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,QWURGXFWLRQ

'LDWRPLF�SKRWRGLVVRFLDWLRQ�WR�RSHQ�VKHOO�DWRPV�KDV�UHFHLYHG

FRQVLGHUDEOH�DWWHQWLRQ�UHFHQWO\��EHFDXVH�LQYDOXDEOH�LQIRUPD�

WLRQ�RQ�WKH�HOHFWURQLF�VWDWHV�DQG�WKH�QRQ�%RUQ�2SSHQKHLPHU

LQWHUDFWLRQV�FRXOG�EH�REWDLQHG�E\�WKHRUHWLFDO�DQG�H[SHULPHQ�

WDO� VWXGLHV�RQ� WKH�SURFHVV��)UHHG�DQG�FR�ZRUNHUV��ZHUH� WKH

ILUVW�WR�WUHDW�WKLV�LQWHUHVWLQJ�FDVH�WKHRUHWLFDOO\��7KH\�VKRZHG

WKDW�� ZKHQ� WKH� PROHFXOH� GLVVRFLDWHV� WR� RSHQ�VKHOO� DWRPV�

WKHUH�PD\�EH�PRUH�WKDQ�RQH�UHSXOVLYH�VWDWHV�LQYROYHG�LQ�WKH

G\QDPLFV��DQG�WKDW� WKH� LQWHUDFWLRQV�EHWZHHQ� WKH�DV\PSWRWL�

FDOO\� GHJHQHUDWH� VWDWHV� FDQ� JLYH� SURIRXQG� HIIHFWV� RQ� WKH

SURSHUWLHV�RI�WKH�SKRWRIUDJPHQWV��7KLV�LV�GXH�WR�WKH�IDFW�WKDW

DW� ODUJH� LQWHUQXFOHDU� GLVWDQFHV� WKH� VHSDUDWLRQV� EHWZHHQ� WKH

HOHFWURQLF�VWDWHV�EHFRPH�FRPSDUDEOH�WR�WKH�PDJQLWXGH�RI�WKH

LQWHUDFWLRQV��DQG�WKDW�H[WHQVLYH�UHGLVWULEXWLRQ�RI�TXDQWXP�IOX[

PD\� RFFXU�� 7KH� HIIHFWV� RI� WKHVH� PXOWLFKDQQHO� DV\PSWRWLF

LQWHUDFWLRQV� ZHUH� WUHDWHG� LQ� SKRWRGLVVRFLDWLRQ� RI� GLDWRPLF

PROHFXOHV�VXFK�DV�&+��>5HI���@��1D��>5HI���@��1D+�>5HI���@�

DQG�K\GURJHQ�KDOLGHV�VXFK�DV�+&O�>5HI�����@�DQG�+%U�>5HI�

����@�� ,Q� WKHVH�VLWXDWLRQV�� WKH�GLVVRFLDWLRQ� LV�GLUHFW��DQG� WKH

HOHFWURQLF�VWDWHV�GLVVRFLDWH�WR�D�VLQJOH�DWRPLF�WHUP�

,Q� FRQWUDVW�� WKH�SUHGLVVRFLDWLRQ� RI� WKH�2+�PROHFXOH� LV� D

PXFK�PRUH�FRPSOLFDWHG�SURFHVV��7KH�HOHFWURQLF�VWDWHV�LQYROYHG

LQ�WKH�G\QDPLFV�FRUUHODWH�ZLWK�WZR�DWRPLF�WHUPV��2��3��DQG

2��'���VHH�)LJXUH�����6HYHUDO�GLIIHUHQW�NLQGV�RI�LQWHUDFWLRQV

PD\�DIIHFW�GLIIHUHQW�SURSHUWLHV�RI�SKRWRIUDJPHQWV�DW�GLIIHUHQW

LQWHUQXFOHDU� GLVWDQFHV�� )LUVW�� VSLQ�RUELW� FRXSOLQJV� EHWZHHQ

WKH�ERXQG�$�Σ��DQG�WKH�UHSXOVLYH��Σ−���Σ−�DQG��Π�VWDWHV� LQ
)UDQFN�&RQGRQ� UHJLRQ�PDLQO\� DFFRXQWV� IRU� WKH� WRWDO� FURVV

VHFWLRQV�DQG�WKH�ZLGWKV��OLIHWLPHV��RI�WKH�SUHGLVVRFLDWLQJ�UHV�

RQDQFHV��6HFRQG��PXOWLFKDQQHO�LQWHUDFWLRQV�EHWZHHQ�WKH�DV\P�

SRWLFDOO\� GHJHQHUDWH� ;�Π�� �Σ−�� �Σ−� DQG� �Π� VWDWHV� LQ� WKH
DV\PSWRWLF� UHJLRQ� PD\� DOVR� JLYH� LPSRUWDQW� HIIHFWV� RQ� WKH

EUDQFKLQJ�UDWLRV�DQG�WKH�YHFWRU�SURSHUWLHV�RI�2��3M��M  �����

����)LQDOO\��TXDQWXP�LQWHUIHUHQFH�EHWZHHQ�WKH�GLUHFW��YLD��Σ−�

DQG�WKH�LQGLUHFW��SUHGLVVRFLDWLQJ�YLD�$�Σ��WKURXJK�WKH�UHSXO�

VLYH��Σ−�� �Σ−� DQG��Π� VWDWHV��SDWKZD\V�ZHUH�SUHGLFWHG����� WR
JLYH�QRYHO� IHDWXUHV�RI�DV\PPHWULF�UHVRQDQFHV�DQG�VWURQJO\

