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=LQF� VHOHQLGH� �(J  ������H9�DW�����.�� LVD� SURPLVLQJ� VFLQWLOODWLRQ� PDWHULDO� IRU� ;�DQG� γ�UDGLDWLRQ� GHWHFWLRQ�� ,PSURYLQJ� WKHJURZWK� SURFHVV� WRJHWKHU� ZLWK� VWXG\LQJ� WKHOXPLQHVFHQW� SURSHUWLHV� RI� WKH� JURZQ� =Q6HFU\VWDOV� ZRXOG� DOORZ� WR� REWDLQ� VFLQWLOODWRUVZLWK� XQLTXH� RSHUDWLQJ� SDUDPHWHUV� �KLJKTXDQWXP�HIILFLHQF\��WKHUPDO�VWDELOLW\�RI�OX �PLQHVFHQFH�DQG�UDGLDWLRQ�UHVLVWDQFH��ORZ�DI �WHUJORZ� OHYHO��� 7KH� UHG� OXPLQHVFHQFH� EDQGSHDNHG� DW� ���� QP� ����� H9�� LV� XVHG� PRVWZLGHO\� LQ� =Q6H�EDVHG� VFLQWLOODWRUV� DQG� KDVEHHQ� VWXGLHG�ZHOO� HQRXJK��7KH� H[LVWHQFH� RIOXPLQHVFHQFH� EDQGV� LQ� WKH� ,5� VSHFWUDO� UH �JLRQ�VHWV�D�OLPLW�RQ�WKH�TXDQWXP�HIILFLHQF\RI� WKH� UHG� EDQG�� 7KDW� LV� ZK\� WKH� QDWXUHHOXFLGDWLRQ�RI�WKH�,5�EDQGV�LV�RI�ERWK�VFLHQ �WLILF�DQG�SUDFWLFDO�LQWHUHVW�5HFHQWO\�� UHVHDUFKHUV� KDYH� FRPH� WR� WKHFRQFOXVLRQ�WKDW�D�FUXFLDO�UROH�LQ�WKH�IRUPD �WLRQ� RI� WKH� OXPLQHVFHQW� SURSHUWLHV� RI� XQ �GRSHG�FU\VWDOV�RI� ,,Ü9,�VHPLFRQGXFWRU�FRP �SRXQGV� LV� SOD\HG� E\� WKH� ODWWLFH� LQWULQVLF

SRLQW�GHIHFWV��,3'V��UDWKHU�WKDQ�E\�XQLQWHQ �WLRQDO� LPSXULWLHV�� WKH� UROH� RI� WKH� ODWWHUEHLQJ�UHGXFHG�WR�WKH�GHIHFW�FKDUJH�FRPSHQ �VDWLRQ�DQG�WKH�IRUPDWLRQ�RI�LPSXULW\�GHIHFWFRPSOH[HV��,Q�SDUWLFXODU��WKH�����H9�UHG�OX �PLQHVFHQFH� EDQG� LQ� =Q6H LV� DWWULEXWHG� WR]LQF� YDFDQFLHV� 9=Q RU� WR� FRPSOH[HV� LQYROY�LQJ�WKRVH� >�Ü�@��$W�WKH�VDPH�WLPH��WKHUH� LVQR�DJUHHPHQW�DPRQJ�VFLHQWLVWV�DV�WR�WKH�QD �WXUH� RI� WKH� ,5� OXPLQHVFHQFH�EDQGV� LQ� =Q6HDQG�=Q6H�7H� FU\VWDOV�ZLWK�SHDNV�DW�����DQG����H9��DSSUR[LPDWHO\�����DQG�����QP��UH �VSHFWLYHO\��>�Ü�@���,W�LV�WKHUHIRUH�RI�LQWHUHVW�WR�UHODWH�WKH�,5EDQGV� WR� WKH� SUHVHQFH� RI� ,3'V�� ZKLFK� DUHWZR�FKDUJH��RU�GRXEOH��FHQWHUV�>�@�DQG�IRUPDOWHUQDWLYH�HQHUJ\�OHYHOV�LQ�WKH�VHPLFRQGXF �WRU� EDQG� JDS�� GHSHQGLQJ� RQ� WHPSHUDWXUH�SUHVHQFH�RI�FRPSHQVDWLQJ�LPSXULWLHV�DQG�H[ �FLWDWLRQ� FRQGLWLRQV�� HDFK� FHQWHU� FDQ� UHYHDORQH� RU� DQRWKHU� OHYHO�� WKH� OHYHO� SRVLWLRQEHLQJ� GHILQHG� E\� LRQL]DWLRQ� HQHUJ\� RI� WKHFHQWHU�WKDW�H[LVWV�LQ�D�FHUWDLQ�FKDUJH�VWDWH�
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'RSLQJ� =Q6H FU\VWDOV� ZLWK� LVRYDOHQW�LVRHOHFWURQLF�� 7H LPSXULW\� LQ� WKH� JURZWKSURFHVV�UHVXOWV�LQ�JHQHUDWLRQ�RI�]LQF�YDFDQ �FLHV�� ZKLFK� DUH� WKH� UHG� OXPLQHVFHQFH� FHQ �WHUV�� DQG� WR� IRUPDWLRQ� RI� WKHUPRVWDEOH>9=Q7H6H@� FRPSOH[HV� LQ� =Q6H�7H� FU\VWDOV�WKXV�SURYLGLQJ�VWDELOLW\�RI�WKH�UHG�OXPLQHV �FHQFH� EDQG� ZLWKLQ� D� ZLGH� WHPSHUDWXUHUDQJH�7R�HOXFLGDWH�WKH�,5�OXPLQHVFHQFH�PHFKD �QLVP� DQG� WR� HVWDEOLVK� WKH� UROH� RI� ,3'V� LQWKH� OXPLQHVFHQW� SURSHUWLHV� IRUPDWLRQ� RI=Q6H DQG� =Q6H�7H� FU\VWDOV�� LW� ZDV� QHFHV�VDU\� WR� LQYHVWLJDWH� ERWK� WKH�FU\VWDOV�JURZQZLWK� FRQYHQWLRQDO� WHFKQLTXHV� DQG� WKRVH�SX �ULILHG�DGGLWLRQDOO\�RI�SRVVLEOH�XQLQWHQWLRQDOLPSXULWLHV�� 7KDW� LV� ZK\� WKH� IROORZLQJJURXSV� RI� FU\VWDOV� ZHUH� FKRVHQ� IRU� WKH� LQ �YHVWLJDWLRQ�� $V� =Q6H FU\VWDOV�� VLQJOH� FU\V�WDOV�ZHUH�XVHG�REWDLQHG�IURP�D�UDZ�PDWHULDORI� VSHFLDO� SXULW\� JUDGH� ���������� PRO���XVLQJ� WKH� FORVH�VSDFHG� YDSRU� WUDQVSRUW�&697�� PHWKRG� ZLWK� ,� JDV� DV� WUDQVSRUWHU�VDPSOHV� $��� DW� WKH� ODERUDWRU\� RI� WKH� ([ �SHULPHQWDO� 3K\VLFV� 'LYLVLRQ�� 3K\VLFV� 'H �SDUWPHQW� RI� 7�6KHYFKHQNR� .\LY� 1DWLRQDO8QLYHUVLW\�� :LWK� WKH� DLP� WR� DGGLWLRQDOO\SXULI\� RI� SRVVLEOH� LPSXULWLHV�� VRPH� RI�$�FU\VWDOV� ZHUH� UH�VXEOLPDWHG� LQ� YDFXXP�VDPSOHV� $���� 6DPSOHV� $�� ZHUH� VLQJOHFU\VWDOV�ZLWK�WKH�DUHD�RI�WKH�QDWXUDO�IDFHVRI� DSSUR[LPDWHO\� �×�� PP��� 3/� ZDV� H[�FLWHG� DQG� PHDVXUHG� IURP� QDWXUDO� IDFHV�6DPSOHV� $�� ZHUH� DQ� DJJUHJDWLRQ� RI� WLQ\FU\VWDOV�ZLWK�GLPHQVLRQV�RI�DSSUR[LPDWHO\����×����×����� PP��� ZKLFK� FRYHUHG� WKHLQQHU� VXUIDFH� RI� WKH�TXDUW]�DPSRXOH� LQ� WKHFROG� ]RQH�� $V� WHOOXULXP�GRSHG� =Q6H�7H�FU\VWDOV� VFLQWLOODWLRQ� =Q6H�7H� SRO\FU\VWDOVZHUH� XVHG� �VDPSOHV� %��� JURZQ� IURP� WKHPHOW� XVLQJ� WKH�%ULGJPDQ�6WRFNEDUJHU� WHFK �QLTXH�XQGHU� DUJRQ� JDV� SUHVVXUH� DW� WKH�6FL �HQWLILF�7HFKQRORJLFDO�&RQFHUQ��,QVWLWXWH� IRU6LQJOH�&U\VWDOV���1DWLRQDO�$FDGHP\� RI� 6FL �HQFHV�RI�8NUDLQH� �.KDUNLY���7KH�FRQWHQW�RIXQLQWHQWLRQDO� LPSXULWLHV� LQ� WKH� =Q6H�7H�FU\VWDOV� GLG� QRW� H[FHHG� ��Ü� �� �PRO��� 7KHFRQWHQW� RI� 7H LVRYDOHQW� GRSDQW� ZDV� IURP���� WR� ����� �� �PRO���� 6DPSOHV� %�� ZHUHVODEV�ZLWK� GLPHQVLRQV� RI� ��Ü���×�×��PP�FXW� IURP� SRO\FU\VWDO� F\OLQGHUV� ����PP� LQGLDPHWHU����PP�WKLFN���7R�REWDLQ�PRUH�SXUHDQG� PRUH� SHUIHFW� VWUXFWXUH� FU\VWDOV�� VRPHRI� VDPSOHV� %�� ZHUH� UHFU\VWDOOL]HG� E\� WKH&697�PHWKRG��VDPSOHV�%����7KH�GLPHQVLRQVRI� VDPSOHV� %�� ZHUH� WKH� VDPH� DV� WKRVH� RIVDPSOHV�$��:H� VWXGLHG� SKRWROXPLQHVFHQFH� �3/�� RIWKH� DERYH�PHQWLRQHG� FU\VWDOV� H[FLWHG� E\� D

