHLJK� ZDYH�

IXQGDPHQWDO� PRGH��7KH\� KDYH� XVHG� D�GDWDEDVH� FRQVLVWV� RI� ���� UHJLRQDO� HDUWKTXDNHV�

UHFRUGHG�DW�EURDG�EDQG�VWDWLRQV�WKDW�ZHUH�LQVWDOOHG�IRU�D�SHULRG�RI�VL[�PRQWKV�LQ�WKH�$HJHDQ�

DUHD� ZLWKLQ� WKH� IUDPHZRUN� RI� D� ODUJH�VFDOH� H[SHULPHQW�� 7KH\� KDYH� LQYHUWHG� ��� ORFDO�

GLVSHUVLRQ�FXUYHV�E\�XVLQJ�D�QRQ�OLQHDU�LQYHUVLRQ�DSSURDFK��GHULYLQJ�WKH�FRUUHVSRQGLQJ���'�

VKHDU�YHORFLW\�PRGHOV��7KH\�KDYH�REWDLQHG�DQ�DSSUR[LPDWHO\���±���NP�WKLQ�FUXVW�LQ�PRVW�

RI� WKH� FHQWUDO� $HJHDQ� VHD� DQG� LQ� WKH� UHPDLQLQJ� $HJHDQ� VHD� DUHD�WKH\� KDYH� REVHUYHG�D�

FUXVWDO� WKLFNQHVV�OHVV� WKDQ���±���NP��'L/XFFLR�DQG�3DV\DQRV��������XVHG�JURXS�YHORFLW\�
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PDSV�IRU�5D\OHLJK�DQG�/RYH�ZDYHV�WR�GHWHUPLQH���'�FUXVW�DQG�XSSHU�PDQWOH�VWUXFWXUH�DW�D�

UHJXODU� VHULHV� RI� SRLQWV� LQ� WKH� (DVWHUQ� 0HGLWHUUDQHDQ� UHJLRQ�� 7KH\� SURGXFHG� D� ��'�

OLWKRVSKHULF� PRGHO� FRQWDLQLQJ� PDSV� RI� VHGLPHQW� DQG� FUXVWDO� WKLFNQHVV�� 6RGRXGL� HW� DO���

�������FRPSXWHG�3�DQG�6�UHFHLYHU�IXQFWLRQV�IURP����SHUPDQHQW�DQG�WHPSRUDU\�EURDGEDQG�

VWDWLRQV� LQ� WKH� $HJHDQ� UHJLRQ� WR� LPDJH� $HJHDQ� DQG� $IULFDQ� 0RKR�� <HONHQFL� �������

LQYHVWLJDWHG� WKH� FUXVWDO� VWUXFWXUH� LQ�&HQWUDO�$QDWROLD� E\� XVLQJ� UHFHLYHU� IXQFWLRQ� DQDO\VLV���

*|N�HW�DO����������REWDLQHG�OLWKRVSKHULF�VWUXFWXUH�LQ�WKH�(DVWHUQ�7XUNH\�XVLQJ�WKH�UHFHLYHU�

IXQFWLRQV� DQG� VXUIDFH� ZDYH� JURXS� YHORFLWLHV�� $QRWKHU� VWXG\� ZDV� SHUIRUPHG� LQ� RUGHU� WR�

GHYHORS� WKH� ��'� XSSHU� PDQWOH� 3� ZDYH� WRPRJUDSKLF�PRGHO� IRU� (DVWHUQ� 7XUNH\� E\� XVLQJ�

WHOHVHLVPLF�SKDVH�UHDGLQJV��=RU���������

�

9DULDWLRQ� RI� WKH� FUXVWDO� WKLFNQHVV� LQ� WKH� UHJLRQ� ZKHUH� KDV� EHHQ� VWXGLHG� E\� PDQ\�

UHVHDUFKHUV��0LQGHYDOOL�DQG�0LWFKHOO��������6DXQGHUV�HW�DO���������=RU�HW�DO���������=KX�HW�

DO���������*|N�HW�DO�����������$�JHQHUDO�FRQVHQVXV�LV�RQ�WKH�YDULDWLRQ�RI�WKH�FUXVWDO�WKLFNQHVV�

LQ� UHJLRQ� H[LVWV� ZLWK� D� GLUHFW� SURSRUWLRQ� ZLWK� WKH� YDULDWLRQ� RI� WRSRJUDSK\�� $� FUXVWDO�

WKLQQLQJ�REVHUYHG�IURP����NP�LQ�FHQWUDO�$QDWROLD�WR�������NP�LQ�0HQGHUHV�0DVVLI�DQG�WR�

���NP�EHQHDWK�WKH�$HJHDQ�6HD�E\�=KX�HW�DO��� ��������$YHUDJH�FUXVWDO� WKLFNQHVV�KDV�EHHQ�

REVHUYHG�DV����NP�LQ� WKH�$UDELDQ�SODWH�����NP�LQ� WKH�$QDWROLDQ�%ORFN�DQG����NP�LQ� WKH�

$QDWROLDQ�3ODWHDX�E\�*|N�HW�DO�������������

�



� ���

����6(,60,&�12,6(�$1$/<6,6��

�

�

������,QWURGXFWLRQ��

�

6HLVPLF� VWDWLRQV� DUH� QHYHU� DW� UHVW� GXULQJ� WKHLU� URXWLQH� GDLO\� UHFRUGLQJV� DQG� WKH\�

FRQVWDQWO\�FRQWDLQ�VPDOO�PRYHPHQWV�RI�WKH�HDUWK¶V�FUXVW��/D\�DQG�:DOODFH���������1RLVH�LV�

FRQYHQWLRQDOO\� GHVFULEHG� DV� GLVWXUEDQFH� LQ� WKH� VLJQDO�ZKLFK� GRHV� QRW� UHSUHVHQW� SDUW� RI� D�

PHVVDJH�IURP�D�VSHFLILHG�VRXUFH��6KHUULI�5��(���������DQG�VLJQDOV�DOZD\V�FRQWDLQ�QRLVH�DV�

DQ�XQGHVLUHG�LQWHUIHUHQFH�ZLWK�WKH�YDOXDEOH�LQIRUPDWLRQ��$PELHQW�VHLVPLF�QRLVH�LV�PDLQO\�

PDGH�XS�RI� VXUIDFH�ZDYHV�ZLWK�YDU\LQJ�SURSHUWLHV� LQ�GLIIHUHQW�SHULRG�EDQGV� �)ULHGULFK�HW�

DO���������(NVWU|P��������6WHKO\�HW�DO����������7KH�DQDO\VLV�VKRZV�WKDW�QRLVH�LV�WHPSRUDOO\�

DQG�VSDWLDOO\�YDULDEOH�DQG�VWURQJO\�IUHTXHQF\�GHSHQGHQW��/D\�DQG�:DOODFH��������3HGHUVHQ�

HW�DO����������

�

6HLVPLF�QRLVH�KDV�EHHQ�VWXGLHG�FRPSUHKHQVLYHO\�IURP�WKH�EHJLQQLQJ�RI�LQVWUXPHQWDO�

VHLVPRORJ\�� 5HODWLRQVKLSV� RI� VHLVPLF� QRLVH� DQG� VHD� ZDYHV�� VWRUPV� DQG� DWPRVSKHULF�

YDULDWLRQV� KDYH� EHHQ� LQYHVWLJDWHG� E\� PDQ\� UHVHDUFKHUV�� %HUWHOOL� LQ� WKH� ��WK� FHQWXU\�

HPSKDVL]HG� D� FRUUHODWLRQ� EHWZHHQ� WKH� ORQJ� SHULRG� VLJQDO� UHFRUGHG� E\� D� SHQGXOXP� DQG�

GLVWXUEHG�DLU�SUHVVXUH��DQG�KH�VXVSHFWHG�WKH�LQIOXHQFH�RI�FRDVWDO�VHD�ZDYHV��%HUWHOOL��������

6WXW]PDQ�HW�DO���������%RQQHIR\�&ODXGHW���������%XW�WKH�PDMRU�UHYLHZ�FRQFHUQLQJ�VHLVPLF�

QRLVH�KDV�EHHQ� ILUVW�FDUULHG�RXW�E\�*XWHQEHUJ�ZLWK�D�FRPSUHKHQVLYH�ZRUN� LQWR� WKH�QDWXUH�

DQG�WKH�RULJLQ�RI�PLFURVHLVPV��*XWHQEHUJ���������*XWHQEHUJ�KDV�VWXGLHG� WKH�PLFURVHLVPV�

FKDUDFWHUL]HG�E\�D�UHJXODU�QHDUO\�VLQXVRLGDO�PRWLRQ�ZLWK�SHULRGV�LQ�JHQHUDO�EHWZHHQ������

VHFRQGV��*XWHQEHUJ���������������+LV�REVHUYDWLRQV�VKRZ�WKDW�QHLWKHU�WKH�DLU�SUHVVXUH��QRU�

LWV� FKDQJH� RU� VWRUP� FDQ� EH� WKH� FDXVH� RI�PLFURVHLVPV�� +LV� UHVXOWV� VKRZ� WKDW� QR� SRVVLEOH�

GLVWXUEDQFH� QHDU� WKH� VXUIDFH� RI� WKH� RFHDQ� FDQ� EH� SURSDJDWHG� WKURXJK� WKH� ZDWHU� WR� WKH�

ERWWRP�� EXW� WKDW� WKH� HQHUJ\� RI� WKH� ZDYHV� WUDQVIRUPHG� E\� WKH� VXUI� WR� WKH� FRDVW� LV� ODUJH�

HQRXJK� WR� FDXVH� WKH�PHDVXUHPHQWV��$FFRUGLQJ� WR� WKLV� WKHRU\�*XWHQEHUJ� FODLPHG� WKDW� WKH�

SULPDU\�DQG�WKH�VHFRQGDU\�PLFURVHLVPV�DUH�EHOLHYHG�WR�EH�UHODWHG�WR�WKH�LQWHUDFWLRQ�RI�VHD�

ZDYHV�ZLWK� WKH� FRDVW�� /DWHU� RQ�%HUQDUG� ������� DQG� /RQJXHW�+LJJLQV� ������� VKRZHG� WKH�

UHODWLRQ� EHWZHHQ�PLFURVHLVP� SHULRGV� DQG� RFHDQLF� VZHOOV�� %HUQDUG� ������� ����D�� ����E��
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REVHUYHG� WKDW� WKH� PLFURVHLVP� SHDN� SHULRG� LV� KDOI� RI� WKH� SHULRG� RI� WKH� RFHDQLF� ZDYHV�

�6WXW]PDQ� HW� DO��� ������ %RQQHIR\�&ODXGHW�� ������� /RQJXHW� ±� +LJJLQV� ������� H[SODLQHG�

PLFURVHLVP� WKDW� WKH\� DUH� JHQHUDWHG� E\� SUHVVXUH� YDULDWLRQV� RQ� WKH� VHD� EHG� GXH� WR� RFHDQ�

ZDYHV�UDLVHG�E\�WKH�ZLQG�DQG�VWDWHG�WKDW�WKH�SULPDU\�PLFURVHLVP�KDV�SHULRGV�VLPLODU�WR�WKH�

PDLQ� VZHOO� DW� ������ VHF� DQG� WKH� VHFRQGDU\� PLFURVHLVP� RULJLQDWHV� IURP� WKH� QRQOLQHDU�

LQWHUDFWLRQ� EHWZHHQ� GLUHFW� DQG� UHIOHFWHG� VZHOO� DW� ����� VHF� SUHVVXUH� YDULDWLRQV�� 7KH�

QHFHVVDU\� FRQGLWLRQ� IRU� WKH� JHQHUDWLRQ� RI� PLFURVHLVPV� RQ� WKH� SUHVHQW� K\SRWKHVLV� LV� WKH�

LQWHUIHUHQFH�RI�JURXSV�RI�ZDYHV�RI�WKH�VDPH�ZDYHOHQJWK�WUDYHOLQJ�LQ�RSSRVLWH�GLUHFWLRQV���

�

%HWZHHQ� WKH� ����� DQG� ����� WHFKQLFDO� LPSURYHPHQWV� LQ� LQVWUXPHQWDWLRQ� DOORZHG�

VLJQLILFDQW�DGYDQFHV�LQ�WKH�XQGHUVWDQGLQJ�RI�WKH�QRLVH�SKHQRPHQD��%UXQH�DQG�2OLYHU��������

SXEOLVKHG�WKH�FXUYHV�RI�KLJK�DQG�ORZ�VHLVPLF�EDFNJURXQG�GLVSODFHPHQW�EDVHG�RQ�D�ZRUOG�

ZLGH�VXUYH\�RI�VWDWLRQ�QRLVH�DQG�VLQFH�WKDW�WLPH�WKH�VXEMHFW�KDV�EHHQ�D�SDUW�RI�WKH�UHVHDUFK��

/DWHU� RQ�� ZLWK� WKH� HVWDEOLVKPHQW� RI� :RUOG� :LGH� 6WDQGDUG� 6HLVPRJUDSK� 1HWZRUN�

�::661��LQ�WKH�����¶V�VWXGLHV�RQ�QRLVH�OHYHOV�RI�ORQJ�SHULRG�VHLVPRJUDSKV�KDYH�EHJDQ�E\�

3HWHUVRQ�DQG�2UVLQL� �������RYHU� WKH�SHULRG�UDQJH�IURP����� WR������VHF��6RRQ�DIWHU�� WKHVH�

ZRUNV�ZHUH�H[WHQGHG�WR�ORQJHU�SHULRGV�E\�$JQHU�DQG�%HUJHU��������DQG�WR�VKRUWHU�SHULRG�

ZLWK� ORZ�QRLVH�VSHFWUD� IURP�7H[DV�E\�/L� ��������3HWHUVRQ��������SHUIRUPHG�DQ� LQWHQVLYH�

UHSRUW�RQ� WKH�REVHUYDWLRQV�DQG�PRGHOLQJ�RI� VHLVPLF�EDFNJURXQG�QRLVH��+LV� ILUVW�REMHFWLYH�

ZDV� WR�SUHVHQW�D�FDWDORJ�RI�VHLVPLF�EDFNJURXQG�QRLVH�VSHFWUD�REWDLQHG�IURP�D�ZRUOGZLGH�

QHWZRUN� RI� VHLVPRJUDSK� VWDWLRQV�� 7KH� ODWWHU� DLP�ZDV� WR� UHILQH� DQG� GRFXPHQW�PRGHOV� RI�

VHLVPLF�EDFNJURXQG�QRLVH�WKDW�KDYH�EHHQ�LQ�XVH�IRU�VHYHUDO�\HDUV��3HWHUVRQ����������1RZ�LW�

KDV�EHHQ�PRUH�WKDQ�D�GHFDGH�VLQFH�WKH�ODVW�FRPSUHKHQVLYH�PRGHO�RI�DPELHQW�(DUWK�QRLVH�LV�

SXEOLVKHG�E\�KLP�DQG�KLV�ZRUN�ZDV�WKH�ILUVW�FRPSUHKHQVLYH�JOREDO�VWXG\�IURP�D�YDULHW\�RI�

QHWZRUNV�� 7KH� 3HWHUVRQ� QRLVH� FXUYHV� DQG� WKH� UHSUHVHQWDWLRQ� RI� 1HZ� +LJK� 1RLVH�0RGHO�

�1+10��DQG�1HZ�/RZ�1RLVH�0RGHO��1/10��KDYH�VWDQGDUGL]HG�WKH�ZD\�RI�UHSUHVHQWLQJ�

VHLVPLF�QRLVH��

��

6LQFH� ����� WKH� QXPEHU� RI� ZRUNV� GHDOLQJ� ZLWK� VHLVPLF� QRLVH� KDV� DFFHOHUDWHG�

LPSUHVVLYHO\� DQG� WKH�PDMRULW\�RI� WKHVH�ZRUNV� DUH� IRFXVHG�RQ� WKH� DSSOLFDELOLW\�RI� VHLVPLF�

QRLVH�WR�VRPH�VSHFLILF�FDVH�VWXGLHV��$QDO\]LQJ�WKH�VHLVPLF�QRLVH�IRU�PLFUR]RQDWLRQ�DQG�WKH�

XVH�RI�QRLVH�EDFNJURXQG�YLEUDWLRQ�LQ�DUUD\�WHFKQLTXHV�ZHUH�SRSXODU�VXEMHFWV�LQ�����¶V�DQG�
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����¶V��$SSOLFDWLRQV�ZHUH�PDLQO\� GHGLFDWHG� WR� JHRWHFKQLFDO� HQJLQHHULQJ� DQG� VLWH� VWXGLHV�

�%RQQHIR\�&ODXGHW���������&XUUHQW�DSSOLFDWLRQV�RI�VHLVPLF�QRLVH�IRFXV�RQ�WKH�HVWLPDWLRQ�RI�

*UHHQ¶V�IXQFWLRQV�IRU�D�FUXVWDO�VWUXFWXUH��:LWK�WKH�WUHPHQGRXV�LQFUHDVH�LQ�WKH�XVH�RI�QRLVH�

RQ�WKLV�QHZ�PHWKRG�WKH�DQDO\VLV�RI�QRLVH�LQIOXHQFH�RI�WKH�VHLVPLF�QRLVH�KDV�EHHQ�VWXGLHG�E\�

PDQ\�UHVHDUFKHUV��6WHKO\�HW�DO���������&DPSLOOR��������3HGHUVHQ�HW�DO���������� ,Q�7XUNH\��

VHLVPLF�QRLVH� OHYHO�ZDV�VWXGLHG�SUHYLRXVO\�E\�XVLQJ�VHYHQ�EURDGEDQG�VWDWLRQV� LQ�RUGHU� WR�

LQYHVWLJDWH�WKH�GDLO\�DQG�VHDVRQDO�YDULDWLRQV�LQ�WKH�UHJLRQ��.|VHR÷OX����������

�

:LWK�WKH�UHFHQW�SURJUHVV�LQ�VLJQDO�SURFHVVLQJ�WHFKQLTXHV�EHVLGHV�EHLQJ�DQ�XQZDQWHG�

VLJQDO��VHLVPLF�QRLVH�EHFRPH�DQ�HIILFLHQW�DQG�FUHGLWDEOH�ZD\�RI�H[SORUDWLRQ�LQ�VHLVPRORJ\��

7KH�PRVW�UHFHQW�GHYHORSPHQWV�H[KLELW�WKDW�WKH�VXEVXUIDFH�LQIRUPDWLRQ�RI�(DUWK�LV�UHFRYHUHG�

ZLWK�WKH�SURFHVVLQJ�RI�DPELHQW�VHLVPLF�QRLVH�DV�DQ�LQH[SHQVLYH�DQG�UREXVW�VRXUFH��6HYHUDO�

PHWKRGV� EDVHG� RQ� DPELHQW� VHLVPLF� QRLVH� UHFRUGV� DUH� ZLGHO\� XVHG� LQ� VHLVPRORJ\� IRU�

GHWHUPLQLQJ�WKH�YHORFLW\�VWUXFWXUH�RI�(DUWK�HLWKHU�LQ�HQJLQHHULQJ�VWXGLHV�RU�LQ�WKH�VWXGLHV�RI�

FUXVW�DQG�PDQWOH��7KLV�LPSOHPHQWDWLRQ�RI�QRLVH�EULQJV�WKH�VLJQLILFDQFH�RI�XQGHUVWDQGLQJ�WKH�

YDULDWLRQV�RI�DPELHQW�VHLVPLF�QRLVH�LQ�WKH�UHJLRQ�IRU�LQWHUSUHWLQJ�WKH�UHVXOWV�LQ�D�WUXVWZRUWK\�

PDQQHU��.QRZOHGJH�RI�VHLVPLF�QRLVH�VSHFWUXP�LV�LPSRUWDQW�LQ�XQGHUVWDQGLQJ�WKH�RULJLQ�RI�

PLFURVHLVPV� DQG� DOVR� IRU� LQWHUSUHWDWLRQ� RI� WKH� UHVXOWV� RI� YDULRXV� DPELHQW� VHLVPLF� QRLVH�

VWXGLHV� KHOG� LQ� WKH� UHJLRQ�� 6LQFH� WKH� QRLVH� YDULHV� ZLGHO\� DV� D� IXQFWLRQ� RI� SHULRG�� WLPH��

JHRJUDSK\� D� SUHFLVH� HYDOXDWLRQ� RI� ORFDWLRQ�� WLPH� DQG� SHULRG� FDQ� EH� REWDLQHG� E\� DQ�

H[WHQVLYH�VHLVPLF�QRLVH�DQDO\VLV�IURP�WKH�PHDVXUHPHQWV�RI�VHLVPLF�VWDWLRQV��7KH�REMHFWLYH�

RI� WKLV� VWXG\� LV� WR� DQDO\]H� ERWK� RI� WKH� WHPSRUDO� DQG� VSDWLDO� FKDUDFWHULVWLFV� RI� DPELHQW�

VHLVPLF�QRLVH�LQ�7XUNH\��)RU�WKLV�SXUSRVH�SRZHU�VSHFWUDO�GHQVLWLHV�RI�WKH�EURDGEDQG�VHLVPLF�

VWDWLRQV�ZHUH� FRPSXWHG� LQ� WKH� IUHTXHQF\� UDQJH� RI� ���� VHF� ±� ���+]��'LYHUVLWLHV� LQ� QRLVH�

VSHFWUD�ZHUH�LQYHVWLJDWHG�LQ�WHUPV�RI�GLIIHUHQW�LQVWDOODWLRQ�SURSHUWLHV��GLXUQDO��VHDVRQDO�DQG�

JHRJUDSKLF�YDULDWLRQV��7KH�36'�FDOFXODWHG�IURP�RQH�\HDU�RI�GDWD�ZDV�VWDFNHG�DQG�VWDWLVWLFDO�

SURSHUWLHV� VXFK� DV�PHGLDQ��PRGH�� DYHUDJH��PLQLPXP��PD[LPXP�� DQG� WKH� ��WK� SHUFHQWLOH�

KDYH�EHHQ�REWDLQHG�IRU�HDFK�VWDWLRQ�DQG�FRPSRQHQW��

�

������6HLVPLF�1RLVH�&KDUDFWHUL]DWLRQ�

�

7KH� VRXUFHV� RI� WKH� VHLVPLF� QRLVH� FDQ� EH� HLWKHU� IURP� WKH� LQVWUXPHQWDWLRQ� RU� IURP�

DPELHQW�(DUWK�YLEUDWLRQV��1RLVH� OHYHOV�GXH� WR� LQVWUXPHQWDWLRQ�DUH�ZHOO�EHORZ� WKH� VHLVPLF�
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EDFNJURXQG�QRLVH� VR� WKH\� GR�QRW�GRPLQDWH� WKH� UHFRUGLQJ�RQ� VHLVPRPHWHUV� �+DYVNRY� DQG�

gWWHP|OOHU���������$PELHQW�VHLVPLF�QRLVH�GHILQHV�DPELHQW�YLEUDWLRQV�RI�WKH�JURXQG�FDXVHG�

E\�VRXUFHV�VXFK�DV�WLGHV��ZDWHU�ZDYHV�VWULNLQJ�WKH�FRDVW��WXUEXOHQW�ZLQG��HIIHFWV�RI�ZLQG�RQ�

WUHHV� RU� EXLOGLQJV�� WUDIILF� RU� KXPDQ� EDVHG� QRLVHV� �%RRQHIR\�&ODXGHW�� ������� :KHQ� WKH�

SRZHU� VSHFWUDO� GHQVLW\� FXUYHV� RI� QRLVH� FDOFXODWHG� IRU� WKH� VWDWLRQV� LW� FDQ� EH� VHHQ� WKDW� WKH�

QRLVH�KDV�D�FKDUDFWHULVWLF�YDULDWLRQV�ZLWK�UHVSHFW�WR�SHULRG�RU�IUHTXHQF\���

�

$PELHQW� VHLVPLF� QRLVH� EDVLFDOO\� KDV� WZR� GLIIHUHQW� RULJLQV� QDPHG� DV� FXOWXUDO� DQG�

QDWXUDO� UHSUHVHQWLQJ� WKH� PLFURWUHPRUV� DQG� PLFURVHLVPV�� UHVSHFWLYHO\�� 7KH� RULJLQV� RI�

PLFURWUHPRUV�DUH�PDLQO\�FXOWXUDO�IURP�WKH�DFWLRQV�RI�KXPDQ�EHLQJV��7KH�RWKHU�VRXUFHV�RI�

PLFURWUHPRUV� DUH� UDLQ�� WUDIILF��ZLQG�� LQGXVWULDO� QRLVH� LQ� WKH�XUEDQ� DUHDV��&XOWXUDO� QRLVH� LV�

PDLQO\�VHHQ�DV�KLJK�IUHTXHQF\�QRLVH�VXUIDFH�ZDYHV�JUHDWHU�WKDQ�����+]�DQG�WKH\�DWWHQXDWH�

ZLWKLQ� VHYHUDO� NLORPHWHUV� LQ� GLVWDQFH� DQG� GHSWK�� 6R� WKH� FXOWXUDO� QRLVH� JHQHUDOO\� KDV�

VLJQLILFDQWO\�ORZHU�QRLVH�OHYHOV�LQ�ERUHKROHV�DQG�GHHS�WXQQHOV��&XOWXUDO�QRLVH�VKRZV�VWURQJ�

GLXUQDO�YDULDWLRQV�DQG�LW�KDV�FKDUDFWHULVWLF�IUHTXHQFLHV�GHSHQGLQJ�RQ�WKH�GLVWULEXWLRQ�RI�WKH�

QRLVH�VRXUFH��0F1DPDUD�DQG�%XODQG���������:LQG��ZDWHU�DQG�WKH�JHRORJLF�QRLVH�FRQVWLWXWH�

WKH�RWKHU�VRXUFHV�RI�PLFURWUHPRUV���

�

7KH�VSHFWUDO�ERXQGDU\�EHWZHHQ�PLFURVHLVPV�DQG�PLFURWUHPRUV�LV�DFFHSWHG�DV�����+]�

LQ� PRVW� RI� WKH� VWXGLHV�� EXW� WKLV� OLPLW� FDQ� EH� VKLIWHG� WR� D� ORZHU� IUHTXHQF\� �6HR�� �������

0LFURVHLVPV�DUH�FRPPRQO\�XVHG� IRU� WKH�FRQWLQXRXV�RVFLOODWLRQV�RI� WKH�JURXQG��7KH�PDLQ�

FDXVHV�RI�PLFURVHLVPV�DUH�WKH�DWPRVSKHULF�GLVWXUEDQFHV��RFHDQLF�VWRUPV�HWF��EXW�WKH�QDWXUH�

RI� WKHVH� VHLVPLF� VRXUFHV� LV� VWLOO� QRW� FRPSOHWHO\� XQGHUVWRRG� �+ROFRPE�� ������� 2FHDQ�

JHQHUDWHG� PLFURVHLVPV� DUH� D� FRQVWDQW� VRXUFH� RI� HQHUJ\� DQG� DPELHQW� VHLVPLF� QRLVH� LV�

GRPLQDWHG�E\�WZR�SHDNV�RI�PLFURVHLVP�DW�����VHF�DQG����VHF�SHULRG��)ULHGULFK�HW�DO����������

$� SHDN�� ZKLFK� LV� NQRZQ� DV� PLFURVHLVPLF� SHDN� RU� GRXEOH� IUHTXHQF\� SHDN�� WDNHV� SODFH�

DURXQG� ���� VHF�� $� UHODWLRQVKLS� EHWZHHQ� WKLV� SHDN� DQG� RFHDQLF� ZDYHV� LV� DVVRFLDWHG� ZLWK�

VWRUPV� LQ� YDULRXV� VWXGLHV� �*XWHQEHUJ�� ������ 5DPLUH]�� ������� $� IXUWKHU� SURJUHVV� ZDV�

RFFXUUHG� ZLWK� WKH� H[SODQDWLRQ� RI� /RQJXHW�+LJJLQV� ������� RQ� WKH� WKHRU\� RI� WKH�

HVWDEOLVKPHQW� RI� WKLV�PLFURVHLVP� WKDW� RFHDQ�ZDYHV� RI� HTXDO� SHULRG� WUDYHOLQJ� LQ� RSSRVLWH�

GLUHFWLRQV�JHQHUDWH�VWDQGLQJ�ZDYHV�RI�KDOI�WKH�SHULRG��7KH�QRLVH�SHDN�REVHUYHG�DURXQG����

VHF�� ZKLFK� LV� FDOOHG� DV� VLQJOH� IUHTXHQF\� SHDN�� KDV� VPDOOHU� DPSOLWXGH� WKDQ� WKH� GRXEOH�

IUHTXHQF\� SHDN�� +DXEULFK� HW� DO��� ������� GHPRQVWUDWHG� D� FORVH� UHODWLRQVKLS� EHWZHHQ�
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PLFURVHLVPV� DQG� RFHDQ� ZDYHV� DW� WKH� EHDFKHV�� $W� VLQJOH� IUHTXHQF\� SHDN� ���� VHF���

PLFURVHLVPV� FDQ� RQO\� EH� JHQHUDWHG� LQ� FRDVWDO� UHJLRQV� LQ� VKDOORZ�ZDWHU��0LFURVHLVPV� DUH�

JHQHUDWHG� GLUHFWO\� WKURXJK� JUDYLW\� ZDYHV� RI� WKH� RFHDQ� DW� WKLV� SHULRG�� 7KH� KHLJKW� RI� WKH�

ZDWHU�RQ�WKH�RFHDQ�DW�D�IL[HG�SRLQW�YDULHV�ZLWK�WKH�PRWLRQ�RI�WKH�ZDYH��:DWHU�ZDYH�HQHUJ\�

LV� GLUHFWO\� FRQYHUWHG� WR� VHLVPLF� HQHUJ\� WKURXJK� YHUWLFDO� SUHVVXUH� YDULDWLRQV� WKDW� KDYH� WKH�

VDPH�SHULRGV�DV�WKH�ZDWHU�ZDYHV��)ULHGULFK�HW�DO����������

��

�����'HVFULSWLRQ�RI�6WDWLRQV�

�

$QDO\VLV� RI� VHLVPLF� QRLVH� LQ� WKH� IUDPH� RI� WKLV� VWXG\� VWDUWHG� LQ� ����� E\� XVLQJ� ���

EURDGEDQG� VWDWLRQV� UHFRUGLQJ� LQ� WKH� UHJLRQ�� ,Q� ����� WKH�1DWLRQDO�(DUWKTXDNH�0RQLWRULQJ�

&HQWHU��1(0&��RI�.DQGLOOL�2EVHUYDWRU\�(DUWKTXDNH�DQG�5HVHDUFK�,QVWLWXWH��.2(5,���ZDV�

RSHUDWLQJ� ��� EURDGEDQG� VWDWLRQV� DQG� WKH� UHVW� RI� WKH� VWDWLRQV� ZDV� RSHUDWHG� E\� 0DUPDUD�

5HVHDUFK�&HQWHU� �05&��� ,5,6�86*6��DQG�*(2)21��.2(5,�KDV�FRQWLQXRXVO\� LQFUHDVHG�

WKH� QXPEHU� RI� EURDGEDQG� VWDWLRQV� LQ� ����� DQG� ������ 7KH� QXPEHU� RI� EURDGEDQG� VWDWLRQV�

H[FHHGHG�����LQ�������)RU�D�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�QRLVH�YDULDWLRQV�LQ�WKH�UHJLRQ�ZH�

KDYH� HQODUJHG� WKH� GDWDEDVH� ZLWK� WKH� UHFHQW� VWDWLRQV� RI� .2(5,�� :H� KDYH� LQFUHDVHG� WKH�

QXPEHU� RI� VWDWLRQV� WR� ����ZKHUHDV� WKH� ��� RI� WKHVH� VWDWLRQV� DUH� RSHUDWHG� E\�.2(5,� DQG�

VHYHQ�RI�WKHP�DUH�RSHUDWHG�E\�05&��'DWD�IURP�D�WHPSRUDU\�QHWZRUN�RSHUDWHG�LQ�EHWZHHQ�

WKH�����������ZLWK����EURDGEDQG�VWDWLRQV�GXULQJ�WKH�(DVWHUQ�7XUNH\�6HLVPLF�([SHULPHQW�

�(76(�� LV� LQFOXGHG� LQ� WKH� DQDO\VLV�� $172� DQG�*1,� VWDWLRQV� RSHUDWHG� E\� ,5,6� DQG� ,63��

0$/7��&66��$3(�VWDWLRQV�RSHUDWHG�E\�*(2)21�ZHUH�DOVR�DGGHG�ZLWK�&+26�VWDWLRQ�RI�

$ULVWRWOH� 8QLYHUVLW\� RI� 7KHVVDORQLNL�� )LJXUH� ���� VKRZV� WKH� ORFDWLRQV� RI� WKH� VWDWLRQV�

RSHUDWLQJ� LQ������ LQ� WKH� UHJLRQ��ZKLFK� LV�XVHG� LQ� WKLV� VWXG\��*UHHQ� WULDQJOHV� LQGLFDWH� WKH�

(76(�VWDWLRQV�RSHUDWHG�GXULQJ������������5HG�WULDQJOHV�VKRZ�DOO�RWKHU�VWDWLRQV�UHFRUGLQJ�

LQ� WKH� UHJLRQ� RSHUDWHG� E\� YDULRXV� QHWZRUNV� VXFK� DV� .2(5,��05&��*(2)21� DQG� ,5,6�

GXULQJ�������������

�
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�

)LJXUH� ����� � 3HUPDQHQW� DQG� WHPSRUDU\� VHLVPLF� VWDWLRQV� XVHG� LQ� WKH� QRLVH� DQDO\VLV�� 5HG�

WULDQJOHV�DUH�WKH�EURDGEDQG�VWDWLRQV�IURP�GLIIHUHQW�QHWZRUNV�UHFRUGLQJ�GXULQJ�������������

*UHHQ�WULDQJOHV�DUH�(76(�VWDWLRQV�RSHUDWHG�GXULQJ������������

�

7KH� EURDGEDQG� VWDWLRQV� XVHG� LQ� WKLV� VWXG\� KDYH� GLIIHUHQW� W\SHV� RI� LQVWUXPHQWDWLRQ��

*(2)21�VWDWLRQV� DQG�*1,�ZHUH� HTXLSSHG�ZLWK�6WUHFNHLVHQ�676��� ����� VHF�� DQG�676���

����� VHF�� VHLVPRPHWHUV� ZLWK� D� 4XDQWHUUD� GDWDORJJHU�� ZKLFK� DOORZ� WKH� UHFRUGLQJ� RI� DOO�

UHOHYDQW�VHLVPLF�VLJQDOV�IURP�KLJK�IUHTXHQF\�ORFDO�HYHQWV�WR�WKH�HDUWK�WLGHV�ZLWK�VXIILFLHQW�

G\QDPLF�UDQJH��$172�VWDWLRQ� LV�HTXLSSHG�ZLWK�.6�������VHLVPRPHWHU�ZLWK�D�4XDQWHUUD�

GLJLWL]HU�� &+26� VWDWLRQ� LV� HTXLSSHG� ZLWK� &0*��(63� ����V���+]�� VHLVPRPHWHU�� $OO� RI�

WKHVH�VWDWLRQV� IURP�25)(86�QHWZRUN�UHFRUGHG�FRQWLQXRXVO\�ZLWK����VSV��7KH�EURDGEDQG�

VWDWLRQV� RI� (76(� SURMHFW� ZHUH� HTXLSSHG� ZLWK� 676��� VHLVPRPHWHUV� DQG� 5()7(.� ��� $�

UHFRUGHUV�ZLWK�WKH�H[FHSWLRQ�RI�(=50�VWDWLRQ��6DQGYRO�HW�DO����������$�*XUDOS�&0*���7�

VHLVPRPHWHU� ZDV� XVHG� DW� (=50� ZLWK� ��� ELW� GLJLWL]HU� UHFRUGHG� FRQWLQXRXVO\� DW� ��� VSV��

.2(5,� DQG� 78%,7$.� QHWZRUNV� KDYH� EHHQ� XVLQJ� GLIIHUHQW� VHLVPRPHWHU� W\SHV�� *XUDOS�

&0*��7������VHF�DQG�����VHF���&0*���7�����VHF���&0*��7�����VHF���&0*��(63�����VHF�

DQG����VHF��W\SHV�RI�VHLVPRPHWHUV�DUH�UHFRUGLQJ�PDLQO\�DW����VSV��5HOHYDQW�LQIRUPDWLRQ�RQ�

WKH� HTXLSPHQW� RI� WKH� .2(5,� QHWZRUN� FDQ� EH� IRXQG� RQ� WKH� ZHE� SDJH� RI� 1(0&� DW�

KWWS���ZZZ�NRHUL�ERXQ�HGX�WU�VLVPR�GHIDXOW�KWP���
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�
������3RZHU�6SHFWUDO�'HQVLW\�0HWKRG�

�

3RZHU�6SHFWUDO�'HQVLW\� �36'��HVWLPDWLRQ�ZKLFK�GHVFULEHV�WKH�GLVWULEXWLRQ�RI�SRZHU�

ZLWK� IUHTXHQF\� LV� D� VWDQGDUG� PHWKRG� IRU� TXDQWLI\LQJ� VHLVPLF� EDFNJURXQG� QRLVH�� 7KH�

VSHFWUDO� GHQVLW\� HVWLPDWLRQ� FDQ� EH� SHUIRUPHG� E\� XVLQJ� D� SDUDPHWULF� RU� QRQSDUDPHWULF�

�FODVVLFDO�VSHFWUDO�HVWLPDWLRQ��DSSURDFK��3DUDPHWULF�36'�HVWLPDWLRQ�WULHV� WR�ILW�D�PRGHO� WR�

WKH� VLJQDO� E\� PLQLPL]LQJ� D� JLYHQ� FRVW� IXQFWLRQ� VXFK� DV� %XUJ¶V� (QWURS\� 0HWKRG�� <XOH�

:DONHU� PHWKRG�� HWF�� 2Q� WKH� RWKHU� KDQG�� QRQ�SDUDPHWULF� PHWKRGV� GR� QRW� PDNH� DQ\�

DVVXPSWLRQV� RQ� WKH� GDWD� RU�PRGHO� DQG� XVH� WKH� GDWD� GLUHFWO\��7KH�3HULRGRJUDP��0RGLILHG�

3HULRGRJUDP��%DUWOHWW¶V�0HWKRG�DQG�:HOFK¶V�PHWKRG�DUH�WKH�FRPPRQ�QRQ�SDUDPHWULF�36'�

HVWLPDWLRQ�PHWKRGV� �0DUSOH��������.D\��������6WRLFD�DQG�0RVHV��������� ,Q� WKH� IUDPH�RI�

WKLV�WKHVLV�:HOFK¶V�VSHFWUDO�HVWLPDWLRQ�PHWKRG�IURP�WKH�QRQSDUDPHWULF�VSHFWUDO�HVWLPDWLRQ�

WHFKQLTXHV�ZHUH�XVHG�WR�HVWLPDWH�WKH�GLVWULEXWLRQ�RI�VHLVPLF�QRLVH�SRZHU���

�

7KH� SHULRGRJUDP� PHWKRG� UHOLHV� RQ� WKH� GHILQLWLRQ� RI� WKH� 36'� KRZHYHU�� WKH�

SHULRGRJUDP�PHWKRG�SURYLGHV�KLJK�UHVROXWLRQ�IRU�VXIILFLHQWO\�ORQJ�GDWD�OHQJWKV��EXW�LW�LV�D�

SRRU�VSHFWUDO�HVWLPDWRU�GXH�WR�WKH�KLJK�YDULDQFH�WKDW�GRHV�QRW�GHFUHDVH�ZLWK�LQFUHDVLQJ�GDWD�

OHQJWK� �6WRLFD� DQG� 0RVHV�� ������� 7KH� KLJK� YDULDQFH� RI� WKH� SHULRGRJUDP� PRWLYDWHV� WKH�

GHYHORSPHQW�RI�PRGLILHG�PHWKRGV�WKDW�KDYH�ORZHU�YDULDQFH�DW�D�FRVW�RI�UHGXFHG�UHVROXWLRQ��

7KH� ODWWHU� PHWKRGV�� %DUWOHWW¶V� PHWKRG� DQG� :HOFK¶V� VSHFWUDO� HVWLPDWLRQ� PHWKRG� ZHUH�

GHYHORSHG� LQ� RUGHU� WR� GHFUHDVH� WKH� YDULDQFH� E\� UHFRPPHQGLQJ� YDULRXV� VROXWLRQV� VXFK� DV�

DSSO\LQJ�ZLQGRZ�RU�GLYLGLQJ�WKH�GDWD�LQWR�VHJPHQWV�RU�RYHUODSSLQJ�WKH�GLYLGHG�VHJPHQWV�

HWF���

��

:HOFK¶V�VSHFWUDO�HVWLPDWLRQ�PHWKRG�ZDV�PRGLILHG�IURP�WKH�%DUWOHWW¶V�PHWKRG��:HOFK�

DSSOLHG�D�GDWD�ZLQGRZ�WR�WKH�GDWD�LQ�HDFK�VHJPHQW�SULRU�WR�WKH�FRPSXWDWLRQ�RI�WKH�VHJPHQW�

SHULRGRJUDP�DQG�KH�SHUPLWWHG�WKHVH�GDWD�VHJPHQWV�WR�RYHUODS��/HW�WKH�(TXDWLRQ�����GHQRWH�

WKH�MWK�GDWD�VHJPHQW��

�
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�

7KH� VHTXHQFHV� GR� QRW� RYHUODS� LI�. 0�� ,I�. 0��� GDWD� VHJPHQWV� RYHUODS� E\� ��� SHU� FHQW�

EHWZHHQ�VXFFHVVLYH�VHJPHQWV��7KH�ZLQGRZHG�SHULRGRJUDP�FRUUHVSRQGLQJ�WR�\M�W��FRPSXWHG�

DV��

�

� �
�

�

�������������������������������������

�

:KHUH�3�GHILQHV�WKH�µSRZHU¶�RI�WKH�WHPSRUDO�ZLQGRZ�^Y�W�`��

�

� �
�
�
�

�

�������������������������������������

�

7KH�:HOFK�VSHFWUDO�HVWLPDWLRQ�LV�GHWHUPLQHG�E\�DYHUDJLQJ�WKH�ZLQGRZHG�SHULRGRJUDPV��

�

� �
�
�
�

�

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

�

,Q�:HOFK�PHWKRG� WKH�XVH�RI�GLIIHUHQW� WUXQFDWLRQ�ZLQGRZV�UHGXFH� WKH�HIIHFW�RI�VLGH�

OREHV�DQG�WKH�HVWLPDWLRQ�ELDV��RQ�WKH�FRQWUDU\�GHFUHDVH�WKH�UHVROXWLRQ�VOLJKWO\��%HVLGHV�ZLWK�

OHWWLQJ� WKH�RYHUODSSLQJ�KH� LQFUHDVHG� WKH�QXPEHU�RI�GDWD� VHJPHQWV� WKDW�DUH�DYHUDJHG� IRU�D�

JLYHQ�GDWD�UHFRUG�OHQJWK�LQ�RUGHU�WR�GHFUHDVH�WKH�36'�HVWLPDWH�YDULDQFH��)XUWKHU�GHWDLO�RQ�

WKH�WKHRU\�RI�VSHFWUDO�HVWLPDWLRQ�WHFKQLTXHV�FDQ�EH�IRXQG�DW�6WRLFD�DQG�0RVHV����������

�
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%HIRUH�EHJLQQLQJ� WR� WKH�SURFHVV�RI� WKH�GDWD� IRU�SRZHU� VSHFWUDO� HVWLPDWLRQ�RQH�KRXU�

ORQJ�GDWD�VHJPHQWV�KDYH�EHHQ�IRUPHG�IURP�FRQWLQXRXV�WLPH�VHULHV�IRU�HDFK�VWDWLRQ�DQG�HDFK�

FRPSRQHQW��'DWD�GRZQ�VDPSOHG�WR����VSV�IRU�DOO�VWDWLRQV�DQG�FRPSRQHQWV�LQ�RUGHU�WR�REWDLQ�

D� XQLTXH� VDPSOLQJ� UDWH� IURP� GLIIHUHQW� QHWZRUNV�� ,QVWUXPHQW� UHVSRQVHV�� PHDQ� DQG� ORQJ�

SHULRG� WUHQGV� KDYH� EHHQ� UHPRYHG� EHIRUH� WKH� FRPSXWDWLRQ� RI� WKH� SRZHU� VSHFWUDO� GHQVLW\�

FXUYHV�� ,Q� WKH� GDWD� SURFHVVLQJ� SURFHGXUH� QHLWKHU� WKH� ERG\� DQG� VXUIDFH� ZDYHV� IURP� WKH�

HDUWKTXDNHV�� QRU� WKH� V\VWHP� WUDQVLHQWV� DQG� LQVWUXPHQWDO� JOLWFKHV� UHPRYHG� IURP� WKH� GDWD��

7KH�SRZHU�VSHFWUDO�GHQVLW\�HVWLPDWH�IRU�HDFK�KRXU�UHFRUGLQJ�KDV�EHHQ�FRPSXWHG�E\�XVLQJ�

WKH�:HOFK� VSHFWUDO� HVWLPDWLRQ� PHWKRG�� ,Q� RUGHU� WR� LPSURYH� WKH� )DVW� )RXULHU� 7UDQVIRUP�

�))7��VSHHG�UDWLR��E\�UHGXFLQJ�WKH�QXPEHU�RI�RSHUDWLRQV��WKH�QXPEHU�RI�VDPSOHV�LQ�HDFK�RI�

WKH����WLPH�VHULHV�VHJPHQWV�LV�WUXQFDWHG�WR�WKH�QH[W�ORZHVW�SRZHU�RI�WZR��(DFK�VHJPHQW�LV�

WUXQFDWHG�ZLWK�D�ZLQGRZ�WKDW�LV�WKH�VDPH�OHQJWK�DV�WKH�VHJPHQW��$IWHU�DOO��VHJPHQWV�ZHUH�

DYHUDJHG� WR�SURYLGH�D�36'�IRU�HDFK�RQH�KRXU� WLPH�VHULHV��'HVFULSWLRQ�RI�GDWD�SURFHVVLQJ�

SURFHGXUH�FDQ�EH�IRXQG�LQ�0F1DPDUD�DQG�%XODQG��������DQG�0F1DPDUD�DQG�%RD]���������

7KH�VWHSV� LQ�GDWD�SURFHVVLQJ�RI�SRZHU� VSHFWUDO�GHQVLW\�PHWKRG�DUH� VXPPDUL]HG� LQ�)LJXUH�

���� ZLWK� DQ� H[DPSOH� RI� HVWLPDWHG� SRZHU� VSHFWUDO� GHQVLW\� FXUYHV�� � 7KH� SRZHU� VSHFWUDO�

GHQVLW\�FXUYHV�SORWWHG�IRU�HDFK�VWDWLRQ�DQG�HDFK�FRPSRQHQW�DV�D�IXQFWLRQ�RI�SHULRG��VHF��WR�

GHFLEHO��G%��ZLWK�UHVSHFW� WR�DFFHOHUDWLRQ��P�V����+]��0F1DPDUD�DQG�%XODQG���������5DZ�

IUHTXHQF\�GLVWULEXWLRQV�ZHUH� FRQVWUXFWHG�E\�JDWKHULQJ� LQGLYLGXDO�SRZHU� VSHFWUDO�GHQVLWLHV�

E\�ELQQLQJ�SHULRGV�LQ��?��RFWDYH�LQWHUYDOV�DQG�ELQQLQJ�WKH�SRZHU�LQ�����G%�LQWHUYDOV���7KH�

ORZHVW�DQG�WKH�KLJKHVW�QRLVH�PRGHOV�RI�3HWHUVRQ���������KDV�EHHQ�DOVR�SORWWHG�LQ�RUGHU� WR�

FRPSDUH�WKH�QRLVH�OHYHOV��)RU�D�ZHDOWK\�VHLVPLF�QRLVH�FKDUDFWHUL]DWLRQ��VWDWLVWLFDO�SURSHUWLHV�

VXFK� DV� PLQLPXP�� PHGLDQ�� PRGH�� DYHUDJH�� PD[LPXP� DQG� WKH� ��WK� SHUFHQWLOH� ZHUH� DOVR�

FDOFXODWHG�DQG�SORWWHG���
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)LJXUH������7KH�VWHSV�RI�GDWD�SURFHVVLQJ�IRU�WKH�VHLVPLF�QRLVH�DQDO\VLV��

�

3RZHU�VSHFWUDO�GHQVLW\�FXUYHV�UHSUHVHQW�WKH�YDULDWLRQ�RI�VHLVPLF�QRLVH�IRU�HDFK�KRXU�

GDWD� VHJPHQW�� ,Q� RUGHU� WR� HVWLPDWH� WKH� WUXH� YDULDWLRQ� RI� VHLVPLF� QRLVH� SUREDELOLW\� GHQVLW\�

IXQFWLRQV� �3')V�� IURP� WKH� 36'V� SURFHVVHG��5DZ� IUHTXHQF\� GLVWULEXWLRQ� DUH� WDNHQ� LQ� ����

RFWDYH� LQWHUYDOV��)LJXUH����� VKRZV� WKH�3')�FRPSXWHG� IURP�YHUWLFDO�FRPSRQHQW�DW� VWDWLRQ�

&66� FRQVWUXFWHG� XVLQJ� WKH� 36'V� UHFRUGHG� GXULQJ� WKH� \HDU� LQ� ������ 7KH� SUREDELOLW\� RI�

RFFXUUHQFH�RI�D�JLYHQ�SRZHU�DW�D�SDUWLFXODU�SHULRG�ZDV�SORWWHG�ZLWK�D�FRORU�EDU��+LJK�DQG�

ORZ�QRLVH�PRGHOV�ZHUH�DOVR�SORWWHG�ZLWK�WKH�3')�IRU�GLUHFW�FRPSDULVRQ��7KH�PLQLPXP�DQG�

PD[LPXP� QRLVH� OHYHOV� KDYH� JHQHUDOO\� YHU\� ORZ� SUREDELOLW\� HVWLPDWHV� VR� WKH\� GR� QRW�

UHSUHVHQW� FRPPRQ� VWDWLRQ� QRLVH� OHYHOV�� 7KH� PRGH� DQG� ��WK� SHUFHQWLOH� PD\� DIIHFWHG� E\�

V\VWHP�WUDQVLHQWV��0F1DPDUD�DQG�%XODQG����������

�

�
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�

)LJXUH� ����� 3UREDELOLW\� 'HQVLW\� )XQFWLRQ� RI� WKH� YHUWLFDO� FRPSRQHQW� RI� &66� VWDWLRQ�

FRQVWUXFWHG�IURP������36'V�GXULQJ�WKH�SHULRG�RI�-DQXDU\������WR�-DQXDU\�������7KH�

KRUL]RQWDO�D[LV�LV�ORJDULWKPLF��

�

������,QVWUXPHQWDO�9DULDWLRQV�RI�6HLVPLF�1RLVH�

�

7KH� DLP� RI� VHLVPLF� QRLVH� DQDO\VLV� LV� WR� LQYHVWLJDWH� WKH� WHPSRUDO� DQG� JHRJUDSKLFDO�

YDULDWLRQV�RI� WKH�QDWXUDO� VRXUFHV�RI� VHLVPLF�QRLVH��+RZHYHU�� VHLVPLF�QRLVH� OHYHO�QRW�RQO\�

FKDQJHV�WHPSRUDOO\�DQG�JHRJUDSKLFDOO\�EXW�DOVR�FKDQJHV�DFFRUGLQJ�WR�WKH�QRLVH�YDULDWLRQV�

LQGXFHG� E\� VHQVRU� RU� VHQVRU� LQVWDOODWLRQ�� ,Q� RUGHU� WR� VHH� WKH� HIIHFW� RI� VHQVRU� W\SHV� DQG�

LQVWDOODWLRQ�SURSHUWLHV�ZH�KDYH�FRPSDUHG�GLIIHUHQW� W\SHV�RI� LQVWUXPHQWDWLRQ��6WDWLRQV�ZLWK�

GLIIHUHQW� LQVWUXPHQWDWLRQ� ZHUH� FRPSDUHG� IRU� WKHLU� UHFRUGLQJ� SHUIRUPDQFHV�� )LJXUH� ����

VKRZV� WKH� 3')� RI� WKH� VHOHFWHG� VWDWLRQV�ZLWK� GLIIHUHQW� UHFRUGLQJ� UDQJHV� DQG� VHLVPRPHWHU�

W\SHV��7KH�VWDWLRQV��050;��</9;��LQFOXGH�VHQVRUV�ZLWK����VHF���$'97��$*5%������VHF�

DQG��$172��9$1%������VHF���



� ���

�

)LJXUH�������$YHUDJH�SRZHU�VSHFWUDO�GHQVLW\�FXUYHV�RI�050;��</9;��$'97��$*5%��

$172�DQG�9$1%�ZLWK�ORZ�DQG�KLJK�QRLVH�PRGHOV���

�

:H�REVHUYH�VSHFWUDO�SHDNV�DW�DSSUR[LPDWHO\�����DQG����VHF�DV�LQ�WKH�/10�DQG�+10��

:KHQ�WKH�DYHUDJH�SRZHU�VSHFWUDO�GHQVLW\�FXUYHV�DUH�FRPSDUHG��VWDWLRQV�RSHUDWLQJ�ZLWK�WKH�

VDPH�LQVWUXPHQW�W\SH�VKRZ�VLPLODU�QRLVH�OHYHOV�HVSHFLDOO\�DW�WKH�ORQJHU�SHULRGV��&0*���7�

VHLVPRPHWHUV�RI�050;�DQG�</9;�H[FHHG�+10�DW�SHULRGV�KLJKHU� WKDQ����VHF��$'97�

DQG�$*5%������VHF��VWDWLRQV�VKRZ�DSSUR[LPDWHO\�HTXLYDOHQW�YDULDWLRQV�DW� ORQJHU�SHULRGV�

ZLWK�$172�DQG�9$1%�VWDWLRQV��$W�VKRUWHU�SHULRGV� WKH�DYHUDJH�36'�YDOXHV�KDYH�VLPLODU�

EHKDYLRU�DQG�FORVH�WR�/10��

����������������

������7HPSRUDO�9DULDWLRQV�RI�6HLVPLF�1RLVH�

�

,Q�RUGHU�WR�VHH�WKH�WHPSRUDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�ZH�LQYHVWLJDWH�WKH�GLXUQDO�DQG�

VHDVRQDO� YDULDWLRQV� RI� VHLVPLF� QRLVH� VHSDUDWHO\�� 2QH� \HDU� RI� GDWD� ZDV� VWDFNHG� IRU� WKH�

DQDO\VLV�� ,Q� RUGHU� WR� GLVFULPLQDWH� WKH� GLXUQDO� YDULDWLRQV� GD\� WLPH� FRPSXWDWLRQV� DUH�
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SHUIRUPHG�LQ�WKH�WLPH�SHULRG�IURP�������WR�������DQG�QLJKW�WLPH�FRPSXWDWLRQV�LQFOXGHG�LQ�

WKH�WLPH�SHULRG�IURP�������WR��������6HDVRQDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�ZHUH�FRPSXWHG�

E\�DYHUDJLQJ�SRZHU�VSHFWUDO�GHQVLW\�RYHU�TXDUWHUV�RI�WKH�\HDU��(DFK�TXDUWHU�RI�WKH�\HDU�ZDV�

FRPSXWHG�E\�WKH�DFFXPXODWLRQ�RI�WKUHH�PRQWKV��'HFHPEHU��-DQXDU\��)HEUXDU\�FXPXODWHG�DV�

ZLQWHU��0DUFK�$SULO�0D\�DV�VSULQJ��-XQH��-XO\��$XJXVW�DV�VXPPHU�DQG�6HSWHPEHU��2FWREHU�

DQG�1RYHPEHU�FXPXODWHG�DV�IDOO���

�

��������'LXUQDO�9DULDWLRQV�RI�6HLVPLF�1RLVH�

�
'LXUQDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�DUH�SORWWHG�E\�FRPSXWLQJ�SRZHU�VSHFWUDO�GHQVLW\�

RYHU� SHULRGV� RI� HLJKW� KRXUV� RI� ORFDO� WLPH�� 7KH� UHVXOWV� IRU� 9$1%� VWDWLRQ� IURP� .2(5,�

QHWZRUN�LV�VKRZQ�RQ�)LJXUH������7KH�ILJXUH�DW�WKH�WRS�UHSUHVHQWV�WKH�GD\�WLPH�KRXUV��������

�������� IRU� WKUHH� FRPSRQHQWV� ZKHUHDV� WKH� ERWWRP� RQH� UHSUHVHQWV� WKH� QLJKW� WLPH� KRXUV�

������� ±� �������� 6HLVPLF� QRLVH� OHYHOV� DW� GD\� WLPH� DQG� QLJKW� WLPH� KRXUV� VKRZ� VLPLODU�

YDULDWLRQV� HVSHFLDOO\� DW� SHULRGV� ORQJHU� WKDQ� ��� VHF�� 7KH� QRLVH� OHYHO� DW� ORQJHU� SHULRGV� LV�

W\SLFDOO\�KLJKHU�RQ�WKH�KRUL]RQWDO�FRPSRQHQWV�WKDQ�RQ�WKH�YHUWLFDO�FRPSRQHQW��$W�SHULRGV�

VKRUWHU�WKDQ�����VHF�VHLVPLF�QRLVH�OHYHOV�EHWZHHQ�GD\�WLPH�DQG�QLJKW�WLPH�KRXUV�GLIIHU�XS�WR�

���G%�DQG�KDV�D�KLJKHU�YDOXH�DW�GD\�WLPH�KRXUV��$YHUDJH�VHLVPLF�QRLVH�OHYHO��SLQN�FXUYH��RI�

9$1%�VWDWLRQ�KDV�DSSUR[LPDWHO\�D�YDOXH�RI������G%�IRU�GD\WLPH�KRXUV�DW����+]��ZKHUHDV�

WKH�DYHUDJH�VHLVPLF�QRLVH�OHYHO�RI�QLJKW�WLPH�KRXUV�IRU�WKH�VDPH�GDWD�VHW�LV�ZHOO�EHORZ������

G%� IRU� DOO� WKUHH� FRPSRQHQWV��+LJKHU� VHLVPLF� QRLVH� OHYHOV� GXULQJ� WKH� GD\� WLPH�KRXUV� DQG�

ORZHU� VHLVPLF� QRLVH� OHYHOV� DW� QLJKW� WLPH� KRXUV� DUH� WKH� UHVXOW� RI� WHPSHUDWXUH� YDULDWLRQV��

DWPRVSKHULF�DQG�FXOWXUDO�DFWLYLW\��7HPSRUDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�KDYH�EHHQ�VWXGLHG�

E\�6WXW]PDQQ�HW�DO�����������$FFRUGLQJ�WR�WKHLU�VWXG\��GLXUQDO�YDULDWLRQV�RFFXU�PRVWO\�GXH�

WR�WKH�KXPDQ�DFWLYLW\�LQ�GD\WLPH��7KH�VWDWLRQV�ORFDWHG�LQ�VXEXUEV�KDYH�KLJKHU�QRLVH�OHYHOV�

WKDQ�WKH�VWDWLRQV�RXWVLGH�WKH�SRSXODWHG�DUHDV�DQG�LQ�JHQHUDO�VHLVPLF�QRLVH�LV�KLJKHU�GXULQJ�

WKH�GD\�WKDQ�QLJKW����

�

)LJXUH����� VKRZV� WKH�GLXUQDO�YDULDWLRQV�RI� VHLVPLF�QRLVH� DW�$172�VWDWLRQ� IRU� WKUHH�

FRPSRQHQWV��$172�VHLVPLF�VWDWLRQ�KDV�EHHQ� LQVWDOOHG� LQ������DW�$QNDUD�E\� ,5,6�86*6��

(OHYDWLRQ�RI�WKH�VWDWLRQ�ZDV�����P�DQG�WKH�VHQVRU�LV�ORFDWHG�DW�����P�GHSWK��7KHUH�LV�QRW�

PXFK� GLIIHUHQFH� EHWZHHQ� WKH� GD\� WLPH� DQG� QLJKW� WLPH� VHLVPLF� QRLVH� OHYHOV�� (YHQ� DW� WKH�

VKRUWHU�SHULRGV�RI�WKH�SRZHU�VSHFWUDO�GHQVLW\�FXUYH��ZKHUH�WKH�FXOWXUDO�QRLVH�YDULDWLRQV�FDQ�
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EH� REVHUYHG�PRUH� H[KDXVWLYHO\�� WKH� QRLVH� OHYHOV� DUH� QRW� VLJQLILFDQWO\� GLIIHUHQW�� 7KLV� LV� D�

UHVXOW�RI�WKH�LQVWDOODWLRQ�GHSWK�RI�WKH�$172�VWDWLRQ���

�

7KH� HIIHFW� RI�ZLQG� VSHHG� WR�ERUHKROH� VWDWLRQV� DW� KLJKHU� IUHTXHQFLHV�ZDV� VWXGLHG�E\�

:LWKHUV� HW� DO��� �������� 7KH\� KDYH� VWXGLHG� KLJK�IUHTXHQF\� �!� ���� +]�� VHLVPLF� QRLVH�

FKDUDFWHULVWLFV�DV�D�IXQFWLRQ�RI�ZLQG�VSHHG�DQG�VKDOORZ�GHSWK�E\�PHDVXULQJ�WKH�ZLQG�VSHHG�

DW�VWDWLRQV�LQVWDOOHG�WR�GLIIHUHQW�GHSWKV�DQG�REVHUYHG�D�VWURQJ�FRUUHODWLRQ�EHWZHHQ�6HLVPLF�

%DFNJURXQG�1RLVH��6%1��DQG�ZLQG�VSHHG��$FFRUGLQJ�WR�WKHLU�VWXG\�6%1�ZDV�FRQWDPLQDWHG�

E\�ZLQG�VSHHG�DQG�WKLV�FDQ�EH�UHGXFHG�E\�LQFUHDVLQJ�WKH�GHSWK�RI�WKH�VWDWLRQ�ORFDWLRQ��7KH�

ORZHU�QRLVH�OHYHOV�RI�$172�VWDWLRQ�DW�KLJKHU� IUHTXHQFLHV�DUH�REVHUYHG�DV�H[SHFWHG�ZKHQ�

FRPSDUHG�ZLWK�WKH�VWDWLRQV�DW�VXUIDFH��������

�
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�)LJXUH������3RZHU�VSHFWUDO�GHQVLWLHV�RI�9$1%�VWDWLRQ��IRU�GD\�WLPH��������WR�������DW�WKH�WRS��DQG�QLJKW�WLPH��������WR�������DW�WKH�ERWWRP��

KRXUV��IRU�%+(��%+1��%+=�FRPSRQHQW�IURP�OHIW�WR�ULJKW��UHVSHFWLYHO\��*UHHQ�FXUYHV�LQGLFDWH�LQGLYLGXDO�36'�IXQFWLRQ�IRU�HDFK�KRXU��7KLFN�

EODFN�OLQHV�VKRZ�KLJK�DQG�ORZ�QRLVH�OHYHOV�RI�3HWHUVRQ��'LIIHUHQW�FRORUV�LQGLFDWH�WKH�VWDWLVWLFDO�YDULDWLRQV�VXFK�DV�0RGH��0D[LPXP��0LQLPXP���

$YHUDJH��0HGLDQ�DQG��� W K �SHUFHQWLOH��
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)LJXUH������3RZHU�VSHFWUDO�GHQVLWLHV�RI�$172�VWDWLRQ��IRU�GD\�WLPH��������WR�������DW�WKH�WRS��DQG�QLJKW�WLPH��������WR�������DW�WKH�ERWWRP��

KRXUV��IRU�%+(��%+1��%+=�FRPSRQHQW�IURP�OHIW�WR�ULJKW��UHVSHFWLYHO\��*UHHQ�FXUYHV�LQGLFDWH�LQGLYLGXDO�36'�IXQFWLRQ�IRU�HDFK�KRXU��7KLFN�

EODFN�OLQHV�VKRZ�KLJK�DQG�ORZ�QRLVH�OHYHOV�RI�3HWHUVRQ��'LIIHUHQW�FRORUV�LQGLFDWH�WKH�VWDWLVWLFDO�YDULDWLRQV�VXFK�DV�0RGH��0D[LPXP��0LQLPXP���

$YHUDJH��0HGLDQ�DQG��� W K �SHUFHQWLOH��
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��������6HDVRQDO�9DULDWLRQV�RI�6HLVPLF�1RLVH�

�

6HDVRQDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�ZHUH�LQYHVWLJDWHG�IRU�$3(�VWDWLRQ�E\�DYHUDJLQJ�

SRZHU�VSHFWUDO�GHQVLWLHV�RYHU�TXDUWHUV�IRU�WKH�\HDU��7KH�$3(�VWDWLRQ�LV�ORFDWHG�LQ�$SLUDWKRV��

*UHHFH�� RSHUDWHG� E\� 1DWLRQDO� 6HLVPLF� 1HWZRUN� RI� *UHHN�ZLWKLQ� WKH� *(2)21� QHWZRUN���

6HDVRQDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�IRU�WKH�YHUWLFDO�FRPSRQHQW�ZHUH�SORWWHG�RQ�)LJXUH������

)LJXUHV� VKRZ� IRXU� GLIIHUHQW� TXDUWHUV� RI� WKH� \HDU� FRPSXWHG� E\� WKH� DFFXPXODWLRQ� RI� WKUHH�

PRQWKV��:KHQ�WKH�DPSOLWXGHV�RI�WKH�QRLVH�OHYHOV�DUH�FRPSDUHG�HVSHFLDOO\�DW�WKH�GRPLQDQW�

SHULRG�RI�WKH�PLFURVHLVPLF�SHDN�DURXQG�����VHF�WKH�KLJKHVW�QRLVH�OHYHOV�DUH�REVHUYHG�GXULQJ�

ZLQWHU� DQG� WKH� ORZHVW� QRLVH� OHYHOV�ZHUH� REVHUYHG� GXULQJ� VXPPHU�� 7KH� DPSOLWXGH� RI� WKH�

VHLVPLF� QRLVH� OHYHOV� GXULQJ� VSULQJ� DQG� IDOO� DUH� EHWZHHQ� WKH� QRLVH� OHYHOV� RI� VXPPHU� DQG�

ZLQWHU��

�
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)LJXUH�������6HDVRQDO�YDULDWLRQV��VSULQJ��VXPPHU��IDOO��ZLQWHU��RI�VHLVPLF�QRLVH�OHYHO�IRU�

YHUWLFDO�FRPSRQHQW�RI�$3(�VWDWLRQ��
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)LJXUH�������$YHUDJH�YDULDWLRQV�RI�VHLVPLF�QRLVH�OHYHO�RI�YHUWLFDO�FRPSRQHQW�RI�$3(�VWDWLRQ�

IRU�IRXU�VHDVRQV��

�

)LJXUH� ���� VKRZV� WKH� DYHUDJH� SRZHU� VSHFWUDO� GHQVLW\� YDULDWLRQV� RI� WKH� YHUWLFDO�

FRPSRQHQW�$3(�VWDWLRQ�IRU�IRXU�VHDVRQV��7KH�KLJKHVW�QRLVH�OHYHO�LV�REVHUYHG�GXULQJ�ZLQWHU�

DQG�WKH�ORZHVW�QRLVH�OHYHO�LV�REVHUYHG�GXULQJ�VXPPHU���

�

$FFRUGLQJ� WR� WKH� HDUOLHU� VWXGLHV� RQ� WKH� YDULDWLRQ� RI� VHLVPLF� QRLVH� WKHUH� LV� D� FORVH�

FRUUHODWLRQ�ZLWK�WKH�QXPEHU�RI�WKH�VWRUPV�DQG�WKH�VHLVPLF�QRLVH�OHYHOV�DW�HVSHFLDOO\�DURXQG�

WKH� GRPLQDQW� SHULRGV� RI� WKH�PLFURVHLVPLF� SHDN� �6WXW]PDQQ� HW� DO��� ������0F1DPDUD� DQG�

%XODQG��������0F1DPDUD�DQG�%RD]���������,Q�WKHLU�UHVHDUFK�GRPLQDQW�SHDN�SHULRG�LQ�IDOO�

DQG�ZLQWHU� LV� VKLIWHG� WRZDUG� ORQJHU�SHULRGV�� ,Q� VSULQJ�DQG�VXPPHU� WKH�DPSOLWXGH� OHYHO� LV�

ORZHU� ZLWK� D� PD[LPXP� DW� VKRUWHU� SHULRGV� DQG� WKHVH� YDULDWLRQV� DUH� H[SODLQHG� ZLWK� WKH�

QXPEHU�DQG�HQHUJ\�RI�WKH�VWRUPV�REVHUYHG�GXULQJ�WKDW�VHDVRQ��

�
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)LJXUH�������6HDVRQDO�YDULDWLRQV��VSULQJ��VXPPHU��IDOO��ZLQWHU��RI�VHLVPLF�QRLVH�IRU�

YHUWLFDO�FRPSRQHQW�RI�*1,�VWDWLRQ��
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)LJXUH��������$YHUDJH�YDULDWLRQV�RI�VHLVPLF�QRLVH�OHYHO�RI�WKH�YHUWLFDO�FRPSRQHQW�RI�*1,�

VWDWLRQ�IRU�IRXU�VHDVRQV���

�
�

*1,�VWDWLRQ�RI�,5,6�86*6�ZDV�LQVWDOOHG�LQ�)HEUXDU\�LQ�����DW�$UPHQLD��7KH�VWDWLRQ�

LV� ORFDWHG� LQ�D�YDXOW� LQVLGH�D�PRXQWDLQ�ZLWK�DSSUR[LPDWHO\����PHWHUV�RI�RYHUEXUGHQ��7KH�

VHDVRQDO� VHLVPLF� QRLVH� YDULDWLRQV� RI� VWDWLRQ� *1,� LV� SUHVHQWHG� LQ� )LJXUH� ����� 7KH� SRZHU�

VSHFWUDO� GHQVLW\� FXUYHV� DUH� JHQHUDOO\� LQ� EHWZHHQ� WKH� KLJKHVW� DQG� ORZHVW� QRLVH� OHYHOV� RI�

3HWHUVRQ��&XOWXUDO�QRLVH�ZKLFK�LV�JHQHUDOO\�VLJQLILFDQW�DW�SHULRGV�ORZHU�WKDQ�����VHF�LV�ORZ�

GXH�WR�WKH�VSHFLDO�ORFDWLRQ�RI�WKH�VWDWLRQ��$FFXPXODWLRQ�RI�GLIIHUHQW�VHDVRQV�VKRZ�UHODWLYHO\�

KLJKHU�QRLVH�OHYHOV�GXULQJ�ZLQWHU�DQG�ORZHU�QRLVH�OHYHOV�GXULQJ�VXPPHU��)LJXUH������VKRZV�

WKH�DYHUDJH�SRZHU�VSHFWUDO�GHQVLW\�YDULDWLRQV�IRU�WKH�YHUWLFDO�FRPSRQHQW�RI�*1,�VWDWLRQ�IRU�

IRXU�VHDVRQV��7KHUH�LV�D�IHZ�GHFLEHO�RI�GLIIHUHQFH�EHWZHHQ�WKH�QRLVH�OHYHOV�RI�VXPPHU�DQG�

ZLQWHU��$W�ZLQWHU�*1,�VWDWLRQ�KDV�WKH�KLJKHVW�QRLVH�OHYHO�DW�WKH�VLQJOH�DQG�GRXEOH�IUHTXHQF\�

SHDN�ZLWK�D���������G%�UDQJH�RI�GLIIHUHQFH�WKDQ�WKH�VSULQJ��VXPPHU�DQG�IDOO�QRLVH�OHYHOV��

�

�
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)LJXUH��������$YHUDJH�SRZHU�VSHFWUDO�GHQVLW\�FXUYHV�RI�WKH�YHUWLFDO�FRPSRQHQW�RI�$3(��

&66��&+26��,63��0$/7��$172�DQG�*1,�VWDWLRQV���

�

�

)LJXUH������UHSUHVHQWV�WKH�DYHUDJH�SRZHU�VSHFWUDO�GHQVLW\�FXUYHV�RI�GLIIHUHQW�W\SHV�RI�

VWDWLRQV� �$3(�� &66�� &+26�� ,63�� 0$/7�� $172� DQG� *1,�� IRU� RQH� \HDU� RI� GDWD� IURP�

GLIIHUHQW�QHWZRUNV��$3(�VWDWLRQ�ZLWK�&+26�VWDWLRQ�KDV�WKH�KLJKHVW�QRLVH�OHYHOV�DW���������

VHF�SHULRGV�ZLWK������G%�OHYHO��7KH�&66�VWDWLRQ�KDV�D�QRLVH�OHYHO�RI�DSSUR[LPDWHO\������G%�

DW�WKH�VDPH�SHULRGV��7KH�KLJKHVW�QRLVH�OHYHO�IRU�,63�DQG�0$/7�VWDWLRQV�WDNHV�SODFH�DW�����

VHF�DQG�KDYH�ORZHU�YDOXHV�������G%��WKDQ�$3(�DQG�&+26��7KH�GLIIHUHQFHV�LQ�QRLVH�OHYHOV�

IRU�WKH�VWDWLRQV�DW�LVODQG�DQG�ODQG�DW�WKLV�PLFURVHLVPLF�SHULRG�EDQG�PD\�EH�FRUUHODWHG�WR�WKH�

JHQHUDWLRQ�RI�RFHDQLF�ZDYHV��

�

�

�
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������6SDWLDO�9DULDWLRQV�RI�6HLVPLF�1RLVH�

�

6SDWLDO� YDULDWLRQV�RI� VHLVPLF�QRLVH� DUH� FRPSXWHG�XVLQJ� WKH� DYHUDJH� VSHFWUDO� GHQVLW\�

YDULDWLRQV�IRU�WKH�VWDWLRQV�DW�VHOHFWHG�SHULRGV��,Q�RUGHU�WR�FUHDWH�PDSV�IRU�WKH�JHRJUDSKLFDO�

YDULDWLRQV�RI�QRLVH�D�NULJLQJ�DOJRULWKP�LV�XVHG� WR�GHWHUPLQH�YDOXHV�DW�D� UHJXODU�JULG� IURP�

VSDUVHO\�VDPSOHG�VWDWLRQV��7KH�VHLVPLF�VWDWLRQV�ZLWK�LQVWUXPHQWV�RI�����DQG�����VHF�SHULRGV�

DUH�VHOHFWHG�WR�FRPSXWH�WKH�PDSV�IRU�WKH�VSDWLDO�YDULDWLRQV���

�

)LJXUH������VKRZV�WKH�PDSV�RI�WKH�VSDWLDO�YDULDWLRQV�RI�DYHUDJH�VHLVPLF�QRLVH�OHYHOV�

DW�����VHF�SHULRG�GXULQJ�GD\�WLPH�KRXUV�IRU�WKUHH�FRPSRQHQWV��$W�WKLV�SHULRG�FXOWXUDO�QRLVH�

GRPLQDWHV� WKH�VLJQDO�DQG� WKH�FRDVWDO�DUHDV�RI�7XUNH\�KDYH�VLJQLILFDQWO\�KLJKHU�QRLVH� WKDQ�

WKH�FRQWLQHQWDO�SDUWV��/RZHVW�QRLVH�OHYHO�DW�����VHF�SHULRG�UDQJH�LV�REVHUYHG�LQ�WKH�(DVWHUQ�

$QDWROLD�ZLWK�D�QRLVH�OHYHO�RI�DSSUR[LPDWHO\������G%��$W�WKLV�SHULRG�UDLQ��WUDIILF��JXVWV�RI�

ZLQG��LQGXVWULDO�DQG�KXPDQ�QRLVH�LQ�WKH�XUEDQ�DUHDV�DIIHFW�WKH�VHLVPLF�QRLVH�OHYHO��7KLV�FDQ�

EH�FRUUHODWHG�ZLWK� WKH�SRSXODWLRQ�DQG� WKH�KXPDQ�DFWLYLW\��$W�PLFURVHLVP�SHULRGV� �)LJXUH�

������DYHUDJH�GD\� WLPH�VHLVPLF�QRLVH� OHYHOV�GR�QRW�VKRZ�VWURQJ�YDULDWLRQV��6HLVPLF�QRLVH�

OHYHOV�DUH�YDU\LQJ�EHWZHHQ�WKH������WR������G%�UDQJHV�LQ�DOO�WKUHH�FRPSRQHQWV��$W�ORQJHU�

SHULRGV��)LJXUH�������DYHUDJH�GD\�WLPH�VHLVPLF�QRLVH�OHYHO�VKRZ�PRUH�XQLIRUP�GLVWULEXWLRQ�

EHWZHHQ�WKH������WR������G%�UDQJHV���

�

$YHUDJH�QLJKW� WLPH��)LJXUH������±�)LJXUH������� VHLVPLF�QRLVH� OHYHO�YDULDWLRQV�VKRZ�

VLPLODU�UHVXOWV�ZLWK�GD\�WLPH�YDULDWLRQV��7KH�RQO\�GLIIHUHQFH�LV�WKDW�WKH�VHLVPLF�QRLVH�OHYHOV�

DW�QLJKW�WLPH�KRXUV�LV�ORZHU�WKDQ�WKH�GD\�WLPH�QRLVH�OHYHOV�DW�����VHF�SHULRG��

�

�

�

�

�

�
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)LJXUH��������6SDWLDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�DW�%+(��%+1��%+=�FRPSRQHQWV�IRU�����

VHF�SHULRG�UDQJH�DW�GD\�WLPH�KRXUV���
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)LJXUH��������6SDWLDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�DW�%+(��%+1��%+=�FRPSRQHQWV�IRU�����

VHF�SHULRG�UDQJH�DW�GD\�WLPH�KRXUV���
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�
)LJXUH��������6SDWLDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�DW�%+(��%+1��%+=�FRPSRQHQWV�IRU����VHF�

SHULRG�UDQJH�DW�GD\�WLPH�KRXUV��
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)LJXUH��������6SDWLDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�DW�%+(��%+1��%+=�FRPSRQHQWV�IRU�����

VHF�SHULRG�UDQJH�DW�QLJKW�WLPH�KRXUV��
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)LJXUH��������6SDWLDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�DW�%+(��%+1��%+=�FRPSRQHQWV�IRU�����

VHF�SHULRG�UDQJH�DW�QLJKW�WLPH�KRXUV���



� ���

�

�

�

�
�

)LJXUH��������6SDWLDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�DW�%+(��%+1��%+=�FRPSRQHQWV�IRU����VHF�

SHULRG�UDQJH�DW�QLJKW�WLPH�KRXUV��
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�����'LVFXVVLRQV�

�

'LXUQDO��VHDVRQDO��LQVWUXPHQWDO�DQG�VSDWLDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�DUH�VWXGLHG�LQ�

WKH� IUHTXHQF\� EDQG� RI� ����� �� ���+]� E\� XVLQJ� WKH� SRZHU� VSHFWUDO� GHQVLW\�PHWKRG� IRU� WKH�

EURDGEDQG�VWDWLRQV�LQ�WKH�UHJLRQ��0DMRULW\�RI�WKH�EURDGEDQG�VWDWLRQV�DUH�UHFRUGLQJ�EHWZHHQ�

JOREDOO\� DFFHSWHG�QRLVH� OHYHOV�RI�3HWHUVRQ��%URDGEDQG� VWDWLRQV�ZLWK����� VHF� DQG����� VHF�

LQVWUXPHQWV�KDYH�EHWWHU�QRLVH�FKDUDFWHULVWLFV�WKDQ�VWDWLRQV�ZLWK����VHF�LQVWUXPHQWV���

�

'LXUQDO� YDULDWLRQV� H[KLELW� GLIIHUHQFHV� LQ� QRLVH� OHYHO� HVSHFLDOO\� DW� WKH� KLJKHU�

IUHTXHQFLHV�GXULQJ�WKH�GD\�WLPH�DQG�QLJKW�WLPH�KRXUV��7KH�FRUUHODWLRQV�RI�FXOWXUDO�QRLVH�DW�

VKRUWHU� SHULRGV� ZLWK� WKH� KXPDQ� DFWLYLW\� HVSHFLDOO\� DW� WKH� XUEDQ� DUHDV� DUH� REVHUYHG��:H�

REVHUYH� KLJKHU� GD\� WLPH� QRLVH� OHYHOV� WKDQ� WKH� QLJKW� WLPH� QRLVH� OHYHOV� DW� SHULRG� UDQJHV�

VKRUWHU� WKDQ� ���� VHF�� $172� VWDWLRQ� DV� DQ� H[FHSWLRQ� DQG� GRHV� QRW� H[KLELW� D� VLJQLILFDQW�

FKDQJH�LQ�QRLVH�OHYHOV�GXULQJ�GD\�WLPH�DQG�QLJKW�WLPH�KRXUV���

�

6HDVRQDO�QRLVH�OHYHOV�VKRZ�YDULDWLRQV�PDLQO\�DW�SHULRGV�FRUUHVSRQGLQJ�WR�WKH�GRXEOH�

IUHTXHQF\� SHDN� OHYHO� DQG� H[KLELW� KLJKHU� YDOXHV� GXULQJ� ZLQWHU� DQG� ORZHU� YDOXHV� GXULQJ�

VXPPHU�� �:KHQ�ZH� FRPSDUH� VHLVPLF� QRLVH� OHYHOV� DW� GRXEOH� IUHTXHQF\� SHDN� IRU� GLIIHUHQW�

VWDWLRQV�RQ�GLIIHUHQW�JHRJUDSKLF�ORFDWLRQV��VWDWLRQV�ORFDWHG�DW� LVODQGV��$3(��&66��LQGLFDWH�

WKH�KLJKHU�QRLVH� OHYHOV�� ,Q�JHQHUDO�FRDVWDO� �$3(��&66��&+26��VWDWLRQV�KDYH�KLJKHU�QRLVH�

OHYHOV�WKDQ�WKH�FRQWLQHQWDO�VWDWLRQV��,63��0$/7��$172��*1,��DW���������VHF�SHULRG�UDQJHV����

�

6SDWLDO�YDULDWLRQV�RI�VHLVPLF�QRLVH�KDYH�EHHQ�FRPSXWHG�E\�XVLQJ�WKH�DYHUDJH�VSHFWUDO�

GHQVLW\�YDULDWLRQV�IRU�WKH�VHOHFWHG�SHULRG�UDQJHV��$W�����VHF�SHULRG�UDQJH�VHLVPLF�QRLVH�OHYHO�

LV� VHQVLWLYH� WR� FXOWXUDO� QRLVH�� 6HLVPLF� QRLVH� OHYHOV� DUH� KLJKHU� DW� WKH� FRDVWDO� DUHDV� DQG�

UHODWLYHO\� ORZHU�DW� WKH�FRQWLQHQWDO�VLWHV��7KLV�VSDWLDO�YDULDWLRQ�RI�VHLVPLF�QRLVH� LV� LQ�JRRG�

FRUUHODWLRQ� ZLWK� WKH� FXOWXUDO� QRLVH� OHYHOV� W\SLFDOO\� KLJKHU� LQ� WKH� UHJLRQV� ZLWK� KLJK�

SRSXODWLRQ�ZKHUH�WKH�LQGXVWULDO�DQG�FXOWXUDO�QRLVH�LV�H[SHFWHG�WR�EH�KLJKHU�LQ�WKH�ZHVWHUQ�

DQG�FRDVWDO�SDUWV���

�

$W� IRXU� VHFRQG� SHULRG� PDS� RI� VSDWLDO� YDULDWLRQV� GR� QRW� VKRZ� VWURQJ� YDULDWLRQV��

+LJKHVW�QRLVH�OHYHOV�DUH�DURXQG������G%�DQG�WKH�ORZHVW�QRLVH�OHYHOV�DUH�DURXQG������G%�DW�

WKLV� SHULRG� UDQJH�� $W� ORQJHU� SHULRGV� VHLVPLF� QRLVH� OHYHO� YDULDWLRQV� GXH� WR� JHRJUDSK\�
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GHFUHDVHV��$W����VHF�PDS�RI�VSDWLDO�YDULDWLRQV�VHLVPLF�QRLVH�OHYHOV�YDU\�RQO\�IHZ�SHU�FHQW�

DURXQG������G%���
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���$0%,(17�6(,60,&�12,6(�&255(/$7,21��

�

�
������,QWURGXFWLRQ�

�

6XUIDFH�ZDYHV�FRQWDLQ�D�JUHDW�GHDO�RI�LQIRUPDWLRQ�DERXW�WKH�VWUXFWXUH�RI�WKH�(DUWK¶V�

FUXVW�DQG�XSSHU�PDQWOH��7KH\�GRPLQDWH�RYHU�ERG\�ZDYHV�DW�WHOHVHLVPLF�GLIIHUHQFHV�DQG�FDQ�

EH� H[WUDFWHG� HDVLO\� IURP� VHLVPLF� UHFRUGV��7KH�PDLQ� DGYDQWDJH� RI� XVLQJ� VXUIDFH�ZDYHV� LV�

WKDW�YHORFLW\�FDQ�EH�PHDVXUHG�DW�D�QXPEHU�RI�GLIIHUHQW�IUHTXHQFLHV��0RVW�RI�WKH�VWXGLHV�LQ�

VHLVPRORJ\��HQHUJHWLF� VRXUFHV� VXFK� DV� HDUWKTXDNHV�DQG�H[SORVLRQV�DUH�QHHGHG� LQ�RUGHU� WR�

GHWHUPLQH� WKH� (DUWK� VWUXFWXUH�� %XW� WKH� KLJK� FRVW� RI� H[SORVLRQV� DQG� LQIUHTXHQW� DQG�

LQKRPRJHQHRXV� GLVWULEXWLRQV� RI� HDUWKTXDNHV� EULQJV� VRPH� OLPLWDWLRQV� WR� WKHVH� VWXGLHV��

+RZHYHU�UHFHQW�ODERUDWRU\�H[SHULPHQWV�DQG�WKHRUHWLFDO�VWXGLHV�RQ�FRUUHODWLRQ�RI�ORQJ�WLPH�

VHTXHQFHV�RI� VHLVPLF�QRLVH� VKRZ� WKDW�(DUWK� VWUXFWXUH� FDQ�EH� LPDJHG�ZLWKRXW� WKH�QHHG�RI�

WKHVH� VRXUFHV�� 7KH� PDLQ� LGHD� LV� WKH� SULQFLSOH� WKDW� WKH� *UHHQ¶V� IXQFWLRQV� EHWZHHQ� WZR�

VWDWLRQV� FDQ� EH� REWDLQHG� E\� FURVV�FRUUHODWLRQV� RI� UDQGRP� ZDYHILHOGV� UHFRUGHG� E\� WKHVH�

VWDWLRQV�� ,Q�RUGHU� WR�SURYH� WKDW� WKH�*UHHQ¶V� IXQFWLRQV� FDQ�EH� HVWLPDWHG� IURP� WKH� VWDFN�RI�

FURVV�FRUUHODWLRQV� RI� QRLVH� UHFRUGV�� GLIIHUHQW� PDWKHPDWLFDO� DSSURDFKHV� ZHUH� GHYHORSHG�

�:HDYHU�DQG�/RENLV��������6QLHGHU��������:DSHQDDU��������������*RXHGDUG�HW�DO���������

DQG� YDULRXV� DVVXPSWLRQV�ZHUH�PDGH� DERXW� QRLVH� FKDUDFWHULVWLFV� DQG� WKH� SURSHUWLHV� RI� WKH�

PHGLXP��<DR�HW�DO����������7KH�DSSOLFDELOLW\�RI�WKH�PHWKRG�ZLWK�WKHVH�GLIIHUHQW�DSSURDFKHV�

ZDV� WHVWHG� E\� ODERUDWRU\� H[SHULPHQWV� DV� ZHOO� DV� ERWK� V\QWKHWLF� DQG� UHDO� GDWD�� 1RZ� WKH�

PHWKRG�LV�XVHG�QRW�RQO\�LQ�VHLVPRORJ\�EXW�DOVR�LQ�RWKHU�GLVFLSOLQHV�ZLWK�H[FLWLQJ�UHVXOWV��

�

,W�ZDV�FRPPRQO\�EHOLHYHG� WKDW� WKH�GLIIXVH�ZDYH� ILHOGV� UHYHDO�QR� LQIRUPDWLRQ�DERXW�

WKH�PHGLXP�WKDW�WKH\�SURSDJDWH��%XW�ZLWK�WKH�UHFHQW�SURJUHVVHV�LQ�XOWUDVRQLF�LW�ZDV�VKRZQ�

WKDW� WKH�QRLVH�FRUUHODWLRQ�IXQFWLRQ�JLYHV� WKH�ZDYHIRUP�WKDW�ZRXOG�EH�REWDLQHG� LQ�D�GLUHFW�

SXOVH�HFKR�PHDVXUHPHQW��:HDYHU�DQG�/RENLV���������,Q�RUGHU�WR�GHPRQVWUDWH�WKLV�DVVHUWLRQ�

:HDYHU� DQG� /RENLV� ������� SHUIRUPHG� D� QXPEHU� RI� H[SHULPHQWV� RQ� H[WUDFWLQJ� *UHHQ¶V�

IXQFWLRQ�EHWZHHQ�WZR�SRLQWV�IURP�WKH�ILHOG�WR�ILHOG�FRUUHODWLRQ�RI�D�GLIIXVH�XOWUDVRQLF�ILHOG��

$FFRUGLQJ� WR� WKHLU� H[SHULPHQWV� WKH� WLPH� GHULYDWLYH� RI� WKH� DXWRFRUUHODWLRQ� RI� WKH� WKHUPDO�

QRLVH�LQ�DQ�XOWUDVRQLF�UHFHLYHU�FLUFXLW�ZLOO�EH�LGHQWLFDO� WR�WKH�GLUHFWO\�REWDLQHG�SXOVH�HFKR�

VLJQDO� ZDYHIRUP�� :HDYHU� DQG� /RENLV� ������� LQWHUSUHWHG� WKHLU� UHVXOWV� E\� XVLQJ� WKH�
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HTXLSDUWLWLRQLQJ�RI�PRGHV��$IWHU�WKDW�/RENLV�DQG�:HDYHU��������JHQHUDOL]HG�WKH�UHVXOWV�WR�

WKH� FDVH� WKDW� UDQGRPL]DWLRQ� RI� WKH� QRLVH� VRXUFHV� LV� QRW� SURGXFHG� E\� WKH� GLVWULEXWLRQ� RI�

VRXUFHV� EXW� LW� FDQ� EH� SURYLGHG� E\�PXOWLSOH� VFDWWHULQJ� LQ� D� KHWHURJHQHRXV�PHGLXP�� HLWKHU�

�*RXHGDUG�HW�DO�����������

�

'HURGH� HW� DO��� ������� SUHSDUHG� D� ODERUDWRU\� H[SHULPHQW� IRU� H[WUDFWLQJ� *UHHQ¶V�

IXQFWLRQ� IURP� WKH� FRUUHODWLRQ� EDVHG� RQ� WLPH� UHYHUVDO� LQYDULDQFH� DQG� SUHVHQWHG� QXPHULFDO�

VLPXODWLRQV� LQ� RSHQ� DQG� FORVHG�PXOWLSOH� VFDWWHULQJ�PHGLD� WR� VXSSRUW� WKH� DUJXPHQW�� 7KH\�

KDYH� H[DPLQHG� LI� WKH�*UHHQ¶V� IXQFWLRQ� FDQ� VWLOO� EH� UHFRYHUHG� IURP� WKH� FRUUHODWLRQV�RI� DQ�

XOWUDVRQLF�ZDYHILHOG�LQ�DQ�RSHQ�VFDWWHULQJ�PHGLXP��7R�GR�WKLV��WKH\�SUHVHQWHG�H[SHULPHQWV�

ERWK� LQ� D� FORVHG� FDYLW\�ZLWK�SHUIHFWO\� UHIOHFWLQJ� �'LULFKOHW�� ERXQGDU\� FRQGLWLRQV�RU� LQ� DQ�

RSHQ� PHGLXP� ZLWK� DEVRUELQJ� ERXQGDU\� FRQGLWLRQV�� 7KH\� VKRZHG� WKDW� UHFRYHULQJ� WKH�

*UHHQ¶V� IXQFWLRQ� ZDV� SRVVLEOH� QRW� RQO\� LQ� D� FORVHG� FDYLW\� EXW� DOVR� LQ� DQ� RSHQ�PXOWLSOH�

VFDWWHULQJ�PHGLXP���

�

&DPSLOOR�DQG�3DXO��������ZKLFK�FRPSXWHG�WKH�FRUUHODWLRQV�RI�VHLVPLF�FRGD�IURP�����

GLVWDQW� HDUWKTXDNHV� DQG� H[WUDFWHG� WKH�*UHHQ¶V� IXQFWLRQ� IURP� WKHVH� FRUUHODWLRQV� VXSSRUWHG�

WKH�LGHD�SUHVHQWHG�E\�'HURGH�HW�DO����������7KH�ZRUN�RI�&DPSLOOR�DQG�3DXO��������ZDV�DOVR�

LPSRUWDQW�LQ�SURYLQJ�WKH�DSSOLFDELOLW\�RI�WKH�WHFKQLTXH�QRW�RQO\�LQ�WKH�H[WUHPHO\�FRQWUROOHG�

DQG� IDYRUDEOH� FRQGLWLRQV� RI� WKH� ODERUDWRU\� EXW� DOVR� ZLWK� UHDO� GDWD� REWDLQHG� IURP� WKH�

UHFRUGLQJV�RI�HDUWKTXDNHV��7KH�XVH�RI�FRUUHODWLRQ�WHFKQLTXH�LV�EHFRPLQJ�PRUH�FRPPRQ�QRW�

RQO\�LQ�VHLVPLF�H[SORUDWLRQ��:DSHQDDU�HW�DO���������EXW�DOVR�LQ�WKH�RWKHU�DSSOLFDWLRQ�ILHOGV�

VXFK� DV� KHOLRVHVLPRORJ\� �5LFNHWW� DQG� &ODHUERXW�� ������� PDULQH� DFRXVWLFV� �5RX[� HW� DO���

������� DQG�XOWUDVRQLF�ZLWK� HLWKHU� DQ� DFWLYH� VRXUFH�RU� WKHUPDO�QRLVH� �:HDYHU� DQG�/RENLV��

������������5RX[�DQG�)LQN���������/DWWHU�VWXGLHV�FRQWLQXHG�RQ�WKH�IXUWKHU�GHYHORSPHQW�RI�

WKH�WHFKQLTXH�RQ�WKH�XVH�RI�FRUUHODWLRQ��/DURVH�HW�DO���������6KDSLUR�DQG�&DPSLOOR��������

6QLHGHU�� ������ *RXHGDUG� HW� DO��� ������ DQG� WKH� GDWD� SURFHVVLQJ� �%HQVHQ� HW� DO��� ������

SURFHGXUHV�� 1RZDGD\V� WKH� FURVV�FRUUHODWLRQ� WHFKQLTXH� LV� ZLGHO\� XVHG� LQ� WKH� VHLVPLF�

WRPRJUDSK\�VWXGLHV��6KDSLUR�HW�DO���������/DURVH�HW�DO���������/LQ�HW�DO���������<DQJ�HW�DO���

������0RVFKHWWL�HW�DO���������<DQJ�DQG�5LW]ZROOHU��������%HQVHQ�HW�DO���������5LW]ZROOHU��

������6WHKO\�HW�DO���������/L�HW�DO������������

�
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7KH�REMHFWLYH�RI� WKLV�SDUW�RI� WKH�ZRUN� LV� WR�HPSOR\� WKLV� UHODWLYHO\�QHZ�WHFKQLTXH� LQ�

RUGHU� WR� XWLOL]H� WKH� VHLVPLF� GDWD� ZLWK� LPSURYHG� TXDOLW\� DQG� LQFUHDVHG� TXDQWLW\� IRU� WKH�

XQGHUVWDQGLQJ� RI� WKH� UHJLRQDO� WHFWRQLFV� RI� 7XUNH\�� +RZHYHU�� DFFRPSOLVKLQJ� WKLV� ZLWK� D�

UHODWLYHO\�QHZ�PHWKRG�ZLOO�QRW�SURYH�LWV�UHOLDELOLW\���7KHUHIRUH�VROYLQJ�WKLV�SUREOHP�ZLWK�D�

µFRQYHQWLRQDO¶�WHFKQLTXH�RI�ZKLFK�VWDELOLW\�LV�DOUHDG\�WHVWHG�DQG�FRPSDULQJ�WKH�UHVXOWV�ZLWK�

WKH� FRUUHODWLRQ� PHWKRG� PLJKW� EH� YDOXDEOH�� ,Q� WKLV� FKDSWHU� WKH� PHWKRG�� DSSOLFDWLRQ� DQG�

UHVXOWV� RI� DPELHQW� VHLVPLF� QRLVH� FRUUHODWLRQ� DUH� SUHVHQWHG�� /RQJ� WLPH� FRUUHODWLRQV� RI�

DPELHQW�VHLVPLF�QRLVH�UHFRUGLQJV�DUH�XVHG�WR�HVWLPDWH�VXUIDFH�ZDYH�*UHHQ¶V�IXQFWLRQV�DQG�

XWLOL]HG�WR�REWDLQ�VXUIDFH�ZDYH�YHORFLW\�GLVWULEXWLRQ��$�FRQWLQXRXV�ZDYHIRUP�GDWDEDVH�KDV�

EHHQ� IRUPHG� E\� XVLQJ� WKH� SHUPDQHQW� DQG� WHPSRUDU\� EURDGEDQG� VWDWLRQV� RSHUDWLQJ� LQ� WKH�

UHJLRQ��7KH�FURVV�FRUUHODWLRQV�RI�WKH�DPELHQW�VHLVPLF�QRLVH�EHWZHHQ�HDFK�VWDWLRQ�SDLU�KDYH�

EHHQ� FDOFXODWHG� WR� GHWHUPLQH� WKH� *UHHQ¶V� IXQFWLRQ� RI� WKRVH� VWDWLRQ� SDLUV�� *URXS� ZDYH�

YHORFLW\�PDSV�ZHUH� REWDLQHG� IURP� WKH� FDOFXODWHG� *UHHQ¶V� IXQFWLRQV� XVLQJ�PXOWLSOH� ILOWHU�

DQDO\VLV��&RPSXWHG�JURXS�ZDYH�YHORFLW\�PDSV�DUH�SUHVHQWHG�IRU�VHOHFWHG�SHULRGV���

�

������'DWD�

�

,Q� WKH� LQYHVWLJDWLRQ� RI� WKLV� SDVVLYH� LPDJLQJ� WHFKQLTXH� WHPSRUDU\� DQG� SHUPDQHQW�

EURDGEDQG� VWDWLRQV� RI�.2(5,�� 78%,7$.�05&�� (76(�� KDYH� EHHQ� XVHG�� 6XSSOHPHQWDU\�

GDWD�IURP�,5,6�DQG�25)(86�GHSRVLWRU\�ZHUH�REWDLQHG�IRU�WKH�SHUPDQHQW�VWDWLRQV�RSHUDWHG�

LQ�WKH�UHJLRQ�E\�YDULRXV�QHWZRUNV��%HIRUH�SHUIRUPLQJ�WKH�DPELHQW�VHLVPLF�QRLVH�FRUUHODWLRQ�

VWXG\� D� FRPSUHKHQVLYH� QRLVH� DQDO\VLV�ZDV� SHUIRUPHG� RQ� WKH� SURSHUWLHV� RI� VHLVPLF� QRLVH�

�&KDSWHU�����$�ODUJHU�GDWDEDVH�ZDV�XVHG�IRU�WKH�FURVV�FRUUHODWLRQ�RI�DPELHQW�VHLVPLF�QRLVH�

UHFRUGV���

�

�

�

�

�
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�

)LJXUH������6WDWLRQ�GLVWULEXWLRQ�XVHG�IRU�FRUUHODWLRQ�DQDO\VLV��7ULDQJOHV�VKRZ�VWDWLRQV�XVHG�

IRU� WKLV� VWXG\��5HG� WULDQJOHV� LQGLFDWH� WKH� VWDWLRQV� UHFRUGHG�GXULQJ�����������RSHUDWHG�E\�

YDULRXV�QHWZRUNV��*UHHQ�WULDQJOHV�LQGLFDWH�WKH�VWDWLRQV�UHFRUGHG�GXULQJ�WKH�(76(�SURMHFW��

LQ�EHWZHHQ������������

�
�
)LJXUH�����VKRZV�WKH�ORFDWLRQV�RI�WKH�VHLVPLF�VWDWLRQV�RSHUDWLQJ�LQ�WKH�UHJLRQ��ZKLFK�

LV�XVHG� LQ� WKLV�VWXG\��'DWD� IURP�WKHVH�VWDWLRQV�KDYH�EHHQ�FROOHFWHG�DQG����KRXU� ORQJ�GDWD�

VHJPHQWV�ZLWK�RQH�VDPSOH�SHU�VHFRQG�KDYH�EHHQ�IRUPHG�IRU�HDFK�VWDWLRQ��'DWD�IURP�WKHVH�

VWDWLRQV�ZHUH�DOVR�XVHG�LQ�WKH�DQDO\VLV�ZLWK�RWKHU�EURDGEDQG�VWDWLRQV�RSHUDWLQJ�LQ�WKH�UHJLRQ�

GXULQJ�WKH�VDPH�WLPH�SHULRG��'HWDLOHG�LQIRUPDWLRQ�RQ�WKH�QHWZRUN�DQG�VWDWLRQV�XVHG�IRU�WKH�

DPELHQW�VHLVPLF�QRLVH�FRUUHODWLRQ�ZDV�SUHVHQWHG�LQ�WKH�VHFRQG�FKDSWHU��

�
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������7KHRU\�

�

)XOO\�GLIIXVH�ZDYH�ILHOGV�DUH�FRPSRVHG�RI�ZDYHV�ZLWK�UDQGRP�DPSOLWXGHV�DQG�SKDVHV�

EXW�SURSDJDWH� LQ�DOO�SRVVLEOH�GLUHFWLRQV��7KLV�SURSHUW\�RI�GLIIXVH�ZDYH�ILHOGV�DOORZV�XV� WR�

REWDLQ� LQIRUPDWLRQ� DERXW� DQ\� SRVVLEOH� SDWK� WKDW� FDQ� EH� H[WUDFWHG� E\� FRPSXWLQJ� FURVV�

FRUUHODWLRQV� EHWZHHQ� SDLUV� RI� UHFHLYHUV� �:HDYHU� DQG� /RENLV�� ������ /RENLV� DQG�:HDYHU��

������&DPSLOOR�DQG�3DXO��������6KDSLUR�DQG�&DPSLOOR���������7KH�WKHRUHWLFDO�EDFNJURXQG�

LQ� H[WUDFWLQJ� WKH� *UHHQ¶V� IXQFWLRQ� EHWZHHQ� WZR� VWDWLRQV� FDQ� EH� GHVFULEHG� E\� PRGDO�

UHSUHVHQWDWLRQ�RI�GLIIXVH�ZDYHILHOGV��HODVWRG\QDPLF�UHSUHVHQWDWLRQ�WKHRUHPV�DQG�VWDWLRQDU\�

SKDVH�DUJXPHQWV��:HDYHU�DQG�/RENLV��������6QLHGHU��������:DSHQDDU��������������5RX[�

HW�DO���������3DXO�HW�DO���������<DR��HW�DO����������7KHVH�GLIIHUHQW�DSSURDFKHV�PDNH�GLIIHUHQW�

DVVXPSWLRQV�DERXW�QRLVH��VRXUFH��FKDUDFWHULVWLFV�DQG��VWRFKDVWLF��SURSHUWLHV�RI�WKH�PHGLXP�

�<DR�HW�DO����������*RXHGDUG�HW�DO����������GLVFXVVHG�WKH�WKHRUHWLFDO�FRQGLWLRQV�UHTXLUHG�WR�

H[WUDFW� WKH�*UHHQ¶V� IXQFWLRQV� EHWZHHQ� WZR� UHFHLYHUV� IURP� WKH� FURVV�FRUUHODWLRQV� RI� QRLVH�

UHFRUGV���

�

2QH�RI�WKRVH�DSSURDFKHV�LV�EDVHG�RQ�HTXLSDUWLWLRQLQJ�RI�WKH�(DUWK¶V�PRGHV��:HDYHU�

DQG�/RENLV�� ������� ,Q� WKLV� FDVH� WKH�QRUPDO�PRGHV�RI� WKH� V\VWHP�DUH�XQFRUUHODWHG� DQG�DOO�

FDUU\� WKH� VDPH� DPRXQW� RI� HQHUJ\� �HTXLSDUWLWLRQLQJ��� 7KLV� WHFKQLTXH� FDQ� EH� H[KLELWHG�

ZLWKRXW� DQ\� DVVXPSWLRQ� DERXW� WKH� QRLVH� VRXUFHV� ORFDWLRQ� RU� WKHLU� DFWLYDWLRQ� WLPH�� 2QO\�

DVVXPSWLRQ�LV�WKDW�WKHUH�LV�HTXLSDUWLWLRQ�DW�WKH�ERXQGDULHV�RI�WKH�ERXQGDULHV�RI�WKH�UHJLRQ�RI�

LQWHUHVW��*RXHGDUG�HW�DO����������+RZHYHU��LQ�FRQWUDU\�RI�H[WUDFWLQJ�*UHHQ¶V�IXQFWLRQ�ZLWK�

HTXLSDUWLWLRQLQJ�� 6QLHGHU� ������� VXJJHVWHG� WKDW� *UHHQ¶V� IXQFWLRQV� FDQ� EH� H[WUDFWHG� IURP�

VFDODU�ZDYHV�LQ�D�KRPRJHQHRXV�PHGLXP�KDYLQJ�HPEHGGHG�VFDWHUHUV��7KH�PDLQ�DVVXPSWLRQ�

LV�WKDW�WKH�VFDWWHUHUV�DUH�DFWLQJ�DV�VHFRQGDU\�VRXUFHV�RI�VLQJO\�DQG�PXOWLSO\�VFDWWHUHG�ZDYHV�

�6QLHGHU����������

�

+HUH�ZH�IROORZ�WKH�GHULYDWLRQ�SURSRVHG�E\�*RXHGDUG�HW�DO�����������7KH�PDLQ�LGHD�LV�

ZKHQ�DYHUDJHG�RYHU�ORQJ�WLPH�VHULHV�VHLVPLF�QRLVH�FDQ�EH�DFFHSWHG�DV�D�VHLVPLF�QRLVH�ILHOG��

,Q� VXFK� D� FDVH�� *UHHQ¶V� IXQFWLRQ� FDQ� EH� HVWLPDWHG� IURP� FURVV� FRUUHODWLRQV� EHWZHHQ� WZR�

UHFHLYHUV�*RXHGDUG�HW�DO�������������

�

�
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)LJXUH������'HILQLWLRQ�RI�WKH�JHRPHWULF�YDULDEOHV��

�

�

'LVSODFHPHQW�ILHOGV� ��� $UWX
&

�DQG� ��� %UWX
&

�UHFRUGHG�DW�WZR�UHFHLYHUV�DW�ORFDWLRQV�$�DQG�

%� LQ� D� PHGLXP�ZLWK� D� UDQGRP� QRLVH� ILHOG ��� UWI
&

�� LV� SUHVHQWHG� LQ� )LJXUH� ����� 7KH� WLPH�

GRPDLQ�FURVV�FRUUHODWLRQ�EHWZHHQ�WKH�WZR�UHFHLYHU�ORFDWLRQV�FDQ�EH�GHILQHG�DV��

� �
�
�

������

�

,Q�(TXDWLRQ����� WKH�EDU� GHQRWHV� WKH� FRQMXJDWH��7KH�GLVSODFHPHQW� FDQ�EH�ZULWWHQ�E\�

XVLQJ�WKH�*UHHQ¶V�IXQFWLRQ�*D�DQG�WKH�VRXUFH�IXQFWLRQ�I�VXFK�DV��

� �
�
�

�
�

������

�

,W�LV�DVVXPHG�WKDW�I�LV�D�ZKLWH�QRLVH�GLVWULEXWHG�HYHU\ZKHUH�LQ�WKH�PHGLXP�;��DFWLQJ�DW�

DQ\�WLPH�W��

VV

;

VD UGUWWIUUW*GWUWX
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,Q�WKH�IUHTXHQF\�GRPDLQ��ZKLWH�QRLVH�FRQWDLQV�DOO�WKH�IUHTXHQFLHV�ZLWK�D�UDQGRP�SKDVH�DQG�

LQ�WKH�WLPH�GRPDLQ��WKLV�LV�D�UDQGRP�ZDYHILHOG�VXFK�WKDW�WKH�SRVLWLRQ�DQG�DFWLYDWLRQ�WLPH�RI�

HDFK� VRXUFH� DUH� XQFRUUHODWHG� �*RXHGDUG� HW� DO��� ������� ,Q� WKLV� FDVH�� WKH� OLPLW� 7� FDQ� EH�

UHSODFHG�E\�DQ�HQVHPEOH�DYHUDJH��

� �
�
�

�
�
�

�
�
�

�����
������

�

� �
�
�
�

�

������

�

(TXDWLRQ�����FDQ�EH�REWDLQHG�ZKHUH�σ \LHOGV�WKH�YDULDQFH�RI�WKH�ZKLWH�QRLVH��*RXHGDUG�HW�

DO����������%\�XVLQJ�WKH�H[SUHVVLRQV�RI�WKH�*UHHQ¶V�IXQFWLRQ�LQ�DQ�DWWHQXDWLQJ�PHGLXP�ZLWK�

DQ�HOOLSWLF�GLIIHUHQWLDO�RSHUDWRU�*UHHQ¶V�IXQFWLRQV�RI�WKH�SRVLWLYH�DQG�QHJDWLYH�ODJV�FDQ�EH�

REWDLQHG�DV���

� �
�
�
�

�

������

�

7KLV�HTXDWLRQ�PHDQV�WKDW�WKH�WLPH�GHULYDWLYH�RI�WKH�FURVV�FRUUHODWLRQ�FRPSXWHG�EHWZHHQ�WKH�

ZDYHILHOGV�UHFRUGHG�DW�$�DQG�%�JLYHV�WKH�*UHHQ¶V�IXQFWLRQ�RI�WKH�PHGLXP��*RXHGDUG�HW�DO���

�������

�

�
�
��
��
�
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������&RPSXWDWLRQ�RI�*UHHQ¶V�)XQFWLRQ�

�

'DWD� SURFHVVLQJ� SURFHGXUH� IRU� WKH� FRPSXWDWLRQ� RI� *UHHQ¶V� IXQFWLRQ� FRQVLVWV� RI� D�

QXPEHU�RI�VWHSV��$�FRQWLQXRXV�ZDYHIRUP�GDWDEDVH�LV�FUHDWHG�IRU�WKH�DQDO\VLV�SULRU�WR�FURVV�

FRUUHODWLRQ��$�GHWDLOHG�GHVFULSWLRQ�RI�WKH�GDWD�SURFHVVLQJ�SURFHGXUH�IRU�WKH�DPELHQW�VHLVPLF�

QRLVH� FRUUHODWLRQ�ZDV� SUHVHQWHG� E\�%HQVHQ� HW� DO��� �������� )RXU� VWDJHV� RI� GDWD� SURFHVVLQJ�

SURFHGXUH�ZHUH� DSSOLHG� WR� WKH� GDWD� �)LJXUH� ������ )LUVW� VWDJH� VKRZV� WKH� VWHSV� LQYROYHG� LQ�

SUHSDULQJ�VLQJOH�VWDWLRQ�GDWD�EHIRUH�WKH�FURVV�FRUUHODWLRQ��6HFRQG�VWDJH�RXWOLQHV�WKH�FURVV�

FRUUHODWLRQ�SURFHGXUH� DQG� VWDFNLQJ��7KLUG� VWDJH� LQFOXGHV�GLVSHUVLRQ�PHDVXUHPHQW� DQG� WKH�

ODVW�RQH�LV�WKH�HUURU�DQDO\VLV�DQG�WKH�GDWD�VHOHFWLRQ�SURFHVV��%HQVHQ�HW�DO����������

�

)LJXUH������6FKHPDWLF�UHSUHVHQWDWLRQ�RI�WKH�GDWD�SURFHVV���0RGLILHG�DIWHU�%HQVHQ�HW�DO���

��������
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'DWD�SURFHVVLQJ�SURFHGXUH�DSSOLHG�LQ�WKLV�VWXG\�LV�VLPLODU�WR�WKH�RQH�GHVFULEHG�LQ�WKH�

ZRUN�RI�%HQVHQ�HW�DO�����������'DWD�IURP�DOO�WKH�VWDWLRQV�LQ�WKH�UHJLRQ�DUH�VDPSOHG�WR�RQH�

VDPSOH�SHU�VHFRQG�SULRU� WR�GDWD�SURFHVVLQJ��7KHQ����KRXU�ORQJ�GDWD�VHJPHQWV�DUH�FUHDWHG�

IRU�HDFK�VWDWLRQ�IURP�WKH�FRQWLQXRXV�GDWD�UHFRUGLQJV�RI�EURDGEDQG�VHLVPLF�VWDWLRQV��0HDQ��

WUHQG��DQG�LQVWUXPHQW�UHVSRQVH�DUH�UHPRYHG�LQ�WKLV�VWDJH��(DUWKTXDNHV�DQG�RWKHU�GLVWXUELQJ�

HIIHFWV�VXFK�DV�LQVWUXPHQWDO�LUUHJXODULWLHV�DUH�UHPRYHG�E\�DSSO\LQJ�WHPSRUDO�QRUPDOL]DWLRQ�

LQ�WKLV�VWDJH��$GGLWLRQDOO\��VSHFWUDO�ZKLWHQLQJ�ZDV�DSSOLHG�LQ�RUGHU�WR�UHPRYH�WKH�HIIHFWV�RI�

PLFURVHLVP� DW� GRXEOH� IUHTXHQF\� �a�� VHF�� DQG� VLQJOH� IUHTXHQF\� �a��� VHF�� SHULRGV��&URVV�

FRUUHODWLRQV�DQG�VWDFNLQJ�DUH�SHUIRUPHG�GDLO\�LQ�WKH�IUHTXHQF\�GRPDLQ���

�

)RU� DFFXUDWH� UHSUHVHQWDWLRQ� RI� *UHHQ¶V� IXQFWLRQ� D� PHGLXP� RI� KRPRJHQRXV� DQG�

UDQGRP�GLVWULEXWLRQ�RI�QRLVH�VRXUFHV� LV�QHHGHG��+RZHYHU� WKH�QRLVH�GLVWULEXWLRQ� LQVLGH�WKH�

HDUWK� LV� QHLWKHU� KRPRJHQRXV� QRU� UDQGRP�� %XW� WKH� GLVWULEXWLRQ� RI� QRLVH� VRXUFHV� FDQ� EH�

KRPRJHQL]HG�ZKHQ�ORQJ�WLPH�VHTXHQFHV�DUH�XVHG��,W�ZDV�LQWURGXFHG�SUHYLRXVO\�GXULQJ�WKH�

WKHRUHWLFDO� EDFNJURXQG� RI� WKH� WHFKQLTXH� WKDW� LQ� D� PXOWLSO\� VFDWWHULQJ� PHGLXP� WKH�

FRQYHUJHQFH�RI�FURVV�FRUUHODWLRQV�WR�WKH�*UHHQ¶V�IXQFWLRQV�LV�DOVR�HIIHFWLYH�WRJHWKHU�ZLWK�D�

VXIILFLHQW�QXPEHU�RI�DYHUDJLQJ�SURFHVVHV��&DPSLOOR���������+HQFH��DIWHU�WKLV�VLQJOH�VWDWLRQ�

SURFHVV� FRPSOHWHG��FURVV�FRUUHODWLRQV�DUH�FRPSXWHG�DQG�VWDFNHG� IRU� HDFK� VWDWLRQ�SDLUV�E\�

XVLQJ�DSSUR[LPDWHO\�WKUHH�\HDUV�RI�GDWD��7KLV�FRUUHODWLRQ�SURFHVV�DPRXQWV�WR�D�QXPEHU�RI�

Q�Q������ VWDWLRQ� SDLUV� ZKHUH� Q� LV� WKH� QXPEHU� RI� VWDWLRQV�� ,Q� WKLV� VWXG\�PRUH� WKDQ� ������

WLPH�VHULHV� DUH� REWDLQHG� IURP� WKH� FURVV�FRUUHODWLRQV� RI� ���� EURDGEDQG� VWDWLRQV� UHFRUGHG�

GXULQJ������������$SSUR[LPDWHO\�����WLPH�VHULHV�REWDLQHG�IURP�WKH�FURVV�FRUUHODWLRQV�RI�

(76(� VWDWLRQV� DQG� RWKHU� EURDGEDQG� VWDWLRQV� RSHUDWHG� GXULQJ� ����������� 7ZR� PRQWKV�

VWDFNV�RI�FURVV�FRUUHODWLRQV�RI�HDFK�VWDWLRQ�SDLU�DUH�FRPSXWHG�DQG�FRPSDUHG�LQ�RUGHU�WR�VHH�

LI�WKHUH�DUH�DQ\�VHDVRQDO�YDULDWLRQV�RI�WKH�HVWLPDWHG�*UHHQ¶V�IXQFWLRQV��7KH�UHVXOWLQJ�FURVV�

FRUUHODWLRQV�DUH�WZR�VLGHG�WLPH�IXQFWLRQV�ZLWK�ERWK�SRVLWLYH�DQG�QHJDWLYH�FRUUHODWLRQ�ODJV��

,Q�WKLV�VWXG\�WKH�FRUUHODWLRQV�ODJV�DUH�VWRUHG�IURP�������WR������VHF�ZKLFK�GHSHQG�RQ�WKH�

VSHHG�RI�WKH�ZDYHV�DQG�WKH�PD[LPXP�LQWHU�VWDWLRQ�GLVWDQFH���

��

)LJXUH� ���� VKRZV� WKH� FURVV�FRUUHODWLRQV� EHWZHHQ� $*5%� DQG� *$'$� VWDWLRQV�� 7KH�

GLVWDQFH�EHWZHHQ�WZR�VWDWLRQV�LV������NP�DQG�WKH�JURXS�ZDYH�YHORFLW\�FRPSXWHG�IURP�ERWK�

SRVLWLYH� DQG� QHJDWLYH� ODJ� LV� ���� NP�V�� (DFK� WUDFH� VKRZV� WKH� WZR� PRQWKV� VWDFNV� RI�

FRUUHODWLRQV�DQG� WKH� WUDFH�DW� WKH� WRS�VKRZV� WKH�ILQDO�VWDFN�IRU����PRQWKV��7ZR�PRQWKV�RI�
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VWDFNV�LQGLFDWH�WKDW�WKHUH�LV�QRW�VLJQLILFDQW�GHYLDWLRQ�IURP�WKH�ILQDO�VWDFNHG�WLPH�VHULHV��,W�LV�

UHFRJQL]HG� HDVLO\� WKDW� WKH� ILQDO� VWDFNHG� FRUUHODWLRQ� KDV� PXFK� KLJKHU� 6�1� UDWLR� WKDQ� WZR�

PRQWKV� VWDFNV��7KH� UHVXOWLQJ�ZDYHIRUPV� UHSUHVHQW�ZDYHV� WUDYHOLQJ� LQ� RSSRVLWH� GLUHFWLRQV�

EHWZHHQ�WKH�VWDWLRQV��7KH�SRVLWLYH�DQG�QHJDWLYH�FRUUHODWLRQ�ODJV�ZKLFK�DUH�DOVR�UHIHUUHG�DV�

FDXVDO� DQG� DFDXVDO�� UHVSHFWLYHO\�� ZRXOG� EH� LGHQWLFDO� LI� WKH� VRXUFHV� RI� DPELHQW� QRLVH� DUH�

GLVWULEXWHG� KRPRJHQHRXVO\� LQ� D]LPXWK� �%HQVHQ� HW� DO��� ������� +RZHYHU�� FRQVLGHUDEOH�

DV\PPHWU\�FDQ�DOVR�EH�REVHUYHG����������

�
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)LJXUH������&URVV�FRUUHODWLRQV�IRU�WKH�YHUWLFDO�FRPSRQHQWV�RI�$*5%�DQG�*$'$�VWDWLRQV�

ZLWK�LQWHUVWDWLRQ�GLVWDQFH�RI������NP�DQG�ILOWHUHG�LQ�WKH�������VHF�SHULRG�EDQG��7KH��

WUDFHV�DUH�QRUPDOL]HG�ZLWK�WKHLU�PD[LPXP�YDOXHV��

�

)LJXUH� ���� VKRZV� DQRWKHU� H[DPSOH� RI� ORQJ� WHUP� FURVV�FRUUHODWLRQV� EHWZHHQ� WKH�

VWDWLRQV� $*5%� DQG� .576�� 7KH� LQWHU�VWDWLRQ� GLVWDQFH� LV� ���� NP�� 7KHUH� LV� VLJQLILFDQW�

DV\PPHWU\� EHWZHHQ� WKH� SRVLWLYH� DQG� QHJDWLYH� ODJV� DQG� D� FOHDU� WLPH� VKLIW� RQ� WKH� SRVLWLYH�

ODJV� VWDWLQJ� DW� �WK� ��PRQWKV� VWDFN�� � ,Q� RUGHU� WR� LQYHVWLJDWH� WKH� H[LVWHQFH� RI� WKLV� WLPH�

DV\PPHWU\� EHWZHHQ� WKH� FURVV�FRUUHODWLRQ� ODJV� DUULYDO� WLPHV� RI� D� WHOHVHLVPLF� HYHQW� ZDV�
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VKRZQ� LQ� )LJXUH� ����� 7LPH� DV\PPHWU\� RQ� WKH� FRUUHODWLRQ� SDLUV� DSSHDUV� DIWHU� WKH� �WK� ��

PRQWKV�VWDFNV��$�WHOHVHLVPLF�HYHQW�ZDV�VHOHFWHG�LQ�WKH�VDPH�SHULRG�ZLWK�WZR�VWDWLRQV�QHDU�

.576�� 5HFRUGV� VKRZ� WKDW� ILUVW� DUULYDOV� DSSHDU� DOPRVW� DW� WKH� VDPH� WLPH� IRU� WKH� VWDWLRQV�

&(<+� DQG�0(56�� %XW�� WKHUH� LV� DQ� DOPRVW� ��� VHF� RI� WLPH� VKLIW� DW� .576� VWDWLRQ� ZKHQ�

FRPSDUHG�ZLWK�0(56�DQG�&(<+�VWDWLRQV��6LPLODU�WLPH�VKLIWV�FDQ�EH�REVHUYHG�DW�WKH�WUDFHV�

LQ�)LJXUH�������:H�HOLPLQDWH�WKHVH�WUDFHV�IURP�WKH�ILQDO�VWDFN�RI�FRUUHODWLRQV���

�
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�

)LJXUH������&URVV�FRUUHODWLRQV�IRU�WKH�YHUWLFDO�FRPSRQHQWV�RI�$*5%�DQG�.576�VWDWLRQV��

ZLWK�LQWHUVWDWLRQ�GLVWDQFHV�RI�����NP�ILOWHUHG�LQ�WKH�������VHF�SHULRG�EDQG��

7KH�WUDFHV�DUH�QRUPDOL]HG�ZLWK�WKHLU�PD[LPXP�YDOXHV��

�

7KH�ILQDO�H[DPSOH�LV�VKRZQ�LQ�)LJXUH�����EHWZHHQ�$*5%�DQG�6+87�ZLWK�DQ�LQWHU�

VWDWLRQ� GLVWDQFH� RI� ����� NP�� 7KHUH� LV� QR� FRKHUHQF\� EHWZHHQ� ILQDO� VWDFN� DQG� ��PRQWKV�

VWDFNV��7KHUHIRUH�WKH�*UHHQ¶V�IXQFWLRQ�LV�QRW�UHSUHVHQWDWLYH�IRU�WKH�SDWK��6LQFH�WKH�VWDWLRQV�

XVHG� LQ� WKLV� VWXG\� LV� ORFDWHG� LQ� WKH� VDPH� JHRJUDSKLFDO� DUHD� LW� LV� QRW� H[SHFWHG� WR� KDYH�

VLJQLILFDQW�YDULDWLRQV�LQ�WKH�QRLVH�ILOHG��7KHUHIRUH�WKH�IDLOXUH�IRU�FRPSXWLQJ�D�UHSUHVHQWDWLYH�

*UHHQ¶V�IXQFWLRQ�LV�OLNHO\�WKH�UHVXOW�RI�SRRU�VWDWLRQ�TXDOLW\���

�



� ���

-800 -600 -400 -200 0 200 400 600 800
Time (Sec)

S
ta

ck
 (

 2
 m

on
th

s)
�

�

�

�

�

�

�

�

�

�

)LJXUH� ����� $� WHOHVHLVPLF� HDUWKTXDNH� UHFRUGHG� DW� .576� �WRS��� &(<7� �PLGGOH��� 0(56�

�ERWWRP��VWDWLRQV���$�WLPH�VKLIW�RI����VHF�LV�DSSDUHQW�EHWZHHQ�.567�DQG�RWKHU�VWDWLRQV��

�
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�
)LJXUH������&URVV�FRUUHODWLRQV�IRU�WKH�YHUWLFDO�FRPSRQHQWV�RI�$*5%�DQG�6+87�VWDWLRQV��

ZLWK�LQWHUVWDWLRQ�GLVWDQFHV�RI������NP�ILOWHUHG�LQ�WKH�������VHF�SHULRG�EDQG���

7KH�WUDFHVDUH�QRUPDOL]HG�ZLWK�WKHLU�PD[LPXP�YDOXHV��
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�

)LJXUH� ����� $� UHFRUG� VHFWLRQ� FHQWHUHG� DW� VWDWLRQ� $*5%� IRU� YHUWLFDO� FRPSRQHQW�� &URVV�

FRUUHODWLRQV� DUH� RUGHUHG� E\� VWDWLRQ� GLVWDQFHV�� %RWK� SRVLWLYH� �µFDXVDO¶�� DQG� QHJDWLYH�

�µDFDXVDO¶�� ODJV� DUH� VKRZQ�� 7ZR� VLGHG� *UHHQ¶V� IXQFWLRQV� ILOWHUHG� EHWZHHQ� ��� DQG� ���

VHFRQGV�SHULRGV��5HG�FXUYHV�LQGLFDWH�WKH�PLQLPXP�YHORFLW\������NP�V��DQG�WKH�PD[LPXP��

YHORFLWLHV������NP�V��DW�SRVLWLYH�DQG�QHJDWLYH�ODJV��

�

)LJXUH� ���� VKRZV� WKH� UHVXOWV� RI� WZR� \HDU� VWDFNV� RI� FURVV� FRUUHODWLRQV� EHWZHHQ� WKH�

YHUWLFDO� FRPSRQHQWV� UHFRUGLQJV� RI� $*5%� VWDWLRQ� ZLWK� WKH� RWKHU� YHUWLFDO� FRPSRQHQWV�

UHFRUGLQJV�RI�WKH�EURDGEDQG�VWDWLRQV��7KH�UHVXOWLQJ�ZDYHIRUPV�FRUUHVSRQG�WR�WKH�HVWLPDWHG�

*UHHQ¶V�IXQFWLRQV�RI�5D\OHLJK�ZDYHV��&URVV�FRUUHODWLRQV�DUH�FRPSXWHG�DW����VHF�SHULRG�����

��� VHF� EDQGZLGWK��� ,Q� HDFK� RI� WKRVH� FURVV�FRUUHODWLRQV�� SRVLWLYH� �FDXVDO�� DQG� QHJDWLYH�

�DFDXVDO�� FRPSRQHQWV� VKRZ� WKH� 5D\OHLJK� ZDYH� VLJQDOV� FRPLQJ� IURP� WKH� WZR� RSSRVLWH�

GLUHFWLRQV��7KHUH� LV� DQ�REYLRXV� V\PPHWU\�EHWZHHQ�SRVLWLYH� DQG�QHJDWLYH� ODJ� LQGLFDWLQJ� D�

XQLIRUP�GLVWULEXWLRQ�RI�QRLVH���7KH�JURXS�ZDYH�YHORFLW\�HQYHORSHV�����NP�V�DQG�����NP�V�

DOVR�VKRZQ�RQ�WKH�ILJXUH�LQGLFDWH�WKH�H[SHFWHG�YDOXH�RI�5D\OHLJK�ZDYH�YHORFLW\�IRU����VHF�

SHULRG���

�



� ���

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

�

)LJXUH� �����$� UHFRUG� VHFWLRQ� FHQWHUHG� DW� VWDWLRQ�$*5%� IRU� WUDQVYHUVH� FRPSRQHQW�� &URVV�

FRUUHODWLRQV� DUH� RUGHUHG� E\� VWDWLRQ� GLVWDQFHV�� %RWK� SRVLWLYH� �µFDXVDO¶�� DQG� QHJDWLYH�

�µDFDXVDO¶�� ODJV� DUH� VKRZQ�� 7ZR� VLGHG� *UHHQ¶V� IXQFWLRQV� ILOWHUHG� EHWZHHQ� ��� DQG� ���

VHFRQGV�SHULRGV��5HG�FXUYHV�LQGLFDWH�WKH�PLQLPXP������NP�V��DQG�WKH�PD[LPXP������NP�V���

YHORFLWLHV�DW�SRVLWLYH�DQG�QHJDWLYH�ODJV��

�

)LJXUH� ���� VKRZV� WKH� FURVV� FRUUHODWLRQV� IRU� WKH� WUDQVYHUVH� FRPSRQHQW� UHFRUGLQJV� IRU� WKH�

VDPH� VWDWLRQ� JHRPHWU\�� 7KH� UHVXOWLQJ� ZDYHIRUPV� FRUUHVSRQG� WR� WKH� HVWLPDWHG� *UHHQ¶V�

IXQFWLRQV�RI�/RYH�ZDYHV��%RWK�SRVLWLYH�DQG�QHJDWLYH�FRPSRQHQWV�ZHOO�GHYHORSHG�EHWZHHQ�

JURXS�ZDYH� YHORFLWLHV� RI� ���� NP�V� DQG� WKH� ���� NP�V��$OWKRXJK� WKH� VDPH� DPRXQW� RI� GDWD�

ZHUH� XVHG� IRU� YHUWLFDO� DQG� WUDQVYHUVH� FRPSRQHQW� LW� LV� REYLRXV� WKDW� YHUWLFDO� FRPSRQHQWV�

FRQWDLQLQJ�5D\OHLJK�ZDYHV�KDYH�EHWWHU�6�1�UDWLR��7KLV�LV�DQ�LQGLFDWLRQ�WKDW�5D\OHLJK�ZDYHV�

DUH�GRPLQDQW�LQ�DPELHQW�VHLVPLF�QRLVH��

�

$IWHU� WKH�FURVV�FRUUHODWLRQV�DUH�FRPSXWHG�DQG�VWDFNHG��DQ�DQDO\VLV� LV�SHUIRUPHG� IRU�

WKH�VHOHFWLRQ�RI�ZHOO�HVWLPDWHG�*UHHQ¶V�IXQFWLRQV��7KH�VHOHFWLRQ�LV�EDVHG�RQ���

�
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��� 7KH� QXPEHU� RI� WZR� PRQWK� VWDFNV� LV� JUHDWHU� WKDQ� WKUHH� ZKLFK� LQGLFDWH� WKDW�

WKHUH�VKRXOG�EH�DW�OHDVW�VL[�PRQWKV�RI�GDWD�XVHG�IRU�WKH�FRPSXWDWLRQ��

��� 7KHUH� DUH� QRW� VLJQLILFDQW� SHUWXUEDWLRQV� RQ� WKH� WZR�PRQWKV� VWDFNV�ZLWKLQ� WKH�

JURXS�ZDYH�YHORFLW\�ZLQGRZ�RI�VLJQDO�ZKHQ�FRPSDUHG�WR�ILQDO�VWDFN��

��� 7KH� 6LJQDO�1RLVH� UDWLR� LV� FRPSXWHG� DQG� WKH� YDOXHV� JUHDWHU� WKDQ� ��� DUH�

DFFHSWHG��7KH�VLJQDO�LV�DVVXPHG�DV�WKH�PD[LPXP�DPSOLWXGH�ZLWKLQ�WKH�VLJQDO�

ZLQGRZ� �EHWZHHQ� WLPHV� FRUUHVSRQGLQJ� WR� PLQLPXP� DQG� PD[LPXP� JURXS�

ZDYH�YHORFLWLHV��DQG�QRLVH�LV�FRPSXWHG�IURP�WKH�DEVROXWH�PHDQ�YDOXH�RI� WKH�

ZLQGRZ�RXWVLGH�WKH�VLJQDO�ZLQGRZ��

��� 7KH� VLJQDOV� IRU� SRVLWLYH� DQG� QHJDWLYH� GHOD\V� RQ� WKH� ILQDO� VWDFN� KDYH� VLPLODU�

ZDYHIRUP�VKDSHV�DQG�JURXS�ZDYH�YHORFLWLHV��7KH�JURXS�ZDYH�YHORFLWLHV� DUH�

HVWLPDWHG� IURP� WKH�PD[LPXP�RI� WKH� HQYHORSH�RI� WKH� VLJQDOV�ZLWKLQ� WKH�SUH�

VSHFLILHG� JURXS�ZDYH� YHORFLW\�ZLQGRZ�� ,I� WKH� GLIIHUHQFH� EHWZHHQ� WKH� JURXS�

ZDYH�YHORFLWLHV�RI�WZR�VLGHV�LV�OHVV�WKDQ�ILYH�SHU�FHQW�WKH�YHORFLW\�HVWLPDWH�LV�

DFFHSWHG�IRU�WKH�SDWK��

��� 7KH�SDWKV�ZLWK�LQWHU�VWDWLRQ�GLVWDQFHV�JUHDWHU�WKDQ�WKUHH�ZDYHOHQJWKV�� �!�� ��

DUH�DFFHSWHG��7KH�*UHHQ¶V�IXQFWLRQV�VPDOOHU�WKDQ�WKHVH�YDOXHV�DUH�LJQRUHG����

�

*URXS�ZDYH�YHORFLW\� DV� D� IXQFWLRQ�RI�SHULRG� FDQ� DOVR�EH�REWDLQHG�E\� DSSO\LQJ� DQ\�

IUHTXHQF\±WLPH� DQDO\VLV� WHFKQLTXH� �']LHZRQVNL� HW� DO��� ������� ,Q� WKLV� VWXG\�� LQ� RUGHU� WR�

FRPSXWH�JURXS�ZDYH�YHORFLWLHV�� HQYHORSHV�RI� WKH� VLJQDO�ZHUH� FDOFXODWHG� DQG�JURXS�ZDYH�

YHORFLWLHV�DUH�VLPSO\�HVWLPDWHG�IURP�WKH�PD[LPXP�YDOXH�RI�WKH�HQYHORSH�RI�WKH�VLJQDO�DQG�

GLVWDQFH��

�
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)LJXUH�������7RS��7KH�HYHQW�JDWKHU�RI�WKH�HDUWKTXDNH�EDQG�SDVV�ILOWHUHG�EHWZHHQ�������VHF�

SHULRGV��%RWWRP��7KH�HVWLPDWHG�*UHHQ¶V�IXQFWLRQV�IURP�WKH�ORQJ�WHUP�FRUUHODWLRQV�RI�37.��

VWDWLRQ�ZLWK�WKH�RWKHU�EURDGEDQG�VWDWLRQV��5HG�FXUYHV�LQGLFDWH�WKH�WLPHV�FRUUHVSRQGLQJ�WR��

YHORFLW\�RI�����NP�V�DQG�����NP�V��

7LPH��VHF��

7LPH��VHF��
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)LJXUH�������&RPSDULVRQ�RI�WKH�REVHUYHG�ZDYHIRUPV�IURP�WKH�HDUWKTXDNH�DQG�WKH�HVWLPDWHG�

*UHHQ¶V� IXQFWLRQV� IURP� WKH�FURVV�FRUUHODWLRQ�RI�37.�DQG�5.<�VWDWLRQV��7KH� LQQHU� ILJXUH�

VKRZV�WKH�ORFDWLRQV�RI�WKH�HDUWKTXDNH��UHG�VWDU���5.<�VWDWLRQ��EOXH�WULDQJOH��DQG�WKH�37.�

VWDWLRQ��UHG�WULDQJOH���

�

)RU�WKH�UHOLDELOLW\�RI�WKH�HVWLPDWHG�*UHHQ¶V�IXQFWLRQV�REWDLQHG�IURP�FURVV�FRUUHODWLRQV�

WKH� ILQDO� WHVW� LV� SHUIRUPHG� E\� FRPSDULQJ� WKHP� WR� WKH� UHFRUGLQJV� RI� DQ� HDUWKTXDNH�� 7KH�

ZDYHIRUPV� RI� VXUIDFH� ZDYHV� HPLWWHG� GLUHFWO\� IURP� DQ� HDUWKTXDNH� DQG� WKH� ZDYHIRUPV�

REWDLQHG�IURP�WKH�FURVV�FRUUHODWLRQV�DUH�FRPSDUHG�LQ�)LJXUH�������7KH�VHOHFWHG�HDUWKTXDNH�

RFFXUUHG�QHDU�37.�VWDWLRQ��)HEUXDU\�����������0Z �����ODW �������ORQ �������GHSWK� ����

NP���)LJXUH������VKRZV�WKH�YHUWLFDO�FRPSRQHQW�ZDYHIRUPV�RI�WKLV�HDUWKTXDNH�UHFRUGHG�E\�

���EURDGEDQG�VWDWLRQV��WRS���DQG�VKRZV�WKH�ZDYHIRUPV�HPHUJHG�IURP�FURVV�FRUUHODWLRQV�RI�

DPELHQW� VHLVPLF� QRLVH� UHFRUGV� ZLWK� WKH� YHUWLFDO� FRPSRQHQW� UHFRUGLQJV� RI� 37.� VWDWLRQ�

�ERWWRP��� WRJHWKHU��7KH�5D\OHLJK�ZDYHV�FDQ�EH�REVHUYHG� LQ�ERWK� WLPH�VHFWLRQV�ZLWKLQ� WKH�

VSHFLILHG�JURXS�ZDYH�YHORFLW\�ZLQGRZ���

�
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)LJXUH� ����� VKRZV� WKH� HDUWKTXDNH� UHFRUGLQJ� DW� D� VHOHFWHG� VWDWLRQ�� 5.<�� IRU�

FRPSDULVRQ�ZLWK�WKH�HVWLPDWHG�*UHHQ¶V� IXQFWLRQ�EHWZHHQ�5.<�DQG�37.��7KH�HDUWKTXDNH�

GDWD�LV�EDQG�SDVV�ILOWHUHG�EHWZHHQ�WKH�������VHF�SHULRGV�DV�WKH�FRUUHODWLRQV�DUH�FRPSXWHG��

7KH�LQVHW�ILJXUH�VKRZV�WKH�ORFDWLRQV�RI�WKH�5.<�DQG�37.�VWDWLRQV�ZLWK�WKH�ORFDWLRQ�RI�WKH�

HDUWKTXDNH�� 7KH� ZDYHIRUP� DW� WKH� ERWWRP� UHSUHVHQWV� WKH� FURVV�FRUUHODWLRQ� RI� WKH� 5.<�

VWDWLRQ�ZLWK� WKH�37.�VWDWLRQ�ZKLFK� LV� ORFDWHG� DW� D� FORVH�GLVWDQFH� WR� WKH� HDUWKTXDNH��7KLV�

VLPLODULW\�RI� WKH�ZDYHIRUPV�FRQILUPV� WKDW� WKH�FURVV�FRUUHODWLRQV�DSSUR[LPDWHV�ZHOO� WR� WKH�

*UHHQ¶V�IXQFWLRQV�RI�5D\OHLJK�ZDYHV��

�

������7RPRJUDSK\�

�

$� YDULDEOH� VPRRWKLQJ� WHFKQLTXH� KDV� EHHQ� SHUIRUPHG� WR� JHQHUDWH� JURXS� ZDYH�

YHORFLW\�PDSV��3DV\DQRV���������7KH�VWXG\�UHJLRQ�LV�GLYLGHG�LQWR�HTXDO�DUHD�FHOOV�DQG�WKH�

IROORZLQJ�V\VWHP�RI�HTXDWLRQV�LV�REWDLQHG��

�

�����������������������������������������W� �'�V���������������������������������������������������������������������������������

�������������������������������������� �/�V� ����������������������������������������������������������������������������������

�

ZKHUH�� W� LV� D� YHFWRU� RI� VXUIDFH� ZDYH� JURXS� DUULYDO� WLPHV�� '� LV� D� PDWUL[� FRQWDLQLQJ� WKH�

GLVWDQFHV�WUDYHOHG�LQ�HDFK�FHOO��DQG�V�LV�D�YHFWRU�RI�JURXS�ZDYH�YHORFLW\�VORZQHVV��(TXDWLRQ�

���� LPSRVHV� WKH� VPRRWKQHVV� FRQVWUDLQW� RQ� WKH�PRGHO� SDUDPHWHUV� E\� FRQVWUXFWLQJ� WKH� WZR�

GLPHQVLRQDO�/DSODFLDQ�RSHUDWRU�/�RI�WKH�VORZQHVV��7KH�GDPSLQJ�IDFWRU� �FRQWUROV�WKH�WUDGH�

RII� EHWZHHQ� ILWWLQJ� WKH� WUDYHO� WLPHV� DQG� VPRRWKLQJ� WKH� PRGHO�� 7KH� LQYHUVLRQ� GRHV� QRW�

VWURQJO\� GHSHQG� RQ� WKH� LQLWLDO� YHORFLW\�PRGHO��+RZHYHU� D� ILQH� JULG� FRXOG� FUHDWH� UHJLRQV�

ZLWK�ORZ�RU�QR�UD\�FRYHUDJH��3DV\DQRV��������SURSRVHG�D�YDULDEOH�VPRRWKLQJ�RSHUDWRU� WR�

LPSURYH�WKH�UHVROXWLRQ�ZKHQ�WKH�UD\�GHQVLW\�LV�KLJKHU�� ,Q�WKLV�VWXG\�D�YDULDEOH�VPRRWKLQJ�

RSHUDWRU�ZDV�SHUIRUPHG�ZLWK�D�PXOWL�VWHS�SURFHVV�IRU�WKH�LQYHUVLRQ��$�ODUJHU�JULG�VL]H�ZDV�

DGRSWHG�DW�WKH�ILUVW�VWHS�ZLWK�D�FRQVWDQW�LQLWLDO�PRGHO�UHVXOWLQJ�LQ�D�ORZ�UHVROXWLRQ�VROXWLRQ��

7KH�JULG�VL]H�ZDV�KDOYHG�LQ�WKH�VHFRQG�VWHS�ZLWK�WKH�LQLWLDO�PRGHO�REWDLQHG�LQ�WKH�SUHYLRXV�

VWHS��

�

�
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������&KHFNHUERDUG�7HVWV�

�

7KH� UHVROXWLRQ� RI� WKH� GDWD� VHW� LV� DOVR� D� IXQFWLRQ� RI� WKH� SDWK� GHQVLW\�� D]LPXWKDO�

GLVWULEXWLRQ�DQG�DYHUDJH�SDWK�OHQJWK�RI�UD\V��7KH�SDWK�GLVWULEXWLRQ�GHSHQGV�RQ�WKH�QDWXUH�RI�

WKH�GDWD�VHW�DQG�UHODWHG�WR�UHVROXWLRQ�ZKHQ�WKH�D]LPXWKDOO\�FRYHUDJH�LV�UHODWLYHO\�XQLIRUP��

$�QXPEHU�RI�WHVWV�XVLQJ�ERWK�UHDO�DQG�V\QWKHWLF�GDWD�DUH�SHUIRUPHG�WR�VHOHFW�WKH�RSWLPXP�

FHOO� VL]H� DQG� VPRRWKLQJ� SDUDPHWHUV� IRU� WRPRJUDSK\�� )LJXUH� ����� DQG� ����� VKRZV� WKH� UD\�

SDWK� FRYHUDJH� IRU� WKH� YHUWLFDO� DQG� WUDQVYHUVH� FRPSRQHQW�*UHHQ¶V� IXQFWLRQV�� UHVSHFWLYHO\��

)LJXUH������VKRZV�FKHFNHUERDUG�WHVWV�IRU�WKH�YHUWLFDO�FRPSRQHQW�WR�GHWHUPLQH�WKH�HIIHFW�RI�

SDWK�FRYHUDJH�RQ� WKH� VROXWLRQ��7KH� UHVXOWV�RQO\� LQGLFDWH� LI� WKH�SDWK�FRYHUDJH� LV� VXIILFLHQW�

EXW� ZLOO� QRW� JLYH� LQIRUPDWLRQ� RQ� WKH� LUUHVROXWLRQ� �9GRYLQ� HW� DO��� ������� 7KH� LQLWLDO�

FKHFNHUERDUG�PRGHOV�FRQWDLQ�DOWHUQDWLQJ�YHORFLW\�YDOXHV�RI�����DQG�����NP�V� IRU� ORZ�DQG�

KLJK�YHORFLW\�UHJLRQV�ZLWK�IRXU�GHJUHH�DQG�WZR�GHJUHH�SDWWHUQV��$�JULG�VL]H�RI�IRXU�GHJUHHV�

ZDV�XVHG� DW� WKH�EHJLQQLQJ� WKHQ� WKH� LPDJH� FRPSXWHG�ZLWK� WZR�GHJUHH� JULG� VL]H��%RWK� WKH�

PDJQLWXGHV� DQG� WKH� VKDSH� RI� WKH� UHFWDQJXODU� SDWWHUQV� ZHUH� UHFRYHUHG� LQ� WKH�PDMRULW\� RI�

7XUNH\� IRU� IRXU� GHJUHH� DQG� WZR� GHJUHH� DQG� SDWWHUQV� �)LJXUH� ������� 7KH� UHVXOWV� DUH�

FRQVLVWHQW�ZLWK� WKH�SDWK�GHQVLWLHV� VKRZQ� LQ�)LJXUH�������7KH� UHVROXWLRQ�GHJUDGHV� IRU� WZR�

GHJUHH�DQG�RQH�GHJUHH�SDWWHUQV�RXWVLGH�RI�7XUNH\�ZLWK�SRRU�UD\�FRYHUDJH��HVSHFLDOO\�LQ�WKH�

HDVWHUQ�$QDWROLD��,Q�WKH�$UDELDQ�SODWHDX�DQG�RXWVLGH�RI�7XUNH\�WKH�VPHDULQJ�RI�WKH�SDWWHUQV�

DOVR�LQGLFDWHV�WKH�LQVXIILFLHQW�UD\�FRYHUDJH��6WUXFWXUHV�VPDOOHU�WKDQ�WZR�GHJUHH��FDQQRW�EH�

UHVROYHG� LQ� WKH� DUHDV�ZLWK� ORZ� UD\� FRYHUDJH��6XFK�DUHDV� DUH� ORFDWHG� DORQJ� WKH�%ODFN�6HD�

FRDVW�� +HOOHQLF� DUF� DQG�0HGLWHUUDQHDQ� FRDVW�� +RZHYHU� WKH� ORQJ�ZDYHOHQJWK� IHDWXUHV� �!��

GHJUHH��FDQ�VWLOO�EH�UHFRYHUHG�LQ�PDMRULW\�RI�WKH�GRPDLQ�ZLWK�WKH�H[FHSWLRQ�RI�WKH�QRUWKHUQ�

SDUW�RI�WKH�%ODFN�6HD��

�

7KH�UHVROXWLRQ�RI�/RYH�ZDYHV�LV�SRRU�FRPSDUHG�WR�5D\OHLJK�ZDYHV��)LJXUH��������7KH�

QXPEHU� RI� SDWKV� IRU� /RYH� ZDYHV� LV� DSSUR[LPDWHO\� KDOI� RI� 5D\OHLJK� ZDYHV� �a����� IRU�

5D\OHLJK�ZDYHV�DQG������IRU�/RYH�ZDYHV���$V�D�UHVXOW�WKH�SDWWHUQV�LQ�WKH�PDMRULW\�RI�WKH�

DUHD�DUH�QRW�FRQVWUDLQHG�ZHOO��:H�RQO\�SUHVHQW�WKH�UHVXOWV�RI����VHF�IRU�/RYH�ZDYHV�DQG�WKH�

LQYHUVLRQ�LV�SHUIRUPHG�ZLWK�RQH�GHJUHH�JULG�VL]H��

�
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�
�

)LJXUH�������5D\�SDWKV�IRU����VHF�SHULRG�5D\OHLJK�ZDYH�JURXS�YHORFLW\�PHDVXUHPHQWV�

IURP�FURVV�FRUUHODWLRQV��

�
�

�

�

�

�

�

�

�

�

�

�

�

�

)LJXUH�������5D\�SDWKV�IRU����VHF�SHULRG�/RYH�ZDYH�JURXS�YHORFLW\�PHDVXUHPHQWV�

IURP�FURVV�FRUUHODWLRQV��
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�

�
�

)LJXUH� ������ &KHFNHUERDUG� UHVROXWLRQ� WHVWV� XVLQJ� WKH� SDWK� FRYHUDJH� RI� ��� VHF� 5D\OHLJK�

ZDYHV��7ZR�W\SHV�RI�LQSXW�SDWWHUQV�ZLWK�IRXU�E\�IRXU�GHJUHH��WRS��DQG�WZR�E\�WZR��

GHJUHH��ERWWRP��DUH�WHVWHG��



� ���

�

�

)LJXUH�������&KHFNHUERDUG�UHVROXWLRQ�WHVWV�XVLQJ�WKH�SDWK�FRYHUDJH�RI����VHF�/RYH�ZDYHV�

ZLWK�IRXU�E\�IRXU�GHJUHH��WRS��DQG�WZR�E\�WZR�GHJUHH�LQSXW�DQG�RXWSXW��ERWWRP���

�
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������*URXS�9HORFLW\�0DSV�DQG�'LVFXVVLRQV�

�

*URXS�YHORFLW\�PDSV�DUH�FRPSXWHG� LQ� IHZ�VWHSV��$W� WKH� ILUVW�VWHS� WKH�VPRRWK�JURXS�

ZDYH�YHORFLW\�PDSV�REWDLQHG� DW� HDFK�SHULRG� WR� LGHQWLI\� DQG�GLVFDUG� JURXS�ZDYH�YHORFLW\�

PHDVXUHPHQWV� ZLWK� WUDYHO� WLPH� UHVLGXDOV� ODUJHU� WKDQ� ��� VHF�� 7KHQ� WKH� ILQDO� JURXS� ZDYH�

YHORFLW\� PDSV� FRPSXWHG� LQ� WKUHH� VWHSV� DV� H[SODLQHG� GXULQJ� WKH� FKHFNHUERDUG� WHVWV�� 7KH�

JURXS�ZDYH�YHORFLW\�PDSV�HVWLPDWHG�ZLWK� WZR�GHJUHH�JULG� LQWHUYDO�DQG� WKHQ� WKH� UHVXOWLQJ�

PDSV�XVHG�DV� WKH� LQSXW�PRGHO� WR�FRPSXWH�PDSV�ZLWK�RQH�GHJUHH�JULG�VSDFLQJ�� �7KH�ILQDO�

PDSV�DUH�FRPSXWHG�ZLWK�����GHJUHH�JULG�LQWHUYDO��

�

8VLQJ� WKH� WRPRJUDSKLF� LQYHUVLRQ� PHWKRG�� ERWK� 5D\OHLJK� DQG� /RYH� ZDYH� JURXS�

YHORFLW\� PDSV� DUH� FRPSXWHG�� *URXS� ZDYH� YHORFLW\� PDSV� DUH� SURGXFHG� IRU� VHYHUDO�

VPRRWKLQJ� SDUDPHWHUV�� �  � ���� ����� ����� 6PRRWKLQJ� SDUDPHWHU�ZLWK� D� YDOXH� RI� ����ZDV�

SUHIHUUHG� LQ� WKLV� VWXG\�� ZKLFK� JLYHV� UHODWLYHO\� VPRRWK� PDSV� ZLWK� VPDOO� VROXWLRQ� HUURUV��

$IWHU� WKH� VHOHFWLRQ� FULWHULD� DSSUR[LPDWHO\� ����� SDWKV�ZHUH� XVHG� WR� LQYHUW� JURXS� YHORFLW\�

PDSV�IRU�5D\OHLJK�ZDYHV�DQG�OHVV�WKDQ������SDWKV�ZHUH�XVHG�WR�LQYHUW�JURXS�YHORFLW\�PDSV�

IRU�/RYH�ZDYHV��5D\OHLJK�ZDYH�JURXS�YHORFLW\�PDSV�DUH�FRPSXWHG�IRU��������DQG����VHF�

SHULRGV��+RZHYHU�RQO\�DW����VHF�SHULRG�/RYH�ZDYH�JURXS�YHORFLW\�PDS�ZDV�FRPSXWHG��7KH�

SDWK�FRYHUDJH�DW�RWKHU�SHULRGV�ZDV�LQVXIILFLHQW�IRU�UHOLDEOH�WRPRJUDSKLF�LPDJHV�

�

)LJXUH������VKRZV�WKH�5D\OHLJK�ZDYH�JURXS�YHORFLWLHV�DW����VHF�SHULRG��:DYHV�ZLWK�

���VHF�SHULRG�VDPSOH�FUXVW�XS�WR�D�GHSWK�RI����NP�LQ�WKLFNQHVV��*URXS�ZDYH�YHORFLWLHV�DW�

WKLV� SHULRG� UDQJH� DUH� VHQVLWLYH� WR� XSSHU� FUXVW� DQG� LW� LV� PDLQO\� LQIOXHQFHG� E\� ORFDO�

VHGLPHQWDU\� EDVLQV�� ,Q� )LJXUH� ����� ORZ� JURXS�ZDYH� YHORFLWLHV� DUH� REVHUYHG� LQ�0DUPDUD�

6HD�� $QWDO\D� %D\�� ,VSDUWD� DQJOH� DQG� DOVR� LQ� $GDQD�&LOLFLD� %DVLQ�� $HJHDQ� 6HD�� 7KH�

5KRGRSH�6WUDQGMD�PDVVLI�DQG�WKH�3RQWLGHV�DORQJ�WKH�%ODFN�6HD�FRDVW�SUHVHQW�KLJKHU�JURXS�

ZDYH�YHORFLWLHV���

�

�

�
�
�
�
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�
)LJXUH�������5D\OHLJK�ZDYH�JURXS�YHORFLW\�PDSV�REWDLQHG�IURP�WKH�*UHHQ¶V�IXQFWLRQV�

HVWLPDWHG�E\�WKH�FURVV�FRUUHODWLRQV�DW����VHF�SHULRG��

�

)LJXUH�������5D\OHLJK�ZDYH�JURXS�YHORFLW\�PDSV�REWDLQHG�IURP�WKH�*UHHQ¶V�IXQFWLRQV�

HVWLPDWHG�E\�WKH�FURVV�FRUUHODWLRQV�DW����VHF�SHULRG��
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�

)LJXUH�������5D\OHLJK�ZDYH�JURXS�YHORFLW\�PDSV�REWDLQHG�IURP�WKH�*UHHQ¶V�IXQFWLRQV�

HVWLPDWHG�E\�WKH�FURVV�FRUUHODWLRQV�DW����VHF�SHULRG��

�

)LJXUH�������/RYH�ZDYH�JURXS�YHORFLW\�PDSV�REWDLQHG�IURP�WKH�*UHHQ¶V�IXQFWLRQV�

HVWLPDWHG�E\�WKH�FURVV�FRUUHODWLRQV�DW����VHF�SHULRG��
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5D\OHLJK�ZDYH�JURXS�YHORFLW\�PDSV�IRU����VHF�SHULRG�ZHUH�FDOFXODWHG�DQG�SUHVHQWHG�

DW�)LJXUH�������/RZ�JURXS�ZDYH�YHORFLWLHV�DW�WKLV�SHULRG�UDQJH�DUH�REVHUYHG�LQ�$QWDO\D�%D\�

ZLWK�D�FRQWLQXDWLRQ�WRZDUG�WKH�,VSDUWD�DQJOH�DQG�DOVR�LQ�$GDQD�&LOLFLD�%DVLQ��+LJKHU�JURXS�

ZDYH� YHORFLWLHV� REVHUYHG� PDLQO\� DW� $HJHDQ� 6HD�� 3RQWLGHV�� ,VWDQEXO� ]RQH� DQG� 6WUDQGMD�

PDVVLI���

�

5D\OHLJK�ZDYH� JURXS�YHORFLW\�PDSV� IRU� ��� VHF� SHULRG� KDYH� VLPLODU� YDULDWLRQV�ZLWK�

5D\OHLJK� ZDYH� JURXS� YHORFLW\� PDSV� IRU� ��� VHF� SHULRG�� )LJXUH� ����� VKRZV� WKH� 5D\OHLJK�

ZDYH�JURXS�YHORFLWLHV�DW����VHF�SHULRG��/RZ�JURXS�ZDYH�YHORFLWLHV�DW�WKLV�SHULRG�UDQJH�DUH�

REVHUYHG� LQ� WKH� HDVWHUQ� 0HGLWHUUDQHDQ� DQG� WKH� %ODFN� VHD�� *URXS� ZDYH� YHORFLWLHV� DW� KLV�

SHULRG�UDQJH�DUH�KLJKHU�DORQJ�WKH�3RQWLGHV��,VWDQEXO�]RQH�DQG�6WUDQGMD�PDVVLI��+LJK�JURXS�

ZDYH�YHORFLWLHV�DUH�DOVR�REVHUYHG�LQ�FHQWUDO�$QDWROLD�DQG�DW�WKH�QRUWK�RI�WKH�+HOOHQLF�$UF��

/RZHU� YHORFLWLHV� DUH� REVHUYHG� LQ� $QWDO\D� %D\�� ,VSDUWD� DQJOH� DQG� DOVR� LQ� $GDQD�&LOLFLD�

%DVLQ��

�
�

)LJXUH������VKRZV����VHF�JURXS�YHORFLW\�PDS� IRU�/RYH�ZDYHV�� �$OWKRXJK� WKHUH�DUH�

VLPLODULWLHV� EHWZHHQ� WKH� UHVXOWV� RI� /RYH� DQG� 5D\OHLJK� ZDYHV� ZH� ZLOO� QRW� PDNH� DQ\�

LQWHUSUHWDWLRQ� IRU� WKH�(DUWK� VWUXFWXUH��7KH� UHOLDELOLW\� RI� WKH�PDSV�ZLOO� EH� GLVFXVVHG� LQ� �WK�

FKDSWHU�ZLWK�WKH�UHVXOWV�REWDLQHG�IURP�HDUWKTXDNH�VRXUFHV��

�

�

�

�

�

�

�

�

�

�

�

�
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�

������,QWURGXFWLRQ�

�

6XUIDFH�ZDYH�WRPRJUDSK\�KDV�SURYHQ�WR�EH�YHU\�XVHIXO�LQ�GHWHUPLQLQJ�WKH�VWUXFWXUH�

RI� WKH�FUXVW�DQG�XSSHUPRVW�PDQWOH�RQ�ERWK� UHJLRQDO�DQG�JOREDO� VFDOH� �']LHZRQVNL��������

:RRGKRXVH� DQG� ']LHZRQVNL�� ������ 7UDPSHUW� DQG� :RRGKRXVH�� ������ YDQ� GHU� /HH� DQG�

1ROHW��������YDQ�+HLMVW�DQG�:RRGKRXVH���������7KHLU�ODUJH�DPSOLWXGHV�ZLWK�UHODWLYHO\�ORZ�

DWWHQXDWLRQ�DQG�ORQJ�SURSDJDWLRQ�SDWKV�SURYLGHG�VLJQLILFDQW�FRQWULEXWLRQ�WR�RXU�NQRZOHGJH�

RI�WKH�(DUWK¶V�XSSHU�PDQWOH�DQG�FUXVWDO�VWUXFWXUH��2QH�GLPHQVLRQDO�HDUWK�PRGHOV�KDV�EHHQ�

URXWLQHO\� REWDLQHG� DORQJ� JUHDW� FLUFOH� SDWKV� XVLQJ� WKH� GLVSHUVLYH� QDWXUH� RI� VXUIDFH� ZDYHV�

ZKLOH� ORQJ� SHULRG� VXUIDFH� ZDYHV� KDYH� EHHQ� WKH� PDLQ� VRXUFH� RI� WKH� REVHUYDWLRQ� IRU�

GHWHUPLQLQJ� WKH� WRPRJUDSKLF� LPDJH� RI� WKH� PDQWOH� �2OLYHU�� ������ ']LHZRQVNL�� ������

.QRSRII���������

�

'XULQJ�WKH�ODVW�GHFDGH�ZLWK�WKH�DYDLODELOLW\�RI�KLJK�TXDOLW\�GLJLWDO�EURDGEDQG�VHLVPLF�

GDWD�ZH�KDYH�VHHQ�D�UDSLG�SURJUHVV�LQ�LPDJLQJ�WKH�VWUXFWXUH�RI�FUXVW�DQG�XSSHU�PDQWOH�ZLWK�

LQFUHDVLQJ� UHVROXWLRQV�� 6WXGLHV� DW� ORFDO� DQG� UHJLRQDO� VFDOHV� DUH� QRZ� FRPPRQ� IRU� UHJLRQV�

ZLWK�JRRG�FRYHUDJH�RI�VWDWLRQV�DQG�HDUWKTXDNHV��3KDVH�DQG�JURXS�YHORFLW\�PDSV�REWDLQHG�

IURP� GLVSHUVLYH� VXUIDFH� ZDYHV� FRUUHODWH� ZHOO� ZLWK� WKH� PDLQ� WHFWRQLF� EHOWV� DQG� JHRORJLF�

XQLWV� SURYLGLQJ� EHWWHU� FRQVWUDLQV� RQ� WKHLU� JHRPHWU\� DQG� UHODWLRQ� WR� WKH� UHJLRQDO� WHFWRQLFV�

�/HYVKLQ�HW�DO�����������������5LW]ZROOHU�HW�DO���������3DV\DQRV���������

�

,Q�WKH�ODVW�GHFDGH�YDULRXV�UHVHDUFKHUV�SHUIRUPHG�VXUIDFH�ZDYH�VWXGLHV�LQ�7XUNH\�DQG�

VXUURXQGLQJ� DUHDV� �5LW]ZROOHU� DQG� /HYVKLQ�� ������ 3DV\DQRV� HW� DO��� ������ 0DJJL� DQG�

3ULHVWO\� ������ 3DV\DQRV�� ������ *|N� HW� DO��� ������� 5LW]ZROOHU� DQG� /HYVKLQ� ������� ZHUH�

VWXGLHG� WKH� GLVSHUVLRQ� FKDUDFWHULVWLFV� RI� VXUIDFH� ZDYHV� SURSDJDWLQJ� DFURVV� (XUDVLD��

3DV\DQRV� HW� DO��� ������� SHUIRUPHG� D� ODUJHU±VFDOH� VWXG\� RQ� VXUIDFH� ZDYH� JURXS� YHORFLW\�

GLVSHUVLRQ� LQFOXGLQJ� WKH� 0LGGOH� (DVW�� 1RUWK� $IULFD�� VRXWKHUQ� (XUDVLD�� DQG� WKH�

0HGLWHUUDQHDQ��0DJJL�DQG�3ULHVWO\��������XVHG�VXUIDFH�ZDYHIRUP�WRPRJUDSK\�LQ�RUGHU�WR�

FODULI\�WKH�XSSHU�PDQWOH�VKHDU�ZDYH�YHORFLW\�VWUXFWXUH�EHQHDWK�WKH�7XUNLVK�,UDQLDQ�SODWHDX�

DQG�VXUURXQGLQJV��3DV\DQRV��������FDUULHG�RXW�D�YDULDEOH�VPRRWKLQJ�WHFKQLTXH�LQ�RUGHU�WR�
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LPSURYH�WKH�UHVROXWLRQ�RI�SUHYLRXV�VXUIDFH�ZDYH�ZRUNV�E\�HQODUJLQJ�WKH�VWXG\�DUHD��%HVLGH�

WKHVH�VWXGLHV�ZKLFK�SHUIRUPHG�LQ�D� ODUJH�VFDOH�LQ�WKH�UHJLRQ�ZLWK�RWKHU�FRQWLQHQWV�DURXQG�

7XUNH\�DQG�VXUURXQGLQJV��*|N�HW�DO����������SHUIRUPHG�D�VPDOO�VFDOH�VXUIDFH�ZDYH�VWXG\�LQ�

RUGHU� WR� XQGHUVWDQG� WKH� OLWKRVSKHULF� VWUXFWXUH� RI� WKH� FRQWLQHQW�FRQWLQHQW� FROOLVLRQ� ]RQH��

+RZHYHU��DOO�RI�WKHVH�VWXGLHV�ZHUH�SHUIRUPHG�XVLQJ�OLPLWHG�SDWK�FRYHUDJH�LQ�D�ODUJH�VFDOH�

VWXG\� RU� LW� MXVW� FRPSULVHV� D� OLPLWHG� SDUW� RI� 7XUNH\�� ,Q� WKLV�ZRUN�ZH� KDYH� XVHG� D� GHQVHU�

FRYHUDJH�RI� VWDWLRQV� DQG�HYHQWV� LQ�RUGHU� WR�REWDLQ� WKH� FUXVWDO� VWUXFWXUH�RI�7XUNH\� DQG� LWV�

VXUURXQGLQJV�E\�DFTXLULQJ�D�KLJKHU�UHVROXWLRQ�LQ�WKH�ZKROH�DUHD��)RU�WKLV�DLP��/RYH�ZDYH�

JURXS� YHORFLW\� PDSV� ZHUH� REWDLQHG� IRU� SHULRGV� ������ VHF� XVLQJ� ORFDO� DQG� UHJLRQDO�

HDUWKTXDNHV�� $YDLODEOH� GDWD� ZHUH� XVHG� IURP� EURDGEDQG� VWDWLRQV� RSHUDWHG� EHWZHHQ� \HDUV�

����� DQG� ����� LQ� 7XUNH\� DQG� VXUURXQGLQJ� UHJLRQV�� ���� HDUWKTXDNHV� ZLWK� PDJQLWXGHV�

JUHDWHU�WKDQ�����DUH�VHOHFWHG�IRU�WKH�DQDO\VLV��)XQGDPHQWDO�PRGH�JURXS�YHORFLWLHV�RI�/RYH�

DQG�5D\OHLJK�ZDYHV�DW�����VWDWLRQV�DORQJ�������SDWKV�DUH�FRPSXWHG�XVLQJ�0XOWLSOH�)LOWHU�

$QDO\VLV��']LHZRQVNL�HW�DO����������$SSUR[LPDWHO\����SHU�FHQW�RI�WKH�SDWKV�IRU�/RYH�ZDYHV�

SURYLGHG�UHOLDEOH�JURXS�YHORFLW\�PHDVXUHPHQWV��*URXS�ZDYH�YHORFLW\�PDSV�ZHUH�REWDLQHG�

DQG� WKH� UHVXOWV�DUH� LQWHUSUHWHG� LQ� UHODWLRQ� WR� WKH�JHRORJLF�DQG� WHFWRQLF�REVHUYDWLRQV� LQ� WKH�

UHJLRQ��7KH�JURXS�ZDYH�YHORFLW\�PDSV�DOVR�SURYLGH�FRQVWUDLQV�RQ�WKH�GHWHUPLQDWLRQ�RI�WKH�

VKHDU�ZDYH�YHORFLWLHV��

�

������'DWD�

�

$�ZDYHIRUP�GDWDEDVH�IRU�WKH�VXUIDFH�ZDYH�LQYHVWLJDWLRQV�KDV�EHHQ�IRUPHG�IURP�WKH�

SHUPDQHQW� DQG� WHPSRUDU\� GLJLWDO� EURDGEDQG� VWDWLRQV� RSHUDWHG� LQ� WKH� UHJLRQ� EHWZHHQ� WKH�

\HDUV�RI������DQG�������)LJXUH�������7KH�PDLQ�VRXUFH�RI�GDWD�LV�WKH�1DWLRQDO�1HWZRUN�RI�

7XUNH\�RSHUDWHG�E\�.DQGLOOL�2EVHUYDWRU\�DQG�(DUWKTXDNH�5HVHDUFK�,QVWLWXWH��7KH�QHWZRUN�

KDV�EHHQ�FRQWLQXRXVO\�XSJUDGHG�VLQFH������DQG�WKH�QXPEHU�RI�EURDGEDQG�VWDWLRQV�H[FHHGHG�

����LQ�WKH�\HDU�RI�������7KH�PDMRULW\�RI� WKH�VWDWLRQV�UHFRUG�VLJQDOV�DW�SHULRGV�����VHF�RU�

KLJKHU��+RZHYHU�DSSUR[LPDWHO\����SHU�FHQW�RI�WKH�LQVWUXPHQWV�KDYH�ORZHU�UHFRUGLQJ�UDQJH�

�����VHF���6XSSOHPHQWDU\�GDWD� IURP�,5,6�DQG�25)(86�GHSRVLWRU\�ZHUH�REWDLQHG�IRU� WKH�

SHUPDQHQW�VWDWLRQV�RSHUDWHG�LQ�WKH�UHJLRQ��

�

'DWD�IURP�VHYHUDO�SRUWDEOH�GHSOR\PHQWV�DUH�DOVR�LQFOXGHG�LQ�WKH�VWXG\��$�WHPSRUDU\�

QHWZRUN� RSHUDWHG� EHWZHHQ� WKH� \HDUV� ���������� ZLWK� ��� EURDGEDQG� VWDWLRQV� GXULQJ� WKH�
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(DVWHUQ� 7XUNH\� 6HLVPLF� ([SHULPHQW� �(76(�� �6DQGYRO� HW� DO��� ������� 7KH� DYHUDJH� VWDWLRQ�

VHSDUDWLRQ� ZDV� DSSUR[LPDWHO\� ��� NP� IRU� WKH� QHWZRUN�� 7KH� ZHVWHUQ� $QDWROLD� 6HLVPLF�

5HFRUGLQJ�([SHULPHQW��:$65(��RSHUDWHG�IURP�1RYHPEHU������WR�2FWREHU������ZLWK����

VKRUW� SHULRG� DQG� ILYH� EURDGEDQG� VWDWLRQV� �=KX� HW� DO��� ������� ,Q� WKLV� VWXG\�� RQO\� WKH�

EURDGEDQG�VWDWLRQV�RI�:$65(�KDYH�EHHQ�XVHG��:H�DOVR�LQFOXGH�GDWD�IURP�ORFDO�QHWZRUNV�

ZKLFK�KDYH�EHHQ�RSHUDWLQJ�LQ�WKH�YDULRXV�UHJLRQV�RI�7XUNH\��7KH�WRWDO�QXPEHU�RI�VWDWLRQV�

H[FHHGV�����DQG�GLVWULEXWHG�QRQ�XQLIRUPO\�WKURXJKRXW�WKH�UHJLRQ��7KH�VWDWLRQ�FRYHUDJH�LV�

GHQVH�LQ�WKH�0DUPDUD�UHJLRQ�DQG�WKH�HDVWHUQ�$QDWROLD�ZKLOH�WKH�FHQWUDO�$QDWROLD��%ODFN�6HD�

DQG�(DVWHUQ�0HGLWHUUDQHDQ�UHJLRQV�DUH�SRRUO\�VDPSOHG�E\�VWDWLRQV���

�

�

�

�

)LJXUH� ����� � 'LVWULEXWLRQ� RI� HDUWKTXDNHV� �FLUFOHV��� VHLVPLF� VWDWLRQV� �WULDQJOHV��� 7KH�

HDUWKTXDNHV�ZLWK�PDJQLWXGHV�JUHDWHU�WKDQ�����ZKLFK�RFFXUUHG�EHWZHHQ�WKH�\HDUV������DQG�

�����DUH�VHOHFWHG���5HG�WULDQJOHV�VKRZ�WKH�VWDWLRQV�UHFRUGHG�WKH�SUHVHQWHG�HDUWKTXDNHV�E\�

GLIIHUHQW�QHWZRUNV�GXULQJ������������*UHHQ�WULDQJOHV�VKRZ�WKH�VWDWLRQV�UHFRUGHG�GXULQJ�

WKH�(76(�SURMHFW�LQ�EHWZHHQ������������

�
�
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:H� VHOHFWHG� ���� HDUWKTXDNHV� ZKLFK� RFFXUUHG� EHWZHHQ� WKH� \HDUV� ���������� ZLWK�

PDJQLWXGHV�JUHDWHU�WKDQ�����DQG�WKH�GHSWK�OHVV�WKDQ����NP��)LJXUH�������(YHQW�GLVWULEXWLRQ�

LV� DOVR� QRQ�XQLIRUP�� 7KH� PDMRULW\� RI� WKH� HDUWKTXDNHV� ORFDWHG� DORQJ� WKH� DFWLYH� VHLVPLF�

]RQHV��1RUWK�$QDWROLDQ� )DXOW�� (DVW�$QDWROLDQ� )DXOW� DQG�$HJHDQ� VXEGXFWLRQ� ]RQH�� )HZHU�

HDUWKTXDNHV�DUH�LQFOXGHG�IURP�&DXFDXVXV�DQG�,UDQ��7KH�HDUWKTXDNHV�DORQJ�1RUWK�DQG�(DVW�

$QDWROLDQ� )DXOW� KDYH� PRVWO\� VWULNH� VOLS� PHFKDQLVPV� ZKLOH� WKH� HYHQWV� IURP� WKH� ZHVWHUQ�

$QDWROLD� DQG�$HJHDQ� KDYH� QRUPDO� DQG� UHYHUVH� PHFKDQLVPV�� 7KH� UDQJH� RI� WKH� UHFRUGLQJ�

GLVWDQFH�XVHG�IRU�WKH�VXUIDFH�ZDYH�DQDO\VLV�LV�JUHDWHU�WKDQ�����NP�DQG�OHVV�WKDQ������NP���

�

������6XUIDFH�:DYH�'LVSHUVLRQ�0HDVXUHPHQWV�

�

7KH� VXUIDFH� ZDYH� GLVSHUVLRQ� FXUYHV� DUH� FRPSXWHG� LQ� VHYHUDO� VWHSV�� 7KH� ILUVW� VWHS�

LQYROYHV�YLVXDO�FKHFN�RI�WKH�ZDYHIRUP�GDWD�WR�LQVXUH�UHDVRQDEOH�VLJQDO�WR�QRLVH�UDWLRV�DQG�

HOLPLQDWH� SUREOHPDWLF� UHFRUGLQJV�� 5DGLDO� DQG� WUDQVYHUVH� FRPSRQHQWV� DUH� FRPSXWHG� E\�

URWDWLQJ�16� DQG�(:� FRPSRQHQWV� LQWR� EDFND]LPXWK� GLUHFWLRQV��:H� REWDLQHG� /RYH�ZDYHV�

IURP� WKH� WUDQVYHUVH� FRPSRQHQWV� DQG�5D\OHLJK�ZDYHV� IURP� WKH� YHUWLFDO� FRPSRQHQWV�� 7KH�

ZDYHIRUPV�ZLWK� FRPSOLFDWHG� VXUIDFH� ZDYH� SDWWHUQV� UHVXOWHG� IURP� WKH� PXOWKLSDWKLQJ� DQG�

KLJKHU�PRGH�FRQWULEXWLRQV�ZHUH�GLVFDUGHG��7KH�LQVWUXPHQW�UHVSRQVH�ZDV�UHPRYHG�IURP�WKH�

VHOHFWHG�ZDYHIRUPV�DQG�WKH�ZDYHIRUPV�ZHUH�GHFLPDWHG�WR����VSV��������

�

:H� HPSOR\HG� ERWK� 0XOWLSOH� )LOWHU� $QDO\VLV� �0)$�� �']LHZRQVNL� HW� DO��� ������

+HUUPDQQ��������DQG�5HDVVLJQHG�0XOWLSOH�)LOWHU�$QDO\VLV��50)$���3HGHUVRQ�HW�DO���������

RI� WKH� VHLVPRJUDPV� WR� HVWLPDWH� WKH� VXUIDFH� ZDYH� JURXS� YHORFLWLHV�� 5HDVVLJQHG�0XOWLSOH�

)LOWHU�$QDO\VLV�LV�DQ�LPSURYHG�LQWHUSUHWDWLRQ�RI�0)$��5DWKHU�WKDQ�DWWULEXWLQJ�WKH�HQHUJ\�LQ�

D� SRLQW� RI� WKH� WLPH�IUHTXHQF\� GRPDLQ� WR� WKH� FHQWHU� RI� WKH� DSSOLHG� IUHTXHQF\� DQG� WLPH�

ZLQGRZV��LW�LV�DWWULEXWHG�WR�D�ORFDWLRQ�ZLWKLQ�WKH�ZLQGRZ�WKDW�FRUUHVSRQGV�WR�WKH�FHQWHU�RI�

JUDYLW\�RI�WKH�HQHUJ\��2EMHFWLYH�RI�WKH�PHWKRG�LV�WR�LPSURYH�WKH�SUHFLVLRQ�RI�JURXS�ZDYH�

YHORFLW\�PHDVXUHPHQWV�ZLWK� HQHUJ\� UHDVVLJQPHQW� LQ� WLPH�IUHTXHQF\� GRPDLQ� �3HGHUVRQ�HW�

DO��� ������ 5HDVVLJQHG� 0)$� JLYHV� EHWWHU� FRQVWUDLQHG� QDUURZ� GLVSHUVLRQ� FXUYH� WKDQ� WKH�

FODVVLFDO�0)$�ZKLFK� VKRZV� VPHDUHG� LPDJH�RI� WKH�JURXS�ZDYH�YHORFLW\� GLVSHUVLRQ� FXUYH�

HVSHFLDOO\�DW�WKH�KLJKHU�SHULRGV���

�
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,Q�RUGHU�WR�WHVW�WKH�DFFXUDF\�RI�JURXS�ZDYH�YHORFLW\�HVWLPDWHV�ERWK�V\QWKHWLF�DQG�UHDO�

ZDYHIRUPV�ZHUH�XVHG��)LJXUH�����LQGLFDWHV�50)$�DQG�WKH�JURXS�ZDYH�YHORFLW\�GLVSHUVLRQ�

FXUYH� RI� WKH� UHFRUGLQJ� $*,1� VWDWLRQ� IURP� RQH� RI� WKH� DIWHUVKRFNV� �0Z ����� RI� ���

1RYHPEHU� �����'�]FH� �0Z �����(DUWKTXDNH�� )LJXUH� ����E� VKRZV�50)$�RI� D� V\QWKHWLF�

ZDYHIRUP�IRU�DQ�HDUWK�REWDLQHG�E\�D�VLPSOH�JULG�VHDUFK�EDVHG�RQ� WKH�GLVSHUVLRQ�FXUYH� LQ�

)LJXUH� ����D�� 'LVFUHWH� ZDYHQXPEHU� VXPPDWLRQ� PHWKRG� �+HUUPDQQ�� ������ ZHUH� XVHG� WR�

FRPSXWH�WKH�V\QWKHWLF�ZDYHIRUP��7KH�WKHRUHWLFDO�GLVSHUVLRQ�FXUYH�IURP�WKH�VDPH�PRGHO�LV�

DOVR�VKRZQ�LQ�)LJXUH�����E��+HUUPDQQ���������

�

*URXS�ZDYH�YHORFLWLHV�ZHUH�LQWHUDFWLYHO\�SLFNHG�IURP�ERWK�0)$�DQG�50)$��0)$�

SURYLGHG�EHWWHU�FRQWLQXLW\�DW� ORZHU�SHULRGV�ZKLOH�50)$�SURYLGHG�LQFUHDVHG�UHVROXWLRQ�DW�

JUHDWHU�SHULRGV��7ZR�GLVSHUVLRQ�FXUYHV�FDOFXODWHG� IURP� WZR� UHIHUHQFH�PRGHOV�DUH�XVHG� WR�

JXLGH�WKH�SLFNV��)LJXUH�������7KH�ILUVW�UHIHUHQFH�HDUWK�PRGHO�ZLWK�WKLFN�FUXVW�LV�GHWHUPLQHG�

IURP�D�VLPSOH�JULG�VHDUFK�DV�H[SODLQHG�DERYH�ZKLOH�WKH�VHFRQG�HDUWK�PRGHO�FRUUHVSRQGLQJ�

WKLQ�FUXVW�LV�REWDLQHG�IURP�$N\RO�HW�DO����������DVVXPLQJ�D�9S�9V�UDWLR�RI�������7KH�SHULRG�

UDQJHV�ZHUH�VHOHFWHG�ZKHUH�WKH�FXUYHV�DUH�FRQWLQXRXV�DQG�WKH�DPSOLWXGH�RI�WKH�VLJQDOV�DUH�

ODUJH�� 8VLQJ� WKH� SLFNHG� JURXS� ZDYH� YHORFLWLHV� ZH� DSSOLHG� YHORFLW\� ILOWHULQJ� WR� WKH�

ZDYHIRUPV��+HUUPDQQ��������DQG�UHFDOFXODWHG�50)$�RI�WKH�YHORFLW\� ILOWHUHG�ZDYHIRUPV��

*URXS� ZDYH� YHORFLW\� SLFNV� ZHUH� LPSURYHG�� $VVXPLQJ� WKDW� WKH� ZDYH� IROORZHG� WKH� JUHDW�

FLUFOH� DUF� EHWZHHQ� WKH� VRXUFH� DQG� WKH� UHFHLYHU�� WKH� JURXS� YHORFLW\� IRU� D� JLYHQ� SHULRG� LV�

HVWLPDWHG� E\� GLYLGLQJ� WKH� HSLFHQWUDO� GLVWDQFH� E\� WKH� JURXS� ZDYH� DUULYDO� WLPH�� 6WDQGDUG�

GHYLDWLRQV� RI� JURXS� ZDYH� YHORFLWLHV� DUH� HVWLPDWHG� IURP� ��� SHU� FHQW� RI� JURXS� ZDYH�

YHORFLWLHV����

�
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�����

)LJXUH�������$QDO\VLV�RI�ZDYHIRUPV�XVLQJ�UHDVVLJQHG�PXOWLSOH�ILOWHU�WHFKQLTXH��7RS��50)$�

IRU� WKH� WUDQVYHUVH� FRPSRQHQW� RI� WKH� DIWHUVKRFN� RI� '�]FH� (DUWKTXDNH� UHFRUGHG� DW� $*,1�

VWDWLRQ� �¨ ���NP��� %RWWRP�� 50)$� IRU� WKH� WUDQVYHUVH� FRPSRQHQW� RI� WKH� V\QWKHWLF�

ZDYHIRUP�FRPSXWHG�IURP�WKH�HDUWK�PRGHO�VKRZQ�LQ�)LJXUH������7KH�EODFN�GRWV�VKRZQ�RQ�

WKH�WRS�ILJXUH�VKRZV�WKH�SLFNV�RI�JURXS�ZDYH�YHORFLWLHV�DQG�RQ�WKH�ERWWRP�VKRZV�FRPSXWHG��

JURXS�ZDYH�YHORFLWLHV�IURP�WKH�HDUWK�PRGHO��



� ���

������ �

)LJXUH�������'LVSHUVLRQ�FXUYHV�FDOFXODWHG�IURP�WZR�UHIHUHQFH�HDUWK�PRGHOV��

�

�

��������0XOWLSOH�)LOWHU�$QDO\VLV�

�

7KH� PXOWLSOH� ILOWHU� WHFKQLTXH� LV� SURSRVHG� E\� ']LHZRQVNL� HW� DO��� ������� IRU� WKH�

GHWHUPLQDWLRQ�RI�GLVSHUVLYH�VXUIDFH�ZDYH�JURXS�YHORFLWLHV��7KH�PXOWLSOH�ILOWHU�WHFKQLTXH�KDV�

EHHQ�XVHG�DV�DQ�HIILFLHQW�ZD\�RI�UHVROYLQJ�FRPSOH[�WUDQVLHQW�VLJQDOV�FRPSRVHG�RI�VHYHUDO�

GRPLQDQW� SHULRGV� WKDW� DUULYH� WR� WKH� UHFRUGLQJ� VWDWLRQ� DW� WKH� VDPH� WLPH�� $� QDUURZ� EDQG��

*DXVVLDQ�ILOWHU�LV�XVHG�DQG�JURXS�ZDYH�YHORFLWLHV�FDQ�EH�REWDLQHG�DV�WKH�GLVWDQFH�GLYLGHG�E\�

WKH� WLPH� RI� DUULYDO� WR� WKH� VWDWLRQ�� 'LIIHUHQW� ILOWHUV� UHVROYH� WKH� WUDQVLHQW� VLJQDO� WKDW� LV�

FRPSRVHG�RI�VLPXOWDQHRXV�DUULYDO�RI�VHYHUDO�GRPLQDQW�SHULRGV��*URXS�ZDYH�YHORFLW\�FXUYH�

FDQ�EH�GUDZQ�IRU�DPSOLWXGH�ULGJHV�RI�ILOWHUHG�VLJQDO�ZLWKLQ�WKH�IUHTXHQF\�UDQJH�ZKHUH�WKH�

VLJQDO�LV�ZHOO�REVHUYHG��)XUWKHU�GHWDLO�RQ�WKH�WKHRU\�RI�JURXS�ZDYH�YHORFLW\�HVWLPDWLRQ�E\�

XVLQJ�PXOWLSOH�ILOWHU�WHFKQLTXH�FDQ�EH�IRXQG�DW�']LHZRQVNL�HW�DO����������DQG�%KDWWDFKDU\D��

��������

�
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'XH� WR� WKH� +HLVHQEHUJ� LQHTXDOLW\� LPSURYHG� UHVROXWLRQ� LQ� RQH� GRPDLQ� FDXVHV� WKH�

LQYHUVH� HIIHFW� LQ� RWKHU� GRPDLQ�� ,Q� RUGHU� WR� REWDLQ� WKH� RSWLPXP� UHVROXWLRQ� ERWK� LQ� WLPH�

GRPDLQ� DQG� IUHTXHQF\� GRPDLQ� D� *DXVVLDQ� IXQFWLRQ� ZDV� FKRVHQ� DV� D� ZLQGRZ� IXQFWLRQ��

2WKHU�ILOWHUV�ZHUH�H[SHULHQFHG�E\�GLIIHUHQW�UHVHDUFKHUV�LQ�WKH�ODWWHU�DSSOLFDWLRQV��+HUUPDQQ��

������&DQÕWH]����������

���

��������(QHUJ\�5HDVVLJQPHQW�0HWKRG�

�

'LIIHUHQW� WHFKQLTXHV� ZHUH� GHYHORSHG� IRU� WKH�PHDVXUHPHQWV� RI� VXUIDFH� ZDYH� JURXS�

YHORFLW\�� +RZHYHU�� WKH� VHOHFWLRQ� RI� WKH� SURSHU� WHFKQLTXH� EHFRPHV� VLJQLILFDQW� ZKHQ� WKH�

ZDYH� WUDLQV�RI� WZR�RU�PRUH�PRGHV�RYHUODS��0RUH� WKDQ� WKDW��PRVW�RI� WKH�PHWKRGV�XVHG� WR�

REWDLQ�WKH�JURXS�ZDYH�YHORFLW\�DUH�EDVHG�RQ�WKH�)RXULHU�WUDQVIRUPV�DQG�WKHUHIRUH�LQWURGXFH�

DQ� LPSRUWDQW� VPHDULQJ� LQ� WKH� WLPH�IUHTXHQF\� GRPDLQ�� $QRWKHU� UHOHYDQW� SUREOHP� LV� WKH�

V\VWHPDWLF�HUURUV�LQWURGXFHV�E\�WKH�QRQ�VWDWLRQDULW\�DQG�VWURQJO\�YDU\LQJ�VSHFWUDO�DPSOLWXGH�

RI�WKH�VHLVPLF�VLJQDO��)RU�WKLV�UHDVRQ��PHWKRGV�VXFK�DV�:LJQHU�GLVWULEXWLRQ��&KRL�:LOOLDPV�

GLVWULEXWLRQ� RU�5HDVVLJQHG�0XOWLSOH� )LOWHU�$QDO\VLV� KDYH� EHHQ� SURSRVHG� WR� RYHUFRPH� WKH�

VKRUWFRPLQJV�RI�HDUOLHU�WHFKQLTXHV���

�

7KH�UHDVVLJQPHQW�PHWKRG�LV�XVHG�IRU�VKDUSHQLQJ�WKH�WLPH�IUHTXHQF\�UHSUHVHQWDWLRQ�E\�

PDSSLQJ�WKH�GDWD�WR�WLPH�IUHTXHQF\�FRRUGLQDWHV�WKDW�DUH�FORVHU�WR�WKH�WUXH�UHJLRQ�RI�VXSSRUW�

RI�WKH�DQDO\]HG�VLJQDO��(QHUJ\�UHDVVLJQPHQW�ZDV�ILUVW�DULVLQJ�IURP�WKH�LGHD�RI�.RGHUD�HW�DO���

��������3HGHUVHQ�HW�DO����������DSSOLHG�WKH�UHDVVLJQPHQW�RI�HQHUJ\�LQ�RUGHU�WR�LPSURYH�WKH�

VXUIDFH�ZDYH�JURXS�YHORFLW\�PHDVXUHPHQWV��$FFRUGLQJ�WR�WKHLU�ZRUN��HQHUJ\�UHDVVLJQPHQW�

WHFKQLTXH� LV� EDVHG� RQ� WKH� IDFW� WKDW� WKH� VPHDULQJ� DQG� V\VWHPDWLF� HUURUV� DUH� SUHGLFWDEOH�

HIIHFWV�ZKHQ�WKH�WLPH�DQG�IUHTXHQF\�ILOWHUV�DUH�NQRZQ�DQG�UDWKHU�WKDQ�DWWULEXWLQJ�WKH�HQHUJ\�

LQ� D� SRLQW� RI� WKH� WLPH�IUHTXHQF\� GRPDLQ� WR� WKH� FHQWHU� RI� WKH� DSSOLHG� IUHTXHQF\� DQG� WLPH�

ZLQGRZV��WKH�HQHUJ\�LV�DWWULEXWHG�WR�D�ORFDWLRQ�ZLWKLQ�WKH�ZLQGRZ�WKDW�FRUUHVSRQGV�WR�WKH�

FHQWHU� RI� JUDYLW\� RI� WKH� HQHUJ\� �3HGHUVHQ� HW� DO��� �������2EMHFWLYH� RI� WKH�PHWKRG�ZDV� WR�

LPSURYH�WKH�SUHFLVLRQ�RI�JURXS�ZDYH�YHORFLW\�PHDVXUHPHQWV�ZLWK�HQHUJ\�UHDVVLJQPHQW�LQ�

WLPH�IUHTXHQF\�GRPDLQ����

�

7KH� UHDVVLJQPHQW� PHWKRG� LQWURGXFHG� E\� .RGHUD� HW� DO��� ������� DQG� XVHG� LQ� WKH�

LPSURYHPHQW� RI� VXUIDFH� ZDYH� PHDVXUHPHQWV� E\� 3HGHUVHQ� HW� DO��� ������� UHDVVLJQV� WKH�
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HQHUJ\�WR�WKH�FHQWHU�RI�JUDYLW\��)XUWKHU�GHWDLO�RQ�WKH�WKHRU\�RI�HQHUJ\�UHDVVLJQPHQW�PHWKRG�

FDQ�EH�IRXQG�DW�.RGHUD�HW�DO����������DQG�3HGHUVHQ�HW�DO�����������

�

��������&RPSXWDWLRQ�RI�WKH�'LVSHUVLRQ�&XUYHV�

�

,Q�RUGHU�WR�REWDLQ�WKH�VXUIDFH�ZDYH�GLVSHUVLRQ�FXUYHV�������SDWKV�IRU�ERWK�/RYH�DQG�

5D\OHLJK�ZDYHV�KDYH�EHHQ�FRPSXWHG�IRU�WKH�DQDO\VLV��$IWHU�WKH�UHYLVLRQ�DQG�DSSOLFDWLRQ�RI�

WKH� VHOHFWLRQ� FULWHULD� DSSUR[LPDWHO\� RQH� IRUWK� RI� WKH� SDWKV� SURYLGHG� UHOLDEOH� GLVSHUVLRQ�

PHDVXUHPHQWV�IRU�/RYH�ZDYHV��6LQFH�WKH�QXPEHU�RI�GLVSHUVLRQ�PHDVXUHPHQWV�IRU�5D\OHLJK�

ZDYHV�ZHUH�PXFK� ORZHU� WKDQ� WKRVH� RI� /RYH�ZDYHV� �DERXW� RQH� WKLUG� RI� /RYH�ZDYHV�� WKH�

DQDO\VLV� SURFHHGHG� RQO\� XVLQJ� /RYH� ZDYHV�� $GGLWLRQDO� PHDVXUHPHQWV� DUH� QHHGHG� WR�

FRPSXWH� UHOLDEOH�PDSV� IRU�5D\OHLJK�ZDYHV�� )LJXUH� ���� VKRZV� WKH� QXPEHU� RI� /RYH�ZDYH�

PHDVXUHPHQWV� DW� GLIIHUHQW� SHULRGV� EHIRUH� DQG� DIWHU� GLVFDUGLQJ� WKH� SDWKV� ZLWK� HSLFHQWUDO�

GLVWDQFHV�RXWVLGH�RI� WKH�SUH�VHOHFWHG�UDQJH�DQG�HOLPLQDWLQJ�LPSURSHU�JURXS�ZDYH�YHORFLW\�

FXUYHV���

�

�

�

)LJXUH������1XPEHU�RI�/RYH�ZDYH�JURXS�YHORFLW\�PHDVXUHPHQWV�DV�D�IXQFWLRQ�RI�SHULRG�

EHIRUH�DQG�DIWHU�WKH�SDWKV�HOLPLQDWHG��

�
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1XPEHU�RI�GLVSHUVLRQ�PHDVXUHPHQWV�IRU�5D\OHLJK�ZDYHV�LV�IRXQG�WR�EH�PXFK�ORZHU�

WKDQ�/RYH�ZDYHV��7KLV�REVHUYDWLRQ�LV�QRW�FRQVLVWHQW�ZLWK�WKH�REVHUYDWLRQV�ZRUOGZLGH��7KLV�

GLIIHUHQFHV�DUH�DWWULEXWHG�WR�WKH�IDFWV�WKDW��ILUVW��WKH�PDMRULW\�RI�WKH�HDUWKTXDNHV�XVHG�LQ�WKLV�

VWXG\�KDV�VWULNH�VOLS��66��PHFKDQLVPV��,W�LV�ZHOO�NQRZQ�WKDW�WKH�HDUWKTXDNHV�ZLWK�VWULNH�VOLS�

PHFKDQLVPV�JHQHUDWH�/RYH�ZDYHV�PRUH�HIILFLHQWO\�WKDQ�5D\OHLJK�ZDYHV�DQG�WKH�DPSOLWXGHV�

RI� 5D\OHLJK� ZDYHV� DWWHQXDWH� IDVWHU� DW� JUHDWHU� SHULRGV� WKDQ� /RYH� ZDYHV� �7VDL� DQG� $NL��

������� 0RUHRYHU� WKH� DPSOLWXGH� VSHFWUD� RI� 5D\OHLJK� ZDYHV� XVXDOO\� KDYH� VSHFWUDO� KROHV�

ZKLFK� FDQ� DIIHFW� WKH� FRQWLQXLW\� RI� GLVSHUVLRQ� FXUYHV� �7VDL� DQG� $NL�� ������� :KHQ� WKH�

PDJQLWXGH� WKUHVKROG� RI� WKH� XVHG� HDUWKTXDNHV� ZHUH� UHGXFHG� WR� 0Z ���� WKH� DPSOLWXGHV�

EHFRPH� DQ� LPSRUWDQW� IDFWRU� IRU� D� EHWWHU� VLJQDO� WR� QRLVH� UDWLR�� 6HFRQG�� WKH� YHUWLFDO�

FRPSRQHQW�RI� VXUIDFH�ZDYHV� LV�PRUH�DIIHFWHG�E\� IUHH� VXUIDFH� WRSRJUDSK\� WKDQ�KRUL]RQWDO�

FRPSRQHQWV��7XUNH\�LV�VXUURXQGHG�E\�VHD�RQ�WKUHH�VLGHV��KLJK�PRXQWDLQ�UDQJHV�RQ�WKH�QRUWK�

DQG� VRXWK� �)LJXUH� ������ 6XFK� HOHYDWLRQ� GLIIHUHQFHV� PD\� GLVWRUW� SURSDJDWLRQ� SDWKV� DQG�

LQWURGXFH�VFDWWHULQJ�������

�

������*URXS�9HORFLW\�0DSV�

�

,Q� RUGHU� WR� FRPSXWH� WKH� JURXS� YHORFLW\�PDSV� WKH� VDPH�PHWKRG� WKDW� LV� DSSOLHG� DQG�

GHVFULEHG� LQ� SUHYLRXV� FKDSWHU� ZDV� XVHG�� 0RUH� GHWDLOHG� GHVFULSWLRQ� RI� WKH� YDULDEOH�

VPRRWKLQJ�WHFKQLTXH�LV�SUHVHQWHG�E\�3DV\DQRV���������7KH�UHVROXWLRQ�RI�WKH�GDWD�VHW�LV�DOVR�

D�IXQFWLRQ�RI�WKH�SDWK�GHQVLW\��D]LPXWKDO�GLVWULEXWLRQ�DQG�DYHUDJH�SDWK�OHQJWK�RI�UD\V��7KH�

SDWK�GLVWULEXWLRQ�GHSHQGV�RQ� WKH�QDWXUH�RI� WKH�GDWD�VHW�DQG�UHODWHG� WR� UHVROXWLRQ�ZKHQ� WKH�

D]LPXWKDOO\�FRYHUDJH�LV�UHODWLYHO\�XQLIRUP��$�QXPEHU�RI�WHVWV�XVLQJ�ERWK�UHDO�DQG�V\QWKHWLF�

GDWD� DUH� SHUIRUPHG� WR� VHOHFW� WKH� RSWLPXP� FHOO� VL]H� DQG� VPRRWKLQJ� SDUDPHWHUV� IRU�

WRPRJUDSK\�� )LJXUH� ���� VKRZV� WKH� UD\� KLW�FRXQW� DQG� UD\� SDWK� FRYHUDJH� DQG� )LJXUH� ����

FKHFNHUERDUG�WHVWV�WR�GHWHUPLQH�WKH�HIIHFW�RI�SDWK�FRYHUDJH�RQ�WKH�VROXWLRQ��7KH�UHVXOWV�ZLOO�

RQO\� LQGLFDWH� LI� WKH� SDWK� FRYHUDJH� LV� VXIILFLHQW� EXW� ZLOO� QRW� JLYH� LQIRUPDWLRQ� RQ� WKH�

LUUHVROXWLRQ� �9GRYLQ� HW� DO��� ������� 7KH� LQLWLDO� FKHFNHUERDUG� PRGHOV� FRQWDLQ� DOWHUQDWLQJ�

YHORFLW\�YDOXHV�RI�����DQG�����NP�V�IRU�ORZ�DQG�KLJK�YHORFLW\�UHJLRQV�ZLWK�IRXU�GHJUHH��WZR�

GHJUHH� DQG� RQH� GHJUHH� SDWWHUQV�� $V� D� VLPLODU� ZD\� WKDW� LV� SHUIRUPHG� LQ� DPELHQW� QRLVH�

FRUUHODWLRQ� WRPRJUDSK\�� D� JULG� VL]H� RI� WZR� GHJUHHV�ZHUH� XVHG� DW� WKH� EHJLQQLQJ�� WKHQ� WKH�

LPDJH�FRPSXWHG�ZLWK�RQH�GHJUHH�JULG�VL]H�DQG�ILQDO�LPDJH�LV�HVWLPDWHG�ZLWK�����GHJUHH�JULG�

VL]H��%RWK�WKH�PDJQLWXGHV�DQG�WKH�VKDSH�RI�WKH�UHFWDQJXODU�SDWWHUQV�ZHUH�UHFRYHUHG�LQ�WKH�
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PDMRULW\�RI�7XUNH\�IRU�IRXU�GHJUHH��WZR�GHJUHH�DQG�RQH�GHJUHH�SDWWHUQV��)LJXUH�������7KH�

UHVXOWV�DUH�FRQVLVWHQW�ZLWK�WKH�SDWK�GHQVLWLHV�VKRZQ�LQ�)LJXUH������7KH�UHVROXWLRQ�GHJUDGHV�

IRU� IRXU� GHJUHH� DQG� RQH� GHJUHH� SDWWHUQV� RXWVLGH� RI� 7XUNH\� ZLWK� SRRU� UD\� FRYHUDJH��

HVSHFLDOO\�LQ�WKH�%ODFN�6HD�DQG�WKH�0HGLWHUUDQHDQ�6HD��,Q�WKH�$UDELDQ�SODWHDX�WKH�VPHDULQJ�

RI� WKH� SDWWHUQV� DOVR� LQGLFDWHV� WKH� LQVXIILFLHQW� UD\� FRYHUDJH�� 6WUXFWXUHV� VPDOOHU� WKDQ� WZR�

GHJUHH��FDQQRW�EH�UHVROYHG�LQ�WKH�DUHDV�ZLWK�ORZ�UD\�FRYHUDJH��6XFK�DUHDV�DUH�ORFDWHG�DORQJ�

WKH�%ODFN�6HD�FRDVW��+HOOHQLF�DUF�DQG�0HGLWHUUDQHDQ�FRDVW��+RZHYHU�WKH�ORQJ�ZDYHOHQJWK�

IHDWXUHV��!����GHJUHH��FDQ�VWLOO�EH�UHFRYHUHG�LQ�PDMRULW\�RI�WKH�GRPDLQ�ZLWK�WKH�H[FHSWLRQ�

RI�WKH�QRUWKHUQ�SDUW�RI�WKH�%ODFN�6HD��

�

*URXS�YHORFLW\�PDSV�RI�/RYH�ZDYHV�DUH�FRPSXWHG�LQ�IHZ�VWHSV��$W�ILUVW�WKH�VPRRWK�

JURXS� ZDYH� YHORFLW\� PDSV� REWDLQHG� DW� HDFK� SHULRG� WR� LGHQWLI\� DQG� GLVFDUG� JURXS� ZDYH�

YHORFLW\�PHDVXUHPHQWV�ZLWK�WUDYHO� WLPH�UHVLGXDOV� ODUJHU� WKDQ����VHF��7KHQ�WKH�ILQDO�JURXS�

ZDYH�YHORFLW\�PDSV�FRPSXWHG�LQ�WKUHH�VWHSV�DV�H[SODLQHG�GXULQJ�WKH�FKHFNHUERDUG�WHVW��7KH�

JURXS�ZDYH�YHORFLW\�PDSV�HVWLPDWHG�ZLWK� WZR�GHJUHH�JULG� LQWHUYDO�DQG� WKHQ� WKH� UHVXOWLQJ�

PDSV�XVHG�DV�WKH�LQSXW�PRGHO�WR�FRPSXWH�PDSV�ZLWK�RQH�GHJUHH�JULG�VSDFLQJ��)LQDO�LPDJHV�

DUH�FDOFXODWHG�IRU�����GHJUHH�JULG�LQWHUYDO�����

�

7KHUH�DUH�DGGLWLRQDO�FRQFHUQV�RWKHU�WKDQ�SDWK�GLVWULEXWLRQ��ZHLJKWLQJ�RI�WKH�GDWD�DQG�

VSDWLDO� VPRRWKLQJ� WKDW� PD\� DIIHFW� WKH� HVWLPDWHG� PDSV�� 7KHVH� DUH� ��� PLVORFDWLRQV� RI� WKH�

HDUWKTXDNHV�����GLVWRUWLRQV�LQ���'�ZDYHILHOGV�GXH�WR�ODWHUDO�LQKRPRJHQHLWLHV����DQLVRWURS\�

�9GRYLQ� HW� DO��� ������� 7KH� HDUWKTXDNHV� VHOHFWHG� IRU� WKH� JURXS� ZDYH� YHORFLW\� GLVSHUVLRQ�

PHDVXUHPHQWV� DUH� DOVR� UHORFDWHG� XVLQJ� WKH� DYDLODEOH� GDWD�� 7KH� K\SRFHQWUDO� HUURUV� RI� WKH�

HDUWKTXDNHV�LQ�7XUNH\�DUH�XVXDOO\�OHVV� WKDQ�����NP��+RZHYHU�WKH�HVWLPDWHG�HUURUV�IRU� WKH�

HYHQWV�RXWVLGH�RI�WKH�QHWZRUN�FRYHUDJH�PD\�UHDFK����NP��7KHVH�YDOXHV�ZLOO�KDYH�QHJOLJLEOH�

HIIHFWV�RQ�WKH�HVWLPDWHG�WUDYHO�WLPHV�LQ�WKH�GLVWDQFH�UDQJHV�XVHG�LQ�WKLV�ZRUN��

�

�
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�

)LJXUH������5D\�KLW�FRXQW��WRS��DQG�UD\�SDWKV��ERWWRP��IRU����VHF�SHULRG�/RYH�ZDYH�JURXS�

YHORFLW\�PHDVXUHPHQWV��

�

�
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�

)LJXUH������&KHFNHUERDUG�UHVROXWLRQ� WHVWV�XVLQJ� WKH�SDWK�FRYHUDJH�RI����VHF�/RYH�ZDYHV��

7KUHH�W\SHV�RI�LQSXW�SDWWHUQV�ZLWK�IRXU�E\�IRXU�GHJUHH��WRS���WZR�E\�WZR�GHJUHH��PLGGOH���

DQG�RQH�GHJUHH�E\�RQH�GHJUHH��ERWWRP��DUH�WHVWHG��
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7KH�DVVXPSWLRQV�PDGH�LQ�WKH�IRUPXODWLRQ�RI�WRPRJUDSK\�SUREOHP�SURYLGH�VLJQLILFDQW�

VLPSOLILFDWLRQV��7KH�HIIHFW�RI�DQLVRWURS\�DQG�GHYLDWLRQV�IURP�VWUDLJKW�UD\�SDWKV�DUH�WRWDOO\�

LJQRUHG� LQ� WKLV�VWXG\�� ,W� LV�ZHOO�NQRZQ�WKDW� UD\�WKHRU\� LV�D�KLJK� IUHTXHQF\�DSSUR[LPDWLRQ�

ZKLFK� LV� QRW� MXVWLILHG� LQ� WKH� SUHVHQFH� RI� ODUJH� ODWHUDO� KHWHURJHQHLWLHV�� )RU� WKH� UD\�

DSSUR[LPDWLRQ�WR�EH�YDOLG�� WKH�ILUVW�)UHVQHO�]RQH�PXVW�EH�VPDOOHU� WKDQ�WKH�VFDOH�OHQJWK�RI�

WKH� KHWHURJHQHLW\�� ZKLFK� SODFHV� OLPLWDWLRQV� RQ� WKH� ODWHUDO� UHVROXWLRQ� RI� VHLVPLF� PRGHOV�

EDVHG�RQ�UD\�WKHRU\��/HYVKLQ�HW�DO����������6XFK�HIIHFWV�DUH�QRW� LQYHVWLJDWHG�LQ�WKLV�VWXG\�

DQG�PD\�KDYH�YDU\LQJ�GHJUHHV�RI�LPSRUWDQFH�ZKHQ�ODUJH�ODWHUDO�YHORFLW\�FRQWUDVWV�H[LVW��

�

8VLQJ�WKH�WRPRJUDSKLF�LQYHUVLRQ�PHWKRG�DV�GHVFULEHG�LQ�WKH�SUHYLRXV�VHFWLRQ��/RYH�

ZDYH�JURXS�ZDYH�YHORFLW\�PDSV�DW��������������������DQG����VHF�DUH�FRPSXWHG��*URXS�ZDYH�

YHORFLW\�PDSV�DUH�SURGXFHG�IRU�VHYHUDO�VPRRWKLQJ�SDUDPHWHUV�� � ���������������6PRRWKLQJ�

SDUDPHWHU�ZLWK�D�YDOXH�RI�����ZDV�SUHIHUUHG� LQ� WKLV�VWXG\��ZKLFK�JLYHV� UHODWLYHO\�VPRRWK�

PDSV� ZLWK� VPDOO� VROXWLRQ� HUURUV�� 7KH� 506� WUDYHO� WLPH� HUURUV� IRU� WKH� LQLWLDO� DQG� ILQDO�

YHORFLW\� PDSV� DW� GLIIHUHQW� SHULRGV� DUH� OLVWHG� LQ� 7DEOH� ����� +LVWRJUDPV� FRUUHVSRQGLQJ� WR�

WUDYHO� WLPH� HUURUV� DW� HDFK� VWHS� IRU� LQLWLDO� DQG� ILQDO� JURXS�ZDYH� YHORFLW\� PDSV�ZHUH� DOVR�

FRPSXWHG��)LJXUH�����LOOXVWUDWHV�WKH�KLVWRJUDPV�IRU�WUDYHO�WLPH�HUURUV�DW����VHF�SHULRG��7KH�

KLVWRJUDPV�VKRZ�WKDW�WKH�PLVILW�IRU�WKH�GDWD�PHHWV�WKH�FULWHULD�ZKLFK�HOLPLQDWH�WUDYHO�WLPH�

HUURUV�JUDWHU�WKDQ����VHF��

�

7DEOH������1XPEHU�RI�REVHUYDWLRQV�XVHG�IRU� WKH� WRPRJUDSKLF� LPDJHV��YDOXHV�RI� WKH� LQLWLDO�

DQG�ILQDO�JURXS�ZDYH�WUDYHO�WLPH�UHVLGXDOV�DQG�VWDQGDUG�GHYLDWLRQV�IRU�GLIIHUHQW�SHULRGV��

�

�

�
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6HQVLWLYLW\�NHUQHOV�RI�/RYH�ZDYHV�ZHUH�DOVR�FRPSXWHG� LQ�RUGHU� WR�GHWHUPLQH�KRZ�

WKH�VWUXFWXUH�LQ�D�FHUWDLQ�GHSWK�LQWHUYDO�LQIOXHQFHV�WKH�JURXS�YHORFLWLHV��7KHVH�IXQFWLRQV�DUH�

WKH�SDUWLDO�GHULYDWLYHV�RI�JURXS�ZDYH�YHORFLW\�ZLWK� UHVSHFW� WR�SHUWXUEDWLRQ�RI� VKHDU�ZDYH�

YHORFLW\�LQ�WKH�UHIHUHQFH�PRGHO� WKURXJK�ZKLFK�WKH\�DUH�FRPSXWHG��)LJXUH�����VKRZV�ERWK�

WKH�VHQVLWLYLW\�NHUQHOV�IRU�WZR�UHIHUHQFH�HDUWK�PRGHOV�DW�GLIIHUHQW�SHULRGV��6ORZO\�YDU\LQJ�

VHQVLWLYLWLHV� RI� /RYH� ZDYHV� OLPLWV� WKH� GHSWK� UHVROXWLRQ� DQG�PDVN� GHHSHU� VWUXFWXUHV�� 7KH�

VKDOORZ� VWUXFWXUHV� GRPLQDWH� DW� ORZHU� SHULRGV� DQG� KDYH� VLJQLILFDQW� LQIOXHQFH� DW� KLJKHU�

SHULRGV�� 9GRYLQ� HW� DO��� ������� LQGLFDWHG� WKDW� WKH� JURXS� ZDYH� YHORFLW\� PDSV� ZLOO� KDYH�

SRVLWLYH� FRUUHODWLRQ� ZLWK� VKHDU� ZDYH� DQRPDOLHV� RU� ERXQGDU\� WRSRJUDSK\� LQ� WKH�

QHLJKERUKRRG�RI�WKH�SRVLWLYH�PD[LPXP�RI�WKH�VHQVLWLYLW\�NHUQHO���

�

$W� ��� DQG� ��� VHF� /RYH�ZDYHV�PDLQO\� VDPSOH� WKH� XSSHU� FUXVW� RI� ��� NP� WKLFNQHVV��

:DYHV�ZLWK����VHF�SHULRG�DUH�PRUH�VHQVLWLYH�XS�WR�D�GHSWK�RI����NP�DQG�WKHUHIRUH�FRQWDLQ�

LQIRUPDWLRQ�RQ�ERWK�XSSHU�DQG�ORZHU�RI�WKH�FUXVW��,QWHUPHGLDWH�SHULRGV��������VHF��VDPSOH�

WKH� FUXVW� PRUH� XQLIRUPO\� DQG� LQIOXHQFHG� E\� WKH� XSSHU� PDQWOH� YHORFLW\� IRU� D� FUXVWDO�

WKLFNQHVV�RI����NP��$W�JUHDWHU�SHULRGV��!���VHF��WKH�LQIOXHQFH�RI�XSSHU�PDQWOH�LV�DSSDUHQW�

IRU� FUXVWDO� WKLFNQHVV� OHVV� WKDQ� ��� NP� ZKHQ� WKHUH� LV� QR� VLJQLILFDQW� PDVNLQJ� IURP� WKLFN�

VHGLPHQWDU\�EDVLQV���

�

*URXS�ZDYH�YHORFLWLHV�DW����DQG����VHF�DUH�VHQVLWLYH�WR�XSSHU�FUXVW�DQG�LQIOXHQFHG�E\�

ORFDO�VHGLPHQWDU\�EDVLQV�DQG�WRSRJUDSKLF�IHDWXUHV��)LJXUH�������6HYHUDO�LQODQG�DQG�RIIVKRUH�

EDVLQV� H[LVW� LQ� 7XUNH\� �H�J��� 7KUDFH�%DVLQ��&OLFLD�$GDQD�%DVLQ�� 7X]�*|O��%DVLQ�� 6LQRS�

%R\DEDW�%DVLQ��0DUPDUD�6HD��%ODFN�6HD��$HJHDQ�6HD�DQG�0HGLWHUUDQHDQ�6HD�%DVLQV���/RZ�

JURXS�ZDYH�YHORFLWLHV�DUH�REVHUYHG� LQ� WKH�0DUPDUD�6HD��7KUDFH�%DVLQ��6DURV�%D\��6LQRS�

%DVLQ�� %ODFN� 6HD� DQG� 0HGLWHUUDQHDQ� 6HD� LQGLFDWLQJ� WKH� SUHVHQFH� RI� WKLFN� VHGLPHQWDU\�

GHSRVLWV��/RZ�JURXS�ZDYH�YHORFLWLHV�REVHUYHG�LQ�WKH�(DVWHUQ�$QDWROLD�WDNH�SODFH�DW�D�UHJLRQ�

ZLWK�ZLGHVSUHDG�YROFDQLF�DFWLYLW\��

�
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)LJXUH������+LVWRJUDPV�RI�WUDYHO�WLPH�PLVILWV�IRU�LQLWLDO�PRGHO��WRS��DQG�ILQDO�PRGHO�

�ERWWRP��DW����VHF�SHULRG��

�

�

�
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$V�LQGLFDWHG�E\�WKH�VHQVLWLYLW\�NHUQHOV�WKH�JURXS�ZDYH�YHORFLWLHV�DW�������VHF�SHULRGV�

DUH�LQIOXHQFHG�E\�D�WKLFNQHVV�RI�������NP��)LJXUH��������$V�D�UHVXOW��DQRPDOLHV�DVVRFLDWHG�

ZLWK�JHRORJLFDO�VWUXFWXUHV�DW�FUXVWDO�VFDOH�ZHUH�REVHUYHG��*URXS�ZDYH�YHORFLWLHV�DUH�KLJKHU�

DORQJ� WKH� 3RQWLGHV�� øVWDQEXO� ]RQH�� 6WUDQGMD�PDVVLI� RQ� WKH� QRUWK� RI� WKH� ø]PLW�$QNDUD� DQG�

$QNDUD�(U]LQFDQ�VXWXUH�]RQH��+LJK�JURXS�ZDYH�YHORFLWLHV�DUH�REVHUYHG�LQ�FHQWUDO�$QDWROLD��

+HOOHQLF�DUF��0HQGHUHV�PDVVLI��7KH�FROOLVLRQ�EHOW� LQ�%LWOLV�VXWXUH�LV�FKDUDFWHUL]HG�E\�KLJK�

JURXS�ZDYH�YHORFLWLHV��$� ODUJH�YHORFLW\�FRQWUDVW� H[LVWV�EHWZHHQ� WKH�KLJK�YHORFLWLHV� LQ� WKH�

%LWOLV�PDVVLI�DQG�WKH�ORZ�YHORFLWLHV�LQ�WKH�($$&��/RZHU�YHORFLWLHV�DUH�REVHUYHG�LQ�$QWDO\D�

%D\�� ZHVW� RI� &\SUXV�� ZLWK� D� FRQWLQXDWLRQ� WRZDUGV� WKH� ,VSDUWD� DQJOH�� $� ZHGJH� VKDSHG�

DQRPDO\�LQ�WKH�,VSDUWD�DQJOH�KDV�EHHQ�D�SURPLQHQW�IHDWXUH�RQ�WKH�JURXS�ZDYH�YHORFLW\�PDSV�

EHJLQQLQJ�IURP����VHF�SHULRG��7KH�ORZ�JURXS�ZDYH�YHORFLWLHV�REVHUYHG�LQ�%ODFN�6HD�FDQ�EH�

DVVRFLDWHG�ZLWK�WZR�GHHS�EDVLQV��/RZ�YHORFLW\�DQRPDO\�REVHUYHG�LQ�WKH�ZHVWHUQ�%ODFN�6HD�

EDVLQ� H[WHQGV� WR� 0RHVLDQ� %DVLQ�� +RZHYHU�� ERWK� WKH� JHRPHWU\� DQG� PDJQLWXGH� RI� WKHVH�

DQRPDOLHV�PD\�KDYH�VLJQLILFDQW�XQFHUWDLQWLHV�GXH�WR�SRRU�UD\�FRYHUDJH��

�

*URXS�ZDYH�YHORFLWLHV�DW����DQG����VHF�DUH�LQIOXHQFHG�E\�WKH�ORZHU�FUXVW�DQG�XSSHU�

PDQWOH�VWUXFWXUH��)LJXUH��������,Q�WKLV�SHULRG�UDQJH�WKH�ZDYHOHQJWK�RI�WKH�DQRPDOLHV�RQ�WKH�

PDSV�DUH�ODUJHU�ZLWK�VPDOOHU�YHORFLW\�SHUWXUEDWLRQV��7KH�FHQWUDO�$QDWROLD�DQG�7DXULGHV�KDYH�

XQLIRUP�GLVWULEXWLRQ�RI�JURXS�ZDYH�YHORFLWLHV��+LJK�JURXS�ZDYH�YHORFLWLHV�DUH�REVHUYHG�LQ�

WKH�$HJHDQ�UHJLRQ��5RGRSKH�6WUDQGMD�PDVVLI��HDVWHUQ�3RQWLGHV�DQG�%LWOLV�VXWXUH�]RQH�ZKLOH�

WKH�ORZ�JURXS�ZDYH�YHORFLWLHV�DSSHDUV�LQ�WKH�(DVWHUQ�$QDWROLD�DQG�$QWDO\D�%DVLQ��,VSDUWD�

$QJOH��

�

�

�
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)LJXUH������6KHDU�ZDYH�VHQVLWLYLW\�NHUQHOV�RI�/RYH�ZDYHV�DW�SHULRGV�UDQJLQJ�IURP����WR����

VHF�IRU�D�VKHDU�YHORFLW\�GHSWK�IXQFWLRQ�XVLQJ�WZR�UHIHUHQFH�HDUWK�PRGHOV��

�
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)LJXUH������(VWLPDWHG�JURXS�YHORFLW\�PDSV�RI�/RYH�ZDYHV�DW��������VHF�SHULRGV��

�
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)LJXUH�������(VWLPDWHG�JURXS�YHORFLW\�PDSV�RI�/RYH�ZDYHV�DW��������VHF�SHULRGV��



� ���

�

)LJXUH�������(VWLPDWHG�JURXS�YHORFLW\�PDSV�IRU�/RYH�ZDYHV�DW��������VHF�SHULRGV��

�



� ���

�

�

)LJXUH�������/RFDO�GLVSHUVLRQ�FXUYHV�GHULYHG�IURP�WKH�WRPRJUDSKLF�PDSV�DW�ILYH�VHLVPLF�

VWDWLRQV�VKRZQ�LQ�)LJXUH������

�

�

8VLQJ� WKH� JURXS� ZDYH� YHORFLW\� PDSV� RI� /RYH� ZDYHV� DW� GLIIHUHQW� SHULRGV� REWDLQHG�

IURP�WRPRJUDSK\��ORFDO�JURXS�ZDYH�YHORFLW\�FXUYHV�ZHUH�FRQVWUXFWHG��)LJXUH��������/RFDO�

JURXS� ZDYH� YHORFLWLHV� DUH� FRPSXWHG� IRU� WKH� VWDWLRQV� VKRZQ� LQ� )LJXUH� ����� )LJXUH� �����

VKRZV� WKDW� WKHUH� LV� D� JRRG� FRQWLQXLW\� RI� WRPRJUDSKLF� LPDJHV� RI� LQFUHDVLQJ� SHULRGV�� 7KH�

ORZHVW� JURXS� ZDYH� YHORFLW\� FXUYH� LV� REWDLQHG� IRU� WKH� VWDWLRQ� ORFDWHG� LQ� $QWDO\D� %D\�

�$17%��ZKLOH�WKH�KLJKHVW�JURXS�ZDYH�YHORFLW\�FXUYH�LV�REWDLQHG�IRU�WKH�:HVWHUQ�$QDWROLD�

�%$/%���

�
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�

�

)LJXUH�������(VWLPDWHG�JURXS�YHORFLW\�PDSV�RI�/RYH�ZDYHV�DW����VHF�SHULRG�ZLWK�PDMRU�

WHFWRQLF�XQLWV��WRS���ZLWK�PDMRU�VXWXUH�]RQHV�DQG�RSKLROLWHV��ERWWRP���

�����VHF�



� ���

�

�

)LJXUH�������(VWLPDWHG�JURXS�YHORFLW\�PDSV�RI�/RYH�ZDYHV�DW����VHF�SHULRG�ZLWK�

YROFDQRHV��

�

�
�����'LVFXVVLRQV�

�

,Q�WKLV�SDUW�RI� WKH�WKHVLV�/RYH�ZDYH�JURXS�YHORFLWLHV� LQ�7XUNH\�DQG�WKH�VXUURXQGLQJ�

UHJLRQV�DUH�PHDVXUHG�IURP�WKH�ORFDO�DQG�UHJLRQDO�HDUWKTXDNHV�UHFRUGHG�DW�D�ODUJH�QXPEHU�RI�

VWDWLRQV�� *URXS� YHORFLW\� PDSV� IRU� /RYH� ZDYHV� DUH� REWDLQHG� EHWZHHQ� ������ VHF� SHULRGV�

XVLQJ� D� WRPRJUDSKLF� LQYHUVLRQ� PHWKRG�� 7KH� PDSV� LQGLFDWH� WKH� SUHVHQFH� RI� VLJQLILFDQWO\�

GLIIHUHQW� FUXVWDO� FRPSRVLWLRQV� DQG� VWUXFWXUHV� UHVXOWLQJ� IURP� GLIIHUHQW� WHFWRQLF� HYROXWLRQV��

*URXS�ZDYH� YHORFLW\�PDSV� H[KLELW� VWURQJ� YHORFLW\� SHUWXUEDWLRQV� DQG� FRUUHODWHV�ZHOO�ZLWK�

WKH�NQRZQ�WHFWRQLF�VWUXFWXUHV��,Q�JHQHUDO��WKH�WRPRJUDSKLF�LPDJHV�DW�VKRUW�SHULRGV��������

VHF��GLVSOD\LQJ�ORZ�YHORFLWLHV�DVVRFLDWH�ZLWK�WKH�VHGLPHQWDU\�EDVLQV�� LQWHUPHGLDWH�SHULRGV�

�������VHF��ZLWK� UHJLRQDO�JHRORJLF�VWUXFWXUHV�DQG�JUHDWHU�SHULRGV��������VHF�� WRWDO�FUXVWDO�

VWUXFWXUH�DQG�XSSHU�PDQWOH���

�

�����VHF�
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6HYHUDO�LQODQG�DQG�RIIVKRUH�VHGLPHQWDU\�EDVLQV�PDQLIHVW�WKHPVHOYHV�RQ�WKH�PDSV�E\�

ORZ�JURXS�ZDYH�YHORFLWLHV�DW�������VHF�SHULRGV��)LJXUH�������7KH�UHFHQW�VHLVPLF�UHIOHFWLRQ�

VWXGLHV�VKRZ�WKDW�WKUHH�VHGLPHQWDU\�EDVLQV�LQ�WKH�0DUPDUD�6HD�H[FHHGLQJ�VL[�NLORPHWHUV�RI�

WKLFNQHVV� �/DLJOH� HW� DO��� ������� 7KHVH� EDVLQV� DUH� ILOOHG� ZLWK� ORZ� YHORFLW\� VHGLPHQWV�

RYHUO\LQJ� KLJK� YHORFLW\� EDVHPHQW� RI� WKH� ,VWDQEXO� ]RQH� FKDUDFWHUL]HG� E\� 3DOHR]RLF� XQLWV��

7KH�ORZ�JURXS�ZDYH�YHORFLWLHV�REVHUYHG�LQ�WKH�0DUPDUD�6HD�LV�H[WHQGLQJ�WR�7KUDFH�%DVLQ�

ZKLFK�LV�ODUJHVW�DQG�WKLFNHVW�7HUWLDU\�VHGLPHQWDU\�EDVLQ�LQ�7XUNH\�ZLWK�D�VHGLPHQWDU\�ILOO�

UHDFKLQJ� WR� D� GHSWK� RI� QLQH� NLORPHWHUV�� 7KH� EDVLQ� RQ� WKH� QRUWK� ZDV� ERDUGHG� E\�

PHWDPRUSKLFV� DQG� JUDQLWHV� RI� WKH� 6WUDQGMD�0DVVLI�ZKLFK� LV� FKDUDFWHUL]HG� E\� KLJK� JURXS�

ZDYH�YHORFLWLHV�RQ�WKH�PDSV����

�

7KH�5RGRS�±�6WUDQGMD�0DVVLI� RQ� WKH� QRUWK� RI� WKH�$HJHDQ�6HD� DSSHDUV�ZLWK� KLJKHU�

JURXS�ZDYH�YHORFLWLHV�DW�DOO�SHULRGV� �)LJXUH������)LJXUH��������7KLV� LQGLFDWHV�KLJK�FUXVWDO�

YHORFLWLHV�ZKLFK�DUH�UHODWHG�WR�PHWDPRUSKLFV�DQG�SOXWRQLF�URFNV��7KH�KLJK�YHORFLWLHV�DORQJ�

WKH�5RGRS��6WUDQGMD�0DVVLI�KDYH� WKH�FRQWLQXLW\�RQ� WKH�QRUWK�RI� WKH�0DUPDUD�UHJLRQ��7KH�

UHVXOWV� RI� UHFHLYHU� IXQFWLRQ� DQDO\VLV� LQGLFDWH� D� FUXVWDO� WKLFNQHVV� RI� a��� NP� RQ� WKH� QRUWK�

LQFUHDVLQJ�WR�a���NP�RQ�WKH�VRXWK�RI�WKH�0DUPDUD�6HD��=RU�HW�DO�����������

�

/RZHU� JURXS� ZDYH� YHORFLWLHV� DUH� DOVR� REVHUYHG� LQ� 6DURV� %D\�� RQ� WKH� ZHVW� RI� WKH�

0DUPDUD�6HD�DQG�HORQJDWLQJ�WRZDUGV�WKH�1RUWK�$HJHDQ�7KURXJK�DQG�$[LRQ�%DVLQ��)LJXUH�

������ .DUDJLDQQL� HW� DO��� ������� DOVR� REVHUYHG� ORZ� JURXS� ZDYH� YHORFLWLHV� DORQJ� WKHVH�

WUDQVWHQVLRQDO� EDVLQV� ZKLFK� DUH� FRQWUROOHG� E\� WKH� 1RUWK� $QDWROLDQ� )DXOW� RI� VWULNH� VOLS�

FKDUDFWHU�DQG�WKH�$HJHDQ�WHFWRQLFV�RI�H[WHQVLRQDO�QDWXUH��7KH�WKLFNQHVV�RI�WKH�VHGLPHQWV�LQ�

WKHVH�EDVLQV�LV�H[SHFWHG�WR�UHDFK�XS�WR�VL[�NLORPHWHUV��.DUDJLDQQL�HW�DO�����������

�

+LJK�JURXS�ZDYH�YHORFLWLHV�RQ�WKH�QRUWK�RI�+HOOHQLF�$UF�LQ�WKH�$HJHDQ�6HD�DSSHDU�DW�

���VHF�SHULRG�DQG�FRQVLVWHQWO\�LQFUHDVH�ZLWK�WKH�LQFUHDVLQJ�SHULRGV��2Q�WKH�RWKHU�KDQG��WKH�

$HJHDQ� 6HD� DORQJ� WKH� $QDWROLDQ� FRDVW� H[KLELWV� ORZ� YHORFLWLHV� RQ� ������ VHF� PDSV� DQG�

LQFUHDVH�DW�WKH�ODUJHU�SHULRGV��6LJQLILFDQW�YHORFLW\�FRQWUDVW�H[LVWV�EHWZHHQ�ORZ�JURXS�ZDYH�

YHORFLWLHV�LQ�WKH�$HJHDQ�6HD�DQG�KLJK�JURXS�ZDYH�YHORFLWLHV�RI�WKH�:HVWHUQ�7XUNH\�ZKLFK�

DUH�DVVRFLDWHG�ZLWK�WKH�PHWDPRUSKLF�FRUH�FRPSOH[�LQ�WKH�UHJLRQ��H�J���0HQGHUHV�0DVVLI���

+RZHYHU�WKH�ORZ�YHORFLWLHV�LQ�WKH�1RUWK�$HJHDQ�7URXJK�DQG�6DURV�%D\�DUH�SHUVLVWHQW�HYHQ�

DW� ��� VHF� SHULRG�� 7KLV� PD\� EH� DQ� LQGLFDWLRQ� FUXVWDO� WKLFNHQLQJ� IURP� WKH� VRXWKHUQ� &UHWH�
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WRZDUGV� WKH� QRUWKHUQ� $HJHDQ� 6HD�� 6HQVLWLYLW\� NHUQHOV� LQ� )LJXUH� ���� �ERWWRP�� VKRZV� WKH�

JURXS�ZDYH�YHORFLWLHV�DW����VHF�SHULRG�ZLOO�EHJLQ�WR�EH�LQIOXHQFHG�E\�D�WKLFNQHVV�RI�JUHDWHU�

WKDQ����NP��0RKR�GHSWKV�IRU�WKH�$HJHDQ�SODWH�FRPSXWHG�E\�6RGRXGL�HW�DO����������LQGLFDWH�

WKDW�WKH�VRXWKHUQ�SDUW�RI�WKH�$HJHDQ�KDV�D�FUXVWDO�WKLFNQHVV�RI�������NP�ZKLOH�WKH�QRUWKHUQ�

$HJHDQ� 6HD� VKRZV� D� UHODWLYHO\� WKLFNHU� FUXVW� ������� NP��� 6XFK� GLIIHUHQFHV� LQ� WKH� FUXVWDO�

WKLFNQHVVHV�KDV�EHHQ�LQWHUSUHWHG�WKDW�WKH�H[WHQVLRQ�VWURQJO\�LQIOXHQFHG�WKH�VRXWKHUQ�$HJHDQ�

ZKLOH�SUHVHQWO\�XQGHUJRLQJ�KLJK�FUXVWDO�GHIRUPDWLRQ�LQ�WKH�QRUWKHUQ�$HJHDQ�6HD��6RGRXGL�

HW�DO�����������

�

2QH�RI�WKH�SURPLQHQW�IHDWXUHV�RI�WKH�JURXS�ZDYH�YHORFLW\�PDSV�LV�WKH�REVHUYDWLRQ�RI�

D�ZHGJH� VKDSH� ORZ� YHORFLW\� DQRPDO\� LQ� WKH�$QWDO\D� %D\� HORQJDWLQJ� WRZDUGV� WKH� ,VSDUWD�

DQJOH� �,$��� /RZ� YHORFLWLHV� VWDUW� DSSHDULQJ� DW� ��� VHF� PDS� DQG� FRQWLQXH� WR� EH� SUHVHQW� DW�

JUHDWHU�SHULRGV�ZLWK�LQFUHDVLQJ�ZDYHOHQJWKV��7KH�ORZ�YHORFLW\�DQRPDO\�RI�,$�LV�GHOLPLWHG�

E\� WKH� KLJK� YHORFLW\�0HQGHUHV�PDVVLI� LQ� WKH�ZHVW� DQG� 6XOWDQGD÷�%H\úHKLU�0DVVLI� LQ� WKH�

HDVW��,Q�WKH�FHQWHU�RI�WKH�,$��D�UHJLRQDO�DOORFKWKRQRXV�XQLW��$QWDO\D�FRPSOH[��UHSUHVHQWV�D�

FULWLFDO� SDUW� RI� WKH� HYLGHQFH� RI� D� VRXWKHUO\�1HRWHWK\DQ�2FHDQLF� %DVLQ� �5REHUWVRQ� HW� DO���

�������6HYHUDO�FDUERQDWH�SODWIRUPV��VHGLPHQWDU\�EDVLQV�DQG�RSKLROLWV�H[LVW�LQ�WKH�FRPSOH[��

7KH� GHHS� VWUXFWXUH� RI� $QWDO\D� %D\� DQG� WKH� RIIVKRUH� H[WHQVLRQ� RI� WKH� ,VSDUWD� DQJOH� DUH�

SRRUO\� NQRZQ�� (DUWKTXDNH� ORFDWLRQV� VXJJHVW� WKH� H[LVWHQFH� RI� D� GHWDFKHG� RFHDQLF� VODE�

EHQHDWK�$QWDO\D�%D\�HYHQ�WKRXJK�WKH�WLPLQJ�DQG�WKH�JHRPHWU\�RI�WKH�VODE�UHPDLQV�XQFOHDU�

�(QJGDKO� HW� DO��� ������ 5REHUWVRQ�� ������� 7KH� FUXVWDO� WKLFNQHVV� REWDLQHG� IURP� UHFHLYHU�

IXQFWLRQ� DQDO\VLV� DW� ,63� VWDWLRQ�ZKLFK� LV� ORFDWHG�ZLWKLQ� ,VSDUWD� DQJOH� LV� IRXQG� DV� ��� NP�

VLJQLILFDQWO\� WKLFNHU� WKDQ� $172� VWDWLRQ� ���� NP�� �=KX� HW� DO��� ������� 7KLV� LQGLFDWHV�

VLJQLILFDQW� FUXVWDO� WKLFNHQLQJ� DV� D� UHVXOW� RI� VXEGXFWLRQ�UHODWHG� FRPSUHVVLRQ�� /RZ� JURXS�

ZDYH�YHORFLWLHV�REVHUYHG� LQ� WKH� ,$�DW� ORZ�SHULRGV� �������VHF��DUH� UHODWHG� WR� WKH� UHJLRQDO�

DOORFKWKRQRXV�XQLWV�ZKLOH�DW�JUHDWHU�SHULRGV��������VHF��DV�DQ�LQGLFDWLRQ�RI�WKLFNHU�FUXVW��

�

/RZ� JURXS�ZDYH� YHORFLWLHV� DW� ������ VHF� DSSHDU� LQ� WKH�&OLFLD�$GDQD�%DVLQ� ORFDWHG�

EHWZHHQ�7XUNH\�DQG�WKH�1RUWKHUQ�&\SUXV��7KH�VHLVPLF�UHIOHFWLRQ�GDWD�VKRZV�WKDW�WKLV�EDVLQ�

FRQWDLQV�XS� WR� WKUHH�NLORPHWHU� WKLFN�VHGLPHQWV� �$NVX�HW�DO����������7KH� ORZHU�VHFWLRQV�RI�

WKH�&LOLFLD� ±�$GDQD�%DVLQ� DUH� QRW� LPDJHG� E\� WKH� VHLVPLF� UHIOHFWLRQ� GDWD� EXW� H[SHFWHG� WR�

FRQWDLQ�D�WKLFNHU�VHGLPHQWDU\�VHTXHQFH��7KH�ORZ�JURXS�ZDYH�YHORFLWLHV�REVHUYHG�RQ�WKH����

���VHF�PDSV�DOVR�VXSSRUWV�WKH�SUHVHQFH�RI�D�WKLFNHU�VHGLPHQWDU\�EDVLQ���
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$� SURPLQHQW� ORZ� YHORFLW\� DQRPDO\� RQ� WKH� ������ VHF� JURXS� ZDYH� YHORFLW\� PDSV�

DSSHDUV� LQ� WKH� (DVWHUQ� $QDWROLD� UHJLRQ� VXUURXQGHG� E\� KLJKHU� YHORFLWLHV� RI� WKH� HDVWHUQ�

3RQWLGHV�DQG�WKH�FROOLVLRQ�]RQH�RI�$QDWROLDQ�±�$UDELDQ�SODWHV��.HVNLQ��������DQG�ùHQJ|U�

������� LQGLFDWHG� WKDW� WKH� (DVWHUQ�$QDWROLD� UHJLRQ� FDQ� EH� FKDUDFWHUL]HG� E\� WKUHH� WHFWRQLF�

XQLWV��WKH�3RQWLGHV�RQ�WKH�QRUWK��LQ�WKH�FHQWHU�WKH�(DVWHUQ�$QDWROLD�$FFUHWLRQDU\�&RPSOH[�

�($$&��DQG�FROOLVLRQ�UHODWHG�YROFDQLFV�DQG�ILQDOO\�RQ�WKH�VRXWK�%LWOLV�3|W�UJH�0DVVLI��

�

7KH�HDVWHUQ�3RQWLGHV�FKDUDFWHUL]HG�E\�KLJKHU�JURXS�ZDYH�YHORFLWLHV�DUH�FRQVLGHUHG�DV�

D�PDJPDWLF� DUF� GHYHORSHG� RI�$OELDQ� WR�2OLJRFHQH� DJH�� ,WV� EDVHPHQW� LV� UHSUHVHQWHG� E\� D�

PHWDPRUSKLF�PDVVLYH�QDPHG� WKH�3XOXU�&RPSOH[��7RSX]�HW�DO����������7KH�PDJPDWLF�DUF�

IRUPHG� E\� D� QRUWK�GLSSLQJ� VXEGXFWLRQ� XQGHU� WKH�(XUDVLDQ� FRQWLQHQWDO�PDUJLQ� �<ÕOPD]� HW�

DO��� ������ ùHQJ|U�� ������� $ORQJ� WKH� VXWXUH� ]RQH� VHSDUDWLQJ� WKH� 3RQWLGV� IURP�$QDWROLDQ�

,UDQLDQ�SODWIRUP�RSKLROLWHV��PpODQJHV�DQG�IRUH�DUF�GHSRVLWV�DUH�H[SRVHG��7KHUH�LV�D�JUDGXDO�

FUXVWDO�WKLFNHQLQJ�DORQJ�WKH�3RQWLGV�VWDUWLQJ�DW����NP�LQ�WKH�ZHVWHUQ�3RQWLGV�DQG�UHDFKLQJ�

WR����NP�LQ� WKH�HDVWHUQ�3RQWLGV� �%DVVLQ�HW�DO����������&UXVWDO� WKLFNHQLQJ�DQG� LQLWLDWLRQ�RI�

YROFDQLF�DFWLYLW\�VWDUWHG�DV�D�UHVXOW�RI�VXEGXFWLRQ�UHODWHG�FRPSUHVVLRQ�DQG�FRQVXPSWLRQ��

�

7KH�YROFDQLVP�VWDUWHG�HDUOLHU�LQ�WKH�QRUWK�DQG�PLJUDWHG�WR�WKH�VRXWK�DV�D�UHVXOW�RI�WKH�

VODE�VWHHSHQLQJ�XQGHU�(DVWHUQ�$QDWROLD�UHJLRQ��7KH�($$&�LV�SURGXFHG�E\�WKH�FRQVXPSWLRQ�

RI� WKH� 1HR�7HWK\DQ� 2FHDQ� DQG� D� ZLGHVSUHDG� YROFDQLF� DFWLYLW\� IURP� XSSHU� 0LRFHQH� WR�

4XDWHUQDU\�ZDV�REVHUYHG�LQ�WKH�UHJLRQ�ZLWK�WKH�FRPSOHWH�HOLPLQDWLRQ�RI�WKH�1HR�7HWK\DQ�

2FHDQ� IORRU� DV� D� UHVXOW� RI� FROOLVLRQ� EHWZHHQ� $UDELD� DQG� (XUDVLD� GXULQJ� (DUO\� 0LRFHQH�

�<ÕOPD]� HW� DO��� ������� 6HYHUDO� WHFWRQLF� PRGHOV� KDYH� EHHQ� SURSRVHG� WR� H[SODLQ� WKH�

VXEGXFWLRQ�DQG�SRVW�FROOLVLRQDO�HYROXWLRQ�RI�WKH�UHJLRQ��%DVHG�RQ�WKH�FUXVWDO�WKLFNQHVV��=RU�

HW�DO����������ORZ�3Q�YHORFLWLHV��$O�/D]NL�HW�DO���������DQG�KLJK�6Q�DWWHQXDWLRQ��*|N�HW�DO���

�������.HVNLQ��������DQG�ùHQJ|U��������SURSRVHG�WKH�DEVHQFH�RI�WKH�VXEGXFWLQJ�$UDELDQ�

3ODWH�EHQHDWK� WKH�$QDWROLDQ�3ODWHDX��7KH\�SURSRVHG� WKDW� WKH� OLWKRVSKHULF�PDQWOH� LV� HLWKHU�

WKLQQHG�RU�WRWDOO\�UHPRYHG�LQ�WKH�UHJLRQ��.HVNLQ��������DOVR�SURSRVHG�WKDW�WKH�LQWHUDFWLRQ�

RI� KRW� DVWKHQRVSKHUH�ZLWK� WKH� ($$&� WKDW� FRQWDLQV� UHWDLQHG�ZDWHU� GHFUHDVHV� WKH�PHOWLQJ�

WHPSHUDWXUHV�DW�D�JLYLQJ�GHSWK��JHQHUDWLQJ�H[WHQVLYH�PHOWLQJ�LQ�WKH�FUXVW��6XFK�LQWHUDFWLRQ�

FDQ� DFFRXQW� IRU� WKH� YDULDELOLW\� RI� ODYD� FKHPLVWU\� DQG�PDJPD�FUXVW� LQWHUDFWLRQ� DV�ZHOO� DV�

ORZ�YHORFLW\�]RQHV�LQ�WKH�FUXVW�DW�VKDOORZ�GHSWKV��7KH�ORZ�JURXS�ZDYH�YHORFLWLHV�DUH�DOVR�

REVHUYHG� RQ� WKH� WRPRJUDSKLF� LPDJHV� SUHVHQWHG� E\� *|N� HW� DO��� �������� 7KHUH� LV� D� JRRG�
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FRUUHODWLRQ�EHWZHHQ�WKH�������VHF�PDSV�RI�WKLV�VWXG\�DQG�WKH�GHSWK�VOLFHV�RI�������NP�RI�

*|N�HW�DO�����������*|N�HW�DO����������FRPSXWHG�WKH�FUXVWDO�WKLFNQHVV�DV����NP�LQ�$QDWROLDQ�

%ORFN�����NP�LQ�WKH�$QDWROLDQ�3ODWHDX�DQG����NP�LQ�WKH�$UDELDQ�3ODWH���

�

7KH�.ÕUúHKLU�0DVVLI� LV� ORFDWHG� LQ� WKH� FHQWUDO�$QDWROLD� GR� QRW� DSSHDU� DV� D� XQLIRUP�

YHORFLW\�EORFN�RQ�������VHF�JURXS�ZDYH�YHORFLW\�PDSV��+LJKHU�JURXS�ZDYH�YHORFLWLHV�DUH�

REVHUYHG� LQ� WKH� FRUH� RI� WKH�PDVVLI� DQG� UHODWLYHO\� ORZHU� YHORFLWLHV� LQ� WKH� DUHD� RI� WKH�7X]�

*|O��%DVLQ��+RZHYHU�DW�JUHDWHU�SHULRGV��������VHF��WKH�JURXS�ZDYH�YHORFLWLHV�KDYH�D�PRUH�

XQLIRUP�GLVWULEXWLRQ��7KLV�PD\� LQGLFDWH� WKDW� WKH�KHWHURJHQHLWLHV�DUH�FRQILQHG� WR� WKH�XSSHU�

FUXVW�LQ�WKH�PDVVLI��7KH�.ÕUVHKLU�0DVVLI�LV�UHJDUGHG�HLWKHU�DV�WKH�PHWKDPRUSKL]HG�QRUWKHUQ�

PDUJLQ� RI� WKH� $QDWROLGH�7DXULGH� WHUUDQH� RU� D� GLVWLQFW� WHUUDQH� VHSDUDWHG� IURP� $QDWROLGH�

7DXULGHV�E\� WKH� ,QQHU�7DXULGH� VXWXUH��7KH�PDVVL�FRQWDLQV�RFHDQLF� UHPQDQWV�GHULYHG� IURP�

WKH�1HRWHWK\V�2FHDQ�ZKLFK�VHSDUDWH�WKHP�IURP�WKH�6DNDU\D�FRQWLQHQW�� ,W� LV�FRQVLGHUHG�WR�

UHSUHVHQW�YDULDEO\�WHFWRQL]HG�DQG�VXEGXFWHG�RFHDQLF�OLWKRVSKHUH�DQG�FRQWLQHQWDO�FDUERQDWH�

SODWIRUP� WKDW�ZHUH� VXEVHTXHQWO\�HMHFWHG� IURP�DQ� DFFUHWLRQDU\�VXEGXFWLRQ�FRPSOH[�RQ� WKH�

FROOLVLRQ�ZLWK�WKH�6DNDU\D�PLFUR�FRQWLQHQW��)OR\G�HW�DO����������7KH�SUHVHQW�VHLVPLFLW\�RI�

7XUNH\� LQGLFDWHV� WKDW� LQWHUQDO�GHIRUPDWLRQ�RI� WKH�FHQWUDO�$QDWROLD�DSSHDUV� WR�EH� OHVV� WKDQ�

HDVWHUQ� DQG� ZHVWHUQ� $QDWROLD�� 7KHUHIRUH� LW� LV� QRW� VXUSULVLQJ� WR� H[SHFW� D� PRUH� ULJLG� DQG�

KRPRJHQHRXV�ORZHU�FUXVW�LQ�WKH�UHJLRQ��

�

7ZR�GLVWLQFW�JURXS�ZDYH�YHORFLW\�DQRPDOLHV�DSSHDU� LQ� WKH�%ODFN�6HD�VWDUWLQJ� DW����

VHF�SHULRG��$OWKRXJK�DGGLWLRQDO�UD\�FRYHUDJH�LV�QHFHVVDU\�WR�LQFUHDVH�WKH�UHOLDELOLW\�RI�WKH�

PDSV� WKH� IHDWXUHV� ZLWK� ODUJHU� ZDYHOHQJWKV� �!�� GHJUHH�� FDQ� VWLOO� EH� DVVRFLDWHG� ZLWK� WKH�

NQRZQ� JHRORJLF� IHDWXUHV�� 7KH� %ODFN� 6HD� LV� FRPSRVHG� RI� WZR� GHHS� EDVLQV�� 7KH� ZHVWHUQ�

%ODFN� 6HD� EDVLQ� KDV� D� PD[LPXP� WKLFNQHVV� RI� ��� NP� �6SDGLQL� HW� DO��� �������:H� GR� QRW�

FOHDUO\� REVHUYH� WKH� HIIHFW� RI� FUXVWDO� WKLQQLQJ� RQ� WKH� JURXS�ZDYH� YHORFLW\�PDSV��7KH� ORZ�

YHORFLW\�EDVLQV�PDVN�WKH�GHHSHU�VWUXFWXUHV�ZKLFK�FDQ�EH�REVHUYHG�IURP�WKH�VORZO\�YDU\LQJ�

VHQVLWLYLWLHV�RI�/RYH�ZDYHV����

�

)LJXUH� ����� DQG� )LJXUH� ����� VKRZV� WKH� WRPRJUDSKLF� LPDJH� DW� ��� VHF� ZLWK� PDMRU�

WHFWRQLF�XQLWV��VXWXUH�]RQHV�DORQJ�ZLWK�WKH�RSKLROLWV�DQG�YROFDQLVP��7KH�VXWXUH�]RQHV�ZLWK�

RSKLROLWV�LQGLFDWH�WKH�ERXQGDULHV�DORQJ�ZKLFK�WKH�FORVXUH�DQG�WKH�GHVWUXFWLRQ�RI�1HRWHWK\DQ�

2FHDQ�WRRN�SODFH��7KLV�DSSHDUV�RQ�WKH�JURXS�ZDYH�YHORFLW\�PDSV�ZLWK�VLJQLILFDQW�YHORFLW\�
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FRQWUDVWV��7KH� ø]PLU�$QNDUD� DQG�$QNDUD�(VNLúHKLU� VXWXUH� ]RQH� VHSDUDWH� WKH�3RQWLGV� IURP�

WKH�6DNDU\D�FRQWLQHQW�LQ�WKH�ZHVW�DQG�$QDWROLD�$UDELDQ�SODWH�LQ�WKH�HDVW��,QWUD�3RQWLG�VXWXUH�

]RQH� VHSDUDWHV� WKH� 6DNDU\D� FRQWLQHQW� IURP� WKH� ZHVWHUQ� 3RQWLGHV� DQG� FKDUDFWHUL]HG� E\� D�

YHORFLW\�FRQWUDVW��

�

$OWKRXJK� RQH� RI� WKH� REMHFWLYHV� RI� WKLV� VWXG\� ZDV� WR� PDNH� FRPSDUDWLYH� DQDO\VLV�

EHWZHHQ� FRUUHODWLRQ� EDVHG� DQG� HDUWKTXDNHV� VRXUFH� WRPRJUDSK\� ZH� RQO\� KDG� OLPLWHG�

VXFFHVV��8QIRUWXQDWHO\�WKH�QXPEHU�RI�SDWKV�IRU�5D\OHLJK�ZDYHV�REWDLQHG�IURP�HDUWKTXDNH�

VRXUFHV� ZDV� LQVXIILFLHQW� ZKLOH� WKH� FURVV� FRUUHODWLRQV� SURYLGHG� VXIILFLHQW� SDWKV� IRU� JRRG�

UHVROXWLRQ�� � 2Q� WKH� RWKHU� KDQG� WKH� FURVV� FRUUHODWLRQ� IRU� /RYH� ZDYHV� GLG� QRW� SURYLGH�

VXIILFLHQW�SDWK�FRYHUDJH�ZKLOH�WKH�SDWK�FRYHUDJH�IURP�HDUWKTXDNHV�ZDV�YHU\�JRRG���

�

)LJXUH� ����� VKRZV� ��� VHF� JURXS� YHORFLW\� PDSV� IRU� /RYH� ZDYHV� REWDLQHG� IURP�

HDUWKTXDNH�VRXUFHV�DQG�FRUUHODWLRQV���7KH�WRPRJUDSKLF�LPDJHV�ZHUH�FRPSXWHG�ZLWK��R�JULG�

LQWHUYDO��7KH�PDMRU�GLIIHUHQFHV�WDNH�SODFH�LQ�WKH�DUHDV�RI�ORZ�UD\�FRYHUDJH��$GGLWLRQDO�GDWD���

ERWK� RQ� WKH� HDUWKTXDNHV� VRXUFHV� DQG� FURVV� FRUUHODWLRQ� ZLOO� EH� QHFHVVDU\� IRU� D� EHWWHU�

DQDO\VLV��+RZHYHU�MRLQW�LQYHUVLRQ�RI�ERWK�GDWD�VHWV�ZLOO�IXUWKHU�LPSURYH�WKH�UHVROXWLRQ�DQG�

LQFUHDVH�SDWK�FRYHUDJH���

�

�

�
�
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�

)LJXUH�������(VWLPDWHG�JURXS�YHORFLW\�PDSV�RI�/RYH�ZDYHV��IURP�HDUWKTXDNHV���WRS���DQG�

FRUUHODWLRQV���ERWWRP��DW����VHF�SHULRG�IRU�RQH�E\�RQH�GHJUHH�JULG�VL]H��

�
�

�����VHF�
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�

�

,Q� WKLV� VWXG\� D� FRPSUHKHQVLYH� QRLVH� DQDO\VLV� LV� SHUIRUPHG� IRU� WKH� SHUPDQHQW� DQG�

WHPSRUDU\� EURDGEDQG� VWDWLRQV� LQ� 7XUNH\� DQG� VXUURXQGLQJ� DUHDV�� 7HPSRUDO� DQG� VSDWLDO�

YDULDWLRQV�RI� VHLVPLF�QRLVH� IRU� HDFK� FRPSRQHQW�RI� HDFK�EURDGEDQG� VWDWLRQ� DUH� FRPSXWHG��

&UXVWDO� VWUXFWXUH� RI�7XUNH\� DQG� VXUURXQGLQJV� LV� LQYHVWLJDWHG� E\� WKH� JURXS�ZDYH� YHORFLW\�

PDSV� RI� WKH� VXUIDFH� ZDYHV� IRU� WKH� VHOHFWHG� SHULRG� UDQJHV� IURP� DPELHQW� VHLVPLF� QRLVH�

FRUUHODWLRQV�DQG�HDUWKTXDNHV���

�

6HLVPLF�QRLVH�DQDO\VLV�LV�SUHVHQWHG�ZLWK�D�UHDOLVWLF�PRGHO�EDVHG�RQ�WKH�SRZHU�VSHFWUDO�

GHQVLW\�PHWKRGV��7KH�VHLVPLF�QRLVH�DQDO\VLV�H[KLELWV�YDULDWLRQV�RQ�QRLVH�OHYHOV�IRU�GLXUQDO��

VHDVRQDO�� JHRJUDSKLF� DQG� LQVWDOODWLRQ� W\SHV�� 'LXUQDO� YDULDWLRQV� RI� VHLVPLF� QRLVH� PDLQO\�

RFFXU� DW� KLJKHU� IUHTXHQFLHV� �!� ����+]��� 6HLVPLF� QRLVH� OHYHOV� DUH� JHQHUDOO\� KLJKHU� DW� GD\�

WLPH�KRXUV�WKDQ�QLJKW�WLPH�KRXUV�GXH�WR�WKH�LQFUHDVH�RI�FXOWXUDO�QRLVH��6HDVRQDO�YDULDWLRQV�

RFFXU�DV�D�UHVXOW�RI�PLFURVHLVPV�DW�VLQJOH�IUHTXHQF\�SHDN��a���VHF��DQG�GRXEOH�IUHTXHQF\�

SHDN� �a���� VHF���7KHVH�PLFURVHLVPV�DW� VLQJOH� IUHTXHQF\�SHDN� DQG�GRXEOH� IUHTXHQF\�SHDN�

RULJLQDWH� E\� WKH� FRQYHUVLRQ� RI� RFHDQ� ZDYH� HQHUJ\� LQWR� VHLVPLF� HQHUJ\� DQG� E\� WKH�

VXSHUSRVLWLRQ�RI�RFHDQ�ZDYHV�� UHVSHFWLYHO\��6HDVRQDO�QRLVH� OHYHOV�YDU\�HVSHFLDOO\�DW� WKHVH�

SHULRG�UDQJHV�DQG�KDYH�KLJKHU�YDOXHV�GXULQJ�ZLQWHU�WKDQ�WKH�QRLVH�OHYHOV�RI�RWKHU�VHDVRQV�

�VSULQJ�� IDOO� DQG� VXPPHU��� 6SDWLDO� YDULDWLRQ� RI� VHLVPLF� QRLVH� LV� FRPSXWHG� DW� WKH� VHOHFWHG�

SHULRG�UDQJHV������VHF������VHF�DQG����VHF���$W�����VHF�SHULRG�UDQJH�VHLVPLF�QRLVH�LV�PDLQO\�

KLJKHU�DORQJ�WKH�FRDVWDO�VWDWLRQV�WKDQ�FRQWLQHQWDO�VWDWLRQV��6HLVPLF�QRLVH�OHYHO�DW�WKLV�SHULRG�

UDQJH� LV�PDLQO\�VHQVLWLYH� WR� WKH�FXOWXUDO�QRLVH��%XW�DW� ORQJHU�SHULRGV������VHF�DQG����VHF��

VLJQLILFDQW� SHUWXUEDWLRQV� DUH� QRW� REVHUYHG�� 6HLVPLF� QRLVH� YDULDWLRQV� DFFRUGLQJ� WR� WKH�

LQVWDOODWLRQ� W\SHV� DUH� DOVR� LQYHVWLJDWHG�� 6SHFWUDO� GHQVLWLHV� RI� VHLVPLF� QRLVH� IRU� EURDGEDQG�

VHLVPLF�VWDWLRQV�ZLWK�GLIIHUHQW� LQVWDOODWLRQ�W\SHV�DQG�VHLVPRPHWHUV�DUH�FRPSDUHG��6HLVPLF�

VWDWLRQV�ZLWK����VHF������VHF�DQG�����VHF�EDQGZLGWKV�DUH�FRPSDUHG�DQG�WKH�UHVXOWV�H[KLELW�

VLJQLILFDQW�YDULDWLRQV�DW�KLJKHU�SHULRGV��,QVWDOODWLRQ�SURSHUWLHV�RI�VWDWLRQV�SOD\�DQ�HVVHQWLDO�

UROH�LQ�WKH�TXDOLW\�RI�WKH�UHFRUGV��%URDGEDQG�VWDWLRQV�LQVWDOOHG�DW�GHHS�ERUHKROHV�KDYH�ORZHU�

QRLVH�OHYHOV�DW�DOO�SHULRG�UDQJHV���

�
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$SSOLFDWLRQ� RI� WKH� VHLVPLF� QRLVH� FRUUHODWLRQ� WHFKQLTXH� IRU� H[WUDFWLQJ� WKH� *UHHQ¶V�

IXQFWLRQ�LV�SHUIRUPHG��'DWD�UHFRUGHG�GXULQJ�������������E\�XVLQJ�����EURDGEDQG�VWDWLRQV�

LQ� WKH� UHJLRQ� KDV� EHHQ� FROOHFWHG� DQG� ��� KRXU� ORQJ� GDWD� VHJPHQWV� DUH� IRUPHG� IRU� HDFK�

VWDWLRQ�� 5DZ� VHLVPLF� GDWD� KDYH� EHHQ� UH�VDPSOHG� WR� RQH� VDPSOH� SHU� VHFRQG�� &URVV�

FRUUHODWLRQV�DUH�FRPSXWHG�IRU�HDFK�VWDWLRQ�SDLU��$SSUR[LPDWHO\�������SDWKV�FRPSXWHG�IRU�

ERWK�5D\OHLJK�DQG�/RYH�ZDYHV�EXW�DIWHU�WKH�UHYLVLRQ�DQG�VHOHFWLRQ��DSSUR[LPDWHO\�RQH�IRUWK�

RI�WKH�SDWKV�IRU�5D\OHLJK�ZDYHV�DQG�OHVVHU�DPRXQW�IRU�/RYH�ZDYHV�SURYLGHG�UHOLDEOH�GDWD��

6LQFH�WKH�QXPEHU�RI�SDWKV�IRU�/RYH�ZDYHV�ZDV�PXFK�ORZHU�WKDQ�WKRVH�RI�5D\OHLJK�ZDYHV�

RQO\� ��� VHF� SHULRG� ZDV� VHOHFWHG� WR� SUHVHQW� JURXS� ZDYH� YHORFLW\� PDSV� RI� /RYH� ZDYHV��

*URXS�YHORFLW\�PDSV�RI�5D\OHLJK�ZDYHV�ZHUH�FRPSXWHG�IRU�WKUHH�GLIIHUHQW�SHULRGV���������

DQG����VHF�����

�

,Q� WKH� ODVW� SDUW� RI� WKLV� ZRUN�� JURXS� YHORFLWLHV� RI� /RYH� ZDYHV� LQ� 7XUNH\� DQG� WKH�

VXUURXQGLQJ�UHJLRQV�DUH�FRPSXWHG�IURP�WKH�ORFDO�DQG�UHJLRQDO�HDUWKTXDNHV��$YDLODEOH�GDWD�

DUH� XVHG� IURP� EURDGEDQG� VWDWLRQV� RSHUDWHG� EHWZHHQ� \HDUV� ����� DQG� ����� LQ�7XUNH\� DQG�

VXUURXQGLQJ�UHJLRQV������HDUWKTXDNHV�ZLWK�PDJQLWXGHV�JUHDWHU�WKDQ�����DUH�VHOHFWHG�IRU�WKH�

DQDO\VLV��)XQGDPHQWDO�PRGH�JURXS�YHORFLWLHV�RI�/RYH�DQG�5D\OHLJK�ZDYHV�DW�����VWDWLRQV�

DORQJ� ������ SDWKV� DUH� FRPSXWHG�� %\� XVLQJ� WKH� WRPRJUDSKLF� LQYHUVLRQ� PHWKRG�� JURXS�

YHORFLW\�PDSV�RI�/RYH�ZDYHV�DW��������������������DQG����VHF�DUH�FRPSXWHG���

�

7KH�JURXS�ZDYH�YHORFLW\�PDSV�LQGLFDWH�WKH�SUHVHQFH�RI�VLJQLILFDQWO\�GLIIHUHQW�FUXVWDO�

FRPSRVLWLRQV� DQG� VWUXFWXUHV� UHVXOWLQJ� IURP� GLIIHUHQW� WHFWRQLF� HYROXWLRQV�� 2EWDLQHG�PDSV�

H[KLELW�VWURQJ�YHORFLW\�SHUWXUEDWLRQV�DQG�FRUUHODWHV�ZHOO�ZLWK�WKH�NQRZQ�WHFWRQLF�VWUXFWXUHV��

,Q�JHQHUDO�� WKH� WRPRJUDSKLF� LPDJHV�DW�VKRUW�SHULRGV��������VHF��GLVSOD\LQJ� ORZ�YHORFLWLHV�

DVVRFLDWH� ZLWK� WKH� VHGLPHQWDU\� EDVLQV�� LQWHUPHGLDWH� SHULRGV� ������� VHF�� ZLWK� UHJLRQDO�

JHRORJLF� VWUXFWXUHV� DQG� JUHDWHU� SHULRGV� �������� WRWDO� FUXVWDO� VWUXFWXUH� DQG� XSSHU� PDQWOH���

/RZ� JURXS�ZDYH� YHORFLWLHV� DUH� REVHUYHG� LQ� WKH�0DUPDUD� 6HD�� 7KUDFH�%DVLQ�� 6DURV�%D\��

6LQRS� %DVLQ�� %ODFN� 6HD� DQG� 0HGLWHUUDQHDQ� 6HD� LQGLFDWLQJ� WKH� SUHVHQFH� RI� WKLFN�

VHGLPHQWDU\� GHSRVLWV�� /RZ� JURXS�ZDYH� YHORFLWLHV� REVHUYHG� LQ� WKH� (DVWHUQ� $QDWROLD� WDNH�

SODFH�DW�D� UHJLRQ�ZLWK�ZLGHVSUHDG�YROFDQLF�DFWLYLW\��2QH�RI� WKH�SURPLQHQW� IHDWXUHV�RI� WKH�

JURXS�ZDYH�YHORFLW\�PDSV�LV�WKH�REVHUYDWLRQ�RI�D�ZHGJH�VKDSH�ORZ�YHORFLW\�DQRPDO\�LQ�WKH�

$QWDO\D�%D\�HORQJDWLQJ�WRZDUGV�WKH�,VSDUWD�DQJOH��/RZ�YHORFLWLHV�VWDUW�DSSHDULQJ�DW����VHF�

PDS� DQG� FRQWLQXH� WR� EH� SUHVHQW� DW� JUHDWHU� SHULRGV� ZLWK� LQFUHDVLQJ� ZDYHOHQJWKV��
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7RPRJUDSKLF� LPDJH� DW� ��� VHF� VKRZV� PDMRU� WHFWRQLF� XQLWV�� VXWXUH� ]RQHV� DORQJ� ZLWK� WKH�

RSKLROLWV� DQG� YROFDQLVP�� 7KH� VXWXUH� ]RQHV� ZLWK� RSKLROLWV� LQGLFDWH� WKH� ERXQGDULHV� DORQJ�

ZKLFK�WKH�FORVXUH�DQG�WKH�GHVWUXFWLRQ�RI�1HRWHWK\DQ�2FHDQ�WRRN�SODFH��7KLV�DSSHDUV�RQ�WKH�

JURXS� ZDYH� YHORFLW\� PDSV� ZLWK� VLJQLILFDQW� YHORFLW\� FRQWUDVWV�� 7KH� ø]PLU�$QNDUD� DQG�

$QNDUD�(VNLúHKLU�VXWXUH�]RQH�VHSDUDWH�WKH�3RQWLGV�IURP�WKH�6DNDU\D�FRQWLQHQW�LQ�WKH�ZHVW�

DQG� $QDWROLD�$UDELDQ� SODWH� LQ� WKH� HDVW�� ,QWUD� 3RQWLG� VXWXUH� ]RQH� VHSDUDWHV� WKH� 6DNDU\D�

FRQWLQHQW� IURP� WKH�ZHVWHUQ�3RQWLGHV� DQG�FKDUDFWHUL]HG�E\� D�YHORFLW\� FRQWUDVW��7KH� VXWXUH�

]RQH�DORQJ�WKH�$QDWROLDQ�$UDELDQ�SODWHV�LV�ZHOO�FKDUDFWHUL]HG�E\�D�KLJK�YHORFLW\�DQRPDO\��

$�JRRG�FRUUHODWLRQ�EHWZHHQ�WKH�VXWXUH�]RQH�DQG�WKH�ZHGJH�VKDSHG�DQRPDO\�LQ�WKH�$QWDO\D�

EDVLQ�,VSDUWD�DQJOH��$ORQJ�WKH�+HOOHQLF�DUF�LQ�WKH�VRXWK�$HJHDQ�KLJK�YHORFLWLHV�DSSHDUV�RQ�

WKH�EDFN�DUF�ZLWK�VLJQLILFDQW�FUXVWDO�WKLQQLQJ����

�

7KH�YLWDO�SRLQW�LQ�LQWURGXFLQJ�WKH�DPELHQW�VHLVPLF�QRLVH�FRUUHODWLRQ�WHFKQLTXH�ZDV�LWV�

DSSOLFDELOLW\� LQ� SODFHV� ZKHUH� HDUWKTXDNHV� GR� QRW� RFFXU�� ,Q� UHJLRQV� ZKHUH� WKH� VWDWLRQ�

FRYHUDJH� LV� VXIILFLHQW� DQG� HDUWKTXDNH� RFFXUUHQFH� LV� OLPLWHG� DPELHQW� VHLVPLF� QRLVH�

FRUUHODWLRQ� FDQ� EH� XVHG� IUXLWIXOO\�� +RZHYHU�� LQ� SODFHV� VXFK� DV� 7XUNH\�� ZKLFK� FDQ� EH�

DFFHSWHG�DV�D�QDWXUDO�ODERUDWRU\�GXH�WR�WKH�RFFXUUHQFH�RI�HDUWKTXDNHV�JURXS�ZDYH�YHORFLW\�

PDSV� FDQ� EH� REWDLQHG� ZLWK� JRRG� UHVROXWLRQV�� +RZHYHU� DV� LQGLFDWHG� LQ� WKLV� VWXG\� WKH�

HDUWKTXDNHV�DW�UHJLRQDO�GLVWDQFHV�PD\�QRW�SURYLGH�VXIILFLHQW�UD\�SDWK�FRYHUDJH�IRU�5D\OHLJK�

ZDYH� WRPRJUDSK\��2Q� WKH� FRQWUDU\� FRUUHODWLRQ� EDVHG� WRPRJUDSK\�PD\� SURYLGH� VXIILFLHQW�

GDWD� DQG� KLJKHU� UHVROXWLRQ� LPDJHV�� 7ZR� GLIIHUHQW� DSSURDFKHV� FRPSOHPHQW� HDFK� RWKHU� WR�

REWDLQ� KLJKHU� UHVROXWLRQ� LPDJHV�� $W� VKRUWHU� GLVWDQFHV� FRUUHODWLRQV� SURYLGH� DFFXUDWH�

PHDVXUHPHQWV� RI� JURXS� YHORFLWLHV� DORQJ� WKH� SDWKV� ZKLOH� DW� JUHDWHU� GLVWDQFHV� SRRU� 6�1�

GHJUDGHV�WKH�HVWLPDWLRQ�RI�*UHHQ¶V�IXQFWLRQV��7KH�HVWLPDWLRQ�RI�WKH�*UHHQ¶V�IXQFWLRQV�ZLOO�

LPSURYH�DV�PRUH�GDWD�EHFRPHV�DYDLODEOH���

�

�)XWXUH�ZRUN�ZLOO�FRQFHQWUDWH�RQ�WKH�MRLQW�LQYHUVLRQ�RI�ERWK�W\SHV�RI�GDWD�DQG�SURYLGH�

EHWWHU� HVWLPDWLRQ� RI� JURXS� YHORFLW\�PDSV�� 7KH� JURXS� YHORFLW\�PDSV�ZLOO� DOVR� EH� XVHG� WR�

GHWHUPLQH� WKH� YHORFLW\� VWUXFWXUH� ZLWK� WKH� MRLQW� LQYHUVLRQ� RI� UHFHLYHU� IXQFWLRQV� DQG� 3Q�

YHORFLWLHV��

���

�

�
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��� $<'� �������� �������� ��676�� :$65(�
��� %$/%�� ������� ������� ��&0*��7�� .2(5,�
��� %$<7�� ��������� �������� ��&0*��(63&'�� .2(5,�
��� %&$�� �������� ��������� ��&0*��(63�� .2(5,�
��� %&.�� �������� ��������� ��&0*��7�� .2(5,�
��� %)2� �������� ������� ��676�� ,5,6�
��� %*.7�� �������� �������� ��&0*��(63�� .2(5,�
��� %/&%�� ��������� �������� ��&0*��7�� .2(5,�
��� %1*%�� ��������� ��������� ��&0*��(63&'�� .2(5,�
��� %1*/� ������������ �������� ��676�� (76(�
��� %1,� �������� ������� ��676�� 0('1(7�
��� %11�� ��������� ��������� ��&0*��7�� .2(5,�
��� %2'7�� ��������� ��������� ��&0*��(63�� .2(5,�
��� %2=� �������� �������� ��676�� :$65(�
��� %2=;� ������� ������� ��&0*���7� 78%,7$.�
��� %7/6�� ������� ��������� ��&0*��7�� .2(5,�
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��� %8&�� �������� �������� ��.6����� 52�
��� %8<%� ������������ �������� ��&0*��7� 78%,7$.�
��� %<%7� �������� �������� ��676�� (76(�
��� %<.1� ������������ �������� ��676�� (76(�
��� %=.� ������������ �������� ��&0*��7� .2(5,�
��� %=6� �������� �������� ��676�� 52�
��� &$1%� �������� �������� ��&0*��7� 78%,7$.�
��� &$17�� ��������� ��������� ��&0*��7�� .2(5,�
��� &$57� ������� ������� ��676�� *(2)21�
��� &$9,�� ��������� ��������� ��&0*��(63�� .2(5,�
��� &(/� �������� �������� ��676�� 0('1(7�
��� &(<7�� ��������� ��������� ��&0*��(63�� .2(5,�
��� &+26� �������� �������� ��&0*��(63� +7�
��� &,,� ������� ������� ��676�� 0('1(7�
��� &/'5�� ��������� �������� ��&0*��(63�� .2(5,�
��� &/7%� �������� �������� ��676�� 0('1(7�
��� &0&<� �������� �������� ��676�� (76(�
��� &0+%� �������� �������� ��&0*��7� 78%,7$.�
��� &250�� ��������� ��������� ��&0*��(63�� .2(5,�
��� &5/7�� ��������� ��������� ��&0*��(63�� .2(5,�
��� &66� �������� �������� ��676�� *(2)21�
��� &7.6�� ��������� ��������� ��&0*��(63�� .2(5,�
��� &7</�� ��������� ��������� ��&0*��7�� .2(5,�
��� &8&� �������� �������� ��676�� 0('1(7�
��� &8.7�� ��������� ��������� ��&0*��(63�� .2(5,�
��� '$/7�� ��������� ��������� ��&0*��7�� .2(5,�
��� '$5(�� ��������� ��������� ��&0*��7�� .2(5,�
��� '$7�� ��������� ��������� ��&0*��(63�� .2(5,�
��� '(8� �������� �������� ��676�� :$65(�
��� '*5/� �������� �������� ��676�� (76(�
��� '*68� �������� �������� ��676�� (76(�
��� ',.0�� ��������� ��������� ��&0*��7�� .2(5,�
��� ',96� �������������������������������������������������������������676�� 0('1(7�
��� '5*5� ��������������������������������������������������������������.6����� 52�
��� '3&� ��������������������������������������������������������������676�� &=�
��� '6%� �����������������������������������������������������������������676�� *(2)21�
��� '<%5� ������������ �������� ��676�� (76(�
��� (&+� ������� ������ ��676�� *(26&23(�
��� ('&�� ��������� ��������� ��&0*��7�� .2(5,�
��� ('5%�� �������� ��������� ��&0*��7�� .2(5,�
��� (,/� �������� �������� ��676�� *(2)21�
��� (//�� ��������� ��������� ��&0*��7�� .2(5,�
��� (1(=�� ��������� ��������� ��&0*��7�� .2(5,�
��� (5(1�� ��������� ��������� ��&0*��7�� .2(5,�
��� (5*1� �������� �������� ��676�� (76(�
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��� (5,.�� ��������� ��������� ��&0*��(63�� .2(5,�
��� (5=1�� ��������� �������� ��&0*��(63�� .2(5,�
��� (6.� ������� ������� ��676�� ,5,6�
��� (63<�� ��������� ��������� ��&0*�(63�� .2(5,�
��� (95� ������ ������ ��/(��'���� 12$�
��� (=1�� ��������� ��������� ��&0*��(63�� .2(5,�
��� (=50� �������� �������� ��&0*��7� (76(�
��� )(7<�� ��������� ��������� ��&0*��(63�� .2(5,�
��� )1$� �������� ��������������������������������&0*��(63� +7�
��� )2'(� ��������������������������������������������������������������676�� *(2)21�
��� )85,� ����������������������������������������������������������������676�� ,5,6�
��� *$'$�� ��������� ��������� ��&0*��7�� .2(5,�
��� *$=�� ��������� ��������� ��&0*��7�� .2(5,�
��� *%=;� �������� �������� ��&0*���7� 78%,7$.�
��� *(/,�� �������� ��������� ��&0*��(63�� .2(5,�
��� *(07�� �������� �������� ��&0*��7�� .2(5,�
��� */+6�� �������� ��������� ��&0*��7�� .2(5,�
���� *1,� �������� �������� ��676�� ,5,6�
���� *21(�� ��������� �������� ��&0*��(63�� .2(5,�
���� *5*� �������� �������� ��&0*��(63� +7�
���� *8/7�� ��������� �������� ��&0*��(63�� .2(5,�
���� *9'� �������� �������� ��676�� *(2)21�
���� +$05� �������� �������� ��676�� (76(�
���� +'0%�� �������� �������� ��&0*���7�� .2(5,�
���� +,16� ������������ �������� ��676�� (76(�
���� +/*� ����������������������������������������������������������������676�� *(2)21�
���� +257� �������� ��������������������������������&0*��(63� +7�
���� +537� ������������ �������� ��676�� (76(�
���� +561� ������������ �������� ��676�� (76(�
���� +57;�� ��������� �������� ��&0*��(63�� .2(5,�
���� ,$6� �������� �������� ��&0*���7� 52�
���� ,%%1� ������� ������ ��676�� *(2)21�
���� ,',� ������� ������� ��676�� 0('1(7�
���� ,*7� �������� �������� ��&0*��(63� +7�
���� ,./�� ��������� ��������� ��&0*��7�� .2(5,�
���� ,/,&� �������� �������� ��676�� (76(�
���� ,05/� �������� �������� ��676�� (76(�
���� ,6.�� ��������� ��������� ��&0*��7�� .2(5,�
���� ,63�� ��������� ��������� ��676��� .2(5,�
���� ,70� �������� �������� ��/(��'���� +/�
���� -$1� ������ ������ ��/(��'���� 12$�
���� -(5� ������� ������� ��676�� *(2)21�
���� -0%� ������� ������� ��&0*���7� %6�
���� .$5$�� ��������� ��������� ��&0*��(63�� .2(5,�
���� .$51� �������� �������� ��676�� *(2)21�
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���� .$53� ������ ������ ��/(��'���� 12$�
���� .$56�� ��������� ��������� ��&0*��7�� .2(5,�
���� .%6� �������� �������� ��676�� *(2)21�
���� .&7;�� ��������� ��������� ��&0*��(63�� .2(5,�
���� .'=(�� ��������� �������� ��&0*��7�� .2(5,�
���� .(.� ������ ������ ��/(��'���� +/�
���� .(9� ������� ������� ��676�� ,5,6�
���� .+&� �������� �������� ��676�� &=�
���� .,(9� �������� �������� ��676�� ,5,6�
���� .,9� ������� ������� ��676�� ,5,6�
���� ./&%� �������� �������� ��&0*��7� 78%,7$.�
���� ./<7�� �������� �������� ��&0*��7�� .2(5,�
���� .0%2� ������� ������� ��676�� *(2)21�
���� .05%� ������� ������� ��&0*��7� 78%,7$.�
���� .056�� ��������� ������ ��&0*��7�� .2(5,�
���� .212� ������� ������ ��676�� ,5,6�
���� .217�� ��������� ��������� ��&0*��7�� .2(5,�
���� .27.� �������� �������� ��676�� (76(�
���� .2=7�� ��������� ��������� ��&0*��7�� .2(5,�
���� .5%*�� ��������� ��������� ��&0*��(63�� .2(5,�
���� .5,6� �������� �������� ��676�� *(2)21�
���� .5/9� �������� �������� ��676�� (76(�
���� .576�� ��������� �������� ��&0*��(63�� .2(5,�
���� .6',� ������� ������� ��676�� *(2)21�
���� .7/1� �������� �������� ��676�� (76(�
���� .787�� �������� ��������� ��&0*��7�� .2(5,�
���� .8/� �������� �������� ��676�� :$65(�
���� .8/$�� ��������� ��������� ��&0*��7�� .2(5,�
���� .85.� �������� �������� ��676�� ,5,6�
���� .97�� ��������� ��������� ��&0*��7�� .2(5,�
���� .:3� ������� ������� ��676�� *(2)21�
���� .<35� �������� �������� ��676�� (76(�
���� .=1� ������ ������ ��/(��'���� 12$�
���� /$'.�� ��������� ��������� ��&0*��7�� .2(5,�
���� /$3�� ��������� ��������� ��&0*��(63�� .2(5,�
���� /$67� �������� �������� ��676�� *(2)21�
���� /()�� ��������� �������� ��&0*��7�� .2(5,�
���� /).�� ��������� ��������� ��&0*��(63�� .2(5,�
���� /,$� ������ ������ ��&0*���7� 12$�
���� /,7� �������� �������� ��&0*��(63� +7�
���� /.'� �������� �������� ��&0*��(63� +7�
���� /.5� ������ ������ ��&0*���7� 12$�
���� /2'�� ��������� �������� ��&0*��7�� .2(5,�
���� 0$+2� ������� ������ ��676�� *(2)21�
���� 0$/7�� �������� �������� ��676�� .2(5,�
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���� 0$7(� �������� �������� ��676�� *(2)21�
���� 0'1<�� �������� �������� ��&0*��(63�� .2(5,�
���� 0'8%�� ��������� ��������� ��&0*��7�� .2(5,�
���� 0(/,� ������� ������� ��676�� *(2)21�
���� 0(56�� ��������� ��������� ��&0*��7�� .2(5,�
���� 0)7;� �������� �������� ��&0*���7� .2(5,�
���� 0+9� ������� ������� ��676�� *(2)21�
���� 0/5� �������� �������� ��676�� 52�
���� 0/6%�� ��������� ��������� ��&0*���7�� .2(5,�
���� 025&� ������� ������� ��676�� *(2)21�
���� 05'1� �������� �������� ��676�� (76(�
���� 051,� �������� �������� ��676�� *(2)21�
���� 050;�� ��������� ��������� ��&0*��7�� .2(5,�
���� 06'<� �������� �������� ��676�� (76(�
���� 07(� ������� ������� ��676�� *(2)21�
���� 086+� �������� �������� ��676�� (76(�
���� 1(2� ������ ������ ��/(��'���� 12$�
���� 1(9%� ������� ������� ��&0*��7� 78%,7$.�
���� 136� ������ ������ ��/(��'���� 12$�
���� 195� ������ ������ ��&0*���7� 12$�
���� 2%1� ������� ������� ��676�� ,5,6�
���� 285� �������� �������� ��&0*��(63� +7�
���� 3$,*� �������� �������� ��&0*��(63� +7�
���� 3'*� �������� �������� ��676�� 0('1(7�
���� 3/'� ������� ������� ��&0*���7� %6�
���� 3/*� ������ ������ ��/(��'���� 12$�
���� 35.� ������ ������ ��/(��'���� 12$�
���� 358� �������� �������� ��676�� &=�
���� 36=� ������� ������� ��676�� +8�
���� 37.�� ��������� ��������� ��&0*��7�� .2(5,�
���� 38/� ������� ������� ��676�� *(2)21�
���� 3=$5�� �������� ��������� ��&0*�(63�� .2(5,�
���� 5$<1� �������� �������� ��676�� ,5,6�
���� 5'2� ������ ������ ��/(��'���� +/�
���� 5*1� ������� ������� ��676�� *(2)21�
���� 5.<�� ��������� ��������� ��&0*��(63�� .2(5,�
���� 5/6� ������ ������ ��/(��'���� 12$�
���� 56'<�� ��������� ��������� ��&0*��7�� .2(5,�
���� 57&� �������� �������� ��676�� 0('1(7�
���� 58(� ������� ������� ��676�� *(2)21�
���� 6$17� ������� ������� ��676�� *(2)21�
���� 6$5,�� ��������� ��������� ��&0*��7�� .2(5,�
���� 6(/9� ������� ������� ��676�� *(2)21�
���� 6)-� ������� �������� ��676�� *(2)21�
���� 6)6� ������� ������� ��676�� *(2)21�
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���� 6)8&� ������� ������� ��676�� *(2)21�
���� 6+87�� �������� �������� ��&0*��7�� .2(5,�
���� 6,*5� �������� �������� ��&0*��(63� +7�
���� 6,/1� �������� �������� ��676�� (76(�
���� 6,/7�� �������� �������� ��&0*��(63�� .2(5,�
���� 6,51� �������� �������� ��676�� (76(�
���� 6,57�� �������� ��������� ��&0*��7�� .2(5,�
���� 6,9$� ������� �������� ��676�� *(2)21�
���� 6.'� ������� ������� ��676�� *(2)21�
���� 6/97�� ������� ������� ��&0*��(63�� .2(5,�
���� 60*� ������ ������ ��/(��'���� 12$�
���� 62+� �������� �������� ��&0*��(63� +7�
���� 631&�� �������� ��������� ��&0*��(63�� .2(5,�
���� 656� �������� �������� ��&0*��(63� +7�
���� 66%� �������� ������� ��676�� 0('1(7�
���� 678� ������� ������ ��676�� *(2)21�
���� 68/7�� ��������� ��������� ��&0*��7�� .2(5,�
���� 680*� ������� �������� ��676�� *(2)21�
���� 687&�� ��������� ��������� ��&0*��(63�� .2(5,�
���� 68:� ������� ������� ��676�� *(2)21�
���� 695&�� ��������� �������� ��&0*��7�� .2(5,�
���� 695+�� ���������� ���������� ��&0*��7�� .2(5,�
���� 696.�� ��������� ��������� ��&0*���7�� .2(5,�
���� 7$0� ������� ������ ��676�� *(26&23(�
���� 7+(� ��������������������������� ��&0*��(63� +7�
���� 7,3� �������� �������� ��676�� 0('1(7�
���� 7,5� �������� �������� ��676�� 0('1(7�
���� 7,55� �������� �������� ��676�� 52�
���� 7.5�� ��������� ��������� ��&0*��(63�� .2(5,�
���� 75,� �������� �������� ��676�� 0('1(7�
���� 751;� �������� �������� ��&0*���7� 78%,7$.�
���� 752<� �������� �������� ��&0*��7� 78%,7$.�
���� 757(� ������� ������� ��676�� *(2)21�
���� 78(� �������� ������� ��676�� 0('1(7�
���� 85)$�� �������� ��������� ��&0*��(63�� .2(5,�
���� 8=0/� �������� �������� ��676�� (76(�
���� 9$0� ������ ������ ��/(��'���� 12$�
���� 9$1%�� �������� ��������� ��&0*��7�� .2(5,�
���� 9/&� �������� �������� ��676�� 0('1(7�
���� 9/,� ������ ������ ��/(��'���� 12$�
���� 9/6� ������ ������ ��/(��'���� 12$�
���� 95,� �������� �������� ��&0*��(63� 52�
���� 957%�� ��������� �������� ��&0*��(63&'�� .2(5,�
���� 96/� �������� ������� ��676�� 0('1(7�
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�

$JQHZ��'�� &�� DQG� -�� %HUJHU�� ������ ³9HUWLFDO� 6HLVPLF�1RLVH� DW�9HU\� /RZ� )UHTXHQFLHV´��

-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��9RO������SS�������������

�

$NVX��$�(��� 7�� -�� &DORQ�� -�� +DOO�� 6��0DQVILHOG� DQG�'��<DúDU�� ������ ³7KH�&LOLFLD±$GDQD�

%DVLQ�&RPSOH[�� (DVWHUQ�0HGLWHUUDQHDQ��1HRJHQH�(YROXWLRQ� RI� DQ�$FWLYH� )RUH�$UF�

%DVLQ�LQ�DQ�2EOLTXHO\�&RQYHUJHQW�0DUJLQ´��0DULQH�*HRORJ\��9RO�������SS����±�����

�

$N\RO��1���/��=KX��%��-��0LWFKHOO��+��6|]ELOLU��DQG�.��.HNRYDOÕ��������³&UXVWDO�6WUXFWXUH�

DQG�/RFDO�6HLVPLFLW\�LQ�:HVWHUQ�$QDWROLD´��*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO��9RO��

�����1R�����SS�������������

�

$O�/D]NL� $��� '�� 6HEHU�� (�� 6DQGYRO�� 1�� 7XUNHOOL�� 5��0RKDPDG� DQG�0�� %DUD]DQJL�� ������

³7RPRJUDSKLF�3Q�9HORFLW\�DQG�$QLVRWURS\�6WUXFWXUH�%HQHDWK�WKH�$QDWROLDQ�3ODWHDX�

�(DVWHUQ�7XUNH\��DQG�WKH�6XUURXQGLQJ�5HJLRQV´��*HRSK\VLFDO�5HVHDUFK�/HWWHUV��9RO���

����1R������

�

%DVVLQ��&���*��/DVNH�DQG�*��0DVWHUV��������³7KH�&XUUHQW�/LPLWV�RI�5HVROXWLRQ�IRU�6XUIDFH�

:DYH�7RPRJUDSK\�LQ�1RUWK�$PHULFD´��(26�7UDQV�$*8������)�����

�

%KDWWDFKDU\D��6��1���������³+LJKHU�2UGHU�$FFXUDF\�LQ�0XOWLSOH�)LOWHU�7HFKQLTXH´��%XOOHWLQ�

RI�WKH�6HLVPRORJLFDO�6RFLHW\�RI�$PHULFD��9RO������1R�����SS�������������

�

%HQVHQ��*��'���0��+��5LW]ZROOHU��0��3��%DUPLQ��$��/��/HYVKLQ��)��/LQ��0��3��0RVFKHWWL��1��

0��6KDSLUR�DQG�<��<DQJ��������³3URFHVVLQJ�6HLVPLF�$PELHQW�1RLVH�'DWD�WR�2EWDLQ�

5HOLDEOH�%URDGEDQG�6XUIDFH�:DYH�'LVSHUVLRQ�0HDVXUHPHQWV´��*HRSK\VLFDO�-RXUQDO�

,QWHUQDWLRQDO��9RO�������SS��������������

�

%HUQDUG��3���������/¶DJLWDWLRQ�0LFURVHLVPLTXH�DX�-DSRQ��$QQ��3K\V��*OREH�)UDQFH�RXWUp�

PHU�������SS�����������

�
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%HUQDUG��3�������D��(WXGH�VXU�O¶DJLWDWLRQ�0LFURVHLVPLTXH��3UHVVHV�8QLYHUVLWDLUHV�GH�)UDQFH���

�

%HUQDUG�� 3��� ����E�� (WXGH� VXU� O¶DJLWDWLRQ� 0LFURVHLVPLTXH� HW� VHV� 9DULDWLRQV�� $QQDOHV� GH�

O¶,QVWLWXW�GH�3K\VLTXH�GX�*OREH�GH�3DULV���������

�

%HUWHOOL�7���������³2VVHUYD]LRQL�VXL�3LFFROR�PRYLPHQWL�GHL�3HQGROL�LQ�5HOD]LRQH�DG�$OFXQL�

)HQRPHQL�0HWHRURORJLFKH´��%XOOHWWLQR�0HWHRURORJLFR�GHOO¶2VVHUYDWRULR�GHOO�&ROOHJLR�

5RPDQR��5RPD��,WDO\��

�

%RQQHIR\�&ODXGHW��6���)��&RWWRQ�DQG�3��%DUG��������³7KH�1DWXUH�RI�1RLVH�:DYHILHOG�DQG�

LWV�$SSOLFDWLRQV�IRU�6LWH�(IIHFWV�6WXGLHV��$�OLWHUDWXUH�5HYLHZ´��(DUWK�6FLHQFH�5HYLHZ��

����SS�����������

�

%UXQH��-��1���DQG�-��2OLYHU��������³7KH�6HLVPLF�1RLVH�RI�WKH�(DUWK¶V�6XUIDFH´��%XOOHWLQ�RI�

WKH�6HLVPRORJLFDO�6RFLHW\�RI�$PHULFD��9RO������1R�����SS�����������

�

&DPSLOOR�� 0��� ������ ³3KDVH� DQG� &RUUHODWLRQ� LQ� µ5DQGRP¶� 6HLVPLF� )LHOGV� DQG� WKH�

5HFRQVWUXFWLRQ�RI�WKH�*UHHQ�)XQFWLRQ´��3XUH�DQG�$SSOLHG�*HRSK\VLFV��9RO�������

�

&DPSLOOR��0��DQG�$��3DXO��������³/RQJ�5DQJH�&RUUHODWLRQV�LQ�WKH�'LIIXVH�6HLVPLF�&RGD´��

6FLHQFH�������SS�����������

�

&DQÕWH]�� 1��� ������ ³2SWLPXP� )LOWHU� IRU� 6XUIDFH�:DYH� *URXS�9HORFLW\� 'HWHUPLQDWLRQ´��

%XOOHWLQ�RI�WKH�6HLVPRORJLFDO�6RFLHW\�RI�$PHULFD��9RO������1R�����SS���������

�

&XUWLV� $��� -�� 7UDPSHUW�� 5�� 6QLHGHU�� DQG� %�� 'RVW�� ������ ³(XUDVLDQ� )XQGDPHQWDO� 0RGH�

6XUIDFH�:DYH� 3KDVH� 9HORFLWLHV� DQG� 7KHLU� 5HODWLRQVKLS� ZLWK� 7HFWRQLF� 6WUXFWXUHV´��

-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK�������SS���������������

�

'HURGH��$���(��/DURVH��0��7DQWHU�� -�� GH�5RVQ\��$��7RXULQ��0��&DPSLOOR��0��)LQN��������

³5HFRYHULQJ� WKH� *UHHQ¶V� )XQFWLRQ� )URP� )LHOG�)LHOG� &RUUHODWLRQV� LQ� DQ� 2SHQ�

6FDWWHULQJ�0HGLXP´��7KH�-RXUQDO�RI�WKH�$FRXVWLFDO�6RFLHW\�RI�$PHULFD��9RO������SS��

�����������
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'L/XFFLR�)��DQG�0��(��3DV\DQRV��������³&UXVWDO�DQG�8SSHU�0DQWOH�6WUXFWXUH�LQ�WKH�(DVWHUQ�

0HGLWHUUDQHDQ�IURP�WKH�$QDO\VLV�RI�6XUIDFH�:DYH�'LVSHUVLRQ�&XUYHV´��*HRSK\VLFDO�

-RXUQDO�,QWHUQDWLRQDO��9RO�������SS������±������

�

']LHZRQVNL��$��0���6��%ORFK�DQG�0��/DQGLVPDQ��������³$�7HFKQLTXH�IRU�WKH�$QDO\VLV�RI�

7UDQVLHQW� 6HLVPLF� 6LJQDOV´��%XOOHWLQ� RI� WKH� 6HLVPRORJLFDO� 6RFLHW\� RI� $PHULFD��9RO��

����1R����SS�������������

�

']LHZRQVNL��$��0���-��0LOOV��6��%ORFK��������³5HVLGXDO�'LVSHUVLRQ�0HDVXUHPHQW�±�$�1HZ�

0HWKRG� RI� 6XUIDFH�:DYH� $QDO\VLV´�� %XOOHWLQ� RI� WKH� 6HLVPRORJLFDO� 6RFLHW\� RI�

$PHULFD��9RO������1R����SS�������������

�

']LHZRQVNL�� $�� 0��� ������ ³0DSSLQJ� WKH� /RZHU� 0DQWOH� 'HWHUPLQDWLRQ� RI� /DWHUDO�

+HWHURJHQHLW\� LQ� 3�YHORFLW\� XS� WR� 'HJUHH� DQG� 2UGHU� ��� -RXUQDO� RI� *HRSK\VLFDO�

5HVHDUFK������SS���������������

�

(QJGDKO�� (�� 5��� 5�� YDQ� GHU� +LOVW� DQG� 5�� %XODQG�� ������ ³*OREDO� 7HOHVHLVPLF� (DUWKTXDNH�

5HORFDWLRQ�ZLWK� ,PSURYHG�7UDYHO�7LPHV� DQG�3URFHGXUHV� IRU�'HSWK�'HWHUPLQDWLRQ´��

%XOOHWLQ�RI�WKH�6HLVPRORJLFDO�6RFLHW\�RI�$PHULFD��9RO������SS�����������

�

(NVWU|P��*���������³7LPH�'RPDLQ�$QDO\VLV� RI� (DUWK¶V� /RQJ�3HULRG�%DFNJURXQG� 6HLVPLF�

5DGLDWLRQ´��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��9RO�������SS���������������

�

)OR\G�� 3�� $��� 0�� &�� *|QF�R÷OX�� -�� $�� :LQFKHVWHU�� -�� $�� DQG� 0�� .�� <DOÕQÕ]�� ������

³*HRFKHPLFDO� &KDUDFWHU� DQG� 7HFWRQLF� (QYLURQPHQW� RI� 1HRWHWK\DQ� 2SKLROLWLF�

)UDJPHQWV�DQG�0HWDEDVLWV�LQ�WKH�&HQWUDO�$QDWROLDQ�&U\VWDOOLQH�&RPSOH[��7XUNH\´��LQ�

(�� %R]NXUW�� -�� $��:LQFKHVWHU�� -�� '�� $�� 3LSHU�� �HGV��� 7HFWRQLFV� DQG� 0DJPDWLVP� LQ�

7XUNH\�DQG�WKH�6XUURXQGLQJ�$UHD�������SS�����������*HRORJLFDO�6RFLHW\��/RQGRQ��

�

)ULHGULFK��$���)��.UXJHU��.��.OLQJH��������³2FHDQ�*HQHUDWHG�0LFURVHLVPLF�1RLVH�/RFDWHG�

ZLWK�WKH�*UDIIHQEHUJ�$UUD\´��-RXUQDO�RI�6HLVPRORJ\��9RO�����SS���������

�
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*ORYHU�� &��� $�� +�� )�� 5REHUWVRQ�� ������ ³1HRJHQ� ,QWHUVHFWLRQ� RI� WKH� $HJHDQ� DQG� &\SUXV�

$UFV�� ([WHQVLRQDO� DQG� 6WULNH�6OLS� )DXOWLQJ� LQ� WKH� ,VSDUWD� $QJOH�� 6:� 7XUNH\�´�

7HFWRQRSK\VLFV��9RO�������SS�����������

�

*RXHGDUG�� 3��� /�� 6WHKO\�� )�� %UHQJXLHU�� 0�� &DPSLOOR�� &�� GH� 9HUGLHUH�� (�� /DURVH�� /��

0DUJHULQ��3��5RX[��)��-��6DQFKH]�6HVPD��1��0��6KDSLUR��5��/��:HDYHU��������³&URVV�

FRUUHODWLRQ� RI� 5DQGRP� ILHOGV�� 0DWKHPDLFDO� $SSURDFK� DQG� $SSOLFDWLRQV´��

*HRSK\VLFDO�3URVSHFWLQJ������SS�����������

�

*|N��5���(�� 6DQGYRO��1��7XUNHOOL��'�� 6HEHU��0��%DUD]DQJL�� ������ ³6Q�$WWHQXDWLRQ� LQ� WKH�

$QDWROLDQ� DQG� ,UDQLDQ� 3ODWHDXV� DQG� 6XUURXQGLQJ� 5HJLRQV´��*HRSK\VLFDO� 5HVHDUFK�

/HWWHUV��9RO������1R�������

�

*|N��5���0��3DV\DQRV��(��=RU�� ������ ³/LWKRVSKHULF�6WUXFWXUH�RI� WKH�&RQWLQHQW±&RQWLQHQW�

&ROOLVLRQ�=RQH��(DVWHUQ�7XUNH\´��*HRSK\VLFDO� -RXUQDO� ,QWHUQDWLRQDO��9RO�� ����� SS��

����±������

�

*|QF�R÷OX��0�&���1��7XUKDQ��.��ùHQW�UN��$��g]FDQ��ù��8\VDO��0��.��<DOÕQÕ]������������³$�

*HRWUDYHUVH� $FURVV� 1RUWKZHVWHUQ� 7XUNH\�� 7HFWRQLF� 8QLWV� RI� WKH� &HQWUDO� 6DNDU\D�

5HJLRQ� DQG� 7KHLU� 7HFWRQLF� (YROXWLRQ�´� LQ� (�� %R]NXUW�� -�� $��:LQFKHVWHU�� -�� '�� $��

3LSHU���HGV���7HFWRQLFV�DQG�0DJPDWLVP�LQ�7XUNH\�DQG�WKH�6XUURXQGLQJ�$UHD�������SS��

���������*HRORJLFDO�6RFLHW\��/RQGRQ��

�

*XWHQEHUJ��%���������'LH�6HLVPLFKH�%RGHQUXKH��3K�'��'LVVHUWDWLRQ��8QLYHUVLW\�RI�*RWWLJHQ��

*HUPDQ\���

�

*XWHQEHUJ�� %��� ������ ³0LFURVHLVPV� LQ� 1RUWK� $PHULFD´�� %XOOHWLQ� RI� WKH� 6HLVPRORJLFDO�

6RFLHW\�RI�$PHULFD��9RO������SS������

�
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9RO�������SS�������������

�

/RQJXHW�+LJJLQV��0��6��������³$�7KHRU\�RI�WKH�2ULJLQ�RI�0LFURVHLVPV´��3KLO��7UDQV��5R\��

6RF��������SS��������

�

0DJJL��$��DQG�.��3ULHVWOH\��������³6XUIDFH�:DYHIRUP�7RPRJUDSK\�RI�WKH�7XUNLVK�,UDQLDQ�

3ODWHDX´��*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO��9RO�������SS�������������

�

0DUSOH��6��/���������'LJLWDO�6SHFWUDO�$QDO\VLV��3UHQWLFH�+DOO��1HZ�-HUVH\��

�

0F1DPDUD�'��DQG�5��3��%XODQG��������³$PELHQW�1RLVH�/HYHOV� LQ�WKH�&RQWLQHQWDO�8QLWHG�

6WDWHV´��%XOOHWLQ�RI�WKH�6HLVPRORJLFDO�6RFLHW\�RI�$PHULFD��9RO������SS�������������

�

0F1DPDUD� '�� DQG� 5�� ,�� %RD]�� ������ ³6HLVPLF� 1RLVH� $QDO\VLV� 6\VWHP�� $� 6WDQG�$ORQH�

6RIWZDUH�3DFNDJH´��3UHSULQW�IRU�D�86*6�2SHQ�)LOH�5HSRUW��YHU������

�

0LQGHYDOOL��2��<��DQG�%��-��0LWFKHOO��������³&UXVWDO�6WUXFWXUH�DQG�3RVVLEOH�$QLVRWURS\�LQ�

7XUNH\�IURP�6HLVPLF�6XUIDFH�:DYH�'LVSHUVLRQ´��*HRSK\VLFDO�-RXUQDO�,QWHUQDWLRQDO��
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