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0JU��âWČSiQ�-DQHþHN��3K�'�
&]HFK�$FDGHP\�RI�6FLHQFHV��,QVWLWXWH�RI�%RWDQ\��7ĜHERĖ��&]HFK��5HSXEOLF

&KDUOHV�8QLYHUVLW\��)DFXOW\�RI�6FLHQFH��3UDJXH��&]HFK�5HSXEOLF

51'U��-DQ�.OHþND� 3K�'�
&]HFK�$FDGHP\�RI�6FLHQFHV��%LRORJ\�&HQWUH��ýHVNp�%XGČMRYLFH��&]HFK�

5HSXEOLF

ýHVNp�%XGČMRYLFH�����
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7KLV�WKHVLV�VKRXOG�EH�FLWHG�DV�

%LHOOD��3���������$�FRQVHUYDWLRQ�SHUVSHFWLYH�RQ�WKH�PHFKDQLVPV�WKDW� LQIOXHQFH�
SODQW�SROOLQDWRU LQWHUDFWLRQV��3K�'��7KHVLV�6HULHV��1R�� ����8QLYHUVLW\�RI�6RXWK�
%RKHPLD�� )DFXOW\� RI� 6FLHQFH�� 6FKRRO� RI� 'RFWRUDO� 6WXGLHV� LQ� %LRORJLFDO�
6FLHQFHV��ýHVNp�%XGČMRYLFH��&]HFK�5HSXEOLF����� SS�

$QQRWDWLRQ

6HYHUDO� DVSHFWV� RI� SODQW�SROOLQDWRU LQWHUDFWLRQV� DUH� SUHVHQWHG� LQ� WKH� WKHVLV�� ,W�
FRQWDLQV� D� UHYLHZ� RQ� WKH� RSHQ� TXHVWLRQV� RI� SODQW�SROOLQDWRU LQWHUDFWLRQV� IURP�
VLQJOH� VSHFLHV� WR� FRPSOH[� QHWZRUNV�� 7KH� IROORZLQJ� VHFWLRQV� GRFXPHQW� QRYHO�
UHVXOWV��)LUVWO\�� WKH�FRQVHUYDWLRQ�RI�FRPSOH[�SROOLQDWLRQ�QHWZRUNV� LV� DGGUHVVHG�
WKURXJK� WKH� KLHUDUFK\� RI� VSHFLHV¶� LPSRUWDQFH�� ,Q� DGGLWLRQ�� WKH� KDELWDW�
UHTXLUHPHQWV� DQG� LQWHUDFWLRQV� RI� D� WKUHDWHQHG� UDUH� SROOLQDWRU� VSHFLHV� DUH�
H[SORUHG�� ,Q� WKH� IROORZLQJ� FKDSWHUV�� WKH� UHVXOWV� IURP�PDQLSXODWLYH� DSSURDFKHV�
DSSOLHG�LQ� WKH�ILHOG�WR�SODQW�SROOLQDWRU LQWHUDFWLRQV�DUH�SUHVHQWHG��7KH�HIIHFW�RI�
SROOLQDWRU¶V� SRSXODWLRQ� GHFOLQH� RQ� SROOLQDWRUV¶� IRUDJLQJ� IRU� SROOHQ� LV�
LQYHVWLJDWHG��0RUHRYHU�� WKH� ZD\� SODQW� VSHFLHV� ORVV� LPSDFW� VHYHUDO� DVSHFWV� RI�
SROOLQDWRU� YLVLWDWLRQ� LV� SUHVHQWHG�� /DVWO\�� WKH� LPSDFW� RI� VSHFLHV� UHPRYDO� RQ�
SODQW�SROOLQDWRU� QHWZRUN� WRSRORJ\� DQG� RQ� VSHFLHV� DELOLW\� RI� HVWDEOLVKLQJ� QHZ�
LQWHUDFWLRQV�LV�LQYHVWLJDWHG�



ŝǀ



ǀ

'HFODUDWLRQ�>LQ�&]HFK@

3URKODãXML�� åH� VYRML� GLVHUWDþQt� SUiFL� MVHP� Y\SUDFRYDO� VDPRVWDWQČ� SRX]H� V�
SRXåLWtP�SUDPHQĤ�D�OLWHUDWXU\�XYHGHQêFK�Y�VH]QDPX�FLWRYDQp�OLWHUDWXU\�

3URKODãXML�� åH� Y� VRXODGX� V� �� ��E� ]iNRQD� þ�� ��������� 6E�� Y� SODWQpP� ]QČQt�
VRXKODVtP� VH� ]YHĜHMQČQtP� VYp� GLVHUWDþQt� SUiFH�� D� WR� Y� ~SUDYČ� Y]QLNOp�
Y\SXãWČQtP� Y\]QDþHQêFK� þiVWt� DUFKLYRYDQêFK� 3ĜtURGRYČGHFNRX� IDNXOWRX�
HOHNWURQLFNRX� FHVWRX� YH� YHĜHMQČ� SĜtVWXSQp� þiVWL� GDWDEi]H� 67$*� SURYR]RYDQp�
-LKRþHVNRX� XQLYHU]LWRX� Y� ýHVNêFK� %XGČMRYLFtFK� QD� MHMtFK� LQWHUQHWRYêFK�
VWUiQNiFK��D�WR�VH�]DFKRYiQtP�PpKR�DXWRUVNpKR�SUiYD�N�RGHY]GDQpPX�WH[WX�WpWR�
NYDOLILNDþQt�SUiFH��6RXKODVtP�GiOH�V�WtP��DE\�WRXWpå�HOHNWURQLFNRX�FHVWRX�E\O\�Y�
VRXODGX�V�XYHGHQêP�XVWDQRYHQtP�]iNRQD�þ�����������6E��]YHĜHMQČQ\�SRVXGN\�
ãNROLWHOH� D� RSRQHQWĤ� SUiFH� L� ]i]QDP� R� SUĤEČKX� D� YêVOHGNX� REKDMRE\�
NYDOLILNDþQt�SUiFH��5RYQČå�VRXKODVtP�V�SRURYQiQtP�WH[WX�Pp�NYDOLILNDþQt�SUiFH�
V� GDWDEi]t� NYDOLILNDþQtFK� SUDFt� 7KHVHV�F]� SURYR]RYDQRX� 1iURGQtP� UHJLVWUHP�
Y\VRNRãNROVNêFK�NYDOLILNDþQtFK�SUDFt�D�V\VWpPHP�QD�RGKDORYiQt�SODJLiWĤ�

ýHVNp�%XGČMRYLFH�������������

��������������������������������������������������������
3DROR�%LHOOD



ǀŝ

7KLV� WKHVLV�RULJLQDWHG� IURP�D�SDUWQHUVKLS�RI�)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�RI�
6RXWK�%RKHPLD��DQG�,QVWLWXWH�RI�(QWRPRORJ\��%LRORJ\�&HQWUH�&$6��VXSSRUWLQJ�
GRFWRUDO�VWXGLHV�LQ�WKH�=RRORJ\�VWXG\�SURJUDPPH�

)LQDQFLDO�VXSSRUW
7KH� SURMHFWV� SUHVHQWHG� LQ� WKLV� WKHVLV� ZHUH� VXSSRUWHG� E\� WKH� &]HFK� 6FLHQFH�
)RXQGDWLRQ� �SURMHFWV� *3��������3� DQG� *-��������<�� DQG� E\� 8QLYHUVLW\� RI�
6RXWK� %RKHPLD� JUDQW� *$� -8� ���������3�� 7KH� IXQGHUV� KDG� QR� UROH� LQ�
FRQGXFWLQJ�WKH�UHVHDUFK�DQG�RU�GXULQJ�WKH�SUHSDUDWLRQ�RI�WKH�DUWLFOH�



ǀŝŝ

$FNQRZOHGJHPHQWV

0\�VSHFLDO� WKDQNV� JR� WR�P\� VXSHUYVRUV� IRU� WKH� SDWLHQFH�� WKH� LQVWUXFWLRQV��
WKH� VXSSRUW�� WKH� LQVSLUDWLRQV� DQG� WKH� VFLHQFH� PDGH� WRJHWKHU�� KRSHIXOO\� ZLOO�
FRQWLQXH� ZLWK� VRPH� FROODERUDWLRQ� LQ� IXWXUH�� 6LQFHUH� WKDQNV� DOVR� WR� WKH�
FROODERUDWRUV� IRU� WKH� LPSRUWDQW� FRQWULEXWLRQV� DQG� WKH� KHOS�� ,� DOVR� WKDQN� WKH�
VFLHQWLVWLV� WKDW� ZHOFRPHG�PH� GXULQJ� WKH� WUDLQHHVKLSV� DEURDG�� DQG� WKH� UHODWLYH�
,QVWLWXWLRQV�� IRU� DFFRPRGDWLQJ PH� DV� SRVVLEO\� EHVW� DQG� IRU� WHDFKLQJ� ORW� RI�
HVVHQWLDO�H[SHUWLVH��7KDQNV�DOVR�WR�WKH�RWKHU�VWXGHQWV�DQG�WKH�UHVHDUFKHUV�DW�WKH�
(178¶V�IRU�WKH�FRQVWUXFWLYH�WDONV�

7KDQNV�DOVR�WR�WKH�,QVWLWXWH�RI�(QWRPRORJ\�DQG�WKH�)DFXOW\�RI�6FLHQFH�WKDW�
KDYH�PDGH�P\�VWXGLHV�DQG�UHVHDUFK�SRVVLEOH��DQG�,�WKDQN�HVSHFLDOO\ WKH�VWDII RI�
WKH� DGPLQLVWUDWLRQ� RI� WKHVH� LQWLWXWLRQV� DQG� RI� WKH� 6WXG\� 'HSDUWPHQW� IRU� WKH�
LQVWUXFWLRQV�DQG�WROHUDQFH�ZKHQ�,�ZDV�ODWH�RU�WKH�GRFV�ZHUH�QRW�DV�H[SHFWHG�

0\�PRVW�VLQFHUH�WKDQNV�WR�P\�FORVHVW�FROOHDJXHV��3DYOD�DQG�$VPD�IRU�WKH�
VXSSRUW��KHOS�DQG�SDWLHQFH��HVSHFLDOO\�LQ�WKH�GLIILFXOW�PRPHQWV���DQG�WKDQNV�DOVR�
WR�WKH�UHVW�RI�WKH�UHVHDUFK�JURXS�IRU�DOO�WKH�KHOS RIIHUHG� 7KDQNV�WR�-RHO�IRU�ODVW�
PLQXWH�FRUUHFWLRQV�

7KDQNV�DOVR�WR�0DXUL]LR�IRU�EHLQJ�H[WUHPHO\�VXSSRUWLYH�ZKHQ�QHHGHG�DQG�
HQWKXVLDVWLF�HVSHFLDOO\�DERXW�ZLOG�EHHV�

,� DP� YHU\� KDSS\� WKDW� WKH� FOLPELQJ� JURXS� ZDV� DOZD\V� YHU\� SRVLWLYH��
VXSSRUWLYH� DQG� IXQ�� ZDUP� WKDQNV� IRU� WKH� HQWKXVLDVWLF� FOLPELQJ� VHVVLRQV�� WKH�
IULQGO\�HQYLURQPHQW�DQG�WKH�WRQV�RI�SRVLWLYH�HQHUJ\��

/LNHZLVH��,�WKDQN�WKH�IULHQGV�WKDW�,�KDYH�PHW�GXULQJ�WKH�WLPH�RI�WKH�3K'�LQ�
WKH�EHDXWLIXO�&]HFK�5HSXEOLF��RYHU�WLPH�,�KDYH�SURJUHVVLYHO\�IHOW�PXFK�PRUH�DW�
KRPH� WKDQ� ZKHQ� ,� VWDUWHG� WKH� 3K'�� DQG� WKLV� LV� WKDQN� WR� \RX� DOO�� VHYHUDO
FRQWULEXWHG WR�WKLV��EXW�VRPH�PRUH�WKDQ�RWKHUV�DQG�WKLV�LV�JUHDW� 7KDQNV�DOVR�WR�
WKH�IULHQGV�,�KDYH�VXE�UDQGRPO\�PHW�ZKHQ�WUDYHOOLQJ��IRU�WKH�ZRQGHUIXO�VXUSULVH�
RI�IULHQGVKLSV��

)LQDOO\� ,¶P� YHU\� JUDWHIXO� WR�P\� IDPLO\�� SDUHQWV�� VLVWHU� DQG� JUDQGSDV� IRU�
VXSSRUWLQJ�PH�DOO�WKH�WLPH�ZLWK�HQRUXPRXV�SDWLHQFH�DQG�ORYH��$QG�WR�WKH�IRON�
EDFN�KRPH�IRU�WKH�DOZD\V�PLQGIXO�DQG�V\PSDWKHWK\F�IULHQGVKLSV��$OVR��VSHFLDO�
WKDQNV�WR�-HP\�IRU�WKH�ORQJ�DQG�PHGLWDWLYH�ZDONV�DOO�DURXQG��

>6RUU\�IRU�QRW�ZULWLQJ�DOO�QDPHV��EXW�WKLV�LV�QRW�D�JLIW�FDUG���@



ǀŝŝŝ

/LVW�RI�SDSHUV�DQG�DXWKRU¶V�FRQWULEXWLRQV

7KH�WKHVLV�LV�EDVHG�RQ�WKH�IROORZLQJ�SDSHUV�

,� 3��%LHOOD��-��2OOHUWRQ��0��%DUFHOOD�	 6��$VVLQL��������1HWZRUN�DQDO\VLV�RI�
SKHQRORJLFDO� XQLWV� WR� GHWHFW� LPSRUWDQW� VSHFLHV� LQ� SODQW�SROOLQDWRU�
DVVHPEODJHV��FDQ�LW�LQIRUP�FRQVHUYDWLRQ�VWUDWHJLHV"�
&RPPXQLW\�(FRORJ\ ����������
'2,���������������������������,) ������

3DROR�%LHOOD�DQDO\]HG�WKH�GDWDVHW��FRQFHLYHG�WKH�IRFXV�RI�WKH�PDQXVFULSW
ZLWK� 6$� DQG� -2 DQG�ZURWH� WKH� GUDIWV�� 7KH� RWKHU� DXWKRUV� FRQWULEXWHG� DW
GDWD�FROOHFWLRQ�DQG DW LPSURYLQJ�WKH�PDQXVFULSW�

,,� 3�� %LHOOD�� *�� %RJOLDQL�� 0�� &RUQDOED�� $�� 0DQLQR�� -�� 1HXPD\HU�� 0��
3RUSRUDWR�� 3�� 5DVPRQW� 3�� 0LODQHVL�� ������ 'LVWULEXWLRQ� SDWWHUQV�
RI WKH FROG� DGDSWHG� EXPEOHEHH� %RPEXV� DOSLQXV LQ WKH $OSV� DQG KLQWV�
RI DQ XSKLOO�VKLIW��,QVHFWD��+\PHQRSWHUD��$SLGDH���
-RXUQDO�RI�,QVHFW�&RQVHUYDWLRQ��������±�����
'2,����������V���������������� �,) ������

3DROR�%LHOOD�FROOHFWHG�WKH�GDWD�DQG�GLJLWDOL]HG�WKH�UHFRUGV��FRQWULEXWHG�DW�
GHVLJQLQJ�WKH�UHVHDUFK ZLWK�0&��30�DQG�*%��DQDO\]HG�WKH�GDWD�ZLWK�30�
DQG� ZURWH� WKH� GUDIWV�� 7KH� RWKHU� DXWKRUV� FRQWULEXWHG� DW GDWD� FROOHFWLRQ
�0&�� $0�� -1�� 03�� 35�� DW GLJLWDOL]DWLRQ� �0&��� DQG� DW� LPSURYLQJ� WKH�
PDQXVFULSW�

,,,�� 3��%LHOOD��1��7RPPDVL��$��$NWHU��/��*X]]HWWL�� -��.OHFND��$��6DQGLRQLJL��
0��/DEUD�DQG�$��*DOLPEHUWL��,QWHJUDWLYH�DSSURDFK�UHYHDOV�D�FRQVWDQF\�LQ�
WKH�IRUDJLQJ�VWUDWHJ\�RI�D�VRFLDO�SROOLQDWRU�DIWHU�D�VWURQJ�UHGXFWLRQ�RI� WKH�
FRORQ\¶V�ZRUNIRUFH��0DQXVFULSW

3DROR�%LHOOD�GHVLJQHG�WKH�H[SHULPHQW�ZLWK�-.��FROOHFWHG�WKH�GDWD�ZLWK�-.�
DQG�$$��DQDO\]HG�SDUW�RI� WKH�PROHFXODU�GDWD��WKH�RWKHU�SDUW�ZDV�E\�17��
/*��$*��DQG�$6���DQDO\]HG�VWDWLVWLFDOO\� WKH�GDWD��FRQFHLYHG� WKH� IRFXV�RI�
WKH PV�ZLWK�0/�DQG�$*�DQG�ZURWH�WKH�GUDIWV��$OO�DXWKRUV�FRQWULEXWHG�DW�
LPSURYLQJ WKH�PDQXVFULSW�



ŝǆ

,9�� 3��%LHOOD��$��$NWHU��-��2OOHUWRQ���6��7DUUDQW���â���-DQHþHN��-��-HUViNRYi��-��
.OHFND��([SHULPHQWDO�ORVV�RI�JHQHUDOLVW�SODQWV�UHYHDOV�DOWHUDWLRQV�LQ�SODQW�
SROOLQDWRU� LQWHUDFWLRQV� DQG� D� FRQVWUDLQHG� IOH[LELOLW\� RI� IRUDJLQJ��
0DQXVFULSW

3DROR�%LHOOD�GHVLJQHG�WKH�H[SHULPHQW�ZLWK�-.�DQG�-2��FROOHFWHG�WKH�GDWD�
ZLWK�-.�DQG�$$��DQDO\]HG�WKH�GDWD�DQG�ZURWH�WKH�GUDIWV��)ORZHU�UHODWHG��
GDWD� ZHUH� DQDO\]HG� LQ� WKH� ODERUDWRU\ E\� 6-�� --�� $$�� 7KH� GDWD� RI� D�
SUHYLRXVO\� FROOHFWHG� GDWDVHW� ZHUH� FROOHFWHG� E\� -2� DQG� 67�� $OO� DXWKRUV�
FRQWULEXWHG�DW�LPSURYLQJ�WKH�PDQXVFULSW�

9�� 3��%LHOOD��$��$NWHU�� -��2OOHUWRQ�� �â�� � -DQHþHN��$��1LHOVHQ�� -��.OHFND��$Q�
HPSLULFDO� DWWDFN� WROHUDQFH� WHVW� RQ� UHDO� SODQW�SROOLQDWRU� QHWZRUNV�� SODQW�
UHPRYDO� LPSDFW� QHWZRUN� VWUXFWXUH� EXW� SODQWV� DQG� SROOLQDWRUV� UHVSRQG�
DV\PPHWULFDOO\��0DQXVFULSW�

3DROR�%LHOOD�GHVLJQHG�WKH�H[SHULPHQW�ZLWK�-.�DQG�-2��FROOHFWHG�WKH�GDWD�
ZLWK�-.��$$�DQG�6-��FRQWULEXWHG�DW�GHVLJQLQJ�GDWD DQDO\VHV�ZLWK�$1�DQG�
-.�� DQDO\]HG� WKH� GDWD� DQG� ZURWH� WKH� GUDIW�� $OO� DXWKRUV� FRQWULEXWHG� DW�
LPSURYLQJ�WKH�PDQXVFULSW�



ǆ

&R�DXWKRU�DJUHHPHQW
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7DEOH�RI�&RQWHQWV

,QWURGXFWLRQ����������������������������������������������������������������������������������������������������������

&KDSWHU�,������������������������������������������������������������������������������������������������������������ ��

1HWZRUN�DQDO\VLV�RI�SKHQRORJLFDO�XQLWV�WR�GHWHFW�LPSRUWDQW�VSHFLHV�LQ�SODQW�
SROOLQDWRU�DVVHPEODJHV��FDQ�LW�LQIRUP�FRQVHUYDWLRQ�VWUDWHJLHV"�

&KDSWHU�,,��������������������������������������������������������������������������������������������������������������

'LVWULEXWLRQ� SDWWHUQV� RI WKH FROG� DGDSWHG� EXPEOHEHH� %RPEXV� DOSLQXV
LQ WKH $OSV� DQG KLQWV� RI DQ XSKLOO� VKLIW� �,QVHFWD�� +\PHQRSWHUD��
$SLGDH���

&KDSWHU�,,,������������������������������������������������������������������������������������������������������������

,QWHJUDWLYH� DSSURDFK� UHYHDOV� D� FRQVWDQF\� LQ� WKH� IRUDJLQJ� VWUDWHJ\� RI� D�
VRFLDO�SROOLQDWRU�DIWHU�D�VWURQJ�UHGXFWLRQ�RI�WKH�FRORQ\¶V�ZRUNIRUFH��

&KDSWHU�,9�����������������������������������������������������������������������������������������������������������

([SHULPHQWDO� ORVV� RI� JHQHUDOLVW� SODQWV� UHYHDOV� DOWHUDWLRQV� LQ� SODQW�
SROOLQDWRU�LQWHUDFWLRQV�DQG�D�FRQVWUDLQHG�IOH[LELOLW\�RI�IRUDJLQJ��

&KDSWHU�9 �����������������������������������������������������������������������������������������������������������

$Q�HPSLULFDO�DWWDFN�WROHUDQFH�WHVW�RQ�UHDO�SODQW�SROOLQDWRU�QHWZRUNV��SODQW�
UHPRYDO�LPSDFW�QHWZRUN�VWUXFWXUH�EXW�SODQWV�DQG�SROOLQDWRUV�UHVSRQG�

DV\PPHWULFDOO\͘

6XPPDU\ ������������������������������������������������������������������������������������������������������������

$SSHQGL[�������������������������������������������������������������������������������������������������������������



ǆŝŝ



ϭ

,QWURGXFWLRQ



Ϯ

3ROOLQDWLRQ��IURP�VLQJOH�VSHFLHV�WR�FRPSOH[�QHWZRUNV

7KH�SROOLQDWLRQ�RI�SODQWV�LV�D�NH\�DVSHFW�RI�HFRV\VWHP�IXQFWLRQLQJ��PDQ\�SODQW�

VSHFLHV�UHO\�RQ�DQLPDOV� IRU�DFKLHYLQJ�FURVV�SROOLQDWLRQ��DQG�PDQ\�LQVHFWV�JDLQ�

HQHUJ\�DQG�QXWULWLRQ�E\� IHHGLQJ�RQ�SODQW� UHZDUGV��$W� OHDVW� WZR�PHWKRGRORJLHV�

DUH�XQGHUWDNHQ�IRU�VWXG\LQJ�SROOLQDWLRQ��7KH�ILUVW�RQH�LV�EDVHG�RQ�DXWHFRORJLFDO�

DSSURDFKHV� GHYRWHG� WR� WKH� SROOLQDWLRQ� HFRORJ\�RI� VLQJOH� SODQW� VSHFLHV�� FKRVHQ�

IRU� WKHLU� SHFXOLDULW\� �H�J�� UHPDUNDEOH� SKHQRW\SHV� RU� VWULFW� VSHFLDOL]DWLRQV��

$QGHUVRQ�DQG�-RKQVRQ��������IRU� WKHLU�ELRJHRJUDSKLFDO�YDOXH��H�J��HQGHPLVPV�

0DFLRU� ������� RU� DV� D� FDVH�VWXG\� IRU� LQYHVWLJDWLQJ� IORZHU�SROOLQDWRU� FR�

HYROXWLRQ�DQG�VHOHFWLRQ�SUHVVXUH��H�J��GHFHSWLYH�RUFKLGV�-HUViNRYi�HW�DO���������

7KH�VHFRQG�RQH�DFNQRZOHGJHV� WKH� IDFW� WKDW� VSHFLHV�FR�RFFXU�ZLWK�RWKHUV�� WKXV�

HVWDEOLVKLQJ�FRPSOH[�UHODWLRQV�RI�IDFLOLWDWLRQ�DQG�FRPSHWLWLRQ�IRU�WKH�SROOLQDWLRQ�

VHUYLFH�ZLWK�WKH�QHLJKERXULQJ�VSHFLHV��/i]DUR�HW�DO���������

&RPPXQLW\�OHYHO� DSSURDFKHV� DUH� WKHUHIRUH� LPSRUWDQW� WR� VKHG� OLJKW� RQ�

LQWHUDFWLRQ� VWUXFWXUHV� �-RUGDQR� HW� DO�� ������ 9i]TXH]� HW� DO�� ����� DQG� WKHLU�

G\QDPLFV� �H�J�� \HDU�WR�\HDU� FKDQJHV�� $ODUFyQ� HW� DO�� ������� 6XFK� DQ� DSSURDFK�

FDQ� DOVR� SURYLGH� LQVLJKWV� RQ� IDFLOLWDWLYH� DJJUHJDWLRQV� RI� SODQWV� �9HUG~� DQG�

9DOLHQWHဨ%DQXHW�������&UDQPHU�HW� DO��������� WKH� IRUDJLQJ�VWUDWHJLHV�RI� LQVHFWV�

�0LOOHU�6WUXWWPDQQ�DQG�*DOHQ��������WKH�LPSRUWDQFH�RI�SKHQRORJ\��2OHVHQ�HW�DO��

�������SODQW�SROOLQDWRU�PLVPDWFKHV��)DELQD�HW�DO���������WKH�HIIHFWV�RI�LQYDVLYH�

SODQWV��$OEUHFKW�HW�DO������� DQG�WKH�UREXVWQHVV�RI�FRPSOH[�LQWHUDFWLRQV��(YDQV�

HW�DO���������

,QWHUDFWLRQV�RI�D�SROOLQDWRU�FDQ�EH�VDPSOHG�E\�PRQLWRULQJ�IORZHU�YLVLWDWLRQ�

DQG� E\� REVHUYLQJ� WKH� FRQWDFWV� RI� IORZHU¶V� UHSURGXFWLYH� VWUXFWXUHV� ZLWK� WKH�

SROOLQDWRU¶V�ERG\��8QIRUWXQDWHO\��LQ�WKH�ILHOG�LV�DFWXDOO\�FKDOOHQJLQJ�WR�VRUW�RXW�

ZKDW� LV� D� SROOLQDWRU� �WKH� SROOHQ� LV� DW� OHDVW� FDUULHG� RQ� WKH� ERG\�� IURP� DQ�

RSSRUWXQLVWLF�IORZHU�YLVLWRU��WKH�DQLPDO�GRHV�QRW�FROOHFW�DQ\�SROOHQ���+RZHYHU��

DIWHU�YLVLWDWLRQ�WKH�SROOHQ�GHSRVLWLRQ�FDQ�EH�VWXGLHG�E\�FRXQWLQJ�SROOHQ�JUDLQV�RQ�

WKH�VWLJPDV��FRXQWLQJ�SROOHQ� WXEHV�JURZLQJ�ZLWKLQ� WKH�VW\OH�RU�HYHQ� UHFRUGLQJ�

WKH�VHHG�VHW��$ORQVR�HW�DO���������1HYHUWKHOHVV��WKHVH�DSSURDFKHV�DUH�SUDFWLFDO�LQ�
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VLWXDWLRQV� ZKHUH� IHZ� VSHFLHV� DUH� VWXGLHG� EHFDXVH� RI� WKH� DPRXQW� RI� WHFKQLFDO�

H[SHUWLVH�DQG�WLPH�LQYROYHG��

:KHQ�PXOWLSOH� VSHFLHV� DUH� DFWLYH� LQ� D� V\VWHP� DQG� LQWHUDFW� LQ� DQ� LQWULFDWH�

ZD\�� WKH� SODQW�SROOLQDWRU� QHWZRUN� FDQ� EH� GHULYHG� E\� UHFRUGLQJ� LQWHUDFWLRQV�

LQGLUHFWO\�� VXFK� DV� E\� PHDQV� RI� LGHQWLI\LQJ� WKH� SROOHQ� RQ� WKH� ERG\� ZKLFK�

VXPPDUL]HV� WKH� IRUDJLQJ�ERXW� �%RVFK�HW� DO��������%HOO�HW� DO���������+RZHYHU��

WUDGLWLRQDO� PRUSKRORJLFDO� LGHQWLILFDWLRQ� LV� WLPH� FRQVXPLQJ�� LQDFFXUDWH� ZKHQ�

GLVWLQJXLVKLQJ�UHODWHG�WD[D��DQG�KLJKO\�GHSHQGHQW�RQ�D�ORFDO�UHIHUHQFH�FROOHFWLRQ�

�*DOLPEHUWL� HW� DO�� ������� 6RPH� OLPLWDWLRQV� RI� FODVVLFDO� SDO\QRORJ\� FDQ� EH�

RYHUFRPH� E\� XVLQJ� PROHFXODU� PDUNHUV�� ZKLFK� YDU\� EHWZHHQ� VSHFLHV� EXW� DUH�

FRQVHUYHG�ZLWKLQ�D�WD[RQ��7HFKQRORJLFDO�DGYDQFHV�DUH�PDNLQJ�WKHVH�PROHFXODU�

LGHQWLILFDWLRQ�WRROV�FRVW�HIIHFWLYH��DQG�WKH�DFFXUDF\�RI�LGHQWLILFDWLRQ�FDQ�EH�KLJK�

�0DF*UHJRU�HW�DO���������7KXV��SROOLQDWLRQ�LQWHUDFWLRQV�FDQ�EH�FRQVWUXFWHG�IURP�

'1$�LGHQWLILHG�SROOHQ��3RUQRQ�HW�DO��������/XFDV�HW�DO��������

,I�ZH�FRQVLGHU� LQWHUDFWLQJ� VSHFLHV� DV�QRGHV� FRQQHFWHG�E\� OLQNV�ZKHQ� WKH\�

LQWHUDFW��³ELSDUWLWH�QHWZRUNV´���WKDQ�WKH�LPSOHPHQWDWLRQ�RI�QHWZRUN�DQDO\VLV�LQ�

VWXG\LQJ� VXFK� FRPPXQLW\�OHYHO� UHODWLRQVKLSV� LV� D� SRZHUIXO� WRRO�� $GYDQFHV� LQ�

QHWZRUN�DQDO\VLV�KDV�OHG�WR D�IDVW�UDLVH�RI�FRPPXQLW\�OHYHO�SROOLQDWLRQ�HFRORJ\�

VWXGLHV� LQ� WKH� ODVW� IHZ� GHFDGHV� �2OHVHQ� HW� DO�� ������� 1HZ� DVSHFWV� KDYH� EHHQ�

H[SORUHG� ZLWK� PHWKRGRORJLFDO� DSSURDFKHV� EDVHG� RQ� LQGLYLGXDOV� �7XU� HW� DO��

�������RQ�LQWHJUDWLQJ�QHWZRUN�VWUXFWXUH�ZLWK�SROOHQ�WUDQVIHU�UDWHV� �%RVFK�HW�DO��

�������RQ�IXQFWLRQDO�WUDLWV��%DUWRPHXV��������RQ�SK\ORJHQ\��&KDPEHUODLQ�HW�DO��

����� DQG� RQ� GDWD� GHULYLQJ� IURP� PROHFXODU� LGHQWLILFDWLRQ� RI� VSHFLHV�

�0DF*UHJRU�HW�DO���������0DQ\�JHQHUDO�DQG�UHFXUUHQW�IHDWXUHV�RI�VXFK�QHWZRUNV�

KDYH� EHHQ� GHVFULEHG� VR� IDU�� VXFK� DV� WUXQFDWHG� SRZHU�ODZ� GHJUHH� GLVWULEXWLRQV�

�-RUGDQR�HW�DO���������QHVWHGQHVV��%DVFRPSWH�HW�DO���������FRPSDUWPHQWDOL]DWLRQ�

�2OHVHQ� HW� DO�� ������� DV\PPHWULF� SDWWHUQV� RI� LQWHUDFWLRQV� �%DVFRPSWH� HW� DO��

������� FHQWUDOL]HG� VWUXFWXUHV� DQG� VPDOO�ZRUOG� SURSHUWLHV� �2OHVHQ� HW� DO�� ������

)DQJ� DQG� +XDQJ� ������� 6RPH� RI� WKHVH� DUH� SUHVHQWHG� LQ� GHWDLO� LQ� WKH� QH[W�

VHFWLRQV�

0RVW� RI� WKH� SDWWHUQV� WKDW� HPHUJH� IURP� SODQW�SROOLQDWRU� QHWZRUNV� DUH�

FRQVLVWHQW�GHVSLWH� \HDU�WR�\HDU� FKDQJHV� LQ� VSHFLHV� FRPSRVLWLRQ� �$ODUFyQ� HW� DO��
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������� EXW� WKH\� FKDQJH� IRU� WKH� HIIHFW� RI� SKHQRORJ\� DQG� RI� WKH� G\QDPLF� UH�

ZLULQJ��L�H���VZLWFKLQJ�LQWHUDFWLRQ�SDUWQHUV��2OHVHQ�HW�DO��������.DLVHU�%XQEXU\�

HW� DO�� ������ %LHOOD� HW� DO�� ����E���0RVW� RI� WKH� QHWZRUN� VWXGLHV� FRQVLGHU� SODQW�

SROOLQDWRU�QHWZRUNV�DV�IL[HG��VWDWLF��DQG�UREXVW�HQWLWLHV��EXW�LQ�UHDOLW\�WKH\�VKRZ�

G\QDPLF� SURSHUWLHV� WKDW� OHDGV� WR� IUHTXHQW� FKDQJHV� LQ� WKH� LQWHUDFWLRQV�� %\�

LQYHVWLJDWLQJ� WKRVH� DVSHFWV� RI� SODQW�SROOLQDWRU� LQWHUDFWLRQV� WKDW� VWLOO� UHPDLQ�

XQFOHDU��LW�ZLOO�EH�SRVVLEOH�WR�VKHG�IXUWKHU�OLJKW�RQ�WKH�SURFHVVHV�WKDW�FRQWURO�WKH�

DVVHPEO\� DQG� VWUXFWXUH� RI� SODQW�SROOLQDWRU� QHWZRUNV� DQG� RQ� KRZ� WR� LQWHJUDWH�

WKHP�LQ�D�FRPPXQLW\�OHYHO�FRQVHUYDWLRQ�IUDPHZRUN�

2Q� WKH� QHHG� IRU� FRQVHUYLQJ� SODQW� SROOLQDWRU� LQWHUDFWLRQV� DW� D�

FRPPXQLW\�OHYHO

$QWKURSRJHQLF� DFWLYLW\� DQG� HQYLURQPHQWDO� FKDQJH� GULYH� GHFOLQHV� LQ� ULFKQHVV�

DQG� DEXQGDQFH� RI� VSHFLHV� �1HZEROG� HW� DO�� ������� WKXV� WKUHDWHQLQJ� WKH�

IXQFWLRQDOLW\�RI� HFRV\VWHPV� �&DUGLQDOH� HW� DO�� �������0RVW� FRQVHUYDWLRQ�HIIRUWV�

DUH� VWLOO� FHQWUHG� RQ� PDLQWDLQLQJ� VSHFLHV� GLYHUVLW\�� HQULFKLQJ� VSHFLHV� OLVWV� LQ�

SURWHFWHG�DUHDV��RU�WDUJHWLQJ�VLQJOH�VSHFLHV��1HYHUWKHOHVV��LW�LV�FOHDU�WKDW�VSHFLHV�

FR�RFFXU�ZLWK RWKHUV�DQG�LQWHUDFW�ZLWK�VHYHUDO�VSHFLHV��,Q�GRLQJ�VR��WKH\�SURYLGH�

D� VHUYLFH� WR� WKH� HFRV\VWHP� E\� SURYLGLQJ� DQ� HFRORJLFDO� IXQFWLRQ� �%URGLH� HW� DO��

�������,Q�IDFW��FRQVHUYDWLRQ�DFWLRQV�GHYRWHG�WR�LQFUHDVH�ELRGLYHUVLW\�RU�VXSSRUW�

VLQJOH� VSHFLHV�SRSXODWLRQV�PLJKW�QRW�QHFHVVDULO\� WUDQVODWH� LQWR�PDNLQJ�D�PRUH�

UREXVW� HFRV\VWHPV�� 7KXV�� WKHUH� LV� D� VWURQJ� QHHG� IRU� LQWHJUDWLQJ� WKH� HFRORJLFDO�

UROHV�RI�VSHFLHV�LQWR�FRQVHUYDWLRQ�SODQV�E\�FRQVLGHULQJ�WKHLU�LQWHUDFWLRQV��3LJRW�

HW�DO��������%URGLH�HW�DO��������

$� NH\� DVSHFW� RI� LQWHJUDWLQJ� VSHFLHV� LQWHUDFWLRQV� LQWR� FRQVHUYDWLRQ� LV� WR�

LGHQWLI\� DQG�GHVFULEH� DOO� LQWHUDFWLRQV� LQ� DQ� HIIHFWLYH�ZD\� DQG� DOVR� WR� TXDQWLI\�

WKHLU� FRQWULEXWLRQ� WR� WKH� V\VWHP� �H�J�� VWDELOLW\�� RU� LWV� SURGXFWLYLW\�� ,Q�

FRPPXQLW\�OHYHO� SROOLQDWLRQ� QHWZRUNV�� LW� LV� QRZ� SRVVLEOH� WR� LGHQWLI\� VSHFLHV¶�

WRSRORJLFDO�SRVLWLRQ�DQG�WKLV�FRXOG�DOVR�XQYHLO�VSHFLHV¶�UROHV�LQ�WKH�HFRV\VWHP��

6SHFLILFDOO\�� VLQFH� WKH� ZRUN� RQ� PHWDEROLF� QHWZRUNV� RI� *XLPHUj� DQG� 1XQHV�

$PDUDO� ������ DQG� ODWHU� RQ� SODQW�SROOLQDWRU� QHWZRUNV� RI�2OHVHQ� HW� DO�� ������

DQG�'RUPDQQ�DQG�6WUDXVV���������LW�KDV�EHFRPH�FOHDU�KRZ�WR�TXDQWLI\�VSHFLHV�

FRQWULEXWLRQ�WR�QHWZRUN�FRKHVLYHQHVV�� ,W� LV�EHOLHYHG�WKDW�QHWZRUN�FRKHVLYHQHVV�
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LV� EDVHG� RQ� D� KLHUDUFK\� RI� VSHFLHV�� ZLWK� ³KXEV´� EHLQJ� PRUH� LPSRUWDQW� WKDQ�

RWKHUV�� ZKLFK� QRW� RQO\� SUHYHQW� VWUXFWXUDO� EUHDNGRZQ�� EXW� DOVR� DVVXUH� WKH�

IXQFWLRQDOLW\� RI� WKH� V\VWHP� �5HLV� HW� DO�� ������� ,Q� FKDSWHU� ��� QHWZRUN� DQDO\VLV�

ZDV�XVHG�DV�D� WRRO� IRU� ILQGLQJ� WKH�KLHUDUFK\�RI�NH\� VSHFLHV� WKURXJK� WKH�HQWLUH�

VXPPHU�VHDVRQ�LQ�D�GDWDVHW�RI�WZR�SODQW�SROOLQDWRU�DVVHPEODJHV��7KLV�DSSURDFK�

FRQWULEXWHG�WR�XQGHUVWDQGLQJ�QHWZRUN�DQDO\VHV�DQG�IXQFWLRQDO�UROHV�RI�VSHFLHV��

IRU� LQIRUPLQJ� FRQVHUYDWLRQ� SUDFWLFHV�� ³:KDW�PDNHV�D�KXE´� IHDWXUHV�ZHUH� DOVR�

GHVFULEHG�� UHYHDOLQJ� WKDW� D� QHWZRUN¶V� LPSRUWDQW� VSHFLHV� DUH�PRVWO\� JHQHUDOLVWV�

EXW�DOVR�WKDW�WKH\�LQWHUDFW�ZLWK�VHYHUDO�VSHFLDOLVW�VSHFLHV�DV�ZHOO��

*HQHUDOLVP�LQ�SROOLQDWLRQ�DQG�WKH�UROH�RI�UDUH�VSHFLHV

7KH�FRPPXQLW\�OHYHO�DSSURDFK�WR�WKH�VWXG\�RI�FRPSOH[�SROOLQDWLRQ�LQWHUDFWLRQV�

XQUDYHOOHG� D� NH\� IHDWXUH� RI� SROOLQDWLRQ� HFRORJ\�� WKH� SUHYDOHQFH� RI� JHQHUDOLVP�

�:DVHU� HW� DO�� ������� 1HYHUWKHOHVV�� VHYHUDO� GHILQLWLRQV� RI� VSHFLDOLVP� DQG� RI�

JHQHUDOLVP� H[LVW� LQ� SROOLQDWLRQ� HFRORJ\�� VRPH� RI� WKH� FRQFHSWV� KDYH� EHHQ�

VXPPDUL]HG� LQ� 2OOHUWRQ� HW� DO�� �������� DV� IROORZV�� 7KH� HFRORJLFDO

JHQHUDOLVW�VSHFLDOLVW� UHIHUV� WR� WKH� KLJK�ORZ� QXPEHU� RI� HIIHFWLYH� SROOLQDWRUV�

YLVLWLQJ�D�SODQW��$�IXQFWLRQDO JHQHUDOLVW�VSHFLDOLVW�UHIHUV�WR�D�KLJK�ORZ�GLYHUVLW\�

RI� IXQFWLRQDO� JURXSV� RI� SROOLQDWRUV��ZKLFK� DUH� VSHFLHV�ZLWK� VLPLODU� IXQFWLRQDO�

WUDLWV� DQG� OLIH� KLVWRULHV� DQG� HYHQ� ZLWK� VRPH� GHJUHH� RI� SK\ORJHQHWLF� UHODWLRQ�

�XVXDOO\� D� KLJKHU� WD[RQRPLF� OHYHO� DV� D� )DPLO\� RU� DERYH��� ,Q� DGGLWLRQ�� D�

SKHQRW\SLF JHQHUDOL]DWLRQ�VSHFLDOL]DWLRQ� UHIHUV� WR� WKH� �XQ�DGDSWDWLRQV� IRU�

SROOLQDWLQJ�RU�EHLQJ�SROOLQDWHG� �H�J�� UDGLDO�RU� � ]\JRPRUSKLF� IORZHUV�� VSHFLDOLVW�

UHZDUGV��VSHFLDO�FROOHFWLQJ�DSSDUDWXV�RU�SULPLWLYH�FKHZLQJ�PRXWKSDUWV��VFHQWV��

QHFWDU� FKHPLVWU\� DQG� RWKHUV��� $Q� DGGLWLRQDO� FRQFHSW� LV� WKH� HYROXWLRQDU\

JHQHUDOL]DWLRQ�VSHFLDOL]DWLRQ��ZKLFK� UHIHUV� WR� WKH� SURFHVV� RI� HYROYLQJ� WRZDUGV�

JHQHUDOL]DWLRQ�VSHFLDOL]DWLRQ� �$UPEUXVWHU� DQG� %DOGZLQ� ������ $UPEUXVWHU�

������� 7R� WKHVH� GHILQLWLRQV�� LW� LV� SRVVLEOH� WR� DGG� DQ� DGGLWLRQDO� FRQFHSW� RI�

JHQHUDOL]DWLRQ�VSHFLDOL]DWLRQ� ZKLFK� UHOLHV� RQ� WKH� FRQFHSW� RI� QLFKH� RYHUODS�� D�

QLFKH� JHQHUDOLVW�VSHFLDOLVW�� ZKLFK� LV� D� VSHFLHV� ZLWK� D� KLJK�ORZ� SROOLQDWLRQ� RU�

IRUDJLQJ�QLFKH�RYHUODS�ZLWK�RWKHU�FR�RFFXUULQJ�VSHFLHV� �%O�WKJHQ�HW�DO���������

,Q� RWKHU� ZRUGV�� D� QLFKH� JHQHUDOLVW� SODQW� VSHFLHV� LV� D� VSHFLHV� ZKLFK� VKDUHV�

SROOLQDWRUV� ZLWK� RWKHUV�� )XUWKHUPRUH�� LW� LV� DOVR� SRVVLEOH� WR� H[WHQG� WKHVH�
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GHILQLWLRQV� WR� WKH� IORZHU� YLVLWRUV� �UDWKHU� WKDQ� VWULFWO\� UHIHUULQJ� RQO\� WR�

SROOLQDWLRQ�DQG�WR�HIILFLHQW�SROOHQ�FDUULHUV���VR�WKDW�D�SODQW�ZLWKLQ�D�JLYHQ�SODQW�

DQG�IORZHU�YLVLWRU�QHWZRUN�LV�D�JHQHUDOLVW�LI�LW�KDV�PDQ\�NLQGV�RI�YLVLWRUV�DQG�RU�

KDV�KLJK�QLFKH�RYHUODS�ZLWK�RWKHUV��9LFH�YHUVD��ZLWKLQ�WKH�QHWZRUN�IUDPHZRUN��

2OHVHQ� HW� DO�� ���� DUELWUDULO\� GHILQHV� D� VSHFLDOLVW� VLPSO\� DV� D� VSHFLHV� ZLWK�

QXPEHU�RI�OLQNV�HTXDO�RU�OHVV�WKDQ���

7KH� PHFKDQLVP� RI� JHQHUDOL]DWLRQ� LV� WKDW� D� SODQW� EHLQJ� YLVLWHG� E\� D� KLJK�

DPRXQW� RI� SROOLQDWRUV� LQFUHDVHV� WKH� FKDQFHV� RI� KDYLQJ� WKH� SROOHQ� GLVSHUVHG�

�%URVL��������,Q�WXUQ��RQFH�WKHVH�JHQHUDOLVW�SROOLQDWRUV�DUH�DFWLYH�LQ�D�SDWFK��WKH\�

FDQ�FROOHFW�UHVRXUFHV�IURP�D�ZLGH�UDQJH�RI�SODQWV��7KLV�VWUDWHJ\�FRXOG�SURYLGH�

QXWULWLRQDO� EHQHILWV� IURP� PXOWLSOH� VRXUFHV� �$ODX[� HW� DO�� ������ )LOLSLDN� HW DO��

����� DQG� WKHUHIRUH� OLNHO\� VXVWDLQ� SROOLQDWRUV¶� SRSXODWLRQV� E\� SURYLGLQJ�

QXWULWLRQ� �)DHJUL� DQG� YDQ� GHU� 3LMO� ������� 7KHVH� JHQHUDOLVWV� ZLOO� HYHQWXDOO\�

FRQWULEXWH�WR�SODQW�UHSURGXFWLRQ�EHFDXVH�LW�LV�EHOLHYHG�WKDW�JHQHUDOLVW�SROOLQDWRUV�

DUH�DFWXDOO\�YLVLWLQJ�IHZ�SODQW�VSHFLHV�IRU�HDFK�IRUDJLQJ�ERXW��%URVL��������7KLV�

LV�HVSHFLDOO\�OLNHO\�WR�RFFXU�LQ�LQGLYLGXDO�IRUDJHUV�SHUIRUPLQJ�IORZHU�FRQVWDQF\�

�YLVLWV� WR� WKH� VDPH� SODQW� VSHFLHV� GXULQJ� D� IRUDJLQJ� ERXW�� RU� VRPH� GHJUHH� RI�

ILGHOLW\��YLVLWV�WR�WKH�VDPH�SODQW�VSHFLHV�GXULQJ�PXOWLSOH�ERXWV���

+RZHYHU�� EHLQJ� D� VSHFLDOLVW�PLJKW� EH�PRUH� FRPSOH[�� ,Q� IDFW�� D� VSHFLDOLVW�

SODQW�LV�YLVLWHG�E\�D�IHZ�VSHFLHV�WKDW�PLJKW�EH�VSHFLDOLVW�SROOLQDWRUV�RU�JHQHUDOLVW�

RQHV�� :KLOH� WKH� ODWWHU� KDV� EHHQ� GLVFXVVHG� DERYH�� WKH� IRUPHU� DVVXUH� SODQW�

UHSURGXFWLRQ�ZKHQ�HLWKHU�WKH�SROOLQDWRU¶V�SRSXODWLRQ�VL]H�RU�IRUDJLQJ�EHKDYLRXU�

LV�VXIILFLHQW� WR�DOORZ�D�PHDQLQJIXO�SROOHQ�IORZ��)URP�WKH�SROOLQDWRU¶V�SRLQW�RI�

YLHZ��D�VSHFLDOLVW�UHVXOWV�IURP�DGDSWDWLRQ�WR�XVH�WKH�VSHFLDOLVW�SODQW¶V�SKHQRW\SH��

)RU�H[DPSOH��LQ�WKH�FDVH�RI�DQ�ROLJROHFWLF�EHH�ZKLFK�KDV�D�QDUURZ�GLHW��D�SODQW�

DOORFDWHV� VHFRQGDU\�PHWDEROLWHV� LQWR� WKH� UHZDUGV� WR� DYRLG� RYHUH[SORLWDWLRQ� E\�

VRPH�RSSRUWXQLVWLF�YLVLWRUV��DQG�WKXV�RQO\�WKRVH�SROOLQDWRUV�HYROYHG�WR�SURFHVV�

GLIILFXOW� PHWDEROLWHV� FDQ� HIILFLHQWO\� XWLOL]H� WKHVH� UHVRXUFHV� �3UD]� HW� DO�� �������

7KH�VDPH�DSSOLHV�WR�FRPSOH[�RU�SURKLELWLYH�IORZHU�PRUSKRORJLHV��VXFK�DV�ORQJ�

WXEHV� LQ� FRUROODV�� VR� WKDW� RQO\� VSHFLDOL]HG� SROOLQDWRUV� FDQ� DFFHVV� WKH� UHZDUGV�

�)DHJUL�DQG�YDQ�GHU�3LMO��������
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&RQYHUVHO\�� VSHFLDOL]DWLRQ� PLJKW� DFWXDOO\� VLPSO\� EH� WKH� UHVXOW� RI� QHXWUDO�

SURFHVVHV��VXFK�DV�WKH�VWRFKDVWLFLW\�RI�GHWHFWLQJ�DQ�LQWHUDFWLRQ�ZKHQ�SRSXODWLRQ�

VL]H�LV� ORZ�� ,Q�RWKHU�ZRUGV��JLYHQ�UDQGRPQHVV�LQ�ILQGLQJ�D�VSHFLHV�LQWHUDFWLRQ��

OHVV� DEXQGDQW� VSHFLHV� �RU� KDYH� VKRUWHU� SKHQRSKDVH�� KDYH� OHVV� FKDQFH� EHLQJ�

LQWHUDFWLQJ� WKDQ� WKRVH� ZKR� DUH� PRUH� GRPLQDQW �RU� KDYH� ORQJHU� SKHQRSKDVH��

�.DOOLPDQLV�HW�DO���������7KLV�RSHQV�D�TXHVWLRQ��ZKLFK�LV�KRZ�WR�RYHUFRPH�WKLV�

OLPLWDWLRQ�DV�VHW�E\�WKH�ORZ�ORFDO�SRSXODWLRQ�VL]H��HVSHFLDOO\�IRU�WKH�UDUH�VSHFLHV��

$Q�LPSRUWDQW�FRPSRQHQW�RI�WKH�ORFDO�VSHFLHV�DVVHPEODJH�DUH�LQGHHG�WKH�UDUH�

VSHFLHV��2KOHP�OOHU�HW�DO���������7KHVH�DUH�RIWHQ�LQ�QHHG�RI�LPSRUWDQW�HIIRUW�RI�

FRQVHUYDWLRQ�� GXH� WR� UHODWLYHO\� VPDOO� SRSXODWLRQ� VL]H� FRPSDUHG� WR� RWKHU�

JHQHUDOLVW�VSHFLHV�DQG�RU�QDUURZ�DQG�H[FOXVLYH�QLFKH��)RU�H[DPSOH��FOLPDWLFDOO\�

UHVWULFWHG� VSHFLHV� DUH� H[SHFWHG� WR� KDYH� ORZHU� WROHUDQFH� WR� D� FKDQJLQJ�

HQYLURQPHQW��7KXLOOHU�HW�DO���������5DUH�VSHFLHV�DUH�DOVR�GLIILFXOW�WR�VWXG\�LQ�WKH�

ILHOG� EHFDXVH� RI� WKHLU� ORZ� GHWHFWDELOLW\� �(GZDUGV� -U� HW� DO�� ������� 7KLV� FDXVHV�

LVVXHV�EHFDXVH� WUDFNLQJ� WKH� IHZ� LQGLYLGXDOV�RI� D�JLYHQ� UDUH� VSHFLHV� LV� DFWXDOO\�

FKDOOHQJLQJ��7KLV�KDV�GLUHFW� LPSOLFDWLRQV� IRU� VWXG\LQJ� WKH� LQWHUDFWLRQV�� DOVR� LQ�

SROOLQDWLRQ��ZKHUH� WKH� FRQWULEXWLRQ� RI� UDUH� VSHFLHV� WR� DQ� HFRV\VWHP� VHUYLFH� LV�

GLIILFXOW�WR�LQYHVWLJDWH��

$�SRVVLEOH�ZRUNDURXQG�WR�WKLV�SUREOHP�PD\�EH��ILUVWO\��RIIHUHG�E\�GHWDLOHG�

FKDUDFWHULVDWLRQ�RI�WKH�KDELWDW�D�UDUH�VSHFLHV�LV�DFWXDOO\�RFFXS\LQJ�DQG�LQ�ZKLFK�

DUHDV�LW�LV�PRVW�OLNHO\�WR�EH�IRXQG��EDVHG�RQ�D�VHW�RI�HFRORJLFDO�YDULDEOHV�VXFK�DV�

KDELWDW� DQG� FOLPDWH� �2KOHP�OOHU� HW� DO�� ������%LHOOD� HW� DO�� ����D���7KLV� FDQ� EH�

SHUIRUPHG� E\� SUHFLVHO\� GHVFULELQJ�ZKDW� HFRORJLFDO� IDFWRUV� DQG�ZKDW� UDQJH� RI�

WKH� HQYLURQPHQWDO� YDULDEOHV� SUHGLFW� WKH� RFFXUUHQFH� RI� WKH� VSHFLHV�� 2QFH� WKH�

SODXVLEOH� DUHDV� RI� RFFXUUHQFH� DUH GHILQHG�� IRFXVLQJ� RQ� RWKHU� DVSHFWV� �VXFK� DV�

WURSKLF� LQWHUDFWLRQV�� FRXOG� EH� SRVVLEOH�� IRU� H[DPSOH�ZLWK� UHSHDWHG� VXUYH\V� LQ�

NH\� DUHDV� RI� H[SHFWHG� RFFXUUHQFH� RI� WKH� VSHFLHV� �)RLV� HW� DO�� �������.QRZLQJ�

ZKHUH� D� VSHFLHV� LV� OLNHO\� WR�RFFXU�ZLOO�RYHUFRPH� WKH�SUREOHP�RI�GHWHFWDELOLW\��

7KXV��WKLV�IUDPHZRUN�ZRXOG�QRW�RQO\�KHOS�WKH�FRQVHUYDWLRQ�RI�UDUH�VSHFLHV�EXW�

DOVR� KHOS� WR� IXUWKHU� XQGHUVWDQG� ZKDW� FDQ� EH� GRQH� WR� VKHG� OLJKW� RQ� WKH�

LQWHUDFWLRQV�RI� WKHVH� UDUH� VSHFLHV� �'XII\� DQG� -RKQVRQ��������7KLV� IUDPHZRUN��

ZKLFK� FRQVLVWV� RI� GHILQLQJ� WKH� HFRORJLFDO� QLFKH� RI� D� UDUH� VSHFLHV� DQG� WKHQ� WR�

LQYHVWLJDWH� LWV� WURSKLF� LQWHUDFWLRQV�� ZDV� WHVWHG� ZLWK� D� UDUH� DOSLQH� HQGHPLF�
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EXPEOHEHH� VXEVSHFLHV�� VHH� FKDSWHU� ��� 7KH� UHVXOWV� FRQILUPHG� WKDW� WKH� UDULW\� LV�

GXH� WR� FOLPDWLF� VSHFLDOLVP� �D� QDUURZ� FOLPDWLF� HFRORJLFDO� QLFKH��� <HW�� ZKHQ�

IRFXVLQJ�RQ� WKH�HQWLUH�RFFXUUHQFH� UDQJH�� LW� WXUQHG�RXW� WKDW� WKH�EXPEOHEHH� LV� D�

SROOLQDWRU� JHQHUDOLVW� ZKLFK� FROOHFWV� UHVRXUFHV� IURP� DERXW� ��� SODQW

VSHFLHV� $QRWKHU�UHVXOW�RI�WKH�PHQWLRQHG�UHVHDUFK�LV�WKDW�D�VWHDG\�GHFOLQH�RI�WKH�

DOWLWXGLQDO�RFFXSDQF\�KDV�EHHQ�GHWHFWHG��ZKLFK�PLJKW�KDYH�VWURQJ�LPSOLFDWLRQV�

IRU� WKH�H[WHQW�RI� WKH�SRSXODWLRQV�DQG�RI� WKH�VXUYLYDO�RI� WKLV�VSHFLHV� LQ�YLHZ�RI�

WKH GHFOLQH�RI SROOLQDWRUV�

3ROOLQDWRU�GHFOLQH�DQG�KRZ�IRUDJLQJ�UHODWHV�WR�SRSXODWLRQ�VL]H

3ROOLQDWRUV� DUH� UHVSRQVLEOH� IRU� WKH� HFRV\VWHP�VHUYLFH�RI�SODQW�SROOLQDWLRQ�� WKDW�

KDV�DQ�HVWLPDWHG�HFRQRPLF�YDOXH�RI������ELOOLRQ�ZRUOGZLGH��/DXWHQEDFK�HW�DO��

�������+RZHYHU��ZLOG� SROOLQDWRUV� DUH� IDFLQJ� VWHDG\� GHFOLQHV�� )RU� H[DPSOH�� LQ�

&HQWUDO� (XURSHDQ� FRXQWULHV�� WKH� QXPEHU� RI� FRORQLHV� RI� (XURSHDQ� PDQDJHG�

+RQH\EHHV� GHFOLQHG� EHWZHHQ� ���������� �3RWWV� HW� DO�� ������� 8QIRUWXQDWHO\��

LQIRUPDWLRQ� RQ� SRSXODWLRQ� WUHQGV� RI� ZLOG� SROOLQDWRUV� LV� UDWKHU� VFDUFH� DQG�

GLVSHUVHG��1HYHUWKHOHVV�� SROOLQDWRUV� DQG�SODQWV� IURP� WKH�1HWKHUODQGV�� WKH�8.��

DQG�%HOJLXP�ZHUH�IRXQG�WR�GHFOLQH�VHYHUHO\�VLQFH�WKH�����V��&DUYDOKHLUR�HW�DO��

�������)XUWKHUPRUH��KLVWRULFDOO\�FRPPRQ�EXPEOHEHH�VSHFLHV�KDYH�GHFOLQHG��IRU�

H[DPSOH�DV VKRZQ�E\�FXUUHQW�&ORYHU�SROOLQDWLQJ�EXPEOHEHHV�DVVHPEODJHV� WKDW�

DUH�YHU\�GLIIHUHQW� WKDQ�SDVW�RQHV��DV� UHYHDOHG�E\�FRPSDULQJ�KLVWRULF�GDWD�ZLWK�

UHFHQW� VXUYH\V� �%RPPDUFR� HW� DO�� ������� 7KHVH� QHJDWLYH� WUHQGV� DUH� UHODWHG� WR�

IDFWRUV� VXFK� DV� FOLPDWH� FKDQJH� �.HUU� HW� DO�� ������� WR� VHYHUDO� DJULFXOWXUDO�

SUDFWLFHV�� WKH� UHGXFWLRQ� RI� QDWXUDO� DUHDV� DQG� WKH� VSUHDG� RI� QHZ� GLVHDVHV�

�*RXOVRQ�HW�DO��������

7KH�ZD\�WKH�GHFOLQHV�LQ�SROOLQDWRU�SRSXODWLRQV�DIIHFW�WKH�SROOLQDWLRQ�UDWH�LV�

\HW�XQFOHDU��)RU�H[DPSOH��YDULDWLRQ�LQ�JHQHUDOL]DWLRQ�OHYHO�RI�SODQW¶V�SROOLQDWLRQ�

QLFKH�DFURVV�WZR�FRQVHFXWLYH�\HDUV�ZDV�UHODWHG�WR�D�����GHQVLW\�GLPLQLVKPHQW�

LQ� WKH� DEXQGDQW�SROOLQDWRU� VSHFLHV� �/i]DUR�HW� DO�� �������7KHUHIRUH�� GHFOLQHV� LQ�

SROOLQDWRU¶V�SRSXODWLRQ�VL]H�FDQ�FDXVH�LQWHUDFWLRQ�H[WLQFWLRQ��L�H���WKH�DEVHQFH�RI�

DQ�LQWHUDFWLRQ�WKDW�ZDV�REVHUYHG�SUHYLRXVO\�WR�WKH�UHGXFWLRQ�LQ�SRSXODWLRQ�VL]H���

,QWHUDFWLRQ� H[WLQFWLRQ UDWH� LV� OLNHO\� UHODWHG� WR� SRSXODWLRQ� VL]H�� DV� VSHFLHV�

DEXQGDQFH� LV� FRUUHODWHG� WR� WKH� QXPEHU� RI� LQWHUDFWLRQV� �2OHVHQ� HW� DO�� �������
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7KXV�� D� VLWXDWLRQ� LQ� ZKLFK� WKH� HQYLURQPHQWDO� FRQGLWLRQV� FDXVH� D� JUDGXDO�

DEXQGDQFH�GHFUHDVH�PD\�FDXVH�SURIRXQG�FKDQJHV� LQ�SODQW�SROOLQDWRU�QHWZRUNV�

EHIRUH� DQ\� DFWXDO� H[WLQFWLRQ� RFFXUV� � �6DQWDPDUtD� HW� DO�� ������� 7KLV� KDV� EHHQ�

VKRZQ� LQ� D� IHZ� VWXGLHV�� SODQW�SROOLQDWRU� LQWHUDFWLRQV� GHFUHDVHG� WZR� RU� WKUHH�

WLPHV� IDVWHU� WKDQ� VSHFLHV� ULFKQHVV� ZKHQ� VXUYH\LQJ� D� JUDGLHQW� RI� LQFUHDVLQJ�

KDELWDW� IUDJPHQWDWLRQ� �6DEDWLQR� HW� DO�� ������ %XUNOH� DQG� .QLJKW� �������

IXUWKHUPRUH�� LQWHUDFWLRQV�ZHUH� IRXQG� WR� GLVDSSHDU�ZKHQ� WKH� SROOLQDWLQJ� ELUGV¶�

UHDFKHG�D�SRSXODWLRQ�GHQVLW\�WKDW�ZDV�EHORZ�D�WKUHVKROG��$QGHUVRQ�HW�DO���������

7KXV�� SROOLQDWRU� SRSXODWLRQ� GHQVLWLHV�PD\�PRGLI\� WKH� SROOLQDWRU� IRUDJLQJ��

7KLV�LV�SDUWLFXODUO\�WUXH�IRU�WD[D�ZLWK�KLJK�UHVRXUFH�GHPDQGV��,Q�WKH�FDVH�RI�WKH�

EHHV��+\PHQRSWHUD��$SLIRUPHV���WKH�SROOHQ�LV�QHHGHG�LQ�RUGHU�WR�IHHG�WKH�ODUYDH�

DQG� WULJJHU�RYDU\�GHYHORSPHQW� LQ� UHSURGXFWLYH�IHPDOHV��6RFLDO�SROOLQDWRUV� OLNH�

KRQH\EHHV�RU�EXPEOHEHHV� DUH� DOVR� VXEMHFW� WR�PXOWLSOH� VWUHVVRUV� WKDW� DIIHFW� WKH�

OLIH�F\FOH�RI�WKHLU�FRORQLHV�DQG�WKXV�WKH�VL]H�RI�WKHLU�SRSXODWLRQV��*RXOVRQ HW�DO��

�������)RU�LQVWDQFH��SDWKRJHQV��OLNH�WKH�WU\SDQRVRPH�&ULWKLGLD�ERPEL� FDQ�NLOO�

PRUH�WKDQ�KDOI�RI�D�EXPEOHEHH�FRORQ\¶V�VWUHVVHG�ZRUNHUV�DQG�XS�WR�����RI�WKH�

ZRUNHUV� FDQ� GLH� GXH� WR� SDUDVLWRLG� FRQRSLG� IOLHV� �0�OOHU� DQG� 6FKPLG�+HPSHO�

������ 6FKPLG�+HPSHO� ������� )XUWKHUPRUH�� XQGHU� D� GLHW� FRQWDLQLQJ� ILHOG�

UHDOLVWLF�FRQFHQWUDWLRQ�RI�SHVWLFLGHV��D�JLYHQ�EXPEOHEHH�FRORQ\�FDQ�SURGXFH�����

OHVV�ZRUNHUV�WKDQ�WKH�QRUPDO�DPRXQW� �/D\FRFN�HW�DO��������� ,Q�DGGLWLRQ��XS�WR�

���� RI� WKH� QHZO\� ERUQ� EXPEOHEHHV¶� ZRUNHUV� GR� QRW� ODVW� PRUH� WKDQ� �� GD\V�

ZKLFK� LV� PXFK� OHVV� WKDQ� WKH� QRUPDO� OLIH� H[SHFWDQF\� �*LOO� HW� DO�� ������� ,Q�

KRQH\EHHV��WKH�VXUYLYDO�LV�VWURQJO\�UHGXFHG�E\�����IURP�WKH�V\QHUJLVWLF�HIIHFWV�

RI�ERWK�SRRU�QXWULWLRQ� DQG�SHVWLFLGH� H[SRVXUH� �7RVL� HW� DO�� �������7KHUHIRUH�� LW�

VHHPV�FOHDU�WKDW�SRSXODWLRQV�RI�SROOLQDWRUV�DUH�VXEMHFWHG�WR�VWURQJ�GHFOLQHV�IRU�

HLWKHU�VLQJOH�FDXVHV�RU�IRU�WKH�LQWHUSOD\�RI�PXOWLSOH�IDFWRUV��

$W� WKH� LQGLYLGXDO� IRUDJHU� OHYHO�� LQWUD�VSHFLILF� FRPSHWLWLRQ� FDQ� OHDG� WR� D�

KLJKHU� VSHFLDOLVP� DW� ORZ� GHQVLW\� RI� IRUDJHUV� �)RQWDLQH� HW� DO�� ������� 7KLV�ZDV�

H[SHFWHG�EHFDXVH�WKH�2SWLPDO�)RUDJLQJ�7KHRU\�SUHGLFWV�WKDW�IRUDJLQJ�EHKDYLRXU�

LV� UHODWHG� WR� FRQVXPHU� GHQVLW\�� E\� PHDQV� RI� LQFUHDVLQJ� FRPSHWLWLRQ� IRU�

UHVRXUFHV�DW� KLJKHU� IRUDJHUV¶� DEXQGDQFH� �(POHQ�������0DF$UWKXU� DQG�3LDQND�

�������&RQYHUVHO\��ZKHQ�D�FRORQ\�RI�VRFLDO�SROOLQDWRUV�LV�VXEMHFWHG�WR�D�VWURQJ�

DQG� IDVW� UHGXFWLRQ� LQ� VL]H�� DQ� RYHUDOO� JHQHUDOLVW� IRUDJLQJ� VWUDWHJ\� VKRXOG� EH�
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WULJJHUHG�VR� WKDW� WKH�V\VWHP�FDQ�VWLOO�JDWKHU�HQRXJK�UHVRXUFHV� IRU� WKH�FRORQ\¶V�

ODUYDO� GHPDQGV�� GHVSLWH� IHZHU� DFWLYH� IRUDJHUV� �.DOX]D� HW� DO�� ������� 7KLV� LV�

EHFDXVH� VRFLDO� LQVHFWV� QHHG� D� KLJK� DPRXQW� RI� UHVRXUFHV� LQ� RUGHU� WR� IHHG� WKH�

ODUYDH��7KXV��YDULDWLRQV�RI�SRSXODWLRQV�VL]H�FDQ� WULJJHU�HLWKHU�VSHFLDOL]DWLRQ�RU�

JHQHUDOL]DWLRQ��EXW� LW� LV�QRW�FOHDU�ZKLFK�RI� WKH�WZR�VWUDWHJLHV�� ,Q�FKDSWHU���� WKH�

ZD\� D� UHDOLVWLF� GHFOLQH� LQ� SRSXODWLRQ� GHQVLW\� ZLOO� DIIHFW� SROOLQDWRU¶V� IRUDJLQJ�

ZDV� WHVWHG� LQ� WKH� ILHOG� ZLWK� FRPPHUFLDO� FRORQLHV� RI� WKH� EXPEOHEHH� %RPEXV�

WHUUHVWULV� +RZHYHU��VLQFH�D� OLPLWHG�DGDSWDELOLW\�E\�IRUDJHUV�ZDV� IRXQG� LQ� WKLV�

UHVHDUFK�� D� GHFOLQH� LQ� SRSXODWLRQ� VL]H� PLJKW� XOWLPDWHO\� FDXVH� VSHFLHV�

H[WLQFWLRQV�� ZLWK� VHULRXV� LPSOLFDWLRQV� IRU� WKH� QHWZRUN� RI� LQWHUDFWLRQV� DPRQJ�

WURSKLF�OHYHOV�DQG�PXWXDOLVPV�

6SHFLHV� H[WLQFWLRQV� DQG� PDQLSXODWLYH� WHVWV� LQ� SODQW� SROOLQDWRU�

QHWZRUNV

3ROOLQDWLRQ� VWXGLHV� VKRZHG� WKDW� SROOLQDWLRQ� QHWZRUNV� DUH� VWDEOH� LQ� WKHLU�

DUFKLWHFWXUDO� IHDWXUHV� GHVSLWH� D� VLJQLILFDQW� WXUQ�RYHU� RI� SROOLQDWRU� IDXQD� RYHU�

WLPH��$ODUFyQ�HW�DO���������,QGHHG��WKLV�VWDELOLW\�RI�WKH�QHWZRUN�VWUXFWXUH�DJDLQVW�

VSHFLHV�FRPSRVLWLRQDO�FKDQJHV�LV�D�UHPDUNDEOH�IHDWXUH�ZKLFK�VXJJHVWV�VWUXFWXUDO�

VWDELOLW\��

7KH� DELOLW\� RI� QHWZRUNV� WR� QRW� FROODSVH� DIWHU� VSHFLHV� ORVV� KDV� EHHQ�

LQYHVWLJDWHG� LQ� VHYHUDO� ZRUNV�� ZKLFK� DOVR� UHODWHG� WKLV� DVSHFW� WR� QHWZRUN�

UREXVWQHVV�� %\� XVLQJ� VLPSOH� VLPXODWLRQ� PRGHOV�� VHYHUDO� H[WLQFWLRQ� VFHQDULRV�

KDYH� EHHQ� H[SORUHG�� QDPHO\� UDQGRP� UHPRYDO�� V\VWHPDWLF� UHPRYDO� IURP� WKH�

PRVW�FRQQHFWHG�VSHFLHV�WR�WKH�OHDVW�FRQQHFWHG�RQH��DQG�V\VWHPDWLF�UHPRYDO�IURP�

WKH� OHDVW� FRQQHFWHG� VSHFLHV� WR� WKH� PRVW� FRQQHFWHG� RQHV� �'XQQH� HW� DO�� ������

0HPPRWW� HW� DO�� ������.DLVHU�%XQEXU\� HW� DO�� ������� 7KH� JHQHUDO� YLHZ� LV� WKDW�

SODQW�SROOLQDWRU� QHWZRUNV� DUH� KLJKO\� VHQVLWLYH� WR� VSHFLHV� ORVV� EHFDXVH� RI� WKH�

KLJK�DPRXQW�RI� VHFRQGDU\� H[WLQFWLRQV� �0HPPRWW� HW� DO�� �������)XUWKHUPRUH�� LI�

SODQWV�DUH�WKH�WDUJHW�RI�SULPDU\�H[WLQFWLRQV��WKH�QXPEHU�RI�VHFRQGDU\�H[WLQFWLRQV�

ZLOO� EH� KLJKHU� WKDQ� WKRVH� FDXVHG� LI� SROOLQDWRUV� DUH� WKH� WDUJHW� RI� SULPDU\�

H[WLQFWLRQV��6DQWDPDUtD�HW�DO���������
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+RZHYHU��WKHVH�VWXGLHV�DVVXPH�VWDWLF�UHVSRQVHV�E\�LQGLYLGXDOV�DQG�VSHFLHV�

RI� SROOLQDWRUV��ZKLFK� GRHV� QRW� UHIOHFW� WKH� HFRORJLFDO� UHDOLW\� RI� WKHVH� FRPSOH[��

G\QDPLF� DVVHPEODJHV�� ,Q� RWKHU� ZRUGV�� LQ� PRVW� RI� WKHVH� VWXGLHV� QHWZRUNV� DUH�

FRQVLGHUHG� WR� EH� VWDWLF� HQWLWLHV�� D� YLHZ� WKDW� FRQWUDVWV� WKH� IDFW� WKDW� PDQ\�

SROOLQDWRUV�DUH�G\QDPLF�JHQHUDOLVW� IRUDJHUV� DQG� WKDW� VHYHUDO�SODQWV�KDYH� UDWKHU�

XQVSHFLDOL]HG�SKHQRW\SHV�RU�SURYLGH�ORW�RI�UHZDUGV��:DVHU�HW�DO���������,Q�RWKHU�

VLPXODWLRQV� WKDW� DOORZHG� WKH� SROOLQDWRUV� WR� XVH� UDQGRPO\� QHZ� UHVRXUFHV� DIWHU�

SODQW�UHPRYDO��WKH�QXPEHU�RI�VSHFLHV�H[WLQFWLRQV�GHFUHDVHG��.DLVHU�%XQEXU\�HW�

DO���������7KLV�ZRXOG�LPSO\�WKDW�WKH�QHWZRUN�LV�PRUH�VWDEOH�DIWHU�SHUWXUEDWLRQV�

LI�SROOLQDWRUV�DUH�DEOH�WR�XVH�QHZ�UHVRXUFHV�DQG�HVWDEOLVK�QHZ�OLQNV��D�SURSHUW\�

QDPHG�³UHZLULQJ´�RI�QHWZRUN�LQWHUDFWLRQV��

'LHWDU\�DGDSWDWLRQ�RI�FRQVXPHUV�ZLWKLQ�D�IRRG�ZHE�KDV�EHHQ�VXJJHVWHG� WR�

EH�LPSRUWDQW�WR�WKH�ORQJ�WHUP�VWDELOLW\�RI�FRPSOH[�FRPPXQLWLHV��.RQGRK��������

7KLV� PD\� PHDQ� WKDW� VRPH� SODQW� VSHFLHV� FRXOG� EH� ³UHVFXHG´� IURP� H[WLQFWLRQ�

IROORZLQJ� WKH� ORVV� RI� SROOLQDWRUV� EHFDXVH� RI� DGDSWLYH� EHKDYLRXUDO� VZLWFKHV� LQ�

IRRG�FKRLFH�LQ�UHVSRQVH�WR�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVRXUFHV�FKDQJHV��,Q�WKH�

DEVHQFH�RI�DGDSWLYH�IRUDJHUV��IRRG�ZHE�FRPSOH[LW\�OHDGV�WR�D�GHVWDELOLVDWLRQ�RI�

WKH� DVVHPEODJH��ZKHUHDV�ZLWK� DGDSWLYH� IRUDJHUV�� KLJK� ULFKQHVV� LQ� D� IRRG�ZHE�

DFWV�DV�D�EXIIHU�WR�HQYLURQPHQWDO�IOXFWXDWLRQV��.RQGRK��������:KHQ�VSHFLHV�DUH�

ORVW��QHZ�LQWHUDFWLRQV�FRXOG�EH�EXLOW�XS��UH�ZLULQJ�SURFHVV��DQG�WKLV�VRIWHQV�WKH�

LPSDFW� RI� VSHFLHV� ORVV� E\� LQGLUHFWO\� LQFUHDVLQJ� WKH� FRQQHFWDQFH� WKDW� LV� WKH�

SURSRUWLRQ�RI�UHDOL]HG�OLQNV��.DLVHU�%XQEXU\�HW�DO���������7KHUHIRUH��VKRUW�WHUP�

EHKDYLRXUDO�UHVSRQVH�LQ�SROOLQDWRUV¶�IRUDJLQJ�LPSOLHV�VZLWFKLQJ�IORUDO�UHVRXUFHV��

DOWKRXJK� WKLV� DVSHFW� KDV� EHHQ� UDUHO\� H[SORUHG� ZLWK� UHDO� SODQW�SROOLQDWRU�

QHWZRUNV�LQ�WKH�ILHOG��

,W�LV�RQO\�UHFHQWO\�WKDW�H[SHULPHQWDO�WHVWV�DLPHG�DW�PDQLSXODWLQJ�UHDO�SODQW�

SROOLQDWRU� FRPPXQLWLHV� KDYH� EHHQ� SHUIRUPHG�� 7KHVH� LQYROYHG� RQO\� UHODWLYHO\�

VPDOO� PDQLSXODWLRQV� LQ� WKH� ILHOG�� W\SLFDOO\� E\� UHPRYLQJ� RQH� VSHFLHV�

�/RSH]DUDL]D±0LNHO� HW� DO�� ������ %URVL� DQG� %ULJJV� ������ )HUUHUR� HW� DO�� ������

*ROGVWHLQ�DQG�=\FK��������'HVSLWH�WKDW��VHYHUDO�TXHVWLRQV�UHPDLQ�XQDQVZHUHG��

VXFK�DV�KRZ�PXOWLSOH�ORVVHV�ZLOO�DIIHFW� WKH�FRPSOH[�SROOLQDWLRQ�LQWHUDFWLRQV�LQ�

QDWXUDO�HFRV\VWHPV�DQG�WKH�QHWZRUN�VWUXFWXUH��7KHUH�LV�D�VWURQJ�QHHG�WR�HPSOR\�

H[SHULPHQWDO� DSSURDFKHV� V\VWHPDWLFDOO\� LQ� RUGHU� WR� LQYHVWLJDWH� KRZ� QHWZRUNV�
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DUH� DVVHPEOHG� DQG� LI� WKH\� DUH� UREXVW�� ,Q� FKDSWHU� ��� DQ� H[SHULPHQWDO� DSSURDFK�

ZDV� WDNHQ� WR� H[DPLQH� WKH� HIIHFW� RI� DEUXSW� UHPRYDO� RI� WKH� IORUDO� UHVRXUFHV�

SURYLGHG� E\� WKH� PRVW� JHQHUDOLVW� SODQW� VSHFLHV� IURP� WKUHH� JUDVVODQG� SODQW�

SROOLQDWRU�DVVHPEODJHV��7KHVH�GDWD�ZHUH�H[SORUHG�LQ�RUGHU�WR�GHWHUPLQH�KRZ�WKH�

SROOLQDWRU�JXLOG�ZRXOG�UHVSRQG�WR�WKH�VXGGHQ�ORVV�RI�IORUDO�UHVRXUFHV��LQ�WHUPV�RI�

YLVLWDWLRQ��SROOLQDWLRQ�HIIHFWLYHQHVV��UHVRXUFH�XVH�UHODWHG�WR�SODQW�WUDLWV��DQG�WKHLU�

LPSOLFDWLRQV�RQ�WKH�SODQW�DVVHPEODJH��1HWZRUN�VWUXFWXUH�LV�DIIHFWHG�E\�WKH�UDWH�

RI�VSHFLHV�ORVV��,W�ZDV�VKRZQ�IURP�FRPSXWHU�VLPXODWLRQV�WKDW�UHPRYLQJ�VSHFLHV�

IURP� WKH� OHDVW� WR� WKH�PRVW� FRQQHFWHG� LQFUHDVHG� WKH� UREXVWQHVV� RI� WKH� V\VWHP��

ZKHQ�QHVWHGQHVV�DOVR� LQFUHDVHG� �%XUJRV�HW� DO��������� FRQYHUVHO\�� LQ�D� UDQGRP�

UHPRYDO�VHTXHQFH��WKH�UREXVWQHVV�LV�ORZ�LI�JHQHUDOLVW�LQWHUDFWLRQV�GRPLQDWH�WKH�

QHWZRUN� �3RFRFN� HW� DO�� ������� ,Q� JHQHUDO�� SUHGLFWLRQV� EDVHG� RQ� VLPXODWHG�

QHWZRUNV�SRLQW�RXW� WKDW� UREXVWQHVV� LV� SURSRUWLRQDOO\� UHODWHG� WR�SROOLQDWRU�SODQW�

UDWLR� �³QHWZRUN�DV\PPHWU\´��ZKHQ�SROOLQDWRUV�DUH� UHPRYHG� �DQG� LV�QHJDWLYHO\�

UHODWHG�WR�LW�ZKHQ�SODQWV�DUH�UHPRYHG���3DVWRU�HW�DO���������7KLV�PLJKW�LQGLFDWH�

WKDW�SROOLQDWRU�SODQW�UDWLR�LV�UHODWHG�WR�WKH�UHGXQGDQF\�RI�D�QHWZRUN��0HPPRWW�HW�

DO��������5DPRV�-LOLEHUWR�HW�DO���������

)XUWKHUPRUH��WKH�UREXVWQHVV�LQ�QHWZRUNV�KDV�EHHQ�DVVRFLDWHG�WR�QHVWHGQHVV�

EHFDXVH� LQ�QHVWHG� LQWHUDFWLRQ SDWWHUQV� WKH� OHDVW�OLQNHG�VSHFLHV� FRQQHFW�GLUHFWO\�

ZLWK�WKH�JHQHUDOLVW�SRRO��GLPLQLVKLQJ�WKH�SUREDELOLW\�RI�WKHLU�H[WLQFWLRQ��-RUGDQR�

HW�DO��������%XUJRV�HW�DO���������7KLV�UHODWHV�QHVWHGQHVV�ZLWK�UHGXQGDQF\��7KH�

QHVWHG� VWUXFWXUH� RI� VXFK� DVVHPEODJHV� FRQWDLQV� D� FHQWUDO� FRUH� RI� JHQHUDOLVW�

VSHFLHV� WKDW� LQWHUDFW�ZLWK�HDFK�RWKHU�� DQG�ZLWK�RWKHU� VSHFLDOLVHG�VSHFLHV�� ,Q� VR�

GRLQJ�� WKHVH� ³FRUH� JHQHUDOLVWV´� VXSSRUW� WKH� VSHFLDOLVHG� VSHFLHV� E\� HLWKHU�

SURYLGLQJ� WKHP�ZLWK� WKHLU� VROH� VRXUFH�RI� IORUDO� UHVRXUFHV� �SODQWV��RU� WKHLU� VROH�

SROOHQ�YHFWRU��SROOLQDWRUV���7KH�LPSRUWDQFH�RI�WKHVH�FRUH�JHQHUDOLVW�VSHFLHV�OLHV�

LQ�WKHLU�FHQWUDO��GRPLQDQW�HFRORJLFDO�UROH�ZLWKLQ�D�FRPPXQLW\��DV�WKH\�DUH�RIWHQ�

WKH�PRVW�DEXQGDQW� VSHFLHV� �'XSRQW�HW� DO��������0DUWtQ�*RQ]iOH]�HW� DO���������

)XUWKHUPRUH�� E\� SURYLGLQJ� D� VLJQLILFDQW� DPRXQW� RI� IORUDO� UHVRXUFHV� RU�

SROOLQDWLRQ�VHUYLFHV��WKHLU�SUHVHQFH�PD\�IDFLOLWDWH�WKH�HFRORJLFDO�IXQFWLRQLQJ�RI�

WKH� HQWLUH� FRPPXQLW\�� 8VLQJ� QXPHULFDO� VLPXODWLRQV�� 6DDYHGUD� HW� DO�� ������

VKRZHG� WKDW� QHWZRUN� VXUYLYDO� GHFUHDVHV� PRUH� ZKHQ� UHPRYLQJ� WKH� VWURQJHVW�

FRQWULEXWRUV�WR�QHVWHGQHVV� UDWKHU� WKDQ�ZKHQ�D�ZHDN�FRQWULEXWRUV�WR�QHVWHGQHVV�
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JHWV� ORVW�� ,Q� WXUQ�� WKHVH� VWURQJ� FRQWULEXWRUV�WR�QHVWHGQHVV� DUH� H[SHFWHG� WR� EH�

WKRVH�PRVW�SURQH�WR�H[WLQFWLRQ�IURP�WKH�QHWZRUNV��6XFK�DVWRQLVKLQJ�IUDJLOLW\�RI�

WKH�LPSRUWDQW�NH\�QRGHV�LQ�WKH�IUDPHZRUN�ZDV�XQH[SHFWHG��7KXV��E\�WDNLQJ�RXW�

WKH�PRVW� LPSRUWDQW� VSHFLHV� DQG� WHVWLQJ�FKDQJHV� LQ�QHWZRUN� VWUXFWXUH�� UHVRXUFH�

XWLOL]DWLRQ� DQG�SROOLQDWLRQ� HIILFLHQF\�ZLOO� SURYLGH� DQ� LPSRUWDQW� DVVHVVPHQW� RQ�

KRZ�NH\� VSHFLHV� FRQWULEXWH� WR� UHDO� SODQW�SROOLQDWRU� LQWHUDFWLRQV� DQG� HYHQ�KRZ�

GHWULPHQWDO� WKHLU� ORVV� LV� IRU� WKH� VWDELOLW\� RI� WKH� V\VWHP�� 8VLQJ� ILHOG�EDVHG�

DSSURDFKHV�ZRXOG� DOVR� VHUYH� DV� SURRI�RI�FRQFHSWV� LQ� RUGHU� WR� YHULI\� LI� UHVXOWV�

REWDLQHG� IURP� QXPHULFDO� VLPXODWLRQ� DGKHUH� WR� WKH� UHDOLW\� RI� WKH� HFRV\VWHP�

G\QDPLFV�� ,Q� FKDSWHU� ��� WKH� HIIHFW� RI� WKH� VXGGHQ� UHPRYDO� RI� FRUH� JHQHUDOLVW�

SODQWV� RQ� SODQW� SROOLQDWRU� QHWZRUNV� DQG� DOVR� RQ� VSHFLHV� UHZLULQJ� ZDV�

LQYHVWLJDWHG��7KH�HFRORJLFDO�IDFWRUV�GULYLQJ�WKHVH�FKDQJHV�ZHUH�DOVR�H[DPLQHG�

LQ�RUGHU�WR�SURYLGH�D�PHFKDQLVWLF�YLHZ�RQ�SODQW�SROOLQDWRU�LQWHUDFWLRQV�DQG�WKHLU�

UHZLULQJ��

0HFKDQLVPV RI�SODQW�SROOLQDWRU�LQWHUDFWLRQV

$W� OHDVW� IRXU� DVSHFWV� LQIOXHQFH� WKH� PHFKDQLVP� RI� QHWZRUN� IXQFWLRQLQJ� DQG�

DVVHPEO\�� 7KHVH� IDFWRUV� DUH�� WKH� SKHQRORJ\� RI� VSHFLHV�� WKHLU� DEXQGDQFHV�� WKH�

PDWFKLQJ�DQG�PLVPDWFKLQJ�RI�IXQFWLRQDO�WUDLWV�DQG�WKH�UROH�RI�UHVRXUFH�DPRXQW�

Z:KHQ� LQFOXGHG� DV� D� SUHGLFWRU� RI� LQWHUDFWLRQV�� WKH� SKHQRORJ\� RI� VSHFLHV�

SOD\V� D� UROH� LQ� GHWHUPLQLQJ� QHWZRUN� VWUXFWXUH� �0DUWtQ� *RQ]iOH]� HW� DO�� �������

7KH�FOHDUHVW�H[DPSOH�LV�WKDW�ZKHQ�VWXG\LQJ�WKH�HQWLUH�VHDVRQ��SKHQRORJ\�GULYHQ�

UHSODFHPHQWV� RI� VSHFLHV� DQG� LQWHUDFWLRQV LQIOXHQFHG� QHWZRUN�

FRPSDUWPHQWDOL]DWLRQ��D�IHDWXUH�XVXDOO\�QDPHG�³PRGXODULW\´��0RUHQWH�/ySH]�HW�

DO���������)XUWKHUPRUH��WKH�RYHUODS�LQ�SKHQRORJ\�EHWZHHQ�SODQWV�DQG�SROOLQDWRUV�

DOVR� LQFUHDVHG� WKH� SUREDELOLW\� RI� OLQNLQJ� �2OHVHQ� HW� DO�� ������� &RQYHUVHO\��

SKHQRORJLFDO� XQFRXSOLQJ� EHWZHHQ� WZR� LQWHUDFWLQJ� VSHFLHV� GHWHUPLQHG� D� ODUJH�

SDUW�RI�WKH�DPRXQW�RI�XQUHDOL]HG�OLQNV��2OHVHQ�HW�DO���������8QIRUWXQDWHO\��PRVW�

RI�WKH�QHWZRUN�VWXGLHV�RYHUORRN�WKH�SKHQRORJLFDO�FRPSRQHQW�E\�HLWKHU�FUHDWLQJ�

FXPXODWLYH�QHWZRUNV�ZKLFK�VXPV�DOO�LQWHUDFWLRQV�REVHUYHG�RYHU�ODUJH�DUHDV�WLPH�

SHULRGV�RU�IRFXV�RQ�D VKRUW�WLPH�VQDSVKRW�SHULRG�WDNHQ�DV�D�SXWDWLYH�SHDN�RI�WKH�

SKHQRORJLFDO�DFWLYLW\��VHH�+HJODQG�HW�DO���������7KH�ZD\�WR�LQFOXGH�SKHQRORJ\�

LQ�WKH�VWDWLF�ELSDUWLWH�QHWZRUNV�LV�SUHVHQWHG LQ�FKDSWHU����E\�IRFXVLQJ�SULPDULO\�
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RQ�IORZHU�DEXQGDQFHV�LQ�RUGHU�WR�LGHQWLI\�SKRQRORJLFDO�XQLWV�XSRQ�ZKLFK�EXLOG�

ELSDUWLWH�QHWZRUNV��)DQWLQDWR�HW�DO���������

$QRWKHU� VHW� RI� LPSRUWDQW� SUHGLFWRUV� FRXOG EH� VHDUFKHG� LQ� WKH� VSHFLHV�

IXQFWLRQDO� WUDLWV�� WKDW� DUH� GHILQHG� DV� SKHQRW\SLF� IHDWXUHV� UHODWHG� WR� ILWQHVV�

�9LROOH�HW�DO��������9ROI�HW�DO���������,Q�V\VWHPV�ZKHUH�VXFK�ILWQHVV�GHSHQGV�RQ�

RWKHU� VSHFLHV�� WKH� WUDLWV� RI� ERWK� LQWHUDFWLQJ� SDUWQHUV� QHHG� WR� PDWFK�� ,Q� IRRG�

ZHEV��WUDLWV�RI�ERWK�SUHGDWRUV�DQG�SUH\�GHWHUPLQH�ZKR�HDWV�ZKRP��.OHFND�DQG�

%RXNDO��������LQ�WKH�VDPH�ZD\��ZH QHHG�WR�SD\�DWWHQWLRQ�WR�SROOLQDWRU�DQG�SODQW�

WUDLWV� IRU� H[SODLQLQJ� WKH� VWUXFWXUH� RI� SODQW�SROOLQDWRU� QHWZRUNV� �(NO|I� HW� DO��

�������

6RPH� VWXGLHV� H[SORUHG� WKH�PRUSKRORJLFDO�PDWFKLQJ� LQ� D� VXEVDPSOH�RI� WKH�

SROOLQDWRU�IDXQD�DQG�WKH�IORZHUV�WKH\�YLVLWHG��VXFK�DV�WKRVH�VWXGLHV�UHVWULFWHG�RQ�

D� WDUJHW� JURXS� RI� SROOLQDWRUV� �&RUEHW� ������ *ROGEODWW� DQG� 0DQQLQJ� ������

%RUUHOO�������-DQHþHN�HW�DO���������$�SRVLWLYH�UHODWLRQVKLS�LV�JHQHUDOO\�UHSRUWHG�

EHWZHHQ� PRXWKSDUW� OHQJWK� RI� D� SROOLQDWRU� DQG� QHFWDU� GHSWK� RI� D� IORZHU�� ,Q�

DGGLWLRQ��RWKHU�WUDLWV�DOVR�SOD\�D�UROH��FRUROOD�WXEH�ZLGWK�GHWHUPLQHV�SODQW�ILWQHVV�

�0XFKKDOD� ������� IORZHU� FRORU� YDULDWLRQ� DIIHFWV� YLVLWDWLRQ� UDWHV� �%UDGVKDZ� -U�

DQG� 6FKHPVNH� ������� HYHQ� QHFWDU� YROXPH� DQG� SHWDO� VL]H� SOD\� D� UROH� LQ

LQWHUDFWLRQV�ZLWK�SROOLQDWRUV�DOWKRXJK�SUREDEO\�WKHLU�YDULDWLRQ�GRHV�QRW�H[FOXGH�

DOO�SROOLQDWRUV�DW�RQFH� �6FKHPVNH�DQG�%UDGVKDZ��������$V�IRU� WKH�SROOLQDWRUV��

WKH�WLPH�QHHGHG�IRU�KDQGOLQJ IORZHU�UHVRXUFHV�LQIOXHQFHV�SODQW�ILWQHVV��7HPHOHV�

HW� DO�� ������� DV� ZHOO� DV� SURERVFLV� OHQJWK� GR� �.XOEDED� DQG� :RUOH\� ������

$QGHUVRQ�HW�DO��������

6WLOO��XQGHUVWDQGLQJ�KRZ�HQWLUH�FRPPXQLW\�LQWHUDFWLRQV�DUH�VKDSHG�E\�WUDLWV�

UHPDLQV�D�NH\�SUREOHP��7KLV�LV�H[HPSOLILHG�E\�WKH�UHFHQW�ZRUN�RI�)RUQRII�HW�DO��

�������� LQ� ZKHUH� RQO\� �� RXW� RI� ��� SODQW� WUDLWV� SOD\HG� D� UROH� LQ� SUHGLFWLQJ�

YLVLWDWLRQ� DQG� SROOLQDWRU� ULFKQHVV�� 7KLV� OLPLWHG� SUHGLFWDELOLW\� RI� SROOLQDWLRQ�

QHWZRUN�LQWHUDFWLRQV�IURP�IXQFWLRQDO�WUDLWV��%DUWRPHXV�HW�DO������� PLJKW�EH�GXH�

WR�WKH�RIWHQ�RSSRUWXQLVWLF�QDWXUH�RI�WKHVH�FRPSOH[�FRPPXQLW\�OHYHO�LQWHUDFWLRQV�

�3RQLVLR�HW�DO���������WRJHWKHU�ZLWK�SURPLQHQW�JHQHUDOLVP��:DVHU��������,Q�WKLV�

H[WUHPHO\� G\QDPLFDO� IRUDJLQJ� EHKDYLRU�� WKH� IDFW� WKH� LQWHUDFWLRQV� KDSSHQV�
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VLPSO\�EHFDXVH�WKH\�DUH�SRVVLEOH�VHHPV�WR�SUHYDLO�RYHU�VWULFW�PHFKDQLVPV�EDVHG�

RQ�WUDLW�PDWFKLQJ��

+RZHYHU�� VRPH� WRSRORJLFDO� IHDWXUHV� RI� WKH� SODQW�SROOLQDWRU� QHWZRUNV�

JHQHUDWHG� E\� QHFWDU�SURGXFLQJ� SODQWV� DQG� QHFWDU�VHDUFKLQJ� DQLPDOV� KDYH� EHHQ�

SUHGLFWHG� E\�PDWFKLQJ� SURERVFLV� OHQJWK� DQG� FRUROOD� GHSWK� �6WDQJ� HW� DO�� ������

�������ZHOO�SUHGLFWHG�ZHUH�WKH�GHJUHH�RI�JHQHUDOL]DWLRQ��WKH�QHVWHGQHVV�DQG�WKH�

VSHFLDOL]DWLRQ� DV\PPHWU\�� 'HVSLWH� WKDW�� SUHGLFWDELOLW\� RI� LQWHUDFWLRQV� E\� SODQW�

WUDLWV�ZDV�TXLWH�ORZ��6WDQJ�HW�DO���������+RZHYHU��UDWKHU�WKDQ�VLQJXODUO\��VSHFLHV�

WUDLWV�RSHUDWH�KLHUDUFKLFDOO\�LQ�VKDSLQJ�QHWZRUN LQWHUDFWLRQV��VR�WKDW�D�JLYHQ�WUDLW�

GHWHUPLQHV� VSHFLHV� LQWHUDFWLRQV� RQO\� LI� RWKHU� WUDLWV� KDYH� DOUHDG\� JLYHQ� ZD\�

�-XQNHU� HW� DO�� ������� ,Q� RWKHU� ZRUGV�� YLVLWDWLRQ� RU� SROOLQDWRU� ULFKQHVV� LV�

H[SODLQHG�EHWWHU�ZKHQ�WUDLWV�DUH�FRQVLGHUHG�FRPELQDWLRQV�DQG�LQWHUDFWLRQV�ZLWK�

RWKHU�WUDLWV��)RUQRII�HW�DO���������,Q�IDFW��IORZHU�WUDLWV�VHHP�WR�EH�RUJDQL]HG�LQ�D�

KLHUDUFKLFDO� VHTXHQFH� WKDW� GHWHUPLQHV� ÀRZHU� YLVLWRUV� DQG� WKXV� QHWZRUN�

VWUXFWXUH�� IRU� H[DPSOH�� LQ� RUGHU� RI� LPSRUWDQFH�� ÀRZHULQJ� SKHQRORJ\�� ÀRZHU�

KHLJKW�� QHFWDU�WXEH� GHSWK� DQG� ÀRUDO� UHÀHFWDQFH�� SROOHQ�PDVV�� VXJDU�� DQWKHU�

SRVLWLRQ��SK\ORJHQ\��GLVSOD\�VL]H��DQG�DEXQGDQFH��-XQNHU�HW�DO���������

)XUWKHUPRUH��LQ�PXWXDOLVWLF�ZHEV��VSHFLHV�WHQG�WR�RUJDQL]H�LQWHUDFWLRQV�LQWR�

JURXSV��VSHFLHV WKDW�DUH�PRUH�OLNHO\�WR�LQWHUDFW�DPRQJ�WKHPVHOYHV�DUH�FOXVWHUHG�

WRJHWKHU��6XFK�XQLWV�DUH�QDPHG�FRPSDUWPHQWV�RU�PRGXOHV��*XLPHUj�DQG�1XQHV�

$PDUDO� ������� ,Q� IRRG�ZHEV�� FDXVDO� HIIHFWV� RI� WUDLWV� VXFK� DV� ERG\�VL]H� DQG�

SK\ORJHQHWLF�UHODWHGQHVV� ZHUH� IRXQG� RQ� WKH� FRPSDUWPHQWDOL]DWLRQ� RI� WKH�

LQWHUDFWLRQV��5H]HQGH�HW�DO���������+RZHYHU��LW�LV�QRW�\HW�ZHOO�NQRZQ�KRZ�WUDLWV�

DUH� GLVWULEXWHG� ZLWKLQ� PRGXOHV� LQ� SODQW�SROOLQDWRU� QHWZRUNV�� DOWKRXJK� VRPH�

VWXGLHV� VWDUWHG� WR� LQYHVWLJDWH� WKLV� WRSLF� �9L]HQWLQ�%XJRQL� HW� DO�� �������6SHFLHV�

TXDOLWDWLYH� IHDWXUHV� DV� WKH� ORFDOL]DWLRQ� RI� UHZDUGV� LQ� WKH� IORZHU� �VXSHUILFLDO��

KDOI�ZD\�� GHHS�� DQG� WKH� IHHGLQJ� PRGH� RI� SROOLQDWRUV� �FKHZLQJ�� VLSKRQLQJ��

VSRQJLQJ�� H[SODLQHG�ZHOO� WKH� VSHFLHV� RUJDQL]DWLRQ� LQWR�PRGXOHV� �%LHOOD� HW� DO���

XQSXEOLVKHG���$OVR�IORZHU�V\QGURPHV��L�H��D�VHW�RI�SKHQRW\SLFDO�WUDLWV�JLYHQ�E\�

FRHYROXWLRQ� DPRQJ� SODQWV� DQG� YLVLWLQJ� SROOLQDWRUV� �)DHJUL� DQG� 9DQ� 'HU� 3LMO�

������� KDYH� EHHQ� LQYHVWLJDWHG� IRU� SUHGLFWLQJ� QHWZRUN� FRPSDUWPHQWDOL]DWLRQ�

�0DUWtQ�*RQ]iOH]� HW� DO�� �������+RZHYHU�� HYHQ� WKRXJK� VRPH� SODQW� WUDLWV� ZHUH�

VWDWLVWLFDOO\�UHODWHG�WR�PRGXOHV SODQW�FRPSRVLWLRQ��LW�RIWHQ�KDSSHQV�WKDW�WKH\�DUH�
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QRW� H[FOXVLYH�� ,Q� RWKHU� ZRUGV�� LI� SODQWV� ZLWK� KLJK� SROOHQ� SURGXFWLRQ�

FKDUDFWHUL]HG� D� PRGXOH� ZLWK� KLJK� YLVLWDWLRQ� E\� EHHV� DQG� EHHWOHV�� \HW� DOVR�

DQRWKHU�PRGXOH�ZLWK�PXFK�ORZHU�SURGXFWLRQ�RI�SROOHQ�FRXOG�EH�KLJKO\�XWLOL]HG�

E\�EHHV�DQG�EHHWOHV��0DUWtQ�*RQ]iOH]�HW�DO���������7KHUHIRUH��LW�VHHPV�FOHDU�WKDW�

KRZ� VSHFLHV� WUDLWV� GHWHUPLQHV� QHWZRUN� PRGXODULW\� GHVHUYHV� IXUWKHU�

LQYHVWLJDWLRQ�� ,Q� JHQHUDO�� H[FHSW� IRU� VRPH� FDVH�VWXGLHV�� WKH�ZD\� WKH� SODQW� DQG�

SROOLQDWRU�WUDLWV�LQWHUSOD\�ZKHQ�EXLOGLQJ�QHWZRUNV�KDV�\HW�WR�EH�FODULILHG�

7KH�UHVRXUFH�DPRXQW�DOVR�SOD\�D�UROH�LQ�WKH�LQWHUDFWLRQV��7KH�IUDPHZRUN�RI�

WKH�2SWLPDO�)RUDJLQJ�7KHRU\�SUHGLFWV�WKDW�IRUDJLQJ�EHKDYLRU�GHSHQGV�RQ�HQHUJ\�

FRQWHQW�� KDQGOLQJ� WLPH� DQG� HQFRXQWHU� UDWH�� 7KHVH� SDUDPHWHUV� YDU\� DPRQJ�

VSHFLHV� EXW� WKH\� PD\� EH� SUHGLFWDEOH� E\� VSHFLHV� WUDLWV�� DV� VLQJOH� SROOLQDWRUV�

UHVSRQG� WR� �VRPH�� IORZHU� WUDLWV�� DEXQGDQFH� DQG� UHZDUGV� �5RGUtJXH]�*LURQpV�

DQG� 6DQWDPDUtD� ������� 0RUHRYHU�� WKH� KDQGOLQJ� WLPH� GXULQJ� D� IORZHU� YLVLW� LV�

DIIHFWHG�QRW�RQO\�E\�WKH�VL]H�RI�SURERVFLV�DQG�E\�ERG\�VL]H�EXW�DOVR�E\�WKH�WXEH�

OHQJWK�RI�WKH�IORZHU�DQG�E\�WKH�DPRXQW�RI�UHZDUG��+DUGHU��������)RU�H[DPSOH��

GLIIHUHQW� WLPHV� DUH� UHTXLUHG� IRU� KRQH\EHHV� WR� KDQGOH� GLIIHUHQW� IORZHU�PRUSKV�

�*LRYDQHWWL� DQG� $URQQH� ������� ,QWHUHVWLQJO\�� KRQH\EHHV� SUHIHU� IRUDJLQJ� RQ�

PRUSKV�UHTXLULQJ�ORZHU�KDQGOLQJ�WLPHV�ZKHQ�IDFLQJ�HTXDOO\�UHZDUGLQJ�IORZHUV�

�6DQGHUVRQ� HW� DO�� ������� ,Q� DGGLWLRQ�� IRUDJLQJ� RQ� ORQJ�WXEH� IORZHUV� FDXVHG�

EXPEOHEHHV�ZLWK� VKRUWHU�SURERVFLV� WR� IRUDJH�VORZO\� WKDQ� ORQJ�SURERVFLV�RQHV��

ZKLOH� H[SHULPHQWDOO\� UHGXFLQJ� IORZHU� WXEH�OHQJWK� LQFUHDVHG� WKH� VKRUWHU�

SURERVFLV� EHHV¶� KDQGOLQJ� WLPH� �%DOIRXU� HW� DO�� ������� 7KHUHIRUH�� QRW� RQO\� WKH�

DPRXQW�RI�UHVRXUFHV�EXW�DOVR�WKH�UHODWLYH�UROH�RI�LQVHFW�WUDLWV�SRVVLEO\�UXOH�SODQW�

SROOLQDWRU�LQWHUDFWLRQV�

7KH� UROH� RI� SODQW¶V� IXQFWLRQDO� WUDLWV� DQG� DOVR� WKH� UDWH� RI� UHVRXUFH�

FRQVXPSWLRQ ZDV� LQYHVWLJDWHG� LQ� FKDSWHUV��� DQG���� LQ�RUGHU� WR� HOXFLGDWH�VRPH�

PHFKDQLVWLF� IHDWXUHV�RQ� WKH�IRUFHV� WKDW�PLJKW�KDYH� WDNHQ�SODFH�DIWHU� UHPRYLQJ�

WKH�PRVW�LPSRUWDQW�JHQHUDOLVW�SODQWV�IURP�WKH�SODQW�DVVHPEO\�



ϭϳ

2EMHFWLYHV�RI�WKH�WKHVLV

'HVSLWH�WKH�HQWKXVLDVWLF�GHYHORSPHQW�RI�VWXG\LQJ�SODQW�SROOLQDWRU�LQWHUDFWLRQV�LQ�

UHFHQW� GHFDGHV�� VHYHUDO� DVSHFWV� UHPDLQ� XQFOHDU� DQG� GHVHUYH� LQYHVWLJDWLRQ��

HVSHFLDOO\�DW�D�FRPPXQLW\�OHYHO��,Q�WKLV�WKHVLV�,�H[SORUHG�WKH�IROORZLQJ�DVSHFWV�

,Q�FKDSWHU����,�H[SORUHG�WKH�SRVVLELOLW\ RI�LQIRUPLQJ�FRQVHUYDWLRQ�E\�PHDQV�

RI�QHWZRUN�DQDO\VHV�RI�SODQW�SROOLQDWRU� LQWHUDFWLRQV�� ,Q�WKLV�VWXG\�� WKH�UHVHDUFK�

TXHVWLRQV� ZHUH� WR�� �D�� H[SORUH� WKH� SODQW� SROOLQDWRU� QHWZRUN� WRSRORJLHV� DQG�

LQWHUSUHW� WKHLU� LPSOLFDWLRQV� IRU� FRQVHUYDWLRQ�� DQG� WR� �E�� LGHQWLI\� WKH� LPSRUWDQW�

VSHFLHV� �KXEV�� WKDW� PDNH� WKH� QHWZRUNV� FRKHVLYH� DQG� DOVR� ZKDW� IHDWXUHV�

FKDUDFWHUL]H� WKHP�� 7KHVH� TXHVWLRQV� ZHUH� LQYHVWLJDWHG� E\� FRQVLGHULQJ� WKH�

VHDVRQDO� SKHQRORJ\� RI� WKH� VSHFLHV� RQ� D� GDWDVHW� RI� WZR� VHDVRQ�ZLGH� SODQW�

SROOLQDWRU� VXUYH\V�� E\�PHDQV� RI� D�ZRUNDURXQG� WKDW� RYHUFRPHV� WKH� FRQIOLFW� RI�

XVLQJ�VWDWLF�QHWZRUNV�IRU�VWXG\LQJ�G\QDPLFDO�FRPPXQLWLHV�VXFK�DV�LQWHUDFWLRQV�

LQ�WLPH��

,Q� FKDSWHU� ��� WKH� HFRORJLFDO� QLFKH� DQG� SRWHQWLDO� GLVWULEXWLRQ� RI� D� UDUH�

SROOLQDWRU� WD[RQ� RI� WKH� $OSV� ZDV� FKDUDFWHUL]HG�� 7KH� DLPV� ZHUH� UHODWHG� WR� LWV�

GLVWULEXWLRQ��E\��D��DVNLQJ�ZKDW�HQYLURQPHQWDO�YDULDEOHV�GHVFULEHG�WKH�SUHVHQFH�

RI� WKH� WD[RQ�� �E�� HVWLPDWLQJ� WKH� VXLWDEOH� VXUIDFH� DQG� TXDQWLI\LQJ� FKDQJHV� LQ�

KLVWRULF� YV�� SUHVHQW� DOWLWXGLQDO� RFFXSDQF\�� DQG� �F�� OLVWLQJ� WKH� SODQW� VSHFLHV�

YLVLWHG� LQ� WKH� GLVWULEXWLRQ� DUHD�� 7KH� VWXG\� XVHG� D� GDWDVHW� WKDW� ZDV� DVVHPEOHG�

HVSHFLDOO\� IRU� WKHVH� VFRSHV�� E\� LQWHJUDWLQJ� HQWRPRORJLFDO� FROOHFWLRQV� IURP�

PXOWLSOH�VRXUFHV�ZLWK�OLWHUDWXUH¶V�UHSRUWV��

,Q�FKDSWHU���� WKH�UHVRXUFHV�XWLOL]DWLRQ�E\�D�VRFLDO�SROOLQDWRU�ZLWK�GHFOLQLQJ�

SRSXODWLRQ� VL]H� ZDV� LQYHVWLJDWHG� E\� XVLQJ� PROHFXODU� LGHQWLILFDWLRQ� RI� SROOHQ�

SHOOHWV�� 7KH� ZRUNHU� SRSXODWLRQ� RI� D� EXPEOHEHH� VSHFLHV� ZDV� H[SHULPHQWDOO\�

KDOYHG�DQG�WKH�VFRSH�RI� WKH�UHVHDUFK�ZDV�WR�GHWHUPLQH�SRVVLEOH�DGMXVWPHQWV LQ�

WKH�FROOHFWHG�SROOHQ�GLYHUVLW\�DQG�WKH�FRPSRVLWLRQDO�RYHUODS�ZLWK�RWKHU�IRUDJHUV�

DW� ERWK� WKH� LQGLYLGXDO� OHYHO� RI� WKH�ZRUNHUV� DQG� RI� WKH� DVVRFLDWHG� EXPEOHEHH�

SODQW�QHWZRUNV�

,Q�FKDSWHUV���DQG����,�LQYHVWLJDWHG�WKH�FRQVHTXHQFHV�RI�VSHFLHV�ORVV�RQ�WKH�

SROOLQDWLRQ�JXLOG�DQG�RQ� WKH� LQWHUDFWLRQ�QHWZRUNV�DIWHU�D� ILHOG�PDQLSXODWLRQ�RI�



ϭϴ

VSHFLHV�ULFK�DUHDV�E\�VHTXHQWLDO�UHPRYDO�RI�WKH���PRVW�YLVLWHG�SODQW�VSHFLHV��RQH�

DW�D�WLPH�

,Q� FKDSWHU� ��� WKH� VFRSH�ZDV� IRFXVHG�RQ� WKH� SROOLQDWRU� JXLOG� DV� D� FRKHUHQW�

XQLW�E\�FKDUDFWHUL]LQJ�WKH�HIIHFW�RI�SODQW�UHPRYDO���D��RQ�WKH�JHQHUDO�YLVLWDWLRQ�

LQ� WKH� VLWHV� DQG� RQ� WKH� YLVLWDWLRQ� RI� HDFK� SODQW�VSHFLHV� �L�H��� IORZHU� YLVLWRU¶V�

DEXQGDQFHV��� �E�� RQ� SROOLQDWRUV� IRUDJLQJ� UHGLVWULEXWLRQ� E\� XVLQJ� SODQW� WUDLWV�

VLPLODULW\� WR� WKH� UHPRYHG�SODQWV�� �F��RQ� WKH�SROOLQDWLRQ�HIIHFWLYHQHVV� WR�SODQWV�

DQG� RQ� WKH� DPRXQW� RI� VWDQGLQJ� FURS� RI� QHFWDU� UHVRXUFHV� ZLWK� WKH� UHPRYDO�

VHTXHQFH��

,Q� FKDSWHU� ��� WKH� IRFXV� VKLIWHG� WR� WKH� SODQW�SROOLQDWRU� QHWZRUNV� E\�

LQYHVWLJDWLQJ� KRZ� WKH� VHTXHQWLDO� UHPRYDO� RI� WKH� JHQHUDOLVWV� SODQWV�� �D�� ZLOO�

SURGXFH� DOWHUDWLRQV� LQ� QHWZRUNV� VWUXFWXUHV�� �E�� ZLOO� WULJJHU� UHRUJDQL]DWLRQDO�

UHVSRQVHV�DV�FKDQJHV�LQ�VSHFLHV�OHYHO�QHWZRUNV�LQGH[HV�DQG�DOVR�DV�LQWHUDFWLRQ�

VKLIWV� �³UHZLULQJ´�� DW� QHWZRUN¶V� DQG� DW� VSHFLHV¶� OHYHO�� )XUWKHUPRUH�� �G�� ZKDW�

HFRORJLFDO� GULYHUV� LQIOXHQFHG� WKH� QHWZRUN� VWUXFWXUH�� UHZLULQJ� DQG� SDLU�ZLVH�

LQWHUDFWLRQV�ZHUH�GHWHUPLQHG�

5HIHUHQFHV�

$ODUFyQ�5��:DVHU�10��2OOHUWRQ�-� �������<HDU�WR�\HDU�YDULDWLRQ� LQ� WKH� WRSRORJ\�RI� D�
SODQW±SROOLQDWRU� LQWHUDFWLRQ� QHWZRUN�� 2LNRV� ��������±������ GRL��
��������M����������������������[

$ODX[� &�� 'XFOR]� )�� &UDXVHU� '�� &RQWH� </� ������� 'LHW� HIIHFWV� RQ� KRQH\EHH�
LPPXQRFRPSHWHQFH��%LRO�/HWW�UVEO����������GRL����������UVEO����������

$OEUHFKW� 0�� 5DPLV� 05�� 7UDYHVHW� $� ������� 3ROOLQDWRU�PHGLDWHG� LPSDFWV� RI� DOLHQ�
LQYDVLYH�SODQWV�RQ�WKH�SROOLQDWLRQ�RI�QDWLYH�SODQWV��WKH�UROH�RI�VSDWLDO�VFDOH�DQG�
GLVWLQFW�EHKDYLRXU�DPRQJ�SROOLQDWRU�JXLOGV��%LRO�,QYDVLRQV��������±������GRL��
��������V����������������

$ORQVR� &�� +HUUHUD� &0�� $VKPDQ� 7�/� ������� $� SLHFH� RI� WKH� SX]]OH�� D� PHWKRG� IRU�
FRPSDULQJ� SROOLQDWLRQ� TXDOLW\� DQG� TXDQWLW\� DFURVV� PXOWLSOH� VSHFLHV� DQG�
UHSURGXFWLYH�HYHQWV��1HZ�3K\WRO��������±���



ϭϵ

$QGHUVRQ�%��-RKQVRQ�6'��������7KH�*HRJUDSKLFDO�0RVDLF�RI�&RHYROXWLRQ�LQ�D 3ODQW±
3ROOLQDWRU� 0XWXDOLVP�� (YROXWLRQ� ������±����� GRL�� ��������M������
����������������[

$QGHUVRQ� %�� 5RV� 3�� :LHVH� 7-�� (OOLV� $*� ������� ,QWUDVSHFLILF� GLYHUJHQFH� DQG�
FRQYHUJHQFH�RI�IORUDO�WXEH�OHQJWK�LQ�VSHFLDOL]HG�SROOLQDWLRQ�LQWHUDFWLRQV��3URF�5�
6RF�/RQG�%�%LRO�6FL���������������GRL����������UVSE����������

$QGHUVRQ� 6+��.HOO\�'�� /DGOH\� --�� HW� DO� ������� &DVFDGLQJ� HIIHFWV� RI� ELUG� IXQFWLRQDO�
H[WLQFWLRQ�UHGXFH�SROOLQDWLRQ�DQG�SODQW�GHQVLW\��6FLHQFH���������±����

$UPEUXVWHU�:6��������(YROXWLRQDU\�DQG�HFRORJLFDO�DVSHFWV�RI�VSHFLDOL]HG�SROOLQDWLRQ��
YLHZV� IURP� WKH�DUFWLF� WR� WKH� WURSLFV��3ODQW±SROOLQDWRU� ,QWHUDFW�6SHF�*HQ����±
���

$UPEUXVWHU� :6�� %DOGZLQ� %*� ������� 6ZLWFK� IURP� VSHFLDOL]HG� WR� JHQHUDOL]HG�
SROOLQDWLRQ��1DWXUH��������

%DOIRXU�1-��*DUEX]RY�0��5DWQLHNV�)/� �������/RQJHU� WRQJXHV� DQG� VZLIWHU� KDQGOLQJ��
ZK\� GR�PRUH� EXPEOH� EHHV� �%RPEXV� VSS��� WKDQ� KRQH\� EHHV� �$SLV�PHOOLIHUD��
IRUDJH�RQ�ODYHQGHU��/DYDQGXOD�VSS��"�(FRO�(QWRPRO�������±���

%DUWRPHXV�,��������8QGHUVWDQGLQJ�OLQNDJH�UXOHV�LQ�SODQW�SROOLQDWRU�QHWZRUNV�E\�XVLQJ�
KLHUDUFKLFDO� PRGHOV� WKDW� LQFRUSRUDWH� SROOLQDWRU� GHWHFWDELOLW\� DQG� SODQW� WUDLWV��
3OR6�2QH���H�����

%DUWRPHXV� ,�� &DULYHDX� '3�� +DUULVRQ� 7�� :LQIUHH� 5� ������� 2Q� WKH� LQFRQVLVWHQF\� RI�
SROOLQDWRU� VSHFLHV� WUDLWV� IRU� SUHGLFWLQJ� HLWKHU� UHVSRQVH� WR� ODQG�XVH� FKDQJH� RU�
IXQFWLRQDO�FRQWULEXWLRQ��2LNRV�Q�D�Q�D��GRL����������RLN������

%DVFRPSWH�-��-RUGDQR�3��0HOLiQ�&-��2OHVHQ�-0��������7KH�QHVWHG�DVVHPEO\�RI�SODQW±
DQLPDO�PXWXDOLVWLF�QHWZRUNV��3URF�1DWO�$FDG�6FL���������±����

%DVFRPSWH� -�� -RUGDQR� 3�� 2OHVHQ� -0� ������� $V\PPHWULF� FRHYROXWLRQDU\� QHWZRUNV�
IDFLOLWDWH� ELRGLYHUVLW\� PDLQWHQDQFH�� 6FLHQFH� �������±����� GRL��
��������VFLHQFH��������

%HOO�./��)RZOHU�-��%XUJHVV�.6��HW�DO��������$SSO\LQJ�SROOHQ�'1$�PHWDEDUFRGLQJ�WR�
WKH�VWXG\�RI�SODQW±SROOLQDWRU�LQWHUDFWLRQV��$SSO�3ODQW�6FL���

%LHOOD� 3�� %RJOLDQL� *�� &RUQDOED� 0�� HW� DO� �����D�� 'LVWULEXWLRQ� SDWWHUQV� RI� WKH� FROG�
DGDSWHG� EXPEOHEHH� %RPEXV� DOSLQXV� LQ� WKH� $OSV� DQG� KLQWV� RI� DQ� XSKLOO� VKLIW�
�,QVHFWD��+\PHQRSWHUD��$SLGDH���-�,QVHFW�&RQVHUY��±����GRL����������V������
����������

%LHOOD�3��2OOHUWRQ�-��%DUFHOOD�0��$VVLQL�6� �����E��1HWZRUN�DQDO\VLV�RI�SKHQRORJLFDO�
XQLWV�WR�GHWHFW�LPSRUWDQW�VSHFLHV�LQ�SODQW�SROOLQDWRU�DVVHPEODJHV��FDQ�LW�LQIRUP�
FRQVHUYDWLRQ� VWUDWHJLHV"� &RPPXQLW\� (FRO� ����±���� GRL��
�����������������������



ϮϬ

%O�WKJHQ� 1�� 0HQ]HO� )�� %O�WKJHQ� 1� ������� 0HDVXULQJ� VSHFLDOL]DWLRQ� LQ� VSHFLHV�
LQWHUDFWLRQ�QHWZRUNV��%0&�(FRO������GRL�����������������������

%RPPDUFR� 5�� /XQGLQ� 2�� 6PLWK� +*�� 5XQGO|I� 0� ������� 'UDVWLF� KLVWRULF� VKLIWV� LQ�
EXPEOH�EHH�FRPPXQLW\�FRPSRVLWLRQ�LQ�6ZHGHQ��3URF�5�6RF�%��������±���

%RUUHOO�%-��������/RQJ�7RQJXHV�DQG�/RRVH�1LFKHV��(YROXWLRQ�RI�(XJORVVLQH�%HHV�DQG�
7KHLU� 1HFWDU� )ORZHUV�� %LRWURSLFD� ������±����� GRL�� ��������M������
����������������[

%RVFK� -�� 0DUWtQ� *RQ]iOH]� $0�� 5RGULJR� $�� 1DYDUUR� '� ������� 3ODQW±SROOLQDWRU�
QHWZRUNV�� DGGLQJ WKH� SROOLQDWRU¶V� SHUVSHFWLYH�� (FRO� /HWW� ������±����� GRL��
��������M����������������������[

%UDGVKDZ� -U�+'�� 6FKHPVNH�':� �������$OOHOH� VXEVWLWXWLRQ� DW� D� IORZHU� FRORXU� ORFXV�
SURGXFHV�D�SROOLQDWRU�VKLIW�LQ�PRQNH\IORZHUV��1DWXUH��������

%URGLH�-)��5HGIRUG�.+��'RDN�')��������(FRORJLFDO�)XQFWLRQ�$QDO\VLV��,QFRUSRUDWLQJ�
6SHFLHV� 5ROHV� LQWR� &RQVHUYDWLRQ�� 7UHQGV� (FRO� (YRO� ������±����� GRL��
��������M�WUHH������������

%URVL�%-��������3ROOLQDWRU�VSHFLDOL]DWLRQ��IURP�WKH�LQGLYLGXDO�WR�WKH�FRPPXQLW\��1HZ�
3K\WRO���������±������GRL����������QSK������

%URVL�%-��%ULJJV�+0��������6LQJOH�SROOLQDWRU�VSHFLHV�ORVVHV�UHGXFH�IORUDO�ILGHOLW\�DQG�
SODQW�UHSURGXFWLYH�IXQFWLRQ��3URF�1DWO�$FDG�6FL����������±�����

%XUJRV�(��&HYD�+��3HUD]]R�53-��HW�DO��������:K\�QHVWHGQHVV�LQ�PXWXDOLVWLF�QHWZRUNV"�
-�7KHRU�%LRO��������±�����GRL����������M�MWEL������������

%XUNOH� /$�� .QLJKW� 70� ������� 6KLIWV� LQ� SROOLQDWRU� FRPSRVLWLRQ� DQG� EHKDYLRU� FDXVH�
VORZ�LQWHUDFWLRQ�DFFXPXODWLRQ�ZLWK�DUHD�LQ�SODQW±SROOLQDWRU�QHWZRUNV��(FRORJ\�
�������±����

&DUGLQDOH� %-�� 6ULYDVWDYD� '6�� 'XII\� -(�� HW� DO� ������� (IIHFWV� RI� ELRGLYHUVLW\� RQ� WKH�
IXQFWLRQLQJ� RI� WURSKLF� JURXSV� DQG� HFRV\VWHPV�� 1DWXUH� ��������� GRL��
��������QDWXUH�����

&DUYDOKHLUR�/*��.XQLQ�:(��.HLO�3��HW�DO��������6SHFLHV�ULFKQHVV�GHFOLQHV�DQG�ELRWLF�
KRPRJHQLVDWLRQ� KDYH� VORZHG� GRZQ� IRU�1:�(XURSHDQ� SROOLQDWRUV� DQG� SODQWV��
(FRO�/HWW�������±���

&KDPEHUODLQ�6��9i]TXH]�'3��&DUYDOKHLUR�/��HW�DO��������3K\ORJHQHWLF�WUHH�VKDSH�DQG�
WKH� VWUXFWXUH� RI� PXWXDOLVWLF� QHWZRUNV�� -� (FRO� ��������±������ GRL��
�����������������������

&RUEHW 6$��������%XWWHUIO\�QHFWDULQJ�IORZHUV��EXWWHUIO\�PRUSKRORJ\�DQG�IORZHU�IRUP��
(QWRPRO�([S�$SSO�������±���

&UDQPHU�/��0F&ROOLQ�'��2OOHUWRQ�-� �������/DQGVFDSH� VWUXFWXUH� LQIOXHQFHV�SROOLQDWRU�
PRYHPHQWV�DQG�GLUHFWO\�DIIHFWV�SODQW�UHSURGXFWLYH�VXFFHVV��2LNRV��������±���



Ϯϭ

'RUPDQQ� &)�� 6WUDXVV� 5� ������� $� PHWKRG� IRU� GHWHFWLQJ� PRGXOHV� LQ� TXDQWLWDWLYH�
ELSDUWLWH� QHWZRUNV�� 0HWKRGV� (FRO� (YRO� ����±���� GRL�� �������������
���;������

'XII\�.-��-RKQVRQ�6'��������6SHFLDOL]HG�PXWXDOLVPV�PD\�FRQVWUDLQ�WKH�JHRJUDSKLFDO�
GLVWULEXWLRQ RI� IORZHULQJ� SODQWV�� 3URF� 5� 6RF� %� �������������� GRL��
��������UVSE����������

'XQQH�-$��:LOOLDPV�5-��0DUWLQH]�1'��������1HWZRUN�VWUXFWXUH�DQG�ELRGLYHUVLW\�ORVV�
LQ� IRRG� ZHEV�� UREXVWQHVV� LQFUHDVHV� ZLWK� FRQQHFWDQFH�� (FRO� /HWW� �����±�����
GRL����������M����������������������[

'XSRQW� </�� +DQVHQ� '0�� 2OHVHQ� -0� ������� 6WUXFWXUH� RI� D� SODQW±IORZHU�YLVLWRU�
QHWZRUN� LQ� WKH� KLJK�DOWLWXGH� VXE�DOSLQH� GHVHUW� RI� 7HQHULIH�� &DQDU\� ,VODQGV��
(FRJUDSK\�������±�����GRL����������M����������������������[

(GZDUGV�-U�7&��&XWOHU�'5��*HLVHU�/��HW�DO��������$VVHVVLQJ�UDULW\�RI�VSHFLHV�ZLWK�ORZ�
GHWHFWDELOLW\��OLFKHQV�LQ�3DFLILF�1RUWKZHVW�IRUHVWV��(FRO�$SSO�������±���

(NO|I�$�� -DFRE�8��.RSS� -�� HW� DO� �������7KH� GLPHQVLRQDOLW\� RI� HFRORJLFDO� QHWZRUNV��
(FRO�/HWW�������±���

(POHQ�-0��������7KH�UROH�RI�WLPH�DQG�HQHUJ\�LQ�IRRG�SUHIHUHQFH��$P�1DW��������±
���

(YDQV�'0��3RFRFN�0-��0HPPRWW�-��������7KH�UREXVWQHVV�RI�D�QHWZRUN�RI�HFRORJLFDO�
QHWZRUNV�WR�KDELWDW�ORVV��(FRO�/HWW�������±���

)DELQD�16��$EERWW�.&��*LOPDQ�57� ������� 6HQVLWLYLW\� RI� SODQW±SROOLQDWRU±KHUELYRUH�
FRPPXQLWLHV�WR�FKDQJHV�LQ�SKHQRORJ\��(FRO�0RGHO��������±���

)DHJUL�.��YDQ�GHU�3LMO�/��������7KH�SULQFLSOHV�RI�SROOLQDWLRQ�HFRORJ\��3HUJDPRQ�3UHVV
)DQJ�4��+XDQJ�6�4��������5HODWLYH�VWDELOLW\�RI�FRUH�JURXSV�LQ�SROOLQDWLRQ�QHWZRUNV�LQ�

D� ELRGLYHUVLW\� KRWVSRW� RYHU� IRXU� \HDUV�� 3/R6� 21(� ��H������� GRL��
��������MRXUQDO�SRQH��������

)DQWLQDWR� (�� 'HO� 9HFFKLR� 6�� 6ODYLHUR� $�� HW� DO� ������� 'RHV� IORZHULQJ� V\QFKURQ\�
FRQWULEXWH� WR� WKH� VXVWDLQPHQW� RI� GU\� JUDVVODQG� ELRGLYHUVLW\"� )ORUD� � 0RUSKRO�
'LVWULE�)XQFW�(FRO�3ODQWV�������±�����GRL����������M�IORUD������������

)HUUHUR�9��&DVWUR�6��&RVWD�-��HW�DO� �������(IIHFW�RI� LQYDGHU�UHPRYDO��SROOLQDWRUV� VWD\�
EXW�VRPH�QDWLYH�SODQWV�PLVV�WKHLU�QHZ�IULHQG��%LRO�,QYDVLRQV��������±����

)LOLSLDN�0��.XV]HZVND�.��$VVHOPDQ�0��HW�DO� �������(FRORJLFDO�VWRLFKLRPHWU\�RI� WKH�
KRQH\EHH�� 3ROOHQ� GLYHUVLW\� DQG� DGHTXDWH� VSHFLHV� FRPSRVLWLRQ� DUH� QHHGHG� WR�
PLWLJDWH�OLPLWDWLRQV�LPSRVHG�RQ�WKH�JURZWK�DQG�GHYHORSPHQW�RI�EHHV�E\�SROOHQ�
TXDOLW\��3/26�21(����H���������GRL����������MRXUQDO�SRQH��������

)RLV�0��&XHQD�/RPEUDxD�$��)HQX�*��%DFFKHWWD�*� �������8VLQJ� VSHFLHV�GLVWULEXWLRQ�
PRGHOV� DW� ORFDO� VFDOH� WR� JXLGH� WKH� VHDUFK� RI� SRRUO\� NQRZQ� VSHFLHV�� 5HYLHZ��



ϮϮ

PHWKRGRORJLFDO� LVVXHV� DQG� IXWXUH� GLUHFWLRQV�� (FRO� 0RGHO� �������±����� GRL��
��������M�HFROPRGHO������������

)RQWDLQH� &�� &ROOLQ� &/�� 'DMR]� ,� ������� *HQHUDOLVW� IRUDJLQJ� RI� SROOLQDWRUV�� GLHW�
H[SDQVLRQ� DW� KLJK� GHQVLW\�� -� (FRO� �������±������ GRL�� ��������M������
����������������[

)RUQRII�)��.OHLQ�$�0��+DUWLJ�)��HW�DO��������)XQFWLRQDO�IORZHU�WUDLWV�DQG WKHLU�GLYHUVLW\�
GULYH�SROOLQDWRU�YLVLWDWLRQ��2LNRV���������±������GRL����������RLN������

*DOLPEHUWL� $�� 'H� 0DWWLD� )�� %UXQL� ,�� HW� DO� ������� $� '1$� EDUFRGLQJ� DSSURDFK� WR�
FKDUDFWHUL]H�SROOHQ�FROOHFWHG�E\�KRQH\EHHV��3/R6�2QH���H������

*LOO�5-��5DPRV�5RGULJXH]�2��5DLQH�1(��������&RPELQHG�SHVWLFLGH�H[SRVXUH�VHYHUHO\�
DIIHFWV� LQGLYLGXDO� DQG� FRORQ\�OHYHO� WUDLWV� LQ� EHHV�� 1DWXUH� �������±����� GRL��
��������QDWXUH�����

*LRYDQHWWL� 0�� $URQQH� *� ������� +RQH\� EHH� KDQGOLQJ� EHKDYLRXU� RQ� WKH� SDSLOLRQDWH�
IORZHU�RI�5RELQLD�SVHXGRDFDFLD�/��$UWKURSRG�3ODQW�,QWHUDFW������±���

*ROGEODWW�3��0DQQLQJ�-&��������7KH�ORQJ�SURERVFLG�IO\�SROOLQDWLRQ�V\VWHP�LQ�VRXWKHUQ�
$IULFD��$QQ�0R�%RW�*DUG����±���

*ROGVWHLQ�-��=\FK�0��������:KDW�LI�ZH�ORVH�D�KXE"�([SHULPHQWDO�WHVWLQJ�RI�SROOLQDWLRQ�
QHWZRUN� UHVLOLHQFH� WR� UHPRYDO� RI� NH\VWRQH� IORUDO� UHVRXUFHV�� $UWKURSRG�3ODQW�
,QWHUDFW�������±�����GRL����������V����������������

*RXOVRQ� '�� 1LFKROOV� (�� %RWtDV� &�� 5RWKHUD\� (/� ������� %HH� GHFOLQHV� GULYHQ� E\�
FRPELQHG� VWUHVV� IURP� SDUDVLWHV�� SHVWLFLGHV�� DQG� ODFN� RI� IORZHUV�� 6FLHQFH�
�������������GRL����������VFLHQFH��������

*XLPHUj�5��1XQHV�$PDUDO�/$� �������)XQFWLRQDO� FDUWRJUDSK\�RI� FRPSOH[�PHWDEROLF�
QHWZRUNV��1DWXUH��������±�����GRL����������QDWXUH�����

+DUGHU�/'��������)ORZHU�KDQGOLQJ�HIILFLHQF\�RI�EXPEOH�EHHV��PRUSKRORJLFDO�DVSHFWV�
RI�SURELQJ�WLPH��2HFRORJLD�������±���

+HJODQG� 6-�� 'XQQH� -�� 1LHOVHQ� $�� 0HPPRWW� -� ������� +RZ� WR� PRQLWRU� HFRORJLFDO�
FRPPXQLWLHV�FRVW�HIILFLHQWO\��7KH�H[DPSOH�RI�SODQW±SROOLQDWRU�QHWZRUNV��%LRO�
&RQVHUY���������±������GRL����������M�ELRFRQ������������

-DQHþHN�â��%DUWRã�0��1MDER�.<� �������&RQYHUJHQW� HYROXWLRQ�RI� VXQELUG� SROOLQDWLRQ�
V\VWHPV�RI� ,PSDWLHQV� VSHFLHV� LQ� WURSLFDO�$IULFD� DQG�KXPPLQJELUG� V\VWHPV�RI�
WKH�1HZ�:RUOG��%LRO�-�/LQQ�6RF��������±���

-HUViNRYi�-��-RKQVRQ�6'��.LQGOPDQQ�3��������0HFKDQLVPV�DQG�HYROXWLRQ�RI�GHFHSWLYH�
SROOLQDWLRQ� LQ� RUFKLGV�� %LRO� 5HY� ������±����� GRL��
��������6����������������

-RUGDQR�3��%DVFRPSWH�-��2OHVHQ�-0��������7KH�HFRORJLFDO�FRQVHTXHQFHV�RI�FRPSOH[�
WRSRORJ\�DQG�QHVWHG� VWUXFWXUH� LQ�SROOLQDWLRQ�ZHEV�� ,Q��:DVHU�10��2OOHUWRQ�-�



Ϯϯ

�HGV�� 3ODQW�SROOLQDWRU� LQWHUDFWLRQV�� IURP� VSHFLDOL]DWLRQ� WR� JHQHUDOL]DWLRQ��
8QLYHUVLW\�RI�&KLFDJR�3UHVV��&KLFDJR��SS����±���

-RUGDQR� 3�� %DVFRPSWH� -�� 2OHVHQ� -0� ������� ,QYDULDQW� SURSHUWLHV� LQ� FRHYROXWLRQDU\�
QHWZRUNV�RI�SODQW±DQLPDO�LQWHUDFWLRQV��(FRO�/HWW�����±��

.DLVHU�%XQEXU\�&1��0XII�6��0HPPRWW� -�� HW� DO� �������7KH� UREXVWQHVV�RI�SROOLQDWLRQ�
QHWZRUNV� WR� WKH� ORVV� RI� VSHFLHV� DQG� LQWHUDFWLRQV�� D� TXDQWLWDWLYH� DSSURDFK�
LQFRUSRUDWLQJ�SROOLQDWRU�EHKDYLRXU��(FRO�/HWW�������±�����GRL����������M������
����������������[

.DOOLPDQLV� $6�� 3HWDQLGRX� 7�� 7]DQRSRXORV� -�� HW� DO� ������� 'R� SODQW±SROOLQDWRU�
LQWHUDFWLRQ� QHWZRUNV� UHVXOW� IURP� VWRFKDVWLF� SURFHVVHV"� (FRO�0RGHO� �������±
�����GRL����������M�HFROPRGHO������������

.DOX]D��:DOODFH�+HOHQ��.HOOHU�$OH[DQGHU��HW�DO��������*HQHUDOLVW�VRFLDO�EHHV�PD[LPL]H�
GLYHUVLW\� LQWDNH� LQ� SODQW� VSHFLHVဨULFK� DQG� UHVRXUFHဨDEXQGDQW� HQYLURQPHQWV��
(FRVSKHUH���H�������GRL����������HFV������

.HUU� -7�� 3LQGDU� $�� *DOSHUQ� 3�� HW� DO� ������� &OLPDWH� FKDQJH� LPSDFWV� RQ� EXPEOHEHHV�
FRQYHUJH� DFURVV� FRQWLQHQWV�� 6FLHQFH� �������±����� GRL��
��������VFLHQFH�DDD����

.OHFND� -�� %RXNDO�'6� ������� )RUDJLQJ� DQG� YXOQHUDELOLW\� WUDLWV�PRGLI\� SUHGDWRU±SUH\�
ERG\�PDVV� DOORPHWU\�� IUHVKZDWHU�PDFURLQYHUWHEUDWHV� DV� D� FDVH� VWXG\�� -�$QLP�
(FRO��������±������GRL�������������������������

.RQGRK� 0� ������� )RUDJLQJ� DGDSWDWLRQ� DQG� WKH� UHODWLRQVKLS� EHWZHHQ� IRRG�ZHE�
FRPSOH[LW\�DQG�VWDELOLW\��6FLHQFH���������±����

.XOEDED� 0:�� :RUOH\� $&� ������� 6HOHFWLRQ� RQ� )ORUDO� 'HVLJQ� LQ� 3ROHPRQLXP�
%UDQGHJHHL� �SROHPRQLDFHDH��� )HPDOH� DQG� 0DOH� )LWQHVV� 8QGHU� +DZNPRWK�
3ROOLQDWLRQ��(YROXWLRQ��������±������GRL����������M����������������������[

/D\FRFN� ,��/HQWKDOO�.0��%DUUDWW�$7��&UHVVZHOO� -(� �������(IIHFWV�RI� LPLGDFORSULG�� D�
QHRQLFRWLQRLG� SHVWLFLGH�� RQ� UHSURGXFWLRQ� LQ� ZRUNHU� EXPEOH� EHHV� �%RPEXV�
WHUUHVWULV���(FRWR[LFRORJ\��������±����

/i]DUR� $�� /XQGJUHQ� 5�� 7RWODQG� �� ������� ([SHULPHQWDO� UHGXFWLRQ� RI� SROOLQDWRU�
YLVLWDWLRQ� PRGLILHV� SODQW±SODQW� LQWHUDFWLRQV� IRU� SROOLQDWLRQ�� 2LNRV� ��������±
����

/i]DUR� $�� 7VFKHXOLQ� 7�� 'HYDOH]� -�� HW� DO� ������� (IIHFWV� RI� JUD]LQJ� LQWHQVLW\� RQ�
SROOLQDWRU�DEXQGDQFH�DQG�GLYHUVLW\��DQG�RQ�SROOLQDWLRQ�VHUYLFHV��(FRO�(QWRPRO��
GRL����������HHQ������

/RSH]DUDL]D±0LNHO�0(��+D\HV�5%��:KDOOH\�05��0HPPRWW�-��������7KH�LPSDFW�RI�DQ�
DOLHQ� SODQW� RQ� D� QDWLYH� SODQW±SROOLQDWRU� QHWZRUN�� DQ� H[SHULPHQWDO� DSSURDFK��
(FRO�/HWW�������±���



Ϯϰ

/XFDV�$��%RGJHU�2��%URVL�%-��HW�DO��������)ORUDO�UHVRXUFH�SDUWLWLRQLQJ�E\�LQGLYLGXDOV�
ZLWKLQ� JHQHUDOLVHG� KRYHUIO\� SROOLQDWLRQ� QHWZRUNV� UHYHDOHG� E\� '1$�
PHWDEDUFRGLQJ��6FL�5HS���������GRL����������V�����������������

0DF$UWKXU�5+��3LDQND�(5��������2Q�RSWLPDO�XVH�RI�D�SDWFK\�HQYLURQPHQW��$P�1DW�
�������±���

0DF*UHJRU� &-�� .LWVRQ� --1�� )R[� 5�� HW� DO� ������� &RQVWUXFWLRQ�� YDOLGDWLRQ�� DQG�
DSSOLFDWLRQ� RI� QRFWXUQDO� SROOHQ� WUDQVSRUW� QHWZRUNV� LQ� DQ� DJUR�HFRV\VWHP�� D�
FRPSDULVRQ�XVLQJ�OLJKW�PLFURVFRS\�DQG�'1$�PHWDEDUFRGLQJ��(FRO�(QWRPRO�����
GRL����������HHQ������

0DFLRU�/:��������3ROOLQDWLRQ�HFRORJ\�DQG�HQGHPLVP�RI�3HGLFXODULV�SXOFKHOOD�3HQQHOO�
�6FURSKXODULDFHDH���3ODQW�6SHFLHV�%LRO������±���

0DUWtQ� *RQ]iOH]� $0�� $OOHVLQD� 6�� 5RGULJR� $�� %RVFK� -� ������� 'ULYHUV� RI�
FRPSDUWPHQWDOL]DWLRQ� LQ� D� 0HGLWHUUDQHDQ� SROOLQDWLRQ� QHWZRUN�� 2LNRV�
��������±������GRL����������M����������������������[

0DUWtQ� *RQ]iOH]� $0�� 'DOVJDDUG� %�� 2OHVHQ� -0� ������� &HQWUDOLW\�PHDVXUHV� DQG� WKH�
LPSRUWDQFH�RI�JHQHUDOLVW�VSHFLHV�LQ�SROOLQDWLRQ�QHWZRUNV��(FRO�&RPSOH[�����±
����GRL����������M�HFRFRP������������

0HPPRWW�-��:DVHU�10��3ULFH�09��������7ROHUDQFH�RI�SROOLQDWLRQ�QHWZRUNV�WR�VSHFLHV�
H[WLQFWLRQV��3URF�5�6RF�/RQG�%�%LRO�6FL���������±����

0LOOHU�6WUXWWPDQQ�1(��*DOHQ�&� �������+LJK�DOWLWXGH�PXOWL�WDVNHUV�� EXPEOH�EHH� IRRG�
SODQW� XVH� EURDGHQV� DORQJ� DQ� DOWLWXGLQDO� SURGXFWLYLW\� JUDGLHQW�� 2HFRORJLD�
��������±������GRL����������V����������������

0RUHQWH�/ySH]� -�� /DUD�5RPHUR� &�� 2UQRVD� &�� ,ULRQGR� -0� ������� 3KHQRORJ\� GULYHV�
VSHFLHV�LQWHUDFWLRQV�DQG�PRGXODULW\�LQ�D�SODQW�� IORZHU�YLVLWRU�QHWZRUN��6FL�5HS�
��������GRL����������V�����������������

0XFKKDOD�1� �������$GDSWLYH� WUDGH�RII� LQ� IORUDO�PRUSKRORJ\�PHGLDWHV� VSHFLDOL]DWLRQ�
IRU�IORZHUV�SROOLQDWHG�E\�EDWV�DQG�KXPPLQJELUGV��$P�1DW��������±���

0�OOHU� &%�� 6FKPLG�+HPSHO� 3� ������� ([SORLWDWLRQ� RI� FROG� WHPSHUDWXUH� DV� GHIHQFH�
DJDLQVW�SDUDVLWRLGV�LQ�EXPEOHEHHV��1DWXUH�������±����GRL����������������D�

1HZEROG�7��+XGVRQ�/1��+LOO� 6//�� HW� DO� �������*OREDO� HIIHFWV� RI� ODQG� XVH� RQ� ORFDO�
WHUUHVWULDO�ELRGLYHUVLW\��1DWXUH�������±����GRL����������QDWXUH�����

2KOHP�OOHU�5��$QGHUVRQ�%-��$UD~MR�0%��HW�DO��������7KH�FRLQFLGHQFH�RI�FOLPDWLF�DQG�
VSHFLHV�UDULW\��KLJK�ULVN�WR�VPDOO�UDQJH�VSHFLHV�IURP�FOLPDWH�FKDQJH��%LRO�/HWW�
�����±�����GRL����������UVEO����������

2OHVHQ� -0�� %DVFRPSWH� -�� 'XSRQW� </� HW� DO� �������0LVVLQJ� DQG� IRUELGGHQ� OLQNV� LQ�
PXWXDOLVWLF� QHWZRUNV�� 3URF� 5� 6RF� /RQG� %� %LRO� 6FL� �������±����� GRL��
��������UVSE����������
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2OHVHQ�-0��%DVFRPSWH�-��'XSRQW�</��-RUGDQR�3��������7KH�PRGXODULW\�RI�SROOLQDWLRQ�
QHWZRUNV�� 3URF� 1DWO� $FDG� 6FL� ���������±������� GRL��
��������SQDV�����������

2OHVHQ� -0��%DVFRPSWH� -��'XSRQW�</�� -RUGDQR�3� �������7KH� VPDOOHVW� RI� DOO�ZRUOGV��
SROOLQDWLRQ�QHWZRUNV��-�7KHRU�%LRO��������±���

2OHVHQ� -0�� %DVFRPSWH� -�� (OEHUOLQJ� +�� -RUGDQR� 3� ������� 7HPSRUDO� G\QDPLFV� LQ� D�
SROOLQDWLRQ�QHWZRUN��(FRORJ\��������±����

2OHVHQ�-0��'XSRQW�</��2¶*RUPDQ�(��HW�DO� �������)URP�%URDGVWRQH� WR�=DFNHQEHUJ��
VSDFH��WLPH�DQG�KLHUDUFKLHV�LQ�HFRORJLFDO�QHWZRUNV��,Q��$GYDQFHV�LQ�HFRORJLFDO�
UHVHDUFK��(OVHYLHU��SS��±��

2OOHUWRQ�-��.LOOLFN�$��/DPERUQ�(��HW�DO��������0XOWLSOH�0HDQLQJV�DQG�0RGHV��2Q�WKH�
0DQ\� :D\V� WR� %H� D� *HQHUDOLVW� )ORZHU�� 7D[RQ� ������±����� GRL��
����������������

3DVWRU� -0�� 6DQWDPDUtD� 6�� 0pQGH]� 0�� *DOHDQR� -� ������� (IIHFWV� RI� WRSRORJ\� RQ�
UREXVWQHVV�LQ�HFRORJLFDO�ELSDUWLWH�QHWZRUNV��1HWZ�+HWHURJ�0HGLD���

3LJRW� $/�� %UHJPDQ� 7�� 6KHDUG� &�� HW� DO� ������� 4XDQWLI\LQJ� VSHFLHV� FRQWULEXWLRQV� WR�
HFRV\VWHP�SURFHVVHV��D�JOREDO�DVVHVVPHQW�RI�IXQFWLRQDO�WUDLW�DQG�SK\ORJHQHWLF�
PHWULFV� DFURVV� DYLDQ� VHHG�GLVSHUVDO� QHWZRUNV�� 3URF� 5� 6RF� %� ��������������
GRL����������UVSE����������

3RFRFN� 0-�� (YDQV� '0�� 0HPPRWW� -� ������� 7KH� UREXVWQHVV� DQG� UHVWRUDWLRQ� RI� D�
QHWZRUN�RI�HFRORJLFDO�QHWZRUNV��6FLHQFH��������±���

3RQLVLR�/&��*DLDUVD�03��.UHPHQ�&��������2SSRUWXQLVWLF�DWWDFKPHQW�DVVHPEOHV�SODQW±
SROOLQDWRU�QHWZRUNV��(FRO�/HWW��������±����� GRL����������HOH������

3RUQRQ� $�� $QGDOR� &�� %XUUXV� 0�� (VFDUDYDJH� 1� ������� '1$� PHWDEDUFRGLQJ� GDWD�
XQYHLOV�LQYLVLEOH�SROOLQDWLRQ�QHWZRUNV��6FL�5HS��������

3RWWV� 6*�� 5REHUWV� 63�� 'HDQ� 5�� HW� DO� ������� 'HFOLQHV� RI� PDQDJHG� KRQH\� EHHV� DQG�
EHHNHHSHUV�LQ�(XURSH��-�$SLF�5HV������±��

3UD]�&-��0�OOHU�$��'RUQ�6��������6SHFLDOL]HG�EHHV�IDLO�WR�GHYHORS�RQ�QRQ�KRVW�SROOHQ��
GR�SODQWV�FKHPLFDOO\�SURWHFW�WKHLU�SROOHQ��(FRORJ\�������±���

5DPRV�-LOLEHUWR� 5�� 9DOGRYLQRV� )6�� 0RLVVHW� GH� (VSDQpV� 3�� )ORUHV� -'� �������
7RSRORJLFDO� SODVWLFLW\� LQFUHDVHV� UREXVWQHVV� RI� PXWXDOLVWLF� QHWZRUNV�� -� $QLP�
(FRO�������±���

5HLV� 6'6��+X�<��%DELQR�$�� HW� DO� �������$YRLGLQJ� FDWDVWURSKLF� IDLOXUH� LQ� FRUUHODWHG�
QHWZRUNV�RI�QHWZRUNV��1DW�3K\V�������±�����GRL����������QSK\V����

5H]HQGH�(/��$OEHUW�(0��)RUWXQD�0$��%DVFRPSWH�-��������&RPSDUWPHQWV�LQ�D�PDULQH�
IRRG�ZHE� DVVRFLDWHG�ZLWK� SK\ORJHQ\�� ERG\�PDVV�� DQG� KDELWDW� VWUXFWXUH�� (FRO�
/HWW�������±���
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5RGUtJXH]�*LURQpV�0$��6DQWDPDUtD�/��������0RGHOV�RI�RSWLPDO�IRUDJLQJ�DQG�UHVRXUFH�
SDUWLWLRQLQJ��GHHS�FRUROODV�IRU�ORQJ�WRQJXHV��%HKDY�(FRO�������±���

6DDYHGUD�6��6WRXIIHU�'%��8]]L�%��%DVFRPSWH�-��������6WURQJ�FRQWULEXWRUV�WR�QHWZRUN�
SHUVLVWHQFH�DUH�WKH�PRVW�YXOQHUDEOH�WR�H[WLQFWLRQ��1DWXUH��������±���

6DEDWLQR�0��0DFHLUD�1��$L]HQ�0$��������'LUHFW�HIIHFWV�RI�KDELWDW�DUHD�RQ LQWHUDFWLRQ�
GLYHUVLW\�LQ�SROOLQDWLRQ�ZHEV��(FRO�$SSO��������±����

6DQGHUVRQ� &(�� 2UR]FR� %6�� +LOO� 36�� :HOOV� +� ������� +RQH\EHH� �$SLV� PHOOLIHUD�
OLJXVWLFD��UHVSRQVH�WR�GLIIHUHQFHV�LQ�KDQGOLQJ�WLPH��UHZDUGV�DQG�IORZHU�FRORXUV��
(WKRORJ\��������±���

6DQWDPDUtD�6� *DOHDQR�-��3DVWRU�-0��0pQGH]�0��������5HPRYLQJ�LQWHUDFWLRQV��UDWKHU�
WKDQ�VSHFLHV��FDVWV�GRXEW�RQ�WKH�KLJK�UREXVWQHVV�RI�SROOLQDWLRQ�QHWZRUNV��2LNRV�
�������±�����GRL����������RLN������

6DQWDPDUtD� 6�� *DOHDQR� -�� 3DVWRU� -0�� 0pQGH]� 0� ������� 5REXVWQHVV� RI� $OSLQH�
3ROOLQDWLRQ� 1HWZRUNV�� (IIHFWV� RI� 1HWZRUN� 6WUXFWXUH� DQG� &RQVHTXHQFHV� IRU�
(QGHPLF�3ODQWV��$UFW�$QWDUFW�$OS�5HV�������±����� GRL�� ������������������
��������

6FKHPVNH�':��%UDGVKDZ�+'��������3ROOLQDWRU�SUHIHUHQFH�DQG�WKH�HYROXWLRQ�RI�IORUDO�
WUDLWV�LQ�PRQNH\IORZHUV��0LPXOXV���3URF�1DWO�$FDG�6FL���������±�����

6FKPLG�+HPSHO� 3� �������2Q� WKH� HYROXWLRQDU\� HFRORJ\� RI� KRVW±SDUDVLWH� LQWHUDFWLRQV��
DGGUHVVLQJ� WKH� TXHVWLRQ� ZLWK� UHJDUG� WR� EXPEOHEHHV� DQG� WKHLU� SDUDVLWHV��
1DWXUZLVVHQVFKDIWHQ�������±���

7HPHOHV�(-��.RXORXULV�&5��6DQGHU�6(��.UHVV�:-��������(IIHFW�RI� IORZHU�VKDSH�DQG�
VL]H� RQ� IRUDJLQJ� SHUIRUPDQFH� DQG� WUDGH�RIIV� LQ� D� WURSLFDO� KXPPLQJELUG��
(FRORJ\��������±����

7KXLOOHU�:��/DYRUHO�6��$UD~MR�0%��������1LFKH�SURSHUWLHV�DQG�JHRJUDSKLFDO�H[WHQW�DV�
SUHGLFWRUV� RI� VSHFLHV� VHQVLWLYLW\� WR� FOLPDWH� FKDQJH�� *ORE� (FRO� %LRJHRJU�
������±�����GRL����������M���������;������������[

7RVL� 6�� 1LHK� -&�� 6JRODVWUD� )�� HW� DO� ������� 1HRQLFRWLQRLG� SHVWLFLGHV� DQG� QXWULWLRQDO�
VWUHVV� V\QHUJLVWLFDOO\� UHGXFH� VXUYLYDO� LQ� KRQH\� EHHV�� 3URF� 5� 6RF� %�
������������

7XU� &�� 2OHVHQ� -0�� 7UDYHVHW� $� ������� ,QFUHDVLQJ� PRGXODULW\� ZKHQ� GRZQVFDOLQJ�
QHWZRUNV�IURP�VSHFLHV�WR�LQGLYLGXDOV��2LNRV��������±���

9i]TXH]�'3��&KDFRII�13��&DJQROR�/��������(YDOXDWLQJ�PXOWLSOH�GHWHUPLQDQWV�RI�WKH�
VWUXFWXUH� RI� SODQW±DQLPDO�PXWXDOLVWLF� QHWZRUNV�� (FRORJ\� �������±������ GRL��
�����������������

9HUG~� 0�� 9DOLHQWHဨ%DQXHW� $� ������� 7KH� 1HVWHG� $VVHPEO\� RI� 3ODQW� )DFLOLWDWLRQ�
1HWZRUNV� 3UHYHQWV� 6SHFLHV� ([WLQFWLRQV�� $P� 1DW� �������±����� GRL��
��������������



Ϯϳ

9LROOH�&��1DYDV�0�/��9LOH�'��HW�DO��������/HW�WKH�FRQFHSW�RI�WUDLW�EH�IXQFWLRQDO��2LNRV�
�������±���

9L]HQWLQ�%XJRQL�-��0DUX\DPD�3.��6D]LPD�0��������3URFHVVHV�HQWDQJOLQJ�LQWHUDFWLRQV�
LQ� FRPPXQLWLHV�� IRUELGGHQ� OLQNV� DUH� PRUH� LPSRUWDQW� WKDQ� DEXQGDQFH� LQ� D�
KXPPLQJELUG±SODQW�QHWZRUN��3URF�5�6RF�/RQG�%�%LRO�6FL���������������GRL��
��������UVSE����������

9ROI� 0�� 5HGPRQG� &�� $OEHUW� È-�� HW� DO� ������� (IIHFWV� RI� ORQJ� DQG� VKRUW�WHUP�
PDQDJHPHQW�RQ�WKH�IXQFWLRQDO�VWUXFWXUH�RI�PHDGRZV�WKURXJK�VSHFLHV�WXUQRYHU�
DQG� LQWUDVSHFLILF� WUDLW� YDULDELOLW\�� 2HFRORJLD� �������±����� GRL��
��������V���������������\

:DVHU�10��������3ODQW�3ROOLQDWRU�,QWHUDFWLRQV��)URP�6SHFLDOL]DWLRQ�WR�*HQHUDOL]DWLRQ��
8QLYHUVLW\�RI�&KLFDJR�3UHVV

:DVHU�10��&KLWWND�/��3ULFH�09��HW�DO��������*HQHUDOL]DWLRQ� LQ�3ROOLQDWLRQ�6\VWHPV��
DQG�:K\�LW�0DWWHUV��(FRORJ\��������±������GRL�����������������



Ϯϴ
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&KDSWHU�,

1HWZRUN�DQDO\VLV�RI�SKHQRORJLFDO�XQLWV�WR�GHWHFW�

LPSRUWDQW�VSHFLHV�LQ�SODQW�SROOLQDWRU�FRPPXQLWLHV��FDQ�

LW�LQIRUP�FRQVHUYDWLRQ�VWUDWHJLHV"

%LHOOD�HW�DO��������

&RPPXQLW\�(FRORJ\�����������'2,��������������������������



ϯϬ

1HWZRUN�DQDO\VLV�RI�SKHQRORJLFDO�XQLWV�WR�GHWHFW�LPSRUWDQW�

VSHFLHV�LQ�SODQW�SROOLQDWRU�FRPPXQLWLHV��FDQ�LW�LQIRUP�

FRQVHUYDWLRQ�VWUDWHJLHV"

3DROR %LHOOD������-HII� 2OOHUWRQ����0DWWHR %DUFHOOD�� DQG�6LOYLD $VVLQL��

� 'HSDUWPHQW�RI�=RRORJ\��)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�RI�6RXWK�%RKHPLD��

ýHVNp�%XGČMRYLFH��&]HFK�5HSXEOLF��

�� ,QVWLWXWH�RI�(QWRPRORJ\��%LRORJ\�&HQWUH�RI�WKH�$FDGHP\�RI�6FLHQFHV�RI�WKH�

&]HFK�5HSXEOLF�Y�Y�L���ýHVNp�%XGČMRYLFH��&]HFK�5HSXEOLF�

�� )DFXOW\� RI� $UWV�� 6FLHQFH� DQG� 7HFKQRORJ\�� 8QLYHUVLW\� RI� 1RUWKDPSWRQ��

$YHQXH�&DPSXV��1RUWKDPSWRQ��8.�

�� 'HSDUWPHQW�RI�(DUWK� DQG�(QYLURQPHQW�6FLHQFHV� �VHF��/DQGVFDSH�(FRORJ\���

8QLYHUVLW\�RI�3DYLD��3DYLD��,WDO\

$XWKRU�IRU�FRUUHVSRQGHQFH� 3DROR�%LHOOD��HPDLO��SDROR�ELHOOD#HQWX�FDV�F]�



ϱϳ

&KDSWHU�,,

'LVWULEXWLRQ�SDWWHUQV�RI WKH FROG�DGDSWHG�EXPEOHEHH�

%RPEXV�DOSLQXV�LQ WKH $OSV�DQG KLQWV�RI DQ XSKLOO�VKLIW�

�,QVHFWD��+\PHQRSWHUD��$SLGDH���

%LHOOD�HW�DO��������

-RXUQDO�RI�,QVHFW�&RQVHUYDWLRQ��������±�����

'2,����������V����������������



ϱϴ

'LVWULEXWLRQ�SDWWHUQV�RI�WKH�FROG�DGDSWHG�EXPEOHEHH�%RPEXV�

DOSLQXV LQ�WKH�$OSV�DQG�KLQWV�RI�DQ�XSKLOO�VKLIW��,QVHFWD��

+\PHQRSWHUD��$SLGDH��

3DROR�%LHOOD���*LXVHSSH�%RJOLDQL���0DXUL]LR�&RUQDOED���$XOR�0DQLQR���-RKDQQ�

1HXPD\HU���0DUFR�3RUSRUDWR���3LHUUH�5DVPRQW���3LHWUR�0LODQHVL����

�� 8QLYHUVLW\�RI�6RXWK�%RKHPLD��'HSDUWPHQW�RI�=RRORJ\��)DFXOW\�RI�6FLHQFH��

%UDQLãRYVNi� ���� ������� ýHVNp� %XGČMRYLFH�� &]HFK� 5HSXEOLF�� %LRORJ\�

&HQWUH� RI� WKH� $FDGHP\� RI� 6FLHQFHV� RI� WKH� &]HFK� 5HSXEOLF�� Y�Y�L���

,QVWLWXWH� RI� (QWRPRORJ\�� %UDQLãRYVNi� ���� ������� ýHVNp� %XGČMRYLFH��

&]HFK�5HSXEOLF��

� 8QLYHUVLW\�RI�3DYLD��'HSDUWPHQW�RI�(DUWK� DQG�(QYLURQPHQWDO�6FLHQFHV�� YLD�

$GROIR�)HUUDWD����������3DYLD��,WDO\

� 8QLYHUVLW\� RI� 3DYLD�� 'HSDUWPHQW� RI� 0DWKHPDWLFV�� YLD� )HUUDWD� ��� ,�������

3DYLD��,WDO\

�� 8QLYHUVLW\�RI�7RULQR�� 'HSDUWPHQW�RI�$JULFXOWXUDO��)RUHVW�DQG�)RRG�6FLHQFHV�

�',6$)$��� /DUJR�3DROR�%UDFFLQL����������*UXJOLDVFR��72���,WDO\

�� 2EHUJUXEVWUD�H����������(OL[KDXVHQ��$XVWULD

�� 8QLYHUVLW\� RI� 0RQV�� 5HVHDUFK� LQVWLWXWH� RI� %LRVFLHQFHV�� /DERUDWRU\� RI�

=RRORJ\��3ODFH�GX�3DUF����������0RQV��%HOJLXP�

���6ZLVV�2UQLWKRORJLFDO�,QVWLWXWH��6HHURVH���������6HPSDFK��6ZLW]HUODQG

$XWKRU�IRU�FRUUHVSRQGHQFH��

3DROR�%LHOOD��HPDLO��SDROR�ELHOOD#HQWX�FDV�F]
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PRVW�SUREDEO\�� WKH� ULVLQJ� WHPSHUDWXUH��7KH�SHULRG�IURP������ WR������ZDV� WKH�

ZDUPHVW� RYHU� WKH� ODVW� ���� \HDUV� LQ� WKH� 1RUWKHUQ� +HPLVSKHUH� �,3&&��

,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� ������� $� ZDUPLQJ� RI�

����&�GHFDGH� RFFXUUHG� ZRUOGZLGH� LQ� WKH� SHULRG� IURP� ����� WR����� �,3&&��

,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH� ������� EXW� KLJK�DOWLWXGH� DUHDV�

ZDUPHG�HYHQ�PRUH�DW�D� UDWH�RI������&�GHFDGH�LQ� WKH�SHULRG�IURP������WR�����

�3HSLQ� DQG� 6HLGHO� ������� 7KH� WHPSHUDWXUH� WLPHOLQH� LQ� WKH� $OSV� VKRZV� WKDW�

JUHDWHU�ZDUPLQJ� UDWHV� DQG� IHZHU� FRROLQJ� HYHQWV� KDYH� EHHQ� WKH� UXOH� VLQFH� WKH�

����V��%HQLVWRQ�HW�DO���������

0DQ\�UDUH�VSHFLHV�DUH�UHWUDFWLQJ�WKHLU�GLVWULEXWLRQ�LQWR�PDUJLQDO�DUHDV�ZKHUH�

WKHLU��RSWLPXP�QLFKH�LV�DVVXUHG��&DVH\�HW�DO���������DQG�EXPEOHEHHV�DUH�DPRQJ�

WKHP��0DQLQR�HW�DO��������.HUU�HW�DO���������)URP�RXU�DQDO\VHV��LW�LV�FOHDU�WKDW�

%��DOSLQXV KHOOHUL EHFDPH�UHVWULFWHG�WR�WKH�KLJKHU�HOHYDWLRQV�RI�WKH�$OSV��XSSHU�

DOSLQH� DOWLWXGLQDO� EHOW��� 7KHUHIRUH�� VKULQNDJH� LQ� WKHLU� DOWLWXGLQDO� UDQJH� UDLVHV�

VHULRXV�FRQFHUQV�IRU�WKH�IDWH�RI�WKH�WD[RQ�ZKHQ�FRQVLGHULQJ�ERWK�WKH�XSSHU�OLPLW�

LQ�WKH�$OSV�DQG�WKH�UHGXFWLRQ�RI�ODQG�VXUIDFH�DV�DOWLWXGH�LQFUHDVHV��

&RQVHUYDWLRQ�DQG�PDQDJHPHQW�LPSOLFDWLRQV�

6SHFLILF�FRQVHUYDWLRQ�DFWLRQV�KDYH�QRW�EHHQ�GHVLJQHG�\HW��GHVSLWH� WKH�IDFW� WKDW�

%RPEXV� DOSLQXV LV� LQFOXGHG� LQ� WKH� (XURSHDQ� 5HG� /LVW� RI� %HHV� �1LHWR� HW� DO��

�������LV�D�9XOQHUDEOH�VSHFLHV��5DVPRQW�HW�DO������E���LV�FRQVLGHUHG�H[WLQFW�LQ�

VRPH�SDUWV�RI�LWV�KLVWRULF�DUHD�RI�RFFXUUHQFH��DQG�WKDW�LW�KDV�EHHQ�DUJXHG�WKDW�LW�

ZLOO�GLVDSSHDU�ZRUOGZLGH�E\�������5DVPRQW�HW�DO������D���

$W� D� UHJLRQDO� DQG� ORFDO� VFDOH�� VKRUW�WHUP� DFWLRQV�PLJKW� EH� WKH� IROORZLQJ��

�L�H[FKDQJH� RI� PDOHV EHWZHHQ� DUHDV� RI� SURYHQ� RFFXUUHQFH� LQVLGH� SURWHFWHG�

DUHDV��ZKLFK�ZRXOG�RYHUFRPH�WKH�EXPEOHEHHV¶�OLPLWHG�GLVSHUVDO�DELOLW\��/HSDLV�

HW� DO�� ������� �LL�� JXDUDQWHHLQJ� WRS�TXDOLW\� KDELWDWV� LQ� WKH� DYDLODEOH� UHPQDQWV��

JLYHQ�WKH�ORVV�LQ�DOWLWXGLQDO�UDQJH���

7KH�ODWWHU�DFWLRQ�FRXOG�WDNH�SODFH�E\�OLPLWLQJ�WKH�DFWLYLWLHV�ZKLFK�FRPSHWH�ZLWK�

KDELWDW� DYDLODELOLW\� DQG� TXDOLW\�� :H� SURSRVH� WKH� LQWHJUDO� SURWHFWLRQ� RI� DUHDV�



ϳϰ

VXUURXQGLQJ� JODFLHUV�� DW� OHDVW� GRZQZDUGV� WR� ������P� D�V�O��� � LQ� RUGHU� WR� OLPLW�

KXPDQ�DFWLYLWLHV�WKDW�FRXOG�DOWHU�WKH�KDELWDW��7KLV�ZRXOG�EH�IHDVLEOH��DV�KDOI�RI�

)LJXUH����/RQJ�WHUP�DOWLWXGLQDO�UHFRUGV�RI�%RPEXV�DOSLQXV�KHOOHUL��/LQHDU�UHJUHVVLRQV�
�EODFN�OLQHV�������FRQILGHQFH�LQWHUYDOV��LQ�JUH\���7KH�GRWWHG�OLQH�VKRZV�WKH�EUHDNSRLQW�
\HDU�RI�FKDQJLQJ�VORSH��DW�WKH�\HDU������

WKH�VXLWDEOH�VXUIDFH�IRU�WKLV�HQGHPLF�EXPEOHEHH�OLHV�ZLWKLQ�SURWHFWHG�DUHDV��7KLV�

LV�SDUWLFXODUO\�XUJHQW�EHFDXVH��DV�FOHDUO\�GRFXPHQWHG��WKH�VXLWDEOH�DUHDV�IRU�VNL�

SLVWHV�DQG�WKH�RQHV�IRU�KLJK�DOWLWXGH�VSHFLHV�DUH�OLNHO\�WR�RYHUODS�PRUH�DV�ERWK�

VKLIW�WR�KLJKHU�DOWLWXGHV�LQ�UHVSRQVH�WR�FOLPDWH�FKDQJH��%UDPELOOD�HW�DO��������

2WKHU�KXPDQ�DFWLYLWLHV�WR�EH�FRQVLGHUHG�FRQFHUQV�OLYHVWRFN�� �&RQVHUYDWLRQ�

PDQDJHUV� DQG� GHFLVLRQ�PDNHUV� VKRXOG� FDUHIXOO\� HYDOXDWH� WKH� UHDO� QHHG� IRU�

OLYHVWRFN�DQG�WKHLU�GHQVLW\�DERYH�WKH�WUHHOLQH

6LPSOH� PRGHOV� RQ� FDWWOH� LPSDFWV� DUH� IHDVLEOH� �%DUFHOOD� HW� DO�� ����� DQG�

UHFHQW�ZRUN�VXJJHVWV�WKDW�ORZ�GHQVLWLHV�RI�OLYHVWRFN�DUH�WKH�EHVW�IRU�HFRV\VWHP�

IXQFWLRQLQJ� �/i]DUR� HW� DO�� ������� � ,Q� DOSLQH� SUDLULHV�� OLYHVWRFN� LQ� KLJK� GHQVLW\�

FRPSHWHV�ZLWK�WKH�EXPEOHEHHV¶�OLIH�F\FOH E\�UHPRYLQJ�WKH�IRRG�VRXUFHV��/i]DUR�



ϳϱ

HW�DO������� DQG�HYHQ�GHFUHDVLQJ� � WKH�KDELWDW�TXDOLW\� �)OHLVFKQHU��������%LHOOD�

������ SUHVHQWV� D� FDVH� LQ� WKH� ,WDOLDQ� &HQWUDO� $OSV�� EXW� WKLV� LV� D� ZLGHVSUHDG�

VLWXDWLRQ��

*LYHQ� WKDW� WKHVH� DFWLYLWLHV� DUH� GLUHFWO\� LPSDFWLQJ� HFRV\VWHPV� DW� KLJK�

DOWLWXGHV�DQG�WKHUHIRUH�DOVR�%��DOSLQXV�KHOOHUL��VKRUW�WHUP�PLWLJDWLRQ�DFWLRQV�WKDW�

ZRXOG�OLPLW�WKHP�DUH�XUJHQWO\�QHHGHG��

$NQRZOHGJHPHQWV

:H� WKDQN� .�� +RUYDWK� DQG� 5�� :HVW� IRU� WKH� OLQJXLVWLF� UHYLHZ�� :H� WKDQN� WKH�

RUJDQL]DWLRQV� DQG� SHRSOH� WKDW� VKDUHG� GDWD� IRU� WKH� RFFXUUHQFH� GDWDEDVH�

�6XSSOHPHQWDU\� 0DWHULDO��� ,Q� SDUWLFXODU�� ZH� WKDQN� WKH� ,QIR� )DXQD� ±

&6&) �&HQWUH�6XLVVH�GH�&DUWRJUDSKLH�GH�OD�)DXQH���0LFKHOH�$EGHUKDOGHQ�DQG�

WKHLU�GDWD�SURYLGHUV��:H� WKDQN�0DXUL]LR�0HL��*LOOHV�0DKp��6LODV�%RVVHUW�� DQG�

%HUQKDUG� 6FKQHOOHU� IRU� FROODERUDWLRQ�� 6RPH� GDWD� IURP� -1� DUH� GHULYHG� IURP�

SURMHFWV� JUDQWHG� E\� WKH� +RKH� 7DXHUQ� 1DWLRQDO� 3DUN� DQG� WKH� *URVVJORFNQHU�

+RFKDOSHQVWUD�HQ�$*��gVWHUUHLFK���3%�WKDQNV�WKH�6WHOYLR�1DWLRQDO�3DUN��,WDO\��

IRU�VDPSOLQJ�DXWKRUL]DWLRQV��3%�LV�VXSSRUWHG�E\�WKH�&]HFK�6FLHQFH�)RXQGDWLRQ�

�*$ý5�*3��������3��DQG�E\�WKH�8QLYHUVLW\�RI�6RXWK�%RKHPLD��JUDQW�*$�-8�

���������3���30�WKDQNV�WKH�8QLYHUVLW\ RI�3DYLD�IRU�ILQDQFLDO�VXSSRUW��
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5HIHUHQFHV

$OORXFKH�2��7VRDU�$��.DGPRQ�5��������$VVHVVLQJ�WKH�DFFXUDF\�RI�VSHFLHV�GLVWULEXWLRQ�
PRGHOV�� SUHYDOHQFH�� NDSSD� DQG� WKH� WUXH� VNLOO� VWDWLVWLF� �766��� -� $SSO� (FRO�
�������±������GRL����������M����������������������[

$PLHW� )� ������� ,QVHFWD� +HOYHWLFD�� $�� )DXQD�� ���� +\PHQRSWHUD�� $SLGDH��7�� ���
$OOJHPHLQHU�7HLO��*DWWXQJVVFKO�VVHO��*DWWXQJHQ�$SLV��%RPEXV�XQG�3VLWK\UXV��
6FKZHL]HULVFKH�(QWRPRORJLVFKH�*HVHOOVFKDIW��0XVpH�G¶+LVWRLUH�QDWXUHOOH

$QWKHOPH� )�� &DYLHUHV� /$�� 'DQJOHV� 2� ������� )DFLOLWDWLRQ� DPRQJ� SODQWV� LQ� DOSLQH�
HQYLURQPHQWV� LQ� WKH� IDFH� RI� FOLPDWH� FKDQJH�� )URQW� 3ODQW� 6FL�� GRL��
��������ISOV�����������

$UD~MR�0%��1HZ�0��������(QVHPEOH�IRUHFDVWLQJ�RI�VSHFLHV�GLVWULEXWLRQV��7UHQGV�(FRO�
(YRO������±����GRL����������M�WUHH������������

$VKWRQ� 6�� *XWLpUUH]� '�� :LOVRQ� 5-� ������� (IIHFWV� RI� WHPSHUDWXUH� DQG� HOHYDWLRQ� RQ�
KDELWDW�XVH�E\�D�UDUH�PRXQWDLQ�EXWWHUIO\��LPSOLFDWLRQV�IRU�VSHFLHV�UHVSRQVHV�WR�
FOLPDWH� FKDQJH�� (FRO� (QWRPRO� ������±����� GRL�� ��������M������
����������������[

%DUFHOOD� 0�� )LOLSSRQL� )�� $VVLQL� 6� ������� $� VLPSOH� PRGHO� WR� VXSSRUW� JUD]LQJ�
PDQDJHPHQW� E\� GLUHFW� ILHOG� REVHUYDWLRQ�� $JULF� (FRV\VW� (QYLURQ�� GRL��
��������M�DJHH������������

%HQLVWRQ�0��'LD]�+)��%UDGOH\�56��������&OLPDWLF�FKDQJH�DW�KLJK�HOHYDWLRQ�VLWHV��DQ�
RYHUYLHZ��&OLP�&KDQJH�������±�����GRL����������$��������������

%LHOOD� 3� ������� %RPEXV� �$OSLQRERPEXV�� DOSLQXV� LQ� WKH� ,WDOLDQ� &HQWUDO� $OSV�
�+\PHQRSWHUD��$SLGDH��%RPELQDH���,O�1DW�9DOWHOOLQ������±���

%RJOLDQL�*��%UDQJL�$��������$EUDVLRQ�RI�WKH�VWDWXV�EDGJH�LQ�WKH�PDOH�,WDOLDQ�6SDUURZ�
3DVVHU�LWDOLDH��%LUG�6WXG\�������±�����GRL���������������������������

%R\FH�06��9HUQLHU� 35��1LHOVHQ� 6(�� 6FKPLHJHORZ�).$� �������(YDOXDWLQJ� UHVRXUFH�
VHOHFWLRQ� IXQFWLRQV�� (FRO� 0RGHO� �������±����� GRL�� ��������6�����
���������������

%UDPELOOD� 0�� 3HGULQL� 3�� 5RODQGR� $�� &KDPEHUODLQ� '(� ������� &OLPDWH� FKDQJH� ZLOO�
LQFUHDVH� WKH�SRWHQWLDO�FRQIOLFW�EHWZHHQ�VNLLQJ�DQG�KLJK�HOHYDWLRQ�ELUG�VSHFLHV�
LQ�WKH�$OSV��-�%LRJHRJU��GRL����������MEL������

%UHLPDQ� /� ������� 5DQGRP� )RUHVWV�� 0DFK� /HDUQ� ����±���� GRL��
��������$��������������

%UHLPDQ� /�� )ULHGPDQ� -�� 6WRQH� &-��2OVKHQ�5$� ������� &ODVVLILFDWLRQ� DQG�5HJUHVVLRQ�
7UHHV��7D\ORU�	�)UDQFLV



ϳϳ

%UHLQHU� )7�� *XLVDQ� $�� %HUJDPLQL� $�� 1RELV� 03� ������� 2YHUFRPLQJ� OLPLWDWLRQV� RI�
PRGHOOLQJ� UDUH� VSHFLHV� E\� XVLQJ� HQVHPEOHV� RI� VPDOO� PRGHOV�� 0HWKRGV� (FRO�
(YRO�������±������GRL������������������;������

&DOHQJH�&��'XIRXU�$%��0DLOODUG�'��������.�VHOHFW�DQDO\VLV��D�QHZ�PHWKRG�WR�DQDO\VH�
KDELWDW� VHOHFWLRQ� LQ� UDGLR�WUDFNLQJ� VWXGLHV�� (FRO� 0RGHO� �������±����� GRL��
��������M�HFROPRGHO������������

&DPHURQ� 6$�� /R]LHU� -'�� 6WUDQJH� -3�� HW� DO� ������� 3DWWHUQV� RI�ZLGHVSUHDG� GHFOLQH� LQ�
1RUWK� $PHULFDQ� EXPEOH� EHHV�� 3URF� 1DWO� $FDG� 6FL� �������±����� GRL��
��������SQDV�����������

&DQQRQH�1��3LJQDWWL�6��������(FRORJLFDO�UHVSRQVHV�RI�SODQW�VSHFLHV�DQG�FRPPXQLWLHV�
WR� FOLPDWH� ZDUPLQJ�� XSZDUG� VKLIW� RU� UDQJH� ILOOLQJ� SURFHVVHV"� &OLP� &KDQJH�
�������±�����GRL����������V����������������

&DVH\�/0��5HEHOR�+��5RWKHUD\�(��*RXOVRQ�'��������(YLGHQFH�IRU�KDELWDW�DQG�FOLPDWLF�
VSHFLDOL]DWLRQV� GULYLQJ� WKH� ORQJ�WHUP� GLVWULEXWLRQ� WUHQGV� RI� 8.� DQG� ,ULVK�
EXPEOHEHHV��'LYHUV�'LVWULE�������±�����GRL����������GGL������

'H� %HDXPRQW� -� ������� /HV� +\PpQRSWqUHV� DFXOpDWHV� GX� 3DUF� QDWLRQDO� VXLVVH� HW� GHV�
UpJLRQV�OLPLWURSKHV��'UXHFN�/�GLQ�$*�/LHVWDO

'H� 0DUFR� 3�� 'LQL]�)LOKR� -$)�� %LQL� /0� ������� 6SDWLDO� DQDO\VLV� LPSURYHV� VSHFLHV�
GLVWULEXWLRQ� PRGHOOLQJ� GXULQJ� UDQJH� H[SDQVLRQ�� %LRO� /HWW� �����±����� GRL��
��������UVEO����������

'RUPDQQ�&)��0F3KHUVRQ�-��$UD~MR�0%��HW�DO� �������0HWKRGV� WR�DFFRXQW� IRU� VSDWLDO�
DXWRFRUUHODWLRQ� LQ� WKH� DQDO\VLV� RI� VSHFLHV� GLVWULEXWLRQDO� GDWD�� D� UHYLHZ��
(FRJUDSK\�������±�����GRL����������M����������������������[

(OLWK�-��*UDKDP�&+��������'R�WKH\"�+RZ�GR�WKH\"�:+<�GR�WKH\�GLIIHU"�2Q�ILQGLQJ�
UHDVRQV� IRU�GLIIHULQJ�SHUIRUPDQFHV�RI� VSHFLHV�GLVWULEXWLRQ�PRGHOV��(FRJUDSK\�
�����±����GRL����������M����������������������[

(OLWK� -�� .HDUQH\� 0�� 3KLOOLSV� 6� ������� 7KH� DUW� RI� PRGHOOLQJ� UDQJH�VKLIWLQJ� VSHFLHV��
0HWKRGV�(FRO�(YRO������±�����GRL����������M���������;������������[

)DZFHWW�7� �������52&�*UDSKV��1RWHV� DQG 3UDFWLFDO�&RQVLGHUDWLRQV� IRU�5HVHDUFKHUV��
0DFK�/HDUQ�����±���

)OHLVFKQHU�7/��������(FRORJLFDO�FRVWV�RI�OLYHVWRFN�JUD]LQJ�LQ�ZHVWHUQ�1RUWK�$PHULFD��
&RQVHUY�%LRO������±����

)ORXVHN� -�� 7HOHQVNê� 7�� +DQ]HOND� -�� 5HLI� -� ������� 3RSXODWLRQ� 7UHQGV� RI� &HQWUDO�
(XURSHDQ�0RQWDQH� %LUGV� 3URYLGH� (YLGHQFH� IRU� $GYHUVH� ,PSDFWV� RI� &OLPDWH�
&KDQJH� RQ� +LJK�$OWLWXGH� 6SHFLHV�� 3/26� 21(� ���H��������� GRL��
��������MRXUQDO�SRQH��������

)RXUFDGH�<��(QJOHU� -2��5|GGHU�'��6HFRQGL� -� �������0DSSLQJ�6SHFLHV�'LVWULEXWLRQV�
ZLWK�0$;(17�8VLQJ� D�*HRJUDSKLFDOO\�%LDVHG�6DPSOH�RI�3UHVHQFH�'DWD��$�



ϳϴ

3HUIRUPDQFH� $VVHVVPHQW� RI� 0HWKRGV� IRU� &RUUHFWLQJ� 6DPSOLQJ� %LDV�� 3/26�
21(���H�������GRL����������MRXUQDO�SRQH��������

)R[�-��:HLVEHUJ�6��������$Q�5�&RPSDQLRQ�WR $SSOLHG�5HJUHVVLRQ���QG�HGQ��7KRXVDQG�
2DNV�&$��6DJH

)UDQFLV� -6��0XWK� )�� 3DSDM� '5�� /HRQDUG� $6� ������� 1XWULWLRQDO� FRPSOH[LW\� DQG� WKH�
VWUXFWXUH�RI�EHH�IRUDJLQJ�ERXWV��%HKDY�(FRO�������±����

)UDQ]pQ� 0�� 0RODQGHU� 0� ������� +RZ� WKUHDWHQHG� DUH� DOSLQH� HQYLURQPHQWV"� D� FURVV�
WD[RQRPLF� VWXG\�� %LRGLYHUV� &RQVHUY� ������±����� GRL�� ��������V����������
������

)ULHGPDQ�-+��������*UHHG\�)XQFWLRQ�$SSUR[LPDWLRQ��$�*UDGLHQW�%RRVWLQJ�0DFKLQH��
$QQ�6WDW��������±�����

)ULHGPDQ�-+��������0XOWLYDULDWH�$GDSWLYH�5HJUHVVLRQ�6SOLQHV��$QQ�6WDW�����±����GRL��
��������DRV�����������

+DHEHUOL� :�� %HQLVWRQ� 0� ������� &OLPDWH� &KDQJH� DQG� ,WV� ,PSDFWV� RQ� *ODFLHUV� DQG�
3HUPDIURVW�LQ�WKH�$OSV��$PELR�������±����

+DVWLH� 7�� 7LEVKLUDQL� 5�� %XMD� $� ������� )OH[LEOH� 'LVFULPLQDQW� $QDO\VLV� E\� 2SWLPDO�
6FRULQJ�� -� $P� 6WDW� $VVRF� �������±������ GRL��
������������������������������

+DVWLH�7-��7LEVKLUDQL�5-��������*HQHUDOL]HG�$GGLWLYH�0RGHOV��&KDSPDQ�	�+DOO�&5&�
3UHVV

,3&&��,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��������&OLPDWH�&KDQJH�������7KH�
3K\VLFDO�6FLHQFH�%DVLV��:RUNLQJ�*URXS�,�&RQWULEXWLRQ�WR�WKH�)LIWK�$VVHVVPHQW�
5HSRUW� RI� WKH� ,QWHUJRYHUQPHQWDO� 3DQHO� RQ� &OLPDWH� &KDQJH�� &DPEULGJH�
8QLYHUVLW\�3UHVV��8QLWHG�.LQJGRP�DQG�1HZ�<RUN��1<��86$

-KD� 6� ������� &RQWHPSRUDU\� KXPDQ�DOWHUHG� ODQGVFDSHV� DQG� RFHDQLF� EDUULHUV� UHGXFH�
EXPEOH�EHH�JHQH�IORZ��0RO�(FRO�������±������GRL����������PHF������

-LPpQH]�$OIDUR� %�� *DYLOiQ� 5*�� (VFXGHUR� $�� HW� DO� ������� 'HFOLQH� RI� GU\� JUDVVODQG�
VSHFLDOLVWV� LQ�0HGLWHUUDQHDQ�KLJK�PRXQWDLQ�FRPPXQLWLHV�LQIOXHQFHG�E\�UHFHQW�
FOLPDWH�ZDUPLQJ��-�9HJ�6FL��������±������GRL����������MYV������

.HUU� -7�� 3LQGDU� $�� *DOSHUQ� 3�� HW� DO� ������� &OLPDWH� FKDQJH� LPSDFWV� RQ� EXPEOHEHHV�
FRQYHUJH� DFURVV� FRQWLQHQWV�� 6FLHQFH� �������±����� GRL��
��������VFLHQFH�DDD����

.R�&�<��5RRW�7/��/HH�3�)��������0RYHPHQW�GLVWDQFHV�HQKDQFH�YDOLGLW\�RI�SUHGLFWLYH�
PRGHOV��(FRO�0RGHO��������±�����GRL����������M�HFROPRGHO������������

/i]DUR�$��7VFKHXOLQ�7��'HYDOH]�-��HW�DO��������0RGHUDWLRQ�LV�EHVW��HIIHFWV�RI�JUD]LQJ�
LQWHQVLW\�RQ�SODQW±IORZHU�YLVLWRU�QHWZRUNV�LQ�0HGLWHUUDQHDQ�FRPPXQLWLHV��(FRO�
$SSO�������±�����GRL�����������������



ϳϵ

/HSDLV� 2�� 'DUYLOO� %�� 2¶&RQQRU� 6�� HW� DO� ������� (VWLPDWLRQ� RI� EXPEOHEHH� TXHHQ�
GLVSHUVDO�GLVWDQFHV�XVLQJ�VLEVKLS�UHFRQVWUXFWLRQ�PHWKRG��0RO�(FRO�������±�����
GRL����������M���������;������������[

/¡NHQ�$� ������� 6WXGLHV� RQ� 6FDQGLQDYLDQ� EXPEOH� EHHV� �+\PHQRSWHUD��$SLGDH���1RU�
(QWRPRO�7LGVVNU�����±����

0DQLQR�$��3DWHWWD�$��3RUSRUDWR�0��HW�DO��������%XPEOHEHH��%RPEXV�/DWUHLOOH��������
GLVWULEXWLRQ�LQ�KLJK�PRXQWDLQV�DQG�JOREDO�ZDUPLQJ��5HGLD�������±����

0DUPLRQ�0��3DUYLDLQHQ�0��/XRWR�0��HW�DO��������(YDOXDWLRQ�RI�FRQVHQVXV�PHWKRGV�LQ�
SUHGLFWLYH�VSHFLHV�GLVWULEXWLRQ�PRGHOOLQJ��'LYHUV�'LVWULE������±���

0DUWLQHW� %�� /HFRFT� 7�� 6PHW� -�� 5DVPRQW� 3� ������� $� 3URWRFRO� WR� $VVHVV� ,QVHFW�
5HVLVWDQFH�WR�+HDW�:DYHV��$SSOLHG�WR�%XPEOHEHHV���%RPEXV�/DWUHLOOH���������
3/26�21(����H���������GRL����������MRXUQDO�SRQH��������

0DUWLQV�$&��6LOYD�'3��-U�3'0��0HOR�*$5��������6SHFLHV�FRQVHUYDWLRQ�XQGHU�IXWXUH�
FOLPDWH�FKDQJH��WKH�FDVH�RI�%RPEXV�EHOOLFRVXV��D�SRWHQWLDOO\�WKUHDWHQHG�6RXWK�
$PHULFDQ� EXPEOHEHH� VSHFLHV�� -� ,QVHFW� &RQVHUY� �����±���� GRL��
��������V����������������

0F&XOODJK�3��1HOGHU� -$��������*HQHUDOL]HG�/LQHDU�0RGHOV�� �QG�HGQ��&KDSPDQ�DQG�
+DOO�&5&�3UHVV

0LODQHVL�3��*LUDXGR�/��0RUDQG�$��HW�DO��������'RHV�KDELWDW�XVH�DQG�HFRORJLFDO�QLFKH�
VKLIW� RYHU� WKH� OLIHVSDQ� RI� ZLOG� VSHFLHV"� 3DWWHUQV� RI� WKH� EHDUGHG� YXOWXUH�
SRSXODWLRQ� LQ� WKH�:HVWHUQ�$OSV��(FRO�5HV� ������±����� GRL�� ��������V������
����������

0RQDVWHULR�&��6DOYDGRU�$��,UDHWD�3��'tD]�-$��������7KH�HIIHFWV�RI�WKHUPDO�ELRORJ\�DQG�
UHIXJH�DYDLODELOLW\�RQ�WKH�UHVWULFWHG�GLVWULEXWLRQ�RI�DQ�DOSLQH�OL]DUG��-�%LRJHRJU�
�������±������GRL����������M����������������������[

0XJJHR�905��������(VWLPDWLQJ�UHJUHVVLRQ�PRGHOV�ZLWK�XQNQRZQ�EUHDN�SRLQWV��6WDW�
0HG��������±������GRL����������VLP�����

1HXPD\HU� -�� 3DXOXV� +)� ������� gNRORJLH� DOSLQHU� +XPPHOJHPHLQVFKDIWHQ��
%O�WHQEHVXFK��5HVVRXUFHQDXIWHLOXQJ�XQG�(QHUJLHKDXVKDOW��8QWHUVXFKXQJHQ� LQ�
GHQ�2VWDOSHQ�gVWHUUHLFKV��%LRORJLH]HQWUXP�G��2g��/DQGHVPXVHXPV

1LHWR�$��5REHUWV� 63��.HPS� -�� HW� DO� �������(XURSHDQ� UHG� OLVW� RI� EHHV�� /X[HPERXUJ��
3XEOLFDWLRQ�2IILFH�RI�WKH�(XURSHDQ�8QLRQ

2KOHP�OOHU�5��$QGHUVRQ�%-��$UD~MR�0%��HW�DO��������7KH�FRLQFLGHQFH�RI�FOLPDWLF�DQG�
VSHFLHV�UDULW\��KLJK�ULVN�WR�VPDOO�UDQJH�VSHFLHV�IURP�FOLPDWH�FKDQJH��%LRO�/HWW�
�����±�����GRL����������UVEO����������

2OOHUWRQ� -�� (UHQOHU� +�� (GZDUGV� 0�� &URFNHWW� 5� ������� ([WLQFWLRQV� RI� DFXOHDWH�
SROOLQDWRUV�LQ�%ULWDLQ�DQG�WKH�UROH�RI�ODUJH�VFDOH�DJULFXOWXUDO�FKDQJHV��6FLHQFH�
��������±������GRL����������VFLHQFH��������



ϴϬ

3DUN�0*��5DJXVR�5$��/RVH\�-(��'DQIRUWK�%1��������3HU�YLVLW�SROOLQDWRU�SHUIRUPDQFH�
DQG�UHJLRQDO�LPSRUWDQFH�RI�ZLOG�%RPEXV�DQG�$QGUHQD��0HODQGUHQD��FRPSDUHG�
WR� WKH�PDQDJHG�KRQH\�EHH� LQ�1HZ�<RUN�DSSOH�RUFKDUGV��$SLGRORJLH�������±
�����GRL����������V����������������

3DUPHVDQ�&��<RKH�*��������$�JOREDOO\�FRKHUHQW�ILQJHUSULQW�RI�FOLPDWH�FKDQJH�LPSDFWV�
DFURVV�QDWXUDO�V\VWHPV��1DWXUH�������±����GRL����������QDWXUH�����

3HSLQ�1&��6HLGHO�'-��������$�JOREDO�FRPSDULVRQ�RI�VXUIDFH�DQG�IUHH�DLU�WHPSHUDWXUHV�
DW� KLJK� HOHYDWLRQV�� -� *HRSK\V� 5HV� $WPRVSKHUHV� ����'������� GRL��
������������-'������

3KLOOLSV�6-��$QGHUVRQ�53��6FKDSLUH�5(��������0D[LPXP�HQWURS\�PRGHOLQJ�RI�VSHFLHV�
JHRJUDSKLF� GLVWULEXWLRQV�� (FRO� 0RGHO� �������±����� GRL��
��������M�HFROPRGHO������������

3LWWLRQL� %� ������� 'LH� ERUHRDOSLQHQ� +XPPHOQ� XQG� 6FKPDURW]HUKXPPHOQ� �+\PHQ���
$SLGDH�� %RPELQDH��� ,�� 0LWWHLOXQJHQ� $XV� 'HQ� .� 1DWXUZLVVHQVFKDIWOLFKHQ�
,QVWLWXWHQ�6RILD�������±����

4LDR�+��6REHUyQ�-��3HWHUVRQ�$7��������1R�VLOYHU�EXOOHWV�LQ�FRUUHODWLYH�HFRORJLFDO�QLFKH�
PRGHOOLQJ�� LQVLJKWV� IURP� WHVWLQJ� DPRQJ�PDQ\� SRWHQWLDO� DOJRULWKPV� IRU� QLFKH�
HVWLPDWLRQ��0HWKRGV�(FRO�(YRO�������±�����

5� &RUH� 7HDP� ������� 5�� ODQJXDJH� DQG� HQYLURQPHQW� IRU� VWDWLVWLFDO� FRPSXWLQJ�� 5�
)RXQGDWLRQ�IRU�6WDWLVWLFDO�&RPSXWLQJ��������9LHQQD��$XVWULD��

5DVPRQW�3��)UDQ]HQ�0��/HFRFT�7��HW�DO������D��&OLPDWLF�5LVN�DQG�'LVWULEXWLRQ�$WODV�
RI�(XURSHDQ�%XPEOHEHHV��%LR5LVN�����±�����GRL����������ELRULVN��������

5DVPRQW�3��5REHUWV�60��&HGHUEHUJ�%��HW�DO������E��%RPEXV�DOSLQXV��WKH�,8&1�5HG�
/LVW� RI� 7KUHDWHQHG� 6SHFLHV�� KWWS���ZZZ�LXFQUHGOLVW�RUJ�GHWDLOV�������������
$FFHVVHG����$SU�����

5LSOH\�%'� ������� 3DWWHUQ� 5HFRJQLWLRQ� DQG�1HXUDO�1HWZRUNV�� &DPEULGJH�8QLYHUVLW\�
3UHVV

5RVVDUR�%��0RQWDJQD�0��/HQFLRQL�9� �������(QYLURQPHQWDO� WUDLWV� DIIHFW� FKLURQRPLG�
FRPPXQLWLHV� LQ JODFLDO� DUHDV� RI� WKH� 6RXWKHUQ� $OSV�� HYLGHQFH� IURP� D ORQJ�
ODVWLQJ�FDVH�VWXG\��,QVHFW�&RQVHUY�'LYHUV������±�����GRL����������LFDG������

5XQGO|I� 0�� $QGHUVVRQ� *.6�� %RPPDUFR� 5�� HW� DO� ������� 6HHG� FRDWLQJ� ZLWK� D�
QHRQLFRWLQRLG�LQVHFWLFLGH�QHJDWLYHO\�DIIHFWV�ZLOG�EHHV��1DWXUH�������±����GRL��
��������QDWXUH�����

6FKHGO� :� ������� hEHU� DFXOHDWH� +DXWIO�JOHU� GHU� ]HQWUDOHQ� gW]WDOHU� $OSHQ� �7LURO��
gVWHUUHLFK���,QVHFWD��+\PHQRSWHUD���%HU�1DW�0HG�9HU�,QQVEU������±����

6HJXUDGR� 3�� $UD~MR� 0%� ������� $Q� HYDOXDWLRQ� RI� PHWKRGV� IRU� PRGHOOLQJ� VSHFLHV�
GLVWULEXWLRQV�� -� %LRJHRJU� �������±������ GRL�� ��������M������
����������������[



ϴϭ

6HNHUFLRJOX�&+��6FKQHLGHU�6+��)D\�-3��/RDULH�65��������&OLPDWH�&KDQJH��(OHYDWLRQDO�
5DQJH� 6KLIWV�� DQG� %LUG� ([WLQFWLRQV�� &RQVHUY� %LRO� ������±����� GRL��
��������M����������������������[

6HR�&��7KRUQH�-+��+DQQDK�/��7KXLOOHU�:��������6FDOH�HIIHFWV� LQ�VSHFLHV�GLVWULEXWLRQ�
PRGHOV��LPSOLFDWLRQV�IRU�FRQVHUYDWLRQ�SODQQLQJ�XQGHU�FOLPDWH�FKDQJH��%LRO�/HWW�
����±����GRL����������UVEO����������

6PLWK�.)��6D[�')��/DIIHUW\�.'��������(YLGHQFH�IRU�WKH�5ROH�RI�,QIHFWLRXV�'LVHDVH�LQ�
6SHFLHV� ([WLQFWLRQ� DQG� (QGDQJHUPHQW�� &RQVHUY� %LRO� �������±������ GRL��
��������M����������������������[

6WHQVWU|P�0��%HUJPDQ�3� �������%XPEOHEHHV�DW�DQ�$OSLQH�6LWH�LQ�1RUWKHUQ�6ZHGHQ��
7HPSRUDO� 'HYHORSPHQW�� 3RSXODWLRQ� 6L]H�� DQG� 3ODQW� 8WLOL]DWLRQ�� (FRJUDSK\�
������±����

6WRODU� -�� 1LHOVHQ� 6(� ������� $FFRXQWLQJ� IRU� VSDWLDOO\� ELDVHG� VDPSOLQJ� HIIRUW� LQ�
SUHVHQFH�RQO\�VSHFLHV�GLVWULEXWLRQ�PRGHOOLQJ��'LYHUV�'LVWULE�������±�����GRL��
��������GGL������

6ZHWV� -$� �������0HDVXULQJ� WKH� DFFXUDF\� RI� GLDJQRVWLF� V\VWHPV�� 6FLHQFH� ��������±
�����

7KRPDV�&'��&DPHURQ�$��*UHHQ�5(��HW�DO��������([WLQFWLRQ�ULVN�IURP�FOLPDWH�FKDQJH��
1DWXUH��������±�����GRL����������QDWXUH�����

7KXLOOHU� :� ������� %,202'� ± RSWLPL]LQJ� SUHGLFWLRQV� RI� VSHFLHV� GLVWULEXWLRQV� DQG�
SURMHFWLQJ� SRWHQWLDO� IXWXUH� VKLIWV� XQGHU� JOREDO� FKDQJH�� *ORE� &KDQJH� %LRO�
������±������GRL����������M����������������������[

7KXLOOHU�:� ������� 3DWWHUQV� DQG� XQFHUWDLQWLHV� RI� VSHFLHV¶� UDQJH� VKLIWV� XQGHU� FOLPDWH�
FKDQJH�� *ORE� &KDQJH� %LRO� �������±������ GRL�� ��������M������
����������������[

7KXLOOHU�:��*HRUJHV�'��(QJOHU�5��%UHLQHU�)��������ELRPRG���(QVHPEOH�3ODWIRUP�IRU�
6SHFLHV�'LVWULEXWLRQ�0RGHOLQJ��5�&RUH�7HDP�� 3DFNDJH

7KXLOOHU�:��/DIRXUFDGH�%��(QJOHU�5��$UD~MR�0%� �������%,202'� ± D� SODWIRUP� IRU�
HQVHPEOH� IRUHFDVWLQJ� RI� VSHFLHV� GLVWULEXWLRQV�� (FRJUDSK\� ������±����� GRL��
��������M����������������������[

7KXLOOHU�:��/DYRUHO�6��$UD~MR�0%��������1LFKH�SURSHUWLHV�DQG�JHRJUDSKLFDO�H[WHQW�DV�
SUHGLFWRUV� RI� VSHFLHV� VHQVLWLYLW\� WR� FOLPDWH� FKDQJH�� *ORE� (FRO� %LRJHRJU�
������±�����GRL����������M���������;������������[

7LQQHU�:��.DOWHQULHGHU�3��������5DSLG�UHVSRQVHV�RI�KLJK�PRXQWDLQ�YHJHWDWLRQ�WR�HDUO\�
+RORFHQH� HQYLURQPHQWDO� FKDQJHV� LQ� WKH�6ZLVV�$OSV�� -�(FRO�������±�����GRL��
��������M����������������������[



ϴϮ

9LWHUEL� 5�� &HUUDWR� &�� %DVVDQR� %�� HW� DO� ������� 3DWWHUQV� RI� ELRGLYHUVLW\� LQ� WKH�
QRUWKZHVWHUQ�,WDOLDQ�$OSV��D�PXOWL�WD[D�DSSURDFK��&RPPXQLW\�(FRO������±����
GRL����������&RP(F������������

:X�*�/��5HQ�*�+��:DQJ�'��HW�DO��������$ERYH� DQG�EHORZ�JURXQG�UHVSRQVH�WR�VRLO�
ZDWHU�FKDQJH�LQ�DQ�DOSLQH�ZHWODQG�HFRV\VWHP�RQ�WKH�4LQJKDL�7LEHWDQ�3ODWHDX��
&KLQD��-�+\GURO��������±�����GRL����������M�MK\GURO������������

=HPS� 0�� )UH\� +�� *lUWQHU�5RHU� ,�� HW� DO� ������� +LVWRULFDOO\� XQSUHFHGHQWHG� JOREDO�
JODFLHU� GHFOLQH� LQ� WKH� HDUO\� ��VW� FHQWXU\�� -� *ODFLRO� ������±����� GRL��
������������-R*��-���

=XXU� $)�� ,HQR� (1�� (OSKLFN� &6� ������ $� SURWRFRO� IRU� GDWD� H[SORUDWLRQ� WR� DYRLG�
FRPPRQ�VWDWLVWLFDO�SUREOHPV��0HWKRGV�(FRO�(YRO����±����GRL����������M������
���;������������[



ϴϯ

(OHFWURQLF�VXSSOHPHQWDU\�PDWHULDO

KWWSV���OLQN�VSULQJHU�FRP�DUWLFOH���������V���������������
��6XSSOHPHQWDU\0DWHULDO

)LJXUH� 6�� 6WXG\� DUHD� �WKLQ� EODFN� OLQHV� LQGLFDWH� WKH� ERUGHUV� RI� (XURSHDQ�

FRXQWULHV��WKLFN�JUH\�OLQHV�LQGLFDWH�WKH�$OSLQH�UHJLRQ��KLJKOLJKWHG�LQ�JUH\��

/LVW�RI�GDWD�SURYLGHUV�RI�WKH�UHFRUGV�XVHG�IRU�6'0�RI�%��DOSLQXV�KHOOHUL

2QOLQH�UHVRXUFHV��UHSRUWHG�KHUH�
$�OLVW�RI�IORZHU�VSHFLHV�YLVLWHG�E\�%RPEXV�DOSLQXV�LQ�WKH�$OSV

6SHFLHV $XWKRU 6SHFLHV $XWKRU

$QGURVDFH�
YLWDOLDQD

3LWWLRQL�����
5KRGRGHQGURQ�
IHUUXJLQHXP

0DQLQR�$��HW�
DO�

$QHPRQH�
VXOIRUDWD

3LWWLRQL�����
5KRGRGHQGURQ�
IHUUXJLQHXP

.RVLRU�$�

$UQLFD�PRQWDQD� 3LWWLRQL����� 5KRGRGHQGURQ�VS� 5DVPRQW�3�
&DPSDQXOD�

FRFKOHDULLIROLD
%HDXPRQW����� 6DOL[�KDVWDWD 6FKHGO�����

&DPSDQXOD�
VFKHXFK]HUL

3LWWLRQL����� 6DOL[�KHOYHWLFD 6FKHGO�����

&DPSDQXOD�
VFKHXFK]HUL

6FKHGO����� 6D[LIUDJD�DL]LRLGHV 3LWWLRQL�����

&DPSDQXOD�
VFKHXFK]HUL

0DQLQR�$��HW�DO� 6D[LIUDJD�DL]LRLGHV 6FKHGO�����

&HUDVWLXP�
XQLIORUXP

1HXPD\HU�-� 6D[LIUDJD�DL]LRLGHV
%HDXPRQW�
����

&LUVLXP�
VSLQRVLVVLPXP

3LWWLRQL����� 6D[LIUDJD�EU\RLGHV 1HXPD\HU�-�

&LUVLXP�
VSLQRVLVVLPXP

%LHOOD�3�
6D[LIUDJD�

RSSRVLWLIROLD
3LWWLRQL�����

&LUVLXP�
VSLQRVLVVLPXP

0DQLQR�$��HW�DO�
6D[LIUDJD�

RSSRVLWLIROLD
6FKHGO�����

&LUVLXP�
VSLQRVLVVLPXP

&RUQDOED�0�
6D[LIUDJD�

RSSRVLWLIROLD�DJJ�
1HXPD\HU�-�

(ULFD�VS� %HDXPRQW�����
6D[LIUDJD�

RSSRVLWLIROLD�DJJ�
.UHLVFK�:�

*HXP��V\Q�
6LHYHUVLD��UHSWDQV

6FKHGO����� 6HGXP�DFUH
0DQLQR�$��HW�

DO�
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+HG\VDUXP�
KHG\VDURLGHV

1HXPD\HU�-�
6HPSHUYLYXP�
WHFWRUXP

3LWWLRQL�����

/RLVHOHXULD�
SURFXPEHQV

3LWWLRQL����� 6LOHQH�DFDXOLV 6FKHGO�����

/RLVHOHXULD�
SURFXPEHQV

5DVPRQW�3� 6LOHQH�DFDXOLV
0DQLQR�$��HW�

DO�
/RWXV�DOSLQXV 0DQLQR�$��HW�DO� 6LOHQH�DFDXOLV %RVVHUW�6�
/RWXV�DOSLQXV 5DVPRQW�3� 6LOHQH�DFDXOLV /LQGQHU

3DSDYHU�DOSLQXP 3LWWLRQL����� 6LOHQH�DFDXOLV 5DVPRQW�3�
3HGLFXODULV�URVHD 0DQLQR�$��HW�DO� 6LOHQH�YXOJDULV 3LWWLRQL�����

3HGLFXODULV�
URVWUDWR�FDSLWDWD

1HXPD\HU�-� 6ROGDQHOOD�DOSLQD 6FKHGO�����

3HGLFXODULV�
YHUWLFLOODWD

5DVPRQW�3� 6ROGDQHOOD�DOSLQD
0DQLQR�$��HW�

DO�
3K\WHXPD�

JOREXODULLIROLXP
0DQLQR�$��HW�DO� 7K\PXV�VS�

0DQLQR�$��HW�
DO�

3K\WHXPD�
JOREXODULLIROLXP

1HXPD\HU�-� 7ULIROLXP�DOSLQXP
0DQLQR�$��HW�

DO�
3K\WHXPD�

JOREXODULLIROLXP
.UHLVFK�:� 7ULIROLXP�EDGLXP %LHOOD�3�

3K\WHXPD�
KHPLVSKDHULFXP

3LWWLRQL�����
9DFFLQLXP�

JDXOWKHULRLGHV
0DQLQR�$��HW�

DO�
3K\WHXPD�

KHPLVSKDHULFXP
'DOOD�7RUUH�.��

9DFFLQLXP�
P\UWLOOXV

6FKHGO�����

3K\WHXPD�VS� 3LWWLRQL�����
9DFFLQLXP�
P\UWLOOXV

5DVPRQW�3�

3K\WHXPD�VS� 6FKQHOOHU�%�
9DFFLQLXP�
XOLJLQRVXP

3LWWLRQL�����

5KRGRGHQGURQ�
FKDPDHF\VWXV

3LWWLRQL����� 9LROD�FDOFDUDWD 3LWWLRQL�����

5KRGRGHQGURQ�
IHUUXJLQHXP

3LWWLRQL�����
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&KDSWHU�,,,

,QWHJUDWLYH�DSSURDFK�UHYHDOV�D�FRQVWDQF\�LQ�WKH�IRUDJLQJ�

VWUDWHJ\�RI�D�VRFLDO�SROOLQDWRU�DIWHU�D�VWURQJ�UHGXFWLRQ�RI�

WKH�FRORQ\¶V�ZRUNIRUFH��

8QGHU�UHYLHZ
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,QWHJUDWLYH�DSSURDFK�UHYHDOV�D�FRQVWDQF\�LQ�WKH�IRUDJLQJ�

VWUDWHJ\�RI�D�VRFLDO�SROOLQDWRU�DIWHU�D�VWURQJ�UHGXFWLRQ�RI�WKH�

FRORQ\¶V�ZRUNIRUFH��

3��%LHOOD������1��7RPPDVL����$��$NWHU������/��*X]]HWWL����-��.OHFND����$��

6DQGLRQLJL ���0��/DEUD � DQG�$��*DOLPEHUWL �

� 8QLYHUVLW\�RI�6RXWK�%RKHPLD��)DFXOW\�RI�6FLHQFH��'HSDUWPHQW�RI�=RRORJ\��

ýHVNp�%XGČMRYLFH��&]HFK�5HSXEOLF�

� &]HFK�$FDGHP\�RI�6FLHQFHV��%LRORJ\�&HQWUH��,QVWLWXWH�RI�(QWRPRORJ\��ýHVNp�

%XGČMRYLFH��&]HFK�5HSXEOLF�

�� =RR3ODQW/DE��'HSDUWPHQW�RI�%LRWHFKQRORJ\�DQG�%LRVFLHQFHV��8QLYHUVLW\�RI�

0LODQR�%LFRFFD��0LODQ��,WDO\�

�&RUUHVSRQGLQJ�DXWKRU��DQGUHD�JDOLPEHUWL#XQLPLE�LW
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$EVWUDFW

3ROOLQDWRUV�DUH�RYHUSRZHUHG�E\�HQYLURQPHQWDO�VWUHVVRUV��UHVXOWLQJ�LQ�SRSXODWLRQ�

GHFOLQHV�� 7KLV� VLWXDWLRQ� FRXOG� WULJJHU�� LQ� WKH� UHPDLQLQJ� IRUDJHUV�� GHQVLW\�

GHSHQGHQW� LQGLYLGXDO� UHVSRQVHV� DV� KLJKHU� VSHFLDOLVP� DW� ORZHU� IRUDJHU� GHQVLW\��

&RQYHUVHO\�� LQ�VRFLDO� LQVHFWV�� WKH�VXUYLYHG�IRUDJHUV�FRXOG�EHKDYH�DV�JHQHUDOLVW�

IRU�FRPSHQVDWLQJ�WKH�OHVV�DPRXQW�RI�LQFRPLQJ�UHVRXUFHV�WR�WKH�QHVW��7KHUHIRUH��

SRSXODWLRQ�GHFOLQH�FRXOG�LQGXFH�FKDQJHV�DW�ERWK�WKH�LQGLYLGXDO�IRUDJLQJ�DQG�WKH�

VLWHV¶� QHWZRUNV� RI� IHHGLQJ�� 7R� WHVW� WKDW� LQ� WKH� ILHOG�� FRORQLHV� RI� WKH� PRGHO�

VSHFLHV�%RPEXV�WHUUHVWULV�ZHUH�H[SHULPHQWDOO\�PDQLSXODWHG�E\�UHPRYLQJ�KDOI�RI�

WKH� ZRUNHUV� LQ� RUGHU� UHSURGXFH� D� FRPPRQO\� GHWHFWHG� VLWXDWLRQ� RI� SRSXODWLRQ�

GHFOLQH��7R�LGHQWLI\�ZKLFK�SODQWV�ZHUH�IRUDJHG��'1$�PHWDEDUFRGLQJ�RQ�SROOHQ�

SHOOHW� VDPSOHV� ZDV� SHUIRUPHG� E\� WDUJHWLQJ� DW� WKH� ,76�� UHJLRQ� XVLQJ� +LJK�

7KURXJKSXW� 6HTXHQFLQJ� �+76��� $� 52&� DSSURDFK� �5HFHLYHU� 2SHUDWLQJ�

&KDUDFWHULVWLF�� ZDV� XVHG� IRU� ILOWHULQJ� RI� VHTXHQFLQJ� UHDGV�� DQG� WD[RQRPLFDO�

DVVLJQPHQWV�ZHUH� EDVHG� RQ� D�PROHFXODU� UHIHUHQFH� GDWDVHW� RI� WKH� SODQW� VSHFLHV�

IRXQG�DW�WKH�VWXGLHG�DUHD��'HVSLWH�D�KLJK�SODQW�GLYHUVLW\�LQ�WKH�SROOHQ�SHOOHWV��L�H��

PDLQO\� SRO\IORUDO� ZLWK� DW� OHDVW� ��� VSHFLHV��� RQO\� PLQRU� FKDQJHV� LQ� WKH� GLHW�

EUHDGWK�RU�LQ�WKH�IHHGLQJ�QHWZRUNV�ZHUH�IRXQG�DIWHU�UHPRYDO��7KH�FRQVWDQF\�LQ�

IHHGLQJ�VWUDWHJ\�LQGLFDWHV�WKDW�IRUDJHUV�PD\�QRW�H[SDQG�WKHLU�GLHW�DQG�PD\�QRW�

FRPSHQVDWH�IRU� WKH� ODFN�RI� UHVRXUFHV�ZKHQ� WKH�SRSXODWLRQ�VL]H�LV�KDOYHG��ZLWK�

SODXVLEOH� LPSOLFDWLRQV� IRU� DVVLPLODWLRQ� RI� UHVRXUFHV� DQG� ILWQHVV�� '1$�

PHWDEDUFRGLQJ�DQG�QHWZRUN�DQDO\VHV�UHYHDOHG�WKDW��LQ�WKH�ILHOG��SROOLQDWRUV�PD\�

DFWXDOO\�QRW�VKDSH�WKHLU�IRUDJLQJ�WR�WKH�VWUHVVLQJ�HQYLURQPHQW�

,QWURGXFWLRQ

3ROOLQDWRUV� DUH� UHVSRQVLEOH� RI� WKH� HFRV\VWHP� VHUYLFH� RI� SROOLQDWLQJ� SODQWV��

+RZHYHU��ZLOG�SROOLQDWRUV�DUH�IDFLQJ�VWHDG\�SRSXODWLRQ�GHFOLQHV�GXH�WR�FOLPDWH�

FKDQJH� �.HUU� HW� DO���������DQG�VHYHUDO�³SROOLQDWRU�XQIULHQGO\�SUDFWLFHV´��6RPH�

RI� WKHVH� DUH� UHODWHG� WR� DJULFXOWXUH�� VXFK� DV� JHQHUDO� LQWHQVLILFDWLRQ�� WKH� XVH� RI�

PRQRFXOWXUHV��WKH�XVH�RI�KDUPIXO�DJURFKHPLFDOV��2OOHUWRQ�HW�DO���������5XQGO|I�
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HW�DO���������� WKH�UHGXFWLRQ�RI�QDWXUDO�HFRV\VWHPV�QHDUE\�ILHOGV� �2VJDWKRUSH�HW�

DO����������DQG�WKH�XVH�RI�V\QWKHWLF�IHUWLOLVHUV�WKDW�UHGXFH�NH\�IRRG�UHVRXUFHV�IRU�

SROOLQDWRUV� E\� FDXVLQJ� VKLIWV� LQ� WKH� YHJHWDWLRQ� �,VEHOO� HW� DO��� �������0RUHRYHU��

ODQG�XVH�FKDQJH��-KD��������DQG�WKH�ODFN�RI�IORZHU�GLYHUVLW\��IRU�LQVWDQFH�GXH�WR�

RYHUJUD]LQJ� RU� IUHTXHQW� PRZLQJ�� DOVR� KDYH� QHJDWLYH� HIIHFWV� RQ� WKH� H[WHQW� RI�

SROOLQDWRUV¶�SRSXODWLRQV��%XUL��+XPEHUW�	�$UOHWWD]��������/i]DUR�HW�DO����������

$GGLWLRQDOO\��WKH�VSUHDG�RI�SDUDVLWHV�DQG�GLVHDVHV��6PLWK��6D[�	�/DIIHUW\��������

DQG� WKH� RYHUZKHOPLQJ� FRPSHWLWLRQ� IURP� GRPHVWLFDWHG� EHHV� �/LQGVWU|P� HW� DO���

������1RUIRON��*LOEHUW�	�(LFKKRUQ������� DOWHU�WKH�G\QDPLFV�RI�ZLOG�SROOLQDWRU�

SRSXODWLRQV�� 'HFOLQLQJ� SROOLQDWRUV� PLJKW� XQGHUPLQH� ERWK� WKH� H[WHQW� RI� WKHLU�

ZLOG�SRSXODWLRQV�DQG�WKH�VH[XDO�UHSURGXFWLRQ�RI�ZLOG�SODQWV�DQG�FURSV�

)RU� GHWHFWLQJ� WKH� LQWHUDFWLRQV� DPRQJ� D� SROOLQDWRU� DQG� D� SODQW�� GLIIHUHQW�

VDPSOLQJ� DSSURDFKHV� FDQ� EH� DSSOLHG�� VXFK� DV� WKH� GLUHFW� REVHUYDWLRQ� RI� DQ�

LQVHFW¶V�EHKDYLRXU��%LHOOD�HW�DO���������RU�WKH�DQDO\VLV�RI�SODQW�SROOHQ�IRXQG�RQ�

WKH�LQVHFW��%RVFK�HW�DO���������*DOOLRW�HW�DO����������,QYHVWLJDWLQJ�WKHVH�DVSHFWV�LQ�

ULFKO\�ELRGLYHUVH�KDELWDWV�PLJKW�EH�FKDOOHQJLQJ�PDLQO\�GXH�WR�WKH�UHTXLUHG�KLJK�

VDPSOLQJ�HIIRUW��1HYHUWKHOHVV��GHWHFWLQJ�DOO�LQWHUDFWLRQV�RI�D�SROOLQDWRU¶V�WULS�DQG�

GUDZLQJ� SROOLQDWLRQ� QHWZRUNV� LV� SRVVLEOH� IURP� WKH� DQDO\VLV� RI� SROOHQ� RQ� DQ�

LQVHFWV�ERG\��*DOOLRW�HW�DO����������)XUWKHUPRUH��GDWD�IURP�SROOHQ�DQDO\VHV�FDQ�

DOVR� UHYHDO� WKH� UDUHVW� LQWHUDFWLRQV��QRUPDOO\�XQGHWHFWHG� LQ�REVHUYDWLRQ�VXUYH\V�

�%RVFK�HW�DO���������3RUQRQ�HW�DO����������<HW��PRUSKRORJ\�EDVHG�LGHQWLILFDWLRQ�

RI�SROOHQ�ODFNV�D�XQLIRUP�GLVFULPLQDWRU\�SRZHU�DQG�UHTXLUHV�JUHDW�WD[RQRPLFDO�

NQRZOHGJH� �0�OOHU�HW� DO���������:LOOLDPV�	�.UHPHQ��������*DOLPEHUWL� HW� DO���

�������+RZHYHU�� WKH� SRWHQWLDO� EHQHILWV� RI� SROOHQ� VWXGLHV� KLJKOLJKW� WKH� QHHG� WR�

LPSURYH�PHWKRGV� DOWHUQDWLYHO\� WR� WKH�PRUSKRORJLFDO� DQDO\VHV�� ,Q� WKLV� FRQWH[W��

'1$�EDVHG� DSSURDFKHV�� VXFK� DV� '1$� EDUFRGLQJ� DQG� '1$� PHWDEDUFRGLQJ��

UHSUHVHQW�UHOLDEOH�DSSURDFKHV��7DEHUOHW�HW�DO���������

%\� XVLQJ� LQWHJUDWLYH� DSSURDFKHV� �H�J�� '1$� PHWDEDUFRGLQJ� DSSOLHG� WR�

HFRORJLFDO� TXHVWLRQV��� WKH� UHVRXUFH� XVDJH� E\� GHFOLQLQJ� SROOLQDWRUV� FDQ� EH�

H[SORUHG� LQ� PRUH� GHSWK�� 7KH� VRFLDO� SROOLQDWRUV� DV� WKH� EXPEOHEHHV�

�+\PHQRSWHUD��$QWKRSKLOD��$SLGDH��%RPEXV��DUH�VXEMHFWHG�WR�PXOWLSOH�VWUHVVRUV�

WKDW� XOWLPDWHO\� FDXVHV� SRSXODWLRQ� UHGXFWLRQV� �.HUU� HW� DO��� ������� )RU� LQVWDQFH��
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SDWKRJHQV��VXFK�DV�WKH�WU\SDQRVRPH�&ULWKLGLD�ERPEL� FDQ�NLOO�PRUH�WKDQ�KDOI�RI�

D� EXPEOHEHH� FRORQ\¶V� VWUHVVHG� ZRUNHUV� �6FKPLG�+HPSHO�� ������� ,Q� DGGLWLRQ�

ZKHQ� IHG�SHVWLFLGHV��XS� WR�����RI� WKH�QHZO\�ERUQ�EXPEOHEHH�ZRUNHUV�GR�QRW�

OLYH�ORQJHU�WKDQ���GD\V��ZKLFK�LV�PXFK�OHVV�WKDQ�WKH�QRUPDO�OLIH�H[SHFWDQF\��DQG�

������� RI� WKH� ZRUNHUV� DUH� XQDEOH� WR� UHWXUQ� WR� WKHLU� QHVW� �*LOO�� 5DPRV�

5RGULJXH]�	�5DLQH���������,Q�KRQH\EHHV��VXUYLYDO�LV�VWURQJO\�UHGXFHG�E\�����

IURP WKH�V\QHUJLVWLF�HIIHFWV�RI�ERWK�SRRU�QXWULWLRQ�DQG�SHVWLFLGH�H[SRVXUH��7RVL�

HW�DO����������6XFK�YDULDWLRQ�LQ�SROOLQDWRU�SRSXODWLRQ�GHQVLWLHV�PD\�PRGLI\� WKH�

IRUDJLQJ�� 2Q� RQH� KDQG�� DW� WKH� OHYHO� RI� LQGLYLGXDO� IRUDJHU�� LQWUDVSHFLILF�

FRPSHWLWLYH� LQWHUDFWLRQV� FDQ� OHDG� WR� D� KLJKHU� VSHFLDOLVP� DW� ORZ� GHQVLW\� RI�

IRUDJHUV� �)RQWDLQH�� &ROOLQ� 	� 'DMR]�� ������� 2Q� WKH� RWKHU� KDQG�� ZKHQ� VRFLDO�

LQVHFWV¶� FRORQ\� LV� UHGXFHG�� D�JHQHUDOLVW� VWUDWHJ\� LV� H[SHFWHG� LQ�RUGHU� WR�JDWKHU�

HQRXJK� UHVRXUFHV� GHVSLWH� WKH� IHZ� IRUDJHUV� �.DOX]D� HW DO��� ������� 7KHUHIRUH��

EHLQJ�D�JHQHUDOLVW�RU�D�VSHFLDOLVW�FRXOG�GHSHQG�RQ�YDULDWLRQV�RI�SRSXODWLRQV�VL]H�

,Q� WKLV� ZRUN�� ZH� H[SHULPHQWDOO\�PDQLSXODWHG� FRPPHUFLDO� FRORQLHV� RI� WKH�

EXPEOHEHH� %RPEXV� WHUUHVWULV �/LQQDHXV�� ������ E\� UHPRYLQJ� KDOI� RI� WKH�

FRORQ\¶V�ZRUNIRUFH�IRU�UHSURGXFLQJ�D�VLWXDWLRQ�RI�SRSXODWLRQ�GHFOLQH�GXH�WR�WKH�

HQYLURQPHQWDO�FRQGLWLRQV��:H�DLPHG�DW�H[SORULQJ� LI�EXPEOHEHHV�FRXOG�FKDQJH�

WKH�UHVRXUFH�XVH�E\�LQYHVWLJDWLQJ��L��KRZ�LQGLYLGXDO�EHHV�DUH�DEOH�WR�DGMXVW�WKHLU�

IRUDJLQJ�WR�VXFK�D�WUHDWPHQW�E\�VWXG\LQJ�WKH�SODQW�GLYHUVLW\�LQ�FROOHFWHG�SROOHQ�

SHOOHWV� DQG� �LL�� WKH� FKDQJHV� LQ� WKH� DVVRFLDWHG� EXPEOHEHH�SODQW� QHWZRUNV�� 7R�

DFKLHYH�WKLV�JRDO��ZH�DSSOLHG�D�'1$�PHWDEDUFRGLQJ�DSSURDFK��'XH�WR�WKH�KLJK�

SUHFLVLRQ�DQG�VHQVLWLYLW\�RI�WKLV�WRRO��ZH�HPSOR\HG�D�52&�PHWKRG��LQVWHDG�RI�D�

IL[HG� FXW� RI� WKUHVKROG�� IRU� WKH� ILOWHULQJ� VHTXHQFLQJ� UHDGV� DQG� D� PROHFXODU�

UHIHUHQFH� GDWDVHW� RI� WKH� ORFDO� SODQW� VSHFLHV��7KHVH� LQFUHDVHG� WKH� SRZHU� RI� WKH�

VHTXHQFLQJ� SURWRFRO� DQG� SURYLGHG� ELRORJLFDOO\� UHOLDEOH� GDWD�� ,Q� WKLV� ZD\� ZH�

ZHUH� DEOH� WR� LQYHVWLJDWH� LQ� GHWDLO� KRZ� EXPEOHEHHV� XWLOL]H� SODQW� UHVRXUFHV� IRU�

SROOHQ� DIWHU� D� WUHDWPHQW� FRQVLVWHQW�ZLWK� WKH�SUHYLRXVO\�GRFXPHQWHG� UHGXFWLRQV�

RI�EXPEOHEHH�SRSXODWLRQV��2XU�H[SHULPHQWDO�GHVLJQ�SURYLGHG�QHZ�LQVLJKWV�LQWR�

WKH� ZD\V� VRFLDO� SROOLQDWRUV� UHVSRQG� WR� HQYLURQPHQWDO� RU� DQWKURSLF� HYHQWV� E\�

LQWHUDFWLQJ�ZLWK�SODQW�UHVRXUFHV�LQ�WKH�FRQWH[W�RI�SROOLQDWLRQ�HFRV\VWHP�VHUYLFHV�
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0DWHULDO�DQG�PHWKRGV

6WXG\�DUHD��H[SHULPHQWDO�VHW�XS�DQG�VDPSOHV�FROOHFWLRQV

7KH� H[SHULPHQW� ZDV� FRQGXFWHG� LQ� D� PHDGRZ� QHDU� ýHVNê� .UXPORY�� ��� NP�

VRXWKZHVW�RI�ýHVNp�%XGČMRYLFH��&]HFK�5HSXEOLF��LQ�WZR�ORFDWLRQV�����P�DSDUW�

�VLWH� �� �����
������1�� �����
�����(�� VLWH� �� �����
������1�� �����
������(���

7KH�VWXG\�VLWHV�EHORQJ�WR�D����KHFWDUH QDWXUDO�DUHD�ORFDWHG�DW�DQ�DOWLWXGH�RI�����

P� D�V�O�� DQG� LV� FRQVWLWXWHG� RI� IRUHVW�� LVRODWHG� WUHHV�� DQG� VKUXEV� DQG� LV� PDLQO\�

FRYHUHG�E\�VSHFLHV�ULFK�FDOFDUHRXV�JUDVVODQGV�PDQDJHG�E\�RFFDVLRQDO�H[WHQVLYH�

JUD]LQJ��$URXQG�WKLV�]RQH��D�PRVDLF�RI�UXUDO�DUHDV�DQG XUEDQ�VHWWOHPHQWV�RFFXU��

7KH� H[SHULPHQW� DQG� WKH� FROOHFWLRQ� RI� VDPSOHV�ZHUH� FDUULHG� RXW� RQ� VXQQ\�

GD\V�ZLWKRXW� VWURQJ�ZLQG�RU� UDLQ�� LQ� VXPPHU�������1XPEHU� RI� XVHG� FRORQLHV�

OLHV�ZLWKLQ�WKH�UDQJH�XVHG�LQ�RWKHU�VWXGLHV�DERXW�EXPEOHEHHV�IRUDJLQJ��%DXGH�HW�

DO�� ������ /HRQKDUGW� 	� %O�WKJHQ�� ������ *HVOLQ� HW� DO��� ������ 5XHGHQDXHU��

6SDHWKH�	� /HRQKDUGW�� ������� DQG� DOVR� WKH� QXPEHU� RI� VDPSOHV�PDWFKHG� RWKHU�

VWXGLHV� RQ� '1$� PHWDEDUFRGLQJ� RI� SROOHQ� �*UHVW\� HW� DO��� ������ /XFDV� HW� DO���

������� )RXU� FRPPHUFLDO� FRORQLHV� RI� %RPEXV� WHUUHVWULV� ZHUH� ERXJKW� IURP� D�

SULYDWH�FRPSDQ\� �.RSSHUW� V�U�R���1RYH�=DPN\�� $W�HDFK�RI� WKH� WZR�VLWHV�� WZR�

FRORQLHV�ZHUH�SODFHG��2QH�FRORQ\�ZDV�XVHG�DV�FRQWURO�DQG�WKH�VHFRQG�RQH�ZDV�

XVHG�IRU�WHVWLQJ�WKH�WUHDWPHQW��ZKLFK�FRQVLVWHG�RI�PDQXDOO\�UHPRYLQJ�KDOI�RI�WKH�

ZRUNHU�SRSXODWLRQ�RI�WKDW�FRORQ\��

7KH�H[SHULPHQW�WRRN�SODFH�DV�IROORZV��$OO�FRORQLHV�ZHUH�PDUNHG�DQG�SODFHG�

LQ� WKH�ILHOG�XQGHU�VKDGH� WR�SUHYHQW�RYHUKHDWLQJ��$IWHU���GD\V�IRU�HDFK�FRORQ\��

WKH� SROOHQ� SHOOHWV� ZHUH� FROOHFWHG� IURP� WKH� FRUELFXODH� RI� WKH� OHJV� RI� ���

EXPEOHEHH� ZRUNHUV� DQHVWKHWL]HG� ZLWK� &2� MXVW� EHIRUH� HQWHULQJ� WKH� QHVW��

�³EHIRUH´� SKDVH�� �WK���WK� -XO\���$IWHU� WKLV� VDPSOLQJ�� WKH� QHVWV� WR� EH� WUHDWHG� E\�

ZRUNHU�UHPRYDO�ZHUH�VHGDWHG�ZLWK�&2���WKH�EXPEOHEHHV�ZHUH�FRXQWHG��DQG�KDOI�

RI�WKH�ZRUNHU�SRSXODWLRQ�ZDV�UHPRYHG�DQG�NLOOHG��/DWHU�RQ��³DIWHU´�SKDVH����WK�

��UG -XO\��� SROOHQ� SHOOHWV� RI� ���ZRUNHUV� IRU� HDFK� FRORQ\�ZHUH� FROOHFWHG� LQ� WKH�

VDPH� ZD\� DV� WKH� ³EHIRUH´� SHULRG�� 2YHUDOO�� ��� VDPSOHV� ZHUH� FROOHFWHG� LQ� WKH�

SHULRG�EHIRUH� WUHDWPHQW�� DQG� DQRWKHU� ��� VDPSOHV�ZHUH� FROOHFWHG� LQ� WKH� SHULRG�
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DIWHU� WUHDWPHQW�� 3HOOHWV� ZHUH� FROOHFWHG� ZLWK� VWHULOH� WZHH]HUV� DQG� SODFHG� LQ�

(SSHQGRUI�WXEHV��PDUNHG�ZLWK�FRGHV�DQG�SODFHG�LQ�UHIULJHUDWRU�DW������&�

/RFDO� ERWDQLVWV� SURYLGHG� DQ� DFFXUDWH� FKHFN�OLVW� RI� WKH� IORZHULQJ� SODQW�

VSHFLHV�DW� WKH�VWXG\�DUHD� �L�H�������SODQW� VSHFLHV���7KRVH�VSHFLHV� WKDW�ZHUH�QRW�

DYDLODEOH�LQ�SXEOLF�QXFOHRWLGH�GDWDEDVHV��L�H���1&%,�DQG�%2/'��ZHUH�VDPSOHG�

�L�H������SODQW�VSHFLHV��RQH RU�WZR�\RXQJ�OHDIV�HDFK��VWRUHG�DW�í����&��WR�FUHDWH�D�

FRPSOHWH�'1$�EDUFRGLQJ�UHIHUHQFH�GDWDVHW��5HIHUHQFH� ,76��VHTXHQFHV�IRU�WKH�

UHPDLQLQJ� VSHFLHV� ZHUH� GLUHFWO\� UHWULHYHG� IURP� *HQ%DQN� 1&%,� SULRU� WR�

DFFXUDWH� YDOLGDWLRQ� RI� WKH� DFFHVVLRQV� �L�H��� DYDLODELOLW\� RI� YRXFKHU� GHWDLOV� DQG�

FRPSOHWH� RYHUODSSLQJ� ZLWK� WKH� '1$� EDUFRGLQJ� UHJLRQ� VHTXHQFHG� LQ�

EXPEOHEHHV¶�SROOHQ�SHOOHWV���

2YHUDOO��WKH�ILQDO�UHIHUHQFH�GDWDVHW�HQFRPSDVVHG������,76��VHTXHQFHV�

'1$�DQDO\VHV�DQG�WD[RQRPLFDO�DVVLJQPHQWV

5HIHUHQFH�,76��'1$�EDUFRGHV�IRU�WKH�VDPSOHG�SODQW�VSHFLHV�ZHUH�REWDLQHG�DV�

GHVFULEHG�LQ��0H]]DVDOPD�HW�DO���������DQG�GHSRVLWHG�LQ�(0%/�*HQH%DQN�

)RU�HDFK�EXPEOHEHH��RQH�SROOHQ�SHOOHW�ZDV�JULQGHG�ZLWK�D�7LVVXH�/\VHU�/7�

�4XLDJHQ��+LOGHQ��*HUPDQ\��SULRU�WR�IUHH]LQJ�WKH�VDPSOH�LQ�OLTXLG�QLWURJHQ��7KH�

WRWDO� '1$� ZDV� H[WUDFWHG� E\� XVLQJ� WKH� (XUR*2/'� 3ODQW� '1$� PLQL� NLW�

�(XUR&ORQH��3HUR��,WDO\���IROORZLQJ�WKH�PDQXIDFWXUHU¶V�LQVWUXFWLRQV�DQG�XVLQJ�D�

ILQDO�HOXWLRQ�YROXPH�RI�����O�

3ROOHQ� ORDG� LGHQWLILFDWLRQ� ZDV� SHUIRUPHG� WKURXJK� D� '1$�PHWDEDUFRGLQJ�

DSSURDFK�WDUJHWLQJ�WKH�QXFOHDU�LQWHUQDO�WUDQVFULEHG�VSDFHU���UHJLRQ��,76����7KLV�

ORFXV�ZDV�VXFFHVVIXOO\�XVHG�IRU�FKDUDFWHUL]LQJ�SROOHQ�PL[HG�VDPSOHV�LQ�VHYHUDO�

UHFHQW� VWXGLHV� �&KHQ�HW� DO��� ������.HOOHU� HW� DO��� �������'1$� OLEUDULHV� IRU� HDFK�

VDPSOH� ZHUH� SUHSDUHG� IROORZLQJ� ,OOXPLQD� JXLGHOLQHV� ���6� 0HWDJHQRPLF�

6HTXHQFLQJ� /LEUDU\� 3UHSDUDWLRQ�� 3DUW� ���������� 5HY�� %�� ZLWK� PRGLILFDWLRQV�

IRU� ,76�� VHTXHQFLQJ�� 7KH� ,76�� UHJLRQ�ZDV� DPSOLILHG� XVLQJ� SULPHUV� 6�)� DQG�

6�5� �&KHQ� HW� DO��� ������ ZLWK� WKH� DGGLWLRQ� RI� WKH� ,OOXPLQD� RYHUKDQJ� DGDSWHU�

VHTXHQFHV��QDPHO\
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6�)B6HT��

�¶7&*7&**&$*&*7&$*$7*7*7$7$$*$*$&$*$7*&*$7$&77*

*7*7*$$7��
�

6�5B6HT��

�¶*7&7&*7***&7&**$*$7*7*7$7$$*$*$&$**$&*&77&7&&

$*$&7$&$$7��
��

%HIRUH� DPSOLILFDWLRQ�� '1$� H[WUDFWV� ZHUH� QRUPDOL]HG� E\� PHDQV� RI�

4XDQWLWDWLYH� UHDO�WLPH� 3&5� �T3&5�� &W� YDOXHV� ZLWK� WKH� VDPH� DPSOLILFDWLRQ�

SULPHU� SDLUV� DQG� WKH� VDPH� SURWRFROV� GHVFULEHG� E\� �%UXQR� HW� DO��� ������� 3&5�

UHDFWLRQV�FRQWDLQHG�������O�RI�.$3$�+L)L�+RW6WDUW�5HDG\0L[�3&5�.LW�����O�RI�

HDFK�SULPHU����0��IRUZDUG�DQG�UHYHUVH��DQG������O�'1$��PD[LPXP�YROXPH�RI�

'1$� SHU� VDPSOH� ZLWK� �QJ�ȝO� '1$� FRQFHQWUDWLRQ��� 6DPSOHV� ZHUH� LQLWLDOO\�

GHQDWXUHG�DW�����IRU���PLQ��WKHQ�DPSOLILHG�XVLQJ����F\FOHV�RI�����IRU����V������

IRU����V��DQG�����IRU����V��$�ILQDO�H[WHQVLRQ�������RI����PLQ�ZDV�SHUIRUPHG�DW�

WKH� HQG� RI� WKH� SURJUDPPH� WR� HQVXUH� FRPSOHWH� DPSOLILFDWLRQ�� $OO� 3&5�

DPSOLILFDWLRQV�ZHUH�SUHSDUHG�XQGHU�DQ�89�3&5�FDELQHW�WR�DYRLG�FRQWDPLQDWLRQ��

7KH�VXFFHVV�RI�DPSOLILFDWLRQ�ZDV�WHVWHG�RQ�D������DJDURVH�JHO�HOHFWURSKRUHVLV��

$�����ES�PDVV�ODGGHU��*HQH'LUH[�����ES�'1$�/DGGHU�578��)URJJD%LR�,QF���

7RURQWR��21��&DQDGD��ZDV�XVHG�WR�FRQILUP�WKH�VXFFHVVIXO�QRUPDOL]DWLRQ�RI�WKH�

DPSOLFRQ�FRQFHQWUDWLRQ�ZLWKLQ�WKH�VDPSOHV�

,QGH[� 3&5� DQG� OLEUDU\� VHTXHQFLQJ� ZHUH� SHUIRUPHG� WKURXJK� WKH� ,OOXPLQD�

0L6HT� LQVWUXPHQW� XVLQJ� 0L6HT� 5HDJHQW� .LW� Y�� ��� [� ����ES� SDLUHG�HQG�

VHTXHQFLQJ��� 7KH� OLEUDU\� SUHSDUDWLRQ� DQG� WKH� VHTXHQFLQJ� SURFHVV� ZHUH�

FRQGXFWHG�DW�%05�*HQRPLFV��3DGRYD��,WDO\�� 5DZ� ,OOXPLQD� UHDGV� ZHUH�

SDLUHG�DQG�SUH�SURFHVVHG�XVLQJ�86($5&+ ����������(GJDU���������5HDGV�ZHUH�

ILOWHUHG� RXW� LI� DPELJXRXV� EDVHV� ZHUH� GHWHFWHG� DQG� OHQJWKV� ZHUH� RXWVLGH� WKH�

ERXQGV�RI�����ES��0RUHRYHU��DQ�H[SHFWHG�HUURU�RI���ZDV�XVHG�DV�DQ�LQGLFDWRU�RI�

UHDG� DFFXUDF\�� 3ROOHQ� SHOOHW� FRPSRVLWLRQ� ZDV� REWDLQHG� XVLQJ� ��FOXVWHUBIDVW

DOJRULWKP� IURP� 96($5&+�� VRIWZDUH� �KWWSV���JLWKXE�FRP�WRURJQHV�YVHDUFK��

�5RJQHV� HW� DO��� ������ZLWK� D�����VHTXHQFH� LGHQWLW\��7KH�FOXVWHU� FHQWURLG�ZDV�

FKRVHQ�DV�WKH�UHSUHVHQWDWLYH�VHTXHQFH�RI�WKH�FOXVWHU��7KH�WD[RQRPLF�DVVLJQPHQW�

RI� WKH� UHSUHVHQWDWLYH� VHTXHQFHV� ZDV� FDUULHG� RXW� XVLQJ� WKH� %/$67 DOJRULWKP�
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�$OWVFKXO�HW�DO���������DJDLQVW�WKH�UHIHUHQFH�'1$�EDUFRGLQJ�GDWDVHW�RI�WKH�VWXG\�

DUHD�� DFFHSWLQJ� RQO\� DVVLJQPHQWV� ZLWK� 0D[� ,GHQWLW\� DQG� 4XHU\� &RYHUDJH� !�

�����278�UHSUHVHQWDWLYH�VHTXHQFHV�VKRZLQJ�DVVLJQPHQW�YDOXHV�RI�0,�DQG�4&�

������ZLWK� WKH�XVH�RI� WKLV�GDWDEDVH�ZHUH�DVVLJQHG�XVLQJ� WKH�*HQ%DQN�1&%,�

GDWDEDVH�

6HOHFWLRQ�RI�278V

7KH� QHHG� RI� LGHQWLI\LQJ� IDOVH� SRVLWLYHV� LQ� GDWD� RULJLQDWHG� IURP� WKH�

PHWDEDUFRGLQJ� DSSURDFK� KDV� EHHQ� UHFHQWO\� XQGHUOLQHG� �%HOO� HW� DO��� ������� ,Q�

RUGHU� WR�H[FOXGH� IDOVH�SRVLWLYHV� LQ� WKH�278�DVVLJQPHQW� VWHS� IURP� WKH�GDWDVHW��

WKH�52&��5HFHLYHU�2SHUDWLQJ�&KDUDFWHULVWLF��IUDPHZRUN�ZDV�XVHG�WR�TXDQWLI\�D�

WUDGH�RII� RI� DFFHSWDQFH� RU� UHMHFWLRQ� RI� 278V� ZLWKLQ� WKH� DQDO\]HG� SROOHQ�

VDPSOHV�� 7KH� 52&� IUDPHZRUN� DVVHVVHV� WKH� WUXH� SRVLWLYH� UDWH� DQG� WKH� WUXH�

QHJDWLYH�UDWH�RI�D�WHVW��0HW]���������EDVHG�RQ�WKH�<RXGHQ�LQGH[��7KLV�DSSURDFK�

FDQ� LPSURYH� WKH� UHOLDELOLW\� RI� 278� DVVLJQPHQWV� E\� HVWDEOLVKLQJ� GHIHQVLEOH�

WKUHVKROGV�IRU�UHMHFWLRQ�RU�DFFHSWDQFH��6HUUDR��5HLG�	�:LOVRQ���������7KLV�LV�D�

ZHOO�DFFHSWHG�PHWKRGRORJ\� IRU� WKUHVKROG� GHWHFWLRQ�� VLQFH� LW� LV� XVHG� LQ� VHYHUDO�

ELRORJLFDO�ILHOGV��LQFOXGLQJ�'1$� DQG�HQYLURQPHQWDO�'1$�EDVHG�VWXGLHV��1XW]��

'|OO�	�.DUORYVN\��������6HUUDR��5HLG�	�:LOVRQ���������

,Q�WKH�VDPSOHV�RI�WKLV�VWXG\��VRPH�278V�ZHUH�UHSUHVHQWHG�ZLWK�RQO\�D�YHU\�

ORZ� QXPEHU� RI� UHDGV�� 7KLV� ZRXOG� KLQW� DW� WKH� SUHVHQFH� RI� IDOVH� SRVLWLYHV��

7KHUHIRUH�� LQ�RUGHU� WR� ILQG�UHOLDEOH� WKUHVKROGV��ZH�IROORZHG� WKH�VXJJHVWLRQV�RI�

�6HUUDR�� 5HLG� 	� :LOVRQ�� ����� ZKLFK� HPSOR\V� 52&� FXUYHV� LQVWHDG� RI�

DUELWUDULO\�FXW�RII�YDOXHV�IRU�H[FOXGLQJ�278V�IURP�WKH�VDPSOHV��

6SHFLILFDOO\� IRU� HDFK� VDPSOH� LQGHSHQGHQWO\�� D� FDWHJRULFDO� YDULDEOH�

³QHJDWLYH´� ZDV� DVVLJQHG� WR� WKH� 278V� ZLWK� �� QXPEHU� RI� '1$� UHDGV� DQG�

³SRVLWLYH´�ZDV�DVVLJQHG�WR�WKH�278�ZLWK�UHDGV�!���$�*/0��*HQHUDOL]HG�OLQHDU�

UHJUHVVLRQ�� ZLWK� DQ� RYHUGLVSHUVHG� 3RLVVRQ� GLVWULEXWLRQ� �TXDVLSRLVVRQ�� ZDV�

SHUIRUPHG�LQGHSHQGHQWO\�RQ�HDFK�VDPSOH�LQ�RUGHU�WR�HVWLPDWH�WKH�GLVWULEXWLRQ�RI�

UHDGV� UHODWHG� WR� SRVLWLYHV� DQG� QHJDWLYHV�� WKH� DPRXQW� RI� UHDGV� SHU� 278� ZDV�

UHVSRQVH� YDULDEOH� DQG� �SRVLWLYH�� RU� �QHJDWLYH��ZDV� WKH� SUHGLFWRU� YDULDEOH��2Q�

WKH�YDOXHV�HVWLPDWHG�E\�WKH�UHJUHVVLRQV��WKH�S52& SDFNDJH��5RELQ�HW�DO���������

LQ�WKH�5�HQYLURQPHQW��5�&RUH�7HDP��������ZDV�XVHG�WR�HVWLPDWH�WKH�SHU�VDPSOH�
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FXWWLQJ�WKUHVKROG�DQG�WKXV�WR�LGHQWLI\�ZKLFK�278V�ZHUH�IDOVH�SRVLWLYHV��,Q�RXU�

VDPSOHV�� WKH�REWDLQHG� UDQJH�RI� FXWWLQJ� WKUHVKROGV�ZDV�DW������� � �����RI� WKH�

WRWDO�DPRXQW�RI�UHDGV�LQ�WKH�VDPSOHV��ZLWK�DQ�DYHUDJH�DFURVV�VDPSOHV�RI�������

7KRVH�278V�ZLWK�D�QXPEHU�RI�UHDGV�EHORZ�WKH�WKUHVKROGV�ZHUH�H[FOXGHG�IURP�

WKH�GDWDVHW�DQG�FRQVLGHUHG�DV�IDOVH�SRVLWLYHV�

'DWD�DQDO\VHV

)RU� HDFK� FRPPHUFLDO� EXPEOHEHH� QHVW� DQG� DW� HDFK� OHYHO� RI� WKH� WUHDWPHQW�

�³EHIRUH´�� ³DIWHU´��� PDWULFHV� RI� EXPEOHEHHV� DQG� SODQWV� ZHUH� DQDO\VHG� WR�

LQYHVWLJDWH�FKDQJHV�LQ�WKH�IRUDJLQJ�EHKDYLRXU�RI�EXPEOHEHHV�DQG�LQ�WKH�LQVHFW�

SODQW�LQWHUDFWLRQ�QHWZRUNV��

,Q�RXU�QHWZRUNV��D�JLYHQ�SODQW�VSHFLHV�RU�D�JLYHQ�EXPEOHEHH�LV�FRQVLGHUHG�

WR�EH�D�³QRGH´��:H�WHVWHG�IRU�FKDQJHV�LQ�SROOHQ�FROOHFWHG�E\�FDOFXODWLQJ�VHYHUDO�

QRGH�OHYHO�LQGH[HV��DV�IROORZV���D��WKH�³GHJUHH´��WKDW�LV�QXPEHU�RI�SODQW�VSHFLHV�

LQ�D�SROOHQ�SHOOHW���E��55��WKH�³UHVRXUFH�UDQJH´��HVWLPDWHV�WKH�IUDFWLRQ�RI�XVHG�

UHVRXUFHV� WR� WKH� WRWDO� DYDLODEOH� �6FKRHQHU�� ����� DQG� LV� FRPSXWHG� KHUH� DV�

ͳ െ
ோି

ோିଵ
��ZKHUH�ܴ DUH�WKH�DYDLODEOH�UHVRXUFHV�� �SODQWV��DQGݎ� DUH�WKH�XVHG�RQHV��

�F��3*��WKH�³SURSRUWLRQDO�JHQHUDOLW\´��LV�WKH�TXDQWLWDWLYH�GLYHUVLW\�RI�FRQVXPHUV�

LQ�UHODWLRQ�WR�WKH�SRWHQWLDO�RQH�RI�UHVRXUFHV��LW�LV�FRPSXWHG�DV�WKH�UDWLR�EHWZHHQ�

WKH�SRZHU�RI�WKH�TXDQWLWDWLYH�6KDQQRQ�GLYHUVLW\ܪ� IRU�FRQVXPHUV� DQG�WKDW�IRU�

WKH� DEXQGDQFHV� RI� UHVRXUFHV� �ݍ� ݁ுȀ݁ு�� �G�� 3',�� WKH� ³3DLUHG� 'LIIHUHQFH�

,QGH[´�� LV� WKH� TXDQWLWDWLYH� FRXQWHUSDUW� RI� 55� DQG� LW� FRPSDUHV� WKH� VWURQJHVW�

TXDQWLWDWLYH� LQWHUDFWLRQ ZLWK� DOO� UHPDLQLQJ� LQWHUDFWLRQV� �3RLVRW� HW� DO��� ������� LW�

FKDUDFWHUL]HV�WKH�GHFD\�RI�SHUIRUPDQFH�DV�GULIW�IURP�WKH�RSWLPDO�UHVRXUFH��LW�LV�

FDOFXODWHG� KHUH� DV� ͳ െ
σ ሺೌೣିሻ
ೃ
సమ

ோିଵ
�� ZKHUH� ܲ௫ LV� WKH� PD[LPXP� RI� DOO�

TXDQWLWDWLYH�LQWHUDFWLRQV� ܲ LV�WKH�TXDQWLW\�RI�LQWHUDFWLRQ�ZLWK�WKH�݅ SODQW��DQG�ܴ

LV�WKH�QXPEHU�RI�DYDLODEOH�UHVRXUFHV�� SODQWV����H��G¶�LQGH[��ZKLFK�LV�D�PHDVXUH�

RI� VSHFLDOL]DWLRQ�EDVHG�RQ�QLFKH� RYHUODS� DPRQJ� VSHFLHV� �%O�WKJHQ��0HQ]HO�	�

%O�WKJHQ������� DQG�LV�FDOFXODWHG�DV�σ ሺ
ᇱ ݈݊

ೕ
ᇲ

ೕ

ோ
ୀଵ ሻ��ZKHUH�ܴ LV�WKH�QXPEHU�RI�

UHVRXUFHV��
ᇱ LV�D�VSHFLHV¶�݅ LQWHUDFWLRQ�ZLWK�SDUWQHU�݆ DV�SURSRUWLRQ�RI�WKH�VXP�

RI�LQWHUDFWLRQV�RI�݅ݍ�� LV�WKH�VXP�RI�LQWHUDFWLRQV�RI�SDUWQHU�݆ GLYLGHG�E\�WKH�WRWDO�
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RI�DOO�LQWHUDFWLRQV���I��WKH�³FORVHQHVV�FHQWUDOLW\´�ZKLFK�LQGLFDWHV�KRZ�D�SODQW�LV�

QHDU� WKH� FRUH� RI� WKH� LQWHUDFWLRQV� EDVHG� RQ� WKH� SDWK� OHQJWKV� RI� WKH� QHWZRUN��

ܥܥ ൌ
ோିଵ

σ ௗሺ௩ǡሻǣ്�
�� ZKHUH� ܴ LV� WKH� DYDLODEOH� SODQWV� DQG� ݀ሺݒǡ ݅ሻ LV� WKH� JHRGHVLF�

GLVWDQFH� EHWZHHQ�SODQWݒ� DQG� ݅ �)UHHPDQ�� ������� ,QGH[HV� �D��� �E��� DQG� �I�� DUH�

FDOFXODWHG� IURP� WKH� ELQRPLDO� LQWHUDFWLRQ� PDWULFHV� �SUHVHQFH� RU� DEVHQFH� RI� D�

SODQW�LQ�D�VDPSOH���ZKLOH�LQGH[HV��F����G���DQG��H��DUH�EDVHG�RQ�WKH�TXDQWLWDWLYH�

LQWHUDFWLRQ�PDWUL[�LQFOXGLQJ�WKH�QXPEHU�RI�'1$�UHDGV�RI�D�FHUWDLQ�SODQW�VSHFLHV�

LQ� D� SROOHQ� SHOOHW�� 8VLQJ� '1$� UHDGV� DV� D� SUR[\� RI� D� TXDQWLWDWLYH� DPRXQW� RI�

SROOHQ�ZDV�GHFHQWO\�VXSSRUWHG�LQ�%HOO�HW�DO�������� DQG�ZDV�DOUHDG\ DSSOLHG�WR�

QHWZRUNV� LQ� 3RUQRQ� HW� DO�� �������� WKHVH� LQGH[HV� LQFOXGH� QRUPDOL]DWLRQV� E\�

PDWUL[�WRWDO��

)RU� WHVWLQJ� FKDQJHV� LQ� WKHVH� LQGH[HV�� HDFK� RQH� ZDV� DQDO\VHG� ZLWK��

JHQHUDOL]HG�OLQHDU�PL[HG�HIIHFW�PRGHOV�ZLWK�OLEUDU\�OPH� �%DWHV�HW�DO�������� LQ�

WKH� 5� HQYLURQPHQW� ZLWK� D� JLYHQ� LQGH[� DV� UHVSRQVH� YDULDEOH�� WUHDWPHQW� DV� D�

SUHGLFWRU�YDULDEOH� �³EHIRUH´�� ³DIWHU´�ZRUNHU� UHPRYDO��� DQG�QHVW� LGHQWLW\� DV� WKH�

UDQGRP�LQWHUFHSW��3RLVVRQ�GLVWULEXWLRQ�RU�*DPPD�GLVWULEXWLRQ�ZLWK�WKH�ORJ�OLQN�

IXQFWLRQ�ZHUH�XVHG��GHSHQGLQJ�RQ�WKH�UHVSRQVH�YDULDEOH�

7R� WHVW� ZKHWKHU� WKH� HFRORJLFDO� QHWZRUNV� FKDQJHG� DIWHU� WKH� WUHDWPHQW�� WKH�

LQWHUDFWLRQ�PDWULFHV�LQFOXGHG�HLWKHU�ELQDU\�LQWHUDFWLRQ�PDWULFHV�RU�WKH�FRXQW�GDWD�

RI�WKH�'1$�UHDGV��VXFK�DV�LQ��3RUQRQ�HW�DO����������VWDQGDUGL]HG�E\�WKH�WRWDO�RI�

WKH� PDWUL[�� )RU� HDFK� QHVW�� WKH� QHWZRUN� VWUXFWXUH� ZDV� VWXGLHG� E\� PHDQV� RI� ��

LQGH[HV���D��/LQNV�GHQVLW\�/'��%HUVLHU��%DQDãHN�5LFKWHU�	�&DWWLQ���������ZKLFK�

LV� EDVHG� RQ� WKH� TXDQWLWDWLYH� PHDVXUH� RI� WKH� SODQWV¶� DQG� EXPEOHEHHV¶�

FRQWULEXWLRQ� WR� WKH� QHWZRUN�� LV� FRPSXWHG� DV�

ܦܮ ൌ
ଵ

ଶ
ቀσ

ೕǤ

ǤǤ
ʹு ௦

ୀଵ σ


ǤǤ
ʹு௦

ୀଵ ቁ�� ZKHUH� ݏ LV� WKH� QXPEHU� RI� VSHFLHV� LQ� WKH�

QHWZRUNV�� ǤܾǤ LV�WKH�WRWDO�VXP�RI�WKH�PDWUL[�� ܾǤ LV�WKH�VXP�RI�WKH�LQWHUDFWLRQV�RI�

EXPEOHEHHV� ܪ��݆ LV� FDOFXODWHG� DV� Ȃσ
ೕ

ೕǤ
ଶ݈݃

ೕ

ೕǤ

௦
ୀଵ ZLWK� ܾ DV� DQ� LQWHUDFWLRQ�

�DQG�VLPLODUO\� IRU�SODQWVܪ� DQG�SODQW� VSHFLHV� ݅��� �E��&RQQHFWDQFH�&� �%HUVLHU��

%DQDãHN�5LFKWHU� 	� &DWWLQ�� ������� ZKLFK� LV� WKH� SURSRUWLRQ� RI� UHDOL]HG� OLQNV�

FDOFXODWHG�DV�ൌ


ூכ
ܮ�� LV� WKH�QXPEHU�RI� LQWHUDFWLRQV�� ǡܫ DQGܬ� LV� WKH�QXPEHU�RI
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SODQW�DQG�DQLPDO�VSHFLHV��UHVSHFWLYHO\��DQG�FDQ�YDU\�IURP���WR�D�PD[LPXP�RI����

�F�� 1HVWHGQHVV� EDVHG� RQ� 2YHUODS� DQG� 'HFUHDVLQJ� )LOO� �12')�� DQG� �G�� WKH�

ZHLJKWHG� FRXQWHUSDUW� :12')� �$OPHLGD�1HWR� HW� DO��� ������� LV� EDVHG� RQ�

GHFUHDVLQJ�ILOO�DQG�RQ�SDLUHG�RYHUODS�RQ�WKH�PDWUL[��%HWZHHQ�SDLUV�RI�FROXPQV�

DQG� SDLUV� RI� URZV�� LW� GHWHFWV� WKH� GHJUHH� RI� QHVWHGQHVV� ܰ E\� FRPSDULQJ� WKH�

PDUJLQDO� WRWDOV� DQG� WKH� SURSRUWLRQ� RI� ILOOHG� PDWUL[� FHOOV� ORFDWHG� DW� WKH� VDPH�

SRVLWLRQ�� 7KXV�� IRU� D� PDWUL[� ZLWK� ݅ SODQWV� DQG� ݆ EXPEOHEHHV�

ܨܦܱܰ ൌ
σ ܰ

ቂ
ሺିଵሻ

ଶ
ቃ  ቂ

ሺିଵሻ

ଶ
ቃ

൘ �� ,W� UDQJHV� IURP��� WR� ���� �IXOO\� QHVWHG��� �H��

0RGXODULW\� ܳ�� DQG� �I�� WKH� TXDQWLWDWLYH� FRXQWHUSDUW� ܳ௪�� FRPSXWHG� E\� WKH�

DOJRULWP� ',57/3$ZE� �%HFNHWW�� ������� QDPHO\� D� PHDVXUH� RI� WKH� QRGHV�

SDUWLWLRQ� LQWR� VHSDUDWH�PRGXOHV� �RU� FOXVWHUV�RI� LQWHUDFWLRQV���ܳ LV� FRPSXWHG�DV�
ଵ


σ σ ቀܣ െ

ௗೕ


ቁ Ɂ൫�୧ǡ �୨൯


ୀଵ


ୀଵ ��ZKHUHܣ� LV�WKH�LQWHUDFWLRQ�PDWUL[�RIݎ� URZV�

DQG�ܿ FROXPQV��݉ LV�WKH�QXPEHU�RI�OLQNV��݇ LV�WKH�QRGH�GHJUHH�IRU�D�SODQW�ZLWK�

ODEHO� ݄ �� DQG� ݀ LV� WKH� QRGH� GHJUHH� IRU� D� EXPEOHEHH� ZLWK� ODEHO� ݃�� ZKLOH� WKH�

.URQHFNHU�IXQFWLRQ�Ɂ൫�୧ǡ �୨൯ LV���LI�QRGHV�݅ DQG�݆ EHORQJ�WR�VDPH�PRGXOH�RU���

RWKHUZLVH��ܳ DQG�ܳ௪ UDQJH�IURP���WR�LWV�PD[LPXP�����J� ,QWHUDFWLRQ�'LYHUVLW\�

ଶܪ
ᇱ LV�D�PHDVXUH�RI�JHQHUDOL]DWLRQ�RI�QHWZRUN�OHYHO�LQWHUDFWLRQV��,W�LV�FRPSXWHG�

DV�σ σ ൫ כ ൯݈݊

ୀଵ


ୀଵ ��ZLWKݎ� DQG�ܿ UHIHUULQJ� WR� URZV�DQG�FROXPQV�RI� WKH�

LQWHUDFWLRQ�PDWUL[�EHWZHHQ�D�SODQW�VSHFLHV�݅ DQG�SROOLQDWRU�VSHFLHV�݆��DQG� LV�

WKH� SURSRUWLRQ� RI� WKH� QXPEHU� RI� LQWHUDFWLRQV� LQ� UHODWLRQ� WR� WKH� UHVSHFWLYH� URZ�

WRWDO��,WV�SRVVLEOH�PD[LPXP�DQG�PLQLPXP�DUH�REWDLQHG�IURP�WKH�GLVWULEXWLRQ�RI�

LQWHUDFWLRQ�WRWDOV�RI�WKH�PDWUL[�DQG�XVHG�WR�QRUPDOL]H�WKH�LQGH[�WR�YDU\�EHWZHHQ�

�� DQG� �� �SHUIHFW� VSHFLDOLVDWLRQ�� �%O�WKJHQ�� 0HQ]HO� 	� %O�WKJHQ�� ������� �I��

*HQHUDOLW\�DQG��J��9XOQHUDELOLW\�DUH�PHDQ�HIIHFWLYH�QXPEHUV�RI�SDUWQHUV��WKDW�LV�

RI� SODQWV� IRU� EXPEOHEHHV� �*HQHUDOLW\� *�� DQG� RI� EXPEOHEHHV� IRU� SODQWV�

�9XOQHUDELOLW\� 9��� FDOFXODWHG� IURP� WKH� ZHLJKWHG� LQWHUDFWLRQ� PDWUL[� DQG� WKXV�

ZHLJKWHG� E\� WKH� PDUJLQDO� WRWDOV�� WKH\� DUH� FDOFXODWHG� DV�
ଵ

Ȁ௦
σ ܾ
௦
ୀଵ �� ZKHUH� D�

QRGH� ݅ LV� LQWHUDFWLQJ� ZLWK� D� QRGH� ݆�� DQG� ܾ LV� WKH� VXP� RI� TXDQWLWDWLYH�

LQWHUDFWLRQV�EHWZHHQ� ݅ DQG�݆��DQG�WKH�WRWDO�QXPEHU�RI� OLQNV� LQ� WKH�QHWZRUN� LV� ݈

DQG�WKDW�RI�QRGHV�LVݏ� �%HUVLHU��%DQDãHN�5LFKWHU�	�&DWWLQ��������
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&KDQJHV� LQ� WKHVH� LQGH[HV� RI� QHWZRUN� VWUXFWXUH� ZHUH� WHVWHG� E\� PHDQV� RI�

UDQGRP�SHUPXWDWLRQV�RI�WKH�GDWD��ZKLFK�WHVW�ZKHWKHU�WKH�GLIIHUHQFH�EHWZHHQ�WKH�

REVHUYHG�QHWZRUNV�LV�VLJQLILFDQW�ZLWK�UHVSHFW�WR�UDQGRP�H[SHFWDWLRQV��7R�UHDFK�

WKLV� JRDO�� WKH� LQWHUDFWLRQV� �PDWUL[� FHOOV�� RI� ERWK� QHWZRUNV� ZHUH� VZDSSHG�

UDQGRPO\� EHWZHHQ� WKH� WZR� QHWZRUNV� �³EHIRUH´�� ³DIWHU´��� IROORZLQJ� �)DULQH��

����� DQG� �YDQ� %RUNXOR� HW� DO��� ������� IRU� ������ WLPHV� IRU� HDFK� RI� WKH� WZR�

QHWZRUNV��$IWHU� HDFK� VZDS�� WKH� YDOXH� RI� WKH� GLIIHUHQFH�ZDV� UHFDOFXODWHG�� 7KH�

VWDWLVWLFDO� VLJQLILFDQFH�ZDV� REWDLQHG� E\� FRPSDULQJ� WKH� REVHUYHG� GLIIHUHQFH� WR�

WKH�GLVWULEXWLRQ�RI�GLIIHUHQFHV�IURP�WKH�UDQGRP�SHUPXWDWLRQV�

7KH� QRGH� DQG� WKH� QHWZRUN� LQGH[HV� ZHUH� FDOFXODWHG� ZLWK� WKH� SDFNDJHV�

ELSDUWLWH �'RUPDQQ��*UXEHU�	�)U�QG������� DQG�YHJDQ �2NVDQHQ�HW�DO�������� LQ�

5�

5HVXOWV

6HTXHQFLQJ��ILOWHULQJ��DQG�WD[RQRPLF�DVVLJQPHQW�RI�SROOHQ�ORDGV

,OOXPLQD� VHTXHQFLQJ� RI� SROOHQ� VDPSOHV� \LHOGHG� ����������� UDZ� UHDGV�� $IWHU�

SDLU�HQGLQJ�DQG�TXDOLW\�ILOWHULQJ������������UHDGV�ZHUH�XVHG�IRU�WKH�VXEVHTXHQW�

DQDO\VHV�DQG�ZHUH�FOXVWHUHG�LQ�����278V��2I�WKHVH�����278V���������VKRZHG�

KLJK�VLPLODULW\�ZLWK�IXQJL�DFFHVVLRQV�DQG�ZHUH�H[FOXGHG�IURP�WKH�GDWDVHW��7KH�

UHPDLQLQJ�����278V�ZHUH�DVVLJQHG�WR����SODQW�WD[D�DQG�VSHFLILFDOO\����278V�

��������WR�WKH�VSHFLHV�OHYHO�DQG����278V���������WR�WKH�JHQXV�OHYHO��7KH�52&�

VHOHFWLRQ� H[FOXGHG� ��� 278V� FRUUHVSRQGLQJ� WR� DW� OHDVW� ��� SODQW� VSHFLHV��

7KHUHIRUH�� WKH� ILOWHUHG� OLVW� RI� SODQW� VSHFLHV� HQFRPSDVVHG� ��� WD[D� �������ZLWK�

VSHFLHV� LGHQWLW\��ZLWK�D�PHDQ�RI������ WD[D�SHU� VDPSOH�� VW��GHY�� �������PLQ����

DQG�PD[�� ���� 7KH�PRVW� IUHTXHQW� IDPLOLHV� LQ� WKLV� OLVW� ZHUH� )DEDFHDH� ���������

$VWHUDFHDH����������DQG�5RVDFHDH����������7HQ�WD[D�ZHUH�QRW�LQLWLDOO\�LQFOXGHG�

LQ�WKH�IORUDO�FKHFNOLVW���

0RQRIORUDO�SROOHQ�SHOOHWV�ZHUH���������VDPSOHV���ZKLOH���������VDPSOHV��

ZHUH�FODVVLILHG�DV�SRO\IORUDO��0RQRIORUDO�SROOHQ�ORDGV�ZHUH�PDLQO\�FRPSRVHG�RI

VHYHQ� WD[D�� 7LOLD� FRUGDWD 0LOO�� �7LOLDFHDH��� 5KLQDQWXV� PDMRU /��

�2UREDQFKDFHDH���5XEXV�FDHVLXV /���)LOLSHQGXOD�XOPDULD /�� �5RVDFHDH���/RWXV�

FRUQLFXODWXV /�� �)DEDFHDH���3DSDYHU� VRPQLIHUXP /�� �3DSDYHUDFHDH���3ODQWDJR�
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PHGLD /���3ODQWDJLQDFHDH���$PRQJ�WKH�SRO\IORUDO�SROOHQ�ORDGV�����VDPSOHV�ZHUH�

FRPSRVHG�RI�WZR�WD[D��ZKLOH�WKH�RWKHU����VDPSOHV�RI�PRUH�WKDQ�WZR�WD[D�

&KDQJHV�DIWHU�WUHDWPHQW��QRGH� DQG�QHWZRUN�OHYHO�UHVSRQVHV

7D[D� FRPSRVLWLRQ� RI� WKH� VDPSOHV� FKDQJHG� RYHU� WKH� VWXG\� SHULRG�� ERWK� LQ� WKH�

FRQWURO�DQG�LQ�WKH�WUHDWHG�QHVWV��6XSSOHPHQWDU\ )LJXUH�6����

$V�IRU�WKH�QRGHV¶�LQGH[HV��D�SODQW�VSHFLHV�RU�D�EXPEOHEHH�LQ�WKH�QHWZRUN���

GHVSLWH� VRPH� YDULDWLRQV�� WKH� GHJUHH� DQG� SURSRUWLRQDO� JHQHUDOLW\�ZHUH� ORZ� EXW�

SODQW�FORVHQHVV�ZDV�KLJK��3',�DQG�55�ZHUH�ERWK�ORZ��ZKLOH�G¶�VSDQQHG�RYHU�D�

ZLGH�UDQJH�RI�WKH�VSHFLDOL]DWLRQ�JHQHUDOL]DWLRQ�JUDGLHQW��)LJ������&KDQJHV�DIWHU�

WUHDWPHQW� ZHUH� QRW� VLJQLILFDQW�� H[FHSW� IRU� WKH� TXDQWLWDWLYH� 3URSRUWLRQDO�

*HQHUDOLW\�,QGH[��ZKLFK�FKDQJHG�VLJQLILFDQWO\�RQO\�LQ�WKH�FRQWURO�QHVWV��7DEOH���

DQG�)LJ����

)RU�WKH�QHWZRUN�DQDO\VHV��)LJ�����7DEOH����LQ�WKH�WUHDWHG�FRORQLHV��QRQH�RI�

WKH� ELQDU\� LQGH[HV� FKDQJHG� VLJQLILFDQWO\��2Q� WKH� RWKHU� KDQG�� RQO\� WZR� RI� WKH�

TXDQWLWDWLYH� LQGH[HV� �L�H��� WKH� OLQNDJH� GHQVLW\� DQG� YXOQHUDELOLW\� RI� SODQWV��

VLJQLILFDQWO\�GHFUHDVHG�LQ�RQH�WUHDWHG�FRORQ\��ZKLOH�WKH\�LQFUHDVHG�LQ�WKH�RWKHU�

WUHDWHG�FRORQ\�

'LVFXVVLRQ

3UHYLRXV� VWXGLHV� RQ� WKH� IRUDJLQJ� DFWLYLW\� RI� EXPEOHEHHV� PDLQO\� IRFXVHG� RQ�

DOWHULQJ�D�GLHW�DQG�LQYHVWLJDWLQJ�DGMXVWPHQWV�LQ�IRUDJLQJ�LQ�ODERUDWRU\�FRQGLWLRQV�

�)RQWDLQH��&ROOLQ�	�'DMR]��������%DXGH�HW� DO��� ������5XHGHQDXHU��6SDHWKH�	�

/HRQKDUGW���������1RWHZRUWK\��RXU�VWXG\�LQYHVWLJDWHG�KRZ�UHGXFWLRQV�LQ�FRORQ\�

VL]H�ZRXOG�DIIHFW�WKH�UHVRXUFH�XWLOL]DWLRQ�E\�WKHVH�NH\�SROOLQDWRUV�ZKHQ�IUHH�WR�

IRUDJH�LQ�WKH�ILHOG�

7KH� LGHQWLILFDWLRQ� RI� SROOHQ� XVLQJ� '1$� PHWDEDUFRGLQJ� ZDV� UHDOLDEOH��

EHFDXVH� WKH� SODQW� OLVW� IRXQG� LQ� WKH� SHOOHWV� PDWFKHV� RWKHU� FHQWUDO� (XURSHDQ�

VXUYH\V� �7HSHU�� ������ .OHLMQ� 	� 5DHPDNHUV�� ������� +RZHYHU�� WKH� LQWHJUDWLYH�

DSSURDFK� \LHOGHG� VHYHUDO� SODQWV� �����RI� WKH� WD[D�� WKDW�ZHUH� QRW� IRXQG� LQ� WKH�

ERWDQLFDO� VXUYH\� RI� WKH� QDWXUDO� DUHD�� EXW� UDWKHU� RFFXU� LQ� WKH� QHLJKERXULQJ�

ODQGVFDSH� PRVDLF� �QDPHO\� LQ� JDUGHQV� FURS���ILHOGV��DQG���URDG���PDUJLQV��
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7DEOH���± ,QGLYLGXDO�OHYHO�IRUDJLQJ�LQGH[HV�WHVWHG�IRU�VLJQLILFDQW FKDQJHV�DIWHU�KDOYLQJ�
WKH�FRORQ\�ZRUNIRUFH��E\�*/0��6WDWLVWLFDO�VLJQLILFDQFH�LV�KLJKOLJKWHG�LQ�EROG�

7\SH 7UHDWHG�QHVWV &RQWURO�QHVWV

�D��'HJUHH %LQDU\�
Ȥ� �������GI ���
S� �����

Ȥ� �������GI ���
S� ������

�E��5HVRXUFH�UDQJH %LQDU\
Ȥ� ��������GI ���
S� �������

Ȥ� ��������GI ���
S� ������

�F��3URSRUWLRQDO�
JHQHUDOLW\

4XDQWLWDWLYH
Ȥ� �������GI ���
S� ������

Ȥ� ��������GI ���
S� ������

�G��3',��3DLUHG�
'LIIHUHQFH�,QGH[

4XDQWLWDWLYH
Ȥ� ��������GI ���
S� ������

Ȥ� �������GI ���
S� ������

�H��G¶��
&RPSOHPHQWDU\�
VSHFLDOL]DWLRQ�

4XDQWLWDWLYH
Ȥ� ������GI ���
S� ������

Ȥ� ������GI ��
S� �������

�I��3ODQW�FORVHQHVV�
FHQWUDOLW\

%LQDU\
Ȥ� �������GI ���
S� ������

Ȥ� ��������GI ���
S� ������

)XUWKHUPRUH��WKH����SODQW�VSHFLHV�WKDW�ZHUH�IRXQG�KLJKOLJKW�KRZ�SRO\OHFWLF�

EHHV�QRUPDOO\�UHO\�RQ�D�ZLGH�VHW�RI�IORZHULQJ�VSHFLHV��7KLV�LV�WUXH�IRU�

KRQH\EHHV��VHYHUDO�EXPEOHEHHV��DQG�RWKHU�SRO\OHFWLF�ZLOG�EHHV��0�OOHU�HW�DO���

������*DOLPEHUWL�HW�DO���������6DLIXGGLQ�	�-KD���������

&RQVLVWHQWO\�ZLWK�WKH�OLWHUDWXUH��7HSHU���������PRUH�WKDQ�����RI�WKH�SROOHQ�

ORDG� VDPSOHV� UHFRYHUHG� IURP� WKH� EXPEOHEHHV� ZHUH� SRO\IORUDO�� 7KHVH� DUH�

FRQVLGHUHG� SDUWLFXODUO\� EHQHILFLDO� IRU� ODUYDH� DOLPHQWDWLRQ� LQ� SRO\OHFWLF� EHHV��

3ROOHQ LV�WKH�PDLQ�VRXUFH�RI�QXWULHQWV�DQG�VHFRQGDU\�PHWDEROLWHV�IRU�EHHV��VXFK�

DV�&��1��6��3��.��1D��0J��)H��=Q��&X��YLWDPLQV��DQG�DQWLR[LGDQWV��)LOLSLDN�HW�DO���

�������6LQFH�WKH�DPRXQW�RI�PLFURQXWULHQWV�LQ�WKH�SROOHQ�LV�YDULDEOH�DPRQJ�SODQW�

WD[D� �0�OOHU� HW� DO��� ������� DQ� XQEDODQFHG� DQG� XQ�QXWULWLRXV� GLHW� FDQ� OLPLW�

GHYHORSPHQW�DQG�ILWQHVV�ZKHQ�SODQW�GLYHUVLW\�LQ�WKH�ILHOG�LV�ORZ��)LOLSLDN�HW�DO���

�������7KHUHIRUH��VWRFNLQJ�SRO\IORUDO�SROOHQ�SHOOHWV�LQ�WKH�QHVW�LV�FRQVLGHUHG�WR�
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7DEOH� � ± 6LWH� OHYHO� QHWZRN� LQGH[HV� WHVWHG� IRU� FKDQJH� GXULQJ� WKH� H[SHULPHQW� WLPH�
�EHIRUH�DQG�DIWHU�WKH�UHPRYDO�RI�KDOI�ZRUNHUV¶�DPRXQW��E\�������UDQGRP�SHUPXWDWLRQDO�
VZDSV�RI�LQWHUDFWLRQV�EHWZHHQ� WKH�QHWZRUNV�EHIRUH�DQG�DIWHU�WKH� WUHDWPHQW��6WDWLVWLFDO�
VLJQLILFDQFH�LV�KLJKOLJKWHG�LQ�EROG��

6LWH���7UHDWHG 6LWH���&RQWURO

7\SH EHIRUH DIWHU S EHIRUH DIWHU S

/LQNV�'HQVLW\ 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����

&RQQHFWDQFH %LQDU\ ���� ���� ����� ���� ���� �����

12') %LQDU\ ����� ����� ����� ����� ���� �����

:HLJKWHG�12') 4XDQWLWDWLYH ����� ����� ����� ���� ����� �����

0RGXODULW\ %LQDU\ ���� ���� ����� ���� ���� �����

:HLJKWHG�0RGXODULW\ 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����

+�
 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����

*HQHUDOLW\ 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����

9XOQHUDELOLW\ 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����

6LWH���7UHDWHG 6LWH���&RQWURO

7\SH EHIRUH DIWHU S EHIRUH DIWHU S

/LQNV�'HQVLW\ 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����

&RQQHFWDQFH %LQDU\ ���� ���� ����� ���� ���� �����

12') %LQDU\ ���� ���� ����� ���� ����� �����

:HLJKWHG�12') 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����

0RGXODULW\ %LQDU\ ���� ���� ����� ���� ���� �����

:HLJKWHG�0RGXODULW\ 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����

+�
 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����

*HQHUDOLW\ 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����

9XOQHUDELOLW\ 4XDQWLWDWLYH ���� ���� ����� ���� ���� �����
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EH�DQ�DGDSWLYH�DGYDQWDJH�LQ�RUGHU�WR�RYHUFRPH�WKLV�ULVN�DQG�WKXV�VWUHQJWKHQ�WKH�

QXWUDFHXWLFDO YDOXH� RI� WKH� GLHW� DQG� LPPXQRFRPSHWHQFH� �$ODX[� HW� DO��� �������

&RQYHUVHO\�� PRQRIORUDO� SROOHQ� DUH� PDGH� IURP� WKRVH� SODQW� VSHFLHV� ZKLFK� DUH�

H[FHSWLRQDOO\�KLJK�LQ�QXWULWLRQDO�YDOXH��2XU�GDWD�FRQILUPV�WKDW�EXPEOHEHHV�ZHUH�

DEOH� WR� FROOHFW� PXOWLSOH� W\SHV� RI� SROOHQ�� SURYLGLQJ� ERWK� SRO\IORUDO� DQG�

PRQRIORUDO�SHOOHWV�WR�WKHLU�ODUYDH��SRVVLEO\�GHSHQGLQJ�RQ�WKH�QXWULWLRQDO�YDOXH�RI�

WKH�IRUDJHG�SODQW�WD[D�

2YHU� WKH�VWXG\�SHULRG�� WKH�SROOHQ�FKDQJHG� LQ�SODQW�FRPSRVLWLRQ�� VLQFH� WKH�

SODQW� OLVW� IURP� WKH� ³EHIRUH´� SHULRG� ZDV� GLIIHUHQW� IURP� WKH� ³DIWHU´� ZRUNIRUFH�

UHPRYDO�SHULRG�LQ�DOO�FRORQLHV��ERWK�WUHDWHG�DQG�FRQWURO��6XSSOHPHQWDU\ )LJXUH�

6���� $OWKRXJK� PDMRU� SKHQRORJLFDO� VKLIWV� ZHUH� QRW� GHWHFWHG� LQ� WKH� ILHOG�� LW� LV�

SRVVLEOH�WKDW�VHYHUDO�SODQWV�VKLIWHG�WKHLU�IORZHU�GHWHUPLQDWLRQ�VWDWXV�ZKLOH�VWLOO�

EORRPLQJ��QDPHO\�E\�FHDVLQJ�WKH�SKHQRORJLFDO�VWDJH�RI�WKH�SROOHQ�SURGXFWLRQ�RU�

VWDUWLQJ� LW� LI� SUHYLRXVO\� QRW�GHYHORSHG� �/OR\G���������'HVSLWH� WKDW�� VXEVWDQWLDO�

FKDQJHV�LQ�WKH�IRUDJLQJ�VWUDWHJLHV�LQ�WKH�EXPEOHEHHV�ZHUH�QRW�WULJJHUHG�GXULQJ

WKH� WUHDWPHQW�SHULRG��DV� LQGLFDWHG�E\� WKH� LQGLYLGXDO�QRGH� OHYHO� LQGH[HV�DQG�E\�

LQGH[HV�RI� WKH�ELQDU\�QHWZRUNV��7KHUHIRUH�� WKH�EXPEOHEHHV�FKDQJHG� WKH�VHW�RI�

YLVLWHG�SODQWV��EXW�QRW�WKH�ZD\�WKH\�XWLOL]HG�WKHP��

$OWKRXJK�LW�ZDV�VKRZQ�WKDW�D�KLJKHU�DEXQGDQFH�RI�IRUDJLQJ�EXPEOHEHHV�FDQ

OHDG�WR�WKH�XVDJH�RI�PRUH�SODQWV�DQG�WKXV�WR�KLJKHU�JHQHUDOLVP��)RQWDLQH��&ROOLQ�

	�'DMR]���������RXU�VWXG\�GLG�QRW�ILQG�KLJKHU�VSHFLDOLVP�DW� ORZHU�DEXQGDQFHV�

RI� IRUDJHUV� �³DIWHU´� UHPRYDO�SHULRG��� ,Q� IDFW�� FKRLFH�H[SHULPHQWV� UHYHDOHG� WKDW�

SODQW�XVDJH�ZDV�RQO\�VOLJKW�DW�KLJKHU�EXPEOHEHH�GHQVLWLHV��*HVOLQ�HW�DO����������

)XUWKHUPRUH�� KLJKHU� IRUDJHU� GHQVLWLHV� GLG� QRW� FKDQJH� EXPEOHEHH� IRUDJLQJ�

EHKDYLRXUDO� WUDLWV� �%DXGH� HW� DO��� ������� 2Q� WKH� ZKROH�� GHQVLW\� GHSHQGHQW�

IRUDJLQJ�VWUDWHJLHV� LQ�SROOLQDWRUV�GHVHUYH� IXUWKHU� VWXG\� LQ�RUGHU� WR�FODULI\�KRZ�

UHVRXUFHV� DUH� FROOHFWHG� LQ� UHODWLRQ� WR� IRUDJHUV� GHQVLW\�� DW� OHDVW� XQGHU� ILHOG�

FRQGLWLRQV��

:KHQ� IRUDJHUV� RI� VRFLDO� SROOLQDWRUV� DUH� IHZ�� FRORQ\� OHYHO� VWUDWHJ\� VKRXOG�

VKLIW� WRZDUGV� KLJKHU� JHQHUDOLVP IRU� FRPSHQVDWLQJ� IRU� WKH� FRQVHTXHQW� ODFN� RI�

LQFRPLQJ�UHVRXUFHV��+RZHYHU��LQ�WKH�WUHDWHG�FRORQLHV��FKDQJHV�LQ�WKH�VWUXFWXUH�



ϭϬϮ

)LJXUH����,QGLYLGXDO�OHYHO�LQGH[HV�RI�IRUDJLQJ��³D´�³I´�SDQHOV��WHVWHG�IRU�FKDQJH�GXULQJ�
WKH� H[SHULPHQW� LQ� ERWK� WUHDWHG� DQG� FRQWURO� EXPEOHEHH� FRORQLHV�� ³1�6´� VLJQLILHV� QRW�
VWDWLVWLFDOO\�VLJQLILFDQW�



ϭϬϯ

RI� WKH� QHWZRUNV� ZHUH� QRW� REVHUYHG� GHVSLWH� WKH� UHGXFWLRQ� LQ� EXPEOHEHH�

DEXQGDQFH� �LQGH[HV� RI� ELQDU\� QHWZRUNV� LQ� 7DEOH��� )LJ�� ���� 1HYHUWKHOHVV�� LQ

TXDQWLWDWLYH� QHWZRUNV�� WKH� OLQN� GHQVLW\� DQG� SODQW� YXOQHUDELOLW\� FKDQJHG�

VLJQLILFDQWO\� LQ� WKH� WUHDWHG� QHVWV�� 7KH\� DUH� ERWK� UHODWHG� WR� WKH� TXDQWLW\� RI� WKH�

UHVRXUFH�XVHG�E\� IRUDJHUV��+RZHYHU�� WKH\� GLG�QRW� FKDQJH� LQ� WKH� VDPH�ZD\� LQ�

ERWK�WUHDWHG�QHVWV��LI�WKH\�LQFUHDVHG�LQ�RQH��WKH\�GHFUHDVHG�LQ�WKH�RWKHU�RQH��7KLV�

DPRQJ�FRORQLHV�YDULDELOLW\�VXJJHVWV�D�ODFN�RI�D�XQLTXH�VWUDWHJ\�IRU�FRSLQJ�ZLWK�

UHGXFHG�FRORQ\�VL]H�LQ�WKH�WUHDWHG�QHVWV��7KH�H[SODQDWLRQ�RI�WKLV�PLJKW�UHO\�RQ�

WZR� DVSHFWV� RI� EXPEOHEHHV¶� ELRORJ\�� )LUVWO\�� EXPEOHEHHV� DUH� SULPLWLYHO\�

HXVRFLDO�� ZKLFK� LPSOLHV� WKDW� FRORQLHV¶� SHUIRUPDQFH� WHQG� WR� UHO\� PRUH� RQ�

LQGLYLGXDO�FKRLFHV�RI�VLQJOH�IRUDJHUV�WKDQ�RQ�VRFLDO�LQIRUPDWLRQ��/HDGEHDWHU�	�

)ORUHQW���������DQG�WKHUHIRUH�D�XQLTXH��VKDUHG�VWUDWHJ\�LQ�DOO�FRORQLHV�FDQQRW�EH�

H[SHFWHG�� )XUWKHUPRUH�� ZRUNHUV� RI� WKH� XVHG� PRGHO� WD[RQ� %RPEXV� WHUUHVWULV

KDYH� DOPRVW� QXOO� FRQWDFW� ZLWK� ODUYDH� GHYHORSPHQW� �*RXOVRQ�� ������� DQG�

IRUDJHUV�PLJKW�QRW�KDYH�DFTXLUHG�DQ\�LQIRUPDWLRQ�RQ�WKH�UDWH�RI�GHYHORSPHQW�RI�

WKH� ODUYDH� QRU� RQ� WKH� DPRXQW� RI� LQFRPLQJ� UHVRXUFHV�� 7KXV�� E\� UHO\LQJ� RQ�

LQGLYLGXDO� TXDOLW\� DVVHVVPHQW� �5XHGHQDXHU�� 6SDHWKH�	� /HRQKDUGW�� ������� WKH�

ODFN� RI� GLUHFW� IHHGEDFN� EHWZHHQ� ODUYDH� DQG� IRUDJHU� FRXOG� XQSDLU� WKH� IRUDJLQJ�

FKRLFHV�DQG�WKH�FRORQ\�JURZWK�UDWH��

7KHVH� DVSHFWV� FRXOG� KDYH� SUHYHQWHG� WKH� EXPEOHEHHV� IURP� WKH� WUHDWHG�

FRORQLHV� IURP� DGDSWLQJ� WKHLU� IRUDJLQJ� VWUDWHJ\� WR� WKH� QHZ� FRQGLWLRQV� RI� D�

UHGXFHG� ZRUNIRUFH� DQG� WKXV� IURP� FRSLQJ� ZLWK� OHVV� UHVRXUFHV� DUULYLQJ� WR� WKH�

QHVW��,Q�IDFW��LQGLYLGXDO�EXPEOHEHH�IRUDJLQJ�FKDQJHG�RQO\�VOLJKWO\�LQ�WKH�WUHDWHG�

QHVWV��WKH�QHWZRUN�QRGHV¶�LQGH[HV�UHYHDOHG�VPDOO�DQG�QRW�VLJQLILFDQW�FKDQJHV�LQ�

VSHFLD� OLVP�JHQHUDOLVP�� LQ� WKH�QXPEHU�RI�JDWKHUHG�SODQWV�� LQ� WKH�SURSRUWLRQ�RI�

WKH� DYDLODEOH� UHVRXUFHV� DFWXDOO\� FROOHFWHG�� DQG� LQ� WKH� FHQWUDOLW\� LQ� WKH� SODQW�

QHWZRUN��LPSRUWDQFH�EDVHG�RQ�WKH�SRVLWLRQ�LQ�WKH�QHWZRUN���

,Q�WKLV�IUDPHZRUN��'1$�PHWDEDUFRGLQJ�RI�SROOHQ�VDPSOHV�VKHGV�OLJKW�RQ�D�

SUHYLRXVO\� XQUHVROYHG� DVSHFW� RI� WKH� EXPEOHEHH� IRUDJLQJ� G\QDPLF�� UHODWHG� WR

UHVRXUFHV� FROOHFWLRQ� DQG� WR� GHQVLW\� GHSHQGHQW� IRUDJLQJ� LQ� WKH� ILHOG�� $IWHU�

DSSO\LQJ�D� UHDOLVWLF�UHGXFWLRQ�RI� WKH�EXPEOHEHH�ZRUNIRUFH�� WKH�DFWXDO�IRUDJLQJ

VWUDWHJLHV�ZHUH�PDLQWDLQHG�E\�WKLV�VRFLDO�SROOLQDWRU�HYHQ�DW�D�UHGXFHG�GHQVLW\�RI

IRUDJHUV��7KLV�LPSOLHV�WKDW�EXPEOHEHHV�DUH�LQ IDFW�QRW�DGDSWLQJ�WKHLU�IRUDJLQJ�WR
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)LJXUH� ��� %XPEOHEHH�SODQW� QHWZRUNV� GXULQJ� WKH� H[SHULPHQWDO� WLPH�� EHIRUH� �SORW¶V�
SDQHOV�³D´�DQG�³F´���DQG�DIWHU��SORW¶V�SDQHOV�³E´�DQG�³F´��WKH�UHPRYDO�RI�KDOI�ZRUNHUV¶�
DPRXQW�



ϭϬϱ

WKH� ODFN�RI� LQFRPLQJ� UHVRXUFHV� LQGXFHG�E\ OHVV�ZRUNHUV�EHLQJ�DYDLODEOH��7KLV�

DVSHFW�PLJKW�KDYH�FRQVHTXHQFHV�RQ� WKH�H[WHQW�RI�SROOLQDWRU�SRSXODWLRQV��VLQFH�

KDYLQJ�OHVV�UHVRXUFHV�FRXOG�LPSDFW�GHYHORSPHQW��ILWQHVV�DQG�HFRV\VWHP�VHUYLFH�

&RQFOXVLRQ

%XPEOHEHHV¶� IRUDJLQJ� IRU� SROOHQ� ZDV� LQYHVWLJDWHG� DIWHU� DQ� H[SHULPHQWDO�

UHPRYDO� RI� KDOI� RI� WKH� FRORQLHV¶� ZRUNIRUFH� VHWWOHG� LQ� VSHFLHV�ULFK� JUDVVODQGV�

ZLWKLQ� D� ODQG�XVH� PDWUL[�� ,Q� WKLV� IUDPHZRUN�� '1$� PHWDEDUFRGLQJ� RI� SROOHQ�

VDPSOHV� VKHGV� OLJKW� RQ� D� SUHYLRXVO\� XQUHVROYHG� DVSHFW� RI� WKH� EXPEOHEHH�

IRUDJLQJ� G\QDPLF�� UHODWHG� WR� UHVRXUFHV� FROOHFWLRQ� DQG� WR� GHQVLW\� GHSHQGHQW�

IRUDJLQJ� LQ� WKH� ILHOG�� $IWHU� DSSO\LQJ� D� UHDOLVWLF� UHGXFWLRQ� RI� WKH� EXPEOHEHH�

ZRUNIRUFH�� WKH� DFWXDO� IRUDJLQJ� VWUDWHJLHV� ZHUH� PDLQWDLQHG� E\� WKLV� VRFLDO�

SROOLQDWRU�HYHQ�DW�D� UHGXFHG�GHQVLW\�RI�IRUDJHUV��7KLV� LPSOLHV� WKDW�EXPEOHEHHV�

DUH�LQ�IDFW�QRW�DGDSWLQJ�WKHLU�IRUDJLQJ�WR�WKH�ODFN�RI�LQFRPLQJ�UHVRXUFHV�LQGXFHG�

E\� OHVV�ZRUNHUV�EHLQJ� DYDLODEOH��7KLV� DVSHFW�PLJKW�KDYH� FRQVHTXHQFHV� RQ� WKH�

H[WHQW� RI� SROOLQDWRU� SRSXODWLRQV�� VLQFH� KDYLQJ� OHVV� UHVRXUFHV� FRXOG� LPSDFW�

GHYHORSPHQW��ILWQHVV�DQG�HFRV\VWHP�VHUYLFH�

$FNQRZOHGJHPHQWV

7KH� DXWKRUV� WKDQN� $QWRQHOOD� %UXQR� IRU� KHU� DVVLVWDQFH� LQ� '1$� OLEUDULHV�

SUHSDUDWLRQ�DQG�WKH�ERWDQLVWV�$OHQD�9LWRYi��3HWU�%ODåHN��DQG�=X]DQD�&KOXPVNi��

)XQGLQJ

7KLV� VWXG\� ZDV� VXSSRUWHG� E\ WKH� &]HFK� 6FLHQFH� )RXQGDWLRQ� �SURMHFWV� *3���

�����3�DQG�*-��������<��DQG�E\�8QLYHUVLW\�RI�6RXWK�%RKHPLD�JUDQW�*$�-8�

���������3�� 7KLV� VXUYH\� ZDV� DOVR� IRXQGHG� E\� WKH� µ0LQLVWHUR� GHOO
,VWUX]LRQH�

GHOO
8QLYHUVLWj�H�GHOOD�5LFHUFD¶��0,85��ZLWKLQ�WKH�SURMHFW��µ6LVWHPL�$OLPHQWDUL�

H�6YLOXSSR�6RVWHQLELOH�± WUD� ULFHUFD�H�SURFHVVL� LQWHUQD]LRQDOL�H�DIULFDQL¶��&83��



ϭϬϲ

+��)�������������7KH�IXQGHUV�KDG�QR�UROH�LQ�FRQGXFWLQJ�WKH�UHVHDUFK�DQG�RU�

GXULQJ�WKH�SUHSDUDWLRQ�RI�WKH�DUWLFOH�

'1$�'HSRVLWLRQ

7KH� UDZ� VHTXHQFHV� REWDLQHG� LQ� WKLV� VWXG\� ZHUH� VXEPLWWHG WR� WKH� (XURSHDQ�

1XFOHRWLGH� $UFKLYH� �KWWSV���ZZZ�HEL�DF�XN�PHWDJHQRPLFV���� 6WXG\� DFFHVVLRQ�

QXPEHU�LV��35-(%�������$FFHVVLRQ�QXPEHUV�RI�'1$�EDUFRGLQJ�VHTXHQFHV�DUH�

DYDLODEOH� LQ�*HQ%DQN�1&%,� V\VWHP� XQGHU� WKH� DFFHVVLRQ� QXPEHUV� /6�������

/6��������

5HIHUHQFHV

$ODX[� &��� 'XFOR]� )��� &UDXVHU� '��� &RQWH� </�� ������ 'LHW� HIIHFWV� RQ� KRQH\EHH�
LPPXQRFRPSHWHQFH�� %LRORJ\� /HWWHUV�UVEO���������� '2,��
��������UVEO�����������

$OPHLGD�1HWR� 0��� *XLPDUmHV� 3��� *XLPDUmHV� 35��� /R\ROD� 5'��� 8OULFK� :�� ������ $�
FRQVLVWHQW� PHWULF� IRU� QHVWHGQHVV� DQDO\VLV� LQ� HFRORJLFDO� V\VWHPV�� UHFRQFLOLQJ�
FRQFHSW� DQG� PHDVXUHPHQW�� 2LNRV� ��������±������ '2,�� ��������M������
����������������[�

$OWVFKXO�6)���*LVK�:���0LOOHU�:���0\HUV�(:���/LSPDQ�'-��������%DVLF�ORFDO�DOLJQPHQW�
VHDUFK�WRRO��-RXUQDO�RI�PROHFXODU�ELRORJ\��������±����

%DWHV� '��� 0lFKOHU� 0��� %RONHU� %��� :DONHU� 6�� ������ )LWWLQJ� /LQHDU� 0L[HG�(IIHFWV�
0RGHOV� 8VLQJ� OPH��� -RXUQDO� RI� 6WDWLVWLFDO� 6RIWZDUH� ����±���� '2,��
���������MVV�Y����L���

%DXGH�0��� 'DQFKLQ� e��� 0XJDER� 0��� 'DMR]� ,�� ������ &RQVSHFLILFV� DV� LQIRUPHUV� DQG�
FRPSHWLWRUV�� DQ� H[SHULPHQWDO� VWXG\� LQ� IRUDJLQJ� EXPEOH�EHHV�� 3URFHHGLQJV� RI�
WKH� 5R\DO� 6RFLHW\� RI� /RQGRQ� %�� %LRORJLFDO� 6FLHQFHV� ��������±������ '2,��
��������UVSE�����������

%HFNHWW� 6-�� ������ ,PSURYHG� FRPPXQLW\� GHWHFWLRQ� LQ� ZHLJKWHG� ELSDUWLWH� QHWZRUNV��
5R\DO�6RFLHW\�RSHQ�VFLHQFH����������

%HOO� ./��� %XUJHVV� .6��� %RWVFK� -&��� 'REEV� (.��� 5HDG� 7'��� %URVL� %-�� ������
4XDQWLWDWLYH� DQG� TXDOLWDWLYH� DVVHVVPHQW� RI� SROOHQ�'1$�PHWDEDUFRGLQJ� XVLQJ�
FRQVWUXFWHG�VSHFLHV�PL[WXUHV��0ROHFXODU�(FRORJ\��'2,����������PHF�������



ϭϬϳ

%HUVLHU�/�)���%DQDãHN�5LFKWHU�&���&DWWLQ�0�)��������4XDQWLWDWLYH�GHVFULSWRUV�RI�IRRG�
ZHE�PDWULFHV��(FRORJ\��������±�����

%LHOOD�3���2OOHUWRQ�-���%DUFHOOD�0���$VVLQL�6��������1HWZRUN DQDO\VLV�RI�SKHQRORJLFDO�
XQLWV�WR�GHWHFW�LPSRUWDQW�VSHFLHV�LQ�SODQW�SROOLQDWRU�DVVHPEODJHV��FDQ�LW�LQIRUP�
FRQVHUYDWLRQ� VWUDWHJLHV"� &RPPXQLW\� (FRORJ\� ����±���� '2,��
������������������������

%O�WKJHQ� 1��� 0HQ]HO� )��� %O�WKJHQ� 1�� ������ 0HDVXULQJ� VSHFLDOL]DWLRQ� LQ� VSHFLHV�
LQWHUDFWLRQ�QHWZRUNV��%0&�(FRORJ\������'2,������������������������

YDQ�%RUNXOR�&���%RVFKORR�/���%RUVERRP�'���3HQQLQ[�%:-+���:DOGRUS�/-���6FKRHYHUV�
5$�� ������ $VVRFLDWLRQ� RI� 6\PSWRP� 1HWZRUN� 6WUXFWXUH�:LWK� WKH� &RXUVH� RI�
>FRUUHFWHG@� 'HSUHVVLRQ�� -$0$ SV\FKLDWU\� �������±������ '2,��
��������MDPDSV\FKLDWU\�����������

%RVFK� -��� 0DUWtQ� *RQ]iOH]� $0��� 5RGULJR� $��� 1DYDUUR� '�� ������ 3ODQW±SROOLQDWRU�
QHWZRUNV�� DGGLQJ� WKH� SROOLQDWRU¶V� SHUVSHFWLYH�� (FRORJ\� /HWWHUV� ������±�����
'2,����������M����������������������[�

%UXQR�$���6DQGLRQLJL�$���5L]]L�(���%HUQDVFRQL�0���9LFDULR�6���*DOLPEHUWL�$���&RFX]]D�
&���/DEUD�0���&DVLUDJKL�0��������([SORULQJ�WKH�XQGHU�LQYHVWLJDWHG�³PLFURELDO�
GDUN�PDWWHU´�RI�GULQNLQJ�ZDWHU�WUHDWPHQW�SODQWV��6FLHQWLILF�UHSRUWV���������

%XUL� 3��� +XPEHUW� -�<���$UOHWWD]� 5�� ������ 3URPRWLQJ� 3ROOLQDWLQJ� ,QVHFWV� LQ� ,QWHQVLYH�
$JULFXOWXUDO� 0DWULFHV�� )LHOG�6FDOH� ([SHULPHQWDO� 0DQLSXODWLRQ� RI� +D\�
0HDGRZ�0RZLQJ� 5HJLPHV� DQG� ,WV� (IIHFWV� RQ� %HHV�� 3/26� 21(� ��H�������
'2,����������MRXUQDO�SRQH���������

&KHQ�6���<DR�+���+DQ -���/LX�&���6RQJ�-���6KL�/���=KX�<���0D�;���*DR�7���3DQJ�;��������
9DOLGDWLRQ� RI� WKH� ,76�� UHJLRQ� DV� D� QRYHO� '1$� EDUFRGH� IRU� LGHQWLI\LQJ�
PHGLFLQDO�SODQW�VSHFLHV��3OR6�RQH���H�����

'RUPDQQ�&)���*UXEHU�%���)U�QG�-��������,QWURGXFLQJ�WKH�ELSDUWLWH�SDFNDJH��DQDO\VLQJ�
HFRORJLFDO�QHWZRUNV��5�QHZV������±���

(GJDU� 5&�� ������ 6HDUFK� DQG� FOXVWHULQJ� RUGHUV� RI� PDJQLWXGH� IDVWHU� WKDQ� %/$67��
%LRLQIRUPDWLFV��������±�����

)DULQH�'5��������$�JXLGH�WR�QXOO�PRGHOV�IRU�DQLPDO�VRFLDO�QHWZRUN�DQDO\VLV��0HWKRGV�
LQ�HFRORJ\�DQG�HYROXWLRQ�������±�����

)LOLSLDN�0���.XV]HZVND�.���$VVHOPDQ�0���'HQLVRZ�%���6WDZLDU]�(���:R\FLHFKRZVNL�
0���:HLQHU�-��������(FRORJLFDO�VWRLFKLRPHWU\�RI�WKH�KRQH\EHH��3ROOHQ�GLYHUVLW\�
DQG�DGHTXDWH�VSHFLHV�FRPSRVLWLRQ�DUH�QHHGHG� WR�PLWLJDWH� OLPLWDWLRQV� LPSRVHG�
RQ� WKH� JURZWK� DQG� GHYHORSPHQW� RI� EHHV� E\� SROOHQ� TXDOLW\�� 3/26� 21(�
���H���������'2,����������MRXUQDO�SRQH���������



ϭϬϴ

)RQWDLQH� &��� &ROOLQ� &/��� 'DMR]� ,�� ������ *HQHUDOLVW� IRUDJLQJ� RI� SROOLQDWRUV�� GLHW�
H[SDQVLRQ� DW� KLJK� GHQVLW\�� -RXUQDO� RI� (FRORJ\� �������±������ '2,��
��������M����������������������[�

)UHHPDQ� /&�� ������ &HQWUDOLW\� LQ� VRFLDO� QHWZRUNV� FRQFHSWXDO� FODULILFDWLRQ�� 6RFLDO�
QHWZRUNV������±����

*DOLPEHUWL�$���'H�0DWWLD�)���%UXQL� ,���6FDFFDEDUR]]L�'���6DQGLRQLJL�$���%DUEXWR�0���
&DVLUDJKL� 0��� /DEUD� 0�� ������ $� '1$� EDUFRGLQJ� DSSURDFK� WR� FKDUDFWHUL]H�
SROOHQ�FROOHFWHG�E\�KRQH\EHHV��3/R6�2QH���H�������

*DOOLRW�-�1���%UXQHO�'���%pUDUG�$���&KDXYHDX�$���%ODQFKHWrWH�$���/DQRUH�/���)DUUXJJLD�
$��������,QYHVWLJDWLQJ�D�IORZHU�LQVHFW�IRUDJHU�QHWZRUN�LQ�D�PRXQWDLQ�JUDVVODQG�
FRPPXQLW\� XVLQJ� SROOHQ� '1$� EDUFRGLQJ�� -RXUQDO� RI� ,QVHFW� &RQVHUYDWLRQ�
������±����

*HVOLQ� %��� %DXGH� 0��� 0DOODUG� )��� 'DMR]� ,�� ������ (IIHFW� RI� ORFDO� VSDWLDO� SODQW�
GLVWULEXWLRQ� DQG� FRQVSHFLILF� GHQVLW\� RQ� EXPEOH� EHH� IRUDJLQJ� EHKDYLRXU��
(FRORJLFDO�(QWRPRORJ\�������±�����'2,����������HHQ�������

*LOO�5-���5DPRV�5RGULJXH]�2���5DLQH�1(��������&RPELQHG�SHVWLFLGH�H[SRVXUH�VHYHUHO\�
DIIHFWV� LQGLYLGXDO� DQG�FRORQ\�OHYHO� WUDLWV� LQ�EHHV��1DWXUH��������±�����'2,��
��������QDWXUH������

*RXOVRQ�'��������%XPEOHEHHV��WKHLU�EHKDYLRXU�DQG�HFRORJ\��2[IRUG�8QLYHUVLW\�3UHVV��
86$�

*UHVW\� &($��� &ODUH� (���'HYH\�'6��� &RZDQ�56��� &VLED� /���0DODNDVL� 3��� /HZLV�27���
:LOOLV�.-��������)ORZHU�SUHIHUHQFHV�DQG�SROOHQ�WUDQVSRUW�QHWZRUNV�IRU�FDYLW\�
QHVWLQJ�VROLWDU\�EHHV��,PSOLFDWLRQV�IRU�WKH�GHVLJQ�RI�DJUL�HQYLURQPHQW�VFKHPHV��
(FRORJ\�DQG�(YROXWLRQ����'2,����������HFH�������

,VEHOO�)���7LOPDQ�'���3RODVN\�6���%LQGHU�6���+DZWKRUQH�3��������/RZ�ELRGLYHUVLW\�VWDWH�
SHUVLVWV� WZR� GHFDGHV� DIWHU� FHVVDWLRQ� RI� QXWULHQW� HQULFKPHQW�� (FRORJ\� /HWWHUV�
������±����

-KD� 6�� ������ &RQWHPSRUDU\� KXPDQ�DOWHUHG� ODQGVFDSHV� DQG� RFHDQLF� EDUULHUV� UHGXFH�
EXPEOH� EHH� JHQH� IORZ�� 0ROHFXODU� (FRORJ\� ������±������ '2,��
��������PHF�������

.DOX]D���:DOODFH�+HOHQ��.HOOHU�$OH[DQGHU��+HDUG�7LP�$��� -HIIHUV�%UDGOH\��'UHVFKHU�
1RUD�� %O�WKJHQ� 1LFR�� /HRQKDUGW� 6DUD� '�� ������ *HQHUDOLVW� VRFLDO� EHHV�
PD[LPL]H� GLYHUVLW\� LQWDNH� LQ� SODQW� VSHFLHVဨULFK� DQG� UHVRXUFHဨDEXQGDQW�
HQYLURQPHQWV��(FRVSKHUH���H�������'2,����������HFV�������

.HOOHU�$���'DQQHU�1���*ULPPHU�*���$QNHQEUDQG��YRQ�GHU���2KH��YRQ�GHU���2KH�:���5RVW�
6��� +lUWHO� 6��� 6WHIIDQ�'HZHQWHU� ,�� ������ (YDOXDWLQJ� PXOWLSOH[HG� QH[W�
JHQHUDWLRQ� VHTXHQFLQJ� DV� D�PHWKRG� LQ� SDO\QRORJ\� IRU�PL[HG� SROOHQ� VDPSOHV��
3ODQW�%LRORJ\�������±����



ϭϬϵ

.HUU� -7��� 3LQGDU� $��� *DOSHUQ� 3��� 3DFNHU� /��� 3RWWV� 6*��� 5REHUWV� 60��� 5DVPRQW� 3���
6FKZHLJHU�2���&ROOD�65���5LFKDUGVRQ�//���:DJQHU�'/���*DOO�/)���6LNHV�'6���
3DQWRMD� $�� ������ &OLPDWH� FKDQJH� LPSDFWV� RQ� EXPEOHEHHV� FRQYHUJH� DFURVV�
FRQWLQHQWV��6FLHQFH��������±�����'2,����������VFLHQFH�DDD�����

.OHLMQ� '��� 5DHPDNHUV� ,�� ������ $� UHWURVSHFWLYH� DQDO\VLV� RI� SROOHQ� KRVW� SODQW� XVH� E\�
VWDEOH�DQG�GHFOLQLQJ�EXPEOH�EHH�VSHFLHV��(FRORJ\��������±�����

/i]DUR�$���7VFKHXOLQ�7���'HYDOH]�-���1DNDV�*���3HWDQLGRX�7��������(IIHFWV�RI�JUD]LQJ�
LQWHQVLW\� RQ� SROOLQDWRU� DEXQGDQFH� DQG� GLYHUVLW\�� DQG� RQ� SROOLQDWLRQ� VHUYLFHV��
(FRORJLFDO (QWRPRORJ\��'2,����������HHQ�������

/HDGEHDWHU�(��� )ORUHQW�&�� ������)RUDJLQJ� EXPEOHEHHV� GR� QRW� UDWH� VRFLDO� LQIRUPDWLRQ�
DERYH� SHUVRQDO� H[SHULHQFH�� %HKDYLRUDO� HFRORJ\� DQG� VRFLRELRORJ\� �������±
�����

/HRQKDUGW� 6'��� %O�WKJHQ� 1�� ������ 7KH� VDPH�� EXW� GLIIHUHQW�� SROOHQ� IRUDJLQJ� LQ�
KRQH\EHH� DQG� EXPEOHEHH� FRORQLHV�� $SLGRORJLH� ������±����� '2,��
��������V���������������\�

/LQGVWU|P� 6$0��� +HUEHUWVVRQ� /��� 5XQGO|I� 0��� %RPPDUFR� 5��� 6PLWK� +*�� ������
([SHULPHQWDO� HYLGHQFH� WKDW� KRQH\EHHV� GHSUHVV� ZLOG� LQVHFW� GHQVLWLHV� LQ� D�
IORZHULQJ�FURS��3URF��5��6RF��%���������������'2,����������UVSE�����������

/OR\G�'*��������6H[XDO�VWUDWHJLHV�LQ�SODQWV��1HZ�SK\WRORJLVW������±���
/XFDV�$���%RGJHU�2���%URVL�%-���)RUG�&5���)RUPDQ�':���*UHLJ�&���+HJDUW\�0���-RQHV�

/���1H\ODQG�3-���9HUH�1�GH������� )ORUDO�UHVRXUFH�SDUWLWLRQLQJ�E\� LQGLYLGXDOV�
ZLWKLQ� JHQHUDOLVHG� KRYHUIO\� SROOLQDWLRQ� QHWZRUNV� UHYHDOHG� E\� '1$�
PHWDEDUFRGLQJ��6FLHQWLILF�5HSRUWV���������'2,����������V������������������

0HW]� &(�� ������ %DVLF� SULQFLSOHV� RI� 52&� DQDO\VLV�� 6HPLQDUV� LQ� 1XFOHDU� 0HGLFLQH�
�����±�����'2,����������6���������������������

0H]]DVDOPD�9���%UXQL� ,��� )RQWDQD�'���*DOLPEHUWL�$���0DJRQL�&���/DEUD�0�� ������$�
'1$� EDUFRGLQJ� DSSURDFK� IRU� LGHQWLI\LQJ� VSHFLHV� LQ� $PD]RQLDQ� WUDGLWLRQDO�
PHGLFLQH��7KH�FDVH�RI�3LUL�3LUL��3ODQW�*HQH����±��

0�OOHU�$��� 'LHQHU� 6��� 6FKQ\GHU� 6��� 6WXW]�.��� 6HGLY\�&��� 'RUQ� 6�� ������4XDQWLWDWLYH�
SROOHQ�UHTXLUHPHQWV�RI�VROLWDU\�EHHV��,PSOLFDWLRQV�IRU�EHH�FRQVHUYDWLRQ�DQG�WKH�
HYROXWLRQ� RI� EHH±IORZHU� UHODWLRQVKLSV��%LRORJLFDO�&RQVHUYDWLRQ� �������±�����
'2,����������M�ELRFRQ�������������

1RUIRON�2���*LOEHUW�)���(LFKKRUQ�03��������$OLHQ�KRQH\EHHV�LQFUHDVH�SROOLQDWLRQ�ULVNV�
IRU� UDQJH�UHVWULFWHG� SODQWV�� 'LYHUVLW\� DQG� 'LVWULEXWLRQV� ������±����� '2,��
��������GGL�������

1XW]�6���'|OO�.���.DUORYVN\�3��������'HWHUPLQDWLRQ�RI�WKH�/24�LQ�UHDO�WLPH�3&5�E\�
UHFHLYHU�RSHUDWLQJ�FKDUDFWHULVWLF�FXUYH�DQDO\VLV��DSSOLFDWLRQ�WR�T3&5�DVVD\V�IRU�



ϭϭϬ

)XVDULXP� YHUWLFLOOLRLGHV� DQG� )�� SUROLIHUDWXP�� $QDO\WLFDO� DQG� %LRDQDO\WLFDO�
&KHPLVWU\��������±�����'2,����������V���������������[�

2NVDQHQ�-���%ODQFKHW�)*���.LQGW�5���/HJHQGUH�3���2¶KDUD�5%���6LPSVRQ�*/���6RO\PRV�
3���6WHYHQV�0++���:DJQHU�+��������YHJDQ��&RPPXQLW\�(FRORJ\�3DFNDJH��5�
SDFNDJH�YHUVLRQ��������KWWSV���&5$1�5�SURMHFW�RUJ�SDFNDJH YHJDQ�

2OOHUWRQ� -��� (UHQOHU� +��� (GZDUGV� 0��� &URFNHWW� 5�� ������ ([WLQFWLRQV� RI� DFXOHDWH�
SROOLQDWRUV�LQ�%ULWDLQ�DQG�WKH�UROH�RI�ODUJH�VFDOH�DJULFXOWXUDO�FKDQJHV��6FLHQFH�
��������±������'2,����������VFLHQFH���������

2VJDWKRUSH�/0���3DUN�.���*RXOVRQ�'���$FV�6���+DQOH\�1��������7KH�WUDGH�RII�EHWZHHQ�
DJULFXOWXUH� DQG� ELRGLYHUVLW\� LQ� PDUJLQDO� DUHDV�� &DQ� FURIWLQJ� DQG� EXPEOHEHH�
FRQVHUYDWLRQ�EH�UHFRQFLOHG"�(FRORJLFDO�(FRQRPLFV��������±�����

3RLVRW� 7��� &DQDUG� (��� 0RXTXHW� 1��� +RFKEHUJ� 0(�� ������ $� FRPSDUDWLYH� VWXG\� RI�
HFRORJLFDO�VSHFLDOL]DWLRQ�HVWLPDWRUV��0HWKRGV�LQ�(FRORJ\�DQG�(YROXWLRQ������±
����

3RUQRQ� $��� $QGDOR� &��� %XUUXV� 0��� (VFDUDYDJH� 1�� ������ '1$� PHWDEDUFRGLQJ� GDWD�
XQYHLOV�LQYLVLEOH�SROOLQDWLRQ�QHWZRUNV��6FLHQWLILF�UHSRUWV���������

5�&RUH�7HDP��������5��$�ODQJXDJH�DQG�HQYLURQPHQW�IRU�VWDWLVWLFDO�FRPSXWLQJ��9LHQQD��
$XVWULD��,6%1���������������

5RELQ�;���7XUFN�1���+DLQDUG�$���7LEHUWL�1���/LVDFHN�)���6DQFKH]�-�&���0�OOHU�0��������
S52&�� DQ� RSHQ�VRXUFH� SDFNDJH� IRU�5� DQG� 6�� WR� DQDO\]H� DQG� FRPSDUH�52&�
FXUYHV��%0&�ELRLQIRUPDWLFV�������

5RJQHV�7��� )ORXUL�7���1LFKROV�%���4XLQFH�&���0DKp�)�� ������96($5&+�� D� YHUVDWLOH�
RSHQ�VRXUFH�WRRO�IRU�PHWDJHQRPLFV��3HHU-���H�����

5XHGHQDXHU� )$��� 6SDHWKH� -��� /HRQKDUGW� 6'�� ������ +XQJU\� IRU� TXDOLW\²LQGLYLGXDO�
EXPEOHEHHV�IRUDJH�IOH[LEO\�WR�FROOHFW�KLJK�TXDOLW\�SROOHQ��%HKDYLRUDO�(FRORJ\�
DQG�6RFLRELRORJ\��������±������'2,����������V�����������������

5XQGO|I�0���$QGHUVVRQ�*.6���%RPPDUFR�5���)ULHV�,���+HGHUVWU|P�9���+HUEHUWVVRQ�/���
-RQVVRQ� 2��� .ODWW� %.��� 3HGHUVHQ� 75��� <RXUVWRQH� -��� 6PLWK� +*�� ������ 6HHG�
FRDWLQJ�ZLWK� D� QHRQLFRWLQRLG� LQVHFWLFLGH� QHJDWLYHO\� DIIHFWV�ZLOG� EHHV��1DWXUH�
������±����'2,����������QDWXUH������

6DLIXGGLQ�0���-KD�6��������&RORQ\�/HYHO�9DULDWLRQ�LQ�3ROOHQ�&ROOHFWLRQ�DQG�)RUDJLQJ�
3UHIHUHQFHV� $PRQJ� :LOG�&DXJKW� %XPEOH� %HHV� �+\PHQRSWHUD�� $SLGDH���
(QYLURQPHQWDO�(QWRPRORJ\�������±�����'2,����������(1������

6FKPLG�+HPSHO� 3�� ������2Q� WKH� HYROXWLRQDU\� HFRORJ\� RI� KRVW±SDUDVLWH� LQWHUDFWLRQV��
DGGUHVVLQJ� WKH� TXHVWLRQ� ZLWK� UHJDUG� WR� EXPEOHEHHV� DQG� WKHLU� SDUDVLWHV��
1DWXUZLVVHQVFKDIWHQ�������±����

6FKRHQHU�7:��������)RRG�ZHEV�IURP�WKH�VPDOO�WR�WKH�ODUJH��WKH�5REHUW�+��0DF$UWKXU�
$ZDUG�/HFWXUH��(FRORJ\��������±�����



ϭϭϭ

6HUUDR� 15��� 5HLG� 60��� :LOVRQ� &&�� ������ (VWDEOLVKLQJ� GHWHFWLRQ� WKUHVKROGV� IRU�
HQYLURQPHQWDO� '1$� XVLQJ� UHFHLYHU� RSHUDWRU� FKDUDFWHULVWLF� �52&�� FXUYHV��
&RQVHUYDWLRQ� *HQHWLFV� 5HVRXUFHV��±��� '2,�� KWWSV���GRL�RUJ���������V������
���������\�

6PLWK�.)���6D[�')���/DIIHUW\�.'��������(YLGHQFH�IRU�WKH�5ROH�RI�,QIHFWLRXV�'LVHDVH�LQ�
6SHFLHV� ([WLQFWLRQ� DQG� (QGDQJHUPHQW�� &RQVHUYDWLRQ�%LRORJ\� �������±������
'2,����������M����������������������[�

7DEHUOHW� 3��� &RLVVDF� (��� 3RPSDQRQ� )��� %URFKPDQQ� &���:LOOHUVOHY� (�� ������ 7RZDUGV�
QH[W�JHQHUDWLRQ�ELRGLYHUVLW\�DVVHVVPHQW�XVLQJ�'1$�PHWDEDUFRGLQJ��0ROHFXODU�
HFRORJ\��������±�����

7HSHU� '�� ������ )RRG� SODQWV� RI� %RPEXV� WHUUHVWULV� /�� GHWHUPLQHG� E\� SDO\QRORJLFDO�
DQDO\VLV�RI�SROOHQ�ORDGV��-�$SLFXO�6FL������±���

7RVL� 6��� 1LHK� -&��� 6JRODVWUD� )��� &DEEUL� 5��� 0HGU]\FNL� 3�� ������ 1HRQLFRWLQRLG�
SHVWLFLGHV�DQG�QXWULWLRQDO�VWUHVV�V\QHUJLVWLFDOO\�UHGXFH�VXUYLYDO�LQ�KRQH\�EHHV��
3URF��5��6RF��%��������������

:LOOLDPV� 10��� .UHPHQ� &�� ������ 5HVRXUFH GLVWULEXWLRQV� DPRQJ� KDELWDWV� GHWHUPLQH�
VROLWDU\� EHH� RIIVSULQJ� SURGXFWLRQ� LQ� D� PRVDLF� ODQGVFDSH�� (FRORJLFDO�
DSSOLFDWLRQV�������±����



ϭϭϮ

6XSSOHPHQWDU\ LQIRUPDWLRQ�

6XSSOHPHQWDU\ LQIRUPDWLRQ��)LJXUH�6��± 5HODWLYH�FKDQJH�LQ�VHTXHQFLQJ�UHDGV�IRU�HDFK�
SODQW�VSHFLHV�GXULQJ�WKH�H[SHULPHQW��



ϭϭϯ

&KDSWHU�,9

([SHULPHQWDO�ORVV�RI�JHQHUDOLVW�SODQWV�UHYHDOV�DOWHUDWLRQV�

LQ�SODQW�SROOLQDWRU�LQWHUDFWLRQV�DQG�D�FRQVWUDLQHG�

IOH[LELOLW\�RI�IRUDJLQJ

8QGHU�UHYLHZ



ϭϭϰ

([SHULPHQWDO�ORVV�RI�JHQHUDOLVW�SODQWV�UHYHDOV�DOWHUDWLRQV�LQ�

SODQW�SROOLQDWRU�LQWHUDFWLRQV�DQG�D�FRQVWUDLQHG�IOH[LELOLW\�RI�

IRUDJLQJ

3DROR�%LHOOD���� ��$VPD�$NWHU���� ��-HII�2OOHUWRQ�� ���6DP�7DUUDQW�����âWČSiQ�

-DQHþHN������-DQD�-HUViNRYi����-DQ�.OHFND��

��8QLYHUVLW\� RI� 6RXWK�%RKHPLD�� )DFXOW\� RI� 6FLHQFH��'HSDUWPHQW� RI� =RRORJ\��

ýHVNp�%XGČMRYLFH��&]HFK�5HSXEOLF

��&]HFK�$FDGHP\�RI�6FLHQFHV��%LRORJ\�&HQWUH��,QVWLWXWH�RI�(QWRPRORJ\��ýHVNp�

%XGČMRYLFH��&]HFK�5HSXEOLF

�� )DFXOW\� RI� $UWV�� 6FLHQFH� DQG� 7HFKQRORJ\�� 8QLYHUVLW\� RI� 1RUWKDPSWRQ��

1RUWKDPSWRQ��8.

��&]HFK�$FDGHP\�RI�6FLHQFHV��,QVWLWXWH�RI�%RWDQ\��7ĜHERĖ��&]HFK��5HSXEOLF�������

�� 'HSDUWPHQW� RI� (FRORJ\�� )DFXOW\� RI� 6FLHQFH�� &KDUOHV� 8QLYHUVLW\� LQ� 3UDJXH��

3UDKD��&]HFK�5HSXEOLF�

��8QLYHUVLW\�RI�6RXWK�%RKHPLD��)DFXOW\�RI�6FLHQFH��'HSDUWPHQW�RI�(FRV\VWHPV�

%LRORJ\��ýHVNp�%XGČMRYLFH��&]HFK�5HSXEOLF

$XWKRU�IRU�FRUUHVSRQGHQFH� 3DROR�%LHOOD��HPDLO��SDROR�ELHOOD#HQWX�FDV�F]�



ϭϭϱ

$EVWUDFW

6SHFLHV�H[WLQFWLRQV�XQGHUPLQH�HFRV\VWHP�IXQFWLRQLQJ��ZLWK�WKH�ORVV�RI�D�VPDOO�

VXEVHW� RI� IXQFWLRQDOO\� LPSRUWDQW� VSHFLHV� KDYLQJ� D� GLVSURSRUWLRQDWH� LPSDFW��

+RZHYHU�� OLWWOH� LV� NQRZQ� DERXW� WKH� HIIHFWV� RI� VSHFLHV� ORVV� RQ� SODQW�SROOLQDWRU�

LQWHUDFWLRQV��:H� DGGUHVVHG� WKLV� LVVXH� LQ� D� ILHOG� H[SHULPHQW� E\� UHPRYLQJ� � WKH�

SODQW�VSHFLHV�PRVW� IUHTXHQWO\�YLVLWHG�E\� LQVHFWV�� WKHQ�PHDVXULQJ� WKH� LPSDFW�RI�

SODQW�UHPRYDO�RQ�IORZHU�YLVLWDWLRQ��SROOLQDWRU�HIIHFWLYHQHVV�DQG�LQVHFW�IRUDJLQJ�

LQ� VHYHUDO� VLWHV��2XU� UHVXOWV� VKRZ� WKDW� WRWDO� YLVLWDWLRQ� GHFUHDVHG� H[SRQHQWLDOO\�

DIWHU� UHPRYLQJ� ���� PRVW� YLVLWHG� SODQWV�� VXJJHVWLQJ� WKDW� WKHVH� SODQWV� IDFLOLWDWH�

RWKHUV�E\�PDLQWDLQLQJ�KLJK�IORZHU�YLVLWRU�DEXQGDQFHV��1HYHUWKHOHVV��ZH� IRXQG�

ODUJH� YDULDWLRQ� LQ� FKDQJHV� RI� YLVLWDWLRQ� DPRQJ� SODQW� VSHFLHV�� 3ODQW� WUDLWV�

PHGLDWHG� WKH�HIIHFW� RI� UHPRYDO�RQ� IORZHU�YLVLWDWLRQ��ZKLOH�YLVLWDWLRQ�RI�SODQWV�

ZKLFK� KDG� VPDOOHU� LQIORUHVFHQFHV� DQG� PRUH� VXJDU� SHU� IORZHU� LQFUHDVHG� DIWHU�

UHPRYDO��IRUDJLQJ�RI�IORZHU�YLVLWRUV�ZDV�FRQVWUDLQHG�E\�QRW�VZLWFKLQJ�EHWZHHQ�

IORZHU� VKDSHV�� 0RUHRYHU�� SROOLQDWRU� HIIHFWLYHQHVV� IOXFWXDWHG� EXW� ZDV� QRW�

GLUHFWO\�OLQNHG�WR�FKDQJHV�RI�IORZHU�YLVLWDWLRQ��,Q�FRQFOXVLRQ�� LW�VHHPV�WKDW� WKH�

ORVV� RI� JHQHUDOLVW� SODQWV� DOWHUV� SODQW�SROOLQDWRU� LQWHUDFWLRQV� E\� GHFUHDVLQJ�

SROOLQDWRU� DEXQGDQFH� ZLWK� LPSOLFDWLRQV� IRU� SROOLQDWLRQ� DQG� LQVHFW� IRUDJLQJ��

7KHUHIRUH��JHQHUDOLVW�SODQWV�KDYH�KLJK�FRQVHUYDWLRQ�YDOXH�EHFDXVH�WKH\�VXVWDLQ�

WKH�FRPSOH[�SDWWHUQ�RI�SODQW�SROOLQDWRU�LQWHUDFWLRQV�

,QWURGXFWLRQ

2YHUDOO� FRPPXQLW\�OHYHO� G\QDPLFV� DQG� HFRV\VWHP� VHUYLFHV� DUH� RIWHQ�

GLVSURSRUWLRQDWHO\�DIIHFWHG�E\�D�VXEVHW�RI�WKH�ORFDO�VSHFLHV�SRRO��������7KLV�FRUH�

RI� IXQFWLRQDOO\� LPSRUWDQW� VSHFLHV� FRQWDLQV�� DPRQJ� RWKHUV�� JHQHUDOLVWV�� ZKLFK�

SOD\�D�GRPLQDQW�HFRORJLFDO�UROH�ZLWKLQ�WKH�FRPPXQLW\�DV�WKH\�DUH�RIWHQ�DPRQJ�

WKH�PRVW� DEXQGDQW� VSHFLHV��� DQG� LQWHUDFW� ZLWK� D� PDMRULW\� RI� RWKHU� VSHFLHV���

PRVWO\�E\�FRPSOH[�IDFLOLWDWLRQ�FRPSHWLWLRQ�LQWHUDFWLRQV����

*HQHUDOLVW� SODQWV� RIIHU� IORUDO� UHVRXUFHV�� PRVWO\� VXJDUV� IURP� QHFWDU� DQG�

SURWHLQV�IURP�SROOHQV��WR�D�ZLGH�VSHFWUXP�RI�SROOLQDWRUV�DQG�WKXV�KHOS�WR�VXVWDLQ�

WKRVH�SROOLQDWRUV¶�SRSXODWLRQV���3ROOLQDWRUV�RI�JHQHUDOLVW�IORZHUV�IRUDJH�ERWK�DV�



ϭϭϲ

VSHFLDOLVWV� DQG� DV� JHQHUDOLVWV�� FUHDWLQJ� D� QHVWHG� SDWWHUQ� RI� LQWHUDFWLRQV� LQ� WKH�

HQWLUH� SODQW�SROOLQDWRU� QHWZRUN�� ZKLFK� �� LW� KDV� EHHQ� DUJXHG�� LQFUHDVHV� WKH�

UREXVWQHVV� RI� WKH� ZKROH� FRPPXQLW\��� )XUWKHUPRUH�� � YLVLWDWLRQ� E\� D� ODUJH�

QXPEHU� RI� GLIIHUHQW� SROOLQDWRUV� LQFUHDVHV� WKH� FKDQFHV� RI� KDYLQJ� WKH� SROOHQ�

GLVSHUVHG���,Q�WXUQ��ZKHQ�JHQHUDOLVW�SROOLQDWRUV�DUH�IRUDJLQJ�LQ�D�SDWFK��WKH\�FDQ�

FROOHFW� UHVRXUFHV� IURP� D� ZLGH� UDQJH� RI� SODQWV�� 7KLV� VWUDWHJ\� FRXOG� SURYLGH�

QXWULWLRQDO�EHQHILWV�IURP�PXOWLSOH�VRXUFHV�������EXW�PD\�DOVR�OHDG�WR�SROOLQDWLRQ�

RI� VHYHUDO� SODQW� VSHFLHV� EHFDXVH� LW� LV� EHOLHYHG� WKDW� JHQHUDOLVW� SROOLQDWRUV� DUH�

YLVLWLQJ� RQO\� D� IHZ� SODQW� VSHFLHV� GXULQJ� HDFK� IRUDJLQJ� ERXW��� 7KHUHIRUH��

FRQVHUYDWLRQ� RI� DEXQGDQW� JHQHUDOLVWV� PD\� EH� LPSRUWDQW�� EHFDXVH� WKHLU�

SHUVLVWHQFH�FDQ�VXVWDLQ�PRVW�RI�WKH�FRPSOH[LW\�RI�LQWHUDFWLRQV�WDNLQJ�SODFH�LQ�D�

FRPPXQLW\���

'HVSLWH� WKHLU� IXQFWLRQDO� LPSRUWDQFH�� OLWWOH� LV� NQRZQ� DERXW� WKH� HIIHFWV� RI�

ORFDO� H[WLQFWLRQ� RI� JHQHUDOLVWV�� 7KH� FRQVHTXHQFHV� RI� VSHFLHV� ORVV� KDYH�

WUDGLWLRQDOO\� EHHQ� LQYHVWLJDWHG� E\� UHPRYLQJ� VSHFLHV� DW� UDQGRP�� +RZHYHU�� LQ�

QDWXUH�WKLV� LV�UDUHO\�WKH�FDVH�DV�VSHFLHV�GR�QRW�JR�H[WLQFW�UDQGRPO\��EXW� UDWKHU�

QRQ�UDQGRP� ORVVHV� DUH� WKH� UXOH��±���� ,Q� WKH� FRQWH[W� RI� SODQW�SROOLQDWRU�

LQWHUDFWLRQV�� WKH� ORVV� RI� SODQWV� RU� SROOLQDWRUV� DQG� LWV� FRQVHTXHQW� HIIHFW� RQ� WKH�

LQWHUDFWLQJ� DVVHPEODJHV� KDV� EHHQ� VWXGLHG� PRVWO\� E\� VLPXODWLRQ� PRGHOV�������

([SHULPHQWDO� WHVWV�LQ� WKH�ILHOG�KDYH�VWDUWHG�RQO\�UHFHQWO\�DQG�KDYH�EHHQ�VR�IDU�

OLPLWHG� WR� UHODWLYHO\� VPDOO� PDQLSXODWLRQV�� IRU� LQVWDQFH� UHPRYLQJ� HLWKHU� RQH�

LQYDVLYH� SODQW� VSHFLHV����� RU� D� VLQJOH� QDWLYH SODQW� VSHFLHV���� 2WKHU� VWXGLHV�

KDYH�H[FOXGHG�RQH�VSHFLHV�RU�D�VPDOO�VHW�RI�SROOLQDWRUV�������)XUWKHUPRUH��RQO\�

VLPXODWLRQ�EDVHG� VWXGLHV� KDYH� WHVWHG� WKH� HIIHFWV� RI� H[FOXGLQJ� VHYHUDO� VSHFLHV�

VHTXHQWLDOO\�������ZKLOH� WKH� IHZ� ILHOG� H[SHULPHQWV� UHPRYHG� RQO\� RQH� VSHFLHV�

DQG�OHG�WR�GLVSDUDWH�UHVXOWV��)RU�LQVWDQFH��UHPRYDO�RI�RQH�VSHFLHV�RI�EXPEOHEHH�

OHG�RQO\� WR�VPDOO�GLIIHUHQFHV�LQ� WKH�LQWHUDFWLRQ�QHWZRUNV�DIWHU�PDQLSXODWLRQ����

ZKLOH�D�VWXG\�UHPRYLQJ�RQH�LQYDVLYH�SODQW�VSHFLHV�IRXQG�D�SURQRXQFHG�HIIHFW�RI�

UHPRYDO���� ,Q� IDFW�� UHPRYLQJ� HLWKHU� D� SROOLQDWRU� RU� D� SODQW� KDV� GLIIHUHQW�

LPSOLFDWLRQV��6SHFLILFDOO\��E\� UHPRYLQJ�D�JHQHUDOLVW�SROOLQDWRU��PRUH�UHVRXUFHV�

ZLOO� EH� DYDLODEOH� IRU� WKH� RWKHU� SROOLQDWRUV�� FRQYHUVHO\�� WKH� UHPRYDO� RI� DQ�

DEXQGDQW� SODQW� LQGXFHV� DQ� LPPHGLDWH� UHGXFWLRQ� RI� UHVRXUFHV� DYDLODEOH� WR� WKH�
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SROOLQDWRU�JXLOG��+RZHYHU��WKH�FRQVHTXHQFHV�RI�WKH�ORVV�RI�PXOWLSOH�VSHFLHV�IRU�

SODQW�SROOLQDWRU�LQWHUDFWLRQV�UHPDLQV�DQ�RSHQ�TXHVWLRQ�

,Q� WKLV� VWXG\� ZH� H[SHULPHQWDOO\� WHVWHG� WKH� HIIHFWV� RI� WKH� UHPRYDO� RI�

JHQHUDOLVW� SODQW� VSHFLHV� RQ� SODQW�SROOLQDWRU� LQWHUDFWLRQV�� :H� IRFXVHG� RQ�

SROOLQDWRUV� DV� D� JXLOG� UDWKHU� WKDQ� RQ� LQGLYLGXDO� SROOLQDWRU� VSHFLHV� E\�

LQYHVWLJDWLQJ� WKH� HIIHFWV� RI� WKH� UHPRYDO� RI� WKH� PDLQ� IORZHU� UHVRXUFHV� RQ�

YLVLWDWLRQ��QHFWDU�FRQVXPSWLRQ��HIIHFWLYHQHVV�RI�SROOLQDWLRQ�DQG�VKLIWLQJ�UHVRXUFH�

XVH� E\� WKH� SROOLQDWRU� JXLOG�� 7KH� H[SHULPHQWV� FRPSULVHG� WZR� SDUWV�� )LUVWO\�� D�

SLORW� SURMHFW� LQ� WKH� 8QLWHG� .LQJGRP� H[SHULPHQWDOO\� PDQLSXODWHG� D� SODQW�

SROOLQDWRU� FRPPXQLW\� E\� UHPRYDO� RI� WKH�PRVW� JHQHUDOLVW� SODQW� �IURP� KHUH� RQ�

FDOOHG�WKH�³SLORW�VWXG\´���7KLV�SURYLGHG�D�SURRI�RI�FRQFHSW�DQG�VXJJHVWHG�ZD\V�

LQ�ZKLFK�WKH�SROOLQDWRU�DVVHPEODJH�PLJKW�UHDFW�WR�VXFK�SHUWXUEDWLRQ��6HFRQGO\��

LQ� WKH� &]HFK� 5HSXEOLF�� ZH� FRQGXFWHG� D� ODUJHU� H[SHULPHQW�� ZKHUH� ZH�

VHTXHQWLDOO\� UHPRYHG� IRXU� RI� WKH�PRVW� YLVLWHG� SODQW� VSHFLHV� RYHU� D� VKRUW� WLPH�

SHULRG� WR� GHWHUPLQH� KRZ� WKH� SODQW�SROOLQDWRU� LQWHUDFWLRQV� ZRXOG� UHVSRQG� WR� D�

PRUH�SURIRXQG�ORVV�RI�UHVRXUFHV��IURP�KHUH�RQ�FDOOHG�WKH�³VHTXHQWLDO�UHPRYDO´�

H[SHULPHQW���

7KH�DLP�RI�RXU�H[SHULPHQWV�ZDV�WR�WHVW�ZKHWKHU�UHPRYDO�RI�JHQHUDOLVW�SODQWV�

����OHG�WR�D�GHFUHDVH�LQ�WKH�RYHUDOO�YLVLWDWLRQ�L�H���WKH�DEXQGDQFH�RI�SROOLQDWRUV�LQ�

WKH� VLWHV�� ���� FDXVHG� VSHFLHV�VSHFLILF� FKDQJHV� RI� WKH� YLVLWDWLRQ� RI� LQGLYLGXDO�

SODQW�VSHFLHV��ZKLFK�FRXOG�EH�H[SODLQHG�E\�VKLIWV�RI�SROOLQDWRUV�GULYHQ�E\�WUDLWV�

RI� WKH� SODQWV�� DQG� ���� ZKHWKHU� SROOLQDWLRQ� HIIHFWLYHQHVV� �GHWHUPLQHG� E\� WKH�

QXPEHU�RI�SROOHQ�WXEHV�JURZQ�LQ�WKH�SLVWLOV�DIWHU�YLVLWDWLRQ���DQG�WKH�DPRXQW�RI�

XVHG� QHFWDU� UHVRXUFHV� �³VWDQGLQJ� FURS´�� FKDQJHG� DV� D� FRQVHTXHQFH� RI� SODQW�

UHPRYDO�

:H�K\SRWKHVLVHG�WKDW� WKH�SROOLQDWRU�JXLOG�FRXOG�UHVSRQG�WR�WKH�UHPRYDO�RI�

PDMRU� IORUDO� UHVRXUFHV� LQ� WKUHH� ZD\V�� �D�� WKH\� FRXOG� VKLIW� IRRG� VRXUFH� DQG�

GLVWULEXWH�HYHQO\�RQ�WKH�UHPDLQLQJ�SODQW�VSHFLHV���E��WKH\�FRXOG�VKLIW�SUHIHUDEO\�

WRZDUGV� D� VXEVHW� RI� WKH� SODQWV�� SRVVLEO\� RQ� WKH� EDVLV� RI� SODQW� WUDLWV�� �F�� WKH\�

FRXOG� VWRS� IRUDJLQJ� DW� WKH� VLWH� �RU� HPLJUDWH��GXH� WR� WKH� ODFN�RI� WKH�PDLQ� IRRG�

VRXUFH��7KH�VFHQDULR��D��PLJKW�EH�H[SHFWHG�LI�SROOLQDWRUV�DUH�JHQHUDOLVWV�DEOH�WR�

XVH�DQ\�UHVRXUFHV���,Q�DGGLWLRQ�ZH�K\SRWKHVLVHG�WKDW�XQGHU�VFHQDULR��D��DQG��E��
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SODQW� UHSURGXFWLRQ�� PHDVXUHG� DV� QXPEHU� RI� SROOHQ� WXEHV�� ZRXOG� LQFUHDVH��

ZKHUHDV�XQGHU�VFHQDULR��F��LW�ZRXOG�GHFUHDVH��

0HWKRGV

3LORW�VWXG\

7KH�SLORW�VWXG\�ZDV�FRQGXFWHG�LQ�WKH�(DVW�0LGODQGV�RI�WKH�8.��LQ�1RUWKDPSWRQ��

GXULQJ�VXPPHU������RQ�WKH���KD�4XDUU\�)LHOG����R��¶���1���R��¶��:���SDUW�RI�

WKH�%UDGODXJK�)LHOGV�VLWH��D�QHWZRUN�RI�SDUNODQG�DQG�/RFDO�1DWXUH�5HVHUYHV�

�GDWD�LQ�6��7DEOH���

6XUYH\V�RI�LQVHFW�YLVLWDWLRQ�ZHUH�XQGHUWDNHQ�DW�WZR�VWDJHV���L��EHIRUH�IORZHU�

UHPRYDO� LQ� RUGHU� WR� GHWHUPLQH� WKH� SODQW�SROOLQDWRU� LQWHUDFWLRQV� SULRU� WR� WKH�

H[SHULPHQW�� �LL�� LQ� WKH� GD\V� IROORZLQJ� WKH� UHPRYDO� RI� LQIORUHVFHQFHV� RI� WKH�

SODQWV� VSHFLHV� ZLWK� WKH� KLJKHVW� YLVLWDWLRQ�� L�H�� WKH� WRWDO� DEXQGDQFH� RI� IORZHU�

YLVLWRUV�RQ�WKH�SODQW��,QIORUHVFHQFHV�RI�WKH�WDUJHW�SODQW��.QDXWLD�DUYHQVLV��ZHUH�

UHPRYHG�IURP�WKH�ZKROH�VXUIDFH�RI�WKH�HQWLUH�VLWH��7R�LQGLFDWH�ZKLFK�SODQW�WR�EH�

UHPRYHG��IORZHU�YLVLWRU�DEXQGDQFH�ZDV�XVHG�EHFDXVH�LW�ZRXOG�QRW�EH�SUDFWLFDO�

WR�ZDLW�IRU�VSHFLHV�OHYHO�LGHQWLILFDWLRQ�RI�IORZHU�YLVLWRUV�QHHGHG�WR�GHFLGH�ZKLFK�

ZDV� WKH� PRVW� JHQHUDOLVHG� SODQW�� :H� ODWHU� FRQILUPHG� WKDW� WKH� SODQW� ZLWK� WKH�

KLJKHVW�DEXQGDQFH�RI�IORZHU�YLVLWRUV�ZDV�DOVR�WKH�RQH�ZLWK�WKH�KLJKHVW�VSHFLHV�

ULFKQHVV��VHH�5HVXOWV���'XULQJ�WKH�VDPH�SHULRG�� WKH�QHDUE\�6FUXE�)LHOG��ZKLFK�

KRVWV�D�YHJHWDWLRQ�VLPLODU�WR�WKH�WUHDWHG�VLWH��ZDV�DOVR�VXUYH\HG�WZR�WLPHV�XVLQJ�

WKH� VDPH� WHFKQLTXHV�� DV� D� FRPSDULVRQ� FRQWURO� VLWH� WR� WKH�4XDUU\� )LHOG�� ,QVHFW�

IORZHU�YLVLWDWLRQ�VXUYH\V�ZHUH�XQGHUWDNHQ�IRXU�WLPHV�DW�HDFK�RI�WKH�WZR�VWDJHV�

RI� WKH� H[SHULPHQW� �L�H��� EHIRUH� DQG� DIWHU� UHPRYDO�� EHWZHHQ� �SP� DQG� �SP� RQ�

GD\V� ZKLFK� ZHUH� ZDUP� DQG� VXQQ\� ZLWK� OLWWOH� RU� QR� ZLQG�� 6XUYH\V� ODVWHG� ���

PLQXWHV� DQG� DOO� IORZHU� YLVLWLQJ� LQVHFWV� VHHQ� WR� EH� IHHGLQJ�ZLWKLQ� WKH� IORZHUV�

ZHUH� FDSWXUHG� DORQJ� D� ��PHWUH�ZLGH� EHOW� DQG�ZLWKLQ� ��PHWUHV� LQ� IURQW� RI� WKH�

VXUYH\RU�� 7KH� VDPSOLQJ� IROORZHG� D� ZLGHQLQJ� VSLUDO� IURP� D� UDQGRPO\�

GHWHUPLQHG� SRLQW� DW� D� VWDQGDUG� SDFH� RI� ���P� SHU�PLQXWH� �ZKLFK�PDNHV� HDFK�

VXUYH\�RI�DQ�DUHD�RI�DSSUR[LPDWHO\�����P����7KLV�PHWKRG�DOORZHG IRU�D� ODUJH�

DUHD�WR�EH�VXUYH\HG�RZLQJ�WR�WKH�UHODWLYHO\�ORZ�SROOLQDWRU�GHQVLW\�ZKHUH�IORUDO�

UHVRXUFHV�DUH�SDWFK\�DQG�VSDUVHO\�GLVWULEXWHG��,QVHFW�VSHFLPHQV�ZHUH�LGHQWLILHG�
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HLWKHU� LQ� WKH� ILHOG�RU�E\� H[SHUWV��6DPSOLQJ�SHUPLVVLRQ�ZDV�REWDLQHG� IURP�7KH�

:LOGOLIH� 7UXVW� IRU� %HGIRUGVKLUH�� &DPEULGJHVKLUH�� 1RUWKDPSWRQVKLUH� DQG�

3HWHUERURXJK�

6HTXHQWLDO�UHPRYDO

7KH� VHTXHQWLDO� UHPRYDO� H[SHULPHQW� ZDV� SHUIRUPHG� LQ� WKH� YLFLQLW\� RI� ýHVNê�

.UXPORY��6RXWK�%RKHPLD��&]HFK�5HSXEOLF��LQ�WKH�VXPPHU�������1R�VDPSOLQJ�

SHUPLWV� ZHUH� UHTXLUHG� IRU� WKLV� SURMHFW� LQ� WKH� &]HFK� 5HSXEOLF�� EHFDXVH� QR�

SURWHFWHG� VSHFLHV�ZHUH� DIIHFWHG� DQG� WKH� VWXG\�ZDV� FRQGXFWHG� RQ� SXEOLF� ODQG�

7KUHH�H[SHULPHQWDO�VLWHV�ZHUH�FKRVHQ��6LWH����������
�����

�1��������
�����

�(��

DUHD�FD�������P���6LWH����������
������

�1�������
������

�(��FD�������P���6LWH����

������¶������¶¶�1�������¶����¶¶�(��FD�������P���� �7KH�PHDQ�SDLUZLVH�GLVWDQFH�

EHWZHHQ�WKH�VLWHV�ZDV�������������.P��7KHVH�H[SHULPHQWDO�VLWHV�ZHUH�VPDOO�GU\�

PHDGRZV�VXUURXQGHG�E\�WUHHV�RU�EXVKHV�DQG�ZLWK�D�GHQVH�IRUHVW�RQ�DW�OHDVW�WZR�

HGJHV�� 7KHVH� ZHUH� LQWHQGHG� DV� SK\VLFDO� EDUULHUV� FOHDUO\� VHSDUDWLQJ� WKH�

H[SHULPHQWDO�VLWHV�IURP�RWKHU�JUDVVODQG�KDELWDWV�LQ�WKH�VXUURXQGLQJV��7KH�HQWLUH�

VXUIDFH� RI� HDFK� H[SHULPHQWDO� VLWH� ZDV� WUHDWHG� E\� UHPRYLQJ� WKH� WDUJHW� SODQW�

VSHFLHV �VHH�EHORZ��

$Q�XQWUHDWHG�FRQWURO�VLWH�ZDV� ORFDWHG�DW�������
�����

�1��������
�����

�(��

ZKLFK�FRQVLVWHG�RI�KDELWDW�DQG�SODQW�FRPPXQLW\�YHU\�VLPLODU�WR�WKH�WUHDWHG�VLWHV��

,W�ZDV�QRW�IHDVLEOH�WR�SDLU�HDFK�H[SHULPHQWDO�VLWH�ZLWK�D�FRQWURO�VLWH�EHFDXVH�RI�

WKH�ODFN�RI�VXIILFLHQWO\�VLPLODU�VLWHV�LQ�WKH�YLFLQLW\�RI�WKH�H[SHULPHQWDO�VLWHV��VR�

ZH�RSWHG�IRU�D�VLQJOH�FRQWURO�DFFRPSDQ\LQJ�WKH�WKUHH�H[SHULPHQWDO�VLWHV�

$Q�DOWHUQDWLYH�GHVLJQ�VXFK�DV�RQH�ZKHUH�ZH�ZRXOG�PDQLSXODWH�RQH�KDOI�RI�

D�VLWH�DQG�XVH�WKH�KDOI�DV�D�FRQWURO�ZRXOG�YLRODWH�WKH�LQGHSHQGHQFH�RI�WUHDWHG�RU�

XQWUHDWHG�SORWV�JLYHQ�WKH�IO\LQJ�DELOLW\�RI�SROOLQDWRUV�DQG�WKH�ODFN�RI�VHSDUDWLRQ�

RI�WKH�SORWV�E\�SK\VLFDO�EDUULHUV�RU�E\�GLVWDQFH��

7KH�VDPSOLQJ�RI�LQVHFWV�ZDV�EDVHG�RQ�ZDONLQJ�VL[�WUDQVHFWV�����P�[���P��LQ�

D�UDQGRPL]HG�RUGHU�LQ�HDFK�VLWH�EHWZHHQ������DQG�������KRXUV��7UDQVHFWV�ZHUH�

VHW� XS� IRU� VDPSOLQJ� SROOLQDWRUV� DQG� WR� FRXQW� SODQW� DEXQGDQFHV� LQ� RUGHU� WR�

DFFRXQW� IRU� KHWHURJHQHLW\� LQ� SODQW� GLVWULEXWLRQ� ZLWKLQ� WKH� VLWHV�� 7KH� VL]H� DQG�

QXPEHU� RI� WUDQVHFWV�ZDV� VHW� SURSRUWLRQDOO\� WR� ILW�ZLWKLQ� WKH� VPDOO� VL]H� RI� WKH�
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VHOHFWHG� VLWHV�� $OO� WUDQVHFWV� ZHUH� XVXDOO\� VDPSOHG� WZLFH� GXULQJ� HDFK� GD\��

6DPSOLQJ�ZDV�SRVWSRQHG� LQ� WKH�FDVH�RI� UDLQ�RU�VWURQJ�ZLQG��$OO� LQVHFWV� IRXQG�

ZKLOH� YLVLWLQJ� IORZHUV�ZHUH� VDPSOHG� E\� D� KDQGQHW� RU� D�PRXWK� DVSLUDWRU�� 7KH�

IORUDO�DEXQGDQFH�RI�SODQW�VSHFLHV�ZDV�UHFRUGHG�E\�FRXQWLQJ�WKH�QXPEHU�RI�RSHQ�

IORZHUV�RU�FRPSRXQG�LQIORUHVFHQFHV�RQ�HDFK�SODQW�ZLWKLQ�HDFK�WUDQVHFW��7KHVH�

GDWD�ZHUH�UHFRUGHG�GXULQJ�DOO�VWDJHV�RI�WKH�H[SHULPHQW��VR�WKDW�FKDQJHV�LQ�SODQW�

SKHQRORJ\�DFURVV�WKH�H[SHULPHQWDO�SHULRG�ZRXOG�EH�UHFRUGHG�DV�FKDQJHV�LQ�WKH�

QXPEHU�RI�IORZHUV��ZKLFK�LV�WKH�DSSURSULDWH�PHDVXUH�RI�SODQW�DEXQGDQFH�LQ�WKH�

FRQWH[W� RI� SODQW�SROOLQDWRU� LQWHUDFWLRQV�� ,W� ZDV� QRW� SRVVLEOH� WR� FROOHFW� IXUWKHU�

GHWDLOV RQ� WKH� IORZHU� VH[XDO� PDWXUDWLRQ� VWDJH� �SROOHQ� SUHVHQWDWLRQ� RU� VWLJPD�

UHFHSWLYLW\�� EHFDXVH� WKDW� XVXDOO\� UHTXLUHV� GHVWUXFWLYH� PHWKRGV���� ZKLFK� FRXOG�

DIIHFW�WKH�IORZHULQJ�FRPPXQLW\�LQ�WKH�VLWHV��DQG�LW�ZRXOG�DOVR�QRW�EH�IHDVLEOH�WR�

FROOHFW� VXFK�GDWD� IRU� WKH� HQWLUH� FRPPXQLW\� JLYHQ� WKH� ODUJH� QXPEHU� RI� VSHFLHV�

SUHVHQW���

,Q� WKH� H[SHULPHQWDO� VLWHV�� DOO� IORZHU� YLVLWRUV� IHHGLQJ� RQ� IORZHUV� ZHUH�

VDPSOHG�IRU�WZR�GD\V�SULRU�WR�DQ\�PDQLSXODWLRQ��KHUHDIWHU�WKH�³%HIRUH´�SHULRG���

$W�WKH�HQG�RI�WKH�VDPSOLQJ�GD\V��WKH�FDSWXUHG�VSHFLPHQV�ZHUH�FRXQWHG�IRU�HDFK�

SODQW� DQG� WKXV� ZH� ZHUH� DEOH� WR� GHWHUPLQH� WKH� SODQW� VSHFLHV� ZLWK� WKH� KLJKHVW�

YLVLWDWLRQ��L�H��WKH�WRWDO�DEXQGDQFH�RI�IORZHU�YLVLWRUV�RQ�WKH�SODQW��:H�FDOO�WKHVH�

KLJKO\�YLVLWHG�SODQWV�³JHQHUDOLVW´��DOWKRXJK�ZH�GLG�QRW�HYDOXDWH�WKH�GLYHUVLW\�RI�

WKH� YLVLWRUV�� LQ� DFFRUGDQFH�ZLWK� WKH� OLWHUDWXUH� �VHH� ���� DQG� WKH� RXWFRPH� RI� WKH�

SLORW�VWXG\��VHH�5HVXOWV���7KLV�PRVW�JHQHUDOLVW�SODQW�VSHFLHV�ZDV�WKHQ�UHPRYHG�

IURP�WKH�HQWLUH�VLWH�E\�FXWWLQJ�DOO�LQIORUHVFHQFHV�LQ�WKH�HQWLUH�VLWH��DV�ZDV�GRQH�LQ�

WKH�SLORW�VWXG\��:H�RQO\�UHPRYHG�IORZHUV�DQG�OHIW�WKH�VWHPV�RWKHUZLVH�LQWDFW�VR�

WKDW� WKH� YHJHWDWLRQ� VWUXFWXUH� UHPDLQHG� XQDOWHUHG�� 7ZHQW\� IRXU� KRXUV� DIWHU� WKH�

UHPRYDO��WKH�VLWHV�ZHUH�VDPSOHG�DJDLQ�RYHU�WZR�GD\V��$IWHU�ZH�KDG�FRXQWHG�WKH�

DEXQGDQFHV�RI�WKH�YLVLWRUV�IRU�HDFK�SODQW��ZH�GHWHUPLQHG�WKH�QH[W�SODQW�VSHFLHV�

ZLWK�WKH�KLJKHVW�YLVLWDWLRQ��WKH�LQIORUHVFHQFHV�RI�ZKLFK�ZHUH�WKHQ�UHPRYHG��7KH�

IORZHU� YLVLWRUV� ZHUH� VDPSOHG� DJDLQ� DIWHU� DQRWKHU� WZHQW\� IRXU� KRXUV� IRU� WZR�

GD\V��:H� UHSHDWHG� WKLV� SURFHGXUH� XQWLO� WKH� IRXUWK� SODQW� VSHFLHV�ZDV� UHPRYHG��

ZKLFK�ZDV� IROORZHG�E\� WKH� ODVW� VDPSOLQJ� SHULRG��7KURXJKRXW� WKH� H[SHULPHQW��

ZH� YHULILHG� WKDW� LQIORUHVFHQFHV� RI� WKH� UHPRYHG� SODQWV�ZHUH� VWLOO� DEVHQW� LQ� WKH�

VLWHV�� 6LWH� �� DQG� ��ZHUH� VDPSOHG� IURP� ��WK� -XQH� WR� ��WK� RI� -XO\�� 6LWH� ��ZDV�
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VDPSOHG�IURP��QG�WR���WK�RI�-XO\��7KH�FRQWURO�VLWH�ZDV�VDPSOHG�V\QFKURQRXVO\�

WR�HDFK�RI�WKH�H[SHULPHQWDO�VLWHV��WKH�VDPH�GD\V�DQG�GXULQJ�WKH�VDPH�KRXUV���EXW�

QR� PDQLSXODWLRQ� RI� WKH� SODQW� FRPPXQLW\� ZDV� SHUIRUPHG� WKHUH� �GDWD� LQ� 6��

7DEOH��� )RU� HDFK� VLWH��ZH� DQDO\VHG� GDWD� RQ� WRWDO� IORZHU� YLVLWDWLRQ� RI� DOO� SODQW�

VSHFLHV� E\� WKH� HQWLUH� JXLOG� RI� IORZHU� YLVLWLQJ� LQVHFWV�� GDWD� RQ� LQVHFW� VSHFLHV�

LGHQWLW\�IURP�WKLV�H[SHULPHQW�DUH�\HW��QRW�DYDLODEOH��7KH�VHTXHQFH�RI�WKH�SODQW�

VSHFLHV�UHPRYDO�IRU�ERWK�SLORW�VWXG\�DQG�VHTXHQWLDO�UHPRYDO�LV�GHWDLOHG�LQ�7DEOH�

��

3LVWLO�FROOHFWLRQ�DQG�SROOHQ�WXEHV

3ROOLQDWRU� HIIHFWLYHQHVV� ZDV� WHVWHG� E\� FRXQWLQJ� SROOHQ� WXEHV� LQ� WKH� SLVWLOV� RI�

IORZHULQJ� SODQWV� LQ� WZR� RI� RXU� H[SHULPHQWDO� VLWHV�� *URZWK� RI� SROOHQ� WXEHV�

SURYLGHV�LQIRUPDWLRQ�DERXW�WKH�HIIHFWLYHQHVV�RI�WKH�SROOLQDWLRQ�VHUYLFH�EHFDXVH�

LW�OLQNV�SROOHQ�GHSRVLWLRQ�DQG�VHHG�SURGXFWLRQ����DOWKRXJK�LW�PD\�FRQIRXQG�FURVV�

DQG� VHOI� SROOLQDWLRQ��:H� FROOHFWHG�SLVWLOV� IURP�RQ� DYHUDJH� ��� IORZHUV� RI� HDFK�

VXIILFLHQWO\� DEXQGDQW� IORZHULQJ� SODQW� DIWHU� HDFK� LQVHFW� VDPSOLQJ� SHULRG� DQG�

SUHVHUYHG�LQ�IRUPDOLQ�DFHWLF�DFLG�DOFRKRO��)$$��DW�URRP�WHPSHUDWXUH��)ORZHUV�

ZHUH� FROOHFWHG�RXWVLGH� �EXW� QHDUE\�� WKH� WUDQVHFWV� WR� DYRLG� GHSOHWLRQ� RI� IORZHU�

DEXQGDQFHV�LQ�WKH�WUDQVHFWV��/DWHU��LQ�WKH�ODERUDWRU\��WKH�IORZHUV�ZHUH�GLVVHFWHG�

XQGHU� WKH� PLFURVFRSH� DQG� SLVWLOV� ZHUH� SUHSDUHG� IRU� VRIWHQLQJ� DQG� VWDLQLQJ��

IROORZLQJ� WKH� WHFKQLTXH� RI� ���� $IWHU� VRIWHQLQJ� WKH� SLVWLOV� LQ� �0� 1D2+�� WKH\�

ZHUH�VWDLQHG�ZLWK������DQLOLQH�EOXH� LQ����0�.�+32� IRU����KRXUV��7KHQ�� WKH�

SLVWLOV�ZHUH�ZDVKHG�DQG�PRXQWHG�LQ�D�GURS�RI�����JO\FHULQH�RQ�JODVV�VOLGHV�DQG�

FRYHUHG� ZLWK� FRYHU� VOLSV� IRU� REVHUYDWLRQ� XQGHU� D� IOXRUHVFHQFH� PLFURVFRSH��

3ROOHQ� WXEHV�ZHUH�YLVLEOH� DQG�FRXQWHG� IRU�PRVW�RI� WKH� VSHFLHV��+RZHYHU�� LQ� D�

IHZ�FDVHV��SROOHQ�WXEHV�ZHUH�LPSRVVLEOH�WR�YLVXDOL]H�SURSHUO\��)RU�WKHVH�VSHFLHV�

WKH� QXPEHU� RI� SROOHQ� JUDLQV� RQ� WKH� VWLJPDV�ZHUH� FRXQWHG� DVVXPLQJ� WKDW� RQO\�

JHUPLQDWHG�JUDLQV�ZLWK�WXEHV�VWLOO�DWWDFKHG�ZRXOG�UHPDLQ�RQ�WKH�VWLJPD�DIWHU�WKH�

SUHSDUDWLRQ�SURFHVV��$OO�SURFHVVHV�ZHUH�FDUULHG�RXW�DW�URRP�WHPSHUDWXUH��$IWHU�

WKH�REVHUYDWLRQ��WKH�HGJHV�RI�WKH�FRYHU�VOLSV�ZHUH�VHDOHG�ZLWK�FOHDU�QDLO�SROLVK�

DQG�VWRUHG�DW���&�IRU�IXWXUH�UHIHUHQFH��'DWD�ZHUH�VXFFHVVIXOO\�REWDLQHG�IRU����

VSHFLHV� EHFDXVH� RWKHU� SODQW� VSHFLHV� GLG� QRW� \LHOG� DQ\� FRXQWDEOH� SROOHQ� WXEHV�

�GDWD�LQ�6��7DEOH���
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7DEOH���� 3ODQW�VSHFLHV�UHPRYHG�GXULQJ�WKH�H[SHULPHQWV�LQ�WKH�WUHDWHG�VLWHV��ZLWK�GHWDLOV�
RQ�WKH�SODQW�IDPLO\�DQG�WKH�UDZ�QXPEHU�RI�VSHFLPHQV�IRXQG�RQ�WKDW�JLYHQ�SODQW�

7UHDWPHQW�

SHULRG
6SHFLHV�UHPRYHG )DPLO\

1XPEHU�RI�

VSHFLPHQV

3LORW�VWXG\

%HIRUH�UHPRYDO .QDXWLD�DUYHQVLV &DSULIROLDFHDH
���LQVHFWV

�RI����VSHFLHV�

6HTXHQWLDO�UHPRYDO�H[SHULPHQW

%HIRUH�UHPRYDO

6LWH��

6LWH��

6LWH��

$QWKULVFXV�V\OYHVWULV

9HURQLFD�WHXFULXP

$HJRSRGLXP�

SRGDJUDULD

$SLDFHDH

3ODQWDJLQDFHDH

$SLDFHDH

���

���

���

��VS��UHPRYHG

6LWH��

6LWH��

6LWH��

5XEXV�FDHVLXV

$JULPRQLD�HXSDWRULD

9HURQLFD�WHXFULXP

5RVDFHDH

5RVDFHDH

3ODQWDJLQDFHDH

���

��

��

��VSS��UHPRYHG

6LWH��

6LWH��

6LWH��

.QDXWLD�DUYHQVLV

&HQWDXUHD�VFDELRVD

.QDXWLD�DUYHQVLV

&DSULIROLDFHDH

$VWHUDFHDH

&DSULIROLDFHDH

��

��

��

��VSS��UHPRYHG

6LWH��

6LWH��

6LWH��

*DOLXP�PROOXJR

6HFXULJHUD�YDULD

2ULJDQXP�YXOJDUH

5XELDFHDH

)DEDFHDH

/DPLDFHDH

��

��

��

1HFWDU�FRQWHQW�RI�IORZHUV�DQG�RWKHU�IXQFWLRQDO�WUDLWV

:H� GHWHUPLQHG� WKH� VWDQGLQJ�FURS� RI� QHFWDU� LQ� IORZHULQJ� SODQW� VSHFLHV� DW� WZR�

VLWHV� RI� WKH� VHTXHQWLDO� UHPRYDO� H[SHULPHQW� LQ� RUGHU� WR� DVVHVV� WKH� DPRXQW� RI�

XQXVHG� IORUDO� UHVRXUFHV� DQG� LWV� FKDQJHV� DIWHU� SODQW� UHPRYDO�� 7R� GR� VR�� ZH�

FROOHFWHG� IORZHUV� LQ� HDFK� VLWH DIWHU� WKH� SROOLQDWRU� VDPSOLQJ� RQ� WKH� VDPH� GD\�

�GDWD� LQ� 6�� 7DEOH��� $� ����O� +DPLOWRQ� FDSLOODU\� V\ULQJH� ZDV� XVHG� IRU� WKH�
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FROOHFWLRQ�DQG�IRU�ZDVKLQJ�WKH�QHFWDU�LQWR�GLVWLOOHG�ZDWHU��)ORZHUV�ZHUH�VHOHFWHG�

UDQGRPO\�EXW�RXWVLGH�WKH�VDPSOLQJ�WUDQVHFWV� LQ�RUGHU�WR DYRLG�LPSRYHULVKPHQW�

RI�IORZHU�UHVRXUFHV�LQ�WKH�WUDQVHFWV��RQO\�IORZHUV�LQ�IXOO�DQWKHVLV�ZHUH�VDPSOHG��

1HFWDU�VDPSOHV�ZHUH�VWRUHG�LQ�D�FRRO�EDJ�LQ�WKH�ILHOG�DQG�LQ�D�����&�IUHH]HU�LQ�

WKH�ODERUDWRU\��6XJDU�DQDO\VLV�RI�QHFWDU�ZDV�GRQH�XVLQJ�KLJK�SHUIRUPDQFH DQLRQ�

H[FKDQJH�FKURPDWRJUDSK\�ZLWK�SXOVHG�DPSHURPHWULF�GHWHFWLRQ�XVLQJ�D�'LRQH[�

,&6������ V\VWHP� DQG� &DUER3DF� 3$�� DQDO\WLFDO� FROXPQ�� 1HFWDU� DPRXQW� ZDV�

H[SUHVVHG� DV� PLOOLJUDPV� RI� VXJDUV� SHU� IORZHU�� %HFDXVH� WKH� PHWKRG� LV� QRW�

VHQVLWLYH�ZKHQ� WKH� DPRXQW� RI� VXJDU� LV� H[WUHPHO\� ORZ�� VHYHUDO� QHFWDU� VDPSOHV�

IURP� D� NQRZQ� QXPEHU� RI� IORZHUV� �RI� D� JLYHQ� VSHFLHV� RQ� D� JLYHQ� GD\�� ZHUH�

PHUJHG� LQ� RQH� XQLTXH� VDPSOH� ZKLFK� ZDV� DQDO\VHG� DV� GHVFULEHG� DERYH��

DIWHUZDUGV�� WKH� DPRXQW� RI� VXJDU� SHU� IORZHU� ZDV� FDOFXODWHG� E\� GLYLGLQJ� WKH�

TXDQWLW\�RI�VXJDU�E\�WKH�QXPEHU�RI�IORZHUV�LQFOXGHG�LQ�WKH�VDPSOH��'DWD�ZHUH�

H[WUDFWHG�IURP�DQ�DYHUDJH�RI����IORZHUV�SHU�SODQW�VSHFLHV�

)XUWKHUPRUH��ZH�PHDVXUHG�VHYHUDO�IXQFWLRQDO�WUDLWV�IRU�HDFK�SODQW�VSHFLHV�LQ�

WKH� WZR� VLWHV�� 7KH� GDLO\� SURGXFWLRQ� RI� QHFWDU� ZDV� PHDVXUHG� ZLWK� D� VLPLODU�

PHWKRGRORJ\�DV�IRU�WKH�VWDQGLQJ�FURS�EXW� WKH�RQO\�GLIIHUHQFH�ZDV�WKDW�IORZHUV�

ZHUH�EDJJHG�IRU����KRXUV�EHIRUH�VDPSOLQJ�QHFWDU��VHYHUDO� LQIORUHVFHQFHV�ZHUH�

EDJJHG�LQ�WKH�PRUQLQJ�DQG�VDPSOHG�WKH�QH[W�GD\�LQ�WKH�PRUQLQJ��\LHOGLQJ�QHFWDU�

GDWD�RQ�DYHUDJH����VLQJOH�IORZHUV�SHU�VSHFLHV� ��7KLV� LV�DQ�DSSURSULDWH�PHWKRG�

XVHG�IRU�FRPSDULQJ�WKH�FXPXODWLYH�VHFUHWLRQ�RI�QHFWDU�RYHU�D�VWDQGDUG�DPRXQW�

RI�WLPH�ZKLFK�FRYHUV�WKH�HQWLUH�GDLO\�UK\WKP�LQ�VHYHUDO�GLIIHUHQW�VSHFLHV��2WKHU�

WUDLWV�ZHUH��SODQW�KHLJKW� �OLQHDU�GLVWDQFH�EHWZHHQ�WKH�JURXQG�DQG�WKH�WRS�RI�DQ�

LQIORUHVFHQFH��PHDVXUHG�RQ�DQ�DYHUDJH�RI����SODQWV�SHU�VSHFLHV���LQIORUHVFHQFH�

PD[LPXP�VL]H��WKH�PD[LPXP�GLPHQVLRQ�RI�WKH�LQIORUHVFHQFH��PHDVXUHG�RQ�DQ�

DYHUDJH�RI����IORZHUV�SHU�VSHFLHV�� GRPLQDQW�FRORXU�RI�WKH�FRUROOD��FDWHJRULFDO�

YDULDEOH��³ZKLWH´��³EOXH´��³SLQN´��³\HOORZ´���IORZHU�VKDSH�FRGHG�DFFRUGLQJ�WR��

DV� IROORZV�� EHOO� RU� IXQQHO�VKDSHG�� GLVK� RU� ERZO�VKDSHG� IORZHUV�� IODJ�VKDSHG�

IORZHUV�� JXOOHW�VKDSHG� IORZHUV�� KHDG� RU� EUXVK�VKDSHG�� WXEH�VKDSHG� IORZHUV��

XQFOHDU�FDVHV�ZHUH�FKHFNHG�ZLWK�����
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6WDWLVWLFDO�DQDO\VHV

$OO� GDWD� ZHUH� DQDO\VHG� E\� PHDQV� RI� JHQHUDOL]HG� OLQHDU� PL[HG�HIIHFW� PRGHOV�

�*/00��XVLQJ�WKH�OLEUDU\�OPH���� LQ�WKH�5�HQYLURQPHQW�����

6LWH�OHYHO�YLVLWDWLRQ

)RU�WKH�VHTXHQWLDO�UHPRYDO��WKH�RYHUDOO�YLVLWDWLRQ�ZDV�GHULYHG�E\�FDOFXODWLQJ�WKH�

VXP� RI� IORZHU� YLVLWRU� DEXQGDQFHV� DFURVV� SODQW� VSHFLHV� IRU� HDFK� WUDQVHFW��

VHSDUDWHO\�DW�HDFK�VDPSOLQJ�HYHQW��7KXV�� WKH�QXPEHU�RI�IORZHU�YLVLWLQJ�LQVHFWV�

SHU� WUDQVHFW� ZDV� WKH� UHVSRQVH� YDULDEOH�� WUHDWPHQW� ZDV� D� FDWHJRULFDO� SUHGLFWRU�

GHVFULELQJ�WKH�QXPEHU�RI�UHPRYHG�SODQWV��³%HIRUH´��³��VS�´��³��VSS�´��³��VSS�´��

³�� VSS�´��� 7UDQVHFW� LGHQWLW\� QHVWHG�ZLWKLQ� VLWH� LGHQWLW\� ZDV� XVHG� DV� D� UDQGRP�

HIIHFW� RQ� WKH� LQWHUFHSW� DQG� D� 3RLVVRQ� GLVWULEXWLRQ� ZDV� XVHG�� :H� XVHG� SODQW�

YLVLWDWLRQ�DV�DQ�RIIVHW�LQ�WKH�PRGHO�WR�DFFRXQW�IRU�SRVVLEOH�FRQIRXQGLQJ�HIIHFWV�

FDXVHG� E\� IDFWRUV� RWKHU� WKDQ� RXU� H[SHULPHQWDO� PDQLSXODWLRQ�� H�J�� SKHQRORJ\��

GHFUHDVH�RI�LQVHFW�DEXQGDQFH�GXH�WR�VDPSOLQJ��HWF��7KXV��WKH�SODQW�YLVLWDWLRQ�LQ�

WKH� FRQWURO� VLWH� DW� D� JLYHQ� WLPH� �JHRPHWULF� PHDQ� DFURVV� WKH� FRQWURO� VLWH¶V�

WUDQVHFWV��ZDV� LQFOXGHG� LQ� WKH�PRGHO� DV� DQ�RIIVHW�� ,Q� WKH� H[SHULPHQWDO� VLWHV�� D�

PXOWLSOH�FRPSDULVRQ�WHVWV�ZHUH�SHUIRUPHG�XVLQJ�WKH�SDFNDJH�PXOWFRPS ZLWK�WKH�

IXQFWLRQ� JOKW�� WR�FRPSDUH�D�JLYHQ�WUHDWPHQW�OHYHO�ZLWK�WKH�SUHFHGLQJ�WUHDWPHQW�

OHYHO��H�J��³��VS��UHPRYHG´�YV�³%HIRUH´��³��VSS��UHPRYHG´�YV�³��VS��UHPRYHG´��

DQG�VR�RQ��LQ�RUGHU�WR�WHVW�WKH�VLJQLILFDQFH�RI�UHODWLYH�LQFUHDVHV�RU�GHFUHDVHV�LQ�

SROOLQDWRU�DEXQGDQFHV��

)RU� WKH�GDWD�IURP�WKH�SLORW�VWXG\�� WKH�YLVLWDWLRQ�ZDV�DQDO\VHG� LQ�D�VOLJKWO\�

GLIIHUHQW�IDVKLRQ�EHFDXVH�IORZHU�YLVLWRUV�ZHUH�FROOHFWHG�DORQJ�D�VLQJOH�WUDQVHFW�

DQG� LQVHFW� VSHFLHV� ZHUH� WD[RQRPLFDOO\� LGHQWLILHG�� 7KXV� LQ� D� */00� ZLWK�

3RLVVRQ�GLVWULEXWLRQ�WKH�QXPEHU�RI�YLVLWV�E\�LQGLYLGXDO�IORZHU�YLVLWRU�VSHFLHV�DW�

HDFK�SODQW�VSHFLHV�ZDV�XVHG�DV D�UHVSRQVH��WUHDWPHQW�ZDV�D�SUHGLFWRU��³EHIRUH´�

DQG� ³DIWHU´� UHPRYDO� RI� .QDXWLD� DUYHQVLV��� 6SHFLHV� LGHQWLW\� ZDV� XVHG� DV� D�

UDQGRP�IDFWRU�RQ�WKH�LQWHUFHSW��7KH�DQDO\VLV�LQFOXGHG��YLVLWDWLRQ�LQ�WKH�FRQWURO�

VLWH�DV�DQ�RIIVHW�IRU�WKH�VDPH�UHDVRQV�DV�IRU�WKH�VHTXHQWLDO�UHPRYDO��VHH�DERYH���

6SHFLILFDOO\��YLVLWDWLRQ�E\�DQ�LQVHFW�VSHFLHV�RQ�D�SODQW�VSHFLHV�LQ�WKH�FRQWURO�VLWH�

ZDV�XVHG�DV�DQ�RIIVHW�IRU�YLVLWDWLRQ�LQ�WKH�VDPH�LQVHFW�SODQW�FRPELQDWLRQ�LQ�WKH�
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H[SHULPHQWDO�VLWH��)RU�WKRVH�LQVHFW�VSHFLHV�WKDW�ZHUH�QRW�UHFRUGHG�LQ�WKH�FRQWURO�

VLWH��WKH�PHDQ�YLVLWDWLRQ�UHFRUGHG�RQ�WKDW�SODQW�VSHFLHV�DFURVV�DOO�YLVLWLQJ�LQVHFW�

VSHFLHV�DW�D�JLYHQ�H[SHULPHQWDO�WLPH�ZDV�XVHG��'DWD�IURP�WKH�FRQWURO�VLWH�ZHUH�

DOVR� DQDO\VHG� LQ� D� VLPLODU� ZD\� �EXW� ZLWKRXW� DQ� RIIVHW��� L�H�� ZH� DOVR� WHVWHG�

ZKHWKHU� SODQW� YLVLWDWLRQ� FKDQJHG� EHWZHHQ� WKH� VDPSOLQJ� SHULRGV� LQ� WKH� FRQWURO�

VLWH�� )RU� WKH� FRQWURO� VLWH�� FKDQJHV� LQ� WKH� YLVLWDWLRQ� RQ� WKH� VSHFLHV� WKDW� ZDV�

UHPRYHG�IURP�WKH�WUHDWHG�VLWH�ZHUH�H[SORUHG�ZLWK�D�VLPLODU�*/00�PRGHO��EXW�

ZLWKRXW�SODQW�VSHFLHV�DV�WKH�UDQGRP�LQWHUFHSW�

3ODQW�VSHFLHV�OHYHO�YLVLWDWLRQ

7R�WHVW� WKH�HIIHFW�RI�WUHDWPHQW�RQ�HDFK�SODQW�VSHFLHV�LQ� WKH�VHTXHQWLDO� UHPRYDO�

H[SHULPHQW�� SODQW�OHYHO� YLVLWDWLRQ� �YLVLWLQJ� LQVHFW� DEXQGDQFH� IRU� HDFK� SODQW�

VSHFLHV�DW� HDFK�VDPSOHG� WUDQVHFW�� LQFOXGLQJ XQYLVLWHG�SODQWV��ZDV� WKH� UHVSRQVH�

YDULDEOH�DQG�WUHDWPHQW�ZDV�D�SUHGLFWRU�YDULDEOH�RI�WKH�UHPRYDO�HYHQWV��³%HIRUH´��

³��VS�´��³��VSS�´��³��VSS�´��³��VSS�´���$Q�RIIVHW�RI�SODQW�DEXQGDQFH�PHDVXUHG�DV�

WKH� QXPEHU� RI� IORZHUV� SHU� WUDQVHFW� ZDV� LQFOXGHG�� WR� DFFRXQW� IRU� SRVVLEOH�

YDULDWLRQ� RI� WKH� DPRXQW� RI� IORZHUV� GXULQJ� WKH� H[SHULPHQW� �FKDQJHV� LQ� SODQW�

DEXQGDQFH� RU� SKHQRORJ\��� DV� VXJJHVWHG� LQ���� 7UDQVHFW� LGHQWLW\� ZLWKLQ� VLWH�

LGHQWLW\� ZDV� � XVHG� DV� D� UDQGRP� LQWHUFHSW�� 3ODQW� VSHFLHV� LGHQWLW\� ZDV� XVHG� DV�

DQRWKHU�UDQGRP�IDFWRU�DIIHFWLQJ�WKH�VORSH�RI�WKH�WUHDWPHQW��L�H��ZH�DVVXPHG�WKDW�

GLIIHUHQW�SODQWV�PD\�UHVSRQG�WR�WKH�UHPRYDO�WUHDWPHQW�LQ�D�VSHFLHV�VSHFLILF�ZD\��

3RLVVRQ�GLVWULEXWLRQ�ZDV�XVHG�LQ�WKH�*/00V�

3ROOLQDWLRQ�HIIHFWLYHQHVV

:H�WHVWHG�ZKHWKHU� WKH�QXPEHU�RI�SROOHQ� WXEHV� LQ�SLVWLOV�RI�HDFK�SODQW�VSHFLHV��

L�H��YLDEOH�SROOHQ�JUDLQV�GHSRVLWHG�DQG�VXFFHVVIXOO\�JHUPLQDWLQJ��FKDQJHG�GXULQJ�

WKH�H[SHULPHQW�LQ�WKH�VHTXHQWLDO�UHPRYDO�VLWHV��7KH�QXPEHU�RI�SROOHQ�WXEHV�ZDV�

XVHG� DV� D� UHVSRQVH� YDULDEOH�� WKH� QXPEHU� RI� UHPRYHG� SODQWV� �FRGHG� DV� D�

FDWHJRULFDO� YDULDEOH�� ³%HIRUH´�� ³�� VS�´�� ³�� VSS�´�� ³�� VSS�´�� ³�� VSS�´�� DQG WKH�

SODQW¶V�PHDQ�YLVLWDWLRQ� DFURVV� HDFK� WUDQVHFW�ZHUH� XVHG� DV� SUHGLFWRUV��5DQGRP�

VORSHV�RI�SUHGLFWRUV�ZHUH� LQFOXGHG�ZLWK� VLWH� LGHQWLW\�ZLWKLQ�SODQW� VSHFLHV� DV� D�

UDQGRP�IDFWRU��L�H��ZH�DVVXPHG�WKDW�WKH�HIIHFW�RI�WKH�SUHGLFWRUV�YDULHG�EHWZHHQ�

SODQW�VSHFLHV�DQG�VLWHV��7KH�*/00�ZDV�ILWWHG�ZLWK�D�3RLVVRQ�GLVWULEXWLRQ��
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6WDQGLQJ�FURS�RI�QHFWDU

7R�WHVW�WKH�YDULDWLRQ�RI�VWDQGLQJ�FURS�RI�QHFWDU��WKH�DPRXQW�RI�VXJDUV�SHU�IORZHU�

RI� HDFK� SODQW� VSHFLHV� ZDV� XVHG� DV� D� UHVSRQVH� YDULDEOH�� WKH� WUHDWPHQW� RI� WKH�

UHPRYDO�HYHQWV��³%HIRUH´��³��VS�´��³��VSS�´��³��VSS�´��³��VSS�´��DQG�WKH�SODQWV¶�

PHDQ� YLVLWDWLRQ� DFURVV� WUDQVHFWV�ZHUH� XVHG� DV� SUHGLFWRUV� DV� LQ� WKH� DQDO\VLV� RI�

SROOHQ�WXEHV��VHH�DERYH���:H�XVHG�VLWH�LGHQWLW\�ZLWKLQ�SODQW�VSHFLHV�DV�D�UDQGRP�

IDFWRU�DIIHFWLQJ�WKH�LQWHUFHSW�� L�H��DVVXPLQJ�WKDW� WKH�PHDQ�DPRXQW�RI�VXJDU�SHU�

IORZHU� YDULHV� EHWZHHQ� VLWHV� DQG� SODQW� VSHFLHV� �LQFOXGLQJ� WKH� HIIHFW� RI� WKH�

UDQGRP�IDFWRUV�RQ� WKH�VORSH�ZDV�QRW�SRVVLEOH�GXH� WR�D� ODFN�RI�FRQYHUJHQFH�RI�

WKH�PRGHO���*DPPD�GLVWULEXWLRQ�ZDV�XVHG��DQG�WKH�OLQN�IXQFWLRQ�ZDV�WKH�QDWXUDO�

ORJDULWKP��

7UDLWV�DQDO\VHV

7R� WHVW� LI� IRUDJLQJ� GXULQJ� WKH� WUHDWPHQW� ZRXOG� EH� GLUHFWHG� WRZDUGV� IORZHUV�

EHLQJ�VLPLODU�RU�GLVVLPLODU�WR� WKH�UHPRYHG�VSHFLHV��ZH�DVVHVVHG�KRZ�YLVLWDWLRQ�

UHODWHG� WR� GLIIHUHQFHV� EHWZHHQ� SODQW�VSHFLHV¶� WUDLWV� DQG� WKH� UHPRYHG� SODQWV¶�

WUDLWV�LQ�WKH�WZR�VLWHV�ZKHUH�WUDLWV�ZHUH�PHDVXUHG��GDWD�LQ�6��7DEOH���7R�GR�WKDW��

WKH� ORJ�UDWLR� GLIIHUHQFH� EHWZHHQ� D� JLYHQ� FRQWLQXRXV� SODQW� WUDLW� YDOXH� DQG� WKH�

WUDLW� YDOXH� RI� WKH� UHPRYHG� SODQW� VSHFLHV�� ORJ�WUDLWVS�� L� �� WUDLWUHPRYHG� VS��� ZDV�

FDOFXODWHG� IRU� HDFK� WUHDWPHQW� OHYHO� DQG� XVHG� DV� D� SUHGLFWRU� YDULDEOH�� 7KLV�

PHDVXUH� RI� GLIIHUHQFH� EHWZHHQ� TXDQWLWDWLYH� YDOXHV� WKXV� YDULHV� IURP� QHJDWLYH�

YDOXHV��WKURXJK�]HUR�WR�SRVLWLYH�YDOXHV�DQG�KDV�IDYRXUDEOH�VWDWLVWLFDO�SURSHUWLHV�

IRU� DQDO\VLV���� )RU� FDWHJRULFDO� YDULDEOHV�� D� ELQRPLDO� YDULDEOH� ZDV� XVHG�� L�H��

³VDPH´� DV� RU� ³GLIIHUHQW´� IURP� WKH� UHPRYHG� VSHFLHV�� :H� DLPHG� WR� FRPSDUH�

YLVLWDWLRQ�RI�LQGLYLGXDO�SODQW�VSHFLHV�EHIRUH�DQG�DIWHU�HDFK�UHPRYDO�HYHQW��L�H����

VS�� UHPRYHG� YV�� EHIRUH�� �� VSS�� UHPRYHG� YV�� �� VS�� UHPRYHG�� HWF���� VR� ZH�

UHRUJDQLVHG� WKH� GDWD� IRU� WKLV� DQDO\VLV� ZLWK� WKH� WUHDWPHQW� FRGHG� VLPSO\� DV�

³EHIRUH´� DQG� ³DIWHU´� UHPRYDO�� � 3ODQW WUDLWV� XVHG� DV� SUHGLFWRUV� RI� YLVLWDWLRQ�

FKDQJHV�ZHUH�IORZHU�FRORXU��IORZHU�VKDSH��LQIORUHVFHQFH�VL]H��SODQW�KHLJKW�DQG�

WKH� GDLO\� SURGXFWLRQ� RI� VXJDUV� LQ� QHFWDU�� :H� WHVWHG� ZKHWKHU� WKH� FKDQJH� LQ�

YLVLWDWLRQ� RI� LQGLYLGXDO� SODQW� VSHFLHV� ZDV� DIIHFWHG� E\� LWV� WUDLWV� E\� LQFOXGLQJ�

LQWHUDFWLRQ� WHUPV�EHWZHHQ� WKH� WUDLWV� DQG� WKH� WUHDWPHQW� YDULDEOH�� �%\� LQFOXGLQJ�

WKH� WUHDWPHQW� DV� SUHGLFWRU�� WKH� YDULDWLRQ� RI� YLVLWDWLRQ� DPRXQW� RYHU� WKH�



ϭϮϳ

H[SHULPHQWDO�WLPH�LV�LQFOXGHG�LQ�WKH�PRGHO��7KH�QXPEHU�RI�IORZHU�RI�HDFK�SODQW�

VSHFLHV� ZDV� LQFOXGHG� DV� DQ� RIIVHW� WR� DFFRXQW� IRU� SRVVLEOH� YDULDWLRQ� RI� SODQW�

DEXQGDQFH�DFURVV�WUHDWPHQWV��7UDQVHFW�LGHQWLW\�ZLWKLQ�WKH�VLWH�LGHQWLW\�ZDV�XVHG�

DV�D�UDQGRP�LQWHUFHSW��3ODQW�VSHFLHV�LGHQWLW\�ZDV�XVHG�DV�DQRWKHU�UDQGRP�IDFWRU�

DIIHFWLQJ� WKH�VORSH�RI� WKH� WUHDWPHQW�HIIHFW��$�3RLVVRQ�GLVWULEXWLRQ�ZDV�XVHG� LQ�

WKH�PRGHO��7KH� FRQWURO� VLWH�ZDV� QRW� LQFOXGHG� LQ� WKLV� DQDO\VLV� EHFDXVH� VSHFLHV�

ZHUH� QRW� UHPRYHG� LQ� WKDW� VLWH� DQG� WKXV� LW� LV� QRW� SRVVLEOH� WR� FDOFXODWH� WKH� WUDLW�

VLPLODULWLHV�EHWZHHQ�WKH�UHPRYHG�DQG�UHPDLQLQJ�SODQW�VSHFLHV�

5HVXOWV

,Q� WKH� SLORW� VWXG\�� WKH� VXUYH\V� LGHQWLILHG� D� WRWDO� RI� ��� LQVHFW� SROOLQDWHG� SODQW�

VSHFLHV�LQ�IORZHU�DQG����SROOLQDWLQJ�LQVHFW�VSHFLHV�LQ�WKH�H[SHULPHQWDO�VLWH��7KH�

SODQW�ZLWK�WKH�KLJKHVW�SROOLQDWRU�DEXQGDQFH�DQG�DOVR�WKH�KLJKHVW�YLVLWLQJ�VSHFLHV�

ULFKQHV� ZDV� .QDXWLD� DUYHQVLV �GHWDLOV� LQ� 7DEOH� ��� 0RVW� RWKHU� SODQWV� ZHUH�

YLVLWHG� E\� IHZHU� WKDQ� ��� LQVHFW� LQGLYLGXDOV� DQG� OHVV� WKDQ� �� VSHFLHV� LQ� ERWK�

H[SHULPHQWDO� SKDVHV�� H[FHSW� &HQWDXUHD� QLJUD ZKLFK� ZDV� YLVLWHG� E\� ���

LQGLYLGXDOV�RI����VSHFLHV�EHIRUH�UHPRYDO�DQG����LQGLYLGXDOV�RI����VSHFLHV�DIWHU�

UHPRYDO�RI�.QDXWLD�

,Q�WKH�VHTXHQWLDO�UHPRYDO�H[SHULPHQW��WKH�VLWHV������DQG���ZHUH�VXUYH\HG�IRU�

D�WRWDO�RI��������DQG����LQVHFW�SROOLQDWHG�SODQW�VSHFLHV��UHVSHFWLYHO\��7KH�DPRXQW�

RI�LQVHFW�VSHFLPHQV�DQG�WKH�VHTXHQFH�RI�UHPRYHG�SODQWV�LV�GHWDLOHG�LQ�7DEOH���

5HVXOWV�IURP�WKH�SLORW�VWXG\

,Q�WKH�SLORW�VWXG\��YLVLWDWLRQ�WR�SODQWV�FKDQJHG�RQO\�VOLJKWO\�DIWHU�UHPRYLQJ�RQH�

VSHFLHV� �)LJ������7KH� WUHDWPHQW�ZDV�QRW� D� VLJQLILFDQW�SUHGLFWRU�RI�YLVLWDWLRQ� LQ�

WKH� VWDWLVWLFDO� PRGHO� LQFOXGLQJ� DQ� RIIVHW� RI� WKH� FRQWURO¶V� YLVLWDWLRQ� ZKHQ�

FRPSDUHG�ZLWK�D�PRGHO�ZLWKRXW�WUHDWPHQW�YDULDEOH��Ȥ� �������GI ���S� �������

9LVLWDWLRQ�FKDQJHG�RQO\�VOLJKWO\�LQ�WKH�QHDU�FRQWURO�VLWH��WKH�GLIIHUHQFH�ZDV�

QRW�VWDWLVWLFDOO\�VLJQLILFDQW��Ȥ� ������GI ���S� ��������)LJ�6����,Q�WKH�FRQWURO�VLWH��

YLVLWDWLRQ�WR�.QDXWLD�DUYHQVLV �WKH�SODQW�WKDW�ZDV�UHPRYHG�LQ�WKH�H[SHULPHQWDO



ϭϮϴ

)LJXUH� ��± 2YHUDOO� YLVLWDWLRQ� LQ� ERWK� SLORW� VWXG\� DQG� VHTXHQWLDO� UHPRYDO� H[SHULPHQW��
LQFOXGLQJ�RIIVHWV�RI�FRQWURO�VLWHV¶�YLVLWDWLRQ���D��%R[SORWV�RI�UDZ�GDWD�RI�WKH�SLORW�VWXG\�
LQGLFDWLQJ�WKH�IORZHU�YLVLWRU�YLVLWDWLRQ��DEXQGDQFHV��IRU�HDFK�SODQW�VSHFLHV���E��3ORW�RI�
WKH� VHTXHQWLDO� UHPRYDO� H[SHULPHQW� LQ� ZKHUH� WKH� ER[SORWV� LQGLFDWH� YLVLWDWLRQ� DFURVV�
SODQW� VSHFLHV� RI� WKH VDPH� VDPSOLQJ� HYHQW� �L�H�� D� WUDQVHFW� ZDON�� DQG� WKH� HVWLPDWHG�
�PRGHOOHG�� PHDQV� DQG� FRQILGHQFH� LQWHUYDOV� DUH� UHSUHVHQWHG�� � $OO� SORWV� DUH� RQ� D�
ORJDULWKPLF�VFDOH��:KHQ�VLJQLILFDQW�DIWHU�PXOWLSOH�FRPSDULVRQ�WHVW��LW�LV�LQGLFDWHG�ZLWK�
WKH�IROORZLQJ�FRGHV����S���������S��������S������

VLWH��GLG�QRW�FKDQJH�RYHU�WKH�VWXG\�SHULRG�ZKHQ�FRPSDUHG�ZLWK�D�PRGHO�ZLWKRXW�

WUHDWPHQW�YDULDEOH��Ȥ� �������GI ���S� �������

*HQHUDO�SDWWHUQ�RI�YLVLWDWLRQ�LQ�WKH�VHTXHQWLDO�UHPRYDO�H[SHULPHQW

,Q� WKH� VHTXHQWLDO� UHPRYDO� VLWHV�� YLVLWDWLRQ� SHU� WUDQVHFW� GHFUHDVHG� VKDUSO\� DIWHU�

WKH�UHPRYDO�RI�VHOHFWHG�SODQWV���7KH�WUHDWPHQW�ZDV�D�VLJQLILFDQW�SUHGLFWRU�ZKHQ�

FRPSDUHG� ZLWK� D� PRGHO� ZLWKRXW� WUHDWPHQW� YDULDEOH� �Ȥ� � �������� GI ��� S� ��

��������LQ�WKH�PRGHO�LQFOXGLQJ�WKH�YLVLWDWLRQ�LQ�WKH�FRQWURO�VLWH�DV�DQ�RIIVHW��7KH�

PRGHO�ZLWKRXW�RIIVHW�RI�WKH�FRQWURO�VLWH¶V�YLVLWDWLRQ�\LHOGHG�YHU\�VLPLODU�UHVXOWV��



ϭϮϵ

0XOWLSOH�FRPSDULVRQ� WHVW� RI� WUHDWPHQW� OHYHOV� JDYH� VLJQLILFDQW� UHVXOWV� LQ� PRVW�

FDVHV��7DEOH�����ZLWK�D�VLPLODU�GHFUHDVH�RI�WRWDO�YLVLWDWLRQ�DIWHU HDFK�VWDJH�RI�WKH�

UHPRYDO�H[SHULPHQW��)LJ�����

9LVLWDWLRQ�RI�LQGLYLGXDO�SODQW�VSHFLHV�

9LVLWDWLRQ� DW� WKH� OHYHO� RI� LQGLYLGXDO� SODQW� VSHFLHV� ZDV� KLJKO\� YDULDEOH� DQG�

VLJQLILFDQWO\� GHSHQGHQW� RQ� WKH� QXPEHU� RI� SODQW� VSHFLHV� UHPRYHG� GXULQJ� WKH�

H[SHULPHQW��Ȥ� ��������GI ���S����������7KH�DYHUDJH�WUHQG�LQ�SODQW�VSHFLHV�OHYHO�

YLVLWDWLRQ� ZDV� QRQ� OLQHDU� DFURVV� WUHDWPHQW� OHYHOV� DQG� GLIIHUHG� EHWZHHQ� VLWHV��

�)LJ����������

3ODQWV� VKRZHG� KLJK� YDULDWLRQ� LQ� YLVLWDWLRQ� ERWK� ZLWKLQ� VLWHV� �DPRQJ�

WUDQVHFWV��DQG�EHWZHHQ�VLWHV��FRORXUHG�OLQHV�DQG�FRQILGHQFH�LQWHUYDOV�LQ�)LJ�����

1HYHUWKHOHVV�� WKH� WUHQG�ZDV�QRW�XQLIRUP�DFURVV� SODQW� VSHFLHV�� DV� LGLRV\QFUDWLF�

UHVSRQVHV� WRRN� SODFH�� YLVLWDWLRQ� WR� VRPH� SODQWV� LQFUHDVHG� ZKLOH� LQ� RWKHUV� LW�

GHFUHDVHG�LQ�UHVSRQVH�WR�WKH�VDPH�OHYHO�RI�WKH�UHPRYDO�WUHDWPHQW�

3ODQW�WUDLWV

$OO� SODQW�WUDLWV� LQFOXGHG� LQ� WKH� PRGHOV� H[FHSW� FRORXU� DQG� SODQW� KHLJKW� ZHUH�

VLJQLILFDQW�SUHGLFWRUV�RI� LQVHFW�YLVLWDWLRQ��7DEOH�����2XU�UHVXOWV�VKRZ�WKDW�DIWHU�

WKH� UHPRYDO� RI� D� SODQW�� WKH� YLVLWDWLRQ� UHPDLQHG� VWDEOH� LQ� SODQWV�ZLWK� WKH� VDPH�

IORZHU� VKDSH�� EXW� GHFUHDVHG� LQ� SODQWV� ZLWK� IORZHU� VKDSHV� GLIIHUHQW� WR� WKH�

UHPRYHG� VSHFLHV�� )XUWKHUPRUH�� YLVLWDWLRQ� LQFUHDVHG� LQ� SODQWV� ZLWK� UHODWLYHO\�

VPDOO�LQIORUHVFHQFHV�DQG�KLJK�VXJDU�FRQWHQW�SHU�IORZHU��)LJ�������

3ROOLQDWLRQ�HIIHFWLYHQHVV

7KH� QXPEHU� RI� SROOHQ� WXEHV� SHU� VWLJPD� IOXFWXDWHG� VLJQLILFDQWO\� GXULQJ� WKH�

H[SHULPHQW�� EXW� WKHUH� ZDV� QR� FRQVLVWHQW� WUHQG� �)LJ�� ���� 7UHDWPHQW� ZDV� D�

VLJQLILFDQW� SUHGLFWRU� RI� SROOHQ� WXEH� QXPEHU� �Ȥ� � ������ GI ��� S� �� �������� EXW�

YLVLWDWLRQ�ZDV�QRW��Ȥ� ������ GI ���S� �������



ϭϯϬ

7KH�DYHUDJH�WUHQG�RI�SROOHQ�WXEH�QXPEHU�ZDV�QRW�OLQHDU�EXW�IOXFWXDWLQJ��)LJ��

����EHFDXVH�LW�GHFUHDVHG�DIWHU�WKH�ILUVW�VSHFLHV�KDG�EHHQ�UHPRYHG�EXW�LW�VOLJKWO\�

LQFUHDVHG� GXULQJ� WKH� IROORZLQJ� UHPRYDOV�� WKHQ� GHFUHDVHG� DJDLQ� DIWHU� WKH� ODVW�

VSHFLHV� KDG� EHHQ� UHPRYHG��+RZHYHU�� WKH� WUHQG�ZDV� QRW� XQLIRUP� DFURVV� SODQW�

VSHFLHV��DV�LGLRV\QFUDWLF�UHVSRQVHV�WRRN�SODFH��FRORXUHG�OLQHV�LQ�)LJ�������

7DEOH� �� ± 0XOWLSOH� FRPSDULVRQ� VWDWLVWLFV� RQ� WKH� HIIHFW� RI� WUHDWPHQW� RQ� JHQHUDO�
YLVLWDWLRQ�� L�H�� WKH� WRWDO� DEXQGDQFH� RI� IORZHU�YLVLWLQJ� LQVHFWV� SHU� WUDQVHFW�� LQ� WKH�
VHTXHQWLDO� UHPRYDO� H[SHULPHQW��ZLWK� DQG�ZLWKRXW� DQ� RIIVHW�ZLWK� WKH� YLVLWDWLRQ� LQ� WKH�
FRQWURO�VLWH��7KH�WUHDWPHQW�RI�VHTXHQWLDOO\�UHPRYLQJ�IRXU�PRVW�YLVLWHG�SODQW�VSHFLHV�LV�
FRGHG� DV� ³%HIRUH´�� ³�� VS� UHPRYHG´�� ³�� VSS�� UHPRYHG´�� ³�� VSS�� UHPRYHG´�� ³�� VSS��
UHPRYHG´��6WDWLVWLFDOO\�VLJQLILFDQW�HIIHFWV��3�������DUH�KLJKOLJKWHG�LQ�EROG��

&RPSDULVRQ (VWLPDWH 6WG��(UURU 3

:LWKRXW�RIIVHW�RI�

FRQWURO�VLWH¶V�

YLVLWDWLRQ

��VS��UHPRYHG�YV

%HIRUH� ���
������ ����� �����

��VSS��UHPRYHG�YV�

��VS��UHPRYHG� ���
������ ����� ������

��VSS��UHPRYHG�YV�

��VSS��UHPRYHG� ���
������ ����� ������

��VSS��UHPRYHG�YV�

��VSS��UHPRYHG� ���
������ ����� ������

&RPSDULVRQ (VWLPDWH 6WG��(UURU 3

:LWK�RIIVHW�RI�

FRQWURO�VLWH¶V�

YLVLWDWLRQ

��VS��UHPRYHG�YV

%HIRUH� ���
������ ����� ������

��VSS��UHPRYHG�YV�

��VS��UHPRYHG� ���
������ ����� ������

��VSS��UHPRYHG�YV�

��VSS��UHPRYHG� ���
������ ����� ������

��VSS��UHPRYHG�YV�

��VSS��UHPRYHG� ���
������ ����� ������



ϭϯϭ

6WDQGLQJ�FURS�RI�QHFWDU

7KH�VWDQGLQJ�FURS�RI�QHFWDU�GLG�QRW�FKDQJH�VLJQLILFDQWO\�DV�SODQWV�ZHUH�UHPRYHG�

�)LJ�������Ȥ� �������GI ���S� �������DQG�YLVLWDWLRQ�KDG�QR�VLJQLILFDQW�HIIHFW��Ȥ� �

������GI ���S� �������

)LJXUH� �� ± 7UHQGV� RI� IORZHU� YLVLWRU� DEXQGDQFHV� �³YLVLWDWLRQ´�� RQ� LQGLYLGXDO� SODQW�
VSHFLHV� LQ� WKH� VHTXHQWLDO� UHPRYDO� H[SHULPHQW�� 9LVLWDWLRQ� LV� VKRZQ� RQ� D� ORJDULWKPLF�
VFDOH�� FRORXUHG� OLQHV� DUH� HVWLPDWHG� PHDQV� DFURVV� WUDQVHFWV� RI� D� JLYHQ� SODQW� VSHFLHV��
FRORXUHG�SRO\JRQV�DUH�VWDQGDUG�GHYLDWLRQ�DURXQG�WKH�SODQWV¶�PHDQV�REWDLQHG�WR�LQGLFDWH�
YDULDWLRQ�DPRQJ�WUDQVHFWV��EODFN�OLQH�LV�WKH�SODQW�FRPPXQLW\�DYHUDJH�WUHQG�



ϭϯϮ

7DEOH� �� ± 7KH� HIIHFW� RI� SODQW� WUDLWV� RQ� FKDQJHV� RI� YLVLWDWLRQ� DIWHU� SODQW� UHPRYDO�
HYDOXDWHG�E\�VLQJOH�WHUP�GHOHWLRQ�RI�LQWHUDFWLRQ�WHUPV�IURP�D�*/00�PRGHO��&ROXPQV�
DUH� XVHG� IRU� LQWHUDFWLRQV� EHWZHHQ� WUHDWPHQW� �³7UHDWPHQW´� UHIHUULQJ� WR� EHIRUH�DIWHU�
UHPRYDO�RI�RQH�SODQW�VSHFLHV��DQG�GLIIHUHQFH�RI�WUDLW�YDOXHV�RI�LQGLYLGXDO�SODQWV� IURP�
WKH� UHPRYHG� VSHFLHV�� 7UDLW� GLIIHUHQFH� IRU FRORXU� DQG� IORZHU� VKDSH� ZDV� FODVVLILHG� DV�
³VDPH´� RU� ³GLIIHUHQW´�� /RJ�UDWLR� GLIIHUHQFH� ZDV� XVHG� IRU� SODQW� KHLJKW� �³+HLJKW´���
LQIORUHVFHQFH�VL]H��³6L]H´��DQG�DPRXQW�RI�VXJDUV�LQ�QHFWDU��³6XJDUV´���ǻ$,&�UHIHUV�WR�
WKH� FKDQJH� RI� $,&� DIWHU� UHPRYLQJ� WKH� WHVWHG� WHUP� IURP� WKH� IXOO� PRGHO�� 6WDWLVWLFDOO\�
VLJQLILFDQW�HIIHFWV��3�������DUH�KLJKOLJKWHG�LQ�EROG�

ǻ$,& Ȥ� 3

7UHDWPHQW���&RORU ��� ����� �����

7UHDWPHQW���6KDSH ���� ������ ������

7UHDWPHQW���6L]H ���� ������ ������

7UHDWPHQW���+HLJKW ���� ����� �����

7UHDWPHQW���6XJDUV ��� ����� �����

'LVFXVVLRQ

:H� GHPRQVWUDWHG� WKDW� UHPRYDO� RI� VHYHUDO� JHQHUDOLVHG� SODQW� VSHFLHV� OHG� WR�

FKDQJHV�LQ�RYHUDOO��IORZHU�YLVLWDWLRQ�DW�WKH�OHYHO�RI�WKH��HQWLUH�FRPPXQLW\���EXW�

WKDW� YLVLWDWLRQ� DQG� SROOLQDWLRQ� RI� LQGLYLGXDO� SODQW� VSHFLHV� ZHUH� DIIHFWHG� LQ� D�

VSHFLHV�VSHFLILF� ZD\�� :H� K\SRWKHVLVHG� WKDW�� DW� WKH� FRPPXQLW\� OHYHO�� IORZHU�

YLVLWLQJ�LQVHFWV�PD\�UHVSRQG�WR�WKH�UHPRYDO�RI�WKH�PRVW�YLVLWHG�SODQWV�DFFRUGLQJ�

WR�RQH�RI� WKUHH� VFHQDULRV�� �D�� WKH\�PD\� UHGLVWULEXWH� WKHLU�YLVLWV� HTXDOO\ DPRQJ�

WKH� UHPDLQLQJ�SODQWV�� �E�� WKH\�PD\� VZLWFK� WR� D� VXEVHW�RI� WKH� UHPDLQLQJ�SODQWV�

GHSHQGLQJ� RQ� WKH� WUDLWV� RI� WKH� SODQWV�� RU� �F�� WKH\� PD\� VWRS� IRUDJLQJ� DW� WKH�

DIIHFWHG�VLWHV��2XU�UHVXOWV�VWURQJO\�VXSSRUW�WKH�VFHQDULR��E��DQG�SDUWO\�DOVR��F��

,Q� WKH� SLORW� VWXG\�� WRWDO� YLVLWDWLRQ� GLG� QRW� FKDQJH� DIWHU� WKH� UHPRYDO� RI� WKH�

PRVW�YLVLWHG�SODQW��)ORZHU�YLVLWRUV�UHVSRQGHG�WR�WKH�UHPRYDO�RI�WKHLU�PDLQ�IRRG�

VRXUFH� E\� LQFUHDVLQJ� WKHLU� YLVLWDWLRQ� WR� WKH� QH[W� PRVW� YLVLWHG� SODQW�� ZKLOH�

YLVLWDWLRQ� RI� WKH� UHPDLQLQJ� SODQWV� ZDV� XQDIIHFWHG�� 7KH� REVHUYHG� VKLIW� RI�

SROOLQDWRUV� EHWZHHQ� WKH� WZR� PRVW� LPSRUWDQW� VSHFLHV� KDSSHQHG� EHFDXVH� WKH�

VHFRQG� JHQHUDOLVW� SODQW� DVVXPHG� WKH� UROH� RI� WKH� UHPRYHG� JHQHUDOLVW� SODQW����

7KHUH�ZDV� QR� VLJQ� RI� LQVHFW� HPLJUDWLRQ� LQ� WKH� SLORW� VWXG\� DIWHU� UHPRYLQJ�RQH



ϭϯϯ

)LJXUH� ��± 6HTXHQWLDO� UHPRYDO� H[SHULPHQW¶V� IORZHU�YLVLWRU� DEXQGDQFHV� DV� D� UHVSRQVH� WR� SODQW� IXQFWLRQDO� WUDLWV� H[SUHVVHG� DV� WKH�
GLIIHUHQFH�EHWZHHQ�D�JLYHQ�SODQW�WUDLW�YDOXH�DQG�WKH�WUDLW�YDOXH�RI�WKH�UHPRYHG�SODQW�VSHFLHV�DFURVV�WUHDWPHQW��(VWLPDWHG��PRGHOOHG��
PHDQV� DQG� FRQILGHQFH� LQWHUYDOV� DUH� UHSUHVHQWHG�� 2QO\� WKH� VWDWLVWLFDOO\� VLJQLILFDQW� WUDLWV� DUH� SUHVHQWHG� �SORWV� D�F��



ϭϯϰ

)LJXUH���± 7UHQGV�RI� WKH�QXPEHU�RI�SROOHQ�WXEHV� LQ�WZR�RI� WKH�VLWHV� LQ�WKH�VHTXHQWLDO�
UHPRYDO� H[SHULPHQW�� 7KH� QXPEHU� RI� SROOHQ� WXEHV� LV� VKRZQ� RQ� D� ORJDULWKPLF� VFDOH��
FRORXUHG� OLQHV� DUH� WKH� HVWLPDWHG�PHDQV� DFURVV� WUDQVHFWV� RI� D� JLYHQ� SODQW� VSHFLHV�� WKH�
EODFN�OLQH�LV WKH�SODQW�FRPPXQLW\�DYHUDJH�WUHQG�

GRPLQDQW�IRRG�VRXUFH��EHFDXVH�WKH�QHDUE\�FRQWURO�VLWH�FKDQJHG�RQO\�VOLJKWO\�DQG�

WKH� YLVLWDWLRQ� GLG�QRW�LQFUHDVH RQ�WKH�SODQW� VSHFLHV�WKDW�ZDV� UHPRYHG�LQ�WKH

WUHDWHG�� VLWH��� 0RUH�SURQRXQFHG� FKDQJHV� RFFXUUHG LQ�WKH�VHTXHQWLDO�� UHPRYDO�

H[SHULPHQW��ZKHUH� �� SODQW� VSHFLHV�ZHUH� UHPRYHG�� RQH� DW� D� WLPH�� ,Q� WKLV� ODWWHU�

H[SHULPHQW�� SROOLQDWRUV� GLVWULEXWHG� SUHIHUHQWLDOO\� RQ� D� VXEVHW� RI� WKH� SODQWV�

UHPDLQLQJ� LQ� WKH� H[SHULPHQWDO� VLWH� DIWHU� UHPRYDO� �VFHQDULR� ³E´��� LQVWHDG� RI�

YLVLWLQJ� DOO� RWKHU� SODQWV� �VFHQDULR� ³D´�� RU� EHLQJ� XQDEOH� WR� XVH� DOWHUQDWLYH�

UHVRXUFHV��VFHQDULR�³F´���

7KH�PDLQ� RXWFRPH� LV� WKDW� VRPH� SROOLQDWRUV� VKLIWHG� EHWZHHQ� SODQW� VSHFLHV�

EXW� WKHLU� UHVRXUFH� XVH� GHSHQGHG� RQ� KRZ� SODQW� IXQFWLRQDO� WUDLWV� UHODWHG� WR WKH�

UHPRYHG� SODQWV¶� WUDLWV�� 'DWD� IURP� ERWK� WKH� SLORW� DQG� VHTXHQWLDO� UHPRYDO�

H[SHULPHQW� WKXV� VXSSRUW� D� FRQFOXVLRQ� WKDW� IORZHU� YLVLWLQJ� LQVHFWV� UHDFW� WR� WKH�

ORVV�RI�LPSRUWDQW�UHVRXUFHV�E\�VHOHFWLYHO\�LQFUHDVLQJ�WKHLU�YLVLWDWLRQ�WR�D�VXEVHW�

RI�WKH�UHPDLQLQJ�SODQWV��VFHQDULR�³E´��



ϭϯϱ

6FHQDULR�³E´�KDV�LPSOLFDWLRQV�IRU�WKH�HQWLUH�SODQW�FRPPXQLW\�DQG�UHYHDOV�D�

NH\� IHDWXUH� RI� FRPSOH[� LQWHUDFWLQJ� FRPPXQLWLHV�� 7KDW� LV�� D� IHZ� GRPLQDQW��

JHQHUDOLVW�VSHFLHV�VXSSRUW�WKH�RYHUDOO�LQWHUDFWLRQV�VWUXFWXUH�E\�IDFLOLWDWLQJ�PDQ\�

RWKHU� VSHFLHV�� DV� RXWOLQHG� E\� ���� 7KLV� FRPPXQLW\�OHYHO� IDFLOLWDWLRQ� OLNHO\� WRRN�

SODFH� DOVR� LQ� WKH� WUHDWHG� VLWHV� RI� RXU� H[SHULPHQWV�� DV� WKH� SUHVHQFH� RI� D� VPDOO�

QXPEHU� RI� PRVW� JHQHUDOLVW� SODQWV� VXSSRUWHG� KLJK� YLVLWDWLRQ� LQ� WKH� SODQW�

DVVHPEODJH�� 7KLV� UHLQIRUFHV� WKH� K\SRWKHVLV� WKDW� FRPSOH[� FRPPXQLW\�OHYHO�

LQWHUDFWLRQV�DUH�EDVHG�RQ�D�FRUH�RI�D�IHZ�LPSRUWDQW�VSHFLHV��ZLWKRXW�ZKLFK�WKH�

V\VWHP� DSSHDUV� DV� DOWHUHG� DQG� LPSRYHULVKHG� ���� 7KLV� SDWWHUQ� KDV� LPSRUWDQW�

LPSOLFDWLRQV� IRU� ERWK� FRQVHUYDWLRQ� RI� FRPPXQLW\�OHYHO� LQWHUDFWLRQV� DQG�

IXQFWLRQDOLW\�RI�WKHVH�V\VWHPV��DV�ZH�GLVFXVVHG�DW�WKH�HQG�

5HPRYDO� RI� PXOWLSOH� JHQHUDOLVW� SODQW� VSHFLHV� LQ� WKH� VHTXHQWLDO� UHPRYDO�

H[SHULPHQW�OHG��WR�D�GHFUHDVH�RI�YLVLWDWLRQ�ERWK�DW�WKH�VLWH�OHYHO��WRWDO�YLVLWDWLRQ�

SHU� WUDQVHFW��DQG�RQ�DYHUDJH� DOVR�DW� WKH� VLQJOH�SODQW� VSHFLHV� OHYHO��7KLV�PLJKW�

VXJJHVW� WKDW�VRPH�SROOLQDWRUV�GLG�QRW�ILQG�DOWHUQDWLYH�UHVRXUFHV�DV� WKH�UHPRYDO�

RI�SODQWV�FRQWLQXHG�DQG�LQVHFWV�VWRSSHG�IRUDJLQJ�DW�WKH�VLWHV��:H�GLG�QRW�FROOHFW�

DQ\�GDWD�RQ�LQVHFW�GLVSHUVDO��VR�ZH�GR�QRW�NQRZ�ZKHWKHU�HPLJUDWLRQ�LQFUHDVHG�

DIWHU� WKH� UHPRYDO�� +RZHYHU�� RWKHU� DVSHFWV� VXJJHVW� WKDW� WKH� UHPDLQLQJ�

LPSRYHULVKHG� SODQW� FRPPXQLW\� ZDV� QRW DIIHFWHG� E\� LQVHFW� HPLJUDWLRQ��

6SHFLILFDOO\�� SROOLQDWLRQ� HIIHFWLYHQHVV� IOXFWXDWHG�� WKH� QHFWDU� FRQVXPSWLRQ� GLG�

QRW�FKDQJH�DV�LQGLFDWHG�E\�D�QHDUO\�FRQVWDQW�QHFWDU�VWDQGLQJ�FURS��LQVWHDG��ERWK�

SROOLQDWLRQ�HIIHFWLYHQHVV�DQG�QHFWDU�FRQVXPSWLRQ�ZHUH�H[SHFWHG�WR�GHFUHDVH�LQ�

VFHQDULR�³F´�DV�D�FRQVHTXHQFH�RI�D�GURS�LQ�ORFDO�SROOLQDWRU�YLVLWDWLRQ��

$OWKRXJK� SUHYLRXV� VLPXODWLRQ� PRGHOV� RI� WKH� FRQVHTXHQFHV� RI� VSHFLHV�

H[WLQFWLRQV�LQ�SODQW�SROOLQDWRU�QHWZRUNV�GLG�QRW�DFFRXQW�IRU�WKH�UHGLVWULEXWLRQ�RI�

SROOLQDWRUV� IROORZLQJ� WKH� UHPRYDO� RI� NH\� UHVRXUFHV� ������� RXU� VWXG\� VKRZV� WKDW�

VWDWLF� UHVSRQVHV� LQ� IRUDJHUV� DUH� QRW� WKH� UXOH�� ,QVWHDG�� WKHVH� DVVHPEODJHV� DUH�

G\QDPLF� DQG� QHZ� LQWHUDFWLRQV� FDQ� EH� HVWDEOLVKHG� DIWHU� SHUWXUEDWLRQV� �������

$GDSWLYH� IRUDJLQJ�E\�FRQVXPHUV�ZLWKLQ� D� IRRG�ZHE�KDV EHHQ� VXJJHVWHG� WR�EH�

LPSRUWDQW� IRU� WKH� VWDELOLW\� RI� FRPSOH[� FRPPXQLWLHV���� 7KLV� LV� EHFDXVH�

SHUWXUEDWLRQV�WR�WKH�V\VWHP�DUH�EXIIHUHG�E\�VZLWFKHV�LQ�LQWHUDFWLRQV�DQG�XVH�RI�

QHZ� UHVRXUFHV���� +RZHYHU�� LQ RXU� UHVXOWV�� XWLOL]DWLRQ� RI� QHZ� UHVRXUFHV�



ϭϯϲ

LQYHVWLJDWHG�DW� WKH�OHYHO�RI� WKH�HQWLUH�SROOLQDWRU�JXLOG�ZDV�QRW�UDQGRP�EXW�ZDV�

FRQVWUDLQHG� E\� SDUWLFXODU� SODQW� WUDLWV�� 6SHFLILFDOO\�� WKH� IORZHU� YLVLWRUV� GLG� QRW�

VZDS� EHWZHHQ� IORZHU� VKDSHV� DIWHU� UHPRYDOV� RI� SODQWV�� DQG� WKXV� WKH� IOH[LEOH�

IRUDJLQJ�RI�LQVHFWV�ZDV�FRQVWUDLQHG�E\�IORZHU�PRUSKRORJ\��7KH�VXJDU�FRQWHQW�RI�

QHFWDU�DOVR�DIIHFWHG�WKH�IORZHU�YLVLWRUV�EHFDXVH�IORZHU�YLVLWRUV�ZHUH�DWWUDFWHG�E\�

)LJXUH���± 6WDQGLQJ�FURS�LQ�ERWK�VLWHV�LQ�ORJDULWKPLF�VFDOH�YV��7UHDWPHQW��SORW�D��DQG�
IORZHU� YLVLWRU¶V� YLVLWDWLRQ� �SORW� E��� FRORXUHG� OLQHV� DUH� WKH� HVWLPDWHG� PHDQV� DFURVV�
WUDQVHFWV�RI�D�JLYHQ�SODQW�VSHFLHV��EODFN�OLQH�LV�WKH�FRPPXQLW\�DYHUDJH�WUHQG�



ϭϯϳ

PRUH�UHZDUGLQJ�IORZHUV�RQFH�WKH�SODQW�FRPPXQLW\�ZDV�LPSRYHULVKHG��7KXV�WKH�

HQHUJHWLF� LQWDNH� DOVR� FRQVWUDLQHG� WKH� SURFHVV� RI� XWLOL]LQJ� QHZ� UHVRXUFHV��

)XUWKHUPRUH��VPDOOHU�LQIORUHVFHQFHV�DOVR�EHFDPH�PRUH�YLVLWHG�DIWHU�UHPRYDOV��,W�

LV�OLNHO\�WKDW�WKH\�ZHUH�XQGHUXWLOLVHG�LQ�WKH�RULJLQDO�FRPPXQLW\�EHFDXVH�RI�WKHLU�

VPDOO� IORUDO�GLVSOD\�� VR� WKHLU�YLVLWDWLRQ�EHQHILWHG� IURP� WKH�RYHUDOO� UHGXFWLRQ�RI�

IORZHU�DEXQGDQFH�DIWHU�WKH�UHPRYDOV��6PDOOHU� LQIORUHVFHQFHV�PD\�DOVR�SURYLGH�

PRUH�UHVRXUFHV�SHU�IORZHU��DQG�WKXV�EH�PRUH�UHZDUGLQJ�WR�IORZHU�YLVLWRUV�RQ�D�

SHU�YLVLW�EDVLV����7DNHQ�WRJHWKHU��RXU�UHVXOWV�LPSO\�WKDW�IRUDJLQJ�FDQ�EH�IOH[LEOH�

EXW� DOVR� FRQVWUDLQHG� ZLWKLQ� D� VSHFLILF� SODQW�WUDLW� VSDFH���� 7KHVH� FRQVWUDLQWV�

ZRXOG�HYHQWXDOO\�OLPLW�WKH�DFFHVVLELOLW\�RI�QHZ�UHVRXUFHV�DIWHU�SHUWXUEDWLRQV�

$QRWKHU�DVSHFW�RI�WKH�FRPSOH[LW\�WKDW�HPHUJHG�DIWHU�WKH�H[SHULPHQWV�LV�WKDW�

SROOLQDWRU�VHUYLFH�YDULHG�DFURVV�WKH�WUHDWPHQW�LQ�D�QRQ�OLQHDU�ZD\��DV�VKRZQ�E\�

WKH� IOXFWXDWLQJ� SDWWHUQ� RI� SROOHQ� WXEH� QXPEHUV�� 7KLV� PLJKW� EH� GXH� WR�

GHVWDELOL]DWLRQ�RI� WKH�SROOLQDWRUV�E\� WKH� UHPRYDO�RI�NH\� UHVRXUFHV��ZKLFK� WKXV�

UHDFWHG� LQ� D� IOXFWXDWLQJ�ZD\�� ,Q� IDFW�� H[FOXVLRQ� H[SHULPHQWV� KDYH� KLJKOLJKWHG�

WKDW� LQ� WKH�DEVHQFH�RI�D�GRPLQDQW�SROOLQDWRU��RWKHU�SROOLQDWRUV�FDQ�FRPSHQVDWH�

E\� EHFRPLQJ� WKHPVHOYHV� PRUH� HIIHFWLYH� SROOHQ� YHFWRUV���� +RZHYHU�� DQRWKHU�

ZRUN�KDV�VKRZQ�WKDW�RQFH�WKH�DEXQGDQW�SROOLQDWRU�LV�H[FOXGHG��SODQW�ILWQHVV�DQG�

ILGHOLW\� WR� IORZHUV� FDQ� GHFUHDVH����$OWKRXJK� WKHVH� WZR� VWXGLHV� FRQWUDGLFW� HDFK�

RWKHU�� RXU� UHVXOWV� VKRZHG�ERWK� UHVSRQVHV�� LQFUHDVLQJ�RU�GHFUHDVLQJ�SROOLQDWLRQ�

HIIHFWLYHQHVV� LQ� GLIIHUHQW� SODQW� VSHFLHV�� 7KLV� UHVXOWHG� IURP� VSHFLHV�VSHFLILF�

UHVSRQVHV� DV� VRPH� SODQWV� EHQHILWHG� E\� UHFHLYLQJ� PRUH� SROOHQ�� ZKLOH� RWKHU�

VSHFLHV�UHFHLYHG�OHVV��DIWHU�UHPRYLQJ�NH\�SODQW�VSHFLHV��7KXV� DQ�LGLRV\QFUDWLF��

IOXFWXDWLQJ�WUHQG�RI�SROOLQDWLRQ�ZDV�WKH�RXWFRPH�DW� LQFUHDVLQJ�LPSRYHULVKPHQW�

RI�WKH�SODQW�DVVHPEODJH�

)XUWKHU�YDULDWLRQ�ZDV�IRXQG�ZKHQ�FRQVLGHULQJ�WKH�UHVSRQVHV�LQ�YLVLWDWLRQ�RQ�

HDFK� SODQW� VSHFLHV�� VRPH� SODQW� VSHFLHV� KDG� GLIIHUHQW� WUHQGV� FRPSDUHG� WR� WKH�

DYHUDJH�FRPPXQLW\�WUHQG�DIWHU�WUHDWPHQW��)LJ������6XFK�SODQWV�FRXOG�EH�KLJKO\�

FRPSHWLWLYH� WD[D�� DEOH� WR� JDLQ� SROOLQDWRU� YLVLWDWLRQ� DERYH� DYHUDJH�ZKLOH� RWKHU�

SODQWV� ZHUH� ORVLQJ� YLVLWRUV�� � )URP� WKLV� IDFW�� LW� LV� SRVVLEOH� WR� LQGLUHFWO\� GUDZ�

DQRWKHU�FRQFOXVLRQ�DERXW�WKH�PRVW�JHQHUDOLVW�SODQWV��7KDW�LV�WKDW�WKH\�IDFLOLWDWH�

RQO\�D�VXEVHW�RI�VSHFLHV�E\�NHHSLQJ��YLVLWDWLRQ�RQ�WKDW�VXEVHW�KLJK��ZKLOH�RWKHU�



ϭϯϴ

SODQWV� DUH� EHLQJ� OLPLWHG� DQG� UHFHLYLQJ� OHVV� YLVLWDWLRQ�� 6XFK� VSHFLHV�VSHFLILF�

IDFLOLWDWLRQ�RI�SROOLQDWLRQ�KDV�EHHQ�REVHUYHG�DOVR�LQ�WKH�FDVH�RI�LQYDVLYH�VSHFLHV�

�H�J������7KLV� FRXOG� DOVR� EH� UHVSRQVLEOH� IRU� KLJK� VSDWLDO� YDULDWLRQ� LQ� SROOLQDWRU�

DEXQGDQFHV�ZLWKLQ�VLWHV���VHH�WKH�ZLGH�VWDQGDUG�GHYLDWLRQ�DURXQG�SODQW�PHDQV�LQ�

)LJ�� ��� ZKLFK� UHIOHFWV� GLIIHUHQFHV� EHWZHHQ� WUDQVHFWV��� 7KDW� LV�� D� JLYHQ� SODQW�

VSHFLHV�KDG�KLJK�YLVLWDWLRQ�LQ�RQH�VDPSOLQJ�WUDQVHFW�DQG�ORZ�LQ�DQRWKHU�WUDQVHFW��

HYHQ�RQ�WKH�VDPH�GD\��$OWKRXJK�WKHVH�SDWFK\�UHVSRQVHV�FRXOG�EH�GXH�WR�D�ORFDO�

KHWHURJHQHLW\� RI� DELRWLF� IDFWRUV���� LW� VHHPV� PRUH� OLNHO\� WKDW� WKH� VHW� RI�

QHLJKERXULQJ� SODQW� VSHFLHV� DQG� WKHLU� UHODWLYH� DEXQGDQFHV� FDXVHG� YDULDWLRQV� LQ�

FRPSHWLWLRQ�DQG�IDFLOLWDWLRQ��� ,Q�RWKHU�ZRUGV��LQ�RQH�SDWFK�WKH�IDFLOLWDWLRQ�PLJKW�

SUHGRPLQDWH�� ZKLOH� FRPSHWLWLRQ�PLJKW� RXWZHLJK� IDFLOLWDWLRQ� LQ� DQRWKHU� SDWFK��

WKXV�UHVXOWLQJ�LQ�YHU\�FRPSOH[�RYHUDOO�SDWWHUQV���

7KH�FRQVHTXHQFHV�RI�VSHFLHV�ORVV�REVHUYHG�LQ�RXU�H[SHULPHQWV�KDYH�VHYHUDO�

LPSOLFDWLRQV� IRU� FRQVHUYDWLRQ� RI� ELRGLYHUVLW\�� *HQHUDOLVW� SODQWV� ZKLFK� DUH�

YLVLWHG� E\� D� ZLGH� UDQJH� RI� LQVHFWV� SOD\� D� NH\� UROH� LQ� SODQW�IORZHU� YLVLWRU�

LQWHUDFWLRQV�� DQG� WKH\� VHUYH� DV� KXEV� LQ� WKH� LQWHUDFWLRQ� QHWZRUNV� ��������� 7KH�

UHPRYDO�RI�VXFK�JHQHUDOLVW�SODQWV�LQ�RXU�H[SHULPHQW�OHG�WR�LPSRUWDQW�GHFUHDVHV�

RI� YLVLWDWLRQ� DQG� VLJQLILFDQW� IOXFWXDWLRQV� RI� SROOLQDWLRQ� HIIHFWLYHQHVV��:H� DOVR�

VKRZHG� WKDW� VRPH�RI� WKH� UHVSRQVHV�ZHUH� KLJKO\� YDULDEOH� DQG� VSHFLHV�VSHFLILF��

)XUWKHUPRUH�� WKH� LQVHFWV� FKDQJHG� WKHLU� XVH� RI� UHVRXUFHV� DIWHU� WKH� SHUWXUEDWLRQ�

EXW� WKHLU� IRUDJLQJ� IOH[LELOLW\� ZDV� FRQVWUDLQHG� E\� SODQW� WUDLWV�� ZKLFK� OLNHO\�

OLPLWHG�WKH�XWLOL]DWLRQ�RI�QHZ�UHVRXUFHV�DIWHU�SODQW�UHPRYDO��7KXV�� WKH�VWDELOLW\�

RI�WKLV�V\VWHP�FRXOG�GHSHQG RQ�D�VPDOO�VXEVHW�RI�LPSRUWDQW�VSHFLHV�ZKRVH�ORVV�

KDV�VHYHUH�FRQVHTXHQFHV�IRU�WKH�HQWLUH�FRPPXQLW\�RI�SODQWV�DQG�IORZHU�YLVLWLQJ�

LQVHFWV��:H�WKXV�FRQFOXGH�WKDW�JHQHUDOLVW�SODQWV�SOD\�D�NH\�UROH�LQ�VXVWDLQLQJ�WKH�

FRPSOH[� SDWWHUQ� RI� LQWHUDFWLRQV� LQ� WKH� FRPPXQLW\���� DQG� � PD\� EH� PRUH�

LPSRUWDQW� WKDQ� FRPPRQO\� WKRXJKW� IRU� WKH� FRQVHUYDWLRQ� RI� VSHFLHV�ULFK�

HFRV\VWHPV�������



ϭϯϵ

$FNQRZOHGJHPHQWV

3%��-.�DQG�$$�ZRXOG�OLNH�WR�WKDQN�'DJPDU�+XFNRYi��7RPiã�*UHJRU��0LFKDO�

5LQGRã��0LFKDO�%DUWRã��DQG�=X]DQD�&KOXPVNi�IRU� WKHLU�KHOS�GXULQJ�ILHOG�ZRUN�

LQ�&=��,Q�WKH�8.��-2�	�67�ZLVK�WR�WKDQN�7KH�:LOGOLIH�7UXVW�IRU�%HGIRUGVKLUH��

&DPEULGJHVKLUH��1RUWKDPSWRQVKLUH�DQG�3HWHUERURXJK�IRU�SHUPLVVLRQ�WR�ZRUN�DW�

%UDGODXJK�)LHOGV��DQG�WKH�ILHOG�DVVLVWDQWV�-RDQQD�7DUUDQW��/HH�0XWWRFN��&ODLUH�

+HSLQVWDOO� 0G� /XWIRU� 5DKPDQ� DQG� &KULVWLQH� %HUULOO�� 7KLV� SURMHFW� ZDV�

VXSSRUWHG�E\�WKH�&]HFK�6FLHQFH�)RXQGDWLRQ��SURMHFWV�*3��������3�DQG�*-���

�����<��DQG�$$�DQG�3%�ZHUH� DOVR� VXSSRUWHG�E\� D� JUDQW�*$�-8����������3�

SURYLGHG� E\� WKH� 8QLYHUVLW\� RI� 6RXWK� %RKHPLD�� )XQGLQJ� WR� -2� DQG� 67� ZDV�

SURYLGHG�E\�7KH�'U�0LNH�'DQLHO�%XUVDU\�RI�7KH�8QLYHUVLW\�RI�1RUWKDPSWRQ��

7KH�IXQGHUV�KDG�QR�UROH�LQ�VWXG\�GHVLJQ��GDWD�FROOHFWLRQ�DQG�DQDO\VLV��GHFLVLRQ�

WR�SXEOLVK��RU�SUHSDUDWLRQ�RI�WKH�PDQXVFULSW�

5HIHUHQFHV

�� *ULPH��-��3��'HFOLQLQJ�SODQW�GLYHUVLW\��HPSW\�QLFKHV�RU�IXQFWLRQDO�VKLIWV"�
-��9HJ��6FL� �������±�����������

�� 6PLWK��0�� '�� 	� .QDSS�� $�� .�� 'RPLQDQW� VSHFLHV� PDLQWDLQ� HFRV\VWHP�
IXQFWLRQ�ZLWK�QRQ�UDQGRP�VSHFLHV�ORVV��(FRO��/HWW� ������±�����������

�� 'XSRQW�� <�� /��� +DQVHQ�� '��0�� 	� 2OHVHQ�� -��0�� 6WUXFWXUH� RI� D� SODQW±
IORZHU�YLVLWRU�QHWZRUN�LQ�WKH�KLJK�DOWLWXGH�VXE�DOSLQH�GHVHUW�RI�7HQHULIH��
&DQDU\�,VODQGV��(FRJUDSK\ �������±�����������

�� 2OOHUWRQ�� -��� -RKQVRQ�� 6��'���&UDQPHU�� /��	�.HOOLH�� 6�� 7KH� 3ROOLQDWLRQ�
(FRORJ\� RI� DQ� $VVHPEODJH� RI� *UDVVODQG� $VFOHSLDGV� LQ� 6RXWK� $IULFD��
$QQ��%RW� �������±�����������

�� 0DUWtQ� *RQ]iOH]�� $�� 0��� 'DOVJDDUG�� %�� 	� 2OHVHQ�� -�� 0�� &HQWUDOLW\�
PHDVXUHV� DQG� WKH� LPSRUWDQFH� RI� JHQHUDOLVW� VSHFLHV� LQ� SROOLQDWLRQ�
QHWZRUNV��(FRO��&RPSOH[� �����±����������

�� *URVV��.��3RVLWLYH�LQWHUDFWLRQV�DPRQJ�FRPSHWLWRUV�FDQ�SURGXFH�VSHFLHV�
ULFK�FRPPXQLWLHV��(FRO��/HWW� �������±�����������



ϭϰϬ

�� )DHJUL�� .�� 	� YDQ� GHU� 3LMO�� /�� 7KH� SULQFLSOHV� RI� SROOLQDWLRQ� HFRORJ\��
�3HUJDPRQ�3UHVV��������

�� %XUJRV�� (�� HW� DO� :K\� QHVWHGQHVV� LQ� PXWXDOLVWLF� QHWZRUNV"� -�� 7KHRU��
%LRO� ��������±�����������

�� %URVL�� %�� -�� 3ROOLQDWRU� VSHFLDOL]DWLRQ�� IURP� WKH� LQGLYLGXDO� WR� WKH�
FRPPXQLW\��1HZ�3K\WRO� ���������±������������

��� $ODX[�� &�� 'XFOR]�� )��� &UDXVHU�� '�� 	� &RQWH�� <�� /�� 'LHW� HIIHFWV� RQ�
KRQH\EHH� LPPXQRFRPSHWHQFH�� %LRO�� /HWW� UVEO��������� ��������
GRL���������UVEO����������

��� )LOLSLDN�� 0�� HW� DO� (FRORJLFDO� VWRLFKLRPHWU\� RI� WKH� KRQH\EHH�� 3ROOHQ�
GLYHUVLW\� DQG� DGHTXDWH� VSHFLHV� FRPSRVLWLRQ� DUH� QHHGHG� WR� PLWLJDWH�
OLPLWDWLRQV� LPSRVHG�RQ� WKH� JURZWK� DQG�GHYHORSPHQW�RI�EHHV�E\�SROOHQ�
TXDOLW\��3/26�21( ����H���������������

��� %LHOOD�� 3��� 2OOHUWRQ�� -��� %DUFHOOD��0��	�$VVLQL�� 6��1HWZRUN� DQDO\VLV� RI�
SKHQRORJLFDO� XQLWV� WR� GHWHFW� LPSRUWDQW� VSHFLHV� LQ� SODQW�SROOLQDWRU�
DVVHPEODJHV�� FDQ� LW� LQIRUP� FRQVHUYDWLRQ� VWUDWHJLHV"� &RPPXQLW\� (FRO�
�����±����������

��� 6HDEORRP��(��:���'REVRQ��$��3��	�6WRPV��'��0��([WLQFWLRQ�UDWHV�XQGHU�
QRQUDQGRP�SDWWHUQV� RI� KDELWDW� ORVV��3URF��1DWO��$FDG�� 6FL� ���� �����±
�������������

��� *URVV��.��	�&DUGLQDOH��%��-��7KH�IXQFWLRQDO�FRQVHTXHQFHV�RI�UDQGRP�YV��
RUGHUHG�VSHFLHV�H[WLQFWLRQV��(FRO��/HWW� ������±�����������

��� 6PLWK�� .�� *��� /LSV�� .�� 5�� 	� &KDVH�� -�� 0�� 6HOHFWLQJ� IRU� H[WLQFWLRQ��
QRQUDQGRP� GLVHDVH�DVVRFLDWHG� H[WLQFWLRQ� KRPRJHQL]HV� DPSKLELDQ�
ELRWDV��(FRO��/HWW� ��������±������������

��� 6DQWDPDUtD�� 6��� *DOHDQR�� -��� 3DVWRU�� -�� 0�� 	� 0pQGH]�� 0�� 5HPRYLQJ�
LQWHUDFWLRQV�� UDWKHU� WKDQ� VSHFLHV�� FDVWV� GRXEW� RQ� WKH� KLJK� UREXVWQHVV� RI�
SROOLQDWLRQ�QHWZRUNV��2LNRV ��������±�����������

��� .DLVHU�%XQEXU\�� &�� 1��� 0XII�� 6��� 0HPPRWW�� -��� 0�OOHU�� &�� %�� 	�
&DIOLVFK�� $�� 7KH� UREXVWQHVV� RI� SROOLQDWLRQ� QHWZRUNV� WR� WKH� ORVV� RI�
VSHFLHV�DQG�LQWHUDFWLRQV��D�TXDQWLWDWLYH�DSSURDFK�LQFRUSRUDWLQJ�SROOLQDWRU�
EHKDYLRXU��(FRO��/HWW� �������±�����������



ϭϰϭ

��� /RSH]DUDL]D±0LNHO��0��(���+D\HV��5��%���:KDOOH\��0��5��	�0HPPRWW��-��
7KH� LPSDFW� RI� DQ� DOLHQ� SODQW� RQ� D� QDWLYH� SODQW±SROOLQDWRU� QHWZRUN�� DQ�
H[SHULPHQWDO�DSSURDFK��(FRO��/HWW� �������±�����������

��� )HUUHUR��9��HW� DO� (IIHFW� RI� LQYDGHU� UHPRYDO�� SROOLQDWRUV� VWD\ EXW� VRPH�
QDWLYH� SODQWV� PLVV� WKHLU� QHZ� IULHQG�� %LRO�� ,QYDVLRQV ���� ����±�����
�������

��� *ROGVWHLQ��-��	�=\FK��0��:KDW�LI�ZH�ORVH�D�KXE"�([SHULPHQWDO�WHVWLQJ�RI�
SROOLQDWLRQ� QHWZRUN� UHVLOLHQFH� WR� UHPRYDO� RI� NH\VWRQH� IORUDO� UHVRXUFHV��
$UWKURSRG�3ODQW�,QWHUDFW� �������±�����������

��� %URVL�� %�� -�� 	� %ULJJV�� +�� 0�� 6LQJOH� SROOLQDWRU� VSHFLHV� ORVVHV� UHGXFH�
IORUDO� ILGHOLW\� DQG� SODQW� UHSURGXFWLYH� IXQFWLRQ�� 3URF�� 1DWO�� $FDG�� 6FL�
����������±�������������

��� +DOOHWW�� $�� &��� 0LWFKHOO�� 5�� -��� &KDPEHUODLQ�� (�� 5�� 	� .DUURQ�� -�� '��
3ROOLQDWLRQ� VXFFHVV� IROORZLQJ� ORVV� RI� D� IUHTXHQW� SROOLQDWRU�� WKH� UROH� RI�
FRPSHQVDWRU\�YLVLWDWLRQ�E\�RWKHU�HIIHFWLYH�SROOLQDWRUV��$R%�3/$176 ���
�������

��� 0HPPRWW�� -���:DVHU�� 1�� 0�� 	� 3ULFH�� 0�� 9�� 7ROHUDQFH� RI� SROOLQDWLRQ�
QHWZRUNV� WR� VSHFLHV� H[WLQFWLRQV��3URF�� 5�� 6RF�� /RQG�� %� %LRO�� 6FL� �����
����±������������

��� 9DOGRYLQRV�� )�� 6��� 0RLVVHW� GH� (VSDQpV�� 3��� )ORUHV�� -�� '�� 	� 5DPRV�
-LOLEHUWR��5��$GDSWLYH�IRUDJLQJ�DOORZV�WKH�PDLQWHQDQFH�RI�ELRGLYHUVLW\�RI�
SROOLQDWLRQ�QHWZRUNV��2LNRV ��������±�����������

��� 'DIQL��$���.HYDQ��3��*��	�+XVEDQG��%��&��3UDFWLFDO�SROOLQDWLRQ�ELRORJ\��
�(QYLURTXHVW�/WG��������

��� $ORQVR��&���+HUUHUD��&��0��	�$VKPDQ��7��/��$�SLHFH�RI� WKH�SX]]OH�� D�
PHWKRG� IRU� FRPSDULQJ� SROOLQDWLRQ� TXDOLW\� DQG�TXDQWLW\� DFURVV�PXOWLSOH�
VSHFLHV�DQG�UHSURGXFWLYH�HYHQWV��1HZ�3K\WRO� ��������±�����������

��� 0DUWLQ��)��:��6WDLQLQJ�DQG�REVHUYLQJ�SROOHQ�WXEHV�LQ�WKH�VW\OH�E\�PHDQV�
RI�IOXRUHVFHQFH��6WDLQ�7HFKQRO� �������±�����������

��� .XJOHU��+��%O�WHQ|NRORJLH���*��)LVFKHU��������
��� %DWHV��'���0lFKOHU��0���%RONHU��%��	�:DONHU��6��)LWWLQJ�/LQHDU�0L[HG�

(IIHFWV�0RGHOV�8VLQJ�OPH���-��6WDW��6RIWZ� �����±����������
��� 5�&RUH�7HDP��5��$�ODQJXDJH�DQG�HQYLURQPHQW�IRU�VWDWLVWLFDO�FRPSXWLQJ�

�,6%1����������������������



ϭϰϮ

��� +RWKRUQ��7���%UHW]��)��	�:HVWIDOO��3��6LPXOWDQHRXV�LQIHUHQFH�LQ�JHQHUDO�
SDUDPHWULF�PRGHOV��%LRP��-� �������±�����������

��� 5HLWDQ��7��	�1LHOVHQ��$��'R�1RW�'LYLGH�&RXQW�'DWD�ZLWK�&RXQW�'DWD��$�
6WRU\�IURP�3ROOLQDWLRQ�(FRORJ\�ZLWK� ,PSOLFDWLRQV�%H\RQG��3/26�21(
����H���������������

��� 2VHQEHUJ��&��:���6DUQHOOH��2��	�&RRSHU��6��'��(IIHFW�VL]H�LQ�HFRORJLFDO�
H[SHULPHQWV��WKH�DSSOLFDWLRQ�RI�ELRORJLFDO�PRGHOV�LQ�PHWD�DQDO\VLV��$P��
1DW� ��������±�����������

��� 9HUG~�� 0�� 	� 9DOLHQWHဨ%DQXHW�� $�� 7KH� 1HVWHG� $VVHPEO\� RI� 3ODQW�
)DFLOLWDWLRQ�1HWZRUNV�3UHYHQWV�6SHFLHV�([WLQFWLRQV��$P��1DW� ��������±
�����������

��� 6DDYHGUD�� 6��� 6WRXIIHU�� '�� %��� 8]]L�� %�� 	� %DVFRPSWH�� -�� 6WURQJ�
FRQWULEXWRUV� WR� QHWZRUN� SHUVLVWHQFH� DUH� WKH� PRVW� YXOQHUDEOH� WR�
H[WLQFWLRQ��1DWXUH ��������±�����������

��� .RQGRK��0��)RUDJLQJ�DGDSWDWLRQ�DQG�WKH�UHODWLRQVKLS�EHWZHHQ�IRRG�ZHE�
FRPSOH[LW\�DQG�VWDELOLW\��6FLHQFH ���������±������������

��� .OHFND��-���+DGUDYD��-��	�.RORXãNRYi��3��9HUWLFDO�VWUDWLILFDWLRQ�RI�SODQW±
SROOLQDWRU�LQWHUDFWLRQV�LQ�D�WHPSHUDWH�JUDVVODQG��3HHU- ���H������������

��� $NWHU�� $��� %LHOOD�� 3��	� .OHFND�� -�� (IIHFWV� RI� VPDOO�VFDOH� FOXVWHULQJ� RI�
IORZHUV� RQ� SROOLQDWRU� IRUDJLQJ� EHKDYLRXU� DQG� IORZHU� YLVLWDWLRQ� UDWH��
3/26�21( ����H���������������

��� 9L]HQWLQ�%XJRQL�� -��� 0DUX\DPD�� 3�� .�� 	� 6D]LPD�� 0�� 3URFHVVHV�
HQWDQJOLQJ LQWHUDFWLRQV� LQ� FRPPXQLWLHV�� IRUELGGHQ� OLQNV� DUH� PRUH�
LPSRUWDQW� WKDQ� DEXQGDQFH� LQ� D� KXPPLQJELUG±SODQW� QHWZRUN�� 3URF�� 5��
6RF��/RQG��%�%LRO��6FL� ���������������������

��� %DOODQW\QH�� *��� %DOGRFN�� .�� &�� 5��� 5HQGHOO�� /�� 	 :LOOPHU�� 3�� *��
3ROOLQDWRU� LPSRUWDQFH�QHWZRUNV� LOOXVWUDWH� WKH�FUXFLDO�YDOXH�RI�EHHV� LQ� D�
KLJKO\�VSHFLRVH�SODQW�FRPPXQLW\��6FL��5HS� ���������������

��� *DOLPEHUWL��$��HW�DO� $�'1$�EDUFRGLQJ�DSSURDFK�WR�FKDUDFWHUL]H�SROOHQ�
FROOHFWHG�E\�KRQH\EHHV��3/R6�2QH ���H��������������

��� )LVRJQL��$��HW�DO� 3ROOHQ� ORDG�GLYHUVLW\�DQG�IRUDJLQJ�QLFKH�RYHUODS� LQ�D�
SROOLQDWRU� FRPPXQLW\� RI� WKH� UDUH�'LFWDPQXV� DOEXV� /��$UWKURSRG�3ODQW�
,QWHUDFW� �±����������



ϭϰϯ

��� $L]HQ�� 0�� $�� ,QIOXHQFHV� RI� DQLPDO� SROOLQDWLRQ� DQG� VHHG� GLVSHUVDO� RQ�
ZLQWHU� IORZHULQJ� LQ� D� WHPSHUDWH� PLVWOHWRH�� (FRORJ\ ���� ����±�����
�������

��� /i]DUR��$���1LHOVHQ��$��	�7RWODQG�����)DFWRUV�UHODWHG�WR�WKH�LQWHU�DQQXDO�
YDULDWLRQ� LQ� SODQWV¶� SROOLQDWLRQ� JHQHUDOL]DWLRQ� OHYHOV� ZLWKLQ� D�
FRPPXQLW\��2LNRV ��������±�����������

��� &DUVWHQVHQ��'��:���6DEDWLQR��0���7U¡MHOVJDDUG��.��	�0RUHOODWR��/��3��&��
%HWD�'LYHUVLW\�RI�3ODQW�3ROOLQDWRU�1HWZRUNV�DQG�WKH�6SDWLDO�7XUQRYHU�RI�
3DLUZLVH�,QWHUDFWLRQV��3/26�21( ���H��������������

��� -DQRYVNê�� =�� HW� DO� &RQVSHFLILF� DQG� +HWHURVSHFLILF� 3ODQW� 'HQVLWLHV� DW�
6PDOO�6FDOH� &DQ� 'ULYH� 3ODQW�3ROOLQDWRU� ,QWHUDFWLRQV�� 3/26� 21( ���
H�������������

��� 9i]TXH]�� '�� 3�� 	� $L]HQ�� 0�� $�� &RPPXQLW\�ZLGH� SDWWHUQV� RI�
VSHFLDOL]DWLRQ� LQ� SODQW±SROOLQDWRU� LQWHUDFWLRQV� UHYHDOHG� E\� QXOO�PRGHOV��
3ODQW±SROOLQDWRU�,QWHUDFW� 6SHF��*HQ� ���±�����������

��� <H�� =��0�� HW� DO� &RPSHWLWLRQ� DQG� IDFLOLWDWLRQ� DPRQJ� SODQWV� IRU�
SROOLQDWLRQ��FDQ�SROOLQDWRU�DEXQGDQFH�VKLIW� WKH�SODQW±SODQW� LQWHUDFWLRQV"�
3ODQW�(FRO� ������±����������

��� 7U¡MHOVJDDUG��.��	�2OHVHQ��-��0��(FRORJLFDO�QHWZRUNV�LQ�PRWLRQ��PLFUR�
DQG�PDFURVFRSLF� YDULDELOLW\� DFURVV� VFDOHV��)XQFW��(FRO� ���� ����±�����
�������

��� 3HWHUV�� 9�� (�� HW� DO� 8VLQJ� SODQW±DQLPDO� LQWHUDFWLRQV� WR� LQIRUP� WUHH�
VHOHFWLRQ� LQ� WUHH�EDVHG� DJURHFRV\VWHPV� IRU� HQKDQFHG� ELRGLYHUVLW\��
%LR6FLHQFH ��������±������������

��� 0HQ]��0��+�� HW� DO� 5HFRQQHFWLQJ� SODQWV� DQG� SROOLQDWRUV�� FKDOOHQJHV� LQ�
WKH� UHVWRUDWLRQ� RI� SROOLQDWLRQ� PXWXDOLVPV�� 7UHQGV� 3ODQW� 6FL� ���� �±���
�������

��� 0RQWR\D��'���5RJHUV��/��	�0HPPRWW�� -��(PHUJLQJ�SHUVSHFWLYHV� LQ� WKH�
UHVWRUDWLRQ�RI�ELRGLYHUVLW\�EDVHG�HFRV\VWHP�VHUYLFHV��7UHQGV�(FRO��(YRO�
�������±�����������



ϭϰϰ

6XSSOHPHQWDU\�PDWHULDO

6XPPHU\� PDWHULDO� )LJXUH� 6��� 2YHUDOO� YLVLWDWLRQ� LQ� FRQWURO� VLWHV� RI� WKH� SLORW� DQG�
VHTXHQWLDO�UHPRYDO�H[SHULPHQW��



ϭϰϱ

&KDSWHU�9

$Q�HPSLULFDO�DWWDFN�WROHUDQFH�WHVW�RQ�UHDO�SODQW�

SROOLQDWRU�QHWZRUNV��SODQW�UHPRYDO�LPSDFW�QHWZRUN�

VWUXFWXUH�EXW�SODQWV�DQG�SROOLQDWRUV�UHVSRQG�

DV\PPHWULFDOO\



ϭϰϲ

$Q�HPSLULFDO�DWWDFN�WROHUDQFH�WHVW�RQ�UHDO�SODQW�SROOLQDWRU�

QHWZRUNV��SODQW�UHPRYDO�LPSDFW�QHWZRUN�VWUXFWXUH EXW�SODQWV�

DQG�SROOLQDWRUV�UHVSRQG�DV\PPHWULFDOO\

3DROR�%LHOOD�����$VPD�$NWHU������-HII�2OOHUWRQ�����âWČSiQ�-DQHþHN������$QGHUV�1LHOVHQ���

-DQ�.OHþND��

��8QLYHUVLW\�RI�6RXWK�%RKHPLD��)DFXOW\�RI�6FLHQFH��ýHVNp�%XGČMRYLFH��&]HFK�

5HSXEOLF

�� &]HFK� $FDGHP\� RI� 6FLHQFHV�� %LRORJ\� &HQWUH�� ýHVNp� %XGČMRYLFH�� &]HFK�

5HSXEOLF

�� )DFXOW\� RI� $UWV�� 6FLHQFH� DQG� 7HFKQRORJ\�� 8QLYHUVLW\� RI� 1RUWKDPSWRQ��

1RUWKDPSWRQ��8.

� &]HFK�$FDGHP\�RI�6FLHQFHV���,QVWLWXWH�RI�%RWDQ\��7ĜHERĖ���&]HFK��5HSXEOLF�

� &KDUOHV�8QLYHUVLW\��)DFXOW\ RI�6FLHQFH��3UDJXH��&]HFK�5HSXEOLF

�� 8QLYHUVLW\�RI�2VOR��&HQWUH�IRU�(FRORJLFDO�DQG�(YROXWLRQDU\�6\QWKHVLV��2VOR��

1RUZD\�

$XWKRU�IRU�FRUUHVSRQGHQFH� 3DROR�%LHOOD��HPDLO��SDROR�ELHOOD#HQWX�FDV�F]�



ϭϰϳ

$EVWUDFW

3ODQW�SROOLQDWRU� QHWZRUN� VWUXFWXUH� LV� K\SRWKHVL]HG� WR� EHDU� VHYHUDO� SURSHUWLHV�

UHODWLQJ� WR� UREXVWQHVV� DQG� UHGXQGDQF\�� EXW� WR� GDWH� WKLV� KDV� PDLQO\� EHHQ�

H[DPLQHG� XVLQJ� FRPSXWHU� VLPXODWLRQV�� 7R� WHVW� WKH� HIIHFW� RI� VSHFLHV� ORVV� RQ�

QHWZRUN�VWUXFWXUH�DQG�UHZLULQJ�RI�LQWHUDFWLRQV��ZH�FRQGXFWHG�D�ILHOG�H[SHULPHQW�

WKDW� DVVHVVHG� SODQW�SROOLQDWRU� QHWZRUNV� GXULQJ� WKH� VHTXHQWLDO� UHPRYDO� RI� IRXU�

FRUH�JHQHUDOLVW� IORUDO� UHVRXUFHV� IURP�QDWXUDO� VSHFLHV�ULFK�FRPPXQLWLHV��+HQFH��

ZH�SHUIRUPHG�DQ�DWWDFN�WROHUDQFH�WHVW�E\�H[SORULQJ�WKH�ZD\V�WKH�V\VWHP�UHDFWV�

DIWHU�WKH�VXGGHQ ORVV�RI�LPSRUWDQW�VSHFLHV��7KLV�PDQLSXODWLRQ�FDXVHG�GHFUHDVLQJ�

QHWZRUNV¶� QHVWHGQHVV�� LQFUHDVLQJ�PRGXODULW\� DQG� VSHFLDOL]DWLRQ�� EXW� WKHUH�ZDV�

QR� GHFUHDVH� � LQ� D� UREXVWQHVV� LQGH[� FDOFXODWHG� E\� WKH� VWRFKDVWLF� FRH[WLQFWLRQ�

PRGHO��1HWZRUN�UHZLULQJ�ZDV�KLJK�EXW�ZLWKRXW�D�VSHFLILF�WUHQG�DQG�LQGLYLGXDO�

VSHFLHV�WHQGHG�WR�JDLQ�DV�PDQ\�QHZ�OLQNV�DV�ZHUH�ORVW��)XUWKHUPRUH��WKH�VSHFLHV�

RI� WKH� WZR� PXWXDOLVWLF� OHYHOV� UHDFWHG� DV\PPHWULFDOO\�� EHFDXVH� RQO\� SODQWV�

LQFUHDVHG� WKHLU� FHQWUDOLWLHV� DIWHU� WKH� UHPRYDO� RI� FRUH� SODQWV� ZKLOH� SROOLQDWRUV�

GLGQ¶W� VKRZ� DQ\� WUHQG�� 7KH� DEXQGDQFHV� RI� VSHFLHV� ZHUH� WKH� PDLQ� HFRORJLFDO�

GULYHUV� RI� QHWZRUN� VWUXFWXUH�� RI� UHZLULQJ� DQG� RI� LQWHUDFWLRQV�� ZKLOH�

PRUSKRORJLFDO� PDWFK� DQG� VXJDU� DPRXQW� RFFDVLRQDOO\� SOD\HG� D� UROH� LQ� WKH�

REVHUYHG� FKDQJHV�� KRZHYHU�� XQSUHGLFWDELOLW\� RI� QHWZRUN� VWUXFWXUHV� DQG�

UDQGRPQHVV� RI� WKH� LQWHUDFWLRQV� DOVR� LQFUHDVHG� ZLWK� SODQW� UHPRYDO� 7KHUHIRUH��

UHPRYLQJ�D� IHZ�FRUH� VSHFLHV� IURP� WKH�FRPPXQLW\� FDXVHG�FKDQJHV� LQ�QHWZRUN�

VWUXFWXUH� DQG� LQFUHDVHG� XQSUHGLFWDELOLW\�� DOWKRXJK� LW� GLG� QRW� WUDQVODWH� LQWR� D�

QHWZRUN�FROODSVH��:H�FRQFOXGH��WKDW�DOWKRXJK�WKH�REVHUYHG�IOH[LELOLW\�RI�SODQW�

IORZHU�YLVLWRU�LQWHUDFWLRQV�PDGH�WKH�QHWZRUNV�UREXVW�WR�FRQVHTXHQFHV�RI�VSHFLHV�

ORVV��IRFXVLQJ�FRQVHUYDWLRQ�RQ�VSHFLHV�SOD\LQJ�NH\�UROHV�LQ�PDLQWDLQLQJ�QHWZRUN�

VWUXFWXUH�PLJKW�EH�D�SURPLVLQJ�IXWXUH�SUDFWLFH��

,QWURGXFWLRQ

6SHFLHV� HVWDEOLVK� LQWULFDWH� HVVHQWLDO� LQWHUDFWLRQV� LQ� WKH� HFRV\VWHP� WKH\� LQKDELW�

>�±�@�� 6SHFLILFDOO\�� PRVW� SODQWV� DUH� GHSHQGHQW� RQ� LQVHFWV� IRU� SROOLQDWLRQ� DQG�



ϭϰϴ

IORZHU� YLVLWLQJ� LQVHFWV� UHO\� RQ� QHFWDU� RU� SROOHQ� DV� DQ� LPSRUWDQW� VRXUFH� RI�

QXWULWLRQ�>���@��7KHUHIRUH��H[SORULQJ�WKH�SDWWHUQV�RI�SODQW�SROOLQDWRU�LQWHUDFWLRQV�

PD\� LOOXPLQDWH� WKH� DELOLW\� RI� WKH� V\VWHP� WR� NHHS� IXQFWLRQLQJ� DQG� DYRLG� D�

FROODSVH� ZKHQ� H[SRVHG� WR� VRPH� IRUP� RI� GLVWXUEDQFH� OHDGLQJ� WR� VSHFLHV� RU�

LQWHUDFWLRQV� ORVV�� HLWKHU� QDWXUDO� RU� FDXVHG� E\� KXPDQ� DFWLYLWLHV� >�±�@�� � %HWWHU�

LQVLJKWV�LQWR�WKH�UHVSRQVHV�RI�SODQW�IORZHU�YLVLWRU�QHWZRUNV�WR�VSHFLHV�ORVV�ZLOO�

DOORZ� D� PRUH� HIILFLHQW� FRQVHUYDWLRQ� EDVHG� RQ� WKH� HFRORJLFDO� UROH� RI� VSHFLHV�

>����@��

2XU� HIIRUWV� WR� XQGHUVWDQG� WKH� FRQVHTXHQFHV� RI� VSHFLHV� ORVV� FDXVHG� E\�

KXPDQ�DFWLYLWLHV�DQG�FRQYHUVHO\� WR� DGRSW� UHVWRUDWLRQ�PHDVXUHV� � WR� UH�HVWDEOLVK�

WKH� ORVW� GLYHUVLW\� RI� VSHFLHV� DQG� WKHLU� LQWHUDFWLRQV� KDV� WR� EH� � EDVHG� RQ�

XQGHUVWDQGLQJ� WKH� URRW� PHFKDQLVPV� XQGHUO\LQJ� WKH� VWUXFWXUH� RI� LQWHUDFWLRQV�

>�����@�� 7KHRUHWLFDO� PRGHOV� KDYH� SURYLGHG� VRPH� JHQHUDO� LQVLJKWV� LQWR� WKH�

UHVSRQVHV�RI�HFRORJLFDO�QHWZRUNV�WR�GLVWXUEDQFHV�DQG�VSHFLHV�ORVV��EXW�WKHLU�UHDO�

ZRUOG�LPSOLFDWLRQV�UHPDLQ�XQFOHDU�EHFDXVH�RI�WKH�OLPLWDWLRQV�RI�WKH�PRGHOV�DQG�

ODFN� RI� FRPSDUDEOH� HPSLULFDO� GDWD�� 2EVHUYDWLRQV� RI� WKH� LPSDFWV� RI� � KXPDQ�

DFWLYLWLHV� RQ VSHFLHV� WXUQRYHU� DQG� LQWHUDFWLRQ� QHWZRUN� VWUXFWXUH� DUH� QHHGHG� WR�

PRYH�IRUZDUG��)RU�GRLQJ�WKLV��HFRORJLFDO�RU�KDELWDW�DOWHUDWLRQ�JUDGLHQWV�DUH�WKH�

LGHDO�ODERUDWRU\�IRU�XQGHUVWDQGLQJ�WKH�DVVHPEO\�DQG�GLVDVVHPEO\�RI�LQWHUDFWLRQ�

QHWZRUNV� >�����@�� +RZHYHU�� WKH� KHWHURJHQHLW\� RI� KDELWDW� W\SHV� DQG� KXPDQ�

LPSDFWV� RIWHQ� SUHYHQWV� IURP� GUDZLQJ� FOHDU� FRQFOXVLRQV� HPSOR\DEOH� LQ�

FRQVHUYDWLRQ >����@��7KXV�� ILHOG�PDQLSXODWLRQV� DSSHDU� DQ� LGHDO� DSSURDFK� IURP�

ZKLFK�PHFKDQLVPV�JRYHUQLQJ�QHWZRUN� VWUXFWXUH� FRXOG� HPHUJH� DQG�EH�XVHG� LQ�

HFRORJLFDO�FRQVHUYDWLRQ�

,Q�WKLV�VWXG\��ZH�SHUIRUPHG�DQ�DWWDFN�WROHUDQFH�WHVW�RQ�UHDO�SODQW�SROOLQDWRU�

QHWZRUNV�� $Q� DWWDFN� WROHUDQFH� WHVW� LV� XVXDOO\ DLPHG� DW� WHVWLQJ� ZKHWKHU� WKH�

IXQFWLRQDOLW\� RI� D� V\VWHP� LV� PDLQWDLQHG� DIWHU� NQRFNLQJ� GRZQ� LWV� LPSRUWDQW�

FRPSRQHQWV�� ,Q� SODQW�SROOLQDWRU� QHWZRUNV�� WKLV� WRSLF� KDV� EHHQ� LQYHVWLJDWHG� E\�

UHODWLQJ�WKH�DPRXQW�RI�FR�H[WLQFWLRQV�ZLWK�UREXVWQHVV�DQG�UHGXQGDQF\�>�����@��

+RZHYHU��WKLV�KDV�EHHQ�DGGUHVVHG�RQO\�WKHRUHWLFDOO\�ZLWK�QXPHULFDO�VLPXODWLRQV�

RI� VHTXHQWLDO� VSHFLHV� H[WLQFWLRQV� LQ� D� WURSKLF� OHYHO� DQG� DIWHUZDUGV� FDOFXODWLQJ�
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WKH�IUDFWLRQ�RI�VSHFLHV�WKDW�ORVW�DOO�LQWHUDFWLRQV�>���@��&RQYHUVHO\��HPSLULFDO�WHVWV�

DUH� VFDUFH� RU� DLPHG� DW� UHPRYLQJ� RQO\� RQH� VSHFLHV� >��±��@�� ,Q� WKLV� VWXG\��ZH�

SHUIRUPHG� D� VHTXHQWLDO� UHPRYDO� RI� JHQHUDOLVW� SODQW� VSHFLHV� LQ� WKH� ILHOG� WR�

LQYHVWLJDWH�KRZ�WKH�SODQW�SROOLQDWRU�FRPPXQLW\�UHVSRQGV�WR�D�SURIRXQG�ORVV�RI�

UHVRXUFHV� � �VHH� DOVR� FKDSWHU� �� RI� WKLV� WKHVLV��� :H� SUHYLRXVO\� UHSRUWHG� WKDW�

UHPRYDO�RI�����PRVW�YLVLWHG�SODQWV OHG�DQ�H[SRQHQWLDO�GHFUHDVH�RI� WRWDO� IORZHU�

YLVLWDWLRQ� LQ� WKH� DIIHFWHG� VLWHV�� VXJJHVWLQJ� WKDW� JHQHUDOLVHG� SODQWV� IDFLOLWDWH�

RWKHUV�E\�PDLQWDLQLQJ�KLJK�IORZHU�YLVLWRU�DEXQGDQFHV���VHH�DOVR�FKDSWHU���RI�WKLV�

WKHVLV��� +HUH�� ZH� WHVW� WKH� LPSDFW� RI� WKH� ORVV� RI� JHQHUDOLVHG� SODQWV� RQ� WKH�

VWUXFWXUH�RI�SODQW�SROOLQDWRU�QHWZRUNV�

,W� FDQ� EH� H[SHFWHG� WKDW� DIWHU� UHPRYLQJ� NH\� DEXQGDQW� IRRG� VRXUFHV��

SROOLQDWRUV�ZLOO� H[SDQG� WKHLU�GLHW�DQG� WKXV�KLJKHU�JHQHUDOLVP�ZLOO�EH�REVHUYHG�

>��@�� &RQVHTXHQWO\�� QHWZRUN� PRGXODULW\� �L�H��� FRPSDUWPHQWDOL]DWLRQ� RI� D�

QHWZRUN�DV�UHVXOW�RI�VHOHFWLYLW\�IRU�IRRG�VRXUFHV��ZLOO�GHFUHDVH�EHFDXVH�IRUDJHUV�

ZLOO� XVH� D� EURDGHU� UDQJH� RI� WKH� UHPDLQLQJ� UHVRXUFHV� >��@ DQG� WKXV� KLJKHU�

LQWHUDFWLRQ� VKLIWV� �L�H��� UHZLULQJ��ZLOO� WDNH� SODFH� DV� UHVXOW� RI� DGDSWLYH� IRUDJLQJ�

>��@�� ,Q�FRQWUDVW��DQ�DOWHUQDWLYH�H[SHFWDWLRQ�FRQVLGHUV� WKDW� LI�FRUH�HOHPHQWV�DUH�

UHPRYHG��WKH�QHWZRUN�FDQ�IUDJPHQW�LQWR�GLVFRQQHFWHG�XQLWV�>��@��&RQVHTXHQWO\�

D� KLJKHU� PRGXODULW\� DQG� VSHFLDOL]DWLRQ� FDQ� EH� H[SHFWHG�� DV� LQWHUDFWLRQV� ZLOO�

KDSSHQ� XQLTXHO\� ZLWKLQ� LVRODWHG� FRPSDUWPHQWV�� 6SHFLILFDOO\�� ZH� LQYHVWLJDWHG�

WKHVH� H[SHFWDWLRQV� E\� DVNLQJ�ZKHWKHU� �D�� WKH� VHTXHQWLDO� UHPRYDO� RI� JHQHUDOLVW�

SODQWV� FDQ� FDXVH� DOWHUDWLRQV� LQ� WKH� VWUXFWXUH� RI� SODQW�SROOLQDWRU� QHWZRUNV�� �E��

UHRUJDQL]DWLRQ� RI� QHWZRUN� VWUXFWXUH� FDQ� HPHUJH� E\� FKDQJHV� LQ� VSHFLHV� OHYHO�

LQGLFHV�RI�VSHFLDOL]DWLRQ�DQG�RI�QHWZRUN�FRKHVLYHQHVV���F��LQGLYLGXDO�VSHFLHV�RI�

IORZHU� YLVLWRUV� ZLOO� VKLIW� WRZDUGV� XVLQJ� DOWHUQDWLYH� UHVRXUFHV� �³UHZLULQJ´� RI�

LQWHUDFWLRQV��LQVWHDG�RI�HPLJUDWLQJ��VSHFLHV�WXUQRYHU���0RUHRYHU��ZH�DOVR�WHVWHG�

�G��ZKDW�HFRORJLFDO�IDFWRUV��VSHFLHV�DEXQGDQFH��PRUSKRORJ\��DPRXQW�RI�VXJDU�LQ�

WKH�QHFWDU��FDQ�H[SODLQ�WKH�REVHUYHG�FKDQJHV�LQ�QHWZRUN�VWUXFWXUH��UHZLULQJ�DQG�

SDLU�ZLVH�LQWHUDFWLRQV�
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0DWHULDO�DQG�PHWKRGV

6WXG\�DUHD�DQG�VDPSOLQJ�GHVLJQ

7KH�VWXG\�WRRN�SODFH�QHDU�ýHVNê�.UXPORY��6RXWK�%RKHPLD��&]HFK�5HSXEOLF��LQ�

WKUHH�H[SHULPHQWDO�VLWHV�DQG�RQH�XQWUHDWHG�FRQWURO�VLWH��7KH�VLWHV�ZHUH�ORFDWHG�DW�

D�PHDQ�SDLUZLVH�GLVWDQFH�RI�������������.P��������
�����

�1��������
�����

�(�

6LWH����������
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�����

�(�FRQWURO�VLWH���$OO�IRXU�VLWHV�ZHUH�VPDOO�

GU\�JUDVVODQGV� ULFK� LQ�SODQW�VSHFLHV�DQG�ZHUH�VLPLODU� LQ�KDELWDW� W\SH�DQG�SODQW�

FRPPXQLW\� FRPSRVLWLRQ�� )XUWKHUPRUH�� WKH� VLWHV�ZHUH� VXUURXQGHG� E\� WDOO� WUHHV�

DQG� EXVKHV� RQ� WKH� HGJHV�� VR� WKDW� WKH\� FRXOG� SURYLGH� D� EDUULHU� EHWZHHQ� WKH�

VDPSOLQJ� DUHD� DQG� WKH� VXUURXQGLQJ� ODQGVFDSH�� )XUWKHU� GHWDLOV� RQ� VDPSOLQJ�

GHVLJQ�DQG�SHULRG�FDQ�EH�IRXQG�LQ�FKDSWHU���RI�WKLV�WKHVLV�

7KH�WUHDWPHQW�ZDV�DSSOLHG�WR�WKH�HQWLUH�VXUIDFH�RI�HDFK�H[SHULPHQWDO�VLWHV��

EXW� WKH� FRQWURO� VLWH� ZDV� QRW� WUHDWHG�� 7KH� WUHDWPHQW� FRQVLVWHG� RI� VHTXHQWLDOO\�

UHPRYLQJ� WKH� PRVW� JHQHUDOLVW� SODQW� VSHFLHV� IURP� WKH� PHDGRZ� E\� FXWWLQJ� LWV�

LQIORUHVFHQFHV�� RQH� DW� D� WLPH� XQWLO� IRXU� VSHFLHV� ZHUH� UHPRYHG�� :H� VDPSOHG�

IORZHU� YLVLWLQJ� LQVHFWV� LQ� VL[� VKRUW� WUDQVHFWV� ���� P� ORQJ�� �� P� ZLGH�� VSUHDG�

HYHQO\�DFURVV�WKH�DUHD�RI�HDFK�VLWH��%HIRUH�DQG�DIWHU�HDFK�UHPRYDO��ZH�VDPSOHG�

WKH�IORZHU�YLVLWRUV�RQ�HDFK�SODQW�VSHFLHV�IORZHULQJ�LQ�WKH�WUDQVHFWV�IRU�WZR�GD\V��

7R�GHFLGH�ZKLFK�SODQW�VSHFLHV� WR� UHPRYH��ZH�XVHG�IORZHU�YLVLWRUV�DEXQGDQFHV�

\LHOGHG� DIWHU� HDFK� WZR�GD\� VDPSOLQJ� SHULRG� DV� D� SUR[\� RI� JHQHUDOL]DWLRQ�� DV�

VXSSRUWHG�E\� >��@�� L�H���ZH� UHPRYHG� IORZHUV�RI� WKH�PRVW�YLVLWHG�SODQW� LQ� HDFK�

VWHS�RI�WKH�H[SHULPHQW��

7KH� VDPSOHG� LQVHFWV� ZHUH� NLOOHG� E\� HWK\ODFHWDWH�� WUDQVSRUWHG� WR� WKH� ODE��

SLQQHG�DQG�VWRUHG�GU\�XQWLO� LGHQWLILFDWLRQ��:H�LGHQWLILHG�PRVW�RI� WKH�LQVHFWV� WR�

WKH� VSHFLHV� OHYHO� HLWKHU� RXUVHOYHV� RU� ZLWK� WKH� KHOS� RI� VHYHUDO� VSHFLDOLVWV� DQG�

VHWWOHG�IRU�JHQXV�RU� IDPLO\� OHYHO LGHQWLILFDWLRQ�DQG�VRUWLQJ� LQWR�PRUSKRVSHFLHV�

RQO\�ZKHQ� DEVROXWHO\� QHFHVVDU\��+HQFH��ZH� REWDLQHG� D� VHW� RI� KLJKO\�UHVROYHG�

QHWZRUNV�VXLWDEOH�IRU�GHWDLOHG�DQDO\VHV�
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,Q� DGGLWLRQ�� ZH� UHFRUGHG� WKH� QXPEHU� RI� RSHQ� IORZHUV� RU� FRPSRXQG�

LQIORUHVFHQFHV� E\� FRXQWLQJ� WKHP� ZLWKLQ� HDFK� WUDQVHFW� DW� DOO� VWDJHV� RI� WKH�

H[SHULPHQW��

1HWZRUN�WRSRORJLFDO�LQGH[HV

:H� DVVHPEOHG� LQWHUDFWLRQ� PDWULFHV� IRU� HDFK� VWDJH� RI� WKH� VHTXHQWLDO� UHPRYDO�

H[SHULPHQW��L�H���EHIRUH�UHPRYDO��DIWHU���VS��ZDV�UHPRYHG��HWF���LQ�HDFK�VLWH��)RU�

HDFK�PDWUL[��ZH�FDOFXODWHG�D� UDQJH�RI�QHWZRUN�OHYHO�DQG�VSHFLHV�OHYHO� LQGLFHV��

6RPH�RI�WKH�LQGLFHV�XVH�RQO\�ELQDU\�GDWD��SUHVHQFH�RU�DEVHQFH�RI�LQWHUDFWLRQV���

ZKLOH�RWKHUV�DUH�EDVHG�RQ�TXDQWLWDWLYH�GDWD��IUHTXHQF\�RI�LQWHUDFWLRQV��VWUHQJWK���

WKH�ODWWHU�RQHV�DUH�WKXV�PRUH�LQIRUPDWLYH�

:H�FDOFXODWHG�QHWZRUN�OHYHO�LQGLFHV�XVLQJ�WKH�SDFNDJH�ELSDUWLWH IRU�5�>��@

DFFRUGLQJ�WR�IRUPXODH�GHVFULEHG�LQ�>��@��7KH�&RQQHFWDQFH LV�WKH�SURSRUWLRQ�RI�

UHDOLVHG� OLQNV� DPRQJ� DOO� SRVVLEOH� OLQNV� DQG� LW� LV� D� ELQDU\� LQGH[�� 7KH� /LQNV�

'HQVLW\��LV�WKH�PHDQ�QXPEHU�RI�OLQNV�SHU�VSHFLHV�EXW�ZHLJKWHG�E\�WKH�QXPEHU�RI�

LQWHUDFWLRQV�� %RWK� UDQJH� IURP� �� WR� LWV�PD[LPXP� ��� 7KH�ZHLJKWHG�1HVWHGQHVV�

GHVFULEHV� WKH� WHQGHQF\� RI� PRUH� VSHFLDOL]HG� VSHFLHV� WR� LQWHUDFW� ZLWK� WKH�

JHQHUDOLVWV� SRRO�� ,W� ZDV� FDOFXODWHG� ZLWK� WKH� TXDQWLWDWLYH� 12') �1HVWHGQHVV�

EDVHG�RQ�2YHUODS�DQG�'HFUHDVLQJ�)LOO��ZKLFK�FRPSDUHV�WKH�PDUJLQDO�WRWDOV�DQG�

WKH�SURSRUWLRQ�RI�ILOOHG�PDWUL[�FHOOV�ORFDWHG�DW�WKH�VDPH�SRVLWLRQ��,W�UDQJHV�IURP�

�� WR� ���� �IXOO\� QHVWHG��� 7KH�:HLJKWHG�0RGXODULW\ LV� D�PHDVXUH� RI� QHWZRUN¶V�

SDUWLWLRQ� LQWR� FOXVWHUV� RI� LQWHUDFWLRQV� �³PRGXOHV´�� ³FRPSDUWPHQWV´�� ³VXE�

QHWZRUNV´��� LW� ZDV� FRPSXWHG� E\� WKH� DOJRULWP�',57/3$ZE�� >��@ DQG� UDQJHV�

IURP� �� WR� LWV� PD[LPXP� ���:H� DOVR� FDOFXODWHG� VHYHUDO� LQGLFHV� GHVFULELQJ� WKH�

OHYHO� RI� VSHFLDOLVDWLRQ� RI� LQWHUDFWLRQV� LQ� WKH� QHWZRUNV��7KH�:HLJKWHG�+�¶ LV� D�

PHDVXUH� RI� VSHFLDOL]DWLRQ� RI� WKH� QHWZRUN� EDVHG� RQ� 6KDQQRQ� HQWURS\� ZKLFK�

YDULHV� EHWZHHQ� �� DQG� �� �SHUIHFW� VSHFLDOLVDWLRQ��� ,W� GHVFULEHV� WKH� WHQGHQF\� RI�

QHWZRUNV¶� VSHFLHV� WR�GHYLDWH� IURP� WKH�VSHFLHV�PDUJLQDO� WRWDOV�DQG�VXPPDUL]HV�

WKH� DPRXQW� RI� LQWHUDFWLRQ� RYHUODS� EHWZHHQ� VSHFLHV� >��@��$� GLIIHUHQW� LQGH[� RI�

VSHFLDOLVDWLRQ� LV� WKH� 3DLUHG� 'LIIHUHQFH� ,QGH[ �3',��� ZKLFK� LQGLFDWHV� WKH�

VSHFLILFLW\�RI�TXDQWLWDWLYH�UHVRXUFH�XVH�RI�LQGLYLGXDO�VSHFLHV�>��@��ZH�FDOFXODWHG�

WKH�PHDQ�DFURVV�VSHFLHV�LQ�HDFK�QHWZRUN�ZHLJKWHG�E\�VSHFLHV�VWUHQJWK�WR�REWDLQ�

D� QHWZRUN�OHYHO�PHDVXUH� RI� VSHFLDOLVDWLRQ��:HLJKWHG�*HQHUDOLW\ �LQVHFWV�� DQG�
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9XOQHUDELOLW\ �SODQWV��DUH�WKH�ZHLJKWHG�PHDQ�HIIHFWLYH�QXPEHUV�RI�SDUWQHUV��WKDW�

LV� RI� SODQWV� IRU� WKH� SROOLQDWRUV�� DQG� RI� SROOLQDWRUV� IRU� SODQWV���:H� FDOFXODWHG�

WKHVH�LQGLFHV�DOVR�IRU�GDWD�IURP�WKH�XQPDQLSXODWHG��FRQWURO�VLWH�FROOHFWHG�DW�WKH�

VDPH�WLPH�DV�GDWD�LQ�WKH�H[SHULPHQWDO�VLWHV�IRU�FRPSDULVRQ�

6SHFLHV�OHYHO�LQGH[HV�RI�QHWZRUN�DQDO\VHV�ZHUH�FDOFXODWHG�DV�IROORZV��7KH�

ZHLJKWHG� FRQQHFWLYLW\� DQG� SDUWLFLSDWLRQ� �DOVR� QDPHG� F� DQG� ]�YDOXHV�� ZHUH�

FRPSXWHG�ZLWK�UQHWFDUWR SDFNDJH�IRU�5�>��@ DQG�DFFRXQW�DOVR�IRU�WKH�VWUHQJWK�RI�

LQWHUDFWLRQV�>��@��7KH\�H[SUHVV�PRGXODULW\�UHODWHG�UROHV�DQG�PHDVXUH�WKH�DELOLW\�

RI� D� VSHFLHV� WR� FRQQHFW� VSHFLHV� EHWZHHQ�PRGXOHV� �FRQQHFWLYLW\�� RU� WR� LQWHUDFW�

ZLWK� VSHFLHV� RI� WKH� VDPH� PRGXOH� �SDUWLFLSDWLRQ��� :HLJKWHG� (LJHQYHFWRU�

&HQWUDOLW\ GHVFULEHV� WKH� VSHFLHV¶�SRVLWLRQ� LQ� WKH�QHWZRUN�SURSRUWLRQDOO\� WR� WKH�

FHQWUDOLWLHV�RI�WKH�VSHFLHV�LW�LQWHUDFW�ZLWK��7KXV��KLJK�HLJHQYHFWRU�FHQWUDOLWLHV�DUH�

H[SHFW� IURP�VSHFLHV�ZKLFK�FRQQHFW� VSHFLHV� LQWHUDFWLQJ�ZLWK�PDQ\�RWKHUV�� ,W� LV�

FRPSXWHG�IURP�YDOXHV�RI�WKH�ILUVW�HLJHQYHFWRU�RI�WKH�LQWHUDFWLRQ�PDWUL[�>��@��:H�

XVHG�WKH�LJUDSK SDFNDJH�IRU�5�IRU�WKH�FDOFXODWLRQV�>��@�� $V�ZHLJKWHG�PHDVXUHV�

RI� VSHFLHV� VSHFLDOL]DWLRQ�� 3', �VHH� DERYH�� DQG� G¶ ZHUH� FDOFXODWHG� LQ� � WKH�

ELSDUWLWH SDFNDJH� IRU�5�� WKH� ODWWHU� LV� D�PHDVXUH� EDVHG� RQ� LQWHUDFWLRQV� RYHUODS�

DPRQJ�VSHFLHV�>��@�

1HWZRUN�UREXVWQHVV

1HWZRUN�UREXVWQHVV�ZDV�FDOFXODWHG�IRU�HDFK�VLWH�DQG�UHPRYDO�VWDJH�E\�XVLQJ�WKH�

VWRFKDVWLF� FRH[WLQFWLRQ� PRGHO� �6&0�� ZKLFK� DOORZV� TXDQWLWDWLYH� GDWD� DQG�

RYHUFRPHV� VRPH� DVVXPSWLRQV� RI� WKH� SUHYLRXVO\� XVHG� WRSRORJLFDO� FRH[WLQFWLRQ�

PRGHO� >��@�� ,Q� EULHI�� WKH� 6&0� VLPXODWHV� H[WLQFWLRQ� FDVFDGHV� E\� UHPRYLQJ� D�

VSHFLHV�DQG� WUDFNLQJ� WKH�QXPEHU�RI�VSHFLHV� WKDW�EHFRPH�H[WLQFW�DIWHUZDUGV��RI�

HLWKHU� WURSKLF� OHYHOV��DQG� WKXV� LW� DOORZV�FRPSOH[�FRH[WLQFWLRQ�FDVFDGHV� �H�J�� D�

SODQW� F� JHWV� H[WLQFW� DIWHU� D� SROOLQDWRU� E� KDV� JRQH� H[WLQFW� EHFDXVH� SODQW� D�ZDV�

UHPRYHG� IURP�WKH�QHWZRUN���)RU�HDFK�VSHFLHV�RI�D�QHWZRUN�� WKH�SUREDELOLW\�RI�

H[WLQFWLRQ�LV�FDOFXODWHG�DV��3LM� �5L GLM��+HQFH��G�LV�D�PHDVXUH�RI�GHSHQGHQFH�RI�

WKH�SRSXODWLRQ�RI�L RQ�WKH�VSHFLHV�M DQG�LV�GLUHFWO\�GHULYHG�IURP�WKH�QHWZRUN�DV�

WKH�LQWHUDFWLRQ�VWUHQJWK�RI� L ZLWK�M GLYLGHG�E\�WKH�WRWDO�LQWHUDFWLRQ�VWUHQJWK�RI� L

ZLWK� DOO� LWV� SDUWQHUV��5� LV� DQ� LQWULQVLF�PHDVXUH�RI�GHPRJUDSKLF�GHSHQGHQF\�RI�

VSHFLHV� L RQ� WKH� SROOLQDWLRQ� PXWXDOLVP� ZLWK� M �L�H�� ILWQHVV��� 5� YDOXHV� FDQ� EH�
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DVVLJQHG�DV�D�FRQVWDQW�RU�UDQGRPO\�JHQHUDWHG�RU�FDOFXODWHG�HPSLULFDOO\�E\� WKH�

PHDQV�RI�SUR[LHV�>����@��

)RU�WKH�SODQWV�RI�WKH�VWXGLHG�VLWHV��5�ZDV�FDOFXODWHG�DV�WKH�DPRXQW�RI�SROOHQ�

WXEHV�JURZLQJ�LQ�WKH�SLVWLOV�DIWHU�LQVHFW�YLVLWDWLRQ��7KH�GHWDLOV�RQ�WKH�FROOHFWLRQ�

RI�WKHVH�GDWD��SROOHQ�WXEHV�SHU�SODQW�VSHFLHV�SHU�UHPRYDO�VWDJH��DUH�LQFOXGHG�LQ�

FKDSWHU���RI�WKLV�WKHVLV��7KHVH�GDWD�ZHUH�ILWWHG�WR�D�UHJUHVVLRQ��JOPHU ZLWK�OPH��

SDFNDJH� LQ� 5�� >��@�� ZLWK� WUHDWPHQW� DQG� YLVLWDWLRQ� DV� SUHGLFWRUV� �SROOHQ� WXEHV�

ZHUH� FROOHFWHG� RXWVLGH� WKH� WUDQVHFWV� DG� WKXV� D� PHDQ� YLVLWDWLRQ� IRU� HDFK� SODQW�

VSHFLHV� DFURVV� WKH� VDPSOLQJ� WUDQVHFWV� DFFRXQWV� RI� WKH� KLJK� YDULDWLRQ� LQ� LQVHFW�

DEXQGDQFHV�DPRQJ�WUDQVHFWV���SODQW�VSHFLHV�LGHQWLW\�ZDV�UDQGRP�IDFWRU�DQG�WKH�

3RLVVRQ�GLVWULEXWLRQ�ZDV�XVHG��7KLV�SURFHGXUH�DOORZHG�WR�DFFRXQW�IRU� UHSHDWHG�

PHDVXUHV�RQ�HDFK�SODQW�VSHFLHV�DQG�DOVR�WR�HVWLPDWH�ERWK�PHDQ�YDOXHV�RI�SROOHQ�

WXEHV� DPRQJ� VDPSOHG� SODQWV� �IXQFWLRQ�SUHGLFW LQ�5�� DQG� DOVR� IRU� WKRVH� SODQWV�

ZKHUH�SROOHQ�WXEHV�ZHUH�QRW�VDPSOHG��IXQFWLRQ�VLPXODWH LQ�5���7KH�5�YDOXHV�IRU�

WKH� SROOLQDWRUV� RI� WKH� VWXGLHG� VLWHV�ZHUH� FDOFXODWHG� DV� DPRXQW� WKH� VXP� RI� WKH�

VXJDUV�FRQWDLQHG�LQ�D�IORZHU�RI�WKH�SODQW�VSHFLHV�YLVLWHG�E\�D�SROOLQDWRU��EHFDXVH�

LW�LV�H[SHFWHG�WKDW�5�UHODWH�WR�WKH�LQWULQVLF�GHSHQGHQFH�RI�D�SROOLQDWRU�RQ�QHFWDU�

>��@��7KH�GHWDLOV�RQ�WKH�FROOHFWLRQ�RI�WKHVH�GDWD�DUH�LQFOXGHG�LQ�FKDSWHU���RI�WKLV�

WKHVLV�

:H�UXQ���� VLPXODWLRQV�RI�FDVFDGLQJ�6&0��)ROORZLQJ� >�@�� WKH�5�REWDLQHG�

YDOXHV�ZKHUH�FDWHJRUL]HG�LQ�³ORZ´�����������³ORZ�PHGLXP´�����������³PHGLXP´�

������������ �� ³PHGLXP�KLJK´� ��������� DQG� ³KLJK´� ���������� 7KHUHIRUH�� LQ� HDFK�

VLPXODWLRQ��D�5�YDOXH�ZDV�UDQGRPO\�JHQHUDWHG�ZLWKLQ�WKH�UDQJH�RI� WKH�UHODWLYH�

FDWHJRU\��$IWHUZDUGV��WKH�FRH[WLQFWLRQ�FDVFDGHV�ZHUH�WULJJHUHG E\�UHPRYLQJ�WKH�

VWURQJHVW�SODQW� VSHFLHV� �VSHFLHV�ZLWK� WKH�KLJKHVW� IUHTXHQF\�RI� LQWHUDFWLRQV��� VR�

WKDW�LW�ZRXOG�UHVHPEOH�WKH�UHPRYDO�VWUDWHJ\�DSSOLHG�LQ�WKH�ILHOG�

$�VLPLODU�SURFHGXUH�ZDV�SHUIRUPHG�DOVR�ZLWK�GDWD�IURP�WKH�WKH�FRQWURO�VLWH��

6LQFH� WKH� SUR[LHV� XVHG� WR� FDOFXODWH� 5� YDOXHV� LQ� WKH� UHPRYDO� VLWHV� ZHUH� QRW�

GLUHFWO\� DYDLODEOH� IRU� WKH� FRQWURO� VLWH�� WKH� ORZHU� DQG� XSSHU� ERXQGV� IRU� WKH� 5�

YDOXHV� IRU� D� JLYHQ� VSHFLHV� ZHUH� WDNHQ� IURP� WKH� FRUUHVSRQGLQJ� UHPRYDO� VLWH��

:KHQ�D�JLYHQ�VSHFLHV�ZDV�QRW�IRXQG�LQ�WKH�UHPRYDO�VLWHV����DQG���ZDV�VHW�IRU�

WKH�5�YDOXH�ERXQGV�
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)URP�WKHVH�VLPXODWLRQV��D�YDOXH�RI�³VWRFKDVWLF�UREXVWQHVV´�ZDV�FDOFXODWHG�LQ�

D�VLPLODU�IDVKLRQ�DV�WKH�FRPPRQO\�XVHG�UREXVWQHVV IXQFWLRQ�>��@ RI�WKH�ELSDUWLWH

SDFNDJH�IRU�5��,Q�GHWDLO��D�FXUYH�GHVFULELQJ�WKH�QXPEHU�RI�VXUYLYLQJ�VSHFLHV�ZDV�

GUDZQ� EDVHG� RQ� DOO� VHFRQGDU\� H[WLQFWLRQ� HYHQWV� IROORZLQJ� D� JLYHQ� �SULPDU\��

SODQW� H[WLQFWLRQ� DQG� WKH� DUHD� XQGHU� WKH� FXUYH� ZDV� FDOFXODWHG�� $V� QXPEHU� RI�

VHFRQGDU\� H[WLQFWLRQV�� DOO� H[WLQFWLRQ� UHFRUGHG� DV� FRQVHTXHQFH� RI� D� SULPDULO\�

H[WLQFW�SODQW�ZHUH�FRXQWHG��ERWK�H[WLQFW�SROOLQDWRUV�DQG�DOVR� WKH�SODQWV�H[WLQFW�

DIWHU�D�SROOLQDWRU¶V�H[WLQFWLRQ���7KH�PHDQ�QXPEHU�RI�VHFRQGDU\�H[WLQFWLRQV�IRU�

HDFK� SULPDU\� SODQW� UHPRYDO� DFURVV� DOO� VLPXODWLRQV� ZDV� XVHG� IRU� GUDZLQJ� WKH�

FXUYH�

&RPSRQHQWV�RI�LQWHUDFWLRQ�WXUQRYHU�

:H�TXDQWL¿HG� WKH� WXUQRYHU�RI� LQWHUDFWLRQV�DFURVV� WKH�UHPRYDO�VWDJHV�XVLQJ� WKH�

DSSURDFK�GHYHORSHG�LQ�>��@ DQG�XVHG�E\�>��@ LQ�WLPH�DQG�E\�>��@ LQ�VSDFH��7KLV�

PHWKRG� LV� EDVHG� RQ� FDOFXODWLQJ� LQWHUDFWLRQ� WXUQRYHU� �WKH� EHWD� GLYHUVLW\� RI�

VSHFLHV�LQWHUDFWLRQV�EHWZHHQ�SDLUV�RI�QHWZRUNV�VDPSOHG�LQ�GLIIHUHQW�WLPH�SHULRGV�

RU� ORFDWLRQV�� DQG� SDUWLWLRQLQJ� LW� LQWR� VSHFLHV� WXUQRYHU� �L�H��� WKH� GLYHUVLW\� RI�

LQWHUDFWLRQV�LQ�WKH�SRRO�RI�VSHFLHV�WKDW�DUH�QRW�VKDUHG�EHWZHHQ�WKH�WZR�QHWZRUNV��

DQG� UHZLULQJ� � RI� LQWHUDFWLRQV� �L�H�� VZLWFKLQJ� RI� SDUWQHUV� LQ� LQWHUDFWLRQV� DPRQJ�

VSHFLHV�ZKLFK�RFFXU�LQ�ERWK�QHWZRUNV���7KHVH�ZHUH�FDOFXODWHG�IRU�DOO�VLWHV�DQG�

FRQVHFXWLYH�SDLUV�RI�WUHDWPHQW�OHYHOV��EHIRUH�� ��VS��UHPRYHG����VS��UHPRYHG�± ��

VSS��5HPRYHG��DQG�VR�IRUWK��

:KLWWDNHU¶V�EHWD�GLYHUVLW\� LQGH[ ȕLQW >�D�E�F�� �� �� �D�E�F�� ���� ��@� �� ZDV�

XVHG DV� LQ >��@�� ZKHUH� ȕLQW LV� WKH� LQWHUDFWLRQ� GLVVLPLODULW\� �EHWD� GLYHUVLW\��

EHWZHHQ�WZR�QHWZRUNV��D LV�WKH�QXPEHU�RI�LQWHUDFWLRQV�VKDUHG�E\�WKHP��ZKLOH�E

DQG�F DUH�WKH�QXPEHU�RI� LQWHUDFWLRQV�XQLTXH�WR�HDFK�RI� WKHP��7KLV�DSSURDFK�LV�

EDVHG�RQ�D�TXDOLWDWLYH�UHSUHVHQWDWLRQ�RI�WKH�LQWHUDFWLRQV��ZLWK�ELQDU\�GDWD���DQG�

WKXV�WKH�EHWD�GLYHUVLW\�LV�EDVHG�RQ�WKH�QXPEHU�RI�LQWHUDFWLRQ�OLQNV�RI�WKH�VSHFLHV�

EHORQJLQJ�WR�HDFK�GLYHUVLW\�FRPSRQHQW�D��E��F��7R�DFFRXQW�IRU�WKH�IUHTXHQF\�RI�

LQWHUDFWLRQV��ZH�XVHG�D�TXDQWLWDWLYH�HVWLPDWLRQ�RI�EHWD�GLYHUVLW\��ZKHUH�WKH�VXP�

RI�LQWHUDFWLRQ�IUHTXHQF\�DFURVV�WKH�VSHFLHV�LQ�WKH�D��E��DQG�F FRPSRQHQWV�LV�XVHG�

IRU�WKH�FDOFXODWLRQV��LQVWHDG�RI�XVLQJ�RQO\�WKH�QXPEHU�RI�OLQNV�DV�LQ�>��@�



ϭϱϱ

)ROORZLQJ� >��@�� WKH�EHWD�GLYHUVLWLHV�ZHUH�GHFRPSRVHG� LQWR� WKH�FRPSRQHQW�

RI�VSHFLHV�WXUQRYHU�DQG�RI�UHZLULQJ��,Q�EULHI��ȕ:1  �ȕ67 ��ȕ26 ZKHUH�26�VWDQGV�

IRU� UHZLULQJ�� 67� IRU� VSHFLHV� WXUQRYHU� DQG� :1� IRU� WRWDO� GLYHUVLW\�� 7KHVH�

FRPSRQHQWV�ZHUH� H[WUDFWHG�ZLWK� WKH� IXQFWLRQ�EHWDOLQN LQ� WKH�SDFNDJH�EHWDOLQN

>��@��9DOXHV�IRU�WKHVH�LQGH[HV�UDQJH�IURP���WR����KLJKHU�YDOXHV�LQGLFDWH�KLJKHU�

WXUQRYHU�RU�UHZLULQJ�

6SHFLHV�OHYHO�UHZLULQJ�

)RU�HDFK� WUHDWHG�VLWH�� DQG�FRQVHFXWLYH�SDLUV�RI� WUHDWPHQW� OHYHOV� �EHIRUH� � �� VS��

UHPRYHG�� �� VS�� UHPRYHG� ± �� VSS�� UHPRYHG�� DQG� VR� IRUWK��� DQ� HVWLPDWLRQ� RI�

VSHFLHV¶� SDUWQHU� VKLIWLQJ� �L�H��� UHZLULQJ� E\� HVWDEOLVKLQJ� QHZ� OLQNV�� ZDV�

FDOFXODWHG�E\�PHDQV�RI�D�QHZ�LQGH[��,Q�GHWDLO��JLYHQ�D�SDLU�RI�QHWZRUN�PDWULFHV�

0D DQG�0E�� WKHQ�UL ��W�QL�OL�� ��W��ZKHUH�W� LV� WKH�WRWDO�QXPEHU�RI�VSHFLHV�ZKLFK�

VSHFLHV�L LQWHUDFWHG�ZLWK�LQ�WKH�QHWZRUN�SDLU��QL LV�WKH�DPRXQW�RI�QHZ�OLQNV��L�H��

VSHFLHV�FRQWDFWHG�E\�L RQO\�LQ�0E��DQG�OL LV�WKH�DPRXQW�RI�ORVW�OLQNV��L�H��VSHFLHV�

FRQWDFWHG�E\�L RQO\�LQ�0D EXW�QRW�LQ�0E��U LV�����ZKHQ�VSHFLHV�L KDV�VDPH�DPRXQW�

RI�QHZ�SDUWQHUV�DV�WKH�DPRXQW�RI�ORVW�RQHV��LI�Uĺ���VSHFLHV�L WHQGV�WR�KDYH�PRUH�

SDUWQHUV� LQ�0E WKDQ� WKH� ORVW� RQHV�� DQG� LI� Uĺ��� VSHFLHV� L WHQGV� WR� KDYH� OHVV�

SDUWQHUV�LQ�0E WKDQ�WKH�ORVW�RQHV��U  ��DQG�U ��UHVXOWV�ZKHQ�L LV�D�VSHFLHV�ZLWK�

RQO\�QHZ�OLQNV��DUULYLQJ�DW�WKH�VLWH�LQ�WKH�VHFRQG�XQLW�RI�WLPH��H�J��LQYDGHUV��RU�

ZLWK� RQO\� ORVW� OLQNV� �OHDYLQJ� WKH� VLWH� DIWHU� WKH� ILUVW� XQLW�� H�J�� H[WLQFWLRQV���

UHVSHFWLYHO\�� 7KHUHIRUH�� WKRVH� VSHFLHV� ZLWK� UDQJHV� ��U�� DUH� WUXO\� UHZLULQJ��

ZKLOH�VSHFLHV�ZLWK�YDOXHV�U � DQG�U � DUH�LQVWHDG�HPLJUDWLQJ�RU�LPPLJUDWLQJ�

7KLV�LQGH[�KDV�LWV�TXDQWLWDWLYH�FRXQWHUSDUW��LQ�ZKHUH�WKH�LQWHUDFWLRQ�VWUHQJWK�

RI�WKH�W��O��Q FRPSRQHQWV�LV�XVHG��LQVWHDG�RI�XVLQJ�RQO\�WKH�QXPEHU�RI�OLQNV��6R�

WKDW�OL LV�WKH�LQWHUDFWLRQ�VWUHQJWK�RI�DOO�OLQNV�ORVW�E\�VSHFLHV�L�LQ�WKH�QHZ�VLWXDWLRQ��

QL LV�WKH�LQWHUDFWLRQ�VWUHQJWK�RI�DOO�OLQNV�JDLQHG�E\�VSHFLHV�L��DQG�OLNHZLVH�W LV�WKH�

VWUHQJWK� RI� WKH� �XQLTXH�� VSHFLHV� YLVLWHG� LQ� HDFK� QHWZRUN� RI� WKH� SDLU�� 7KH�

LQWHUSUHWDWLRQ�LV�VLPLODU�WR�WKH�DERYH�RQH�ELQDU\�VSHFLHV�OHYHO�UHZLULQJ��



ϭϱϲ

7UHQGV�LQ�QHWZRUN�VWUXFWXUH�DQG�EHWD�GLYHUVLW\�FRPSRQHQW�RYHU�WKH�

H[SHULPHQWDO�WLPH

7KH� HIIHFW� RI VSHFLHV� UHPRYDO� RQ� QHWZRUN¶V� LQGH[HV� DQG� EHWD� GLYHUVLW\�

FRPSRQHQWV�ZHUH� WHVWHG� E\�PHDQV�RI� JHQHUDOL]HG� OLQHDU�PL[HG�HIIHFWV�PRGHOV�

ZLWK� WKH�JOPP70% SDFNDJH� LQ� WKH�5� HQYLURQPHQW� >��@��ZKHUH� D� JLYHQ� LQGH[�

ZDV� VHW� DV� UHVSRQVH� DQG� VLWH� ZDV� UDQGRP� LQWHUFHSW�� )RU� WKH� LQGH[HV� RI� EHWD�

GLYHUVLW\� FRPSRQHQWV�� SDLUV� RI� UHPRYDO� VWDJHV� ZHUH� XVHG� DV� FDWHJRULFDO�

SUHGLFWRU� YDULDEOH�� )RU� DOO� RWKHU� LQGH[HV�� WKH� QXPEHU� RI� UHPRYHG� SODQWV� ZDV�

XVHG�DV�QXPHULF�SUHGLFWRU��*DXVVLDQ�GLVWULEXWLRQ��ZLWK�LGHQWLW\�DV�OLQN�IXQFWLRQ��

RU� EHWD� �ZLWK� ORJLW� DV� OLQN� IXQFWLRQ��ZDV� XVHG� GHSHQGLQJ� RQ� WKH� UDQJH� RI� WKH�

UHVSRQVH�YDULDEOH�

$V�LQ�>��@��QHWZRUN�VL]H�DQG�DPRXQW RI�QHWZRUN�LQGH[HV�ZHUH�LQFOXGHG�LQ�

WKH�PRGHOV�LQ�RUGHU�WR�DFFRXQW�IRU�WKHLU�SRVVLEOH�HIIHFWV�RQ�WKH�QHWZRUNV�DW�HDFK�

WUHDWPHQW� OHYHO��7KH� WRWDO� DPRXQW�RI� LQWHUDFWLRQV�ZDV� LQFOXGHG�DV�SUHGLFWRU� LQ�

WKH� PRGHO� WR� DFFRXQW� IRU� LWV� SRVVLEOH� LQGLUHFW� HIIHFW� RQ� TXDQWLWDWLYH� QHWZRUN�

LQGH[HV� DQG� ZDV� FDOFXODWHG� DV� WKH� VXP� RI� WKH� VWUHQJWKV� LQ� WKH� PDWUL[�� ,Q�

DGGLWLRQ��QHWZRUN�VL]H�ZDV�REWDLQHG�DV�WKH�QXPEHU�RI�DQLPDO�VSHFLHV�PXOWLSOLHG�

E\� WKH� QXPEHU� RI� SODQW� VSHFLHV� �H[FOXGLQJ� QRQ� LQWHUDFWLQJ� VSHFLHV�� DQG� ZDV�

LQFOXGHG� DV� SUHGLFWRU� YDULDEOH� LQ� WKH� PRGHO� LQ� RUGHU� WR� DFFRXQW� IRU� SRVVLEOH�

HIIHFW�RI�QHWZRUN�VL]H�RQ�WKH�LQGH[HV��'HOWD�RU�]�WUDQVIRUPDWLRQ�RI�LQGH[�YDOXHV�

DUH� RWKHU� SRVVLELOLWLHV� RI� VWDQGDUGL]DWLRQ� E\� PDWUL[� VL]H�� EXW� WKH\� FDQ� FDXVH�

ELDVHV� >��@�� DQG� WKH\� DUH�PDLQO\� XVHG� WR� WHVW� GHSDUWXUH� IURP� UDQGRPQHVV� >�@��

ZKLOH�ZH� DLPHG� DW� WHVWLQJ� WKH� HIIHFW� RI� D� WUHDWPHQW� LQ� FDXVLQJ� VSHFLILF� WUHQGV�

�L�H��LQFUHDVH�RU�GHFUHDVH�RI�DQ�LQGH[���7KHVH�WZR�SUHGLFWRUV��QHWZRUNV�VL]H�DQG�

LQWHUDFWLRQ�DPRXQW��ZHUH�H[FOXGHG�IURP�WKH�VWDWLVWLFDO�PRGHOV�LI�UHVXOWHG�WR�EH�

QRW�VLJQLILFDQW��S!�������0RUHRYHU��WR�DFFRXQW�IRU�HIIHFWV�RI�IDFWRUV�QRW�GXH�WR�

WKH� WUHDWPHQW�� VWDWLVWLFDO� UHJUHVVLRQV� VLPLODU� WR� WKRVH� GHVFULEHG� DERYH� ZHUH�

SHUIRUPHG�ZLWK�D�JLYHQ�LQGH[�LQ�WKH�FRQWURO�VLWH�DV�DQ�RIIVHW�DV�LQ�FKDSWHU���RI�

WKLV�WKHVLV��IRU�ERWK�QHWZRUN�LQGLFHV�DQG�EHWD�GLYHUVLW\�FRPSRQHQWV�

)RU� VSHFLHV� OHYHO� LQGH[HV� LQ� QHWZRUN� DQDO\VHV�� SODQWV� ZHUH� DQDO\]HG�

VHSDUDWHO\�IURP�SROOLQDWRUV��7KH�HIIHFW�RI SODQW�UHPRYDO�ZDV�WHVWHG�E\�PHDQV�RI�

JHQHUDOL]HG� OLQHDU� PL[HG� HIIHFWV� PRGHOV�� LQ� ZKHUH� D� JLYHQ� LQGH[� ZDV� VHW� DV�
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UHVSRQVH� YDULDEOH�� WKH� QXPEHU� RI� UHPRYHG� SODQWV� ZDV� SUHGLFWRU� DQG� VSHFLHV�

LGHQWLW\�ZLWKLQ�VLWH�ZDV�VHW�DV�UDQGRP�VORSH��*DXVVLDQ�GLVWULEXWLRQ��ZLWK�LGHQWLW\�

DV� OLQN� IXQFWLRQ�� RU� EHWD� GLVWULEXWLRQ� �ZLWK� ORJLW� DV� OLQN� IXQFWLRQ�� ZDV� XVHG�

GHSHQGLQJ�RQ�WKH�SURSHUWLHV�RI�WKH�UHVSRQVH�YDULDEOH��6SHFLHV�OHYHO�UHZLULQJ�ZDV�

DQDO\]HG�VLPLODUO\�EXW�LQVWHDG�SDLUV�RI�UHPRYDO�VWDJHV�ZHUH�XVHG�DV�FDWHJRULFDO�

SUHGLFWRU� YDULDEOH�� EHWD� GLVWULEXWLRQ� �ZLWK� ORJLW� DV� OLQN� IXQFWLRQ�� ZDV� XVHG�

EHFDXVH�RQO\�WKH�VSHFLHV�WUXO\�UHZLULQJ����U����ZHUH�DQDO\]HG��

'DWD� IURP� WKH�FRQWURO� VLWH�ZHUH�QRW� LQFOXGHG�EHFDXVH�QRW�DOO� VSHFLHV�ZHUH�

VKDUHG� ZLWK� WKH� UHPRYDO� VLWHV�� WKXV� SURKLELWLQJ� D� GLUHFW� FRPSDULVRQ� RI� WKH�

VSHFLHV�OHYHO�GDWD�

'ULYHUV�RI�LQWHUDFWLRQV�DQG�VLPXODWLRQ�PRGHOV

)RU�HDFK�VLWH�DQG�IRU�HDFK�WUHDWPHQW�VWDJH��VHYHUDO�SUREDELOLW\�EDVHG�VLPXODWLRQ�

PRGHOV� ZHUH� FRQVWUXFWHG� WR� H[SORUH� ZKDW� HFRORJLFDO� IDFWRUV� GHWHUPLQHG� WKH�

REVHUYHG� QHWZRUNV� LQGH[HV� DQG� EHWD� GLYHUVLW\� FRPSRQHQWV� RYHU� WKH� VWXG\�

SHULRG� 7KH�SUREDELOLW\�PDWULFHV�ZHUH�WKH�IROORZLQJ������18//��1���WKH�PDWUL[�

LV�ILOOHG�ZLWK��V�VR�WKDW�DOO�VSHFLHV�KDYH�WKH�VDPH�SUREDELOLW\�RI�LQWHUDFWLRQV��LW�

VHUYHV� WR� H[SORUH� WKH� SRVVLELOLW\� WKDW� UDQGRPQHVV� LV� GULYLQJ� LQWHUDFWLRQV�� ����

$%81'$1&(6�� WKH�PDWUL[� LV� ILOOHG� ZLWK� HLWKHU� WKH� DPRXQW� RI� IORZHUV� RI� D�

SODQW� VSHFLHV� DW� DQ� H[SHULPHQWDO� WLPH� �3��� RU� WKH� DEXQGDQFH� RI� WKH� SROOLQDWRU�

VSHFLHV� FDOFXODWHG� DV� WRWDO� DEXQGDQFH� RI� WKH� LQWHUDFWLRQV� RI� DQ� LQVHFW� VSHFLHV�

RYHU�WKH�HQWLUH�VWXG\�VLWH��,���RU�RQ�WKH�HOHPHQW�ZLVH�PXOWLSOLFDWLRQ�RI�WKHVH�WZR�

FRPSRQHQWV��$� �3,��WKHVH�DUH�XVHG�WR�LQYHVWLJDWH�WKH�UROH�RI�HDFK�FRPSRQHQW�

RI�VSHFLHV�DEXQGDQFHV������0253+2/2*,&$/�0$7&+��0���WKH�PDWUL[�FHOOV�

DUH�ILOOHG�ZLWK���RQO\�ZKHQ�D�PRUSKRORJLFDO�PDWFK�EHWZHHQ�LQVHFW�PRXWKSDUWV�

OHQJWK�DQG�IORZHU¶V�QHFWDU�DOORFDWLRQ�GHSWK�RFFXUV� >��@��VXFK�DV� LQVHFW¶V�³ORQJ�

PRXWKSDUWV´�± IORZHU¶V�³KLGGHQ�QHFWDULHV´��³LQWHUPHGLDWH�PRXWKSDUWV´�± ³VHPL�

KLGGHQ�QHFWDULHV´�DQG�³VKRUW�PRXWKSDUWV´�± ³DFFHVVLEOH�QHFWDULHV´��OLNH�LQ�>��@��

LQVHFWV�ZHUH�FDWHJRUL]HG�DV�KDYLQJ�D�ORQJ�WRQJXH��!��PP���LQWHUPHGLDWH�WRQJXH�

��������� PP�� DQG� VKRUW� ������ PP��� ZKLOH� SODQWV� ZHUH� FDWHJRUL]HG� DV� QHFWDU�

KLGGHQ�LQ�IORZHU�VWUXFWXUHV��ODUJHU )DEDFHDH�DQG�IORZHUV�ZLWK�WXEXODU�FRUROOD���

VHPL� KLGGHQ� QHFWDULHV� �PRUH� RSHQ� WXEHV�� VKRUWHU� WXEHV� DQG� VPDOOHU� )DEDFHDH��

DQG� DFFHVVLEOH� QHFWDULHV� �YHU\� VKRUW� WXEHV� RU� RSHQ� IORZHUV��� ���� 68*$5�
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5(6285&(6� �6��� WKLV� PRGHO� DVVXPHV� WKDW� WKH� SUREDELOLW\� RI� SODQW�IORZHU�

YLVLWRU LQWHUDFWLRQ� LQFUHDVHV� ZLWK� WKH� DPRXQW� RI� VXJDU� SHU� IORZHU� WKH� SODQW�

SURYLGHV��L�H��WKH�SUREDELOLW\�PDWUL[�LV�ILOOHG�ZLWK�VWDQGDUGLVHG�DPRXQW�RI�VXJDU�

SHU� IORZHU� IRU� HDFK� SODQW� VSHFLHV >��@�� 7KH� DPRXQW� RI� VXJDUV� SHU� IORZHU�ZDV�

PHDVXUHG� VDPSOLQJ� QHFWDU� IURP� IORZHUV� EDJJHG� IRU� ��K� DQG� PHDVXULQJ� WKH�

FRQFHQWUDWLRQ� RI� GLIIHUHQW� VXJDUV� ZLWK� +3/&�� WKH� WRWDO� DPRXQW� RI� VXJDUV� SHU�

IORZHU�ZDV�WKHQ�FDOFXODWHG �VHH�FKDSWHU���RI�WKLV�WKHVLV���:H�DOVR�EXLOG�VHYHUDO�

VLPXODWLRQ� PRGHOV� ZKLFK� LQFOXGHG� D� FRPELQDWLRQ� RI� WKHVH� GULYHUV� E\�

PXOWLSO\LQJ� WZR� RU� WKUHH� RI� WKH� SUREDELOLW\� PDWULFHV� GHVFULEHG� DERYH��

VSHFLILFDOO\���$0�LV�WKH�FRPELQDWLRQ�RI�WKH�$��DEXQGDQFHV��SUREDELOLW\�PDWUL[�

DQG� WKH� 0� �PRUSKRORJ\� PDWFK�� PDWL[�� $6� LV� WKH� FRPELQDWLRQ� RI� $� DQG� 6�

�QHFWDU¶V� VXJDU� UHVRXUFHV�� SUREDELOLW\� PDWULFHV�� 06� LV� WKH� FRPELQDWLRQ� RI�

PRUSKRORJ\�DQG�UHVRXUFHV�SUREDELOLW\�PDWULFHV��WKH�$06�LV�WKH�FRPELQDWLRQ�

RI� WKH� WKUHH� SUREDELOLW\� PDWULFHV� $��0� DQG� 6�� )RU� HDFK� PDWUL[�� SUREDELOLWLHV�

ZHUH� REWDLQHG� E\� GLYLGLQJ� WKH� FHOOV� RI� WKH� PDWULFHV� E\� WKH� PDWUL[� VXP�� 7KH�

REWDLQHG�SUREDELOLW\�PDWULFHV�ZHUH�XVHG�WR�SURGXFH�����VLPXODWHG�QHWZRUNV�ZLWK�

PJHQ IXQFWLRQ�RI�WKH�ELSDUWLWH 5�SDFNDJH�>��@��7KLV�IXQFWLRQ�JHQHUDWHV�PDWULFHV�

RI�LGHQWLFDO�VL]H�DV�WKH�UHDO��REVHUYHG��QHWZRUN�DQG�ILOOV�D�PDWUL[�E\�GLVWULEXWLQJ�

WKH�TXDQWLW\�RI�WKH�LQWHUDFWLRQV�RI�WKH�UHDO�QHWZRUN WR�WKH�PDWUL[�FHOOV�DFFRUGLQJ�

WR� WKH� SUREDELOLW\� VSHFLILHG� E\� D� JLYHQ� SUREDELOLW\� PDWUL[�� &RQVHTXHQWO\�� IRU�

HDFK� RI� WKH� ��� VLPXODWHG� QHWZRUNV�� QHWZRUN� LQGLFHV� ZHUH� FDOFXODWHG� LQ� WKH�

VDPH�ZD\�DV�IRU�WKH�UHDO�QHWZRUN��VHH�DERYH���0HDQ�DQG�FRQILGHQFH�LQWHUYDOV�RI�

QHWZRUN�LQGLFHV�ZHUH�WKHQ�FDOFXODWHG��3UHGLFWLRQV�RI�D�JLYHQ�VLPXODWLRQ�PRGHO�

�³GULYHU´��ZHUH�FRQVLGHUHG�DV�FRQVLVWHQW�ZLWK�WKH�HPSLULFDO�REVHUYDWLRQV�ZKHQ�

WKH� ���� FRQ¿GHQFH� LQWHUYDO� RI� WKH� PRGHO¶V� LQGH[� GLVWULEXWLRQ� FRQVLVWHQWO\�

LQFOXGHG� WKH� REVHUYHG� YDOXH� RI� WKH� QHWZRUN� LQGH[�� 7KH� VDPH� SURFHGXUH� ZDV�

IROORZHG�ZLWK�FDOFXODWLQJ�EHWD�GLYHUVLW\�DQG�LWV�FRPSRQHQWV��VHH�DERYH��

7R�LQYHVWLJDWH�ZKLFK�RI� WKH�DERYH�GULYHUV�SURYLGHG�WKH�EHVW�ILW�LQ�WHUPV�RI�

SUHGLFWLQJ�WKH�RFFXUUHQFH�DQG�IUHTXHQF\�RI��WKH�VSHFLHV�SDLUZLVH�LQWHUDFWLRQV�LQ�

WKH� REVHUYHG� QHWZRUNV�� D� OLNHOLKRRG� DSSURDFK� ZDV� XVHG�� )ROORZLQJ� >��@�� D�

PXOWLQRPLDO�GLVWULEXWLRQ�ZDV�FDOFXODWHG�IURP�WKH�LQWHUDFWLRQ�IUHTXHQFLHV�RI�WKH�

REVHUYHG�QHWZRUN�DQG�WKH�SUREDELOLWLHV�RI�D�JLYHQ�SUREDELOLW\�PDWUL[��7KHUHIRUH��



ϭϱϵ

WKH�$NDLNH�LQIRUPDWLRQ�FULWHULD��$,&��ZDV�XVHG� WR�HYDOXDWH�WKH�DELOLW\�RI�HDFK�

SUREDELOLW\�PRGHO�WR�SUHGLFW�WKH�OLNHOLKRRG�RI�SDLUZLVH�LQWHUDFWLRQV��$V�LQ�>��@��

LQ� WKH� $,&� FDOFXODWLRQ�� WKH� QXPEHU� RI� SDUDPHWHUV� ZDV� VHW� DV� WKH� QXPEHU� RI�

VSHFLHV�RI�HDFK�SUREDELOLW\�PDWUL[�LQ�RUGHU�WR�ZHLJKW�HDFK�PRGHO¶V�FRPSOH[LW\��

L�H���QR��RI�SODQW�VSHFLHV���QR��RI�LQVHFW�VSHFLHV�QXPEHU�RI�SUREDELOLW\�PDWULFHV�

�ZKLFK�ZHUH���LQ�1��&B(��6��0��,��3����LQ�$ 3,�DQG�06����LQ�$0��$6�DQG��

�� LQ�$06��� 7KH� ǻ�$,&� ZDV� REWDLQHG� E\� VXEWUDFWLQJ� WKH� $,&� RI� WKH� EHVW�

ILWWLQJ�PRGHO�IURP�WKH�$,&�RI�HDFK�PRGHO�DQG�XVHG�WR�FRPSDUH�PRGHOV�

5HVXOWV

7KH�SODQW�IORZHU�YLVLWRU� QHWZRUNV�RI� WKH� H[SHULPHQWDO� VLWHV�ZHUH� VSHFLHV� ULFK��

6SHFLILFDOO\��ZH� IRXQG���� HQWRPRSKLORXV� SODQW� DQG� ���� IORZHU�YLVLWLQJ� LQVHFW�

VSHFLHV� LQ�6LWH���� ���SODQW� DQG����� LQVHFW� VSHFLHV� LQ�6LWH���� ���SODQW� DQG�����

LQVHFW�VSHFLHV�LQ�6LWH����([SHULPHQWDO�UHPRYDO�RI�RQH�WR�IRXU�PRVW�YLVLWHG�SODQW�

VSHFLHV� FDXVHG� D� QXPEHU� RI� FKDQJHV� LQ� WKH� VWUXFWXUH� RI� WKH� QHWZRUNV� DQG�

LQWHUDFWLRQV�DW�WKH�OHYHO�RI�LQGLYLGXDO�VSHFLHV�

1HWZRUN�DQG�VSHFLHV�LQGH[�WUHQGV�ZLWK�WUHDWPHQW

6HYHUDO� LQGLFHV� GHVFULELQJ� WKH� RYHUDOO� VWUXFWXUH� RI� WKH� QHWZRUNV� FKDQJHG�

VLJQLILFDQWO\� LQ� UHVSRQVH� WR� WKH� UHPRYDO� RI� PRVW� YLVLWHG� � SODQWV� �)LJ�� ����

6SHFLILFDOO\�� PRGXODULW\� DQG� WZR� PHDVXUHV� RI� VSHFLDOL]DWLRQ� �+�¶� DQG� 3',��

LQFUHDVHG�ZLWK� WKH�QXPEHU�RI� UHPRYHG�SODQWV��ZKLOH�SROOLQDWRU�QHVWHGQHVV�DQG�

JHQHUDOLW\�GHFUHDVHG��7KH� VWDWLVWLFDO� UHVXOWV� DUH� VXPPDULVHG� LQ� 7DEOH����:KHQ�

ZH� LQFOXGHG� YDOXHV� RI� WKHVH� LQGLFHV� IURP� WKH� FRQWURO� VLWH� DV� DQ� RIIVHW� LQ� WKH�

*/00� PRGHOV�� WKH� WUHQG� LQ� LQFUHDVLQJ� VSHFLDOL]DWLRQ� PHDVXUHG� DV� +�¶� DQG�

SROOLQDWRUV¶�JHQHUDOLW\�ZDV�QR�ORQJHU�VLJQLILFDQW�EHFDXVH�WKHVH�LQGLFHV�LQFUHDVHG�

DOVR� LQ� WKH�XQPDQLSXODWHG� FRQWURO� VLWH�GXULQJ� WKH� VDPH� WLPH�SHULRG� �7DEOH�����

+RZHYHU�� WKH� WUHQG�RI� LQFUHDVLQJ�PRGXODULW\� DQG� VSHFLDOLVDWLRQ� EDVHG� RQ�3',�

DQG�GHFUHDVLQJ�QHVWHGQHVV�ZDV�FRQILUPHG�� ,Q�DGGLWLRQ��WKHUH�ZDV�D�VWDWLVWLFDOO\�

VLJQLILFDQW�LQFUHDVH�LQ�OLQN�GHQVLW\�DQG�SODQW�YXOQHUDELOLW\��WKH�HIIHFWLYH�QXPEHU�

RI�SDUWQHUV���ZKHQ�WKH�YDOXHV�RI�WKHVH�LQGLFHV�LQ�WKH�FRQWURO�VLWH�ZHUH�LQFOXGHG�

DV�DQ�RIIVHW��7DEOH����)LJ�����



ϭϲϬ

)RU� VSHFLHV� OHYHO� DQDO\VHV�� SODQWV� DQG� SROOLQDWRUV� VSHFLHV� GLIIHUHG� LQ�

UHVSRQVHV� �)LJ�� ���� $GGLWLRQDO� VWDWLVWLFDO� UHVXOWV� DUH� LQ� 7DEOH� ��� )RU� SODQWV��

FRQQHFWLYLW\��HLJHQYHFWRU�FHQWUDOLW\�DQG�VSHFLDOL]DWLRQ��G¶��LQFUHDVHG�ZKLOH�3',�

GHFUHDVHG� ZLWK� SODQW� VHTXHQWLDO� UHPRYDO�� &RQYHUVHO\�� SROOLQDWRUV� PDLQWDLQHG�

WKHVH�LQGLFHV�QHDUO\�FRQVWDQW�ZLWK�SODQW�UHPRYDO��3DUWLFLSDWLRQ�GLG��QRW�FKDQJH�

VLJQLILFDQWO\�LQ�UHVSRQVH�WR�SODQW�UHPRYDO�

7DEOH ��� � 6WDWLVWLFV� RI� WKH� QHWZRUN� OHYHO� LQGH[HV� DQG�QHWZRUN� LQWHUDFWLRQ� WXUQRYHU
FRPSRQHQWV�� (DFK� URZ� LV� D� VHSDUDWH� JHQHUDOL]HG�PL[HG� HIIHFW� PRGHO� DQG� WKH� WHVW� LV�
REWDLQHG�E\�FRPSDULQJ�ZLWK�D�PRGHO�ZLWKRXW�WUHDWPHQW�DV�SUHGLFWRU��IXUWKHU�GHWDLOV�DUH�
LQ�0HWKRGV��:1� LV� WRWDO� EHWD�GLYHUVLW\��26� LV� WKH� UHZLULQJ�RI� LQWHUDFWLRQV��67� LV� WKH�
VSHFLHV� WXUQRYHU� EHWZHHQ� QHWZRUNV� SDLUV�� ³:�´� VWDQGV� IRU� ³ZHLJKWHG´�� ǻ$,& LV�
FDOFXODWHG� DV� $,&L� � $,&PLQ�� ,Q� EROG� WKH� VWDWLVWLFDOO\� VLJQLILFDQW� SUHGLFWRUV� DUH�
KLJKOLJKWHG� �3�������� 6LJQLILFDQFH� RI� WKH� PRGHOV� LQFOXGLQJ� WKH� RIIVHWV� RI� ZLWK� WKH�
FRQWURO�VLWH¶V�LQGH[HV�DUH�JLYHQ��

'I ǻ$,& Ȥ� 3
3�ZLWK�

FRQWURO�RIIVHW

&RQQHFWDQFH � ����� ����� ����� �����

/LQN�GHQVLW\ � ����� ����� ����� �����

:��12') � ����� ����� ����� �����

:��0RGXODULW\ � ����� ����� ����� �����

:��+�¶ � ������ ������ ������ �����

:��1HWZRUN¶V�3', � ����� ����� ����� �����

:��JHQHUDOLW\��SROOLQDWRUV� � ������ ������ ������ �����

:��YXOQHUDELOLW\��SODQWV� � ����� ����� ����� �����

6WRFKDVWLF�UREXVWQHVV � ����� ����� ����� �����

:1��ȕ� � ����� ����� ����� �����

26��UHZLULQJ� � ����� ����� ����� �����

67��WXUQRYHU� � ����� ����� ����� �����

:��:1��ȕ� � ����� ����� ����� �����

:��26��UHZLULQJ� � ����� ����� ����� �����

:��67�WXUQRYHU� � ����� ����� ����� �����



ϭϲϭ

7DEOH� � �� 6WDWLVWLFV� RI� WKH� VSHFLHV� OHYHO� LQGH[HV� RI� WKH� QHWZRUN� DQDO\VHV� DQG� RI� WKH�
LQWHUDFWLRQ�UHZLULQJ��(DFK�URZ�LV�D�VHSDUDWH�JHQHUDOL]HG�PL[HG�HIIHFW�PRGHO�DQG�WKH�WHVW�
LV� REWDLQHG� E\� FRPSDULQJ� ZLWK� D� PRGHO� ZLWKRXW� SUHGLFWRU�� IXUWKHU� GHWDLOV� DUH� LQ�
PHWKRGV�� ǻ$,& LV� FDOFXODWHG� DV� $,&L� � $,&PLQ�� ,Q� EROG� WKH� VWDWLVWLFDOO\� VLJQLILFDQW�
SUHGLFWRUV�DUH�KLJKOLJKWHG��3��������³:�´�VWDQGV�IRU�³ZHLJKWHG´�

3ROOLQDWRUV

'I ǻ�$,& Ȥ� 3

:��FRQQHFWLYLW\ � ����� ����� �����

:��SDUWLFLSDWLRQ � ����� ����� �����

:��HLJHQYDOXH�FHQWUDOLW\ � ������ ������ ������

:��G¶ � ����� ����� �����

:��3', � ����� ����� �����

U��UHZLULQJ� � ����� ����� �����

:��U��UHZLULQJ� � ����� ����� �����

3ODQWV

:��FRQQHFWLYLW\ � ������ ������ ������

:��SDUWLFLSDWLRQ � ����� ����� �����

:��HLJHQYDOXH�FHQWUDOLW\ � ����� ����� �����

:��G¶ � ����� ����� �����

:��3', � ������ ������ ������

U��UHZLULQJ� � ����� ����� �����

:��U��UHZLULQJ� � ����� ����� �����

5HZLULQJ�RI�QHWZRUNV�DQG�VSHFLHV�ZLWK�WUHDWPHQW

:H� GHWHFWHG� D� YHU\� KLJK� OHYHO� RI� LQWHUDFWLRQ� WXUQRYHU� GXULQJ� WKH� UHPRYDO�

H[SHULPHQW��,Q�WKH�ELQDU\�YHUVLRQ��WKH�RYHUDOO�LQWHUDFWLRQ�WXUQRYHU��:1��UDQJHG�

EHWZHHQ� ����� DQG� ������ ZLWK� D� ODUJHU� SURSRUWLRQ� RI� LQWHUDFWLRQ� WXUQRYHU�

DWWULEXWDEOH� WR� UHZLULQJ� �26�� IURP������ WR������� WKHQ� WR� VSHFLHV� WXUQRYHU� �67��

IURP� ����� WR� ������� GHSHQGLQJ� RQ� VLWH� DQG� VDPSOLQJ� SHULRG� �)LJ�� ���� ,Q� WKH�

TXDQWLWDWLYH�YHUVLRQ��WKHVH�LQGH[HV�KDG�VLPLODU�UDQJHV��7KHUH�ZDV�QR�VWDWLVWLFDOO\�

VLJQLILFDQW�WUHQG�LQ�WKH�YDOXHV�RI�UHZLULQJ��VSHFLHV�WXUQRYHU��DQG�WRWDO�LQWHUDFWLRQ�

WXUQRYHU�LQ�UHVSRQVH�WR�WKH�WUHDWPHQW��)LJ�����7DEOH�����7KH�VSHFLHV�RI�WKH�WZR�



ϭϲϮ

OHYHOV�UHZLUHG�VLPLODUO\�DIWHU�SODQW�VSHFLHV�UHPRYDO��)LJ������7KHUH�ZDV�D�ODUJH�

LQWHUVSHFLILF�YDULDWLRQ�LQ�WKH�UHODWLYH�ORVV�RU�JDLQ�RI�LQWHUDFWLRQV��EXW�WKH�DYHUDJH

YDOXHV� FKDQJHG� OLWWOH�� 2QO\� WKH� LQVHFW� VSHFLHV� ELQDU\� UHZLULQJ� VLJQLILFDQWO\�

YDULHG�LQ�UHVSRQVH�WR�WKH�UHPRYDO�WUHDWPHQW��7DEOH����

'ULYHUV�RI�QHWZRUN�FKDQJH

,Q� WKH� OLNHOLKRRG�DQDO\VLV�RI�SDLUZLVH� LQWHUDFWLRQ� IUHTXHQFLHV�EHWZHHQ�VSHFLHV��

WKH� DEXQGDQFHV�PRGHOV� XVXDOO\�SURYLGHG� WKH�EHVW�¿W�� HVSHFLDOO\� LQ� WKH� FDVH�RI�

LQVHFW DEXQGDQFHV PRGHO� �,���+RZHYHU�� WKH QXOO PRGHO� DVVXPLQJ� WKDW� DOO

LQWHUDFWLRQV�KDYH�WKH�VDPH�SUREDELOLW\��L�H��LQWHUDFWLRQV�KDSSHQ�UDQGRPO\��18���

SUHGLFWHG�WKH�LQWHUDFWLRQV�DV�WKH�UHPRYDO�RI�SODQWV�SURJUHVVHG��HVSHFLDOO\�LQ�WZR�

RI�WKH�WKUHH�VLWHV��,Q�DGGLWLRQ��WKH�PRGHO�EDVHG�RQ�WKH�DPRXQW�VXJDUV�LQ�QHFWDU�

�6��DOVR�KDG�ORZ�ǻ�$,&�YDOXHV��2WKHU�PRGHOV�ZHUH�JHQHUDOO\�QRW�SUHGLFWLQJ�WKH�

LQWHUDFWLRQV�ZHOO�

7KH�DELOLW\�RI�WKH�PRGHOV�WR�FRUUHFWO\�SUHGLFW�QHWZRUN�VWUXFWXUH�DV�GHVFULEHG�E\�

WKH� VHOHFWHG� QHWZRUN� LQGLFHV� ZDV� OLPLWHG� DV� QRQH RI� WKH� SUREDELOLW\� PRGHOV�

JHQHUDWHG�GLVWULEXWLRQV� WKDW�SUHGLFWHG�DOO�QHWZRUN� LQGLFHV� �L�H������FRQ¿GHQFH�

LQWHUYDOV�RI� WKH�PRGHO¶V� LQGH[�GLVWULEXWLRQ�FRQVLVWHQWO\� LQFOXGLQJ� WKH�REVHUYHG

QHWZRUN�LQGH[���7KH�GHWDLOV�DUH�VKRZQ�LQ�7DEOH�� DQG�LQ�6XSSOHPHQWDU\�)LJXUH�

�����&RQQHFWDQFH�ZDV�SRRUO\�SUHGLFWHG�DW�DOO�SODQW�UHPRYDO�VWDJHV��&RQYHUVHO\��

VRPH� LQGLFHV� ZHUH� SUHGLFWHG� LQ� DOO� VWDJHV�� DW� PRVW� VLWHV� �L�H�� :� 12')�� :��

*HQHUDOLW\��� 0RUHRYHU�� LQ� WKH� PDMRULW\� RI� WKH� LQGLFHV�� ERWK� PRGHOV� RI�

DEXQGDQFHV� �SODQW� DQG� LQVHFW�� DQG� DOVR� WKH�PXOWLSOLFDWLRQ� RI� DEXQGDQFH� ZLWK�

RWKHU�PRGHOV�ZHUH�FRQWULEXWLQJ�DW�H[SODLQLQJ�WKH�QHWZRUN�WRSRORJ\�

,Q� PRVW� RI� WKH� LQGLFHV� WKH� SUHGLFWRUV� XVXDOO\� FKDQJHG� DV� WKH� UHPRYDO� RI�

SODQWV�SURJUHVVHG��6SHFLILFDOO\��EHIRUH�UHPRYLQJ�SODQWV�VRPH�QHWZRUNV�LQGLFHV�

ZHUH�SUHGLFWHG�E\�PRGHOV�ZLWK�ORZ�FRPSOH[LW\��L�H��GUDZQ�IURP�RQH�SUREDELOLW\�

PDWUL[��� ZKLOH� DW� IROORZLQJ� UHPRYDO� VWDJHV� WKH� LQGLFHV� ZHUH� SUHGLFWHG� E\�

FRPSOH[�PRGHOV��L�H��IURP�WKH�PXOWLSOLFDWLRQ�RI�SUREDELOLW\�PDWULFHV��LQ�PRVW�RI�

WKH� VLWHV�� L�H�� :�� 1HWZRUN� 3',�� :�� *HQHUDOLW\�� :�� 0RGXODULW\�� :�� 12')��

&RQYHUVHO\�� WKH�PRGHOV¶�ILWWLQJ�DELOLW\�GHFUHDVHG�ZLWK�WKH�SURJUHVVLQJ�RI�SODQW�

UHPRYDO�IRU�:��9XOQHUDELOLW\�DQG�:��+�¶�



ϭϲϯ

)LJXUH�� ± 1HWZRUN�LQGH[HV¶�UHVSRQVHV�WR�SODQW UHPRYDO��³Z�´�VWDQGV�IRU�³ZHLJKWHG´��
6LJQLILFDQFHV� RI� SUHGLFWRUV� DUH� H[SUHVVHG� LQ�7DEOH�0�� 7KH� EODFN� OLQH� LV� WKH� DYHUDJH�
WUHQG�SUHGLFWHG� E\� WKH�PRGHOV�� FRORUHG� OLQHV� DUH� SUHGLFWLRQV� IRU� HDFK� VLWH�� SORWV ZLWK�
EODFN�OLQH�RQO\�ZHUH�QRW�VLJQLILFDQW�PRGHOV�



ϭϲϰ

)LJXUH� � ± 5HVSRQVHV� WR� SODQW UHPRYDO� RI� WKH� VSHFLHV� OHYHO� LQGH[HV� RI� WKH� QHWZRUN�
DQDO\VHV��³Z�´�VWDQGV�IRU�³ZHLJKWHG´��7KH�WZR�OHYHOV�DUH�VSDFHG�IRU�JUDSKLF�SXUSRVHV��
6LJQLILFDQFHV�RI�SUHGLFWRUV�DUH�H[SUHVVHG�LQ�7DEOH���

5HPDUNDEO\��LQ�VSHFLDOL]DWLRQ�LQGLFHV��D�UROH�ZDV�SOD\HG�E\�WKH�DEXQGDQFHV��

6R� WKDW� SROOLQDWRU¶V�:��*HQHUDOLW\�ZDV� SUHGLFWHG� E\� WKH� DEXQGDQFHV� RI� SODQWV�

DQG�RI�VXJDU�DPRXQW��6LPLODUO\��SODQW¶V�:��9XOQHUDELOLW\�ZDV�SUHGLFWHG�E\� WKH�

LQVHFW�DEXQGDQFHV��DW�WKH�ILUVW�VWDJHV�RI�WKH�UHPRYDO���DQG�DOVR�:��1HWZRUN�3',�



ϭϲϱ

ZDV� GHWHUPLQHG� E\� DEXQGDQFHV� �EXW� DW� WKH� ODVW� VWDJHV� RI� WKH� UHPRYDO���

$EXQGDQFHV�RI�LQVHFWV�DQG�RI�SODQWV�DOVR�ILWWHG�WKH�:��12')�DQG�DOVR�SUHGLFWHG�

GHFHQWO\� WKH� /LQN� 'HQVLW\� HVSHFLDOO\� LI� LQ� PXOWLSOLFDWLRQ� ZLWK� RWKHU� PRGHOV��

0RUSKRORJLFDO�PDWFKLQJ�PRGHOV�ZHOO�SUHGLFWHG�:��0RGXODULW\�EXW�RQO\�EHIRUH�

DQ\� UHPRYDO� KDSSHQHG�� 0RUSKRORJ\� LQ� LQWHUDFWLRQ� ZLWK� VXJDU� DPRXQW� DOVR�

SUHGLFWHG� WKH�:��12')�LQ�PRVW�VWDJHV��:��+�¶�ZDV�RQO\�SDUWO\�GHVFULEHG�E\�

PRGHOV� LQYROYLQJ� LQWHUDFWLRQV� RI� PRUSKRORJLFDO� PDWFK� ZLWK� DEXQGDQFHV� EXW�

RQO\�GXULQJ�WKH�ILUVW�VWDJHV�RI�UHPRYDO�

,Q� WKH� FDVH� RI� WKH� LQWHUDFWLRQV� WXUQRYHU�� RI� WKH� UHZLULQJ� DQG� RI� VSHFLHV�

WXUQRYHU� �:1��26��67��� WKH�PRGHOV�RI�DEXQGDQFHV�H[SODLQHG�PRVW�FDVHV��DQG�

HVSHFLDOO\� WKH� LQVHFW� DEXQGDQFHV� DQG� WKH� PXOWLSOLFDWLRQ� RI� SODQW� DQG� LQVHFW�

DEXQGDQFHV��7KH�GHWDLOV�DUH�VKRZQ�LQ�7DEOH�� DQG�LQ�6XSSOHPHQWDU\�)LJXUH������

7KLV�ZDV�DOVR�WKH�FDVH�RI�WKH�TXDQWLWDWLYH LQWHUDFWLRQ�WXUQRYHU�LQGH[HV �:��:1��

:��26��:��67��� HVSHFLDOO\� IRU� DOO�PRGHOV� LQFOXGLQJ� WKH�DEXQGDQFHV� �ERWK� WKH�

VLPSOHU�DQG� WKH�PRUH�FRPSOH[�RQHV��� ,Q� UHZLULQJ�DQG�DOVR� LQ�VSHFLHV� WXUQRYHU

LQGH[HV�� WKH�PRUSKRORJLFDO�PDWFKLQJ� DQG� WKH� VXJDU� DPRXQW� SUHGLFWHG� VHYHUDO�

FDVHV� DIWHU� WKH� ILUVW� SODQW� UHPRYDO�� EXW� WKH�PXOWLSOLFDWLRQ�RI� WKHVH� WZR�PRGHOV�

GHFUHDVHG�WKHLU�H[SODQDWRU\�DELOLW\�



ϭϲϲ

7DEOH�� ± /LNHOLKRRG�RI�SDLUZLVH�VSHFLHV�LQWHUDFWLRQV��ǻ$,&���,Q�EROG��WKH�SUREDELOLW\�PRGHOV�WKDW�EHVW�SUHGLFWHG�WKH�LQWHUDFWLRQV�
DUH�KLJKOLJKWHG��WKH�VHFRQG�LPSRUWDQW�SUREDELOLW\�PRGHOV�DUH�XQGHUOLQHG��0RGHOV�DFURQ\PV�DUH GHVFULEHG�LQ�WKH�0HWKRGV�

6LWH
6SHFLHV�

UHPRYHG
18 3 , $ 0 6 $6 $0 60 0$6

6LWH� ��VSS� ������� ������� ���� ������� ������� ������ ������� ������ ������� �������

6LWH� ��VSS� ������� ������� ���� ������� ������� ������ ������� ������� ������� �������

6LWH� ��VSS� ����� ����� ���� ����� ������ ����� ������ ������ ������ ������

6LWH� ��VSS� ������� ������� ���� ������� ������� ������ ������� ������ ������� �������

6LWH� ��VSS� ������ ������� ���� ������� ������� ������ ������� ������� ������� �������
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'LVFXVVLRQ