SXOVHG�1� ODVHU������QP�������H9���DQG�FRQ �WLQXRXV�ZDYH�+H±&G �����QP�������H9���$U������ QP�� ����� H9�� DQG� +H±1H ����� QP������H9��ODVHUV��ZKLFK�SURYLGHG�WKH�UHJLPHVRI� VWURQJ� VXUIDFH�� ZHDN� VXUIDFH� �EDQG�WR�EDQG� H[FLWDWLRQ�� KνH[F !�(J�� DQG�ZHDN� EXONH[FLWDWLRQ��H[FLWDWLRQ�LQ�WKH�UHJLRQ�RI�LPSX �ULW\� DEVRUSWLRQ�� KνH[F ��(J��� UHVSHFWLYHO\�7KH�XVH� RI� D� SXOVHG� 1� ODVHU� DOORZHG�XV� WRVWXG\� DOVR� WKH� OXPLQHVFHQFH� GHFD\� NLQHWLFVXQGHU�EDQG�WR�EDQG�H[FLWDWLRQ��3/�ZDV�VWXG �LHG� ZLWKLQ� WKH� VSHFWUDO� UHJLRQ� RI� ���� WR�����QP������WR�����H9��LQ�WKH�WHPSHUDWXUHUDQJH� IURP���� WR�����.�� ,Q� WKH�PHQWLRQHGWHPSHUDWXUH� UDQJH�� WHPSHUDWXUH� GHSHQG �HQFHV� RI� WKH� SHDN� LQWHQVLWLHV� �7',V�� IRU� DOO3/�EDQGV�ZHUH�DOVR�PHDVXUHG�RQ�VRPH�VDP �SOHV� RI� HDFK� JURXS� WR� UHYHDO� WKH� WHPSHUD �WXUH�LQIOXHQFH�RQ�WKH�VWUXFWXUH�DQG�FRQFHQ �WUDWLRQ�RI�WKH�HPLVVLRQ�FHQWHUV�3/� VSHFWUD� RI� $�� VDPSOHV� DW� URRP� WHP �SHUDWXUH� XQGHU� $U��ODVHU� H[FLWDWLRQ� FRQVLVWRI� WKH� UHG�EDQG�ZLWK� D�SHDN�DW� Kν ≈ ����H9DQG�,5�EDQG�DW�Kν ≈ ����H9��EDQG�,5�,���WKH,5�,�EDQG�ZLGWK�EHLQJ�����WLPHV�ORZHU�WKDQWKDW�RI� WKH�UHG�RQH��7KH� LQWHQVLW\�UDWLR�EH �WZHHQ� WKH� EDQGV� GHSHQGV� RQ� WKH� H[FLWDWLRQLQWHQVLW\�� WKH� UHG� EDQG� EHFRPHV� UHODWLYHO\PRUH� LQWHQVH� DV� WKH� H[FLWDWLRQ� LQWHQVLW\ULVHV��$W� WKH� WHPSHUDWXUH� ORZHUHG�WR����.�WKH� UHG� EDQG� SUHGRPLQDWHV� �WKH� ,5�,� EDQGLQWHQVLW\� LV� VHYHUDO� RUGHUV� RI� PDJQLWXGHORZHU� WKDQ� WKDW� RI� WKH� UHG� RQH��� 7KH� UHGEDQG� LQWHQVLW\� GHFUHDVHV� ZLWK� LQFUHDVLQJWHPSHUDWXUH�� ZKHUHDV� WKH� ,5�,� EDQG� LQWHQ �VLW\�ILUVW�ULVHV��DWWDLQV�D�PD[LPXP�DW����Ü���� .� DQG� WKHQ� GHFUHDVHV� WR� ]HUR�� L�H�VKRZV��DQRPDORXV��EHKDYLRU��7KH�,5�,�EDQGLV�H[FLWHG�E\�$U��ODVHU�RQO\�7KH�$��VDPSOHV�ZHUH�REWDLQHG�E\�UH�VXE �OLPDWLRQ� RI� $�� VLQJOH� FU\VWDOV� LQ� YDFXXPDQG� SUHVHQWHG� DQ� DJJUHJDWLRQ� RI� WLQ\� FU\V �WDOV� RI� DSSUR[LPDWHO\� ����×����×�����PP�VL]H� GHSRVLWHG� RQ� LQQHU� VXUIDFH� RI� WKHTXDUW]� DPSRXOH� LQ� WKH� FROG� ]RQH�� 2Q� WKHDPSRXOH� VLGH� ZDOOV�� D� UHG�FRORUHG� GHSRVLW�XQUHDFWHG� VHOHQLXP�� LV� VHHQ�� +HUH� ZHVKRXOG�QRWH�WKDW�WKH�FU\VWDOV�RI�,,Ü9,�FRP �SRXQGV�JURZQ�IURP�JDV�SKDVH��H�J��E\�&697RU� E\� VXEOLPDWLRQ� LQ� YDFXXP��� DUH� FKDUDF �WHUL]HG� E\� PHWDO� H[FHVV� �FKDOFRJHQ� GHIL �FLHQF\��GXH�WR�D�KLJKHU�YRODWLOLW\�RI�FKDOFR �JHQ�� DQG� H[KLELW� Q�W\SH� FRQGXFWLYLW\� >�@�7KXV��WKHUH�LV�D�UDWKHU�KLJK�SUREDELOLW\�WKDWVHOHQLXP� YDFDQFLHV� 96H ZHUH� JHQHUDWHG� LQ$�� DQG� $�� FU\VWDOV� GXULQJ� WKH� JURZWK�ZKLFK� LV� HYLGHQFHG� E\� WKH� DERYH�PHQWLRQHGGHSRVLW�� 5H�VXEOLPDWLRQ� RI� $�� FU\VWDOV�
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ZKLFK� DOUHDG\� FRQWDLQHG� 6H YDFDQFLHV�� UH�VXOWHG� LQ� IXUWKHU� LQFUHDVHLQJ� FRQFHQWUDWLRQRI� WKH� ODWWHU� LQ� $�� VDPSOHV� DQG� IRUPDWLRQRI�WKH�UHG�GHSRVLW�ZKLFK�FRXOG�EH�VHHQ�HYHQE\�QDNHG�H\H�$V�D�ZKROH��WKH�3/�VSHFWUD�RI�$��VDPSOHVDUH� VLPLODU� WR� WKRVH� RI� WKH� LQLWLDO�$�� FU\V �WDOV�>��@��DOWKRXJK�WKH�����H9�,5�,�EDQG�RE �VHUYHG�XQGHU�WKH�VDPH�FRQGLWLRQV�DV�IRU�$�FU\VWDOV� LV� FRQVLGHUDEO\� PRUH� LQWHQVH� ERWKLQ� DEVROXWH� YDOXH� DQG� DV� FRPSDUHG� WR� WKHUHG� EDQG� DW� URRP� WHPSHUDWXUH�� 7KH� 7',�WHPSHUDWXUH� GHSHQGHQFH� RI� LQWHQVLW\�� RIWKH� ,5�,� EDQG� IRU� VDPSOHV�$�� LV� VLPLODU� WRWKDW� IRU� VDPSOHV� $�� DQG� LV� SUHVHQWHG� LQ>��@��7KXV��WKH�3/�VSHFWUD�RI� =Q6H FU\VWDOVREWDLQHG�E\�GLIIHUHQW�PHWKRGV�LQGLFDWH�WKDWWKH�����H9�,5�EDQG�PD\�EH�GXH�WR�6H YDFDQ�FLHV�DQG� LWV� LQWHQVLW\� LV�SURSRUWLRQDO�WR�WKHFRQFHQWUDWLRQ� RI� WKH� ODWWHU�� 7KH� H[FLWDWLRQVHOHFWLYLW\� RI� WKLV� EDQG� PD\� LQGLFDWH� WKDWWKH�OXPLQHVFHQFH�LV�RI�LQWUDFHQWHU�QDWXUH�,Q� WKH� VSHFWUD� RI� =Q6H�7H� FU\VWDOV� �%�VDPSOHV��� LQ� DGGLWLRQ� WR� WKH� PHQWLRQHGEDQGV��WKH�����H9�UHG�DQG�����H9�,5�RQHV��ZH� GHWHFWHG� RQH� PRUH� ,5� 3/� EDQG� ZLWK� DSHDN� DW� ���Ü���� H9� �GHQRWHG� DV� ,5�,,��8QGHU�$U��ODVHU�H[FLWDWLRQ��DOO�WKUHH�EDQGVDUH�REVHUYHG�ERWK�DW�URRP�DQG�ORZ�WHPSHUD �WXUHV�� $W� HOHYDWHG� WHPSHUDWXUHV�� WKH� ,5�,,EDQG�SUHGRPLQDWHV��)LJ������7',V�RI�WKH�UHGDQG� WKH� WZR� ,5� EDQGV� DUH� FRPSOH[�� ,Q� WKHVSHFWUD� RI� =Q6H�7H� FU\VWDOV� UH�FU\VWDOOL]HGE\�&697��%��VDPSOHV���RQO\�WKH�����H9�,5�,,EDQG� LV� REVHUYHG� DW� URRP� WHPSHUDWXUH� DWDQ\�H[FLWDWLRQ�ZDYHOHQJWK��7KLV�EDQG�LV�H[ �FLWHG� E\� UDGLDWLRQ� RI� 1����+H±&G�� �EDQG�WR�EDQG�H[FLWDWLRQ��DV�ZHOO�DV�$U���DQG�+H±1H�ODVHUV� �LPSXULW\� H[FLWDWLRQ��� 7KH� UHG� EDQGVKRZV� XS� DW� UHGXFHG� WHPSHUDWXUHV�� ,WVKRXOG�EH�QRWHG� WKDW�DW�D� ORZ�WHPSHUDWXUH�WKH�VSHFWUDO�ZLGWKV�RI�WKH�UHG�EDQG�DQG�WKH,5�,,�RQH�DUH�HTXDO�WR�RQH�DQRWKHU��7KH�3/

VSHFWUXP�VKDSH�LV�DOPRVW�LQGHSHQGHQW�RI�WKH$U��ODVHU� H[FLWDWLRQ� LQWHQVLW\� �LQ� WKH� UDQJHEHWZHHQ����DQG�����P:��,W� LV� NQRZQ� >��@� WKDW� XQGHU� KLJK�SRZHUH[FLWDWLRQ� �H�J�� E\�SXOVHG� 1� ODVHU�RU�KLJK�SRZHU�$U� ODVHU���ZKHQ�WKH�UDQGRP�SRWHQWLDORI�LPSXULWLHV�LV�VFUHHQHG�E\�WKDW�RI�WKH�ILHOGRI� QRQHTXLOLEULXP� FKDUJH� FDUULHUV�� WKH� 3/EDQG�ZLGWK�LV�GHILQHG�PDLQO\�E\�WKH�PDJQL �WXGH� RI� HOHFWURQ�SKRQRQ� LQWHUDFWLRQ�� ZKLFKLV�FKDUDFWHULVWLF�RI�D�SDUWLFXODU�W\SH�RI�WKHODWWLFH� GHIHFWV�� 7KLV� PHDQV� WKDW� WKH� OXPL �QHVFHQFH� FHQWHUV� RI� WKH� WZR� 3/� EDQGV�PD\FRQWDLQ�D�FRPPRQ�GHIHFW��6XFK�D�GHIHFW�� LQRXU�RSLQLRQ��PD\�EH�D�=Q