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,QYHVWLJDWLQJ�GLVIOXHQFLHV�FRQWULEXWLRQ�WR�GLVFRXUVH�SURVRG\�
PLVPDWFKHV�LQ�)UHQFK�FRQYHUVDWLRQV�
/DXUHQW�3UpYRW�����5R[DQH�%HUWUDQG���DQG�6WpSKDQH�5DX]\���
�$L[�0DUVHLOOH�8QLYHUVLWp�	�&156��$L[�HQ�3URYHQFH��)UDQFH�

�,QVWLWXW�8QLYHUVLWDLUH�GH�)UDQFH��3DULV��)UDQFH

$EVWUDFW�
,Q� FRQYHUVDWLRQ�� GLVFRXUVH� DQG� SURVRGLF� XQLWV�
DVVRFLDWLRQ�FDQ�EH�DUWLFXODWHG�WKURXJK�DQ�LQWHUHVWLQJ�
UDQJH�RI�FRQILJXUDWLRQV��7KH�VLWXDWLRQ�LQ�ZKLFK�WKHVH�
XQLWV� DUH� PLVPDWFKLQJ� LV� WKH� OHDVW� VWXGLHG� DQG�
XQGHUVWRRG� RI� WKHVH� FRQILJXUDWLRQV�� :H� PDNH� WKH�
K\SRWKHVLV�LQ�WKLV�SDSHU�WKDW�GLVIOXHQFLHV�DUH�D�PDMRU�
FDXVH�IRU�VXFK�PLVPDWFKHV��2XU�TXDQWLWDWLYH�DQDO\VLV�
EDVHG�RQ�D���KRXU�FRUSXV�RI�)UHQFK�FRQYHUVDWLRQV�
PDQXDOO\� DQQRWDWHG� ZLWK� GLVIOXHQFLHV�� GLVFRXUVH�
XQLWV� �'8�� DQG� SURVRGLF� XQLWV� �38��� FRQILUPV� WKDW�
GLVIOXHQFLHV� GR� SOD\� D� PDMRU� UROH� LQ� 38�'8�
PLVPDWFK� EXW� DOVR� WKDW� RWKHU� VRXUFHV� VKRXOG� EH�
FRQVLGHUHG�� ,Q� WKH� DQDO\VLV�� ZH� DOVR� SURYLGH� VRPH�
LQVLJKW�DERXW� WKH�GLIIHUHQW�W\SHV�RI�GLVIOXHQFLHV�DQG�
WKHLU� IUHTXHQF\� LQ� WKH� GLIIHUHQW� '8�38�
FRQILJXUDWLRQV��
�
,QWURGXFWLRQ� �

'LVFRXUVH�� 3URVRG\� DQG� 6\QWD[� LQWHUSOD\� LV� D�
FUXFLDO�DVSHFW�RI�OLQJXLVWLF�DQDO\VLV�RI�FRQYHUVDWLRQ��
3UHYLRXV�OLWHUDWXUH�KDG�GHVFULEHG�PDQ\�DVSHFWV�RI�WKH�
DVVRFLDWLRQ� EHWZHHQ� WKHVH� WKUHH� OHYHOV� LQ� WHUPV� RI�
ERXQGDU\�DOLJQPHQW��'HJDQG�	�6LPRQ��������3UpYRW�
HW�DO���������/DFKHUHW�'XMRXU�	�.DKDQH��������DQG�
H[SORUHG� WKHP� LQ� UHODWLRQ� WR� GLVFRXUVH� JHQUH� DQG�
VSHDNLQJ� VW\OH� �'HJDQG� 	� 6LPRQ�� ����E��� 7KH�
FRQILJXUDWLRQ� OHDVW� XQGHUVWRRG� UHPDLQV� WKH� FDVH� LQ�
ZKLFK� PDMRU� SURVRGLF� XQLW� DQG� GLVFRXUVH� XQLW�
ERXQGDULHV� GR� QRW� PDWFK�� ,Q� WKLV� SDSHU�� ZH�
K\SRWKHVL]H�WKDW�D�ODUJH�QXPEHU�RI�WKRVH�PLVPDWFKHV�
DUH� UHODWHG� WR� GLVIOXHQF\� �6KULEHUJ�� ������� :H�
DQDO\VH�DQ���KRXUV�FRUSXV�RI�)UHQFK�FRQYHUVDWLRQV�
�%HUWUDQG� HW� DO��� ������ WKDW� KDG� EHHQ� PDQXDOO\�
DQQRWDWHG� ZLWK� SURVRGLF� XQLWV�� GLVFRXUVH� XQLWV� DQG�
GLVIOXHQFLHV�� $IWHU� LQWURGXFLQJ� SUHYLRXV� ZRUN�� ZH�
SUHVHQW�RXU�DQQRWDWHG�GDWD�DQG�D�VHW�RI�TXDQWLWDWLYH�
DQDO\VHV�DLPLQJ�DW�EHWWHU�XQGHUVWDQGLQJ�WKH�LPSDFW�RI�
GLVIOXHQFLHV�RQ�PLVPDWFKHV�EHWZHHQ�WKHVH�XQLWV��

�
5HODWHG�:RUN�

:KLOH� PXFK� ZRUN� KDV� EHHQ� GRQH� RQ� WKH� OLQN�
EHWZHHQ�SURVRG\�DQG�V\QWD[��DQG�PRUH�SDUWLFXODUO\�
LQWRQDWLRQ�DQG�V\QWD[��PXFK�UHPDLQV�WR�EH�GRQH�RQ�
WKH� OLQN� EHWZHHQ� SURVRG\� DQG� GLVFRXUVH�� 6RPH�

VWXGLHV�KDYH�VKRZQ�WKDW�V\QWD[�DQG�SURVRG\�SOD\�D�
UROH� LQ� WKH� FRQVWUXFWLRQ� DQG� LGHQWLILFDWLRQ� RI� 7&8�
�7XUQ�&RQVWUXFWLRQDO� 8QLWV�� �)RUG� 	� 7KRPSVRQ��
������ 6HOWLQJ�� ������� ,Q� )UHQFK�� VRPH� VWXGLHV�
DWWHPSW� WR� PRGHO� VXFK� D� XQLW� DW� WKH� LQWHUIDFH� RI�
V\QWD[��SURVRG\�DQG�GLVFRXUVH��VHH�'HJDQG�	�6LPRQ��
������ /HIHXYUH� 	� 0ROLQH�� ����� IRU� D� UHYLHZ� RI�
GLIIHUHQW� DSSURDFKHV�� /DFKHUHW�'XMRXU� 	� .DKDQH��
������� �

)ROORZLQJ� /DFKHUHW�'XMRXU� DQG� .DKDQH� �������
RU� 'HJDQG� DQG� 6LPRQ� ������� ZH� FRQVLGHU� WKH�
GLIIHUHQW�OHYHOV�DV�DXWRQRPRXV��7KH�EDVLF�GLVFXUVLYH�
XQLW� �%'8�� LQ� 'HJDQG� DQG� 6LPRQ� UHIHUV� WR� WKH�
³VHJPHQWV�WKDW�VSHDNHUV�XVH�WR�EXLOG�D�UHSUHVHQWDWLRQ�
�LQWHUSUHWDWLRQ�� RI� WKH� GLVFRXUVH�� %'8V� KDYH� D�
FRJQLWLYH�IXQFWLRQ�VLQFH�WKH\�FRUUHVSRQG�WR�VWHSV�RI�
SURGXFWLRQ�DQG�GLVFRXUVH�SURFHVVLQJ��%'8V�UHTXLUH�
V\QWD[�DQG�SURVRG\�DQG�WKHLU�GLIIHUHQW�PDWFKLQJ�JLYH�
ULVH� WR� VHYHUDO� W\SHV� RI� %'8� FRUUHVSRQGLQJ� WR�
GLIIHUHQW�GLVFXUVLYH�VWUDWHJLHV�� �

7KH� V\QWDFWLF� DQG� GLVFRXUVH� XQLWV� RI� /DFKHUHW�
'XMRXU�	�.DKDQH��������LV�EDVHG�RQ�PDFUR�V\QWDFWLF�
DSSURDFK� �'HXORIHX�� ������ WDNLQJ� LQWR� DFFRXQW� WKH�
LOORFXWLRQDU\�IRUFH��$XVWLQ��������RI�WKH�XQLW��

+RZHYHU��VRPH�GLIILFXOWLHV�UHPDLQ�LQ�VHJPHQWLQJ�
WKHVH�XQLWV�GXH�WR�WKH�VSHFLILF�SKHQRPHQD�IUHTXHQWV�
QDWXUDO�FRQYHUVDWLRQV��$PRQJ�WKHP��ZH�FRQVLGHU�WKDW�
GLVIOXHQFLHV� UHSUHVHQW� D� VRXUFH� RI� FRQIXVLRQ� IRU�
DQDO\]LQJ�WKHVH�OHYHOV�� �

'LVIOXHQFLHV� DUH� YHU\� IUHTXHQW� LQ� VSRQWDQHRXV�
VSHHFK��DERXW���HYHU\����ZRUGV�LQ�WKH�&,'��3DOODXG�
HW� DO��� ������ DQG� FDQ� RFFXU� DW� SKRQHWLF� RU�
PRUSKRV\QWDFWLF� OHYHO� DQ\ZKHUH� LQ� WKH� XWWHUDQFH��
7KH\�FRQVLVW�LQ�DQ�LQWHUUXSWLRQ�RI�WKH�IORZ�WKDW�FDQ�
EH�UHSDLUHG�RU�DEDQGRQHG��6KULEHUJ��������� �

&RQFHUQLQJ�PRUH�SUHFLVHO\�38�'8�PLVPDWFKHV��
FDOOHG�PL[HG�%'8� LQ� 'HJDQG� DQG� 6LPRQ� �����E���
WKH\�DUH�QRW�FRQVLGHUHG�FUXFLDO�LQ�WKHLU�DQDO\VLV�EXW�
WKH\� VWDWH� WKDW� WKLV� µXQH[SHFWHG¶� FDWHJRU\� GHVHUYHV�
PRUH�DWWHQWLRQ��DW�OHDVW�WR�XQGHUVWDQG�ZK\�LW�RFFXUV�
DW� VLJQLILFDQW� UDWHV�� /DFKHUHW�'XMRXU� DQG� .DKDQH�
������� FDOOHG� WKHP� DV\QFKURQRXV� ����� RI� WKHLU�
SURVRG\�V\QWD[�XQLWV��DQG�UHODWH�LW�WR�GLIILFXOWLHV�IRU�
WKH�VSHDNHU�WR�SURGXFH�DQG�SODQ�WKH�XWWHUDQFH��ZKLFK�
LQGHHG�VXJJHVW� WR�ORRN�ZLWK�PRUH�DWWHQWLRQ�DW� WKHLU�
UHODWLRQVKLS�ZLWK�GLVIOXHQFLHV��

KWWSV���GRL�RUJ�
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'DWD�
7KLV�ZRUN�LV�SHUIRUPHG�RQ�WKH�ZKROH�&RUSXV�RI�

,QWHUDFWLRQDO�'DWD����FRQYHUVDWLRQV�RI���KRXU�HDFK���
,Q�WKLV�FRUSXV�SDUWLFLSDQWV�KDYH�D�FKDW�DERXW�³XQXVXDO�
VLWXDWLRQV´�RU�³FRQIOLFWV�DW�ZRUN´��6HH�%HUWUDQG�HW�DO��
������� DQG� %ODFKH� HW� DO�� ������� IRU� GHWDLOV� RQ� WKH�
FRUSXV�� 7KH� DQQRWDWLRQV� XVHG� LQ� WKLV� VWXG\� DUH�
FRPLQJ� IURP� WKUHH� LQGHSHQGHQW� DQQRWDWLRQ�
FDPSDLJQV�� 2YHUDOO� GLVFRXUVH� DQG� SURVRGLF�
VHJPHQWDWLRQ� KDYH� EHHQ� SHUIRUPHG� WKURXJK�
LQGHSHQGHQW�DQQRWDWLRQ�FDPSDLJQV�UHDOL]HG�E\�QDLYH�
DQQRWDWRUV� WUDLQHG� DQG� HTXLSSHG� ZLWK� JXLGHOLQHV��
'LVIOXHQF\�DQQRWDWLRQV�KDYH�DOVR�EHHQ�DQQRWDWHG�LQ�
WKLV� ZD\� DQG� DQ� H[SHUW� �RQH� RI� WKH� DXWKRUV� RI� WKH�
SUHVHQW�SDSHU��PDQXDOO\�FRUUHFWHG�DQG�HQULFKHG�WKH�
ZKROH�GDWDVHW��

&RPSDUHG� WR� HDUOLHU� ZRUN�� WKH� DPRXQW� RI� XQLWV�
DQQRWDWHG�LV�PXFK�ODUJHU�VLQFH�WKH�VWXG\�GHDOV�ZLWK�
�������GLVFRXUVH�XQLWV�DQG��������SURVRGLF�XQLWV��

�
'LVIOXHQFLHV�DQQRWDWLRQ�

'LVIOXHQF\�SKHQRPHQD�ZHUH�PDQXDOO\�DQQRWDWHG�
IROORZLQJ� WKH�JXLGHOLQHV�SUHVHQWHG� LQ�3DOODXG�HW�DO��
��������7KH�GLVIOXHQFLHV�DUH�GHILQHG�DV�LQWHUUXSWLRQV�
RI� WKH� YHUEDO� IOXHQF\� RI� WKH� XWWHUDQFH� DW� WKH�
PRUSKRV\QWDFWLF� OHYHO��6RPH�RI� WKHVH� LQWHUUXSWLRQV�
DUH�FKDUDFWHUL]HG�E\�XWWHUDQFHV�WKDW�DUH�VLPSO\�JLYHQ�
XS� �UHIHUHQFHG� KHUHDIWHU� DV� ',6,��� VRPH� RWKHUV�
FRUUHVSRQG�WR�D�VXVSHQVLRQ�RI�WKH�YHUEDO�IOXHQF\�EXW�
ZKLFK�FRQWLQXHV�ZLWKRXW�DQ\�LPSDFW�RQ�WKH�V\QWDFWLF�
VWUXFWXUH��',66��� � DQG�D�ODVW�NLQG�LPSOLHV�WKH�UHSDLU�
RI� WKH�PRUSKRV\QWDFWLF�VHTXHQFH�ZLWK�WKH�SUHVHQFH�
RI� � D� WUXQFDWHG� ZRUG� �',67�� DQG� �� RU� RI� D� EUHDN�
�',6%���IRU�ZKLFK�WKH�DQQRWDWLRQ�VFKHPH�RI�6KULEHUJ�
������� LV� DSSOLHG�� 7KLV� VFKHPH� SURSRVHV� D� WKUHH�
WHUPV� VWUXFWXUH� FRPSRVHG� RI� WKH� 5HSDUDQGXP� �WKH�
WHUP�WR�EH�UHSDLUHG���WKH� ,QWHUUHJQXP� �%UHDN�SRLQW��
ZKLFK�FDQ�EH�HPSW\��DQG�WKH�5HSDUDQV��WKH�UHSDLULQJ�
WHUP��� ,Q� FDVH� RI� PXOWLSOH� UHSDLUV�� WKH� GLVIOXHQF\�
DQQRWDWLRQ�IROORZV�D�WUHH�VWUXFWXUH�ZKLFK�WUDFHV�WKH�
SDUDGLJPDWLF� SLOH�� 7KH� DQQRWDWLRQ� WDVN� GRHV� QRW�
SUHVHQW�DQ\�PDMRU�GLIILFXOW\�H[FHSW�WKH�DPELJXLW\�LQ�
GHFLGLQJ� ZKHWKHU� DQ� XWWHUDQFH� LV� PDUNHG� DV�
DEDQGRQHG�RU�PDUNHG�DV�WKH�UHSDLUHG�WHUP�RI�WKH�QH[W�
XWWHUDQFH�� 7KH� FDWHJRULHV� LQWURGXFHG� KHUH� DUH�
LOOXVWUDWHG�LQ�H[DPSOHV�����DQG�����EHORZ��

�
3URVRGLF�8QLWV�

3URVRGLF�XQLWV��38V��DUH�EDVHG�RQ�WKH�WZR�PDLQ�
FRQVHQVXDO�XQLWV�LQ�)UHQFK��'L�&ULVWR��������-XQ�	�
)RXJHURQ��������HWF���7KH�$FFHQWXDO�3KUDVH��$3��LV�
WKH�ORZHVW�WRQDO�XQLW�ZKLFK�LV�WKH�GRPDLQ�RI�SULPDU\�
DQG� VHFRQGDU\� VWUHVV��7KH� ULJKW� ERXQGDU\�RI�$3� LV�
GHPDUFDWHG�E\�D�ILQDO�ULVH��/+��DQG�WKH�OHQJWKHQLQJ�

RI� WKH� ILQDO� V\OODEOH�� 7KH� ,QWRQDWLRQ� 3KUDVH� �,3�� LV�
KLJKHU�WKDQ�$3��,W�LV�PDUNHG�E\�D�PDMRU�I��PRYHPHQW�
RQ�WKH�ODVW�RU�WZR�ODVW�V\OODEOHV�RI�WKH�,3��D�ODUJH�ILQDO�
OHQJWKHQLQJ� DQG� RIWHQ� IROORZHG� E\� D� SDXVH�
�'L�&ULVWR�� ������)RXJHURQ�	� -XQ�� �������:H�ZLOO�
RQO\�FRQVLGHU�WKH�ODWWHU�KHUH��

7KH� JXLGHOLQHV� ZHUH� VLPSOLILHG� WR� EH� XVHG� E\�
QDLYH� DQQRWDWRUV� ��� DQQRWDWRUV� IRU� HDFK� ILOH��� 7KH�
DQQRWDWLRQ� ZDV� FRQGXFWHG� PDQXDOO\� DQG� WKH�
DQQRWDWRUV�GLG�QRW�KDYH�VWULFW�LQVWUXFWLRQV�UHJDUGLQJ�
VLOHQW� SDXVHV� RU� KHVLWDWLRQV�� 7KXV�� DV� ORQJ� DV�
GLVIOXHQF\�LWHPV�GLG�QRW�LQWHUIHUH�ZLWK�WKH�SURVRGLF�
SKUDVLQJ��WKH�DQQRWDWRUV�ZHUH�IUHH�WR�DQQRWDWH�WKHP�
HLWKHU�LQGHSHQGHQWO\�RI�WKH�UHVW�RI�WKH�XWWHUDQFH�RU�E\�
LQWHJUDWLQJ� WKHP��7KH� SURVRGLF� XQLWV� WKHQ� REWDLQHG�
UHIOHFW�KRZ�DQQRWDWRUV�KDYH�WUHDWHG�GLVIOXHQFLHV��7KLV�
ILUVW�VWHS�RI�QRQ�H[SHUW�DQQRWDWLRQ�ZDV�SDUWO\�DLPHG�
DW� IRFXVLQJ� RQ� WUXH� VRXUFHV� RI� GLIILFXOW\� DQG� WKHQ�
HQDEOHG� XV� WR� EHWWHU� GLVHQWDQJOH� EHWZHHQ� WKH�
SUREOHPDWLF�LWHPV��3RUWHV�	�%HUWUDQG���������$OVR��
ZH� K\SRWKHVL]H� WKDW� WKH� SUHVHQFH� RI� GLVIOXHQFLHV�
FRXOG� KDYH� DQ� LPSDFW� RQ� WKH� PLVPDWFK� EHWZHHQ�
GLVFRXUVH�DQG�SURVRGLF�XQLWV��

0DQXDO� SURVRGLF� VHJPHQWDWLRQ� ZLWK� RXU�
JXLGHOLQHV�KDV�SURYHQ�WR�EH�UHODWLYHO\�UHOLDEOH�ZLWK�ț�
VFRUHV��&RKHQ��������UDQJLQJ�EHWZHHQ�����DQG������
IRU�QDLYH�FRGHUV�DQG�����±�����IRU�H[SHUW�FRGHUV��

�
'LVFRXUVH�8QLWV�

2XU�GLVFRXUVH�XQLW�VHJPHQWDWLRQ�ZDV�LQVSLUHG�E\�
0XOOHU�HW�DO���������DQG�FRUUHVSRQGV�WR�(OHPHQWDU\�
'LVFRXUVH�8QLWV�XVHG�LQ�$IDQWHQRV�HW�DO���������EXW�
DGDSWHG� WR� RXU� LQWHUDFWLRQDO� VSRNHQ� GDWD� DQG�
VLPSOLILHG� WR� EH� XVHG� E\� QDLYH� DQQRWDWRUV�� 7KH�
JXLGHOLQHV� FRPELQHG� VHPDQWLF� �HYHQWXDOLWLHV�
LGHQWLILFDWLRQ��� GLVFRXUVH� �GLVFRXUVH� PDUNHUV�� DQG�
SUDJPDWLF��VSHHFK�DFWV��LQVWUXFWLRQV��6XFK�D�PL[WXUH�
RI�OHYHOV�KDV�EHHQ�PDGH�QHFHVVDU\�E\�WKH�QDWXUH�RI�
WKH� GDWD� IHDWXULQJ� ERWK� UDWKHU�PRQRORJLF� QDUUDWLYH�
VHTXHQFHV� DQG� KLJKO\� LQWHUDFWLRQDO� RQHV�� 7KH�
DQQRWDWLRQ� ZDV� SHUIRUPHG� RQ� WKH� WUDQVFULSW� DORQH�
ZLWKRXW�DFFHVV�WR�DXGLR�ILOHV��EXW�LQFOXGLQJ�SDXVH�DQG�
WLPLQJ�LQIRUPDWLRQ���0DQXDO�GLVFRXUVH�VHJPHQWDWLRQ�
ZLWK�RXU�JXLGHOLQHV�KDV�SURYHQ�WR�EH�UHOLDEOH�ZLWK�ț�
VFRUHV� UDQJLQJ� EHWZHHQ� ���� DQG� ������ ,Q� WKLV�
DSSURDFK� '8V� DUH� VHPDQWLF� FRXQWHUSDUWV� RI�
LQGHSHQGHQW� V\QWDFWLF� FODXVHV�� DW� GLVFRXUVH� OHYHO��
7KH\�DUH�DOVR�FORVHO\�UHODWHG�WR�WKH�PDFUR�V\QWDFWLF�
,OORFXWLRQDU\� 8QLWV� �/DFKHUHW�'XMRXU� 	� .DKDQH��
������DV�ZHOO�DV�WR�WKH�'LVFRXUVH�8QLWV�RI�'HJDQG�	�
6LPRQ������D���

,Q� WKH� DQQRWDWLRQ� ZH� GLVWLQJXLVKHG� EHWZHHQ�
'LVFRXUVH� 8QLWV� �'8�� DQG� $EDQGRQHG� 'LVFRXUVH�
8QLWV� �$'8�� �LOOXVWUDWHG� LQ� ���� EHORZ�� WKDW�
FRUUHVSRQG�WR�IDOVH�VWDUWV�WKDW�FDQQRW�EH�HDVLO\�UHODWHG�
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���
�

WR�WKH�PDWHULDO�FRPLQJ�DIWHU��DV�LOOXVWUDWHG�EHORZ�LQ�
H[DPSOH� ������ $V� D� FRQVHTXHQFH�� $'8� DUH�
GLVIOXHQFLHV� LQ� ZKLFK� WKHUH� LV� QR� UHSDUDQV�� DQG�
GLVIOXHQFLHV�VKRXOG�QRW�LQWHUIHUH�ZLWK�'8V��

�
,OOXVWUDWLRQ�

([DPSOH�����EHORZ�LOOXVWUDWHV�WKH�$'8�YV��'8��DV�
ZHOO�DV� LQWHUUXSWHG�XQLWV� �',6,��DW�GLVIOXHQF\�OHYHO��
([DPSOH� ���� LOOXVWUDWHV� WKH� GLIIHUHQW� GLVIOXHQF\�
FDWHJRULHV� �� VXVSHQVLYH� �',66���ZLWK� EUHDN� �',6%���
7UXQFDWHG�ZRUGV��',67��DV�ZHOO�DV�WKH�UHSDUDQGXP�
�5(3��DORQJ�ZLWK�38�DQG�'8�VWUXFWXUHV��)LQDOO\������
VKRZV�D�FDVH�RI�38�FURVVLQJ�'8�ERXQGDULHV��

�����>TXH� M
DYDLV� HQYLH� �G��',67� HQILQ� EUHI@38�!$'8�
���',6,��>HW� ���',66�RQ� O
D�DFFXHLOOLH� �E��',67� �D�
�',67�RQ�OXL�D�ULHQ�GHPDQGp@38!'8�

�����>�RX�GHV�5(3��HXK�QRQ�',6%@38�>�SDV�GHV�5(3��I�
�',6%�SDV�GHV�IUXVWUDWLRQV@38!'8��>�GHV� � ���',66�
HVSqFHV� GH�5(3� �HXK�',6%@38@� ��� PKP� ��',6%�
>>�RXDLV�',6%@38� >�GHV�5(3� GHV�
YXHV@38>GLIIpUHQWHV@38�>VXU�OH�ERXORW@38>TXRL@38�
!'8� �

������«�>WX�DV�XQ�GpFDODJH�@38�>TXDQG�PrPH�SDU�
UDSSRUW�j�O
�kJH�@38�>�F
�HVW�QRUPDO�!'8��VXUWRXW�
@38�>j�FHW�kJH��Oj�@38�«!'8� �

�
'LVIOXHQFLHV�DQG�38�'8�FRQJUXHQFH�

:H� DSSURDFK� WKH� UHODWLRQVKLS� EHWZHHQ�
GLVIOXHQFLHV�DQG�38�'8�FRQJUXHQFH�E\�VFUXWLQL]LQJ�
ZKDW�KDSSHQV�DW�38�DQG�'8�ERXQGDULHV�LQ�GLVIOXHQW�
YV�� IOXHQW� VHTXHQFHV�� 0RUH� SUHFLVHO\� ZH� VWDUW� E\�
FRPSDULQJ� 38�'8� PDWFKLQJ� ZLWKLQ� $'8V� DQG�
ZLWKLQ�RWKHU�'8V��2XU�SURVRGLF�XQLWV�EHLQJ�RYHUDOO�
PXFK� VPDOOHU� WKDQ� RXU� GLVFRXUVH� XQLWV�� ZH� WKHQ�
H[SORUH� GLVIOXHQFLHV� ZKHQ� '8�38� PLVPDWFKHV��
H[FOXGLQJ�WKH�$'8�FDVH�EHIRUH�ORRNLQJ�LQ�GHWDLO�WKH�
GLIIHUHQW� GLVIOXHQF\� FDWHJRULHV� LQ� WKLV� FRQWH[W��
)LQDOO\� H[SORUH� RWKHU� SRWHQWLDO� VRXUFHV� RI�
PLVPDWFKHV��

�
$EDQGRQHG�'LVFRXUVH�8QLWV�

%\� GHILQLWLRQ�� $'8V� DUH� GLVIOXHQW� VSHHFK��
)LJXUH��� LOOXVWUDWHV� WKH�GLIIHUHQFH�EHWZHHQ�'8�DQG�
$'8��WKH�ODWWHU�KRVWLQJ�D�PXFK�ODUJHU�SURSRUWLRQ�RI�
VRPH�PLVPDWFKHV�EHWZHHQ�38�DQG�'8��

�
)LJXUH���� )RU� WKH� WZR� JURXSV� '8� DQG� $'8�� WKH�
SURSRUWLRQV�RI�PLVPDWFKHV�HQFRGHG�DV�77��QR�PLVPDWFK���
7)� �PLVPDWFK�RQ� WKH� ULJKW�ERXQGDU\���)7��PLVPDWFK�RQ�
WKH�OHIW�ERXQGDU\�DQG�))��PLVPDWFK�RQ�ERWK�ERXQGDULHV���

38�FURVVLQJ�'8�ERXQGDULHV�
:H� WKHQ� FRQVLGHU� ZLWK� )LJXUH��� WKH� '8� FDVH��

H[FOXGLQJ�$'8�E\� ORRNLQJ�DW�ZKHWKHU�D�JLYHQ�38�
LQFOXGHV�RU�QRW�D�GLVIOXHQF\�ZKHQ�LW�LV�HLWKHU�LQWHUQDO�
RU�PDWFKLQJ�D�'8�RU�FURVVLQJ�D�'8�ERXQGDU\��*LYHQ�
RXU� ILQH�JUDLQHG� 38V�� WKH� PDMRULW\� RI� '8�38�
UHODWLRQVKLSV� DUH� HLWKHU� ��WR���PDSSLQJ� RU� RQH�'8�
LQFOXGLQJ� VHYHUDO�38� �ZKLOH�PDWFKLQJ�38� OHIW� DQG�
ULJKW�ERXQGDULHV���+RZHYHU��������RI�RXU�38V�DUH�
FURVVLQJ�'8V�ERXQGDULHV��DV�LQ�H[DPSOH�����DERYH���
)LJXUH��� LOOXVWUDWHV� WKDW� GLVIOXHQFLHV� DUH� PRUH�
IUHTXHQW� LQ� WKRVH� PLVPDWFK� VLWXDWLRQV� WKDQ� LQ�
PDWFKLQJ� ERXQGDULHV� FDVHV�� 7KLV� H[SODLQV� D� PDMRU�
VRXUFH�RI�PLVPDWFKHV�EHWZHHQ�38V�DQG�'8V��SXWWLQJ�
DVLGH�$'8�FDVHV��

�

)LJXUH���� &RPSDULVRQ� RI� 38� KRVWLQJ� GLVIOXHQF\� RU� QRW�
GHSHQGLQJ�RQ�LWV�UHODWLRQ�ZLWK�'8V� �

'LVIOXHQF\�W\SH�
$PRQJ�WKH�38V�LQ�'8V��ZH�FRPSDUH�38V�HQGLQJ�

'8V� YV�� QRQ�HQGLQJ�'8V� DFFRUGLQJ� WR� WKH� W\SH� RI�
GLVIOXHQF\��7KH�)LJXUH���LOOXVWUDWHV�WKDW�EUHDNV�WHQG�
WR� WHUPLQDWH� D� 38� �EXW� QRW� D� '8� ZKLFK� LV� QRW�
VXUSULVLQJ�JLYHQ�'8�GHILQLWLRQ���DQG�D�QHZ�38�VWDUWV�
ZLWK�WKH�UHSDUDQV��6XVSHQVLYH�GLVIOXHQF\��WKDW�GRHV�
QRW�DOWHU�WKH�V\QWDFWLF�IORZ�EXW�LV�OLNHO\�WR�LPSDFW�WKH�
SURVRGLF�IORZ�ZLWK�HPSW\�RU�ILOOHG�SDXVHV��LV�DOVR�D�
SKHQRPHQD�WKDW�WHQGV�WR�FORVH�38��
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���
�

)LJXUH���� 38V� HQGLQJ� '8V� �UHG�� YV�� QRQ�HQGLQJ� '8V�
�EOXH�� DFFRUGLQJ� WR� WKH� W\SH� RI� GLVIOXHQF\� �ZLWK� EUHDN�
�',6%��� DEDQGRQHG� �',6,��� ZLWKRXW� UHSDLU� �',66���
WUXQFDWLRQ��',67��RU�QRW�HQGLQJ�ZLWK�D�GLVIOXHQF\��1RQH���

2WKHU�VRXUFHV�RI�'8�38�PLVPDWFK�
,Q�RUGHU�WR�ILJXUH�RXW�EHWWHU�ZKDW�KDSSHQV�LQ�WKH�

PLVPDWFK�]RQH��ZH�H[WUDFWHG�WKH�WRNHQV�GLVWULEXWLRQ�
RI�VXFK�]RQHV�DQG�QRUPDOL]HG�WKHVH�UDZ�IUHTXHQFLHV�
EDVHG�RQ�WKH�GLVWULEXWLRQ�RI�'8�ILQDO�DQG�'8�LQLWLDO�
WRNHQV��ZKLFK�VHHPV�WR�EH�WKH�EHVW�FDQGLGDWH�IRU�VXFK�
D� QRUPDOLVDWLRQ��� 7KH� WRNHQV� RYHU�UHSUHVHQWHG� LQ�
PLVPDWFK� DUHDV� DUH� 5HSRUWHG� 6SHHFK� �56�� YHUE�
LQWURGXFHU��GLUH�±�VD\���VSRNHQ�SDUWLFOHV��TXRL���KHLQ�
��ERQ���WXBYRLV���HQILQ���WXBVDLV����ILOOHG�SDXVHV��HXK���
DQG�WR�D�OHVV�H[WHQW��ILUVW�SHUVRQ�SURQRXQV��MH���PRL��� �

7KH� SUHVHQFH� RI� ILOOHG� SDXVHV� LQ� WKLV� VKRUW� OLVW�
VLPSO\�FRQILUPV�WKH�LPSDFW�RI�GLVIOXHQF\�RQ�'8�38�
DOLJQPHQW�� )LUVW� SHUVRQ� SURQRXQV� FDQ� DOVR� EH� D�
FRQILUPDWLRQ�LQ�WKDW�GLUHFWLRQ��

:KHQ�5HSRUWHG�6SHHFK��56��YHUE�LQWURGXFHV�DUH�
WKH� OH[LFDO� LWHPV� WKH�PRVW� DVVRFLDWHG�ZLWK� 38�'8�
PLVPDWFKHV���/DFKHUHW�'XMRXU�	�.DKDQH��������DOVR�
PHQWLRQHG�56�DV�D�VRXUFH�RI�DV\QFKURQRXV�XQLWV��7KH�
PDLQ� FDXVH� LV� WKDW� FKDQJLQJ� SHUVSHFWLYH� WKURXJK�
UHSRUWLQJ� VSHHFK� FOHDUO\� LQLWLDWHV� D� QHZ� GLVFRXUVH�
XQLW�VWDUWLQJ�ULJKW�DIWHU�WKH�YHUE�LQWURGXFLQJ�WKH�56��
EXW� VRPHWLPHV� WKH� LQLWLDO� HOHPHQW� RI� 56� LV�
SURVRGLFDOO\�JURXSHG�ZLWK�WKH�LQWURGXFHU��

6SRNHQ� SDUWLFOHV� FUHDWH� WZR� FKDOOHQJHV�� $W�
SURVRGLF�OHYHO��HYHQ�LI�WKH\�DUH�H[WUHPHO\�VKRUW��WKHLU�
SKUDVLQJ�FDQ�YDU\�D�ORW�IURP�RQH�H[DPSOH�WR�DQRWKHU�
OHDGLQJ� WR� YHU\� GLIIHUHQW� 38� VHJPHQWDWLRQV�� $W�
GLVFRXUVH�OHYHO��VRPH�RI�WKHP�FDQ�EH�ERWK�'8�LQLWLDO�
RU� '8�ILQDO� �HQILQ� �� ERQ� �� WXBYRLV��� ,W� PDNHV� LW�
GLIILFXOW� WR�GHFLGH�ZKHWKHU� WKH\�VKRXOG�EH�LQFOXGHG�
LQ�WKH�'8V�WKH\�IROORZ�RU�LQ�WKH�RQH�DIWHU��

2Q�WKH�VLGH�RI�WKH�VSHFWUXP�VRPH�OH[LFDO�LWHPV�DUH�
DVVRFLDWHG� 38�08� PDWFKHV�� 7KLV� LV� WKH� FDVH� RI�
FOHDUO\� LQLWLDO� GLVFRXUVH�PDUNHUV� VXFK� DV� HW� �DQG�� ��
SDUFH�TXH��EHFDXVH����GRQF��VR����PDLV��EXW����DORUV�
�WKHQ����EHQ��ZHOO���7KRVH�LWHPV�ZLWK�WKHLU�FOHDU�VLJQDO�
RI�LQLWLDWLQJ�D�QHZ�XQLW�FRXOG�EH�XVHG�DV�VRPH�NLQG�
RI�V\QFKURQLVDWLRQ�SODFH�IRU�WKH�GLIIHUHQW�OHYHOV��7KH�

VHFRQG�SDUW�RI� WKH�IUHQFK�QHJDWLRQ�SDV�IDOOV�DOVR�LQ�
WKLV�FDWHJRU\��EXW�LQ�WKLV�FDVH�LQ�ILQDO�SRVLWLRQ��7KHUH�
DUH�DOVR�VRPH�RWKHU�LWHPV�IRU�ZKLFK�ZH�GR�QRW�KDYH�
D�FOHDU�H[SODQDWLRQ��� � Oj���oD���\���LOV� � � �

�
&RQFOXVLRQ�

7KLV�VWXG\�DOORZHG�XV�WR�UHILQH�RXU�XQGHUVWDQGLQJ�
RI� WKH� LPSDFW� RI� GLVIOXHQFLHV� RQ�GLVFRXUVH�SURVRG\�
LQWHUIDFHV��5HVXOWV�ODUJHO\�FRQILUP�ZKDW�LV�NQRZQ�RQ�
WKLV�PDWWHU��QDPHO\�WKDW�GLVIOXHQF\�VWURQJO\�LPSDFWV�
SURVRGLF� XQLWV� EXW� OHVV� GLVFRXUVH� RQHV� RQFH� IDOVH�
VWDUWV� DUH� SXW� DVLGH�� 'LVIOXHQFLHV� H[SODLQ� D� VL]DEOH�
SURSRUWLRQ�RI� VXFK�PLVPDWFKHV� WKDW�DUH�QRW�HDV\� WR�
DQDO\VH� IURP� GLVFRXUVH�SURVRGLF� LQWHUIDFH�
YLHZSRLQW��6RPH�RWKHU�VRXUFHV�RI�PLVPDWFKHV��VXFK�
DV� GLUHFW� UHSRUWHG� VSHHFK�� FRXOG� EH� IXUWKHU�
LQYHVWLJDWHG� LQ� RUGHU� WR� FRYHU� WKH� ZKROH� UDQJH� RI�
SKHQRPHQD�JHQHUDWLQJ�WKRVH�'8�38�PLVPDWFKHV��,Q�
WKLV�SDSHU��ZH�SXVKHG�WKH�DQDO\VLV�ERWK�LQ�WHUPV�RI�
VFDOH����KRXUV�RI�FRQYHUVDWLRQDO�VSHHFK��DV�ZHOO�DV�LQ�
WHUPV�RI�JUDQXODULW\�VSHFLILFDOO\�ZLWK�UHJDUGV�WR�WKH�
GLIIHUHQW�W\SHV�RI�GLVIOXHQFLHV�LQYROYHG��

�
5HIHUHQFHV�
$IDQWHQRV��6���1��$VKHU��)��%HQDPDUD��0��%UDV��&��)DEUH��

0��+R�GDF��$�� /H�'UDRXOHF�� 3��0XOOHU��0��3�� 3pU\�
:RRGOH\�� /�� 3UpYRW�� -�� 5HEH\UROOHV�� /�� 7DQJX\�� 0��
9HUJH]�&RXUHW� 	� /�� 9LHX�� ������ $Q� HPSLULFDO�
UHVRXUFH� IRU� GLVFRYHULQJ� FRJQLWLYH� SULQFLSOHV� RI�
GLVFRXUVH�RUJDQLVDWLRQ��WKH�$112',6�FRUSXV��,Q��1��
&DO]RODUL��.��&KRXNUL��7��'HFOHUFN��0��8��'R÷DQ��%��
0DHJDDUG�� -�� 0DULDQL�� $�� 0RUHQR�� -�� 2GLMN� 	� 6��
3LSHULGLV��HGV����3URFHHGLQJV�RI�WKH�(LJKW�,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� /DQJXDJH� 5HVRXUFHV� DQG� (YDOXDWLRQ�
�/5(&
�����0D\���±����������,VWDQEXO��7XUNH\������±
������

$XVWLQ��-��/��������+RZ�WR�GR�WKLQJV�ZLWK�ZRUGV��2[IRUG��
&ODUHQGRQ�3UHVV��

%HUWUDQG��5���3��%ODFKH��5��(VSHVVHU��*��)HUUp��&��0HXQLHU��
%��3ULHJR�9DOYHUGH�	�6��5DX]\��������/H�&,'�&RUSXV�
RI� ,QWHUDFWLRQDO� 'DWD�$QQRWDWLRQ� HW� H[SORLWDWLRQ�
PXOWLPRGDOH�GH�SDUROH� FRQYHUVDWLRQQHOOH��7UDLWHPHQW�
DXWRPDWLTXH�GHV�ODQJXHV������������±�����

%ODFKH��3���5��%HUWUDQG��*��)HUUp��%��3DOODXG��/��3UpYRW�	�
6��5DX]\�� ������ 7KH� FRUSXV�RI� LQWHUDFWLRQDO� GDWD��$�
ODUJH�PXOWLPRGDO�DQQRWDWHG�UHVRXUFH�� ,Q��1�� ,GH�	�-��
3XVWHMRYVN\��HGV����+DQGERRN�RI�OLQJXLVWLF�DQQRWDWLRQ��
'RUGUHFKW��6SULQJHU������±������
KWWSV���GRL�RUJ��������������������������B���

&RKHQ��-����������$�FRHIILFLHQW�RI�DJUHHPHQW�IRU�QRPLQDO�
VFDOHV��(GXFDWLRQDO� DQG� SV\FKRORJLFDO�PHDVXUHPHQW��
���������±����

'HJDQG��/��	�$��&��6LPRQ������D��2Q�LGHQWLI\LQJ�EDVLF�
GLVFRXUVH� XQLWV� LQ� VSHHFK�� WKHRUHWLFDO� DQG� HPSLULFDO�
LVVXHV��'LVFRXUV�����
KWWSV���GRL�RUJ���������GLVFRXUV������

'HJDQG��/��	�$��&��6LPRQ������E��0DSSLQJ�SURVRG\�DQG�
V\QWD[� DV�GLVFRXUVH� VWUDWHJLHV��+RZ�%DVLF�'LVFRXUVH�
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8QLWV�YDU\�DFURVV�JHQUHV��,Q��'��%DUWK�:HLQJDUWHQ��1��
'HKp�	�$��:LFKPDQQ� �HGV����:KHUH� SURVRG\�PHHWV�
SUDJPDWLFV�� /HLGHQ�� 1HWKHUODQGV�� %ULOO�� ��±�����
KWWSV���GRL�RUJ����������������������B����

'HXORIHX�� -�� ������ /D� PDFURV\QWD[H� FRPPH�PR\HQ� GH�
WUDFHU� OD� OLPLWH� HQWUH� RUJDQLVDWLRQ� JUDPPDWLFDOH� HW�
RUJDQLVDWLRQ�GX�GLVFRXUV�>0DFURV\QWD[�DV�D�PHDQV�RI�
GUDZLQJ� WKH� OLQH� EHWZHHQ� JUDPPDWLFDO� RUJDQL]DWLRQ�
DQG� WKH� RUJDQL]DWLRQ� RI� GLVFRXUVH@�� 0RGqOHV�
OLQJXLVWLTXHV�������������±�����
KWWSV���GRL�RUJ���������PO������

'L�&ULVWR��$��������,QWRQDWLRQ�LQ�)UHQFK��,Q��'��+LUVW�	�$��
'L�&ULVWR��HGV���,QWRQDWLRQ�V\VWHPV��$�VXUYH\�RI�7ZHQW\�
/DQJXDJHV�� &DPEULGJH�� 8.�� &DPEULGJH� 8QLYHUVLW\�
3UHVV�����±�����

)RUG��&��(��	�6��$��7KRPSVRQ��������,QWHUDFWLRQDO�XQLWV�
LQ�FRQYHUVDWLRQ��V\QWDFWLF��LQWRQDWLRQDO��DQG�SUDJPDWLF�
UHVRXUFHV�IRU�WKH�PDQDJHPHQW�RI�WXUQV��,Q��(��2FKV��(��
$��6FKHJORII�	�6��$��7KRPSVRQ� �HGV���� � ,QWHUDFWLRQ�
DQG�JUDPPDU��&DPEULGJH��8.��&DPEULGJH�8QLYHUVLW\�
3UHVV�����±�����
KWWSV���GRL�RUJ���������&%2������������������

)RXJHURQ��&��	�6�$�� -XQ�� ������5DWH� HIIHFWV�RQ�)UHQFK�
LQWRQDWLRQ�� 3URVRGLF� RUJDQL]DWLRQ� DQG� SKRQHWLF�
UHDOL]DWLRQ��-RXUQDO�RI�3KRQHWLFV���������������
KWWSV���GRL�RUJ���������MSKR�����������

-XQ��6��	�&��)RXJHURQ��������$�3KRQRORJLFDO�PRGHO�RI�
)UHQFK� LQWRQDWLRQ�� ,Q�� $�� %RWLQLV� �HG��� ,QWRQDWLRQ��
$QDO\VLV�� 0RGHOLQJ� DQG� 7HFKQRORJ\�� 'RUGUHFKW��
.OXZHU�$FDGHPLF�3XEOLVKHU�����±�����
KWWSV���GRL�RUJ��������������������������B���

/DFKHUHW�'XMRXU�� $�� 	� 6�� .DKDQH�� ������ 8QLWpV�
V\QWD[LTXHV�HW�XQLWpV�LQWRQDWLYHV�PDMHXUHV�HQ�IUDQoDLV�
SDUOp�� LQFOXVLRQ�� IUDJPHQWDWLRQ�� FKHYDXFKHPHQW�
>6\QWDFWLF�XQLWV�DQG�PDMRU�LQWRQDWLRQ�XQLWV�LQ�VSRNHQ�
)UHQFK�� LQFOXVLRQ�� IUDJPHQWDWLRQ�� RYHUODS@�� ,Q�� )��
1HYHX�� %�� +DUPHJQLHV�� /�� +ULED�� 6�� 3UpYRVW� 	� $��
6WHXFNDUGW��HGV�����H�&RQJUqV�0RQGLDO�GH�/LQJXLVWLTXH�
)UDQoDLVH�� -XO\� �±���� ������ 0RQWSHOOLHU�� )UDQFH��
$UWLFOH��������
KWWSV���GRL�RUJ���������VKVFRQI�������������

/HIHXYUH�� )�� 	� (��0ROLQH�� ������ 8QLWpV� V\QWD[LTXHV� HW�
XQLWpV� SURVRGLTXHV�� %LODQ� GHV� UHFKHUFKHV� DFWXHOOHV�
>6\QWDFWLF� DQG� SURVRGLF� XQLWV�� 5HYLHZ� RI� FXUUHQW�
UHVHDUFK@��/DQJXH�IUDQoDLVH����������±�����
KWWSV���GRL�RUJ���������OI����������

0XOOHU�� 3��� 0�� 9HUJH]�&RXUHW�� /�� 3UpYRW�� 1�� $VKHU�� %��
)DUDK��0��%UDV�	�/��9LHX��������0DQXHO�G¶DQQRWDWLRQ�
HQ� UHODWLRQV� GH� GLVFRXUV� GX� SURMHW� $112',6�
>$QQRWDWLRQ� PDQXDO� LQ� GLVFRXUVH� UHODWLRQV� RI� WKH�
$112',6�SURMHFW@��&DUQHWV�GH�*UDPPDLUH������±����

3DOODXG��%���5��%HUWUDQG��/��3UHYRW��3��%ODFKH�	�6��5DX]\��
������6XVSHQVLYH� DQG�'LVIOXHQW� 6HOI� ,QWHUUXSWLRQV� LQ�
)UHQFK� /DQJXDJH� ,QWHUDFWLRQV�� ,Q�� /�� 'HJDQG�� *��
*LOTXLQ��/��0HXUDQW��$��&��6LPRQ��HGV����)OXHQF\�DQG�
'LVIOXHQF\�DFURVV�/DQJXDJHV�DQG�/DQJXDJH�9DULHWLHV��
/RXYDLQ�OD�1HXYH��%HOJLXP��3UHVVHV�XQLYHUVLWDLUHV�GH�
/RXYDLQ�����±�����

3RUWHV��&��	�5��%HUWUDQG��������3HUPDQHQFH�HW�YDULDWLRQ�
GHV�XQLWpV�SURVRGLTXHV�GDQV�OH�GLVFRXUV�HW�O
LQWHUDFWLRQ�
>3HUPDQHQFH�DQG�YDULDWLRQ�RI�SURVRGLF�XQLWV�LQ�VSHHFK�
DQG�LQWHUDFWLRQ@��-RXUQDO�RI�)UHQFK�/DQJXDJH�6WXGLHV�
���������±�����
KWWSV���GRL�RUJ���������6�����������������

3UpYRW�� /��� 6��&�� 7VHQJ�� .�� 3HVKNRY�	�$�� &�� +�� &KHQ��
������3URFHVVLQJ�XQLWV�LQ�FRQYHUVDWLRQ��$�FRPSDUDWLYH�
VWXG\� RI� )UHQFK� DQG� 0DQGDULQ� GDWD�� /DQJXDJH� DQG�
/LQJXLVWLFV�����������±����
KWWSV���GRL�RUJ����������������;���������

6HOWLQJ��0��������2Q�WKH�LQWHUSOD\�RI�V\QWD[�DQG�SURVRG\�
LQ� WKH� FRQVWLWXWLRQ� RI� WXUQ�FRQVWUXFWLRQDO� XQLWV� DQG�
WXUQV�LQ�FRQYHUVDWLRQ��3UDJPDWLFV�����������±�����
KWWSV���GRL�RUJ���������SUDJ�������VHO�

6KULEHUJ��(��(��������3UHOLPLQDULHV�WR�D�7KHRU\�RI�6SHHFK�
'LVÀXHQFLHV�� 3K�'�� GLVVHUWDWLRQ�� 8QLYHUVLW\� RI�
&DOLIRUQLD�DW�%HUNHOH\��

6KULEHUJ�� (�� (�� ������ $FRXVWLF� SURSHUWLHV� RI� GLVIOXHQW�
UHSHWLWLRQV�� ,Q�� .�� (OHQLXV� 	� 3�� %UDQGHUXG� �HGV����
3URFHHGLQJV� RI� WKH� ��WK� ,QWHUQDWLRQDO� &RQJUHVV� RI�
3KRQHWLF� 6FLHQFHV�� $XJXVW� ��±���� ������ 6WRFNKROP��
6ZHGHQ��������±����


