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7KH�UROH�RI�WKH�SDODWH�LQ�WRQJXH�NLQHPDWLFV�

DQ�H[SHULPHQWDO�DVVHVVPHQW�LQ�9&�VHTXHQFHV

IURP�(3*�DQG�(00$�GDWD

6XVDQQH�)XFKV�����3DVFDO�3HUULHU��DQG�&KULVWLQH�0RRVKDPPHU�

���=$6�±�&HQWUH�IRU�*HQHUDO�/LQJXLVWLFV��%HUOLQ��*HUPDQ\
���4XHHQ�0DUJDUHW�8QLYHUVLW\�&ROOHJH��(GLQEXUJK��8.

���,&3��805�&156�������,13*�	�8QLYHUVLWp�6WHQGKDO��*UHQREOH��)UDQFH

IXFKV#]DV�JZ]�EHUOLQ�GH

$EVWUDFW

7KH� HIIHFW� RI� SDODWDO� FRQWDFW� RQ� WRQJXH� WLS� NLQHPDWLFV� ZDV
LQYHVWLJDWHG�XVLQJ�VLPXOWDQHRXV�(00$�DQG�(3*�UHFRUGLQJV�
7KH�PDWHULDO�FRQVLVWHG�RI��9&�VHTXHQFHV��ZKHUH�&�LV�D�YRLFHG
RU�YRLFHOHVV�DOYHRODU�VWRS��7KH�NLQHPDWLF�FKDUDFWHULVWLFV�ZHUH
VWXGLHG� E\� DQDO\]LQJ� SDUDPHWHUV� RI� WKH� YHORFLW\� SURILOH� DQG
WKH�GHFHOHUDWLRQ�SHDNV�RI�WKH�FORVLQJ�JHVWXUH�
1R�HYLGHQFH�FRXOG�EH�IRXQG�IRU�D�SRWHQWLDO�LQIOXHQFH�RI�ODWHUDO
FRQWDFWV�� &HQWUDO� FRQWDFWV�� DVVRFLDWHG� ZLWK� WKH� EHJLQQLQJ� RI
WKH�FRQVRQDQWDO� FORVXUH��DUH�VWURQJO\� FRUUHODWHG� LQ� WLPH�ZLWK
WKH�YHORFLW\�GURS��,W�VXSSRUWV�WKH�K\SRWKHVLV�WKDW�IRU�DFKLHYLQJ
D�FRQVRQDQWDO�FORVXUH� WRQJXH�WLS�NLQHPDWLFV� LV�QRW�FRQWUROOHG
E\� D� VSHFLILF� WDUJHW� RQ� WKH� SDODWH�� DQG� WKDW� LWV� GHFHOHUDWLRQ
SKDVH�LV�PRVWO\�LQIOXHQFHG�E\�WKH�FROOLVLRQ�ZLWK�WKH�SDODWH�

��� ,QWURGXFWLRQ

$� FODVVLFDO� DQG� IUXLWIXO� DSSURDFK� WR� VWXG\� VSHHFK� PRWRU
FRQWURO�FRQVLVWV�LQ�VWXG\LQJ�NLQHPDWLF�SDWWHUQV�RI� YRFDO� WUDFW
DUWLFXODWRUV� DQG� WR� REVHUYH� WR� ZKLFK� H[WHQW� WKH\� FDQ� EH
FRUUHODWHG� ZLWK� WKH� OLQJXLVWLF� LQSXWV� RU�DQG� ZLWK� VSHDNLQJ
FRQGLWLRQV� �VHH� H�J�� >�@�� >�@�� >�@��� +RZHYHU�� VSHHFK
PRYHPHQWV� DUH� QRW� DOZD\V� WUXH� LPDJHV� RI� WKH� FRQWURO� VLQFH
SK\VLFDO� IDFWRUV� VXFK� DV� DLU� SUHVVXUH� LQ� WKH� YRFDO� WUDFW� >�@�
FRQWDFWV� ZLWK� WKH� SDODWH�� DQG� WKH� ELRPHFKDQLFV� RI� WKH
DUWLFXODWRUV� �>�@�� >�@�� DUH� DOVR� OLNHO\� WR� FRQWULEXWH� WR� WKH
NLQHPDWLF�RXWSXW�
7KH�UROH�RI�WKH�SDODWH�RQ�WRQJXH�VKDSLQJ�DQG�SRVLWLRQLQJ�ZDV
DOUHDG\�DVVHVVHG�LQ�WKH�OLWHUDWXUH��)XMLPXUD�DQG�.DNLWD�>�@�DQG
3HUNHOO� >�@� VXJJHVWHG� WKDW� SDODWDO� FRQWDFWV� ZRXOG� DFW� LQ
FRPELQDWLRQ� ZLWK� D� ³VDWXUDWLRQ� HIIHFW´� RI� WKH� SRVWHULRU
JHQLRJORVVXV�WR�VLPSOLI\�WKH�FRQWURO�RI�WKH�OLQJXDO�DUWLFXODWLRQ
IRU�YRZHO�>L@��6WRQH�>�@�HPSKDVL]HG�WKDW�VRPH�WRQJXH�VKDSHV�
VXFK� DV� WKH� RQHV� REVHUYHG� LQ� VRPH� DOYHRODU� DUWLFXODWLRQV�
FRXOG�QRW�EH�UHDFKHG�LQ�D�IUHH�VWDQGLQJ�SRVLWLRQ��DQG�DUH�GXH
WR�WKH�IDFW�WKDW�WKH�WRQJXH�SXVKHV�DJDLQVW�WKH�SDODWH��7KH�VDPH
DXWKRU� >��@� DOVR� VKRZHG� HYLGHQFH� WKDW� VSHDNHUV� ZRXOG� XVH
SDODWDO�FRQWDFWV�WR�VWDELOL]H� WRQJXH�SRVLWLRQLQJ�� WR�FRRUGLQDWH
WRQJXH�DQG�MDZ�PRYHPHQWV�DQG�WR�FRQWURO�WKH�YDU\LQJ�DLUIORZ
DQG� SUHVVXUHV� LQ� WKH� YRFDO� WUDFW�� +RROH� DQG� .�KQHUW� >��@
VWXGLHG� WKH� FRQWH[WXDO� DQG� WRNHQ�WR�WRNHQ� YDULDELOLW\� LQ
*HUPDQ� YRZHOV� DQG� FRQFOXGHG� WKDW� D� GLVWLQFWLRQ� VKRXOG� EH
PDGH� EHWZHHQ� SDODWDO� DQG� QRQ�SDODWDO� YRZHOV� GXH� WR
LQIOXHQFHV�RI�WKH�SDODWDO�FRQWDFW��3HUNHOO�HW�DO�� >��@��VWXG\LQJ

