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7KHUPRG\QDPLF�PRGHO�RI�WKH�FRXSOHG��

YDOHQFH�DQG�VSLQ�VWDWH�WUDQVLWLRQ�LQ�FREDOWDWHV�

�

9��+DUG\��<��%UpDUG���

1RUPDQGLH�8QLY��(16,&$(1��81,&$(1��&156��&5,60$7��������&DHQ��)UDQFH��

)��*XLOORX��

,QQHU�0RQJROLD�.H\�/DERUDWRU\�IRU�3K\VLFV�DQG�&KHPLVWU\�RI�)XQFWLRQDO�0DWHULDOV��&ROOHJH�RI�3K\VLFV�DQG�

(OHFWURQLF�,QIRUPDWLRQ��,QQHU�0RQJROLD�1RUPDO�8QLYHUVLW\�����=KDRZXGD�5RDG��+RKKRW����������,QQHU�

0RQJROLD��&KLQD�

�

$EVWUDFW�

$�FODVV�RI�FREDOW�EDVHG�R[LGHV�H[KLELWV�D�SHFXOLDU�W\SH�RI�WUDQVLWLRQ��HQWDQJOLQJ�YDOHQFH�DQG�
VSLQ�VWDWH�GHJUHHV�RI�IUHHGRP�RI��I�DQG��G�HOHPHQWV��,W�FRQVWLWXWHV�RQH�RI�WKH�PRVW�VSHFWDFXODU�
LOOXVWUDWLRQV�RI�WKH�LQWHUSOD\�EHWZHHQ�FKDUJH��VSLQ�DQG�ODWWLFH�GHJUHHV�RI�IUHHGRP�LQ�VWURQJO\�
FRUUHODWHG�PDWHULDOV��,Q�WKLV�ZRUN��ZH�SUHVHQW�D�WKHUPRG\QDPLF�PRGHO�FDSDEOH�WR�UHSURGXFH�
WKH�PDLQ�IHDWXUHV�RI�WKLV�WUDQVLWLRQ��2XU�DSSURDFK�LV�EDVHG�RQ�WKH�PLQLPL]DWLRQ�RI�D�IUHH�HQHUJ\�
FRPELQLQJ�WKH�FRQWULEXWLRQV�RI�WZR�VXEODWWLFHV�DQG�WKH�LQWHUDFWLRQ�EHWZHHQ�WKHP��7KH�FRXSOLQJ�
HQHUJLHV�LQWURGXFHG�LQ�WKH�PRGHO�DUH�UHODWHG�WR�ZHOO�NQRZQ�FKHPLFDO�SUHVVXUH�HIIHFWV�LQ�WKH�
SHURYVNLWH�VWUXFWXUH��7KH�UHVXOWV�RI�WKLV�PRGHO�DUH�FRPSDUHG�WR�H[SHULPHQWDO�GDWD�GHULYHG�IURP�
[�UD\�DEVRUSWLRQ�VSHFWURVFRS\��
�

��� �,QWURGXFWLRQ�

$�TXLWH�XQLTXH�W\SH�RI�WUDQVLWLRQ�WDNHV�SODFH�LQ�D�FODVV�RI�PL[HG�YDOHQW�FREDOW�R[LGHV��

LQYROYLQJ�ERWK�D�FKDQJH�LQ�WKH�PHDQ�YDOHQFH�RI�FREDOW��&R���&R����DQG�LQ�WKH�VSLQ�VWDWH�RI�&R���

�ORZ�VSLQ� ��KLJK�VSLQ���IRU�DQ�RYHUYLHZ��VHH�IRU� LQVWDQFH� >���@�DQG�UHIHUHQFHV�WKHUHLQ���7KLV�

©�YDOHQFH�DQG�VSLQ�VWDWH�WUDQVLWLRQ�ª��9667��VWURQJO\�LPSDFWV�DOO�WKH�SK\VLFDO�SURSHUWLHV��H�J���

WKH� PDJQHWLF� VXVFHSWLELOLW\�� WKH� KHDW� FDSDFLW\�� DV� ZHOO� DV� WKH� HOHFWULFDO� DQG� WKHUPDO�

FRQGXFWLYLWLHV�>����@��7KHUH�LV�QR�FKDQJH�RI�VSDFH�JURXS�DVVRFLDWHG�WR�WKLV�WUDQVLWLRQ��EXW�RQH�

REVHUYHV� D� ODUJH� UHGXFWLRQ� LQ� WKH� XQLW� FHOO� YROXPH�ZKHQ� FURVVLQJ� WKH�9667� XSRQ� FRROLQJ�

>����������@���3URPLQHQW�VLJQDWXUHV�RI�VXFK�DQ�LVRPRUSKLF�WUDQVLWLRQ�DUH�REVHUYHG�LQ�DOO�WKH�

ODWWLFH�UHODWHG� SK\VLFDO� TXDQWLWLHV�� VXFK� DV� WKH� FRHIILFLHQW� RI� WKHUPDO� GLODWLRQ�� WKH� VRXQG�

YHORFLW\�DQG�VR�RQ�>��@��0RUHRYHU��LW�PXVW�EH�HPSKDVL]HG�WKDW�WKLV�WUDQVLWLRQ�FDQ�EH�REVHUYHG�

QRW�RQO\�E\�YDU\LQJ�WKH�WHPSHUDWXUH�EXW�DOVR�WKH�PDJQHWLF�ILHOG�DQG�WKH�SUHVVXUH�>��������@��

2QH�RI� WKH�KDOOPDUNV�RI� WKH�9667� LV� WKDW� LW� FDQ�EH�YHU\�DEUXSW�DURXQG� WKH� WHPSHUDWXUH�RI�

WUDQVLWLRQ��7WU���OHDGLQJ�WR�VWHS�OLNH�FKDQJHV�LQ�PDJQHWL]DWLRQ��HQWURS\�DQG�XQLW�FHOO�YROXPH��

ZKLFK�PDNH�LW�HQWHULQJ�WKH�FODVV�RI�ILUVW�RUGHU�WUDQVLWLRQV��)27��>�@��
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7KH�FRQFRPLWDQFH�EHWZHHQ�WKH�WZR�IDFHWV�RI� WKH�WUDQVLWLRQ��L�H��� WKH�YDOHQFH�DQG�VSLQ�

VWDWH� DVSHFWV��KDV�EHHQ�ZLGHO\�GRFXPHQWHG�� LQ�SDUWLFXODU�E\�[�UD\�DEVRUSWLRQ� VSHFWURVFRS\�

�;$6�� >���������@� DQG� PDJQHWLF� FLUFXODU� GLFKURLVP� �;0&'�� >�@�� DQG� LW� LV� QRZ� D� ZHOO�

HVWDEOLVKHG�IDFW��%DVLFDOO\��LW�LV�REYLRXV�WKDW�WKHVH�SKHQRPHQD�DUH�QRW�MXVW�FRQFRPLWDQW�DQG�

WKHUH�PXVW�EH�D�FRXSOLQJ�EHWZHHQ� WKHP��$W� WKH�SUHVHQW�VWDJH��KRZHYHU�� WKH� IDFW� LV� WKDW� WKH�

QDWXUH� RI� WKLV� FRXSOLQJ� DQG� WKH�PHFKDQLVPV�GULYLQJ� WKH�GHYHORSPHQW� RI� WKH�9667� UHPDLQ�

REVFXUH��2QH�FDQ�JHW�FOXHV�DERXW�WKH�XQGHUO\LQJ�PHFKDQLVPV�E\�LQVSHFWLQJ�WKH�VWUXFWXUDO�DQG�

FKHPLFDO�IHDWXUHV�RI�WKH�FRPSRXQGV�VKRZLQJ�D�9667��$IWHU�WKH�ILUVW�REVHUYDWLRQ�RI�WKLV�W\SH�

RI� WUDQVLWLRQ� LQ� 3U���&D���&R2��� >�@� LW� ZDV� UHSRUWHG� WR� WDNH� SODFH� ZLWKLQ� D� ZLGHU� UDQJH� RI�

FRPSRVLWLRQV��QDPHO\��3U��\5\���[&D[&R2��ZLWK��5� �6P��(X��*G��7E��<��DQG�����d�[�d�����DV�

ZHOO� DV� ����d� \�d� ���� >������������@�� ,PSRUWDQWO\�� DOO� WKHVH� FRPSRXQGV� KDYH� D� SHURYVNLWH�

VWUXFWXUH�ZLWK�ERWK�3U�DQG�&D�RQ�WKH�$�VLWHV�>��@���

$�GHFLVLYH�VWHS�LQ�WKH�LQYHVWLJDWLRQV�RI�WKH�9667�FDPH�LQ�������ZLWK�VWURQJ�LQGLFDWLRQV�

SRLQWLQJ� WRZDUGV� WKH� SUHVHQFH� RI� WHWUDYDOHQW� 3U� FDWLRQV� DW� WHPSHUDWXUHV� ORZHU� WKDQ� 7WU��

VXSSRUWHG�E\�')7�FDOFXODWLRQV�>��@�DQG�VHYHUDO�H[SHULPHQWDO�WHFKQLTXHV���KHDW�FDSDFLW\�>�@��

QHXWURQ� SRZGHU� GLIIUDFWLRQ� >��@� DQG� VSHFWURVFRS\� � >��@� GDWD� DOO� FRQYHUJHG� WRZDUGV� WKLV�

FRQFOXVLRQ��1RZDGD\V�� WKHUH� LV� D� JHQHUDO� FRQVHQVXV� DERXW� WKH� IDFW� WKDW� D�9667� WUDQVLWLRQ�

UHTXLUHV��DW�ORZ�WHPSHUDWXUH���7���7WU���WKH�VWDELOL]DWLRQ�RI�D�PL[HG�YDOHQFH�3U���3U���DV�ZHOO�DV�

&R���EHLQJ�LQ�D�ORZ�VSLQ��/6��VWDWH��,QFUHDVLQJ�WKH�WHPSHUDWXUH�GHVWDELOL]HV�VXFK�D�JURXQG�VWDWH�

E\�IDYRULQJ��L��LQWUD�DWRPLF�HOHFWURQLF�WUDQVLWLRQ�ZLWKLQ�WKH�&R����\LHOGLQJ�LQWHUPHGLDWH�RU�KLJK�

VSLQ�VWDWH��UHIHUUHG�WR�DV�,6�DQG�+6��UHVSHFWLYHO\���DQG��LL��HOHFWURQLF�UHRUJDQL]DWLRQ�ZLWKLQ�WKH�

YDOHQFH�VKHOOV� WR�PDNH�3U�UHFRYHULQJ�LWV�XVXDO� WULYDOHQW�VWDWH��([SHULPHQWDOO\��RQH�REVHUYHV�

WKDW�WKHVH�WUDQVIRUPDWLRQV�RIWHQ�FRQFHQWUDWHV�DW�WKH�WUDQVLWLRQ�WHPSHUDWXUH�7WU��7R�XQGHUVWDQG�

KRZ� WKH�9667�FDQ�EH� VR� VKDUS�� RQH�QHHGV� WR� DGGUHVV� LQ�PRUH�GHWDLO� WKH� OLQN�EHWZHHQ� WKH�

©�YDOHQFH�ª�DQG�©�VSLQ�VWDWH�ª�DVSHFWV�RI�WKH�WUDQVLWLRQ���

�

���� 3RVLWLRQ�RI�WKH�SUREOHP�

6R�IDU��RQO\�WZR�NLQGV�RI�PRGHOLQJ�DSSURDFKHV�KDYH�EHHQ�H[SORUHG�IRU�WKH�9667��4XLWH�

UHFHQWO\��.XQHã�HW�DO��>�����@�KDYH�GHYHORSHG�D�YLVLRQ�LQ�WHUPV�RI�H[FLWRQ�FRQGHQVDWLRQ��WKH�

&R���VSLQ�VWDWH�SDUW�RI�WKH�WUDQVLWLRQ�LV�WUHDWHG�DV�DQ�H[FLWRQLF�SURFHVV��ZKLOH�WKH�3U�LRQV�SOD\�

WKH� UROH� RI� D� FKDUJH� UHVHUYRLU�ZLWK� UHVSHFW� WR� WKH�&R� EDQGV�� ,W�ZDV� UHSRUWHG� WKDW� /'$�8�

FDOFXODWLRQV�FDQ�DFFRXQW� IRU� WKH�H[LVWHQFH�RI�D� WUDQVLWLRQ�FRPELQLQJ�YDOHQFH�DQG�VSLQ�VWDWH�
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GHJUHHV�RI�IUHHGRP��,Q�SDUWLFXODU��VKDUS�WUDQVLWLRQV�PLPLFNLQJ�WKH�H[SHULPHQWDO�RQHV�FDQ�EH�

UHSURGXFHG� DV� D� IXQFWLRQ� RI� WKH� DSSOLHG� PDJQHWLF� ILHOG� >��@�� +RZHYHU�� D� TXDQWLWDWLYH�

FRPSDULVRQ�WR�H[SHULPHQWDO�GDWD�KDV�QRW�EHHQ�DWWHPSWHG�VR�IDU��WR�WKH�EHVW�RI�RXU�NQRZOHGJH��

$Q�DOWHUQDWLYH�WKHUPRG\QDPLFDO�DSSURDFK�ZDV�XVHG�D�IHZ�\HDUV�HDUOLHU�E\�0DU\ãNR�HW�

DO��DQG�,NHGD�HW�DO��>�����@��,W�ZDV�LQVSLUHG�IURP�WKH�ZRUN�GHYHORSHG�E\�%LHUQDFNL�HW�DO��IRU�

�G��EDVHG�PDWHULDOV�>��@��%DVLFDOO\�� LW�FRQVLVWV� LQ� LQWURGXFLQJ�DQ�HQHUJ\�WHUP�UHIOHFWLQJ�WKH�

VWUXFWXUDO�GLVWRUWLRQ�DVVRFLDWHG�WR�WKH�VSLQ�VWDWH�WUDQVLWLRQ��ZLWKLQ�WKH�XVXDO�WUHDWPHQW�RI�D�WZR�

OHYHOV� V\VWHPV� �QDPHO\�/6� DQG� ,6� LQ� WKH� RULJLQDO� VWXG\���7KLV� WHUP� OHDGV� WR� D� SURJUHVVLYH�

VKULQNLQJ�RI�WKH�/6�,6�JDS�DV�WKH�WUDQVLWLRQ�GHYHORSV��ZKLFK�PDNHV�LW�WR�DFFHOHUDWH��+RZHYHU�

WKLV�DSSURDFK�VXIIHUV�IURP�WZR�PDMRU�IODZV��)LUVW�� WKHUH�LV�QR�FRXSOLQJ�ZLWK� WKH�3U�DQG�WKH�

YDOHQFH�GHJUHH�RI�IUHHGRP��6HFRQG��DQ�DFFHOHUDWLRQ�RI�WKH�VSLQ�VWDWH�WUDQVLWLRQ�LV�DW�RGGV�ZLWK�

WKH�ZLGHO\�GRFXPHQWHG�FDVH�RI�WKH�SHURYVNLWH�FREDOWDWHV��IRU�ZKLFK�WKH�WUDQVLWLRQ�UDWKHU�WHQGV�

WR�VORZ�GRZQ�DORQJ�LWV�GHYHORSPHQW�>�����@��,QGHHG��WKHUH�DUH�PDQ\�VWXGLHV�SRLQWLQJ�WKDW�WKH�

/6�,6�RU�/6�+6�JDS�LQFUHDVHV�DV�WKH�VSLQ�VWDWH�WUDQVLWLRQ�VSUHDGV�XSRQ�ZDUPLQJ�>�����@��

7KH�DLP�RI�WKH�SUHVHQW�SDSHU�LV�WR�EXLOG�D�VWDWLVWLFDO�PRGHO�DEOH�WR�UHSURGXFH�WKH�YDOHQFH�

DQG�VSLQ�VWDWH�IDFHWV�RI�WKH�9667�DV�D�IXQFWLRQ�RI�WKH�WHPSHUDWXUH��7R�GR�VR��ZH�ZLOO�DGDSW�

PRGHOV�SUHYLRXVO\�XVHG�WR�DGGUHVV�LQGHSHQGHQWO\�HLWKHU�WKH�YDOHQFH�RU�WKH�VSLQ�VWDWH�WUDQVLWLRQV�

�UHIHUUHG�WR�DV�WKH�97�DQG�667��UHVSHFWLYHO\���)RU�WKH�VSLQ�VWDWH�WUDQVLWLRQ��YDULRXV�DSSURDFKHV�

KDYH�EHHQ�H[SORUHG��LQFOXGLQJ�H[FLWRQLF�PRGHOV�>��@��,VLQJ�OLNH�PRGHOV�>��@��DQG�WKH�WKHRU\�

RI�UHJXODU�VROXWLRQV�>��@��WR�RQO\�FLWH�D�IHZ��$FWXDOO\��PRVW�RI�WKHVH�PRGHOV�WXUQ�RXW�WR�\LHOG�

YHU\�VLPLODU� UHVXOWV��DV�GLVFXVVHG�E\�=LPPHUPDQQ�HW�DO�� >��@��:H�ZLOO�DGRSW� WKH�VWDWLVWLFDO�

DSSURDFK�RI� WKH� UHJXODU�VROXWLRQV� WKDW�ZDV�VKRZQ�WR�EH�SDUWLFXODUO\�YHUVDWLOH�� LW�FDQ�LQGHHG�

DFFRXQW� IRU�HLWKHU� WKH�VKDUS� WUDQVLWLRQV�RIWHQ�VHHQ� LQ�)H���EDVHG�PROHFXODU�FRPSRXQGV� OLNH�

>)H�SKHQ��� �1&6��@� >��@�� RU� WKH� JUDGXDO� WUDQVLWLRQV� IRXQG� LQ� VRPH�&R���EDVHG� R[LGHV� OLNH�

/D&R2�� >��@�� 7R� DGGUHVV� WKH� YDOHQFH� SDUW� RI� WKH� WUDQVLWLRQ�� ZH� ZLOO� FRQVLGHU� WKH�

LQWHUFRQILJXUDWLRQDO�IOXFWXDWLRQ��,&)��PRGHO��>�����@��,W�LV�WKH�PRVW�ZLGHO\�XVHG�DSSURDFK�WR�

GHDO�ZLWK�LQWHUPHGLDWH�YDOHQFH�VWDWHV��H�J��(X�����(X���RU�<E�����<E����LQ�UDUH�HDUWK�LQWHUPHWDOOLF�

FRPSRXQGV�>�����@��

7KH�9667�FRUUHVSRQGV�WR�D�WULFN\�VLWXDWLRQ�LQYROYLQJ�WZR�VXEV\VWHPV��L�H���WKH�3U�VXE�

V\VWHP�ZKHUH�WKH�YDOHQFH�LV�YDULHG��DQG�WKH�&R���VXE�V\VWHP�IRU�ZKLFK�WKH�YDULDEOH�LV�WKH�VSLQ�

VWDWH���0RUHRYHU��WKHVH�WZR�VXE�V\VWHPV�DUH�FRXSOHG�WR�HDFK�RWKHU��7R�DGGUHVV�WKLV�SUREOHP��

RXU� DSSURDFK� LV� WR� LQWURGXFH� DQ� RYHUDOO� IUHH� HQHUJ\� LQFOXGLQJ� WKH� FRQWULEXWLRQV� RI� HDFK�

VXEODWWLFH�DV�ZHOO�DV�WKHLU�LQWHUDFWLRQ��:H�FRQVLGHU�WKHUH�LV�QR�FDXVH�RU�FRQVHTXHQFH�EHWZHHQ�
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WKH�YDOHQFH�DQG�VSLQ�VWDWH�SDUWV�RI�WKH�9667���WKHLU�FRXSOHG�HYROXWLRQV�VKRXOG�MXVW�UHVXOW�IURP�

WKH�PLQLPL]DWLRQ�RI�WKH�WRWDO�IUHH�HQHUJ\���

2XU� REMHFWLYH� ZDV� WR� GHVFULEH� WKH� 9667� YLD� WKH� HYROXWLRQ� ZLWK� WHPSHUDWXUH� RI� WKH�

DYHUDJH�YDOHQFH�RI�3U�DQG�RI�WKH�DYHUDJH�VSLQ�VWDWH�RI�&R����7KH�UHOHYDQF\�RI�WKH�PRGHO�ZDV�

DVVHVVHG�E\�FRPSDULQJ�LWV�SUHGLFWLRQV�WR�H[SHULPHQWDO�GDWD�GHULYHG�IURP�;$6��ZKLFK�LV�WKH�

PRVW�VXLWDEOH�WHFKQLTXH�WR�FKDUDFWHUL]H�TXDQWLWDWLYHO\�WKH�9667��)RU�WKLV�SXUSRVH��ZH�VHOHFWHG�

WKH�V\VWHP��3U��\6P\���[&D[&R2���>��@��ZKLFK�LV�RQH�RI�WKH�PRVW�ZLGHO\�VWXGLHG�LQ�WKH�9667�

OLWHUDWXUH�>�������������@��

�

���� 4XDOLWDWLYH�LQWHUSUHWDWLRQ�

)LUVW�RI�DOO��OHW�XV�WDFNOH�D�TXDOLWDWLYH�GHVFULSWLRQ�RI�WKH�PHFKDQLVP�DW�WKH�RULJLQ�RI�WKH�

9667��,Q�ZKDW�IROORZV��ZH�XVH�WZR�DVVXPSWLRQV����L��WKH�LQWHUPHGLDWH�YDOHQFH�RI�3U�LV�UHJDUGHG�

DV� D� VLPSOH�PL[WXUH�3U���3U��� �HYHQ� WKRXJK� WKH� H[DFW�QDWXUH�RI�3U���PLJKW�EH�PRUH� VXEWOH��

LQYROYLQJ�VRPH�GHJUHH�RI�K\EULGL]DWLRQ�ZLWK�WKH�2��S�YDOHQFH�EDQG��>��������@���LL��WKH�H[FLWHG�

VSLQ�VWDWH�RI�&R���LV�DVVRFLDWHG�WR�D�PL[WXUH�/6�+6��UDWKHU�WKDQ�D�,6�VWDWH��$IWHU�PRUH�WKDQ�ILIW\�

\HDUV�RI�LQWHQVH�FRQWURYHUV\�LQ�/D&R2���RQH�FDQ�LQGHHG�VWDWH�WKDW�WKLV�/6�+6�GHVFULSWLRQ�KDV�

EHFRPH�WKH�PRVW�UHOLDEOH�>���������������@���

:H�SURSRVH�D�TXDOLWDWLYH�LQWHUSUHWDWLRQ�RI�WKH�9667�WKDW�LV�EDVHG�RQ�FKHPLFDO�SUHVVXUH�

HIIHFWV�W\SLFDO�RI�WKH�SHURYVNLWH�VWUXFWXUH��,Q�D�SHURYVNLWH�VWUXFWXUH�$%2���ZKHUH�%�GHQRWHV�

WKH�RFWDKHGUDO�VLWHV��H�J���%� �&R�LQ�RXU�FDVH��ZKLOH�$� �3U��6P�DQG�&D���HIIHFWV�RI�FKHPLFDO�

SUHVVXUH�FDQ�EH�DGGUHVVHG�LQ�D�ILUVW�DSSUR[LPDWLRQ�E\�FRQVLGHULQJ�WKH�DYHUDJH�LRQLF�UDGLL�DW�WKH�

$�DQG�%�VLWHV��GHQRWHG�DV��U$!�DQG��U%!��UHVSHFWLYHO\��7KH�UDGLL�RI�DOO�LQYROYHG�FDWLRQLF�VSHFLHV�

DUH� VKRZQ� LQ� )LJXUH� ��� 7KH� PDLQ� IHDWXUHV� DUH��� �L�� D� GHFUHDVH� LQ� UDGLXV� DV� WKH� YDOHQFH� LV�

LQFUHDVHG�RU�WKH�VSLQ�VWDWH�LV�GHFUHDVHG��IRU�D�JLYHQ�HOHPHQW����LL��YDOXHV�RI�U$�WKDW�DUH�YLUWXDOO\�

HTXDO�IRU�3U���DQG�&D����ZKHUHDV�LW�LV�VPDOOHU�IRU�6P�����

7ZR�PDLQ�HIIHFWV�RI�FKHPLFDO�SUHVVXUH��UHIHUUHG�WR�DV�PHFKDQLVPV�DIWHUZDUGV��PXVW�EH�

FRQVLGHUHG�� ���� WKH� SUHVHQFH� RI� ODUJH� �U$!� IDYRUV� WKH� VWDELOL]DWLRQ� RI� ODUJH� �U%!�� DQG� YLFH�

YHUVD�������IRU�D�JLYHQ��U$!��WKH�DSSHDUDQFH�RI�D�ODUJH�U%�DW�VRPH�%�VLWHV�IDYRUV�WKH�H[LVWHQFH�

RI� VPDOO� U%� DW� WKH� QHLJKERULQJ� VLWHV� �DQG� YLFH� YHUVD���0HFKDQLVP� ��LV� PDLQO\� D�PDWWHU� RI�

VWDELOLW\�RI�WKH�VWUXFWXUH��WKDW�LV�PRUH�XVXDOO\�WDNHQ�LQWR�FRQVLGHUDWLRQ�YLD�WKH�WROHUDQFH�IDFWRU�

>��@�� 7KLV�PHFKDQLVP� LV� YHU\�ZHOO�NQRZQ� LQ� WKH� FDVH� RI� FREDOWDWHV� OLNH� �/D��[6U[�&R2��RU�

5&R2��IRU�ZKLFK�FKDQJLQJ��U$!�DOORZV�WR�IDYRU�HLWKHU�/6�RU�+6�VWDWHV�IRU�WKH�&R���RQ�WKH�%�
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VLWHV�>�����@��0HFKDQLVP���UHOLHV�RQ�WKH�IDFW�WKDW�DOO�WKH�%�VLWHV�DUH�LQWLPDWHO\�FRQQHFWHG�WR�

HDFK�RWKHU��YLD�WKH�R[\JHQ�IUDPHZRUN��RZLQJ�WR�WKH�VXEVWDQWLDO�FRYDOHQW�FKDUDFWHU�RI�WKH�%�2�

ERQGV� �ZKHUHDV� WKH�$�2�RQHV�DUH�HVVHQWLDOO\� LRQLF���$� ODUJH�U%� DW� D� VLWH�GLVSODFHV�R[\JHQV�

WRZDUGV�VXUURXQGLQJ�%�VLWHV��ZKLFK�WKXV�EHFRPH�OHVV�IDYRUDEOH�WR�KRVW�DQRWKHU�ODUJH�U%��7KLV�

SURFHVV� LV� SDUWLFXODUO\� UHOHYDQW� WR� WKH� GHYHORSPHQW� RI� WKH� VSLQ� VWDWH� WUDQVLWLRQ� �667�� LQ�

FREDOWDWHV��WKH�HPHUJHQFH�RI�+6�DW�D�VLWH�GLVSODFHV�R[\JHQV�WRZDUGV�&R���LQ�QHLJKERULQJ�VLWHV���

WKLV�VTXHH]LQJ�UHLQIRUFHV�WKH�VWDELOLW\�RI�/6�LQ�WKH�DGMDFHQW�VLWHV�DQG��WKHUHE\��LW�KLQGHUV�WKH�

GHYHORSPHQW�RI�WKH�667�>�������������@��%H\RQG�WKH�VL]H�RI�U%�DV�VXFK��WKH�SKHQRPHQRQ�FDQ�

EH�UHLQIRUFHG�E\�WKH�VWURQJHU�FRYDOHQW�QDWXUH�RI�WKH�&R���/6����2���ERQG�FRPSDUHG�WR�WKDW�RI�

&R���+6����2���>��������@��

�

)LJXUH�����$WRPLF� VWUXFWXUH�RI� WKH�RUWKRUKRPELF�SHURYVNLWH�$%2�� �6*� ��3QPD�� W\SLFDO� RI� WKH� �3U��
\6P\���[&D[&R2��FRPSRXQGV��7KH�VKRZQ�WLOWLQJ�RI�WKH�%2��RFWDKHGUD�FRUUHVSRQGV�WR�\� ������7KH�
FDWLRQV�DW�WKH�$�DQG�%�VLWHV�DUH�VKRZQ�E\�JUH\�DQG�JUHHQ�FLUFOHV��UHVSHFWLYHO\��7KH�R[\JHQ�DWRPV�DUH�WKH�
VPDOO� SXUSOH� FLUFOHV�� 7KH� ULJKW� SDQHO� JLYHV� WKH� LRQLF� UDGLL� RI� WKH� FDWLRQV� LQ� QLQHIROG� DQG� VL[IROG�
FRRUGLQDWLRQ��IRU�WKH�$�DQG�%�VLWHV��UHVSHFWLYHO\��

�

2Q�WKH�EDVLV�RI�WKHVH�WZR�PHFKDQLVPV��ZH�VXJJHVW�WKH�IROORZLQJ�VFHQDULR��%HLQJ�GULYHQ�

E\�WKH�XVXDO�667�SURFHVV��WKH�DSSHDUDQFH�RI�WKH�ILUVW�&R���+6�EHORZ�7WU��KDYLQJ�D�U%�ODUJHU�

WKDQ� WKDW� RI� &R��� /6�� WHQGV� WR� IDYRUV� ODUJH� U$� �YLD� PHFKDQLVP� ���� WKXV� LQ� SDUWLFXODU� WKH�

FRQYHUVLRQ�RI�3U��� WR�3U����6WLOO�YLD�PHFKDQLVP���� WKLV�FDQ� WULJJHU�D� IHHGEDFN�SKHQRPHQRQ�

�ODUJH�3U��� IDYRULQJ� ODUJH�&R���+6��ZKLFK�SXVKHV� IXUWKHU� WKH�GHYHORSPHQW� RI� WKH�/6:+6�

WUDQVLWLRQ�LQ�&R����6XFK�D�V\QHUJ\�FRXOG�EH�DW�WKH�RULJLQ�RI�WKH�UDSLG�FKDQJHV�LQ�WKH�SRSXODWLRQV�

RI�&R���/6��&R���+6��3U����3U���DQG�&R����LPSRVHG�E\�FKDUJH�EDODQFH��WKDW�WDNH�SODFH�DW�7WU��,Q�
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SULQFLSOH�� RQH� VKRXOG� DOVR� WDNH� LQWR� DFFRXQW� WKDW� WKH� DSSHDUDQFH�RI�&R���+6�FDQ� DFW� LQ� DQ�

RSSRVLWH�ZD\�E\�GLVIDYRULQJ�QHZ�/6:+6�FRQYHUVLRQ�EHFDXVH�RI�PHFKDQLVP����+RZHYHU��WKLV�

ODWWHU� HIIHFW� VKRXOG� EH� OLPLWHG� DURXQG� 7WU�� VLQFH� LW� LV� FRXQWHUEDODQFHG� E\� WKH� FRQFRPLWDQW�

DSSHDUDQFH�RI�&R���ZKLFK�SRVVHVV�D�U%�VPDOOHU�WKDQ�WKDW�RI�&R����$IWHU�WKH�FRPSOHWLRQ�RI�WKH�

MXPS� DW� 7WU�� DOO� 3U� DUH� WUDQVIRUPHG� WR� 3U���� VR� QR� PRUH� V\QHUJ\� LV� H[SHFWHG� EHWZHHQ� WKH�

VXEODWWLFHV�$�DQG�%���7KH�HYROXWLRQ�RI�WKH�667�XSRQ�IXUWKHU�ZDUPLQJ�WXUQV�EDFN�WR�D�UHJLPH�

ZKHUH�LW�LV�PDLQO\�GULYHQ�E\�WKH�FRPSHWLWLRQ�EHWZHHQ�WKH�ODUJH�U%�RI�&R���+6�DQG�WKH�VPDOOHU�

RQH�RI�&R���/6�YLD�PHFKDQLVP����7KLV�LV�H[SHFWHG�WR�VORZ�GRZQ�WKH�667�LQ�D�ZD\�VLPLODU�WR�

WKDW�IRXQG�LQ�/D&R2���

�

��� �7KHUPRG\QDPLF�DSSURDFK�

7KH�9667�LQYROYHV�FKDQJHV�LQ�WKH�DPRXQW�RI�ILYH�VSHFLHV���&R���/6��&R���+6��&R����

3U���DQG�3U����EXW�WKHUH�DUH�DFWXDOO\�RQO\�WZR�LQGHSHQGHQW�YDULDEOHV��WKDW�FDQ�EH�FKRVHQ�WR�EH�

>3U��@�DQG�>&R���+6@�>��@��:H�SURSRVH�D�VWDWLVWLFDO�PRGHO�ZLWK�WZR�VXEODWWLFHV�LQ�LQWHUDFWLRQ��

7KH�ILUVW�RQH�FRQVLVWV�RI�WKH�3U�RQ�WKH�$�VLWHV��KDYLQJ�HDFK�D�SUREDELOLW\�P�WR�EH�3U����DQG����

P�� WR� EH� 3U���� 7KH� VHFRQG� VXEODWWLFH� LV� PDGH� RI� WKH� &R��� RQ� WKH� %� VLWHV�� KDYLQJ� HDFK� D�

SUREDELOLW\�Q�WR�EH�+6�DQG����Q��WR�EH�/6���

7KH�IUHH�HQHUJ\��QRUPDOL]HG�WR�RQH�SDUWLFOH��IRU�D�VHW�RI�SDUWLFOHV�ZKLFK�FDQ�EH�LQ�VWDWHV�

��RU����ZLWK�D�SUREDELOLW\�[�WR�EH�LQ�VWDWH����FDQ�EH�ZULWWHQ�DV��

B:T; L TB5 E :sF T;B6 E QÜáç:T; F 6OàÜë:T;�� � � � � �����

ZKHUH�IL��L� ������LV�WKH�IUHH�HQHUJ\�RI�RQH�SDUWLFOH�EHLQJ�LQ�WKH�VWDWH�L��$OO�WHUPV�LQ�(T��

����DUH�WHPSHUDWXUH�GHSHQGHQW��LQFOXGLQJ�[�LWVHOI��7KLV�H[SUHVVLRQ�LV�GHULYHG�IURP�WKH�WKHRU\�

RI�UHJXODU�VROXWLRQV�>��@��DQG�LW�ZDV�VKRZQ�WR�EH�FRQVLVWHQW�ZLWK�VHYHUDO�RWKHU�DSSURDFKHV�>��@��

7KH�TXDQWLWLHV�XLQW� DQG� VPL[�FRUUHVSRQG� WR� WKH� LQWHUDFWLRQ� HQHUJ\�DQG� WKH� HQWURS\�RI�PL[LQJ�

EHWZHHQ� SDUWLFOHV�� UHVSHFWLYHO\�� 7KH� JHQHUDO� H[SUHVVLRQ� RI� WKH� HQWURS\� WHUP� LV� OàÜë:T; L
FT���:T; �F :sF T;��:sF T;��7KH�IUHH�HQHUJLHV�FDQ�EH�HYDOXDWHG�IURP�BÜ L F6HJ<Ü��ZKHUH�
=L�LV�WKH�LQGLYLGXDO�SDUWLWLRQ�IXQFWLRQ�DVVRFLDWHG�WR�WKH�VWDWH�L��7KLV�SDUWLWLRQ�IXQFWLRQ�LV�GHULYHG�

IURP�WKH�GLDJUDP�RI�HQHUJ\�OHYHOV��LQGH[�N��RI�WKH�SDUWLFOH�LQ�VWDWH�L���<Ü L Ã CÜ
Þ

Þ A?:�Ô
Ö
>'; Í¤ ��

,Q� WKLV�H[SUHVVLRQ��CÜ
Þ� DQG� �ÝÜ

Þ� UHIHU� WR� WKH�GHJHQHUDF\�DQG�HQHUJ\�RI� WKH� OHYHO�N�RI� VWDWH� L��

UHVSHFWLYHO\��%\�FRQYHQWLRQ��ÝÜ
Þ@4 L r��IRU�WKH�ORZHVW�OHYHO��DQG�WKH�HQHUJ\�'�LV���IRU�WKH�VWDWH�
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���RU����ZKLFK�LV�WKH�ORZHVW�LQ�HQHUJ\��ZKLOH�LW�LV�HTXDO�WR�WKH�VSDFLQJ�EHWZHHQ�WKH�ORZHVW�OHYHOV�

�N� ����RI�WKH�WZR�VWDWHV�IRU�WKH�RWKHU����RU�����

/HW� XV� QRZ� DSSO\� WKH� JHQHUDO� H[SUHVVLRQ� RI� (T�� ���� WR� HDFK� VXEODWWLFH�� )RU� WKH� %�

VXEODWWLFH��ZH�FRQVLGHU�[� �Q���VWDWH��� �&R���+6�DQG�VWDWH��� �&R���/6��7KH�ORZHVW�VWDWH�LV�

&R���/6�ZKLFK�GHILQHV�WKH�]HUR�LQ�HQHUJ\��VHH�)LJ������)RU�VWDWH����I��LV�GHULYHG�IURP�WKH�HQHUJ\�

GLDJUDP� RI� &R��� +6� LQ� DQ� RFWDKHGUDO� �2K�� HQYLURQPHQW� �P6Ú
8 AÚ

6;�� 7KH� FRPELQDWLRQ� RI� WKH�

FU\VWDOOLQH� HOHFWULF� ILHOG� �&()�� DQG� VSLQ�RUELW� FRXSOLQJ� �62&�� LV� H[SHFWHG� WR� VSOLW� WKH� ���

VXEOHYHOV�PDLQO\� LQWR�D� WULSOHW��D�TXLQWHW�DQG�D�VH[WHW� � >��@��7KHVH�HQHUJ\� OHYHOV�RI�+6�DUH�

VKLIWHG� E\� DQ� HQHUJ\� JDS�'� IURP� /6� �VHH� )LJ�� �� ��� 7KH� HQHUJ\� I�� LV� FDOFXODWHG� IURP� WKH�

H[SUHVVLRQ�<5 L <:��7>��; L Ã C5
Þ

Þ A?:�-
Ö>¿; Í¤ ��XVLQJ�WKH�HQHUJ\�OHYHOV�Ý5

Þ��GHULYHG�LQ�>��@��

$V�IRU�VWDWH�����&R���/6�LQ�2K��P6Ú
: ��LV�D�VLQJOHW�DW�WKH�JURXQGVWDWH��OHDGLQJ�WR�I�� ����7R�DFFRXQW�

IRU� WKH�LQWHUDFWLRQ�DPRQJ�WKH�&R��� �/6�RU�+6���ZH�XVH�WKH�JHQHUDO�IRUP�QÜáç
» :J; L F,»�J6��

>�����@�� 7KH� FDVH� -%� !� �� FRUUHVSRQGV� WR� D� ©�SRVLWLYH�ª� FRRSHUDWLYH� HIIHFW�� ZKLFK� WHQGV� WR�

DFFHOHUDWH�WKH�WUDQVLWLRQ��VLQFH�Q�LV�DVVRFLDWHG�WR�WKH�XSSHU�VWDWH���7KLV�LV�WKH�FDVH�RI�PDQ\�)H���

EDVHG�PROHFXODU�FRPSRXQGV�>��@��,Q�WKH�SHURYVNLWH�FREDOWDWHV�OLNH�/D&R2���RU�WKRVH�VKRZLQJ�

9667��RQH�UDWKHU�H[SHFWV�-%�������7KLV�LV�D�©�QHJDWLYH�ª�FRRSHUDWLYH�HIIHFW��DVVRFLDWHG�WR�WKH�

PHFKDQLVP���GHVFULEHG�LQ�RXU�TXDOLWDWLYH�GLVFXVVLRQ��ZKLFK�LPSHGHV�WKH�GHYHORSPHQW�RI�WKH�

WUDQVLWLRQ��>��@��,Q�WKH�HQG��IRU�WKH�%�VXEODWWLFH��RQH�DUULYHV�DW�WKH�IROORZLQJ�H[SUHVVLRQ�IRU�WKH�

LQGLYLGXDO�IUHH�HQHUJ\���

B» L J>F6HJ<:��7>��;?F ,»J6 E 6>JHJ:J; E :sF J; ��:sF J;?�� � ����

:H�HPSKDVL]H�WKDW�WKLV�H[SUHVVLRQ�LV�HTXLYDOHQW�WR�WKRVH�UHSRUWHG�LQ�WKH�HDUO\�SDSHUV�RQ�

WKH�667�>��@��,W�DOVR�GHVHUYHV�WR�EH�HPSKDVL]HG�WKDW�WKH�TXDGUDWLF�WHUP��F,»J6;�LQ�(T������LV�
DW�WKH�RULJLQ�RI�WKH�HIIHFWLYH�JDS��¿F t,»J;�RIWHQ�XVHG�WR�GHVFULEH�WKH�/6�DQG�+6�SRSXODWLRQV�
LQ�)H���EDVHG�PDWHULDOV�YLD�D�PRGLILHG�%ROW]PDQQ�ODZ�>��@��

/HW�XV�QRZ�WXUQ�WR�WKH�IUHH�HQHUJ\�RI�WKH�$�VXEODWWLFH��:H�FRQVLGHU�LQ�WKLV�FDVH�[� �P��

VWDWH��� �3U���DQG�VWDWH��� �3U����1RWH�WKDW�WKH�JURXQGVWDWH�RI�3U���LV�DVVXPHG�WR�OLH�DERYH�WKDW�

RI� 3U��� �VHH� )LJ�� ���� ,Q� WKH� FXER�RFWDKHGUDO� HQYLURQPHQW� RI� WKH� $� VLWH�� 3U��� �� �I��� -�  � ���

XQGHUJRHV�D�VSOLWWLQJ�LQ���VLQJOHWV��ZKLOH�3U������I���-� �������H[KLELWV���GRXEOHWV��:H�XVHG�WKH�

HQHUJ\�OHYHOV�JLYHQ�LQ�UHI��>��@�WR�HYDOXDWH�=�3U����DQG�=�3U����>��@��7KH�,&)�PRGHO�LQWURGXFHV�

DQ� HIIHFWLYH� WHPSHUDWXUH�6Û L §66 E 6Ù6��ZKHUH�7I� � LV� WKH�YDOHQFH� IOXFWXDWLRQ� WHPSHUDWXUH�
>��@��7KLV�SKHQRPHORJLFDO�SDUDPHWHU�LV�DVVXPHG�WR�UHIOHFW�D�EURDGHQLQJ�RI�WKH�HQHUJ\�OHYHOV�
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WKDW�FDQ�DFFRXQW�IRU�WKH�VWDELOL]DWLRQ�RI�D�PL[HG�YDOHQFH��7KH�WHPSHUDWXUH�7�UHSODFHV�7�LQ�WKH�

HYDOXDWLRQ� RI� WKHUPRG\QDPLFDO� TXDQWLWLHV�� LQ� SDUWLFXODU� IRU� WKH� SDUWLWLRQ� IXQFWLRQV� <Ü L
Ã CÜ

Þ
Þ A?:�Ô

Ö
>'; ÍÛ¤ �� $V� VKRZQ� LQ� )LJ�� ��� RQH� FRQVLGHUV�'� � �� IRU� 3U��� DQG�'� � G� IRU� 3U����

0RUHRYHU��DQ�LQWHUDFWLRQ�WHUP�VLPLODU�WR�WKDW�SUHYLRXVO\�LQWURGXFHG�IRU�WKH�%�VXEODWWLFH�FDQ�EH�

DGGHG��.HHSLQJ�LQ�PLQG�WKDW����P��FRUUHVSRQGV�WR�WKH�XSSHU�VWDWH��WKLV�LQWHUDFWLRQ�WHUP�WDNHV�

WKH� IRUP� QÜáç
º :I; L F,º�:sFI;6�� 7KLV� OHDGV� WR� D� JHQHUDOL]HG� H[SUHVVLRQ� IRU� WKH� $�

VXEODWWLFH���

Bº L I>F6Û��<:��7>;?E :s FI;>F6Û��<:��8>;?F ,º�:sFI;6 E 6Û>I���:I; E :s F
I; ��:sFI;?� � � � � � � � � � ����

�

,PSRUWDQWO\��WKLV�H[SUHVVLRQ�LV�FRQVLVWHQW�ZLWK�WKRVH�XVHG�LQ�WKH�SDSHUV�RQ�(X��RU�<E�

EDVHG�FRPSRXQGV�>�����������@��ZKHUH�WKH�SRSXODWLRQ�RI�WKH�WZR�YDOHQFH�VWDWHV�DUH�JLYHQ�E\�

D�%ROW]PDQQ�ODZ�LQYROYLQJ�D�JDS�RI�WKH�IRUP�'Øë L Ü F t,º:s FI;�>��@��,Q�WKH�FDVH�RI�WKH�
9667� PDWHULDOV�� KRZHYHU�� WKHUH� LV� QR� REYLRXV� MXVWLILFDWLRQ� IRU� WKH� RFFXUUHQFH� RI� VXFK� D�

FRXSOLQJ�DPRQJ�WKH�$�VXEODWWLFH��7KH�FDWLRQV� LQ� WKH�$�VXEODWLFH�DUH� OHVV� LQ� LQWHUDFWLRQ�WKDW�

WKRVH�RI�WKH�%�VXEODWWLFH��ZKLFK�KDYH�D�KLJKHU�GHJUHH�RI�FRYDOHQF\��7KHUHE\��LQ�RUGHU�WR�UHVWULFW�

DV�PXFK�DV�SRVVLEOH�WKH�QXPEHU�RI�SDUDPHWHUV�LQ�WKH�PRGHO��ZH�ZLOO�FRQVLGHU�WKHUHDIWHU�-$� �

���OHDGLQJ�WR��

Bº L I>F6Û��<:��7>;?E :sFI;>F6Û��<:��8>;?E 6Û>I���:I; E :sFI; ��:s FI;?��� ����

�

/HW�XV�QRZ�WXUQ�WR�WKH�LQWHUDFWLRQ�HQHUJ\�EHWZHHQ�WKH�WZR�VXEODWWLFHV��,W�EDVLFDOO\�GHULYHV�

IURP�PHFKDQLVP���� IRU�ZKLFK� WKH� ODUJH�3U��� RQ� WKH�$� VLWHV� IDYRUV� WKH� HPHUJHQFH� RI� ODUJH�

&R��+6�RQ�WKH�%�VLWHV��DQG�YLFH�YHUVD��,Q�D�ZD\�VLPLODU�WR�WKDW�XVHG�ZLWKLQ�HDFK�VXEODWWLFH��WKLV�

LQWHUDFWLRQ�FDQ�EH�DFFRXQWHG�IRU�E\�D�WHUP�RI�WKH�IRUP��

Bº» L F,º»�J�I� � � � � � ����

�

)RU� -$%� !� ��� WKLV� WHUP� UHIOHFWV� D� SRVLWLYH� V\QHUJ\� EHWZHHQ� WKH� 97� DQG� 667�

WUDQVIRUPDWLRQV��
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)LJXUH�����(QHUJ\�GLDJUDPV�RI�3U���DQG�3U���DW�WKH�$�VLWHV�RI�WKH�SHURYVNLWH�VWUXFWXUH��DQG�RI�&R����EHLQJ�
HLWKHU�/6�RXU�+6��DW�WKH�%�VLWHV��7KH�OHYHOV�IRU�WKH�3U�FDWLRQV�DUH�WKRVH�FDOFXODWHG�LQ�5HI�� >��@��ZKLOH�
WKRVH�RI�&R���+6�DUH� WDNHQ� IURP�5HI�� >��@��7KH� ORZHU�SDQHO� LV� D� VFKHPDWLF�SLFWXUH�KLJKOLJKWLQJ� WKH�
FRPSHWLQJ�PHFKDQLVPV�DFWLQJ�RQ�WKH�GHYHORSPHQW�RI�WKH�9667��D�EUDNLQJ�HIIHFW�DIIHFWLQJ�WKH�VSLQ�VWDWH�
WUDQVLWLRQ�RI�WKH�&R����FRQWUROOHG�E\�WKH�HQHUJ\�-�LQ�WKH�PRGHO���DQG�D�ERRVWLQJ�HIIHFW�RULJLQDWLQJ�IURP�
WKH�V\QHUJ\�EHWZHHQ�WKH�VSLQ�VWDWH��%�VLWHV��DQG�YDOHQFH�VWDWH��$�VLWHV��DVSHFWV�RI�WKH�9667��FRQWUROOHG�
E\�WKH�HQHUJ\�-¶�LQ�WKH�PRGHO����

�

�$W� WKLV� VWDJH�� RQH� PXVW� FRPELQH� WKH� LQGLYLGXDO� HQHUJLHV� �I�� WR� JHW� TXDQWLWLHV�

UHSUHVHQWDWLYH�RI�WKH�FDWLRQLF�VWRLFKLRPHWU\�RI�D�IRUPXOD�XQLW��)���7KH�LPSRUWDQW�SRLQW�LV�WKH�

EDODQFH�EHWZHHQ�)$��SURSRUWLRQDO�WR�WKH�DPRXQW�RI�3U��DQG�)%��SURSRUWLRQDO�WR�WKH�DPRXQW�RI�

&R�����WKDW�OHG�XV�WR�LQWURGXFH�WKH�SDUDPHWHU�D� �>3U@�>&R��@��0RUHRYHU��LQ�RUGHU�WR�GHDO�RQO\�

ZLWK�SRVLWLYH�YDOXHV�RI�FRXSOLQJ��ZH�ZLOO�FRQVLGHU�-� ���-%� �DQG� �-¶� �-$%��$V�D�UHVXOW�� WKH�

RYHUDOO�IUHH�HQHUJ\�WR�EH�FRQVLGHUHG�ZKHQ�DGGUHVVLQJ�WKH�9667�LV���

(:JáI; L J>F6��<:��7>��;?E 6>J���:J; E :sF J; ��:sF J;?E ,J6 E Ù<I>F6Û��<:��7>;?E
:sFI;>F6Û��<:��8>;?E 6Û>I���:I; E :s FI; ��:sFI;?= F ,"JI� � � ����

�

���� 5HVXOWV�DQG�GLVFXVVLRQ�

)�LV�D�IXQFWLRQ�RI�WZR�YDULDEOHV��Q�P��DQG�LW�FRQWDLQV�ILYH�SDUDPHWHUV��7I���G���'���-��-¶����

$W�HDFK�WHPSHUDWXUH��WKH�FRXSOH�RI�YDULDEOHV��Q�P��PXVW�WDNH�WKH�YDOXHV�\LHOGLQJ�PLQLPL]DWLRQ�
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RI�)�� ,Q� FDVH� RI� D� JHQXLQH�PLQLPXP� �LQ� WKH�PDWKHPDWLFDO� VHQVH��� RQH� FDQ� VHW� WKH� SDUWLDO�

GHULYDWLYHV�RI�)�Q�P��HTXDO�WR�]HUR���

:ò( òI¤ ;á L r� I L <sE ><:��8>; <:��7>;¤ ?���>F :,"J; :Ù6Û;¤ ?=?5� � ������

DQG�

:ò( òJ¤ ;à L r� I L <F6���:��7>��;E t,J E ��>J :sF J;¤ ?=�,"� � � �������

+RZHYHU��LW�PXVW�EH�NHSW�LQ�PLQG�WKDW�D�PLQLPXP�RI�)�FDQ�EH�UHDFKHG�ZLWKRXW�]HURLQJ�

LWV�GHULYDWLYH��LQ�SDUWLFXODU�ZKHQ�WKH�VROXWLRQ�FRUUHVSRQGV�WR�RQH�RI�WKH�ERXQGDULHV�RI�WKH�UDQJH�

RI�DOORZHG�YDOXHV��,Q�WKH�SUHVHQW�FDVH��RQH�FDQ�DQWLFLSDWH�WKDW�WKLV�PD\�RFFXU�IRU�Q�DW�ORZ�7�

�VLQFH�WKH�&R���DUH�H[SHFWHG�WR�EH�PDLQO\�/6�EHORZ�7WU��L�H���Q�o�����)RU�UHOHYDQW�YDOXHV�RI�

SDUDPHWHUV��VHH�EHORZ��DQG�H[SHULPHQWDO�YDOXHV�RI��Q�P���WKH�IDFW�LV�WKDW�)�P��DOZD\V�H[KLELWV�

RQH�PLQLPXP�ZLWKLQ� WKH� UDQJH� ?rás>� DW�DOO� WHPSHUDWXUHV�� VR�(T�� ������ LV� OHJLWLPDWH��2Q� WKH�

FRQWUDU\�� )�Q�� LV� D� PRQRWRQRXVO\� LQFUHDVLQJ� IXQFWLRQ� DW� ORZ�7��ZKLFK� FDQ� FKDOOHQJH� WKH�

UHOHYDQFH� RI�(T�� ������ LQ� VRPH� UHJLPHV��7KHUHIRUH�� RQH� LV� OHG� WR� UDWKHU� DGRSW� D� QXPHULFDO�

DSSURDFK�WR�GHWHUPLQH��DW�HDFK�WHPSHUDWXUH��WKH�FRXSOH��Q�P��\LHOGLQJ�WKH�ORZHVW�YDOXH�RI�)��

7KH�SURFHGXUH�ZH�IROORZHG�LV�GLYLGHG�LQ�VHYHUDO�VWHSV����L��&KRLFH�RI�D�VHW�RI�SDUDPHWHUV�

�7I� ��G� ��'� �� -�� -¶� ��� �LL��$W� VHOHFWHG�YDOXHV�RI�7�� FDOFXODWLRQ�RI�P�Q�7�� IURP�(T�� ������� �LLL��

,QFRUSRUDWLRQ�LQWR�(T������WR�JHW�)�Q�7����LY��1XPHULFDO�GHULYDWLRQ�RI�WKH�PLQLPXP�RI�)�Q��DW�

HDFK�7��ZKLFK�\LHOGV�YDOXHV�RI�QPLQ�7����Y��&DOFXODWLRQ�RI�PPLQ�7��IURP�QPLQ�7��E\�XVLQJ�WKH�

DERYH�P�Q�7��H[SUHVVLRQ���YL��&RPSDULVRQ�RI�WKH�REWDLQHG�VHW�>Q�7��P�7�@�WR�WKH�;$6�GDWD��

7KLV�VHTXHQFH� LV� UHSHDWHG�E\�DGMXVWLQJ� WKH� LQSXW�SDUDPHWHUV� �7I���G� ��'� ��-��-¶�� WLOO� UHDFKLQJ�

VDWLVI\LQJ�DJUHHPHQW�ZLWK�WKH�GDWD���

Page 10 of 18AUTHOR SUBMITTED MANUSCRIPT - JPCM-117005.R1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



íí�

�

�

)LJXUH�����7RWDO�IUHH�HQHUJ\�DV�D�IXQFWLRQ�RI�Q�� >&R���+6@��>&R��@���FDOFXODWHG�DW�YDULRXV�WHPSHUDWXUHV��
7KH�SDUDPHWHUV��7I���G���'���-��-¶��DUH�WKRVH�OHDGLQJ�WR�WKH�EHVW�DJUHHPHQW�ZLWK�WKH�;$6�GDWD��VHH�WH[W���
7KH�ORZHU�SDQHO�VKRZV�WKH�GLIIHUHQFH�)�Q��)�Q ���WR�EHWWHU�YLVXDOL]H�WKH�VKDSH�RI�WKH�FXUYHV�DW�VHYHUDO�
WHPSHUDWXUHV��7KH�SRVLWLRQ�RI�WKH�PLQLPXP�RI�HDFK�FXUYH�LV�PDUNHG�E\�D�WULDQJOH��

�

,Q� WKH� OLWHUDWXUH�� WKH� IHZ�;$6�VWXGLHV�DGGUHVVLQJ�ERWK� WKH�97�DQG�667�DVSHFWV�KDYH�

UHSRUWHG�YHU\�FRQVLVWHQW�IHDWXUHV�>������������@��)RU�WKH�SUHVHQW�VWXG\��ZH�FKRVH�WR�FRQVLGHU�

WKH� UHVXOWV�REWDLQHG�RQ� �3U���6P�������&D���&R2��ZKLFK�SRVVHVV� FORVHO\� VSDFHG�H[SHULPHQWDO�

SRLQWV�DURXQG�WKH�WUDQVLWLRQ��7WU��>�@��)RU�WKH�SDUDPHWHU�D� �>3U@�>&R��@��ZH�HYDOXDWHG�LWV�YDOXH�

DW��7�!�7WU�ZKHQ�3U�LV�SXUHO\�WULYDOHQW��LQ�VXFK�D�ZD\�WKDW�WKH�FKHPLFDO�IRUPXOD�FDQ�EH�ZULWWHQ�

DV���4ä8=
7> ��4ä65

7> ��4ä74
6> ��4ä;

7>��4ä7
8>�7

6?��OHDGLQJ�WR�D ��������� ������

)RUWXQDWHO\��WKH�ILYH�SDUDPHWHUV�WR�EH�DGMXVWHG��7I���G���'���-��-¶���DUH�QRW�FRPSOHWHO\�IUHH�

SDUDPHWHUV��)LUVW�� WKH�/6�+6�JDS�'� LV� LQWLPDWHO\�UHODWHG� WR� WKH�DYHUDJH�$�VLWH� UDGLXV��U$!��

)URP�SUHYLRXV�VWXGLHV�RQ�YDULRXV�VHULHV��VXFK�DV�/D�í[(X[&R2��>��@�DQG�5&R2���/Q� �'\��*G��

6P��1G��3U�DQG�/D��>�����@��WKH�'�YDOXH�LQ�RXU�FDVH�LV�H[SHFWHG�WR�OLH�EHWZHHQ������DQG������

��� ��� ��� ��� ��� ��� ���
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.��6HFRQG��WKHUH�LV�D�UHODWLRQVKLS�EHWZHHQ�7I��DQG�G�ZKLFK�LV�IL[HG�E\�WKH�H[SHULPHQWDO�YDOXH�

RI�P�7 ���a�������7KLUG��LQ�RUGHU�WR�EH�LQ�DFFRUGDQFH�ZLWK�WKH�VWHSV�SUHVHQW�RQ�ERWK�P�7��DQG�

Q�7��DW�WKH�WUDQVLWLRQ��WKH�P�Q��H[SUHVVLRQV�FDOFXODWHG��IURP�(TV��������DQG�������DW�7� �7WU�PXVW�

EH�WDQJHQW�WR�HDFK�RWKHU��2QH�FDQ�HYHQ�VWDWH�WKDW�WKH�RYHUODSSLQJ�VHJPHQW�RI�P�Q��FXUYHV�PXVW�

EH�FRQVLVWHQW�ZLWK�WKH�H[SHULPHQWDO�YDOXHV�RI�P�DQG�Q�DORQJ�WKH�MXPSV�>��@��7KLV�LQGXFHV�D�

UHODWLRQVKLS�EHWZHHQ�WKH�WKUHH�SDUDPHWHUV��'��-��-¶���$OO�WKHVH�FRQVWUDLQWV�KHOS�XV�WR�UHGXFH�WKH�

GRPDLQ�RI�SDUDPHWHUV�WR�EH�H[SORUHG���

%\�DGRSWLQJ�D�WULDO�DQG�HUURU�SURFHVV��ZH�IRXQG�WKDW�WKH�IROORZLQJ�VHW�RI�SDUDPHWHUV�LV�

DEOH�WR�UHSURGXFH�SURSHUO\�WKH�PDLQ�IHDWXUHV�RI�WKH�9667���7I�� �����.��G� �����.��'� ������

.��-� �����.��-¶� ������.��)LJXUH���VKRZV�SORWV�RI�)�Q��DW�VHOHFWHG�7�YDOXHV�IRU�WKLV�VHW�RI�

SDUDPHWHUV��$W�7���7WU��RQH�REVHUYHV�D�PRQRWRQLFDOO\�LQFUHDVLQJ�IXQFWLRQ�VWDUWLQJ�IURP�Q� ����

$SSURFKLQJ�7WU�� D�PLQLPXP� LQ�)�Q�� WDNHV� SODFH� DW�Q�z� ���$URXQG�7WU�� D� VHFRQG�PLQLPXP�

HPHUJHV��DQG�RQH�REVHUYHV�D� UDSLG�VZDS�EHWZHHQ� WKHP�DV�7� LV�YDULHG�� ,W� WXUQV�RXW� WKDW� WKH�

SRVLWLRQV�RI�WKHVH�PLQLPD�FRUUHVSRQG�WR�WKH�ORZHU�DQG�XSSHU�ERXQGDULHV�RI�WKH�MXPS�LQ�Q�7��

DW� WKH� WUDQVLWLRQ��$W�7WU�� WKH�)�Q�� IXQFWLRQ� H[KLELWV� D� YHU\� VKDOORZ�PLQLPXP��ZKLFK� LV� WKH�

EHKDYLRU�H[SHFWHG�IRU�D�)27��7KHQ��IRU�7�!�7WU��)�Q��VKRZV�D�VLQJOH�PLQLPXP�ZKRVH�SRVLWLRQ�

LQFUHDVHV�ZLWK�WHPSHUDWXUH��)RU�DOO�WKHVH�QPLQ�7���ZH�FDOFXODWHG�WKH�DVVRFLDWHG�PPLQ�7��YDOXHV�

YLD�(T�����������

)LJXUH���VKRZV�WKH�UHVXOWV�RI�WKLV�DQDO\VLV��FRPSDUHG�WR�WKH�;$6�GDWD��2QH�FDQ�XQGHUOLQH�

D�UHDVRQDEOH��RYHUDOO�FRQVLVWHQF\�EHWZHHQ�WKH�PRGHO�DQG�WKH�GDWD��)URP�7� ���.�WLOO�7WU��WKHUH�

LV�D�YHU\�ZHDN�FKDQJH�LQ�P�DQG�Q��MXVW�D�URXQGLQJ�RQ�WKH�ORZ�7�ZLQJ�RI�WKH�WUDQVLWLRQ���$W�

7WU��RQH�JHWV�FRQFRPLWDQW� MXPSV�LQ�WKH�VSLQ�VWDWH�RI�&R���DQG�WKH�YDOHQFH�RI�3U�� WKH�RQH�RQ�

©�P�ª�LV�FRPSOHWH��L�H���UHDFKLQJ�P� ����ZKHUHDV�WKH�MXPS�RQ�©�Q�ª�LV�RQO\�SDUWLDO��$ERYH�7WU���

Q�FRQWLQXHV�WR�LQFUHDVH�XS�WR�URRP�WHPSHUDWXUH��EXW�PXFK�PRUH�SURJUHVVLYHO\���
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)LJXUH�����7HPSHUDWXUH�GHSHQGHQFH�RI�WKH�IUDFWLRQV�RI�+6�LQ�&R���DQG�RI�WULYDOHQW�3U��7KH�V\PEROV�DUH�
;$6�GDWD��ZKLOH�WKH�OLQH�LV�GHULYHG�IURP�WKH�PRGHO�IRU�D�FHUWDLQ�VHW�RI�SDUDPHWHUV��VHH�WH[W���

�

:H� FODLP� WKDW� WKH� ILUVW�RUGHU� FKDUDFWHU� RI� WKH� 9667� FRUUHVSRQGV� WR� D� WUDQVLHQW�

DFFHOHUDWLRQ�RULJLQDWLQJ�IURP�D�V\QHUJ\�EHWZHHQ�WZR�FRXSOHG�GHJUHHV�RI�IUHHGRP���WKH�YDOHQFH�

VWDWH��RI�3U��DQG�WKH�VSLQ�VWDWH��RI�&R�����$FWXDOO\��3U���FDQ�EH�UHJDUGHG�DV�WKH�IXHO�RI�D�ERRVWHU�

SURFHVV�VWLPXODWLQJ�WKH�WUDQVIRUPDWLRQ�&R���/6�o�&R���+6���VXFK�D�SURFHVV�LV�H[SHFWHG�WR�HQG�

ZKHQ�DOO�WKH�3U���SUHVHQW�LQ�WKH�ORZ�7�UHJLPH�DUH�FRQVXPHG��ZKLFK�LV�ZHOO�FRPSDWLEOH�ZLWK�WKH�

PXFK�VPRRWKHU�LQFUHDVH�RI�&R���+6�YHUVXV�WHPSHUDWXUH�DERYH�WKH�9667��

2XU�DSSURDFK�LQ�WHUPV�RI�PLQLPL]DWLRQ�RI�WKH�IUHH�HQHUJ\�)�LV�PDGH�UHOHYDQW�E\�WKH�IDFW�

WKDW�WKH�9667�H[KLELWV�YLUWXDOO\�QR�K\VWHUHVLV�>��@��,W�LV�ZRUWK�VSHFLI\LQJ�WKDW�WKH�9667�LV�QRW�

DVVRFLDWHG�WR�DQ\�PDJQHWLF�RUGHULQJ�QRU�DQ\�FKDQJH�RI�VSDFH�JURXS��,W�LV�WKH�V\QHUJ\�EHWZHHQ�

WZR�FRXSOHG�GHJUHHV�RI�IUHHGRP�WKDW�FDQ�\LHOG�D�VR�VKDUS�WUDQVLWLRQ��FRQIHUULQJ�WR�WKH�9667�D�

ILUVW�RUGHU�FKDUDFWHU�� ,Q� WKLV�UHJDUG�� LW�PXVW�DOVR�EH�XQGHUOLQHG� WKDW� WKLV�VKDUSQHVV� LV�QRW�DQ�

LQWULQVLF� IHDWXUH� RI� WKH� 9667�� VLQFH� WKLV� W\SH� RI� WUDQVLWLRQ� FDQ� EHFRPH� EURDG� IRU� VRPH�

FRPSRVLWLRQV�>������@���

/HW�XV�QRZ�FRPPHQW�RQ�WKH�REWDLQHG�SDUDPHWHUV��7I���G���'���-��-¶����HYHQ�WKRXJK�LW�PXVW�

EH�FOHDU�WKDW�WKLV�VHW�RI�YDOXHV�FDQQRW�EH�UHJDUGHG�DV�WKH�XQLTXH��RSWLPDO�VROXWLRQ���WKLV�LV�GXH��

ILUVW��WR�WKH�XVHG�SURFHGXUH��WULDO�DQG�HUURU��DQG��VHFRQG��WR�D�VL]HDEOH�LQWHUGHSHQGHQFH�EHWZHHQ�

d
��

d

W�ð= l�W�ï=

�}ï= >^

W�ï=

�}ï= >^l,^
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FHUWDLQ�SDUDPHWHUV��,W�UHPDLQV�WKDW�FRPSDULVRQ�WR�WKH�OLWHUDWXUH�LV�SRVVLEOH�IRU�VRPH�RI�WKHVH�

SDUDPHWHUV��)LUVW��WKH�'�YDOXH�RI������.�IRU�D��U$!� �����c�LV�ZHOO�LQ�OLQH�ZLWK�WKH�YDOXHV�

UHSRUWHG�LQ�SUHYLRXV�VWXGLHV�RI�FREDOWDWHV�>��@��6HFRQG��WKH�LQWHUDFWLRQ�-�FDQ�EH�FRPSDUHG�WR�

SUHYLRXV� ZRUNV� RQ� /D&R2��� HYHQ� WKRXJK� GLIIHUHQW� W\SHV� RI� DQDO\VLV� ZHUH� XVHG�� ,Q� ������

.\RPHQ��>��@�GHVFULEHG�WKH�DQWLFRRSHUDWLYH�HIIHFW�DORQJ�WKH�667�E\�LQWURGXFLQJ�DQ�HIIHFWLYH�

JDS�RI� WKH� IRUP�¿ØÙÙL ¿E Ã ¿Ü
7
Ü@5 JÜ�� ,Q� ILUVW� DSSUR[LPDWLRQ��RXU�-� YDOXH� �����.�� FDQ�EH�

FRPSDUHG�WR�WKH�OLQHDU�WHUP�RI�WKH�SRO\QRPLDO�GHYHORSPHQW��'�� �����.���DQG�RQH�REVHUYHV�

WKH\�DUH�LQGHHG�RI�WKH�VDPH�RUGHU�RI�PDJQLWXGH��+RZHYHU��LQ�/D&R2���WKH�RWKHU�'L�DOVR�JHW�

VLJQLILFDQW�SRVLWLYH�YDOXHV��H�J���'�� �����.��LQ�VXFK�D�ZD\�WKDW�'HII��GLYHUJHV�EHIRUH�UHDFKLQJ�

Q�a������FRQWUDU\�WR�WKH�FDVH�RI�WKH�SUHVHQW�VWXG\��,W�LV�UHDVRQDEOH�WR�FRQVLGHU�WKDW�WKH�UHSXOVLYH�

LQWHUDFWLRQ�EHWZHHQ�WKH�&R���+6�LV�SUREDEO\�ZHDNHQHG�LQ�WKH�PL[HG�YDOHQW�9667�FRPSRXQGV��

RZLQJ�WR�D�GLOXWLRQ�HIIHFW�E\�WKH�&R����QRW�SUHVHQW�LQ�/D&R2����$ERXW�WKH�G�YDOXH��VKLIW� LQ�

HQHUJ\�EHWZHHQ�3U���DQG�3U�����WKH�RQO\�DYDLODEOH�GDWD�LQ�WKH�OLWHUDWXUH�GHDOV�ZLWK�LQWHUPHWDOOLFV��

WKDW�DUH�TXLWH�GLIIHUHQW�PDWHULDOV��,W�LV�ZRUWK�QRWLQJ��KRZHYHU��WKDW�RXU�G�a����.�LV�RI�WKH�VDPH�

RUGHU�RI�PDJQLWXGH�DV�WKH�YDOXHV�UHSRUWHG�IRU�<E�����<E����G�a���������.��>�����@�DQG�(X�����

(X����G�a���������.��>�����@�LQ�LQWHUPHWDOOLF�FRPSRXQGV��7KH�VDPH�DOVR�KROGV�IRU�7I�� ����.�

ZKLFK�LV�VLPLODU�WR�YDOXHV�UHSRUWHG�IRU�WKH�YDOHQFH�WUDQVLWLRQ�LQ��I�FRPSRXQGV��IRU�LQVWDQFH����

����.�IRU�(X���(X����>��@��)LQDOO\��WKH�RQO\�SDUDPHWHU�IRU�ZKLFK�WKHUH�LV�DEVROXWHO\�QR�SRLQW�

RI�FRPSDULVRQ�LQ�WKH�OLWHUDWXUH�LV�WKH�HIIHFWLYH�LQWHUDFWLRQ�-¶�WKDW�ZH�LQWURGXFHG�EHWZHHQ�3U���

DQG�&R���+6��

$SDUW� IURP� WKH�XQFHUWDLQW\� UHODWHG� WR� WKH� DGMXVWPHQW�SURFHGXUH�� WKH� UHOLDELOLW\�RI�RXU�

SDUDPHWHU�YDOXHV�LV�DOVR�LPSDFWHG�E\�YDULRXV�ZHDNQHVVHV�LQ�WKH�PRGHO�LWVHOI��)LUVW�RI�DOO��RQH�

FDQ� VHH� LQ�)LJ���� WKDW� WKH�FDOFXODWHG�P� YDOXH�GRHV�QRW� VDWXUDWH� WR���DV� LW� LV� H[SHULPHQWDOO\�

REVHUYHG��LW�UDWKHU�WHQGV�WR�VOLJKWO\�GHFUHDVH�DV�7�LV�LQFUHDVHG�XS�WR�����.���7KLV�LV�LQKHUHQW�LQ�

RXU�PRGHO�ZKHUH� WKH�JDS�EHWZHHQ� WKH�JURXQGVWDWHV�RI�3U��� DQG�3U��� KDV� D� IL[HG�YDOXH��7R�

DFFRXQW�IRU�WKH�DFKLHYHPHQW�RI�D�SXUHO\�3U���VWDWH�DV�WKH�WHPSHUDWXUH�LV�LQFUHDVHG��RQH�VKRXOG�

HQKDQFH� WKH� HIIHFWLYH� JDS� G� DORQJ� WKH� GHYHORSPHQW� RI� WKH� YDOHQFH� WUDQVLWLRQ�� 7KLV� ZRXOG�

FRUUHVSRQG�WR�WKH�LQWURGXFWLRQ�RI�DQ�LQWHUDFWLRQ�-$�����LQ�(T�������DV�GRQH�LQ�PRGLILHG�YHUVLRQV�

RI�WKH�,&)�PRGHO�DSSOLHG�WR�<E�EDVHG�LQWHUPHWDOOLFV�>�����@��IRU�LQVWDQFH���$V�GLVFXVVHG�DERYH��

ZH�KDYH�SUHIHUUHG�WR�GLVFDUG�WKLV�WHUP�LQ�D�ILUVW�DSSUR[LPDWLRQ��IRU�WZR�PDLQ�UHDVRQV���ILUVW��LQ�

RUGHU�WR�EHWWHU�KLJKOLJKW�WKH�HVVHQFH�RI�WKH�SURFHVV�E\�IRFXVLQJ�RQ�WKH�NH\�DVSHFWV��DQG��VHFRQG��

EHFDXVH�ZH�FRXOG�QRW�SURSRVH�DQ\�FOHDU�MXVWLILFDWLRQ�IRU�VXFK�DQ�LQWHUDFWLRQ�WHUP��,W�UHPDLQV��

KRZHYHU�� WKDW� VXFK�D�FRUUHFWLYH� WHUP�VKRXOG� LPSURYH�D� ORW� WKH� DJUHHPHQW�ZLWK� WKH�GDWD��$�
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VHFRQG�VHULRXV�OLPLWDWLRQ�RI�WKH�PRGHO�LV�WKDW�ZH�GLG�QRW�WDNH�LQWR�DFFRXQW�WKH�YDULDWLRQ�LQ�WKH�

FHOO�YROXPH�DW�WKH�WUDQVLWLRQ��,W�WXUQV�RXW�WKDW�WKH�ODWWLFH�H[SDQVLRQ�DW�7WU�LV�VL]HDEOH��VLQFH�LW�FDQ�

UHDFK���������XSRQ�ZDUPLQJ�>����������@���7KH�LQWURGXFWLRQ�RI�DQ�HODVWLF� WHUP�LQ�WKH�IUHH�

HQHUJ\�FDQ�KHOS�WR�EHWWHU�ILW�WR�WKH�GDWD��DV�VKRZQ�LQ�WKH�FDVH�RI�PROHFXODU�FRPSRXQGV��HYHQ�

WKRXJK�WKH�LPSDFW�UHPDLQV�PRGHUDWH�>��@��7ZR�OHVV�VHULRXV�GUDZEDFNV�VKRXOG�DOVR�EH�QRWHG���

�L�� WKH� SDUDPHWHU�D�  � >3U@�>&R��@� ZKLFK� LV� DLPHG� WR� UHIOHFW� WKH� EDODQFH� EHWZHHQ� WKH� WZR�

VXEODWWLFHV�VKRXOG�GHSHQG�RQ�7�VLQFH�>&R���@� �������>3U���@����LL��LQ�SULQFLSOH��D�WHPSHUDWXUH�

GHSHQGHQFH�PLJKW�DOVR�EH�LQYRNHG�IRU�DOO�WKH�RWKHU�SDUDPHWHUV��L�H��'�7���G�7���DQG�7I��7���:H�

WKLQN�WKDW�WKHVH�FRUUHFWLRQV�VKRXOG�QRW�DIIHFW�WKH�SK\VLFDO�SLFWXUH�WKDW�LV�SUHVHQWHG�KHUHLQ��EXW�

LW�LV�FOHDU�WKDW�WKH\�FRXOG�LPSURYH�WKH�TXDOLW\�RI�WKH�ILWWLQJ��

�

���� &RQFOXVLRQ�

:H�KDYH�SURSRVHG�D�SKHQRPHORJLFDO�PRGHO�DEOH�WR�UHSURGXFH�WKH�PDLQ�IHDWXUHV�RI�WKH�

9667�ZKLFK�WDNHV�SODFH�LQ�D�VSHFLILF�FODVV�RI�FREDOWDWHV��7KLV�PRGHO�FDQ�EH�UHJDUGHG�DV�DQ�

H[WHQVLRQ�RI�WKH�VWDWLVWLFDO�DSSURDFKHV�DOUHDG\�GHYHORSHG�WR�GHDO�ZLWK�667�RU�97�VHSDUDWHO\��

7KH�HQHUJ\�WHUPV�ZH�DGGHG�GHULYH�IURP�WZR�ZHOO�NQRZQ�SKHQRPHQD�RI�FKHPLFDO�SUHVVXUH�LQ�

SHURYVNLWHV��$%2����ZKLFK�JHQHUDWH�©�VWHULF�OLNH�ª�HIIHFWV�ZLWKLQ�DQG�EHWZHHQ�WKH�$�DQG�%�

VXEODWWLFHV���

0LQLPL]DWLRQ� RI� D� JHQHUDO� IUHH� HQHUJ\� )� LQYROYLQJ� WKH� WZR� VXEODWWLFHV� DQG� WKHLU�

LQWHUDFWLRQ�LV�IRXQG�WR�UHSURGXFH�WKH�)27�OLNH�FKDUDFWHU�RI�WKH�9667��7KH�EDVLF�IDFWRU�DW�WKH�

RULJLQ�RI�WKLV�EHKDYLRU�LV�D�SRVLWLYH�V\QHUJ\�EHWZHHQ�WKH�97��DW�WKH�$�VXEODWWLFH��DQG�WKH�667�

�DW�WKH�%�VXEODWWLFH���$W�WKH�SUHVHQW�VWDJH��RXU�PRGHO�UHPDLQV�URXJK�DQG�ZH�VXJJHVW�D�IHZ�ZD\V�

WR�LPSURYH�VXFK�D�WKHUPRG\QDPLFDO�GHVFULSWLRQ��

7KH�9667�LV�D�TXLWH�XQLTXH�H[DPSOH�RI�)27�ZLWKRXW�VWUXFWXUDO�WUDQVLWLRQ�QRU�PDJQHWLF�

RUGHULQJ��2QH�LQWHUHVWLQJ�DVSHFW�RI�WKH�GHYHORSHG�DSSURDFK�LV�WKDW�LW�KLJKOLJKWV�ZK\�WKH�9667�

FDQ� RQO\� EH� REVHUYHG� LQ� SHURYVNLWH� FRPSRXQGV� FRQWDLQLQJ� ERWK� 3U� DQG�&R��+RZHYHU�� WKH�

SK\VLFDO�RULJLQ�RI�WKH�VWDELOL]DWLRQ�RI�D�PL[HG�YDOHQFH�3U���3U���±ZKLFK�LV�DW�WKH�KHDUW�RI�WKH�

9667� WUDQVLWLRQ±� LV� VWLOO� XQFOHDU�� ,Q� SDUWLFXODU�� WKH� VWUXFWXUDO� SDUDPHWHUV� \LHOGLQJ� VXFK� DQ�

LQWHUPHGLDWH� 3U� YDOHQFH�LQ� R[LGHV� DUH� QRW� \HW� ZHOO� HVWDEOLVKHG�� ,W� LV� XQGHQLDEOH� WKDW� WKHVH�

TXHVWLRQV�ZRXOG�GHVHUYH�IXUWKHU�VSHFLILF�DWWHQWLRQ��

BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB�
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