7KH�UHPRYDO�RI�WKH�PRVW�JHQHUDOLVW�SODQWV�IURP�WKH�SODQW�SROOLQDWRU�DVVHPEODJHV�

FDXVHG�FKDQJHV�LQ�WKH�VWUXFWXUH�RI�WKH�QHWZRUN��ERWK�DW�WKH�OHYHO�RI�WKH�WRSRORJ\�

RI� WKH�HQWLUH�QHWZRUNV�DQG�RI� LQWHUDFWLRQV�RI� LQGLYLGXDO�VSHFLHV��7KLV� LQGLFDWHV�

WKDW�FRUH�JHQHUDOLVW�VSHFLHV�DUH�LPSRUWDQW�IRU�WKH�GLVWULEXWLRQ�RI�LQWHUDFWLRQV�DQG�

IRU� PDLQWDLQLQJ� WKH� VWUXFWXUH� RI� HQWLUH� SODQW�SROOLQDWRU� DVVHPEODJHV�� DV�

SUHYLRXVO\�K\SRWKHVLVHG�>��������@��6XUH�HQRXJK��FKDQJHV�LQ�QHWZRUN�VWUXFWXUH�

ZHUH� UHFRUGHG� LQ� D� QXPEHU� RI� VWXGLHV�� DQG� QHJDWLYH� HIIHFWV� DUH� JHQHUDOO\�

UHSRUWHG�LQ�WKH�FRQWH[W�RI�KLJK�KDELWDW�GHJUDGDWLRQ�RU�ORZHUHG�VSHFLHV�ULFKQHVV�

>����������@�

,Q� WKH� VSHFLHV�ULFK� QHWZRUNV� RI� WKLV� VWXG\�� WKH� UHPRYDO� RI� FRUH� JHQHUDOLVW�

SODQWV� FDXVHG� D� OLQHDU� GHFUHDVH� LQ� QHVWHGQHVV�� WKDW� FRXOG� EH� YLHZHG� DV� D�

V\PSWRP� RI� KLJKHU� LQVWDELOLW\� >��@�� EHFDXVH� � VSHFLDOLVWV� VSHFLHV� PD\� EH� OHVV�

HQWDQJOHG� LQWR� WKH� JHQHUDOLVW� SRRO� >��@�� 7KLV� FRXOG� EH� FRUURERUDWHG� E\� WKH�

REVHUYHG� OLQHDU� LQFUHDVH� LQ� PRGXODULW\�� DV� DQ� LQFUHDVLQJ� HPHUJHQFH� RI� VXE�

QHWZRUNHG�VWUXFWXUH�DQG�� WKXV��V\PSWRP�RI�QHWZRUN�VKUHGGLQJ� >��@��+RZHYHU��

LQ� IRRG�ZHEV� LW� LV�EHOLHYHG� WKDW�KLJK�PRGXODULW\�DFWXDOO\�EXIIHUV� WKH�VSUHDG�RI�

DOWHUDWLRQV��H�J��H[WLQFWLRQV��LQWR�WKH�HQWLUH�ZHE�>��@��&RQYHUVHO\��LQ�PXWXDOLVWLF�

QHWZRUNV��FRPSDUWPHQWDOL]DWLRQ�LV�FRQWURYHUVLDO��:KHQ�KLJK��LW�FDQ�SUHYHQW�WKH�

DFFHVV� WR� DOWHUQDWLYH� UHVRXUFHV� �H�J�� YLVLWLQJ�SODQWV�RI�RWKHU�PRGXOHV�� RU�EHLQJ�

YLVLWHG� E\� QHZ� SROOLQDWRUV��� EXW� ZKHQ� ORZ�� LW� FDQ� FDXVH� D� FRVW� LQ� WHUPV� RI�

LQHIILFLHQF\� LQ� KDQGOLQJ� UHVRXUFHV� E\� IORZHU� YLVLWRUV� RU�� IRU� SODQWV�� LQ� EHLQJ�

YLVLWHG� E\� LQHIIHFWLYH� SROOLQDWRUV�� <HW�� E\� PHDQV� RI� QXPHULFDO� VLPXODWLRQV�� LW�

ZDV� VKRZQ� WKD� ORZHU� PRGXODULW\� SURPRWHV WKH� SHUVLVWHQFH� RI� PXWXDOLVWLF�

QHWZRUNV�>��@� +RZHYHU�� LQ� WKH�PDQLSXODWHG�QHWZRUNV�RI� WKLV�VWXG\�� WKH� WUHQGV�

RI�D�GHFUHDVLQJ�QHVWHGQHVV�DQG�LQFUHDVLQJ�PRGXODULW\�ZHUH�QRW�GLUHFWO\�UHODWHG�

WR�DQ\�WUHQG�LQ�WKH�VWRFKDVWLF�UREXVWQHVV�LQGH[��

'XULQJ� WKH� ILHOG� PDQLSXODWLRQ�� ZH� KDYH� REVHUYHG� DQ� LQFUHDVLQJ� WUHQG� RI�

VSHFLDOLVDWLRQ�ZLWK� SODQW� UHPRYDO�� SRVVLEO\� DV� D� UHVXOW� RI� GHFUHDVHG� SROOLQDWRU�

DEXQGDQFHV��VHH�FKDSWHU���LQ�WKLV�WKHVLV���$V�SUHYLRXVO\�REVHUYHG��UHGXFWLRQV�LQ�

QXPEHU RI�LQWHUDFWLRQV� DUH�UHODWHG WR� FKDQJHV LQ� QHWZRUN� VWUXFWXULQJ�>�����@�



ϭϲϵ

7DEOH � � 1HWZRUN� LQGH[HV� RYHUODS� EHWZHHQ� WKH� REVHUYHG� YDOXHV� DQG� WKH� FRQILGHQFH�
LQWHUYDOV�DIWHU���� VLPXODWLRQV�E\�WIROORZLQJ�SUREDELOLW\�PDWULFHV��18 QXOO��3 SODQW�
DEXQG���, ,QVHFW�DEXQG�� $ �DEXQG�� 0 PRUSKRORJLFDO�PDWFK��6 VXJDU�DPRXQW���5HG�
LV�IRU RYHUODS�LQ���VLWHV��RUDQJH�LV�IRU�RYHUODS�LQ���VLWHV�DQG�SLQN�LV�IRU���VLWH�

1HWZRUN�LQGH[
3ODQW�

UHPRYDO 1
8 3 , $ $
6

$
0

0
$

6

6
0 0 6

&RQQHFWDQFH

��VS� � � � � � � � � � �
��VS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �

/LQN�GHQVLW\

��VS� � � � � � � � � � �
��VS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �

:��12')

��VS� � � � � � � � � � �
��VS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �

:��0RGXODULW\

��VS� � � � � � � � � � �
��VS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �

:��+�


��VS� � � � � � � � � � �
��VS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �

:��1HWZRUN�3',

��VS� � � � � � � � � � �
��VS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �

:��*HQHUDOLW\��SROOLQDWRUV�

��VS� � � � � � � � � � �
��VS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �

:��9XOQHUDELOLW\��SODQW�

��VS� � � � � � � � � � �
��VS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �
��VSS� � � � � � � � � � �



ϭϳϬ

7DEOH � ± 1HWZRUN�LQWHUDFWLRQ�WXUQRYHU�RYHUODS�EHWZHHQ�WKH�REVHUYHG�YDOXHV�DQG�WKH�
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/LNHZLVH�� LQ� WKLV� VWXG\�� WKH�REVHUYHG� LQFUHDVHV RI�VRPH�VSHFLDOL]DWLRQ� LQGH[HV�

FRXOG�DOVR�KDYH�SOD\HG�D�UROH�LQ�FKDQJLQJ�PRGXODULW\�DQG�QHVWHGQHVV��DOWKRXJK�

WKLV� GLG� QRW� WUDQVODWH� LQWR� D� ORZHU� UREXVWQHVV�� 7KXV�� LW� LV� SRVVLEOH� WKDW� UH�

RUJDQL]DWLRQV� DW� VSHFLHV� OHYHO� LQWHUDFWLRQV� FRXOG� FDXVH� GHSDUWXUHV� IURP�

VFHQDULRV�H[SHFWHG�E\��RWKHU��QXPHULFDO�VLPXODWLRQV��

$FWXDOO\�� WKH� VWXGLHV� H[SORULQJ� UHODWLRQV� EHWZHHQ� QHWZRUN� VWUXFWXUHV� DQG�

VWDELOLW\� DUH� FRQVWDLQHG� RQ� D� UDWKHU� VWDWLF� VHW� RI� SODQWV� DQG� SROOLQDWRU�

DVVHPEODJHV�� 7KXV�� G\QDPLFDO� UH�RUJDQL]DWLRQV� RI� LQWHUDFWLRQV� DUH� XVXDOO\�

OLPLWHG� RU� DOORZHG� MXVW� UDQGRPO\� >������@�� ,Q� WKH� VWXGLHG� VLWHV�� VSHFLHV�

LQWHUDFWLRQV�UH�RUJDQL]HG�LQ�D�YHU\�G\QDPLFDO�\HW�DV\PPHWULFDO�ZD\��E\�WKH�IDFW�

WKDW�SODQW�VSHFLHV�FKDQJHG�WKHLU�VSHFLHV�OHYHO�LQGH[HV�EXW�SROOLQDWRUV�GLG�QRW��,Q�

RWKHU� ZRUGV�� ZKLOH� SROOLQDWRUV� ZHUH� UDWKHU� FRQVWDQW� LQ� WKHLU� ZLWKLQ�QHWZRUN�

SRVLWLRQV�� SODQW� VSHFLHV� EHFDPH� LQFUHDVLQJO\� FHQWUDOL]HG� �KLJKHU� FRQQHFWLYLW\���

FRQQHFWHG� RWKHU�PRUH� FHQWUDOL]HG� VSHFLHV� �HLJHQYHFWRU� FHQWUDOLW\�� DQG� EHFDPH�

VOLJKWO\�PRUH� JHQHUDOL]HG� �3',��� )XUWKHUPRUH�� WKH�QHWZRUN�OHYHO� UHZLULQJ�ZDV�

KLJK��DOWKRXJK�ZLWKRXW�D�FOHDU�OLQHDU�WUHQG�ZLWK�SURJUHVVLQJ�SODQW�UHPRYDO��DQG�

SOD\HG� D� ODUJHU� UROH� WKDQ� VSHFLHV� WXUQRYHU� LQ� WKH� SDUWLWLRQLQJ� RI� WKH� WRWDO�

LQWHUDFWLRQ� WXUQRYHU��DV� LQ� >��@��(YHQ� WKH�VSHFLHV�OHYHO� UHZLULQJ� LQGH[�VKRZHG�

IOXFWXDWLQJ�WUHQGV�EXW�WKH\�FHQWUHG�DURXQG�WKH�YDOXHV�LQGLFDWLQJ�WKDW�RQ�DYHUDJH�

WKH�QXPEHU�RI�ORVW�LQWHUDFWLRQV�ZDV�HTXDO�WR�WKH�QXPEHU�RI�QHZ�RQHV��7KLV�KLJK�

UHZLULQJ� UDWH� VXJJHVWV� WKDW� LQ� WKLV� V\VWHP� WKH� LQWHUDFWLRQV� DUH� KLJKO\� IOH[LEOH��

ZKLFK� DSSDUHQWO\� KHOSV� WR� PDLQWDLQ� WKH� VWDELOLW\� RI� WKH� SODQW�IORZHU� YLVLWRU�

QHWZRUNV� PRGLILHG� E\� VSHFLHV� ORVV� >�����@�� 7KXV�� ERWK� WKH� LQFUHDVHG� SODQW�

FHQWUDOLW\� DQG� WKH� VXE�FRQVWDQW� EXW� KLJK� OHYHO� RI� UHZLULQJ� FRXOG� H[SODLQ� ZK\�

QHWZRUN� UREXVWQHVV�� DV� HYDOXDWHG� E\� WKH� VWRFKDVWLF� FRH[WLQFWLRQ� PRGHO��

LQFUHDVHG�DV�PRUH�SODQWV�ZHUH UHPRYHG��

0HFKDQLVWLF�LQVLJKWV�LQWR�WKH�FKDQJLQJ�VWUXFWXUH�RI�WKH�SODQW�IORZHU�YLVLWRU�

QHWZRUNV� FDQ� EH� JDLQHG� E\� ILWWLQJ� D� VHW� RI� VLPXODWLRQ� PRGHOV� ZLWK� GLIIHUHQW�

FRPELQDWLRQV� RI� SRWHQWLDO� GULYHUV� RI� QHWZRUN� VWUXFWXUH� >�����������@��

,QWHUHVWLQJO\��D�GLIIHUHQW�SLFWXUH�HPHUJHV�GHSHQGLQJ�RQ�ZKHWKHU�ZH�IRFXV�RQ�WKH�

DELOLW\�RI�WKH�PRGHOV�WR�SUHGLFW�D�VHW�RI�LQGLFHV�GHVFULELQJ�VWUXFWXUDO�IHDWXUHV�RI�

WKH�QHWZRUNV�RU�WKHLU�DELOLW\�WR�SUHGLFW�LQGLYLGXDO�SDLUZLVH�LQWHUDFWLRQV�
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,Q� WKH�DQDO\VLV�RI�QHWZRUN LQGLFHV� �7DEOH����� WKH�PRVW�FRQVLVWHQW� ILW� WR� WKH�

REVHUYHG� GDWD�� L�H�� PRVW� LQGLFHV� DW� OHDVW� LQ� VRPH� VLWHV� DQG� UHPRYDO� VWDJHV�

FRUUHFWO\�SUHGLFWHG��ZDV�DFKLHYHG�E\� WKH�PRVW�FRPSOH[�PRGHO�ZKLFK�DVVXPHG�

WKDW� WKH� SUREDELOLW\� RI� LQWHUDFWLRQV� GHSHQGV� RQ� WKH� FRPELQDWLRQ� RI� SODQW� DQG�

LQVHFW�DEXQGDQFH��PRUSKRORJLFDO�PDWFK��DQG�WKH�DPRXQW�RI�UHZDUGV��VXJDUV�SHU�

IORZHU���7KLV� WRRN�SODFH� HVSHFLDOO\�ZLWK� WKH�SURJUHVVLQJ�RI� WKH�SODQW� UHPRYDO��

WKDW� PD\� VXJJHVW� D� SURPLQHQFH� RI� QHWZRUN� FRPSOH[LW\� ZLWK� JHQHUDOLVW� SODQW�

ORVV� &RQYHUVHO\��VRPH�RI�WKH�VLPSOHU�PRGHOV�SUHGLFWHG�VRPH�RI�WKH�LQGLFHV�ZHOO�

DQG� RWKHUV� SRRUO\�� ,Q� SDUWLFXODU�� WKH� PRGHO� EDVHG� VROHO\� RQ� SODQW� DEXQGDQFH�

SUHGLFWHG� QHVWHGQHVV� DQG� LQVHFW� JHQHUDOLW\� SDUWLFXODUO\� ZHOO�� 7KLV� UHIOHFWV� WKH�

UROH�RI�DEXQGDQW�JHQHUDOLVW�SODQWV��ZKLFK�LQWHUDFW�ZLWK�D�ODUJH�QXPEHU�RI�LQVHFW�

VSHFLHV� DQG� WKXV� IRUP� WKH� JHQHUDOLVW� FRUH� RI� WKH� QHWZRUN� ZKLFK� FRQQHFWV�

GLIIHUHQW�PRGXOHV�>��@ DQG�GULYHV�WKH�QHVWHG�SDWWHUQ�W\SLFDO�IRU�SODQW�SROOLQDWRU�

QHWZRUNV� >��@�� ,W� LV�ZRUWK� WR� KLJKOLJKW� WKDW� LQ� WKLV� VWXG\�� WKH� SODQW� DEXQGDQFH�

ZDV�PHDVXUHG�DV�WKH�QXPEHU�RI�IORZHUV�LQ�WKH�VDPSOLQJ�WUDQVHFWV��VR�WKLV�UHVXOW�

LV� QRW� ELDVHG� E\� XVLQJ� WKH� VXPV� RI� LQWHUDFWLRQ� IUHTXHQFLHV� DV� D� SUR[\� IRU�

DEXQGDQFH� )XUWKHUPRUH�� PRGXODULW\� ZDV� SUHGLFWHG� ZHOO� E\� PRUSKRORJLFDO�

PDWFK� EHIRUH� WKH� VWDUW� RI� WKH UHPRYDO� H[SHULPHQW�� DV� H[SHFWHG� EDVHG� RQ� WKH�

DVVXPSWLRQ� WKDW� WUDLW� PDWFKLQJ� LV� UHVSRQVLEOH� IRU� PRGXODU� VWUXFWXUH� LQ� SODQW�

SROOLQDWRU� QHWZRUNV� >�����@�� DOWKRXJK� WKLV� UHODWLRQ� GLG� QRW� KROG� ZLWK� WKH�

SURJUHVVLQJ�RI�SODQW�UHPRYDO�

2XU�DSSURDFK�DOVR� LQFOXGHG�D�PRGHO�EDVHG�RQ�WKH�DPRXQW�RI�VXJDUV�LQ� WKH�

QHFWDU��WKDW�LV�D�ZHOO�NQRZQ�GULYHU�RI�SROOLQDWRU�LQWHUDFWLRQV�ZLWK�SODQWV�>��@��,Q�

WKLV� VWXG\� ZH� KDYH� IRXQG� WKDW� LW� FDQ� SDUWO\� H[SODLQ� WKH� SDLUZLVH� LQWHUDFWLRQV�

IUHTXHQFLHV�� )XUWKHUPRUH�� LW� DOVR� SOD\HG� D� FRQVLVWHQW� UROH� LQ� SUHGLFWLQJ� LQVHFW�

JHQHUDOLW\��DQG�DOVR�QHWZRUN�QHVWHGQHVV�ZKHQ� LQ� LQWHUSOD\�ZLWK�PRUSKRORJLFDO�

PDWFK�� 7KLV� LV� QRW� VXUSULVLQJ� EHFDXVH� LW� LV� WKH� PRUSKRORJLFDO� PDWFKLQJ� WKDW�

DOORZV�WR�JDWKHU�UHVRXUFHV�PRUH�HIILFLHQWO\�>�����@��7KHUHIRUH��LW�VHHPV�WKDW�WKH�

DYDLODELOLW\� RI� WKLV� LPSRUWDQW� UHZDUG� SOD\HG� D� UROH� LQ� VKDSLQJ� QHWZRUN�

QHVWHGQHVV�� WKH� SDLUZLVH� LQWHUDFWLRQV� DQG� DOVR� WKH� LQVHFW� JHQHUDOLW\� IRUDJLQJ�

FKRLFHV�
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2Q� WKH� RWKHU� KDQG�� WKH� RFFXUHQFH� DQG� IUHTXHQF\� RI� LQGLYLGXDO� SDLUZLVH�

LQWHUDFWLRQV��7DEOH����ZDV�EHVW�ILWWHG�E\�WKH�PRGHO�ZKHUH�LQVHFW�DEXQGDQFH�ZDV�

DVVXPHG� WR� EH� WKH�PDLQ� GULYHU� DQG� WKH� QXOO�PRGHO� ILWWHG� WKH� LQWHUDFWLRQV� EHVW�

DIWHU� WKUHH� RU� IRXU� SODQW� VSHFLHV�ZHUH� UHPRYHG��7KH� JRRG�SHUIRUPDQFH� RI� WKH�

PRGHO� XVLQJ� LQVHFW� DEXQGDQFH� UHIOHFWV� WKDW� WKH� PRVW� DEXQGDQW� LQVHFWV�� ZKLFK�

KDG� KLJK� SUREDELOLW\� RI� LQWHUDFWLRQV�ZLWK� DOO� SODQW� VSHFLHV� LQ� WKH�PRGHO��ZHUH�

DOVR�WKH�PRVW�JHQHUDOLVWV�LQ�UHDOLW\��,Q�DGGLWLRQ��WKH�VXSHULRU�ILW�RI�WKH�QXOO�PRGHO�

LQ�WKH�ODWHU�VWDJHV�RI�WKH�H[SHULPHQW�VXJJHVWV�WKDW�LQ�LPSRYHULVKHG�FRPPXQLWLHV��

VSHFLHV�WHQG�WR�LQWHUDFW�PRUH�UDQGRPO\��

'LIIHUHQW� FRPSRQHQWV� RI� WKH� LQWHUDFWLRQ� WXUQRYHU�ZHUH� FRUUHFWO\� SUHGLFWHG�

E\� VHYHUDO�PRGHOV��7KH� WRWDO� LQWHUDFWLRQ� WXUQRYHU�� WKH� UROH�RI� VSHFLHV� WXUQRYHU�

DQG� WKH� UHZLULQJ� ZHUH� EHVW� SUHGLFWHG� E\� D� FRPELQDWLRQ� RI� SODQW� DQG� LQVHFW�

DEXQGDQFH��7DEOH�����0RUHRYHU��DOVR�WKH�FRPELQDWLRQ�RI�DEXQGDQFH�DQG�VXJDU�

DPRXQW�FRQVLVWHQWO\�FRQWULEXWHG�WR�H[SODLQ�WKHVH�LQGH[HV��7KH�DEXQGDQW�VSHFLHV��

DQG�WKH�ULFKO\�UHZDUGLQJ�SODQWV��DUH�PRVWO\�JHQHUDOLVWV�VR�WKH�GLVDSSHDUDQFH�RU�

DSSHDUDQFH� RI� DQ� DEXQGDQW� VSHFLHV� EULQJV� DERXW� WKH� ORVV� RU� JDLQ� RI� PDQ\�

LQWHUDFWLRQV��*HQHUDOLVWV� DUH� DOVR�PRUH� FRQQHFWHG�ZLWKLQ� D� QHWZRUN� DQG�� WKXV��

PRUH�OLNHO\�WR�UHZLUH�DQG�WR�HVWDEOLVK�QHZ�LQWHUDFWLRQV�>�����@��)XUWKHUPRUH��WKH�

QXOO� PRGHO� FRQVLVWHQWO\� RYHU�SUHGLFWHG� WKH� UHZLULQJ� RI� WKH� VSHFLHV�� DQG� WKLV�

LQGLFDWHV� WKDW� UHZLULQJ�GLG�QRW�KDSSHQ� UDQGRPO\�RU� VLPSO\�EHFDXVH�RI� VSHFLHV�

FR�RFFXUUHQFH�� 7KLV� VXJJHVWV� WKDW� IXUWKHU� FRQVWUDLQV� GHWHUPLQHG� WKH� UDWH� RI�

UHZLULQJ��DV�DOVR�REVHUYHG�LQ�FKDSWHU���RI�WKLV�WKHVLV��$V�PDWWHU�RI�IDFW��GXULQJ�

VRPH� VWDJHV� RI� SODQW� UHPRYDO�� PRUSKRORJ\� PDWFKLQJ� SUHGLFWHG� WKH� UHZLULQJ��

7KLV� FRXOG� EH� D� UHVXOW� RI� WKH� KLJKHU� VSHFLDOLVP� HPHUJHG� GXULQJ� WKH� SODQW�

UHPRYDO� DW� QHWZRUN� OHYHO�� EHFDXVH� WKH�PRUSKRORJLFDO�PDWFKLQJ� SUHGLFWHG� DOVR�

RWKHU�PRUH�VSHFLDOL]HG�SODQW�SROOLQDWRU�QHWZRUNV�>�����@��

,Q� FRQFOXVLRQ�� WKH� FRUH� JHQHUDOLVW� VSHFLHV� VKRXOG� EH� SUHVHUYHG� EHFDXVH�

RWKHUZLVH� WKH�QHWZRUN�ZLOO� FKDQJH� VWUXFWXUH� DQG�PRUH� UDQGRPQHVV� FRXOG� WDNH�

SODFH��7KLV�IDFW�PLJKW�KDYH�VRPH�GHJUHH�RI�LPSDFW�DOVR�RQ�WKH�IXQFWLRQDOLW\�RI�

WKH� V\VWHP >�������@�� DOWKRXJK� LW� GHVHUYHV� IXUWKHU� H[SORUDWLRQ� LQ� WKH� ILHOG��

+RZHYHU��LQ�WKH�FDVH�RI�VSHFLHV�ULFK�DVVHPEODJHV�DV�LQ�WKH�PDQLSXODWHG�VLWHV�RI�

WKLV�VWXG\��LW�PXVW�EH�DFNQRZOHGJHG�WKDW�WKH�LQQHU�G\QDPLVP�RI�WKH�VSHFLHV�DQG�



ϭϳϰ

WKHLU� DV\PPHWULFDO� UHVSRQVHV� DOORZHG� UH�RUJDQL]DWLRQ� RI� LQWHUDFWLRQV�� DQG� WKLV�

FRPSHQVDWHG�IRU�WKH�UROHV�RI�WKH�UHPRYHG�VSHFLHV�>��@��7KHUHIRUH��VSHFLHV�ULFK�

FRPPXQLWLHV�KDYH�DQ�LQQHU�DELOLW\�WR�UHRUJDQL]H��ZKLFK�PD\�WHPSRUDULO\�EXIIHU�

WKHP� DJDLQVW� H[WHUQDO� SUHVVXUHV� DQG� SRWHQWLDOO\� SUHYHQW� WKH H[SHFWHG� QHWZRUN�

FROODSVH�IURP�WDNLQJ�SODFH�

$FNQRZOHGJHPHQWV

7KH� DXWKRUV� ZRXOG� OLNH� WR� WKDQN� -DQD� -HUViNRYi�� 'DJPDU� +XFNRYi�� 7RPiã�

*UHJRU��0LFKDO�5LQGRã��0LFKDO�%DUWRã��=X]DQD�&KOXPVNi�IRU�WKHLU�KHOS�GXULQJ�

ODERUDWRU\�DQG�ILHOG�ZRUN��:H�WKDQN�DOVR�WKH�VSHFLDOLVWV�ZKR�LGHQWLILHG�VRPH�RI�

WKH�LQVHFWV�FROOHFWHG��'DQLHO�%HQGD��-LĜt�%HQHã��-LĜt�+DGUDYD��3HWU�+HĜPDQ��,UHQD�

.OHþNRYi�� 3HWU� .PHQW�� 2OGĜLFK� 1HGYČG�� +DQD� âXOiNRYi�� 0LFKDO� 7NRþ�� DQG�

âLPRQ�=HPDQ�� 7KLV� SURMHFW�ZDV� VXSSRUWHG� E\� WKH�&]HFK� 6FLHQFH� )RXQGDWLRQ

�SURMHFWV� *3��������3� DQG� *-��������<�� DQG� $$� DQG� 3%� ZHUH� DOVR�

VXSSRUWHG�E\�D�JUDQW�*$�-8����������3�SURYLGHG�E\� WKH�8QLYHUVLW\�RI�6RXWK�

%RKHPLD��7KH�IXQGHUV�KDG�QR�UROH�LQ�VWXG\�GHVLJQ��GDWD�FROOHFWLRQ�DQG�DQDO\VLV��

GHFLVLRQ�WR�SXEOLVK��RU�SUHSDUDWLRQ�RI WKH�PDQXVFULSW�
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(FRV\VW� ������±�����GRL���������V�����������������
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�� 6RDUHV�5*6��)HUUHLUD�3$��/RSHV�/(�������&DQ�SODQW�SROOLQDWRU�QHWZRUN�
PHWULFV�LQGLFDWH�HQYLURQPHQWDO�TXDOLW\"�(FRO��,QGLF� �������±�����
�GRL���������M�HFROLQG�������������

�� %URGLH�-)��5HGIRUG�.+��'RDN�')�������(FRORJLFDO�)XQFWLRQ�$QDO\VLV��
,QFRUSRUDWLQJ�6SHFLHV�5ROHV�LQWR�&RQVHUYDWLRQ��7UHQGV�(FRO��(YRO� ����
���±������GRL���������M�WUHH�������������

��� 3LJRW�$/��%UHJPDQ�7��6KHDUG�&��'DO\�%��(WLHQQH�56��7RELDV�-$�������
4XDQWLI\LQJ�VSHFLHV�FRQWULEXWLRQV�WR�HFRV\VWHP�SURFHVVHV��D�JOREDO�
DVVHVVPHQW�RI�IXQFWLRQDO�WUDLW�DQG�SK\ORJHQHWLF�PHWULFV�DFURVV�DYLDQ�
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VHHG�GLVSHUVDO�QHWZRUNV��3URF�5�6RF�% ���������������
�GRL���������UVSE�����������
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��� 6DEDWLQR�0��0DFHLUD�1��$L]HQ�0$�������'LUHFW�HIIHFWV�RI�KDELWDW�DUHD�
RQ�LQWHUDFWLRQ�GLYHUVLW\�LQ�SROOLQDWLRQ�ZHEV��(FRO��$SSO� ��������±�����

��� &DUVWHQVHQ�':��6DEDWLQR�0��7U¡MHOVJDDUG�.��0RUHOODWR�/3&�������%HWD�
'LYHUVLW\�RI�3ODQW�3ROOLQDWRU�1HWZRUNV�DQG�WKH�6SDWLDO�7XUQRYHU�RI�
3DLUZLVH�,QWHUDFWLRQV��3/26�21( ���H��������
�GRL���������MRXUQDO�SRQH���������

��� .DLVHU�%XQEXU\�&1��%O�WKJHQ�1�������,QWHJUDWLQJ�QHWZRUN�HFRORJ\�
ZLWK�DSSOLHG�FRQVHUYDWLRQ��D�V\QWKHVLV�DQG�JXLGH�WR�LPSOHPHQWDWLRQ��$R%�
3ODQWV ���SOY������GRL���������DRESOD�SOY����
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ILGHOLW\�DQG�SODQW�UHSURGXFWLYH�IXQFWLRQ��3URF��1DWO��$FDG��6FL� �����
�����±������
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6RFLRO� ��������±�����
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�����������



ϭϳϵ

��� 9i]TXH]�'3��&KDFRII�13��&DJQROR�/�������(YDOXDWLQJ�PXOWLSOH�
GHWHUPLQDQWV�RI�WKH�VWUXFWXUH�RI�SODQW±DQLPDO�PXWXDOLVWLF�QHWZRUNV��
(FRORJ\ ��������±�������GRL�������������������

��� 9L]HQWLQ�%XJRQL�-��0DUX\DPD�3.��6D]LPD�0�������3URFHVVHV�
HQWDQJOLQJ�LQWHUDFWLRQV�LQ�FRPPXQLWLHV��IRUELGGHQ�OLQNV�DUH�PRUH�
LPSRUWDQW�WKDQ�DEXQGDQFH�LQ�D�KXPPLQJELUG±SODQW�QHWZRUN��3URF��5��
6RF��/RQG��%�%LRO��6FL� ����������������GRL���������UVSE�����������

��� 0DUWtQ�*RQ]iOH]�$0��'DOVJDDUG�%��2OHVHQ�-0�������&HQWUDOLW\�
PHDVXUHV�DQG�WKH�LPSRUWDQFH�RI�JHQHUDOLVW�VSHFLHV�LQ�SROOLQDWLRQ�
QHWZRUNV��(FRO��&RPSOH[� �����±����
�GRL���������M�HFRFRP�������������

��� 6DDYHGUD�6��6WRXIIHU�'%��8]]L�%��%DVFRPSWH�-�������6WURQJ�
FRQWULEXWRUV�WR�QHWZRUN�SHUVLVWHQFH�DUH�WKH�PRVW�YXOQHUDEOH�WR�
H[WLQFWLRQ��1DWXUH ��������±����

��� 0RUHLUD�()��%RVFROR�'��9LDQD�%)�������6SDWLDO�KHWHURJHQHLW\�UHJXODWHV�
SODQW�SROOLQDWRU�QHWZRUNV�DFURVV�PXOWLSOH�ODQGVFDSH�VFDOHV��3OR6�2QH ����
H��������

��� 6SLHVPDQ�%-��,QRX\H�%'�������+DELWDW�ORVV�DOWHUV�WKH�DUFKLWHFWXUH�RI�
SODQW±SROOLQDWRU�LQWHUDFWLRQ�QHWZRUNV��(FRORJ\ ��� ����±�����

��� -RUGDQR�3��%DVFRPSWH�-��2OHVHQ�-0�������7KH�HFRORJLFDO�FRQVHTXHQFHV�
RI�FRPSOH[�WRSRORJ\�DQG�QHVWHG�VWUXFWXUH�LQ�SROOLQDWLRQ�ZHEV��,Q�3ODQW�
SROOLQDWRU�LQWHUDFWLRQV��IURP�VSHFLDOL]DWLRQ�WR�JHQHUDOL]DWLRQ �HGV�10�
:DVHU��-�2OOHUWRQ���SS�����±�����&KLFDJR��8QLYHUVLW\�RI�&KLFDJR�3UHVV��

��� 6WRXIIHU�'%��%DVFRPSWH�-�������&RPSDUWPHQWDOL]DWLRQ�LQFUHDVHV�IRRG�
ZHE�SHUVLVWHQFH��3URF��1DWO��$FDG��6FL� ���������±�����

��� %XUNOH�/$��.QLJKW�70�������6KLIWV�LQ�SROOLQDWRU�FRPSRVLWLRQ�DQG�
EHKDYLRU�FDXVH�VORZ LQWHUDFWLRQ�DFFXPXODWLRQ�ZLWK�DUHD�LQ�SODQW±
SROOLQDWRU�QHWZRUNV��(FRORJ\ ��������±�����

��� .RQGRK�0�������)RUDJLQJ�DGDSWDWLRQ�DQG�WKH�UHODWLRQVKLS�EHWZHHQ�
IRRG�ZHE�FRPSOH[LW\�DQG�VWDELOLW\��6FLHQFH ���������±�����

��� 2OHVHQ�-0��%DVFRPSWH�-��'XSRQW�</��-RUGDQR�3�������7KH�PRGXODULW\�
RI�SROOLQDWLRQ�QHWZRUNV��3URF��1DWO��$FDG��6FL� ����������±�������
�GRL���������SQDV������������
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��� %DVFRPSWH�-��-RUGDQR�3��0HOLiQ�&-��2OHVHQ�-0�������7KH�QHVWHG�
DVVHPEO\�RI�SODQW±DQLPDO�PXWXDOLVWLF�QHWZRUNV��3URF��1DWO��$FDG� 6FL�
���������±�����

��� 'LFNV�/9��&RUEHW�6$��3\ZHOO�5)�������&RPSDUWPHQWDOL]DWLRQ�LQ�SODQW±
LQVHFW�IORZHU�YLVLWRU�ZHEV��-��$QLP��(FRO� ������±���

��� 'XSRQW�</��2OHVHQ�-0�������(FRORJLFDO�PRGXOHV�DQG�UROHV�RI�VSHFLHV�
LQ�KHDWKODQG�SODQW±LQVHFW�IORZHU�YLVLWRU�QHWZRUNV��-��$QLP��(FRO� ����
���±����

��� )RUQRII�)��.OHLQ�$�0��+DUWLJ�)��%HQDGL�*��9HQMDNRE�&��6FKDHIHU�+0��
(EHOLQJ�$�������)XQFWLRQDO�IORZHU�WUDLWV�DQG�WKHLU�GLYHUVLW\�GULYH�
SROOLQDWRU�YLVLWDWLRQ��2LNRV ���������±�������GRL���������RLN�������

��� %DOIRXU�1-��*DUEX]RY�0��5DWQLHNV�)/�������/RQJHU�WRQJXHV�DQG�VZLIWHU�
KDQGOLQJ��ZK\�GR�PRUH�EXPEOH�EHHV��%RPEXV�VSS���WKDQ�KRQH\�EHHV�
�$SLV�PHOOLIHUD��IRUDJH�RQ�ODYHQGHU��/DYDQGXOD�VSS��"�(FRO��(QWRPRO�
�������±����

��� 5RGUtJXH]�*LURQpV�0$��6DQWDPDUtD�/�������0RGHOV�RI�RSWLPDO�IRUDJLQJ�
DQG�UHVRXUFH�SDUWLWLRQLQJ��GHHS�FRUROODV�IRU�ORQJ�WRQJXHV��%HKDY��(FRO�
�������±����

��� -RUGDQR�3��%DVFRPSWH�-��2OHVHQ�-0�������,QYDULDQW�SURSHUWLHV�LQ�
FRHYROXWLRQDU\�QHWZRUNV�RI�SODQW±DQLPDO�LQWHUDFWLRQV��(FRO��/HWW� �����±
���

��� 0DUX\DPD�3.��9L]HQWLQ�%XJRQL�-��2OLYHLUD�*0��2OLYHLUD�3(��'DOVJDDUG�
%�������0RUSKRORJLFDO�DQG�VSDWLR�WHPSRUDO�PLVPDWFKHV�VKDSH�D�
QHRWURSLFDO�VDYDQQD�SODQW�KXPPLQJELUG�QHWZRUN��%LRWURSLFD �������±
����

��� 'iWWLOR�:�HW�DO� �����8QUDYHOOLQJ�'DUZLQ¶V�HQWDQJOHG�EDQN��DUFKLWHFWXUH�
DQG�UREXVWQHVV�RI�PXWXDOLVWLF�QHWZRUNV�ZLWK�PXOWLSOH�LQWHUDFWLRQ�W\SHV��
3URF�5�6RF�% ����������������GRL���������UVSE�����������

��� 0RQWR\D�'��5RJHUV�/��0HPPRWW�-�������(PHUJLQJ�SHUVSHFWLYHV�LQ�WKH�
UHVWRUDWLRQ�RI�ELRGLYHUVLW\�EDVHG�HFRV\VWHP�VHUYLFHV��7UHQGV�(FRO��(YRO�
�������±����



ϭϴϭ

6XSSOHPHQWDU\�LQIRUPDWLRQ

)LJXUH�6���,QWHUDFWLRQ�WXUQRYHU� LQGH[HV�GHWHFWLRQ�E\�SUREDELOLW\�PRGHOV��SDUW�� �18 
QXOO��3 SODQW�DEXQG���, ,QVHFW�DEXQG�� $ �DEXQG�� 0 PRUSKRORJLFDO�PDWFK��6 VXJDU�
DPRXQW���7KH�YHUWLFDO�OLQHV�UHSUHVHQW WKH�REVHUYHG�YDOXHV��VROLG�OLQH�IRU�6LWH����GDVKHG�
IRU�6LWH����ORRVHO\�GDVKHG�IRU�6LWH����7KH�KRUL]RQWDO�VHJPHQWV�DUH�WKH�UDQJHV�IURP�WKH�
VLPXODWLRQV DQG�DUH�YHUWLFDOO\�GLVWULEXWHG��6LWH����XQGHU�6LWH���WKDW�DUH�XQGHU�6LWH����



ϭϴϮ

)LJXUH� 6��� 1HWZRUN� LQGH[HV GHWHFWLRQ� E\� SUREDELOLW\� PRGHOV�� SDUW� �� �18 QXOO�� 3 
SODQW� DEXQG��� , ,QVHFW� DEXQG�� $ � DEXQGDQFHV� 0 PRUSKRORJLFDO�PDWFK�� 6 VXJDU�
DPRXQW���7KH�YHUWLFDO�OLQHV�UHSUHVHQW WKH�REVHUYHG�YDOXHV��VROLG�OLQH�IRU�6LWH����GDVKHG�
IRU�6LWH����ORRVHO\�GDVKHG�IRU�6LWH����7KH�KRUL]RQWDO�VHJPHQWV�DUH�WKH�UDQJHV�IURP�WKH�
VLPXODWLRQV DQG�DUH�YHUWLFDOO\�GLVWULEXWHG��6LWH����XQGHU�6LWH���WKDW�DUH�XQGHU�6LWH����



ϭϴϯ

)LJXUH�6���,QWHUDFWLRQ�WXUQRYHU� LQGH[HV�GHWHFWLRQ�E\�SUREDELOLW\�PRGHOV��SDUW�� �18 
QXOO��3 SODQW�DEXQG���, ,QVHFW�DEXQG�� $ �DEXQGDQFHV� 0 PRUSKRORJLFDO�PDWFK��6 
VXJDU�DPRXQW���7KH�YHUWLFDO� OLQHV�UHSUHVHQW WKH�REVHUYHG�YDOXHV��VROLG�OLQH�IRU�6LWH����
GDVKHG� IRU�6LWH� ��� ORRVHO\� GDVKHG� IRU�6LWH����7KH� KRUL]RQWDO� VHJPHQWV� DUH� WKH� UDQJHV�
IURP�WKH�VLPXODWLRQV DQG�DUH�YHUWLFDOO\�GLVWULEXWHG��6LWH����XQGHU�6LWH���WKDW�DUH�XQGHU�
6LWH����



ϭϴϰ

)LJXUH�6���,QWHUDFWLRQ�WXUQRYHU� LQGH[HV�GHWHFWLRQ�E\�SUREDELOLW\�PRGHOV��SDUW�� �18 
QXOO��3 SODQW�DEXQG���, ,QVHFW�DEXQG�� $ �DEXQG�� 0 PRUSKRORJLFDO�PDWFK��6 VXJDU�
DPRXQW���7KH�YHUWLFDO�OLQHV�UHSUHVHQW WKH�REVHUYHG�YDOXHV��VROLG�OLQH�IRU�6LWH����GDVKHG�
IRU�6LWH����ORRVHO\�GDVKHG�IRU�6LWH����7KH�KRUL]RQWDO�VHJPHQWV�DUH�WKH�UDQJHV�IURP�WKH�
VLPXODWLRQV DQG�DUH�YHUWLFDOO\�GLVWULEXWHG��6LWH����XQGHU�6LWH���WKDW�DUH�XQGHU�6LWH����



ϭϴϱ

)LJXUH�6���,QWHUDFWLRQ�WXUQRYHU� LQGH[HV�GHWHFWLRQ�E\�SUREDELOLW\�PRGHOV��SDUW����18 
QXOO��3 SODQW�DEXQG���, ,QVHFW�DEXQG�� $ �DEXQG�� 0 PRUSKRORJLFDO�PDWFK��6 VXJDU�
DPRXQW���7KH�YHUWLFDO�OLQHV�UHSUHVHQW WKH�REVHUYHG�YDOXHV��VROLG�OLQH�IRU�6LWH����GDVKHG�
IRU�6LWH����ORRVHO\�GDVKHG�IRU�6LWH����7KH�KRUL]RQWDO�VHJPHQWV�DUH�WKH�UDQJHV�IURP�WKH�
VLPXODWLRQV DQG�DUH�YHUWLFDOO\�GLVWULEXWHG��6LWH����XQGHU�6LWH���WKDW�DUH�XQGHU�6LWH����
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6XPPDU\



ϭϴϴ

7KLV�WKHVLV�UHVHDUFKHG�VHYHUDO�DVSHFWV�RI�SODQW�DQG�SROOLQDWRU�LQWHUDFWLRQV�DQG�LW�

IRFXVHG� RQ� D� FRQVHUYDWLRQ� SHUVSHFWLYH�� &KDSWHU� �� GHDOW� ZLWK� HFRV\VWHP�

IXQFWLRQLQJ� WKURXJK� VSHFLHV� LQWHUDFWLRQV�� VRPHWKLQJ� QRW� QRUPDOO\� FRQVLGHUHG�

IURP�WKH�FRQVHUYDWLRQ�SHUVSHFWLYH��7R�LQIRUP�FRQVHUYDWLRQ�SODQQLQJ��,�DQDO\]HG�

WZR�GDWDVHWV� RI�SODQW�SROOLQDWRU� DVVHPEODJHV�RI� WKH� HQWLUH� VXPPHU� VHDVRQ�DQG�

IURP� XQDOWHUHG DUHDV�� 7KH� SKHQRORJ\� ZDV� DFFRXQWHG� IRU� E\� GHILQLQJ� XQLWV� RI�

WLPH�RI�FR�EORRPLQJ�SODQWV��0\�UHVXOWV�LQGLFDWHG�WKDW�LW�LV�SRVVLEOH�WR�SLQSRLQW�

WKH� NH\� VSHFLHV� �³KXEV´�� ZLWK� D� QHWZRUN� DQDO\VLV� RI� WKH� LQWHUDFWLRQV�� +XE�

LGHQWLW\� FKDQJHG� GXULQJ� WKH� VHDVRQ�� VRPH ZHUH� WRS�UDQNLQJ� IRU� WKH� VWUXFWXUDO�

LPSRUWDQFH�DQG�RWKHUV�ZHUH�RI�ELRJHRJUDSKLFDO�LQWHUHVW��)XUWKHUPRUH��WKH�KXEV�

ZHUH�ULFK�LQ�OLQNV�DQG�LQ�SDUWQHU�GLYHUVLW\��7KXV��,�FRQFOXGHG�WKDW�FRQVHUYDWLRQ�

FRXOG� DOVR� IRFXV� RQ� WKH� KXEV�� JLYHQ� WKDW� WKH\� LQWHUDFW� ZLWK� D� ODUJH� VXEVHW� RI�

VSHFLHV�DQG�VXSSRUW�WKH�JUHDWHVW�QXPEHU�RI�LQWHUDFWLRQV�

,Q� FKDSWHU���� ,� IRFXVHG�RQ� WKH�SUREOHP�RI�GHWHFWLQJ�DQG�� FRQVHTXHQWO\�� RI�

VWXG\LQJ�UDUH�VSHFLHV��ZKLFK�RIWHQ�GHVHUYH�KLJK�FRQVHUYDWLRQ�HIIRUW��$Q�HOXVLYH�

DOSLQH� EXPEOHEHH�ZDV� VWXGLHG� DQG� ,� EXLOW� D� GDWDEDVH� RI� RFFXUUHQFHV� H[�QRYR��

7KH�DLPV�ZHUH� WR�GHVFULEH� WKH�HFRORJLFDO�QLFKH�RI� WKLV�EXPEOHEHH�DQG�DOVR� WR�

LQYHVWLJDWH�ZKDW�SODQWV� LW�YLVLWV��7KH�DQDO\VHV� LQGLFDWHG� WKDW� WKLV�EXPEOHEHH� LV�

UHVWULFWHG�WR�WKH�XSSHU�DOWLWXGHV��KDV�D�QDUURZ�QLFKH�UHODWHG�WR�WKH�JODFLHUV�EXW�LV�

DOVR�DIIHFWHG�E\�GURXJKW�DQG�WHPSHUDWXUH�YDULDELOLW\��+RZHYHU��WKH�UHFRUGV�OLVW�

WKLV� WD[RQ� YLVLWLQJ� DOPRVW� ��� SODQW� VSHFLHV� IRU� JDWKHULQJ� UHVRXUFHV�� )XUWKHU�� D�

VWURQJ�DOWLWXGLQDO�VKLIW� LV�DOVR�WDNLQJ�SODFH�ZKLFK�SRVHV�FRQFHUQV�RQ�WKH�IXWXUH�

H[WHQW�RI�WKLV�WD[RQ¶V�SRSXODWLRQV���

,Q� FKDSWHU� ��� ,� LQYHVWLJDWHG� WKH� HIIHFW� RI� SRSXODWLRQ� GHFOLQH� RQ� WKH� ZD\�

SROOLQDWRUV� JDWKHU� UHVRXUFHV�� 7KLV� DLP� ZDV� WHVWHG� E\� IRFXVLQJ� RQ� WKH� SROOHQ�

FROOHFWHG� E\� EXPEOHEHHV� EHIRUH� DQG� DIWHU� DQ� H[SHULPHQWDO� KDOYLQJ� RI� WKH�

ZRUNHUV¶� SRSXODWLRQ� VL]H�� LQ� WKH� ILHOG�� ,� H[SHFWHG� WR� ILQG� HLWKHU� GHQVLW\�

GHSHQGHQW� UHVSRQVHV�� VXFK� DV� D� KLJKHU� VSHFLDOLVP� IRU� WKH� ORZ� FRPSHWLWRU�

GHQVLW\��RU�³GLHW´�H[SDQVLRQ�LQ�WKH�UHPDLQLQJ�ZRUNHUV�IRU�FRPSHQVDWLRQ�RI�WKH�

UHVRXUFHV�RI�PLVVLQJ�ZRUNIRUFH��7KH�FROOHFWHG�SROOHQ�ZDV�LGHQWLILHG�ZLWK�'1$�

PHWDEDUFRGLQJ� DQG� IRUDJLQJ� ZDV� LQYHVWLJDWHG� ZLWK� QHWZRUN� DQDO\VHV�� 7KH�

UHVXOWV�LQGLFDWH�WKDW�IRUDJLQJ�FKDQJHG�RQO\�PLQLPDOO\��ERWK�DV�GLHW�EUHDGWK�DQG�



ϭϴϵ

DV�IHHGLQJ�QHWZRUN�DIWHU�UHPRYDO��7KHUHIRUH��WKH�FRQVWDQF\�LQ�IHHGLQJ�VWUDWHJ\�

LQGLFDWHV�WKDW�IRUDJHUV�RI�WKLV�VRFLDO�SROOLQDWRU�PD\�QRW�FRPSHQVDWH�IRU�WKH�ODFN�

RI�UHVRXUFHV�LQFRPLQJ�WR�WKH�FRORQ\�ZKHQ�WKH�SRSXODWLRQ�VL]H�LV�KDOYHG�DQG�WKLV�

FRXOG�LPSDFW�FRORQ\�JURZWK��

7KH� ODVW� WZR� FKDSWHUV� GHDOW� ZLWK� WKH� PDQLSXODWLRQ� RI� SODQW�SROOLQDWRU�

DVVHPEODJHV� LQ� WKH� ILHOG�� ,Q� FKDSWHU���� WKH�ZD\�D� UHPRYDO�RI� JHQHUDOLVW� SODQWV�

ZLOO� DIIHFW� IORZHU� YLVLWRUV¶� DEXQGDQFHV�� SROOLQDWRU� HIIHFWLYHQHVV�� DQG� LQVHFW�

IRUDJLQJ�ZDV�VWXGLHG��,�H[SHFWHG�WKDW�SROOLQDWRUV�ZLOO�HLWKHU�VKLIW�LQWHUDFWLRQV�WR�

WKH� UHPDLQLQJ� SODQWV� RU� VWRS� IRUDJLQJ� DW� WKH� VLWHV�� 7KH� UHVXOWV� LQGLFDWHG�

H[SRQHQWLDO�GHFUHDVH�RI�YLVLWDWLRQ��EXW�DOVR�ODUJH�YDULDWLRQV�DPRQJ�WUDQVHFWV�DQG�

DPRQJ� SODQW� VSHFLHV�� )XUWKHU�� IORZHU� YLVLWRUV� GLG� QRW� VZLWFK� DPRQJ� IORZHU�

VKDSHV� EXW� WKH\� DOVR� IDYRXUHG� VSHFLILF� SODQW� WUDLWV� DIWHU� SODQW� UHPRYDO� �KLJKHU�

VXJDU� FRQWHQW� LQ� QHFWDU�� VPDOOHU� LQIORUHVFHQFHV��� 7KLV� VXJJHVWV� WKDW� IRUDJHUV�

VKLIWHG�LQWHUDFWLRQV�EXW�DOVR�WKDW�SODQW�WUDLWV�FRQVWUDLQHG�WKH�UHVRXUFH�XWLOL]DWLRQ�

E\� IORZHU� YLVLWRUV�� ,Q� DGGLWLRQ�� WKH� SROOLQDWRU� HIIHFWLYHQHVV� IOXFWXDWHG�EXW�ZDV�

QRW� OLQNHG� WR� FKDQJHV�RI� IORZHU�YLVLWDWLRQ�� ,� FRQFOXGHG� WKDW� WKH� ORVV�RI�KLJKO\�

JHQHUDOLVW� SODQWV� WULJJHUV� GHFOLQHV� LQ� ORFDO� SROOLQDWRU� DEXQGDQFHV� DQG� KDV�

LPSOLFDWLRQV� IRU� SROOLQDWLRQ� DQG� LQVHFW� IRUDJLQJ�� 7KXV�� WKH� VWDELOLW\� RI� WKH�

V\VWHP�FRXOG�GHSHQG�RQ�WKH�VXEVHW�RI�WKH�FRUH�JHQHUDOLVW�VSHFLHV�

,Q� FKDSWHU� ��� ,� H[SORUHG� RWKHU� DVSHFWV� IURP� WKH� ILHOG� PDQLSXODWLRQ� RI�

UHPRYLQJ�JHQHUDOLVW�SODQWV��QDPHO\�KRZ�SODQW�SROOLQDWRU�QHWZRUN�VWUXFWXUH�DQG�

LQWHUDFWLRQ� UHRUJDQL]DWLRQ� UHVSRQGHG� WR� FRUH� VSHFLHV� ORVV�� ,� H[SHFWHG� WR� ILQG�

VWURQJ� FKDQJHV� LQ� QHWZRUN� VWUXFWXUHV�� JLYHQ� WKHLU� GHSHQGHQF\� RI� WKH� FRUH�

VSHFLHV��7KLV�PDQLSXODWLRQ�FDXVHG�D� OLQHDU�QHJDWLYH� WUHQG� LQ�QHVWHGQHVV��DQG�D�

SRVLWLYH�RQH�LQ�PRGXODULW\�DQG�LQ�VSHFLDOL]DWLRQ��EXW�LW�GLG�QRW�FDXVH�VLJQLILFDQW�

WUHQGV� LQ� UREXVWQHVV�� 7KHVH� FKDQJHV� ZHUH� PDLQO\� GULYHQ� E\� PRGHOV�

LQFRUSRUDWLQJ� SODQW� DQG� LQVHFW� DEXQGDQFHV�� ,� DOVR� IRFXVHG� RQ� QHWZRUN¶V� DQG�

VSHFLHV¶�UHZLULQJ�ZKLFK�VKRZHG�D�FRQVWDQWO\�KLJK�UDWH�RI�FKDQJH�LQ�LQWHUDFWLRQV��

DJDLQ� GULYHQ� E\� DEXQGDQFHV� DQG� DOVR� E\� SODQW�SROOLQDWRU� PRUSKRORJLFDO�

PDWFKLQJ��6XUSULVLQJO\��RQO\�WKH�SODQW�VSHFLHV�LQFUHDVHG�WKHLU�FHQWUDOLWLHV�ZLWKLQ�

WKH� QHWZRUNV� DIWHU� FRUH� SODQW� UHPRYDO�� LQGLFDWLQJ� DV\PPHWULFDO� UHVSRQVHV

DPRQJ� QHWZRUN� OHYHOV�� 7KLV� VWXG\� DOVR� VKRZHG� WKDW� XQSUHGLFWDELOLW\� DQG�



ϭϵϬ

UDQGRPQHVV� RI� WKH� LQWHUDFWLRQV� DOVR� LQFUHDVHG� GXULQJ� WKH� H[SHULPHQW�� ,�

FRQFOXGHG� WKDW� FRQVHUYDWLRQ� RI� FRUH� JHQHUDOLVWV� FDQ� SUHYHQW� SODQW� SROOLQDWRU�

QHWZRUNV� IURP� FKDQJLQJ� VKDUSO\� EXW� LW� VKRXOG� DOVR� EH� DFNQRZOHGJHG� WKDW�

DV\PPHWULFDO� WRSRORJLFDO� UHRUJDQL]DWLRQ� LQ� VSHFLHV� LQWHUDFWLRQV� FRXOG�

WHPSRUDULO\�EXIIHU�WKH�VSHFLHV�ORVV��

,Q�FRQFOXVLRQ��P\�WKHVLV�FRQWULEXWHG�WR�XQGHUVWDQGLQJ�KRZ�FRQVHUYDWLRQ�FDQ�

GHDO� ZLWK� KDUG�WR�GHWHFW� UDUH� VSHFLHV� DQG� DOVR� KRZ� LW� FRXOG� LQWHUSOD\� ZLWK�

FRPSOH[�VSHFLHV�LQWHUDFWLRQV�DQG�WKH�PHFKDQLVPV�WKDW�UXOH�WKHP��,W�ZDV�VKRZQ�

WKDW�UDUH�VSHFLHV�FDQ�EH�VWXGLHG�ZLWK�D�GHWDLOHG�DQDO\WLFDO�DSSURDFK�DQG�WKLV�FDQ�

KDPSHU� WKH� NQRZOHGJH� RQ� WKH� KDELWDW� DQG� RQ� LQWHUDFWLRQV� RI� HOXVLYH� VSHFLHV��

ZKLFK�FDQ�IXUWKHU�DOORZ�WKH�SODQQLQJ�RI�VSHFLILF�FRQVHUYDWLRQ�DFWLRQV��)URP�WKH�

RWKHU�DQDO\VHV�DQG�DOVR� IURP� WKH�H[SHULPHQWDO�PDQLSXODWLRQV�SUHVHQWHG� LQ� WKLV�

WKHVLV�� VHYHUDO� DGGLWLRQDO� DVSHFWV� RQ� WKH� FRQVHUYDWLRQ� RI� SODQW�SROOLQDWRU�

LQWHUDFWLRQV�HPHUJHG��)LUVWO\��SROOLQDWRUV�VKRZHG�WR�IRUDJH�LQ�WKH�ILHOG�ZLWK�OHVV�

DGDSWDELOLW\� WR� WKH� HQYLURQPHQW� WKDQ� ZKDW� H[SHFWHG�� VLQFH� D� VRFLDO� SROOLQDWRU�

FKDQJHG�WKH�IRUDJLQJ�VWUDWHJ\�RQO\�VOLJKWO\�DIWHU�SRSXODWLRQ�UHGXFWLRQ��7KLV�ZLOO�

KDYH�LPSOLFDWLRQV�IRU�UHVRXUFH�DFTXLVLWLRQ�DQG�XOWLPDWHO\�IRU�SRSXODWLRQ�JURZWK��

,Q�DGGLWLRQ��LW�LV�QRZ�FOHDUHU�WKDW�FRPPXQLW\�OHYHO�SODQW�SROOLQDWRUV�LQWHUDFWLRQV�

DUH�GHSHQGHQW�RQ�LPSRUWDQW�VSHFLHV�WKDW�LQWHUDFW�ZLWK�PDQ\�RWKHUV��7KH�UHVXOWV�

RI�DQ�H[SHULPHQWDO�UHPRYDO�RI�VHYHUDO�FRUH�JHQHUDOLVW�VSHFLHV�SURYHG�LQFUHDVHG�

LQVWDELOLW\� RI� QHWZRUN� VWUXFWXUHV�� GHFUHDVHG� IORZHU� YLVLWRU� DEXQGDQFHV� DQG� DQ�

HPHUJLQJ�UDQGRPQHVV�RI�LQWHUDFWLRQV��1HYHUWKHOHVV��WKH�QHWZRUN�UREXVWQHVV�GLG�

QRW� FKDQJH� DQG� VSHFLHV� ZHUH� FRQVWDQWO\� DEOH� WR� UHZLUH� WKH� LQWHUDFWLRQV� �L�H��

VKLIWLQJ�SDUWQHUV��DQG�RQO\�SODQWV�UH�RUJDQL]HG�ZLWKLQ�WKH�QHWZRUN�E\�LQFUHDVLQJ�

FHQWUDOL]DWLRQ��2YHUDOO��WKHVH�UHVXOWV�ZLOO�SRVVLEO\�SURYLGH�LQGLFDWLRQV�RQ�D�ZD\�

WR�FRQVHUYH�DQG�UHVWRUH�WKH�LQWHUDFWLQJ�FRPPXQLWLHV��VXFK�DV�E\�IRFXVLQJ�RQ�WKH�

FRUH�JHQHUDOLVWV�SODQWV�WKDW�FDQ�SUHYHQW�SODQW�SROOLQDWRU�QHWZRUNV�IURP�FKDQJLQJ�

VKDUSO\�



ϭϵϭ

$SSHQGL[
&855,&8/80�9,7$(

06F��3DROR�%LHOOD

%RUQ�LQ�&DOFLQDWH��%*��,WDO\�������������

H�PDLO���SDROR�ELHOOD�QDWVF��DW��JPDLO�FRP

5HVHDUFK�LQWHUHVW

,� DP� LQWHUHVWHG� LQ� SODQW� � SROOLQDWRU� LQWHUDFWLRQV� DQG� SROOLQDWLRQ� HFRORJ\�
QHWZRUN� DQDO\VLV DQG� DOVR� WD[RQRP\� RI� +\PHQRSWHUD� �$SRLGHD�� DQG�
LGHQWLILFDWLRQV� RI� (XURSHDQ� SROOLQDWLQJ�'LSWHUD�� ,¶P� VWXG\LQJ� WKH� VWUXFWXUH� RI�
SODQW�SROOLQDWRU�QHWZRUNV�ZLWK�D�IRFXV�RQ�FRQVHUYDWLRQ�DQG�RQ�WKH�PHFKDQLVPV�
VWUXFWXULQJ�WKHP��E\�XVLQJ�ILHOG�H[SHULPHQWV� ,�DP�LQYHVWLJDWLQJ�WKH�SROOLQDWLRQ�
HFRORJ\� DQG� JHQHWLF� VWUXFWXUH� RI� UDUH� HQGHPLF� SODQWV�� ,¶P� DOVR� H[SORULQJ� WKH�
KDELWDW� UHTXLUHPHQWV� DQG� ELRJHJUDSK\� RI� %XPEOHEHHV�� HVSHFLDOO\� IRU�
FRQVHUYDWLRQ��

(GXFDWLRQ

6LQFH� ������ 3K'� 6WXGHQW� ,Q� (QWRPRORJ\�� 8QLYHUVLW\� RI� 6RXWK� %RKHPLD��
ýHVNp� %XGČMRYLFH�� &=�� 3K'� 7KHVLV�� $� FRQVHUYDWLRQ� SHUVSHFWLYH� RQ� WKH�
PHFKDQLVPV�WKDW�LQIOXHQFH�SODQW�SROOLQDWRU LQWHUDFWLRQV

�����± ������0DVWHU� GHJUHH�� 8QLYHUVLW\� RI� 3DYLD� �,WDO\�� LQ� ³6FLHQ]H� GHOOD�
QDWXUD�� JHVWLRQH� GHO� SDWULPRQLR� QDWXUDOLVWLFR´� � � $SSOLHG� HQYLURQPHQWDO�
VFLHQFHV�LQ�QDWXUH�PDQDJHPHQW���

����� ± ������ %DFKHORU� ��VW� F\FOH�� GHJUHH�� 8QLYHUVLW\� RI� 3DYLD� �,WDO\�� LQ�
³6FLHQ]H� H� WHFQRORJLH� SHU� OD� QDWXUD´� GHJUHH� � � (QYLURQPHQWDO� VFLHQFHV� DQG�
WHFKQRORJLHV���



ϭϵϮ

6SHFLDOLVW�FRXUVHV

���������$SULO�� ³,QWURGXFWLRQ� WR�ED\HVLDQ�VWDWLVWLFV�DSSOLHG� WR�HFRORJ\´��E\�
:LOGOLIH�6FLHQFH�VQF�DW�8QLYHUVLW\�RI�3DYLD��,WDO\�

����������� -XO\�� ³7D[RQRP\�RI� ,WDOLDQ�&ROHRSWHUD´�� E\�$610�DW�1DWXUDO�
+LVWRU\�0XVHXP��9HURQD�

���������)HEUXDU\��³%HH�LGHQWLILFDWLRQ�ZRUNVKRS´��E\�GU��0LNH�(GZDUGV�DW�
/%5*�RI�WKH�8QLYHUVLW\�RI�1RUWKDPSWRQ��8.�

(PSOR\PHQW

6LQFH�������(PSOR\HH�DW�%LRORJ\�&HQWUH��&$6��ýHVNp�%XGČMRYLFH��&=�

������ 5HVHDUFK� DVVLVWDQW�� 8QLYHUVLW\� RI� 3DYLD�� 'HSDUWPHQW� RI� (DUWK� DQG�
(QYLURQPHQW�6FLHQFHV

������9ROXQWDULO\��DUUDQJHPHQW�RI�WKH�HQWRPRORJLFDO�FROOHFWLRQV�DQG�WKH�UH�
FODVVLILFDWLRQ�RI�EHHV��0XVHXP�RI�1DWXUDO�+LVWRU\�RI�WKH�8QLYHUVLW\�RI�3DYLD�

����� DQG� ������ 7XWRULQJ� FODVVHV IRU� %DFKHORU� VWXGHQWV� DQG� SUDFWLFH�
DFWLYLWLHV��8QLYHUVLW\�RI�3DYLD��'HSDUWPHQW�RI�(DUWK�DQG�(QYLURQPHQW�6FLHQFHV

7HDFKLQJ�DQG�SRSXODUL]LQJ�VFLHQFH

������7DON�DQG�H[FXUVLRQ�DW�WKH�³,Q�WKH�ILHOG�ZLWK�UHVHDUFKHUV´�WDON�VHULHV�IRU�
WKH� 1DWXUDO� +LVWRU\� 6RFLHW\� RI� WKH� 9HUEDQR� &XVLR� 2VVROD� �,WDO\��� 7DON� WLWOH��
³7KH� $SRLGHD� �+\PHQRSWHUD� $QWKRSKLOD�� DQG� WKHLU� UROH� LQ� SROOLQDWLRQ�� WKH�
EXPEOHEHHV��6DPSOLQJ�PHWKRGV´��FD����K��������$SULO��

������ ������ /HFWXUH�VHPLQDU� WR� VWXGHQWV� DW� WKH� FRXUVH� ³$QLPDOV� ELRORJLFDO�
LQWHUDFWLRQV´��8QLYHUVLW\�RI�0LODQR�%LFRFFD��%W%V��FD���K�����2FWREHU�������FD��
�K�����1RYHPEHU������

������&R�VXSHUYLVLRQ�RI�WKH�WKHVLV�RI�D SRVWJUDGXDWH�VWXGHQW�RI�WKH�8QYHUVLW\�
RI�0LODQ�

������ 3UDFWLFH� DFWLYLWLHV� FODVVHV� DW� WKH� FRXUVH� ³,QWHUDFWLRQV� EHWZHHQ� SODQWV�
DQG�DQLPDOV´��8QLYHUVLW\�RI�6RXWK�%RKHPLD��FD����K��



ϭϵϯ

�����DQG�������7XWRULQJ�FODVVHV�IRU�%DFKHORU�VWXGHQWV�DQG�SUDFWLFH�DFWLYLWLHV�
LQ�%RWDQ\��8QLYHUVLW\�RI�3DYLD��'HSDUWPHQW�RI�(DUWK�DQG�(QYLURQPHQW�6FLHQFHV�
�FD������KUV��

$GGLWLRQDO�UHOHYDQW�DFWLYLW\

0DLQ� RUJDQL]HU� RI� WKH� FRQIHUHQFHV� ³$%,0�� $OSLQH� %RPEXV� ,QWHUQDWLRQDO�
0HHWLQJ´�WKDW�WRRN�SODFH�LQ������DQG������

:ULWLQJ�D�JUDQW�SURSRVDO�IRU� WKH�IXQGLQJ�DJHQF\�RI� WKH�8QLYHUVLW\�RI�6RXWK�
%RKHPLD�LQ������

,�UHYLHZHG���UHVHDUFK�PDQXVFULSWV�IRU�,)�MRXUQDOV�

3URIHVVLRQDO�PHPEHUVKLSV

6LQFH�������,8&1�%XPEOHEHH�6SHFLDOLVW�*URXS�

6LQFH�������6(,��6RFLHWj�(QWRPRORJLFD�,WDOLDQD��,WDO� (QWRP��6RF���

6LQFH�������)$%��)ORUD�$OSLQD�%HUJDPDVFD��%HUJDPDVTXH�$OSLQH�)ORUD��

6NLOOV

/DQJXDJHV��,WDOLDQ��QDWLYH�VSHDNHU���(QJOLVK��IOXHQW����������7RHIO�,73�ZLWK�
/LVWHQLQJ� %��� :ULWLQJ� &��� 5HDGLQJ� %���� 6SDQLVK�IOXHQW��� /DWLQ� �UHDG� RQO\���
&]HFK���$���

7D[RQRPLF� LGHQWLILFDWLRQ�� +\PHQRSWHUD�� $QWKRSKLOD�� 'LSWHUD�� 0XVFLGDH��
&DOOLSKRULGDH��7DFKLQLGDH��6HSVLGDH��&KORURSLGDH��SDUWO\�(PSLGLGDH��6\USKLGDH��
&RQRSLGDH��3ODQWV�

6WDWLVWLFDO� DQG� RWKHU� FRPSXWHU�UHODWHG� VNLOOV�� PDLQO\� IRU� PXOWLYDULDWH�
DQDO\VHV�� UHJUHVVLRQV�� QHWZRUN� DQDO\VHV�� VSDWLDO� DQDO\VHV�� GDWD� YLVXDOL]DWLRQ��
PRUSKRPHWLF� DQG� LPDJH�DQDO\VHV�&5$1�5� �DGYDQFHG���67$7,67,&$��3$67�
DQG�6366��LQWHUPHGLDWH���4*,6��EHJLQQHU���0LFURVRIW�2IILFH��DGYDQFHG���5R[DV�
�PDFUR�IRU�,PDJH-��LQWHUPHGLDWH���WSV �LQWHUPHGLDWH��

7HFKQLFDO� VNLOOV�� PRUSKRPHWULFV�� '1$� H[WUDFWLRQ�� 3&5�� LQWHJUDWHG� LQVHFW�
DQG�SODQW�LGHQWLILFDWLRQV��SROOLQDWLRQ�HFRORJ\�ODE��WHFKQLTXHV��VFLHQWLILF�ZULWLQJ��
LQVHFW�UHDULQJ�



ϭϵϰ

)LHOG� VDPSOLQJV�� HVSHFLDOO\� LQ� %RWDQ\� DQG� (QWRPRORJ\�� IORZHU� YLVLWRUV��
QHFWDU��SROOHQ��SLVWLOV��

6FKRODUVKLSV

��������� 6FKRODUVKLS�DV�3K'�VWXGHQW�DW�)DFXOW\�RI�6FLHQFH��8QLYHUVLW\�RI�
6RXWK�%RKHPLD�

������ (UDVPXV� 3ODFHPHQW� 3URJUDP� 6FKRODUVKLS� ± 1RUWKDPSWRQ� �8.���
8QLYHUVLW\�RI�1RUWKDPSWRQ��8.��/%5*�ODE��SURI��2OOHUWRQ�-��± ��PRQWKV�

������ (UDVPXV� 6WXGHQW� ([FKDQJH� 1HWZRUN� JUDQW� ± *UDQDGD� �6SDLQ�� ± ���
PRQWKV�

$FDGHPLF�SODFHPHQWV

������ �� PRQWK�� ZLWK� GU�� $�� 1LHOVHQ�� DW� WKH� 8QLYHUVLW\� RI� 2VOR�� &((6�
�1RUZD\�

������ �� PRQWKV�� ZLWK� SURI�� 0�� /DEUD�� SURI�� 0�� &DVLUDJKL� DQG� GU�� $��
*DOLPEHUWL���DW�WKH�8QLYHUVLW\�RI�0LODQR�%LFRFFD��%W%V��,WDO\���

������ �� PRQWKV�� ZLWK� SURI�� -�� 2OOHUWRQ�� DW� WKH� 8QLYHUVLW\� RI� 1RUWKDPSWRQ�
�8.��

���������PRQWKV��ZLWK�3URI��-�0��*RPH]�5H\HV��DW�WKH�8QLYHUVLW\�RI�*UDQDGD�
�6SDLQ��

3RVWHUV�DQG�SUHVHQWDWLRQV�DW�FRQIHUHQFHV

7DONV��

6FDQGLQDYLDQ� $VVRFLDWLRQ� IRU� 3ROOLQDWLRQ� (FRORJ\� 6&$3(� ������ 2FWREHU�
����� ±%OHVVLQJWRQ�� 'XEOLQ�� ,UHODQG�� $%,0� $OSLQH� %RPEXV� ,QWHUQDWLRQDO�
0HHWLQJ���� � ���RI� -XO\������± (FULQV�1DWLRQDO�3DUN��)UDQFH��(FR)ORU�����RI�
)HEUXDU\� ����� � 3DOPD� GH�0DOORUFD�� 6SDLQ�� � 6&$3(�������RI�2FWREHU� ������
'UREDN��1RUZD\��=RRGQ\������)HEUXDU\������± %UQR��&=��$%,0�������-XO\�
����� � 8QLYHUVLW\� RI� 7XULQ� DQG� *UDQ� 3DUDGLVR� 1DWLRQDO� 3DUN�� ,WDO\�� �VW�
,QWHUQDWLRQDO� 0HHWLQJ� RQ� 3ODQW� 5HSURGXFWLRQ� ������ 6HSWHPEHU� ����� �
8QLYHUVLW\�RI�%RORJQD��,WDO\�



ϭϵϱ

3RVWHUV��ILUVW�QDPH�DXWKRU���

;,�(XURSHDQ�&RQJUHVV�RI�(QWRPRORJ\��(&(�����������-XO\������� 1DSOHV��
,WDO\��6&$3( ������2FWREHU������± $ELVNR�1DWLRQDO�3DUN��6ZHGHQ��(FRORJLFDO�
1HWZRUNV�� 7KHRU\�� (PSLULFLVP� DQG� 3UDFWLFH� LQ� D &KDQJLQJ� :RUOG� ����
6HSWHPEHU� ������ 8QLYHUVLW\� RI� %ULVWRO�� 8.�� ����� &RQJUHVV� RI� WKH� 6RFLHWj�
%RWDQLFD� ,WDOLDQD� ���� 6HSWHPEHU� ����� � )LUHQ]H�� ,WDO\�� 8.� DQG� ,UHODQG�
%XPEOHEHHV�ZRUNLQJ�JURXS����$SULO������± 1RUWKDPSWRQ��8.�

3XEOLFDWLRQV

,Q�,)�MRXUQDOV

0DUWLQHW� %��� %UDVHUR� 1��� /HFRFT� 7��� %LHOOD� 3��� «�� 5DVPRQW� 3�� �������� $GGLQJ�
DWWUDFWLYH� VHPLR�FKHPLFDO� WUDLW� UHILQHV� WKH� WD[RQRP\� RI� $OSLQRERPEXV�

�+\PHQRSWHUD��$SLGDH���$SLGRORJLH��LQ�SUHVV

.OHFND� -�� +DGUDYD� -�� %LHOOD� 3��� $NWHU� $�� �������� )ORZHU� YLVLWDWLRQ� E\� KRYHUIOLHV�

�'LSWHUD��6\USKLGDH��LQ�D�WHPSHUDWH�SODQW�SROOLQDWRU�QHWZRUN��3HHU-�3UHSULQWV����
H�����Y��LQ�SUHVV

%UDVHUR�1���0DUWLQHW�%���/HFRFT�7���/KRPPH�3���%LHOOD�3��� ����5DVPRQW�3����������

7KH� FHSKDOLF� ODELDO� JODQG� VHFUHWLRQV� RI� WZR� VRFLDOO\� SDUDVLWLF� EXPEOHEHHV�
%RPEXV� K\SHUERUHXV� �$OSLQRERPEXV�� DQG� %RPEXV� LQH[VSHFWDWXV�
�7KRUDFRERPEXV��TXHVWLRQ�WKHLU�LQTXLOLQH�VWUDWHJ\� ,QVHFW�VFLHQFH������������

0XxR]ဨ3DMDUHV�$��-���3HUIHFWWL�)���/RXUHLUR�-���$EGHOD]L]�0���%LHOOD�3��� ����*yPH]�
-�0�� �������� 1LFKH� GLIIHUHQFHV� PD\� H[SODLQ� WKH� JHRJUDSKLF� GLVWULEXWLRQ� RI�
F\WRW\SHV�LQ�(U\VLPXP�PHGLRKLVSDQLFXP� 3ODQW�%LRORJ\��������������

0DUWLQHW�%���/HFRFT�7����%UDVHUR�1����%LHOOD�3�������5DVPRQW�3���������)ROORZLQJ�WKH�
&ROG��*HRJUDSKLF�'LIIHUHQWLDWLRQ� EHWZHHQ� ,QWHUJODFLDO� 5HIXJLD� DQG� 6SHFLDWLRQ�
LQ�$UFWR�$OSLQH�6SHFLHV�&RPSOH[�%RPEXV�PRQWLFROD� �+\PHQRSWHUD��$SLGDH���
6\VWHPDWLF�(QWRPRORJ\�

%LHOOD� 3��� %RJOLDQL� *��� ���� 0LODQHVL� 3�� �������� 'LVWULEXWLRQ� SDWWHUQV� RI� WKH� FROG�
DGDSWHG� EXPEOHEHH� %RPEXV� DOSLQXV� LQ� WKH� $OSV� DQG� KLQWV� RI� DQ� XSKLOO� VKLIW�
�,QVHFWD��+\PHQRSWHUD��$SLGDH�� -RXUQDO�RI�,QVHFW�&RQVHUYDWLRQ� �����������

%LHOOD� 3��� 2OOHUWRQ��«� �������� 1HWZRUN� DQDO\VLV� RI� SKHQRORJLFDO� XQLWV� WR� GHWHFW�
LPSRUWDQW� VSHFLHV� LQ� SODQW�SROOLQDWRU� DVVHPEODJHV�� FDQ� LW� LQIRUP� FRQVHUYDWLRQ�
VWUDWHJLHV"� &RPPXQLW\�(FRORJ\� ���������



ϭϵϲ

$NWHU�$���%LHOOD�3���.OHFND�-����������(IIHFWV�2I�6PDOO�6FDOH�&OXVWHULQJ�2I )ORZHUV�

2Q� 3ROOLQDWRU� )RUDJLQJ� %HKDYLRXU� $QG� )ORZHU� 9LVLWDWLRQ� 5DWH�� 3OR6� RQH� ����
H��������

9ROI�0���5HGPRQW�&���$OEHUW�È�-���/H�%DJRXVVH�3LQJXHW�<���%LHOOD 3�������GH�%HOOR�

)�� ��������(IIHFWV�RI� ORQJ� DQG�VKRUW�WHUP�PDQDJHPHQW�RQ� IXQFWLRQDO�VWUXFWXUH�
RI� PHDGRZV� GXH� WR� VSHFLHV� WXUQRYHU� RU� LQWUDVSHFLILF� WUDLW� YDULDELOLW\��
2HFRORJLD� ������������

0RQRJUDSK

4XDUDQWD� 0��� &RUQDOED� 0��� %LHOOD� 3��� «� �������� 5HG� OLVW� ,8&1� RI� WKH� ,WDOLDQ�
WKUHDWKHQHG� EHHV� �LQ� ,WDOLDQ�� /LVWD� 5RVVD� ,8&1� GHOOH� DSL� LWDOLDQH�PLQDFFLDWH���
&RPLWDWR�,WDOLDQR�,8&1�H�0LQLVWHUR�GHOO¶$PELHQWH�H�GHOOD�7XWHOD�GHO�7HUULWRULR�
H�GHO�0DUH��5RPD��LQ�SUHVV

1RW�LQ�,)�MRXUQDOV

%LHOOD� 3��� $YHVDQL� '��� 3RQW� $�� &�� �������� 1HZ� UHFRUGV� RI� IORZHU�YLVLWLQJ�0XVFLGDH�
�'LSWHUD��IURP�WKH�/LJXULDQ�$SHQQLQHV�RI�,WDO\� 6WXGLD�'LSWHURORJLFD� �������������

%LHOOD� 3� ������� %RPEXV� �$OSLQRERPEXV�� DOSLQXV� LQ� WKH� ,WDOLDQ� &HQWUDO� $OSV�
�+\PHQRSWHUD��$SLGDH��%RPELQDH���,O�1DWXUDOLVWD�9DOWHOOLQHVH�����������

%LHOOD�3��*URSSDOL�5���������&DPS\ORPRUSKXV�KRPDOLVLQXV��(ODWHULGDH���D�QHZ�VSHFLHV�
IRU� /RPEDUG\� �,WDO\��� ZLWK� QRWHV� RQ� LWV� HFRORJ\�� GLVWULEXWLRQ� DQG� ELRJHRJUDSK\��
%LRGLYHUVLW\�'DWD�-RXUQDO

8QGHU�UHZLHZ

%LHOOD�3�� $NWHU�$��«�.OHFND�-����������([SHULPHQWDO�ORVV�RI�JHQHUDOLVW�SODQWV�UHYHDOV�
DOWHUDWLRQV�LQ�SODQW�SROOLQDWRU�LQWHUDFWLRQV�DQG�D�FRQVWUDLQHG�IOH[LELOLW\�RI�IRUDJLQJ��
ELR5[LY���������5HVXEPLWWHG�DIWHU�PDMRU�UHYLVLRQ

%LHOOD� 3��� � 7RPPDVL� 1��� � «� *DOLPEHUWL� $�� �������� ,QWHJUDWLYH� DSSURDFK� UHYHDOV� D�
FRQVWDQF\�LQ�WKH�IRUDJLQJ�VWUDWHJ\�RI�D�VRFLDO�SROOLQDWRU�DIWHU�D�VWURQJ�UHGXFWLRQ�RI�
WKH�FRORQ\¶V�ZRUNIRUFH��8QGHU�UHYLHZ



ϭϵϳ