YDFDQF\��WR�ZKLFKWKH� JUHDW� PDMRULW\� RI� UHVHDUFKHUV� DWWULEXWHWKH�UHG�3/�EDQG��$W�WKH�VDPH�WLPH��GLIIHU �HQW�ZLGWKV�RI�����DQG�����H9�EDQGV�LQGLFDWHWKDW�WKH�UHVSHFWLYH�OXPLQHVFHQFH�FHQWHUV�DUHRI�GLIIHUHQW�SK\VLFDO�QDWXUH�,W�ZDV�DOVR�QRWHG�WKDW�WKH�DEVROXWH�LQWHQ �VLW\� RI� WKH� ,5�,,� EDQG� LQ� WKH� VDPSOHV� ZLWK����PRO���RI�7H LV�OHVV�WKDQ�LQ�WKH�VDPSOHVZLWK� ����� PRO��� RI� 7H�� ZKLFK� VXJJHVWV� DFHUWDLQ�UROH�RI�7H DWRPV�LQ�WKH�IRUPDWLRQ�RIEDQG� ,5�,,�� 7KH� 7',� RI� WKH� ,5�,,� EDQG� IRUVDPSOH�%��LV�SUHVHQWHG�LQ�)LJ����� ,W� LV�VHHQWR� H[KLELW� DQ� DQRPDORXV� EHKDYLRU� DV� ZHOO�7KH� FKDUDFWHULVWLF� IHDWXUH� RI� WKLV� 7',� LVWKDW� WKH� ���� H9� EDQG� LQWHQVLW\� LV� FRQVWDQWLQ� WKH� WHPSHUDWXUH� UHJLRQ� ���Ü���� .� �D�WUDSH]LXP�OLNH��7',��7KH�VWXGLHV�RI�WKH�OXPLQHVFHQFH�LQWHQVLW\GHFD\� NLQHWLFV� RI� =Q6H�7H� FU\VWDOV� XQGHUSXOVHG� EDQG�WR�EDQG� H[FLWDWLRQ� �1��ODVHU�KDYH� VKRZQ� WKDW� WKH� GHFD\� WLPH� RI� WKH���� H9� ,5� EDQG� ����� µV�� LV� PXFK� ORQJHUWKDQ� WKDW� RI� WKH� ���� H9� UHG� EDQG� �DERXW��µV��� ,W� VKRXOG� EH� QRWHG� WKDW� WKH� UHODWLYHLQWHQVLWLHV� RI� WKH� ���� H9� DQG� WKH� ���� H9

)LJ�����7',V�RI�WKH���������DQG�����H9�����3/EDQGV�RI�%��VDPSOH��3ORWWHG�DUH�DOVR�WKH�VDP�SOH�DEVRUSWLYLW\�Π DW�λODV  �����QP�����DQG�WKH7',�RI�WKH�����H9�����EDQG�FDOFXODWHG�DFFRUGLQJWR�>��@�
)LJ����� 3/� VSHFWUD� =Q6H�7H�� RI� %�� VDPSOHXQGHU� $U��ODVHU� H[FLWDWLRQ� DW� GLIIHUHQW� WHP�SHUDWXUHV��� Ü����.��� Ü�����.��� Ü�����.�
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EDQGV� FRPSDUHG� WR� WKDW� RI� WKH� ���� H9� UHGEDQG�LQ�FU\VWDOV�RI�$�DQG�%�JURXSV�GHFUHDVHZLWK� WLPH�� 7KXV�� WKH� VHWV� RI� H[SHULPHQWVFDUULHG� RXW� LQ� WKH� WLPH� LQWHUYDO� RI� �� \HDUVKDYH� VKRZQ� WKDW� WKH� ���� H9� EDQG� UHODWLYHLQWHQVLW\� LV� GHFUHDVHG� E\� D� IDFWRU� RI� WKUHH�VDPSOH�%���$U��ODVHU�����.���7KLV�LQGLFDWHVWKDW�WKH�FHQWHUV�RI�WKH�WZR�,5�3/�EDQGV�DUHOHVV�VWDEOH�WKDQ�WKH�UHG�OXPLQHVFHQFH�RQHV�,W� LV�NQRZQ�WKDW� ,3'V� LQ� WKH�FU\VWDOV� RI,,�9,� VHPLFRQGXFWRU�FRPSRXQGV�� LQ�SDUWLFX �ODU�� =Q6H�� DUH� WZR�FKDUJH� �RU� GRXEOH�� FHQ�WHUV�� 7KH� GRQRU� GHIHFWV� �LQWHUVWLWLDO� PHWDODWRPV�0L DQG�FKDOFRJHQ�YDFDQFLHV� 9&��PD\DSSHDU� LQ� WKH� ����� ���� DQG� ����� FKDUJHVWDWHV��ZKLOH�WKH�DFFHSWRU�GHIHFWV��PHWDO�YD �FDQFLHV�90���LQ�WKH�������Ü��DQG���Ü��VWDWHV>�@�� 7KH� WKHRU\� RI� PXOWLFKDUJH� FHQWHUV� LQVHPLFRQGXFWRUV� ZDV� HODERUDWHG� DV� ORQJ� DJRDV�LQ������V�>��@��DOWKRXJK�LQ�WKH�OLWHUDWXUHWKHUH� LV� QR� PHQWLRQ� RI� LWV� DSSOLFDWLRQ� WRH[SODLQ� WKH� OXPLQHVFHQW� SURSHUWLHV� RI� WKHODWWHU��,Q�WKLV�ZRUN��ZH�ZLOO�WU\�WR�XVH�WKLVWKHRU\� WR� GHVFULEH� WKH�7',V� RI� WKH� ���� DQG����H9�3/�EDQGV�RI�WKH� =Q6H