
5HI������� 5HVHUYH�%DQN�RI�1HZ�=HDODQG

*����

6KRFNV�WR�1HZ�=HDODQG
V�(FRQRP\
DQG�WKH�&\FOLFDO�%HKDYLRXU

RI�WKH�3ULFH�/HYHO

:HVKDK�5D]]DN

'HFHPEHU�����



5HI������� 5HVHUYH�%DQN�RI�1HZ�=HDODQG

6KRFNV�WR�1HZ�=HDODQG
V�(FRQRP\
DQG�WKH�&\FOLFDO�%HKDYLRXU

RI�WKH�3ULFH�/HYHO

1RQ�7HFKQLFDO�6XPPDU\

7KH�JHQHUDO�REMHFWLYH�RI�WKLV�SDSHU�LV�WR�LGHQWLI\�VKRFNV�WR�1HZ
=HDODQG
V�HFRQRP\�DQG�H[DPLQH�WKH�UHODWLRQVKLS�EHWZHHQ�SULFHV
DQG�RXWSXW�GXULQJ�F\FOHV���$�QHR�FODVVLFDO�JURZWK�PRGHO�LV�XVHG�
ZKLFK� FRQVLVWV� RI� WKUHH� HTXDWLRQV� WKDW� GHVFULEH� WHFKQRORJ\�
ODERXU�VXSSO\��DQG�WKH�SULFH�OHYHO���7KH�PRGHO�LV�DXJPHQWHG�ZLWK
DQ�RLO�SULFH�HTXDWLRQ���7KHUH�DUH�D�IHZ�LQWHUHVWLQJ�ILQGLQJV�

� 7KH�FRUUHODWLRQ�EHWZHHQ�WKH�SULFH�OHYHO�DQG�RXWSXW�LV�IRXQG
WR� EH� QHJDWLYH�� � 7KH� UHVSRQVH� RI� ERWK� WKH� SULFH� OHYHO� DQG
LQIODWLRQ�WR�D�VKRFN��LQFUHDVH��WR�WHFKQRORJ\�DUH�IRXQG�WR�EH
QHJDWLYH��

� 7KH�SULFH�OHYHO�LQFUHDVHV�VKDUSO\�LQ�UHVSRQVH�WR�D�VKRFN�WR
WKH�SULFH�RI�RLO��DQ�DGYHUVH�UHODWLYH�VXSSO\�VKRFN��

� ,Q� WKH� ORQJ� UXQ�� DJJUHJDWH� VXSSO\� VKRFNV�� LQFOXGLQJ� RLO
SULFH� VKRFNV�� DUH� IDU�PRUH� LPSRUWDQW� WR� WKH�1HZ�=HDODQG
HFRQRP\�WKDQ�GRPHVWLF�DJJUHJDWH�GHPDQG�VKRFNV���/DUJHU
SHUFHQWDJHV�RI�WKH�YDULDWLRQV�RI�ODERXU��WKH�SULFH�OHYHO��DQG
UHDO�*'3�DUH�H[SODLQHG�E\�DJJUHJDWH�VXSSO\�VKRFNV�WKDQ�E\
DJJUHJDWH� GHPDQG� VKRFNV�� � +RZHYHU�� LQ� WKH� FDVH� RI� WKH
SULFH�OHYHO��DJJUHJDWH�GHPDQG�VKRFNV�SOD\�D�VLJQLILFDQW�UROH
WRR���,Q�WKH�VKRUW�UXQ��DJJUHJDWH�GHPDQG�VKRFNV�FDQ�H[SODLQ
���SHUFHQW�RI�WKH�IOXFWXDWLRQV�LQ�WKH�SULFH�OHYHO���,Q�WKH�ORQJ
UXQ��ZKHUH� DJJUHJDWH� VXSSO\� VKRFNV� GRPLQDWH�� DJJUHJDWH
GHPDQG�VKRFNV�H[SODLQ�DERXW����SHUFHQW�RI�WKH�YDULDWLRQ�LQ
WKH�&3,�

� ,W� LV� LQWHUHVWLQJ� WR� QRWH� WKDW� LQ� UHVSRQVH� WR� D� SRVLWLYH
GHPDQG� VKRFN�� RXWSXW� DQG� SULFHV� ULVH� VKDUSO\� IRU� D� YHU\
VKRUW�SHULRG�RI�WLPH�EXW�D�UHYHUVDO�RI�WKH�VKRFN�WDNHV�SODFH
DQG� WKH�RXWSXW� OHYHO� IDOOV�� �7KLV�PD\�EH� LQWHUSUHWHG�DV� DQ
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HYLGHQFH� RI� DQ� DFWLYH� PRQHWDU\� SROLF\� WKDW� DLPV� WR� VORZ
HFRQRPLF�DFWLYLWLHV�ZKHQ�IDFLQJ�KLJK�GHPDQG�JURZWK��

� *HQHUDOO\�� FKDQJHV� LQ� WKH�YRODWLOLW\�RI� WKH�VKRFNV�RYHU� WKH
VDPSOH� VHHP� WR� EH� VWDWLVWLFDOO\� VLJQLILFDQW�� �:H� UHMHFW� WKH
K\SRWKHVLV� WKDW� FKDQJHV� RI� YRODWLOLW\� RI� YDULRXV� VKRFNV� WR
1HZ�=HDODQG�DUH�FRQVWDQW�RYHU�WKH�SHULRG������������ �2Q
DYHUDJH�� WHFKQRORJ\� VKRFNV� DUH� IRXQG� WR� EH�PRUH� YRODWLOH
WKDQ� DOO� RWKHU� VKRFNV� GXULQJ� WKH� ����V�� IROORZHG� E\
DJJUHJDWH� GHPDQG� VKRFNV�� ODERXU� VXSSO\� VKRFNV�� DQG� RLO
SULFH�VKRFNV���'XULQJ�WKH�SHULRG������������RLO�SULFH�VKRFNV
DUH� IRXQG� WR� EH� PRUH� YRODWLOH� RQ� DYHUDJH� WKDQ� DOO� RWKHU
VKRFNV�� IROORZHG� E\� ODERXU� VXSSO\� VKRFNV�� DJJUHJDWH
GHPDQG� VKRFNV�� DQG� WHFKQRORJ\� VKRFNV�� � 7KXV�� VXSSO\
VKRFNV�VHHP�WR�EH�PRUH�YRODWLOH�WKDQ�GHPDQG�VKRFNV�
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$EVWUDFW

$�VWUXFWXUDO�9$5�V\VWHP�WKDW�FRQWDLQV�WKUHH�GRPHVWLF�YDULDEOHV
�WKH�SULFH�OHYHO��UHDO�*'3��DQG�HPSOR\PHQW��DORQJ�ZLWK�WKH�UHDO
SULFH�RI�RLO�LV�HVWLPDWHG�IRU�WKH�SHULRG�����,,�WR�����,���,GHQWLI\LQJ
UHVWULFWLRQV�DUH�GHULYHG�IURP�DQ�XQGHUO\LQJ�QHR�FODVVLFDO�JURZWK
PRGHO� �6RORZ�� ������ DQG� �6KDSLUR� DQG� :DWVRQ�� ������� � )RXU
VKRFNV� DUH� LGHQWLILHG�� DQ� RLO� SULFH� VKRFN�� DQ� DJJUHJDWH� GHPDQG
VKRFN��D�WHFKQRORJ\�VKRFN��DQG�D�ODERXU�VXSSO\�VKRFN���,PSXOVH
UHVSRQVH�IXQFWLRQV�DUH�IRXQG�WR�EH�TXDOLWDWLYHO\�FRQVLVWHQW�ZLWK
WKH�SUHGLFWLRQV�RI�WKH�PRGHO���6XSSO\�VKRFNV�DUH�IRXQG�WR�EH�IDU
PRUH� LPSRUWDQW� WKDQ� GHPDQG� VKRFNV�� SDUWLFXODUO\� LQ� WKH� ORQJ
UXQ�� � 6XSSO\� VKRFNV� DUH� DOVR� IRXQG� WR� EH� PRUH� YRODWLOH� WKDQ
GHPDQG� VKRFNV�� � 7KHUH� LV� HYLGHQFH� WKDW� WKH� SULFH� OHYHO� DQG
LQIODWLRQ�DUH�ERWK�FRXQWHUF\FOLFDO�
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�� ,QWURGXFWLRQ

7KH� JHQHUDO� REMHFWLYH� RI� WKLV� SDSHU� LV� WR� LGHQWLI\� VKRFNV� WR� WKH
1HZ�=HDODQG�HFRQRP\��ZKLFK�PD\�SURYLGH�VRPH�XVHIXO�LQVLJKW
IRU� SROLF\�PDNLQJ�� �$OWKRXJK� LGHQWLI\LQJ� VKRFNV� LV� WKH� JHQHUDO
REMHFWLYH�� WKLV� SDSHU� DGGUHVVHV� WKH� FODVVLFDO� TXHVWLRQ� RI� KRZ
SULFHV��LQIODWLRQ��DQG�RXWSXW��GHWUHQGHG�RXWSXW��DUH�UHODWHG�RYHU
WKH�EXVLQHVV�F\FOHV�IRU�D�VPDOO�RSHQ�HFRQRP\�OLNH�1HZ�=HDODQG��
7KH� LGHD� LV� WR� H[DPLQH� WKH� DVVRFLDWLRQ� RI�1HZ�=HDODQG
V� SULFH
OHYHO� �DQG� LQIODWLRQ�� ZLWK� UHDO� RXWSXW�� � 6SHFLILFDOO\�� ERWK
FRQGLWLRQDO�DQG�XQFRQGLWLRQDO�FURVV�FRUUHODWLRQV�DUH�H[DPLQHG��
7KLV�TXHVWLRQ�UHPDLQV�WKH�PDLQ�FRQFHUQ�IURP�SROLF\�VWDQGSRLQW��
7KH� SROLF\� LPSOLFDWLRQ� LV� WKDW� LI� WKH� FHQWUDO� EDQN� WKLQNV� WKDW
SULFHV� DUH� SURF\FOLFDO� WKHQ� PRQHWDU\� SROLF\� VKRXOG� EH� UHOD[HG
GXULQJ�UHFHVVLRQV�DQG�WLJKWHQHG�GXULQJ�H[SDQVLRQV���2I�FRXUVH��D
GLIIHUHQW�VHW�RI�SROLF\�UHDFWLRQV�LV�GUDZQ�LI�SULFHV�DUH�DVVXPHG�WR
EH�FRXQWHUF\FOLFDO�

3URF\FOLFDO� EHKDYLRXU� RI� SULFHV� KDV� RFFXSLHG� HTXLOLEULXP
EXVLQHVV�F\FOH�PRGHOV�RI�/XFDV���������%DUUR���������DQG�6DUJHQW
�������� ,W� DOVR� SOD\HG� WKH� PDMRU� UROH� RI� QRQ�PDUNHW� FOHDULQJ
PRGHOV�RI�7D\ORU���������������*RUGRQ���������DQG�)LVFKHU��������
�+RZHYHU��HPSLULFDO�HYLGHQFH�RQ�WKH�UHODWLRQVKLS�EHWZHHQ�SULFHV
DQG�RXWSXW�LV�PL[HG��
�
,Q� WKLV� SDSHU��ZH� ILUVW� SURFHHG�ZLWK� HVWLPDWLQJ� WKH� FRQGLWLRQDO
FRUUHODWLRQ�EHWZHHQ�WKH�SULFH�OHYHO�DQG�RXWSXW�XVLQJ�D�VWUXFWXUDO
9$5�V\VWHP�EDVHG�RQ�D�QHR�FODVVLFDO�JURZWK�PRGHO��6KDSLUR�DQG
:DWVRQ��������� �7ZR�IDPLOLDU�TXHVWLRQV�DUH�DGGUHVVHG���L�� �+RZ
GR� PDFURHFRQRPLF� YDULDEOHV� UHVSRQG� WR� GHPDQG� DQG� VXSSO\
VKRFNV"� �LL��+RZ�PXFK�RI� WKH�YDULDQFH� LQ�RXWSXW� DQG� WKH�SULFH
OHYHO��DQG�LQIODWLRQ��LV�H[SODLQHG�E\�GHPDQG�RU�VXSSO\�VKRFNV"�
$Q� DWWHPSW� LV� DOVR�PDGH� WR� UDQN� VKRFNV� WR� WKH�1HZ�=HDODQG
V
HFRQRP\�DFFRUGLQJ� WR� WKHLU� YRODWLOLW\� E\� WHVWLQJ� WKH� K\SRWKHVLV