FKDQJLQJ�SURSHUWLHV�RI�SKRWRSURGXFWV�QHDU�WKH�UHVRQDQFHV��

0RUH�LQWHUHVWLQJO\��WKH�UHODWLYH�LPSRUWDQFH�RI�WKHVH�HIIHFWV

DOVR�KLJKO\�GHSHQGV�RQ�WKH�YLEUDWLRQDO�TXDQWXP�QXPEHU�Y
�RI

WKH�$�Σ��VWDWH��)RU�ORZ�O\LQJ�Y
  ��DQG�Y
  ��OHYHOV��WKH�SUH�

GLVVRFLDWLRQ�RFFXUV�SUHGRPLQDQWO\�WKURXJK�WKH�VLQJOH�UHSXO�

VLYH� VWDWH�� �Σ−�� 7KH� )UDQFN�&RQGRQ� IDFWRU� IRU� WUDQVLWLRQV

IURP�WKH�JURXQG�; �Π�VWDWH�WR�WKH�UHSXOVLYH��Σ−�VWDWH�LV�YHU\

VPDOO��DQG�WKH�HIIHFWV�RI�WKH�TXDQWXP�LQWHUIHUHQFH�DUH�PLQL�

PDO��7KHUHIRUH��WKH�G\QDPLFV�ORRNV�OLNH�QRUPDO�SUHGLVVRFLD�

WLRQ��LQ�WKH�VHQVH�WKDW�WKH�UHVRQDQFH�LV�/RUHQW]LDQ��DQG�WKDW

WKH�EUDQFKLQJ�UDWLRV�DQG�WKH�YHFWRU�SURSHUWLHV�RI�WKH�SKRWRI�

UDJPHQWV�FKDQJH�YHU\� OLWWOH�DFURVV� WKH� UHVRQDQFH����)RU� WKH

KLJKHU�YLEUDWLRQDO�OHYHOV�ZLWK�Y
 ≥ ���WKH�HIIHFWV�RI�WKH�PXOWL�

FKDQQHO� DV\PSWRWLF� LQWHUDFWLRQV� DQG� WKRVH� RI� WKH� TXDQWXP

LQWHUIHUHQFH� FRH[LVW�� DQG� G\QDPLFV� RI� SUHGLVVRFLDWLRQ� QHDU

WKH� UHVRQDQFHV� LV� YHU\� LQWULJXLQJ������� $OWKRXJK� LW� ZLOO� EH

YHU\�LQWHUHVWLQJ�WR�VWXG\�WKH�VHSDUDWH�HIIHFWV�RI�WKHVH�WZR�GLI�

IHUHQW�NLQGV�RI�SKHQRPHQD��LW�ZRXOG�RQO\�EH�SRVVLEOH�WKHR�

UHWLFDOO\�E\�VLPXODWLQJ�WKH�G\QDPLFV�HPSOR\LQJ�WKH�YDQLVKLQJ

; �Π��Σ−� WUDQVLWLRQ� GLSROH� PRPHQW�� 7KLV� VLWXDWLRQ� LV�� RI

FRXUVH��XQDWWDLQDEOH�LQ�H[SHULPHQWV��

7KH�Y
  ��OHYHOV�DUH�DW�WKH�ERUGHUOLQH�RI�WKHVH�WZR�FDVHV�

7KH� �Σ−�; �Π� WUDQVLWLRQ� GLSROH� PRPHQW� LV� VWLOO� YHU\� VPDOO
QHDU� WKH� Y
  �� UHVRQDQFHV�� DQG� VR� WKH� HIIHFWV� RI� TXDQWXP

LQWHUIHUHQFH� PD\� EH� QHJOLJLEOH�� 2Q� WKH� RWKHU� KDQG�� VLQFH

PRUH�WKDQ�RQH�UHSXOVLYH�H[FLWHG�VWDWHV���Σ−���Σ−�DQG��Π��DUH
LQYROYHG� IRU� GLVVRFLDWLRQ� QHDU� WKH�Y
  �� UHVRQDQFHV�� WKH

LQWHUDFWLRQV� DPRQJ� WKHVH� DV\PSWRWLFDOO\� GHJHQHUDWH� UHSXO�

VLYH�VWDWHV�LQ�WKH�UHFRXSOLQJ�UHJLRQ�PD\�DIIHFW�WKH�IUDJPHQW

SURSHUWLHV�VLJQLILFDQWO\��7KHUHIRUH��WKH�Y
  ��UHVRQDQFHV�PD\

JLYH�H[FHOOHQW�VLWXDWLRQ�ZKHUH�WKH�LVORDWHG�HIIHFWV�RI�PXOWL�

FKDQQHO� DV\PSWRWLF� LQWHUDFWLRQV� RQ� WKH� SUHGLVVRFLDWLRQ� FDQ

EH�VHHQ�DQG�PD\�EH�YHULILDEOH�E\�H[SHULPHQWV�

$OWKRXJK�WKH�G\QDPLFV�RI� WKH�2+�PROHFXOH�SURYHV�YHU\

LQWHUHVWLQJ��RQO\�WKH�OLIHWLPHV��ZLGWKV�������RI�WKH�ORZHU�UHVR�

QDQFHV�RI�WKH�$�Σ��VWDWH�KDG�EHHQ�RI�LQWHUHVW�IRU�D�ORQJ�WLPH�

5HFHQWO\�� KRZHYHU�� WKH� UHVRQDQFH� SURILOHV�� WKH� EUDQFKLQJ

UDWLRV�DQG�WKH�YHFWRU�SURSHUWLHV�RI�WKH�R[\JHQ�DWRP�SURGXFHG

IURP�WKH�SUHGLVVRFLDWLRQ�ZHUH�DOVR�VWXGLHG��QRWDEO\�E\�3DU�
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ODQW� DQG� <DUNRQ\���� ,W� ZDV� IRXQG� WKDW� WKH� EHKDYLRU� RI� WKH