WKH� DUWLFXODWRU\�WR�DFRXVWLF� PRWRU� HTXLYDOHQFH� IRU� >X@� LQ
$PHULFDQ� (QJOLVK� REVHUYHG� YDULDEOH� VSHDNHU� GHSHQGHQW
WUDGLQJ� UHODWLRQV� EHWZHHQ� OLSV� DQG� WRQJXH�� 7KH\� IRXQG� WKDW
WKHVH� PRWRU� HTXLYDOHQFH� VWUDWHJLHV� ZHUH� FRQVLVWHQW� ZLWK� WKH
VKDSH�RI�WKH�FRURQDO�FRQWRXU�RI�WKH�SDODWH�
$OO� WKHVH� VWXGLHV� FRQWULEXWHG� WR� GHPRQVWUDWH� WKH� UROH� RI� WKH
SDODWH�LQ�WRQJXH�SRVLWLRQLQJ�DQG�WKH\�VXJJHVW�WKDW��VLPLODUO\��LW
FDQ� LQIOXHQFH� WKH� NLQHPDWLF� FKDUDFWHULVWLFV� RI� WRQJXH
PRYHPHQWV�
7KLV� SDSHU� SUHVHQWV� SUHOLPLQDU\� UHVXOWV� RI� DQ� H[SHULPHQWDO
VWXG\� WKDW� DLPV� DW� TXDQWLWDWLYHO\� DVVHVVLQJ� WKH� LQIOXHQFH� RI
SDODWDO�FRQWDFWV�RQWR� WRQJXH�GLVSODFHPHQW�� ,W�LV�EDVHG� RQ� WKH
DQDO\VLV� RI� VLPXOWDQHRXV� (3*� DQG� (00$� UHFRUGLQJV� RI
DOYHRODU� VWRSV� LQ� *HUPDQ�� 5HODWLRQV� EHWZHHQ� (3*� GDWD� DQG
NLQHPDWLF�SURSHUWLHV�RI�(00$�VLJQDOV�DUH�LQYHVWLJDWHG�

��� 0HWKRG

�����([SHULPHQWDO�PDWHULDO

7RQJXH� PRYHPHQWV� DQG� SDODWDO� FRQWDFW� SDWWHUQV� RI� WKUHH
VSHDNHUV� �RQH� IHPDOH�� 6)�� DQG� WZR� PDOHV�� &*� DQG� -'�� RI
6WDQGDUG�*HUPDQ�ZHUH�UHFRUGHG�VLPXOWDQHRXVO\�E\�PHDQV�RI
(3*� �5HDGLQJ� (3*��� DQG� (00$� �$*���� E\� &DUVWHQV
0HGL]LQHOHNWURQLN�� V\VWHPV�� 7KH� DFRXVWLF� VLJQDO� ZDV
VLPXOWDQHRXVO\� UHFRUGHG� RQ� '$7�� 6DPSOH� IUHTXHQFLHV� ZHUH
����+]�IRU�(3*�GDWD�DQG�����+]�IRU�(00$�GDWD�
7KH�PDWHULDO�FRQVLVWHG�RI�9&�DQG�9&��VHTXHQFHV��ZKHUH�WKH
&�ZDV�HLWKHU�WKH�DOYHRODU�VWRS�>W@�RU�>G@��ORFDWHG�ZRUG�ILQDO�RU
ZRUG�PHGLDO��7KH�YRZHO�9�ZDV�YDULHG�WR�EH�RQH�RI� WHQVH� >L��
D��� X�@� RU� OD[� >,�� D�� X@�� /D[� YRZHOV� GR� QRW� RFFXU� EHIRUH� D
SKRQRORJLFDOO\� YRLFHG� ILQDO� VWRS� LQ� *HUPDQ�� 7KH� OD[�WHQVH
YDULDWLRQ� ZDV�� WKHQ�� RQO\� FRQVLGHUHG� LQ� WKH� XQYRLFHG
FRQVRQDQWDO� FRQWH[W�� 7KH� VHTXHQFHV� ZHUH� HPEHGGHG� LQ� WKH
FDUULHU�VHQWHQFH�³,FK�KDEH�JH&9&��QLFKW�JH&9&�HUZlKQW�´��,
VDLG�JH&9&��QRW�JH&9&����DQG�UHSHDWHG����WLPHV�

�����'DWD�DQDO\VLV

,Q� WKLV� VWXG\� WKH� IROORZLQJ� SDUDPHWHUV� ZHUH� H[WUDFWHG� IURP
(3*� UHFRUGLQJV�� 7KH� FRQVRQDQWDO� FORVXUH� RQVHW� WLPH� ZDV
GHWHUPLQHG� RQ� WKH� EDVLV� RI� WKH� FRQWDFW� DUHD� ORFDWHG� LQ� WKH
FHQWHU�RI�WKH�FRURQDO�VHFWLRQ�LQ�WKH�ILUVW�WZR�URZV��L��H��LQ�WKH
DOYHRODU� UHJLRQ�� 7KH� FRUUHVSRQGLQJ� FRQWDFWV� DUH� GHSLFWHG
LQVLGH�WKH�HOOLSVH�RQ�)LJXUH����7KH�FORVXUH�RQVHW�ZDV�GHILQHG
DV� WKH� WLPH� ZKHUH� DW� OHDVW� WZR� FRQWDFWV� ZLWKLQ� WKH� HOOLSVH
EHFDPH��RQ���,I�FRQWDFWV�ZHUH�DOUHDG\�IRXQG�LQ�WKH�SUHFHGLQJ
YRZHO�� WKH� RQVHW�ZDV� FKRVHQ� DW� WKH� WLPH�ZKHUH� DW� OHDVW� WZR
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DGGLWLRQDO� FRQWDFWV� EHFDPH� �RQ��� $Q� H[DPSOH� RI� FRQWDFW
SDWWHUQV� EHIRUH� DQG� DW� WKH� FORVXUH� RQVHW� WLPH� LV� VKRZQ� LQ
)LJXUH���

)LJXUH����&RQWDFW�SDWWHUQV�MXVW�EHIRUH��OHIW�SDQHO��DQG

DW� �ULJKW� SDQHO�� WKH� FORVXUH� RQVHW� WLPH�� 7KH� WLPH

LQWHUYDO� EHWZHHQ� WKHVH� SDWWHUQV� LV� ���PV�� 7KH� HOOLSVH

SORWWHG�RQ�WKH�ULJKW�SDQHO�VKRZV�WKH�FRQWDFW�DUHD�WDNHQ

LQWR�DFFRXQW�WR�DVVHVV�WKH�FORVXUH��;�DQG�<�D[HV�DUH�LQ

PP�

,Q� RUGHU� WR� HYDOXDWH� WKH� LPSRUWDQFH� RI� WKH� FRQWDFW� DUHD
EHWZHHQ� WKH� DSLFDO� SDUW� RI� WKH� WRQJXH� DQG� WKH� SDODWH�� DQ
�$QWHULRU�FRQWDFW��LQGH[�ZDV�FDOFXODWHG�DV�WKH�SHUFHQWDJH� RI
DFWLYH� FRQWDFWV� LQ� WKH� DQWHULRU� KDOI� RI� WKH� (3*� SDODWH�� 7KH
YDOXHV�RI�WKLV�LQGH[�ZHUH�HVWLPDWHG�IRU�WKH�FORVXUH�RQVHW�WLPH
DV�ZHOO�DV�IRU�DOO�WLPHV�GHILQHG�E\�(00$�GDWD�
7KH�IROORZLQJ�SURFHGXUH�ZDV�XVHG�IRU�DQDO\]LQJ�(00$�GDWD
RI� WKH� WRQJXH� WLS� VHQVRU�� WKH� WDQJHQWLDO� YHORFLW\� DQG� WKH
WDQJHQWLDO� DFFHOHUDWLRQ� ZHUH� FRPSXWHG� IRU� WKH� WRQJXH� WLS
VHQVRU� ORFDWHG�DW� DURXQG��� FP� EDFN� IURP� WKH� WLS� E\� D� WKUHH
SRLQW�GLIIHUHQWLDWLRQ�IROORZHG�E\�ORZ�SDVV�ILOWHULQJ�DW����+]�
7KH�&9�RU�FORVLQJ�JHVWXUH�ZDV�GHILQHG�DFFRUGLQJ�WR�WKH�WLPH
YDULDWLRQ�RI�WKH�WDQJHQWLDO�YHORFLW\��7KH�JHVWXUH�RQVHW�WRQ�ZDV
GHWHUPLQHG� DV� WKH� WLPH� ORFDWLRQ� RI� WKH� ODVW� YHORFLW\� ³]HUR�
FURVVLQJ´� SUHFHGLQJ� D� FOHDU� HOHYDWLRQ� RI� WKH� WRQJXH� WLS�� WKH
JHVWXUH�RIIVHW�WRII�ZDV�GHILQHG�DV�WKH�WLPH�RI�WKH�ILUVW�YHORFLW\
³]HUR�FURVVLQJ´� IROORZLQJ� WKH� XSZDUG� WRQJXH� WLS�PRYHPHQW�
:LWKLQ� WKH� FORVLQJ� JHVWXUH� GXUDWLRQ�� WKH� SHDN� YHORFLW\� 9PD[