                                                                                                                                              
� )RU�H[DPSOH��VHH�&KDGKD�DQG�3UDVDG���������&RROH\�DQG�2KDQLDQ��������

)ULHGPDQ�DQG�6FKZDUW]� ��������������%XUQV�DQG�0LWFKHOO� ��������.X]QHWV
��������DQG�0LOOV��������������������
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WKDW� WKH� FKDQJH� LQ� YRODWLOLW\� LV� VLJQLILFDQWO\� QRW� GLIIHUHQW� IURP
]HUR�� �7KH� VHFRQG�SDUW� RI� WKH�SDSHU� FRQWDLQV� WKH�XQFRQGLWLRQDO
FURVV�FRUUHODWLRQ� EHWZHHQ� WKH� SULFH� OHYHO� DQG� RXWSXW� XVLQJ
GLIIHUHQW�W\SHV�RI�ILOWHUV���&RROH\�DQG�2KDQLDQ�������DQG�&KDGKD
DQG�3UDVDG��������

7R� LGHQWLI\� VKRFNV�� WKH� VLPSOH� QHR�FODVVLFDO� JURZWK� PRGHO
SUHVHQWHG� LQ� 6KDSLUR� DQG� :DWVRQ� ������� LV� DGRSWHG� IRU� 1HZ
=HDODQG��� � 7KH� PRGHO� FRQVLVWV� RI� IRXU� PDMRU� HTXDWLRQV� WKDW
GHVFULEH�WHFKQRORJ\��ODERXU�VXSSO\��WKH�SULFH�OHYHO��DQG�RLO�SULFHV�
�7KH� PRGHO� LV� WKHQ� HVWLPDWHG� YLD� D� 9$5� V\VWHP�� ZKHUH
XQREVHUYDEOH� GHPDQG� DQG� VXSSO\� VKRFNV� DUH� LGHQWLILHG� E\
DVVXPLQJ�WKDW�$'�VKRFNV�KDYH�WUDQVLWRU\�HIIHFW�ZKLOH�$6�VKRFNV
KDYH� SHUPDQHQW� HIIHFWV� RQ� RXWSXW�� � 2EMHFWLRQV� WR� DWKHRUHWLFDO
9$5� PHWKRG� �&RROH\� DQG� /H5R\�� ������ DUH� FRQVLGHUHG� E\
DYRLGLQJ� WKH� LPSRVLWLRQV� RI� DUELWUDU\� LGHQWLI\LQJ� UHVWULFWLRQV�
VXFK�DV�DOO�VKRUW�UXQ�IOXFWXDWLRQV�DUH�GXH�WR�WHPSRUDU\�GHPDQG
VKRFNV� RU� SHUPDQHQW� VXSSO\� VKRFNV�� � )XUWKHU�� WKH� UHODWLYH
LPSRUWDQFH� RI� $'� DQG� $6� VKRFNV� LV� HVWLPDWHG� DW� GLIIHUHQW
IRUHFDVWLQJ� KRUL]RQV�� 7KH� 9$5� V\VWHP� LV� WKHQ� HVWLPDWHG� XVLQJ
TXDUWHUO\�GDWD�IRU�1HZ�=HDODQG�IRU� WKH�SHULRG�����,,� WR�����,��
,GHQWLILFDWLRQ� LV� DFKLHYHG� E\� LPSRVLQJ� ]HUR� UHVWULFWLRQV� RQ� WKH
ORQJ�UXQ�PXOWLSOLHUV��L�H���VRPH�GLVWXUEDQFHV�KDYH�]HUR�ORQJ�UXQ
HIIHFW�RQ�FHUWDLQ�HOHPHQWV�RI�WKH�9$5��LQ�VXFK�D�ZD\�VR�WKDW�ZH
FDQ�HVWLPDWH�WKH�FRQWHPSRUDQHRXV�HIIHFWV�RI�GLVWXUEDQFHV�

7KHUH� DUH� D� IHZ� LQWHUHVWLQJ� ILQGLQJV�� � ���� � WKH� FRQGLWLRQDO
FRUUHODWLRQ� EHWZHHQ� WKH� SULFH� OHYHO� DQG� RXWSXW� LV� IRXQG� WR� EH
QHJDWLYH�DW�DOO�KRUL]RQV���7KH�UHVSRQVH�RI�WKH�SULFH�OHYHO�WR�D�XQLW
VKRFN� �LQFUHDVH�� WR� WHFKQRORJ\� LV� QHJDWLYH�� � ���� � WKH� SULFH� OHYHO
LQFUHDVHV� VKDUSO\� LQ� UHVSRQVH� WR� D� XQLW� VKRFN� WR� RLO� SULFHV� �DQ
DGYHUVH� UHODWLYH� VXSSO\� VKRFN��� � ���� � LQ� WKH� ORQJ� UXQ�� DJJUHJDWH
VXSSO\�VKRFNV�LQFOXGLQJ�RLO�SULFH�VKRFNV�DUH�IDU�PRUH�LPSRUWDQW
WR�WKH�1HZ�=HDODQG�HFRQRP\�WKDQ�GRPHVWLF�DJJUHJDWH�GHPDQG
VKRFNV���/DUJHU�SHUFHQWDJHV�RI�WKH�YDULDWLRQV�RI�ODERXU��WKH�SULFH
                                                                                                                                              
� �7KDW� UHVHDUFKHU
V� YLHZ� RI� WKH� SURSDJDWLRQ� PHFKDQLVP�� RU� HFRQRPLF

WKHRU\�� LV� FUXFLDOO\� LPSRUWDQW� IRU� LGHQWLI\LQJ�VKRFNV�DQG�HYDOXDWLQJ� WKHLU
HIIHFW�RQ�RXWSXW���5HVXOWV�FDQ�FKDQJH�VKDUSO\�DV�RQH�YLHZV�WKH�GDWD�LQ�WKH
SHUVSHFWLYH�RI�PRUH�RU�GLIIHUHQW�WKHRUHWLFDO�YLHZV����&RFKUDQH��������
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OHYHO�� DQG� UHDO�*'3� DUH� H[SODLQHG� E\� DJJUHJDWH� VXSSO\� VKRFNV
WKDQ�E\�DJJUHJDWH�GHPDQG�VKRFNV���+RZHYHU��LQ�WKH�FDVH�RI�WKH
SULFH�OHYHO��DJJUHJDWH�GHPDQG�VKRFNV�SOD\�D�VLJQLILFDQW�UROH�WRR��
,Q� WKH� VKRUW� UXQ�� DJJUHJDWH� GHPDQG� VKRFNV� FDQ� H[SODLQ� ��
SHUFHQW� RI� WKH� IOXFWXDWLRQV� LQ� WKH� SULFH� OHYHO�� � ,Q� WKH� ORQJ� UXQ�
ZKHUH� DJJUHJDWH� VXSSO\� VKRFNV� GRPLQDWH�� DJJUHJDWH� GHPDQG
VKRFNV�H[SODLQ�DERXW����SHUFHQW�RI�WKH�YDULDWLRQ�LQ�WKH�&3,��������LW
LV�LQWHUHVWLQJ�WR�QRWH�WKDW�LQ�UHVSRQVH�WR�D�SRVLWLYH�GHPDQG�VKRFN�
RXWSXW�DQG�SULFHV�ULVH�VKDUSO\�IRU�D�YHU\�VKRUW�SHULRG�RI�WLPH�EXW
D�UHYHUVDO�RI�WKH�VKRFN�WDNHV�SODFH�DQG�WKH�RXWSXW�OHYHO�IDOOV���7KLV
PD\�EH�LQWHUSUHWHG�DV�DQ�HYLGHQFH�RI�DQ�DFWLYH�PRQHWDU\�SROLF\
WKDW�DLPV�WR�VORZ�HFRQRPLF�DFWLYLWLHV�ZKHQ�IDFLQJ�KLJK�GHPDQG
JURZWK�� � ���� � JHQHUDOO\�� FKDQJHV� LQ� WKH� YRODWLOLW\� RI� WKH� VKRFNV
RYHU� WKH� VDPSOH� VHHP� WR� EH� VWDWLVWLFDOO\� VLJQLILFDQW�� � 7KH
K\SRWKHVLV� WKDW� FKDQJHV� RI� YRODWLOLW\� RI� YDULRXV� VKRFNV� WR�1HZ
=HDODQG�DUH�FRQVWDQW�RYHU� WKH�SHULRG����������� LV�UHMHFWHG�� �2Q
DYHUDJH��WHFKQRORJ\�VKRFNV�DUH�IRXQG�WR�EH�PRUH�YRODWLOH�WKDQ�DOO
RWKHU� VKRFNV� GXULQJ� WKH� ����V�� IROORZHG� E\� DJJUHJDWH� GHPDQG
VKRFNV�� ODERXU� VXSSO\� VKRFNV�� DQG�RLO� SULFH� VKRFNV��'XULQJ� WKH
SHULRG������������RLO�SULFH�VKRFNV�DUH�IRXQG�WR�EH�PRUH�YRODWLOH
RQ� DYHUDJH� WKDQ� DOO� RWKHU� VKRFNV�� IROORZHG� E\� ODERXU� VXSSO\
VKRFNV��DJJUHJDWH�GHPDQG�VKRFNV��DQG� WHFKQRORJ\�VKRFNV�� � ����
WKH� XQFRQGLWLRQDO� FURVV�FRUUHODWLRQV� EHWZHHQ� WKH� SULFH� OHYHO�
LQIODWLRQ�� DQG� RXWSXW� DUH� H[DPLQHG�� � 7KHVH� FURVV�FRUUHODWLRQ
IXQFWLRQV�DUH�FRQVLVWHQW�ZLWK�WKH�FRQGLWLRQDO�FRUUHODWLRQ�REWDLQHG
IURP�WKH�9$5��VXFK�WKDW�WKH�SULFH�OHYHO�DQG�LQIODWLRQ�VHHP�WR�EH
FRXQWHUF\FOLFDO�

7KH�SDSHU�LV�RUJDQL]HG�DV�IROORZV����7KH�GDWD�DUH�GHVFULEHG�LQ�WKH
QH[W�VHFWLRQ���7KH�PRGHO�LV�SUHVHQWHG�LQ�VHFWLRQ�����7KH�VWUXFWXUDO
9$5�V\VWHP�LV�HVWLPDWHG�DQG�UHVXOWV�DUH�SUHVHQWHG�LQ�VHFWLRQ����
)XUWKHU�DQDO\VLV�RI�GLVWULEXWLRQV�RI�WKH�VWUXFWXUDO�HUURUV�LV�IRXQG
LQ� VHFWLRQ� ��� � 6HFWLRQ� �� LV� DQ� DQDO\VLV� RI� XQFRQGLWLRQDO� FURVV�
FRUUHODWLRQ�IXQFWLRQV���&RQFOXVLRQV�DUH�SUHVHQWHG�LQ�VHFWLRQ���

�� 7KH�'DWD

)RXU�YDULDEOHV�DUH�XVHG�LQ�WKLV�SDSHU���7KH�UHDO�RLO�SULFH��2����WKH
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UDWLR�RI�WRWDO�HPSOR\PHQW�WR�WRWDO�ODERXU�IRUFH��Q���&3,�SULFH�OHYHO
�3���DQG�UHDO�RXWSXW��<��PHDVXUHG�E\�WKH�VHDVRQDOO\�DGMXVWHG�UHDO
*'3��

7DEOH� �� UHSRUWV� WKH� *'3� WURXJK�WR�SHDN� SHULRGV�� DORQJ� ZLWK
DQQXDO�DYHUDJH�LQIODWLRQ�UDWHV���'XULQJ�WKH�SHULRG�����,�WR�����,,�
1HZ� =HDODQG
V� DQQXDO� DYHUDJH� LQIODWLRQ� UDWH� GHFOLQHG� IURP� ��
SHUFHQW� DW� WKH� EHJLQQLQJ� RI� WKH� SHULRG� WR� �� SHUFHQW�� DQG� WR� ���
SHUFHQW�GXULQJ�WKH�SHULRG�����,,�WR�����,,���.LP��%XFNOH��DQG�+DOO
�������FRPSXWHG�WKH�DYHUDJH�F\FOH�OHQJWK�WR�EH������TXDUWHUV��WKH
DYHUDJH� H[SDQVLRQ� SKDVH� DV� ����� TXDUWHUV�� DQG� WKH� DYHUDJH
FRQWUDFWLRQ�SKDVH�DV�����TXDUWHUV��� � ,W� LV� LQWHUHVWLQJ� WR�QRWH� WKDW
WKH� LQIODWLRQ� UDWHV� VHHP� WR� IDOO� DV� WKH� SHULRGV� RI� H[SDQVLRQV
EHFRPH�VKRUWHU��DQG�DV�WKH�SHULRGV�RI�FRQWUDFWLRQV�EHFRPH�ORQJHU
RYHU�WKH�VDPSOH��

����7KH�0RGHO�DQG�6KRFNV�,GHQWLILFDWLRQV

7KH�PRGHO� XVHG� LQ� WKLV� SDSHU� LV� D� VLPSOH� QHR�FODVVLFDO� JURZWK
PRGHO��ZKHUH� ORQJ�UXQ� IOXFWXDWLRQV� LQ�RXWSXW� FDQ�EH�DWWULEXWHG
WR� FKDQJHV� LQ� ODERXU� DQG� WHFKQRORJLFDO� SURJUHVV� �6KDSLUR� DQG
:DWVRQ��������� �7KHUH�DUH� WKUHH�VRXUFHV� IRU�RXWSXW� IOXFWXDWLRQV�
QDPHO\��ODERXU�VXSSO\�VKRFNV��VKRFNV�WR�WHFKQRORJ\��DQG�ILQDOO\�
$'�VKRFNV�� � ,Q�WKH�VKRUW�UXQ��RXWSXW�FDQ�GHYLDWH� IURP�LWV� ORQJ�
UXQ�VWHDG\�VWDWH�YDOXHV�� �'HYLDWLRQV�FDQ�DULVH�IURP��L��VKRFNV�WR

                                                                                                                                              
� 7KH�UHDO�RLO�SULFH���LV�GHILQHG�DV�WKH�QDWXUDO�ORJDULWKP�RI�WKH�QRPLQDO�SULFH

SOXV� WKH� ORJ�RI� WKH� �7:,�� IRU�1HZ�=HDODQG
V�PDMRU� WUDGLQJ�SDUWQHUV� �WKH
8QLWHG�6WDWHV��$XVWUDOLD��WKH�8QLWHG�.LQJGRP��-DSDQ��DQG�*HUPDQ\��PLQXV
WKH�ORJ�RI�WKH�IRUHLJQ��33,��� WKH�SURGXFHU
V�SULFH� LQGH[�RI�1HZ�=HDODQG
V
PDMRU�WUDGLQJ�SDUWQHUV���)RUHLJQ�LQGH[HV�DUH�IURP�'HQQLV��������

� ,QIRUPDWLRQ� DERXW� WKH� WURXJK�WR�SHDN� SHULRGV� DUH� REWDLQHG� IURP� .LP�
%XFNOH��DQG�+DOO��������

� ,QIODWLRQ�LV�OQ��&3,W����OQ�&3,W����

� 7KH�GDWD�DUH�IURP�����,,,�WR�����,,�
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WKH�SHUPDQHQW� OHYHOV�RI� ODERXU� LQSXW�RU�WHFKQRORJ\��ZKLFK�OHDG
WR�WUDQVLWLRQ�IURP�RQH�VWHDG\�VWDWH�WR�DQRWKHU���RU��LL��$'�

7ZR�LGHQWLI\LQJ�DVVXPSWLRQV�DUH�PDGH���2QH�LV�WKDW�$'�VKRFNV
GR�QRW�KDYH�D�ORQJ�UXQ�LPSDFW�RQ�RXWSXW���6HFRQG��WKH�ORQJ�UXQ
OHYHO�RI�ODERXU�VXSSO\�LV�H[RJHQRXV���7KHVH�DVVXPSWLRQV�PDNH�LW
HDV\�WR�GHFRPSRVH�WKH�$6�VKRFNV�LQWR�VKRFNV�DULVLQJ�IURP�ODERXU
LQSXW�DQG�IURP�WHFKQRORJ\��,Q�WKH�ORQJ�UXQ��ODERXU�VXSSO\�LV�QRW
DIIHFWHG� E\� $'�� � � /DERXU� VXSSO\� QW
� DQG� WHFKQRORJ\� 7W
� DUH
GHWHUPLQHG�E\�WKH�IROORZLQJ�SURFHVVHV�

ZKHUH�QW�DQG�7W�DUH�WKH�QDWXUDO�ORJDULWKPV�RI�WKH�OHYHOV�RI�ODERXU
LQSXW�DQG�WHFKQRORJ\�UHVSHFWLYHO\�� �7KH�GLVWXUEDQFHV�HQW�DQG�H7W
DUH� XQFRUUHODWHG� VKRFNV� WKDW� DIIHFW� WKH� ORQJ�UXQ� JURZWK�� DQG
Q�/�� DQG� 7�/�� DUH� ODJ� SRO\QRPLDOV� WKDW� KDYH� VXPPDEOH
FRHIILFLHQWV�DQG�URRWV�RXWVLGH�WKH�XQLW�FLUFOH�

7KH�ORQJ�UXQ�ORJ�OHYHO�RI�RXWSXW�LV�GHWHUPLQHG�E\�DQ�DJJUHJDWH
&REE�'RXJODV�SURGXFWLRQ�IXQFWLRQ�

$VVXPLQJ�WKDW�WKH�VWHDG\�VWDWH�FDSLWDO�ODERXU�UDWLR��N
� �.
�Q
��LV
FRQVWDQW�\LHOGV�

ZKHUH� O� LV� D� FRQVWDQW� FDSLWDO�ODERXU� UDWLR� �6RORZ�� �������
6XEVWLWXWLRQ�RI���LQWR���\LHOGV�
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ZKHUH� WKH� FRQVWDQW� WHUP� �O� \O�� \� FDQ� EH� VHW� HTXDO� WR� ]HUR� IRU
VLPSOLFLW\�� �'HPDQG�VKRFNV�DUH�JLYHQ�E\�HGW��ZKLFK�DUH� VHULDOO\
XQFRUUHODWHG� DQG� XQFRUUHODWHG� ZLWK� WKH� ODERXU� VXSSO\� DQG
WHFKQRORJ\�VKRFNV�HQW�DQG�H7W���7KXV��ODERXU�LQSXW�DQG�RXWSXW�FDQ
WHPSRUDULO\�GHYLDWH�IURP�WKHLU�ORQJ�UXQ�OHYHOV�WKURXJK�

DQG

,�DVVXPH�WKDW� ODERXU�VXSSO\�DQG�RXWSXW�DUH�ERWK�QRQVWDWLRQDU\
SURFHVVHV�� DQG� ILUVW� GLIIHUHQFLQJ� LV� DQ� DSSURSULDWH� ILOWHU� WR
GHWUHQG�WKHVH�YDULDEOHV���1RZ�VXEVWLWXWLQJ�������DQG���LQWR���DQG
��JLYHV�

7R�FRPSOHWH�WKH�PRGHO��WKH�SURFHVV�JRYHUQLQJ�WKH�SULFH�OHYHO��3W�
LV�JLYHQ�E\�

1RWH�WKDW�,�DVVXPH�WKDW�WKH�SULFH�OHYHO�LV�QRQVWDWLRQDU\�DQG�WKH
LQIODWLRQ� UDWH� �ILUVW� GLIIHUHQFH� RI� WKH� ORJ� RI� 3�� LV� D� VWDWLRQDU\
SURFHVV����,W�LV�DOVR�DVVXPHG�WKDW�DOO�VKRFNV�GHILQHG�DERYH�KDYH�D
                                                                                                                                              
� 7KH�$XJPHQWHG�'LFNH\�)XOOHU�WHVW��6DLG�DQG�'LFNH\���������WKH�3HUURQ�WHVW

������� ������� DQG� WKH�*RQ]DOH]�)DULDV� WHVW� ������� DUH� XVHG� WR� WHVW� IRU� WKH
QRQ�VWDWLRQDULW\� RI� WKH� YDULDEOHV�� � 7KH� ODWWHU� WHVW� LV� UHFRPPHQGHG� E\
3DQWXOD�*RQ]DOH]�)XOOHU� ������� RYHU� RWKHU� WHVWV� VXFK� DV� (OOLRWWH�
5RWKHPEHUJ��DQG�6WRFN� �������� �7KH�QXOO�K\SRWKHVLV� WKDW� WKH�YDULDEOHV� LQ
WKH�V\VWHP�DUH�XQLW�URRW�SURFHVVHV�FDQQRW�EH�UHMHFWHG���7KH�LQIODWLRQ�UDWH�LV
DOVR�WHVWHG�IRU�XQLW�URRW�XVLQJ�WKH�WHVWV�DERYH�DV�ZHOO�DV�E\�HVWLPDWLQJ�WKH
RUGHU� RI� LQWHJUDWLRQ� RI� DQ� $5),0$� �3�G�T�� SURFHVV� �'LHEROG� DQG
5XGLEXVFK��������� �7KH�FRQFOXVLRQ�LV� WKDW� LQIODWLRQ� LV�D�VWDWLRQDU\�SURFHVV
ZLWK� KLJK� SHUVLVWHQFH� �LH�� ORQJ�PHPRU\��� � 7KHUHIRUH�� DOO� YDULDEOHV� LQ� WKH
9$5�DUH�ILUVW�GLIIHUHQFHG�
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ORQJ�UXQ� LPSDFW� RQ� WKH� SULFH� OHYHO�� � )LQDOO\�� DQ� H[RJHQRXV� RLO
SULFH�VKRFN�LV�DGGHG�WR�WKH�PRGHO�

7KH�PRYLQJ�DYHUDJH�UHSUHVHQWDWLRQ�LV�JLYHQ�E\�

7KH��VKRFNV�HRW��HQW��HGW��DQG�H7W��UHVSHFWLYHO\�FRUUHVSRQG�WR�VKRFNV
WR�2��Q��3��DQG�<��

&RQVLGHU�D�N[��YHFWRU�RI�HQGRJHQRXV�YDULDEOHV�]W���7KH�VWUXFWXUDO
PRYLQJ�DYHUDJH�UHSUHVHQWDWLRQ�RI������LV�MXVW�

ZKHUH�%�/�� �%��%�/�%�/����� LV� D�N[N�PDWUL[�RI�SRO\QRPLDOV� LQ
WKH�ODJ�RSHUDWRU�/����7KH�GLVWXUEDQFH�YHFWRU�HW�LV�D�N[��ZKLWH�QRLVH
a1��� H���ZKHUH� H�LV�GLDJRQDO���7KH�IROORZLQJ�9$5�LV�HVWLPDWHG
WR� HVWLPDWH� WKH� UHVSRQVH� RI� WKH� HOHPHQW� RI� ]W� WR� LQQRYDWLRQV
FRQWDLQHG�LQ�HW�

ZKHUH� � +����  � ,��� DQG� XW� a1��� X�� LV� QRW� D� GLDJRQDO� PDWUL[�
,QYHUWLQJ�WKH�9$5�\LHOGV�

                                                                                                                                              
� 7KLV�LPSOLHV�WKDW�WKHUH�DUH�QR�FRQWHPSRUDQHRXV�YDULDEOHV�RQ�WKH�5+6��
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ZKHUH�'�/�� �+�/����

1RZ�� ZH� FDQ� GHFRPSRVH� WKH� HOHPHQWV� RI� '�/�� E\� XVLQJ� WKH
PDWUL[� WKDW� GHILQHV� WKH� FRQWHPSRUDQHRXV� VWUXFWXUDO� UHODWLRQV�
%�����ZKHUH�'�/�� �%�/�%���������7KLV�JLYHV�

DQG�

7R� UHFRYHU� WKH� RUWKRJRQDO� GLVWXUEDQFHV� HW� IURP� WKH� HVWLPDWHG
9$5
V�UHVLGXDOV�XW�ZH�KDYH�WR�HVWLPDWH�%�����7R�GR�WKDW�ZH�QHHG
WZR� FRQGLWLRQV�� � )LUVW�� WKHUH�PXVW� EH� D� XQLTXH� VROXWLRQ� WR� H���
6HFRQG�� WKH� QXPEHU� RI� SDUDPHWHU� HVWLPDWHV� FDQQRW� H[FHHG� WKH
QXPEHU�RI�XQLTXH�HOHPHQWV�LQ� X��WKH�VDPSOH�FRYDULDQFH�PDWUL[��
�1RWH�WKDW�WKHUH�DUH�N��XQNQRZQ�HOHPHQWV�LQ�%����DQG�WKH�PDWUL[
X� FRQWDLQV� �N�N������� XQLTXH� HOHPHQWV�� WKXV�� D� QHFHVVDU\
FRQGLWLRQ� IRU� LGHQWLILFDWLRQ� LV� WKDW� N��N�N������  � N�N�����
DGGLWLRQDO� UHVWULFWLRQV� EH� LPSRVHG�� � 7KLV� NQRZQ� DV� WKH� RUGHU
FRQGLWLRQ���

�
�� (VWLPDWLRQ�DQG�5HVXOWV

7KH�6KDSLUR�DQG�:DWVRQ�DSSURDFK��������LV�WR�HVWLPDWH�D�V\VWHP
WKDW�\LHOGV�VWUXFWXUDO�GLVWXUEDQFHV�GLUHFWO\�IURP�WKH�9$5�V\VWHP�

                                                                                                                                              
� 7KH�PDWUL[� H� �%����� X%���7���

�� 6LP
V� ������� DSSURDFK� LV� WR� DVVXPH� WKDW� %���� LV� ORZHU� WULDQJXODU�� WKXV
LPSRVLQJ�UHVWULFWLRQV�RQ�WKH�FRQWHPSRUDQHRXV�FRUUHODWLRQV�RI�VKRFNV�� � ,Q
RWKHU� ZRUGV�� WKH� V\VWHP� LV� UHFXUVLYH� LQ� QDWXUH�� � 7KH� FULWLFLVP� WR� WKLV
DSSURDFK� LV� WKDW� LW�GRHV�QRW� UHFRQFLOH�ZLWK�HFRQRPLF� WKHRU\� �&RROH\�DQG
/H5R\�� ������� � $OVR�� 6LPV� �������� %HUQDQNH� �������� :DOVK� �������� DQG
%ODQFKDUG��������DSSURDFKHV�WR�LGHQWLILFDWLRQ�LV�WR�LPSRVH�]HUR�UHVWULFWLRQV
RQ�%�����WKHUHIRUH��WKH\�GR�QRW�DVVXPH�D�UHFXUVLYH�V\VWHP���7KH�UHVWULFWLRQV
DUH�DOVR�PRWLYDWHG�E\�WKHRU\���)XUWKHU��%ODQFDKUG�DQG�4XDK��������LPSRVH
]HUR�UHVWULFWLRQV�RQ�WKH�ORQJ�UXQ�PXOWLSOLHUV�%����WR�HVWLPDWH�%������7KLV�LV
VLPLODU�WR�WKH�6KDSLUR�:DWVRQ�DSSURDFK�LPSOHPHQWHG�LQ�WKLV�SDSHU�

  ,eB(L)  =  u )B(L)B(0 tt
-1 16

.eB(0)=u tt 17
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ZKHUH�&�/�� �%�/����DQG�%�/�� LV� WKH�VDPH�DV� LQ����DERYH�� �7KH\
UHFRYHU�WKH�VWUXFWXUDO�GLVWXUEDQFHV�E\��L��/HWWLQJ�HTXDWLRQ�&����≠
,��ZKLFK�LPSOLHV�WKDW�FRQWHPSRUDQHRXV�YDOXHV�RI�]W�FDQ�HQWHU�WKH
5+6� RI� VRPH� HTXDWLRQV���� � �LL�� � 5HVWULFWLRQV� RQ� WKH� ORQJ�UXQ
PXOWLSOLHUV��� DUH� MXVW� UHVWULFWLRQV� RQ� WKH� VXPV� RI� FRHIILFLHQWV� RI
FRUUHVSRQGLQJ� YDULDEOHV�� � �LLL�� � 2UWKRJRQDOLW\� LV� DFKLHYHG� E\
HVWLPDWLQJ�HDFK�HTXDWLRQ�LQ�WKH�V\VWHP�VHTXHQWLDOO\�WKHQ�XVH�WKH
UHVLGXDOV� IURP� HTXDWLRQ� �� WR� HVWLPDWH� HTXDWLRQ� ��� DQG� WKH
UHVLGXDOV�IURP���DQG��� WR�HVWLPDWH�HTXDWLRQ���DQG�VR�RQ�� �)LQDO
RUWKRJRQDOL]DWLRQ� LV� DFKLHYHG� E\� DSSO\LQJ� WKH� &KROHVNL
IDFWRUL]DWLRQ�WR�WKH�YDULDQFH�FRYDULDQFH�PDWUL[����

,W�LV�DVVXPHG�WKDW�RLO�VKRFNV�DUH�H[WHUQDO�UHODWLYH�VXSSO\�VKRFNV�
XQDIIHFWHG�E\�RWKHU�YDULDEOHV��DQG�KHQFH��RLO�SULFH�LV�D�IXQFWLRQ�RI
LWV�RZQ� ODJV�� �7KH� VWUXFWXUDO� VKRFNV�RI� WKH�DERYH�PRGHO� FDQ�EH
UHFRYHUHG� E\� HVWLPDWLQJ� D� 9$5� PRGHO�� DQG� WKHQ� XVLQJ� WKH
LQIRUPDWLRQ� IURP� WKH� VDPSOH� YDULDQFH�FRYDULDQFH� PDWUL[� WR
DFKLHYH�LGHQWLILFDWLRQ���7KH�ORQJ�UXQ�UHVWULFWLRQV�DUH�LPSRVHG�E\
VHWWLQJ� WKHVH�YDULDEOHV� LQ�VHFRQG�GLIIHUHQFHV� LQ� WKH�9$5��ZKLFK
\LHOGV�WKH�IROORZLQJ�PRGHO��ZLWK�QXPEHU�RI�ODJV��-��VHW�DUELWUDULO\
HTXDO�IRXU��

$OVR��GXPP\�YDULDEOHV�WKDW�WDNH�WKH�YDOXH�RI���LQ�����,,������,9�
����,�DQG�]HURV�RWKHUZLVH�DUH�LQFOXGHG�LQ�WKH�9$5���7KH�����,,
DQG�����,�GXPPLHV�DUH� WR�FRQWURO� IRU�RLO�SULFH�FKDQJHV�DQG�DUH
WKHUHIRUH��LQFOXGHG�LQ�WKH�HVWLPDWLRQ�RI�HTXDWLRQ������7KH�����,9
                                                                                                                                              
�� ,I� FRQWHPSRUDQHRXV� YDOXHV� HQWHU� LQ� VRPH� HTXDWLRQV� WKHQ� 2/6� GRHV� QRW

\LHOG��FRQVLVWHQW�HVWLPDWHV�

�� =HUR�RQ�%����
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GXPP\�YDULDEOH�LV�LQFOXGHG�LQ�WKH�RXWSXW�HTXDWLRQ�WR�FRQWURO�IRU
WKH� HIIHFWV� RI� *67���� � $OVR�� WKH� 9$5� LV� HVWLPDWHG� ZLWK� IRXU
VHDVRQDO�GXPPLHV��

(TXDWLRQ������LV�HVWLPDWHG�E\�2/6��ZKLOH�HTXDWLRQV�������������DQG
����� DUH� HVWLPDWHG� E\� WKH� ,QVWUXPHQWDO� 9DULDEOH� WHFKQLTXH� �,9�
XVLQJ� WKH� FRQWHPSRUDQHRXV� RLO� SULFH�� DQG� ODJV� RI� DOO� RWKHU
YDULDEOHV�DV�LQVWUXPHQWV������1RWH�WKDW�ZKLOH�WKH�UHVLGXDOV�PDWUL[
XW� LV� QRW� WKH� VDPH� DV� WKH� VWUXFWXUDO� GLVWXUEDQFHV�PDWUL[� HW�� WKH
UHVLGXDOV� DUH� VWLOO� FRUUHODWHG�� � 2UWKRJRQDOLW\� LV� DFKLHYHG� E\� D
ORZHU�WULDQJXODU�&KROHVNL�IDFWRUL]DWLRQ���

��� ,PSXOVH�5HVSRQVH�)XQFWLRQV

,PSXOVH� UHVSRQVH� IXQFWLRQV� DUH� TXDOLWDWLYHO\� FRQVLVWHQW� ZLWK
SUHGLFWLRQV� LPSOLHG� E\� WKH� QHR�FODVVLFDO� JURZWK� PRGHO�� � 7KH
LPSXOVH�UHVSRQVH�IXQFWLRQV�RI�ODERXU�VXSSO\��WKH�SULFH�OHYHO��DQG
UHDO�RXWSXW� WR�D�RQH� VWDQGDUG�GHYLDWLRQ� VKRFN� LQ� UHDO� RLO�SULFHV
DUH�SORWWHG�LQ�ILJXUHV�������$�RQH�VWDQGDUG�GHYLDWLRQ�VKRFN�WR�RLO
SULFHV�WHQGV�WR�UHGXFH�WKH�OHYHOV�RI�RXWSXW�DQG�HPSOR\PHQW��DQG
UDLVH�WKH�SULFH�OHYHO���%RWK�RXWSXW�DQG�ODERXU�IDOO�FRQWLQXRXVO\�IRU
ILYH� TXDUWHUV� EHIRUH� WKH\� VHWWOH� DW� ORZHU� ORQJ�UXQ� HTXLOLEULXP
YDOXHV���7KH�HIIHFW�RI�WKH�VKRFN�RQ�WKH�SULFH�OHYHO�VWDUWV�DERXW�RQH
TXDUWHU�DIWHU�WKH�VKRFN�DQG�FRQWLQXHV�IRU�PRUH�WKDQ�WZR�\HDUV�

7KH�LPSXOVH�UHVSRQVH�IXQFWLRQV�RI�WKH�SULFH�OHYHO�DQG�UHDO�RXWSXW
WR� D�XQLW� VKRFN� WR� ODERXU� VXSSO\�DUH�SORWWHG� LQ� ILJXUHV� �� DQG��
UHVSHFWLYHO\�� � 7KH� UHVSRQVHV� DUH� FRQVLVWHQW� ZLWK� WKHRU\�D� XQLW
                                                                                                                                              
�� *RRGV�DQG�6HUYLFHV�7D[�LQWURGXFHG�LQ�2FWREHU������

�� 2EWDLQLQJ�YDOLG�LQVWUXPHQWV�LV�D�GLIILFXOW�WDVN���7ZR�LPSRUWDQW�SURSHUWLHV
DUH�UHTXLUHG�WR�LPSOHPHQW�DQ�,9�PHWKRG�RI�HVWLPDWLRQ������5HOHYDQFH��L�H��
D�KLJK�FRUUHODWLRQ�EHWZHHQ�WKH�HQGRJHQRXV�UHJUHVVRUV�WKDW�LV�LQGHSHQGHQW
RI�WKRVH�UHJUHVVRU
V�FRUUHODWHG�ZLWK�RWKHU�LQVWUXPHQWV��DQG������([RJHQHLW\
�L�H���QR�FRUUHODWLRQ�ZLWK� WKH� LQQRYDWLRQV� LQ� WKH�GHSHQGHQW�YDULDEOH��� �)RU
IXUWKHU� GHWDLOV�� VHH�1HOVRQ� DQG� 6WDUW]� ��������0DGGDOD� DQG� -HRQJ� �������
DQG�+DOO��5RGHEXVFK��DQG�:OLFR[��������

�� 7KLV� LV� D� ORZHU�WULDQJXODU�PDWUL[�:� VXFK� WKDW�:��
X
7���  � ,�� � 7KLV� LPSOLHV

WKDW�,�FDQ�VROYH� IRU�HW� �XW:���DQG�(HWH7� � ,�� �1RWH� WKDW� WKH�V\VWHP�LV�QRW
UHFXUVLYH�
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VKRFN�WR�ODERXU�WHQGV�WR�UHGXFH�WKH�SULFH�OHYHO�DQG�RXWSXW�LQ�WKH
ORQJ�UXQ�

7KH� LPSXOVH� UHVSRQVH� IXQFWLRQV� RI� ODERXU�� WKH� SULFH� OHYHO�� DQG
UHDO� RXWSXW� WR� D� RQH� VWDQGDUG� GHYLDWLRQ� VKRFN� WR� DJJUHJDWH
GHPDQG� DUH� SORWWHG� LQ� ILJXUHV� ����� � $� SRVLWLYH� GHPDQG� VKRFN
LQFUHDVHV� UHDO� RXWSXW�� ODERXU�� DQG� WKH� SULFH� OHYHO�� � :KLOVW� WKH
VKRFN� KDV� WKH� H[SHFWHG� LPPHGLDWH� SRVLWLYH� UHVSRQVH� IURP� WKH
SULFH� OHYHO� WKH� LQIODWLRQ� UDWH� LQLWLDOO\� ULVHV� EXW� WKHQ� GHFOLQHV
SHUVLVWHQWO\��WZHOYH�LPSXOVH�UHVSRQVH�IXQFWLRQV�RI�LQIODWLRQ�WR�D
XQLW�GHPDQG�VKRFN�DUH�UHSRUWHG�LQ�WDEOH������2XWSXW�LQFUHDVHV�IRU
DERXW�WZR�TXDUWHUV��GHFOLQHV�WKHUHDIWHU��DQG�OHYHOV�RXW�DIWHU�HLJKW
TXDUWHUV���7KH�VPDOO�LQFUHDVH�LQ�RXWSXW��WKH�TXLFN�UHYHUVDO�RI�WKH
VKRFN�� DQG� WKH� LPPHGLDWH� GHFOLQH� LQ� WKH� LQIODWLRQ� UDWH� PD\EH
FRQVLVWHQW�ZLWK�WKH�DQWL�LQIODWLRQDU\�PRQHWDU\�SROLF\�SXUVXHG�E\
WKH�PRQHWDU\�DXWKRULW\�LQ�1HZ�=HDODQG�

)LQDOO\��WKH�LPSXOVH�UHVSRQVH�IXQFWLRQV�RI�ODERXU��WKH�SULFH�OHYHO�
DQG�UHDO�RXWSXW�WR�D�RQH�VWDQGDUG�GHYLDWLRQ�VKRFN�WR�WHFKQRORJ\
DUH� SORWWHG� LQ� ILJXUHV� ������ � /DERXU� VXSSO\� ULVHV� VKDUSO\� ZLWK
WHFKQRORJLFDO� SURJUHVV�� FRQWLQXHV� WR� EH� KLJK� IRU� DERXW� �� WR� �
TXDUWHUV� WKHQ� GHFOLQHV� WR� LWV� ORQJ�UXQ� SDWK�� � 7KH� &3,� IDOOV
FRQVLGHUDEO\� DQG� FRQWLQXHV� WR� EH� QHJDWLYH� LQ� WKH� ORQJ�UXQ��
2XWSXW�LQFUHDVHV�IRU�DERXW�WKUHH�WR�IRXU�TXDUWHUV�LQ�UHVSRQVH�WR�D
VKRFN�WR�WHFKQRORJ\��LW�WKHQ�OHYHOV�WR�LWV�ORQJ�UXQ�OHYHO���,W�LV�FOHDU
WKDW�WKH�SULFH�OHYHO�LV�FRXQWHUF\FOLFDO�LQ�WKH�PRGHO���7KH�LPSXOVH
UHVSRQVH�IXQFWLRQV�RI�LQIODWLRQ�UDWH�DUH�UHSRUWHG�LQ�WDEOH�����7KH\
LQGLFDWH�FRXQWHUF\FOLFDO�EHKDYLRXU���

��� 9DULDQFH�'HFRPSRVLWLRQ

7KH�IRUHFDVW�HUURU�YDULDQFH�GHFRPSRVLWLRQ� LQGLFDWHV� WKH�UHODWLYH
LPSRUWDQFH�RI�VKRFNV�� �,Q�RWKHU�ZRUGV�� LW�VKRZV�WKH� LPSRUWDQFH
RI� WKH� VKRFNV� LQ� H[SODLQLQJ� WKH� DYHUDJH� YDULDELOLW\� RI� RXWSXW��
�5HFDOO� WKDW� WKH� RLO� SULFH� LV� DVVXPHG� WR� EH� H[RJHQRXV��
)OXFWXDWLRQV�LQ�WKH�UHDO�RLO�SULFH�DUH�����SHUFHQW�VHOI�H[SODQDWRU\��

                                                                                                                                              
�� 7KHVH�UHVXOWV�DUH� LQ�FRQWUDVW� WR� WKRVH� LQ�0DQNLZ��������DQG�&KDGKD�DQG

3UDVDG��������
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7KH�GHFRPSRVLWLRQ�RI�WKH�YDULDQFH�RI�HPSOR\PHQW�LV�DV�IROORZV�
������SHUFHQW�RI�WKH�IOXFWXDWLRQV�LQ�HPSOR\PHQW�DUH�H[SODLQHG�E\
IOXFWXDWLRQV� LQ� ODERXU� VXSSO\� VKRFNV�� ������ SHUFHQW� E\
WHFKQRORJLFDO� VKRFNV�� DQG� DERXW� ������ SHUFHQW� E\� UHDO� RLO� SULFH
VKRFNV�����5HVXOWV�DUH�UHSRUWHG�LQ�WDEOH���

,Q�WKH�YHU\�VKRUW�UXQ����WR���TXDUWHUV���GHPDQG�VKRFNV�VHHP�WR�EH
YHU\� LPSRUWDQW� LQ� H[SODLQLQJ� IOXFWXDWLRQV� LQ� WKH� SULFH� OHYHO��
([SODQDWLRQV� UDQJH� IURP� ��� SHUFHQW� LQ� WKH� ILUVW� TXDUWHU� WR� ��
SHUFHQW� LQ� WKH� IRXUWK� TXDUWHU� DIWHU� WKH� VKRFN�� � 'HPDQG� VKRFNV
H[SODLQ�������SHUFHQW�RI� WKH� IOXFWXDWLRQV� LQ� WKH�&3,� LQ� WKH� ORQJ
UXQ�� � 6XSSO\� VKRFNV� �RLO� SULFH�� ODERXU� VXSSO\�� DQG� WHFKQRORJ\�
VHHP�WR�EH�LQFUHDVLQJO\�LPSRUWDQW�LQ�H[SODLQLQJ�WKH�YDULDWLRQV�RI
&3,�LQ�WKH�ORQJ�UXQ���7KH�FRQWULEXWLRQ�RI�RLO�SULFH��ODERXU�VXSSO\�
DQG�WHFKQRORJ\�VKRFNV�WR�WKH�YDULDWLRQV�RI�WKH�SULFH�OHYHO�LQ�WKH
VKRUW� UXQ� DUH� ������ ����� DQG� ]HUR� UHVSHFWLYHO\�� ,Q� WKH� ORQJ� UXQ�
DERXW������SHUFHQW�RI�WKH�IOXFWXDWLRQV�LQ�WKH�&3,�DUH�H[SODLQHG�E\
WHFKQRORJLFDO�VKRFNV�������SHUFHQW�RI�WKH�YDULDWLRQV�LQ�WKH�&3,�E\
ODERXU� VXSSO\� VKRFNV�� DQG����SHUFHQW�RI� WKH� IOXFWXDWLRQV� LQ� WKH
&3,�E\�RLO�SULFH�VKRFNV�

0RVW� RI� WKH� IOXFWXDWLRQV� LQ� UHDO� RXWSXW� DUH� H[SODLQHG� E\
WHFKQRORJLFDO� DQG� RLO� SULFH� FKDQJHV�� � ,Q� WKH� ORQJ� UXQ�� �����
SHUFHQW�RI�WKH�IOXFWXDWLRQV�LQ�UHDO�*'3�DUH�H[SODLQHG�E\�RLO�SULFH
FKDQJHV��DQG�������E\�WHFKQRORJLFDO�FKDQJHV���$�VPDOOHU�IUDFWLRQ�
����� SHUFHQW� LV� H[SODLQHG� E\� ODERXU� VXSSO\� VKRFNV�� � 7KH
FRQWULEXWLRQ�RI�ODERXU�VXSSO\�VKRFNV�WR�YDULDWLRQV�LQ�UHDO�*'3�LV
VPDOOHU� WKDQ� WKRVH� UHSRUWHG� IRU� WKH�8QLWHG� 6WDWHV� �6KDSLUR� DQG
:DWVRQ�� ������� EXW� FORVHU� WR� WKRVH� UHSRUWHG� IRU� $XVWUDOLD
�0RUHQR����������
                                                                                                                                              
�� 7KH�YDULDEOH�ODERXU�VXSSO\�LV�D�UDWLR�RI�HPSOR\PHQW�WR�WRWDO�ODERXU�IRUFH��

7KLV� YDULDEOH� LV� QRW� YHU\� VHQVLWLYH� WR� VKRUW�UXQ� FKDQJHV� LQ� DJJUHJDWH
GHPDQG�

�� %HIRUH� WKH� LQWURGXFWLRQ� RI� WKH� (PSOR\PHQW� &RQWUDFWV� $FW� �������� �(&$�
1HZ� =HDODQG
V� ODERXU�PDUNHWV� ZHUH� FKDUDFWHULVHG� E\� VWDWH� LQWHUYHQWLRQ
ZLWK�SULPDU\�JRDOV�RI�����DFKLHYLQJ�DQG�PDLQWDLQLQJ�IXOO�HPSOR\PHQW��DQG
���� FRQWUROOLQJ� WKH� OHYHO� RI� ZDJHV� GLUHFWO\� YLD� D� QHJRWLDWLRQV� ZLWK
HPSOR\HUV�DQG�XQLRQV���7KXV��WKH�YDULDEOH�XVHG�KDV�YHU\�VPDOO�YDULDWLRQV�
ZKLFK�PD\EH�WKH�UHDVRQ�IRU�KDYLQJ�VXFK�D�VPDOO�LPSDFW�RQ�UHDO�*'3�
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,Q� VXPPDU\�� DJJUHJDWH� VXSSO\� VKRFNV� DUH� IDU� PRUH� LPSRUWDQW
WKDQ�DJJUHJDWH�GHPDQG�VKRFNV�LQ�WKH�ORQJ�UXQ���7KH�FRQWULEXWLRQ
RI�DJJUHJDWH�VXSSO\�VKRFNV� LQFOXGLQJ� WKH�RLO�SULFH� VKRFN� WR� WKH
YDULDWLRQV� RI� ODERXU� VXSSO\� �HPSOR\PHQW� UDWLR��� &3,�� DQG� UHDO
*'3�DW����TXDUWHUV�DKHDG�DUH���������������DQG������UHVSHFWLYHO\��
,Q� WKH� FDVH� RI� WKH� &3,�� $'� VKRFNV� SOD\� D� VLJQLILFDQW� UROH
H[SODLQLQJ�WKH�PRYHPHQWV�RI�&3,� LQ� WKH�VKRUW�UXQ�� � ,Q� WKH� ORQJ
UXQ�� RQH� WKLUG� RI� WKH� IOXFWXDWLRQV� ������� SHUFHQW�� LQ� &3,� LV
H[SODLQHG�E\�$'�VKRFNV�

�� $QDO\VLQJ�WKH�6WUXFWXUDO�6KRFNV

7KH� VWUXFWXUDO� HUURUV� IURP� HDFK� HTXDWLRQ� DUH� DQDO\]HG�� � 7KHVH
HUURUV� UHSUHVHQW� XQH[SODLQHG� YDULDWLRQV� LQ� WKH� GHSHQGHQW
YDULDEOHV�RI�HTXDWLRQV����WR������3ORWV�RI�WKH�VWDQGDUGL]HG�HUURUV
VKRZ�WKDW�ODUJH�VKRFNV�DUH�DSSDUHQW�LQ�DOO�RI�WKHP��ILJXUHV��������
�7DEOH�����SUHVHQWV��VXPPDU\�VWDWLVWLFV���,W�LV�FOHDU�WKDW�WKH�VKRFNV
DUH�ZKLWH�QRLVH� UDQGRP�YDULDEOHV�ZLWK� DQ� DSSDUHQW� VNHZQHVV��
1R� VLJQLILFDQW� NXUWRVLV� LV� � SUHVHQW� LQ� WKH� VKRFNV� H[FHSW� IRU� RLO
SULFH� VKRFNV���� � 7HVWLQJ� IRU� WKH� FKDQJHV� LQ� YRODWLOLW\� RI� WKHVH
VKRFNV�RYHU�WLPH�LQYROYHV�VRPH�PHDVXUH�RI�YDULDQFH���,�FRPSXWH
WKH�IROORZLQJ�VWDWLVWLF

IRU� HDFK� L �����P� QRQ�RYHUODSSLQJ� ZLQGRZV� RI� VL]H� Q���� � 7KH
GHQRPLQDWRU� LV� WKH� XQELDVHG� HVWLPDWH� RI� WKH� SRSXODWLRQ
YDULDQFH���� 7KH� QXPHUDWRU� LV� WKH� YDULDQFH� RI� HDFK� RI� WKRVH� P
                                                                                                                                              
�� .XUWRVLV� LV� LQWHUSUHWHG� DV� D� VLJQ� RI� �ODUJH�� VKRFNV� WR� WKH� OHYHOV� RI� WKHVH

YDULDEOHV��%ODQFKDUG�DQG�:DWVRQ����������7KH�NXUWRVLV�LV�QRUPDOL]HG�VXFK
WKDW�]HUR�UHSUHVHQWV�D�QRUPDO�GLVWULEXWLRQ�

�� ,�FKRRVH�Q�HTXDO�WR���TXDUWHUV�EHFDXVH�LW�GLYLGHV�HDVLO\�LQWR����REVHUYDWLRQV
DQG�LW�FRUUHVSRQGV�WR�D�FDOHQGDU�\HDU�

�� 1RWH�WKDW�WKH�YDULDQFH�LV�HTXDO�WR�RQH�
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ZLQGRZV�� � 7KLV� VWDWLVWLF� IROORZV� DSSUR[LPDWHO\� D� �� ZLWK� �Q���
GHJUHHV�RI�IUHHGRP���,�FDQ�WHVW�WKH�QXOO�K\SRWKHVLV�WKDW� �L� � �S

DJDLQVW�WKH�DOWHUQDWLYH� �L�!� �S���7KH�UHMHFWLRQ�UHJLRQ�LV�JLYHQ�E\
��!� � ��ZKHUH� � �LV�FKRVHQ�VR�WKDW�3U� �! � � ���)RU�VRPH� 
V�
YDOXHV� RI�5L�6�� IDOOLQJ� LQ� WKLV� UHJLRQ� DUH� FRQVLGHUHG� �ODUJH�� DQG
LQGLFDWH�D�UHMHFWLRQ�RI�WKH�QXOO�LQ�IDYRXU�RI�WKH�DOWHUQDWLYH�

:LWK�D�VDPSOH�VL]H�HTXDO�WR����DQG�Q�HTXDO�WR���� ,�HVWLPDWHG���
5L�6��YDOXHV�IRU�HDFK�VWUXFWXUDO�VKRFNV�VHULHV���7KHVH�HVWLPDWHV�RI
�V� DUH� UHSRUWHG� LQ� WDEOH� ��� � 7KH� UHMHFWLRQ� UHJLRQV� WKDW� WKHVH� �

VWDWLVWLFV�DUH�FRPSDUHG�WR�DUH� �� �����ZKHUH�  �����DQG������OHYHOV
������DQG������UHVSHFWLYHO\����,�GUDZ����LLG�REVHUYDWLRQV�IURP�WKH
1������GLVWULEXWLRQ���,�WKHQ�FRPSXWH�5L�6��IRU�Q ���DQG�FRXQW�WKH
QXPEHU� RI� WLPHV� WKDW� 5L�6�� H[FHHGV� WKH� ������� DQG� ������� FULWLFDO
YDOXHV� XQGHU� WKH� QXOO� WKDW� �L�  � �S�� � ,� UHSHDW� WKH� H[SHULPHQW
�������WLPHV���7KH�HPSLULFDO�GLVWULEXWLRQ�RI�WKHVH�FRXQWV�IRU�VXFK
D�VPDOO�VDPSOH�VKRZ�WKDW�WKH�SUREDELOLW\�RI�KDYLQJ�QR�YDOXHV�RI
5L�6��H[FHHGLQJ�WKH�FULWLFDO�YDOXHV�LV�LGHQWLFDOO\�HTXDO�WR�RQH���7KLV
PHDQV�WKDW�WKH�QXOO�FDQ�EH�UHMHFWHG�LI�ZH�ILQG�RQH�YDOXH�RI�5L�6��!
FULWLFDO� YDOXHV�� � ,QIRUPDWLRQ� LQ� WDEOH� �� LQGLFDWHV� WKDW� DOO� WKH
FKDQJHV� LQ� WKH� YRODWLOLW\� RI� WKH� VWUXFWXUDO� VKRFNV� DUH� VWDWLFDOO\
VLJQLILFDQW�RYHU�WKH�VDPSOH���7KHUHIRUH��ZH�FDQ�UHMHFW�WKH�QXOO�LQ
IDYRXU�RI�WKH�DOWHUQDWLYH�

/RRNLQJ� DW� LQGLYLGXDO� VKRFNV� RYHU� WKH� VDPSOH� GXULQJ� WKH�*XOI
:DU�LQ�����������RLO�VXSSO\�VKRFNV�DUH�PRUH�VLJQLILFDQW�WKDQ�DOO
RWKHU�VKRFNV��/DERXU�VXSSO\�VKRFNV�DV�ZHOO�DV�RLO�VXSSO\�VKRFNV
DUH� DOVR� VLJQLILFDQW� LQ� ������ � 'HPDQG� VKRFNV� DUH� VLJQLILFDQW� LQ
������ZKLOH�WHFKQRORJ\�VKRFNV�DUH�VLJQLILFDQW�LQ������DQG�LQ������
��1RWH�WKDW�EHFDXVH�WKH�GHQRPLQDWRU�RI�HTXDWLRQ����LV�LGHQWLFDOO\
HTXDO�WR�RQH�ZH�FDQ�FRPSDUH�YDOXHV�RI�5L�6��DFURVV�VKRFNV���7KH
DYHUDJH�YRODWLOLW\�GXULQJ�WKH�SHULRGV������������DQG�����������LV
FRPSXWHG�DQG�UHVXOWV�DUH�UHSRUWHG�LQ�WDEOH�����/RRVHO\�VSHDNLQJ�
WKH�DYHUDJH�YRODWLOLW\�RI� VKRFNV� LQ�����V� LV� UHODWLYHO\� VPDOOHU� LQ
PDJQLWXGHV�WKDQ�WKRVH�LQ�WKH�����V�ZLWK�WKH�H[FHSWLRQ�RI�VKRFNV
WR�WHFKQRORJ\�����7HFKQRORJ\�VKRFNV�DUH�IRXQG�WR�EH�VLJQLILFDQWO\

                                                                                                                                              
�� 2EYLRXVO\�� DYHUDJLQJ� RYHU� ��� \HDUV� LQWHUYDO� IRU� ����V� ZKLOH� DYHUDJLQJ

RYHU���\HDUV�LQ�WKH�����V�DIIHFWV�WKH�UHVXOWV�
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ODUJHU� WKDQ� DOO� RWKHU� VKRFNV� GXULQJ� WKH� ����V�� � 7KH� DYHUDJH
GHFOLQHV�GXULQJ� WKH�SHULRG������������ �'XULQJ� WKH�SHULRG������
������RLO�VXSSO\�VKRFNV�DUH�IRXQG�WR�EH�PRUH�YRODWLOH��RQ�DYHUDJH�
WKDQ�DOO�RWKHU�VKRFNV��H�J���WKH�*XOI�:DU����/DERXU�VXSSO\�VKRFNV
DQG�GHPDQG�VKRFNV�VHHP�WR�EH�HTXDOO\�YRODWLOH�RQ�DYHUDJH�

�� 8QFRQGLWLRQDO� &RUUHODWLRQV� %HWZHHQ� 3ULFHV
DQG�2XWSXW

,Q�WKH�SUHYLRXV�VHFWLRQ�ZH�HVWDEOLVKHG�WKDW�VXSSO\�VKRFNV�DUH�IDU
PRUH� LPSRUWDQW� WR� 1HZ� =HDODQG� WKDQ� GHPDQG� VKRFNV�� � 7KH
FRQGLWLRQDO�FRUUHODWLRQV�EHWZHHQ�SULFHV��LQIODWLRQ��DQG�RXWSXW�DUH
IRXQG� WR� EH� QHJDWLYH�� � ,Q� WKLV� VHFWLRQ�� WKH� XQFRQGLWLRQDO
FRUUHODWLRQV� DUH� H[DPLQHG�� � 7KH� UHVXOWV� VXJJHVW� WKDW� SULFHV� DUH
FRXQWHUF\FOLFDO�

7ZR�LVVXHV�DUH�FRQVLGHUHG�LQ�WKLV�VHFWLRQ��������ERWK�&3,�DQG�*'3
DUH� QRQ�VWDWLRQDU\� WLPH� VHULHV�� WKHUHIRUH�� GH�WUHQGLQJ� WKH� VHULHV
LQGHSHQGHQWO\� LV� UHTXLUHG� WR� REWDLQ� PHDQLQJIXO� VWDWLVWLFV��
&RROH\�DQG�2KDQLDQ��������DQG�&KDGKD�DQG�3UDVDG� �������XVH
GLIIHUHQW�ILOWHUV�WR�GH�WUHQG�WKH�VHULHV�� �7KH�ODWWHU�VKRZV�WKDW�WKH
FKRLFH� RI� WKH� ILOWHU� FDQ� DIIHFW� WKH� UHVXOWV�� � ,Q� WKLV� H[HUFLVH�� WZR
GLIIHUHQW�W\SHV�RI�ILOWHUV�DUH�XVHG��D��WKH�+RGULFN�3UHVFRWW�������
ILOWHU�� DQG� �E�� WKH� 3HUURQ� ������� VHJPHQWHG� WUHQG� GH�WUHQGLQJ
SURFHGXUH��������SULFH�DQG�RXWSXW�UHVSRQVHV�WR�GHPDQG�LPSXOVHV
DSSHDU�ZLWK�ODJV�� �7KLV�SUREOHP�LV�GHDOW�ZLWK�E\�HVWLPDWLQJ�WKH
FURVV�FRUUHODWLRQ� IXQFWLRQV�� ZKLFK� DUH� HVWLPDWHV� RI� WKH� FURVV�
FRUUHODWLRQV�DW�GLIIHUHQW�ODJV�DQG�OHDGV����

��� &URVV�&RUUHODWLRQV� %HWZHHQ� WKH� 3ULFH� /HYHO� DQG
2XWSXW

$JJUHJDWH� RXWSXW� DQG� WKH� SULFH� OHYHO� DUH� ERWK� QRQ�VWDWLRQDU\

                                                                                                                                              
�� 7KH�FURVV�FRUUHODWLRQ�IXQFWLRQ�LV�GHILQHG�DV�
Install Equation Editor and double-
click here to view equation. Error! Main Document Only.
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WLPH�VHULHV���7ZR�WHFKQLTXHV�DUH�XVHG�WR�UHPRYH�WKH�WUHQG�IURP
RXWSXW�DQG�SULFHV�� �)LUVW� LV� WKH�+RGULFN�3UHVFRWW� �������SRSXODU
ILOWHU��DQG�VHFRQG�LV�WKH�3HUURQ��������SURFHGXUH�����7KH�+3�ILOWHU
LQYROYHV�VROYLQJ�WKH�IROORZLQJ�SUREOHP�

ZKHUH� \W� LV� WKH� WLPH� VHULHV� WR� EH� GH�WUHQGHG�� TW� LV� WKH� WUHQG
�JURZWK�FRPSRQHQW���DQG�\W�TW�DUH�WKH�UHVLGXDOV���,Q�WKLV�H[HUFLVH�
�LV�VHW�HTXDO�WR�������3UHVFRWW������������7KH�3HUURQ�SURFHGXUH�LV
WR� DFFRXQW� IRU� D� RQH� WLPH� VKLIW� LQ� WKH� PHDQ� RI� WKH� VHULHV
�VWUXFWXUDO�EUHDN�����������LV�FKRVHQ�DV�D�EUHDN�SRLQW��WKLV�LV�ZKHQ
1HZ�=HDODQG� VZLWFKHG� WR� D� IORDWLQJ� H[FKDQJH� UDWH�� )LJXUHV� ��
DQG����GHSLFW�WKH�SULFH�OHYHO�DQG�RXWSXW�IRU�WKH�WZR�GLIIHUHQW�GH�
WUHQGLQJ�SURFHGXUHV�� �7KH� VKDGHG�DUHDV� DUH� WKH� WURXJK�WR�SHDN
SHULRGV� UHSRUWHG� E\� .LP�� %XFNOH�� DQG� +DOO� �������� � 7KHUH� DUH
VRPH�REYLRXV�QHJDWLYH�FRUUHODWLRQV�EHWZHHQ�WKH�SULFH� OHYHO�DQG
RXWSXW�LQ�ILJXUH������7KH�QHJDWLYH�FURVV�FRUUHODWLRQV�EHWZHHQ�WKH
SULFH�OHYHO�DQG�RXWSXW�DUH�OHVV�REYLRXV�LQ�ILJXUH����

7KH�FURVV�FRUUHODWLRQV�DW�IRXU�ODJV�DQG�OHDGV�DUH�UHSRUWHG�LQ�WDEOH
����7KHUH�LV�D�VWURQJ�QHJDWLYH�FURVV�FRUUHODWLRQ�EHWZHHQ�WKH�SULFH
OHYHO� DQG� RXWSXW� XVLQJ� WKH� +3� ILOWHU� DQG� DOO� FRUUHODWLRQV� DUH
VLJQLILFDQWO\� GLIIHUHQW� IURP� ]HUR�� � 7KH� FURVV�FRUUHODWLRQV� XVLQJ
WKH�3HUURQ�GH�WUHQGLQJ�SURFHGXUH�UHSRUWHG� LQ� WKH� WKLUG� FROXPQ
DUH�PDLQO\�QHJDWLYH�H[FHSW�DW�WKH�WKLUG�ODJ��WKH�FRQWHPSRUDQHRXV
OHYHO��DQG�WKH�ILUVW�OHDG�

��� &URVV�&RUUHODWLRQ�%HWZHHQ�,QIODWLRQ�DQG�2XWSXW

0DQNLZ� ������� VXJJHVWV� WKDW� LQ� WKH� DEVHQFH� RI� LGHQWLILDEOH� UHDO
VKRFNV�� LQIODWLRQ� WHQGV� WR� ULVH� LQ� ERRPV� DQG� IDOO� LQ� UHFHVVLRQV��

                                                                                                                                              
�� ,�DYRLGHG�WKH�GHWHUPLQLVWLF�WUHQG�SURFHGXUH�EHFDXVH�LW�LV�LQDSSURSULDWH�WR

GH�WUHQG� RXWSXW�� � 2XWSXW� LV� D� XQLW� URRW� SURFHVV� DQG� WKLV� GH�WUHQGLQJ
SURFHGXUH�ZRXOG�VWLOO�UHVXOW�LQ�VSXULRXV�PRPHQWV��

�� 6HH�.LQJ�DQG�5HEHOR��������RQ�WKH�SURSHUWLHV�RI�WKH�+3�ILOWHU�
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)LJXUH���� VKRZV� WKH� ILUVW�GLIIHUHQFH�RI� WKH�QDWXUDO� ORJDULWKP�RI
*'3�DQG�LQIODWLRQ�PHDVXUHG�DV�WKH�ILUVW�GLIIHUHQFH�RI�WKH�QDWXUDO
ORJDULWKP�RI�&3,���7KH�FURVV�FRUUHODWLRQV�DUH�UHSRUWHG�LQ�WDEOH����
$JDLQ��WKH�FURVV�FRUUHODWLRQV�DUH�GRPLQDQWO\�QHJDWLYH��H[FHSW�DW
WKH�VHFRQG�ODJ��WKLUG�ODJ��DQG�WKH�FRQWHPSRUDQHRXV�OHYHO�

)LJXUH���� VKRZV� LQIODWLRQ�DQG�RXWSXW�GH�WUHQGHG�XVLQJ� WKH�+3
ILOWHU���7KH�FURVV�FRUUHODWLRQV�DUH�UHSRUWHG�LQ�WKH�WKLUG�FROXPQ�RI
WDEOH�����0RVW�RI�WKH�FURVV�FRUUHODWLRQV�DUH�QHJDWLYH�H[FHSW�IRU�WKH
IRXUWK� DQG� WKH� WKLUG� OHDGV�� � 7KH� HYLGHQFH� VHHP� WR� IDYRXU� WKH
K\SRWKHVLV� WKDW� WKH� SULFH� OHYHO� DQG� LQIODWLRQ� DUH� ERWK
FRXQWHUF\FOLFDO���

)LQDOO\�� ILJXUH� ��� VKRZV� WKH� GLIIHUHQFH� EHWZHHQ� LQIODWLRQ
PHDVXUHG�DV�WKH�ILUVW�GLIIHUHQFH�RI� WKH�QDWXUDO� ORJDULWKP�RI�&3,
DQG�WKH�GH�WUHQGHG�SULFH�OHYHO�XVLQJ�WKH�+3�ILOWHU���&OHDUO\��WKHUH
LV�D�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�EHKDYLRXU�RI�WKHVH�WZR�YDULDEOHV�
�7KH�YDULDEOHV�VHHP�WR�EH�PRYLQJ�LQ�GLIIHUHQW�GLUHFWLRQV�RYHU�WKH
F\FOHV���7KH�VDPSOH�FRUUHODWLRQ�FRHIILFLHQW�EHWZHHQ�LQIODWLRQ�DQG
WKH�+3�SULFH�VHULHV�LV�]HUR�

�� &RQFOXVLRQV

$� 9$5� V\VWHP� LV� HVWLPDWHG� XVLQJ� TXDUWHUO\� GDWD� IRU� 1HZ
=HDODQG� IRU� WKH� SHULRG� ����,,� WR� ����,�� � 7KH� 6KDSLUR�:DWVRQ
������� DSSURDFK� LV� XVHG�� ZKHUH� LGHQWLILFDWLRQ� LV� DFKLHYHG� E\
LPSRVLQJ�]HUR�UHVWULFWLRQV�RQ�WKH�ORQJ�UXQ�PXOWLSOLHUV��L�H���VRPH
GLVWXUEDQFHV�KDYH�]HUR�ORQJ�UXQ�HIIHFW�RQ�FHUWDLQ�HOHPHQWV�RI�WKH
9$5�� LQ� VXFK� D�ZD\� VR�ZH� FDQ� HVWLPDWH� WKH� FRQWHPSRUDQHRXV
HIIHFWV�RI�GLVWXUEDQFHV�

7KH� UHVXOWV� DUH� TXDOLWDWLYHO\� FRQVLVWHQW� ZLWK� WKH� SUHGLFWLRQV� RI
WKH�WKHRUHWLFDO�PRGHO�

��� ,QIODWLRQ�LQFUHDVHV�VKDUSO\�IRU���WR���TXDUWHUV�LQ�UHVSRQVH�WR

                                                                                                                                              
�� &KDGKD�DQG�3UDVDG��������IRXQG�WKH�SULFH�OHYHO�WR�EH�FRXQWHUF\FOLFDO�DQG

LQIODWLRQ�WR�EH�SURF\FOLFDO�LQ�*���FRXQWULHV�
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D�XQLW�VKRFN�WR�RLO�SULFHV��DQ�DGYHUVH�UHODWLYH�VXSSO\�VKRFN��
DQG� FRQWLQXHV� WR� EH� SRVLWLYH� DIWHU� ��� TXDUWHUV�� � 7KH� SULFH
OHYHO� VWD\V� XQFKDQJHG� IRU� WZR� TXDUWHUV� EHIRUH� LW� ULVHV� LQ
UHVSRQVH�WR�D�XQLW�VKRFN�LQ�RLO�SULFHV���2XWSXW�LV�GHSUHVVHG
IRU�DERXW���TXDUWHUV�LQ�UHVSRQVH�WR�WKH�VDPH�VKRFN�

��� $W� WKH� YHU\� VKRUW� UXQ�� ����� SHUFHQW� RI� WKH� IOXFWXDWLRQV� LQ
RXWSXW�DUH�H[SODLQHG�E\�FKDQJHV�LQ�RLO�SULFHV������SHUFHQW�E\
FKDQJHV� LQ� ODERXU� VXSSO\�� ����� SHUFHQW� E\� FKDQJHV� LQ
DJJUHJDWH� GHPDQG� VKRFNV�� DQG� ����� SHUFHQW� E\
WHFKQRORJLFDO�FKDQJHV���,Q�WKH�ORQJ�UXQ��������SHUFHQW�RI�WKH
IOXFWXDWLRQV� DUH� H[SODLQHG� E\� FKDQJHV� LQ� RLO� SULFHV�� ����
SHUFHQW� E\� FKDQJHV� LQ� ODERXU� VXSSO\�� ����� SHUFHQW� E\
DJJUHJDWH� GHPDQG� VKRFNV�� DQG� ����� SHUFHQW� E\
WHFKQRORJLFDO�FKDQJHV���7KXV��PRVW�RI�WKH�YDULDWLRQV�LQ�UHDO
*'3� DUH� SDUWLFXODUO\� GULYHQ� E\� WHFKQRORJLFDO� VKRFNV�� DQG
JHQHUDOO\� E\� VXSSO\� IDFWRUV�� � � 2Q� WKH� RWKHU� KDQG�� �����
SHUFHQW�RI�WKH�YDULDWLRQV�LQ�WKH�SULFH�OHYHO�LQ�1HZ�=HDODQG
LV�H[SODLQHG�E\�RLO�SULFH�VKRFNV��������SHUFHQW�E\�DJJUHJDWH
GHPDQG�VKRFNV�������SHUFHQW�E\�ODERXU�VXSSO\�VKRFNV��DQG
DSSUR[LPDWHO\�������SHUFHQW�RI� WKH�YDULDWLRQV� LV�H[SODLQHG
E\�WHFKQRORJ\�VKRFNV�

��� *HQHUDOO\�� FKDQJHV� LQ� WKH�YRODWLOLW\�RI� WKH�VKRFNV�RYHU� WKH
VDPSOH� VHHP� WR� EH� VWDWLVWLFDOO\� VLJQLILFDQW�� � 7KXV��ZH� FDQ
UHMHFW� WKH� K\SRWKHVLV� WKDW� WKH� YRODWLOLW\� RI� WKH� VKRFNV� DUH
FRQVWDQW�� �2Q�DYHUDJH�� WHFKQRORJ\�VKRFNV�DUH� IRXQG� WR�EH
PRUH� YRODWLOH� WKDQ� DOO� RWKHU� VKRFNV� GXULQJ� WKH� ����V�
IROORZHG� E\� DJJUHJDWH� GHPDQG� VKRFNV�� ODERXU� VXSSO\
VKRFNV��DQG�RLO�SULFH�VKRFNV���'XULQJ�WKH�SHULRG�����������
RLO�SULFH� VKRFNV� DUH� IRXQG� WR� EH�PRUH�YRODWLOH� RQ� DYHUDJH
WKDQ� DOO� RWKHU� VKRFNV�� IROORZHG� E\� ODERXU� VXSSO\� VKRFNV�
DJJUHJDWH�GHPDQG�VKRFNV��DQG�WHFKQRORJ\�VKRFNV�

��� 3ULFHV�DUH�FRXQWHUF\FOLFDO���7KH�UHVSRQVHV�RI�WKH�SULFH�OHYHO
�LQIODWLRQ�� WR� D� XQLW� VKRFN� �LQFUHDVH�� WR� WKH� OHYHO� RI� UHDO
RXWSXW��JURZWK��DUH�QHJDWLYH���7KDW�LPSOLHV�D�GHFOLQH�LQ�WKH
SULFH� OHYHO� �LQIODWLRQ�� LQ� UHVSRQVH� WR� D� IDYRXUDEOH
WHFKQRORJ\� VKRFN�� � %RWK� FRQGLWLRQDO� DQG� XQFRQGLWLRQDO
FRUUHODWLRQ� EHWZHHQ� WKH� SULFH� OHYHO� �LQIODWLRQ�� DQG� RXWSXW
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DUH�IRXQG�WR�EH�QHJDWLYH�

)LQDOO\�� D� ODUJH�9$5� V\VWHP�ZLWK�PDQ\� IRUHLJQ� YDULDEOHV
DJJUHJDWHG� XVLQJ� WUDGH�ZHLJKWHG� LQGH[HV� LV� XVHG�� � 7KH
V\VWHP� IDLOHG� WR� SURGXFH� TXDOLWDWLYHO\� JRRG� UHVXOWV�� � 7KH
IDLOXUH� RI� WKH� ODUJH� RSHQ� HFRQRP\� 9$5� LQGLFDWHV� WKDW
PRGHOOLQJ�WKH�UHODWLRQVKLSV�EHWZHHQ�IRUHLJQ�DQG�GRPHVWLF
YDULDEOHV�LV�HVVHQWLDO�� �)XWXUH�UHVHDUFK�VKRXOG�IRFXV�RQ�WKH
IROORZLQJ��������D�JHQHUDO�HTXLOLEULXP�RSHQ�HFRQRP\�PDFUR
PRGHO�� ���� � 0RGHOOLQJ� WKH� LQWHUDFWLRQV� EHWZHHQ� GRPHVWLF
DQG� IRUHLJQ�YDULDEOHV�� DQG�� ����XVH�GLVDJJUHJDWHG�GDWD� IRU
WKH� IRUHLJQ�YDULDEOHV� LQVWHDG�RI� WUDGH�ZHLJKWHG� LQGH[HV�� � ,
WKLQN�WKDW�PHDVXUHPHQW�HUURUV�DV�UHVXOW�RI�DJJUHJDWLRQ�RYHU
FRXQWULHV�DGG�DGGLWLRQDO�XQH[SODLQHG�QRLVH�WR�WKH�9$5�� � ,
WKLQN� WKDW� IXWXUH� UHVHDUFK� VKRXOG� VWDUW� ZLWK� HLWKHU� WKH
8QLWHG�6WDWHV�RU�$XVWUDOLD�DV�WKH�IRUHLJQ�FRXQWU\�

5HIHUHQFHV

%DFNXV�� '�.�� DQG� 3�-�� .HKRH�� �,QWHUQDWLRQDO� (YLGHQFH� RQ� WKH
+LVWRULFDO� 3URSHUWLHV� RI� %XVLQHVV� &\FOHV��� $PHULFDQ� (FRQRPLF
5HYLHZ�������������������

%DUUR�� 5��� �7KH� (TXLOLEULXP� $SSURDFK� WR� %XVLQHVV� &\FOHV�� LQ�
0RQH\��([SHFWDWLRQV��DQG�%XVLQHVV�&\FOHV��$FDGHPLF�3UHVV��1HZ
<RUN��1<���������

%HUQDQNH�� %��� �$OWHUQDWLYH� ([SODQDWLRQV� RI� WKH� 0RQH\� ,QFRPH
&RUUHODWLRQ��� &DUQHJLH�5RFKHVWHU� 6HULHV� RQ� 3XEOLF� 3ROLF\� ��
��������������

%ODQFKDUG��2�-����$�7UDGLWLRQDO�,QWHUSUHWDWLRQ�RI�0DFURHFRQRPLF
)OXFWXDWLRQV���$PHULFDQ�(FRQRPLF�5HYLHZ�������������������

%ODQFKDUG�� 2�-�� DQG� 0�:�� :DWVRQ�� �$UH� %XVLQHVV� &\FOHV� $OO
$OLNH"� LQ�� 7KH� $PHULFDQ� %XVLQHVV� &\FOH�� &RQWLQXLW\� DQG
&KDQJHV��5�-��*RUGRQ��HG���8QLYHUVLW\�RI�&KLFDJR�SUHVV��&KLFDJR�
����������������
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%ODQFKDUG��2�-��DQG�'��4XDK���7KH�'\QDPLF�(IIHFWV�RI�$JJUHJDWH
'HPDQG�DQG�6XSSO\�'LVWXUEDQFHV���$PHULFDQ�(FRQRPLF�5HYLHZ
�������������������

%XUQV�� $�� DQG� :�&�� 0LWFKHOO�� �0HDVXULQJ� %XVLQHVV� &\FOHV��
1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��1HZ�<RUN��1<��������

&KDGKD��%��DQG�(��3UDVDG���$UH�3ULFHV�&RXQWHUF\FOLFDO"�(YLGHQFH
IURP�WKH�*�����-RXUQDO�RI�0RQHWDU\�(FRQRPLFV��������������������

&RFKUDQH�� -��� �6KRFNV���1DWLRQDO� %XUHDX� RI� (FRQRPLF� 5HVHDUFK�
:RUNLQJ�3DSHU�������&DPEULGJH��0$��������

&RROH\��7�)��DQG�6�)��/H5R\���$�7KHRUHWLFDO�0DFURHFRQRPLFV���$
&ULWLTXH���-RXUQDO�RI�0RQHWDU\�(FRQRPLFV�����������������

&RROH\�� 7�)�� DQG� /�(�� 2KDQLDQ�� �7KH� &\FOLFDO� %HKDYLRXU� RI
3ULFHV���-RXUQDO�RI�0RQHWDU\�(FRQRPLFV������������������

'HQQLV�� 5��� �&UHDWLQJ� 7UDGH� :HLJKWHG� ,QGLFHV��� 'DWD� 0HPR
'�������5HVHUYH�%DQN�RI�1HZ�=HDODQG������

'LFNH\�� '�� DQG� :�� )XOOHU�� �'LVWULEXWLRQ� RI� WKH� (VWLPDWRUV� IRU
$XWRUHJUHVVLYH� 7LPH� 6HULHV� ZLWK� D� 8QLW� 5RRW��� -RXUQDO� RI� WKH
$PHULFDQ�6WDWLVWLFDO�$VVRFLDWLRQ���������������������

'LFNH\�� '�� DQG� :�� )XOOHU�� �7KH� /LNHOLKRRG� 5DWLR� 6WDWLVWLFV� IRU
$XWRUHJUHVVLYH�7LPH�6HULHV�ZLWK�D�8QLW�5RRW���(FRQRPHWULFD����
������������������

'LHEROG��)��DQG�*��5XGHEXVFK���/RQJ�0HPRU\�DQG�3HUVLVWHQFH�LQ
$JJUHJDWH� 2XWSXW��� -RXUQDO� RI� 0RQHWDU\� (FRQRPLFV� ��� �������
��������

(OOLRWW��*���5RWKHQEHUJ��7�*��DQG�6WRFN��-�+����(IILFLHQW�7HVWV�IRU�DQ
$XWRUHJUHVVLYH� 8QLW� 5RRW��� 1DWLRQDO� %XUHDX� RI� (FRQRPLF
5HVHDUFK�7HFKQLFDO�:RUNLQJ�3DSHU�1R��������������

)LVFKHU��6����/RQJ�7HUP�&RQWUDFWV��5DWLRQDO�([SHFWDWLRQV��DQG�WKH
2SWLPDO�0RQH\� 6XSSO\�5XOH��� -RXUQDO� RI� 3ROLWLFDO� (FRQRP\� ��
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)ULHGPDQ�� 0�� DQG� $�� 6FKZDUW]�� $� 0RQHWDU\� +LVWRU\� RI� WKH
8QLWHG�6WDWHV��3ULQFHWRQ�8QLYHUVLW\�3UHVV��3ULQFHWRQ��1-��������

)ULHGPDQ��0��DQG�$��6FKZDUW]��0RQHWDU\�7UHQGV�LQ�WKH�8QLWHG
6WDWHV�DQG�WKH�8QLWHG�NLQJGRP��7KH�8QLYHUVLW\�RI�&KLFDJR�3UHVV�
&KLFDJR��,/��������

*RQ]DOH]�� )�� DQG� '�� 'LFNH\�� �8QFRQGLWLRQDO� 0D[LPXP
/LNHOLKRRG� 7HVW� IRU� D� 8QLW� 5RRW��� 0DQXVFULSW�� 1RUWK� &DUROLQD
6WDWH�8QLYHUVLW\��5DOHLJK��1&��������

*RUGRQ��5��� �3ULFH� ,QWHULD�DQG�3ROLF\� ,QHIIHFWLYHQHVV� LQ� WKH�8�6�
������������-RXUQDO�RI�3ROLWLFDO�(FRQRP\����������������������

+DOO�� $��� *�'�� 5RGHEXVFK�� DQG� '�� :�� :LOFR[�� �-XGJLQJ
,QVWUXPHQW� 5HOHYDQFH� LQ� ,QVWUXPHQWDO� 9DULDEOHV� (VWLPDWLRQ��
:RUNLQJ�3DSHU��'HSDUWPHQW�RI�(FRQRPLFV��1RUWK�&DUROLQD�6WDWH
8QLYHUVLW\��5DOHLJK��1&��������

+RGULFN�� 5�� DQG� (�&�� 3UHVFRWW�� 3RVW� :DU� %XVLQHVV� &\FOHV�� $Q
(PSLULFDO� ,QYHVWLJDWLRQ��&DUQHJLH�0HOORQ�8QLYHUVLW\��5RFKHVWHU�
1<��������

.LP�� .��� 5�$�� %XFNOH�� DQG� 9�� %�� +DOO�� �'DWLQJ� 1HZ� =HDODQG
%XVLQHVV� &\FOHV��� ������:RUNLQJ� SDSHU� 1R� ������ 9LFWRULD
8QLYHUVLW\��:HOOLQJWRQ��1=�

.LQJ�� 5�*�� DQG� 6�� 5HEHOR�� �/RZ� )UHTXHQF\� )LOWHULQJ� DQG� 5HDO
%XVLQHVV�&\FOHV���-RXUQDO�RI�(FRQRPLF�'\QDPLFV�DQG�&RQWURO���
����������������

.X]QHWV�� 6��� �6HFXODU� 0RYHPHQWV� LQ� 3URGXFWLRQ� DQG� 3ULFHV�
1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��1HZ�<RUN��1<����������

.\GODQG��)�(��DQG�(�&��3UHVFRWW���%XVLQHVV�&\FOHV��5HDO�)DFWV�DQG
D� 0RQHWDU\� 0\WK��� )HGHUDO� 5HVHUYH� %DQN� RI� 0LQQHDSROLV
4XDUWHUO\�5HYLHZ��������������
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/XFDV��5����([SHFWDWLRQV�DQG�WKH�1HXWUDOLW\�RI�0RQH\���-RXUQDO�RI
(FRQRPLF�7KHRU\�������������������

0DGGDOD�� /�� 3�� DQG� -�� -HRQJ�� �2Q� WKH� ([DFW� 6PDOO� 6DPSOH
'LVWULEXWLRQ� RI� WKH� ,QVWUXPHQWDO� 9DULDEOH� (VWLPDWRU��
(FRQRPHWULFD��������������������

0DQNLZ�� *��� �5HDO� %XVLQHVV� &\FOHV�� $� 1HZ� .H\QHVLDQ
3HUVSHFWLYH���(FRQRPLF�3HUVSHFWLYHV�����������������

0LOOV�� )�&��� �7KH� %HKDYLRXU� RI� 3ULFHV��� 1DWLRQDO� %XUHDX� RI
(FRQRPLF�5HVHDUFK��1HZ�<RUN��1<����������

0LOOV��)�&����3ULFHV�LQ�5HFHVVLRQ�DQG�5HFRYHU\���1DWLRQDO�%XUHDX
RI�(FRQRPLF�5HVHDUFK��1HZ�<RUN��1<����������

0LOOV�� )�&��� �3ULFH� 4XDQWLW\� ,QWHUDFWLRQ� LQ� %XVLQHVV� &\FOHV��
1DWLRQDO�%XUHDX�RI�(FRQRPLF�5HVHDUFK��1HZ�<RUN��1<����������

0RUHQR�� 5��� �0DFURHFRQRPLF� 6KRFNV� DQG� %XVLQHVV� &\FOHV� LQ
$XVWUDOLD���(FRQRPLF�5HYLHZ�RI�WKH�)HGHUDO�5HVHUYH�%DQN�RI�6DQ
)UDQFLVFR���������������

1HOVRQ��&��5��DQG�5��6WDUW]���7KH�'LVWULEXWLRQ�RI�WKH�,QVWUXPHQWDO
9DULDEOHV�(VWLPDWRU�DQG�,WV�W�5DWLR�:KHQ�WKH�,QVWUXPHQW�LV�3RRU
2QH���-RXUQDO�RI�%XVLQHVV��������������������

3DQWXOD��6�*���*RQJDOH]�)DULDV��DQG�)XOOHU��:����$�&RPSDULVRQ�RI
8QLW� 5RRW� 7HVW� &ULWHULD��� -RXUQDO� RI� %XVLQHVV� 	� (FRQRPLF
6WDWLVWLFV��������������������

3HUURQ��3����7KH�*UHDW�&UDVK��7KH�2LO�3ULFH�6KRFN��DQG�WKH�8QLW
5RRW�+\SRWKHVLV���(FRQRPHWULFD���������������������

3HUURQ�� 3��� �7HVWLQJ� IRU� D� 8QLW� 5RRW� LQ� $� 7LPH� 6HULHV� :LWK� D
&KDQJLQJ�0HDQ���-RXUQDO�RI�%XVLQHVV�DQG�(FRQRPLFV�6WDWLVWLFV��
����������������

3UHVFRWW��(�&����7KHRU\�$KHDG�RI�%XVLQHVV�&\FOHV�0HDVXUHPHQW��
)HGHUDO�5HVHUYH�%DQN�RI�0LQQHDSROLV�4XDUWHUO\�5HYLHZ� �������
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5D]]DN��:��� �,QIODWLRQ� ,V� ,W� 1RQ�6WDWLRQDU\� RU� D� /RQJ�0HPRU\
3URFHVV"��5HVHDUFK�1RWH� ��������5HVHUYH�%DQN�RI�1HZ�=HDODQG�
:HOOLQJWRQ��1=�

6DLG��6��DQG�'��'LFNH\���7HVWLQJ�IRU�8QLW�5RRWV�LQ�$XWRUHJUHVVLYH�
0RYLQJ�$YHUDJH�0RGHOV�ZLWK�8QNQRZQ�2UGHU���%LRPHWULND����
��������������

6DUJHQW��7����$�&ODVVLFDO�0DFURHFRQRPHWULF�0RGHO�IRU�WKH�8QLWHG
6WDWHV���-RXUQDO�RI�3ROLWLFDO�(FRQRP\��������������������

6KDSLUR� 0�'�� DQG� 0�� :DWVRQ�� �6RXUFHV� RI� %XVLQHVV� &\FOH
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