SURGXFW� SURSHUWLHV� QHDU� WKH� UHVRQDQFHV� PD\� LQGHHG� EH

H[WUHPHO\� LQWHUHVWLQJ�� $OWKRXJK� SUHOLPLQDU\� DSSUR[LPDWH

WUHDWPHQWV���RI�WKH�2+�SUHGLVVRFLDWLRQ�SURFHVVHV�IRXQG�WKDW

WKH� EUDQFKLQJ� UDWLRV� RI� 2��3M�� M  ��� ��� ��� FRXOG� SURYLGH

GHWDLOHG� LQIRUPDWLRQ�RQ� WKH� GLVVRFLDWLRQ�SDWKZD\V�� QR� V\V�

WHPDWLF�DQDO\VLV�ZDV�PDGH�RQ�WKH�YHFWRU�SURSHUWLHV��

,Q� WKLV�ZRUN��ZH�DQDO\]H� WKH� HIIHFWV�RI� WKH�PXOWLFKDQQHO

DV\PSWRWLF�LQWHUDFWLRQV�RQ�WKH�SURSHUWLHV�RI�WKH�WULSOHW�R[\�

JHQ� DWRP� SURGXFHG� IURP� 2+� SKRWRGLVVRFLDWLRQ� QHDU� WKH

Y
  �� SUHGLVVRFLDWLQJ� UHVRQDQFHV��:H� HPSOR\� IXOO� TXDQWDO

WKHRU\� ZKLFK� LV� WKH� JHQDUDOL]DWLRQ� RI� )UHHG� DQG� FR�ZRUN�

HUV©���WUHDWLQJ�WKH�VLWXDWLRQ�ZKHUH�PRUH�WKDQ�RQH�DWRPLF�WHUP

LV�LQYROYHG�LQ�WKH�G\QDPLFV��$OO�WKH�VSLQ�RUELW�DQG�URWDWLRQDO

FRXSOLQJV�DUH�LQFOXGHG��H[FHSW�WKH�K\SHUILQH�LQWHUDFWLRQV��1R

DVVXPSWLRQV�QHHG�WR�EH�PDGH�IRU�+XQG©V�FRXSOLQJ�FDVHV�IRU

WKH�HOHFWURQLF�VWDWHV��:H�WUHDW�WKH�UHVRQDQFH�OLIHWLPHV��ZLGWKV��

UHVRQDQFH�SURILOHV��EUDQFKLQJ�UDWLRV�RI�2��3M��M  ����������DQG

WKH� YHFWRU� SURSHUWLHV� VXFK� DV� WKH� DQJXODU� GLVWULEXWLRQV� DQG

WKH�IOXRUHVFHQFH�DQLVRWURS\�SDUDPHWHUV��:H�ILQG�WKDW�WKH�VPDOO
�Σ−�; �Π�)UDQFN�&RQGRQ�IDFWRUV�UHVXOW�LQ�KLJKO\�/RUHQW]LDQ
UHVRQDQFHV�IRU�Y
  ���DQG�WKHUHIRUH��WKDW�WKH�EUDQFKLQJ�UDWLRV

RI�2��3M��M  ���������UHPDLQ�FRQVWDQW�DFURVV�WKH�UHVRQDQFHV�

VKRZLQJ�WKDW�WKH�HIIHFWV�RI�WKH�TXDQWXP�LQWHUIHUHQFH�DUH�PLQ�

LPDO��:H�ILQG��KRZHYHU��WKDW�WKH�LQIOXHQFH�RI�WKH�PXOWLFKDQ�

QHO�LQWHUDFWLRQV�LQ�WKH�DV\PSWRWLF�UHJLRQ�DIIHFWV�WKH�G\QDPLFV

VLJQLILFDQWO\��7KH�YHFWRU�SURSHUWLHV�H[KLELW�VORZ�DQG�PRQR�

WRQLF� FKDQJHV� QHDU� WKH� LVRODWHG� UHVRQDQFHV� DV� WKH� FRQVH�

TXHQFH�RI�WKLV�ODWWHU�HIIHFW��7KH�RYHUODSSLQJ�UHVRQDQFHV�DUH

DIIHFWHG�DV�ZHOO��7KH�)��DQG�)��FRPSRQHQWV��ZLWK�WKH�VDPH

QXFOHDU�URWDWLRQDO�TXDQWXP�QXPEHU�1
� - � 6��EXW�ZLWK�GLI�

IHUHQW�WRWDO�DQJXODU�PRPHQWXP�TXDQWXP�QXPEHUV�-���)��UHS�

UHVHQWV�1
  -−�����ZKLOH�1
  -�����IRU�)���SHUIHFWO\�RYHUODS
LQ�LQWHJUDO�FURVV�VHFWLRQV��LQGLFDWLQJ�WKDW�WKHLU�VHSDUDWLRQV�DUH

PXFK�VPDOOHU�WKDQ�WKHLU�ZLGWKV��7KH�YHFWRU�SURSHUWLHV��KRZ�

HYHU�� VKRZ� QRWLFHDEOH� VWUXFWXUHV� QHDU� WKH�)�� DQG�)�� UHVR�

QDQFHV��&RPSXWHG�OLIHWLPHV�RI�WKH�Y
  ��UHVRQDQFHV�FRPSDUH

ZHOO�ZLWK�H[SHULPHQWDO�YDOXHV�

7KHRU\�DQG�&RPSXWDWLRQDO�0HWKRGV

7KH� WKHRU\�HPSOR\HG�KHUH� LV� WKH�JHQHUDOL]DWLRQ�RI�)UHHG

DQG�FR�ZRUNHUV�>5HI���@��,W�FDQ�WUHDW�WKH�YHU\�JHQHUDO�VLWXD�

WLRQV�ZKHUH�WKHUH�FDQ�EH�PRUH�WKDQ�RQH�DWRPLF�WHUP�LQYROYHG

LQ�WKH�G\QDPLF�SURFHVV��DQG�ZKHUH�WKHUH�FDQ�EH�DOO�NLQGV�RI

FURVVLQJV��DQG�DYRLGHG�FURVVLQJV��EHWZHHQ�SRWHQWLDO�FXUYHV�

7KH�WKHRU\�ZDV�GHVFULEHG�LQ�GHWDLO�LQ�>5HI����@��DQG�LW�LV�RQO\

EULHIO\�VXPPDUL]HG�KHUH��7KH�PRVW�LPSRUWDQW�LQJUHGLHQW�RI

WKH�WKHRU\�LV�WKH�IUDPH�WUDQVIRUPDWLRQ�PDWULFHV�WKDW�FRQQHFW

WKH�DGDEDWLF�%RUQ�2SSHQKHLPHU��$%2��VWDWHV� WR� WKH�FRUUH�

VSRQGLQJ�DWRPLF�WHUPV��6LQFH�WKHUH�RFFXU�H[SOLFLW�FXUYH�FURVV�

LQJV�LQ�WKH�)UDQFN�&RQGRQ�UHJLRQ�EHWZHHQ�WKH�$�Σ��VWDWH�DQG

WKH� UHSXOVLYH��Σ−�� �Σ−� DQG� �Π� VWDWHV� LQ�2+�SUHGLVVRFLDWLRQ
SURFHVV��DQG�VLQFH�WZR�R[\JHQ�WHUPV���3�DQG��'��DUH�LQYROYHG

LQ�WKH�GLVVRFLDWLRQ�SURFHVV��WZR�WUDQVIRUPDWLRQ�PDWULFHV�DUH

FRQVWUXFWHG��HDFK�RI�ZKLFK�GHVFULEHV�WKH�FRUUHODWLRQ�EHWZHHQ

WKH�$%2�VWDWHV�DQG�WKH�FRUUHVSRQGLQJ�DWRPLF�WHUP��

7ZR�EDVLV�VHWV�DUH�HPSOR\HG� WR�GHVFULEH� WKH�GLVVRFLDWLRQ

G\QDPLFV� LQ� WKH�PROHFXODU� DQG� DV\PSWRWLF� UHJLRQ�� UHVSHF�

WLYHO\��7KH�ILUVW�EDVLV��$%2�EDVLV��_&Λ6ΣS!-�LV�D�ERG\�IL[HG
EDVLV�GHULYHG�IURP�+XQG©V�FRXSOLQJ�FDVHV��+XQG©V�FDVH��D�

EDVLV�LV�XVHG�KHUH��DOWKRXJK�RWKHU�FRXSOLQJ�FDVHV�PD\�DOVR�EH

HPSOR\HG�DV�ORQJ�DV�DOO�WKH�LQWHUDFWLRQV�DUH�LQFOXGHG�WR�HYDO�

XDWH�WKH�WRWDO�+DPLOWRQLDQ��,Q�WKLV�EDVLV��WKH�TXDQWXP�QXP�

EHUV�Λ��6��Σ�SRVVHVV�WKHLU�XVXDO�PHDQLQJV��&�UHSUHVHQWV�WKH
FRUUHODWLQJ�DWRPLF� WHUP��DQG�S� LV� WKH�SDULW\��7KH�HOHFWURQLF

+DPLOWRQLDQ�LV�HYDOXDWHG�XVLQJ�WKLV�$%2�EDVLV��7KH�VHFRQG

EDVLV�VHW�_ -0MOM2M+ !��ZKLFK�LV�FDOOHG�¨DV\PSWRWLF©�PROHFXODU

EDVLV��GLDJRQDOL]HV�WKH�WRWDO�+DPLOWRQLDQ�DW�LQILQLWH�LQWHUQX�

FOHDU�GLVWDQFHV��7KLV�EDVLV�LV�HPSOR\HG�WR�SURSHUO\�GHVFULEH

WKH�WUDQVLWLRQ�DPSOLWXGHV�IRU�GLVVRFLDWLRQ�WR�HDFK�DWRPLF�ILQH

VWUXFWXUH�VWDWH�RI�WKH�DWRPLF�IUDJPHQWV�ZLWK�WRWDO�HOHFWURQLF

DQJXODU�PRPHQWXP� TXDQWXP�QXPEHUV�M2� DQG� M+�� M  M2�M+�

DQG�-� M�O�� LV� WKH� WRWDO� ILQDO� DQJXODU�PRPHQWXP�TXDQWXP

QXPEHU��0� LV� WKH� VSDFH�IL[HG� FRPSRQHQW� RI�-�� 6LQFH� WKH

VSLQ�RUELW�+DPLOWRQLDQ�DQG�WKH�URWDWLRQDO�SDUW�RI�WKH�NLQHWLF

HQHUJ\� WHUP�DUH�GLDJRQDO� LQ� WKLV�EDVLV�DW� ODUJH� LQWHUQXFOHDU

GLVWDQFHV�� WKH\�DUH�HYDOXDWHG�E\�HPSOR\LQJ� WKH�DV\PSWRWLF

EDVLV��7KHVH�WZR�EDVLV�VHWV�DUH�UHODWHG�WR�HDFK�RWKHU�E\�WKH�U�

LQGHSHQGHQW� WUDQVIRUPDWLRQ� PDWUL[� �MOM2M+_&Λ6ΣS !-�� 7KH
RII�GLDJRQDO� HOHPHQWV� RI� WKH� URWDWLRQDO� WHUP�� ZKHQ� WUDQV�

IRUPHG�WR�$%2�EDVLV��UHSUHVHQW�&RULROLV�FRXSOLQJV��

7KH� YLEUDWLRQDO� ZDYH� IXQFWLRQV� RI� WKH� JURXQG� VWDWH� DUH

REWDLQHG�E\�HPSOR\LQJ�WKH�&RROH\V�SURFHGXUH����DQG�WKH�VFDW�

WHULQJ� ZDYH� IXQFWLRQ� LV� SURSDJDWHG� E\� WKH� 5HQRUPDOL]HG

1XPHURY� PHWKRG���� $SSURSULDWH� ERXQGDU\� FRQGLWLRQV� DUH

LPSRVHG�DW� WKH�HQG�RI� WKH�SURSDJDWLRQ��DW����D�X����DQG�WKH

FRQYHUJHQFH�ZDV�FKHFNHG�E\�LQFUHDVLQJ�WKH�QXPEHU�RI�LQWH�

JUDWLRQ�VWHSV�WR�������7KH�SKRWRGLVVRFLDWLRQ�DPSOLWXGHV�DUH

FRPSXWHG�E\�HPSOR\LQJ�WKH�*ROGHQ�UXOH��7KH�SRWHQWLDO�FXUYHV�

WUDQVLWLRQ� GLSROH� PRPHQWV� DQG� WKH� VSLQ�RUELW� FRXSOLQJV

HPSOR\HG�LQ�WKH�SUHVHQW�FDOFXODWLRQ�ZHUH�GHVFULEHG�LQ�>5HI�

��@� LQ�GHWDLO��7KH�EUDQFKLQJ� UDWLRV�RI� WKH� WKUHH� ORZHVW� ILQH

VWUXFWXUH� VWDWHV� RI� WKH� R[\JHQ� DWRP� ��3M�� M  ��� ��� ��� DUH

GHILQHG�DV�WKH�UDWLRV�RI�WKH�SDUWLDO�FURVV�VHFWLRQV�IRU�SURGXF�

WLRQ�RI�WKHVH�WZR�VWDWHV�WR�WKH�WRWDO�FURVV�VHFWLRQ��7ZR�YHFWRU

SURSHUWLHV������ DUH� FRQVLGHUHG� LQ� WKH� SUHVHQW� ZRUN�� 7KH

DQLVRWURS\� SDUDPHWHUV� �β'�� RI� WKH� DQJXODU� GLVWULEXWLRQ� RI
2��3M��M  ���������DUH�WKRVH�XVXDOO\�HPSOR\HG�WR�GHVFULEH�WKH

DQJXODU�GLVWULEXWLRQV��DV�GHILQHG�E\� WKH�IDPLOLDU�H[SUHVVLRQ

IRU�WKH�GLIIHUHQWLDO�FURVV�VHFWLRQ�

���

7KH�DOLJQPHQW�SDUDPHWHU��β6��LV�D�PHDVXUH�RI�WKH�GLVWULEXWLRQ
RI� WKH� PDJQHWLF� VXEOHYHOV�� DQG� LV� UHODWHG� WR� WKH� IDPLOLDU

SRODUL]DWLRQ�UDWLR�3�E\

7KH�H[SOLFLW� H[SUHVVLRQV� IRU� WKH� LQWHJUDO� FURVV� VHFWLRQV��β'
DQG�β6�ZHUH�JLYHQ�E\�)UHHG�DQG�FR�ZRUNHUV���7KH�β'�SDUDP�
HWHU�FDQ�EH�H[SUHVVHG�DV
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���

ZKHUH�WKH�GHQRPLQDWRU�LV�SURSRUWLRQDO�WR�WKH�WRWDO�FURVV�VHF�

WLRQ��DQG� WKH�QXPHUDWRU� LV� D�FRKHUHQW� VXP�RI� WKH�FRQWULEX�

WLRQV�IURP�WKUHH�-©V��-  -L��-L � ���

���

7KH� α©V� LQ� (T�� ���� DUH� SURGXFWV� RI� WKH� JHRPHWULFDO� DQG
G\QDPLF�IDFWRUV��VHH�5HI������

,W� PXVW� EH� QRWHG� WKDW� WKH�$�Σ�� VWDWH� LV� DSSUR[LPDWHO\

+XQGV�FDVH��E���7KLV�LV�UHDOL]HG�QDWXUDOO\�LQ�RXU�PHWKRG��LQ

FRQWUDVW� WR�RXU�SUHYLRXV� DSSUR[LPDWH� WUHDWPHQWV����ZLWKRXW

DVVXPLQJ� WKH�+XQG©V�FDVH� IRU� WKLV�VWDWH�� UHVXOWLQJ�IURP�WKH

FRPELQDWLRQ�RI� WKH�HPSOR\HG�+XQG©V�FDVH� �D��EDVLV�E\� WKH

FRXSOLQJV� LQFOXGHG� LQ� WKH� WKHRU\��7KH� ORFDWLRQ�RI� WKH� UHVR�

QDQFHV�FRUUHVSRQGLQJ�WR�WKH�URYLEUDWLRQDO�OHYHOV�RI�WKH�$�Σ�

VWDWH�LV�FRPSXWHG�WR�GHSHQG�RQ�1
�1
�����1
  - � 6���ZKLFK

LV�FKDUDFWHULVWLF�RI�+XQG©V�FDVH��E���7KXV��WKH�ZDYH�IXQFWLRQ

RI�WKH�$�Σ��VWDWH�LV�DOVR�FKDUDFWHUL]HG�E\�WKH�QXFOHDU�TXDQ�

WXP�QXPEHU�1
��JLYLQJ�GLIIHUHQW�G\QDPLFV�WR�WKH�)��DQG�)�
FRPSRQHQWV��ZLWK�LGHQWLFDO�1
�EXW�GLIIHUHQW�-��YLD�WKH�WUDQVL�

WLRQ�DPSOLWXGHV�WR�EH�HPSOR\HG�IRU�WKH�HYDOXDWLRQ�RI�YHFWRU

SURSHUWLHV�LQ�(TV������DQG������

5HVXOWV

7KH�SRWHQWLDO�FXUYHV�RI�WKH�HOHFWURQLF�VWDWHV�LQFOXGHG�LQ�WKH

SUHVHQW�FDOFXODWLRQV�DUH�GHSLFWHG�LQ�)LJXUH����7KH�; �Π���Σ−�
�Σ−� DQG� �Π� VWDWHV� FRUUHODWH�ZLWK�2��3���ZKLOH� WKH�$�Σ��� �∆
DQG���Π�VWDWHV�FRUUHODWH�ZLWK�2��'���7KH�]HUR�RI�HQHUJ\�LV
GHILQHG�LQ�WKLV�SDSHU�DV�WKH�VWDWLVWLFDO�DYHUDJH�RI�WKH�HQHUJLHV

RI�2��3M�� M  ����������7KH�G\QDPLFV�RI�SKRWRGLVVRFLDWLRQ�LV

DIIHFWHG� ERWK� E\� WKH� VSLQ�RUELW� LQWHUDFWLRQV� LQ� WKH� )UDQFN�

&RQGRQ�UHJLRQ�EHWZHHQ�WKH�FURVVLQJ��$�Σ����Σ−���Σ−�DQG��Π
VWDWHV�� DQG� E\� WKH� QRQDGLDEDWLF� �VSLQ�RUELW� DQG� &RULROLV�

LQWHUDFWLRQV�LQ�WKH�DV\PSWRWLF�UHJLRQ�EHWZHHQ�WKH�DV\PSWRWL�

FDOO\�GHJHQHUDWH�VWDWHV�FRUUHODWLQJ�ZLWK�WKH�2��3��WHUP��

7KHUH�DUH�WZR�LPSRUWDQW�IDFWRUV�WKDW�PD\�DIIHFW�WKH�G\QDP�

LFV�RI�SUHGLVVRFLDWLRQ�QHDU�WKH�Y
  ��UHVRQDQFHV��)LUVW��TXDQ�

WXP�LQWHUIHUHQFH�EHWZHHQ�WKH�GLUHFW��E\�WKH��Σ−�; �Π�WUDQVLWLRQ�
DQG� WKH� LQGLUHFW� �YLD� WKH�$�Σ�� VWDWH�� GLVVRFLDWLRQ� SDWKZD\V