DQG�=Q6H�7H�FU\VWDOV�7KH� 7',V� RI� WKH� ,5� EDQGV� SUHVHQWHGDERYH� FDQ� EH� GXH� LQ� SULQFLSOH� WR� WKUHH� IDF �WRUV�� WHPSHUDWXUH� GHSHQGHQFH� RI� WKH� OXPL �QHVFHQFH�FHQWHUV�FRQFHQWUDWLRQ��WHPSHUDWXUHYDULDWLRQ� RI� WKH� VDPSOH� DEVRUSWLYLW\� Π DWWKH�ODVHU�UDGLDWLRQ�ZDYHOHQJWK��WKH�TXDQWLW\
Π GHWHUPLQHV�WKH�IUDFWLRQ�RI�DEVRUEHG�H[FLW �LQJ� TXDQWD�� RU� QRQ�UDGLDWLYH� UHFRPELQDWLRQSURFHVVHV�� 7KH� DQDO\VLV� PDGH� E\� XV� KDVVKRZQ�WKDW�WKH�ODWWHU�WZR�IDFWRUV�DUH�LQVLJ �QLILFDQW�� 6SHFLILFDOO\�� )LJ���� VKRZV� WKH� DE �VRUSWLYLW\�Π RI� VDPSOHV�%��FDOFXODWHG�IURPH[SHULPHQWDO�WUDQVPLVVLRQ�VSHFWUD�PHDVXUHGDW� GLIIHUHQW� WHPSHUDWXUHV� DW�����QP�ZDYH �OHQJWK�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�

Π = >(� − 5) ⋅ (� − H−αG)@ ⁄ >� − 5 ⋅ H−αG@�
ZKHUH�5 DQG�α DUH�WKH�FRHIILFLHQWV�RI�UHIOHF�WLRQ� �IURP� WKH� VDPSOH� VXUIDFH�� DQG� DEVRUS �WLRQ�� UHVSHFWLYHO\�� G�� WKH� VDPSOH� WKLFNQHVV�$W�ILUVW�JODQFH��WKH�LQFUHDVH�LQ�WKH�,5�EDQGVLQWHQVLWLHV�ZLWK� LQFUHDVLQJ� WHPSHUDWXUH� FDQEH� DWWULEXWHG� WR� WKH� UHG� EDQG� TXHQFKLQJ�+RZHYHU�� VXFK� DQ� DVVXPSWLRQ� FDQ� EH� YDOLGRQO\� LQ� WKH� FDVH� RI� D� KLJK� TXDQWXP� HIIL �FLHQF\�RI�WKH�UHG�OXPLQHVFHQFH�EDQG��,Q�WKLVFDVH���FXWWLQJ�RII��DQ� LQWHQVH�UHG�3/�FKDQ �QHO�FRXOG�UHVXOW�LQ�D�FRQVLGHUDEOH�LQFUHDVH�LQHDFK� ,5�EDQG�LQWHQVLW\��7KXV��WKH�VLWXDWLRQLQ� )LJ���� FRXOG� RFFXU� XQGHU� FRQGLWLRQ� WKDWWKH�FRPELQHG�TXDQWXP�HIILFLHQF\�RI�WKH�UHG

DQG� ,5�EDQGV� DW����.�ZRXOG� H[FHHG������ZKLFK�LV�XQUHDOLVWLF�6R�� WR� DFFRXQW� IRU� WKH� 7',V� RI� WKH� ,5EDQGV��ZH�XVHG�WKH�IRUPXODV�WKDW�GHVFULEH�WKHHTXLOLEULXP� HOHFWURQ� VWDWLVWLFV� LQ� DQ� Q�W\SHVHPLFRQGXFWRU�ZLWK�GRXEOH�GRQRUV��RZLQJ�WRWKH�JURZWK�SURFHVV�IHDWXUHV��VXFK�GRQRUV�LQRXU� =Q6H FU\VWDOV� DUH� 96H�� ZLWK� WRWDO� FRQ�FHQWUDWLRQ� LV� HTXDO� WR� 1G�� ZKLFK� DUH� FRP�SHQVDWHG� LQ� SDUW� E\� VLPSOH� DFFHSWRUV� �DF �FHSWRU�OLNH� GHIHFWV�� H�J�� =Q YDFDQFLHV�� ZLWKWKH�FRQFHQWUDWLRQ�1D ��1G��6XSSRVH�WKDW�WKH���� H9 ,5� OXPLQHVFHQFH� FHQWHUV� DUH� VLQJO\LRQL]HG�GRXEOH� QDWLYH�GRQRUV�ZLWK� WKH� FRQFHQ �WUDWLRQ�1G��DQG�HPLVVLRQ�RFFXUV�DFFRUGLQJ�WR�WKHVFKHPH��1G� ��KνH[F → 1G�� �H → 1G�� KνOXP�:H�ZLOO DVVXPH� WKDW� WKH� ,5�EDQG� LQWHQVLW\LV�SURSRUWLRQDO�WR 1G���,QFUHDVLQJ�1G� FRQ�FHQWUDWLRQ� �GXH� WR� LRQL]DWLRQ�RI�QHXWUDO�GR �QRUV�ZLWK�LQFUHDVLQJ�WHPSHUDWXUH��ZRXOG�UH �VXOW�� DFFRUGLQJ� WR� RXU� DVVXPSWLRQ�� LQ� LQ �FUHDVLQJ�,5�OXPLQHVFHQFH�LQWHQVLW\��)XUWKHUKHDWLQJ�ZRXOG�UHVXOW� LQ� IXUWKHU�GRQRU� LRQL �]DWLRQ� ���� → ������ DQG�� FRQVHTXHQWO\�� LQGHFUHDVLQJ�1G� FRQFHQWUDWLRQ�DQG�WKH�OXPL�QHVFHQFH�LQWHQVLW\��7KH�FRUUHVSRQGLQJ�FDOFX �ODWLRQV� DUH� SUHVHQWHG� LQ� GHWDLO� LQ� >��@�� 7KHPRGHO� RI� PXOWLFKDUJH� GRQRU� GHVFULEHV� ZHOOERWK� WKH� 7',� RI� WKH� ���� H9� EDQG� DQG� WKH�WUDSH]LXP�OLNH�� 7',� RI� WKH� ���� H9� EDQG�)LJ������7KLV�VXJJHVWV�D�SRVVLEOH�FRQQHFWLRQEHWZHHQ� WKHVH� ,5� EDQGV� DQG� GRXEOH� GRQRUV�6H YDFDQFLHV��,Q�FRQFOXVLRQ�� WKH�����H9�,5�EDQG�LV�RE �VHUYHG� LQ�ERWK� =Q6H DQG�=Q6H�7H� FU\VWDOV�,W� LV� H[FLWHG� RQO\� E\� WUDQVLWLRQV� LQ� WKH� UH �JLRQ�RI�LPSXULW\�DEVRUSWLRQ�DQG�LV�PRVW�LQ �WHQVH� LQ� SXULILHG� FU\VWDOV� ZLWK� D� KLJK� FRQ �WHQW� RI� 6H YDFDQFLHV�� &RPSXWHU� VLPXODWLRQKDV�VKRZQ�WKDW�WKH�WHPSHUDWXUH�GHSHQGHQFHRI� WKH� ���� H9� EDQG� LQWHQVLW\� LV� GHVFULEHGZHOO�E\�WHPSHUDWXUH�YDULDWLRQ�RI�WKH�FRQFHQ �WUDWLRQ� RI� VLQJO\� LRQL]HG� GRXEOH� GRQRUV� LQDQ� Q�W\SH� VHPLFRQGXFWRU�� ZKRVH� UROH� LVSOD\HG� E\� 6H YDFDQFLHV�� 7KH� IDFW� WKDW� UH�VXEOLPDWLRQ�RI�FU\VWDOV�$��GHFUHDVHV�WKH�LQ �WHQVLW\�RI�WKH�����H9�UHG�EDQG�ZKLFK� LV�DW �WULEXWHG�WR�=Q YDFDQFLHV�DV�ZHOO�DV�GLIIHUHQWZLGWKV�RI�WKH�����DQG�����H9�EDQGV�LQGLFDWHWKDW�=Q YDFDQFLHV�DUH�QRW�WKH�FHQWHUV�RI�,5OXPLQHVFHQFH�SHDNHG�DW�����H9��������,Q�RXU�RSLQLRQ��WKH�����H9�,5�EDQG�LV�GXHWR� LQWUDFHQWHU� WUDQVLWLRQV� EHWZHHQ� H[FLWHGDQG� JURXQG� VWDWHV� RI� VLQJO\� LRQL]HG� VHOH �QLXP�YDFDQFLHV�� 7KH� ���� H9� ,5�EDQG� LV� RE �VHUYHG� LQ� =Q6H�7H� FU\VWDOV� RQO\�� ,W� LV� H[�FLWHG� E\� ERWK� EDQG�WR�� EDQG� DQG� LQWHU�VXE�EDQG� WUDQVLWLRQV�DQG� LV�PRVW� LQWHQVH� LQ�WKHFU\VWDOV�ZLWK�D�PD[LPXP� 7H FRQWHQW�DQG�D
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KLJK�FRQWHQW�RI�6H YDFDQFLHV��7KLV�LQGLFDWHVWKDW� WKH� ���� H9� OXPLQHVFHQFH� FHQWHUV� LQ �FOXGH� 7H DWRPV� DQG� 6H YDFDQFLHV�� (TXDOVSHFWUDO� ZLGWKV� RI� WKH� ���� H9� ,5� DQG� WKH���� H9� UHG� EDQGV� LQ� =Q6H�7H� FU\VWDOV� DWOLTXLG� QLWURJHQ� WHPSHUDWXUH� VXJJHVW� WKDWWKH� 3/� FHQWHUV� ZKLFK� DUH� UHVSRQVLEOH� IRUWKHVH�EDQGV�LQFOXGH�D�FRPPRQ�GHIHFW��WKDW�LV�=Q YDFDQF\��7KH� VWXGLHV� RI� WKH� OXPLQHVFHQFHLQWHQVLW\� GHFD\� NLQHWLFV� LQ� =Q6H�7H� FU\VWDOVLQGLFDWH� WKDW� WKH� UHG� OXPLQHVFHQFH� EDQG� LVGXH�WR�HOHFWURQ�WUDQVLWLRQV� LPPHGLDWHO\�IURPWKH�FRQGXFWLRQ�EDQG�WR�WKH�OXPLQHVFHQFH�FHQ �WHU� �VKRUW� GHFD\� WLPH���ZKLOH� WKH� ���� H9� ,5�EDQG� WR�PHGLDWH� WUDQVLWLRQV� YLD�GHIHFW� OHYHOVWR�WKH�OXPLQHVFHQFH�FHQWHU��ORQJ�GHFD\�WLPH��7',�RI�WKH�����H9�EDQG�� OLNH�WKDW�RI�WKH����H9�EDQG�� LV�DOVR�ZHOO�GHVFULEHG�E\� WHP �SHUDWXUH� YDULDWLRQ� RI� WKH� FRQFHQWUDWLRQ� RIVLQJO\�LRQL]HG�GRXEOH�GRQRUV��6H YDFDQFLHV��:H�VXSSRVH�WKDW�WKH�����H9�,5�EDQG�LV�GXHWR� UDGLDWLYH� WUDQVLWLRQV� RI� HOHFWURQV� IURPVLQJO\� LRQL]HG� 6H YDFDQFLHV� �GRQRUV�� WR� WKHDFFHSWRU�OHYHO�RI�D�>9=Q7H6H@�FRPSOH[��L�H��LVRI� GRQRU�DFFHSWRU� QDWXUH� �)LJ������ ,VRYDOHQW7H GRSDQW�VWDELOL]HV�=Q YDFDQFLHV��,W�LV�QRZHDV\� WR� H[SODLQ� ZK\� DQQHDOLQJ� =Q6H DQG=Q6H�7H� FU\VWDOV� LQ� PHWDO� DWPRVSKHUH� �=QRU� &G�� UHVXOWV� LQ� D� GHFUHDVHG� LQWHQVLW\� RIWKH� ,5�EDQGV�� WKXV� LQFUHDVLQJ� WKH� LQWHQVLW\RI�WKH�UHG�EDQG��4XHQFKLQJ�RI�WKH�,5�EDQGVLV�GXH�WR�WKH�IDFW�WKDW�=Q DQG�&G DWRPV�DUHLQWURGXFHG�LQWR�WKH�FU\VWDOV�EHLQJ�DQQHDOHG�7KHVH� PHWDO� DWRPV� DUH� VKDOORZ� GRQRUV� DQGFRPSHQVDWH�WKH�FKDUJH�RI�LRQL]HG� 6H YDFDQ�FLHV�ZKLFK��LQ�WXUQ��UHVXOWV�LQ�GLVDSSHDUDQFHRI� WKH� FRUUHVSRQGLQJ� GHHS� OHYHOV� RI� 6H YD�FDQFLHV� DQG� WR� TXHQFKLQJ� RI� WKH� ���� DQG����H9�EDQGV�$FNQRZOHGJPHQW��7KH�DXWKRUV�ZRXOG�OLNHWR� WKDQN� =�=�<DQFKXN� IRU� JURZLQJ� KLJK�TXDOLW\�FU\VWDOV�IRU�LQYHVWLJDWLRQV�

5HIHUHQFHV���'�-�'XQVWDQ�� -�(�1LFKROOV�� %�&�&DYHQHWW� HWDO���6ROLG�6WDWH�&RPPXQ���������������������3�$�*DVKLQ�� *�1�,YDQRYD�� 7�/�0DWYHHYD� HWDO���)L]��7HNKQ��3ROXSU����������������������2�9�9DNXOHQNR�� 9�'�5\]KLNRY�� %�0�6KXWRY�=K��3ULNO��6SHNWU���������������������2�9�9DNXOHQNR�� 9�6�/\V\M�� 9�'�5\]KLNRY�8NU��)L]��=K����������������������)�-�%U\DQW��3�6�0DQQLQJ��-��3K\V��&���������������������1�1�.RUQHYD��<X�)�9DNVPDQ��'(3��LQ�8NU1,�,17,� ���������� 1R������� 2GHVVD� ������� >LQ5XVVLDQ@����1�.�0RUR]RYD��/�'�1D]DURYD��,�$�.DUHWQLNRYHW�DO���)L]��7HNKQ��3ROXSU����������������������$�6DNDODV��=�-DQXVNLDYLFLXV��3RLQW�'HIHFWV�LQ6HPLFRQGXFWRU� &RPSRXQGV�� 0RNVODV�� 9LOQLXV�������>LQ�5XVVLDQ@����6�$�0HGYHGHY�� 9�1�0DUW\QRY�� 6�3�.REHOHYD�1�'�$NKPHG�=DGH��(OHNW��7HNK���6HU���0DWHUL�DO\���1R�������������������2�9�9DNXOHQNR�� 9�0�.UDYFKHQNR�� 8NU��)L]�=K���������������������$�0�6WRQHKDP�� 7KHRU\� RI� 'HIHFWV� LQ� 6ROLGV�&ODUHQGRQ�3UHVV��2[IRUG������������-�6�%ODNHPRUH��6HPLFRQGXFWRU�6WDWLVWLFV��3HU�JDPRQ�3UHVV��2[IRUG��������

)LJ�����(QHUJ\�GLDJUDP�RI�WKH�RSWLFDO�WUDQVL�WLRQV� ZKLFK� DFFRXQWV� IRU� WKH� RULJLQ� RI� WKH����H9�3/�EDQG�LQ�=Q6H�7H���([FLWDWLRQ�LV�E\ERWK� EDQG�WR�EDQG� DQG� LQWHU�VXE�EDQG� WUDQVL�WLRQV�
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