DQG�WKH�WLPH�WPD[�RI�WKH�YHORFLW\�SHDN�ZHUH�PHDVXUHG��$����
WKUHVKROG�FULWHULRQ�RI� WKH�WDQJHQWLDO�YHORFLW\�VLJQDO�ZDV� XVHG
IROORZLQJ�.URRV�HW�DO��>��@��,W�LV�GHWHUPLQHG�EHWZHHQ�H[WUHPD�
L�H��DW�����WUDYHOOLQJ�IURP�WKH�WRQ�WR�WPD[�SRVLWLRQ�DQG�DW����
IURP�WPD[�WUDYHOOLQJ�EDFN�WR�WRQ�SRVLWLRQ��6LPLODU�����SRVLWLRQV
ZHUH� FDOLEUDWHG� IRU� WKH� LQWHUYDO� WPD[� WR� WRII�� 7KH� WLPHV
DVVRFLDWHG� WR� WKHVH� WKUHVKROGV�ZHUH� FDOOHG� WORZ��� WXS��� WXS�� DQG
WORZ�� UHVSHFWLYHO\� �VHH� )LJXUH� ���� )LQDOO\�� DQ� DGGLWLRQDO� WLPH
ODQGPDUN��VHH�)LJXUH����ZDV�GHWHUPLQHG�E\�WKH�ORFDWLRQ��WGHF�
RI� WKH� GHFHOHUDWLRQ� SHDN� ZLWKLQ� WKH� FORVLQJ� JHVWXUH�� ,I� WZR
GHFHOHUDWLRQ�SHDNV�RFFXUUHG�WKH�KLJKHVW�RQH�ZDV�FKRVHQ�DQG�LI
WZR�SHDNV�RI�VLPLODU�DPSOLWXGHV�ZHUH�REVHUYHG��WKH� ILUVW�RQH
ZDV� VHOHFWHG�� )RU� FRPSDULVRQ� SXUSRVHV� EHWZHHQ� FORVLQJ
JHVWXUHV� PRYLQJ� WKH� WRQJXH� WRZDUG� WKH� SDODWH� DQG� RSHQLQJ
JHVWXUHV� PRYLQJ� WKH� WRQJXH� DZD\� IURP� WKH� SDODWH� WKH
GHFHOHUDWLRQ�SHDN�RI�WKH�&9JHVWXUHV�ZDV�DOVR�PHDVXUHG�

)LJXUH� ��� 7KH� WLPH� ODQGPDUNV� GHWHUPLQHG� RQ� WKH

YHORFLW\�SURILOH�RI�WKH�FORVLQJ�JHVWXUH�

��� 5HVXOWV

�����9HORFLW\�SURILOHV

$� XVXDO� ZD\� WR� FKDUDFWHUL]H� WKH� NLQHPDWLF� SURSHUWLHV� RI
VSHHFK�PRYHPHQWV�FRQVLVWV�LQ�REVHUYLQJ�ZKHWKHU�WKH�YHORFLW\
SURILOH�LV�V\PPHWULFDO�RU�QRW��$�PHDVXUH�RI�V\PPHWU\�IRU�WKH
FORVLQJ�JHVWXUH�ZDV�SURYLGHG�E\�773��WKH�SURSRUWLRQ�RI� WRWDO
PRYHPHQW�GXUDWLRQ� WDNHQ� WR� UHDFK� SHDN� YHORFLW\� >�@�� ,W� ZDV
FRPSXWHG�IRU�HDFK�XWWHUDQFH�DQG�HDFK�VXEMHFW�DFFRUGLQJ�WR�WKH
HTXDWLRQ�

773 ��WPD[�±�WRQ���WRII�±�WRQ��
$Q� DQDO\VLV� RI� YDULDQFH� �$129$�� ZDV� FDOFXODWHG� RQ� WKH
GLVWULEXWLRQ� RI� WKH� 773� YDOXHV�� DV� D� IXQFWLRQ� RI� ILYH
LQGHSHQGHQW�IDFWRUV��ZKLFK�DUH������VXEMHFW��6)��&*��-'��� ���
YRLFHG�XQYRLFHG�GLVWLQFWLRQ�RI� WKH�FRQVRQDQW� �>W@�YHUVXV� >G@��
���� YRZHO� �>L��,@�� >D��D@�� >X��X@��� ���� OD[�WHQVH� YDULDWLRQ� RI� WKH
YRZHO��DQG�����SRVLWLRQ�RI�WKH�DOYHRODU�FRQVRQDQW�LQ�WKH�ZRUG
�ILQDO�YHUVXV�PHGLDO��
6LJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� VXEMHFWV� ZHUH� REVHUYHG
�S��������� EXW� SRVW�KRF� DQDO\VLV� VKRZHG� WKDW� QR� VLJQLILFDQW
GLIIHUHQFH� RFFXUUHG� EHWZHHQ� VXEMHFWV� &*� DQG� -'�� 6RPH
JHQHUDO�REVHUYDWLRQV�ZHUH�YDOLG�IRU�DOO�VXEMHFWV�

���� WKH�SRVLWLRQ�RI�WKH�FRQVRQDQW��PHGLDO�YHUVXV�ILQDO��KDG
QR�VLJQLILFDQW�LQIOXHQFH��KHQFH��LQ�WKH�UHVW�RI�WKH�SDSHU
QR� GLVWLQFWLRQ� ZLOO� EH� PDGH� EHWZHHQ� PHGLDO� YHUVXV
ILQDO�FDVHV�

���� WKH� OD[�WHQVH� IDFWRU� KDG� D� VLJQLILFDQW� LQIOXHQFH
�S���������IRU�YRZHO�>X@�DQG�>D@�

,Q� DGGLWLRQ�� WKH� OD[�WHQVH� IDFWRU� KDG� DOVR� D� VLJQLILFDQW
LQIOXHQFH� IRU� YRZHO� >L@� IRU� VXEMHFWV� 6)� DQG� &*�� 6LJQLILFDQW
GLIIHUHQFHV� �S��������� ZHUH� REVHUYHG� EHWZHHQ� YRZHOV� �>L@
YHUVXV� >X@� YHUVXV� >D@�� IRU� VXEMHFW� &*� DQG� -'�� $QG� ILQDOO\�
VLJQLILFDQW�GLIIHUHQFH�ZHUH� REVHUYHG� EHWZHHQ� >G@� DQG� >W@� IRU
VXEMHFWV�6)�DQG�-'�
,Q�RUGHU� WR�LQWHUSUHW� WKH� REVHUYHG�VLJQLILFDQW�GLIIHUHQFHV��ZH
FRPSXWHG� IRU� HDFK� VXEMHFW� DYHUDJHG� YHORFLW\� SURILOHV� RQ� WKH
EDVLV�RI�WKH���WDQJHQWLDO�YHORFLW\�YDOXHV�FRUUHVSRQGLQJ�WR�WKH��
WLPH�ODQGPDUNV�VKRZQ�RQ�)LJXUH����7KH\�ZHUH�VSOLW�E\�YRZHO�
WHQVHQHVV�DQG�FRQVRQDQWDO�FRQWH[W
7LPH� ODQGPDUNV� ZHUH� QRUPDOL]HG� E\� WKH� FORVLQJ� JHVWXUH
GXUDWLRQ� �WRII� ±� WRQ��� :H� REWDLQHG�� WKXV�� �� QRUPDOL]HG� WLPH
SRLQWV� ZLWKLQ� WKH� FORVLQJ� JHVWXUH�� 7KH\� ZHUH� DYHUDJHG�
WRJHWKHU� ZLWK� WKH� DVVRFLDWHG� YHORFLW\� DPSOLWXGHV�� DFURVV� WKH
WHQ� UHSHWLWLRQV� RI� HDFK� XWWHUDQFH�� $V� D� UHVXOW�� DYHUDJH
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UHSUHVHQWDWLRQV� ZHUH� GHILQHG� IRU� HDFK� VXEMHFW� RI� WLPH
QRUPDOL]HG�YHORFLW\�SURILOHV�VDPSOHG�DW�WKH�WLPH�ODQGPDUNV�

)LJXUH����$YHUDJHG�YHORFLW\�SURILOH�IRU�FRQVRQDQW�>W@�

%ROG� OLQHV� FRUUHVSRQG� WR� WHQVH� YRZHOV�� IRU� ERWK� OD[

DQG� WHQVH� YDULDWLRQV�� VROLG� OLQHV� DUH� XVHG� IRU� >D@�

GRWWHG� OLQHV� IRU� >X@�� GDVK�GRWWHG� OLQHV� IRU� >L@�� 7RS

SDQHO�� 6XEMHFW� 6)�� 0LGGOH� SDQHO�� 6XEMHFW� &*�� /RZ

SDQHO��6XEMHFW�-'

)LJXUH� �� GLVSOD\V� WKH� DYHUDJH� YHORFLW\� SURILOHV� IRU� WKH� WKUHH
VXEMHFWV�� ,Q� WHUPV� RI� V\PPHWU\� YHUVXV� DV\PPHWU\� RI� WKH
YHORFLW\�SURILOHV��LW�FDQ�EH�FRQFOXGHG�IURP�WKLV�ILJXUH��WKDW�IRU
>W@�� EH\RQG� WKH� LQWHU�VSHDNHU� DQG� LQWHU�YRZHO� YDULDELOLW\�� D
JHQHUDO�VLJQLILFDQW� GLIIHUHQFH� FDQ� EH� UHODWHG� WR� WKH� OD[�WHQVH
YDULDWLRQ� IRU� YRZHO� >X@� DQG� >D@�� ,QGHHG�� OD[� YRZHOV� DUH
DVVRFLDWHG� ZLWK� V\PPHWULFDO� YHORFLW\� SURILOHV�� ZKLOH� WHQVH
YRZHOV�DUH�DVVRFLDWHG�ZLWK�DV\PPHWULFDO�RQHV��7KLV�LV�QRW�WUXH
IRU� YRZHO� >L@�� ZKLFK� V\VWHPDWLFDOO\� FRUUHVSRQGV� WR
V\PPHWULFDO� YHORFLW\� SURILOHV�� )RU� >G@�� RFFXUULQJ� RQO\� LQ� WKH
FRQWH[W� RI� WHQVH� YRZHOV�� WKH� YHORFLW\� SURILOHV� DUH� DOVR
V\VWHPDWLFDOO\�DV\PPHWULFDO��EXW�FRPSDUHG�WR� >W@� WKH�DPRXQW
RI�DV\PPHWU\�ZDV�GLIIHUHQW�� ,Q� WKH�UHVW�RI� WKH�SDSHU�ZH�ZLOO
IRFXV� RQ� WKH� VWXG\� RI� WKH� GLIIHUHQFHV� DVVRFLDWHG� ZLWK� WKH