PD\�LQIOXHQFH�WKH�G\QDPLFV��DV�ZH�VKRZHG�LQ�D�QXPEHU�RI

RFFDVLRQV�� 6HFRQG�� WKH� DV\PSWRWLF� LQWHUDFWLRQV� DPRQJ� WKH

UHSXOVLYH�VWDWHV�DW�ODUJH�LQWHUQXFOHDU�GLVWDQFHV�PD\�DOVR�JLYH

LQWHUHVWLQJ�HIIHFWV�RQ�WKH�VFDODU�DQG�YHFWRU�SURSHUWLHV��)LJXUH

��SUHVHQWV� WKH� WRWDO�FURVV� VHFWLRQ�DQG� WKH�SDUWLDO�FURVV� VHF�

WLRQV�IRU�SURGXFLQJ�WKH�ILQH�VWUXFWXUH�VWDWHV�RI�WKH�WULSOHW�R[\�

JHQ� DWRP�� 2��3M�� M  ��� ��� ��� QHDU� WKH� �1
  ���� -  �����

Y
  ���OHYHO�RI�WKH�$�Σ��VWDWH��H[FLWHG�IURP�WKH�-L �����DQG

YL  �� OHYHO� RI� WKH�;
�Π���� VWDWH�� 7KH� UHVRQDQFH� LV� KLJKO\

/RUHQW]LDQ��DQG�WKH�EUDQFKLQJ�UDWLRV�IRU�SURGXFWLRQ�RI�2��3M�

M  ��� ��� ��� DUH� HVVHQWLDOO\� FRQVWDQW� ������� ������ ����� IRU

2��3M�� M  ������ ���� UHVSHFWLYHO\�� DV� IXQFWLRQV�RI� WKH� HQHUJ\

QHDU�WKH�UHVRQDQFH��ZKLFK�LV�FKDUDFWHULVWLF�RI�WKH�/RUHQW]LDQ

UHVRQDQFHV��7KHUHIRUH��WKH�HIIHFWV�RI�WKH�TXDQWXP�LQWHUIHUHQFH�

ZKLFK� JDYH� DV\PPHWULF� UHVRQDQFHV� DQG� UDSLGO\�FKDQJLQJ

IUDJPHQW�SURSHUWLHV�IRU�Y
 ≥ ��UHVRQDQFHV��DUH�PLQLPDO�KHUH�

7KLV�REVHUYDWLRQ�LV�DOVR�YHULILHG�E\�WKH�IDFW�WKDW�HVVHQWLDOO\

LGHQWLFDO�UHVXOWV�ZHUH�REWDLQHG�ZKHQ�WKH��Σ−�; �Π�WUDQVLWLRQ
PRPHQW� LV� SXW� WR� YDQLVK�� WKXV� HOLPLQDWLQJ� WKH� LQWHUIHUHQFH

IURP�WKH�GLUHFW�GLVVRFLDWLRQ�SDWKZD\��

7KH�LQIOXHQFH�RI�WKH�PXOWLFKDQQHO�LQWHUDFWLRQV�EHWZHHQ�WKH

HOHFWURQLF�VWDWHV�FRUUHODWLQJ�ZLWK�2��3��DW�ODUJH�LQWHUQXFOHDU

GLVWDQFHV� RQ� WKH� SKRWRGLVVRFLDWLRQ� SURFHVV� PD\� EH� HOXFL�

GDWHG� LQ� D� QXPEHU� RI�ZD\V�� EXW� WKH�PRVW� GLUHFW�ZD\� LV� WR

H[DPLQH�WKH�HIIHFWV�RQ�WKH�YHFWRU�SURSHUWLHV��VLQFH�WKH�VFDODU

SURSHUWLHV�PD\�VRPHZKDW�EH�LQVHQVLWLYH��$V�ZH�GLVFXVVHG�LQ

>5HI�� ��@�� WKH� YHFWRU� SURSHUWLHV� UHPDLQ� FRQVWDQW� QHDU� WKH

/RUHQW]LDQ�UHVRQDQFHV�RQO\�LI�WKH\�DUH�LVRODWHG�DQG�WKH�GLVVR�

FLDWLRQ�LV�WKURXJK�D�VLQJOH�GLVVRFLDWLYH�VWDWH��)LJXUH���VKRZV

WKH�β'�SDUDPHWHUV� UHSUHVHQWLQJ� WKH�DQJXODU�GLVWULEXWLRQV�RI
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)LJXUH �� 7KH�FURVV�VHFWLRQV�QHDU�WKH�LVRODWHG�UHVRQDQFH��1
  ���
-  ������Y
  ���

)LJXUH �� 3RWHQWLDO�FXUYHV�RI�2+��7KH�]HUR�RI�HQHUJ\�LV�GHILQHG�DV
WKH� VWDWLVWLFDO� DYHUDJH� RI� WKH� HQHUJLHV� RI� 2��3M�� M  ��� ��� ���� 7KH
GRWWHG�OLQH�UHSUHVHQWV�WKH�Y
  ��DQG�1
  ��OHYHO�RI�WKH�$�Σ��VWDWH�



��������%XOO��.RUHDQ�&KHP��6RF��������9RO������1R��� 6XQJ\XO�/HH

2��3M��M  ���������QHDU�WKH�VDPH�LVRODWHG�UHVRQDQFH�VKRZQ�LQ

)LJXUH����,Q�FRQWUDVW�WR�WKH�EUDQFKLQJ�UDWLRV��WKH�β'�SDUDPH�
WHUV�VKRZ�PRQRWRQLF�EXW�QRWLFHDEOH�FKDQJHV�DFURVV�WKH�LVR�

ODWHG�UHVRQDQFH��)LJXUH���DOVR�VKRZV�VLPLODU�EHKDYLRU�RI�WKH

β6� SDUDPHWHU�� 7KLV� LV� WKH� LQGLFDWLRQ� RI� WKH� PXOWLFKDQQHO
DV\PSWRWLF�FRXSOLQJV�DPRQJ�WKH�UHSXOVLYH�VWDWHV�FRUUHODWLQJ

ZLWK�2��3���DV�ZH�GLVFXVVHG� LQ�SUHYLRXV�VLPXODWLRQ� IRU� WKH

LVRODWHG� Y
 ≥ �� UHVRQDQFHV�� :KHQ� WKH� ; �Π��Σ−� WUDQVLWLRQ

GLSROH�PRPHQW��FRQVHTXHQWO\��WKH�HIIHFWV�RI�TXDQWXP�LQWHU�

IHUHQFH�� DQG� WKH� LQWHUDFWLRQV� EHWZHHQ� WKH� DV\PSWRWLFDOO\

GHJHQHUDWH�; �Π���Σ−���Σ−�DQG��Π�VWDWHV�ZHUH�DUELWUDULO\�HOLP�
LQDWHG�� WKH� YHFWRU� SURSHUWLHV� FKDQJHG� YHU\� OLWWOH� DFURVV� WKH

UHVRQDQFH��VKRZLQJ�WKDW�WKH�PRQRWRQLF�FKDQJHV�RI�WKH�YHFWRU

SURSHUWLHV� DUH� WKH� UHVXOWV� RI� WKH� PXOWLFKDQQHO� DV\PSWRWLF

LQWHUDFWLRQV�EHWZHHQ�WKH�UHSXOVLYH�VWDWHV��,Q�WKH�SUHVHQW�FDVH

RI�WKH�Y
  ��UHVRQDQFH��WKH�LVRODWHG�HIIHFWV�RI�WKH�PXOWLFKDQ�

QHO�LQWHUDFWLRQV�RQ�WKH�YHFWRU�SURSHUWLHV�β'�DQG�β6�DUH�FOHDUO\
VHHQ� LQ�)LJXUH���DQG����DQG� WKHUHIRUH� WKHVH�HIIHFWV�PD\�EH

YHULILHG� H[SHULPHQWDOO\�� ,W� VKRXOG� EH� VWUHVVHG� WKDW� WKHVH

HIIHFWV�DUH�GLVWLQFW�IURP�WKRVH�RI�WKH�TXDQWXP�LQWHUIHUHQFH�

VLQFH�WKH�ODWWHU�ZRXOG�JLYH�PXFK�PRUH�GUDVWLF�FKDQJHV�LQ�WKH

YHFWRU�SURSHUWLHV�QHDU� WKH� UHVRQDQFH�� DV� GLVFXVVHG� LQ� >5HI�

��@��

7KH� UHVRQDQFH� LQ� )LJXUH� �� LV� DQ� LVRODWHG� RQH�� VLQFH� WKH

RWKHU�UHVRQDQFHV��-  �����DQG�������Y
  ���DFFHVVLEOH�IURP

WKH�-L  �����OHYHO�RI�WKH�;
�Π����VWDWH�DUH�RI�1
  ����DQG�WKH\

DUH�VHSDUDWHG�IURP�WKH�1
 ���OHYHO�E\�DERXW�����FP−���7KHVH

WZR�UHVRQDQFHV�DUH�WKH�)��DQG�)��FRPSRQHQWV�RI�WKH�1
  ��

OHYHO��)RU� WKH� ORZHU�YLEUDWLRQDO� OHYHOV��Y
  ��DQG���� RI� WKH

$�Σ��VWDWH��WKH�VHSDUDWLRQ�RI�WKHVH�WZR�FRPSRQHQWV�LV�DERXW

���WLPHV�DV�ODUJH�DV�WKHLU�ZLGWKV��DQG�WKXV�WKH\�DSSHDU�VHSD�

UDWHG�� DV�ZH� VKRZHG� LQ� >5HI�� ��@�� 6LQFH� WKH�ZLGWKV� RI� WKH

Y
  ��UHVRQDQFHV�DUH�ODUJHU��LW�ZLOO�EH�YHU\�LQWHUHVWLQJ�WR�VHH

LI� WKH� )�� DQG� )�� FRPSRQHQWV� RI� WKHVH� KLJKHU�O\LQJ� UHVR�

QDQFHV�DUH�VHSDUDWHG�RU�RYHUODSSLQJ��)LJXUH���VKRZV�WKH�)�
DQG� )�� FRPSRQHQWV� RI� WKH� �1
  ��� Y
  ��� OHYHO�� RSWLFDOO\

DFFHVVLEOH�IURP�WKH�-L ����OHYHO�RI�WKH�;
�Π����VWDWH��7KH�WZR

FRPSRQHQWV� DUH� SHUIHFWO\� RYHUODSSLQJ�� DQG� WKH� EUDQFKLQJ

UDWLRV�GR�QRW�FKDQJH�DFURVV�WKH�UHVRQDQFHV��ODFNLQJ�VLJQDWXUH

IRU� WKH�RYHUODSSLQJ��7KLV� LQGLFDWHV� WKDW� WKH� VSOLWWLQJ�RI� WKH

Y
  ��UHVRQDQFHV��DWWULEXWHG�WR�GLIIHUHQW�FRXSOLQJV�RI�)��DQG

)��FRPSRQHQWV�WR� WKH�
�Π�VWDWHV�� LV�PXFK�VPDOOHU� WKDQ�WKHLU

ZLGWKV��7KH�YHFWRU�SURSHUWLHV��KRZHYHU��VKRZ�YHU\�LQWHUHVW�

LQJ� EHKDYLRU� QHDU� WKH� RYHUODSSLQJ� UHVRQDQFHV�� )LJXUH� �

GHSLFWV�WKH�β'�SDUDPHWHUV�QHDU�WKH�)��DQG�)��UHVRQDQFHV��DQG
LW�FDQ�EH�VHHQ�WKDW�DOO�RI�WKH�β'�SDUDPHWHUV�H[KLELW�QRWLFHDEOH
VWUXFWXUHV�� FOHDUO\� VKRZLQJ� WKH� HIIHFWV� RI� WKH� RYHUODSSLQJ�

7KH�EHKDYLRU�RI� WKH�β6� SDUDPHWHU� LV� VLPLODU� EXW�ZHDNHU�� ,W
ZLOO�EH�LQWHUHVWLQJ�WR�FRPSDUH�WKHVH�ODWWHU�ILQGLQJV�ZLWK�WKH

EHKDYLRU� RI� WKH� YHFWRU� SURSHUWLHV� QHDU� WKH� QHLJKERULQJ

�/RUHQW]LDQ��)��DQG�)��UHVRQDQFHV�ZLWK�Y
  ���1
  ��WUHDWHG

HOVHZKHUH����6LQFH� WKH� VHSDUDWLRQ�EHWZHHQ� WKH� WZR�FRPSR�

QHQWV�RI�WKH�Y
  ��UHVRQDQFH�LV�PXFK�ODUJHU�WKDQ�WKHLU�ZLGWKV�

WKH� WZR� /RUHQW]LDQ� UHVRQDQFHV� GR� QRW� RYHUODS�� 7KHUHIRUH�

RQO\�WKH�WHUP�ZLWK�VSHFLILF�YDOXH�RI�-�LV�LPSRUWDQW�LQ�WKH�VXP

LQ� WKH� H[SUHVVLRQ� RI�β'� SDUDPHWHUV� �VHH� (TV�� ���� DQG� ���
DERYH��QHDU�WKH�UHVRQDQFH�FRUUHVSRQGLQJ�WR�-��1HDU�WKH�)��RU

)��UHVRQDQFH��WKH�YDOXHV�RI�β'�ZLOO�EH�GLIIHUHQW��DQG�WKH�β'
SDUDPHWHUV� H[KLELW� UDSLG� FKDQJHV� DFURVV� WKHVH� QHLJKERULQJ

/RUHQW]LDQ��Y
  ���1
  ���UHVRQDQFHV��,Q�WKH�SUHVHQW�FDVH�RI

RYHUODSSLQJ�Y
  ��UHVRQDQFHV�LQ�)LJXUH����KRZHYHU��WKH�YHF�

WRU�SURSHUWLHV�β'�GR�QRW�FKDQJH�PXFK�EXW�VKRZV�VRPHZKDW

)LJXUH �� 7KH�β'�SDUDPHWHUV�QHDU�WKH�LVRODWHG�UHVRQDQFH�LQ�)LJXUH
��

)LJXUH �� 7KH�β6�SDUDPHWHU�QHDU�WKH�LVRODWHG�UHVRQDQFH�LQ�)LJXUH
��

)LJXUH �� 7KH�SHUIHFWO\�RYHUODSSLQJ�)�� DQG�)�� UHVRQDQFHV� �ZLWK
-I  �����DQG�-I  �����UHVSHFWLYHO\��RI�WKH�1
  ��DQG�Y
  ��OHYHO�RI
WKH�$�Σ��VWDWH�



3UHGLVVRFLDWLRQ�RI�WKH�$�Σ ���Y
 ���6WDWHV�RI�2+ �%XOO��.RUHDQ�&KHP��6RF��������9RO������1R�����������

¦DYHUDJHG§�EHKDYLRU�DORQJ�ZLWK�WKH�VLJQDWXUH�RI�RYHUODSSLQJ

QRW�VHHQ�LQ�WKH�EUDQFKLQJ�UDWLRV��7KLV�ILQGLQJ�LV�LQ�DJUHHPHQW

ZLWK�WKH�IDFW�WKDW�WKH�YHFWRU�SURSHUWLHV�DUH�PRUH�VHQVLWLYH�WR

GHWDLOV�RI�WKH�G\QDPLFV�WKDQ�WKH�VFDODU�SURSHUWLHV����

7KH�ZLGWKV��OLIHWLPHV��RI�WKH�SUHGLVVRFLDWLQJ�UHVRQDQFHV�RI

2+�ZHUH�RI�PXFK�LQWHUHVW�LQ�PDQ\�LQYHVWLJDWLRQV�������VLQFH

WKH�ZLGWKV�DUH�UHODWHG�WR�WKH�PDJQLWXGHV�RI�ERXQG � FRQWLQXXP

FRXSOLQJV��0RVW�RI� WKH� WKHRUHWLFDO� DQG�H[SHULPHQWDO�ZRUNV

ZHUH�IRFXVHG�RQ�WKH�Y
  ��DQG�Y
  ��UHVRQDQFHV��EXW� WKHUH

H[LVWV� IUDJPHQWDU\� LQIRUPDWLRQ�RQ� WKH�Y
  �� UHVRQDQFHV� DV

ZHOO��)LJXUH���JLYHV�WKH�FRPSXWHG�OLIHWLPHV�RI�WKH�)��FRPSR�

QHQWV�RI�WKH�Y
  ��UHVRQDQFHV��DQG�FRPSDULVRQ�LV�DOVR�PDGH

ZLWK�WKH�H[SHULPHQWDO�REVHUYDWLRQV����7KH�OLIHWLPHV�GHFUHDVH

ZLWK�1
�� LQGLFDWLQJ� WKDW� WKH� SUREDELOLW\� RI� SUHGLVVRFLDWLRQ

LQFUHDVHV�ZLWK�1
��7KH�DJUHHPHQW�LV�JHQHUDOO\�JRRG��W\SLFDO

HUURU�EHLQJ�DERXW�����IRU�KLJKHU�1
��:H�DOVR�FRPSXWHG�WKH

OLIHWLPHV�RI�WKH�)��FRPSRQHQWV��DQG�ILQG�WKDW�WKH\�DUH�YHU\

VLPLODU� WR� WKRVH�RI� WKH�)��FRPSRQHQWV��2XU�FRPSXWHG� OLIH�

WLPH�IRU�1
  ��UHVRQDQFH�LV�DERXW�����ODUJHU�WKDQ�WKDW�JLYHQ

E\�3DUODQW�DQG�<DUNRQ\����EXW�WKH�OLIHWLPH�IRU�1
  ���UHVR�

QDQFH�DJUHHV�YHU\�ZHOO�ZLWK�WKHLU�UHVXOWV��

)LJXUH���GHSLFWV�WKH�EUDQFKLQJ�UDWLRV�RI�2��3M��M  ��������

DV�IXQFWLRQV�RI�1
��6LQFH�WKHUH�H[LVW�QR�PHDVXUHG�EUDQFKLQJ

UDWLRV�RI�2��3M��M  ���������SURGXFHG�IURP�WKH�SUHGLVVRFLDWLRQ

RI�WKH�$�Σ��VWDWH��LW�LV�LPSRVVLEOH�WR�FRPSDUH�WKH�FRPSXWHG

EUDQFKLQJ� UDWLRV�ZLWK�H[SHULPHQWDO� REVHUYDWLRQV��7KXV��ZH

FRPSDUH�RXU�FRPSXWHG�EUDQFKLQJ�UDWLRV��)LJXUH����ZLWK�WKH

UHFHQW� WKHRUHWLFDO�ZRUN�E\�3DUODQW�DQG�<DUNRQ\����)RU�1
  

���DQG�Y
  ��UHVRQDQFH��)��FRPSRQHQW���RXU�FRPSXWHG�EUDQFK�

LQJ�UDWLRV��������������������RI�2��3M��M  ����������DUH�VLPLODU

WR� WKRVH� JLYHQ� E\� 3DUODQW� DQG� <DUNRQ\���� ������� ����� DQG

�������2Q� WKH�RWKHU�KDQG�� WKH�EUDQFKLQJ� UDWLRV� ������� �����

������IRU�1
  ��DQG�Y
  ��UHVRQDQFH�DUH�D�ELW�GLIIHUHQW�IURP

WKRVH�FRPSXWHG�E\�3DUODQW�DQG�<DUNRQ\��7KH\�SUHGLFWHG�WKDW

DOPRVW� QR�2��3��� ZRXOG� EH� SURGXFHG� DW�1
  �� UHVRQDQFH�

ZKLOH�WKH�UDWLRV�IRU�2��3M��M  ������ZHUH�JLYHQ�DV�DERXW����

DQG������UHVSHFWLYHO\��7KLV�VOLJKW�GLVDJUHHPHQW�PD\�SUREDEO\

GXH�WR�WKH�GLIIHUHQFHV�LQ�WKH�DE�LQLWLR�GDWD�HPSOR\HG�KHUH�DQG

LQ�3DUODQW�DQG�<DUNRQ\V�ZRUN��$OWKRXJK�WKH�TXDOLWDWLYH�SUH�

GLFWLRQV�PDGH�LQ�WKH�SUHVHQW�DQDO\VLV�GR�QRW�GHSHQG�PXFK�RQ

WKH�GHWDLOHG�WRSRORJ\�RI�WKH�SRWHQWLDO�FXUYHV�DQG�WKH�LQWHUDF�

WLRQV�WKHUHRI�� WKH�QXPHULFDO�YDOXHV�RI� WKH�IUDJPHQW�SURSHU�

WLHV� DUH� NQRZQ� WR� EH� UDWKHU� VHQVLWLYH� WR� WKLV� LQIRUPDWLRQ�

HVSHFLDOO\� IRU� ORZ�HQHUJ\� �ORZ�1
� IRU�JLYHQ�Y
���7KHUHIRUH�

V\VWHPDWLF�YDULDWLRQ�RI�WKH�DE�LQLWLR�SRWHQWLDO�FXUYHV�DQG�WKH

LQWHUDFWLRQV� ZRXOG� KDYH� WR� EH� PDGH� LQ� RUGHU� WR� FRPSDUH
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