WHQVH�OD[�YDULDWLRQ��VLQFH�WKLV�YDULDWLRQ�KDSSHQV�WR�EH�WKH�PRVW
LPSRUWDQW� IDFWRU� LQ� WHUPV� RI� V\PPHWU\� YHUVXV� DV\PPHWU\� RI
WKH�YHORFLW\�SURILOHV�

�����5HODWLRQV� EHWZHHQ� FRQWDFW� SDWWHUQV� DQG� NLQHPDWLF
SURSHUWLHV

)URP�D�WKHRUHWLFDO�SRLQW�RI�YLHZ��WKH�SRWHQWLDO�LQIOXHQFH�RI�WKH
FRQWDFWV� EHWZHHQ� WRQJXH� DQG� SDODWH� RQWR� WKH� NLQHPDWLF
FKDUDFWHULVWLFV� RI� WKH� WRQJXH� WLS� FDQ� EH� DWWULEXWHG� WR� WZR
GLIIHUHQW�FDXVHV��)LUVW��ODWHUDO�FRQWDFWV�FDQ�DIIHFW�WKH�GDPSLQJ
IDFWRU� RI� WKH� PRYHPHQW�� 6HFRQG�� FRQWDFWV� DURXQG� WKH� PLG�
VDJLWWDO�SODQH�ZLOO� VWRS� WKH� YHUWLFDO�PRYHPHQW� RI� WKH� WRQJXH
DQG�WKHQ�GUDPDWLFDOO\�UHGXFH�LWV�YHORFLW\�LQ�WKH�YLFLQLW\�RI�WKH
FRQWDFW�DUHD�
)RU�WKLV�VWXG\��RQO\�WKH�GDWD�FROOHFWHG�IRU�VXEMHFW�&*�DQG�6)
ZHUH� WDNHQ� LQWR� DFFRXQW�� ,QGHHG�� IRU� VXEMHFW� -'�� VRPH
REVHUYDWLRQV�ZHUH� REYLRXVO\� LQDFFXUDWH� GXH� WR� IDOVH� FRQWDFW
GHWHFWLRQV�FDXVHG�E\�DQ�LQFUHDVHG�VDOLYDWLRQ�
:H� ILUVW� DQDO\]HG� WKH� ³$QWHULRU� FRQWDFW´� LQGH[� GHILQHG� LQ
VHFWLRQ� ��� )RU� ERWK� VXEMHFWV� QR� RU� YHU\� IHZ� FRQWDFWV� ZHUH
QRWHG� IRU� YRZHOV� >X@� DQG� >D@� EHIRUH� WKH� RFFXUUHQFH� RI� WKH
YHORFLW\�SHDN��+HQFH��LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�DFFHOHUDWLRQ
SKDVH�RI�WKH�FORVLQJ�JHVWXUH�IURP�>D@�DQG�>X@�WR�WKH�FRQVRQDQW
LV� QRW� LQIOXHQFHG� E\� SDODWDO� FRQWDFW��7KLV� LV� QRW� WKH� FDVH� IRU
YRZHO� >L@�� VLQFH� DURXQG� ��� �� RI� WKH� FRQWDFWV� IRU� &*�� DQG
EHWZHHQ� ��� DQG�����RI� WKH� FRQWDFWV� IRU� 6)�� ZHUH� DFWLYDWHG
GXULQJ� WKH� DFFHOHUDWLRQ� SKDVH�� 7KHVH� FRQWDFWV� FRXOG� H[SODLQ
WKH�IDFW�WKDW�WKH�YHORFLW\�SHDN�DPSOLWXGH�LV�FOHDUO\�VPDOOHU�IRU
>L@� WKDQ� IRU� >X@�DQG� >D@�� ,QGHHG��VLJQLILFDQW� FRUUHODWLRQV�ZHUH
IRXQG���������IRU�&*�DQG�±������IRU�6)��S���������EHWZHHQ
WKH� YDOXHV� RI� WKH� �$QWHULRU� FRQWDFW�� LQGH[� DQG� WKH� YHORFLW\
DPSOLWXGHV� DW� WLPH� WPD[��+RZHYHU��DQ� DOWHUQDWLYH� H[SODQDWLRQ
FRXOG�DOVR�EH�YDOLG��VLQFH�WKH�DUWLFXODWLRQ�RI�>L@�LV�FORVH�WR�WKH
DOYHRODU� UHJLRQ�� WKH� PRYHPHQW� DPSOLWXGH� WRZDUG� WKH
FRQVRQDQW� LV�VPDOOHU��ZKLFK�FDQ� ORJLFDOO\� LQGXFH�D� UHGXFWLRQ
RI� WKH�YHORFLW\�ZLWKRXW�FKDQJLQJ�WKH�GXUDWLRQ��+HQFH��DW� WKLV
SRLQW��QR�FRQFOXVLRQ�FDQ�EH�PDGH�IURP�WKH�REVHUYDWLRQ�RI�WKH
FRQWDFW�SDWWHUQV�IRU�>L@�
1RZ�� IRU� >X@� DQG� >D@�� WKH� ³$QWHULRU� FRQWDFW´� LQGH[� LQFUHDVHV
DIWHU� WKH� YHORFLW\� SHDN� LV� UHDFKHG�� 8S� WR� WKH� FORVXUH� RQVHW
WLPH��WKHVH�FRQWDFWV�DUH�PDLQO\�ODWHUDO�RQHV��DQG�QR�VLJQLILFDQW
HIIHFW�FRXOG�EH�IRXQG�RQ�WKH�YHORFLW\�
7KLV� LV� QR� ORQJHU� WKH� FDVH� IRU� FHQWUDO� FRQWDFWV�� VLQFH� WKH
EHJLQQLQJ� RI� WKH� FRQVRQDQWDO� RQVHW� VHHPV� WR� KDYH� D� VWURQJ
LQIOXHQFH�RQ�WKH�YHORFLW\��7KLV�LV�VXJJHVWHG�E\�WKH�FRUUHODWLRQ
FRHIILFLHQWV� FRPSXWHG� EHWZHHQ� WKH� QRUPDOL]HG� WLPH� RI� WKH
GHFHOHUDWLRQ� SHDN� DQG� WKH� QRUPDOL]HG� FORVXUH� RQVHW� WLPH� DV
JLYHQ�LQ�7DEOH���IRU�ERWK�VXEMHFWV�DQG�IRU�HDFK�YRZHO�

7DEOH����&RUUHODWLRQV�EHWZHHQ�WKH�QRUPDOL]HG
GHFHOHUDWLRQ�SHDN�WLPH�LQ�WKH�FORVLQJ�JHVWXUH�DQG�WKH

QRUPDOL]HG�FORVXUH�RQVHW�WLPH�

6XEMHFW�9RZHO &RUUHODWLRQ
&*�>D@ �������S��������
&*�>X@ �������S��������
&*�>L@ �������S��������
6)�>D@ �������S��������
6)�>X@ �������S��������
6)�>L@ �������S��������

7KLV� UHVXOW� JLYHV� HYLGHQFH� LQ� VXSSRUW� RI� WKH� LGHD� WKDW� WKH
FRQVRQDQWDO� FRQWDFW� ZLWK� WKH� SDODWH� LQ� LWV� FHQWUDO� SDUW� LV� WKH
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PDLQ�IDFWRU�UHVSRQVLEOH�IRU�WKH�VKDSH�RI�WKH�YHORFLW\�SURILOH�LQ
LWV�GHFHOHUDWLRQ�SKDVH�
7KH� FRPSDULVRQ� RI� WKH� GHFHOHUDWLRQ� SHDN� DPSOLWXGHV
PHDVXUHG�GXULQJ� WKH�FORVLQJ�JHVWXUH�ZLWK�WKH� RQHV�PHDVXUHG
GXULQJ� WKH� SUHFHGLQJ� RSHQLQJ� JHVWXUH� SURYLGHV� DQRWKHU
VXSSRUW�WR�IDYRU�WKLV�FRQFOXVLRQ��,QGHHG��IRU�DOO�YRZHOV�DV�ZHOO
DV� IRU� ERWK� FRQVRQDQWV� DQG� IRU� ERWK� VXEMHFWV�� WKH� SHDN
DPSOLWXGH� LV� VLJQLILFDQWO\� �S��������� ODUJHU� LQ� WKH� FORVLQJ
JHVWXUH� WKDQ� LQ� WKH� RSHQLQJ� JHVWXUH�� %RWK� ILQGLQJV� DUH
FRQVLVWHQW� ZLWK� WKH� K\SRWKHVLV� WKDW� LQ� WKH� 9&� VHTXHQFHV�
VWXGLHG�LQ�WKLV�SDSHU��WKH�SDODWH�VWRSV�WKH�WRQJXH�PRYHPHQW�DV
RSSRVHG�WR�WKH�K\SRWKHVLV�WKDW�WKH�WRQJXH�ZRXOG�UHDFK�D�WDUJHW
ORFDWHG� DW� WKH� SDODWH�� 7KH\� DOVR� DUH� LQ� DJUHHPHQW� ZLWK� WKH
REVHUYDWLRQV�PDGH�E\�/|ITYLVW�DQG�*UDFFR�>��@�IURP�(00$
GDWD�IRU�ELODELDO�VWRSV��ZKR�VXJJHVWHG�WKDW�WKH�ORZHU�OLS�ZRXOG
PRYH�WRZDUG�DQ�LGHDO�WDUJHW�ORFDWHG�DERYH�WKH�XSSHU�OLS��DQG
WKDW�WKH�LQWHU�ODELDO�FRQWDFW�ZRXOG�VWRS� WKH�PRYHPHQW�EHIRUH
WKH�WDUJHW�FDQ�EH�UHDFKHG�

�����'LIIHUHQFHV�EHWZHHQ�OD[�DQG�WHQVHV�YRZHOV

1RZ�� WR�ZKLFK�H[WHQW�GRHV� WKH� UROH�RI� WKH�SDODWH�H[SODLQ�WKH
GLIIHUHQFHV� LQ� WKH� YHORFLW\� SURILOH� V\PPHWU\� WKDW� ZHUH
REVHUYHG�LQ�RXU�GDWD"�$�SRVVLEOH�H[SODQDWLRQ�FRXOG�EH�WKDW�WKH
FRQVRQDQWDO�FRQWDFW�DULVHV�HDUOLHU�LQ�WKH�GHFHOHUDWLRQ�SKDVH�IRU
WHQVH� WKDQ� IRU� OD[� YRZHOV�� 7R� FKHFN� WKLV� K\SRWKHVLV�� ZH
FDOFXODWHG� WKH�GLIIHUHQFH�EHWZHHQ� WKH�FORVXUH�RQVHW� WLPH� DQG
WKH�YHORFLW\�SHDN�WLPH��WPD[���+RZHYHU��JLYHQ�WKH�DFFXUDF\�RI
WKH�WLPH�VDPSOLQJ� IRU�(3*�GDWD� �����+]���QR�HYLGHQFH� IRU�D
VLJQLILFDQW� GLIIHUHQFH� FRXOG� EH� IRXQG�� )RU� WKH� WKUHH� YRZHOV
DQG�IRU�ERWK�VXEMHFWV��WKH�GXUDWLRQ�ZDV�FRPSULVHG�EHWZHHQ���
DQG���PV��&RQVHTXHQWO\��LW�FDQ�EH�FRQFOXGHG�WKDW��LQ�VSLWH�RI
WKH�IDFW�WKDW�WKH�SDODWH�VHHPV� WR�EH�UHVSRQVLEOH� IRU�WKH�VKDSH
RI� WKH� YHORFLW\� SURILOH� LQ� LWV� GHFHOHUDWLRQ� SKDVH�� LW� GRHV� QRW
H[SODLQ�E\�LWVHOI�WKH�GLIIHUHQFHV�EHWZHHQ�OD[�DQG�WHQVH�YRZHOV�
7KHUHIRUH��WKH�RULJLQ�RI� WKH� REVHUYHG� GLIIHUHQFHV� KDV� DOVR� WR
EH� IRXQG� LQ� WKH� DFFHOHUDWLRQ� SKDVH� RI� WKH� YHORFLW\� SURILOH�
$FWXDOO\��VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�OD[�DQG�WHQVH�YRZHOV
ZHUH� IRXQG� IRU� WKH� GXUDWLRQ� JRLQJ� IURP� WKH� FORVLQJ� JHVWXUH
RQVHW��WRQ�� WR�WKH�WLPH�RI� WKH� YHORFLW\� SHDN� �WPD[��� ,W� LV� OLNHO\
WKDW�WKH�REVHUYHG�GLIIHUHQFHV�DUH�UHODWHG�WR� WKH�GLIIHUHQFHV�LQ
WRQJXH� SRVLWLRQLQJ� DVVRFLDWHG� WR� WKH� OD[�WHQVH� YDULDWLRQ� DV
HYLGHQFHG� E\� 0RRVKDPPHU� DQG� )XFKV� >��@�� 7KLV� ZLOO� EH
IXUWKHU�LQYHVWLJDWHG��EXW�LW�LV�EH\RQG�WKH�VFRSH�RI�WKLV�VWXG\�

��� &RQFOXVLRQ

6LPXOWDQHRXV� VWXG\� RI� (3*� DQG� (00$� GDWD� GXULQJ� WKH
SURGXFWLRQ� RI� 9&� VHTXHQFHV�� ZKHUH� &� LV� DQ� DOYHRODU� VWRS�
SHUPLWWHG�WR�FODULI\�WKH�LQIOXHQFH�RI� WKH�SDODWDO�FRQWDFWV�RQWR
WKH�NLQHPDWLF�SURSHUWLHV�RI�WKH�WRQJXH�WLS��(YLGHQFH�FRXOG�EH
IRXQG�WKDW�WKH�SDODWH�VWRSV�WKH�PRYHPHQW�RI�WKH�WRQJXH�GXULQJ
WKH� GHFHOHUDWLRQ�SKDVH�� 7KLV� ILQGLQJ� VXSSRUWV� WKH� K\SRWKHVLV
RI� /|ITYLVW� DQG� *UDFFR� IRU� ELODELDO� VWRSV� WKDW� DUWLFXODWRU\
JHVWXUHV�FRXOG�EH�GLUHFWHG�WRZDUG�D� WDUJHW�WKDW�LV�EH\RQG� WKH
FRQWDFW� ORFDWLRQ�� ,W� FRQWUDGLFWV� WKH� K\SRWKHVLV� WKDW� WKH
SURGXFWLRQ� RI� WKH� VWRS� FRXOG� EH� DVVRFLDWHG� ZLWK� D� WDUJHW
ORFDWHG�RQ�WKH�SDODWH�
7KH� LQIOXHQFH� RI� WKH� SDODWH� RQ� WKH� GHFHOHUDWLRQ� SKDVH� ZDV
IRXQG� WR� EH� VLPLODU� IRU� DOO� YRZHOV�� ,Q� FRPELQDWLRQ�ZLWK� WKH
OHQJWKHQLQJ�RI�WKH�DFFHOHUDWLRQ�SKDVH�WKLV�LQIOXHQFH�JHQHUDWHV
IRU�WHQVH�YRZHOV�VLJQLILFDQW�DV\PPHWU\�RI�WKH�YHORFLW\�SURILOH
DV�FRPSDUHG�WR�OD[�YRZHOV�

$FNQRZOHGJHPHQWV�� 7KLV� ZRUN� ZDV� VXSSRUWHG� E\� D� JUDQW
IURP�WKH�*HUPDQ�5HVHDUFK�&RXQFLO�*:=�������������:H�DUH

YHU\� JUDWHIXO� WR� $ODQ� :UHQFK� DQG� :LOOLDP� +DUGFDVWOH� IRU
KHOSIXO� FRPPHQWV� DQG� VXJJHVWLRQV�� :H� ZRXOG� DOVR� OLNH� WR
WKDQN�RXU�VXEMHFWV�-'�DQG�&*�
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